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7KLV�ZRUN�ZDV� VXSSRUWHG�E\� WKH�1DWLRQDO� ,QVWLWXWHV� RI�+HDOWK� JUDQW�.���5���&$������� �6&�� DQG� WKH�ϯϬ�

2XWUXQ� WKH� 6XQ� 0HODQRPD� 5HVHDUFK� 6FKRODU� 3URJUDP� �6&��� &5*� ZDV� VXSSRUWHG� E\� /XGZLJ� &DQFHU�ϯϭ�

5HVHDUFK�� -$� LV� DGYLVRU\� ERDUG� IRU�&DVWOH�%LRVFLHQFHV� DQG� UHFHLYHV� UHVHDUFK� IXQGLQJ� WR� WKH� LQVWLWXWLRQ�ϯϮ�
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$EVWUDFW��ϯϳ�

,QKHULWHG�JHQHWLF�YDULDWLRQV� LQ� WKH�0HODQRFRUWLQ��� UHFHSWRU� �0&�5�� UHVSRQVLEOH� IRU�KXPDQ� UHG�ϯϴ�

KDLU� FRORU� �5+&�YDULDQWV�� DUH� FRQVHTXHQWO\� DVVRFLDWHG�ZLWK� LPSDLUHG�'1$�GDPDJH� UHSDLU� DQG�ϯϵ�

LQFUHDVHG�PHODQRPD� ULVN��0&�5� VLJQDOLQJ� LV� FULWLFDOO\� GHSHQGHQW� RQ� SDOPLWR\ODWLRQ�� SULPDULO\�ϰϬ�

PHGLDWHG� E\� WKH� SURWHLQ�DF\O� WUDQVIHUDVH� ='++&���� +RZHYHU�� KRZ� ='++&��� LV�ϰϭ�

SK\VLRORJLFDOO\�DFWLYDWHG�WR�VXSSUHVV�PHODQRPDJHQHVLV�LQ�UHG�KHDGV�LV�XQNQRZQ��+HUH�ZH�UHSRUW�ϰϮ�

WKDW�$03.�SKRVSKRU\ODWHV�='++&���DW�6����WR�VWUHQJWKHQ�WKH�LQWHUDFWLRQ�EHWZHHQ�='++&���ϰϯ�

DQG� 0&�5�5+&�� OHDGLQJ� WR� HQKDQFHG� 0&�5� SDOPLWR\ODWLRQ� LQ� UHG�KHDGV�� &RQVHTXHQWO\��ϰϰ�

SKRVSKRU\ODWLRQ� RI�='++&��� E\�$03.�DW� 6���� UHVFXHG�0&�5�5+&�GRZQVWUHDP� VLJQDOLQJ�ϰϱ�

DQG� UHSUHVVHG�89%�LQGXFHG�PHODQRPDJHQHVLV�� 7KH� LPSRUWDQFH� RI�$03.� WR�0&�5� VLJQDOLQJ�ϰϲ�

ZDV� YDOLGDWHG� in vivo� LQ� &��%/��-�0&�55+&� PLFH� DQG� KXPDQ� PHODQRPDV� ZKHUH� $03.�ϰϳ�

XSUHJXODWLRQ� FRUUHODWHV� ZLWK� H[SUHVVLRQ� RI� IDFWRUV� GRZQVWUHDP� IURP� 0&�5� VLJQDOLQJ�� 2XU�ϰϴ�

ILQGLQJV�VXJJHVW�$03.�DFWLYDWLRQ�DV�D�SURPLVLQJ�VWUDWHJ\�WR�UHGXFH�PHODQRPD�ULVN��HVSHFLDOO\�ϰϵ�
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ZLWK�UHG�KDLU�� �ϱϱ�



,QWURGXFWLRQ�ϱϲ�

6NLQ�FDQFHU�LV�WKH�PRVW�FRPPRQ�FDQFHU�LQ�WKH�8QLWHG�6WDWHV��ZLWK�DERXW���PLOOLRQ�FDVHV�HYHU\�\HDU������ϱϳ�

0HODQRPD� LV� OHVV� FRPPRQ� WKDQ� RWKHU� W\SHV� RI� VNLQ� FDQFHU�� LQFOXGLQJ� EDVDO� FHOO� FDUFLQRPD� �%&&�� DQG�ϱϴ�

VTXDPRXV�FHOO�FDUFLQRPD��6&&���EXW� LW�FDXVHV� WKH�PDMRULW\�RI�VNLQ�FDQFHU�GHDWKV� �����0HODQRPD�ULVN� LV�ϱϵ�

DVVRFLDWHG� ZLWK� HQYLURQPHQWDO� IDFWRUV�� VXFK� DV� H[SRVXUH� WR� XOWUDYLROHW� LUUDGLDWLRQ� �895��� DQG� JHQHWLF�ϲϬ�

EDFNJURXQG�� 1RWDEO\�� WKH� FHQWUDO� UHJXODWRU� RI� SLJPHQWDWLRQ�� WKH� PHODQRFRUWLQ��� UHFHSWRU� �0&�5��� LV�ϲϭ�

LQYROYHG�LQ�PHODQRPD�GHYHORSPHQW������0&�5�LV�D�*�SURWHLQ�FRXSOHG�UHFHSWRU��*3&5��DQG�KDV�D�SLYRWDO�ϲϮ�

UROH� LQ� UHJXODWLQJ� KDLU� DQG� VNLQ� SLJPHQWDWLRQ� ����� 895� VWLPXODWHV� WKH� VHFUHWLRQ� RI� Į�PHODQRF\WH�ϲϯ�

VWLPXODWLQJ�KRUPRQH� �Į�06+���DQG� WKH�ELQGLQJ�EHWZHHQ�0&�5�DQG�Į�06+�DFWLYDWHV�F$03�VLJQDOLQJ��ϲϰ�

HQKDQFHV�PHODQLQ�V\QWKHVLV��DQG�SURPRWHV�'1$�UHSDLU�������ϲϱ�

7KH�MC1R JHQH�LV�KLJKO\�SRO\PRUSKLF�ZLWK�PRUH�WKDQ�����YDULDQWV�EHLQJ�GHVFULEHG������6RPH�RI�WKHVH�ϲϲ�

YDULDQWV�DUH�VWURQJO\�FRUUHODWHG�ZLWK�SKHQRW\SHV�� LQFOXGLQJ�UHG�KDLU��IDLU�VNLQ��IUHFNOLQJ�� LQDELOLW\�WR�WDQ��ϲϳ�

DQG�HOHYDWHG�ULVN�RI�PHODQRPD��ZKLFK�DUH�GHILQHG�DV�UHG�KDLU�FRORU��5+&��YDULDQWV������5+&�YDULDQWV�DUH�ϲϴ�

UHODWLYHO\�FRPPRQ�LQ�SHRSOH�ZLWK�DQFLHQW�(XURSHDQ�DQFHVWU\��DQG�LW�LV�HVWLPDWHG�WKDW�PRUH�WKDQ�KDOI�RI�WKH�ϲϵ�

QRUWKHUQ�(XURSHDQ�SRSXODWLRQ�KDV�WKH�5+&�YDULDQW������5+&�YDULDQWV�KDYH�DOVR�EHHQ�FODVVLILHG�LQWR�VWURQJ�ϳϬ�
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DVVRFLDWHG� ZLWK� PRUH� WKDQ� ���� RI� DOO� UHG� KDLU� SKHQRW\SHV� ����� 7KHVH� 5+&� YDULDQWV� LPSDLU� 0&�5�ϳϮ�

VLJQDOLQJ�� VWLPXODWH� SKHRPHODQLQ� SURGXFWLRQ� DQG� PDNH� UHG�KHDGV� PRUH� VXVFHSWLEOH� WR� VNLQ� FDQFHU�ϳϯ�

�������,QGLYLGXDOV�FDUU\LQJ�RQH�5+&�YDULDQW�KDYH�D�QHDUO\�����LQFUHDVHG�ULVN�RI�PHODQRPD��ZKLOH�WZR�RU�ϳϰ�

PRUH�5+&�YDULDQWV�GRXEOH�WKH�ULVN�FRPSDUHG�WR�ZLOG�W\SH�0&�5�������ϳϱ�

&RQVLGHULQJ�WKH�FHQWUDO�UROH�RI�0&�5�LQ�SLJPHQWDWLRQ��5+&�YDULDQWV�PD\�LQFUHDVH�PHODQRPD�ULVN�SDUWO\�ϳϲ�

WKURXJK� VNLQ� SLJPHQWDWLRQ� DV� SKHRPHODQLQ� LQFUHDVHV� PHODQRPDJHQHVLV� WKURXJK� 895�LQGHSHQGHQW�ϳϳ�

R[LGDWLYH�GDPDJH������+RZHYHU��GDUN�SLJPHQWHG�VXEMHFWV�ZLWK�5+&�YDULDQWV�DOVR�SUHVHQW�DQ�HOHYDWHG�ULVN�ϳϴ�

RI� PHODQRPD� GHYHORSPHQW� ������ 6WXGLHV� VKRZ� WKDW� 0&�5� SOD\V� DGGLWLRQDO� QRQ�SLJPHQWDU\� UROHV� LQ�ϳϵ�

PHODQRPDJHQHVLV�� )RU� H[DPSOH�� 0&�5� SURPRWHV� HIILFLHQW� UHSDLU� RI� WKH� 89%�LQGXFHG� '1$� GDPDJH�ϴϬ�
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ZKHQ�E\SDVVHG� OHDGV� WR� WKH�PDOLJQDQW� WUDQVIRUPDWLRQ�RI�PHODQRF\WHV� ������+HQFH��ZH� DUH� LQWHUHVWHG� LQ�ϴϯ�

UHYHDOLQJ� WKH� SRWHQWLDO� LQWHUYHQWLRQ� VWUDWHJLHV� WR� GLUHFWO\� DFWLYDWH� 0&�5� VLJQDOLQJ� DQG� UHGXFH� WKH�ϴϰ�

PHODQRPD�LQFLGHQFH�DVVRFLDWHG�ZLWK�5+&�YDULDQWV���ϴϱ�
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FRYDOHQWO\�DWWDFKHV� WR�D�F\VWHLQH�UHVLGXH�RI� WKH�&�WHUPLQDO� WDLO�RU� WKH� LQWUDFHOOXODU� ORRSV�DQG�SURIRXQGO\�ϴϳ�

DIIHFWV�WKH�VWUXFWXUH��VWDELOLW\��VXEFHOOXODU�ORFDOL]DWLRQ��RU�SURWHLQ�SURWHLQ�LQWHUDFWLRQV��=LQF�)LQJHU�'++&�ϴϴ�
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0&�5� SDOPLWR\ODWLRQ�� ZKLFK� KDV� EHHQ� SURYHG� WR� EH� HVVHQWLDO� IRU� DFWLYDWLQJ� 0&�5� VLJQDOLQJ� �����ϵϬ�

2YHUH[SUHVVLRQ� RI� ='++&��� RU� LQKLELWLRQ� RI� SDOPLWR\O�SURWHLQ� WKLRHVWHUDVHV� �337V�� HQKDQFHV�0&�5�ϵϭ�

VLJQDOLQJ�DQG�SUHYHQWV�5+&�YDULDQWV�DVVRFLDWHG� LQFUHDVHG�ULVN�RI�PHODQRPD���������+RZHYHU�� WUHDWPHQW�ϵϮ�

ZLWK�337�LQKLELWRUV�PD\�OHDG�WR�D�JHQHULF�LQFUHDVH�LQ�SDOPLWR\ODWLRQ�RI�PXOWLSOH�VLJQDOLQJ�PROHFXOHV�DQG�ϵϯ�

PLJKW� QRW� WKHUHIRUH� EH� GHVLUDEOH� DV� DQ� LQWHUYHQWLRQ� LQ� D� ODUJH�VFDOH� KHDOWK\� SRSXODWLRQ� ZLWK� 0&�5�ϵϰ�

YDULDQWV��+RZHYHU��ZKHWKHU�ZH�FDQ�GLUHFWO\�DFWLYDWH�='++&���WR�HQKDQFH�0&�5�SDOPLWR\ODWLRQ�UHPDLQV�ϵϱ�

XQNQRZQ��ϵϲ�

+HUH� ZH� VKRZ� WKDW� �¶�DGHQRVLQH� PRQRSKRVSKDWH� �$03��DFWLYDWHG� SURWHLQ� NLQDVH� �$03.�� GLUHFWO\�ϵϳ�

SKRVSKRU\ODWHV�='++&���DW�6���� WR�VWUHQJWKHQ� LWV� LQWHUDFWLRQ�ZLWK�0&�5�5+&�YDULDQWV�DQG�SURPRWH�ϵϴ�

0&�5� SDOPLWR\ODWLRQ�� $03.Į�� H[SUHVVLRQ� FRUUHODWHV� ZLWK� 0&�5� VLJQDOLQJ� DQG� VXUYLYDO� LQ� KXPDQ�ϵϵ�

PHODQRPDV��DQG�$03.�DFWLYDWLRQ�FDQ�UHVFXH�5+&�YDULDQW�LQGXFHG�GHIHFWV� LQ�0&�5�VLJQDOLQJ� in vitro�ϭϬϬ�

DQG�in vivo�WR�VXSSUHVV�895�LQGXFHG�PHODQRPDJHQHVLV��� �ϭϬϭ�
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,PPXQREORWV�DQG�LPPXQRDVVD\V�ϭϬϯ�

:HVWHUQ� EORW�� ,3� DQG� WKH�$%(�SDOPLWR\ODWLRQ� DVVD\�ZHUH� SHUIRUPHG� DV� GHVFULEHG� SUHYLRXVO\� �����������ϭϬϰ�

%ULHIO\��FHOOV�ZHUH�O\VHG�LQ�EXIIHU�����P0�7ULV�S+���������7ULWRQ�;����������P0�('7$������P0�(*7$��ϭϬϱ�

����P0�1D&O�� ����*O\FHURO��ZLWK�3URWHDVH� DQG�3KRVSKDWDVH� ,QKLELWRU�&RFNWDLO� �3LHUFH� ���������7KH�ϭϬϲ�

O\VDWH�ZDV�FHQWULIXJHG�DW�������J�����PLQ�����&���DQG�WKH�FROOHFWHG�VXSHUQDWDQW�ZDV�SUHFOHDUHG�E\�����O�ϭϬϳ�

3URWHLQ�*�$JDURVH�%HDGV��7KHUPR�6FLHQWLILF����������6DPSOHV�ZHUH�LQFXEDWHG�ZLWK�SULPDU\�DQWLERGLHV�ϭϬϴ�

RU� DQWL�)ODJ�+$� EHDGV� RYHUQLJKW� DW� �� �&�� $QWL�='++&��� 6���� SKRVSKRU\ODWHG� UDEELW� SRO\FORQDO�ϭϬϵ�

DQWLERGLHV� �+'��0$����������� ZHUH� JHQHUDWHG� E\� 6LQR� %LRORJLFDO� 86� ,QF�� $QWLERG\� XVHG��ϭϭϬ�

6WUHSWDYLGLQ�+53� ��������� �7KHUPR� 6FLHQWLILF� ��������� ='++&��� ��������� �$EFDP� �DE�������ϭϭϭ�

55,'�$%B���������� 0&�5� ��������� �$EFDP� �DE��������� 0&�5� �������� �6DQWD� &UX]� �VF��������ϭϭϮ�

$03.Į���� ��������� �6DQWD� &UXV� �F��������� ȕ�$FWLQ�+53� ���������� �6LJPD� �$������� )ODJ�+53�ϭϭϯ�

����������6LJPD��$�������+$�+53�����������6LJPD��+�������DQWL�PRXVH�VHFRQGDU\������������6LJPD�ϭϭϰ�

�$������� DQWL�UDEELW� VHFRQGDU\� � ��������� �6LJPD� �$��������$03.Į� ��������� �&HOO� 6LJQDOLQJ� ��������ϭϭϱ�

SKRVSKR�$03.�VXEVWUDWH�PRWLI������������&HOO�6LJQDOLQJ���������SKRVSKR�7����$03.Į����������&HOO�ϭϭϲ�

6LJQDOLQJ���������$OO� LPPXQREORWV� VKRZQ� DUH� UHSUHVHQWDWLYHV� RI� WKUHH� LQGHSHQGHQW� H[SHULPHQWV��2WKHU�ϭϭϳ�

UHODWHG� SURGXFWV�� F$03� 'LUHFW� ,PPXQRDVVD\� .LW� �$EFDP� �DE�������� )ODJ� DJDURVH� EHDGV� �6LJPD�ϭϭϴ�

�$�������+$�DJDURVH�EHDGV��6LJPD��$�������ϭϭϵ�

,Q�YLWUR�NLQDVH�DVVD\�ϭϮϬ�

%DFWHULDOO\� SXULILHG�*67�='++&��� SURWHLQ�ZDV� LQFXEDWHG�ZLWK� DFWLYH� UHFRPELQDQW� IXOO�OHQJWK� KXPDQ�ϭϮϭ�

$03.��$��%��*���NLQDVH��3URPHJD��� 9������LQ�NLQDVH�EXIIHU��S+���������P0�0236����P0�(*7$��ϭϮϮ�

����P0�1D�92������P0�0J&O���VXSSOHPHQWHG�ZLWK������0�$03�DQG������0�$73��RU�$73�PL[�ZLWK�ϭϮϯ�

Ȗ���3�$73��IRU����PLQ�DW����r&��6XEVHTXHQW�ZHVWHUQ�EORW�DQG�DXWRUDGLRJUDSK\�ZHUH�SHUIRUPHG�WR�GHWHFW�ϭϮϰ�

WKH�SKRVSKRU\ODWLRQ�VLJQDO��ϭϮϱ�



&HOO�FXOWXUH�DQG�89�LUUDGLDWLRQ�ϭϮϲ�

+30V�ZHUH� LVRODWHG� IURP�QRUPDO�GLVFDUGHG� IRUHVNLQV�DV�GHVFULEHG�SUHYLRXVO\� ����� ,VRODWHG�+30V�ZHUH�ϭϮϳ�

FXOWXUHG�LQ�0HGLXP�����ZLWK�+0*6��7KHUPR�6FLHQWLILF��6�������&HOOV�ZHUH�ZDVKHG�WZLFH�E\�3%6�DQG�ϭϮϴ�

H[SRVHG� WR� 89%� LQ� WKH� 893� &URVVOLQNHU� &/�����0� �$QDO\WLN� -HQD��� 7KH� HPLWWDQFH� RI� 89%� ZDV�ϭϮϵ�

FRQILUPHG�E\� WKH�89�SKRWRPHWHU� �893�//&���&HOO� OLQHV��%���)��� �&5/������$7&&�� DQG�+(.���7�ϭϯϬ�

�&5/������$7&&���DUH�SXUFKDVHG�IURP�DQG�DXWKHQWLFDWHG�XVLQJ�VKRUW�WDQGHP�UHSHDW��675��ILQJHUSULQWLQJ�ϭϯϭ�

E\�$7&&��DQG� WHVWHG�P\FRSODVPD�QHJDWLYH�XVLQJ�/RRN2XW�0\FRSODVPD�'HWHFWLRQ�.LW� �6LJPD�$OGULFK�ϭϯϮ�

�03�������&HOOV�ZHUH�XVHG�IRU�ILYH�WR�VL[�SDVVDJHV�IURP�WKDZLQJ�DIWHU�FU\RSUHVHUYDWLRQ���ϭϯϯ�

5HFRPELQDQW�'1$�ϭϯϰ�

0&�5�DQG�='++&���F'1$V�ZHUH�VXEFORQHG�LQWR�S4&;,3��55,'��$GGJHQHB�������DW�WKH�1RW,�(FR5,�ϭϯϱ�

VLWHV� DV� GHVFULEHG� SUHYLRXVO\� �������� )ODJ�$03.Į�� �5&��������� )ODJ�$03.Į�� �5&�������� ZHUH�ϭϯϲ�

SXUFKDVHG� IURP�2ULJHQH��0XWDWLRQV� ZHUH� JHQHUDWHG� E\� 4XLFN&KDQJH� ,,� 6LWH�'LUHFWHG�0XWDJHQHVLV� NLW�ϭϯϳ�

�$JLOHQW���+XPDQ�S/.2��� OHQWLYLUDO�0&�5�VK51$� WDUJHW� VHW� DQG�+XPDQ�S/.2��� OHQWLYLUDO�$03.Į��ϭϯϴ�

VK51$� WDUJHW� VHW� ZHUH� SXUFKDVHG� IURP�2SHQ�%LRV\VWHPV�� 7KH�PRVW� HIILFLHQW� NQRFNGRZQ� RI� VK0&�5�ϭϯϵ�

�5+6���������������� DQG� VK$03.Į�� �5+6���������������� ZHUH� XVHG� LQ� H[SHULPHQW�� S/.2���ϭϰϬ�

OHQWLYLUDO� VK51$V� ZHUH� FR�WUDQVIHFWHG� ZLWK� SV3$;�� �55,'�� $GGJHQHB������� DQG� S0'��*� �55,'��ϭϰϭ�

$GGJHQHB������� LQ�+(.���7� FHOOV� XVLQJ� /LSRIHFWDPLQH� ����� �7KHUPR� 6FLHQWLILF��� /HQWLYLUXVHV�ZHUH�ϭϰϮ�

FROOHFWHG�DIWHU����K�DQG�XVHG�WR�LQIHFW�FHOOV�IRU����K�LQ�WKH�SUHVHQFH�RI���ȝJ�P/�SRO\EUHQH��7KH�LQIHFWHG�ϭϰϯ�

FHOOV�ZHUH�VHOHFWHG�E\���ȝJ�P/�SXURP\FLQH��S4&;,3�UHWURYLUDO�YHFWRUV�ZHUH�FR�WUDQVIHFWHG�ZLWK�969�*�ϭϰϰ�

DQG�S809&��55,'��$GGJHQHB������XVLQJ�/LSRIHFWDPLQH�������5HWURYLUXVHV�ZHUH�FROOHFWHG�DIWHU����K�ϭϰϱ�

DQG�FHOOV�ZHUH� LQIHFWHG�ZLWK� UHWURYLUXVHV� LQ� WKH�SUHVHQFH�RI���ȝJ�P/�SRO\EUHQH��$IWHU����K�� FHOOV�ZHUH�ϭϰϲ�

VHOHFWHG�E\���ȝJ�P/�SXURP\FLQH��ϭϰϳ�

0HODQRF\WHV�PDOLJQDQW�WUDQVIRUPDWLRQ�DVVD\�ϭϰϴ�



0HODQRF\WHV� PDOLJQDQW� WUDQVIRUPDWLRQ� GHWHFWHG� E\� FORQRJHQLF� VXUYLYDO� DQG� VRIW� DJDU� PHWKRGV� ZHUH�ϭϰϵ�

SHUIRUPHG� DV� GHVFULEHG� SUHYLRXVO\� ����������� %ULHIO\�� IRU� FORQRJHQLF� VXUYLYDO� DVVD\�� HQJLQHHUHG�ϭϱϬ�

K7(57�S��''�&'.��5��&��%5$)9���(�PHODQRF\WHV�ZHUH�SUH�WUHDWHG�ZLWK���ȝ0�Į�06+�DQG�LUUDGLDWHG�ϭϱϭ�

E\����-�P��89%��DQG�VHHGHG�LQWR���ZHOO�SODWH�DW�������FHOOV�ZHOO��FU\VWDO�YLROHW�ZDV�XVHG�WR�VWDLQ�FRORQLHV�ϭϱϮ�

���GD\V�DIWHU�89%�LUUDGLDWLRQ��)RU�VRIW�DJDU�DVVD\��DIWHU�Į�06+�DQG�89%�WUHDWPHQW���������HQJLQHHUHG�ϭϱϯ�

PHODQRF\WHV�ZHUH�VHHGHG�LQWR�'0(0�ZLWK������ORZ�PHOWLQJ�SRLQW�DJDURVH�DQG�����)%6��OD\HUHG�RQWR�ϭϱϰ�

'0(0�ZLWK� ����� DJDURVH� DQG� ����)%6��$IWHU� ��� GD\V�� WKH� DJDU�ZDV� VROXELOL]HG� DQG� WKH� FHOOV�ZHUH�ϭϱϱ�

TXDQWLILHG�E\�&\48$17��&HOO�3UROLIHUDWLRQ�$VVD\��7KHUPR�6FLHQWLILF���RU� WKH�FRORQLHV�!���ȝP�ZHUH�ϭϱϲ�

FRXQWHG�XQGHU�D�OLJKW�PLFURVFRSH���ϭϱϳ�

0RXVH�H[SHULPHQW�ϭϱϴ�

7UDQVJHQLF� 0&�5� 5+&�YDULDQW� PLFH� ZHUH� JHQHUDWHG� E\� %RVWRQ� 8QLYHUVLW\� 6FKRRO� RI� 0HGLFLQH�ϭϱϵ�

7UDQVJHQLF� DQG�*HQRPH�(QJLQHHULQJ�&RUH� ���� DQG�7\U�&UH�%5$)&$�PLFH� �%��&J�Braftm1Mmcm� 7J�7\U�ϭϲϬ�

FUH�(57��%RV�%RV-�� �6WRFN� 1R�� �������� ZHUH� SXUFKDVHG� IURP� 7KH� -DFNVRQ� /DERUDWRU\�� $QLPDO�ϭϲϭ�

H[SHULPHQW�SURWRFROV ZHUH�SURYHG�E\�,QVWLWXWLRQDO�$QLPDO�&DUH�DQG�8VH�&RPPLWWHH��,$&8&��RI�%RVWRQ�ϭϲϮ�

8QLYHUVLW\�6FKRRO�RI�0HGLFLQH�DQG�&OHYHODQG�&OLQLF��$OO�PLFH�ZHUH�KRXVHG�LQ�SDWKRJHQ�IUHH�IDFLOLW\�RI�ϭϲϯ�

$QLPDO� 6FLHQFH� &HQWHU� �$6&�� RI� %RVWRQ� 8QLYHUVLW\� 0HGLFDO� &DPSXV� DQG� $QLPDO� FRUH� RI� /HUQHU�ϭϲϰ�

5HVHDUFK�,QVWLWXWH�DW�&OHYHODQG�&OLQLF�ZLWK�D�WLPH�F\FOH�RI����K�RI�OLJKW�DQG����K�RI�GDUN�DQG�DOORZHG�IUHH�ϭϲϱ�

DFFHVV�WR�VWHULOL]HG�GLHW�DQG�ZDWHU��7KH�0&�55���&�PLFH�VKRZ�QRW�RQO\�D�SDOHU�FRDW�FRORU�WKDQ�:7��EXW�ϭϲϲ�

DOVR�D�PRVDLF�FRDW�FRORU��ZKLFK�FRXOG�DULVH�DV�D�FRQVHTXHQFH�RI�WKH�SURPRWHU�XVHG�LQ�WUDQVJHQH��VLWHV�RI�ϭϲϳ�

LQWHJUDWLRQ�� RU� PRXVH� VWUDLQ� EDFNJURXQG�� $OO� PLFH� DUH� PRQLWRUHG� GDLO\� IRU� VLJQV� RI� KHDOWK� VWDWXV� DQG�ϭϲϴ�

GLVWUHVV�DQG�LI� WKH\�VKRZ�DQ\�VLJQV�RI�GLVWUHVV�� WKH\�ZLOO�EH�HXWKDQL]HG��)RU�WKH�PHODQRPD�IUHH�VXUYLYDO�ϭϲϵ�

DQDO\VLV��PLFH�ZHUH�DGPLQLVWHUHG�WDPR[LIHQ�LQ�FRUQ�RLO�E\�LQWUDSHULWRQHDO�LQMHFWLRQ�DW����PJ�SHU�NJ�ERG\�ϭϳϬ�

ZHLJKW�IRU���FRQVHFXWLYH�GD\V�WR�DFWLYH�%5$)9���(��89%�WUHDWPHQW�SURFHGXUH�ZDV�SHUIRUPHG�DV�GHVFULEHG�ϭϳϭ�

SUHYLRXVO\������WKH�PLFH�ZHUH�LUUDGLDWHG�RQH�GD\�SHU�ZHHN�IRU�����-�P��89%�WUHDWPHQW�LQ�D�FXVWRP�PDGH�ϭϳϮ�

OXFLWH� FKDPEHU� �3ODVWLF� 'HVLJQ� &RUSRUDWLRQ�� IRU� ��� PLQXWHV�� )RU� WKH� WXPRULJHQHVLV� DVVD\�� �î����ϭϳϯ�



HQJLQHHUHG�K7(57�S��''�&'.��5��&��%5$)9���(�PHODQRF\WHV�ZHUH�PL[HG�ZLWK�PDWULJHO�E\�����DQG�ϭϳϰ�

VXEFXWDQHRXVO\�LQMHFWHG�LQWR�WKH�IODQNV�RI������ZHHNV�ROG�IHPDOH�1&U�QXGH�PLFH��7DFRQLF�%LRVFLHQFHV���ϭϳϱ�

7XPRU� VL]HV�ZHUH�PHDVXUHG� E\� FDOLSHU� DQG� GLG� QRW� H[FHHG� ���PP� DW� WKH� ODUJHVW� GLDPHWHU��0LFH�ZHUH�ϭϳϲ�

UDQGRPO\� DVVLJQHG� WR�JURXSV��&RQGLWLRQV� WKDW�ZRXOG� OHDG� WR� HXWKDQDVLD� LQFOXGH�� EXW� DUH� QRW� OLPLWHG� WR��ϭϳϳ�

LQDELOLW\�WR�DPEXODWH��ZHLJKW�ORVV�H[FHHGLQJ������LQDELOLW\�WR�HDW�RU�GULQN��VHYHUH�G\VSQHD��REYLRXV�VLJQV�ϭϳϴ�

RI�GLVFRPIRUW��RU�RWKHU�XQH[SHFWHG�LQGLFDWLRQV�RI�GLVWUHVV�XSRQ�FRQVXOWDWLRQ�ZLWK�D�YHWHULQDULDQ��6DPSOH�ϭϳϵ�

VL]H�ZDV�GHWHUPLQHG�E\�SUHYLRXV�PRGHO�VSHFLILF�H[SHULHQFH��7KH�LQYHVWLJDWRUV�ZHUH�EOLQGHG�WR�DOORFDWLRQ�ϭϴϬ�

GXULQJ�UHVHDUFK��ϭϴϭ�

�ϭϴϮ�

,PPXQRKLVWRFKHPLFDO�VWDLQLQJ�DQG�PHODQLQ�VWDLQLQJ�ϭϴϯ�

,PPXQRKLVWRFKHPLFDO� VWDLQLQJ� RI� PRXVH� PHODQRPD� VDPSOHV� ZDV� SHUIRUPHG� DV� GHVFULEHG� SUHYLRXVO\�ϭϴϰ�

����������� %ULHIO\��PRXVH�PHODQRPD� VDPSOHV�ZHUH� IL[HG� E\� ���� IRUPDOLQ� DW� ��&� RYHUQLJKW�� 7KHQ� WKH�ϭϴϱ�

VDPSOHV�ZHUH�SDUDIILQ�HPEHGGHG�DQG�FXW�LQWR���ȝP�WKLFN�VHFWLRQV��7KH�WLVVXH�VHFWLRQV�ZHUH�KHDWHG�LQ����ϭϴϲ�

P0�VRGLXP�FLWUDWH�EXIIHU��S+������LQ�WKH�ERLOLQJ�ZDWHU�EDWK�IRU����PLQ�IRU�DQWLJHQ�UHWULHYDO�DQG�EORFNHG�ϭϴϳ�

E\�7%6�ZLWK������7ZHHQ����DQG����QRUPDO�JRDW�VHUXP��7KHQ�WKH�WLVVXH�VHFWLRQV�ZHUH�LQFXEDWHG�ZLWK�ϭϴϴ�

DQWL�6��������������'DNR�1RUWK�$PHULFD��,QF���DW���&�RYHUQLJKW��DQG�IROORZHG�E\�VXEVHTXHQW�LQFXEDWLRQ�ϭϴϵ�

RI�VHFRQGDU\�DQWLERG\�DQG�SURFHVVHG�ZLWK�'$%�VXEVWUDWH�NLW��7KHUPR�6FLHQWLILF���/DVWO\�FRYHUVOLSV�ZHUH�ϭϵϬ�

PRXQWHG�RQWR�WLVVXH�VHFWLRQV�E\�3HUPRXQW��0HODQLQ�VWDLQLQJ�IRU�PRXVH�HDUV�ZDV�SHUIRUPHG�XVLQJ�$EFDP�ϭϵϭ�

)RQWDQD�0DVVRQ�6WDLQ�.LW��DE��������IROORZHG�E\�WKH�PDQXIDFWXUHU¶V�SURWRFRO��ϭϵϮ�

%LRLQIRUPDWLFV�DQDO\VLV�ϭϵϯ�

3HDUVRQ¶V�FRUUHODWLRQ�EHWZHHQ�GLIIHUHQW�P51$�H[SUHVVLRQV�LQ�7&*$�6.&0�ZHUH�FDOFXODWHG�E\�*(3,$��ϭϵϰ�

�*HQH� ([SUHVVLRQ� 3URILOLQJ� ,QWHUDFWLYH� $QDO\VLV�� 55,'�6&5B�������� ������ 6XUYLYDO� FXUYHV� ZHUH�ϭϵϱ�

FDOFXODWHG�E\�8&6&�;HQD�SODWIRUP�XVLQJ�.DSODQ�0HLHU�PHWKRG�DQG�ORJ�UDQN�WHVW�������ϭϵϲ�

4XDQWLILFDWLRQ�DQG�VWDWLVWLFDO�DQDO\VLV�ϭϵϳ�



8QSDLUHG��7ZR�6DPSOH��W�7HVW�ZDV�SHUIRUPHG�IRU�DOO�TXDQWLWDWLYH�GDWD�EHWZHHQ�LQGLFDWHG�WZR�JURXSV��WKH�ϭϵϴ�

VWDWLVWLFDO� VLJQLILFDQFH� ZDV� ODEHOHG� DV� 
p������� 

p������� 


p�������� 7KH� TXDQWLWDWLYH� GDWD� ZHUH�ϭϵϵ�

SUHVHQWHG�DV�WKH�0HDQ���6'�RU�0HDQ���6(0�DV�ODEHOHG�RI�DW�OHDVW�WKUHH�LQGHSHQGHQW�H[SHULPHQWV��ϮϬϬ�

'DWD�DYDLODELOLW\�ϮϬϭ�

0DVV� VSHF� GDWD� DUH� DYDLODEOH� YLD� 3URWHRPH;FKDQJH� ZLWK� LGHQWLILHU� 3;'�������� $OO� RWKHU� GDWD� DUH�ϮϬϮ�

DYDLODEOH�ZLWKLQ�WKH�DUWLFOH�DQG�VXSSOHPHQWDU\�GDWD�ILOHV��5DZ�GDWD�DUH�DYDLODEOH�XSRQ�UHDVRQDEOH�UHTXHVW�ϮϬϯ�

IURP�WKH�FRUUHVSRQGLQJ�DXWKRU��ϮϬϰ�

� �ϮϬϱ�



5HVXOWV�ϮϬϲ�

$03.�SKRVSKRU\ODWHV�='++&���DW�6HULQH�����ϮϬϳ�

='++&���LV�WKH�PDMRU�3$7�RI�0&�5�DQG�VHUYHV�DV�D�FULWLFDO�UHJXODWRU�IRU�0&�5�IXQFWLRQ�XSRQ�89%�ϮϬϴ�

LUUDGLDWLRQ������6XSSOHPHQWDU\�)LJ��6�$���7R�EHWWHU�XQGHUVWDQG�WKH�UHJXODWRU\�PHFKDQLVP�RI�='++&���ϮϬϵ�

SKRVSKRU\ODWLRQ�DQG�KRZ�='++&���LV�FRQWUROOHG�XQGHU�GLIIHUHQW�SK\VLRORJLFDO�FRQGLWLRQV��ZH�SHUIRUPHG�ϮϭϬ�

PDVV� VSHFWURPHWU\� WR� LGHQWLI\� ='++&��� SKRVSKRU\ODWLRQ� VLWHV�� 7KH� UHVXOW� UHYHDOHG� D� QRYHO�Ϯϭϭ�

SKRVSKRU\ODWLRQ� VLWH� RI� ='++&��� DW� 6���� �6XSSOHPHQWDU\� )LJ�� 6�%��� %\� DQDO\]LQJ� WKH� SURWHLQ�ϮϭϮ�

VHTXHQFH�RI�='++&����ZH�LGHQWLILHG�WKDW�6����LV�KLJKO\�FRQVHUYHG�DFURVV�YDULRXV�VSHFLHV��)LJ���$���DQG�Ϯϭϯ�

LV�ORFDWHG�LQ�D�SRWHQWLDO�$03.�VXEVWUDWH�FRQVHQVXV�PRWLI�ORFDWHG�ZLWKLQ�WKH�$QN\ULQ��$1.��GRPDLQ�RI�Ϯϭϰ�

='++&����)LJ���%��6XSSOHPHQWDU\�)LJ��6�&���7KHVH�UHVXOWV�LQGLFDWH�WKDW�$03.�PLJKW�SKRVSKRU\ODWH�Ϯϭϱ�

='++&��� DW� 6����� 7R� VXSSRUW� WKLV� K\SRWKHVLV�� ZH� LGHQWLILHG� E\� FR�LPPXQXQRSUHFLSLWDWLRQ� WKDW�Ϯϭϲ�

HQGRJHQRXV�$03.Į�LQWHUDFWV�ZLWK�='++&���LQ�+XPDQ�3ULPDU\�0HODQRF\WHV��+30V���)LJ���&���:KHQ�Ϯϭϳ�

HFWRSLFDOO\� H[SUHVVHG�� ='++&��� VSHFLILFDOO\� ELQGV� WR� $03.Į�� EXW� QRW� $03.Į�� �)LJ�� �'�(���Ϯϭϴ�

LQGLFDWLQJ� WKDW� WKH�$03.Į��FRQWDLQLQJ�$03.�FRPSOH[� LV�SRWHQWLDOO\� WKH�PDMRU� LVRIRUP� WKDW� UHJXODWHV�Ϯϭϵ�

='++&���SKRVSKRU\ODWLRQ��7R�IXUWKHU�FRQILUP�WKH�DQDO\VLV��ZH�SHUIRUPHG�DQ�in vitro NLQDVH�DVVD\�ZLWK�ϮϮϬ�

EDFWHULDOO\� SXULILHG�*67�='++&��� DQG�$03.� KHWHURWULPHULF� FRPSOH[�� 7KH� UHVXOW� UHYHDOHG� WKDW� IXOO�ϮϮϭ�

OHQJWK�:7�='++&����EXW�QRW�DQ�6���$�PXWDQW��FRXOG�EH�HIILFLHQWO\�SKRVSKRU\ODWHG�E\�SXULILHG�$03.�ϮϮϮ�

FRPSOH[� �)LJ�� �)��� 7R� EHWWHU� REVHUYH� WKH� HQGRJHQRXV� OHYHO� RI� ='++&��� 6���� SKRVSKRU\ODWLRQ�� ZH�ϮϮϯ�

JHQHUDWHG�D�S6����='++&���SKRVSKRU\ODWLRQ�VSHFLILF�DQWLERGLHV� WKDW� UHFRJQL]HG�D�='++&���SHSWLGH�ϮϮϰ�

FRQWDLQLQJ� SKRVSKRU�6����� EXW� QRW� D� QRQ�PRGLILHG� SHSWLGH� �6XSSOHPHQWDU\� )LJ�� 6�'�)��� &RQVLVWHQW�ϮϮϱ�

ZLWK�$03.� SKRVSKRU\ODWLQJ� 6����� WKH� 6���$�PXWDQW� ODUJHO\� LPSDLUHG�$03.Į��LQGXFHG� ='++&���ϮϮϲ�

SKRVSKRU\ODWLRQ� E\� ERWK� XVLQJ� WKH� $03.� VXEVWUDWH� PRWLI� DQWLERG\� DQG� WKH� S6����='++&���ϮϮϳ�

SKRVSKRU\ODWLRQ�VSHFLILF�DQWLERG\��)LJ���*���$�������LV�D�GLUHFW�$03.�DFWLYDWRU�WKDW�PLPLFV�WKH�HIIHFWV�ϮϮϴ�

RI� $03� WKDW� DW� ���� �0� DFWLYDWHV� $03.� LQ� FHOO� FXOWXUH� ������ DQG� DV� SKRVSKRU\ODWLRQ� DW� 7���� RI� WKH�ϮϮϵ�

$03.Į�VXEXQLW�DFWLYDWHV�$03.�������$03.�S7����LV�FRPPRQO\�XVHG�DV�DQ�$03.�DFWLYDWLRQ�PDUNHU��ϮϯϬ�



2XU� UHVXOWV� VKRZHG� WKDW�$������� DFWLYDWHG�$03.� DQG� LQGXFHG�='++&��� SKRVSKRU\ODWLRQ� LQ�+30V�Ϯϯϭ�

�6XSSOHPHQWDU\�)LJ��6�*���8VLQJ�WKH�VSHFLILF�S6����='++&���DQWLERG\��ZH�IRXQG�WKDW�DFWLYDWLRQ�RI�ϮϯϮ�

$03.� E\� WKH� VSHFLILF�$03.� DJRQLVW� $������� LQGXFHG� ='++&��� S6���� SKRVSKRU\ODWLRQ� LQ�+30V�Ϯϯϯ�

�)LJ���+�,����Ϯϯϰ�

6LPLODU�XSUHJXODWLRQ�RI�='++&���S6����SKRVSKRU\ODWLRQ�ZDV�DOVR�REVHUYHG�LQ�+30V�VWLPXODWHG�E\�WKH�Ϯϯϱ�

$03.�DFWLYDWRU�PHWIRUPLQ� �6XSSOHPHQWDU\�)LJ�� 6�+�,�� DQG���'*� WKDW� DFWLYDWHV�$03.�E\�EORFNLQJ�Ϯϯϲ�

JO\FRO\VLV� WR� LQFUHDVH� WKH� LQWUDFHOOXODU�$03�$73� UDWLR� �6XSSOHPHQWDU\� )LJ�� 6�-��� &ROOHFWLYHO\�� WKHVH�Ϯϯϳ�

HYLGHQFH�VXJJHVWV�WKDW�$03.�LV�D�SK\VLRORJLFDO�XSVWUHDP�NLQDVH�WKDW�SKRVSKRU\ODWHV�='++&���DW�6�����Ϯϯϴ�

$03.�SURPRWHV�='++&���PHGLDWHG�0&�5�SDOPLWR\ODWLRQ�Ϯϯϵ�

3DOPLWR\ODWLRQ�RI�*3&5V�LV�FULWLFDO�IRU�LWV�DFWLYDWLRQ�������$V�D�*3&5��0&�5�LV�SDOPLWR\ODWHG�DW�&����LQ�ϮϰϬ�

WKH�&�WHUPLQXV� �����$V�='++&��� LV� WKH�PDMRU� 3$7�RI�0&�5��ZH� QH[W� LQYHVWLJDWHG�ZKHWKHU�$03.�Ϯϰϭ�

LQGXFHG�SKRVSKRU\ODWLRQ�RI�='++&���DIIHFWV�0&�5�SDOPLWR\ODWLRQ��+30V�ZHUH� LQIHFWHG�ZLWK�FRQWURO�ϮϰϮ�

VK51$�RU�$03.Į�� VK51$�� WKHQ�SUH�WUHDWHG�ZLWK�Į�06+� IRU� ���PLQ� DQG� VXEMHFWHG� WR����-�P��89%�Ϯϰϯ�

LUUDGLDWLRQ�� %\� XVLQJ� WKH� DF\O�ELRWLQ� H[FKDQJH� �$%(�� DVVD\�� ZH� VKRZHG� WKDW� NQRFNGRZQ� RI�$03.Į��Ϯϰϰ�

GUDPDWLFDOO\� UHGXFHG�0&�5� SDOPLWR\ODWLRQ� �)LJ�� �$�� 6XSSOHPHQWDU\� )LJ�� 6�$��� 3KRVSKRU\ODWLRQ� RI�Ϯϰϱ�

$FHW\O�&R$�&DUER[\ODVH��$&&���D�ZHOO�FKDUDFWHUL]HG�$03.�VXEVWUDWH��DW�6����ZDV�XVHG�DV�D�FRQWURO�IRU�Ϯϰϲ�

NQRFNGRZQ�RI�$03.�DFWLYLW\��&RQVLVWHQWO\��WUHDWPHQW�RI�&RPSRXQG�&��D�ZLGHO\�XVHG�VHOHFWLYH�$03.�Ϯϰϳ�

LQKLELWRU��DOVR�VLJQLILFDQWO\�UHGXFHG�WKH�OHYHO�RI�0&�5�SDOPLWR\ODWLRQ��)LJ���%���7R�IXUWKHU�DGGUHVV�WKH�Ϯϰϴ�

UROH� RI� $03.� DFWLYDWLRQ� LQ� 0&�5� SDOPLWR\ODWLRQ�� ZH� DFWLYDWHG� $03.� LQ� +30V� ZLWK� $��������Ϯϰϵ�

PHWIRUPLQ�RU���'*��8VLQJ�$�������LQ�WKH�SUHVHQFH�RI�Į�06+�DQG�89%�VWLPXODWLRQ��WKH�0&�5�5���&�ϮϱϬ�

YDULDQW� H[KLELWHG� DQ� LQFUHDVHG� SDOPLWR\ODWLRQ� ZKHQ� $03.� ZDV� DFWLYDWHG� �)LJ�� �&��� $������� DOVR�Ϯϱϭ�

LQGXFHG� D�PRGHUDWH� LQFUHDVH� LQ� SDOPLWR\ODWLRQ� RI�:7�0&�5� LQ�+30V� �)LJ�� �&��� EXW� DV� H[SHFWHG�� QR�ϮϱϮ�

SDOPLWR\ODWLRQ�ZDV�GHWHFWHG� LQ� WKH�0&�5�&���6�PXWDQW��6LPLODUO\��PHWIRUPLQ��RU���'*��GLG�QRW�VKRZ�Ϯϱϯ�

VWURQJ� HIIHFWV� RQ�:7�0&�5� EXW� ERWK� VLJQLILFDQWO\� LQFUHDVHG� WKH� SDOPLWR\ODWLRQ� RI� WKH�0&�5�5���&�Ϯϱϰ�

YDULDQW��6XSSOHPHQWDU\�)LJ��6�%�&���$OWKRXJK�:7�='++&���OHG�WR�DQ�LQFUHDVH�RI�WKH�SDOPLWR\ODWLRQ�Ϯϱϱ�



OHYHO�RI�WKH�0&�5�5���&�YDULDQW��WKLV�HIIHFW�ZDV�DEURJDWHG�E\�WKH�='++&���6���$�PXWDQW��)LJ���'���Ϯϱϲ�

UHPDUNDEO\�� 6���� SKRVSKR�PLPLF� PXWDQW�� ='++&��� 6���'�� IXUWKHU� VWUHQJWKHQHG� WKH� SDOPLWR\ODWLRQ�Ϯϱϳ�

OHYHO�RI�WKH�0&�5�5���&�YDULDQW�FRPSDUHG�WR�:7�='++&����6XSSOHPHQWDU\�)LJ��6�'���LQGLFDWLYH�RI�Ϯϱϴ�

WKH�FUXFLDO�UROH�RI�$03.�PHGLDWHG�='++&���6����SKRVSKRU\ODWLRQ�LQ�0&�5�SDOPLWR\ODWLRQ��Ϯϱϵ�

�ϮϲϬ�

&RQVLVWHQW� ZLWK� D� UROH� RI� 6���� SKRVSKRU\ODWLRQ� RQ� ='++&���PHGLDWHG� 0&�5� SDOPLWR\ODWLRQ��Ϯϲϭ�

NQRFNGRZQ� RI� $03.Į��� RU� LQKLELWLRQ� RI� $03.� E\� &RPSRXQG� &�� ERWK� PRGHUDWHO\� UHGXFHG� WKH�ϮϲϮ�

LQWHUDFWLRQ� EHWZHHQ� 0&�5� DQG� ='++&��� �6XSSOHPHQWDU\� )LJ�� 6�(�)��� %\� FRQWUDVW�� DFWLYDWLRQ� RI�Ϯϲϯ�

$03.�E\�$��������PHWIRUPLQ�RU���'*��DOO�LQFUHDVHG�WKH�LQWHUDFWLRQ�EHWZHHQ�='++&���DQG�WKH�0&�5�Ϯϲϰ�

5���&� YDULDQW� �6XSSOHPHQWDU\� )LJ�� 6�*�,��� ZKHUHDV� OLWWOH� HIIHFW� ZDV� REVHUYHG� XVLQJ� :7� 0&�5��Ϯϲϱ�

)XUWKHUPRUH�� 6���$�='++&��� IDLOHG� WR� HIILFLHQWO\� LQWHUDFW� ZLWK� 5���&� YDULDQW� �)LJ�� �(��� 7KH�Ϯϲϲ�

FRQVHUYHG� 6���� VLWH� LV� ORFDWHG� LQ� WKH� $QN\ULQ� �$1.�� GRPDLQ� RI� ='++&��� �)LJ�� �$��� ZKLFK� RIWHQ�Ϯϲϳ�

PHGLDWHV�SURWHLQ�SURWHLQ�LQWHUDFWLRQ�������7DNHQ�WRJHWKHU��WKHVH�GDWD�DUH�FRQVLVWHQW�ZLWK�='++&���6����Ϯϲϴ�

SKRVSKRU\ODWLRQ� HQKDQFLQJ� 0&�5�='++&��� LQWHUDFWLRQ� DQG� EHLQJ� FULWLFDO� IRU� 0&�5� SDOPLWR\ODWLRQ�Ϯϲϵ�

�)LJ���)���ϮϳϬ�

�Ϯϳϭ�

3KRVSKRU\ODWLRQ�RI�='++&���DW�6����E\�$03.�HQKDQFHV�0&�5�IXQFWLRQ�ϮϳϮ�

7R�WHVW�ZKHWKHU�$03.�LQGXFHG�SKRVSKRU\ODWLRQ�RI�='++&���DW�6����LV�HVVHQWLDO�IRU�0&�5�IXQFWLRQ��Ϯϳϯ�

ZH� ILUVW� PHDVXUHG� WKH� OHYHOV� RI� F$03�� D� GLUHFW� GRZQVWUHDP� VLJQDO� DFWLYDWHG� E\� 0&�5�� LQ� +30V�Ϯϳϰ�

HQJLQHHUHG�WR�H[SUHVV�:7��5���&�YDULDQW��RU�&���6�PXWDQW�IRUPV�RI�0&�5�DIWHU�89%�LUUDGLDWLRQ�DQG�Į�Ϯϳϱ�

06+�VWLPXODWLRQ�����0���:KHUHDV�HFWRSLF�H[SUHVVLRQ�RI�:7�='++&���VLJQLILFDQWO\� LQFUHDVHG�F$03�Ϯϳϲ�

OHYHOV� LQ� +30V� EHDULQJ� WKH� 5+&� YDULDQW�� WKH� 6���$�PXWDWLRQ� �)LJ�� �$��� RU� LQKLELWLRQ� RI� $03.� E\�Ϯϳϳ�

&RPSRXQG�&��6XSSOHPHQWDU\�)LJ�� 6�$���GLVUXSWHG� WKH�HIIHFWV�RI�='++&���RQ�F$03�SURGXFWLRQ�� ,Q�Ϯϳϴ�

DGGLWLRQ��WKH�='++&���6���'�PXWDQW�IXUWKHU�LQFUHDVHG�F$03�OHYHOV�LQ�+30V�EHDULQJ�WKH�5+&�YDULDQW�Ϯϳϵ�

FRPSDUHG� WR�:7� ='++&��� �6XSSOHPHQWDU\� )LJ�� 6�%���:7� ='++&��� VOLJKWO\� LQFUHDVHG� WKH� KLJK�ϮϴϬ�



EDVDO�OHYHO�RI�F$03�LQ�:7�0&�5�+30V��ZKLOH�6���$�='++&���VKRZHG�PDUJLQDO�HIIHFWV��)LJ���$���Ϯϴϭ�

7KH� QRQ�SDOPLWR\ODWDEOH� 0&�5� &���6� PXWDQW� ZDV� XVHG� DV� D� QHJDWLYH� FRQWURO�� %\� XVLQJ� WKH� VLPLODU�ϮϴϮ�

H[SHULPHQWDO� VHWWLQJ�� ZH� DOVR� GHWHUPLQHG� WKH� P51$� H[SUHVVLRQ� RI� DQRWKHU� WZR� 0&�5� GRZQVWUHDP�Ϯϴϯ�

HIIHFWRUV�� WKH� PLFURSKWKDOPLD�DVVRFLDWHG� WUDQVFULSWLRQ� IDFWRU� �0,7)�� ZKLFK� LV� D� FULWLFDO� FRRUGLQDWRU� RI�Ϯϴϰ�

PHODQRF\WH�DQG�PHODQRPD�ELRORJ\��DQG� LWV� WDUJHW�'&7��'RSDFKURPH�7DXWRPHUDVH�RU�7\URVLQH�5HODWHG�Ϯϴϱ�

3URWHLQ�����6XSSOHPHQWDU\�)LJ��6�&�'���$V�H[SHFWHG�� WKH�='++&���6���$�PXWDQW�IDLOHG�WR�HQKDQFH�Ϯϴϲ�

0,7)�RU�'&7�H[SUHVVLRQ� LQ�+30V�ZLWK� WKH�5���&�YDULDQW� �6XSSOHPHQWDU\� )LJ�� 6�&�'���ZKLOH�ZLWK�Ϯϴϳ�

:7�0&�5�WKH�6���$�PXWDWLRQ�EORFNHG�WKH�PRGHUDWH�VWLPXODWLRQ�RI�0,7)�DQG�'&7�P51$�H[SUHVVLRQ�Ϯϴϴ�

PHGLDWHG� E\� :7� ='++&���� 7KHVH� UHVXOWV� VXJJHVW� WKDW� SKRVSKRU\ODWLRQ� RI� 6���� DW� ='++&��� LV�Ϯϴϵ�

LPSRUWDQW�IRU�VWLPXODWLQJ�VLJQDOLQJ�GRZQVWUHDP�IURP�0&�5�LQ�PHODQRF\WHV�H[SUHVVLQJ�DQ�0&�5�5+&�ϮϵϬ�

YDULDQW���Ϯϵϭ�

7R�H[DPLQH�WKH�UROH�RI�='++&���SKRVSKRU\ODWLRQ�LQ�Į�06+�0&�5�UHJXODWHG�'1$�UHSDLU��F\FOREXWDQH�ϮϵϮ�

S\ULPLGLQH�GLPHU��&3'���DQG�����SKRWRSURGXFWV������33V��ZHUH�H[DPLQHG�IROORZLQJ�89%�LUUDGLDWLRQ�RI�Ϯϵϯ�

+30V�UHFRQVWLWXWHG�ZLWK�GLIIHUHQW�IRUPV�RI�0&�5��)LJ���%��6XSSOHPHQWDU\�)LJ��6�(���$OWKRXJK�:7�Ϯϵϰ�

='++&���SURPRWHG�SKRWRSURGXFW�FOHDUDQFH�LQ�+30V�H[SUHVVLQJ�WKH�5���&�YDULDQW��WKH�6���$�PXWDQW�Ϯϵϱ�

IRUP� RI�='++&��� IDLOHG� WR� LQFUHDVH� OHVLRQ� UHSDLU� �)LJ�� �%��ZKHUHDV� OLWWOH� HIIHFW�ZDV� REVHUYHG� RI� WKH�Ϯϵϲ�

6���$� PXWDQW� RQ� UHSDLU� LQ� WKH� SUHVHQFH� RI� :7� 0&�5� RU� WKH� QRQ�SDOPLWR\ODWDEOH� &���6� PXWDQW�Ϯϵϳ�

�6XSSOHPHQWDU\�)LJ��6�(���&RQVLVWHQW�ZLWK�SUHYLRXV�ZRUN���������HFWRSLF�H[SUHVVLRQ�RI�:7�='++&���Ϯϵϴ�

SURWHLQ�DXJPHQWV�ORZ�GRVH�89%�LQGXFHG�SUHPDWXUH�VHQHVFHQFH�LQ�+30V��)LJ���&�'��DQG�%���PHODQRPD�Ϯϵϵ�

FHOOV��6XSSOHPHQWDU\�)LJ��6�)��H[SUHVVLQJ�DQ�0&�5�5+&�YDULDQW��+RZHYHU��WKH�LQFUHDVH�LQ�VHQHVFHQFH�ϯϬϬ�

ZDV� ODUJHO\� GHSHQGHQW� RQ�SKRVSKRU\ODWLRQ�RI�6����RI�='++&����ZKHQ�6����ZDV�PXWDWHG� WR� DODQLQH��ϯϬϭ�

='++&��� H[KLELWHG� RQO\� D� PLQRU� HIIHFW� RQ� 89%�LQGXFHG� SUHPDWXUH� VHQHVFHQFH� �)LJ�� �&�'��ϯϬϮ�

6XSSOHPHQWDU\� )LJ�� 6�)��� 7KHVH� UHVXOWV� VXJJHVWHG� WKDW� SKRVSKRU\ODWLRQ� RQ� 6���� LV� HVVHQWLDO� IRU�ϯϬϯ�

='++&���WR�HQKDQFH�0&�5�5+&�YDULDQW�IXQFWLRQ��ϯϬϰ�



7R�IXUWKHU�GHWHUPLQH�WKH�UROH�RI�$03.�DFWLYDWLRQ�LQ�0&�5�IXQFWLRQ��ZH�WUHDWHG�FHOOV�ZLWK�$�������DQG�ϯϬϱ�

PHDVXUHG� F$03� OHYHOV�� H[SUHVVLRQ� RI� 0,7)� DQG� '&7�� 89%�LQGXFHG� SKRWRSURGXFWV�� DQG� SUHPDWXUH�ϯϬϲ�

VHQHVFHQFH�� $03.� DFWLYDWLRQ� E\� $������� VLJQLILFDQWO\� VWLPXODWHG� F$03� SURGXFWLRQ� �)LJ�� �(��� DQG�ϯϬϳ�

0,7)�DQG�'&7�H[SUHVVLRQ��6XSSOHPHQWDU\�)LJ��6�*��LQ�+30V�H[SUHVVLQJ�WKH�0&�5�5���&�YDULDQW��ϯϬϴ�

DQG�VKRZHG�PLQLPXP�HIIHFWV�RQ�+30V�H[SUHVVLQJ�:7�RU�&���6�PXWDQW�IRUP�RI�0&�5��$�������DOVR�ϯϬϵ�

GUDPDWLFDOO\� HQKDQFHG� '1$� GDPDJH� UHSDLU� DQG� FOHDUHG� 89%�LQGXFHG� &3'� DQG� ���33� SKRWRSURGXFWV�ϯϭϬ�

PRUH� HIILFLHQWO\� LQ�+30V�ZLWK� WKH�0&�5�5���&�YDULDQW� �)LJ�� �)��ZKLOH� OLWWOH� HIIHFW�ZDV� REVHUYHG� LQ�ϯϭϭ�

FHOOV�H[SUHVVLQJ�0&�5�:7�RU�WKH�&���6�PXWDQW��6XSSOHPHQWDU\�)LJ��6�+�,���,Q�IXUWKHU�VXSSRUW�RI�WKH�ϯϭϮ�

UROH�RI�$03.�DFWLYDWLRQ�LQ�0&�5�IXQFWLRQ��$�������UHVFXHG�WKH�GHIHFW�RI�WKH�0&�5�5���&�YDULDQW�LQ�ϯϭϯ�

E\SDVVLQJ� 89%�LQGXFHG� SUHPDWXUH� VHQHVFHQFH� LQ� ERWK� +30V� �)LJ�� �*�� DQG� %��� PHODQRPD� FHOOV�ϯϭϰ�

�6XSSOHPHQWDU\�)LJ��6�-����ϯϭϱ�

�ϯϭϲ�

$03.�PHGLDWHG� SKRVSKRU\ODWLRQ� RI� ='++&��� DW� 6���� DWWHQXDWHV� 0&�5�5+&�LQGXFHG�ϯϭϳ�

PHODQRF\WH�PDOLJQDQW�WUDQVIRUPDWLRQ�ϯϭϴ�

0&�5�LV�D�NQRZQ�WXPRU�VXSSUHVVRU�WKDW�SURWHFWV�PHODQRF\WHV�IURP�89%�LQGXFHG�FHOOXODU�WUDQVIRUPDWLRQ��ϯϭϵ�

DQG�HFWRSLF�H[SUHVVLRQ�RI�%5$)9���(�FRRSHUDWHV�ZLWK�0&�5�GHILFLHQF\�WR�GULYH�PDOLJQDQW�WUDQVIRUPDWLRQ�ϯϮϬ�

LQ� HQJLQHHUHG� KXPDQ� LPPRUWDO� PHODQRF\WHV� �K7(57�S��''�&'.��5��&��� ����������� ,Q� WKLV� DVVD\��ϯϮϭ�

K7(57�S��''�&'.��5��&�� PHODQRF\WHV� UHTXLUH� 73$� DQG� D� F$03� DJRQLVW� IRU� VXUYLYDO�� ZKLFK� LV� D�ϯϮϮ�

KDOOPDUN�RI�QRQ�WUDQVIRUPHG�PHODQRF\WHV�������/RVV�RI��RU�GHILFLHQW��0&�5�FRRSHUDWHV�ZLWK�%5$)9���(�ϯϮϯ�

WR�WUDQVIRUP�K7(57�S��''�&'.��5��&��PHODQRF\WHV�DQG�VWLPXODWHV�FHOO�JURZWK�LQ�WKH�DEVHQFH�RI�73$�ϯϮϰ�

DQG� F$03� DJRQLVW� ������ $V� VXFK� K7(57�S��''�&'.��5��&�� PHODQRF\WHV� UHSUHVHQW� DQ� DSSURSULDWH�ϯϮϱ�

PRGHO�WR�VWXG\�PHODQRF\WH�WUDQVIRUPDWLRQ��7R�DVN�LI�SKRVSKRU\ODWLRQ�RI�='++&���DW�6����ZRXOG�DIIHFW�ϯϮϲ�

89%�LQGXFHG� PHODQRPDJHQHVLV�� ZH� IXUWKHU� HQJLQHHUHG� K7(57�S��''�&'.��5��&�� LPPRUWDOL]HG�ϯϮϳ�

KXPDQ� SULPDU\� PHODQRF\WHV� WR� H[SUHVV�:7�� 5���&�� DQG� &���6� IRUPV� RI�0&�5� ZLWK� WKH� DGGLWLRQDO�ϯϮϴ�

H[SUHVVLRQ�RI�%5$)9���(�DQG�SUHWUHDWPHQW�ZLWK�D� ORZ�GRVH�RI�89%����� -�P����='++&���DIIHFWHG� WKH�ϯϮϵ�



SDOPLWR\ODWLRQ� OHYHO� RI� WKH� HQJLQHHUHG� PHODQRF\WHV� VLPLODUO\� FRPSDUHG� WR� +30V�� DQ� LQFUHDVH� RI� WKH�ϯϯϬ�

SDOPLWR\ODWLRQ� OHYHO� RI� WKH� 0&�5� 5���&� YDULDQW� ZDV� LQGXFHG� E\� :7� ='++&���� EXW� QRW� E\� WKH�ϯϯϭ�

='++&��� 6���$�PXWDQW� �6XSSOHPHQWDU\� )LJ�� 6�$��� &ORQRJHQLF� VXUYLYDO� �)LJ�� �$�� DQG� DQFKRUDJH�ϯϯϮ�

LQGHSHQGHQW�VRIW�DJDU�JURZWK�DVVD\V��)LJ���%��6XSSOHPHQWDU\�)LJ��6�%�� LQGLFDWHG�WKDW� WKH�='++&���ϯϯϯ�

6���$�PXWDQW�IDLOHG�WR�GLPLQLVK�0&�5�5+&�YDULDQW�LQGXFHG�PDOLJQDQW�WUDQVIRUPDWLRQ��7R�H[DPLQH�WKH�ϯϯϰ�

HIIHFWV� RI� 6���� SKRVSKRU\ODWLRQ� RI� ='++&��� RQ� PDOLJQDQW� WUDQVIRUPDWLRQ� in vivo��ϯϯϱ�

K7(57�S��''�&'.��5��&��%5$)9���(�0&�55���&�PHODQRF\WHV� ZHUH� VXEFXWDQHRXVO\� LQRFXODWHG� LQWR�ϯϯϲ�

HDFK� IODQN� RI� QXGH� PLFH�� ([DPLQDWLRQ� RI� [HQRJUDIW� WXPRU� YROXPHV� �)LJ�� �&�� DQG� ZHLJKW� �)LJ�� �'��ϯϯϳ�

LQGLFDWHG�WKDW�SKRVSKRU\ODWLRQ�RI�='++&���DW�6����LV�UHTXLUHG�WR�VXSSUHVV�0&�5�5+&�YDULDQW�LQGXFHG�ϯϯϴ�

PDOLJQDQW�WUDQVIRUPDWLRQ�in vivo��ϯϯϵ�

:H� QH[W� WUHDWHG� K7(57�S��''�&'.��5��&��%5$)9���(�VK0&�5� PHODQRF\WHV� WKDW� H[SUHVVHG� :7��ϯϰϬ�

5���&�YDULDQW��DQG�&���6�PXWDQW�0&�5�ZLWK�WKH�$03.�DFWLYDWRU�$��������$%(�UHVXOWV�VKRZHG�WKDW��ϯϰϭ�

$������� LQGXFHG� D� PRGHUDWH� LQFUHDVH� LQ� SDOPLWR\ODWLRQ� RI� :7� 0&�5�� EXW� VLJQLILFDQWO\� LQFUHDVHG�ϯϰϮ�

SDOPLWR\ODWLRQ� RI� 0&�5� 5���&� YDULDQW� LQ� HQJLQHHUHG� PHODQRF\WHV� �6XSSOHPHQWDU\� )LJ�� 6�&��� 7KH�ϯϰϯ�

FORQRJHQLF� VXUYLYDO� �)LJ�� �(�� DQG� DQFKRUDJH�LQGHSHQGHQW� VRIW� DJDU� JURZWK� DVVD\V� �)LJ�� �)�*��ϯϰϰ�

6XSSOHPHQWDU\�)LJ��6�'��VKRZHG�WKDW�DFWLYDWLRQ�RI�$03.�E\�$�������VLJQLILFDQWO\�VXSSUHVVHG�0&�5�ϯϰϱ�

5+&�YDULDQW�LQGXFHG� PDOLJQDQW� WUDQVIRUPDWLRQ�� 0RUHRYHU�� PRXVH� [HQRJUDIW� VWXGLHV� XVLQJ�ϯϰϲ�

K7(57�S��''�&'.��5��&��%5$)9���(�0&�55���&�PHODQRF\WHV� LQGLFDWHG� WKH�DFWLYDWLRQ�RI�$03.�E\�ϯϰϳ�

$������� PDUNHGO\� LQKLELWHG� 0&�5� 5���&�YDULDQW�DXJPHQWHG� PDOLJQDQW� WUDQVIRUPDWLRQ� �)LJ�� �+�-���ϯϰϴ�

7RJHWKHU� WKHVH�GDWD�DUH�FRQVLVWHQW�ZLWK�$03.�LQGXFHG�='++&���SKRVSKRU\ODWLRQ�VXSSUHVVLQJ�0&�5�ϯϰϵ�

5+&�YDULDQW�LQGXFHG�PHODQRF\WLF�PDOLJQDQW�WUDQVIRUPDWLRQ��ϯϱϬ�

�ϯϱϭ�

$FWLYDWLRQ�RI�$03.�LQKLELWV�89%�LQGXFHG�PHODQRPDJHQHVLV�LQ�UHGKHDGV�in vivo�ϯϱϮ�

1H[W��ZH� IXUWKHU� WHVWHG� WKH� HIIHFWV�RI�$03.�DFWLYDWLRQ�RQ�0&�5� in vivo� E\�XVLQJ�SUHYLRXV�JHQHUDWHG�ϯϱϯ�

0&�55���&� ������� DQG� :7� 0&�5� PLFH� �6XSSOHPHQWDU\� )LJ�� 6�$��� 0LFH� HDUV�� ZKHUH� HSLGHUPDO�ϯϱϰ�



PHODQRF\WHV�ORFDWH�������ZHUH�WRSLFDOO\�WUHDWHG�ZLWK�����ȝ/�$�������������0��GDLO\�IRU����GD\V���EHIRUH�ϯϱϱ�

SURFHVVLQJ� E\� )RQWDQD�0DVVRQ� VWDLQLQJ� DQG� ELRFKHPLFDO� PHODQLQ� DVVD\V�� (QKDQFHG� SLJPHQWDWLRQ� ZDV�ϯϱϲ�

REVHUYHG� LQ� WKH� HDUV� RI� $������� WUHDWHG� 0&�55���&� PLFH� �)LJ�� �$�%��� 1RWDEO\�� SLJPHQWDWLRQ�ϯϱϳ�

HQKDQFHPHQW�ZDV�QRW�GHWHFWHG�LQ�0&�5:7�PLFH��)LJ���$�%���'RZQVWUHDP�RI�0&�5�VLJQDOLQJ��Mitf��DQG�ϯϱϴ�

Dct�P51$�H[SUHVVLRQ�ZHUH�DOVR�PHDVXUHG� LQ�PLFH�HDUV� WUHDWHG�ZLWK�$������� �)LJ�� �&�'���7KH�T57�ϯϱϵ�

3&5�UHVXOW�VKRZHG�WKDW�$03.�DFWLYDWLRQ�E\�$�������VLJQLILFDQWO\�LQFUHDVHG�WKH�P51$�OHYHOV�RI�0LWI�ϯϲϬ�

DQG�'FW�LQ�0&�55���&�PRXVH�HDUV��)LJ���&�'���1R�VLJQLILFDQW�FKDQJH�ZDV�GHWHFWHG�LQ�0&�5:7�PLFH��7R�ϯϲϭ�

LQYHVWLJDWH� WKH� SRWHQWLDO� UROH� RI� $03.� DFWLYDWLRQ� LQ� PHODQRPD� LQLWLDWLRQ�� WKH� 7\U�&UH(57��%5$)&$�ϯϲϮ�

PHODQRPD� PRXVH� PRGHO� ZDV� XVHG�� � +HUH� ZH� FURVVHG� %��&J�%UDIWP�0PFP7J�7\U�FUH�(57����%RV�%RV-�ϯϲϯ�

����� ZLWK� WKH� 0&�55���&� PLFH� WR� JHQHUDWH� 7\U�&UH�%5$)&$�� 0&�55���&� PLFH�� 7DPR[LIHQ� ZDV�ϯϲϰ�

DGPLQLVWUDWHG�WR�LQGXFH�WKH�DFWLYLW\�RI�7\U�&UH�(57��IXVLRQ�WR�DFWLYDWH�%5$)9���(�H[SUHVVLRQ��0LFH�ZHUH�ϯϲϱ�

JLYHQ� D� GRVH� RI� ���� -�P��89%� LUUDGLDWLRQ� HDFK�ZHHN� IRU� IRXU�ZHHNV� DQG�SULRU� WR�89%� LUUDGLDWLRQ�� ���ϯϲϲ�

PJ�NJ�$�������RU�YHKLFOH�FRQWURO�ZHUH�LQMHFWHG�LQWUDSHULWRQHDOO\�LQWR�PLFH��0LFH�ZHUH�WKHQ�REVHUYHG�IRU�ϯϲϳ�

PHODQRPD�LQFLGHQFH�IRU����GD\V��6XSSOHPHQWDU\�)LJ��6�%���0HODQRPDV�ZHUH�REVHUYHG�LQ�ERWK�89%�ϯϲϴ�

H[SRVHG� 7\U�&UH�%5$)&$�0&�55���&�PRXVH� JURXSV�� 1R�PHODQRPD�ZDV� GHWHFWHG� LQ� D� 7\U�&UH�PRXVH�ϯϲϵ�

FRQWURO�JURXS��)LJ���(���,Q�WKH�WUHDWPHQW�JURXS��PHODQRPD�ZDV�ILUVW�GLDJQRVHG����GD\V�DIWHU�WKH�ILQDO�89�ϯϳϬ�

LUUDGLDWLRQ��ZKLOH�PHODQRPD�ZDV�ILUVW�GLDJQRVHG����GD\V�DIWHU�89%�WUHDWPHQW�LQ�WKH�YHKLFOH�FRQWURO�JURXS��ϯϳϭ�

LQGLFDWLQJ�WKDW�DFWLYDWLRQ�RI�$03.�E\�$�������GHOD\HG�WKH�RQVHW�RI�PHODQRPD��)LJ���(������GD\V�DIWHU�ϯϳϮ�

WKH�ILQDO�89%�LUUDGLDWLRQ��PHODQRPD�ZDV�GLDJQRVHG�LQ������������DQG������������RI�PLFH�ZLWK�YHKLFOH�ϯϳϯ�

FRQWURO� DQG� $������� WUHDWPHQW�� UHVSHFWLYHO\� �)LJ�� �(��� 7KHVH� GDWD� DOVR� VXJJHVW� WKDW� $�������ϯϳϰ�

VLJQLILFDQWO\�UHGXFHG�PHODQRPD�LQFLGHQFH�LQ�89%�LQGXFHG�7\U�&UH�%5$)&$��0&�55���&�PLFH��ORJ�UDQN�ϯϳϱ�

WHVW�� S �������� �)LJ�� �(��� $OO� GLDJQRVHG� PHODQRPDV� GLVSOD\HG� VLPLODU� PRUSKRORJLFDO� DQG� KLVWRORJLF�ϯϳϲ�

IHDWXUHV��)LJ���)���7KHUHIRUH��WKHVH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�$03.�DFWLYDWLRQ�SOD\LQJ�D�FULWLFDO�UROH�LQ�ϯϳϳ�

PHODQRPD�SUHYHQWLRQ�IRU�UHGKHDGV�in vivo��ϯϳϴ�



7R�VWXG\�WKH�UROH�RI�$03.�LQ�KXPDQ�PHODQRPD�VDPSOHV��ZH�XVHG�*(3,$���*HQH�([SUHVVLRQ�3URILOLQJ�ϯϳϵ�

,QWHUDFWLYH�$QDO\VLV�������DQG�51$�VHTXHQFLQJ��51$�VHT��GDWD�IURP�WKH�KXPDQ�7&*$�PHODQRPD�FRKRUW�ϯϴϬ�

�)LJ�� �*�+��6XSSOHPHQWDU\�)LJ�� 6�&�'���$03.Į��� HQFRGHG�E\�PRKAA1� JHQH�� LV� H[SUHVVHG� LQ�ERWK�ϯϴϭ�

PHODQRPD� DQG� QRQ�PHODQRPD� VNLQ� WLVVXHV�� ZKLOH� $03.Į�� LV� H[SUHVVHG� DW� D� UHODWLYHO\� ORZ� OHYHO�ϯϴϮ�

�6XSSOHPHQWDU\� )LJ�� 6�&���:H� IRXQG� WKDW� WKH� P51$� OHYHOV� RI� $03.Į��� QRW� $03.Į��� SRVLWLYHO\�ϯϴϯ�

FRUUHODWHG�ZLWK�0,7)�DQG�'&7�H[SUHVVLRQ��ZKLFK� DUH�GRZQVWUHDP� IURP�0&�5�VLJQDOLQJ� �)LJ�� �*�+��ϯϴϰ�

6XSSOHPHQWDU\�)LJ�� 6�'��� )XUWKHU�7&*$�FOLQLFDO� GDWD� DQDO\VLV� XVLQJ� WKH�;HQD�SODWIRUP� ����� VKRZHG�ϯϴϱ�

WKDW�KLJK�P51$�OHYHOV�RI�$03.Į���QRW�$03.Į���DUH�DVVRFLDWHG�ZLWK�D�VXUYLYDO�EHQHILW� LQ�PHODQRPD�ϯϴϲ�

SDWLHQWV� �6XSSOHPHQWDU\�)LJ��6�(�)���7KHVH�UHVXOWV�VXJJHVW� WKDW�KLJKHU�H[SUHVVLRQ� OHYHOV�RI�$03.Į��ϯϴϳ�

DUH�FRUUHODWHG�ZLWK�PRUH�UREXVW�DFWLYDWLRQ�RI�0&�5�VLJQDOLQJ�LQ�KXPDQ�PHODQRPDV���ϯϴϴ�

�ϯϴϵ�

'LVFXVVLRQ�ϯϵϬ�

$03.� LV� D� FRQVHUYHG� VHULQH�WKUHRQLQH� NLQDVH� DQG� D� FODVVLFDO� VHQVRU� RI� HQHUJ\� KRPHRVWDVLV� ���������ϯϵϭ�

$03.� LV� D� KHWHURWULPHULF� NLQDVH� FRPSOH[� FRQVLVWV� RI� D� FDWDO\WLF� VXEXQLW� Į� �Į�� DQG� Į���� D� VFDIIROGLQJ�ϯϵϮ�

VXEXQLW�ȕ��ȕ��DQG�ȕ����DQG�D�UHJXODWRU\�VXEXQLW�Ȗ��Ȗ���Ȗ��DQG�Ȗ����'XULQJ�WKH�DFWLYDWLRQ�RI�$03.��$03�ϯϵϯ�

ELQGV� WR� WKH� Ȗ�VXEXQLW� DQG� H[SRVHV� WKH� FDWDO\WLF� GRPDLQ� RI� WKH� Į�VXEXQLW� ������ $� FDVFDGH� RI� $03.�ϯϵϰ�

WULJJHUHG�SKRVSKRU\ODWLRQ� HYHQWV� HYHQWXDOO\� LQKLELWV�$73�FRQVXPLQJ� DQDEROLF� SURFHVVHV� DQG� VWLPXODWHV�ϯϵϱ�

$73�SURGXFLQJ�FDWDEROLF�SURFHVVHV��$03.�ZDV�ILUVW�GHVFULEHG�IRU� LWV� UROH� LQ� OLSLG�PHWDEROLVP��DQG�WKH�ϯϵϲ�

UROH�RI�$03.�LQ�UHJXODWLQJ�PHWDEROLVP�LV�ZHOO�NQRZQ��7KH�LQFUHDVH�RI�$'3�RU�$03�OHYHO�ZLOO�DFWLYDWH�ϯϵϳ�

$03.�DQG�$03.�GRZQVWUHDP�VLJQDOLQJ��)RU�H[DPSOH��$03.�DFWLYDWLRQ�OHDGV� WR� WKH�SKRVSKRU\ODWLRQ�ϯϵϴ�

DQG� LQDFWLYDWLRQ� RI� DFHW\O�&R$� FDUER[\ODVH� �$&&��� WKXV� LQKLELWLQJ� IDWW\� DFLG� V\QWKHVLV� ������$03.� LV�ϯϵϵ�

DOVR�NQRZQ�WR�VXSSUHVV�HQHUJ\�FRQVXPLQJ�JO\FRO\VLV�DQG�SURPRWH�R[LGDWLYH�UHVSLUDWLRQ�WR�UHVWRUH�HQHUJ\�ϰϬϬ�

SURGXFWLRQ� ������ ,QWHUHVWLQJO\�� ORVV�RI�=GKKF��� LQ�PRXVH�FRUWH[�DQG�FHUHEHOOXP� LQFUHDVHG�JO\FRO\VLV� in ϰϬϭ�

vivo ����� DQG� LPSDLUHG� PLWRFKRQGULDO� IXQFWLRQ� DQG� UHGXFHG� R[\JHQ� FRQVXPSWLRQ� ZHUH� REVHUYHG� LQ�ϰϬϮ�



KHSDWRF\WHV�IURP�=GKKF���GHILFLHQW�PLFH�DQG�='++&���NQRFNGRZQ�OLYHU�FHOOV�������7KXV��$03.�PD\�ϰϬϯ�

SKRVSKRU\ODWH�='++&���DW�6����WR�UHJXODWH�HQHUJ\�KRPHRVWDVLV�SK\VLRORJLFDOO\��ϰϬϰ�

,W� LV�ZHOO�HVWDEOLVKHG� WKDW�$03.�DFWV�DV�D� WXPRU�VXSSUHVVRU�EHFDXVH�DFWLYDWLRQ�RI�$03.�UHVWUDLQV�FHOO�ϰϬϱ�

JURZWK�DQG�GLYLVLRQ��KRZHYHU��$03.�PD\�VXSSRUW�WKH�FDQFHU�FHOOV�WR�VXUYLYH�XQGHU�PDQ\�HQYLURQPHQWDO�ϰϬϲ�

VWUHVVHV� VXFK� DV� K\SR[LD� DQG� JOXFRVH� GHSULYDWLRQ��ZKLFK� RIWHQ� RFFXU�ZKHQ� FDQFHU� FHOOV� RXWJURZ�EORRG�ϰϬϳ�

VXSSO\�������7KHUHIRUH�� WKH�UROH�RI�$03.�LQ�FDQFHU�SUHYHQWLRQ�DQG� WUHDWPHQW� LV�FRQWH[W�GHSHQGHQW��$Q�ϰϬϴ�

$03.� DFWLYDWRU�� 268����� VLJQLILFDQWO\� VXSSUHVVHG� EUHDVW� FDQFHU� JURZWK� ������ ,Q� FRQWUDVW�� $03.�ϰϬϵ�

VXSSRUWHG� WKH� JURZWK� RI� +�5$6�WUDQVIRUPHG� HPEU\RQLF� ILEUREODVWV� XQGHU� K\SR[LD� FRQGLWLRQV� ������ϰϭϬ�

$03.�ZDV�IRXQG�DFWLYDWHG�LQ�KXPDQ�SURVWDWH�FDQFHUV�DQG�LQFUHDVHV�SURVWDWH�FDQFHU�FHOO�SUROLIHUDWLRQ��������ϰϭϭ�

,Q�DGGLWLRQ��$03.�DFWLYDWLRQ�PD\�SOD\�LPSRUWDQW�UROHV�LQ�PHODQRPD��0HWIRUPLQ�FDQ�VXSSUHVV�PHODQRPD�ϰϭϮ�

FHOO� SUROLIHUDWLRQ� E\� DFWLYDWLQJ� DXWRSKDJ\� DQG� DSRSWRVLV�� DOWKRXJK� WKH�PHFKDQLVP� LV� XQNQRZQ� ���������ϰϭϯ�

%5$)�LV�SKRVSKRU\ODWHG�DW�6����E\�$03.��ZKLFK�SURPRWHV�DQ�LQWHUDFWLRQ�EHWZHHQ�%5$)�DQG�D��������ϰϭϰ�

SURWHLQ�� OHDGLQJ� WR� D� VXSSUHVVLRQ�RI�0(.�(5.�VLJQDOLQJ� ������+RZHYHU�� DGGLWLRQDO�SKRVSKRU\ODWLRQ�RI�ϰϭϱ�

6����RQ�RQFRJHQLF�%5$)9���(�PXWDQW�GLG�QRW�DIIHFW�PDOLJQDQW�WUDQVIRUPDWLRQ�RI�1,+��7��FHOOV����������ϰϭϲ�

)XUWKHUPRUH��$03.�DFWLYDWLRQ�IDLOHG�WR�DIIHFW�WKH�LQWHUDFWLRQ�EHWZHHQ�%5$)9���(�DQG��������SURWHLQ�LQ�ϰϭϳ�

0()V�DQG�GLG�QRW�LQWHUUXSW�0(.�(5.�VLJQDOLQJ�������,Q�RXU�PRGHO��0&�5�5+&�YDULDQW�FRRSHUDWHV�ZLWK�ϰϭϴ�

%5$)9���(� WR�GULYH�PDOLJQDQW� WUDQVIRUPDWLRQ�RI�K7(57�S��''�&'.��5��&��PHODQRF\WHV�XQGHU�89%�ϰϭϵ�

LUUDGLDWLRQ� �������� IRU� WKH� ILUVW� WLPH�� ZH� LGHQWLILHG� ='++&��� DV� D� QRYHO� VXEVWUDWH� RI� $03.�� DQG�ϰϮϬ�

GHPRQVWUDWHG� WKDW� $03.� DFWLYDWLRQ� GLVUXSWV� 5+&� YDULDQW�LQGXFHG� PHODQRF\WH� WUDQVIRUPDWLRQ� LQ� WKH�ϰϮϭ�

FRQWH[W�RI�%5$)9���(�WKURXJK�='++&���SKRVSKRU\ODWLRQ�DW�6�����ϰϮϮ�

0RUH� SDOPLWR\ODWHG� SURWHLQV� KDYH� EHHQ� LGHQWLILHG� UHFHQWO\��PDQ\� RI�ZKLFK� DUH� VKRZQ� WR� DIIHFW� FDQFHU�ϰϮϯ�

PHWDEROLVP��)RU�H[DPSOH��='++&��DQG�='++&��VWLPXODWH� IDWW\�DFLG� LQWDNH�YLD�SDOPLWR\ODWLQJ�&'���ϰϮϰ�

������%RWK�='++&��DQG�='++&���SDOPLWR\ODWH�(5Į�DW�&����DQG�DFWLYDWH�(5Į�WR�VXSSRUW�WKH�VXUYLYDO�ϰϮϱ�

RI�EUHDVW�FDQFHU�FHOOV�������='++&��DOVR�SDOPLWR\ODWHV�*/87��DW�&����DQG�LQFUHDVHV�JOXFRVH�XSWDNH�LQ�ϰϮϲ�

�7��FHOOV����������3'�/���WKH�FULWLFDO�FKHFNSRLQW�EORFNDGH�WKHUDS\�WDUJHW��LV�SDOPLWR\ODWHG�E\�='++&��ϰϮϳ�



DQG�SDOPLWR\ODWLRQ� VWDELOL]HV�3'�/��E\�EORFNLQJ� LWV�XELTXLWLQDWLRQ� ������$.7� LV�SDOPLWR\ODWHG�DW�&����ϰϮϴ�

DQG�SDOPLWR\ODWLRQ�GHILFLHQW�$.7�EORFNV�$.7�GHSHQGHQW�SUHDGLSRF\WH�GLIIHUHQWLDWLRQ�������,QWHUHVWLQJO\��ϰϮϵ�

PHWIRUPLQ�FRXOG�VXSSUHVV�$.7�SDOPLWR\ODWLRQ��EXW�RQO\�ZKHQ�PDFURSKDJHV�ZHUH�DFWLYDWHG�E\�/36�������ϰϯϬ�

2XU� VWXGLHV� SUHYLRXVO\� LGHQWLILHG� ='++&��� DV� D� PDMRU� UHJXODWRU� RI�0&�5� VLJQDOLQJ� LQ� PHODQRF\WHV�ϰϯϭ�

��������+RZHYHU��KRZ�DFWLYLWLHV�RI�='++&V�DUH�UHJXODWHG�UHPDLQV�ODUJHO\�XQNQRZQ��+HUH��ZH�SURYLGHG�D�ϰϯϮ�

GHWDLOHG� PHFKDQLVP� WR� H[SODLQ� KRZ� $03.� SKRVSKRU\ODWHV� ='++&��� DW� 6���� DQG� HQKDQFHV� LWV�ϰϯϯ�

LQWHUDFWLRQ�ZLWK�0&�5���7KH�FRQVHUYHG�6����VLWH�LV�LQ�WKH�$1.�GRPDLQ�ZKLFK�UHJXODWHV�SURWHLQ�SURWHLQ�ϰϯϰ�

LQWHUDFWLRQ� ������ 2XU� ILQGLQJV� WKDW� $03.�LQGXFHG� ='++&��� SKRVSKRU\ODWLRQ� LV� LQGLVSHQVDEOH� IRU�ϰϯϱ�

UHVFXLQJ�WKH�GHIHFW�RI�0&�5�5+&�YDULDQW�SURYLGHV�D�QRYHO�LQWHUYHQWLRQ�VWUDWHJ\�IRU�UHGKHDGV�WR�SUHYHQW�ϰϯϲ�

89%�LQGXFHG�PHODQRPDJHQHVLV���ϰϯϳ�

$03.� VHOHFWV� LWV� VXEVWUDWH� EDVHG� RQ�$03.� FRQVHQVXV�PRWLI�� 2SWLPDOO\�� $03.� SUHIHUV� K\GURSKRELF�ϰϯϴ�

UHVLGXHV�DW����DQG����SRVLWLRQV��DQG�EDVLF�UHVLGXHV�DW����SRVLWLRQ�RI�WKH�DFWXDO�SKRVSKRU\ODWLRQ�VLWH�������ϰϯϵ�

&RQVLVWHQWO\��RXU�LGHQWLILHG�='++&���6����FRQWDLQV�D�/HXFLQH��/��DW����SRVLWLRQ�DQG�D�9DOLQH��9��DW����ϰϰϬ�

SRVLWLRQ��$OWKRXJK�='++&��� 6���� ODFNV� D� EDVLF� UHVLGXH� DW� ��� SRVLWLRQ�� WKHUH� DUH� DOVR� NQRZQ�$03.�ϰϰϭ�

VXEVWUDWHV� WKDW�GR�QRW�FRQWDLQ� WKLV�$03.�FRQVHQVXV�PRWLI�� VXFK�DV�-$.��6����FRQWDLQLQJ�D�6HULQH��6��ϰϰϮ�

������+$7��6����FRQWDLQLQJ�D�*OXWDPLF�DFLG��(��������DQG�$50&���6���FRQWDLQLQJ�D�6HULQH��6��DW� ���ϰϰϯ�

SRVLWLRQ�������,Q�DGGLWLRQ��RXU�VLWH�VSHFLILF�S6����='++&���DQWLERG\�DQG�in vitro NLQDVH�DVVD\�YDOLGDWHG�ϰϰϰ�

WKDW�$03.�LQGHHG�SKRVSKRU\ODWHV�='++&���DW�6�����ϰϰϱ�

5HG�KDLUHG�SHRSOH�DUH�NQRZQ�IRU�LQFUHDVHG�ULVN�RI�PHODQRPD��,W�LV�HVWLPDWHG�WKDW�UHGKHDGV�PDNH�XS�RQH�WR�ϰϰϲ�

WZR�SHUFHQW�RI�WKH�ZRUOG
V�SRSXODWLRQ��)RU�GHFDGHV��VFLHQWLVWV�KDYH�DLPHG�WR�PRGXODWH�0&�5�IXQFWLRQ�IRU�ϰϰϳ�

FOLQLFDO�EHQHILW� LQ�UHGKHDGV��7KH�F\FOLF�$03�DJRQLVW�IRUVNROLQ�ZDV�VKRZQ�WR�LQFUHDVH�SLJPHQWDWLRQ�DQG�ϰϰϴ�

SUHYHQW� PHODQRPDJHQHVLV�� EXW� LW� LV� GLIILFXOW� IRU� IRUVNROLQ� WR� SHQHWUDWH� WKH� HSLGHUPLV� ZKHQ� WRSLFDOO\�ϰϰϵ�

DSSOLHG� ������ 7KH� LGHQWLILFDWLRQ� RI� ='++&���$37�� DV� HVVHQWLDO� UHJXODWRUV� RI� 0&�5� IXQFWLRQ� PDGH�ϰϱϬ�

GHSDOPLWR\ODWLRQ� LQKLELWRUV� D� SRWHQWLDO� DSSURDFK� IRU� UHGKHDGV� WR� SUHYHQW� PHODQRPD� �������� � +RZHYHU��ϰϱϭ�

GHSDOPLWR\ODWLRQ�LQKLELWRUV�PD\�KDYH�VLGH�HIIHFWV�DQG�WUHDWPHQW�RI�LQKLELWRUV�WR�KHDOWK\�LQGLYLGXDOV�PD\�ϰϱϮ�



QRW�EH�GHVLUDEOH��2XU�UHVXOWV�GHILQH�WKH�FULWLFDO�UROH�RI�$03.�='++&���0&�5�D[LV�LQ�PHODQRF\WHV�DQG�ϰϱϯ�

VXJJHVW�$03.�DFWLYDWLRQ�FRXOG�EH�D�QRYHO�WDUJHW�IRU�PHODQRPD�SUHYHQWLRQ�IRU�UHGKHDGV��7KHUH�DUH�PDQ\�ϰϱϰ�

QDWXUDO�ZD\V� WR� DFWLYDWH�$03.� HIIHFWLYHO\�� LQFOXGLQJ� H[HUFLVH� DQG� FDORULF� UHVWULFWLRQ� ������ 5HG�KDLUHG�ϰϱϱ�

LQGLYLGXDOV�PD\�FRQVLGHU�FKDQJLQJ�WKHLU�OLIHVW\OH�WR�PDLQWDLQ�$03.�DFWLYDWLRQ�ZKHQ�H[SRVHG�WR�895�E\�ϰϱϲ�

LQFUHDVLQJ�H[HUFLVH�DQG�WDNLQJ�ORZ�FDORULH�IRRG��)RU�QRQ�UHGKHDGV�ZLWKRXW�DQ\�5+&�YDULDQWV��LW�FRXOG�EH�ϰϱϳ�

EHQHILFLDO� WR� DYRLG� ORZ� $03.� VWDWXV�� ZKLFK� PDLQO\� DULVHV� DV� D� FRQVHTXHQFH� RI� ODFN� RI� H[HUFLVH��ϰϱϴ�

RYHUDEXQGDQFH�RI�QXWULHQWV��DQG�PHWDEROLF�GLVRUGHUV��WR�PDLQWDLQ�QRUPDO�0&�5�DFWLYLW\�WR�SUHYHQW�89%�ϰϱϵ�

LQGXFHG�'1$�GDPDJH���ϰϲϬ�

,Q�VXPPDU\��RXU�VWXG\�UHYHDOV�WKH�HVVHQWLDO�UROH�RI�='++&���6����SKRVSKRU\ODWLRQ�LQGXFHG�E\�$03.�ϰϲϭ�

LQ� PHODQRPDJHQHVLV�� :H� VKRZ� WKDW� $03.� DFWLYDWLRQ� UHVFXHV� 0&�5� 5+&�YDULDQW�LQGXFHG� GHIHFW� RI�ϰϲϮ�

0&�5�VLJQDOLQJ� in vitro�DQG� in vivo��2XU�VWXG\�DGYDQFHV�RXU�FXUUHQW�XQGHUVWDQGLQJ�RI�KRZ�='++&���ϰϲϯ�

DQG�0&�5� VLJQDOLQJ� DUH�PDLQWDLQHG� DQG� SURYLGHV� D� SRWHQWLDO� VWUDWHJ\� WR� LPSHGH�PHODQRPDJHQHVLV� IRU�ϰϲϰ�

UHGKHDGV��ϰϲϱ�

� �ϰϲϲ�



$XWKRUV¶�&RQWULEXWLRQV�ϰϲϳ�

&RQFHSWXDOL]DWLRQ�� 6�&���0HWKRGRORJ\�� <�6��� ;�/�� DQG� &�<��� )RUPDO� $QDO\VLV�� <�6��� ;�/��� &�<��� (�/���ϰϲϴ�

;�:��� <�1��� -�$��� &�5�*��� DQG� 6�&��� ,QYHVWLJDWLRQ�� <�6��� ;�/�� DQG� &�<���:ULWLQJ�2ULJLQDO� 'UDIW�� 6�&���ϰϲϵ�

:ULWLQJ�5HYLHZ�	� (GLWLQJ�� <�6��� ;�/��� &�<��� -�=��� (�/��� ;�:��� <�1��� -�$��� &�5�*��� DQG� 6�&��� )XQGLQJ�ϰϳϬ�

$FTXLVLWLRQ��6�&���5HVRXUFHV��6�&���6XSHUYLVLRQ��6�&�� �ϰϳϭ�



5HIHUHQFHV�ϰϳϮ�

�ϰϳϯ�

ϭ͘� 'ƵǇ�'W͕�:ƌ͕͘�dŚŽŵĂƐ���͕�dŚŽŵƉƐŽŶ�d͕�tĂƚƐŽŶ�D͕�DĂƐƐĞƚƚŝ�'D͕�ZŝĐŚĂƌĚƐŽŶ�>�͕�Ğƚ�Ăů͘�sŝƚĂů�ƐŝŐŶƐ͗�ϰϳϰ�
ŵĞůĂŶŽŵĂ�ŝŶĐŝĚĞŶĐĞ�ĂŶĚ�ŵŽƌƚĂůŝƚǇ�ƚƌĞŶĚƐ�ĂŶĚ�ƉƌŽũĞĐƚŝŽŶƐ�Ͳ�hŶŝƚĞĚ�^ƚĂƚĞƐ͕�ϭϵϴϮͲϮϬϯϬ͘�DDtZ�ϰϳϱ�
DŽƌď�DŽƌƚĂů�tŬůǇ�ZĞƉ�ϮϬϭϱ͖ϲϰ͗ϱϵϭͲϲ�ϰϳϲ�

Ϯ͘� 'ƵŝĚĂ�^͕�'ƵŝĚĂ�'͕�'ŽĚŝŶŐ��Z͘�D�ϭZ�&ƵŶĐƚŝŽŶƐ͕��ǆƉƌĞƐƐŝŽŶ͕�ĂŶĚ�/ŵƉůŝĐĂƚŝŽŶƐ�ĨŽƌ�dĂƌŐĞƚĞĚ�ϰϳϳ�
dŚĞƌĂƉǇ͘�:�/ŶǀĞƐƚ��ĞƌŵĂƚŽů�ϮϬϮϮ͖ϭϰϮ͗ϮϵϯͲϯϬϮ�Ğϭ�ϰϳϴ�

ϯ͘� 'ĂƌĐ¯Ăಣ�ŽƌƌµŶ�:�͕�^£ŶĐŚĞǌಣ>ĂŽƌĚĞŶ��>͕�:ŝŵ«ŶĞǌಣ�ĞƌǀĂŶƚĞƐ��:WĐƌ͘�DĞůĂŶŽĐŽƌƚŝŶಣϭ�ƌĞĐĞƉƚŽƌ�ϰϳϵ�
ƐƚƌƵĐƚƵƌĞ�ĂŶĚ�ĨƵŶĐƚŝŽŶĂů�ƌĞŐƵůĂƚŝŽŶ͘�ϮϬϬϱ͖ϭϴ͗ϯϵϯͲϰϭϬ�ϰϴϬ�

ϰ͘� ^ĐŚŝŽƚŚ�,�͕�WŚŝůůŝƉƐ�^Z͕�ZƵĚǌŝƐŚ�Z͕��ŝƌĐŚͲDĂĐŚŝŶ�D�͕�tŝŬďĞƌŐ�:�͕�ZĞĞƐ�:>͘�>ŽƐƐ�ŽĨ�ĨƵŶĐƚŝŽŶ�ϰϴϭ�
ŵƵƚĂƚŝŽŶƐ�ŽĨ�ƚŚĞ�ŚƵŵĂŶ�ŵĞůĂŶŽĐŽƌƚŝŶ�ϭ�ƌĞĐĞƉƚŽƌ�ĂƌĞ�ĐŽŵŵŽŶ�ĂŶĚ�ĂƌĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ƌĞĚ�ŚĂŝƌ͘�ϰϴϮ�
�ŝŽĐŚĞŵ��ŝŽƉŚǇƐ�ZĞƐ��ŽŵŵƵŶ�ϭϵϵϵ͖ϮϲϬ͗ϰϴϴͲϵϭ�ϰϴϯ�

ϱ͘� dĂŐůŝĂďƵĞ��͕�&ĂƌŐŶŽůŝ�D�͕�'ĂŶĚŝŶŝ�^͕�DĂŝƐŽŶŶĞƵǀĞ�W͕�>ŝƵ�&͕�<ĂǇƐĞƌ�D͕�Ğƚ�Ăů͘�D�ϭZ�ŐĞŶĞ�ǀĂƌŝĂŶƚƐ�ϰϴϰ�
ĂŶĚ�ŶŽŶͲŵĞůĂŶŽŵĂ�ƐŬŝŶ�ĐĂŶĐĞƌ͗�Ă�ƉŽŽůĞĚͲĂŶĂůǇƐŝƐ�ĨƌŽŵ�ƚŚĞ�DͲ^</W�ƉƌŽũĞĐƚ͘��ƌ�:��ĂŶĐĞƌ�ϰϴϱ�
ϮϬϭϱ͖ϭϭϯ͗ϯϱϰͲϲϯ�ϰϴϲ�

ϲ͘� tŽŶŐ�d,͕�ZĞĞƐ�:>͘�dŚĞ�ƌĞůĂƚŝŽŶ�ďĞƚǁĞĞŶ�ŵĞůĂŶŽĐŽƌƚŝŶ�ϭ�ƌĞĐĞƉƚŽƌ�;D�ϭZͿ�ǀĂƌŝĂƚŝŽŶ�ĂŶĚ�ƚŚĞ�ϰϴϳ�
ŐĞŶĞƌĂƚŝŽŶ�ŽĨ�ƉŚĞŶŽƚǇƉŝĐ�ĚŝǀĞƌƐŝƚǇ�ŝŶ�ƚŚĞ�ĐƵƚĂŶĞŽƵƐ�ƌĞƐƉŽŶƐĞ�ƚŽ�ƵůƚƌĂǀŝŽůĞƚ�ƌĂĚŝĂƚŝŽŶ͘�WĞƉƚŝĚĞƐ�ϰϴϴ�
ϮϬϬϱ͖Ϯϲ͗ϭϵϲϱͲϳϭ�ϰϴϵ�

ϳ͘� DŝƚƌĂ��͕�>ƵŽ�y͕�DŽƌŐĂŶ��͕�tĂŶŐ�:͕�,ŽĂŶŐ�DW͕�>Ž�:͕�Ğƚ�Ăů͘��Ŷ�ƵůƚƌĂǀŝŽůĞƚͲƌĂĚŝĂƚŝŽŶͲŝŶĚĞƉĞŶĚĞŶƚ�ϰϵϬ�
ƉĂƚŚǁĂǇ�ƚŽ�ŵĞůĂŶŽŵĂ�ĐĂƌĐŝŶŽŐĞŶĞƐŝƐ�ŝŶ�ƚŚĞ�ƌĞĚ�ŚĂŝƌͬĨĂŝƌ�ƐŬŝŶ�ďĂĐŬŐƌŽƵŶĚ͘�EĂƚƵƌĞ�ϰϵϭ�
ϮϬϭϮ͖ϰϵϭ͗ϰϰϵͲϱϯ�ϰϵϮ�

ϴ͘� �ŚĞŶ�^͕��ŚƵ��͕�zŝŶ��͕�>ŝƵ�t͕�,ĂŶ��͕��ŚĞŶ��͕�Ğƚ�Ăů͘�WĂůŵŝƚŽǇůĂƚŝŽŶͲĚĞƉĞŶĚĞŶƚ�ĂĐƚŝǀĂƚŝŽŶ�ŽĨ�D�ϭZ�ϰϵϯ�
ƉƌĞǀĞŶƚƐ�ŵĞůĂŶŽŵĂŐĞŶĞƐŝƐ͘�EĂƚƵƌĞ�ϮϬϭϳ͖ϱϰϵ͗ϯϵϵͲϰϬϯ�ϰϵϰ�

ϵ͘� tĞŶĚƚ�:͕�ZĂƵƐĐŚĞƌ�^͕��ƵƌŐƐƚĂůůĞƌͲDƵĞŚůďĂĐŚĞƌ�^͕�&ĂĞ�/͕�&ŝƐĐŚĞƌ�'͕�WĞŚĂŵďĞƌŐĞƌ�,͕�Ğƚ�Ăů͘�,ƵŵĂŶ�ϰϵϱ�
ĚĞƚĞƌŵŝŶĂŶƚƐ�ĂŶĚ�ƚŚĞ�ƌŽůĞ�ŽĨ�ŵĞůĂŶŽĐŽƌƚŝŶͲϭ�ƌĞĐĞƉƚŽƌ�ǀĂƌŝĂŶƚƐ�ŝŶ�ŵĞůĂŶŽŵĂ�ƌŝƐŬ�ŝŶĚĞƉĞŶĚĞŶƚ�ŽĨ�ϰϵϲ�
hs�ƌĂĚŝĂƚŝŽŶ�ĞǆƉŽƐƵƌĞ͘�ϮϬϭϲ͖ϭϱϮ͗ϳϳϲͲϴϮ�ϰϵϳ�

ϭϬ͘� ,ĂŶ�:͕�<ƌĂĨƚ�W͕��ŽůĚŝƚǌ�'�͕�tŽŶŐ�:͕�,ƵŶƚĞƌ��:͘�DĞůĂŶŽĐŽƌƚŝŶ�ϭ�ƌĞĐĞƉƚŽƌ�ǀĂƌŝĂŶƚƐ�ĂŶĚ�ƐŬŝŶ�ĐĂŶĐĞƌ�ϰϵϴ�
ƌŝƐŬ͘�/Ŷƚ�:��ĂŶĐĞƌ�ϮϬϬϲ͖ϭϭϵ͗ϭϵϳϲͲϴϰ�ϰϵϵ�

ϭϭ͘� �ŽŶŐ�>͕�tĞŶ�:͕�WŝĞƌ��͕��ŚĂŶŐ�y͕��ŚĂŶŐ��͕��ŽŶŐ�&͕�Ğƚ�Ăů͘�DĞůĂŶŽĐǇƚĞͲƐƚŝŵƵůĂƚŝŶŐ�ŚŽƌŵŽŶĞ�ĚŝƌĞĐƚůǇ�ϱϬϬ�
ĞŶŚĂŶĐĞƐ�hsͲ/ŶĚƵĐĞĚ��E��ƌĞƉĂŝƌ�ŝŶ�ŬĞƌĂƚŝŶŽĐǇƚĞƐ�ďǇ�Ă�ǆĞƌŽĚĞƌŵĂ�ƉŝŐŵĞŶƚŽƐƵŵ�ŐƌŽƵƉ��ͲϱϬϭ�
ĚĞƉĞŶĚĞŶƚ�ŵĞĐŚĂŶŝƐŵ͘��ĂŶĐĞƌ�ZĞƐ�ϮϬϭϬ͖ϳϬ͗ϯϱϰϳͲϱϲ�ϱϬϮ�

ϭϮ͘� �ĂŽ�:͕�tĂŶ�>͕�,ĂĐŬĞƌ��͕��Ăŝ�y͕�>ĞŶŶĂ�^͕�:ŝŵĞŶĞǌͲ�ĞƌǀĂŶƚĞƐ��͕�Ğƚ�Ăů͘�D�ϭZ�ŝƐ�Ă�ƉŽƚĞŶƚ�ƌĞŐƵůĂƚŽƌ�ŽĨ�ϱϬϯ�
Wd�E�ĂĨƚĞƌ�hs�ĞǆƉŽƐƵƌĞ�ŝŶ�ŵĞůĂŶŽĐǇƚĞƐ͘�DŽů��Ğůů�ϮϬϭϯ͖ϱϭ͗ϰϬϵͲϮϮ�ϱϬϰ�

ϭϯ͘� �ŚĞŶ�^͕�,ĂŶ��͕�DŝĂŽ�y͕�>ŝ�y͕�zŝŶ��͕��ŽƵ�:͕�Ğƚ�Ăů͘�dĂƌŐĞƚŝŶŐ�D�ϭZ�ĚĞƉĂůŵŝƚŽǇůĂƚŝŽŶ�ƚŽ�ƉƌĞǀĞŶƚ�ϱϬϱ�
ŵĞůĂŶŽŵĂŐĞŶĞƐŝƐ�ŝŶ�ƌĞĚŚĞĂĚƐ͘�EĂƚ��ŽŵŵƵŶ�ϮϬϭϵ͖ϭϬ͗ϴϳϳ�ϱϬϲ�

ϭϰ͘� �ŚƵ��͕��ŚĞŶ�^͕�tĂŶŐ�,͕�zŝŶ��͕�,ĂŶ��͕�WĞŶŐ��͕�Ğƚ�Ăů͘�dŚĞ�ƉƌŽƚĞĐƚŝǀĞ�ƌŽůĞ�ŽĨ��Kdϭ>�ŝŶ�hsͲŝŶĚƵĐĞĚ�ϱϬϳ�
ŵĞůĂŶŽŵĂŐĞŶĞƐŝƐ͘�EĂƚ��ŽŵŵƵŶ�ϮϬϭϴ͖ϵ͗Ϯϱϵ�ϱϬϴ�

ϭϱ͘� �ŚƵ��͕�dĂŶŐ�>͕��ŚĞŶ�^͕�zŝŶ��͕�WĞŶŐ�^͕�>ŝ�y͕�Ğƚ�Ăů͘�dĂƌŐĞƚŝŶŐ�ƚŚĞ�ƵƉƐƚƌĞĂŵ�ƚƌĂŶƐĐƌŝƉƚŝŽŶĂů�ĂĐƚŝǀĂƚŽƌ�ϱϬϵ�
ŽĨ�W�Ͳ>ϭ�ĂƐ�ĂŶ�ĂůƚĞƌŶĂƚŝǀĞ�ƐƚƌĂƚĞŐǇ�ŝŶ�ŵĞůĂŶŽŵĂ�ƚŚĞƌĂƉǇ͘�KŶĐŽŐĞŶĞ�ϮϬϭϴ�ϱϭϬ�

ϭϲ͘� dĂŶŐ��͕�>ŝ��͕�<ĂŶŐ��͕�'ĂŽ�'͕�>ŝ��͕��ŚĂŶŐ��͘�'�W/�͗�Ă�ǁĞď�ƐĞƌǀĞƌ�ĨŽƌ�ĐĂŶĐĞƌ�ĂŶĚ�ŶŽƌŵĂů�ŐĞŶĞ�ϱϭϭ�
ĞǆƉƌĞƐƐŝŽŶ�ƉƌŽĨŝůŝŶŐ�ĂŶĚ�ŝŶƚĞƌĂĐƚŝǀĞ�ĂŶĂůǇƐĞƐ͘�EƵĐůĞŝĐ��ĐŝĚƐ�ZĞƐ�ϮϬϭϳ͖ϰϱ͗tϵϴͲtϭϬϮ�ϱϭϮ�

ϭϳ͘� 'ŽůĚŵĂŶ�D:͕��ƌĂĨƚ��͕�,ĂƐƚŝĞ�D͕�ZĞƉĞĐŬĂ�<͕�DĐ�ĂĚĞ�&͕�<ĂŵĂƚŚ��͕�Ğƚ�Ăů͘�sŝƐƵĂůŝǌŝŶŐ�ĂŶĚ�ϱϭϯ�
ŝŶƚĞƌƉƌĞƚŝŶŐ�ĐĂŶĐĞƌ�ŐĞŶŽŵŝĐƐ�ĚĂƚĂ�ǀŝĂ�ƚŚĞ�yĞŶĂ�ƉůĂƚĨŽƌŵ͘�EĂƚ��ŝŽƚĞĐŚŶŽů�ϮϬϮϬ͖ϯϴ͗ϲϳϱͲϴ�ϱϭϰ�

ϭϴ͘� ^ŚĞŶ��,͕�zƵĂŶ�W͕�WĞƌĞǌͲ>ŽƌĞŶǌŽ�Z͕��ŚĂŶŐ�z͕�>ĞĞ�^y͕�KƵ�z͕�Ğƚ�Ăů͘�WŚŽƐƉŚŽƌǇůĂƚŝŽŶ�ŽĨ��Z�&�ďǇ�ϱϭϱ�
�DW<�ŝŵƉĂŝƌƐ��Z�&Ͳ<^Zϭ�ĂƐƐŽĐŝĂƚŝŽŶ�ĂŶĚ�ĐĞůů�ƉƌŽůŝĨĞƌĂƚŝŽŶ͘�DŽů��Ğůů�ϮϬϭϯ͖ϱϮ͗ϭϲϭͲϳϮ�ϱϭϲ�



ϭϵ͘� ,ĂƌĚŝĞ��'͕�ZŽƐƐ�&�͕�,ĂǁůĞǇ�^�͘��DW<͗�Ă�ŶƵƚƌŝĞŶƚ�ĂŶĚ�ĞŶĞƌŐǇ�ƐĞŶƐŽƌ�ƚŚĂƚ�ŵĂŝŶƚĂŝŶƐ�ĞŶĞƌŐǇ�ϱϭϳ�
ŚŽŵĞŽƐƚĂƐŝƐ͘�EĂƚ�ZĞǀ�DŽů��Ğůů��ŝŽů�ϮϬϭϮ͖ϭϯ͗ϮϱϭͲϲϮ�ϱϭϴ�

ϮϬ͘� YĂŶďĂƌ�Z͕��ŽƵǀŝĞƌ�D͘�ZŽůĞ�ŽĨ�ƉĂůŵŝƚŽǇůĂƚŝŽŶͬĚĞƉĂůŵŝƚŽǇůĂƚŝŽŶ�ƌĞĂĐƚŝŽŶƐ�ŝŶ�'ͲƉƌŽƚĞŝŶͲĐŽƵƉůĞĚ�ϱϭϵ�
ƌĞĐĞƉƚŽƌ�ĨƵŶĐƚŝŽŶ͘�WŚĂƌŵĂĐŽů�dŚĞƌ�ϮϬϬϯ͖ϵϳ͗ϭͲϯϯ�ϱϮϬ�

Ϯϭ͘� &ŽŽƌĚ�Z͕�dĂǇůŽƌ�/�͕�^ĞĚŐǁŝĐŬ�^'͕�^ŵĞƌĚŽŶ�^:͘�yͲƌĂǇ�ƐƚƌƵĐƚƵƌĂů�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ǇĞĂƐƚ�ĐĞůů�ĐǇĐůĞ�ϱϮϭ�
ƌĞŐƵůĂƚŽƌ�^ǁŝϲ�ƌĞǀĞĂůƐ�ǀĂƌŝĂƚŝŽŶƐ�ŽĨ�ƚŚĞ�ĂŶŬǇƌŝŶ�ĨŽůĚ�ĂŶĚ�ŚĂƐ�ŝŵƉůŝĐĂƚŝŽŶƐ�ĨŽƌ�^ǁŝϲ�ĨƵŶĐƚŝŽŶ͘�EĂƚ�ϱϮϮ�
^ƚƌƵĐƚ��ŝŽů�ϭϵϵϵ͖ϲ͗ϭϱϳͲϲϱ�ϱϮϯ�

ϮϮ͘� 'ĂƌƌĂǁĂǇ�>�͕�tŝĚůƵŶĚ�,Z͕�ZƵďŝŶ�D�͕�'Ğƚǌ�'͕��ĞƌŐĞƌ��:͕�ZĂŵĂƐǁĂŵǇ�^͕�Ğƚ�Ăů͘�/ŶƚĞŐƌĂƚŝǀĞ�ϱϮϰ�
ŐĞŶŽŵŝĐ�ĂŶĂůǇƐĞƐ�ŝĚĞŶƚŝĨǇ�D/d&�ĂƐ�Ă�ůŝŶĞĂŐĞ�ƐƵƌǀŝǀĂů�ŽŶĐŽŐĞŶĞ�ĂŵƉůŝĨŝĞĚ�ŝŶ�ŵĂůŝŐŶĂŶƚ�ŵĞůĂŶŽŵĂ͘�ϱϮϱ�
EĂƚƵƌĞ�ϮϬϬϱ͖ϰϯϲ͗ϭϭϳͲϮϮ�ϱϮϲ�

Ϯϯ͘� EŽƌĚůƵŶĚ�::͕��ŽůůŝŶƐ���͕�ZŚĞŝŶƐ�>�͘�WƌŽƐƚĂŐůĂŶĚŝŶͲ�Ϯ�ĂŶĚ�WƌŽƐƚĂŐůĂŶĚŝŶͲ�Ϯ�ďƵƚ�EŽƚ�DƐŚ�ϱϮϳ�
^ƚŝŵƵůĂƚĞ�ƚŚĞ�WƌŽůŝĨĞƌĂƚŝŽŶ�ŽĨ�WŝŐŵĞŶƚͲ�ĞůůƐ�ŝŶ�ƚŚĞ�WŝŶŶĂů��ƉŝĚĞƌŵŝƐ�ŽĨ�ƚŚĞ��ďĂͬϮ�DŽƵƐĞ͘�:ŽƵƌŶĂů�ϱϮϴ�
ŽĨ�/ŶǀĞƐƚŝŐĂƚŝǀĞ��ĞƌŵĂƚŽůŽŐǇ�ϭϵϴϲ͖ϴϲ͗ϰϯϯͲϳ�ϱϮϵ�

Ϯϰ͘� �ĂŶŬŽƌƚ��͕��ƵƌůĞǇ��W͕��ĂƌƚůŝĚŐĞ�Z�͕�EĞůƐŽŶ��͕�<ĂƌŶĞǌŝƐ��E͕��ĂŵƐŬǇ�t�͕�:ƌ͕͘�Ğƚ�Ăů͘��ƌĂĨ;sϲϬϬ�Ϳ�ϱϯϬ�
ĐŽŽƉĞƌĂƚĞƐ�ǁŝƚŚ�WƚĞŶ�ůŽƐƐ�ƚŽ�ŝŶĚƵĐĞ�ŵĞƚĂƐƚĂƚŝĐ�ŵĞůĂŶŽŵĂ͘�EĂƚ�'ĞŶĞƚ�ϮϬϬϵ͖ϰϭ͗ϱϰϰͲϱϮ�ϱϯϭ�

Ϯϱ͘� DŝŚĂǇůŽǀĂ�DD͕�^ŚĂǁ�Z:͘�dŚĞ��DW<�ƐŝŐŶĂůůŝŶŐ�ƉĂƚŚǁĂǇ�ĐŽŽƌĚŝŶĂƚĞƐ�ĐĞůů�ŐƌŽǁƚŚ͕�ĂƵƚŽƉŚĂŐǇ�ĂŶĚ�ϱϯϮ�
ŵĞƚĂďŽůŝƐŵ͘�EĂƚƵƌĞ�ĐĞůů�ďŝŽůŽŐǇ�ϮϬϭϭ͖ϭϯ͗ϭϬϭϲͲϮϯ�ϱϯϯ�

Ϯϲ͘� <ŝŵ�:͕�<ƵŶĚƵ�D͕�sŝŽůůĞƚ��͕�'ƵĂŶ�<>͘��DW<�ĂŶĚ�ŵdKZ�ƌĞŐƵůĂƚĞ�ĂƵƚŽƉŚĂŐǇ�ƚŚƌŽƵŐŚ�ĚŝƌĞĐƚ�ϱϯϰ�
ƉŚŽƐƉŚŽƌǇůĂƚŝŽŶ�ŽĨ�hůŬϭ͘�EĂƚƵƌĞ�ĐĞůů�ďŝŽůŽŐǇ�ϮϬϭϭ͖ϭϯ͗ϭϯϮͲϰϭ�ϱϯϱ�

Ϯϳ͘� �ĂƌůŝŶŐ��͕��Ăŵŵŝƚ�s�͕�,ĂƌĚŝĞ��'͘���ĐŽŵŵŽŶ�ďŝĐǇĐůŝĐ�ƉƌŽƚĞŝŶ�ŬŝŶĂƐĞ�ĐĂƐĐĂĚĞ�ŝŶĂĐƚŝǀĂƚĞƐ�ƚŚĞ�ϱϯϲ�
ƌĞŐƵůĂƚŽƌǇ�ĞŶǌǇŵĞƐ�ŽĨ�ĨĂƚƚǇ�ĂĐŝĚ�ĂŶĚ�ĐŚŽůĞƐƚĞƌŽů�ďŝŽƐǇŶƚŚĞƐŝƐ͘�&��^�>Ğƚƚ�ϭϵϴϳ͖ϮϮϯ͗ϮϭϳͲϮϮ�ϱϯϳ�

Ϯϴ͘� DĂƌŝŶ�d>͕�'ŽŶŐŽů��͕��ŚĂŶŐ�&͕�DĂƌƚŝŶ�D͕�:ŽŚŶƐŽŶ���͕�yŝĂŽ�,͕�Ğƚ�Ăů͘��DW<�ƉƌŽŵŽƚĞƐ�ϱϯϴ�
ŵŝƚŽĐŚŽŶĚƌŝĂů�ďŝŽŐĞŶĞƐŝƐ�ĂŶĚ�ĨƵŶĐƚŝŽŶ�ďǇ�ƉŚŽƐƉŚŽƌǇůĂƚŝŶŐ�ƚŚĞ�ĞƉŝŐĞŶĞƚŝĐ�ĨĂĐƚŽƌƐ��EDdϭ͕�Z��Wϳ͕�ϱϯϵ�
ĂŶĚ�,�dϭ͘�^Đŝ�^ŝŐŶĂů�ϮϬϭϳ͖ϭϬ�ϱϰϬ�

Ϯϵ͘� EĂƉŽůŝ��͕�^ŽŶŐ�'͕�>ŝƵ�^͕��ƐƉĞũŽ��͕�WĞƌĞǌ��:͕��ĞŶĂǀŝĚĞƐ�&͕�Ğƚ�Ăů͘��ĚŚŚĐϭϯͲĚĞƉĞŶĚĞŶƚ��ƌƉϭ�^Ͳϱϰϭ�
ƉĂůŵŝƚŽǇůĂƚŝŽŶ�ŝŵƉĂĐƚƐ�ďƌĂŝŶ�ďŝŽĞŶĞƌŐĞƚŝĐƐ͕�ĂŶǆŝĞƚǇ͕�ĐŽŽƌĚŝŶĂƚŝŽŶ�ĂŶĚ�ŵŽƚŽƌ�ƐŬŝůůƐ͘�^Đŝ�ZĞƉ�ϱϰϮ�
ϮϬϭϳ͖ϳ͗ϭϮϳϵϲ�ϱϰϯ�

ϯϬ͘� ^ŚĞŶ�>&͕��ŚĞŶ�z:͕�>ŝƵ�<D͕�,ĂĚĚĂĚ��E^͕�^ŽŶŐ�/t͕�ZŽĂŶ�,z͕�Ğƚ�Ăů͘�ZŽůĞ�ŽĨ�^ͲWĂůŵŝƚŽǇůĂƚŝŽŶ�ďǇ�ϱϰϰ�
��,,�ϭϯ�ŝŶ�DŝƚŽĐŚŽŶĚƌŝĂů�ĨƵŶĐƚŝŽŶ�ĂŶĚ�DĞƚĂďŽůŝƐŵ�ŝŶ�>ŝǀĞƌ͘�^Đŝ�ZĞƉ�ϮϬϭϳ͖ϳ͗ϮϭϴϮ�ϱϰϱ�

ϯϭ͘� ,ƐƵ���͕�WĞŶŐ��͕��Ăŝ��͕�>ŝŶ�,<͘��DW<�ƐŝŐŶĂůŝŶŐ�ĂŶĚ�ŝƚƐ�ƚĂƌŐĞƚŝŶŐ�ŝŶ�ĐĂŶĐĞƌ�ƉƌŽŐƌĞƐƐŝŽŶ�ĂŶĚ�ϱϰϲ�
ƚƌĞĂƚŵĞŶƚ͘�^ĞŵŝŶ��ĂŶĐĞƌ��ŝŽů�ϮϬϮϭ�ϱϰϳ�

ϯϮ͘� >ĞĞ�<,͕�,ƐƵ���͕�'ƵŚ�:,͕�zĂŶŐ�,�͕�tĂŶŐ��͕�<ƵůƉ�^<͕�Ğƚ�Ăů͘�dĂƌŐĞƚŝŶŐ�ĞŶĞƌŐǇ�ŵĞƚĂďŽůŝĐ�ĂŶĚ�ϱϰϴ�
ŽŶĐŽŐĞŶŝĐ�ƐŝŐŶĂůŝŶŐ�ƉĂƚŚǁĂǇƐ�ŝŶ�ƚƌŝƉůĞͲŶĞŐĂƚŝǀĞ�ďƌĞĂƐƚ�ĐĂŶĐĞƌ�ďǇ�Ă�ŶŽǀĞů�ĂĚĞŶŽƐŝŶĞ�ϱϰϵ�
ŵŽŶŽƉŚŽƐƉŚĂƚĞͲĂĐƚŝǀĂƚĞĚ�ƉƌŽƚĞŝŶ�ŬŝŶĂƐĞ�;�DW<Ϳ�ĂĐƚŝǀĂƚŽƌ͘�:��ŝŽů��ŚĞŵ�ϮϬϭϭ͖Ϯϴϲ͗ϯϵϮϰϳͲϱϴ�ϱϱϬ�

ϯϯ͘� >ĂĚĞƌŽƵƚĞ�<Z͕��ŵŝŶ�<͕��ĂůĂŽĂŐĂŶ�:D͕�<ŶĂƉƉ�D͕�>Ğ�d͕�KƌĚƵŶĂ�:͕�Ğƚ�Ăů͘�ϱΖͲ�DWͲĂĐƚŝǀĂƚĞĚ�ƉƌŽƚĞŝŶ�ϱϱϭ�
ŬŝŶĂƐĞ�;�DW<Ϳ�ŝƐ�ŝŶĚƵĐĞĚ�ďǇ�ůŽǁͲŽǆǇŐĞŶ�ĂŶĚ�ŐůƵĐŽƐĞ�ĚĞƉƌŝǀĂƚŝŽŶ�ĐŽŶĚŝƚŝŽŶƐ�ĨŽƵŶĚ�ŝŶ�ƐŽůŝĚͲϱϱϮ�
ƚƵŵŽƌ�ŵŝĐƌŽĞŶǀŝƌŽŶŵĞŶƚƐ͘�DŽů��Ğůů��ŝŽů�ϮϬϬϲ͖Ϯϲ͗ϱϯϯϲͲϰϳ�ϱϱϯ�

ϯϰ͘� WĂƌŬ�,h͕�^ƵǇ�^͕��ĂŶŶĞƌ�D͕��ĂŝůĞǇ�s͕��ŚĂŶŐ�z͕�>ŝ�,͕�Ğƚ�Ăů͘��DWͲĂĐƚŝǀĂƚĞĚ�ƉƌŽƚĞŝŶ�ŬŝŶĂƐĞ�ƉƌŽŵŽƚĞƐ�ϱϱϰ�
ŚƵŵĂŶ�ƉƌŽƐƚĂƚĞ�ĐĂŶĐĞƌ�ĐĞůů�ŐƌŽǁƚŚ�ĂŶĚ�ƐƵƌǀŝǀĂů͘�DŽů��ĂŶĐĞƌ�dŚĞƌ�ϮϬϬϵ͖ϴ͗ϳϯϯͲϰϭ�ϱϱϱ�

ϯϱ͘� dŽŵŝĐ�d͕��ŽƚƚŽŶ�d͕��ĞƌĞǌŽ�D͕�ZŽďĞƌƚ�'͕�>ƵĐŝĂŶŽ�&͕�WƵŝƐƐĂŶƚ��͕�Ğƚ�Ăů͘�DĞƚĨŽƌŵŝŶ�ŝŶŚŝďŝƚƐ�ϱϱϲ�
ŵĞůĂŶŽŵĂ�ĚĞǀĞůŽƉŵĞŶƚ�ƚŚƌŽƵŐŚ�ĂƵƚŽƉŚĂŐǇ�ĂŶĚ�ĂƉŽƉƚŽƐŝƐ�ŵĞĐŚĂŶŝƐŵƐ͘��Ğůů��ĞĂƚŚ��ŝƐ�ϱϱϳ�
ϮϬϭϭ͖Ϯ͗Ğϭϵϵ�ϱϱϴ�

ϯϲ͘� :ĂŶũĞƚŽǀŝĐ�<͕�,ĂƌŚĂũŝͲdƌĂũŬŽǀŝĐ�>͕�DŝƐŝƌŬŝĐͲDĂƌũĂŶŽǀŝĐ�D͕�sƵĐŝĐĞǀŝĐ�>͕�^ƚĞǀĂŶŽǀŝĐ��͕��ŽŐŽǀŝĐ�E͕�Ğƚ�ϱϱϵ�
Ăů͘�/Ŷ�ǀŝƚƌŽ�ĂŶĚ�ŝŶ�ǀŝǀŽ�ĂŶƚŝͲŵĞůĂŶŽŵĂ�ĂĐƚŝŽŶ�ŽĨ�ŵĞƚĨŽƌŵŝŶ͘��Ƶƌ�:�WŚĂƌŵĂĐŽů�ϮϬϭϭ͖ϲϲϴ͗ϯϳϯͲϴϮ�ϱϲϬ�

ϯϳ͘� �ƌƵŵŵĞƌ�d͕�DĂƌƚŝŶ�W͕�,ĞƌǌŽŐ�^͕�DŝƐĂǁĂ�z͕��ĂůǇ�Z:͕�ZĞƚŚ�D͘�&ƵŶĐƚŝŽŶĂů�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ƌĞŐƵůĂƚŽƌǇ�ϱϲϭ�
ƌĞƋƵŝƌĞŵĞŶƚƐ�ŽĨ��ͲZĂĨ�ĂŶĚ�ƚŚĞ��ͲZĂĨ;sϲϬϬ�Ϳ�ŽŶĐŽƉƌŽƚĞŝŶ͘�KŶĐŽŐĞŶĞ�ϮϬϬϲ͖Ϯϱ͗ϲϮϲϮͲϳϲ�ϱϲϮ�

ϯϴ͘� Zŝƚƚ���͕�DŽŶƐŽŶ��D͕�^ƉĞĐŚƚ�^/͕�DŽƌƌŝƐŽŶ��<͘�/ŵƉĂĐƚ�ŽĨ�ĨĞĞĚďĂĐŬ�ƉŚŽƐƉŚŽƌǇůĂƚŝŽŶ�ĂŶĚ�ZĂĨ�ϱϲϯ�
ŚĞƚĞƌŽĚŝŵĞƌŝǌĂƚŝŽŶ�ŽŶ�ŶŽƌŵĂů�ĂŶĚ�ŵƵƚĂŶƚ��ͲZĂĨ�ƐŝŐŶĂůŝŶŐ͘�DŽů��Ğůů��ŝŽů�ϮϬϭϬ͖ϯϬ͗ϴϬϲͲϭϵ�ϱϲϰ�



ϯϵ͘� �ŚĂŽ�>͕��ŚĂŶŐ��͕�>ƵŽ�y͕�tĂŶŐ�W͕��ŚŽƵ�t͕��ŚŽŶŐ�^͕�Ğƚ�Ăů͘���ϯϲ�ƉĂůŵŝƚŽǇůĂƚŝŽŶ�ĚŝƐƌƵƉƚƐ�ĨƌĞĞ�ĨĂƚƚǇ�ϱϲϱ�
ĂĐŝĚ�ŵĞƚĂďŽůŝƐŵ�ĂŶĚ�ƉƌŽŵŽƚĞƐ�ƚŝƐƐƵĞ�ŝŶĨůĂŵŵĂƚŝŽŶ�ŝŶ�ŶŽŶͲĂůĐŽŚŽůŝĐ�ƐƚĞĂƚŽŚĞƉĂƚŝƚŝƐ͘�:�,ĞƉĂƚŽů�ϱϲϲ�
ϮϬϭϴ͖ϲϵ͗ϳϬϱͲϭϳ�ϱϲϳ�

ϰϬ͘� WĞĚƌĂŵ��͕�ZĂǌĂŶĚŝ�D͕��ĞƐĐŚĞŶĞƐ�Z:͕�>ĞǀŝŶ��Z͘��,,�Ͳϳ�ĂŶĚ�ͲϮϭ�ĂƌĞ�ƉĂůŵŝƚŽǇůĂĐǇůƚƌĂŶƐĨĞƌĂƐĞƐ�ĨŽƌ�ϱϲϴ�
ƐĞǆ�ƐƚĞƌŽŝĚ�ƌĞĐĞƉƚŽƌƐ͘�DŽů��ŝŽů��Ğůů�ϮϬϭϮ͖Ϯϯ͗ϭϴϴͲϵϵ�ϱϲϵ�

ϰϭ͘� ZĞŶ�t͕�^ƵŶ�z͕��Ƶ�<͘�'ůƵƚϰ�ƉĂůŵŝƚŽǇůĂƚŝŽŶ�Ăƚ��ǇƐϮϮϯ�ƉůĂǇƐ�Ă�ĐƌŝƚŝĐĂů�ƌŽůĞ�ŝŶ�'ůƵƚϰ�ŵĞŵďƌĂŶĞ�ϱϳϬ�
ƚƌĂĨĨŝĐŬŝŶŐ͘��ŝŽĐŚĞŵ��ŝŽƉŚǇƐ�ZĞƐ��ŽŵŵƵŶ�ϮϬϭϱ͖ϰϲϬ͗ϳϬϵͲϭϰ�ϱϳϭ�

ϰϮ͘� �Ƶ�<͕�DƵƌĂŬĂŵŝ�^͕�^ƵŶ�z͕�<ŝůƉĂƚƌŝĐŬ��>͕�>ƵƐĐŚĞƌ��͘��,,�ϳ�WĂůŵŝƚŽǇůĂƚĞƐ�'ůƵĐŽƐĞ�dƌĂŶƐƉŽƌƚĞƌ�ϰ�ϱϳϮ�
;'ůƵƚϰͿ�ĂŶĚ�ZĞŐƵůĂƚĞƐ�'ůƵƚϰ�DĞŵďƌĂŶĞ�dƌĂŶƐůŽĐĂƚŝŽŶ͘�:��ŝŽů��ŚĞŵ�ϮϬϭϳ͖ϮϵϮ͗ϮϵϳϵͲϵϭ�ϱϳϯ�

ϰϯ͘� zĂŽ�,͕�>ĂŶ�:͕�>ŝ��͕�^Śŝ�,͕��ƌŽƐƐĞĂƵ�:W͕�tĂŶŐ�,͕�Ğƚ�Ăů͘�/ŶŚŝďŝƚŝŶŐ�W�Ͳ>ϭ�ƉĂůŵŝƚŽǇůĂƚŝŽŶ�ĞŶŚĂŶĐĞƐ�dͲϱϳϰ�
ĐĞůů�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞƐ�ĂŐĂŝŶƐƚ�ƚƵŵŽƵƌƐ͘�EĂƚ��ŝŽŵĞĚ��ŶŐ�ϮϬϭϵ͖ϯ͗ϯϬϲͲϭϳ�ϱϳϱ�

ϰϰ͘� �ůĂƵƐƚĞŝŶ�D͕�WŝĞŐĂƌŝ��͕�DĂƌƚŝŶĞǌ��ĂůĞũŵĂŶ��͕�sŝůĂ��͕��ŵĂŶƚĞ��͕�DĂŶĞƐĞ�Ds͕�Ğƚ�Ăů͘��Ŭƚ�/Ɛ�^Ͳϱϳϲ�
WĂůŵŝƚŽǇůĂƚĞĚ͗���EĞǁ�>ĂǇĞƌ�ŽĨ�ZĞŐƵůĂƚŝŽŶ�ĨŽƌ��Ŭƚ͘�&ƌŽŶƚ��Ğůů��Ğǀ��ŝŽů�ϮϬϮϭ͖ϵ͗ϲϮϲϰϬϰ�ϱϳϳ�

ϰϱ͘� yŝŽŶŐ�t͕�^ƵŶ�<z͕��ŚƵ�z͕��ŚĂŶŐ�y͕��ŚŽƵ�z,͕��ŽƵ�y͘�DĞƚĨŽƌŵŝŶ�ĂůůĞǀŝĂƚĞƐ�ŝŶĨůĂŵŵĂƚŝŽŶ�ƚŚƌŽƵŐŚ�ϱϳϴ�
ƐƵƉƉƌĞƐƐŝŶŐ�&�^EͲĚĞƉĞŶĚĞŶƚ�ƉĂůŵŝƚŽǇůĂƚŝŽŶ�ŽĨ��Ŭƚ͘��Ğůů��ĞĂƚŚ��ŝƐ�ϮϬϮϭ͖ϭϮ͗ϵϯϰ�ϱϳϵ�

ϰϲ͘� ^ĐŚĂĨĨĞƌ���͕�>ĞǀŝŶ�Z^͕�,Ğƌƚǌ�Ed͕�DĂƵƌĞƐ�d:͕�^ĐŚŽŽĨ�D>͕�,ŽůůƐƚĞŝŶ�W�͕�Ğƚ�Ăů͘�/ĚĞŶƚŝĨŝĐĂƚŝŽŶ�ŽĨ��DW<�ϱϴϬ�
WŚŽƐƉŚŽƌǇůĂƚŝŽŶ�^ŝƚĞƐ�ZĞǀĞĂůƐ�Ă�EĞƚǁŽƌŬ�ŽĨ�WƌŽƚĞŝŶƐ�/ŶǀŽůǀĞĚ�ŝŶ��Ğůů�/ŶǀĂƐŝŽŶ�ĂŶĚ�&ĂĐŝůŝƚĂƚĞƐ�ϱϴϭ�
>ĂƌŐĞͲ^ĐĂůĞ�^ƵďƐƚƌĂƚĞ�WƌĞĚŝĐƚŝŽŶ͘��Ğůů�DĞƚĂď�ϮϬϭϱ͖ϮϮ͗ϵϬϳͲϮϭ�ϱϴϮ�

ϰϳ͘� ZƵƚŚĞƌĨŽƌĚ��͕�^ƉĞŝƌƐ��͕�tŝůůŝĂŵƐ�::͕��ǁĂƌƚ�D�͕�DĂŶĐŝŶŝ�^:͕�,ĂǁůĞǇ�^�͕�Ğƚ�Ăů͘�WŚŽƐƉŚŽƌǇůĂƚŝŽŶ�ŽĨ�ϱϴϯ�
:ĂŶƵƐ�ŬŝŶĂƐĞ�ϭ�;:�<ϭͿ�ďǇ��DWͲĂĐƚŝǀĂƚĞĚ�ƉƌŽƚĞŝŶ�ŬŝŶĂƐĞ�;�DW<Ϳ�ůŝŶŬƐ�ĞŶĞƌŐǇ�ƐĞŶƐŝŶŐ�ƚŽ�ĂŶƚŝͲϱϴϰ�
ŝŶĨůĂŵŵĂƚŽƌǇ�ƐŝŐŶĂůŝŶŐ͘�^Đŝ�^ŝŐŶĂů�ϮϬϭϲ͖ϵ͗ƌĂϭϬϵ�ϱϴϱ�

ϰϴ͘� �ŚĞŶ��͕�>Ğŝ��͕�tĂŶŐ��͕�>ŝ�E͕�^ƌŝǀĂƐƚĂǀĂ�D͕�dĂŶŐ�D͕�Ğƚ�Ăů͘�'ůŽďĂů�ƉŚŽƐƉŚŽƉƌŽƚĞŽŵŝĐ�ĂŶĂůǇƐŝƐ�ϱϴϲ�
ƌĞǀĞĂůƐ��ZD�ϭϬ�ĂƐ�ĂŶ��DW<�ƐƵďƐƚƌĂƚĞ�ƚŚĂƚ�ƌĞŐƵůĂƚĞƐ�ŵŝƚŽĐŚŽŶĚƌŝĂů�ĚǇŶĂŵŝĐƐ͘�EĂƚ��ŽŵŵƵŶ�ϱϴϳ�
ϮϬϭϵ͖ϭϬ͗ϭϬϰ�ϱϴϴ�

ϰϵ͘� �ΖKƌĂǌŝŽ�:�͕�EŽďƵŚŝƐĂ�d͕��Ƶŝ�Z͕��ƌǇĂ�D͕�^ƉƌǇ�D͕�tĂŬĂŵĂƚƐƵ�<͕�Ğƚ�Ăů͘�dŽƉŝĐĂů�ĚƌƵŐ�ƌĞƐĐƵĞ�ƐƚƌĂƚĞŐǇ�ϱϴϵ�
ĂŶĚ�ƐŬŝŶ�ƉƌŽƚĞĐƚŝŽŶ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�ƌŽůĞ�ŽĨ�DĐϭƌ�ŝŶ�hsͲŝŶĚƵĐĞĚ�ƚĂŶŶŝŶŐ͘�EĂƚƵƌĞ�ϮϬϬϲ͖ϰϰϯ͗ϯϰϬͲϰ�ϱϵϬ�

ϱϬ͘� �ĂŶƚŽ��͕��ƵǁĞƌǆ�:͘��ĂůŽƌŝĞ�ƌĞƐƚƌŝĐƚŝŽŶ͗�ŝƐ��DW<�Ă�ŬĞǇ�ƐĞŶƐŽƌ�ĂŶĚ�ĞĨĨĞĐƚŽƌ͍�WŚǇƐŝŽůŽŐǇ�;�ĞƚŚĞƐĚĂͿ�ϱϵϭ�
ϮϬϭϭ͖Ϯϲ͗ϮϭϰͲϮϰ�ϱϵϮ�

�ϱϵϯ�

� �ϱϵϰ�



)LJXUH�/HJHQGV�ϱϵϱ�

�ϱϵϲ�

)LJXUH����$03.�SKRVSKRU\ODWHV�='++&���DW�6HULQH������$��6HTXHQFH�DOLJQPHQWV�RI�='++&���DPRQJ�ϱϵϳ�
GLIIHUHQW�VSHFLHV�FRQWDLQLQJ�FRQVHUYHG�$03.�VXEVWUDWH�PRWLI��%��$OLJQPHQWV�RI�LGHQWLILHG�$03.�ϱϵϴ�
VXEVWUDWHV�PRWLI��&��,%�DQDO\VLV�RI�ZKROH�FHOO�O\VDWH��:&/��DQG�DQWL�$03.Į�LPPXQRSUHFLSLWDWHV�IURP�ϱϵϵ�
+30V��'�(��,%�DQDO\VLV�RI�:&/��DQWL�)ODJ�RU�DQWL�+$�LPPXQRSUHFLSLWDWHV�IURP�+(.���7�FHOOV�ϲϬϬ�
WUDQVIHFWHG�ZLWK�+$�='++&���DQG�WKH�LQGLFDWHG�)ODJ�$03.�FRQVWUXFWV��)��LQ�YLWUR�NLQDVH�DVVD\�ϲϬϭ�
VKRZLQJ�EDFWHULDOO\�SXULILHG�='++&���FRXOG�EH�SKRVSKRU\ODWHG�E\�$03.��='++&���SURWHLQ�ZDV�ϲϬϮ�
LQFXEDWHG�ZLWK�$03.�LQ�NLQDVH�EXIIHU�VXSSOHPHQWHG�ZLWK������0�Ȗ���3�$73�IRU����PLQ�DW�����&��*��,%�ϲϬϯ�
DQDO\VLV�RI�:&/��RU�DQWL�+$�LPPXQRSUHFLSLWDWHV�IURP�+(.���7�FHOOV�WUDQVIHFWHG�ZLWK�WKH�LQGLFDWHG�ϲϬϰ�
+$�='++&���FRQVWUXFWV�DQG�)ODJ�$03.Į���+��,%�DQDO\VLV�RI�+30V�WUHDWHG�ZLWK������0�$�������IRU�ϲϬϱ�
WKH�LQGLFDWHG�WLPH��,��,%�DQDO\VLV�RI�+30V�WUHDWHG�ZLWK�$�������IRU���K�DQG�WKH�LQGLFDWHG�FRQFHQWUDWLRQ��ϲϬϲ�

�ϲϬϳ�

)LJXUH� ��� $03.� SURPRWHV� ='++&���PHGLDWHG�0&�5� SDOPLWR\ODWLRQ��$�� +30V� ZLWK� VWDEOH� )ODJ�0&�5�ϲϬϴ�
H[SUHVVLRQ�ZHUH�LQIHFWHG�VK$03.Į��RU�VK&RQWURO��7KHQ�WKH�FHOOV�ZHUH�SUH�WUHDWHG�ZLWK���ȝ0�Į�06+�IRU����ϲϬϵ�
PLQ�IROORZHG�E\�����-�P

�
�89%�LUUDGLDWLRQ����K�DIWHU�89%�H[SRVXUH�� WKH�WUHDWHG�FHOOV�ZHUH�VXEMHFWHG�IRU�,3��ϲϭϬ�

$%(�DQG�,%�DQDO\VLV��%��+30V�ZLWK�VWDEOH�)ODJ�0&�5�H[SUHVVLRQ�ZHUH�WUHDWHG�ZLWK�RU�ZLWKRXW�����0�$03.�ϲϭϭ�
LQKLELWRU�&RPSRXQG�&�WRJHWKHU�ZLWK���ȝ0�Į�06+��7KHQ�WKH�FHOOV�ZHUH�LUUDGLDWHG�ZLWK�����-�P

�
�89%����PLQ�ϲϭϮ�

DIWHU�WKH�GUXJ�WUHDWPHQW����K�DIWHU�89%�H[SRVXUH��WKH�WUHDWHG�FHOOV�ZHUH�VXEMHFWHG�IRU�,3��$%(�DQG�,%�DQDO\VLV��ϲϭϯ�
&��0&�5�GHSOHWHG�+30V�ZHUH� LQIHFWHG�ZLWK� WKH� LQGLFDWHG�)ODJ�0&�5�HQFRGLQJ� FRQVWUXFWV��7KHQ� WKH� FHOOV�ϲϭϰ�
ZHUH�SUH�WUHDWHG�ZLWK���ȝ0�Į�06+�DQG������0�$�������IRU����PLQ�IROORZHG�E\�����-�P

�
�89%�LUUDGLDWLRQ��ϲϭϱ�

)LQDOO\�� WKH� FHOOV�ZHUH�KDUYHVWHG� IRU� ,3��$%(�DQG� ,%�DQDO\VLV���K�DIWHU�89%�H[SRVXUH�� '��0&�5�GHSOHWHG�ϲϭϲ�
+30V�ZHUH� LQIHFWHG�ZLWK� WKH� LQGLFDWHG�)ODJ�0&�5�HQFRGLQJ�DQG�+$�='++&���FRQVWUXFWV��7KHQ� WKH�FHOOV�ϲϭϳ�
ZHUH�SUH�WUHDWHG�ZLWK���ȝ0�Į�06+�IRU����PLQ�IROORZHG�E\�����-�P

�
�89%�LUUDGLDWLRQ����K�DIWHU�89%�H[SRVXUH��ϲϭϴ�

WKH� WUHDWHG� FHOOV�ZHUH� VXEMHFWHG� IRU� ,3��$%(�DQG� ,%�DQDO\VLV�� (��0&�5�GHSOHWHG�+30V�ZHUH� LQIHFWHG�ZLWK�ϲϭϵ�
)ODJ�0&�5�5���&�DQG�WKH�LQGLFDWHG�+$�='++&���FRQVWUXFWV��7KHQ�WKH�FHOOV�ZHUH�SUH�WUHDWHG�ZLWK���ȝ0�Į�ϲϮϬ�
06+� IRU� ��� PLQ� IROORZHG� E\� ���� -�P

�
� 89%� LUUDGLDWLRQ�� �� K� DIWHU� 89%� H[SRVXUH�� WKH� WUHDWHG� FHOOV� ZHUH�ϲϮϭ�

VXEMHFWHG� IRU� ,3� DQG� ,%� DQDO\VLV�� )�� 6FKHPDWLF� LOOXVWUDWLRQ� RI� SURSRVHG� PRGHO�� $03.�PHGLDWHG�ϲϮϮ�
SKRVSKRU\ODWLRQ�RI�='++&���DW�6����VWUHQJWKHQ�WKH�ELQGLQJ�EHWZHHQ�='++&���DQG�0&�5�5+&�YDULDQW��ϲϮϯ�
�ϲϮϰ�

)LJXUH� ��� 3KRVSKRU\ODWLRQ� RI� ='++&��� DW� 6���� E\�$03.� HQKDQFHV�0&�5� IXQFWLRQ�� $��0&�5�GHSOHWHG�ϲϮϱ�
+30V�ZHUH�LQIHFWHG�ZLWK�WKH�LQGLFDWHG�)ODJ�0&�5�DQG�+$�='++&���FRQVWUXFWV�DQG�WKHQ�SUH�WUHDWHG�ZLWK���ϲϮϲ�
ȝ0�Į�06+�IRU����PLQ�IROORZHG�E\�����-�P

�
�89%�LUUDGLDWLRQ��7KH�FHOOV�ZHUH�FROOHFWHG�DIWHU���K�IRU�F$03�ϲϮϳ�

LPPXQRDVVD\��7KUHH�LQGHSHQGHQW�H[SHULPHQWV�ZHUH�PHDVXUHG�DQG�FDOFXODWHG�DV�PHDQ���6'��Q ��� %��0&�5�ϲϮϴ�
GHSOHWHG� +30V� ZHUH� LQIHFWHG� ZLWK� WKH� LQGLFDWHG� )ODJ�0&�5� DQG� +$�='++&��� FRQVWUXFWV� DQG� WKHQ� SUH�ϲϮϵ�
WUHDWHG�ZLWK���ȝ0�Į�06+�IRU����PLQ� IROORZHG�E\�����-�P

�
�89%�LUUDGLDWLRQ��*HQRPLF�'1$�VDPSOHV�ZHUH�ϲϯϬ�

FROOHFWHG� DW� WKH� LQGLFDWHG� WLPH� SRLQWV� DQG� &3'� RU� �±�33� ZHUH� GHWHFWHG� E\� (/,6$�� 7KUHH� LQGHSHQGHQW�ϲϯϭ�
H[SHULPHQWV�ZHUH�PHDVXUHG� DQG� FDOFXODWHG� DV�PHDQ���6'��Q ��� &�'��0&�5�GHSOHWHG�+30V�ZHUH� LQIHFWHG�ϲϯϮ�
ZLWK�WKH�LQGLFDWHG�)ODJ�0&�5�DQG�+$�='++&���FRQVWUXFWV�DQG�WKHQ�SUH�WUHDWHG�ZLWK���ȝ0�Į�06+�IRU����ϲϯϯ�
PLQ� IROORZHG�E\���� -�P

�
�89%� LUUDGLDWLRQ��7KHQ� WKH�FHOOV�ZHUH� VXEMHFWHG� WR�6$�ȕ�JDO� VWDLQLQJ�DVVD\���GD\V�ϲϯϰ�

DIWHU� 89%� WUHDWPHQW�� 7KH� TXDQWLILFDWLRQ� RI� 6$�ȕ�JDO� SRVLWLYH� SHUFHQWDJH� DQG� UHSUHVHQWDWLYH� SLFWXUHV� ZHUH�ϲϯϱ�
VKRZQ��7KUHH�LQGHSHQGHQW�H[SHULPHQWV�ZHUH�PHDVXUHG�DQG�FDOFXODWHG�DV�PHDQ���6'��Q ���(��0&�5�GHSOHWHG�ϲϯϲ�
+30V�ZHUH�LQIHFWHG�ZLWK�WKH�LQGLFDWHG�)ODJ�0&�5�HQFRGLQJ�FRQVWUXFWV��7KHQ�WKH�FHOOV�ZHUH�SUH�WUHDWHG�ZLWK�ϲϯϳ�
�� ȝ0� Į�06+� DQG� ���� �0� $������� IRU� ��� PLQ� IROORZHG� E\� ���� -�P

�
� 89%� LUUDGLDWLRQ�� 7KH� FHOOV� ZHUH�ϲϯϴ�

FROOHFWHG�DIWHU���K�IRU�F$03�LPPXQRDVVD\��7KUHH�LQGHSHQGHQW�H[SHULPHQWV�ZHUH�PHDVXUHG�DQG�FDOFXODWHG�DV�ϲϯϵ�
PHDQ���6'��Q ���)��0&�5�GHSOHWHG�+30V�ZHUH�LQIHFWHG�ZLWK�WKH�LQGLFDWHG�)ODJ�0&�5�HQFRGLQJ�FRQVWUXFWV��ϲϰϬ�
7KHQ� WKH�FHOOV�ZHUH�SUH�WUHDWHG�ZLWK���ȝ0�Į�06+�DQG������0�$������� IRU����PLQ� IROORZHG�E\�����-�P

�
�ϲϰϭ�



89%�LUUDGLDWLRQ��*HQRPLF�'1$�VDPSOHV�ZHUH�FROOHFWHG�DW�WKH�LQGLFDWHG�WLPH�SRLQWV�DQG�&3'�RU��±�33�ZHUH�ϲϰϮ�
GHWHFWHG� E\�(/,6$��7KUHH� LQGHSHQGHQW� H[SHULPHQWV�ZHUH�PHDVXUHG� DQG� FDOFXODWHG� DV�PHDQ���6'�� Q ��� *��ϲϰϯ�
0&�5�GHSOHWHG�+30V�ZHUH�LQIHFWHG�ZLWK�WKH�LQGLFDWHG�)ODJ�0&�5�HQFRGLQJ�FRQVWUXFWV��7KHQ�WKH�FHOOV�ZHUH�ϲϰϰ�
SUH�WUHDWHG�ZLWK���ȝ0�Į�06+�DQG������0�$�������IRU����PLQ�IROORZHG�E\����-�P

�
�89%�LUUDGLDWLRQ��7KHQ�ϲϰϱ�

WKH�FHOOV�ZHUH�VXEMHFWHG�WR�6$�ȕ�JDO�VWDLQLQJ�DVVD\���GD\V�DIWHU�89%�WUHDWPHQW��7KH�TXDQWLILFDWLRQ�RI�6$�ȕ�JDO�ϲϰϲ�
SRVLWLYH� SHUFHQWDJH� DQG� UHSUHVHQWDWLYH� SLFWXUHV�ZHUH� VKRZQ��7KUHH� LQGHSHQGHQW� H[SHULPHQWV�ZHUH�PHDVXUHG�ϲϰϳ�
DQG�FDOFXODWHG�DV�PHDQ���6'��Q ����ϲϰϴ�
�ϲϰϵ�

�ϲϱϬ�

)LJXUH����$03.�PHGLDWHG�SKRVSKRU\ODWLRQ�RI�='++&���DW�6����DWWHQXDWHV�0&�5�5+&�LQGXFHG�PHODQRF\WH�ϲϱϭ�
PDOLJQDQW� WUDQVIRUPDWLRQ�� $�� 0&�5�GHSOHWHG� K7(57�S��''�&'.��5��&��%5$)

9���(
� PHODQRF\WHV� ZHUH�ϲϱϮ�

LQIHFWHG�ZLWK�WKH�LQGLFDWHG�)ODJ�0&�5�DQG�+$�='++&���FRQVWUXFWV��7KHQ�WKH�FHOOV�ZHUH�SUH�WUHDWHG�ZLWK���ϲϱϯ�
ȝ0�Į�06+�IRU����PLQ�EHIRUH����-�P

�
�89%�LUUDGLDWLRQ��7KH�&HOOV�ZHUH�VXEMHFWHG�WR�FORQRJHQLF�VXUYLYDO�DVVD\�ϲϱϰ�

�FU\VWDO� YLROHW� VWDLQLQJ�� ��� GD\V� DIWHU� 89%� WUHDWPHQW�� 7KUHH� LQGHSHQGHQW� H[SHULPHQWV� ZHUH� PHDVXUHG� DQG�ϲϱϱ�
FDOFXODWHG� DV� PHDQ� �� 6'�� Q ��� %�� 0&�5�GHSOHWHG� K7(57�S��''�&'.��5��&��%5$)

9���(
� PHODQRF\WHV�ϲϱϲ�

ZHUH� LQIHFWHG�ZLWK� WKH� LQGLFDWHG�)ODJ�0&�5�DQG�+$�='++&���FRQVWUXFWV��7KHQ� WKH�FHOOV�ZHUH�SUH�WUHDWHG�ϲϱϳ�
ZLWK���ȝ0�Į�06+�IRU����PLQ�EHIRUH����-�P

�
�89%�LUUDGLDWLRQ��&HOOV�ZHUH�ILQDOO\�VHHGHG��������FHOOV�SHU�ZHOO�ϲϱϴ�

LQ������ORZ�PHOWLQJ�SRLQW�DJDURVH�LQ�'0(0�������)%6��OD\HUHG�RQWR������DJDURVH�LQ�'0(0�������)%6��ϲϱϵ�
$IWHU����GD\V��DJDU�ZDV�VROXELOL]HG�DQG� WKH�FHOOV�ZHUH�FROOHFWHG�IRU�TXDQWLILFDWLRQ�E\�&\4XDQW�DVVD\��7KUHH�ϲϲϬ�
LQGHSHQGHQW� H[SHULPHQWV� ZHUH� PHDVXUHG� DQG� FDOFXODWHG� DV� PHDQ� �� 6'�� Q ��� &�'�� 0&�5�GHSOHWHG�ϲϲϭ�
K7(57�S��''�&'.��5��&��%5$)

9���(
� PHODQRF\WHV� ZHUH� LQIHFWHG� ZLWK� )ODJ�0&�5�5���&� DQG� WKH�ϲϲϮ�

LQGLFDWHG�+$�='++&���FRQVWUXFWV��7KHQ�WKH�FHOOV�ZHUH�SUH�WUHDWHG�ZLWK���ȝ0�Į�06+�IRU����PLQ�EHIRUH����ϲϲϯ�
-�P

�
�89%�LUUDGLDWLRQ��$IWHU����K���î��

�
�FHOOV�ZHUH� LQRFXODWHG�VXEFXWDQHRXVO\�LQWR�HDFK�IODQN�RI�QXGH�PLFH��ϲϲϰ�

7XPRU� JURZWK� DQG� ZHLJKW� ZHUH� PHDVXUHG�� (UURU� EDUV� UHSUHVHQW� �6(0�� (�� 0&�5�GHSOHWHG�ϲϲϱ�
K7(57�S��''�&'.��5��&��%5$)

9���(
� PHODQRF\WHV� ZHUH� LQIHFWHG� ZLWK� WKH� LQGLFDWHG� )ODJ�0&�5�ϲϲϲ�

FRQVWUXFWV��7KHQ�WKH�FHOOV�ZHUH� WUHDWHG�ZLWK���ȝ0�Į�06+�DQG������0�$�������IRU����PLQ�EHIRUH����-�P
�
�ϲϲϳ�

89%�LUUDGLDWLRQ��7KH�&HOOV�ZHUH�VXEMHFWHG�WR�FORQRJHQLF�VXUYLYDO�DVVD\��FU\VWDO�YLROHW�VWDLQLQJ�����GD\V�DIWHU�ϲϲϴ�
89%� WUHDWPHQW�� 7KUHH� LQGHSHQGHQW� H[SHULPHQWV� ZHUH� PHDVXUHG� DQG� FDOFXODWHG� DV� PHDQ� �� 6'�� Q ��� )�*��ϲϲϵ�
0&�5�GHSOHWHG�K7(57�S��''�&'.��5��&��%5$)

9���(
�PHODQRF\WHV�ZHUH�LQIHFWHG�ZLWK�WKH�LQGLFDWHG�)ODJ�ϲϳϬ�

0&�5�FRQVWUXFWV��7KHQ�WKH�FHOOV�ZHUH�WUHDWHG�ZLWK���ȝ0�Į�06+�DQG������0�$�������IRU����PLQ�EHIRUH����ϲϳϭ�
-�P

�
�89%� LUUDGLDWLRQ��&HOOV�ZHUH� ILQDOO\� VHHGHG��������FHOOV�SHU�ZHOO� LQ������ ORZ�PHOWLQJ�SRLQW�DJDURVH� LQ�ϲϳϮ�

'0(0�������)%6��OD\HUHG�RQWR������DJDURVH�LQ�'0(0�������)%6��$IWHU����GD\V��DJDU�ZDV�VROXELOL]HG�ϲϳϯ�
DQG� WKH� FHOOV�ZHUH� FROOHFWHG� IRU�TXDQWLILFDWLRQ�E\�&\4XDQW� DVVD\��$OWHUQDWLYHO\�� FRORQLHV�ZHUH� DOVR� FRXQWHG�ϲϳϰ�
XQGHU�D�OLJKW�PLFURVFRSH�ZLWK�WKH�QXPEHU�RI�FRORQLHV��GLDPHWHU�!���ȝP��SHU�ZHOO�DQG�WKH�DYHUDJH�GLDPHWHUV�ϲϳϱ�
����UDQGRP�ILHOGV���7KUHH�LQGHSHQGHQW�H[SHULPHQWV�ZHUH�PHDVXUHG�DQG�FDOFXODWHG�DV�PHDQ���6'��Q ��� +�-��ϲϳϲ�
0&�5�GHSOHWHG� K7(57�S��''�&'.��5��&��%5$)

9���(
� PHODQRF\WHV� ZHUH� LQIHFWHG� ZLWK� )ODJ�0&�5�ϲϳϳ�

5���&�DQG�WKH� LQGLFDWHG�+$�='++&���FRQVWUXFWV��7KHQ�WKH�FHOOV�ZHUH� WUHDWHG�ZLWK���ȝ0�Į�06+�DQG�����ϲϳϴ�
�0� $������� IRU� ��� PLQ� EHIRUH� ��� -�P

�
� 89%� LUUDGLDWLRQ�� $IWHU� ��� K�� �î��

�
� FHOOV� ZHUH� LQRFXODWHG�ϲϳϵ�

VXEFXWDQHRXVO\�LQWR�HDFK�IODQN�RI�QXGH�PLFH��7XPRU�JURZWK�DQG�ZHLJKW�ZHUH�PHDVXUHG��(UURU�EDUV�UHSUHVHQW�ϲϴϬ�
�6(0��ϲϴϭ�

�ϲϴϮ�

)LJXUH� ��� $FWLYDWLRQ� RI� $03.� LQKLELWV� 89%�LQGXFHG� PHODQRPDJHQHVLV� LQ� UHGKHDGV� in vivo. $�� )RQWDQD�ϲϴϯ�
0DVVRQ� 6WDLQLQJ� RI� LQGLFDWHG�PRXVH� HDU� WKDW�ZHUH� WRSLFDOO\� WUHDWHG�ZLWK� ���� ȝ/�$������� IRU� ��� GD\V��%��ϲϴϰ�
0HODQLQ� TXDQWLILFDWLRQ� RI� LQGLFDWHG�PRXVH� HDU� VDPSOHV��7KUHH� LQGHSHQGHQW� H[SHULPHQWV�ZHUH�PHDVXUHG� DQG�ϲϴϱ�
FDOFXODWHG�DV�PHDQ���6'��Q ���&�'��T57�3&5�ZHUH�SHUIRUPHG�WR�PHDVXUH�WKH�H[SUHVVLRQ�RI�0LWI�DQG�'FW�LQ�ϲϴϲ�



LQGLFDWHG�PLFH� HDUV�� 7KUHH� LQGHSHQGHQW� H[SHULPHQWV�ZHUH�PHDVXUHG� DQG� FDOFXODWHG� DV�PHDQ� �� 6'�� Q ���&��ϲϴϳ�
0HODQRPD�IUHH� VXUYLYDO� RI� 7\U�&UH�%5$)9���(�0&�55���&�� Q ���� 7\U�&UH�%5$)9���(�0&�55���&�ϲϴϴ�
��$��������Q ����,Q� WKH�89%�UDGLDWLRQ�SHULRG�����PJ�NJ�$�������ZDV�LQMHFWHG�LQWUDSHULWRQHDOO\� LQWR�PLFH�ϲϴϵ�
EHIRUH� WKH�89%� WUHDWPHQW��'��+	(� VWDLQLQJ� RI� KLVWRORJLFDO� VHFWLRQV� DQG� LPPXQRKLVWRFKHPLVWU\� VWDLQLQJ�RI�ϲϵϬ�
6����RI�UHSUHVHQWDWLYH�FXWDQHRXV�PHODQRPDV��(�)��3HDUVRQ¶V�FRUUHODWLRQ�EHWZHHQ�$03.Į��DQG�0,7)�RU�'&7�ϲϵϭ�
LQ�7&*$�6.&0��SORWV�VKRZ�WKH�FRUUHODWLRQV�IURP�51$�VHT�GDWD�LQ�7&*$�PHODQRPD�FDOFXODWHG�E\�*(3,$�ϲϵϮ�
�*HQH�([SUHVVLRQ�3URILOLQJ�,QWHUDFWLYH�$QDO\VLV���ϲϵϯ�

�ϲϵϰ�
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Supplementary Figure S1
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Supplementary Figure S1

A. An illustration showing how MC1R palmitoylation is regulated.
B. Mass spectrometry results revealed a phosphorylation site at S208 of ZDHHC13 in HEK293T cells.
C. The structure of ZDHHC13 predicted by AlphaFold Protein Structure Database.
D. The Elisa assay to confirm antibody specificity. Series diluted pS208 ZDHHC13 antibodies were used to detect
phospho-peptide (coated by SinoA10134-0.1 µg/ml) and non-phospho-peptide (coated by SinoA10135-0.1 µg/ml).
E. IB analysis of WCL, or anti-HA immunoprecipitates from HEK293T cells transfected with the indicated HA-
ZDHHC13 constructs and Flag-AMPKα1. The p-S208 ZDHHC13 antibody #2 were used for the rest of our study.
F. Bacterially expressed and purified GST-ZDHHC13 WT and GST-ZDHHC13-S208A were incubated with
AMPK for in vitro kinase assay, then samples were collected for SDS-PAGE and IB analysis.
G. HPMs were infected with HA-ZDHHC13-encoding virus construct. Then cells were treated with 100 µM
A769662 for the indicated time, or the indicated concentration for 2 h, and then subjected for IB analysis.
H. IB analysis of HPMs treated with 2 mM metformin for the indicated time.
I. IB analysis of HPMs treated with metformin for 2 h and the indicated concentration.
J. IB analysis of HPMs treated with 2 mM 2-DG for the indicated time.



Supplementary Figure S2
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Supplementary Figure S2

A. HPMs with stable Flag-MC1R expression were infected shAMPKα1 or shControl. Then the cells were pre-
treated with 1 μM α-MSH for 30 min followed by 100 J/m2 UVB irradiation. 3 h after UVB exposure, the total
RNA of the treated cells was collected for qRT-PCR analysis.
B. MC1R-depleted HPMs were infected with the indicated Flag-MC1R-encoding constructs. Then the cells were
pre-treated with 1 μM α-MSH and 2 mM metformin for 30 min followed by 100 J/m2 UVB irradiation. Finally,
the cells were harvested for IP, ABE and IB analysis 3 h after UVB exposure.
C. MC1R-depleted HPMs were infected with the indicated Flag-MC1R-encoding constructs. Then the cells were
pre-treated with 1 μM α-MSH and 2 mM 2-DG for 30 min followed by 100 J/m2 UVB irradiation. Finally, the
cells were harvested for IP, ABE and IB analysis 3 h after UVB exposure.
D. MC1R-depleted HPMs were infected with the indicated Flag-MC1R-encoding and HA-ZDHHC13 constructs.
Then the cells were pre-treated with 1 μM α-MSH for 30 min followed by 100 J/m2 UVB irradiation. 3 h after
UVB exposure, the treated cells were subjected for IP, ABE and IB analysis.
E. HPMs with stable Flag-MC1R expression were infected shAMPKα1 or shControl. Then the cells were pre-
treated with 1 μM α-MSH for 30 min followed by 100 J/m2 UVB irradiation. 3 h after UVB exposure, the treated
cells were subjected for IP and IB analysis.
F. HPMs with stable Flag-MC1R expression were treated with or without 10 µM AMPK inhibitor Compound C
together with 1 μM α-MSH. Then the cells were irradiated with 100 J/m2 UVB 30 min after the drug treatment. 3
h after UVB exposure, the treated cells were subjected for IP and IB analysis.
G. MC1R-depleted HPMs were infected with the indicated Flag-MC1R-encoding constructs. Then the cells were
pre-treated with 1 μM α-MSH and 100 µM A769662 for 30 min followed by 100 J/m2 UVB irradiation. Finally,
the cells were harvested for IP and IB analysis 3 h after UVB exposure.
H. MC1R-depleted HPMs were infected with the indicated Flag-MC1R-encoding constructs. Then the cells were
pre-treated with 1 μM α-MSH and 2 mM metformin for 30 min followed by 100 J/m2 UVB irradiation. Finally,
the cells were harvested for IP and IB analysis 3 h after UVB exposure.
I. MC1R-depleted HPMs were infected with the indicated Flag-MC1R-encoding constructs. Then the cells were
pre-treated with 1 μM α-MSH and 2 mM 2-DG for 30 min followed by 100 J/m2 UVB irradiation. Finally, the
cells were harvested for IP and IB analysis 3 h after UVB exposure.
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Supplementary Figure S3

A-B. MC1R-depleted HPMs were infected with the indicated Flag-MC1R and HA-ZDHHC13 constructs and then
pre-treated with 1 μM α-MSH, or together with 10 µM AMPK inhibitor Compound C, for 30 min followed by 100
J/m2 UVB irradiation. The cells were collected after 3 h for cAMP immunoassay. Three independent experiments
were measured and calculated as mean ± SD, n=3.
C-D. MC1R-depleted HPMs were infected with the indicated Flag-MC1R and HA-ZDHHC13 constructs and then
pre-treated with 1 μM α-MSH for 30 min followed by 100 J/m2 UVB irradiation. The total RNA of the treated cells
was collected for qRT-PCR analysis by primers targeting MITF or DCT. Three independent experiments were
measured and calculated as mean ± SD, n=3.
E. MC1R-depleted HPMs were infected with the indicated Flag-MC1R and HA-ZDHHC13 constructs and then pre-
treated with 1 μM α-MSH for 30 min followed by 100 J/m2 UVB irradiation. Genomic DNA samples were collected
at the indicated time points and CPD or 6–4PP were detected by ELISA. Three independent experiments were
measured and calculated as mean ± SD, n=3.
F. MC1R-depleted B16 cells were infected with the indicated Flag-MC1R and HA-ZDHHC13 constructs and then
pre-treated with 1 μM α-MSH for 30 min followed by 25 J/m2 UVB irradiation. Then the cells were subjected to
SA-β-gal staining assay 7 days after UVB treatment. The quantification of SA-β-gal positive percentage and
representative pictures were shown. Three independent experiments were measured and calculated as mean ± SD,
n=3.
G. MC1R-depleted HPMs were infected with the indicated Flag-MC1R-encoding constructs. Then the cells were
pre-treated with 1 μM α-MSH and 100 µM A769662 for 30 min followed by 100 J/m2 UVB irradiation. The total
RNA of the treated cells was collected for qRT-PCR analysis by primers targeting MITF or DCT. Three
independent experiments were measured and calculated as mean ± SD, n=3.
H-I. MC1R-depleted HPMs were infected with the indicated Flag-MC1R-encoding constructs. Then the cells were
pre-treated with 1 μM α-MSH and 100 µM A769662 for 30 min followed by 100 J/m2 UVB irradiation. Genomic
DNA samples were collected at the indicated time points and CPD or 6–4PP were detected by ELISA. Three
independent experiments were measured and calculated as mean ± SD, n=3.
J. MC1R-depleted B16 cells were infected with the indicated Flag-MC1R-encoding constructs. Then the cells were
pre-treated with 1 μM α-MSH and 100 µM A769662 for 30 min followed by 25 J/m2 UVB irradiation. Then the
cells were subjected to SA-β-gal staining assay 7 days after UVB treatment. The quantification of SA-β-gal positive
percentage and representative pictures were shown. Three independent experiments were measured and calculated
as mean ± SD, n=3.
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Supplementary Figure S4

A. MC1R-depleted hTERT/p53DD/CDK4(R24C)/BRAFV600E melanocytes were infected with the indicated Flag-
MC1R and HA-ZDHHC13 constructs. Then the cells were pre-treated with 1 μM α-MSH for 30 min before 20 J/m2

UVB irradiation. 3 h after UVB exposure, the treated cells were subjected for IP, ABE and IB analysis.

B. MC1R-depleted hTERT/p53DD/CDK4(R24C)/BRAFV600E melanocytes were infected with the indicated Flag-
MC1R and HA-ZDHHC13 constructs. Then the cells were pre-treated with 1 μM α-MSH for 30 min before 20 J/m2

UVB irradiation. Cells were finally seeded 10,000 cells per well in 0.5% low-melting-point agarose in DMEM +
10% FBS, layered onto 0.8% agarose in DMEM + 10% FBS. After 30 days, colonies were counted under a light
microscope with the number of colonies (diameter > 50μm) per well. Three independent experiments were measured
and calculated as mean ± SD, n=3.

C. MC1R-depleted hTERT/p53DD/CDK4(R24C)/BRAFV600E melanocytes were infected with the indicated Flag-
MC1R and HA-ZDHHC13 constructs. Then the cells were pre-treated with 1 μM α-MSH and 100 µM A769662 for
30 min before 20 J/m2 UVB irradiation. Finally, the cells were harvested for IP, ABE and IB analysis 3 h after UVB
exposure.

D. MC1R-depleted hTERT/p53DD/CDK4(R24C)/BRAFV600E melanocytes were infected with the indicated Flag-
MC1R constructs. Then the cells were treated with 1 μM α-MSH and 100 µM A769662 for 30 min before 20 J/m2

UVB irradiation. Cells were finally seeded 10,000 cells per well in 0.5% low-melting-point agarose in DMEM +
10% FBS, layered onto 0.8% agarose in DMEM + 10% FBS. After 30 days, colonies were counted under a light
microscope with the number of colonies (diameter > 50μm) per well. Three independent experiments were measured
and calculated as mean ± SD, n=3.
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Supplementary Figure S5

A. Representative image of transgenic Tyr-MC1RR151C mice.
B. Schematic for UVB-induced melanoma development procedure in mice.
C. The mRNA expression of AMPKα1 and AMPKα2 in tumor (TCGA SKCM) and non-tumor tissues (match TCGA
normal and GTEx data). Data were calculated by GEPIA (Gene Expression Profiling Interactive Analysis).
D. Pearson’s correlation between AMPKα2 and MITF or DCT in TCGA SKCM, plots show the correlations from
RNA-seq data in TCGA melanoma calculated by GEPIA (Gene Expression Profiling Interactive Analysis).
E-F. Prognosis analysis for TCGA SKCM patients by Xena platform. High mRNA levels of AMPKα1, not
AMPKα2, are associated with a survival benefit in melanoma patients.
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