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)HGHUDO�GH�8EHUOkQGLD����

2ULHQWDGRUD��3URID��'UD�$QD�&DUROLQD�*RPHV�

-DUGLP�

&RRULHQWDGRU��'U��,JRU�$QGUDGH�GRV�6DQWRV�



�

�
�

/(&7,1$�'(�/,*$d­2�¬�0$126(�,1,%(�$�,1)(&d­2�3(/2�9Ë586�
&+,.81*81<$�

�
�

�
�

�
�

�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�

8EHUOkQGLD�����GH�PDLR�GH�������
�
�
�
�
�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
3URID��'UD��$QD�&DUROLQD�*RPHV�-DUGLP�

�
�
�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
0H��0DUFHOR�$XJXVWR�*DUFLD�-~QLRU�

�
�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
0H��3ROLDQD�*RPHV�GD�6LOYD�

7UDEDOKR�GH�&RQFOXVmR�GH�&XUVR�DSUHVHQWDGR�

FRPR� UHTXLVLWR� SDUD� REWHQomR� GR� WtWXOR� GH�

%DFKDUHO� HP� %LRPHGLFLQD� QD� 8QLYHUVLGDGH�
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/DUD� &ULVWLQD� )HUUHLUD� )UHLWDV��� ,JRU� $QGUDGH� 6DQWRV��� 1DWDVKD� 0DUTXHV� &DVVDQL��� 5HQDWR�

5RGULJXHV�5RPD���5RPpULR�6DQWRV�6LOYD���&ODXGHQHU�6RX]D�7HL[HLUD���$QD�&DUROLQD�*RPHV�

-DUGLP�����

��,QVWLWXWH�RI�%LRPHGLFDO�6FLHQFH��)HGHUDO�8QLYHUVLW\�RI�8EHUOkQGLD��8EHUOkQGLD��0LQDV�*HUDLV��
%UD]LO��
��&HQWHU�RI�$JUDULDQ�6FLHQFH�DQG�%LRGLYHUVLW\��)HGHUDO�8QLYHUVLW\�RI�&DULUL�

��,QVWLWXWH�RI�%LRVFLHQFHV��+XPDQLWLHV�DQG�([DFW�6FLHQFHV��6mR�3DXOR�6WDWH�8QLYHUVLW\��6mR�-RVp�

GR�5LR�3UHWR��63��%UD]LO��

�

�


&RUUHVSRQGLQJ� DXWKRU�� 3URIHVVRU� $QD� &DUROLQD� *RPHV� -DUGLP�� ,QVWLWXWH� RI� %LRPHGLFDO�

6FLHQFH�� ,&%,0�8)8��$YHQLGD�$PD]RQDV�� �&��5RRP� �����8PXDUDPD��8EHUOkQGLD��0LQDV�

*HUDLV��%UD]LO��&(3�������������

7HO��������������������
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�

�

�

�

�

�

�

�



�

�
�

$%675$&7�

&KLNXQJXQ\D� YLUXV� �&+,.9��� WKH� HWLRORJLFDO� DJHQW� RI� FKLNXQJXQ\D� IHYHU� GLVHDVH�� LV�

PDLQO\�WUDQVPLWWHG�E\�$HGHV�DHJ\SW\�DQG�$��DOERSLFWXV�PRVTXLWRHV��6\PSWRPV�RI�WKH�GLVHDVH�

LQFOXGH�IHYHU��MRLQ�SDLQ��DV�ZHOO�DV�DUWKUDOJLD�DQG�SRO\DUWKDOJLD��ZKLFK�FDQ�SURJUHVV�WR�D�FKURQLF�

FRQGLWLRQ�IRU�PRQWKV�RU�\HDUV��7KHUH�DUH�VWLOO�QR�VSHFLILF�DQWLYLUDOV�DSSURYHG�WR�WUHDW�&+,.9�

LQIHFWLRQ� DQG�� WKHUHIRUH�� LW� FXUUHQWO\� WKUHDWV� SXEOLF� KHDOWK� V\VWHPV�� ,Q� WKLV� FRQWH[W�� OHFWLQV�

LVRODWHG�IURP�SODQWV�KDYH�GHPRQVWUDWHG�GLYHUVH�ELRORJLFDO�DFWLYLWLHV��SURYLGLQJ�DQ�LQWHUHVWLQJ�

VRXUFH�RI�PROHFXOHV�ZLWK�DQWLYLUDO�DFWLYLW\��GXH�WR�WKHLU�DELOLW\�WR�ELQG�WR�VSHFLILF�VXJDU�UHJLRQV�

RQ�YLUDO�SDUWLFOHV��KRZHYHU��WKHUH�LV�D�ODFN�RI�GDWD�IRU�WKH�XQGHUVWDQGLQJ�RI�WKH�HIIHFWV�RI�OHFWLQV�

DJDLQVW�&+,.9�UHSOLFDWLRQ��+HUH�WKH�DQWL�&+,.9�DFWLYLW\�RI�IRXU�OHFWLQV�LVRODWHG�IURP�GLIIHUHQW�

SODQWV�IURP�WKH�QRUWKHDVWHUQ�UHJLRQ�RI�%UD]LO��&RQ$��33/��0D/��DQG�90/��ZDV�HYDOXDWHG��)RU�

WKLV��DOO�OHFWLQV�ZHUH�VFUHHQHG�WRZDUGV�WKHLU�F\WRWR[LFLW\�LQ�6\ULDQ�JROGHQ�KDPVWHU�NLGQH\�FHOOV�

�%+.�����DW�FRQFHQWUDWLRQV�RI��������DQG����J�P/�XVLQJ�FHOO�YLDELOLW\�DVVD\�DIWHU���K��7KH�

KLJKHVW� QRQ�F\WRWR[LF� FRQFHQWUDWLRQ� RI� HDFK� OHFWLQ�ZDV� VHOHFWHG� WR� HYDOXDWHG� WKHLU� HIIHFW� RQ�

&+,.9� UHSOLFDWLYH� F\FOH�� HPSOR\LQJ� D�&+,.9� LQIHFWLRXV� FORQH� FDUU\LQJ� WKH�QDQROXFLIHUDVH�

JHQH��&+,.9�QDQROXF���$OO� OHFWLQV�ZHUH�WROHUDWHG�E\�FHOOV�DW����J�P/��EXW�RQO\�&RQ$�ZDV�

DFWLYH�DJDLQVW�&+,.9�QDQROXF�LQKLELWLQJ�YLUXV�UHSOLFDWLRQ�E\������7KH�&RQ$�LQKLELWLRQ�SURILOH�

DQG�F\WRWR[LFLW\�ZHUH�IXUWKHU�HYDOXDWHG�SHUIRUPLQJ�D�GRVH�UHVSRQVH�DVVD\�LQ�ZKLFK�UHVXOWHG�LQ�

D�VHOHFWLYLW\�LQGH[�RI��������7KHUHIRUH��RXU�GDWD�GHPRQVWUDWH�WKDW�&RQ$�KDV�D�SRWHQW�DQWLYLUDO�

DFWLYLW\� DJDLQVW�&+,.9��)XUWKHU� H[SHULPHQWV� DUH�QHHGHG� WR�EH�SHUIRUPHG� WR� LQYHVWLJDWH� WKH�

PHFKDQLVP�RI�DFWLRQ�RI�&RQ$��DQG�DOVR�IRU�D�EHWWHU�XQGHUVWDQGLQJ�RI�LWV�LQWHUDFWLRQV�ZLWK�YLUDO�

SURWHLQV��)LQDOO\��WKH�GDWD�SUHVHQWHG�KHUH�FDQ�EH�XVHG�DV�D�EDVLV�IRU�IXWXUH�UHVHDUFK�WKDW�VHHNV�WR�

GHYHORS�DQWLYLUDO�GUXJV�DJDLQVW�&+,.9��

.H\ZRUGV��$QWLYLUDO��&KLNXQJXQ\D�9LUXV��/HFWLQV��1DWXUDO�FRPSRXQGV��
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,1752'8&7,21�

&+,.9�LV�WKH�HWLRORJLFDO�DJHQW�RI�FKLNXQJXQ\D�IHYHU��&DYDOFDQWL�HW�DO����������D�GLVHDVH�

FKDUDFWHUL]HG�E\�DFXWH�V\PSWRPV�VXFK�DV�KLJK�IHYHU��P\DOJLD��QDXVHD��KHDGDFKHV��DQG�VHYHUH�

MRLQW�SDLQ��%DUWKRORPHHXVHQ�HW�DO���������%DWWLVWL��8UEDQ��/DQJHU��������.XPDU�HW�DO����������

$OWKRXJK�PRVW� FDVHV� DUH� VHOI�OLPLWHG�� LQ� PRUH� UHFHQW� RXWEUHDNV�� DW\SLFDO� PDQLIHVWDWLRQV� RI�

&+,.9� IHYHU� KDYH� EHHQ� UHSRUWHG� LQFOXGLQJ� HQFHSKDOLWLV�� PHQLQJLWLV�� DQG� *XLOODLQ�%DUUp�

V\QGURPH��3HUHLUD��)UDQFD���������7KH�DFXWH�SKDVH�RI�WKH�GLVHDVH�FDQ�VHOI�UHVROYH�DIWHU������

GD\V� DIWHU� V\PSWRPV� RQVHW�� KRZHYHU�� LQ� DSSUR[LPDWHO\� ���� RI� WKH� SDWLHQWV� WKH� LQIHFWLRQ�

SURJUHVV�WR�D�FKURQLF�SKDVH�WKDW�SURORQJHG�DUWKUDOJLD�DQG�SRO\DUWKUDOJLD�FDQ�ODVW�IRU�PRQWKV�WR�

\HDUV��9X��-XQJNLQG��/DEHDXG��������0DUTXHV�HW�DO���������$PDUDO��%LOVERUURZ��6FKRHQ�����������

&+,.9�EHORQJV�WR�WKH�JHQXV�$OSKDYLUXV�DQG�IDPLO\�7RJDYLULGDH��.ULO�HW�DO����������,W�

LV�D�YLUXV�FRQVWLWXWHG�RI�D�SRVLWLYH�VLQJOH�VWUDQGHG�51$�JHQRPH��DVVRFLDWHG�ZLWK�DQ�LFRVDKHGUDO�

FDSVLG�RI�YLUDO�SURWHLQ��DQG�HYROYHG�E\�WKH�YLUDO�HQYHORSH��+DHVH��3RGHUHV��6WUHEORZ���������,WV�

JHQRPH�SRVVHVVHV�DSSUR[LPDWHO\���NE�LQ�OHQJWK�ZLWK�WZR�RSHQ�UHDGLQJ�IUDPHV��25)V���EHLQJ�

the first on the 5’ untranslated region that enFRGHV�IRXU�QRQ�VWUXFWXUDO�SURWHLQV��QV3��WR�QV3���

DQG�WKH�VXEJHQRPLF�25)�HQFRGLQJ�VL[�VWUXFWXUDO�SURWHLQV��FDSLVG��&���HQYHORSH�SURWHLQV��(���

(��H�(����LRQ�FKDQQHO�IRUPLQJ�SURWHLQ���.���DQG�WUDQVIUDPH�SURWHLQ��7)���3ROLFDVWUR�HW�DO���������

6DQWRV�HW�DO���������<LQ�HW�DO������������

*HQHWLFV� DQG�SK\ORJHQHWLF� VWXGLHV� FODVVLILHG�&+,.9�YDULDQWV� LQWR� WKUHH�JHQRW\SHV��

:HVW�$IULFD��:$���(DVW�&HQWUDO�6RXWK�$IULFDQ��(&6$���DQG�$VLDQ��&DYDOFDQWL�HW�DO����������

,WV�WUDQVPLVVLRQ�RFFXUV�PDLQO\�E\�WKH�ELWH�RI�$HGHV�DHJ\SWL�DQG�$HGHV�DOERSLFWXV�PRVTXLWRHV�

�&RQVWDQW� HW� DO��� ������ 6LPRQ� HW� DO��� ������� KRZHYHU�� RWKHU� VSHFLHV� KDUERU� WKH� FDSDFLW\� RI�

FDUU\LQJ�WKH�YLUXV��VXFK�DV�$HGHV�IOXYLDWLOLV��$HGHV�WDHQLRUUYLQFKXV�DQG�:\HRP\LD�ERXUURXOL�

�;LPHQHV�HW�DO����������

&+,.9�ZDV�ILUVW�LVRODWHG�IURP�WKH�VHUXP�RI�DQ�LQIHFWHG�LQGLYLGXDO�GXULQJ�DQ�RXWEUHDN�

RI�DQ�XQNQRZQ�GLVDEOLQJ�DUWKULWLF�GLVHDVH�EHWZHHQ������DQG������LQ�1DZDOD�'LVWULFW��7DQ]DQLD�

�&DYDOFDQWL�HW�DO���������6KDULI�HW�DO����������6LQFH� LWV� LGHQWLILFDWLRQ��YLUDO� WUDQVPLVVLRQ�ZDV�

LGHQWLILHG�LQ�,QGLD��,WDO\��)UDQFH��DQG�6RXWKHDVW�$VLDQ�FRXQWULHV��9DLUR��������.ULO�HW�DO����������

,Q�WKH�$PHULFDV��LW�KDV�EHHQ�UHSUHVHQWLQJ�D�SXEOLF�KHDOWK�SUREOHP�VLQFH�������ZKHQ�DERXW�RQH�

PLOOLRQ� FDVHV�ZHUH� QRWLILHG� �&DYDOFDQWL�HW� DO��� �������%UD]LO� LV� WKH� FRXQWU\�ZLWK� WKH� KLJKHVW�

QXPEHU�RI�FDVHV�FXUUHQWO\�UHSRUWHG��ZLWK�PRUH�WKDQ���������FRQILUPHG�FDVHV�DQG�����GHDWKV�
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IURP������WR�������0LQLVWU\�RI�+HDOWK��������3DQ�$PHULFDQ�+HDOWK�2UJDQL]DWLRQ���������7R�

GDWH��WKH�SUHGRPLQDQW�VWUDLQ�LQ�%UD]LO�LV�(&6$�RI�WKH�(&6$�$PHULFDQ�VXE�OLQHDJH��GH�6RX]D�

HW� DO��� ������� 5HFHQWO\�� DQ� HSLGHPLRORJLFDO� VWXG\� RQ� &+,.9� GLVWULEXWLRQ� LQ� %UD]LO� ZDV�

FRQGXFWHG�DQG�UHYHDOHG�WKDW�D�QHZ�OLQHDJH�RI�WKH�(&6$�JHQRW\SH�ZDV�UHVSRQVLEOH�IRU�FDXVLQJ�

D�QHZ�RXWEUHDN�LQ�WKH�QRUWKHDVW�UHJLRQ�RI�WKH�FRXQWU\�LQ�������GH�6RX]D�HW�DO�����������

9HFWRU�FRQWURO�DQG�WKH�XVH�RI�UHSHOOHQWV�DUH�WKH�PDLQ�DOWHUQDWLYHV�WR�SUHYHQW�DQG�FRQWDLQ�

YLUDO� WUDQVPLVVLRQ�� �9DLUR�HW� DO��� ������&DYDOFDQWL�HW� DO��� �������)XUWKHUPRUH�� WKHUH� DUH� IRXU�

YDFFLQHV�LQ�WKH�SKDVH�WKUHH�RI�GHYHORSPHQW��9/$������5RTXHV�HW�DO����������3;9;������5DMX�

HW�DO����������9�����5RVVL�HW�DO���������DQG�%%9����&KHULDQ�HW�DO����������9/$�����KDV�DOUHDG\�

UHFHLYHG�D�OLFHQVH�IRU�DSSOLFDWLRQ�LQ������E\�WKH�)'$��)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ��LQ�WKH�

8QLWHG�6WDWHG�RI�$PHULFD��86$���0F0DKRQ�HW�DO���������/\���������

'HVSLWH� WKH� KLJK� SUHYDOHQFH� RI� &+,.9� RQ� VHYHUDO� FRQWLQHQWV�� GLUHFW� DFWLQJ� DQWLYLUDO�

PROHFXOHV�WR�LPSDLU�YLUDO�UHSOLFDWLRQ�KDYH�QRW�EHHQ�DSSURYHG�\HW��.RYDFLNRYD��+HPHUW����������

7KHUHIRUH�� WKH� V\PSWRPV� LQ� LQIHFWHG� SDWLHQWV� DUH� PDQDJHG� HPSOR\LQJ� DQDOJHVLFV� DQG� QRQ�

VWHURLGDO� DQWL�LQIODPPDWRU\� GUXJV�� EXW� WKHVH� WKHUDSHXWLFDOO\� RSWLRQV� KDYH� SUHVHQWHG� OLPLWHG�

HIIHFWLYHQHVV��&DL�HW�DO���������6DQWRV�HW�DO����������,Q�WKLV�VHQVH��LGHQWLI\LQJ�PROHFXOHV�WKDW�FDQ�

DEURJDWH�YLUDO�UHSOLFDWLRQ�DQG�FDQ�EH�IXUWKHU�FDSLWDOL]HG�LQWR�QHZ�FKHPLFDO�VSHFLHV�LV�HVVHQWLDO�

WR�FRPEDW�&KLNXQJXQ\D�)HYHU���

)ORUD� LV� UHSUHVHQWHG� E\� D� VXVWDLQDEOH� DQG� LPPHDVXUDEOH� VRXUFH� RI�PROHFXOHV� IRU� WKH�

GHYHORSPHQW� RI� QRYHO� GUXJV� GXH� WR� WKHLU� DQWL�LQIODPPDWRU\�� DQWLPLFURELDO�� DQG� DQWLR[LGDQW�

SURSHUWLHV�WKDW�SRVVHVV�GLYHUVH�HIIHFWV�RQ�ELRORJLFDO�V\VWHPV��%DNDUH�HW�DO���������%RUJHV�HW�DO���

������+X�HW�DO���������.XELFD�HW�DO���������3HULIHUDNLV�HW�DO���������1LHWR��5RVD��&DVWLOKR���������

,QWHUHVWLQJO\��VHYHUDO�PROHFXOHV�LVRODWHG�IURP�GLIIHUHQW�SODQWV�KDYH�EHHQ�H[WHQVLYHO\�H[SORUHG�

IRU�HYDOXDWLRQ�RI�DQWLSDUDVLWLF��DQWLIXQJDO�DQG�DQWLPLFURELDO�DFWLYLW\� �1HZPDQ��&UDJJ��������

9DOpULR�HW�DO����������DQG�PRUH�LPSRUWDQWO\��DQWLYLUDO�DFWLYLWLHV�DJDLQVW�D�UDQJH�RI�YLUXVHV��VXFK�

DV�WKH�0DVWDGHQRYLUXV�KXPDQR��+$G9���%LGDUW�HW�DO����������2UWKRIODYLYLUXV�GHQJXHL��'(19��

�-DLQ�HW� DO��� �������&+,.9� �)UHLWDV�HW� DO��� ������0DUWLQV�HW� DO��� �������2UWKRIODYLYLUXV� IODYL�

�<)9���:DQL�HW�DO����������+HSDFLYLUXV�KRPLQLV�&��+&9���-DUGLP�HW�DO���������6KLPL]X�HW�DO���

������-DUGLP�HW�DO����������DQG�2UWKRIODYLYLUXV�]LNDHQVH��=,.9���5DPRV�HW�DO���������6LOYD�HW�

DO����������
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$PRQJ� WKH�QDWXUDO�PROHFXOHV�� OHFWLQV� DUH�SURWHLQV� WKDW�ELQG� WR� VSHFLILF� FDUERK\GUDWH�

VWUXFWXUHV� LQ�D� UHYHUVLEOH�PDQQHU��FDSDEOH�RI� UHFRJQL]LQJ�DQG� LQWHUDFWLQJ�ZLWK�JO\FRSURWHLQV�

SUHVHQW�RQ�WKH�YLUDO�HQYHORSH��LQWHUIHULQJ�ZLWK�WKH�SRWHQWLDO�WR�WKH�SDWKRJHQV�WR�LQIHFW�KRVW�FHOOV�

�:DQJ� HW� DO��� ������ 7VDQHYD�� 9DQ� 'DPPH�� ������� 7KHUH� DUH� VHYHUDO� OHFWLQV� IURP� QDWXUH��

VSHFLILFDOO\�IURP�SODQWV��FDSDEOH�RI�LQKLELWLQJ�WKH�LQIHFWLRQ�E\�D�YDULHW\�RI�YLUXVHV��0LWFKHOO��

Ramessar; O’keefe, 2017��(NRZDWL�HW�DO���������9DQGHUOLQGHQ�HW�DO����������)URP�WKRVH�� WKH�

OHFWLQ�IURP�WKH�EDQDQD�WUHH�0XVD�DFXPLQDGD��%DQ/HF���ZKLFK�KDV�VSHFLILFLW\�IRU�PDQQRVH��ZDV�

UHSRUWHG�ZLWK�DQWLYLUDO�DFWLYLW\�DJDLQVW�+XPDQ�LPPXQRGHILFLHQF\�YLUXV����+,9�����6ZDQVRQ�HW�

DO���������DQG�,QIOXHQ]D�$�YLUXV��+�1,�DQG�+�1����&yYHV�'DWVRQ�HW�DO����������,Q�RWKHU�ZRUNV��

WKH�OHFWLQ�&RQ%5��GHULYHG�IURP�&DQDYDOLD�EUDVLOLHQVLV��D�SODQW�IRXQG�LQ�WKH�%UD]LOLDQ�IORUD��ZDV�

FDSDEOH� RI� LQKLELWLQJ� 6HYHUH� $FXWH� 5HVSLUDWRU\� 'LVHDVH� &RURQDYLUXV� �� �6$56�&R9����

�*URVFKH�HW�DO���������DQG�+,9��*RQGLP�HW�DO����������GXH�WR�LWV�VSHFLILFLW\�IRU�PDQQRVH�VXJDU��

$GGLWLRQDOO\��WKH�OHFWLQ�LVRODWHG�IURP�0RPRUGLFD�FKDUDQWLD�ZLWK�VSHFLILFLW\�IRU�JDODFWRVH�DQG�

1�DFHW\OJDODFWRVDPLQH�ZDV�DOVR�GHVFULEHG�WR�SRVVHVV�DFWLYLW\�DJDLQVW�+,9��0HQJ�HW�DO����������

,QIOXHQ]D�$��3RQJWKDQDSLVLWK�HW�DO����������DQG�6$56�&29�����2JLGLJR�HW�DO���������$GHGD\R��

)DPXWL����������

7DNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�ELRORJLFDO�SURSHUWLHV�RI�OHFWLQV�LVRODWHG�IURP�SODQWV��DQG�

WKH� ODFN� RI� NQRZOHGJH� RI� WKHLU� DFWLYLW\� DJDLQVW� &+,.9�� KHUH� ZH� LQYHVWLJDWHG� WKH� DQWLYLUDO�

SRWHQWLDO�RI�WKH�OHFWLQV�LVRODWHG�IURP�&DQDYDOLD�HQVLIRUPLV��&RQFDQDYDOLQ�$��&RQ$���$UD~MR�

)LOKR� HW� DO��� ������� 3DUNLD� SODW\FHSKDOD� �3�� SODW\FHSKDOD� OHFWLQ�� 33/�� �6LOYD� HW� DO��� �������

0DFKDHULXP� DFXWLIROLXP� �0�� DFXWLIROLXP� OHFWLQ�� 0$/�� �'LDV� HW� DO��� ������� DQG� 9DWDLUHD�

PDFURFDUSD��9��PDFURFDUSD�OHFWLQ��90/���9pUDV�HW�DO����������RQ�&+,.9�UHSOLFDWLRQ���

0$7(5,$/�$1'�0(7+2'6�

,VRODWLRQ�DQG�SXULILFDWLRQ�RI�/HFWLQV��

6HHGV� IURP� WKH� SODQWV� &DQDYDOLD� HQVLIRUPLV�� 3DUNLD� SODW\FHSKDOD�� 0DFKDHULXP�

DFXWLIROLXP�� DQG� 9DWDLUHD� PDFURFDUSD� ORFDWHG� LQ� QRUWKHDVWHUQ� %UD]LO� ZHUH� FROOHFWHG� DQG�

SXULILHG� DV� SUHYLRXVO\� GHVFULEHG� �'LDV� HW� DO��� ������ 6LOYD� HW� DO��� ������ 9pUDV� HW� DO���

�������%ULHIO\�� WKH� VHHGV�ZHUH� JURXQG� LQWR� D� ILQH� SRZGHU�� DOLTXRWHG� LQ� �� JUDPV� DQG� IXUWKHU�

GLOXWHG�LQ����P/�RI�����P0�1D&O�DQG�LQFXEDWHG�DW����&�IRU��K�XQGHU�FRQWLQXRXV�DJLWDWLRQ��

7KH� VROXWLRQ� ZDV� FHQWULIXJHG� DW� ������î�J�DW� ��&� IRU� ��� PLQXWHV� WR� FROOHFW� WKH� SURWHLQV�

VROXELOL]HG�LQ�WKH�VXSHUQDWDQW��7KH�VXSHUQDWDQW�ZDV�VXEPLWWHG�WR�DIILQLW\�FKURPDWRJUDSK\�XVLQJ�
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D�6HSKDGH[�*����6LJPD��6DLQW�/RXLV��02��(8$��FROXPQ����[����FP��DQG�'($(�6HSKDFHO70�

���[���FP��HTXLOLEUDWHG�ZLWK����P0�1D&O�WR�SXULI\�WKH�OHFWLQV��7KH�SXULW\�RI�WKH�OHFWLQV�&RQ$��

33/��0$/� DQG�90/�ZDV� FRQILUPHG� LQ� VRGLXP� GRGHF\O� VXOIDWH� SRO\DFU\ODPLGH� JHO� �6'6�

3$*(���DV�SUHYLRXVO\�SXEOLVKHG�E\�RXU�UHVHDUFK�JURXS��'LDV�HW�DO���������6LOYD�HW�DO���������

9pUDV�HW�DO����������,Q�WKH�WHVWV�FDUULHG�RXW��OHFWLQV�ZHUH�GLOXWHG�LQ�3KRVSKDWH�%XIIHUHG�6DOLQH�

�3%6����

&HOO�FXOWXUH��

%+.����FHOOV��ILEUREODVWV�GHULYHG�IURP�6\ULDQ�JROGHQ�KDPVWHU�NLGQH\��$7&&�&&/������

ZHUH�FXOWXUHG�LQ�'ulbecco’s modified Eagle’s medium��'0(0��6LJPD�$OGULFK��VXSSOHPHQWHG�

ZLWK� ���8�P/� SHQLFLOOLQ� �*LEFR� /LIH� 7HFKQRORJLHV��� ���PJ�P/� VWUHSWRP\FLQ� �*LEFR� /LIH�

7HFKQRORJLHV�������Y�Y��QRQ�HVVHQWLDO�DPLQR�DFLGV��*LEFR�/LIH�7HFKQRORJLHV��DQG������Y�Y��

)HWDO�%RYLQH�6HUXP��)%6��+\FORQH�/DERUDWRULHV��LQ�D�KXPLGLILHG�LQFXEDWRU�DW����&�ZLWK����

&2���3RKMDOD�HW�DO�����������

5HVFXH�RI�&+,.9�FDUU\LQJ�WKH�QDQROXFLIHUDVH�JHQH�

$QWLYLUDO� DVVD\V� ZHUH� SHUIRUPHG� XVLQJ� WKH� &+,.9� KDUERULQJ� WKH� QDQROXFLIHUDVH�

UHSRUWHU� �&+,.9�QDQROXF��� 7KLV� FRQVWUXFW� LV� EDVHG� RQ� WKH� &+,.9� LVRODWH� /5����23<��

�(DVW�&HQWUDO�6RXWK�$IULFDQ�JHQRW\SH���ZKHUH� WKH�&+,.9�QDQROXF�F'1$�ZDV�SODFHG�XQGHU�

WKH�FRQWURO�RI�WKH�&09�SURPRWHU��0DWNRYLF�HW�DO����������7KH�&+,.9�QDQROXF�SURGXFWLRQ�ZDV�

SHUIRUPHG�DV�SUHYLRXVO\�GHVFULEHG��GH�2OLYHLUD�HW�DO���������)UHLWDV�HW�DO���������3HUHLUD�HW�DO���

������5XL]�HW�DO���������6DQWRV�HW�DO����������ZKHUH�WKH�%+.����FHOOV�ZHUH�WUDQVIHFWHG�ZLWK�

���μJ�RI�&09�&+,.9�QDQROXF�SODVPLG�XVLQJ�/LSRIHFWDPLQH������DQG�2SWL�0HP�PHGLXP��

$IWHU���K�RI�WUDQVIHFWLRQ��WKH�VXSHUQDWDQW�ZDV�FROOHFWHG�DQG�VWRUHG�DW�����&��7R�GHWHUPLQH�WKH�

YLUDO�WLWHU���[����%+.����FHOOV�ZHUH�FXOWXUHG�LQ�D����ZHOO�SODWH��DQG�DIWHU���K�FHOOV�ZHUH�LQIHFWHG�

ZLWK����IROG�VHULDO�GLOXWLRQV�RI�&+,.9�QDQROXF��&HOOV�ZHUH�LQFXEDWHG�ZLWK�YLUXV�IRU��K�DW����&��

WKHQ�VXSHUQDWDQW�ZDV�FROOHFWHG��FHOOV�ZHUH�ZDVKHG�ZLWK�3%6�WR�UHPRYH�XQERXQG�YLUXV��DQG�IUHVK�

PHGLXP� VXSSOHPHQWHG� ZLWK� ��� SHQLFLOOLQ� DQG� VWUHSWRP\FLQ� VWRFN� GLOXWLRQ�� ��� )%6� DQG�

FDUER[\PHWK\O�FHOOXORVH��&0&��DW�ILQDO�FRQFHQWUDWLRQ�RI�����$IWHU���K��FHOOV�ZHUH�IL[HG�ZLWK�

���IRUPDOGHK\GH�DQG�VWDLQHG�ZLWK������FU\VWDO�YLROHW��9LUDO�IRFL�ZHUH�FRXQWHG�WR�GHWHUPLQH�

YLUDO�WLWOH��ZKLFK�ZDV�SUHVHQWHG�LQ�SODTXH�IRUPLQJ�XQLWV�SHU�PLOOLOLWHU��3)8�P/���6DQWRV�HW�DO���

�������
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&HOO�YLDELOLW\�DVVD\V�

&HOO�YLDELOLW\�ZDV�PHDVXUHG�XVLQJ�WKH�077�>�������GLPHWK\OWKLD]RO���\O������GLSKHQ\O�

WHWUD]ROLXP� EURPLGH@� DVVD\� �6LJPD�$OGULFK��� DV� SUHYLRXVO\� GHVFULEHG� �6DQWRV� HW� DO��� �������

%ULHIO\��%+.����FHOOV�ZHUH�VHHGHG�LQ�D����ZHOO�PLFURSODWH�DW�D�GHQVLW\�RI��[����FHOOV�ZHOO�DQG�

LQFXEDWHG�IRU���K�LQ�D�KXPLGLILHG�LQFXEDWRU�DW����&�ZLWK����&2���0HGLXP�FRQWDLQLQJ�OHFWLQV�

DW�FRQFHQWUDWLRQV�RI��������DQG����J�P/�ZHUH�DGGHG�WR�WKH�FHOO�FXOWXUH��$IWHU���K��WKH�PHGLD�

ZDV�UHPRYHG�DQG�D�VROXWLRQ�FRQWDLQLQJ�077������PJ�P/��ZDV�DGGHG�WR�HDFK�ZHOO�DQG�LQFXEDWHG�

IRU����PLQXWHV�DW����&�LQ�D�KXPLGLILHG�LQFXEDWRU�ZLWK����&2���7KHQ��VROXWLRQ�FRQWDLQLQJ�077�

ZDV�UHPRYHG�DQG�UHSODFHG�ZLWK�����/�'062�WR�VROXELOL]H�WKH�IRUPD]DQ�FU\VWDOV��$EVRUEDQFH�

ZDV�PHDVXUHG�E\�WKH�RSWLFDO�GHQVLW\�RI�HDFK�ZHOO�DW����ηP��XVLQJ�D�*ORPD[�PLFURSODWH�UHDGHU�

�3URPHJD���9LDELOLW\�ZDV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�HTXDWLRQ��7�&��[�������ZKHUH�7�DQG�&�

UHSUHVHQW�WKH�DYHUDJH�RSWLFDO�GHQVLW\�RI�WKH�WUHDWHG�JURXS�DQG�WKH�FRQWURO�JURXS��UHVSHFWLYHO\��

7R�FDOFXODWH�WKH�F\WRWR[LF�FRQFHQWUDWLRQ�RI������&&����FHOOV�ZHUH�WUHDWHG�ZLWK�D�WZR�IROG�VHULDO�

GLOXWLRQ�RI�&RQ$�DW�FRQFHQWUDWLRQV�UDQJLQJ�EHWZHHQ������WR����J�P/�IRU����K��$IWHU�LQFXEDWLRQ��

077�DVVD\�ZDV�FDUULHG�RXW�DV�GHVFULEHG�DERYH��7KH�GRVH�UHVSRQVH�FXUYH�DQG�&&���YDOXHV�ZHUH�

FDOFXODWHG�XVLQJ�*UDSK�3DG�3ULVP������.DPLORJOX�HW�DO���������.XPDU��1DJDUDMDQ��8FKLO���������

$QWLYLUDO�DVVD\V��

$QWLYLUDO�DVVD\V�ZHUH�SHUIRUPHG�DV�SUHYLRXVO\�GHVFULEHG��3HUHLUD�HW�DO���������6DQWRV�HW�DO���

�������%+.����FHOOV�ZHUH�VHHGHG�DW�D�GHQVLW\�RI��[����FHOOV�ZHOO�LQ����ZHOO�SODWHV��$IWHU���K��

FHOOV�ZHUH� LQIHFWHG�ZLWK�&+,.9�QDQROXF� DW� D�PXOWLSOLFLW\� RI� LQIHFWLRQ� �02,�� RI� ���� LQ� WKH�

SUHVHQFH�RI�&RQ$��33/��0$/�RU�90/�DW����J�P/��WKH�KLJKHVW�QRQ�F\WRWR[LF�FRQFHQWUDWLRQV�

GHILQHG�E\�WKH�FHOO�YLDELOLW\�DVVD\���3%6�ZDV�XVHG�DV�DQ�XQWUHDWHG�FRQWURO��$IWHU���K��FHOOV�ZHUH�

O\VHG� ZLWK� SDVVLYH� OXFLIHUDVH� O\VLV� EXIIHU� �3URPHJD�� DQG� VXEPLWWHG� WR� OXPLQHVFHQFH�

TXDQWLILFDWLRQ�HPSOR\LQJ�WKH�5HQLOOD�OXFLIHUDVH�$VVD\�6\VWHP��3URPHJD���ZKHUH�QDQROXFLIHUDVH�

OHYHOV�DUH�SURSRUWLRQDO�WR�YLUDO�UHSOLFDWLRQ��

� 7KH�DFWLYH�OHFWLQ�&RQ$�ZDV�IXUWKHU�H[SORLWHG�WR�LGHQWLI\�WKHLU�HIIHFWLYH�FRQFHQWUDWLRQ�RI�

�����(&�����7R�WKLV��DQWLYLUDO�DVVD\�ZDV�SHUIRUPHG�DV�GHVFULHG�DERYH��ZKLOH�WKH�FRPSRXQGV�

ZHUH� DGGHG� LQ� D� WZR�IROG� VHULDO� GLOXWLRQ� RI� &RQ$� DW� FRQFHQWUDWLRQV� UDQJLQJ� IURP� ����� WR�

���J�P/��7KH�GRVH�UHVSRQVH�FXUYH�DQG�(&���YDOXHV�ZHUH�FDOFXODWHG�XVLQJ�*UDSK�3DG�3ULVP�

����DQG�WKH�VHOHFWLYLW\�LQGH[��6,��ZDV�FDOFXODWHG�E\�WKH�UDWLR�EHWZHHQ�&&���DQG�(&�����
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6WDWLVWLFDO�$QDO\VLV��

,QGLYLGXDO�H[SHULPHQWV�ZHUH�SHUIRUPHG�LQ�WULSOLFDWHV�DQG�DOO�DVVD\V�ZHUH�SHUIRUPHG�D�

PLQLPXP�RI�WKUHH�WLPHV�WR�FRQILUP�UHSURGXFLELOLW\��(&���DQG�&&���ZHUH�FDOFXODWHG�XVLQJ�QRQ�

OLQHDU� UHJUHVVLRQ� FRQVLGHULQJ� ORJ�LQKLELWRU�� YV�� UHVSRQVH�� ZLWK� YDULDEOH� LQFOLQDWLRQ� �IRXU�

parameters), and comparison was also performed using the F test (p < 0.05). Data were 

H[SUHVVHG� DV� PHDQ� �� 6'� DQG� VXEMHFWHG� WR� QRUPDOLW\� DQG� ORJQRUPDOLW\� WHVWV�� 6WDWLVWLFDO�

VLJQLILFDQFH�ZDV�GHWHUPLQHG�E\�RQH�ZD\�DQDO\VLV�RI�YDULDQFH� �$129$��� FRPSOHPHQWHG�E\�

'XQQHWW
V� SRVW� KRF� WHVW�� SHUIRUPHG� LQ� FRPSDULVRQ�ZLWK� WKH� XQWUHDWHG� FRQWURO� �6DQWRV� HW� DO���

�������6WDWLVWLFDO�DQDO\]HV�ZHUH�SHUIRUPHG�XVLQJ�*UDSK3DG�3ULVP���VRIWZDUH��

5(68/76�

7KH�PDQQRVH�ELQJLQJ�OHFWLQ�&RQ$�LQKLELWV�&+,.9�LQIHFWLRQ�LQ�YLWUR�

7R�LQYHVWLJDWH�WKH�DQWLYLUDO�DFWLYLW\�RI�WKH�OHFWLQV�&RQ$��33/��0D/��DQG�90/��ILUVW��D�

FHOO�YLDELOLW\�DVVD\�ZDV�SHUIRUPHG�E\�WUHDWLQJ�%+.����FHOOV�ZLWK�WKH�OHFWLQV�DW���������DQG���

�J�P/��7KH�PHDQ�YDOXHV�RI�FHOO�YLDELOLW\�REWDLQHG�IURP�WUHDWPHQW�ZLWK�DOO�OHFWLQV�VKRZHG�QR�

VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�ZKHQ�FRPSDUHG�ZLWK�WKH�XQWUHDWHG�FRQWURO�3%6��S!�������

�)LJXUH� ���� 7KHUHIRUH�� WKH� FRQFHQWUDWLRQV� RI� ��� �J�P/� �WKH� KLJKHVW� QRQ�F\WRWR[LF�

FRQFHQWUDWLRQ��ZDV�XVHG�WR�WKH�DQWLYLUDO�VFUHHQ���
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)LJXUH����&HOO�YLDELOLW\�XQGHU� WKH� WUHDWPHQW�RI�%+.����FHOOV�ZLWK� OHFWLQV��%+.����FHOOV�ZHUH� WUHDWHG�ZLWK�
OHFWLQV�DW���������DQG����J�P/��3%6�ZDV�XVHG�DV�DQ�XQWUHDWHG�FRQWURO��7KH�JUDSK�LQGLFDWHV�PHDQ�YDOXHV�IURP�WKUHH�
LQGHSHQGHQW�H[SHULPHQWV��HDFK�PHDVXUHG�LQ�WULSOLFDWHV��LQFOXGLQJ�WKH�VWDQGDUG�GHYLDWLRQ��3��������ZDV�FRQVLGHUHG�
VLJQLILFDQW���

�

7KHQ��WR�DVVHVV�WKH�DQWLYLUDO�DFWLYLW\�RI�WKHVH�QDWXUDO�OHFWLQV��%+.����FHOOV�ZHUH�LQIHFWHG�

ZLWK�&+,.9�QDQROXF�DQG�WUHDWHG�ZLWK�WKH�OHFWLQV�&RQ$��33/��0D/��DQG�90/�DW����J�P/��WKH�

KLJKHVW�QRQ�F\WRWR[LF�WHVWHG�FRQFHQWUDWLRQ��9LUDO�UHSOLFDWLRQ�ZDV�TXDQWLILHG���K�SRVW�LQIHFWLRQ�

�K�S�L���� &HOO� YLDELOLW\� DVVD\� ZDV� SHUIRUPHG� LQ� SDUDOOHO�� $V� D� UHVXOW�� &RQ$� LPSDLUHG� YLUDO�

UHSOLFDWLRQ�LQ������S�����������ZLWK�QR�VLJQLILFDQW�LPSDFW�RQ�FHOO�YLDELOLW\��)LJXUH�����2Q�WKH�
RWKHU�KDQG��33/��0D/�DQG�90/�GLG�QRW�VLJQLILFDQWO\�GHFUHDVH�&+,.9�UHSOLFDWLRQ��DOWKRXJK�

SUHVHQWHG� QR� F\WRWR[LFLW\� WR� WKH� FHOOV� �)LJXUH� �� DQG� 7DEOH� ���� 7KHUHIRUH�� IURP� DOO� OHFWLQV�
HYDOXDWHG�KHUH��RQO\�&RQ$�ZDV�VHOHFWHG�IRU�IXUWKHU�DQDO\VLV��
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)LJXUH����(IIHFW�RI�&RQ$��33/��0D/��DQG�90/�RQ�&+,.9�QDQROXF�LQIHFWLRQ��%+.����FHOOV�ZHUH�LQIHFWHG�
ZLWK�&+,.9�QDQROXF�DQG�WUHDWHG�ZLWK�&RQ$��33/��0D/��DQG�90/�DW����J�P/��9LUDO�UHSOLFDWLRQ�ZDV�PHDVXUHG�
���K�S�L��E\�TXDQWLI\LQJ�QDQROXFLIHUDVH�DFWLYLW\��7KH�FHOO�YLDELOLW\��077�DVVD\��ZDV�SHUIRUPHG�LQ�SDUDOOHO��3%6�
ZDV� XVHG� DV� DQ� XQWUHDWHG� FRQWURO�� 7KH� PHDQ� YDOXHV� IURP� WKUHH� LQGHSHQGHQW� H[SHULPHQWV�� HDFK� PHDVXUHG� LQ�
WULSOLFDWHV��LQFOXGLQJ�WKH�VWDQGDUG�GHYLDWLRQ�DUH�VKRZQ��3��������ZDV�FRQVLGHUHG�VLJQLILFDQW���



��3�����������
$OO�LPDJHV�ZHUH�JHQHUDWHG�XVLQJ�*UDSK3DG�3ULVP����

�

7DEOH����$QWLYLUDO�HIIHFWV�RI�OHFWLQV�LQ�&+,.9�QDQROXF��

/HFWLQV� ,QKLELWLRQ�����

&RQ$� �����

33/� �����

0D/� �����

90/� �����

/HFWLQ�&RQ$�VWURQJO\�LPSDLUV�&+,.9�UHSOLFDWLRQ��

,Q� RUGHU� WR� IXUWKHU� LQYHVWLJDWH� WKH� DQWLYLUDO� DFWLYLW\� RI� &RQ$� �)LJXUH� �$��� D� GRVH�
UHVSRQVH�DVVD\�ZDV�SHUIRUPHG�WR�GHWHUPLQH�WKH�HIIHFWLYH�FRQFHQWUDWLRQ�RI������(&����DQG�WKH�

F\WRWR[LFLW\�RI������&&�����DQG�WR�FDOFXODWH�WKH�6,��&&���(&�����)RU�WKLV��%+.����FHOOV�ZHUH�

WUHDWHG�ZLWK�&RQ$�LQ�D�WZR�IROG�VHULDO�GLOXWLRQ�DW�FRQFHQWUDWLRQV�UDQJLQJ�IURP������WR�����J�P/�

�ŽŶ��ϱϬŐͬŵ> WW>�ϱϬŐͬŵ> DĂ>�ϱϬŐͬŵ> sD>�ϱϬŐͬŵ> W�^�ϭǆ
Ϭ

Ϯϱ
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ϭϬϬ

ϭϮϱ

ϭϱϬ

й
�Ž
Ĩ�Ƶ

Ŷƚ
ƌĞ
Ăƚ
ĞĚ
�ĐŽ

Ŷƚ
ƌŽ
ů

�Ğůů�sŝĂďŝůŝƚǇ�;йͿ �,/<sͲŶĂŶŽůƵĐ /ŶĨĞĐƚŝǀŝƚǇ�;йͿ

ΎΎΎΎ



�

�

���
�

LQ� WKH�SUHVHQFH�RI� DEVHQFH�RI�&+,.9�QDQROXF��$V�DQ�RXWFRPH��&RQ$�KDG�DQ�(&���RI������

�J�P/��&&���RI��������J�P/��DQG�6,�RI�������� �)LJXUH��%���7KHUHIRUH��&RQ$� UHSUHVHQWV�D�

SURPLVLQJ� LQKLELWRU� RI� &+,.9� LQIHFWLRQ� WKDW� FDQ� EH� IXUWKHU� H[SORLWHG� WRZDUGV� LWV� DQWLYLUDO�

DFWLYLW\��

)LJXUH� ��� 'RVH�UHVSRQVH� DFWLYLW\� RI� &RQ$� DJDLQVW� &+,.9� LQIHFWLRQ� DQG� LWV� HIIHFWV� RQ� FHOO� YLDELOLW\�� �$��

6WUXFWXUH�RI�WKH�OHFWLQ�&RQ$��3'%���(15����%��%+.����FHOOV�ZHUH�LQIHFWHG�ZLWK�&+,.9�QDQROXF�DW�DQ�02,�RI�

����DQG� WUHDWHG�ZLWK� WKH�&RQ$�OHFWLQ� LQ�D� WZR�IROG�VHULDO�GLOXWLRQ�UDQJLQJ� IURP������ WR����J�P/��7KH�&&��� LV�

LQGLFDWHG�E\�WKH�JUD\�VTXDUHV�FXUYH�DQG�WKH�(&���LV�LQGLFDWHG�E\�WKH�EODFN�FLUFOHV�FXUYH��7KH�DVVD\V�ZHUH�SHUIRUPHG�

LQ�WULSOLFDWHV�LQ�D�PLQLPXP�RI�WKUHH�LQGHSHQGHQW�H[SHULPHQWV��

�

�

�

�

�

',6&866,21�

&+,.9�UHSUHVHQWV�D�JOREDO�KHDOWK� WKUHDW��DV� LW�KDV�DOUHDG\�EHHQ� LGHQWLILHG�RQ�VHYHUDO�

FRQWLQHQWV��EHLQJ�FDSDEOH�RI�FDXVLQJ�ODUJH�RXWEUHDNV�DQG��GHVSLWH�WKH�UHFHQW�SURSK\OD[LV�YDFFLQH�

OLFHQVHG� LQ� D� IHZ� FRXQWULHV�� WKHUH� DUH� VWLOO� QR� HIIHFWLYH� DQWLYLUDOV� IRU� WKH� WUHDWPHQW� RI�

FKLNXQJXQ\D�IHYHU��GH�/LPD�HW�DO�����������
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$V� DQ� $OSKDYLUXV�� &+,.9� KDV� JO\FRSURWHLQV� DQFKRUHG� RQ� WKH� VXUIDFH� RI� LWV� YLUDO�

HQYHORSH�� FRPSRVHG�RI�PDQQRVH��JDODFWRVH�� DQG�1�DFHW\OJOXVRVDPLQH� �1$*�� �6LPmR�HW� DO���

�������FDSDEOH�RI�UHFRJQL]LQJ�DQG�ELQGLQJ�WR�WKH�WDUJHW�FHOO�UHFHSWRU��.XPDU�HW�DO����������,Q�DQ�

LQWHUHVWLQJ� PDWWHU�� OHFWLQV� ELQG� WR� VSHFLILF� FDUERK\GUDWH� VWUXFWXUHV� LQ� D� UHYHUVLEOH� PDQQHU��

WKHUHIRUH� DUH� FDSDEOH� RI� UHFRJQL]LQJ� DQG� LQWHUDFWLQJ� ZLWK� YLUDO� HQYHORSH� JO\FRSURWHLQV��

FRQVHTXHQWO\��LPSDLULQJ�YLUDO�HQWU\�LQWR�WKH�FHOO�KRVW��%XGKDGHY�HW�DO���������0D]XU�0DU]HF�HW�

DO���������7VDQHYD��9DQ�'DPPH��������:DQJ�HW�DO���������1DLN��.XPDU���������,Q�WKLV�FRQWH[W��

OHFWLQV�DUH�DWWUDFWLYH�PROHFXOHV�WR�EH�IXUWKHU�LQYHVWLJDWHG�WRZDUGV�WKHLU�DQWLYLUDO�SURSHUWLHV�WKDW�

FDQ�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�DQWLYLUDO�GUXJV�DJDLQVW�&+,.9��

+HUHLQ��IRXU�OHFWLQV�H[WUDFWHG�IURP�GLIIHUHQW�VSHFLHV�RI�SODQWV�IURP�QRUWKHDVWHUQ�%UD]LO�

ZHUH� VFUHHQHG� DJDLQVW� &+,.9� LQIHFWLRQ�� LQ� ZKLFK� WKUHH� KDYH� VSHFLILF� ELQGLQJ� WR�

PDQQRVH�JOXFRVH�DQG�RQH�WR�ODFWRVH��$PRQJ�WKHP��WKH�ZHOO�VWXGLHG�&RQFDQDYDOLQ�$��&RQ$��

ZDV� WKH� RQO\� OHFWLQ� WKDW� VKRZHG� WR� VWURQJO\� LPSDLUV� &+,.9� UHSOLFDWLRQ�� 7KH� RWKHU� OHFWLQV��

GHVSLWH�VKRZLQJ�QR�F\WRWR[LFLW\��GLG�QRW�VLJQLILFDQW�LQKLELW�&+,.9�LQIHFWLRQ���

&RQ$� LV� H[WUDFWHG� IURP� WKH� VHHGV� RI� &DQDYDOLD� HQVLIRUPLV�� ,WV� LVRODWLRQ� ZDV� ILUVW�

UHSRUWHG�LQ�������&DYDGD�HW�DO���������DQG��WR�GDWH��WKLV�LV�WKH�PRVW�H[SORUHG�OHFWLQ�LVRODWHG�IURP�

SODQWV�� &RQ$� KDV� PDQQRVH�JOXFRVH� ELQGLQJ� VSHFLILFLW\� �%DUUH� HW� DO��� ������� DQG� KDV� EHHQ�

H[SORLWHG�IRU�LWV�GLYHUVH�ELRORJLFDO�DFWLYLWLHV��VXFK�DV�WKH�DFWLYDWLRQ�RI�7�O\PSKRF\WHV��SOD\LQJ�

DQ� LPSRUWDQW� UROH� LQ� SURFHVVHV� RI� YLUDO� LQIHFWLRQV�� DV�ZHOO� DV� DQWLIXQJDO�� DQWLPLFURELDO�� DQG�

DQWLWXPRU�DFWLYLWLHV��)RQVHFD�HW�DO���������,EUDKLP�HW�DO���������-LQ��/HH��+RQJ��������.DU�HW�DO���

������.XR�HW�DO����������5HFHQWO\��&RQ$�ZDV�GHVFULEHG�DV�D�SRWHQWLDO�LQKLELWRU�RI�6$56�&29�

��LQIHFWLRQ��ZLWK�(&���RI�����DQG������J�P/�SHUIRUPHG�XVLQJ�$����$&(��DQG�&DOX���FHOOV��

UHVSHFWLYHO\��DOVR�SUHVHQWLQJ� ORZ�F\WRWR[LFLW\�SURILOH��DQG�UHVXOWLQJ�LQ�KLJK�6,�YDOXHV� �!�����

�.OHYDQVNL�HW�DO����������,W�FRUURERUDWHV�ZLWK�GDWD�GHVFULEHG�KHUH��VLQFH�&RQ$�LQKLELWHG�&+,.9�

ZLWK�D�UHODWLYHO\�ORZ�(&���RI�������J�P/��FRPSDUDEOH�WR�WKH�RQH�UHSRUWHG�DJDLQVW�6$56�&R9�

���+RZHYHU��WKH�GLIIHUHQFHV�LQ�6,�PLJKW�EH�GXH�WR�WKH�F\WRWR[LFLW\�RI�WKH�PROHFXOHV�RQ�GLIIHUHQW�

FHOO� OLQHV�� ZKLFK� PLJKW� EH� H[SHFWHG� �6XGHHS� HW� DO��� ������ <HK� HW� DO��� ������� DQG� DOVR� WR�

SDUWLFXODULWLHV�EHWZHHQ�WKH�WHVWHG�SURWRFROV��6WLOO��WKH�HIIHFWV�GHVFULEHG�KHUH�DOVR�HPSKDVL]H�WKH�

EURDG�VSHFWUXP�DFWLYLW\� RI�&RQ$�DV� DQWLYLUDO�� WR� GDWH�� UHSRUWHG� DJDLQVW� GLIIHUHQW� IDPLOLHV� RI�

YLUXV���

:KDW�LV�PRUH��&RQ$�KDV�EHHQ�DOVR�GHVFULEHG�DV�DQ�LQKLELWRU�RI�HDUO\�VWDJHV�RI�LQIHFWLRQ�

DJDLQVW�6$56�&R9���DQG�+,9�WKURXJK� LQWHUDFWLRQ�ZLWK�6SLNH��6��DQG�JS����JO\FRSURWHLQV��
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UHVSHFWLYHO\��UHVXOWLQJ�LQ�YLUXFLGDO�DFWLYLW\��$NNRXK�HW�DO���������.OHYDQVNL�HW�DO����������6R�IDU��

IXUWKHU�PHFKDQLVWLF�WDUJHW�RI�&RQ$�DJDLQVW�&+,.9�KDV�QRW�EHHQ�H[SORUHG�LQ�WKLV�ZRUN�RU�HYHQ�

LQ�OLWHUDWXUH�\HW��EXW�LW�LV�SRVVLEOH�WR�VXJJHVW�WKDW�&RQ$�PLJKW�EH�LQWHUDFWLQJ�ZLWK�&+,.9�(��

(��JO\FRSURWHLQ�UHFHSWRUV��)XUWKHU�VWXGLHV�DUH�QHFHVVDU\�WR�XQGHUVWDQG�WKH�HIIHFWV�RI�WKH�OHFWLQ�

GXULQJ�WKH�HDUO\�VWDJHV�RI�&+,.9�UHSOLFDWLRQ��$V�DQ�LQWHUHVWLQJ�PDWWHU��D�VLPLODU�OHFWLQ�SXULILHG�

IURP�WDPDULQG��WKH�WDPDULQG�VHHG�NLQDVH�OLNH�OHFWLQ��7&//���ZDV�GHVFULEHG�DV�D�VSHFLILF�OLJDQG�

IRU�1�DFHW\OJOXFRVDPLQH�RQ�&+,.9�JO\FRSURWHLQ�YLULRQ��UHGXFLQJ�YLUDO�LQIHFWLYLW\��.DXU�HW�DO���

�������,Q�DQRWKHU�VWXG\��7&//�ZDV�HPSOR\HG�IRU�TXDQWLILFDWLRQ�DQG�GLDJQRVLV�RI�&+,.9�XVLQJ�

DQ� DQWLJHQ� FDSWXUH� DVVD\� �&KRXGKDU\� HW� DO��� ������� ,Q� WKLV� VHQVH�� LW� DOVR� HPSKDVL]HV� WKH�

VSHFLILFLW\�WKDW�WKLV�OHFWLQ�FRXOG�KDYH�WRZDUGV�YLUDO�JO\FRSURWHLQV��DV�ZHOO�DV�EH�XVHG�DV�VFDIIROG�

IRU�IXUWKHU�GUXJ�GHYHORSPHQW���

3ODQW�OHFWLQV�KDYH�ZLGH�DSSOLFDELOLW\�IRU�WKH�GHYHORSPHQW�RI�QHZ�WKHUDSHXWLFV��LQFOXGLQJ�

DQWLYLUDO� WKHUDSLHV� �0DLHU�� ������� +RZHYHU�� GHVSLWH� EHLQJ� H[SORUHG� WRZDUGV� WKHLU� DQWLYLUDO�

DFWLYLW\�DJDLQVW� VHYHUDO� YLUXVHV�� WR� WKH�EHVW�RI�RXU�NQRZOHGJH�� WKLV� LV� WKH� ILUVW�GHVFULSWLRQ�RI�

&RQ$�DV�D�&+,.9�LQKLELWRU��7R�EHWWHU�FKDUDFWHUL]H�WKH�HIIHFWV�RI�&RQ$��IXUWKHU�DQDO\VHV�DUH�

EHLQJ�FRQGXFWHG�E\�RXU�UHVHDUFK�JURXS���

&21&/86,21�

2I�WKH�IRXU�OHFWLQV�WHVWHG�DJDLQVW�&+,.9�LQIHFWLRQ��WKH�OHFWLQ�IURP�&DQDYDOLD�HQVLIRUPLV�

�&RQFDQDYDOLQ�$��&RQ$��VKRZHG�D�KLJK�LQKLELWLRQ�UDWH��,Q�VXPPDU\��WKH�GDWD�VKRZHG�KHUH�LV�

WKH�ILUVW�HYLGHQFH�RI�DQWLYLUDO�DFWLYLW\�RI�WKH�&RQ$�OHFWLQ�DJDLQVW�&+,.9��)XUWKHU�DVVD\V�DUH�

QHHGHG�WR�FRQILUP�LWV�PHFKDQLVP�RI�DFWLRQ��DV�ZHOO�DV�FKDUDFWHUL]H�LWV�LQWHUDFWLRQV�ZLWK�&+,.9�

YLUDO�SURWHLQV��7KH�GDWD�SUHVHQWHG�KHUH�FDQ�EH�XVHG�DV�VFDIIROG�IRU�IXUWKHU�GUXJ�GHYHORSPHQW�RI�

DQWLYLUDOV�DJDLQVW�&+,.9�DQG�RWKHU�HPHUJHQW�YLUXVHV�VXFK�DV�=,.9�DQG�'(19�
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5()(5Ç1&,$6�%,%/,2*5È),&$6�

$'('$<2��$���)$087,��$��,Q�VLOLFR�VWXGLHV�RI�0RPRUGLFD�FKDUDQWLD�H[WUDFWV�DV�SRWHQWLDO�
FDQGLGDWHV�DJDLQVW�6$56�&R9���WDUJHWLQJ�KXPDQ�PDLQ�SURWHDVH�HQ]\PH��0SUR���,QIRUPDWLFV�
LQ�0HGLFLQH�8QORFNHG��Y������S�����������������

$..28+��2��HW�DO��/HFWLQV�ZLWK�$QWL�+,9�$FWLYLW\��$�5HYLHZ��0ROHFXOHV��Y������Q�����S�����–
�������MDQ���������

$0$5$/��-��.���%,/6%2552:��-��%���6&+2(1��5��7��&KURQLF�&KLNXQJXQ\D�$UWKULWLV�DQG�
5KHXPDWRLG�$UWKULWLV��:KDW�7KH\�+DYH�LQ�&RPPRQ��7KH�$PHULFDQ�-RXUQDO�RI�0HGLFLQH��Y��
�����Q�����S��H��–H����PDU���������

$5$Ò-2�),/+2�� -�� +�� HW� DO�� $� &RQ$�OLNH� /HFWLQ� IURP� 'LRFOHD� JXLDQHQVLV� %HQWK�� +DV�
$QWLIXQJDO�$FWLYLW\�DJDLQVW�&ROOHWRWULFKXP�JORHRVSRULRLGHV��XQOLNH�,WV�+RPRORJXHV��&RQ0�DQG�
&RQ$��-RXUQDO�RI�$JULFXOWXUDO�DQG�)RRG�&KHPLVWU\��Y������Q�����S������–���������DEU���������

%$.$5(�� 2�� 2�� HW� DO�� 3ODQW� $QWLPLFURELDO� 3HSWLGHV� �3$03V��� )HDWXUHV�� $SSOLFDWLRQV��
3URGXFWLRQ��([SUHVVLRQ��DQG�&KDOOHQJHV��0ROHFXOHV��Y������Q������S����������MXQ���������

%$55(�� $�� HW� DO�� 2YHUYLHZ� RI� WKH� 6WUXFWXUH–)XQFWLRQ� 5HODWLRQVKLSV� RI�0DQQRVH�6SHFLILF�
/HFWLQV�IURP�3ODQWV��$OJDH�DQG�)XQJL��,QWHUQDWLRQDO�-RXUQDO�RI�0ROHFXODU�6FLHQFHV��Y������Q��
���S����������MDQ���������

%$57+2/20((86(1��.��HW�DO��&KLNXQJXQ\D�IHYHU��1DWXUH�5HYLHZV�'LVHDVH�3ULPHUV��Y��
���Q�����S��������DEU���������

%$77,67,��9���85%$1��(���/$1*(5��7��$QWLYLUDOV�DJDLQVW�WKH�&KLNXQJXQ\D�9LUXV��9LUXVHV��
Y������Q�����S����������MXO���������

%,'$57�� -�� (�� HW� DO�� $QWLYLUDO� (IIHFW� RI� 1DWXUDO� DQG� 6HPLV\QWKHWLF� 'LWHUSHQRLGV� DJDLQVW�
$GHQRYLUXV�,QIHFWLRQ�LQ�YLWUR��3ODQWD�0HGLFD��Y������Q������S������–���������$XJXVW���������

%25*(6��5��6��HW�DO��5RVPDULQXV�RIILFLQDOLV�HVVHQWLDO�RLO��$�UHYLHZ�RI�LWV�SK\WRFKHPLVWU\��DQWL�
LQIODPPDWRU\�DFWLYLW\��DQG�PHFKDQLVPV�RI�DFWLRQ�LQYROYHG��-RXUQDO�RI�(WKQRSKDUPDFRORJ\��
Y�������S����–����MDQ���������

%8'+$'(9��'��HW�DO��*O\FDQ�*ROG�1DQRSDUWLFOHV�DV�0XOWLIXQFWLRQDO�3UREHV�IRU�0XOWLYDOHQW�
/HFWLQ–&DUERK\GUDWH� %LQGLQJ�� ,PSOLFDWLRQV� IRU� %ORFNLQJ� 9LUXV� ,QIHFWLRQ� DQG� 1DQRSDUWLFOH�
$VVHPEO\��-RXUQDO�RI�WKH�$PHULFDQ�&KHPLFDO�6RFLHW\��Y�������Q������S�������–����������RXW��
�������

&$,��/��HW�DO��7KH�UHVHDUFK�SURJUHVV�RI�&KLNXQJXQ\D�IHYHU��)URQWLHUV�LQ�3XEOLF�+HDOWK��Y������
��MDQ���������

&$9$'$��%��6��HW� DO��One century of ConA and 40 years of ConBr research: A structural 
UHYLHZ��,QWHUQDWLRQDO�-RXUQDO�RI�%LRORJLFDO�0DFURPROHFXOHV��Y�������S�����–�����$XJXVW��
�������

&$9$/&$17,��7��<��9��HW�DO��$�5HYLHZ�RQ�&KLNXQJXQ\D�9LUXV�(SLGHPLRORJ\��3DWKRJHQHVLV�
DQG�&XUUHQW�9DFFLQH�'HYHORSPHQW��9LUXVHV��Y������Q�����S���������PDLR��������

&+(5,$1��1��HW�DO��6WUDWHJLF�FRQVLGHUDWLRQV�RQ�GHYHORSLQJ�D�&+,.9�YDFFLQH�DQG�HQVXULQJ�
HTXLWDEOH�DFFHVV�IRU�FRXQWULHV�LQ�QHHG��QSM�9DFFLQHV��Y�����Q�����S����������$XJXVW���������



�

�

���
�

&KLNXQJXQ\D� &DVHV�� 3DQ� $PHULFDQ� +HDOWK� 2UJDQL]DWLRQ� �3$+2��� ������ $YDLODEOH� LQ��
�KWWSV���ZZZ��SDKR�RUJ�GDWD�LQGH[�SKS�HQ�PQX�WRSLFV�FKLNY�HQ�����FKLNY�ZHHNO\�HQ�KWPO!��
$FFHVVHG�LQ��0DUFK������������

&+28'+$5<�� 6�� HW� DO�� &KLNXQJXQ\D� YLUXV� WLWUDWLRQ�� GHWHFWLRQ� DQG� GLDJQRVLV� XVLQJ� 1�
$FHW\OJOXFRVDPLQH� �*OF1$F�� VSHFLILF� OHFWLQ� EDVHG� YLUXV� FDSWXUH� DVVD\��9LUXV�5HVHDUFK�� Y��
�����S����������VHW���������

&2167$17��/��(��&��HW�DO��2YHUYLHZ�RQ�&KLNXQJXQ\D�9LUXV�,QIHFWLRQ��)URP�(SLGHPLRORJ\�
WR�6WDWH�RI�WKH�$UW�([SHULPHQWDO�0RGHOV��)URQWLHUV�LQ�0LFURELRORJ\��Y��������RXW���������

&29e6�'$7621��(��0��HW�DO��$�PROHFXODUO\�HQJLQHHUHG�DQWLYLUDO�EDQDQD�OHFWLQ�LQKLELWV�IXVLRQ�
DQG� LV� HIILFDFLRXV� DJDLQVW� LQIOXHQ]D� YLUXV� LQIHFWLRQ� LQ� YLYR�� 3URFHHGLQJV� RI� WKH� 1DWLRQDO�
$FDGHP\�RI�6FLHQFHV��Y�������Q�����S������–���������MDQ���������

'(�/,0$��5��&��HW�DO��Antiviral and Virucidal Activities of Uncaria tomentosa (Cat’s Claw) 
DJDLQVW�WKH�&KLNXQJXQ\D�9LUXV��9LUXVHV��Y������Q�����S����������IHY���������

'(�0(/2� ;,0(1(6�� 0�� '(� )�� )�� HW� DO�� $UERYLUXV� H[SDQVLRQ�� 1HZ� VSHFLHV� RI� FXOLFLGV�
LQIHFWHG�E\�WKH�&KLNXQJXQ\D�YLUXV�LQ�DQ�XUEDQ�SDUN�RI�%UD]LO��$FWD�7URSLFD��Y�������S����������
VHW���������

'(�628=$��:��0��HW�DO��6SDWLRWHPSRUDO�G\QDPLFV�DQG�UHFXUUHQFH�RI�FKLNXQJXQ\D�YLUXV�LQ�
%UD]LO��DQ�HSLGHPLRORJLFDO�VWXG\��7KH�/DQFHW�0LFUREH��Y�����Q�����S��H���–H�����PDLR��������

'(�628=$��:��0��HW� DO��&KLNXQJXQ\D�� D�GHFDGH�RI� EXUGHQ� LQ� WKH�$PHULFDV��7KH�/DQFHW�
5HJLRQDO�+HDOWK���$PHULFDV��Y������S����������IHY���������

',$6��/��3��HW�DO��0DFKDHULXP�DFXWLIROLXP�OHFWLQ�DOWHUV�PHPEUDQH�VWUXFWXUH�DQG�LQGXFHV�526�
SURGXFWLRQ�LQ�&DQGLGD�SDUDSVLORVLV��,QWHUQDWLRQDO�-RXUQDO�RI�%LRORJLFDO�0DFURPROHFXOHV��Y��
�����S����–����QRY���������

(.2:$7,��+��HW�DO��3URWHFWLYH�HIIHFWV�RI�3KDVHROXV�YXOJDULV�OHFWLQ�DJDLQVW�YLUDO�LQIHFWLRQ�LQ�
'URVRSKLOD��'UXJ�'LVFRYHULHV�	�7KHUDSHXWLFV��Y������Q�����S�����–������������
)216(&$��9��-��$��HW�DO��/HFWLQV�&RQ$�DQG�&RQ0�H[WUDFWHG�IURP�&DQDYDOLD�HQVLIRUPLV��/���
'&�DQG�&DQDYDOLD�URVHD��6Z���'&�LQKLELW�SODQNWRQLF�&DQGLGD�DOELFDQV�DQG�&DQGLGD�WURSLFDOLV��
$UFKLYHV�RI�0LFURELRORJ\��Y�������Q�����S����������MXQ���������

)5(,7$6��7��5��HW�DO��,Q�YLWUR�DQWLYLUDO�DFWLYLW\�RI�SLSHULGLQH�DONDORLGV�IURP�6HQQD�VSHFWDELOLV�
IORZHUV�RQ�&KLNXQJXQ\D�YLUXV�LQIHFWLRQ��3KDUPDFRORJLFDO�5HSRUWV��Y������Q�����S�����–�����
���$XJXVW������D���

*21',0��$��&��6��HW�DO��3RWHQW�DQWLYLUDO�DFWLYLW\�RI�FDUERK\GUDWH�VSHFLILF�DOJDO�DQG�OHJXPLQRXV�
OHFWLQV�IURP�WKH�%UD]LOLDQ�ELRGLYHUVLW\��0HG&KHP&RPP��Y������Q�����S�����–������������

*526&+(��9��5��HW�DO��0DQQRVH�%LQGLQJ�/HFWLQV�DV�3RWHQW�$QWLYLUDOV�DJDLQVW�6$56�&R9����
9LUXVHV��Y������Q�����S����������VHW���������

+$(6(�� 1��� 32:(56�� -��� 675(%/2:�� '�� 1�� 6PDOO� 0ROHFXOH� ,QKLELWRUV� 7DUJHWLQJ�
&KLNXQJXQ\D�9LUXV��(P��>V�O��V�Q�@���

+8�� 4�� HW� DO�� $QWLR[LGDQW� FDSDFLW\� RI� IODYRQRLGV� IURP� )ROLXP� $UWHPLVLDH� $UJ\L� DQG� WKH�
PROHFXODU�PHFKDQLVP�LQ�&DHQRUKDEGLWLV�HOHJDQV��-RXUQDO�RI�(WKQRSKDUPDFRORJ\��Y�������S��
��������RXW���������
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,%5$+,0��6��5��0��HW�DO��6XPPDU\�RI�1DWXUDO�3URGXFWV�$PHOLRUDWH�&RQFDQDYDOLQ�$�,QGXFHG�
/LYHU�,QMXU\��6WUXFWXUHV��6RXUFHV��3KDUPDFRORJLFDO�(IIHFWV��DQG�0HFKDQLVPV�RI�$FWLRQ��3ODQWV��
Y������Q�����S����������MDQ���������

-$,1��-��HW�DO��$QWLYLUDO�DFWLYLW\�RI�HWKDQROLF�H[WUDFW�RI�1LODYHPEX�.XGLQHHU�DJDLQVW�GHQJXH�DQG�
FKLNXQJXQ\D� YLUXV� WKURXJK� LQ�YLWUR� HYDOXDWLRQ�� -RXUQDO� RI� $\XUYHGD� DQG� ,QWHJUDWLYH�
0HGLFLQH��Y������Q�����S�����–�����MXO���������

-$5',0��$��&��*��HW�DO��1DWXUDO�FRPSRXQGV�LVRODWHG�IURP�%UD]LOLDQ�SODQWV�DUH�SRWHQW�LQKLELWRUV�
RI�KHSDWLWLV�&�YLUXV�UHSOLFDWLRQ�LQ�YLWUR��$QWLYLUDO�5HVHDUFK��Y�������S����–����PDU���������

-$5',0��$��&��*��HW�DO��3ODQW�GHULYHG�DQWLYLUDOV�DJDLQVW�KHSDWLWLV�F�YLUXV�LQIHFWLRQ��9LURORJ\�
-RXUQDO��Y������Q�����S���������GH]���������

-,1�� ;��� /((�� <�� -��� +21*�� 6�� +�� &DQDYDOLD� HQVLIRUPLV�� GHULYHG� OHFWLQ� LQKLELWV� ELRILOP�
IRUPDWLRQ� RI� HQWHURKHPRUUKDJLF� (VFKHULFKLD� FROL� DQG� /LVWHULD� PRQRF\WRJHQHV�� -RXUQDO� RI�
$SSOLHG�0LFURELRORJ\��Y�������Q�����S�����–�����MDQ���������

.$0,/2*/8��6��HW�DO��*XLGHOLQHV�IRU�FHOO�YLDELOLW\�DVVD\V��)RRG�)URQWLHUV��Y�����Q�����S�����–
��������VHW���������

.$5��)��HW�DO. Concanavalin A induces apoptosis in a dose‐dependent manner by modulating 
WKLRO�GLVXOILGH�KRPHRVWDVLV�LQ�&��JOLREODVWRPD�FHOOV��-RXUQDO�RI�%LRFKHPLFDO�DQG�0ROHFXODU�
7R[LFRORJ\��Y������Q��������PDLR��������

.$85��5��HW�DO��*O\FDQ�GHSHQGHQW�FKLNXQJXQ\D�YLUDO�LQIHFWLRQ�GLYXOJHG�E\�DQWLYLUDO�DFWLYLW\�
RI�1$*�VSHFLILF�FKL�OLNH�OHFWLQ��9LURORJ\��Y�������S����–����MDQ���������

./(9$16.,��0��HW�DO��*O\FDQ�GLUHFWHG�6$56�&R9���LQKLELWLRQ�E\�OHHN�H[WUDFW�DQG�OHFWLQV�
ZLWK� LQVLJKWV� LQWR� WKH� PRGH�RI�DFWLRQ� RI� &RQFDQDYDOLQ� $��$QWLYLUDO� 5HVHDUFK�� Y�� ����� S��
��������PDLR��������

.29$&,.29$��.���9$1�+(0(57��0��-��6PDOO�0ROHFXOH�,QKLELWRUV�RI�&KLNXQJXQ\D�9LUXV��
0HFKDQLVPV� RI� $FWLRQ� DQG� $QWLYLUDO� 'UXJ� 5HVLVWDQFH�� $QWLPLFURELDO� $JHQWV� DQG�
&KHPRWKHUDS\��Y������Q���������QRY���������

.5,/��9��HW� DO��1HZ� ,QVLJKWV� LQWR�&KLNXQJXQ\D�9LUXV� ,QIHFWLRQ� DQG�3DWKRJHQHVLV��$QQXDO�
5HYLHZ�RI�9LURORJ\��Y�����Q�����S�����–��������VHW���������

.8%,&$��3��HW�DO��9HUEHQD�RIILFLQDOLV��&RPPRQ�9HUYDLQ��–�$�5HYLHZ�RQ�WKH�,QYHVWLJDWLRQV�RI�
7KLV�0HGLFLQDOO\�,PSRUWDQW�3ODQW�6SHFLHV��3ODQWD�0HGLFD��Y������Q������S������–���������QRY��
�������

.80$5��3���1$*$5$-$1��$���8&+,/��3��'��$QDO\VLV�RI�&HOO�9LDELOLW\�E\�WKH�077�$VVD\��
&ROG�6SULQJ�+DUERU�3URWRFROV��Y��������Q�����S��SGE��3URW�����������MXQ���������

.80$5��5��HW�DO��&KLNXQJXQ\D�DQG�DUWKULWLV��$Q�RYHUYLHZ��7UDYHO�0HGLFLQH�DQG�,QIHFWLRXV�
'LVHDVH��Y������S����������QRY���������

.82��&��)�� HW� DO�� &RQFDQDYDOLQ�$� 3URWHFWV�0LFH� IURP� D� /HWKDO� ,QRFXODWLRQ� RI� ,QWUDJDVWULF�

.OHEVLHOOD�SQHXPRQLDH�DQG�5HGXFHV�WKH�,QGXFHG�/LYHU�'DPDJH��$QWLPLFURELDO�$JHQWV�DQG�
&KHPRWKHUDS\��Y������Q�����S������–������VHW���������

/<�� +�� ,[FKLT� �9/$������� 7KH� ILUVW� )'$�DSSURYHG� YDFFLQH� WR� SUHYHQW� GLVHDVH� FDXVHG� E\�
&KLNXQJXQ\D�YLUXV�LQIHFWLRQ��9LUXOHQFH��Y������Q��������GH]���������
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0$,(5�� ,��(QJLQHHULQJ� UHFRPELQDQWO\� H[SUHVVHG� OHFWLQ�EDVHG� DQWLYLUDO� DJHQWV��)URQWLHUV� LQ�
&HOOXODU�DQG�,QIHFWLRQ�0LFURELRORJ\��Y���������VHW���������

0$548(6��&��'��/��HW�DO��5HFRPPHQGDWLRQV�RI�WKH�%UD]LOLDQ�6RFLHW\�RI�5KHXPDWRORJ\�IRU�
GLDJQRVLV� DQG� WUHDWPHQW� RI� &KLNXQJXQ\D� IHYHU�� 3DUW� �� –� 'LDJQRVLV� DQG� VSHFLDO� VLWXDWLRQV��
5HYLVWD�%UDVLOHLUD�GH�5HXPDWRORJLD��(QJOLVK�(GLWLRQ���Y������S�����–������������

0$7.29,&��5�� HW� DO�� 7KH�+RVW�'+;��'([+�%R[�+HOLFDVH� ,V�5HFUXLWHG� WR�&KLNXQJXQ\D�
9LUXV�5HSOLFDWLRQ�&RPSOH[HV�IRU�2SWLPDO�*HQRPLF�51$�7UDQVODWLRQ��-RXUQDO�RI�9LURORJ\��Y��
����Q��������IHY���������

0$=85�0$5=(&��+��HW�DO��$QWLYLUDO�&\DQRPHWDEROLWHV—$�5HYLHZ��%LRPROHFXOHV��Y������Q��
���S����������PDU���������

0&0$+21��5��HW�DO��$�UDQGRPL]HG��GRXEOH�EOLQGHG�3KDVH���VWXG\�WR�GHPRQVWUDWH�ORW�WR�ORW�
FRQVLVWHQF\�DQG�WR�FRQILUP�LPPXQRJHQLFLW\�DQG�VDIHW\�RI�WKH�OLYH�DWWHQXDWHG�FKLNXQJXQ\D�YLUXV�
YDFFLQH�FDQGLGDWH�9/$�����LQ�KHDOWK\�DGXOWV��-RXUQDO�RI�7UDYHO�0HGLFLQH��Y������Q�������PDU��
�������

0(1*��<��HW�DO��3UHSDUDWLRQ�RI�DQ�DQWLWXPRU�DQG�DQWLYLUXV�DJHQW��FKHPLFDO�PRGLILFDWLRQ�RI�
	DPS�DOSKD��00&�DQG�0$3���IURP�0RPRUGLFD�&KDUDQWLD�/��ZLWK�FRYDOHQW�FRQMXJDWLRQ�RI�
SRO\HWK\HOHQH�JO\FRO��,QWHUQDWLRQDO�-RXUQDO�RI�1DQRPHGLFLQH��S��������MXQ���������

MITCHELL, C. A.; RAMESSAR, K.; O’KEEFE, B. R. Antiviral lectins: Selective inhibitors 
RI�YLUDO�HQWU\��$QWLYLUDO�5HVHDUFK��Y�������S����–����MXQ���������

1$,.��6���.80$5��6��/HFWLQV�IURP�SODQWV�DQG�DOJDH�DFW�DV�DQWL�YLUDO�DJDLQVW�+,9��LQIOXHQ]D�
DQG�FRURQDYLUXVHV��0ROHFXODU�%LRORJ\�5HSRUWV��Y������Q������S�������–����������GH]���������

1(:0$1��'��-���&5$**��*��0��1DWXUDO�3URGXFWV�DV�6RXUFHV�RI�1HZ�'UXJV�RYHU�WKH�1HDUO\�
)RXU�'HFDGHV�IURP���������WR����������-RXUQDO�RI�1DWXUDO�3URGXFWV��Y������Q�����S�����–�����
���PDU���������

1,(72��*���526��*���&$67,//2��-��$QWLR[LGDQW�DQG�$QWLPLFURELDO�3URSHUWLHV�RI�5RVHPDU\�
�5RVPDULQXV�RIILFLQDOLV��/����$�5HYLHZ��0HGLFLQHV��Y�����Q�����S��������VHW���������

2*,',*2��-��2��HW�DO��1DWXUDO�SK\WR��FRPSRXQGV�DV�SRVVLEOH�QRQFRYDOHQW� LQKLELWRUV�DJDLQVW�
6$56�&R9�� SURWHDVH�� FRPSXWDWLRQDO� DSSURDFK�� -RXUQDO� RI� %LRPROHFXODU� 6WUXFWXUH� DQG�
'\QDPLFV��Y������Q�����S������–���������PDU���������

2/,9(,5$��'��0��'(�HW�DO��2UJDQRPHWDOOLF�&RPSOH[�6WURQJO\�,PSDLUV�&KLNXQJXQ\D�9LUXV�
(QWU\�WR�WKH�+RVW�&HOOV��)URQWLHUV�LQ�0LFURELRORJ\��Y���������GH]���������

0$57,16��'26�� HW� DO�� $QWLYLUDOV�$JDLQVW� &KLNXQJXQ\D�9LUXV�� ,V� WKH� 6ROXWLRQ� LQ�1DWXUH"�
9LUXVHV��Y������Q�����S����������IHY���������

3(5(,5$��$��.��'26�6��HW� DO��0HPDQWLQH�K\GURFKORULGH�� D�GUXJ� WR�EH� UHSXUSRVHG� DJDLQVW�
&KLNXQJXQ\D�YLUXV"�3KDUPDFRORJLFDO�5HSRUWV��Y������Q�����S�����–�������MXQ���������

PEREIRA, M. R.; FRANCA, R. F. O. Special Issue “Chikungunya Virus and Emerging 
Alphaviruses”. 9LUXVHV��Y������Q�����S�����������$XJXVW���������

3(5,)(5$.,6�� $�� HW� DO�� .DHPSIHURO�� $QWLPLFURELDO� 3URSHUWLHV�� 6RXUFHV�� &OLQLFDO�� DQG�
7UDGLWLRQDO�$SSOLFDWLRQV��,QWHUQDWLRQDO�-RXUQDO�RI�0ROHFXODU�6FLHQFHV��Y������Q������S���������
���QRY���������
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32+-$/$��/��HW�DO�� ,QKLELWRUV�RI�$OSKDYLUXV�(QWU\�DQG�5HSOLFDWLRQ�,GHQWLILHG�ZLWK�D�6WDEOH�
&KLNXQJXQ\D�5HSOLFRQ�&HOO�/LQH�DQG�9LUXV�%DVHG�$VVD\V��3/R6�21(��Y�����Q������S��H�������
���GH]���������

32/,&$6752��/��HW� DO��7KH�$QWLIXQJDO� ,WUDFRQD]ROH� ,V� D�3RWHQW� ,QKLELWRU�RI�&KLNXQJXQ\D�
9LUXV�5HSOLFDWLRQ��9LUXVHV��Y������Q�����S�����������MXQ���������

321*7+$1$3,6,7+�� 9�� HW� DO�� $QWLYLUDO� 3URWHLQ� RI� 0RPRUGLFD� FKDUDQWLD� /�� ,QKLELWV�
'LIIHUHQW� 6XEW\SHV� RI� ,QIOXHQ]D� $�� (YLGHQFH�%DVHG� &RPSOHPHQWDU\� DQG� $OWHUQDWLYH�
0HGLFLQH��Y��������S���–����������

3ULVP�� *�� &RPSXWH� (&� $Q\WKLQJ� IURP� (&� ���� $YDLODEOH� LQ��
�KWWSV���ZZZ�JUDSKSDG�FRP�TXLFNFDOFV�(&DQ\WKLQJ��!��$FFHVVHG�LQ��0DUFK������������

5$-8��6��HW�DO��$�FKLNXQJXQ\D�YLUXV–OLNH�SDUWLFOH�YDFFLQH� LQGXFHV�EURDGO\�QHXWUDOL]LQJ�DQG�
SURWHFWLYH�DQWLERGLHV�DJDLQVW�DOSKDYLUXVHV�LQ�KXPDQV��6FLHQFH�7UDQVODWLRQDO�0HGLFLQH��Y������
Q����������PDLR��������

5$026��3��5��3��'$�6��HW�DO��1DWXUDO�&RPSRXQGV�DV�1RQ�1XFOHRVLGH�,QKLELWRUV�RI�=LND�9LUXV�
3RO\PHUDVH�WKURXJK�,QWHJUDWLRQ�RI�,Q�6LOLFR�DQG�,Q�9LWUR�$SSURDFKHV��3KDUPDFHXWLFDOV��Y������
Q������S�����������QRY���������

5248(6�� 3�� HW� DO�� (IIHFWLYHQHVV� RI� &+,.9� YDFFLQH� 9/$����� GHPRQVWUDWHG� E\� SDVVLYH�
WUDQVIHU�RI�KXPDQ�VHUD��-&,�,QVLJKW��Y�����Q���������MXO���������

5266,��6��/��HW�DO��,PPXQRJHQLFLW\�DQG�(IILFDF\�RI�D�0HDVOHV�9LUXV�9HFWRUHG�&KLNXQJXQ\D�
9DFFLQH�LQ�1RQKXPDQ�3ULPDWHV��7KH�-RXUQDO�RI�,QIHFWLRXV�'LVHDVHV��Y�������Q�����S�����–�����
���MXO���������

58,=��8��(��$��HW�DO��,PLGD]RQDSKWK\ULGLQH�HIIHFWV�RQ�&KLNXQJXQ\D�YLUXV�UHSOLFDWLRQ��$QWLYLUDO�
DFWLYLW\�E\�GHSHQGHQW�DQG�LQGHSHQGHQW�RI�LQWHUIHURQ�W\SH���SDWKZD\V��9LUXV�5HVHDUFK��Y�������
S����������MDQ���������

6$1726�� ,�� $�� HW� DO�� &KLNXQJXQ\D� YLUXV� HQWU\� LV� VWURQJO\� LQKLELWHG� E\� SKRVSKROLSDVH� $��
LVRODWHG�IURP�WKH�YHQRP�RI�&URWDOXV�GXULVVXV�WHUULILFXV��6FLHQWLILF�5HSRUWV��Y������Q�����S��������
���DEU���������

6$1726��,��$��HW�DO��5HSXUSRVLQJ�SRWHQWLDO�RI�ULPDQWDGLQH�K\GURFKORULGH�DQG�GHYHORSPHQW�RI�
D� SURPLVLQJ� SODWLQXP�,,��ULPDQWDGLQH� PHWDOORGUXJ� IRU� WKH� WUHDWPHQW� RI� &KLNXQJXQ\D� YLUXV�
LQIHFWLRQ��$FWD�7URSLFD��Y�������S����������PDU���������

6+$5,)�� 1�� HW� DO��0ROHFXODU� (SLGHPLRORJ\�� (YROXWLRQ� DQG� 5HHPHUJHQFH� RI� &KLNXQJXQ\D�
9LUXV�LQ�6RXWK�$VLD��)URQWLHUV�LQ�0LFURELRORJ\��Y��������MXQ���������

6+,0,=8�� -�� )�� HW� DO�� )ODYRQRLGV� IURP� 3WHURJ\QH� QLWHQV� ,QKLELW� +HSDWLWLV� &� 9LUXV� (QWU\��
6FLHQWLILF�5HSRUWV��Y�����Q�����S������������QRY���������

6,/9$��1��%��6��HW�DO��3RWHQWLDO�LQ�YLWUR�DQWL�SHULRGRQWRSDWKRJHQLF��DQWL�&KLNXQJXQ\D�DFWLYLWLHV�
DQG�LQ�YLYR�WR[LFLW\�RI�%UD]LOLDQ�UHG�SURSROLV��6FLHQWLILF�5HSRUWV��Y������Q�����S�����������GH]��
�������

6,/9$��5��5��6��HW�DO��3DUNLD�SODW\FHSKDOD�OHFWLQ�HQKDQFHV�WKH�DQWLELRWLF�DFWLYLW\�DJDLQVW�PXOWL�
UHVLVWDQW�EDFWHULDO�VWUDLQV�DQG�LQKLELWV�WKH�GHYHORSPHQW�RI�+DHPRQFKXV�FRQWRUWXV��0LFURELDO�
3DWKRJHQHVLV��Y�������S����������RXW���������
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6,0­2�� (�� 3�� HW� DO�� 1DQRVWUXFWXUHG� LPSHGLPHWULF� OHFWLQ�EDVHG� ELRVHQVRU� IRU� DUERYLUXVHV�
GHWHFWLRQ��7DODQWD��Y�������S����������IHY���������

6,021��)��HW�DO��&KLNXQJXQ\D��ULVNV�IRU�WUDYHOOHUV��-RXUQDO�RI�7UDYHO�0HGLFLQH��Y������Q�������
DEU���������

6LWXDomR� (SLGHPLROyJLFD�� 0LQLVWU\� RI� +HDOWK� RI� %UD]LO�� ������ $YDLODEOH� LQ��
�KWWSV���ZZZ�JRY�EU�VDXGH�SW�EU�DVVXQWRV�VDXGH�GH�D�D�]�F�FKLNXQJXQ\D�VLWXDFDR�
HSLGHPLRORJLFD!�$FFHVVHG�LQ��0DUFK�������������

68'((3��$��HW�DO��'LIIHUHQWLDO�VXVFHSWLELOLW\�	DPS��UHSOLFDWLRQ�SRWHQWLDO�RI�9HUR�(���%+.�����
5'��$������&�����FHOOV�	DPS��$HGHV�DHJ\SWL�PRVTXLWRHV�WR�WKUHH�VWUDLQV�RI�FKLNXQJXQ\D�YLUXV��
,QGLDQ�-RXUQDO�RI�0HGLFDO�5HVHDUFK��Y�������Q�����S��������������

6:$1621�� 0�� '�� HW� DO�� $� /HFWLQ� ,VRODWHG� IURP� %DQDQDV� ,V� D� 3RWHQW� ,QKLELWRU� RI� +,9�
5HSOLFDWLRQ��-RXUQDO�RI�%LRORJLFDO�&KHPLVWU\��Y�������Q������S������–������PDU���������

9$/e5,2��*��%��HW�DO��'HUHSOLFDWLRQ�RI�/DQWDQD�WULIROLD�/��OHDYHV�DQG�IUXLWV�E\�8)/&�'$'�
����(6,�06�06�DQG�LWV�DQWLIXQJDO�DQG�F\WRWR[LF�DFWLYLWLHV��0HWDERORPLFV��Y������Q�����S������
���MXO���������

76$1(9$��0���9$1�'$00(��(��-��0������\HDUV�RI�3ODQW�/HFWLQ�5HVHDUFK��*O\FRFRQMXJDWH�
-RXUQDO��Y������Q�����S�����–��������RXW���������

9$,52��)��HW�DO��&KLNXQJXQ\D��,QIHFWLRXV�'LVHDVH�&OLQLFV�RI�1RUWK�$PHULFD��Y������Q�����S��
����–������GH]���������

9$1'(5/,1'(1��(��HW� DO�� ,Q�9LWUR�&KDUDFWHUL]DWLRQ�RI� WKH�&DUERK\GUDWH�%LQGLQJ�$JHQWV�
++$��*1$��DQG�8'$�DV�,QKLELWRUV�RI�,QIOXHQ]D�$�DQG�%�9LUXV�5HSOLFDWLRQ��$QWLPLFURELDO�
$JHQWV�DQG�&KHPRWKHUDS\��Y������Q��������IHY���������

9e5$6��-��+��HW�DO��/DFWRVH�ELQGLQJ� OHFWLQ�IURP�9DWDLUHD�PDFURFDUSD�VHHGV� LQGXFHV� LQ�YLYR�
DQJLRJHQHVLV� YLD�9(*)� DQG�71)�ɑ expression and modulates in�YLWUR� GR[RUXELFLQ�LQGXFHG�
JHQRWR[LFLW\��%LRFKLPLH��Y�������S����–����PDU���������

98��'��0���-81*.,1'��'���$1*(//(�'(6,5((�/$%($8'��&KLNXQJXQ\D�9LUXV��&OLQLFV�
LQ�/DERUDWRU\�0HGLFLQH��Y������Q�����S�����–�����MXQ���������

:$1,��$��5��HW�DO��$Q�XSGDWHG�DQG�FRPSUHKHQVLYH�UHYLHZ�RI�WKH�DQWLYLUDO�SRWHQWLDO�RI�HVVHQWLDO�
RLOV�DQG�WKHLU�FKHPLFDO�FRQVWLWXHQWV�ZLWK�VSHFLDO� IRFXV�RQ�WKHLU�PHFKDQLVP�RI�DFWLRQ�DJDLQVW�
YDULRXV�LQIOXHQ]D�DQG�FRURQDYLUXVHV��0LFURELDO�3DWKRJHQHVLV��Y�������S����������PDU���������

:$1*��:��HW�DO��/HQWLO� OHFWLQ�GHULYHG�IURP�/HQV�FXOLQDULV�H[KLELW�EURDG�DQWLYLUDO�DFWLYLWLHV�
DJDLQVW�6$56�&R9���YDULDQWV��(PHUJLQJ�0LFUREHV�	�,QIHFWLRQV��Y������Q�����S������–������
��MDQ���������

<(+��<��&��HW�DO��+RQH\VXFNOH��/RQLFHUD�MDSRQLFD��DQG�+XDQJTL��$VWUDJDOXV�PHPEUDQDFHXV��
6XSSUHVV�6$56�&R9���(QWU\�DQG�&29,'����5HODWHG�&\WRNLQH�6WRUP�LQ�9LWUR��)URQWLHUV�LQ�
3KDUPDFRORJ\��Y���������PDU���������

<,1��+��HW�DO��,QWUDYLUDO�LQWHUDFWRPH�RI�&KLNXQJXQ\D�YLUXV�UHYHDOV�WKH�KRPR�ROLJRPHUL]DWLRQ�
DQG� SDOPLWR\ODWLRQ� RI� VWUXFWXUDO� SURWHLQ� 7)�� %LRFKHPLFDO� DQG� %LRSK\VLFDO� 5HVHDUFK�
&RPPXQLFDWLRQV��Y�������Q�����S�����–�����MXQ��������


