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ABSTRACT

(QGRPHWULRVLV� LV� D� FRPSOH[�� LQÀDPPDWRU\� GLVHDVH� WKDW� DIIHFWV� ������ RI�
reproductive-aged women. Almost half of the women with endometriosis experience 
infertility. Despite the excessive prevalence, the pathogenesis of endometriosis and its 
associated infertility is unknown and a cure is not available. While many theories have 
been suggested to link endometriosis and infertility, a consensus among investigators 
has not emerged. In this extensive review of the literature as well as research from 
our laboratory, we provide potential insights into the role of immune dysfunction 
in endometriosis associated infertility. We discuss the implication of the peritoneal 
LQÀDPPDWRU\�PLFURHQYLURQPHQW�RQ�YDULRXV�IDFWRUV�WKDW�FRQWULEXWH�WR�LQIHUWLOLW\�VXFK�
as hormonal imbalance, oxidative stress and how these could further lead to poor 
oocyte, sperm and embryo quality, impaired receptivity of the endometrium and 
implantation failure.

INTRODUCTION

(QGRPHWULRVLV�LV�D�FKURQLF��LQÀDPPDWRU\��HVWURJHQ�
GHSHQGHQW� GLVHDVH� WKDW� LV� FKDUDFWHUL]HG� E\� WKH� JURZWK�
RI� HQGRPHWULDO� WLVVXH� RXWVLGH� RI� WKH� XWHULQH� FDYLW\��
(QGRPHWULRVLV�DIIHFWV�������RI�UHSURGXFWLYH�DJHG�ZRPHQ��
'HVSLWH� LWV� VWDJJHULQJ� HFRQRPLF� LPSDFW� ������ %LOOLRQ�
\HDU� LQ� &DQDGD� >�@�� ���� %LOOLRQ�\HDU� LQ� WKH�86$� >�@���
HQGRPHWULRVLV�UHPDLQV�PLVGLDJQRVHG��PLVXQGHUVWRRG�DQG�
LQHIIHFWLYHO\�WUHDWHG��7KH�FDXVH�RI�WKLV�HQLJPDWLF�GLVHDVH�LV�
XQNQRZQ��KRZHYHU��WKH�WKHRU\�RI�UHWURJUDGH�PHQVWUXDWLRQ�
LV�ZLGHO\�DFFHSWHG��7KLV�WKHRU\�VXJJHVWV�WKDW�HQGRPHWULDO�
WLVVXH��VORXJKHG�RII�GXULQJ�PHQVWUXDWLRQ��LV�UHÀX[HG�LQWR�
WKH�IDOORSLDQ�WXEHV�DQG�SHULWRQHDO�FDYLW\�GXULQJ�PHQVWUXDO�
XWHULQH�FRQWUDFWLRQV��+RZHYHU���������RI�ZRPHQ�KDYH�
EHHQ� VKRZQ� WR� H[SHULHQFH� UHWURJUDGH�PHQVWUXDWLRQ� >�@��
7KLV�KDV�SURPSWHG�UHVHDUFKHUV�WR�TXHVWLRQ�ZK\�RQO\�������
RI� ZRPHQ� GHYHORS� HQGRPHWULRVLV� LI� VR� PDQ\� ZRPHQ�
H[SHULHQFH�UHWURJUDGH�PHQVWUXDWLRQ��7R�GDWH��LW�KDV�EHHQ�
VXJJHVWHG� WKDW� WKH� ZRPHQ�ZKR� GHYHORS� HQGRPHWULRVLV�
KDYH�JHQHWLF��ELRFKHPLFDO��RU�LPPXQRORJLFDO�G\VIXQFWLRQ�
that prevents the removal of the tissue from the peritoneal 
FDYLW\�DQG�UDWKHU�IDFLOLWDWHV�WLVVXH�DGKHVLRQ�WR�SHULWRQHDO�
VWUXFWXUHV�>�@��

�,W�KDV�EHHQ�ZHOO�HVWDEOLVKHG�WKDW�WKH�LPPXQH�V\VWHP�
RI�ZRPHQ�ZLWK�HQGRPHWULRVLV�LV�G\VIXQFWLRQDO��$�PXOWLWXGH�

RI�LPPXQH�FHOO�W\SHV��LQFOXGLQJ�QHXWURSKLOV��PDFURSKDJHV��
GHQGULWLF�FHOOV��QDWXUDO�NLOOHU�FHOOV��7�KHOSHU�FHOOV�DQG�%�
FHOOV� KDYH� EHHQ� VKRZQ� WR� EH� G\VUHJXODWHG� LQ� ZRPHQ�
ZLWK� HQGRPHWULRVLV� >����@��$GGLWLRQDOO\�� F\WRNLQHV� DQG�
FKHPRNLQHV�LQYROYHG�LQ�LQÀDPPDWLRQ��DQJLRJHQHVLV�DQG�
WLVVXH�JURZWK�DUH�LQFUHDVHG�LQ�WKH�SODVPD�DQG�SHULWRQHDO�
ÀXLG� �3)��RI�ZRPHQ�ZLWK�HQGRPHWULRVLV� >������@��7KLV�
ORFDO�DQG�V\VWHPLF� LQÀDPPDWRU\�milieu is suspected to 
VWLPXODWH�V\PSWRPV�FRPPRQO\�SUHVHQWHG�LQFOXGLQJ�SDLQ�
DQG�LQIHUWLOLW\�>������@��,W�KDV�EHHQ�UHSRUWHG�WKDW��������RI�
HQGRPHWULRVLV�SDWLHQWV�H[SHULHQFH�LQIHUWLOLW\�DQG��������
RI�LQIHUWLOH�ZRPHQ�KDYH�HQGRPHWULRVLV�>��@��7KH�PRQWKO\�
IHFXQGLW\� UDWH� LQ� KHDOWK\� FRXSOHV�� ZKLFK� LV� D� FRXSOH¶V�
SUREDELOLW\�RI�FRQFHLYLQJ�LQ�RQH�PRQWK��LV��������>��@��
,Q�FRQWUDVW��ZRPHQ�ZLWK�HQGRPHWULRVLV�KDYH�D�PRQWKO\�
IHFXQGLW\�UDWH�RI�������>��@��7KLV�VXJJHVWV�WKDW�ZRPHQ�
ZLWK�HQGRPHWULRVLV�KDYH�D�VLJQL¿FDQWO\�ORZHU�OLNHOLKRRG�
RI� FRQFHLYLQJ� HDFK� PRQWK�� :KLOH� WKH� XVH� RI� PHGLFDO�
WKHUDSHXWLFV�LQFOXGLQJ�FRQWUDFHSWLYH�VWHURLGV��SURJHVWLQV��
DURPDWDVH�LQKLELWRUV��DJRQLVWV�RI�JRQDGRWURSLQ�UHOHDVLQJ�
KRUPRQH�DQG�QRQ�VWHURLGDO�DQWL�LQÀDPPDWRU\�DJHQWV�DUH�
KHOSIXO� WR� UHOLHYH�SDLQ�� WKH�XVH�RU� FHDVLQJ�XVH�RI� WKHVH�
DJHQWV� UDUHO\� LPSURYHV� IHUWLOLW\� >�����@�� $GGLWLRQDOO\��
WKH�VLGH�HIIHFWV�RI�ORQJ�WHUP�XVH�FDQ�EH�GHWULPHQWDO��IRU�
H[DPSOH���WKH�XVH�RI�RUDO�FRQWUDFHSWLYHV�KDV�EHHQ�VKRZ�
WR�DIIHFW�HQGRPHWULDO�WKLFNQHVV�DQG�JURZWK�>��@��'XH�WR�
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LPSURYHG�IHFXQGLW\�REVHUYHG�GXULQJ�UDQGRPL]HG�FRQWURO�
WULDO�VWXGLHV�>������@��VXUJLFDO�UHPRYDO�RI�DQ�HQGRPHWULRWLF�
OHVLRQ� DQG� DVVLVWHG� UHSURGXFWLYH� WHFKQRORJLHV� DUH� XVHG�
WR� WUHDW� HQGRPHWULRVLV� DVVRFLDWHG� LQIHUWLOLW\�� +RZHYHU��
ZK\�VXUJLFDO�H[FLVLRQ�RI�HQGRPHWULRWLF�OHVLRQV�LPSURYHV�
IHUWLOLW\�LV�XQNQRZQ��,W�KDV�EHHQ�VXJJHVWHG�WKDW�VXUJLFDO�
removal of endometriotic lesions decreases peritoneal 
LQÀDPPDWLRQ�DQG�UHVXOWV�LQ�LPSURYHG�IHUWLOLW\��3UHYLRXV�
UHSRUWV�IURP�RXU�JURXS�KDYH�GHPRQVWUDWHG�WKDW�SODVPD�DQG�
3)�FRQFHQWUDWLRQV�RI�LQÀDPPDWRU\�F\WRNLQHV�VXFK�DV�*0�
&6)��,/����,/����,/����DQG�,/����VLJQL¿FDQWO\�GHFUHDVHG�
IROORZLQJ� OHVLRQ� H[FLVLRQ�� VXJJHVWLQJ� LQÀDPPDWLRQ�
LV� SURPSWHG� E\� WKH� OHVLRQ� >���� ��@�� 7KHVH� ¿QGLQJV�
indicate the probable impact of endometriosis associated 
LQÀDPPDWLRQ�WRZDUGV�LQIHUWLOLW\��

1RW� RQO\� LV� WKH� SDWKRJHQHVLV� RI� HQGRPHWULRVLV�
FRPSOH[� DQG� XQNQRZQ�� WKH� SDWKRJHQHVLV� RI� LQIHUWLOLW\�
DVVRFLDWHG� ZLWK� HQGRPHWULRVLV� UHPDLQV� HOXVLYH��
)XUWKHUPRUH�� ZK\� VRPH� ZRPHQ� ZLWK� HQGRPHWULRVLV�
GLVSOD\�LQIHUWLOLW\�DQG�RWKHUV�GR�QRW�LV�XQNQRZQ��,QIHUWLOLW\�
LV� QRW� XQLIRUPO\� DVVRFLDWHG� ZLWK� GLVHDVH� VWDWH� RU� VL]H�
RI� WKH� OHVLRQ��ZKLFK� SURPSWV� UHVHDUFKHUV� WR� VHHN� RWKHU�
FRQFOXVLRQV�WR�H[SODLQ�KRZ�LQIHUWLOLW\�PDQLIHVWV�LQ�WKHVH�
SDWLHQWV�� ,PPXQH� V\VWHP� G\VIXQFWLRQ� LV� VSHFXODWHG� WR�
SOD\�D�ODUJH�UROH�LQ�HQGRPHWULRVLV�DVVRFLDWHG�LQIHUWLOLW\��
KRZHYHU��LWV�SUHFLVH�UROH�LV�UDUHO\�GLVFXVVHG�LQ�GHSWK��,Q�
WKLV�UHYLHZ��ZH�FRPSLOH�DQG�DQDO\]H�WKH�FXUUHQW�OLWHUDWXUH��
LQFOXGLQJ� RXU� RZQ� ZRUN�� VXUURXQGLQJ� WKH� UROH� RI� WKH�
LQÀDPPDWLRQ�DQG�LPPXQH�V\VWHP�G\VIXQFWLRQ�LQ�ZRPHQ�
ZLWK�HQGRPHWULRVLV�DVVRFLDWHG�LQIHUWLOLW\��

INFLAMMATION, IMMUNE DYSFUNCTION 

AND INFERTILITY

7KH� SDWKRJHQHVLV� RI� LQIHUWLOLW\� DVVRFLDWHG� ZLWK�
HQGRPHWULRVLV� LV� FRPSOLFDWHG� E\� WKH� LQYROYHPHQW� RI�
ELRFKHPLFDO�� HQGRFULQH�� LPPXQH� DQG� JHQHWLF� IDFWRUV��
:KHWKHU�LPPXQH�G\VIXQFWLRQ�LQLWLDWHV�WKH�SDWKRJHQHVLV�
of endometriosis or is a product of the disease has not 
EHHQ�LGHQWL¿HG��$IWHU�GHFDGHV�RI�UHVHDUFK��WKHUH�DSSHDUV�
WR�EH�D�FRQVHQVXV�WKDW�WKH�LPPXQH�V\VWHP�RI�ZRPHQ�ZLWK�
HQGRPHWULRVLV�DQG�ZRPHQ�ZLWK�HQGRPHWULRVLV�DVVRFLDWHG�
LQIHUWLOLW\�LV�GLIIHUHQW�IURP�KHDOWK\��IHUWLOH�FRQWUROV��%RWK�
FHOOXODU� DQG� VHFUHWHG� LPPXQH�PHGLDWRUV� DUH� DEHUUDQWO\�
H[SUHVVHG�LQ�WKH�3)�DQG�SODVPD�RI�HQGRPHWULRVLV�SDWLHQWV��
3UR�LQÀDPPDWRU\�F\WRNLQHV�VXFK�DV�71)�Į��,/���ȕ��,/�
��� ,/���� ,/����� ,/����� ,/����� ,3����� 0&3��� 0,)� DQG�
5$17(6�DUH�DEHUUDQWO\�H[SUHVVHG�LQ�WKH�3)�RI�ZRPHQ�
ZLWK� HQGRPHWULRVLV� >�����@��$GGLWLRQDOO\�� ZRPHQ�ZLWK�
HQGRPHWULRVLV� DVVRFLDWHG� LQIHUWLOLW\� KDYH� DQ� DOWHUHG�
LQWUDSHULWRQHDO� LPPXQH�FHOO� VWDWXV�FRPSDUHG� WR�ZRPHQ�
ZLWK�XQH[SODLQHG�LQIHUWLOLW\�>��@��+RZHYHU��PRVW�RI�WKHVH�
published studies are observational and do not provide 
PHFKDQLVWLF�SDWKZD\V�

,Q� WKH� SXUVXLW� RI� XQGHUVWDQGLQJ� LQIHUWLOLW\� LQ�
HQGRPHWULRVLV�� PROHFXODU� SUR¿OLQJ� KDV� EHHQ� XVHG�

WR� LGHQWLI\� GLIIHUHQWLDO� JHQH� H[SUHVVLRQ� LQ� LQIHUWLOH��
HQGRPHWULRWLF� SDWLHQWV�� 8VLQJ� 1DQRVWULQJ� LPPXQH�
WUDQVFULSWRPLF� SUR¿OLQJ� RI� ���� LPPXQH�LQÀDPPDWLRQ�
UHODWHG� JHQHV�� RXU� JURXS� IRXQG� ��� JHQHV� WKDW� ZHUH�
DEHUUDQWO\� H[SUHVVHG� LQ� WKH� HXWRSLF� HQGRPHWULXP� RI�
LQIHUWLOH�� HQGRPHWULRVLV� SDWLHQWV�� 7KH� GLIIHUHQWLDOO\�
H[SUHVVHG�JHQHV�ZHUH�SUHGRPLQDQWO\�LQYROYHG�LQ�FHOOXODU�
DGKHVLRQ�� F\WRNLQH�F\WRNLQH� LQWHUDFWLRQ�� DSRSWRVLV� DQG�
GHFLGXDOL]DWLRQ� >��@�� 6SHFL¿FDOO\�� SUR�LQÀDPPDWRU\�
F\WRNLQHV��FKHPRNLQHV�DQG�UHFHSWRUV�LQFOXGLQJ�CXCL1, 
CX3CL1, CXCL9, CXCL10, IL-32, CXCR2, IL-7R and 
DGKHVLRQ�PROHFXOHV� LQFOXGLQJ� ICAM3 and SELL had a 
KLJKHU�H[SUHVVLRQ�LQ�WKH�HXWRSLF�HQGRPHWULXP�RI�LQIHUWLOH��
HQGRPHWULRVLV�SDWLHQWV�FRPSDUHG�WR�IHUWLOH�FRQWUROV�>��@��
)XUWKHUPRUH�� D� GHFUHDVHG� H[SUHVVLRQ� RI�NOTCH1 and 
NOTCH2� ZDV� REVHUYHG�� ZKLFK� DOLJQV� ZLWK� SUHYLRXV�
VWXGLHV�DVVRFLDWLQJ�GLVWXUEHG�127&+�SDWKZD\�VLJQDOLQJ�
ZLWK� LPSDLUHG� GHFLGXDOL]DWLRQ� LQ� WKH� HQGRPHWULXP� RI�
ZRPHQ� ZLWK� HQGRPHWULRVLV� >���� ��@�� ,Q� DQRWKHU� VWXG\��
D� QXPEHU� RI� SURWHLQV� LPSRUWDQW� IRU� LQÀDPPDWLRQ� DQG�
R[LGDWLYH�VWUHVV��LQFOXGLQJ�VSKLQJRVLQH�NLQDVH�$��+\SR[LD�
LQGXFLEOH� IDFWRUV�� KHDW� VKRFN� FRJQDWH� SURWHLQV� DQG�
VXSHUR[LGH� GLVPXWDVH�� ZHUH� IRXQG� WR� EH� G\VUHJXODWHG�
LQ� WKH�HXWRSLF�HQGRPHWULXP�IURP� LQIHUWLOH�ZRPHQ�ZLWK�
RYDULDQ�� VWDJH� ,9� HQGRPHWULRVLV� >��@�� 7KH� HYLGHQFH�
VKRZQ�KHUH�LQGLFDWHV�LQKHUHQW�GLIIHUHQFHV�LQ�WKH�HXWRSLF�
HQGRPHWULXP�IURP�LQIHUWLOH�ZRPHQ�ZLWK�HQGRPHWULRVLV���
,W� LV� SODXVLEOH� WKDW� FKURQLF�� SHULWRQHDO� LQÀDPPDWLRQ�
LV� LQYROYHG� LQ� VKDSLQJ� WKH� WUDQVFULSWRPH� RI� HXWRSLF�
HQGRPHWULXP�LQ�SDWLHQWV��

&HOOXODU� FRPSRQHQWV� RI� WKH� LPPXQH� V\VWHP� DUH�
G\VUHJXODWHG� LQ� HQGRPHWULRVLV� SDWLHQWV� DQG� VSHFL¿FDOO\�
LQIHUWLOH� HQGRPHWULRVLV� SDWLHQWV�� 8WHULQH� QDWXUDO� NLOOHU�
�X1.�� FHOOV� DUH� D� VXEVHW� RI� 1.� FHOOV� UHVLGLQJ� LQ� WKH�
XWHUXV� DQG� SOD\� LPSRUWDQW� UROHV� LQ� SUHJQDQF\� DQG� WKH�
GHYHORSPHQW�RI�WKH�SODFHQWD�>��@��8WHULQH�1.�FHOOV�KDYH�
EHHQ�OLQNHG�WR�VSLUDO�DUWHU\�UHPRGHOLQJ�DQG�SURGXFH�SUR�
LQÀDPPDWRU\�F\WRNLQHV�VXFK�DV�*0�&6)��&6)����71)�Į��
,)1�Ȗ��7*)�ȕ��/,)� DQG� ,/��� DQG� WKHVH� F\WRNLQHV� KDYH�
EHHQ� DVVRFLDWHG� ZLWK� LQYDVLRQ� RI� WURSKREODVWV� LQWR� WKH�
XWHULQH�ZDOO�>������@��$EHUUDQW�QXPEHUV�RI�X1.�FHOOV�DUH�
OLQNHG�WR�SUHJQDQF\�SDWKRORJLHV�LQFOXGLQJ�SUH�HFODPSVLD�
DQG� IHWDO� JURZWK� UHVWULFWLRQ� >��@�� ,QFUHDVHG� LQ¿OWUDWLRQ�
RI�&'����F\WRWR[LF�X1.�FHOOV��DUH�IRXQG�LQ�WKH�HXWRSLF�
HQGRPHWULXP� RI�ZRPHQ�ZLWK� HQGRPHWULRVLV� DVVRFLDWHG�
LQIHUWLOLW\�>��@��$GGLWLRQDOO\��KHDOWK\��IHUWLOH�FRQWUROV�KDYH�
PRUH�PDWXUH� X1.� FHOOV�� KRZHYHU�� LPPDWXUH� X1.� FHOO�
SRSXODWLRQV�H[LVW�LQ�LQIHUWLOH�ZRPHQ�ZLWK�HQGRPHWULRVLV�
>��@��)XUWKHU�VWXGLHV�DUH�UHTXLUHG�WR�XQGHUVWDQG�H[DFWO\�
ZK\�X1.�FHOOV�DUH�QRW�PDWXULQJ�LQ�LQIHUWLOH�HQGRPHWULRVLV�
SDWLHQWV�DQG�KRZ�WKLV�DIIHFWV�IHUWLOLW\�DV�D�ZKROH��

7�UHJXODWRU\��7UHJ��FHOOV�DUH�DOWHUHG�LQ�HQGRPHWULRVLV�
SDWLHQWV� DQG� KDYH� EHHQ� VXJJHVWHG� WR� SOD\� D� UROH� LQ� WKH�
SDWKRJHQHVLV�RI�HQGRPHWULRVLV�DQG�LWV�DVVRFLDWHG�LQIHUWLOLW\�
>��@��/RZHU� QXPEHUV� RI�7UHJ� FHOOV� KDYH� EHHQ�GHWHFWHG�
LQ� WKH� HXWRSLF� HQGRPHWULXP� RI� D� QRQ�KXPDQ� SULPDWH�
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HQGRPHWULRVLV�PRGHO�>��@��,QWHUHVWLQJO\��LQ�KXPDQV��WKH�
H[SUHVVLRQ�RI�WKH�WUDQVFULSWLRQ�IDFWRU�IRUNKHDG�3���)R[S����
D�GLVWLQFWLYH�VXUIDFH�PDUNHU�IRU�7UHJ�FHOOV��LV�XSUHJXODWHG�
LQ�WKH�HQGRPHWULXP�RI�ZRPHQ�ZLWK�HQGRPHWULRVLV�>��@��
$GGLWLRQDOO\�� KLJKHU� H[SUHVVLRQ� RI� )R[3�� P51$� KDV�
been detected in the endometrium of infertile, advanced 
VWDJH�HQGRPHWULRVLV�ZRPHQ��WKDW�VDLG��WKH�)R[S��SURWHLQ�
ZDV�QRW�VLJQL¿FDQWO\�KLJKHU�LQ�WKHVH�SDWLHQWV�FRPSDUHG�WR�
IHUWLOH�FRQWUROV�>��@��)XUWKHUPRUH��7*)�ȕ�KDV�EHHQ�VKRZQ�
WR� SURPRWH� GLIIHUHQWLDWLRQ� DQG� LQGXFWLRQ� RI� 7UHJ� FHOOV�
>��@��7*)�ȕ�KDV�EHHQ�VKRZQ�WR�EH�XSUHJXODWHG�LQ�WKH�3)�
RI�ZRPHQ�ZLWK�HQGRPHWULRVLV�>��@��ZKLFK�LQGLFDWHV�WKDW�
DEHUUDQW�H[SUHVVLRQ�RI�7UHJ�FHOOV�FRXOG�EH�GXH�WR�DEHUUDQW�
FRQFHQWUDWLRQV�RI�7*)�ȕ� LQ� WKH�3)�RI� WKHVH�ZRPHQ�� ,Q�
FRQWUDVW��ZRPHQ�ZLWK�XQH[SODLQHG�LQIHUWLOLW\�KDYH�VKRZQ�
UHGXFHG�H[SUHVVLRQ�RI�)R[S���LV�LQ�WKH�HQGRPHWULXP�RI�
FRPSDUHG� WR� KHDOWK\� IHUWLOH� FRQWUROV� >��@�� :KLOH� WKH�
SUHFLVH� PHFKDQLVP� OLQNLQJ� 7UHJ� FHOOV� DQG� LQIHUWLOLW\�
UHTXLUHV�IXUWKHU�LQYHVWLJDWLRQ��SUHYLRXV�UHSRUWV�VWXG\LQJ�
WKH�SUH�LPSODQWDWLRQ�SHULRG�LQ�PXULQH�SUHJQDQF\�LQGLFDWH�
WKDW�7UHJ�FHOOV�SOD\�D�FULWLFDO�UROH�LQ�LPSODQWDWLRQ�>��@��7KH�
SUHVHQWHG�HYLGHQFH� VXJJHVWV� WKDW�G\VUHJXODWLRQ�RI�7UHJ�
FHOOV�PD\�FRQWULEXWH�WR�LPSODQWDWLRQ�IDLOXUH�REVHUYHG�LQ�
HQGRPHWULRVLV�SDWLHQWV��

7KHUH� DUH� RWKHU� LPSRUWDQW� LPPXQH� FHOO� W\SHV�
LQFOXGLQJ� PDFURSKDJHV� DQG� GHQGULWLF� FHOOV� DVVRFLDWHG�
ZLWK� LQÀDPPDWLRQ� LQ� HQGRPHWULRVLV��:KLOH� LW� LV� OLNHO\�
WKDW� WKHVH� FHOO� W\SHV� DUH� LQYROYHG� LQ� WKH� HQGRPHWULRVLV�
DVVRFLDWHG� LQIHUWLOLW\�� VWXGLHV� GLUHFWO\� DVVRFLDWLQJ� WKHP�
ZLWK�LQIHUWLOLW\�LQ�SDWLHQWV�DUH�VFDUFH�ZLWKLQ�WKH�OLWHUDWXUH��
1HYHUWKHOHVV�� PRUH� VWXGLHV� DUH� UHTXLUHG� WR� GHOLQHDWH�
FRRUGLQDWHG�LQWHUDFWLRQV�EHWZHHQ�YDULRXV�LPPXQH�FHOOV�LQ�
WKH�SURPRWLRQ�DQG�RU�UHVROXWLRQ�RI�LQÀDPPDWRU\�FDVFDGH�
DQG�LWV�LPSDFW�RQ�LQIHUWLOLW\�LQ�HQGRPHWULRVLV�SDWLHQWV�

IMPLICATION OF IMMUNE DYSFUNCTION 

ON THE ENDOCRINE/IMMUNE PATHWAY

$� VSHFL¿F� DQG� GHOLFDWH� EDODQFH� EHWZHHQ�
LQÀDPPDWRU\� IDFWRUV� DQG� VH[�KRUPRQHV� DUH� UHTXLUHG�
IRU� WKH� LQLWLDWLRQ� DQG� SURSDJDWLRQ� RI� QRUPDO� IHPDOH�
UHSURGXFWLYH�HYHQWV�LQFOXGLQJ�IROOLFXORJHQHVLV��RYXODWLRQ��
PHQVWUXDWLRQ�� HPEU\R� LPSODQWDWLRQ� DQG� SUHJQDQF\��
'LVUXSWLRQV� LQ� WKH�HQGRFULQH�LPPXQH�SDWKZD\�� VXFK�DV�
LQÀDPPDWLRQ� IURP� HQGRPHWULRVLV�� FUHDWH� GHOHWHULRXV�
HIIHFWV�RQ�UHSURGXFWLYH�IXQFWLRQ��

� ,W� LV� QRZ� ZHOO� HVWDEOLVKHG� WKDW� WKH� JURZWK� RI�
HQGRPHWULRWLF� OHVLRQV� LV� GHSHQGHQW� RQ� HVWURJHQ�� ,W�
KDV� EHHQ� VXJJHVWHG� WKDW� HVWURJHQV� DUH� GHOLYHUHG� WR� WKH�
HFWRSLF� OHVLRQV� LQ� DQ� HQGRFULQH� IDVKLRQ�� KRZHYHU�� QHZ�
HYLGHQFH� VXJJHVWV� WKDW� HQGRPHWULRWLF� OHVLRQV� SURGXFH�
HVWURJHQ�WKHPVHOYHV�>��@��7KLV�IHHG�IRUZDUG�ORRS�FUHDWHV�
P\ULDG� RI� FHOO� VLJQDOLQJ� FDVFDGHV� LQ� WKH� SHULWRQHDO�
PLFURHQYLURQPHQW�� $URPDWDVH� 3���� �DURP3�����
LV� LPSRUWDQW� IRU� WKH� SURGXFWLRQ� RI� HVWURJHQ� DV� WKLV�
HQ]\PH�FDWDO\]HV� WKH� UHDFWLRQ� WR�SURGXFH�HVWURQH� IURP�

DQGURVWHQHLRQH�DQG���%�K\GUR[\VWHURLG�GHK\GURJHQDVH�
W\SH� �� ZKLFK� LV� FDWDO\]HG� LQWR� WKH� ELRORJLFDOO\� DFWLYH�
IRUP� RI� HVWURJHQ�� HVWUDGLRO� �(��� >��@��$URPDWDVH� 3����
LV�VLJQL¿FDQWO\�XSUHJXODWHG�LQ�WKH�HXWRSLF�HQGRPHWULXP�
RI� ZRPHQ� ZLWK� HQGRPHWULRVLV� FRPSDUHG� WR� KHDOWK\�
FRQWUROV� DQG� DEHUUDQWO\� KLJK� H[SUHVVLRQ� LV� FRQVLVWHQW�
UHJDUGOHVV� RI� GLVHDVH� VWDWH� >��@�� 7KLV� VXJJHVWV� WKDW� LQ�
endometriosis patients, both the eutopic and ectopic 
HQGRPHWULDO�WLVVXH�DUH�LQYROYHG�LQ�H[FHVV�SURGXFWLRQ�RI�
HVWURJHQ�IXUWKHU��$GGLWLRQDOO\��LQ�WKH�SUHVHQFH�RI�JURZWK�
IDFWRUV� DQG� SUR�LQÀDPPDWRU\� F\WRNLQHV� LQFOXGLQJ� ,/���
ȕ�� 71)�Į�� ,)1�Ȗ� DQG� ,/����� F\FORR[\JHQDVH��� �&2;�
��� LV� LQGXFHG� DQG� &2;��� FDWDO\]HV� WKH� V\QWKHVLV� RI�
SURVWDJODQGLQ� (�� �3*(���� 3URGXFWLRQ� RI� SURVWDJODQGLQV�
DQG�F\WRNLQHV�KDYH�EHHQ�VXJJHVWHG�WR�IDFLOLWDWH�LQIHUWLOLW\�
LQ�ZRPHQ�ZLWK�HQGRPHWULRVLV�>��@��,QFUHDVHG�H[SUHVVLRQ�
RI�&2;���P51$�LV�REVHUYHG�LQ�WKH�HFWRSLF�DQG�HXWRSLF�
HQGRPHWULXP� RI� ZRPHQ� ZLWK� HQGRPHWULRVLV� FRPSDUHG�
WR�KHDOWK\�FRQWUROV�>��@��(��KDV�EHHQ�VKRZQ�WR�VWLPXODWH�
&2;��� H[SUHVVLRQ�� ZKLFK� VXJJHVWV� WKDW� D� SRVLWLYH�
IHHGEDFN�ORRS�H[LVWV�>��@��7RJHWKHU��DEHUUDQW�H[SUHVVLRQV�
RI� &2;��� DQG� DURP3���� SURGXFH� D� ORFDO�� FRQWLQXRXV�
VWUHDP�RI�(��DQG�3*(��LQ�HQGRPHWULRVLV�SDWLHQWV�>������@�
FUHDWLQJ� D� VWDWH� RI� HVWURJHQ� GRPLQDQFH� >��@�� (VWURJHQ��
LQ�SDUWLFXODU��SOD\V�D�FULWLFDO�UROH�LQ�IHPDOH�UHSURGXFWLYH�
HYHQWV�LQFOXGLQJ�RRF\WH�PDWXUDWLRQ��IHUWLOL]DWLRQ��RYXODWLRQ�
DQG� LPSODQWDWLRQ�� (VWURJHQ� LQLWLDWHV� SUROLIHUDWLRQ� DQG�
GLIIHUHQWLDWLRQ�RI�JUDQXORVD�FHOOV�DQG�IDFLOLWDWHV�WKH�DFWLRQV�
RI�OXWHLQL]LQJ�KRUPRQH�DQG�IROOLFOH�VWLPXODWLQJ�KRUPRQH��
ZKLFK� DUH� LPSRUWDQW� IRU� IROOLFXORJHQHVLV� DQG� RYXODWLRQ�
>��@��(VWURJHQ�DOVR�VWLPXODWHV�JURZWK�RI�WKH�XWHULQH�OLQLQJ��
ZKLFK�LV�LPSRUWDQW�IRU�XWHULQH�UHFHSWLYLW\�DQG�LPSODQWDWLRQ�
RI�D�IHUWLOL]HG�HPEU\R�DW�VSHFL¿F�WLPH�SHULRGV��$V�VXFK��
FRQWLQXDO�KLJK�H[SUHVVLRQ�RI�HVWURJHQ�OLNHO\�LQWHUIHUHV�ZLWK�
WKH� WUDQVLWLRQ� IURP�SUROLIHUDWLYH� WR� VHFUHWRU\�SKDVH�DQG�
RWKHU�LPSRUWDQW�UHSURGXFWLYH�HYHQWV��$�VWDWH�RI�HVWURJHQ�
GRPLQDQFH�LV�DOVR�GHWULPHQWDO�DV�HVWURJHQ�KDV�EHHQ�VKRZQ�
WR�EH�DQ�LQKLELWRU�RI�ĮYȕ��LQWHJULQ��D�FULWLFDO�PDUNHU�IRU�
HQGRPHWULDO�UHFHSWLYLW\��LQ�WKH�XWHULQH�OLQLQJ�>��@��:KHQ�
DQDO\]LQJ�IHUWLOLW\��WKH�UHFHSWLYLW\�RI�WKH�HQGRPHWULXP�LV�
a critical factor for successful attachment, implantation 
DQG�SUHJQDQF\�>��@�DQG�WKHUHIRUH��LQKLELWLRQ�RI�LQWHJULQV�
DQG�DGKHVLRQ�PROHFXOHV�WKDW�IDFLOLWDWH�UHFHSWLYLW\�OLNHO\�
GLVWXUEV�IHUWLOLW\��

,Q�DGGLWLRQ�WR�DEHUUDQW�SURGXFWLRQ�RI�VH[�KRUPRQHV��
WKH�DEHUUDQW�H[SUHVVLRQ�DQG�VLJQDOOLQJ�RI�WKH�SURJHVWHURQH�
UHFHSWRU� �35�� KDV� EHHQ� GHPRQVWUDWHG� LQ� ZRPHQ� ZLWK�
HQGRPHWULRVLV� >��@�� $� KLJK� H[SUHVVLRQ� RI� WKH� GHFR\�
UHFHSWRU�� SURJHVWHURQH� $� UHFHSWRUV� �35$��� UHODWLYH� WR�
SURJHVWHURQH�%� UHFHSWRUV� �35%��KDV�EHHQ� IRXQG� LQ� WKH�
HXWRSLF� HQGRPHWULXP� RI� ZRPHQ� ZLWK� HQGRPHWULRVLV�
>��@��5HGXFHG� H[SUHVVLRQ�RI�35%�SUHYHQWV� DSSURSULDWH�
SURJHVWHURQH�VLJQDOOLQJ�DQG�WKLV�SURJHVWHURQH�UHVLVWDQFH�
KDV� EHHQ� FDWHJRUL]HG� DV� D� ³KDOOPDUN� IRU� LPSODQWDWLRQ�
IDLOXUH´� VLQFH� SURJHVWHURQH� IDFLOLWDWHV� GHFLGXDOL]DWLRQ�
>��@�� (PHUJLQJ� HYLGHQFH� VXJJHVWV� WKDW� H[SUHVVLRQ� RI�
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ERWK� HVWURJHQ� UHFHSWRUV� �(5�� DQG� 35� DUH� DOWHUHG� E\�
LQÀDPPDWLRQ�� 6SHFL¿FDOO\�� DEHUUDQW� H[SUHVVLRQ� RI� (5�
DQG�35�KDV�EHHQ�DVVRFLDWHG�ZLWK�DQ�RYHUH[SUHVVLRQ�RI�,/�
���,/���DQG�71)�Į�>��@��*UDQGL�HW�DO�GHPRQVWUDWHG�WKDW�
71)�Į�DQG�,/��ȕ��XSUHJXODWHG�LQ�WKH�3)�RI�ZRPHQ�ZLWK�
HQGRPHWULRVLV��FDXVH�D�GHFUHDVH�LQ�WKH�H[SUHVVLRQ�RI�35$�
DQG� 35%�P51$� LQ� HQGRPHWULDO� VWURPDO� FHOOV� LVRODWHG�
IURP� ZRPHQ� ZLWK� HQGRPHWULRVLV� >��@�� $GGLWLRQDOO\��
+HXEOHLQ�HW�DO�GHPRQVWUDWHG�WKDW�71)�Į�GRZQ�UHJXODWHV�
WKH� H[SUHVVLRQ� RI� *�SURWHLQ� FRXSOHG� HVWURJHQ� UHFHSWRU�
�*3(5�� LQ� HQGRPHWULDO� VWURPDO� FHOOV� LVRODWHG� IURP�
ZRPHQ�ZLWK� HQGRPHWULRVLV� DQG� WKH� SUHVHQFH� RI�*3(5�
KDV�EHHQ�VXJJHVWHG�WR�DFW�DV�D�VHOHFWRU�WKDW�LV�LPSRUWDQW�
IRU� IROOLFXORJHQHVLV� DQG� IROOLFOH� PDWXUDWLRQ� >��@�� 7KH�
SUHVHQWHG�HYLGHQFH�GHPRQVWUDWHV�QRW�RQO\� WKDW�DEHUUDQW�
H[SUHVVLRQ�RI�35�DQG�(5�DUH�FRUUHODWHG�ZLWK�DQ�LQFUHDVH�LQ�
LQÀDPPDWRU\�PHGLDWRUV�EXW�WKDW�LQÀDPPDWLRQ�FDQ�GLUHFWO\�
DOWHU�WKH�H[SUHVVLRQ�RI�ERWK�35�DQG�*3(5��

:KLOH� WUHDWLQJ� HQGRPHWULRVLV� SDWLHQWV� XVLQJ�
KRUPRQDO� LQWHUYHQWLRQ�ZDV� SUHYLRXVO\� HPSKDVL]HG�� WKH�
UHJXODWLRQ�RI� LQÀDPPDWLRQ� DQG�KRUPRQHV� DSSHDU� WR�EH�
LQWHUFRQQHFWHG�DQG�FRPSOH[��7KHUHIRUH��D�FRPSUHKHQVLYH�
XQGHUVWDQGLQJ�RI� LPPXQH�G\VIXQFWLRQ�LQ�HQGRPHWULRVLV�
patients is of the utmost importance to treat endometriosis 
DQG�HQGRPHWULRVLV�DVVRFLDWHG�LQIHUWLOLW\��

IMPLICATION OF IMMUNE DYSFUNCTION 

ON OOCYTE QUALITY, SPERM MOTILITY 

AND EMBRYOTOXICITY

5HWURVSHFWLYH�DQDO\VH�RI�in vitro�IHUWLOL]DWLRQ��,9)��
DQG� RRF\WH� GRQDWLRQ� SURJUDPV� FRQVLVWHQWO\� ¿QG� WKDW�
ZRPHQ� ZLWK� HQGRPHWULRVLV� KDYH� VLJQL¿FDQWO\� UHGXFHG�
SUHJQDQF\� UDWHV� SHU� F\FOH� DQG� SHU� WUDQVIHU� DV� ZHOO� DV�
UHGXFHG� LPSODQWDWLRQ� UDWHV� >�����@��7KH\�DOVR�¿QG� WKDW�
KHDOWK\�RYXP�GRQDWLRQ�WR�HQGRPHWULRVLV�SDWLHQWV�SURGXFHV�
WKH�VDPH�UDWH�RI� LPSODQWDWLRQ�DQG�SUHJQDQF\�FRPSDUHG�
WR� FRQWUROV� >�����@�� $GGLWLRQDOO\�� UHWURVSHFWLYH� DQG�
SURVSHFWLYH�FOLQLFDO�WULDOV�XVLQJ�,9)�KDYH�VKRZQ�GHFUHDVHG�
RRF\WH�DQG�HPEU\R�TXDOLW\�DQG�ORZ�RYDULDQ�UHVHUYHV�LQ�
ZRPHQ� ZLWK� HQGRPHWULRVLV� FRPSDUHG� WR� FRQWUROV� >����
��@��&ROOHFWLYHO\��KXPDQ�VWXGLHV�LQGLFDWH�SRRU�RRF\WH�DQG�
HPEU\R�TXDOLW\�DQG�ORZHU�SUHJQDQF\�UDWHV�LQ�ZRPHQ�ZLWK�
HQGRPHWULRVLV�

%HFDXVH�WKH�IHPDOH�UHSURGXFWLYH�RUJDQV��LQFOXGLQJ�
WKH�XWHUXV��RYDULHV�DQG�IDOORSLDQ�WXEHV��DUH�EDWKHG�LQ�3)��
SUR�LQÀDPPDWRU\� F\WRNLQHV� DQG� FKHPRNLQHV� LQWHUDFW�
ZLWK� WKH�RRF\WH�DQG�HPEU\R��ZKLFK�FDQ� LPSDFW�JURZWK�
DQG� FDQ� LQÀLFW� GDPDJH� WR� WKH� RRF\WH� DQG� HPEU\R��
$� GDPDJLQJ� LQÀDPPDWRU\� milieu in endometriosis 
SDWLHQWV� RIIHUV� D� SODXVLEOH� WKHRU\� WR� H[SODLQ� ZK\� WKH�
TXDOLW\�RI�RRF\WHV�DQG�HPEU\RV�LV�ORZHU��,QWUD�IROOLFXODU�
OHYHOV� RI� ,/���� ,/���� DQG� DGUHQRPHGXOOLQ� DUH� HOHYDWHG�
LQ� ZRPHQ� ZLWK� HQGRPHWULRVLV� XQGHUJRLQJ� ,9)� DQG�
DUH� LQGLFDWRUV� RI� LPSDLUHG� HPEU\R� DQG� RRF\WH� TXDOLW\�
>��@�� ,Q� UHWURVSHFWLYH� ,9)� VWXGLHV�� SRRU� RRF\WH� TXDOLW\�

ZDV� REVHUYHG� DQG�PHDVXUHG� E\� GLPLQLVKHG� EODVWRPHUH�
FOHDYDJH� UDWHV�� LQFUHDVHG� QXPEHUV� RI� DUUHVWHG� HPEU\RV�
DQG�LPSDLUHG�F\WRVROLF�HYHQWV�>�����@��6SHUP��WUDYHOOLQJ�
WKURXJK�WKH�XWHUXV�DQG�IDOORSLDQ�WXEHV��DOVR�LQWHUDFW�ZLWK�
LQÀDPPDWRU\�F\WRNLQHV�LQ�WKH�3)�DQG�VLPLODUO\�HQFRXQWHU�
GDPDJH��,QÀDPPDWRU\�F\WRNLQHV�LQFOXGLQJ�71)��Į�DQG�
R[LGDWLYH�VWUHVV�KDV�EHHQ�VKRZQ�WR�GLUHFWO\�KLQGHU�VSHUP�
PRWLOLW\� >��@�� 6LPLODUO\�� PXULQH� HPEU\RV� LQFXEDWHG� LQ�
WKH� 3)� IURP� ZRPHQ� ZLWK� HQGRPHWULRVLV� KDYH� VKRZQ�
GLPLQLVKHG�JURZWK�UDWHV�RI�HPEU\RV�� LQFUHDVHG�UDWHV�RI�
DSRSWRVLV��'1$�IUDJPHQWDWLRQ�DQG�LQFUHDVHG�QXPEHU�RI�
HPEU\RV�DUUHVWHG�LQ�GHYHORSPHQW�>�����@��'H[DPHWKDVRQH�
UHGXFHG�WKH�REVHUYHG�HPEU\RWR[LF�HIIHFW�RI�WKH�3)�IURP�
ZRPHQ� ZLWK� HQGRPHWULRVLV� DVVRFLDWHG� LQIHUWLOLW\� >��@��
'H[DPHWKDVRQH�LV�D�JOXFRFRUWLFRLG�WKDW�KDV�EHHQ�VKRZQ�
WR� UHGXFH� WKH� H[SUHVVLRQ� RI� SURVWDJODQGLQV� DQG� RWKHU�
LQÀDPPDWRU\� PHGLDWRUV� G\VUHJXODWHG� LQ� HQGRPHWULRVLV�
>��@��$GGLWLRQDOO\��LQKLELWLQJ�71)�Į�UHGXFHV�HPEU\RWR[LF�
HIIHFW�RQ�PRXVH�HPEU\RV�LQFXEDWHG�ZLWK�3)�IURP�LQIHUWLOH�
ZRPHQ� ZLWK� HQGRPHWULRVLV� >��@�� &ROOHFWLYHO\�� WKHVH�
VWXGLHV�OLQN�LQÀDPPDWLRQ�LQ�WKH�3)��VSHFL¿FDOO\�71)�Į��
ZLWK�HPEU\R�WR[LFLW\��6WXG\LQJ�WKH� WR[LFLW\�RI�3)�IURP�
ZRPHQ�ZLWK�HQGRPHWULRVLV�LV�OLPLWHG�E\�HWKLFDO�FRQVWUDLQWV�
DV� LQWHUIHULQJ�ZLWK� KXPDQ� HPEU\RV� YLRODWHV�PRUDO� DQG�
HWKLFDO� FRQVLGHUDWLRQV�� +RZHYHU�� WKLV� PXULQH� PRGHO�
SURYLGHV�D�FRQYLQFLQJ�DUJXPHQW�WR�VXJJHVW�WKH�3)�IURP�
ZRPHQ�ZLWK�HQGRPHWULRVLV�SURGXFHV�D�GDPDJLQJ�HIIHFW�RQ�
WKH�HPEU\R��

IMPLICATION OF IMMUNE DYSFUNCTION 

ON OXIDATIVE STRESS 

$Q� LPEDODQFH�EHWZHHQ�R[LGDQWV� DQG� DQWLR[LGDQWV�
FUHDWHV�R[LGDWLYH�VWUHVV�>��@��7KLV�UDWLR�FDQ�EH�DOWHUHG�E\�
DQ�LQFUHDVH�LQ�WKH�H[SUHVVLRQ�RI�R[LGDQWV�VXFK�DV�UHDFWLYH�
R[\JHQ�VSHFLHV� �526��DQG� UHDFWLYH�QLWURJHQ�VSHFLHV�RU�
E\�D�GHFUHDVH�LQ�WKH�H[SUHVVLRQ�RI�DQWLR[LGDQWV�VXFK�DV�
VXSHUR[LGH� GLVPXWDVH�� JOXWDWKLRQH� RU� YLWDPLQ� (� >��@��
0DQ\�LQÀDPPDWRU\�GLVHDVHV�KDYH�EHHQ�FRUUHODWHG�ZLWK�
KLJK� R[LGDWLYH� VWUHVV� LQFOXGLQJ� UKHXPDWRLG� DUWKULWLV��
FDUGLRYDVFXODU� GLVHDVH�� ¿EURVLV� DQG� SUH�HFODPSVLD� >���
��@��$Q�LQFUHDVH�LQ�SUR�LQÀDPPDWRU\�F\WRNLQHV�JHQHUDWHV�
526� DQG� LQGXFHV� DSRSWRVLV� RU� QHFURVLV� E\� DFWLYDWLQJ�
WUDQVFULSWLRQ�IDFWRUV�VXFK�DV�$3����S���DQG�1)�ț%�>��@��
,Q� DGGLWLRQ�� HVWURJHQ� DQG�PHWDEROLWHV� RI� HVWURJHQ� KDYH�
EHHQ�VKRZQ�WR�JHQHUDWH�526��ZKLFK�KDYH�EHHQ�VKRZQ�WR�
FRQWULEXWH�WR�EUHDVW�FDQFHU�>������@�

+LJKHU� OHYHOV� RI� R[LGDWLYH� VWUHVV� PDUNHUV� KDYH�
EHHQ�REVHUYHG�LQ�LQ�WKH�3)�RI�ZRPHQ�ZLWK�HQGRPHWULRVLV�
VSHFL¿FDOO\�� KLJK� FRQFHQWUDWLRQV� RI� PDORQGLDOGHKG\H�
�0'$�� DQG� R[LGL]HG� ORZ� GHQVLW\� OLSRSURWHLQ� >��@��
(OHYDWHG�FRQFHQWUDWLRQV�RI�D�OLSLG�SHUR[LGDWLRQ�PHWDEROLWH��
��LVR�SURVWDJODQGLQ�)��DOSKD��KDV�DOVR�EHHQ�GHWHFWHG� LQ�
WKH�3)�DQG�XULQH�RI�ZRPHQ�ZLWK�HQGRPHWULRVLV�DQG�KDV�
EHHQ� VSHFXODWHG� WR� SOD\� D� UROH� LQ� LQIHUWLOLW\� DVVRFLDWHG�
ZLWK�HQGRPHWULRVLV�>��@��,Q�DQRWKHU�VWXG\��QLQH�LQIHUWLOH�
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ZRPHQ� ZLWK� HQGRPHWULRVLV� ZHUH� VKRZQ� WR� KDYH� DQ�
LQFUHDVHG�FRQFHQWUDWLRQ� DQG� LQFUHDVHG�DFWLYLW\�RI�QLWULF�
R[LGH� V\QWKDVH� �126��� DQ� HQ]\PH� IRXQG� LQ� SHULWRQHDO�
PDFURSKDJHV�� FRPSDUHG� WR� IHUWLOH� FRQWUROV� >��@�� 2WKHU�
LQYHVWLJDWRUV�KDYH�IDLOHG�WR�¿QG�LQFUHDVHG�R[LGDWLYH�VWUHVV�
PDUNHUV� LQ� WKH� 3)� RI�ZRPHQ�ZLWK� HQGRPHWULRVLV� >��@��
:K\�ZH�REVHUYH�VXFK�GLIIHUHQFHV�LV�XQNQRZQ��6LPLODUO\��
KLJK�FRQFHQWUDWLRQV�RI�R[LGDWLYH�VWUHVV�PROHFXOHV�DQG�ORZ�
OHYHOV�RI�DQWLR[LGDWLYH�PROHFXOHV�KDYH�EHHQ�IRXQG�LQ�WKH�
IROOLFXODU�ÀXLG� IURP�ZRPHQ�ZLWK� HQGRPHWULRVLV��6LQJK�
HW�DO�GHWHFWHG�KLJKHU� OHYHOV�RI�526��126�DQG�0'$�LQ�
WKH� IROOLFXODU� ÀXLG� RI� ZRPHQ� ZLWK� HQGRPHWULRVLV� DQG�
DQRWKHU� VWXG\� GHWHFWHG� DQ� LQFUHDVHG� FRQFHQWUDWLRQ� RI�
��K\GUR[\��¶�GHR[\JXDQRVLQH�� D� PHWDEROLWH� RI� '1$�
R[LGDWLYH�GDPDJH��LQ�WKH�IROOLFXODU�ÀXLG��RI�VSHFL¿FDOO\�
LQIHUWLOH� ZRPHQ� ZLWK� HQGRPHWULRVLV� >���� ��@�� ,Q�
DGGLWLRQ�� WKH� FRQFHQWUDWLRQV� RI� FULWLFDO� DQWLR[LGDQWV� DUH�
DEHUUDQWO\� H[SUHVVHG� LQ� HQGRPHWULRVLV� SDWLHQWV�� /HYHOV�
RI�JOXWDWKLRQH�DUH�GLPLQLVKHG� LQ� WKH� IROOLFXODU�ÀXLG� �RI�
ZRPHQ�ZLWK�HQGRPHWULRVLV�>��@�DQG�ORZ�OHYHOV�RI�RWKHU�
DQWLR[LGDQWV� LQFOXGLQJ�YLWDPLQ�$��&�DQG�(�ZHUH� IRXQG�
WR�EH�VLJQL¿FDQWO\�UHGXFHG�LQ�WKH�LQWUD�IROOLFXODU�ÀXLG�RI�
ZRPHQ�ZLWK�HQGRPHWULRVLV�DVVRFLDWHG�LQIHUWLOLW\�FRPSDUHG�
WR� ZRPHQ� ZLWK� WXEDO� LQIHUWLOLW\� >��@�� $V� H[SHFWHG��
KLJKHU� OHYHOV� RI� JOXWDWKLRQH� KDYH� EHHQ� FRUUHODWHG�ZLWK�
KLJKHU� TXDOLW\� HPEU\RV� >��@�� &RUUHVSRQGLQJO\�� KLJK�
FRQFHQWUDWLRQV�RI�R[LGDWLYH�VWUHVV�PHWDEROLWHV�DQG�ORZHU�
FRQFHQWUDWLRQV� RI� DQWLR[LGDQW�PROHFXOHV� DUH� DVVRFLDWHG�
ZLWK�OHVV�VXFFHVVIXO�,9)�WUHDWPHQWV�>��@��

2[LGDWLYH� VWUHVV� RIIHUV� D� SODXVLEOH�PHFKDQLVP� WR�
OLQN�LQÀDPPDWLRQ�DQG�LQIHUWLOLW\�DV�,/��ȕ�DQG�71)�Į�DUH�
DEOH�WR�DFWLYDWH�DSRSWRWLF�PHFKDQLVPV�>��@�DQG�RRF\WHV�
IURP�ZRPHQ�ZLWK�HQGRPHWULRVLV�KDYH�H[KLELWHG�LQFUHDVHG�
UDWHV�RI�DSRSWRVLV�LQ�WKH�FXPXOXV�FHOOV�>��@��2YDULDQ�FHOO�

DSRSWRVLV�LV�XVHG�DV�DQ�LQGLFDWRU�IRU�ORZ�RRF\WH�TXDOLW\�
>��@�DQG�WKHUHIRUH�VXJJHVWV�WKDW�LPPXQH�LQGXFHG�R[LGDWLYH�
VWUHVV�PD\�EH�GLUHFWO\�GHWHULRUDWLQJ�RRF\WH�TXDOLW\��

THERAPEUTIC INTERVENTION: TARGETING 

INFLAMMATION AND IMMUNE DYSFUNCTION

$IWHU� WZHQW\� \HDUV� RI� UHVHDUFK�� XQIRUWXQDWHO\��
QR� QHZ� WUHDWPHQWV� KDYH� FRPH� WR� WKH�PDUNHW� WR� UHOLHYH�
WKH� V\PSWRPV� RI� HQGRPHWULRVLV�� :KLOH� LQKLELWLQJ�
LQÀDPPDWRU\�F\WRNLQHV�� VSHFL¿FDOO\�71)�Į�KDG�VKRZQ�
SURPLVH��DQWL�71)�Į�WUHDWPHQW�GLG�QRW�LPSURYH�IHUWLOLW\�
LQ� D� QRQ�KXPDQ� SULPDWH� PRGHO� DQG� D� FOLQLFDO� WULDO� LQ�
KXPDQ�SDWLHQWV�LQKLELWLQJ�71)�Į�GLG�QRW�SURYLGH�SHOYLF�
SDLQ�UHOLHI�FRPSDUHG�WR�D�SODFHER�>������@��0RUH�UHFHQWO\��
LQKLELWLRQ� RI� WKH� PLWRJHQ� DFWLYDWHG� SURWHLQ� NLQDVH�
�0$3.��FDVFDGH�KDV�HPHUJHG�DV�D�SRWHQWLDO�WKHUDSHXWLF�
IRU�HQGRPHWULRVLV��DV�LW�LV�DFWLYDWHG�E\�SUR�LQÀDPPDWRU\�
F\WRNLQHV�DQG�R[LGDWLYH�VWUHVV�DQG�FDXVHV�UHFUXLWPHQW�RI�
LPPXQH�FHOOV�WR�DPSOLI\�WKH�LQÀDPPDWLRQ�>��@��6RUDIHQLE�
DQG�9HPXUDIHQLE� DUH�GLIIHUHQW� LQKLELWRUV�RI� WKH�0$3.�
FDVFDGH�DQG�KDYH�VKRZQ�WKHUDSHXWLF�SURPLVH�ERWK�in vitro 
DQG�LQ�D�PRXVH�PRGHO�E\�WDUJHWLQJ�HQGRPHWULRVLV�UHODWHG�
LQÀDPPDWLRQ�>������@��+XPDQ�FOLQLFDO�WULDOV�RI�6RUDIHQLE�
KDYH� EHHQ� FRQGXFWHG� DQG� DUH� XQGHUZD\� IRU� WUHDWPHQW�
RI� FDQFHUV� LQFOXGLQJ� KHSDWRFHOOXODU� FDUFLQRPD�� EODGGHU�
FDQFHU�� DFXWH� P\HORLG� OHXNHPLD� �ZZZ�FOLQLFDOWULDOV�
JRY���9HUPXUHIHQLE�ZDV�XVHG�LQ�KXPDQ�FOLQLFDO�WULDOV�IRU�
WKH�WUHDWPHQW�RI�DGYDQFHG�WK\URLG�FDQFHU�DQG�PHODQRPD�
�ZZZ�FOLQLFDOWULDOV�JRY��� +RZHYHU�� WR� RXU� NQRZOHGJH��
KXPDQ�FOLQLFDO�WULDOV�XVLQJ�6RUDIHQLE�RU�9HPXUDIHQLE�IRU�
WKH�WUHDWPHQW�RI�HQGRPHWULRVLV�KDYH�QRW�EHHQ�DWWHPSWHG��
0DQ\�RWKHU�LQKLELWRUV�H[LVW�IRU�D�YDULHW\�RI�WDUJHWV�LQ�WKH�
0$3.�FDVFDGH�ZLWK�WKH�LQWHQWLRQ�WR�UHGXFH�LQÀDPPDWLRQ��

Figure 1: Overview of the underlying contributors to unexplained infertility associated with endometriosis. +LHUDUFKLFDO�
DUURZV�LQGLFDWH�D�SRWHQWLDO�OLQN�EHWZHHQ�YDULRXV�IDFWRUV�FRQWULEXWLQJ�WR�XQH[SODLQHG�LQIHUWLOLW\�DVVRFLDWHG�ZLWK�HQGRPHWULRVLV��
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SUROLIHUDWLRQ� DQG� DQJLRJHQHVLV� WKURXJK� F\WRNLQHV� DQG�
FKHPRNLQHV��KRZHYHU��WKHVH�VHHP��WR�RXU�NQRZOHGJH��WR�
EH�LQ�WKH�HDUO\�VWDJHV�RI�UHVHDUFK�DQG�GHYHORSPHQW�>��@��
2YHUDOO��WKH�XSVWUHDP�UHJXODWRU\�IDFWRUV�RI�LQÀDPPDWRU\�
FDVFDGHV�DUH�HPHUJLQJ�DV�WKH�QH[W�WKHUDSHXWLF�WDUJHWV�IRU�
HQGRPHWULRVLV�DQG�HQGRPHWULRVLV�DVVRFLDWHG�LQIHUWLOLW\��
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IHUWQVWHUW�������������

����� 6X� 5�:�� 6WUXJ� 05�� -RVKL� 15�� -HRQJ� -�:�� 0LHOH� /��
/HVVH\�%$��<RXQJ�6/��)D]OHDEDV�$7��'HFUHDVHG�1RWFK�
3DWKZD\�6LJQDOLQJ�LQ�WKH�(QGRPHWULXP�RI�:RPHQ�:LWK�
(QGRPHWULRVLV�,PSDLUV�'HFLGXDOL]DWLRQ��-�&OLQ�(QGRFULQRO�
0HWDE��������������(��������GRL����������MF�����������

����� *KRVK� '�� 1DJSDO� 6�� %KDW� 0$�� $QXSD� *�� 6ULYDVWDYD�
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$�� 6KDUPD� -%�� 6HQJXSWD� -�� *HO�IUHH� SURWHRPLFV� UHYHDOV�
neoplastic potential in endometrium of infertile patients 
ZLWK�VWDJH�,9�RYDULDQ�HQGRPHWULRVLV��-�5HSURG�+HDO�0HG��
����������������GRL����������M�MUKP�������������

����� $FDU�1��8VWXQHO�,��'HPLU�5��8WHULQH�QDWXUDO�NLOOHU��X1.��
FHOOV� DQG� WKHLU� PLVVLRQV� GXULQJ� SUHJQDQF\�� $� UHYLHZ��
$FWD� +LVWRFKHP�� ������ ����� ������� GRL�� ��������M�
DFWKLV�������������

����� -RNKL� 33�� .LQJ� D�� 6KDUNH\� D�0�� 6PLWK� 6.�� /RNH� <:��
6FUHHQLQJ� IRU� F\WRNLQH� PHVVHQJHU� ULERQXFOHLF� DFLGV� LQ�
SXUL¿HG� KXPDQ� GHFLGXDO� O\PSKRF\WH� SRSXODWLRQV� E\� WKH�
UHYHUVH�WUDQVFULSWDVH�SRO\PHUDVH�FKDLQ�UHDFWLRQ��-�,PPXQRO��
��������������������

����� 'RVLRX�&��*LXGLFH�/&��1DWXUDO�.LOOHU�&HOOV�LQ�3UHJQDQF\�
DQG�5HFXUUHQW�3UHJQDQF\�/RVV��(QGRFULQH�DQG�,PPXQRORJLF�
3HUVSHFWLYHV��(QGRFU�5HY��(QGRFULQH�6RFLHW\���������������
����GRL����������HU�����������

����� :LOOLDPV�3-��%XOPHU� -1�� 6HDUOH�5)�� ,QQHV�%$��5REVRQ�
6&��$OWHUHG�GHFLGXDO�OHXFRF\WH�SRSXODWLRQV�LQ�WKH�SODFHQWDO�
EHG� LQ� SUH�HFODPSVLD� DQG� IRHWDO� JURZWK� UHVWULFWLRQ�� D�
FRPSDULVRQ� ZLWK� ODWH� QRUPDO� SUHJQDQF\�� 5HSURGXFWLRQ��
6RFLHW\�IRU�5HSURGXFWLRQ�DQG�)HUWLOLW\���������������������
GRL����������5(3���������

����� *LXOLDQL�(��3DUNLQ�./��/HVVH\�%$��<RXQJ�6/��)D]OHDEDV�
$7��&KDUDFWHUL]DWLRQ�RI�8WHULQH�1.�&HOOV�LQ�:RPHQ�ZLWK�
,QIHUWLOLW\� RU� 5HFXUUHQW� 3UHJQDQF\� /RVV� DQG� $VVRFLDWHG�
(QGRPHWULRVLV��$P�-�5HSURG�,PPXQRO�������������������
GRL����������DML�������

����� 7KLUXFKHOYDP�8��:LQJ¿HOG�0��2¶)DUUHOO\� &�� ,QFUHDVHG�
X1.�3URJHQLWRU�&HOOV�LQ�:RPHQ�:LWK�(QGRPHWULRVLV�DQG�
,QIHUWLOLW\�DUH�$VVRFLDWHG�:LWK�/RZ�/HYHOV�RI�(QGRPHWULDO�
6WHP�&HOO�)DFWRU��$P�-�5HSURG�,PPXQRO����������������
�����GRL����������DML�������

����� %HUELF� 0�� +H\�&XQQLQJKDP� $-�� 1J� &�� 7RNXVKLJH� 1��
*DQHZDWWD� 6�� 0DUNKDP� 5�� 5XVVHOO� 3�� )UDVHU� ,6�� 7KH�
UROH� RI� )R[S��� UHJXODWRU\� 7�FHOOV� LQ� HQGRPHWULRVLV�� D�
SRWHQWLDO� FRQWUROOLQJ�PHFKDQLVP� IRU� D� FRPSOH[�� FKURQLF�
LPPXQRORJLFDO�FRQGLWLRQ��+XP�5HSURG�������������������
GRL����������KXPUHS�GHT����

����� %UDXQGPHLHU�$��-DFNVRQ�.��+DVWLQJV�-��.RHKOHU�-��1RZDN�
5�� )D]OHDEDV� $�� ,QGXFWLRQ� RI� HQGRPHWULRVLV� DOWHUV� WKH�
SHULSKHUDO�DQG�HQGRPHWULDO�UHJXODWRU\�7�FHOO�SRSXODWLRQ�LQ�
WKH�QRQ�KXPDQ�SULPDWH��+XP�5HSURG���������������������
GRL����������KXPUHS�GHV����

����� *XHULQ�/5��3ULQV�-5��5REHUWVRQ�6$��5HJXODWRU\�7�FHOOV�DQG�
LPPXQH�WROHUDQFH�LQ�SUHJQDQF\��$�QHZ�WDUJHW�IRU�LQIHUWLOLW\�
WUHDWPHQW"�+XPDQ�5HSURGXFWLRQ�8SGDWH��������S����������
GRL����������KXPXSG�GPS����

����� &KHQ� 6�� =KDQJ� -�� +XDQJ� &�� /X� :�� /LDQJ� <�� :DQ� ;��
*LXGLFH�/��.DR�/��8OXNXV�0��&DNPDN�+��$ULFL�$��6LPR¶Q�
&��*XWLH¶UUH]�$��HW�DO��([SUHVVLRQ�RI�WKH�7�UHJXODWRU\�FHOO�
WUDQVFULSWLRQ� IDFWRU� )R[3�� LQ� SHUL�LPSODQWDWLRQ� SKDVH�
HQGRPHWULXP� LQ� LQIHUWLOH� ZRPHQ� ZLWK� HQGRPHWULRVLV��
5HSURG�%LRO�(QGRFULQRO����������������GRL���������������
�����������

����� %RPPLUHGG\�5��'RHWVFKPDQ�7��7*)�EHWD��7�FHOO�WROHUDQFH�
DQG� DQWL�&'�� WKHUDS\�� 7UHQGV� 0RO� 0HG�� 1,+� 3XEOLF�
$FFHVV�����������������

����� <RXQJ�9-��%URZQ�-.��6DXQGHUV�37.��'XQFDQ�:&��+RUQH�
$:�� *LXGLFH� /�� 6LPRHQV� 6�� 'XQVHOPDQ� *�� 'LUNVHQ� &��
+XPPHOVKRM� /�� %RNRU� $�� &DQGLDQL� %�� )HGHOH� /�� HW� DO��
7KH�3HULWRQHXP�,V�%RWK�D�6RXUFH�DQG�7DUJHW�RI�7*)�ȕ�LQ�
:RPHQ�ZLWK�(QGRPHWULRVLV��'HWWPDQ�5��HGLWRU��3/R6�2QH��
���������H��������GRL����������MRXUQDO�SRQH���������

����� -DVSHU� 0-�� 7UHPHOOHQ� .3�� 5REHUWVRQ� 6$�� 3ULPDU\�
XQH[SODLQHG�LQIHUWLOLW\�LV�DVVRFLDWHG�ZLWK�UHGXFHG�H[SUHVVLRQ�
RI� WKH� 7�UHJXODWRU\� FHOO� WUDQVFULSWLRQ� IDFWRU� )R[S�� LQ�
HQGRPHWULDO�WLVVXH��0RO�+XP�5HSURG�������������������GRL��
��������PROHKU�JDO����

����� =HQFOXVVHQ� $&�� *HUORI� .�� =HQFOXVVHQ� 0/�� 6ROOZHGHO�
$��%HUWRMD�$=��5LWWHU�7��.RWVFK�.��/HEHU� -��9RON�+�'��
$EQRUPDO� 7�FHOO� UHDFWLYLW\� DJDLQVW� SDWHUQDO� DQWLJHQV� LQ�
VSRQWDQHRXV� DERUWLRQ�� DGRSWLYH� WUDQVIHU� RI� SUHJQDQF\�
LQGXFHG� &'��&'���� 7� UHJXODWRU\� FHOOV� SUHYHQWV� IHWDO�
UHMHFWLRQ�LQ�D�PXULQH�DERUWLRQ�PRGHO��$P�-�3DWKRO��������
�������������GRL����������6���������������������

����� %XOXQ�6(�� ,PLU�*��8WVXQRPL\D�+��7KXQJ�6��*XUDWHV�%��
7DPXUD�0��/LQ�=��$URPDWDVH�LQ�HQGRPHWULRVLV�DQG�XWHULQH�
OHLRP\RPDWD��-�6WHURLG�%LRFKHP�0RO�%LRO�������������������
GRL����������M�MVEPE�������������

����� %XNXOPH]�2��+DUG\�'%��&DUU�%5��:RUG�5$��0HQGHOVRQ�
&5��,QÀDPPDWRU\�VWDWXV�LQÀXHQFHV�DURPDWDVH�DQG�VWHURLG�
UHFHSWRU�H[SUHVVLRQ�LQ�HQGRPHWULRVLV��(QGRFULQRORJ\��������
���������������GRL����������HQ�����������

����� 7DPXUD�0��'HE�6��6HEDVWLDQ�6��2NDPXUD�.��%XOXQ�6(��
(VWURJHQ� XS�UHJXODWHV� F\FORR[\JHQDVH��� via� HVWURJHQ�
receptor in human uterine microvascular endothelial 
FHOOV�� )HUWLO� 6WHULO�� ������ ���� �������� GRL�� ��������M�
IHUWQVWHUW�������������

����� 6DQWXOOL� 3��0DUFHOOLQ�/��7RVWL�&��&KRX]HQRX[�6��&HUOHV�
2�� %RUJKHVH� %�� %DWWHX[� )�� &KDSURQ� &�� 0$3� NLQDVHV�
DQG� WKH� LQÀDPPDWRU\� VLJQDOLQJ� FDVFDGH� DV� WDUJHWV� IRU�
WKH� WUHDWPHQW� RI� HQGRPHWULRVLV"� ([SHUW� 2SLQ� 7KHU�
7DUJHWV�� ,QIRUPD� +HDOWKFDUH�� ������ ���� ��������� GRL��
������������������������������

����� 'UXPPRQG� $(�� )LQGOD\� -.�� 7KH� UROH� RI� HVWURJHQ� LQ�
IROOLFXORJHQHVLV��0RO�&HOO�(QGRFULQRO��������������������
GRL����������6���������������������

����� 6RPNXWL�6*��<XDQ�/��)ULW]�0$��/HVVH\�%$��(SLGHUPDO�
JURZWK� IDFWRU� DQG� VH[� VWHURLGV� G\QDPLFDOO\� UHJXODWH� D�
PDUNHU� RI� HQGRPHWULDO� UHFHSWLYLW\� LQ� ,VKLNDZD� FHOOV�� -�
&OLQ�(QGRFULQRO�0HWDE��������������������GRL����������
MFHP�����������

����� &DVSHU�5)��,W¶V�WLPH�WR�SD\�DWWHQWLRQ�WR�WKH�HQGRPHWULXP��
)HUWLO� 6WHULO�� ������ ���� �������� GRL�� ��������M�
IHUWQVWHUW��������������

����� $WWLD�*5��=HLWRXQ�.��(GZDUGV�'��-RKQV�$��&DUU�%5��%XOXQ�
6(��3URJHVWHURQH�UHFHSWRU�LVRIRUP�$�EXW�QRW�%�LV�H[SUHVVHG�
LQ�HQGRPHWULRVLV��-�&OLQ�(QGRFULQRO�0HWDE�����������������
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�����GRL����������MFHP�����������
����� )ORULR�3��3LQ]DXWL�6��$OWRPDUH�$��/XLVL�6��/LWWD�3��3HWUDJOLD�

)��([SUHVVLRQ� DQG� UROH�RI� SHSWLGHV�� SURWHLQV� DQG�JURZWK�
IDFWRUV�LQ�WKH�SDWKRJHQHVLV�RI�HQGRPHWULRVLV��-�(QGRPHWU��
����������������GRL����������-(�����������

����� *UDQGL�*��0XHOOHU�0'��3DSDGLD�$��.RFEHN�9��%HUVLQJHU�
1$��3HWUDJOLD�)��&DJQDFFL�$��0F.LQQRQ�%��,QÀDPPDWLRQ�
LQÀXHQFHV� VWHURLG� KRUPRQH� UHFHSWRUV� WDUJHWHG� E\�
SURJHVWLQV�LQ�HQGRPHWULDO�VWURPDO�FHOOV�IURP�ZRPHQ�ZLWK�
HQGRPHWULRVLV��-�5HSURG�,PPXQRO�������������������GRL��
��������M�MUL�������������

����� +HXEOHLQ� 6�� 9UHNRXVVLV� 7�� .XKQ� &�� )ULHVH� .��
0DNULJLDQQDNLV� $�� 0D\U� '�� /HQKDUG� 0�� -HVFKNH� 8��
,QGXFHUV�RI�*�SURWHLQ�FRXSOHG�HVWURJHQ�UHFHSWRU��*3(5��LQ�
HQGRPHWULRVLV��SRWHQWLDO�LPSOLFDWLRQV�IRU�PDFURSKDJHV�DQG�
IROOLFOH�PDWXUDWLRQ��-�5HSURG�,PPXQRO��������������������
GRL����������M�MUL�������������

����� 6LPyQ�&��*XWLpUUH]�$��9LGDO�$��GH�ORV�6DQWRV�0-��7DUtQ�
--�� 5HPRKt� -�� 3HOOLFHU� $�� 2XWFRPH� RI� SDWLHQWV� ZLWK�
HQGRPHWULRVLV� LQ� DVVLVWHG� UHSURGXFWLRQ�� UHVXOWV� IURP� LQ�
YLWUR�IHUWLOL]DWLRQ�DQG�RRF\WH�GRQDWLRQ��+XP�5HSURG��������
����������

����� 'tD]�,��1DYDUUR�-��%ODVFR�/��6LPyQ�&��3HOOLFHU�$��5HPRKt�-��
,PSDFW�RI�VWDJH�,,,�,9�HQGRPHWULRVLV�RQ�UHFLSLHQWV�RI�VLEOLQJ�
RRF\WHV��PDWFKHG�FDVH�FRQWURO�VWXG\��)HUWLO�6WHULO������������
������

����� %XGDN�(��*DUULGR�1��6RDUHV�65��0HOR�0$%��0HVHJXHU�0��
3HOOLFHU�$��5HPRKt�-��,PSURYHPHQWV�DFKLHYHG�LQ�DQ�RRF\WH�
GRQDWLRQ�SURJUDP�RYHU�D����\HDU�SHULRG��VHTXHQWLDO�LQFUHDVH�
LQ�LPSODQWDWLRQ�DQG�SUHJQDQF\�UDWHV�DQG�GHFUHDVH�LQ�KLJK�
RUGHU�PXOWLSOH�SUHJQDQFLHV��)HUWLO�6WHULO�������������������
GRL����������M�IHUWQVWHUW�������������

����� *DUULGR� 1�� 1DYDUUR� -�� 5HPRKt� -�� 6LPyQ� &�� 3HOOLFHU� $��
)ROOLFXODU� KRUPRQDO� HQYLURQPHQW� DQG� HPEU\R� TXDOLW\� LQ�
ZRPHQ�ZLWK�HQGRPHWULRVLV��+XP�5HSURG�8SGDWH������������

����� .XURGD�0��.XURGD�.��$UDNDZD�$��)XNXPXUD�<��.LWDGH�0��
.LNXFKL�,��.XPDNLUL�-��0DWVXRND�6��%URVHQV�,$��%URVHQV�
--��7DNHGD�6��<DR�7��+LVWRORJLFDO� DVVHVVPHQW�RI� LPSDFW�
RI�RYDULDQ�HQGRPHWULRPD�DQG�ODSDURVFRSLF�F\VWHFWRP\�RQ�
RYDULDQ�UHVHUYH��-�2EVWHW�*\QDHFRO�5HV���������������������
GRL����������M����������������������[�

����� 6LQJK� $.�� 'XWWD�0�� &KDWWRSDGK\D\� 5�� &KDNUDYDUW\� %��
&KDXGKXU\�.��,QWUDIROOLFXODU�LQWHUOHXNLQ����LQWHUOHXNLQ�����
DQG�DGUHQRPHGXOOLQ�DUH�WKH�SURPLVLQJ�SURJQRVWLF�PDUNHUV�
RI�RRF\WH�DQG�HPEU\R�TXDOLW\�LQ�ZRPHQ�ZLWK�HQGRPHWULRVLV��
-�$VVLVW�5HSURG�*HQHW����������GRL����������V����������
�������

����� %UL]HN�&/��6FKODII�6��3HOOHJULQL�9$��)UDQN�-%��:RUULORZ�
.&�� ,QFUHDVHG� LQFLGHQFH� RI� DEHUUDQW� PRUSKRORJLFDO�
SKHQRW\SHV�LQ�KXPDQ�HPEU\RJHQHVLV²DQ�DVVRFLDWLRQ�ZLWK�
HQGRPHWULRVLV��-�$VVLVW�5HSURG�*HQHW��������������������

����� <DQXVKSROVN\� (+�� %HVW� &/�� -DFNVRQ� .� 9�� &ODUNH� 51��
%DUELHUL�5/��+RUQVWHLQ�0'��(IIHFWV�RI�HQGRPHWULRPDV�RQ�
RRFF\WH�TXDOLW\��HPEU\R�TXDOLW\��DQG�SUHJQDQF\�UDWHV�LQ�in 

vitro� IHUWLOL]DWLRQ� F\FOHV�� D� SURVSHFWLYH�� FDVH�FRQWUROOHG�
VWXG\��-�$VVLVW�5HSURG�*HQHW�������������������

����� 3HOOLFHU� $�� 2OLYHLUD� 1�� 5XL]� $�� 5HPRKt� -�� 6LPyQ� &��
([SORULQJ� WKH� PHFKDQLVP�V�� RI� HQGRPHWULRVLV�UHODWHG�
LQIHUWLOLW\�� DQ� DQDO\VLV� RI� HPEU\R� GHYHORSPHQW� DQG�
LPSODQWDWLRQ�LQ�DVVLVWHG�UHSURGXFWLRQ��+XP�5HSURG��������
���6XSSO����������

����� 7DQER� 7�� 2PODQG� $�� 'DOH� 32�� $E\KROP� 7�� In vitro 
IHUWLOL]DWLRQ�HPEU\R�WUDQVIHU�LQ�XQH[SODLQHG�LQIHUWLOLW\�DQG�
PLQLPDO� SHULWRQHDO� HQGRPHWULRVLV�� $FWD� 2EVWHW� *\QHFRO�
6FDQG��������������������

����� (LVHUPDQQ�-��5HJLVWHU�.%��6WULFNOHU�5&��&ROOLQV�-/��7KH�
(IIHFW�RI�7XPRU�1HFURVLV�)DFWRU�RQ�+XPDQ�6SHUP�0RWLOLW\�
In Vitro��-�$QGURO�������>FLWHG������$XJ���@�������������
GRL����������M����������������WE������[�

����� 'LQJ� *�/�� &KHQ� ;�-�� /XR� 4�� 'RQJ� 0�<�� :DQJ� 1��
+XDQJ�+�)��$WWHQXDWHG� RRF\WH� IHUWLOL]DWLRQ� DQG� HPEU\R�
GHYHORSPHQW� DVVRFLDWHG� ZLWK� DOWHUHG� JURZWK� IDFWRU�
VLJQDO� WUDQVGXFWLRQ� LQGXFHG� E\� HQGRPHWULRWLF� SHULWRQHDO�
ÀXLG�� )HUWLO� 6WHULO�� ������ ���� ��������� GRL�� ��������M�
IHUWQVWHUW�������������

����� 5DMDQL� 6�� &KDWWRSDGK\D\� 5�� *RVZDPL� 6.�� *KRVK� 6��
6KDUPD�6��&KDNUDYDUW\�%��$VVHVVPHQW�RI�RRF\WH�TXDOLW\�
LQ� SRO\F\VWLF� RYDULDQ� V\QGURPH� DQG� HQGRPHWULRVLV� E\�
VSLQGOH� LPDJLQJ� DQG� UHDFWLYH� R[\JHQ� VSHFLHV� OHYHOV� LQ�
IROOLFXODU�ÀXLG�DQG�LWV�UHODWLRQVKLS�ZLWK�,9)�(7�RXWFRPH��
-�+XP�5HSURG�6FL�������������������GRL���������������
������������

����� 0RUFRV�51��*LEERQV�:(��)LQGOH\�:(��(IIHFW�RI�SHULWRQHDO�
ÀXLG� RQ� in vitro� FOHDYDJH� RI� ��FHOO� PRXVH� HPEU\RV��
SRVVLEOH�UROH�LQ�LQIHUWLOLW\�DVVRFLDWHG�ZLWK�HQGRPHWULRVLV��
)HUWLO�6WHULO��������������������

����� (VIDQGLDUL�1��)DOFRQH�7��*ROGEHUJ�-0��$JDUZDO�$��6KDUPD�
5.��(IIHFWV�RI�SHULWRQHDO�ÀXLG�RQ�SUHLPSODQWDWLRQ�PRXVH�
HPEU\R� GHYHORSPHQW� DQG� DSRSWRVLV� in vitro�� 5HSURG�
%LRPHG�2QOLQH�������������������

����� +HLWPDQQ� 5-�� 7REOHU� .-�� *LOOHWWH� /�� 7HUFHUR� -�� %XUQH\�
52��'H[DPHWKDVRQH�DWWHQXDWHV�WKH�HPEU\RWR[LF�HIIHFW�RI�
HQGRPHWULRWLF�SHULWRQHDO�ÀXLG�LQ�D�PXULQH�PRGHO��-�$VVLVW�
5HSURG�*HQHW���������������������GRL����������V������
�����������

����� 5KHQ� 7�� &LGORZVNL� -$�� $QWLLQÀDPPDWRU\� DFWLRQ� RI�
JOXFRFRUWLFRLGV²QHZ�PHFKDQLVPV�IRU�ROG�GUXJV��1�(QJO�-�
0HG����������������������GRL����������1(-0UD�������

����� &KHQ�<�-��:X�+�+��/LDX�:�7��7VDL�&�<��7VDL�+�:��&KDR�
.�&��6XQJ�<�-��/L�+�<��$�WXPRU�QHFURVLV�IDFWRU�Į�LQKLELWRU�
UHGXFHV�WKH�HPEU\RWR[LF�HIIHFWV�RI�HQGRPHWULRWLF�SHULWRQHDO�
ÀXLG�� )HUWLO� 6WHULO�� ������ ����� ��������� GRL�� ��������M�
IHUWQVWHUW��������������

����� $O�*XERU\�.+��)RZOHU�3$��*DUUHO�&��7KH�UROHV�RI�FHOOXODU�
UHDFWLYH�R[\JHQ�VSHFLHV��R[LGDWLYH�VWUHVV�DQG�DQWLR[LGDQWV�
LQ�SUHJQDQF\�RXWFRPHV��,QW�-�%LRFKHP�&HOO�%LRO������������
���������GRL����������M�ELRFHO�������������

����� $JDUZDO�$��$SRQWH�0HOODGR�$��3UHPNXPDU�%-��6KDPDQ�
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$�� *XSWD� 6�� 7KH� HIIHFWV� RI� R[LGDWLYH� VWUHVV� RQ� IHPDOH�
UHSURGXFWLRQ��D�UHYLHZ��5HSURG�%LRO�(QGRFULQRO������������
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