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$EVWUDFW�������ZRUGV�����

:KLOH�LW�LV�ZHOO�NQRZQ�WKDW�PHFKDQLFDO�VLJQDOV�FDQ�HLWKHU�SURPRWH�RU�GLVUXSW�LQWHUYHUWHEUDO�GLVF����

�,9'��KRPHRVWDVLV��WKH�PROHFXODU�PHFKDQLVPV�IRU�WUDQVGXFLQJ�PHFKDQLFDO�VWLPXOL�DUH�QRW�IXOO\����

XQGHUVWRRG��7KH�WUDQVLHQW�UHFHSWRU�SRWHQWLDO�YDQLOORLG����7539���LRQ�FKDQQHO�DFWLYDWHG�LQ����

LVRODWHG�,9'�FHOOV�LQLWLDWHV�H[WUDFHOOXODU�PDWUL[��(&0��JHQH�H[SUHVVLRQ��ZKLOH�7539��DEODWLRQ����

UHGXFHV�F\WRNLQH�SURGXFWLRQ�LQ�UHVSRQVH�WR�FLUFXPIHUHQWLDO�VWUHWFKLQJ��+RZHYHU��WKH�UROH�RI����

7539��RQ�(&0�PDLQWHQDQFH�GXULQJ�WLVVXH�OHYHO�PHFKDQLFDO�ORDGLQJ�UHPDLQV�XQNQRZQ��8VLQJ����

DQ�RUJDQ�FXOWXUH�PRGHO��ZH�PRGXODWHG�7539���IXQFWLRQ�RYHU�ERWK�VKRUW���KRXUV��DQG�ORQJ�WHUP����

�GD\V��DQG�HYDOXDWHG�,9'V¶�UHVSRQVH��$FWLYDWLQJ�7539��ZLWK�WKH�DJRQLVW�*6.����UHVXOWHG�LQ�D����

&D���IOX[�SURSDJDWLQJ�DFURVV�WKH�FHOOV�ZLWKLQ�WKH�,9'���1)�N%�VLJQDOLQJ�LQ�WKH�,9'�SHDNHG�DW������

KRXUV�IROORZLQJ�7539��DFWLYDWLRQ�WKDW�VXEVHTXHQWO\�UHVXOWHG�LQ�KLJKHU�,/���SURGXFWLRQ�DW���GD\V�����

7KHVH�FHOOXODU�UHVSRQVHV�ZHUH�FRQFRPLWDQW�ZLWK�WKH�DFFXPXODWLRQ�RI�JO\FRVDPLQRJO\FDQV�DQG����

LQFUHDVHG�K\GUDWLRQ�LQ�WKH�QXFOHXV�SXOSRVXV�WKDW�FXOPLQDWHG�LQ�KLJKHU�VWLIIQHVV�RI�WKH�,9'�����

6XVWDLQHG�FRPSUHVVLYH�ORDGLQJ�RI�WKH�,9'�UHVXOWHG�LQ�HOHYDWHG�1)�N%�DFWLYLW\��,/���DQG�9(*)����

$�SURGXFWLRQ��DQG�GHJHQHUDWLYH�FKDQJHV�WR�WKH�(&0��7539��LQKLELWLRQ�XVLQJ�*6.����GXULQJ����

ORDGLQJ�PLWLJDWHG�WKH�FKDQJHV�LQ�LQIODPPDWRU\�F\WRNLQHV��SURWHFWHG�DJDLQVW�,9'�GHJHQHUDWLRQ�����

DQG�EXW�FRXOG�QRW�SUHYHQW�(&0�GLVRUJDQL]DWLRQ�GXH�WR�PHFKDQLFDO�GDPDJH�LQ�WKH�DQQXOXV����

ILEURVXV��7KHVH�UHVXOWV�LQGLFDWH�7539��SOD\V�DQ�LPSRUWDQW�UROH�LQ�ERWK�VKRUW��DQG�ORQJ�WHUP����

DGDSWDWLRQV�RI�WKH�,9'�WR�PHFKDQLFDO�ORDGLQJ���7KH�PRGXODWLRQ�RI�7539��PD\�EH�D�SRVVLEOH����

WKHUDSHXWLF�IRU�SUHYHQWLQJ�ORDG�LQGXFHG�,9'�GHJHQHUDWLRQ�� ����
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,QWURGXFWLRQ����

/RZ�EDFN�SDLQ��/%3��LV�RQH�RI�WKH�PRVW�SUHYDOHQW�PXVFXORVNHOHWDO�GLVHDVHV�LQ�WKH�8�6���DQG����

LW�LV�WKH�OHDGLQJ�FDXVH�RI�GLVDELOLW\��±��7KH�GHJHQHUDWLRQ�RI�WKH�LQWHUYHUWHEUDO�GLVF��,9'���WKH�VRIW����

FDUWLODJLQRXV� WLVVXH�EHWZHHQ� WKH�YHUWHEUDH�� LV�D�VLJQLILFDQW�FRQWULEXWRU� WR� ORZ�EDFN�SDLQ��±��7KH����

,9'�H[SHULHQFHV�FRQWLQXRXV�PHFKDQLFDO� ORDGLQJ�DQG�XQORDGLQJ�F\FOHV� WKDW�HQDEOHV�PRWLRQ�DQG����

ORDG�WUDQVPLVVLRQ�LQ�WKH�VNHOHWRQ��:KLOH�PHFKDQLFDO�VWLPXODWLRQ�LV�FUXFLDO�IRU�,9'�KRPHRVWDVLV����

DQG� PDLQWHQDQFH�� RYHU�ORDGLQJ� OHDGV� WR� WLVVXH� GDPDJH� ZLWK� WKH� VXEVHTXHQW� H[SUHVVLRQ� RI����

LQIODPPDWRU\�F\WRNLQHV�VXFK�DV�LQWHUOHXNLQ��E��,/��E���,/����DQG�,/���LQ�,9'�FHOOV��±���$OWKRXJK����

WKH�WUDQVLHQW�H[SUHVVLRQ�RI�LQIODPPDWRU\�F\WRNLQHV�VXFK�DV�,/���KDYH�DQ�HVVHQWLDO�UHJXODWRU\�UROH����

LQ� WLVVXH� UHJHQHUDWLRQ�� IUDFWXUH� UHSDLU�� DQG� ZRXQG� KHDOLQJ���±��� WKHLU� VXVWDLQHG� H[SUHVVLRQ� FDQ����

HYHQWXDOO\�FDXVH�WKH�UHOHDVH�RI�FDWDEROLF�HQ]\PHV��LQLWLDWH�LPPXQH�FHOO�UHFUXLWPHQW��DQG�SURYRNH����

YDVFXODU�DQG�QHXULWH�LQYDVLRQ�RI�WKH�,9'�����±�������

�0HFKDQRVHQVLWLYH� LRQ� FKDQQHOV� DUH� DFWLYDWHG� E\� PHFKDQLFDO� VWLPXOL� DQG� DOORZ� IRU� WKH����

WUDQVSRUW� RI� LRQV� DFURVV� WKH� FHOO� PHPEUDQH�� DQG� DUH� K\SRWKHVL]HG� WR� SDUWLFLSDWH� LQ� WKH� ,9'¶V����

UHVSRQVLYHQHVV� WR� LWV� ORDGLQJ� HQYLURQPHQW�������2QH� FDQGLGDWH�PHFKDQRVHQVLWLYH� FKDQQHO� LQ� WKH����

,9'� LV� WUDQVLHQW� UHFHSWRU� SRWHQWLDO� YDQLOORLG� �� �7539���� D� QRQVHOHFWLYH� FDWLRQ� FKDQQHO� LQ� WKH����

753�IDPLO\�RI�FKDQQHOV�������7539��LV�DQ�LPSRUWDQW�RVPR��DQG�PHFKDQR�UHJXODWRU�LQ�D�YDULHW\�RI����

FHOO� W\SHV�� LQFOXGLQJ� FKRQGURF\WHV�� RVWHRF\WHV�� FDUGLRYDVFXODU� HQGRWKHOLDO� FHOOV�� DQG� UHQDO����

HSLWKHOLDO� FHOOV���±��� 7539�� LV� FUXFLDO� IRU� PHFKDQRVHQVLQJ� LQ� DUWLFXODU� FDUWLODJH� DQG� KDV� EHHQ����

VKRZQ�WR�UHJXODWH� WKH�DQDEROLF�UHVSRQVH�RI�FKRQGURF\WHV�WR�PHFKDQLFDO� ORDGLQJ���±���6LPLODU� WR����

DUWLFXODU� FDUWLODJH� LQ� ERWK� LWV� PRWLRQ�HQDEOLQJ� MRLQW� IXQFWLRQ� DQG� PDWUL[� FRQVWLWXHQWV�� WKH����

PHFKDQRVHQVLQJ�PHFKDQLVPV�PD\�EH�FRQVHUYHG�LQ�WKH�,9'���0RUHRYHU��WKH�DSSOLFDWLRQ�RI�ORDG�WR����

ERWK�FDUWLODJH�DQG�WKH�,9'�FDXVHV�SHUWXUEDWLRQV�LQ�WKH�ORFDO�RVPRWLF�HQYLURQPHQW�WKDW�WULJJHUV�D����
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&D��� VLJQDOLQJ� UHVSRQVH������� +RZHYHU�� LW� LV� XQNQRZQ� ZKHWKHU� WKLV� UHVSRQVH� LV� PHGLDWHG� E\����

7539������

,Q�,9'�FHOO�FXOWXUH��LQKLELWLQJ�7539��UHGXFHV�WKH�K\SR�RVPRWLF�PHGLDWHG�SURGXFWLRQ�RI�,/����

�E� DQG� ,/���� DQG� WKH� SURGXFWLRQ� RI� ,/��� DQG� ,/��� PHGLDWHG� E\� KLJK�PDJQLWXGH� VWUDLQV����������

&RQYHUVHO\��DFWLYDWLRQ�RI�7539��LQ�,9'�FHOOV�SURPRWHV�WKH�H[SUHVVLRQ�RI�PDWUL[�SURWHLQ�JHQHV����

LQFOXGLQJ� $&$1� DQG� &2/�$����� :H� WKHUHIRUH� K\SRWKHVL]HG� WKDW� 7539�� UHJXODWHV� WKH����

PHFKDQRWUDQVGXFWLRQ�RI�SK\VLRORJLFDOO\�UHOHYDQW�ORDGLQJ�LQ�WKH�,9'���7R�LQYHVWLJDWH�WKH�FRPSOH[����

LQWHUDFWLRQV� EHWZHHQ� SK\VLRORJLF� ORDGLQJ��PDLQWHQDQFH� RI� WKH� H[WUDFHOOXODU�PDWUL[� �(&0��� DQG����

PRGXODWLRQ� RI� 7539��� ZH� XVHG� DQ� RUJDQ� FXOWXUH� ,9'� V\VWHP� WKDW� DOORZHG� XV� WR� DSSO\����

FRPSUHVVLRQ�LQ�D�VXVWDLQHG�PDQQHU��LQ�WKH�SUHVHQFH�RU�DEVHQFH�RI�D�7539��DJRQLVW�RU�DQWDJRQLVW�����

DQG�REVHUYH�RXWFRPHV�RQ�WKH�HQWLUH�,9'��������

:H�ILUVW�H[DPLQHG�WKH�HIIHFWV�RI�WUDQVLHQW�7539��DFWLYDWLRQ�XVLQJ�D�VPDOO�PROHFXOH�DJRQLVW����

�*6.�������$�� L�H���*6.�����RQ� WKH�FHOOXODU� OHYHO�FD�DFURVV� WKH�,9'��:H�WKHQ�FRPSDUHG�WKH����

,9'V¶� DGDSWDWLRQV� UHVXOWLQJ� IURP� SURORQJHG� DFWLYDWLRQ� RI� 7539�� DQG� FRUUHVSRQGLQJ� K\SR����

RVPRWLF�FRQGLWLRQV��)LQDOO\��ZH�HYDOXDWHG�WKH�UROH�RI�7539��XQGHU�VXVWDLQHG�FRPSUHVVLRQ�RI�WKH����

ZKROH� ,9'� DW� SK\VLRORJLFDOO\� UHOHYDQW� ORDGV�� 2XU� UHVXOWV� VKRZ� WKDW� WKH� WUDQVLHQW�� VLQJOH�ERXW����

DFWLYDWLRQ�RI�7539��LQ�,9'�RUJDQ�FXOWXUH�LQFUHDVHV�WKH�LQWUDFHOOXODU�&D���IOX[�DQG�D�FDVFDGH�RI����

1)�N%�VLJQDOLQJ�DQG�SURGXFWLRQ�RI� ,/���� �7KH� UHSHDWHG�DFWLYDWLRQ�RI�7539��RYHU�D�RQH�ZHHN����

SHULRG� LPSURYHG� WKH� FRPSUHVVLYH� VWLIIQHVV�RI� WKH� ,9'�DQG� LQFUHDVHG�JO\FRVDPLQRJO\FDQ�*$*����

FRQWHQW�DQG�K\GUDWLRQ�LQ�WKH�QXFOHXV�SXOSRVXV��13����)XUWKHU��WKH�LQKLELWLRQ�RI�7539��GXULQJ�WKH����

UHSHWLWLYH� K\SR�RVPRWLF� FRQGLWLRQV� EOXQWHG� ,/��� SURGXFWLRQ� E\� WKH� ,9'�� � � 7KH� VXVWDLQHG����

PHFKDQLFDO� FRPSUHVVLRQ�RI� ,9'V� UHVXOWHG� LQ� GHJHQHUDWLRQ� DORQJ�ZLWK� SURORQJHG� H[SUHVVLRQ�RI�����

,/���DQG�YDVFXODU�HQGRWKHOLDO�JURZWK�IDFWRU�$��9(*)$���7KH� LQKLELWLRQ�RI�7539��GXULQJ� WKLV�����
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VXVWDLQHG� ORDGLQJ�DOOHYLDWHG� WKH� ORDGLQJ�LQGXFHG�GHJHQHUDWLRQ�DQG�SURWHFWHG�IURP�WKH� LQFUHDVHV�����

RI� ,/��� DQG� 9(*)$�� EXW� LW� GLG� QRW� SUHYHQW� WKH� ORDG�LQGXFHG� FROODJHQ� GLVRUJDQL]DWLRQ� LQ� WKH�����

DQQXOXV�ILEURVXV��7DNHQ�WRJHWKHU��WKH�WUDQVLHQW�DFWLYDWLRQ�RI�7539��LQLWLDWHV�WKH�FDVFDGH�RI�&D�������

VLJQDOLQJ�� 1)�N%� VLJQDOLQJ�� DQG� ,/��� H[SUHVVLRQ�� ZLWK� WKH� UHSHDWHG� DFWLYDWLRQ� RI� 7539������

LQFUHDVLQJ�*$*�DFFXPXODWLRQ�DQG�WKH�VWLIIQHVV�RI�WKH�,9'�(&0��,QKLELWLRQ�RI�7539��PLWLJDWHG�����

WKH�GHJHQHUDWLYH�HIIHFWV�RI�VXVWDLQHG�PHFKDQLFDO�ORDGLQJ��7KHVH�UHVXOWV�VXJJHVW�WKDW�PRGXODWLRQ�����

RI� 7539�� FRXOG� SURYLGH� D� QRYHO� DSSURDFK� IRU� SUHYHQWLQJ� GHJHQHUDWLRQ� RI� WKH� ,9'� IROORZLQJ�����

GHOHWHULRXV�ORDGLQJ���� �����
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0DWHULDOV�DQG�0HWKRGV�����

2.1 Animals ����

$OO� DQLPDO� H[SHULPHQWV�ZHUH� SHUIRUPHG� LQ� FRPSOLDQFH�ZLWK� WKH�:DVKLQJWRQ�8QLYHUVLW\� LQ� 6W������

/RXLV�,QVWLWXWLRQDO�$QLPDO�&DUH�DQG�8VH�&RPPLWWHH��6L[WHHQ�ZHHN�ROG�0LFH�FDUU\LQJ�WKH�1)�N%�����

�OXFLIHUDVH� UHSRUWHU�JHQH� �)9%�&J�7J�+,9�(*)3�OXF��7E�-�� -$;��ZHUH�XVHG�� �7KH�PLFH�ZHUH�����

HXWKDQL]HG�ZLWK�&2�� IRU� WZR�PLQXWHV� DQG� WKHQ�GLVLQIHFWHG� LQ�����HWKDQRO��7KH�ZKROH� OXPEDU�����

VSLQH�ZDV� WKHQ�UHPRYHG�DQG�VHSDUDWHG� LQWR� WKUHH�IXQFWLRQDO�VSLQH�XQLWV� �)68V���/��/���/��/�������

/��/���$OO�H[FHVV�WLVVXH�LQFOXGLQJ�WKH�VSLQDO�FRUG�ZDV�UHPRYHG��)68V�ZHUH�LPPHGLDWHO\�SODFHG�����

LQ�FXOWXUH�PHGLD� LQ����ZHOO�SODWHV�DQG�SUH�FRQGLWLRQHG�IRU�VHYHQ�GD\V�SULRU� WR�DOO�H[SHULPHQWV������

&XOWXUH� PHGLD� FRQVLVWHG� RI� ���� 'XOEHFFR¶V� PRGLILHG� (DJOH¶V� PHGLXP�� 1XWULHQW� PL[WXUH� )��������

�'0(0�)����VXSSOHPHQWHG�ZLWK�����IHWDO�ERYLQH�VHUXP�DQG����SHQLFLOOLQ�VWUHSWRP\FLQ����7KH�����

)68V�ZHUH�FXOWXUHG�XQGHU�WKH�IROORZLQJ�FRQGLWLRQV����q&�����&2��������KXPLGLW\��DQG�ZHUH�����

DVVLJQHG�WR�RQH�RI�WKUHH�GLVWLQFW�H[SHULPHQWV��WUDQVLHQW�DFWLYDWLRQ�RI�7539���UHSHDWHG�DFWLYDWLRQ�����

RI� 7539��� DQG� VXVWDLQHG� DFWLYDWLRQ� RI� 7539�� �)LJXUH� ���� 2XU� SULRU� ZRUN� GHPRQVWUDWHG� WKDW�����

WKHVH� FXOWXUH� FRQGLWLRQV�PDLQWDLQV� WKH� YLDELOLW\� RI� DOO� FHOOV� LQ� WKH� ,9'�� LQFOXGLQJ� WKRVH� LQ� WKH�����

FDUWLODJLQRXV�HQG�SODWH��EXW�QRW�FHOOV�LQ�WKH�ERQH�PDUURZ�VSDFH�RU�RVWHRF\WHV���������

�����

2.2 Confirmation of TRPV4 function through Ca2+ signaling ����

7539��LV�D�&D���SUHIHUHQWLDO�LRQ�FKDQQHO��DQG�LWV�DFWLYDWLRQ�UHVXOWV�LQ�IOX[HV�RI�LQWUDFHOOXODU�&D���������

7R� FRQILUP� WKDW� 7539�� LV� SUHVHQW� DQG� IXQFWLRQDO� LQ� RXU� IXQFWLRQDO� VSLQH� XQLW� �)68�� FXOWXUHV�����

�Q ����ZH�PHDVXUHG�FKDQJHV� LQ� LQWUDFHOOXODU�&D���FRQFHQWUDWLRQV�XVLQJ� UDWLR� LPDJLQJ�RI�)OXR�������

DQG� )XUD� 5HG� &D��� LQGLFDWRUV�� 7KH� )68V� ZHUH� LQFXEDWHG� ZLWK� )OXR��� DQG� )XUD� 5HG� &D�������

LQGLFDWRUV�IRU���KRXU��&KDQJHV�LQ�LQWUDFHOOXODU�&D���ZHUH�REVHUYHG�LQ�UHDO�WLPH��=HLVV�/60����������
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DQG�WKH�UDWLR�RI�)XUD�5HG�LQWHQVLW\��GHFUHDVHV�ZLWK�ORZ�&D����WR�)OXR���LQWHQVLW\��LQFUHDVHV�ZLWK�����

KLJK�&D����ZHUH�FRPSXWHG���7KH�&D���JUDGLHQW�ZDV�TXDQWLILHG�XVLQJ�D�FXVWRP�0$7/$%�VFULSW�E\�����

GLYLGLQJ� WKH� JUHHQ� FKDQQHO� LQWHQVLW\� E\� WKH� UHG� FKDQQHO� LQWHQVLW\� IUDPH�E\�IUDPH� WR� REWDLQ�����

UHODWLYH� IOXRUHVFHQW�XQLWV� �5)8���7KH� IOXRUHVFHQFH�ZDV�REVHUYHG�XVLQJ�FRQIRFDO�PLFURVFRS\�DW�����

a����P�RI�GHSWK�LQWR�WKH�DQQXOXV�ILEURVXV��$)��WR�HYDOXDWH�WKH�DFWLYDWLRQ�RI�7539��LQ�$)�FHOOV�����

LQ�WKHLU�QDWLYH�H[WUDFHOOXODU�PDWUL[��'062�ZDV�DGGHG�WR�WKH�,9'�DW�WKH�VWDUW�RI�WKH�OLYH�LPDJLQJ�����

VHVVLRQ�� DQG� WKHQ� FHOOV� ZHUH� PRQLWRUHG� IRU� DSSUR[LPDWHO\� ���V�� )ROORZLQJ� WKLV� SHULRG�� ��0�����

*6.����ZDV� DGGHG� WR� WKH� FXOWXUH� WR� DJRQL]H�7539���&RQFHQWUDWLRQV�RI� ����0�DQG��P0�RI�����

*6.���� ZHUH� VXEVHTXHQWO\� DGGHG� WR� WKH� FXOWXUH� PHGLD� RI� UHVSHFWLYH� ,9'V� ZLWK� HDFK� ,9'�����

UHFHLYLQJ�MXVW�RQH�FRQFHQWUDWLRQ�WR�GHWHUPLQH�WKH�GRVH�GHSHQGHQW�UHVSRQVH�������

�����

2.3 Repeated TRPV4 activation using the GSK101 agonist in FSU culture  ����

)68V�LQ�FXOWXUH�ZHUH�HLWKHU�LQFXEDWHG�ZLWK�'062��Q ����RU�WKH�7539��DJRQLVW�*6.�������0������

Q ���� IRU� VHYHQ�FRQVHFXWLYH�GD\V� IRU� WKUHH�KRXUV�HDFK�GD\��&RQWLQXRXV�KLJK� LQWUDFHOOXODU�&D�������

FRQFHQWUDWLRQV�DUH�WR[LF�IRU�FHOOV��DQG�VXVWDLQHG�&D���VDWXUDWLRQ�FDQ�LQGXFH�DSRSWRVLV��7KXV��ZH�����

VHOHFWHG�D�GRVH�RI�*6.����WKDW�DFWLYDWHV��EXW�GRHV�QRW�VDWXUDWH�LQWUDFHOOXODU�&D���VLJQDOLQJ����$OO�����

WUHDWPHQW�ZDV� GHOLYHUHG� LQ� �P/� RI� IUHVK� FXOWXUH�PHGLD� FRQWDLQLQJ� HLWKHU�'062� RU�*6.����������

$IWHU�WKH�WKUHH�KRXUV��WKH�,9'V�ZHUH�UHWXUQHG�WR�IUHVK�PHGLD�XQGHU�WKH�SUHVFULEHG�FRQGLWLRQV������

�����

2.4 Real-time observation of  NF-NB signaling ����

�1)�N%� VLJQDOLQJ�ZDV� REVHUYHG� ORQJLWXGLQDOO\� IRU� VHYHUDO� H[SHULPHQWV�� � /XFLIHULQ� ���PJ�P/������

ZDV� DGGHG� WR� WKH� FXOWXUH� PHGLD�� ZKLFK� WKHQ� ELQGV� WR� WKH� OXFLIHUDVH� WUDQVJHQH� WR� SURGXFH�����

GHWHFWDEOH� ELROXPLQHVFHQFH� TXDQWLI\LQJ� WKH� GHJUHH� RI� � 1)�N%� VLJQDOLQJ� LQ� WKH� ,9'������
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� �

%LROXPLQHVFHQFH�ZDV�PHDVXUHG����PLQXWHV� IROORZLQJ� OXFLIHULQ�DGGLWLRQ�DW�HLWKHU��7LPH���KU��������

KU����KU����KU��RU����KU�IRU�WKH�VKRUW�WHUP�VWXG\��RU�'D\V����������DQG����RI�WKH�RUJDQ�FXOWXUH�IRU�WKH�����

ORQJHU� WHUP�VWXG\��6DPSOHV�ZHUH� LPDJHG�XVLQJ�DQ�,9,6�,PDJLQJ�6\VWHP��;HQRJHQ�&RUS���DW�D�����

��V� H[SRVXUH� WLPH�� /LSRSRO\VDFFKDULGH� �/36�� ZDV� XVHG� WR� SURGXFH� D� SRVLWLYH� 1)�N%� FRQWURO�����

���J�P/��6LJPD�$OGULFK��/�������7KH�'D\���WLPH�SRLQW�LV�WKH�EDVHOLQH�SULRU�WR�WKH�DSSOLFDWLRQ�RI�����

H[SHULPHQWDO�FRQGLWLRQV��)ROORZLQJ�HYHU\�LPDJLQJ�WLPHSRLQW���WKH�)68V�ZHUH�WUDQVIHUUHG�WR�IUHVK�����

PHGLD������

�����

2.5 Cytokine production by measured ELISA ����

0HGLD�ZDV�FROOHFWHG� IURP� WKH�)68�FXOWXUHV�RQ�'D\V���������� DQG����RI� WKH�SULPDU\� VWXG\�DQG�����

VWRUHG� DW� ���q&�� 7KH� FRQFHQWUDWLRQV� RI� ,/��� DQG� 9(*)$�ZHUH� GHWHUPLQHG� XVLQJ� DQ� HQ]\PH�����

OLQNHG� LPPXQRVRUEHQW� DVVD\� �0RXVH� ,/���(/,6$�NLW��7KHUPR)LVKHU��0RXVH�9(*)�$�'XR6HW�����

(/,6$�NLW��5	'�6\VWHPV���$OO�PHGLD�ZDV�FROOHFWHG�WZR�GD\V�IROORZLQJ�PHGLD�FKDQJH��VXFK�WKDW�����

PHDVXUHG�F\WRNLQH�FRQFHQWUDWLRQ�UHIOHFWHG�WZR�GD\V�RI�SURGXFWLRQ������

�����

2.6 Contrast-enhanced micro-computed tomography ����

7R� HYDOXDWH� VWUXFWXUDO� FKDQJHV�� ,9'V� ZHUH� LPDJHG� XVLQJ� FRQWUDVW�HQKDQFHG� PLFUR�FRPSXWHG�����

WRPRJUDSK\��&(�&7��ZLWK�LRYHUVRO�DV�WKH�FRQWUDVW�DJHQW����,QWDFW�,9'V�ZHUH�LQFXEDWHG�LQ���������

,RYHUVRO� �2SWL5D\� ����� *XHUEHW� 3KDUPD�� DW� ��q&� IRU� �� KRXUV� SULRU� WR� LPDJLQJ�� )ROORZLQJ�����

LQFXEDWLRQ��VDPSOHV�ZHUH�VFDQQHG�XVLQJ�6FDQFR���PLFUR&7�V\VWHP��=XULFK��6ZLW]HUODQG��DW��������

NH9S�������$�������P�YR[HO�VL]H��DQG�����PV�LQWHJUDWLRQ������

�����

2.7 Mechanical behavior of the whole IVD ����
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� �

0HFKDQLFDO� EHKDYLRU� RI� WKH� ,9'V� ZDV� TXDQWLILHG� XVLQJ� GLVSODFHPHQW�FRQWURO� G\QDPLF�����

FRPSUHVVLRQ�WHVWLQJ��%LR'HQW��$FWLYH�/LIH�6FLHQWLILF�����$IWHU�)68V�ZHUH�DGKHUHG�WR�DOXPLQXP�����

SODWHQV�� GLVF� KHLJKW�ZDV� GHWHUPLQHG� E\� FDOLSHUV� DQG� XVHG� WR� GHWHUPLQH� WKH� LQSXW� VWUDLQ� YDOXHV������

6DPSOHV�ZHUH�SODFHG�LQ�D�SKRVSKDWH�EXIIHUHG�VDOLQH�EDWK�DQG�SUHORDGHG�WR�����1��$�VLQXVRLGDO�����

FRPSUHVVLYH�ZDYHIRUP�ZDV� DSSOLHG� DW� ��� VWUDLQ� DW� �+]� IRU� ��� F\FOHV��$YHUDJH� VWLIIQHVV�ZDV�����

GHWHUPLQHG�IURP�WKH�VHFRQG�WKURXJK�WKH�ILQDO�ORDGLQJ�F\FOHV��������

�����

2.8 GAG quantification by DMMB assay ����

'LPHWK\OPHWK\OHQH�EOXH��'00%��DVVD\�ZDV�XVHG�IROORZLQJ� WKH�FXOWXUH�SHULRG� WR�PHDVXUH� WKH�����

WRWDO�*$*�FRQWHQW�LQ�D�VXEVHW�RI�WHVWHG�,9'V��,9'V�ZHUH�LVRODWHG��PDVVHG��DQG�WKHQ�GLJHVWHG�LQ�����

SDSDLQ� RYHUQLJKW� LQ� ��q&�� 6XSHUQDWDQW� RI� VDPSOHV� ZHUH� FROOHFWHG� IROORZLQJ� FHQWULIXJLQJ� DQG�����

SODWHG�DORQJVLGH�FKRQGURLWLQ�VXOIDWH� VWDQGDUGV� �6LJPD�$OGULFK�������/�RI�'00%�ELQGLQJ�G\H�����

ZDV� DGGHG� WR� HDFK� VDPSOH� DQG� VDPSOHV� ZHUH� UHDG� DW� DQ� DEVRUEDQFH� RI� ���QP� XVLQJ� D�����

VSHFWURSKRWRPHWHU������

�����

2.9 Repeated hypo-osmolar exposure  ����

)68V� XQGHUZHQW� D� ��GD\� SUHFRQGLWLRQLQJ� SHULRG� LQ� ���� P2VP� PHGLD� �UHSUHVHQWLQJ�����

DSSUR[LPDWHO\�VWDQGDUG�FXOWXUH�FRQGLWLRQV��IROORZLQJ�H[WUDFWLRQ��)68V�ZHUH�WKHQ�SODFHG�LQ�HLWKHU�����

D� ���� P2VP� RU� ���� P2VP� �K\SR�RVPRODU�� PHGLD�� ZLWK� HLWKHU� '062� �YHKLFOH�� RU� ���0�����

*6.�����IRU���KRXUV�HDFK�GD\�IRU���FRQVHFXWLYH�GD\V��2VPRODULW\�ZDV�WLWUDWHG�E\�DGGLQJ�VXFURVH�����

WR�FXOWXUH�PHGLD������

�����

2.10 Sustained static loading of the functional spine units in culture ����
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� ��

$� FXVWRP�SODWHQ�VSULQJ� GHYLFH�ZDV� GHYHORSHG� IRU� ORDGLQJ� WKH� )68� DQG� HYDOXDWLQJ� WKH� UROH� RI�����

7539��LQ�WKH�ORDG�PHGLDWHG�UHVSRQVH�RI�WKH�,9'��7KH�GHYLFH�XWLOL]HG�PDFKLQHG�SODWHQV�FRXSOHG�����

ZLWK�VSULQJV�RI�NQRZQ�VSULQJ�FRQVWDQWV�WR�GHOLYHU�FRQWUROOHG�ORDGV�EDVHG�RQ�WKH�GLVWDQFH�EHWZHHQ�����

WKH� WZR�SODWHQV��)68V�ZHUH�VWDWLFDOO\� ORDGHG�IRU����KRXUV�DW�a���03D��ZKLFK� LV�DSSUR[LPDWHO\�����

WZR�WLPHV�WKH�ERG\�ZHLJKW�RI�D�PRXVH��a��J��DSSOLHG�DFURVV�WKH�DUHD�RI�D�OXPEDU�,9'����'062�����

�YHKLFOH��RU�*6.�����7539��DQWDJRQLVW��ZHUH�DGGHG�WR�WKH�PHGLXP�RI�FRPSUHVVHG�,9'V�GXULQJ�����

WKH�HQWLUH�GXUDWLRQ�RI�ORDGLQJ��/LSRSRO\VDFFKDULGH��/36��ZDV�DGGHG�WR�D�VXEVHW�RI�,9'V�IRU�WKH�����

SRVLWLYH�FRQWUROV�IRU�LQIODPPDWLRQ��)ROORZLQJ�WKH����KRXUV�RI�ORDGLQJ��WKH�GHYLFH�ZDV�UHPRYHG�����

DQG�)68V�ZHUH�FXOWXUHG�IRU����GD\V��)ROORZLQJ�WKH�FXOWXUH�SHULRG��VDPSOHV�ZHUH�SURFHVVHG�IRU�����

KLVWRORJ\�DQG�PHGLD�FROOHFWHG�DW�'D\V���DQG����ZDV�PHDVXUHG�IRU�F\WRNLQH�SURGXFWLRQ������

 ����

2.11 Histology and mouse IVD degeneration scoring ����

$OO� VDPSOHV�ZHUH� IL[HG� LQ� IRUPDOLQ� DQG�SURFHVVHG� IRU�SDUDIILQ� HPEHGGLQJ��6DPSOHV�ZHUH� WKHQ�����

VHFWLRQHG�WR����P�WKLFNQHVV�DQG�XQGHUZHQW�6DIUDQLQ�2�VWDLQLQJ�ZLWK�D�)DVW�*UHHQ�FRXQWHU�VWDLQ������

,9'V�GHJHQHUDWLRQ�ZDV�TXDQWLILHG�XVLQJ�D�VWDQGDUGL]HG�VFRULQJ�V\VWHP����,9'V�ZHUH�JUDGHG�E\�D�����

VLQJOH�JUDGHU�LQ�D�EOLQGHG�IDVKLRQ�RQ�WKUHH�QRQ�FRQVHFXWLYH�GD\V��$Q�LQWUDFODVV�FRUUHODWLRQ��,&&������

ZDV�FDOFXODWHG�EHWZHHQ�WKH�VFRULQJ�GD\V�WR�HQVXUH�FRQVLVWHQW�JUDGLQJ��6XSSOHPHQWDO�)LJXUH�6��������

 ����

2.12 Quantitative polarized light microscopy ����

7UDQVPLVVLRQ�PRGH� TXDQWLWDWLYH� SRODUL]HG� OLJKW� LPDJLQJ� �43/,�� ZDV� SHUIRUPHG� RQ�����

6DIUDQLQ�2� VWDLQHG� VHFWLRQV� RI� ,9'� DV� SUHYLRXVO\� GHVFULEHG������� ,Q� EULHI�� D� 6XJDU&XEH�:KLWH�����

/('� ,OOXPLQDWRU� �(GPXQG� 2SWLFV�� %DUULQJWRQ�� 1-�� 86$�� ZLWK� D� 'RODQ�-HQQHU� ILEHU� RSWLF�����

EDFNOLJKW��(GPXQG�2SWLFV��%DUULQJWRQ��1-��86$��ZDV�XVHG�WR�LOOXPLQDWH�WKH�KLVWRORJLFDO�VHFWLRQ�����
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� ��

RI�LQWHUHVW��7KH�OLJKW�SDVVHG�WKURXJK�D�FLUFXODU�SRODUL]LQJ�ILOP��(GPXQG�2SWLFV��%DUULQJWRQ��1-������

86$��EHIRUH�EHLQJ� WUDQVPLWWHG� WKURXJK� WKH� VOLGH��7KH� LOOXPLQDWHG� VHFWLRQ�ZDV� LPDJHG�XVLQJ� D�����

GLYLVLRQ�RI� IRFDO�SODQH�SRODUL]DWLRQ�FDPHUD� �)/,5��:LOVRQYLOOH��25��86$��ZLWK�DQ�DFKURPDWLF�����

��[�REMHFWLYH��7KH�GHJUHH�RI�OLQHDU�SRODUL]DWLRQ��'R/3��DQG�WKH�DQJOH�RI�SRODUL]DWLRQ��$R3��ZHUH�����

FDOFXODWHG�RQ�D�SL[HOZLVH�EDVLV�IRU�WKH�HQWLUH�ILHOG�RI�YLHZ��'R/3�FRUUHVSRQGV�WR�WKH�VWUHQJWK�RI�����

FROODJHQ�ILEHU�DOLJQPHQW�DQG�$R3�FRUUHVSRQGV�WR�WKH�RULHQWDWLRQ�RI�FROODJHQ�ILEHUV��,PDJHV�ZHUH�����

PDQXDOO\�VHJPHQWHG�WR�VHOHFW�D�UHJLRQ�RI�LQWHUHVW�VSDQQLQJ�WKH�$)��'R/3�DQG�$R3�FRORU�PDSV�����

ZHUH� JHQHUDWHG� ZLWKLQ� WKH� VSHFLILHG� UHJLRQ� RI� LQWHUHVW� �52,�� DQG� RYHUOD\HG� RQ� WKH� JUD\VFDOH�����

LPDJH� IRU� TXDOLWDWLYH� DQDO\VLV��$YHUDJH� �$9*��'R/3� DQG�6WDQGDUG� GHYLDWLRQ� �67'�� RI�'R/3�����

YDOXHV�ZHUH�FDOFXODWHG�ZLWKLQ�WKH�52,������

�����

2.13 Statistical Analysis ����

$OO� VWDWLVWLFDO� DQDO\VLV� ZDV� SHUIRUPHG� LQ� HLWKHU� 0$7/$%� RU� *UDSKSDG� 3ULVP� �� VRIWZDUH������

&RPSDULVRQV� DFURVV� H[SHULPHQWDO� IDFWRUV� ZHUH� FRQGXFWHG� XVLQJ� VWXGHQW¶V� W�WHVW� RU� PXOWL�ZD\�����

$129$� DV� DSSURSULDWH�� DQG� 7XNH\¶V� DGMXVWHG� PHWKRG� ZDV� XVHG� IRU� SRVW� KRF� FRPSDULVRQV�����

EHWZHHQ�JURXSV���5HVXOWV�ZHUH�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW�ZKHQ�S��������� �����
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� ��

5HVXOWV�����

3.1 TRPV4 activation induces Ca2+ signaling in IVD cells ����

7R� HYDOXDWH� WKH� UROH� RI� 7539�¶V� DFWLYDWLRQ� LQ� &D��� VLJQDOLQJ�� WKH� DQQXOXV� ILEURVLV� �$)�� DQG�����

QXFOHXV� SXOSRVXV� �13�� FHOOV� LQ� WKH� LQWDFW� ,9'�ZHUH� REVHUYHG�ZLWK� FRQIRFDO�PLFURVFRS\� XVLQJ�����

UDWLR� RI� LQWHQVLWLHV� RI� IOXRUHVFHQW� &D��� LQGLFDWRUV�� 7KH� DGGLWLRQ� RI� '062� KDG� QR� REVHUYDEOH�����

FKDQJHV�LQ�IOXRUHVFHQFH�LQWHQVLW\��GDWD�QRW�VKRZQ���7KH�7539��DJRQLVW�*6.����ZDV�DGGHG�WR�����

WKH�FXOWXUH�PHGLD��DQG�WKHQ�WKH�IOXRUHVFHQW�&D���VLJQDO�ZDV�ILUVW�REVHUYHG�LQ�WKH�FHOOV�RI�WKH�RXWHU�����

$)��7KH�IOXRUHVFHQFH�WKHQ�SURSDJDWHG�UDGLDOO\�LQZDUG�WRZDUGV�WKH�QXFOHXV�SXOSRVXV��)LJXUH��$�����

&�� 6XSSOHPHQWDO� 9LGHR��� 7KH� SHUFHQWDJH� RI� UHVSRQVLYH� FHOOV� LQFUHDVHG� LQ� D� GRVH�GHSHQGHQW�����

PDQQHU����0�RI�*6.����HOLFLWHG�WKH�VORZHVW�UHVSRQVH�WKDW�DFWLYDWHG�RQO\�����RI�FHOOV��)LJXUH�����

�'���0RUH� WKDQ�����RI� REVHUYHG� FHOOV� H[SHULHQFHG�&D��� LQIOX[�ZLWKLQ����V�RI� DGGLQJ�����0�����

*6.���� �)LJXUH� �'��� 7KH� ��P0� RI� *6.���� DFKLHYHG� JUHDWHU� WKDQ� ���� DFWLYDWLRQ� LQ� XQGHU�����

���V��$V�*6.����LV�D�VSHFLILF�FKHPLFDO�DFWLYDWRU�RI�7539���WKH�REVHUYHG�LQWUDFHOOXODU�&D���IOX[�����

FRQILUPV� WKH� SUHVHQFH� DQG� IXQFWLRQ� RI� 7539�� LQ� ERWK� $)� DQG� 13� FHOOV�� 7KHVH� � &D��� IOX[HV�����

W\SLFDOO\�UHVROYHG�ZLWKLQ�DQ�KRXU�RI�7539��DJRQLVW�UHPRYDO��������

�����

3.2 �NF-NB signaling is downstream of TRPV4 activation ����

7R�HYDOXDWH�WKH�H[WHQW�RI��1)�N%�H[SUHVVLRQ��ELROXPLQHVFHQFH�DFWLYLW\�RI�WKH�,9'�ZDV�PHDVXUHG�����

IROORZLQJ� D� VLQJOH� ERXW� RI� ��KRXU� 7539�� DFWLYDWLRQ� E\� *6.����� 7KH� PRQLWRULQJ� RI� WKH�����

VXEVHTXHQW� ���KRXU� WLPH� FRXUVH� UHYHDOHG� D� WUDQVLHQW� SHDN� DW� �� KRXUV� �S������� WKDW� JUDGXDOO\�����

UHWXUQHG�WR�EDVHOLQH�OHYHOV�E\����KRXUV�SRVW�*6.����H[SRVXUH��)LJXUH��$��%���7KH�WLPLQJ�RI�WKH�����

1)�N%�SHDN�VLJQDO�W\SLFDOO\�ODJJHG�WKH�SHDNV�RI�WKH�&D���WLPH�FRXUVH�E\�DQ�RUGHU�RI�PDJQLWXGH������

�����
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� ��

3.3 Repeated TRPV4 activation elicits an inflammatory response and augments the ECM ����

:KHUHDV�D�VLQJXODU�GRVH�RI�*6.����LQLWLDWHV�D�WUDQVLHQW�LQIODPPDWRU\�UHVSRQVH�WKDW�LV�UHVROYHG�����

UDSLGO\�� WKH� UHSHWLWLYH� DFWLYDWLRQ� RI� 7539�� ZDV� DSSOLHG� WR� GHWHUPLQH� WKH� HIIHFWV� RI� F\WRNLQH�����

SURGXFWLRQ�� 6HYHQ� GD\V� RI� UHSHDWHG�7539�� DFWLYDWLRQ� LQFUHDVHG� ,/��� SURGXFWLRQ� E\� WKH� ,9'V�����

�)LJXUH� �&�� EXW� QRW� 9(*)$� �S ������� 0HFKDQLFDO� WHVWLQJ� RI� WKHVH� ,9'V� UHYHDOHG� LQFUHDVHG�����

FRPSUHVVLYH�VWLIIQHVV�GXH� WR�7539��DFWLYDWLRQ��)LJXUH��$���7KRVH�,9'V�VXEMHFWHG� WR�UHSHDWHG�����

7539��DFWLYDWLRQ�H[KLELWHG�VLJQLILFDQWO\�KLJKHU�*$*�FRQWHQW�WKDQ�WKH�,9'V�H[SRVHG�WR�'062�����

�)LJXUH� �%��� GHPRQVWUDWLQJ� WKDW� WKLV� UHSHWLWLYH� 7539�� DFWLYDWLRQ� SURPRWHV�PDWUL[� GHSRVLWLRQ������

&(�&7�FRQILUPHG�WKDW�WKH�LQFUHDVH�LQ�*$*�LV�SULPDULO\�ORFDOL]HG�LQ�WKH�13��)LJXUH��&��'���������

�����

3.4 TRPV4 inhibition has no dramatic effect on hypo-osmolarity induced IL-6 production  ����

)68V�ZHUH�H[SRVHG�WR�K\SR�RVPRODU�PHGLD�����P2VP��IRU�ILYH�FRQVHFXWLYH�GD\V�IRU�WKUHH�KRXUV�����

HDFK�GD\��ZKLFK�VLJQLILFDQWO\�LQFUHDVHG�WKH�SURGXFWLRQ�RI�,/���LQWR�WKH�FXOWXUH�PHGLD�DW�WKH�HQG�����

RI�WKH�ORDGLQJ�SHULRG��)LJXUH�����,Q�WKRVH�)68V�ZKHUH�WKH�K\SR�RVPRODULW\�ZDV�FR�DGPLQLVWHUHG�����

ZLWK� WKH�7539��LQKLELWRU��*6.����� WKH�,/���F\WRNLQH�FRQFHQWUDWLRQ� LQ� WKH�PHGLD�ZDV�UHGXFHG�����

E\�QHDUO\�����EXW�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��S �����������

�����

3.5 Static loading induced inflammation is partially resolved by TRPV4 inhibition ����

7R�HYDOXDWH�WKH�UROH�RI�7539��LQ�WKH�,9'�ORDG�PHGLDWHG�UHVSRQVH��)68V�ZHUH�REVHUYHG�IRU��������

GD\V�IROORZLQJ�D����KRXU�VWDWLF�ORDGLQJ�UHJLPHQ��7KH�ORDGHG�)68V�H[KLELWHG�VLJQLILFDQW�LQFUHDVH�����

RI�1)�N%� VLJQDOLQJ� DW� GD\� �� RI� WKH�RUJDQ� FXOWXUH� FRPSDUHG� WR� WKH� QRQ�ORDGHG� FRQWURO� �)LJXUH�����

�$���WKURXJK�WKH�LQKLELWLRQ�RI�7539��RQO\�PRGHVWO\�VXSSUHVV�WKLV�1)�N%�HOHYDWLRQ��)LJXUH��%��������

+RZHYHU��E\�GD\����1)�N%�VLJQDOLQJ�ZDV�EOXQWHG�ZLWK�7539��LQKLELWLRQ��)LJXUH��&���)XUWKHU������
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FRQFHQWUDWLRQV� RI� ,/��� DQG� 9(*)�$� ZHUH� ERWK� VLJQLILFDQWO\� LQFUHDVHG� DW� 'D\V� �� DQG� ��� RI�����

FXOWXUH�LQ�WKH�ORDGHG�)68V�DV�FRPSDUHG�WR�FRQWURO��)LJXUH��&���1RWDEO\��,/���FRQFHQWUDWLRQ�ZDV�����

VLJQLILFDQWO\�ORZHU�ZLWK�7539��LQKLELWLRQ�DW�ERWK�'D\V���DQG�����7KH�LQKLELWLRQ�RI�7539��KDG�����

QR�HIIHFW�RQ�9(*)$�FRQFHQWUDWLRQ�DW�'D\����KRZHYHU��LW�VLJQLILFDQWO\�UHGXFHG�9(*)$�DW�'D\�����

���FRPSDUHG�WR�WKH�ORDGLQJ�FRQGLWLRQ�ZLWKRXW�*6.���������

+LVWRORJLFDO� HYDOXDWLRQ� RI� FRPSUHVVHG� ,9'� UHYHDOHG� D� GHWHULRUDWLRQ� RI� WKH� 13�$)�����

ERXQGDU\��URXQGHG�$)�FHOOV��DQG�PRGHUDWH�ILEURVLV�LQ�WKH�13��)LJXUH��$���)���7539��LQKLELWLRQ�����

E\�*6.����LQ�FRPSUHVVHG�,9'V�PDLQWDLQHG�WKH�GLVWLQFW�ERXQGDU\�EHWZHHQ�WKH�13�DQG�$)�DQG�����

UHGXFHG� WKH� QXPEHU� RI� URXQGHG�$)� FHOOV� �D� KDOO�PDUN� RI� GHJHQHUDWLRQ�� �)LJXUH� �%&()��� 7KH�����

GHJHQHUDWLRQ�RI�WKH�,9'V�ZHUH�TXDQWLILHG�XVLQJ�D�VWDQGDUGL]HG�VFRULQJ�V\VWHP�IRU�PRXVH�,9'V���������

,9'V� WKDW� XQGHUZHQW� FRPSUHVVLRQ� H[KLELWHG� PRGHUDWH�WR�KLJK� GHJHQHUDWLRQ� WKDW� ZDV�����

VLJQLILFDQWO\� KLJKHU� WKDQ� FRQWURO� ,9'V� �)LJXUH� �*��� 7KH� FRPSUHVVHG� ,9'V� ZLWK� 7539������

LQKLELWLRQ�H[KLELWHG�PLOG�GHJHQHUDWLRQ��'HVSLWH�WKHVH�GHJHQHUDWLYH�FKDUDFWHULVWLFV�LQ�FRPSDULVRQ�����

WR� WKH�FRQWURO� ,9'V�� WKH�GHJHQHUDWLRQ�VFRUH�ZDV�VLJQLILFDQWO\� ORZHU� WKDQ� WKH�FRPSUHVVHG�,9'V�����

ZLWK�LQWDFW�7539��IXQFWLRQ��8VLQJ�WKH�KLVWRORJLF�VFRULQJ�V\VWHP��WKH�LQGLYLGXDO�FRPSRQHQWV�RI�����

WKH� ,9'�ZHUH�DVVHVVHG� �)LJXUH��+���7KH� ,9'V�ZLWK�7539��LQKLELWLRQ�KDG� ORZHU�GHJHQHUDWLYH�����

VFRUHV�IRU�WKH�HQG�SODWHV��13�$)�ERXQGDU\��DQG�WKH�$)��+RZHYHU��WKHUH�ZDV�OLWWOH�FKDQJH�LQ�WKH�����

13�GHJHQHUDWLYH�VFRUH�EHWZHHQ�WKH�WZR�FRPSUHVVHG�JURXSV������

�����

3.6 TRPV4 inhibition does not protect against loading induced collagen disorganization�����

4XDQWLWDWLYH�SRODUL]HG� OLJKW� LPDJLQJ� �43/,��ZDV�XVHG� WR�HYDOXDWH� WKH�RUJDQL]DWLRQ�RI� FROODJHQ�����

ILEHUV�LQ�WKH�$)�WKURXJK�WKH�PHDVXUHPHQWV�RI�GHJUHH�RI�OLQHDU�SRODUL]DWLRQ��'R/3��DQG�WKH�DQJOH�����

RI� SRODUL]DWLRQ� �$R3�� �6XSSOHPHQWDO� )LJXUHV� �� DQG� ���� 'R/3� PHDVXUHV� WKH� VWUHQJWK� RI� WKH�����
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DOLJQPHQW�RI�FROODJHQ�ILEHUV�DQG�LV�UHODWHG�WR�WKH�ORFDO�UHWDUGDQFH�DQG�WKXV�VWUXFWXUDO�DQLVRWURS\�����

RI� WKH� WLVVXH��D�'R/3�RI��� LQGLFDWHV�D�XQLIRUPO\�DOLJQHG� WLVVXH�ZKHUHDV�D�'R/3�RI��� LQGLFDWHV�����

LVRWURSLF�FROODJHQ�RUJDQL]DWLRQ��$R3�YDOXHV�SURYLGH�D�PHDVXUHPHQW�RI�WKH�RULHQWDWLRQ�RI�FROODJHQ�����

ILEHUV��+HDOWK\�$)� FDQ� EH� FKDUDFWHUL]HG� E\� D� KLJKO\� RUJDQL]HG�� ODPHOODH� VWUXFWXUH� RI� FROODJHQ�����

ILEHUV��,QVSHFWLRQ�RI�WKH�$R3�VKRZV�DOWHUQDWLQJ�OD\HUV�RI�FROODJHQ�ILEHU�GLUHFWLRQDOLW\��LQGLFDWLQJ�����

WKH� SULPDU\� FROODJHQ� ILEHU� GLUHFWLRQV� RI� WKH� DOWHUQDWLQJ� ODPHOODH�� 7KHUH� ZHUH� QR� REVHUYHG�����

TXDOLWDWLYH�FKDQJHV�LQ�WKH�$R3�RU�ILEHU�RULHQWDWLRQ�EHWZHHQ�JURXSV�DV�HDFK�VKRZHG�GLVWLQFW�OD\HUV�����

RI� DOWHUQDWLQJ� DOLJQPHQW� RI� DSSUR[LPDWHO\� HTXDO� WKLFNQHVV� DQG� VSDFLQJ� �)LJXUH� �$��� 7KH�����

FRPSUHVVHG�,9'V�KDG�VLJQLILFDQWO\��S�������GHFUHDVHG�DYHUDJH�'R/3��$9*�'R/3��FRPSDUHG�WR�����

XQFRPSUHVVHG�FRQWUROV��LQGLFDWLQJ�D�OHVV�VWURQJO\�DOLJQHG�WLVVXH��)LJXUH��%���&RPSUHVVHG�,9'V�����

ZLWK� 7539�� LQKLELWHG� GLG� QRW� KDYH� VLJQLILFDQWO\� GHFUHDVHG� DYHUDJH� 'R/3�� ,Q� DGGLWLRQ������

FRPSUHVVLRQ�GHFUHDVHG� WKH� VWDQGDUG�GHYLDWLRQ�RI� WKH�'R/3��67'�'R/3�� UHJDUGOHVV�RI�7539������

LQKLELWLRQ� �)LJXUH� �&��� LQGLFDWLQJ� GHFUHDVHG� XQLIRUPLW\� RI� WKH� FROODJHQ� ILEHU� DOLJQPHQW� LQ� WKH�����

,9'��6LPLODU�OHYHOV�RI�67'�'R/3�IRU�ERWK�FRPSUHVVLRQ�JURXSV�LQGLFDWH�VLPLODU�ODPHOODU�WLVVXH�����

VWUXFWXUH�ZLWK�RU�ZLWKRXW�7539�� LQKLELWLRQ��+RZHYHU�� LQKLELWLQJ�7539�� LQ� FRPSUHVVHG� ,9'V�����

GLG�QRW�UHVFXH�FROODJHQ�GLVRUJDQL]DWLRQ��VXJJHVWLQJ�WKDW�WKH�HIIHFWV�RQ�FROODJHQ�DUFKLWHFWXUH�PD\�����

EH�D�GLUHFW�PHFKDQLFDO�FRQVHTXHQFH�RI�ORDGLQJ�UDWKHU�WKDQ�GXH�WR�7539��PHGLDWHG�UHVSRQVHV��������
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'LVFXVVLRQ�����

2XU� UHVXOWV� LQGLFDWH� 7539�� SOD\V� D� UROH� LQ� PHFKDQRWUDQVGXFWLRQ� LQ� UHVSRQVH� WR�����

SK\VLRORJLFDOO\�UHOHYDQW�ORDGLQJ�RI�WKH�,9'��7KH�HIIHFWV�RI�7539��RQ�WKH�,9'V�GHSHQGHG�RQ�WKH�����

UHSHWLWLRQ��FRQFHQWUDWLRQ��DQG�ORDGLQJ�KLVWRU\��7539��DFWLYDWLRQ�E\� WKH�VPDOO�PROHFXOH�DJRQLVW�����

*6.���� LQ� QDWLYH� ,9'� WLVVXH� UDSLGO\� LQLWLDWHG�&D��� VLJQDOLQJ� LQ�$)� FHOOV� LQ� D� GRVH�GHSHQGHQW�����

PDQQHU�� � 1)�N%� DFWLYLW\� DQG� VXEVHTXHQW� ,/��� SURGXFWLRQ� DOVR� LQFUHDVHG� IROORZLQJ� WUDQVLHQW�����

DFWLYDWLRQ�RI�7539���7KH�UHSHDWHG�DFWLYDWLRQ�RI�7539��KDG�SRVLWLYH�HIIHFWV�LQ�WKH�(&0�RI�WKH�����

,9'��LQFOXGLQJ�LPSURYHG�ZKROH�,9'�FRPSUHVVLYH�VWLIIQHVV�DQG�LQFUHDVHG�JO\FRVDPLQRJO\FDQV�LQ�����

WKH�13��7KH�SURORQJHG�GDLO\�UHSHDWHG�H[SRVXUH�WR�*6.6����VXVWDLQHG�WKH�LQFUHDVH�LQ�7539������

UHODWHG� RXWFRPHV���� $GGLWLRQDOO\�� H[SRVLQJ� WKH� ,9'� WR� UHSHWLWLYH� K\SR�RVPRODU� FRQGLWLRQV�����

UHVXOWHG�LQ�,/���SURGXFWLRQ�VLPLODU�WR�D�VLQJOH�ERXW�RI�7539��DFWLYDWLRQ��6XSSUHVVLRQ�RI�7539������

FRQFRPLWDQW�ZLWK�WKH�K\SR�RVPRODU�H[SRVXUH�RI�WKH�,9'V�UHGXFHG�WKH�,/���V\QWKHVLV������

7KH� VXVWDLQHG� SK\VLRORJLF� FRPSUHVVLRQ� RI� WKH� ZKROH� ,9'� UHFDSLWXODWHG� VRPH� DVSHFWV� RI�����

7539�� DFWLYDWLRQ�� LQFOXGLQJ� 1)�N%� VLJQDOLQJ� DQG� ,/��� SURGXFWLRQ�� +RZHYHU�� VXVWDLQHG�����

FRPSUHVVLRQ� DOVR� FUHDWHG� KDOOPDUNV� RI� GHJHQHUDWLRQ� DQG� PLFURVWUXFWXUDO� GLVRUJDQL]DWLRQ��������

$SSO\LQJ�D�7539��DQWDJRQLVW�GXULQJ�VXVWDLQHG�FRPSUHVVLRQ�SDUWLDOO\�DOOHYLDWHG�WKH�GHJHQHUDWLRQ�����

DQG�WKH�PDWUL[�GLVRUJDQL]DWLRQ��3URGXFWLRQ�RI�F\WRNLQHV�VXFK�DV�9(*)$�OLNHO\�H[DFHUEDWHG�DQ\�����

PHFKDQLFDO�GDPDJH�WKDW�RFFXUUHG�ZLWKLQ�WKH�,9'����7KHUH�ZHUH�DOVR�QRWDEOH�UHJLRQDO�YDULDWLRQV�����

LQ� GHJHQHUDWLRQ�� ,Q� SDUWLFXODU�� 7539�� LQKLELWLRQ� DSSHDUHG�PRUH� HIIHFWLYH� LQ� UHJLRQV� RI� KLJKHU�����

HQGRJHQRXV� H[SUHVVLRQ� RI� 7539����� ZLWK� WKH� JUHDWHVW� SURWHFWLYH� HIIHFW� LQ� WKH� LQQHU� $)�� <HW�����

7539��LQKLELWLRQ�RQO\�FRQIHUUHG�SDUWLDO�SURWHFWLRQ�IURP�WKH�GHJHQHUDWLRQ�LQ�WKH�RXWHU�$)�DQG�WKH�����

LQWHUIDFH� ERXQGDULHV��4XDOLWDWLYHO\�� SRODUL]HG� OLJKW� LPDJLQJ� UHYHDOHG� JUHDWHU� GLVRUJDQL]DWLRQ� LQ�����

WKH� $)� LQ� FRPSUHVVHG� ,9'V���� 7539�� LQKLELWLRQ� GLG� QRW� LPSURYH� FROODJHQ� DOLJQPHQW� RI� WKH�����
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FRPSUHVVHG� ,9'V�� � � $ORQJ� ZLWK� KLVWRSDWKRORJ\� VFRULQJ�� WKH� UHVXOWV� VXJJHVW� WKDW� WKH� WLPHO\�����

LQKLELWLRQ� RI� 7539�� FDQ� GDPSHQ� WKH� LQIODPPDWRU\� HIIHFWV� RQ� GHJHQHUDWLRQ� EXW� QRW� ORDG�����

PHGLDWHG�PHFKDQLFDO�GDPDJH�� � ,W� LV�ZRUWK�QRWLQJ� WKDW� WKH� LQKLELWLRQ�RI�7539�� IRU� VHYHQ�GD\V�����

GHSUHVVHG� 1)�N%� VLJQDOLQJ� EH\RQG� WKH� EDVHOLQH�� DQG� VLQFH� 1)�N%� KDV� FULWLFDO� UROHV� LQ� FHOO�����

VXUYLYDO��WKH�ORQJ�WHUP�VXSSUHVVLRQ�RI�1)�N%�YLD�LQKLELWLQJ�7539��VKRXOG�EH�DSSOLHG�FDXWLRXVO\������

6LPLODU�WR�DUWLFXODU�FKRQGURF\WHV��DFWLYDWLRQ�RI�7539��LQ�WKH�,9'�SURPRWHG�UREXVW��1)�����

N%�VLJQDOLQJ�WKDW�VXEVLGHG�LQ����KRXUV�������ZKLFK�LV�D�GRZQVWUHDP�WDUJHW�RI�&D0.,,�DQG�FDOFLXP�����

VLJQDOLQJ�IROORZLQJ�7539��DFWLYDWLRQ���±���7KRXJK�WKH�SUHFLVH�UROH�RI�1)�N%�LV�QRW�NQRZQ�KHUH�������

1)�N%�LV�FDQRQLFDOO\�UHTXLUHG�WR�LQLWLDWH�D�UHJHQHUDWLYH�UHVSRQVH�GXULQJ�WLVVXH�UHSDLU���±��������

&RQVLVWHQW�ZLWK�WKHVH�REVHUYDWLRQV��ZH�REVHUYHG�D�VSLNH�LQ�1)�N%�DFWLYLW\�ZLWK�7539������

DFWLYDWLRQ�DQG�VXVWDLQHG�PHFKDQLFDO�ORDGLQJ��IROORZHG�E\�LPSURYHPHQWV�LQ�PHFKDQLFDO�IXQFWLRQ�����

DQG�JUHDWHU�*$*�GHQVLW\�LQ�WKH�13����6LPLODU�WR�1)�N%��,/���FDQ�LQYRNH�UHSDUDWLYH�UHVSRQVHV�LQ�����

PXOWLSOH�WLVVXHV���±���DQG�LW�KDV�SOHLRWURSLF�HIIHFWV�RQ�D�P\ULDG�RI�FHOO�W\SHV�LQFOXGLQJ�LPPXQH�����

FHOOV�DQG�QHXURQV��6LPLODU�WR�RXU�REVHUYDWLRQV��,/���KDV�EHHQ�UHSRUWHG�WR�SURPRWH�*$*�V\QWKHVLV�����

LQ�ILEUREODVWV����&RQYHUVHO\��WKH�SHUVLVWHQW�HOHYDWLRQ�RI�,/���DQG�RWKHU�LQIODPPDWRU\�IDFWRUV�LV�����

OLQNHG�WR�FKURQLF�SDLQIXO�LQWHUYHUWHEUDO�GLVF�GLVHDVHV�DQG�SURPRWH�(&0�FDWDEROLVP���±����2XU�����

GDWD�KHUH�VXJJHVW�WKDW�WKH�7539��GHSHQGHQW�DFWLYDWLRQ�RI�,/���UHVXOWV�LQ�D�QHW�LQFUHDVH�LQ�*$*V�����

EHWZHHQ�WKHVH�NQRZQ�DQDEROLF�DQG�FDWDEROLF�IXQFWLRQV���+\SR�RVPRWLF�FRQGLWLRQV�LQ�,9'�FHOOV�����

KDV�DOVR�VWLPXODWHG�,/���H[SUHVVLRQ�LQGHSHQGHQWO\�RI�WKH�7539��SDWKZD\��LQGLFDWLQJ�PXOWLSOH�����

FRPSHQVDWRU\�PHFKDQLVPV�FDQ�DFWLYDWH�,/����������

7539��LV�D�FULWLFDO�RVPRWLF�DQG�PHFKDQLFDO�UHJXODWRU�LQ�PXOWLSOH�RUJDQV�V\VWHPV�DQG�FHOO�����

W\SHV���±���DQG�ZH�GHPRQVWUDWH�KHUH�WKDW�LW�UREXVWO\�UHVSRQGV�WR�PHFKDQLFDO�ORDGLQJ�LQ�WKH�LQWDFW�����
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� ��

,9'��7KHUH�DUH�DOVR�D�QXPEHU�RI�NQRZQ�PHFKDQRUHFHSWRUV��LQFOXGLQJ�WKH�753�IDPLO\�DQG�3,(=2�����

LRQ�FKDQQHOV�WKDW�UHJXODWH�RI�&D���IOX[��WKDW�FRXOG�SDUWLFLSDWH�LQ�,9'¶V�DGDSWDWLRQ�WR�VXVWDLQHG�����

ORDGLQJ��������,Q�SDUWLFXODU��WKH�VPDOO�PROHFXOH�LQKLELWRU�*6.����DOVR�FURVV�UHDFWV�ZLWK�753$�������

LQKLELWLQJ�WKH�LRQ�FKDQQHO��DQG�RWKHU�LRQ�FKDQQHOV�PD\�KDYH�FRQWULEXWHG�WR�WKH�REVHUYHG�HIIHFWV�����

UHSRUWHG�LQ�WKLV�VWXG\����+RZHYHU��LW�LV�ZRUWK�QRWLQJ�WKDW�753$��LV�SULPDULO\�H[SUHVVHG�LQ�����

VHQVRU\�QHXURQV�DQG�QRW�LQ�KHDOWK\�PDWXUH�,9'V��DQG�WKHUHIRUH�LV�XQOLNHO\�WR�EH�SUHVHQW�LQ�WKH�����

,9'V�RU�LQIOXHQFH�RXU�ex vivo�FXOWXUHV�������0RUHRYHU��RXU�RUJDQ�DSSURDFK�KHUH�DOORZHG�XV�WR�����

VHOHFWLYHO\�LVRODWH�DQG�FRQWURO�WKH�,9'�FHOOV�LQ�WKHLU�QDWLYH�(&0��HQVXULQJ�WKH�FRXSOLQJ�RI�RXU�����

REVHUYDWLRQV�EHWZHHQ�VXVWDLQHG�PHFKDQLFDO�ORDGLQJ��7539��LQKLELWLRQ��DQG�FHOOXODU�UHVSRQVHV�RQ�����

WKH�,9'�WLVVXH���2XU�UHVXOWV�KHUH�VXJJHVW�WKDW�7539��LV�D�FUXFLDO�WDUJHW�IRU�WKH�PHFKDQR�����

UHVSRQVLYHQHVV�RI�WKH�,9'�DQG�WKDW�PRGXODWLRQ�RI�7539��PD\�SURYLGH�D�SRWHQWLDO�WKHUDSHXWLF�����

WDUJHW�DJDLQVW�GHOHWHULRXV�ORDGLQJ�������

�����

$FNQRZOHGJPHQWV�����

7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�6DUD�2VZDOG�IRU�FULWLFDO�FRPPHQWV�DQG�WHFKQLFDO�HGLWLQJ�RI�WKH�����

PDQXVFULSW��������

�����

$XWKRU�&RQWULEXWLRQV�����

(DVVRQ��7DQJ��/DNH�DQG�*XLODN�FRQFHLYHG�DQG�GHVLJQHG�WKH�UHVHDUFK��(DVVRQ��6DYDGLSRXU������

$QDQGDUDMDK�DQG�,DQQXFFL�SHUIRUPHG�WKH�UHVHDUFK�DQG�DFTXLUHG�WKH�GDWD��(DVVRQ�DQG�,DQQXFFL�����

DQDO\]HG�DQG�LQWHUSUHWHG�WKH�GDWD��$OO�DXWKRUV�ZHUH�LQYROYHG�LQ�GUDIWLQJ�DQG�UHYLVLQJ�WKH�����

PDQXVFULSW������

�����
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'DWD�$YDLODELOLW\�6WDWHPHQW�����

7KH�GDWD�WKDW�VXSSRUW�WKH�ILQGLQJV�RI�WKLV�VWXG\�DUH�DYDLODEOH�LQ�WKH�PHWKRGV�DQG�RU�����

VXSSOHPHQWDU\�PDWHULDO�RI�WKLV�DUWLFOH������

�����

&RQIOLFW�RI�,QWHUHVW�6WDWHPHQW�����

7KH�DXWKRUV�GHFODUH�QR�FRQIOLFW�RI�LQWHUHVW�� �����
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5HIHUHQFHV�����

ϭ͘� �ĂůĂŐƵĠ�&͕�DĂŶŶŝŽŶ��&͕�WĞůůŝƐĠ�&͕��ĞĚƌĂƐĐŚŝ��͘�EŽŶͲƐƉĞĐŝĨŝĐ�ůŽǁ�ďĂĐŬ�ƉĂŝŶ͘�dŚĞ�>ĂŶĐĞƚ͘�����
ϮϬϭϮ͖ϯϳϵ;ϵϴϭϰͿ͗ϰϴϮͲϰϵϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϭϰϬͲϲϳϯϲ;ϭϭͿϲϬϲϭϬͲϳ�����

Ϯ͘� DĂŚĞƌ��͕�hŶĚĞƌǁŽŽĚ�D͕��ƵĐŚďŝŶĚĞƌ�Z͘�EŽŶͲƐƉĞĐŝĨŝĐ�ůŽǁ�ďĂĐŬ�ƉĂŝŶ͘�dŚĞ�>ĂŶĐĞƚ͘�����
ϮϬϭϳ͖ϯϴϵ;ϭϬϬϳϬͿ͗ϳϯϲͲϳϰϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϭϰϬͲϲϳϯϲ;ϭϲͿϯϬϵϳϬͲϵ�����

ϯ͘� :ĞŶƐĞŶ�D͕��ƌĂŶƚͲ�ĂǁĂĚǌŬŝ�D͕�KďƵĐŚŽǁƐŬŝ�E͕�DŽĚŝĐ�D͕�DĂůŬĂƐŝĂŶ��͕�ZŽƐƐ�:͘�DĂŐŶĞƚŝĐ�����
ƌĞƐŽŶĂŶĐĞ�ŝŵĂŐŝŶŐ�ŽĨ�ƚŚĞ�ůƵŵďĂƌ�ƐƉŝŶĞ�ŝŶ�ƉĞŽƉůĞ�ǁŝƚŚŽƵƚ�ďĂĐŬ�ƉĂŝŶ͘�E�:D͘�ϭϵϵϰ͖ϯϯϭ;ϮͿ͗ϲϵͲ����
ϳϯ͘�����

ϰ͘� ^ƚŽŬĞƐ�/�&͕�/ĂƚƌŝĚŝƐ�:�͘�DĞĐŚĂŶŝĐĂů��ŽŶĚŝƚŝŽŶƐ�dŚĂƚ��ĐĐĞůĞƌĂƚĞ�/ŶƚĞƌǀĞƌƚĞďƌĂů��ŝƐĐ�����
�ĞŐĞŶĞƌĂƚŝŽŶ͗�KǀĞƌůŽĂĚ�sĞƌƐƵƐ�/ŵŵŽďŝůŝǌĂƚŝŽŶ͗�^ƉŝŶĞ͘�ϮϬϬϰ͖Ϯϵ;ϮϯͿ͗ϮϳϮϰͲϮϳϯϮ͘�����
ĚŽŝ͗ϭϬ͘ϭϬϵϳͬϬϭ͘ďƌƐ͘ϬϬϬϬϭϰϲϬϰϵ͘ϱϮϭϱϮ͘ĚĂ�����

ϱ͘� /ĂƚƌŝĚŝƐ�:�͕�DĂĐ>ĞĂŶ�::͕�ZŽƵŐŚůĞǇ�W:͕��ůŝŶŝ�D͘��ĨĨĞĐƚƐ�ŽĨ�DĞĐŚĂŶŝĐĂů�>ŽĂĚŝŶŐ�ŽŶ�/ŶƚĞƌǀĞƌƚĞďƌĂů�����
�ŝƐĐ�DĞƚĂďŽůŝƐŵ�/Ŷ�sŝǀŽ͘�:ŽƵƌŶĂů�ŽĨ��ŽŶĞ�ĂŶĚ�:ŽŝŶƚ�^ƵƌŐĞƌǇ͘�ϮϬϬϲ͖ϴϴ;ƐƵƉƉůͺϮͿ͗ϰϭͲϰϲ͘�����
ĚŽŝ͗ϭϬ͘ϮϭϬϲͬ:�:^͘�͘ϬϭϰϬϳ�����

ϲ͘� >ƵŽŵĂ�<͕�ZŝŝŚŝŵćŬŝ�,͕�>ƵƵŬŬŽŶĞŶ�Z͕�ZĂŝŶŝŶŬŽ�Z͕�sŝŝŬĂƌŝͲ:ƵŶƚƵƌĂ��͕�>ĂŵŵŝŶĞŶ��͘�>Žǁ��ĂĐŬ�����
WĂŝŶ�ŝŶ�ZĞůĂƚŝŽŶ�ƚŽ�>ƵŵďĂƌ��ŝƐĐ��ĞŐĞŶĞƌĂƚŝŽŶ͗�^ƉŝŶĞ͘�ϮϬϬϬ͖Ϯϱ;ϰͿ͗ϰϴϳͲϰϵϮ͘�����
ĚŽŝ͗ϭϬ͘ϭϬϵϳͬϬϬϬϬϳϲϯϮͲϮϬϬϬϬϮϭϱϬͲϬϬϬϭϲ�����

ϳ͘� &ĞĂƌŝŶŐ��s͕�,ĞƌŶĂŶĚĞǌ�W�͕�^ĞƚƚŽŶ�>�͕��ŚĂŚŝŶĞ�EK͘�DĞĐŚĂŶŽƚƌĂŶƐĚƵĐƚŝŽŶ�ĂŶĚ�ĐĞůů�����
ďŝŽŵĞĐŚĂŶŝĐƐ�ŽĨ�ƚŚĞ�ŝŶƚĞƌǀĞƌƚĞďƌĂů�ĚŝƐĐ͘�WƵďůŝƐŚĞĚ�ŽŶůŝŶĞ�ϮϬϭϴ͗ϯϴ͘�����

ϴ͘� ZŝƐďƵĚ�Ds͕�^ŚĂƉŝƌŽ�/D͘�ZŽůĞ�ŽĨ��ǇƚŽŬŝŶĞƐ�ŝŶ�/ŶƚĞƌǀĞƌƚĞďƌĂů��ŝƐĐ��ĞŐĞŶĞƌĂƚŝŽŶ͗�WĂŝŶ�ĂŶĚ�����
�ŝƐĐͲĐŽŶƚĞŶƚ͘�WƵďůŝƐŚĞĚ�ŽŶůŝŶĞ�ϮϬϭϱ͗Ϯϰ͘�����

ϵ͘� �ŚĂŶ�^�t͕�&ĞƌŐƵƐŽŶ�^:͕�'ĂŶƚĞŶďĞŝŶͲZŝƚƚĞƌ��͘�dŚĞ�ĞĨĨĞĐƚƐ�ŽĨ�ĚǇŶĂŵŝĐ�ůŽĂĚŝŶŐ�ŽŶ�ƚŚĞ�����
ŝŶƚĞƌǀĞƌƚĞďƌĂů�ĚŝƐĐ͘��ƵƌŽƉĞĂŶ�^ƉŝŶĞ�:ŽƵƌŶĂů͘�ϮϬϭϭ͖ϮϬ;ϭϭͿ͗ϭϳϵϲͲϭϴϭϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϬϬϱϴϲͲ����
ϬϭϭͲϭϴϮϳͲϭ�����

ϭϬ͘�EĞŝĚůŝŶŐĞƌͲtŝůŬĞ��͕�'ĂůďƵƐĞƌĂ�&͕�WƌĂƚƐŝŶŝƐ�,͕�Ğƚ�Ăů͘�DĞĐŚĂŶŝĐĂů�ůŽĂĚŝŶŐ�ŽĨ�ƚŚĞ�ŝŶƚĞƌǀĞƌƚĞďƌĂů�����
ĚŝƐĐ͗�ĨƌŽŵ�ƚŚĞ�ŵĂĐƌŽƐĐŽƉŝĐ�ƚŽ�ƚŚĞ�ĐĞůůƵůĂƌ�ůĞǀĞů͘��ƵƌŽƉĞĂŶ�^ƉŝŶĞ�:ŽƵƌŶĂů͘�ϮϬϭϰ͖Ϯϯ;^ϯͿ͗ϯϯϯͲ����
ϯϰϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϬϬϱϴϲͲϬϭϯͲϮϴϱϱͲϵ�����

ϭϭ͘�<ŽƌĞĐŬŝ��>͕�DĂĐ>ĞĂŶ�::͕�/ĂƚƌŝĚŝƐ�:�͘��ǇŶĂŵŝĐ��ŽŵƉƌĞƐƐŝŽŶ��ĨĨĞĐƚƐ�ŽŶ�/ŶƚĞƌǀĞƌƚĞďƌĂů��ŝƐĐ�����
DĞĐŚĂŶŝĐƐ�ĂŶĚ��ŝŽůŽŐǇ͗�^ƉŝŶĞ͘�ϮϬϬϴ͖ϯϯ;ϭϯͿ͗ϭϰϬϯͲϭϰϬϵ͘�����
ĚŽŝ͗ϭϬ͘ϭϬϵϳͬ�Z^͘ϬďϬϭϯĞϯϭϴϭϳϱĐĂĞϳ�����

ϭϮ͘�'Ăǁƌŝ�Z͕�ZŽƐĞŶǌǁĞŝŐ��,͕�<ƌŽĐŬ��͕�Ğƚ�Ăů͘�,ŝŐŚ�ŵĞĐŚĂŶŝĐĂů�ƐƚƌĂŝŶ�ŽĨ�ƉƌŝŵĂƌǇ�ŝŶƚĞƌǀĞƌƚĞďƌĂů�����
ĚŝƐĐ�ĐĞůůƐ�ƉƌŽŵŽƚĞƐ�ƐĞĐƌĞƚŝŽŶ�ŽĨ�ŝŶĨůĂŵŵĂƚŽƌǇ�ĨĂĐƚŽƌƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĚŝƐĐ�ĚĞŐĞŶĞƌĂƚŝŽŶ�ĂŶĚ�����
ƉĂŝŶ͘��ƌƚŚƌŝƚŝƐ�ZĞƐĞĂƌĐŚ�Θ�dŚĞƌĂƉǇ͘�ϮϬϭϰ͖ϭϲ;ϭͿ͗ZϮϭ͘�ĚŽŝ͗ϭϬ͘ϭϭϴϲͬĂƌϰϰϰϵ�����
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ϭϯ͘�^ĐŚĞůůĞƌ�:͕��ŚĂůĂƌŝƐ��͕�^ĐŚŵŝĚƚͲ�ƌƌĂƐ��͕�ZŽƐĞͲ:ŽŚŶ�^͘�dŚĞ�ƉƌŽͲ�ĂŶĚ�ĂŶƚŝͲŝŶĨůĂŵŵĂƚŽƌǇ�����
ƉƌŽƉĞƌƚŝĞƐ�ŽĨ�ƚŚĞ�ĐǇƚŽŬŝŶĞ�ŝŶƚĞƌůĞƵŬŝŶͲϲ͘��ŝŽĐŚŝŵŝĐĂ�Ğƚ��ŝŽƉŚǇƐŝĐĂ��ĐƚĂ�;���Ϳ�Ͳ�DŽůĞĐƵůĂƌ�����
�Ğůů�ZĞƐĞĂƌĐŚ͘�ϮϬϭϭ͖ϭϴϭϯ;ϱͿ͗ϴϳϴͲϴϴϴ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďďĂŵĐƌ͘ϮϬϭϭ͘Ϭϭ͘Ϭϯϰ�����

ϭϰ͘�DĐ<ĞŶǌŝĞ�:�͕��ŝǆďǇ���͕�^ŝůǀĂ�D:͘��ŝĨĨĞƌĞŶƚŝĂů�'ĞŶĞ��ǆƉƌĞƐƐŝŽŶ�ĨƌŽŵ�DŝĐƌŽĂƌƌĂǇ��ŶĂůǇƐŝƐ�����
�ŝƐƚŝŶŐƵŝƐŚĞƐ�tŽǀĞŶ�ĂŶĚ�>ĂŵĞůůĂƌ��ŽŶĞ�&ŽƌŵĂƚŝŽŶ�ŝŶ�ƚŚĞ�ZĂƚ�hůŶĂ�ĨŽůůŽǁŝŶŐ�DĞĐŚĂŶŝĐĂů�����
>ŽĂĚŝŶŐ͘��ĞŝĞƌ�&͕�ĞĚ͘�W>Ž^�KE�͘�ϮϬϭϭ͖ϲ;ϭϮͿ͗ĞϮϵϯϮϴ͘�ĚŽŝ͗ϭϬ͘ϭϯϳϭͬũŽƵƌŶĂů͘ƉŽŶĞ͘ϬϬϮϵϯϮϴ�����

ϭϱ͘� :ŽŚŶƐŽŶ���͕�^ƚĞǀĞŶƐŽŶ��t͕�WƌġůĞ��D͕�&ĞĂƌ�Dt͕�tŽŽĚ�&D͘�dŚĞ�ZŽůĞ�ŽĨ�/>Ͳϲ�ŝŶ�^ŬŝŶ�&ŝďƌŽƐŝƐ�����
ĂŶĚ��ƵƚĂŶĞŽƵƐ�tŽƵŶĚ�,ĞĂůŝŶŐ͘��ŝŽŵĞĚŝĐŝŶĞƐ͘�ϮϬϮϬ͖ϴ;ϱͿ͗ϭϬϭ͘�����
ĚŽŝ͗ϭϬ͘ϯϯϵϬͬďŝŽŵĞĚŝĐŝŶĞƐϴϬϱϬϭϬϭ�����

ϭϲ͘�tŝĞƚ�D'͕�WŝƐĐŝŽŶĞƌŝ��͕�<ŚĂŶ�^E͕��ĂůůŝŶŐĞƌ�DE͕�,ŽǇůĂŶĚ�:�͕�WƵƌŵĞƐƐƵƌ��͘�DĂƐƚ��ĞůůͲ����
/ŶƚĞƌǀĞƌƚĞďƌĂů�ĚŝƐĐ�ĐĞůů�ŝŶƚĞƌĂĐƚŝŽŶƐ�ƌĞŐƵůĂƚĞ�ŝŶĨůĂŵŵĂƚŝŽŶ͕�ĐĂƚĂďŽůŝƐŵ�ĂŶĚ�ĂŶŐŝŽŐĞŶĞƐŝƐ�ŝŶ�����
�ŝƐĐŽŐĞŶŝĐ��ĂĐŬ�WĂŝŶ͘�^Đŝ�ZĞƉ͘�ϮϬϭϳ͖ϳ;ϭͿ͗ϭϮϰϵϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƐϰϭϱϵϴͲϬϭϳͲϭϮϲϲϲͲǌ�����

ϭϳ͘�dŝĂŶ�z͕�zƵĂŶ�t͕�&ƵũŝƚĂ�E͕�Ğƚ�Ăů͘�/ŶĨůĂŵŵĂƚŽƌǇ��ǇƚŽŬŝŶĞƐ��ƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ��ĞŐĞŶĞƌĂƚŝǀĞ��ŝƐĐ�����
�ŝƐĞĂƐĞ��ŽŶƚƌŽů��ŐŐƌĞĐĂŶĂƐĞͲϭ�;���Dd^ͲϰͿ��ǆƉƌĞƐƐŝŽŶ�ŝŶ�EƵĐůĞƵƐ�WƵůƉŽƐƵƐ��ĞůůƐ�ƚŚƌŽƵŐŚ�����
D�W<�ĂŶĚ�E&Ͳʃ�͘�dŚĞ��ŵĞƌŝĐĂŶ�:ŽƵƌŶĂů�ŽĨ�WĂƚŚŽůŽŐǇ͘�ϮϬϭϯ͖ϭϴϮ;ϲͿ͗ϮϯϭϬͲϮϯϮϭ͘�����
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĂũƉĂƚŚ͘ϮϬϭϯ͘ϬϮ͘Ϭϯϳ�����

ϭϴ͘��ďďŝŶŐŚĂƵƐ�D͕�hŚůŝŐ��͕�ZŝĐŚƚĞƌ�&͕�Ğƚ�Ăů͘�dŚĞ�ƌŽůĞ�ŽĨ�ŝŶƚĞƌůĞƵŬŝŶͲϭɴ�ŝŶ�ĂƌƚŚƌŝƚŝĐ�ƉĂŝŶ͗�DĂŝŶ�����
ŝŶǀŽůǀĞŵĞŶƚ�ŝŶ�ƚŚĞƌŵĂů͕�ďƵƚ�ŶŽƚ�ŵĞĐŚĂŶŝĐĂů͕�ŚǇƉĞƌĂůŐĞƐŝĂ�ŝŶ�ƌĂƚ�ĂŶƚŝŐĞŶͲŝŶĚƵĐĞĚ�ĂƌƚŚƌŝƚŝƐ͘�����
�ƌƚŚƌŝƚŝƐ�Θ�ZŚĞƵŵĂƚŝƐŵ͘�ϮϬϭϮ͖ϲϰ;ϭϮͿ͗ϯϴϵϳͲϯϵϬϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϮͬĂƌƚ͘ϯϰϲϳϱ�����

ϭϵ͘�<ŝŵ��&͕�DŽĂůĞŵͲdĂǇůŽƌ�'͘�/ŶƚĞƌůĞƵŬŝŶͲϭϳ��ŽŶƚƌŝďƵƚĞƐ�ƚŽ�EĞƵƌŽŝŶĨůĂŵŵĂƚŝŽŶ�ĂŶĚ�����
EĞƵƌŽƉĂƚŚŝĐ�WĂŝŶ�&ŽůůŽǁŝŶŐ�WĞƌŝƉŚĞƌĂů�EĞƌǀĞ�/ŶũƵƌǇ�ŝŶ�DŝĐĞ͘�dŚĞ�:ŽƵƌŶĂů�ŽĨ�WĂŝŶ͘�����
ϮϬϭϭ͖ϭϮ;ϯͿ͗ϯϳϬͲϯϴϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũƉĂŝŶ͘ϮϬϭϬ͘Ϭϴ͘ϬϬϯ�����

ϮϬ͘�DĂƌƚŝŶĂĐ��͘�DĞĐŚĂŶŽƐĞŶƐŝƚŝǀĞ�ŝŽŶ�ĐŚĂŶŶĞůƐ͗�ŵŽůĞĐƵůĞƐ�ŽĨ�ŵĞĐŚĂŶŽƚƌĂŶƐĚƵĐƚŝŽŶ͘�:ŽƵƌŶĂů�ŽĨ�����
�Ğůů�^ĐŝĞŶĐĞ͘�ϮϬϬϰ͖ϭϭϳ;ϭϮͿ͗ϮϰϰϵͲϮϰϲϬ͘�ĚŽŝ͗ϭϬ͘ϭϮϰϮͬũĐƐ͘ϬϭϮϯϮ�����

Ϯϭ͘�sĞŶŬĂƚĂĐŚĂůĂŵ�<͕�DŽŶƚĞůů��͘�dZW��ŚĂŶŶĞůƐ͘��ŶŶƵĂů�ZĞǀŝĞǁ�ŽĨ��ŝŽĐŚĞŵŝƐƚƌǇ͘�ϮϬϬϳ͖ϳϲ;ϭͿ͗ϯϴϳͲ����
ϰϭϳ͘�ĚŽŝ͗ϭϬ͘ϭϭϰϲͬĂŶŶƵƌĞǀ͘ďŝŽĐŚĞŵ͘ϳϱ͘ϭϬϯϬϬϰ͘ϭϰϮϴϭϵ�����

ϮϮ͘��ǀĞƌĂĞƌƚƐ�t͕�EŝůŝƵƐ��͕�KǁƐŝĂŶŝŬ�'͘�dŚĞ�ǀĂŶŝůůŽŝĚ�ƚƌĂŶƐŝĞŶƚ�ƌĞĐĞƉƚŽƌ�ƉŽƚĞŶƚŝĂů�ĐŚĂŶŶĞů�dZWsϰ͗�����
&ƌŽŵ�ƐƚƌƵĐƚƵƌĞ�ƚŽ�ĚŝƐĞĂƐĞ͘�WƌŽŐƌĞƐƐ�ŝŶ��ŝŽƉŚǇƐŝĐƐ�ĂŶĚ�DŽůĞĐƵůĂƌ��ŝŽůŽŐǇ͘�ϮϬϭϬ͖ϭϬϯ;ϭͿ͗ϮͲϭϳ͘�����
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ƉďŝŽŵŽůďŝŽ͘ϮϬϬϵ͘ϭϬ͘ϬϬϮ�����

Ϯϯ͘�tŚŝƚĞ�:WD͕��ŝďĞůůŝ�D͕�hƌďĂŶ�>͕�EŝůŝƵƐ��͕�DĐ'ĞŽǁŶ�:'͕�EĂŐǇ�/͘�dZWsϰ͗�DŽůĞĐƵůĂƌ��ŽŶĚƵĐƚŽƌ�����
ŽĨ�Ă��ŝǀĞƌƐĞ�KƌĐŚĞƐƚƌĂ͘�WŚǇƐŝŽů�ZĞǀ͘�ϮϬϭϲ͖ϵϲ͗ϲϯ͘�����

Ϯϰ͘�WŽŽůĞ�<͘�dŚĞ��ŝǀĞƌƐĞ�WŚǇƐŝŽůŽŐŝĐĂů�&ƵŶĐƚŝŽŶƐ�ŽĨ�DĞĐŚĂŶŝĐĂůůǇ��ĐƚŝǀĂƚĞĚ�/ŽŶ��ŚĂŶŶĞůƐ�ŝŶ�����
DĂŵŵĂůƐ͘��ŶŶƵ�ZĞǀ�WŚǇƐŝŽů͘�ϮϬϮϮ͖ϴϰ;ϭͿ͗ϯϬϳͲϯϮϵ͘�ĚŽŝ͗ϭϬ͘ϭϭϰϲͬĂŶŶƵƌĞǀͲƉŚǇƐŝŽůͲϬϲϬϳϮϭͲ����
ϭϬϬϵϯϱ�����
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Ϯϱ͘�dŚŽƌŶĞůŽĞ�<^͕��ŚĞƵŶŐ�D͕��ĂŽ�t͕�Ğƚ�Ăů͘��Ŷ�KƌĂůůǇ��ĐƚŝǀĞ�dZWsϰ��ŚĂŶŶĞů��ůŽĐŬĞƌ�WƌĞǀĞŶƚƐ�����
ĂŶĚ�ZĞƐŽůǀĞƐ�WƵůŵŽŶĂƌǇ��ĚĞŵĂ�/ŶĚƵĐĞĚ�ďǇ�,ĞĂƌƚ�&ĂŝůƵƌĞ͘�^Đŝ�dƌĂŶƐů�DĞĚ͘�ϮϬϭϮ͖ϰ;ϭϱϵͿ͘�����
ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝƚƌĂŶƐůŵĞĚ͘ϯϬϬϰϮϳϲ�����

Ϯϲ͘�tƵ�>͕�'ĂŽ�y͕��ƌŽǁŶ�Z�͕�,ĞůůĞƌ�^͕�K͛EĞŝů�Z'͘��ƵĂů�ƌŽůĞ�ŽĨ�ƚŚĞ�dZWsϰ�ĐŚĂŶŶĞů�ĂƐ�Ă�ƐĞŶƐŽƌ�ŽĨ�����
ĨůŽǁ�ĂŶĚ�ŽƐŵŽůĂůŝƚǇ�ŝŶ�ƌĞŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ͘��ŵĞƌŝĐĂŶ�:ŽƵƌŶĂů�ŽĨ�WŚǇƐŝŽůŽŐǇͲZĞŶĂů�����
WŚǇƐŝŽůŽŐǇ͘�ϮϬϬϳ͖Ϯϵϯ;ϱͿ͗&ϭϲϵϵͲ&ϭϳϭϯ͘�ĚŽŝ͗ϭϬ͘ϭϭϱϮͬĂũƉƌĞŶĂů͘ϬϬϰϲϮ͘ϮϬϬϲ�����

Ϯϳ͘�K͛�ŽŶŽƌ��:͕�>ĞĚĚǇ�,�͕��ĞŶĞĨŝĞůĚ�,�͕�>ŝĞĚƚŬĞ�t�͕�'ƵŝůĂŬ�&͘�dZWsϰͲŵĞĚŝĂƚĞĚ�����
ŵĞĐŚĂŶŽƚƌĂŶƐĚƵĐƚŝŽŶ�ƌĞŐƵůĂƚĞƐ�ƚŚĞ�ŵĞƚĂďŽůŝĐ�ƌĞƐƉŽŶƐĞ�ŽĨ�ĐŚŽŶĚƌŽĐǇƚĞƐ�ƚŽ�ĚǇŶĂŵŝĐ�����
ůŽĂĚŝŶŐ͘�WƌŽĐĞĞĚŝŶŐƐ�ŽĨ�ƚŚĞ�EĂƚŝŽŶĂů��ĐĂĚĞŵǇ�ŽĨ�^ĐŝĞŶĐĞƐ͘�ϮϬϭϰ͖ϭϭϭ;ϰͿ͗ϭϯϭϲͲϭϯϮϭ͘�����
ĚŽŝ͗ϭϬ͘ϭϬϳϯͬƉŶĂƐ͘ϭϯϭϵϱϲϵϭϭϭ�����

Ϯϴ͘�K͛�ŽŶŽƌ��:͕�ZĂŵĂůŝŶŐĂŵ�^͕��ĞůĞŶƐŬŝ�E�͕�Ğƚ�Ăů͘��ĂƌƚŝůĂŐĞͲ^ƉĞĐŝĨŝĐ�<ŶŽĐŬŽƵƚ�ŽĨ�ƚŚĞ�����
DĞĐŚĂŶŽƐĞŶƐŽƌǇ�/ŽŶ��ŚĂŶŶĞů�dZWsϰ��ĞĐƌĞĂƐĞƐ��ŐĞͲZĞůĂƚĞĚ�KƐƚĞŽĂƌƚŚƌŝƚŝƐ͘�^ĐŝĞŶƚŝĨŝĐ�����
ZĞƉŽƌƚƐ͘�ϮϬϭϲ͖ϲ;ϭͿ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƐƌĞƉϮϵϬϱϯ�����

Ϯϵ͘�WŚĂŶ�DE͕�>ĞĚĚǇ�,�͕�sŽƚƚĂ��:͕�Ğƚ�Ăů͘�&ƵŶĐƚŝŽŶĂů�ĐŚĂƌĂĐƚĞƌŝǌĂƚŝŽŶ�ŽĨ�dZWsϰ�ĂƐ�ĂŶ�ŽƐŵŽƚŝĐĂůůǇ�����
ƐĞŶƐŝƚŝǀĞ�ŝŽŶ�ĐŚĂŶŶĞů�ŝŶ�ƉŽƌĐŝŶĞ�ĂƌƚŝĐƵůĂƌ�ĐŚŽŶĚƌŽĐǇƚĞƐ͘��ƌƚŚƌŝƚŝƐ�Θ�ZŚĞƵŵĂƚŝƐŵ͘�����
ϮϬϬϵ͖ϲϬ;ϭϬͿ͗ϯϬϮϴͲϯϬϯϳ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϮͬĂƌƚ͘Ϯϰϳϵϵ�����

ϯϬ͘�WƌŝƚĐŚĂƌĚ�^͕��ƌŝĐŬƐŽŶ�'Z͕�'ƵŝůĂŬ�&͘�,ǇƉĞƌŽƐŵŽƚŝĐĂůůǇ�/ŶĚƵĐĞĚ�sŽůƵŵĞ��ŚĂŶŐĞ�ĂŶĚ��ĂůĐŝƵŵ�����
^ŝŐŶĂůŝŶŐ�ŝŶ�/ŶƚĞƌǀĞƌƚĞďƌĂů��ŝƐŬ��ĞůůƐ͗�dŚĞ�ZŽůĞ�ŽĨ�ƚŚĞ��ĐƚŝŶ��ǇƚŽƐŬĞůĞƚŽŶ͘��ŝŽƉŚǇƐŝĐĂů�����
:ŽƵƌŶĂů͘�ϮϬϬϮ͖ϴϯ;ϱͿ͗ϮϱϬϮͲϮϱϭϬ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϬϬϲͲϯϰϵϱ;ϬϮͿϳϱϮϲϭͲϮ�����

ϯϭ͘�WƌŝƚĐŚĂƌĚ�^͕�'ƵŝůĂŬ�&͘�dŚĞ�ZŽůĞ�ŽĨ�&Ͳ�ĐƚŝŶ�ŝŶ�,ǇƉŽͲKƐŵŽƚŝĐĂůůǇ�/ŶĚƵĐĞĚ��Ğůů�sŽůƵŵĞ��ŚĂŶŐĞ�����
ĂŶĚ��ĂůĐŝƵŵ�^ŝŐŶĂůŝŶŐ�ŝŶ��ŶƵůƵƐ�&ŝďƌŽƐƵƐ��ĞůůƐ͘��ŶŶĂůƐ�ŽĨ��ŝŽŵĞĚŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ͘�����
ϮϬϬϰ͖ϯϮ;ϭͿ͗ϭϬϯͲϭϭϭ͘�ĚŽŝ͗ϭϬ͘ϭϬϮϯͬ�͗��D�͘ϬϬϬϬϬϬϳϳϵϱ͘ϲϵϬϬϭ͘ϯϱ�����

ϯϮ͘�tĂůƚĞƌ���͕�WƵƌŵĞƐƐƵƌ��͕�DŽŽŶ��͕�Ğƚ�Ăů͘�ZĞĚƵĐĞĚ�ƚŝƐƐƵĞ�ŽƐŵŽůĂƌŝƚǇ�ŝŶĐƌĞĂƐĞƐ�dZWsϰ�����
ĞǆƉƌĞƐƐŝŽŶ�ĂŶĚ�ƉƌŽͲŝŶĨůĂŵŵĂƌǇ�ĐǇƚŽŬŝŶĞƐ�ŝŶ�ŝŶƚĞƌǀĞƌƚĞďƌĂů�ĚŝƐĐ�ĐĞůůƐ͘�WƵďůŝƐŚĞĚ�ŽŶůŝŶĞ�����
ϮϬϭϲ͗Ϯϭ͘�����

ϯϯ͘��ĂŵďƌŝĂ��͕��ƌůƚ�D:�͕�tĂŶĚĞů�^͕�Ğƚ�Ăů͘�dZWsϰ�/ŶŚŝďŝƚŝŽŶ�ĂŶĚ��Z/^WZͲ�ĂƐϵ�<ŶŽĐŬŽƵƚ�ZĞĚƵĐĞ�����
/ŶĨůĂŵŵĂƚŝŽŶ�/ŶĚƵĐĞĚ�ďǇ�,ǇƉĞƌƉŚǇƐŝŽůŽŐŝĐĂů�^ƚƌĞƚĐŚŝŶŐ�ŝŶ�,ƵŵĂŶ��ŶŶƵůƵƐ�&ŝďƌŽƐƵƐ��ĞůůƐ͘�����
�ĞůůƐ͘�ϮϬϮϬ͖ϵ;ϳͿ͗ϭϳϯϲ͘�ĚŽŝ͗ϭϬ͘ϯϯϵϬͬĐĞůůƐϵϬϳϭϳϯϲ�����

ϯϰ͘�<ŝŵ�D͕�ZĂŵĂĐŚĂŶĚƌĂŶ�Z͕�^ĠŐƵŝŶ��͘�^ƉĂƚŝŽƚĞŵƉŽƌĂů�ĂŶĚ�ĨƵŶĐƚŝŽŶĂů�ĐŚĂƌĂĐƚĞƌŝƐĂƚŝŽŶ�ŽĨ�����
ƚƌĂŶƐŝĞŶƚ�ƌĞĐĞƉƚŽƌ�ƉŽƚĞŶƚŝĂů�ǀĂŶŝůůŽŝĚ�ϰ�;dZWsϰͿ�ŝŶ�ƚŚĞ�ŵƵƌŝŶĞ�ŝŶƚĞƌǀĞƌƚĞďƌĂů�ĚŝƐĐ͘�Ğ�D͘�����
ϮϬϮϭ͖ϰϭ͗ϭϵϰͲϮϬϯ͘�ĚŽŝ͗ϭϬ͘ϮϮϮϬϯͬĞ�D͘ǀϬϰϭĂϭϰ�����

ϯϱ͘�>ŝƵ�:t͕�>ŝŶ�<,͕�tĞďĞƌ��͕�Ğƚ�Ăů͘��Ŷ�/Ŷ�sŝƚƌŽ�KƌŐĂŶ��ƵůƚƵƌĞ�DŽĚĞů�ŽĨ�ƚŚĞ�DƵƌŝŶĞ�/ŶƚĞƌǀĞƌƚĞďƌĂů�����
�ŝƐĐ͘�:Žs�͘�ϮϬϭϳ͖;ϭϮϮͿ͗ϱϱϰϯϳ͘�ĚŽŝ͗ϭϬ͘ϯϳϵϭͬϱϱϰϯϳ�����

ϯϲ͘�KƌƌĞŶŝƵƐ�^͕��ŚŝǀŽƚŽǀƐŬǇ��͕�EŝĐŽƚĞƌĂ�W͘�ZĞŐƵůĂƚŝŽŶ�ŽĨ�ĐĞůů�ĚĞĂƚŚ͗�ƚŚĞ�ĐĂůĐŝƵŵʹĂƉŽƉƚŽƐŝƐ�ůŝŶŬ͘�����
EĂƚ�ZĞǀ�DŽů��Ğůů��ŝŽů͘�ϮϬϬϯ͖ϰ;ϳͿ͗ϱϱϮͲϱϲϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬŶƌŵϭϭϱϬ�����
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ϯϳ͘�>ŝŶ�<,͕�tƵ�Y͕�>Ğŝď��:͕�dĂŶŐ�^z͘���ŶŽǀĞů�ƚĞĐŚŶŝƋƵĞ�ĨŽƌ�ƚŚĞ�ĐŽŶƚƌĂƐƚͲĞŶŚĂŶĐĞĚ�ŵŝĐƌŽ�d�����
ŝŵĂŐŝŶŐ�ŽĨ�ŵƵƌŝŶĞ�ŝŶƚĞƌǀĞƌƚĞďƌĂů�ĚŝƐĐƐ͘�:ŽƵƌŶĂů�ŽĨ�ƚŚĞ�DĞĐŚĂŶŝĐĂů��ĞŚĂǀŝŽƌ�ŽĨ��ŝŽŵĞĚŝĐĂů�����
DĂƚĞƌŝĂůƐ͘�ϮϬϭϲ͖ϲϯ͗ϲϲͲϳϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũŵďďŵ͘ϮϬϭϲ͘Ϭϲ͘ϬϬϯ�����

ϯϴ͘�>ŝƵ�:t͕��ďƌĂŚĂŵ���͕�z͘�dĂŶŐ�^͘�dŚĞ�ŚŝŐŚͲƚŚƌŽƵŐŚƉƵƚ�ƉŚĞŶŽƚǇƉŝŶŐ�ŽĨ�ƚŚĞ�ǀŝƐĐŽĞůĂƐƚŝĐ�����
ďĞŚĂǀŝŽƌ�ŽĨ�ǁŚŽůĞ�ŵŽƵƐĞ�ŝŶƚĞƌǀĞƌƚĞďƌĂů�ĚŝƐĐƐ�ƵƐŝŶŐ�Ă�ŶŽǀĞů�ŵĞƚŚŽĚ�ŽĨ�ĚǇŶĂŵŝĐ�ŵĞĐŚĂŶŝĐĂů�����
ƚĞƐƚŝŶŐ͘�:ŽƵƌŶĂů�ŽĨ��ŝŽŵĞĐŚĂŶŝĐƐ͘�ϮϬϭϱ͖ϰϴ;ϭϬͿ͗ϮϭϴϵͲϮϭϵϰ͘�����
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũďŝŽŵĞĐŚ͘ϮϬϭϱ͘Ϭϰ͘ϬϰϬ�����

ϯϵ͘�tŝůŬĞ�,:͕�EĞĞĨ�W͕��Ăŝŵŝ�D͕�,ŽŽŐůĂŶĚ�d͕��ůĂĞƐ�>͘�EĞǁ�/Ŷ�sŝǀŽ�DĞĂƐƵƌĞŵĞŶƚƐ�ŽĨ�WƌĞƐƐƵƌĞƐ�ŝŶ�����
ƚŚĞ�/ŶƚĞƌǀĞƌƚĞďƌĂů��ŝƐĐ�ŝŶ��ĂŝůǇ�>ŝĨĞ͘�^ƉŝŶĞ͘�ϭϵϵϱ͖Ϯϰ;ϴͿ͗ϳϱϱͲϳϲϮ͘�����

ϰϬ͘�DĞůŐŽǌĂ�/W͕��ŚĞŶŶĂ�^^͕�dĞƐƐŝĞƌ�^͕�Ğƚ�Ăů͘��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�Ă�ƐƚĂŶĚĂƌĚŝǌĞĚ�ŚŝƐƚŽƉĂƚŚŽůŽŐǇ�����
ƐĐŽƌŝŶŐ�ƐǇƐƚĞŵ�ƵƐŝŶŐ�ŵĂĐŚŝŶĞ�ůĞĂƌŶŝŶŐ�ĂůŐŽƌŝƚŚŵƐ�ĨŽƌ�ŝŶƚĞƌǀĞƌƚĞďƌĂů�ĚŝƐĐ�ĚĞŐĞŶĞƌĂƚŝŽŶ�ŝŶ�����
ƚŚĞ�ŵŽƵƐĞ�ŵŽĚĞůͶ�Ŷ�KZ^�ƐƉŝŶĞ�ƐĞĐƚŝŽŶ�ŝŶŝƚŝĂƚŝǀĞ͘�:KZ�^ƉŝŶĞ͘�ϮϬϮϭ͖ϰ;ϮͿ͘�����
ĚŽŝ͗ϭϬ͘ϭϬϬϮͬũƐƉϮ͘ϭϭϲϰ�����

ϰϭ͘�zŽƌŬ�d͕�<ĂŚĂŶ�>͕�>ĂŬĞ�^W͕�'ƌƵĞǀ�s͘�ZĞĂůͲƚŝŵĞ�ŚŝŐŚͲƌĞƐŽůƵƚŝŽŶ�ŵĞĂƐƵƌĞŵĞŶƚ�ŽĨ�ĐŽůůĂŐĞŶ�����
ĂůŝŐŶŵĞŶƚ�ŝŶ�ĚǇŶĂŵŝĐĂůůǇ�ůŽĂĚĞĚ�ƐŽĨƚ�ƚŝƐƐƵĞ͘�:��ŝŽŵĞĚ�KƉƚ͘�ϮϬϭϰ͖ϭϵ;ϬϲͿ͗ϭ͘�����
ĚŽŝ͗ϭϬ͘ϭϭϭϳͬϭ͘:�K͘ϭϵ͘ϲ͘ϬϲϲϬϭϭ�����

ϰϮ͘� /ĂŶŶƵĐĐŝ�>͕�ZŝĂŬ�D�͕�>ĂŬĞ�^W͘�dŚĞ�ĞĨĨĞĐƚ�ŽĨ�ĞǆƚƌĂĐĞůůƵůĂƌ�ŵĂƚƌŝǆ�ƉƌŽƉĞƌƚŝĞƐ�ŽŶ�ƉŽůĂƌŝǌĞĚ�ůŝŐŚƚͲ����
ďĂƐĞĚ�ĂŶĂůǇƐŝƐ�ŽĨ�ĐŽůůĂŐĞŶ�ĨŝďĞƌ�ĂůŝŐŶŵĞŶƚ�ŝŶ�ƐŽĨƚ�ƚŝƐƐƵĞƐ͘�/Ŷ͗�ZĂŵĞůůĂͲZŽŵĂŶ�:�͕�DĂ�,͕�����
sŝƚŬŝŶ�/�͕��ůƐŽŶ��^͕�EŽǀŝŬŽǀĂ�d͕�ĞĚƐ͘�WŽůĂƌŝǌĞĚ�>ŝŐŚƚ�ĂŶĚ�KƉƚŝĐĂů��ŶŐƵůĂƌ�DŽŵĞŶƚƵŵ�ĨŽƌ�����
�ŝŽŵĞĚŝĐĂů��ŝĂŐŶŽƐƚŝĐƐ�ϮϬϮϮ͘�^W/�͖�ϮϬϮϮ͗ϰ͘�ĚŽŝ͗ϭϬ͘ϭϭϭϳͬϭϮ͘Ϯϲϭϰϰϯϴ�����

ϰϯ͘�>ŝŶ�<,͕�dĂŶŐ�^z͘�dŚĞ�YƵĂŶƚŝƚĂƚŝǀĞ�^ƚƌƵĐƚƵƌĂů�ĂŶĚ��ŽŵƉŽƐŝƚŝŽŶĂů��ŶĂůǇƐĞƐ�ŽĨ��ĞŐĞŶĞƌĂƚŝŶŐ�����
/ŶƚĞƌǀĞƌƚĞďƌĂů��ŝƐĐƐ�hƐŝŶŐ�DĂŐŶĞƚŝĐ�ZĞƐŽŶĂŶĐĞ�/ŵĂŐŝŶŐ�ĂŶĚ��ŽŶƚƌĂƐƚͲ�ŶŚĂŶĐĞĚ�DŝĐƌŽͲ����
�ŽŵƉƵƚĞĚ�dŽŵŽŐƌĂƉŚǇ͘��ŶŶ��ŝŽŵĞĚ��ŶŐ͘�ϮϬϭϳ͖ϰϱ;ϭϭͿ͗ϮϲϮϲͲϮϲϯϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϬϳͬƐϭϬϰϯϵͲ����
ϬϭϳͲϭϴϵϭͲϴ�����

ϰϰ͘�EŝŵƐ�Z͕�WĨĞƌĚĞŚŝƌƚ�>͕�,Ž�E͕�Ğƚ�Ăů͘���ƐǇŶƚŚĞƚŝĐ�ŵĞĐŚĂŶŽŐĞŶĞƚŝĐ�ŐĞŶĞ�ĐŝƌĐƵŝƚ�ĨŽƌ�ĂƵƚŽŶŽŵŽƵƐ�����
ĚƌƵŐ�ĚĞůŝǀĞƌǇ�ŝŶ�ĞŶŐŝŶĞĞƌĞĚ�ƚŝƐƐƵĞƐ͘�^�/�E�����s�E��^͘�WƵďůŝƐŚĞĚ�ŽŶůŝŶĞ�ϮϬϮϭ͗ϭϰ͘�����

ϰϱ͘�EŝŵƐ�Z:͕�WĨĞƌĚĞŚŝƌƚ�>͕�'ƵŝůĂŬ�&͘�DĞĐŚĂŶŽŐĞŶĞƚŝĐƐ͗�ŚĂƌŶĞƐƐŝŶŐ�ŵĞĐŚĂŶŽďŝŽůŽŐǇ�ĨŽƌ�ĐĞůůƵůĂƌ�����
ĞŶŐŝŶĞĞƌŝŶŐ͘��ƵƌƌĞŶƚ�KƉŝŶŝŽŶ�ŝŶ��ŝŽƚĞĐŚŶŽůŽŐǇ͘�ϮϬϮϮ͖ϳϯ͗ϯϳϰͲϯϳϵ͘�����
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐŽƉďŝŽ͘ϮϬϮϭ͘Ϭϵ͘Ϭϭϭ�����

ϰϲ͘�<ĂƐŚŝǁĂƐĞ�<͕�,ŝŐƵĐŚŝ�z͕�,ŝƌŽƚĂŶŝ�^͕�Ğƚ�Ăů͘��ĂD<//�ĂĐƚŝǀĂƚĞƐ��^<ϭ�ĂŶĚ�E&Ͳʃ��ƚŽ�ŝŶĚƵĐĞ�����
ĐĂƌĚŝŽŵǇŽĐǇƚĞ�ŚǇƉĞƌƚƌŽƉŚǇ͘��ŝŽĐŚĞŵŝĐĂů�ĂŶĚ��ŝŽƉŚǇƐŝĐĂů�ZĞƐĞĂƌĐŚ��ŽŵŵƵŶŝĐĂƚŝŽŶƐ͘�����
ϮϬϬϱ͖ϯϮϳ;ϭͿ͗ϭϯϲͲϭϰϮ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďďƌĐ͘ϮϬϬϰ͘ϭϮ͘ϬϬϮ�����

ϰϳ͘�tŝůůŝĂŵƐ�<D͕�>ĞƐĞƌ�:D͕�'ŽƵůĚ�EZ͕�Ğƚ�Ăů͘�dZWsϰ�ĐĂůĐŝƵŵ�ŝŶĨůƵǆ�ĐŽŶƚƌŽůƐ�ƐĐůĞƌŽƐƚŝŶ�ƉƌŽƚĞŝŶ�ůŽƐƐ�����
ŝŶĚĞƉĞŶĚĞŶƚ�ŽĨ�ƉƵƌŝŶĞƌŐŝĐ�ĐĂůĐŝƵŵ�ŽƐĐŝůůĂƚŝŽŶƐ͘��ŽŶĞ͘�ϮϬϮϬ͖ϭϯϲ͗ϭϭϱϯϱϲ͘�����
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ďŽŶĞ͘ϮϬϮϬ͘ϭϭϱϯϱϲ�����
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ϰϴ͘�>ǇŽŶƐ�:^͕�:ŽĐĂ�,�͕�>Ăǁ�Z�͕�Ğƚ�Ăů͘�DŝĐƌŽƚƵďƵůĞƐ�ƚƵŶĞ�ŵĞĐŚĂŶŽƚƌĂŶƐĚƵĐƚŝŽŶ�ƚŚƌŽƵŐŚ�EKyϮ�����
ĂŶĚ�dZWsϰ�ƚŽ�ĚĞĐƌĞĂƐĞ�ƐĐůĞƌŽƐƚŝŶ�ĂďƵŶĚĂŶĐĞ�ŝŶ�ŽƐƚĞŽĐǇƚĞƐ͘�^Đŝ�^ŝŐŶĂů͘�����
ϮϬϭϳ͖ϭϬ;ϱϬϲͿ͗ĞĂĂŶϱϳϰϴ͘�ĚŽŝ͗ϭϬ͘ϭϭϮϲͬƐĐŝƐŝŐŶĂů͘ĂĂŶϱϳϰϴ�����

ϰϵ͘�DĂƌƚŝŶ�dW͕�DĐ�ůƵƐŬĞǇ��͕��ƵŶŶŝŶŐŚĂŵ�DZ͕��ĞĂƚƚŝĞ�:͕�WĂƵů��͕��ƵƌƌŝĞ�^͘��ĂD<//ɷ�ŝŶƚĞƌĂĐƚƐ�����
ĚŝƌĞĐƚůǇ�ǁŝƚŚ�/<<ɴ�ĂŶĚ�ŵŽĚƵůĂƚĞƐ�E&Ͳʃ��ƐŝŐŶĂůůŝŶŐ�ŝŶ�ĂĚƵůƚ�ĐĂƌĚŝĂĐ�ĨŝďƌŽďůĂƐƚƐ͘��ĞůůƵůĂƌ�����
^ŝŐŶĂůůŝŶŐ͘�ϮϬϭϴ͖ϱϭ͗ϭϲϲͲϭϳϱ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĐĞůůƐŝŐ͘ϮϬϭϴ͘Ϭϳ͘ϬϬϴ�����

ϱϬ͘�<ĂƌƌĂ�Z͕�<ŶĞĐŚƚ��<͕�<ŝŬƵĐŚŝ�<͕�WŽƐƐ�<�͘�DǇŽĐĂƌĚŝĂů�E&Ͳʃ��ĂĐƚŝǀĂƚŝŽŶ�ŝƐ�ĞƐƐĞŶƚŝĂů�ĨŽƌ�ǌĞďƌĂĨŝƐŚ�����
ŚĞĂƌƚ�ƌĞŐĞŶĞƌĂƚŝŽŶ͘�WƌŽĐ�EĂƚů��ĐĂĚ�^Đŝ�h^�͘�ϮϬϭϱ͖ϭϭϮ;ϰϯͿ͗ϭϯϮϱϱͲϭϯϮϲϬ͘�����
ĚŽŝ͗ϭϬ͘ϭϬϳϯͬƉŶĂƐ͘ϭϱϭϭϮϬϵϭϭϮ�����

ϱϭ͘�>ŝŶ�d͕�WĂũĂƌŝŶĞŶ�:͕�EĂďĞƐŚŝŵĂ��͕�Ğƚ�Ăů͘��ƐƚĂďůŝƐŚŵĞŶƚ�ŽĨ�E&Ͳʃ��ƐĞŶƐŝŶŐ�ĂŶĚ�ŝŶƚĞƌůĞƵŬŝŶͲϰ�����
ƐĞĐƌĞƚŝŶŐ�ŵĞƐĞŶĐŚǇŵĂů�ƐƚƌŽŵĂů�ĐĞůůƐ�ĂƐ�ĂŶ�͞ŽŶͲĚĞŵĂŶĚ͟�ĚƌƵŐ�ĚĞůŝǀĞƌǇ�ƐǇƐƚĞŵ�ƚŽ�ŵŽĚƵůĂƚĞ�����
ŝŶĨůĂŵŵĂƚŝŽŶ͘��ǇƚŽƚŚĞƌĂƉǇ͘�ϮϬϭϳ͖ϭϵ;ϵͿ͗ϭϬϮϱͲϭϬϯϰ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ũĐǇƚ͘ϮϬϭϳ͘Ϭϲ͘ϬϬϴ�����

ϱϮ͘�yŝŽŶŐ�z͕�>ŝ�t͕�^ŚĂŶŐ��͕�Ğƚ�Ăů͘��ƌŐϭ�'ŽǀĞƌŶƐ�Ă�WŽƐŝƚŝǀĞ�&ĞĞĚďĂĐŬ��ŝƌĐƵŝƚ�ŝŶ�ƚŚĞ�,Ăŝƌ�&ŽůůŝĐůĞ�ĨŽƌ�����
dŝƐƐƵĞ�ZĞŐĞŶĞƌĂƚŝŽŶ�ĂŶĚ�ZĞƉĂŝƌ͘��ĞǀĞůŽƉŵĞŶƚĂů��Ğůů͘�ϮϬϭϯ͖Ϯϱ;ϮͿ͗ϭϲϵͲϭϴϭ͘�����
ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ĚĞǀĐĞů͘ϮϬϭϯ͘Ϭϯ͘Ϭϭϱ�����

ϱϯ͘�<ĂŶŐ�^͕�dĂŶĂŬĂ�d͕�EĂƌĂǌĂŬŝ�D͕�<ŝƐŚŝŵŽƚŽ�d͘�dĂƌŐĞƚŝŶŐ�/ŶƚĞƌůĞƵŬŝŶͲϲ�^ŝŐŶĂůŝŶŐ�ŝŶ��ůŝŶŝĐ͘�����
/ŵŵƵŶŝƚǇ͘�ϮϬϭϵ͖ϱϬ;ϰͿ͗ϭϬϬϳͲϭϬϮϯ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬũ͘ŝŵŵƵŶŝ͘ϮϬϭϵ͘Ϭϯ͘ϬϮϲ�����

ϱϰ͘�DƵŹŽǌͲ�ĄŶŽǀĞƐ�W͕�^ĐŚĞĞůĞ��͕�WĞĚĞƌƐĞŶ��<͕�^ĞƌƌĂŶŽ��>͘�/ŶƚĞƌůĞƵŬŝŶͲϲ�ŵǇŽŬŝŶĞ�ƐŝŐŶĂůŝŶŐ�ŝŶ�����
ƐŬĞůĞƚĂů�ŵƵƐĐůĞ͗�Ă�ĚŽƵďůĞͲĞĚŐĞĚ�ƐǁŽƌĚ͍�&��^�:͘�ϮϬϭϯ͖ϮϴϬ;ϭϳͿ͗ϰϭϯϭͲϰϭϰϴ͘�����
ĚŽŝ͗ϭϬ͘ϭϭϭϭͬĨĞďƐ͘ϭϮϯϯϴ�����

ϱϱ͘�'ĂĚŝĞŶƚ�Z�͕�KƚƚĞŶ�h,͘�/ŶƚĞƌůĞƵŬŝŶͲϲ�;/>ͲϲͿͶ��ŵŽůĞĐƵůĞ�ǁŝƚŚ�ďŽƚŚ�ďĞŶĞĨŝĐŝĂů�ĂŶĚ�ĚĞƐƚƌƵĐƚŝǀĞ�����
ƉŽƚĞŶƚŝĂůƐ͘�WƌŽŐƌĞƐƐ�ŝŶ�EĞƵƌŽďŝŽůŽŐǇ͘�ϭϵϵϳ͖ϱϮ;ϱͿ͗ϯϳϵͲϯϵϬ͘�ĚŽŝ͗ϭϬ͘ϭϬϭϲͬ^ϬϯϬϭͲ����
ϬϬϴϮ;ϵϳͿϬϬϬϮϭͲy�����

ϱϲ͘��ƵŶĐĂŶ�D͕��ĞƌŵĂŶ��͘�^ƚŝŵƵůĂƚŝŽŶ�ŽĨ�ĐŽůůĂŐĞŶ�ĂŶĚ�ŐůǇĐŽĂŵŝŶŽŐůǇĐĂŶ�ƉƌŽĚƵĐƚŝŽŶ�ŝŶ�ĐƵůƚƵƌĞĚ�����
ŚƵŵĂŶ�ĂĚƵůƚ�ĚĞƌŵĂŶů�ĨŝďƌŽďůĂƐƚƐ�ďǇ�ƌĞĐŽŵďŝŶĂŶƚ�ŚƵŵĂŶ�ŝŶƚĞƌůĞƵŬŝŶ�ϲ͘�:/�͘�ϭϵϵϭ͖ϵϳ;ϰͿ͗ϲϴϲͲ����
ϲϵϮ͘�����

ϱϳ͘�,ĞĨĨŶĞƌ�<>͕�&ƌĂŶĐĞ��Z͕�dƌŽƐƚ��͕�DĞŝ�EŐ�,͕�WŝŐĞŽŶ�tZ͘��ŚƌŽŶŝĐ�>Žǁ��ĂĐŬ�WĂŝŶ͕�^ůĞĞƉ�����
�ŝƐƚƵƌďĂŶĐĞ͕�ĂŶĚ�/ŶƚĞƌůĞƵŬŝŶͲϲ͘�dŚĞ��ůŝŶŝĐĂů�:ŽƵƌŶĂů�ŽĨ�WĂŝŶ͘�ϮϬϭϭ͖Ϯϳ;ϭͿ͗ϯϱͲϰϭ͘�����
ĚŽŝ͗ϭϬ͘ϭϬϵϳͬ�:W͘ϬďϬϭϯĞϯϭϴϭĞĞĨϳϲϭ�����

ϱϴ͘�tĞďĞƌ�<d͕��ůŝƉƵŝ��K͕�^ŝƐŽŶ��W͕�Ğƚ�Ăů͘�^ĞƌƵŵ�ůĞǀĞůƐ�ŽĨ�ƚŚĞ�ƉƌŽŝŶĨůĂŵŵĂƚŽƌǇ�ĐǇƚŽŬŝŶĞ�����
ŝŶƚĞƌůĞƵŬŝŶͲϲ�ǀĂƌǇ�ďĂƐĞĚ�ŽŶ�ĚŝĂŐŶŽƐĞƐ�ŝŶ�ŝŶĚŝǀŝĚƵĂůƐ�ǁŝƚŚ�ůƵŵďĂƌ�ŝŶƚĞƌǀĞƌƚĞďƌĂů�ĚŝƐĐ�����
ĚŝƐĞĂƐĞƐ͘��ƌƚŚƌŝƚŝƐ�ZĞƐ�dŚĞƌ͘�ϮϬϭϲ͖ϭϴ;ϭͿ͗ϯ͘�ĚŽŝ͗ϭϬ͘ϭϭϴϲͬƐϭϯϬϳϱͲϬϭϱͲϬϴϴϳͲϴ�����

ϱϵ͘�ZĞŶĚŝŶĂ��͕��Ğ�&ŝůŝƉƉŽ�'͕�WŽƐƚŝŐůŝŽŶĞ�>͕�Ğƚ�Ăů͘�/ŶƚĞƌůĞƵŬŝŶͲϲ�ƚƌĂŶƐͲƐŝŐŶĂůŝŶŐ�ĂŶĚ�ƉĂƚŚŽůŽŐŝĐĂů�����
ůŽǁ�ďĂĐŬ�ƉĂŝŶ�ŝŶ�ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�WĂŐĞƚ�ĚŝƐĞĂƐĞ�ŽĨ�ďŽŶĞ͘�WĂŝŶ͘�ϮϬϭϴ͖ϭϱϵ;ϴͿ͗ϭϲϲϰͲϭϲϳϯ͘�����
ĚŽŝ͗ϭϬ͘ϭϬϵϳͬũ͘ƉĂŝŶ͘ϬϬϬϬϬϬϬϬϬϬϬϬϭϮϲϬ�����
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ϲϬ͘�^ĂĚŽǁƐŬĂ��͕��ůƚŝŶĂǇ��͕�,ŝƚǌů�t͕�&ĞƌŐƵƐŽŶ�^:͕�tƵĞƌƚǌͲ<ŽǌĂŬ�<͘�,ǇƉŽͲKƐŵŽƚŝĐ�>ŽĂĚŝŶŐ�����
/ŶĚƵĐĞƐ��ǆƉƌĞƐƐŝŽŶ�ŽĨ�/>Ͳϲ�ŝŶ�EƵĐůĞƵƐ�WƵůƉŽƐƵƐ��ĞůůƐ�ŽĨ�ƚŚĞ�/ŶƚĞƌǀĞƌƚĞďƌĂů��ŝƐĐ�/ŶĚĞƉĞŶĚĞŶƚ�����
ŽĨ�dZWsϰ�ĂŶĚ�dZWDϳ͘�&ƌŽŶƚ�WŚĂƌŵĂĐŽů͘�ϮϬϮϬ͖ϭϭ͗ϵϱϮ͘�ĚŽŝ͗ϭϬ͘ϯϯϴϵͬĨƉŚĂƌ͘ϮϬϮϬ͘ϬϬϵϱϮ�����

ϲϭ͘�>ĞĞ�t͕�>ĞĚĚǇ�,�͕��ŚĞŶ�z͕�Ğƚ�Ăů͘�^ǇŶĞƌŐǇ�ďĞƚǁĞĞŶ�WŝĞǌŽϭ�ĂŶĚ�WŝĞǌŽϮ�ĐŚĂŶŶĞůƐ�ĐŽŶĨĞƌƐ�ŚŝŐŚͲ����
ƐƚƌĂŝŶ�ŵĞĐŚĂŶŽƐĞŶƐŝƚŝǀŝƚǇ�ƚŽ�ĂƌƚŝĐƵůĂƌ�ĐĂƌƚŝůĂŐĞ͘�WƌŽĐ�EĂƚů��ĐĂĚ�^Đŝ�h^�͘�ϮϬϭϰ͖ϭϭϭ;ϰϳͿ͘�����
ĚŽŝ͗ϭϬ͘ϭϬϳϯͬƉŶĂƐ͘ϭϰϭϰϮϵϴϭϭϭ�����

ϲϮ͘�>ĞĞ�t͕�EŝŵƐ�Z:͕�^ĂǀĂĚŝƉŽƵƌ��͕�Ğƚ�Ăů͘�/ŶĨůĂŵŵĂƚŽƌǇ�ƐŝŐŶĂůŝŶŐ�ƐĞŶƐŝƚŝǌĞƐ�WŝĞǌŽϭ�����
ŵĞĐŚĂŶŽƚƌĂŶƐĚƵĐƚŝŽŶ�ŝŶ�ĂƌƚŝĐƵůĂƌ�ĐŚŽŶĚƌŽĐǇƚĞƐ�ĂƐ�Ă�ƉĂƚŚŽŐĞŶŝĐ�ĨĞĞĚͲĨŽƌǁĂƌĚ�ŵĞĐŚĂŶŝƐŵ�ŝŶ�����
ŽƐƚĞŽĂƌƚŚƌŝƚŝƐ͘�WƌŽĐ�EĂƚů��ĐĂĚ�^Đŝ�h^�͘�ϮϬϮϭ͖ϭϭϴ;ϭϯͿ͗ĞϮϬϬϭϲϭϭϭϭϴ͘�����
ĚŽŝ͗ϭϬ͘ϭϬϳϯͬƉŶĂƐ͘ϮϬϬϭϲϭϭϭϭϴ�����

ϲϯ͘�<ĂŶũƵ�W͕��ŚĞŶ�z͕�>ĞĞ�t͕�Ğƚ�Ăů͘�^ŵĂůů�ŵŽůĞĐƵůĞ�ĚƵĂůͲŝŶŚŝďŝƚŽƌƐ�ŽĨ�dZWsϰ�ĂŶĚ�dZW�ϭ�ĨŽƌ�����
ĂƚƚĞŶƵĂƚŝŽŶ�ŽĨ�ŝŶĨůĂŵŵĂƚŝŽŶ�ĂŶĚ�ƉĂŝŶ͘�^ĐŝĞŶƚŝĨŝĐ�ZĞƉŽƌƚƐ͘�ϮϬϭϲ͖ϲ;ϭͿ͘�ĚŽŝ͗ϭϬ͘ϭϬϯϴͬƐƌĞƉϮϲϴϵϰ�����

ϲϰ͘�tĂŶŐ�y>͕��Ƶŝ�>t͕�>ŝƵ��͕�Ğƚ�Ăů͘��ĨĨĞĐƚƐ�ŽĨ�dZW�ϭ�ĂĐƚŝǀĂƚŝŽŶ�ĂŶĚ�ŝŶŚŝďŝƚŝŽŶ�ŽŶ�dZW�ϭ�ĂŶĚ��'ZW�����
ĞǆƉƌĞƐƐŝŽŶ�ŝŶ�ĚŽƌƐĂů�ƌŽŽƚ�ŐĂŶŐůŝŽŶ�ŶĞƵƌŽŶƐ͘�EĞƵƌĂů�ZĞŐĞŶ�ZĞƐ͘�ϮϬϭϵ͖ϭϰ;ϭͿ͗ϭϰϬ͘�����
ĚŽŝ͗ϭϬ͘ϰϭϬϯͬϭϲϳϯͲϱϯϳϰ͘Ϯϰϯϳϭϵ�����

ϲϱ͘�<ĂŵĞĚĂ�d͕��ǀŝĐŬ�:͕�sƵŬ�D͕�Ğƚ�Ăů͘��ǆƉƌĞƐƐŝŽŶ�ĂŶĚ��ĐƚŝǀŝƚǇ�ŽĨ�dZW�ϭ�ĂŶĚ�dZWsϭ�ŝŶ�ƚŚĞ�����
/ŶƚĞƌǀĞƌƚĞďƌĂů��ŝƐĐ͗��ƐƐŽĐŝĂƚŝŽŶ�ǁŝƚŚ�/ŶĨůĂŵŵĂƚŝŽŶ�ĂŶĚ�DĂƚƌŝǆ�ZĞŵŽĚĞůŝŶŐ͘�/:D^͘�����
ϮϬϭϵ͖ϮϬ;ϳͿ͗ϭϳϲϳ͘�ĚŽŝ͗ϭϬ͘ϯϯϵϬͬŝũŵƐϮϬϬϳϭϳϲϳ�����

� ����� ���� ���� �� ��
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)LJXUH����)XQFWLRQDO�6SLQH�8QLWV�LQFOXGLQJ�WKH�,9'�ZHUH�H[WUDFWHG�IURP�VL[WHHQ�ZHHN�ROG�PLFH�FDUU\LQJ�WKH�1)�N%�����

�OXFLIHUDVH�UHSRUWHU�WUDQVJHQH��DQG�WKHQ�ZHUH�GLYLGHG�LQWR���VHWV�RI�RUJDQ�FXOWXUH�H[SHULPHQWV���$��2EVHUYDWLRQ�RI�����

FDOFLXP�IOX[�IROORZLQJ�D�VLQJOH��WUDQVLHQW�ERXW�RI�7539��DFWLYDWLRQ��)OXRUHVFHQW�&D���VLJQDOV�ZHUH�REVHUYHG�XVLQJ�����

FRQIRFDO�PLFURVFRS\�LPPHGLDWHO\�IROORZLQJ�*6.����DGPLQLVWUDWLRQ��Q �����%��WKH�UHSHDWHG�DFWLYDWLRQ�RI�7539������

XVLQJ�*6.�����Q ����RU�E\�K\SR�RVPRWLF�SUHVVXUH��Q ����DQG��&��WKH�VXVWDLQHG�DFWLYDWLRQ�WKURXJK�VWDWLF�����

FRPSUHVVLRQ�WKURXJKRXW�WKH�FXOWXUH�SHULRG��Q �����7KH�RXWFRPH�PHDVXUHV�XWLOL]HG�LQ��%��DQG��&��LQFOXGH�1)�N%�����

OXFLIHUDVH�DFWLYLW\��,/���DQG�9(*)�F\WRNLQH�SURGXFWLRQ�PHDVXUHG�E\�(/,6$��JO\FRDPLQRJO\FDQ��*$*������

FRPSRVLWLRQ�PHDVXUHG�E\�WKH�GLPHWK\O�PHWK\OHQH�EOXH��'00%��DVVD\��,9'�VWUXFWXUH�PHDVXUHG�E\�FRQWUDVW�����
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HQKDQFHG��&7��&(�&7����,9'�GHJHQHUDWLRQ�PHDVXUHG�E\�KLVWRORJLF�JUDGLQJ��DQG�,9'�WLVVXH�RUJDQL]DWLRQ�PHDVXUHG�����

E\�TXDQWLWDWLYH�SRODUL]HG�OLJKW�LPDJLQJ��4/3,��� �����
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)LJXUH����5HSUHVHQWDWLYH�FRQIRFDO�PLFURVFRS\�LPDJHV�VKRZLQJ�WKDW�DFWLYDWLRQ�RI�7539��E\�H[SRVLQJ�WKH�,9'�WR�����

*6.����UDSLGO\�LQFUHDVHV�LQWUDFHOOXODU�&D���LRQV��,PDJHV�DUH�IURP�WKH�VDPSOH�WUHDWHG�ZLWK�����0�RI�*6.������7KH�����

GRWWHG�OLQHV�LQGLFDWH�WKH�ERUGHUV�RI�WKH�DQQXOXV�ILEURVXV��ZLWK�,$)�LQGLFDWLQJ�WKH�ERUGHU�RI�WKH�LQQHU�DQQXOXV�����

ILEURVXV��DQG�2$)�LQGLFDWLQJ�WKH�ERUGHU�RI�WKH�RXWHU�DQQXOXV�ILEURVXV����$��7KH�UHG�VLJQDO�LQGLFDWHV�ORZ�LQWUDFHOOXODU�����

&D�����%��$V�WKH�*6.����JUDGXDOO\�SHUIXVHV�LQWR�WKH�WLVVXH�WR�RSHQ�7539���WKH�LQIOX[�RI�LQWUDFHOOXODU�FDOFLXP�����

DFURVV�WKH�,9'�FHOOV�LV�FRQILUPHG�E\�WKH�JUHHQ�IOXRUHVFHQFH�RI�WKH�)OXR���&D���LQGLFDWRU���&��:LWKLQ����V��WKH�����

PDMRULW\�RI�FHOOV�VKRZ�SUHYDOHQW�7539��DFWLYDWLRQ���'��7KH�WLPH�GHSHQGHQFH�DQG�GRVH�GHSHQGHQFH�RI�WKH�UHVXOWDQW�����

FDOFLXP�IOX[�DUH�GHWHUPLQHG�E\�WKH�UDWLR�EHWZHHQ�JUHHQ�DQG�UHG�IOXRUHVFHQFH�LQWHQVLWLHV�DW�WKUHH�GLIIHUHQW�*6.��������

FRQFHQWUDWLRQV��6FDOH�EDUV�DUH�����P��� �����

���� ��&�
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)LJXUH�����$�%���1)�N%�DFWLYLW\��UHSRUWHG�E\�ELROXPLQHVFHQFH��LQFUHDVHG�VLJQLILFDQWO\�IROORZLQJ�*6.��������

DGPLQLVWUDWLRQ��Q ����FRPSDUHG�WR�'062��Q ����DW�W� ��KU��S��������EXW�WKLV�LQFUHDVH�FRPSOHWHO\�VXEVLGHG�E\��������

KRXUV���&��,Q�D�VHSDUDWH�FXOWXUH�H[SHULPHQW��Q �����DGPLQLVWUDWLRQ�RI�*6.����WR�DFWLYDWH�7539��IRU���KRXUV�HDFK�����

GD\�IRU���GD\V�LQFUHDVHG�,/���SURGXFWLRQ�E\�WKH�,9'V��S��������'DWD�LQ��%��ZHUH�VWDWLVWLFDOO\�DQDO\]HG�YLD�RQH�ZD\�����

$129$�ZLWK�SRVW�KRF�7XNH\¶V�+6'�ZKHUH�
�LQGLFDWHV�S���������'DWD�LQ��&��ZHUH�VWDWLVWLFDOO\�DQDO\]HG�YLD�W�WHVW�����

ZKHUH�
�LQGLFDWHV�S��������� �����

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 18, 2022. ; https://doi.org/10.1101/2022.11.18.516994doi: bioRxiv preprint 

https://doi.org/10.1101/2022.11.18.516994
http://creativecommons.org/licenses/by/4.0/


� ��

�����

)LJXUH����$GPLQLVWHULQJ�WKH�7539��DJRQLVW�*6.����IRU���FRQVHFXWLYH�GD\V�IRU���KRXUV�HDFK�GD\�LQ�WKH�,9'V�����

UHVXOWHG�LQ��$��DQ�LQFUHDVH�LQ�DYHUDJH�VWLIIQHVV��S�������PHDVXUHG�E\�G\QDPLF�FRPSUHVVLRQ�DQG��%��DQ�LQFUHDVH�LQ�����

WRWDO�*$*�FRQWHQW�LQ�WKH�,9'��S�������PHDVXUHG�E\�WKH�'00%�DVVD\���&�'��&RQWUDVW�HQKDQFHG�PLFUR&7��&(�&7������

VKRZHG�WKDW�7539��DJRQL]HG�,9'V�KDYH�KLJK�DWWHQXDWLQJ�QXFOHXV�SXOSRVXV�LQGLFDWLQJ�WKDW�WKHUH�LV�LQFUHDVHG�����

K\GUDWLRQ�GXH�WR�WKH�KLJKHU�*$*�FRPSRVLWLRQ�REVHUYHG�LQ��%���'DWD�LQ��$��DQG��%��ZHUH�VWDWLVWLFDOO\�DQDO\]HG�E\�����

$129$�ZKHUH�
�LQGLFDWHV�S���������6FDOH�EDUV�LQ��&��DQG��'��DUH�����P��� �����
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)LJXUH����([SRVLQJ�WKH�,9'�WR�K\SR�RVPRODU�SUHVVXUHV�GXULQJ�FXOWXUH�VLJQLILFDQWO\�LQFUHDVHG�,/���SURGXFWLRQ�����

�S���������7KH�HOHYDWHG�,/���SURGXFWLRQ�ZDV�QRW�VLJQLILFDQWO\�UHVROYHG�ZLWK�WKH�LQKLELWLRQ�RI�7539��E\�*6.�����S�����

 ��������'DWD�ZHUH�VWDWLVWLFDOO\�DQDO\]HG�YLD�WZR�ZD\�$129$��SRVW�KRF�FRPSDULVRQV�PDGH�E\�7XNH\¶V�WHVW�����

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 18, 2022. ; https://doi.org/10.1101/2022.11.18.516994doi: bioRxiv preprint 

https://doi.org/10.1101/2022.11.18.516994
http://creativecommons.org/licenses/by/4.0/


� ��

�����

�����

)LJXUH�����$��6WDWLFDOO\�ORDGHG�,9'V��³&RPSUHVVLRQ´��H[KLELWHG�KLJKHU�1)�N%�DFWLYLW\�WKDQ�WKH�XQORDGHG�FRQWURO�����

,9'V��/LSRSRO\VDFFKDULGH�ZDV�XVHG�DV�D�SRVLWLYH�FRQWURO�WR�LQGXFH�WKH�1)�N%�OXFLIHUDVH�DFWLYLW\���%�&���1)�N%�����

OXFLIHUDVH�DFWLYLW\�ZDV�UHGXFHG�ZLWK�LQKLELWLRQ�7539��E\�*6.�����'D\����S ������'D\����S���������'��(��7KH�����

,9'V�VXEMHFWHG�WR�FRPSUHVVLRQ�KDG�LQFUHDVHG�OHYHOV�RI�VHFUHWHG�,/���DQG�9(*)$��S�������DW�ERWK�'D\���DQG�'D\�����

���RI�FXOWXUH���7KH�LQFUHDVH�ZDV�VLJQLILFDQWO\�UHGXFHG�E\�7539��LQKLELWLRQ�DW�'D\���IRU�,/���DQG�'D\����IRU�ERWK�����

,/���DQG�9(*)$��S��������9DOXHV�ZHUH�QRUPDOL]HG�WR�'D\���PHGLD��'DWD�LQ��%��DQG��&��ZHUH�����

VWDWLVWLFDOO\�DQDO\]HG�YLD�XQSDLUHG�W�WHVW�ZKHUH�
�LQGLFDWHV�S���������'DWD�LQ��'��DQG��(��ZHUH�VWDWLVWLFDOO\�DQDO\]HG�����

YLD�RQH�ZD\�$129$�ZLWK�SRVW�KRF�7XNH\¶V�+6'�ZKHUH�
�LQGLFDWHV�S��������� �����
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)LJXUH�����$���&��7KH�6DIUDQLQ�2�VWDLQHG�KLVWRORJLFDO�VHFWLRQV�UHYHDOHG�GHJHQHUDWLYH�FKDQJHV�LQ�WKH�FRPSUHVVHG�����

,9'V�����GD\V�RI�ORDGLQJ��WKDW�ZHUH�DEVHQW�LQ�WKH�QRQ�ORDGHG�,9'V���&RPSUHVVHG�,9'V�ZLWK�7539��LQKLELWLRQ�ZHUH�����

SDUWLDOO\�SURWHFWHG�IURP�WKHVH�GHJHQHUDWLYH�FKDQJHV���6FDOH�EDUV�DUH�����P���'�)��4XDOLWDWLYHO\��WKH�PRVW�DSSDUHQW�����

FKDQJHV�LQ�WKH�ORDGHG�,9'V�ZHUH�FHOO�PRUSKRORJ\�RI�LQQHU�$)�FHOOV�DV�ZHOO�DV�WKH�ERXQGDU\�EHWZHHQ�WKH�$)�DQG�13������

�*��7KH�GHJHQHUDWLYH�FKDQJHV�LQ�WKH�ORDGHG�,9'V�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�ERWK�WKH�FRQWUROV�DQG�WKH�7539������

LQKLELWLRQ�JURXSV���+��7KH�SURWHFWLRQ�DJDLQVW�GHJHQHUDWLRQ�LQ�WKH�7539��LQKLELWHG�,9'V�ZDV�SULPDULO\�LQ�WKH�����

HQGSODWH�DV�ZHOO�DV�WKH�ERXQGDU\�LQWHUIDFHV�RI�WKH�,9'��$�LQGLFDWHV�GLIIHUHQFH�ZLWK�FRQWURO�JURXS��%�LQGLFDWHV�����

GLIIHUHQFHV�ZLWK�FRPSUHVVLRQ�JURXS���'DWD�LQ��*�+��ZHUH�VWDWLVWLFDOO\�DQDO\]HG�YLD�$129$V�UHVSHFWLYHO\�ZLWK�SRVW�����

KRF�7XNH\¶V�+6'�ZKHUH�
�LQGLFDWHV�S���������6FDOH�EDUV�DUH�����P��� �����
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)LJXUH�����$��5HSUHVHQWDWLYH�FRORU�PDSV�IURP�4XDQWLWDWLYH�3RODUL]HG�/LJKW�,PDJLQJ��43/,�VKRZLQJ�WKH�GHJUHH�RI�����

OLQHDU�SRODUL]DWLRQ��'R/3��DQG�WKH�DQJOH�RI�SRODUL]DWLRQ��$R3��IRU�FRQWURO��FRPSUHVVLRQ��DQG�FRPSUHVVLRQ�������

*6.����JURXSV���7KH�'R/3�UHSUHVHQW�WKH�VWUHQJWK�RI�FROODJHQ�ILEHU�DOLJQPHQW��DQG�WKH�$R3�LV�LQGLFDWLYH�RI�ILEHU�����

RULHQWDWLRQ��6FDOH�EDU�LV�����P���%��$YHUDJH��$9*��'R/3��VKRZLQJ�WKH�DYHUDJH�VWUHQJWK�RI�DOLJQPHQW��ZDV�����

GHFUHDVHG�ZLWKLQ�WKH�$)�VSDQQLQJ�52,�LQ�WKH�FRPSUHVVLRQ�JURXS�FRPSDUHG�WR�FRQWUROV��:KHQ�7539��ZDV�LQKLELWHG�����

YLD�*6.�����WKHUH�ZDV�QR�REVHUYDEOH�GLIIHUHQFH�LQ�$9*�'R/3�FRPSDUHG�WR�FRQWUROV���&��6WDQGDUG�GHYLDWLRQ��67'������

'R/3��UHSUHVHQWLQJ�WKH�UHODWLYH�VSUHDG�LQ�'R/3�YDOXHV��ZDV�GHFUHDVHG�LQ�ERWK�H[SHULPHQWDO�JURXSV�FRPSDUHG�WR�����

FRQWUROV��'DWD�LQ��%��DQG��&��ZHUH�VWDWLVWLFDOO\�DQDO\]HG�YLD�RQH�ZD\�$129$�ZLWK�SRVW�KRF�7XNH\¶V�+6'�ZKHUH�
�����

LQGLFDWHV�S��������� �����
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