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(Q� SULPHU� OXJDU� TXLVLHUD� DJUDGHFHU� DO� 'U�� 1LEDOGR� ,QHVWURVD� SRU� KDEHUPH� UHFLELGR�
GHVGH�PLV�LQLFLRV�HQ�VX�ODERUDWRULR�\�IRUPDUPH�GHVGH�DTXHO�HQWRQFHV�SDUD�VHU�HO�FLHQWtILFR�TXH�
DFWXDOPHQWH�VR\��$GHPiV�SRU�FUHHU�HQ�Pt�\�SHUPLWLUPH�H[SORUDU�HQ�XQ�iUHD�GH�WUDEDMR�QXHYD�
HQ�OD�FXDO�pUDPRV�WRGRV�LQH[SHUWRV��GiQGRPH�OD�RSFLyQ�DO�GHVDItR�TXH�DTXHOOR�VLJQLILFDED�\�D�
GHVDUUROODU�HVWD�7HVLV�OLEUHPHQWH��

4XLVLHUD� GDU� JUDFLDV� DGHPiV� D� WRGRV� ODV� SHUVRQDV� TXH� FRQIRUPDQ� HO� /DERUDWRULR� GH�
1HXURELRORJtD�0ROHFXODU��FRPHQ]DQGR�FRQ�(OLVHR�&DPSRV�TXLHQ�IXH�LQGLVSHQVDEOH�D�OR�ODUJR�
GH� WRGR�HVWH�SURFHVR��VLPSOHPHQWH�SRU�FRQILDU�HQ�PLV�FDSDFLGDGHV��SRU�JXLDUPH�\�DSR\DUPH�
FRQVWDQWHPHQWH��*UDFLDV�WDPELpQ�D�'DQLHOD�2UGHQHV�SRU�VHU�PL�³RWUR�\R´�GXUDQWH�HVWD�7HVLV��
SRU� DSR\DUPH� FRGR� D� FRGR� \� SRU� HO� FRPSURPLVR� TXH� DGTXLULy�PLHQWUDV� WUDEDMDPRV� VDFDQGR�
DGHODQWH�HVWH� OLQGR�SUR\HFWR��$JUDGH]FR� WDPELpQ�D�PL�FRPSDxHUR�GH�SXHVWR�\�DPLJD]R�-XDQ�
)UDQFLVFR� &RGRFHGR� SRU� ODV� ODUJDV� FRQYHUVDFLRQHV�� D� YHFHV� PX\� VHULDV� \� RWUDV� QR� WDQ�
FLHQWtILFDV�� TXH� QRV� GHVYLDEDQ� VLPSOHPHQWH� D� KDEODU� GH� ODV� QXHYDV� KDELOLGDGHV� GH� QXHVWUDV�
QLxDV��JUDFLDV�SRU� HVR�\�SRU�HO� DSR\R�� ,PSRVLEOH�GHMDU�GH�DJUDGHFHU� D�PL�JUDQ�DPLJD�&KHULO�
7DSLD��FRQ�OD�FXDO�GLVFXWLPRV�PXFKRV�H[SHULPHQWRV��LQWHQWDPRV�DUUHJODU�HO�PXQGR�\�PDQHMDU�
HO�ODERUDWRULR�D�OD�SHUIHFFLyQ��FRVD�TXH�D~Q�QR�ORJUDPRV«VLPSOHPHQWH�JUDFLDV�SRU�WX�OLQGD�\�
VLQFHUD� DPLVWDG�� 4XLHUR� DJUDGHFHU� WDPELpQ� D� *ORULD� 0pQGH]�� PiV� TXH� SRU� VX� WUDEDMR�
H[FHSFLRQDO�HQ�OD�SUHSDUDFLyQ�GH�ORV�FXOWLYRV�SULPDULRV�\�TXH�IXH�HVHQFLDO�SDUD�HVWD�7HVLV��SRU�
VHU�SDFLHQWH��WUDQVSDUHQWH�\�DPLJD«JUDFLDV�*ORULWD�SRU�HO�FDULxR��1R�SXHGR�GHMDU�GH�DJUDGHFHU�
D� WRGRV� \� FDGD� XQR� GH� ORV� LQWHJUDQWHV� GHO� ODERUDWRULR� SRU� DSR\DU� FDGD� XQD� GH� PLV�
SUHVHQWDFLRQHV��FRQFXUVRV�\�HQVD\RV�TXH�VH�PH�RFXUULy�KDFHU���VLQ�VXV�FUtWLFDV�\�FRQVHMRV�QDGD�
KXELHVH�VLGR�LJXDO��

4XLVLHUD�DJUDGHFHU�WDPELpQ�D�WRGR�HO�HTXLSR�GH�PLFURVFRStD�GH�OD�)DFXOWDG�GH�&LHQFLDV�
%LROyJLFDV�� D�$OHMDQGUR�� -RUJH�\�;LPHQD��GRQGH�SDVH� ODUJRV�GtDV�GH� WUDEDMR�\�D�SDUWLU�GH� OR�
FXDO�VH�JHQHUy�JUDQ�SDUWH�GH�PL�WUDEDMR��

� )LQDOPHQWH�TXLVLHUD�GDU�JUDFLDV�D� OD�&RPLVLyQ�1DFLRQDO�GH�,QYHVWLJDFLyQ�&LHQWtILFD�\�
7HFQROyJLFD� �&21,&<7��SRU�SURPRYHU� OD� LQYHVWLJDFLyQ�FLHQWtILFD�\�SRU� ILQDQFLDU�HVWD�7HVLV�
'RFWRUDO� WDQWR� FRQ� OD� %HFD� SDUD� (VWXGLDQWHV� GH� 'RFWRUDGR� HQ� &KLOH�� FRPR� FRQ� OD� %HFD� GH�
$SR\R�SDUD�OD�5HDOL]DFLyQ�GH�7HVLV�'RFWRUDO��
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$%675$&7��� � � � � � � � � � ������[LL�

��� ,1752'8&7,21� � � � � � � � � ����������

$O]KHLPHU¶V�'LVHDVH� � � � � � � � � ����������

$E�ROLJRPHUV�DQG�QHXURWR[LFLW\�� � � � � � ����� ����������

,QWUDFHOOXODU�FDOFLXP�G\VUHJXODWLRQ�LQ�$'� � � � � � ����������

0LWRFKRQGULDO�G\VIXQFWLRQ�LQ�$'� � � � � � � ����������

0LWRFKRQGULDO�DFFXPXODWLRQ�RI�$E�� � � � � � ��������� ����������

0LWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ�SRUH�DQG�$E�&\S'�LQWHUDFWLRQ�� � ����������

:QW�VLJQDOLQJ�DQG�LWV�QHXURSURWHFWLYH�UROH�LQ�$'� � � � � ���������

+\SRWKHVLV�DQG�2EMHFWLYHV� � � � � � � � ���������

��� &+$37(5� ,�� Wnt Signaling Prevents Mitochondrial Permeability Transition Pore 

Opening Induced by AE Oligomers in Hippocampal Neurons� � � ���������
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$EVWUDFW��� � � � � � � � � ������ ����������

,QWURGXFWLRQ� � � � � � � � � � ���������

0DWHULDOV�DQG�0HWKRGV�� � � � � � � � ���������

� Primary culture of rat hippocampal neurons� � � � � ���������

Formation of amyloid-ȕ oligomers             ���

Mitochondrial and intracellular calcium imaging� � � � � ���������

Mitochondrial membrane potential�� � � � � � � ���������

Immunofluorescence �� � � � � � � � ���������

Neuronal viability assays              �� 

Calcein/Cobalt imaging              ���

Hippocampal neuron transfection              ���

3D image reconstruction    � � � � ���������

Slice preparation    � � � � � ���������

Mitochondrial Isolation         �������� 

Western blot� � � � � � � � � � ���������

Electron microscopy� � � � � � � � � ���������

Quantification and statistical analysis� � � � � � ���������

5HVXOWV�� � � � � � � � � � � ���������

Intracellular and mitochondrial calcium levels are modulated by Wnt signaling 

activation in neurons that are exposed to AE oligomers.� � � � ���������

AEo induces mitochondrial membrane potential dissipation, which is prevented by 

canonical Wnt signaling.� � � � � � � � ���������
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Cytochrome-c release in hippocampal neurons exposed to AEo is not produced in the 

presence of Wnt3a.     � � � � ���������

Canonical Wnt signaling activation prevents apoptosis and neuronal death induced by 

AEo in hippocampal neurons.� � � � � � � ���������

Wnt3a prevents mitochondrial permeability transition pore (mPTP) opening induced 

by AEo.  � � � � � � � � � � ���������

AEo induce an increase on volume and sphericity of mitochondria which is prevented 

by Wnt signaling activation. Three-dimensional reconstruction of mitochondrial 

network.       � � � ���������

AEo disrupts the membrane structure and crista organization of mitochondria from 

hippocampal slices: The role of Wnt signaling in mitochondrial integrity            ���

Mitochondrial swelling induced by AEo is prevented by Wnt canonical signaling 

activation.� � � � � � � � � � ���������

� 'LVFXVVLRQ� � � � � � � � � � ���������

� 5HIHUHQFHV� � � � � � � � � � ���������

��� &+$37(5�,,��0RQLWRULQJ�0LWRFKRQGULDO�0HPEUDQHV�3HUPHDELOLW\�LQ�/LYH�1HXURQV�

DQG�0LWRFKRQGULDO�6ZHOOLQJ WKURXJK�(OHFWURQ�0LFURVFRS\�$QDO\VLV� � ���������

$EVWUDFW� � � � � � � � � � � ���������

,QWURGXFWLRQ� � � � � � � � � � ����������

0DWHULDOV�� � � � � � � � � � ���������

Mitochondrial Permeability Transition by Live Cell Imaging� � � ���������

Mitochondrial Swelling Detection from Electron Microscopy Analysis        ���
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0HWKRGV� � � � � � � � � � � ���������

Mitochondrial Permeability Transition by Live Cell Imaging� � � ���������

Mitochondrial Swelling Detection from Electron Microscopy Analysis        ���

1RWHV� � � � � � � � � � � ���������

5HIHUHQFHV�� � � � � � � � � � ���������

��� ',6&866,21� � � � � � � � ��� � ���������

:QW�VLJQDOLQJ�DQG�$ER�LQGXFHG�QHXURQDO�GHDWK� � � � � ���������

:QW�VLJQDOLQJ�DQG�LWV�UHJXODWLRQ�RI�PLWRFKRQGULDO�FDOFLXP�OHYHOV� � � ���������

:QW�VLJQDOLQJ�DV�D�QRYHO�UHJXODWRU�RI�PLWRFKRQGULDO�SHUPHDELOLW\�� � � ���������

� 8OWUDVWUXFWXUDO�FKDQJHV�RI�PLWRFKRQGULD�GXULQJ�SHUPHDELOLW\�WUDQVLWLRQ�� � ���������

� +RZ�FRXOG�:QW�VLJQDOLQJ�UHJXODWH�WKH�SHUPHDELOLW\�WUDQVLWLRQ�DQG�SRUH�DFWLYDWLRQ"�� ���������

2WKHU�P373�PRGXODWRUV�DQG�LWV�DVVRFLDWLRQ�ZLWK�*6.��E� � � � ���������

��� &21&/86,216�� � � � � � � � ��������

��� $33(1',&(6� � � � � � � � � � ��������

��� 5()(5(1&(6� ��������
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)LJXUH����0RUSKRORJLFDO�FKDQJHV�RI�PLWRFKRQGULD�GXULQJ�PHPEUDQH�SHUPHDELOLW\��

WUDQVLWLRQ�LQ�$'� ����������

)LJXUH����0LWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ�SRUH�FRQIRUPDWLRQ������������������������ ���������

)LJXUH����&DQRQLFDO�DQG�QRQ�FDQRQLFDO�:QW�VLJQDOLQJ�SDWKZD\V������������������������������������������������

)LJXUH����&KDSWHU�,��:QW�VLJQDOLQJ�DFWLYDWLRQ�� WKURXJK�:QW�D� OLJDQG��SUHYHQWV� LQWUDFHOOXODU�

FDOFLXP�LQFUHDVH�LQGXFHG�E\�$E�ROLJRPHUV�LQ�FXOWXUHG�KLSSRFDPSDO�QHXURQV����� ���������

)LJXUH����&KDSWHU�,��0LWRFKRQGULDO�FDOFLXP�LQFUHDVH�LQGXFHG�E\�$E�ROLJRPHUV�LV�SUHYHQWHG�

E\�:QW�D���� ���������

)LJXUH����&KDSWHU�,��0LWRFKRQGULDO�PHPEUDQH�SRWHQWLDO��P'\��FKDQJHV�LQ�UHVSRQVH�WR�:QW�D�

LQ�QHXURQV�H[SRVHG�WR�$ER��� ����

)LJXUH� ��� &KDSWHU� ,��:QW�D� LQKLELWV� F\WRFKURPH�F� UHOHDVH� LQ� KLSSRFDPSDO� QHXURQV� WUHDWHG�

ZLWK�$ER�� ����

)LJXUH� ��� &KDSWHU� ,�� :QW�D� SUHYHQWV� QHXURQDO� GHDWK� LQGXFHG� E\� $ER� LQ� KLSSRFDPSDO�

QHXURQV�� ����

)LJXUH����&KDSWHU� ,��:QW�VLJQDOLQJ�SDWKZD\�SUHYHQWV�PLWRFKRQGULDO�SHUPHDELOLW\� WUDQVLWLRQ�

SRUH��P373��RSHQLQJ�LQGXFHG�E\�$ER�LQ�OLYLQJ�QHXURQV�� ����



vii�

�

)LJXUH����&KDSWHU�,��0LWRFKRQGULDO�YROXPH�DQG�VSKHULFLW\�FKDQJHV� LQ� UHVSRQVH� WR�$ER�DQG�

:QW�D�WUHDWPHQWV�LQ�KLSSRFDPSDO�QHXURQV�� ����

)LJXUH����&KDSWHU�,��:QW�D�SUHYHQWV�PHPEUDQH�DQG�FULVWDH�GLVUXSWLRQ�JHQHUDWHG�E\�$ER�RQ�

PLWRFKRQGULD�� ����

)LJXUH����&KDSWHU�,��0LWRFKRQGULDO�PRUSKRORJLFDO�FKDQJHV�LQGXFHG�E\�$ER�DUH�SUHYHQWHG�E\�

:QW�FDQRQLFDO�VLJQDOLQJ�DFWLYDWLRQ��� ����

)LJXUH� ���� &KDSWHU� ,�� 3URSRVHG� PHFKDQLVP� IRU� WKH� DFWLRQ� RI� :QW�D� LQ� WKH� UHJXODWLRQ� RI�

PLWRFKRQGULDO�P373�RSHQLQJ��� ����

)LJXUH����&KDSWHU�,,��6DPSOH�DVVHPEO\�IRU�OLYH�FHOO�LPDJLQJ�DVVD\�� ����

)LJXUH����&KDSWHU�,,��,PDJHV�REWDLQHG�IURP�WKH�P373�OLYH�FHOO�LPDJLQJ�DVVD\�� ����

)LJXUH����&KDSWHU�,,��6OLFH�SUHSDUDWLRQ�DQG�WUHDWPHQW�IRU�HOHFWURQ�PLFURVFRS\�� ����

)LJXUH����&KDSWHU�,,��0LWRFKRQGULDO�VZHOOLQJ�GHWHFWLRQ�E\�HOHFWURQ�PLFURVFRS\�� ����

$SHQGL[����&KDUDFWHUL]DWLRQ�RI�$ER�SUHSDUDWLRQ�DQG�QHXURQDO�YLDELOLW\������������������������������������

$SHQGL[����0LWRFKRQGULDO�FDOFLXP�PHDVXUHPHQW�DW�WKH�VRPD�LQ�KLSSRFDPSDO�QHXURQV�������������
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�
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7DEOH� ��� &KDSWHU� ,�� 3HUFHQWLOH� YDOXHV� DQG� VWDWLVWLFDO� DQDO\VLV� RI� PLWRFKRQGULDO� DUHD� IURP�

HOHFWURQ�PLFURVFRS\�LPDJHV�� ����

� �

� �



viii�

�

�

�

$%%5(9,$7,216�

�

$%$'��$E�ELQGLQJ�DOFRKRO�GHK\GURJHQDVH��

$'��$O]KHLPHU¶V�GLVHDVH�

$17��DGHQLQH�QXFOHRWLGH�WUDQVORFDVH���
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(5��HQGRSODVPLF�UHWLFXOXP�

(7&��HOHFWURQ�WUDQVSRUW�FKDLQ��

)]��)UL]]OHG��

*6.��E��JO\FRJHQ�V\QWKDVH�NLQDVH��E�

+.,,��KH[RNLQDVH�,,��
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-1.��-XQ�1�WHUPLQDO�NLQDVH��

/53������OLSRSURWHLQ�UHFHSWRU�UHODWHG�SURWHLQ������

/7'��ORQJ�WHUP�GHSUHVVLRQ�

/73��ORQJ�WHUP�SRWHQWLDWLRQ�
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3&3��SODQDU�FHOO�SRODULW\��
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36���SUHVHQLOLQ���

36'�����SRVWV\QDSWLF�GHQVLW\����SURWHLQ�
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5X�����5XWKHQLXP�����

5\5��U\DQRGLQH�UHFHSWRU��
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/D� HQIHUPHGDG� GH�$O]KHLPHU� �($�� HV� XQD� HQIHUPHGDG� QHXURGHJHQHUDWLYD� FDUDFWHUL]DGD�

SRU� OD� SpUGLGD�SURJUHVLYD�GH�PHPRULD� \� GDxR� FRJQLWLYR��/DV�SODFDV� VHQLOHV� SUHVHQWHV� HQ� ORV�

FHUHEURV�GH�SDFLHQWHV�FRQ�($�HVWiQ�IRUPDGDV�SRU�HO�SpSWLGR�ȕ�DPLORLGH��$ȕ���TXH�HQ�VX�IRUPD�

VROXEOH��FRQRFLGD�FRPR�ROLJyPHURV�GH�$ȕ��$ȕR���HV�OD�SULQFLSDO�FDXVD�GH�QHXURWR[LFLGDG�HQ�OD�

($�� \D� TXH� SUHVHQWD� GLYHUVRV� EODQFRV� GHQWUR� GH� OD� QHXURQD�� FRPR� OD� PLWRFRQGULD�� /D�

PLWRFRQGULD� HV� XQ� RUJDQHOR� LQGLVSHQVDEOH� SDUD� OD� UHVSLUDFLyQ� FHOXODU� \� HO� DEDVWHFLPLHQWR�

HQHUJpWLFR� \� WDPELpQ� SDUWLFLSD� HQ� OD� UHJXODFLyQ� GH� ORV� QLYHOHV� GH� FDOFLR� QHXURQDO�� /D�

VREUHFDUJD�GH�FDOFLR�HQ�OD�PLWRFRQGULD�SXHGH�SURGXFLU�OD�DSHUWXUD�GHO�SRUR�GH�SHUPHDELOLGDG�

WUDQVLWRULD��P373���HO�FXDO�HV�XQ�SRUR�QR�VHOHFWLYR�TXH�VH�IRUPD�GH�PDQHUD�GHSHQGLHQWH�D�OD�

FRQFHQWUDFLyQ�GH�FDOFLR�GHQWUR�GH�OD�PDWUL]�PLWRFRQGULDO��JHQHUDQGR�OD�SHUPHDELOL]DFLyQ�GH�OD�

PHPEUDQD�LQWHUQD�GH�OD�PLWRFRQGULD�H�LQGXFLHQGR�OD�PXHUWH�QHXURQDO��6LQ�HPEDUJR�� ORV�$ȕR�

WDPELpQ�DIHFWDQ�D�OD�PLWRFRQGULD�GH�PDQHUD�GLUHFWD��LQWHUDFWXDQGR�FRQ�GLYHUVDV�SURWHtQDV�TXH�

VRQ� LPSRUWDQWHV� SDUD� OD� PDQWHQFLyQ� GH� VX� HVWUXFWXUD� \� VX� IXQFLRQDPLHQWR�� 8QD� GH� HVWDV�

SURWHtQDV� HV� &LFORILOLQD� '�� OD� FXDO� SDUWLFLSD� HQ� OD� DSHUWXUD� GHO� P373� \� SRU� WDQWR� UHJXOD� OD�

SHUPHDELOLGDG� \� IXQFLyQ� GH� OD� PLWRFRQGULD�� /D� DSHUWXUD� GHO� P373� SRU� SHUtRGRV� ODUJRV��

SRWHQFLDGD�SRU�HVWtPXORV�DSRSWyWLFRV�FRPR�HO�$ȕ��SURGXFH�GLYHUVRV�FDPELRV�HVWUXFWXUDOHV�\�

IXQFLRQDOHV�HQ�OD�PLWRFRQGULD��TXH�LQFOX\HQ�DXPHQWRV�GH�YROXPHQ��GLVLSDFLyQ�GHO�SRWHQFLDO�GH�
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PHPEUDQD�PLWRFRQGULDO��GLVUXSFLyQ�GH�ODV�PHPEUDQDV�\�OLEHUDFLyQ�GHVFRQWURODGD�GH�FDOFLR�\�

IDFWRUHV�SUR�DSRSWyWLFRV��(Q�FRQVHFXHQFLD��HO�EORTXHR�GH�OD�DFFLyQ�GH�$E�HQ�OD�PLWRFRQGULD�R�

OD� LQKLELFLyQ� GLUHFWD� GH� OD� DSHUWXUD� GHO�P373� JHQHUDGD� SRU� $ȕ�� VRQ� SRWHQFLDOHV� HVWUDWHJLDV�

WHUDSpXWLFDV�SDUD�OD�($��

(VWXGLRV�SUHYLRV�GH�QXHVWUR� ODERUDWRULR�KDQ�GHPRVWUDGR�TXH� OD�DFWLYDFLyQ�GH� OD�YtD�:QW�

FDQyQLFD�R�YtD�:QW�E�FDWHQLQD�SURWHJH�D�ODV�QHXURQDV�IUHQWH�D�OD�WR[LFLGDG�GHO�$E��SUHYLQLHQGR�

OD�PXHUWH�QHXURQDO��VLQ�HPEDUJR��HO�PHFDQLVPR�SRU�HO�FXDO�HVWD�SURWHFFLyQ�RFXUUH�QR�HV�FODUR�\�

DXQ� QR� VH� KD� H[SORUDGR� VL� OD� YtD� :QW� SRGUtD� HMHUFHU� VX� SDSHO� QHXURSURWHFWRU� D� WUDYpV� GH�

SUHVHUYDU�OD�HVWUXFWXUD�\�IXQFLyQ�PLWRFRQGULDO���

(Q�HVWD�WHVLV�VH�HVWXGLDURQ�ORV�HYHQWRV�FHOXODUHV�LQYROXFUDGRV�HQ�OD�QHXURWR[LFLGDG�GH�$E�

\�VL�OD�DFWLYDFLyQ�GH�OD�YtD�:QW�FDQyQLFD��D�WUDYpV�GHO�OLJDQGR�:QW�D��SUHYLHQH�HVWRV�HYHQWRV�

SDWROyJLFRV� UHODFLRQDGRV� FRQ� OD� GLVIXQFLyQ� PLWRFRQGULDO�� OD� SHUPHDELOL]DFLyQ� GH� ODV�

PHPEUDQDV� PLWRFRQGULDOHV� \� OD� PXHUWH� QHXURQDO� HQ� OD� ($�� 3DUD� DERUGDU� HVWD� LQWHUURJDQWH��

KHPRV� SURSXHVWR� HVWXGLDU� ORV� HIHFWRV� GH� OD� DFWLYDFLyQ� GH� OD� YtD� :QW� HQ� OD� SHUPHDELOLGDG�

PLWRFRQGULDO� LQGXFLGD� SRU�$ER� HQ� QHXURQDV� KLSRFDPSDOHV�� 3DUD� OOHYDU� D� FDER� HVWH� REMHWLYR��

GHVDUUROODPRV� HQVD\RV� HQ� FpOXODV� YLYDV� SDUD� PHGLU� ORV� QLYHOHV� GH� FDOFLR� PLWRFRQGULDO� \� OD�

LQGXFFLyQ�GHO�P373�HQ�UHVSXHVWD�D�$ER��(Q�HVWD�WHVLV�VH�GHVFULEH�TXH�OD�SUH�DFWLYDFLyQ�GH�OD�

YtD� :QW� SUHYLHQH� HO� DXPHQWR� GH� FDOFLR� PLWRFRQGULDO� \� OD� DSHUWXUD� GHO� P373� HQ� QHXURQDV�

H[SXHVWDV� D� $ER�� 'H� DFXHUGR� D� HVWDV� REVHUYDFLRQHV�� WDPELpQ� PRVWUDPRV� SRU� PLFURVFRStD�

HOHFWUyQLFD� TXH� ORV� FDPELRV� PRUIROyJLFRV� \� HVWUXFWXUDOHV� TXH� VXIUH� OD� PLWRFRQGULD� IXHURQ�

FRPSOHWDPHQWH� SUHYHQLGRV� SRU� :QW�D�� VXJLULHQGR� TXH� OD� LQKLELFLyQ� GHO� P373� SRU� OD�

DFWLYDFLyQ�GH�OD�YtD�:QW�FRQWULEX\H�D�SUHVHUYDU�OD�HVWUXFWXUD�GH�OD�PLWRFRQGULD��IDYRUHFLHQGR�

VX�EXHQ�IXQFLRQDPLHQWR�\�OD�YLDELOLGDG�GH�OD�QHXURQD���
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$O]KHLPHU¶V� GLVHDVH� �$'�� LV� D� QHXURGHJHQHUDWLYH� GLVRUGHU� FKDUDFWHUL]HG� E\� SURJUHVVLYH�

PHPRU\� ORVV� DQG� FRJQLWLYH� GHFOLQH�� 6HQLOH� SODTXHV� SUHVHQW� LQ�$'�EUDLQV� DUH� IRUPHG� E\� WKH�

DP\ORLG�ȕ�SHSWLGH��$ȕ���ZKLFK�RQ�LWV�VROXEOH�IRUP��NQRZQ�DV�$ȕ�ROLJRPHUV��$ȕR���LV�WKH�PDLQ�

FDXVH� RI� QHXURWR[LFLW\� LQ� $'�� VLQFH� SUHVHQWV� VHYHUDO� WDUJHWV� LQVLGH� D� QHXURQ�� VXFK� DV� WKH�

PLWRFKRQGULD�� 0LWRFKRQGULRQ� LV� DQ� HVVHQWLDO� RUJDQHOOH� IRU� FHOOXODU� UHVSLUDWLRQ� DQG� HQHUJ\�

VXSSO\��DQG�DOVR�SDUWLFLSDWHV�LQ�WKH�UHJXODWLRQ�RI�QHXURQDO�FDOFLXP��7KH�PLWRFKRQGULDO�FDOFLXP�

RYHUORDG�FDQ�OHDG�WR�WKH�RSHQLQJ�RI�WKH�SHUPHDELOLW\�WUDQVLWLRQ�SRUH��P373���ZKLFK�LV�D�QRQ�

VHOHFWLYH� SRUH� WKDW� LV� IRUPHG� LQ� D� FDOFLXP� FRQFHQWUDWLRQ�GHSHQGHQW� PDQQHU� LQVLGH� WKH�

PLWRFKRQGULDO�PDWUL[�� SURGXFLQJ� WKH� SHUPHDELOL]DWLRQ� RI� WKH� LQQHU�PLWRFKRQGULDO�PHPEUDQH�

DQG� LQGXFLQJ� QHXURQDO� GHDWK�� +RZHYHU�� $ER� ROLJRPHUV� DOVR� GLUHFWO\� DIIHFW� PLWRFKRQGULD��

LQWHUDFWLQJ�ZLWK� VHYHUDO� SURWHLQV� WKDW� DUH� LPSRUWDQW� IRU� WKH�PDLQWHQDQFH� RI� LWV� VWUXFWXUH� DQG�

IXQFWLRQ�� 2QH� RI� WKHVH� SURWHLQV� LV� &\FORSKLOLQ� '�� ZKLFK� SDUWLFLSDWHV� LQ� WKH� RSHQLQJ� RI� WKH�

P373�DQG�WKHUHIRUH�UHJXODWHV�WKH�SHUPHDELOLW\�DQG�IXQFWLRQ�RI�WKH�PLWRFKRQGULD��7KH�RSHQLQJ�

RI� WKH�P373� IRU� ORQJ�SHULRGV�� SRWHQWLDWHG� E\� DSRSWRWLF� VWLPXOL� VXFK� DV�$E�� LQGXFHV� VHYHUDO�

VWUXFWXUDO�DQG�IXQFWLRQDO�FKDQJHV�RQ�PLWRFKRQGULD��LQFOXGLQJ�D�YROXPH�LQFUHDVH��GLVVLSDWLRQ�RI�

WKH� PLWRFKRQGULDO� PHPEUDQH� SRWHQWLDO�� GLVUXSWLRQ� RI� WKH� PHPEUDQHV� DQG� DQ� XQFRQWUROOHG�

UHOHDVH�RI�FDOFLXP�DQG�SUR�DSRSWRWLF�IDFWRUV��7KXV��EORFNLQJ�WKH�HIIHFW�RI�$ȕ�RQ�PLWRFKRQGULD�
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RU�GLUHFWO\�LQKLELWLQJ�$ȕ�GHSHQGHQW�P373�VWLPXODWLRQ��DUH�SRWHQWLDO�WKHUDSHXWLF�VWUDWHJLHV�IRU�

$'���

3UHYLRXV� VWXGLHV� IURP� RXU� ODERUDWRU\� GHPRQVWUDWHG� WKDW� WKH� DFWLYDWLRQ� RI� WKH� FDQRQLFDO�

:QW�VLJQDOLQJ�SDWKZD\�RU�:QW�E�FDWHQLQ�SURWHFWV�QHXURQV�DJDLQVW�$ȕ�WR[LFLW\��SUHYHQWLQJ�WKH�

QHXURQDO� GHDWK�� KRZHYHU�� WKH� PHFKDQLVP� E\� ZKLFK� WKLV� SURWHFWLRQ� RFFXUV� LV� QRW� FOHDU� DQG�

QHLWKHU� KDV� LW� EHHQ� H[SORUHG� ZKHWKHU� :QW� VLJQDOLQJ� FRXOG� H[HUW� LWV� QHXURSURWHFWLYH� UROH�

WKURXJK�WKH�SUHVHUYDWLRQ�RI�WKH�PLWRFKRQGULDO�VWUXFWXUH�DQG�IXQFWLRQ���

,Q�WKLV�WKHVLV�ZH�VWXGLHG�WKH�FHOOXODU�VWHSV�LQYROYHG�LQ�WKH�$E�QHXURWR[LFLW\�DQG�ZKHWKHU�

WKH�FDQRQLFDO�:QW�VLJQDOLQJ�DFWLYDWLRQ��WKURXJK�WKH�:QW�D�OLJDQG��SUHYHQWV�WKHVH�SDWKRORJLFDO�

HYHQWV� UHODWHG� WR� PLWRFKRQGULDO� G\VIXQFWLRQ� DQG� PLWRFKRQGULDO� PHPEUDQH� SHUPHDELOL]DWLRQ�

DQG� WKH�QHXURQDO�GHDWK� LQ�$'��7R�DGGUHVV� WKLV�TXHVWLRQ�ZH�SURSRVHG� WR� VWXG\� WKH�HIIHFWV�RI�

:QW� VLJQDOLQJ� DFWLYDWLRQ� LQ� WKH� PLWRFKRQGULDO� SHUPHDELOLW\� LQGXFHG� E\� $E� ROLJRPHUV� LQ�

KLSSRFDPSDO� QHXURQV�� 7R� DFFRPSOLVK� WKLV� DLP�� ZH� SHUIRUPHG� OLYH� FHOO� LPDJLQJ� DVVD\V� WR�

PDLQO\� PHDVXUH� PLWRFKRQGULDO� FDOFLXP� DQG� WKH� LQGXFWLRQ� RI� P373� LQ� UHVSRQVH� WR� $E�

ROLJRPHUV��:H�GHVFULEHG� LQ� WKLV� WKHVLV� WKDW� WKH� SUH�DFWLYDWLRQ�RI� WKH�:QW� VLJQDOLQJ� SDWKZD\�

SUHYHQWV� WKH�PLWRFKRQGULDO� FDOFLXP� RYHUORDG� DQG� WKH�P373� RSHQLQJ� LQ� QHXURQV� H[SRVHG� WR�

$ER�� $FFRUGLQJ� WR� WKHVH� REVHUYDWLRQV�� ZH� DOVR� VKRZHG� E\� HOHFWURQ� PLFURVFRS\�� WKDW� WKH�

PRUSKRORJLFDO� DQG� VWUXFWXUDO� FKDQJHV� WKDW�PLWRFKRQGULD�XQGHUJR�ZHUH�FRPSOHWHO\�SUHYHQWHG�

E\�:QW�D��VXJJHVWLQJ�WKDW�WKH�LQKLELWLRQ�RI�WKH�P373�E\�:QW�VLJQDOLQJ�DFWLYDWLRQ�FRQWULEXWHV�

WR�WKH�SUHVHUYDWLRQ�RI�PLWRFKRQGULDO�VWUXFWXUH��IDYRULQJ�LWV�SUHFLVH�IXQFWLRQ�DQG�WKH�YLDELOLW\�RI�

QHXURQV���

�
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�����$O]KHLPHU¶V�'LVHDVH�

$O]KHLPHU¶V� GLVHDVH� �$'�� LV� RQH� RI� WKH� PRVW� FRPPRQ� QHXURGHJHQHUDWLYH� GLVRUGHUV��

FKDUDFWHUL]HG�E\�D�SURJUHVVLYH�ORVV�RI�PHPRU\�DQG�FRJQLWLYH�GHFOLQH��EHFDXVH�PDLQO\�DIIHFWV�

EUDLQ� UHJLRQV� UHODWHG� WR� WKHVH� IXQFWLRQV� �+DUG\�DQG�6HONRH���������$W� WKH�QHXURSDWKRORJLFDO�

OHYHO��EUDLQV�RI�$'�SDWLHQWV�DUH�FKDUDFWHUL]HG�E\�WKH�SUHVHQFH�RI�GLIIHUHQW�SURWHLQ�DJJUHJDWHV��

VHQLOH� SODTXHV� DQG� QHXURILEULOODU\� WDQJOHV� �6HUUDQR�3R]R� HW� DO��� ������� 6HQLOH� SODTXHV� DUH�

H[WUDFHOOXODU� GHSRVLWLRQV� RI� DP\ORLG�ȕ� SHSWLGH� �$ȕ�� DJJUHJDWHV� �0DWWVRQ�� ������� ZKHUHDV�

QHXURILEULOODU\�WDQJOHV�DUH�LQWUDFHOOXODU�DJJUHJDWHV�RI�K\SHUSKRVSKRU\ODWHG�7DX�SURWHLQ��:DQJ�

HW�DO����������$OWKRXJK�LW�LV�QRW�FOHDUO\�NQRZQ�ZKLFK�LV�WKH�PROHFXODU�WULJJHULQJ�IDFWRU�RI�WKH�

GLVHDVH� LQ�PRVW�RI� WKH�$'�SDWLHQWV�� WKHUH� DUH� VHYHUDO� VWXGLHV� VXJJHVWLQJ� WKDW� WKH�$ȕ�SHSWLGH�

SOD\� D� NH\�SDWKRJHQLF� UROH� LQ� WKH� HDUO\� VWDJHV�RI� WKH�GLVHDVH� �%DWHV� HW� DO��� ������+DUG\� DQG�

6HONRH���������$ȕ�SHSWLGH�LV�JHQHUDWHG�E\�WKH�SURWHRO\WLF�SURFHVVLQJ�RI�WKH�DP\ORLG�SUHFXUVRU�

SURWHLQ��$33��E\�ȕ��DQG�Ȗ��VHFUHWDVHV�WR�IRUP�D�SHSWLGH�RI����RU����DPLQRDFLG�ORQJ��&KRZ�HW�

DO��� ������� 2QFH� $ȕ� KDV� EHHQ� SURGXFHG� RQ� LWV� PRQRPHULF� IRUP�� LW� FDQ� DJJUHJDWH� WR� IRUP�

VROXEOH�VSHFLHV�NQRZQ�DV�$ȕ�ROLJRPHUV��$ȕR��DQG�LQVROXEOH�DJJUHJDWHV�FDOOHG�DP\ORLG�ILEULOV��

ZKLFK�DUH� WKH�UHVXOW�RI�D�KLJKHU�VWDWH�RI�DJJUHJDWLRQ��0RUJDQ�HW�DO���������5RVV�DQG�3RLULHU��

�������%RWK�DJJUHJDWHV�IRUP�WKH�VHQLOH�SODTXHV�RQ�$'�EUDLQV��6DNRQR�DQG�=DNR���������6LQFH�

$ȕ� ILEULOV� DUH� QHXURWR[LF� ERWK�� in vivo� DQG� in vitro �$OYDUH]� HW� DO��� ������'LQDPDUFD� HW� DO���
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�������IRU�VHYHUDO�\HDUV�LW�ZDV�WKRXJKW�WKDW�WKHVH�LQVROXEOH�DJJUHJDWHV�ZHUH�WKH�PDLQ�FDXVH�RI�

WKH�QHXURGHJHQHUDWLRQ�REVHUYHG�LQ�$'��+DUG\�DQG�+LJJLQV���������KRZHYHU��FXUUHQWO\�WKHUH�LV�

FRQVHQVXV� WKDW� $ȕR� DUH� WKH� PDLQ� FDXVH� RI� QHXURWR[LFLW\� LQ� $'�� VLQFH� WKH\� DUH� WKH� PRVW�

QHXURWR[LF�VSHFLHV�UHVSRQVLEOH�IRU�WKH�V\QDSWLF�G\VIXQFWLRQ�REVHUYHG�LQ�WKLV�SDWKRORJ\��&HUSD�

HW�DO���������/L�HW�DO���������:DOVK�HW�DO���������

�

�����$E�ROLJRPHUV�DQG�QHXURWR[LFLW\�

5HFHQW�VWXGLHV�KDYH�VKRZQ�D�VWURQJ�FRUUHODWLRQ�EHWZHHQ�$ȕR�OHYHOV�DQG�WKH�VHYHULW\�RI�WKH�

V\QDSWLF�DQG�FRJQLWLYH�GDPDJH��)HUUHLUD�HW�DO���������+DDVV�DQG�6HONRH��������0F/HDQ�HW�DO���

������� VXJJHVWLQJ� WKDW� $ȕR� DUH� WKH� PDLQ� HIIHFWRUV� RI� WKH� V\QDSWLF� ORVV� DQG� QHXURQDO�

GHJHQHUDWLRQ�LQ�$'��&HUSD�HW�DO���������&OHDU\�HW�DO���������/DPEHUW�HW�DO����������6WXGLHV�LQ�

$'�DQLPDO�PRGHOV��LQ�ZKLFK�$33�LV�RYHUH[SUHVVHG��KDYH�GHPRQVWUDWHG�WKDW�KLJK�OHYHOV�RI�$ȕ�

LQGXFHV�D�VLJQLILFDQW�UHGXFWLRQ�LQ�WKH�SUHV\QDSWLF�SURWHLQ�V\QDSWRSK\VLQ��0XFNH�HW�DO����������

DQ�REVHUYDWLRQ�WKDW�KDV�DOVR�EHHQ�PDGH�LQ�$'�SDWLHQWV�� LQ�ZKLFK�WKH�OHYHOV�RI� WKLV�SURWHLQ�LV�

GHFUHDVHG� IURP� WKH� HDUO\� VWDJHV� RI� WKH� GLVHDVH� �0DVOLDK� HW� DO��� ������� 2Q� WKH� RWKHU� KDQG��

VWXGLHV�IURP�RXU�ODERUDWRU\�VKRZ�WKDW�$ȕR�DOVR�DIIHFW�WKH�SRVWV\QDSWLF�WHUPLQDO��LQGXFLQJ�WKH�

UHGXFWLRQ� RI� WKH� OHYHOV� RI� WKH� SRVWV\QDSWLF� GHQVLW\���� SURWHLQ� �36'����� DQG� WKH� 10'$�

UHFHSWRU� �'LQDPDUFD� HW� DO��� ������ )DUtDV� HW� DO��� ������� )XUWKHUPRUH�� IXQFWLRQDO� VWXGLHV� KDYH�

VKRZQ�WKDW�$ȕR�DUH�DEOH�WR�EORFN�WKH�ORQJ�WHUP�SRWHQWLDWLRQ��/73��LQ�WKH�KLSSRFDPSXV��ZKLFK�

LV�DQ�HOHFWURSK\VLRORJLFDO�FRUUHODWHV�RI�OHDUQLQJ�DQG�PHPRU\�SURFHVVHV��6KDQNDU�HW�DO���������

:DQJ�HW�DO����������,Q�WKH�VDPH�ZD\��GLIIHUHQW�VRXUFHV�RI�$ȕR�HOHFWULFDOO\�IDFLOLWDWHV�WKH�ORQJ�

WHUP�GHSUHVVLRQ��/7'��HYRNHG�LQ�WKH�&$��UHJLRQ�RI�WKH�KLSSRFDPSXV��GLVUXSWLQJ�WKH�V\QDSWLF�

SODVWLFLW\�� WR� SURPRWH� V\QDSVH� GHSUHVVLRQ� �/L� HW� DO��� ������� 7KH� HYLGHQFHV� SUHVHQWHG� VR� IDU�
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SRLQW� WR�$ȕ�SHSWLGH� DV� WKH�PDMRU� FRQVWLWXHQW� RI� VHQLOH� SODTXHV� DQG� WR� LWV� VROXEOH�ROLJRPHULF�

IRUPV�DV�WKH�KLJKHVW�QHXURWR[LF�DJHQWV�UHVSRQVLEOH�IRU�WKH�HDUO\�V\QDSWLF�G\VIXQFWLRQ��ZKLFK�LV�

WKH�LQLWLDO�VWHS�IRU�QHXURQDO�GHJHQHUDWLRQ�REVHUYHG�LQ�$'��6HONRH���������

�

�����,QWUDFHOOXODU�FDOFLXP�G\VUHJXODWLRQ�LQ�$'�

%HVLGHV� V\QDSVHV�� $ȕ� SUHVHQWV� VHYHUDO� PROHFXODU� DQG� FHOOXODU� WDUJHWV� LQVLGH� QHXURQV��

FRQWULEXWLQJ�WR�WKH�QHXURQDO�GDPDJH�WKDW�WKLV�SHSWLGH�JHQHUDWHV�LQ�$'��2QH�RI�WKHVH�WDUJHWV�LV�

FDOFLXP� �&D����� ZKLFK� LV� D� IXQGDPHQWDO� LRQ� LQ� WKH� SK\VLRORJ\� RI� QHXURQV� DQG� KRPHRVWDVLV��

VLQFH�PRGXODWHV�PDQ\�QHXURQDO�SURFHVVHV��LQFOXGLQJ�PHPEUDQH�H[FLWDELOLW\��QHXURWUDQVPLWWHU�

UHOHDVH��JHQHV�H[SUHVVLRQ��QHXURQDO�JURZWK��DQG�YLDELOLW\��%H]SUR]YDQQ\�DQG�0DWWVRQ��������

/D)HUOD���������1HXURQDO�&D���VLJQDOLQJ�LV�UHJXODWHG�E\�WKH�EDODQFH�EHWZHHQ�LQIOX[�DQG�UHOHDVH�

RI� WKH� LRQ�� &D��� LQIOX[� DFURVV� WKH� SODVPD� PHPEUDQH� RFFXUV� WKURXJK� YROWDJH�JDWHG� &D���

FKDQQHOV�� 10'$� UHFHSWRUV� DQG� WUDQVLHQW� UHFHSWRU� SRWHQWLDO� FKDQQHOV� �$OIRUG� HW� DO��� ������

%HUULGJH�� ������� &D��� UHOHDVH� IURP� LQWUDFHOOXODU� &D��� VWRUHV� RFFXUV� YLD� LQRVLWRO� WULSKRVSKDWH�

UHFHSWRU� �,3�5�� DQG� U\DQRGLQH� UHFHSWRU� �5\5�� FKDQQHOV� LQ� WKH� HQGRSODVPLF� UHWLFXOXP� �(5��

�0DUNV�� ������� 0RUHRYHU�� PLWRFKRQGULD� DOVR� SDUWLFLSDWH� LQ� WKH� UHJXODWLRQ� RI� QHXURQDO� &D���

OHYHOV� WKURXJK� WKH� XSWDNH� RI� WKLV� LRQ�� VWLPXODWLQJ� PLWRFKRQGULDO� PHWDEROLVP� DQG� HQHUJ\�

SURGXFWLRQ��%DEFRFN�HW�DO����������+RZHYHU��H[FHVVLYH�FDOFLXP�XSWDNH�LQWR�PLWRFKRQGULD�FDQ�

OHDG�WR�RSHQLQJ�RI�WKH�SHUPHDELOLW\�WUDQVLWLRQ�SRUH��373��DQG�DSRSWRVLV��6SlW�HW�DO����������

'XULQJ� WKH� VORZ� SURJUHVVLRQ� RI�$'�� WKH� HDUO\� SKDVH� RI�PHPRU\� ORVV� LV� H[DFHUEDWHG� E\� WKH�

RQVHW�RI�QHXURQDO�FHOO�GHDWK��ZKLFK�PD\�DOVR�EH�GULYHQ�E\�DQ�LQFUHDVHG�G\VUHJXODWLRQ�RI�&D���

KRPHRVWDVLV��%HUULGJH��������'HPXUR�HW�DO����������,W�KDV�EHHQ�SURSRVHG�WKDW�$E� LQWHUDFWLRQ�

ZLWK�WKH�SODVPD�PHPEUDQH�UHVXOWV�LQ�HOHYDWHG�LQWUDFHOOXODU�&D���FRQFHQWUDWLRQV�DQG�LQFUHDVHG�
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YXOQHUDELOLW\�RI�QHXURQV�WR�H[FLWRWR[LFLW\��0DWWVRQ�HW�DO����������7KH�ROLJRPHULF�IRUPV�RI�$E�

PD\� LQFUHDVH� &D��� HQWU\� E\� HLWKHU� IXQFWLRQLQJ� DV� FKDQQHOV� RU� E\� DFWLYDWLQJ� FKDQQHOV� LQ� WKH�

SODVPD� PHPEUDQH� VXFK� DV� WKH� 10'$� UHFHSWRU� �%HUULGJH�� ������ 'LQDPDUFD� HW� DO��� �������

0RUHRYHU��PLWRFKRQGULDO�G\VIXQFWLRQ�DQG�(5�VWUHVV� DUH� WZR�FHQWUDO�SDWKZD\V� OHDGLQJ� WR� WKH�

DSRSWRVLV�REVHUYHG�LQ�$'��7DNXPD�HW�DO����������7KH�HYLGHQFH�VXJJHVWV�WKDW�WKH�(5�LV�XQGHU�

VWUHVV�LQ�QHXURQV�DIIHFWHG�LQ�$'�DQG�PLJKW�FRQWULEXWH�WR�SHUWXUEHG�FHOOXODU�&D���KRPHRVWDVLV�

�/LQGKROP�HW�DO����������1HXURQV�IURP�PLFH�H[SUHVVLQJ�WKH�SUHVHQLOLQ��PXWDWLRQ��36����ZKLFK�

LV�SDUW�RI�WKH�J�VHFUHWDVH�FRPSOH[�UHVSRQVLEOH�IRU�$33�SURFHVVLQJ��SUHVHQW�D�ODUJH�LQFUHDVH�LQ�

WKH� DPRXQW� RI� &D��� UHOHDVH� E\� ,3�5� �&KHXQJ� HW� DO��� ������� 5\5� DOVR� FRQWULEXWHV� WR� &D���

GLVUXSWLRQ� LQ� $'� E\� DQ� HQKDQFHG� UHFUXLWPHQW� RI� DFWLYH� 5\5V� LQ� WKH� (5� LQ� $'�PLFH� IURP�

GLIIHUHQW� VWDJHV� �6WXW]PDQQ� HW� DO��� ������ DQG� WKURXJK� WKH� LQFUHDVH� LQ� WKH� H[SUHVVLRQ� DQG�

IXQFWLRQ�RI�WKHVH�UHFHSWRUV��3DXOD�/LPD�HW�DO���������6XSQHW�HW�DO����������2Q�WKH�RWKHU�KDQG��

WKH�LQFUHDVH�LQ�F\WRVROLF�&D���GLUHFWO\�DIIHFWV�PLWRFKRQGULD��GLVUXSWLQJ�LWV�FULWLFDO�IXQFWLRQ�DV�D�

&D��� EXIIHULQJ� RUJDQHOOH� �&HOVL� HW� DO��� ������� ZKLFK� GLVWXUEV� $73� JHQHUDWLRQ� DQG� WKHUHIRUH�

QHXURQDO� YLDELOLW\�� )RU� WKLV� UHDVRQ�� PLWRFKRQGULDO� G\VIXQFWLRQ� DSSHDUV� DQ� REOLJDWRU\�

GRZQVWUHDP�VWHS�LQ�WKH�SDWKRJHQHVLV�RI�$'��VHH�EHORZ���

�

�����0LWRFKRQGULDO�G\VIXQFWLRQ�LQ�$'���

0LWRFKRQGULDO�G\VIXQFWLRQ�LV�DQ�HDUO\�IHDWXUH�RI�$'�VLQFH�VHYHUDO�DEQRUPDOLWLHV�KDYH�EHHQ�

GHVFULEHG� LQ� EUDLQV� IURP� GLIIHUHQW� PRGHOV� RI� $'� �0RUHLUD� HW� DO��� ������ 6XSQHW� DQG�

%H]SUR]YDQQ\�� ������ 6ZHUGORZ� HW� DO��� ������� 7KH� DFWLYLW\� RI� UHVSLUDWRU\� FKDLQ� HQ]\PHV�

DVVRFLDWHG�ZLWK�WKH�PLWRFKRQGULDO�FRPSOH[�,,,��F\WRFKURPH�F�UHGXFWDVH��DQG�,9��F\WRFKURPH�F�

R[LGDVH��LV�VLJQLILFDQWO\�GHFUHDVHG�LQ�PLWRFKRQGULD�IURP�WUDQVJHQLF��7J��$33�PLFH��&DVSHUVHQ�
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HW� DO��� ������ 0DQF]DN� HW� DO��� ������ DQG� LQ� LVRODWHG� PLWRFKRQGULD� H[SRVHG� WR� $ȕ� in vitro�

�&DQHYDUL� HW� DO��� ������� *HQHUDWLRQ� RI� 526� LV� DOVR� GHUHJXODWHG� LQ� $'� DQG� DQ� HQKDQFHG�

SURGXFWLRQ�RI�IUHH�UDGLFDOV�DQG�R[LGDWLYH�GDPDJH�LV�D�IHDWXUH�RI�WKH�SURJUHVVLRQ�RI�WKH�GLVHDVH�

�5HGG\���������,Q�DGGLWLRQ��PHWDEROLF�SURSHUWLHV��VXFK�DV�$73�OHYHOV�DQG�JOXFRVH�XSWDNH�DUH�

DOVR�GHFUHDVHG�LQ�$'�EUDLQV�IURP�7J�$33�PLFH��&KHQ�DQG�<DQ��������<DR�HW�DO����������$OO�RI�

WKHVH� PLWRFKRQGULDO� DOWHUDWLRQV� SURGXFHG� E\� $E� FUHDWH� D� QHJDWLYH� HQYLURQPHQW� IRU� WKH�

PDLQWHQDQFH� RI� DQ� DSSURSULDWH� IXQFWLRQ� RI� WKH� PLWRFKRQGULD�� VLQFH� GLUHFWO\� DIIHFW� WKH�

HOHFWURFKHPLFDO�JUDGLHQW� WKDW� LV�JHQHUDWHG�DORQJ�WKH�HOHFWURQ� WUDQVSRUW�FKDLQ��(7&���IDYRULQJ�

WKH�OHDNDJH�RI�HOHFWURQV�IURP�WKH�(7&�DQG�WKHUHIRUH�WKH�SURGXFWLRQ�RI�VXSHUR[LGH�VSHFLHV��WKH�

ORVV�RI�PLWRFKRQGULDO�PHPEUDQH�SRWHQWLDO��P'<���SHUPHDELOLW\�DQG�VWUXFWXUH��5HGG\���������,W�

KDV�EHHQ�FOHDUO\�GHPRQVWUDWHG�WKDW�$E�DFFXPXODWHV�SURJUHVVLYHO\�ZLWKLQ�$'�EUDLQV��7J�PLFH�

PRGHOV� DQG� FHOOV� RYHUH[SUHVVLQJ�$33� �'HYL� HW� DO��� ������'X� HW� DO��� ������ /XVWEDGHU� HW� DO���

�������$E�SURGXFHG�DW�WKH�H[WUDFHOOXODU�VSDFH��WKURXJK�$33�SURFHVVLQJ��HQWHUV�WKH�QHXURQ�E\�

WKH� HQGRF\WLF� SDWKZD\� �<X� HW� DO��� ������ DQG� LW� KDV� EHHQ� SURSRVHG� WKDW� LWV� ROLJRPHUL]DWLRQ�

EHJLQV� LQWUDFHOOXODUO\� WR� SURGXFH� WKH� QHXURWR[LFLW\� DQG� FHOO� GHDWK� �:DOVK� HW� DO��� ������� %XW�

RQFH�$ER�DUH�ORFDOL]HG�LQVLGH�QHXURQV��KRZ�FDQ�WKHVH�ROLJRPHUV�GLUHFWO\�DIIHFW�PLWRFKRQGULD"�

0LWRFKRQGULDO� DFFXPXODWLRQ� RI� $E� FRXOG� H[SODLQ� ZK\� $E� LQWHUIHUHV� ZLWK� WKH� IXQFWLRQ� DQG�

VWUXFWXUH�RI�WKLV�RUJDQHOOH�WR�ILQDOO\�DIIHFW�QHXURQDO�YLDELOLW\��

�

�����0LWRFKRQGULDO�DFFXPXODWLRQ�RI�$E��

7KH�DFFXPXODWLRQ�RI�$E�LQ�PLWRFKRQGULD�RFFXUV�HDUO\�LQ�EUDLQV�RI�7J�$33�PLFH��EHWZHHQ�

�� WR� �� PRQWKV�� DQG� LQFUHDVHV� ZLWK� DJLQJ�� HYHQ� EHIRUH� WKH� PDVVLYH� H[WUDFHOOXODU� GHSRVLWLRQ�

RFFXUV� �&DVSHUVHQ� HW� DO��� ������� DQ� REVHUYDWLRQ� WKDW� LV� LQ� DJUHHPHQW�ZLWK� SUHYLRXV� ILQGLQJV�
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ZKLFK� LQGLFDWH� WKDW� LQWUDFHOOXODU� DFFXPXODWLRQ� RI� $E� RFFXUV� SUHYLRXVO\� WR� DP\ORLG� SODTXHV�

IRUPDWLRQ� �:LUWKV� HW� DO��� ������� 7KH� ILUVW� VWXG\� WKDW� GHVFULEHG� WKH� SUHVHQFH� RI� $E� LQ�

PLWRFKRQGULD� ZDV� SHUIRUPHG� E\� /XVWEDGHU� HW� DO��� LQ� ������ 7KH\� GHPRQVWUDWHG� E\�

LPPXQRIOXRUHVFHQFH� DVVD\� DQG� HOHFWURQ� PLFURVFRS\� WKDW� $E� FRORFDOL]HG� ZLWK� $E�ELQGLQJ�

DOFRFKRO� GHK\GURJHQDVH� �$%$'�� LQVLGH� PLWRFKRQGULD� IURP� KXPDQ� $'� EUDLQ�� DQG� WKDW� WKH�

LQWHUDFWLRQ�EHWZHHQ�$E�DQG�$%$'�SURPRWHV�OHDNDJH�RI�526��PLWRFKRQGULDO�G\VIXQFWLRQ�DQG�

FHOO� GHDWK� �/XVWEDGHU� HW� DO��� ������� 0RUHRYHU�� PLWRFKRQGULDO� $E� DFFXPXODWLRQ� DSSHDUV� WR�

VWURQJO\�IDYRU�GHSRVLWLRQ�RI�ROLJRPHULF�$ȕ�����WKDQ�$ȕ������,Q�WKH�VDPH�ZD\��7J�DQLPDOV�DW����

PRQWKV�RI�DJH�SUHVHQW�$ȕ�����DJJUHJDWHV�DERXW�VL[�IROG�JUHDWHU�WKDQ�WKRVH�RI�$ȕ������&DVSHUVHQ�

HW�DO����������7KLV� LQFUHDVHG�$ȕ�����$ȕ����� UDWLR� LV�FRUUHODWHG�ZLWK� WKH�KLJK� WR[LFLW\�GHVFULEHG�

IRU� $ȕ����� UDWKHU� WKDQ� $ȕ����� LQ� $'� EUDLQ�� SUREDEO\� GXH� WR� $ȕ����� DJJUHJDWHV� PXFK� PRUH�

TXLFNO\�WKDQ�$ȕ������SURYLGLQJ�VHHGV�IRU�IXUWKHU�$ȕ�GHSRVLWLRQ��%DWHV�HW�DO����������+RZHYHU��

KRZ�GRHV�$ȕ�JDLQ�DFFHVV�WR�PLWRFKRQGULD"�,W�KDV�EHHQ�SURSRVHG�WKDW�$33�FRXOG�EH�ORFDWHG�DW�

WKH�RXWHU�PLWRFKRQGULDO�PHPEUDQH� �200��ZKHUH� FDQ�EH�SURFHVVHG�E\� WKH�PLWRFKRQGULDO�J�

VHFUHWDVH��'HYL�DQG�$QDQGDWKHHUWKDYDUDGD���������KRZHYHU�WKLV�SDUWLFXODU�HYHQW�KDV�QRW�EHHQ�

GLUHFWO\�GHPRQVWUDWHG�DQG��GHVSLWH�WKH�SUHVHQFH�RI�PLWRFKRQGULDO�$33��WKH�HYLGHQFHV�VXJJHVW�

WKDW�$ȕ� LV�QRW� OLNHO\� WR�EH�SURGXFHG� ORFDOO\� LQ�PLWRFKRQGULD��DQG� LQVWHDG�� WKDW� LW� LV� LPSRUWHG�

IURP�WKH�F\WRSODVP�LQWR�WKH�RUJDQHOOH��&KHQ�DQG�<DQ���������,W�KDV�EHHQ�GHPRQVWUDWHG�WKDW�WKH�

LPSRUW� RI� $ȕ� LQWR� PLWRFKRQGULD� RFFXUV� WKURXJK� WKH� SURWHLQ� WUDQVSRUW� PDFKLQHU\� RI�

PLWRFKRQGULD��VSHFLILFDOO\�YLD�WKH�WUDQVORFDVH�RI�WKH�20��720���WR�ORFDOL]H�LW�DW�WKH�FULVWDH�RI�

PLWRFKRQGULD� 7KH�PLWRFKRQGULDO�$ȕ�LPSRUW�KDV�EHHQ�REVHUYHG�ERWK�in vivo�DQG� in vitro�DQG�

HYHQ� ZKHQ� $ȕ� LV� H[WUDFHOOXODUO\� DSSOLHG� �+DQVVRQ� 3HWHUVHQ� HW� DO��� ������� 7KHUHIRUH��

PLWRFKRQGULDO�$ȕ�DFFXPXODWLRQ�LV�D�NH\�SURFHVV��ZKLFK�OHDGV�WR�WKH�XQGHUVWDQGLQJ�RI�KRZ�$ȕ�
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FDQ� GDPDJH� QHXURQV� VR� HIIHFWLYHO\� LQ�$'��2QFH� LQVLGH�PLWRFKRQGULD��$ȕ� FDQ� LQWHUDFW�ZLWK�

VHYHUDO� SURWHLQV� WKDW� DUH� LPSRUWDQW� IRU� WKH� FRUUHFW� IXQFWLRQ� RI� WKLV� RUJDQHOOH� DQG�RU� IRU� WKH�

PDLQWHQDQFH� RI� LWV� VWUXFWXUH�� 5HJDUGLQJ� WKLV� LGHD�� RQH� RI� WKH� SURWHLQV� WKDW� UHJXODWHV�

PLWRFKRQGULDO�VWUXFWXUH�DQG�WKDW�LQWHUDFWV�ZLWK�$ȕ�LV�F\FORSKLOLQ�'��&\S'���ZKLFK�SDUWLFLSDWHV�

LQ�WKH�RSHQLQJ�RI�WKH�PLWRFKRQGULDO�373��P373��DQG�WKHUHIRUH�UHJXODWHV�WKH�SHUPHDELOLW\�DQG�

IXQFWLRQ�RI�WKH�PLWRFKRQGULD��DIIHFWLQJ�ERWK�LWV�HQHUJHWLF�DQG�FDOFLXP�EXIIHU�IXQFWLRQV��'X�DQG�

<DQ������D����

�
�����0LWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ�SRUH�DQG�$E�&\S'�LQWHUDFWLRQ��

7KH�P373� LV� D�QRQ�VHOHFWLYH�SRUH� WKDW� LV� IRUPHG�DQG� UHPDLQV�RSHQ� IRU�SHULRGV� WKDW� DUH�

KLJKO\�GHSHQGHQW�RQ�FDOFLXP�FRQFHQWUDWLRQ� LQVLGH� WKH�PLWRFKRQGULDO�PDWUL[��7KH�RSHQLQJ�RI�

WKH� P373� IRU� VKRUW� WLPH� SHULRGV� LQGXFHV� D� UDSLG� DQG� UHJXODWHG� FDOFLXP� UHOHDVH� IURP� WKH�

PLWRFKRQGULDO�PDWUL[��KRZHYHU�� LI� WKH�SRUH� UHPDLQV�RSHQ� IRU� ORQJ�SHULRGV��SRWHQWLDWHG�E\�DQ�

DSRSWRWLF� VWLPXOXV�� VXFK� DV� $E�� RU� E\� HOHYDWHG� FDOFLXP� FRQFHQWUDWLRQV�� ZKLFK� FDQ� DOVR� EH�

SURGXFHG�E\�$E��RFFXUV�DQ�XQFRQWUROOHG�UHOHDVH�RI�WKLV�LRQ�IURP�WKH�PLWRFKRQGULD��0XLUKHDG�

HW� DO��� ������ 5DR� HW� DO��� ������� 7KH� SHUPHDELOL]DWLRQ� RI� WKH� LQQHU� PLWRFKRQGULDO� PHPEUDQH�

�,00��LQGXFHV�PRUSKRORJLFDO�FKDQJHV�LQ�WKH�PLWRFKRQGULD��LQFOXGLQJ�DQ�LQFUHDVHG�YROXPH��D�

SKHQRPHQRQ�NQRZQ�DV�swelling��DQG�WKH�GLVVLSDWLRQ�RI�WKH�P'<��GLVUXSWLRQ�RI�WKH�PHPEUDQH�

DQG�XQFRQWUROOHG�UHOHDVH�RI�FDOFLXP�DQG�SUR�DSRSWRWLF�IDFWRUV��VXFK�DV�F\WRFKURPH�F��LQWR�WKH�

F\WRSODVP��DFWLYDWLQJ�QHXURQDO�GHDWK�FDVFDGHV��3HWURQLOOL�HW�DO����������)LJXUH�����7KH�GHWDLOHG�

VWUXFWXUH�RI�WKH�P373�LV�QRW�ZHOO�HVWDEOLVKHG��&HOVL�HW�DO����������EXW�LW�LV�NQRZQ�WR�EH�DW�OHDVW�

IRUPHG�E\�WKH�YROWDJH�GHSHQGHQW�DQLRQ�FKDQQHO��9'$&��DW�WKH�200��WKH�DGHQLQH�QXFOHRWLGH�

WUDQVORFDVH���$17���DW��WKH��,00����DQG��F\FORSKLOLQ��'���&\S'���LQ��WKH��PLWRFKRQGULDO���PDWUL[�
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)LJXUH� ��� 0RUSKRORJLFDO� FKDQJHV� RI� PLWRFKRQGULD� GXULQJ� PHPEUDQH� SHUPHDELOLW\�
WUDQVLWLRQ� LQ� $'�� 0LWRFKRQGULD� DUH� VWUXFWXUHG� RUJDQHOOHV� ZKLFK� LQ� QRUPDO� RU� KHDOWK\�
FRQGLWLRQV� SUHVHQW� D� FRQVHUYHG� VWUXFWXUH� RI� ERWK�� WKH� LQQHU�PLWRFKRQGULDO�PHPEUDQH� �,00��
DQG�WKH�RXWHU�PLWRFKRQGULDO�PHPEUDQH��200���7KLV�RUJDQL]DWLRQ�DOORZV�WKH�IRUPDWLRQ�RI�WKH�
PLWRFKRQGULDO� FULVWDH��ZKLFK� DUH� LPSRUWDQW� VLQFH� WKHUHLQ� UHVLGHV� WKH� HOHFWURQ� WUDQVSRUW� FKDLQ�
�(7&�� WR� VXSSRUW� FHOOXODU� UHVSLUDWLRQ�� 8QGHU� $'� FRQGLWLRQV�� LQ� WKH� SUHVHQFH� RI� $ER��
PLWRFKRQGULD�XQGHUJR�VWUXFWXUDO�FKDQJHV�DV�D�UHVXOW�RI�$E�LQGXFHG�PLWRFKRQGULDO�PHPEUDQH�
SHUPHDELOLW\��7KLV�SKHQRPHQRQ�LV�WULJJHUHG�E\�WKH�RSHQLQJ�RI�WKH�PLWRFKRQGULDO�SHUPHDELOLW\�
WUDQVLWLRQ� SRUH� �P373��� ZKLFK� SURGXFHV� ZDWHU� DQG� VROXWHV� HQWU\� LQWR� WKH� PLWRFKRQGULD��
LQGXFLQJ� LQFUHDVH� YROXPH� DQG� WKH� ORVV� RI� WKH� PLWRFKRQGULDO� VWUXFWXUH�� WR� SURPRWH�
PLWRFKRQGULDO�PHPEUDQH�SRWHQWLDO��P'<��GLVVLSDWLRQ�DQG�WKH�UHOHDVH�RI�SUR�DSRSWRWLF�IDFWRUV�
DQG�FDOFLXP�WR�WKH�F\WRSODVP��7KHVH�PRUSKRORJLFDO�FKDQJHV�WKDW�PLWRFKRQGULD�XQGHUJR�GXULQJ�
PHPEUDQH�SHUPHDELOLW\�DUH�NQRZQ�DV�PLWRFKRQGULDO�VZHOOLQJ��ZKLFK�ILQDOO\�JHQHUDWHV�WKH�ORVV�
RI�PLWRFKRQGULDO�IXQFWLRQ�WR�DFWLYDWH�QHXURQDO�GHDWK�SURFHVVHV��
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�)LJXUH��$���%DLQHV�HW�DO���������+DOHVWUDS��������6FKLQ]HO�HW�DO����������&\S'��LV�D�SHSWLG\O�

SURO\O�FLV�WUDQV�LVRPHUDVH�IRXQG�LQ�WKH�PLWRFKRQGULDO�PDWUL[�WKDW�KDV�EHHQ�GHVFULEHG�DV�D�NH\�

SRVLWLYH�UHJXODWRU�RI�WKH�P373��VLQFH�WUDQVORFDWHV�WR�WKH�,00�GXULQJ�WKH�RSHQLQJ�RI�WKH�SRUH�

LQ�R[LGDWLYH�VWUHVV�FRQGLWLRQV��&RQQHUQ�DQG�+DOHVWUDS���������&\S'�DVVRFLDWLRQ�ZLWK�$17�RQ�

WKH�,00�FRQWULEXWHV� WR�WKH�IRUPDWLRQ�DQG�RSHQLQJ�RI� WKH�P373��5HJDUGLQJ�WKH�PHFKDQLVPV�

SURSRVHG�IRU�WKH�DFWLRQ�RI�$ȕ�SHSWLGHV�DW�WKH�OHYHO�RI�PLWRFKRQGULDO�PHPEUDQH�SHUPHDELOLW\��LW�

KDV� EHHQ� SRVWXODWHG� WKDW�$E� GLUHFWO\� LQWHUDFWV�ZLWK�&\S'� WR� LQGXFH�P373� RSHQLQJ� �)LJXUH�

�%���'HVSLWH� LW�KDV�EHHQ�SURSRVHG� WKDW�&\S'�LV� WKH�PDLQ�FRPSRQHQW� UHTXLUHG� IRU� WKH�P373�

IRUPDWLRQ�� LW� KDV� EHHQ� GHPRQVWUDWHG� WKDW� WKH� SRUH� FDQ� EH� IRUP� DQG� RSHQ� LQ� WKH� DEVHQFH� RI�

&\S'�� VXJJHVWLQJ� WKDW� WKLV� HYHQW� PD\� GHSHQG� RQ� PXOWLSOH� IDFWRUV� �%DVVR� HW� DO��� ������� ,Q�

DJUHHPHQW�ZLWK�WKLV�LGHD��VWXGLHV�RI�SURWHLQ�SURWHLQ�LQWHUDFWLRQ�KDYH�VKRZQ�WKDW�$ȕ�DOVR�ELQGV�

$17� DQG� WKDW� WKLV� LQWHUDFWLRQ� LV� VWURQJHU� WKDQ� $ȕ�&\S'� LQWHUDFWLRQ�� SRVVLEO\� DIIHFWLQJ� WKH�

QRUPDO�SK\VLRORJLFDO� IXQFWLRQ�RI�$17�DQG� WKH� IRUPDWLRQ�RI� WKH�P373� �6LQJK�HW� DO��� �������

'HVSLWH� WKLV� HYLGHQFHV� LW� LV� YHU\� FOHDU� WKDW� &\S'� LV� D� NH\� FRPSRQHQW� RI� WKH� P373� VLQFH�

PRGXODWHV�WKH�P373�VHQWLWLYLW\�WR�&D���DQG�WKH�FHOO�VXVFHSWLELOLW\�WR�DSRSWRWLF�VWLPXOL��%DLQHV�

HW� DO��� ������ 6FKLQ]HO� HW� DO��� ������� 2Q� WKH� RWKHU� KDQG�� DQG� UHODWHG� WR� $'�� LW� KDV� EHHQ�

GHPRQVWUDWHG�WKDW�WKH�GHILFLHQF\�RI�&\S'��LQ�DQ�$'�WUDQVJHQLF�PLFH�EDFNJURXQG��DWWHQXDWHV�

WKH�FHOOXODU�GHDWK�LQGXFHG�E\�$ȕ�DQG�LPSURYHV�PHPRU\�DQG�V\QDSWLF�IXQFWLRQ��'X�DQG�<DQ��

����D�� 'X� HW� DO��� ������� 7KXV�� EORFNLQJ� $ȕ� HQWU\� WR� PLWRFKRQGULD� RU� LQKLELWLQJ� &\S'�

GHSHQGHQW�P373�VWLPXODWHG�E\�$ȕ��DUH�SRWHQWLDO�WKHUDSHXWLF�VWUDWHJLHV�IRU�$'��)RU�WKLV�UHDVRQ��

WKH�VWXG\�RI�PROHFXOHV�WKDW�FRXOG�EH�DEOH�WR�SUHYHQW�WKH�PLWRFKRQGULDO�SHUPHDELOLW\�LQGXFHG�E\�

$E� LV� FUXFLDO� IRU� WKH� GHYHORSPHQW� RI� WRROV� IRU� WKH� HDUO\� WUHDWPHQW� RI� QHXURGHJHQHUDWLYH�

GLVHDVHV�LQ�ZKLFK�PLWRFKRQGULD�DUH�LQYROYHG���
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)LJXUH����0LWRFKRQGULDO�SHUPHDELOLW\� WUDQVLWLRQ�SRUH�FRQIRUPDWLRQ��$��P373� LV�PDLQO\�
IRUPHG�E\�WKH�YROWDJH�GHSHQGHQW�FDOFLXP�FKDQQHO��9'$&��LQ�RUDQJH���WKH�DGHQLQH�QXFOHRWLGH�
WUDQVOR]DVH� �$17�� LQ� SXUSOH�� DQG� &\FORSKLOLQ� '� �&\S'�� LQ� \HOORZ��� 8QGHU� SK\VLRORJLFDO�
FRQGLWLRQV� P373� SUHVHQWV� D� UHYHUVLEOH� FRQIRUPDWLRQ� DQG� &\S'� LV� QRW� SDUW� RI� WKH� SURWHLQ�
FRPSOH[�DQG�PDLQO\�UHVLGHV�LQWR�WKH�PLWRFKRQGULDO�PDWUL[��00���7KH�LQWHUDFWLRQ�EHWZHHQ�DOO�
RI�WKH�FRPSRQHQWV��PHGLDWHG�E\�DQ�DSRSWRWLF�VWLPXOXV��SURGXFHV�WKH�IRUPDWLRQ�DQG�RSHQLQJ�RI�
WKH�P373��ZKLFK�JHQHUDWHV�DQ�LUUHYHUVLEOH�UHVSRQVH��OHDGLQJ�WR�ZDWHU�DQG�VROXWHV�HQWU\�LQWR�WKH�
00��%��,Q�DQ�$'�FRQWH[W��$E�ROLJRPHUV�LQGXFH�WKH�WUDQVORFDWLRQ�RI�&\S'�IURP�WKH�00�WR�
WKH�,00�WR�IDFLOLWDWH�WKHLU�LQWHUDFWLRQ�ZLWK�$17��DQG�WKHUHIRUH�WKH�IRUPDWLRQ�DQG�RSHQLQJ�RI�
WKH�P373��7KLV�ILQDO�VWHS�LQGXFHV�XQFRQWUROOHG�UHOHDVH�RI�FDOFLXP�DQG�PLWRFKRQGULDO�VZHOOLQJ����

$�

%�
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�����:QW�VLJQDOLQJ�DQG�LWV�QHXURSURWHFWLYH�UROH�LQ�$'�

� 3UHYLRXV�VWXGLHV�IURP�RXU�ODERUDWRU\�GHPRQVWUDWHG�WKDW�WKH�DFWLYDWLRQ�RI�WKH�FDQRQLFDO�Wnt 

VLJQDOLQJ� SDWKZD\� SURWHFWV� QHXURQV� DJDLQVW�$ȕ� WR[LFLW\� in vitro� DQG� in vivo� �$OYDUH]� HW� DO���

������7ROHGR�DQG�,QHVWURVD��������9DUJDV�HW�DO����������Wnt�OLJDQGV�DUH�VHFUHWHG�SURWHLQV�WKDW�

PDLQO\�DFWLYDWH�WZR�Wnt SDWKZD\V��WKH�FDQRQLFDO��RU�E�FDWHQLQ�GHSHQGHQW��VLJQDOLQJ�SDWKZD\�

�WKH�Wnt�E�FDWHQLQ� SDWKZD\��� DQG� WKH� QRQ�FDQRQLFDO� VLJQDOLQJ� SDWKZD\V� �WKH�Wnt�3&3� DQG�

Wnt�&D���SDWKZD\V���)LJXUH�����,QHVWURVD�DQG�9DUHOD�1DOODU��������:LOOHUW�DQG�1XVVH���������

7KH�:QW�3&3�SDWKZD\� LV�DFWLYDWHG�E\� WKH� LQWHUDFWLRQ�RI�D�:QW� OLJDQG�ZLWK� LWV�)UL]]OHG� �)]��

UHFHSWRU��7KLV�ELQGLQJ�SURGXFHV�WKH�DFWLYDWLRQ�RI�'LVKHYHOOHG��'YO���ZKLFK�LQ�WXUQ�DFWLYDWHV�WKH�

VPDOO�*73DVHV�5KR�DQG�5DF�� WR�ILQDOO\�DFWLYDWH� WKH�-XQ�1�WHUPLQDO�NLQDVH��-1.���UHJXODWLQJ�

WKH�F\WRVNHOHWRQ�UHRUJDQL]DWLRQ��5RVVR�HW�DO����������2Q�WKH�RWKHU�KDQG��LQ�:QW�&D���SDWKZD\��

WKH�ELQGLQJ�EHWZHHQ�:QW�OLJDQG�DQG�WKH�)]�UHFHSWRU�DFWLYDWHV�WKH�WULPHULF�*�SURWHLQV��ZKLFK�

LQGXFHV�WKH�DFWLYDWLRQ�RI�SKRVSKROLSDVH�&��3/&��DQG�WKH�SURGXFWLRQ�RI�GLDF\O�JO\FHURO��'$*��

DQG�LQRVLWRO�WULSKRVSKDWH��,3����JHQHUDWLQJ�DQ�LQFUHDVH�LQ�WKH�LQWUDFHOOXODU�&D����OHYHOV�DQG�WKH�

VXEVHTXHQW�DFWLYDWLRQ�RI�&D���GHSHQGHQW�SURWHLQV� �,QHVWURVD�DQG�$UHQDV���������%\�FRQWUDVW��

WKH�:QW�E�FDWHQLQ�SDWKZD\�LV�DFWLYDWHG�E\�WKH�ELQGLQJ�RI�D�:QW�OLJDQG�WR�LWV�)]�UHFHSWRU�DQG�WR�

WKH� FR�UHFHSWRU�/53�����7KLV� LQWHUDFWLRQ� DFWLYDWHV�'YO��ZKLFK� FDXVHV� WKH�GLVVRFLDWLRQ�RI� WKH�

GHVWUXFWLRQ�FRPSOH[�WR� LQKLELW�JO\FRJHQ�V\QWKDVH�NLQDVH��E� �*6.��E��DQG�SUHYHQW�E�FDWHQLQ�

GHJUDGDWLRQ�WKURXJK� WKH�SURWHDVRPH�� WKHUHIRUH� LQGXFLQJ� LWV�DFFXPXODWLRQ� LQWR� WKH�F\WRSODVP��

WR�ILQDOO\�WUDQVORFDWH�WR�WKH�QXFOHXV�WR�WULJJHU�WKH�H[SUHVVLRQ�RI�:QW�WDUJHW�JHQHV��$UUi]ROD�HW�

DO���������&OHYHUV�DQG�1XVVH���������$ERXW�:QW�VLJQDOLQJ�IXQFWLRQV��LW�KDV�EHHQ�LPSOLFDWHG�LQ�

WKH�GHYHORSPHQW�DQG�PDLQWHQDQFH�RI�WKH�QHUYRXV�
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)LJXUH����&DQRQLFDO� DQG�QRQ�FDQRQLFDO�:QW� VLJQDOLQJ�SDWKZD\V��Left:�7KH� DFWLYDWLRQ�RI�
:QW�ȕ�FDWHQLQ�VLJQDOLQJ�EHJLQV�ZLWK�WKH�ELQGLQJ�RI�:QW�OLJDQG�WR�D�)UL]]OHG��)]G��UHFHSWRU�DQG�
WKH�ORZ�GHQVLW\�OLSRSURWHLQ�UHFHSWRU�UHODWHG�SURWHLQ������/53�������SURGXFLQJ�WKH�UHFUXLWPHQW�
RI� 'LVKHYHOOHG� �'YO�� DQG� WKH� VXEVHTXHQW� LQKLELWLRQ� RI� WKH� ³ȕ�FDWHQLQ� GHVWUXFWLRQ� FRPSOH[´�
PDLQO\�IRUPHG�E\�$[LQ��DGHQRPDWRXV�SRO\SRVLV�FROL��$3&��DQG�JO\FRJHQ�V\QWKDVH�NLQDVH��ȕ�
�*6.��ȕ��� 7KH� SKRVSKRU\ODWLRQ� DQG� LQKLELWLRQ� RI� *6.��ȕ� WKH� DFFXPXODWLRQ� RI� ȕ�FDWHQLQ��
ZKLFK� LV� QR� ORQJHU� SKRVSKRU\ODWHG� DQG� WKHQ� WUDQVORFDWH� WR� WKH� QXFOHXV� WR� DFWLYDWH� WKH�
WUDQVFULSWLRQ�RI�:QW WDUJHW�JHQHV�PHGLDWHG�E\�WKH�7&)�/()�IDFWRUV��Middle:�,Q�WKH�:QW�3&3�
SDWKZD\��:QW�)]G�LQWHUDFWLRQ�SURPRWHV�WKH�DFWLYDWLRQ�RI�'YO�WR�LQGXFH�WKH�DFWLYDWLRQ�RI�5KR�
DQG�5DF�VPDOO�*73DVHV��$FWLYDWLRQ�RI�5KR�VLJQDOV�WKURXJK�WKH�5KR�DVVRFLDWHG�NLQDVH��52&.��
DQG�WKH�DFWLYDWLRQ�RI�5DF�VLJQDOV�WR�WKH�F�-XQ�1�WHUPLQDO�NLQDVH��-1.���PRGXODWLQJ�WKH�DFWLQ�
F\WRVNHOHWRQ�� Right:� ,Q� WKH� :QW�&D��� SDWKZD\�� WKH� ELQGLQJ� RI� Wnt WR� )]G� DFWLYDWHV�
KHWHURWULPHULF�*�SURWHLQV�ZKLFK�LQ�WXUQV�VLJQDO�WKURXJK�SKRVSKROLSDVH�&��3/&��DQG�LQRVLWRO�
������WKULSKRVSKDWH��,3���WR�LQGXFH�WKH�UHOHDVH�RI�LQWUDFHOOXODU�&D���DQG�WKH�DFWLYDWLRQ�RI�ERWK�
SURWHLQ�NLQDVH�&��3.&��DQG�&D���FDOPRGXOLQ�GHSHQGHQW�SURWHLQ�NLQDVH�W\SH�,,��&D0.,,���
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V\VWHP��,QHVWURVD�DQG�$UHQDV��������EHFDXVH�LW�UHJXODWHV�V\QDSWRJHQHVLV��5RVVR�DQG�,QHVWURVD��

������6DOLQDV�DQG�=RX��������DQG�SDUWLFLSDWHV� LQ� WKH�DGXOW�QHXURJHQHVLV�RI� WKH�KLSSRFDPSXV�

�/LH� HW� DO��� ������9DUHOD�1DOODU� DQG� ,QHVWURVD�� �������5HODWHG� WR� WKH�$'�� WKH� FDQRQLFDO�:QW�

VLJQDOLQJ� KDV� EHHQ� LQYROYHG� LQ� WKH� QHXURSURWHFWLRQ� DJDLQVW� $E�LQGXFHG� QHXURQDO� GDPDJH�

�&HUSD�HW�DO���������EHFDXVH�LWV�DFWLYDWLRQ�SURWHFWV�KLSSRFDPSDO�QHXURQV�IURP�$E�LQGXFHG�FHOO�

GHDWK��$OYDUH]�HW�DO���������DQG�DOVR�SUHYHQWV�WKH�LQWUDFHOOXODU�FDOFLXP�LQFUHDVH�JHQHUDWHG�E\�

$ȕ� LQ�QHXURQV��ZKLFK�GLUHFWO\�DIIHFWV�PLWRFKRQGULDO� FDOFLXP� OHYHOV� �'LQDPDUFD�HW� DO��� ������

4XLQWDQLOOD�HW�DO����������+RZHYHU��WKH�PHFKDQLVP�E\�ZKLFK�WKLV�SURWHFWLRQ�RFFXUV�LV�XQNQRZQ�

DQG�QHLWKHU� KDV� LW� EHHQ� H[SORUHG�ZKHWKHU�:QW� VLJQDOLQJ� FRXOG� H[HUW� LWV� QHXURSURWHFWLYH� UROH�

DJDLQVW�$E�LQGXFHG�WR[LFLW\�WKURXJK�WKH�SURWHFWLRQ�RI�WKH�PLWRFKRQGULD���

� 6WXGLHV�IURP�RXU�ODERUDWRU\�KDYH�VKRZQ�WKDW�WKH�DFWLYDWLRQ�RI�WKH�FDQRQLFDO�:QW�VLJQDOLQJ�

SDWKZD\�UHJXODWHV�WKH�H[SUHVVLRQ�RI�WKH�PLWRFKRQGULDO�DQWL�DSRSWRWLF�SURWHLQ�%FO����)XHQWHDOED�

HW�DO���������DQG�WKDW�WKH�XS�UHJXODWLRQ�RI�WKLV�SURWHLQ�SURWHFWV�KLSSRFDPSDO�QHXURQV�IURP�$E�

LQGXFHG� PLWRFKRQGULDO� GDPDJH� �)XHQ]DOLGD� HW� DO��� ������� 0RUHRYHU�� %FO��� KDV� DOVR� EHHQ�

LQYROYHG�LQ�WKH�LQKLELWLRQ�RI�WKH�P373�WKURXJK�LWV�FDSDELOLW\�WR�LQWHUDFW�ZLWK�&\S'��(OLVHHY�HW�

DO��� ������� 2Q� WKH� RWKHU� KDQG�� D� NH\� FRPSRQHQW� RI� WKH� FDQRQLFDO�:QW� VLJQDOLQJ�� JO\FRJHQ�

V\QWKDVH� NLQDVH��E� �*6.��E��� KDV� EHHQ� LQYROYHG� LQ� FDUGLRSURWHFWLRQ� PRGHOV� ZLWK� WKH�

LQKLELWLRQ� RI� WKH� P373� WKURXJK� LWV� LQWHUDFWLRQ� ZLWK� VHYHUDO� FRPSRQHQWV� RI� WKH� SRUH� LQVLGH�

PLWRFKRQGULD�� LQFOXGLQJ�$17�DQG�&\S'� �1LVKLKDUD� HW� DO��� ������=RURY� HW� DO��� �������7KHVH�

HYLGHQFHV� VXJJHVW� DQ� DSSHDOLQJ� UROH� IRU� :QW� VLJQDOLQJ� LQ� QHXURSURWHFWLRQ� WKURXJK� WKH�

UHJXODWLRQ�RI�PLWRFKRQGULDO�GHSHQGHQW�FHOO�GHDWK�FDVFDGHV��HVSHFLDOO\�WKURXJK�WKH�LQKLELWLRQ�RI�

PLWRFKRQGULDO�PHPEUDQH�SHUPHDELOLW\��WR�IDYRU�WKH�PDLQWHQDQFH�RI�WKH�VWUXFWXUH�DQG�WKHUHIRUH�

WKH�IXQFWLRQ�RI�WKH�PLWRFKRQGULD��
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� ,Q� WKLV� WKHVLV�ZH�VWXGLHG� WKH�PLWRFKRQGULDO�HYHQWV� LQYROYHG� LQ� WKH�QHXURWR[LFLW\� LQGXFHG�

E\�$E�DQG�ZKHWKHU�WKH�FDQRQLFDO�:QW�VLJQDOLQJ�DFWLYDWLRQ��WKURXJK�WKH�:QW�D�OLJDQG��SUHYHQWV�

WKHVH�SDWKRORJLFDO�HYHQWV�LQ�SDUWLFXODU�UHODWHG�WR�PLWRFKRQGULDO�G\VIXQFWLRQ�DQG�PLWRFKRQGULDO�

PHPEUDQH�SHUPHDELOL]DWLRQ��ZKLFK�DUH�WKH�HDUOLHVW�HYHQWV��WKDW�ZLOO�WULJJHU�WKH�QHXURQDO�GHDWK�

SURFHVV� LQ�$'�EUDLQ��7KH� GDWD� SUHVHQWHG� KHUH� VXJJHVWV� WKDW�:QW�D� SURWHFWV� QHXURQV� DJDLQVW�

$ER�LQGXFHG� QHXURQDO� FHOO� GHDWK� WKURXJK� WKH� LQKLELWLRQ� RI� P373� RSHQLQJ�� SUHYHQWLQJ� WKH�

GLVUXSWLRQ�RI�WKH�PLWRFKRQGULDO�LQWHJULW\�DQG�LWV�ORVV�RI�IXQFWLRQ���

�

�����+\SRWKHVLV�DQG�2EMHFWLYHV�

������� +\SRWKHVLV�

7KH�DFWLYDWLRQ�RI�WKH�:QW�ȕ�FDWHQLQ�VLJQDOLQJ�SDWKZD\�SUHYHQWV�WKH�PLWRFKRQGULDO�PHPEUDQH�

SHUPHDELOLW\�LQGXFHG�E\�$ȕ�ROLJRPHUV�LQ�KLSSRFDPSDO�QHXURQV��

������� 2EMHFWLYHV�

$LP��

7R� VWXG\� WKH� UROH� RI�:QW�ȕ�FDWHQLQ� VLJQDOLQJ� RQ�PLWRFKRQGULDO� G\VIXQFWLRQ� LQ� KLSSRFDPSDO�

QHXURQV�H[SRVHG�WR�$ȕ�ROLJRPHUV��

5HVHDUFK�2EMHFWLYHV��

���7R�HYDOXDWH�WKH�HIIHFW�RI�WKH�FDQRQLFDO�:QW�VLJQDOLQJ�DFWLYDWLRQ�RQ�PLWRFKRQGULDO�FDOFLXP�

RYHUORDG�FDXVHG�E\�$ȕ�ROLJRPHUV�LQ�KLSSRFDPSDO�QHXURQV��

���7R�VWXG\� WKH�UROH�RI�:QW� LQ� WKH�IRUPDWLRQ�DQG�RSHQLQJ�RI� WKH�PLWRFKRQGULDO�SHUPHDELOLW\�

WUDQVLWLRQ�SRUH�LQ�$ȕR�H[SRVHG�QHXURQV��
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7KH� QH[W� VHFWLRQ� SUHVHQWV� WKH� UHVXOWV� REWDLQHG� LQ� RUGHU� WR� DFFRPSOLVK� WKH� 5HVHDUFK�

2EMHFWLYHV�1����DQG����7KLV�ZRUN�ZDV�VXEPLWWHG�WR�7KH�-RXUQDO�RI�1HXURVFLHQFH�RQ�$SULO���WK��

������0DQXVFULSW�,'��-1�50�����������

� $V� LV� VKRZQ�EHORZ�� WKLV�PDQXVFULSW�GHVFULEHV� WKH�SURWHFWLYH�HIIHFWV�RI� WKH�FDQRQLFDO�:QW�

VLJQDOLQJ� DFWLYDWLRQ� RQ� PLWRFKRQGULDO� PHPEUDQH� SHUPHDELOLW\� LQGXFHG� E\� $E�� /LYH� FHOO�

LPDJLQJ� DVVD\V� LQGLFDWHG� WKDW� :QW�D� OLJDQG� SUHYHQWV� WKH� PLWRFKRQGULDO� FDOFLXP� RYHUORDG�

JHQHUDWHG� E\� $E� H[SRVXUH� RQ� KLSSRFDPSDO� QHXURQV�� ZKLFK� ZDV� DOVR� DFFRPSDQLHG� E\� D�

SURWHFWLRQ�DW�WKH�PLWRFKRQGULDO�PHPEUDQH�SRWHQWLDO�OHYHO�DQG�ZLWK�WKH�LQKLELWLRQ�RI�WKH�P373�

RSHQLQJ�� 7R� GLUHFWO\� VWXG\� WKH� SHUPHDELOLW\� RI� PLWRFKRQGULDO� PHPEUDQHV� DQG� FULVWDH�

GLVUXSWLRQ�� HOHFWURQ� PLFURVFRS\� DQDO\VLV� ZDV� SHUIRUPHG�� 7KH� UHVXOWV� LQGLFDWHG� WKDW� WKH�

PLWRFKRQGULDO� VWUXFWXUH� ZDV� SURWHFWHG� IURP� WKH� $ER� GDPDJH� WKDW� LV� JHQHUDWHG� LQ� EUDLQ�

PLWRFKRQGULD� RI�$'�ZKHQ�:QW� VLJQDOLQJ�ZDV� SUHYLRXVO\� DFWLYDWHG�� 7KHVH� UHVXOWV�ZHUH� DOVR�

FRQVLVWHQW�ZLWK�D�SUHYHQWLRQ�RI�WKH�PRUSKRORJLFDO�FKDQJHV�WKDW�PLWRFKRQGULD�XQGHUJR�GXULQJ�

WKH�VZHOOLQJ�SURFHVV��VXFK�DV�LQFUHDVH�YROXPH�DQG�VSKHULFLW\��ZKLFK�ZHUH�HYDOXDWHG�IURP��'�

UHFRQVWUXFWLRQV�RI�WKH�PLWRFKRQGULDO�QHWZRUN���7KXV��WKH�UHVXOWV�LQGLFDWHG�WKDW�WKH�DFWLYDWLRQ�RI�

WKH� FDQRQLFDO�:QW� VLJQDOLQJ� LQKLELWV� WKH� P373� RSHQLQJ� WR� ILQDOO\�� SURWHFW� QHXURQV� DJDLQVW�

$ER�LQGXFHG�FHOO�GHDWK��
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:QW�6LJQDOLQJ�3UHYHQWV�0LWRFKRQGULDO�3HUPHDELOLW\�7UDQVLWLRQ�3RUH�

2SHQLQJ�,QGXFHG�E\�$E�2OLJRPHUV�LQ�+LSSRFDPSDO�1HXURQV�

�

Abbreviated title: Wnt3a prevents AE-mediated mPTP opening��
�

�0DFDUHQD�6��$UUi]ROD���'DQLHOD�2UGHQHV��DQG�1LEDOGR�&��,QHVWURVD����
�

�&HQWUR�GH�(QYHMHFLPLHQWR�\�5HJHQHUDFLyQ��&$5(���'HSDUWDPHQWR�GH�%LRORJtD�&HOXODU�\�
0ROHFXODU��)DFXOWDG�GH�&LHQFLDV�%LROyJLFDV��3RQWLILFLD�8QLYHUVLGDG�&DWyOLFD�GH�&KLOH��

6DQWLDJR��&KLOH������������&HQWHU�IRU�+HDOWK\�%UDLQ�$JHLQJ��6FKRRO�RI�3V\FKLDWU\��)DFXOW\�RI�
0HGLFLQH��8QLYHUVLW\�RI�1HZ�6RXWK�:DOHV��6\GQH\��$XVWUDOLD��

�
�&RUUHVSRQGLQJ�DXWKRU��'U��1LEDOGR�&��,QHVWURVD�DW�&$5(��%LRPHGLFDO�&HQWHU��3RQWLILFLD�
8QLYHUVLGDG�&DWyOLFD�GH�&KLOH��$Y��$ODPHGD������6DQWLDJR��&KLOH��SRVWDO�FRGH����������

3KRQH��������������������)D[��������������������H�PDLO��ninestrosa@bio.puc.cl��

�
1XPEHU�RI�SDJHV�����
1XPEHU�RI�ILJXUHV����
1XPEHU�RI�7DEOHV����
1XPEHU�RI�ZRUGV�IRU�$EVWUDFW������
1XPEHU�RI�ZRUGV�IRU�,QWURGXFWLRQ������
1XPEHU�RI�ZRUGV�IRU�'LVFXVVLRQ�������
�
7KH�DXWKRUV�GHFODUH�QR�FRPSHWLQJ�ILQDQFLDO�LQWHUHVWV��

�
$FNQRZOHGJHPHQWV�
:H� WKDQN� 'U�� *DLO� 9:� -RKQVRQ� �'HSDUWPHQW� RI� $QHVWKHVLRORJ\�� 8QLYHUVLW\� RI� 5RFKHVWHU�
0HGLFDO�&HQWHU��5RFKHVWHU��1<��IRU�WKH�NLQG�JLIW�RI�WKH�PLWR�&KHUU\�SODVPLG��:H�DOVR�WKDQN�
)HOLSH�6HUUDQR�IRU�WKH�GHVLJQ�RI�WKH�PHFKDQLVP�PRGHO�DQG�*ORULD�0pQGH]�IRU�WKH�SUHSDUDWLRQ�
RI�SULPDU\�FXOWXUH�RI�KLSSRFDPSDO�QHXURQV��7KLV�ZRUN�ZDV�VXSSRUWHG�E\�*UDQW�3)%���������
IURP�WKH�%DVDO�&HQWHU�IRU�([FHOOHQFH�LQ�6FLHQFH�DQG�7HFKQRORJ\��WR�1&,���DQG�D�SUHGRFWRUDO�
IHOORZVKLS�IURP�&RPLVLyQ�1DFLRQDO�GH�,QYHVWLJDFLyQ�&LHQWtILFD�\�7HFQROyJLFD�IRU�06$���
�

�
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$EVWUDFW��

7KH�PLWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ�SRUH��P373��LV�D�QRQ�VHOHFWLYH�SRUH�WKDW�LV�IRUPHG�

DQG�UHPDLQV�RSHQ�IRU�SHULRGV�WKDW�DUH�KLJKO\�GHSHQGHQW�RQ�WKH�FDOFLXP�FRQFHQWUDWLRQ�LQVLGH�WKH�

PLWRFKRQGULDO�PDWUL[��P373�KDV�EHHQ�LPSOLFDWHG�LQ�WKH�SDWKRJHQHVLV�RI�$O]KHLPHU¶V�GLVHDVH�

EHFDXVH� DP\ORLG�E� SHSWLGH� �$E�� ROLJRPHUV� �$ER�� LQGXFH� LWV� RSHQLQJ�� WKHUHE\� DFWLYDWLQJ�

PLWRFKRQGULDO�GHSHQGHQW� QHXURQDO� GHDWK� FDVFDGHV�� 3UHYLRXV� ZRUN� IURP� RXU� ODERUDWRU\�

VXJJHVWHG�WKDW�FDQRQLFDO�:QW VLJQDOLQJ��WKURXJK�WKH�:QW�D�OLJDQG��KDV�D�QHXURSURWHFWLYH�HIIHFW�

DJDLQVW� $E� WR[LFLW\�� LQKLELWLQJ� WKH� QHXURQDO� GHDWK� LQGXFHG� E\� $E� SHSWLGH�� KRZHYHU�� WKH�

PHFKDQLVP�E\�ZKLFK�:QW�VLJQDOLQJ�DFWLYDWLRQ�SUHYHQWV�QHXURQDO�GHDWK�LV�XQFOHDU��7R�VWXG\�WKH�

FHOOXODU�VWHSV�LQYROYHG�LQ�WKH�QHXURWR[LFLW\�LQGXFHG�E\�$E��ZH�SHUIRUPHG�OLYH�FHOO�LPDJLQJ�LQ�

KLSSRFDPSDO� QHXURQV� WR� GHWHFW� VSHFLILF� HYHQWV� UHODWHG� WR� PLWRFKRQGULDO� PHPEUDQH�

SHUPHDELOL]DWLRQ��7KLV�ODVW�SKHQRPHQRQ�ZDV�DOVR�HYDOXDWHG�E\�HOHFWURQ�PLFURVFRS\�WR�GHWHFW�

PLWRFKRQGULDO� PHPEUDQH� LQWHJULW\� DQG� PRUSKRORJLFDO� FKDQJHV� RQ� PLWRFKRQGULD�� UHODWHG� WR�

PLWRFKRQGULDO�VZHOOLQJ��IURP�KLSSRFDPSDO�VOLFHV�H[SRVHG�WR�$E�LQ�WKH�SUHVHQFH�RI�:QW�D��:H�

UHSRUW�KHUH�WKDW�:QW�D�SUHYHQWV�DQ�$ER�LQGXFHG�FDVFDGH�RI�PLWRFKRQGULDO�HYHQWV�WKDW�OHDGV�WR�

QHXURQDO�GHDWK��7KLV�FDVFDGH�LQYROYHV���D��LQFUHDVHG�PLWRFKRQGULDO�FDOFLXP���E��PLWRFKRQGULDO�

PHPEUDQH�SRWHQWLDO� ORVV�� �F��F\WRFKURPH�F�UHOHDVH�� �G��P373�RSHQLQJ�DQG��H��PLWRFKRQGULDO�

VZHOOLQJ���OHDGLQJ�WR�QHXURQDO�GHDWK��7KXV��RXU�UHVXOWV�LQGLFDWH�WKDW�WKH�DFWLYDWLRQ�RI�FDQRQLFDO�

:QW�VLJQDOLQJ�SURWHFWV�QHXURQV�DJDLQVW�$ER�GDPDJH�WKURXJK�WKH�LQKLELWLRQ�RI�P373�RSHQLQJ��

�

�

�
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,QWURGXFWLRQ�

$O]KHLPHU¶V� GLVHDVH� �$'�� LV� D� QHXURGHJHQHUDWLYH� GLVRUGHU� FKDUDFWHUL]HG� E\�PHPRU\�

ORVV� DQG� FRJQLWLYH� GHFOLQH� �+DUG\� DQG� 6HONRH�� ������� 2OLJRPHUV� IURP� DP\ORLG�E� SHSWLGH�

�$ȕR��DUH�WKH�PRVW�QHXURWR[LF�VSHFLHV�UHVSRQVLEOH�IRU�WKH�QHXURQDO�G\VIXQFWLRQ�LQ�$'��:DOVK�

HW�DO���������/L�HW�DO���������� �'HIHFWV�DW� WKH�PLWRFKRQGULDO� OHYHO�KDYH�EHHQ�GHVFULEHG� LQ�$'�

SDWLHQWV� �6XSQHW�DQG�%H]SUR]YDQQ\��������6ZHUGORZ�HW�DO���������DQG�VRPH�VWXGLHV�SURSRVH�

WKDW�WKH�$ȕ�SHSWLGH�DFWV�LQVLGH�WKH�PLWRFKRQGULD�DIIHFWLQJ�LWV�PHPEUDQH�SHUPHDELOLW\�WKURXJK�

PLWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ�SRUH��P373��RSHQLQJ��'X�DQG�<DQ������D���7KH�P373�

LQGXFWLRQ�� SRWHQWLDWHG� E\� DQ� DSRSWRWLF� VWLPXOXV�� VXFK� DV� $E�� RU� E\� HOHYDWHG� FDOFLXP�

FRQFHQWUDWLRQV��SURGXFHV�DQ�XQFRQWUROOHG� UHOHDVH�RI� WKLV� LRQ� IURP� WKH�PLWRFKRQGULD� �&HOVL�HW�

DO���������DQG�WKH�SHUPHDELOL]DWLRQ�RI�WKH�LQQHU�PHPEUDQH��ZKLFK�LQGXFHV�DQ�LQFUHDVHG�YROXPH�

RI� WKH� PLWRFKRQGULD�� D� SKHQRPHQRQ� NQRZQ� DV� VZHOOLQJ�� DQG� WKH� GLVVLSDWLRQ� RI� WKH�

PLWRFKRQGULDO�PHPEUDQH�SRWHQWLDO��GLVUXSWLRQ�RI� WKH�PHPEUDQH�DQG� UHOHDVH�RI�SUR�DSRSWRWLF�

IDFWRUV�� VXFK� DV� F\WRFKURPH�F�� LQWR� WKH� F\WRSODVP�� DFWLYDWLQJ� QHXURQDO� GHDWK� FDVFDGHV�

�3HWURQLOOL� HW� DO��� ������� 7KH� VWXG\� RI� PROHFXOHV� WKDW� DUH� DEOH� WR� SUHYHQW� WKH�PLWRFKRQGULDO�

SHUPHDELOLW\�LQGXFHG�E\�$E�FRXOG�OHDG�WR�WKH�GHYHORSPHQW�RI�WRROV�IRU�WKH�HDUO\�WUHDWPHQW�RI�

QHXURGHJHQHUDWLYH�GLVHDVHV�LQ�ZKLFK�PLWRFKRQGULD�DUH�LQYROYHG��VXFK�DV�$'��3UHYLRXV�VWXGLHV�

IURP�RXU�ODERUDWRU\�GHPRQVWUDWHG�WKDW�WKH�DFWLYDWLRQ�RI�WKH�FDQRQLFDO�:QW VLJQDOLQJ�SDWKZD\�

SURWHFWV�QHXURQV�DJDLQVW�$ȕ�SHSWLGH�WR[LFLW\��$OYDUH]�HW�DO���������7ROHGR�DQG�,QHVWURVD��������

9DUJDV� HW� DO��� ������� KRZHYHU�� WKH� VWHSV� WKDW� PHGLDWH� WKH� SURWHFWLYH� UROH� RI� :QW�D� DUH�

XQH[SORUHG���

�
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7KH�:QW�E�FDWHQLQ�SDWKZD\�LV�DFWLYDWHG�E\�WKH�ELQGLQJ�RI�D�:QW�OLJDQG�WR�LWV�)UL]]OHG�

�)]�� UHFHSWRU� DQG� WR� WKH� FR�UHFHSWRU� /53����� LQGXFLQJ� E�FDWHQLQ� DFFXPXODWLRQ� LQ� WKH�

F\WRSODVP�WR�ILQDOO\�WUDQVORFDWH�WR�WKH�QXFOHXV�WR�UHJXODWH�WKH�H[SUHVVLRQ�RI�:QW�WDUJHW�JHQHV�

�$UUi]ROD� HW� DO��� ������&OHYHUV� DQG�1XVVH�� �������:QW� VLJQDOLQJ� KDV� EHHQ� LPSOLFDWHG� LQ� WKH�

GHYHORSPHQW�DQG�PDLQWHQDQFH�RI�WKH�QHUYRXV�V\VWHP��,QHVWURVD�DQG�$UHQDV��������EHFDXVH�LW�

UHJXODWHV�V\QDSWRJHQHVLV��6DOLQDV�DQG�=RX��������5RVVR�DQG�,QHVWURVD��������DQG�SDUWLFLSDWHV�

LQ� WKH�DGXOW�QHXURJHQHVLV�RI� WKH�KLSSRFDPSXV� �/LH�HW�DO���������9DUHOD�1DOODU�DQG� ,QHVWURVD��

�������2Q�WKH�RWKHU�KDQG��FDQRQLFDO�:QW�VLJQDOLQJ�LV�LQYROYHG�LQ�QHXURSURWHFWLRQ�DJDLQVW�$E�

�&HUSD�HW�DO���������'H�)HUUDUL�HW�DO���������EHFDXVH�SURWHFWV�KLSSRFDPSDO�QHXURQV�IURP�$E�

LQGXFHG�FHOO�GHDWK��$OYDUH]�HW�DO���������,QHVWURVD�DQG�9DUHOD�1DOODU��������DQG�DOVR�SUHYHQWV�

WKH� LQWUDFHOOXODU� FDOFLXP� LQFUHDVH� JHQHUDWHG� E\� $ȕ�� ZKLFK� GLUHFWO\� DIIHFWV� PLWRFKRQGULDO�

FDOFLXP�OHYHOV��4XLQWDQLOOD�HW�DO���������'LQDPDUFD�HW�DO�����������

:H� UHSRUW� KHUH� WKDW�:QW� VLJQDOLQJ� DFWLYDWLRQ� UHJXODWHV�PLWRFKRQGULDO� FDOFLXP� OHYHOV�

DOWHUHG�E\�$ȕR�LQ�KLSSRFDPSDO�QHXURQV�DQG�SUHYHQWV�PLWRFKRQGULDO�PHPEUDQH�SRWHQWLDO�ORVV��

WKHUHE\�SUHVHUYLQJ�WKH�LQWHJULW\�RI�PLWRFKRQGULDO�PHPEUDQHV��DV�HYLGHQFHG�E\�WKH�LQKLELWLRQ�RI�

F\WRFKURPH�F�UHOHDVH��WKH�LQDFWLYDWLRQ�RI�P373�RSHQLQJ�DQG�WKH�SUHYHQWLRQ�RI�PRUSKRORJLFDO�

FKDQJHV� �LQFOXGLQJ� LQ� VL]H�� VKDSH� DQG� XOWUDVWUXFWXUDO� IHDWXUHV�� LQ� PLWRFKRQGULD� LQGXFHG� E\�

H[SRVXUH� WR� $ȕR�� 7KHVH� UHVXOWV� VXJJHVW� WKDW� :QW� VLJQDOLQJ� SUHYHQWV� WKH� PLWRFKRQGULDO�

VZHOOLQJ��D�SURFHVV�FKDUDFWHUL]HG�E\�P373�RSHQLQJ� WKDW� LV JHQHUDWHG�E\�QHXURQ�H[SRVXUH�WR�

$ȕR��

�

�
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0DWHULDOV�DQG�0HWKRGV�

Primary culture of rat hippocampal neurons 

7KH� H[SHULPHQWDO� SURFHGXUHV� ZLWK� DQLPDOV� ZHUH� DSSURYHG� E\� WKH� %LRHWKLFDO� DQG� %LRVDIHW\�

&RPPLWWHH� RI� WKH� )DFXOW\� RI� %LRORJLFDO� 6FLHQFHV� RI� WKH� 3RQWLILFLD� 8QLYHUVLGDG� &DWyOLFD� GH�

&KLOH��5DW�KLSSRFDPSDO�FXOWXUHV�ZHUH�SUHSDUHG�DV�GHVFULEHG�SUHYLRXVO\��$OYDUH]�HW�DO���������

&DFHUHV� HW� DO��� ������� +LSSRFDPSL� IURP� 6SUDJXH�'DZOH\� UDWV� DW� HPEU\RQLF� GD\� ��� ZHUH�

UHPRYHG��GLVVHFWHG�IUHH�RI�PHQLQJHV�LQ�&D���0J���IUHH�+DQNV¶�EDODQFHG�VDOW�VROXWLRQ��+%66���

7KH�WLVVXH�ZDV�UHVXVSHQGHG�LQ�+%66�FRQWDLQLQJ��������ZW�YRO��WU\SVLQ�DQG�LQFXEDWHG�IRU����

PLQ� DW� ���&�� $IWHU� WKUHH� ULQVHV� ZLWK� +%66�� WKH� WLVVXH� ZDV� PHFKDQLFDOO\� GLVVRFLDWHG� LQ�

'XOEHFFR¶V�PRGLILHG�(DJOH¶V�PHGLXP��*,%&2��5RFNYLOOH��0'��VXSSOHPHQWHG�ZLWK�����KRUVH�

VHUXP� �*,%&2�������8�PO�SHQLFLOOLQ� DQG������J�PO� VWUHSWRP\FLQ��'LVVRFLDWHG�KLSSRFDPSDO�

FHOOV� ZHUH� VHHGHG� RQWR� SRO\�/�O\VLQH�FRDWHG� ZHOOV� LQ� SODWLQJ� PHGLXP�� &XOWXUHV� ZHUH�

PDLQWDLQHG� DW� ���&� LQ� ��� &2�� IRU� �� K� EHIRUH� WKH� SODWLQJ� PHGLXP� ZDV� UHSODFHG� ZLWK�

QHXUREDVDO�JURZWK�PHGLXP��*,%&2��VXSSOHPHQWHG�ZLWK�%����*,%&2�����P0�/�JOXWDPLQH��

����8�PO�SHQLFLOOLQ�DQG������J�PO�VWUHSWRP\FLQ��2Q�GD\����WKH�FXOWXUHG�QHXURQV�ZHUH�WUHDWHG�

ZLWK����0�F\WRVLQH�DUDELQRVLGH��$UD&��IRU����K���

Formation of amyloid-ȕ oligomers 

6\QWKHWLF�$ȕ�����SHSWLGH�FRUUHVSRQGLQJ�WR�ZLOG�W\SH�KXPDQ�$ȕ�ZDV�REWDLQHG�IURP�*HQHPHG�

6\QWKHVLV��,QF���6DQ�)UDQFLVFR��&$���$Q�$ȕ�SHSWLGH�VWRFN�VROXWLRQ�ZDV�SUHSDUHG�E\�GLVVROYLQJ�

IUHH]H�GULHG�DOLTXRWV�RI�$ȕ� LQ�������������KH[DIOXRUR���SURSDQRO� �+),3��6LJPD�+�������DW���

P0�� LQFXEDWHG� DW� URRP� WHPSHUDWXUH� IRU� �� K� DQG� O\RSKLOL]HG�� )RU� ROLJRPHU� SUHSDUDWLRQ�� WKH�

SHSWLGH�ILOP�ZDV�GLVVROYHG� LQ�GLPHWK\O�VXOIR[LGH��'062��6LJPD�'������DW���P0�DQG�WKHQ�
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GLOXWHG�LQWR�GLVWLOOHG�ZDWHU�WR�D�ILQDO�FRQFHQWUDWLRQ�RI������0��7KH�SUHSDUDWLRQ�ZDV�LQFXEDWHG�

RYHUQLJKW�IRU�$ȕ�ROLJRPHU�IRUPDWLRQ��.OHLQ���������$ȕ�ROLJRPHUV�ZHUH�YLVXDOL]HG�E\�HOHFWURQ�

PLFURVFRS\� DQG� DQDO\]HG� E\� 7ULV�7ULFLQH� 6'6� JHO� HOHFWURSKRUHVLV�� DV� SUHYLRXVO\� GHVFULEHG�

�'LQDPDUFD�HW�DO���������*RGR\�HW�DO���������6LOYD�$OYDUH]�HW�DO����������

Mitochondrial and intracellular calcium imaging 

)RU� in vivo� FHOO� LPDJLQJ��QHXURQV�ZHUH�VHHGHG�DW�D�GHQVLW\�RI���[�����FHOOV� LQ����PP�FRYHU�

VOLSV�DQG�XVHG�IRU�WKH�H[SHULPHQWV�DIWHU����GD\V�in vitro��',9���+LSSRFDPSDO�FHOOV�ZHUH�ORDGHG�

ZLWK�WKH�FHOO�SHUPHDQW�DFHWR[\PHWK\O�HVWHU�IRUPV�RI�WKH�YLVLEOH�ZDYHOHQJWK�FDOFLXP�VHQVLWLYH�

G\H�5KRG��$0�����0��DW���&��WR�IDYRU�WKH�PLWRFKRQGULDO�ORFDOL]DWLRQ�RI�WKH�SUREH��IRU���PLQ�

DQG� WKHQ� ZLWK� )OXR��$0� ��� ȝ0�� LQ� WKH� SUHVHQFH� RI� SOXURQLF� )���� GHWHUJHQW� ������� ILQDO�

FRQFHQWUDWLRQ���0ROHFXODU�3UREHV��&DUOVEDG��&$��IRU����PLQ�DW����&��3HQJ�HW�DO���������(LVQHU�

HW� DO��� ������� &XOWXUHV� ZHUH� ZDVKHG� ZLWK� WKH� UHFRUGLQJ� VROXWLRQ�� 7\URGH� %XIIHU� ����� P0�

1D&O����P0�.&O������P0�&D&O�����P0�0J&O������P0�+(3(6������P0�JOXFRVH��S+�������

DQG� LPDJHG� ZLWK� DQ� 2O\PSXV� '68� ,;��� VSLQQLQJ� GLVN� FRQIRFDO� PLFURVFRSH�� $IWHU� D�

PHDVXUHPHQW�RI�WKH�EDVDO�5KRG��$0�DQG�)OXR��$0�VLJQDOV������0�$ER�ZDV�DGGHG�DW���PLQ�

DQG� WKH� UHVXOWV� ZHUH� UHJLVWHUHG� IRU� ��� PLQ�� 5KRG��$0� OH[�HP�  � �������� QP�� )OXR��$0�

OH[�HP � �������� QP�� 7KH� HVWLPDWLRQ� RI� WKH� IOXRUHVFHQFH� LQWHQVLW\� RI� ERWK� SUREHV� ZDV�

SUHVHQWHG�DV�WKH�SVHXGRUDWLR��ǻ)�)R��LQGLFDWHG�E\��ǻ)�)R� ��)�)EDVH����)EDVH�%���ZKHUH�)�LV�WKH�

PHDVXUHG�IOXRUHVFHQFH�LQWHQVLW\�RI�WKH�LQGLFDWRU��)EDVH�LV�WKH�IOXRUHVFHQFH�LQWHQVLW\�EHIRUH�WKH�

VWLPXODWLRQ�DQG�%�LV�WKH�EDFNJURXQG�VLJQDO�GHWHUPLQHG�IURP�WKH�DYHUDJH�RI�DUHDV�DGMDFHQW�WR�

WKH�FHOOV� �'LQDPDUFD�HW�DO���������4XLQWDQLOOD�HW�DO����������7KH� LPDJHV�ZHUH�DQDO\]HG�XVLQJ�

1,+�,PDJH-�VRIWZDUH��
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Mitochondrial membrane potential 

7LPH� ODSVH� H[SHULPHQWV� WR� GHWHFW� PLWRFKRQGULDO� PHPEUDQH� SRWHQWLDO� FKDQJHV� �'\P�� ZHUH�

SHUIRUPHG� LQ�KLSSRFDPSDO�QHXURQV� ORDGHG�ZLWK����Q0�RI� WKH� IOXRUHVFHQW�SUREH�0LWRWUDFNHU�

2UDQJH� �0ROHFXODU� 3UREHV�� IRU� ��� PLQ� DW� ���&� �*RGR\� HW� DO��� ������ 6LOYD�$OYDUH]� HW� DO���

������� )OXRUHVFHQFH� YDULDWLRQV� ZHUH� DQDO\]HG� LQ� WKH� VDPH� PDQQHU� DV� WKH� FDOFLXP�

PHDVXUHPHQWV�XVLQJ�DQ�2O\PSXV�'68�,;���VSLQQLQJ�GLVN�FRQIRFDO�PLFURVFRSH��FRQVLGHULQJ�

OH[�HP� ���������QP��%XFNPDQ�HW�DO����������

Immunofluorescence 

+LSSRFDPSDO� QHXURQV� ZHUH� VHHGHG� RQWR� SRO\�/�O\VLQH�FRDWHG� FRYHUVOLSV� LQ� ���ZHOO� FXOWXUH�

SODWHV�DW�D�GHQVLW\�RI�����[�����FHOOV�SHU�ZHOO��$IWHU�WUHDWPHQW�� WKH�FHOOV�ZHUH�ORDGHG�ZLWK����

Q0�0LWRWUDFNHU�2UDQJH�IRU����PLQ�DW����&��7KH�FHOOV�ZHUH�ULQVHG�WZLFH�LQ�3%6�DQG�IL[HG�ZLWK�

D� IUHVKO\� SUHSDUHG� VROXWLRQ� RI� ��� SDUDIRUPDOGHK\GH� �� ��� VXFURVH� LQ� 3%6� IRU� ��� PLQ� DQG�

SHUPHDELOL]HG�IRU���PLQ�ZLWK������7ULWRQ�;�����LQ�3%6��$IWHU�VHYHUDO�ZDVKHV��WKH�FHOOV�ZHUH�

LQFXEDWHG�ZLWK� ��� ERYLQH� VHUXP� DOEXPLQ� �%6$�� LQ� 3%6� �EORFNLQJ� VROXWLRQ�� IRU� ���PLQ� DW�

���&�� IROORZHG� E\� DQ� RYHUQLJKW� LQFXEDWLRQ� DW� ��&� ZLWK� WKH� SULPDU\� DQWLERG\� PRXVH� DQWL�

F\WRFKURPH�F��%'�3KDUPLQJHQ��6DQ�'LHJR��&$���7KH�FHOOV�ZHUH�ZDVKHG�ZLWK�3%6�DQG�WKHQ�

LQFXEDWHG� ZLWK� DQ� $OH[D�FRQMXJDWHG� VHFRQGDU\� DQWLERG\� �0ROHFXODU� 3UREHV�� IRU� ��� PLQ� DW�

���&��7KH�FRYHUVOLSV�ZHUH�PRXQWHG�LQ�PRXQWLQJ�PHGLXP��'DNR��*ORVWUXS��'HQPDUN���,PDJHV�

ZHUH�FDSWXUHG�ZLWK�DQ�2O\PSXV�)OXR9LHZ�����&RQIRFDO�0LFURVFRSH�DQG�DQDO\]HG�XVLQJ�1,+�

,PDJH-�VRIWZDUH���
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Neuronal viability assays 

+LSSRFDPSDO� QHXURQV� SODWHG� RQ� SRO\O\VLQH�FRDWHG� FRYHUVOLSV� �������� QHXURQV�FRYHU�� ZHUH�

WUHDWHG�XQGHU�GLIIHUHQW�FRQGLWLRQV�IRU����K��/LYH�DQG�GHDG�QHXURQV�ZHUH�DQDO\]HG�LQ�QRQ�IL[HG�

FHOOV� ZLWK� WKH� /,9(�'($'� 9LDELOLW\�&\WRWR[LFLW\� .LW� IRU� PDPPDOLDQ� FHOOV� �0ROHFXODU��

�6DUDLYD�HW�DO����������$SRSWRWLF�QXFOHL�ZHUH�DQDO\]HG�ZLWK�+RHFKVW�������VWDLQ� �0ROHFXODU�

3UREHV��LQ�IL[HG�FHOOV�DIWHU�WKH�WUHDWPHQWV��DV�SUHYLRXVO\�GHVFULEHG��6LOYD�$OYDUH]�HW�DO����������

Calcein/Cobalt imaging 

In vivo�GHWHFWLRQ�RI�P373�RSHQLQJ�ZDV�PHDVXUHG�XVLQJ�WKH�,PDJH�L7���/,9(�0LWRFKRQGULDO�

7UDQVLWLRQ�3RUH�$VVD\�.LW��,�������IURP�0ROHFXODU�3UREHV��ZLWK�VRPH�PRGLILFDWLRQ�DFFRUGLQJ�

WR� SUHYLRXV� VWXGLHV� �3HWURQLOOL� HW� DO��� ������ *LOOHVVHQ� HW� DO��� ������� %ULHIO\�� KLSSRFDPSDO�

QHXURQV� ZHUH� VHHGHG� DW� D� GHQVLW\� RI� �� [� ���� FHOOV� LQ� ���PP� FRYHU� VOLSV� DQG� XVHG� IRU� WKH�

H[SHULPHQWV�DIWHU����',9��7KH�KLSSRFDPSDO�FHOOV�ZHUH�ORDGHG�ZLWK�WKH�ODEHOLQJ�PL[�VROXWLRQ�

����0�FDOFHLQ�$0�����Q0�0LWRWUDFNHU�2UDQJH����P0�&R&O��DQG����0�+RHFKVW�������G\H�LQ�

1HXUREDVDO�PHGLD��IRU����PLQ�DW����&��7KH�H[�HP�SHDNV�RI�FDOFHLQ�DIWHU�K\GURO\VLV�RFFXU�DW�

�������� QP��&\WRSODVPLF� VLJQDOV� RI� FDOFHLQ�ZHUH� TXHQFKHG� E\� FREDOW�ZLWKRXW� DIIHFWLQJ� WKH�

PLWRFKRQGULDO�VLJQDO��$V�D�UHVXOW�RI�VWLPXODWLRQ�RI�P373�RSHQLQJ��FDOFHLQ�ZDV�UHOHDVHG�IURP�

WKH�PLWRFKRQGULDO�PDWUL[�GXH�WR�WKH�SHUPHDELOL]DWLRQ�RI�WKH�PLWRFKRQGULDO�PHPEUDQHV��ZKLFK�

UHVXOWHG�LQ�WKH�UHGLVWULEXWLRQ�DQG�UDSLG�GHFD\�RI�FDOFHLQ�IOXRUHVFHQFH��3HWURQLOOL�HW�DO����������

+RHFKVW�VWDLQ��OH[�HP� ���������QP��ZDV�QRW�IROORZHG�LQ�WKH�H[SHULPHQW��EXW�LW�ZDV�XVHG�WR�

GHWHUPLQH� WKH� YLDELOLW\� RI� WKH� QHXURQV� EHIRUH� DQG� DIWHU� $ER� H[SRVXUH�� 7KH� PLWRFKRQGULDO�

FDOFHLQ� VWDLQLQJ� ZDV� FKHFNHG� XVLQJ� D� 0LWRWUDFNHU� DV� D� PLWRFKRQGULDO� SRVLWLYH� PDUNHU�� DQG�

PLWRFKRQGULD�WKDW�SUHVHQWHG�ERWK�ODEHOV�ZHUH�XVHG�IRU�WKH�DQDO\VLV��7KH�LRQRSKRUH�LRQRP\FLQ�

������0���ZKLFK� LQGXFHG�&D���RYHUORDG��ZDV�XVHG�DV�D�SRVLWLYH�FRQWURO� IRU�P373� LQGXFWLRQ�
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�1LFKROOV�DQG�%XGG���������DQG�&\FORVSRULQ�$��&V$������0��ZDV�XVHG�DV�DQ�LQKLELWRU�RI�WKH�

SRUH�RSHQLQJ��+DOHVWUDS�HW�DO����������

Hippocampal neuron transfection 

)RU�PLWR�&KHUU\� RYHUH[SUHVVLRQ� LQ� FXOWXUHG� KLSSRFDPSDO� QHXURQV��ZH� XVHG�1HXUR0DJ� �2=�

%LRVFLHQFH��0DUVHLOOH��)UDQFH��DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU
V�SURWRFRO��%ULHIO\��QHXURQV�IURP�

��� ',9� DW� �������������� FHOOV� SHU� ZHOO� ZHUH� LQFXEDWHG� ZLWK� QRQ�FRYDOHQW� FRPSOH[HV�

FRQWDLQLQJ� WKH�PLWR�&KHUU\�SODVPLG� DQG�1HXUR0DJ�EHDGV� IRU� ���PLQ�RYHU� D�PDJQHWLF� SODWH�

DQG�DGGLWLRQDO����PLQ�ZLWKRXW�WKH�PDJQHWLF�SODWH�DV�SUHYLRXVO\�GHVFULEHG��0DUFKLRQQL�HW�DO���

������2SD]R�HW�DO����������$IWHU����K��WKH�QHXURQV�ZHUH�XVHG�IRU�WUHDWPHQWV�DQG�]�VWDFN�LPDJH�

DFTXLVLWLRQ�IRU��'�UHFRQVWUXFWLRQ�DQDO\VLV���

3D image reconstruction 

0LWRFKRQGULDO�QHWZRUN�LPDJHV�ZHUH�REWDLQHG�IURP�PLWR�&KHUU\�WUDQVIHFWHG�QHXURQV��=�VWDFN�

LPDJHV� RI� ������P� WKLFNQHVV� ZHUH� REWDLQHG� ZLWK� D� 1LNRQ� (FOLSVH� &�VL� VSHFWUDO� FRQIRFDO�

PLFURVFRSH�� WDNLQJ�EHWZHHQ���� WR���� IUDPHV�SHU�QHXURQ�� IURP�D� WRWDO�RI��� WR���QHXURQV�SHU�

FRQGLWLRQ�� ZLWK� 1 �� LQGHSHQGHQW� H[SHULPHQWV�� 7KH� LPDJHV� ZHUH� UHFRQVWUXFWHG� LQ� �'�

LVRVXUIDFH� XVLQJ� ,PDULV� VRIWZDUH� IURP� WKH� )DFLOLW\� RI�8QLYHUVLW\� RI�&RQFHSFLyQ��&KLOH�� 7KH�

VSKHULFLW\� DQG� YROXPH� RI� HDFK� UHFRQVWUXFWHG� PLWRFKRQGULRQ� ZHUH� GHWHUPLQHG� DV� GHVFULEHG�

SUHYLRXVO\��3LFDUG�HW�DO����������

Slice preparation 

+LSSRFDPSDO� VOLFHV� ZHUH� SUHSDUHG� DFFRUGLQJ� WR� VWDQGDUG� SURFHGXUHV� IURP� ��PRQWK�ROG�

&��%/��-�PDOHV�PLFH��KWWS���MD[PLFH�MD[�RUJ�VWUDLQ��������KWPO���&HUSD�HW�DO���������9DUHOD�

1DOODU�HW�DO����������7UDQVYHUVH�VOLFHV�������P��IURP�WKH�GRUVDO�KLSSRFDPSXV�ZHUH�FXW�XQGHU�
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FROG� DUWLILFLDO� FHUHEURVSLQDO� IOXLG� �$&6)�� XVLQJ� D� 9LEURVOLFH� PLFURWRPH� �96/�� :3,�� DQG�

LQFXEDWHG�LQ�R[\JHQDWHG�$&6)�IRU�PRUH�WKDQ�RQH�KRXU�DW�URRP�WHPSHUDWXUH�EHIRUH�WUHDWPHQW��

Mitochondrial Isolation 

0LWRFKRQGULD�ZHUH�LVRODWHG�IURP�KLSSRFDPSDO�VOLFHV�DFFRUGLQJ�WR�PDQXIDFWXUHU
V�LQGLFDWLRQV��

XVLQJ�WKH�0LWRFKRQGULDO�,VRODWLRQ�NLW�IRU�7LVVXH��3LHUFH�%LRWHFKQRORJ\��5RFNIRUG��,/���

Western blot 

,VRODWHG�PLWRFKRQGULD�ZHUH� O\VHG� LQ� ���&+$36� LQ�7ULV� EXIIHUHG� VDOLQH� �7%6�� ��P0�7ULV��

����0�1D&O��S+�������7KH�VDPSOHV������J��ZHUH�VXEMHFWHG� WR�HOHFWURSKRUHVLV�RQ�����6'6�

SRO\DFU\ODPLGH� JHOV�� :H� XVHG� UDEELW� DQWL�SKRVSKRU\ODWHG� �6HU��� *6.��E� DQWLERG\� �&HOO�

VLJQDOLQJ� 7HFKQRORJ\� ,QF��� 'DQYHUV�� 0$��� PRXVH� DQWL�*$3'+� DQWLERG\� �6DQWD� &UX]�

%LRWHFKQRORJ\��,QF���6DQWD�&UX]��&$��DV�D�F\WRSODVPLF�ORDGLQJ�FRQWURO�DQG�UDEELW�DQWL�&2;,9�

DQWLERG\��&HOO�6LJQDOLQJ�7HFKQRORJ\�,QF���DV�D�ORDGLQJ�FRQWURO�RI�PLWRFKRQGULDO�IUDFWLRQ���

Electron microscopy 

+LSSRFDPSDO� VOLFHV� ZHUH� XVHG� IRU� HOHFWURQ� PLFURVFRS\� DQDO\VLV�� DFFRUGLQJ� WR� VWDQGDUG�

SURFHGXUHV��,QHVWURVD�HW�DO���������3HUNLQV�DQG�0F&DIIHU\��������3LFDUG�HW�DO����������%ULHIO\��

KLSSRFDPSDO�VOLFHV�ZHUH�WUHDWHG�DQG�GLUHFWO\�IL[HG�LQ����JOXWDUDOGHK\GH�LQ����P0�FDFRG\ODWH�

EXIIHU��S+������IRU���GD\V�DW�URRP�WHPSHUDWXUH��7KHQ��WKH�VOLFHV�ZHUH�WUHDWHG�ZLWK����RVPLXP�

WHWUR[LGH�LQ�FDFRG\ODWH�EXIIHU�IRU����PLQ�IROORZHG�E\����DTXHRXV�XUDQ\O�DFHWDWH��GHK\GUDWHG�

LQ�DFHWRQH�DQG�HPEHGGHG�LQ�(SRQ�UHVLQ��7KH�(SRQ�HPEHGGHG�ODPLQD�RI�WKH�KLSSRFDPSDO�VOLFHV�

ZDV� FXW� LQWR� VPDOO� SLHFHV� DQG� UH�LQFOXGHG� LQ� WKH� UHVLQ�� $UHDV� WR� EH� H[DPLQHG� E\� HOHFWURQ�

PLFURVFRS\��&$��UHJLRQ�RI�WKH�KLSSRFDPSXV��ZHUH�VHOHFWHG�IURP����P�VHFWLRQV�VWDLQHG�ZLWK�

WROXLGLQH� EOXH� IRU� OLJKW� PLFURVFRS\�� 8OWUD�WKLQ� VHFWLRQV� ZHUH� FXW� ZLWK� D� 5HLFKHUW�
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8OWUDPLFURWRPH�� SODFHG� RQ� ����PHVK� FRSSHU� HOHFWURQ�PLFURVFRS\�JULGV�� VWDLQHG�ZLWK� XUDQ\O�

DFHWDWH� DQG� OHDG� FLWUDWH� �5H\QROGV�� ������� DQG� H[DPLQHG� XVLQJ� D� 3KLOOLSV� 7HFQDL� ���

WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRSH� DW� ��� N9� IURP� WKH� )DFLOLW\� RI� WKH� )DFXOW\� RI� %LRORJLFDO�

6FLHQFHV�� 3RQWLILFLD� 8QLYHUVLGDG� &DWyOLFD� GH� &KLOH�� %HWZHHQ� ��� WR� ��� GLJLWDO� LPDJHV� ZHUH�

REWDLQHG�SHU�WUHDWPHQW��DQG�WKH\�ZHUH�DQDO\]HG�ZLWK�,PDJH-�WR�PDQXDOO\�PHDVXUH��LQ�D�EOLQGHG�

IDVKLRQ��WKH�PLWRFKRQGULDO�DUHD��GLDPHWHU�DQG�SHULPHWHU��6RQJ�HW�DO����������7KH�XOWUDVWUXFWXUDO�

IHDWXUHV�RI�PLWRFKRQGULD��VXFK�DV�WKH�PHPEUDQH�DQG�FULVWDH�LQWHJULW\��ZHUH�GHWHUPLQHG�LQ�HDFK�

PLWRFKRQGULRQ�DW�WKH�VDPH�WLPH�DV�WKH�PHDVXUHPHQW�RI�PRUSKRORJLFDO�SDUDPHWHUV��0HPEUDQHV�

RU�FULVWDH�ZHUH�FRQVLGHUHG�WR�EH�LQWDFW�ZKHQ�WKH�ZKROH�VWUXFWXUH�ZDV�SUHVHUYHG�DQG�RUJDQL]HG�

DQG� WKH�PLWRFKRQGULD� DSSHDUHG�QRUPDO�� DV�KDV�EHHQ�SUHYLRXVO\�GHVFULEHG� �6XQ�HW� DO��� �������

4XDQWLWDWLYH�DQDO\VLV�ZDV�SHUIRUPHG�ZLWK�Q� ���ZLWK�*UDSK3DG�3ULVP�������

Quantification and statistical analysis 

7KH�GDWD�UHSUHVHQW�WKH�PHDQ�DQG�6(0�IURP�����LQGHSHQGHQW�H[SHULPHQWV�IRU�OLYH�FHOO�LPDJLQJ��

HDFK�ZLWK� n ���� UHSOLFDWHV�� 1 ��ZDV� XVHG� IRU� LPPXQRIOXRUHVFHQFH��PLWRFKRQGULDO� QHWZRUN�

UHFRQVWUXFWLRQ� DQG� HOHFWURQ� PLFURVFRS\� DQDO\VLV�� p� YDOXHV� ZHUH� REWDLQHG� XVLQJ� D� WZR�ZD\�

$129$�WHVW� IRU�JURXSHG�GDWD��DQG�D�RQH�ZD\�$129$�WHVW� IRU�EDU�JUDSKV��SOXV�D�post hoc�

%RQIHUURQL�WHVW��(UURU�EDUV�LQGLFDWH�6(0�S�������S��������S���������

5HVXOWV�

,QWUDFHOOXODU� DQG� PLWRFKRQGULDO� FDOFLXP� OHYHOV� DUH� PRGXODWHG� E\� :QW� VLJQDOLQJ�

DFWLYDWLRQ�LQ�QHXURQV�WKDW�DUH�H[SRVHG�WR�$E�ROLJRPHUV���

2QH�RI�WKH�LPSRUWDQW�IXQFWLRQV�RI�PLWRFKRQGULD�LV�WR�FRQWURO�FDOFLXP�YDULDWLRQV�LQVLGH�WKH�FHOO��

$�PDVVLYH� DQG� XQFRQWUROOHG� FDOFLXP� LQIOX[� LQWR�PLWRFKRQGULD� GLUHFWO\� DIIHFWV�PLWRFKRQGULDO�
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SHUPHDELOLW\� �'X� DQG�<DQ�� ����E��� LQGXFLQJ�PLWRFKRQGULDO�PHPEUDQH� SRWHQWLDO� GLVVLSDWLRQ��

LQFUHDVHG� PHPEUDQHV� SHUPHDELOLW\� DQG�� ILQDOO\�� QHXURQDO� GHDWK� �&HOVL� HW� DO��� �������

,QWUDFHOOXODU�FDOFLXP�OHYHOV�ZHUH�HYDOXDWHG�LQ����',9�KLSSRFDPSDO�QHXURQV��7R�GHWHUPLQH�WKH�

QHXURSURWHFWLYH� HIIHFW� RI�:QW� VLJQDOLQJ� DFWLYDWLRQ�� UHFRPELQDQW�:QW�D� OLJDQG� �U:QW�D�� ����

QJ�PO��ZDV�XVHG��1HXURQV�ZHUH�WUHDWHG�IRU����K�ZLWK�U:QW�D�DQG�ORDGHG�ZLWK�WKH�IOXRUHVFHQW�

SUREH�)OXR��$0�����0��IRU����PLQ�DW����&��/LYH�FHOOV�ZHUH�DQDO\]HG�ZLWK�D�VSLQQLQJ�GLVN�

FRQIRFDO�PLFURVFRSH��DQG�IRU�FDOFLXP�PHDVXUHPHQW��WKH�IOXRUHVFHQFH�LQWHQVLW\�ZDV�UHJLVWHUHG�

GXULQJ� D� ��PLQ� SHULRG� �EDVDO��� DQG� WKHQ� WKH� QHXURQV� ZHUH� VWLPXODWHG� ZLWK� ��� �0� $ER� RU�

YHKLFOH�DQG�UHFRUGHG�IRU�DQ�DGGLWLRQDO���PLQ��)LJXUH��$�VKRZV�UHSUHVHQWDWLYH�SVHXGRFRORUHG�

LPDJHV� IURP� HDFK� WUHDWPHQW� LPPHGLDWHO\� EHIRUH� �)LJXUH� �$D�� F�� DQG� DIWHU� ���� V� RI� $ER�

H[SRVXUH� �)LJXUH� �$E�� G��� 6XUIDFH� SORWV� VKRZ� LQFUHDVHG� IOXRUHVFHQFH� LQWHQVLW\� LQ� FRQWURO�

QHXURQV�H[SRVHG�WR�$ER��ZKLFK�ZDV�QRW�REVHUYHG�LQ�:QW�D�SUH�WUHDWHG�QHXURQV��)LJXUH��$D¶�

G¶��� ,Q�DJUHHPHQW�ZLWK�D�SUHYLRXV�VWXG\�IURP�RXU� ODERUDWRU\� LQ�ZKLFK� WKH�:QW�D� OLJDQG�ZDV�

XVHG� WR� DFWLYDWH�:QW� VLJQDOLQJ� �4XLQWDQLOOD� HW� DO��� ������� WKH� SUHWUHDWPHQW� RI� QHXURQV� ZLWK�

U:QW�D� DOVR� SUHYHQWHG� WKH� LQWUDFHOOXODU� FDOFLXP� LQFUHDVH� LQGXFHG� E\� $ER�� HYDOXDWHG� DW� WKH�

VRPD��)LJXUH��%D��DQG�LQ�QHXULWHV��)LJXUH��%E����

7R� HYDOXDWH� PLWRFKRQGULDO� FDOFLXP� OHYHOV�� QHXURQV� ZHUH� WUHDWHG� ZLWK� FRQWURO� PHGLD� DQG�

U:QW�D� SURWHLQ� DQG� WKHQ� ORDGHG�ZLWK�5KRG��$0� ��� �0�� DW� ��&� IRU� ��PLQ� SOXV� D� UHFRYHU\�

SHULRG��ZLWKRXW�D�SUREH��RI����PLQ�DW����&��$ER�H[SRVXUH�LQGXFHG�D�VLJQLILFDQW�LQFUHDVH�LQ�WKH�

IOXRUHVFHQFH� LQWHQVLW\� FRPSDUHG� WR� WKH� EDVDO� SHULRG� LQ� WKH� VDPH� QHXURQ� �)LJXUH� �$D�� E��

EHJLQQLQJ� ���� V� IURP� WKH� VWDUW� RI� WKH� H[SHULPHQW� �)LJXUH� �%��� 7KLV� LQFUHDVH� ZDV� REVHUYHG�

VSHFLILFDOO\��LQ�QHXULWHV��DV��VKRZQ�LQ�)LJXUH��&D��E��LQ�WKH�PDJQLILHG�FURSSHG�LPDJH�DQG�LQ�WKH��
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)LJXUH���
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)LJXUH����:QW�VLJQDOLQJ�DFWLYDWLRQ��WKURXJK�Wnt3a�OLJDQG��SUHYHQWV�LQWUDFHOOXODU�FDOFLXP�
LQFUHDVH�LQGXFHG�E\�$E�ROLJRPHUV�LQ�FXOWXUHG�KLSSRFDPSDO�QHXURQV�����',9�KLSSRFDPSDO�
QHXURQV�WUHDWHG�ZLWK�FRQWURO�PHGLD�RU�����QJ�PO�RI�U:QW�D�SURWHLQ�IRU����K�DQG�ORDGHG�ZLWK�
LQWUDFHOOXODU�FDOFLXP�LQGLFDWRU�)OXR��$0��$��5HSUHVHQWDWLYH�SVHXGRFRORUHG� LPDJHV�REWDLQHG�
E\�6SLQQLQJ�'LVN�&RQIRFDO�0LFURVFRS\� LPPHGLDWHO\�EHIRUH� �D�F�� DQG����� V� DIWHU� �E�G��$ER�
H[SRVXUH�� 7KH� UHVSHFWLYH� VXUIDFH� LQWHQVLW\� GLVWULEXWLRQ� SORW� DUH� VKRZQ� LQ� D¶�G¶� LPDJHV��%��
4XDQWLILFDWLRQ� RI� IOXRUHVFHQFH� LQWHQVLW\� FKDQJHV� �')�)��� LQ� FRQWURO� DQG� U:QW�D� WUHDWHG�
QHXURQV�LQ�VRPD��D��DQG�QHXULWHV��E���7KH�JUDSKV�VKRZ�WKH�PHDQ�r�6(0�RI�Q ��LQGHSHQGHQW�
H[SHULPHQWV��$129$�WHVW��post hoc�%RQIHUURQL�S���������S���������
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)LJXUH� ��� 0LWRFKRQGULDO� FDOFLXP� LQFUHDVH� LQGXFHG� E\� $E� ROLJRPHUV� LV� SUHYHQWHG� E\�
:QW�D�� ��� ',9� KLSSRFDPSDO� QHXURQV� WUHDWHG� ZLWK� FRQWURO� PHGLD� RU� ���� QJ�PO� RI� U:QW�D�
SURWHLQ� IRU� ��� K� DQG� ORDGHG� ZLWK� PLWRFKRQGULDO� FDOFLXP� LQGLFDWRU� 5KRG��$0�� $��
3VHXGRFRORUHG� LPDJHV� RI� QHXURQV� WUHDWHG� ZLWK� FRQWURO� PHGLXP� RU� U:QW�D� DQG� ORDGHG� ZLWK�
5KRG��$0�� ,PDJHV� ZHUH� REWDLQHG� EHIRUH� �D�F�� DQG� DIWHU� �E�G�� WKH� DGGLWLRQ� RI� $ER�� %��
4XDQWLILFDWLRQ�RI� IOXRUHVFHQFH� LQWHQVLW\�FKDQJHV� �')�)��� LQ� WLPH� ODSVH� �')�)��� IURP�FRQWURO��
U:QW�D� DQG� U:QW�D�'..��WUHDWHG� QHXURQV� �'..� � ���� QJ�P/�� �� %ODFN� KRUL]RQWDO� EDU�
LQGLFDWHV� WKH�DGGLWLRQ�RI�$ER��&��5HVSHFWLYH�FURSSHG� LPDJHV� �D�G��DQG� WKH� VXUIDFH� LQWHQVLW\�
GLVWULEXWLRQ�SORWV� �D¶�G¶�� VKRZ�PLWRFKRQGULDO�FDOFLXP�FKDQJHV� LQ�QHXULWHV��'��5HSUHVHQWDWLYH�
JUDSK�RI� WKH�HQG�WLPH�SRLQW�����V��RI� WKH�H[SHULPHQW�TXDQWLILHG�LQ�%��IRU�HDFK�FRQGLWLRQ��(��
4XDQWLILFDWLRQ� RI� FKDQJHV� LQ�PLWRFKRQGULDO� IOXRUHVFHQFH� LQWHQVLW\� �')�)��� DW� WKH� HQG� RI� WKH�
WLPH� ODSVH� H[SHULPHQW� LQ� QHXURQV� WUHDWHG� ZLWK� $ER� SOXV� ��� �0� 5X����� )�� ,QWUDFHOOXODU�
FDOFLXP�FKDQJHV� �')�)��� LQ� UHVSRQVH� WR�$ER� LQ�QHXURQV�SUHYLRXVO\� WUHDWHG�ZLWK�5X�����7KH�
JUDSKV� VKRZ� WKH� PHDQ� r� 6(0� RI� Q �� LQGHSHQGHQW� H[SHULPHQWV�� $129$� WHVW�� post hoc�
%RQIHUURQL�S�������S���������S���������
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VXUIDFH�SORWV��)LJXUH��&D¶��E¶���%\�FRQWUDVW��WKH�LQFUHDVH�LQ�PLWRFKRQGULDO�FDOFLXP�SURGXFHG�E\�

$ER� LQ�FRQWURO�QHXURQV�ZDV�QRW�REVHUYHG� LQ� U:QW�D�SUH�WUHDWHG�QHXURQV� �)LJXUH��$F��G�DQG�

)LJXUH��%���7KHVH�FDOFLXP�FKDQJHV�ZHUH�DOVR�HYDOXDWHG�DW� WKH�QHXULWH� OHYHO��DV�VKRZQ�LQ�WKH�

PDJQLILFDWLRQ� �)LJXUH� �&F�G�� DQG� WKH� VXUIDFH� SORWV� �)LJXUH� �&F¶�G¶��� 7KH� PLWRFKRQGULDO�

FDOFLXP� OHYHOV� LQ� U:QW�D� QHXURQV� DIWHU�$ER� H[SRVXUH�ZHUH� DOZD\V� QHDU� WKH� FRQWURO�YHKLFOH�

OHYHOV�DQG�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKRVH�RI�$ER�WUHDWHG�QHXURQV��)LJXUH��%���)LJXUH�

�'� VKRZV� WKH� TXDQWLILFDWLRQ� DW� WKH� HQG� WLPH� SRLQW� IRU� HDFK� WUHDWPHQW� FRPSDUHG� WR� WKH�

FRQWURO�EDVDO�FRQGLWLRQV��7KH�WUHDWPHQW�RI�QHXURQV�ZLWK�WKH�:QW�DQWDJRQLVW�'LNNRSI����'..���

���� QJ�P/��� ZKLFK� VSHFLILFDOO\� LQKLELWV� WKH�:QW�E�FDWHQLQ� VLJQDOLQJ� SDWKZD\� E\� LQWHUDFWLQJ�

ZLWK�/53����FR�UHFHSWRUV��.DZDQR�DQG�.\SWD��������3XUUR�HW�DO����������FRPSOHWHO\�DEROLVKHG�

WKH�SURWHFWLYH�HIIHFW�RI�:QW�D�DJDLQVW�$ER�LQGXFHG�PLWRFKRQGULDO�FDOFLXP�FKDQJHV��)LJXUH��%�

DQG�)LJXUH��'���7R�FRQILUP� WKH�VSHFLILFLW\�RI�$ER�IRU� WKH�HIIHFW�REVHUYHG�RQ�PLWRFKRQGULDO�

FDOFLXP� OHYHOV�� ZH� LQKLELWHG� WKH� FDOFLXP� XSWDNH� E\� WKH� PLWRFKRQGULD� ZLWK� 5X����� ZKLFK�

LQKLELWV�WKH�PLWRFKRQGULDO�FDOFLXP�XQLSRUWHU��0&8���<LQJ�HW�DO���������6ULSHWFKZDQGHH�HW�DO���

������� WKH� PDLQ� URXWH� IRU� FDOFLXP� XSWDNH� LQ� EUDLQ� PLWRFKRQGULD� �'H� 6WHIDQL� HW� DO��� ������

0DUFKL� DQG� 3LQWRQ�� ������� 7KH� WUHDWPHQW� RI� QHXURQV� ZLWK� ��� �0� 5X���� IRU� ��� PLQ�

VLJQLILFDQWO\� LQKLELWHG� WKH� LQFUHDVH� LQ� PLWRFKRQGULDO� FDOFLXP� LQGXFHG� E\� $ER� �)LJXUH� �(���

ZLWKRXW� DIIHFWLQJ� WKH�F\WRSODVPLF�FDOFLXP� OHYHOV� �)LJXUH��)���7KHVH� UHVXOWV� LQGLFDWH� WKDW� WKH�

DFWLYDWLRQ� RI� WKH� FDQRQLFDO�:QW� VLJQDOLQJ� SDWKZD\� WKURXJK� WKH�:QW�D� OLJDQG� SUHYHQWV� ERWK�

LQWUDFHOOXODU�DQG�PLWRFKRQGULDO�FDOFLXP�LQFUHDVHV�LQ�KLSSRFDPSDO�QHXURQV�H[SRVHG�WR�$ER��

�
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$ER� LQGXFHV� PLWRFKRQGULDO� PHPEUDQH� SRWHQWLDO� GLVVLSDWLRQ�� ZKLFK� LV� SUHYHQWHG� E\�

FDQRQLFDO�:QW�VLJQDOLQJ�

$IWHU� GHWHUPLQLQJ� WKH� HIIHFW� RI� :QW� VLJQDOLQJ� SDWKZD\� DFWLYDWLRQ� RQ� FDOFLXP� OHYHOV� LQ�

UHVSRQVH� WR�����0�$ER��ZH�GHFLGHG� WR�HYDOXDWH�ZKHWKHU�PLWRFKRQGULDO�PHPEUDQH�SRWHQWLDO�

�P'\��ZDV�DOWHUHG�E\�H[SRVXUH�RI�KLSSRFDPSDO�QHXURQV�WR�$ER�DQG�ZKHWKHU�WKH�DFWLYDWLRQ�RI�

WKH� FDQRQLFDO� :QW� SDWKZD\� WKURXJK� WKH� :QW�D OLJDQG� ZDV� DEOH� WR� SUHYHQW� WKRVH� FKDQJHV��

)RXUWHHQ�',9�QHXURQV�ZHUH�WUHDWHG�DV�GHVFULEHG�SUHYLRXVO\�ZLWK�U:QW�D�DQG�ORDGHG�ZLWK�WKH�

IOXRUHVFHQW� SUREH� 0LWRWUDFNHU� 2UDQJH� ���� Q0��� ZKLFK� IOXRUHVFHV� DFFRUGLQJ� WR� WKH�

PLWRFKRQGULDO�PHPEUDQH�SRWHQWLDO��IRU����PLQ�DW����&��7KH�LQFXEDWLRQ�RI�FRQWURO�QHXURQV�ZLWK�

$ER�LQGXFHG�D�VLJQLILFDQW�ORVV�RI�P'\��ZKLFK�ZDV�HYLGHQFHG�E\�WKH�GHFD\�RI�WKH�IOXRUHVFHQFH�

LQWHQVLW\��)LJXUH��$D��E���7KLV�GHFUHDVH�LQ�PLWRFKRQGULDO�PHPEUDQH�SRWHQWLDO�ZDV�OHVV�HYLGHQW�

LQ�WKRVH�QHXURQV�WKDW�KDG�EHHQ�SUH�WUHDWHG�ZLWK�U:QW�D��)LJXUH��$F��G���DQG�WKHVH�GLIIHUHQFHV�

EHWZHHQ� FRQWURO� DQG�:QW�D� WUHDWHG� QHXURQV� H[SRVHG� WR� $ER� ZHUH� VLJQLILFDQW�� DV� VKRZQ� LQ�

)LJXUH��%�DQG�)LJXUH��&��DW�WKH�HQG�RI�WKH�H[SHULPHQW��7KH�LQKLELWLRQ�RI�:QW�VLJQDOLQJ�ZLWK�

WKH�:QW� DQWDJRQLVWV�'..�� DQG� V)53�� FRPSOHWHO\� LQKLELWHG� WKH� SURWHFWLYH� HIIHFW� RI�:QW�D�

REVHUYHG�RQ�WKH�PLWRFKRQGULDO�PHPEUDQH�SRWHQWLDO��)LJXUH��&���7KHVH�UHVXOWV�LQGLFDWH�WKDW�WKH�

DFWLYDWLRQ�RI� WKH�FDQRQLFDO�Wnt�SDWKZD\�SURWHFWV�PLWRFKRQGULD��SUHYHQWLQJ�WKH�GLVVLSDWLRQ�RI�

LWV�PHPEUDQH� SRWHQWLDO�� ZKLFK� LV� JHQHUDWHG� E\� H[SRVXUH� WR� $ER� ROLJRPHUV�� VXJJHVWLQJ� WKDW�

:QW� IDYRUV� WKH� LQWHJULW\� RI� WKH� PLWRFKRQGULDO� PHPEUDQHV� WKURXJK� WKH� VWDELOL]DWLRQ� RI� WKH�

PLWRFKRQGULDO�PHPEUDQH�SRWHQWLDO��

�
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)LJXUH� ��� 0LWRFKRQGULDO� PHPEUDQH� SRWHQWLDO� �P'\�� FKDQJHV� LQ� UHVSRQVH� WR�:QW�D� LQ�
QHXURQV� H[SRVHG� WR� $ER�� $�� ��� ',9� KLSSRFDPSDO� QHXURQV� WUHDWHG� ZLWK� FRQWURO� PHGLD� RU�
U:QW�D�SURWHLQ� IRU����K�DQG� ORDGHG�ZLWK�0LWRWUDFNHU�2UDQJH��5HSUHVHQWDWLYH�SVHXGRFRORUHG�
LPDJHV�REWDLQHG�E\�6SLQQLQJ�'LVN�&RQIRFDO�0LFURVFRS\�LPPHGLDWHO\�EHIRUH��D�F��DQG�����V�
DIWHU��E�G��$ER�H[SRVXUH��7KH�UHVSHFWLYH�VXUIDFH�LQWHQVLW\�GLVWULEXWLRQ�SORW�DUH�VKRZQ�LQ�D¶�G¶�
LPDJHV�%��4XDQWLILFDWLRQ�RI�IOXRUHVFHQFH�LQWHQVLW\�FKDQJHV��')�)���LQ�QHXULWHV�RI�FRQWURO�DQG�
U:QW�D�QHXURQV��%ODFN�EDU�LQGLFDWHV�WKH�DGGLWLRQ�RI�$ER��&��5HSUHVHQWDWLYH�JUDSK�RI�WKH�HQG�
WLPH� SRLQW� ����V�� RI� WKH� H[SHULPHQW� TXDQWLILHG� LQ� '�� IRU� HDFK� FRQGLWLRQ�� LQFOXGLQJ� :QW�
LQKLELWRUV��'..������QJ�P/��DQG�V)53�������Q0���7KH�JUDSK�VKRZV�WKH�PHDQ�r�6(0�RI�ILYH�
LQGHSHQGHQW�H[SHULPHQWV��$129$�WHVW��post hoc�%RQIHUURQL�S���������S���������
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&\WRFKURPH�F� UHOHDVH� LQ� KLSSRFDPSDO� QHXURQV� H[SRVHG� WR� $ER� LV� QRW� SURGXFHG� LQ� WKH�

SUHVHQFH�RI�:QW�D�

7KH�ORVV�RI�PLWRFKRQGULDO�PHPEUDQH�SRWHQWLDO�LQ�$ER�H[SRVHG�QHXURQV�FRXOG�EH�JHQHUDWHG�DV�

D�UHVSRQVH�RI� WKLV�RUJDQHOOH� WR�PLWRFKRQGULDO�PHPEUDQH�SHUPHDELOL]DWLRQ�GXH�WR� WKH�FDOFLXP�

LQFUHDVH� RU� D� GLUHFW� HIIHFW� RI� $ER�� 7R� VWXG\� ZKHWKHU� PLWRFKRQGULDO� PHPEUDQHV� DUH�

SHUPHDELOL]HG�LQ�UHVSRQVH�WR�$ER��F\WRFKURPH�F�UHOHDVH�IURP�PLWRFKRQGULD�WR�WKH�F\WRVRO�ZDV�

HYDOXDWHG��)RXUWHHQ�',9�KLSSRFDPSDO�QHXURQV�ZHUH�WUHDWHG�ZLWK����0�$ER�LQ�WKH�SUHVHQFH�RU�

DEVHQFH�RI�U:QW�D�IRU����K��$IWHU�WUHDWPHQW��FHOOV�ZHUH�LQFXEDWHG�ZLWK�0LWRWUDFNHU�WR�GHWHFW�

PLWRFKRQGULD��DQG�WKH�QHXURQV�ZHUH�WKHQ�IL[HG�IRU�LPPXQRGHWHFWLRQ�RI�F\WRFKURPH�F��)LJXUH�

�$��� &\WRFKURPH�F� UHOHDVH� ZDV� DQDO\]HG� E\� WKH� ORVV� RI� FRORFDOL]DWLRQ� ZLWK� PLWRFKRQGULD�

WKURXJK� WKH� GHWHUPLQDWLRQ� RI�0DQGHUV¶� FRHIILFLHQW�0�� �&RVWHV� HW� DO��� ������0DQGHUV� HW� DO���

�������ZKLFK�LQGLFDWHV�WKH�SURSRUWLRQ�RI�F\WRFKURPH�F�VWDLQ�RYHU�WKH�PLWRFKRQGULD��$V�VKRZQ�

LQ� )LJXUH� �%� DQG� WKH� FRORFDOL]DWLRQ� DQDO\VLV� �)LJXUH� �&���$ER� LQGXFHV� D� VLJQLILFDQW� ORVV� RI�

F\WRFKURPH�F�ORFDOL]DWLRQ�LQ�PLWRFKRQGULD��ZKLFK�LQGLFDWHV�LWV�UHOHDVH�IURP�WKLV�RUJDQHOOH��%\�

FRQWUDVW�� QHXURQV� FR�LQFXEDWHG�ZLWK�$ER� DQG� U:QW�D� GLG� QRW� SUHVHQW� VLJQLILFDQW� FKDQJHV� LQ�

0DQGHUV¶� FRHIILFLHQW� FRPSDUHG� WR� FRQWURO� FRQGLWLRQV�� 7KHVH� UHVXOWV� LQGLFDWH� WKDW� WKH�:QW�D�

OLJDQG� SUHYHQWV� F\WRFKURPH�F� UHOHDVH� LQGXFHG� E\� $ER�� VXJJHVWLQJ� WKDW� PLWRFKRQGULDO�

PHPEUDQHV� UHPDLQ� XQDOWHUHG� XQGHU� WKHVH� FRQGLWLRQV�� HYHQ� LQ� WKH� SUHVHQFH� RI� $ER� LQ� WKH�

FXOWXUH��
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)LJXUH����:QW�D�LQKLELWV�F\WRFKURPH�F�UHOHDVH�LQ�KLSSRFDPSDO�QHXURQV�WUHDWHG�ZLWK�$ER��
$���1HXURQV�WUHDWHG�ZLWK����0�$ER�LQ�WKH�SUHVHQFH�RU�DEVHQFH�RI�UWnt3a�IRU����K�ZHUH�ORDGHG�
ZLWK� 0LWRWUDFNHU� 2UDQJH� ���� Q0�� DQG� WKHQ� DQDO\]HG� E\� LPPXQRIOXRUHVFHQFH� WR� GHWHFW�
F\WRFKURPH�F� ORFDOL]DWLRQ�� %�� <HOORZ� UHFWDQJOHV� LQ� $� LQGLFDWH� UHSUHVHQWDWLYH� PDJQLILHG�
QHXULWHV�WR�VKRZ�FRORFDOL]DWLRQ�EHWZHHQ�F\WRFKURPH�F�LQ�JUHHQ�DQG�WKH�PLWRFKRQGULDO�PDUNHU�
0LWRWUDFNHU� 2UDQJH� LQ� UHG�� &�� 0DQGHUV¶� &RHIILFLHQW� 0�� ZDV� FDOFXODWHG� WR� GHWHUPLQH�
F\WRFKURPH�F�FRORFDOL]DWLRQ�ZLWK�PLWRFKRQGULD��2QH�ZD\�$129$�WHVW�ZDV�GHYHORSHG�ZLWK�D�
post hoc� %RQIHUURQL� S�������� 4XDQWLILFDWLRQ� UHSUHVHQWV� WKH� UHVXOWV� RI� WKUHH� LQGHSHQGHQW�
H[SHULPHQWV��FRQVLGHULQJ�������QHXURQV�DQDO\]HG�SHU�H[SHULPHQW��
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&DQRQLFDO�:QW� VLJQDOLQJ� DFWLYDWLRQ�SUHYHQWV� DSRSWRVLV� DQG�QHXURQDO�GHDWK� LQGXFHG�E\�

$ER�LQ�KLSSRFDPSDO�QHXURQV��

7R�FRUUHODWH� WKH�GHVFULEHG�HIIHFWV�RQ�PLWRFKRQGULDO�FDOFLXP�OHYHOV��PLWRFKRQGULDO�PHPEUDQH�

SRWHQWLDO� DQG� F\WRFKURPH�F� UHOHDVH�ZLWK� WKH� QHXURSURWHFWLYH� HIIHFW� SUHYLRXVO\� GHVFULEHG� IRU�

:QW�D� OLJDQG�DJDLQVW�$E� ILEULOV� WR[LFLW\� �$OYDUH]� HW� DO��� �������ZH�HYDOXDWHG� WKH� WR[LFLW\�RI�

$ER�DQG�SHUIRUPHG�WZR�YLDELOLW\�DVVD\V��+RHVFKVW�VWDLQLQJ�WR�GHWHFW�DSRSWRWLF�QXFOHL��)LJXUH�

�$��DQG�WKH�/LYH�'HDG�DVVD\�DV�D�ODWH�PDUNHU�RI�QHXURQDO�GHDWK��)LJXUH��%���&XOWXUHV�WUHDWHG�

ZLWK����0�$ER�IRU����K�SUHVHQWHG�QHXURQV�ZLWK�QXFOHDU�FRQGHQVDWLRQ� LQ�FRQWUDVW� WR�FRQWURO�

FXOWXUHV� �)LJXUH��$D¶�E¶���:QW�D� WUHDWPHQW� VLJQLILFDQWO\�SUHYHQWHG� WKH�DSRSWRVLV� LQGXFHG�E\�

$ER��DQG�WKH�QXFOHL�RI�WKHVH�QHXURQV�DSSHDUHG�KHDOWK\��)LJXUH��$F¶�G¶���7KH�JUDSK�LQ�)LJXUH�

�&�VKRZV�D� VLJQLILFDQW� LQFUHDVH� LQ� WKH�SHUFHQWDJH�RI�DSRSWRWLF�QXFOHL� LQ�QHXURQV�H[SRVHG� WR�

$ER� ������ r� �������� ZKHUHDV� :QW�D� SOXV� $ER�WUHDWHG� QHXURQV� SUHVHQWHG� D� SHUFHQWDJH� RI�

DSRSWRWLF�QXFOHL� VLPLODU� WR�FRQWURO�QHXURQV� �������r� ��������6LPLODUO\��ZKHQ� WKH�/LYH�'HDG�

DVVD\�ZDV�SHUIRUPHG��)LJXUH��'���ZH�REVHUYHG�D�VLJQLILFDQW�GHFUHDVH�LQ�WKH�SHUFHQWDJH�RI�OLYH�

QHXURQV�WUHDWHG�ZLWK�$ER�FRPSDUHG�WR�FRQWUROV��������r�������YV�������r���������1HXURQV�

WKDW�ZHUH�FR�LQFXEDWHG�ZLWK�$ER�DQG�U:QW�D�GLG�QRW�VKRZ�VLJQLILFDQW�GLIIHUHQFHV�FRPSDUHG�

ZLWK� FRQWURO� QHXURQV� ������� r� ������� �)LJXUH� �'��� 7KHVH� UHVXOWV� FRQILUPHG� WKH�

QHXURSURWHFWLYH�HIIHFW� WKDW�:QW�FDQRQLFDO�VLJQDOLQJ�DFWLYDWLRQ�H[HUWV�DJDLQVW�$E� WR[LFLW\�DQG�

LQGLFDWHG� WKDW� WKH�:QW�D� OLJDQG�SUHYHQWV�QHXURQDO�GHDWK� LQGXFHG�E\�WKH�ROLJRPHULF�IRUPV�RI�

$E�RQ�KLSSRFDPSDO�QHXURQV��

�

�
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)LJXUH� ��� :QW�D� SUHYHQWV� QHXURQDO� GHDWK� LQGXFHG� E\� $ER� LQ� KLSSRFDPSDO� QHXURQV��
1HXURQV�ZHUH�FR�LQFXEDWHG�ZLWK�U:QW�D�SURWHLQ�DQG���0�$ER�IRU����K��$��$SRSWRWLF�QXFOHL�
ZHUH� GHWHFWHG� ZLWK� +RHFKVW� VWDLQ� ���J�PO�� LQ� IL[HG� QHXURQV� �D�G��� 0DJQLILFDWLRQ� VKRZV�
UHSUHVHQWDWLYH�QXFOHXV�RI�QHXURQV�WUHDWHG�ZLWK�FRQWURO�PHGLD��D¶���$ER��E¶���U:QW�D�$ER��F¶��
DQG�U:QW�D�DORQH��G¶���%��/,9(�'($'�DVVD\��1HXURQV�ZHUH�ORDGHG�ZLWK�FDOFHLQ�(WK'��DQG�
DQDO\]HG� LQ� D� )OXRUHVFHQFH� 0LFURVFRSH�� 1HXURQV� VWDLQHG� LQ� JUHHQ� �SRVLWLYH� IRU� FDOFHLQ��
UHSUHVHQW� OLYH� FHOOV�� ZKHUHDV� WKH� UHG� QXFOHL� FRUUHVSRQG� WR� GHDWK� FHOOV��&�� 4XDQWLILFDWLRQ� RI�
SHUFHQWDJH� RI� DSRSWRWLF� QXFOHL� LQ� HDFK� FRQGLWLRQ�� '�� 4XDQWLILFDWLRQ� RI� SHUFHQWDJH� RI� OLYH�
QHXURQV� �FDOFHLQ�(WK'�� UDWLR�� LQ� UHVSRQVH� WR� WUHDWPHQWV�� 6WDWLVWLFDO� DQDO\VLV� LQ� ERWK�
H[SHULPHQWV� ZDV� FDUULHG� RXW� XVLQJ� RQH�ZD\� $129$� WHVW� ZLWK� D� post hoc� %RQIHUURQL� �
S���������4XDQWLILFDWLRQV�UHSUHVHQW�WKH�UHVXOWV�RI�WKUHH�LQGHSHQGHQW�H[SHULPHQWV��
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:QW�D�SUHYHQWV�PLWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ�SRUH��P373��RSHQLQJ�LQGXFHG�E\�

$ER����

7R�HYDOXDWH�WKH�UROH�RI�P373�LQ�WKH�WR[LF�HIIHFWV�RI�$ER�RQ�WKH�PLWRFKRQGULD��ZH�XVHG�D�GLUHFW�

WHFKQLTXH�WR�PRQLWRU�P373�RSHQLQJ��7KLV�OLYH�FHOO�LPDJLQJ�DVVD\�ZDV�GHYHORSHG�E\�3HWURQLOOL�

HW�DO��LQ�������3HWURQLOOL�HW�DO���������DQG�ODWHU�YDOLGDWHG�LQ�D�QHXURQDO�PRGHO��*LOOHVVHQ�HW�DO���

������� %ULHIO\�� QHXURQV� ZHUH� LQFXEDWHG� ZLWK� FDOFHLQ�$0� LQ� WKH� SUHVHQFH� RI� FREDOW�� 8QGHU�

WKHVH� FRQGLWLRQV�� F\WRSODVPLF� FDOFHLQ� VLJQDOV� ZHUH� TXHQFKHG� E\� FREDOW� ZLWKRXW� DIIHFWLQJ�

PLWRFKRQGULDO�VLJQDOV��8QGHU�P373�RSHQLQJ�VWLPXODWLRQ��FDOFHLQ�IOXRUHVFHQFH�UDSLGO\�GHFD\�DV�

D�UHVXOW�RI�WKH�SHUPHDELOL]DWLRQ�RI�PLWRFKRQGULDO�PHPEUDQHV��7R�GHYHORS�WKH�P373�DVVD\�����

',9� KLSSRFDPSDO� QHXURQV� ZHUH� WUHDWHG� ZLWK� FRQWURO� PHGLD� RU� U:QW�D� IRU� ��� K�� 7KHQ�� WKH�

QHXURQV�ZHUH�LQFXEDWHG�ZLWK�D�FDOFHLQ�&R���PL[�����0�DQG���P0��UHVSHFWLYHO\��IRU����PLQ�DW�

���&�DQG�DQDO\]HG�LPPHGLDWHO\�E\�VSLQQLQJ�GLVN�FRQIRFDO�PLFURVFRS\��5HSUHVHQWDWLYH�LPDJHV�

IRU�HDFK�WUHDWPHQW�DUH�VKRZQ�EHIRUH��)LJXUH��$D��F��DQG�����V�DIWHU�H[SRVXUH�WR�����0�$ER�

�)LJXUH��$E��G���)LJXUHV��%D�G� UHSUHVHQW� FURSSHG�DQG�PDJQLILHG�YLHZV� LQGLFDWHG�E\�\HOORZ�

VTXDUHV� XQGHU� EDVDO� FRQGLWLRQV� IRU� ERWK� WUHDWPHQWV�� FRQWURO� DQG� U:QW�D�WUHDWHG� QHXURQV�

�)LJXUH� �$D�� F��� 7KH� LPDJHV� VKRZV� WKDW� $ER� VWLPXODWLRQ� UHVXOWHG� LQ� D� UDSLG� GHFD\� RI�

PLWRFKRQGULDO� FDOFHLQ� IOXRUHVFHQFH� �)LJXUH� �%D� FRPSDUHG� WR� )LJXUH� �%E��� LQGLFDWLQJ�P373�

RSHQLQJ�� ZKHUHDV� QHXURQV� SUH�WUHDWHG� ZLWK� U:QW�D� GLG� QRW� VHHP� WR� VKRZ� FKDQJHV� LQ�

IOXRUHVFHQFH�LQWHQVLW\�LQ�UHVSRQVH�WR�$ER���%F�FRPSDUHG�WR�)LJXUH��%G���7KHVH�FKDQJHV�DUH�

UHSUHVHQWHG� LQ� WKH� JUDSK� LQ� )LJXUH� �&�� ZKLFK� VKRZV� WKDW� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ�

FRQWURO� DQG� U:QW�D-WUHDWHG� QHXURQV� LQ� UHVSRQVH� WR�$ER� VWLPXODWLRQ�ZHUH� HYLGHQW� EHJLQQLQJ�

����V�DIWHU��WKH��VWDUW��RI��WKH��H[SHULPHQW���7KH��LRQRSKRUH��LRQRP\FLQ�������0���ZDV�XVHG�DV��D��

�
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)LJXUH� ���:QW� VLJQDOLQJ� SDWKZD\� SUHYHQWV�PLWRFKRQGULDO� SHUPHDELOLW\� WUDQVLWLRQ� SRUH�
�P373�� RSHQLQJ� LQGXFHG� E\� $ER� LQ� OLYLQJ� QHXURQV�� $�� Images represent� ��� ',9�
KLSSRFDPSDO�QHXURQV� WUHDWHG�ZLWK�U:QW�D SURWHLQ�RU�FRQWURO�PHGLD�DQG� ORDGHG�ZLWK�FDOFHLQ�
&R���WR�PDLQO\�VWDLQ�PLWRFKRQGULD��,PDJHV�DQDO\VLV�ZDV�FDUULHG�RXW�LQ�OLYH�FHOOV�LQ�D�VSLQQLQJ�
GLVN�FRQIRFDO�PLFURVFRSH�DQG� WKH� IOXRUHVFHQFH� LQWHQVLW\�GHFD\�RI�PLWRFKRQGULDO�FDOFHLQ�ZDV�
PHDVXUHG� WR� GHWHFW� WKH�P373� RSHQLQJ� LQ� UHVSRQVH� WR� $ER� H[SRVXUH��%�� <HOORZ� UHFWDQJOHV�
IURP�$��LQGLFDWH�WKH�UHVSHFWLYH�PDJQLILHG�LPDJHV�RI�FRQWURO��D���$ER��E���U:QW�D�$ER��F��DQG�
U:QW�D��G��WUHDWHG�QHXURQV�WR�VKRZ�PLWRFKRQGULDO�FDOFHLQ�VWDLQ�DQG�WKH�FKDQJHV�LQ�UHVSRQVH�WR�
WKH� GLIIHUHQW� WUHDWPHQWV�� &�� 4XDQWLILFDWLRQ� RI� WKH� IOXRUHVFHQFH� LQWHQVLW\� FKDQJHV� RI�
PLWRFKRQGULDO� FDOFHLQ�� 7ZHQW\� �0�&V$� DQG� ���� �0� LRQRP\FLQ�ZHUH� XVHG� DV� QHJDWLYH� DQG�
SRVLWLYH�FRQWUROV�RI�P373�RSHQLQJ�� UHVSHFWLYHO\��7KH�JUDSK�VKRZV� WKH�PHDQ�r�6(0�RI�Q ��
LQGHSHQGHQW� H[SHULPHQWV�� %ODFN� EDU� LQGLFDWHV� WKH� DGGLWLRQ� RI�$ER�� 7ZR�ZD\�$129$� WHVW��
post hoc� %RQIHUURQL� � S��������� '��5HSUHVHQWDWLYH� JUDSK� RI� WKH� HQG� WLPH� ����V�� RI� WKH�
H[SHULPHQW�TXDQWLILHG� LQ�&�� IRU� HDFK�FRQGLWLRQ�� LQFOXGLQJ�:QW� LQKLELWRUV�� ,&*����� �����0��
DQG�V)53�������Q0���6WDWLVWLFDO�DQDO\VLV�ZDV�GHYHORSHG�XVLQJ�RQH�ZD\�$129$�WHVW��post hoc�
%RQIHUURQL�S���������S���������(��:HVWHUQ�EORW�VKRZV�PLWRFKRQGULDO�DQG�F\WRSODVPLF�
IUDFWLRQV�LVRODWHG�IURP�KLSSRFDPSDO�VOLFHV��³0´�IUDFWLRQ�FRUUHVSRQGV�WR�PLWRFKRQGULD�DQG�³&´�
WR� F\WRSODVPLF� IUDFWLRQ��GHWHFWHG�ZLWK� WKH� ORDGLQJ�FRQWUROV�&2;,9�DQG�*$3'+�DQWLERGLHV��
UHVSHFWLYHO\��(DFK� ODQH�FRUUHVSRQGV� WR�GXSOLFDWHV��)��:HVWHUQ�EORW�DQDO\VLV� VKRZV� LQFUHDVHG�
SKRVSKRU\ODWHG�*6.��E� DW� 6HU�� LQ� WKH�PLWRFKRQGULDO� IUDFWLRQ� LQ� UHVSRQVH� WR� ���� QJ�P/� RI�
U:QW�D��LQ�KRXUV����
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SRVLWLYH� FRQWURO� IRU� P373� RSHQLQJ� �)LJXUH� �&�� JUHHQ� FXUYH��� ,Q� DGGLWLRQ�� ��� �0�

F\FORVSRULQH$��&V$���D�VSHFLILF�LQKLELWRU�RI�P373��+DOHVWUDS�HW�DO����������ZDV�SUH�LQFXEDWHG�

ZLWK�QHXURQV�IRU����PLQ�DV�D�QHJDWLYH�FRQWURO�IRU�WKH�P373�DVVD\�LQ�OLYH�QHXURQV�LQ�UHVSRQVH�

WR� $ER� �)LJXUH� �&�� ZKLWH� FXUYH��� %\� FRQWUDVW�� WKH� LQKLELWLRQ� RI�:QW VLJQDOLQJ�ZLWK� V)53��

VLJQLILFDQWO\�GHFUHDVHG�WKH�SURWHFWLYH�HIIHFW�RI�:QW�D�RQ�P373�RSHQLQJ�LQGXFHG�E\�$ER��DV�

VKRZQ�LQ�)LJXUH��'��ZKLFK�UHSUHVHQWV�WKH�TXDQWLILFDWLRQ�RI�DOO�FRQGLWLRQV�DW�WKH�HQG�WLPH�SRLQW�

RI� WKH�H[SHULPHQW�� ,�RUGHU� WR�NQRZ�ZKHWKHU� WKH�:QW� WDUJHW�JHQHV�DUH� LQYROYHG� LQ� WKH�:QW�D�

HIIHFW� RQ� WKH� P373� LQKLELWLRQ�� ZH� XVH� ,&*����� D� :QW�E�FDWHQLQ�GHSHQGHQW� WUDQVFULSWLRQ�

LQKLELWRU� �(PDPL� HW� DO��� ������� 6XUSULVLQJO\� ZH� GLG� QRW� ILQG� GLIIHUHQFHV� FRPSDUHG� WR�

:QW�D�$ER�WUHDWPHQW��ZKLFK�VXJJHVWV�WKDW�WKH�SURWHFWLYH�HIIHFW�RI�:QW�D�RYHU�P373�RSHQLQJ�

LV�QRW�GHSHQGHQW�RQ�Wnt� WDUJHW�JHQHV��6LQFH�SUHYLRXV�VWXGLHV�VXJJHVW� WKDW�JO\FRJHQ�V\QWKDVH�

NLQDVH��E� �*6.��E�� LQKLELWLRQ�� WKURXJK�LWV�SKRVSKRU\ODWLRQ�DW� WKH�VHULQH���UHVLGXH��PLJKW�EH�

LQYROYHG� LQ� FDUGLRSURWHFWLRQ� DJDLQVW� LVFKHPLD�UHSHUIXVLRQ� LQMXU\�� WKURXJK� WKH� LQKLELWLRQ� RI�

P373�RSHQLQJ��-XKDV]RYD�HW�DO���������1LVKLKDUD�HW�DO���������*RPH]�HW�DO����������ZH�LVRODWHG�

EUDLQ�PLWRFKRQGULD� IURP�KLSSRFDPSDO� VOLFHV� �)LJXUH� �(�� DQG� VWXGLHG� WKH�*6.��E� EHKDYLRU��

,QWHUHVWLQJO\�� FDQRQLFDO�:QW� VLJQDOLQJ� DFWLYDWLRQ� LQGXFHV� WKH� SKRVSKRU\ODWLRQ� RI�*6.��ȕ� DW�

WKH� VDPH� UHVLGXH�� LQGXFLQJ� LWV� LQKLELWLRQ� DQG� WKHUHIRUH� WKH� DFWLYDWLRQ� RI� WKH�:QW� VLJQDOLQJ�

FDVFDGH��6WDPEROLF�DQG�:RRGJHWW���������$FFRUGLQJ�WR�WKLV��ZH�IRXQG�WKDW�:QW�D�WULJJHUV�WKH�

DFFXPXODWLRQ� RI� SKRVSKRU\ODWHG� *6.��E� �6HU��� LQ� WKH� PLWRFKRQGULDO� IUDFWLRQ� �)LJXUH� �)���

VXJJHVWLQJ� WKDW�:QW�D� OLJDQG� PD\� DFW� XSVWUHDP� RI�:QW� WDUJHW� JHQHV�� SUREDEO\� GLUHFWO\� RQ�

PLWRFKRQGULD�� 7KHVH� UHVXOWV� SURYLGH� GLUHFW� HYLGHQFH� LQ� OLYH� FHOOV� WKDW� DFWLYDWLRQ� RI� WKH�

FDQRQLFDO� :QW� VLJQDOLQJ� SDWKZD\� WKURXJK� WKH� :QW�D� OLJDQG� SUHYHQWV� P373� RSHQLQJ� LQ�
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KLSSRFDPSDO�QHXURQV�H[SRVHG�WR�$ER�WR[LFLW\��DQ�HIIHFW�LQ�ZKLFK�*6.��E�LQKLELWLRQ�PLJKW�EH�

LQYROYHG��

$ER�LQGXFH�DQ�LQFUHDVH�RQ�YROXPH�DQG�VSKHULFLW\�RI�PLWRFKRQGULD�ZKLFK�LV�SUHYHQWHG�E\�

:QW�VLJQDOLQJ�DFWLYDWLRQ��7KUHH�GLPHQVLRQDO�UHFRQVWUXFWLRQ�RI�PLWRFKRQGULDO�QHWZRUN��

6HYHUDO� RI� WKH� FODVVLFDO� IHDWXUHV� RI� P373� RSHQLQJ� WKDW� FKDUDFWHUL]H� PLWRFKRQGULD� EHIRUH�

PHPEUDQH� GLVUXSWLRQ� DUH� WKH�PRUSKRORJLFDO� FKDQJHV� WKDW� RFFXU� GXULQJ� WKLV� SURFHVV�� VXFK� DV�

FULVWD� UHPRGHOLQJ� DQG� WKH� SKHQRPHQRQ� NQRZQ� DV� VZHOOLQJ�� ZKLFK� LQYROYHV� FKDQJHV� LQ� WKH�

PLWRFKRQGULDO�YROXPH�DQG�VKDSH��ZKLFK�FDXVH�WKH�UXSWXUH�RI�WKH�RXWHU�PHPEUDQH��%HUQDUGL�HW�

DO��� ������� 7R� HYDOXDWH� WKLV� LQLWLDO� VWHS�� ZH� PHDVXUHG� WKH� YROXPH� DQG� VSKHULFLW\� RI�

PLWRFKRQGULD�LQ�UHVSRQVH�WR����0�$ER�LQ�WKH�SUHVHQFH�RU�DEVHQFH�RI�U:QW�D��7R�DFFRPSOLVK�

WKLV� DLP�� ZH� SHUIRUPHG� D� �'� UHFRQVWUXFWLRQ� RI� PLWRFKRQGULD� IURP� KLSSRFDPSDO� QHXURQV�

WUDQVIHFWHG� ZLWK� PLWR�&KHUU\� XVLQJ� ,PDULV� VRIWZDUH�� )LJXUH� �$� VKRZV� UHSUHVHQWDWLYH�

UHFRQVWUXFWHG� QHXULWHV� IURP� QHXURQV� WUHDWHG� XQGHU� WKH� GLIIHUHQW� FRQGLWLRQV� IRU� ��� K�� $ER�

WUHDWHG� QHXURQV� VKRZHG� URXQGHG� DQG� PRUH� VSKHULFDO� PLWRFKRQGULD� WKDQ� XQGHU� FRQWURO�

FRQGLWLRQV�� ,Q� DGGLWLRQ�� PLWRFKRQGULD� FR�WUHDWHG� ZLWK� U:QW�D� DQG� $ER� SUHVHQWHG� WKH� VDPH�

QRUPDO�PRUSKRORJ\�DV�FRQWURO�QHXURQV��4XDQWLWDWLYH�DQDO\VLV�RI�ZKROH�UHFRQVWUXFWHG�QHXURQV�

LQGLFDWHV�WKDW�$ER�WUHDWPHQW�LQGXFHG�DQ�LQFUHDVH�LQ�WKH�VSKHULFLW\�DQG�YROXPH�RI�PLWRFKRQGULD�

�)LJXUH� �%� DQG� )LJXUH� �&�� UHVSHFWLYHO\��� D� FKDQJH� WKDW� ZDV� VLJQLILFDQWO\� SUHYHQWHG� E\� FR�

LQFXEDWLRQ�ZLWK�U:QW�D��7RJHWKHU��WKHVH�UHVXOWV�LQGLFDWH�WKDW�WKH�SUHVHQFH�RI�WKH�:QW�D�OLJDQG�

LQ� WKH� KLSSRFDPSDO� QHXURQ� FXOWXUH� SUHYHQWV� WKH� PRUSKRORJLFDO� FKDQJHV� LQ� PLWRFKRQGULD�

FRUUHODWHG�ZLWK�P373�RSHQLQJ�WKDW�DUH�LQGXFHG�E\�$ER��7KHVH��ILQGLQJV�DUH�LQ�DJUHHPHQW�ZLWK��

�
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�
)LJXUH����0LWRFKRQGULDO�YROXPH�DQG�VSKHULFLW\�FKDQJHV� LQ�UHVSRQVH� WR�$ER�DQG�:QW�D�
WUHDWPHQWV�LQ�KLSSRFDPSDO�QHXURQV�����',9�PLWR�&KHUU\�WUDQVIHFWHG�QHXURQV�ZHUH�WUHDWHG�
IRU����K�ZLWK���0�$ER�DQG�U:QW�D������QJ�P/��DQG�IL[HG�IRU��'�UHFRQVWUXFWLRQ��$��7KUHH�
GLPHQVLRQDO� UHFRQVWUXFWLRQ� RI� PLWRFKRQGULD� IURP� PLWR�&KHUU\� QHXURQV�� ,PDJHV� VKRZ�
UHSUHVHQWDWLYH�PLWRFKRQGULD� RI� D� QHXULWH� VHOHFWHG� IURP� WKH�ZKROH� QHXURQ� UHFRQVWUXFWHG� �QRW�
VKRZQ�� IRU� HDFK� WUHDWPHQW�� :KLWH� EDU� FRUUHVSRQGV� WR� ��� �P�� %�� *UDSKV� UHSUHVHQW� WKH�
PHDVXUHPHQWV� RI� PLWRFKRQGULDO� VSKHULFLW\� �D�� DQG� YROXPH� �E�� SHUIRUPHG� ZLWK� WKH� ,PDULV�
VRIWZDUH� XVHG� IRU� WKH� PLWRFKRQGULDO� QHWZRUN� UHFRVQWUXFWLRQ�� 5HVXOWV� DUH� WKH� PHDQ� RI� 1 ��
LQGHSHQGHQW�H[SHULPHQWV�DQG�WKH�VWDWLVWLFDO�DQDO\VLV�ZDV�SHUIRUPHG�E\�RQH�ZD\�$129$�WHVW��
post hoc�%RQIHUURQL��S���������
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WKH�SURWHFWLYH�HIIHFWV�RI�:QW�D�DJDLQVW�$ER�GHSHQGHQW�P373�DFWLYDWLRQ�WKDW�ZHUH�REVHUYHG�LQ�

WKH�OLYH�FHOO�H[SHULPHQWV��

$ER� GLVUXSWV� WKH� PHPEUDQH� VWUXFWXUH� DQG� FULVWD� RUJDQL]DWLRQ� RI� PLWRFKRQGULD� IURP�

KLSSRFDPSDO�VOLFHV��7KH�UROH�RI�:QW�VLJQDOLQJ�LQ�PLWRFKRQGULDO�LQWHJULW\��

7R�FRUUHODWH�WKH�SUHYLRXVO\�GHVFULEHG�HIIHFW�RI�$ER�RQ�P373�RSHQLQJ�EDVHG�RQ�D�IOXRUHVFHQFH�

DVVD\� LQ� OLYH� QHXURQV� ZLWK� GLVUXSWHG� PLWRFKRQGULDO� VWUXFWXUH�� PLWRFKRQGULDO� LQWHJULW\�

SDUDPHWHUV�� VXFK� DV� PHPEUDQH� SHUPHDELOL]DWLRQ� DQG� FULVWD� RUJDQL]DWLRQ�� ZHUH� DQDO\]HG� E\�

HOHFWURQ�PLFURVFRS\��7R�DFFRPSOLVK�WKLV�DLP��PRXVH�KLSSRFDPSDO�VOLFHV�ZHUH�LQFXEDWHG�IRU���

K�ZLWK�FRQWURO�PHGLD�RU�U:QW�D�SURWHLQ�DQG�WKHQ�FR�LQFXEDWHG�ZLWK����0�$ER�IRU���K��7UHDWHG�

WLVVXHV�ZHUH� IL[HG� DQG� XVHG� WR� DQDO\]H� WKH�PLWRFKRQGULDO� LQWHJULW\� E\� HOHFWURQ�PLFURVFRS\��

0LFURVFRSLF� DQDO\VLV� ZDV� SHUIRUPHG� DW� WKH� &$�� UHJLRQ� RI� WKH� KLSSRFDPSXV� �)LJXUH� �$D���

6SHFLILFDOO\��ZH� IRFXVHG� RQ� WKRVH�PLWRFKRQGULD� WKDW� EHORQJHG� WR� V\QDSWLF� FRQWDFWV� EHWZHHQ�

&$��D[RQV�WKDW�SURMHFWHG�WR�&$��GHQGULWHV�IURP�WKH�VWUDWXP�UDGLDWXP��)LJXUH��$E��EHFDXVH�LW�

KDV�UHFHQWO\�EHHQ�VXJJHVWHG�WKDW�V\QDSWLF�PLWRFKRQGULD�IURP�WKLV�UHJLRQ�DUH�KLJKO\�YXOQHUDEOH�

LQ� DQ� $'� PRXVH� PRGHO� �%DOLHWWL� HW� DO��� ������� )LJXUH� �$F� VKRZV� D� UHSUHVHQWDWLYH� LPDJH�

REWDLQHG�E\� HOHFWURQ�PLFURVFRS\��7KH� LPDJH� VKRZV�SUHVHUYHG� WLVVXH�ZLWK� V\QDSWLF� FRQWDFWV��

SUHV\QDSWLF� YHVLFOHV� DQG� RUJDQHOOHV�� VXFK� DV� PLWRFKRQGULD�� 8OWUDVWUXFWXUDO� DQDO\VLV� RI� WKH�

PLWRFKRQGULD� VKRZV� D� FOHDU� GHWHULRUDWLRQ� RI� ERWK� WKH�PLWRFKRQGULDO� PHPEUDQHV� DQG� FULVWDH�

IURP� VOLFHV� WUHDWHG�ZLWK�$ER�� LQ� FRQWUDVW� WR� FRQWURO� FRQGLWLRQV� �)LJXUH� �%D�� E���5HG� DUURZV�

LQGLFDWH�WKH�UHJLRQV�RI�WKH�PLWRFKRQGULD�ZLWK�SHUPHDELOL]HG�PHPEUDQHV��9HVLFXODU�FULVWDH�DQG�

YHVLFXODU� VZROOHQ� PLWRFKRQGULD� ZHUH� REVHUYHG� LQ� $ER�H[SRVHG� VOLFHV�� IHDWXUHV� RI�

PLWRFKRQGULDO�PRUSKRORJLFDO�FKDQJHV�WKDW�RFFXU�GXULQJ�DSRSWRWLF�SURFHVVHV��6XQ�HW�DO�����������
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)LJXUH� ��� :QW�D� SUHYHQWV� PHPEUDQH� DQG� FULVWDH� GLVUXSWLRQ� JHQHUDWHG� E\� $ER� RQ�
PLWRFKRQGULD�� $�� 0RXVH� KLSSRFDPSDO� VOLFHV� ����� �P�� ZHUH� SUH�LQFXEDWHG� IRU� �K� ZLWK�
U:QW�D�DQG�WKH� WUHDWHG�ZLWK���0�$ER�IRU���K��6OLFHV�ZHUH�IL[HG�DQG�SURFHVVHG�IRU�HOHFWURQ�
PLFURVFRS\�DQDO\VLV��D��5HSUHVHQWDWLYH�VOLFH�VWDLQHG�ZLWK�WROXLGLQH�EOXH��%ODFN�VTXDUH�VKRZV�
WKH�&$��UHJLRQ�VHOHFWHG�IRU�WKH�DQDO\VLV��E����;�]RRP�IURP�LPDJH�LQ��D��VKRZV�&$��QHXURQV��
F��5HSUHVHQWDWLYH�LPDJH�REWDLQHG�ZLWK�HOHFWURQ�PLFURVFRS\�VKRZV�LQWDFW�WLVVXH�DQG�SUHVHUYHG�
V\QDSWLF� DQG� PLWRFKRQGULDO� VWUXFWXUHV�� %�� (OHFWURQ� PLFURVFRS\�� 5HSUHVHQWDWLYH� LPDJHV� RI�
PLWRFKRQGULD� DUH� VKRZQ� IRU� HDFK� WUHDWPHQW�� 5HG� DUURZV� LQGLFDWH� GLVUXSWHG� PLWRFKRQGULDO�
PHPEUDQHV�� %DUV� FRUUHVSRQG� WR� ���� QP�� &�� 8OWUDVWUXFWXUDO� DQDO\VLV�� D�� 0LWRFKRQGULDO�
PHPEUDQH� LQWHJULW\�ZDV� DQDO\]HG��*UDSK� VKRZV� WKH�SHUFHQWDJH�RI�PLWRFKRQGULD� WKDW� H[KLELW�
LQWDFW�PHPEUDQHV��E��0LWRFKRQGULDO�FULVWDH�LQWHJULW\�DQDO\VLV� LV�UHSUHVHQWHG�LQ�WKH�JUDSK�WKDW�
VKRZV�WKH�SHUFHQWDJH�RI�PLWRFKRQGULD�ZLWK�LQWDFW�PLWRFKRQGULD��6WDWLVWLFDO�DQDO\VLV�IURP�WKUHH�
LQGHSHQGHQW� VOLFHV� WUHDWHG�� RQH�ZD\�$129$� WHVW�ZLWK�post hoc� %RQIHUURQL� � S�� ������ �
S����������
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0RUHRYHU�� WKHVH�FKDQJHV�ZHUH�QRW�REVHUYHG� LQ�PLWRFKRQGULD� IURP�VOLFHV� WUHDWHG�ZLWK�:QW�D�

OLJDQG� SOXV� $ER� �)LJXUH� �%F��� 7UHDWPHQW� ZLWK� U:QW�D� SURWHLQ� DORQH� GLG� QRW� JHQHUDWH� DQ\�

FKDQJHV� LQ� PLWRFKRQGULDO� VWUXFWXUH� FRPSDUHG� WR� WKH� FRQWURO� VLWXDWLRQ� �)LJXUH� �%G��� DQG�

WUHDWPHQW�ZLWK�&V$�� WKH�P373� LQKLELWRU�� SOXV�$ER� FRPSOHWHO\�SUHYHQWHG� WKH�PRUSKRORJLFDO�

FKDQJHV�JHQHUDWHG�E\�WKH�$E�SHSWLGH��)LJXUH��&���4XDQWLILFDWLRQ�RI�WKH�LPDJHV�LQGLFDWHV�WKDW�

WKH�SHUFHQWDJH�RI�PLWRFKRQGULD�ZLWK�LQWDFW�PHPEUDQHV�DQG�FULVWDH�ZDV�VLJQLILFDQWO\�ORZHU�LQ�

$ER�WUHDWHG� VOLFHV� WKDQ� LQ� FRQWURO� VDPSOHV�� ZLWK� YDOXHV� RI� ����� r� ����� DQG� ����� r� ������

UHVSHFWLYHO\��ZKHUHDV�VOLFHV�WUHDWHG�ZLWK�U:QW�D�SOXV�$ER�GLG�QRW�VKRZ�D�VLJQLILFDQW�GHFUHDVH�

LQ� WKH� SURSRUWLRQV� RI� HLWKHU� LQWDFW� PHPEUDQH� RU� FULVWDH� ������ r� ����� DQG� ����� r� ������

UHVSHFWLYHO\��FRPSDUHG�WR�FRQWUROV��)LJXUH��&���7KHVH�UHVXOWV�LQGLFDWH�WKDW�WKH�DFWLYDWLRQ�RI�WKH�

FDQRQLFDO� :QW� VLJQDOLQJ� SDWKZD\� SUHYHQWV� PLWRFKRQGULDO� PHPEUDQH� SHUPHDELOL]DWLRQ� DQG�

FULVWD�GLVRUJDQL]DWLRQ��IDYRULQJ�WKH�PDLQWHQDQFH�RI�PLWRFKRQGULDO�LQWHJULW\�DV�D�GHIHQVH�DJDLQVW�

WKH�GDPDJH�JHQHUDWHG�E\�$ER�WR[LFLW\��

0LWRFKRQGULDO� VZHOOLQJ� LQGXFHG� E\� $ER� LV� SUHYHQWHG� E\� :QW� FDQRQLFDO� VLJQDOLQJ�
DFWLYDWLRQ��

)RU� DQ� LQ�GHSWK� DQDO\VLV� RI� WKH�PLWRFKRQGULDO�PRUSKRORJLFDO� FKDQJHV� WKDW� RFFXU� GXULQJ� WKH�

VZHOOLQJ� SKHQRPHQRQ�� PRUH� VSHFLILF� PRUSKRORJLFDO� SDUDPHWHUV� WKDW� FKDQJH� XQGHU� P373�

RSHQLQJ� ZHUH� DQDO\]HG�� VXFK� DV� PLWRFKRQGULDO� DUHD�� SHULPHWHU� DQG� GLDPHWHU� �)LJXUH� �� DQG�

7DEOH�����ZKLFK�DUH�PHDVXUHV�RI�PLWRFKRQGULDO�VL]H�DQG�VKDSH��6RQJ�HW�DO���������%DUULHQWRV�HW�

DO��� ������� )LJXUH� �$D� VKRZV� FRQWURO� PLWRFKRQGULD� ZLWK� FRPSDFW� PRUSKRORJ\�� LQWDFW�

PHPEUDQHV�� RUJDQL]HG� FULVWDH� DQG� D� V\QDSWLF� GLVWULEXWLRQ� RI� PLWRFKRQGULD� LQ� ERWK� SUH�� DQG�

SRVW�V\QDSWLF�WHUPLQDOV��$ER�WUHDWPHQW�LQGXFHG�GUDPDWLF�FKDQJHV�LQ�PLWRFKRQGULDO�VL]H��0DQ\�

PLWRFKRQGULD�ZHUH��JUHDWO\�HQODUJHG��DQG��VZROOHQ�FRPSDUHG��WR��FRQWURO��PLWRFKRQGULD��)LJXUH�
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)LJXUH����0LWRFKRQGULDO�PRUSKRORJLFDO�FKDQJHV�LQGXFHG�E\�$ER�DUH�SUHYHQWHG�E\�:QW�
FDQRQLFDO� VLJQDOLQJ� DFWLYDWLRQ�� $�� (OHFWURQ� PLFURVFRS\�� 5HSUHVHQWDWLYH� LPDJHV� REWDLQHG�
IURP�WKH�HOHFWURQ�PLFURVFRSH�VKRZ�GLIIHUHQW�PLWRFKRQGULDO�PRUSKRORJLHV�IRU�HDFK�FRQGLWLRQ��
%DUV�FRUUHVSRQG�WR�����QP��2QH�ZD\�$129$�WHVW��post hoc�%RQIHUURQL�S�������S��������
� S���������%��0RUSKRORJLFDO� FKDQJHV� DQDO\VLV�� %DU� JUDSKV� UHSUHVHQW� WKH� DYHUDJH� DUHD��
SHULPHWHU�DQG�GLDPHWHU�RI�PLWRFKRQGULD� LQ�HDFK�FRQGLWLRQ��&��6FDWWHU�SORWV��*UDSKV� LQGLFDWH�
WKH� GLVWULEXWLRQ� RI� DUHD�� SHULPHWHU� DQG� GLDPHWHU� RI� HDFK� DQDO\]HG� PLWRFKRQGULD� LQVLGH� WKH�
ZKROH� PLWRFKRQGULDO� SRSXODWLRQ�� 5HG� KRUL]RQWDO� EDUV� UHSUHVHQW� PHGLDQ� YDOXHV� RI� HDFK�
PRUSKRORJLFDO�SDUDPHWHU�DQDO\]HG���
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7DEOH���

�

*URXS� &RQWURO� $ER� $ER���U:QW�D� U:QW�D�

n� � ���� ���� ���� ���

0LQLPXP�� ������ ������ ������ ������

����3HUFHQWLO�� ������ ����� ������� �������

� � (+10.2) D� (+5.7) D� (+41.3) D�

0HGLDQ�� ������ ������� ������� �������

� � (+18.9) D� (-10.5) D� (+11.9) D�

����3HUFHQWLO�� ������ ������ ������� ������

� � (+37.1) D� (-36.1) D� (+3.1) D�

0D[LPXP�� ������ ������

(+104.2)�D�

������

(+57.9)�D�

������

(-3.0)�D�

0HDQ�� ������� ������� ������� �������

� � (+31.1) D� (-19.1) D� (+6.1) D�

�6'�� ������� ������� ������� ������

�6(0�� �������� �������� �������� ��������

�
�
�
�
7DEOH� ���3HUFHQWLOH� YDOXHV� DQG� VWDWLVWLFDO� DQDO\VLV� RI�PLWRFKRQGULDO� DUHD� IURP� HOHFWURQ�
PLFURVFRS\� LPDJHV�� 7DEOH� UHSUHVHQWV� D� SHUFHQWLOH�JURXSHG� DQDO\VLV� IRU� HDFK� WUHDWPHQW��7KH�
YDOXHV� DUH� UHSUHVHQWHG� LQ� PLFURPHWHUV�� ��P��� DQG� ³D´� FRUUHVSRQGV� WR� WKH� SHUFHQWDJH� RI�
LQFUHDVH�RI�HDFK�JURXS�YDOXHV�ZKHQ�FRPSDUHG�WR�FRUUHVSRQGLQJ�&RQWURO�JURXS��
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�$E���U:QW�D�WUHDWPHQW�SUHYHQWHG�WKHVH�FKDQJHV��DQG�WKH�PLWRFKRQGULD�KDG�WKH�VDPH�QRUPDO�

VKDSH�DV�XQGHU�FRQWURO�FRQGLWLRQV�ZLWK�RU�ZLWKRXW�$ER��)LJXUH��$F��G���$V�VKRZQ�LQ�7DEOH����

WKH�PHDQ�DUHD�SHU�PLWRFKRQGULRQ�IRU� WKH�$ER�JURXS�ZDV���������P��� LQ�FRQWUDVW� WR���������

�������DQG���������P��IRU�WKH�FRQWURO��:QW�D�$ER�DQG�:QW�D�JURXSV��UHVSHFWLYHO\��)RU�WKH�

PHDVXUHPHQWV� RI� WKH� SHULPHWHU�� WKH�PHDQ� YDOXH� SHU�PLWRFKRQGULRQ� IRU� WKH�$ER� JURXS�ZDV�

�������P��LQ�FRQWUDVW�WR��������������DQG��������P�IRU�WKH�FRQWURO��:QW�D�$ER�DQG�:QW�D�

JURXSV�� UHVSHFWLYHO\��7KH�PHDQ�GLDPHWHU� SHU�PLWRFKRQGULRQ� IRU� WKH�$ER�JURXS�ZDV� �������

�P�� LQ� FRQWUDVW� WR� �������� ������� DQG� ������� �P� IRU� WKH� FRQWURO��:QW�D�$ER� DQG�:QW�D�

JURXSV��UHVSHFWLYHO\��$FFRUGLQJ�WR�WKH�RQH�ZD\�$129$��WKH�PHDQ�IRU�HDFK�SDUDPHWHU�RI�WKH�

$ER�JURXS�ZDV�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH�PHDQ�IRU�HDFK�SDUDPHWHU�IRU�WKH�RWKHU�JURXSV�

�)LJXUH��%���&RPSDUHG�WR�WKH�FRQWURO�JURXS��WKH�PHDQ�YDOXHV�IRU�WKH�$ER�JURXS�LQFUHDVHG�E\�

������IRU�PLWRFKRQGULDO�DUHD��������IRU�SHULPHWHU�DQG�������IRU�GLDPHWHU��$V�GHPRQVWUDWHG�

LQ�WKH�VFDWWHU�JUDSKV��)LJXUH��&���WKH�LQFUHDVHV�LQ�WKH�PHDQ�YDOXHV�IRU�WKH�$ER�JURXS�ZHUH�D�

UHIOHFWLRQ�RI�DQ�LQFUHDVH�LQ�WKH�VL]H�RI�D�VXEVHW�RI�PLWRFKRQGULD�LQ�WKH�XSSHU���WK�SHUFHQWLOH�

UDWKHU� WKDQ�DQ�XSZDUG� VKLIW� RI� WKH� HQWLUH�SRSXODWLRQ��7KLV� UHVXOW� LV� GHPRQVWUDWHG� LQ�7DEOH���

�WDEOH�QRW�VKRZQ�IRU�SHULPHWHU�DQG�GLDPHWHU���E\�WKH�������DQG��������LQFUHDVHV�LQ�WKH���WK�

SHUFHQWLOH�DQG�PD[LPXP�YDOXHV�� UHVSHFWLYHO\�� IRU�PLWRFKRQGULDO�DUHD�� WKH�������DQG�������

UHVSHFWLYH� LQFUHDVHV� LQ� SHULPHWHU�� DQG� WKH� ������ DQG� ������ LQFUHDVHV� LQ� WKH�PLWRFKRQGULDO�

GLDPHWHU� LQ� WKH�$ER�JURXS�YV�� WKH�FRQWURO�JURXS��FRPSDUHG� WR� WKH�QHJOLJLEOH�FKDQJHV� LQ� WKH�

PLQLPXP�YDOXHV�DQG�RQO\�������������DQG������LQFUHDVHV� LQ� WKH� ORZHU���WK�SHUFHQWLOH�IRU�

PLWRFKRQGULDO�DUHD��SHULPHWHU�DQG�GLDPHWHU��UHVSHFWLYHO\��7KLV�GHWDLOHG�DQDO\VLV�VXJJHVWV�WKDW�

WKH� VWUXFWXUDO� DQG� PRUSKRORJLFDO� FKDQJHV� WKDW� RFFXU� LQ� PLWRFKRQGULD� H[SRVHG� WR� $ER� DUH�
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FRUUHODWHG�ZLWK�PLWRFKRQGULDO�VZHOOLQJ��&KD�HW�DO����������%\�FRQWUDVW��PLWRFKRQGULD�IURP�WKH�

:QW�D�$ER� JURXS� GLG� QRW� SUHVHQW� WKHVH� PRUSKRORJLFDO� DOWHUDWLRQV� DQG� WKHUHIRUH� DUH�

VWUXFWXUDOO\�VLPLODU�WR�WKRVH�PLWRFKRQGULD�IURP�WKH�FRQWURO�JURXS��,Q�FRQFOXVLRQ��WKH�DQDO\VLV�

LQGLFDWHV� WKDW�:QW�D� WUHDWPHQW� SUHYHQWV� WKH� LQFUHDVHV� LQ�PLWRFKRQGULDO� DUHD�� SHULPHWHU� DQG�

GLDPHWHU� LQGXFHG� E\� $ER� H[SRVXUH� �)LJXUH� ���� SUHYHQWLQJ� PLWRFKRQGULDO� swelling� DQG�

WKHUHIRUH�P373�RSHQLQJ���

�

'LVFXVVLRQ�

3UHYLRXV� VWXGLHV� IURP� RXU� ODERUDWRU\� KDYH� VKRZQ� WKDW� DFWLYDWLRQ� RI� WKH� FDQRQLFDO� :QW 

VLJQDOLQJ�SDWKZD\�KDV�D�QHXURSURWHFWLYH�UROH�DJDLQVW�$E�WR[LFLW\��&HUSD�HW�DO���������,QHVWURVD�

DQG�9DUHOD�1DOODU���������KRZHYHU��WKHUH�LV�QR�GLUHFW�HYLGHQFH�WKDW�H[SODLQV�WKH�PHFKDQLVP�E\�

ZKLFK�WKLV�VLJQDOLQJ�SURWHFWV�QHXURQV�IURP�FHOO�GHDWK�RU�ZKHWKHU�WKLV�QHXURSURWHFWLYH�HIIHFW�LV�

GXH�WR�WKH�UROH�RI�:QW�VLJQDOLQJ�LQ�WKH�UHJXODWLRQ�RI�FHOO�GHDWK�FDVFDGHV�WKDW�DUH�LQLWLDWHG�LQ�WKH�

PLWRFKRQGULD��,Q�WKLV�VWXG\��ZH�IRXQG�WKDW�WKH�DFWLYDWLRQ�RI�:QW�VLJQDOLQJ�WKURXJK�WKH�:QW�D 

OLJDQG� SUHYHQWV� WKH�P373� RSHQLQJ� LQGXFHG� E\� WKH� WR[LFLW\� RI�$ER� �)LJXUH� �$��� DV�ZHOO� DV�

LQKLELWV� DOO� RI� WKH� FRQVHTXHQW� HIIHFWV�� VXFK� DV� WKH� PHPEUDQH� SRWHQWLDO� ORVV� �)LJXUH� ����

PLWRFKRQGULDO� PRUSKRORJLFDO� FKDQJHV� �)LJXUH� �� DQG� )LJXUH� ���� PLWRFKRQGULDO� VWUXFWXUH�

GLVUXSWLRQ� �)LJXUH� ���� DQG� F\WRFKURPH�F� UHOHDVH� �)LJXUH� ��� DQG�� WKHUHIRUH�� QHXURQDO� GHDWK�

�)LJXUH������

,W�LV�ZHOO�GRFXPHQWHG�WKDW�$E�LQGXFHV�WKH�DFWLYDWLRQ�RI�P373�LQ�DQ�$'�PRXVH�PRGHO��'X�HW�

DO���������DQG�in vitro��0RUHLUD�HW�DO���������3DUNV�HW�DO���������6KHYW]RYD�HW�DO���������DQG�WKDW�

WKLV� DFWLYDWLRQ� DQG� WKH� VXEVHTXHQW�PLWRFKRQGULDO� DQG�QHXURQDO�GDPDJH�GHSHQG�RQ� WKH�GLUHFW�
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LQWHUDFWLRQ�RI�$E�ZLWK�&\S'��'X�HW�DO����������WKH�PDLQ�FRPSRQHQW�RI� WKH�P373��%DLQHV�HW�

DO���������6FKLQ]HO�HW�DO����������7KH�GHWDLOHG�VWUXFWXUH�RI�WKH�P373�LV�QRW�ZHOO�HVWDEOLVKHG��EXW�

LW� LV� SURSRVHG� WR� EH�PDLQO\� IRUPHG�E\� WKH� YROWDJH�GHSHQGHQW� DQLRQ� FKDQQHO� �9'$&�� DW� WKH�

RXWHU� PHPEUDQH�� WKH� DGHQLQH� QXFOHRWLGH� WUDQVORFDVH� �$17�� DW� WKH� LQQHU� PHPEUDQH�� DQG�

F\FORSKLOLQ�'��&\S'��LQ�WKH�PLWRFKRQGULDO�PDWUL[��+DOHVWUDS��������ZKLFK�LV�WR�GDWH�WKH�RQO\�

SURWHLQ�FRPSRQHQW�WKDW�LV�HVVHQWLDO�IRU�WKH�DFWLYDWLRQ�RI�WKLV�SRUH��%DVVR�HW�DO���������.DWR�HW�

DO��� �������0RUHRYHU�� LQ�$'� WUDQVJHQLF�PLFH��&\S'�GHILFLHQF\� DWWHQXDWHV� WKH� FHOOXODU� GHDWK�

LQGXFHG�E\�$ȕ�DQG�LPSURYHV�PHPRU\�DQG�V\QDSWLF�IXQFWLRQ��'X�HW�DO����������

&DOFLXP�RYHUORDG�LQ�PLWRFKRQGULD�FDQ�DOVR�LQGXFH�P373�RSHQLQJ��6]DODL�HW�DO���������&HOVL�HW�

DO��� ������� DQG� LQ� DJUHHPHQW� ZLWK� WKLV�� LW� LV� YHU\� ZHOO� HVWDEOLVKHG� WKDW� FDOFLXP� SOD\V� DQ�

LPSRUWDQW�UROH�LQ�WKH�QHXURWR[LFLW\�RI�$'�LQ�PRXVH�PRGHOV��/D)HUOD��������6WXW]PDQQ�HW�DO���

������ DQG� in vitro�� EHFDXVH� LW� KDV�EHHQ�GHPRQVWUDWHG� WKDW�$E� DJJUHJDWHV� SUHSDUHG� IURP�$E�

V\QWKHWLF�SHSWLGHV� LQGXFH�FDOFLXP�LQFUHDVHV� LQ�FXOWXUHG�KLSSRFDPSDO�QHXURQV��ZKLFK�GLUHFWO\�

LPSDFWV�WKH�PLWRFKRQGULDO�FDOFLXP�OHYHOV��'LQDPDUFD�HW�DO����������:H�HYDOXDWHG�ZKHWKHU�RXU�

$ER�SUHSDUDWLRQ�ZDV� DEOH� WR� LQGXFH�PLWRFKRQGULDO� FDOFLXP�FKDQJHV� LQ�QHXURQV�DQG�ZKHWKHU�

WKLV� PRGXODWLRQ� ZDV� SUHYHQWHG� E\� WKH� DFWLYDWLRQ� RI�:QW VLJQDOLQJ��:H� REVHUYHG� WKDW� $ER�

LQFUHDVHG� PLWRFKRQGULDO� FDOFLXP� OHYHOV� VSHFLILFDOO\� DW� WKH� QHXULWHV� RI� QHXURQV� �)LJXUH� �&���

7KHVH� FRPSDUWPHQWDOL]HG� HIIHFWV� RI� $ER� RQ� PLWRFKRQGULDO� FDOFLXP� FKDQJHV� FRXOG� EH�

H[SODLQHG� E\� WKH� VSHFLILF� VHQVLWLYLW\� RI� V\QDSWLF� PLWRFKRQGULD� �UDWKHU� WKDQ� QRQ�V\QDSWLF�

PLWRFKRQGULD��WR�FDOFLXP�RYHUORDG��ZKLFK�FDXVH�WKHP�WR�PRUH�UHDGLO\�XQGHUJR�D�SHUPHDELOLW\�

WUDQVLWLRQ��%URZQ�HW�DO����������,Q�DGGLWLRQ��V\QDSWLF�PLWRFKRQGULD�DUH�PRUH�VHQVLWLYH�WR�GLUHFW�

$E�GDPDJH��DIIHFWLQJ�WUDIILFNLQJ�DQG�WUDQVSRUW�WR�VSHFLILF�UHJLRQV�RI�WKH�QHXURQV�ZKHUH�PRUH�
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HQHUJ\�LV�UHTXLUHG��ZKLFK�ZRXOG�PDNH�WKRVH�PLWRFKRQGULD�PRUH�VHQVLWLYH�WR�P373��'X�HW�DO���

�������������,Q�WKH�VDPH�ZD\��WKH�&\S'�OHYHOV�RI�V\QDSWLF�PLWRFKRQGULD�DUH�DOVR�LPSRUWDQW�LQ�

WKH�VHQVLWLYLW\�RI�V\QDSWLF�PLWRFKRQGULD� WR�$E�GDPDJH��DQG�KLJK�&\S'�FRQWHQW�PDNHV� WKRVH�

PLWRFKRQGULD�PRUH� YXOQHUDEOH� WR� SHUPHDELOLW\� WUDQVLWLRQV� �1DJD� HW� DO��� ������� ,QWHUHVWLQJO\��

$E�PHGLDWHG�V\QDSWLF�GDPDJH�WR�QHXURQV�UHTXLUHG�:QW DQWDJRQLVW�FRPSRQHQWV��VXFK�DV�'..��

�3XUUR� HW� DO��� ������� DQRWKHU� SLHFH� RI� HYLGHQFH� WKDW� VXJJHVWV� WKDW� WKH� PRGXODWLRQ� RI� :QW�

VLJQDOLQJ� DFWLYLW\� FRXOG� EH� LPSRUWDQW� LQ� UHJXODWLQJ� $E� WR[LFLW\� RQ� QHXURQDO� IXQFWLRQ� DQG�

YLDELOLW\���

+RZ�FRXOG�:QW�VLJQDOLQJ�EH� UHJXODWLQJ� WKH�SHUPHDELOLW\� WUDQVLWLRQ�DQG�SRUH�DFWLYDWLRQ"�2XU�

UHVXOWV�LQGLFDWH�WKDW�WKH�:QW�D�OLJDQG�SUHYHQWV�P373�RSHQLQJ�LQGXFHG�E\�$ER�LQ�OLYH�QHXURQV�

�)LJXUH�����7KH�DELOLW\�RI�:QW�VLJQDOLQJ�WR�SUHYHQW�WKH�P373�LQGXFWLRQ�SURGXFHG�E\�$E�FRXOG�

EH� PHGLDWHG� E\� WZR� GLIIHUHQW� PHFKDQLVPV�� ��� FRQWUROOLQJ� LQWUDFHOOXODU� FDOFLXP� YDULDWLRQV�

JHQHUDWHG�E\�$E��DV�KDV�EHHQ�SUHYLRXVO\�VXJJHVWHG��4XLQWDQLOOD�HW�DO���������'LQDPDUFD�HW�DO���

�������RU����UHJXODWLQJ�WKH�GLUHFW�HIIHFW�RI�$ER�RQ�P373�IRUPDWLRQ�DQG�DFWLYDWLRQ��'X�HW�DO���

�������$FFRUGLQJ�WR�WKLV��VHYHUDO�P373�PRGXODWRUV�KDYH�EHHQ�GHVFULEHG�WKDW�DOVR�DFW�WKURXJK�

WKH�LQWHUDFWLRQ�ZLWK�P373�FRPSRQHQWV��(OLVHHY�HW�DO���������5DVROD�HW�DO���������6DUDLYD�HW�DO���

�������2QH�RI� WKHVH�PRGXODWRUV� LV�%FO����DQ�DQWL�DSRSWRWLF�SURWHLQ��.XZDQD�DQG�1HZPH\HU��

������� ZKLFK� LV� GRZQUHJXODWHG� LQ� $'� PRGHOV� �3DUDGLV� HW� DO��� ������� 2XU� SUHYLRXV� VWXGLHV�

VKRZQ�WKDW�%FO���LV�D�:QW�WDUJHW�JHQH�LQ�KLSSRFDPSDO�QHXURQV��)XHQWHDOED�HW�DO���������DQG�

DOVR�SDUWLFLSDWHV�LQ�PLWRFKRQGULDO�VWDELOL]DWLRQ�DJDLQVW�$E�GDPDJH��)XHQ]DOLGD�HW�DO����������,Q�

UHODWLRQ� WR� P373�LQGXFHG� DSRSWRVLV�� %FO��� KDV� EHHQ� VKRZQ� WR� SUHYHQW� FHOO� GHDWK� WKURXJK�

LQWHUDFWLRQ�ZLWK�WKH�PDLQ�FRPSRQHQW�RI�WKH�SRUH��&\S'��(OLVHHY�HW�DO����������JLYLQJ�D�QRYHO�
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SURWHFWLYH� IXQFWLRQ� WR� &\S'�� 'HVSLWH� WKLV� HYLGHQFH�� ZH� REVHUYHG� WKDW� WKH� LQKLELWLRQ� RI�

SHUPHDELOLW\�WUDQVLWLRQ�PHGLDWHG�E\�WKH�:QW�D OLJDQG�ZDV�QRW�GHSHQGHQW�RQ�WKH�DFWLYDWLRQ�RI�

:QW�WDUJHW�JHQHV�WUDQVFULSWLRQ�EHFDXVH�,&*�����WUHDWPHQW�GLG�QRW�DEROLVK�WKH�SURWHFWLYH :QW�

HIIHFW�RQ�SHUPHDELOLW\�WUDQVLWLRQ�LQKLELWLRQ��)LJXUH��'���VWUHQJWKHQLQJ�WKH�LGHD�WKDW�WKLV�HIIHFW�

LV� QRW� UHODWHG� WR� WKH� %FO��� DFWLRQ�� ,Q� KDV� EHHQ� UHSRUWHG� WKDW� *6.��ȕ�� RQH� RI� WKH� PDLQ�

FRPSRQHQWV�RI�WKH�:QW�VLJQDOLQJ�SDWKZD\��LV�DEOH�WR�WUDQVORFDWH�WR�WKH�PLWRFKRQGULD�DQG�WR�DFW�

RQ� LWV� LQDFWLYH� IRUP� �SKRVSKRU\ODWHG� DW� VHULQH����ZLWK�RQH�RI� WKH� FRPSRQHQWV� RI�P373�� WKH�

DGHQLQH�QXFOHRWLGH�WUDQVORFDVH��$17��1LVKLKDUD�HW�DO���������*RPH]�HW�DO���������-XKDV]RYD�HW�

DO�����������7KLV�LQWHUDFWLRQ�LV�FRUUHODWHG�ZLWK�D�����GHFUHDVH�LQ�WKH�LQWHUDFWLRQ�EHWZHHQ�&\S'�

DQG�$17��ZKLFK�LV�QHFHVVDU\�IRU�P373�RSHQLQJ��0LXUD�HW�DO���������=RURY�HW�DO���������0LXUD�

DQG� 7DQQR�� ������� 2XU� UHVXOWV� VKRZLQJ� DQ� LQFUHDVH� LQ� WKH� PLWRFKRQGULDO� FRQWHQW� RI�

SKRVSKRU\ODWHG�*6.��E��)LJXUH��)��LV�FRQVLVWHQW�ZLWK�WKH�LGHD�WKDW�WKH�LQKLELWLRQ�RI�*6.��E�

PHGLDWHV� WKH� :QW�D� IXQFWLRQ� RQ� P373� UHJXODWLRQ� DQG� VXJJHVW� D� SRVVLEOH� PHFKDQLVP� WR�

H[SODLQ�KRZ�:QW�FRXOG�PRGXODWH�P373�RSHQLQJ�DQG�WKHUHIRUH�WKH�PLWRFKRQGULDO�SHUPHDELOLW\�

LQGXFHG� E\� $E� �)LJXUH� ����� +RZHYHU�� IXUWKHU� DQDO\VLV� RI� WKH� LQWHUDFWLRQ� EHWZHHQ�

SKRVSKRU\ODWHG�*6.��ȕ�ZLWK�&\S'�ZLOO�EH�UHTXLUHG�WR�FKDUDFWHUL]H�WKLV�SRVVLEOH�PHFKDQLVP��

7KH�UDSLG�P373�RSHQLQJ�REVHUYHG�ZLWK�$ER��)LJXUH��&��ZDV�FRUUHODWHG�ZLWK�WKH�NLQHWLFV�RI�

PLWRFKRQGULDO� PHPEUDQH� SRWHQWLDO� GLVVLSDWLRQ� �)LJXUH� �%�� DQG� DOVR� ZLWK� WKH� XOWUDVWUXFWXUDO�

FKDQJHV�REVHUYHG�E\�HOHFWURQ�PLFURVFRS\� �)LJXUH���� DQG� WKH�F\WRFKURPH�F� UHOHDVH� IURP� WKH�

PLWRFKRQGULD� �)LJXUH� ���� DV� KDV� EHHQ� SUHYLRXVO\� GHVFULEHG� �0RUHLUD� HW� DO��� ������� 7KUHH�

GLPHQVLRQDO�UHFRQVWUXFWLRQ�RI�PLWRFKRQGULD�H[SRVHG�WR�$ER�LQGLFDWHG�WKDW�WKRVH�PLWRFKRQGULD�

XQGHUJR�PRUSKRORJLFDO�FKDQJHV�FRUUHODWHG�ZLWK�PLWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQV��)LJXUH�

�����VXFK�DV�FKDQJHV��LQ��PLWRFKRQGULDO��VKDSH���ZKLFK��LQFOXGHG��DQ��LQFUHDVH��LQ��WKH��VSKHULFLW\��
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)LJXUH� ���� 3URSRVHG� PHFKDQLVP� IRU� WKH� DFWLRQ� RI� :QW�D� LQ� WKH� UHJXODWLRQ� RI�
PLWRFKRQGULDO�P373�RSHQLQJ��:QW�VLJQDOLQJ�LV�DFWLYDWHG�E\�WKH�ELQGLQJ�RI�WKH�:QW�D�OLJDQG�
WR�LWV�)]�UHFHSWRU�DQG�WKH�FR�UHFHSWRU�/53�����7KLV�LQWHUDFWLRQ�DFWLYDWHV�'YO��ZKLFK�FDXVHV�WKH�
GLVVRFLDWLRQ�RI�WKH�GHVWUXFWLRQ�FRPSOH[��ZKLFK�LQYROYHV�$[LQ��$3&�DQG�*6.��E�SURWHLQV��WR�
SUHYHQW�E�FDWHQLQ�GHJUDGDWLRQ�WKURXJK�WKH�SURWHDVRPH��WKHUHIRUH�LQGXFLQJ�LWV�DFFXPXODWLRQ�LQ�
WKH� F\WRSODVP� WR� ILQDOO\� WUDQVORFDWH� WR� WKH� QXFOHXV� WR� UHJXODWH� WKH� H[SUHVVLRQ� RI�:QW� WDUJHW�
JHQHV��7KLV�VLJQDOLQJ�LV�NQRZQ�DV�WKH�FDQRQLFDO�:QW�VLJQDOLQJ�SDWKZD\��KRZHYHU�:QW�FDQ�DOVR�
DFWV�WKURXJK�DQRWKHU�VLJQDOLQJ�PHGLDWRU��WKH�*6.��E��ZKLFK�SDUWLFLSDWHV�EH\RQG�E�FDWHQLQ�DQG�
WKHUHIRUH� LQ�D�:QW� WDUJHW�JHQHV� WUDQVFULSWLRQ�LQGHSHQGHQW�PDQQHU� �:X�DQG�3DQ���������:QW�
VLJQDOLQJ�DFWLYDWLRQ�SURGXFHV�*6.��E� SKRVSKRU\ODWLRQ�DW� WKH�6HULQH��� UHVLGXH� WR� LQKLELW� WKH�
NLQDVH�� ,Q�RXU�SURSRVHG�PRGHO�� WKLV� LQKLELWHG�*6.��E� DFFXPXODWHV� LQWR� WKH�PLWRFKRQGULD� LQ�
UHVSRQVH�WR�:QW�VLJQDOLQJ�DFWLYDWLRQ�WKURXJK�:QW�D�OLJDQG��7KH�PLWRFKRQGULDO�S�*6.��E�DQG�
LWV�DFFXPXODWLRQ�LQWR�WKLV�RUJDQHOOH�KDYH�EHHQ�LPSOLFDWHG�LQ�WKH�LQKLELWLRQ�RI�P373�RSHQLQJ�E\�
LWV� ELQGLQJ� ZLWK� $17�� 7KLV� LQWHUDFWLRQ� DOVR� FRUUHODWHV� ZLWK� WKH� LQKLELWLRQ� RI� WKH� ELQGLQJ�
EHWZHHQ�$17�DQG�&\S'�WKDW�LV�QHFHVVDU\�IRU�WKH�FRQIRUPDWLRQ�DQG�RSHQLQJ�RI�WKH�P373��)]��
)UL]]OHG�� 'YO�� 'LVKHYHOOHG�� $3&�� DGHQRPDWRXV� SRO\SRVLV� FROL�� *6.��E�� JO\FRJHQ� V\QWKDVH�
NLQDVH��E��S�*6.��E��SKRVSKRU\ODWHG�*6.��E�DW�6HU���$17��DGHQLQH�QXFOHRWLGH�WUDQVORFDVH��
&\S'��F\FORSKLOLQ�'��
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�)LJXUH��%��DQG�LQ�WKH�YROXPH�RI�HDFK�PLWRFKRQGULRQ��)LJXUH��&���%HUQDUGL�HW�DO����������,Q�

DJUHHPHQW�ZLWK�WKH�LQKLELWLRQ�RI�WKH�P373�RSHQLQJ�WKDW�ZH�REVHUYHG�ZLWK�WKH�FDQRQLFDO�:QW�

VLJQDOLQJ�DFWLYDWLRQ��ZH�DOVR�VKRZHG�KHUH�WKDW�WKHVH�PRUSKRORJLFDO�FKDQJHV�ZHUH�FRPSOHWHO\�

SUHYHQWHG� E\�:QW�D� �)LJXUH� �� DQG� )LJXUH� ���� $� GHWDLOHG� DQDO\VLV� RI� WKHVH� SDUDPHWHUV� ZDV�

FRQGXFWHG� E\� HOHFWURQ�PLFURVFRS\� WR� FRUUHODWH� WKHVH� SURWHFWLYH� HIIHFWV� LQ� DQ� in vivo� PRGHO�

XVLQJ� KLSSRFDPSDO� VOLFHV� IURP� PRXVH� EUDLQV�� VSHFLILFDOO\� DW� WKH� &$�� UHJLRQ� RI� WKH�

KLSSRFDPSXV��)LJXUH��$���:H�HYDOXDWHG� WKHVH�FKDQJHV�DW� WKLV�SDUWLFXODU�]RQH�EHFDXVH� LW�KDV�

EHHQ�UHSRUWHG�WKDW�PLWRFKRQGULD�DQG��V\QDSVHV�IURP�WKH�&$��VKRZ�HDUO\�VHQVLWLYLW\�WR�GDPDJH�

LQ� DQ�$'� FRQWH[W� �%DOLHWWL� HW� DO��� �������$V�ZH� H[SHFWHG��ZH� REVHUYHG� GUDPDWLF� FKDQJHV� LQ�

PLWRFKRQGULDO�LQWHJULW\��)LJXUH��%��DQG�PRUSKRORJ\��)LJXUH����LQ�VOLFHV�WKDW�ZHUH�H[SRVHG�WR�

$ER�IRU�RQO\���K��$V�ZH�VDZ�EHIRUH����K�RI�$ER�H[SRVXUH�LV�HQRXJK�WR�DIIHFW�WKH�V\QDSVHV�RI�

KLSSRFDPSDO�QHXURQV��GLVUXSWLQJ�WKH�FOXVWHULQJ�RI�WKH�SRVW�V\QDSWLF�SURWHLQ�36'�����,QHVWURVD�

HW� DO��� ������� ZKLFK� LV� FRUUHODWHG� ZLWK� WKH� IDFW� WKDW� V\QDSWLF� PLWRFKRQGULD� DUH� DOVR� PRUH�

VHQVLWLYH� WKDQ� QRQ�V\QDSWLF� PLWRFKRQGULD� �%URZQ� HW� DO��� ������� 7KH� XOWUDVWUXFWXUDO� VWXG\�

SHUIRUPHG�KHUH� LQGLFDWHV� WKDW� WKH�DFWLYDWLRQ�RI�:QW� VLJQDOLQJ�SUHYHQWV�PHPEUDQH�GLVUXSWLRQ�

DQG� FULVWDH� GLVRUJDQL]DWLRQ� RI�PLWRFKRQGULD� H[SRVHG� WR�$ER�� DV� KDV� EHHQ� GHVFULEHG� IRU� WKH�

$33�36��WUDQVJHQLF�PRXVH�PRGHO�RI�WKH�$'��.LP�HW�DO����������VXSSRUWLQJ�WKH�LGHD�WKDW�:QW�

SUHYHQWV�PLWRFKRQGULDO�PHPEUDQH� SHUPHDELOLW\� EHFDXVH� WKRVH� SDUDPHWHUV� WKDW�ZH� HYDOXDWHG�

DUH� FODVVLFDO� IHDWXUHV� REVHUYHG� GXULQJ� WKH� VZHOOLQJ� SKHQRPHQRQ� LQGXFHG� E\� P373�� ZKLFK�

ILQDOO\�OHDGV�WR�DSRSWRWLF�SURFHVVHV�DQG�WR�QHXURQDO�GHDWK��6XQ�HW�DO�����������

,Q� FRQFOXVLRQ�� WKH� GDWD� VKRZHG� KHUH� SUHVHQW� D� QRYHO� PHFKDQLVP� E\� ZKLFK� FDQRQLFDO� :QW�

VLJQDOLQJ� SURWHFWV� QHXURQV� IURP� $ER� WR[LFLW\�� 7KLV� PHFKDQLVP� LQYROYHV� LQKLELWLQJ� P373�

RSHQLQJ�DQG�DOO�RI� LWV�FRQVHTXHQFHV�� WKHUHE\�SUHYHQWLQJ� WKH�QHXURQDO�GHDWK�REVHUYHG� LQ�$'��
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7KLV�VWXG\�VXJJHVWV�D�SRVVLEOH�QHZ�DSSURDFK�IRU�WKH�WUHDWPHQW�RI�$'�DQG�RSHQV�D�QHZ�OLQH�RI�

VWXG\�LQ�WKH�ILHOG�RI�:QW�VLJQDOLQJ�LQ�QHXURSURWHFWLRQ��

�

5HIHUHQFHV�

$OYDUH]�$5��*RGR\�-�D��0XOOHQGRUII�.��2OLYDUHV�*+��%URQIPDQ�0��,QHVWURVD�1&��������:QW�

�D�RYHUFRPHV�EHWD�DP\ORLG�WR[LFLW\�LQ�UDW�KLSSRFDPSDO�QHXURQV��([S�&HOO�5HV��������±

�����

$UUi]ROD� 06�� 9DUHOD�1DOODU� /�� &RORPEUHV� 0�� 7ROHGR� (0�� &UX]DW� )�� 3DYH]� /�� $VVDU� 5��

$UDYHQD� $�� *RQ]iOH]� 0�� 0RQWHFLQR� 0�� 0DDVV� $�� 0DUWtQH]� 6�� ,QHVWURVD� 1&� �������

&DOFLXP�FDOPRGXOLQ�GHSHQGHQW�SURWHLQ�NLQDVH� W\SH� ,9� LV�D� WDUJHW�JHQH�RI� WKH�:QW�EHWD�

FDWHQLQ�VLJQDOLQJ�SDWKZD\��-�&HOO�3K\VLRO��������±�����

%DLQHV� &3�� .DLVHU� 5$�� 3XUFHOO� 1+�� %ODLU� 16�� 2VLQVND� +�� +DPEOHWRQ�0$�� %UXQVNLOO� (:��

6D\HQ�05��*RWWOLHE�5$��'RUQ�*:��5REELQV�-��0RONHQWLQ�-'��������/RVV�RI�F\FORSKLOLQ�

'� UHYHDOV� D� FULWLFDO� UROH� IRU�PLWRFKRQGULDO� SHUPHDELOLW\� WUDQVLWLRQ� LQ� FHOO� GHDWK��1DWXUH�

�������±�����

%DOLHWWL�0��*LRUJHWWL�%��&DVROL�7��6ROD]]L�0��7DPDJQLQL�)��%XUDWWLQL�&��$LFDUGL�*��)DWWRUHWWL�3�

������� (DUO\� VHOHFWLYH� YXOQHUDELOLW\� RI� V\QDSVHV� DQG� V\QDSWLF� PLWRFKRQGULD� LQ� WKH�

KLSSRFDPSDO� &$�� UHJLRQ� RI� WKH� 7J����� PRXVH� PRGHO� RI� $O]KHLPHU¶V� GLVHDVH�� -�

$O]KHLPHUV�'LV�������±�����

%DUULHQWRV�6$��0DUWLQH]�1:��<RR�6��-DUD�-6��=DPRUDQR�6��+HW]�&��7ZLVV�-/��$OYDUH]�-��&RXUW�

)$��������$[RQDO�GHJHQHUDWLRQ�LV�PHGLDWHG�E\�WKH�PLWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ�

SRUH��-�1HXURVFL�������±�����
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%DVVR� (�� )DQWH� /�� )RZONHV� -�� 3HWURQLOOL� 9�� )RUWH�0� D�� %HUQDUGL� 3� ������� 3URSHUWLHV� RI� WKH�

SHUPHDELOLW\� WUDQVLWLRQ� SRUH� LQ� PLWRFKRQGULD� GHYRLG� RI� &\FORSKLOLQ� '�� -� %LRO� &KHP�

���������±�������

%HUQDUGL�3��.UDXVNRSI�$��%DVVR�(��3HWURQLOOL�9��%ODFKO\�'\VRQ�(��%ODOFK\�'\VRQ�(��'L�/LVD�

)��)RUWH�0�D� �������7KH�PLWRFKRQGULDO� SHUPHDELOLW\� WUDQVLWLRQ� IURP� LQ�YLWUR� DUWLIDFW� WR�

GLVHDVH�WDUJHW��)(%6�-���������±������

%UDYR�5��9LFHQFLR�-0��3DUUD�9��7URQFRVR�5��0XQR]�-3��%XL�0��4XLURJD�&��5RGULJXH]�$(��

9HUGHMR� +(�� )HUUHLUD� -�� ,JOHZVNL� 0�� &KLRQJ� 0�� 6LPPHQ� 7�� =RU]DQR� $�� +LOO� -� D��

5RWKHUPHO�%�D��6]DEDGNDL�*��/DYDQGHUR�6��������,QFUHDVHG�(5�PLWRFKRQGULDO�FRXSOLQJ�

SURPRWHV�PLWRFKRQGULDO�UHVSLUDWLRQ�DQG�ELRHQHUJHWLFV�GXULQJ�HDUO\�SKDVHV�RI�(5�VWUHVV��-�

&HOO�6FL���������±������

%URZQ�05��6XOOLYDQ�3*��*HGGHV�-:��������6\QDSWLF�PLWRFKRQGULD�DUH�PRUH�VXVFHSWLEOH� WR�

&D��RYHUORDG�WKDQ�QRQV\QDSWLF�PLWRFKRQGULD��-�%LRO�&KHP����������±�������

%XFNPDQ�-)��+HUQiQGH]�+��.UHVV�*-��9RW\DNRYD�7�9��3DO�6��5H\QROGV�,-��������0LWR7UDFNHU�

ODEHOLQJ� LQ� SULPDU\� QHXURQDO� DQG� DVWURF\WLF� FXOWXUHV�� LQIOXHQFH� RI� PLWRFKRQGULDO�

PHPEUDQH�SRWHQWLDO�DQG�R[LGDQWV��-�1HXURVFL�0HWKRGV��������±�����

&DFHUHV� $�� %DQNHU� *�� 6WHZDUG� 2�� %LQGHU� /�� 3D\QH� 0� ������� 0$3�� LV� ORFDOL]HG� WR� WKH�

GHQGULWHV�RI�KLSSRFDPSDO�QHXURQV�ZKLFK�GHYHORS�LQ�FXOWXUH��%UDLQ�5HV��������±�����

&HOVL�)��3L]]R�3��%ULQL�0��/HR�6��)RWLQR�&��3LQWRQ�3��5L]]XWR�5��������0LWRFKRQGULD��FDOFLXP�

DQG� FHOO� GHDWK�� D� GHDGO\� WULDG� LQ� QHXURGHJHQHUDWLRQ��%LRFKLP�%LRSK\V�$FWD� ��������±

�����



60�

�

�

&HUSD�:��*RGR\�-�D��$OIDUR�,��)DUtDV�**��0HWFDOIH�0-��)XHQWHDOED�5��%RQDQVFR�&��,QHVWURVD�

1&� �������:QW��D� PRGXODWHV� WKH� V\QDSWLF� YHVLFOH� F\FOH� DQG� V\QDSWLF� WUDQVPLVVLRQ� LQ�

KLSSRFDPSDO�QHXURQV��-�%LRO�&KHP���������±������

&HUSD�:�� 7ROHGR� (0��9DUHOD�1DOODU� /�� ,QHVWURVD� 1&� ������� 7KH� UROH� RI�:QW� VLJQDOLQJ� LQ�

QHXURSURWHFWLRQ��'UXJ�1HZV�3HUVSHFW�������±�����

&KD� 0�<�� +DQ� 6�+�� 6RQ� 60�� +RQJ� +�6�� &KRL� <�-�� %\XQ� -�� 0RRN�-XQJ� ,� �������

0LWRFKRQGULD�VSHFLILF� DFFXPXODWLRQ� RI� DP\ORLG� ȕ� LQGXFHV� PLWRFKRQGULDO� G\VIXQFWLRQ�

OHDGLQJ�WR�DSRSWRWLF�FHOO�GHDWK��3/R6�2QH���H�������

&OHYHUV�+��1XVVH�5��������:QW�ȕ�FDWHQLQ�VLJQDOLQJ�DQG�GLVHDVH��&HOO���������±������

&RVWHV�6�9��'DHOHPDQV�'��&KR�(+��'REELQ�=��3DYODNLV�*��/RFNHWW�6��������$XWRPDWLF�DQG�

TXDQWLWDWLYH� PHDVXUHPHQW� RI� SURWHLQ�SURWHLQ� FRORFDOL]DWLRQ� LQ� OLYH� FHOOV�� %LRSK\V� -�

�������±������

'H� )HUUDUL� *�� $YLOD� 0�� 0HGLQD� 0�� 3pUH]�3DOPD� (�� %XVWRV� %�� $ODUFyQ� 0� ������� :QW�ȕ�

&DWHQLQ�6LJQDOLQJ�LQ�$O]KHLPHU¶V�'LVHDVH��&16�1HXURO�'LVRUG�'UXJ�7DUJHWV��

'H�6WHIDQL�'��5DIIDHOOR�$��7HDUGR�(��6]DEz�,��5L]]XWR�5��������$�IRUW\�NLORGDOWRQ�SURWHLQ�RI�

WKH�LQQHU�PHPEUDQH�LV�WKH�PLWRFKRQGULDO�FDOFLXP�XQLSRUWHU��1DWXUH��������±�����

'LQDPDUFD� 0&�� 6DJDO� -3�� 4XLQWDQLOOD� 5$�� *RGR\� -$�� $UUi]ROD� 06�� ,QHVWURVD� 1&� �������

$P\ORLG�EHWD�$FHW\OFKROLQHVWHUDVH� FRPSOH[HV� SRWHQWLDWH� QHXURGHJHQHUDWLYH� FKDQJHV�

LQGXFHG�E\�WKH�$EHWD�SHSWLGH��,PSOLFDWLRQV�IRU�WKH�SDWKRJHQHVLV�RI�$O]KHLPHU¶V�GLVHDVH��

0RO�1HXURGHJHQHU������

'X�+��*XR� /�� )DQJ� )�� &KHQ�'�� 6RVXQRY�$� D��0F.KDQQ�*0��<DQ�<��:DQJ�&�� =KDQJ�+��

0RONHQWLQ� -'��*XQQ�0RRUH� )-�� 9RQVDWWHO� -3��$UDQFLR�2�� &KHQ� -;��<DQ� 6�'X� �������
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&\FORSKLOLQ� '� GHILFLHQF\� DWWHQXDWHV� PLWRFKRQGULDO� DQG� QHXURQDO� SHUWXUEDWLRQ� DQG�

DPHOLRUDWHV�OHDUQLQJ�DQG�PHPRU\�LQ�$O]KHLPHU¶V�GLVHDVH��1DW�0HG��������±������

'X�+��*XR�/��<DQ�6��6RVXQRY�$�D��0F.KDQQ�*0��<DQ�66��������(DUO\�GHILFLWV�LQ�V\QDSWLF�

PLWRFKRQGULD� LQ� DQ� $O]KHLPHU¶V� GLVHDVH� PRXVH� PRGHO�� 3URF� 1DWO� $FDG� 6FL� 8� 6� $�

���������±�������

'X� +�� *XR� /�� <DQ� 66� ������� 6\QDSWLF� PLWRFKRQGULDO� SDWKRORJ\� LQ� $O]KHLPHU¶V� GLVHDVH��

$QWLR[LG�5HGR[�6LJQDO��������±������

'X� +�� <DQ� 66� �����D��0LWRFKRQGULDO� SHUPHDELOLW\� WUDQVLWLRQ� SRUH� LQ� $O]KHLPHU¶V� GLVHDVH��

F\FORSKLOLQ�'�DQG�DP\ORLG�EHWD��%LRFKLP�%LRSK\V�$FWD���������±�����

'X�+��<DQ�66������E��0LWRFKRQGULDO�PHGLFLQH�IRU�QHXURGHJHQHUDWLYH�GLVHDVHV��,QW�-�%LRFKHP�

&HOO�%LRO�������±�����

(LVQHU�9��3DUUD�9��/DYDQGHUR�6��+LGDOJR�&��-DLPRYLFK�(��������0LWRFKRQGULD�ILQH�WXQH� WKH�

VORZ� &D����� WUDQVLHQWV� LQGXFHG� E\� HOHFWULFDO� VWLPXODWLRQ� RI� VNHOHWDO� P\RWXEHV�� &HOO�

&DOFLXP�������±�����

(OLVHHY�5� D��0DOHFNL� -�� /HVWHU� 7�� =KDQJ�<��+XPSKUH\� -��*XQWHU� 7(� �������&\FORSKLOLQ�'�

LQWHUDFWV�ZLWK�%FO��DQG�H[HUWV�DQ�DQWL�DSRSWRWLF�HIIHFW��-�%LRO�&KHP���������±������

(PDPL�.+��1JX\HQ�&��0D�+��.LP�'+��-HRQJ�.:��(JXFKL�0��0RRQ�57��7HR�-�/��2K�6:��

.LP� +<�� 0RRQ� 6+�� +D� -5�� .DKQ� 0� ������� $� VPDOO� PROHFXOH� LQKLELWRU� RI� EHWD�

FDWHQLQ�&5(%�ELQGLQJ� SURWHLQ� WUDQVFULSWLRQ� >FRUUHFWHG@�� 3URF� 1DWO� $FDG� 6FL� 8� 6� $�

���������±�������

)XHQWHDOED�5� D��)DULDV�*��6FKHX� -��%URQIPDQ�0��0DU]ROR�03�� ,QHVWURVD�1&� �������6LJQDO�

WUDQVGXFWLRQ�GXULQJ�DP\ORLG�EHWD�SHSWLGH�QHXURWR[LFLW\��UROH�LQ�$O]KHLPHU�GLVHDVH��%UDLQ�

5HV�%UDLQ�5HV�5HY�������±�����
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)XHQ]DOLGD�.��4XLQWDQLOOD�5��5DPRV�3��3LGHULW�'��)XHQWHDOED�5�D��0DUWLQH]�*��,QHVWURVD�1&��

%URQIPDQ�0��������3HUR[LVRPH�SUROLIHUDWRU�DFWLYDWHG�UHFHSWRU�JDPPD�XS�UHJXODWHV� WKH�

%FO��� DQWL�DSRSWRWLF� SURWHLQ� LQ� QHXURQV� DQG� LQGXFHV� PLWRFKRQGULDO� VWDELOL]DWLRQ� DQG�

SURWHFWLRQ�DJDLQVW�R[LGDWLYH�VWUHVV�DQG�DSRSWRVLV��-�%LRO�&KHP����������±�������

*LOOHVVHQ� 7�� *UDVVKRII� &�� 6]LQLF]� /� ������� 0LWRFKRQGULDO� SHUPHDELOLW\� WUDQVLWLRQ� FDQ� EH�

GLUHFWO\�PRQLWRUHG�LQ�OLYLQJ�QHXURQV��%LRPHG�3KDUPDFRWKHU�������±�����

*RGR\� -$�� $OODUG� &�� $UUi]ROD� 06�� =ROH]]L� -0�� ,QHVWURVD� 1&� ������� 6,57�� 3URWHFWV�

'HQGULWHV��0LWRFKRQGULD�DQG�6\QDSVHV� IURP�$ȕ�2OLJRPHUV� LQ�+LSSRFDPSDO�1HXURQV�� -�

$O]KHLPHUV�'LV�3DUN�����

*RPH]�/��3DLOODUG�0��7KLEDXOW�+��'HUXPHDX[�*��2YL]H�0��������,QKLELWLRQ�RI�*6.�EHWD�E\�

SRVWFRQGLWLRQLQJ� LV� UHTXLUHG� WR� SUHYHQW� RSHQLQJ� RI� WKH� PLWRFKRQGULDO� SHUPHDELOLW\�

WUDQVLWLRQ�SRUH�GXULQJ�UHSHUIXVLRQ��&LUFXODWLRQ���������±������

+DOHVWUDS� $3� ������� :KDW� LV� WKH� PLWRFKRQGULDO� SHUPHDELOLW\� WUDQVLWLRQ� SRUH"� -� 0RO� &HOO�

&DUGLRO�������±�����

+DOHVWUDS� $3�� &RQQHUQ� &3�� *ULIILWKV� (-�� .HUU� 30� ������� &\FORVSRULQ� $� ELQGLQJ� WR�

PLWRFKRQGULDO� F\FORSKLOLQ� LQKLELWV� WKH� SHUPHDELOLW\� WUDQVLWLRQ� SRUH� DQG� SURWHFWV� KHDUWV�

IURP�LVFKDHPLD�UHSHUIXVLRQ�LQMXU\��0RO�&HOO�%LRFKHP��������±�����

+DUG\� -�� 6HONRH� '-� ������� 7KH� DP\ORLG� K\SRWKHVLV� RI� $O]KHLPHU¶V� GLVHDVH�� SURJUHVV� DQG�

SUREOHPV�RQ�WKH�URDG�WR�WKHUDSHXWLFV��6FLHQFH��������±�����

,QHVWURVD�1&��$UHQDV�(��������(PHUJLQJ�UROHV�RI�:QWV�LQ�WKH�DGXOW�QHUYRXV�V\VWHP��1DW�5HY�

1HXURVFL������±����
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,QHVWURVD�1&��*RGR\�-�D��9DUJDV�-<��$UUD]ROD�06��5LRV�-�D��&DUYDMDO�)-��6HUUDQR�)*��)DULDV�

**� ������� 1LFRWLQH� SUHYHQWV� V\QDSWLF� LPSDLUPHQW� LQGXFHG� E\� DP\ORLG�ȕ� ROLJRPHUV�

WKURXJK�Į��QLFRWLQLF�DFHW\OFKROLQH�UHFHSWRU�DFWLYDWLRQ��1HXURPROHFXODU�0HG�������±�����

,QHVWURVD� 1&�� *RGR\� -$�� 4XLQWDQLOOD� 5� D�� .RHQLJ� &6�� %URQIPDQ� 0� ������� 3HUR[LVRPH�

SUROLIHUDWRU�DFWLYDWHG� UHFHSWRU� JDPPD� LV� H[SUHVVHG� LQ� KLSSRFDPSDO� QHXURQV� DQG� LWV�

DFWLYDWLRQ�SUHYHQWV�EHWD�DP\ORLG�QHXURGHJHQHUDWLRQ��UROH�RI�:QW�VLJQDOLQJ��([S�&HOO�5HV�

������±�����

,QHVWURVD�1&��9DUHOD�1DOODU�/��������:QW�VLJQDOLQJ�LQ�WKH�QHUYRXV�V\VWHP�DQG�LQ�$O]KHLPHU¶V�

GLVHDVH��-�0RO�&HOO�%LRO�����±����

-XKDV]RYD�0��=RURY�'%��.LP�6��3HSH�6��)X�4��)LVKEHLQ�.:��=LPDQ�%'��:DQJ�6��<WUHKXV�.��

$QWRV� &/�� 2OVRQ� (1�� 6ROORWW� 6-� ������� *O\FRJHQ� V\QWKDVH� NLQDVH��ȕ� PHGLDWHV�

FRQYHUJHQFH�RI�SURWHFWLRQ� VLJQDOLQJ� WR� LQKLELW� WKH�PLWRFKRQGULDO� SHUPHDELOLW\� WUDQVLWLRQ�

SRUH�������

-XKDV]RYD�0��=RURY�'%��<DQLY�<��1XVV�+%��:DQJ�6�� 6ROORWW� 6-� �������5ROH� RI� JO\FRJHQ�

V\QWKDVH�NLQDVH��EHWD�LQ�FDUGLRSURWHFWLRQ��&LUF�5HV���������±������

.DWR�0��$NDR�0��0DWVXPRWR�,GD�0��0DNL\DPD�7��,JXFKL�0��7DNHGD�7��6KLPL]X�6��.LWD�7�

������� 7KH� WDUJHWLQJ� RI� F\FORSKLOLQ� '� E\� 51$L� DV� D� QRYHO� FDUGLRSURWHFWLYH� WKHUDS\��

HYLGHQFH�IURP�WZR�SKRWRQ�LPDJLQJ��&DUGLRYDVF�5HV�������±�����

.DZDQR�<��.\SWD�5� �������6HFUHWHG� DQWDJRQLVWV� RI� WKH�:QW� VLJQDOOLQJ� SDWKZD\�� -�&HOO� 6FL�

��������±������

.LP�0-��+XK�<+��&KRL�.-��-XQ�6��-H�D�5��&KDH�+��/HH�&��.ZHRQ�+�6��������8OWUDVWUXFWXUDO�

$EQRUPDOLWLHV� LQ� $33�36(1�� 7UDQVJHQLF� 0RXVH� %UDLQ� DV� WKH� $O]KHLPHU¶V� 'LVHDVH�

0RGHO��.RUHDQ�-�0LFURVF�������±�����
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.OHLQ�:/��������$EHWD�WR[LFLW\�LQ�$O]KHLPHU¶V�GLVHDVH��JOREXODU�ROLJRPHUV��$''/V��DV�QHZ�

YDFFLQH�DQG�GUXJ�WDUJHWV��1HXURFKHP�,QW�������±�����

.XZDQD� 7�� 1HZPH\HU� ''� ������� %FO���IDPLO\� SURWHLQV� DQG� WKH� UROH� RI� PLWRFKRQGULD� LQ�

DSRSWRVLV��&XUU�2SLQ�&HOO�%LRO�������±�����

/D)HUOD� )0� ������� &DOFLXP� G\VKRPHRVWDVLV� DQG� LQWUDFHOOXODU� VLJQDOOLQJ� LQ� $O]KHLPHU¶V�

GLVHDVH��1DW�5HY�1HXURVFL������±�����

/L�6��+RQJ�6��6KHSDUGVRQ�1(��:DOVK�'0��6KDQNDU�*0��6HONRH�'��������6ROXEOH�ROLJRPHUV�

RI� DP\ORLG� EHWD� SURWHLQ� IDFLOLWDWH� KLSSRFDPSDO� ORQJ�WHUP� GHSUHVVLRQ� E\� GLVUXSWLQJ�

QHXURQDO�JOXWDPDWH�XSWDNH��1HXURQ�������±�����

/LH�'�&��&RODPDULQR�6�D��6RQJ�+�-��'pVLUp�/��0LUD�+��&RQVLJOLR�$��/HLQ�(6��-HVVEHUJHU�6��

/DQVIRUG� +�� 'HDULH� $5�� *DJH� )+� �������:QW� VLJQDOOLQJ� UHJXODWHV� DGXOW� KLSSRFDPSDO�

QHXURJHQHVLV��1DWXUH���������±������

0DQGHUV� (00��9HUEHHN� )-�� $WHQ� -$� �������0HDVXUHPHQW� RI� FR�ORFDOL]DWLRQ� RI� REMHFWV� LQ�

GXDO�FRORXU�FRQIRFDO�LPDJHV��-�0LFURVF��������±�����

0DUFKL� 6�� 3LQWRQ� 3� ������� 7KH� PLWRFKRQGULDO� FDOFLXP� XQLSRUWHU� FRPSOH[�� PROHFXODU�

FRPSRQHQWV��VWUXFWXUH�DQG�SK\VLRSDWKRORJLFDO�LPSOLFDWLRQV��-�3K\VLRO��������±�����

0DUFKLRQQL� ,�� .DVDS� =�� 0R]U]\PDV� -:�� 6LHJKDUW� :�� &KHUXELQL� (�� =DFFKL� 3� ������� 1HZ�

LQVLJKWV�RQ�WKH�UROH�RI�JHSK\ULQ�LQ�UHJXODWLQJ�ERWK�SKDVLF�DQG�WRQLF�*$%$HUJLF�LQKLELWLRQ�

LQ�UDW�KLSSRFDPSDO�QHXURQV�LQ�FXOWXUH��1HXURVFLHQFH��������±�����

0LXUD� 7�� 1LVKLKDUD� 0�� 0LNL� 7� ������� 'UXJ� GHYHORSPHQW� WDUJHWLQJ� WKH� JO\FRJHQ� V\QWKDVH�

NLQDVH��EHWD� �*6.��EHWD��PHGLDWHG� VLJQDO� WUDQVGXFWLRQ� SDWKZD\�� UROH� RI�*6.��EHWD� LQ�

P\RFDUGLDO�SURWHFWLRQ�DJDLQVW�LVFKHPLD�UHSHUIXVLRQ�LQMXU\��-�3KDUPDFRO�6FL��������±�����
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0LXUD� 7�� 7DQQR� 0� ������� 0LWRFKRQGULD� DQG� *6.��EHWD� LQ� FDUGLRSURWHFWLRQ� DJDLQVW�

LVFKHPLD�UHSHUIXVLRQ�LQMXU\��&DUGLRYDVF�'UXJV�7KHU�������±�����

0RUHLUD� 3,�� 6DQWRV� 06�� 0RUHQR� $�� 2OLYHLUD� &� ������� $P\ORLG� EHWD�SHSWLGH� SURPRWHV�

SHUPHDELOLW\�WUDQVLWLRQ�SRUH�LQ�EUDLQ�PLWRFKRQGULD��%LRVFL�5HS�������±�����

0RUHLUD� 3,�� 6DQWRV� 06�� 0RUHQR� $�� 5HJR� $&�� 2OLYHLUD� &� ������� (IIHFW� RI� DP\ORLG� EHWD�

SHSWLGH�RQ�SHUPHDELOLW\�WUDQVLWLRQ�SRUH��D�FRPSDUDWLYH�VWXG\��-�1HXURVFL�5HV�������±�����

1DJD� ..�� 6XOOLYDQ� 3*�� *HGGHV� -:� ������� +LJK� F\FORSKLOLQ� '� FRQWHQW� RI� V\QDSWLF�

PLWRFKRQGULD� UHVXOWV� LQ� LQFUHDVHG� YXOQHUDELOLW\� WR� SHUPHDELOLW\� WUDQVLWLRQ�� -� 1HXURVFL�

�������±������

1LFKROOV�'*��%XGG�6/��������0LWRFKRQGULD�DQG�QHXURQDO�VXUYLYDO��3K\VLRO�5HY�������±�����

1LVKLKDUD�0��0LXUD�7��0LNL�7��7DQQR�0��<DQR�7��1DLWRK�.��2KRUL�.��+RWWD�+��7HUDVKLPD�<��

6KLPDPRWR� .� ������� 0RGXODWLRQ� RI� WKH� PLWRFKRQGULDO� SHUPHDELOLW\� WUDQVLWLRQ� SRUH�

FRPSOH[�LQ�*6.��EHWD�PHGLDWHG�P\RFDUGLDO�SURWHFWLRQ��-�0RO�&HOO�&DUGLRO�������±�����

2SD]R�)��3XQJH�$��%�FNHUV�-��+RRSPDQQ�3��.DVWUXS�/��+HOO�6:��5L]]ROL�62��������/LPLWHG�

LQWHUPL[LQJ�RI�V\QDSWLF�YHVLFOH�FRPSRQHQWV�XSRQ�YHVLFOH�UHF\FOLQJ��7UDIILF�������±�����

3DUDGLV�(��.RXWURXPDQLV�0��*RRG\HU�&��������$P\ORLG�௲�3HSWLGH�RI�$O]KHLPHU�¶�V�'LVHDVH�

'RZQUHJXODWHV� %FO��� DQG� 8SUHJXODWHV� %D[� ([SUHVVLRQ� LQ� +XPDQ� 1HXURQV�� �������±

������

3DUNV�-.��6PLWK�76��7ULPPHU�3�D��%HQQHWW�-3��3DUNHU�:'��������1HXURWR[LF�$EHWD�SHSWLGHV�

LQFUHDVH� R[LGDWLYH� VWUHVV� LQ� YLYR� WKURXJK� 10'$�UHFHSWRU� DQG� QLWULF�R[LGH�V\QWKDVH�

PHFKDQLVPV�� DQG� LQKLELW� FRPSOH[� ,9� DFWLYLW\� DQG� LQGXFH� D�PLWRFKRQGULDO� SHUPHDELOLW\�

WUDQVLWLRQ�LQ�YLWUR��-�1HXURFKHP��������±������
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3HQJ�7,��-RX�0-��6KHX�66��*UHHQDP\UH�-7��������9LVXDOL]DWLRQ�RI�10'$�UHFHSWRU�LQGXFHG�

PLWRFKRQGULDO�FDOFLXP�DFFXPXODWLRQ�LQ�VWULDWDO�QHXURQV��([S�1HXURO������±����

3HUNLQV� (0�� 0F&DIIHU\� -0� ������� &RQYHQWLRQDO� DQG� LPPXQRHOHFWURQ� PLFURVFRS\� RI�

PLWRFKRQGULD��0HWKRGV�0RO�%LRO��������±�����

3HWURQLOOL�9��0LRWWR�*��&DQWRQ�0��%ULQL�0��&RORQQD�5��%HUQDUGL�3��'L�/LVD�)��������7UDQVLHQW�

DQG� ORQJ�ODVWLQJ� RSHQLQJV� RI� WKH� PLWRFKRQGULDO� SHUPHDELOLW\� WUDQVLWLRQ� SRUH� FDQ� EH�

PRQLWRUHG� GLUHFWO\� LQ� LQWDFW� FHOOV� E\� FKDQJHV� LQ� PLWRFKRQGULDO� FDOFHLQ� IOXRUHVFHQFH��

%LRSK\V�-�������±�����

3HWURQLOOL� 9�� 0LRWWR� *�� &DQWRQ�0�� &RORQQD� 5�� %HUQDUGL� 3�� 'L� /LVD� )� ������� ,PDJLQJ� WKH�

PLWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ�SRUH�LQ�LQWDFW�FHOOV��%LRIDFWRUV������±�����

3HWURQLOOL� 9�� 3HQ]R� '�� 6FRUUDQR� /�� %HUQDUGL� 3�� 'L� /LVD� )� ������� 7KH� PLWRFKRQGULDO�

SHUPHDELOLW\� WUDQVLWLRQ�� UHOHDVH� RI� F\WRFKURPH� F� DQG� FHOO� GHDWK�� &RUUHODWLRQ� ZLWK� WKH�

GXUDWLRQ�RI�SRUH�RSHQLQJV�LQ�VLWX��-�%LRO�&KHP����������±�������

3LFDUG�0��:KLWH�.��7XUQEXOO�'0��������0LWRFKRQGULDO�PRUSKRORJ\��WRSRORJ\��DQG�PHPEUDQH�

LQWHUDFWLRQV� LQ� VNHOHWDO� PXVFOH�� D� TXDQWLWDWLYH� WKUHH�GLPHQVLRQDO� HOHFWURQ� PLFURVFRS\�

VWXG\��-�$SSO�3K\VLRO��������±�����

3XUUR�6�D��'LFNLQV�(0��6DOLQDV�3&��������7KH�VHFUHWHG�:QW�DQWDJRQLVW�'LFNNRSI���LV�UHTXLUHG�

IRU�DP\ORLG�ȕ�PHGLDWHG�V\QDSWLF�ORVV��-�1HXURVFL��������±������

4XLQWDQLOOD�5$��-LQ�<1��YRQ�%HUQKDUGL�5��-RKQVRQ�*9:��������0LWRFKRQGULDO�SHUPHDELOLW\�

WUDQVLWLRQ� SRUH� LQGXFHV� PLWRFKRQGULD� LQMXU\� LQ� +XQWLQJWRQ� GLVHDVH��0RO� 1HXURGHJHQHU�

������

4XLQWDQLOOD�5$��0XxR]�)-��0HWFDOIH�0-��+LWVFKIHOG�0��2OLYDUHV�*��*RGR\�-�D��,QHVWURVD�1&�

�������7UROR[�DQG���EHWD�HVWUDGLRO�SURWHFW�DJDLQVW�DP\ORLG�EHWD�SHSWLGH�QHXURWR[LFLW\�E\�
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D� PHFKDQLVP� WKDW� LQYROYHV� PRGXODWLRQ� RI� WKH� :QW� VLJQDOLQJ� SDWKZD\�� -� %LRO� &KHP�

���������±�������

5DVROD�$��6FLDFRYHOOL�0��&KLDUD�)��3DQWLF�%��%UXVLORZ�:6��%HUQDUGL�3��������$FWLYDWLRQ�RI�

PLWRFKRQGULDO� (5.� SURWHFWV� FDQFHU� FHOOV� IURP� GHDWK� WKURXJK� LQKLELWLRQ� RI� WKH�

SHUPHDELOLW\�WUDQVLWLRQ��3URF�1DWO�$FDG�6FL�8�6�$��������±�����

5H\QROGV�(6��������7KH�XVH�RI�OHDG�FLWUDWH�DW�KLJK�S+�DV�DQ�HOHFWURQ�RSDTXH�VWDLQ�LQ�HOHFWURQ�

PLFURVFRS\��-�&HOO�%LRO�������±�����

5RVVR�6%�� ,QHVWURVD�1&� �������:17�VLJQDOLQJ� LQ� QHXURQDO�PDWXUDWLRQ� DQG� V\QDSWRJHQHVLV��

)URQW�&HOO�1HXURVFL��������

6DOLQDV� 3&�� =RX� <� ������� :QW� VLJQDOLQJ� LQ� QHXUDO� FLUFXLW� DVVHPEO\�� $QQX� 5HY� 1HXURVFL�

������±�����

6DUDLYD�/0��6HL[DV�GD�6LOYD�*6��*DOLQD�$��'D�6LOYD�:6��.OHLQ�:/��)HUUHLUD�67��'H�)HOLFH�

)*��������$P\ORLG�ȕ�WULJJHUV� WKH�UHOHDVH�RI�QHXURQDO�KH[RNLQDVH���IURP�PLWRFKRQGULD��

3/R6�2QH���H�������

6FKLQ]HO� $&�� 7DNHXFKL� 2�� +XDQJ� =�� )LVKHU� -.�� =KRX� =�� 5XEHQV� -�� +HW]� &�� 'DQLDO� 11��

0RVNRZLW]�0�D��.RUVPH\HU�6-� �������&\FORSKLOLQ�'� LV� D� FRPSRQHQW�RI�PLWRFKRQGULDO�

SHUPHDELOLW\� WUDQVLWLRQ� DQG� PHGLDWHV� QHXURQDO� FHOO� GHDWK� DIWHU� IRFDO� FHUHEUDO� LVFKHPLD��

3URF�1DWO�$FDG�6FL�8�6�$����������±�������

6KHYW]RYD�()��.LUHHYD�(*��%DFKXULQ�62��������(IIHFW�RI�EHWD�DP\ORLG�SHSWLGH�IUDJPHQW����

���RQ�QRQVHOHFWLYH�SHUPHDELOLW\�RI�PLWRFKRQGULD��%XOO�([S�%LRO�0HG���������±������

6LOYD�$OYDUH]�&��$UUi]ROD�06��*RGR\� -� D��2UGHQHV�'�� ,QHVWURVD�1&� �������&DQRQLFDO�:QW�

VLJQDOLQJ�SURWHFWV�KLSSRFDPSDO�QHXURQV�IURP�$ȕ�ROLJRPHUV��UROH�RI�QRQ�FDQRQLFDO�:QW�

�D�&D�����LQ�PLWRFKRQGULDO�G\QDPLFV��)URQW�&HOO�1HXURVFL�������
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6RQJ�''��6KXOWV�&:��6LVN�$��5RFNHQVWHLQ�(��0DVOLDK�(� �������(QKDQFHG� VXEVWDQWLD� QLJUD�

PLWRFKRQGULDO�SDWKRORJ\�LQ�KXPDQ�DOSKD�V\QXFOHLQ� WUDQVJHQLF�PLFH�DIWHU� WUHDWPHQW�ZLWK�

0373��([S�1HXURO��������±�����

6ULSHWFKZDQGHH� -�� 6DQLW� -�� &KDWWLSDNRUQ�1�� &KDWWLSDNRUQ� 6&� �������0LWRFKRQGULDO� FDOFLXP�

XQLSRUWHU� EORFNHU� HIIHFWLYHO\� SUHYHQWV� EUDLQ� PLWRFKRQGULDO� G\VIXQFWLRQ� FDXVHG� E\� LURQ�

RYHUORDG��/LIH�6FL�������±�����

6WDPEROLF�9��:RRGJHWW�-5��������0LWRJHQ�LQDFWLYDWLRQ�RI�JO\FRJHQ�V\QWKDVH�NLQDVH���EHWD�LQ�

LQWDFW�FHOOV�YLD�VHULQH���SKRVSKRU\ODWLRQ��%LRFKHP�-�������3W������±�����

6WXW]PDQQ�*(��6PLWK�,��&DFFDPR�$��2GGR�6��3DUNHU�,��/DIHUOD�)��������(QKDQFHG�U\DQRGLQH�

PHGLDWHG�FDOFLXP�UHOHDVH�LQ�PXWDQW�36��H[SUHVVLQJ�$O]KHLPHU¶V�PRXVH�PRGHOV��$QQ�1�<�

$FDG�6FL���������±�����

6XQ�0*��:LOOLDPV� -��0XQR]�3LQHGR�&��3HUNLQV�*� D��%URZQ� -0��(OOLVPDQ�0+��*UHHQ�'5��

)UH\� 7*� ������� &RUUHODWHG� WKUHH�GLPHQVLRQDO� OLJKW� DQG� HOHFWURQ� PLFURVFRS\� UHYHDOV�

WUDQVIRUPDWLRQ�RI�PLWRFKRQGULD�GXULQJ�DSRSWRVLV��1DW�&HOO�%LRO�������±������

6XSQHW�&��%H]SUR]YDQQ\�,��������1HXURQDO�FDOFLXP�VLJQDOLQJ��PLWRFKRQGULDO�G\VIXQFWLRQ��DQG�

$O]KHLPHU¶V�GLVHDVH��-�$O]KHLPHUV�'LV����6XSSO���6���±����

6ZHUGORZ�5+��%XUQV� -0��.KDQ�60��������7KH�$O]KHLPHU¶V�GLVHDVH�PLWRFKRQGULDO� FDVFDGH�

K\SRWKHVLV��-�$O]KHLPHUV�'LV����6XSSO���6���±����

6]DODL� *�� .ULVKQDPXUWK\� 5�� +DMQyF]N\� *� ������� $SRSWRVLV� GULYHQ� E\� ,3����OLQNHG�

PLWRFKRQGULDO�FDOFLXP�VLJQDOV��(0%2�-��������±������

7ROHGR� (0�� ,QHVWURVD�1&� �������$FWLYDWLRQ� RI�:QW� VLJQDOLQJ� E\� OLWKLXP� DQG� URVLJOLWD]RQH�

UHGXFHG� VSDWLDO� PHPRU\� LPSDLUPHQW� DQG� QHXURGHJHQHUDWLRQ� LQ� EUDLQV� RI� DQ�
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$33VZH�36(1�'HOWD(��PRXVH�PRGHO�RI�$O]KHLPHU¶V�GLVHDVH��0RO�3V\FKLDWU\�������±

����������

9DUHOD�1DOODU�/��$OIDUR�,(��6HUUDQR�)*��3DURGL�-��,QHVWURVD�1&��������:LQJOHVV�W\SH�IDPLO\�

PHPEHU� �$� �:QW��D�� VWLPXODWHV� V\QDSWLF� GLIIHUHQWLDWLRQ� DQG� IXQFWLRQ� RI� JOXWDPDWHUJLF�

V\QDSVHV��3URF�1DWO�$FDG�6FL�8�6�$����������±�������

9DUHOD�1DOODU�/�� ,QHVWURVD�1&� �������:QW� VLJQDOLQJ� LQ� WKH� UHJXODWLRQ� RI� DGXOW� KLSSRFDPSDO�

QHXURJHQHVLV��)URQW�&HOO�1HXURVFL��������

9DUJDV�-<��)XHQ]DOLGD�0��,QHVWURVD�1&��������,Q�YLYR�$FWLYDWLRQ�RI�:QW�6LJQDOLQJ�3DWKZD\�

(QKDQFHV� &RJQLWLYH� )XQFWLRQ� RI� $GXOW� 0LFH� DQG� 5HYHUVHV� &RJQLWLYH� 'HILFLWV� LQ� DQ�

$O]KHLPHU¶V�'LVHDVH�0RGHO��-�1HXURVFL��������±������

:DOVK�'0��.O\XELQ�,��)DGHHYD�-�9��&XOOHQ�:.��$QZ\O�5��:ROIH�06��5RZDQ�0-��6HONRH�'-�

�������1DWXUDOO\�VHFUHWHG�ROLJRPHUV�RI�DP\ORLG�EHWD�SURWHLQ�SRWHQWO\�LQKLELW�KLSSRFDPSDO�

ORQJ�WHUP�SRWHQWLDWLRQ�LQ�YLYR��1DWXUH��������±�����

:X�'�� 3DQ�:� �������*6.��� D�PXOWLIDFHWHG� NLQDVH� LQ�:QW� VLJQDOLQJ�� 7UHQGV�%LRFKHP� 6FL�

������±�����

<LQJ�:/��(PHUVRQ�-��&ODUNH�0-��6DQDGL�'5��������,QKLELWLRQ�RI�PLWRFKRQGULDO�FDOFLXP�LRQ�

WUDQVSRUW� E\� DQ� R[R�EULGJHG� GLQXFOHDU� UXWKHQLXP� DPPLQH� FRPSOH[�� %LRFKHPLVWU\�

�������±������

=RURY� '%�� -XKDV]RYD� 0�� <DQLY� <�� 1XVV� +%�� :DQJ� 6�� 6ROORWW� 6-� ������� 5HJXODWLRQ� DQG�

SKDUPDFRORJ\�RI�WKH�PLWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ�SRUH��&DUGLRYDVF�5HV�������±

�����

�
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7KH�QH[W�VHFWLRQ�SUHVHQWV�D�GHWDLOHG�GHVFULSWLRQ�RI� WZR�VSHFLILF� WHFKQLTXHV SHUIRUPHG�LQ�

WKLV� WKHVLV� WR� GHWHFW� P373� RSHQLQJ� DQG� PLWRFKRQGULDO� VZHOOLQJ�� 7KH� UHVXOWV� DQG� SURWRFROV�

GHVFULEHG� KHUH� DUH� SDUW� RI� WKH�5HVHDUFK�2EMHFWLYH 1� � DQG DOORZHG� WKH� SUHSDUDWLRQ� RI� WKH�

PDQXVFULSW�WKDW�LV�SUHVHQWHG�EHORZ�

7KLV� ZRUN� LV� JRLQJ� WR� EH� SXEOLVKHG� LQ� WKH� VHULHV�“Methods in Molecular Biology” E\�

+XPDQD�3UHVV�6SULQJHU�6FLHQFH � %XVLQHVV�0HGLD��HGLWHG�E\�-RKQ�:DONHU�DQG�FRUUHVSRQGV�WR�

WKH�&KDSWHU���RI�WKH YROXPH�Neuronal Cell Death - Methods and Protocols��ZKLFK�ZDV HGLWHG�

E\ /DXUD�/RVVL�DQG�$GDOEHUWR�0HULJKL��IURP�WKH�8QLYHUVLW\�RI�7XULQ�DQG�,VWLWXWR�1D]LRQDOH�GL�

1HXURVFLHQ]H��,11���7XULQ��,WDO\�

7KH� FKDSWHU WKDW� LV SUHVHQWHG� EHORZ� LV� HQWLWOHG��Monitoring Mitochondrial Membranes 

Permeability in Live Neurons and Mitochondrial Swelling through Electron Microscopy 

Analysis��E\�$UUi]ROD�06�DQG�,QHVWURVD�1&� +HUH��ZH�GHVFULEHG�WKH�GHYHORSPHQW�RI�D OLYH�FHOO�

LPDJLQJ� DVVD\� WR� GHWHFW� PLWRFKRQGULDO� SHUPHDELOLW\� WUDQVLWLRQ�� WKURXJK� WKH� ORDGLQJ RI� OLYH�

QHXURQV ZLWK�FDOFHLQ�FREDOW� DQG�WKH�GHYHORSPHQW�RI�D�GHWDLOHG�DQDO\VLV�RI�PRUSKRORJLFDO�DQG�

XOWUDVWUXFWXUDO� FKDQJHV� WKDW�PLWRFKRQGULD�XQGHUJR�GXULQJ� WKLV�SURFHVV�� HYDOXDWHG�E\� HOHFWURQ�

PLFURVFRS\�
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0RQLWRULQJ�0LWRFKRQGULDO�0HPEUDQHV�3HUPHDELOLW\�LQ�/LYH�

1HXURQV�DQG�0LWRFKRQGULDO�6ZHOOLQJ WKURXJK�(OHFWURQ�

0LFURVFRS\�$QDO\VLV

0DFDUHQD�6��$UUi]ROD� DQG�1LEDOGR�&��,QHVWURVD

$EVWUDFW

0DLQWHQDQFH�RI�PLWRFKRQGULDO PHPEUDQH LQWHJULW\�LV�HVVHQWLDO�IRU�PLWRFKRQGULDO�IXQFWLRQ�DQG�

QHXURQDO�YLDELOLW\��$SRSWRWLF VWLPXOXV RU�FDOFLXP�RYHUORDG OHDG�WR�PLWRFKRQGULDO�SHUPHDELOLW\

WUDQVLWLRQ� SRUH �P373�� RSHQLQJ� DQG� LQGXFH� PLWRFKRQGULDO� swelling�� D� FRPPRQ� IHDWXUH� RI�

PLWRFKRQGULDO�PHPEUDQH SHUPHDELOL]DWLRQ�� 7KH� ILUVW� SKHQRPHQRQ� FDQ� EH� HYDOXDWHG� LQ� FHOOV�

ORDGHG� ZLWK� WKH� G\H� FDOFHLQ�$0� TXHQFKHG� E\� FREDOW�� DQG� PLWRFKRQGULDO� swelling FDQ� EH�

GHWHFWHG� E\� HOHFWURQ�PLFURVFRS\ WKURXJK� WKH� DQDO\VLV� RI�PLWRFKRQGULDO�PHPEUDQH� LQWHJULW\��

+HUH��ZH�GHVFULEHG�D� OLYH�FHOO� LPDJLQJ DVVD\� WR�GHWHFW�PLWRFKRQGULDO�SHUPHDELOLW\� WUDQVLWLRQ�

DQG�WKH�GHYHORSPHQW�RI�D�GHWDLOHG�DQDO\VLV�RI�PRUSKRORJLFDO�DQG�XOWUDVWUXFWXUDO�FKDQJHV�WKDW�

PLWRFKRQGULD XQGHUJR�GXULQJ�WKLV�SURFHVV�

.H\� ZRUGV� PLWRFKRQGULDO� SHUPHDELOLW\ WUDQVLWLRQ�� PLWRFKRQGULDO� VZHOOLQJ�� OLYH� FHOO�

LPDJLQJ�� PLWRFKRQGULDO� PHPEUDQH� SHUPHDELOL]DWLRQ�� HOHFWURQ� PLFURVFRS\�� PLWRFKRQGULDO�

FDOFHLQ��FREDOW��TXHQFKLQJ��PLWRFKRQGULDO�XOWUDFWUXFWXUH�

5XQQLQJ�KHDG��0LWRFKRQGULDO�SHUPHDELOLW\ WUDQVLWLRQ�DVVD\�DQG�PLWRFKRQGULDO VZHOOLQJ
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�� ,QWURGXFWLRQ

0LWRFKRQGULD DUH� PHPEUDQRXV� HQFORVH� RUJDQHOOHV SUHVHQW� LQ� DOO FHOOXODU� W\SHV�� LQFOXGLQJ�

QHXURQV�� ZKHUH� SDUWLFLSDWH� LQ� VHYHUDO� YLWDO� SURFHVVHV�� VXFK� DV� FHOOXODU� ELRHQHUJHWLFV��

PHWDEROLVP�DQG�FDOFLXP�KRPHRVWDVLV (1, 2)��&DOFLXP UHJXODWLRQ� LV� HVVHQWLDO� IRU� WKH� V\QDSWLF�

IXQFWLRQ�RI�D�QHXURQ (3) DQG�WKHUHIRUH�IRU�LWV�YLDELOLW\ (4)��&DOFLXP�LRQV�LQIOX[�LQWR�QHXURQV�LV�

UHJXODWHG� E\� GLIIHUHQW� FHOOXODU� FRPSDUWPHQWV�� LQFOXGLQJ� WKH� HQGRSODVPLF� UHWLFXOXP DQG�

PLWRFKRQGULD (5)��&DOFLXP�RYHUORDG LQWR�PLWRFKRQGULD�KDV�EHHQ�GHVFULEHG�DV�DQ�LQGXFWRU�RI�WKH�

PLWRFKRQGULDO SHUPHDELOLW\ WUDQVLWLRQ� (6)�� ZKLFK� LV� D� SKHQRPHQRQ� FKDUDFWHUL]HG� E\� WKH�

IRUPDWLRQ� RI� ODUJH� FRQGXFWDQFH SHUPHDELOLW\� WUDQVLWLRQ� SRUHV� �P373�� WKDW� PDNH� WKH�

PLWRFKRQGULDO�PHPEUDQH DEUXSWO\�SHUPHDEOH�WR�VROXWHV�XS�WR�������'D��UHVXOWLQJ�LQ�WKH�ORVV�RI�

PLWRFKRQGULDO� PHPEUDQH SRWHQWLDO (7)�� 7KH� SHUPHDELOL]DWLRQ� RI� WKH� PLWRFKRQGULDO� LQQHU�

PHPEUDQH� LQGXFHV� PRUSKRORJLFDO� FKDQJHV� LQ� WKLV� RUJDQHOOH�� LQFOXGLQJ� LQFUHDVHG� YROXPH�� D�

SKHQRPHQRQ�NQRZQ�DV�VZHOOLQJ��PHPEUDQHV�GLVUXSWLRQ��FULVWDH GLVRUJDQL]DWLRQ�DQG�WKH�UHOHDVH�

RI� SUR�DSRSWRWLF IDFWRUV� WR� WKH� F\WRSODVP�� WR� ILQDOO\� DFWLYDWH� QHXURQDO� GHDWK� FDVFDGHV (8, 9)�

)RU� WKLV� UHDVRQ�� WKH�PDLQWHQDQFH� RI� WKH� VWUXFWXUDO� LQWHJULW\� DQG� IXQFWLRQ� RI�PLWRFKRQGULD� LV�

FUXFLDO�IRU�WKHLU�SURSHU�IXQFWLRQ�DQG��WKHUHIRUH��IRU�QHXURQDO�YLDELOLW\�

0LWRFKRQGULDO�VZHOOLQJ FDQ�EH�GHWHFWHG�in vitro ZLWK�D�VSHFWURSKRWRPHWULF�DVVD\ IURP�LVRODWHG�

PLWRFKRQGULD��DV�SUHYLRXVO\�GHVFULEHG (10)��KRZHYHU�WKH�DPRXQW�RI�PDWHULDO�UHTXLUHG�WR�REWDLQ�

KLJK�TXDOLW\�SXULILFDWLRQ� LV�D� OLPLWLQJ�VWHS�ZKHQ� WKH�H[SHULPHQWDO�PRGHO� LQ�XVH� LV�D�SULPDU\�

FXOWXUH RI�QHXURQV��)RU� WKLV� UHDVRQ��ZH�GHVFULEH�KHUH�D�GLUHFW� OLYH�FHOO� LPDJLQJ WHFKQLTXH� WR�

PRQLWRU�WKH�P373 RSHQLQJ��DQG�WKH�GHYHORSPHQW�RI�D�GHWDLOHG�GDWD�DQDO\VLV��7KLV�DVVD\�ZDV�

GHYHORSHG�E\�3HWURQLOOL�HW�DO��LQ������(11) DQG��ODWHU��YDOLGDWHG�LQ�D�QHXURQDO�PRGHO�(12)��7KH�

DVVD\� LV�EDVHG�RQ� WKH� ORDGLQJ�RI� OLYLQJ�QHXURQV�ZLWK�D�FDOFHLQ�$0�FREDOW PL[� WR�TXHQFK�WKH�
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F\WRVROLF�VLJQDO�RI�FDOFHLQ��EXW�OHDYLQJ�LQWDFW�WKH�PLWRFKRQGULDO VWDLQ��7KH�H[SRVXUH�RI�QHXURQV�

WR�P373� LQGXFWRUV��VXFK�DV� WKH� LRQRSKRUH� LRQRP\FLQ (13), RU� WR�FDOFLXP�RYHUORDG UHVXOWV� LQ�

WKH� GHFD\ RI� WKH� PLWRFKRQGULDO� FDOFHLQ� IOXRUHVFHQFH�� LQGLFDWLQJ� PLWRFKRQGULDO� SHUPHDELOLW\

WUDQVLWLRQ�� 0LWRFKRQGULDO� VZHOOLQJ� FDQ� EH� DOVR� GHWHFWHG� WKURXJK� WKH� VWXG\� RI� FHUWDLQ�

XOWUDVWUXFWXUDO� SDUDPHWHUV� E\� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRS\ ������ :H� GHVFULEH� KHUH� D�

GHWDLOHG�DQDO\VLV�WR�HYDOXDWH�PRUSKRORJLFDO�FKDQJHV�LQ�PLWRFKRQGULD�H[SRVHG�WR�SHUPHDELOLW\�

WUDQVLWLRQ��

�� 0DWHULDOV

���� 0LWRFKRQGULDO�3HUPHDELOLW\�7UDQVLWLRQ�E\�/LYH�&HOO�,PDJLQJ

�� *ODVV�FRYHUVOLSV RI����PP�GLDPHWHU �0DULHQIHOG�*PE+�	�&R��.*��/DXGD�� .|QLJVKRIHQ��

*HUPDQ\��

�� �;�1HXUREDVDO�0HGLXP �*LEFR���/LIH�7HFKQRORJLHV���&DUOVEDG� &$��

�� %�� VXSSOHPHQW �*LEFR���/LIH�7HFKQRORJLHV���

�� '062 �6LJPD�&KHPLFDOV��6W��/RXLV��02��

�� 6WRFN� SUREHV�� �P0� &DOFHLQ�$0�� ��� �0� 0LWRWUDFNHU 2UDQJH &0705RV� DQG� �� P0�

+RHFKVW ����� �DOO� IURP� 0ROHFXODU� 3UREHV��� /LIH� 7HFKQRORJLHV��� &DUOVEDG� &$�� LQ�

'062��6WRUH DW������&�SURWHFWHG�IURP�OLJKW�

�� �P0�&REDOW �,,��FKORULGH�KH[DK\GUDWH��&R&O� [��+�2��VWRFN�VROXWLRQ���7R�SUHSDUH���P/�

GLVVROYH��������J�LQ���P/�RI�VWHULOH�GLVWLOOHG�ZDWHU��6WRUH�DW������&�SURWHFWHG�IURP�OLJKW��

�� 7\URGH EXIIHU�����P0�1D&O���P0�.&O�����P0�&D&O����P0�0J&O������P0�+(3(6�

����P0�JOXFRVH��S+�WR�����ZLWK�FRQFHQWUDWHG�+&O��7R�SUHSDUH�����/�ZHLJK�������J�1D&O��

������J�.&O��������J�&D&O��������J�+(3(6�DQG�������J�JOXFRVH�DQG�WUDQVIHU�WR�D�����/�
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JODVV� EHDNHU� FRQWDLQLQJ� ����P/� GLVWLOOHG�ZDWHU��0L[� DQG� WKHQ� DGG� ���� �/� �0�0J&O��

$GMXVW�S+�ZLWK�+&O�DQG�PDNH�XS� WR�����/��0DNH�DOLTXRWV�RI����P/�LQ�)DOFRQ� WXEHV RU�

JODVV�ERWWOHV�DQG�VWRUH�DW������&��'HIURVW���DOLTXRW�RI�7\URGH�EXIIHU�IRU�WKH�DVVD\��XVH�LW�

DORQJ� WKH� GD\� DQG� WKHQ� GLVFDUG�� )RU� FDOFLXP� IUHH� H[SHULPHQWV� GR� QRW� DGG�&D&O� WR� WKH�

SUHSDUDWLRQ��See 1RWH���

�� &RQIRFDO�PLFURVFRSH ZLWK�DSSURSULDWH�ODVHU�VRXUFHV��VHH�EHORZ��

���� 0LWRFKRQGULDO�6ZHOOLQJ�'HWHFWLRQ�IURP�(OHFWURQ�0LFURVFRS\�$QDO\VLV

�� &ROG� DUWLILFLDO� FHUHEURVSLQDO� IOXLG� �$&6)��� ���� P0� 1D&O�� ����� P0� .&O�� ����� P0�

.+�32�������P0�0J62�������P0�1D+&2������P0�JOXFRVH������P0�&D&O���7R�SUHSDUH�

D���[�VWRFN VROXWLRQ RI�$&6)��ZHLJK��������J�1D&O��������J�.&O��������J�.+�32���������

J�0J62� RU�������J�0J62� [��+�2���������J�1D+&2� DQG��������J�JOXFRVH��0L[�DQG�

PDNH�XS�WR���/��7R�SUHSDUH��[�$&6)�VROXWLRQ��GLOXWH�����P/�RI�WKH���[�VWRFN�VROXWLRQ�LQ�

����P/�RI�GLVWLOOHG�ZDWHU��2[\JHQDWH�WKH�VROXWLRQ�E\�EXEEOLQJ�ZLWK�DQ�2��&2� PL[�IRU����

PLQ�DQG�DGMXVW�S+�WR�����ZLWK�1D2+�+&O��1��$GG�������J�&D&O� [��+�2�DQG�PDNH�XS�WR�

�/��&KHFN�DJDLQ�WKH�S+�DQG�LI�LW�LV�QHFHVVDU\�UHDGMXVW�S+�WR�����

�� &HOO�VWUDLQHU�����P�Q\ORQ��%'�%LRVFLHQFHV��%HGIRUG��0$��

�� 6L[�ZHOO�SODWHV�IRU�FHOO�FXOWXUH�

�� 6LOLFRQ�WXEHV��

�� ����0�FDFRG\ODWH�EXIIHU��S+�����ZLWK�+&O��'LVVROYH������J�RI�VRGLXP�FDFRG\ODWH� LQ����

P/�RI�GLVWLOOHG�ZDWHU��$GMXVW�S+�WR�����DQG�WKHQ PDNH�XS�WR�����P/�ZLWK�GLVWLOOHG�ZDWHU�

�� )L[DWLYH� VROXWLRQ�� ����� JOXWDUDOGHK\GH �H�J�� 6LJPD� &KHPLFDOV��� 'LOXWH� �� P/� RI� ����

JOXWDUDOGHK\GH�VWRFN�VROXWLRQ LQWR���P/�RI�����0�FDFRG\ODWH�EXIIHU��S+������
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�� ��� RVPLXP� WHWUR[LGH �2V2��� 'LOXWH� ��� P/� RI� D� ��� RVPLXP� WHWUR[LGH� VWRFN� VROXWLRQ

�6LJPD�&KHPLFDOV��ZLWK����P/�RI�GLVWLOOHG�ZDWHU��6WRUH�DW���&�

�� ���XUDQ\O�DFHWDWH >82� �2&2&+��� [��+�2@��:HLJK����PJ�XUDQ\O�DFHWDWH�DQG�GLVVROYH�LQ�

��P/�GLVWLOOHG�ZDWHU��

�� (SRQ UHVLQ��H�J��(0EHG����� (OHFWURQ�0LFURVFRS\�6FLHQFHV��+DWILHOG��3$��

��� ���XUDQ\O�DFHWDWH >82� �2&2&+��� [��+�2@��:HLJK�����J�RI�XUDQ\O�DFHWDWH�DQG�GLVVROYH�

LQ����P/�SXUH�PHWKDQRO�

��� /HDG�FLWUDWH VWDLQLQJ�VROXWLRQ��PL[������J�3E�12����������J�1D��&�+�����[��+���DQG����

P/�GLVWLOOHG�ZDWHU� LQ� D� ���P/�YROXPHWULF� IODVN��6KDNH�YLJRURXVO\� IRU� ��PLQ� DQG� DOORZ�

VWDQGLQJ�ZLWK�LQWHUPLWWHQW�VKDNLQJ��$IWHU����PLQ�DGG�����P/���1�1D2+�DQG�PDNH�XS�WR�

���P/�ZLWK�GLVWLOOHG�ZDWHU��0L[�XQWLO�OHDG�FLWUDWH GLVVROYHV��7KH�ILQDO�S+�LV������

��� &RRSHU�JULGV IRU�HOHFWURQ�PLFURVFRS\ �H�J��7HG�3HOOD�,QF���5HGGLQJ��&$��

��� %LRVDIHW\�FDELQHW�

��� &2� LQFXEDWRU�

��� 9LEUDWLQJ�PLFURWRPH�

��� 8OWUDPLFURWRPH�

��� 7UDQVPLVVLRQ�HOHFWURQ�PLFURVFRSH�

�� 0HWKRGV

)RU� OLYH�FHOO� LPDJLQJ��DOO�SURFHGXUHV�DUH�FDUULHG�RXW�DW�����&�DQG�XQGHU�VWHULOL]HG�FRQGLWLRQV�

XQOHVV�RWKHUZLVH�VSHFLILHG��

���� 0LWRFKRQGULDO�3HUPHDELOLW\�7UDQVLWLRQ�E\�/LYH�&HOO�,PDJLQJ
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�� 6HHG�QHXURQV RQ�JODVV�FRYHUVOLSV RI����PP�GLDPHWHU LQ�D����PP�GLVK RU�LQ�WKH�DYDLODEOH�

IRUPDW� �see 1RWH�����1HXURQV�DUH�PDLQWDLQHG� LQ�1HXUREDVDO�PHGLXP VXSSOHPHQWHG ZLWK�

%�� DW�����&�LQ�DQ�LQFXEDWRU ZLWK����&2��

�� )RU�OLYH�FHOO�LPDJLQJ��ORDG�WKH�FHOOV�ZLWK�WKH�IOXRUHVFHQW�SUREHV �see 1RWH�����,Q�WKLV�VWHS�

ZRUN�ZLWK�WKH�FHOOV�LQ�D�ELRVDIHW\�FDELQHW SURWHFWHG�IURP�OLJKW��%HIRUH�UHPRYLQJ�WKH�FHOOV�

IURP� WKH� LQFXEDWRU�� SUHSDUH� WKH� ORDGLQJ� PL[�� DGG� ��/� RI� �� P0� FDOFHLQ�$0� VWRFN�

VROXWLRQ�� �� �/� RI� �� 0� &R&O� DQG� �� �/� RI� ���0� 0LWRWUDFNHU 2UDQJH LQ� ���� �/� RI�

1HXUREDVDO�PHGLXP WR�PDNH���P/��)LQDO�PL[�FRQFHQWUDWLRQ�LV���0�FDOFHLQ�$0����P0�

&R&O�� ��� Q0�0LWRWUDFNHU�2UDQJH� �see 1RWH� ����+RHFKVW G\H� FDQ� DOVR� EH� DGGHG� WR� WKH�

ORDGLQJ�PL[�WR�HYDOXDWH�QHXURQDO�YLDELOLW\ LI�QHFHVVDU\��See 1RWH���

�� :DVK�FHOOV�WZLFH�ZLWK���P/�1HXUREDVDO�PHGLXP ZLWKRXW�VXSSOHPHQWV��see 1RWH�����)RU�

���PP�FRYHUV�DGG���P/�RI�ORDGLQJ�PL[ WR�WKH�GLVK DQG�LQFXEDWH�QHXURQV DW�����&�IRU����

PLQ��SURWHFWHG�IURP�OLJKW�

�� 5HPRYH�WKH�ORDGHG�QHXURQV IURP�WKH�LQFXEDWRU DQG�ZDVK�WZLFH�ZLWK���P/�RI�1HXUREDVDO�

PHGLXP��ZRUNLQJ�LQ�D�ELRVDIHW\�FDELQHW��&KDQJH�PHGLXP�WR�7\URGH�EXIIHU DQG�LQFXEDWH�

FHOOV�IRU����PLQ�DW�����&�WR�HTXLOLEUDWH�SUREHV�

�� 7UDQVIHU WKH�FRYHU�WR�WKH�PLFURVFRSH URRP�DQG�DVVHPEOH�WKH�V\VWHP�DV�VKRZQ�LQ�)LJ���$��

%��8VH� OLWWOH� DPRXQWV� RI� VROLG� SDUDIILQ EHWZHHQ� ERWK� VLGHV� RI� WKH� FRYHU� WR� IL[� LW� DW� WKH�

PLFURVFRSH�V\VWHP��See 1RWH���

�� 6HW�PLFURVFRSH SDUDPHWHUV�WR�VWDUW�WKH�P373 OLYH�FHOO�DVVD\��)RU�D�VSLQQLQJ�GLVN FRQIRFDO�

PLFURVFRSH��XVH�7H[DV�5HG�ILOWHU�WR�GHWHFW�0LWRWUDFNHU IOXRUHVFHQFH��),7& IRU�FDOFHLQ�$0�

DQG�89�ILOWHU IRU�+RHFKVW��RU�VHW�WKH�DGHTXDWH�H[FLWDWLRQ�HPLVVLRQ ZDYHOHQJWKV�GHSHQGLQJ�

RQ�WKH�PLFURVFRSH�XVHG��see 1RWH�����:DWHU LPPHUVLRQ�REMHFWLYHV DUH UHFRPPHQGDEOH�IRU�
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)LJXUH��

)LJ�� ��� 6DPSOH� DVVHPEO\� IRU� OLYH� FHOO� LPDJLQJ� DVVD\� $��0LFURVFRSH� V\VWHP� HTXLSSHG� IRU�
OLYH�FHOO�DVVD\V��%��1HXURQV�VHHGHG�RQ�D�JODVV�FRYHUVOLS�PRXQWHG�LQ�WKH�PLFURVFRSH�FKDPEHU�
ZLWK�&2� DQG�WHPSHUDWXUH�UHJXODWLRQ��7KH�JODVV�FDS�LV�XVHG�WR�PDLQWDLQ�WKH�JDV�SUHVVXUH�DQG�
WKH�WHPSHUDWXUH�DW�����&��&��&ORVHG�FKDPEHU�UHDG\�WR�XVH�DQG�IRU�WKH�VWLPXODWLRQ�RI�QHXURQV��
'��*UDSKLFDO� UHSUHVHQWDWLRQ�RI�D�FRPPRQ� UHFRUG�REWDLQHG DORQJ� WKH�H[SHULPHQW�DIWHU�P373�
LQGXFWLRQ��L�H��ZLWK�LRQRP\FLQ��0LWRFKRQGULDO�FDOFHLQ�IOXRUHVFHQFH�GHFD\�LV�XVXDOO\�REVHUYHG�
XQGHU�PLWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ�FRQGLWLRQV�
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OLYH� FHOO� LPDJLQJ DVVD\V�� 6HW� WHPSHUDWXUH� WR� ��� �&� DQG� WKH� JDV� SUHVVXUH� WR� HQVXUH� D�

FRQVWDQW�IOX[�RI����&2� LQ�WKH�FXOWXUH�FKDPEHU RI�WKH�PLFURVFRSH��

�� 6HW� WKH� WLPH� RI� WKH� H[SHULPHQW� DQG� WKH� LQWHUYDO� EHWZHHQ� HDFK� GLJLWDO� LPDJH�� ,W� LV�

UHFRPPHQGDEOH� WR� PHDVXUH� IOXRUHVFHQFH FKDQJHV� IRU� ��� PLQ� DW� OHDVW�� ZLWK� DQ� LPDJH�

DFTXLVLWLRQ�WLPH�RI�������VHF�EHWZHHQ�HDFK�IUDPH��0HDVXUH�D�EDVHOLQH IRU���PLQ�DQG�WKHQ�

DGG�WKH�VWLPXOXV �)LJ���&���see 1RWH�����)LQDOO\��FKHFN�WKH�IRFXV DQG�VWDUW�WKH�H[SHULPHQW��

,W� LV� UHFRPPHQGDEOH� WR� SHUIRUP� SRVLWLYH� DQG� QHJDWLYH� FRQWUROV� RI� WKH� PLWRFKRQGULDO

SHUPHDELOLW\ WUDQVLWLRQ�SRUH RSHQLQJ�WR�FKHFN�WKH�HIILFLHQF\�RI�WKH�DVVD\��6HH�1RWH����

�� )RU�LPDJH�DQDO\VLV�XVH�WKH�1,+�,PDJH-�VRIWZDUH DQG�LQVWDOO�WKH�³'HOWD�)´�SOXJLQ��)ROORZ�

WKH�VHTXHQWLDO�VWHSV�WR�DQDO\]H�IOXRUHVFHQFH FKDQJHV�RQ�WKH�LPDJHV��2SHQ�WKH�LPDJH�ZLWK�

,PDJH�-�! ,PDJH�! 6WDFNV ! =�SURMHFW�� W\SH� WKH�QXPEHU�RI� LPDJHV�FRUUHVSRQGLQJ� WR� WKH�

EDVDO�OLQH��L�H��D���PLQ�EDVHOLQH FRUUHVSRQGV�WR���� VHF��LI�LPDJHV�ZHUH�WDNHQ�HYHU\����VHF��

DQG�WKHQ�WKH�ILUVW����LPDJHV�FRUUHVSRQG�WR�WKH�EDVHOLQH��VR�W\SH���LQ�WKH�VWDUW�VOLFH�ER[�DQG�

���LQ�WKH�VWRS�VOLFH�! 2.��7KLV�VWHS�FUHDWHV�DQ�DYHUDJH�LPDJH�RI�WKH�EDVHOLQH��

�� 5XQ�³'HOWD�)´�SOXJLQ WR�GHWHUPLQH�IOXRUHVFHQFH FKDQJHV�IURP�WKH�LPDJH�VWDFNV��3OXJLQV�!

6WDFNV ± 7�IXQFWLRQV�! 'HOWD�)��$�QHZ�LPDJH�FDOOHG�³'HOWD�)´�LV�JHQHUDWHG�IURP�WKLV�VWHS��

7R� REWDLQ� WKH� YDOXH� RI� ')�)R� �YDULDWLRQ� RI� WKH� IOXRUHVFHQFH� EHWZHHQ� � HDFK� LPDJH�

FRPSDUHG�WR�WKH�EDVHOLQH��IROORZ�WKH�QH[W�VWHSV�RQ�,PDJH�-��3URFHVV�! ,PDJH�FDOFXODWRU��

RQ�,PDJH���VHOHFW�WKH�'HOWD�)�LPDJH�FUHDWHG�LQ�WKH�SUHYLRXV�VWHS��RSHUDWLRQ��'LYLGH��DQG�

,PDJH���LV�WKH�DYHUDJH�LPDJH�FUHDWHG�ILUVW�! <HV��$�QHZ�LPDJH�LV�FUHDWHG�FDOOHG�³5HVXOW�RI�

'HOWD�)´��)URP�WKLV�LPDJH�VHOHFW�D�QHXULWH ZLWK�WKH�SRO\JRQ�VHOHFWLRQ�WRRO DQG�SHUIRUP�WKH�

DQDO\VLV��,PDJHV�! 6WDFNV�! 3ORW�]�D[LV�3URILOH��$�³5HVXOWV´�ZLQGRZ�LV�GLVSOD\HG�ZLWK�WKH�

PHDQ� IOXRUHVFHQFH� YDOXHV� FRUUHVSRQGLQJ� WR� HDFK� WLPH� SRLQW�� 3ORW� WKH� GDWD� WR� REWDLQ�
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IOXRUHVFHQFH�FKDQJHV�DORQJ�WKH�OLYH�FHOO�LPDJLQJ DVVD\��DV�VKRZQ�)LJ��'��5HSHDW�WKLV�VWHS�

ZLWK�HDFK�QHXULWH�VHOHFWHG�XQWLO�FRPSOHWH�DURXQG������QHXULWHV�SHU�QHXURQ�

��� )OXRUHVFHQFH�DQDO\VLV�FDQ�EH�GRQH�ZLWK�WKH�PLWRFKRQGULDO FDOFHLQ LPDJHV�WR�GHWHFW�P373

RSHQLQJ� DQG� DOVR� ZLWK� WKRVH� REWDLQHG� IURP� WKH� 0LWRWUDFNHU ORDGLQJ�� WR� GHWHFW�

PLWRFKRQGULDO�PHPEUDQH SRWHQWLDO FKDQJHV�LQ�UHVSRQVH�WR�WKH�VDPH�VWLPXOXV �)LJ�����

���� 0LWRFKRQGULDO�VZHOOLQJ GHWHFWLRQ�IURP�HOHFWURQ�PLFURVFRS\ DQDO\VLV�

�� 3UHSDUH� EUDLQ� VOLFHV IURP� UDW� RU�PRXVH� EUDLQ� (15, 16)�� &XW� WUDQVYHUVH� VOLFHV� RI� �����P�

XQGHU�FROG�$&6) XVLQJ�D�YLEUDWLQJ�PLFURWRPH�

�� ,QFXEDWH� WKH� VOLFHV� LQ� R[\JHQDWHG� $&6) IRU� PRUH� WKDQ� RQH� KRXU� DW� URRP� WHPSHUDWXUH�

EHIRUH�WUHDWPHQW�

�� )RU� VOLFHV� WUHDWPHQW��PRXQW� WKH� VOLFHV� LQ� D���ZHOO� SODWH�PRGLILHG� DV� VKRZQ� LQ�)LJ�� ��� WR�

NHHS�HDFK�GLVK R[\JHQDWHG��see 1RWH������'LOXWH�DOO�WUHDWPHQWV�LQ�$&6) LQ�DQ�DSSURSULDWH�

YROXPH�WR�PDLQWDLQ�VOLFHV�LPPHUVHG�DQG�DYRLG�LWV�FRQWDFW�ZLWK�WKH�DLU��7KLV�VWHS�LV�FDUULHG�

RXW�DW�URRP�WHPSHUDWXUH�

�� $IWHU� WUHDWPHQW�� WUDQVIHU� WKH� VOLFHV� RQH� E\� RQH�� ZLWK� D� VRIW� EUXVK� RU� WZHH]HUV�� WR� DQ

(SSHQGRUI�WXEH�FRQWDLQLQJ���P/�RI�WKH�IL[DWLYH�DQG�IL[�IRU���K��See 1RWH����

�� $IWHU�IL[DWLRQ��ZDVK�WKH�VOLFHV�ZLWK���P/�RI�����0�FDFRG\ODWH�EXIIHU��S+�����IRU����K�DW���

�&�

�� 3HUIRUP�D�VHFRQGDU\�IL[DWLRQ�ZLWK����RVPLXP�WHWUR[LGH IRU����PLQ�DQG�WKHQ�ZDVK�ZLWK���

ZDVKHV����PLQ�HDFK�LQ�GLVWLOOHG�ZDWHU�

�� 6WDLQ�VDPSOHV�ZLWK����DTXHRXV�XUDQ\O�DFHWDWH IRU����PLQ�

�� 'HK\GUDWH� VDPSOHV� LQ� DFHWRQH IROORZLQJ� WKHVH� VHTXHQWLDO� VWHSV�� ��[��������[��������[�

����DQG���[������DFHWRQH�����PLQ�HDFK�



80 
 

 
 

)LJXUH��

 

)LJ�����,PDJHV�REWDLQHG�IURP�WKH�P373�OLYH�FHOO�LPDJLQJ�DVVD\��1HXURQV�ZHUH�ORDGHG�ZLWK�
WKH� ORDGLQJ�0L[�� FRQWDLQLQJ� FDOFHLQ�$0�� FREDOW� DQG�0LWRWUDFNHU� 2UDQJH�� $�� ,PDJHV� VKRZ�
PLWRFKRQGULDO� FDOFHLQ� IOXRUHVFHQFH� GLVVLSDWLRQ� RQ� QHXURQV� H[SRVHG� WR� ���� �0� LRQRP\FLQ�
ZKLFK� LQGLFDWHV�PLWRFKRQGULDO� SHUPHDELOLW\� WUDQVLWLRQ�� ,PDJHV� VKRZ� IOXRUHVFHQFH�FKDQJHV� DW�
WKH� EHJLQQLQJ� �W ��� DQG� DW� WKH� HQG� �W ����� RI� WKH� H[SHULPHQW�� %�� ,PDJHV� VKRZ� WKH�
PLWRFKRQGULDO� PHPEUDQH� SRWHQWLDO� ORVV� LQ� WKH� VDPH� QHXURQ� VKRZV� LQ� $�� XQGHU� LRQRP\FLQ�
VWLPXOXV��
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�� 3ODFH�VDPSOHV�LQ�����(SRQ�DFHWRQH RYHUQLJKW�DQG�HPEHG�WKHP�LQ������(SRQ�UHVLQ�LQWR�D�

PROG��3ODFH�PROG�FRQWDLQLQJ�VDPSOHV�LQ�����&�RYHQ�IRU����K�WR�SRO\PHUL]H�

��� &XW�XOWUD�WKLQ�VHFWLRQV �������QP��ZLWK�DQ�XOWUDPLFURWRPH DQG�FROOHFW�WKHP�RQ�����PHVK�

FRSSHU�HOHFWURQ�PLFURVFRS\ JULGV �)LJ������6WDLQ�ZLWK��� XUDQ\O�DFHWDWH IRU���PLQ�DQG�OHDG�

FLWUDWH IRU���PLQ�(17)�

��� ([DPLQH� WKH�VDPSOHV� LQ�D� WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRSH��)RU�PRUSKRORJLFDO�DQDO\VLV�

RI�PLWRFKRQGULD LV� UHFRPPHQGDEOH� WR� FDSWXUH� GLJLWDO� LPDJHV�ZLWK� D� ������� ± ������� [�

PDJQLILFDWLRQ�

��� )RU� PLWRFKRQGULDO XOWUDVWXFWXUDO� DQDO\VLV� WDNH� ������ GLJLWDO� LPDJHV� SHU� VDPSOH� DQG�

HYDOXDWH� PHPEUDQH� LQWHJULW\� RI� HDFK� PLWRFKRQGULRQ� E\� PDQXDOO\� GHWHFWLQJ� VWUXFWXUDO�

DEQRUPDOLWLHV��0LWRFKRQGULD ZLWK� DQ� RYHUDOO� LQWDFW� VWUXFWXUH� DUH� FRQVLGHUHG� KHDOWK\�� EXW�

ORVV�RI�PHPEUDQH�FRQWLQXLW\�LV�FRQVLGHUHG�DQ�LQGH[�RI�GLVUXSWLRQ��7KH�VDPH�DSSURDFK�LV�

DSSOLFDEOH�WR�FULVWDH LQWHJULW\�DQDO\VLV��)LJ������

��� 7R� HYDOXDWH� PLWRFKRQGULDO VZHOOLQJ�� PHDVXUH� PRUSKRORJLFDO� SDUDPHWHUV�� VXFK� DV� DUHD�

GLDPHWHU DQG� SHULPHWHU (18) ZLWK� ,PDJH-� VRIWZDUH�� 6HW� VFDOH� SDUDPHWHUV� LQ� ,PDJH-��

$QDO\]H�! 6HW�VFDOH�! LQWURGXFH�GLVWDQFH�LQ�SL[HOV DQG�XQLW�RI�OHQJWK��See 1RWH����

��� 6HW� WKH� SDUDPHWHUV� WR� EH�PHDVXUHG� LQ� ,PDJH-��$QDO\]H�! 6HW�PHDVXUHPHQWV�! FOLFN� LQ��

$UHD��3HULPHWHU�DQG�)HUHW¶V�GLDPHWHU�

��� 0HDVXUH� PLWRFKRQGULDO PRUSKRORJ\ ZLWK� WKH� SRO\JRQ� VHOHFWLRQ� WRRO RI� ,PDJH-� E\�

VXUURXQGLQJ�HDFK�PLWRFKRQGULRQ�DQG�SUHVV�&WUO�0�RQ�WKH�NH\ERDUG�WR�GLVSOD\�WKH�5HVXOWV�

ZLQGRZ�� 3ORW� WKH� UHVXOWV� LQ� D� FROXPQ� JUDSK� DQG� DV� D� VFDWWHU� SORW� JUDSK� WR� DQDO\]H� WKH�

ZKROH�SRSXODWLRQ�RI�PLWRFKRQGULD� See 1RWH����



82 
 

 
 

)LJXUH��

 

)LJ�� ��� 6OLFH� SUHSDUDWLRQ� DQG� WUHDWPHQW� IRU� HOHFWURQ�PLFURVFRS\� ,QFXEDWLRQ� FKDPEHU� LV�
XVHG�WR�WUHDW�VOLFHV�VHSDUDWHO\��(DFK�ZHOO�FRQWDLQV�D�FHOO�VWUDLQHU�WR�NHHS�VOLFHV�SURWHFWHG�IURP�
EXEEOHV�JHQHUDWHG�E\�WKH�R[\JHQDWLRQ�V\VWHP��$IWHU�WKH�LQFXEDWLRQ�WLPH��VOLFHV�DUH�LPPHUVHG�
LQ� IL[LQJ� VROXWLRQ�� SURFHVVHG� IRU� HOHFWURQ� PLFURVFRS\� DQG� VHTXHQWLDOO\� FROOHFWHG� RQ� FRSSHU�
JULGV�IRU�HOHFWURQ�PLFURVFRS\�DQDO\VLV��$�UHSUHVHQWDWLYH�LPDJH�REWDLQ�ZLWK�WKH�PLFURVFRSH�LV�
VKRZQ�DW�WKH�HQG�RI�WKH�IORZFKDUW��
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)LJXUH��

 

)LJ�� ��� 0LWRFKRQGULDO� VZHOOLQJ� GHWHFWLRQ� E\� HOHFWURQ� PLFURVFRS\� ,PDJHV� VKRZ� QRUPDO�
PLWRFKRQGULD� ZLWK� LQWDFW� PHPEUDQH� DQG� FULVWDH� �OHIW� SLFWXUH�� DQG� D� VZROOHQ� PLWRFKRQGULRQ�
�ULJKW�SLFWXUH��ZKLFK�LV�ODUJHU�WKDQ�QRUPDO�DQG�DOVR�GLVSOD\V�PHPEUDQH�GLVUXSWLRQ�DQG�FULVWDH�
GLVRUJDQL]DWLRQ�� WKH� FRPPRQ� IHDWXUHV� RI� PLWRFKRQGULDO� VZHOOLQJ� E\� SHUPHDELOLW\� WUDQVLWLRQ��
%DU� �����QP�  
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�� 1RWHV�

�� 7R�PDLQWDLQ�WKH�RVPRODULW\ RI�WKH�7\URGH�EXIIHU XQGHU�FDOFLXP�IUHH�FRQGLWLRQV��DGG�������

J�1D&O�WR�WKH�SUHSDUDWLRQ�LQVWHDG�������J�� WR�FKDQJH�WKH�FRQFHQWUDWLRQ�IURP�����P0�WR�

������P0�1D&O�

�� *ODVV�FRYHUVOLSV RI�RWKHU�GLDPHWHUV�PD\�EH�XVHG�GHSHQGLQJ�RQ�WKH�FKDPEHU�WKDW�LV�JRLQJ�

WR� EH�PRXQWHG� WR� WKH�PLFURVFRSH VWDJH� IRU� WKH� OLYH� FHOO� DVVD\�� 6RPH�PLFURVFRSHV� KDYH�

FKDPEHU� DGDSWRUV� IRU� ���� ��� RU� ���PP� GLDPHWHU FRYHUVOLS�� ,I� WKH�PLFURVFRSH� GRHV� QRW�

KDYH�FKDPEHU�DGDSWRUV�IRU�GLIIHUHQW�FRYHUVOLS�VL]H��JODVV�ERWWRP�GLVKHV�FDQ�DOVR�EH�XVHG�WR�

VHHG�FHOOV�

�� 7U\�WR�ORDG�MXVW�RQH�FRYHU�SHU�DVVD\�WR�DYRLG�IOXRUHVFHQFH GHFD\ GXULQJ�WKH�WLPH�ZDLWLQJ�

EHWZHHQ�HDFK�H[SHULPHQW��

�� 2WKHU� 0LWRWUDFNHUV� FRXOG� EH� XVHG WR� HYDOXDWH� WKH� PLWRFKRQGULDO PHPEUDQH SRWHQWLDO

GXULQJ�WKH�P373 OLYH�FHOO�DVVD\��DV�0LWRWUDFNHU 5HG�&0;5RV��EXW�KLJKHU�FRQFHQWUDWLRQ�

RI� WKLV� SUREH� LV� QHHGHG� �EHWZHHQ� ���� Q0� WR� �� �0��� ,W� LV� DOVR� LPSRUWDQW� WR� FKHFN� WKH�

EOHDFKLQJ RI�WKH�SUREH�GHSHQGLQJ�RQ�WKH�PLFURVFRSH DYDLODEOH��

�� $GG���/�RI���P0�+RHFKVW ����� G\H�WR���P/�RI� ORDGLQJ�PL[��,W� LV�UHFRPPHQGDEOH� WR�

PHDVXUH�+RHFKVW� VWDLQ� RQO\� DW� WKH� EHJLQQLQJ� DQG� DW� WKH� HQG� RI� WKH� H[SHULPHQW� DQG� QRW�

DORQJ�LW�WR�DYRLG�SUREHV�EOHDFKLQJ�

�� ,I�WKH�FHOOV�ZHUH�SUHYLRXVO\�WUHDWHG�EHIRUH WKH�OLYH�LPDJLQJ�H[SHULPHQW��LW�LV�QHFHVVDU\�WR�

ZDVK�WKHP�WR�HOLPLQDWH�WKH�VWLPXOXV��$OVR�LW�LV�LPSRUWDQW�WR�ZDVK�WKH�FHOOV�WR�GHSOHWH�WKHP�

IURP�%����VLQFH� LW�FRXOG� LQWHUIHUH�ZLWK� WKH�VWLPXOXV� WKDW� LV�JRLQJ�WR�EH�XVHG�IRU� WKH� OLYH�

FHOO�DVVD\�
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�� 3XW� WKH�SDUDIILQ RQO\�DW� WKH�HGJHV�RI� WKH�FRYHU� WR�PDLQWDLQ�DQ�DGHTXDWH�FHOOXODU� ILHOG� WR�

REVHUYH� DW� WKH� PLFURVFRSH�� 6RPH� V\VWHPV� DUH� PDJQHWLFDOO\� VHDOHG� DQG� GR� QRW� QHHG�

SDUDIILQ�

�� +RHFKVW O H[�HP� ���������QP��7KH�H[�HP�SHDNV�RI�FDOFHLQ DIWHU�K\GURO\VLV�DUH���������

QP��0LWRWUDFNHU 2UDQJH O H[�HP� ���������QP��

�� )RU�OLYH�FHOO�LPDJLQJ��WKH�VWLPXOXV FDQ�EH�DGGHG�PDQXDOO\�ZLWK�D�PLFURSLSHWWH RU�WKURXJK�

D�SHULVWDOWLF�SXPS�

��� 8VH� ���� �0� RI� WKH� LRQRSKRUH� LRQRP\FLQ�� DV� D� SRVLWLYH� FRQWURO� RI� PLWRFKRQGULDO

SHUPHDELOLW\ WUDQVLWLRQ��$�ORVV�RI�PLWRFKRQGULDO�FDOFHLQ LV�DSSUHFLDWHG�ZKHQ�WKLV�VWLPXOXV

LV� DGGHG�� $V� D� QHJDWLYH� FRQWURO�� LQFXEDWH� QHXURQV IRU� ��� PLQ� DW� ��� �&� ZLWK� ��� �0�

F\FORVSRULQ�$ �&V$�� WR� LQKLELW�P373 RSHQLQJ� EHIRUH� WKH� VWLPXOXV��$� FRQWURO� RI� SUREH�

EOHDFKLQJ LV�DOVR�QHHGHG��7R�HYDOXDWH�WKLV�LVVXH��PHDVXUH�WKH�IOXRUHVFHQFH RI�WKH SUREH�IRU�

WKH�GXUDWLRQ�RI�WKH�H[SHULPHQW�E\�VLPSO\�DGGLQJ�YHKLFOH�

��� $Q� R[\JHQDWHG� GLVK FDQ� EH�PDQXDOO\�PDGH� E\� LQWURGXFLQJ� VLOLFRQH� WXEHV� DGDSWHG� WR� D�

ZKLWH�SLSHWWH�WLS��)L[�WKH�WLS�WR�WKH�LQVLGH�ZDOO�RI�WKH�GLVK�XQWLO�WKH�PLGGOH�RI�WKH�ZHOO�DQG

FRQQHFW� WKH� WXEH� WR� WKH� R[\JHQ�� %H� VXUH� WR� NHHS� D� FRQVWDQW� R[\JHQ� IOX[� DORQJ� WKH�

H[SHULPHQW��DYRLGLQJ�EXEEOHV�GLUHFWO\�RQ� WKH�VOLFHV��0RXQW� WKH�VOLFHV� LQWR�D�FHOO�VWUDLQHU

�XVXDOO\�XVHG�IRU�RUJDQRW\SLF�FXOWXUHV��LQVLGH�HDFK�GLVK��8QGHU�WKHVH�FRQGLWLRQV�VOLFHV�FDQ�

EH�PDLQWDLQHG�EHWZHHQ���WR���K�ZLWKRXW�DIIHFWLQJ�FHOO�YLDELOLW\ �VHH�)LJ�����

��� 3UHSDUH� D� IUHVK� IL[LQJ� VROXWLRQ HYHU\� WLPH� \RX� QHHG� LW� DQG� RQO\� LQ� WKH� DPRXQW� WKDW� LV�

QHFHVVDU\�IRU�HDFK�H[SHULPHQW��'R�QRW�IUHH]H��

��� 7R�GHWHUPLQH�GLVWDQFH�LQ�SL[HOV��PHDVXUH�WKH�OHQJWK�RI�WKH�VFDOH�EDU�XVLQJ�WKH�VWUDLJKW�OLQH�

VHOHFWLRQV�WRRO�RI�,PDJH-�DQG�WKHQ�RSHQ�WKH�VHW�VFDOH�ZLQGRZ�DQG�LQWURGXFH�WKH�IROORZLQJ�
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SDUDPHWHUV��distance in pixels LV�DXWRPDWLFDOO\�GHWHUPLQHG�E\�WKH�VRIWZDUH�ZKHQ�WKH�VFDOH�

EDU�LV�PHDVXUHG�ZLWK�WKH�VWUDLJKW�OLQH�WRRO��WKH�known distance FRUUHVSRQGV�WR�WKH�OHQJWK�RI�

WKH�VFDOH�EDU�PHDVXUHG�IURP�WKH�LPDJH��DQG�WKH�unit length DOVR�GHSHQGV�RQ�WKH�VFDOH�EDU�

XQLW�XVXDOO\�LQ��P��&OLFN�RQ�³*OREDO´��DQG�WKH�ILQDO�VFDOH�VKRXOG�EH�LQ�SL[HO��P�

��� 7KH�VFDWWHU�SORW�JUDSKV DOORZ�D�GHHS�DQDO\VLV�RI�WKH�GDWD��EHFDXVH�WKH\�FDQ�EH�GLYLGHG�E\�

SHUFHQWLOHV WR� GHWHUPLQH� ZKLFK� SRSXODWLRQ� LV� DIIHFWHG� E\� D� GHWHUPLQHG� WUHDWPHQW�� DV�

SUHYLRXVO\�GHVFULEHG��see ����

$FNQRZOHGJPHQWV

7KLV� ZRUN� ZDV� VXSSRUWHG� E\� JUDQWV� IURP� WKH� %DVDO� &HQWHU� RI� ([FHOOHQFH� LQ� $JLQJ� DQG�

5HJHQHUDWLRQ��&21,&<7�± 3)%����������DQG�)21'(&<7�1����������WR�1&,��DQG�D SUH�

GRFWRUDO�IHOORZVKLS�IURP�&21,&<7�WR�06$�

5HIHUHQFHV

�� .DQQ��2���6FKXFKPDQQ��6���%XFKKHLP��.�� HW� DO�� �������&RXSOLQJ�RI� QHXURQDO� DFWLYLW\�

DQG� PLWRFKRQGULDO� PHWDEROLVP� DV� UHYHDOHG� E\� 1$'�3�+� IOXRUHVFHQFH VLJQDOV� LQ�

RUJDQRW\SLF�KLSSRFDPSDO�VOLFH�FXOWXUHV�RI�WKH�UDW��Neuroscience �������±����

�� &HOVL�� )��� 3L]]R�� 3��� %ULQL�� 0�� HW� DO�� �������0LWRFKRQGULD�� FDOFLXP� DQG� FHOO� GHDWK�� D�

GHDGO\�WULDG�LQ�QHXURGHJHQHUDWLRQ��Biochim Biophys Acta ���������±����

�� 9RV�� 0��� /DXZHUV�� (��� DQG� 9HUVWUHNHQ�� 3�� ������� 6\QDSWLF� PLWRFKRQGULD� LQ� V\QDSWLF�

WUDQVPLVVLRQ� DQG� RUJDQL]DWLRQ� RI� YHVLFOH� SRROV� LQ� KHDOWK� DQG� GLVHDVH��Front Synaptic 

Neurosci �������
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�� 1HZPH\HU�� '�'��� DQG� )HUJXVRQ�0LOOHU�� 6�� �������0LWRFKRQGULD�� UHOHDVLQJ SRZHU� IRU�

OLIH�DQG�XQOHDVKLQJ�WKH�PDFKLQHULHV�RI�GHDWK�Cell ��������±����

�� *XQWHU�� 7�(��� DQG�*XQWHU��.�.�� �������8SWDNH� RI� FDOFLXP�E\�PLWRFKRQGULD�� WUDQVSRUW�

DQG�SRVVLEOH�IXQFWLRQ��IUBMB Life �������±����

�� /HPDVWHUV��-�-���7KHUXYDWK��7�3���=KRQJ��=� HW�DO���������0LWRFKRQGULDO�FDOFLXP�DQG�WKH�

SHUPHDELOLW\�WUDQVLWLRQ�LQ�FHOO�GHDWK��Biochim Biophys Acta ����������±�����

�� 5DR��9�.���&DUOVRQ��(��$�� DQG�<DQ�6�6�� �������0LWRFKRQGULDO� SHUPHDELOLW\� WUDQVLWLRQ�

SRUH� LV� D� SRWHQWLDO� GUXJ� WDUJHW� IRU� QHXURGHJHQHUDWLRQ�� Biochim. Biophys. Acta GRL��

��������M�EEDGLV�������������

�� *DOOX]]L�� /��� %ORPJUHQ�� .��� DQG.URHPHU� *�� ������� 0LWRFKRQGULDO� PHPEUDQH�

SHUPHDELOL]DWLRQ�LQ�QHXURQDO�LQMXU\��Nat Rev Neurosci �������±����

�� 3HWURQLOOL�� 9��� 3HQ]R�� '��� 6FRUUDQR�� /�� HW DO�� ������� 7KH� PLWRFKRQGULDO� SHUPHDELOLW\�

WUDQVLWLRQ��UHOHDVH�RI�F\WRFKURPH�F�DQG�FHOO�GHDWK��&RUUHODWLRQ�ZLWK�WKH�GXUDWLRQ�RI�SRUH�

RSHQLQJV�LQ�VLWX��J Biol Chem ����������±������

��� 6FKLQ]HO��$�&���7DNHXFKL��2���+XDQJ��=��HW�DO���������&\FORSKLOLQ�'�LV D�FRPSRQHQW�RI�

PLWRFKRQGULDO� SHUPHDELOLW\� WUDQVLWLRQ� DQG� PHGLDWHV� QHXURQDO� FHOO� GHDWK� DIWHU� IRFDO�

FHUHEUDO�LVFKHPLD��Proc Natl Acad Sci USA ����������±������

��� 3HWURQLOOL�� 9��� 0LRWWR�� *��� &DQWRQ�� 0�� HW� DO�� ������� ,PDJLQJ� WKH� PLWRFKRQGULDO�

SHUPHDELOLW\�WUDQVLWLRQ�SRUH�LQ�LQWDFW�FHOOV��Biofactors ������±����

��� *LOOHVVHQ�� 7��� *UDVVKRII�� &��� DQG� 6]LQLF]�� /�� ������� 0LWRFKRQGULDO� SHUPHDELOLW\�

WUDQVLWLRQ�FDQ�EH�GLUHFWO\�PRQLWRUHG�LQ�OLYLQJ�QHXURQV��Biomed Pharmacother �������±
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��� $EUDPRY��$�<��� DQG�'XFKHQ�0�5�� �������$FWLRQV� RI� LRQRP\FLQ�� ��%U$������ DQG� D�

QRYHO� HOHFWURJHQLF�&D��� LRQRSKRUH� RQ�PLWRFKRQGULD� LQ� LQWDFW� FHOOV��Cell Calcium ���

���±����

��� 6XQ��0�*���:LOOLDPV��-���0XQR]�3LQHGR��&��HW�DO�� �������&RUUHODWHG� WKUHH�GLPHQVLRQDO�
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(YHQ�WKRXJK�LW�LV�ZHOO�GHPRQVWUDWHG�WKDW�:QW�VLJQDOLQJ�LV�LQYROYHG�LQ�SURFHVVHV�UHODWHG�WR�

QHXURSURWHFWLRQ� LQ� $'� �&HUSD� HW� DO��� ������ ,QHVWURVD� DQG� 9DUHOD�1DOODU�� ������� WKHUH� LV� QR�

GLUHFW�HYLGHQFH�H[SODLQLQJ�WKH�PHFKDQLVP�E\�ZKLFK�WKLV�VLJQDOLQJ�SURWHFWV�QHXURQV�IURP�FHOO�

GHDWK� RU� ZKHWKHU� WKLV� QHXURSURWHFWLYH� HIIHFW� LV� GXH� WR� WKH� UROH� RI� :QW� VLJQDOLQJ� LQ� WKH�

UHJXODWLRQ� RI� FHOO� GHDWK� FDVFDGHV�� DQG� HYHQ� ZKLFK� DUH� WKH� FHOOXODU� VWHSV� WKDW� PHGLDWH� WKLV�

SURWHFWLYH�HIIHFW��6LQFH�FHOO�GHDWK�LV�PDLQO\�UHJXODWHG�DW�WKH�PLWRFKRQGULD�DQG�WKLV�RUJDQHOOH�LV�

RQH� RI� WKH� HDUO\� WDUJHWV� GLUHFWO\� DIIHFWHG� LQ�$'� �(FNHUW� HW� DO��� ������ -RKUL� DQG�%HDO�� ������

5HGG\��������ZH�GHFLGHG�WR�VWXG\�ZKHWKHU�:QW�VLJQDOLQJ�DFWLYDWLRQ�H[HUWV�LWV�SURWHFWLYH�UROH�

WKURXJK�SUHYHQWLQJ�PLWRFKRQGULDO�GDPDJH��%HFDXVH�PLWRFKRQGULDO�IXQFWLRQ�GHFOLQHV�ZLWK�WKH�

SURJUHVVLRQ�RI�WKH�GLVHDVH��6ZHUGORZ�HW�DO����������DQG�GXH�WR�LWV�IXQFWLRQ�GLUHFWO\�GHSHQGV�RQ�

WKH�PLWRFKRQGULDO�PHPEUDQH� LQWHJULW\� DQG� WKH� SUHVHUYDWLRQ� RI� LWV� VWUXFWXUH� �.URHPHU� HW� DO���

�������ZH�H[SORUHG�WKH�UROH�RI�:QW�VLJQDOLQJ�LQ�WKH�UHJXODWLRQ�RI�PLWRFKRQGULDO�SHUPHDELOLW\�

DQG� ZKHWKHU� WKLV� UHJXODWLRQ� LV� D� UHVXOW� RI� WKH� LQKLELWLRQ� RI� RQH� RI� WKH� PDLQ� PHFKDQLVPV�

LQYROYHG� LQ� WKLV� SURFHVV�� WKH�P373� RSHQLQJ�� 7KLV� K\SRWKHVLV� DOORZV� XV� WR� SURSRVH� WKDW� WKH�

UHJXODWLRQ�RI�WKH�PLWRFKRQGULDO�SHUPHDELOLW\�WKURXJK�:QW�VLJQDOLQJ�LV�UHODWHG�WR�WKH�SURWHFWLRQ�

DJDLQVW� $E�LQGXFHG� QHXURQDO� GHDWK�� ,Q� WKLV� VWXG\�� ZH� IRXQG� WKDW� WKH� DFWLYDWLRQ� RI� :QW�

VLJQDOLQJ� WKURXJK� WKH�:QW�D OLJDQG� SUHYHQWV� WKH�P373� RSHQLQJ� LQGXFHG� E\� WKH� WR[LFLW\� RI�

$ER� LQ� KLSSRFDPSDO� QHXURQV�� DV� ZHOO� DV� LQKLELWV� DOO� RI� WKH� FRQVHTXHQW� HIIHFWV� WKDW� DIIHFW�
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PLWRFKRQGULD��VXFK�DV�WKH�ORVV�RI�PHPEUDQH�SRWHQWLDO��PLWRFKRQGULDO�PRUSKRORJLFDO�FKDQJHV��

PLWRFKRQGULDO�VWUXFWXUH�GLVUXSWLRQ��DQG�F\WRFKURPH�F�UHOHDVH�DQG��WKHUHIRUH��QHXURQDO�GHDWK���

�����:QW�VLJQDOLQJ�DQG�$ER�LQGXFHG�QHXURQDO�GHDWK��

7KH� DFWLYDWLRQ� RI� :QW VLJQDOLQJ� SDWKZD\� KDV� EHHQ� SK\VLRORJLFDOO\� LPSOLFDWHG� LQ�

IXQGDPHQWDO�SURFHVVHV�RI� WKH�GHYHORSPHQW��PDLQWHQDQFH�DQG� IXQFWLRQ�RI� WKH�FHQWUDO�QHUYRXV�

V\VWHP� �&16�� �,QHVWURVD� DQG� $UHQDV�� ������� %H\RQG� LWV� HVVHQWLDO� UROH� LQ� FHOO� SUROLIHUDWLRQ��

WLVVXH�SDWWHUQLQJ��FHOO�IDWH��PLJUDWLRQ��PRUSKRJHQHVLV�DQG�V\QDSWLF�IXQFWLRQ��=RX�DQG�6DOLQDV��

�������:QW� VLJQDOLQJ� KDV� EHHQ� UHODWHG� WR� FHOO� VXUYLYDO� DQG� QHXURGHJHQHUDWLRQ� �+DUYH\� DQG�

0DUFKHWWL��������2OLYD�HW�DO����������)RU�VHYHUDO�\HDUV��RXU� ODERUDWRU\�KDV�EHHQ�VWXG\LQJ� WKH�

UROH�RI�:QW�VLJQDOLQJ�LQ�WKH�QHXURGHJHQHUDWLRQ�REVHUYHG�LQ�$'��7KH�ILUVW�WLPH�WKDW�FDQRQLFDO�

:QW�VLJQDOLQJ�ZDV�UHODWHG�WR�$'�ZDV�E\�'H�)HUUDUL�DQG�,QHVWURVD�LQ�������DQG�WKH\�SURSRVHG�

WKDW�VXVWDLQHG�ORVV�RI�:QW�VLJQDOLQJ�IXQFWLRQ�PD\�OHDG�WR�$'��'H�)HUUDUL�DQG�,QHVWURVD���������

/DWHU�� WKH\� VKRZHG� WKDW� $E� ILEULOV� LQGXFH� WKH� GHVWDELOL]DWLRQ� RI� HQGRJHQRXV� OHYHOV� RI� E�

FDWHQLQ�� ZKLFK� ZHUH� UHFRYHUHG� ZLWK� OLWKLXP� �'H� )HUUDUL� HW� DO��� ������� D� SKDUPDFRORJLFDO�

LQKLELWRU� RI� *6.��E�� DQG� WKHUHIRUH� DQG� LQGXFWRU� RI� :QW� VLJQDOLQJ� DFWLYDWLRQ� �.OHLQ� DQG�

0HOWRQ���������6XEVHTXHQW�VWXGLHV�IURP�RXU�ODERUDWRU\�GHPRQVWUDWHG�WKDW�WKH�GLUHFW�DFWLYDWLRQ�

RI�WKH�FDQRQLFDO�:QW�VLJQDOLQJ��WKURXJK�WKH�:QW�D�OLJDQG��SUHYHQWV�QHXURQDO�GHDWK�LQGXFH�E\�

$E� ILEULOV� DQG� WKDW� WKLV� DFWLYDWLRQ� DOVR� UHVFXH� WKH� OHYHOV� RI�:QW�UHODWHG� SURWHLQV�� VXFK� DV�E�

FDWHQLQ��ZKLFK�ZHUH�GRZQ�UHJXODWHG�E\�$E�WR[LFLW\��$OYDUH]�HW�DO����������LQGLFDWLQJ�WKDW�:QW�

VLJQDOLQJ�DFWLYDWLRQ�SOD\V�D�NH\�UROH�LQ�QHXURSURWHFWLRQ�DJDLQVW�$E�LQGXFHG�QHXURQDO�GHDWK��7R�

UHSURGXFH�WKH�SURWHFWLYH�UROH�RI�:QW�D�DJDLQVW�$E�LQGXFHG�QHXURQDO�GHDWK�ZH�SHUIRUPHG�WZR�

YLDELOLW\�DVVD\V��+RHFKVW�VWDLQLQJ�WR�GHWHFW�DSRSWRWLF�QXFOHL�DQG�WKH�/LYH�'HDG�DVVD\�DV�D�ODWH�
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PDUNHU� RI� QHXURQDO� GHDWK�� KRZHYHU�� XQOLNH� WKH� VWXGLHV� SUHYLRXVO\� GHVFULEHG�� ZH� XVH� $E�

ROLJRPHUV� LQVWHDG� RI� ILEULOV� WR� LQGXFH� FHOO� GHDWK�� VLQFH� FXUUHQWO\� WKLV� VWDWH� RI� DJJUHJDWLRQ� LV�

FRQVLGHUHG�DV�WKH�PRVW�WR[LF�VSHFLHV�UHODWHG�WR�WKH�QHXURQDO�DQG�FRJQLWLYH�GDPDJH�GHVFULEHG�LQ�

$'��&OHDU\�HW�DO���������:DOVK�HW�DO����������7KH�$ER�SUHSDUDWLRQ�ZDV�DQDO\]HG�E\�WULV�WULFLQH�

JHOHV� WR� FRQILUP� WKH�SUHVHQFH�RI� ORZ�PROHFXODU�ZHLJKW� ROLJRPHUV� �GLPHUV� WR� WHWUDPHUV�� DQG�

WKURXJK�HOHFWURQ�PLFURVFRS\�WR�REVHUYHG�WKHLU�VWUXFWXUH��$SHQGL[��$��%���7KHVH�$ER�SURGXFH�

D�����GHFUHDVH�LQ�QHXURQDO�YLDELOLW\��ZKLFK�ZDV�VLJQLILFDQW�IURP����0�$ER��HYDOXDWHG�DW����K�

WUHDWPHQW� �$SHQGL[� �&��� :LWK� WKHVH� FRQGLWLRQV� ZH� SHUIRUPHG� PRVW� RI� WKH� H[SHULPHQWV� LQ�

KLSSRFDPSDO�QHXURQV�DQG�EUDLQ�VOLFHV�WR�LQGXFH�$ER�GHSHQGHQW�GDPDJH��$V�ZH�H[SHFWHG��:QW�

VLJQDOLQJ� DFWLYDWLRQ� ZLWK� UHFRPELQDQW� :QW�D� VLJQLILFDQWO\� SUHYHQWHG� WKH� DSRSWRVLV� DQG�

WKHUHIRUH� WKH� QHXURQDO� GHDWK� LQGXFHG� E\� $E�� 7KHVH� UHVXOWV� FRQILUPHG� WKH� QHXURSURWHFWLYH�

HIIHFW� WKDW� :QW� FDQRQLFDO� VLJQDOLQJ� DFWLYDWLRQ� JHQHUDWHV� DJDLQVW� $E� WR[LFLW\�� SDUWLFXODUO\�

DJDLQVW�WKH�ROLJRPHULF�IRUPV�RI�$E��

�����:QW�VLJQDOLQJ�DQG�LWV�UHJXODWLRQ�RI�PLWRFKRQGULDO�FDOFLXP�OHYHOV�

2QH�RI�WKH�LPSRUWDQW�IXQFWLRQV�RI�PLWRFKRQGULD�LV�WR�FRQWURO�FDOFLXP�YDULDWLRQV�LQVLGH�WKH�

FHOO�� $� PDVVLYH� DQG� XQFRQWUROOHG� FDOFLXP� LQIOX[� LQWR� PLWRFKRQGULD� GLUHFWO\� DIIHFWV�

PLWRFKRQGULDO� SHUPHDELOLW\� �'X� DQG�<DQ�� ����E�� WKURXJK� WKH�P373� RSHQLQJ� �6]DODL� HW� DO���

������� LQGXFLQJ� PLWRFKRQGULDO� PHPEUDQH� SRWHQWLDO� GLVVLSDWLRQ�� LQFUHDVHG� PHPEUDQHV�

SHUPHDELOLW\�DQG��ILQDOO\��QHXURQDO�GHDWK��&HOVL�HW�DO����������,Q�DJUHHPHQW�ZLWK�WKLV��LW�LV�YHU\�

ZHOO� HVWDEOLVKHG� WKDW� FDOFLXP� SOD\V� DQ� LPSRUWDQW� UROH� LQ� WKH� QHXURWR[LFLW\� RI�$'� LQ�PRXVH�

PRGHOV��/D)HUOD��������6WXW]PDQQ�HW�DO���������DQG�in vitro��EHFDXVH�LW�KDV�EHHQ�GHPRQVWUDWHG�

WKDW� $E� DJJUHJDWHV�� SUHSDUHG� IURP� $E� V\QWKHWLF� SHSWLGHV�� LQGXFH� LQWUDFHOOXODU� FDOFLXP�
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LQFUHDVH�� ZKLFK� GLUHFWO\� LPSDFWV� WKH� PLWRFKRQGULDO� FDOFLXP� OHYHOV� �'LQDPDUFD� HW� DO��� ������

6XSQHW�DQG�%H]SUR]YDQQ\���������3UHYLRXV�VWXGLHV�UHODWHG�WR�WKH�UROH�RI�:QW�VLJQDOLQJ�LQ�WKH�

UHJXODWLRQ�RI�$E�LQGXFHG�LQWUDFHOOXODU�FDOFLXP�LQFUHDVH�KDYH�VKRZQ�WKDW�WKH�HDUO\�DFWLYDWLRQ�RI�

:QW� VLJQDOLQJ��ZLWK� WKH� FDQRQLFDO� OLJDQG�:QW�D�� SUHYHQWV� WKH� LQWUDFHOOXODU� FDOFLXP� LQFUHDVH�

JHQHUDWHG�E\�$E� ILEULOV� �4XLQWDQLOOD� HW� DO��� ������DQG�ROLJRPHUV� �'LQDPDUFD�HW� DO��� ������ LQ�

KLSSRFDPSDO� QHXURQV�� 7KH\� DOVR� VKRZHG� WKDW� WKHVH� ROLJRPHUV� DIIHFW� WKH� FDOFLXP� EXIIHULQJ�

IXQFWLRQ� RI� WKH� PLWRFKRQGULD�� EHFDXVH� WKH\� SURGXFH� FDOFLXP� RYHUORDG� LQWR� WKH� RUJDQHOOH��

KRZHYHU� LW� KDV� QRW� EHHQ� H[SORUHG� ZKHWKHU� :QW� VLJQDOLQJ� LV� DEOH� WR� SUHYHQW� WKLV� FDOFLXP�

LQFUHDVH� LQWR�PLWRFKRQGULD�DQG� LI� WKLV�SURFHVV� LV� LQYROYHG� LQ� WKH�QHXURSURWHFWLYH� UROH�RI� WKLV�

VLJQDOLQJ�SDWKZD\�DJDLQVW�$E� WR[LFLW\� LQ�$'��7KH� UHVXOWV� LQGLFDWH� WKDW�RXU�$ER�SUHSDUDWLRQ�

ZDV� DEOH� WR� LQGXFH�PLWRFKRQGULDO� FDOFLXP� FKDQJHV� LQ� QHXURQV��ZKLFK�ZDV� SUHYHQWHG� LQ� WKH�

SUHVHQFH�RI�WKH�XQLSRUWHU�LQKLELWRU�5X�����<LQJ�HW�DO����������ZLWK�QR�HIIHFW�RYHU�LQWUDFHOOXODU�

FDOFLXP�OHYHOV�LQGXFHG�E\�$ER��7KLV�PLWRFKRQGULDO�FDOFLXP�FKDQJH�ZDV�VSHFLILFDOO\�REVHUYHG�

DW�WKH�QHXULWHV�RI�QHXURQV��7KHVH�FRPSDUWPHQWDOL]HG�HIIHFWV�RI�$ER�RQ�PLWRFKRQGULDO�FDOFLXP�

FKDQJHV�FRXOG�EH�H[SODLQHG�E\� WKH� VSHFLILF� VHQVLWLYLW\�RI� V\QDSWLF�PLWRFKRQGULD� �UDWKHU� WKDQ�

QRQ�V\QDSWLF�PLWRFKRQGULD��WR�FDOFLXP�RYHUORDG��ZKLFK�FDXVH�WKHP�WR�PRUH�UHDGLO\�XQGHUJR�D�

SHUPHDELOLW\� WUDQVLWLRQ��%URZQ�HW�DO����������ZKLFK� LV� LQ�DJUHHPHQW�ZLWK� UHFHQW�REVHUYDWLRQV�

WKDW�LQGLFDWH�WKDW�V\QDSWLF�PLWRFKRQGULD�DUH�PRUH�VHQVLWLYH�WR�GLUHFW�$E�GDPDJH��DIIHFWLQJ�WKH�

WUDIILFNLQJ�DQG� WUDQVSRUW� RI� WKH�PLWRFKRQGULD� WR� VSHFLILF� UHJLRQV�RI� WKH�QHXURQV�ZKHUH�PRUH�

HQHUJ\�LV�UHTXLUHG��HYHQ�PDNLQJ�WKRVH�PLWRFKRQGULD�PRUH�VHQVLWLYH�WR�P373��'X�HW�DO����������

,Q� WKH� VDPH� ZD\�� WKH� &\S'� OHYHOV� RI� V\QDSWLF� PLWRFKRQGULD� DUH� DOVR� LPSRUWDQW� LQ� WKH�

VHQVLWLYLW\� RI� WKRVH�PLWRFKRQGULD� WR�$E� GDPDJH� DQG� LW� KDV� EHHQ� GHVFULEHG� WKDW� KLJK� &\S'�

FRQWHQW� LQ� V\QDSWLF� PLWRFKRQGULD� PDNHV� WKHP� PRUH� YXOQHUDEOH� WR� SHUPHDELOLW\� WUDQVLWLRQV�
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�1DJD� HW� DO��� ������� ,QWHUHVWLQJO\�� DQG� UHODWHG� WR� WKH� UHVXOWV� REWDLQHG� LQ� WKLV�ZRUN� DERXW� WKH�

FDSDELOLW\�RI�:QW�D� WR�SUHYHQW�PLWRFKRQGULDO�FDOFLXP�RYHUORDG� LQGXFHG�E\�$ER�� LW�KDV�EHHQ�

GHPRQVWUDWHG� WKDW� WKH� V\QDSWLF�GDPDJH�PHGLDWHG�E\�$E� LQ�QHXURQV� UHTXLUHG�:QW� DQWDJRQLVW�

FRPSRQHQWV��VXFK�DV�'LFNNRSI����'..����3XUUR�HW�DO����������DQRWKHU�SLHFH�RI�HYLGHQFH�WKDW�

VXJJHVWV� WKDW� WKH�PRGXODWLRQ� RI�:QW� VLJQDOLQJ� DFWLYLW\� FRXOG� EH� LPSRUWDQW� LQ� UHJXODWLQJ�$E�

WR[LFLW\�RQ�QHXURQDO�IXQFWLRQ�DQG�YLDELOLW\��,Q�DJUHHPHQW�ZLWK�WKLV�LGHD��ZH�REVHUYHG�WKDW�WKH�

LQKLELWLRQ� RI� FDQRQLFDO� :QW� VLJQDOLQJ� ZLWK� '..�� SOXV� $ER� UHVXOWHG� LQ� DQ� LQFUHDVH� LQ�

PLWRFKRQGULDO�FDOFLXP�DW�WKH�VRPD��$SHQGL[�����ZKHUH�ZH�GLG�QRW�LQLWLDOO\�REVHUYH�VLJQLILFDQW�

FKDQJHV� ZLWK� $ER� DORQH�� ZKLFK� VXJJHVWV� WKDW� WKH� LQKLELWLRQ� RI� HQGRJHQRXV� :QW� VLJQDOLQJ�

FRXOG�EH�SRWHQWLDWLQJ� WKH�HIIHFW�RI�$ER�RYHU� WKH�PRGXODWLRQ�RI�PLWRFKRQGULDO�FDOFLXP�OHYHOV�

DQG�� LQ� WKLV� PDQQHU�� FRXOG� EH� SDUWLFLSDWLQJ� LQ� WKH� UHJXODWLRQ� RI� WKH� SHUPHDELOLW\� WUDQVLWLRQ�

LQGXFHG�E\�$E��

�����:QW�VLJQDOLQJ�DV�D�QRYHO�UHJXODWRU�RI�PLWRFKRQGULDO�SHUPHDELOLW\�

7KHUH� DUH� VHYHUDO� GHVFULEHG� HYHQWV� WKDW� RFFXU� DV� D� FRQVHTXHQFH� RI� WKH� PLWRFKRQGULDO�

SHUPHDELOLW\� WUDQVLWLRQ� WULJJHUHG� LQ�$'� �0RUHLUD� HW� DO��� �������:KHQ� WKH� ,00� LV� GLVUXSWHG��

EHFDXVH� RI� WKH� IRUPDWLRQ� RI� WKH�P373��PLWRFKRQGULD� XQGHUJR� VRPH� VWUXFWXUDO� FKDQJHV� WKDW�

ILQDOO\�DIIHFW�LWV�IXQFWLRQ�DQG�WKHUHIRUH��WKH�FHOOXODU�GHFLVLRQ�EHWZHHQ�OLIH�RU�GHDWK��1HZPH\HU�

DQG�)HUJXVRQ�0LOOHU���������7KH�ORVV�RI�P'<�DQG�WKH�UHOHDVH�RI�SURDSRWRWLF�IDFWRUV�IURP�WKH�

PLWRFKRQGULD� WR� WKH� F\WRSODVP� DUH� NH\� SURFHVVHV� UHODWHG� WR� P373� IRUPDWLRQ� DQG� RSHQLQJ�

�3HWURQLOOL� HW� DO��� ������� )RU� WKLV� UHDVRQ�� ZH� GHFLGHG� WR� DQDO\]H�� LQ� WKH� ILUVW� LQVWDQFH�� ERWK�

HYHQWV�XQGHU�$ER�WUHDWPHQW�LQ�WKH�QHXURQV�LQ�ZKLFK�:QW�VLJQDOLQJ�ZDV�SUHYLRXVO\�DFWLYDWHG��

2XU� UHVXOWV� LQGLFDWH� WKDW� :QW�D� SUHYHQWV� ERWK�� WKH� $ER�LQGXFHG� P'<� GLVVLSDWLRQ� DQG� WKH�
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UHOHDVH� RI� F\WRFKURPH�F� IURP� WKH� LQQHU� VSDFH� WR� WKH� F\WRSODVP�� 7KH� UDSLG� GHFD\� RI� P'<�

REVHUYHG�ZDV�FRUUHODWHG�ZLWK�WKH�NLQHWLF�RI�WKH�P373�RSHQLQJ��7KLV�SKHQRPHQRQ�ZDV�GLUHFWO\�

HYDOXDWHG�E\�D�OLYH�FHOO�LPDJLQJ�DVVD\�EDVHG�RQ�PLWRFKRQGULDO�FDOFHLQ�GLVVLSDWLRQ��DV�D�UHVXOW�

RI� WKH�P373� RSHQLQJ�� DV�ZDV� GHVFULEHG� SUHYLRXVO\� �*LOOHVVHQ� HW� DO��� ������ 3HWURQLOOL� HW� DO���

������DQG�DV�LV�GHWDLOHG�LQ�WKH�&KDSWHU�,,�RI�WKLV�WKHVLV��,QWHUHVWLQJO\��:QW�VLJQDOLQJ�DFWLYDWLRQ�

DOVR�SUHYHQWV�WKH�P373�LQGXFWLRQ�LQ�D�VLPLODU�ZD\�DV�WKH�P373�LQKLELWRU��F\FORVSRULQ�$��&V$��

�+DOHVWUDS� HW� DO��� ������� VXJJHVWLQJ� D� SRVVLEOH� PHFKDQLVP� E\� ZKLFK� :QW� VLJQDOLQJ� FRXOG�

UHJXODWH� QHXURQDO� GHDWK�� $OO� RI� WKHVH� PLWRFKRQGULDO� DOWHUDWLRQV� UHODWHG� WR� WKH� PLWRFKRQGULDO�

PHPEUDQHV� SHUPHDELOLW\� DUH� DVVRFLDWHG� ZLWK� PRUSKRORJLFDO� FKDQJHV� WKDW� PLWRFKRQGULD�

XQGHUJR�GXULQJ�P373�RSHQLQJ��0RUHLUD�HW�DO����������

�����8OWUDVWUXFWXUDO�FKDQJHV�RI�PLWRFKRQGULD�GXULQJ�SHUPHDELOLW\�WUDQVLWLRQ��

� 7KH� SHUPHDELOL]DWLRQ� RI� WKH� ,00� LQGXFHV�PRUSKRORJLFDO� FKDQJHV� LQ� WKH�PLWRFKRQGULD��

LQFOXGLQJ�DQ�LQFUHDVHG�VL]H�DQG�YROXPH��EHFDXVH�RI�ZDWHU�DQG�VROXWHV�H[FKDQJH�GXULQJ�P373�

RSHQLQJ��NQRZQ�DV�swelling��WKH�GLVUXSWLRQ�RI�ERWK�PHPEUDQHV�DQG�FULVWDH�GLVRUJDQL]DWLRQ��$OO�

RI� WKHVH� HYHQWV� DUH� FODVVLFDO� IHDWXUHV� WKDW� PLWRFKRQGULD� SUHVHQW� LQ� QHXURQV� XQGHUJRLQJ� FHOO�

GHDWK� �6XQ� HW� DO��� ������� 7R� FRUUHODWH� WKH� LQKLELWLRQ� RI� P373� RSHQLQJ� PHGLDWHG� E\� :QW�

VLJQDOLQJ�DFWLYDWLRQ�ZLWK�WKHVH�PLWRFKRQGULDO�PRUSKRORJLFDO�DOWHUDWLRQV�WKDW�DUH�JHQHUDWHG�E\�

$E�LQ�$'��ZH�SHUIRUPHG�WKUHH�GLPHQVLRQDO�UHFRQVWUXFWLRQ�RI�WKH�PLWRFKRQGULDO�QHWZRUN�IURP�

KLSSRFDPSDO�QHXURQV�WUDQVIHFWHG�ZLWK�PLWR�&KHUU\��:H�REVHUYHG�WKDW�QHXURQV�H[SRVHG�WR�$ER�

SUHVHQWHG� PLWRFKRQGULD� ZLWK� LQFUHDVHG� VSKHULFLW\� DQG� YROXPH�� PRUSKRORJLFDO� FKDQJHV�

FRUUHODWHG�ZLWK�PLWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ��%HUQDUGL�HW�DO����������:H�DOVR�REVHUYHG�

WKDW�WKHVH�PRUSKRORJLFDO�FKDQJHV�ZHUH�FRPSOHWHO\�SUHYHQWHG�E\�:QW�D���
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� $�GHWDLOHG�DQDO\VLV�RI�WKHVH�SDUDPHWHUV�ZDV�FRQGXFWHG�E\�HOHFWURQ�PLFURVFRS\�WR�FRUUHODWH�

WKHVH� SURWHFWLYH� HIIHFWV� LQ� DQ� in vivo� PRGHO� XVLQJ� KLSSRFDPSDO� VOLFHV� IURP� PRXVH� EUDLQV��

VSHFLILFDOO\� DW� WKH� &$�� UHJLRQ� RI� WKH� KLSSRFDPSXV�� :H� HYDOXDWHG� WKHVH� FKDQJHV� DW� WKLV�

SDUWLFXODU� ]RQH� EHFDXVH� LW� KDV� EHHQ� UHSRUWHG� WKDW�PLWRFKRQGULD� DQG� V\QDSVHV� IURP� WKH�&$��

VKRZ�HDUO\�VHQVLWLYLW\�WR�GDPDJH�LQ�$'��%DOLHWWL�HW�DO����������$V�ZH�H[SHFWHG��ZH�REVHUYHG�

GUDPDWLF�FKDQJHV�LQ�WKH�PLWRFKRQGULDO�LQWHJULW\�DQG�PRUSKRORJ\�LQ�VOLFHV�WKDW�ZHUH�H[SRVHG�WR�

$ER� IRU� RQO\� �� K�� $V� KDV� EHHQ� VHHQ� EHIRUH�� �� K� RI� $ER� H[SRVXUH� LV� HQRXJK� WR� DIIHFW� WKH�

V\QDSVHV�RI�KLSSRFDPSDO�QHXURQV��GLVUXSWLQJ�WKH�FOXVWHULQJ�RI�36'�����,QHVWURVD�HW�DO����������

ZKLFK�LV�FRUUHODWHG�ZLWK�WKH�IDFW�WKDW�V\QDSWLF�PLWRFKRQGULD�DUH�DOVR�PRUH�VHQVLWLYH�WKDQ�QRQ�

V\QDSWLF� PLWRFKRQGULD� �%URZQ� HW� DO��� ������� 7KH� PRUSKRORJLFDO� DQDO\VLV� IURP� WKH� HOHFWURQ�

PLFURVFRS\� LPDJHV� VKRZHG� WKDW� PLWRFKRQGULD� IURP� $E�H[SRVHG� QHXURQV� SUHVHQW� LQFUHDVHG�

DUHD�� GLDPHWHU� DQG� SHULPHWHU�� FRQILUPLQJ� RXU� SUHYLRXV� UHVXOWV� LQ� FXOWXUHG� KLSSRFDPSDO�

QHXURQV�� WKURXJK� WKH��'� UHFRQVWUXFWLRQ��:H�ZHUH� DOVR� DEOH� WR�SUHYHQW� WKHVH� FKDQJHV�E\� WKH�

SUHLQFXEDWLRQ� RI� WKH� VOLFHV� ZLWK�:QW�D�� UHDIILUPLQJ� WKH� LGHD� WKDW� :QW� VLJQDOLQJ� DFWLYDWLRQ�

SUHYHQWV�P373�RSHQLQJ�DQG�WKHUHIRUH� WKH�PRUSKRORJLFDO�FKDQJHV� WKDW�PLWRFKRQGULD�XQGHUJR�

GXULQJ� WKLV� SKHQRPHQRQ�� 7KH� XOWUDVWUXFWXUDO� VWXG\� LQGLFDWHG� WKDW� WKH� DFWLYDWLRQ� RI� :QW�

VLJQDOLQJ�SUHYHQWV�PHPEUDQH�GLVUXSWLRQ�DQG�FULVWDH�GLVRUJDQL]DWLRQ�RI�PLWRFKRQGULD�H[SRVHG�

WR�$ER��IHDWXUHV�WKDW�KDYH�EHHQ�GHVFULEHG�IRU�WKH�$33�36��WUDQVJHQLF�PRXVH�PRGHO�RI�WKH�$'�

�.LP�HW�DO����������DQG�WKDW�ZH�ZHUH�DEOH�WR�SUHYHQW�DOVR�ZLWK�&V$��VXSSRUWLQJ�WKH�LGHD�WKDW�

:QW� SUHYHQWV�PLWRFKRQGULDO�PHPEUDQH� SHUPHDELOLW\�� SUHYHQWLQJ� WKH�PLWRFKRQGULDO� VZHOOLQJ�

LQGXFHG�E\�P373�RSHQLQJ��ZKLFK�ILQDOO\� OHDGV� WR�DSRSWRWLF�SURFHVVHV�DQG� WR�QHXURQDO�GHDWK�

�6XQ�HW�DO����������

�
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�����+RZ�FRXOG�:QW�VLJQDOLQJ�UHJXODWH�WKH�SHUPHDELOLW\�WUDQVLWLRQ�DQG�SRUH�DFWLYDWLRQ"�

,W�LV�ZHOO�GRFXPHQWHG�WKDW�$E�LQGXFHV�WKH�DFWLYDWLRQ�RI�P373�LQ�DQ�$'�PRXVH�PRGHO��'X�

HW�DO���������DQG�in vitro��0RUHLUD�HW�DO���������3DUNV�HW�DO���������6KHYW]RYD�HW�DO���������DQG�

WKDW�WKLV�DFWLYDWLRQ�DQG�WKH�VXEVHTXHQW�PLWRFKRQGULDO�DQG�QHXURQDO�GDPDJH�GHSHQGV�LQ�SDUW�RQ�

WKH�$E�LQWHUDFWLRQ�ZLWK�&\S'��WKH�PDLQ�FRPSRQHQW�RI�WKH�P373��%DLQHV�HW�DO���������6FKLQ]HO�

HW�DO����������ZKLFK�LV�WR�GDWH�WKH�RQO\�SURWHLQ�FRPSRQHQW�WKDW�LV�HVVHQWLDO�IRU�WKH�DFWLYDWLRQ�RI�

WKLV�SRUH��%DVVR�HW�DO���������.DWR�HW�DO�����������

2XU�UHVXOWV�LQGLFDWH�WKDW�WKH�:QW�D�OLJDQG�SUHYHQWV�P373�RSHQLQJ�LQGXFHG�E\�$ER�LQ�OLYH�

QHXURQV��7KH�DELOLW\�RI�:QW�VLJQDOLQJ�WR�SUHYHQW�WKH�P373�LQGXFWLRQ�SURGXFHG�E\�$E�FRXOG�EH�

PHGLDWHG� E\� WZR� GLIIHUHQW� PHFKDQLVPV�� ��� FRQWUROOLQJ� LQWUDFHOOXODU� FDOFLXP� YDULDWLRQV�

JHQHUDWHG�E\�$E��DV�KDV�EHHQ�SUHYLRXVO\�VXJJHVWHG��'LQDPDUFD�HW�DO���������4XLQWDQLOOD�HW�DO���

�������RU����UHJXODWLQJ�WKH�GLUHFW�HIIHFW�RI�$ER�RQ�P373�IRUPDWLRQ�DQG�DFWLYDWLRQ��'X�HW�DO���

������� +RZHYHU�� WKHUH� DUH� VHYHUDO� VRXUFHV� RI� HYLGHQFH� WKDW� VXJJHVW� WKDW� FDQRQLFDO� :QW�

VLJQDOLQJ�DFWLYDWLRQ�FRXOG�UHJXODWH�PLWRFKRQGULDO�PHPEUDQH�SHUPHDELOLW\�GLUHFWO\�WKURXJK�WKH��

LQKLELWLRQ�RI�WKH�P373�IRUPDWLRQ��)RU�H[DPSOH��LW�KDV�EHHQ�UHSRUWHG�WKDW�*6.��ȕ��RQH�RI�WKH�

PDLQ�FRPSRQHQWV�RI�WKH�:QW�VLJQDOLQJ�SDWKZD\��LV�DEOH�WR�WUDQVORFDWH�WR�WKH�PLWRFKRQGULD�DQG�

WR� DFW� RQ� LWV� LQDFWLYH� IRUP� �SKRVSKRU\ODWHG� DW� VHULQH� ���ZLWK� RQH� RI� WKH� FRPSRQHQWV� RI� WKH�

P373��WKH�DGHQLQH�QXFOHRWLGH�WUDQVORFDVH��$17��*RPH]�HW�DO���������-XKDV]RYD�HW�DO���������

1LVKLKDUD� HW� DO��� ������� 7KLV� LQWHUDFWLRQ� KDV� EHHQ� FRUUHODWHG� ZLWK� D� ���� GHFUHDVH� LQ� WKH�

LQWHUDFWLRQ�EHWZHHQ�&\S'�DQG�$17��ZKLFK�LV�QHFHVVDU\�IRU�P373�RSHQLQJ��0LXUD�DQG�7DQQR��

������0LXUD�HW�DO���������=RURY�HW�DO����������,QWHUHVWLQJO\��FDQRQLFDO�:QW�VLJQDOLQJ�DFWLYDWLRQ�

LQGXFHV�WKH�SKRVSKRU\ODWLRQ�RI�*6.��ȕ�DW�WKH�VDPH�UHVLGXH��6HU�����LQGXFLQJ�LWV�LQKLELWLRQ�DQG�

WKHUHIRUH�WKH�DFWLYDWLRQ�RI�WKH�:QW�VLJQDOLQJ�FDVFDGH��6WDPEROLF�DQG�:RRGJHWW���������7KHVH�
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ILQGLQJV� VXJJHVW� D� SRVVLEOH�PHFKDQLVP� WR� H[SODLQ� KRZ�:QW� FRXOG�PRGXODWH�P373�RSHQLQJ�

DQG�WKHUHIRUH�WKH�PLWRFKRQGULDO�SHUPHDELOLW\�LQGXFHG�E\�$E��2XU�UHVXOWV�VKRZLQJ�DQ�LQFUHDVH�

LQ� WKH�PLWRFKRQGULDO�FRQWHQW�RI�SKRVSKRU\ODWHG�*6.��E�DUH�FRQVLVWHQW�ZLWK� WKH�LGHD� WKDW� WKH�

LQKLELWLRQ� RI� *6.��E� PHGLDWHV� WKH� :QW�D� IXQFWLRQ� RQ� P373� UHJXODWLRQ� DQG� VXJJHVW� DQ�

H[SODQDWLRQ�DERXW�WKH�SRVVLEOH�PHFKDQLVP�E\�ZKLFK�:QW�LQKLELWV�WKH�P373�RSHQLQJ�DQG�WKH�

VXEVHTXHQW� OHWKDO� HYHQWV� JHQHUDWHG� LQ� QHXURQV�� WULJJHUHG� E\� WKH� PLWRFKRQGULDO� SHUPHDELOLW\�

LQGXFHG�E\�$E��+RZHYHU��IXUWKHU�DQDO\VLV�RI�WKH�LQWHUDFWLRQ�EHWZHHQ�SKRVSKRU\ODWHG�*6.��ȕ�

ZLWK�&\S'�RU�$17�ZLOO�EH�UHTXLUHG�WR�EHWWHU�FKDUDFWHUL]H�WKLV�SRVVLEOH�PHFKDQLVP��

������2WKHU�P373�PRGXODWRUV�DQG�LWV�DVVRFLDWLRQ�ZLWK�*6.��E��

6HYHUDO� P373� PRGXODWRUV� KDYH� EHHQ� GHVFULEHG� EHFDXVH� WKH\� LQWHUDFW� ZLWK� WKH� P373�

FRPSRQHQWV�RU�GLUHFWO\�UHJXODWH� WKH�ELQGLQJ�EHWZHHQ� WKH�FRPSRQHQWV�RI� WKH�SRUH��(OLVHHY�HW�

DO��� ������ 5DVROD� HW� DO��� ����D�� 6DUDLYD� HW� DO��� ������� 7KH� UHDO� VLWXDWLRQ� LV� WKDW� DOO� RI� WKH�

UHJXODWRUV� WKDW� KDYH� EHHQ� GHVFULEHG� FDQ� LQWHUDFW� ZLWK� VRPH� RI� WKH�PDLQ� FRPSRQHQWV� RI� WKH�

P373� RU� DIIHFW� RU� IDFLOLWDWH� LWV� LQWHUDFWLRQ�� WR� ILQDOO\� PRGXODWH� PLWRFKRQGULDO� PHPEUDQH�

SHUPHDELOLW\�DQG�FHOO�YLDELOLW\��$Q�H[DPSOH�LV�WKH�PLWRFKRQGULDO�KH[RNLQDVH�,,��+.,,��ZKLFK�

ZKHQ� LV� GHWDFKHG� IURP� WKH� PLWRFKRQGULD�� E\� D� VHOHFWLYH� +.� SHSWLGH�� LQGXFHV� WKH� P373�

RSHQLQJ� DQG� FHOO� GHDWK� �&KLDUD� HW� DO��� �������0LWRFKRQGULDO�+.,,� UHJXODWHV�P373� LQGXFWLRQ�

WKURXJK�WKH�GHOLYHU\�RI�D�VXUYLYDO�VLJQDO�WKDW�VWDELOL]HV�WKH�P373�LQ�WKH�FORVHG�FRQIRUPDWLRQ��

ZKHUHDV�+.,,� GHWDFKPHQW� IURP�PLWRFKRQGULD�ZRXOG�SURSDJDWHV� D� FRQIRUPDWLRQDO� FKDQJH� WR�

PROHFXOHV�RI�WKH�LQQHU�PLWRFKRQGULDO�PHPEUDQH��HYHQWXDOO\�OHDGLQJ�WR�SRUH�RSHQLQJ��5DVROD�HW�

DO��� ����E���2WKHU�P373�PRGXODWRU� LV� WKH� VXUYLYDO� NLQDVH�$NW��ZKLFK� VXUSULVLQJO\� UHJXODWHV�

+.,,�E\�SURPRWLQJ�LWV�ELQGLQJ�WR�PLWRFKRQGULD��WKURXJK�+.,,�SKRVSKRU\ODWLRQ��0L\DPRWR�HW�
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DO����������,QWHUHVWLQJO\�DQG�LQ�DJUHHPHQW�ZLWK�RXU�SURSRVDO��$NW�DOVR�SKRVSKRU\ODWHV�*6.��E�

WR� LQDFWLYDWH� LW��ZKLFK�KDV�EHHQ�GHVFULEHG� WR� IDYRU� WKH�DVVRFLDWLRQ�RI�+.,,� WR� WKH�200��%\�

FRQWUDVW�DFWLYDWLRQ�RI�*6.��E�ZDV�VKRZQ�WR�LQGXFH�UHOHDVH�RI�+.,,��HQKDQFLQJ�VXVFHSWLELOLW\�

WR�FHOO�GHDWK��5REH\�DQG�+D\����������

$QRWKHU�GHVFULEHG�PRGXODWRU�RI�P373�IRUPDWLRQ�LV�WKH�SUR�DSRSWRWLF�SURWHLQ�%D[��ZKLFK�

EHORQJV�WR�WKH�%FO���IDPLO\�SURWHLQV��&KLSXN�HW�DO����������%D[�LQWHUDFWV�ZLWK�$17��0DU]R�HW�

DO���������DQG�ERWK�FRRSHUDWH�WR�FRQWURO�GH�PLWRFKRQGULDO�GHSHQGHQW�DSRSWRVLV��0DU]R���������

2Q�WKH�RWKHU�KDQG��%FO���SURWHLQV�KDYH�DOVR�EHHQ�GHVFULEHG�WR�LQWHUDFW�ZLWK�9'$&��5DVROD�HW�

DO��� ����E�� DQG� WKH� EDODQFH� LQ� WKH� LQWHUDFWLRQ� EHWZHHQ�SUR�� DQG� DQWL�DSRSWRWLF� SURWHLQV�ZLWK�

9'$&�FRQWUROV� WKH�VHQVLWLYLW\�RI�PLWRFKRQGULD� WR�P373� LQGXFWLRQ��0DWKXSDOD�HW�DO����������

2QFH� DJDLQ�� LW� KDV� EHHQ� SURSRVHG� WKDW� *6.��E� FDQ� FRQWURO� WKLV� EDODQFH� WKURXJK� 9'$&�

SKRVSKRU\ODWLRQ��ZKLFK�ZRXOG� GLVSODFH�%FO��� IURP� LWV� LQWHUDFWLRQ�ZLWK�9'$&�� IDYRULQJ� WKH�

ELQGLQJ� EHWZHHQ� 9'$&� DQG� WKH� SUR�DSRSWRWLF� %D[�%DN� SURWHLQV�� DQG� WKHUHIRUH� WKH� P373�

LQGXFWLRQ� �0DWKXSDOD� HW� DO��� ������� ,W� KDV� EHHQ� VKRZQ� WKDW� *6.��E� LQWHUDFW� ZLWK� 9'$&�

�1LVKLKDUD� HW� DO��� ������ DQG� LQWHUHVWLQJO\� LQ� $'�� *6.��E� SKRVSKRU\ODWHV� 9'$&� ZKLFK� LV�

FRUUHODWHG�ZLWK�+.,,� DQG�DQWL�DSRSWRWLF�%FO��� IDPLO\�SURWHLQV�GLVVRFLDWLRQ� IURP�9'$&�DQG�

PLWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ��LQ�$'�QHXURQV��5HGG\���������7KHVH�DUH�RWKHU�SLHFHV�RI�

HYLGHQFH�WKDW�VXJJHVW�WKDW�WKH�UHJXODWLRQ�RI�*6.��E�DFWLYLW\�FRXOG�EH�LPSRUWDQW�LQ�WKH�FRQWURO�

RI�QHXURQDO�VHQVLWLYLW\�WR�P373�LQGXFWLRQ��DQG�UHLQIRUFH�WKH�LGHD�WKDW�:QW�FRXOG�LQKLELW�P373�

IRUPDWLRQ�WKURXJK�*6.��E�LQKLELWLRQ��

$V� ZDV� PHQWLRQHG� EHIRUH�� WKH� DQWL�DSRSWRWLF� SURWHLQ� %FO��� �.XZDQD� DQG� 1HZPH\HU��

������ LV� DQRWKHU� P373� UHJXODWRU� DQG� KDV� EHHQ� VKRZQ� WR� SUHYHQW� FHOO� GHDWK� WKURXJK� LWV�

LQWHUDFWLRQ�ZLWK�WKH�PDLQ�FRPSRQHQW�RI�WKH�SRUH��&\S'��(OLVHHY�HW�DO����������JLYLQJ�D�QRYHO�
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SURWHFWLYH�IXQFWLRQ�WR�&\S'��,QWHUHVWLQJO\��%FO���LV�GRZQUHJXODWHG�LQ�$'�PRGHOV��3DUDGLV�HW�

DO���������DQG�KDV�EHHQ�GHVFULEHG�DV�D�:QW�WDUJHW�JHQH�LQ�KLSSRFDPSDO�QHXURQV��)XHQWHDOED�HW�

DO���������DQG�DOVR�SDUWLFLSDWHV�LQ�PLWRFKRQGULDO�VWDELOL]DWLRQ�DJDLQVW�$E�GDPDJH��)XHQ]DOLGD�

HW�DO����������'HVSLWH�WKLV�HYLGHQFH��ZH�REVHUYHG�WKDW�WKH�LQKLELWLRQ�RI�SHUPHDELOLW\�WUDQVLWLRQ��

PHGLDWHG� E\� WKH� :QW�D OLJDQG�� ZDV� QRW� GHSHQGHQW� RQ� WKH� DFWLYDWLRQ� RI� :QW� WDUJHW� JHQHV�

WUDQVFULSWLRQ� EHFDXVH� WKH� WUHDWPHQW� RI� QHXURQV� ZLWK� ,&*������ D� :QW�E�FDWHQLQ�GHSHQGHQW�

WUDQVFULSWLRQ� LQKLELWRU� �(PDPL�HW�DO����������GLG�QRW�DEROLVK� WKH�SURWHFWLYH :QW�HIIHFW�RQ� WKH�

LQKLELWLRQ�RI�SHUPHDELOLW\�WUDQVLWLRQ��VWUHQJWKHQLQJ�WKH�LGHD�WKDW�WKLV�HIIHFW�FRXOG�EH�PHGLDWHG�

E\� WKH� PRGXODWLRQ� RI� *6.��ȕ� �1LVKLKDUD� HW� DO��� ������ UDWKHU� WKDQ� :QW�GHSHQGHQW� JHQHV��

)XUWKHU�DQDO\VLV�RI� WKH�LQWHUDFWLRQ�EHWZHHQ�SKRVSKRU\ODWHG�*6.��ȕ�ZLWK�&\S'�$17�9'$&�

FRPSOH[�ZLOO�EH�UHTXLUHG�WR�EHWWHU�FKDUDFWHUL]H�WKLV�SRVVLEOH�PHFKDQLVP��

�

$OWRJHWKHU�� WKH�GDWD� VKRZQ� VR� IDU�SURSRVH� D�QRYHO�PHFKDQLVP�E\�ZKLFK� FDQRQLFDO�:QW�

VLJQDOLQJ� SURWHFWV� QHXURQV� IURP� $ER� WR[LFLW\�� 7KLV� PHFKDQLVP� LQYROYHV� WKH� LQKLELWLRQ� RI�

P373�RSHQLQJ�DQG�DOO�RI�LWV�FRQVHTXHQFHV��WKHUHE\�SUHYHQWLQJ�WKH�QHXURQDO�GHDWK�REVHUYHG�LQ�

$'��7KLV�VWXG\�VXJJHVWV�D�SRVVLEOH�QHZ�DSSURDFK�IRU� WKH� WUHDWPHQW�RI�$'�DQG�RSHQV�D�QHZ�

OLQH�RI�VWXG\�LQ�WKH�ILHOG�RI�WKH�UROH�RI�:QW�VLJQDOLQJ�LQ�QHXURSURWHFWLRQ��

�

�

�

�

�

�
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7KH�UHVXOWV�SUHVHQWHG�LQ�WKLV�WKHVLV�DOORZ�XV�WR�IRUPXODWH�WKH�IROORZLQJ�FRQFOXVLRQV��

��� :QW�D� OLJDQG� SUHYHQWV� WKH� LQWUDFHOOXODU� DQG�PLWRFKRQGULDO� FDOFLXP� LQFUHDVH� LQGXFHG� E\�

$ER� LQ� KLSSRFDPSDO� QHXURQV��ZKLFK� LV� SUHYHQWHG� E\� WKH� FDQRQLFDO�:QW� VLJQDOLQJ� LQKLELWRU��

'LFNRSI����

��� $ER� SURGXFH�P'<� GLVVLSDWLRQ� LQ� OLYH� QHXURQV��ZKLFK� LV� SUHYHQWHG� E\� WKH� SUHWUHDWPHQW�

ZLWK�:QW�D��,QKLELWLRQ�RI�:QW�VLJQDOLQJ�HQDEOHV�:QW�D�OLJDQG�WR�UHVFXH�WKH�ORVV�RI�WKH�P'<��

��� :QW� VLJQDOLQJ� DFWLYDWLRQ� WKURXJK�:QW�D� OLJDQG�SUHYHQWV�ERWK�� WKH� F\WRFKURPH�F� UHOHDVH�

IURP�WKH�PLWRFKRQGULDO�DQG�WKH�QHXURQDO�GHDWK�LQGXFHG�E\�$ER���

��� :QW�D�SUHYHQWV�WKH�PLWRFKRQGULDO�PHPEUDQH�SHUPHDELOLW\�WKURXJK�WKH�LQKLELWLRQ�RI�$ER�

LQGXFHG� P373� RSHQLQJ�� E\� D� PHFKDQLVP� WKDW� LV� LQGHSHQGHQW� RQ� WKH� :QW� WDUJHW� JHQHV�

WUDQVFULSWLRQ�� VXJJHVWLQJ� WKH� SDUWLFLSDWLRQ� RI� D� QRQ�FRQYHQWLRQDO� :QW� VLJQDOLQJ� LQ� WKH�

UHJXODWLRQ�RI�WKH�P373��

��� :QW�D�LQGXFHV�LQFUHDVHG�OHYHOV�RI�LQDFWLYDWHG�*6.��E�DW�WKH�PLWRFKRQGULD��VXJJHVWLQJ�D�

SRVVLEOH�PHFKDQLVP�RQ�WKH�UHJXODWLRQ�RI�P373�LQKLELWLRQ�PHGLDWHG�E\�:QW�VLJQDOLQJ��

��� :QW� VLJQDOLQJ� DFWLYDWLRQ� SUHYHQWV� PRUSKRORJLFDO� DQG� XOWUDVWUXFWXUDO� FKDQJHV� WKDW�

PLWRFKRQGULD� XQGHUJR� GXULQJ� WKH� PLWRFKRQGULDO� VZHOOLQJ� LQGXFHG� E\� $ER� LQ� FXOWXUHG�

KLSSRFDPSDO�QHXURQV�DQG�LQ�KLSSRFDPSDO�VOLFHV��
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$SHQGL[����&KDUDFWHUL]DWLRQ�RI�$ER�SUHSDUDWLRQ�DQG�QHXURQDO�YLDELOLW\�� �$��7ULV�WULFLQH�
6'6�3$*(� DQDO\VLV� RI�$E� DJJUHJDWHV� SUHSDUHG� DW� ��&� DQG� DW� ���&�� )LUVW� ODQH� VKRZV� ORZ�
UDQJH�PROHFXODU�ZHLJKW�VSHFLHV��FRUUHVSRQGLQJ�WR�GLPHUV��WULPHUV�DQG�WHWUDPHUV��6HFRQG�ODQH�
LQGLFDWHV� WKH�SUHVHQFH�RI�$E� ILEULOV�XQGHU� WKHVH�FRQGLWLRQV��%��(OHFWURQ�PLFURVFRS\�DQDO\VLV�
VKRZV� ROLJRPHULF� VWUXFWXUHV� IURP� $E� SUHSDUDWLRQ� DW� ��&�� %DU� UHSUHVHQWV� ���� QP�� &��
/,9(�'($'� YLDELOLW\� DVVD\� SHUIRUPHG� ZLWK� WKH� $ER� SUHSDUDWLRQ� LQ� KLSSRFDPSDO� QHXURQV�
WUHDWHG�IRU����K��D��&DOFHLQ�SRVLWLYH�QHXURQV��JUHHQ��FRUUHVSRQG�WR�OLYH�FHOOV�LQ�WKH�FXOWXUH�DQG�
(WK'��SRVLWLYH�FHOOV��UHG�QXFOHL��UHSUHVHQW�GHDWK�QHXURQV��E��4XDQWLILFDWLRQ�RI�WKH�SHUFHQWDJH�
RI� OLYH�QHXURQV� LQ� UHVSRQVH� WR�$ER�H[SRVXUH�FRPSDUHG� WR�FRQWURO�QHXURQV��6WXGHQW�7�WHVW���
S�������Q ����
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$SHQGL[� ���0LWRFKRQGULDO� FDOFLXP�PHDVXUHPHQW� DW� WKH� VRPD� LQ� KLSSRFDPSDO� QHXURQV��
)RXUWHHQ� ',9� KLSSRFDPSDO� QHXURQV� ZHUH� ORDGHG� ZLWK� WKH�PLWRFKRQGULDO� FDOFLXP� LQGLFDWRU��
5KRG��$0�DW���&�WR�IDYRU�PLWRFKRQGULDO�ORDGLQJ�RI�WKH�SUREH��$��4XDQWLILFDWLRQ�RI�FKDQJHV�
LQ� PLWRFKRQGULDO� IOXRUHVFHQFH� LQWHQVLW\� �')�)��� LQ� D� WLPH� ODSVH� H[SHULPHQW� WR� GHWHFW�
PLWRFKRQGULDO� FDOFLXP� FKDQJHV� LQ� WKH� VRPD� RI� KLSSRFDPSDO� QHXURQV� LQ� UHVSRQVH� WR� ��� �0�
$ER�� 1HXURQV� ZHUH� SUHYLRXVO\� WUHDWHG� ZLWK�� FRQWURO� PHGLD�� U:QW�D� ����QJ�PO��� RU� U:QW�D�
SOXV�'..���'..�� �����QJ�PO���IRU���K�DQG�WKHQ�H[SRVHG�WR�$ER��%ODFN�EDU�LQGLFDWHV�WKH�
DGGLWLRQ�RI�$ER��7KH�JUDSK�VKRZV�WKH�PHDQ�r�6(0�RI�Q ��LQGHSHQGHQW�H[SHULPHQWV��$129$�
WHVW��post hoc�%RQIHUURQL�S��������
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$OIRUG��6���)UHQJXHOOL��%�*���6FKRILHOG��-�*���DQG�&ROOLQJULGJH��*�/�� ��������&KDUDFWHUL]DWLRQ�
RI�&D���VLJQDOV�LQGXFHG�LQ�KLSSRFDPSDO�&$��QHXURQHV�E\�WKH�V\QDSWLF�DFWLYDWLRQ�RI�10'$�
UHFHSWRUV��-��3K\VLRO��469�����±�����

$OYDUH]�� $�5��� *RGR\�� -�� D��0XOOHQGRUII�� .��� 2OLYDUHV�� *�+��� %URQIPDQ��0��� DQG� ,QHVWURVD��
1�&����������:QW��D�RYHUFRPHV�EHWD�DP\ORLG�WR[LFLW\�LQ�UDW�KLSSRFDPSDO�QHXURQV��([S��&HOO�
5HV��297�����±�����

$UUi]ROD��0�6���9DUHOD�1DOODU��/���&RORPEUHV��0���7ROHGR��(�0���&UX]DW��)���3DYH]��/���$VVDU��
5���$UDYHQD��$���*RQ]iOH]��0���0RQWHFLQR��0���HW�DO����������&DOFLXP�FDOPRGXOLQ�GHSHQGHQW�
SURWHLQ� NLQDVH� W\SH� ,9� LV� D� WDUJHW� JHQH� RI� WKH� :QW�EHWD�FDWHQLQ� VLJQDOLQJ� SDWKZD\�� -� &HOO�
3K\VLRO��221�����±�����

%DEFRFN��'�)���+HUULQJWRQ��-���*RRGZLQ��3�&���3DUN��<�%���DQG�+LOOH��%����������0LWRFKRQGULDO�
SDUWLFLSDWLRQ�LQ�WKH�LQWUDFHOOXODU�&D���QHWZRUN��-��&HOO�%LRO��136�����±�����

%DLQHV�� &�3��� .DLVHU�� 5�$��� 3XUFHOO�� 1�+��� %ODLU�� 1�6��� 2VLQVND�� +��� +DPEOHWRQ�� 0�$���
%UXQVNLOO��(�:���6D\HQ��0�5���*RWWOLHE��5�$���'RUQ��*�:���HW�DO����������/RVV�RI�F\FORSKLOLQ�'�
UHYHDOV�D�FULWLFDO�UROH�IRU�PLWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ�LQ�FHOO�GHDWK��1DWXUH�434�����±
�����

%DOLHWWL��0���*LRUJHWWL��%���&DVROL��7���6ROD]]L��0���7DPDJQLQL��)���%XUDWWLQL��&���$LFDUGL��*���
DQG�)DWWRUHWWL��3����������(DUO\�VHOHFWLYH�YXOQHUDELOLW\�RI�V\QDSVHV�DQG�V\QDSWLF�PLWRFKRQGULD�
LQ� WKH� KLSSRFDPSDO� &$�� UHJLRQ� RI� WKH� 7J����� PRXVH� PRGHO� RI� $O]KHLPHU¶V� GLVHDVH�� -�
$O]KHLPHUV�'LV��34�����±�����

%DVVR�� (��� )DQWH�� /��� )RZONHV�� -��� 3HWURQLOOL�� 9��� )RUWH�� 0�$��� DQG� %HUQDUGL�� 3�� ��������
3URSHUWLHV�RI�WKH�SHUPHDELOLW\�WUDQVLWLRQ�SRUH�LQ�PLWRFKRQGULD�GHYRLG�RI�&\FORSKLOLQ�'��-�%LRO�
&KHP�280�������±�������

%DWHV��.�$���9HUGLOH��*���/L��4��;���$PHV��'���+XGVRQ��3���0DVWHUV��&�/���DQG�0DUWLQV��5�1��
�������� &OHDUDQFH� PHFKDQLVPV� RI� $O]KHLPHU¶V� DP\ORLG�EHWD� SHSWLGH�� LPSOLFDWLRQV� IRU�
WKHUDSHXWLF�GHVLJQ�DQG�GLDJQRVWLF�WHVWV��0RO��3V\FKLDWU\�14�����±�����
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%HUQDUGL��3���.UDXVNRSI��$���%DVVR��(���3HWURQLOOL��9���%ODFKO\�'\VRQ��(���%ODOFK\�'\VRQ��(���
'L�/LVD��)��� DQG�)RUWH��0��D� ��������7KH�PLWRFKRQGULDO�SHUPHDELOLW\� WUDQVLWLRQ� IURP� LQ�YLWUR�
DUWLIDFW�WR�GLVHDVH�WDUJHW��)(%6�-��273������±������

%HUULGJH��0�-����������1HXURQDO�FDOFLXP�VLJQDOLQJ��1HXURQ�21����±����

%HUULGJH�� 0�-�� �������� &DOFLXP� VLJQDOOLQJ� DQG� $O]KHLPHU¶V� GLVHDVH�� 1HXURFKHP�� 5HV�� 36��
����±������

%H]SUR]YDQQ\�� ,��� DQG� 0DWWVRQ�� 0�3�� �������� 1HXURQDO� FDOFLXP� PLVKDQGOLQJ� DQG� WKH�
SDWKRJHQHVLV�RI�$O]KHLPHU¶V�GLVHDVH��7UHQGV�1HXURVFL��31�����±�����

%URZQ�� 0�5��� 6XOOLYDQ�� 3�*��� DQG� *HGGHV�� -�:�� �������� 6\QDSWLF� PLWRFKRQGULD� DUH� PRUH�
VXVFHSWLEOH� WR� &D��RYHUORDG� WKDQ� QRQV\QDSWLF� PLWRFKRQGULD�� -�� %LRO�� &KHP�� 281�� �����±
�������

&DQHYDUL�� /��� &ODUN�� -�%��� DQG� %DWHV�� 7�(�� �������� EHWD�$P\ORLG� IUDJPHQW� ������ VHOHFWLYHO\�
GHFUHDVHV�FRPSOH[�,9�DFWLYLW\�LQ�LVRODWHG�PLWRFKRQGULD��)(%6�/HWW��457�����±�����

&DVSHUVHQ��&���:DQJ��1���<DR��-���6RVXQRY��$���&KHQ��;���/XVWEDGHU��-�:���;X��+�:���6WHUQ��
'���0F.KDQQ��*��� DQG�<DQ�� 6��'X� ��������0LWRFKRQGULDO�$EHWD�� D� SRWHQWLDO� IRFDO� SRLQW� IRU�
QHXURQDO�PHWDEROLF�G\VIXQFWLRQ�LQ�$O]KHLPHU¶V�GLVHDVH��)$6(%�-��19������±������

&HOVL�� )��� 3L]]R�� 3��� %ULQL�� 0��� /HR�� 6��� )RWLQR�� &��� 3LQWRQ�� 3��� DQG� 5L]]XWR�� 5�� ��������
0LWRFKRQGULD��FDOFLXP�DQG�FHOO�GHDWK��D�GHDGO\�WULDG�LQ�QHXURGHJHQHUDWLRQ��%LRFKLP�%LRSK\V�
$FWD��1787�����±�����

&HUSD��:���'LQDPDUFD��0�&��� DQG� ,QHVWURVD��1�&�� �������� 6WUXFWXUH�IXQFWLRQ� LPSOLFDWLRQV� LQ�
$O]KHLPHU¶V�GLVHDVH�� HIIHFW�RI�$EHWD�ROLJRPHUV�DW� FHQWUDO� V\QDSVHV��&XUU��$O]KHLPHU�5HV��5��
���±�����

&HUSD�� :��� 7ROHGR�� (�0��� 9DUHOD�1DOODU�� /��� DQG� ,QHVWURVD�� 1�&�� �������� 7KH� UROH� RI� :QW�
VLJQDOLQJ�LQ�QHXURSURWHFWLRQ��'UXJ�1HZV�3HUVSHFW��22�����±�����

&KHQ��-�;���DQG�<DQ��6�6����������5ROH�RI�PLWRFKRQGULDO�DP\ORLG�EHWD�LQ�$O]KHLPHU¶V�GLVHDVH��
-��$O]KHLPHUV��'LV��20 Suppl 2��6���±����

&KHXQJ�� .��+��� 6KLQHPDQ�� '��� 0�OOHU�� 0��� &iUGHQDV�� &��� 0HL�� /��� <DQJ�� -��� 7RPLWD�� 7���
,ZDWVXER�� 7��� /HH�� 9�0��<��� DQG� )RVNHWW�� -�.�� �������� 0HFKDQLVP� RI� &D��� GLVUXSWLRQ� LQ�
$O]KHLPHU¶V� GLVHDVH� E\� SUHVHQLOLQ� UHJXODWLRQ� RI� ,QV3�� UHFHSWRU� FKDQQHO� JDWLQJ�� 1HXURQ� 58��
���±�����

&KLDUD�� )���&DVWHOODUR��'���0DULQ��2��� 3HWURQLOOL��9���%UXVLORZ��:�6��� -XKDV]RYD��0��� 6ROORWW��
6�-��� )RUWH�� 0��� %HUQDUGL�� 3��� DQG� 5DVROD�� $�� �������� +H[RNLQDVH� ,,� GHWDFKPHQW� IURP�
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PLWRFKRQGULD� WULJJHUV� DSRSWRVLV� WKURXJK� WKH� SHUPHDELOLW\� WUDQVLWLRQ� SRUH� LQGHSHQGHQW� RI�
YROWDJH�GHSHQGHQW�DQLRQ�FKDQQHOV��3/R6�2QH�3��H������

&KLSXN��-�(���0ROGRYHDQX��7���/ODPEL��)���3DUVRQV��0�-���DQG�*UHHQ��'�5����������7KH�%&/���
IDPLO\�UHXQLRQ��0RO��&HOO�37�����±�����

&KRZ��9�:���0DWWVRQ��0�3���:RQJ��3�&���DQG�*OHLFKPDQQ��0����������$Q�RYHUYLHZ�RI�$33�
SURFHVVLQJ�HQ]\PHV�DQG�SURGXFWV��1HXURPROHFXODU�0HG��12���±����

&OHDU\�� -�3���:DOVK��'�0���+RIPHLVWHU�� -�-��� 6KDQNDU��*�0���.XVNRZVNL��0�� D�� 6HONRH��'�-���
DQG� $VKH�� .�+�� �������� 1DWXUDO� ROLJRPHUV� RI� WKH� DP\ORLG�EHWD� SURWHLQ� VSHFLILFDOO\� GLVUXSW�
FRJQLWLYH�IXQFWLRQ��1DW��1HXURVFL��8����±����

&OHYHUV��+���DQG�1XVVH��5����������:QW�ȕ�FDWHQLQ�VLJQDOLQJ�DQG�GLVHDVH��&HOO�149������±������

&RQQHUQ�� &�3��� DQG�+DOHVWUDS�� D� 3�� �������� 5HFUXLWPHQW� RI�PLWRFKRQGULDO� F\FORSKLOLQ� WR� WKH�
PLWRFKRQGULDO�LQQHU�PHPEUDQH�XQGHU�FRQGLWLRQV�RI�R[LGDWLYH�VWUHVV�WKDW�HQKDQFH�WKH�RSHQLQJ�
RI�D�FDOFLXP�VHQVLWLYH�QRQ�VSHFLILF�FKDQQHO��%LRFKHP��-��302 ( Pt 2�����±�����

'HPXUR��$���3DUNHU��,���DQG�6WXW]PDQQ��*�(����������&DOFLXP�VLJQDOLQJ�DQG�DP\ORLG�WR[LFLW\�
LQ�$O]KHLPHU�GLVHDVH��-��%LRO��&KHP��285�������±�������

'HYL��/���DQG�$QDQGDWKHHUWKDYDUDGD��+�.����������0LWRFKRQGULDO�WUDIILFNLQJ�RI�$33�DQG�DOSKD�
V\QXFOHLQ��5HOHYDQFH� WR�PLWRFKRQGULDO� G\VIXQFWLRQ� LQ�$O]KHLPHU¶V� DQG�3DUNLQVRQ
V� GLVHDVHV��
%LRFKLP��%LRSK\V��$FWD�1802����±����

'HYL�� /��� 3UDEKX�� %�0��� *DODWL�� '�)��� $YDGKDQL�� 1�*��� DQG� $QDQGDWKHHUWKDYDUDGD�� +�.��
��������$FFXPXODWLRQ�RI� DP\ORLG�SUHFXUVRU�SURWHLQ� LQ� WKH�PLWRFKRQGULDO� LPSRUW� FKDQQHOV�RI�
KXPDQ�$O]KHLPHU¶V� GLVHDVH�EUDLQ� LV� DVVRFLDWHG�ZLWK�PLWRFKRQGULDO� G\VIXQFWLRQ�� -��1HXURVFL��
26������±������

'LQDPDUFD��0�&���&HUSD��:���*DUULGR��-���+DQFNH��-�/���DQG�,QHVWURVD��1�&����������+\SHUIRULQ�
SUHYHQWV� EHWD�DP\ORLG� QHXURWR[LFLW\� DQG� VSDWLDO� PHPRU\� LPSDLUPHQWV� E\� GLVDJJUHJDWLRQ� RI�
$O]KHLPHU¶V�DP\ORLG�EHWD�GHSRVLWV��0RO��3V\FKLDWU\�11������±������

'LQDPDUFD��0�&���&RORPEUHV��0���&HUSD��:���%RQDQVFR��&���DQG�,QHVWURVD��1�&����������%HWD�
DP\ORLG�ROLJRPHUV�DIIHFW�WKH�VWUXFWXUH�DQG�IXQFWLRQ�RI�WKH�SRVWV\QDSWLF�UHJLRQ��UROH�RI�WKH�:QW�
VLJQDOLQJ�SDWKZD\��1HXURGHJHQHU��'LV��5�����±�����

'LQDPDUFD��0�&���6DJDO�� -�3���4XLQWDQLOOD��5�$���*RGR\��-�$���$UUi]ROD��0�6���DQG� ,QHVWURVD��
1�&�� �������� $P\ORLG�EHWD�$FHW\OFKROLQHVWHUDVH� FRPSOH[HV� SRWHQWLDWH� QHXURGHJHQHUDWLYH�
FKDQJHV� LQGXFHG� E\� WKH� $EHWD� SHSWLGH�� ,PSOLFDWLRQV� IRU� WKH� SDWKRJHQHVLV� RI� $O]KHLPHU¶V�
GLVHDVH��0RO��1HXURGHJHQHU��5�����
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'X�� +��� DQG� <DQ�� 6�6�� �����D��� 0LWRFKRQGULDO� SHUPHDELOLW\� WUDQVLWLRQ� SRUH� LQ� $O]KHLPHU¶V�
GLVHDVH��F\FORSKLOLQ�'�DQG�DP\ORLG�EHWD��%LRFKLP�%LRSK\V�$FWD��1802�����±�����

'X��+���DQG�<DQ��6�6�������E���0LWRFKRQGULDO�PHGLFLQH�IRU�QHXURGHJHQHUDWLYH�GLVHDVHV��,QW�-�
%LRFKHP�&HOO�%LRO��42�����±�����

'X��+��� *XR�� /��� )DQJ�� )��� &KHQ�� '��� 6RVXQRY��$�� D��0F.KDQQ��*�0���<DQ��<���:DQJ�� &���
=KDQJ��+���0RONHQWLQ��-�'���HW�DO�� ��������&\FORSKLOLQ�'�GHILFLHQF\�DWWHQXDWHV�PLWRFKRQGULDO�
DQG�QHXURQDO�SHUWXUEDWLRQ�DQG�DPHOLRUDWHV� OHDUQLQJ�DQG�PHPRU\�LQ�$O]KHLPHU¶V�GLVHDVH��1DW�
0HG��14������±������

'X��+���*XR��/���<DQ��6���6RVXQRY��$��D��0F.KDQQ��*�0���DQG�<DQ��6�6����������(DUO\�GHILFLWV�
LQ�V\QDSWLF�PLWRFKRQGULD�LQ�DQ�$O]KHLPHU¶V�GLVHDVH�PRXVH�PRGHO��3URF�1DWO�$FDG�6FL�8�6�$��
107�������±�������

'X�� +��� *XR�� /��� DQG� <DQ�� 6�6�� �������� 6\QDSWLF� PLWRFKRQGULDO� SDWKRORJ\� LQ� $O]KHLPHU¶V�
GLVHDVH��$QWLR[LG��5HGR[�6LJQDO��16������±������

(FNHUW��$���6FKXO]��.�/���5KHLQ��9���DQG�*|W]��-����������&RQYHUJHQFH�RI�DP\ORLG�EHWD�DQG�WDX�
SDWKRORJLHV�RQ�PLWRFKRQGULD�LQ�YLYR��0RO��1HXURELRO��41�����±�����

(OLVHHY�� 5�� D�� 0DOHFNL�� -��� /HVWHU�� 7��� =KDQJ�� <��� +XPSKUH\�� -��� DQG� *XQWHU�� 7�(�� ��������
&\FORSKLOLQ� '� LQWHUDFWV� ZLWK� %FO�� DQG� H[HUWV� DQ� DQWL�DSRSWRWLF� HIIHFW�� -�� %LRO�� &KHP�� 284��
����±������

(PDPL��.�+���1JX\HQ��&���0D��+���.LP��'�+���-HRQJ��.�:���(JXFKL��0���0RRQ��5�7���7HR��-��
/��� 2K�� 6�:��� .LP�� +�<��� HW� DO�� �������� $� VPDOO� PROHFXOH� LQKLELWRU� RI� EHWD�FDWHQLQ�&5(%�
ELQGLQJ�SURWHLQ�WUDQVFULSWLRQ�>FRUUHFWHG@��3URF��1DWO��$FDG��6FL��8��6��$��101�������±�������

)DUtDV�� *�*��� $OIDUR�� ,�(��� &HUSD�� :��� *UDERZVNL�� &�3��� *RGR\�� -�� D�� %RQDQVFR�� &��� DQG�
,QHVWURVD�� 1�&�� �������� :QW��D�-1.� VLJQDOLQJ� SURPRWHV� WKH� FOXVWHULQJ� RI� 36'���� LQ�
KLSSRFDPSDO�QHXURQV��-��%LRO��&KHP��284�������±�������

'H�)HUUDUL��*��9��DQG�,QHVWURVD��1�&����������:QW�VLJQDOLQJ�IXQFWLRQ�LQ�$O]KHLPHU¶V�GLVHDVH��
%UDLQ�5HV��%UDLQ�5HV��5HY��33���±����

'H�)HUUDUL��*��9��&KDFyQ��0��D��%DUUtD��0�,���*DUULGR��-�/���*RGR\��-��D��2OLYDUHV��*���5H\HV��D�
(���$OYDUH]��D��%URQIPDQ��0���DQG�,QHVWURVD��1�&����������$FWLYDWLRQ�RI�:QW�VLJQDOLQJ�UHVFXHV�
QHXURGHJHQHUDWLRQ� DQG� EHKDYLRUDO� LPSDLUPHQWV� LQGXFHG� E\� EHWD�DP\ORLG� ILEULOV�� 0RO��
3V\FKLDWU\�8�����±�����

)HUUHLUD�� 6�7��� 9LHLUD�� 0�1�1��� DQG� 'H� )HOLFH�� )�*�� �������� 6ROXEOH� SURWHLQ� ROLJRPHUV� DV�
HPHUJLQJ�WR[LQV�LQ�$O]KHLPHU¶V�DQG�RWKHU�DP\ORLG�GLVHDVHV��,8%0%�/LIH�59�����±�����
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)XHQWHDOED�� 5�� D�� )DULDV�� *��� 6FKHX�� -��� %URQIPDQ��0���0DU]ROR��0�3��� DQG� ,QHVWURVD�� 1�&��
�������� 6LJQDO� WUDQVGXFWLRQ� GXULQJ� DP\ORLG�EHWD�SHSWLGH� QHXURWR[LFLW\�� UROH� LQ� $O]KHLPHU�
GLVHDVH��%UDLQ�5HV�%UDLQ�5HV�5HY��47�����±�����

)XHQ]DOLGD�� .��� 4XLQWDQLOOD�� 5��� 5DPRV�� 3��� 3LGHULW�� '��� )XHQWHDOED�� 5�� D�� 0DUWLQH]�� *���
,QHVWURVD��1�&���DQG�%URQIPDQ��0����������3HUR[LVRPH�SUROLIHUDWRU�DFWLYDWHG�UHFHSWRU�JDPPD�
XS�UHJXODWHV� WKH� %FO��� DQWL�DSRSWRWLF� SURWHLQ� LQ� QHXURQV� DQG� LQGXFHV� PLWRFKRQGULDO�
VWDELOL]DWLRQ�DQG�SURWHFWLRQ�DJDLQVW�R[LGDWLYH�VWUHVV�DQG�DSRSWRVLV��-�%LRO�&KHP��282�������±
�������

*LOOHVVHQ��7���*UDVVKRII��&���DQG�6]LQLF]��/����������0LWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ�FDQ�
EH�GLUHFWO\�PRQLWRUHG�LQ�OLYLQJ�QHXURQV��%LRPHG�3KDUPDFRWKHU��56�����±�����

*RPH]�� /��� 3DLOODUG��0��� 7KLEDXOW��+���'HUXPHDX[��*��� DQG�2YL]H��0�� �������� ,QKLELWLRQ� RI�
*6.�EHWD� E\� SRVWFRQGLWLRQLQJ� LV� UHTXLUHG� WR� SUHYHQW� RSHQLQJ� RI� WKH� PLWRFKRQGULDO�
SHUPHDELOLW\�WUDQVLWLRQ�SRUH�GXULQJ�UHSHUIXVLRQ��&LUFXODWLRQ�117������±������

+DDVV��&��� DQG�6HONRH��'�-�� ��������6ROXEOH�SURWHLQ�ROLJRPHUV� LQ�QHXURGHJHQHUDWLRQ�� OHVVRQV�
IURP�WKH�$O]KHLPHU¶V�DP\ORLG�EHWD�SHSWLGH��1DW��5HY��0RO��&HOO�%LRO��8�����±�����

+DOHVWUDS��$�3�� ��������:KDW� LV� WKH�PLWRFKRQGULDO� SHUPHDELOLW\� WUDQVLWLRQ� SRUH"� -�0RO�&HOO�
&DUGLRO��46�����±�����

+DOHVWUDS��$�3���&RQQHUQ��&�3���*ULIILWKV��(�-���DQG�.HUU��3�0����������&\FORVSRULQ�$�ELQGLQJ�
WR�PLWRFKRQGULDO�F\FORSKLOLQ�LQKLELWV�WKH�SHUPHDELOLW\�WUDQVLWLRQ�SRUH�DQG�SURWHFWV�KHDUWV�IURP�
LVFKDHPLD�UHSHUIXVLRQ�LQMXU\��0RO�&HOO�%LRFKHP��174�����±�����

+DQVVRQ�3HWHUVHQ��&��D��$OLNKDQL��1���%HKEDKDQL��+���:LHKDJHU��%���3DYORY��3�)���$ODIX]RII��,���
/HLQRQHQ�� 9��� ,WR�� $��� :LQEODG�� %��� *ODVHU�� (��� HW� DO�� �������� 7KH� DP\ORLG� EHWD�SHSWLGH� LV�
LPSRUWHG� LQWR�PLWRFKRQGULD� YLD� WKH� 720� LPSRUW�PDFKLQHU\� DQG� ORFDOL]HG� WR�PLWRFKRQGULDO�
FULVWDH��3URF��1DWO��$FDG��6FL��8��6��$��105�������±�������

+DUG\��-���DQG�6HONRH��'�-����������7KH�DP\ORLG�K\SRWKHVLV�RI�$O]KHLPHU¶V�GLVHDVH��SURJUHVV�
DQG�SUREOHPV�RQ�WKH�URDG�WR�WKHUDSHXWLFV��6FLHQFH����������297�����±�����

+DUG\��-�$���DQG�+LJJLQV��*�$����������$O]KHLPHU¶V�GLVHDVH��WKH�DP\ORLG�FDVFDGH�K\SRWKHVLV��
6FLHQFH�256�����±�����

+DUYH\�� .��� DQG� 0DUFKHWWL�� %�� �������� 5HJXODWLQJ� :QW� VLJQDOLQJ�� D� VWUDWHJ\� WR� SUHYHQW�
QHXURGHJHQHUDWLRQ�DQG�LQGXFH�UHJHQHUDWLRQ��-��0RO��&HOO�%LRO��6���±���

,QHVWURVD��1�&���DQG�$UHQDV��(����������(PHUJLQJ�UROHV�RI�:QWV�LQ�WKH�DGXOW�QHUYRXV�V\VWHP��
1DW�5HY�1HXURVFL��11����±����
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,QHVWURVD�� 1�&��� DQG� 9DUHOD�1DOODU�� /�� ��������:QW� VLJQDOLQJ� LQ� WKH� QHUYRXV� V\VWHP� DQG� LQ�
$O]KHLPHU¶V�GLVHDVH��-�0RO�&HOO�%LRO��6����±����

,QHVWURVD��1�&���*RGR\��-��D��9DUJDV��-�<���$UUD]ROD��0�6���5LRV��-��D��&DUYDMDO��)�-���6HUUDQR��
)�*���DQG�)DULDV��*�*�� ��������1LFRWLQH�SUHYHQWV�V\QDSWLF� LPSDLUPHQW� LQGXFHG�E\�DP\ORLG�ȕ�
ROLJRPHUV� WKURXJK� Į��QLFRWLQLF� DFHW\OFKROLQH� UHFHSWRU� DFWLYDWLRQ�� 1HXURPROHFXODU�0HG�� 15��
���±�����

-RKUL��$���DQG�%HDO��0�)����������0LWRFKRQGULDO�G\VIXQFWLRQ�LQ�QHXURGHJHQHUDWLYH�GLVHDVHV��-��
3KDUPDFRO��([S��7KHU��342�����±�����

-XKDV]RYD��0���=RURY��'�%���<DQLY��<���1XVV��+�%���:DQJ��6���DQG�6ROORWW��6�-����������5ROH�RI�
JO\FRJHQ�V\QWKDVH�NLQDVH��EHWD�LQ�FDUGLRSURWHFWLRQ��&LUF��5HV��104������±������

.DWR��0���$NDR��0���0DWVXPRWR�,GD��0���0DNL\DPD��7���,JXFKL��0���7DNHGD��7���6KLPL]X��6���
DQG� .LWD�� 7�� �������� 7KH� WDUJHWLQJ� RI� F\FORSKLOLQ� '� E\� 51$L� DV� D� QRYHO� FDUGLRSURWHFWLYH�
WKHUDS\��HYLGHQFH�IURP�WZR�SKRWRQ�LPDJLQJ��&DUGLRYDVF��5HV��83�����±�����

.LP��0�-��� +XK�� <�+��� &KRL�� .�-��� -XQ�� 6��� -H�� D� 5��� &KDH�� +��� /HH�� &��� DQG� .ZHRQ�� +��6��
�������� 8OWUDVWUXFWXUDO� $EQRUPDOLWLHV� LQ� $33�36(1�� 7UDQVJHQLF� 0RXVH� %UDLQ� DV� WKH�
$O]KHLPHU¶V�'LVHDVH�0RGHO��.RUHDQ�-��0LFURVF��42�����±�����

.OHLQ�� 3�6��� DQG�0HOWRQ��'�$�� ��������$�PROHFXODU�PHFKDQLVP� IRU� WKH� HIIHFW� RI� OLWKLXP� RQ�
GHYHORSPHQW��3URF��1DWO��$FDG��6FL��8��6��$��93������±������

.URHPHU��*���*DOOX]]L��/���DQG�%UHQQHU��&����������0LWRFKRQGULDO�0HPEUDQH�3HUPHDELOL]DWLRQ�
LQ�&HOO�'HDWK����±�����

.XZDQD��7���DQG�1HZPH\HU��'�'����������%FO���IDPLO\�SURWHLQV�DQG�WKH�UROH�RI�PLWRFKRQGULD�
LQ�DSRSWRVLV��&XUU��2SLQ��&HOO�%LRO��15�����±�����

/D)HUOD�� )�0�� �������� &DOFLXP� G\VKRPHRVWDVLV� DQG� LQWUDFHOOXODU� VLJQDOOLQJ� LQ� $O]KHLPHU¶V�
GLVHDVH��1DW�5HY�1HXURVFL��3�����±�����

/DPEHUW��0�3���%DUORZ��$�.���&KURP\��%�$���(GZDUGV��&���)UHHG��5���/LRVDWRV��0���0RUJDQ��
7�(��� 5R]RYVN\�� ,��� 7URPPHU�� %��� 9LROD�� .�/��� HW� DO�� �������� 'LIIXVLEOH�� QRQILEULOODU� OLJDQGV�
GHULYHG�IURP�$EHWD�����DUH�SRWHQW�FHQWUDO�QHUYRXV�V\VWHP�QHXURWR[LQV��3URF��1DWO��$FDG��6FL��
8��6��$��95������±������

/L�� 6��� +RQJ�� 6��� 6KHSDUGVRQ�� 1�(��� :DOVK�� '�0��� 6KDQNDU�� *�0��� DQG� 6HONRH�� '�� ��������
6ROXEOH� ROLJRPHUV� RI� DP\ORLG� EHWD� SURWHLQ� IDFLOLWDWH� KLSSRFDPSDO� ORQJ�WHUP� GHSUHVVLRQ� E\�
GLVUXSWLQJ�QHXURQDO�JOXWDPDWH�XSWDNH��1HXURQ�62�����±�����
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/LH�� '��&��� &RODPDULQR�� 6�� D�� 6RQJ�� +��-��� 'pVLUp�� /��� 0LUD�� +��� &RQVLJOLR�� $��� /HLQ�� (�6���
-HVVEHUJHU�� 6��� /DQVIRUG�� +��� 'HDULH�� $�5��� HW� DO�� �������� :QW� VLJQDOOLQJ� UHJXODWHV� DGXOW�
KLSSRFDPSDO�QHXURJHQHVLV��1DWXUH�437������±������

/LQGKROP��'���:RRW]��+���DQG�.RUKRQHQ��/����������(5�VWUHVV�DQG�QHXURGHJHQHUDWLYH�GLVHDVHV��
&HOO�'HDWK�'LIIHU��13�����±�����

/XVWEDGHU��-�:���&LULOOL��0���/LQ��&���;X��+�:���7DNXPD��.���:DQJ��1���&DVSHUVHQ��&���&KHQ��
;���3ROODN��6���&KDQH\��0���HW�DO����������$%$'�GLUHFWO\�OLQNV�$EHWD�WR�PLWRFKRQGULDO�WR[LFLW\�
LQ�$O]KHLPHU¶V�GLVHDVH��6FLHQFH�304�����±�����

0DQF]DN��0��� $QHNRQGD�� 7�6��� +HQVRQ�� (��� 3DUN�� %�6��� 4XLQQ�� -��� DQG� 5HGG\�� 3�+�� ��������
0LWRFKRQGULD� DUH� D� GLUHFW� VLWH� RI� $� EHWD� DFFXPXODWLRQ� LQ� $O]KHLPHU¶V� GLVHDVH� QHXURQV��
LPSOLFDWLRQV� IRU� IUHH� UDGLFDO� JHQHUDWLRQ� DQG� R[LGDWLYH� GDPDJH� LQ� GLVHDVH� SURJUHVVLRQ��+XP��
0RO��*HQHW��15������±������

0DUNV��$�5�� �������� ,QWUDFHOOXODU� FDOFLXP�UHOHDVH�FKDQQHOV�� UHJXODWRUV�RI� FHOO� OLIH� DQG�GHDWK��
$P��-��3K\VLRO��272��+���±�����

0DU]R�� ,�� ��������%D[�DQG�$GHQLQH�1XFOHRWLGH�7UDQVORFDWRU�&RRSHUDWH� LQ� WKH�0LWRFKRQGULDO�
&RQWURO�RI�$SRSWRVLV��6FLHQFH����������281������±������

0DU]R��,���%UHQQHU��&���=DP]DPL��1���6XVLQ��6�$���%HXWQHU��*���%UGLF]ND��'���5pP\��5���;LH��
=�+���5HHG��-�&���DQG�.URHPHU��*����������7KH�SHUPHDELOLW\�WUDQVLWLRQ�SRUH�FRPSOH[��D�WDUJHW�
IRU�DSRSWRVLV�UHJXODWLRQ�E\�FDVSDVHV�DQG�EFO���UHODWHG�SURWHLQV��-��([S��0HG��187������±������

0DVOLDK��(���0DOORU\��0���$OIRUG��0���'H7HUHVD��5���+DQVHQ��/�$���0F.HHO��'�:���DQG�0RUULV��
-�&�� �������� $OWHUHG� H[SUHVVLRQ� RI� V\QDSWLF� SURWHLQV� RFFXUV� HDUO\� GXULQJ� SURJUHVVLRQ� RI�
$O]KHLPHU¶V�GLVHDVH��1HXURORJ\�56�����±�����

0DWKXSDOD��6�3���.R��<�+���DQG�3HGHUVHQ��3�/����������+H[RNLQDVH�,,��FDQFHU¶V�GRXEOH�HGJHG�
VZRUG�DFWLQJ�DV�ERWK� IDFLOLWDWRU�DQG�JDWHNHHSHU�RI�PDOLJQDQF\�ZKHQ�ERXQG� WR�PLWRFKRQGULD��
2QFRJHQH�25������±������

0DWWVRQ��0�3�� �������� 3DWKZD\V� WRZDUGV� DQG� DZD\� IURP�$O]KHLPHU¶V� GLVHDVH�� 1DWXUH� 430��
���±�����

0DWWVRQ��0�3���&KHQJ��%���'DYLV��'���%U\DQW��.���/LHEHUEXUJ��,���DQG�5\GHO��5�(����������EHWD�
$P\ORLG� SHSWLGHV� GHVWDELOL]H� FDOFLXP� KRPHRVWDVLV� DQG� UHQGHU� KXPDQ� FRUWLFDO� QHXURQV�
YXOQHUDEOH�WR�H[FLWRWR[LFLW\��-��1HXURVFL��12�����±�����

0F/HDQ��&�$��� &KHUQ\��5�$��� )UDVHU�� )�:��� )XOOHU�� 6�-��� 6PLWK��0�-��� %H\UHXWKHU��.��� %XVK��
$�,���DQG�0DVWHUV��&�/����������6ROXEOH�SRRO�RI�$EHWD�DP\ORLG�DV�D�GHWHUPLQDQW�RI�VHYHULW\�RI�
QHXURGHJHQHUDWLRQ�LQ�$O]KHLPHU¶V�GLVHDVH��$QQ��1HXURO��46�����±�����
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0LXUD�� 7��� DQG�7DQQR��0�� ��������0LWRFKRQGULD� DQG�*6.��EHWD� LQ� FDUGLRSURWHFWLRQ� DJDLQVW�
LVFKHPLD�UHSHUIXVLRQ�LQMXU\��&DUGLRYDVF�'UXJV�7KHU�24�����±�����

0LXUD�� 7��� 1LVKLKDUD�� 0��� DQG� 0LNL�� 7�� �������� 'UXJ� GHYHORSPHQW� WDUJHWLQJ� WKH� JO\FRJHQ�
V\QWKDVH�NLQDVH��EHWD��*6.��EHWD��PHGLDWHG�VLJQDO�WUDQVGXFWLRQ�SDWKZD\��UROH�RI�*6.��EHWD�
LQ�P\RFDUGLDO�SURWHFWLRQ�DJDLQVW�LVFKHPLD�UHSHUIXVLRQ�LQMXU\��-��3KDUPDFRO��6FL��109�����±�����

0L\DPRWR��6���0XUSK\��$�1���DQG�%URZQ��-�+����������$NW�PHGLDWHV�PLWRFKRQGULDO�SURWHFWLRQ�
LQ�FDUGLRP\RF\WHV�WKURXJK�SKRVSKRU\ODWLRQ�RI�PLWRFKRQGULDO�KH[RNLQDVH�,,��&HOO�'HDWK�'LIIHU��
15�����±�����

0RUHLUD�� 3�,��� 6DQWRV�� 0�6��� 0RUHQR�� $��� DQG� 2OLYHLUD�� &�� �������� $P\ORLG� EHWD�SHSWLGH�
SURPRWHV�SHUPHDELOLW\�WUDQVLWLRQ�SRUH�LQ�EUDLQ�PLWRFKRQGULD��%LRVFL��5HS��21�����±�����

0RUHLUD�� 3�,��� 6DQWRV�� 0�6��� 0RUHQR�� $��� 5HJR�� $�&��� DQG� 2OLYHLUD�� &�� �������� (IIHFW� RI�
DP\ORLG�EHWD�SHSWLGH�RQ�SHUPHDELOLW\� WUDQVLWLRQ�SRUH��D�FRPSDUDWLYH�VWXG\��-��1HXURVFL��5HV��
69�����±�����

0RUHLUD�� 3�,��� 6DQWRV��0�6��� DQG� 2OLYHLUD�� &�5�� �������� $O]KHLPHU¶V� GLVHDVH�� D� OHVVRQ� IURP�
PLWRFKRQGULDO�G\VIXQFWLRQ��$QWLR[LG��5HGR[�6LJQDO��9������±������

0RUJDQ��&���&RORPEUHV��0���1XxH]��0�7���DQG�,QHVWURVD��1�&����������6WUXFWXUH�DQG�IXQFWLRQ�
RI�DP\ORLG�LQ�$O]KHLPHU¶V�GLVHDVH��3URJ��1HXURELRO��74�����±�����

0XFNH�� /��� 0DVOLDK�� (��� <X�� *�4��� 0DOORU\�� 0��� 5RFNHQVWHLQ�� (�0��� 7DWVXQR�� *��� +X�� .���
.KRORGHQNR�� '��� -RKQVRQ�:RRG�� .��� DQG� 0F&RQORJXH�� /�� �������� +LJK�OHYHO� QHXURQDO�
H[SUHVVLRQ� RI� DEHWD� ����� LQ� ZLOG�W\SH� KXPDQ� DP\ORLG� SURWHLQ� SUHFXUVRU� WUDQVJHQLF� PLFH��
V\QDSWRWR[LFLW\�ZLWKRXW�SODTXH�IRUPDWLRQ��-��1HXURVFL��20������±������

0XLUKHDG��.�(�� D��%RUJHU�� (���$LWNHQ��/���&RQZD\�� 6�-��� DQG�*XQQ�0RRUH�� )�-�� ��������7KH�
FRQVHTXHQFHV�RI�PLWRFKRQGULDO�DP\ORLG�EHWD�SHSWLGH�LQ�$O]KHLPHU¶V�GLVHDVH��%LRFKHP��-��426��
���±�����

1DJD��.�.���6XOOLYDQ��3�*���DQG�*HGGHV��-�:����������+LJK�F\FORSKLOLQ�'�FRQWHQW�RI�V\QDSWLF�
PLWRFKRQGULD� UHVXOWV� LQ� LQFUHDVHG� YXOQHUDELOLW\� WR� SHUPHDELOLW\� WUDQVLWLRQ�� -�� 1HXURVFL�� 27��
����±������

1HZPH\HU��'�'���DQG�)HUJXVRQ�0LOOHU��6����������0LWRFKRQGULD��UHOHDVLQJ�SRZHU�IRU�OLIH�DQG�
XQOHDVKLQJ�WKH�PDFKLQHULHV�RI�GHDWK��&HOO�112�����±�����

1LVKLKDUD��0���0LXUD�� 7���0LNL�� 7��� 7DQQR��0���<DQR�� 7��� 1DLWRK��.���2KRUL��.���+RWWD��+���
7HUDVKLPD�� <��� DQG� 6KLPDPRWR�� .�� �������� 0RGXODWLRQ� RI� WKH� PLWRFKRQGULDO� SHUPHDELOLW\�
WUDQVLWLRQ� SRUH� FRPSOH[� LQ�*6.��EHWD�PHGLDWHG�P\RFDUGLDO� SURWHFWLRQ�� -�0RO�&HOO� &DUGLRO��
43�����±�����
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2OLYD�� &�� D�� 9DUJDV�� -�<��� DQG� ,QHVWURVD�� 1�&�� �������� :QWV� LQ� DGXOW� EUDLQ�� IURP� V\QDSWLF�
SODVWLFLW\�WR�FRJQLWLYH�GHILFLHQFLHV��)URQW��&HOO��1HXURVFL��7�������

3DUDGLV��(���.RXWURXPDQLV��0���DQG�*RRG\HU��&����������$P\ORLG���3HSWLGH�RI�$O]KHLPHU�¶�V�
'LVHDVH�'RZQUHJXODWHV�%FO���DQG�8SUHJXODWHV�%D[�([SUHVVLRQ�LQ�+XPDQ�1HXURQV��16������±
������

3DUNV�� -�.���6PLWK��7�6���7ULPPHU��3�� D��%HQQHWW�� -�3��� DQG�3DUNHU��:�'�� ��������1HXURWR[LF�
$EHWD� SHSWLGHV� LQFUHDVH� R[LGDWLYH� VWUHVV� LQ� YLYR� WKURXJK� 10'$�UHFHSWRU� DQG� QLWULF�R[LGH�
V\QWKDVH� PHFKDQLVPV�� DQG� LQKLELW� FRPSOH[� ,9� DFWLYLW\� DQG� LQGXFH� D� PLWRFKRQGULDO�
SHUPHDELOLW\�WUDQVLWLRQ�LQ�YLWUR��-��1HXURFKHP��76������±������

3DXOD�/LPD�� $�&��� $GDVPH�� 7��� 6DQ0DUWtQ�� &��� 6HEROOHOD�� $��� +HW]�� &��� &DUUDVFR�� 0�$���
)HUUHLUD��6�7���DQG�+LGDOJR��&����������$P\ORLG�ȕ�SHSWLGH�ROLJRPHUV�VWLPXODWH�5\5�PHGLDWHG�
&D���UHOHDVH�LQGXFLQJ�PLWRFKRQGULDO�IUDJPHQWDWLRQ�LQ�KLSSRFDPSDO�QHXURQV�DQG�SUHYHQW�5\5�
PHGLDWHG�GHQGULWLF�VSLQH�UHPRGHOLQJ�SURGXFHG�E\�%'1)��$QWLR[LG��5HGR[�6LJQDO��14������±
������

3HWURQLOOL�� 9��� 0LRWWR�� *��� &DQWRQ�� 0��� &RORQQD�� 5��� %HUQDUGL�� 3��� DQG� 'L� /LVD�� )�� ��������
,PDJLQJ�WKH�PLWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ�SRUH�LQ�LQWDFW�FHOOV��%LRIDFWRUV��8�����±�����

3HWURQLOOL��9���3HQ]R��'���6FRUUDQR��/���%HUQDUGL��3���DQG�'L�/LVD��)����������7KH�PLWRFKRQGULDO�
SHUPHDELOLW\�WUDQVLWLRQ��UHOHDVH�RI�F\WRFKURPH�F�DQG�FHOO�GHDWK��&RUUHODWLRQ�ZLWK�WKH�GXUDWLRQ�
RI�SRUH�RSHQLQJV�LQ�VLWX��-�%LRO�&KHP��276�������±�������

3XUUR��6��D��'LFNLQV��(�0���DQG�6DOLQDV��3�&����������7KH�VHFUHWHG�:QW�DQWDJRQLVW�'LFNNRSI���
LV�UHTXLUHG�IRU�DP\ORLG�ȕ�PHGLDWHG�V\QDSWLF�ORVV��-��1HXURVFL��32������±������

4XLQWDQLOOD��5�$���0XxR]��)�-���0HWFDOIH��0�-���+LWVFKIHOG��0���2OLYDUHV��*���*RGR\��-��D��DQG�
,QHVWURVD�� 1�&�� �������� 7UROR[� DQG� ��EHWD�HVWUDGLRO� SURWHFW� DJDLQVW� DP\ORLG� EHWD�SHSWLGH�
QHXURWR[LFLW\�E\�D�PHFKDQLVP�WKDW�LQYROYHV�PRGXODWLRQ�RI�WKH�:QW�VLJQDOLQJ�SDWKZD\��-��%LRO��
&KHP��280�������±�������

5DR��9�.���&DUOVRQ��(��D��DQG�<DQ��6�6����������0LWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ�SRUH�LV�D�
SRWHQWLDO�GUXJ�WDUJHW�IRU�QHXURGHJHQHUDWLRQ��%LRFKLP��%LRSK\V��$FWD��

5DVROD��$���6FLDFRYHOOL��0���&KLDUD��)���3DQWLF��%���%UXVLORZ��:�6���DQG�%HUQDUGL��3�������D���
$FWLYDWLRQ� RI�PLWRFKRQGULDO�(5.�SURWHFWV� FDQFHU� FHOOV� IURP�GHDWK� WKURXJK� LQKLELWLRQ� RI� WKH�
SHUPHDELOLW\�WUDQVLWLRQ��3URF��1DWO��$FDG��6FL��8��6��$��107�����±�����

5DVROD��$���6FLDFRYHOOL��0���3DQWLF��%��� DQG�%HUQDUGL�� 3�� �����E���6LJQDO� WUDQVGXFWLRQ� WR� WKH�
SHUPHDELOLW\�WUDQVLWLRQ�SRUH��)(%6�/HWW��584������±������
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5HGG\��3�+����������$P\ORLG�SUHFXUVRU�SURWHLQ�PHGLDWHG�IUHH�UDGLFDOV�DQG�R[LGDWLYH�GDPDJH��
LPSOLFDWLRQV�IRU�WKH�GHYHORSPHQW�DQG�SURJUHVVLRQ�RI�$O]KHLPHU¶V�GLVHDVH��-��1HXURFKHP��96��
�±����

5HGG\��3�+����������0LWRFKRQGULDO�G\VIXQFWLRQ�LQ�DJLQJ�DQG�$O]KHLPHU¶V�GLVHDVH��VWUDWHJLHV�WR�
SURWHFW�QHXURQV��$QWLR[LG��5HGR[�6LJQDO��9������±������

5HGG\�� 3�+�� �������� $P\ORLG� EHWD�� PLWRFKRQGULDO� VWUXFWXUDO� DQG� IXQFWLRQDO� G\QDPLFV� LQ�
$O]KHLPHU¶V�GLVHDVH��([S��1HXURO��218�����±�����

5HGG\�� 3�+�� �������� $P\ORLG� EHWD�LQGXFHG� JO\FRJHQ� V\QWKDVH� NLQDVH� �ȕ� SKRVSKRU\ODWHG�
9'$&��LQ�$O]KHLPHU¶V�GLVHDVH��,PSOLFDWLRQV�IRU�V\QDSWLF�G\VIXQFWLRQ�DQG�QHXURQDO�GDPDJH��
%LRFKLP��%LRSK\V��$FWD�1832������±������

5REH\�� 5�%��� DQG� +D\�� 1�� �������� 0LWRFKRQGULDO� KH[RNLQDVHV�� QRYHO� PHGLDWRUV� RI� WKH�
DQWLDSRSWRWLF�HIIHFWV�RI�JURZWK�IDFWRUV�DQG�$NW��2QFRJHQH�25������±������

5RVV�� &�� D�� DQG� 3RLULHU�� 0�� D� �������� 2SLQLRQ�� :KDW� LV� WKH� UROH� RI� SURWHLQ� DJJUHJDWLRQ� LQ�
QHXURGHJHQHUDWLRQ"�1DW��5HY��0RO��&HOO�%LRO��6�����±�����

5RVVR�� 6�%��� DQG� ,QHVWURVD�� 1�&�� �������� :17� VLJQDOLQJ� LQ� QHXURQDO� PDWXUDWLRQ� DQG�
V\QDSWRJHQHVLV��)URQW�&HOO�1HXURVFL��7�������

5RVVR�� 6�%��� 6XVVPDQ�� '��� :\QVKDZ�%RULV�� $��� DQG� 6DOLQDV�� 3�&�� �������� :QW� VLJQDOLQJ�
WKURXJK�'LVKHYHOOHG��5DF�DQG�-1.�UHJXODWHV�GHQGULWLF�GHYHORSPHQW��1DW��1HXURVFL��8����±����

6DNRQR�� 0��� DQG� =DNR�� 7�� �������� $P\ORLG� ROLJRPHUV�� IRUPDWLRQ� DQG� WR[LFLW\� RI� $EHWD�
ROLJRPHUV��)(%6�-��277������±������

6DOLQDV�� 3�&��� DQG� =RX�� <�� �������� :QW� VLJQDOLQJ� LQ� QHXUDO� FLUFXLW� DVVHPEO\�� $QQX� 5HY�
1HXURVFL��31�����±�����

6DUDLYD��/�0���6HL[DV�GD�6LOYD��*�6���*DOLQD��$���'D�6LOYD��:�6���.OHLQ��:�/���)HUUHLUD��6�7���
DQG�'H� )HOLFH�� )�*�� �������� $P\ORLG�ȕ� WULJJHUV� WKH� UHOHDVH� RI� QHXURQDO� KH[RNLQDVH� �� IURP�
PLWRFKRQGULD��3/R6�2QH�5��H�������

6FKLQ]HO��$�&���7DNHXFKL��2���+XDQJ��=���)LVKHU��-�.���=KRX��=���5XEHQV��-���+HW]��&���'DQLDO��
1�1��� 0RVNRZLW]�� 0�� D�� DQG� .RUVPH\HU�� 6�-�� �������� &\FORSKLOLQ� '� LV� D� FRPSRQHQW� RI�
PLWRFKRQGULDO� SHUPHDELOLW\� WUDQVLWLRQ� DQG� PHGLDWHV� QHXURQDO� FHOO� GHDWK� DIWHU� IRFDO� FHUHEUDO�
LVFKHPLD��3URF�1DWO�$FDG�6FL�8�6�$��102�������±�������

6HONRH��'�-����������$O]KHLPHU¶V�GLVHDVH�LV�D�V\QDSWLF�IDLOXUH��6FLHQFH�298�����±�����

6HUUDQR�3R]R�� $��� )URVFK�� 0�3��� 0DVOLDK�� (��� DQG� +\PDQ�� %�7�� �������� 1HXURSDWKRORJLFDO�
DOWHUDWLRQV�LQ�$O]KHLPHU�GLVHDVH��&ROG�6SULQJ�+DUE��3HUVSHFW��0HG��1��D��������
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6KDQNDU�� *�0��� /L�� 6���0HKWD�� 7�+��� *DUFLD�0XQR]�� $��� 6KHSDUGVRQ�� 1�(��� 6PLWK�� ,��� %UHWW��
)�0���)DUUHOO��0�$���5RZDQ��0�-���/HPHUH��&�$���HW�DO�� ��������$P\ORLG�EHWD�SURWHLQ�GLPHUV�
LVRODWHG�GLUHFWO\� IURP�$O]KHLPHU¶V�EUDLQV� LPSDLU� V\QDSWLF�SODVWLFLW\� DQG�PHPRU\��1DW��0HG��
14�����±�����

6KHYW]RYD�� (�)��� .LUHHYD�� (�*��� DQG� %DFKXULQ�� 6�2�� �������� (IIHFW� RI� EHWD�DP\ORLG� SHSWLGH�
IUDJPHQW� ������ RQ� QRQVHOHFWLYH� SHUPHDELOLW\� RI� PLWRFKRQGULD�� %XOO�� ([S�� %LRO�� 0HG�� 132��
����±������

6LQJK�� 3��� 6XPDQ�� 6��� &KDQGQD�� 6��� DQG� 'DV�� 7�.�� �������� 3RVVLEOH� UROH� RI� DP\ORLG�EHWD��
DGHQLQH�QXFOHRWLGH�WUDQVORFDVH�DQG�F\FORSKLOLQ�'�LQWHUDFWLRQ�LQ�PLWRFKRQGULDO�G\VIXQFWLRQ�RI�
$O]KHLPHU¶V�GLVHDVH��%LRLQIRUPDWLRQ�3�����±�����

6SlW�� $��� 6]DQGD�� *��� &VRUGiV�� *��� DQG� +DMQyF]N\�� *�� �������� +LJK�� DQG� ORZ�FDOFLXP�
GHSHQGHQW�PHFKDQLVPV�RI�PLWRFKRQGULDO�FDOFLXP�VLJQDOOLQJ��&HOO�&DOFLXP�44����±����

6WDPEROLF��9���DQG�:RRGJHWW��-�5����������0LWRJHQ�LQDFWLYDWLRQ�RI�JO\FRJHQ�V\QWKDVH�NLQDVH���
EHWD�LQ�LQWDFW�FHOOV�YLD�VHULQH���SKRVSKRU\ODWLRQ��%LRFKHP�-��303 ( Pt 3�����±�����

6WXW]PDQQ�� *�(��� 6PLWK�� ,��� &DFFDPR�� $��� 2GGR�� 6��� 3DUNHU�� ,��� DQG� /DIHUOD�� )�� ��������
(QKDQFHG�U\DQRGLQH�PHGLDWHG�FDOFLXP�UHOHDVH� LQ�PXWDQW�36��H[SUHVVLQJ�$O]KHLPHU¶V�PRXVH�
PRGHOV��$QQ��1��<��$FDG��6FL��1097�����±�����

6XQ�� 0�*��� :LOOLDPV�� -��� 0XQR]�3LQHGR�� &��� 3HUNLQV�� *�� D�� %URZQ�� -�0��� (OOLVPDQ�� 0�+���
*UHHQ�� '�5��� DQG� )UH\�� 7�*�� �������� &RUUHODWHG� WKUHH�GLPHQVLRQDO� OLJKW� DQG� HOHFWURQ�
PLFURVFRS\�UHYHDOV�WUDQVIRUPDWLRQ�RI�PLWRFKRQGULD�GXULQJ�DSRSWRVLV��1DW��&HOO�%LRO��9������±
������

6XSQHW�� &��� DQG� %H]SUR]YDQQ\�� ,�� �������� 1HXURQDO� FDOFLXP� VLJQDOLQJ�� PLWRFKRQGULDO�
G\VIXQFWLRQ��DQG�$O]KHLPHU¶V�GLVHDVH��-�$O]KHLPHUV�'LV�20 Suppl 2��6���±����

6XSQHW��&���*UDQW��-���.RQJ��+���:HVWDZD\��'���DQG�0D\QH��0����������$P\ORLG�EHWD��������
LQFUHDVHV�U\DQRGLQH�UHFHSWRU���H[SUHVVLRQ�DQG�IXQFWLRQ�LQ�QHXURQV�RI�7J&51'��PLFH��-��%LRO��
&KHP��281�������±�������

6ZHUGORZ��5�+���%XUQV��-�0���DQG�.KDQ��6�0����������7KH�$O]KHLPHU¶V�GLVHDVH�PLWRFKRQGULDO�
FDVFDGH�K\SRWKHVLV��-��$O]KHLPHUV��'LV��20 Suppl 2��6���±����

6]DODL��*���.ULVKQDPXUWK\��5��� DQG�+DMQyF]N\��*�� ��������$SRSWRVLV� GULYHQ� E\� ,3����OLQNHG�
PLWRFKRQGULDO�FDOFLXP�VLJQDOV��(0%2�-��18������±������

7DNXPD�� .��� <DQ�� 6�6��� 6WHUQ�� '�0��� DQG� <DPDGD�� .�� �������� 0LWRFKRQGULDO� G\VIXQFWLRQ��
HQGRSODVPLF� UHWLFXOXP� VWUHVV�� DQG� DSRSWRVLV� LQ� $O]KHLPHU¶V� GLVHDVH�� -�� 3KDUPDFRO�� 6FL�� 97��
���±�����
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7ROHGR�� (�0��� DQG� ,QHVWURVD�� 1�&�� �������� $FWLYDWLRQ� RI� :QW� VLJQDOLQJ� E\� OLWKLXP� DQG�
URVLJOLWD]RQH� UHGXFHG� VSDWLDO� PHPRU\� LPSDLUPHQW� DQG� QHXURGHJHQHUDWLRQ� LQ� EUDLQV� RI� DQ�
$33VZH�36(1�'HOWD(��PRXVH�PRGHO�RI�$O]KHLPHU¶V�GLVHDVH��0RO��3V\FKLDWU\�15�����±�����
�����

9DUHOD�1DOODU�� /��� DQG� ,QHVWURVD�� 1�&�� �������� :QW� VLJQDOLQJ� LQ� WKH� UHJXODWLRQ� RI� DGXOW�
KLSSRFDPSDO�QHXURJHQHVLV��)URQW�&HOO�1HXURVFL��7�������

9DUJDV��-�<���)XHQ]DOLGD��0���DQG�,QHVWURVD��1�&����������,Q�YLYR�$FWLYDWLRQ�RI�:QW�6LJQDOLQJ�
3DWKZD\�(QKDQFHV�&RJQLWLYH�)XQFWLRQ�RI�$GXOW�0LFH�DQG�5HYHUVHV�&RJQLWLYH�'HILFLWV� LQ�DQ�
$O]KHLPHU¶V�'LVHDVH�0RGHO��-�1HXURVFL��34������±������

:DOVK�� '�0��� 7VHQJ�� %�3��� 5\GHO�� 5�(��� 3RGOLVQ\�� 0�%��� DQG� 6HONRH�� '�-�� �������� 7KH�
ROLJRPHUL]DWLRQ� RI� DP\ORLG� EHWD�SURWHLQ� EHJLQV� LQWUDFHOOXODUO\� LQ� FHOOV� GHULYHG� IURP� KXPDQ�
EUDLQ��%LRFKHPLVWU\�39�������±�������

:DOVK��'�0���.O\XELQ��,���)DGHHYD��-��9��&XOOHQ��:�.���$QZ\O��5���:ROIH��0�6���5RZDQ��0�-���
DQG�6HONRH��'�-����������1DWXUDOO\�VHFUHWHG�ROLJRPHUV�RI�DP\ORLG�EHWD�SURWHLQ�SRWHQWO\�LQKLELW�
KLSSRFDPSDO�ORQJ�WHUP�SRWHQWLDWLRQ�LQ�YLYR��1DWXUH�416�����±�����

:DQJ��+��:���3DVWHUQDN�� -�)���.XR��+���5LVWLF��+���/DPEHUW��0�3���&KURP\��%���9LROD��.�/���
.OHLQ��:�/���6WLQH��:�%���.UDIIW��*�$���HW�DO����������6ROXEOH�ROLJRPHUV�RI�EHWD�DP\ORLG��������
LQKLELW� ORQJ�WHUP� SRWHQWLDWLRQ� EXW� QRW� ORQJ�WHUP� GHSUHVVLRQ� LQ� UDW� GHQWDWH� J\UXV�� %UDLQ�5HV��
924�����±�����

:DQJ�� -��=��� ;LD�� <��<��� *UXQGNH�,TEDO�� ,��� DQG� ,TEDO�� .�� �������� $EQRUPDO�
K\SHUSKRVSKRU\ODWLRQ� RI� WDX�� VLWHV�� UHJXODWLRQ�� DQG� PROHFXODU� PHFKDQLVP� RI� QHXURILEULOODU\�
GHJHQHUDWLRQ��-��$O]KHLPHUV��'LV��33 Suppl 1��6���±����

:LOOHUW��.���DQG�1XVVH��5����������:QW�SURWHLQV��&ROG�6SULQJ�+DUE��3HUVSHFW��%LRO��4��D��������

:LUWKV��2���0XOWKDXS��*���&]HFK��&���%ODQFKDUG��9���0RXVVDRXL�� 6���7UHPS��*��� 3UDGLHU��/���
%H\UHXWKHU�� .��� DQG� %D\HU�� 7�� D� �������� ,QWUDQHXURQDO� $EHWD� DFFXPXODWLRQ� SUHFHGHV� SODTXH�
IRUPDWLRQ� LQ� EHWD�DP\ORLG� SUHFXUVRU� SURWHLQ� DQG� SUHVHQLOLQ��� GRXEOH�WUDQVJHQLF� PLFH��
1HXURVFL��/HWW��306�����±�����

<DR�� -��� ,UZLQ�� 5�:��� =KDR�� /��� 1LOVHQ�� -��� +DPLOWRQ�� 5�7��� DQG� %ULQWRQ�� 5�'�� ��������
0LWRFKRQGULDO�ELRHQHUJHWLF�GHILFLW�SUHFHGHV�$O]KHLPHU¶V�SDWKRORJ\�LQ�IHPDOH�PRXVH�PRGHO�RI�
$O]KHLPHU
V�GLVHDVH��3URF��1DWO��$FDG��6FL��8��6��$��106�������±�������

<LQJ��:�/���(PHUVRQ��-���&ODUNH��0�-���DQG�6DQDGL��'�5�� �������� ,QKLELWLRQ�RI�PLWRFKRQGULDO�
FDOFLXP�LRQ�WUDQVSRUW�E\�DQ�R[R�EULGJHG�GLQXFOHDU�UXWKHQLXP�DPPLQH�FRPSOH[��%LRFKHPLVWU\�
30������±������
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<X�� &��� 1ZDEXLVL�+HDWK�� (��� /D[WRQ�� .��� DQG� /DGX�� 0�-�� �������� (QGRF\WLF� SDWKZD\V�
PHGLDWLQJ�ROLJRPHULF�$EHWD���QHXURWR[LFLW\��0RO��1HXURGHJHQHU��5������

=RURY�� '�%��� -XKDV]RYD�� 0��� <DQLY�� <��� 1XVV�� +�%��� :DQJ�� 6��� DQG� 6ROORWW�� 6�-�� ��������
5HJXODWLRQ�DQG�SKDUPDFRORJ\�RI� WKH�PLWRFKRQGULDO�SHUPHDELOLW\� WUDQVLWLRQ�SRUH��&DUGLRYDVF��
5HV��83�����±�����

=RX��<��� DQG� 6DOLQDV�� 3�� �������� 6LJQDOLQJ�PHFKDQLVPV�PHGLDWLQJ� GLYHUVH�:QW� IXQFWLRQV� LQ�
QHXUDO�GHYHORSPHQW�DQG�GLVHDVH��'HY��1HXURELRO���

�
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