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Introduction

Epithelial ovarian cancers may be grouped based 
RQ� WKHLU� JHQHWLF� SURÀOH� LQWR� WZR� YDULHWLHV��7\SH� ,�� WKH�
VORZO\�GHYHORSLQJ�WXPRXUV��DFFRXQWV�IRU�����RI�RYDULDQ�
PDOLJQDQFLHV�DQG�FDXVH�����RI�GHDWKV��7KLV�JURXS�LQFOXGHV�
ORZ�JUDGH�VHURXV��HQGRPHWULRLG��PXFLQRXV��DQG�D�VXEFODVV�
RI� FOHDU� FHOO� FDUFLQRPDV��7KH�PRUH� DJJUHVVLYH�7\SH� ,,�
DFFRXQWV�IRU�����RI�RYDULDQ�FDQFHUV�DQG�FDXVH�����RI�
GHDWKV��7\SH�,,�LQFOXGHV�WKH�KLJK�JUDGH�VHURXV��KLJK�JUDGH�
HQGRPHWULRLG�� DQG� XQGLIIHUHQWLDWHG� FDUFLQRPDV��7KHVH�
WXPRXUV�DUH�GLDJQRVHG�LQ�WKHLU�DGYDQFHG�VWDJH�EHFDXVH�RI�
UDSLG�JURZWK��6XQ�HW�DO����������7KH�DLP�RI�WKLV�DUWLFOH�LV�WR�
FRPSDUH�WKH�VHQVLWLYLW\�RI�WZR�FDQFHU�FHOO�OLQHV��6.29���
DQG�(6���� RQ� IRUPDPLGLQH� GHULYDWLYHV� RI� GR[RUXELFLQ�
�7DEOH� ����7KH� FHOO� OLQHV� SURSRVHG� LQ� WKLV� DUWLFOH� DUH�
GHULYHG� IURP�GLIIHUHQW�KLVWRORJLFDO� VXEW\SHV�RI�RYDULDQ�
FDQFHU��ZKDW�PD\�GHWHUPLQH�WKHLU�VHQVLWLYLW\� WR�YDULRXV�
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Abstract

 Background: Development of new apoptosis-inducing drugs is a promising trend in anticancer therapy. 
For this purpose several formamidinoderivatives of doxorubicin were synthesized. The aim of our study was 
WR�LQYHVWLJDWH�HIIHFWV�RI�WKH�ÀYH�IRUPDPLGLQRGR[RUXELFLQV�LQ�WKH�(6���KXPDQ�RYDULDQ�FOHDU�FHOO�FDUFLQRPD�OLQH��
IRU�FRPSDULVRQ�ZLWK�GDWD�REWDLQHG�SUHYLRXVO\�IRU�6.29���KXPDQ�RYDULDQ�DGHQRFDUFLQRPD�FHOOV�� WR�DQVZHU�
the question of whether and to what extent the histological cell type is a possible determinant of sensitivity to 
tested anthracyclines. Materials and Methods: In our experimental work the following methods were used: 
VSHFWURSKRWRPHWULF�DVVD\V�ZLWK�077��ÁXRULPHWULF�DVVD\V���GRXEOH�VWDLQLQJ�ZLWK�+RHFKVW�������DQG�SURSLGLXP�
LRGLGH��3,���PHDVXUHPHQW�RI�FDVSDVH�����������DFWLYLW\��LQWUDFHOOXODU�DFFXPXODWLRQ�RI�'2;�DQG�DQDORJXHV��HVWLPDWLRQ�
RI�GUXJ�XSWDNH��PLWRFKRQGULDO�WUDQVPHPEUDQH�SRWHQWLDO��ÁRZ�F\WRPHWU\���SKRVSKDWLG\OVHULQH��36��H[WHUQDOL]DWLRQ�
ZLWK�DQQH[LQ�9�),7&�DQG�3,�ÁXRURFKURPHV��Results��(IIHFWV�RI�WKH�GHULYDWLYHV�RI�GR[RUXELFLQ�ZHUH�SDUWLDOO\�
OLQNHG�ZLWK�WKH�VSHFLÀF�W\SH�RI�FDQFHU�FHOO��DOWKRXJK�LQWUDFHOOXODU�DFFXPXODWLRQ�DQG�FHOOXODU�XSWDNH�RI�'2;�
and derivatives were similar in both. All of the investigated derivatives were considerably more cytotoxic than 
'2;��)RUPDPLGLQRGR[RUXELFLQV�ZHUH�DEOH�WR�LQGXFH�FDVSDVH�GHSHQGHQW�DSRSWRWLF�FHOO�GHDWK�LQ�ERWK�FHOO�W\SHV��
&RQFOXVLRQV��$OO�QHZ�IRUPDPLGLQH�GHULYDWLYHV�RI�'2;�ZHUH�DEOH�WR�LQGXFH�FDVSDVH���GHSHQGHQW�DSRSWRVLV�LQ�
KXPDQ�RYDULDQ�FDQFHU�FHOO�OLQHV�6.29���DQG�(6����2EWDLQHG�UHVXOWV�VXJJHVWHG�WKDW�IRUPDPLGLQH�GHULYDWLYHV�RI�
'2;�PD\�EH�SURPLVLQJ�FDQGLGDWHV�IRU�WKH�SURVSHFWLYH�FKHPRWKHUDSHXWLF�DJHQWV�IRU�WKH�WZR�GLIIHUHQW�KLVWRORJLFDO�
subtypes of ovarian cancer. 
.H\ZRUGV� $SRSWRVLV���FDVSDVHV���F\WRWR[LFLW\���IRUPDPLGLQH�DQWKUDF\FOLQHV���QHFURVLV

5(6($5&+�$57,&/(

+LVWRORJLFDO�6XEW\SH�RI�2YDULDQ�&DQFHU�DV�D�'HWHUPLQDQW�RI�
6HQVLWLYLW\� WR�)RUPDPLGLQH�'HULYDWLYHV� RI�'R[RUXELFLQ� �� in 
Vitro�&RPSDUDWLYH�6WXGLHV�ZLWK�6.29���DQG�(6���&DQFHU�
&HOO�/LQHV

M Denel-Bobrowska1��0�âXNDZVND2��,�2V]F]DSRZLF]2��$�0DUF]DN1

FRPSRXQGV�LQFOXGLQJ�DQWLFDQFHU�GUXJV��6.29���KXPDQ�
ovarian adenocarcinoma cell line is the most commonly 
XVHG�FHOO�OLQH�PRGHO�RI�RYDULDQ�FDQFHU��$OWKRXJK�WKH�H[DFW�
KLVWRORJLFDO�RULJLQ�RI�6.29���FHOOV�LV�QRW�VSHFLÀHG��WKH�
FHOOV� DUH� FRPPRQO\�XVHG�DV�PRGHOV� IRU� VHURXV�RYDULDQ�
FDQFHU� �'RPFNH�HW� DO����������(6���FHOOV�ZHUH�GHULYHG�
IURP�KXPDQ�RYDULDQ�FOHDU�FHOO�FDUFLQRPD��&&&���ZKLFK�
LV�ELRORJLFDOO\�GLVWLQFW�IURP�WKH�RWKHU�(2&�VXEW\SHV�ZLWK�
unique biology and behaviour, and poorer overall survival 
UDWH� LQ� FRPSDULVRQ� WR� QRQ�&&&�SDWLHQWV�� UHJDUGOHVV� RI�
WKH�LOOQHVV�VWDJH��VR�WKHUH�LV�WKH�QHHG�IRU�D�QHZ�WUHDWPHQW�
VWUDWHJLHV��$QJOHVLR�HW�DO���������/HH�HW�DO���������

'R[RUXELFLQ� �'2;�� LV�ZLGHO\� XVHG� LQ� WUHDWPHQW�
RI�PDQ\� W\SHV� RI� FDQFHU�� LQFOXGLQJ� VROLG� WXPRXUV� DQG�
KDHPDWRORJLFDO� GLVRUGHUV�� 8QIRUWXQDWHO\�� '2;� LV�
UHVSRQVLEOH� IRU�FDUGLRP\RSDWK\�DQG�P\HORVXSSUHVVLRQ��
ZKLFK�VHYHUHO\�OLPLWV�LWV�WKHUDSHXWLF�XWLOLW\��'XEEHOERHU�
HW� DO��� �������7KHUH� LV� DQ� XUJHQW� QHHG� WR� GHYHORS� QHZ�
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HIIHFWLYH�DQWLFDQFHU�GUXJV�
0DUF]DN� HW� DO��� ����� UHVHDUFK� VKRZHG� WKDW� WKH�

LQYHVWLJDWHG�IRUPDPLGLQH�GHULYDWLYHV�ZHUH�FRQVLGHUDEO\�
PRUH� F\WRWR[LF� WR� WKH� 6.29��� FHOO� OLQH� WKDQ�'2;��
7KH� SUHGRPLQDQW� W\SH� RI� FHOO� GHDWK� LQGXFHG� E\� WKH�
DQWKUDF\FOLQH� DQDORJXHV�ZDV� DSRSWRVLV� �0DUF]DN� HW�
DO��� �������7R� EHWWHU� XQGHUVWDQG� WKH�PROHFXODU� HYHQWV�
occurring in ovarian cancer cell lines in response to 
QHZ�IRUPDPLGLQH�GHULYDWLYHV�RI�'2;��WKH�FXUUHQW�VWXG\�
LQYHVWLJDWHG� � LQWUDFHOOXODU� DFFXPXODWLRQ� RI�'2;� DQG�
DQDORJXHV��HVWLPDWLRQ�RI�GUXJV�XSWDNH��PHDVXUHPHQWV�RI�
FDVSDVH���DQG�FDVSDVH���DFWLYLWLHV�DQG�PHPEUDQH�SRWHQWLDO�
DQDO\VLV��

Materials and Methods

Chemicals
'R[RUXELFLQ�DV�ZHOO�DV�DOO�LWV�GHULYDWLYHV�GHVLJQDWHG�DV�

FRPSRXQGV������7DEOH����ZHUH�V\QWKHVL]HG�DW�WKH�,QVWLWXWH�
RI�%LRWHFKQRORJ\�DQG�$QWLELRWLFV��:DUVDZ��3RODQG��$OO�
GHULYDWLYHV�ZHUH� REWDLQHG� E\� UHDFWLRQ� RI� GR[RUXELFLQ�
K\GURFKORULGH� GLPHWK\O� DFHWDO� RI� UHVSHFWLYH� DPLQH� LQ�
PHWKDQRO� �2V]F]DSRZLF]� ,� HW� DO��� �������5RVZHOO�3DUN�
0HPRULDO�,QVWLWXWH��530,��JURZWK�PHGLXP��'XOEHFFR·V�
0RGLÀHG�(DJOH�0HGLXP��'0(0���IRHWDO�ERYLQH�VHUXP�
�)%6���WU\SVLQ�('7$��SHQLFLOOLQ�DQG�VWUHSWRP\FLQ�ZHUH�
SXUFKDVHG�IURP�/RQ]D��%DVHO��6ZLW]HUODQG���$QQH[LQ�9�
ELQGLQJ�$VVD\�.LW�ZDV�VXSSOLHG�E\�,QYLWURJHQ��&DUOVEDG��
86$���&DVSDVH���$FWLYLW\�$VVD\�ZDV�IURP�&DOELRFKHP�
�6DQ�'LHJR��86$���&DVSDVH���)OXRULPHWULF�$VVD\�.LW�
DQG�&DVSDVH���)OXRULPHWULF�$VVD\�.LW�ZDV�VXSSOLHG�E\�
%LR9LVLRQ� ,QF�� �0LOSLWDV��&DOLIRUQLD��86$���$OO� RWKHU�
FKHPLFDOV�DQG�VROYHQWV�ZHUH�RI�KLJK�DQDO\WLFDO�JUDGH�DQG�
ZHUH�REWDLQHG�IURP�$YDQWRU�6�$���*OLZLFH��3RODQG���

Cell culture
6.29��� �human ovarian adenocarcinoma�� DV�ZHOO�

DV�(6����human ovarian clear cell carcinoma��FHOOV�ZHUH�
REWDLQHG�IURP�$PHULFDQ�7\SH�&XOWXUH�&ROOHFWLRQ��$7&&��
5RFNYLOOH��86$���&HOOV�ZHUH�JURZQ�DV�D�PRQROD\HU�ZLWK�
530,� �6.29���� RU�'0(0� �(6���� JURZWK�PHGLXP�
VXSSOHPHQWHG�ZLWK�����IRHWDO�ERYLQH�VHUXP��SHQLFLOOLQ�
����8�PO�� DQG� VWUHSWRP\FLQ� ���� �J�PO��� LQ� VWDQGDUG�
FRQGLWLRQV��0DUF]DN�HW�DO���������

Intracellular accumulation of DOX and analogues, 
estimation of drugs uptake

2XU� VWXG\� RI� FRPSRXQGV� DFFXPXODWLRQ� DQG�XSWDNH�
ZHUH�FDUULHG�RXW�IROORZLQJ�WKH�PHWKRG�GHVFULEHG�E\�6]ZHG�
HW�DO���6]ZHG�HW�DO���������,QWUDFHOOXODU�'2;�RU�GHULYDWLYHV�
DFFXPXODWLRQ�ZHUH�HYDOXDWHG�DW�ƪH[� �����QP�DQG�ƪHP� �
����QP��7KH�LQWHQVLW\�RI�ÁXRUHVFHQFH�ZHUH�PHDVXUHG�RQ�D�
ÁXRUHVFHQW�PXOWLZHOO�SODWH�UHDGHU��/DEV\VWHP�)OXRURVNDQ�
$VFHQW�)/��,QF���

MTT assay
7KH� HIIHFWV� RI� '2;� DQG� GHULYDWLYHV� ���� RQ�

WKH� FHOOV� YLDELOLW\� ZHUH� HYDOXDWHG� XVLQJ� WKH�077�
��������GLPHWK\OWKLD]RO���\O������GLSKHQ\OWHWUD]ROLXP�
EURPLGH�� DVVD\�� GHVFULEHG� SUHYLRXVO\� �0DUF]DN� HW� DO���
�������

Drug treatment
7R�FRPSOHWH�WKH�DQDO\VLV�RI�GRXEOH�VWDLQLQJ�ZLWK�+RHFKVW�

������SURSLGLXP�LRGLGH�DVVD\V��36�H[WHUQDOL]DWLRQ�DQG�
FDVSDVHV�������DQG����DFWLYLW\�WKH�RYDULDQ�FDQFHU�FHOOV�ZHUH�
UHPRYHG�IURP�PRQROD\HU�E\�WU\SVLQL]DWLRQ��UHVXVSHQGHG�
LQ�IUHVK�FRPSOHWH�PHGLXP��FHQWULIXJHG�IRU���PLQ�DW�����[�
J�DQG�SODWHG�LQWR�DSSURSULDWH�GLVKHV�DW�WKH�RSWLPDO�GHQVLW\��
$IWHU����K�WKH�FRPSRXQGV�LQ����Q0��6.29����RU����Q0�
�(6����ZHUH�DGGHG�WR�WKH�GLVKHV�DQG�LQFXEDWHG�ZLWK�WKH�
GUXJV�LQ�&22�LQFXEDWRU�IRU�GLIIHUHQW�SHULRG�RI�WLPH���²���
K��GHSHQG�RQ�WKH�PHWKRG�

$QDO\VLV� RI� WKH� W\SH� RI� FHOO� GHDWK� E\� IOXRUHVFHQFH�
microscopy

0RUSKRORJLFDO� FKDQJHV� W\SLFDO� IRU� DSRSWRVLV� DQG�
QHFURVLV�LQ�FHOOV�WUHDWHG�ZLWK�'2;�DQG�GHULYDWLYHV�ZHUH�
DVVHVVHG� E\� GHVFULEHG� SUHYLRXVO\�PHWKRG�ZLWK� GRXEOH�
VWDLQLQJ�+RHFKVW� ������ DQG� SURSLGLXP� LRGLGH� �3,��
�0DUF]DN�HW�DO���������

Analysis of phosphatidylserine (PS) externalization
36�H[WHUQDOL]DWLRQ�ZDV�GHWHUPLQHG�XVLQJ�WKH�$QQH[LQ�

9�),7&�VWDLQLQJ�NLW��,QYLWURJHQ��&DUOVEDQG��86$���%ULHÁ\��
WKH� FHOO� VXVSHQVLRQ� ��� [� ����FHOOV��ZDV� VWDLQHG�ZLWK� D�
VROXWLRQ�FRQWDLQLQJ�D�PL[WXUH�RI�DQQH[LQ�9�),7&�DQG�3,�
LQ������PO�RI�ELQGLQJ�EXIIHU�SURYLGHG�E\�WKH�PDQXIDFWXUHU��

Measurement of caspases activity�7KH� DFWLYLW\� RI�
FDVSDVHV��������DQG����ZDV�HYDOXDWHG�XVLQJ�WKH�ÁXRULPHWULF�
DVVD\� NLWV� IROORZLQJ� WKH� PDQXIDFWXUHU·V� SURWRFRO��
6.29��� DQG�(6��� FHOOV� H[WUDFWV�ZHUH�PL[HG�ZLWK� WKH�
UHDFWLRQ�EXIIHU�DQG�LQFXEDWHG�ZLWK�WKH�DGHTXDWH�FDVSDVH�
VXEVWUDWH��$GGLWLRQDOO\�LQ�WKH�FRQWURO�DOO�FHOO�O\VDWHV�ZHUH�
SUHLQFXEDWHG�IRU���K�ZLWK�WKH�SURSHU�UHYHUVLEOH�FDVSDVHV�
LQKLELWRUV�DW������P0�FRQFHQWUDWLRQ��

0LWRFKRQGULDO�WUDQVPHPEUDQH�SRWHQWLDO
$W�WKH�HQG�RI�WKH�FRPSRXQGV�WUHDWPHQW��WKH�PHGLXP�

ZDV� UHPRYHG� DQG� WKH� FHOOV�ZHUH� LQFXEDWHG�ZLWK� ��0�
-&��� LQ�+%66� IRU� ���PLQ�� DW� ���&�� LQ� WKH� GDUN��7KHQ�
WKH� ÁXRUHVFHQFH� RI� ERWK� -&���PRQRPHUV� DQG� GLPHUV�
ZDV�PHDVXUHG� RQ� D� )OXRURVNDQ�$VFHQW� )/�PLFURSODWH�
UHDGHU��/DEV\VWHPV��6ZHGHQ��XVLQJ�ÀOWHU�SDLUV�DGHTXDWH�
IRU�GLPHUV����������QP��DQG�PRQRPHUV����������QP���
7KH�UHVXOWV�LQ�WKH�ÀJXUHV�DUH�VKRZQ�DV�D�UDWLR�RI�GLPHU�
WR�PRQRPHU� IOXRUHVFHQFH� LQ� UHODWLRQ� WR� WKH� FRQWURO�
ÁXRUHVFHQFH�UDWLR��DVVXPHG�WR�EH�������

Statistical analysis
7KH�GDWD�ZDV�SUHVHQWHG�DV�D�PHDQ���6�'��$Q�DQDO\VLV�RI�

$129$�YDULDQFH�ZLWK�D�7XNH\�SRVW�KRF�WHVW�ZDV�XVHG�IRU�
PXOWLSOH�FRPSDULVRQV��$OO�VWDWLVWLFV�ZHUH�FDOFXODWHG�XVLQJ�
WKH�67$7,67,&$�SURJUDP��6WDW6RIW��7XOVD��2.��86$���$�
S�YDOXH�RI�������ZDV�FRQVLGHUHG�VLJQLÀFDQW�

Results 

Intracellular accumulation of DOX and analogues, 
estimation of drugs uptake

*UDSKV�VKRZLQJ�WLPH�GHSHQGHQFH�RI�WKH�TXDQWLW\�RI�
GUXJ�WDNHQ�XS��8��DQG�H[FOXGHG�IURP�WKH�FHOOV��(��DW�WKH�
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VDPH�WLPH�SRLQW��DUH�SUHVHQWHG�LQ�)LJXUH����6.29���FHOO�
OLQH��DQG�)LJXUH����(6���FHOO�OLQH���7DEOH����6.29����DQG�
7DEOH� �� �(6���� VKRZ� WKH� FRPSDULVRQ�RI� RWKHU� NLQHWLFV�
SDUDPHWHUV��VXFK�DV�LQÁX[�DQG�HIÁX[�UDWH�FRQVWDQW��LQLWLDO�
LQÁX[�DQG�HIÁX[��.LQ��.RXW��,W ���(W ����UHVSHFWLYHO\���
GUXJ� WDNHQ� XS� DQG� UHPRYHG� E\� FHOOV�ZLWKLQ� ���PLQ�
�8W ����(W ����UHVSHFWLYHO\���1R�VLJQLÀFDQW�GLIIHUHQFHV�
KDYH�EHHQ�IRXQG��EHWZHHQ�WKH�UHIHUHQFH�FRPSRXQG�DQG�
DOO�WHVWHG�GHULYDWLYHV�DV�ZHOO�DV�LQGLYLGXDO�FRPSRXQGV�LQ�
ERWK�FHOO�OLQHV��7KXV��LW�FDQ�EH�FRQFOXGHG�WKDW�LQWUDFHOOXODU�
DFFXPXODWLRQ�DQG�FHOOXODU�XSWDNH�RI�'2;�DQG�GHULYDWLYHV�
DUH�VLPLODU�UHJDUGOHVV�RI�WKH�RYDULDQ�FDQFHU�FHOOV�VXEW\SH�

Cytotoxicity assay
7KH� F\WRWR[LF� SRWHQWLDO� RI�'2;�DQG�GHULYDWLYHV� LQ�

ERWK�KXPDQ�RYDULDQ�FDQFHU�FHOO� OLQHV�ZDV�PHDVXUHG�E\�
D� VWDQGDUG�PLFURSODWH�077� FRORULPHWULF�PHWKRG��7KH�
UHIHUHQFH�GUXJ�� DV�ZHOO� DV� DOO� IRUPDPLGLQH�GHULYDWLYHV��
VKRZHG�HYLGHQW�FRQFHQWUDWLRQ�GHSHQGHQW�F\WRWR[LF�HIIHFW��
)LJXUH���VKRZV�WKH�,&���SDUDPHWHUV��6WULNLQJ�GLIIHUHQFHV�LQ�
,&���SDUDPHWHUV�EHWZHHQ�'2;�DQG�DQDORJXHV�KDYH�EHHQ�
QRWHG�HVSHFLDOO\�IRU�'2;�)�3<5��'2;�)�3,3��'2;�)�
025�LQ�(6���FHOOV��,Q�WKH�6.29���FHOOV�WKH�SUHVHQFH�RI�
KHWHURDWRP� LQ� WKH� VL[�PHPEHUHG� ULQJV�� IRU� H[DPSOH� LQ�
PRUSKROLQH�PRLHW\��UHVXOWHG�LQ��WKHLU�LPSURYHG�DFWLYLW\��
7KH�PRVW�VXIÀFLHQW�ZHUH�WKH�DQDORJV�'2;�)�025�DQG�
'2;�)�3$=�� EXW� WKH� ,&��� YDOXHV� REWDLQHG� IRU� DOO� WKH�
FRPSRXQGV�ZHUH�VLJQLÀFDQWO\�ORZHU�WKDQ�,&�� calculated 
IRU�'2;� �0DUF]DN� HW� DO��� �������7KH� ,&�� parameters 
FDOFXODWHG� IRU� UHIHUHQFH� GUXJ� �'2;��ZHUH� KLJKHU� LQ�
6.29��� FHOOV� LQ� FRPSDULVRQ� WR�(6��� FHOOV� ����������
������Q0�IRU�6.29���FHOOV�����������������Q0�IRU�(6���
FHOOV���7KH�RSSRVLWH�VLWXDWLRQ�RFFXUUHG�DIWHU�LQFXEDWLRQ�RI�
ERWK�OLQHV�FHOOV�ZLWK�'2;�)�3$=���������������Q0�IRU�
6.29���FHOOV� DQG����������������Q0�IRU�(6���FHOOV���
DQG�DOVR�DIWHU�'2;�)�025�H[SRVLWLRQ����������������
Q0�IRU�6.29���FHOOV�DQG����������������Q0�IRU�(6���
FHOOV���6LPLODU�YDOXHV�LQ�ERWK�FHOO�OLQHV�ZHUH�REWDLQHG�IRU�

'2;�)�3<5�DQG�'2;�)�+(;��'2;�)�3<5�����������
������Q0�IRU�6.29���FHOOV�DQG����������������Q0�IRU�
(6���FHOOV��'2;�)�+(;�����������������Q0�����������
������Q0�� UHVSHFWLYHO\���$IWHU�(6��� FHOOV� H[SRVXUH� RQ�
'2;�)�3,3��WKH�,&���SDUDPHWHUV�ZHUH�DERXW���IROG�ORZHU�
WKDQ�WKRVH�REWDLQHG�IRU�6.29���FHOOV���������������Q0��
��������������Q0��UHVSHFWLYHO\��

7KH� HIIHFW� RI�'2;� DQG� IRUPDPLGLQH� GHULYDWLYHV�
ZDV� DOVR� LQYHVWLJDWHG�E\�PRUSKRORJLFDO� DQDO\VLV� XVLQJ�
PLFURVFRS\��7KH�PRUSKRORJ\�RI� FHOOV� WUHDWHG� IRU� ��� K�
ZLWK�FRQFHQWUDWLRQ����Q0�RI�WHVWHG�DQWKUDF\FOLQHV��DQG�
H[DPLQHG�XQGHU�DQ�LQYHUWHG�PLFURVFRSH��2O\PSXV�,;����
-DSDQ��LV�VKRZQ�LQ�)LJXUH����,Q�ERWK�FHOO�OLQHV�WKH�OHDVW�
PRGLÀFDWLRQV�ZHUH�REVHUYHG�LQ�FHOOV�H[SRVHG�WR�'2;��7KH�

Table 1. &KHPLFDO�6WUXFWXUHV�RI�7HVWHG�)RUPDPLGLQH�
'HULYDWLYHV�RI�'2;

 

 
 

No. Analogues Abbreviation R 

1 Pyrrolidine  DOX-F PYR 

 

2 Piperidine DOX-F PIP 

 

3 Morpholine  DOX-F MOR 

 

4 N-methylpiperazine DOX-F PAZ 
 

5 Hexamethyleneimine  DOX-F HEX 

             

Figure 1. 7UDQVSRUW�.LQHWLFV�RI�'2;�DQG�)RUPDPLGLQH�
$QDORJV�WR�6.29���&HOOV�������$PRXQW�RI�GUXJ�LQ�H[WHUQDO�
PHGLXP�������DPRXQW�RI�GUXJ�DVVRFLDWHG�ZLWK�6.29���FHOOV��
'UXJ�XSWDNH��S��DQG�HIÁX[��[���'DWD�DUH�H[SUHVVHG�DV�WKH�PHDQ�
��6'�RI�WKUHH�LQGHSHQGHQW�H[SHULPHQWV

Figure 2. 7UDQVSRUW�.LQHWLFV�RI�'2;�DQG�)RUPDPLGLQH�
$QDORJV� WR�(6���&HOOV�� �����$PRXQW� RI� GUXJ� LQ� H[WHUQDO�
PHGLXP�������DPRXQW�RI�GUXJ�DVVRFLDWHG�ZLWK�(6���FHOOV��'UXJ�
XSWDNH��S��DQG�HIÁX[��[���'DWD�DUH�H[SUHVVHG�DV�WKH�PHDQ���6'�
RI�WKUHH�LQGHSHQGHQW�H[SHULPHQWV
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UHGXFHG�DPRXQW�RI�FHOOV�ZDV�REVHUYHG�DIWHU�H[SRVXUH�WR�DOO�
WHVWHG�DQDORJXHV��,Q�(6���FHOOV�'2;�)�3,3�DQG�'2;�)�
3<5�WUHDWPHQW�FDXVHG�FHOO�HORQJDWLRQ�DQG�VOLJKW�LQFUHDVH�
LQ� WKH� FHOO� VL]H��$IWHU� WKH� H[SRVXUH� RQ�'2;�)�025��
'2;�)�3$=�DQG�'2;�)�+(;�FHOOV�EHFDPH�VLJQLÀFDQWO\�
VPDOOHU��DQG�WKH�VXEVWDQWLDO�FKDQJHV�LQ�WKHLU�VKDSHV�ZHUH�
GHWHFWHG��6HSDUDWLRQ�RI�WKH�FHOOV�IURP�WKH�VXUIDFH�RI�WKH�
PRQROD\HU�ZDV�REVHUYHG�DIWHU�6.29���FHOOV�H[SRVLWLRQ�
RQ�'2;�)�025�DQG�'2;�)�3<5�WUHDWPHQW�

$QDO\VLV�RI�WKH�W\SH�RI�FHOO�GHDWK�E\�ÁXRUHVFHQFH�PLFURVFRS\��
GRXEOH�VWDLQLQJ�ZLWK�+RHFKVW�������SURSLGLXP�LRGLGH��3,�

0RUSKRORJLFDO� DOWHUDWLRQV� W\SLFDO� IRU� DSRSWRVLV� DQG�
QHFURVLV�LQ�WKH�FHOOV�(6���ZHUH�GHWHFWHG�DIWHU�WKH�WUHDWPHQW�
ZLWK�'2;�DQG�GHULYDWLYHV��$IWHU�D�SURORQJHG�LQFXEDWLRQ�
WLPH�����K���QRW�RQO\�SURIRXQG�FKURPDWLQ�FRQGHQVDWLRQ��
FHOO� VKULQNDJH� DQG� DSRSWRWLF� ERGLHV� IRUPDWLRQ�ZHUH�
REVHUYHG��EXW�DOVR�FHOOV�ZLWK�FRQGHQVHG�FKURPDWLQ�ZLWK�
UHG�ÁXRUHVFHQFH��LQGLFDWLQJ�ORVV�RI�PHPEUDQH�LQWHJULW\�
�)LJXUH� ���� 4XDQWLWDWLYH� UHSUHVHQWDWLRQ� RI� D� QXPEHU�

RI� DSRSWRWLF� DQG� QHFURWLF� FHOOV� REVHUYHG� DIWHU� GRXEOH�
VWDLQLQJ�ZLWK�+RHFKVW�������DQG�SURSLGLXP�LRGLGH��3,��
DUH�SUHVHQWHG�LQ�)LJXUH����7KH�PDLQ�GLIIHUHQFH�EHWZHHQ�
6.29���DQG�(6���FHOO�OLQH�LV�DVVRFLDWHG�ZLWK�DSRSWRWLF�
DQG�QHFURWLF�FHOO�IUDFWLRQV�REWDLQHG�DIWHU����K�DQG����K�
H[SRVXUH� WR� DQDORJXHV��$IWHU�6.29��� FHOOV� LQFXEDWLRQ�
ZLWK�'2;�)�3<5��'2;�)�3,3��'2;�)�025��'2;�)�
3$=��WKH�DSRSWRWLF�FHOOV�IUDFWLRQ�ZDV�QRWHG�DW���������K��
RU���������K��OHYHO��1HFURWLF�FHOO�IUDFWLRQ�ZDV�YHU\�ORZ�
�������0DUF]DN�HW�DO����������,Q�(6���FHOOV�WKH�QHFURWLF�
FHOOV�IUDFWLRQV�DUH�VLPLODU�WR�DSRSWRWLF�RU�GRPLQDWHG�RYHU�
WKH�DSRSWRWLF�FHOOV�SHUFHQWDJH�����KRXU�LQFXEDWLRQ�UHVXOWV�
LQ� D� VLPLODU� SHUFHQWDJH� RI� DSRSWRWLF� DQG�QHFURWLF� FHOOV�
������DSRSWRWLF� FHOOV� DQG������RI� QHFURWLF� FHOOV� DIWHU�
H[SRVXUH�RQ�'2;�DQG�DQDORJXHV��ZLWK�WKH�H[FHSWLRQ�RI�
'2;�)�3,3���$IWHU�WKH����K�LQFXEDWLRQ�WLPH�DQ�LQFUHDVH�
ZDV�REVHUYHG�LQ�QHFURWLF�FHOOV�SHUFHQWDJH�IRU�DOO� WHVWHG�
FRPSRXQGV��7KH�KLJKHU�LQFUHDVH�ZDV�GHQRWHG�IRU�'2;��
'2;�)�3,3��'2;�)�+(;��DERXW���IROG�LQFUHDVH��

Figure 3. 7KH�9DOXHV� RI� ,&�� Parameter Following 
([SRVXUH�WR�'2;�DQG�&RPSRXQGV�����RI�(6���+XPDQ�
2YDULDQ�&DQFHU�&HOO�/LQH��6XUYLYDO�ZDV�DVVHVVHG�E\�077�
$VVD\� ����S���������FKDQJHV�EHWZHHQ�,&���IRU�FRPSRXQGV�
���� DQG�'2;��7KH� YDOXHV� DUH� WKH�PHDQ� �� 6'� RI� ILYH�
independent experiments

Figure 4. 7KH�0RUSKRORJ\�RI� WKH�&RQWURO�&HOOV�DQG�
WKH�&HOOV�7UHDWHG�ZLWK�'2;�DQG�&RPSRXQGV��²������
Q0����K���3LFWXUHV�ZHUH�WDNHQ�XVLQJ�DQ�LQYHUWHG�PLFURVFRSH�
HTXLSSHG�ZLWK�D�FDPHUD�� LQ�D�SKDVH�FRQWUDVW��2O\PSXV�,;����
-DSDQ��EDU�����P�

)LJXUH� ���0RUSKRORJLFDO�&KDQJHV� RI�+XPDQ�(6���
2YDULDQ�&HOOV� DW� ��K� DIWHU�'2;�DQG�&RPSRXQGV�
�²��7UHDWPHQW�� 7KH� FHOOV� ZHUH� VWDLQHG� ZLWK� +RHFKVW�
������ DQG� SURSLGLXP� LRGLGH� DQG� YLVXDOL]HG� E\�ÁXRUHVFHQFH�
PLFURVFRS\��2O\PSXV�,;����-DSDQ��EDU�����P���$SRSWRVLV�OLNH�
PRUSKRORJLFDO�IHDWXUHV��FKDQJHV�LQ�WKH�VWUXFWXUH��VL]H�DQG�VKDSH��
FHOO�VKULQNDJH��JUHHQ�DUURZ���FKURPDWLQ�FRQGHQVDWLRQ��\HOORZ�
DUURZV��� DSRSWRWLF� ERG\� IRUPDWLRQ� �ZKLWH� DUURZ��� SRO\SORLG�
FHOOV�ZLWK� WZR�QXFOHL� �EOXH� DUURZ��� �)RU� LQWHUSUHWDWLRQ�RI� WKH�
UHIHUHQFHV�WR�FRORXU�LQ�ÀJXUH�OHJHQG��WKH�UHDGHU�LV�UHIHUUHG�WR�
WKH�ZHE�YHUVLRQ�RI�WKH�DUWLFOH�

Figure 6. )UDFWLRQ� RI� WKH� (DUO\�$SRSWRWLF�� /DWH�
$SRSWRWLF� DQG�1HFURWLF�&HOOV�$IWHU� ��� ��� DQG� ���K�
H[SRVXUH� RQ�'2;� DQG�&RPSRXQGV� �²�� ���� Q0���
S������ VWDWLVWLFDOO\� VLJQLÀFDQW� GLIIHUHQFHV� LQ� FRPSDULVRQ� WR�
FRQWURO� FHOOV�� ���� VWDWLVWLFDOO\� VLJQLÀFDQW� GLIIHUHQFHV� EHWZHHQ�
SUREHV� LQFXEDWHG�ZLWK� FRPSRXQGV� �²�� LQ� FRPSDULVRQ� WR� WKH�
HIIHFW�DIWHU�WUHDWPHQW�ZLWK�'2;��7KH�YDOXHV�DUH�WKH�PHDQ���6'�
RI�ÀYH�LQGHSHQGHQW�H[SHULPHQWV
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Figure 7. )OXRUHVFHQFH�,PDJHV�RI�6.29���&HOOV��&HOOV�
ZHUH�WUHDWHG�ZLWK�FRQFHQWUDWLRQ�RI����Q0�RI�WHVWHG�FRPSRXQGV�
IRU����K�DQG�GRXEOH�VWDLQHG�ZLWK�$QQH[LQ�9�),7&�DQG�3,�EHIRUH�
H[DPLQDWLRQ�XQGHU�ÁXRUHVFHQFH�PLFURVFRS\� �2O\PSXV� ,;����
-DSDQ���EDU�����P

)LJXUH����)ORZ�&\WRPHWULF�$QDO\VLV�RI�$SRSWRVLV�DQG�
1HFURVLV�LQ�(6���&HOOV�0HDVXUHG�E\�8VLQJ�$QQH[LQ�9�
��),7&�$SRSWRVLV�'HWHFWLRQ�.LW��Representative cytometric 
GRW�SORWV� LPDJHV�RI�(6���FHOOV�REWDLQHG�DIWHU� LQFXEDWLRQ�ZLWK�
'2;� DQG� FRPSRXQGV� �²�� ���� Q0�� ��� K��� (DFK� VSHFLPHQ�
SUHVHQWV�� YLDEOH� FHOOV� ��$QQH[LQ�9�QHJDWLYH��3,�QHJDWLYH� �OHIW�
GRZQ� FRUQHU��4��� DSRSWRWLF� FHOOV� �� VXP� RI� HDUO\� DSRSWRVLV�
�$QQH[LQ�9�SRVLWLYH��3,�QHJDWLYH���ULJKW�GRZQ�FRUQHU�4���DQG�
ODWH� DSRSWRVLV� �$QQH[LQ�9�SRVLWLYH��3,� SRVLWLYH� �� ULJKW� XSSHU�
FRUQHU�4���DQG�QHFURWLF�FHOOV��$QQH[LQ�9�QHJDWLYH��3,�SRVLWLYH�
�4����OHIW�XSSHU�FRUQHU�

Figure 9. 36�([WHUQDOL]DWLRQ�DIWHU�'RXEOH�6WDLQLQJ�ZLWK�
$QQH[LQ�9�DQG�3,�LQ�+XPDQ�(6���2YDULDQ�&HOOV��7KH�
JUDSK�VKRZV�IUDFWLRQ�RI� WKH�DSRSWRWLF�DQG�QHFURWLF�FHOOV�DIWHU�
������DQG����K�H[SRVXUH�RQ�'2;�DQG�FRPSRXQGV��²��ZLWK����
Q0�FRQFHQWUDWLRQ����S������VWDWLVWLFDOO\�VLJQLÀFDQW�GLIIHUHQFHV�
EHWZHHQ� IUDFWLRQ� RI� DSRSWRWLF� RU� QHFURWLF� FHOOV� REVHUYHG� LQ�
SUREHV�LQFXEDWHG�ZLWK�'2;�DQG�FRPSRXQGV��²��LQ�FRPSDULVRQ�
WR�FRQWURO�FHOOV������VWDWLVWLFDOO\�VLJQLÀFDQW�GLIIHUHQFHV�EHWZHHQ�
VDPSOHV�LQFXEDWHG�ZLWK�FRPSRXQGV��²��LQ�FRPSDULVRQ�WR�WKH�
HIIHFW�DIWHU�WUHDWPHQW�ZLWK�'2;��7KH�YDOXHV�DUH�WKH�PHDQ���6'�
RI�ÀYH�LQGHSHQGHQW�H[SHULPHQWV

)LJXUH�����&KDQJHV�LQ�WKH�$FWLYLW\�RI�&DVSDVH���DQG�
&DVSDVH���$IWHU� 6.29��� �$�� DQG�(6���&HOOV� �%��
([SRVXUH� ���K�� RQ�'2;�DQG�'HULYDWLYHV�� ��S������
VWDWLVWLFDOO\�VLJQLÀFDQW�GLIIHUHQFHV�LQ�FRPSDULVRQ�WR�FRQWURO�FHOOV��
����VWDWLVWLFDOO\�VLJQLÀFDQW�GLIIHUHQFHV�EHWZHHQ�SUREHV�LQFXEDWHG�
ZLWK�FRPSRXQGV��²��LQ�FRPSDULVRQ�WR�WKH�HIIHFW�DIWHU�WUHDWPHQW�
ZLWK�'2;��7KH�YDOXHV�DUH�WKH�PHDQ���6'�RI�ÀYH�LQGHSHQGHQW�
H[SHULPHQWV

Measurements of phosphatidylserine (PS) externalization
36�H[WHUQDOL]DWLRQ�ZDV�PRQLWRUHG�F\WRPHWULFDOO\�DQG�

DOVR� XQGHU� D�ÁXRUHVFHQFH�PLFURVFRSH��)LJXUH� �� VKRZV�
WKH�PRUSKRORJLFDO�FKDQJHV� LQ�(6���FHOO� OLQH�DIWHU����K�

LQFXEDWLRQ�WLPH�ZLWK�'2;�DQG�FRPSRXQGV������&RQWURO�
FHOOV� VWDLQHG� QHJDWLYH� IRU� DQQH[LQ�9�),7&� �GDWD� QRW�
VKRZQ���,Q�FHOOV�H[SRVHG�WR�DQDORJXHV�DQG�'2;��D�ODUJH�
LQFUHDVH�LQ�WKH�JUHHQ�$QQH[LQ�9�),7&�ÁXRUHVFHQFH�ZDV�
YLVLEOH��$GGLWLRQDOO\�� VLPXOWDQHRXV� VWDLQLQJ� FHOOV�ZLWK�
SURSLGLXP�LRGLGH�JLYHV�WKH�DELOLW\�WR�GHWHFW�QHFURWLF�FHOOV��
5HSUHVHQWDWLYH�F\WRPHWULF�GRW�SORWV�LPDJHV�RI�(6���FHOOV�
JDLQHG�DIWHU�H[SRVXUH�RQ�'2;�DQG�FRPSRXQGV���������
K�� DUH� SUHVHQWHG� LQ� )LJXUH� ���7KH� TXDQWLWDWLYH� UHVXOWV�
DUH� SUHVHQWHG� LQ�)LJXUH� ���)RU� DOO� LQFXEDWLRQ� WLPHV� ����
������K��LQ�(6���FHOO�OLQH�QHFURWLF�FHOO�GHDWK�GRPLQDWHV�
WKH�DSRSWRWLF��7KH�KLJKHU�QXPEHU�RI�FHOOV�ZLWK�QHFURWLF�
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LQ�WKH�DFWLYLW\�RI�FDVSDVH����UHSUHVHQWHG�DV�D�SHUFHQWDJH�
RI� FRQWURO��ZDV� QRWHG� DIWHU� ��K�RI� LQFXEDWLRQ�� IRU� WKLV�
WLPH� WKH� FKDQJHV�ZHUH� VWDWLVWLFDOO\� VLJQLÀFDQW�QRW�RQO\�
in comparison to the control cells, but also as compared 
WR�WKH�SUREHV�LQFXEDWHG�ZLWK�'2;��:KHUHDV�DFWLYLW\�IRU�
'2;�ZDV�������������������WKH�SHUFHQWDJH�RI�FRQWURO��
IRU�WKH�IRUPDPLGLQRGR[RUXELFLQV�ZHUH�����������������
DQG� �������� �� ������� IRU�'2;�)� 3<5� DQG�'2;�)�
3$=�UHVSHFWLYHO\��7KH�DFWLYLW\�RI�FDVSDVH���IRU�'2;�)�
3,3� DQG�'2;�)�025�ZDV� VLPLODU� WR� WKRVH� REWDLQHG�
IRU�'2;� ��������� �� ������� DQG� �������� �� �������
UHVSHFWLYHO\���7KH�VWURQJ� LQFUHDVH� LQ�FDVSDVH���DFWLYLW\�
ZDV� DOVR�REVHUYHG� LQ�(6��� FHOOV� DIWHU� ��K� H[SRVXUH� WR�
DOO� WHVWHG�FRPSRXQGV��7KH�FDVSDVH���DFWLYLW\�ZDV�PRVW�
VWURQJO\� DFWLYDWHG� DIWHU� FHOOV� LQFXEDWLRQ�ZLWK�'2;�)�
3,3���������������������(6���FHOOV�H[SRVXUH�RQ�'2;�)�
3<5��'2;�)�025��'2;�)�3$=�UHVXOWHG�LQ�FDVSDVH���
DFWLYDWLRQ�UHPDLQLQJ�DW�D�VLPLODU�OHYHO��7KH�OHDVW�SRWHQW�
DQDORJXH�ZDV�'2;�)�+(;���������������������7DNLQJ�
LQWR� DFFRXQW� WKH� UHVXOWV� RI� FDVSDVH��� DFWLYLW\� REWDLQHG�
IRU�6.29���DQG�(6���FHOOV��LW�FDQ�EH�FRQFOXGHG�WKDW�DOO�

Figure 11. &KDQJHV�LQ�WKH�$FWLYLW\�RI�&DVSDVH���DIWHU�
(6���&HOOV���K�([SRVXUH�RQ�'2;�DQG�'HULYDWLYHV����
S������� VWDWLVWLFDOO\� VLJQLÀFDQW� GLIIHUHQFHV� LQ� FRPSDULVRQ� WR�
FRQWURO� FHOOV�� ���� VWDWLVWLFDOO\� VLJQLÀFDQW� GLIIHUHQFHV� EHWZHHQ�
SUREHV� LQFXEDWHG�ZLWK� FRPSRXQGV� �²�� LQ� FRPSDULVRQ� WR� WKH�
HIIHFW�DIWHU�WUHDWPHQW�ZLWK�'2;��7KH�YDOXHV�DUH�WKH�PHDQ���6'�
RI�ÀYH�LQGHSHQGHQW�H[SHULPHQWV

Figure 12. &KDQJHV� LQ�PLWRFKRQGULDO�PHPEUDQH�
SRWHQWLDO� �¨sP��RI� 6.29��� DQG�(6��� FHOOV� VHHGHG�
into black 96-well titration microplates and incubated 
ZLWK�'2;�DQG�IRUPDPLGLQRDQWUDF\FOLQHV�IRU�������DQG�
72h. 0LWRFKRQGULDO�PHPEUDQH�SRWHQWLDO�ZDV�HVWLPDWHG�ZLWK�D�
ÁXRUHVFHQFH�G\H�-&���DW�WKH�HQG�RI�LQFXEDWLRQ�GLUHFWO\�LQ�WKH�FHOO�
PRQROD\HUV��)OXRUHVFHQFH�UDWLR�RI�-&���GLPHUV�-&���PRQRPHUV�
RI�FRQWURO�ZDV�DVVXPHG�DV�������5HVXOWV�DUH�SUHVHQWHG�DV�PHDQ�
��6�'��RI�����LQGHSHQGHQW�H[SHULPHQWV����S�������VLJQLÀFDQW�
GLIIHUHQFHV� EHWZHHQ�GUXJ�WUHDWHG� DQG�XQWUHDWHG�� FRQWURO� FHOOV�
�WDNHQ� DV� ������� ���S������� VLJQLÀFDQW� GLIIHUHQFHV� EHWZHHQ�
'2;�WUHDWHG�FHOOV�DQG�FHOOV�H[SRVHG�RQ�GHULYDWLYHV����

PRUSKRORJ\�ZDV�REVHUYHG�DIWHU���K�WUHDWPHQW�ZLWK�'2;�
DQG�DQDORJV����K�H[SRVXUH�WR�'2;�DQG�GHULYDWLYHV�UHVXOWHG�
LQ�D�VOLJKW�GHFUHDVH�RI�QHFURWLF�FHOOV�IUDFWLRQ��$FFRUGLQJ�WR�
WKH�UHVXOWV��'2;��DV�ZHOO�DV�DOO�WHVWHG�FRPSRXQGV��LQGXFHG�
ERWK�DSRSWRWLF�DQG�QHFURWLF�FHOO�GHDWK��)RU�6.29���FHOOV��
'2;�DQG�DOO�WHVWHG�FRPSRXQGV�LQGXFHG�ERWK��DSRSWRWLF�
DQG�QHFURWLF� FHOO� GHDWK��EXW� FRQWUDU\� WR�(6���FHOOV�� WKH�
SUHGRPLQDQFH�RI�WKH�ÀUVW�SURFHVV�ZDV�VLJQLÀFDQW��0DUF]DN�
HW�DO���������

&DVSDVH�����������DFWLYLW\�PHDVXUHPHQWV
&KDQJHV�LQ�FDVSDVH���DFWLYLW\�LQ�(6���FHOOV�H[SRVHG�WR�

IRUPDPLGLQH�GHULYDWLYHV��DV�ZHOO�DV�'2;��DUH�SUHVHQWHG�LQ�
)LJXUH�����(6���FHOOV�LQFXEDWLRQ�ZLWK�WHVWHG�FRPSRXQGV�
results in moderate increase in caspase-3 activity in 
FRPSDULVRQ�WR�6.29���FHOO�OLQH��0DUF]DN�HW�DO����������
)RU�'2;� DQG� IRUPDPLGLQH� GHULYDWLYHV� WKH�PRGHUDWH�
LQFUHDVH� LQ� FDVSDVH��� DFWLYLW\�ZDV� REVHUYHG� DIWHU� ��K�
LQFXEDWLRQ� WLPH��9DOXHV� REWDLQHG� LQ�(6��� FHOOV� IRU� DOO�
GHULYDWLYHV�ZHUH�RYHU�����IROG�KLJKHU�WKDQ�WKRVH�JDLQHG�
IRU� UHIHUHQFH�GUXJ� ������������������5HVXOWV� QRWHG� IRU�
DOO�DQDORJV�ZHUH�VLPLODU�DQG�WKH\�UDQJHG�IURP����������
�������'2;�)�025���WR�����������������'2;�)�3,3���
,Q�6.29���FHOOV��WKH�REVHUYHG�YDOXHV�IRU�DOO�LQYHVWLJDWHG�
GUXJV�ZHUH�IURP�����IROG��IRU�'2;�)�3<5��'2;�)�025��
'2;�)�3$=��WR���IROG�KLJKHU��IRU�'2;��LQ�FRPSDULVRQ�
WR�(6���FHOO�OLQH��,Q�ERWK�FHOO�OLQHV�WKH�FDVSDVH���DFWLYLW\�
DIWHU�LQFXEDWLRQ�ZLWK�'2;�)�+(;�ZDV�VLPLODU��DQG�WKH�
'2;�)� 3,3�ZDV� WKH�PRVW� SRWHQW� FDVSDVH��� DFWLYDWRU�
�0DUF]DN�HW�DO�����������

7KH�FXUUHQW�VWXG\�LQYHVWLJDWHG�WKH�PHDVXUHPHQWV�RI�
FDVSDVH���DQG�FDVSDVH���DFWLYLWLHV�WR�EHWWHU�XQGHUVWDQG�WKH�
PROHFXODU�HYHQWV�RFFXUULQJ�LQ�6.29���DQG�(6���FHOOV�LQ�
UHVSRQVH�WR�QHZ�IRUPDPLGLQH�GHULYDWLYHV�RI�'2;��)LJXUH�
����� ,Q�6.29��� FHOOV� DOO� WHVWHG� FRPSRXQGV� FDXVHG� DQ�
LQFUHDVH�LQ�WKH�DFWLYLW\�RI�WKLV�HQ]\PH��7KH�VWURQJ�LQFUHDVH�
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IRUPDPLGLQRGR[RUXELFLQV�LQGXFH�D�VWURQJ�LQFUHDVH�LQ�WKH�
DFWLYLW\�RI�FDVSDVH���LQ�ERWK�FHOO�OLQHV��

&DVSDVH���LV�UHTXLUHG�LQ�PRVW�VFHQDULRV�RI�DSRSWRWLF�
FHOO�GHDWK��$V�REVHUYHG�SUHYLRXVO\��0DUF]DN�W�DO����������
LQ�6.29���FHOO�OLQH���K�H[SRVXUH�WR�'2;�)�3,3�DV�ZHOO�DV�
'2;�)�025�UHVXOWHG�LQ�PD[LPDO�DFWLYDWLRQ�RI�FDVSDVH����
)RU�'2;�)�025�WKH�DFWLYDWLRQ�RI�FDVSDVH���ZDV�RYHU�
��IROG� KLJKHU� WKDQ� WKRVH� REWDLQHG� IRU�'2;� ���������
�� ������� DQG� ������� �� ������ SHUFHQWDJH� RI� FRQWURO�
FHOOV�� UHVSHFWLYHO\��� 6WDWLVWLFDOO\� VLJQLÀFDQW� GLIIHUHQFHV�
ZHUH�REVHUYHG�DOVR�IRU�'2;�)�3,3������������������LQ�
FRPSDULVRQ� WR�'2;��&DVSDVH��� DFWLYLW\� LQ�(6��� FHOOV��
REVHUYHG�DIWHU����KRXUV�RI�LQFXEDWLRQ�ZLWK�WKH�DOO�WHVWHG�
FRPSRXQGV��KDV�EHHQ�IUHTXHQWO\�ZHDNHU�WKDQ�WKDW�VHHQ�IRU�
SUHYLRXVO\�GHVFULEHG�FDVSDVH����,Q�WKH�(6���FHOOV�WKH���K�
H[SRVXUH�WR�'2;�DQG�GHULYDWLYHV�LQGXFHG�WKH�PD[LPDO�
FDVSDVH���DFWLYDWLRQ�IRU�'2;�)�+(;�������������������
7KH�UHVXOWV�REWDLQHG�ZLWK�WKH�RWKHU�FRPSRXQGV�UHPDLQHG�
DW�WKH�OHYHO�RI������RI�FRQWURO�FHOOV��6XPPDULVLQJ��WKH�
UHVXOWV�RI�FDVSDVH���DFWLYLW\�LQ�ERWK�FHOO�OLQHV�ZHUH�VLPLODU�
DIWHU�H[SRVLWLRQ�RQ�'2;��'2;�)�3<5��'2;�)�3$=�DQG�
'2;�)�+(;��7KH�PDLQ�GLIIHUHQFH�EHWZHHQ�FHOO�OLQHV�ZDV�
REVHUYHG�DIWHU�FHOOV�LQFXEDWLRQ�ZLWK�'2;�)�025��

0LWRFKRQGULDO�WUDQVPHPEUDQH�SRWHQWLDO
7KH�LQÁXHQFH�RI�'2;�DQG�IRUPDPLGLQRGR[RUXELFLQV�

RQ�PLWRFKRQGULDO� PHPEUDQH� SRWHQWLDO� �¨^P�� ZDV�
DVVHVVHG�XVLQJ�ÁXRULPHWULF� DQDO\VLV� DIWHU� VWDLQLQJ�ZLWK�
WKH� IOXRUHVFHQW� G\H� -&����7KLV� SUREH� KDV� WKH� XQLTXH�
SURSHUW\� RI� VSRQWDQHRXV� IRUPDWLRQ� RI� UHG�ÁXRUHVFHQW�
GLPHUV�XQGHU�KLJK�PLWRFKRQGULDO�SRWHQWLDO��ZKHUHDV� LWV�
PRQRPHULF�IRUP��SUHYDOHQW�LQ�FHOOV�ZLWK�ORZ�^P��VKRZV�
JUHHQ�ÁXRUHVFHQFH�� ,Q� ERWK��6.29��� DV�ZHOO� DV�(6����
cells all tested drugs induced time-dependent changes 
LQ�PLWRFKRQGULDO�PHPEUDQH�SRWHQWLDO��7KHLU�TXDQWLWDWLYH�
UHSUHVHQWDWLRQV�DUH�SUHVHQWHG� LQ�)LJXUH����� ,Q�6.29���
FHOOV�DIWHU�WKH��K�LQFXEDWLRQ�WLPH��WKH�-&���ÁXRUHVFHQFH�
UDWLR�UHPDLQV�DW�WKH�FRQWURO�FHOOV�OHYHO��GHÀQHG�DV�������
IRU� DOO� '2;� DQG� IRUPDPLGLQRGR[RUXELFLQV�� DQG� WKH�
GLIIHUHQFHV� EHWZHHQ�'2;� DQG� DQDORJXHV� ZHUH� QRW�
QRWLFHG��7KH�-&���ÁXRUHVFHQFH�UDWLR�GHFUHDVHG�DIWHU�WKH�
SURORQJHG�LQFXEDWLRQ�WLPH����K�DQG���K���$IWHU�WKH���K��
WKH�PD[LPDO�GHFUHDVH�RI�WKH�-&���ÁXRUHVFHQFH�UDWLR�ZDV�
REVHUYHG�IRU�'2;�)�025��DERXW�����OHVV�WKDQ�LQ�WKH�
FRQWURO�VDPSOHV���,Q�WKH�SUHVHQFH�RI�RWKHU�DQDORJXHV��WKH�
GHFUHDVH�UDQJHG�IURP�����WR�����RI�WKH�FRQWURO�SUREHV��
7KH�PD[LPDO�GHFUHDVH�ZDV�REVHUYHG�DIWHU���K��7KH�UDWLR�
RI�-&���ÁXRUHVFHQFH�ZDV�PDUNHGO\�ORZHU��E\�DERXW������
DQG�ZDV�VLPLODU�DIWHU�H[SRVXUH�RQ�'2;�DQG�GHULYDWLYHV��

7KH� RSSRVLWH� UHODWLRQ� RFFXUUHG� LQ� (6��� FHOO� OLQH��
7KH�PD[LPDO�GLIIHUHQFHV�EHWZHHQ�FRQWURO� VDPSOHV� DQG�
GHULYDWLYHV�ZHUH� REVHUYHG� DIWHU� �K� LQFXEDWLRQ� WLPH��
6WDWLVWLFDOO\�LPSRUWDQW�FKDQJHV�LQ�FRPSDULVRQ�WR�FRQWURO�
SUREH�ZHUH�QRWHG�DIWHU�'2;�)�3<5��'2;�)�025�DQG�
'2;�)�3$=�SUHVHQFH��$GGLWLRQDOO\��DIWHU�'2;�)�3$=�
H[SRVXUH� WKH� GLIIHUHQFHV�ZHUH� VWDWLVWLFDOO\� VLJQLÀFDQW�
LQ� FRPSDULVRQ� WR�'2;��$IWHU� WKH� ��K� H[SRVXUH�� WKH�
GLIIHUHQFHV�EHWZHHQ�FRQWURO�FHOOV�DQG�FHOOV�WUHDWHG�ZLWK�
'2;� DQG� DQDORJXHV�ZHUH� QRW� QRWLFHG�� H[FHSW� IURP�
'2;�)�025��6LPLODUO\��DIWHU� WKH���K� LQFXEDWLRQ� WLPH�
RQO\�'2;�)�025� FDXVHG� D� VLJQLILFDQW� GHFUHDVH� LQ�

FRPSDULVRQ�WR�'2;�

Discussion

6.29���FHOO�OLQH�LV�WKH�PRVW�FRPPRQO\�XVHG�FHOO�OLQH�
PRGHO�RI�RYDULDQ�FDQFHU��(6���FHOO�OLQH�ZDV�LVRODWHG�E\�
WKH�6LNLF�ODERUDWRU\�IURP�D�VXUJLFDO�WXPRXU��ZKLFK�ZDV�
GHVFULEHG�DV�D�SRRUO\�GLIIHUHQWLDWHG��KLJKO\�DJJUHVVLYH�DQG�
GUXJ�UHVLVWDQW�YDULDQW�RYDULDQ�FDQFHU�ZLWK�PL[HG�VHURXV�DQG�
FOHDU�FHOO�FDUFLQRPD�KLVWRSDWKRORJLFDO�IHDWXUHV��0RLVDQ�
HW�DO����������:LWKLQ�HSLWKHOLDO�RYDULDQ�FDQFHUV��FOHDU�FHOO�
FDUFLQRPD�UHSUHVHQWV�D�GLVWLQFW�PHGLFDO�FKDOOHQJH�ZLWK��
XQLTXH�ELRORJ\�DQG�EHKDYLRXU��'HVSLWH�LWV�ORZ�LQFLGHQFH�
��²�����RI�(2&�FDVHV�� FOHDU� FHOO� FDUFLQRPD� LV�KLJKO\�
PRUWDO��ZKHQ� WKH� GLVHDVH� KDV� H[WUDRYDULDQ� H[WHQVLRQ��
$V�EHWZHHQ��������RI�&&&�SUHVHQW�DV� VWDJH� ,� �RI� WKH�
LOOQHVV��LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKH�GHWHUPLQDQWV�RI�
SURJQRVLV�DQG�WKH�HIIHFWLYHQHVV�RI�SRVWRSHUDWLYH�WUHDWPHQW�
�$QJOHVLR�HW�DO����������,W�ZDV�IRXQG�WKDW�&&&�KDV�D�SRRUHU�
RYHUDOO�VXUYLYDO�UDWH�LQ�FRPSDULVRQ�WR�QRQ�&&&�SDWLHQWV��
UHJDUGOHVV�RI�WKH�LOOQHVV�VWDJH��/HH�HW�DO����������&RQWUDU\�
WR�RWKHU�KLVWRORJLFDO� W\SHV� LQ�ZKLFK�FKHPRUHVLVWDQFH� LV�
DQ�DFTXLUHG�SKHQRPHQRQ��LQ�2&&&�FKHPRUHVLVWDQFH�LV�
DQ�LQWULQVLF�IHDWXUH��+HQFH��2&&&�UHFXUUHQW�LOOQHVV�DIWHU�
surgery, and advanced illness stage at diagnosis, do not 
UHVSRQG�WR�WKH�SODWLQXP�EDVHG�FRQYHQWLRQDO�WKHUDS\��DQG�
WKLV�FKHPR�UHVLVWDQFH�LV�DVVRFLDWHG�ZLWK�D�ORZHU�UHVSRQVH�
UDWH�WR�FKHPRWKHUDS\�DQG�D�SRRU�SURJQRVLV��/RSHV�HW�DO���
�������3DWLHQWV�ZKR�KDYH�OLWWOH�RU�QR�UHVSRQVH�WR�ÀUVW�OLQH�
WKHUDS\�DUH�DOVR�UHVLVWDQW�WR�VHFRQG�OLQH�WKHUDS\��+HQFH��
LQ�WXPRXU�UHFXUUHQFH�DQG�ZKHQ�GLDJQRVHG�DW�DQ�DGYDQFHG�
LOOQHVV�VWDJH��2&&&�LV�DQ�LQFXUDEOH�GLVHDVH��/RSHV�HW�DO���
�������

7KH�DLP�RI�RXU�SUHVHQW�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�
ELRORJLFDO�HIIHFW�RI�WKH�ÀYH�IRUPDPLGLQRGR[RUXELFLQV�LQ�
(6���KXPDQ�RYDULDQ�FOHDU�FHOOV�FDUFLQRPD��DQG�FRPSDUH�
LW�ZLWK�WKH�HIIHFW�REWDLQHG�SUHYLRXVO\�IRU�6.29���KXPDQ�
RYDULDQ�DGHQRFDUFLQRPD�FHOO� OLQH��WR�DQVZHU�D�TXHVWLRQ�
ZKHWKHU��DQG�WR�ZKDW�H[WHQW��D�KLVWRORJLFDO�FHOO�W\SH�LV�D�
SRVVLEOH�GHWHUPLQDQW�RI�VHQVLWLYLW\�WR�WHVWHG�DQWKUDF\FOLQHV��

�7KH�ÀUVW�VWDJH�RI�WKLV�VWXG\�IRFXVHG�RQ�WKH�HYDOXDWLRQ�
RI�LQWUDFHOOXODU�DFFXPXODWLRQ�RI�'2;�DQG�DQDORJXHV��DQG�
DOVR� RQ� WKH� HVWLPDWLRQ� RI� GUXJV� XSWDNH��7KH� F\WRWR[LF�
HIIHFW�RI�DOO�WHVWHG�GHULYDWLYHV�DV�ZHOO�DV�'2;�GHSHQGV�
RQ�WKH�GUXJ�DFFXPXODWLRQ�LQ�WKH�FHOO��7KH�GUXJ�GLIIXVLRQ�
WKURXJK�WKH�FHOO�PHPEUDQH�LV�RQH�RI�WKH�IDFWRUV�OLPLWLQJ�WKH�
SHQHWUDWLRQ�UDWH�LQWR�FHOOV��7KH�TXDQWLW\�RI�'2;��DV�ZHOO�
DV�DOO�IRUPDPLGLQH�GHULYDWLYHV��WDNHQ�XS�E\�FHOOV�ZLWKLQ�
���PLQ�RI�LQFXEDWLRQ�ZDV�VLPLODU�ZLWKLQ�WKH�WHVWHG�(6���
DQG�6.29���FHOO�OLQHV�

1R�LPSRUWDQW�GLIIHUHQFHV�LQ�LQWUDFHOOXODU�GLVWULEXWLRQ�
ZHUH�REVHUYHG��7KH�VLWXDWLRQ�ZDV�VLPLODU�IRU�WKH�LQLWLDO�
LQÁX[�DQG�HIÁX[��EXW�DOVR�LQÁX[�DQG�HIÁX[�UDWH�FRQVWDQWV��
7KLV� PD\� EH� H[SODLQHG� E\� WKH� ODFN� RI� VXEVWDQWLDO�
GLIIHUHQFHV� LQ� VL]H� EHWZHHQ� WKH�'2;�DQG� GHULYDWLYHV��
$VVHVVPHQW�RI�RWKHU�YDOXHV�REWDLQHG�IRU�ERWK�FHOO�OLQHV�
VXJJHVWV� WKDW�GUXJ�XSWDNH�DQG�NLQHWLF�GUXJV�SDUDPHWHUV�
IRU�(6���FHOO�OLQH�DQG�6.29���FHOO�OLQH�DUH�DQDORJRXV��

7KH�QH[W�VWHS�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�WKH�F\WRWR[LFLW\�
RI�IRUPDPLGLQH�GHULYDWLYHV�LQ�(6���FHOOV��DQG�WKHLU�DELOLW\�
WR� LQGXFH� DSRSWRVLV�� ,Q� WKH�6.29��� FHOOV� WKH�SUHVHQFH�
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RI�KHWHURDWRP� LQ� WKH� VL[�PHPEHUHG� ULQJV� LPSURYHV� WKH�
FRPSRXQG�DFWLYLW\��7KH�PRVW�VXIÀFLHQW�DQDORJXHV�ZHUH�
'2;�)�025�DQG�'2;�)�3$=��0DUF]DN�HW�DO����������
&RPSDULVRQ�RI� ,&��� YDOXHV�REWDLQHG� IRU�ERWK� FHOO� OLQHV�
VXJJHVWV�WKDW�(6���FHOO�OLQH�LV�PRUH�VHQVLWLYH�WR�D�UHIHUHQFH�
GUXJ�DQG�'2;�)�3,3�WKDQ�6.29���FHOOV��7KH�RSSRVLWH�
VLWXDWLRQV�ZHUH� GHQRWHG� DIWHU� ERWK� FHOO� OLQHV� H[SRVXUH�
WR�'2;�)�025�DQG�'2;�)�3$=��$GGLWLRQDOO\�� WKHVH�
SDUDPHWHUV�ZHUH�DOPRVW�HTXDO�RQ�WKH�(6���DQG�6.29���
FHOO�OLQHV�DIWHU�LQFXEDWLRQ�ZLWK�'2;�)�025�DQG�'2;�)�
3$=�� ,W� VXJJHVWV� WKDW� WKH� GHULYDWLYH�ZLWK� ��PHPEHUHG�
ULQJ�ZLWK�DGGLWLRQDO�KHWHURDWRPV�KDV�VLPLODU�F\WRWR[LFLW\�
IRU�HDFK�WHVWHG�RYDULDQ�FDQFHU�FHOO�OLQH��7KH�OHDVW�SRWHQW�
DQDORJXH� LQ� (6��� FHOO� OLQH�ZDV�'2;�)�+(;��ZKLFK�
VXSSRUWV�UHVXOWV�REWDLQHG�SUHYLRXVO\�IRU�6.29���FHOOV��7KH�
YDOXHV�IRU�WKLV�GHULYDWLYH�LQ�ERWK�FHOO�OLQHV�ZHUH�VLPLODU��

$SRSWRVLV�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�F\WRWR[LFLW\�RI�
PDQ\�DQWLFDQFHU�GUXJV��6KDQ�HW�DO���������6XQ�HW�DO����������
7KHUH�DUH�WZR�URXWHV�RI�DSRSWRVLV��H[WULQVLF�DQG�LQWULQVLF��
([WULQVLF�LV�DVVRFLDWHG�ZLWK�WKH�RXWHU�PHPEUDQH�UHFHSWRUV��
,Q� WKH� LQWULQVLF�SDWKZD\�RI�DSRSWRVLV��PLWRFKRQGULD�DUH�
LQYROYHG��*ROGDU�HW�DO����������1XPHURXV�FKDQJHV�LQ�FHOO�
PRUSKRORJ\��W\SLFDO�HLWKHU�RI�DSRSWRVLV�RU�QHFURVLV��ZHUH�
GHWHFWHG�DIWHU�H[DPLQDWLRQ�RI�FHOOV�VWDLQHG�VLPXOWDQHRXVO\�
ZLWK� WKH� WZR�G\HV��'1$�LQWHUFDODWLQJ�+RHFKVW� �������
ZKLFK�DUH�DEOH�WR�SHQHWUDWH�WKH�LQWDFW�FHOO�PHPEUDQH�DQG�
SURSLGLXP�LRGLGH��QRW�SHUPHDQW�WR�OLYH�FHOOV��FRPPRQO\�
XVHG�WR�GHWHFW�QHFURWLF�FHOOV�LQ�D�SRSXODWLRQ���%DVLQJ�RQ�
WKH�REWDLQHG�UHVXOWV�XQGHU�WKHVH�H[SHULPHQWDO�FRQGLWLRQV��
LW�KDV�EHHQ�VKRZQ�WKDW�IRUPDPLGLQH�GHULYDWLYHV�RI�'2;�
FDQ� LQGXFH�ERWK�DSRSWRVLV�DQG�QHFURVLV� LQ�(6���FDQFHU�
FHOOV�� &RPSDUHG� WR� 6.29��� FHOOV�� (6��� GLVSOD\HG� D�
ORZHU� OHYHO� RI� DSRSWRVLV��7KH� GRPLQDQFH� RI� DSRSWRWLF�
FHOOV� IUDFWLRQ�ZDV�QRWHG�DIWHU�6.29���FHOOV� LQFXEDWLRQ�
ZLWK� GHULYDWLYHV��1HFURWLF� FHOO� IUDFWLRQ�ZDV� OHVV� WKDQ�
����,Q�(6���GHSHQGLQJ�RQ�WKH�LQFXEDWLRQ�WLPH�FHOOV�WKH�
QHFURWLF� DQG� DSRSWRWLF� FHOOV� IUDFWLRQV�ZHUH� VLPLODU� RU�
QHFURVLV� GRPLQDWHG� RYHU� DSRSWRWLF� FHOO� IUDFWLRQV��7KLV�
may be caused by the clear cell adenocarcinoma being 
less responsive to chemotherapy than the ovarian serous 
DGHQRFDUFLQRPD��7DPDGD�HW�DO���������

3DUWLDO�FRQÀUPDWLRQ�RI�DSRSWRVLV�DQG�QHFURVLV�LQGXFWLRQ�
ZDV�DOVR�REWDLQHG�E\�$QQH[LQ�9�3,�VWDLQLQJ��$QQH[LQ�9��
D� SURWHLQ�ZKLFK� LV� DEOH� WR� ELQG� WR� SKRVSKDWLG\OVHULQH�
H[SRVHG�RQ�WKH�VXUIDFH�RI� WKH�FHOOV��3KRVSKDWLG\OVHULQH�
�36�� H[WHUQDOL]DWLRQ��ZKLFK� LV� D� FRQVHTXHQFH� RI� WKH�
EUHDNGRZQ� LQ� SODVPD�PHPEUDQH� OLSLG� DV\PPHWU\�� LV�
UHJDUGHG� DV� DQ� HDUO\� HYHQW� LQ� DSRSWRVLV� �$XEU\� HW� DO���
�������7UDQVIHU�RI�36�LQWR�WKH�RXWHU�PRQROD\HU�LV�D�VLJQDO�
IRU�WKH�FHOO�HOLPLQDWLRQ�E\�SKDJRF\WLF�PDFURSKDJHV��=ZDDO�
HW� DO��� ������� (YLGHQFH� IRU� WKH� QHFURWLF� W\SH� RI� GHDWK�
induced by the anthracycline antibiotics in tumour cells 
KDV�EHHQ�SURYLGHG��7KH�LQFUHDVHG�IUDFWLRQ�RI�QHFURWLF�FHOOV��
H[WHQGHG�ZLWK�WKH�OHQJWK�RI�LQFXEDWLRQ�ZLWK�WKH�GUXJV�WLPH��
PLJKW�VXJJHVW�WKDW�VRPH�DPRXQW�RI�WKH�DSRSWRWLF�FHOOV�DUH�
DEOH�WR�VZLWFK�WR�QHFURWLF�PRGH�RI�GHDWK��.RFHYD�&K\OD�
HW�DO����������,W�FRXOG�EH�DQRWKHU�UHDVRQ�ZK\��FRPSDUHG�
WR�6.29���FHOOV��(6���GLVSOD\HG�D�KLJKHU�SHUFHQWDJH�RI�
QHFURWLF�FHOOV�

$IWHU�WKH�FRQÀUPDWLRQ�WKH�'2;�DQG�GHULYDWLYHV�DELOLW\�
WR�LQGXFH�DSRSWRVLV�WKH�WKLUG�VWHS�RI�WKLV�VWXG\�IRFXVHG�

RQ� GHWHUPLQLQJ� WKH� SDWKZD\� RI� DSRSWRVLV� �LQWHUQDO� RU�
H[WHUQDO���)RU� WKLV� SXUSRVH� WKH� DFWLYLW\�RI� DFWLYLW\�RI� ��
W\SHV� RI� FDVSDVHV� �FDVSDVH���LQYROYHG� LQ� WKH� H[WULQVLF�
SDWKZD\��FDVSDVH����ZKLFK�LV�SDUW�RI�WKH�LQWULQVLF�SDWKZD\�
RI�DSRSWRVLV�DQG�FDVSDVH�����H[HFXWLYH�HQ]\PH�LQYROYHG�
LQ�ERWK�SDWKZD\V��ZDV�QRWHG��0RUHRYHU�� WKH� HIIHFWV� RI�
WHVWHG�FRPSRXQGV�RQ�PLWRFKRQGULD��RUJDQHOOHV�LQYROYHG�
LQ�WKH�LQWULQVLF�SDWKZD\��ZHUH�LQYHVWLJDWHG�E\�DVVHVVLQJ�
FKDQJHV� LQ� WKH�PLWRFKRQGULDO�PHPEUDQH�SRWHQWLDO��7KH�
H[WULQVLF�DSRSWRWLF�SDWKZD\�LV�FKDUDFWHUL]HG�E\�DFWLYDWLRQ�
DQG� FOHDYDJH� RI� SURFDVSDVH����7KH� LQWULQVLF� DSRSWRWLF�
SDWKZD\� LV�PHGLDWHG�E\� FDVSDVH��� DFWLYDWLRQ�� UHVXOWLQJ�
LQ� WKH� UHOHDVH� RI�PLWRFKRQGULDO� F\WRFKURPH� F� DQG� WKH�
IRUPDWLRQ�RI�WKH�DSRSWRVRPH�FRPSOH[��;XH�HW�DO����������
,W�ZDV�SUHYLRXVO\�SURYHQ��WKDW�'2;�JHQHUDWHV�DSRSWRVLV�
WKURXJK� FDVSDVH���GHSHQGHQW� SURFHVV� LQ�$�����KXPDQ�
RYDULDQ�FDQFHU�FHOOV��DV�ZHOO�DV�LQ�WKH�RWKHU�FDQFHU�FHOO�OLQHV�
�%HOODURVD�HW�DO���������*DMHN�HW�DO����������,Q�6.29���
FHOOV�WKH�VWURQJ�LQFUHDVH�LQ�WKH�DFWLYLW\�RI�FDVSDVH���ZDV�
QRWHG�DIWHU���K�RI�LQFXEDWLRQ�DQG�IRU�WKLV�WLPH�WKH�FKDQJHV�
ZHUH� VWDWLVWLFDOO\� VLJQLÀFDQW�QRW�RQO\� LQ� FRPSDULVRQ� WR�
WKH�FRQWURO�EXW�DOVR� WR� WKH�SUREHV� LQFXEDWHG�ZLWK�'2;�
�0DUF]DN� HW� DO��� ������� ,Q� ERWK� FHOO� OLQHV� WKH� XVH� RI�
WKH� FDVSDVH��� LQKLELWRU�=9$'�IPN� LQKLELWHG� DSRSWRVLV�
LQGXFHG�E\�HLWKHU�'2;�RU�GHULYDWLYHV��ZKLFK�VXJJHVWHG�
D�SDUWLFLSDWLRQ�RI�FDVSDVH���LQ�WKLV�SURFHVV��,Q�6.29���
DQG�(6���FHOO�OLQHV�WKH�LQFUHDVHG�DFWLYLW\�RI�FDVSDVH���DQG�
���ZDV�REVHUYHG��,W�VKRXOG�EH�QRWHG�WKDW�DIWHU�H[SRVXUH�
WR�'2;�)�3<5��'2;�)�3,3��'2;�)�3$=�DQG�'2;�)�
+(;��WKH�FDVSDVH���DFWLYLW\�ZDV�FRQVLGHUDEO\�KLJKHU�WKDQ�
FDVSDVH����ZKLFK�VXJJHVWV�D�GRPLQDQFH�RI�WKH�H[WULQVLF�
DSRSWRWLF�SDWKZD\��2QO\�LQ�WKH�FDVH�RI�'2;�)�025�LQ�
6.29��� FHOO� OLQH� WKH� VLPLODU� DFWLYLW\� RI� ERWK� FDVSDVHV�
ZDV�GHPRQVWUDWHG��7KXV�REWDLQHG� UHVXOWV� VXSSRUWHG� WKH�
PLWRFKRQGULDO�PHPEUDQH�SRWHQWLDO�FKDQJHV��$IWHU�WKH���K�
H[SRVXUH�6.29���FHOOV�WR�WHVWHG�FRPSRXQGV��WKH�PD[LPDO�
GHFUHDVH�RI�WKH�-&���ÁXRUHVFHQFH�UDWLR�ZDV�REVHUYHG�IRU�
'2;�)�025��DERXW�������,W�PLJKW�LQGLFDWH�WKDW�LQ�WKH�
6.29���FHOOV�'2;�)�025�LQGXFHV�ERWK�SDWKZD\V�ZLWK�
VLPLODU�LQWHQVLÀFDWLRQ��

2YDULDQ�FOHDU�FHOOV�FDQFHU�LV�FXUUHQWO\�PDQDJHG�LQ�WKH�
VDPH�PDQQHU�DV�RWKHU�(2&V��+RZHYHU��WKH�PHFKDQLVPV�
RI� GUXJ� UHVLVWDQFH�� WXPRXU� GHYHORSPHQW�� SURJUHVVLRQ�
DQG� SRRU� FOLQLFDO� RXWFRPHV� LQ�&&&� UHPDLQ� XQNQRZQ��
0ROHFXODU� VWXGLHV� VXJJHVWHG� WKDW�&&&� LV� ELRORJLFDOO\�
GLVWLQFW�IURP�WKH�RWKHU�(2&�VXEW\SHV��VR�WKHUH�LV�WKH�QHHG�
IRU�D�QHZ�VWUDWHJ\�IRU�WUHDWLQJ�&&&��/HH�HW�DO����������7KH�
ÀUVW�VWHS�LQ�GHYHORSLQJ�WRROV�WR�LPSURYH�&&&�WKHUDS\�LV�
WR� UHFRJQL]H� WKDW�&&&� UHSUHVHQWV� D�GLVWLQFW� IURP�RWKHU�
(2&�FOLQLFDO� SUREOHP��5HVXOWV� IURP� WKH� FXUUHQW� VWXG\�
VXJJHVW�WKDW�DOO�WHVWHG�IRUPDPLGLQH�GHULYDWLYHV�RI�'2;�
ZHUH�DEOH�WR�LQGXFH�FDVSDVH�GHSHQGHQW�DSRSWRVLV�LQ�ERWK�
WHVWHG�KXPDQ�RYDULDQ�FDQFHU�FHOOV�VXEW\SHV�6.29���DQG�
(6����7KH� FDQFHU� FHOOV� W\SH� LQÁXHQFHG� WKH� FHOO� GHDWK�
type dominance, but not the intracellular accumulation 
DQG�FHOOXODU�XSWDNH�RI�'2;�DQG�GHULYDWLYHV��,Q�HDFK�FHOO�
OLQH�DOO�RI�WKH�LQYHVWLJDWHG�GHULYDWLYHV�ZHUH�FRQVLGHUDEO\�
PRUH�F\WRWR[LF�WKDQ�'2;��2EWDLQHG�UHVXOWV�VXJJHVW�WKDW�
IRUPDPLGLQH� GHULYDWLYHV� RI�'2;�PD\�EH� D� SURPLVLQJ�
FDQGLGDWH� IRU� WKH�SURVSHFWLYH�FKHPRWKHUDSHXWLF�DJHQWV��
LQGHSHQGHQWO\�RI�W\SH�RI�RYDULDQ�FDQFHU��
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