
Washington University School of Medicine Washington University School of Medicine 

Digital Commons@Becker Digital Commons@Becker 

Open Access Publications 

2018 

Analysis of the Trichuris suis excretory/secretory proteins as a Analysis of the Trichuris suis excretory/secretory proteins as a 

function of life cycle stage and their immunomodulatory function of life cycle stage and their immunomodulatory 

properties properties 

Louis-Philippe Leroux 
McGill University 

Mohamad Nasr 
McGill University 

Rajesh Valanparambil 
McGill University 

Mifong Tam 
McGill University 

Bruce A. Rosa 
Washington University School of Medicine in St. Louis 

See next page for additional authors 
Follow this and additional works at: https://digitalcommons.wustl.edu/open_access_pubs 

Please let us know how this document benefits you. 

Recommended Citation Recommended Citation 
Leroux, Louis-Philippe; Nasr, Mohamad; Valanparambil, Rajesh; Tam, Mifong; Rosa, Bruce A.; Siciliani, 
Elizabeth; Hill, Dolores E.; Zarlenga, Dante S.; Jaramillo, Maritza; Weinstock, Joel V.; Geary, Timothy G.; 
Stevenson, Mary M.; Urban, Joseph F. Jr; Mitreva, Makedonka; and Jardim, Armando, "Analysis of the 
Trichuris suis excretory/secretory proteins as a function of life cycle stage and their immunomodulatory 
properties." Scientific Reports. 8, 15921. 1-17. (2018). 
https://digitalcommons.wustl.edu/open_access_pubs/7266 

This Open Access Publication is brought to you for free and open access by Digital Commons@Becker. It has been 
accepted for inclusion in Open Access Publications by an authorized administrator of Digital Commons@Becker. 
For more information, please contact vanam@wustl.edu. 

https://digitalcommons.wustl.edu/
https://digitalcommons.wustl.edu/open_access_pubs
https://digitalcommons.wustl.edu/open_access_pubs?utm_source=digitalcommons.wustl.edu%2Fopen_access_pubs%2F7266&utm_medium=PDF&utm_campaign=PDFCoverPages
https://becker.wustl.edu/digital-commons-becker-survey/?dclink=https://digitalcommons.wustl.edu/open_access_pubs/7266
mailto:vanam@wustl.edu


Authors Authors 
Louis-Philippe Leroux, Mohamad Nasr, Rajesh Valanparambil, Mifong Tam, Bruce A. Rosa, Elizabeth 
Siciliani, Dolores E. Hill, Dante S. Zarlenga, Maritza Jaramillo, Joel V. Weinstock, Timothy G. Geary, Mary 
M. Stevenson, Joseph F. Urban Jr, Makedonka Mitreva, and Armando Jardim 

This open access publication is available at Digital Commons@Becker: https://digitalcommons.wustl.edu/
open_access_pubs/7266 

https://digitalcommons.wustl.edu/open_access_pubs/7266
https://digitalcommons.wustl.edu/open_access_pubs/7266


�����������	
��

��	�									������	�������		�	����� !� "#$%&�'(#) �#)"&�*&)&
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<=>?@ABCDCE�FG?E=BC�=HFG=IIB?CJ�KLMLN�LMOPQRMS�TUL�VLOPWXRMYMT�Z[�\]̂\�TVRPNL_UPN_UYTL�RNPWLVYNL�àbcd�efghijjkljmd�MnOoLPNRQL�QR_UPN_UYTL�pRMYNL�̀qerd�efghijjshsmd�YMQ�NWYoo�MnOoLYV�VRXPMnOoLP_VPTLRM�t̀qubd�efghijjkjkm�kjk�vLVL�PXTYRMLQ�YN�Y�NwMTULTRO�SLML�xVPW�KLMtOVR_T�OoPMLQ�RMTP�Ly_VLNNRPM�zLOTPV�_{agkX�zLOTPV�̀|RooR_PVLm}�~[����̂�{u�kll�̀qLv�{MSoYMQ��RPoYXNm�TVYMNxPVWLQ�vRTU�TUL�_{agkXiZ��d�_{agkXi���d�PV�_{agkXikjk�zLOTPVN�vLVL�SVPvM�YT�s�����YMQ�_VPTLRM�Ly_VLNNRPM�vYN�RMQnOLQ�vRTU�gk�W|�XLM�wo�YoOPUPo�YMQ�j}��W|�cbaK}��YOTLVRYo�OLoo�_LooLTN�vLVL�VLNnN_LMQLQ�RM�b�t�̀_���}�m�YMQ�OLooN�vLVL�owNLQ�Xw�NPMROYTRPMd�qY�o�vYN�YQQLQ�̀j}k�|��MYom�YMQ�OoYVR�LQ�Nn_LVMYTYMTN�vLVL�Y__oRLQ�TP�qRiqa��OPonWMN}��PonWMN�vLVL�vYNULQ�vRTU�b�td�xPooPvLQ�Xw�kj�W��Px�b�t�vRTU����aVRTPM��igg��TP�VLWPzL�LMQPTPyRMNd�TULM�vRTU��k�W��Px�b�t}�uLOPWXRMYMT�_VPTLRMN�vLVL�LonTLQ�vRTU�Y�hjd�gljd�YMQ�s�j�W|�RWRQY�PoL�NTL_�SVYQRLMT�RM�b�t}��VYOTRPMN�OPMTYRMiRMS�Y�UPWPSLMLPnN�_VL_YVYTRPM�vLVL�OPMOLMTVYTLQ�nNRMS�YM��WROPM�noTVYOLMTVRxnSYo��oTLV�nMRTd�YMQ�TUL�Xn�LV�vYN�LyOUYMSLQ�xPV�b�t}�������������������� �¡ULVL�Y__oROYXoLd�NTYTRNTROYo�NRSMR�OYMOL�vYN�QLTLVWRMLQ�nNRMS�PMLivYw��q¢£��xPoioPvLQ�Xw��PMxLVVPMR�_PNTiUPO�TLNT¤�OYoOnoYTRPMN�vLVL�_LVxPVWLQ�nNRMS�bVRNW�NP¥vYVL�̀KVY_UbYQ�tP¥vYVLd��Y�¦PooY���m}�eR�LVLMOLN�vLVL�OPMNRQLVLQ�NRSMR�OYMT�vULM�§��̈�j}jkd�§§��̈�j}jgd�§§§��̈�j}jjgd�vURoL�MPT�NRSMR�OYMT�QR�LVLMOLN�YVL�RMQROYTLQ�Xw�©ª\«}¬DED�­®DB̄DAB̄BE°uYv�VLYQN�xVPW�TVYMNOVR_TPWRO�YMYowNLN�vLVL�QL_PNRTLQ�RM�TUL�KLM�YMp�tL±nLMOL�uLYQ��VOURzL�nMQLV��RPbVPi²LOT�ce�bu¦q�g�fk�h�̀tu�ghshf���i�tu�ghshfhlm}�KLMPWRO�NL±nLMORMS�YMQ�SLML�YMMPTYTRPM�QYTY�YVL�YzYRoYXoL�PM�TUL�q��c�NL±nLMOL�VLYQ�YVOURzL�̀�RPNYW_oL�ce�t�|qj���gshgd��RPbVP²LOT�ce�bu¦q�g�fk�hm}��oo�PTULV�QYTYNLTN�SLMLVYTLQ�YMQ�YMYowNLQ�QnVRMS�TUL�OnVVLMT�NTnQw�YVL�YzYRoYXoL�n_PM�VL±nLNT}<=³=G=C>=I�g}��YOUd�¦}��}�́ L�L�LOT�Px�RMxLOTRPMN�PM�NnNOL_TRXRoRTw�TP�YnTPRWWnML�YMQ�YooLVSRO�QRNLYNLN}���~ªµ��¶�·̧¹�º»¼d�fgg½f�j�̀�jj�m}��}�{ooRPTTd�e}�{}d�¾VXYMd�¦}�¦}d��VSPd��}�¿}�À�¡LRMNTPOÁd�¦}�£}�ePLN�TUL�xYRonVL�TP�YO±nRVL�ULoWRMTURO�_YVYNRTLN�_VLQRN_PNL�TP��VPUMÂN�QRNLYNLÃ�ÄÅÆ~Ç�¶�È»d�gh�h½ghkk�̀�jjjm}�s}�tTVYOUYMd�e}�b}��Yw�xLzLVd�UwSRLMLd�YMQ�UPnNLUPoQ�NR�L}�Ç·¶�ÉÊÊd�g�kf½g�lj�̀gfhfm}��}��YnWSYVTd�e}��}�À�tYMQXPVMd�¡}�¦}��VPUMÂN�QRNLYNL}�ËÌª�̧Í�ºÎÏd�gkfj½gljk�̀�jg�m}�k}�{OPMPWPnd�|}�À�bY__YNd�K}�qLv�SoPXYo�WY_�Px��VPUMÂN�QRNLYNLÐ�KLMLTROd�LMzRVPMWLMTYod�YMQ�NPORPLOPMPWRO�OPVVLoYTRPMN}��ªÑÌÒÒ�Ç�Ó̧���̂\�È»d��jf½��j�̀�jjhm}�l}�KnYVMLVd��}�̧Í�Ì�}�|LOUYMRNWN�Px�QRNLYNLÐ�TUL�UwSRLML�Uw_PTULNRN�VLzRNRTLQ}��ÌÍ�Ô�̂ª��ÕÌ�Í�ÖÌ\ÍÕ�ºd���k½�h��̀�jjlm}��}�{ooRPTTd�e}�{}�À�¡LRMNTPOÁd�¦}�£}�¡ULVL�YVL�vL�PM�vPVWNÃ�Ô]ÕÕ�×Ø̂ª�ÖÌ\ÍÕ�̧ªÍ̧Õ���ÉÎd�kkg½kkl�̀�jg�m}�h}�ÙYWYMYMd�e}�̧Í�Ì�}��LoWRMTU�RMxLOTRPM�_VPWPTLN�OPoPMR�YTRPM�VLNRNTYMOL�zRY�Tw_L���RWWnMRTw}�Æ�̧̂ª�̧�ºÚÉd�ljh½lg��̀�jglm}�f}��Rd�Ù}�¡}�̧Í�Ì�}��oTLVYTRPMN�RM�TUL�_PVORML�OPoPM�WROVPXRPTY�RMQnOLQ�Xw�TUL�SYNTVPRMTLNTRMYo�MLWYTPQL�ZÕ̂�Û]Õ̂\�\]̂\}��ªÜ̧�Í��ÒÒ]ª�ÎÏd��gkj½�gk��̀�jg�m}�gj}�eYzLNPMd��}�¦}�̧Í�Ì�}�{�LOT�Px�UPPÁvPVW�RMxLOTRPM�PM�vULYT�OUYooLMSL�RM�OLoRYO�QRNLYNL½Y�VYMQPWRNLQ�QPnXoLiXoRMQLQ�_oYOLXP�OPMTVPooLQ�TVRYo}��Ë�Æ�×�~�Ýd�Lg�sll�̀�jggm}�gg}�KRYOPWRMd�b}�̧Í�Ì�}��UYMSLN�RM�QnPQLMYo�TRNNnLiYNNPORYTLQ�WROVPXRPTY�xPooPvRMS�UPPÁvPVW�RMxLOTRPM�YMQ�OPMNLOnTRzL�SonTLM�OUYooLMSLN�RM�UnWYMN�vRTU�OPLoRYO�QRNLYNL}�Æ�̂�Þ̧Ø�Ýd�sl�f��̀�jglm}�g�}��LoWXwd��}��nWYM�ULoWRMTU�TULVY_w�TP�TVLYT�RMßYWWYTPVw�QRNPVQLVN�i�vULVL�QP�vL�NTYMQÃ�Ç·Ô��ÒÒ]ª���ÈÝd�g��̀�jgkm}�gs}�bRTTWYMd�¦}�t}d�tUL_ULVQd�K}d�́ YOÁLVd��}�¦}�À�|wLVNd�K}��}�ZÕ̂�Û]Õ̂\�\]̂\�RM��MRNURMS�_RSNÐ��YNL�VL_PVT�YMQ�VLzRLv}�¶�ÆÓ̂ª̧�à̧Ì�ÍÛ��Õ�¹�ÈÎd�sjl½sgs�̀�jgjm}�g�}��LLVd�Ù}�¦}�|PV_UPoPSROYo�QLNOVR_TRPMN�Px�TUL�LSS�YMQ�oYVzYo�NTYSLN�Px�ZÕ̂�Û]Õ̂\�\]̂\�tOUVYMÁd�g�hh}��ÌÕÌ\̂Í���µá�Ý¼d��ls½��h�̀gf�sm}�gk}��LLVd�Ù}�¦}�́L�VLoYTRPMNUR_�XLTvLLM�ZÕ̂�Û]Õ̂\�ÍÕ̂�Û̂]ÕÌ�̀�RMMYLnN�g�khm�Px�WYM�YMQ�ZÕ̂�Û]Õ̂\�\]̂\�̀tOUVYMÁ�g�hhm�Px�TUL�_RS}�Þ̧\�â̧Í�Æ�̂�ÉÏd���½k��̀gf�lm}�gl}�ãY_Ud��}d��PP_LVd�b}�¦}�À��YVVRNd�q}��}�|nOPNYo�RWWnML�VLN_PMNLN�xPooPvRMS�RMTLNTRMYo�MLWYTPQL�RMxLOTRPM}��ÌÕÌ\̂Í̧��ÒÒ]ª���ºÝd��sf½�k��̀�jg�m}�g�}�{ooRPTTd�e}�{}�À�¡LRMNTPOÁd�¦}�£}��LoWRMTUiUPNT�RWWnMPoPSROYo�RMTLVYOTRPMNÐ�_VLzLMTRPM�YMQ�OPMTVPo�Px�RWWnMLiWLQRYTLQ�QRNLYNLN}�Åªª��ä�Å�Ì¹�Æ�̂�ÈÉ»¼d�hs½fl�̀�jg�m}�gh}�KLVLMOLVd�|}d�|YVRMOnoROd��}d�ÙY_ROd�e}d��VYMÁPzROd�|}�À�£Yo_PTROd�c}�cWWnMPNn__VLNNRPM�Px�̂ª�å̂å��YMQ�̂ª�å̂ÍÕ��owW_UPOwTL�VLN_PMNLN�RM�NvRML�RMQnOLQ�Xw�ZÕ̂�Û̂ª̧��Ì�\Ø̂ÕÌ�̂\�PV�LyOVLTPVwiNLOVLTPVw�YMTRSLMN�Px�TUL�_YVYNRTL}�â̧Í��ÌÕÌ\̂Í���»»d��ls½��s�̀gff�m}�gf}��YMSLoYYVd�|}�̧Í�Ì�}�tn__VLNNRPM�Px�QLMQVRTRO�OLoo�WYTnVYTRPM�Xw�ZÕ̂�Û̂ª̧��Ì�\Ø̂ÕÌ�̂\�LyOVLTPVwæNLOVLTPVw�_VPQnOTN}��ÌÕÌ\̂Í̧��ÒÒ]ª���ºÈd�l�g½l�k�̀�jjfm}��j}��YRd��}�̧Í�Ì�}�ÙLSnoYTRPM�Px�OwTPÁRML�Ly_VLNNRPM�RM�WnVRML�WYOVP_UYSLN�NTRWnoYTLQ�Xw�LyOVLTPVwæNLOVLTPVw�_VPQnOTN�xVPW�ZÕ̂�Û̂ª̧��Ì�\Ø̂ÕÌ�̂\�̂ª�å̂ÍÕ�}�·���Ô̧���Ç̂��Û̧Ò�ºÝÏd��f½hh�̀�jg�m}��g}��VYM�YWLMQRd��}�̧Í�Ì�}�ZÕ̂�Û̂ª̧��Ì�\Ø̂ÕÌ�̂\iNLOVLTLQ�_VPQnOTN�WPQnoYTL�e��xnMOTRPMYoRTw�YMQ�Ly_YMQ�VLSnoYTPVw�a�OLooN�̂ª�å̂ÍÕ�}��ÌÕÌ\̂Í̧��ÒÒ]ª���º»d��gj½��s�̀�jg�m}���}�tLSnVYd�|}d�tnd�ã}d�bROORVRooPd��}�À�tTLzLMNPMd�|}�|}�cW_YRVWLMT�Px�QLMQVRTRO�OLoo�xnMOTRPM�Xw�LyOVLTPVwiNLOVLTPVw�_VPQnOTNÐ�Y�_PTLMTRYo�WLOUYMRNW�xPV�MLWYTPQLiRMQnOLQ�RWWnMPNn__VLNNRPM}�~]Õ�¶��ÒÒ]ª���º¼d�ghh�½gfj��̀�jj�m}��s}�£YoYM_YVYWXRod�Ù}�|}�̧Í�Ì�}�bVPQnOTRPM�YMQ�YMYowNRN�Px�RWWnMPWPQnoYTPVw�LyOVLTPVwiNLOVLTPVw�_VPQnOTN�xVPW�TUL�WPnNL�SYNTVPRMTLNTRMYo�MLWYTPQL�à̧�̂µÒ�\�Ò�̂¹̧\�Ø��áµáÕ]\�çÌȩ̀Õ̂}��ÌÍ��Õ�Í���Êd����j½��k��̀�jg�m}���}�|YNNYOYMQd�¦}��}�̧Í�Ì�}��LoWRMTU�_VPQnOTN�Xw_YNN�TUL�MLLQ�xPV�at�b�RM�́��RWWnML�VLN_PMNLN�Xw�QRVLOTow�WPQnoYTRMS�QLMQVRTRO�OLoo�xnMOTRPM}��Õ����ÌÍ��Å�Ì¹�Æ�̂�éÆÅ�ÈÏÝd�gsflh½gsf�s�̀�jjfm}��k}�|OtPVoLwd��}�¦}�̧Í�Ì�}�tn__VLNNRPM�Px�Tw_L���RWWnMRTw�YMQ�YooLVSRO�YRVvYw�RMßYWWYTRPM�Xw�NLOVLTLQ�_VPQnOTN�Px�TUL�ULoWRMTU�à̧�̂µÒ�\�Ò�̂¹̧\�Ø��áµáÕ]\}�~]Õ�¶��ÒÒ]ª���»Éd��ll�½�lh��̀�jg�m}��l}�KVYRMSLVd�¦}�Ù}�̧Í�Ì�}��LoWRMTU�NLOVLTRPMN�RMQnOL�¹̧�ª�å��a�OLoo��Py_s�Ly_VLNNRPM�YMQ�VLSnoYTPVw�xnMOTRPM�TUVPnSU�TUL�aK�iXLTY�_YTUvYw}�¶�~êØ�·̧¹�ÉÏ¼d��ssg½�s�g�̀�jgjm}���}�£LMQLoPzYd�{}�̧Í�Ì�}�bVPTLPWRO�YMYowNRN�Px�LyOVLTPVwiNLOVLTPVw�_VPQnOTN�Px�· \̧��̧\Í�̂¹̧\���ÕÍ̂�· Í̧Ì�̧\Í�¹̧\�VLzLYoN�_PTLMTRYo�Nn__VLNNPVN�Px�QLMQVRTRO�OLoo�xnMOTRPMN}��Ë�Æ��̧µ��ZÕ�Ø��̂\�ÈÏd�Ljjjkjlg�̀�jglm}��h}�KLRSLVd�t}�|}�̧Í�Ì�}�tTYSLiN_LOR�O�RWWnML�VLN_PMNLN�RM�UnWYM��̧�ÌÍ�Õ�ÌÒ̧Õ̂�Ìª]\�RMxLOTRPM}��ÌÕÌ\̂Í̧��ÒÒ]ª���ÉÊd�s��½skh�̀�jj�m}��f}��RLWNTVYd�c}��}�̧Í�Ì�}�{yOVLTLQæNLOVLTLQ�ZÕ̂�Û]Õ̂\�\]̂\�_VPQnOTN�VLQnOL�XYVVRLV�xnMOTRPM�YMQ�Nn__VLNN�RMßYWWYTPVw�OwTPÁRML�_VPQnOTRPM�Px�RMTLNTRMYo�L_RTULoRYo�OLooN}�·����ÒÒ]ª���ÝÏd�g½��̀�jg�m}�sj}�{XMLVd��}�̧Í�Ì�}�́ LVY_LnTRO�_PTLMTRYo�Px�oYVzYo�LyOVLTPVwæNLOVLTPVw�_VPTLRMN�Px�TUL�_RS�vUR_vPVW�ZÕ̂�Û]Õ̂\�\]̂\�RM�YooLVSRO�QRNLYNL}�Å��̧Õµá�ÝÊd�g�hf½g�f��̀�jg�m}�sg}�¢TTPvd�|}�¿}�̧Í�Ì�}�́ L�ULoWRMTU�ZÕ̂�Û]Õ̂\�\]̂\�Nn__VLNNLN�a�Ù�iRMQnOLQ�RMßYWWYTPVw�VLN_PMNLN�RM�UnWYM�WYOVP_UYSLN}�Ö̧ª̧\��ÒÒ]ª�ÈÚd����½�hl�̀�jg�m}
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