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3HOYLF� RUJDQ� SURODSVH� �323�� LV� D� PXOWLIDFWRULDO� GLVHDVH� ZLWK� D� FRPSOH[� DQG� ODUJHO\� XQNQRZQ� HWLRORJ\� DQG
SDWKRSK\VLRORJ\��+\SRHVWURJHQHPLD�PD\�EH�RQH�RI�WKH�ULVN�IDFWRUV�DVVRFLDWHG�ZLWK�323��5HFHQW�VWXGLHV�VXJJHVW�D
SRWHQWLDO� UROH� RI� HVWURJHQ� DQG� LWV� UHFHSWRUV� LQ� WKH� SDWKRJHQHVLV� RI� 323�� +HUH�� ZH� VXPPDUL]H� FXUUHQW� UHVHDUFK
UHJDUGLQJ� WKH� UHODWLRQVKLS� EHWZHHQ� HVWURJHQ� DQG�323� WR� HVWDEOLVK� D� WKHRUHWLFDO� IRXQGDWLRQ� IRU� XVLQJ� HVWURJHQ� LQ
323�WUHDWPHQW��(VWURJHQ�SOD\V�DQ�LPSRUWDQW�UROH�LQ�FROODJHQ�DQG�HODVWLQ�PHWDEROLVP�RI�FRQQHFWLYH�WLVVXHV�WKURXJK
GRZQ�UHJXODWLQJ�PDWUL[�PHWDOORSURWHLQDVHV�DQG� LQFUHDVLQJ� F\VWDWLQ�&�H[SUHVVLRQ��+RZHYHU�� SUHYLRXV� VWXGLHV�KDYH
VKRZQ� FRQWUDGLFWRU\� GDWD� UHJDUGLQJ� HVWURJHQ� UHFHSWRU� H[SUHVVLRQ� LQ� SDWLHQWV� ZLWK� 323� FRPSDUHG� WR� QRQ�323
FRQWUROV��$W� WKLV� WLPH�� WKHUH� LV�QR�FRQFOXVLYH�HYLGHQFH�VXJJHVWLQJ�D�FDXVDO� UROH�RI�HVWURJHQ� LQ�323��)XUWKHU�ZHOO�
GHVLJQHG�VWXGLHV�DUH�QHFHVVDU\� WR� LOOXPLQDWH�ERWK� WKH�PROHFXODU�PHFKDQLVPV�RI�HVWURJHQ� IXQFWLRQ�DQG� WKH�UROH�RI
HVWURJHQ�LQ�323�

.H\ZRUGV�� 3HOYLF� RUJDQ� SURODSVH�� (VWURJHQ�� (VWURJHQ� UHFHSWRU�
&ROODJHQ��0DWUL[�PHWDOORSURWHLQDVHV

,QWURGXFWLRQ
3HOYLF� RUJDQ� SURODSVH� �323�� UHIHUV� WR� WKH� DEQRUPDO� GHVFHQW� RU

KHUQLDWLRQ�RI�SHOYLF�RUJDQV�IURP�WKHLU�QRUPDO�DWWDFKPHQW�VLWHV�RU�WKHLU
QRUPDO� SRVLWLRQV� DQG� FDQ� LQYROYH� WKH� EODGGHU�� XWHUXV�� YDJLQD�� VPDOO
ERZHO�� DQG� UHFWXP�� $OWKRXJK� RQO\� ������� 323� SDWLHQWV� VHHN� FDUH�
323�DٶHFWV�KDOI�RI�DOO�ZRPHQ�>�@��&OLQLFDO�SUHVHQWDWLRQ�RI�323�FDQ�EH
YDULDEOH�� LQFOXGLQJ� ORZHU�EDFN�SDLQ��SDLQIXO� LQWHUFRXUVH��D� IHHOLQJ�WKDW
VRPHWKLQJ�LV�IDOOLQJ�RXW�RI�WKH�YDJLQD��XULQDU\�OHDNDJH��D�FKURQLF�XUJH
WR�XULQDWH��FRQVWLSDWLRQ��DQG�YDJLQDO�VSRWWLQJ�RU�EOHHGLQJ��(YHQ� LI�QRW
OLIH�WKUHDWHQLQJ��323�FDQ�VLJQLٽFDQWO\�LPSDFW�D�ZRPDQVͤ�TXDOLW\�RI�OLIH
DQG� FDXVH� GLVDELOLW\�� :X� HW� DO�� HVWLPDWHG� WKDW� WKH� ULVN� RI� UHTXLULQJ
VXUJLFDO� FRUUHFWLRQ� IRU� 323� E\� WKH� DJH� RI� ��� LV� ����� �� DQG� WKDW� ���
PLOOLRQ�ZRPHQ� LQ�8QLWHG� 6WDWHV�ZLOO� EH�DٶHFWHG� E\� WKLV� FRQGLWLRQ�E\
WKH�\HDU������>���@�

&RQWULEXWLQJ� ULVN� IDFWRUV� WR� WKH� GHYHORSPHQW� RI� 323� LQFOXGH
REVWHWULF� FDXVHV� VXFK� DV� YDJLQDO� GHOLYHU\�� SDULW\� DQG� WKH� GHOLYHU\� RI
ODUJH� LQIDQWV��1RQ�REVWHWULF� ULVN� IDFWRUV� VXFK�DV� LQFUHDVLQJ�ERG\�PDVV
LQGH[��DJLQJ��UDFH��FKURQLFDOO\�LQFUHDVHG�LQWUD�DEGRPLQDO�SUHVVXUH��DQG
JHQHWLF� IDFWRUV� KDYH� DOVR� EHHQ� VXJJHVWHG�� 6LQFH� WKHUH� LV� D� GLUHFW
FRUUHODWLRQ�EHWZHHQ� WKH� LQFLGHQFH� RI�323� DQG� DJLQJ�� DQG� FLUFXODWLQJ
HVWURJHQ� OHYHOV� DUH� GUDVWLFDOO\� GHFUHDVHG� LQ� SRVWPHQRSDXVDO� ZRPHQ�
K\SRHVWURJHQHPLD�PD\� EH� D� FDXVDWLYH� IDFWRU� IRU� WKH� GHYHORSPHQW� RI
323�� &XUUHQW� VWXGLHV� KDYH� IRFXVHG� RQ� WKH� UHODWLRQVKLS� EHWZHHQ
HVWURJHQ� DQG�323� WR� DVFHUWDLQ� D� WKHRUHWLFDO� EDVLV� IRU� WKH� WKHUDSHXWLF
XVH�RI�HVWURJHQ�LQ�323�

3HOYLF� RUJDQV� DUH� VXSSRUWHG� E\� SHOYLF� �RRUپ PXVFOHV�� FRQQHFWLYH
WLVVXHV�� DQG� SHOYLF� OLJDPHQWV�� '\VIXQFWLRQ� RI� DQ\� RI� WKHVH� VWUXFWXUHV
ZLOO� UHGXFH� WKH� VXSSRUW� RI� SHOYLF� RUJDQV�� FDXVLQJ� RUJDQV� WR� GHVFHQG

RQWR� WKH� YDJLQD� DQG� HYHQWXDOO\� OHDGLQJ� WR� 323�� ,QWHUVWLWLDO� FROODJHQ�
HODVWLQ�� DQGٽ�EUREODVWV� DUH� LPSRUWDQW� VWUXFWXUDO� FRQVWLWXHQWV�RI�SHOYLF
FRQQHFWLYH�WLVVXHV�>�@��НHUHIRUH��XQGHUVWDQGLQJ�WKH�UROH�RI�HVWURJHQ�LQ
WKH�PHWDEROLVP�RI�WKHVH�FRPSRQHQWV�PD\�JLYH�XV�QHZ�LQVLJKW�LQWR�WKH
SDWKRJHQHVLV�RI�323�

(VWURJHQ�DQG�FROODJHQ

)LJXUH����(VWURJHQ�DQG�PHWDEROLVP�RI�FROODJHQ�DQG�HODVWLQ� LQ�323�
(VWURJHQ� LQFUHDVHV� WKH� VWUHQJWK� RI� PXVFOH� DQG� FRQQHFWLYH� WLVVXH
WKURXJK�LQFUHDVLQJ�FROODJHQ�W\SH�,�H[SUHVVLRQ�DQG�RYHUDOO�FURVV�OLQN
FRQFHQWUDWLRQ�RI�FROODJHQ��DQG�GHIRUPLQJ�FROODJHQ�W\SH�,,,��2Q�WKH
RWKHU�KDQG��HVWURJHQ�GHFUHDVHV�GHJUDGDWLRQ�RI�FROODJHQ�DQG�HODVWLQ
WKURXJK�GHFUHDVLQJ�003V�DQG�LQFUHDVLQJ�F\VWDWLQ�&�P51$�

(VWURJHQ� KDV� D� SURIRXQG� LQپXHQFH� RQ� SHOYLF� FROODJHQ� V\QWKHVLV�
&ROODJHQ� LV� RQH� RI� WKH�PDLQ� FRQVWLWXHQWV� RI� FRQQHFWLYH� WLVVXH� LQ� WKH
SHOYLV��7\SH� ,� FROODJHQ� LV�SUHVHQW� LQ�RUJDQL]HGٽ�EHUV� DQG� OLJDPHQWRXV
WLVVXH��ZKHUHDV� W\SH� ,,,� FROODJHQ� LV� FRPPRQO\� IRXQG� LQ� ORRVH� DUHRODU
WLVVXH��НH� FRPSRVLWLRQ� RI� FROODJHQ� VXEW\SHV�GLٶHUV� EHWZHHQ�ZRPHQ

-RXUQDO�RI�0ROHFXODU�DQG�*HQHWLF
0HGLFLQH =KRX��HW�DO���-�0RO�*HQHW�0HG������������

'2,���������������������������

5HVHDUFK�$UWLFOH 2SHQ�$FFHVV

-�0RO�*HQHW�0HG
,661�����������-0*0��DQ�RSHQ�DFFHVV�MRXUQDO

9ROXPH����ͫ�,VVXH���ͫ��������

Jo
ur

na
l o

f M
ole

cular and Genetic M
edicine

ISSN: 1747-0862



ZLWK� 323� DQG� FRQWUROV�� ,Q� JHQHUDO�� H[SUHVVLRQ� RI� W\SH� ,,,� FROODJHQ�
ZKLFK� SURYLGHV� ZHDNHU� VWUXFWXUDO� VXSSRUW� WKDQ� W\SH� ,� FROODJHQ�� LV
KLJKHU� LQ� WKH� OLJDPHQWV� RI� SURODSVHG� XWHUL� LQ� FRPSDULVRQ� ZLWK
OLJDPHQWV�RI�QRUPDO�XWHUL�� OHDGLQJ� WR�GHFUHDVHG�VWUHQJWK� LQ� WKH�SHOYLF
VXSSRUWLYH� OLJDPHQWV� >�@�� (VWURJHQ� FDQ� LQFUHDVH� W\SH� ,� FROODJHQ
H[SUHVVLRQ� DQG� GHIRUP� W\SH� ,,,� FROODJHQ� LQ� ��EUREODVWVٽ OHDGLQJ� WR
LQFUHDVHG�PXVFXODU�VWUHQJWK�>�@��0XVFOH�VWUHQJWK�FDQ�DOVR�EH�LPSURYHG
E\� HQKDQFLQJ� W\SH� ,� FROODJHQ� H[SUHVVLRQ� LQ� SHOYLF� RUJDQ� WLVVXHV� >�@�
$GGLWLRQDOO\�� HVWURJHQ�FDQ�DOVR� LQFUHDVH�RYHUDOO� FROODJHQ�FURVV�OLQNLQJ
DQG�UHSODFH�DJHG�FROODJHQ�ZLWK�QHZ�WLVVXH�� OHDGLQJ�WR� LQFUHDVHG�WLVVXH
VWUHQJWK��)LJXUH����>�@�

0DWUL[�FROODJHQ�LQ�FRQQHFWLYH�WLVVXH�LV�JHQHUDOO\�GHJUDGHG�E\�PDWUL[
PHWDOORSURWHLQDVHV� �003V��� ZKLFK� DUH� D� IDPLO\� RI� ]LQF�GHSHQGHQW
HQGRSHSWLGDVHV� >����@�� 003��� DQG� 003��� ERWK� FOHDYH� GHQDWXUHG
FROODJHQ� FKDLQV�� 003��� FDQ� DFW� RQ� ERWK� LQWDFW� DQG� GHQDWXUHG
FROODJHQV�� &DWKHSVLQ� %� FOHDYHV� WKH� FURVV�OLQN� VLWHV� RI� FROODJHQ� GXULQJ
WKHٽ�UVW� VWHS�RI�FROODJHQ�GHJUDGDWLRQ� >��@��003����GHJUDGHVٽ�EULOODU
FROODJHQV� DQG� DFWLYDWHV� RWKHU�003V� WR� LQLWLDWH�GHJUDGDWLRQ�SDWKZD\V
�)LJXUH����>��@�

)LJXUH� ��� 'HJUDGDWLRQ� RI� FROODJHQ� LQ� 323�� 0DWUL[
PHWDOORSURWHLQDVHV� �003V�� GHJUDGH� FROODJHQ� LQ� 323� FRQQHFWLYH
WLVVXH�� ,QFUHDVHG�003V� FDQ� LQFUHDVH� WKH� GHJUDGDWLRQ� RI� FROODJHQ�
WKXV� GHFUHDVLQJ� WKH�PHFKDQLFDO� VWUHQJWK� RI� WLVVXHV� DQG� OHDGLQJ� WR
GHYHORSPHQW�RI�323�

(VWURJHQ� FDQ� GRZQ�UHJXODWH� 003��� DQG�003���� LQ� WKH� YDJLQDO
ZDOO�� OHDGLQJ� WR� GHFUHDVHG� FROODJHQ� GHJUDGDWLRQ� >��@�� $GGLWLRQDOO\�
HVWURJHQ�GHFUHDVHV�003����SURWHRO\WLF�DFWLYLW\�E\�DFWLYDWLQJ�003���
IUDJPHQWDWLRQ� LQ� WKH� FHOO�DVVRFLDWHG� XELTXLWLQ�SURWHDVRPH� SDWKZD\�
OHDGLQJ� WR� DQ�RYHUDOO� GHFUHDVH� LQ�003���� DFWLYLW\� >��@��(VWURJHQ�KDV
EHHQ� VKRZQ� WR� LQFUHDVH� F\VWDWLQ� &�� DQ� LQKLELWRU� RI� WKH� SURWHDVH
FDWKHSVLQ�� LQ� �EUREODVWVٽ DQG� VPRRWK� PXVFOH� FHOOV� RI� WKH� UKHVXV
PDFDTXH�YDJLQD�>��@��НXV��HVWURJHQ�LQKLELWV�FROODJHQ�GHJUDGDWLRQ�YLD
GRZQ�UHJXODWLRQ�RI�003V��)LJXUH����

(VWURJHQ�DQG�HODVWLQ
(ODVWLQ� LV� DOVR�RQH�RI� WKH�PDLQ�FRQVWLWXHQWV�RI� FRQQHFWLYH� WLVVXH� LQ

WKH� SHOYLV�� ,Q� FRQWUDVW� WR� WKH� VWUHQJWK� SURYLGHG� E\� FROODJHQ�� HODVWLQ
SURPRWHV� WLVVXH� ��\H[LELOLWپ H[WHQVLRQ�� UHVLOLHQFH�� DQG� UHFRLO� >�@�
&RQQHFWLYH� WLVVXH� GHULYHG� IURP� WKH� XWHURVDFUDO� OLJDPHQW� DQG� YDJLQDO

ZDOO� RI� ZRPHQ� ZLWK� 323� KDV� EHHQ� IRXQG� WR� H[SUHVV� ORZHU� OHYHOV� RI
HODVWLQ�>�����@�

/\V\O� R[LGDVH� �/2;�� LV� D� FRSSHU�GHSHQGHQW� DPLQH� R[LGDVH��НH
V\QWKHVLV� RI�PDWXUH� HODVWLQٽ�EHUV� UHTXLUHV� /2;�/LNH� �� �/2;/����НH
H[SUHVVLRQ�RI�/2;/��P51$�LQ�323�FRPSDUHG�WR�QRQ�323�WLVVXHV�LV
FRQWURYHUVLDO��6RPH�VWXGLHV�KDYH�VKRZQ�WKDW�/2;/��P51$�H[SUHVVLRQ
OHYHOV� LQ� 323� WLVVXHV� DUH� KLJKHU� WKDQ�QRQ�323� WLVVXHV� >�����@��ZKLOH
RWKHU� VWXGLHV� KDYH� GHPRQVWUDWHG� RSSRVLWH� UHVXOWV� >�����@�� +RZHYHU�
DіHU�WUHDWPHQW�ZLWK�HVWUDGLRO��(����WKH�H[SUHVVLRQ�RI�/2;�IDPLO\�JHQHV
LQFUHDVHV�LQ�WKH�YDJLQD�RI�PLFH��НHVH�UHVXOWV�LQGLFDWH�WKDW�(��WUHDWPHQW
FRXOG� LQFUHDVH� H[SUHVVLRQ� RI� /2;� JHQHV� DQG� VXJJHVW� WKDW� (��PD\� EH
XVHG� LQ� LQWHUYHQWLRQV� IRU� 323� LQ� KXPDQV� >��@�� 2YHUDOO�� WKH� VSHFLٽF
PHFKDQLVPV� RI� /2;/�� LQ� WKH� GHYHORSPHQW� RI� 323� DUH� FRPSOH[� DQG
UHPDLQ�XQFOHDU�� )XUWKHU� VWXGLHV� DUH�QHFHVVDU\� WR� HOXFLGDWH� WKH� UROH� RI
/2;/��LQ�GHYHORSPHQW�RI�323�

1HXWURSKLO� HODVWDVH� �1(�� DQG� 003� DUH� WKH� PRVW� LPSRUWDQW
SURWHDVHV� LQYROYHG� LQ� WKH� SURWHRO\WLF� GHJUDGDWLRQ� RI� HODVWLQ� >��@�
(ODVWRO\WLF�SURWHDVH�DFWLYLWLHV�RI�1(��003����DQG�003���DUH�LQFUHDVHG
LQ� XWHURVDFUDO� OLJDPHQWV� RI� ZRPHQ� ZLWK� 323� >��@�� $GGLWLRQDOO\�
LPPDWXUH� HODVWLQ�� PDWXUH� HODVWLQ�� DQG� WKH� HODVWLQ�GHJUDGLQJ� HQ]\PH
003��� DUH� LQFUHDVHG� LQ� YDJLQDO�ZDOO� WLVVXHV� LQ�ZRPHQ�ZLWK� 323� DV
FRPSDUHG� WR� FRQWUROV� >��@�� 6HYHUDO� VWXGLHV� KDYH� GHPRQVWUDWHG� WKDW
HVWURJHQ� FDQ� GRZQ�UHJXODWH� 003V� LQ� WKH� YDJLQDO� ZDOO� DQG� SRVVLEO\
GHFUHDVH� HODVWLQ� GHJUDGDWLRQ�� VXJJHVWLQJ� D� UROH� RI� HVWURJHQ� LQ� HODVWLQ
PHWDEROLVP��)LJXUH����

(VWURJHQ�DQGٽ�EUREODVWV
3HOYLF� FRQQHFWLYH� WLVVXHV� FRQVLVW� RI� D� VPDOO� QXPEHU� RI� EUREODVWVٽ

VXUURXQGHG� E\� DQ� H[WUDFHOOXODU� PDWUL[� �(&0��� )LEUREODVWV� UHPRGHO
WKHLU� VXUURXQGLQJ�PDWUL[� LQ� UHVSRQVH� WR�PHFKDQLFDO� DQG�ELRFKHPLFDO
VWLPXOL��ZKLFK�PDLQWDLQV�WKH�VWUHQJWK�RI�WKH�(&0��)LEUREODVWV�GHULYHG
IURP�323� WLVVXHV� UHVSRQG�GLٶHUHQWO\� WR�PHFKDQLFDO� DQG�ELRFKHPLFDO
VWLPXOL�DV�FRPSDUHG�WRٽ�EUREODVWV�IURP�FRQWUROV��)LEUREODVWV�IURP�323
WLVVXHV� KDYH� ORZHU� FRQWUDFWLOH� FDSDFLWLHV� DQG� GHOD\HG� PHFKDQR�
UHVSRQVHV� FRPSDUHG�ZLWK�QRQ�323� VLWH� FHOOV� >��@��)XUWKHUPRUH��323
�EUREODVWVٽ SURGXFH� VWLٶHU� PDWULFHV� WKDQ� FHOOV� IURP� QRQ�SURODSVHG
WLVVXHV�� НHUHIRUH�� SURODSVHG� WLVVXHV� KDYH� LQFUHDVHG� VWLٶQHVV� DQG
GHFUHDVHG� FRQQHFWLYH� WLVVXH� VWUHQJWK�� ZKLFK� PD\� FRQWULEXWH� WR� WKH
GHYHORSPHQW�RI�323�>�����@�

(VWURJHQ� DOVR� DٶHFWV� WKH� F\WRVNHOHWRQ� DQG� FHOO� PRUSKRORJ\� RI
��EUREODVWVٽ (VWURJHQ� WKHUDS\� FDQ� VXSSUHVV� H[FHVVLYH� DQG� DEQRUPDO
UHPRGHOLQJ� RIٽ�EUREODVWV� DQG� WKHLU� F\WRVNHOHWRQV�� WKHUHE\� LPSURYLQJ
WKH� PHFKDQLFDO� SURSHUWLHV� RI� FRQQHFWLYH� WLVVXHV��НXV�� HVWURJHQ� PD\
PDLQWDLQ� WKH� LQWHJULW\� DQG� IXQFWLRQ� RI� �EUREODVWVٽ DQG� FRQQHFWLYH
WLVVXHV�GXULQJ�PHFKDQLFDO�VWUHWFKLQJ�WR�SUHYHQW�323�DQG�LPSURYH�323
SURJQRVLV�>��@�

(VWURJHQ�UHFHSWRUV
(VWURJHQ� IXQFWLRQ� LV� SULPDULO\� PHGLDWHG� YLD� VSHFLٽF� LQWUDFHOOXODU

HVWURJHQ� UHFHSWRUV� �(5V��� ZKLFK� DUH� PHPEHUV� RI� D� VXSHU�IDPLO\� RI
OLJDQG�DFWLYDWHG� WUDQVFULSWLRQ� IDFWRUV� H[SUHVVHG� LQ� WDUJHW� WLVVXHV� >��@�
НHUH�DUH� WZR�PDMRU�(5V��(5ƌ�>�����@�DQG�(5ƍ�>�����@��DQG�HVWURJHQ
ELQGV�WR�ERWK�(5V�ZLWK�KLJK�DٹQLW\�DQG�VSHFLٽFLW\��НH�H[SUHVVLRQ�RI
(5ƌ�DQG�(5ƍ�LV�GLٶHUHQW�LQ�YDULRXV�WDUJHW�WLVVXHV��(5ƌ�LV�H[SUHVVHG�DW
KLJK�OHYHOV�LQ�WKH�XWHUXV��,Q�FRQWUDVW��RWKHU�HVWURJHQ�WDUJHW�WLVVXHV�VXFK
DV� WKH� SURVWDWH� >��@�� VDOLYDU\� JODQGV� >��@�� WHVWLV� >��@�� RYDU\� >��@�
YDVFXODU� HQGRWKHOLXP� >��@�� VPRRWK�PXVFOH� >��@�� DQG� LPPXQH� V\VWHP
>��@�KDYH�KLJK� H[SUHVVLRQ�RI�(5ƍ��(VWURJHQ�DQG�(5ƌ�DJRQLVWV� LQGXFH

&LWDWLRQ� =KRX�/��6KDQJJXDQ�$-��.XMDZD�6$��%RFKHQVND�.��=KDQJ�/��HW�DO���������(VWURJHQ�DQG�3HOYLF�2UJDQ�3URODSVH��-�0RO�*HQHW�0HG����
�����GRL��������������������������
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LQFUHDVHG� FROODJHQ� EXQGOH� WKLFNHQLQJ� DQG� �EURQHFWLQٽ GHSRVLWLRQ� LQ
KXPDQ�VNLQ�>��@��(5ƍ�LV� LQYROYHG�LQ�HODVWLQ�DQG�FROODJHQ�KRPHRVWDVLV
HLWKHU� WKURXJK�WUDQVFULSWLRQDO�HٶHFWV�RQ�HODVWLQ�DQG�FROODJHQ�JHQHV�RU
WKURXJK� UHJXODWLRQ� RI� SURWHDVHV� LQYROYHG� LQ� WKH� GHJUDGDWLRQ� RI� WKHVH
SURWHLQV�>��@��НH�UDSLG�QRQ�JHQRPLF�VLJQDOLQJ�SDWKZD\V�PHGLDWHG�E\
FHOO� PHPEUDQH�DVVRFLDWHG� (5V� KDYH� DOVR� EHHQ� UHFRJQL]HG�� 9DULRXV
IXQFWLRQV� RI� (5ƌ� DQG� (5ƍ� UHTXLUH� QRW� RQO\� UHFHSWRU�OLJDQG� ELQGLQJ�
EXW�DOVR�DFWLYDWLRQ�RI�GRZQVWUHDP�PRGXODWRUV�RI�JHQH�H[SUHVVLRQ�>��@�

(VWURJHQ� LQGXFHV� SRO\SKHQLF� UHVSRQVHV� LQ� WDUJHW� WLVVXHV� WKURXJK
FODVVLF� VWHURLG� UHFHSWRU�PHGLDWHG� SDWKZD\V� DQG� WUDQVDFWLYDWLRQ� RI
)RV�-XQ��$3���PHFKDQLVPV�LQ�ZRPHQ�ZLWK�323��НH�VSHFLٽF�UHFHSWRU
VXEW\SHV� PD\� PHGLDWH� GLٶHUHQW� IXQFWLRQV� RI� HVWURJHQ� >��@�� $V
SUHYLRXVO\�PHQWLRQHG��K\SRHVWURJHQHPLD� LV� DVVRFLDWHG�ZLWK�323�� DQG
HVWURJHQ�SOD\V�DQ�LPSRUWDQW�UROH�LQ�FROODJHQ�DQG�HODVWLQ�PHWDEROLVP�LQ
FRQQHFWLYH� WLVVXHV�� +RZHYHU�� (5� H[SUHVVLRQ� OHYHOV� LQ� 323� DQG� QRQ�
323� WLVVXHV� DUH� FRQWURYHUVLDO�� НH� GLVWULEXWLRQ� DQG� IXQFWLRQ� RI
GLٶHUHQW�(5V�LQ�WKH�SHOYLFپ�RRU�FRQQHFWLYH�WLVVXH�DUH�HODERUDWHG�EHORZ�

*ULJRULDGLV� HW� DO�� GHPRQVWUDWHG� WKDW� WKH� H[SUHVVLRQV� RI� ERWK� (5ƌ
DQG�(5ƍ�DUH�VLJQLٽFDQWO\�UHGXFHG�LQ�WKH�SXERFHUYLFDO�IDVFLD�WLVVXHV�RI
SRVWPHQRSDXVDO�ZRPHQ�GLDJQRVHG�ZLWK�323�DV�FRPSDUHG�ZLWK�QRQ�
323�FRQWUROV� >��@��6KL�HW�DO�� IRXQG�WKDW� OHYHOV�RI�(5ƌ�SURWHLQ�DUH�����
IROG� ORZHU� LQ� WKH� FHUYLFDO� SRUWLRQ� RI� XWHURVDFUDO� OLJDPHQWV� RI� 323
SDWLHQWV� FRPSDUHG�ZLWK�QRQ�323�FRQWUROV��НLV�PD\�EH�PHGLDWHG�E\
SRVW�WUDQVODWLRQDO� FRQWURO� RI� (5ƌ� H[SUHVVLRQ� YLD� LQFUHDVHG� H[SUHVVLRQ
RI� PL5����� DQG� PL5����� >��@�� &RQVLVWHQW� ZLWK� WKLV� ��QGLQJٽ 2WKHU
VWXGLHV�DOVR� IRXQG�WKDW� WKH�H[SUHVVLRQ�RI�(5ƌ�LV�VLJQLٽFDQWO\� ORZHU� LQ
WKH� XWHURVDFUDO� OLJDPHQWV� RI� WKH� 323� SDWLHQW� JURXS� FRPSDUHG� WR� WKH
QRQ�323�FRQWURO�JURXS� �S��������� >�����@��)XUWKHUPRUH��GDWD� VKRZV

WKDW�H[SUHVVLRQ�RI�(5ƍ�LV� ORZHU�DQG�H[SUHVVLRQ�RI�PL5����LV�KLJKHU�LQ
XWHURVDFUDO�OLJDPHQWV�RI�323�SDWLHQWV�FRPSDUHG�WR�QRQ�323�FRQWUROV�
НLV�VXJJHVWV�WKDW�(5ƍ�SURWHLQ�OHYHOV�DUH�ORZHU�VHFRQGDU\�WR�LQFUHDVHG
PL5����H[SUHVVLRQ�>��@�

&RQWUDU\� WR� WKH�VWXGLHV�GHVFULEHG�DERYH��RWKHU� VWXGLHV�KDYH�VKRZQ
RSSRVLWHٽ�QGLQJV��'LHWULFK�HW�DO��IRXQG�WKDW�P51$�OHYHOV�RI�ERWK�(5ƌ
�S��������DQG�(5ƍ��S �������DUH�KLJKHU�LQ�XWHURVDFUDO�OLJDPHQWV�IURP
ZRPHQ� ZLWK� 323� FRPSDUHG� WR� QRQ�323� FRQWUROV� >��@�� 0RUHRYHU�
=EXFND�.UHWRZVND� HW� DO�� GLYLGHG� ZRPHQ� LQWR� IRXU� JURXSV� WR� IXUWKHU
VWXG\�(5�H[SUHVVLRQ�LQ�YDJLQDO�ZDOOV��SUHPHQRSDXVDO�ZRPHQ�ZLWK�323�
SUHPHQRSDXVDO� ZRPHQ� ZLWKRXW� 323�� SRVWPHQRSDXVDO� ZRPHQ� ZLWK
323��DQG�SRVWPHQRSDXVDO�ZRPHQ�ZLWKRXW�323��+LJKHU�(5ƌ�DQG�ORZHU
(5ƍ� H[SUHVVLRQ� DUH� IRXQG� LQ� SUHPHQRSDXVDO� ZRPHQ� ZLWK� 323
FRPSDUHG�WR�SUHPHQRSDXVDO�ZRPHQ�ZLWKRXW�323��+RZHYHU��(5ƌ�DQG
(5ƍ� H[SUHVVLRQ� GLG� QRW�GLٶHU� EHWZHHQ� SRVWPHQRSDXVDO� ZRPHQ�ZLWK
DQG�ZLWKRXW�323�>��@��$QRWKHU�VWXG\�IXUWKHU�FRQٽUPHG� WKH�PDMRULW\
RI�WKHVHٽ�QGLQJV��ZLWK�WKH�RQO\�GLٶHUHQFH�EHLQJ�KLJKHU�(5ƌ�H[SUHVVLRQ
LQ�SRVWPHQRSDXVDO�ZRPHQ�ZLWK�323�WKDQ�LQ�SRVWPHQRSDXVDO�ZRPHQ
ZLWKRXW�323�>��@��(OHYDWHG�(5ƌ�H[SUHVVLRQ�KDV�DOVR�EHHQ�IRXQG�LQ�WKH
FHUYL[�DQG�OHYDWRU�DQL��НH� OHYHOV�RI�(5ƌ�LQ�WKH�FHUYL[�RI�ZRPHQ�ZLWK
323� DUH� HOHYDWHG� FRPSDUHG� WR� WKH� ZRPHQ� ZLWKRXW� 323� >��@��НH
H[SUHVVLRQ�RI�(5ƌ�LQ�WKH�OHYDWRU�DQL�PXVFOH�VWURPD�LV�DOVR�VLJQLٽFDQWO\
KLJKHU�LQ�ZRPHQ�ZLWK�323�FRPSDUHG�ZLWK�DJH�PDWFKHG�DV\PSWRPDWLF
FRQWUROV�>��@�

:K\� DUH� WKHUH� FRQپLFWLQJ� UHVXOWV� UHJDUGLQJ� (5� H[SUHVVLRQ� LQ� WKH
SHOYLF� FRQQHFWLYH� WLVVXHV� RI�ZRPHQ�ZLWK�323"�'LٶHUHQFHV� LQ� VDPSOH
VL]HV�� WHFKQLTXHV�� WLVVXH� W\SHV��PHQRSDXVDO� VWDWXV�� DQG�GHJUHH�RI�323
PD\�DٶHFW�(5�H[SUHVVLRQ��7DEOH����>�����@�

6DPSOH�VL]H 0HQRSDXVDO

VWDWXV

6WDJH 7HFKQLTXHV 7LVVXHV 5HVXOWV

323 &RQWURO (5Į (5ȕ

*ULJRULDGLV� &�� HW
DO�����

�� �� 3RVW ,,�DQG�DERYH ,+& 3XERFHUYLFDO�IDVFLD /RZ /RZ

6KL�=��HW�DO������ �� �� 3RVW ,,�DQG�DERYH ,PPXQREORWWLQJ�,+& 8WHURVDFUDO
OLJDPHQWV

/RZ

'LHWULFK� :�� HW
DO������

�� �� 3UH�	�3RVW ,,�DQG�,,, 57�3&5 8WHURVDFUDO
OLJDPHQWV

+LJK +LJK

=EXFND�
.UHWRZVND� 0�� HW
DO�����

���3UH�

����3RVW�

���3UH�

���3RVW�

3UH�	�3RVW XQFHUWDLQ 57�3&5 9DJLQDO�ZDOOV +LJK /RZ��3UH�

1R� FKDQJH
�3RVW�

,EHDQX�2$��HW�DO�
����

�� �� XQFHUWDLQ XQFHUWDLQ ,+& &HUYL[ +LJK

%DL� 6:�� HW� DO�
����

�� �� 3RVW ,,,�DQG�,9 ,PPXQREORWWLQJ 8WHURVDFUDO
OLJDPHQWV

/RZ

(ZLHV� $$�� HW� DO�
����

���3UH�

����3RVW�

����3UH�

����3RVW�

3UH�	�3RVW ,,, ,+& &DUGLQDO�OLJDPHQWV +LJK /RZ��3UH�

1R� FKDQJH
�3RVW�

/DQJ� -+�� HW
DO������

���3UH�

����3RVW�

����3UH�

����3RVW�

3UH�	�3RVW ,��,,�DQG�,,, ,+& &DUGLQDO� OLJDPHQWV
DQG� XWHURVDFUDO
OLJDPHQWV

/RZ��3UH�

1R� FKDQJH
�3RVW�
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&RSDV� 3�� HW
DO������

�� �� 3UH�	�3RVW XQFHUWDLQ ,+& /HYDWRU� DQL� PXVFOH
DQG� WKH� RYHUO\LQJ
IDVFLD

+LJK

+H�.��HW�DO������ �� �� 3UH�	�3RVW ,,�DQG�DERYH ,PPXQREORWWLQJ�,+& 8WHURVDFUDO
OLJDPHQWV

/RZ

3UH��SUH�PHQRSDXVH��3RVW��SRVW�PHQRSDXVH�

7DEOH����6XPPDU\�RI�WKH�UHFHQW�VWXGLHV�IRU�HYDOXDWLQJ�(5�H[SUHVVLRQ�RQ�323�

6DPSOH�VL]H��7ZR�PDMRU�SUREOHPV�DUH�SUHVHQW�LQ�WKH�DIRUHPHQWLRQHG
VWXGLHV�� VPDOO� VDPSOH�VL]H�DQG�XQEDODQFHG�JURXSV��)RU� LQVWDQFH�� WKUHH
VWXGLHV�DERYH�FRQWDLQ� OHVV� WKDQ����VDPSOHV�HLWKHU� LQ�323�JURXS�RU� LQ
FRQWURO� JURXS� >��������@�� 6PDOO� VDPSOH� VL]HV� VXJJHVW� WKDW� WKH� VWXG\
�QGLQJV�PD\�QRW�EH�UHSUHVHQWDWLYH�RI�DQG�JHQHUDOL]DEOHٽ WR� WKH�RYHUDOO
SDWLHQW� SRSXODWLRQ�� $GGLWLRQDOO\�� XQEDODQFHG� VXEMHFW� JURXSV� OLPLW
DXWKRUVͤ� DELOLW\� WR� DFFXUDWHO\� FRPSDUH� VXEMHFWV� DQG� FRQWUROV�� $V� DQ
H[DPSOH��RQH�VWXG\�FRPSDUHG����VXEMHFWV�ZLWK�323�WR�RQO\����FRQWURO
VXEMHFWV�>��@�

7HFKQLTXHV�� ,PPXQRKLVWRFKHPLVWU\� �,+&��� LPPXQREORWWLQJ�
DQG�RU�UHYHUVH� WUDQVFULSWLRQ�SRO\PHUDVH�FKDLQ�UHDFWLRQ��57�3&5��DUH
WKUHH�PDMRU� WHFKQLTXHV� XVHG� LQ� WKHVH� VWXGLHV�� 7ZR� VWXGLHV� HPSOR\HG
57�3&5� WR� TXDOLWDWLYHO\� GHWHFW� WKH� H[SUHVVLRQ� RI� (5�P51$� >�����@�
ZKLOH�WKH�RWKHU�VWXGLHV�XVHG�,+&�DQG�RU�LPPXQREORWWLQJ�WR�GHWHFW�WKH
GLVWULEXWLRQ�DQG�ORFDOL]DWLRQ�RI�(5�SURWHLQV�>�����������@��'LٶHUHQFHV
LQ�P51$�DQG�SURWHLQ� OHYHOV�EHWZHHQ� WKHVH� WHFKQLTXHV�GR�QRW� DOZD\V
SDUDOOHO� HDFK� RWKHU�� $V� D� UHVXOW�� XWLOL]LQJ� GLٶHUHQW� WHFKQLTXHV� PDNHV
FRPSDULVRQ�RI�UHVXOWV�EHWZHHQ�VWXGLHV�GLٹFXOW�

7LVVXHV�� 'LYHUVH� WLVVXH� W\SHV� VXFK� DV� WKRVH� GLVFXVVHG� EHORZ�� KDYH
GLVWLQFW� (5� GLVWULEXWLRQ� SDWWHUQV� DQG� IXQFWLRQV�� 6LPLODUO\�� WKH
GLVWULEXWLRQ� SDWWHUQ� DQG� IXQFWLRQ� RI� (5V� LQ� SHOYLF� �RRUپ FRQQHFWLYH
WLVVXHV�DUH�GLٶHUHQW�

�� 9DJLQDO� ZDOO�� (5ƌ� ORFDOL]HV� WR� YDJLQDO� HSLWKHOLDO�� VWURPDO�� DQG
VPRRWK� PXVFOH� FHOOV�� ZKHUHDV� (5ƍ� LV� H[SUHVVHG� LQ� YDJLQDO
HSLWKHOLDO� DQG� YDVFXODU� VPRRWK� PXVFOH� FHOOV�� (5ƌ� PHGLDWHV
HVWURJHQ� IXQFWLRQ� LQ� WKH� YDJLQDO� HSLWKHOLXP� VXFK� DV� HSLWKHOLDO
SUROLIHUDWLRQ�� VWUDWLٽFDWLRQ�� DQG� FRUQLٽFDWLRQ� >��@�� ,W� KDV� EHHQ
UHSRUWHG� WKDW� HVWURJHQ� SOD\V� D� UROH� LQ� YDJLQDO� YDVFXODU� WLVVXH
WKURXJK� ERWK� JHQRPLF�� DQG� QRQ�JHQRPLF�PHGLDWHG
PHFKDQLVPV�� (5ƍ�� ZKLFK� LV� ORFDWHG� LQ� WKH� YDVFXODU� WLVVXH��PD\
PHGLDWH�WKH�JHQRPLF�HٶHFWV�RI�HVWURJHQ�RQ�KXPDQ�YDJLQDO�EORRG
YHVVHOV�>��@��)XHUPHW]�HW�DO��GHPRQVWUDWHG�WKDW�(5ƌ�H[SUHVVLRQ�LV
LQFUHDVHG� DQG� WKDW� (5ƍ� H[SUHVVLRQ� GRHV� QRW� FKDQJH� DіHU� ORFDO
HVWURJHQ�DGPLQLVWUDWLRQ�>��@�

�� 8WHURVDFUDO� OLJDPHQW�� 5HJDUGOHVV� RI� 323� VWDWXV�� 'LHWULFKHW� DO�
IRXQG� WKDW� (5ƌ� LV� H[SUHVVHG� LQ� VPRRWK�PXVFOH� FHOOV� EXW� QRW� LQ
HQGRWKHOLDO�FHOOV�RI�IHPDOH�XWHURVDFUDO� OLJDPHQWV��ZKHUHDV�(5ƍ�LV
ORFDWHG�LQ�HQGRWKHOLDO�FHOOV�EXW�QRW�LQ�FRQQHFWLYH�WLVVXH�>��@�

�� 3HOYLF� PXVFOH�� (5� FDQ� EH� GHWHFWHG� LQ� WKH� QXFOHL� RI� FRQQHFWLYH
WLVVXH� FHOOV� DQG� VWULDWHG� PXVFOH� FHOOV� RI� WKH� OHYDWRU� DQL� PXVFOH
>��@�

,Q� FRQFOXVLRQ�� WKH� H[SUHVVLRQ� RI� (5V� LQ� WKH� YDULRXV� WLVVXH� W\SHV
DٶHFWHG�E\�323�LV�GLYHUVH��OHDGLQJ�WR�GLVWLQFW�UHVSRQVHV�WR�ERWK�ORFDOO\
SURGXFHG�HVWURJHQ�DQG�FLUFXODWLQJ�HVWURJHQ�OHYHOV�

0HQRSDXVH�VWDWXV��$іHU�PHQRSDXVH��ZRPHQ�H[SHULHQFH�D�GHFUHDVH
LQ� HVWURJHQ� OHYHOV��$PRQJ� WKHVH� VWXGLHV�� RQO\� WKUHH� VWXGLHV� FRPSDUHG
WKH� PHQRSDXVDO� VWDWXV� EHWZHHQ� WKH� VWXG\� JURXS� DQG� FRQWURO� JURXS

>��������@�� ,Q� DGGLWLRQ�� (5� H[SUHVVLRQ� LV� FORVHO\� UHODWHG� WR� D� VXEMHFW Vͤ
QXPEHU�RI�SRVWPHQRSDXVDO�\HDUV�>��@��НH�QXPEHU�RI�SRVWPHQRSDXVDO
\HDUV�VKRXOG�DOVR�EH�WDNHQ�LQWR�DFFRXQW�LQ�IXWXUH�VWXGLHV�

'HJUHH�RI�323��6XEMHFWV�LQٽ�YH�VWXGLHV�ZHUH�ZRPHQ�ZLWK�VWDJH�,,�RU
JUHDWHU� 323�� НH� 323� VWDJH� RI� VWXG\� VXEMHFWV� LQ� WKUHH� VWXGLHV� LV
XQNQRZQ�>�����@��,Q�DGGLWLRQ��WKH�323�JURXS�RI�RQH�VWXG\�FRQWDLQHG
SDWLHQWV� IURP� HYHU\� VWDJH� RI� 323� >��@�� :H� SRVWXODWH� WKDW� FKRRVLQJ
DGYDQFHG� VWDJHV� RI� 323�PD\� EH� PRUH� VXLWDEOH� IRU� (5�PHDVXUHPHQW
EHFDXVH� VXEWOH� GLٶHUHQFHV� LQ� (5� H[SUHVVLRQ�PD\� QRW� EH� GHWHFWHG� E\
FXUUHQW�WHFKQRORJ\�LQ�WKH�HDUO\�VWDJHV�RI�WKH�GLVHDVH��,W�LV�LPSRUWDQW�WR
QRWH� WKDW� 323� VWDJH� FODVVLٽFDWLRQ� LQ� WKHVH� VWXGLHV� ZDV� QRW
VWDQGDUGL]HG��,W�LV�SODXVLEOH�WKDW�(5�H[SUHVVLRQ�PD\�YDU\�ZLWK�GLٶHUHQW
VWDJHV� RI� 323�� ZKLFK� FRXOG� H[SODLQ�� LQ� SDUW�� WKH� FRQWURYHUV\� RI� (5
H[SUHVVLRQ�LQ�323�WLVVXH�

3URJHVWHURQH�UHFHSWRU�DQG�DQGURJHQV
3URJHVWHURQH� UHFHSWRU� �35��� ([SUHVVLRQ� RI� 35�� ZKLFK� KDV� EHHQ

GHٽQHG�DV�DQ�HVWURJHQ�UHJXODWHG�JHQH��PD\�DOVR�EH�GLٶHUHQW�LQ�WLVVXHV
IURP� ZRPHQ� ZLWK� 323�� 0XOWLSOH� VWXGLHV� KDYH� VKRZQ� GLVWLQFWLYH
FKDQJHV� LQ� 35� H[SUHVVLRQ� OHYHOV� WKDW� SDUDOOHO� FKDQJHV� LQ� (5� OHYHOV� LQ
323�SDWLHQWV�>�����������@�

$QGURJHQV��$QGURJHQV� �WHVWRVWHURQH�DQG�DQGURVWHQHGLRQH�� DUH� WKH
SUHFXUVRU�IRU�HVWURJHQ�ELRV\QWKHVLV��,W�KDV�EHHQ�HVWDEOLVKHG�WKDW�SHOYLF
�RRU�PXVFOHVپ DUH� VHQVLWLYH� WR� WHVWRVWHURQH� >��@��НHUHIRUH�� DQGURJHQV
PD\�SOD\�D�UROH�LQ�WKH�GHYHORSPHQW�RI�323��&XUUHQWO\��WKHUH�DUH�RQO\�D
IHZ� VWXGLHV� H[SORULQJ� WKH� UHODWLRQVKLS� EHWZHHQ� DQGURJHQ�� DQGURJHQ
UHFHSWRU� �$5��� DQG�323�GHYHORSPHQW��2QH� VWXG\� VKRZHG� WKDW� VHUXP
WHVWRVWHURQH� FRQFHQWUDWLRQV� LQ� VXEMHFWV� ZLWK� 323� DUH� WKH� VDPH
FRPSDUHG� WR� FRQWURO� JURXSV� >��@�� 0RUHRYHU�� QR� SDSHUV� KDYH� EHHQ
DUFKLYHG�LQ�3XE0HG�GHVFULELQJ�WKH�UROH�RI�ORFDOO\�SURGXFHG�DQGURJHQV
LQ�WKH�GHYHORSPHQW�RI�323��+RZHYHU��$5�H[SUHVVLRQ�LQ�WKH�YDJLQDO�ZDOO
DQG� FDUGLQDO� OLJDPHQW� RI� 323� SDWLHQWV� KDV� EHHQ� VKRZQ� WR� EH
VLJQLٽFDQWO\� KLJKHU� WKDQ� LQ� FRQWUROV� >�����@�� +RUPRQH� UHSODFHPHQW
WKHUDS\� �HVWUDGLRO� DQG� F\FOLF� QRUHWKLVWHURQH�� FDQ� GHFUHDVH� $5
H[SUHVVLRQ�>��@��'XH�WR�OLPLWHG�LQIRUPDWLRQ��IXUWKHU�VWXGLHV�DUH�QHHGHG
WR�GHٽQH�WKH�SRWHQWLDO�UROH�RI�DQGURJHQV�LQ�323�GHYHORSPHQW�

&RQFOXVLRQ
(VWURJHQ�KDV� D� SURIRXQG� LQپXHQFH� RQ� SHOYLF� FROODJHQ�PHWDEROLVP�

LQFOXGLQJ� V\QWKHVLV� DQG� GHJUDGDWLRQ�� (VWURJHQ� DOVR� HQKDQFHV� WKH
UHSODFHPHQW� RI� DJLQJ� FROODJHQ� E\� GRZQ�UHJXODWLQJ� 003V� DQG
LQFUHDVHV� F\VWDWLQ� &� LQ� �EUREODVWVٽ DQG� VPRRWK� PXVFOH� FHOOV� RI� WKH
YDJLQD�� OHDGLQJ�WR�DQ�RYHUDOO� LQFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�RI�FROODJHQ
FURVV�OLQNV�� )XUWKHUPRUH�� HVWURJHQ� DٶHFWV� WKH� F\WRVNHOHWRQ� DQG� FHOO
PRUSKRORJ\� RI� ��EUREODVWVٽ НH� UROH� RI� HVWURJHQ� LQ� SHOYLF� RRUپ
FRQQHFWLYH� WLVVXHV� LV� XQTXHVWLRQDEOH�� EXW� WKH� UROH� RI� LWV� UHFHSWRUV� LV
SHUSOH[LQJ��$W� WKLV� WLPH�� HVWURJHQ� UHFHSWRU� IXQFWLRQ� UHPDLQV� XQFOHDU�

&LWDWLRQ� =KRX�/��6KDQJJXDQ�$-��.XMDZD�6$��%RFKHQVND�.��=KDQJ�/��HW�DO���������(VWURJHQ�DQG�3HOYLF�2UJDQ�3URODSVH��-�0RO�*HQHW�0HG����
�����GRL��������������������������

3DJH���RI��

-�0RO�*HQHW�0HG
,661�����������-0*0��DQ�RSHQ�DFFHVV�MRXUQDO

9ROXPH����ͫ�,VVXH���ͫ��������



DQG�WKHUH�LV�QR�FRQFOXVLYH�HYLGHQFH�VXJJHVWLQJ�D�FDXVDO�UROH�RI�HVWURJHQ
LQ�323��,Q�RUGHU�WR�DGGUHVV�WKLV�TXHVWLRQ��D�ZHOO�GHVLJQHG�FOLQLFDO�VWXG\
VKRXOG� LQFOXGH� D� VXٹFLHQW� VDPSOH� VL]H�� XQLIRUP� 323� FODVVLٽFDWLRQ
VWDQGDUGV�� D� FRPSUHKHQVLYH� PHWKRG� WR� FKRRVH� H[SHULPHQWDO� JURXSV�
VXLWDEOH� WHFKQLTXHV�� DQG� D� ZLGHU� VHOHFWLRQ� RI� GLYHUVH� WLVVXH� W\SHV� WR
HQVXUH�PRUH�DFFXUDWH�UHVXOWV�

5HIHUHQFHV
�� %DUEHU�0'��0DKHU�&� ������� (SLGHPLRORJ\� DQG� RXWFRPH� DVVHVVPHQW� RI

SHOYLF�RUJDQ�SURODSVH��,QW�8URJ\QHFRO�-���������������
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