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ABSTRACT

17��03��D����UHVLGXH�SHSWLGH�GHULYHG�IURP�WKH�YLUDO�PDFURSKDJH�LQÀDPPDWRU\�
SURWHLQ�,,��FRPSHWHG�HIIHFWLYHO\�ZLWK�WKH�QDWXUDO�OLJDQG�RI�&;&�FKHPRNLQH�UHFHSWRU���
�&;&5����VWURPDO�FHOO�GHULYHG�IDFWRU���DOSKD��WR�LQGXFH�DSRSWRVLV�DQG�LQKLELW�JURZWK�
LQ� EUHDVW� FDQFHU�� ,WV� UROH� LQ� WXPRU� HSLWKHOLDO�WR�PHVHQFK\PDO� WUDQVLWLRQ� �(07��
UHJXODWLRQ�UHPDLQV�XQNQRZQ��,Q�WKLV�VWXG\��ZH�HYDOXDWHG�WKH�UHYHUVDO�RI�(07�XSRQ�
17��03�WUHDWPHQW�DQG�H[DPLQHG�LWV�UROH�LQ�WKH�LQKLELWLRQ�RI�(07�LQ�EUHDVW�FDQFHU��7KH�
SDUHQWDO�FHOOV�RI�EUHDVW�FDQFHU��6.%5���DQG�0&)����DQG�SDFOLWD[HO�UHVLVWDQW��6.%5�
��35�DQG�0&)���35��FHOOV�ZHUH�VWXGLHG�in vitro�DQG�LQ�FRPELQHG�LPPXQRGH¿FLHQW�
PLFH��7KH�PLFH�LQMHFWHG�ZLWK�6.%5���35�FHOOV�ZHUH�WUHDWHG�ZLWK�17��03�WKURXJK�
WKH�WDLO�YHLQ�RU�LQWUDSHULWRQHDOO\�ZLWK�SDFOLWD[HO�RU�VDOLQH��6HFWLRQV�IURP�WXPRUV�ZHUH�
HYDOXDWHG�IRU�WXPRU�ZHLJKW�DQG�(07�PDUNHUV�EDVHG�RQ�:HVWHUQ�EORW��In vitro, the 
HIIHFWV�RI�17��03��&;&5��DQG�3'*)5Į�RQ�WXPRU�(07�ZHUH�DVVHVVHG�E\�UHODWLYH�
TXDQWLWDWLYH�UHDO�WLPH�UHYHUVH�WUDQVFULSWLRQ±SRO\PHUDVH�FKDLQ�UHDFWLRQ��ZHVWHUQ�EORW�
DQG�ELRORJLFDO�DFWLYLW\�LQ�EUHDVW�FDQFHU�FHOO�OLQHV�H[SUHVVLQJ�KLJK�RU�ORZ�OHYHOV�RI�
&;&5���2XU�UHVXOWV�LOOXVWUDWHG�WKDW�17��03�FRXOG�UHYHUVH�WKH�SKHQRW\SH�RI�(07�LQ�
SDFOLWD[HO�UHVLVWDQW�FHOOV��)XUWKHUPRUH��ZH�IRXQG�WKDW�17��03�JRYHUQHG�35�PHGLDWHG�
(07�SDUWO\�GXH�WR�FRQWUROOLQJ�SODWHOHW�GHULYHG�JURZWK�IDFWRUV�$�DQG�%��3'*)$�DQG�
3'*)%��DQG�WKHLU�UHFHSWRU��3'*)5Į���0RUH�LPSRUWDQWO\��17��03�GRZQ�UHJXODWHG�$.7�
DQG�(5.����DFWLYLW\��ZKLFK�ZHUH�DFWLYDWHG�E\�3'*)5Į��DQG�HYHQWXDOO\�UHYHUVHG�WKH�
(07��7RJHWKHU��WKHVH�UHVXOWV�LQGLFDWHG�WKDW�&;&5��RYHUH[SUHVVLRQ�GULYHV�DFTXLUHG�
SDFOLWD[HO�UHVLVWDQFH��SDUWO\�E\�DFWLYDWLQJ�WKH�3'*)$�DQG�3'*)%�3'*)5Į�DXWRFULQH�
VLJQDOLQJ�ORRSV�WKDW�DFWLYDWH�$.7�DQG�(5.�����,QKLELWLRQ�RI�WKH�RQFRJHQLF�(07�SURFHVV�
E\�WDUJHWLQJ�&;&5��3'*)5Į�PHGLDWHG�SDWKZD\V�XVLQJ�17��03�PD\�SURYLGH�D�QRYHO�
WKHUDSHXWLF�DSSURDFK�WRZDUGV�EUHDVW�FDQFHU�

ZZZ�LPSDFWMRXUQDOV�FRP�RQFRWDUJHW�� 2QFRWDUJHW��$GYDQFH�3XEOLFDWLRQV�����

5HVHDUFK�3DSHU

ZZZ�LPSDFWMRXUQDOV�FRP�RQFRWDUJHW�              2QFRWDUJHW��������9RO������1R�������SS�������������
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INTRODUCTION

In China, more than 1.6 million people are newly 

diagnosed with breast cancer and 1.2 million breast cancer 

deaths are expected to occur among women each year [1]. 

The American Cancer Society released the 2013 national 

cancer statistics report that ranked breast cancer as the 

highest incidence in women (29%) and the second highest 

death rate [2].

Paclitaxel (Taxol) is a powerful chemotherapeutic 

that has been used to treat ovarian, breast, lung, pancreatic, 

DQG�RWKHU�FDQFHUV�>����@��\HW�LWV�HI¿FDF\�LV�OLPLWHG�GXH�WR�
chemoresistance. Paclitaxel resistance is associated with 

the acquisition of the epithelial-to-mesenchymal transition 

(EMT) [5]. Classical EMT-related signaling pathways, 

VXFK�DV�WUDQVIRUPLQJ�JURZWK�IDFWRU�ȕ��7*)�ȕ���1)�ț%�
6QDLO��(UE%�(*)��DQG�S���0$3.��UHJXODWH�WKH�(07�LQ�
breast carcinoma [6, 7].

&URVVWDON� H[LVWV� EHWZHHQ� WKH� 7*)�ȕ� DQG� WKH� *�
protein-coupled receptor CXCR4 pathways in liver tumors 

>�@�� 6LJQDOV� IURP� WKH� PLFURHQYLURQPHQW� SURIRXQGO\�
LQÀXHQFH� EUHDVW� FDQFHU� PDLQWHQDQFH� DQG� SURJUHVVLRQ��
CXCL12, also known as stromal cell–derived factor-1 

�6')��Į���ELQGV�WR�&;&5���ZKLFK�LV�RIWHQ�RYHUH[SUHVVHG�
in breast cancer and has been correlated with poor 

FOLQLFDO� RXWFRPH� >��� ��@�� 6')��Į±&;&5�� VLJQDOLQJ�
has been shown to play a key role in tumor growth, 

invasion, and angiogenesis [11-14]. The results of these 

VWXGLHV� LQGLFDWH� WKDW� 6')��Į� RYHUH[SUHVVLRQ� LQ� WKH�
tumor microenvironment may alter invasive capacity 

as well as the tumor-associated immune cells that are 

UHFUXLWHG� WR� WXPRUV�� 6')��Į� RYHUH[SUHVVLRQ� KDV� EHHQ�
linked to increased metastasis and poor prognosis [15]. 

7DUJHWLQJ� WKH� 6')��Į±&;&5�� VLJQDOLQJ� SDWKZD\� KDV�
also been studied in breast cancer treatment [16, 17]. 

High CXCR4 overexpression from breast cancer patients 

receiving neoadjuvant chemotherapy was predictive of 

SRRUHU�SURJQRVLV�>��@��$PSOLI\LQJ�WKH�&;&/����VLJQDO�
pathway caused chemoresistance, while CXCR2 blockers 

DXJPHQWHG� WKH�HI¿FDF\�RI�FKHPRWKHUDS\�DJDLQVW�EUHDVW�
tumors, particularly against metastasis [19]. An oncolytic 

virus armed with a CXCR4 antagonist effectively inhibited 

the development of spontaneous metastasis and increased 

overall tumor-free survival [20].

In a previous study, we reported that 

D� SHSWLGH� DQWDJRQLVW� RI� &;&5��� 17��03�
�/*$6:+53'.&&/*<4.53/3���GHULYHG�IURP�WKH�
UHVLGXHV��±���RI�YLUDO�PDFURSKDJH�LQÀDPPDWRU\�SURWHLQ�
,,� HI¿FLHQWO\� LQKLELWV� 6')��Į�LQGXFHG� SUROLIHUDWLRQ�
and invasion in breast cancer cells by reducing the 

OHYHOV� RI� SKRVSKRU\ODWHG� $.7� DQG� (5.���� >�����@��
7*)�ȕ�LQGXFHG� (07�OLNH� DFWLYDWLRQ� RI� WKH� 3'*)�
signaling pathway and the subsequent activation of 

3,�.�LQ�KXPDQ�PHODQRPD�FHOOV�>��@��$OWKRXJK�3'*)�
VLJQDOLQJ�LV�LPSOLFDWHG�LQ�WKH�7*)�ȕ�PHGLDWHG�HSLWKHOLDO�
PHVHQFK\PDO�WUDQVLWLRQ�RI�WXPRU�FHOOV��WKH�UROH�RI�3'*)�

UHFHSWRUV� LQ� WKH� 6')��Į�&;&5�� DFWLYDWLRQ� RI� EUHDVW�
cancer has not been investigated. In the current study, 

we discussed whether platelet-derived growth factor 

UHFHSWRU�Į� �3'*)5Į�� LV� UHTXLUHG� IRU�6')��Į�&;&5��
VLJQDOLQJ� DQG� H[SORUHG� KRZ� 17��03� FRQWULEXWHV� WR�
reversing CXCR4-induced EMT to provide insight 

LQWR� WKH� SRWHQWLDO� HI¿FDF\� RI� 17��03� DV� DGMXYDQW�
chemotherapy for breast cancer.

RESULTS

The overexpression of PDGF and PDGFR were 

found in PR cells

Here, we established paclitaxel-resistant breast 

cancer cells (PR cells) that exhibited resistance to 

paclitaxel and acquired an EMT feature as described 

SUHYLRXVO\� >���� ��@�� 7R� GHWHUPLQH� ZKHWKHU� 3'*)� DQG�
3'*)5� SOD\� D� FULWLFDO� UROH� LQ� 35�PHGLDWHG� (07�� ZH�
PHDVXUHG� WKH� H[SUHVVLRQ� RI� 3'*)$�� 3'*)%�� DQG�
3'*)5Į�LQ�35�FHOOV�DQG�WKHLU�SDUHQWDO�FHOOV��2XU�UHVXOWV�
UHYHDOHG� WKDW� 3'*)$�� 3'*)%�� DQG� 3'*)5Į� ZHUH�
VLJQL¿FDQWO\� XSUHJXODWHG� LQ� 35� FHOOV� �)LJXUH� ���� 7KLV�
¿QGLQJ�LPSOLFDWHG�3'*)5Į�DV�D�FULWLFDO�PHGLDWRU�RI�EUHDVW�
cancer oncogenesis, and chemoresistance was associated 

with EMT in PR cells.

6')��Į�DQG�&;&5��H[SUHVVLRQ�LQ�EUHDVW�
cancer cells

7KH�H[SUHVVLRQ�RI�6')��Į�ZDV�H[DPLQHG�LQ�6.%5�
���0&)���DQG�0'$�0%�����FHOOV�E\�TXDQWLWDWLYH�3&5�
and enzyme-linked immunosorbent assay (ELISA). 

2XU� UHVXOWV� LOOXVWUDWHG� D� FHOO�GHSHQGHQW� DQG� UHVLVWDQFH�
GHSHQGHQW�JHQH�H[SUHVVLRQ�VSHFWUXP�IRU�WKH�6')��Į�JHQH�
�)LJXUH��$���%���&��ZLWK�KLJK�H[SUHVVLRQ�OHYHOV�LQ�6.%5�
��FHOOV�������QJ�P/��DQG�UHVLVWDQW�6.%5���35�FHOOV�������
QJ�P/��DV�ZHOO�DV�LQ�0&)���35�FHOOV�������QJ�P/�YV�����
QJ�P/�LQ�0&)���FHOOV���,Q�0'$�0%�����FHOOV��6')��Į�
VKRZHG�UHODWLYHO\�ORZ�H[SUHVVLRQ�OHYHOV�������SJ�P/���:H�
XVHG�TXDQWLWDWLYH�57�3&5�DQG�ÀRZ�F\WRPHWU\�WR�PHDVXUH�
the levels of CXCR4 in PR cells and their parental cells 

DQG�IRXQG�WKDW�&;&5��ZDV�VLJQL¿FDQWO\�XSUHJXODWHG�LQ�
0&)���35�DQG�6.%5���35�FHOOV� FRPSDUHG�ZLWK� WKHLU�
SDUHQWDO�FHOOV��)LJXUH��'���(���)��

(IIHFW�RI�17��03�RQ�SDFOLWD[HO�UHVLVWDQFH

7R� IXUWKHU� LQYHVWLJDWH� ZKHWKHU� 17��03� FRXOG�
reverse drug resistance in paclitaxel-resistant cells, we 

DGGHG����J�P/�17��03�WR�0&)���35�DQG�6.%5���35�
FHOOV��:H�IRXQG�WKDW�17��03�VLJQL¿FDQWO\�LQKLELWHG�WKH�
H[SUHVVLRQV�RI�6QDLO��6OXJ��9LPHQWLQ��3'*)$��3'*)%��
DQG� 3'*)5Į� EXW� LQFUHDVHG� (�FDGKHULQ� H[SUHVVLRQ�
�)LJXUH��$���%���&���'����VXJJHVWLQJ�WKDW�17��03�SDUWO\�
reversed the phenotype of EMT in PR cells.
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)LJXUH����3ODWHOHW�GHULYHG�JURZWK�IDFWRU�DQG�UHFHSWRU�OHYHOV�LQ�SDFOLWD[HO�UHVLVWDQW�EUHDVW�FDQFHU�FHOOV� (A)��4XDQWLWDWLYH�
reverse transcription–polymerase chain reaction (RT-PCR) analysis was used to detect the expressions of platelet-derived growth factor 

(A), (B)��DQG�UHFHSWRU�Į��3'*)$��3'*)%��DQG�3'*)5Į��UHVSHFWLYHO\��LQ�0&)���DQG�0&)���35�FHOOV��(B)��4XDQWLWDWLYH�57�3&5�DQDO\VLV�
ZDV�XVHG�WR�GHWHFW�WKH�H[SUHVVLRQV�RI�3'*)$��3'*)%��DQG�3'*)5Į�LQ�6.%5���DQG�6.%5���35�FHOOV��3��������35�YV�FRQWURO�

)LJXUH����([SUHVVLRQ�RI�VWURPDO�FHOO±GHULYHG�IDFWRU��Į��6')��Į��DQG�&;&5��LQ�EUHDVW�FDQFHU�FHOOV� (A)��6')��Į�H[SUHVVLRQ�
ZDV�GHWHFWHG�E\�TXDQWLWDWLYH�UHYHUVH�WUDQVFULSWLRQ±SRO\PHUDVH�FKDLQ�UHDFWLRQ�LQ�6.%5����0&)����DQG�0'$�0%�����FHOOV��(B), ELISA 

ZDV�XVHG�WR�PHDVXUH�WKH�OHYHOV�RI�6')��Į�VHFUHWHG�E\�WKH�6.%5����0&)����DQG�0'$�0%�����FHOOV��(C), ELISA was used to measure 

WKH�OHYHOV�RI�6')��Į�VHFUHWHG�LQ�SDUHQWDO�DQG�UHVLVWDQW�FHOOV��(D)��7KH�&;&5��OHYHO�LQ�0&)����0&)���35��6.%5����DQG�6.%5���35�
cells analyzed by qRT-PCR. (E)��7KH�&;&5��OHYHO�LQ�WKHVH�FHOOV�DQDO\]HG�E\�ÀRZ�F\WRPHWU\�XVLQJ�DQWLERG\�IRU�&;&5���(F), The mean 

ÀXRUHVFHQFH�LQWHQVLW\�RI�&;&5��OHYHO�DQDO\]HG�E\�ÀRZ�F\WRPHWU\��3��������YV�6.%5���FHOOV��#3��������35�YV�FRQWURO�
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)LJXUH����(IIHFW�RI�17��03�RQ�0&)���DQG�6.%5���FHOO�GUXJ�UHVLVWDQFH� (A)��4XDQWLWDWLYH�57�3&5�DVVD\V�ZHUH�FRQGXFWHG�WR�
GHWHFW�WKH�H[SUHVVLRQ�RI�UHVLVWDQW�PDUNHUV�LQ�SDUHQWDO�DQG�35�FHOOV�DQG�WKH�17��03�WUHDWPHQW�JURXS��(B)��4XDQWLWDWLYH�3&5�DVVD\V�ZHUH�
FRQGXFWHG�WR�GHWHFW�WKH�H[SUHVVLRQ�RI�3'*)$��3'*)%��DQG�3'*)5Į�LQ�SDUHQWDO�DQG�35�FHOOV�DQG�WKH�17��03�WUHDWPHQW�JURXS��(C), 

:HVWHUQ�EORWWLQJ�UHVXOWV�IRU�WKH�H[SUHVVLRQ�RI�UHVLVWDQW�PDUNHUV�LQ�0&)���DQG�0&)���35�FHOOV�DQG�WKH�17��03�WUHDWPHQW�JURXS��(D), 

:HVWHUQ�EORWWLQJ�UHVXOWV�IRU�WKH�H[SUHVVLRQ�RI�UHVLVWDQW�PDUNHUV�LQ�6.%5���DQG�6.%5���35�FHOOV�DQG�WKH�17��03�WUHDWPHQW�JURXS��3���
�����DQG�3��������35�YV�FRQWURO�DQG��3��������17��03�WUHDWPHQW�YV�FRQWURO�LQ�35�FHOOV�
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17��03�LQKLELWV�ELRORJLFDO�DFWLYLW\�LQ�UHVLVWDQW�
cells

7R� IXUWKHU� YDOLGDWH� WKH� UROH� RI�17��03� LQ� FHOO�
resistance, we examined the proliferation, motility, 

invasion, cycle, and apoptosis capacities of paclitaxel-

UHVLVWDQW� FHOOV� DIWHU� �� �J�P/� 17��03� WUHDWPHQW��
2XU� UHVXOWV� VKRZHG� WKDW� 17��03� DWWHQXDWHG� FHOO�
proliferation, motility and invasion capacities in PR 

FHOOV��)LJXUH��$���%���&���$�FHOO�F\FOH�DQDO\VLV�UHYHDOHG�
D� UHGXFHG�*

0
�*

1
� SKDVH� LQ�35�FHOOV� DQG� WKDW�17��03�

UHYHUVHG� WKH� FKDQJH� IURP� ������ WR� ������ LQ� 0&)�
��35�FHOOV� DQG� IURP������� WR������� LQ�6.%5���35�
�)LJXUH��'���GHPRQVWUDWLQJ�WKDW�17��03�FRXOG�FDXVH�
FHOO�F\FOH�DUUHVW�LQ�35�FHOOV��:H�IRXQG�ORZHU�SHUFHQWDJHV�
of apoptotic cells in PR cells compared with the 

SDUHQWDO�FHOOV�DQG�WKDW�17��03�WUHDWPHQW�LQFUHDVHG�WKH�
SHUFHQWDJH��)LJXUH��(��

)LJXUH� ��� (IIHFW� RI� 17��03� RQ� 35� FHOO� ELRORJLFDO� DFWLYLW\� (A)�� 6XOIRUKRGDPLQH� %� DVVD\V� ZHUH� SHUIRUPHG� WR�PHDVXUH� WKH�
SUROLIHUDWLRQ�LQ�35�FHOOV�WUHDWHG�ZLWK�17��03��(B)��:RXQG�KHDOLQJ�DVVD\V�ZHUH�XVHG�WR�GHWHFW�WKH�PRWLOLW\�LQ�35�FHOOV�WUHDWHG�ZLWK�17��03��
(C)��,QYDVLRQ�DVVD\V�ZHUH�FRQGXFWHG�LQ�35�FHOOV�WUHDWHG�ZLWK�17��03��(D)��)ORZ�F\WRPHWU\�ZDV�XVHG�WR�HYDOXDWH�WKH�FHOO�F\FOHV�RI�35�FHOOV�
DIWHU�WUHDWPHQW�ZLWK�17��03��(E)��$SRSWRVLV�ZDV�GHWHFWHG�LQ�35�FHOOV�DIWHU�WUHDWPHQW�ZLWK���ȝJ�P/�17��03��3���������35�YV�FRQWURO��#P 

��������17��03�WUHDWPHQW�YV�FRQWURO�LQ�35�FHOOV�
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&RQVWUXFWLRQ�RI�RYHU�RU�XQGHUH[SUHVVLQJ�&;&5��
EUHDVW�FDQFHU�FHOO�OLQHV

17��03�KDV�EHHQ�GHPRQVWUDWHG�WR�H[HUW�LWV�IXQFWLRQ�
via binding CXCR4 [27]. Therefore, to obtain further 

PRUH�LQVLJKW�LQWR�WKH�PHFKDQLVP�RI�17��03�E\�EORFNLQJ�
CXCR4 signal pathways in reverse drug resistance, we 

depleted or increased the expression of CXCR4 in the 

SDUHQWDO�FHOOV��$V�GHPRQVWUDWHG�LQ�)LJXUH��$���%��6.%5�
3 cells demonstrated the highest levels of CXCR4, while 

0'$�0%�����GHPRQVWUDWHG�WKH�ORZHVW�OHYHOV��7KHUHIRUH��
ZH� XVHG� 0'$�0%����� FHOOV� WR� HVWDEOLVK� WKH� SF'1$�
&;&5��0'$�0%�����FHOOV��3&�0'$�0%�����FHOOV��WKDW�
express higher CXCR4 levels than the parental cells and 

successfully established stable CXCR4-overexpressing cells 

�)LJXUH��&���'���&;&5��VL51$�WUDQVIHFWLRQ�VLJQL¿FDQWO\�
LQKLELWHG�&;&5��H[SUHVVLRQ�LQ�6.%5���FHOOV��&6�6.%5���
FHOOV��DIWHU�&;&5��VL51$�WUDQVIHFWLRQ��)LJXUH��(���)��

&;&5��3'*)5Į�VLJQDOLQJ�SDWKZD\�SOD\V�D�UROH�
LQ�UHYHUVLQJ�GUXJ�UHVLVWDQFH�E\�17��03

To further investigate whether CXCR4 has a 

FULWLFDO� UROH� LQ� WKH� DELOLW\� RI� 17��03� WR� UHYHUVH� GUXJ�
resistance, we measured the expression of EMT markers 

DIWHU� ���� QJ�P/�6')��Į� WUHDWPHQW� DORQH� RU� FRPELQHG�
ZLWK���ȝJ�P/�17��03��7KH�DGGLWLRQ�RI�6')��Į�GLG�QRW�
remarkably induce a change in Snail, Slug, Vimentin, 

(�FDGKHULQ��3'*)$��3'*)%��RU�3'*)5Į�H[SUHVVLRQ�LQ�
WKH�0'$�0%�����FHOOV��DQG�17��03�GLG�QRW�LQKLELW�WKHLU�
H[SUHVVLRQ��,Q�WKH�3&�0'$�0%�����FHOOV��WKH�OHYHOV�RI�
6QDLO��6OXJ��9LPHQWLQ��3'*)$��3'*)%��DQG�3'*)5Į�
were increased, while that of E-cadherin was decreased 

DIWHU�6')��Į�WUHDWPHQW��KRZHYHU��17��03�FRXOG�UHYHUVH�
WKHVH�FKDQJHV��6LPLODUO\��ZH�IRXQG�WKDW�6')��Į�WUHDWPHQW�
led to increased expression of Snail, Slug, Vimentin, 

3'*)$��3'*)%��DQG�3'*)5Į�DQG�GHFUHDVHG�(�FDGKHULQ�

)LJXUH����&RQVWUXFWLRQ�RI�&;&5��RYHU��DQG�XQGHUH[SUHVVLQJ�EUHDVW�FDQFHU�FHOO� OLQHV� (A) and (B)��4XDQWLWDWLYH�UHYHUVH�
WUDQVFULSWLRQ±SRO\PHUDVH�FKDLQ�UHDFWLRQ��57�3&5��DQG�ZHVWHUQ�EORWWLQJ�ZHUH�FRQGXFWHG�WR�PHDVXUH�&;&5��H[SUHVVLRQ�LQ�6.%5����0&)�
���DQG�0'$�0%�����FHOOV��UHVSHFWLYHO\��3��������YV�6.%5���FHOOV��(C)��:HVWHUQ�EORWWLQJ�DQDO\VLV�ZDV�SHUIRUPHG�WR�GHWHFW�WKH�H[SUHVVLRQ�
RI�&;&5��LQ�0'$�0%�����FHOOV�WUHDWHG�ZLWK�&;&5��RYHUH[SUHVVLQJ��SF'1$�&;&5����&3��FRQWURO�SF'1$�&;&5���3&�����SF'1$�
CXCR4 1-5. (D)��4XDQWLWDWLYH�UHVXOWV�DUH�LOOXVWUDWHG�IRU�SDQHO�&��3��������YV�FRQWURO��(E)��:HVWHUQ�EORWWLQJ�DQDO\VLV�ZDV�SHUIRUPHG�WR�GHWHFW�
WKH�H[SUHVVLRQ�RI�&;&5��LQ�6.%5���FHOOV�WUHDWHG�ZLWK�&;&5��VL51$��%&��EODQN�FRQWURO�VL51$��1&��QHJDWLYH�VL51$��&6�����&;&5��
VL51$������(F)��4XDQWLWDWLYH�UHVXOWV�DUH�LOOXVWUDWHG�IRU�SDQHO�(��3��������YV�FRQWURO�
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LQ�6.%5���FHOOV��17��03�DWWHQXDWHG�WKH�HIIHFW�LQGXFHG�
E\�6')��Į��7KHVH�FKDQJHV�ZHUH�DWWHQXDWHG�ZKHQ�&;&5��
expression was interfered with compared to the matching 

JURXS�LQ�6.%5���FHOOV�UHJDUGOHVV�RI�6')��Į�RU�17��03�
WUHDWPHQW� �)LJXUH� �$�� �%�� �&��� 7DNHQ� WRJHWKHU�� WKHVH�
results indicated that CXCR4 played a critical role in 

17��03�UHYHUVHG�GUXJ�UHVLVWDQFH�DQG�HVWDEOLVKHG�D�OLQN�
EHWZHHQ�&;&5��DQG�WKH�3'*)5Į�VLJQDOLQJ�

(IIHFW�RI�&;&5��RQ�FHOO�SUROLIHUDWLRQ�DQG�
PLJUDWLRQ�DELOLWLHV

7R� FRQ¿UP� WKDW� 17��03� UHYHUVHV� (07� YLD� D�
CXCR4-dependent mechanism, we used Sulforhodamine 

%��65%��DQG�FKHPRWD[LV�DVVD\V�WR�LQYHVWLJDWH�WKH�HIIHFW�
of CXCR4 on cell proliferation and cell migration ability 

LQ� 0'$�0%������ 3&�0'$�0%������ 6.%5���� DQG�

)LJXUH� ��� 17��03� UHJXODWHV� GUXJ� UHVLVWDQFH� YLD� &;&5�� (A)�� 4XDQWLWDWLYH� 57�3&5� DVVD\V� ZHUH� FRQGXFWHG� WR� GHWHFW� WKH�
H[SUHVVLRQ�RI�(07�PDUNHUV�LQ�0'$�0%�����DQG�3&�0'$�0%�����FHOOV�RU�LQ�6.%5���DQG�&6�6.%5���FHOOV�ZLWK�&;&5��VL51$�DIWHU�
����QJ�P/�6')��Į�WUHDWPHQW�DORQH�RU�FRPELQHG�ZLWK���ȝJ�P/�17��03��(B)��4XDQWLWDWLYH�57�3&5�DVVD\V�ZHUH�FRQGXFWHG�WR�GHWHFW�WKH�
H[SUHVVLRQV�RI�3'*)$��3'*)%��DQG�3'*)5Į�IRU�SDQHO�$��3���������6')��Į��&;&5��RYHUH[SUHVVLQJ��DQG�VL�&;&5��JURXS�YV�FRQWURO��
#3���������17��03�WUHDWPHQW�YV�6')��Į�JURXS��(C)��:HVWHUQ�EORWWLQJ�UHVXOWV�IRU�SDQHO�%�
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&6�6.%5���FHOOV��7KHVH�FHOOV�ZHUH�WUHDWHG�ZLWK�����QJ�
P/�6')��Į�DORQH�RU�FRPELQHG�ZLWK���ȝJ�P/�17��03�
IRU���������RU����K��7KH�FKHPRWD[LV�DVVD\V�PHWKRGV�DV�
noted above and cell grouping were the same as the 

65%�DVVD\V��7KH�DGGLWLRQ�RI�6')��Į�GLG�QRW�UHPDUNDEO\�
promote cell proliferation or migration in the MDA-

0%����� FHOOV�� DQG�17��03� GLG� QRW� LQKLELW� LW� �)LJXUH�
�$�� �%���7KH� SUROLIHUDWLRQ� DQG�PLJUDWLRQ� FDSDFLWLHV� RI�
WKH� 3&�0'$�0%����� FHOOV� ZHUH� LQFUHDVHG� E\� 6')�
�Į�EXW�ZHUH�PDUNHGO\�LQKLELWHG�E\�17��03��6LPLODUO\��
ZH� IRXQG� WKDW� 6')��Į� SURPRWHG� WKH� SUROLIHUDWLRQ� DQG�
PLJUDWLRQ�FDSDFLWLHV�RI�6.%5���FHOOV�DQG�WKDW�17��03�
DWWHQXDWHG�WKHVH�FDSDFLWLHV�LQGXFHG�E\�6')��Į�WUHDWPHQW�
�)LJXUH��$���%���+RZHYHU��WKHUH�ZHUH�ORZHU�JURZWK�DQG�
PLJUDWLRQ�FDSDFLWLHV�LQ�6.%5���FHOOV�ZLWK�&;&5��VL51$�
treatment than the matching group. These results showed 

that CXCR4 played an important role in breast cancer cell 

proliferation and migration.

17��03�UHYHUVHV�GUXJ�UHVLVWDQFH�YLD�3'*)�
VLJQDOLQJ�SDWKZD\

To further investigate the signaling pathway by 

ZKLFK�17��03�UHYHUVHV�GUXJ�UHVLVWDQFH��ZH�XVHG�ZHVWHUQ�
EORWWLQJ�WR�DQDO\]H�VLJQDO�SURWHLQ�H[SUHVVLRQ�DIWHU�6')�
�Į�WUHDWPHQW�DORQH�RU�FRPELQHG�ZLWK�17��03��3'*)5�
LQKLELWRU�� RU� 3'*)5� DFWLYDWRU�� 6')��Į� LQGXFHG� WKH�
XSUHJXODWLRQ�RI�3'*)$��3'*)%��3'*)5Į�H[SUHVVLRQ�
DQG�SKRVSKRU\ODWLRQ�RI�$.7�DQG�(5.�����D�GRZQVWUHDP�
WDUJHW�RI�3'*)�VLJQDOLQJ�� DQG� LQKLELWHG� WKH�H[SUHVVLRQ�
RI� )2;2��� D� GRZQVWUHDP� WDUJHW� RI� 3,�.� VLJQDOLQJ��
7KH� LQKLELWLRQ� RI� 3'*)5Į� E\� 3'*)5Į� LQKLELWRUV�
DQG� 17��03� DWWHQXDWHG� WKH� 6')��Į�VWLPXODWHG�
SKRVSKRU\ODWLRQ�RI�$.7�DQG�(5.����DQG�EUHDVW�FDQFHU�
cell migration and had a synergistic effect compared with 

VLQJOH�WUHDWPHQW�ZLWK�HLWKHU�17��03�RU�3'*)5�LQKLELWRU�
�)LJXUH��$���&���+RZHYHU��WKH�3'*)5�DFWLYDWRU�LQGXFHG�
D�UHYHUVH�FKDQJH�WKDW�KDG�D�V\QHUJLVWLF�HIIHFW��ZLWK�6')�
�Į�DQG�17��03�FDQFHOOLQJ�RXW�WKH�HIIHFW�RI�WKH�3'*)5�
activator. To determine whether the antitumor activity 

RI�17��03�LV�GXH� WR� WKH� LQKLELWLRQ�RI�3'*)5Į� WDUJHW�
genes, we detected the expression of EMT markers and 

WKH� LQYDVLYH�DFWLYLW\� LQ�35�FHOOV� DIWHU�3'*)5Į�VL51$�
WUDQVIHFWLRQ� RU� 3'*)5Į� LQKLELWRU� WUHDWPHQW� FRPELQHG�
ZLWK� 17��03��$� 3'*)5Į� LQKLELWRU� FRXOG� LQKLELW� WKH�
expressions of Snail, Slug and Vimentin but increased 

(�FDGKHULQ�H[SUHVVLRQ��)LJXUH��%���DQG�WKH�FRPELQDWLRQ�
group showed a more pronounced change. Similarly, the 

3'*)5Į�LQKLELWRU�FRXOG�LQKLELW�WKH�PLJUDWLRQ�FDSDFLWLHV�
RI� 6.%5��� 35� FHOOV� DQG� VKRZHG� D� PRUH� SURQRXQFHG�
HIIHFW� LQ� WKH�FRPELQDWLRQ�JURXS�ZLWK�17��03��)LJXUH�
�&��� 0RUHRYHU�� RXU� UHVXOWV� VKRZHG� WKDW� WKH� GHSOHWLRQ�
RI� 3'*)5Į� LQFUHDVHG� (�FDGKHULQ� SURWHLQ� OHYHOV� DQG�
decreased the expression of mesenchymal markers 

LQFOXGLQJ�6QDLO��6OXJ��DQG�9LPHQWLQ��KRZHYHU��WKH�DGGLWLRQ�
RI� 6')��Į� GLG� QRW� UHPDUNDEO\� LQGXFH� D� FKDQJH� DQG�

17��03�GLG�QRW�LQKLELW�LW��)LJXUH��(���7DNHQ�WRJHWKHU��
WKHVH�UHVXOWV�LQGLFDWH�WKDW�3'*)5Į�SOD\V�D�FULWLFDO�UROH�LQ�
reversing PR-induced EMT in breast cancer cells through 

17��03�

17��03�LQFUHDVHV�WKH�SDFOLWD[HO�VHQVLWLYLW\�RI�
PR cells

7R� GHWHUPLQH� ZKHWKHU� 17��03� LQFUHDVHV� WKH�
paclitaxel sensitivity of PR cells in vivo, we established a 

6.%5���35�FHOOV�EUHDVW�FDQFHU�PRXVH�PRGHO��$V�VKRZQ�LQ�
)LJXUH��$���%��17��03�WUHDWPHQW�VLJQL¿FDQWO\�LQKLELWHG�
tumor growth compared with paclitaxel and a negative 

FRQWURO��1RWDEO\��ZH�REVHUYHG�WKDW�WKH�LQKLELWLRQ�RI�WXPRU�
(07�E\�17��03�FRUUHODWHV�ZLWK�WKH�GHFUHDVHG�H[SUHVVLRQ�
RI� 3'*)5Į� LQ� WKH� 17��03�WUHDWHG� WXPRUV� FRPSDUHG�
ZLWK�SDFOLWD[HO�DQG�WKH�QHJDWLYH�FRQWURO��)LJXUH��&���7KLV�
GDWD�VWURQJO\�VXJJHVW�WKDW�&;&5��3'*)5Į�LV�D�SRWHQWLDO�
WDUJHW�RI�17��03�LQ�WKH�LQKLELWLRQ�RI�WKH�(07�SURFHVV�LQ�
EUHDVW�FDQFHU�DQG�GHPRQVWUDWH�WKDW�35�FHOOV�ZLWK�17��03�
WUHDWPHQW�ZHUH�VLJQL¿FDQWO\�PRUH�VHQVLWLYH�WR�SDFOLWD[HO�
induced cell growth inhibition.

DISCUSSION

The EMT is associated with tumorigenesis 

and metastasis as well as chemoresistance of cancer. 

Therefore, elucidating the mechanisms that govern the 

acquisition of EMT would likely be useful for devising 

targeted therapeutic approaches to overcome or prevent 

resistance to conventional cancer therapeutics. Paclitaxel 

promotes the polymerization of tubulin, thereby causing 

cell death by disrupting the normal microtubule dynamics 

>��@�DQG�LV�KLJKO\�FOLQLFDOO\�UHVSRQVLYH�WR�FKHPRWKHUDSLHV��
Recent studies have shown that links between paclitaxel 

resistance and EMT lead breast cancer patients to develop 

chemoresistance [29, 30]. In our previous studies, we 

VKRZHG� WKDW�SDFOLWD[HO�UHVLVWDQW� FHOOV� �6.%5���35�DQG�
0&)���35��JDLQHG�PRELOLW\�DQG�LQYDVLYHQHVV�WKURXJK�WKH�
acquired EMT feature, as described previously [25, 26], 

DQG�REVHUYHG�WKH�FR�RYHUH[SUHVVLRQ�RI�3'*)$��3'*)%��
3'*)5Į��&;&5���DQG�6')��Į�FRPSDUHG�WR�WKHLU�SDUHQWDO�
cells.

CXCR4 expression is higher in dedifferentiated 

cells than in normal cells and independently predicted 

poor survival in tumors [31]. The activation of molecular 

SDWKZD\V�� VXFK� DV� $NW� DQG� (5.�� LQGXFHV� WXPRU�
progression and is associated with CXCR4 expression. 

$JHQWV�VSHFL¿FDOO\�GLUHFWHG�DJDLQVW�WKH�&;&5��UHFHSWRU�
FRXOG�FRPSHWH�ZLWK�WKH�6')��Į�OLJDQG�WR�LQKLELW�FHOOXODU�
IXQFWLRQ�>������@��%\�EORFNLQJ�WKH�UHFHSWRU�ZLWK�17��03��
which is a selective synthetic polypeptide derived from 

vMIP-II, from interacting with its natural ligand, our 

previous study achieved the inhibition of primary tumor 

growth and metastasis [22, 23].
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)LJXUH����(IIHFW�RI�&;&5��RQ�FHOO�SUROLIHUDWLRQ�DQG�PLJUDWLRQ�DELOLWLHV� (A)��6XOIRUKRGDPLQH�%��65%��DVVD\V�ZHUH�FRQGXFWHG�
WR�GHWHFW�WKH�SUROLIHUDWLRQ�FDSDFLWLHV�LQ�0'$�0%�����DQG�3&�0'$�0%�����FHOOV�RU�6.%5���DQG�&6�6.%5���FHOOV�DIWHU�WUHDWPHQW�ZLWK�
����QJ�P/�6')��Į�DORQH�RU�FRPELQHG�ZLWK���ȝJ�P/�17��03��(B)��,QYDVLRQ�DVVD\V�ZHUH�FRQGXFWHG�LQ�0'$�0%�����DQG�3&�0'$�
0%�����FHOOV�RU�6.%5���DQG�&6�6.%5���FHOOV�DIWHU�6')��Į�WUHDWPHQW�DORQH�RU�FRPELQHG�ZLWK�17��03��3&�0'$�0%������&;&5��
RYHU�H[SUHVVLRQ�LQ�0'$�0%�����FHOOV�DQG�&6�6.%5����&;&5��VL51$�LQ�6.%5���FHOOV��3���������6')��Į��&;&5��RYHUH[SUHVVLQJ��
DQG�VL�&;&5��JURXS�YV�FRQWURO��#3���������17��03�WUHDWPHQW�YV�6')��Į�JURXS�
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)LJXUH����,QKLELWLRQ�RI�3'*)5Į�HQKDQFHV�WKH�HIIHFW�RI�17��03�UHYHUVHG�(07�DQG�LQYDVLRQ�LQ�6.%5���35�FHOOV� (A), 

:HVWHUQ�EORW�DVVD\V�ZHUH�XVHG�WR�GHWHFW�VLJQDO�SDWKZD\�PROHFXOH�H[SUHVVLRQ��,Q�HDFK�JURXS��WKH�FHOOV�ZHUH�WUHDWHG�DIWHU�6')��Į�WUHDWPHQW�
DORQH�RU�FRPELQHG�ZLWK�17��03�RU�3'*)5Į�LQKLELWRU�RU�DFWLYDWRU�LQ�6.%5���35�FHOOV��(B)��:HVWHUQ�EORWWLQJ�DQDO\VLV�ZDV�SHUIRUPHG�WR�
GHWHFW�WKH�H[SUHVVLRQV�RI�(07�PDUNHUV�LQ�6.%5���35�FHOOV�WUHDWHG�ZLWK�3'*)5Į�LQKLELWRU�DORQH�RU�FRPELQHG�ZLWK�17��03��(C), Invasion 

DVVD\V�ZHUH�FRQGXFWHG�LQ�6.%5���35�FHOOV�WUHDWHG�ZLWK�3'*)5Į�LQKLELWRU�DORQH�RU�FRPELQHG�ZLWK�17��03��(D)��:HVWHUQ�EORWWLQJ�DQDO\VLV�
ZDV�SHUIRUPHG�WR�GHWHFW�WKH�H[SUHVVLRQ�RI�3'*)5Į�LQ�6.%5���35�FHOOV�WUHDWHG�ZLWK�3'*)5Į�VL51$��%&��EODQN�FRQWURO�VL51$��1&��
QHJDWLYH�VL51$��36�����3'*)5Į�VL51$������(E)��:HVWHUQ�EORWWLQJ�DQDO\VLV�ZDV�SHUIRUPHG�WR�GHWHFW�WKH�H[SUHVVLRQ�RI�(07�PDUNHUV�LQ�
6.%5���35�FHOOV�WUHDWHG�ZLWK�3'*)5Į�VL51$�DORQH�RU�FRPELQHG�ZLWK�17��03�

)LJXUH����17��03�HQKDQFHV�35�FHOOV�WR�SDFOLWD[HO�VHQVLWLYLW\�in vivo� (A), Photographs of tumor size at the time of euthanization 

LQ�ZKLFK�17��03� UHWDUGHG� WKH�JURZWK�RI�6.%5���35�FHOOV� LQ�PLFH�� (B), Total tumor weights in mice were measured at the time of 

HXWKDQL]DWLRQ��3���������17��03�JURXS�YV�FRQWURO��(C)��:HVWHUQ�EORWWLQJ�DQDO\VLV�ZDV�SHUIRUPHG�WR�GHWHFW�WKH�H[SUHVVLRQ�RI�3'*)5Į�
and EMT markers.
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CXCR4 is also a key regulator of the EMT process, 

through which it could activate signals associated 

with tumor progression [34]. The targeted silencing of 

CXCR4 inhibits epithelial-mesenchymal transition in 

RUDO�VTXDPRXV�FHOO�FDUFLQRPD�>��@��%ORFNDGH�RI�6')��Į�
CXCR4 signaling inhibits the expression of kisspeptin-10 

�.3����� DQG� PHVHQFK\PDO� PDUNHUV� 1�FDGKHULQ� DQG�
9LPHQWLQ� >��@��$GGLWLRQDOO\�� PL5����� LQKLELWHG� EUHDVW�
cancer cells proliferation, EMT and metastasis by 

WDUJHWLQJ�&;&5��>��@��&RQVLVWHQWO\��1HI�0��SHSWLGH��D�
peptide antagonist of CXCR4, inhibits tumor EMT process 

E\�WDUJHWLQJ�&;&5��>��@��,Q�OLQH�ZLWK�WKHVH�¿QGLQJV��RXU�
SUHVHQW�ZRUN�GHPRQVWUDWHG� WKDW�17��03�DOVR� UHYHUVHV�
EUHDVW� FDQFHU� (07� YLD� D� &;&5��3'*)5Į�GHSHQGHQW�
mechanism both in vitro and in vivo.

)LUVW�� RXU� VWXG\� GHPRQVWUDWHG� D� VLJQL¿FDQW�
association between CXCR4 and paclitaxel resistance 

and EMT. The expression of CXCR4 in PR cells has been 

IRXQG�WR�EH�DVVRFLDWHG�ZLWK�3'*)5Į�DQG�WKH�LQGXFWLRQ�
RI�(07��:H�XVHG�D�EUHDVW�FDQFHU�FHOO�OLQH�WKDW�GRHV�QRW�
H[SUHVV�&;&5��WR�GHWHUPLQH�ZKHWKHU�17��03�LQKLELWV�
WKH�(07�SURFHVV�WKURXJK�WKH�&;&5��3'*)5Į�VLJQDOLQJ�
SDWKZD\� DQG� GHPRQVWUDWHG� WKDW� 17��03� WDUJHWHG�
CXCR4, inhibits EMT, and inhibits tumor progression. 

1RWDEO\��WKH�&;&5��H[SUHVVLQJ�FHOOV�EHFDPH�YXOQHUDEOH�
WR� WKH� 17��03�LQGXFHG� LQKLELWLRQ� RI� GUXJ� UHVLVWDQFH�
JHQH�H[SUHVVLRQ��)XUWKHUPRUH��FHOOV�WKDW�H[SUHVV�&;&5��
became susceptible to the shift from a mesenchymal to 

HSLWKHOLDO�SUR¿OH�LQ�UHVSRQVH�WR�17��03�
7KH�3,�.�$NW�VLJQDOLQJ�SDWKZD\�FDQ�DIIHFW�WKH�(07�

WR�LQÀXHQFH�WXPRU�DJJUHVVLYHQHVV�>��@��7*)ȕ�LQGXFHG�DQ�
(07�OLNH�HIIHFW�RQ�WKH�DFWLYDWLRQ�RI�WKH�3'*)�VLJQDOLQJ�
SDWKZD\�DQG�WKH�VXEVHTXHQW�DFWLYDWLRQ�RI�3,�.�LQ�KXPDQ�
melanoma cells [40], and CXCR4 signaling induced EMT 

E\� WKH� 3,�.�$.7� DQG� (5.� SDWKZD\V� LQ� JOLREODVWRPD�
>��@��5HFHSWRU�W\URVLQH�NLQDVHV��57.V���VXFK�DV�3'*)5Į�

�SODWHOHW�GHULYHG� JURZWK� IDFWRU� UHFHSWRU�Į��� FRQWULEXWHV�
WR�(07�PDLQWHQDQFH�E\�DFWLYDWLQJ�67$7���3,�.�$.7��
0$3.��DQG�RWKHU�GLVWLQFW�SDWKZD\V�DQG�FRQIHUV�D�PRUH�
invasive and drug-resistant phenotype [42-44].

Here, we report an interaction between CXCR4 and 

3'*)5Į�LQ�SURPRWLQJ�FKHPRUHVLVWDQFH�LQ�EUHDVW�FDQFHU�
FHOOV�� 3ODWHOHW�GHULYHG� JURZWK� IDFWRU� �3'*)�� UHJXODWHV�
angiogenesis through CXCR4-mediated signaling [45] as 

a pro-angiogenic growth factor. Thus, targeting CXCR4 

WR� LQKLELW� WKH� 3'*)5Į� VLJQDOLQJ� SDWKZD\� ZLWK� DQ�
appropriate therapeutic agent may represent a means of 

FRQWUROOLQJ�WKH�EUHDVW�FDQFHU�SURJUHVVLRQ��:H�GHPRQVWUDWH�
KHUH� WKDW� &;&5�� VLJQDOLQJ��ZKLFK� LQFUHDVHV� 3'*)5Į�
activity, could enhance tumor invasion ability. This study 

VKRZHG� WKDW� WKH� H[SUHVVLRQ� RI� 3'*)5Į� LQ� 35� FHOOV� LV�
associated with an increased expression of CXCR4. The 

LQKLELWRU\�UROH�RI�17��03�RQ�WXPRU�UHVLVWDQFH�DQG�WKH�
H[SUHVVLRQ�RI�&;&5��DQG�3'*)5Į�DOVR�GHPRQVWUDWHG�D�
correlation between the decreased expression CXCR4 and 

3'*)5Į�DQG�WKH�LQKLELWLRQ�RI�WXPRU�UHVLVWDQFH�in vitro 

and vivo��7KH� EORFNDGH� RI� 3'*)5�� D� NH\�PHGLDWRU� RI�
CXCR4 signaling, similarly reversed EMT markers and 

cell invasion. These results showed cross-talk of CXCR4 

DQG�3'*)�VLJQDOLQJ�LQ�KXPDQ�EUHDVW�FDQFHU��UHVXOWLQJ�LQ�
WKH�HSLWKHOLDO�WR�PHVHQFK\PDO�WUDQVLWLRQ�LQ�D�3'*)5Į�
dependent manner. In vivo, tumor growth was assessed 

E\� WKH� VXEFXWDQHRXV� LQRFXODWLRQ� RI� FHOOV� LQWR� %$/%�F�
QXGH�PLFH��3'*)5Į�DQG�(07�PDUNHUV�ZHUH�GHWHFWHG�LQ�
WKH�WXPRU�WLVVXHV�GHULYHG�IURP�PLFH��17��03�LQKLELWHG�
WXPRU�JURZWK�DQG�WKH�H[SUHVVLRQ�RI�3'*)5Į��DQG�(07�
associated proteins had similar expression patterns to 

the experimental results observed in vitro, suggesting 

17��03�PD\�LQKLELW�WXPRU�UHVLVWDQFH�E\�LQKLELWLQJ�WKH�
&;&5��3'*)5Į�VLJQDOLQJ�PHFKDQLVP�LQ�EUHDVW�FDQFHU�

,Q� VXPPDU\��RXU�¿QGLQJV�FRQ¿UPHG� WKDW�6')��Į�
FDQ� DFWLYDWH� 3,�.�$.7� DQG� (5.���� YLD� WKH� 3'*)5�

7DEOH����7KH�SULPHUV�XVHG�LQ�3&5�UHDFWLRQ

1DPH )RUZDUG�SULPHU 5HYHUVH�SULPHU

3'*)$ &$$*$&&$**$&**7&$777 &&7*$&*7$77&&$&&77**

3'*)% 7&&&*$**$*&777$7*$*$ ***7&$7*77&$**7&&$$&

3'*)5Į *$$*&7*7&$$&&7*&$7*$ &77&&77$*&$&**$7&$*&

Snail &**$$*&&7$$&7$&$*&*$ **$&$*$*7&&&$*$7*$*&

Slug &$7*&&7*7&$7$&&$&$$& **7*7&$*$7**$**$***

Vimentin 7*7&&$$$7&*$7*7**$7*777& 77*7$&&$77&77&7*&&7&&7*

E-cadherin *$$*7*7&&*$**$&777** &$*7*7&7&7&&$$$7&&*$7$

6')��Į &&*&*&7&7*&&7&$*&*$&***$$* &77*777$$$*&777&7&&$**7$&7

CXCR4 *$$&&&7*777&&*�*$$*$ &77*7&&*7&$7*&77&7&$

*$3'+ &$*&&7&$$*$7&$7&$*&$ 7*7**7&$7*$*7&&77&&$



Oncotarget37459www.impactjournals.com/oncotarget

signaling pathway combined with CXCR4 and play a key 

UROH�LQ�LQGXFLQJ�FKHPRUHVLVWDQFH��17��03�FDQ�UHYHUVH�
GUXJ�UHVLVWDQFH�E\�LQDFWLYDWLQJ�3'*)5Į�DQG�VXEVHTXHQWO\�
LQKLELWLQJ�WKH�3,�.�$.7�DQG�(5.����VLJQDOLQJ�SDWKZD\V�
E\�EORFNLQJ�WKH�6')���&;&5��D[LV��:H�DOVR�LGHQWL¿HG�
3'*)5Į�DV� DQ�HIIHFWRU� WKDW�PHGLDWHV�&;&5��LQGXFHG�
(07�� VXJJHVWLQJ� WKDW� WDUJHWLQJ� WKH� &;&5��3'*)5Į�
3,�.�SDWKZD\�PD\�EH� EHQH¿FLDO� WR�17��03�UHYHUVHG�
drug resistance in breast cancer.

0$7(5,$/6�$1'�0(7+2'6

&HOO�FXOWXUH

7KH�KXPDQ�EUHDVW�FDQFHU�FHOO�OLQHV�0&)����6.%5�
��� DQG� 0'$�0%����� ZHUH� FXOWXUHG� LQ� 'XOEHFFR¶V�
PRGL¿HG�(DJOH�PHGLXP��,QYLWURJHQ��&DUOVEDG��&$��86$��
VXSSOHPHQWHG�ZLWK����� IHWDO� ERYLQH� VHUXP� �)%6�� DQG�
PDLQWDLQHG�LQ�D�KXPLGL¿HG����&2

2
�LQFXEDWRU�DW���Û&�

5HDJHQWV�DQG�DQWLERGLHV

Primary antibodies against Snail, Slug, Vimentin, 

(�FDGKHULQ��3'*)$��3'*)%��3'*)5Į��3�$.7��$.7��
3�(5.��(5.��&;&5��DQG�ȕ�DFWLQ�ZHUH�REWDLQHG�IURP�
6DQWD� &UX]� %LRWHFKQRORJ\� �6DQWD� &UX]�� &$�� 86$���
$QWL�)2;2�� DQWLERGLHV� ZHUH� SXUFKDVHG� IURP�$EFDP�
�&DPEULGJH��0$��86$���$OO�VHFRQGDU\�DQWLERGLHV�ZHUH�
REWDLQHG�IURP�3LHUFH��5RFNIRUG��,/��86$���/LSRIHFWDPLQH�
�����ZDV�REWDLQHG�IURP�,QYLWURJHQ��65%�ZDV�SXUFKDVHG�
IURP�6LJPD��6W��/RXLV��02��86$��

4XDQWLWDWLYH�UHYHUVH�WUDQVFULSWLRQ±SRO\PHUDVH�
FKDLQ�UHDFWLRQ�DQDO\VLV�RI�JHQH�H[SUHVVLRQ

7KH� WRWDO� 51$� IURP� WUHDWHG� FHOOV� ZDV� LVRODWHG�
ZLWK�7UL]RO��,QYLWURJHQ��DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V�
SURWRFROV�DQG� WKHQ� UHYHUVH�WUDQVFULEHG� LQWR�F'1$�E\�D�
5HYHUW$LG� )LUVW� 6WUDQG� F'1$� 6\QWKHVLV� .LW� �7KHUPR�
6FLHQWL¿F�� 86$��� 7KH� UHODWLYH� TXDQWLWDWLYH� UHDO�WLPH�

reverse transcription–polymerase chain reaction (RT-PCR) 

procedures were performed as described previously [26].

The primers used in PCR reaction are Table 1. 

:HVWHUQ�EORWWLQJ�DQDO\VLV

The treated cells were washed with phosphate-

EXIIHUHG� VDOLQH� �3%6�� DQG� GLVUXSWHG� LQ� 5,3$� EXIIHU�
PL[HG� ZLWK� SKHQ\OPHWKDQHVXOIRQ\O� ÀXRULGH� DQG�
phosphatase inhibitor cocktails (Sigma) on ice. The protein 

FRQFHQWUDWLRQV�ZHUH�PHDVXUHG�XVLQJ�D�%&$�3URWHLQ�$VVD\�
kit (Pierce). The protein was then denatured with sample 

EXIIHU��;���IRU����PLQXWHV�DW���Û&��7KH�HTXLYDOHQW�SURWHLQV�
were separated on a sodium dodecyl sulfate–polyacrylamide 

JHO� DQG� WKHQ� WUDQVIHUUHG� RQWR� SRO\YLQ\OLGHQH� ÀXRULGH�
�39')��PHPEUDQHV��%LR�5DG��+HUFXOHV��&$��86$���7KH�
39')�PHPEUDQHV�ZHUH�EORFNHG�ZLWK����ERYLQH�VHUXP�
DOEXPLQ±7ULV�EXIIHUHG�VDOLQH�DQG�7ZHHQ�����7%67��IRU���K�
at room temperature and then incubated with the indicated 

SULPDU\�DQWLERGLHV�RYHUQLJKW�DW��Û&��$IWHU�EHLQJ�ZDVKHG�
ZLWK�7%67��WKH�PHPEUDQHV�ZHUH�LQFXEDWHG�ZLWK�VHFRQGDU\�
DQWLERG\�IRU���K�DW���Û&��7KH�EORWV�ZHUH�VFDQQHG�E\�WKH�*HO�
,PDJH�$QDO\VLV�6\VWHP��%LR�5DG��

(Q]\PH�OLQNHG�LPPXQRVRUEHQW�DVVD\

The supernatants were collected after centrifugation, 

DQG�WKH�OHYHOV�RI�6')�Į�VHFUHWHG�E\�WKH�6.%5����0&)�
��� DQG� 0'$�0%����� FHOOV� ZHUH� TXDQWL¿HG� XVLQJ� DQ�
HQ]\PH�OLQNHG� LPPXQRVRUEHQW� DVVD\� �(/,6$�� ([&HOO�
%LRORJ\��6KDQJKDL��&KLQD��DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V�
instructions.

7KH�&;&5��OHYHO�RI�SDUHQW�DQG�SDFOLWD[HO�
UHVLVWDQW�FHOOV

7KH�0&)����0&)���35�� 6.%5���� DQG�6.%5���
PR cells of × 10

5
 were incubated with mouse monoclonal 

DQWL�KXPDQ� &;&5�� DQWLERG\� ���*��� 5	'� 6\VWHPV��
0LQQHDSROLV��01��LQ�%6$�3%6�IRU���K�DW��Û&�DQG�WKHQ�
WUHDWHG�ZLWK�JRDW�DQWL�PRXVH�,J*�),7&��%LR/HJHQG��6DQ�

7DEOH����7KH�VHTXHQFHV�RI�&;&5��DQG�3'*)5Į�VL51$

1DPH Sense $QWLVHQVH

&;&5��VL51$� *$$*&$8*$&**$&$$*8$G7G7 G7G7&88&*8$&8*&&8*88&$8

&;&5��VL51$� **$$*&8*88**&8*$$$$G7G7 G7G7&&88&*$&$$&&*$&8888

&;&5��VL51$� &8*8&&8*&8$88*&$88$G7G7 G7G7*$&$**$&*$8$$&*8$$8

3'*)5Į�VL51$� *&$**&$&$888$&$8&8$77 8$*$8*8$$$8*8*&&8*&77

3'*)5Į�VL51$� &&*$*$&8&&8*8$$&&8877 $$**88$&$**$*8&8&**77

3'*)5Į�VL51$� **$$*$$*$&$*8**&&$877 $8**&&$&8*8&88&88&&77
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Diego, CA). Resulting cells were subjected to C6 Accuri 

ÀRZ�F\WRPHWHU��$FFXUL�&\WRPHWHUV��$QQ�$UERU��0,���DQG�
DFTXLUHG�GDWD�ZHUH�DQDO\]HG�E\�)ORZ-R�

&HOO�SUROLIHUDWLRQ�DVVD\

7KH�0&)����0&)���35�� 6.%5���� DQG�6.%5���
PR cells (5 × 10

3
) were seeded in each well of the 96-

well plates overnight. The cells were then treated with 1 

�J�P/�17��03�IRU���������RU����K��7KH�65%�DVVD\�ZDV�
performed as described previously [27].

:RXQG�KHDOLQJ�DVVD\

The cells were seeded into six-well plates. After the 

FHOOV�UHDFKHG�����FRQÀXHQFH��D�ZRXQG�ZDV�FUHDWHG�XVLQJ�
a 10 µL pipette tip, and the detached cells were removed 

E\�ZDVKLQJ� ZLWK� 3%6�� 7KHQ�� VRPH� RI� WKH�0&)���35��
6.%5���35�FHOOV�ZHUH�WUHDWHG�ZLWK����J�P/�17��03�IRU�
20 h. Images were collected at 0 and 20 h.

&HOO�LQYDVLRQ�DVVD\

The invasive activity of paclitaxel-resistant breast 

FDQFHU�FHOOV� WUHDWHG�ZLWK�17��03�RU�3'*)5�LQKLELWRU�
was evaluated using Transwell inserts as described 

SUHYLRXVO\�>��@������ȝ/�VHUXP�IUHH�PHGLXP�ZLWK�6')�
�Į������QJ�P/��5	'�6\VWHPV��0LQQHDSROLV��01��ZDV�
added to the bottom wells of the 24-well plate, and no 

6')��Į�ZDV�XVHG�LQ�WKH�EODQN�JURXS��2QH�PLOOLRQ�6.%5�
��FHOOV�UHVXVSHQGHG�LQ�EXIIHU�ZLWK�17��03�RU�3'*)5�
inhibitor were added to the upper chamber insert. After 

24 h, the cells in the upper chamber had partly invaded 

WKH� XQGHUVLGH�� 7KH� LQYDGHG� FHOOV� ZHUH� ¿[HG� ZLWK� ���
SDUDIRUPDOGHK\GH�� VWDLQHG� ZLWK� *LHPVD� VROXWLRQ�� DQG�
photographed under a microscope.

&HOO�F\FOH�DQDO\VLV

%UHDVW�FDQFHU�FHOOV�ZHUH�SODWHG�DW���î���5�FHOOV�ZHOO�
RQ� VL[�ZHOO� SODWHV� DQG� WUHDWHG�ZLWK����J�P/�17��03��
&HOOV�ZHUH� LQFXEDWHG�IRU����K�� WKHQ�ZDVKHG� WZLFH�ZLWK�
FROG�3%6�DQG�¿[HG�LQ�����HWKDQRO�DW��Û&�RYHUQLJKW��7KH�
cells were then re-suspended at 1 × 10

6�FHOOV�P/�LQ�3%6�
DQG�LQFXEDWHG�ZLWK������J�P/�51DVH�$�DQG����PJ�P/�
propidium iodide at room temperature for 30 min. The 

distribution of the cells throughout the cell cycle was 

GHWHUPLQHG�XVLQJ�ÀRZ�F\WRPHWU\�

&HOO�DSRSWRVLV�DVVD\

%UHDVW�FDQFHU�FHOOV�ZHUH�VHHGHG�DW�D�GHQVLW\�RI���î�
10

5�FHOOV�ZHOO�RQ�VL[�ZHOO�SODWHV�DQG� WUHDWHG�ZLWK����J�
P/�17��03��$IWHU����K��WKH�FHOOV�ZHUH�ZDVKHG�LQ�3%6��
UH�VXVSHQGHG�LQ����)%6��DQG�LQFXEDWHG�ZLWK������/�RI�
0XVH�$QQH[LQ�9�	�'HDG�&HOO�5HDJHQW��0XVH��OHV��&KLQD��

IRU����PLQ�LQ�WKH�GDUN��:H�WKHQ�DQDO\]HG�WKH�UHVXOWV�XVLQJ�
ÀRZ�F\WRPHWU\�

(VWDEOLVKPHQW�RI�VWDEOH�WUDQVIHFWHG�FHOO�OLQHV

7KH� SF'1$����&;&5�� V\VWHP� FRQWDLQLQJ�
*HQHWLFLQ� �*����� 6LJPD�� DV� D� VHOHFWLYH� PDUNHU� ZDV�
FRQVWUXFWHG� E\� *HQH3KDUPD� �6X]KRX�� &KLQD��� 0'$�
0%����� FHOOV� ZHUH� WUDQVIHFWHG� ZLWK� /LSRIHFWDPLQH��
����� UHDJHQW��$IWHU� ��� KRXUV� RI� WUDQVIHFWLRQ�� WKH� FHOOV�
ZHUH�H[SRVHG�WR�JURZWK�PHGLXP�FRQWDLQLQJ�*��������ȝJ�
mL (the minimum concentration needed to kill this cell 

OLQH���$IWHU����GD\V��*����UHVLVWDQW�FORQHV�ZHUH�UDQGRPO\�
collected. After more than 14 days, cells that grew under 

����ȝJ�P/�*����WUHDWPHQW�OLNHO\�LQFOXGHG�D�FRS\�RI�WKH�
*����UHVLVWDQW�JHQH�LQ�WKHLU�JHQRPH�DQG�ZHUH�LGHQWL¿HG�
DV�VWDEOH�WUDQVIHFWHG�FHOO�OLQHV�RU�SF'1$�&;&5��0'$�
0%�����FHOOV��1RQ�WUDQVIHFWHG�0'$�0%�����FHOOV�ZHUH�
used as a negative control.

7UDQVIHFWLRQ

Cells were seeded in six-well plates and 

WUDQVIHFWHG�ZLWK�&;&5��VL51$�RU�FRQWURO�VL51$�XVLQJ�
Lipofectamine 2000 as described previously [26]. The 

VHTXHQFHV�XVHG�IRU�&;&5��DQG�3'*)5Į�VL51$�DUH�DV�
Table 2. After incubation, the cells were analyzed further 

as described in the Results section.

$QLPDO�H[SHULPHQWV

)HPDOH� QXGH� PLFH� ����� ZHHNV�� ������ J�� ZHUH�
purchased from Shanghai SLAC Laboratory Animal 

Co. Ltd (Shanghai, China). The mice were housed and 

PDLQWDLQHG�LQ�WKH�([SHULPHQWDO�$QLPDO�&HQWHU�RI�%HQJEX�
0HGLFDO�&ROOHJH�XQGHU�VSHFL¿F�SDWKRJHQ�IUHH�FRQGLWLRQV��
All animal experiments were used in accordance with 

$QLPDO� &DUH� DQG� 8VH� *XLGHOLQHV� RI� %HQJEX� 0HGLFDO�
College, and the protocol was approved by the Committee 

RQ�WKH�(WKLFV�RI�$QLPDO�([SHULPHQWV�RI�%HQJEX�0HGLFDO�
&ROOHJH�,QVWLWXWLRQDO�8VHUV�RI�$QLPDO�&DUH�&RPPLWWHH��
The animals were acclimatized to laboratory conditions 

IRU���ZHHN�SULRU� WR� WKH�H[SHULPHQWV��6.%5���35�FHOOV�
(5×10

6
) were injected in the second right mammary gland, 

UHVSHFWLYHO\��:KHQ� WKH� [HQRJUDIW� YROXPHV� UHDFKHG� ���
mm

3
, all mice were divided into 3 groups (n = 5 mice 

each), including a control group (saline group), PTX 

JURXS��DQG�FRPELQDWLRQ�JURXS��37;���17��03���7KHQ��
WKH�PLFH�ZHUH�WUHDWHG�ZLWK�37;�����PJ�NJ���VDOLQH�WZLFH�
SHU�ZHHN�RU�17��03������ȝJ�NJ����GD\V�SHU�ZHHN�IRU���
weeks with 100 µL per mouse. PTX or saline was injected 

LQWUDSHULWRQHDOO\��DQG�17��03�ZDV�LQMHFWHG�WKURXJK�WKH�
tail vein. At the end of the experiment, the mice were 

VDFUL¿FHG� DQG� WXPRUV�ZHUH�GLVVHFWHG� IRU�ZHLJKLQJ� DQG�
western blot analysis.
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+LVWRORJLF�VHFWLRQV�DQG�LPPXQRKLVWRFKHPLVWU\

Immunohistochemical studies were performed 

DFFRUGLQJ�WR�RXU�JURXS¶V�SUHYLRXV�PHWKRGV�>��@��7XPRU�
SUROLIHUDWLRQ� ZDV� DVVHVVHG� E\� 3&1$� VWDLQLQJ�� DQG�
WXPRU�DSRSWRVLV�ZDV�HYDOXDWHG�E\�781(/�DV�GHVFULEHG�
previously [24].

6WDWLVWLFDO�DQDO\VLV

Statistical comparisons between two different 

JURXSV� ZHUH� GHWHUPLQHG� XVLQJ� DQ� XQSDLUHG� 6WXGHQW¶V�
W�WHVW� LQ� *UDSK3DG� 3ULVP� ���� �*UDSK3DG� 6RIWZDUH�� /D�
-ROOD��&$��86$���7KH�UHVXOWV�DUH�SUHVHQWHG�DV�WKH�PHDQ���
VWDQGDUG�GHYLDWLRQ��6'���9DOXHV�RI�3��������DUH�FRQVLGHUHG�
VWDWLVWLFDOO\�VLJQL¿FDQW�
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