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.H\�3RLQWV�

•� :H� UHSRUW� WKH� WUDQVFULSWRPHV� DVVRFLDWHG� ZLWK� DFXWH� FRUWLFRVWHURLG� UHJXODWLRQ� RI� (1D&� DFWLYLW\� LQ�

SRODULVHG�P&&'FO��FROOHFWLQJ�GXFW�FHOOV��

•� ��JHQHV�ZHUH�UHJXODWHG�E\�DOGRVWHURQH��$/'2�����ZLWK�FRUWLFRVWHURQH�DORQH�DQG�����ZLWK�FRUWLFRVWHURQH�

ZKHQ���β+6'��DFWLYLW\�ZDV�LQKLELWHG��

•� :H�YDOLGDWHG���QRYHO�$/'2�LQGXFHG�JHQHV��Rasd1��Sult1d1�DQG�Gm43305�LQ�SULPDU\�FHOOV�LVRODWHG�IURP�

D�QRYHO�SULQFLSDO�FHOO�UHSRUWHU�PRXVH��
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$EVWUDFW�

�

%DFNJURXQG�

&RUWLFRVWHURLGV�UHJXODWH�GLVWDO�QHSKURQ�DQG�FROOHFWLQJ�GXFW�1D��UHDEVRUSWLRQ��FRQWULEXWLQJ�WR�IOXLG�YROXPH�DQG�

EORRG�SUHVVXUH�KRPHRVWDVLV��7KH� WUDQVFULSWLRQDO� ODQGVFDSH�XQGHUSLQQLQJ�WKH�DFXWH�VWLPXODWLRQ�RI� WKH�HSLWKHOLDO�

VRGLXP�FKDQQHO��(1D&��E\�SK\VLRORJLFDO�FRQFHQWUDWLRQV�RI�FRUWLFRVWHURLGV�UHPDLQV�XQFOHDU��

0HWKRGV�

7UDQVFULSWRPLF� SURILOHV� XQGHUO\LQJ� FRUWLFRVWHURLG�VWLPXODWHG� (1D&� DFWLYLW\� LQ� SRODULVHG� P&&'FO�� FHOOV� ZHUH�

JHQHUDWHG� E\� FRXSOLQJ� HOHFWURSK\VLRORJLFDO� PHDVXUHPHQWV� RI� DPLORULGH�VHQVLWLYH� FXUUHQWV� ZLWK� 51$VHT��

*HQHUDWLRQ� RI� D� SULQFLSDO� FHOO�VSHFLILF� UHSRUWHU� PRXVH� OLQH�� P7�P*�$TS�&UH�� HQDEOHG� LVRODWLRQ� RI� SULPDU\�

FROOHFWLQJ�GXFW�SULQFLSDO�FHOOV�E\�)$&6�DQG�(1D&�DFWLYLW\�ZDV�PHDVXUHG�LQ�FXOWXUHG�SULPDU\�FHOOV�IROORZLQJ�DFXWH�

DSSOLFDWLRQ�RI�FRUWLFRVWHURLGV��([SUHVVLRQ�RI�WDUJHW�JHQHV�ZDV�DVVHVVHG�E\�T57�3&5�LQ�FXOWXUHG�FHOOV�RU�IUHVKO\�

LVRODWHG�FHOOV�IROORZLQJ�DFXWH�HOHYDWLRQ�RI�VWHURLG�KRUPRQHV�LQ�P7�P*�$TS�&UH�PLFH��

5HVXOWV�

3K\VLRORJLFDO�UHOHYDQFH�RI�WKH�P&&'FO��PRGHO�ZDV�FRQILUPHG�ZLWK�DOGRVWHURQH�VSHFLILF�VWLPXODWLRQ�RI�6*.��DQG�

(1D&� DFWLYLW\�� &RUWLFRVWHURQH� RQO\�PRGXODWHG� WKHVH� UHVSRQVHV� DW� VXSUDSK\VLRORJLFDO� FRQFHQWUDWLRQV� RU� ZKHQ�

��β+6'��ZDV�LQKLELWHG��:KHQ���β+6'��SURWHFWLRQ�ZDV�LQWDFW��FRUWLFRVWHURQH�FDXVHG�QR�VLJQLILFDQW�FKDQJH�LQ�

WUDQVFULSWV��:H� LGHQWLILHG�D�VPDOO�QXPEHU�RI�DOGRVWHURQH�LQGXFHG� WUDQVFULSWV�DVVRFLDWHG�ZLWK�VWLPXODWHG�(1D&�

DFWLYLW\� LQ�P&&'FO��FHOOV�DQG�D�PXFK� ODUJHU�QXPEHU�ZLWK�FRUWLFRVWHURQH� LQ� WKH�DEVHQFH�RI���β+6'��DFWLYLW\��

3ULQFLSDO� FHOOV� LVRODWHG� IURP�P7�P*�$TS�&UH�PLFH�ZHUH�YDOLGDWHG� DQG�DVVHVVPHQW�RI� LGHQWLILHG� DOGRVWHURQH�

LQGXFHG� JHQHV� UHYHDOHG� WKDW� Sgk1�� Zbtbt16�� Sult1d1�� Rasd1� DQG� Gm43305� DUH� DFXWHO\� XSUHJXODWHG� E\�

FRUWLFRVWHURLGV�ERWK�in vitro DQG�in vivo��

&RQFOXVLRQV�

7KLV�VWXG\�UHSRUWV�WKH�WUDQVFULSWRPH�RI�P&&'FO��FROOHFWLQJ�GXFW�FHOOV�DQG�LGHQWLILHV�D�VPDOO�QXPEHU�RI�DOGRVWHURQH�

LQGXFHG�JHQHV�DVVRFLDWHG�ZLWK�DFXWH�VWLPXODWLRQ�RI�(1D&��LQFOXGLQJ���SUHYLRXVO\�XQGHVFULEHG�JHQHV��
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,QWURGXFWLRQ�

$OGRVWHURQH� �$/'2�� DQG� FRUWLVRO� ERWK� LQIOXHQFH� EORRG� SUHVVXUH�� $/'2� DV� WKH� ILQDO� HIIHFWRU� LQ� WKH� UHQLQ�

DQJLRWHQVLQ�DOGRVWHURQH�V\VWHP��5$$6���SURPRWLQJ�1D��UHDEVRUSWLRQ�LQ�WKH�NLGQH\��FRUWLVRO��LQ�DGGLWLRQ�WR�EHLQJ�

WKRXJKW�RI�DV�D�³VWUHVV´�KRUPRQH��EHLQJ� OLQNHG� WR� WKH�FLUFDGLDQ�UK\WKP�RI�EORRG�SUHVVXUH��:LWKLQ� WKH�NLGQH\��

$/'2� DFWV� VSHFLILFDOO\� LQ� WKH� FHOOV� RI� WKH� �DOGRVWHURQH�VHQVLWLYH� GLVWDO� QHSKURQ´� �$6'1��� ZKHUH� WKH�

PLQHUDORFRUWLFRLG�UHFHSWRU��05��DQG�WKH�HQ]\PH����EHWD�K\GUR[\VWHURLG�GHK\GURJHQDVH�W\SH������β+6'���DUH�

ERWK�H[SUHVVHG�����β+6'��FRQYHUWV�FLUFXODWLQJ�FRUWLVRO�WR�WKH�LQDFWLYH�PHWDEROLWH�FRUWLVRQH��FRQIHUULQJ�$/'2�

VSHFLILFLW\� WR� WKH� $6'1�ZKLFK� KDV� SUHYLRXVO\� EHHQ� GHPDUNHG� DV� WKH� ODWH� GLVWDO� FRQYROXWHG� WXEXOH� �'&7����

FRQQHFWLQJ�WXEXOH��&17��DQG�FROOHFWLQJ�GXFW��&'����7KHUH�LV�QRZ�LQFUHDVLQJ�HYLGHQFH�WKDW���β+6'��LV�DEVHQW�LQ�

WKH�'&7������ WKXV�WKH�ERXQGDULHV�RI�WKH�$6'1�PD\�QHHG�XSGDWLQJ�WR�LQFOXGH�WKH�&17�DQG�&&'�RQO\��*HQHWLF�

PXWDWLRQV� RU� SKDUPDFRORJLFDO� LQKLELWLRQ� RI� ��β+6'�� FDXVH� K\SHUWHQVLRQ� LQ� ERWK� KXPDQV�� DQG� URGHQWV���

KLJKOLJKWLQJ�WKH�LPSRUWDQFH�RI���β+6'��WR�EORRG�SUHVVXUH�FRQWURO��$GGLWLRQDOO\��UHFHQW�HYLGHQFH�VXJJHVWV�WKDW�LQ�

VWDWHV� RI� JOXFRFRUWLFRLG� H[FHVV� �H�J�� FKURQLF� VWUHVV�� REHVLW\��� FRUWLVRO�PD\� FDXVH� K\SHUWHQVLRQ�GXH� WR� DEHUUDQW�

DFWLYDWLRQ�RI�UHQDO�VRGLXP�WUDQVSRUW��&DXVDO�PHFKDQLVPV�DUH�QRW�IXOO\�XQGHUVWRRG�EXW�DFWLYDWLRQ�RI�WKH�HSLWKHOLDO�

VRGLXP�FKDQQHO��(1D&��via�05�DQG�WKH�JOXFRFRUWLFRLG�UHFHSWRU��*5��KDYH�EHHQ�LPSOLFDWHG���

7KH�FODVVLFDO�DFWLRQV�RI�FRUWLFRVWHURLGV�LQ�WKH�NLGQH\�LQYROYH�KRUPRQHV�ELQGLQJ�F\WRVROLF�VWHURLG�UHFHSWRUV�ZLWKLQ�

WKH� HSLWKHOLDO� FHOOV� OLQLQJ� WKH�$6'1��PRGXODWLQJ� WUDQVFULSWLRQDO�SURFHVVHV� DQG� VXEVHTXHQW� VWLPXODWLRQ�RI�1D��

UHDEVRUSWLRQ���7KLV�LQYROYHV�WKH�WUDQVHSLWKHOLDO�PRYHPHQW�RI�1D��EDFN�WR�WKH�FLUFXODWLRQ��ILUVWO\�FURVVLQJ�WKH�DSLFDO�

PHPEUDQH�via�WKH�HSLWKHOLDO�1D��FKDQQHO��(1D&��DQG�VXEVHTXHQW�H[WUXVLRQ�DFURVV�WKH�EDVRODWHUDO�PHPEUDQH�via�

WKH�1D��.��$73�DVH��(1D&�LV�UDWH�OLPLWLQJ�LQ�WKLV�SURFHVV�DQG�LV�VXEMHFW�WR�UHJXODWLRQ�E\�D�QXPEHU�RI�GLIIHUHQW�

KRUPRQHV�DQG�ELRDFWLYH�IDFWRUV���(OXFLGDWLRQ�RI�WKH�WUDQVFULSWLRQDO�WDUJHWV�RI�FRUWLFRVWHURLG�DFWLRQ�LQ�WKH�NLGQH\�

KDYH�LQYROYHG�PDQ\�VWXGLHV�RYHU�WKH�SDVW�WZR�GHFDGHV�ZKLFK�KDYH�PDGH�XVH�RI�D�YDULHW\�RI�PRGHO�V\VWHPV�H�J��

ZKROH�NLGQH\�KRPRJHQDWH��PLFURGLVVHFWHG�WXEXOHV���SULPDU\�FHOOV�LVRODWHG�E\�)$&6�������DV�ZHOO�DV�D�QXPEHU�RI�

FHOO� OLQHV������� XWLOLVLQJ� HYHU�LPSURYLQJ� WHFKQRORJ\� H�J�� 6$*(� DQDO\VLV�� PLFURDUUD\V� DQG� PRUH� UHFHQWO\� QH[W�

JHQHUDWLRQ�VHTXHQFLQJ��.H\�WUDQVFULSWV�KDYH�EHHQ�LGHQWLILHG�ZKLFK�HQFRGH�WDUJHW�SURWHLQV�LQFOXGLQJ�WKH�VHUXP�DQG�

JOXFRFRUWLFRLG�LQGXFHG�NLQDVH����6*.���DQG�WKH�JOXFRFRUWLFRLG�LQGXFHG�OHXFLQH�]LSSHU�SURWHLQ��*,/=���ERWK�RI�

ZKLFK�KDYH�EHHQ�VKRZQ�WR�UHJXODWH�(1D&�DFWLYLW\�������+RZHYHU��WKHUH�DUH�GLVFUHSDQFLHV�UHJDUGLQJ�WKH�UHODWLYH�

UROHV�RI�WKHVH�VWHURLG�LQGXFHG�JHQHV�SDUWLFXODUO\�FRQVLGHULQJ�WKH�SKHQRW\SLF�GLIIHUHQFH�LQ�PLFH�IROORZLQJ�QHSKURQ�

VSHFLILF�GHOHWLRQ�RI�05���FRPSDUHG�ZLWK�GHOHWLRQ�RI�H�J��6*.����RU�*,/=����)XUWKHUPRUH��WKH�KLJK�FRQFHQWUDWLRQV�

RI�FRUWLFRVWHURLGV�XVHG�WR�LGHQWLI\�UHOHYDQW�JHQHV�LQ�YDULRXV�PRGHO�V\VWHPV�OHDYHV�WKH�SK\VLRORJLFDO�UHOHYDQFH�RI�

WKHVH�WUDQVFULSWV�WR�VWHURLG�LQGXFHG�(1D&�DFWLYLW\�ZLWKLQ�WKH�GLVWDO�QHSKURQ�XQFOHDU��

7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WKHUHIRUH�WR�DSSO\�DQ�XQELDVHG��UHGXFWLRQLVW�DSSURDFK�WR�JHQHUDWH�WUDQVFULSWRPLF�

SURILOHV�DVVRFLDWHG�ZLWK�WKH�DFXWH�1D��UHWDLQLQJ�HIIHFWV�RI�FRUWLFRVWHURLGV�LQ�D�SK\VLRORJLFDOO\�UHOHYDQW�PXULQH�FHOO�

PRGHO�RI�WKH�FRUWLFDO�&'��P&&'FO��FHOOV��7KHVH�GLVSOD\�PDQ\�RI�WKH�UHSRUWHG�IHDWXUHV�RI�1D��DEVRUELQJ�SULQFLSDO�

FHOOV� RI� WKH� FROOHFWLQJ� GXFW�� SUHGRPLQDQW� DPLORULGH�VHQVLWLYH� 1D�� FRQGXFWDQFH� via� (1D&�� D� .�� FRQGXFWDQFH�

PHGLDWHG� via� WKH� UHQDO� RXWHU� PHGXOODU\� .�� FKDQQHO� �520.����� IXQFWLRQDO� ��β+6'�� DFWLYLW\���� DV� ZHOO� DV�

UHJXODWLRQ�RI�WKHVH�WUDQVSRUW�SDWKZD\V�E\�SK\VLRORJLFDO�FRQFHQWUDWLRQV�RI�KRUPRQHV�LQFOXGLQJ�DOGRVWHURQH�DQG�

DUJLQLQH�YDVRSUHVVLQ��$93���������:H�UHSRUW� WKH�IXOO�WUDQVFULSWRPH�RI�WKH�P&&'FO��FHOOV�DQG�LGHQWLI\���$/'2�
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LQGXFHG�JHQHV��/DFN�RI� WUDQVFULSWLRQDO�HIIHFWV�RI�FRUWLFRVWHURQH��&257��FRQILUP���β+6'��DFWLYLW\��DQG�XSRQ�

SKDUPDFRORJLFDO�LQKLELWLRQ�RI�WKLV�HQ]\PH��&257�PRGXODWHG�����JHQHV��,GHQWLILHG�$/'2�LQGXFHG�JHQHV�ZHUH�

YDOLGDWHG� LQ�P&&'FO�� FHOOV� DQG� VXEVHTXHQWO\� LQ� SULPDU\�&'� FHOOV� LVRODWHG� IURP� D� QHZO\� JHQHUDWHG�P7�P*�

$TS�&UH�UHSRUWHU�PRXVH��,GHQWLILHG�$/'2�LQGXFHG�WDUJHWV�ZHUH�VXEVHTXHQWO\�PHDVXUHG�LQ�ERWK�FXOWXUHG�SULPDU\�

SULQFLSDO�FHOOV�WUHDWHG�ZLWK�VWHURLGV�RU�IURP�SULQFLSDO�FHOOV�LVRODWHG�GLUHFWO\�IURP�UHSRUWHU�PLFH�IROORZLQJ�DFXWH�

LQMHFWLRQ�RI�FRUWLFRVWHURLGV��2XU�ILQGLQJV�FRQILUP�ERWK�Sgk1 DQG�Zbtb16�DV�DFXWH�$/'2�LQGXFHG�JHQHV��DQG�ZH�

IXUWKHU�UHSRUW�Rasd1��Sult1d1�DQG�WKH�XQDQQRWDWHG�Gm43305�ZKLFK�HQFRGHV�D�OQF51$��
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0HWKRGV�

&XOWXUH�RI�P&&'FO��FHOOV�

P&&'FO��FHOOV��3URI��%HUQDUG�5RVVLHU��8QLYHUVLW\�RI�/DXVDQQH��6ZLW]HUODQG��ZHUH�PDLQWDLQHG�LQ�URXWLQH�FXOWXUH����

���DW����&�DQG����&2���LQ�SKHQRO�UHG�IUHH�'0(0�)���PHGLD�VXSSOHPHQWHG�ZLWK�)%6�������WULLRGRWK\URQLQH�

���QPRO�O��� VRGLXP� VHOHQLWH� ��� QJ�PO��� LQVXOLQ� ����J�PO��� WUDQVIHUULQ� ����J�PO��� /�JOXWDPLQH� ����� PPRO�O���

SHQLFLOOLQ� �����8�PO��� VWUHSWRP\FLQ� ������J�PO��� GH[DPHWKDVRQH� ����QPRO�O�� DQG�(*)� ����QJ�PO���&HOOV�ZHUH�

XVHG� EHWZHHQ� SDVVDJHV� ������� )RU� H[SHULPHQWV�� FHOOV� ZHUH� VHHGHG� RQWR� ���� �P� SRO\HVWHU� ILOWHU� PHPEUDQHV�

�&RUQLQJ�&R6WDU�6QDSZHOOV��DQG�JURZQ�IRU������GD\V�ZLWK�PHGLD�H[FKDQJH�HYHU\���GD\V�����K�EHIRUH�H[SHULPHQWDO�

SURWRFROV�� PHGLD� ZDV� UHSODFHG� ZLWK� '0(0�)��� PHGLD� VXSSOHPHQWHG� ZLWK� FKDUFRDO�VWULSSHG� PHGLD� ������

SHQLFLOOLQ������8�PO��DQG�VWUHSWRP\FLQ�������J�PO���)RU�WKH�ILQDO����K��PHGLD�ZDV�UHSODFHG�ZLWK�'0(0�)���ZLWK�

SHQLFLOOLQ������8�PO��DQG�VWUHSWRP\FLQ�������J�PO����

4XDQWLILFDWLRQ�RI�WUDQVHSLWKHOLDO�LRQ�WUDQVSRUW�

7UDQVHSLWKHOLDO�YROWDJH��VWH��DQG�UHVLVWDQFH��RWH��ZHUH�PHDVXUHG�XVLQJ�DQ�HSLWKHOLDO�YROW�RKP�PHWHU��(920��ZLWK�

FKRSVWLFN� ³67;´� HOHFWURGHV� �:RUOG� 3UHFLVLRQ� ,QVWUXPHQWV�� +HUWIRUGVKLUH�� 8.��� 7KH� HTXLYDOHQW� VKRUW� FLUFXLW�

FXUUHQW� �IHT�� ZDV� VXEVHTXHQWO\� FDOFXODWHG� E\� 2KP¶V� /DZ�� VWH� LV� VKRZQ� UHODWLYH� WR� DQ� HDUWK� HOHFWURGH� LQ� WKH�

EDVRODWHUDO�EDWK����WKHUHIRUH�D�QHJDWLYH�IHT�UHIOHFWV�HLWKHU�DSLFDO�WR�EDVRODWHUDO�PRYHPHQW�RI�FDWLRQV��EDVRODWHUDO�WR�

DSLFDO�PRYHPHQW�RI�DQLRQV�RU�VRPH�FRPELQDWLRQ�RI�WKH�WZR��$PLORULGH������0�����PLQ���ZDV�DSSOLHG�WR�WKH�DSLFDO�

EDWK�WR�GHWHUPLQH�WKH�(1D&�PHGLDWHG�SURSRUWLRQ�RI�IHT��

51$�VHTXHQFLQJ�

7RWDO�51$�ZDV�H[WUDFWHG�IURP�FHOOV�XVLQJ�WKH�5QHDV\�NLW��4LDJHQ��IROORZLQJ�HOHFWURSK\VLRORJLFDO�PHDVXUHPHQWV��

51$�ZDV�VXEMHFW�WR�TXDOLW\�FRQWURO��51$�6FUHHQ7DSH��DQG�5,1�YDOXHV�ZHUH�������7UX6HT�VWUDQGHG�P51$�VHT�

OLEUDULHV�ZHUH�JHQHUDWHG�IURP�HDFK�WRWDO�51$�VDPSOH�����OLEUDULHV�LQ�WRWDO���/LEUDULHV�ZHUH�VHTXHQFHG�XVLQJ�WKH�

,OOXPLQD�+L6HT������3ODWIRUP�ZLWK�����EDVH�SDLU�SDLUHG�HQG�UHDGV��5HDGV�ZHUH�WULPPHG�IRU�TXDOLW\��&XWDGDSW�

YHUVLRQ��������DW�WKH��¶�HQG�XVLQJ�D�WKUHVKROG�RI�4���DQG�IRU�DGDSWHU�VHTXHQFHV�RI�WKH�7UX6HT�VWUDQGHG�P51$�NLW�

�$*$7&**$$*$*&��XVLQJ�&XWDGDSW�YHUVLRQ����������5HDGV�DIWHU�WULPPLQJ�ZHUH�UHTXLUHG�WR�KDYH�D�PLQLPXP�

OHQJWK�RI�����7KH�UDZ�51$VHT�GDWD�KDYH�EHHQ�XSORDGHG�WR�WKH�6HTXHQFH�5HDG�$UFKLYH�DW�1&%,��ZLWK�WKH�SURMHFW�

,'��35-1$��������7KH� UHIHUHQFH�XVHG�IRU�PDSSLQJ�ZDV� WKH�Mus musculus�JHQRPH�IURP�(QVHPEO��DVVHPEO\�

*5&P����DQQRWDWLRQ�YHUVLRQ�����5HDGV�ZHUH�DOLJQHG�WR�WKH�UHIHUHQFH�JHQRPH�XVLQJ�67$5��YHUVLRQ������E����7KH�

UDZ�FRXQWV�WDEOH�ZDV�ILOWHUHG�WR�UHPRYH�URZV�FRQVLVWLQJ�RI�SUHGRPLQDQWO\�QHDU�]HUR�FRXQWV��YDOXHV�KDG�WR�EH�!�����

DFURVV���VDPSOHV���ILOWHULQJ�RQ�FRXQWV�SHU�PLOOLRQ��&30��WR�DYRLG�DUWHIDFWV�GXH�WR�OLEUDU\�GHSWK��,QLWLDO�H[SORUDWRU\�

DQDO\VLV� LQGLFDWHG� DQ� RXWOLHU� LQ� WKH� GDWDVHW�� ZKLFK� ZDV� UHPRYHG� DQG� VXEVHTXHQW� ILOWHULQJ� DQG� QRUPDOLVDWLRQ�

SHUIRUPHG�DJDLQ�IRU�GRZQVWUHDP�DQDO\VLV��)ROORZLQJ�ILOWHULQJ���������JHQHV�UHPDLQHG���'LIIHUHQWLDO�DQDO\VLV�ZDV�

FDUULHG� RXW� ZLWK� (GJH5��� �YHUVLRQ� �������� DQG� FRPSDUHG� DOO� SRVVLEOH� FRPELQDWLRQV� IURP� WKH� �� H[SHULPHQWDO�

FRQGLWLRQV��

*HQHUDWLRQ�RI�D�SULQFLSDO�FHOO�VSHFLILF�UHSRUWHU�PRXVH�
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$TS�&UH�PLFH����7KH�-DFNVRQ�/DERUDWRU\���86$��ZHUH�FURVVHG�ZLWK�P7�P*��WG7RPDWR�*)3��PLFH����3URI��1HLO�

+HQGHUVRQ��7KH�8QLYHUVLW\�RI�(GLQEXUJK��8.���%RWK�PRXVH�VWUDLQV�ZHUH�RQ�D�&��%/���EDFNJURXQG��7R�HQVXUH�

NLGQH\�VSHFLILF�&UH� H[SUHVVLRQ�� IHPDOH�$43��&UH�PLFH�ZHUH�EUHG�ZLWK�PDOH�P7�P*�PLFH�� IHPDOH�RIIVSULQJ�

ZKLFK�ZHUH�KHWHUR]\JRXV�IRU�ERWK�$43��&UH�DQG�P7�P*�ZHUH�VXEVHTXHQWO\�EUHG�ZLWK�PDOH�PLFH�KRPR]\JRXV�

IRU� P7�P*�� *HQRW\SLQJ� IRU� $43��&UH� ZDV� FDUULHG� RXW� XVLQJ� D� IRUZDUG� SULPHU� �¶�

&7&7*&$**$$&7**7*&7**��¶� DQG� UHYHUVH� SULPHU� �¶�*&*$$&$7&77&$**77&7*&**��¶��

*HQRW\SLQJ�IRU�P7�P*�ZDV�FDUULHG�RXW�XVLQJ�WKH�IRUZDUG�SULPHU��¶�&7&7*&7*&&7&&7**&77&7��¶�DQG�

UHYHUVH� SULPHUV�� ZLOGW\SH� ��&*$**&**$7&$&$$*&$$7$��¶� DQG� PXWDQW� �¶�

7&$$7***&*****7&*77��¶��([SHULPHQWV�ZHUH� SHUIRUPHG� RQ�PDOH�PLFH� DJHG�������ZHHNV�� XQGHU� WKH�

DXWKRULW\�RI�D�8.�+RPH�2IILFH�3URMHFW�/LFHQVH�DQG�IROORZLQJ�DSSURYDO�E\�WKH�8QLYHUVLW\¶V�$QLPDO�:HOIDUH�DQG�

(WKLFDO�5HYLHZ�%RDUG���

,VRODWLRQ�DQG�FXOWXUH�RI�SULPDU\�SULQFLSDO�FHOOV�

0LFH� �ZLOG�W\SH��P7�P*�����$TS�&UH���� DQG�P7�P*�����$TS�&UH�����ZHUH� WHUPLQDWHG�E\� ULVLQJ�&2�� DQG�3%6�

LQMHFWHG�LQWR�WKH�OHIW�YHQWULFOH�WR�UHPRYH�EORRG��.LGQH\V�ZHUH�H[FLVHG��GHFDSVXODWHG�DQG�VWRUHG�LQ�LFH�FROG�3%6��

%RWK� NLGQH\V� ZHUH� PDQXDOO\� FKRSSHG� LQWR� VPDOO� SLHFHV� DQG� WKHQ� KRPRJHQLVHG� LQ� JHQWOH0$&670� &� 7XEHV�

�0LOWHQ\L� %LRWHF�� 6XUUH\�� 8.����� 'LJHVWLRQ� EXIIHU� FRQWDLQHG�� 530,� VXSSOHPHQWHG� ZLWK� &ROODJHQDVH� 9�

�������PJ�PO���&ROODJHQDVH�'��������PJ�PO���'LVSDVH�,,����PJ�PO���'1DVH�,������J�PO���SHQLFLOOLQ������8�PO��

DQG�VWUHSWRP\FLQ�������J�PO���&HOOXODU�VXVSHQVLRQV�ZHUH�GLJHVWHG�IRU����PLQ�DW����&�EHIRUH�D�VHFRQG�GLVVRFLDWLRQ�

LQ� WKH� JHQWOH0$&670� 'LVVRFLDWRU�� $Q� HTXDO� YROXPH� RI� QHXWUDOLVDWLRQ� EXIIHU� �3%6� VXSSOHPHQWHG� ZLWK� )%6�

���YRO�YRO�DQG�('7$����0��ZDV�DGGHG�DQG�FHOO�VXVSHQVLRQV�ZHUH�SDVVHG�VHTXHQWLDOO\�WKURXJK������P������P�

DQG�����P�FHOO�VWUDLQHUV��&HOOV�ZHUH�SHOOHWHG�E\�FHQWULIXJDWLRQ�DQG�UHG�FHOO�O\VLV�ZDV�FDUULHG�RXW�XVLQJ�UHG�EORRG�

FHOO�O\VLV�EXIIHU��6LJPD��'RUVHW��8.���&HOOV�ZHUH�SHOOHWHG�DQG�UHVXVSHQGHG�LQ���PO�QHXWUDOLVDWLRQ�EXIIHU��

&HOOV�ZHUH�DQDO\VHG�DQG�VRUWHG�XVLQJ�HLWKHU�D�%'�)$&6�$ULD�,,�RU�%'�)$&6�$ULD�)XVLRQ�FHOO�VRUWHU������QP��

����QP�DQG�����QP�ODVHUV�ZHUH�XVHG�IRU�H[FLWDWLRQ�RI�'$3,��*)3�DQG�WG7RP��UHVSHFWLYHO\��:LOG�W\SH�&��%/���

DQG� P7�P*����$TS�&UH���� NLGQH\� VDPSOHV� ZHUH� SURFHVVHG� ILUVW� WR� GHILQH� JDWHV� EHIRUH� SURFHVVLQJ�

P7�P*����$TS�&UH����VDPSOHV��'$3,��DW�D�ILQDO�FRQFHQWUDWLRQ�RI�����XJ�PO��ZDV�DGGHG�WR�FHOOV�LPPHGLDWHO\�SULRU�

WR�VRUWLQJ��&HOOV�ZHUH�JDWHG�IRU�D�VWDEOH�UHFRUGLQJ��VLQJOHWV��SORWWLQJ�IRUZDUG�VFDWWHU�DUHD�vs.�KHLJKW���FHOOV��IRUZDUG�

VFDWWHU�DUHD�vs.�VLGH�VFDWWHU�DUHD���OLYH�FHOOV��'$3,�vs.�IRUZDUG�VFDWWHU�DUHD���IROORZHG�E\�H[FOXVLYH�JDWHV�IRU�ERWK�

WG7RP� DQG� *)3� �6XSSOHPHQWDU\� )LJXUH� ���� )URP� WKH� *)3� JDWH�� D� IXUWKHU� JDWH� ZDV� DGGHG� WR� UHPRYH�

DXWRIOXRUHVFHQFH�HYHQWV�GHWHFWHG�ZLWKLQ�WKDW�FKDQQHO�DQG�D�ILQDO�JDWH�WR�UHPRYH�D�PL[HG�SRSXODWLRQ�RI�ERWK�WG7RP�

DQG�*)3��&HOO�VRUWLQJ�ZDV�SHUIRUPHG�ZLWK�D������P�QR]]OH�DQG�GXH�WR�WKH�VWDUWLQJ�FHOO�QXPEHUV�DQG�WKH�UHODWLYHO\�

VPDOO�SHUFHQWDJH�RI�*)3�SRVLWLYH�HYHQWV��D�\LHOG�VRUW�IROORZHG�E\�D�SXULW\�VRUW�ZDV�HPSOR\HG�WR�RSWLPLVH�VRUW�WLPH�

HIILFLHQF\��)RU�LQLWLDO�YDOLGDWLRQ�VWXGLHV����������WG7RP�FHOOV�ZHUH�FROOHFWHG�DQG�DOO�SRVVLEOH�*)3�FHOOV��2QFH�WKH�

*)3�SRSXODWLRQ�ZDV�YDOLGDWHG��RQO\�*)3�HYHQWV�ZHUH�FROOHFWHG��)ORZ�F\WRPHWU\�GDWD�ZDV�DQDO\VHG�XVLQJ�)&6�

([SUHVV����'H�1RYR�6RIWZDUH��3DVDGHQD��&$��86$���
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)RU�GRZQVWUHDP�H[SHULPHQWV��*)3��VRUWHG�FHOOV�ZHUH�WKHQ�HLWKHU�VSXQ�GRZQ��VXSHUQDWDQW�UHPRYHG�DQG�5/7SOXV�

EXIIHU�DGGHG�IRU�51$�H[WUDFWLRQ�RU�LQVWHDG�ZHUH�GLUHFWO\�SODWHG�RQWR�JHODWLQ�FRDWHG����ZHOO�SODWHV�ZLWK�FRPSOHWH�

PHGLD��&HOOV�ZHUH�PDLQWDLQHG�XQGHU� LGHQWLFDO� FRQGLWLRQV� DV� WKRVH�XVHG� IRU� FXOWXUH� RI�P&&'FO�� FHOOV�ZLWK� WKH�

DGGLWLRQ�RI�JHODWLQ�FRDWLQJ�RI�HLWKHU�WKH�LQLWLDO����ZHOO�SODWH�RU�WKH�SHUPHDEOH�PHPEUDQH�XVHG�IRU�JURZLQJ�SRODULVHG�

PRQROD\HUV��

$FXWH�VWHURLG�WUHDWPHQW�RI�P7�P*�$TS�&UH�PLFH�

0DOH� P7�P*����$TS�&UH���� PLFH�� DJHG� ������ ZHHNV�� ZHUH� DGPLQLVWHUHG� FDUEHQR[RORQH� �&%;�� DW� ���PJ�NJ�

%:�GD\�po��LQ�GULQNLQJ�ZDWHU��WR�LQKLELW�HQGRJHQRXV���β+6'�����FRQWURO�DQLPDOV�ZHUH�JLYHQ�ad lib�DFFHVV�WR�

GULQNLQJ� ZDWHU� IRU� ��GD\V�� $QLPDOV� ZHUH� ZHLJKHG� HYHU\� PRUQLQJ� �EHWZHHQ� ������������� �� GD\V� SULRU� WR�

&%;�FRQWURO�WUHDWPHQW�DQG�VXEVHTXHQWO\�WKURXJKRXW��2Q�GD\���DW��������PLFH�ZHUH�DGPLQLVWHUHG�ZLWK�D�VLQJOH�

GRVH� RI� VWHURLG�� DOGRVWHURQH� �����J�NJ� %:����� FRUWLFRVWHURQH� �&257�� ����PJ�NJ�%:�� RU� VROYHQW� YHKLFOH�

�����(W2+��via�ip�LQMHFWLRQ��$IWHU���K��PLFH�ZHUH�VDFULILFHG�E\�ULVLQJ�FRQFHQWUDWLRQ�RI�&2��DQG�&'�FHOOV��*)3���

ZHUH�WKHQ�LVRODWHG�E\�)$&6� 

,PPXQRIOXRUHVFHQFH�LPDJLQJ�

.LGQH\V�ZHUH�GHFDSVXODWHG��ELVHFWHG��OHIW�NLGQH\��ORQJLWXGLQDO�VHFWLRQ�DQG�ULJKW�NLGQH\��WUDQVYHUVH�VHFWLRQ��DQG�

LPPHUVHG�LQ�0H2+�IUHH����3)$�IRU���K�DW���&��+DOI�NLGQH\V�ZHUH�WKHQ�ZDVKHG�WZLFH�ZLWK�3%6��WUDQVIHUUHG�WR�

DQ�����VXFURVH�VROXWLRQ�DW���&�RYHUQLJKW�DQG�WKHQ�HPEHGGHG�LQ�2&7��IUR]HQ�DQG�VHFWLRQHG�DW�����P�RQWR�JODVV�

VOLGHV��6HFWLRQV�ZHUH�SHUPHDELOLVHG�ZLWK������7ULWRQ�;�����IRU����PLQ��EORFNHG�ZLWK�����GRQNH\�VHUXP�IRU���K�

DQG�VXEVHTXHQWO\�ZDVKHG�ZLWK�7%6�7��������7ZHHQ������6HFWLRQV�ZHUH�PRXQWHG�LQ�3UR/RQJ�'LDPRQG�$QWLIDGH�

0RXQWDQW��/LIH�7HFKQRORJLHV��3DLVOH\��8.��DQG�LPDJHG�DW���;�XVLQJ�D�=HLVV�$[LR6FDQ�=���

$OO� LPDJHV� ZHUH� SURFHVVHG� XVLQJ� )LML���� DQG� WKH� VDPH� SURFHVV� ZDV� DSSOLHG� WR� LPDJHV� IURP� ERWK�P7�P*�����

$TS�&UH����DQG�P7�P*�����$TS�&UH����NLGQH\V��&KDQQHOV�ZHUH�VSOLW�DQG�D�EDFNJURXQG�VXEWUDFWLRQ�����SL[HOV��ZDV�

SHUIRUPHG�RQ�WKH�����QP�FKDQQHO��)RU�ORZ�PDJQLILFDWLRQ�LPDJHV��WKH�����QP�FKDQQHO�LPDJH�ZDV�GXSOLFDWHG�DQG�

D�*DXVVLDQ�EOXU��VLJPD� �����DSSOLHG��7R�VHSDUDWH�WKH�&UH�*)3�VLJQDO�IURP�WKH�WXEXOH�JHQHUDWHG�DXWRIOXRUHVFHQFH��

WKH�EOXUUHG�LPDJH�ZDV�VXEWUDFWHG�IURP�WKH�UDZ�LPDJH�DQG�D�WKUHVKROG�DSSOLHG�VXFK�WKDW�RQ�WKH�&UH�*)3�UHPDLQHG�

�a���������7KLV�ZDV�XVHG� WR�JHQHUDWH�D�PDVN��ZKLFK�ZDV� FKDQJHG� WR����ELW� DQG�D�*DXVVLDQ�EOXU� �VLJPD� ����

DSSOLHG��7KLV�ZDV�XVHG�DV�WKH�JUHHQ�FKDQQHO��DQG�WKH�DXWRIOXRUHVFHQFH�DV�WKH�JUH\�FKDQQHO��)RU�KLJK�PDJQLILFDWLRQ�

LPDJHV��WKH�����QP�FKDQQHO�LPDJH�ZDV�GXSOLFDWHG�DQG�D�*DXVVLDQ�EOXU��VLJPD� ����DSSOLHG��7KH�EOXUUHG�LPDJH�

ZDV�DJDLQ�VXEWUDFWHG�IURP�WKH�UDZ�LPDJH�DQG�D�WKUHVKROG�DSSOLHG�VXFK�WKDW�RQ�WKH�&UH�*)3�UHPDLQHG��a��������

7KLV�ZDV�XVHG�WR�JHQHUDWH�D�PDVN��ZKLFK�ZDV�FKDQJHG�WR����ELW�DQG�D�*DXVVLDQ�EOXU��VLJPD� ����DSSOLHG�DQG�XVHG�

DV�WKH�JUHHQ�FKDQQHO��

T57�3&5�

7RWDO�51$�ZDV� H[WUDFWHG� IURP� FHOOV�� HLWKHU� JURZQ� DV�PRQROD\HUV� LQ� FXOWXUH� RQ� ILOWHU�PHPEUDQHV� RU� GLUHFWO\�

IROORZLQJ�)$&6�RI�&'�FHOOV��XVLQJ�D�4,$*(1�51HDV\�3OXV�0LFUR�.LW��7KH�LQWHJULW\�RI�WKH�51$�SUHSDUDWLRQV�

ZDV�YHULILHG�XVLQJ�WKH�$JLOHQW�51$������3LFR�.LW�DQG�$JLOHQW������%LRDQDO\VHU��VDPSOHV�ZLWK�5,1�YDOXHV������

ZHUH�H[FOXGHG��F'1$�ZDV�WUDQVFULEHG�IURP�WRWDO�51$�XVLQJ�$SSOLHG�%LRV\VWHPV�+LJK�&DSDFLW\�F'1$�5HYHUVH�
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7UDQVFULSWLRQ�.LW��/LIH�7HFKQRORJLHV���)RU�H[SHULPHQWV�XVLQJ�O\VDWHV�IURP�FHOOV�JURZQ�LQ�FXOWXUH������QJ�51$�

ZDV�XVHG�DQG�F'1$�ZDV�GLOXWHG������WR�FRUUHODWH�WR�WKH�PLGGOH�RI�WKH���SRLQW�FDOLEUDWLRQ�FXUYH�JHQHUDWHG�IURP�

VHULDO�GLOXWLRQV��)RU�H[SHULPHQWV�XVLQJ�LVRODWHG�SULPDU\�&'�FHOOV�IURP�P7�P*�$43�&UH�PLFH����QJ�51$�ZDV�

XVHG��DV�GHWHUPLQHG�E\�WKH�ORZHVW�\LHOG�DFURVV�WKH�VDPSOHV��F'1$�ZDV�GLOXWHG�������DOVR�WR�FRUUHODWH�ZLWK�WKH�

PLGGOH�RI�WKH�FDOLEUDWLRQ�FXUYH��T57�3&5�ZDV�SHUIRUPHG�XVLQJ�D�5RFKH�/LJKW�&\FOHU�����,,�XVLQJ�D�SUREH�EDVHG�

DVVD\� �5RFKH� 8QLYHUVDO� 3UREH� /LEUDU\�� 6LJPD�� 'RUVHW�� 8.��� 3ULPHUV� ZHUH� GHVLJQHG� XVLQJ� WKH� 3UREH)LQGHU�

VRIWZDUH�ZLWKLQ�WKH�5RFKH�$VVD\�'HVLJQ�&HQWUH��6DPSOHV�ZHUH�UXQ�LQ�WULSOLFDWH�DQG�RQO\�&T�YDOXHV�ZLWK�D�VWDQGDUG�

GHYLDWLRQ� !����ZHUH� H[FOXGHG�� $� VHOHFWLRQ� RI� UHIHUHQFH� JHQHV� �Actb1, HPRT, Tbp DQG 18S��ZHUH� WHVWHG� DQG�

LQFOXGHG� LI� H[SUHVVLRQ� UHPDLQHG� XQDOWHUHG� DFURVV� DOO� VDPSOHV� �6XSSOHPHQWDU\� )LJXUHV� ��� �� DQG� ���� 1HJDWLYH�

FRQWUROV�LQFOXGHG�UHYHUVH�WUDQVFULSWDVH�QHJDWLYH��51$�QHJDWLYH�DQG�+�2�RQO\��

:HVWHUQ�DQDO\VLV�

&HOOV� ZHUH� ZDVKHG� ZLWK� LFH�FROG� 3%6� �[���� O\VHG� LQ� O\VLV� EXIIHU��� DQG� YRUWH[HG�� 3URWHLQ� FRQFHQWUDWLRQ� ZDV�

TXDQWLILHG�E\�%UDGIRUG�DVVD\��%LR5DG��+HUWIRUGVKLUH��8.���6DPSOHV�ZHUH�SUHSDUHG�E\�DGGLQJ�D�IL[HG�PDVV�RI�

SURWHLQ� O\VDWH� WR� VDPSOH� EXIIHU�� UHGXFLQJ� DQG� GHQDWXULQJ� E\� KHDWLQJ� DW� ���&� IRU� ��PLQ� LQ� WKH� SUHVHQFH� RI� ��

PHUFDSWRHWKDQRO��6DPSOHV�ZHUH�VXEVHTXHQWO\�IUDFWLRQDWHG�RQ�����6'6�SRO\DFU\ODPLGH�JHOV��WUDQVIHUUHG�WR�39')�

PHPEUDQHV�� EORFNHG� DQG� SUREHG� ZLWK� SULPDU\� DQWLERGLHV� RI� LQWHUHVW� DQG� UHVSHFWLYH� +53�OLQNHG� VHFRQGDU\�

DQWLERGLHV��3ULPDU\�DQWLERGLHV�DJDLQVW�7KU������������SKRVSKRU\ODWHG�DQG�WRWDO�IRUPV�RI�WKH�SURWHLQ�HQFRGHG�E\�Q�

P\F�GRZQVWUHDP�UHJXODWHG����1'5*����DV�ZHOO�DV�WRWDO�VHUXP�DQG�JOXFRFRUWLFRLG�UHJXODWHG�NLQDVH����6*.���ZHUH�

SXUFKDVHG�IURP�WKH�'XQGHH�3URWHLQ�3KRVSKRU\ODWLRQ�8QLW��8QLYHUVLW\�RI�'XQGHH��'XQGHH��8.���7KH�DQWLERG\�

DJDLQVW�β�DFWLQ�ZDV� IURP�6LJPD� �'RUVHW��8.��� ,PPXQRUHDFWLYH�SURWHLQV�ZHUH�YLVXDOLVHG�E\� HQKDQFHG� FKHPL�

OXPLQHVFHQFH�DQG�TXDQWLILHG�E\�GHQVLWRPHWULF�PHDVXUHPHQWV��DV�GHVFULEHG�SUHYLRXVO\����

'DWD�DQDO\VLV�

'DWD� DUH� H[SUHVVHG�DV�PHDQ�����&,��)RU�ZHVWHUQ�EORWWLQJ� DQG�T57�3&5��GXH� WR� XQHYHQ�GLVWULEXWLRQ�RI�GDWD�

H[SUHVVHG�DV�IROG�FKDQJH��DOO�GDWD�ZHUH�ORJ�WUDQVIRUPHG��$OO�GDWDVHWV�ZHUH�VXEMHFW�WR�QRUPDOLW\�WHVWLQJ��6KDSLUR�

:LONV��IROORZHG�E\�HLWKHU�SDUDPHWULF�WHVWLQJ��XQSDLUHG�W�WHVW��RQH�ZD\�RU�WZR�ZD\�$129$�RU�QRQ�SDUDPHWULF�

WHVWLQJ��0DQQ�:KLWQH\� RU� .UXVNDOO�:DOOLV�� ZKHUH� DSSURSULDWH�� 3RVW�KRF� DQDO\VLV� ZDV� DOVR� FDUULHG� RXW� ZKHUH�

DSSURSULDWH��GHWDLOV�RI�VSHFLILF�WHVWV�XVHG�DUH�LQFOXGHG�LQ�WKH�ILJXUH�OHJHQGV��
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5HVXOWV�

0RGXODWLRQ� RI� (1D&� DQG� 6*.�� DFWLYLW\� E\� FRUWLFRVWHURLGV� LQ� P&&'FO�� FHOOV�� 3RODULVHG� P&&'FO�� FHOOV�

JHQHUDWHG�DQ�DYHUDJH�WUDQVHSLWKHOLDO�YROWDJH��VWH��RI�����������P9�DQG�UHVLVWDQFH�RWH�RI���������NȍÂFP���JLYLQJ�

DQ�DYHUDJH�HTXLYDOHQW� VKRUW�FLUFXLW� FXUUHQW� �IHT��RI�����������$ÂFP��� �n ������ IHT� UHIOHFWV�(1D&�PHGLDWHG�1D��

WUDQVSRUW�DV�a����LV�LQKLELWHG�E\�DPLORULGH������0�����&RUWLFRVWHURQH��&257��VWLPXODWHG�WKH�DPLORULGH�VHQVLWLYH�

FXUUHQW� �IDPL��K�� DW� FRQFHQWUDWLRQV������Q0��FRQVLVWHQW�ZLWK� HQGRJHQRXV�DFWLYLW\�RI� WKH� ³SURWHFWLYH´���β+6'��

�)LJXUH��$L��� ,QKLELWLQJ� ��β+6'�� ZLWK� FDUEHQR[RORQH� �&%;�� ����0�� ���PLQ�� UHYHDOHG� D� FRQFHQWUDWLRQ�

GHSHQGHQW�VWLPXODWLRQ�RI�(1D&�PHGLDWHG�1D��WUDQVSRUW�E\�&257�DW�FRQFHQWUDWLRQV����Q0��)LJXUH��$L���%DVHOLQH�

FXUUHQW� ZDV� QRW� DOWHUHG� LQ� FHOOV� WUHDWHG� ZLWK� &%;� DORQH�� $OGRVWHURQH� �$/'2�� DOVR� VWLPXODWHG� IDPL� LQ� D�

FRQFHQWUDWLRQ�GHSHQGHQW�PDQQHU��WKLV�ZDV�LQGHSHQGHQW�RI�&%;�SUH�WUHDWPHQW��FRQVLVWHQW�ZLWK�$/'2�QRW�EHLQJ�D�

VXEVWUDWH� IRU� WKLV� HQ]\PH� �)LJXUH� �%L��� &257�LQGXFHG� 1D�� WUDQVSRUW� FRUUHODWHG� ZLWK� LQFUHDVHG� DFWLYLW\� DQG�

H[SUHVVLRQ� RI� WKH� SURWHLQ� VHUXP� DQG� JOXFRFRUWLFRLG� LQGXFHG� NLQDVH� �� �6*.���� )LJXUH� �$LL� DQG� LLL�� 6*.��

DEXQGDQFH�XQGHU�EDVDO�FRQGLWLRQV�LV�YHU\�ORZ����KRZHYHU�WKHUH�LV�FOHDU�DFWLYLW\�RI�WKLV�NLQDVH�DV�SHU�WKH�EDVDO�OHYHOV�

RI�SKRVSKRU\ODWLRQ�RI�VSHFLILF�UHVLGXHV�LQ�D�GRZQVWUHDP�WDUJHW�1'5*���%RWK�6*.��DFWLYLW\�DQG�H[SUHVVLRQ�ZHUH�

LQFUHDVHG�ZLWK�$/'2��)LJXUH��%LL�DQG�LLL���

0DSSLQJ� WKH� WUDQVFULSWRPHV� DVVRFLDWHG� ZLWK� DFXWH� FRUWLFRVWHURLG� VWLPXODWLRQ� RI� (1D&�PHGLDWHG� 1D��

WUDQVSRUW��3RODULVHG�P&&'FO��FHOOV�ZHUH� WUHDWHG� IRU���K�ZLWK�HLWKHU� VROYHQW�YHKLFOH��$/'2����Q0��RU�&257�

�����Q0���WKH�ODWWHU�LQ�WKH�DEVHQFH�RU�SUHVHQFH�RI�&%;������0���&RQVLVWHQW�ZLWK�WKH�FRQFHQWUDWLRQ�UHVSRQVH�DVVD\V�

$/'2��RU�&257�LQ�WKH�SUHVHQFH�RI�&%;��VWLPXODWHG�IDPL�FRPSDUHG�WR�FRQWURO�ZKLOVW�&257�LQ�WKH�DEVHQFH�RI�

&%;�GLG� QRW� DOWHU� IDPL� �)LJXUH��$��� F'1$� OLEUDULHV�ZHUH� JHQHUDWHG� DFURVV� HDFK� RI� WKH� �� JURXSV� �n ���ZKLFK�

XQGHUZHQW�����ES�SDLUHG�HQG�VHTXHQFLQJ��2YHU�����RI�WULPPHG�UHDGV�ZHUH�PDSSHG�WR�WKH�JHQRPH�DQG�RI�WKRVH��

����±������PDSSHG�DV�SDLUV���

'LIIHUHQWLDO�JHQH�H[SUHVVLRQ�DQDO\VLV�FRPSDUHG�DOO�SRVVLEOH�FRQWUDVWV�RI�H[SHULPHQWDO�FRQGLWLRQ�XVLQJ�WKUHVKROGV�

RI�D�PLQLPXP�ORJ��IROG�FKDQJH�RI���DQG�D�IDOVH�GLVFRYHU\�UDWH��������7DEOH�����9ROFDQR�SORWV�ZHUH�JHQHUDWHG�DQG�

VKRZ�WKH�GLIIHUHQWLDO�H[SUHVVLRQ�RI�JHQHV�LQ�FHOOV�WUHDWHG�ZLWK�YHKLFOH�FRPSDUHG�WR�$/'2��&257�RU�&%;�&257�

�)LJXUH��%�����JHQHV�ZHUH� LGHQWLILHG� LQ� WKH�$/'2�JURXS�FRPSDUHG� WR� WKH�FRQWURO�JURXS�DQG�����JHQHV�ZHUH�

GLIIHUHQWLDOO\�H[SUHVVHG�LQ�WKH�&%;�&257�JURXS�FRPSDUHG�WR�WKH�FRQWURO�JURXS��)LJXUH��%���7DEOH���OLVWV�DOO�

WUDQVFULSWV�UHJXODWHG�E\�$/'2�DQG�7DEOH���OLVWV�WKH�WRS����XSUHJXODWHG�DQG�DOO�GRZQUHJXODWHG�DQQRWDWHG�JHQHV�LQ�

WKH�&%;�&257�JURXS��1R�WUDQVFULSWV�ZHUH�GLIIHUHQWLDOO\�H[SUHVVHG�LQ�WKH�&257�JURXS�DQG�WKLV�ILQGLQJ�FRUUHODWHV�

ZLWK�D�ODFN�RI�VWLPXODWHG�IDPL��$OO���WUDQVFULSWV�GLIIHUHQWLDOO\�H[SUHVVHG�LQ�WKH�$/'2�vs.�FRQWURO�JURXS�ZHUH�DOVR�

GLIIHUHQWLDOO\�H[SUHVVHG�LQ�WKH�&%;�&257�JURXS�vs.�FRQWURO��7KH�FRPSOHWH�OLVW�RI�GLIIHUHQWLDOO\�UHJXODWHG�JHQHV��

DV�ZHOO�DV�D�FRXQWV�WDEOH�DFURVV�WKH���H[SHULPHQWDO�JURXSV�FDQ�EH�IRXQG�LQ�WKH�VXSSOHPHQWDU\�H[FHO�ILOH��)LYH�RI�

WKH�JHQHV�LGHQWLILHG��Sgk1��Sult1d1��Gm43305��Rasd1�DQG�Zbtb16��ZHUH�VXEVHTXHQWO\�YDOLGDWHG�E\�T57�3&5�LQ�

SRODULVHG�P&&'FO��FHOOV��6XSSOHPHQWDU\�)LJXUH�6����&HOOV�ZHUH�WUHDWHG�LQ�VLPLODU�PDQQHU��&257������Q0��RU�

YHKLFOH�IRU���K��IROORZLQJ�SUH�LQFXEDWLRQ�ZLWK�&%;������0��RU�YHKLFOH�IRU����PLQ��RU�WUHDWHG�ZLWK�$/'2����Q0��

RU� YHKLFOH� IRU� ��K�� (OHFWURSK\VLRORJLFDO� PHDVXUHPHQWV� WR� PRQLWRU� (1D&� DFWLYLW\� ZHUH� PDGH� SULRU� WR� 51$�

H[WUDFWLRQ��GDWD�QRW�VKRZQ����
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*HQHUDWLRQ� DQG� YDOLGDWLRQ� RI� D� SULQFLSDO� FHOO�VSHFLILF� UHSRUWHU� PRXVH��7KH� P7�P*�PRXVH� OLQH���� ZKLFK�

XELTXLWRXVO\�H[SUHVV� WG7RPDWR��WG7RP��LQ�FHOO�PHPEUDQHV��P7��RU�XSRQ�&UH�H[FLVLRQ�H[SUHVV�HQKDQFHG�*)3�

�P*���ZDV�FURVVHG�ZLWK� WKH�$TS�&UH� OLQH����)L[HG� ORQJLWXGLQDO� VHFWLRQV�RI�NLGQH\V� IURP�DGXOW�RIIVSULQJ�ZHUH�

LPDJHG� IRU� WG7RP� DQG� *)3� ODEHOOLQJ�� P7�P*� SRVLWLYH� DQG� $TS�&UH� QXOO� PLFH� H�J�� P7�P*����$TS�&UH�����

GHPRQVWUDWHG� PHPEUDQH� ODEHOOLQJ� RI� WG7RP� LQ� ERWK� FRUWH[� DQG� PHGXOODU\� UHJLRQV� �)LJXUH��$L��� 'LVWLQFW�

GLIIHUHQFHV�LQ�ODEHOOLQJ�FDQ�EH�VHHQ�LQ�WKH�FRUWH[�ZKHUH�EUXVK�ERUGHU�PHPEUDQHV�RI�WKH�SUR[LPDO�WXEXOHV�H[KLELW�

OHVV�HYHQO\�GLVWULEXWHG�PHPEUDQH�DVVRFLDWHG�PDUNHUV�WKDQ�GLVWDO�WXEXOHV�DQG�FROOHFWLQJ�GXFWV��)LJXUH��$LL���7KLV�

LV�FRQVLVWHQW�ZLWK�WKH�H[SUHVVLRQ�SDWWHUQ�SUHYLRXVO\�UHSRUWHG�LQ�NLGQH\�WLVVXH����1HJOLJLEOH�H*)3�ODEHOOLQJ�ZDV�

GHWHFWHG��)LJXUH��$LLL���.LGQH\�VHFWLRQV�IURP�DGXOW�PLFH�KRPR]\JRXV�IRU�P7�P*�DQG�KHPL]\JRXV�IRU�$TS�&UH��

H�J��P7�P*����$TS�&UH����PLFH��%���GLVSOD\HG�ERWK� WG7RP�DQG�&UH�LQGXFHG�H*)3� ODEHOOLQJ�LQ� WKH�FRUWH[�DQG�

PHGXOOD��)LJXUH��%L�LLL���7KH�H*)3�ODEHOOLQJ�RI�WXEXOHV�LV�ORZ��SRVVLEO\�LQGLFDWLQJ�ORZ�UHFRPELQDWLRQ�HIILFLHQF\�

RI�WKH�$TS�&UH�OLQH��LQ�RXU�KDQGV���

([SUHVVLRQ�RI�QHSKURQ�VHJPHQW�VSHFLILF�PDUNHUV�ZHUH�GHWHUPLQHG� LQ� WG7RP�DQG�*)3��SRSXODWLRQV��7DEOH�����

:KLOVW�WKH�WG7RP�SRSXODWLRQ�ZDV�HQULFKHG�IRU�PDUNHUV�FRQVLVWHQW�ZLWK�WKH�SUR[LPDO�WXEXOH��1+(���DQG�WKH�ORRS�

RI�+HQOH��1.&&����WKH�*)3��SRSXODWLRQ�ZDV�HQULFKHG�IRU�PDUNHUV�RI�WKH�&'��,Q�SDUWLFXODU��SULQFLSDO�FHOO�PDUNHUV�

520.��α�(1D&� DQG� ��β+6'��� EXW� DOVR�β�LQWHUFDODWHG� FHOO�PDUNHUV�9�$73DVH�β�� DQG� SHQGULQ�� EXW� QRW� WKH�

α�LQWHUFDODWHG�FHOO�PDUNHU�$(���7DEOH�����1&&�H[SUHVVLRQ�ZDV�GHWHFWHG�LQ�ERWK�SRSXODWLRQV���

7R�GHWHUPLQH�IXQFWLRQDO�SURSHUWLHV��RQH�LVRODWHG�SRSXODWLRQ�ZDV�JURZQ�LQ�FXOWXUH�RYHU�VHYHUDO�ZHHNV��&HOOV�ZHUH�

VXEVHTXHQWO\� VHHGHG� RQWR� SHUPHDEOH� LQVHUWV�� DIWHU� ����� GD\V� EDVHOLQH� VWH� DQG� RWH� ZHUH� ����������P9� DQG�

��������N�ÂFP��UHVSHFWLYHO\��JLYLQJ�ULVH�WR�DQ�IHT�RI�����������$ÂFP����YDOXHV�DUH�PHDQ�����&,��n �����,W�ZDV�

QRWHG� WKDW�RYHU�QXPHURXV�SDVVDJHV�VWH� UHGXFHG��RWH� LQFUHDVHG�� WKXV� IHT�GHFUHDVHG��GDWD�QRW�VKRZQ���&HOOV�ZHUH�

WKHUHIRUH�XVHG�EHWZHHQ�SDVVDJHV�����IRU�DOO�H[SHULPHQWV��6LPLODU�WR�WKH�P&&'FO��FHOOV��DSSOLFDWLRQ�RI�DPLORULGH�

�����0�����PLQ��LQKLELWHG�EDVDO�IHT�WR�QHJOLJLEOH�YDOXHV��)LJXUH��$���LQGLFDWLQJ�D�SUHGRPLQDQW�DPLORULGH�VHQVLWLYH�

FXUUHQW� LQ� WKH� SULPDU\� SULQFLSDO� FHOOV�� $� FRQFHQWUDWLRQ� UHVSRQVH� DVVD\� WR� &257�&%;� UHYHDOHG� WKDW� &257�

VWLPXODWHG� IDPL��K� DW� FRQFHQWUDWLRQV� !����Q0� DQG� SUH�LQFXEDWLQJ� SULPDU\� SULQFLSDO� FHOOV� ZLWK� &%;� �����0��

���PLQ��XQYHLOHG�D�FRQFHQWUDWLRQ�GHSHQGHQW�VWLPXODWLRQ�RI� IDPL��K��)LJXUH��$L���6WLPXODWLRQ�RI�(1D&�PHGLDWHG�

1D��WUDQVSRUW�FRUUHODWHG�ZLWK�LQFUHDVHG�DFWLYLW\�RI�6*.��DFWLYLW\��DV�GHWHUPLQHG�E\�SKRVSKRU\ODWLRQ�RI�1'5*��

7KU�������������)LJXUH��$LL���

&RUWLFRVWHURLG� UHJXODWLRQ� RI� (1D&� DFWLYLW\� DQG� LGHQWLILHG� $/'2�LQGXFHG� JHQHV� LQ� FXOWXUHG� SULPDU\�

SULQFLSDO�FHOOV��3ULPDU\�SULQFLSDO�FHOOV�ZHUH�WUHDWHG����K��ZLWK��&257�����Q0��LQ�WKH�DEVHQFH�SUHVHQFH�RI�&%;�

�����0�� ���PLQ� SUH�LQFXEDWLRQ��� $/'2� ���Q0�� RU� GH[DPHWKDVRQH� �'(;�� ����Q0��� &RQVLVWHQW� ZLWK� WKH�

FRQFHQWUDWLRQ�UHVSRQVH�DVVD\V��&257�RQO\�VWLPXODWHG�IDPL��K�ZKHQ�FHOOV�ZHUH�SUH�LQFXEDWHG�ZLWK�&%;����������

IROG�YV��ZLWKRXW�&%;����������IROG��)LJXUH��$��n ����%RWK�$/'2�DQG�'(;�VWLPXODWHG�IDPL��K�E\���������IROG�

�)LJXUH��%��n� ���� DQG�����IROG� �)LJ��&��n ���� UHVSHFWLYHO\��2I� WKH��� WDUJHWV� WHVWHG��Sgk1��Sult1d1��Gm43305��

Rasd1��Zbtb16��Defb1��Gm16178 DQG�Gm9694��H[SUHVVLRQ�RI�WKUHH�ZHUH�XSUHJXODWHG�E\�&%;�&257�����Q0��±�

Sgk1��Gm43305�DQG�Zbtb16��1R�WDUJHWV�ZHUH�DOWHUHG�HLWKHU�E\�&257�RU�&%;�DORQH��)LJXUH�����,Q�FHOOV�WUHDWHG�

ZLWK�$/'2��H[SUHVVLRQ�RI���RXW�RI���WDUJHW�WUDQVFULSWV�WHVWHG�ZDV�LQFUHDVHG��Sgk1��Rasd1�DQG�Zbtb16��)LJXUH��$���

)LQDOO\��LQ�FHOOV�WUHDWHG�ZLWK�'(;��DOO�EXW�RQH�WDUJHW�WHVWHG��Gm9694��ZDV�XSUHJXODWHG��)LJXUH��%���
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&RUWLFRVWHURLG� UHJXODWLRQ� RI� LGHQWLILHG� $/'2�LQGXFHG� JHQHV� LQ� SULQFLSDO� FHOOV� LVRODWHG� IURP� P7�P*�

$TS�&UH�PLFH��:H�PHDVXUHG�H[SUHVVLRQ�RI���$/'2�LQGXFHG�WDUJHWV���Sgk1��Sult1d1��Gm43305��Rasd1��Zbtb16��

DQG�Defb1� LQ� LVRODWHG� SULPDU\� SULQFLSDO� FHOOV� IROORZLQJ� DFXWH� WUHDWPHQW�ZLWK� VWHURLG� KRUPRQHV� RU� UHVSHFWLYH�

FRQWUROV��2I�WKHVH,���ZHUH�XSUHJXODWHG�LQ�PLFH�WUHDWHG�ZLWK�$/'2��Sult1d1��Gm43305��Rasd1��Zbtb16 �)LJXUH�

�$���7KHVH���WUDQVFULSWV�ZHUH�DOVR�XSUHJXODWHG�LQ�PLFH�WUHDWHG�ZLWK�&%;�&257��1RWDEO\�Sult1d1��Gm43305�DQG�

Zbtb16�ZHUH�DOVR�XSUHJXODWHG�LQ�WKH�&257�JURXS�EXW�DOVR�LQ�WKH�&%;�JURXS��

�

'LVFXVVLRQ�

:H� KDYH� PDSSHG� WKH� WUDQVFULSWRPHV� XQGHUO\LQJ� FRUWLFRVWHURLG�UHJXODWHG� (1D&� DFWLYLW\�� LGHQWLI\LQJ� D� VPDOO�

QXPEHU�RI�$/'2�UHJXODWHG�JHQHV�DQG�ODUJHU�QXPEHU�RI�&257�UHJXODWHG�JHQHV��WKH�ODWWHU�RQO\�ZKHQ���β+6'��

ZDV�LQKLELWHG��:H�XWLOLVHG�PRXVH�P&&'FO��FHOOV����D�ZHOO�GHVFULEHG�PRGHO�RI�$6'1�WR�FRXSOH�WUDQVFULSWRPLF�ZLWK�

HOHFWURSK\VLRORJLFDO�DQDO\VLV��(1D&�DFWLYLW\�ZDV�VWLPXODWHG�E\�ORZ�QDQRPRODU�FRQFHQWUDWLRQV�RI�$/'2�������DQG�

E\�&257�DW�FRQFHQWUDWLRQV�JUHDWHU�WKDQ�����Q0�RU�ZKHQ�HQGRJHQRXV���β+6'��DFWLYLW\�ZDV�LQKLELWHG�E\�&%;��

7KH� ³JDWHNHHSLQJ´� DFWLYLW\� RI� WKLV� HQ]\PH�H[WHQGV� WR� FRPSOHWH� DEVHQFH�RI� WUDQVFULSWLRQDO� DFWLYLW\�E\�&257��

,VRODWLRQ� RI� SULPDU\� SULQFLSDO� FHOOV� IURP� D� QRYHO� UHSRUWHU� PRXVH� HQDEOHG� DVVHVVPHQW� RI� VWHURLG�LQGXFHG� LRQ�

WUDQVSRUW�DQG�WDUJHW�JHQH�H[SUHVVLRQ��WKH�ODWWHU�ERWK�in vitro�DQG�in vivo��

'HHS�VHTXHQFLQJ�RI�SRODULVHG�P&&'FO��FHOOV�UHYHDOHG�H[SUHVVLRQ�RI�JHQHV�DVVRFLDWHG�ZLWK�SULQFLSDO�FHOOV�RI�&&'�

LQFOXGLQJ��Aqp2� �$43����Hsd11b2����β�+6'����Kcnj1� �520.���Kcnj10� �.LU������Nr3c1� �*5���Nr3c2��05���

Scnn1a��α�(1D&���Scnn1b��β�(1D&���Scnn1g��γ�(1D&���:LWK�ORZ�H[SUHVVLRQ�RI�Slc12a3��1&&��DQG�DEVHQFH�RI�

Pvalb��SDUYDOEXPLQ���Slc12a1��1.&&���DQG�Slc9a3��1+(����WKHVH�FHOOV�OLNHO\�UHSUHVHQW�HSLWKHOLD�IURP�'&7��

RQZDUGV��:KLOVW�WKHUH�LV�ORZ�H[SUHVVLRQ�RI�Atp6v1b1��9�$73DVH�β����WKHUH�LV�QR�GHWHFWDEOH�H[SUHVVLRQ�RI�HLWKHU�

Slc4a1��$(���RU Slc26a4��SHQGULQ���WKXV�LW�VHHPV�P&&'FO��FHOOV�UHIOHFW�D�SULQFLSDO�FHOO�SRSXODWLRQ��7KLV�H[SUHVVLRQ�

SURILOH�DOLJQV�ZLWK�SULQFLSDO�FHOO�SRSXODWLRQV�LGHQWLILHG�E\�VF6HT�RI�PRXVH�NLGQH\��������7UDQVFULSWRPLF�SURILOLQJ�

RI�WKH�UHODWHG�FHOO�OLQH��PSN&&'FO�����UHYHDOHG�D�VLPLODU�SDWWHUQ�RI�WUDQVFULSWV��ZLWK�WKH�H[FHSWLRQ�RI�Kcnj1��Kcnj10�

DQG�Nr3c2����0RUH�UHFHQWO\��51$VHT�DQDO\VLV�RI�D�VXEFORQH�RI�WKHVH�FHOOV��PSN&&'FO���ZKLOVW�DOVR�KDYLQJ�D�VLPLODU�

SDWWHUQ�RI�WUDQVFULSWV��UHYHDOHG�ORZ�H[SUHVVLRQ�RI�Nr3c2��EXW�Kcnj1��Kcnj10��Kcnj16�DQG�Scnn1b�ZHUH�DEVHQW����

)XQFWLRQDOO\�WKH�PSN&&'FO��FHOO�OLQH�GRHV�QRW�H[KLELW�$/'2�VHQVLWLYLW\��UHTXLULQJ�PLFURPRODU�FRQFHQWUDWLRQV�WR�

H[HUW�D�VWLPXODWRU\�HIIHFW�RQ�(1D&������������FRQVLVWHQW�ZLWK�WKH�ODFN�RI��RU�YHU\�ORZ�DEXQGDQFH�RI��WKH�05���
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:H�FRQILUP�ERWK�Sgk1�DQG�Zbtb16�DV�HDUO\�$/'2�LQGXFHG�JHQHV����������������DQG�IXUWKHU�LGHQWLI\�Rasd1��Sult1d1�

DQG�DQ�XQDQQRWDWHG� WUDQVFULSW�Gm43305��6*.�� LV�ZHOO�GHVFULEHG�DV�D� VWHURLG�LQGXFHG�SURWHLQ�ZKLFK�SUHYHQWV�

XELTXLWLQ�PHGLDWHG� UHPRYDO�RI�(1D&� LQ� WKH� DSLFDO�PHPEUDQH� WKURXJK�SKRVSKRU\ODWLRQ�RI� WKH�XELTXLWLQ�OLJDVH�

1HGG�������Zbtb16��WKH�SURP\HORF\WLF�OHXNDHPLD�]LQF�ILQJHU�SURWHLQ��3/=)���ZDV�LGHQWLILHG�DV�DQ�HDUO\�$/'2�

LQGXFHG� JHQH� LQ�0�� FHOOV� H[SUHVVLQJ� UDW�05����2YHUH[SUHVVLRQ� RI� 3/=)� UHGXFHG� EDVDO� I6&� EXW� GLG� QRW� DOWHU�

GH[DPHWKDVRQH�LQGXFHG�I6&��VXJJHVWLQJ�WKDW�UDWKHU�WKDQ�PHGLDWLQJ�WKH�VWLPXODWRU\�UHVSRQVH�RI�$/'2��3/=)�PD\�

QHJDWLYHO\�UHJXODWH�(1D&�LQ�WKH�&'����:KLOVW�Rasd1�KDV�QRW�EHHQ�GLUHFWO\�OLQNHG�WR�FRUWLFRVWHURLG�HIIHFWV�LQ�WKH�

&'�� LW�KDV�SUHYLRXVO\�EHHQ� LGHQWLILHG� DV� D�GRZQUHJXODWHG� WUDQVFULSW� LQ�6$*(�DQDO\VLV�RI� WKH�RXWHU�PHGXOODU\�

FROOHFWLQJ�GXFW��20&'��LQ�PLFH�IROORZLQJ���GD\V�RI�.��GHSOHWLRQ����Rasd1�KDV�EHHQ�LGHQWLILHG�DV�DQ�LQWHUFDODWHG�

FHOO�HQULFKHG�WUDQVFULSW�LQ�PLFH����'XH�WR�WKH�SRWHQWLDO�SODVWLFLW\�RI�&'�FHOOV��RU�WKH�GH�GLIIHUHQWLDWLRQ�RI�LVRODWHG�

FHOOV��LW�ZLOO�EH�SUXGHQW�WR�GHWHUPLQH�LQ�ZKLFK�FHOO�W\SH�5DVG��LV�H[SUHVVHG�in vivo�DQG�ZKHWKHU�LWV�LQGXFWLRQ�E\�

$/'2�UHODWHV�WR�(1D&�VWLPXODWLRQ��,W�LV�RI�QRWH�WKDW�D�UHODWHG�JHQH�IURP�WKH�5DV�VXSHUIDPLO\��Kras��DOVR�NQRZQ�

DV�KRas2a)� ZDV� SUHYLRXVO\� LGHQWLILHG� DV� D� VWHURLG�LQGXFHG� WUDQVFULSW� LQ� DPSKLELDQ� $�� FHOOV��� DQG� ZKHQ� FR�

H[SUHVVHG�ZLWK�(1D&�LQ�RRF\WHV��VWLPXODWHG�DPLORULGH�VHQVLWLYH�FXUUHQWV����:KLOVW�RXU�GDWD�VKRZ�H[SUHVVLRQ�RI�

Kras��ZH�GLG�QRW�GHWHFW� VLJQLILFDQW� FKDQJHV� LQ�H[SUHVVLRQ�ZLWK� DQ\� VWHURLG� WUHDWPHQW� WHVWHG��Sult1d1�ZDV� DOVR�

XSUHJXODWHG�E\�$/'2�DQG�WZR�RWKHU�IDPLO\�PHPEHUV�Sult1a1�DQG�Sult1b1�ZHUH�XSUHJXODWHG�LQ�FHOOV�WUHDWHG�ZLWK�

&%;�&257��6XOIRQDWLRQ�KDV�EHHQ�DVVRFLDWHG�ZLWK�LQDFWLYDWLRQ�RI�PROHFXOHV�WR�IDFLOLWDWH�H[FUHWLRQ�����DQG�LW�PD\�

DOVR�UHJXODWH�LQWUDFHOOXODU�ELRDYDLODELOLW\����68/7�'��KDV�EHHQ�DVVRFLDWHG�ZLWK�FDWHFKRODPLQH�VXOIDWLRQ�LQ�PRXVH�

NLGQH\�� WKRXJKW� WR� HQKDQFH� H[FUHWLRQ���� +RZHYHU�� ZLWK� QR� KXPDQ� RUWKRORJXH� RI�Sult1d1�� LW� PD\� UHSUHVHQW� D�

VSHFLHV�GHSHQGHQW�UHJXODWLRQ�RI�FDWHFKRODPLQHV��)LQDOO\��Gm43305�LV�DQ�XQDQQRWDWHG�WUDQVFULSW�HQFRGLQJ�D�ORQJ�

QRQ�FRGLQJ�51$�ORFDWHG�XSVWUHDP�RI� WKH�ROIDFWRU\�UHFHSWRU�Olfr49 RQ�FKURPRVRPH�����:KHWKHU� WKLV�$/'2�

LQGXFHG�OQF51$�UHODWHV�WR�WKH�VWLPXODWLRQ�RI�(1D&�UHPDLQV�XQNQRZQ��EXW�LW�LV�RI�LQWHUHVW�ZKHWKHU�OQF51$V�PD\�

EH�LGHQWLILHG�DV�\HW�DQRWKHU�OD\HU�RI�UHJXODWLRQ�RI�LRQ�WUDQVSRUW�SURFHVVHV�LQ�WKH�GLVWDO�QHSKURQ��

:H�FRPSDUHG�DFXWH�$/'2�LQGXFHG�WUDQVFULSWLRQDO�HYHQWV�IURP�WKLV�VWXG\�ZLWK�WZR�UHFHQW�VWXGLHV�ZKLFK�PDSSHG�

WKH� WUDQVFULSWRPHV�RI� LVRODWHG�SULPDU\� FHOOV�RI� WKH�$6'1�IROORZLQJ�FKURQLF�$/'2� WUHDWPHQW����� ��� ,Q� WKHVH���

VWXGLHV��PLFH�NHSW�RQ�D�ORZ�1D��GLHW�IRU���GD\V�RU�LQIXVHG�ZLWK�H[RJHQRXV�$/'2�E\�RVPRWLF�PLQLSXPS�IRU���

GD\V��KDG�SODVPD�>$/'2@�RI�a�����Q0��ZKLFK�LV�FRPSDUDEOH�WR�WKH���Q0�XVHG�LQ�RXU�RZQ�VWXG\��2I�WKH�$/'2�

LQGXFHG�JHQHV�LGHQWLILHG�LQ�WKH�SUHVHQW�VWXG\��ERWK�Sult1d1�DQG�RU�Sgk1�ZHUH�LGHQWLILHG�DV�DOGRVWHURQH�UHJXODWHG�����

���)URP�WKH�IXOO�WUDQVFULSWRPH�RI�WKH�'&7�&17�L&&'�XQGHU�FRQWURO�FRQGLWLRQV����H[SUHVVLRQ�RI���RXW�RI���RI�RXU�

$/'2�LQGXFHG� WUDQVFULSWV�ZHUH� GHWHFWHG�� ZLWK� WKH� DEVHQFH� RI� �� LGHQWLILHG� XQDQQRWDWHG� JHQHV�Gm43305� DQG�

Gm9694��7KH�GLIIHUHQFHV�LQ�$/'2�LQGXFHG�JHQHV�EHWZHHQ�RXU�VWXG\�DQG�WKHVH�RWKHUV�PD\�UHIOHFW�WKH�DFXWH�WLPH�

IUDPH�LQ�ZKLFK�ZH�PHDVXUHG�WUDQVFULSWLRQDO�FKDQJHV�DQG�PD\�DOLJQ�ZLWK�WKH�FRQFHSW�RI�HDUO\�vs.�ODWH�HIIHFWV�RI�

$/'2�LQ�WKH�$6'1�����
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(1D&�PHGLDWHG�1D��WUDQVSRUW�LQ�WKH�$6'1�LV�QRW�QRUPDOO\�UHVSRQVLYH�WR�&257�GXH�WR���β+6'��DFWLYLW\��������

:H� FRQILUPHG�(1D&� FDQQRW� EH� VWLPXODWHG� E\�&257� DW� SK\VLRORJLFDO� FRQFHQWUDWLRQV� LQ�P&&'FO�� FHOOV��� DQG�

VXEVHTXHQWO\� GHPRQVWUDWHG� 6*.�� H[SUHVVLRQ�DFWLYLW\� LV� DOVR� SURWHFWHG�� 2XU� WUDQVFULSWRPLF� GDWD� UHYHDO� WKDW�

��β+6'��� LQ�IDFW�� IXOO\�DEROLVKHV� WKH� WUDQVFULSWLRQDO�HIIHFWV�RI�&257�DQG�VLQFH�QR���β+6'��H[SUHVVLRQ�ZDV�

GHWHFWHG��&257�LV�IXOO\�LQDFWLYDWHG�DQG�FDQQRW�EH�UH�DFWLYDWHG�LQ�SULQFLSDO�FHOOV��5HFHQW�ZRUN�VXJJHVWV�WKDW�WKH�

$6'1�PD\�LQ�IDFW�QRW�LQFOXGH�WKH�ODWH�'&7�HDUO\�&17��ZKHUH�EDVDO�(1D&�DFWLYLW\�LV�PXFK�JUHDWHU�WKDQ�LQ�WKH�

&17�&&'����'LHWDU\�PDQRHXYUHV�ZKLFK�UDLVH�SODVPD�>$/'2@�SURGXFH�GLIIHUHQW�HIIHFWV�RQ�(1D&�GHSHQGLQJ�RQ�

LWV�ORFDWLRQ��:KLOVW�(1D&�DFWLYLW\�LV�VWLPXODWHG�LQ�ERWK�WKH�'&7�&17�DQG�&17�&&'�LQ�PLFH�PDLQWDLQHG�RQ�D�

KLJK�.��GLHW����(1D&�DFWLYLW\�LV�RQO\�VWLPXODWHG�LQ�WKH�&17�&&'�LQ�PLFH�PDLQWDLQHG�RQ�D�ORZ�1D��GLHW����7KH�

05��DSSHDUV�FULWLFDO�LQ�ERWK�UHJLRQV�IRU�VWHURLG�LQGXFHG�(1D&�DFWLYLW\�DV�GHOHWLRQ�DEROLVKHV�WKHVH�UHVSRQVHV��������

,W�LV�LQWHUHVWLQJ�WR�VSHFXODWH�ZKHWKHU�H[SUHVVLRQ�RI�WKH�FHOOXODU�PDFKLQHU\�XQGHUSLQQLQJ�$/'2�VHQVLWLYLW\�GLIIHUV�

LQ�WKHVH�ORFDWLRQV�JLYLQJ�ULVH�WR�GLIIHUHQW�EDVDO��DV�ZHOO�DV�$/'2�LQGXFHG��(1D&�DFWLYLW\��7KHUH�DUH�PL[HG�UHSRUWV�

UHJDUGLQJ� LPPXQRORFDOL]DWLRQ� RI� ��β+6'�� LQ� WKH� '&7��� ��� ��� DQG� UHFHQW� VF6HT� RI� PXULQH� NLGQH\V� UHSRUW�

ORZ�QHJOLJLEOH�H[SUHVVLRQ������������:H�GHWHUPLQHG�WKH�WUDQVFULSWRPLF�HIIHFWV�RI�&257�LQ�WKH�DEVHQFH�RI���β+6'���

(1D&�DFWLYLW\�ZDV�UREXVWO\�VWLPXODWHG�DQG�GLIIHUHQWLDO�JHQH�H[SUHVVLRQ�DQDO\VLV�UHYHDOHG�PRGXODWLRQ�RI�D�PXFK�

ODUJHU�QXPEHU�RI�JHQHV�FRPSDUHG�WR�$/'2��LQFOXGLQJ�SUHYLRXVO\�GHVFULEHG�VWHURLG�LQGXFHG�WDUJHWV��*,/=��α�

(1D&�� DQG� 3HU������ ��� $OO� JHQHV� LGHQWLILHG� IROORZLQJ� $/'2� WUHDWPHQW� ZHUH� LGHQWLILHG� LQ� FHOOV� WUHDWHG� ZLWK�

&%;�&257��LQGLFDWLQJ�D�VKDUHG�SDWKZD\�RI�WKHVH�KRUPRQHV�GRZQVWUHDP�RI�ELQGLQJ�HQGRJHQRXV�UHFHSWRUV��7KH�

UHODWLYH�UROHV�WKDW�WKH�05��*5�RU�LQGHHG�ERWK�ZLWKLQ�WKH�GLVWDO�QHSKURQ��SDUWLFXODUO\�ZKHUH���β+6'��LV�DEVHQW�vs.�

SUHVHQW�UHPDLQV�LQFRPSOHWHO\�XQGHUVWRRG�DQG�ZDUUDQWV�IXUWKHU�LQYHVWLJDWLRQ��

*HQHUDWLQJ�P7�P*�$TS�&UH�PLFH�WR�LVRODWH�SULPDU\�&'�FHOOV�LV�D�VLPLODU�VWUDWHJ\�WR�SUHYLRXV�VWXGLHV�WKDW�XWLOLVHG�

D�7539��H*)3�UHSRUWHU�OLQH�WR�LVRODWH�SULPDU\�&17�&'�FHOOV���RU�&'�VSHFLILF�FHOO�LVRODWLRQ�IURP�ZLOG�W\SH�PLFH�

XVLQJ�HLWKHU�'%$�OHFWLQ���RU�DQ�/��&$0�DQWLERG\����,Q�RXU�VWXG\�� WKH� LVRODWHG�*)3��FHOOV�ZHUH��DV�H[SHFWHG��

VWURQJO\�HQULFKHG�IRU�JHQHV�FKDUDFWHULVWLF�RI�SULQFLSDO�FHOOV��HQFRGLQJ���β+6'���520.��α�(1D&���7KHVH�FHOOV�

DOVR�H[SUHVVHG�JHQHV�HQFRGLQJ�SHQGULQ�DQG�$(���DVVRFLDWHG�ZLWK�LQWHUFDODWHG�FHOOV��DOEHLW�DW�D�ORZ�DEXQGDQFH��

7KLV�ILQGLQJ�LV�FRQVLVWHQW�ZLWK�JURXSV�ZKR�LVRODWHG�SULPDU\�&'�FHOOV���RU�'&7��&17�LQLWLDO�&&'�FHOOV����:H�GR�

QRW�WKLQN�RXU�UHVXOWV�UHIOHFW�QRQ�VSHFLILFLW\�RI�&UH�UHFRPELQDVH�DV�$TS�&UH�LV�QRW�H[SUHVVHG�LQ�LQWHUFDODWHG�FHOOV����

1RU�GR�ZH�FRQVLGHU�WKLV�WR�EH�FRQWDPLQDWLRQ�GXULQJ�LVRODWLRQ�H�J��GXH�WR�DXWRIOXRUHVFHQFH��RXU�JDWLQJ�VWUDWHJ\�ZDV�

VWULQJHQW�DQG�ZH�GLG�QRW�GHWHFW�HQULFKPHQW�RI�PDUNHUV�DVVRFLDWHG�ZLWK�SUR[LPDO�WXEXOH�FHOOV��ZKLFK�H[KLELW�VWURQJ�

DXWRIOXRUHVFHQFH��,W�LV�SRVVLEOH�WKDW�HLWKHU�WKH�LVRODWHG�SULPDU\�SULQFLSDO�FHOOV�GH�GLIIHUHQWLDWH�UDSLGO\�RU�SHUKDSV�

PRUH�OLNHO\��RXU�UHVXOWV�VXSSRUW�WKH�HYLGHQFH�WKDW�&'�HSLWKHOLD�H[KLELW�SODVWLFLW\������������,QGHHG��VF6HT�DQDO\VLV�RI�

PXULQH�NLGQH\���UHSRUWHG�D�³WUDQVLWLRQDO�FHOO´�W\SH�ZKHUH�KLJK�H[SUHVVLRQ�RI�WKHVH�,&�WUDQVFULSWV�ZHUH�GHWHFWHG��DW�

D�VLPLODU�OHYHO�DV�Aqp2��7KH�ILQGLQJ�WKDW�WKH�*)3��FHOOV�FRQWDLQ�WUDQVFULSWV�DVVRFLDWHG�ZLWK�3&V�EXW�DOVR�,&V�LV�

FRQVLVWHQW�ZLWK�WKLV��,PSRUWDQWO\��IXQFWLRQDO�DVVHVVPHQW�RI�WKH�LVRODWHG�*)3��FHOOV�UHYHDOHG���β+6'��DFWLYLW\�DV�

ZHOO�DV�SUHGRPLQDQW�DPLORULGH�VHQVLWLYH�FXUUHQWV�ZKLFK�FRXOG�EH�VWLPXODWHG�E\�DOGRVWHURQH��WKHUHIRUH�WKH�LVRODWHG�

*)3��FHOOV�SKHQRW\SLFDOO\�EHKDYH�DV�1D��DEVRUELQJ�SULQFLSDO�FHOOV��



/RXJKOLQ�et al.��7UDQVFULSWRPLF�HIIHFWV�RI�DFXWH�FRUWLFRVWHURLGV�LQ�WKH�&&'�
�

3DJH����

3ULPDU\�SULQFLSDO�FHOOV�JURZQ�RQ�SHUPHDEOH�VXSSRUWV�LQ�FXOWXUH�GHYHORSHG�VW�DQG�RW� LQ�D�PDQQHU�DQDORJRXV�WR�

P&&'FO��FHOOV��RW��RI�QRWH��ZDV�PXFK�ODUJHU�LQ�WKHVH�FHOOV�DW�a���N�āFP���ZLWK�D�VW�RI�a�����P9�JLYLQJ�ULVH�WR�DQ�

IHT�RI�a�������$āFP����7KHVH�FXUUHQWV�DUH�VPDOOHU�WKDQ�WKRVH�UHFRUGHG�IURP�P&&'FO���������PSN&&'FO���������DV�ZHOO�

DV�SULPDU\�&'�FHOOV�LVRODWHG�E\�'%$�OHFWLQ����EXW�ZHUH�DOPRVW�FRPSOHWHO\�DEROLVKHG�E\�DPLORULGH�LQGLFDWLQJ�D�

1D��DEVRUELQJ�SKHQRW\SH�via�(1D&��3ULPDU\�SULQFLSDO� FHOOV�H[KLELWHG���β+6'��DFWLYLW\�DQG�(1D&�PHGLDWHG�

FXUUHQWV�ZHUH�VLJQLILFDQWO\�VWLPXODWHG�E\�$/'2��&%;�&257��DV�ZHOO�DV�GH[DPHWKDVRQH��'(;���7KLV�FRUUHODWHV�

ZLWK�FXUUHQWV�PHDVXUHG�LQ�P&&'FO��FHOOV��FRQILUPLQJ�WKHVH�FHOOV�UHSUHVHQW�D�UHOHYDQW�PRGHO�RI�SULQFLSDO�FHOOV�ZLWK�

WKH�DGYDQWDJH�WKDW�WKH\�GR�QRW�GH�GLIIHUHQWLDWH�RYHU�D�VPDOO�QXPEHU�RI�SDVVDJHV��$QDO\VLV�RI�LGHQWLILHG�$/'2�

LQGXFHG�JHQHV�LQ�SULPDU\�FHOOV�JURZQ�LQ�FXOWXUH�UHYHDOHG�$/'2�DQG�&%;�&257�ERWK�XSUHJXODWHG�Sgk1��Rasd1�

DQG�Zbtb16��EXW�$/'2�DOVR�XSUHJXODWHG�Sult1d1�ZKHUHDV�&257�DOVR�XSUHJXODWHG�Gm43305��,QWHUHVWLQJO\��'(;�

XSUHJXODWHG���RI���$/'2�LQGXFHG�JHQHV�WHVWHG��6WXGLHV�KDYH�VKRZQ�WKDW�ZKLOVW�'(;�LV�FRQVLGHUHG�D�V\QWKHWLF�

JOXFRFRUWLFRLG��LW�FDQ�ELQG�WKH�05�DV�ZHOO�DV�WKH�*5����,Q�WKH�WUDQVFULSWRPLF�GDWD�IURP�WKH�P&&'FO��FHOOV��05�LV�

H[SUHVVHG�DW��[�JUHDWHU� OHYHOV� WKDQ�*5�� VPDOOHU� WKDQ� WKH��[�GLIIHUHQFH� UHSRUWHG� LQ� WKH�PSN&&'FO��FHOOV����EXW�

VLPLODU�WR�WKH��[�JUHDWHU�OHYHOV�UHSRUWHG�LQ�WKH�&'�SULQFLSDO�FHOO�SRSXODWLRQ�LGHQWLILHG�LQ�VF6HT�DQDO\VLV�RI�PXULQH�

NLGQH\����

%XLOGLQJ�RQ�RXU�in vitro�H[SHULPHQWV��SULQFLSDO�FHOO�VSHFLILF�UHSRUWHU�PLFH�ZHUH�DFXWHO\�DGPLQLVWHUHG�$/'2�RU�

&257�&%;����)RXU�RI�WKH�LGHQWLILHG�$/'2�LQGXFHG�JHQHV�ZHUH�XSUHJXODWHG�LQ�PLFH�WUHDWHG�ZLWK�HLWKHU�$/'2�

RU�&%;�&257��Sult1d1��Gm443305��Rasd1� DQG�Zbtb16��:H�QRWHG� WKDW�&%;� WUHDWPHQW� DORQH� UHVXOWHG� LQ� DQ�

XSUHJXODWLRQ�LQ�H[SUHVVLRQ�RI� WKH�$/'2�LQGXFHG�JHQHV�Zbtb16��Gm43305�DQG�Sult1d1��:H�GLG�QRW��KRZHYHU��

GHWHFW� FKDQJHV� LQ� Sgk1� DFURVV� DQ\� RI� WKH� JURXSV�� Sgk1� KDV� SUHYLRXVO\� EHHQ� VKRZQ� WR� EH� XSUHJXODWHG� LQ�

PLFURGLVVHFWHG�&17�&&'�IROORZLQJ���K�$/'2�WUHDWPHQW���DQG�LW�LV�SRVVLEOH�WKHVH�UDSLG�DFWLYDWLRQ�HYHQWV�ZHUH�

FRPSOHWH�E\�RXU���K�FROOHFWLRQ�SRLQW��+RZHYHU��IURP�WKH�GDWD��LW�LV�FOHDU�WKDW�IRXU�RI�RXU�LGHQWLILHG�FRUWLFRVWHURLG�

LQGXFHG�JHQHV�UHPDLQHG�XSUHJXODWHG�DIWHU���K��

,Q�VXPPDU\��ZH�UHSRUW�WKH�WUDQVFULSWLRQDO�ODQGVFDSH�DVVRFLDWHG�ZLWK�DFXWH�FRUWLFRVWHURLG�LQGXFHG�(1D&�DFWLYLW\�

LQ�SULQFLSDO�FHOOV�RI�WKH�&'��,Q�DGGLWLRQ�WR�WKH�SUHYLRXVO\�GHVFULEHG�$/'2�LQGXFHG�WDUJHWV�Sgk1�DQG�Zbtb16��ZH�

LGHQWLI\���DGGLWLRQDO�DFXWHO\�XSUHJXODWHG�WDUJHWV�Rasd1��Sult1d1�DQG�WKH�XQDQQRWDWHG�Gm43305��7KH�SRWHQWLDO�UROH�

WKDW�WKHVH�JHQHV�SOD\�LQ�PHGLDWLQJ�$/'2��LQGXFHG�(1D&�DFWLYLW\�LQ�SULQFLSDO�FHOOV�RI�WKH�&'�LV�RI�LQWHUHVW�DQG�

UHPDLQV�WR�EH�GHWHUPLQHG��

�

�

�

�

�

�
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�

'LVFORVXUHV�

0��%DLOH\�UHSRUWV�WKH�IROORZLQJ��&RQVXOWDQF\��5LYHU���5HQDO��DQG�$GYLVRU\�RU�/HDGHUVKLS�5ROH��.LGQH\�5HVHDUFK�

8.��5HVHDUFK�*UDQW�	�)HOORZVKLSV�&RPPLWWHH���$PHULFDQ�-RXUQDO�RI�3K\VLRORJ\��$VVRFLDWH�(GLWRU���6��:LOVRQ�

UHSRUWV� WKH� IROORZLQJ�� 2ZQHUVKLS� ,QWHUHVW�� 'LDJHR�� /HJDO� 	� *HQHUDO� *URXS�� 5HFNLWW� %HQFNLVHU� *URXS� 3OF��

8QLOHYHU�3OF��$VWUD�=HQHFD�3/&��7KH�UHPDLQLQJ�DXWKRUV�KDYH�QRWKLQJ�WR�GLVFORVH��

)XQGLQJ�

7KLV� ZDV� ZRUN� VXSSRUWHG� E\� .LGQH\� 5HVHDUFK� 8.�� D� 3RVWGRFWRUDO� )HOORZVKLS� 3')B���B��������� DQG��

,QQRYDWLRQ�*UDQW�,1B���B����������WKH�%ULWLVK�+HDUW�)RXQGDWLRQ��5HVHDUFK�([FHOOHQFH�$ZDUG�5(�������������

7KH�6FRWWLVK�)XQGLQJ�&RXQFLO��6W�$QGUHZV�5HVHDUFK�)XQGLQJ�6FKHPH��DQG�WKH�6RFLHW\�IRU�(QGRFULQRORJ\��(DUO\�

&DUHHU�*UDQW��

$FNQRZOHGJHPHQWV�

7KH�DXWKRUV�DUH�JUDWHIXO�WR�'U��/DXUD�'HQE\�DQG�&DURO\QQ�&DLUQV�ZLWKLQ�WKH�&HQWUH�IRU�&DUGLRYDVFXODU�6FLHQFH�

IRU�JLYLQJ�JXLGDQFH�LQ�SUHSDULQJ�NLGQH\�KRPRJHQDWHV�IRU�)$&6��:H�WKDQN�3URI��1HLO�+HQGHUVRQ�DW�7KH�8QLYHUVLW\�

RI�(GLQEXUJK�IRU�DFFHVV�WR�WKH�P7�P*�UHSRUWHU�PRXVH�DQG�JXLGDQFH�RQ�EUHHGLQJ�JHQRW\SLQJ�VWUDWHJLHV��:H�DUH��

JUDWHIXO�WR�'U��6KRQQD�-RKQVWRQ�DQG�WKH�)ORZ�&R5(�IDFLOLW\�LQ�WKH�405,�IRU�WKHLU�H[SHUWLVH�DQG�JXLGDQFH�IRU�

)$&6�H[SHULPHQWV��)LQDOO\��WKH�DXWKRUV�DFNQRZOHGJH�WKH�VHUYLFHV�RI�(GLQEXUJK�*HQRPLFV��DV�ZHOO�DV�'U��3HWHU�

7KRUSH�DW�WKH�8QLYHUVLW\�RI�6W�$QGUHZV�IRU�ELRLQIRUPDWLFV�VXSSRUW��

$XWKRU�&RQWULEXWLRQV�

0�.�0�� DQG� 0�$�%�� FRQFHSWLRQ� DQG� GHVLJQ� RI� UHVHDUFK�� 0�.�0��� 6�5�/��� $�5�� DQG� +�0�&�� SHUIRUPHG�

H[SHULPHQWV��0�.�0���6�5�/���+�0�&���$�5��DQG�&�%��DQDO\VHG�WKH�GDWD��0�.�0��SUHSDUHG�ILJXUHV��0�.�0��GUDIWHG�

WKH�PDQXVFULSW��0�.�0��DQG�0�$�%��HGLWHG�DQG�UHYLVHG�PDQXVFULSW��0�.�0���6�5�/���+�0�&���$�5���&�%���6�0�:��

DQG�0�$�%��DSSURYHG�ILQDO�YHUVLRQ�RI�WKH�PDQXVFULSW��

'DWD�VKDULQJ�VWDWHPHQW�

7KH� UDZ� 51$VHT� GDWD� KDYH� EHHQ� XSORDGHG� WR� WKH� 6HTXHQFH� 5HDG� $UFKLYH� DW� 1&%,�� ZLWK� WKH� SURMHFW� ,'��

35-1$��������

�
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6XSSOHPHQWDO�0DWHULDO��

6XSSOHPHQWDU\�)LJXUH����9DOLGDWLRQ�RI�FRUWLFRVWHURLG�LQGXFHG�WUDQVFULSWV�LQ�P&&'FO��FHOOV��
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�68/7�(���VXEVWUDWHV�DQG�PROHFXODU�LPDJLQJ�SUREH�FDQGLGDWHV��Proceedings of the National Academy of Sciences 

of the United States of America,����������������������

����6KLPDGD�0��7HUD]DZD�5��.DPL\DPD�<��+RQPD�:��1DJDWD�.��<DPD]RH�<��8QLTXH�SURSHUWLHV�RI� D� UHQDO�

VXOIRWUDQVIHUDVH��VW�G���LQ�GRSDPLQH�PHWDEROLVP��Journal of Pharmacology and Experimental Therapeutics,������

��������������

���� 6WDXE� 2�� /RIILQJ� -��0LQHUDORFRUWLFRLG� DFWLRQ� LQ� WKH� DOGRVWHURQH� VHQVLWLYH� GLVWDO� QHSKURQ�� ,Q�� Seldin and 

Giebisch's The Kidney - Physiology and Pathophysiology.��WK�(G��HGLWHG�E\�$OSHUQ�0��&DSODQ��0��DQG�0RH��2���

/RQGRQ��$FDGHPLF�3UHVV��������SS�����������

����)XQGHU�-:��3HDUFH�37��6PLWK�5��6PLWK�$,��0LQHUDORFRUWLFRLG�DFWLRQ��7DUJHW�WLVVXH�VSHFLILFLW\�LV�HQ]\PH��QRW�

UHFHSWRU��PHGLDWHG��Science,��������������������

����%DLOH\�0$��8QZLQ�5-��6KLUOH\�'*��,Q�YLYR�LQKLELWLRQ�RI�UHQDO���E�K\GUR[\VWHURLG�GHK\GURJHQDVH�LQ�WKH�UDW�

VWLPXODWHV�FROOHFWLQJ�GXFW�VRGLXP�UHDEVRUSWLRQ��Clinical Science,��������������������

����1HVWHURY�9��'DKOPDQQ�$��.UXHJHU�%��%HUWRJ�0��/RIILQJ�-��.RUEPDFKHU�&��$OGRVWHURQH�GHSHQGHQW�DQG� �

LQGHSHQGHQW�UHJXODWLRQ�RI�WKH�HSLWKHOLDO�VRGLXP�FKDQQHO��(1D&��LQ�PRXVH�GLVWDO�QHSKURQ��American Journal of 

Physiology - Renal Physiology,������)�����)�����������

����:X�3��*DR�=�;��=KDQJ�'�'��'XDQ�;�3��7HUNHU�$6��/LQ�'�+, et al.��(IIHFW�RI�DQJLRWHQVLQ�,,�RQ�(1D&�LQ�WKH�

GLVWDO�FRQYROXWHG�WXEXOH�DQG�LQ�WKH�FRUWLFDO�FROOHFWLQJ�GXFW�RI�PLQHUDORFRUWLFRLG�UHFHSWRU�GHILFLHQW�PLFH��Journal 

of the American Heart Association,���������

����%HUWRJ�0��&XIIH�-(��3UDGHUYDQG�6��+XPPOHU�(��+DUWQHU�$��3RUVW�0, et al.��$OGRVWHURQH�UHVSRQVLYHQHVV�RI�WKH�

HSLWKHOLDO� VRGLXP�FKDQQHO� �(1D&�� LQ� FRORQ� LV� LQFUHDVHG� LQ� D�PRXVH�PRGHO� IRU�/LGGOH
V� V\QGURPH��Journal of 

Physiology,��������������������

���� 1HVWHURY� 9�� %HUWRJ� 0�� &DQRQLFD� -�� +XPPOHU� (�� &ROHPDQ� 5�� :HOOLQJ� 3$, et al.�� &ULWLFDO� UROH� RI� WKH�

PLQHUDORFRUWLFRLG�UHFHSWRU�LQ�DOGRVWHURQH�GHSHQGHQW�DQG�DOGRVWHURQH�LQGHSHQGHQW�UHJXODWLRQ�RI�(1D&�LQ�WKH�GLVWDO�

QHSKURQ��American Journal of Physiology - Renal Physiology,������)����)����������
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����%RVWRQMRJOR�0��5HHYHV�:%��5HLOO\�5)��9HOD]TXH]�+��5REHUWVRQ�1��/LWZDFN�*, et al.�����EHWD�K\GUR[\VWHURLG�

GHK\GURJHQDVH�� PLQHUDORFRUWLFRLG� UHFHSWRU�� DQG� WKLD]LGH�VHQVLWLYH� 1D�&O� FRWUDQVSRUWHU� H[SUHVVLRQ� E\� GLVWDO�

WXEXOHV��Journal of the American Society of Nephrology,��������������������

����&KHQ�/+��&KRX�&/��.QHSSHU�0$��7DUJHWHG�6LQJOH�&HOO�51$�VHT�,GHQWLILHV�0LQRULW\�&HOO�7\SHV�RI�.LGQH\�

'LVWDO�1HSKURQ��Journal of the American Society of Nephrology,�������������������

����/DEDUFD�0��1L]DU�-0��:DOF]DN�(0��'RQJ�:;��3DR�$&��%KDOOD�9��+DUYHVW�DQG�SULPDU\�FXOWXUH�RI�WKH�PXULQH�

DOGRVWHURQH�VHQVLWLYH�GLVWDO�QHSKURQ��American Journal of Physiology - Renal Physiology,������)�����)������

�����

����$VVPXV�$0��0DQVOH\�0.��0XOOLQV�/-��3HWHU�$��0XOOLQV�--��P&&'�F����FHOOV�VKRZ�SODVWLFLW\�FRQVLVWHQW�ZLWK�

WKH� DELOLW\� WR� WUDQVLWLRQ� EHWZHHQ� SULQFLSDO� DQG� LQWHUFDODWHG� FHOOV�� American Journal of Physiology - Renal 

Physiology,������)����)����������

����*XR�46��:DQJ�<4��7ULSDWKL�3��0DQGD�.5��0XNKHUMHH�0��&KDNODGHU�0, et al.��$GDP���PHGLDWHV�WKH�FKRLFH�

EHWZHHQ�SULQFLSDO�FHOOV�DQG�LQWHUFDODWHG�FHOOV�LQ�WKH�NLGQH\��Journal of the American Society of Nephrology,�����

��������������

����5XSSUHFKW�5��5HXO�-��9DQVWHHQVHO�%��6SHQJOHU�'��6RGHU�0��%HUQLQJ�%, et al.��3KDUPDFRORJLFDO�DQG�IXQFWLRQDO�

FKDUDFWHUL]DWLRQ� RI� KXPDQ� PLQHUDORFRUWLFRLG� DQG� JOXFRFRUWLFRLG� UHFHSWRU� OLJDQGV�� Eur J Pharmacol-Molec 

Pharmacol Sect,��������������������

���� <RXQJ� 0-�� 0RXVVD� /�� 'LOOH\� 5�� )XQGHU� -:�� (DUO\� LQIODPPDWRU\� UHVSRQVHV� LQ� H[SHULPHQWDO� FDUGLDF�

K\SHUWURSK\� DQG� ILEURVLV��(IIHFWV� RI� ��� EHWD�K\GUR[\VWHURLG� GHK\GURJHQDVH� LQDFWLYDWLRQ��Endocrinology,� �����

����������������
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7DEOHV�

7DEOH����'LIIHUHQWLDO�DQDO\VLV�RI�JHQH�H[SUHVVLRQ�IROORZLQJ�DFXWH�FRUWLFRVWHURLG�WUHDWPHQW�RI�P&&'FO��FHOOV��

([SHULPHQWDO�FRQGLWLRQV�FRPSDUHG� 8SUHJXODWHG�JHQHV� 'RZQUHJXODWHG�JHQHV�
9HKLFOH�vs.�$OGRVWHURQH� � ��
9HKLFOH�vs.�&RUWLFRVWHURQH� � ��
9HKLFOH�vs.�&%;���&RUWLFRVWHURQH ��� ���
$OGRVWHURQH�vs.�&%;���&RUWLFRVWHURQH� ��� ��
&RUWLFRVWHURQH�vs.�&%;���&RUWLFRVWHURQH �� ���

1XPEHU�RI�JHQHV�XS�RU�GRZQUHJXODWHG�LQ�HDFK�FRQWUDVW�PDGH�RI�H[SHULPHQWDO�FRQGLWLRQ�DFFRUGLQJ�WR�WKH�WKUHVKROGV�

RQ�PLQLPXP�ORJ��IROG�FKDQJH�����DQG�PD[LPXP�IDOVH�GLVFRYHU\�UDWH���������

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



/RXJKOLQ�et al.��7UDQVFULSWRPLF�HIIHFWV�RI�DFXWH�FRUWLFRVWHURLGV�LQ�WKH�&&'�
�

3DJH����

7DEOH����'LIIHUHQWLDOO\�H[SUHVVHG�JHQHV�LQ�P&&'FO��FHOOV�IROORZLQJ�DOGRVWHURQH�WUHDWPHQW��

8SUHJXODWHG�JHQHV��9HK�vs.�$OGR��

*HQH�6\PERO� *HQH�1DPH� /RJ�)&� )'5�
Zbtb16 =LQF�ILQJHU�DQG�%7%�GRPDLQ�FRQWDLQLQJ���� ���� ����[�������

Sgk1 6HUXP�DQG�JOXFRFRUWLFRLG�UHJXODWHG�NLQDVH��� ���� �������
Tslp 7K\PLF�VWURPDO�O\PSKRSRLHWLQ� ���� �������
Rasd1 5DV�UHODWHG�GH[DPHWKDVRQH�LQGXFHG��� ���� ����[�������
Gm16178 1�$� ���� �������
Sult1d1 6XOIRWUDQVIHUDVH�IDPLO\��'��PHPEHU��� ���� ����[�������
Gm43305 1�$� ���� �������
Defb1 'HIHQVLQ�EHWD��� ���� �������

'RZQUHJXODWHG�WUDQVFULSWV��9HK�vs.�$OGR��
*HQH�6\PERO *HQH�1DPH� /RJ�)&� )'5�
Gm9694 1�$� ����� �������

7KH�WKUHVKROG�IRU�)DOVH�'LVFRYHU\�5DWH��)'5��ZDV������DQG�WKH�/RJ��IROG�FKDQJH��/RJ�)&��WKUHVKROG�ZDV����
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7DEOH����'LIIHUHQWLDOO\�H[SUHVVHG�JHQHV�LQ�P&&'FO��FHOOV�IROORZLQJ�FRUWLFRVWHURQH�WUHDWPHQW��LQ�WKH�DEVHQFH�

RI���β+6'��DFWLYLW\��

7RS����XSUHJXODWHG�DQQRWDWHG�JHQHV��9HK�vs.�&%;�FRUW��

*HQH�6\PERO� *HQH�1DPH� /RJ�)&� )'5�
Zbtb16 =LQF�ILQJHU�DQG�%7%�GRPDLQ�FRQWDLQLQJ���� ���� ����[�������

Sgk1 6HUXP�DQG�JOXFRFRUWLFRLG�UHJXODWHG�NLQDVH��� ���� ����[������
Rasd1 5DV�UHODWHG�GH[DPHWKDVRQH�LQGXFHG��� ���� ����[�������
Hif3a +\SR[LD�LQGXFLEOH�IDFWRU����DOSKD�VXEXQLW� ���� ����[�������
Sult1a1 6XOIRWUDQVIHUDVH�IDPLO\��$��SKHQRO�SUHIHUULQJ��PHPEHU��� ���� �������
Sult1d1 6XOIRWUDQVIHUDVH�IDPLO\��'��PHPEHU��� ���� ����[�������
Tsc22d3 76&���GRPDLQ�IDPLO\��PHPEHU��� ���� ����[������
Myom2 0\RPHVLQ��� ���� �������
Htr6 ��+\GUR[\WU\SWDPLQH�UHFHSWRU��� ���� �������
Slco4c1 6ROXWH�FDUULHU�RUJDQLF�DQLRQ�WUDQVSRUWHU�IDPLO\��PHPEHU��&�� ���� �������
Tekt4 7HNWLQ��� ���� ����[������
Per1 3HULRG�FLUFDGLDQ�FORFN��� ���� ����[������
Abcb5 $73�ELQGLQJ�FDVVHWWH��VXE�IDPLO\�%��0'5�7$3���PHPEHU��� ���� ����[�������
Adora2b $GHQRVLQH�$�E�UHFHSWRU� ���� ����[������
Arg2 $UJLQDVH�W\SH�,,� ���� ����[�������

$OO�GRZQUHJXODWHG�DQQRWDWHG�JHQHV��9HK�vs.�&%;�FRUW��

*HQH�6\PERO *HQH�1DPH� /RJ�)&� )'5�
Hao2 +\GUR[\DFLG�R[LGDVH��� ����� ����[�������
Lipc /LSDVH��KHSDWLF� ����� �������
Il1f6 ,QWHUOHXNLQ���IDPLO\��PHPEHU��� ����� �������
Mboat4 0HPEUDQH�ERXQG�2�DF\OWUDQVIHUDVH�GRPDLQ�FRQWDLQLQJ��� ����� �������
Pabpn1l 3RO\�$��ELQGLQJ�SURWHLQ�QXFOHDU���OLNH� ����� ����[������
Sprr2g 6PDOO�SUROLQH�ULFK�SURWHLQ��*� ����� �������
Prl2c5 3URODFWLQ�IDPLO\����VXEIDPLO\�F��PHPEHU��� ����� �������
Gimap1 *73DVH��,0$3�IDPLO\�PHPEHU��� ����� �������
Id4 ,QKLELWRU�RI�'1$�ELQGLQJ��� ����� �������

7KH�WKUHVKROG�IRU�IDOVH�GLVFRYHU\�UDWH��)'5��ZDV������DQG�WKH�ORJ��IROG�FKDQJH��/RJ�)&��WKUHVKROG�ZDV����)RU�

FODULW\�RQO\�DQQRWDWHG�JHQHV�DUH�VKRZQ��D�IXOO�OLVW�FDQ�EH�IRXQG�LQ�WKH�VXSSOHPHQWDO�H[FHO�ILOH��
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7DEOH����9DOLGDWLRQ�RI�LVRODWHG�SULPDU\�&'�FHOOV�E\�T57�3&5��

� WG7RP�SRSXODWLRQ� *)3�SRSXODWLRQ� � �
7XEXOH�VSHFLILF�

WDUJHW�
6\PERO� 1HSKURQ�VHJPHQW� &T� ([SUHVVLRQ�RI�*2,�

UHODWLYH�WR�UHIHUHQFH�
JHQHV��ORJ����

&T� ([SUHVVLRQ�RI�*2,�
UHODWLYH�WR�UHIHUHQFH�

JHQHV��ORJ����

&T�UDQJH�RI�
VWDQGDUGV�

3RSXODWLRQ�
HQULFKHG"�

1+(�� Slc9a3 3UR[LPDO�WXEXOH ���������� ����������� ���������� ������������


 ��������� WG7RP
1.&&�� Slc12a1 /RRS�RI�+HQOH� ���������� ������������ ���������� ������������

 ��������� WG7RP
1&&� Slc12a3 'LVWDO�&RQYROXWHG�7XEXOH ���������� ������������ ���������� ������������ ��������� �
��β+6'�� Hsd11b2 &ROOHFWLQJ�GXFW�±�SULQFLSDO�FHOO� %/'� %/'� ����������� ������������ ���������� *)3�
α�(1D&� Scnn1a &ROOHFWLQJ�GXFW�±�SULQFLSDO�FHOO� %/'� %/'� ����������� ������������� ���������� *)3�
520.� Kcnj1 &ROOHFWLQJ�GXFW�± SULQFLSDO�FHOO %/' %/' ���������� ������������ ��������� *)3
3HQGULQ� Slc26a4 &ROOHFWLQJ�GXFW�±�

ȕ�LQWHUFDODWHG�FHOO
%/'� %/'� ����������� ������������� ���������� *)3�

$(�� Slc4a1 &ROOHFWLQJ�GXFW�±�
Į�LQWHUFDODWHG�FHOO

����������� ������������� ����������� ������������� ���������� ��

9�$73DVH�β�� Atp6v1b1 &ROOHFWLQJ�GXFW�±��
Į���DQG�ȕ�LQWHUFDODWHG�FHOO

%/'� %/'� ����������� ������������� ���������� *)3�

87�$�� Slc14a2 0HGXOODU\�FROOHFWLQJ�GXFW %/' %/' ���������� ����������� ��������� *)3
�

� WG7RP�SRSXODWLRQ *)3�SRSXODWLRQ
5HIHUHQFH�JHQH� 6\PERO� � &T� ([SUHVVLRQ��ORJ���� &T� ([SUHVVLRQ��ORJ���� &T�UDQJH�RI�

VWDQGDUGV
3RSXODWLRQ�
HQULFKHG"

β�DFWLQ� Actb1 5HIHUHQFH�JHQH� ����������� ������������� ����������� ������������� ���������� ��
��6� Rn18s 5HIHUHQFH�JHQH ���������� ������������ ���������� ������������ ��������� �

([SUHVVLRQ�RI�QHSKURQ�VHJPHQW�VSHFLILF�JHQHV�LQ�HLWKHU�WG7RP�ODEHOOHG��Q� ����RU�*)3�ODEHOOHG��Q� ����SRSXODWLRQV�RI�FHOOV�LVRODWHG�E\�)$&6��)RU�HDFK�JHQH�RI�LQWHUHVW��*2,���

ERWK�WKH�&T��F\FOH�TXDQWLILFDWLRQ�YDOXH��DQG�WUDQVFULSW�H[SUHVVLRQ�UHODWLYH�WR�WKH�DYHUDJH�H[SUHVVLRQ�RI�UHIHUHQFH�JHQHV��ORJ����LV�VKRZQ��7KH�UDQJH�RI�&T�YDOXHV�GHWHFWHG�DFURVV�

WKH���SRLQW�VWDQGDUGV�LV�DOVR�VKRZQ��7KH�SRSXODWLRQ�ZKHUH�WKH�*2,�ZDV�IRXQG�WR�EH�HQULFKHG��GHWHUPLQHG�HLWKHU�E\�VWDWLVWLFDO�VLJQLILFDQFH�RI�WKH�UHODWLYH�H[SUHVVLRQ��ORJ����RU�

ZKHUH�RQH�SRSXODWLRQ�VKRZHG�H[SUHVVLRQ�ZLWKLQ�WKH���SRLQW�VWDQGDUG�DQG�WKH�RWKHU�ZDV�EHORZ�WKH�OLPLW�RI�GHWHFWLRQ��%/'���LV�KLJKOLJKWHG�LQ�WKH�ILQDO�FROXPQ��$�K\SKHQ�GHQRWHV�

QR�GLIIHUHQFH�LQ�JHQH�H[SUHVVLRQ�EHWZHHQ�WG7RP�DQG�*)3�SRSXODWLRQV��6WDWLVWLFDO�VLJQLILFDQFH�ZDV�GHWHUPLQHG�E\�XQSDLUHG�W�WHVW��

�S���������


�S���������
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)LJXUHV�DQG�ILJXUH�OHJHQGV�

�

)LJXUH����(IIHFWV�RI�DFXWH�FRUWLFRVWHURLGV�RQ�(1D&�PHGLDWHG�WUDQVSRUW�DQG�6*.��DFWLYLW\�DQG�H[SUHVVLRQ�

LQ�P&&'FO��FHOOV��$PLORULGH�VHQVLWLYH�FXUUHQWV�PHDVXUHG�IURP�SRODULVHG�P&&'FO��FHOOV�DIWHU��K��IDPL��K��H[SRVXUH�

WR� LQFUHDVLQJ� FRQFHQWUDWLRQV� RI� FRUWLFRVWHURQH� �$L�� RU� DOGRVWHURQH� �%L�� LQ� WKH� DEVHQFH� ��&%;�� VROLG� OLQH�� RU�

SUHVHQFH���&%;��GDVKHG� OLQH��RI�FDUEHQR[RORQH������0�����PLQ�SUHLQFXEDWLRQ��� WR� LQKLELW���β+6'��DFWLYLW\��

+�2� ZDV� XVHG� DV� YHKLFOH� FRQWURO� IRU� &%;�� DPLORULGH� �����0�� ���PLQ�� ZDV� DGGHG� IROORZLQJ� FRUWLFRVWHURLG�

WUHDWPHQW��7KH�DFWLYLW\��LL��DQG�H[SUHVVLRQ��LLL��RI�6*.��ZDV�GHWHUPLQHG�E\�PHDVXULQJ�WKH�DEXQGDQFH�RI�3�1'5*��

RU� 7�6*.��� UHVSHFWLYHO\�� LQ� FHOO� O\VDWHV� IROORZLQJ� FRUWLFRVWHURLG� WUHDWPHQW� DQG� HOHFWURSK\VLRORJLFDO�

PHDVXUHPHQWV�� 7KHVH� DUH� H[SUHVVHG� UHODWLYH� WR� 7�1'5*�� DQG� β�DFWLQ�� UHVSHFWLYHO\�� 8SSHU� SDQHOV� VKRZ�

UHSUHVHQWDWLYH�EORWV�DQG�ORZHU�SDQHOV�VKRZ�GHQVLWRPHWULF�GDWD�H[SUHVVHG�DV�D�IROG�FKDQJH�IURP�WKH�FRQWURO�����ODQH�

�ORJ�����'DWD�DUH�VKRZQ�DV�PHDQ�������&,��n� �����6WDWLVWLFDO�VLJQLILFDQFH�ZDV�GHWHUPLQHG�E\�D�WZR�ZD\�$129$�

IRU�WKH�HOHFWURSK\VLRORJLFDO�GDWD��ZLWK�D�'XQQHWW¶V�SRVW�KRF�WHVW��DQG�D�RQH�ZD\�$129$�IRU�:HVWHUQ�EORW�GDWD��

GXH�WR�VHSDUDWH�EORWV�IRU�±�DQG���&%;��ZLWK�D�'XQQHWW¶V�SRVW�KRF�WHVW��
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�

)LJXUH����'LIIHUHQWLDOO\�H[SUHVVHG�WUDQVFULSWV�LQ�FRUWLFRVWHURLG�WUHDWHG�P&&'FO��FHOOV���$L��IHT�PHDVXUHG�IURP�

FHOOV�WUHDWHG�ZLWK�HLWKHU�VROYHQW�YHKLFOH��9HK�����Q0�DOGRVWHURQH��$OGR���RU�����Q0�FRUWLFRVWHURQH��&RUW��IRU���K��

DUURZ� LQGLFDWHV� DGGLWLRQ� RI� FRUWLFRVWHURLG��$Q� DGGLWLRQDO� FRUWLFRVWHURQH� JURXS�ZDV� SUH�WUHDWHG� FDUEHQR[RORQH�

�&%;�������0�����PLQ���DOO�RWKHU�JURXSV�UHFHLYHG�YHKLFOH�FRQWURO�IRU�WKLV�SHULRG��$PLORULGH������0��ZDV�DGGHG�
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 24 

Supplementary Figure 1. Validation of corticosteroid-induced transcripts in mCCDcl1 cells. Expression of 25 
five identified corticosteroid-induced target transcripts in mCCDcl1 cells was quantified by qRT-PCR. (A) Cells 26 
were treated with carbenoxolone (CBX) or solvent vehicle for 30 min before addition of corticosterone (Cort, 27 
100 nM) or solvent vehicle for a further 3 h. (B) Cells were treated with aldosterone (Aldo, 3 nM) or solvent 28 
vehicle for 3 h. Amiloride (10 µM) was added at the end of all experiments for a final 10 min. Transcript 29 
expression of GOI is relative to the average expression of reference genes (log10): Tbp, Rn18S, Actb1 and Hprt. 30 
Data are shown as individual points and mean ± 95% CI and GOI is indicated in bold italics above each graph. 31 
Statistical significance was determined in (A) by either one-ZD\�$129$�ZLWK�7XNH\¶V�SRVW-hoc test or Kruskal-32 
:DOOLV� WHVW�ZLWK�'XQQ¶V�SRVW-hoc test, where appropriate and in (B) by unpaired t-test or Mann-Whitney test, 33 
where appropriate. *p<0.05, **p<0.01, ***p<0.001. 34 
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 40 



 41 

Supplementary Figure 2. Expression of reference genes used for validation of identified corticosteroid-42 
induced transcripts. (A) mCCDcl1 cells were treated with carbenoxolone (CBX) or solvent vehicle for 30 min 43 
before addition of corticosterone (Cort, 100 nM) or solvent vehicle for a further 3 h. (B) Cells were treated with 44 
aldosterone (Aldo, 3 nM) or solvent vehicle for 3 h. Amiloride (10 µM) was added at the end of all experiments 45 
for a final 10 min. Data are shown as transcript expression (log10) for each reference gene tested, as individual 46 
points and mean ± 95% CI, reference gene is indicated in bold italics above each graph. Statistical significance 47 
was determined in (A) by either one-ZD\�$129$�ZLWK�7XNH\¶V�SRVW-hoc test or Kruskal-:DOOLV�WHVW�ZLWK�'XQQ¶V�48 
post-hoc test, where appropriate and in (B) by unpaired t-test or Mann-Whitney test, where appropriate. 49 
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 57 

Supplementary Figure 3. Gating strategy for FACS of primary cells into tdTom and GFP labelled 58 
populations. (A) Initial gates were applied to identify a stable recording and live, single cells. This population 59 
was further gated for (B) tdTom and (C) GFP positive populations. (C) Within the GFP population, a further gate 60 
removed any autofluorescence events detected (No Autofl.) and a final gate was added to remove a small sub-61 
population of GFP-tdTom positive cells (GFP+), enabling isolation of a pure GFP positive population. 62 
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 73 

Supplementary Figure 4. Expression of reference genes used for measurement of identified corticosteroid-74 
induced transcripts in primary principal cells. (A) Cultured primary principal cells were treated with 75 
carbenoxolone (CBX) or solvent vehicle for 30 min before addition of corticosterone (Cort, 100 nM) or solvent 76 
vehicle for a further 3 h. Cells were treated with (B) aldosterone (Aldo, 3 nM), (C) dex (Dex, 100 nM), or their 77 
respective solvent vehicle for 3 h. Amiloride (10 µM) was added at the end of all experiments for a final 10 min. 78 
Data are shown as transcript expression (log10) for each reference gene tested, as individual points and mean ± 79 
95% CI and reference gene is indicated in bold italics above each graph. Statistical significance was determined 80 
in (A) by either one-ZD\�$129$�ZLWK�7XNH\¶V�SRVt-hoc test or Kruskal-:DOOLV�WHVW�ZLWK�'XQQ¶V�SRVW-hoc test, 81 
where appropriate and in (B) by unpaired t-test or Mann-Whitney test, where appropriate, *p<0.05, ***p<0.001. 82 
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 87 

Supplementary Figure 5. Expression of reference genes used for measurement of steroid-induced targets 88 
in isolated primary principal cells in mT/mG-Aqp2Cre mice following acute injection of corticosteroids. 89 
Expression of reference genes were quantified in cells isolated from mT/mG-Aqp2Cre mice 3 h after ip injection 90 
of solvent vehicle (Ctl), aldosterone (Aldo), corticosterone (Cort), following 8 days ad lib access to H2O. Two 91 
further groups were concomitantly treated with carbenoxolone (2.5mg/kg BW/day po) for 8 days with subsequent 92 
ip injection of solvent vehicle (CBX) or corticosterone (CBX+Cort) for 3 h. Data are shown as transcript 93 
expression (log10) for each reference gene tested, as individual points and mean ± 95% CI and reference gene is 94 
indicated in bold italics above each graph. 95 
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