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� ,QGLDQ�-RXUQDO�RI��QFLHQW�0HGLFLQH�DQG�<RJD

9ROXPH����1XPEHU����-XO����6HSWHPEHU�����
'2,��KWWSV���G[�GRL�RUJ����������LMDP�������������������
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�EVWUDFW

Male� infertility,� a� complex� condition� affecting� a� signi�cant� proportion� of� couples�
ZRUOGZLGH�� RIWHQ� LQYROYHV� JHQHWLF� IDFWRUV� VXFK� DV� <� FKURPRVRPH� PLFURGHOHWLRQ��
PXWDWLRQV�LQ��]RRVSHUPLD�IDFWRU���=)��JHQHV��65<�JHQH��DQG��QGURJHQ�UHFHSWRU���5��
JHQH��7KHVH�JHQHWLF�DEQRUPDOLWLHV�FDQ�OHDG�WR�LPSDLUHG�VSHUPDWRJHQHVLV�DQG�UHVXOWDQW�
D]RRVSHUPLD�RU�ROLJRVSHUPLD��8QGHUVWDQGLQJ�WKHVH�JHQHWLF�IDFWRUV�LV�FUXFLDO�IRU�GLDJQRVLV�
DQG�PDQDJHPHQW�RI�PDOH�LQIHUWLOLW��

<RJD�EDVHG�DOWHUQDWLYH�WKHUDSLHV�KDYH�JDLQHG�DWWHQWLRQ�IRU�WKHLU�SRWHQWLDO�LQ�LPSURYLQJ�
RYHUDOO� KHDOWK� DQG�ZHOO�EHLQJ�� LQFOXGLQJ� UHSURGXFWLYH� KHDOWK�� 6WXGLHV� KDYH� VXJJHVWHG�
WKDW� �RJD� SUDFWLFHV�� HQFRPSDVVLQJ� SK�VLFDO� SRVWXUHV� �DVDQDV��� EUHDWKLQJ� WHFKQLTXHV�
�SUDQD�DPD��� DQG�PHGLWDWLRQ�� FDQ� UHGXFH� VWUHVV�� HQKDQFH�KRUPRQDO� EDODQFH�� LPSURYH�
blood� circulation,� and�modulate� immune� function.� These� bene�ts�may� contribute� to�
DPHOLRUDWLQJ�XQGHUO�LQJ�FDXVHV�RI�PDOH�LQIHUWLOLW��DVVRFLDWHG�ZLWK�JHQHWLF�PXWDWLRQV�

7KLV�UHYLHZ�H[SORUHV�WKH�UROH�RI�<�FKURPRVRPH�PLFURGHOHWLRQ���=)�JHQH�PXWDWLRQ��
65<�JHQH�PXWDWLRQ��DQG��5�JHQH�PXWDWLRQ�LQ�PDOH�LQIHUWLOLW��DQG�UHYLHZV�WKH�SRWHQWLDO�
RI��RJD�EDVHG�DOWHUQDWLYH�WKHUDSLHV�LQ�PLWLJDWLQJ�WKHVH�JHQHWLF�IDFWRUV��)XUWKHU�UHVHDUFK�
and� clinical� trials� are�warranted� to� validate� the� ef�cacy� of� yoga� as� a� complementary�
DSSURDFK�WR�FRQYHQWLRQDO�WUHDWPHQWV�IRU�PDOH�LQIHUWLOLW��

.H�ZRUGV�� �]RRVSHUPLD� IDFWRU�� �=)� PXWDWLRQ�� F�WRJHQHWLF�� 0DOH�
LQIHUWLOLW���<�FKURPRVRPH�PLFURGHOHWLRQ��65<�JHQH�PXWDWLRQ��<RJD�

�RZ�WR�FLWH�WKLV�DUWLFOH�

3L�XVK� 6KDUPD��1LWLQ�.XPDU��'HHSDN�.RWKDUL��0RGXODWLRQ� RI�*HQHWLFV� DQG� (SLJHQHWLFV�)DFWRUV� LQ�0DOH� ,QIHUWLOLW�� WKURXJK�
<RJD�%DVHG�/LIHVW�OH�,QWHUYHQWLRQ��,QG�-��QFW�0HG�<RJD���������������������

��WKRU� �IILOLDWLRQ�� ��VVLVWDQW� 3URIHVVRU��
'HSDUWPHQW� RI� � =RRORJ��� ��VVLVWDQW� 3URIHVVRU��
'HSDUWPHQW� RI� � 3K�VLFDO� (GXFDWLRQ�� 6DQDWDQ� 'KDUP�
&ROOHJH��0X]DIIDUQDJDU���������8WWDU�3UDGHVK���6HQLRU�
&RQVXOWDQW��'HSDUWPHQW�RI�0HGLFLQH��(QGRFULQRORJ����
0DKDUDMD��JUDVHQ�+RVSLWDO��3XQMDEL�%DJK���������1HZ�
'HOKL��,QGLD�

&RUUHVSRQGLQJ���WKRU�� 3L��VK� 6KDUPD�� �VVLVWDQW�
3URIHVVRU�� 'HSDUWPHQW� RI� � =RRORJ��� 6DQDWDQ� 'KDUP�
&ROOHJH��0X]DIIDUQDJDU���������8WWDU�3UDGHVK��,QGLD�

(�PDLO��SL�XVKVKDUPDVGFROOHJH�JPDLO�FRP

5HFHLYHG�RQ�������������������FFHSWHG�RQ������������

,1752'8&7,21

6HYHUDO� JHQHV� DUH� LQYROYHG� LQ� PDOH� IHUWLOLW���
LQFOXGLQJ� WKRVH� LQYROYHG� LQ� VSHUPDWRJHQHVLV�

DV� ZHOO� DV� LQ� '1�� UHFRPELQDWLRQ�� UHSDLU�� DQG�
UHSOLFDWLRQ�� 7KH� JHQRPLF� VWDELOLW�� DQG� LQWHJULW��
DUH� FULWLFDO� IRU� JHUP� FHOOV� �(GG��� ������� 8VLQJ�
PRGHUQ�JHQRPLFV�DQG�SURWHRPLFV�PHWKRGRORJLHV��
DV� ZHOO� DV� DGYDQFHG� JHQH� H[SUHVVLRQ� WRROV� VXFK�
DV� 51�� VHTXHQFLQJ� DQG�PLFURDUUD�� FRXOG� DLG� LQ�
GHFLSKHULQJ�WKH�FDXVHV�RI� LQIHUWLOLW���6KDPVL�H��DO���
������� 7KLV�ZRXOG� QRW� RQO�� UHGXFH� WKH� WKUHDWV� RI�
�VVLVWHG� 5HSURGXFWLYH� 7HFKQRORJ�� ��57�� EXW�

0RG�ODWLRQ�RI��HQHWLFV�DQG�(SLJHQHWLFV�)DFWRUV�LQ�0DOH��
,QIHUWLOLW��WKUR�JK��RJD��DVHG�/LIHVW�OH�,QWHUYHQWLRQ

3L��VK�6KDUPD���1LWLQ�.�PDU����HHSDN�.RWKDUL�
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ZRXOG�DOVR�EULQJ�LQVLJKW�LQWR�SUHYLRXVO��XQNQRZQ�
VLGHV� RI� LQIHUWLOLW��� �V� D� UHVXOW�� QRW� RQO�� LV� LW�
QHFHVVDU��WR�FRPSUHKHQG�WKH�UROH�RI�IHUWLOLW��UHODWHG�
JHQHV�� EXW� DOVR� WR�KDYH� D� EHWWHU�XQGHUVWDQGLQJ�RI�
WKH� UROH� RI� SURPRWHUV�� UHJXODWRUV��DQG�QRQ�FRGLQJ�
51�� OLNH� PLFUR51�� �<RVKLGD� H�� DO��� ������� (YHQ�
WKRXJK�PXFK�KDV�EHHQ�H[SORUHG�DERXW�WKH�GLIIHUHQW�
PROHFXODU� DVSHFWV� DVVRFLDWHG� ZLWK� IHUWLOLW��� WKHUH�
DUH� VWLOO� JDSV� LQ� RXU� NQRZOHGJH� WKDW� QHHG� WR� EH�
�lled� and� explored� so� that� a� potential� diagnosis�
PHFKDQLVP� FDQ�EH�PDGH��7KLV�PDQXVFULSW�ZRXOG�
DOVR�DVVLVW��57�FOLQLFLDQV�LQ�WUHDWLQJ�DQG�PDQDJLQJ�
IHUWLOLW��GLVRUGHUV�LQ�PDOHV���VVLVWHG�5HSURGXFWLYH�
7HFKQRORJLHV���57��DQG��RJD�UHSUHVHQW�WZR�GLVWLQFW�
DSSURDFKHV� WKDW� FDQ� FRPSOHPHQW� HDFK� RWKHU� LQ�
VXSSRUWLQJ� IHUWLOLW�� WUHDWPHQW�� WKRXJK� WKHLU�GLUHFW�
LQWHUDFWLRQ�RU�FRPELQDWLRQ�LV�QRW�ZLGHO��VWXGLHG�RU�
VWDQGDUGL]HG�

�HI���W�R�

7KH� LQDELOLW�� WR� EHFRPH� SUHJQDQW� IROORZLQJ� D�
�HDU� RI� XQSURWHFWHG� VH[XDO� DFWLYLW�� LV� NQRZQ� DV�
LQIHUWLOLW����SSUR[LPDWHO�� ���� WR� ����RI�PDUULHG�
FRXSOHV�ZRUOGZLGH� VWUXJJOH�ZLWK� WKLV� LVVXH�� ZLWK�
PDOH�LQIHUWLOLW��DFFRXQWLQJ�IRU�����RI�FDVHV��.XPDU�
DQG�6LQJK��������

�Q� HVWLPDWHG� ���� WR� ���� RI� PDOH� LQIHUWLOLW��
FDVHV� DUH� FDXVHG� E�� JHQHWLF� FDXVHV�� 7KH� PLWRWLF��
PHLRWLF�� DQG� SRVW�PHLRWLF� GLIIHUHQWLDWLRQ� SKDVHV�
RI� VSHUPDWR]RD� FUHDWLRQ� KDSSHQ� LQ� VHTXHQFH� DQG�
DUH� DOO� JRYHUQHG� E�� FRPSOH[� JHQHWLF� SURJUDPV��
1XPHURXV� SK�VLRORJLFDO� IXQFWLRQV�� LQFOXGLQJ�
WKH� JURZWK� DQG� GLIIHUHQWLDWLRQ� RI� JHUP� FHOOV� DQG�
WKH� K�SRWKDODPXV�SLWXLWDU��JRQDGDO� D[LV�� DUH�
UHJXODWHG� E�� JHQHV�� 8QGHUVWDQGLQJ� WKH� JHQHWLF�
FDXVHV�RI�LQIHUWLOLW��LV�FUXFLDO�LQ�WKH�DJH�RI�DVVLVWHG�
UHSURGXFWLRQ� WHFKQRORJ�� WR� JLYH� WKH� FRXSOH� WKH�
PRVW�DSSURSULDWH� WKHUDSLHV� DQG�FRXQVHOLQJ� �'DGD�
H��DO���������

5ROH�RI�JHQHWLFV�DQG�HSLJHQHWLFV�LQ�0DOH�,QIHUWLOLW�

Numerous�candidate�genes�have�been�identi�ed�
DV� UHVSRQVLEOH� IRU� WKH� SDWKRJHQHVLV� RI� PDOH�
LQIHUWLOLW��� WKH� FRQVHTXHQFHV� DQG� WKHLU� FRUUHODWLRQ�
DORQJ�ZLWK�D�UROH�LQ�GLDJQRVLV�DUH�GLVFXVVHG�

�ROH�RI����K�RPR�RPH

7KH�<�FKURPRVRPH�SOD�V�D�FUXFLDO� UROH�LQ�PDOH�
LQIHUWLOLW��SULPDULO��EHFDXVH� LW� FRQWDLQV�JHQHV� WKDW�
DUH� HVVHQWLDO� IRU� WKH� GHYHORSPHQW� DQG� IXQFWLRQ�
RI� PDOH� UHSURGXFWLYH� RUJDQV�� VSHUP� SURGXFWLRQ�
�VSHUPDWRJHQHVLV���DQG�RYHUDOO�IHUWLOLW��

*HQHV�RQ�WKH�<�FKURPRVRPH��SDUWLFXODUO��LQ�WKH�
�=)� ��]RRVSHUPLD� )DFWRU�� UHJLRQ�� DUH� FUXFLDO� IRU�

VSHUPDWRJHQHVLV�� 'HOHWLRQV� RU� PXWDWLRQV� LQ� WKHVH�
JHQHV� FDQ� OHDG� WR� LPSDLUHG� VSHUP� SURGXFWLRQ� RU�
FRPSOHWH� DEVHQFH� RI� VSHUP� �D]RRVSHUPLD��� )RU�
H[DPSOH�� GHOHWLRQV� LQ� WKH��=)�UHJLRQ�FDQ�GLVUXSW�
WKH� SURFHVV� RI� VSHUP� PDWXUDWLRQ� LQ� WKH� WHVWHV��
The�Y�chromosome� is� involved� in� the��nal�stages�
RI� VSHUP� GHYHORSPHQW� �VSHUPLRJHQHVLV��� ZKLFK�
LQFOXGHV�WKH�IRUPDWLRQ�RI�WKH�VSHUP�WDLO�DQG�RWKHU�
VWUXFWXUDO� FRPSRQHQWV� QHFHVVDU�� IRU� PRWLOLW��
DQG� IHUWLOL]DWLRQ��0XWDWLRQV� RU� GHOHWLRQV� DIIHFWLQJ�
WKHVH� JHQHV� FDQ� OHDG� WR� VSHUP� ZLWK� DEQRUPDO�
PRUSKRORJ�� RU� LPSDLUHG� PRWLOLW��� UHGXFLQJ�
IHUWLOLW����QHXSORLGLHV�LQYROYLQJ�WKH�<�FKURPRVRPH�
�H�J���;<<�V�QGURPH��<<�V�QGURPH��FDQ�DIIHFW�PDOH�
IHUWLOLW��� 7KHVH� FRQGLWLRQV� FDQ� OHDG� WR� DEQRUPDO�
VSHUPDWRJHQHVLV�� UHGXFHG� VSHUP�SURGXFWLRQ�� DQG�
VRPHWLPHV� FRPSOHWH� LQIHUWLOLW��� 7KH� JHQH� IRU� WKH�
DQGURJHQ�UHFHSWRU���5���ZKLFK�LV�ORFDWHG�RQ�WKH�;�
FKURPRVRPH�EXW�KDV�LPSOLFDWLRQV�IRU�PDOH�IHUWLOLW���
LQWHUDFWV�ZLWK�JHQHV�RQ�WKH�<�FKURPRVRPH�

�H�W����IR����0�F�RGHOHW�R��

7HVWLQJ� IRU�<�FKURPRVRPH�PLFURGHOHWLRQV� LV�DQ�
LPSRUWDQW�GLDJQRVWLF�WRRO�LQ�WKH�HYDOXDWLRQ�RI�PDOH�
LQIHUWLOLW��� HVSHFLDOO��ZKHQ� WKHUH� LV� D� VXVSLFLRQ�RI�
D]RRVSHUPLD� �QR� VSHUP�� RU� VHYHUH� ROLJRVSHUPLD�
�YHU�� ORZ� VSHUP� FRXQW��� <� FKURPRVRPH�
PLFURGHOHWLRQ� WHVWLQJ� LV� XVXDOO�� UHFRPPHQGHG�
IRU� PHQ� ZKR� KDYH� VHYHUHO�� LPSDLUHG� VSHUP�
SURGXFWLRQ��D]RRVSHUPLD�RU�VHYHUH�ROLJRVSHUPLD���
SDUWLFXODUO�� LQ� FDVHV� ZKHUH� WKHUH� LV� QR� FOHDU�
DQDWRPLFDO�REVWUXFWLRQ� �REVWUXFWLYH� D]RRVSHUPLD���
,W�KHOSV�WR�GHWHUPLQH�LI�WKH�FDXVH�RI�LQIHUWLOLW��LV�GXH�
WR�JHQHWLF�IDFWRUV�DIIHFWLQJ�VSHUPDWRJHQHVLV��%HIRUH�
WHVWLQJ�� JHQHWLF� FRXQVHOLQJ� LV� RIWHQ� UHFRPPHQGHG�
WR� GLVFXVV� WKH� LPSOLFDWLRQV� RI� WKH� WHVW� UHVXOWV��
SRWHQWLDO� LQKHULWDQFH� SDWWHUQV�� DQG� DYDLODEOH�
UHSURGXFWLYH�RSWLRQV�<�FKURPRVRPH�PLFURGHOHWLRQ�
testing� involves� analyzing� speci�c� regions� on� the�
<�FKURPRVRPH�NQRZQ�DV�WKH��]RRVSHUPLD�)DFWRU�
��=)��UHJLRQV��7KHVH�UHJLRQV���=)D���=)E���=)F��
DQG� VRPHWLPHV� �=)E�F�� FRQWDLQ� JHQHV� FULWLFDO�
IRU� VSHUPDWRJHQHVLV� �%RU� HW� DO��� ������� 7KH� WHVWLQJ�
W�SLFDOO�� XVHV� 3&5� �3RO�PHUDVH� &KDLQ� 5HDFWLRQ��
RU� RWKHU� PROHFXODU� WHFKQLTXHV� WR� GHWHFW� GHOHWLRQV�
ZLWKLQ� WKHVH�UHJLRQV��7KH� WHVW� UHVXOWV�ZLOO� LQGLFDWH�
ZKHWKHU� WKHUH�DUH�GHOHWLRQV� LQ�RQH�RU�PRUH�RI� WKH�
�=)�UHJLRQV��'LIIHUHQW�W�SHV�RI�GHOHWLRQV�FDQ�KDYH�
YDU�LQJ�LPSDFWV�RQ�VSHUP�SURGXFWLRQ�

��)D��HOHWLRQ���VVRFLDWHG�ZLWK�WKH�PRVW�VHYHUH�
IRUP� RI� VSHUPDWRJHQLF� IDLOXUH�� OHDGLQJ� WR� WKH�
FRPSOHWH�DEVHQFH�RI�VSHUP�

��)E� �HOHWLRQ�� �VVRFLDWHG� ZLWK� D� OHVV� VHYHUH�
IRUP�RI�VSHUPDWRJHQLF�IDLOXUH�

3L�XVK�6KDUPD��1LWLQ�.XPDU��'HHSDN�.RWKDUL��0RGXODWLRQ�RI�*HQHWLFV�DQG�(SLJHQHWLFV�)DFWRUV�LQ��
0DOH�,QIHUWLOLW��WKURXJK�<RJD�%DVHG�/LIHVW�OH�,QWHUYHQWLRQ
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���3L�XVK�6KDUPD��1LWLQ�.XPDU��'HHSDN�.RWKDUL��0RGXODWLRQ�RI�*HQHWLFV�DQG�(SLJHQHWLFV�)DFWRUV�LQ��
0DOH�,QIHUWLOLW��WKURXJK�<RJD�%DVHG�/LIHVW�OH�,QWHUYHQWLRQ

��)F��HOHWLRQ��8VXDOO��DVVRFLDWHG�ZLWK�D�PLOGHU�
IRUP� RI� VSHUPDWRJHQLF� LPSDLUPHQW�� ZKHUH� VRPH�
VSHUP�SURGXFWLRQ�PD��VWLOO�RFFXU�

�� SRVLWLYH� UHVXOW� �'HOHWLRQ� 'HWHFWHG�� LQGLFDWHV�
D� KLJKHU� OLNHOLKRRG� RI� VHYHUH� VSHUPDWRJHQLF�
LPSDLUPHQW�RU�DEVHQFH�RI�VSHUP��ZKLFK�PD��DIIHFW�
IHUWLOLW��� 1HJDWLYH� 5HVXOW� �1R� 'HOHWLRQ� 'HWHFWHG���
6XJJHVWV� WKDW� WKH� LQIHUWLOLW�� PD�� EH� GXH� WR� RWKHU�
FDXVHV�� DQG� IXUWKHU� HYDOXDWLRQ� PD�� EH� QHHGHG��
<� FKURPRVRPH� PLFURGHOHWLRQ� WHVWLQJ� KHOSV� LQ�
SURYLGLQJ� D� PRUH� DFFXUDWH� SURJQRVLV� IRU� PDOH�
LQIHUWLOLW�� DQG� JXLGHV� DSSURSULDWH� PDQDJHPHQW�
VWUDWHJLHV�� LQFOXGLQJ� DVVLVWHG� UHSURGXFWLYH�
WHFKQLTXHV� ��57��VXFK�DV�,QWUDF�WRSODVPLF�6SHUP�
,QMHFWLRQ� �,&6,�� LQ� FDVHV� ZKHUH� YLDEOH� VSHUP� FDQ�
VWLOO�EH�UHWULHYHG��,W�V�LPSRUWDQW�WR�QRWH�WKDW�ZKLOH�<�
FKURPRVRPH�PLFURGHOHWLRQ�WHVWLQJ�LV�YDOXDEOH��QRW�
DOO�FDVHV�RI�PDOH�LQIHUWLOLW��DUH�GXH�WR�<�FKURPRVRPH�
DEQRUPDOLWLHV�� 2WKHU� JHQHWLF� IDFWRUV�� KRUPRQDO�
LPEDODQFHV��HQYLURQPHQWDO�IDFWRUV��DQG�DQDWRPLFDO�
LVVXHV� FDQ� DOVR� FRQWULEXWH� WR� PDOH� LQIHUWLOLW��� ,Q�
VXPPDU���<� FKURPRVRPH�PLFURGHOHWLRQ� WHVWLQJ� LV�
D� VSHFLDOL]HG� JHQHWLF� WHVW� WKDW� SOD�V� D� FUXFLDO� UROH�
LQ�GLDJQRVLQJ� JHQHWLF� FDXVHV� RI�PDOH� LQIHUWLOLW��� ,W�
SURYLGHV� YDOXDEOH� LQIRUPDWLRQ� IRU� ERWK�SURJQRVLV�
DQG� PDQDJHPHQW� RI� LQIHUWLOLW�� LQ� DIIHFWHG�
LQGLYLGXDOV� �+HQHJDULX� H�� DO��� ������4XUHVKL� H�� DO���
������

�O���FDO� �PSO�FDW�R��� RI� �� �K�RPR�RPH�
P�F�RGHOHW�R��

Y� chromosome� microdeletions� have� signi�cant�
FOLQLFDO� LPSOLFDWLRQV� IRU� PDOH� LQIHUWLOLW��� <�
FKURPRVRPH� PLFURGHOHWLRQ� WHVWLQJ� SURYLGHV�
SURJQRVWLF� LQIRUPDWLRQ� UHJDUGLQJ� WKH� VHYHULW�� RI�
VSHUPDWRJHQLF�LPSDLUPHQW��7KH�SUHVHQFH�DQG�W�SH�RI�
PLFURGHOHWLRQ���=)D���=)E���=)F��RU�FRPELQDWLRQV�
WKHUHRI��FDQ�KHOS�SUHGLFW�WKH�OLNHOLKRRG�RI�VXFFHVVIXO�
VSHUP� UHWULHYDO� DQG� WKH� SRWHQWLDO� IRU� QDWXUDO�
FRQFHSWLRQ��.QRZLQJ�WKH�SUHVHQFH�RI�<�FKURPRVRPH�
PLFURGHOHWLRQV� JXLGHV� IHUWLOLW�� VSHFLDOLVWV� LQ�
GHWHUPLQLQJ� DSSURSULDWH� PDQDJHPHQW� VWUDWHJLHV��
,Q� FDVHV� ZKHUH� VSHUP� FDQ� EH� UHWULHYHG� GHVSLWH�
PLFURGHOHWLRQV��H�J���LQ��=)F�GHOHWLRQV���WHFKQLTXHV�
OLNH� ,QWUDF�WRSODVPLF� 6SHUP� ,QMHFWLRQ� �,&6,�� FDQ�
EH� HPSOR�HG� WR� DFKLHYH� IHUWLOL]DWLRQ�� ,Q� FDVHV� RI�
VHYHUH�PLFURGHOHWLRQV��H�J����=)D�GHOHWLRQV���ZKHUH�
VSHUP�SURGXFWLRQ� LV� FRPSOHWHO�� LPSDLUHG�� WKH�XVH�
RI�GRQRU�VSHUP�PD��EH�UHFRPPHQGHG�DV�D� YLDEOH�
DOWHUQDWLYH� IRU� DFKLHYLQJ� SUHJQDQF��� 5HVXOWV� RI� <�
FKURPRVRPH�PLFURGHOHWLRQ� WHVWLQJ� LQIRUP� JHQHWLF�
FRXQVHOLQJ�VHVVLRQV��7KLV�LQFOXGHV�GLVFXVVLRQV�DERXW�
WKH�LQKHULWDQFH�SDWWHUQ�RI�WKH�PLFURGHOHWLRQ�DQG�LWV�
LPSOLFDWLRQV�IRU�IXWXUH�JHQHUDWLRQV��,W�KHOSV�FRXSOHV�
XQGHUVWDQG�WKH�ULVNV�RI�SDVVLQJ�RQ�LQIHUWLOLW��UHODWHG�

JHQHWLF�DEQRUPDOLWLHV�WR�WKHLU�RIIVSULQJ��,GHQWLI�LQJ�
<� FKURPRVRPH�PLFURGHOHWLRQV� SURPSWV� VFUHHQLQJ�
RI� RWKHU� PDOH� IDPLO�� PHPEHUV� ZKR� PD�� DOVR� EH�
DW� ULVN� RI� LQKHULWLQJ� WKH� VDPH� JHQHWLF� FRQGLWLRQ�
�6HQ� H�� DO��� �������7KLV�SURDFWLYH� DSSURDFK� FDQ� DLG�
LQ� WKH� HDUO�� GLDJQRVLV� DQG� PDQDJHPHQW� RI� PDOH�
LQIHUWLOLW��ZLWKLQ� IDPLOLHV�� )RU� FRXSOHV�XQGHUJRLQJ�
�57��SUH�LPSODQWDWLRQ�JHQHWLF�WHVWLQJ��3*7��PD��EH�
FRQVLGHUHG�WR�VFUHHQ�HPEU�RV�IRU�WKH�SUHVHQFH�RI�<�
FKURPRVRPH�PLFURGHOHWLRQV�EHIRUH�HPEU�R�WUDQVIHU��
7KLV�FDQ�KHOS�HQVXUH�WKDW�RQO��HPEU�RV�ZLWKRXW�WKH�
JHQHWLF�DEQRUPDOLW��DUH�VHOHFWHG�IRU�WUDQVIHU��WKHUHE��
LQFUHDVLQJ� WKH� FKDQFHV� RI� D� VXFFHVVIXO� SUHJQDQF���
8QGHUVWDQGLQJ� WKH�JHQHWLF�EDVLV�RI�PDOH� LQIHUWLOLW��
WKURXJK� <� FKURPRVRPH� PLFURGHOHWLRQ� WHVWLQJ�
can� have� signi�cant� psychosocial� implications� for�
LQGLYLGXDOV� DQG� FRXSOHV�� ,W� PD�� SURYLGH� FODULW��
RQ� WKH�FDXVH�RI� LQIHUWLOLW��� UHGXFH�XQFHUWDLQW���DQG�
IDFLOLWDWH� LQIRUPHG� GHFLVLRQ�PDNLQJ� UHJDUGLQJ�
WUHDWPHQW�RSWLRQV�DQG�IDPLO��SODQQLQJ��&KRL�H��DO���
������

,Q� FRQFOXVLRQ�� <� FKURPRVRPH� PLFURGHOHWLRQV�
SOD�� D� FUXFLDO� UROH� LQ� WKH� FOLQLFDO�PDQDJHPHQW� RI�
PDOH� LQIHUWLOLW�� E�� SURYLGLQJ� YDOXDEOH� GLDJQRVWLF��
SURJQRVWLF�� DQG� JHQHWLF� FRXQVHOLQJ� LQIRUPDWLRQ��
7KH��JXLGH� IHUWLOLW�� WUHDWPHQW�GHFLVLRQV�� RSWLPL]H�
UHSURGXFWLYH�RXWFRPHV��DQG�VXSSRUW�FRPSUHKHQVLYH�
FDUH�IRU�DIIHFWHG�LQGLYLGXDOV�DQG�FRXSOHV�

���H�H��D�G�PDOH���IH�W�O�W�

,Q� ������ ZH� UHSRUWHG� WKUHH� PHQ� ZLWK� VHYHUH�
GDPDJH� WR� VSHUPDWRJHQHVLV� DQG� QRUPDO�
FKURPRVRPH�DQDO�VLV��EXW�ZKHUH�PROHFXODU�SUREHV�
UHYHDOHG�PLFURGHOHWLRQV�RQ� WKH� ORQJ�DUP�RI� WKH�<�
FKURPRVRPH� �6DNWKLYHO� DQG� 6ZDPLQDWKDQ�� ������
&RODFR�DQG�0RGL���������5HFHQW�LQYHVWLJDWLRQV�KDYH�
VXJJHVWHG�VWLPXODWLRQ�WR�SUREH�WKH�ORQJ�DUP�RI�WKH�
<�FKURPRVRPH�EHFDXVH�RI�PHQ�ZLWK�D]RRVSHUPLD�
DQG�GHOHWLRQV�RI�WKH�ORQJ�DUP�RI�WKH�<�FKURPRVRPH�
WUDQVHFWLQJ�LQWHUYDO���ZLWK�WKH�ORVV�RI�DOO�GLVWDO�JHQHWLF�
PDWHULDO�DQG�DQ�LQIHUWLOH�PDQ�ZLWK�D�VKRUW�DUP�DQG�
D�GLFHQWULF� <�� WKHUH�KDYH� EHHQ� D� ODUJH� QXPEHU�RI�
SXEOLFDWLRQV�RI�FDVH�VHULHV�DQG�LW�LV�FOHDU�WKDW��ZKLOH�
PLFURGHOHWLRQV�PD��RFFXU�LQ�WKH�IHUWLOH�SRSXODWLRQ�
WKH��DUH�PRUH�SUHYDOHQW�LQ�WKH�LQIHUWLOH�SRSXODWLRQV��
,W�KDV�EHHQ�UHSRUWHG�WKDW�WKH�PLFURGHOHWLRQ�GHWHFWHG�
PLJKW�EH�ODUJH��EXW�WKHUH�DUH�SUHOLPLQDU��UHSRUWV�RI�
PXFK� VPDOOHU� GHOHWLRQV� ZLWKLQ� JHQHV� �*LUDUGL� H��
DO����������0LFURGHOHWLRQV�KDYH�EHHQ�IRXQG�LQ�WKUHH�
QRQ�RYHUODSSLQJ� UHJLRQV� RI� WKH� <� FKURPRVRPH�
�=)�D�E�F��0D�H��DO����������6HYHUDO�JHQHV�KDYH�EHHQ�
GHVFULEHG�DQG�WKHVH�LQFOXGH�5%0��'�=��'))5<����
'%<�� DQG�&'<� �<X� H�� DO��� �������7KH� DEQRUPDOLW��
PRVW� FRPPRQO�� UHSRUWHG� LQ� WKH� OLWHUDWXUH� LV� D�
PLFURGHOHWLRQ�LQ�WKH��=)F�UHJLRQ�HQFRPSDVVLQJ�WKH�
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'�=�JHQH��+RZHYHU�� WKHUH� LV�QR�H[DFW�FRUUHODWLRQ�
EHWZHHQ�'�=�GHOHWLRQ�DQG�WKH�SUHVHQFH�RU�DEVHQFH�
RI�VSHUPDWRJHQHVLV��EXW�WKLV�PD��EH�EHFDXVH�IRU�WKH�
'�=�JHQH��WKHUH�LV�DOVR�DQ�DXWRVRPDO�FRS��

��RR�SH�P�D

,W�LV�HVWLPDWHG�WKDW�XS�WR����RI�PDOHV�VXIIHU�IURP�
D]RRVSHUPLD��ZKLFK�LV�FKDUDFWHULVHG�E��WKH�DEVHQFH�
RI� VSHUP� LQ� WKH� HMDFXODWH�� 7KH� XVH� RI� KHDOWK��
VSHUPDWR]RD�IURP�WHVWLFXODU�RU�HSLGLG�PDO�ELRSVLHV�
KDV�DOORZHG�VRPH�D]RRVSHUPLF�PHQ��WKRVH�ZLWK�D�
SRVW�PHLRWLF�DEQRUPDOLW���WR�FRQFHLYH�DIWHU�DVVLVWHG�
UHSURGXFWLYH� WHFKQRORJLHV� KDYH� UHYROXWLRQLVHG�
WKH� WUHDWPHQW� RI� LQIHUWLOLW���:KLOH� WKHUH� DUH�PDQ��
FRQWULEXWLQJ� FDXVHV� WR� PDOH� LQIHUWLOLW��� JHQHWLF�
IDFWRUV� DUH� WKRXJKW� WR� KDYH� D� PDMRU� UROH� LQ� WKH�
GHYHORSPHQW� RI� VHYHUH� ROLJR]RRVSHUPLD� DQG�
D]RRVSHUPLD� �&RFX]]D� H�� DO��� ������� 1RW� ZLWK�
VWDQGLQJ� WKLV� DVVXPSWLRQ��ZKLFK� LV� VXSSRUWHG� E��
WKH� ODUJH� QXPEHU� RI� LQIHUWLOH� NQRFNRXW� �.2��PLFH�
DQG� WKH� HYHQ� KLJKHU� QXPEHU� RI� JHQHV� H[SUHVVHG�
SULPDULO��LQ�WKH�WHVWLV��OLWWOH�LV�XQGHUVWRRG�DERXW�WKH�
SDWKRSK�VLRORJ�� RI� GHFUHDVHG� VSHUP� SURGXFWLRQ��
LWV� XQGHUO�LQJ� FDXVHV�� WKH� JHQHWLF� DQG� HSLJHQHWLF�
LPSOLFDWLRQV� IRU� WKH� JDPHWH�� DQG� WKH� LPSOLFDWLRQV�
IRU�IXWXUH�UHVHDUFK��0LWFKHOO�H��DO����������7KHUHIRUH��
LW� LV�FULWLFDO� WR� LGHQWLI��JHQHWLF�DQRPDOLHV� LQ�RUGHU�
WR� FRPSUHKHQG� VSHUPDWRJHQHVLV�� FKRRVH� WKH�
EHVW� FRXUVH� RI� DFWLRQ� IRU� WKH� SDWLHQW�� DQG� GHOLYHU�
DSSURSULDWH�JHQHWLF�FRXQVHOOLQJ��:LWK�DQ�HPSKDVLV�
RQ�JHQHWLF�DEQRUPDOLWLHV�WKDW�GLUHFWO��DIIHFW�VSHUP�
SURGXFWLRQ�� WKH� DXWKRU� DWWHPSWHG� WR� HYDOXDWH� WKH�
PRVW�UHFHQW�UHVHDUFK�RQ�WKH�JHQHWLFV�RI�D]RRVSHUPLD�
DQG� ROLJR]RRVSHUPLD�� 5HFHQW� DGYDQFHV� LQ�
VHTXHQFLQJ�WHFKQRORJLHV�KDYH�DFFHOHUDWHG�WKH�UDSLG�
HYROXWLRQ�RI�LQIHUWLOLW��JHQHWLFV�

�]RRVSHUPLD� LV�FKDUDFWHUL]HG�DV� WKH�DEVHQFH�RI�
VSHUP� LQ� WZR� GLIIHUHQW� HMDFXODWHV� �2UJDQL]DWLRQ��
2010).� In� the� scienti�c� community,� azoospermia�
PD�� QRW� EH� FRQVLGHUHG� DV� WKH� FRQGLWLRQ� RI� SULPH�
LPSRUWDQFH� LQ� PDOH� LQIHUWLOLW��� %XW� LWV� PROHFXODU�
FKDUDFWHUL]DWLRQ� QHHGV� WR� EH� DQVZHUHG� ZKLFK�
FDQ� LPSURYH� SDWLHQW� FDUH�� 7KH� DOWHUQDWLYH�
DQG� FRPSOHPHQWDU�� WKHUDS�� OLNH� ��XUYHGD�
GHVFULEHG� YDULRXV� KHUEDO� IRUPXODWLRQV� WKDW� DUH�
scienti�cally�provent�heir�ef�cacy�on�Azoospermia�
�3DQGH��H��DO�������E��DQG�RWKHU�VSHUP�G�VIXQFWLRQV�
�3DQGH��H��DO�������D��

7KH� HWLRORJ�� RI� D]RRVSHUPLD� �1DLOZDO� DQG�
&KDXKDQ��������FDQ�EH�EURDGO��GLYLGHG�LQWR� WKUHH�
PDLQ� FDWHJRULHV�� SUH�WHVWLFXODU�� WHVWLFXODU�� DQG�
SRVW�WHVWLFXODU�� �L�� 3UH�WHVWLFXODU� D]RRVSHUPLD� KDV�
EHHQ�DVVRFLDWHG�ZLWK� ORZ�OHYHOV�RI�JRQDGRWURSLQV��
�LL�� 3RVW�WHVWLFXODU� LQFOXGH� HMDFXODWRU�� GLVRUGHUV�

WKDW�REVWUXFW�WKH�WUDQVSRUW�RI�VSHUP�IURP�WKH�WHVWLV��
�]RRVSHUPLD�PD��EH�WHVWLFXODU�WKDW�LQFOXGH�WUDXPD��
WRUVLRQ�� LQIHFWLRQV� �H�J�� PXPSV� DQG� RUFKLWLV��� ,W�
PD��DOVR�EH�DVVRFLDWHG�ZLWK�JHQHWLF�DEQRUPDOLWLHV�
�<� FKURPRVRPH� GHOHWLRQV��� RU� LQ� WKH� JHQHV�
UHJXODWLQJ�VSHUPDWRJHQHVLV��(YHQ�WKRXJK�PXOWLSOH�
JHQHV� KDYH� EHHQ� NQRZQ� WKDW� DUH� LPSRUWDQW� IRU�
VSHUPDWRJHQHVLV�VWLOO�FKURPRVRPDO�DEHUUDWLRQV�OLNH�
<�PLFURGHOHWLRQV� DQG� FKURPRVRPDO� DEQRUPDOLWLHV�
VXFK�DV�.OLQHIHOWHU�V�QGURPH�KDYH�ORQJ�UHPDLQHG�
WKH� RQO�� NQRZQ� JHQHWLF� FDXVH� RI� QRQ�REVWUXFWLYH�
D]RRVSHUPLD��&HUYiQ�0DUWtQ�H��DO����������

*HQHWLF� DQG� WKH� HSLJHQHWLF� IDFWRUV� SOD�� DQ�
LPSRUWDQW�UROH�LQ�PDOH� LQIHUWLOLW�� �'DL� H��DO����������
7KH�PDMRU�JHQHWLF�IDFWRUV�LQ�PDOH�LQIHUWLOLW��LQFOXGH�
FKURPRVRPDO� DEQRUPDOLWLHV� DQG� <� FKURPRVRPDO�
PLFURGHOHWLRQV� �(GZDUGV� DQG� %LVKRS�� ������� <�
FKURPRVRPDO�GHOHWLRQV� FRQWULEXWH� �������RI� WRWDO�
FDVHV�UHODWHG�WR�D]RRVSHUPLD�

0ROHFXODU� LQYHVWLJDWLRQV� VKRZ� �=)� UHJLRQV�
�=)D���=)E��DQG��=)F��<X�H��DO���������WKDW�DUH�WKH�
KRWVSRWV�RI�PLFURGHOHWLRQV��.HQW�)LUVW�H��DO����������
6SHUPDWRJHQHVLV� LV� KDPSHUHG� E�� PLFURGHOHWLRQV�
LQ� WKHVH� DUHDV�� %XW� TXHVWLRQV� UHJDUGLQJ� WKH�
PDQLIHVWDWLRQ� RI� WKH� �=)� JHQH� IXQFWLRQ� DQG� LWV�
UHODWLRQVKLS� WR� PLFURGHOHWLRQV� DQG� LQIHUWLOLW��
VWLOO� QHHG� WR� EH� DGGUHVVHG�� �=)� GHOHWLRQ� ZDV�
GLDJQRVHG� ZRUOGZLGH� XVLQJ� WKH� 6HTXHQFH�WDJJHG�
VLWH�SRO�PHUDVH�FKDLQ�UHDFWLRQ� �676�3&5��DQG� WKH�
PXOWL�DQDO�WH�VXVSHQVLRQ�DUUD���0�6���WHFKQLTXH�
�%RQGXHOOH�H��DO�����������&UDP�H��DO���������

7KH�UDSLG�GHYHORSPHQW�RI�DVVLVWHG�UHSURGXFWLYH�
WHFKQRORJLHV���57��LQFUHDVHV�WKH�FKDQFHV�RI�KDYLQJ�
ELRORJLFDO�FKLOGUHQ�IRU�PLOOLRQV�RI�LQIHUWLOH�FRXSOHV�
+RZHYHU�� WKHVH� WHFKQLTXHV�PD�� LQFUHDVH� WKH� ULVN�
RI� YHUWLFDO� WUDQVPLVVLRQ� RI�<� FKURPRVRPH�UHODWHG�
GHOHWLRQ� WR� WKHLU� PDOH� SURJHQLHV� �(YHQVRQ� H�� DO���
�������7KHUHIRUH��LW�LV�WKH�QHHG�RI�WKH�KRXU�WR�VFUHHQ�
�=)�UHODWHG�PLFURGHOHWLRQ�EHIRUH��57�WUHDWPHQW��,Q�
WKLV�UHYLHZ��ZH�ZLOO�GLVFXVV�WKH�UHFHQW�WUHQGV�UHODWHG�
WR� VFUHHQLQJ� DQG� GLDJQRVLV� RI� �=)�PLFURGHOHWLRQ�
DQG� HOXFLGDWH� WKHLU� GLIIHUHQW� PROHFXODU� DWWULEXWHV�
UHODWHG�WR�PDOH�LQIHUWLOLW��

P�1��D�G���IH�W�O�W�

0DOH� LQIHUWLOLW�� KDV� EHHQ� OLQNHG� WR� G�QDPLF�
FHOOXODU� YDULDWLRQ�� ZKLFK� KDV� EHHQ� GHPRQVWUDWHG�
by� RNA� pro�ling� of� fertile� and� infertile� males.�
0DQ�� GLIIHUHQW� W�SHV� RI� WUDQVFULSWV� FRGLQJ� IRU�
sperm-speci�c� proteins� are� generated� by� the�
KDSORLG�JHQRPH� GXULQJ� HDUO�� VSHUPDWRJHQHVLV� RU�
GXULQJ� VSHUPLRJHQHVLV� LQ� URXQG� VSHUPDWLGV�� 7KH�
WUDQVFULSWV� DUH� VWRUHG� LQ� WKH� VSHUPDWLG� F�WRSODVP�
EHIRUH�WKH�UHODWHG�SURWHLQV�DUH�H[SUHVVHG��(YHQVRQ�

3L�XVK�6KDUPD��1LWLQ�.XPDU��'HHSDN�.RWKDUL��0RGXODWLRQ�RI�*HQHWLFV�DQG�(SLJHQHWLFV�)DFWRUV�LQ��
0DOH�,QIHUWLOLW��WKURXJK�<RJD�%DVHG�/LIHVW�OH�,QWHUYHQWLRQ
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���3L�XVK�6KDUPD��1LWLQ�.XPDU��'HHSDN�.RWKDUL��0RGXODWLRQ�RI�*HQHWLFV�DQG�(SLJHQHWLFV�)DFWRUV�LQ��
0DOH�,QIHUWLOLW��WKURXJK�<RJD�%DVHG�/LIHVW�OH�,QWHUYHQWLRQ

H�� DO��� ������� ,Q� PLG�VSHUPLRJHQHVLV�� FKURPDWLQ�
UHPRGHOOLQJ�OHDGV�WR�WKH�WUDQVFULSWLRQDO�LQDFWLYDWLRQ�
RI� WKH� JHQRPH� ��JDUZDO� DQG� �OODPDQHQL�� ������
7KXV� WKH� KLJKO�� FRQGHQVHG� VSHUP� QXFOHXV� LV�
WUDQVFULSWLRQDOO�� LQHUW� DQG� FRQWDLQV� GLYHUVH� 51��
SRSXODWLRQV�� P51��� DQWLVHQVH�� DQG� PL51�V�
WKDW� KDYH� EHHQ� WUDQVFULEHG� EHIRUH� LQDFWLYDWLRQ�
�6XJDQWKL�H�� DO����������7KH�SUHVHQFH�RI� WUDQVFULSWV�
LQ�KXPDQ�VSHUPDWR]RD�KDV�EHHQ�HVWDEOLVKHG�XVLQJ�
UHYHUVH� WUDQVFULSWLRQ�SRO�PHUDVH� FKDLQ� UHDFWLRQ�
�3&5��DQG�UHDO�WLPH�3&5�

�ROH�RI���)��H�H

6SHUPDWRJHQHVLV� LV� D� FUXFLDO� UHSURGXFWLYH�
SURFHVV� WKDW� LV� FRQWUROOHG� E�� QXPHURXV� JHQHV�
XQLTXH�WR�WKH�<�FKURPRVRPH��7KH�PDMRULW��RI�WKHVH�
JHQHV� DUH� IRXQG� LQ� WKH� ORQJ� DUP�RI� WKH�KXPDQ�<�
chromosome,�speci�cally� in�an�area�referred�to�as�
WKH� D]RRVSHUPLD� IDFWRU� UHJLRQ� ��=)��� 7KH� PRVW�
FRPPRQ� VWUXFWXUDO� FKURPRVRPDO� DEQRUPDOLWLHV��
NQRZQ� DV� �=)� PLFURGHOHWLRQV�� DUH� WKH� PDLQ�
FDXVH� RI� LQIHUWLOLW�� LQ� PHQ�� 1DWXUDO� IHUWLOLVDWLRQ�
EDUULHUV�FDQ�EH�RYHUFRPH�E��DVVLVWHG�UHSURGXFWLYH�
WHFKQLTXHV���57���VXFK�DV�LQWUDF�WRSODVPLF�VSHUP�
LQMHFWLRQ� �,&6,�� DQG� WHVWLFXODU� VSHUP� H[WUDFWLRQ�
�7(6(��� ZKLFK� FDQ� KHOS� VRPH� LQIHUWLOH� FRXSOHV�
EHFRPH� SUHJQDQW�� +RZHYHU�� WKH� ULVN� RI� JHQHWLF�
GHIHFWV� EHLQJ� SDVVHG� RQ� WR� RIIVSULQJ� LV� LQFUHDVHG�
ZLWK� WKHVH� WHFKQLTXHV�� 0DQ�� �=)� PLFURGHOHWLRQ�
types�have�been�identi�ed�by�sequence-tagged�site�
SRO�PHUDVH� FKDLQ� UHDFWLRQ� �676�3&5��� VXVSHQVLRQ�
DUUD�� WHFKQRORJ�� �6�7��� DQG� DUUD�� FRPSDUDWLYH�
JHQRPLF�K�EULGL]DWLRQ��D&*+���KRZHYHU��WKHUH�DUH�
VWLOO� REVWDFOHV� WR� EH� DGGUHVVHG�ZLWK� HDFK� RI� WKHVH�
PHWKRGV���=)�PLFURGHOHWLRQV�DQG�WKHLU�DVVRFLDWHG�
SKHQRW�SHV�LQ�LQIHUWLOH�PDOHV�KDYH�EHHQ�VWXGLHG�LQ�
JUHDW�GHWDLO���UJXPHQWV�H[SODLQLQJ�WKH�RFFXUUHQFH�
RI� GH� QRYR� GHOHWLRQV� DQG� H[SDQVLRQ� DQG� OLQNLQJ�
�57�WR�WKH�LQFLGHQFH�RI��=)�PLFURGHOHWLRQV�UHPDLQ�
XQUHVROYHG��GHVSLWH� WKH� IDFW� WKDW� WKH� WUDQVPLVVLRQ�
RI��=)�PLFURGHOHWLRQV�KDV�EHHQ�UHSRUWHG�JOREDOO���
7KLV� UHYLHZ� SURYLGHV� D� WKRURXJK� XSGDWH� RQ� WKH�
VWDWH� RI� NQRZOHGJH� RQ� �=)� PLFURGHOHWLRQV� DQG�
WKHLU�SKHQRW�SHV���=)�DUHDV�DQG�WKH�JHQHV�WKDW�DUH�
UHODWHG�ZLWK�WKHP��DQG�QHZ�PHWKRGV�IRU�VFUHHQLQJ�
�=)�PLFURGHOHWLRQV�XVLQJ�WKH�PRVW�UHFHQW�UHVHDUFK�
in�the��eld.�Additionally,�the��eld’s�future�research�
RULHQWDWLRQ� DQG� WKH� WUDQVPLVVLRQ� IHDWXUHV� RI� �=)�
PLFURGHOHWLRQV� ZLOO� EH� H[WHQVLYHO�� H[DPLQHG��
'LVRUGHUV� RI� VH[� GHYHORSPHQW�� IRUPHUO�� NQRZQ�
DV� LQWHUVH[� FRQGLWLRQV�� DUH� FDXVHG� E�� GHOHWLRQV�
RU� WUDQVORFDWLRQV� RI� WKH� <� FKURPRVRPH�V� 65<�
VH[�GHWHUPLQLQJ� JHQH�� ZKLFK� UHVXOWV� LQ� G�VJHQLF�
JRQDGV�� ,QIHUWLOLW��DQG�D�KLJKHU� LQFLGHQFH�RI�JHUP�
FHOO� WXPRXUV� �*&7V��� LQFOXGLQJ� JRQDGREODVWRPD�

DQG� VHYHUDO� IRUPV� RI� WHVWLFXODU� *&7�� DUH� WKH�
RXWFRPHV�RI�JRQDGDO�IDLOXUH��6XJDQWKL�H��DO���������
<X�H��DO��������

�KH���)D��H��R�

7KH� SUR[LPDO� UHJLRQ� RI� GHOHWLRQ� LQWHUYDO� ��
FRQWDLQV�WKH���������NE�ORQJ��=)D�UHJLRQ�RI�'1���
7ZR� SURWHLQ�HQFRGLQJ� JHQHV�� 863�<� DQG� '%<�
�UHFHQWO�� UHQDPHG� '';�<��� DUH� ORFDWHG� LQ� WKH�
�=)D�UHJLRQ��6HUWROL�FHOO�RQO��V�QGURPH��W�SH�,�� LV�
FKDUDFWHULVHG�E��GHOHWLRQV�LQ�WKH��=)D�ORFXV��9RJ�
H��DO���������

�KH���)E��H��R�

/RFDWHG�RQ�WKH�GLVWDO�HQG�RI�GHOHWLRQ�LQWHUYDO���WR�
WKH�SUR[LPDO�HQG�RI�GHOHWLRQ�LQWHUYDO����VXELQWHUYDO�
�2��%��� WKH� �=)E� VSDQV� DSSUR[LPDWHO�� ���� 0E�
RI� '1��� 7KH� ;�GHJHQHUDWH� HXFKURPDWLQ� FRQWDLQV�
WKH� SURWHLQ�HQFRGLQJ� JHQHV�(,)��<��536�<��� DQG�
60&<��ZKLOH�WKH�DPSOLFRQLF�DUHD�FRQWDLQV�WKH�JHQHV�
+6)<��;.5<��35<��DQG�5%0<���9RJ�H��DO���������

�KH���)F��H��R�

/RFDWHG�LQ�WKH�GLVWDO�SRUWLRQ�RI�GHOHWLRQ�LQWHUYDO�
���VXELQWHUYDO��&��(��RQ�WKH�<�FKURPRVRPH���=)F�
FRYHUV�����0E�RI�HXFKURPDWLQ��7KH�PDMRULW��RI�PHQ�
ZLWK� LGLRSDWKLF� ROLJR]RRVSHUPLD� RU� D]RRVSHUPLD�
KDG� GHOHWLRQV� LQ� WKH� �=)F� UHJLRQ�� (LJKW�
VSHUPDWRJHQHVLV�UHODWHG�JHQH�IDPLOLHV�DUH�LQFOXGHG�
LQ� WKH��=)F� UHJLRQ��%3<���&'<��'�=��&63*�/<��
*2/*�=/<�� 77<�����77<����� DQG�77<�� �'DGD� H��
DO��������

��HYDOH�FH�RI���)�P�F�RGHOHW�R��W�D��P����R�

�=)� PLFURGHOHWLRQV� DUH� LQKHULWHG� WKURXJK� WKH�
SDWHUQDO� JHUPOLQH� RU� RFFXU� DV� GH� QRYR� HYHQWV�� ,W�
KDV�EHHQ�UHSRUWHG�E��PDQ��VWXGLHV�WKDW�PRUH�WKDQ�
����RI��=)�PLFURGHOHWLRQV� DUH� RI�GH�QRYR�RULJLQ�
�'DGD� H�� DO��� �������:KLOH� VRPH� GHOHWLRQV� KDSSHQ�
DIWHU� IHUWLOLVDWLRQ�� WKH� PDMRULW�� KDSSHQ� EHIRUH�
IHUWLOLVDWLRQ�� �� PDOH� RIIVSULQJ� ZLOO� LQKHULW� WKH�
<&0V�LI�DQ�HJJ�LV�IHUWLOLVHG�E��D�VSHUP�FDUU�LQJ�WKH�
PXWDWLRQ��&RQYHUVHO���LI�WKH�GHOHWLRQ�KDSSHQV�DIWHU�
IHUWLOLVDWLRQ��LW�FRXOG�UHVXOW�LQ�PRVDLFLVP��ZKLFK�LV�
FKDUDFWHULVHG� E��<� FKURPRVRPHV� WKDW� DUH� QRUPDO�
LQ� OHXNRF�WHV� DQG� <� FKURPRVRPHV� WKDW� KDYH� WKH�
SRVW�IHUWLOL]DWLRQ� GHOHWLRQ� LQ� VSHUP� RU� WHVWLFXODU�
'1���/LX�H��DO����������,W�KDV�UDUHO��EHHQ�GRFXPHQWHG�
WKDW��=)�PLFURGHOHWLRQV�QDWXUDOO��WUDQVPLW�EHFDXVH�
LQIHUWLOLW��LV�WKH�SUHGRPLQDQW�FKDUDFWHULVWLF�RI�PHQ�
ZLWK�WKHVH�PXWDWLRQV���FFRUGLQJ�WR�'DL�H��DO�����RXW�
RI� ��� LQIHUWLOH� PHQ� KDG� <&0V� WKDW� ZHUH� SDVVHG�
RQ�RUJDQLFDOO��IURP�IDWKHU�WR�VRQ��6DPOL�H��DO���DOVR�
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QRWHG�WKDW�D�IDWKHU�V�WKUHH�VRQV�QDWXUDOO��LQKHULWHG�
DQ��=)E�PLFURGHOHWLRQ��&UDP�H��DO����������2Q�WKH�
RWKHU�KDQG��LW�KDV�EHHQ�ZHOO�GRFXPHQWHG�WKDW��=)�
PLFURGHOHWLRQV� FDQ� EH� YHUWLFDOO�� WUDQVPLWWHG� IURP�
IDWKHU�WR�VRQ�E��,&6,��6WXGLHV�FRQGXFWHG�LQ�WKH�SDVW�
GHWDLOHG� WKH� VRQV� ERUQ� WR� D� JURXS� RI� ��� FRXSOHV�
ZKR�ZHUH� DVVLVWHG� LQ�EHFRPLQJ�SUHJQDQW� E�� ,&6,�
DQG� DOVR� GLVFRYHUHG� WKDW� WKH� ,&6,� SRSXODWLRQ�V�
LQFLGHQFH� RI� PLFURGHOHWLRQV� ZDV� DSSUR[LPDWHO��
������ ZKLFK� ZDV� FRPSDUDEOH� WR� WKH� LQFLGHQFH� RI�
�=)� PLFURGHOHWLRQV� LQ� PHQ� ZKR� ZHUH� LQIHUWLOH��
�57� KDV� EHHQ� OLQNHG� WR� KLJKHU� UDWHV� RI� VSHUP�
DQHXSORLG���GH�QRYR� FKURPRVRPDO� DEQRUPDOLWLHV��
DQG� VH[XDO� FKURPRVRPDO� DEHUUDWLRQV�� 7KHUHIRUH��
ZKHWKHU��57�FDXVHV��=)�PLFURGHOHWLRQV�LV�RQH�RI�
WKH� PDLQ� TXHVWLRQV� VXUURXQGLQJ� �57�� 7KH� <&0�
SUHYDOHQFH�LQ����FDQGLGDWH��JHQHV�IURP�����IDWKHUV�
DQG� WKHLU�����VRQV� �RI�&KLQHVH�DQG�+DQ�HWKQLFLW���
ZKR�ZHUH� ERUQ� QDWXUDOO�� ���� ER�V��� WKURXJK� ,9)�
���� VRQV��� RU� E�� ,&6,� ���� VRQV�� ZDV� FRPSDUHG� LQ�
D� UHFHQW� VWXG�� E�� /LX� H�� DO�� 7KH�� IRXQG� WKDW� WKH�
IDWKHUV�� <&0� UDWHV� IRU� VSRQWDQHRXVO�� FRQFHLYHG�
VRQV��,9)�VRQV��DQG�,&6,�VRQV�ZHUH��������������DQG�
������UHVSHFWLYHO����PEXONDU�H��DO����������2I�WKH����
QDWXUDOO��FRQFHLYHG�RIIVSULQJ��WKH��GLVFRYHUHG�RQH�
GH� QRYR� <&0�� EXW� QRQH� RI� WKH� ���� �57� FUHDWHG�
RIIVSULQJ��7KH� LQFLGHQFH�RI�GH� QRYR�<&0V� LQ� WKH�
QRUPDOO�� FRQFHLYHG� ER�V� DQG� WKH� VRQV� FRQFHLYHG�
WKURXJK� DVVLVWHG� UHSURGXFWLRQ� GLG� QRW� GLIIHU�
statistically� signi�cantly� among� the� three� groups.�
7KH��XOWLPDWHO��FDPH�WR�WKH�FRQFOXVLRQ�WKDW�WKHUH�LV�
QR�GLVFHUQLEOH�LQFUHDVH�LQ�WKH�ULVN�RI�<&0�LQ�PDOH�
offspring�due�to�ART.�This��nding,�however,�is�still�
debatable;� further� research� is� required� to� con�rm�
LI� �=)�PLFURGHOHWLRQV� DQG��57� DUH� FRUUHODWHG� LQ�
D� VL]DEOH�� JHRJUDSKLFDOO�� DQG� HWKQLFDOO�� GLYHUVH�
FRKRUW�RI�LQIHUWLOH�PHQ�DQG�WKHLU�FKLOGUHQ�

(�SD���R��RI���)�P�F�RGHOHW�R������WKH�RII�S����

5HFHQW��HDUV�KDYH�VHHQ�D�VXEVWDQWLDO�DPRXQW�RI�
VWXG��GHYRWHG� WR�H[DPLQLQJ�JHQHWLF�DOWHUDWLRQV� LQ�
EDELHV�JHQHUDWHG�E��LQ�YLWUR�IHUWLOLVDWLRQ���FFRUGLQJ�
WR� VRPH� UHVHDUFK�� ,&6,� FDQ� RQO�� WUDQVPLW� <&0V�
YHUWLFDOO��� LW� FDQQRW� H[SDQG� <&0V�� GH� QRYR�
RFFXUUHQFH����FDVH�RI�ZKDW�ZDV�OLNHO��DQ�LGHQWLFDO�
SDUWLDO�GHOHWLRQ�RFFXUULQJ�RYHU�WKUHH�JHQHUDWLRQV�LQ�
WKH�GLVWDO�SDUW�RI�WKH��=)E�UHJLRQ�ZDV�UHSRUWHG�E��
5ROI�H��DO���9RJ�H��DO���������

�ROH�RI������H�H

7KH� '1��ELQGLQJ� SURWHLQ� NQRZQ� DV�
WHVWLV�GHWHUPLQLQJ� IDFWRU� �7')��� DOVR� FDOOHG�
VH[�GHWHUPLQLQJ�UHJLRQ�<��65<��SURWHLQ��LV�HQFRGHG�
E��WKH�65<�JHQH�DQG�LV�UHVSRQVLEOH�IRU�LQLWLDWLQJ�PDOH�

VH[� GHWHUPLQDWLRQ� LQ� WKHULDQ�PDPPDOV� �SODFHQWDO�
PDPPDOV�DQG�PDUVXSLDOV���2Q�WKH�<�FKURPRVRPH��
WKH� VH[�GHWHUPLQLQJ� JHQH� 65<� LV� LQWURQOHVV�� ��
YDULHW��RI�GLVRUGHUV�RI�VH[�GHYHORSPHQW��'6'��DUH�
FDXVHG�E��PXWDWLRQV�LQ�WKLV�JHQH��DQG�WKHLU�LPSDFW�
RQ� DQ� LQGLYLGXDO�V� SKHQRW�SH� DQG�JHQRW�SH� YDU��
�0LWWZRFK��������

7')� LV� D� '1��ELQGLQJ� SURWHLQ� WKDW� EHORQJV� WR�
WKH�62;��65<�OLNH�ER[��JHQH�IDPLO���7')�IXQFWLRQV�
DV� D� WUDQVFULSWLRQ� IDFWRU� WKDW� XSUHJXODWHV� RWKHU�
WUDQVFULSWLRQ� IDFWRUV��PRVW�QRWDEO��62;���ZKHQ� LW�
IRUPV�D�FRPSOH[�ZLWK�WKH�6)���SURWHLQ��3ULPDU��VH[�
FRUGV��ZKLFK� HYHQWXDOO�� JLYH� ULVH� WR� VHPLQLIHURXV�
WXEXOHV�� DUH� FDXVHG� WR� IRUP� DV� D� UHVXOW� RI� LWV�
H[SUHVVLRQ��7KH�FRUH�UHJLRQ�RI�WKH�XQGLIIHUHQWLDWHG�
JRQDG� EHFRPHV� D� WHVWLV� ZKHQ� WKHVH� FRUGV� IRUP�
WKHUH��.DVKLPDGD�DQG�.RRSPDQ���������7KH�WHVWLV�V�
QRZ�LQGXFHG� /H�GLJ� FHOOV� VXEVHTXHQWO�� EHJLQ� WR�
VHFUHWH� WHVWRVWHURQH�� DQG� WKH� 6HUWROL� FHOOV� FUHDWH�
DQWL�0�OOHULDQ�KRUPRQH�FRQFXUUHQWO��7KH�HIIHFWV�RI�
WKH�65<�JHQH�JHQHUDOO��RFFXU�����ZHHNV�DIWHU�IRHWXV�
GHYHORSPHQW�DQG�SUHYHQW�PDOHV� IURP�GHYHORSLQJ�
IHPLQLQH� DQDWRPLFDO� VWUXFWXUHV�� �GGLWLRQDOO��� LW�
DLPV� WR� GHYHORS� WKH� WUDLWV� RI� WKH� GRPLQDQW� PDQ��
�9H�UXQHV�H��DO���������0DUVKDOO�*UDYHV�������

�H��ODW�R�

7KH� WHVWLV�V� QRZ�LQGXFHG� /H�GLJ� FHOOV�
VXEVHTXHQWO�� EHJLQ� WR� VHFUHWH� WHVWRVWHURQH�� DQG�
WKH� 6HUWROL� FHOOV� FUHDWH� DQWL�0�OOHULDQ� KRUPRQH�
FRQFXUUHQWO���7KH�HIIHFWV�RI�WKH�65<�JHQH�JHQHUDOO��
RFFXU� ���� ZHHNV� DIWHU� IRHWXV� GHYHORSPHQW� DQG�
SUHYHQW�PDOHV�IURP�GHYHORSLQJ�IHPLQLQH�DQDWRPLFDO�
VWUXFWXUHV�� �GGLWLRQDOO��� LW� DLPV� WR� GHYHORS� WKH�
WUDLWV�RI�WKH�GRPLQDQW�PDQ��0DUVKDOO�*UDYHV�������

)XUWKHU�VH[�GHWHUPLQLQJ�V�VWHPV�WKDW�GHSHQG�RQ�
65<�7')�RXWVLGH� RI�;<� DUH� WKH�PHFKDQLVPV� WKDW�
RFFXU�ODWHU�LQ�DQ�HPEU�R�V�GHYHORSPHQW��GHSHQGLQJ�
RQ�ZKHWKHU� 65<� LV� SUHVHQW� RU�DEVHQW�� ,Q� D� W�SLFDO�
VFHQDULR��WKH�7')�ZLOO�FDXVH�WKH�PHGXOOD�WR�JURZ�WKH�
JRQDGV�LQWR�WHVWHV�LI�65<�LV�SUHVHQW�IRU�;<��7KH�QH[W�
VWHS�LV�WKH�SURGXFWLRQ�RI�WHVWRVWHURQH��ZKLFK�VWDUWV�
WKH� GHYHORSPHQW� RI� DGGLWLRQDO�PDOH� VH[XDO� WUDLWV��
,Q�FRQWUDVW��VLQFH�;;�ODFNV�D�<�FKURPRVRPH��WKHUH�
ZRQ�W�EH�D�7')�LI�65<�LV�DEVHQW��,Q�WKH�DEVHQFH�RI�
7')��WKH�FRUWH[�RI�GHYHORSLQJ�JRQDGV�ZLOO�PDWXUH�
LQWR� RYDULHV�� ZKLFK� ZLOO� JHQHUDWH� RHVWURJHQ� DQG�
JLYH�ULVH�WR�IXUWKHU�IHPDOH�VH[XDO�WUDLWV�

�ROH����RWKH��G��HD�H�

,QGLYLGXDOV�ZLWK�DQ�;<�NDU�RW�SH�DQG�D�IXQFWLRQDO�
65<�JHQH�PD��H[KLELW�DQ�RYHUWO��IHPDOH�SKHQRW�SH�
EHFDXVH� RI� DQ� XQGHUO�LQJ� DQGURJHQ� LQVHQVLWLYLW��
V�QGURPH� ��,6��� 65<� KDV� EHHQ� GHPRQVWUDWHG� WR�

3L�XVK�6KDUPD��1LWLQ�.XPDU��'HHSDN�.RWKDUL��0RGXODWLRQ�RI�*HQHWLFV�DQG�(SLJHQHWLFV�)DFWRUV�LQ��
0DOH�,QIHUWLOLW��WKURXJK�<RJD�%DVHG�/LIHVW�OH�,QWHUYHQWLRQ
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���3L�XVK�6KDUPD��1LWLQ�.XPDU��'HHSDN�.RWKDUL��0RGXODWLRQ�RI�*HQHWLFV�DQG�(SLJHQHWLFV�)DFWRUV�LQ��
0DOH�,QIHUWLOLW��WKURXJK�<RJD�%DVHG�/LIHVW�OH�,QWHUYHQWLRQ

LQWHUDFW� ZLWK� WKH� DQGURJHQ� UHFHSWRU�� �� PXWDWLRQ�
LQ� WKH� DQGURJHQ� UHFHSWRU� JHQH� FDXVHV� SHRSOH�
ZLWK� �,6� WR� UHDFW� WR� DQGURJHQV� LPSURSHUO���
�IIHFWHG� LQGLYLGXDOV� PD�� KDYH� SDUWLDO� RU� WRWDO�
�,6��0DOHV�DUH�PRUH�OLNHO��WKDQ�IHPDOHV�WR�DFTXLUH�
GRSDPLQH�UHODWHG� GLVRUGHUV� OLNH� VFKL]RSKUHQLD�
DQG� 3DUNLQVRQ�V� GLVHDVH�� ZKLFK� KDV� DOVR� EHHQ�
FRQQHFWHG�WR�65<��'RSDPLQH�LV�D�QHXURWUDQVPLWWHU�
WKDW�GHOLYHUV�PHVVDJHV�IURP�WKH�EUDLQ�WR�FRRUGLQDWH�
PRYHPHQW�DQG�FRRUGLQDWLRQ��65<�HQFRGHV�D�SURWHLQ�
WKDW�UHJXODWHV�WKH�DPRXQW�RI�WKLV�QHXURWUDQVPLWWHU�
�%RQGXUDQG� DQG� 6RXWKDUG�6PLWK�� ������ *RWWOLHE�
and�Tri�ro,�2017)

����D�G�R�H���HFHSWR����H�H

,W�KDV�EHHQ�VKRZQ�WKDW�¶LGLRSDWKLF��PDOH�LQIHUWLOLW��
DQG� UHGXFHG� VSHUPDWRJHQHVLV� DUH� VWURQJO��
FRUUHODWHG�ZLWK�PXWDWLRQV� DQG�SRO�PRUSKLVPV�RI�
WKH�DQGURJHQ�UHFHSWRU���5��JHQH�DQG�LWV�H[SUHVVHG�
SURWHLQ�

0ROHF�OD��E�ROR���RI�WKH���

7KH�FHOOXODU�SURFHVVHV�WKDW�UHDFW�WR�DQGURJHQV�DUH�
FUXFLDO�IRU�WKH�GHYHORSPHQW�RI�WKH�PDOH�SKHQRW�SH�
DQG� WKH�VWDUW�RI� VSHUPDWRJHQHVLV��ZKLFK�SURGXFHV�
PDOH� JDPHWHV�� 2I� WKH� SK�VLRORJLFDO� DQGURJHQV��
WHVWRVWHURQH� DQG� �D�GLK�GURWHVWRVWHURQH� �'+7��
are� the� two� most� signi�cant.� AR� is� a� mediator�
EHWZHHQ� DQGURJHQV� DQG� WKHLU� HIIHFWV�� 2QO�� RQH�
�5� KDV� EHHQ� IRXQG� DQG� FORQHG�� GHVSLWH� WKH� IDFW�
WKDW�WKHUH�DUH�WZR�GLVWLQFW�W�SHV�RI�DQGURJHQV��7KH�
Wol�an�duct�requires�testosterone�to�survive,�and�
RQO�� WKHQ� FDQ� LW�GLIIHUHQWLDWH� LQWR� WKH� HSLGLG�PLV��
GXFWXV�GHIHUHQV��DQG�VHPLQDO�YHVLFOHV��7KH�JURZWK�
of�the�penis�and�scrotum�is� in�uenced�by�DHT,�a�
E�SURGXFW� RI� WHVWRVWHURQH�� 'XULQJ� DGROHVFHQFH��
DQGURJHQV� VWLPXODWH� WKH� JURZWK� RI� WKH� SURVWDWH�
DQG�RWKHU�DFFHVVRU��VH[�RUJDQV�DV�ZHOO�DV�WKH�VWDUW�
RI�VSHUPDWRJHQHVLV���OO�WKHVH�DQGURJHQ�GHSHQGHQW�
GHYHORSPHQWDO� SURFHVVHV� FXOPLQDWH� LQ� VXFFHVVIXO�
VSHUPDWRJHQHVLV�� WKXV�� SHUWXUEDWLRQ� WR� DQ�� RI�
WKHVH� VWHSV� FDQ� UHVXOW� LQ� VSHUPDWRJHQLF� IDLOXUH�
�+DQGHOVPDQ��������

7KH� �5� LV� HQFRGHG� E�� D� VLQJOH�FRS�� JHQH� LQ�
WKH�;�FKURPRVRPH��7KH�HLJKW�H[RQV� WKDW�PDNH�XS�
WKH��5�JHQH� HQFRGH� DQ� LQWUDFHOOXODU� WUDQVFULSWLRQ�
IDFWRU� WKDW� LV� D� PHPEHU� RI� WKH� VWHURLG�QXFOHDU�
UHFHSWRU�VXSHUIDPLO���ZKLFK�DOVR�LQFOXGHV�UHFHSWRUV�
IRU� YLWDPLQ� '�� SURJHVWHURQH�� RHVWURJHQ�� DGUHQDO�
KRUPRQHV��WK�URLG�KRUPRQHV��DQG�UHWLQRLG�DFLG�

&RQVLVWHQW�ZLWK�RWKHU�VWHURLG�UHFHSWRUV��WKH��5'�
ZKHQ� DFWLYDWHG� E�� DQGURJHQV� WUDQVORFDWHV� WR� WKH�
nucleus� and� binds� to� speci�c� chromosomal�DNA�
VHTXHQFHV� �DQGURJHQ� UHVSRQVH� HOHPHQWV�� LQ� WKH�

UHJXODWRU�� UHJLRQV� �SURPRWHUV�HQKDQFHUV�� RI� �5�
UHJXODWHG�JHQHV��7KH�ELQGLQJ�RI�WKH�DQGURJHQ“�5�
FRPSOH[� DFWLYDWHV� RU� UHSUHVVHV�� WKH� H[SUHVVLRQ� RI�
DQGURJHQ�UHJXODWHG� SURWHLQV�� )XUWKHUPRUH�� WKH�
DQGURJHQ“�5� FRPSOH[� RSHUDWHV� LQ� FRQMXQFWLRQ�
ZLWK� FR�UHJXODWRU�� SURWHLQV�� 3UH�LQLWLDWLRQ�
FRPSOH[HV�PDGH�XS�RI�VHYHUDO�FRDFWLYDWRU�SURWHLQV�
RQ�SURPRWHUV�DUH�IRUPHG�E��WKH�OLJDQGHG��5��ZKLFK�
DFWLYDWHV�SURWHLQ�V�QWKHVLV�DQG�JHQH�WUDQVFULSWLRQ�

7KH��5�FRQWDLQV� IRXU�PDLQ� IXQFWLRQDO�GRPDLQV��
WKH�DPLQR�WHUPLQDO� WUDQVDFWLYDWLRQ�GRPDLQ� �7�'���
WKH� FHQWUDOO�� SRVLWLRQHG� '1��ELQGLQJ� GRPDLQ�
�'%'���WKH�KLQJH�UHJLRQ��DQG�WKH�FDUER[�O�WHUPLQDO�
OLJDQG�ELQGLQJ�GRPDLQ��/%'���7DQ�H��DO����������7ZR�
SRUWLRQV��HQFRGHG�E��**1�DQG�&�*��UHVSHFWLYHO���
RI� WKH� 7�'� DUH�PDGH� XS� RI� UHSHDWV� RI� WKH� DPLQR�
DFLGV� JOXWDPLQH� DQG� JO�FLQH�� 7KHVH� UHSHDW� WUDFWV�
DUH� SRO�PRUSKLF�� LQ� WKDW� WKHLU� VL]H� YDULHV� DPRQJ�
LQGLYLGXDOV� LQ� D� QRUPDO� SRSXODWLRQ�� :KLOH� HDFK�
domain� has� speci�c� functions,� intramolecular�
LQWHUDFWLRQV� EHWZHHQ� GRPDLQV� DQG� LQWHUPROHFXODU�
LQWHUDFWLRQV� ZLWK� FRDFWLYDWRU� SURWHLQV� KDYH� DOVR�
EHFRPH� PDMRU� WKHPHV� LQ� XQGHUVWDQGLQJ� WKH�
VWUXFWXUH�IXQFWLRQ� SURSHUWLHV� RI� WKH� �5� DQG� DUH�
FULWLFDO� IRU� XQGHUVWDQGLQJ� WKH� PROHFXODU� EDVLV� RI�
PDOH� LQIHUWLOLW�� FDXVHG� E�� �5� PDOIXQFWLRQ�� 7KH�
ZHOO�NQRZQ� FRPSOHWH� �,6� �WHVWLFXODU� IHPLQLVLQJ�
V�QGURPH��LV�FDXVHG�E���5�PXWDWLRQV�WKDW�VHYHUHO��
LPSDLU�WKH�TXDQWLW���VWUXFWXUH��RU�IXQFWLRQ�RI�WKH��5��
7KLV�LV�GHPRQVWUDWHG�E��WKH�FRPSOHWH�IHPLQL]DWLRQ�
RI����;<�SHUVRQV�DW�ELUWK��3DUWLDO��,6��3�,6��LV�FDXVHG�
E��PXWDWLRQV�WKDW�SDUWLDOO��LPSDLU��5�IXQFWLRQ��7KLV�
FRQGLWLRQ�UHVXOWV�LQ�YDU�LQJ�GHJUHHV�RI�DPELJXRXV�
JHQLWDOLD�� VXFK� DV� SDUWLDO� ODELDO�VFURWDO� IXVLRQ��
hypospadias,� in�ated� scrotum,� and� gynecomastia.�
The�most�intriguing��nding�is�that�mild�mutations�
FDXVLQJ�OLPLWHG��5�PDOIXQFWLRQ�DOVR�FDXVH�PLQLPDO�
�,6�� ZKLFK� UHVXOWV� LQ� GHFUHDVHG� VSHUPDWRJHQHVLV�
ZLWKRXW� FDXVLQJ� DQ�� DEQRUPDOLWLHV� LQ� VHFRQGDU��
PDOH�VH[XDO�WUDLWV��:DQJ�H��DO���������

0ROHF�OD�� ����DW��H�� RI� PDOH� ��IH�W�O�W�� D�G�
�R�D�ED�HG�O�IH�W�OH���WH�YH�W�R�

7KH�UROH�RI��RJD�EDVHG�OLIHVW�OH�LQWHUYHQWLRQV�LQ�
LPSURYLQJ�PDOH� LQIHUWLOLW�� LV� DQ� HPHUJLQJ� DUHD� RI�
LQWHUHVW��SULPDULO��IRFXVLQJ�RQ�KROLVWLF�DSSURDFKHV�
WR� HQKDQFH� UHSURGXFWLYH� KHDOWK��+HUH��ZH�GLVFXVV�
WKH�SRWHQWLDO�PHFKDQLVPV�DQG�HYLGHQFH�VXSSRUWLQJ�
the�bene�ts�of�yoga�in�this�context.

2QH� RI� WKH� NH�� PHFKDQLVPV� WKURXJK� ZKLFK�
�RJD�PD�� LPSURYH�PDOH� LQIHUWLOLW�� LV�E�� UHGXFLQJ�
VWUHVV�OHYHOV��<DGDY�H��DO����������&KURQLF��VWUHVV��FDQ��
DGYHUVHO��DIIHFW�UHSURGXFWLYH�KHDOWK�E��GLVUXSWLQJ�
KRUPRQDO� EDODQFH�� SDUWLFXODUO�� WKH� K�SRWKDODPLF�
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SLWXLWDU��JRQDGDO� �+3*�� D[LV�� ZKLFK� UHJXODWHV�
WHVWRVWHURQH� SURGXFWLRQ� DQG� VSHUPDWRJHQHVLV�
�6HQJXSWD� H�� DO��� ������� <RJD� SUDFWLFHV� VXFK�
DV� DVDQDV� �SRVWXUHV��� SUDQD�DPD� �EUHDWKLQJ�
H[HUFLVHV��� DQG� PHGLWDWLRQ� KDYH� EHHQ� VKRZQ� WR�
UHGXFH� VWUHVV� KRUPRQHV� OLNH� FRUWLVRO� DQG� LQFUHDVH�
SDUDV�PSDWKHWLF�DFWLYLW���SURPRWLQJ�UHOD[DWLRQ�DQG�
KRUPRQDO�HTXLOLEULXP��7KLV��LQ�WXUQ��PD��SRVLWLYHO��
LPSDFW� VSHUP� TXDOLW�� DQG� TXDQWLW�� �+DJHQ� DQG�
+DJHQ��������

<RJD� LQYROYHV� VWUHWFKLQJ�� WZLVWLQJ�� DQG� GHHS�
EUHDWKLQJ�H[HUFLVHV�WKDW�LPSURYH�EORRG�FLUFXODWLRQ�
WKURXJKRXW� WKH�ERG��� LQFOXGLQJ� WKH�SHOYLF� UHJLRQ��
Enhanced� blood� �ow� to� the� testes� can� provide�
EHWWHU�R[�JHQDWLRQ�DQG�QXWULHQW�GHOLYHU���FUXFLDO�IRU�
VXSSRUWLQJ� KHDOWK�� VSHUP� SURGXFWLRQ�� ,PSURYHG�
FLUFXODWLRQ� PD�� DOVR� KHOS� LQ� UHGXFLQJ� R[LGDWLYH�
VWUHVV��D�FRPPRQ�IDFWRU�FRQWULEXWLQJ�WR�VSHUP�'1��
GDPDJH�DQG�PDOH�LQIHUWLOLW���%LVKW�DQG�'DGD��������

<RJD�SUDFWLFHV�DUH�NQRZQ�WR�PRGXODWH�LPPXQH�
function�by�reducing�in�ammation�and�enhancing�
LPPXQH� UHVSRQVLYHQHVV� �6KDUPD� H�� DO��� ������� ,Q�
FRQGLWLRQV�ZKHUH�PDOH�LQIHUWLOLW��LV�DVVRFLDWHG�ZLWK�
LPPXQH� V�VWHP� G�VUHJXODWLRQ� �H�J��� DXWRLPPXQH�
FRQGLWLRQV�DIIHFWLQJ�VSHUP����RJD�PD��KHOS�UHVWRUH�
LPPXQH�EDODQFH��SRWHQWLDOO��DOOHYLDWLQJ�EDUULHUV�WR�
IHUWLOLW��

<RJD� LV� OLQNHG� WR� DOWHUDWLRQV� LQ� WKH� '1��
PHWK�ODWLRQ� RI� DURXQG� ���� JHQHV�� ���� RI� ZKLFK�
ZHUH� K�SRPHWK�ODWHG� DQG� ���� RI� ZKLFK� ZHUH�
K�SHUPHWK�ODWHG���PRQJ�WKHP�ZHUH�SURPRWHUV�IRU�
PXOWLSOH� JHQHV� DVVRFLDWHG� ZLWK� PDLQWDLQLQJ� ERWK�
JHQRPLF� LQWHJULW�� DQG� IHUWLOLW��� 7KLV� LQQRYDWLYH�
ZRUN�HVWDEOLVKHV�D�FOHDU�FRQQHFWLRQ�EHWZHHQ�KHDOWK��
OLIHVW�OH�FKRLFHV�DQG�WKH�UHSURGXFWLYH�KHDOWK�RI�PHQ�
�%LVKW�H��DO���������

%H�RQG� SK�VLRORJLFDO� PHFKDQLVPV�� �RJD�
offers� signi�cant� psychological� bene�ts� that�
can� indirectly� in�uence� male� fertility.� Many�
PHQ� IDFLQJ� LQIHUWLOLW�� H[SHULHQFH� SV�FKRORJLFDO�
VWUHVV�� DQ[LHW���DQG�GHSUHVVLRQ��ZKLFK�FDQ�IXUWKHU�
H[DFHUEDWH�UHSURGXFWLYH�KHDOWK�LVVXHV��<RJD�EDVHG�
LQWHUYHQWLRQV�SURPRWH�PHQWDO�ZHOO�EHLQJ� WKURXJK�
PLQGIXOQHVV� SUDFWLFHV� DQG� UHOD[DWLRQ� WHFKQLTXHV��
LPSURYLQJ�PRRG�DQG�HPRWLRQDO�UHVLOLHQFH�

,Q� FOLQLFDO� VHWWLQJV�� �RJD� LV� LQFUHDVLQJO��
EHLQJ� LQWHJUDWHG� LQWR� FRQYHQWLRQDO� LQIHUWLOLW��
WUHDWPHQWV� DV� D� FRPSOHPHQWDU�� WKHUDS��� ,W� LV�
RIWHQ� XVHG� DORQJVLGH�PHGLFDO� LQWHUYHQWLRQV� VXFK�
DV� DVVLVWHG� UHSURGXFWLYH� WHFKQRORJLHV� ��57�� WR�
HQKDQFH� WUHDWPHQW� RXWFRPHV�� <RJD�V� KROLVWLF�
DSSURDFK� DGGUHVVHV� PXOWLSOH� DVSHFWV� RI� KHDOWK�
VLPXOWDQHRXVO���SRWHQWLDOO��RSWLPL]LQJ�WKH�RYHUDOO�
HIIHFWLYHQHVV�RI�LQIHUWLOLW��WUHDWPHQWV�

)LJ����5ROH�RI�<RJD�%DVHG�/LIHVW�OH�,QWHUYHWLRQ�,Q�0DOH�,QIHUWLOLW�

:KLOH� WKH� HYLGHQFH� EDVH� LV� JURZLQJ�� UHVHDUFK�
VXSSRUWLQJ� WKH� GLUHFW� LPSDFW� RI� �RJD� RQ� PDOH�
LQIHUWLOLW��UHPDLQV�OLPLWHG�EXW�SURPLVLQJ��6HYHUDO�
studies� have� demonstrated� bene�cial� effects� of�
�RJD�RQ�VSHUP�SDUDPHWHUV�VXFK�DV�VSHUP�FRXQW��

PRWLOLW���DQG�PRUSKRORJ��LQ�PHQ�ZLWK�LQIHUWLOLW���
(Bisht� and� Dada,� 2019)� reported� signi�cant�
LPSURYHPHQWV� LQ� VSHUP� TXDOLW�� DQG� '1��
LQWHJULW�� DIWHU� D� ��PRQWK� �RJD� LQWHUYHQWLRQ� LQ�
LQIHUWLOH�PHQ�

3L�XVK�6KDUPD��1LWLQ�.XPDU��'HHSDN�.RWKDUL��0RGXODWLRQ�RI�*HQHWLFV�DQG�(SLJHQHWLFV�)DFWRUV�LQ��
0DOH�,QIHUWLOLW��WKURXJK�<RJD�%DVHG�/LIHVW�OH�,QWHUYHQWLRQ
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6RPH� VWXGLHV� KDYH� UHYHDOHG� WKDW� �RJD�EDVHG�
lifestyle� intervention� signi�cantly� declines�
R[LGDWLYH� '1�� GDPDJH� DQG� QRUPDOL]DWLRQ� RI�
VSHUP�WUDQVFULSW�OHYHOV��'KDZDQ�H��DO���������

While�these�potential�bene�ts�are�promising,� it’s�
HVVHQWLDO�WR�QRWH�WKDW�PRUH�KLJK�TXDOLW���UDQGRPL]HG�
FRQWUROOHG�WULDOV�DUH�QHHGHG�WR�HVWDEOLVK�D�FOHDU�FDXVDO�
UHODWLRQVKLS� EHWZHHQ� �RJD� SUDFWLFH� DQG� LPSURYHG�
PDOH� IHUWLOLW�� RXWFRPHV�� �GGLWLRQDOO��� LQGLYLGXDO�
UHVSRQVHV� WR� �RJD�PD�� YDU��� DQG� LW�PD�� QRW� EH� D�
VWDQGDORQH�VROXWLRQ�IRU�DGGUHVVLQJ�PDOH�LQIHUWLOLW��

�URXQG����PLOOLRQ�SHRSOH� DUH� JOREDOO�� DIIHFWHG�
E��LQIHUWLOLW��GLVRUGHU��6LQFH�GLDJQRVWLF�WHFKQLTXHV�
DUH�QRW�DEOH�WR�GHWHFW�WKH�FRQGLWLRQ�KHQFH�����RI�WKH�
FDVHV�UHPDLQ�XQNQRZQ�

7KHUHIRUH�LW�LV�YHU��LPSRUWDQW�WR�GHYHORS�D�QRYHO�
GLDJQRVWLF�PHWKRG�WKDW�FDQ�KHOS�LQ�EHWWHU�GLDJQRVLV��
SUHYHQWLRQ�� DQG� PDQDJHPHQW� RI� WKH� GLVHDVH��
&OLQLFLDQV� PD�� EH� DEOH� WR� FUHDWH� QHZ� WUHDWPHQW�
PHWKRGV� LI� WKH�� KDYH� D� EHWWHU� XQGHUVWDQGLQJ� RI�
WKH� PROHFXODU� DQG� JHQHWLF� PHFKDQLVPV� EHKLQG�
WKH� SDWKRSK�VLRORJ�� RI� PDOH� LQIHUWLOLW�� DQG� KRZ�
OLIHVW�OH�YDULDEOHV�DIIHFW�WKH�H[SUHVVLRQ�RI�JHQHV�WKDW�
FRQWURO�PDOH�IHUWLOLW���,Q�DGMXQFW�WR�WKH�FRQYHQWLRQDO�
WKHUDSHXWLF�DSSURDFK�<RJD��RJD�EDVHG�DOWHUQDWLYH�
WKHUDS��PLJKW�SURYH�XVHIXO�LQ�PDQDJHPHQW�RI�WKH�
PDOH�LQIHUWLOLW��DW� WKH�JHQHWLF�OHYHO��(DUOLHU�VWXGLHV�
also� show� the� bene�cial� effects� of� yoga-based�
OLIHVW�OH� LQWHUYHQWLRQ�DW� WKH�PROHFXODU�DQG�JHQHWLF�
OHYHOV��6KDUPD�H��DO�������E��D��

&21&/86,21

<RJD�EDVHG� OLIHVW�OH� LQWHUYHQWLRQV� VKRZ�
SURPLVLQJ� UHVXOWV� LQ� LPSURYLQJ� PDOH� LQIHUWLOLW��
WKURXJK� PHFKDQLVPV� VXFK� DV� VWUHVV� UHGXFWLRQ��
hormonal� balance,� enhanced�blood��ow,� immune�
PRGXODWLRQ��DQG�RYHUDOO�ZHOO�EHLQJ���)LJ������

,QWHJUDWLQJ� �RJD� LQWR� WKH�PDQDJHPHQW� RI�PDOH�
LQIHUWLOLW��RIIHUV�D�KROLVWLF�DSSURDFK�WKDW�DGGUHVVHV�
ERWK� SK�VLFDO� DQG� SV�FKRORJLFDO� DVSHFWV� RI�
UHSURGXFWLYH�KHDOWK��)XUWKHU�UHVHDUFK�LV�ZDUUDQWHG�
to� elucidate� the� speci�c�mechanisms� and�optimal�
SURWRFROV�IRU�XVLQJ��RJD�DV�D�VXSSRUWLYH�WKHUDS��LQ�
WKH�WUHDWPHQW�RI�PDOH�LQIHUWLOLW��

)��G���

1R�IXQG�UHFHLYHG�IURP�DQ��IXQGLQJ�DJHQF��

�&.12:/(��(0(176

7KH� DXWKRUV� DUH� JUDWHIXO� WR� WKH� +HDG�� 3�*��
'HSDUWPHQW� RI� =RRORJ��� 6DQDWDQ� 'KDUP� �3�*���

&ROOHJH�� 0X]DIIDUQDJDU��������� IRU� IDFLOLWDWLQJ�
WKURXJKRXW� WKH�ZULWLQJ�ZRUN��7KH� FRRSHUDWLRQ�RI�
3URIHVVRU�6XGKLU�.XPDU�3XQGLU��3ULQFLSDO��6DQDWDQ�
'KDUP� �3�*��� &ROOHJH�� 0X]DIIDUQDJDU�������� LV�
GXO��DFNQRZOHGJHG�

�R�IO�FW�RI���WH�H�W

Authors�disclose�there�are�no�con�icts�of�interest.

5()(5(1&(6

��� �JDUZDO�� ���� DQG� �OODPDQHQL�� 6�� �������� 7KH�
HIIHFW� RI� VSHUP� '1�� GDPDJH� RQ� DVVLVWHG�
UHSURGXFWLRQ�RXWFRPHV��0LQHUYD�*LQHFRO��������
��������

��� �PEXONDU�� 3�6��� 6LJK�� 5��� 5HGG��� 0��� 9DUPD��
3�6��� *XSWD�� '�2��� 6KHQGH�� 0�5��� H�� DO��
�������� *HQHWLF� ULVN� RI� D]RRVSHUPLD� IDFWRU�
��=)�� PLFURGHOHWLRQV� LQ� LGLRSDWKLF� FDVHV� RI�
D]RRVSHUPLD� DQG� ROLJR]RRVSHUPLD� LQ� FHQWUDO�
,QGLDQ� SRSXODWLRQ�� -RXUQDO� RI� FOLQLFDO� DQG�
GLDJQRVWLF�UHVHDUFK��-&'5����������

��� %LVKW�� 6��� %DQX�� 6��� 6ULYDVWDYD�� 6��� 3DWKDN��
5�8���.XPDU��5���'DGD��5��� H��DO�� ��������6SHUP�
PHWK�ORPH� DOWHUDWLRQV� IROORZLQJ� �RJD�EDVHG�
OLIHVW�OH� LQWHUYHQWLRQ� LQ� SDWLHQWV� RI� SULPDU��
PDOH� LQIHUWLOLW��� �� SLORW� VWXG��� �QGURORJLD�
�������H�������GRL����������DQG�������

��� %LVKW�� 6��� DQG� 'DGD�� 5�� �������� <RJD�� ,PSDFW�
RQ� VSHUP� JHQRPH� DQG� HSLJHQRPH� �� FOLQLFDO�
FRQVHTXHQFHV���QQ�1HXURVFL� ������� �������GRL��
��������DQV������������������

��� %RQGXHOOH��0���&DPXV��0���'H�9RV������6WDHVVHQ��
&���7RXUQD�H��+���9DQ��VVFKH��(���H��DO�� ��������
6HYHQ��HDUV�RI�LQWUDF�WRSODVPLF�VSHUP�LQMHFWLRQ�
DQG� IROORZ�XS� RI� ����� VXEVHTXHQW� FKLOGUHQ��
+XPDQ�5HSURGXFWLRQ����VXSSOB������������

��� %RQGXUDQG�� 1��� DQG� 6RXWKDUG�6PLWK�� (�0��
��������0RXVH�PRGHOV�RI�+LUVFKVSUXQJ�GLVHDVH�
DQG� RWKHU� GHYHORSPHQWDO� GLVRUGHUV� RI� WKH�
HQWHULF� QHUYRXV� V�VWHP�� ROG� DQG�QHZ� SOD�HUV��
'HYHORSPHQWDO�ELRORJ������������������

��� %RU�� 3��� +LQGNMDHU�� -��� ,QJHUVOHY�� +�-��� DQG�
.�OYUDD��6����������0XOWLSOH[�3&5�IRU�VFUHHQLQJ�
RI� PLFURGHOHWLRQV� RQ� WKH� <� FKURPRVRPH��
-� �VVLVW� 5HSURG� *HQHW� ������� ��������� GRL��
��������D���������������

��� &HUYiQ�0DUWtQ�� 0��� &DVWLOOD�� -����� 3DORPLQR�
0RUDOHV��5�-���DQG�&DUPRQD��)�'����������*HQHWLF�
ODQGVFDSH� RI� QRQREVWUXFWLYH� D]RRVSHUPLD�
DQG�QHZ�SHUVSHFWLYHV� IRU�WKH�FOLQLF�� -RXUQDO�RI�
FOLQLFDO�PHGLFLQH�����������

��� &KRL��'�.���*RQJ��,�+���+ZDQJ��-�+���2K��-�-���DQG�
+RQJ��-�<����������'HWHFWLRQ�RI�<�&KURPRVRPH�
0LFURGHOHWLRQ� LV�9DOXDEOH� LQ� WKH�7UHDWPHQW� RI�
3DWLHQWV� :LWK� 1RQREVWUXFWLYH� �]RRVSHUPLD�
DQG� 2OLJRDVWKHQRWHUDWR]RRVSHUPLD�� 6SHUP�
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���

5HWULHYDO� 5DWH� DQG� %LUWK� 5DWH�� .RUHDQ� -� 8URO�
����������������GRL����������NMX���������������

���� &RFX]]D�� 0��� �OYDUHQJD�� &��� DQG� 3DJDQL��
5�� �������� 7KH� HSLGHPLRORJ�� DQG� HWLRORJ��
RI� D]RRVSHUPLD�� &OLQLFV� �6DR� 3DXOR�� ���
6XSSO� ��6XSSO� ���� ������� GRL�� ��������
FOLQLFV������VXS������

���� &RODFR��6���DQG�0RGL��'����������*HQHWLFV�RI�WKH�
KXPDQ�<�FKURPRVRPH�DQG�LWV�DVVRFLDWLRQ�ZLWK�
PDOH� LQIHUWLOLW���5HSURG�%LRO�(QGRFULQRO� �������
����GRL����������V�����������������

���� &UDP�� '�6��� 0D�� .��� %KDVLQ�� 6��� �ULDVF�� -���
3DQGMDLWDQF�� 0��� &KX�� %��� H�� DO�� �������� <�
FKURPRVRPH�DQDO�VLV�RI�LQIHUWLOH�PHQ�DQG�WKHLU�
VRQV�FRQFHLYHG�WKURXJK�LQWUDF�WRSODVPLF�VSHUP�
LQMHFWLRQ�� YHUWLFDO� WUDQVPLVVLRQ� RI� GHOHWLRQV�
DQG� UDULW�� RI� GH� QRYR� GHOHWLRQV�� )HUWLOLW�� DQG�
6WHULOLW�����������������

���� 'DGD�� 5���*XSWD��1��� DQG� .XFKHULD�� .�� ��������
6HPHQ� FU�RFRQVHUYDWLRQ� LQ� PHQ� ZLWK� �=)F�
PLFURGHOHWLRQ��&OLQLFDO�JHQHWLFV��������������

���� 'DGD��5���.XPDU��5���6KDPVL��0�%���.XPDU��5���
.XFKHULD��.���6KDUPD��5�.���H��DO����������+LJKHU�
IUHTXHQF��RI�<T�PLFURGHOHWLRQV�LQ�VSHUP�'1��
DV�FRPSDUHG�WR�'1��LVRODWHG�IURP�EORRG���VLDQ�
-� �QGURO� ������ ��������� GRL�� ��������M������
����������������[�

���� 'DL�� 5��� 6XQ�� /��� <DQJ�� ;��� /L�� /��� =KX�� +���
DQG� /LX�� 5�� �������� ([SDQVLRQ� DQG� GH� QRYR�
RFFXUUHQFH� RI� <� FKURPRVRPH� PLFURGHOHWLRQV�
RFFXUULQJ� YLD� QDWXUDO� YHUWLFDO� WUDQVPLVVLRQ� LQ�
QRUWKHDVWHUQ� &KLQD�� -RXUQDO� RI� ,QWHUQDWLRQDO�
0HGLFDO�5HVHDUFK������������������

���� 'KDZDQ��9���.XPDU��0���'HND��'���0DOKRWUD��1���
'DGKZDO��9���6LQJK��1���H��DO����������0HGLWDWLRQ�
�� �RJD�� ,PSDFW� RQ� R[LGDWLYH� '1�� GDPDJH�
�� G�VUHJXODWHG� VSHUP� WUDQVFULSWV� LQ� PDOH�
SDUWQHUV� RI� FRXSOHV�ZLWK� UHFXUUHQW� SUHJQDQF��
ORVV�� ,QGLDQ� -�0HG� 5HV� ����6XSSO��� 6����V�����
GRL����������LMPU�,-05B����B���

���� (GG��� (�0�� �������� 0DOH� JHUP� FHOO� JHQH�
H[SUHVVLRQ��5HFHQW�3URJ�+RUP�5HV��������������
GRL����������US����������

���� (GZDUGV�� 5��� DQG� %LVKRS�� &�(�� �������� 2Q�
WKH� RULJLQ� DQG� IUHTXHQF�� RI� <� FKURPRVRPH�
GHOHWLRQV�UHVSRQVLEOH�IRU�VHYHUH�PDOH�LQIHUWLOLW���
0ROHFXODU�KXPDQ�UHSURGXFWLRQ���������������

���� (YHQVRQ�� '�3��� /DUVRQ�� .�/��� DQG� -RVW�� /�.��
�������� 6SHUP� FKURPDWLQ� VWUXFWXUH� DVVD���
LWV� FOLQLFDO� XVH� IRU� GHWHFWLQJ� VSHUP� '1��
IUDJPHQWDWLRQ� LQ� PDOH� LQIHUWLOLW�� DQG�
FRPSDULVRQV�ZLWK�RWKHU�WHFKQLTXHV��-RXUQDO�RI�
DQGURORJ���������������

���� *LUDUGL�� 6�.��� 0LHOQLN�� ���� DQG� 6FKOHJHO��
3�1�� �������� 6XEPLFURVFRSLF� GHOHWLRQV� LQ�
WKH� <� FKURPRVRPH� RI� LQIHUWLOH� PHQ�� +XP�
5HSURG� ������� ����������� GRL�� ��������
KXPUHS�����������

���� *RWWOLHE��%���DQG�7ULILUR��0�������������QGURJHQ�
LQVHQVLWLYLW��V�QGURPH�

���� +DJHQ�� ,��� DQG� +DJHQ�� ‘�� �������� 7KH� LPSDFW�
RI� �RJD�RQ�RFFXSDWLRQDO� VWUHVV�DQG�ZHOOEHLQJ��
H[SORULQJ� SUDFWLWLRQHUV�� H[SHULHQFHV�� )URQW�
3XEOLF� +HDOWK� ���� ��������� GRL�� ��������
ISXEK��������������

���� +DQGHOVPDQ��'�-�����������QGURJHQ�SK�VLRORJ���
SKDUPDFRORJ��� XVH� DQG� PLVXVH�� (QGRWH[W�
>,QWHUQHW@�

���� +HQHJDULX�� 2��� +LUVFKPDQQ�� 3��� .LOLDQ�� .���
.LUVFK�� 6��� /HQJDXHU�� &��� 0DLZDOG�� 5��� H�� DO��
��������5DSLG�VFUHHQLQJ�RI�WKH�<�FKURPRVRPH�LQ�
LGLRSDWKLF�VWHULOH�PHQ��GLDJQRVWLF�IRU�GHOHWLRQV�
LQ� �=)�� D� JHQHWLF� <� IDFWRU� H[SUHVVHG� GXULQJ�
VSHUPDWRJHQHVLV���QGURORJLD����������������GRL��
��������M����������������WE������[�

���� .DVKLPDGD�� .��� DQG� .RRSPDQ�� 3�� ��������
6U��� WKH� PDVWHU� VZLWFK� LQ� PDPPDOLDQ� VH[�
GHWHUPLQDWLRQ�� 'HYHORSPHQW� ��������� �����
�����

���� .HQW�)LUVW��0���0XDOOHP������6KXOW]��-���3U�RU��-���
5REHUWV��.���1ROWHQ��:��� H�� DO�� ��������'HILQLQJ�
UHJLRQV� RI� WKH� <� FKURPRVRPH� UHVSRQVLEOH�
IRU� PDOH� LQIHUWLOLW�� DQG� LGHQWLILFDWLRQ� RI� D�
IRXUWK��=)� UHJLRQ� ��=)G�� E�� <� FKURPRVRPH�
PLFURGHOHWLRQ� GHWHFWLRQ�� 0ROHFXODU�
5HSURGXFWLRQ�DQG�'HYHORSPHQW��,QFRUSRUDWLQJ�
*DPHWH�5HVHDUFK��������������

���� .XPDU�� 1��� DQG� 6LQJK�� ��.�� �������� 7UHQGV�
RI�PDOH� IDFWRU� LQIHUWLOLW��� DQ� LPSRUWDQW� FDXVH�
RI� LQIHUWLOLW��� �� UHYLHZ� RI� OLWHUDWXUH�� -� +XP�
5HSURG� 6FL� ������ ��������� GRL�� �������������
������������

���� /LX��;��+���<DQ��/��<���/X��&��/���/L��5���=KX��;��
+���-LQ��+��<���H��DO�����������57�GR�QRW�LQFUHDVH�
WKH� ULVN�RI�<�FKURPRVRPH�PLFURGHOHWLRQ� LQ����
FDQGLGDWH�JHQHV�DW��=)�UHJLRQV��5HSURGXFWLRQ��
)HUWLOLW��DQG�'HYHORSPHQW����������������

���� 0D�� .��� ,QJOLV�� -�'��� 6KDUNH��� ���� %LFNPRUH��
:����� +LOO�� 5�(��� 3URVVHU�� (�-��� H�� DO�� ��������
�� <� FKURPRVRPH� JHQH� IDPLO�� ZLWK� 51��
ELQGLQJ� SURWHLQ� KRPRORJ��� FDQGLGDWHV� IRU� WKH�
D]RRVSHUPLD� IDFWRU� �=)� FRQWUROOLQJ� KXPDQ�
VSHUPDWRJHQHVLV�� &HOO� ������� ����������� GRL��
���������������������������[�

���� 0DUVKDOO�*UDYHV�� -���� ��������:HLUG�PDPPDOV�
SURYLGH� LQVLJKWV� LQWR� WKH� HYROXWLRQ� RI�
PDPPDOLDQ� VH[� FKURPRVRPHV� DQG� GRVDJH�
FRPSHQVDWLRQ�� -RXUQDO� RI� JHQHWLFV� ������� ����
����

���� 0LWFKHOO�� 0�-��� 0HW]OHU�*XLOOHPDLQ�� &��� 7RXUH��
���� &RXWWRQ�� &��� �UQRXOW�� &��� DQG� 5D��� 3�)��
�������� 6LQJOH� JHQH� GHIHFWV� OHDGLQJ� WR� VSHUP�
TXDQWLWDWLYH� DQRPDOLHV�� &OLQ� *HQHW� ������� ����
�����GRL����������FJH�������

���� 0LWWZRFK��8����������7KH�UDFH�WR�EH�PDOH��1HZ�
6FLHQWLVW������������������

3L�XVK�6KDUPD��1LWLQ�.XPDU��'HHSDN�.RWKDUL��0RGXODWLRQ�RI�*HQHWLFV�DQG�(SLJHQHWLFV�)DFWRUV�LQ��
0DOH�,QIHUWLOLW��WKURXJK�<RJD�%DVHG�/LIHVW�OH�,QWHUYHQWLRQ
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