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3UH�FOLQLFDO� FKDUDFWHUL]DWLRQ� RI� ,6%������� D� &'��[&'�� 7�FHOO� HQJDJHU� IRU���
UHODSVHG�UHIUDFWRU\�PXOWLSOH�P\HORPD���

%ODQGLQH� 3RXOHDX���� &DUROH� (VWRSSH\���� 3HUULQH� 6XHUH��� (PLOLH� 1DOOHW�� $PpOLH� /DXUHQGRQ�����
7KLHUU\� 0RQQH\��� 'DQLHOD� 3DLV��� $GDP� 'UDNH��� /DXUD� &DUUHWHUR�,JOHVLD��� -XOLH� 0DFRLQ�����
-pUpP\� %HUUHW��� 0DULD� 3LKOJUHQ��� 0DULH�$JQqV� 'RXFH\��� *LULVK� 6�� *XGL��� 9LQX� 0HQRQ�����
9HQNDWHVKD�8GXSD���$EKLVKHN�0DLWL���*DXWDP�%RUWKDNXU���$QNLWD�6ULYDVWDYD���6WDQLVODV�%OHLQ�����
0�� /DPLQH� 0ERZ��� 7KRPDV� 0DWWKHV��� =H\QHS� .D\D��� &ODLUH� 0�� (GZDUGV��� -DPHV� � 5����
(GZDUGV���(PPDQXHOOH�0HQRUHW��� ���&KDUORWWH�.HUYRsOHQ��� ���&DWKHULQH�3HOODW�'HFHXQ\QFN��������
3KLOLSSH�0RUHDX���������(XJHQH�=KXNRYVN\���0DULR�3HUUR����0\ULDP�&KLPHQ�����
����
���(TXDO�&RQWULEXWLRQ����
����
�'HSDUWPHQW� RI� 2QFRORJ\�� ,FKQRV� 6FLHQFHV� 6�$��� %LRS{OH� /DXVDQQH�(SDOLQJHV�� (SDOLQJHV�����
6ZLW]HUODQG������
�'HSDUWPHQW� RI� $QWLERG\� (QJLQHHULQJ�� ,FKQRV� 6FLHQFHV� 6�$��� %LRS{OH� /DXVDQQH�(SDOLQJHV�����
(SDOLQJHV��6ZLW]HUODQG������
�'HSDUWPHQW� RI� 3KDUPDFRNLQHWLFV� DQG� 7UDQVODWLRQDO� 6FLHQFHV�� ,FKQRV� 6FLHQFHV� ,QF��� 1HZ����
<RUN��86$�����
�'HSDUWPHQW�RI�7R[LFRORJ\��*OHQPDUN�3KDUPDFHXWLFDOV�/LPLWHG��0XPEDL��,QGLD����
�'HSDUWPHQW� RI� /HXNHPLD�� 7KH�8QLYHUVLW\� RI� 7H[DV�0'�$QGHUVRQ�&DQFHU�&HQWHU�� +RXVWRQ�����
7H[DV��86$�����
�+HPDWRORJ\�6HUYLFH��'HSDUWPHQW�RI�2QFRORJ\�DQG�&OLQLFDO�3DWKRORJ\�6HUYLFH��'HSDUWPHQW�RI����
'LDJQRVWLFV��8QLYHUVLW\�+RVSLWDO�*HQHYD��������*HQHYD��6ZLW]HUODQG�����
�1XIILHOG�'HSDUWPHQW�RI�2UWKRSDHGLFV��5KHXPDWRORJ\�DQG�0XVFXORVNHOHWDO�6FLHQFHV��%RWQDU����
,QVWLWXWH��8QLYHUVLW\�RI�2[IRUG��2[IRUG��8QLWHG�.LQJGRP�����
�1DQWHV�8QLYHUVLWp��,QVHUP��&156��8QLYHUVLWp�G
$QJHUV��&5&,�1$��1DQWHV��)UDQFH����
�7KHUDVVD\�FRUH�IDFLOLW\��2QFR�+HPDWRORJ\�GHSDUWPHQW��&DSDFLWpV��1DQWHV�8QLYHUVLWp��1DQWHV�����
)UDQFH�����
��6,5,&�,/,$'��$QJHUV��1DQWHV��)UDQFH�����
��6HUYLFH�G
+pPDWRORJLH�&OLQLTXH��8QLWp�G
,QYHVWLJDWLRQ�&OLQLTXH��&+8��1DQWHV��)UDQFH�����
����

&RUUHVSRQGLQJ�$XWKRU������

0DULR�3HUUR��3K'����
,FKQRV�6FLHQFHV�6�$���%LRS{OH�/DXVDQQH�(SDOLQJHV�������(SDOLQJHV��6ZLW]HUODQG������
PDULR�SHUUR#LFKQRVVFLHQFHV�FRP����
3KRQH����������������������
����
'DWD� 6KDULQJ�� )RU� RULJLQDO� GDWD�� SOHDVH� FRQWDFW� 'U� 0DULR� 3HUUR�����
PDULR�SHUUR#LFKQRVVFLHQFHV�FRP����
����

5XQQLQJ�WLWOH��&'��[&'��ELVSHFLILF�DQWLERG\�LQ�PXOWLSOH�P\HORPD�����

6FLHQWLILF�FDWHJRU\��,PPXQRELRORJ\�DQG�,PPXQRWKHUDS\����

����

.H\ZRUGV��0XOWLSOH�0\HORPD��%LVSHFLILF��7�FHOO�HQJDJHU��GDUDWXPXPDE����

:RUG�FRXQWV�����

7RWDO����������������

$EVWUDFW��������������
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1XPEHU�RI�ILJXUHV�������

1XPEHU�RI�WDEOHV��������

1XPEHU�RI�UHIHUHQFHV��������

1XPEHU�RI�6XSSOHPHQWDU\�)LJXUHV�������

1XPEHU�RI�6XSSOHPHQWDU\�7DEOHV�������

����

.H\�SRLQWV�����
•� ,6%������H[KLELWV�SRWHQW�NLOOLQJ�RI�SULPDU\�00�FHOOV�DQG�00�FHOO�OLQHV�ZLWK�ORZ����

VHQVLWLYLW\�WR�GDUDWXPXPDE�����
•� ,6%������LQGXFHG�FRPSOHWH�00�WXPRU�HUDGLFDWLRQ�LQ�WZR�in vivo�PRXVH�PRGHOV������

$EVWUDFW�����

:KLOVW� WUHDWPHQW� RI� PXOWLSOH� P\HORPD� �00�� ZLWK� GDUDWXPXPDE� VLJQLILFDQWO\� H[WHQG� SDWLHQW����
OLIHVSDQ�� UHVLVWDQFH� WR� WKHUDS\� LV� LQHYLWDEOH�� ,6%������ZDV�GHVLJQHG� WR� WDUJHW�00�FHOOV� IURP����
SDWLHQWV� ZLWK� UHODSVHG�UHIUDFWRU\� 00� �U�U00�� GLVSOD\LQJ� ORZHU� VHQVLWLYLW\� WR� GDUDWXPXPDE�����
,6%������LV�D�ELVSHFLILF�DQWLERG\�ZLWK�D�KLJK�DIILQLW\�)DE�ELQGLQJ�WR�&'���RQ�WXPRU�FHOOV�RQ�D����
GLIIHUHQW�HSLWRSH�WKDQ�GDUDWXPXPDE�DQG�D�GHWXQHG�VF)Y�GRPDLQ�DIILQLW\�ELQGLQJ�WR�&'�İ�RQ�7����
FHOOV�� WR�PLWLJDWH� WKH� ULVN� RI� OLIH�WKUHDWHQLQJ� F\WRNLQH� UHOHDVH� V\QGURPH�� XVLQJ� WKH�%LVSHFLILF����
(QJDJHPHQW�E\�$QWLERGLHV�EDVHG�RQ�WKH�7&5��%($7���SODWIRUP��In vitro��,6%������HIILFLHQWO\����
NLOOHG� FHOO� OLQHV� ZLWK� GLIIHUHQW� OHYHOV� RI� &'��� LQFOXGLQJ� WKRVH� ZLWK� D� ORZHU� VHQVLWLYLW\� WR����
GDUDWXPXPDE�� ,Q�D� NLOOLQJ� DVVD\��ZKHUHLQ�PXOWLSOH�PRGHV� RI� DFWLRQ�ZHUH�HQDEOHG�� ,6%���������
VKRZHG� KLJKHU� F\WRWR[LFLW\� WRZDUGV� 00� FHOOV� FRPSDUHG� WR� GDUDWXPXPDE�� 7KLV� DFWLYLW\� ZDV����
UHWDLQHG� ZKHQ� XVHG� LQ� VHTXHQWLDO� RU� FRQFRPLWDQW� FRPELQDWLRQV� ZLWK� GDUDWXPXPDE�� 7KH����
HIILFDF\�RI� ,6%������ZDV�PDLQWDLQHG� LQ�GDUDWXPXPDE�WUHDWHG�ERQH�PDUURZ�SDWLHQW� VDPSOHV����
VKRZLQJ� ORZHU� VHQVLWLYLW\� WR�GDUDWXPXPDE�� ,6%������ LQGXFHG�FRPSOHWH� WXPRU� FRQWURO� LQ� WZR����
WKHUDSHXWLF�PRXVH�PRGHOV�� XQOLNH� GDUDWXPXPDE�� /DVWO\�� LQ� F\QRPROJXV�PRQNH\V�� ,6%���������
GLVSOD\HG� DQ� DFFHSWDEOH� WR[LFRORJ\� SURILOH�� 7KHVH� GDWD� VXJJHVW� WKDW� ,6%������ PD\� EH� DQ����
RSWLRQ� LQ� SDWLHQWV� ZLWK� U�U00� UHIUDFWRU\� WR� SULRU� DQWL�&'��� ELYDOHQW� PRQRFORQDO� DQWLERG\����
WKHUDSLHV��,W�LV�FXUUHQWO\�GHYHORSHG�LQ�D�SKDVH���FOLQLFDO�VWXG\�����

����

,QWURGXFWLRQ�����

0XOWLSOH� P\HORPD� �00�� LV� WKH� VHFRQG� PRVW� FRPPRQ� KDHPDWRORJLFDO� PDOLJQDQF\����
ZRUOGZLGH��ZLWK� �������DQG��������QHZ�FDVHV�DQWLFLSDWHG� LQ������ LQ� WKH�86$�DQG�(XURSH�����
UHVSHFWLYHO\� �����7KH�HPHUJHQFH�RI�&'���WDUJHWHG� WKHUDSLHV�KDV� VLJQLILFDQWO\� SURORQJHG� WKH����
VXUYLYDO�RI�SDWLHQWV�ZLWK� UHODSVHG�UHIUDFWRU\�00��U�U00��ZKR�ZHUH�SUHYLRXVO\� WUHDWHG�ZLWK�������
SULRU� WKHUDSLHV�� 'DUDWXPXPDE�� D� KXPDQ� ,J*�� PRQRFORQDO� DQWLERG\� WDUJHWLQJ� &'���� LV����
DVVRFLDWHG� ZLWK� D� PHGLDQ� RYHUDOO� VXUYLYDO� �26�� RI� ����� PRQWKV� LQ� SDWLHQWV� UHIUDFWRU\� WR����
SURWHDVRPH� LQKLELWRUV� DQG� LPPXQRPRGXODWRU\� GUXJV� ������� 0HFKDQLVWLFDOO\�� GDUDWXPXPDE����
LQGXFHV� NLOOLQJ� RI� 00� FHOOV� YLD� DQWLERG\�GHSHQGHQW� SKDJRF\WRVLV� �$'&3��� FRPSOHPHQW����
GHSHQGHQW� F\WRWR[LFLW\� �&'&��� DQWLERG\�GHSHQGHQW� FHOOXODU� F\WRWR[LFLW\� �$'&&�� DQG� E\����
LQGXFLQJ� GLUHFW� DSRSWRVLV� YLD� )FȖ5V�PHGLDWHG� FURVV�OLQNLQJ� ��±���� &OLQLFDO� RXWFRPHV� KDYH����
IXUWKHU� LPSURYHG�ZLWK� WKH�DSSURYDO�RI�GDUDWXPXPDE�FRPELQDWLRQV�FRPSDUHG�WR�PRQRWKHUDS\����
���������'HVSLWH�VXFK�SURJUHVV��PRVW�SDWLHQWV�FRQWLQXH�WR�UHODSVH��GXH�WR�PXOWLSOH�SULPDU\�DQG����
DFTXLUHG� UHVLVWDQFH� PHFKDQLVPV� WR� DQWL�&'��� WKHUDSLHV� ���������� $PRQJVW� WKRVH����
PHFKDQLVPV��WUDQVLHQW�GRZQ�UHJXODWLRQ�RI�&'���H[SUHVVLRQ�RQ�WKH�VXUIDFH�RI�00�FHOOV��ZKLFK����
QHYHU�IXOO\�UHFRYHU�H[SUHVVLRQ��KDV�EHHQ�REVHUYHG�LQ�SDWLHQWV�WUHDWHG�ZLWK�GDUDWXPXPDE����������
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,6%������ ZDV� WKHUHIRUH� GHVLJQHG� WR� EH� DFWLYH� UHJDUGOHVV� RI� &'��� H[SUHVVLRQ� DQG� WR����
RYHUFRPH� SUH�H[LVWLQJ� UHVLVWDQFH� WR� GDUDWXPXPDE¶V�PDQ\�PHFKDQLVPV� RI� DFWLRQ�� ,6%���������
ZDV�HQJLQHHUHG�XVLQJ� WKH�%($7�� SODWIRUP� �%LVSHFLILF�(QJDJHPHQW� E\�$QWLERGLHV� EDVHG�RQ����
WKH�7&5� SODWIRUP�� ���±���� WR� WDUJHW� WKH� FOXVWHU� RI� GLIIHUHQWLDWLRQ� �&'���HSVLORQ� �&'�İ�� DQG����
&'����,6%������DLPV�WR�WUHDW�U�U00��E\�WDUJHWLQJ�DQG�GHSOHWLQJ�&'����00�FHOOV�YLD�D�7�FHOO����
UHGLUHFWHG�NLOOLQJ�E\�FURVVOLQNLQJ� WKH�&'�İ�PROHFXOHV�RQ�7�FHOOV�DQG� WKH�&'���PROHFXOHV�RQ����
00� FHOOV�� 7KLV� EULGJLQJ� DFWLYDWHV� 7�FHOOV� LQ� D� SRO\FORQDO� PDQQHU�� LQGHSHQGHQW� RI� WKH����
LQYROYHPHQW� RI� D� VSHFLILF� DQWLJHQLF� SHSWLGH� SUHVHQWHG� RQ� WKH� PDMRU� KLVWRFRPSDWLELOLW\� FODVV�����
�0+&��SURWHLQV�RU�FRVWLPXODWRU\�PROHFXOHV��������������

,Q�WKLV�VWXG\��ZH�HYDOXDWHG�WKH�DELOLW\�RI�,6%������WR�NLOO�00�FHOOV��ZKLFK�PRGHO�VRPH�����
UHVLVWDQFH� PHFKDQLVPV� WR� GDUDWXPXPDE� LQ� SDWLHQWV�� :H� GHPRQVWUDWH� WKDW� ,6%������ FDQ�����
VXFFHVVIXOO\� LQGXFH�WKH�NLOOLQJ�RI�00�FHOO� OLQHV� in vitro�DQG� in vivo��DV�ZHOO�DV�RI�SULPDU\�00�����
FHOOV� LQ� ERQH� PDUURZ� DVSLUDWHV� �%0$�� IURP� SDWLHQWV� SUHYLRXVO\� H[SRVHG� WR� GDUDWXPXPDE������
ZKHUHDV� WKH� ODWWHU� SRVVHVVHV� OLPLWHG�DFWLYLW\� XQGHU� WKHVH�FRQGLWLRQV��6WXGLHV� LQ� F\QRPROJXV�����
PRQNH\V� UHYHDOHG� DQ� DFFHSWDEOH� WR[LFRORJ\� SURILOH� DQG� VXSSRUWHG� WKH� DGYDQFHPHQW� RI�����
,6%������LQWR�DQ�RQJRLQJ�3KDVH���GRVH�HVFDODWLRQ�FOLQLFDO�VWXG\�LQ�U�U00�SDWLHQWV�������

0DWHULDO�DQG�0HWKRGV�����
$GGLWLRQDO�GHWDLOHG�PHWKRGV�DUH�SUHVHQWHG�LQ�WKH�VXSSOHPHQWDO�ILOH������

+XPDQ�VDPSOHV�DQG�FHOO�OLQHV�����
%0$� RU� SHULSKHUDO� EORRG� VDPSOHV� IURP� 00� SDWLHQWV� ZHUH� REWDLQHG� IURP� 8QLYHUVLW\�����

+RVSLWDO�*HQHYD��&+8�1DQWHV��0<5$&/(�FRKRUW��������DQG�2[IRUG�8QLYHUVLW\�+RVSLWDOV�ZLWK�����
LQIRUPHG� FRQVHQW� XQGHU� HDFK� VLWH� HWKLFDO� DSSURYDOV��+XPDQ�3%0&V� �K3%0&�� IURP�KHDOWK\�����
GRQRUV�DQG�00�SDWLHQWV��DQG�ERQH�PDUURZ�PRQRQXFOHDU�FHOOV� �%00&��ZHUH� LVRODWHG�XVLQJ�����
)LFROO�JUDGLHQWV��$OO�FHOO�OLQHV�ZHUH�RI�KXPDQ�RULJLQ��IURP�'60=�RU�6LJPD�$OGULFK��DQG�FXOWXUHG�����
LQ�WKH�PHGLD�UHFRPPHQGHG�E\�WKH�VXSSOLHU������
5HGLUHFWHG�O\VLV��5'/��DVVD\�����

00� FHOO� OLQHV� ZHUH� ODEHOOHG� ZLWK� H)OXRU70���� G\H� ���0�� RU� &)6(� ���0�� DQG� FR�����
FXOWXUHG� IRU�������KRXUV�ZLWK�K3%0&V�DW�DQ�HIIHFWRU� WR� WDUJHW� UDWLR� �(�7��RI������RU�����ZLWK�����
,6%������RU�FRQWURO�PROHFXOHV�DQG�DGGLWLRQDO�WUHDWPHQWV��VROXEOH�&'����GH[DPHWKDVRQH���7KH�����
00�FHOO� NLOOLQJ�ZDV�PHDVXUHG�DV� WKH�GHFUHDVH�RI� WKH� UHPDLQLQJ� OLYH� WDUJHW� FHOOV� FRXQW� DIWHU�����
WUHDWPHQW��EDVHG�RQ�YLDELOLW\�G\H�VWDLQLQJ��QRUPDOL]HG�ZLWK�WKH�XQWUHDWHG�DQG�QRQ�HIIHFWRU�FHOOV�����
FRQGLWLRQV�� 7KH� 7�FHOO� UHVSRQVH� ZDV� PHDVXUHG� DV� WKH� SURSRUWLRQ� RI� OLYH� &'��7�FHOOV�����
H[SUHVVLQJ�&'����.L����DQG�*UDQ]\PH�%�3HUIRULQ��6XSSOHPHQWDU\�7DEOH�������������
0XOWLSOH�0RGH�RI�$FWLRQ�.LOOLQJ�DVVD\��00R$.�������

K3%0&V�ZHUH�FR�FXOWXUHG�ZLWK�00�FHOO�OLQHV�SUHYLRXVO\�ODEHOOHG�ZLWK�H)OXRU�������0������
LQ� PHGLXP� FRQWDLQLQJ� ���+XPDQ� 6HUXP� �+6�� DQG� ���8�PO� K,/��� DW� (�7� RI� ���� WR� HQDEOH�����
$'&&�� $'&3�� &'&�� DQG� 7�FHOO� PHGLDWHG� F\WRWR[LFLW\� �)LJXUH� �)��� &R�FXOWXUHV� ZHUH� WKHQ�����
LQFXEDWHG� ZLWK� ,6%������� GDUDWXPXPDE� �'DU]DOH[��� -DQVVHQ� %LRWHFK� ,QF��� RU� FRQWURO�����
PROHFXOHV�� 7KH�00� FHOO� NLOOLQJ�ZDV�PHDVXUHG� DV� WKH� GHFUHDVH� RI� WKH� UHPDLQLQJ� OLYH� WDUJHW�����
FHOOV�FRXQW�DIWHU�WUHDWPHQW��EDVHG�RQ�YLDELOLW\�G\H�VWDLQLQJ��QRUPDOL]HG�ZLWK�WKH�XQWUHDWHG�DQG�����
QRQ�HIIHFWRU� FHOOV� FRQGLWLRQV�� 7KH� 7�FHOO� UHVSRQVH� ZDV� PHDVXUHG� DV� WKH� SURSRUWLRQ� RI� OLYH�����
&'��7�FHOOV�H[SUHVVLQJ�&'����&'���DQG�&'���D��6XSSOHPHQWDU\�7DEOH������������
Ex vivo�DVVD\�RQ�00�SDWLHQW�VDPSOHV�����

%DVHOLQH�SKHQRW\SH�DQDO\VLV�ZDV�SHUIRUPHG�RQ��������[����%00&�DQG�00�FHOO� OLQHV�����
WR�DVVHVV�WKH�SKHQRW\SH�RI�00�FHOOV�DQG�7�FHOOV��6XSSOHPHQWDU\�7DEOH�����.LOOLQJ�DVVD\�ZDV�����
SHUIRUPHG� RQ� �������[���� %00&� WUHDWHG� ZLWK� ,6%������ RU� GDUDWXPXPDE� LQ� PHGLXP�����
FRQWDLQLQJ� ���+6� DQG� K,/��� ��QJ�PO�� IRU� ������ KRXUV� DW� ���&� �6XSSOHPHQWDU\� 7DEOH� ��������
7XPRU� FHOO� NLOOLQJ� ZDV� FDOFXODWHG� DV� WKH� GHFUHDVH� RI� WKH� UHPDLQLQJ� OLYH� WDUJHW� FHOO� FRXQW������
GHILQHG� DV� &'������ DIWHU� WUHDWPHQW�� QRUPDOL]HG� WR� WKH� XQWUHDWHG� FRQGLWLRQ�� 7KH� 7�FHOO�����
UHVSRQVH�ZDV�PHDVXUHG�DV� WKH�SURSRUWLRQ�RI� OLYH�&'��7�FHOOV�H[SUHVVLQJ�&'����&'����DQG�����
&'���D�������
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In vivo�HIILFDF\�PRXVH�PRGHO�����
7KH� in vivo� VWXG\� ZDV� SHUIRUPHG� ZLWK� ����ZHHN�ROG� LPPXQRGHILFLHQW� IHPDOH� 16*�����

�12'�&J�Prkdcscid Il2rgtm1Wjl�6]-��PLFH����PLFH�SHU�JURXS��IURP�&KDUOHV�5LYHU�/DERUDWRULHV�DQG�����
FRQGXFWHG�DFFRUGLQJ�WR�WKH�6ZLVV�$QLPDO�3URWHFWLRQ�/DZ�ZLWK�DXWKRUL]DWLRQ�IURP�WKH�FDQWRQDO�����
DQG� IHGHUDO� YHWHULQDU\� DXWKRULWLHV�� ��[���� .06����%0� FHOOV� ZHUH� LQMHFWHG� V�F�� DQG� ��[��������
K3%0&�ZHUH�LQMHFWHG�LQWUDSHULWRQHDOO\��L�S����7UHDWPHQWV�ZHUH�LQMHFWHG�L�Y����GD\V�DIWHU��ZKHQ�����
WXPRUV� UHDFKHG� DQ� DYHUDJH� YROXPH� RI� ���PP�� DQG� WKHQ� RQFH� �,6%������� RU� WZLFH�����
�GDUDWXPXPDE��ZHHN�� IRU���ZHHNV�� ,PPXQRJOREXOLQV��,9,J��ZHUH� LQMHFWHG� L�Y��RQH�GD\�EHIRUH�����
HDFK� WUHDWPHQW� LQMHFWLRQ��:KHQ� DQLPDOV� UHDFKHG�PD[LPXP� WXPRU� VL]H� ������PP��� SULRU� WR�����
VWXG\�HQGSRLQW��WKH\�ZHUH�HXWKDQL]HG��DQG�ODVW�REVHUYDWLRQ�FDUULHG�IRUZDUG��/2&)��ZDV�XVHG������
7XPRU� VL]H� ZDV� HYDOXDWHG� WKUHH� WLPHV�ZHHN�� )RU� WKH� IORZ�F\WRPHWU\� DQDO\VLV�� WXPRUV� ZHUH�����
KDUYHVWHG���GD\V�DIWHU�WKH�ILUVW�WUHDWPHQW�LQMHFWLRQ�DQG�GLVVRFLDWHG�ZLWK�DQ�HQ]\PDWLF�FRFNWDLO�����
IURP� D� WXPRU� GLVVRFLDWLRQ� NLW� XVLQJ� D� *HQWOH0$&6� GLVVRFLDWRU�� &HOOV� LQ� VXVSHQVLRQ� ZHUH�����
ILOWHUHG��UHG�EORRG�FHOOV��5%&��O\]HG��DQG�VWDLQHG�IRU�KXPDQ�LPPXQH�FHOO�LQILOWUDWLRQ�DQG�&'�������
H[SUHVVLRQ�RQ�WXPRU�FHOOV��6XSSOHPHQWDU\�7DEOH����������

6WXGLHV�LQ�F\QRPROJXV�PRQNH\V�����
0RQNH\� VWXGLHV� ZHUH� FRQGXFWHG� DW� 61%/� 86$� /WG�� DQ� $$$/$&�DFFUHGLWHG� IDFLOLW\������

3XUSRVH�EUHG��&DPERGLDQ�RULJLQ���QDwYH�PDOH�DQG�IHPDOH�F\QRPROJXV�PRQNH\V�ZHUH�XVHG�LQ�����
WKH�QRQ�*/3�VWXG\���7KH�VWXG\�SURWRFRO�DQG�DPHQGPHQWV�ZHUH�DSSURYHG�E\�WKH�VWXG\�GLUHFWRU�����
DQG� 61%/¶V� ,$&8&�� $OO� SURFHGXUHV� ZHUH� SHUIRUPHG� LQ� FRPSOLDQFH� ZLWK� WKH� 61%/� 623V������
&\QRPROJXV� PRQNH\V� ��� PDOH� DQG� �� IHPDOH�� UHFHLYHG� D� VLQJOH� LQWUDYHQRXV� �L�Y��� EROXV�����
LQMHFWLRQ� DW� HVFDODWLQJ� GRVHV� RI� ,6%������ ���� ����� DQG� ����� ȝJ�NJ� DW� GD\� ��� ���� DQG� ��������
UHVSHFWLYHO\���&OLQLFDO� REVHUYDWLRQV� DQG� EORRG� VDPSOHV�ZHUH� FROOHFWHG� IRU� FOLQLFDO� SDWKRORJ\������
F\WRNLQHV�� DQWL�GUXJ� DQWLERG\� �$'$��� DQG� IORZ� F\WRPHWU\� DQDO\VLV� RI� OHXNRF\WH� SRSXODWLRQV�����
�6XSSOHPHQWDU\�7DEOH�����7KH�VHUXP�FRQFHQWUDWLRQV�RI� ,6%������ZHUH�PHDVXUHG�XVLQJ�DQ�����
H[SORUDWRU\�K\EULG�,3�/&�06�06�PHWKRG�DW�4��VROXWLRQV��,WKDFD��86$��������

5HVXOWV�����

,6%������(QJLQHHULQJ�DQG�ELRSK\VLFDO�FKDUDFWHUL]DWLRQ�����
7KH� DQWL�&'�İ� VF)Y� SRUWLRQ� RI� ,6%������ ZDV� JHQHWLFDOO\� HQJLQHHUHG� E\� IXVLQJ� WKH�����

YDULDEOH� KHDY\� FKDLQ� DQG� OLJKW� FKDLQ� GRPDLQV� RI� D� KXPDQL]HG� YHUVLRQ� RI� WKH� 63���PRXVH�����
DQWLERG\�YLD�D����DPLQR�DFLG��DD��OLQNHU���*O\�6HU�����7KH�UHVXOWLQJ�VF)Y�GRPDLQ�LV�FRQQHFWHG�����
WR�WKH�KLQJH�UHJLRQ�YLD�D�VKRUW���DD�OLQNHU��*O\�7KU���7KH�)DE�SRUWLRQ�LV�EDVHG�RQ�D�KXPDQL]HG�����
PRXVH�DQWL�KXPDQ�&'���DQWLERG\�� �*���GHYHORSHG�E\� ,FKQRV�DQG�GXEEHG�KXPDQL]HG��*������
�K�*���� )F� UHFHSWRUV� �)F5�� H[SUHVVHG� RQ� KXPDQ� SHULSKHUDO� EORRG� FHOOV� GULYH� F\WRWR[LF������
SKDJRF\WLF�� DQG� LQIODPPDWRU\� IXQFWLRQV� ��������� 7R� SUHYHQW� )Fγ5�PHGLDWHG� ELQGLQJ�� ZKLFK�����
PD\�DFW�DV�DQ�DQWLERG\�VLQN�DQG�SRWHQWLDOO\�FURVVOLQN�)Fγ5�H[SUHVVLQJ� LPPXQH�FHOOV�ZLWK�7�����
FHOOV��DQG�WR�PLQLPL]H�QRQ�VSHFLILF�7�FHOO�DFWLYDWLRQ��LQ�WKH�DEVHQFH�RI�WDUJHW�FHOO�HQJDJHPHQW�������
WZR�PXWDWLRQV��/$/$��/���$�/���$��(8�QXPEHULQJ���ZHUH� LQWURGXFHG�LQWR� WKH�&+��GRPDLQV�����
RI�,6%�������)LJXUH���$���7KHVH�PXWDWLRQV�GHFUHDVH�WKH�ELQGLQJ�RI�KXPDQ�,J*��PROHFXOHV�WR�����
KXPDQ�)Fγ5����������,6%������LQWHUDFWHG�ZHDNO\�ZLWK�DOO�)Fγ5�FRPSDUHG�WR�LWV�)F�FRPSHWHQW�����
FRXQWHUSDUW� �6XSSOHPHQWDU\� )LJXUH� �$�� %��� ,6%� ����� ZDV� GHVLJQHG� WR� ELQG� WR� &'�������
H[SUHVVLQJ� WXPRU� FHOOV� ZLWK� KLJK� DIILQLW\� ZKLOH�PLWLJDWLQJ� WKH� ULVN� RI� OLIH�WKUHDWHQLQJ� F\WRNLQH�����
UHOHDVH� V\QGURPH� �&56�� LQ� WKH� FOLQLF� E\� GHWXQLQJ� WKH� DIILQLW\� WR�&'�İ� VWLOO� WR� HIIHFWLYH� OHYHO�����
������ ,6%������ ELQGLQJ� WR� KXPDQ� &'��� DQG� &'�İį� UHFRPELQDQW� SURWHLQV� GLVSOD\HG� .'� RI�����
��������Q0� DQG� �������Q0�� UHVSHFWLYHO\�� ZKHQ� 635� UHVXOWV� ZHUH� DQDO\]HG� XVLQJ� WKH�����
/DQJPXLU� ���� PRGHO� �)LJXUH� �%� DQG� 6XSSOHPHQWDU\� )LJXUH� �&��� 2Q� 00� FHOO� OLQHV�����
H[SUHVVLQJ�GLIIHUHQW� OHYHOV�RI�&'���� VXFK�DV�.06����%0� �&'������1&,�+���� �&'������ DQG�����
02/3����&'��������,6%�������������DIILQLW\�ZDV�KLJKHU��.' �������Q0�RQ�.06����%0��WKDQ�RQ�����
KXPDQ� &'��&'���7�FHOOV� �.' ����������Q0�� �)LJXUH� �%�� &��� ,6%������ ZDV� GHVLJQHG� WR�����
WDUJHW� DQ� HSLWRSH� GLIIHUHQW� IURP� GDUDWXPXPDE� DV� VKRZQ� E\� WKH� QRQ�RYHUODSSLQJ� DQWLJHQ�����
ELQGLQJ� IRRWSULQWV� RQ� WKH� �'� VWUXFWXUH� RI� &'��� �)LJXUH� �'��� 7KH� ODFN� RI� FRPSHWLWLRQ� ZDV�����
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FRQILUPHG� E\� WKH� DELOLW\� RI� ,6%������ WR� ELQG� &'��� GHVSLWH� SUH�LQFXEDWLRQ� RI� &'��� ZLWK�����
GDUDWXPXPDE�LQ�D�ELROD\HU�LQWHUIHURPHWU\�DVVD\��)LJXUH��(��������

,6%������LQGXFHV�NLOOLQJ�RI�00�FHOO�OLQHV������
:H�H[SORUHG�WKH�DELOLW\�RI�,6%������WR�VSHFLILFDOO\�NLOO�00�FHOO�OLQHV�E\�HQJDJLQJ�7�FHOOV�����

in vitro�� XVLQJ� D� 5'/� DVVD\� ZLWK� K3%0&� DV� HIIHFWRUV�� )LUVW�� ZH� HYDOXDWHG� WKH� DELOLW\� RI�����
,6%������ WR�PHGLDWH� V\QDSVH� IRUPDWLRQ�E\�FRQIRFDO�PLFURVFRS\�� ,6%������ZDV� ORFDWHG�DQG�����
HQULFKHG�DW� WKH� LQWHUIDFH�EHWZHHQ�7�FHOOV�DQG�.06����%0�DIWHU�DW� OHDVW���KRXUV��VXJJHVWLQJ�����
WKH�IRUPDWLRQ�RI�DQ�LPPXQRORJLFDO�V\QDSVH��)LJXUH��$��6XSSOHPHQWDU\�)LJXUH��$���1H[W��ZH�����
HYDOXDWHG�ZKHWKHU�,6%������LQGXFHG�NLOOLQJ�RI�.06����%0�FHOOV�FRPSDUHG�WR�PROHFXOHV�ZLWK�����
RQH� RU� ERWK� DUPV� UHSODFHG� E\� QXOO� DUPV�� ,6%� ����� NLOOHG� ZLWK� DQ� DYHUDJH� KDOI�PD[LPDO�����
HIIHFWLYH� FRQFHQWUDWLRQ� �(&���� RI� ����S0� ZKLOH� FRQWUROV� GLG� QRW� LQGXFH� VXIILFLHQW� NLOOLQJ� WR�����
FDOFXODWH�DQ�(&����)LJXUH��%���7KLV�NLOOLQJ�ZDV�SDLUHG�ZLWK�LQFUHDVHG�H[SUHVVLRQ�RI�&'���RQ�����
&'��� �)LJXUH� �&��� DQG� &'��7�FHOOV� �GDWD� QRW� VKRZQ��� HOHYDWHG� 7�FHOO� SUROLIHUDWLRQ� �.L��������
VWDLQLQJ��� DQG� *UDQ]\PH� %� DQG� 3HUIRULQ� �)LJXUH� �'�(�� 6XSSOHPHQWDU\� )LJXUH� �%��� 1R�����
VLJQLILFDQW�LQFUHDVHV�IRU�DQ\�RI�WKHVH�PDUNHUV�ZHUH�VHHQ�ZLWK�FRQWURO�PROHFXOHV��&HOO�VWDLQLQJ�����
FRQILUPHG�HIILFLHQW�ELQGLQJ�RI� ,6%�������6XSSOHPHQWDU\�)LJXUH��&�� WR�ERWK�FHOO� W\SHV�ZKLOH�����
FRQWUROV�ERXQG�DW�VLPLODU� OHYHOV� WR� WXPRU��&'���RQO\�FRQWURO��DQG�7�FHOOV� �&'��RQO\�FRQWURO�������
:H� WKHQ� HYDOXDWHG� SRWHQWLDO� 7�FHOO� IUDWULFLGH� E\� ,6%������� $���� FHOOV� H[SUHVVLQJ�&'���DQG�����
(*)5� ZHUH� WDUJHWHG� E\� D� 7�FHOO� HQJDJHU� �7&(�� ZLWK� WKH� VDPH� &'�� DUP� DV� ,6%������ EXW�����
WDUJHWLQJ�(*)5�WKDW�LV�QRW�H[SUHVVHG�RQ�7�FHOOV�DQG�WKHUHIRUH�QRW�H[SHFWHG�WR�LQGXFH�DQ\�7�����
FHOO�IUDWULFLGH��,Q�WKHVH�FRQGLWLRQV��ERWK�7&(�KDG�VLPLODU�F\WRWR[LF�DFWLYLW\�DQG�GLVSOD\HG�VLPLODU�����
FRXQWV� RI� &'��&'���7�FHOOV�� ZKLFK� VXJJHVWV� WKDW� ,6%������ LV� QRW� LQGXFLQJ� 7�FHOO� IUDWULFLGH�����
�6XSSOHPHQWDU\�)LJXUH��'��(���7DNHQ�WRJHWKHU�WKHVH�GDWD�LQGLFDWH�WKDW�,6%������LQGXFHV�FR�����
HQJDJHPHQW� RI� &'��� RQ� WXPRU� FHOOV� DQG� &'�İ� RQ� 7�FHOOV�� PHGLDWLQJ� 7�FHOO� DFWLYDWLRQ� DQG�����
NLOOLQJ�RI�WXPRU�FHOOV��������

:H� QH[W� WHVWHG�ZKHWKHU� WKH� F\WRWR[LFLW\� RI� ,6%������ FRXOG� EH� LQIOXHQFHG� E\� VROXEOH�����
&'��� �V&'����� ZKLFK� LV� IRXQG� LQ� 00� SDWLHQWV� DW� FRQFHQWUDWLRQV� XS� WR� ���QJ�PO� LQ� VHUXP�����
���������$W�WKLV�FRQFHQWUDWLRQ��QR�HIIHFW�ZDV�REVHUYHG�RQ�WKH�F\WRWR[LFLW\�RI�,6%�������)LJXUH�����
�)��� 00� SDWLHQWV� XQGHUJRLQJ� WUHDWPHQW� ZLWK� 7&(�� RIWHQ� UHFHLYH� FRUWLFRVWHURLGV�� VXFK� DV�����
GH[DPHWKDVRQH�� WR� WUHDW� F\WRNLQH�DVVRFLDWHG� WR[LFLWLHV� LQFOXGLQJ� &56� ������ 7UHDWPHQW� ZLWK�����
GH[DPHWKDVRQH� LQGXFHG� D� VLJQLILFDQW� UHGXFWLRQ� RI� ,6%������ F\WRWR[LFLW\�� EXW� QR� FKDQJH� LQ�����
PD[LPXP�NLOOLQJ��)LJXUH��*���,Q�FRQWUDVW��PD[LPXP�F\WRNLQH�UHOHDVH�ZDV�UHGXFHG�IRU�71)�Į������
,/��� DQG� ,/��� LQ� WKH� SUHVHQFH� RI� GH[DPHWKDVRQH� �)LJXUH� �+��� 7DNHQ� WRJHWKHU� WKHVH� GDWD�����
VXSSRUW� WKDW� ,6%������LQGXFHG� F\WRNLQH� UHOHDVH� PD\� EH� PDQDJHDEOH� ZLWK� GH[DPHWKDVRQH������
ZKLOH�PD[LPXP�NLOOLQJ�RI�WXPRU�FHOOV�LV�VXVWDLQHG������
,6%������LQGXFHV�SRWHQW�NLOOLQJ�RI�00�FHOOV�ZLWK�ORZ�VHQVLWLYLW\�WR�GDUDWXPXPDE������

1LKRI�et al.�VKRZ�WKDW�WKH�OHYHO�RI�&'���H[SUHVVLRQ�RQ�SDWLHQW�00�FHOOV�LV�DVVRFLDWHG�����
ZLWK� UHVSRQVH� WR� GDUDWXPXPDE� WKHUDS\� ������ 7R� H[SORUH� WKH� UHODWLYH� LPSDFW� RI� &'�������
H[SUHVVLRQ� RQ� ,6%������ DQG� GDUDWXPXPDE� DFWLYLWLHV�� IRXU� FHOO� OLQHV� ZLWK� GLIIHUHQW� &'�������
H[SUHVVLRQ� OHYHOV� �)LJXUH� �$�� ZHUH� HYDOXDWHG�� .06����%0�DQG�1&,�+���� UHVHPEOH� U�U00�����
SDWLHQWV�ZLWK� ORZHU�&'���H[SUHVVLRQ��ZKLOH�H[SUHVVLRQ�RQ�530,������DQG�02/3��� LV�KLJK������
:H�QRWHG�UHGXFHG�&'&�DQG�$'&3�RQ�.06����%0�DQG�1&,�+����FRPSDUHG�WR�02/3���ZLWK�����
GDUDWXPXPDE��)LJXUH��%��&���+RZHYHU��VLPLODU�$'&&�OHYHOV�ZHUH�REVHUYHG�ZLWK�DOO�FHOO�OLQHV�����
�)LJXUH� �'��� 7KHVH� REVHUYDWLRQV� LQGLFDWH� WKDW� .06����%0� DQG� 1&,�+���� LQGHHG� H[KLELW�����
VRPH� UHVLVWDQFH� IHDWXUHV� RI� SDWLHQW�GHULYHG� 00� FHOOV� ZLWK� UHGXFHG� VHQVLWLYLW\� WR�����
GDUDWXPXPDE�PHGLDWHG�NLOOLQJ��:LWK� ,6%�������VLPLODU�F\WRWR[LFLW\�ZDV�VHHQ� IRU�DOO� WKUHH�FHOO�����
OLQHV�LQ�D�5'/�DVVD\��)LJXUH��(���VXJJHVWLQJ�WKDW�WKH�DFWLYLW\�RI�,6%������GRHV�QRW�GHSHQG�RQ�����
&'���H[SUHVVLRQ�OHYHOV������

7R�HYDOXDWH� WKH�FRPELQHG�HIIHFW�RI� WKHVH�REVHUYDWLRQV�GLUHFWO\� LQ�D�VLQJOH�DVVD\��ZH�����
GHYHORSHG�D�PXOWLSOH�PRGH�RI�DFWLRQ�NLOOLQJ�DVVD\��00R$.���ZKHUH�$'&&��$'&3��&'&��DQG�����
7�FHOO� PHGLDWHG� F\WRWR[LFLW\� DUH� HQDEOHG� �)LJXUH� �)��� 7R� DFKLHYH� WKLV�� K3%0&� ZHUH� FR�����
FXOWXUHG�ZLWK�00�FHOOV� LQ� ����KXPDQ� VHUXP�DV� D� VRXUFH� RI� FRPSOHPHQW�� DQG� LQWHUOHXNLQ�������
�K,/����LQ�RUGHU�WR�IDFLOLWDWH�1.�FHOO�IXQFWLRQV�������2Q�.06����%0��1&,�+����DQG�530,���������
�&'��������� ZH� REVHUYHG� D� KLJKHU� F\WRWR[LFLW\� IRU� ,6%������ FRPSDUHG� WR� GDUDWXPXPDE�����
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�)LJXUH� �)�+��� QRWDEO\� ZLWK� ERWK� D� ORZHU� (&��� LQ� DOO� FHOO� OLQHV� WHVWHG� DQG� D� KLJKHU�PD[LPDO�����
NLOOLQJ� IRU�1&,�+����DQG�530,������ ,6%������ZDV�DEOH� WR� NLOO� WKH� WKUHH� FHOO� OLQHV� DW� VLPLODU�����
OHYHOV�� LQGHSHQGHQWO\�RI�&'���H[SUHVVLRQ��DQG�DOVR�HIILFLHQWO\�DFWLYDWHG�7�FHOOV� LQ� WKLV�PRGHO�����
�)LJXUH��*��6XSSOHPHQWDU\�)LJXUH��$��%�������

*LYHQ� WKH� XWLOL]DWLRQ� RI� GDUDWXPXPDE� LQ� HDUO\� OLQHV� RI� WKHUDS\�� ZH� WKHQ� DLPHG� WR�����
GHWHUPLQH�ZKHWKHU�FR��RU�SUH�WUHDWPHQW�ZLWK�WKLV�GUXJ�FRXOG�LQIOXHQFH�F\WRWR[LFLW\�RI�,6%����������
in vitro�� ,Q� D� FRQFRPLWDQW� 00R$.� PRGHO� �)LJXUH� �$��� GDUDWXPXPDE� �DW� SUH�GHWHUPLQHG�����
(&�� ���Q0��GLG�QRW�LQIOXHQFH�F\WRWR[LFLW\��PD[LPXP�NLOOLQJ�DQG�7�FHOO�DFWLYDWLRQ�GHJUDQXODWLRQ�����
RI�,6%�������)LJXUH��%��&���,Q�WKH�VHTXHQWLDO�WUHDWPHQW�PRGHO��)LJXUH��'���,6%������SRWHQF\�����
DQG�7�FHOO�DFWLYDWLRQ�GHJUDQXODWLRQ�ZHUH�DOVR�XQFKDQJHG�EHIRUH�DQG�DIWHU�SUH�WUHDWPHQW�ZLWK�����
GDUDWXPXPDE� �)LJXUH� �(�� )��� ,Q� ERWK� PRGHOV�� WKH� SHUFHQWDJH� RI� &'��&'���� 7�FHOOV� ZDV�����
KLJKHU� LQ� SUHVHQFH� RI� ,6%������ EXW� QRW� ZLWK� GDUDWXPXPDE� RQO\�� ZKHUHDV� WKH� DEVROXWH�����
QXPEHUV�ZHUH� UHGXFHG�ZLWK� ,6%������ LQ� WKH�VHTXHQWLDO�PRGHO�RQO\� �6XSSOHPHQWDU\�)LJXUH�����
�&����7KHVH�UHVXOWV�VXJJHVW�WKDW�DW����KRXUV��LQ�WKLV�PRGHO��7�FHOO�YLDELOLW\�VWDUWV�UHGXFLQJ�XSRQ�����
DFWLYDWLRQ� E\� ,6%� ������ ZKHUHDV� GDUDWXPXPDE� LV� QRW� DIIHFWLQJ� 7�FHOOV�� 7KXV�� WKH� XVH� RI�����
,6%������LQ�GDUDWXPXPDE�SUH�WUHDWHG�SDWLHQWV� IROORZLQJ�D� OLPLWHG�ZDVK�RXW�SHULRG�VKRXOG�EH�����
SRVVLEOH�VLQFH�UHVLGXDO�GDUDWXPXPDE�VKRXOG�QRW�LQWHUIHUH�ZLWK�,6%������HIILFDF\������

,6%������LQGXFHV�NLOOLQJ�RI�SULPDU\�00�FHOOV�IURP�SDWLHQWV�����
:H�HYDOXDWHG�WKH�DFWLYLW\�RI�,6%������DQG�GDUDWXPXPDE�LQ�VDPSOHV�IURP�SDWLHQWV�QRW�����

SUHYLRXVO\�WUHDWHG�ZLWK�GDUDWXPXPDE��GDUD�QDwYH���LQFOXGLQJ�VPROGHULQJ�00��QHZO\�GLDJQRVHG�����
00�� QHZO\� GLDJQRVHG� 3ODVPD� &HOO� /HXNHPLD� �3&/�� DQG� SDWLHQW� DW� UHODSVH� YHUVXV� SDWLHQWV�����
SUHYLRXVO\� WUHDWHG� ZLWK� GDUDWXPXPDE� �GDUD�H[SRVHG��� LQFOXGLQJ� KHDYLO\� WUHDWHG�����
UHODSVHG�UHIUDFWRU\� SDWLHQWV� �6XSSOHPHQWDU\� 7DEOH� ���� %RWK� GDUDWXPXPDE� DQG� ,6%����������
DFKLHYHG� HIILFLHQW� NLOOLQJ� RI� GDUD�QDwYH� 00� FHOOV�� ZKLOH� RQO\� ,6%������ ZDV� DEOH� WR� DFKLHYH�����
HIILFLHQW�NLOOLQJ�RI�GDUD�H[SRVHG�00�FHOOV�RU�D�VLQJOH�3&/�VDPSOH��ZLWK�DQ�(&���RI�����S0������
�)LJXUH� �$�'��� 9LDELOLW\� RI� 00� FHOOV� ZDV� VLPLODU� DW� EDVHOLQH� DQG� DIWHU� �����K� LQ� FXOWXUH�����
�6XSSOHPHQWDU\�)LJXUH��$��%���'DUD�H[SRVHG�SDWLHQWV�KDG�VLJQLILFDQWO\� ORZHU�&'��7�FHOOV������
1.�FHOOV�DQG�PRQRF\WHV�PDFURSKDJHV�WR�00�FHOOV�UDWLR�WKDQ�GDUD�QDwYH�SDWLHQWV��)LJXUH��(������
6XSSOHPHQWDU\�)LJXUH��&�(���7KXV��WKH�DFWLYLW\�RI�GDUDWXPXPDE�FRUUHODWHG�ZLWK�WKH�UDWLRV�RI�����
1.� FHOOV� DQG� PRQRF\WHV�PDFURSKDJHV� WR� 00� FHOOV� ZKHUHDV� ZH� REVHUYHG� QR� FRUUHODWLRQ�����
EHWZHHQ�WKH�&'��7�FHOO�00�FHOO�UDWLR�DQG�,6%������F\WRWR[LF�DFWLYLW\��6XSSOHPHQWDU\�)LJXUH�����
�)�+��� &RXQWV� RI� &'��&'���7�FHOOV� ZHUH� VOLJKWO\� KLJKHU� LQ� WKH� SUHVHQFH� RI� ,6%����������
FRPSDUHG� WR� GDUDWXPXPDE� DQG� FRXQWV� RI� 1.� FHOOV� DQG� PRQRF\WHV�PDFURSKDJHV� ZHUH� QRW�����
DIIHFWHG�E\�GDUDWXPXPDE�RU�,6%������WUHDWPHQWV��6XSSOHPHQWDU\�)LJXUH��$�&���VXJJHVWLQJ�����
DQ�DEVHQFH�RI�RQ�WDUJHW�RII�WXPRU�NLOOLQJ�DQG�7�FHOO�IUDWULFLGH�XQGHU�WKHVH�FRQGLWLRQV��,6%����������
ZDV� DOVR� DEOH� WR� HIILFLHQWO\� LQGXFH� F\WRWR[LFLW\� WRZDUGV� WXPRU� FHOOV� IURP� SDWLHQWV� ZLWK�����
:DOGHQVWURP� PDFURJOREXOLQHPLD� DQG� 7�FHOO� DFXWH� O\PSKREODVWLF� OHXNHPLD� �7�$//�� ERWK�����
H[SUHVVLQJ� ORZ� OHYHOV� RI� &'��� �6XSSOHPHQWDU\� )LJXUH� �'�� (��� ,PSRUWDQWO\�� DOO� SDWLHQW�����
VDPSOHV�� LUUHVSHFWLYH� RI� WKH� JURXS� FRQVLGHUHG�� UHVSRQGHG� WR� ,6%������ DQG� VKRZHG� DQ�����
LQFUHDVHG�IUDFWLRQ�RI�DFWLYDWHG�&'���DQG�&'��7�FHOOV�DV�PHDVXUHG�E\�WKH�LQFUHDVH�LQ�&'��������
DQG�&'���7�FHOOV��)LJXUH��)��*��6XSSOHPHQWDU\�)LJXUH��)�������

,6%������H[KLELWV�DQWL�WXPRU�DFWLYLW\�in vivo������
:H� HYDOXDWHG� WKH� DQWL�WXPRU� DFWLYLW\� RI� ,6%������ LQ� WZR� PRXVH� PRGHOV�� 16*�PLFH�����

ZHUH�HQJUDIWHG�V�F��ZLWK�.06����%0�DQG�LQMHFWHG�L�S��ZLWK�K3%0&��)LJXUH��$���,Q�WKLV�PRGHO������
,6%������ ZDV� DEOH� WR� FRQWURO� WXPRU� JURZWK� E\� GD\� ���� ZKHUHDV� ZH� GHWHFWHG� QR� WXPRU�����
UHJUHVVLRQ� ZLWK� GDUDWXPXPDE� FRPSDUHG� WR� YHKLFOH� FRQWURO� �)LJXUH� �%��� $GGLWLRQDOO\�� DQ�����
LQFUHDVH�LQ�WKH�QXPEHU�RI�WXPRU�LQILOWUDWLQJ�K&'����FHOOV�DQG�7�FHOO�ZHUH�GHWHFWHG�VSHFLILFDOO\�����
LQ�PLFH�WUHDWHG�ZLWK�,6%������RQ�GD\����)LJXUH��&��'���DV�H[SHFWHG�IURP�7&(�PHFKDQLVP�RI�����
DFWLRQ� ���±����� :H� DOVR� REVHUYHG� D� VXEVWDQWLDO� LQFUHDVH� LQ� &'���� DQG�RU� &'���� WXPRU�����
LQILOWUDWLQJ� 7�FHOOV� UHIOHFWLQJ� WKHLU� DFWLYDWHG� VWDWXV� �)LJXUH� �(��� � $� VHFRQG�PRGHO� H[SUHVVLQJ�����
YHU\� KLJK� OHYHOV� RI�&'��� �'DXGL�� VKRZHG� VLPLODU� WXPRU� FRQWURO� IRU� ,6%������� ,Q� WKLV�PRGHO������
GDUDWXPXPDE�ZDV� DEOH� WR� LQGXFH� SDUWLDO� FRQWURO� RI� WXPRU� JURZWK� DQG� QR� WXPRU� FRQWURO�ZDV�����
GHWHFWHG�ZLWK� WKH�&'�� RQO\� FRQWURO� �6XSSOHPHQWDU\� )LJXUH� ���� 7KHVH� in vivo� UHVXOWV� VKRZ�����
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WKDW� ,6%������ WXPRU�FHOO� NLOOLQJ� LV� WULJJHUHG� in vivo LQGHSHQGHQWO\�RI�&'���H[SUHVVLRQ� OHYHOV�����
XQOLNH�GDUDWXPXPDE�������
,6%������VKRZV�DQ�DGHTXDWH�SURILOH�LQ�3.�3'�DQG�VDIHW\�VWXGLHV������
&DQFHU� LPPXQRWKHUDSLHV� DUH� RIWHQ� DVVRFLDWHG� ZLWK� WR[LFLW\� DQG� WROHUDELOLW\� HYHQWV� JHQHUDOO\�����
FDXVHG�E\�HOHYDWHG�F\WRNLQH�UHOHDVH�������6LQFH�&'���LV�H[SUHVVHG�RQ�KXPDQ�LPPXQH�FHOOV������
LQ� SDUWLFXODU� RQ� 1.�� %� DQG� P\HORLG� FHOOV� DW� VLPLODU� OHYHOV� WR� .06����%0� 00� FHOOV�����
�6XSSOHPHQWDU\� )LJXUH� �$��� ZH� WKHUHIRUH� H[DPLQHG� WKH� DELOLW\� RI� ,6%������ WR� LQIOXHQFH�����
SHULSKHUDO� LPPXQH�FHOOV� LQ�D�KLJK�GHQVLW\�3%0&�DVVD\� �+'�3%0&��� ,QGHHG�� WKLV�DVVD\�KDV�����
EHHQ�SUHYLRXVO\�UHSRUWHG�WR�LQFUHDVH�WKH�VHQVLWLYLW\�WR�7�FHOO�UHVSRQVHV�DQG�LV�FRPPRQO\�XVHG�����
IRU� HYDOXDWLRQ�RI� WR[LFLW\� RI�7&(� ��������� ,Q� WKLV�DVVD\��ZH�GLG�QRW�REVHUYH�DQ\�GHSOHWLRQ�RI�����
SHULSKHUDO� OHXNRF\WHV� in vitro� FRPSDUHG� WR� WKH� XQWUHDWHG� FRQGLWLRQ� �6XSSOHPHQWDU\� )LJXUH�����
�%��� ,Q� DGGLWLRQ�� ZH� IRXQG� WKDW� OHVV� ,6%������ ERXQG� WR� &'��� RQ� 5%&� FRPSDUHG� WR�����
GDUDWXPXPDE�DQG�REVHUYHG�QR�VHQVLWL]DWLRQ�RI�5%&�WR�KHPDJJOXWLQDWLRQ�FRPSDUHG�WR�SRVLWLYH�����
FRQWUROV��6XSSOHPHQWDU\�)LJXUH��&��'����:H�WKHQ�LQYHVWLJDWHG�WKH�3'�FKDQJHV�LQ�SHULSKHUDO�����
OHXNRF\WH�SRSXODWLRQV��F\WRNLQHV�OHYHOV��DQG�,6%������3.�XVLQJ�F\QRPROJXV�PRQNH\V�LQMHFWHG�����
L�Y�� ZLWK� FRQVHFXWLYH� GRVHV� RI� ,6%������� ,Q� F\QRPROJXV� PRQNH\V�� H[SUHVVLRQ� RI� &'��� RQ�����
SHULSKHUDO� OHXNRF\WHV� ZDV� REVHUYHG� DW� D� VLJQLILFDQWO\� KLJKHU� OHYHO� RQ� %�FHOOV� FRPSDUHG� WR�����
PRQRF\WHV��&'���DQG�&'��7�FHOOV��)LJXUH��$���DQG�UHVXOWHG�LQ�GHWHFWDEOH�OHYHOV�RI�,6%����������
ELQGLQJ� WR� %�FHOOV� �)LJXUH� �%��� 2QH� PDOH� DQG� RQH� IHPDOH� F\QRPROJXV� PRQNH\V� UHFHLYHG�����
,6%������RQ�GD\�����ȝJ�NJ���GD\��������ȝJ�NJ��DQG�GD\���������ȝJ�NJ���,6%������LQGXFHG�DQ�����
LQLWLDO� UHGXFWLRQ� LQ� %�FHOO� QXPEHUV� IROORZLQJ� HDFK� GRVH� FRPSDUHG� WR� EDVHOLQH� FRXQWV�� ZKLFK�����
UHERXQGHG�RYHU�WLPH�EXW�QRW�WR�EDVHOLQH�OHYHOV��)LJXUH��&���$�VLPLODU�SURILOH�ZDV�REVHUYHG�IRU�����
PRQRF\WHV��KRZHYHU�OHYHOV�UHWXUQHG�WR�EDVHOLQH�DIWHU�WKH�ILUVW�WZR�GRVHV��)LJXUH��'���6XFK�D�����
WUDQVLHQW� UHGXFWLRQ� LQ�SHULSKHUDO�SRSXODWLRQV�FRXOG� UHIOHFW� UH�GLVWULEXWLRQ�RI� WKHVH�FHOOV� UDWKHU�����
WKDQ� GHSOHWLRQ�� 7KH� QXPEHU� RI� &'��� DQG� SDUWLFXODUO\� RI� &'��7�FHOOV�� LQFOXGLQJ� DFWLYDWHG�����
&'���7�FHOOV�� VXEVWDQWLDOO\� LQFUHDVHG� DERYH� WKH� EDVHOLQH� LQ� WKH� FLUFXODWLRQ� RI� DQLPDOV�����
DGPLQLVWUDWHG� ZLWK� ���ȝJ�NJ�� LQGLFDWLQJ� 7�FHOO� DFWLYDWLRQ� DQG� H[SDQVLRQ� LQ� WKH� SHULSKHU\�����
�)LJXUH��(�+���$�VXEVWDQWLDO�GRVH�GHSHQGHQW�HOHYDWLRQ�LQ�VHUXP�F\WRNLQHV�VXFK�DV�,)1�Ȗ�ZDV�����
DOVR� REVHUYHG� �)LJXUH� �,��� ,6%������ VHUXP� FRQFHQWUDWLRQ� SURILOHV� IROORZHG� D� EL�SKDVLF�����
GLVSRVLWLRQ�ZLWK� D� VKRUW� GLVWULEXWLRQ� SKDVH�� IROORZHG� E\� D� ORQJHU� WHUPLQDO� HOLPLQDWLRQ� SKDVH������
7KH� WHUPLQDO� HOLPLQDWLRQ� KDOI�OLIH�� QRW� FRQIRXQGHG� E\� DQWL�GUXJ� DQWLERGLHV� �$'$�� ZDV�����
DSSUR[LPDWHO\� ����� GD\V� �)LJXUH� �-��� 7KH� UHGXFHG� KDOI�OLIH� RI� ,6%������ REVHUYHG� DW�����
����ȝJ�NJ�PD\�EH�D�UHIOHFWLRQ�RI�$'$�DSSHDUDQFH�DW�WKLV�GRVH��7DEOH�����7KHVH�REVHUYDWLRQV�����
ZHUH� FRQILUPHG� ZLWK� WKH� VLQJOH� GRVH� VWXG\� DW� ���ȝJ�NJ� �6XSSOHPHQWDU\� )LJXUH� �������
6XSSOHPHQWDU\� 7DEOH� ���� 2YHUDOO�� LQ� WKLV� VWXG\�� WKH� GRVH�OLPLWLQJ� WR[LFLW\� �'/7�� ZDV�����
FRQVLGHUHG� WR�EH� WKH�&56�DQG� WKH�PD[LPXP� WROHUDWHG�GRVH� �07'��ZDV����ȝJ�NJ�XVLQJ� L�Y������
URXWH��,6%������WKHUHIRUH�UHYHDOHG�WKH�PRVW�FRPPRQ�'/7�RI�7&(�DQG�DGHTXDWH�3'�DQG�3.�����
SURILOHV�WR�KLJKOLJKW�D�SRWHQWLDO�WKHUDSHXWLF�ZLQGRZ������

'LVFXVVLRQ�����
$GYDQFHPHQW�LQ�WKH�WKHUDS\�RI�00�KDV�VXEVWDQWLDOO\�LPSURYHG�ZLWK�WKH�LQWURGXFWLRQ�RI�����

&'���WDUJHWHG� PRQRFORQDO� DQWLERGLHV� ��������� 'DUDWXPXPDE�� WKH� ILUVW� DSSURYHG� &'�������
WDUJHWLQJ� PRQRFORQDO� DQWLERG\�� KDV� VKRZQ� VLJQLILFDQW� HIILFDF\� LQ� 00� ����� ERWK� DV� D� VLQJOH�����
WKHUDS\������DQG�DV�D�FRPELQDWLRQ������������'HVSLWH�WKHVH�UHVXOWV��PRVW�SDWLHQWV�UHODSVH�DQG�����
EHFRPH� UHIUDFWRU\� WR� GDUDWXPXPDE�� 7KRXJK� HIILFDFLRXV�� LVDWX[LPDE�� WKH� VHFRQG� DSSURYHG�����
DQWL�&'���PRQRFORQDO�DQWLERG\� �����FDQQRW�EH�XVHG�DV�VDOYDJH� WKHUDS\��DV� LW� WDUJHWV�&'�������
ZLWK�D�VLPLODU�PRGH�RI�DFWLRQ��DQG�WKHUHIRUH�ZLOO�EH�XQDEOH�WR�RYHUFRPH�HVFDSH�PHFKDQLVPV�RI�����
GDUDWXPXPDE� WUHDWPHQW� ������7KH�XVH�RI�7&(� OLNH� ,6%�������FRXOG� LQVWHDG�EH�DQ�RSWLRQ� IRU�����
WKHVH�SDWLHQWV��7KH�GDWD�SUHVHQWHG�KHUH�VKRZ�WKDW�,6%������H[KLELWV�PRUH�SRWHQW�F\WRWR[LFLW\�����
WKDQ� GDUDWXPXPDE�ZKHQ� WHVWHG� RQ�00� FHOO� OLQHV�ZLWK� YDU\LQJ�&'��� H[SUHVVLRQ� DQG� ORZHU�����
VHQVLWLYLW\� WR�GDUDWXPXPDE��RQ�SDWLHQW�%0$�RU� in vivo�� ,PSRUWDQWO\�� WKH�SRWHQF\�RI� ,6%����������
ZDV�QRW�DIIHFWHG�ZKHQ�FRPELQHG�ZLWK�GDUDWXPXPDE�RU�LQ�WKH�SUHVHQFH�RI�VROXEOH�&'��������

7KH�FRQFHSW�RI�D�&'��[&'��7&(���������LV�H[SORUHG�LQ�WZR�RWKHU�GLVFORVHG�SURJUDPV������
���$0*������;HQFRU�DQG�$PJHQ��������DQG����&'��[&'��[&'��WUL�VSHFLILF�DQWLERG\��6DQRIL������
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������ $0*���� VKRZHG� JRRG� NLOOLQJ� DFWLYLW\� ERWK� in vitro� DQG� in vivo�� 7KLV� 7&(� SUHVHQWV� D�����
KLJKHU�DIILQLW\�WR�&'�����Q0�LQ�635��WKDQ�,6%�������D�VLPLODU�DIILQLW\�WR�&'�������Q0���8QOLNH�����
WKH� REVHUYDWLRQV� ZH� GHVFULEH� KHUH� IRU� ,6%������� $0*���� VHHPV� WR� LQGXFH� VLJQLILFDQW�����
GHSOHWLRQ�RI�SHULSKHUDO� LPPXQH�FHOO�SRSXODWLRQV�ERWK� in vitro�DQG� in vivo�������7KH�VSRQVRU�LV�����
FXUUHQWO\� WHVWLQJ� WKLV� FDQGLGDWH� LQ� WKH� FRQWH[W� RI� 7�$//� DQG�$FXWH�0\HORLG� /HXNHPLD� �$0/������
�1&7�����������7KH�WUL�VSHFLILF�&'��[&'��[&'��PD\�HQKDQFH�WKH�SRWHQF\�DQG�SHUVLVWHQFH�����
RI�7�FHOOV�E\�SURYLGLQJ�FRVWLPXODWRU\�VLJQDOV��7KH�UHSRUWHG� in vitro/in vivo�UHVXOWV�ZDUUDQWHG�D�����
FOLQLFDO� WULDO� �1&7����������� $QRWKHU� &'�[&'��� 7&(� ZDV� GHVFULEHG� UHFHQWO\� DQG� LV� QRW�����
FXUUHQWO\� LQ� FOLQLFDO� GHYHORSPHQW� ������ 7KH� DFWLYLW\� RI� WKLV� 7&(� VHHPV� WR� GHSHQG� RQ� WKH�����
H[SUHVVLRQ� OHYHOV� RI�&'���EXW� GLG� QRW� LQGXFH� GHSOHWLRQ�RI� SHULSKHUDO� LPPXQH� FHOOV��'HVSLWH�����
WKHVH� DGYDQWDJHV� LQ� WHUPV� RI� DEVHQFH� RI� RQ�WDUJHW� RII�WXPRU� DFWLYLW\� DQG� WKH� ODFN� RI�����
GHSHQGHQF\� RQ� &'��� OHYHOV� RI� ,6%������ FRPSDUHG� WR� SXEOLVKHG� &'�[&'��� 7&(V�� GLUHFW�����
FRPSDULVRQ� RI� ,6%������ WR� WKHVH� EDVHG� RQ� SXEOLVKHG� GDWD� LV� QRW� VWUDLJKWIRUZDUG� ZLWKRXW� D�����
VLGH�E\�VLGH�LQYHVWLJDWLRQ�in vitro�DQG�in vivo�������

,6%������ ZDV� GHVLJQHG� ZLWK� WKH� DGYDQWDJH� WKDW� LW� WDUJHWV� D� GLIIHUHQW� HSLWRSH� IURP�����
GDUDWXPXPDE� WR� DYRLG� ORQJ� ZDVK�RXW� SHULRGV�� � ,QGHHG�� D� PLQLPDO� ZDVKRXW� SHULRG� RI� ��������
PRQWKV�LV�XVXDOO\�QHFHVVDU\�ZLWK�RWKHU�DQWL�&'���WKHUDSLHV�WDUJHWLQJ�RYHUODSSLQJ�HSLWRSHV�RU�����
ZLWK� GDUDWXPXPDE� UH�WUHDWPHQWV� GXH� WR� WKH� GHFUHDVH� LQ� &'��� H[SUHVVLRQ� DQG� SRWHQWLDO�����
FRPSHWLWLRQ�������7KLV�GHOD\�LQ�WUHDWLQJ�SDWLHQWV�FDQ�EH�SUREOHPDWLF�DQG�IDYRU�WKH�RFFXUUHQFH�����
RI�UHVLVWDQW�FORQHV�������7KH�NH\�UHVLVWDQFH�PHFKDQLVPV�GHVFULEHG�IRU�GDUDWXPXPDE�LQFOXGH������
GRZQ�UHJXODWLRQ� RI� &'��� ��������� LQFUHDVHG� H[SUHVVLRQ� RI� FRPSOHPHQW� LQKLELWRUV� �&'��������
&'���� &'���� OLPLWLQJ� &'&� ������ DQG� XS�UHJXODWLRQ� RI� &'���� ZKLFK� LQWHUIHUHV� ZLWK�����
SKDJRF\WRVLV� ������ +HUH�� ZH� PRGHOOHG� ORZHU� VHQVLWLYLW\� WR� GDUDWXPXPDE� XVLQJ� FHOO� OLQHV�����
GLVSOD\LQJ� VRPH� RI� WKHVH� IHDWXUHV�� DQG� SDWLHQW� VDPSOHV� SRVW�GDUDWXPXPDE� WKHUDS\�� ,Q�����
DJUHHPHQW�ZLWK�WKH�OLWHUDWXUH��WKH�DFWLYLW\�RI�GDUDWXPXPDE�ZDV�DOVR�LQIOXHQFHG�E\�WKH�UDWLR�RI�����
HIIHFWRU�WR�00�FHOOV�LQ�SDWLHQW�VDPSOHV�������+RZHYHU��WKH�GDWD�SUHVHQWHG�KHUH�VKRZ�WKDW�WKH�����
PRGH� RI� DFWLRQ� RI� ,6%������ LV�PHGLDWHG� E\� 7�FHOOV��PDNLQJ� LW� LQVHQVLWLYH� WR� WKH� IHDWXUHV� RI�����
GDUDWXPXPDE�UHVLVWDQFH�VXFK�DV�XS�UHJXODWLRQ�RI�FRPSOHPHQW�LQKLELWRUV�SURWHLQV�RU�WR�&'��������
:H�DOVR�VKRZ�WKDW�,6%������FDQ�HIILFLHQWO\�NLOO�00�FHOOV�UHJDUGOHVV�RI�&'���H[SUHVVLRQ��7�FHOO�����
WR� 00� FHOO� UDWLR� DQG� UHFHQW� WUHDWPHQW� ZLWK� GDUDWXPXPDE�� SURYLGLQJ� D� UDWLRQDOH� IRU� XVLQJ�����
,6%������LQ�SDWLHQWV�UHODSVLQJ�IROORZLQJ�GDUDWXPXPDE�WUHDWPHQW�������

00�SDWLHQWV�VKRZLQJ�D�7�FHOO�H[KDXVWLRQ�SURILOH�DUH�PRUH�OLNHO\�WR�GHYHORS�SURJUHVVLYH�����
GLVHDVH�FRPSDUHG�WR�WKRVH�ZLWK�OHVV�H[KDXVWLRQ�������,QGHHG��SDWLHQWV�XQGHUJRLQJ�DXWRORJRXV�����
VWHP�FHOO�WUDQVSODQWDWLRQ��$6&7��SOXV�OHQDOLGRPLGH�DV�PDLQWHQDQFH�WKHUDS\��H[KLELW�VLJQV�RI�7�����
FHOO�H[KDXVWLRQ�EHIRUH�UHODSVLQJ�������6LPLODU�SUH�FOLQLFDO�ILQGLQJV�ZHUH�REVHUYHG�LQ�WKH�FRQWH[W�����
RI� 7&(V�� ,Q� IDFW�� ZKHQ� EOLQDWXPRPDE� ZDV� FRQWLQXRXVO\� DGPLQLVWHUHG� IRU� ��� GD\V�� 7�FHOOV�����
GHYHORSHG� DQ� H[KDXVWHG� SKHQRW\SH� DQG� FRXOG� QRW� NLOO� WDUJHW� FHOOV�� ZKLOH� ZLWK� LQWHUPLWWHQW�����
GRVLQJ��7�FHOOV�UHWDLQHG�WKHLU�PHPRU\�7&)���SKHQRW\SH�DQG�FRXOG�FRQWURO�WXPRU�JURZWK�LQ�WKH�����
SUHVHQFH� RI� EOLQDWXPRPDE� ������ 7KH� TXDOLW\� RI� 7�FHOOV� GHILQHV� WKH� DFWLYLW\� RI� 7&(V��+HQFH������
VRPH� ELVSHFLILF� DQWLERGLHV� DUH� GLVSOD\LQJ� SRWHQW� F\WRWR[LFLW\� RQ� SULPDU\� 00� PRVWO\� LQ� WKH�����
SUHVHQFH�RI�KHDWK\�7�FHOOV�������EXW�VKRZLQJ�UHGXFHG�DFWLYLW\�ZKHQ�H[KDXVWLRQ�ZDV�GHWHFWHG�����
������ 6HYHUDO� SUHFOLQLFDO� VWXGLHV� KDYH� DOVR� VKRZQ� WKDW� D� FRPELQDWLRQ� ZLWK� DQ� DQWL�3'�������
DQWLERG\� FDQ� HQKDQFH� WXPRU� FRQWURO� E\� D� 7&(� ��������� 0RUH� VWXGLHV� DUH� UHTXLUHG� WR�����
XQGHUVWDQG� KRZ� WUHDWPHQW� ZLWK� ,6%������ ZLOO� LQIOXHQFH� 7�FHOO� SKHQRW\SH� LQ� WKH� ORQJ�WHUP������
QHYHUWKHOHVV� UHFHQW� VWXGLHV� GHPRQVWUDWH� WKDW� SDWLHQWV�PD\� EHQHILW� IURP� D� VHTXHQFH� RI� WZR�����
GLIIHUHQW�7&(� WKHUDSLHV� ������:LWK� WKH� UHFHQW�DSSURYDO� RI� WHFOLVWDPDE� �%&0$�7&(��-DQVVHQ�����
%LRWHFK��LQ�U�U00�SDWLHQWV��WKHVH�ILQGLQJV�DUH�NH\�WR�VXSSRUW�WKH�GHYHORSPHQW�RI�,6%������LQ�����
WKH� FOLQLF��ZKLFK� LV� OLNHO\� WR� EH� DGPLQLVWHUHG� WR� SDWLHQWV� SUHYLRXVO\� WUHDWHG�ZLWK� RWKHU� 7&(V������
'HVSLWH� WKH� GHYHORSPHQW� DQG� DSSURYDO� RI� HIILFLHQW� %&0$�WDUJHWHG�WKHUDSLHV�� VWXGLHV� KDYH�����
FKDUDFWHUL]HG� DQWLJHQ� ORVV�� ELDOOHOLF� GHOHWLRQ� RQ� FKURPRVRPH� ��� HQFRPSDVVLQJ� WKH� %&0$�����
ORFXV�� SRLQW� PXWDWLRQV�� VKHGGLQJ� DQG� DQWL�GUXJ� DQWLERGLHV� DV� PHFKDQLVPV� RI� UHVLVWDQFH� WR�����
DQWL�%0&$�WKHUDSLHV����±�����7KHUHIRUH��LW�UHPDLQV�HVVHQWLDO�WR�PRQLWRU�ELRPDUNHUV�LQGLFDWLYH�����
RI�WKHVH�PHFKDQLVPV�DQG�WR�GHYHORS�7&(�DJDLQVW�RWKHU�YDOLGDWHG�DQWLJHQV�VXFK�DV�&'����WR�����
JXDUDQWHH�D� UDQJH�RI� WKHUDSHXWLF� RSWLRQV� IRU� SDWLHQWV�GHSHQGLQJ�RQ� WKH� IHDWXUHV�DVVRFLDWHG�����
ZLWK�WKHLU�UHODSVH������
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7&(�WKHUDSLHV�DUH�DVVRFLDWHG�ZLWK�D�V\VWHPLF�F\WRNLQH�UHOHDVH��ZKLFK�LV�D�SURGXFW�RI�����
WKHLU�PRGH�RI�DFWLRQ��+RZHYHU��WKLV�IXQFWLRQDO�F\WRNLQH�UHOHDVH�FDQ�SURJUHVV�LQWR�&56��ZKLFK�����
XVXDOO\� UHTXLUHV� LQWHQVLYH� FDUH� ���±����� 0LWLJDWLQJ� &56�� ZKLOH� PDLQWDLQLQJ� SRWHQWLDO� IRU� D�����
EHQHILFLDO� DQWL�WXPRU� UHVSRQVH�� LV� NH\� IRU�7&(� WKHUDSLHV�� LQFOXGLQJ� ,6%������ ������+RZHYHU������
ULVN�IDFWRUV�VXFK�DV�WXPRU�EXUGHQ�DQG�FR�PRUELGLWLHV�RIWHQ�DVVRFLDWHG�ZLWK�VHYHUH�&56�VKRXOG�����
EH�FRQVLGHUHG�FDUHIXOO\��&RUWLFRVWHURLG� WUHDWPHQW� LV�RIWHQ�XVHG� WR�PLWLJDWH�&56� LQ� WKH�FOLQLF������
DQG� GDWD� VKRZQ� KHUH� GHPRQVWUDWH� WKDW� XVH� RI� GH[DPHWKDVRQH� GRHV� QRW� VWURQJO\� DIIHFW�����
,6%������F\WRWR[LFLW\�DQG� OHG� WR�D�VLJQLILFDQW� UHGXFWLRQ�RI�&56�DVVRFLDWHG�F\WRNLQHV� in vitro������
8VLQJ� D� SULPLQJ� GRVH� RU� VWHS�XS� GRVLQJ� UHJLPHQ� FRXOG� DOVR� PLWLJDWH� &56�� ,QGHHG�� LQ� WKH�����
WHFOLVWDPDE�WULDO�����SDWLHQWV�UHFHLYHG�����ȝJ�NJ��DIWHU���ȝJ�NJ�DQG����ȝJ�NJ�VWHS�XS�GRVHV������
DQG�QR�GRVH�OLPLWLQJ� WR[LFLWLHV�ZHUH�REVHUYHG� ������/DVWO\�� WKH�XVH�RI�PRQRFORQDO�DQWLERGLHV�����
EHIRUH� LQMHFWLRQ� RI� D� 7&(� WR� UHGXFH� SHULSKHUDO� WXPRU� EXUGHQ�� FRXOG� DOVR�PLWLJDWH�&56��)RU�����
LQVWDQFH��VXFK�DQ�DSSURDFK�ZDV�WHVWHG�IRU�JORILWDPDE����������DQ�DQWL�&'���7&(��ZKLFK�ZDV�����
DGPLQLVWHUHG� DIWHU� RQH� GRVH� RI� RELQXWX]XPDE� �DQWL�&'��� DQWLERG\�� 5RFKH��� 7KLV� VWUDWHJ\�����
UHVXOWHG� LQ� D� PDQDJHDEOH� &56� ZKLOH� SUHVHUYLQJ� VWURQJ� SRWHQF\� ������ :KHWKHU� VXFK�����
DSSURDFKHV� FRXOG� EH� XVHG� IRU� ,6%������ UHPDLQV� WR� EH� FODULILHG� LQ� FOLQLFDO� WULDOV�� � $OWKRXJK������
SUHFOLQLFDO�PRGHOV�FDQ�DVVHVV�F\WRNLQH�UHOHDVH�LQ�UHVSRQVH�WR�7&(��WKH�ILHOG�ODFNV�PRGHOV�WKDW�����
DFFXUDWHO\� SUHGLFW� WKH� RFFXUUHQFH� DQG� LQWHQVLW\� RI� &56� LQ� KXPDQV�� 7KXV��PRUH� VWXGLHV� DUH�����
ZDUUDQWHG� WR� IXOO\�DVVHVV�&56�DQG� WR�GHVLJQ�EHWWHU�RSWLRQV� WR�HIILFLHQWO\�PLWLJDWH� LW��VXFK�DV�����
-$.��P725�DQG�6UF�,FN�LQKLELWRUV�FXUUHQWO\�XQGHU�LQYHVWLJDWLRQ�����������

,Q� FRQFOXVLRQ�� ,6%������ LV� D� SRWHQW� 7&(� WKDW� PD\� EH� XVHG� LPPHGLDWHO\� DIWHU� RU�����
FRQFRPLWDQWO\�ZLWK� GDUDWXPXPDE� WR� FLUFXPYHQW� HVFDSH� YLD�&'��� GRZQUHJXODWLRQ� DQG� RWKHU�����
PHFKDQLVPV� GHVFULEHG� SUHYLRXVO\��2XU� VWXG\� VXJJHVWV� WKDW� ,6%������ FRXOG� HOLFLW� DQWL�WXPRU�����
FOLQLFDO�UHVSRQVHV�LQ�SDWLHQWV�ZLWK�U�U00�ZKR�KDYH�SUHYLRXVO\�UHFHLYHG�GDUDWXPXPDE�WKHUDS\������
%DVHG�RQ� WKLV�HQFRXUDJLQJ�SUHFOLQLFDO�GDWD�DQG� WKH�GLIIHUHQWLDWLRQ� IURP�RWKHU�&'���WDUJHWLQJ�����
WKHUDSHXWLFV�XVHG�LQ�WKH�FOLQLF��D�SKDVH�,�FOLQLFDO�WULDO�RI�,6%������LQ�U�U00�SDWLHQWV�LV�RQJRLQJ�����
�1&7��������������������

$FNQRZOHGJHPHQWV�����
:H�WKDQN�&DPLOOH�*UDQGFOpPHQW��(YDQJHOLD�0DUWLQL��9DOHQWLQD�/DEDQFD��6WHIDQLD�'H�$QJHOLV������
,VDEHOOH�*UXEHU�� -pUpP\�%HUUHW�� (ORGLH�6WDLQQDFN��5LFFDUGR� 7XUULQL�� (VWHOOH�*HURVVLHU�� $ODLQ�����
5XERG��0LQ�0D�� 7DQLD�0HOO\�� 'HERUD� /LQG�� 3DXO�2VWHU�� (VWHOOH� (WDVVH� DQG�$QWRLQH� -RE� IRU�����
WKHLU� WHFKQLFDO� DVVLVWDQFH�ZLWK� WKH�ex vivo� DQG� in vivo�PRGHOV��:H� WKDQN�9LYLDQH�9LOODUG� IRU�����
SURYLGLQJ� ,6%������ :H� WKDQNV� 6XQLWKD� *Q� �*OHQPDUN�� IRU� KHU� ZRUN� RQ� WKH� ,3�/&�06�06�����
PHWKRG��:H�WKDQN�RXU�SDVW�,FKQRV�6FLHQFHV�6$�PHPEHUV�&KULVWHOOH�5LHV�)HFRXUW��&LDQ�6WXW]������
$PpOLH�&URVHW��0pJDQH�3OXHVV��5RPDLQ�2OOLHU��'DUNR�6NHJUR� IRU� WKHLU� KHOS�ZLWK� GHYHORSLQJ�����
,6%�������:H�WKDQN�&\ULOOH�7RX]HDX��1LFROHWWD�/LOOL�DQG�6RSKLH�0DȧJD�IRU�DFFHVV�WR�WKH�SDWLHQW�����
VDPSOHV� IURP� WKH� 0<5$&/(� �0\HORPD� 5HVLVWDQFH� $QG� &ORQDO� (YROXWLRQ�� FRKRUW� DW� &+8�����
1DQWHV� �)UDQFH��� :H� WKDQN� &LQG\� /DQYHUV� IRU� KHU� KHOS� LQ� FROOHFWLQJ� SDWLHQW� VDPSOHV� DW�����
8QLYHUVLW\�+RVSLWDO�*HQHYD� �6ZLW]HUODQG���:H�DUH�JUDWHIXO� WR�'U��6DUDK�*RRGLQJ�DQG�0LULDQ�����
6DOD]DU�� DOO� SDWLHQWV� ZKR� GRQDWHG� VDPSOHV� DQG� WKH�+DHP%LR�%LREDQN�� D�0HGLFDO� 5HVHDUFK�����
&RXQFLO� DQG� 2[IRUG� %LRPHGLFDO� 5HVHDUFK� &HQWUH� �%5&�� IXQGHG� %LREDQN�� DW� WKH� 05&�����
0ROHFXODU�+DHPDWRORJ\�8QLW��:HDWKHUDOO�,QVWLWXWH�RI�0ROHFXODU�0HGLFLQH��8QLYHUVLW\�RI�2[IRUG������
+HDGOH\� :D\�� 2[IRUG�� 2;�� 6'6͕� IRU� WKH� SURYLVLRQ� RI� FOLQLFDO� VDPSOHV�� :H� WKDQN� -DLUR� $������
0DWWKHZV� DQG�6WHYHQ�0�� .RUQEODX� DW� WKH�87�0'�$QGHUVRQ�&DQFHU� &HQWHU�� 'HSDUWPHQW� RI�����
/HXNHPLD��/HXNHPLD�6DPSOH�%DQN�IRU�DFFHVV�WR�7�$//�SDWLHQW�VDPSOHV�������

$XWKRUVKLS�&RQWULEXWLRQV�����
%�3��&�(��3�6��(�1��$�/��7�0��$�&��'�3��/�&��-�0��-��%�DQG�0�&�FRQWULEXWHG�WR�DVVD\�GHVLJQ������
GDWD�DFTXLVLWLRQ��LQWHUSUHWDWLRQ�DQG�DQDO\VLV��=�.��(�0��&�.��FRQWULEXWHG�WR�DFTXLVLWLRQ�RI�GDWD������
DQG�DQDO\VLV�� LQWHUSUHWDWLRQ�RI�SDWLHQW�VDPSOHV�H[SHULPHQWV��7�0��&�3�'��3�0��&�0�(��-�5�(������
$�0�� *�%� FRQWULEXWHG� WR� WKH� DFTXLVLWLRQ� RI� SDWLHQW� VDPSOHV� DQG� GLVFXVVLRQ� RI� GDWD�����
LQWHUSUHWDWLRQ�� *�*�� 9�8� DQG� 9�0� VXSHUYLVHG�� DQDO\VHG� DQG� LQWHUSUHWHG� WKH� F\QRPROJXV�����
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PRQNH\�VWXGLHV��%�3��0�/�0��$�'��0�3L��0�$�'��$�6��6�%��(�=��0�3��0�&�FRQWULEXWHG�WR�SURMHFW�����
DQG�UHVRXUFHV�DGPLQLVWUDWLRQ��UHVRXUFHV�DQG�VXSHUYLVLRQ��%�3��3�6��&�(��$�'��6�%��$�6��0�3L������
0$�'��(�=��UHYLHZHG�DQG�HGLWHG�WKH�PDQXVFULSW��%�3��&�(��0�3�DQG�0�&�ZURWH��UHYLHZHG�DQG�����
HGLWHG�WKH�PDQXVFULSW������

&RQIOLFW�RI�LQWHUHVW�6WDWHPHQW�����
%��3RXOHDX��&��(VWRSSH\��3��6XHUH��(��1DOOHW�$��/DXUHQGRQ��7��0RQQH\��'��3DLV��$��'UDNH��/������
&DUUHWHUR�� -�� 0DFRLQ�� 0�� 3LKOJUHQ�� 0�� $�� 'RXFH\�� *�� *XGL�� 9�� 0HQRQ�� $�� 6ULYDVWDYD�� (������
=KXNRYVN\��0��3HUUR�DQG�0��&KLPHQ�DUH�HPSOR\HHV�RI�,FKQRV�6FLHQFHV�������

$OO�UHPDLQLQJ�DXWKRUV�GHFODUH�QR�FRPSHWLQJ�LQWHUHVWV������

25&,'�SURILOHV������

0\ULDP� &KLPHQ�� ��������������������� 0DULR� 3HUUR�� ��������������������� 7KRPDV�����
0DWWKHV�����������������������&DWKHULQH�3HOODW�'HFHXQ\QFN��������������������������

5HIHUHQFHV�����
��� 6XQJ�+��)HUOD\�-��6LHJHO�5/��/DYHUVDQQH�0��6RHUMRPDWDUDP�,��-HPDO�$��HW�DO��*OREDO�����
&DQFHU�6WDWLVWLFV�������*/2%2&$1�(VWLPDWHV�RI� ,QFLGHQFH�DQG�0RUWDOLW\�:RUOGZLGH� IRU� �������
&DQFHUV�LQ�����&RXQWULHV��&$�&DQFHU�-�&OLQ�������0D\����������±���������

��� 8VPDQL�6��$KPDGL�7��1J�<��/DP�$��'HVDL�$��3RWOXUL�5��HW�DO��$QDO\VLV�RI�5HDO�:RUOG�����
'DWD� RQ� 2YHUDOO� 6XUYLYDO� LQ� 0XOWLSOH� 0\HORPD� 3DWLHQWV� :LWK� ��� 3ULRU� /LQHV� RI� 7KHUDS\�����
,QFOXGLQJ� D� 3URWHDVRPH� ,QKLELWRU� �3,�� DQG� DQ� ,PPXQRPRGXODWRU\� 'UXJ� �,0L'��� RU� 'RXEOH�����
5HIUDFWRU\�WR�D�3,�DQG�DQ�,0L'��7KH�2QFRORJLVW�������1RY��������������±���������

��� 8VPDQL�6=��:HLVV�%0��3OHVQHU�7��%DKOLV�1-��%HOFK�$��/RQLDO�6��HW�DO��&OLQLFDO�HIILFDF\�����
RI� GDUDWXPXPDE� PRQRWKHUDS\� LQ� SDWLHQWV� ZLWK� KHDYLO\� SUHWUHDWHG� UHODSVHG� RU� UHIUDFWRU\�����
PXOWLSOH�P\HORPD��%ORRG�������-XO������������±���������

��� YDQ�GH�'RQN�1:&-��8VPDQL�6=��&'���$QWLERGLHV�LQ�0XOWLSOH�0\HORPD��0HFKDQLVPV�����
RI�$FWLRQ�DQG�0RGHV�RI�5HVLVWDQFH��)URQW�,PPXQRO�������6HS�����������������

��� 2YHUGLMN� 0%�� -DQVHQ� -+0�� 1HGHUHQG� 0�� /DPPHUWV� YDQ� %XHUHQ� --�� *URHQ� 5:-������
3DUUHQ� 3:+,�� HW� DO�� 7KH� 7KHUDSHXWLF� &'��� 0RQRFORQDO� $QWLERG\� 'DUDWXPXPDE� ,QGXFHV�����
3URJUDPPHG� &HOO� 'HDWK� YLD� )FȖ� 5HFHSWRU±0HGLDWHG� &URVV�/LQNLQJ�� -� ,PPXQRO�� ����� $XJ�����
������������±���������

��� %DSDWOD�$��.DXO�$��'KDOOD�36��$UPHQWD�4XLURJD�$6��.KDOLG�5��*DUFLD�-��HW�DO��5ROH�RI�����
'DUDWXPXPDE� LQ� &RPELQDWLRQ� :LWK� 6WDQGDUG� 7KHUDSLHV� LQ� 3DWLHQWV� :LWK� 5HODSVHG� DQG�����
5HIUDFWRU\� 0XOWLSOH� 0\HORPD�� &XUHXV� >,QWHUQHW@�� ����� -XQ� �� >FLWHG� �����0DU� ��@�� $YDLODEOH�����
IURP�� KWWSV���ZZZ�FXUHXV�FRP�DUWLFOHV�������UROH�RI�GDUDWXPXPDE�LQ�FRPELQDWLRQ�ZLWK�����
VWDQGDUG�WKHUDSLHV�LQ�SDWLHQWV�ZLWK�UHODSVHG�DQG�UHIUDFWRU\�PXOWLSOH�P\HORPD�����

��� 3DOXPER� $�� &KDQDQ�.KDQ� $�� :HLVHO� .�� 1RRND� $.�� 0DVV]L� 7�� %HNVDF� 0�� HW� DO������
'DUDWXPXPDE��%RUWH]RPLE��DQG�'H[DPHWKDVRQH� IRU�0XOWLSOH�0\HORPD��1�(QJO�-�0HG�����������
$XJ��������������±���������

��� 'LPRSRXORV� 0$�� 2ULRO� $�� 1DKL� +�� 6DQ�0LJXHO� -�� %DKOLV� 1-�� 8VPDQL� 6=�� HW� DO������
'DUDWXPXPDE��/HQDOLGRPLGH��DQG�'H[DPHWKDVRQH�IRU�0XOWLSOH�0\HORPD��1�(QJO�-�0HG�����������
2FW���������������±���������

��� .UHMFLN� -�� )UHULFKV� .$�� 1LMKRI� ,6�� YDQ� .HVVHO� %�� YDQ� 9HO]HQ� -)�� %ORHP� $&�� HW� DO������
0RQRF\WHV�DQG�*UDQXORF\WHV�5HGXFH�&'���([SUHVVLRQ�/HYHOV�RQ�0\HORPD�&HOOV�LQ�3DWLHQWV�����
7UHDWHG�ZLWK�'DUDWXPXPDE��&OLQ�&DQFHU�5HV�������'HF���������������±����������
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���� 6DOWDUHOOD� ,�� 'HVDQWLV� 9�� 0HODFFLR� $�� 6ROLPDQGR� $*�� /DPDQX]]L� $�� 5LD� 5�� HW� DO������
0HFKDQLVPV�RI�5HVLVWDQFH�WR�$QWL�&'���'DUDWXPXPDE�LQ�0XOWLSOH�0\HORPD��&HOOV�������-DQ�����
�����������������

���� 1LMKRI� ,6�� &DVQHXI� 7�� YDQ� 9HO]HQ� -�� YDQ� .HVVHO� %�� $[HO� $(�� 6\HG� .�� HW� DO�� &'�������
H[SUHVVLRQ� DQG� FRPSOHPHQW� LQKLELWRUV� DIIHFW� UHVSRQVH� DQG� UHVLVWDQFH� WR� GDUDWXPXPDE�����
WKHUDS\�LQ�P\HORPD��%ORRG�������$XJ��������������±���������

���� &KR� 6)�� <HK� 7-�� $QGHUVRQ� .&�� 7DL� <7�� %LVSHFLILF� DQWLERGLHV� LQ� PXOWLSOH� P\HORPD�����
WUHDWPHQW��$�MRXUQH\�LQ�SURJUHVV��)URQW�2QFRO�������2FW���������������������

���� 6NHJUR� '�� 6WXW]� &�� 2OOLHU� 5�� 6YHQVVRQ� (�� :DVVPDQQ� 3�� %RXUTXLQ� )�� HW� DO������
,PPXQRJOREXOLQ�GRPDLQ�LQWHUIDFH�H[FKDQJH�DV�D�SODWIRUP�WHFKQRORJ\�IRU�WKH�JHQHUDWLRQ�RI�)F�����
KHWHURGLPHUV�DQG�ELVSHFLILF�DQWLERGLHV��-�%LRO�&KHP�������-XO�������������±���������

���� 6WXW]� &�� %OHLQ� 6�� $� VLQJOH�PXWDWLRQ� LQFUHDVHV� KHDY\�FKDLQ� KHWHURGLPHU� DVVHPEO\� RI�����
ELVSHFLILF�DQWLERGLHV�E\�LQGXFLQJ�VWUXFWXUDO�GLVRUGHU� LQ�RQH�KRPRGLPHU�VSHFLHV��-�%LRO�&KHP������
�����-XO�������������±����������

���� &DUWHU�3��,PSURYLQJ�WKH�HIILFDF\�RI�DQWLERG\�EDVHG�FDQFHU�WKHUDSLHV��1DW�5HY�&DQFHU������
�����1RY���������±���������

���� 0�OOHU� '�� .RQWHUPDQQ� 5(�� 5HFRPELQDQW� ELVSHFLILF� DQWLERGLHV� IRU� FHOOXODU� FDQFHU�����
LPPXQRWKHUDS\��&XUU�2SLQ�0RO�7KHU�������$XJ���������±���������

���� %HQDQLED�/��7HVVRXOLQ�%��7UXGHO�6��3HOODW�'HFHXQ\QFN�&��$PLRW�0��0LQYLHOOH�6��HW�DO������
7KH� 0<5$&/(� SURWRFRO� VWXG\�� D� PXOWLFHQWULF� REVHUYDWLRQDO� SURVSHFWLYH� FRKRUW� VWXG\� RI�����
SDWLHQWV�ZLWK�PXOWLSOH�P\HORPD��%0&�&DQFHU�������'HF�����������������

���� 0DQFDUGL�'��'DsURQ�0��)F�5HFHSWRUV�LQ�,PPXQH�5HVSRQVHV��,Q��5HIHUHQFH�0RGXOH�LQ�����
%LRPHGLFDO� 6FLHQFHV� >,QWHUQHW@�� (OVHYLHU�� ����� >FLWHG� ����� 1RY� �@�� S������
%��������������������� $YDLODEOH� IURP������
KWWSV���OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�SLL�%������������������������

���� 6HZQDWK�&$1�� %HKUHQV� /0�� YDQ� (JPRQG�0�� 7DUJHWLQJ�P\HORLG� FHOOV� ZLWK� ELVSHFLILF�����
DQWLERGLHV� DV� QRYHO� LPPXQRWKHUDSLHV� RI� FDQFHU�� ([SHUW� 2SLQ� %LRO� 7KHU�� ����� $XJ�����
�����������±���������

���� +H]DUHK� 0�� +HVVHOO� $-�� -HQVHQ� 5&�� YDQ� GH� :LQNHO� -*-�� 3DUUHQ� 3:+,�� (IIHFWRU�����
)XQFWLRQ�$FWLYLWLHV�RI�D�3DQHO�RI�0XWDQWV�RI�D�%URDGO\�1HXWUDOL]LQJ�$QWLERG\�DJDLQVW�+XPDQ�����
,PPXQRGHILFLHQF\�9LUXV�7\SH����-�9LURO�������'HF����������������±��������

���� :LQHV�%'��3RZHOO�06��3DUUHQ�3:+,��%DUQHV�1��+RJDUWK� 30�� 7KH� ,J*�)F�&RQWDLQV�����
'LVWLQFW�)F�5HFHSWRU��)F5��%LQGLQJ�6LWHV��7KH�/HXNRF\WH�5HFHSWRUV�)FȖ5,�DQG�)FȖ5,,D�%LQG�����
WR� D� 5HJLRQ� LQ� WKH� )F� 'LVWLQFW� IURP� 7KDW� 5HFRJQL]HG� E\� 1HRQDWDO� )F5� DQG� 3URWHLQ� $�� -�����
,PPXQRO�������0D\����������������±��������

���� 7ULQNOHLQ�1'��3KDP�'��6FKHOOHQEHUJHU�8��%XHORZ�%��%RXGUHDX�$��&KRXGKU\�3��HW�DO������
(IILFLHQW� WXPRU� NLOOLQJ� DQG� PLQLPDO� F\WRNLQH� UHOHDVH� ZLWK� QRYHO� 7�FHOO� DJRQLVW� ELVSHFLILF�����
DQWLERGLHV��P$EV�������0D\�������������±���������

���� =XFK� GH�=DIUD�&/�� )DMDUGR�)��=KRQJ�:��%HUQHWW�0-��0XFKKDO�86��0RRUH�*/�� HW� DO������
7DUJHWLQJ� 0XOWLSOH� 0\HORPD� ZLWK� $0*� ����� D� 1RYHO� $QWL�&'���&'�� %LVSHFLILF� 7�FHOO±����
UHFUXLWLQJ�$QWLERG\�2SWLPL]HG� IRU�&\WRWR[LFLW\�DQG�&\WRNLQH�5HOHDVH��&OLQ�&DQFHU�5HV�����������
-XO��������������±���������
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���� +RJDQ� .$�� &KLQL� &&6�� &KLQL� (1�� 7KH� 0XOWL�IDFHWHG� (FWR�HQ]\PH� &'���� 5ROHV� LQ�����
,PPXQRPRGXODWLRQ�� &DQFHU�� $JLQJ�� DQG� 0HWDEROLF� 'LVHDVHV�� )URQW� ,PPXQRO�� ����� 0D\�����
�����������������

���� 7YHGW� 7+$�� 9R� $.�� %UXVHUXG� ��� 5HLNYDP� +�� &\WRNLQH� 5HOHDVH� 6\QGURPH� LQ� WKH�����
,PPXQRWKHUDS\� RI� +HPDWRORJLFDO� 0DOLJQDQFLHV�� 7KH� %LRORJ\� EHKLQG� DQG� 3RVVLEOH� &OLQLFDO�����
&RQVHTXHQFHV��-�&OLQ�0HG�������1RY���������������������

���� <DQJ� <�� /XQGTYLVW� $�� ,PPXQRPRGXODWRU\� (IIHFWV� RI� ,/��� DQG� ,/����� ,PSOLFDWLRQV� IRU�����
&DQFHU�,PPXQRWKHUDS\��&DQFHUV�������1RY����������������������

���� &UHPDVFR�)��0HQLHWWL�(��6SH]LDOH�'��6DP�-��6DPPLFKHOL�6��5LFKDUG�0��HW�DO��&URVV�����
OLQNLQJ� RI� 7� FHOO� WR� %� FHOO� O\PSKRPD� E\� WKH� 7� FHOO� ELVSHFLILF� DQWLERG\� &'���7&%� LQGXFHV�����
,)1Ȗ�&;&/���GHSHQGHQW�SHULSKHUDO�7�FHOO�UHFUXLWPHQW� LQ�KXPDQL]HG�PXULQH�PRGHO��1DMEDXHU�����
-��HGLWRU��3/26�21(�������-DQ���������H��������������

���� /L� -�� <EDUUD� 5�� 0DN� -�� +HUDXOW� $�� 'H� $OPHLGD� 3�� $UUD]DWH� $�� HW� DO�� ,)1Ȗ�LQGXFHG�����
&KHPRNLQHV�$UH�5HTXLUHG�IRU�&;&5��PHGLDWHG�7�&HOO�5HFUXLWPHQW�DQG�$QWLWXPRU�(IILFDF\�RI�����
$QWL�+(5��&'��%LVSHFLILF�$QWLERG\��&OLQ�&DQFHU�5HV�������'HF���������������±���������

���� &RGDUUL�'HDN�/��1LFROLQL�9��+DVKLPRWR�0��.DUDJLDQQL�0��6FKZDOLH�3&��/DXHQHU�/��HW�DO������
3'���FLV�,/��5�DJRQLVP�\LHOGV�EHWWHU�HIIHFWRUV�IURP�VWHP�OLNH�&'���7�FHOOV��1DWXUH�������2FW�����
���������������±���������

���� 7LFKHW�0��:XOOVFKOHJHU�6��&KU\SOHZLF]�$��)RXUQLHU�1��0DUFRQH�5��.DX]ODULF�$��HW�DO������
%LVSHFLILF�3'��,/�Y�DQG�DQWL�3'�/��EUHDN�WXPRU�LPPXQLW\�UHVLVWDQFH�E\�HQKDQFLQJ�VWHP�OLNH�����
WXPRU�UHDFWLYH� &'��� 7� FHOOV� DQG� UHSURJUDPPLQJ� PDFURSKDJHV�� ,PPXQLW\�� ���������
-DQ���������������H��������

���� 0RUULV� (&�� 1HHODSX� 66�� *LDYULGLV� 7�� 6DGHODLQ� 0�� &\WRNLQH� UHOHDVH� V\QGURPH� DQG�����
DVVRFLDWHG�QHXURWR[LFLW\�LQ�FDQFHU�LPPXQRWKHUDS\��1DW�5HY�,PPXQRO�������)HE���������±���������

���� 5|PHU� 36�� %HUU� 6�� $YRWD� (�� 1D� 6<�� %DWWDJOLD� 0�� WHQ� %HUJH� ,�� HW� DO�� 3UHFXOWXUH� RI�����
3%0&V� DW� KLJK� FHOO� GHQVLW\� LQFUHDVHV� VHQVLWLYLW\� RI� 7�FHOO� UHVSRQVHV�� UHYHDOLQJ� F\WRNLQH�����
UHOHDVH�E\�&'���VXSHUDJRQLVW�7*1������%ORRG�������'HF����������������±���������

���� 6DEHU� +�� 'HO� 9DOOH� 3�� 5LFNV� 7.�� /HLJKWRQ� -.�� $Q� )'$� RQFRORJ\� DQDO\VLV� RI� &'������
ELVSHFLILF� FRQVWUXFWV� DQG� ILUVW�LQ�KXPDQ� GRVH� VHOHFWLRQ�� 5HJXO� 7R[LFRO� 3KDUPDFRO�� ���������
1RY�������±���������

���� YDQ� GH� 'RQN� 1:&-�� 5LFKDUGVRQ� 3*�� 0DODYDVL� )�� &'��� DQWLERGLHV� LQ� PXOWLSOH�����
P\HORPD��EDFN�WR�WKH�IXWXUH��%ORRG�������-DQ������������±���������

���� 0RUDQGL�)��+RUHQVWHLQ�$/��&RVWD�)��*LXOLDQL�1��3LVWRLD�9��0DODYDVL�)��&'����$�7DUJHW�����
IRU�,PPXQRWKHUDSHXWLF�$SSURDFKHV�LQ�0XOWLSOH�0\HORPD��)URQW�,PPXQRO�������1RY�����������������

���� 2IILGDQL�0��&RUYDWWD�/��0RUq�6��1DSSL�'��0DUWLQHOOL�*��2OLYLHUL�$��HW�DO��'DUDWXPXPDE�����
IRU�WKH�0DQDJHPHQW�RI�1HZO\�'LDJQRVHG�DQG�5HODSVHG�5HIUDFWRU\�0XOWLSOH�0\HORPD��&XUUHQW�����
DQG�(PHUJLQJ�7UHDWPHQWV��)URQW�2QFRO�������)HE��������������������

���� /RQLDO�6��:HLVV�%0��8VPDQL�6=��6LQJKDO�6��&KDUL�$��%DKOLV�1-��HW�DO��'DUDWXPXPDE�����
PRQRWKHUDS\�LQ�SDWLHQWV�ZLWK�WUHDWPHQW�UHIUDFWRU\�PXOWLSOH�P\HORPD��6,5,86���DQ�RSHQ�ODEHO������
UDQGRPLVHG��SKDVH���WULDO��7KH�/DQFHW�������$SU����������������±���������
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���
�

���� 0DWHRV� 09�� 'LPRSRXORV� 0$�� &DYR� 0�� 6X]XNL� .�� -DNXERZLDN� $�� .QRS� 6�� HW� DO������
'DUDWXPXPDE�SOXV�%RUWH]RPLE��0HOSKDODQ��DQG�3UHGQLVRQH�IRU�8QWUHDWHG�0\HORPD��1�(QJO�-�����
0HG�������)HE�������������±���������

���� *DQGKL�8+��&RUQHOO� 5)�� /DNVKPDQ�$��*DKYDUL� =-��0F*HKHH�(�� -DJRVN\�0+�� HW� DO������
2XWFRPHV�RI�SDWLHQWV�ZLWK�PXOWLSOH�P\HORPD�UHIUDFWRU\�WR�&'���WDUJHWHG�PRQRFORQDO�DQWLERG\�����
WKHUDS\��/HXNHPLD�������6HS�����������±���������

���� 6KHQ� )�� 6KHQ�:�� ,VDWX[LPDE� LQ� WKH� 7UHDWPHQW� RI� 0XOWLSOH� 0\HORPD�� $� 5HYLHZ� DQG�����
&RPSDULVRQ�:LWK�'DUDWXPXPDE��7HFKQRO�&DQFHU�5HV�7UHDW�������-DQ��������������������������

���� 'RXFH\�0$��3RXOHDX�%��(VWRSSH\�&��6WXW]�&��&URVHW�$��/DXUHQGRQ�$��HW�DO��,6%�����������
$�ILUVW�LQ�FODVV�&'���7�FHOO�HQJDJHU�IRU�WKH�WUHDWPHQW�RI�UHODSVHG�UHIUDFWRU\�PXOWLSOH�P\HORPD������
-�&OLQ�2QFRO�������0D\���������BVXSSO������±�����������

���� :X�/��6HXQJ�(��;X�/��5DR�(��/RUG�'0��:HL�55��HW�DO��7ULVSHFLILF�DQWLERGLHV�HQKDQFH�����
WKH� WKHUDSHXWLF� HIILFDF\�RI� WXPRU�GLUHFWHG�7� FHOOV� WKURXJK�7� FHOO� UHFHSWRU� FR�VWLPXODWLRQ��1DW�����
&DQFHU�������-DQ��������±���������

���� 0D[LPH� )D\RQ�� &DUROLQD� 0DUWLQH]�&LQJRODQL�� $XGUH\� $EHFDVVLV�� 1DWKDOLH� 5RGHUV������
(OLVDEHWK�1HOVRQ��&DUROLQH�&KRLV\��HW�DO��%L�����LV�D�QRYHO�&'���&'��ELVSHFLILF�7�FHOO�HQJDJHU�����
ZLWK� ORZ� WR[LFLW\� IRU� WKH� WUHDWPHQW� RI� PXOWLSOH� P\HORPD�� +DHPDWRORJLFD�� ����� -XO�����
��������������±��������

���� 3OHVQHU� 7�� YDQ� GH� 'RQN� 1:&-�� 5LFKDUGVRQ� 3*�� &RQWURYHUV\� LQ� WKH� 8VH� RI� &'�������
$QWLERG\�IRU�7UHDWPHQW�RI�0\HORPD��,V�+LJK�&'���([SUHVVLRQ�*RRG�RU�%DG"�&HOOV�������)HE�����
�����������������

���� YDQ�GH�'RQN�1:&-��8VPDQL�6=��&'���$QWLERGLHV�LQ�0XOWLSOH�0\HORPD��0HFKDQLVPV�����
RI�$FWLRQ�DQG�0RGHV�RI�5HVLVWDQFH��)URQW�,PPXQRO�������6HS�����������������

���� 1LMKRI� ,6��*URHQ�5:-�� /RNKRUVW�+0�� YDQ�.HVVHO� %�� %ORHP�$&�� YDQ�9HO]HQ� -�� HW� DO������
8SUHJXODWLRQ�RI�&'���H[SUHVVLRQ�RQ�PXOWLSOH�P\HORPD�FHOOV�E\�DOO�WUDQV�UHWLQRLF�DFLG�LPSURYHV�����
WKH�HIILFDF\�RI�GDUDWXPXPDE��/HXNHPLD�������2FW������������±���������

���� 3LOFKHU�:��7KRPDV�%(��%KDVLQ�66��-D\DVLQJKH�5*��5DKPDQ�$+��.LP�6FKXO]H�6��HW�����
DO��&KDUDFWHUL]DWLRQ�RI�7�&HOO�([KDXVWLRQ�LQ�5DSLG�3URJUHVVLQJ�0XOWLSOH�0\HORPD�8VLQJ�&URVV�����
&HQWHU�6FUQD�6HT�6WXG\��%ORRG�������1RY�������6XSSOHPHQW�������±����������

���� &KXQJ�'-��3URQVFKLQVNH�.%��6K\HU�-$��6KDUPD�6��/HXQJ�6��&XUUDQ�6$��HW�DO��7�FHOO�����
([KDXVWLRQ� LQ� 0XOWLSOH� 0\HORPD� 5HODSVH� DIWHU� $XWRWUDQVSODQW�� 2SWLPDO� 7LPLQJ� RI�����
,PPXQRWKHUDS\��&DQFHU�,PPXQRO�5HV�������-DQ����������±���������

���� 3KLOLSS�1��.D]HUDQL�0��1LFKROOV�$�� 9LFN�%��:XOI� -��6WUDXE� 7�� HW� DO�� 7�FHOO� H[KDXVWLRQ�����
LQGXFHG�E\�FRQWLQXRXV�ELVSHFLILF�PROHFXOH�H[SRVXUH�LV�DPHOLRUDWHG�E\�WUHDWPHQW�IUHH�LQWHUYDOV������
%ORRG�������6HS���������������±���������

���� 3LOODULVHWWL�.��3RZHUV�*��/XLVWUR�/��%DELFK�$��%DOGZLQ�(��/L�<��HW�DO��7HFOLVWDPDE�LV�DQ�����
DFWLYH� 7� FHOO±UHGLUHFWLQJ� ELVSHFLILF� DQWLERG\� DJDLQVW� %�FHOO� PDWXUDWLRQ� DQWLJHQ� IRU� PXOWLSOH�����
P\HORPD��%ORRG�$GY�������6HS��������������±���������

���� 9HUNOHLM�&30��%URHNPDQV�0(&��YDQ�'XLQ�0��)UHULFKV�.$��.XLSHU�5��GH�-RQJH�$9��HW�����
DO��3UHFOLQLFDO�DFWLYLW\�DQG�GHWHUPLQDQWV�RI�UHVSRQVH�RI�WKH�*35&�'[&'��ELVSHFLILF�DQWLERG\�����
WDOTXHWDPDE�LQ�PXOWLSOH�P\HORPD��%ORRG�$GY�������$SU�������������±����������
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���� 6DP�-��&RORPEHWWL�6��)DXWL�7��5ROOHU�$��%LHKO�0��)DKUQL�/��HW�DO��&RPELQDWLRQ�RI�7�&HOO�����
%LVSHFLILF� $QWLERGLHV� :LWK� 3'�/�� &KHFNSRLQW� ,QKLELWLRQ� (OLFLWV� 6XSHULRU� $QWL�7XPRU� $FWLYLW\������
)URQW�2QFRO�������1RY��������������������

���� 6WROW]IXV�&5��6LYDNXPDU�5��.XQ]�/��2OLQ�3RSH�%(��0HQLHWWL�(��6SH]LDOH�'��HW�DO��0XOWL�����
3DUDPHWHU�4XDQWLWDWLYH� ,PDJLQJ�RI�7XPRU�0LFURHQYLURQPHQWV�5HYHDOV�3HULYDVFXODU� ,PPXQH�����
1LFKHV�$VVRFLDWHG�:LWK�$QWL�7XPRU�,PPXQLW\��)URQW�,PPXQRO�������$XJ�������������������

���� 0RXKLHGGLQH�7+��9DQ�2HNHOHQ�2��0HOQHNRII�'7��/L�-��*KRGNH�3XUDQLN�<��/DQFPDQ�*������
HW� DO�� 6HTXHQFLQJ� 7�FHOO� UHGLUHFWLRQ� WKHUDSLHV� OHDGV� WR� GHHS� DQG� GXUDEOH� UHVSRQVHV� LQ�����
UHODSVHG�UHIUDFWRU\�P\HORPD�SDWLHQWV��%ORRG�$GY�������$XJ����EORRGDGYDQFHV������������������

���� 6DPXU�0.�� )XOFLQLWL� 0�� $NWDV� 6DPXU� $�� %D]DUEDFKL� $+�� 7DL� <7�� 3UDEKDOD� 5�� HW� DO������
%LDOOHOLF� ORVV� RI� %&0$� DV� D� UHVLVWDQFH�PHFKDQLVP� WR�&$5� 7� FHOO� WKHUDS\� LQ� D� SDWLHQW� ZLWK�����
PXOWLSOH�P\HORPD��1DW�&RPPXQ�������)HE�������������������

���� 'D� 9Lj� 0&�� 'LHWULFK� 2�� 7UXJHU� 0�� $UDPSDW]L� 3�� 'XHOO� -�� +HLGHPHLHU� $�� HW� DO������
+RPR]\JRXV�%&0$�JHQH� GHOHWLRQ� LQ� UHVSRQVH� WR� DQWL�%&0$�&$5�7� FHOOV� LQ� D� SDWLHQW�ZLWK�����
PXOWLSOH�P\HORPD��1DW�0HG�������$SU����������±��������

���� &KHQ� +�� /L� 0�� ;X� 1�� 1J� 1�� 6DQFKH]� (�� 6RRI� &0�� HW� DO�� 6HUXP� %�FHOO� PDWXUDWLRQ�����
DQWLJHQ��%&0$��UHGXFHV�ELQGLQJ�RI�DQWL�%&0$�DQWLERG\�WR�PXOWLSOH�P\HORPD�FHOOV��/HXN�5HV������
�����-XQ������±��������

���� /HH� +�� 0DLW\� 5�� $KQ� 6�� /HEOD\� 1�� 7LOPRQW� 5�� %DUDNDW� (�� HW� DO�� 2$%������ 3RLQW�����
PXWDWLRQV� LQ� %&0$� H[WUDFHOOXODU� GRPDLQ� PHGLDWH� UHVLVWDQFH� WR� %&0$� WDUJHWLQJ� LPPXQH�����
WKHUDSLHV��&OLQ�/\PSKRPD�0\HORPD�/HXN�������$XJ����6�±��������

���� *UHHQ�'-��3RQW�0��&RZDQ�$-��&ROH�*2��6DWKHU�%'��1DJHQJDVW�$0��HW�DO��5HVSRQVH�����
WR�%FPD�&$5�7�&HOOV�&RUUHODWHV�ZLWK�3UHWUHDWPHQW�7DUJHW�$QWLJHQ�'HQVLW\�DQG� ,V� ,PSURYHG�����
%\� 6PDOO� 0ROHFXOH� ,QKLELWLRQ� RI� *DPPD� 6HFUHWDVH�� %ORRG�� ����� 1RY�����
�������6XSSOHPHQWB�������±�����������

���� 2EVWIHOG� $(�� )UH\�19��0DQVILHOG� .�� /DFH\�6)�� -XQH�&+�� 3RUWHU� '/�� HW� DO�� &\WRNLQH�����
UHOHDVH�V\QGURPH�DVVRFLDWHG�ZLWK�FKLPHULF�DQWLJHQ�UHFHSWRU�7�FHOO�WKHUDS\��FOLQLFRSDWKRORJLFDO�����
LQVLJKWV��%ORRG�������'HF���������������±���������

���� /HH�':��6DQWRPDVVR�%'��/RFNH�)/��*KREDGL�$��7XUWOH�&-��%UXGQR�-1��HW�DO��$67&7�����
&RQVHQVXV�*UDGLQJ�IRU�&\WRNLQH�5HOHDVH�6\QGURPH�DQG�1HXURORJLF�7R[LFLW\�$VVRFLDWHG�ZLWK�����
,PPXQH�(IIHFWRU�&HOOV��%LRO�%ORRG�0DUURZ�7UDQVSODQW�������$SU����������±���������

���� .DUNL�5��.DQQHJDQWL�7'��7KH�µF\WRNLQH�VWRUP¶��PROHFXODU�PHFKDQLVPV�DQG�WKHUDSHXWLF�����
SURVSHFWV��7UHQGV�,PPXQRO�������$XJ����������±����������

���� 6KLPDEXNXUR�9RUQKDJHQ� $�� *|GHO� 3�� 6XENOHZH� 0�� 6WHPPOHU� +-�� 6FKO|�HU� +$������
6FKODDN�0��HW�DO��&\WRNLQH�UHOHDVH�V\QGURPH��-�,PPXQRWKHU�&DQFHU�������'HF���������������

���� /HH� ':�� *DUGQHU� 5�� 3RUWHU� '/�� /RXLV� &8�� $KPHG� 1�� -HQVHQ� 0�� HW� DO�� &XUUHQW�����
FRQFHSWV� LQ� WKH� GLDJQRVLV� DQG�PDQDJHPHQW� RI� F\WRNLQH� UHOHDVH� V\QGURPH��%ORRG�� ����� -XO�����
�������������±���������

���� 8VPDQL� 6=��*DUIDOO� $/�� YDQ� GH�'RQN�1:&-��1DKL�+�� 6DQ�0LJXHO� -)��2ULRO� $�� HW� DO������
7HFOLVWDPDE��D�%�FHOO�PDWXUDWLRQ�DQWLJHQ�î�&'��ELVSHFLILF�DQWLERG\�� LQ�SDWLHQWV�ZLWK�UHODSVHG�����
RU�UHIUDFWRU\�PXOWLSOH�P\HORPD��0DMHV7(&�����D�PXOWLFHQWUH��RSHQ�ODEHO��VLQJOH�DUP��SKDVH�������
VWXG\��7KH�/DQFHW�������$XJ���������������±���������
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���� %DFDF�0�� &RORPEHWWL� 6�� +HUWHU� 6�� 6DP� -�� 3HUUR� 0�� &KHQ� 6�� HW� DO�� &'���7&%� ZLWK�����
2ELQXWX]XPDE�3UHWUHDWPHQW�DV�1H[W�*HQHUDWLRQ�7UHDWPHQW�RI�+HPDWRORJLF�0DOLJQDQFLHV��&OLQ�����
&DQFHU�5HV�������2FW��������������±���������

���� &DUOR�6WHOOD� &�� .KDQ� &�� +XWFKLQJV� 0�� 2IIQHU� )&�� 0RUVFKKDXVHU� )�� %DFK\� (�� HW� DO������
$%&/������*ORILWDPDE�6WHS�8S�'RVLQJ� �68'���8SGDWHG�(IILFDF\�'DWD�6KRZ�+LJK�&RPSOHWH�����
5HVSRQVH� 5DWHV� LQ� +HDYLO\� 3UHWUHDWHG� 5HODSVHG�5HIUDFWRU\� �5�5�� 1RQ�+RGJNLQ� /\PSKRPD�����
�1+/��3DWLHQWV��3WV���&OLQ�/\PSKRPD�0\HORPD�/HXN�������6HS����6����������

���� /HFOHUFT�*��6WHLQKRII�1��+DHJHO�+��'H�0DUFR�'��%DFDF�0��.OHLQ�&��1RYHO�VWUDWHJLHV�IRU�����
WKH�PLWLJDWLRQ�RI�F\WRNLQH�UHOHDVH�V\QGURPH�LQGXFHG�E\�7�FHOO�HQJDJLQJ�WKHUDSLHV�ZLWK�D�IRFXV�����
RQ�WKH�XVH�RI�NLQDVH�LQKLELWRUV��2QFR,PPXQRORJ\�������'HF������������������������

���� 0RKDQ� 65�� &RVWD� &KDVH� &�� %HUGHMD� -*�� .DUOLQ� /�� %HOKDGM� .�� 3HUURW� $�� HW� DO�� ,QLWLDO�����
5HVXOWV�RI�'RVH�(VFDODWLRQ�RI�,6%�������D�1RYHO�&'�[&'���%LVSHFLILF�$QWLERG\�� LQ�3DWLHQWV�����
ZLWK�5HODSVHG���5HIUDFWRU\�0XOWLSOH�0\HORPD��5500���%ORRG�������1RY��������6XSSOHPHQW�����
�������±��������

�����

7DEOHV�����
�����

7DEOH� ��� 6XPPDU\�3.�3DUDPHWHUV� RI� ,6%� ����� LQ�&\QRPROJXV�0RQNH\V�� FRQVHFXWLYH�����
GRVHV�VWXG\�����
'RVH�
OHYHO�

��J�NJ��

&��

�QJ�P/��

&PD[�

�QJ�P/��

7PD[�

�KU��

$8&��W�

�KUQJ�P/�

WODVW�

�KU��

$8&����

�KUQJ�P/��

W����

�KU��
$'$�
GHWHFWHG

�� 1(� ����� ���� ���� ��� 1(�� 1(� 1RQH�

���� ���� ���� ���� ����� ���� ����� ����D� 'D\����

����� ���� ������� ���� ����� ��� ����D� ���� 'D\����
D�1 ������
$8&���� �DUHD�XQGHU� WKH� �VHUXP�� FRQFHQWUDWLRQ� WLPH�FXUYH�H[WUDSRODWHG�RXW� WR� LQILQLW\��$8&��W�  �DUHD�����
XQGHU�WKH�SODVPD�FRQFHQWUDWLRQ�WLPH�FXUYH�IURP�WLPH�]HUR�WR�WLPH�W��&�� �LQLWLDO�FRQFHQWUDWLRQ��1(��1RW�����
(VWLPDEOH�� Wò �WHUPLQDO�HOLPLQDWLRQ�KDOI�OLIH�� WODVW� � WLPH�RI� WKH� ODVW�PHDVXUDEOH� �SRVLWLYH��FRQFHQWUDWLRQ������
7PD[ � 7LPH� WR� UHDFK� PD[LPXP� VHUXP� FRQFHQWUDWLRQ� IROORZLQJ� GUXJ� DGPLQLVWUDWLRQ�� $'$�  � $QWL�'UXJ�����
$QWLERGLHV������

)LJXUH�/HJHQGV�����
�����

)LJXUH����,6%������SURSHUWLHV�DQG�ELQGLQJ���$��6FKHPDWLF��'�UHSUHVHQWDWLRQ�RI�,6%�������D�����
ELVSHFLILF� DQWLERG\� EDVHG� RQ� WKH� %($7�� WHFKQRORJ\� ZLWK� D� )DE� WDUJHWLQJ� &'���� DQ�VF)Y�����
WDUJHWLQJ�&'ܭ��DQG�)F�FDUU\LQJ�WKH�/$/$��/���$��/���$��PXWDWLRQ��7KH�PRGHO�ZDV�JHQHUDWHG�����
XVLQJ�WKH�%LR/XPLQDWH�VRIWZDUH��6FKU|GLQJHU��86$����%��0HDQ���6'�RI�.'�GHWHUPLQHG�HLWKHU�����
RQ�&'����7�FHOOV� �Q ���GRQRUV� LQ��� LQGHSHQGHQW�H[SHULPHQWV��DQG�00�FHOOV� OLQHV��.06��������
%0� ���� PHDVXUHV� IURP� Q ��� LGHSHQGHQW� H[SHULPHQWV��� 1&,�+���� ���� PHDVXUHV� IURP� Q ������
LGHSHQGHQW� H[SHULPHQWV�� DQG� 02/3��� ��� PHDVXUHV� IURP� Q �� LGHSHQGHQW� H[SHULPHQWV��� RU�����
UHFRPELQDQW� KXPDQ� SURWHLQV� �įܭ�'& �Q �� LQGHSHQGHQW� H[SHULPHQWV�� DQG� &'��� �Q ������
LQGHSHQGHQW�H[SHULPHQWV���&��5HSUHVHQWDWLYH�ELQGLQJ�RI�,6%������RQ�&'����KXPDQ�KHDOWK\�7�����
FHOOV��PHDQ���6'�RI���GRQRUV��DQG�.06����%0�00�FHOO�OLQH��RQH�UHSUHVHQWDWLYH�PHDVXUHPHQW�����
IURP� RQH� H[SHULPHQW��� �'�� (SLWRSH� PDSSLQJ� RI� GDUDWXPXPDE� DQG� ,6%������ RQ� &'��������
5HVLGXHV� LQ� GDUN� UHG� UHSUHVHQW� WKH� &'��� UHVLGXHV� LQ� D� ��c� UDGLXV� IURP� WKH� GDUDWXPXPDE�����
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FKDLQ�LQ�WKH�FU\VWDO�VWUXFWXUH��'+$��/LQHDU�SHSWLGHV�PDSSLQJ�E\�635�DV�ZHOO�DV�VLWH�GLUHFWHG�����
PXWDJHQHVLV� ZHUH� XVHG� WR� GHWHUPLQH� WKH� ELQGLQJ� HSLWRSH� RI� ,6%������ RQ� &'���� VKRZQ� LQ�����
JUHHQ�RQ� WKH�&'��� FKDLQ�RI� FU\VWDO� VWUXFWXUH��'+$� �LQ�EHLJH�FRORU��� �(�� ,6%������GRHV�QRW�����
FRPSHWH�ZLWK�GDUDWXPXPDE�DQG�FDQ�HQJDJH�&'���SUHERXQG�E\�GDUDWXPXPDE��%LRWLQ\ODWHG�����
KXPDQ�&'���SURWHLQ�ZDV�ORDGHG�RQ�D�VWUHSWDYLGLQ�6$�%LRVHQVRU��%LRVHQVRU�ZLWK�LPPRELOL]HG�����
&'���ZDV�WKHQ�GLSSHG�LQ�D�VROXWLRQ�RI�GDUDWXPXPDE�LQ�NLQHWLFV�EXIIHU� WR�UHDFK�VDWXUDWLRQ�RI�����
WKH�VXUIDFH��7KHQ��VDWXUDWHG�ELRVHQVRU�ZDV�GLSSHG�LQWR�D�SUH�PL[HG�VROXWLRQ�RI�GDUDWXPXPDE�����
��,6%������DW�HTXLPRODU�FRQFHQWUDWLRQV��SLQN�FXUYH��RU�GDUDWXPXPDE�RQO\��EODFN�FXUYH���3ORWV�����
VKRZ�ELQGLQJ� WR� WKH�VHQVRU� WLS�DV�D�ZDYHOHQJWK�VKLIW� �5HVSRQVH�� LQ�QP��<�D[LV�� YV�� WLPH� �LQ�����
VHF��;�D[LV�������

)LJXUH� ��� ,6%����� LQGXFHV� NLOOLQJ� RI�00� FHOO� OLQHV� in vitro YLD� 7�FHOO� HQJDJHPHQW�� �$������
5HSUHVHQWDWLYH�FRQIRFDO�LPDJH�RI�,6%�������ZKLWH��DW�WKH�V\QDSVH�EHWZHHQ�7�FHOO��JUHHQ��DQG�����
.06����%0�00�FHOO� OLQH� �EOXH��DFTXLUHG�ZLWK�=HLVV�/60����� LQYHUWHG�FRQIRFDO�PLFURVFRSH������
PDJQLILFDWLRQ���;���%�)��&\WRWR[LFLW\�RI�.06����%0�00�FHOO� OLQH��%��)��DQG�7�FHOO�DFWLYDWLRQ�����
�&���SUROLIHUDWLRQ��'��DQG�GHJUDQXODWLRQ��(��DIWHU�WUHDWPHQW�ZLWK�,6%������RU�FRQWURO�PROHFXOHV�����
LQ�SUHVHQFH��)��RU�DEVHQFH��%�(��RI�VROXEOH�&'����V&'����DQG�KHDOWK\�3%0&��(�7������IRU��������
KRXUV�� 'DWD� UHSUHVHQW� PHDQ� �� 6'� IURP� �� 3%0&� GRQRUV� SHUIRUPHG� LQ� �� LQGHSHQGHQW�����
H[SHULPHQWV��%�(��RU�PHDQ���6'�RI�(&���IURP���GRQRUV�WKDW�ZHUH�FRPSDUHG�WR�WKH�FRQGLWLRQ�����
ZLWKRXW�V&'���XVLQJ�D�RQH�ZD\�$129$�IROORZHG�E\�D�'XQQHWW¶V�SRVW�KRF�FRPSDULVRQ��)���QV������
QRW�VLJQLILFDQW�� �*�+��&\WRWR[LFLW\�RI�530,�����00�FHOO� OLQH� �*��DQG�F\WRNLQH� UHOHDVH� �+�� LQ�����
SUHVHQFH� RI� ,6%� ����� ��'H[DPHWKDVRQH� DQG� KHDOWK\� 3%0&� �(�7� ������ IRU� ��� KRXUV�� 'DWD�����
UHSUHVHQW� PHDQ� �� 6'� RI� (&��� FRPSDUHG� XVLQJ� D� SDLUHG� W�WHVW� �*�� DQG� PHDQ� �� 6'� DW� WKH�����
PD[LPXP�GRVH�RI�,6%������WHVWHG�FRPSDUHG�XVLQJ�SDLUHG�W�WHVW��+��IURP���3%0&�GRQRUV�DQG�����
SHUIRUPHG�LQ���LQGHSHQGHQW�H[SHULPHQWV���S��������S�������������

)LJXUH����,6%������LQGXFHV�SRWHQW�NLOOLQJ�RI�FHOO� OLQHV�VKRZLQJ�D�UHGXFHG�VHQVLWLYLW\�WR�����
GDUDWXPXPDE�� �$�� $EVROXWH� QXPEHU� RI� VSHFLILF� $QWLERG\�%RXQG� SHU�&HOO� �V$%&�� LQGLFDWLQJ�����
WKH�UHODWLYH�&'���GHQVLW\�RQ�00�FHOO�OLQHV��'DWD�UHSUHVHQW�PHDQ���6'�DQG�FRPSDUHG�XVLQJ�D�����
RQH�ZD\� $129$� IROORZHG� E\� D� .UXVNDOO�:DOOLV� SRVW�KRF� FRPSDULVRQ� XVLQJ� .06����%0� DV�����
UHIHUHQFH���%�'��&\WRWR[LFLW\�RI�00�FHOO�OLQHV�LQ�SUHVHQFH�RI�GDUDWXPXPDE�LQ�&'&��%���$'&3�����
�&��DQG�$'&&��'��DVVD\V��'DWD�UHSUHVHQW�PHDQ���6'�RI�PD[LPXP�UHVSRQVH�IURP���GRQRUV�LQ�����
�� LQGHSHQGHQW�H[SHULPHQWV��%��� IURP�XS�WR����GRQRUV� LQ��� LQGHSHQGHQW�H[SHULPHQWV��&��DQG�����
IURP���GRQRUV�LQ���LQGHSHQGHQW�H[SHULPHQWV��'��WKDW�ZHUH�FRPSDUHG�XVLQJ�D�RQH�ZD\�$129$�����
IROORZHG� E\� D� 7XNH\� SRVW�KRF� FRPSDULVRQ�� �(�� &\WRWR[LFLW\� RI� 00� FHOO� OLQHV� LQ� SUHVHQFH� RI�����
,6%������DQG�KHDOWK\�3%0&��(�7������IRU����KRXUV� LQ�D�5'/�DVVD\��'DWD�UHSUHVHQW�PHDQ�������
6'�RI�(&���IURP���3%0&�GRQRUV��FRPSDUHG�XVLQJ�D�RQH�ZD\�$129$�IROORZHG�E\�'XQQHWW¶V�����
SRVW�KRF� FRPSDULVRQ� WR� .06����%0�� �)�+�� 6FKHPDWLF� UHSUHVHQWDWLRQ� GHSLFWLQJ� WKH�0XOWLSOH�����
0RGH�RI�$FWLRQ��0R$��.LOOLQJ�LQ�YLWUR�DVVD\��00R$.��LQFOXGLQJ�IRXU�0R$��7�FHOO�5'/��$'&&������
$'&3� DQG� &'&� �)��� &\WRWR[LFLW\� RI� YDULRXV� 00� FHOO� OLQHV� LQ� SUHVHQFH� RI� ,6%� ����� RU�����
GDUDWXPXPDE�� KHDOWK\� 3%0&� �(�7� ������ QRUPDO� KXPDQ� VHUXP� DQG� UK,/��� IRU� ��� KRXUV� LQ� D�����
00R$.�DVVD\��'DWD�UHSUHVHQW�PHDQ���6'�RI�GXSOLFDWHV�IURP�RQH�UHSUHVHQWDWLYH�GRQRU�XVLQJ�����
QRQ�OLQHDU� UHJUHVVLRQ� DQDO\VLV� �)��� PHDQ� �� 6'� RI� (&��� IURP� XS� WR� ��� 3%0&� GRQRUV� SHU�����
WUHDWPHQW�DQG�FHOO�OLQH�IURP���LQGHSHQGHQW�H[SHULPHQWV�WKDW�ZHUH�FRPSDUHG�XVLQJ�D�WZR�ZD\�����
$129$�DQG�6LGDN¶V�SRVW�WHVW��*�+���S�������S�������S���������S��������������

)LJXUH����,6%������in vitro SRWHQF\�LV�QRW�LPSDFWHG�E\�WKH�FRQFRPLWDQW�RU�SUH�WUHDWPHQW�����
ZLWK� GDUDWXPXPDE�� �$�� 6FKHPDWLF� UHSUHVHQWDWLRQ� GHSLFWLQJ� WKH� 00R$.� DVVD\� ZLWK�����
FRQFRPLWDQW�WUHDWPHQW�ZLWK�,6%������DQG�GDUDWXPXPDE���%��&��&\WRWR[LFLW\�RI�1&,�+����00�����
FHOO� OLQH� �%�� DQG�&'���7�FHOO� UHVSRQVH� �&�� IROORZLQJ� WUHDWPHQW�ZLWK� LQFUHDVLQJ�GRVHV�RI� ,6%�����
����� DQG� D� IL[HG� GRVH� GDUDWXPXPDE� RU�PRQRFORQDO� DQWLERG\� FRQWURO� �P$E�� LQ� SUHVHQFH� RI�����
KHDOWK\�3%0&��(�7�������QRUPDO�KXPDQ�VHUXP�DQG�UK,/���IRU����KRXUV��'DWD�UHSUHVHQW�PHDQ�����
��6'�RI�(&���RU� WKH�PD[LPXP� UHVSRQVH� IURP����GRQRUV� LQ��� LQGHSHQGHQW�H[SHULPHQWV� WKDW�����
ZHUH�FRPSDUHG�XVLQJ�DQ�XQSDLUHG�7�WHVW���'��6FKHPDWLF�UHSUHVHQWDWLRQ�GHSLFWLQJ�WKH�00R$.�����
DVVD\� RI� SUH�WUHDWPHQW� ZLWK� GDUDWXPXPDE� IROORZHG� E\� ,6%� ������ �(�)�� &\WRWR[LFLW\� RI� 1&,�����
+����00�FHOO� OLQH��(��DQG�&'���7�FHOO�UHVSRQVH��)��LQ�SUHVHQFH�RI�KHDOWK\�3%0&��(�7�����������
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QRUPDO� KXPDQ� VHUXP�DQG� UK,/���ZLWK� LQFUHDVLQJ� GRVHV� RI� ,6%� ����� IRU� ��� KRXUV� DIWHU� SUH�����
WUHDWPHQW�ZLWK�D�IL[�GRVH�GDUDWXPXPDE�RU�PRQRFORQDO�DQWLERG\�FRQWURO�IRU���K��'DWD�UHSUHVHQW�����
PHDQ� �� 6'� RI� (&��� RU� WKH� PD[LPXP� UHVSRQVH� IURP� XS� WR� �� GRQRUV� LQ� �� LQGHSHQGHQW�����
H[SHULPHQWV�WKDW�ZHUH�FRPSDUHG�XVLQJ�DQ�XQSDLUHG�7�WHVW��QV��QRW�VLJQLILFDQW������

)LJXUH����,6%������PDLQWDLQV�KLJK�SRWHQF\�WR�NLOO�WXPRXU�FHOOV�IURP�SDWLHQWV�SUHYLRXVO\�����
WUHDWHG�ZLWK�GDUDWXPXPDE���$�&��5HSUHVHQWDWLYH�F\WRWR[LFLW\�FXUYHV�RI�&'�����00�FHOOV�E\�����
,6%������ DQG� GDUDWXPXPDE� DW� �����K� LQ� VDPSOHV� IURP�SDWLHQWV� QRW� SUHYLRXVO\� WUHDWHG�ZLWK�����
GDUDWXPXPDE��GDUD�QDwYH��SDWLHQW�VDPSOH�����$���SUHYLRXVO\�WUHDWHG�ZLWK�GDUDWXPXPDE��GDUD�����
H[SRVHG��SDWLHQW�VDPSOH������%��DQG�GDUD�QDwYH�SODVPD�FHOO�OHXNHPLD��3&/��SDWLHQW�VDPSOH��������
�&��� 'DWD� DUH� PHDQ� �$�� %�� RU� PHDQ� �� 6(0� RI� UHSOLFDWHV� �&�� DQDO\VHG� XVLQJ� QRQ�OLQHDU�����
UHJUHVVLRQ�DQDO\VLV���'��0D[LPDO�F\WRWR[LFLW\�RI�&'�����WXPRU�FHOOV�ZLWK�,6%�������������Q0������
RU� GDUDWXPXPDE� ����Q0�� LQ� VDPSOHV� IURP�GDUD�QDwYH�SDWLHQWV� �ILOOHG� V\PEROV�� YHUVXV�GDUD�����
H[SRVHG� �RSHQ� V\PEROV��� 'RWV� UHSUHVHQW� LQGLYLGXDO� VDPSOHV� DQG� GDWD� DUH� PHDQ� �� 6'�����
FRPSDUHG� XVLQJ� RQH�ZD\� $129$� IROORZHG� E\� 'XQQHWW¶V� PXOWLSOH� FRPSDULVRQ� DQDO\VLV� WR�����
GDUDWXPXPDE�RQ�GDUD�QDLYH�VDPSOHV�� �(��5DGDU�SORW�RI�DYHUDJH�YDOXHV� IRU�&'��7�FHOOV��1.�����
FHOOV� DQG� 0RQRF\WHV�0DFURSKDJHV� UDWLR� WR� &'����� 00� FHOOV� LQ� VDPSOHV� IURP� GDUD�QDwYH�����
SDWLHQWV� �EOXH�� YHUVXV� GDUD�H[SRVHG� RQHV� �SLQN��� � �)��5HSUHVHQWDWLYH�&'��� 7�FHOO� DFWLYDWLRQ�����
ZLWK�,6%������DQG�LVRW\SH�FRQWURO�PHDVXUHG�E\�IORZ�F\WRPHWU\�ZLWK�H[SUHVVLRQ�RI�&'����EOXH������
DQG� &'��� �SLQN�� LQ� 3&/�� 'DWD� DUH� PHDQ� �� 6(0� RI� UHSOLFDWHV� DQDO\VHG� XVLQJ� QRQ�OLQHDU�����
UHJUHVVLRQ� DQDO\VLV�� �*�� 0D[LPXP� 7�FHOO� DFWLYDWLRQ� �&'��� DQG� &'���� DQG� GHJUDQXODWLRQ�����
�&'���D��RQ�GDUD�QDwYH�YHUVXV�GDUD�H[SRVHG�SDWLHQW�VDPSOHV�ZLWK�,6%�������'DWD�DUH�PHDQ�����
��6'�FRPSDUHG�XVLQJ�XQSDLUHG�W�WHVW�������

)LJXUH� ���� ,6%� ����� FRQWUROOHG� WXPRU� JURZWK� in vivo LQ� WKH� .06����%0� [HQRJUDIW ����
K3%0&�WUDQVIHUUHG�16*�PRXVH�PRGHO���$�%��([SHULPHQWDO�GHVLJQ��$��DQG�PHDVXUHPHQW�RI�����
WXPRU�JURZWK��%�� LQ� WKH�.06����%0�V�F��[HQRJUDIW�KXPDQ�3%0&��K3%0&��WUDQVIHUUHG�16*�����
PRXVH�PRGHO�� In vivo DFWLYLW\�ZDV� IROORZHG� IRU� ,6%������DW�����PJ�.J� LQMHFWHG� L�Y��RQFH�SHU�����
ZHHN�DQG�GDUDWXPXPDE�DW����PJ�.J�LQMHFWHG�L�Y��WZLFH�SHU�ZHHN��ERWK�IRU�WKUHH�ZHHNV�ZLWK�������
PLFH�SHU�JURXS��'DWD�DUH�PHDQ�PP����6'�GHWHUPLQHG�E\�FDOLSHU�PHDVXUHPHQWV��'DWD�ZHUH�����
FRPSDUHG�IRU�ERWK�PRGHOV�XVLQJ�WZR�ZD\�$129$�IROORZHG�E\�7XNH\¶V�SRVW�KRF�FRPSDULVRQ�������
LV� VKRZLQJ� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� ,6%� ����� DQG� YHKLFOH� FRQWURO�� �� LV� VKRZLQJ�����
GLIIHUHQFHV�EHWZHHQ�GDUDWXPXPDE�DQG�,6%���������&�'��,QILOWUDWLRQ�RI�K&'����FHOOV��GHILQHG�����
DV� OLYH�K&'���P&'������&��DQG�7�FHOOV��K7&5Įȕ�&'���&'���&'���&'������'�� LQ�WXPRUV�RI�����
.06����%0�[HQRJUDIWHG�PLFH�DIWHU� YHKLFOH�� ,6%�����RU�GDUDWXPXPDE� WUHDWPHQWV��'DWD�DUH�����
PHDQ���6'�IRU���PLFH�FRPSDUHG�XVLQJ�RQH�ZD\�$129$�IROORZHG�E\�'XQQHW¶V�SRVW�KRF�WHVW�WR�����
,6%� ������ �(�� 5HSUHVHQWDWLYH� GRW� SORWV� VKRZLQJ� DFWLYDWLRQ� SURILOH� �&'��� DQG� &'�������
H[SUHVVLRQ�� RQ� WXPRU�LQILOWUDWLQJ� 7�FHOO� DFWLYDWLRQ� LQ� YHKLFOH�� GDUDWXPXPDE� DQG� ,6%� ���������
WUHDWHG� PLFH�� �)�� &'��� H[SUHVVLRQ� RQ� 00� FHOOV� LQ� WXPRUV� �.06����%0� PRGHO��� 'DWD� DUH�����
PHDQ���6'�FRPSDUHG�XVLQJ�RQH�ZD\�$129$�IROORZHG�E\�7XNH\¶V�SRVW�KRF�WHVW��S�����������

)LJXUH����,PSDFW�RI�,6%������RQ�FLUFXODWLQJ�OHXNRF\WHV�DQG�V\VWHPLF�VROXEOH�IDFWRUV�LQ�����
F\QRPROJXV� PRQNH\V�� �$�� ([SUHVVLRQ� SURILOH� RI� &'��� RQ� OHXNRF\WH� SRSXODWLRQV� IURP�����
F\QRPROJXV�PRQNH\V��'RWV�UHSUHVHQW�GDWD�WKH�UHODWLYH�IOXRUHVFHQFH�LQWHQVLW\��5),��IURP�HDFK�����
PHDVXUHPHQW�DQG�EDUV� UHSUHVHQW�PHDQ���6'� IURP���DQLPDOV��'DWD�ZHUH�FRPSDUHG�XVLQJ�D�����
RQH�ZD\� $129$� IROORZHG� E\� 'XQQHWW¶V� SRVW�KRF� FRPSDULVRQ�� S������� �%�� 5HSUHVHQWDWLYH�����
ELQGLQJ� RI� ,6%� ����� RU� LVRW\SH� FRQWURO� RQ� F\QRPROJXV� PRQNH\� %�FHOOV�� �&�+�� &\QRPROJXV�����
PRQNH\V����PDOH�DQG���IHPDOH��ZHUH�LQMHFWHG�ZLWK���FRQVHFXWLYHV�GRVHV�RI�,6%������L�Y����������
���� DQG� ����� ȝJ�NJ�� DW� GD\� ��� ��� DQG� ��� UHVSHFWLYHO\�� /HYHOV� RI� SHULSKHUDO� %�FHOOV� �&�������
PRQRF\WHV� �'��� &'��� 7�FHOOV� �(��� DFWLYDWHG� &'��� &'���� 7�FHOOV� �)��� &'��� 7�FHOOV� �*�� DQG�����
DFWLYDWHG�&'���&'����7�FHOOV��+��ZHUH�PHDVXUHG�XVLQJ�IORZ�F\WRPHWU\��'DWD�LV�PHDQ���6'�RI�����
����FRXQWV�ȝO�QRUPDOL]HG�WR�EDVHOLQH�FRXQWV�IRU�WZR�DQLPDOV���,�-��/HYHOV�RI�FLUFXODWLQJ�,)1�Ȗ��,������
DQG�,6%�������-��ZHUH�PHDVXUHG�XVLQJ�(/,6$��'DWD�UHSUHVHQW�OHYHOV�SHU�DQLPDO�DQG�//24�LV�����
WKH�ORZHU�OLPLW�RI�TXDQWLILFDWLRQ�IRU�WKH�DVVD\������
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