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3KRQH�������������������)$;�������������������(�PDLO��NNDZDGD#NXKS�N\RWR�X�DF�MS�

�

5XQQLQJ�WLWOH��/XQJ�PHWDVWDVLV�RI�FRORUHFWDO�FDQFHU�WKURXJK�&&/���&&5��D[LV� � �

�

.H\� ZRUGV�� &RORUHFWDO� FDQFHU�� OXQJ� PHWDVWDVLV�� 60$'��� P\HORLG� FHOOV�� WXPRU�

PLFURHQYLURQPHQW�� �

�

*UDQW�6XSSRUW��7KLV�VWXG\�ZDV�VXSSRUWHG�E\�JUDQWV�IURP�WKH�0LQLVWU\�RI�(GXFDWLRQ��

&XOWXUH��6SRUWV��6FLHQFH�DQG�7HFKQRORJ\�RI�-DSDQ��JUDQW�QXPEHU������������IURP�-DSDQ�

5HVHDUFK�)RXQGDWLRQ�IRU�&OLQLFDO�3KDUPDFRORJ\��DQG�IURP�0RFKLGD�0HPRULDO�

)RXQGDWLRQ�IRU�0HGLFDO�DQG�3KDUPDFHXWLFDO�5HVHDUFK��WR�.��.DZDGD���

7KH�FRVWV�RI�SXEOLFDWLRQ�RI�WKLV�DUWLFOH�ZHUH�GHIUD\HG�LQ�SDUW�E\�WKH�SD\PHQW�RI�SDJH�

FKDUJHV��7KLV�DUWLFOH�PXVW�WKHUHIRUH�EH�KHUHE\�PDUNHG�advertisement LQ�DFFRUGDQFH�ZLWK�

���8�6�&��6HFWLRQ������VROHO\�WR�LQGLFDWH�WKLV�IDFW��

�

3RWHQWLDO�&RQIOLFW�RI�,QWHUHVW��1R�SRWHQWLDO�FRQIOLFWV�RI�LQWHUHVW�ZHUH�GLVFORVHG��
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:RUG�&RXQWV�� � �����ZRUGV�

)LJXUHV�DQG�WDEOHV����ILJXUHV�DQG���WDEOHV�

6XSSOHPHQWDU\�ILJXUHV�DQG�WDEOHV��6XSSOHPHQWDU\���ILJXUHV�
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6WDWHPHQW�RI�WUDQVODWLRQDO�UHOHYDQFH� �

7XPRU� PLFURHQYLURQPHQW� FRQWDLQV� VHYHUDO� W\SHV� RI� FHOOV� LQFOXGLQJ� FDQFHU� FHOOV� DQG�

QRUPDO� KRVW� FHOOV�� 7KH� XVH� RI� YDULRXV� PRXVH� PRGHOV� KDV� VKRZQ� WKDW� ERQH�

PDUURZ�GHULYHG� P\HORLG� FHOOV�� VXFK� DV� WXPRU�DVVRFLDWHG� PDFURSKDJHV� �7$0V���

P\HORLG�GHULYHG� VXSSUHVVRU� FHOOV� �0'6&V�� DQG� WXPRU�DVVRFLDWHG� QHXWURSKLOV� �7$1V���

KDYH� LPSRUWDQW� UROHV� LQ� WXPRU� SURJUHVVLRQ�� +RZHYHU�� LW� UHPDLQV� WR� EH� GHWHUPLQHG�

ZKHWKHU�VLPLODU�PHFKDQLVPV�DUH�LQYROYHG�LQ�KXPDQV��:H�KDYH�UHFHQWO\�UHSRUWHG�ORVV�RI�

60$'�� VWLPXODWHV� H[SUHVVLRQ� RI� FKHPRNLQH� &&/��� IURP� FRORUHFWDO� FDQFHU� �&5&�� WR�

UHFUXLW�&&5���0'6&V��ZKLFK�SURPRWHV�WXPRU�LQYDVLRQ�RI�SULPDU\�&5&��7KLV�LV�WKH�ILUVW�

FOLQLFDO� VWXG\� VKRZLQJ� WKDW� ORVV� RI� 60$'�� SURPRWHV� OXQJ� PHWDVWDVLV� RI� &5&� E\�

DFFXPXODWLRQ� RI� &&5��� 7$1V� WKURXJK� WKH� &&/���&&5�� D[LV�� DQG� WKDW� &&/���

H[SUHVVLRQ�RI�OXQJ�PHWDVWDWLF�OHVLRQV�LV�DQ�LQGHSHQGHQW�SUHGLFWRU�RI�ZRUVH�SURJQRVLV�LQ�

&5&�SDWLHQWV��7KHVH� UHVXOWV�PD\� MXVWLI\� WKH� WUHDWPHQW�ZLWK�&&5�� LQKLELWRUV� WR�SUHYHQW�

OXQJ�PHWDVWDVLV�RI�&5&�DIWHU�SXOPRQDU\�UHVHFWLRQ�RI�PHWDVWDWLF�&5&��

�
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$EVWUDFW�

3XUSRVH��:H�KDYH�UHSRUWHG�ORVV�RI�60$'��SURPRWHV�H[SUHVVLRQ�RI�&&/���IURP�

FRORUHFWDO�FDQFHU��&5&��WR�UHFUXLW�&&5���P\HORLG�FHOOV�WKURXJK�WKH�&&/���&&5��D[LV��

ZKLFK�FRQWULEXWHV�WR�LQYDVLRQ�DQG�OLYHU�PHWDVWDVLV��+RZHYHU��WKH�PROHFXODU�PHFKDQLVP�

RI�OXQJ�PHWDVWDVLV�LV�\HW�WR�EH�HOXFLGDWHG��2XU�SXUSRVH�LV�WR�GHWHUPLQH�ZKHWKHU�VLPLODU�

PHFKDQLVP�LV�LQYROYHG�LQ�WKH�OXQJ�PHWDVWDVLV�RI�&5&�� �

�

([SHULPHQWDO�'HVLJQ�� ,Q�D�PRXVH�PRGHO��ZH�H[DPLQHG�ZKHWKHU�60$'��FRXOG�DIIHFW�

WKH� PHWDVWDWLF� DFWLYLW\� RI� &5&� FHOOV� WR� WKH� OXQJ� WKURXJK� WKH� &&/���&&5�� D[LV�� :H�

LPPXQRKLVWRFKHPLFDOO\� DQDO\]HG� H[SUHVVLRQ� RI� 60$'��� &&/��� DQG� &&5�� ZLWK� ����

FOLQLFDO�VSHFLPHQV�RI�&5&�OXQJ�PHWDVWDVHV��:H�DOVR�FKDUDFWHUL]HG�WKH�&&5���P\HORLG�

FHOOV�XVLQJ�VHYHUDO�FHOO�W\SH�VSHFLILF�PDUNHUV�� �

�

5HVXOWV��,Q�D�PRXVH�PRGHO��&&/���VHFUHWHG�IURP�60$'��GHILFLHQW�&5&�FHOOV�UHFUXLWHG�

&&5��� FHOOV�� SURPRWLQJ� WKHLU� PHWDVWDWLF� DFWLYLWLHV� WR� WKH� OXQJ�� ,PPXQRKLVWRFKHPLFDO�

DQDO\VLV� RI� OXQJ�PHWDVWDVHV� IURP�&5&�SDWLHQWV� UHYHDOHG� WKDW�&&/��� H[SUHVVLRQ�ZDV�
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VLJQLILFDQWO\� FRUUHODWHG� ZLWK� ORVV� RI� 60$'��� DQG� WKDW� &&/���SRVLWLYH� PHWDVWDVHV�

UHFUXLWHG�a���� WLPHV�PRUH�QXPEHUV�RI�&&5���FHOOV� WKDQ�&&/���QHJDWLYH�PHWDVWDVHV��

,PSRUWDQWO\�� SDWLHQWV� ZLWK� &&/���SRVLWLYH� PHWDVWDVHV� VKRZHG� D� VLJQLILFDQWO\� VKRUWHU�

UHODSVH�IUHH� VXUYLYDO� �5)6�� WKDQ� WKRVH� ZLWK� &&/���QHJDWLYH� PHWDVWDVHV�� DQG�

PXOWLYDULDWH�DQDO\VLV�LQGLFDWHG�WKDW�&&/���H[SUHVVLRQ�ZDV�DQ�LQGHSHQGHQW�SUHGLFWRU�RI�

VKRUWHU�5)6�� ,PPXQRIOXRUHVFHQW� VWDLQLQJ� VKRZHG� WKDW�PRVW�&&5��� FHOOV� DURXQG� OXQJ�

PHWDVWDVHV� ZHUH� WXPRU�DVVRFLDWHG� QHXWURSKLO� �7$1��� DOWKRXJK� D� PLQRU� IUDFWLRQ� ZDV�

JUDQXORF\WLF�P\HORLG�GHULYHG�VXSSUHVVRU�FHOO��JUDQXORF\WLF�0'6&���

�

&RQFOXVLRQ�� &&/���&&5�� D[LV� PD\� EH� D� WKHUDSHXWLF� WDUJHW� WR� SUHYHQW� &5&� OXQJ�

PHWDVWDVLV��&&/���FDQ�EH�D�ELRPDUNHU�LQGLFDWLQJ�SRRU�SURJQRVLV�RI�&5&�SDWLHQWV�ZLWK�

OXQJ�PHWDVWDVHV��
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,QWURGXFWLRQ�

� � � &RORUHFWDO� FDQFHU� �&5&��� RQH� RI� WKH�PRVW� FRPPRQ� FDQFHUV�ZRUOGZLGH�� IUHTXHQWO\�

PHWDVWDVL]HV� WR� WKH� OLYHU� DQG� OXQJ�� 7KH� OXQJ� LV� RQH� RI� WKH� PRVW� IUHTXHQW� VLWHV� RI�

PHWDVWDVHV�IURP�&5&��ZLWK�DQ�LQFLGHQFH�RI�DSSUR[LPDWHO\��±���������������$OWKRXJK�WKH�

GHYHORSPHQW�RI�FKHPRWKHUDS\�IRU�PHWDVWDWLF�&5&�KDV�EHHQ�UHSRUWHG��VXUJLFDO�UHVHFWLRQ�

RI�OXQJ�PHWDVWDVHV�DSSHDUV�WKH�PRVW�RSWLPDO�WUHDWPHQW��LI�SRVVLEOH������,W�ZDV�UHSRUWHG�

WKDW�FRPSOHWH�SXOPRQDU\�UHVHFWLRQ�FDQ�LPSURYH�WKH���\HDU�VXUYLYDO�UDWH�XS�WR�PRUH�WKDQ�

���� ������� +RZHYHU�� WKHUH� DUH� IHZ� XQLILHG� FULWHULD� IRU� VXUJLFDO� UHVHFWLRQ� IRU� OXQJ�

PHWDVWDVHV��

� � � 7R� DFKLHYH� FRPSUHKHQVLYH� WKHUDSHXWLF� HIIHFWV�� LW� LV� LPSHUDWLYH� WR� XQGHUVWDQG� WKH�

PROHFXODU� PHFKDQLVPV� EHKLQG� LQGLYLGXDO� FDQFHUV�� 6WXGLHV� LQ� YDULRXV� PRXVH� PRGHOV�

KDYH� VKRZQ� WKDW� ERQH� PDUURZ�GHULYHG� P\HORLG� FHOOV�� VXFK� DV� WXPRU�DVVRFLDWHG�

PDFURSKDJHV��7$0V���P\HORLG�GHULYHG�VXSSUHVVRU�FHOOV��0'6&V��DQG�WXPRU�DVVRFLDWHG�

QHXWURSKLOV� �7$1V��� SOD\� LPSRUWDQW� UROHV� LQ� WXPRU� SURJUHVVLRQ� ��������� )RU� H[DPSOH��

/\GHQ�DQG�FROOHDJXHV�UHSRUWHG� WKDW�KHPDWRSRLHWLF�SURJHQLWRU�FHOOV�H[SUHVVLQJ�P\HORLG�

FHOO� PDUNHU� �&'��E�� DQG� YDVFXODU� HQGRWKHOLDO� JURZWK� IDFWRU� UHFHSWRU� �� �9(*)5���
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DFFXPXODWH�DW�WKH�SUHPHWDVWDWLF�QLFKH�LQ�WKH�OXQJ�WR�IRUP�FHOOXODU�FOXVWHUV�DQG�SURPRWH�

WXPRU� PHWDVWDVLV� WKURXJK� WKH� 9(*)�9(*)5�� DQG� &;&/���&;&5�� SDWKZD\V� ������

0RVHV� DQG� FROOHDJXHV� UHSRUWHG� WKDW� D� PXWDQW� IRUP� RI� WUDQVIRUPLQJ� JURZWK� IDFWRU�β�

�7*)�β�� UHFHSWRU� UHFUXLWV� 0'6&V� �&'��E�� *U����� DW� WKH� WXPRU� LQYDVLRQ� IURQW� YLD�

&;&/���&;&5�� DQG� &;&/��&;&5�� D[HV�� FRQWULEXWLQJ� WR� OXQJ� PHWDVWDVLV� RI� EUHDVW�

FDQFHU�������+RZHYHU��PRVW�RI�WKHVH�ILQGLQJV�ZHUH�REWDLQHG�IURP�PRXVH�PRGHOV��DQG�LW�

UHPDLQV�WR�EH�GHWHUPLQHG�ZKHWKHU�VXFK�PHFKDQLVPV�DUH�DFWXDOO\�LQYROYHG�LQ�KXPDQV�� �

� � � 60$'��LV�D�NH\�PHGLDWRU�RI� WKH�7*)�β�VXSHUIDPLO\�VLJQDOLQJ��DQG�DFWV�DV�D�WXPRU�

VXSSUHVVRU� LQ� &5&�� /RVV� RI� 60$'�� SURWHLQ� H[SUHVVLRQ� LV� IRXQG� LQ� ��±���� RI� &5&�

FDVHV��DQG�VWURQJO\�FRUUHODWHG�ZLWK�WKH�SURJQRVLV�RI�&5&�SDWLHQWV����������:H�SUHYLRXVO\�

VKRZHG�WKDW�LQ�cis-Apc+/∆716 Smad4+/–��Apc/Smad4��PLFH�WKDW�GHYHORS�LQYDVLYH�LQWHVWLQDO�

DGHQRFDUFLQRPDV��PRXVH�&&/���P&&/���LV�VHFUHWHG�IURP�WKH�FDQFHU�HSLWKHOLXP��ZKLFK�

UHFUXLWV�P\HORLG�FHOOV�H[SUHVVLQJ� LWV� UHFHSWRU�&&5������������8VLQJ�D�PRXVH�PRGHO�RI�

&5&� OLYHU� PHWDVWDVLV�� ZH� DOVR� GHPRQVWUDWHG� WKDW� P&&/��H[SUHVVLQJ� &5&� FHOO� OLQHV�

UHFUXLW� &&5���P\HORLG� FHOOV� WR� H[SDQG� PHWDVWDWLF� IRFL� LQ� WKH� OLYHU� ������ DQG� WKDW� IRXU�

GLVWLQFW� W\SHV� RI�P\HORLG� FHOOV� DUH� UHFUXLWHG� WR� WKH�PHWDVWDWLF� IRFL��&&5��� QHXWURSKLOV��
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HRVLQRSKLOV�� PRQRF\WHV� DQG� ILEURF\WHV� ������ ,Q� DGGLWLRQ� WR� WKHVH� PRXVH� PRGHOV�� ZH�

UHFHQWO\� UHSRUWHG� WKDW�60$'��ELQGV� GLUHFWO\� WR� WKH� SURPRWHU� UHJLRQ� RI� KXPDQ�CCL15�

JHQH��D�KXPDQ�RUWKRORJ�RI�PRXVH�CCL9��DQG�QHJDWLYHO\�UHJXODWHV�LWV�H[SUHVVLRQ�������

8VLQJ�KXPDQ�FOLQLFDO�VSHFLPHQV��ZH�DOVR�VKRZHG�WKDW�ORVV�RI�60$'��SURPRWHV�&&/���

H[SUHVVLRQ�WR�UHFUXLW�&&5���P\HORLG�FHOOV�DQG�IDFLOLWDWHV�SULPDU\�WXPRU�LQYDVLRQ�DQG�OLYHU�

PHWDVWDVLV� RI� &5&� ����� ����� 0RVW� &&5���FHOOV� DFFXPXODWLQJ� DW� WKH� LQYDVLRQ� IURQW� RI�

SULPDU\� &5&� ZHUH� RI� WKH� 0'6&� SKHQRW\SH� �&'��E��� &'����� DQG� +/$�'5��� ������

,PSRUWDQWO\�� SDWLHQWV� ZLWK� &&/���H[SUHVVLQJ� OLYHU� PHWDVWDVHV� VKRZHG� VLJQLILFDQWO\�

VKRUWHU�UHODSVH�IUHH�VXUYLYDO��5)6��WKDQ�WKRVH�ZLWK�&&/���QHJDWLYH�RQHV��P� �������������

6WDJH�,,�,,,�SDWLHQWV�ZLWK�&&/���SRVLWLYH�SULPDU\�&5&�WHQGHG�WR�KDYH�VKRUWHU�5)6�WKDQ�

WKRVH�ZLWK�&&/���QHJDWLYH�&5&��P� ��������DOWKRXJK�QRW�D�VLJQLILFDQW�GLIIHUHQFH�������

+RZHYHU�� LW� KDV� QRW� EHHQ� LQYHVWLJDWHG� ZKHWKHU� WKH� &&/���&&5�� FKHPRNLQH� D[LV� LV�

LQYROYHG�LQ�OXQJ�PHWDVWDVLV�RI�&5&��

� � � � +HUH�ZH�UHSRUW�WKDW�LQ�KXPDQ�FOLQLFDO�VSHFLPHQV��60$'��GHILFLHQW�OXQJ�PHWDVWDVHV�

RI�&5&�VKRZHG�D�VLJQLILFDQW�FRUUHODWLRQ�ZLWK�&&/���H[SUHVVLRQ��ZKLFK�ZDV�DVVRFLDWHG�

ZLWK�&&5���FHOO� DFFXPXODWLRQ��0RVW�RI� WKH�&&5���FHOOV�DFFXPXODWLQJ�DURXQG� WKH� OXQJ�
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PHWDVWDVHV�ZHUH�RI�WKH�7$1�SKHQRW\SH��&'��E���&'�����+/$�'5���&'����DQG�&'������

DOWKRXJK� VRPH�ZHUH� RI� WKH� JUDQXORF\WLF�0'6&�SKHQRW\SH� �&'��E���&'�����+/$�'5��

DQG�&'������,PSRUWDQWO\��&5&�SDWLHQWV�ZLWK�&&/���SRVLWLYH�OXQJ�PHWDVWDVHV�H[KLELWHG�D�

VLJQLILFDQWO\� VKRUWHU�5)6� WKDQ� WKRVH�ZLWK�&&/���QHJDWLYH� RQHV� �P  � ��������:H� DOVR�

IRXQG� WKDW� &&/��� H[SUHVVLRQ� RI� OXQJ� PHWDVWDVHV� FRXOG� EH� D� VLJQLILFDQW� SUHGLFWRU� RI�

VKRUWHU�5)6��DV�GHWHUPLQHG�E\�PXOWLYDULDWH�&R[�SURSRUWLRQDO�KD]DUGV�PRGHO�DQDO\VLV��,Q�

D�PRXVH�PRGHO�RI�OXQJ�PHWDVWDVLV��60$'��GHILFLHQW�&5&�FHOOV�VKRZHG�KLJK�FDSDFLW\�RI�

PHWDVWDVLV�WR�WKH�OXQJ��ZKLFK�ZDV�VXSSUHVVHG�E\�WKH�WUHDWPHQW�RI�&&5��LQKLELWRU��7KHVH�

UHVXOWV� VXJJHVW� WKDW� EORFNLQJ� WKH�&&/���&&5�� D[LV�PD\� SURYLGH� D� QRYHO� WKHUDSHXWLF�

VWUDWHJ\� IRU� OXQJ� PHWDVWDVHV� RI� &5&�� DQG� WKDW� &&/��� H[SUHVVLRQ� PD\� EH� D� QRYHO�

SUHGLFWLYH�ELRPDUNHU�RI�&5&�SDWLHQWV�ZLWK�OXQJ�PHWDVWDVHV��

�

� �

�
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0DWHULDOV�DQG�0HWKRGV�

3DWLHQWV¶�SRSXODWLRQ�

� � � $� WRWDO� RI� ���� OXQJ� PHWDVWDVHV� ZHUH� REWDLQHG� IURP� ��� &5&� SDWLHQWV� XQGHUJRLQJ�

SXOPRQDU\� UHVHFWLRQ� DW� .\RWR� 8QLYHUVLW\� +RVSLWDO� EHWZHHQ� ����� DQG� ������ DQG� WKHLU�

WLVVXH�VDPSOHV�ZHUH�UHWURVSHFWLYHO\�DQDO\]HG��7KH�GLDJQRVLV�RI�&5&�ZDV�FRQILUPHG�E\�

SDWKRORJLFDO�H[DPLQDWLRQ��7KH�VWXG\�SURWRFRO�ZDV�DSSURYHG�E\� WKH� LQVWLWXWLRQDO� UHYLHZ�

ERDUG�RI�.\RWR�8QLYHUVLW\��DQG�WKH�SDWLHQWV�SURYLGHG�WKHLU�FRQVHQWV�IRU�GDWD�DQDO\VLV��

�

&HOO�OLQHV�DQG�UHDJHQWV�

� � � +7��� DQG� +&7���� FHOOV� ZHUH� VXSSOLHG� IURP� $PHULFDQ� 7\SH� &XOWXUH� &ROOHFWLRQ�

�$7&&�� LQ� WKH� \HDU� ����� GXULQJ� VWXG\� LQLWLDWLRQ� DQG� ZHUH� PDLQWDLQHG� LQ� ORZ� JOXFRVH�

'0(0�ZLWK�����IHWDO�ERYLQH�VHUXP�DQG����SHQLFLOOLQ�VWUHSWRP\FLQ�PL[WXUH��$OO�FHOO�OLQHV�

ZHUH� DXWKHQWLFDWHG� E\� 7$.$5$� %LR� ,QF� �6KLJD�� -DSDQ�� XVLQJ� '1$� SURILOLQJ� RI� VKRUW�

WDQGHP�UHSHDW�PDUNHUV�DQG�IXUWKHU�YHULILHG�E\�PRUSKRORJ\�DQG�RU�IORZ�F\WRPHWU\�RQ�-XO\��

������ 7KH\� ZHUH� URXWLQHO\� WHVWHG� QHJDWLYH� IRU� mycoplasma�� 6WDEOH� WUDQVGXFWDQWV� RI�

+7���FHOOV� IRU� ILUHIO\� OXFLIHUDVH�DQG�F0\F�WDJJHG�KXPDQ�SMAD4�ZHUH�HVWDEOLVKHG��DV�
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SUHYLRXVO\�GHVFULEHG�����������6WDEOH�WUDQVGXFWDQWV�RI�+&7����FHOOV�IRU�ILUHIO\�OXFLIHUDVH�

DQG� VK51$� DJDLQVW� SMAD4� �VKSMAD4�� ZHUH� HVWDEOLVKHG�� DV� SUHYLRXVO\� GHVFULEHG�

������$�GHWDLOHG�OLVW�RI�WKH�DQWLERGLHV�XVHG�ZDV�UHSRUWHG�SUHYLRXVO\�����������$QWL�&'���

PRXVH� DQWLERG\� ZDV� REWDLQHG� IURP� /HLFD� %LRV\VWHPV� �:HW]ODU�� *HUPDQ\�� DQG�

DQWL�/XFLIHUDVH�JRDW�DQWLERG\�IURP�3URPHJD��)LWFKEXUJ��:,��� �

�

4XDQWLWDWLYH�UHYHUVH�WUDQVFULSWLRQ�SRO\PHUDVH�FKDLQ�UHDFWLRQ��T57�3&5��

� � � 7RWDO�51$�ZDV�H[WUDFWHG�XVLQJ�51HDV\�0LQL�NLW��4LDJHQ��+LOGHQ��*HUPDQ\��DFFRUGLQJ�

WR�WKH�PDQXIDFWXUHU¶V�SURWRFRO��&RPSOHPHQWDU\�'1$�JHQHUDWHG�E\�UHYHUVH�WUDQVFULSWLRQ�

ZDV� TXDQWLILHG� XVLQJ� $%,� 35,60� ����� �$SSOLHG� %LRV\VWHPV�� &DUOVEDG�� &$��� 7KH�

SULPHU�SUREH� VHWV� IRU�CCL15� DQG�ACTB�ZHUH� IURP�7DT0DQ�*HQH�([SUHVVLRQ�DVVD\V�

�DVVD\� ,'��+V��������BP�� DQG�+V��������BP��� UHVSHFWLYHO\��� 7KH�P51$� OHYHO� IRU�

CCL15�ZDV�QRUPDOL]HG�WR�WKDW�IRU�ACTB�E\�D�∆&W�PHWKRG��

�

:HVWHUQ�EORWWLQJ�

� � � &HOOV�ZHUH�O\VHG�LQ�13����O\VLV�EXIIHU�����P0�7ULV��+&O�>S+����@������P0�1D&O������
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JO\FHURO�����13��������P0�VRGLXP�IOXRULGH����P0�VRGLXP�S\URSKRVSKDWH����P0�VRGLXP�

RUWKRYDQDGDWH�DQG�SURWHDVH�LQKLELWRUV���&HOO� O\VDWHV�ZHUH�VXEMHFWHG�WR�VRGLXP�GRGHF\O�

VXOIDWH� SRO\DFU\ODPLGH� JHO� HOHFWURSKRUHVLV�� WKHQ� LPPXQREORWWHG� ZLWK� WKH� UHVSHFWLYH�

SULPDU\�DQWLERGLHV�IROORZHG�E\�KRUVHUDGLVK�SHUR[LGDVH�FRQMXJDWHG�VHFRQGDU\�DQWLERGLHV��

DQG�DQDO\]HG��$�GHWDLO�OLVW�RI�WKH�DQWLERGLHV�XVHG�ZDV�UHSRUWHG�SUHYLRXVO\�������

�

,PPXQRKLVWRFKHPLVWU\�

� � � )RUPDOLQ�IL[HG�� SDUDIILQ�HPEHGGHG� VHFWLRQV� ZHUH� VWDLQHG� ZLWK� WKH� UHVSHFWLYH�

DQWLERGLHV� E\� DQ� DYLGLQ�ELRWLQ� LPPXQRSHUR[LGDVH�PHWKRG�� ([SUHVVLRQ� RI� 60$'��ZDV�

HYDOXDWHG� DV� D� QXFOHDU� VWDLQLQJ�� DQG� WKH� SHUFHQWDJH� RI� SRVLWLYHO\� VWDLQHG� FHOOV� ZDV�

VFRUHG� DV� SUHYLRXVO\� GHVFULEHG� ����� ����� ([SUHVVLRQ� RI� &&/��� ZDV� LQWHUSUHWHG� DV�

SRVLWLYH�ZKHQ�>�����RI�WKH�WXPRU�FHOOV�ZHUH�VWDLQHG��DV�SUHYLRXVO\�GHVFULEHG�����������

:H�TXDQWLILHG�WKH�GHQVLWLHV�RI�&&5���FHOOV�DW�WKH�PDUJLQ�RI�OXQJ�PHWDVWDVHV���±��ILHOGV�

����PP��� DQDO\]HG� SHU� RQH� VDPSOH��� DV� SUHYLRXVO\� GHVFULEHG� ����� ����� 7KUHH�

UHVHDUFKHUV��7<��<,�DQG�6,��LQGHSHQGHQWO\�HYDOXDWHG�DOO�LPPXQRKLVWRFKHPLVWU\�VDPSOHV�

ZLWKRXW�SULRU�NQRZOHGJH�RI�RWKHU�GDWD��7KH�VOLGHV�ZLWK�GLIIHUHQW�HYDOXDWLRQV�DPRQJ�WKHP�
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ZHUH�UHLQWHUSUHWHG�DW�D�FRQIHUHQFH�WR�UHDFK�WKH�FRQVHQVXV��

�

,PPXQRIOXRUHVFHQFH�DQDO\VLV�

� � � $IWHU� GHSDUDIILQL]DWLRQ� RI� �� ȝP�VOLFHG� VHFWLRQV�� KHDW� LQGXFHG� DQWLJHQ� UHWULHYDO� ZDV�

SHUIRUPHG�� 7KH� �VW� DQWLERG\� ZDV� DSSOLHG� DQG� LQFXEDWHG� RYHUQLJKW� DW� �� °&�� $IWHU�

IOXRUHVFHQFH�ODEHOHG��QG�DQWLERG\�ZDV�DSSOLHG��$OH[D�)OXRU�����DQWL�PRXVH�JRDW�RU�����

DQWL�UDEELW��� VOLGHV� ZHUH� PRXQWHG� ZLWK� D� PRXQWLQJ� PHGLXP� LQFOXGLQJ� '$3,��

5HSUHVHQWDWLYH�SKRWRV�ZHUH�WDNHQ�E\�D�IOXRUHVFHQFH�PLFURVFRSH��

�

&HOO�SUROLIHUDWLRQ�DVVD\�

� � � &HOOV�ZHUH�LQFXEDWHG�LQ���ZHOO�SODWHV����[�����FHOOV�ZHOO��DQG�WKHQ�FHOO�QXPEHUV�ZHUH�

FRXQWHG�DW������DQG���GD\V�ODWHU�XVLQJ�D�&RXQWHVV70�$XWRPDWHG�&HOO�&RXQWHU��,QYLWURJHQ��

&DUOVEDG��&$���

�

,Q�YLYR�[HQRJUDIW�VWXGLHV�

� � � )RU�H[SHULPHQWDO�OXQJ�PHWDVWDVLV�PRGHO��FDQFHU�FHOOV������[�����FHOOV�IRU�+7���RU���[�
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����FHOOV�IRU�+&7�����ZHUH�LQMHFWHG�YLD�WDLO�YHLQV�RI���ZHHN�ROG�IHPDOH�QXGH�PLFH��)RU�LQ�

YLYR� ELROXPLQHVFHQFH� LPDJLQJ�� �� PJ� RI� '�OXFLIHULQ� �9LYR*OR� OXFLIHULQ�� 3URPHJD�� ZDV�

LQMHFWHG� LQWUDSHULWRQHDOO\� LQWR�DQHVWKHWL]HG� WXPRU�EHDULQJ�PLFH����PLQ�EHIRUH� LPDJLQJ��

%LROXPLQHVFHQFH�IURP�WKH�OXFLIHUDVH�H[SUHVVLQJ�WXPRU�FHOOV�ZDV�PRQLWRUHG�DW�GD\V��������

���� ��� DQG� ��� SRVW�LQMHFWLRQ�� XVLQJ� D� ;HQRJHQ� ,9,6� V\VWHP� �;HQRJHQ� &RUSRUDWLRQ��

$ODPHGD��&$��� ,Q� WKH�&&5��DQWDJRQLVW�WUHDWHG�PHWDVWDVLV�H[SHULPHQW����[�����FDQFHU�

FHOOV��/XF�+7���F0\F�WDJ�FHOOV��ZHUH�LQMHFWHG�YLD�WDLO�YHLQV�RI���ZHHN�ROG�IHPDOH�6&,'�

PLFH��$V�D�&&5��DQWDJRQLVW��-������������PJ�NJ���72&5,6�%LRVFLHQFH��%ULVWRO��8QLWHG�

.LQJGRP��ZDV�LQWUDSHULWRQHDOO\�DGPLQLVWHUHG�IURP���GD\�EHIRUH�WXPRU�LQMHFWLRQ�WR�WKH�HQG�

RI� DQDO\VHV� ������ 7KH� DQLPDO� H[SHULPHQW�ZDV� DSSURYHG� E\� WKH�$QLPDO�&DUH� DQG�8VH�

&RPPLWWHH�RI�.\RWR�8QLYHUVLW\��

�

6WDWLVWLFDO�DQDO\VLV�

� � � $QDO\]HG� YDOXHV� DUH� H[SUHVVHG� DV�PHDQV� ±� VWDQGDUG� GHYLDWLRQ� �6'��� &DWHJRULFDO�

GDWD�ZHUH�GHWHUPLQHG�ZLWK�)LVKHU¶V�H[DFW� WHVW��&RQWLQXRXV�YDULDEOHV�ZHUH�GHWHUPLQHG�

ZLWK� 6WXGHQW¶V� t�WHVW� RU� 0DQQ�:KLWQH\� U� WHVW�� )RU� IDFWRUV� DVVRFLDWHG� ZLWK� &&/���



            

 16

H[SUHVVLRQ��PXOWLYDULDWH�ORJLVWLF�UHJUHVVLRQ�DQDO\VLV�ZDV�XVHG�DQG�IDFWRUV�ZLWK�D�P�YDOXH�

RI� �� ����� ZHUH� LQFOXGHG� LQ� WKH� PRGHO�� 3UREDELOLW\� RI� VXUYLYDO� ZDV� DQDO\]HG� E\� WKH�

.DSODQ�0HLHU�PHWKRG�XVLQJ� WKH�GDWH�RI�SXOPRQDU\�UHVHFWLRQ�DV� WKH�VWDUWLQJ�SRLQW��7KH�

VLJQLILFDQFH�RI�GLIIHUHQFHV�EHWZHHQ�VXEJURXSV�ZDV�FDOFXODWHG�XVLQJ� WKH� ORJ�UDQN� WHVW��

0XOWLYDULDWH� DQDO\VLV� RI� WKH� SURJQRVWLF� IDFWRUV� ZDV� FDUULHG� RXW� XVLQJ� WKH� &R[¶V�

SURSRUWLRQDO�KD]DUG�UHJUHVVLRQ�PRGHO��5HODWLRQVKLSV�EHWZHHQ�YDULDEOHV�ZHUH�GHWHUPLQHG�

E\�3HDUVRQ¶V�FRUUHODWLRQ�FRHIILFLHQWV��$OO�DQDO\VHV�ZHUH�WZR�VLGHG��DQG�D�P�YDOXH�ZLWK���

�����ZDV�FRQVLGHUHG�DV�VWDWLVWLFDOO\�VLJQLILFDQW��6WDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�ZLWK�

WKH�-03�3UR�VRIWZDUH��YHUVLRQ���������6$6�,QVWLWXWH�,QF��1&���

�

�

�
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5HVXOWV�

/RVV� RI� 60$'�� LQ� &5&� OXQJ� PHWDVWDVHV� DFFXPXODWHV� &&5��� FHOOV� WKURXJK�

&&/���&&5��FKHPRNLQH�D[LV�LQ�D�PRXVH�PRGHO�

� � � :H�SUHYLRXVO\� UHSRUWHG� WKDW� ORVV�RI�60$'��FDXVHV� UHFUXLWPHQW�RI�&&5���P\HORLG�

FHOOV�WKURXJK�&&/���&&5��D[LV�WR�SURPRWH�WXPRU�LQYDVLRQ�DQG�OLYHU�PHWDVWDVLV�RI�&5&�

����� ����� 7KHUHIRUH�� ZH� K\SRWKHVL]HG� WKDW� &&/��� H[SUHVVLRQ�PD\� DOVR� SURPRWH� OXQJ�

PHWDVWDVLV�RI�&5&�WKURXJK�WKH�&&/���&&5��D[LV�� �

� � � 7R� WHVW� WKLV�K\SRWKHVLV��ZH� ILUVW�H[DPLQHG� WKH�UROH�RI�60$'�� LQ� OXQJ�PHWDVWDVLV�RI�

&5&�XVLQJ�D�PRXVH�PRGHO��:H�LQMHFWHG�OXFLIHUDVH��/XF��H[SUHVVLQJ�KXPDQ�&5&�FHOOV�

LQWR�WKH�WDLO�YHLQV�RI�QXGH�PLFH��DQG�WKHQ�PRQLWRUHG�WKH�PHWDVWDVL]HG�WXPRU�FHOOV�ZLWKLQ�

WKH� OXQJV�E\�ELROXPLQHVFHQFH��$�60$'��GHILFLHQW�&5&�FHOO� OLQH��+7����HQGRJHQRXVO\�

H[SUHVVHG�KLJK� OHYHOV�RI�&&/����ZKHUHDV�RYHU�H[SUHVVLRQ�RI� F0\F�WDJJHG�60$'�� LQ�

WKHVH� FHOOV� �/XF�+7��� F0\F�SMAD4�� GUDPDWLFDOO\� UHGXFHG�&&/���H[SUHVVLRQ�ZLWKRXW�

DIIHFWLQJ� FHOO� YLDELOLW\� �6XSSOHPHQWDU\� )LJ�� 6�$� DQG� %�� ����� ����� :KHQ� /XF�+7���

F0\F�SMAD4 FHOOV� ZHUH� LQMHFWHG� LQWR� QXGH� PLFH� WKURXJK� WKH� WDLO� YHLQV�� WKHLU� OXQJ�

OXFLIHUDVH�DFWLYLWLHV�ZHUH� UHGXFHG�FRPSDUHG�ZLWK� WKH�FRQWUROV� �)LJ���$���:H�GLVVHFWHG�
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OXQJV����GD\V�DIWHU�LQMHFWLRQ�DQG�H[DPLQHG�PHWDVWDWLF�IRFL�E\�ELROXPLQHVFHQFH��$OWKRXJK�

WKH�60$'��GHILFLHQW�FHOOV��/XF�+7���F0\F�WDJ��IRUPHG�IRFL�LQ�������RI�WKHLU�OXQJV�����RI�

���OXQJV���WKH�60$'��H[SUHVVLQJ�FHOOV��/XF�+7���F0\F�SMAD4��PHWDVWDVL]HG�WR�OXQJV�

LQ�RQO\����������RI����OXQJV���)LJ���%� P� ��������:H�KLVWRORJLFDOO\�H[DPLQHG�WKH�PRXVH�

OXQJV� FRQWDLQLQJ� PHWDVWDWLF� &5&� FHOOV�� $V� DQWLFLSDWHG�� OXQJ� WXPRUV� RI� /XF�+7���

F0\F�WDJ�FHOOV�H[SUHVVHG�&&/����ZKHUHDV�WKRVH�ZLWK�/XF�+7���F0\F�SMAD4�FHOOV�GLG�

QRW��)LJ���&���&RQVLVWHQWO\��&&5���FHOOV�ZHUH�DFFXPXODWHG�DURXQG�WKH�OXQJ�PHWDVWDVHV�

RI� /XF�+7��� F0\F�WDJ� FHOOV�� ZKHUHDV� IHZ�&&5��� FHOOV� DFFXPXODWHG� DURXQG� WKRVH� RI�

/XF�+7���F0\F�SMAD4 FHOOV��)LJ���&���1H[W��ZH�XVHG�DQRWKHU�&5&�FHOO�OLQH��+&7�����

LQ�ZKLFK�60$'��ZDV�HQGRJHQRXVO\�H[SUHVVHG��6XSSOHPHQWDU\�)LJ��6�&�(���,Q�+&7����

FHOOV� HQJLQHHUHG� ZLWK� VWDEOH� 60$'�� NQRFNGRZQ� �/XF�+&7���� VKSMAD4��� VKSMAD4�

FRQVWUXFW� GHFUHDVHG� 60$'�� H[SUHVVLRQ� DQG� LQFUHDVHG� &&/��� H[SUHVVLRQ�� DV�

SUHYLRXVO\� UHSRUWHG� ������ :KHQ� LQMHFWHG� LQWR� QXGH� PLFH� WKURXJK� WKH� WDLO� YHLQV��

/XF�+&7����VKSMAD4 FHOOV�IRUPHG�IRFL�LQ�����RI�WKHLU�OXQJV����RI����OXQJV���ZKLOH�WKH�

FRQWURO�FHOOV��/XF�+&7����VFUDPEOH��PHWDVWDVL]HG�WR�OXQJV�LQ�RQO\��������RI����OXQJV��

�)LJ���'�DQG�(� P� ��������+LVWRORJLFDO�DQDO\VLV�LQGLFDWHG�WKDW�OXQJ�WXPRUV�RI�/XF�+&7����
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VKSMAD4 FHOOV�H[SUHVVHG�&&/����ZKHUHDV�WKRVH�ZLWK�/XF�+&7����VFUDPEOH�FHOOV�GLG�

QRW��)LJ���)���&RQVLVWHQWO\��&&5���FHOOV�ZHUH�DFFXPXODWHG�DURXQG�WKH�OXQJ�PHWDVWDVHV�

RI�/XF�+&7����VKSMAD4�FHOOV��ZKHUHDV�IHZ�&&5���FHOOV�DFFXPXODWHG�DURXQG�WKRVH�RI�

/XF�+&7���� VFUDPEOH FHOOV� �)LJ�� �)��� )LQDOO\�� ZH� HYDOXDWHG� D� &&5�� DQWDJRQLVW�

�-���������IRU�LWV�VXSSUHVVLYH�HIIHFW�LQ�WKH�PRXVH�OXQJ�PHWDVWDVLV�PRGHO��-��������GLG�

QRW�DIIHFW�WKH�SUROLIHUDWLRQ�UDWH�RI�/XF�+7���F0\F�WDJ�FHOOV� in vitro��6XSSOHPHQWDU\�)LJ��

6�)���:H�DGPLQLVWHUHG�-�������������RU�WKH�YHKLFOH�WR�6&,'�PLFH�WKDW�ZHUH�LQMHFWHG�ZLWK�

/XF�+7��� F0\F�WDJ� FHOOV� �6XSSOHPHQWDU\� )LJ�� 6�*��� /XF�+7��� F0\F�WDJ� FHOOV� GR� QRW�

QHFHVVDULO\�PHWDVWDVL]H� WR� WKH� OXQJV� LQ�QXGH�PLFH� �)LJ�� �%��� EXW�ZH� IRXQG� WKH\�FRXOG�

LQHYLWDEO\�PHWDVWDVL]H�WR�WKH�OXQJV�LQ�6&,'�PLFH��)LJ���*���7UHDWPHQW�RI�WKH�KRVW�PLFH�

ZLWK� ���PJ�NJ� RI� -�������� WHQGHG� WR� UHGXFH� WKH� OXPLQHVFHQFH� OHYHOV� FRPSDUHG�ZLWK�

YHKLFOH�WUHDWHG�PLFH�DW�GD\�������������������YV���������������UHVSHFWLYHO\��P� ��������

DOWKRXJK�WKHUH�ZDV�QR�DSSDUHQW�GLIIHUHQFH�LQ�WKH�OXPLQHVFHQFH�OHYHOV�EHWZHHQ�WKH�WZR�

JURXSV�DW�GD\�����)LJ���+�DQG�6XSSOHPHQWDU\�)LJ��6�+���$V�DQWLFLSDWHG��ZH�YHULILHG�E\�

,+&�DQDO\VLV� WKDW�-��������UHGXFHG� WKH�DFFXPXODWLRQ�RI�&&5���FHOOV�DURXQG� WKH� OXQJ�

PHWDVWDVHV� RI� /XF�+7��� F0\F�WDJ� FHOOV� �)LJ�� �,��� 7KHVH� UHVXOWV� LQGLFDWH� WKDW� ORVV� RI�
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60$'��LQ�&5&�FHOOV�SURPRWHV�&&/���H[SUHVVLRQ�WR�UHFUXLW�&&5���FHOOV��ZKLFK�FDXVHV�

PHWDVWDWLF�FRORQL]DWLRQ�RI�WXPRU�FHOOV�GLVVHPLQDWHG�WR�WKH�OXQJV�LQ�WKLV�PRXVH�PRGHO��

�

/RVV�RI�60$'��LV�DVVRFLDWHG�ZLWK�&&/���H[SUHVVLRQ�DQG�&&5���FHOO�DFFXPXODWLRQ��

ZKLFK�FDQ�UHVXOW�LQ�OXQJ�PHWDVWDVLV�� � �

� � � ,Q�RUGHU�WR�FRQILUP�WKH�FOLQLFDO�UHOHYDQFH�RI�WKH�UHVXOWV�IURP�WKH�PRXVH�PRGHO��ZH�QH[W�

LQYHVWLJDWHG�H[SUHVVLRQV�RI�60$'���&&/���DQG�&&5��XVLQJ�FOLQLFDO�VSHFLPHQV�RI�&5&�

OXQJ�PHWDVWDVHV� UHVHFWHG�EHWZHHQ������DQG������ �7DEOH�����2I����� OXQJ�PHWDVWDVHV�

REWDLQHG� IURP� ��� SDWLHQWV�� ZH� IRXQG� WKDW� ���� ���� RI� ����� ZDV� QHJDWLYH� IRU� 60$'��

H[SUHVVLRQ�� ZKHUHDV� ���� ���� RI� ����� ZDV� SRVLWLYH� �7DEOH� ���� ,PPXQRKLVWRFKHPLVWU\�

LQGLFDWHG�WKDW�&&/���ZDV�H[SUHVVHG�PDLQO\�DW�WKH�PDUJLQDO�SDUWV�UDWKHU�WKDQ�WKH�FHQWHU�

RI�WKH�OXQJ�PHWDVWDVHV��)LJ���$���DQG�WKDW�&&/���H[SUHVVLRQ�ZDV�SRVLWLYH�LQ���������RI�

������7DEOH�����ZKLFK�LV�VLPLODU�WR�WKH�IUHTXHQFLHV�LQ�SULPDU\�WXPRUV�DQG�OLYHU�PHWDVWDVHV�

RI�&5&� ����������(VSHFLDOO\��&&/���H[SUHVVLRQ�ZDV�SRVLWLYH� LQ����� ����RI�����RI� WKH�

60$'��QHJDWLYH� PHWDVWDVHV�� ZKHUHDV� LW� ZDV� IRXQG� LQ� ���� ���� RI� ���� RI� WKH�

60$'��SRVLWLYH�PHWDVWDVHV��ZLWK�D�VLJQLILFDQW�LQYHUVH�FRUUHODWLRQ�EHWZHHQ�60$'��DQG�
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&&/����RGGV�UDWLR� �������P���������7DEOH����� � �

� � � 8QLYDULDWH� DQDO\VLV� RI� HDFK� FOLQLFRSDWKRORJLFDO� IDFWRU� LQGLFDWHG� WKDW� &&/���

H[SUHVVLRQ�ZDV�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�60$'��H[SUHVVLRQ��P  ��������DQG�WHQGHG�WR�

EH� FRUUHODWHG� ZLWK� WXPRU� ORFDWLRQ� RI� WKH� SULPDU\� &5&� �P  � ������ DQG� 7� IDFWRU� RI� WKH�

SULPDU\�&5&��P  ��������7DEOH�����,Q�WKH�PXOWLYDULDWH�DQDO\VLV�LQFOXGLQJ�IDFWRUV�ZLWK�D�P�

YDOXH�RI���������RQO\�60$'��H[SUHVVLRQ�UHPDLQHG�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�&&/���

H[SUHVVLRQ� �7DEOH� ��� P  � �������� VKRZLQJ� D� VLJQLILFDQW� LQYHUVH� FRUUHODWLRQ� EHWZHHQ�

&&/���DQG�60$'��� �

� � � 5HJDUGLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�&&/���H[SUHVVLRQ�DQG�&&5���FHOO�DFFXPXODWLRQ��

ZH�IRXQG�WKDW�QXPHURXV�&&5���FHOOV�DFFXPXODWHG�DURXQG�WKH�&&/���SRVLWLYH�&5&�FHOOV�

LQ�WKH�OXQJ��EXW�IHZ�DURXQG�WKH�&&/���QHJDWLYH�RQHV��)LJ���$���:H�TXDQWLILHG�WKH�GHQVLW\�

RI� &&5��� FHOOV� DW� WKH� SHULSKHU\� RI� OXQJ�PHWDVWDVHV�� DQG� IRXQG� WKDW� a���� WLPHV�PRUH�

&&5���FHOOV�DURXQG�WKH�&&/���SRVLWLYH�PHWDVWDVHV�WKDQ�DURXQG�&&/���QHJDWLYH�RQHV�

������������YV���������������P���������7DEOH����)LJ���%���7KHVH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�

WKH�&5&�GDWD�IRU�WKH�SULPDU\�WXPRUV�DQG�OLYHU�PHWDVWDVHV�����������:H�DOVR�GHWHUPLQHG�

ZKHWKHU�&&5��� FHOO� GHQVLW\�ZDV� FRUUHODWHG�ZLWK� WKH�PHWDVWDWLF� WXPRU� VL]H�� DQG� IRXQG�
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OLWWOH�FRUUHODWLRQ�EHWZHHQ� WKHP��P  ��������3HDUVRQ¶V�FRUUHODWLRQ�FRHIILFLHQWV��)LJ���&���

ZKLFK�LV�GLIIHUHQW�IURP�WKH�GDWD�RI�WKH�OLYHU�PHWDVWDVHV�RI�&5&�������

�

([SUHVVLRQ�RI�&&/��� LQ� OXQJ�PHWDVWDVHV�SUHGLFWV�SRRU�VXUYLYDO�DIWHU�SXOPRQDU\�

UHVHFWLRQ�RI�PHWDVWDWLF�&5&��

� � � 7R�HYDOXDWH�WKH�FOLQLFDO�RXWFRPH�RI�&&/���H[SUHVVLRQ��ZH�DQDO\]HG�5)6�RI����&5&�

SDWLHQWV�ZKR� XQGHUZHQW� FXUDWLYH� UHVHFWLRQ� RI� OXQJ�PHWDVWDVHV�� 7KH�PHGLDQ� IROORZ�XS�

ZDV����PRQWKV��DQG� WKH�HVWLPDWHG�5)6�UDWH�DW����DQG���\HDU�ZDV�������DQG��������

UHVSHFWLYHO\� �6XSSOHPHQWDU\� )LJ�� 6�$�'��� 6WDWLVWLFDO� DQDO\VHV� VKRZHG� WKDW� WKH� &5&�

SDWLHQWV�ZLWK�&&/���SRVLWLYH�PHWDVWDVHV�H[KLELWHG�D�VLJQLILFDQWO\�VKRUWHU�5)6�WKDQ�WKRVH�

ZLWK�&&/���QHJDWLYH�PHWDVWDVHV� �P  �������)LJ���'���7KH�FXPXODWLYH���\HDU�5)6�UDWH�

RI�&5&�SDWLHQWV�ZLWK�&&/���SRVLWLYH�PHWDVWDVHV�ZDV��������ZKHUHDV�WKDW�RI�WKRVH�ZLWK�

&&/���QHJDWLYH�PHWDVWDVHV�ZDV��������:H�SUHYLRXVO\�UHSRUWHG�WKDW�&&/���H[SUHVVLRQ�

RQ�SULPDU\�WXPRUV�RU�OLYHU�PHWDVWDVHV�RI�&5&�LV�FRUUHODWHG�ZLWK�SDWLHQWV¶�5)6�����������

7KH� SUHVHQW� UHVXOWV� DUH� FRQVLVWHQW� ZLWK� RXU� SUHYLRXV� VWXGLHV�� VXSSRUWLQJ� WKDW�

60$'��GHILFLHQW� &5&� FDQ� ZRUVHQ� SDWLHQWV¶� VXUYLYDO� WKURXJK� WKH� &&/���&&5��
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FKHPRNLQH� D[LV� WR� DFFXPXODWH� &&5��� FHOOV� LQ� WKH� WXPRU� PLFURHQYLURQPHQW��:H� DOVR�

DQDO\]HG� RYHUDOO� VXUYLYDO� �26�� RI� ��� SDWLHQWV� ZKR� XQGHUZHQW� SXOPRQDU\� UHVHFWLRQ�

�6XSSOHPHQWDU\�)LJ��6�$���DQG� IRXQG� WKDW�&&/���H[SUHVVLRQ� WHQGHG� WR�FRUUHODWH�ZLWK�

VKRUWHU�26�DOWKRXJK�ZLWKRXW�D�VLJQLILFDQW�GLIIHUHQFH��P  �������6XSSOHPHQWDU\�)LJ��6�%���

� � � ,Q� &5&� SDWLHQWV� ZKR� XQGHUZHQW� FRPSOHWH� SXOPRQDU\� UHVHFWLRQ� LQ� D� ODUJH�VFDOH�

UHWURVSHFWLYH� DQDO\VLV�� LW� KDV� EHHQ� UHFHQWO\� UHSRUWHG� WKDW� WKH� QXPEHU� RI� SXOPRQDU\�

PHWDVWDWLF�OHVLRQV��WKHLU�GLVWULEXWLRQ��WKH�WXPRU�VL]H��WKH�VHUXP�FDUFLQRHPEU\RQLF�DQWLJHQ�

�&($��OHYHO�SULRU�WR�SXOPRQDU\�UHVHFWLRQ��WKH�GLVHDVH�IUHH�LQWHUYDO��DQG�WKH�O\PSK�QRGH�

PHWDVWDVHV� RI� SULPDU\� &5&� DUH� LQGHSHQGHQW� SURJQRVWLF� IDFWRUV� IRU� SURJQRVLV� �������

7KHUHIRUH��ZH�DOVR�DQDO\]HG� WKH�HIIHFW�RI�&&/���H[SUHVVLRQ� LQ�FRQMXQFWLRQ�ZLWK� WKHVH�

IDFWRUV�LQ�WKLV�VWXG\��$FFRUGLQJ�WR�D�XQLYDULDWH�DQDO\VLV��7�VWDJH�RI�SULPDU\�&5&��1�VWDJH�

RI�SULPDU\�&5&��&($�OHYHO�SULRU�WR�SXOPRQDU\�UHVHFWLRQ��DQG�&&/���H[SUHVVLRQ�LQ�OXQJ�

PHWDVWDVHV� ZHUH� VLJQLILFDQW� SUHGLFWRUV� RI� VKRUWHU� 5)6� �7DEOH� ��� 6XSSOHPHQWDU\� )LJ��

6�%�'���,Q�WKH�PXOWLYDULDWH�DQDO\VLV�LQFOXGLQJ�WKHVH�YDULDEOHV��&&/���H[SUHVVLRQ�LQ�OXQJ�

PHWDVWDVHV�ZDV�WKH�RQO\�SDUDPHWHU�WKDW�UHPDLQHG�VLJQLILFDQW�IRU�SUHGLFWLQJ�VKRUWHU�5)6�

�7DEOH����KD]DUG�UDWLR�>+5@������������FRQILGHQFH�LQWHUYDO�>&,@������±������P  ��������� � � �
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�

&KDUDFWHUL]DWLRQ�RI�&&5���FHOOV�DFFXPXODWHG�DURXQG�OXQJ�PHWDVWDVHV�RI�&5&�

� � � :H�SUHYLRXVO\�UHSRUWHG�WKDW�&&5���FHOOV�DFFXPXODWLQJ�DURXQG�WKH�LQYDVLRQ�IURQW�RI�

SULPDU\�&5&�ZHUH�RI�WKH�0'6&�SKHQRW\SH��DQG�WKDW�PRVW�RI�WKHVH�&&5���0'6&V�ZHUH�

RI�WKH�JUDQXORF\WLF�0'6&�OLQHDJH�������,Q�RUGHU�WR�GHWHUPLQH�ZKHWKHU�WKH�&&5���FHOOV�

DFFXPXODWLQJ�DURXQG�OXQJ�PHWDVWDVHV�RI�&5&�ZHUH�RI�WKH�VDPH�SKHQRW\SH�DV�WKRVH�LQ�

WKH�SULPDU\�&5&��ZH�SHUIRUPHG�GRXEOH�LPPXQRIOXRUHVFHQFH�VWDLQLQJ�ZLWK�VHYHUDO�

FHOO�W\SH�VSHFLILF�PDUNHUV��7KH�PDMRULW\�RI�WKHVH�&&5���FHOOV�ZHUH�SRVLWLYH�IRU�032��

&'��E��&'���DQG�&'����ZKLOH�WKH\�ZHUH�QHJDWLYH�IRU�+/$�'5��&'����&'���&'���&'����

&'���DQG�α�60$��)LJ���$�)�DQG�6XSSOHPHQWDU\�)LJ��6�$�(���VXJJHVWLQJ�WKDW�WKH\�ZHUH�

RI�WKH�7$1�SKHQRW\SH��&'��E���&'�����+/$�'5���&'����DQG�&'������7$1V�DUH�

FKDUDFWHUL]HG�E\�KDYLQJ�LPPXQRVXSSUHVVLYH��E\�SURGXFLQJ�$5*���DQG�DQJLRJHQLF��E\�

SURGXFLQJ�003��IXQFWLRQV���������������&RQVLVWHQWO\��ZH�FRQILUPHG�WKDW�WKHVH�&&5���

FHOOV�H[SUHVVHG�$5*��LQ�DGGLWLRQ�WR�003���)LJ���*�DQG�+���DQG�WKDW D�VXESRSXODWLRQ�RI�

WKHVH�&&5���FHOOV�ZDV�SRVLWLYH�IRU�&;&5���6XSSOHPHQWDU\�)LJ��6�)���D�PDMRU�

FKHPRNLQH�UHFHSWRU�H[SUHVVHG�RQ�7$1�������0RUHRYHU��ZH�DOVR�REVHUYHG�WKDW�RQO\�D�
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PLQRU�IUDFWLRQ�RI�&&5���FHOOV�ZHUH�SRVLWLYH�IRU�&'��E��&'���DQG�&'���ZLWK�QHJDWLYH�

+/$�'5��6XSSOHPHQWDU\�)LJ��6�$�'���VXJJHVWLQJ�WKDW�WKH\�ZHUH�RI�WKH�

JUDQXORF\WLF�0'6&�OLQHDJH�� �

�

�

�

�

�

�

�
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'LVFXVVLRQ�

� � � ,W�KDV�EHHQ�VKRZQ�WKDW�YDULRXV�W\SHV�RI�P\HORLG�FHOOV�SURPRWH�WXPRU�SURJUHVVLRQ�E\�

LPPXQH�VXSSUHVVLRQ�DV�ZHOO�DV�E\�IDFLOLWDWLQJ�FHOO�JURZWK��PLJUDWLRQ�DQG�DQJLRJHQHVLV��

7KHVH�FHOOV�LQFOXGH�7$0V��0'6&V�DQG�PRUH�UHFHQWO\�7$1V���������������7$0V��WKH�

EHVW�FKDUDFWHUL]HG�DPRQJ�WKHP��DUH�GLYLGHG�LQWR�WZR�SRSXODWLRQV��0��PDFURSKDJHV�WKDW�

SURPRWH�WXPRULJHQHVLV�DQG�0��PDFURSKDJHV�WKDW�DUH�DQWLWXPRULJHQLF��0'6&V�

FRQVWLWXWH�D�KHWHURJHQHRXV�SRSXODWLRQ�RI�LPPDWXUH�P\HORLG�FHOOV�WKDW�DUH�LQFUHDVHG�LQ�

FDQFHU��LQIODPPDWLRQ�DQG�LQIHFWLRQ�������+XPDQ�0'6&V�FRPSULVH�WZR�VXESRSXODWLRQV��

PRQRF\WLF�0'6&V��+/$�'5���&'��E���&'����DQG�&'�����DQG�JUDQXORF\WLF�0'6&V�

+/$�'5���&'��E���&'����DQG�&'������2Q�WKH�RWKHU�KDQG��WKH�SUHVHQFH�DQG�IXQFWLRQDO�

FKDUDFWHULVWLFV�RI�7$1V�PD\�KDYH�EHHQ�XQGHUHVWLPDWHG�DQG�WKHUHIRUH�QHHG�UHDSSUDLVDO��

$V�GHILQHG�ZLWK�0��DQG�0��7$0V��7$1V�DOVR�KDYH�GLIIHUHQWLDO�VWDWHV�RI�

DFWLYDWLRQ�GLIIHUHQWLDWLRQ��1��QHXWURSKLOV�DUH�DQWLWXPRULJHQLF��ZKHUHDV�1��QHXWURSKLOV�

GLVSOD\�SURWXPRULJHQLF�SURSHUWLHV�����������,W�KDV�EHHQ�UHSRUWHG�WKDW��LQ�D�PRXVH�OXQJ�

FDQFHU�PRGHO��7*)�β�LV�D�PDMRU�F\WRNLQH�ZLWKLQ�WXPRUV�WKDW�GHILQHV�WKH�7$1�SKHQRW\SH�

DQG�VNHZV�GLIIHUHQWLDWLRQ�WRZDUG�WKH�1��SKHQRW\SH�������:H�SUHYLRXVO\�UHSRUWHG�WKDW�
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&&/���H[SUHVVLRQ�E\�ORVV�RI�60$'��LQ�FDQFHU�FHOOV�KHOSV�UHFUXLWPHQW�RI�&&5���0'6&V�

�&'��E���&'�����DQG�+/$�'5���DW�WKH�LQYDVLRQ�IURQW�RI�SULPDU\�&5&�������,Q�WKLV�VWXG\�RI�

WKH�OXQJ�PHWDVWDVHV�RI�&5&��ZH�KDYH�YHULILHG�WKDW�&&/���H[SUHVVLRQ�ZDV�VLJQLILFDQWO\�

FRUUHODWHG�ZLWK�ORVV�RI�60$'���7DEOH�����DQG�WKDW�&&/���SRVLWLYH�PHWDVWDVHV�UHFUXLWHG�

PRUH�QXPEHUV�RI�&&5���FHOOV�WKDQ�&&/���QHJDWLYH�PHWDVWDVHV�GLG��7DEOH����)LJ���%���

&&5���FHOOV�DFFXPXODWLQJ�DURXQG�OXQJ�PHWDVWDVHV�ZHUH�SRVLWLYH�IRU�032��&'��E��&'���

DQG�&'����)LJ���$��%��(��DQG�)���ZKLOH�WKH\�ZHUH�QHJDWLYH�IRU�+/$�'5��&'���&'��DQG�

α�60$��)LJ���'��DQG�6XSSOHPHQWDU\�)LJ�6�$��%�DQG�'���VXJJHVWLQJ�WKHLU�P\HORLG�RULJLQ�

UDWKHU�WKDQ�O\PSKRLG�RU�ILEUREODVWLF�RULJLQV��&RQWUDU\�WR�RXU�DQWLFLSDWLRQ��PRVW�RI�WKHVH�

&&5���FHOOV�H[SUHVVHG�PDWXUH�P\HORLG�FHOO�PDUNHUV��SRVLWLYH�032�DQG�QHJDWLYH�&'����

�)LJ���$�DQG�&���DQG�JUDQXORF\WH�OLQHDJH�PDUNHUV��032��&'���DQG�&'�����)LJ���$��(�

DQG�)���ZKLOH�WKH\�ODFNHG�PRQRF\WH�OLQHDJH�PDUNHUV��&'���DQG�&'�����6XSSOHPHQWDU\�

)LJ��6�&�DQG�(���7KHVH�FHOOV�PD\�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�WXPRU�

PLFURHQYLURQPHQW�WKURXJK�SURGXFWLRQ�RI�003��DQG�$5*���)LJ���*�DQG�+���:H�DOVR�

IRXQG�WKDW�RQO\�D�PLQRU�IUDFWLRQ�RI�&&5���FHOOV�ZHUH�SRVLWLYH�IRU�&'��E��&'���DQG�&'���

ZLWK�QHJDWLYH�+/$�'5��6XSSOHPHQWDU\�)LJ��6�$�'���7DNHQ�WRJHWKHU��WKHVH�UHVXOWV�
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LQGLFDWH�WKDW�&&5���FHOOV�DFFXPXODWLQJ�DURXQG�OXQJ�PHWDVWDVHV�RI�&5&�DUH�FRPSRVHG�

PDLQO\�RI�WKH�7$1�DQG�RQO\�SDUWLDOO\�RI�WKH�JUDQXORF\WLF�0'6&��ZKLFK�PD\�VXJJHVW�WKHVH�

P\HORLG�FHOO�VXEVHWV�DUH�VSHFLILF�WR�WKH�WXPRU�DQG�RUJDQ��5HJDUGLQJ�WKH�&&5���FHOOV�

DFFXPXODWLQJ�DURXQG�&5&�OLYHU�PHWDVWDVHV��ZH�SUHYLRXVO\�UHSRUWHG�WKDW�WKHVH�&&5���

FHOOV�ZHUH�SRVLWLYH�IRU�ERWK�&'��E�DQG�032�������,Q�WKLV�VWXG\��ZH�IXUWKHU�FKDUDFWHUL]HG�

WKHVH�&&5���FHOOV�XVLQJ�GRXEOH�LPPXQRIOXRUHVFHQFH�VWDLQLQJ��DQG�IRXQG�WKDW�PRVW�RI�

&&5���FHOOV�ZHUH�SRVLWLYH�IRU�032��&'��E��&'����&'����$5*��DQG�003��ZKLOH�WKH\�

ZHUH�QHJDWLYH�IRU�+/$�'5�DQG�&'����6XSSOHPHQWDU\�)LJ��6�$�+���ZKLFK�VXJJHVWV�WKDW�

WKH\�DUH�FRPSRVHG�PDLQO\�RI�7$1��5HJDUGLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�7$1V�DQG�

0'6&V��LW�KDV�EHHQ�VXJJHVWHG�WKDW�0'6&V�FDQ�HQWHU�WXPRUV�DQG�GLIIHUHQWLDWH�WR�PDWXUH�

7$0V�RU�7$1V�������,W�UHPDLQV�WR�EH�GHWHUPLQHG�ZKHWKHU�WKH�QHXWURSKLOV�ZLWKLQ�WKH�

WXPRUV�DUH�GHULYHG�IURP�JUDQXORF\WLF�0'6&V�RU�ZKHWKHU�WKH\�DUH�EORRG�GHULYHG�

QHXWURSKLOV�FRQYHUWHG�WR�WKH�1��SKHQRW\SH�E\�WKH�WXPRU�HQYLURQPHQW��H�J���KLJK�ORFDO�

FRQFHQWUDWLRQ�RI�7*)�β���7R�IXUWKHU�FKDUDFWHUL]H�WKH�FHOO�OLQHDJH�DQG�WKH�IXQFWLRQV�RI�

WKHVH�P\HORLG�FHOOV��RXU�QH[W�VWHS�ZRXOG�EH�WR�LVRODWH�YLDEOH�WXPRU�DVVRFLDWHG�&&5���

P\HORLG�FHOOV�IURP�WKH�WXPRU�WLVVXHV�E\�IOXRUHVFHQFH�DFWLYDWHG�FHOO�VRUWLQJ��6HYHUDO�
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VWXGLHV�VKRZ�WKDW�DQ�HOHYDWHG�QHXWURSKLO�FRXQW�LQ�WKH�SHULSKHUDO�EORRG��L�H���D�KLJK�

QHXWURSKLO�WR�O\PSKRF\WH�UDWLR��1/5���LV�DVVRFLDWHG�ZLWK�SRRU�FOLQLFDO�RXWFRPHV�LQ�

VHYHUDO�W\SHV�RI�FDQFHU�LQFOXGLQJ�&5&�������HPSKDVL]LQJ�WKH�LPSRUWDQFH�DQG�UHOHYDQFH�

RI�QHXWURSKLOV�LQ�FDQFHU�ELRORJ\�� �

�

� � � &KHPRNLQH�&&/����D�PHPEHU�RI�WKH�&&�FKHPRNLQH�IDPLO\�DQG�FRQVWLWXWLYHO\�

H[SUHVVHG�LQ�WKH�JXW�DQG�OLYHU��ZDV�FORQHG�DQG�SDUWLDOO\�FKDUDFWHUL]HG�������&&/���SOD\V�

DQ�LPSRUWDQW�UROH�LQ�WKH�GHYHORSPHQW�RI�LQIODPPDWLRQ�DQG�DOOHUJLF�GLVHDVHV���������������

DQG�ELQGV�PDLQO\�WR�&&5��DV�D�FKHPRDWWUDFWDQW�IRU�PRQRF\WHV��QHXWURSKLOV��

O\PSKRF\WHV�DQG�GHQGULWLF�FHOOV�������$FFXPXODWLQJ�HYLGHQFH�KDV�VXJJHVWHG�WKDW�&&/���

KDV�D�FUXFLDO�UROH�LQ�WKH�SURJUHVVLRQ�RI�VHYHUDO�W\SHV�RI�FDQFHU�LQFOXGLQJ�&5&��

KHSDWRFHOOXODU�FDUFLQRPD��+&&���DQG�OXQJ�FDQFHU������������������:H�SUHYLRXVO\�VKRZHG�

WKDW�60$'��ELQGV�GLUHFWO\�WR�WKH�SURPRWHU�UHJLRQ�RI�KXPDQ�CCL15�JHQH�WR�QHJDWLYHO\�

UHJXODWH�LWV�H[SUHVVLRQ��DQG�WKDW�&&/���H[SUHVVLRQ�LV�LQYHUVHO\�FRUUHODWHG�ZLWK�60$'��

H[SUHVVLRQ�LQ�FOLQLFDO�VSHFLPHQV�RI�KXPDQ�SULPDU\�&5&�DQG�LWV�OLYHU�PHWDVWDVLV�����������

,Q�WKH�OXQJ�PHWDVWDVHV�RI�&5&��ZH�KDYH�GHWHUPLQHG�KHUH�WKDW�WKHUH�LV�D�VLJQLILFDQW�
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LQYHUVH�FRUUHODWLRQ�EHWZHHQ�&&/���DQG�60$'��OHYHOV�E\�LPPXQRKLVWRFKHPLFDO�DQDO\VLV�

RI�����FOLQLFDO�VDPSOHV��7DEOH���DQG�����([SUHVVLRQ�RI�60$'��ZDV�ORVW�LQ���������RI�

������ZKHUHDV�WKDW�RI�&&/���ZDV�IRXQG�LQ���������RI�������7KH�GLIIHUHQFH�RI�a����

EHWZHHQ�WKHVH�IUHTXHQFLHV�VXJJHVWV�WKDW�IDFWRUV�RWKHU�WKDQ�60$'��FDQ�DOVR�FRQWULEXWH�

WR�&&/���H[SUHVVLRQ��,Q�IDFW��WKH�SURPRWHU�RI�CCL15�FRQWDLQV�PXOWLSOH�SRWHQWLDO�ELQGLQJ�

VLWHV�IRU�WUDQVFULSWLRQ�IDFWRUV�LQYROYHG�LQ�WKH�LPPXQH�V\VWHP�DQG�LQIODPPDWLRQ��DOWKRXJK�

WKH�IXQFWLRQDOLW\�RI�WKHVH�UHJLRQV�DUH�\HW�WR�EH�LQYHVWLJDWHG�H[SHULPHQWDOO\�������,W�KDV�

EHHQ�UHSRUWHG�WKDW�&&/���LV�WKH�PRVW�VLJQLILFDQW�VHUXP�PDUNHUV�DVVRFLDWHG�ZLWK�VKRUW�

VXUYLYDO�LQ�HDUO\�VWDJH��L�H���6WDJH�,�,,��OXQJ�FDQFHU�������,Q�+&&��&&/���LV�RQH�RI�WKH�

LQGHSHQGHQW�SUHGLFWRUV�RI�VKRUWHU�26�DV�ZHOO�DV�710�VWDJH�������2XU�SUHYLRXV�UHSRUWV�

VKRZ�WKDW�&&/���LV�DVVRFLDWHG�ZLWK�D�VKRUWHU�5)6�LQ�OLYHU�PHWDVWDVLV�DQG�6WDJH�,�,,�

SULPDU\�&5&�����������,Q�WKLV�VWXG\��ZH�KDYH�DOVR�GHPRQVWUDWHG�WKDW�SDWLHQWV�ZLWK�

&&/���SRVLWLYH�OXQJ�PHWDVWDVHV�VKRZ�D�VLJQLILFDQWO\�VKRUWHU�5)6�WKDQ�WKRVH�ZLWK�

&&/���QHJDWLYH�RQHV��P  �������)LJ���'���,W�LV�ZRUWK�QRWLQJ�WKDW�D�PXOWLYDULDWH�DQDO\VLV�

KDV�LQGLFDWHG�WKDW�&&/���H[SUHVVLRQ�LV�DQ�LQGHSHQGHQW�SUHGLFWRU�RI�VKRUWHU�5)6��P  �

�������7DEOH�����DOWKRXJK�IXUWKHU�VWXGLHV�ZLWK�D�ODUJH�PXOWL�LQVWLWXWLRQDO�FRKRUW�DUH�
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UHTXLUHG��7DNHQ�WRJHWKHU��&&/���H[SUHVVLRQ�ZLWKLQ�WXPRUV�PD\�EH�DVVRFLDWHG�ZLWK�SRRU�

FOLQLFDO�RXWFRPHV�LQ�VHYHUDO�W\SHV�RI�FDQFHU��

� �

� � � &KHPRNLQHV�KDYH�RYHUODSSLQJ�DFWLRQV��DQG�WKHLU�DFWLYLWLHV�FDQ�EH�DOWHUHG�E\�

SURWHRO\WLF�GHJUDGDWLRQ��7KHUHIRUH��HIIHFWLYH�WDUJHWLQJ�RI�FKHPRNLQH�SDWKZD\V�FDQ�

UHTXLUH�KLJK�OHYHOV�RI�UHFHSWRU�RFFXSDQF\�WKURXJKRXW�WUHDWPHQW��,Q�PRXVH�PRGHOV��WXPRU�

LQYDVLRQ�DQG�PHWDVWDVLV�RI�&5&�ZHUH�VXSSUHVVHG�E\�LQKLELWLQJ�&&/���&&5��VLJQDOLQJ�

ZLWK�D�&&5��LQKLELWRU��JHQHWLF�NQRFNGRZQ�RI�CCL15�JHQH��RU�CCR1�NQRFNRXW�PLFH������

�����������������,Q�DGGLWLRQ��LW�KDV�EHHQ�UHSRUWHG�UHFHQWO\�WKDW�DFWLYDWLRQ�RI�&&/��&&5��

D[LV�SURPSWV�7$0V�WR�VHFUHWH�DQRWKHU�FKHPRNLQH�&&/���ZKLFK�LQ�WXUQ�DFWLYDWHV�LWV�

UHFHSWRU�&&5��LQ�7$0V�DQG�SURPRWHV�OXQJ�PHWDVWDWLF�VHHGLQJ�RI�EUHDVW�FDQFHU�LQ�D�

PRXVH�PRGHO�������7KHVH�UHVXOWV�VXJJHVW�WKDW�LQKLELWLRQ�RI�&&5��PD\�KDYH�D�WKHUDSHXWLF�

LPSDFW�RQ�PHWDVWDWLF�SURJUHVVLRQ�RI�FHUWDLQ�W\SHV�RI�FDQFHU��LQFOXGLQJ�&5&�DQG�EUHDVW�

FDQFHU��$�QXPEHU�RI�&&5��LQKLELWRUV�KDYH�DOUHDG\�EHHQ�XVHG�LQ�SKDVH�,�,,�FOLQLFDO�WULDOV�

IRU�UKHXPDWRLG�DUWKULWLV��FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH�DQG�PXOWLSOH�VFOHURVLV������

�����7KXV��LW�ZRXOG�EH�ZRUWKZKLOH�WR�WHVW�&&5��LQKLELWRUV�WR�SUHYHQW�FDQFHU�PHWDVWDVLV��
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EHFDXVH�WKH\�KDYH�EHHQ�DOUHDG\�FOHDUHG�IRU�VDIHW\�FRQFHUQV�� �

�

�

�
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$XWKRUV¶�&RQWULEXWLRQV� � � �

&RQFHSWLRQ�DQG�GHVLJQ��.��.DZDGD��<��,WDWDQL��<��6DNDL��

'HYHORSPHQW�RI�PHWKRGRORJ\��.��.DZDGD��

$FTXLVLWLRQ�RI�GDWD��7��<DPDPRWR��6��,QDPRWR��<��,WDWDQL��0��,ZDPRWR�� �

$QDO\VLV�DQG�LQWHUSUHWDWLRQ�RI�GDWD��7��<DPDPRWR��6��,QDPRWR��.��.DZDGD��

:ULWLQJ��UHYLHZ��DQG�RU�UHYLVLRQ�RI�WKH�PDQXVFULSW��.��.DZDGD��<��,WDWDQL��7��

<DPDPRWR��+��+LUDL��6��+DVHJDZD��0��0DUN��7DNHWR�� �

$GPLQLVWUDWLYH��WHFKQLFDO��RU�PDWHULDO�VXSSRUW��0��,ZDPRWR��(��0L\DPRWR��7��I�

&KHQ�<RVKLNDZD��+��+LUDL��+��'DWH�� �

6WXG\�VXSHUYLVLRQ��0��0DUN��7DNHWR��<��6DNDL�

�
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5HIHUHQFHV�

��� 0LWU\�(��*XLX�%��&RVFRQHD�6��-RRVWH�9��)DLYUH�-��%RXYLHU�$0��(SLGHPLRORJ\��

PDQDJHPHQW�DQG�SURJQRVLV�RI�FRORUHFWDO�FDQFHU�ZLWK�OXQJ�PHWDVWDVHV��D����\HDU�

SRSXODWLRQ�EDVHG�VWXG\��*XW�����������������

��� .RED\DVKL�+��0RFKL]XNL�+��6XJLKDUD�.��0RULWD�7��.RWDNH�.��7HUDPRWR�7��HW�DO��

&KDUDFWHULVWLFV�RI�UHFXUUHQFH�DQG�VXUYHLOODQFH�WRROV�DIWHU�FXUDWLYH�UHVHFWLRQ�IRU�

FRORUHFWDO�FDQFHU��D�PXOWLFHQWHU�VWXG\��6XUJHU\�����������������

��� :DWDQDEH�7��,WDEDVKL�0��6KLPDGD�<��7DQDND�6��,WR�<��$MLRND�<��HW�DO��-DSDQHVH�

6RFLHW\�IRU�&DQFHU�RI�WKH�&RORQ�DQG�5HFWXP��-6&&5��*XLGHOLQHV������IRU�

WUHDWPHQW�RI�FRORUHFWDO�FDQFHU��,QW�-�&OLQ�2QFRO�����������������

��� &KHQ�)��6DNDL�+��0L\DKDUD�5��%DQGR�7��2NXER�.��'DWH�+��5HSHDW�UHVHFWLRQ�RI�

SXOPRQDU\�PHWDVWDVLV�LV�EHQHILFLDO�IRU�SDWLHQWV�ZLWK�FRORUHFWDO�FDUFLQRPD��:RUOG�-�

6XUJ������������������

��� ,LGD�7��1RPRUL�+��6KLED�0��1DNDMLPD�-��2NXPXUD�6��+RULR�+��HW�DO��3URJQRVWLF�

IDFWRUV�DIWHU�SXOPRQDU\�PHWDVWDVHFWRP\�IRU�FRORUHFWDO�FDQFHU�DQG�UDWLRQDOH�IRU�
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GHWHUPLQLQJ�VXUJLFDO�LQGLFDWLRQV��D�UHWURVSHFWLYH�DQDO\VLV��$QQ�6XUJ�

������������������

��� +LURVDZD�7��,WDEDVKL�0��2KQXNL�7��<DPDJXFKL�1��6XJLKDUD�.��.DPHRND�6��

-DSDQHVH�6RFLHW\�IRU�&DQFHU�RI�WKH�&RORQ�DQG�5HFWXP��-6&&5��6WXG\�*URXS�IRU�

3XOPRQDU\�0HWDVWDVHV�IURP�&RORUHFWDO�&DQFHU��3URJQRVWLF�IDFWRUV�LQ�SDWLHQWV�

XQGHUJRLQJ�FRPSOHWH�UHVHFWLRQ�RI�SXOPRQDU\�PHWDVWDVHV�RI�FRORUHFWDO�FDQFHU��D�

PXOWL�LQVWLWXWLRQDO�FXPXODWLYH�IROORZ�XS�VWXG\��6XUJ�7RGD\����������������

��� 6X]XNL�+��.L\RVKLPD�0��.LWDKDUD�0��$VDWR�<��$PHPL\D�5��/RQJ�WHUP�RXWFRPHV�

DIWHU�VXUJLFDO�UHVHFWLRQ�RI�SXOPRQDU\�PHWDVWDVHV�IURP�FRORUHFWDO�FDQFHU��$QQ�

7KRUDF�6XUJ�����������������

��� +LURVDZD�7��,WDEDVKL�0��2KQXNL�7��<DPDJXFKL�1��6XJLKDUD�.��.DPHRND�6��

-DSDQHVH�6RFLHW\�IRU�&DQFHU�RI�WKH�&RORQ�DQG�5HFWXP��-6&&5��6WXG\�*URXS�IRU�

3XOPRQDU\�0HWDVWDVHV�IURP�&RORUHFWDO�&DQFHU��3URSRVDO�RI�D�QHZ�SURJQRVWLF�

VWDJLQJ�V\VWHP�IRU�SXOPRQDU\�PHWDVWDVHV�IURP�FRORUHFWDO�FDQFHU��6XUJ�7RGD\�

����������������
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��� &KHQ�)��+DQDRND�1��6DWR�.��)XMLQDJD�7��6RQREH�0��6KRML�7��HW�DO��3URJQRVWLF�

IDFWRUV�RI�SXOPRQDU\�PHWDVWDVHFWRP\�IRU�FRORUHFWDO�FDUFLQRPDV��:RUOG�-�6XUJ��

����������������

����.DSODQ�51��5LED�5'��=DFKDURXOLV�6��%UDPOH\�$+��9LQFHQW�/��&RVWD�&��HW�DO��

9(*)5��SRVLWLYH�KDHPDWRSRLHWLF�ERQH�PDUURZ�SURJHQLWRUV�LQLWLDWH�WKH�

SUH�PHWDVWDWLF�QLFKH��1DWXUH�����������������

����<DQJ�/��+XDQJ�-��5HQ�;��*RUVND�$(��&K\WLO�$��$DNUH�0��HW�DO��$EURJDWLRQ�RI�7*)β�

VLJQDOLQJ�LQ�PDPPDU\�FDUFLQRPDV�UHFUXLWV�*U���&'��E��P\HORLG�FHOOV�WKDW�

SURPRWH�PHWDVWDVLV��&DQFHU�&HOO����������������

����0XUGRFK�&��0XWKDQD�0��&RIIHOW�6%��/HZLV�&(��7KH�UROH�RI�P\HORLG�FHOOV�LQ�WKH�

SURPRWLRQ�RI�WXPRXU�DQJLRJHQHVLV��1DW�5HY�&DQFHU����������������

����*DEULORYLFK�',��2VWUDQG�5RVHQEHUJ�6��%URQWH�9��&RRUGLQDWHG�UHJXODWLRQ�RI�

P\HORLG�FHOOV�E\�WXPRXUV��1DW�5HY�,PPXQRO�����������������

����.LWDPXUD�7��4LDQ�%=��3ROODUG�-:��,PPXQH�FHOO�SURPRWLRQ�RI�PHWDVWDVLV��1DW�5HY�

,PPXQRO����������������
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����6DORYDDUD�5��5RWK�6��/RXNROD�$��/DXQRQHQ�9��6LVWRQHQ�3��$YL]LHQ\WH�(��HW�DO��

)UHTXHQW�ORVV�RI�60$'��'3&��SURWHLQ�LQ�FRORUHFWDO�FDQFHUV��*XW���������������

����5RWK�$'��'HORUHQ]L�0��7HMSDU�6��<DQ�3��.OLQJELHO�'��)LRFFD�5��HW�DO��,QWHJUDWHG�

DQDO\VLV�RI�PROHFXODU�DQG�FOLQLFDO�SURJQRVWLF�IDFWRUV�LQ�VWDJH�,,�,,,�FRORQ�FDQFHU��-�

1DWO�&DQFHU�,QVW�������������������

����$OD]]RX]L�+��$OKRSXUR�3��6DORYDDUD�5��6DPPDONRUSL�+��-lUYLQHQ�+��0HFNOLQ�-3��

HW�DO��+HPPLQNL�$��6FKZDUW]�6��$DOWRQHQ�/$��$UDQJR�'��60$'��DV�D�SURJQRVWLF�

PDUNHU�LQ�FRORUHFWDO�FDQFHU��&OLQ�&DQFHU�5HV������������������

����9RRUQHYHOG�3:��-DFREV�5-��.RGDFK�//��+DUGZLFN�-&��$�0HWD�$QDO\VLV�RI�60$'��

,PPXQRKLVWRFKHPLVWU\�DV�D�3URJQRVWLF�0DUNHU�LQ�&RORUHFWDO�&DQFHU��7UDQVO�2QFRO�

��������������

����7DNDNX�.��2VKLPD�0��0L\RVKL�+��0DWVXL�0��6HOGLQ�0)��7DNHWR�00��,QWHVWLQDO�

WXPRULJHQHVLV�LQ�FRPSRXQG�PXWDQW�PLFH�RI�ERWK�'SF���6PDG���DQG�$SF�JHQHV��

&HOO�����������������
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����.LWDPXUD�7��.RPHWDQL�.��+DVKLGD�+��0DWVXQDJD�$��0L\RVKL�+��+RVRJL�+��HW�DO��

60$'��GHILFLHQW�LQWHVWLQDO�WXPRUV�UHFUXLW�&&5���P\HORLG�FHOOV�WKDW�SURPRWH�

LQYDVLRQ��1DW�*HQHW������������±�����

����.LWDPXUD�7��)XMLVKLWD�7��/RHWVFKHU�3��5HYHV]�/��+DVKLGD�+��.L]DND�.RQGRK�6��HW�

DO��,QDFWLYDWLRQ�RI�FKHPRNLQH��&�&�PRWLI��UHFHSWRU����&&5���VXSSUHVVHV�FRORQ�

FDQFHU�OLYHU�PHWDVWDVLV�E\�EORFNLQJ�DFFXPXODWLRQ�RI�LPPDWXUH�P\HORLG�FHOOV�LQ�D�

PRXVH�PRGHO��3URF�1DWO�$FDG�6FL�86$���������������±�������

����+LUDL�+��)XMLVKLWD�7��.XULPRWR�.��0L\DFKL�+��.LWDQR�6��,QDPRWR�6��HW�DO��

&&5��PHGLDWHG�DFFXPXODWLRQ�RI�P\HORLG�FHOOV�LQ�WKH�OLYHU�PLFURHQYLURQPHQW�

SURPRWLQJ�PRXVH�FRORQ�FDQFHU�PHWDVWDVLV��&OLQ�([S�0HWDVWDVLV�����������������

����,WDWDQL�<��.DZDGD�.��)XMLVKLWD�7��.DNL]DNL�)��+LUDL�+��0DWVXPRWR�7��HW�DO��/RVV�RI�

60$'��IURP�FRORUHFWDO�FDQFHU�FHOOV�SURPRWHV�&&/���H[SUHVVLRQ�WR�UHFUXLW�

&&5���P\HORLG�FHOOV�DQG�IDFLOLWDWH�OLYHU�PHWDVWDVLV��*DVWURHQWHURORJ\�

��������������������

����,QDPRWR�6��,WDWDQL�<��<DPDPRWR�7��0LQDPLJXFKL�6��+LUDL�+��,ZDPRWR�0��HW�DO��/RVV�

RI�60$'��3URPRWHV�&RORUHFWDO�&DQFHU�3URJUHVVLRQ�E\�$FFXPXODWLRQ�RI�
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0\HORLG�'HULYHG�6XSSUHVVRU�&HOOV�WKURXJK�WKH�&&/���&&5��&KHPRNLQH�$[LV��

&OLQ�&DQFHU�5HV������������������

����$PDW�0��%HQMDPLP�&)��:LOOLDPV�/0��3UDWV�1��7HUULFDEUDV�(��%HOHWD�-��HW�DO��

3KDUPDFRORJLFDO�EORFNDGH�RI�&&5��DPHOLRUDWHV�PXULQH�DUWKULWLV�DQG�DOWHUV�

F\WRNLQH�QHWZRUNV�LQ�YLYR��%U�-�3KDUPDFRO�������������������

����*DEULORYLFK�',��1DJDUDM�6��0\HORLG�GHULYHG�VXSSUHVVRU�FHOOV�DV�UHJXODWRUV�RI�WKH�

LPPXQH�V\VWHP��1DW�5HY�,PPXQRO����������������

����)ULGOHQGHU�=*��6XQ�-��.LP�6��.DSRRU�9��&KHQJ�*��/LQJ�/��HW�DO��3RODUL]DWLRQ�RI�

WXPRU�DVVRFLDWHG�QHXWURSKLO�SKHQRW\SH�E\�7*)�EHWD���1���YHUVXV��1���7$1��

&DQFHU�&HOO�����������������

����0DQWRYDQL�$��&DVVDWHOOD�0$��&RVWDQWLQL�&��-DLOORQ�6��1HXWURSKLOV�LQ�WKH�DFWLYDWLRQ�

DQG�UHJXODWLRQ�RI�LQQDWH�DQG�DGDSWLYH�LPPXQLW\��1DW�5HY�,PPXQRO�

����������������

����.XVPDUWVHY�6��1DJDUDM�6��*DEULORYLFK�',��7XPRU�DVVRFLDWHG�&'���7�FHOO�

WROHUDQFH�LQGXFHG�E\�ERQH�PDUURZ�GHULYHG�LPPDWXUH�P\HORLG�FHOOV��-�,PPXQRO�

������������������
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����*XWKULH�*-��&KDUOHV�.$��5R[EXUJK�&6��+RUJDQ�3*��0F0LOODQ�'&��&ODUNH�6-��7KH�

V\VWHPLF�LQIODPPDWLRQ�EDVHG�QHXWURSKLO�O\PSKRF\WH�UDWLR��H[SHULHQFH�LQ�SDWLHQWV�

ZLWK�FDQFHU��&ULW�5HY�2QFRO�+HPDWRO������������������

����3DUGLJRO�$��)RUVVPDQQ�8��=XFKW�+'��/RHWVFKHU�3��6FKXO]�.QDSSH�3��%DJJLROLQL�0��

HW�DO��+&&����D�KXPDQ�FKHPRNLQH��JHQH�VWUXFWXUH��H[SUHVVLRQ�SDWWHUQ��DQG�

ELRORJLFDO�DFWLYLW\��3URF�1DWO�$FDG�6FL�8�6�$������������������

����%HUDKRYLFK�5'��0LDR�=��:DQJ�<��3UHPDFN�%��+RZDUG�0&��6FKDOO�7-��3URWHRO\WLF�

DFWLYDWLRQ�RI�DOWHUQDWLYH�&&5��OLJDQGV�LQ�LQIODPPDWLRQ��-�,PPXQRO�

������������������

����-RXEHUW�3��/DMRLH�.DGRFK�6��:HOOHPDQV�9��/pWXYp�6��7XOLF�0.��+DOD\NR�$-��HW�DO��

([SUHVVLRQ�DQG�UHJXODWLRQ�RI�&&/���E\�KXPDQ�DLUZD\�VPRRWK�PXVFOH�FHOOV��&OLQ�

([S�$OOHUJ\����������������

����3DUN�.+��/HH�7+��.LP�&:��.LP�-��(QKDQFHPHQW�RI�&&/���H[SUHVVLRQ�DQG�

PRQRF\WH�DGKHVLRQ�WR�HQGRWKHOLDO�FHOOV��(&V��DIWHU�K\SR[LD�UHR[\JHQDWLRQ�DQG�

LQGXFWLRQ�RI�,&$0���H[SUHVVLRQ�E\�&&/���YLD�WKH�-$.��67$7��SDWKZD\�LQ�(&V��-�

,PPXQRO������������������
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����)RUVVPDQQ�8��0DJHUW�+-��$GHUPDQQ�.��(VFKHU�6(��)RUVVPDQQ�:*��+HPRILOWUDWH�

&&�FKHPRNLQHV�ZLWK�XQLTXH�ELRFKHPLFDO�SURWHUWLHV��+&&���&&/��D�DQG�

+&&��&&/����-�/HXNRF�%LRO������������������

����5HFNDPS�./��*DUGQHU�%.��)LJOLQ�5$��(ODVKRII�'��.U\VDQ�.��'RKDGZDOD�0��HW�DO��

7XPRU�UHVSRQVH�WR�FRPELQDWLRQ�FHOHFR[LE�DQG�HUORWLQLE�WKHUDS\�LQ�QRQ�VPDOO�FHOO�

OXQJ�FDQFHU�LV�DVVRFLDWHG�ZLWK�D�ORZ�EDVHOLQH�PDWUL[�PHWDOORSURWHLQDVH���DQG�D�

GHFOLQH�LQ�VHUXP�VROXEOH�(�FDGKHULQ��-�7KRUDF�2QFRO����������������

����/L�<��:X�-��=KDQJ�:��=KDQJ�1��*XR�+��,GHQWLILFDWLRQ�RI�VHUXP�&&/���LQ�

KHSDWRFHOOXODU�FDUFLQRPD��%U�-�&DQFHU������������������

����%RGHORQ�&��3ROOH\�0<��.HPS�7-��3HVDWRUL�$&��0F6KDQH�/0��&DSRUDVR�1(��HW�DO��

&LUFXODWLQJ�OHYHOV�RI�LPPXQH�DQG�LQIODPPDWRU\�PDUNHUV�DQG�ORQJ�YHUVXV�VKRUW�

VXUYLYDO�LQ�HDUO\�VWDJH�OXQJ�FDQFHU��$QQ�2QFRO�����������������

����/L�<��<X�+3��=KDQJ�3��&&/���RYHUH[SUHVVLRQ�SUHGLFWV�SRRU�SURJQRVLV�IRU�

KHSDWRFHOOXODU�FDUFLQRPD��+HSDWRO�,QW�������'HF����>(SXE�DKHDG�RI�SULQW@�
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����5RGHUR�03��$XY\QHW�&��3RXSHO�/��&RPEDGLqUH�%��&RPEDGLqUH�&��&RQWURO�RI�ERWK�

P\HORLG�FHOO�LQILOWUDWLRQ�DQG�DQJLRJHQHVLV�E\�&&5��SURPRWHV�OLYHU�FDQFHU�

PHWDVWDVLV�GHYHORSPHQW�LQ�PLFH��1HRSODVLD����������������

����.LWDPXUD�7��4LDQ�%=��6RRQJ�'��&DVVHWWD�/��1R\�5��6XJDQR�*��HW�DO��

&&/��LQGXFHG�FKHPRNLQH�FDVFDGH�SURPRWHV�EUHDVW�FDQFHU�PHWDVWDVLV�E\�

HQKDQFLQJ�UHWHQWLRQ�RI�PHWDVWDVLV�DVVRFLDWHG�PDFURSKDJHV��-�([S�0HG�

������������������

����*ODGXH�53��%URZQ�0)��=ZLOOLFK�6+��&&5��DQWDJRQLVWV��ZKDW�KDYH�ZH�OHDUQHG�

IURP�FOLQLFDO�WULDOV��&XUU�7RS�0HG�&KHP������������������

����6]HNDQHF]�=��.RFK�$(��6XFFHVVHV�DQG�IDLOXUHV�RI�FKHPRNLQH�SDWKZD\�WDUJHWLQJ�

LQ�UKHXPDWRLG�DUWKULWLV��1DW�5HY�5KHXPDWRO���������������� �

�

�

�

�

�
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7DEOH����8QLYDULDWH�DQDO\VLV�RI�IDFWRUV�DVVRFLDWHG�ZLWK�&&/��H[SUHVVLRQ�
�
)DFWRUV� � � � � � � � � � � � � � � � � � � &&/���QHJDWLYH� � � � � &&/���SRVLWLYH� � � � � P�YDOXH� �
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �Q� ����� � � � � � � � � � � � �Q� �����
WXPRU�VL]H��PP�� � � � � � � � � � � � � ������������ � � � � � � � ������������ � �����
60$'��H[SUHVVLRQ�
� � QHJDWLYH� � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � ���
� � SRVLWLYH� � � � � � � � � � � � � � � � � � � � � � � ��� � � � � � � � � � � � ��� � � �������
&&5��SRVLWLYH�FHOO�FRXQW� � � � � ����������� � � � � � � � ������������ � �������

�
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7DEOH����8QLYDULDWH�DQDO\VLV�RI�FOLQLFR�SDWKRORJLFDO�IDFWRUV�IRU�&&/���H[SUHVVLRQ�

� � � � � � � � � � � � � � � � � � � � � � 8QLYDULDWH�DQDO\VLV� � � � � � � � � � � � � 0XOWLYDULDWH�DQDO\VLV�
� � � � � � � � &&/��� � � � � � &&/��� � � � � � �
� 9DULDEOHV� � � � � � � � � QHJDWLYH� � � � � SRVLWLYH� � � P�YDOXH� � � � 25� � � � � � ���&,� � � � P�YDOXH�
$JH�
� � ����� � � � � � � � � � � � � � � �� � � � � � � � � � ���
� � ����� � � � � � � ��� � � � � � � � � � ��� � � �����
6H[�
� � 0DOH� � � � � � � � � � � � � � ��� � � � � � � � � � ���
� � )HPDOH� � � � � � � �� � � � � � � � � � ��� � � �����
/RFDWLRQ�
� � &RORQ� � � � � � � � � � � � � � � �� � � � � � � � � � ���
� � 5HFWXP� � � � � � ��� � � � � � � � � � ��� � � ����� � � � ����� � � � ������������ �����
+LVWRORJ\�
� � WXE����WXE�� � � � � � ��� � � � � � � � � � ��� �
� � SRU���VLJ���PXFL� � � � � � � �� � � � � � � � � � � �� � � �����
7�IDFWRU�
� � ������ � � � � � � � � � � � � � � �� � � � � � � � � � � �� �
� � ������ � � � � � � � � � � � � � ��� � � � � � � � � � ��� � � ����� � � � ����� � � � ������������ �����
1�IDFWRU�
� � 1HJDWLYH� � � � � � � �� � � � � � � � � � ��� �
� � 3RVLWLYH� � � � � � ��� � � � � � � � � � ��� � � �����
0�IDFWRU�
� � 1HJDWLYH� � � � � � ��� � � � � � � � � � ���
� � 3RVLWLYH� � � � � � � �� � � � � � � � � � ��� � � �����
+�IDFWRU�
� � 1HJDWLYH� � � � � � ��� � � � � � � � � � ��� �
� � 3RVLWLYH� � � � � � � �� � � � � � � � � � ��� � � �����
YHQRXV�LQYDVLRQ�
� � 1HJDWLYH� � � � � � � �� � � � � � � � � � ��� �
� � 3RVLWLYH� � � � � � � �� � � � � � � � � � ��� � � �����
O\PSKDWLF�LQYDVLRQ�
� � 1HJDWLYH� � � � � � � �� � � � � � � � � � ���
� � 3RVLWLYH� � � � � � � �� � � � � � � � � � ��� � � �����
3ULRU�FKHPRWKHUDS\�
� � 1HJDWLYH� � � � � � � �� � � � � � � � � � ���
� � 3RVLWLYH� � � � � � ��� � � � � � � � � � ��� � � �����
1HRDGMXYDQW�WUHDWPHQW�
� � 1HJDWLYH� � � � � � ��� � � � � � � � � � ���
� � 3RVLWLYH� � � � � � � �� � � � � � � � � � ��� � � �����
7LPLQJ�
� � 6\QFKURQRXV� � � � � � � �� � � � � � � � � � ���
� � 0HWDFKURQRXV� � � � � � ��� � � � � � � � � � ��� � � �����
2WKHU�PHWDVWDVHV�
� � 1HJDWLYH� � � � � � � �� � � � � � � � � � ���
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� � 3RVLWLYH� � � � � � ��� � � � � � � � � � ��� � � �����
7XPRU�VL]H�
� � ����PP� � � � � � ��� � � � � � � � � � ���
� � ��PP�� � � � � � � �� � � � � � � � � � ��� � � ����� �
1XPEHU�RI�PHWDVWDVHV�
� � ������ � � � � � � � � � � � � � ��� � � � � � � � � � ���
� � ���� � � � � � � � � � � � � � � �� � � � � � � � � � � �� � � �����
+LODU���0HGLDVWLQDO�/1�
� � 1HJDWLYH� � � � � � ��� � � � � � � � � � ���
� � 3RVLWLYH� � � � � � � �� � � � � � � � � � � �� � � �����
'LVHDVH�IUHH�LQWHUYDO�
� � ���\HDUV� � � � � � � �� � � � � � � � � � ���
� � �\HDUV��� � � � � � ��� � � � � � � � � � ��� � � �����
&($� � � �QJ�P/��
� � ������ � � � � � � � � � � � � � ��� � � � � � � � � � ���
� � ������ � � � � � � � � � � � � � � �� � � � � � � � � � ��� � � �����
&$������8�P/��
� � ����� � � � � � � � � � � � � � � �� � � � � � � � � � ���
� � ����� � � � � � � � � � � � � � � �� � � � � � � � � � � �� � � �����
1/5�
� � ������ � � � � � � � � � � � � � ��� � � � � � � � � � ���
� � ������ � � � � � � � � � � � � � � �� � � � � � � � � � ��� � � �����
60$'��H[SUHVVLRQ�
� � 1HJDWLYH� � � � � � � �� � � � � � � � � � ���
� � 3RVLWLYH� � � � � � ��� � � � � � � � � � ��� � � ����� � � � � ����� � � � ������������� � � ������

�

�
�
�
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7DEOH�� ��8QLYDULDWH� DQG�PXOWLYDULDWH� DQDO\VLV� RI� FOLQLFR�SDWKRORJLFDO� IDFWRUV� IRU� UHODSVH�
IUHH�VXUYLYDO�
� � � � � � � � � � � � � � � � � � � � � � � � � � � � 8QLYDULDWH�DQDO\VLV� � � � � � � � � � � 0XOWLYDULDWH�DQDO\VLV�
YDULDEOHV� � � � � � � 1� � � � +5� � ���&,� � � � � P�YDOXH� � � � � � +5� � � ���&,� � � � P�YDOXH�
$JH�
� � ����� � � � � � � � � � � � � � ���
� � ����� � � � � � � � � � � � � � � ��� � � � ����� � ������������ � � ����� �
6H[�
� � 0DOH� � � � � � � � � � � � � � ��� �
� � )HPDOH� � � � � � � ��� � � � ����� � ������������ � � ����� �
/RFDWLRQ�
� � &RORQ� � � � � � � ��� �
� � 5HFWXP� � � � � � � ��� � � � ����� � ������������ � � ����� � �
+LVWRORJ\�
� � WXE����WXE�� � � � � � � ��� �
� � SRU���VLJ���PXFL� � � � � � � � �� � � � ����� � ������������ � � ����� � �
7�IDFWRU�
� � ������ � � � � � � � � � � � � � � � �� �
� � ������ � � � � � � � � � � � � � � ��� � � � ����� � ������������ � � ������ � � � ����� � ������������� � � �����
1�IDFWRU�
� � 1HJDWLYH� � � � � � � ��� �
� � 3RVLWLYH� � � � � � � ��� � � � ����� � ������������ � � ������ � � � ����� � ������������ � � � �����
0�IDFWRU�
� � 1HJDWLYH� � � � � � � ��� �
� � 3RVLWLYH� � � � � � � ��� � � � ����� � ������������ � � ����� � �
+�IDFWRU�
� � 1HJDWLYH� � � � � � � ��� �
� � 3RVLWLYH� � � � � � � ��� � � � ����� � ������������ � � ����� � �
YHQRXV�LQYDVLRQ�
� � 1HJDWLYH� � � � � � � ��� �
� � 3RVLWLYH� � � � � � � ��� � � � ����� � ������������ � � ����� � �
O\PSKDWLF�LQYDVLRQ�
� � 1HJDWLYH� � � � � � � ��� �
� � 3RVLWLYH� � � � � � � ��� � � � ����� � ������������ � � ����� �
3ULRU�FKHPRWKHUDS\�
� � 1HJDWLYH� � � � � � � ��� �
� � 3RVLWLYH� � � � � � � ��� � � � ����� � ������������ � � ����� � �
1HRDGMXYDQW�WUHDWPHQW�
� � 1HJDWLYH� � � � � � ��� � � � � � � � � � � � � � �
� � 3RVLWLYH� � � � � � ��� � � � ����� � ������������ � � �����
7LPLQJ�
� � 6\QFKURQRXV� � � � � � � ��� �
� � 0HWDFKURQRXV� �� � � � � ��� � � � ����� � ������������ � � ����� � �
2WKHU�PHWDVWDVHV�
� � 1HJDWLYH� � � � � � � ��� �
� � 3RVLWLYH� � � � � � � ��� � � � ����� � ������������ � � ����� � �
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7XPRU�VL]H�
� � ����PP� � � � � � � ��� �
� � ��PP��� � � � � � � ��� � � � ����� � ������������ � � ����� �
1XPEHU�RI�PHWDVWDVHV�
� � ������ � � � � � � � � � � � � � ��� �
� � ���� � � � � � � � � � � � � � � � �� � � � ����� � ������������ � � ����� � �
'LVWULEXWLRQ�
� � XQLODWHUDO� � � � � � � ��� �
� � ELODWHUDO� � � � � � � ��� � � � ����� � ������������ � � ����� � �
+LODU�0HGLDVWLQDO�/1�
� � 1HJDWLYH� � � � � � ��� �
� � 3RVLWLYH� � � � � � � � �� � � � ����� � ������������ � � ����� � �
'LVHDVH�IUHH�LQWHUYDO�
� � ���\HDUV� � � � � � � ��� �
� � �\HDUV��� � � � � � � ��� � � � ����� � ������������ � � ����� � �
&($� � � �QJ�P/��
� � ������ �� � � � � � � � � � � � � ��� �
� � ������ �� � � � � � � � � � � � � ��� � � � ����� � ������������ � � ������ � � � ����� � � ������������ � � �����
&$������8�P/��
� � ����� � � � � � � � � � � � � � � ��� �
� � ����� � � � � � � � � � � � � � � � �� � � � ����� � ������������ � � ����� � �
1/5� �
� � ������ �� � � � � � � � � � � � � ��� �
� � ������ �� � � � � � � � � � � � � ��� � � � ����� � ������������ � � ����� � � �
&&/���
� � 1HJDWLYH� � � � � � � ��� �
� � 3RVLWLYH� � � � � � � ��� � � � ����� � ������������ � � ������ � � � ����� � � ������������ � ������ �
60$'��
� � 1HJDWLYH� � � � � � � ��� �
� � 3RVLWLYH� � � � � � � ��� � � � ����� � ������������ � � ����� � �
�

�
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)LJXUH�OHJHQGV�

)LJXUH����0RXVH�[HQRJUDIW�PRGHO�RI�&5&�OXQJ�PHWDVWDVLV��

$��,Q�YLYR�ELROXPLQHVFHQFH�LPDJHV�RI�QXGH�PLFH�LQMHFWHG�ZLWK�/XF�+7���FHOOV��OHIW��DQG�

WKHLU�OXQJV�DW����GD\V�SRVW�LQMHFWLRQ��ULJKW���%��0HWDVWDVLV�IUHTXHQFLHV�RI�+7���FORQHV�WR�

OXQJV�DW����GD\V�SRVW�LQMHFWLRQ��0HWDVWDVLV�IUHTXHQFLHV�EDVHG�RQ�WKH�QXPEHUV�RI�OXQJV�

RU�WKH�QXPEHU�RI�PLFH�ZHUH�VKRZQ��)LVKHU¶V�H[DFW�WHVW��P� ������DQG�������UHVSHFWLYHO\���

1RWH�WKDW�HDFK�PRXVH�KDV�ULJKW�DQG�OHIW�OXQJV��&��,PPXQRKLVWRFKHPLVWU\�DQDO\VHV�RI�

PRXVH�OXQJ�ZLWK�PHWDVWDWLF�IRFL��1RWH�WKDW�60$'��RI�F0\F�SMAD4�FHOOV�LV�H[SUHVVHG�DV�

D�QXFOHDU�VWDLQLQJ��6FDOH�EDU������µP��'��+LVWRORJLFDO�DQDO\VHV�RI�PRXVH�OXQJ�ZLWK�

PHWDVWDWLF�IRFL��6FDOH�EDU������µP��(��0HWDVWDVLV�IUHTXHQFLHV�RI�+&7����FORQHV�WR�OXQJV�

DW����GD\V�SRVW�LQMHFWLRQ��0HWDVWDVLV�IUHTXHQFLHV�EDVHG�RQ�WKH�QXPEHUV�RI�OXQJV�RU�WKH�

QXPEHU�RI�PLFH�ZHUH�VKRZQ��)LVKHU¶V�H[DFW�WHVW��P� ������DQG�������UHVSHFWLYHO\���)��

,PPXQRKLVWRFKHPLVWU\�DQDO\VHV�RI�PRXVH�OXQJ�ZLWK�PHWDVWDWLF�IRFL��1RWH�WKDW�60$'��RI�

VFUDPEOH�FHOOV�LV�H[SUHVVHG�DV�D�QXFOHDU�VWDLQLQJ��6FDOH�EDU������µP��*��In vivo�

ELROXPLQHVFHQFH�LPDJHV�RI�6&,'�PLFH�LQMHFWHG�ZLWK�/XF�+7���FHOOV��OHIW��DQG�WKHLU�OXQJV�

DW����GD\V�SRVW�LQMHFWLRQ��ULJKW���+��5HODWLYH�TXDQWLILFDWLRQ�RI�WKH�OXQJ�PHWDVWDWLF�OHVLRQV�
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�SKRWRQ�FRXQWV��LQ�6&,'�PLFH�WUHDWHG�ZLWK�YHKLFOH�RU�-�������DW����PJ�NJ��(DFK�WULDQJOH�

UHSUHVHQWV�DQ�LQGLYLGXDO�PRXVH��(DFK�SKRWRQ�FRXQW�DW�GD\����DQG����ZDV�QRUPDOL]HG�WR�

WKDW�DW�GD\����+RUL]RQWDO�OLQHV�VKRZ�WKH�PHDQV�RI�UHSUHVHQWDWLYH�JURXSV��6WXGHQW�t WHVW��P 

 ������DW�GD\������n� �����PLFH�LQ�HDFK�JURXS��,��,PPXQRKLVWRFKHPLVWU\�DQDO\VHV�RI�OXQJ�

PHWDVWDVHV�RI�PLFH�WUHDWHG�ZLWK�YHKLFOH�RU�-���������7��7XPRU��6FDOH�EDU������µP��

�

)LJXUH����&RUUHODWLRQ�RI�60$'��ORVV�DQG�H[SUHVVLRQ�RI�&&/���DQG�&&5��LQ�FOLQLFDO�

VSHFLPHQV�RI�&5&�OXQJ�PHWDVWDVHV�� �

$��+DHPDWR[\OLQ�DQG�HRVLQ�VWDLQLQJ��+	(��DQG�LPPXQRKLVWRFKHPLFDO�GHWHFWLRQ�RI�

60$'���&&/���DQG�&&5��LQ�OXQJ�PHWDVWDVHV��8SSHU�DQG�ORZHU�SDQHOV�VKRZ�VHULDO�

VHFWLRQV�RI�UHSUHVHQWDWLYH�60$'��GHILFLHQW�DQG�60$'��H[SUHVVLQJ�&5&��UHVSHFWLYHO\��

1RWH�WKDW�60$'��RI�FDQFHU�FHOOV�LV�H[SUHVVHG�DV�D�QXFOHDU�VWDLQLQJ��6FDOH�EDU������µP��

%��4XDQWLILFDWLRQ�RI�WKH�&&5���FHOO�GHQVLW\�LQ�&5&�OXQJ�PHWDVWDVHV�ZLWK�DQG�ZLWKRXW�

&&/���H[SUHVVLRQ��n� ����DQG�����UHVSHFWLYHO\���
��P ��������0DQQ�:KLWQH\ U�WHVW��

KRUL]RQWDO�EDQGV�VKRZ�WKH�PHDQV��&��6FDWWHU�SORW�RI�PHWDVWDWLF�WXPRU�VL]H�DQG�&&5���

FHOO�DFFXPXODWLRQ��7KH�UHODWLRQVKLS�ZDV�HYDOXDWHG�E\�WKH�3HDUVRQ¶V�FRUUHODWLRQ�
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FRHIILFLHQW��U��FRUUHODWLRQ�FRHIILFLHQW���'��(IIHFWV�RI�&&/���H[SUHVVLRQ�RQ�5)6�LQ�&5&�

SDWLHQWV�ZKR�XQGHUZHQW�FXUDWLYH�SXOPRQDU\�UHVHFWLRQ��.DSODQ�0HLHU�HVWLPDWHV���

�

)LJXUH����&KDUDFWHUL]DWLRQ�RI�&&5���FHOOV�LQ�WKH�WXPRU�PLFURHQYLURQPHQW�RI�&5&�

OXQJ�PHWDVWDVHV�� �

6LPXOWDQHRXV�LPPXQRIOXRUHVFHQFH�VWDLQLQJ�IRU�&&5���UHG��DQG�032��$���&'��E��%���

&'����&���+/$�'5��'���&'����(���&'����)���$5*���*���RU�003���+���JUHHQ���6FDOH�EDU��

���µP��

�

�

�

�

�

�
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Supplementary Figure legends 

Supplementary Figure S1.  

A and B, Western blot analysis of SMAD4 (A) and quantitative RT-PCR analysis of 

CCL15 mRNA (B) in luciferase-expressing HT29 cells where SMAD4 was stably 

overexpressed (Luc-HT29 cMyc-SMAD4). *, P < 0.05. C and D, Western blot analysis of 

SMAD proteins (SMAD4, SMAD5, SMAD2/3 and SMAD1) (C) and quantitative RT-PCR 

analysis of CCL15 mRNA (D) in HT29 and HCT116 cells. E, Immunohistochemistry 

analyses of mouse lung with metastatic foci of HT29 and HCT116 cells. Scale bar, 

100μm. F, Cell proliferation in vitro of Luc-HT29 cMyc-tag cells treated with DMSO 

(control) or J-113863 (0.01μM, 0.1μM, 1μM, and 10μM). G, Experimental schedule of 

treatment with vehicle or J-113863. H, Relative quantification of the lung metastatic 

lesions (photon counts) in SCID mice treated with vehicle or J-113863 at 10 mg/kg. Each 

photon count at day 14 and 21 was normalized to that at day 7.    

 

Supplementary Figure S2. 

A, Kaplan-Meier curves of RFS in CRC patients after curative pulmonary resection 

(Kaplan-Meier estimates). B, Effect of T factor of primary CRC on RFS after curative 
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pulmonary resection (Kaplan-Meier estimates). C, Effect of N factor of primary CRC on 

RFS after curative pulmonary resection (Kaplan-Meier estimates). D, Effect of 

preoperative CEA level on RFS after curative pulmonary resection (Kaplan-Meier 

estimates). 

 

Supplementary Figure S3. 

A, Kaplan-Meier curves of OS in CRC patients after pulmonary resection (Kaplan-Meier 

estimates). B, Effects of CCL15 expression on OS in CRC patients after pulmonary 

resection with lung metastases (Kaplan-Meier estimates).  

 

Supplementary Figure S4. 

Simultaneous immunofluorescence staining for CCR1 (red) and CD3 (A), CD8 (B), CD68 

(C), α-SMA (D), CD14 (E), or CXCR2 (F) (green). Scale bar, 20 µm. 

 

Supplementary Figure S5. 

Simultaneous immunofluorescence staining for CCR1 (red) and CD11b (A), CD33 (B), 
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HLA-DR (C), or CD15 (D) (green). Scale bar, 20 µm. 

 

Supplementary Figure S6. 

Characterization of CCR1+ cells in the tumor microenvironment of CRC liver metastases. 

Simultaneous immunofluorescence staining for CCR1 (red) and MPO (A), CD11b (B), 

CD33 (C), HLA-DR (D), CD15 (E), CD16 (F), ARG1 (G) or MMP9 (H) (green). Scale bar, 

20 µm. 

 

 














