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 In-Press Preview 

Activation of non-neuronal microglia is thought to play a causal role in spinal processing of neuropathic pain. To
specifically investigate microglia-mediated effects in a model of neuropathic pain and overcome methodological
limitations of previous approaches exploring microglia function upon nerve injury, we selectively ablated resident microglia
by intracerebroventricular (icv) ganciclovir infusion into male CD11b-HSVTK transgenic mice, which was followed by a
rapid, complete and persistent (23 weeks) repopulation of the CNS by peripheral myeloid cells. In repopulated mice that
underwent sciatic nerve injury, we observed a normal response to mechanical stimuli, but an absence of thermal
hypersensitivity ipsilateral to the injured nerve. Furthermore, we found that neuronal expression of calcitonin gene-related
peptide (CGRP), which is a marker of neurons essential for heat responses, was diminished in the dorsal horn of the
spinal cord in repopulated mice. These findings demonstrate distinct mechanisms for heat and mechanical
hypersensitivity, highlighting a crucial contribution of CNS myeloid cells in the facilitation of noxious heat.
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$FWLYDWLRQ� RI� QRQ�QHXURQDO� PLFURJOLD� LV� WKRXJKW� WR� SOD\� D� FDXVDO� UROH� LQ� VSLQDO� SURFHVVLQJ� RI�

QHXURSDWKLF�SDLQ��7R�VSHFLILFDOO\�LQYHVWLJDWH�PLFURJOLD�PHGLDWHG�HIIHFWV�LQ�D�PRGHO�RI�QHXURSDWKLF�

SDLQ� DQG� RYHUFRPH� PHWKRGRORJLFDO� OLPLWDWLRQV� RI� SUHYLRXV� DSSURDFKHV� H[SORULQJ� PLFURJOLD�

IXQFWLRQ�XSRQ�QHUYH� LQMXU\��ZH�VHOHFWLYHO\�DEODWHG� UHVLGHQW�PLFURJOLD�E\� LQWUDFHUHEURYHQWULFXODU�

�LFY�� JDQFLFORYLU� LQIXVLRQ� LQWR�PDOH�CD11b-HSVTK� WUDQVJHQLF�PLFH�� ZKLFK� ZDV� IROORZHG� E\� D�

UDSLG��FRPSOHWH�DQG�SHUVLVWHQW�����ZHHNV��UHSRSXODWLRQ�RI�WKH�&16�E\�SHULSKHUDO�P\HORLG�FHOOV��

,Q� UHSRSXODWHG� PLFH� WKDW� XQGHUZHQW� VFLDWLF� QHUYH� LQMXU\�� ZH� REVHUYHG� D� QRUPDO� UHVSRQVH� WR�

PHFKDQLFDO� VWLPXOL�� EXW� DQ�DEVHQFH�RI� WKHUPDO� K\SHUVHQVLWLYLW\� LSVLODWHUDO� WR� WKH� LQMXUHG�QHUYH��

)XUWKHUPRUH�� ZH� IRXQG� WKDW� QHXURQDO� H[SUHVVLRQ� RI� FDOFLWRQLQ� JHQH�UHODWHG� SHSWLGH� �&*53���

ZKLFK�LV�D�PDUNHU�RI�QHXURQV�HVVHQWLDO�IRU�KHDW�UHVSRQVHV��ZDV�GLPLQLVKHG�LQ�WKH�GRUVDO�KRUQ�RI�

WKH�VSLQDO�FRUG� LQ� UHSRSXODWHG�PLFH��7KHVH� ILQGLQJV�GHPRQVWUDWH�GLVWLQFW�PHFKDQLVPV� IRU�KHDW�

DQG�PHFKDQLFDO�K\SHUVHQVLWLYLW\��KLJKOLJKWLQJ�D�FUXFLDO�FRQWULEXWLRQ�RI�&16�P\HORLG�FHOOV� LQ� WKH�

IDFLOLWDWLRQ�RI�QR[LRXV�KHDW��

� �



�
�

ϳ

,1752'8&7,21�

1HXURSDWKLF�SDLQ�UHIHUV�WR�D�FRPSOH[�FKURQLF�SDLQ�VWDWH�UHVXOWLQJ�IURP�GDPDJH�WR�RU�G\VIXQFWLRQ�

RI� WKH�VRPDWRVHQVRU\�V\VWHP� WKDW� LV� FKDUDFWHUL]HG�E\�PHFKDQLFDO�DOORG\QLD��K\SHUDOJHVLD�DQG�

VSRQWDQHRXV�SDLQ�LQ�KXPDQ�SDWLHQWV��7KHUH�LV�DFFXPXODWLQJ�HYLGHQFH�WKDW�QHXURQV�DUH�QRW� WKH�

RQO\�FUXFLDO�SOD\HUV�LQ�VSLQDO�SURFHVVLQJ�RI�QRFLFHSWLYH�VLJQDOV��EXW�WKDW�JOLDO�FHOOV�DOVR�FRQWULEXWH�

WR�H[SHULPHQWDO�SDLQ�VWDWHV�� ,Q�SDUWLFXODU��PLFURJOLD�� WKH�UHVLGHQW� LPPXQH�FHOOV� LQ� WKH�&16��DUH�

SRZHUIXO�PRGXODWRUV�LQ�WKH�LQGXFWLRQ�RI�QRFLFHSWLRQ���������$V�D�FRQVHTXHQFH�RI�SHULSKHUDO�QHUYH�

LQMXU\��PLFURJOLD�LQ�WKH�GRUVDO�KRUQ��'+��RI�WKH�VSLQDO�FRUG�UDSLGO\�UHVSRQG�WR�LQMXU\�E\�PLJUDWLQJ�

WR� WKH� VLWH� RI� GDPDJH�� SUROLIHUDWLQJ�� XSUHJXODWLQJ� D� YDULHW\� RI� FHOO�VXUIDFH� UHFHSWRUV� DQG�

HODERUDWLQJ�DQ�DUUD\�RI� F\WRNLQHV��7KH� ODWWHU�FDQ�EH�FDXVDO� IRU� WKH�K\SHUDFWLYLW\�RI�QRFLFHSWLYH�

QHXURQV�� ,Q� DGGLWLRQ� WR� WKH� DFWLYDWLRQ� RI� &16�UHVLGHQW�PLFURJOLD�� SHULSKHUDO� D[RQDO� LQMXU\� DOVR�

UHVXOWV�LQ�WKH�UHFUXLWPHQW�RI�KHPDWRJHQRXV�PRQRF\WHV�WR�WKH�'+��ZKHUH�WKH\�DOVR�SURYLGH�D�ULFK�

VRXUFH�RI�SDLQ�PHGLDWRUV�WKDW�DFW�RQ�QRFLFHSWLYH�WHUPLQDOV������

7KH� QHFHVVLW\� RI� PLFURJOLD� DQG� SHULSKHUDO� EORRG�ERUQH� P\HORLG� FHOOV� IRU� WKH� LQLWLDWLRQ� RI�

QHXURSDWKLF� SDLQ� SURFHVVLQJ� DIWHU� SHULSKHUDO� QHUYH� LQMXU\� KDV� QRW� EHHQ� LQGHSHQGHQWO\�

LQYHVWLJDWHG�WR�GDWH�GXH�WR�WKH�ODFN�RI�DSSURSULDWH�WRROV�WR�DGGUHVV�WKLV�TXHVWLRQ��7KXV��ZH�WRRN�

DGYDQWDJH�RI�D�WUDQVJHQLF�PRXVH�PRGHO�WKDW�DOORZV�IRU�D�ODUJH�VFDOH�GHSOHWLRQ�RI�PLFURJOLD�LQ�WKH�

&16��QDPHO\��D�PRXVH�H[SUHVVLQJ�WKH�&'��E�SURPRWHU�GULYHQ�KHUSHV�VLPSOH[�YLUXV� WK\PLGLQH�

NLQDVH��CD11b-HSVTK��UHIHUUHG�WR�KHUHDIWHU�DV�7.�PLFH����������)ROORZLQJ�PLFURJOLD�DEODWLRQ�LQ�

WKLV�PRGHO��SHULSKHUDO�PRQRF\WLF�FHOOV�UDSLGO\�LQILOWUDWH�DQG�UHSRSXODWH�WKH�EUDLQ�SDUHQFK\PD������

WKXV�DOORZLQJ� IRU� WKH�HIIHFWLYH�H[FKDQJH�RI�HQGRJHQRXV�PLFURJOLD�ZLWK�SHULSKHUDO�P\HORLG�FHOOV�

�����8VLQJ� WKH�CD11b-HSVTK� �7.��PRXVH�PRGHO��ZH� IRXQG� WKDW� IROORZLQJ�SDUWLDO� VFLDWLF�QHUYH�

OLJDWLRQ��361/���PLFH�ODFNLQJ�FHQWUDO�PLFURJOLD�WKDW�DUH�UHSODFHG�ZLWK�SHULSKHUDO�P\HORLG�FHOOV�IDLO�

WR� GHYHORS� KHDW� K\SHUVHQVLWLYLW\�� EXW� PDLQWDLQ� QRUPDO� UHVSRQVHV� WR� PHFKDQLFDO� DQG� FROG�

VWLPXODWLRQ�� ,Q� OLQH�ZLWK� WKLV� ILQGLQJ��ZH�REVHUYHG�D�VLJQLILFDQW� UHGXFWLRQ� LQ�&*53��D�PROHFXODU�
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PDUNHU� RI� SHSWLGHUJLF� QRFLFHSWLYH� QHXURQV� WKDW�ZHUH� VKRZQ� WR� EH� UHTXLUHG� WR� VHQVH�KHDW� �����

7DNHQ� WRJHWKHU��ZH� UHSRUW� IRU� WKH� ILUVW� WLPH� RQ� DQ� DQLPDO�PRGHO� DOORZLQJ� UDSLG� UHFUXLWPHQW� RI�

SHULSKHUDO�P\HORLG�FHOOV�LQWR�WKH�VSLQDO�FRUG�SDUHQFK\PD�DIWHU�GHSOHWLRQ�RI�UHVLGHQW�PLFURJOLD��,Q�

WKLV�ZD\��ZH�ZHUH�DEOH�WR�H[SHULPHQWDOO\�VKRZ�WKDW�WKH�RULJLQ�RI�P\HORLG�FHOOV��DW�OHDVW�WR�VRPH�

H[WHQW��GHWHUPLQHV�WKHLU�IXQFWLRQDO�UHSHUWRLUH�GHPRQVWUDWLQJ�WKDW�WKH�UROH�RI�UHVLGHQW�PLFURJOLD�LQ�

QHXURSDWKLF�SDLQ�LV�GLVWLQFW�IURP�WKDW�RI�SHULSKHUDO�P\HORLG�FHOOV�DQG�H[WHQGV�EH\RQG�DFXWH�SUR�

LQIODPPDWRU\� UHVSRQVHV� WKDW� SURPRWH� WKH� GHYHORSPHQW� RI� SDLQ�� EXW� DOVR� HQFRPSDVVHV� WKH�

PHGLDWLRQ�RI�GLVWLQFW�SDLQ�HQWLWLHV��
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0\HORLG�FHOO�UHVSRQVH�WR�SHULSKHUDO�QHUYH�LQMXU\�

0LFURJOLDO�DFWLYDWLRQ�FDQ�EH�FRQVLVWHQWO\�REVHUYHG�LQ�D�YDULHW\�RI�H[SHULPHQWDO�SHULSKHUDO�QHUYH�

LQMXU\�PRGHOV���������,QGXFWLRQ�RI�JOLDO�F\WRNLQH�H[SUHVVLRQ�LV�DOLJQHG�ZLWK�PRUSKRORJLFDO�FKDQJHV�

DQG� LQFUHDVHG� H[SUHVVLRQ� RI� WKH� P\HORLG� FHOO�VSHFLILF� PDUNHU� ,ED�� ������ 7R� JDLQ� D� EHWWHU�

XQGHUVWDQGLQJ�RI�WKH�WHPSRUDO�DFWLYDWLRQ�SDWWHUQ�RI�PLFURJOLD�DIWHU�361/�LQ�ZLOG�W\SH��:7��PLFH��

,ED�� LPPXQRUHDFWLYLW\� �,5�� ZDV� DQDO\]HG� LQ� WKH� LSVLODWHUDO� DQG� FRQWUDODWHUDO� GRUVDO� KRUQ�

�'+L�'+F�� RI� WKH� OXPEDU� VSLQDO� FRUG� DW� VHYHUDO� WLPH� SRLQWV� DIWHU� 361/�� &RPSDUHG� WR� WKH�

FRQWUDODWHUDO� VLGH��PLFURJOLD� VXUURXQGLQJ� WKH� LQMXUHG� VHQVRU\� DQG�PRWRU� QHXURQV� RI� WKH� VFLDWLF�

QHUYH�WHUPLQDOV�LQ�WKH�LSVLODWHUDO�GRUVDO�DQG�YHQWUDO�KRUQ��9+��GLVSOD\HG�LQWHQVH�,5��)LJXUH��$���

,Q�WKH�'+L��TXDQWLWDWLYH�PRUSKRPHWULF�DQDO\VLV�RI�WKH�DUHD�FRYHUHG�E\�,ED���FHOOV�GHPRQVWUDWHG�D�

VXEVWDQWLDO� LQFUHDVH�VWDUWLQJ���GD\V�SRVW� LQMXU\� �GSL���SHDNLQJ�DW���GSL�DQG�GHFOLQLQJ� WKHUHDIWHU�

�)LJXUH��%���

3UROLIHUDWLRQ�RI�PLFURJOLD�ZDV�DVVHVVHG�E\�%UG8�LQFRUSRUDWLRQ�DW�PXOWLSOH�WLPH�SRLQWV�DIWHU�LQMXU\��

&RPSDUHG� WR� QDwYH� OXPEDU� VSLQDO� FRUGV� LQ� ZKLFK� RQO\� IHZ� VSDUVH� %UG8�LPPXQRODEHOHG� FHOOV�

FRXOG�EH�IRXQG�ZLWKLQ� WKH�VSLQDO�FRUG�SDUHQFK\PD��YDVW�QXPEHUV�RI�QHZO\�GLYLGLQJ�%UG8��FHOOV�

ZHUH� GHWHFWHG� ZLWKLQ� WKH� '+L� IURP� GD\V� �� WR� �� DIWHU� LQMXU\� �)LJXUH� ��� &� DQG� '��� 'RXEOH�

LPPXQRIOXRUHVFHQW� VWDLQLQJ� RI� LQFRUSRUDWHG� %UG8� DQG� ,ED�� �)LJXUH� �)�� UHYHDOHG� WKDW� ���� RI�

%UG8��FHOOV�LQ�WKH�'+L�ZHUH�,ED����)LJXUH��(���

7R�XQHTXLYRFDOO\�GLVWLQJXLVK�EORRG�GHULYHG�P\HORLG�FHOOV� IURP� LQWULQVLF�PLFURJOLD��ZH�JHQHUDWHG�

FKLPHULF� PLFH� KDUERULQJ� LVRJHQLF� ȕ�DFWLQ�*)3�ODEHOHG� :7� ERQH� PDUURZ�� 'RXEOH�

LPPXQRODEHOLQJ�UHYHDOHG�D�FOHDU�FR�ORFDOL]DWLRQ�RI�*)3�DQG�,ED���)LJXUH��*���FRQILUPLQJ�WKDW�LQ�

DGGLWLRQ� WR� UHVLGHQW�PLFURJOLD�� SHULSKHUDO�P\HORLG� FHOOV� DOVR� FRQWULEXWH� D�PLQRU� DPRXQW� WR� WKH�

,ED���FHOO�SRSXODWLRQ�ZLWKLQ�WKH�OXPEDU�VSLQDO�FRUG�LQ�WKH�HDUO\�DFWLYDWLRQ�SKDVH�DIWHU�361/��

�
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'HSOHWLRQ� RI�PLFURJOLD� DQG� SHUVLVWHQW� UHSRSXODWLRQ�ZLWK� SHULSKHUDO�P\HORLG� FHOOV� LQ� WKH�

OXPEDU�VSLQDO�FRUG�

&LUFXODWLQJ� PRQRF\WHV� GR� QRW� VXEVWDQWLDOO\� HQWHU� RU� HQJUDIW� WKH� &16� RI� KHDOWK\� PLFH� ������

KRZHYHU��VSHFLILF�SDWKRORJLFDO�FRQGLWLRQV��VXFK�DV�SHULSKHUDO�QHUYH�LQMXU\��WULJJHU�WKHLU�LQILOWUDWLRQ�

���� ����� 7R� LQYHVWLJDWH� ZKHWKHU� EHKDYLRUDO� GLIIHUHQFHV� LQ� WKH� IDFLOLWDWLRQ� RI� SDLQ� VLJQDOV� H[LVW�

EHWZHHQ� &16� UHVLGHQW� PLFURJOLD� DQG� SHULSKHUDO� P\HORLG� FHOOV�� ZH� WRRN� DGYDQWDJH� RI� WKH� 7.�

WUDQVJHQLF�PRXVH�PRGHO��ZKLFK�DOORZV�IRU�WKH�FHQWUDO�GHSOHWLRQ�RI�HQGRJHQRXV�&'��E��PLFURJOLD�

LQ� WKH� EUDLQ� SDUHQFK\PD� IROORZHG� E\� UDSLG� UHSRSXODWLRQ� RI� SHULSKHUDO� P\HORLG� FHOOV� XSRQ� LFY�

DGPLQLVWUDWLRQ� RI� WKH� GUXJ� JDQFLFORYLU� �*&9�� ���� ���� +RZHYHU�� SULRU� WR� WKLV� VWXG\�� LW� UHPDLQHG�

XQFOHDU�LI�RWKHU�SDUWV�RI�WKH�&16��QDPHO\�WKH�OXPEDU�VSLQDO�FRUG��FDQ�DOVR�EH�UHSRSXODWHG�ZLWK�

SHULSKHUDO� P\HORLG� FHOOV� DQG� LI� WKH\� FDQ� IXQFWLRQDOO\� UHSODFH� &16�UHVLGHQW� PLFURJOLD�� 7KXV�� D�

VSHFLILF�H[FKDQJH�SURWRFRO�IRU�WKH�VSLQDO�FRUG�ZDV�HVWDEOLVKHG�WKDW�WDNHV�DGYDQWDJH�RI�WKH�UDSLG�

WUDQVSRUW� RI�*&9�YLD� WKH�FHUHEURVSLQDO� IOXLG� �&6)�� WR� WKH� OXPEDU� VSLQDO� FRUG��7R� UHVWULFW�*&9 

VHQVLWLYLW\� WR� UHVLGHQW� PLFURJOLD� DQG� GLVWLQJXLVK� EHWZHHQ� UHPDLQLQJ� PLFURJOLD� DQG� SHULSKHUDO�

P\HORLG�FHOOV�DIWHU�&16�UHSRSXODWLRQ��ZH�JHQHUDWHG�*)3�ERQH�PDUURZ�FKLPHULF�PLFH�WKDW�RQO\�

H[SUHVV�WKH�7.�WUDQVJHQH� LQ� WKH� UDGLRUHVLVWDQW�&16��*)3!7.���DV�ZHOO�DV�QRQ�WUDQVJHQLF�:7�

OLWWHUPDWHV��*)3!:7����

7R�FLUFXPYHQW�SRWHQWLDO� VLGH�HIIHFWV�RI�KLJK�&&/��H[SUHVVLRQ��ZKLFK�KDV�EHHQ� UHSRUWHG� WR�EH�

SURGXFHG�XSRQ�LUUDGLDWLRQ�DQG�LQYROYHG�LQ�WKH�UHFUXLWPHQW�RI�&&5��H[SUHVVLQJ�P\HORLG�FHOO�LQWR�

WKH�&16�������ZH�ZDLWHG�IRU���ZHHNV�DIWHU�LUUDGLDWLRQ�DQG�UHFRQVWLWXWLRQ�ZLWK�*)3�ERQH�PDUURZ�

EHIRUH�IXUWKHU�PDQLSXODWLRQV�ZHUH�SHUIRUPHG�������7ZR�ZHHNV�DIWHU�LQLWLDWLRQ�RI�*&9�WUHDWPHQW��

TXDQWLWDWLYH�VWHUHRORJLFDO�DQDO\VLV�UHYHDOHG�WKDW�����RI�WKH�P\HORLG�FHOO�SRRO�LQ�WKH�OXPEDU�VSLQDO�

FRUG� RI� *)3!7.� DQLPDOV� ZDV� FRPSULVHG� RI� *)3�� SHULSKHUDOO\�GHULYHG� FHOOV� �)LJXUH� �%���

*)3!7.� PLFH� WKDW� ZHUH� DQDO\]HG� �� ZHHNV� �VKRUW� WHUP�� DIWHU� WHUPLQDWLRQ� RI� *&9� WUHDWPHQW�

H[KLELWHG� D� ���� UHSRSXODWLRQ� �)LJXUH� ��� $� DQG� &��� )RU� DOO� WLPH� SRLQWV� WHVWHG�� *&9�WUHDWHG�
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*)3!:7�PLFH��)LJXUH����%�DQG�&���YHKLFOH�WUHDWHG��DUWLILFLDO�&6)��D&6)��)LJXUH��'���DV�ZHOO�DV�

QRQ�WUHDWHG� *)3!:7� DQG� *)3!7.�PLFH� �)LJXUH� �(��� VKRZHG� OLWWOH� WR� QR� LQILOWUDWLRQ� RI� *)3��

P\HORLG� FHOOV� LQWR� WKH� OXPEDU� VSLQDO� FRUG�� LQGLFDWLQJ� WKDW� LUUDGLDWLRQ�� UHFRQVWLWXWLRQ� DQG� *&9�

DGPLQLVWUDWLRQ�per se GLG�QRW�SURPRWH�VXEVWDQWLDO� LQYDVLRQ�RI�SHULSKHUDO�P\HORLG�FHOOV��1RWDEO\��

WKH�QXPEHU�RI�,ED����DQG�*)3���FHOOV� LQFUHDVHG�RYHU�WLPH�LQ�VSLQDO�FRUG�WLVVXH�RI�*&9�WUHDWHG�

*)3!7.�PLFH�WR�D�VLPLODU�H[WHQW�DV�REVHUYHG�LQ�UHSRSXODWHG�EUDLQ�UHJLRQV���������

,QWHUHVWLQJO\��ZH�REVHUYHG�ORQJ�WHUP�UHVLGHQF\�RI�SHULSKHUDOO\�GHULYHG�*)3��P\HORLG�FHOOV�LQ�WKH�

OXPEDU� VSLQDO� FRUG� HYHQ�KDOI� D� \HDU� DIWHU�PLFURJOLD� GHSOHWLRQ�� 6SHFLILFDOO\��*)3!7.�PLFH� WKDW�

ZHUH� DQDO\]HG� ��� ZHHNV� �ORQJ� WHUP�� DIWHU� WHUPLQDWLRQ� RI� *&9� WUHDWPHQW� H[KLELWHG� D� ����

UHSRSXODWLRQ��)LJXUH��$���0RUHRYHU��DQDO\VLV�RI�WKH�PHDQ�GLVWDQFH�EHWZHHQ�,ED���FHOOV�UHYHDOHG�

D�GHQVHU�GLVWULEXWLRQ�RI�UHSRSXODWHG�FHOOV�LQ�*)3!7.�PLFH�WKDQ�UHVLGHQW�PLFURJOLD�LQ�WKH�OXPEDU�

VSLQDO�FRUG�RI�*)3!:7�DQLPDOV��)LJXUH����%�DQG�&���

7DNHQ� WRJHWKHU�� SHULSKHUDO�P\HORLG� FHOO� UHSRSXODWLRQ� LV� GHSHQGHQW� XSRQ�PLFURJOLD� GHSOHWLRQ� LQ�

*)3!7.�PLFH��&RPSDUHG� WR� UHVLGHQW�PLFURJOLD�� LQILOWUDWLQJ�P\HORLG�FHOOV�ZHUH�PRUH�QXPHURXV�

WKURXJKRXW� WKH� VSLQDO� FRUG�� DV� H[SHFWHG� VLQFH� WKH\� DUH� WDVNHG� ZLWK� FRYHULQJ� WKH� VDPH�

VXUYHLOODQFH�DUHD�DV�PLFURJOLD��EXW�ODFN�WKH�HODERUDWH�EUDQFKHG�SURFHVVHV�SRVVHVVHG�E\�&16�

UHVLGHQW�PLFURJOLD��

�

/RQJ�WHUP�P\HORLG�FHOO�DFFXPXODWLRQ�DQG�DFWLYDWLRQ�LQ�WKH�'+L�DIWHU�361/�LQ�UHSRSXODWHG�

*)3!7.�PLFH�

:H�REVHUYHG� UHDFWLYH�PLFURJOLRVLV� DW� HDUO\� WLPH�SRLQWV� ��� GSL�� DIWHU�361/� LQ�:7� �)LJXUH� �$���

*)3!:7�� DQG� *)3!7.� PLFH� �)LJXUH� �$��� 7R� FRPSDUH� WKH� DFWLYDWLRQ� NLQHWLFV� RI� HQJUDIWHG�

P\HORLG�FHOOV�ZLWK� WKDW�RI� UHVLGHQW�PLFURJOLD��ZH�SHUIRUPHG� LPPXQRKLVWRORJLFDO�DQDO\VHV�RI� WKH�

'+�RI�QRQ�UHSRSXODWHG�*)3!:7�DQG�UHSRSXODWHG�*)3!7.�DQLPDOV�DW�ODWH�WLPH�SRLQWV�����GSL��

DIWHU�361/��1R�P\HORLG�FHOO�DFFXPXODWLRQ�DQG�OLWWOH�LQILOWUDWLRQ�RI�*)3��SHULSKHUDO�FHOOV�FRXOG�EH�
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IRXQG�LQ�WKH�XQLQMXUHG��FRQWUD��DQG�LQMXUHG��LSVL��'+�RI�*&9�WUHDWHG�*)3!:7�DQLPDOV��)LJXUH����

*�DQG�+��DQG�QRQ�WUHDWHG��)LJXUH��%��RU�D&6)�WUHDWHG�*)3!:7�DQG�*)3!7.�DQLPDOV��)LJXUH�

�&�� DW� DQ\� WLPH� SRLQW� H[DPLQHG�� $V� H[SHFWHG�� UHSRSXODWHG� *)3!7.� VKDP�RSHUDWHG� DQLPDOV�

VKRZHG� QR� VLJQV� RI� P\HORLG� FHOO� DFFXPXODWLRQ� �)LJXUH� ��� '� DQG� (��� ,QVWHDG�� ZH� LGHQWLILHG� D�

UREXVW� DFFXPXODWLRQ� RI� ,ED���*)3�� P\HORLG� FHOOV� WKDW� ZHUH� VWLOO� K\SHUWURSKLF� �)LJXUH� �)���

LQGLFDWLQJ�DQ�HQKDQFHG�UHVSRQVH�VWDWH��DW����GSL�LQ�WKH�'+L�RI�*)3!7.�DQLPDOV��DV�FRPSDUHG�WR�

:7�DQLPDOV�DW���GSL��7KLV�REVHUYDWLRQ�ZDV�PDGH�LQ�WZR�LQGHSHQGHQW�H[SHULPHQWV��QDPHO\�LQ�WKH�

VKRUW� WHUP� JURXS� �)LJXUH� ��� *� DQG� +�� LQ� ZKLFK� 361/� ZDV� SHUIRUPHG� WZR� ZHHNV� DIWHU�

GHSOHWLRQ�UHSRSXODWLRQ�WRRN�SODFH��DQG�LQ�WKH�ORQJ�WHUP�JURXS��)LJXUH����,�DQG�-��LQ�ZKLFK�WKHUH�

ZDV� D� SHULRG� RI� IRXU� PRQWKV� EHWZHHQ� WKH� WLPH� RI� *&9� DGPLQLVWUDWLRQ� �DQG� PLFURJOLD�

GHSOHWLRQ�P\HORLG� FHOO� UHSRSXODWLRQ�� DQG� 361/�� WKXV� DOORZLQJ� WKH� LQYDGLQJ� SHULSKHUDO�P\HORLG�

FHOOV�WR�DGDSW�WR�WKH�&16�HQYLURQPHQW��

7DNHQ�WRJHWKHU��LQ�FRQWUDVW�WR�UHVLGHQW�PLFURJOLD�LQ�:7�DQG�*)3!:7�PLFH��ZKLFK�UHWXUQHG�WR�D�

KRPHRVWDWLF�VWDWH�RQH�ZHHN�SRVW�361/��LQILOWUDWLQJ�P\HORLG�FHOOV�FRQWLQXHG�WR�H[KLELW�D�VSHFLILF�

UHDFWLYH� SKHQRW\SH� LQ� UHVSRQVH� WR� 361/� DIWHU� ��� GSL�� VXJJHVWLQJ� D� GLIIHUHQWLDO� UHVSRQVH� RI�

HQGRJHQRXV�PLFURJOLD�DQG�SHULSKHUDOO\�GHULYHG�&16�P\HORLG�FHOOV�WR�361/�DW�ODWH�WLPH�SRLQWV���

�

0LFURJOLD�GHSOHWHG� DQG�P\HORLG� FHOO� UHSRSXODWHG�PLFH� ODFN� KHDW� K\SHUDOJHVLD�� EXW� UHDFW�

QRUPDOO\�WR�PHFKDQLFDO�DQG�FROG�VWLPXOL�LQ�UHVSRQVH�WR�361/�

,QMXU\�WR�D�SHULSKHUDO�QHUYH�SURGXFHV�SURIRXQG�EHKDYLRUDO�LQGLFDWRUV�RI�SHUVLVWHQW�SDLQ��LQFOXGLQJ�

K\SHUDOJHVLD� DQG� DOORG\QLD� ������ ,Q�:7�PLFH�� 361/� KDG� QR� LQIOXHQFH� RQ�PRWRU� IXQFWLRQ� DQG�

UHIOH[HV��DV�DVVHVVHG�E\�WKH�DFFHOHUDWLQJ�5RWD�5RG�DVVD\�DQG�WKH�7DLO�)OLFN�WHVW��UHVSHFWLYHO\��

KRZHYHU�� LW�SURGXFHG�FODVVLF�QHXURSDWKLF�SDLQ�V\PSWRPV�� LQFOXGLQJ�D�GHFUHDVH� LQ� WKHUPDO�DQG�

PHFKDQLFDO�SDZ�ZLWKGUDZDO�WKUHVKROGV��3:7��LSVLODWHUDO�WR�WKH�LQMXU\��)LJXUH�6����
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7R�VSHFLILFDOO\�WHVW�ZKHWKHU�SHULSKHUDO�P\HORLG�FHOOV�DUH�DEOH�WR�IXQFWLRQDOO\�UHSODFH�PLFURJOLD��ZH�

SHUIRUPHG�361/��RU�VKDP�RSHUDWLRQ��WZR�ZHHNV�DIWHU�FRQWLQXRXV�*&9�WUHDWPHQW��$W�WKDW�WLPH��

WKH�OXPEDU�VSLQDO�FRUG�ZDV�DOUHDG\�UHSRSXODWHG�E\�SHULSKHUDOO\�GHULYHG�*)3��FHOOV��)LJXUH��%���

7R�GHWHUPLQH�LI�EHKDYLRUDO�UHVSRQVHV�WR�KHDW��FROG�DQG�PHFKDQLFDO�VWLPXOL�ZHUH�DIIHFWHG�E\�WKH�

ODFN� RI� HQGRJHQRXV� PLFURJOLD� DQG� SUHVHQFH� RI� SHULSKHUDOO\�GHULYHG� P\HORLG� FHOOV�� PLFH� ZHUH�

VXEMHFWHG� WR� WKH� 3ODQWDU�� LQFUHPHQWDO� &ROG� 3ODWH� DQG� YRQ� )UH\� WHVW�� UHVSHFWLYHO\�� )RU� DOO�

H[SHULPHQWV��DOWKRXJK�*&9�DGPLQLVWUDWLRQ�ZDV�VWRSSHG�SULRU� WR�361/��ZH�DVVHVVHG�*&9��RU�

D&6)�WUHDWHG� *)3!:7� DQG� *)3!7.� PLFH� EHIRUH� DQG� DIWHU� *&9�D&6)� DGPLQLVWUDWLRQ� WR�

H[FOXGH� QRQ�VSHFLILF� HIIHFWV� RI� VXUJLFDO� SURFHGXUHV� DQG� SULRU� *&9� WUHDWPHQW�� 8QWUHDWHG�

*)3!:7�DQG�*)3!7.�DQLPDOV�H[KLELWHG�VLPLODU�EDVHOLQH�WKUHVKROGV�WR�PHFKDQLFDO�DQG�WKHUPDO�

VWLPXOL�� ,Q�DOO�JURXSV� WHVWHG��*&9�WUHDWPHQW GLG�QRW�SURGXFH�DQ\�EDVHOLQH�FKDQJHV�LQ�3:7V�LQ�

DQ\� RI� WKH� EHKDYLRUDO� WHVWV� �)LJXUH� ��� $� �� (��� LQGLFDWLQJ� WKDW� LUUDGLDWLRQ�� UHFRQVWLWXWLRQ� DQG�

PLFURJOLD� GHSOHWLRQ�P\HORLG� FHOO� UHSRSXODWLRQ� KDG� QR� HIIHFW� RQ� EHKDYLRUDO� UHVSRQVHV��

)XUWKHUPRUH��PRWRU�IXQFWLRQ��)LJXUH��$��DQG�UHIOH[HV��)LJXUH��%��ZHUH�QRW�DOWHUHG�EHIRUH�RU�DIWHU�

361/�LQ�DQ\ RI�WKH�WHVWHG JURXSV��

,Q�FRQWUDVW��IROORZLQJ�361/��PHFKDQLFDO�DOORG\QLD�DQG�KHDW�K\SHUDOJHVLD�ZHUH�REVHUYHG LQ�*&9�

WUHDWHG� *)3!:7� DQG� D&6)�WUHDWHG� *)3!:7� DQG�*)3!7.� FRQWURO� DQLPDOV�� 6KDP�RSHUDWHG��

UHSRSXODWHG� *)3!7.� PLFH� GHYHORSHG� QR� EHKDYLRUDO� K\SHUDOJHVLD� �)LJXUH� ��� &� DQG� '���

6XUSULVLQJO\� KRZHYHU�� LQ� *&9�WUHDWHG� *)3!7.� PLFH� LQ� ZKLFK� &16�UHVLGHQW� PLFURJOLD� ZHUH�

GHSOHWHG� DQG� KDG� EHHQ� UHSODFHG� E\� SHULSKHUDOO\�GHULYHG� P\HORLG� FHOOV�� 361/ UHVXOWHG� LQ� D�

ODVWLQJ� IRUPDWLRQ� RI�PHFKDQLFDO� DOORG\QLD� �)LJXUH� �&��� ZKLOH� KHDW� ZLWKGUDZDO� ODWHQFLHV� IRU� WKH�

LQMXUHG� SDZ�ZHUH� LGHQWLFDO� WR� WKDW� RI� WKH� XQLQMXUHG� FRQWUDODWHUDO� VLGH� �)LJXUH� �'��� LQGLFDWLQJ� D�

FRPSOHWH� ODFN� RI� KHDW� K\SHUDOJHVLD� LQ� UHSRSXODWHG� PLFH�� 7R� GHWHUPLQH� LI� WKLV� SKHQRW\SH� LV�

VSHFLILF� IRU� KHDW�ZH�DOVR�PHDVXUHG� FROG� VHQVLWLYLW\� LQ�*)3!:7�DQG�*)3!7.�PLFH��*)3!:7�

DQG�*)3!7.�PLFH�GLVSOD\HG�D�JUHDWHU�VHQVLWLYLW\�WR�FROG�DIWHU�361/��)LJXUH��(���VXJJHVWLQJ�WKDW�

PLFURJOLD� DEODWLRQ� DQG� P\HORLG� FHOO� UHSRSXODWLRQ� KDG� QR� HIIHFW� RQ� FROG� K\SHUDOJHVLD�� 6LPLODU�
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DQDO\VHV� LQ� DQLPDOV� WKDW� UHFHLYHG� 361/� IRXU� PRQWKV� DIWHU� *&9� WUHDWPHQW� DQG� PLFURJOLD�

GHSOHWLRQ�HQJUDIWPHQW�RI�SHULSKHUDO�P\HORLG�FHOOV��ORQJ�WHUP��FRQILUPHG�WKLV�REVHUYDWLRQ�DV�WKHVH�

PLFH� DOVR� IDLOHG� WR� PDQLIHVW� KHDW� K\SHUDOJHVLD� �)LJXUH� �,��� EXW� GLVSOD\HG� QRUPDO� PHFKDQLFDO�

UHVSRQVHV��)LJXUH��+���2Q�WKH�RWKHU�KDQG��ORQJ�WHUP�*)3!:7�FRQWURO�PLFH�H[KLELWHG�H[SHFWHG�

PHFKDQLFDO�DQG�KHDW�K\SHUDOJHVLD��)LJXUH����+�DQG�,���$JDLQ��QHLWKHU�JURXS�GLVSOD\HG�DOWHUDWLRQV�

LQ�WKH�5RWD�5RG�RU�7DLO�)OLFN�WHVW��)LJXUH����)�DQG�*���

&ROOHFWLYHO\��LQ�FKURQLF�SDLQ�WHVWV��*)3!7.�DQLPDOV�GHSOHWHG�RI�FHQWUDO�PLFURJOLD�DQG�SRSXODWHG�

E\� ERQH�PDUURZ�GHULYHG�P\HORLG� FHOOV� VKRZHG� FRQVLGHUDEO\� GHFUHDVHG� 3:7V� LQ� UHVSRQVH� WR�

PHFKDQLFDO�DQG�FROG��EXW�QRW�KHDW�VWLPXOL�LSVLODWHUDO�WR�WKH�LQMXU\��

�

0LFURJOLD�GHSOHWLRQ�DQG�P\HORLG�FHOO�UHSRSXODWLRQ�GRHV�QRW�LQIOXHQFH�HVWDEOLVKHG�FKURQLF�

SDLQ�V\PSWRPV�

7R�WHVW�ZKHWKHU�DEODWLRQ�RI�PLFURJOLD�DQG�VXEVHTXHQW�UHSRSXODWLRQ�ZLWK�SHULSKHUDO�P\HORLG�FHOOV�

FDQ� UHVFXH� WKHUPDO� K\SHUDOJHVLD� WKDW� RFFXUV� DIWHU� SHULSKHUDO� QHUYH� LQMXU\�� *&9� ZDV�

DGPLQLVWHUHG� DW� �� GSL�� D� WLPH� SRLQW� DW� ZKLFK� UREXVW� WKHUPDO� K\SHUDOJHVLD� DQG� PHFKDQLFDO�

DOORG\QLD�ZHUH�DOUHDG\�HVWDEOLVKHG��)LJXUH���DQG�)LJXUH�6���� ,Q�FRQWUDVW� WR�RXU�REVHUYDWLRQV�LQ�

SUHYLRXV�H[SHULPHQWV�� LQLWLDWLRQ�RI�PLFURJOLD� GHSOHWLRQ�DQG�P\HORLG� FHOO� UHSRSXODWLRQ�ZLWKLQ� WKH�

OXPEDU�VSLQDO�FRUG�RI�*&9�WUHDWHG�*)3!7.�PLFH�SRVW�361/�GLG�QRW�UHVXOW� LQ�DQ\�GLIIHUHQFH�LQ�

PHFKDQLFDO� RU� WKHUPDO� WKUHVKROGV� FRPSDUHG� WR� QRQ�GHSOHWHG� DQG� QRQ�UHSRSXODWHG� *)3!:7�

QHUYH�LQMXUHG�PLFH��)LJXUH����&�DQG�'���1R�GHILFLWV�LQ WKH�5RWD�5RG��)LJXUH��$��RU�7DLO�IOLFN�WHVW�

�)LJXUH��%��FRXOG�EH�REVHUYHG�LQ�WKHVH�PLFH��

7KLV� REVHUYDWLRQ� VXJJHVWV� WKDW� WKH� LQIOXHQFH� RI� PLFURJOLD� DQG�RU� SHULSKHUDO� PDFURSKDJHV� RQ�

WKHUPDO� K\SHUDOJHVLD�� RU� WKH� ODFN� WKHUHRI� DV� REVHUYHG� LQ� WKH� SUHVHQFH� RI� SHULSKHUDO� P\HORLG�

FHOOV��UHVXOWV�IURP�D�ODFN�RI�LQLWLDWLRQ�DW�DFXWH�VWDJHV��UDWKHU�WKDQ�DQ�LQKLELWLRQ�RI�PDLQWHQDQFH�RI�

K\SHUDOJHVLD��
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&*53�H[SUHVVLRQ�LV�UHGXFHG�LQ�WKH�GRUVDO�KRUQ�RI�PLFURJOLD�GHSOHWHG�PLFH�

,QFUHDVHG�H[FLWDWRU\�V\QDSWLF�WUDQVPLVVLRQ�DQG�GHFUHDVHG�LQKLELWRU\�V\QDSWLF�WUDQVPLVVLRQ�LQ�WKH�

'+�RI�WKH�VSLQDO�FRUG�DUH�WKH�WZR�PRVW�LPSRUWDQW�FKDUDFWHULVWLFV�IRU�WKH�GHYHORSPHQW�RI�FHQWUDO�

VHQVLWL]DWLRQ�����������7R�FRPSDUH�WKH�WUDQVFULSWLRQ�SDWWHUQ�RI�UHVLGHQW�PLFURJOLD�DQG� LQILOWUDWLQJ�

P\HORLG�FHOOV��D�T3&5�EDVHG�PLFURDUUD\� �0RXVH�3DLQ��1HXURSDWKLF�	� ,QIODPPDWRU\��RI�DOO� FHOO�

SRSXODWLRQV� ZLWKLQ� WKH� '+� RI� PLFURJOLD�GHSOHWHG� DQG� P\HORLG� FHOO�UHSRSXODWHG� PLFH� DQG�

LGHQWLFDOO\�WUHDWHG� FRQWUROV� ZDV� SHUIRUPHG� �� GSL�� *HQH� H[SUHVVLRQ� DQDO\VLV� OHG� WR� WKH�

LGHQWLILFDWLRQ�RI�D�QXPEHU�RI�SUHVXPDEO\�PLFURJOLD��PDFURSKDJH�VSHFLILF� LQIODPPDWRU\�PDUNHUV�

WKDW�ZHUH�VLJQLILFDQWO\�XSUHJXODWHG�LQ�UHSRSXODWHG�*)3!7.�PLFH��7DEOH�6����<HW��QRQH�RI�WKHVH�

WDUJHW� JHQHV� ZHUH� IRXQG� WR� EH� VSHFLILFDOO\� UHJXODWHG� LQ� WKH� '+L� FRPSDUHG� WR� '+F�� SRLQWLQJ�

WRZDUGV�D�JHQHUDO�LQIODPPDWRU\�VLJQDWXUH�RI�ERQH�PDUURZ�GHULYHG�P\HORLG�FHOOV�UHSRSXODWLQJ�WKH�

&16�DIWHU�PLFURJOLD�GHSOHWLRQ��UDWKHU�WKDQ�D�VSHFLILF�UHVSRQVH�WR�361/��

,PSRUWDQWO\� KRZHYHU�� ZH� IRXQG� WKDW�Calca�� HQFRGLQJ� WKH� QHXURQ�VSHFLILF� &*53Į� SURWHLQ� WKDW�

ZDV�VKRZQ� WR�GLUHFWO\�FRQWULEXWH� WR�KHDW�VHQVDWLRQ� ���������ZDV� WKH�VLQJOH�JHQH�ZKRVH�P51$�

H[SUHVVLRQ�ZDV�VLJQLILFDQWO\�GRZQUHJXODWHG�LQ�WKH�'+�RI�WKH�VSLQDO�FRUG�LQ�*)3!7.�PLFH���GSL�

�7DEOH�6��DQG�)LJXUH��$���ZKLOH�RWKHU�QHXURQDO�WUDQVFULSWV�H�J��Cacna1b��Ntrk1�DQG�Grin1�ZHUH�

XQFKDQJHG��GDWD�QRW�VKRZQ���7R�GHWHUPLQH�LI�WKLV�FKDQJH�ZDV�GHWHFWDEOH�DW�WKH�SURWHLQ�OHYHO��ZH�

DOVR� LQYHVWLJDWHG� &*53�,5� LQ� WKH� '+� RI� *)3!:7� DQG� *)3!7.� DQLPDOV� E\� PRUSKRPHWULF�

DQDO\VLV��,QGHSHQGHQW�RI�361/��ZH�IRXQG�D�VLJQLILFDQWO\�ORZHU�H[SUHVVLRQ�RI�&*53�LQ�PLFURJOLD�

GHSOHWHG� DQG� P\HORLG� FHOO� UHSRSXODWHG� PLFH� �)LJXUH� ��� %� DQG� &��� ,PSRUWDQWO\�� WKHUH� ZDV� QR�

UHGXFWLRQ�LQ�WKH�WRWDO�QHXURQDO�SRSXODWLRQ��)LJXUH��'���H[FOXGLQJ�WKH�SRVVLELOLW\�WKDW�D�ORVV�RI�'+�

QHXURQV� FDXVHV� WKH� GHFUHDVH� LQ� &*53� H[SUHVVLRQ�� 7R� GLUHFWO\� DVVHVV� ZKHWKHU� FKDQJHV� LQ�

QHXURQDO�&*53�H[SUHVVLRQ�FDQ�� LQ�SULQFLSOH��EH�PHGLDWHG�E\�P\HORLG� FHOOV��ZH� WUHDWHG�GRUVDO�

URRW� JDQJOLD� �'5*�� )��� FHOOV� ZLWK� FRQGLWLRQHG�PHGLD� IURP� $73�� DQG� VXEVWDQFH� 3�VWLPXODWHG�
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PLFURJOLD�DQG�SHULWRQHDO�PDFURSKDJHV�DQG�PHDVXUHG� WKH�QHXURQDO�&*53�UHOHDVH�� ,Q� OLQH�ZLWK�

RXU�in vivo�REVHUYDWLRQV��ZH�QRWLFHG�D�VLJQLILFDQW�GHFUHDVH�LQ�&*53�OHYHOV�ZKHQ�QHXURQV�ZHUH�

VXEMHFWHG�WR�FRQGLWLRQHG�PHGLD�IURP�P\HORLG�FHOOV��)LJXUH��(���
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$V�GHVFULEHG� IRU�RWKHU�PRGHOV�RI�QHXURSDWKLF�SDLQ��ZH�REVHUYHG�DQ�DFWLYDWLRQ�RI�P\HORLG�FHOOV�

LQFOXGLQJ�ERWK�UHVLGHQW�PLFURJOLD�DQG�SHULSKHUDOO\�GHULYHG�P\HORLG�FHOOV��ZKLFK�UHVSRQGHG�WR�WKH�

QHUYH� LQMXU\� LQ� D� WHPSRUDOO\� DQG� VSDWLDOO\� UHVWULFWHG� IDVKLRQ� ZLWKLQ� WKH� OXPEDU� VSLQDO� FRUG��

LQGLFDWLQJ� WKDW� UHVLGHQW�PLFURJOLD� DQG�RU� SHULSKHUDO�P\HORLG� FHOOV� FDQ� LQIOXHQFH� WKH� LQLWLDWLRQ�RI�

SHUVLVWHQW�SDLQ�LQ�:7�PLFH�����������������3UHYLRXV�ILQGLQJV�SRLQW� WR�DQ�LQYROYHPHQW�RI�P\HORLG�

FHOOV�LQ�WKH�LQLWLDWLRQ�RI�H[DJJHUDWHG�SDLQ�UHVSRQVHV��VXFK�DV�DWWHQXDWHG�PHFKDQLFDO�DOORG\QLD�LQ�

UDWV�DIWHU�VSLQDO�QHUYH� WUDQVHFWLRQ�XSRQ�QRQ�VHOHFWLYH� LQKLELWLRQ�RI�VSLQDO�FRUG�P\HORLG�FHOOV�E\�

PLQRF\FOLQH������� ,Q�DGGLWLRQ��PLFH�GHILFLHQW� LQ�WKH�FKHPRNLQH�UHFHSWRU�&&5��RU�WKH�IUDFWDONLQH�

UHFHSWRU� &;�&5�� IDLOHG� WR� GHYHORS� PHFKDQLFDO� DOORG\QLD� DQG�RU� WKHUPDO� K\SHUDOJHVLD� DIWHU�

361/� ����� ����� ZKLOH� PLFH� ZLWK� D� PLFURJOLD�VSHFLILF� ODFN� RI� EUDLQ�GHULYHG� QHXURWURSKLF� IDFWRU�

�%'1)�� IDLOHG� WR� GHYHORS� PRUSKLQH�LQGXFHG� K\SHUDOJHVLD� ������ 7KHVH� ILQGLQJV� VXSSRUW� WKH�

K\SRWKHVLV� WKDW�P\HORLG�FHOOV�PRGXODWH�QHXURQDO�DFWLYLW\� LQ� WKH�VSLQDO�FRUG� IROORZLQJ�SHULSKHUDO�

QHUYH� LQMXU\��+RZHYHU��PHWKRGRORJLFDO� OLPLWDWLRQV�RI� WKH�DSSURDFKHV�XWLOL]HG� WKXV� IDU� OHIW�PDQ\�

XQDQVZHUHG� TXHVWLRQV�� )RU� H[DPSOH�� PLQRF\FOLQH�� EHVLGHV� FRQIHUULQJ� QXPHURXV� GLYHUJHQW�

HIIHFWV� DSDUW� IURP� EHLQJ� DQWLQIODPPDWRU\� ����� ����� KDV� EHHQ� VKRZQ� WR� EH� LQVXIILFLHQW� LQ�

SUHYHQWLQJ� DVSHFWV� RI� PLFURJOLD� DFWLYDWLRQ�� SDUWLFXODUO\� DIWHU� QHUYH� LQMXU\� ������ )XUWKHUPRUH��

JHQHWLF� GHOHWLRQ� RI� PLFURJOLD�VSHFLILF� UHFHSWRUV�VLJQDOLQJ� SDWKZD\V� PD\� OHDG� WR� DEQRUPDO�

FRPSHQVDWRU\�FKDQJHV�LQ�PXWDQW�PLFURJOLD��WKXV�FRQIRXQGLQJ�GDWD�LQWHUSUHWDWLRQ��7KHUHIRUH��ZH�

VHW� RXW� WR� GLVVHFW� WKH� SUHFLVH� UROH� RI� UHVLGHQW� PLFURJOLD� E\� XWLOL]LQJ� PDOH� CD11b-HSVTK 

WUDQVJHQLF�PLFH�����WR�VSHFLILFDOO\�DQG�HQWLUHO\�GHSOHWH�WKHVH�FHOOV�LQ�D�QHXURSDWKLF�SDLQ�VHWWLQJ��

0DOH�DQLPDOV�ZHUH�XVHG�WR�DYRLG�FRQIRXQGHUV��VXFK�DV�WLPLQJ�RI�RYXODWLRQ��

8QOLNH�RWKHU�PLFURJOLD�GHSOHWLRQ�PRGHOV�LQ�ZKLFK�DEODWHG�PLFURJOLD�DUH�UHSODFHG�&16�LQWULQVLFDOO\�

WKURXJK�SUROLIHUDWLRQ�RI�HQGRJHQRXV�PLFURJOLD�������GHSOHWLRQ�RI�PLFURJOLD� LQ�7.�PLFH�KDV�EHHQ�

VKRZQ�WR�LQGXFH�UDSLG�UHFUXLWPHQW�RI�SHULSKHUDO�P\HORLG�FHOOV�LQWR�WKH�EUDLQ�SDUHQFK\PD�XSRQ�LFY�

DGPLQLVWUDWLRQ�RI�*&9� ��������PDNLQJ� WKLV�PRGHO�XQLTXHO\�VXLWHG� WR�VWXG\�GLIIHUHQWLDO�HIIHFWV�RI�
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PLFURJOLD� DQG�SHULSKHUDO�P\HORLG� FHOOV� LQ� WKH�EUDLQ��7KXV��7.�PLFH�GLIIHU� IURP�RWKHU� SXEOLVKHG�

PLFURJOLD�GHSOHWLRQ�PRGHOV�VLQFH�LQ�WKH�ODWWHU��PLFURJOLD�DUH�UHSODFHG�E\�SUROLIHUDWLQJ�FHOOV�ZLWKLQ�

WKH� &16�� PRVW� OLNHO\� GXH� WR� D� GLIIHUHQFH� LQ� WKH� PROHFXODU� PHFKDQLVP� RI� GHSOHWLRQ� ����� �����

7KHUHIRUH��ZH�H[DPLQHG�QHXURSDWKLF�SDLQ�DQG� UHODWHG�PHFKDQLVPV� LQ� WKH�DEVHQFH�RI� UHVLGHQW�

PLFURJOLD�DQG�SUHVHQFH�RI�SHULSKHUDO�P\HORLG�FHOOV�WR�LGHQWLI\�VKDUHG�P\HORLG�FRQWULEXWLRQV�WR�WKH�

QHXURSDWKLF� SDLQ� SKHQRW\SH� DQG� XQFRYHU� EHKDYLRUDO� GLVWLQFWLRQV� EHWZHHQ� &16�UHVLGHQW� DQG�

SHULSKHUDO�P\HORLG�FHOOV�LQ�WKLV�VHWWLQJ��

6XUSULVLQJO\�� LQILOWUDWLQJ�P\HORLG�FHOOV�H[KLELWHG�DFWLYDWLRQ� LQ� WKH�'+L�XS� WR����GD\V�DIWHU�361/�

ZKHQ�DFWLYDWLRQ�RI�UHVLGHQW�PLFURJOLDO�KDV�XVXDOO\�VXEVLGHG��VXJJHVWLQJ�D�GLIIHUHQWLDO�UHVSRQVH�RI�

HQGRJHQRXV�PLFURJOLD�DQG�SHULSKHUDOO\�GHULYHG�&16�P\HORLG�FHOOV� WR�361/�DW� ODWH� WLPH�SRLQWV��

0RUHRYHU�� PLFURJOLD�GHSOHWHG� *)3!7.� DQLPDOV� KDUERULQJ� SHULSKHUDOO\�GHULYHG� P\HORLG� FHOOV�

GLVSOD\HG� FRQVLGHUDEO\� GHFUHDVHG� 3:7V� LQ� UHVSRQVH� WR� PHFKDQLFDO� RU� FROG�� EXW� QRW� WR� KHDW�

VWLPXOL�LSVLODWHUDO�WR�361/�DW�DOO�WLPH�SRLQWV�WHVWHG��LQGLFDWLQJ�D�VHOHFWLYH�UROH�RI�PLFURJOLD�LQ�WKH�

HWLRORJ\�RI�361/�LQGXFHG�KHDW�VHQVLWLYLW\��ZKLOH�LQ�RWKHU�SDLQ�PRGDOLWLHV���QDPHO\�PHFKDQLFDO�RU�

FROG� VHQVDWLRQ� �� SHULSKHUDO� P\HORLG� FHOOV� ZHUH� DEOH� WR� WDNH� RYHU� IXQFWLRQV� RI� ORFDO� PLFURJOLD��

+RZHYHU��PHFKDQLVWLFDOO\��ZH�FDQQRW� UXOH�RXW� WKDW� WKH�REVHUYHG� ODFN�RI�KHDW�K\SHUDOJHVLD� LV�D�

FRQVHTXHQFH�RI�SDLQ�PRGXODWLQJ�PHGLDWRUV�WKDW�DUH�UHOHDVHG�E\�WKH�KLJK�QXPEHUV�RI�LQILOWUDWLQJ�

SHULSKHUDO�P\HORLG�FHOOV��FRQYHUVHO\�LPSOLFDWLQJ�SHULSKHUDO�P\HORLG�FHOOV�DV�XQLTXH�PRGXODWRUV�RI�

SDLQ�� 7KDW� PLFURJOLD� GHSOHWLRQ� DQG� P\HORLG� FHOO� UHSRSXODWLRQ� GRHV� QRW� LQIOXHQFH� HVWDEOLVKHG�

FKURQLF�SDLQ�V\PSWRPV� LV� LQ� OLQH�ZLWK� WKH� WKHRU\� WKDW�PLFURJOLD�DUH� LQYROYHG� LQ�HDUO\�DQG�DFXWH�

UHVSRQVHV� WR� QHUYH� LQMXU\�� EXW� QRW� IRU� WKH� VXVWDLQPHQW� RI� QHXURSDWKLF� SDLQ� V\PSWRPV�� ZKLOH�

DVWURF\WHV� DUH� WKH� PDLQ� SOD\HUV� LQ� WKH� PDLQWHQDQFH� RI� QHXURSDWKLF� SDLQ�� EXW� QRW� FULWLFDOO\�

LQYROYHG� LQ� LWV� GHYHORSPHQW� ����� ����� 0LFURJOLD� KDYH� EHHQ� VKRZQ� WR� SDUWLFLSDWH� LQ� FHQWUDO�

VHQVLWL]DWLRQ�E\�PRGXODWLRQ�RI�V\QDSWLF�WUDQVPLVVLRQ�DQG�DPSOLILFDWLRQ�RI�SUR�QRFLFHSWLYH�VLJQDOV��

IRU�H[DPSOH�YLD�WKH�UHOHDVH�RI�71)Į��,/����DQG�%'1)�LQ�WKH�'+�RI�WKH�VSLQDO�FRUG�����������:KHQ�

ZH�H[DPLQHG�WKH�WUDQVFULSWLRQ�SDWWHUQ�RI�UHVLGHQW�PLFURJOLD�DQG�HQJUDIWHG�P\HORLG�FHOOV��QRQH�RI�
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WKH�DERYH�PHQWLRQHG�JHQHV�ZHUH�GLIIHUHQWLDOO\�H[SUHVVHG�EHWZHHQ�*)3!:7�DQG�*)3!7.�PLFH��

+RZHYHU�� ZH� LGHQWLILHG� D� QXPEHU� RI� SUHVXPDEO\� PLFURJOLD��PDFURSKDJH�VSHFLILF� LQIODPPDWRU\�

PDUNHUV�WKDW�ZHUH�VLJQLILFDQWO\�XSUHJXODWHG�LQ�UHSRSXODWHG�*)3!7.�PLFH��H�J��Ccl12�DQG�Ccr2��

6LQFH�WKH�LGHQWLILHG�JHQHV�ZHUH�VSHFLILF�WR�WKH�FRQGLWLRQ�RI�PLFURJOLD�GHSOHWLRQ�DQG�P\HORLG�FHOO�

UHSRSXODWLRQ��EXW�QRW� UHODWHG� WR� WKH�361/�� WKH\�DSSHDU� WR� UHJXODWH� WKH�SURFHVV�RI� FKHPRNLQH�

PHGLDWHG�UHFUXLWPHQW�RI�SHULSKHUDO�P\HORLG�FHOOV�WR�WKH�&16��7KLV�LV�LQ�OLQH�ZLWK�UHFHQW�VWXGLHV�LQ�

WKH� ILHOG� GHPRQVWUDWLQJ� WKDW� LQGHHG�� PLFURJOLD� GR� H[SUHVV� D� JHQHWLF� SURILOH� GLVWLQFW� IURP�

SHULSKHUDO�P\HORLG�FHOOV����������

:KHQ�IXUWKHU�GLVVHFWLQJ�WKH�PROHFXODU�XQGHUSLQQLQJV�RI�KRZ�UHVLGHQW�PLFURJOLD�VSHFLILFDOO\�DQG�

GLVWLQFWLYHO\�PHGLDWH� WKHUPDO�K\SHUDOJHVLD��ZH�RQO\� IRXQG�Calca� �WKH�JHQH�HQFRGLQJ�&*53Į���

DPRQJ� ��� JHQHV�� WR� EH� VLJQLILFDQWO\� GRZQUHJXODWHG� LQ� WKH� '+� RI� WKH� OXPEDU� VSLQDO� FRUG� RI�

*)3!7.�PLFH��:KLOH�RXU�in vitro H[SHULPHQW�IXUWKHU�VXSSRUWV�WKH�QRWLRQ�WKDW�P\HORLG�FHOOV�DFW�DV�

FULWLFDO�UHJXODWRUV�RI�&*53�H[SUHVVLRQ�RU�VXUYLYDO�RI�&*53�H[SUHVVLQJ�VRPDWRVHQVRU\�QHXURQV��

LW� GRHV� QRW� VXIILFH� WR� GLVWLQJXLVK� GHILQHG� in vivo� IXQFWLRQV� RI� UHVLGHQW� PLFURJOLD� IURP� WKRVH� RI�

SHULSKHUDO�P\HORLG�FHOOV��VLQFH�P\HORLG�FHOOV�in vitro�DUH�NQRZQ�WR�DGDSW�P\ULDG�SKHQRW\SHV������

���� FRQWUDVWLQJ� WKH� in vivo VHWWLQJ�� LQ� ZKLFK� WKH� &16� PLFURHQYLURQPHQW� RUFKHVWUDWHV� DQG�

FRQILQHV�PLFURJOLD�SKHQRW\SHV��)RU�WKLV�UHDVRQ��WKH�KHUHLQ�GHVFULEHG�H[SHULPHQWDO�in vivo�VHWWLQJ�

ZDV� QHFHVVDU\� WR� UHOLDEO\� DGGUHVV� WKH� TXHVWLRQ� RI� ZKHWKHU� P\HORLG� FHOOV� RI� YDULRXV� RULJLQV�

LQGHHG�H[HFXWH�GLVWLQFW�IXQFWLRQV�LQGHSHQGHQW�IURP�WKHLU�PLFURHQYLURQPHQW��

1RWDEO\��KHDW�K\SHUDOJHVLD��LQ�SDUWLFXODU��LV�PHGLDWHG�E\�DQWLQRFLFHSWLYH�&*53�H[SUHVVLRQ�������

,PSRUWDQWO\�� &*53�,5� RI� '5*� QHXURQV� ZDV� VKRZQ� WR� GLUHFWO\� FRQWULEXWH� WR� QR[LRXV� KHDW�

VHQVDWLRQ��ZKLOH�PHFKDQRVHQVDWLRQ�ZDV�XQDIIHFWHG� LQ�&*53Į±'75����PLFH� ����� WKXV�SURYLGLQJ�

DQ� H[SODQDWLRQ� IRU� WKH� KHUHLQ� GHVFULEHG� SKHQRW\SH� RI� *)3!7.� DQLPDOV�� :KLOH� ZH� IRXQG�

GLPLQLVKHG�&*53�H[SUHVVLRQ� RQ� ERWK� WKH� LQMXUHG� DQG� XQLQMXUHG� VLGHV� RI� WKH� VSLQDO�'+� �DV� D�

FRQVHTXHQFH�RI�WKH�UHSRSXODWLRQ�SURFHVV�DQG�QRW�WKH�361/���ZH�GLG�QRW�GHWHFW�LQFUHDVHG�KHDW�

ZLWKGUDZDO� ODWHQFLHV� LQ� WKH� FRQWUDODWHUDO� SDZ�� 7KLV� VXJJHVWV� WKDW� D� EURDGHU� ORVV� RI� &*53Į�
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OLQHDJH� QHXURQV� LV� UHTXLUHG� IRU� D� FRPSOHWH� ODFN� RI� KHDW� VHQVLWLYLW\� LQ� WKH� XQLQMXUHG� SDZ� �����

ZKHUHDV�D�PLOG�UHGXFWLRQ�LQ�&*53�H[SUHVVLRQ�DSSHDUV�WR�EH�VXIILFLHQW�WR�UHVXOW�LQ�D�ORVV�RI�KHDW�

K\SHUVHQVLWLYLW\� XQGHU� SDWKRORJLFDO� FRQGLWLRQV�� VXFK� DV� 361/�� WKXV� LQWURGXFLQJ� D� QRYHO�� QRQ�

QHXURQDO� DSSURDFK� WR� PDQLSXODWH� SDWKRORJLFDO� SDLQ�� %HFDXVH� KRPHRVWDWLF� DQG� DFWLYDWHG�

PLFURJOLD� DOVR� LQWHUDFW� ZLWK� DQG� WKHUHE\� VKDSH� WKH� FRQQHFWLYLW\� DQG� IXQFWLRQ� RI� WKH� WULSDUWLWH�

V\QDSVH� LQ� WKH� KHDOWK\� &16� ��������� FRPSURPLVHG� V\QDSWLF� WUDQVPLVVLRQ� E\� &*53�� SULPDU\�

VHQVRU\�QHXURQV�LV�FRQFHLYDEOH�LQ�WKH�PLFURJOLD�GHSOHWHG�P\HORLG�FHOO�UHSRSXODWHG�VHWWLQJ�JLYHQ�

WKH�FORVH�SUR[LPLW\�RI�DFWLYDWHG�PLFURJOLD�DQG�SHULSKHUDO�P\HORLG�FHOOV�ZLWK� WKH�FHQWUDO� WHUPLQDO�

]RQH�RI�WKH�LQMXUHG�DIIHUHQWV����������+RZHYHU��ZH�GLG�QRW�GHWHFW�GLIIHUHQWLDO�H[SUHVVLRQ�RI�Calca�

RU�&*53�,5�ZLWKLQ�'5*�EHWZHHQ�*)3!:7�DQG�*)3!7.�PLFH��GDWD�QRW�VKRZQ���7KLV�PLJKW�EH�

H[SODLQHG� E\� WKH� IDFW� WKDW� LFY�*&9� WUHDWPHQW� GRHV�QRW� GHSOHWH� ,ED��� VDWHOOLWH� JOLD� RXWVLGH� WKH�

&16�� WKHUHIRUH� QRW� WULJJHULQJ� &*53� UHGXFWLRQ�� 0RUHRYHU�� &*53� LV� NQRZQ� WR� EH� ORFDOO\�

V\QWKHVL]HG�LQ�WKH�VSLQDO�FRUG�H�J��LQ�GHHSHU�ODPLQD�GRUVDO�KRUQ�QHXURQV�������DV�ZHOO�DV�GXULQJ�

D[RQDO�UHJHQHUDWLRQ������� LQGLFDWLQJ�WKDW�PLFURJOLD�GHSOHWLRQ�DQG�RU�P\HORLG�FHOO� UHSRSXODWLRQ� LQ�

WKH�GRUVDO�KRUQ�GLUHFWO\� WDUJHW� WKLV� ORFDO�&*53�V\QWKHVLV�YLD�QRQ�FRQWDFW�PHGLDWHG�HIIHFWV� WKDW�

FRXOG� EH� VROHO\� UHVSRQVLEOH� RU� DFW� LQ� FRQMXQFWLRQ� ZLWK� FRQWDFW�PHGLDWHG� SURFHVVHV�� VXFK� DV�

V\QDSWLF�SUXQLQJ��

7DNHQ�WRJHWKHU��RXU�GDWD�VKRZ�WKDW�SHULSKHUDO�QHUYH�LQMXU\�LQGXFHG�PLFURJOLD�DFWLYDWLRQ�LQ�WKH�'+�

RI� WKH� VSLQDO� FRUG� SOD\V� D� FULWLFDO� DQG� XQLTXH� UHJXODWRU\� UROH� VHUYLQJ� WR� PRGXODWH� DFWLYLW\� RI�

&*53Į� SULPDU\� VHQVRU\� QHXURQV�� D� IXQFWLRQ� WKDW� LQILOWUDWLQJ� P\HORLG� FHOOV� FDQQRW� QHFHVVDULO\�

LQFXU�� ,PSRUWDQWO\�� WKH� RYHUDOO� SK\VLRORJLFDO� SRWHQWLDO� RI� WKHVH� WZR� FHOO� SRSXODWLRQV�� QDPHO\�

UHVLGHQW�PLFURJOLD� DQG�SHULSKHUDOO\�GHULYHG�P\HORLG� FHOOV�� FDQ� EH� FRQVLGHUHG� ERWK� GLVWLQFW� DQG�

UHGXQGDQW�GHSHQGLQJ�RQ� WKH�SDLQ�HQWLW\��([SHULPHQWDO�DSSURDFKHV� LQ�VLPLODU�SUHFOLQLFDO�DQLPDO�

PRGHOV� LQYROYLQJ� LQWURGXFWLRQ� RI� JHQHWLFDOO\� HQJLQHHUHG� P\HORLG� FHOOV� WR� WKH� &16� IROORZLQJ�

GHSOHWLRQ�RI�UHVLGHQW�PLFURJOLD�XSRQ�361/�PD\�VHUYH�WR�HOXFLGDWH�WKH�PROHFXODU�XQGHUSLQQLQJV�

RI� PLFURJOLD�QHXURQDO� FURVV�WDON� LQ� WKH� FRQWH[W� RI� QHXURSDWKLF� SDLQ�� 7KLV� NQRZOHGJH� PD\�
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XOWLPDWHO\�DOORZ� IRU� WKH�GLUHFW�PRGLILFDWLRQ�RI�&16�P\HORLG�FHOO� DFWLRQV� WR�PRGXODWH�SDWKRORJLF�

SDLQ� UHVSRQVHV� UHVXOWLQJ� LQ� QRYHO�� WDUJHWHG� FHOO�EDVHG� WKHUDSHXWLF� LQWHUYHQWLRQ��
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Animals. $OO� H[SHULPHQWV� ZHUH� FRQGXFWHG� ZLWK� DGXOW� ��������� GD\V� ROG�� PDOH� KHPL]\JRXV�

CD11b-HSVTK� �7.��PLFH� ����RU� WUDQVJHQH�QHJDWLYH� OLWWHUPDWHV� �UHIHUUHG� WR�DV�ZLOG�W\SH��:7���

ZKLFK�ZHUH�RULJLQDOO\�GHULYHG�RQ�D�%�'��EDFNJURXQG�DQG�ZHUH�EDFNFURVVHG�WR�&��%/���PLFH�IRU�

PRUH� WKDQ� ��� JHQHUDWLRQV�� 0LFH� ZHUH� NHSW� XQGHU� SDWKRJHQ�IUHH�� WHPSHUDWXUH�� DQG� KXPLGLW\�

FRQWUROOHG�FRQGLWLRQV��RQ�D�������K� OLJKW�GDUN� F\FOH��ZLWK�DFFHVV� WR� IRRG�DQG�ZDWHU�ad libitum��

'DWD� IURP� DOO� DQLPDOV� ZHUH� LQFOXGHG� IRU� DOO� UHVSHFWLYH� DQDO\VHV� XQOHVV� DQ� DQLPDO� KDG� WR� EH�

H[FOXGHG�GXH�WR�GHDWK�SULRU�WR�ILQDOL]LQJ�WKH�VWXG\���

In vivo manipulations.�%RQH�PDUURZ�FKLPHULF�PLFH�ZHUH�JHQHUDWHG�DV�GHVFULEHG�SUHYLRXVO\������

%ULHIO\��UHFLSLHQW�PLFH�ZHUH�H[SRVHG�WR����*\�ZKROH�ERG\�LUUDGLDWLRQ��DIWHU�ZKLFK�WKH\�UHFHLYHG�

LQWUDYHQRXV� LQMHFWLRQ� RI� �[���� ERQH� PDUURZ� FHOOV� REWDLQHG� IURP� WLELD� DQG� IHPXU� RI� %��

7J�$&7E(*)3��2VE�PLFH��-DFNVRQ�/DERUDWRULHV���6XEVHTXHQWO\��PLFH�UHFHLYHG�WUHDWPHQW�ZLWK�

DQWLELRWLFV��������(QURIOR[DFLQ��%D\WULO���%D\HU�9LWDO��IRU�RQH�PRQWK��$QLPDOV�ZHUH�VXEMHFWHG�WR�

361/����ZHHNV��VKRUW�WHUP��RU���PRQWKV��ORQJ�WHUP��DIWHU�WUDQVSODQWDWLRQ��)RU�LFY�*&9����PJ�PO�

&\PHYHQH��� 5RFKH�� DSSOLFDWLRQ, LPSODQWDWLRQ� RI� PLQLRVPRWLF� SXPSV� �0RGHO� ������ ���� ȝO�K��

$O]HW��� ZDV� SHUIRUPHG� DV� SUHYLRXVO\� GHVFULEHG� ����� $IWHU� �� ZHHNV�� WKH� SXPS� UHVHUYRLU� ZDV�

UHPRYHG�ZLWKRXW�GLVWXUELQJ�WKH�EUDLQ�LQIXVLRQ�FDQQXOD��7DEOH���GHSLFWV�WKH�YDULRXV�H[SHULPHQWDO�

JURXSV��

Peripheral nerve injury. 3DUWLDO� VFLDWLF� QHUYH� OLJDWLRQ� �361/�� ZDV� FRQGXFWHG� XQGHU�

.HWDPLQH�;\OD]LQH��.HWDPLQH�����PJ�NJ��;\OD]LQH����PJ�NJ��DQHVWKHVLD��7KH�ULJKW�VFLDWLF�QHUYH�

ZDV�H[SRVHG�DW�KLJK�WKLJK�OHYHO�DQG�WKH�GRUVDO�����WR�����GLDPHWHU�RI�WKH�FRPPRQ�VFLDWLF�QHUYH�

ZDV�WLJKWO\�OLJDWHG�ZLWK������VLON��3UROHQH70��(WKLFRQ���,Q�VKDP�RSHUDWHG�DQLPDOV�WKH�QHUYH�ZDV�

H[SRVHG�DV�LQ�WKH�361/�SURFHGXUH��EXW�QRW�OLJDWHG��
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Antibodies.� 5DEELW� DQWL�,ED�� �:DNR� &KHPLFDOV�� ����������� ������ GLOXWLRQ��� UDEELW� DQWL�*)3�

�$EFDP��DE������������GLOXWLRQ���UDW�DQWL�%UG8��$E'�6HURWHF��2%7����*��������GLOXWLRQ���PRXVH�

DQWL�1HX1� �0LOOLSRUH�� 0$%����� ������ GLOXWLRQ�� DQG� UDEELW� DQWL�&*53� �(Q]R� /LIH� 6FLHQFHV��

&$������������GLOXWLRQ��ZHUH�XVHG��

Histology and confocal microscopy.�$QLPDOV�ZHUH�SHUIXVHG�ZLWK� LVRWRQLF�1D&O� �������VROXWLRQ�

IROORZHG�E\����SDUDIRUPDOGHK\GH��3)$��XQGHU�GHHS�.HWDPLQH�;\OD]LQH�DQHVWKHVLD��.HWDPLQH�

����PJ�NJ��;\OD]LQH����PJ�NJ���6SLQDO�FRUGV�ZHUH�UHPRYHG�DQG�IL[HG�LQ����3)$�IRU�WZR�GD\V��

6XEVHTXHQWO\��/��/��VHJPHQWV�ZHUH�UHPRYHG�DQG�LPPHUVHG�LQ�����VXFURVH�IRU�DW�OHDVW����K�DW�

���&�����ȝP�WKLFN�FRURQDO�VHFWLRQV�ZHUH�FXW�RQ�D�FU\RVWDW�DQG�SURFHVVHG�IUHH�IORDWLQJ��6HFWLRQV�

ZHUH� LQFXEDWHG� IRU� �� K� DW� URRP� WHPSHUDWXUH� LQ� 3%6� FRQWDLQLQJ� ����� 7ULWRQ� ;����� DQG� ����

QRUPDO�JRDW�VHUXP��1*6���3ULPDU\�DQWLERGLHV�ZHUH�DSSOLHG�DQG�LQFXEDWHG�RYHUQLJKW�DW����&�LQ�

3%6�FRQWDLQLQJ������7ULWRQ�;�����DQG����1*6��$IWHU���ZDVKHV�LQ�3%6��VSLQDO�VHFWLRQV�ZHUH�

LQFXEDWHG�ZLWK�VHFRQGDU\�DQWLERGLHV�FRQMXJDWHG�WR�$OH[D�)OXRU��RU�DYLGLQ�SHUR[LGDVH��'LDQRYD��

GLOXWLRQ���������)RU�%UG8�ODEHOLQJ��VHFWLRQV�ZHUH�SUH�WUHDWHG�ZLWK�����IRUPDPLGH�LQ���[�VWDQGDUG�

VDOLQH�FLWUDWH��66&��IRU���K�DW�����&��IROORZHG�E\���[���PLQ�LQ���[�66&�DW�URRP�WHPSHUDWXUH�����

PLQ� LQ� ��1�+&O� DW� ��� �&�DQG����PLQ� LQ� ����0�ERUDWH�EXIIHU� SULRU� WR� LPPXQRVWDLQLQJ��0XOWLSOH�

LPPXQRIOXRUHVFHQW�LPDJHV�ZHUH�DFTXLUHG�XVLQJ�D�=HLVV�/60���Exciter�FRQIRFDO�ODVHU�VFDQQLQJ�

V\VWHP��,PDJHV�ZHUH�SURFHVVHG�LQ�3KRWRVKRS�&6���

Cell counts and quantifications.� 0RUSKRPHWULF� TXDQWLILFDWLRQ� RI� UHDFWLYH�PLFURJOLD� LQ�:7�PLFH�

DIWHU� 361/�ZDV� SHUIRUPHG� XVLQJ� WKH�&HOO�'� DQDO\VLV� V\VWHP� �2O\PSXV�� YHUVLRQ� ������'HILQHG�

UHJLRQV�FRQWDLQLQJ�WKH�'+L�DQG�'+F�LQ�WKH�/��/��VSLQDO�FRUG�RI������UDQGRPO\�VHOHFWHG�VHFWLRQV�

SHU�DQLPDO��Q� ���WLPH�SRLQW��VWDLQHG�ZLWK�,ED��ZHUH�DQDO\]HG�E\�GHWHUPLQLQJ�WKH�SHUFHQWDJH�RI�

DUHD�FRYHUHG�RI� ,ED���FHOOV��XVLQJ� WKH�FRORU� ILOWHU�DQG�SKDVH�DQDO\VLV� WRRO��7KH� WRWDO�QXPEHU�RI�

%UG8�ODEHOHG� FHOOV� ZDV� TXDQWLILHG� LQ� WKH� '+L� DQG� '+F� LQ� WKH� /��/�� VSLQDO� FRUG� ������

VHFWLRQV�DQLPDO��Q� ����XVLQJ�D�OLJKW�PLFURVFRSH��)RU�WKH�TXDQWLILFDWLRQ�RI�GRXEOH�SRVLWLYH�%UG8�
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DQG� ,ED�� FHOOV�� FRQIRFDO� z-VWDFNV� ZHUH� JHQHUDWHG� WR� FRQILUP� VLJQDO� FR�ORFDOL]DWLRQ�� ��

VHFWLRQV�DQLPDO��Q� ����DW���RU���GSL�ZHUH�VFDQQHG�DW����[�PDJQLILFDWLRQ�IRU�%UG8�DQG�,ED��FR�

ODEHOHG� FHOOV�� )RU� UHFRQVWLWXWHG�PLFH�� WKH� QXPEHU� RI�PLFURJOLD� DQG� SHULSKHUDO� GHULYHG�P\HORLG�

FHOOV� ZDV� VWHUHRORJLFDOO\� DVVHVVHG� LQ� WKH� OXPEDU� VSLQDO� FRUG� RQ� UDQGRP� VHWV� RI� HYHU\� ��WK�

V\VWHPDWLFDOO\� VDPSOHG� ��� ȝP� WKLFN� ,ED��� DQG� *)3�LPPXQRVWDLQHG� VHFWLRQ� �\LHOGLQJ� ������

VHFWLRQV�PRXVH��� $QDO\VLV� ZDV� SHUIRUPHG� ZLWK� WKH� DLG� RI� WKH� 6WHUHR,QYHVWLJDWRU�� VRIWZDUH�

�0LFUREULJKWILHOG��YHUVLRQ�����DQG�D�PRWRUL]HG�x-y-z VWDJH�FRXSOHG�WR�D�YLGHR�PLFURVFRS\�V\VWHP�

�2O\PSXV� %;��)�� XVLQJ� WKH� RSWLFDO� IUDFWLRQDWRU� ZRUNIORZ� ������ NeuN quantification:� 1HX1��

QHXURQDO�FHOO�ERGLHV�ZHUH�TXDQWLILHG�WKURXJKRXW�WKH�HQWLUH�'+�UHSUHVHQWHG�E\����V\VWHPDWLFDOO\�

VDPSOHG����ȝP�WKLFN�IUHH�IORDWLQJ�VHFWLRQV�SHU�DQLPDO��$QDO\VHV�ZHUH�SHUIRUPHG�ZLWK�WKH�DLG�RI�

WKH� 6WHUHR,QYHVWLJDWRU�� VRIWZDUH� �0LFUREULJKWILHOG�� YHUVLRQ� ���� DQG� D� PRWRUL]HG� x-y-z VWDJH�

FRXSOHG� WR� D� YLGHR�PLFURVFRS\� V\VWHP� �2O\PSXV� %;��)�� XVLQJ� WKH� PHDQGHU� VFDQ�

IXQFWLRQ��Mean distance:� 0HDVXUHPHQWV� RI� WKH� GLVWDQFH� EHWZHHQ� QHLJKERULQJ� FHOO� ERGLHV� DQG�

FURVV�VHFWLRQDO�DUHDV�RI�,ED���PLFURJOLD�����GLVWDQFHV�RU�FHOO�ERGLHV�VHFWLRQ����VHFWLRQV�DQLPDO��Q�

!���JURXS��ZHUH�PDGH�E\�XVLQJ� WKH�&HOO6HQVH� �2O\PSXV��YHUVLRQ������DQDO\VLV�V\VWHP� IRU� WKH�

PHDQ� GLVWDQFH� DQG� FHOO� ERG\� VL]H� DQDO\VLV�� UHVSHFWLYHO\�� 0RUSKRPHWULF� DQDO\VLV� RI� WKH�

LPPXQRKLVWRFKHPLFDO� &*53�� DUHD� RI� LFY� *&9�WUHDWHG� *)3!:7� DQG� *)3!7.� PLFH� ZDV�

SHUIRUPHG�XVLQJ�WKH�&HOO6HQVH�DQDO\VLV�V\VWHP��2O\PSXV��YHUVLRQ������LQ�WKH�OXPEDU�'+�RI�����

VHFWLRQV��

Behavioral studies.� $V� D� SUH�UHTXLVLWH� IRU� LQFOXVLRQ� IRU� DQDO\VLV� RI� EHKDYLRUDO� GDWD�� HIILFDF\� RI�

PLFURJOLD� GHSOHWLRQ� DQG� UHSRSXODWLRQ� �!����� ZDV� FRQILUPHG� WKURXJK� DQDO\VLV� RI� WKH� OXPEDU�

VSLQDO�FRUG�RI�DOO�*)3!7.�PLFH��%HIRUH�EHKDYLRUDO�WHVWLQJ��PLFH�ZHUH�DFFOLPDWHG�WR�WKH�WHVWLQJ�

URRP�� WKH�HTXLSPHQW�DQG� WKH�H[SHULPHQWHU� IRU�RQH�ZHHN��7R�HYDOXDWH� WKH�HIIHFWV�RI�PLFURJOLD�

GHSOHWLRQ�RQ�WKHUPDO�K\SHUDOJHVLD�DQG�PHFKDQLFDO�DOORG\QLD��PRWRU�IXQFWLRQ�DQG�UHIOH[HV��PLFH�

XQGHUZHQW�D�FRPSUHKHQVLYH�EHKDYLRUDO�WHVW�EDWWHU\�EHIRUH�VXUJHU\�DQG�DW����������DQG����SRVW�

LFY� WUHDWPHQW�� DV� ZHOO� DV� DW� SRVW�QHUYH� LQMXU\� GD\V� �GSL�� ��� ��� ���� ���� ��� DQG� ���� 0LFH� ZHUH�
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DFFOLPDWHG� WR� DOO� WHVWLQJ� SURFHGXUHV� IRU� ��� PLQ� HDFK� IRU� RQH� ZHHN� SULRU� WR� WKH� VWDUW� RI� WKH�

H[SHULPHQW�� IRU� �� PLQ� EHIRUH� HDFK� WHVWLQJ� VHVVLRQ� DQG� IRU� ��� PLQ� HDFK� RQ� D� GDLO\� EDVLV�

WKURXJKRXW� WKH� HQWLUH� WHVWLQJ� SHULRG�� von Frey test: 7R� DVVHVV� SXQFWDWH� WDFWLOH� VHQVLWLYLW\��

WKUHVKROG� UHVSRQVHV� WR� FDOLEUDWHG� UHWUDFWDEOH� YRQ�)UH\�PRQRILODPHQWV� �%LR6HE��� EDVHG�RQ� WKH�

XS�GRZQ� PHWKRG� LQ� UDWV� ������ ZHUH� PHDVXUHG�� 'HSHQGLQJ� RQ� WKH� UHVSRQVH� RI� WKH� DQLPDO��

LQFUHDVLQJ�RU�GHFUHDVLQJ�VWUHQJWK�RI�YRQ�)UH\�ILODPHQWV�ZHUH�DSSOLHG�VHTXHQWLDOO\�WR�WKH�PLG�OLQH�

RI�WKH�SODQWDU�VXUIDFH�RI�HDFK�KLQG�SDZ��7KH�VWLPXOXV�LQWHQVLW\�WKUHVKROG�UHSUHVHQWV�WKH�VPDOOHVW�

IRUFH�WKDW�UHSHDWHGO\�HOLFLWV�ZLWKGUDZDO�RI�WKH�KLQG�SDZ�GXULQJ���WULDOV��7RJHWKHU�ZLWK�WKH�IRUFH�RI�

WKH� ILQDO� ILODPHQW�� WKH� ���� UHVSRQVH� WKUHVKROG� ZDV� FDOFXODWHG� IRU� ERWK� LSVLODWHUDO� DQG�

FRQWUDODWHUDO� SDZV�DQG�H[SUHVVHG�DV� LSVLODWHUDO�FRQWUDODWHUDO� UDWLRV� Tail Flick test: 7KH� WDLOV�RI�

PLFH�ZHUH� H[SRVHG� WR� D� UDGLDQW� KHDW� VRXUFH� ������ XQWLO� WDLO�ZLWKGUDZDO� �IOLFNLQJ� UHVSRQVH�� RU�

VLJQV� RI� VWUXJJOH�� $� FXW�RII� WLPH� RI� ��� V�ZDV� LPSRVHG� WR� DYRLG� LQMXU\� WR� WKH� WDLO��Plantar test: 

7KHUPDO�VHQVLWLYLW\�ZDV�WHVWHG�XVLQJ�WKH�+DUJUHDYHVC�PHWKRG������ZLWK�D�3ODQWDU�WHVW�DSSDUDWXV�

�,,7&� /LIH� 6FLHQFHV�� 6HULHV� ��� 0RGHO� ������ 7KH� ODWHQF\� WR� ZLWKGUDZ� WKH� LSVLODWHUDO� DQG�

FRQWUDODWHUDO�KLQG�SDZ�IURP�WKH�OLJKW�UDGLDQW�KHDW�VRXUFH�������SODFHG�XQGHUQHDWK�ZDV�UHFRUGHG��

%RWK�KLQG�SDZV�ZHUH�WHVWHG�WZLFH�ZLWK�DW�OHDVW���PLQ�LQ�EHWZHHQ��7R�DYRLG�WLVVXH�GDPDJH��WKH�

KHDW� VWLPXOXV� ZDV� UHPRYHG� DIWHU� ��� V�� 0HDQV� ZHUH� FDOFXODWHG� DQG� H[SUHVVHG� DV�

LSVLODWHUDO�FRQWUDODWHUDO�UDWLRV� Dynamic Cold Plate test: &ROG�K\SHUDOJHVLD�ZDV�DVVHVVHG�RQ�WKH�

LQFUHPHQWDO�&ROG�3ODWH��,,7&�/LIH�6FLHQFHV��6HULHV����0RGHO�3(�����$�FXW�RII�WHPSHUDWXUH�RI����&�

ZDV� LPSRVHG� WR�DYRLG�SRWHQWLDO� WLVVXH�GDPDJH��0LFH�ZHUH� LPPHGLDWHO\�UHPRYHG�IURP�WKH�FROG�

SODWH�DIWHU�D�UHDFWLRQ��SDZ�OLFNLQJ��IOLQFKLQJ�RU�VKDNLQJ��ZDV�REVHUYHG��7R�DYRLG�FROG�VWUHVV��WZR�

WHVW�URXQGV�ZHUH�SHUIRUPHG�ZLWK�DQ�LQWHUYDO�RI�RQH�KRXU� Rota Rod test: 7KH�5RWD�5RG�WHVW�LV�D�

VWDQGDUG�WHVW�IRU�PRWRU�IXQFWLRQ��FRRUGLQDWLRQ�DQG�EDODQFH��$IWHU�VHYHUDO�WUDLQLQJ�VHVVLRQV��WKUHH�

���USP�WULDOV�DQG�WZR����USP�WULDOV�RYHU�WZR�GD\V�HDFK���PLFH�ZHUH�WHVWHG�RQ�WKH�5RWD�5RG��76(�

6\VWHPV��6HULHV��������ZKLFK�LQFUHDVHG�LQ�VSHHG�IURP���USP�WR����USP�LQ�����V��7KH�ODWHQF\�WR�
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IDOO� RII� WKH� URG� ZDV� PHDVXUHG� LQ� WZR� FRQVHFXWLYH� WULDOV� DQG� WKH� PHDQ� ODWHQF\� ZDV� XVHG� IRU�

DQDO\VLV� 

RNA extraction.�/��/�� WLVVXH�ZDV�YHUWLFDOO\�VHSDUDWHG�E\�PHGLDQ�DQG� IXUWKHU�GLVVHFWHG� WR�'+L�

DQG�'+F��7LVVXH�SLHFHV�ZHUH�VXEMHFWHG�WR�WRWDO�51$�H[WUDFWLRQ�XVLQJ�WKH�,QYL7UDS��6SLQ�7LVVXH�

51$� 0LQL� .LW� �,QYLWHN� ,QF��� %HUOLQ�� *HUPDQ\��� 4XDOLW\� DQG� ULERVRPDO� 51$� EDQG� LQWHJULW\� RI�

LVRODWHG�51$�ZDV� DVVHVVHG� E\� GHWHUPLQLQJ� WKH� LQWHJULW\� RI� WKH� ��6� DQG� ��6� EDQG� XVLQJ� WKH�

$JLOHQW� ����� 1DQR� .LW� �$JLOHQW� 7HFKQRORJLHV�� PHDVXUHG� ZLWK� WKH� %LRDQDO\]HU� ����� �$JLOHQW�

7HFKQRORJLHV��6DQWD�&ODUD��&$��86$��DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQV��

Quantitative real-time PCR array.�)RU�WKH�3&5�DUUD\�EDVHG�DQDO\VLV�RI�SDLQ�UHODWHG�JHQHV������

QJ� 51$� REWDLQHG� IURP� WKH� '+L� DQG� '+F� RI� *)3!:7� DQG� *)3!7.�PLFH� �Q�  � ��JURXS�� ZDV�

UHYHUVH� WUDQVFULEHG�XVLQJ� WKH�57��)LUVW�6WUDQG�.LW�DFFRUGLQJ� WR� WKH�PDQXIDFWXUHU
V� LQVWUXFWLRQV�

�6$%LRVFLHQFH��� 57�� 3URILOHU� 3&5� $UUD\� 3$00����=$� �6$%LRVFLHQFHV�� ZDV� XVHG� IRU� JHQH�

H[SUHVVLRQ�DQDO\VLV��$OO�VWHSV�ZHUH�SHUIRUPHG�DFFRUGLQJ�WR� WKH�PDQXIDFWXUHU¶V�SURWRFRO� IRU� WKH�

$%,� ����+7� 6HTXHQFH� 'HWHFWLRQ� 6\VWHP�� 7KH� VSHFLILFLW\� RI� DPSOLILFDWLRQ� ZDV� DVVHVVHG� E\�

PHOWLQJ�FXUYH�HYDOXDWLRQ� :HE�EDVHG�DQDO\VLV�RI�WKH����JHQHV�ZDV�SHUIRUPHG�RQ�WKH�FRPSDQ\¶V�

ZHEVLWH� �KWWS���ZZZ�VDELRVFLHQFHV�FRP�SFUDUUD\GDWDDQDO\VLV�SKS��� 'DWD� ZHUH� QRUPDOL]HG� WR�

Gapdh��

Complementary DNA synthesis and quantitative real-time PCR. ����QJ�51$�ZDV�FRQYHUWHG�WR�

F'1$�XVLQJ�WKH�4XDQWL7HFW�reverse transcription�NLW��4XLDJHQ���DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU
V�

SURWRFRO�� 7R� GHWHFW� P51$� H[SUHVVLRQ� LQ� GRUVDO� KRUQ� VDPSOHV� IURP� *)3!:7� DQG� *)3!7.�

DQLPDOV� �Q� ���JURXS��� TXDQWLWDWLYH� UHDO�WLPH�3&5�ZDV�SHUIRUPHG�XVLQJ�RQ�GHPDQG�7DT0DQ��

JHQH�H[SUHVVLRQ�DVVD\V��/LIH�7HFKQRORJLHV�� IRU�Calca� �0P��������BP���RQ� WKH�$%,�����+7�

5HDO�7LPH�3&5�6\VWHP��6DPSOHV�ZHUH�UXQ�LQ�WULSOLFDWH�IRU�HDFK�LQGLYLGXDO�FRQGLWLRQ��7KH�UHODWLYH�

H[SUHVVLRQ�OHYHOV�RI�WKH�WDUJHW�JHQH�ZHUH�QRUPDOL]HG�WR�WKDW�RI�Gapdh��6XEVHTXHQW�DQDO\VLV�ZDV�

SHUIRUPHG�XVLQJ�WKH�ǻ�ǻ&W�PHWKRG��
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In vitro assay (cell culture, FACS and ELISA). 7R�PHDVXUH�&*53�OHYHOV��GRUVDO�URRW�JDQJOLD�)���

FHOOV��(&$&&�����������NLQGO\�SURYLGHG�E\�'U��5REHUW�:HOOKDXVHQ��)UDXQKRIHU�,=,��%HUOLQ��ZHUH�

WUHDWHG� ZLWK� FRQGLWLRQHG� PHGLD� GHULYHG� IURP� )$&6�VRUWHG� PLFURJOLD� RU� IURP� SHULWRQHDO�

PDFURSKDJHV�WKDW�ZHUH�VXEMHFWHG�WR���P0�$73�DQG�����P0�VXEVWDQFH�3�IRU���K��$IWHU���K��WKH�

VXSHUQDWDQW�ZDV�UHPRYHG�DQG�VWRUHG�DW�����&�XQWLO�XVH��$V�D�FRQWURO��DGGLWLRQDO�)���FHOOV�ZHUH�

HLWKHU� WUHDWHG� ZLWK� $73� DQG� VXEVWDQFH� 3� RU� PHGLXP� RQO\� IRU� �� K�� &*53� FRQFHQWUDWLRQ� ZDV�

GHWHUPLQHG� E\� D� &*53�(/,6$� .LW� DFFRUGLQJ� WR� WKH� PDQXIDFWXUHU¶V� LQVWUXFWLRQ� �&($���0X��

&ORXG�&ORQH�&RUS���7;��86$���(DFK�VDPSOH�ZDV�UXQ�LQ�WULSOLFDWH�DQG�&*53�FRQFHQWUDWLRQV�ZHUH�

FDOFXODWHG� DJDLQVW� WRWDO� SURWHLQ� FRQWHQWV� RI� WKH� VDPSOHV�� ZKLFK� ZHUH� DVVHVVHG� IROORZLQJ� WKH�

%&$70�3URWHLQ�$VVD\�LQVWUXFWLRQV��7KHUPR�6FLHQWLILF��5RFNIRUG��,/��86$���

Statistics. 6WDWLVWLFDO�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�6366�VRIWZDUH��)RU�SDLUZLVH�FRPSDULVRQV�RI�

H[SHULPHQWDO� JURXSV�� WKH� WZR�WDLOHG� VWXGHQW
V� t� WHVW�ZDV�XVHG��7R� FRPSDUH�PHDQV�RI� WKUHH�RU�

PRUH� VDPSOHV�� RQH�ZD\� $129$� ZLWK� %RQIHUURQL�V� post hoc� DQDO\VLV� ZDV� XVHG�� :H� DSSOLHG�

OLQHDU�PL[HG�PRGHOV��UDQGRP�LQWHUFHSW���ZKLFK�XVH�DOO�DYDLODEOH�GDWD�RI�DOO�PLFH�LQ�RQH�PRGHO�IRU�

HDFK�RXWFRPH�VHSDUDWHO\�LQ�ILJXUH����,Q�WKHVH�PRGHOV�WKH�VSHFLILF�RXWFRPH�ZDV�WKH�GHSHQGHQW�

YDULDEOH�� ZKLOH� GXPP\� FRGHV� IRU� WKH� JURXS� �*5283�� DQG� WKH� WLPH� UDQJH� DIWHU� WKH� VXUJHU\�

�685*(5<�FRGHG���IRU�DOO�WLPH�SRLQWV�DIWHU�VXUJHU\�DQG���EHIRUH��DV�ZHOO�DV�D�FRYDULDWH�IRU�WLPH�

�7,0(�� �LQ�GD\V�RYHU� WKH�ZKROH�VWXG\�SHULRG��ZHUH� WKH� LQGHSHQGHQW�YDULDEOHV��:H�DGGLWLRQDOO\�

LQFOXGHG� LQWHUDFWLRQ� WHUPV� IRU� *5283
685*(5<�� 7,0(
685*(5<�� DQG� 7,0(
*5283� WR�

DFFRXQW�IRU�GLIIHUHQWLDO�FKDQJHV�LQ�WKH�JURXSV��,Q�post hoc� WHVWV�ZH�WHVWHG�JURXS�GLIIHUHQFHV�DW�

��� DQG� ��� GSL�� $GMXVWPHQW� IRU�PXOWLSOH� WHVWLQJ� ZDV� GRQH�ZLWKLQ� HDFK�PRGHO� XVLQJ� %RQIHUURQL�

FRUUHFWLRQ�� 5HVXOWV� ZHUH� H[SUHVVHG� DV� PHDQ� YDOXHV� �� VWDQGDUG� HUURUV� RI� WKH� PHDQ� �6(0���

6LJQLILFDQFH�ZDV� FRQVLGHUHG�DV� IROORZV�� 
p �������� 

p �������� DQG� 


p ��������� ,Q�)LJXUH����

VLJQLILFDQFH�LV�GHSLFWHG�RQO\�IRU�WKH�ODVW�WLPH�SRLQW�WHVWHG���

jendrach
Durchstreichen

jendrach
Durchstreichen
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Study approval.�$OO�SURWRFROV�ZHUH�UHYLHZHG�DQG�DSSURYHG�E\�DQ�DSSURSULDWH�LQVWLWXWLRQDO�UHYLHZ�

ERDUG��UHJLRQDO�RIILFHV�IRU�KHDOWK�DQG�VRFLDO�VHUYLFHV��%HUOLQ���
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.�5�0��DQG�)�/�+��GHVLJQHG�WKH�H[SHULPHQWV��6�.���5�(�.��DQG�&�:��FRQGXFWHG�WKH�H[SHULPHQWV��

6�.��DQG�.�5�0��ZURWH�WKH�PDQXVFULSW��VXSHUYLVHG�DQG�HGLWHG�E\�)�/�+��

�

$&.12:/('*0(176�

:H�WKDQN�3URI��0DWWKLDV�(QGUHV�DQG�3URI��<RUN�:LQWHU�IRU�DOORZLQJ�XV�WR�SHUIRUP�WKH�EHKDYLRUDO�

WHVWV�LQ�WKHLU�XQLWV��'U��*HULW�3IXKO�IRU�LQWURGXFLQJ�WKH�WHVWV�WR�XV��$OH[DQGHU�+DDNH�IRU�QHXURQDO�

TXDQWLILFDWLRQV��&ODXGLD�+HPSW�DQG�6DUD�0LUDOL�IRU�TXDQWLI\LQJ�PLFURJOLDO�PHDQ�GLVWDQFHV�DQG�FHOO�

ERGLHV��'U��5REHUW�:HOOKDXVHQ� IRU�SURYLGLQJ�)���FHOOV��DQG�'U��8OULNH�*ULWWQHU� IRU�ELRVWDWLVWLFDO�

VXSSRUW� LQ� DSSO\LQJ� WKH� OLQHDU� PL[HG� PRGHOV�� 7KLV� ZRUN� ZDV� VXSSRUWHG� E\� WKH� 'HXWVFKH�

)RUVFKXQJVJHPHLQVFKDIW��6)%�755�����6)%�755������1HXUR&XUH�([F�����DQG�+(����������WR�

)/+��� E\� WKH� %HUOLQ� ,QVWLWXWH� RI� +HDOWK� �%,+�� &ROODERUDWLYH� 5HVHDUFK� *UDQW� WR� )/+��� E\� WKH�

*HUPDQ�&HQWHU� IRU� 1HXURGHJHQHUDWLYH� 'LVHDVHV� �'=1(�� %HUOLQ�� DQG� E\� D� IHOORZVKLS� RI� =,%,�

,0356�*UDGXDWH�6FKRRO�WR�6.��7KH�DXWKRUV�GHFODUH�QR�FRPSHWLQJ�ILQDQFLDO�LQWHUHVWV��

� �
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��� =KDQJ�-��DQG�'H�.RQLQFN�<��6SDWLDO�DQG�WHPSRUDO�UHODWLRQVKLS�EHWZHHQ�PRQRF\WH�

FKHPRDWWUDFWDQW�SURWHLQ���H[SUHVVLRQ�DQG�VSLQDO�JOLDO�DFWLYDWLRQ�IROORZLQJ�SHULSKHUDO�

QHUYH�LQMXU\��Journal of neurochemistry.��������������������

��� 0LOOLJDQ�('��DQG�:DWNLQV�/5��3DWKRORJLFDO�DQG�SURWHFWLYH�UROHV�RI�JOLD�LQ�FKURQLF�SDLQ��
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$�PDUNHG� LQFUHDVH� LQ� ,ED�� DQG�*)3�,5� LQ� WKH� OXPEDU� VSLQDO� FRUG� LQ� *)3!:7� DQG�*)3!7.�

DQLPDOV� ZDV� REVHUYHG� LQ� WKH� LSVLODWHUDO� GRUVDO� DQG� YHQWUDO� KRUQ� DW� �� GSL�� �%�� 6WHUHRORJLFDO�

DQDO\VLV�RI�,ED���DQG�*)3��FHOOV�LQ�WKH�'+L��LSVL��RU�'+F��FRQWUD��UHYHDOHG�QR�GLIIHUHQFH�LQ�WKH�

QXPEHU�RI� ,ED���RU�*)3��FHOOV� LQ�QRQ�WUHDWHG�*)3!:7��Q� ����DQG�*)3!7.��Q� ����PLFH���&��

D&6)�WUHDWHG� *)3!:7� �Q�  � ��� DQG� *)3!7.� �Q�  � ��� PLFH� VKRZHG� RQO\� OLWWOH� LQILOWUDWLRQ� RI�

SHULSKHUDO�P\HORLG�FHOOV��EXW�D�VLJQLILFDQWO\�KLJKHU�QXPEHU�RI�,ED���FHOOV�ZLWKLQ�WKH�'+L�DW����GSL��

VXJJHVWLQJ� ORQJ�WHUP� VXUYLYDO� RI� PLFURJOLD� WKDW� SUROLIHUDWHG� HDUO\� DIWHU� 361/�� �'� DQG� (�� ����

UHSRSXODWHG�FHOOV� LQ�ERWK� WKH�'+L�DQG�'+F�ZHUH�REVHUYHG� LQ�VKDP�RSHUDWHG�*)3!7.� �Q� ����

PLFH�DW����GSL���)��,QILOWUDWLQJ�P\HORLG�FHOOV�LQ�WKH�'+L�RI�*&9�WUHDWHG�*)3!7.�PLFH�GLVSOD\HG�

VLJQLILFDQWO\� ODUJHU� FHOO� ERGLHV� �FRPELQHG� VKRUW� WHUP� DQG� ORQJ� WHUP� UHSRSXODWLRQ� JURXSV��� �*��

,ED���DQG�*)3��FHOOV� LQ� OXPEDU�VSLQDO� FRUG�VHFWLRQV�DW����GSL� UHYHDOHG� LQFUHDVHG�QXPEHUV�RI�

*)3��P\HORLG�FHOOV�LQ�*)3!7.�DQLPDOV�RQO\��3HULSKHUDO�*)3��FHOOV�VWLOO�H[KLELWHG�PRUSKRORJLFDO�

VLJQV�RI�DFWLYDWLRQ� LQ� WKH�'+L� �DUURZKHDG���ZKLFK�FRXOG�QRW�EH� IRXQG� LQ�*)3!:7�DQLPDOV�� �+��

6WHUHRORJLFDO� DQDO\VLV� RI� PLFH� VKRZQ� LQ� �*�� UHYHDOHG� D� VLJQLILFDQWO\� KLJKHU� QXPEHU� RI� *)3��

HQJUDIWHG�P\HORLG�FHOOV�LQ�WKH�'+L�LQ�UHSRSXODWHG�*)3!7.�PLFH��Q� �����EXW�QRW�LQ�WKHLU�*)3!:7�

OLWWHUPDWHV��Q� ������,�DQG�-��$�VLJQLILFDQWO\�KLJKHU�QXPEHU�RI�*)3��HQJUDIWHG�P\HORLG�FHOOV�ZDV�

REVHUYHG�LQ�WKH�'+L�RI�ORQJ�WHUP�UHSRSXODWHG�PLFH��Q� ���JHQRW\SH���6FDOH�EDU������ȝP��,QVHWV�

ZHUH� WDNHQ� IURP� '+L�� (UURU� EDUV� UHSUHVHQW� 6(0�� 3DLUHG� WZR�WDLOHG� VWXGHQW�V� W�WHVW� IRU�

FRUUHVSRQGLQJ�'+F�DQG�'+L�SDLUV�H[FHSW� IRU��)���ZKHUH�RQH�ZD\�$129$��%RQIHUURQL�post hoc�

DQDO\VLV�ZDV�XVHG�
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)LJXUH����0LFURJOLD�GHSOHWHG�PLFH�ODFN�KHDW�K\SHUDOJHVLD���$�DQG�%��1R�GHILFLWV�LQ�WKH�5RWD�

5RG�RU�7DLO�)OLFN�WHVW�FRXOG�EH�REVHUYHG�LQ�*&9��RU�D&6)�WUHDWHG�*)3!:7�RU�*)3!7.�DQLPDOV��

DV�ZHOO�DV�LQ�*)3!7.�VKDP�RSHUDWHG�FRQWUROV�DW�VHYHUDO�GD\V�SRVW�SXPS��GSS��LPSODQWDWLRQ�XS�

WR����GD\V�SRVW�361/�� �&�'��1R�FKDQJH� LQ�EDVHOLQH� YDOXHV�FRXOG�EH�REVHUYHG�EHIRUH�361/��

0DQLIHVWDWLRQ� RI� PHFKDQLFDO� DOORG\QLD� DQG� KHDW� K\SHUDOJHVLD� ZDV� GHWHFWDEOH� LQ� *&9�WUHDWHG�

*)3!:7��Q� �����D&6)�WUHDWHG�*)3!:7��Q� ����DQG�D&6)�WUHDWHG�*)3!7.� �Q� ����DQLPDOV�

DIWHU�361/��,Q�*&9�WUHDWHG�*)3!7.�PLFH��Q� ���XS�WR���GSL��Q� ���IRU������GSL���361/�UHVXOWHG�

LQ� D� ODVWLQJ� IRUPDWLRQ� RI� PHFKDQLFDO� DOORG\QLD�� EXW� QRW� KHDW� K\SHUDOJHVLD�� 6KDP�RSHUDWHG�

*)3!7.�PLFH��Q� ���XS�WR��GSL��Q� ����� IRU������GSL��Q� ����� IRU������GSL��GHYHORSHG�QHLWKHU�

PHFKDQLFDO� DOORG\QLD��QRU�KHDW�K\SHUDOJHVLD�� �(�� ,QFUHDVHG�VHQVLWLYLW\� WR� FROG� VWLPXOL�ZDV�RQO\�

GHWHFWHG�DIWHU�361/�LQ�*)3!:7��Q� ����DQG�*)3!7.��Q� ���XS�WR���GSS��Q� �����IURP����GSS�

RQZDUGV��PLFH���)�DQG�*��$W�ORQJ�WHUP�UHSRSXODWLRQ�WLPH�SRLQWV��QR�GHILFLWV�LQ�WKH�5RWD�5RG�RU�

7DLO�)OLFN� WHVW�ZHUH�REVHUYHG� LQ�*)3!:7�DQG�*)3!7.�PLFH�� �+�DQG� ,��*&9�WUHDWHG�*)3!7.�

ORQJ�WHUP�UHSRSXODWHG�PLFH��Q� ���JHQRW\SH��ODFNHG�KHDW�K\SHUDOJHVLD��EXW�GHYHORSHG�D�ODVWLQJ�

PHFKDQLFDO� DOORG\QLD�� (UURU� EDUV� UHSUHVHQW� 6(0�� /LQHDU� PL[HG� PRGHOV� ZLWK� DGMXVWPHQW� IRU�

PXOWLSOH�WHVWLQJ�ZDV�SHUIRUPHG��,Q�post hoc�WHVWV�JURXS�GLIIHUHQFHV�DW����DQG����GSL�DIWHU�361/�

ZHUH� WHVWHG�� $GMXVWPHQW� IRU� PXOWLSOH� WHVWLQJ� ZDV� GRQH� ZLWKLQ� HDFK� PRGHO� XVLQJ� %RQIHUURQL�

FRUUHFWLRQ� �$�'��� 6LJQLILFDQW� GLIIHUHQFHV� IRU� *&9�WUHDWHG� *)3!:7�� D&6)�WUHDWHG� *)3!:7��

D&6)�WUHDWHG�*)3!7.�DQG�*&9�WUHDWHG�*)3!7.�PLFH�YHUVXV�VKDP�WUHDWHG�PLFH� �&�DQG�'���

7ZR�WDLOHG�SDLUHG�VWXGHQW�V�W�WHVW��(�,���
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)LJXUH� ���1R� HIIHFW� RI� SRVW�LQMXU\�PLFURJOLD� GHSOHWLRQ� DQG�P\HORLG� FHOO� UHSRSXODWLRQ� RQ�

H[LVWLQJ� KHDW� K\SHUDOJHVLD� DQG� PHFKDQLFDO� DOORG\QLD�� �$�� &RPSDUDEOH� 5RWD� 5RG�

SHUIRUPDQFH� EHWZHHQ� *&9�WUHDWHG� *)3!7.� DQG� *)3!� :7� PLFH�� ZLWK� WKH� H[FHSWLRQ� RI�

LPSURYHG�SHUIRUPDQFH�RQ���DQG����GSS���%��*)3!:7�DQG�*)3!7.�PLFH�VKRZHG�QR�GHILFLWV�LQ�

7DLO�)OLFN�WHVWLQJ���&��'��*)3!:7��Q� ����DQG�*)3!7.��Q� ����Q� �����IRU����DQG����GSS��PLFH�

GHYHORSHG�PHFKDQLFDO�DOORG\QLD�DQG�WKHUPDO�K\SHUDOJHVLD�DIWHU�361/��7KHVH�QHXURSDWKLF�SDLQ�

V\PSWRPV� ZHUH� QRW� LQIOXHQFHG� E\� PLFURJOLD� GHSOHWLRQ� DQG� P\HORLG� FHOO� UHSRSXODWLRQ� LQ� ERWK�

JHQRW\SHV��(UURU�EDUV�UHSUHVHQW�6(0��3DLUHG�WZR�WDLOHG�VWXGHQW�V�t�WHVW��
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)LJXUH� ��� 5HGXFHG� &*53� H[SUHVVLRQ� LQ� WKH� GRUVDO� VSLQDO� FRUG� RI� *)3!7.� DQLPDOV�� �$��

'LIIHUHQWLDOO\�H[SUHVVHG�Calca�LQ�*)3!7.�UHODWLYH�WR�*)3!:7�PLFH�LQ�DUUD\��Q� ���JHQRW\SH��DQG�E\�

T3&5��Q� �����JHQRW\SH��DQDO\VHV��'DWD�ZHUH�QRUPDOL]HG�WR�Gapdh�OHYHOV���%��&HQWUDO�WHUPLQDWLRQ�RI�

VHQVRU\�QHXURQV��5HSUHVHQWDWLYH� LPDJHV�RI�&*53�,5� LQ�FURVV�VHFWLRQV�RI� WKH� OXPEDU�GRUVDO�VSLQDO�

FRUG�DW���GSL�LQ�*)3!:7�DQG�*)3!7.�PLFH��6FDOH�EDU������ȝP��6FDOH�EDU�PDJQLILFDWLRQ�����ȝP���&��

4XDQWLWDWLYH� PRUSKRPHWULF� DQDO\VLV� LQ� ODPLQD� ,� RI� WKH� '+� UHYHDOHG� D� VLJQLILFDQWO\� ORZHU� &*53�

FRYHUHG�DUHD�LQ�*)3!7.��Q� ����PLFH��FRPSDUHG�WR�*)3!:7��Q� ����OLWWHUPDWHV���'��4XDQWLILFDWLRQ�

RI�WKH�QXPEHU�RI�1HX1��QHXURQV�ZLWKLQ�WKH�OXPEDU�VSLQDO�FRUG�RI�*)3!:7��Q� ����DQG�*)3!7.��Q� �

���PLFH� UHYHDOHG�QR�GLIIHUHQFHV�� �(��)���'5*�FHOOV� WUHDWHG�ZLWK�FRQGLWLRQHG�PHGLXP�GHULYHG� IURP�

PLFURJOLD� RU� IURP� SHULWRQHDO� PDFURSKDJHV� �WHFKQLFDO� WULSOLFDWHV�� VKRZHG� UHGXFHG� &*53� SURWHLQ�

UHOHDVH�FRPSDUHG� WR� WKRVH�WKDW�ZHUH�WUHDWHG�ZLWK� IUHVK�PHGLXP�DORQH�� ,Q� WKH�DEVHQFH�RI�$73�DQG�

VXEVWDQFH�3� �63���&*53�ZDV� QRW� GHWHFWDEOH� �Q�G���� (UURU� EDUV� UHSUHVHQW�6(0�� �&�'��3DLUHG� WZR�

WDLOHG�VWXGHQW�V�W�WHVW���(��2QH�ZD\�$129$��%RQIHUURQL�post hoc�DQDO\VLV��
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7DEOH����([SHULPHQWDO�JURXSV�GHSLFWLQJ�DOO�H[SHULPHQWDO�SURFHGXUHV�

)LJXUH� 0LFH� %0&� LFY�WUHDWPHQW� 361/� DIWHU�
361/�

$IWHU� �VW�
PDQLSXODWLRQ

�$�)� :7� �� �� \HV�RU�VKDP� ��WR����GSL� ��WR����ZNV�

�*� :7� ;� �� \HV� ��GSL� ��ZNV�

�$� 7.� ;� *&9� \HV� ���GSL� ���ZNV�

�%� :7�	�7.� ;� *&9� �� �� ���ZN�

�&���*�+� :7�	�7.� ;� *&9� \HV� ���GSL� ���ZNV�

�'���&� :7�	�7.� ;� D&6)� \HV� ���GSL� ���ZNV�

�(���%� :7�	�7.� ;� �� �� �� ��ZNV�

�$�%���,�-���)�
,�

:7�	�7.� ;� *&9� \HV� ���GSL� ���ZNV�

�&� :7�	�7.� ;� *&9� \HV� ���GSL� ���	����ZNV�

�$���$�(� :7�	�7.� ;� *&9� \HV� ��GSL� ���ZNV�

�'�(� :7� ;� *&9� VKDP� ���GSL� ���ZNV�

�)� :7�	�7.� ;� *&9�RU�D&6)� \HV� ���GSL� ���	����ZNV�

�$�(� :7�	�7.� ;� *&9�RU�D&6)� \HV�RU�VKDP� ���GSL� ���ZNV�

�$�'� :7�	�7.� ;� *&9� \HV� ���GSL� ���ZNV�

D&6)�� DUWLILFLDO� FHUHEURVSLQDO� IOXLG�� %0&�� ERQH�PDUURZ� FKLPHUDV�� GSL�� GD\V� SRVW� LQMXU\��*&9��

*DQFLFORYLU��LFY��LQWUDFHUHEURYHQWULFXODU��361/��SDUWLDO�VFLDWLF�QHUYH�OLJDWLRQ��7.��CD11b-HSVTK�

PLFH��ZNV��ZHHNV��:7��ZLOG�W\SH�PLFH�


