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Abstract. Bladder cancer is divided into two molecular 
subtypes, luminal and basal, which form papillary and 
QRGXODU�WXPRUV��UHVSHFWLYHO\��DQG�DUH�LGHQWLÀDEOH�E\�JHQH�
H[SUHVVLRQ�SURÀOLQJ��$OWKRXJK�ORVV�RI�KHWHUR]\JRVLW\��/2+��
RI� WKH� ORQJ� DUP�RI� KXPDQ� FKURPRVRPH��� ��T�� KDV� EHHQ�
observed in the early development of both types of bladder 
FDQFHU�� WKH�IXQFWLRQDO�VLJQLÀFDQFH�RI�/2+�UHPDLQV�WR�EH�
FODULILHG��7KH� SUHVHQW� VWXG\� LQWURGXFHG� KXPDQ� FKURPR-
VRPH��T�LQWR�EDVDO�EODGGHU�FDQFHU�FHOO�OLQH��6&D%(5��XVLQJ�
PLFURFHOO�PHGLDWHG�FKURPRVRPH�WUDQVIHU�WR�LQYHVWLJDWH�WKH�
HIIHFW�RI�/2+�RI��T�RQ�PROHFXODU�EODGGHU�FDQFHU�VXEW\SHV��
These cells demonstrated decreased proliferation and 
PLJUDWLRQ� FDSDFLW\� FRPSDUHG�ZLWK� SDUHQWDO� DQG� FRQWURO�
FHOOV��&RQYHUVHO\��WUDQVIHU�RI�KXPDQ�FKURPRVRPH���GLG�QRW�
FKDQJH�WKH�FHOO�SKHQRW\SH��([SUHVVLRQ�OHYHO�RI�SHUR[LVRPH�
SUROLIHUDWRU�DFWLYDWHG�UHFHSWRU��33$5�Ƣ, a marker of luminal 
W\SH��LQFUHDVHG���������IROG�LQ�6&D%(5�FHOOV�DOWHUHG�ZLWK�
�T�FRPSDUHG�ZLWK�SDUHQWDO�6&D%(5�FHOOV��)XUWKHUPRUH��WKH�
H[SUHVVLRQ�OHYHOV�RI�WXPRU�VXSSUHVVRU�37(1��ZKLFK�UHJX-
ODWHV�33$5Ƣ��DOVR�LQFUHDVHG�LQ��T�DOWHUHG�FHOOV��7KHVH�UHVXOWV�
VXJJHVWHG�WKDW�KXPDQ�FKURPRVRPH��T�PD\�FDUU\�UHJXODWRU\�
JHQHV� IRU�33$5Ƣ� WKDW� DUH� LQYROYHG� LQ� WKH�SURJUHVVLRQ�RI�
QHRSODVWLF�WUDQVIRUPDWLRQ�RI�EODGGHU�FDQFHU�

Introduction

%ODGGHU�FDQFHU��%&D��LV�RQH�RI�WKH�PRVW�SUHYDOHQW�W\SHV�RI�
PDOLJQDQW� WXPRU�RI� WKH�XULQDU\�V\VWHP������%&DV�DUH�FODV-
sified as superficial papillary or non-papillary carcinoma 
DFFRUGLQJ� WR� WKHLU� FRQVWLWXWLRQ� �����3DSLOODU\�FDUFLQRPD� LV�
usually non-invasive but may develop into non-papillary inva-
VLYH�FDUFLQRPD�ZLWK�D�KLJK�KLVWRORJLFDO�JUDGH��ZLWK�UHSHDWHG�
UHFXUUHQFH�DIWHU�WUHDWPHQW��&RQYHUVHO\��QRQ�SDSLOODU\�LQYDVLYH�
FDUFLQRPD�XVXDOO\�KDV�D�KLJK�KLVWRORJLFDO�JUDGH�DQG�SRRU�
FOLQLFDO�FRXUVH��9DULRXV�FKURPRVRPDO�DEHUUDWLRQV�DUH�LQYROYHG�
LQ�WKH�GHYHORSPHQW�DQG�SURJUHVVLRQ�RI�WKHVH�W\SHV�RI�FDQFHU��
Generally, there are two types of chromosomal aberration: 
3ULPDU\��ZKLFK� LV�DVVRFLDWHG�ZLWK� WXPRU�RQFRJHQHVLV��DQG�
VHFRQGDU\��ZKLFK�LV�DVVRFLDWHG�ZLWK�WXPRU�SURJUHVVLRQ������
8VLQJ�FRPSDUDWLYH�JHQRPLF�K\EULGL]DWLRQ�DQG�ORVV�RI�KHWHUR-
]\JRVLW\��/2+��DQDO\VLV��DEHUUDWLRQV�LQ�XURWKHOLDO�FDUFLQRPD�
KDYH�EHHQ�REVHUYHG�RQ�KXPDQ�FKURPRVRPHV��S����DQG���S��
ZKLFK�FRQWDLQ�QXPHURXV�RQFR��DQG�WXPRU�VXSSUHVVRU�JHQHV��
such as runt-related transcription factor 3, cyclin-dependent 
NLQDVH� LQKLELWRU� �$� DQG� F\FOLQ�'�� �����$GYDQFHG�%&D� LV�
DFFRPSDQLHG�E\�DEHUUDWLRQV�LQ�KXPDQ�FKURPRVRPHV��T���T��
DQG��S��������)XUWKHUPRUH��LQVLJKWV�LQ�WKH�PROHFXODU�SDWKRORJ\�
RI�%&D�VXJJHVW�WZR�SDWKZD\V�IRU�WKH�GHYHORSPHQW�RI�%&D��
/XPLQDO�DQG�EDVDO�VXEW\SH������7KH�T�DUP�RI�FKURPRVRPH���LV�
GHOHWHG�LQ�ERWK�PROHFXODU�VXEW\SHV��VXJJHVWLQJ�WKDW�LW�PD\�EH�
D�SULPDU\�HYHQW�LQ�WKH�SDWKRJHQHVLV�RI�%&D���������,QDFWLYDWLQJ�
PXWDWLRQV� RI� WXEHURXV� VFOHURVLV� ��� ZKLFK� LV� D� NH\� WXPRU�
VXSSUHVVRU� JHQH�RQ��T�� LV� IRXQG� LQ� �������RI�%&D� FDVHV��
UHJDUGOHVV�RI�VWDJH����������0XWDWLRQV�LQ�1RWFK�KRPRORJ����
ORFDWHG�RQ��T��KDYH�DOVR�EHHQ�LGHQWLÀHG�LQ�����RI�%&D�������
7KH� DEHUUDWLRQ� UDWHV� RI� WKHVH� WXPRU� VXSSUHVVRU� JHQHV� DUH�
LQFRQVLVWHQW�ZLWK�WKH�GHJUHH�RI�/2+�LQ�%&D��VXJJHVWLQJ�WKH�
SUHVHQFH�RI�QRYHO�WXPRU�VXSSUHVVRU�JHQHV�WKDW�FRQWULEXWH�WR�
FDQFHU�GHYHORSPHQW�

7R�XQGHUVWDQG�WKH�IXQFWLRQDO�VLJQLÀFDQFH�RI�WKH�/2+�DW�
WKH��T�UHJLRQ�LQ�%&D�GHYHORSPHQW��KXPDQ�FKURPRVRPH��T�
ZDV�WUDQVIHUUHG�WR�D�%&D�FHOO�OLQH�XVLQJ�PLFURFHOO�PHGLDWHG�

Activation of PPARƢ in bladder cancer via introduction 
of the long arm of human chromosome 9

5<87$52�6+,0,=8������7$.$+,72�2+,5$2,3���7$.8.,�<$*<8������7(768<$�<80,2.$�,  

125,<$�<$0$*8&+,����+,'(72�,:$0272����6+8,&+,�025,=$1(����.$768<$�+,.,7$�,  

0$6$6+,�+21'$����$7686+,�7$.(1$.$�  and��+,52<8.,�.8*2+2,3

�'LYLVLRQ�RI�8URORJ\��'HSDUWPHQW�RI�6XUJHU\��7RWWRUL�8QLYHUVLW\�)DFXOW\�RI�0HGLFLQH��<RQDJR��7RWWRUL����������� 
2'HSDUWPHQW�RI�0ROHFXODU�DQG�&HOOXODU�%LRORJ\��'LYLVLRQ�RI�*HQRPH�DQG�&HOOXODU�)XQFWLRQ�� 
3&KURPRVRPH�(QJLQHHULQJ�5HVHDUFK�&HQWHU��7RWWRUL�8QLYHUVLW\��<RQDJR��7RWWRUL����������� 

�'LYLVLRQ�RI�*DVWURLQWHVWLQDO�DQG�3HGLDWULF�6XUJHU\��'HSDUWPHQW�RI�6XUJHU\��6FKRRO�RI�0HGLFLQH��
)DFXOW\�RI�0HGLFLQH��7RWWRUL�8QLYHUVLW\��<RQDJR��7RWWRUL�����������-DSDQ

5HFHLYHG�'HFHPEHU�����������$FFHSWHG�-DQXDU\��������

'2,����������RO�����������

Correspondence to:� 3URIHVVRU� +LUR\XNL� .XJRK�� &KURPRVRPH�
(QJLQHHULQJ� 5HVHDUFK� &HQWHU�� 7RWWRUL� 8QLYHUVLW\�� ��� 1LVKLFKR��
<RQDJR��7RWWRUL�����������-DSDQ
(�PDLO��NXJRK#WRWWRUL�X�DF�MS

Key words:� ORQJ� DUP� RI� FKURPRVRPH� ��� ORVV� RI� KHWHUR]\JRVLW\��
bladder cancer, peroxisome proliferator-activated receptor Ƣ, tumor 
VXSSUHVVRU�JHQH



6+,0,=8 et al���5(*8/$7,21�2)�33$5Ƣ�%<�&+5202620(��T�,1�%/$''(5�&$1&(52

FKURPRVRPH�WUDQVIHU��00&7��DQG�H[DPLQHG�IRU�HIIHFWV�RQ�
SKHQRW\SH�

Materials and methods

Cell lines and culture. 6&D%(5�DQG�57��FHOOV�ZHUH�SXUFKDVHG�
IURP�WKH�$PHULFDQ�7\SH�&XOWXUH�&ROOHFWLRQ��7���DQG������
FHOOV�ZHUH� SXUFKDVHG� IURP� WKH� 5,.(1�&HOO� %DQN�� &HOOV�
ZHUH� FXOWXUHG� LQ�'0(0� �6LJPD�$OGULFK��0HUFN�.*D$��
VXSSOHPHQWHG�ZLWK�����IHWDO�ERYLQH�VHUXP��)%6��+\&ORQH��
&\WLYD��� ����8�PO�SHQLFLOOLQ� DQG������J�PO� VWUHSWRP\FLQ�
�)8-,),/0�:DNR�3XUH�&KHPLFDO�&RUSRUDWLRQ���0RXVH�$��
FHOOV�FRQWDLQLQJ�KXPDQ�FKURPRVRPH��T�RU����UHVSHFWLYHO\��
WDJJHG�ZLWK�QHRP\FLQ�UHVLVWDQFH�JHQH��QHR��ZHUH�PDLQWDLQHG�
LQ�'0(0�VXSSOHPHQWHG�ZLWK�����)%6�DQG������J�PO�*����
DQWLELRWLF��&DOELRFKHP��0HUFN�.*D$��DQG�XVHG�DV�FKURPR-
VRPH�GRQRUV��$OO� FHOO� OLQHV�ZHUH�PDLQWDLQHG�DW���Ý&� LQ� D�
KXPLGLÀHG�LQFXEDWRU�ZLWK����&22�

MMCT. &KURPRVRPH�WUDQVIHU�YLD�FKURPRVRPH�HQJLQHHULQJ�
ZDV�SHUIRUPHG�DV�SUHYLRXVO\�GHVFULEHG�������$��QHR�T��RU�
$��QHR���FHOOV�ZHUH� WUHDWHG�ZLWK�������J�PO�FROFHPLG�DW�
��Ý&�IRU����K� WR� LQGXFH�IRUPDWLRQ�RI�PLFURQXFOHL��ZKLFK�
ZHUH�WKHQ�SXULÀHG�E\�F\WRFKDODVLQ�%������J�PO��GLJHVWLRQ�
DQG�FHQWULIXJDWLRQ�DW��������[�J�IRU����PLQ�DW���Ý&��7KH�
isolated microcells were then resuspended in serum-free 
'0(0�DQG� ILOWHUHG� VHTXHQWLDOO\� WKURXJK������DQG����P�
SRO\FDUERQDWH�ÀOWHUV��:KDWPDQ�SOF��&\WLYD���7KH�SXULÀHG�
PLFURFHOOV�ZHUH� FROOHFWHG� E\� FHQWULIXJDWLRQ� DW� ���� [� J�
IRU����PLQ�DW�URRP�WHPSHUDWXUH��57��DQG�UHVXVSHQGHG�LQ�
VHUXP�IUHH�'0(0�FRQWDLQLQJ�����J�PO�SK\WRKHPDJJOX-
WLQLQ�3� �)8-,),/0�:DNR�3XUH�&KHPLFDO�&RUSRUDWLRQ���
7KH�PLFURFHOOV�ZHUH�DWWDFKHG�WR�WKH�FHOO�PRQROD\HU�DW���Ý&�
IRU����PLQ��IXVHG�ZLWK�UHFLSLHQW�FHOOV�LQ�����SRO\HWK\OHQH�
JO\FRO�VROXWLRQ�IRU���PLQ�DW�57��IROORZHG�E\�ZDVKLQJ�ZLWK�
VHUXP�IUHH�'0(0��&HOOV�WKHQ�PDLQWDLQHG�LQ�QRQ�VHOHFWLYH�
PHGLXP��'0(0��IRU����K�DW���Ý&��WU\SVLQL]HG�DQG�GLYLGHG�
LQWR� VL[� ���� PP� GLVKHV� FRQWDLQLQJ� VHOHFWLRQ� PHGLXP�
�FRQWDLQLQJ������J�PO�*�����

Acquisition of microcellular hybrid clones. The day after 
PLFURFHOO�IXVLRQ��FXOWXUH�PHGLXP�ZDV�FKDQJHG�WR�VHOHFWLRQ�
PHGLXP��FRQWDLQLQJ������J�PO�*������2QH�ZHHN�DIWHU�IXVLRQ��
QR�YLDEOH�FHOOV�ZHUH�REVHUYHG��7ZR�ZHHNV�DIWHU�IXVLRQ��UDSLGO\�
SUROLIHUDWLQJ�FORQHV�ZHUH�LVRODWHG�DQG�PDLQWDLQHG�E\�VHULDO�
SDVVDJLQJ��DV�SUHYLRXVO\�GHVFULEHG������

Genomic PCR analysis. 7KH�SUHVHQFH�RI�WKH��S������T�����
UHJLRQ�RQ�KXPDQ�FKURPRVRPH��T�FRQWDLQHG�LQ�$��QHR���ZDV�
YHULÀHG�E\�3&5�XVLQJ����VSHFLÀF�VHTXHQFH�WDJJHG�VLWH��676��
PDUNHUV� �'�6�����S������'�6������S����'�6������S������
'�6������S������'�6������S������6+*&����������S����87�����
�S������6+*&����������T����6+*&����������T����'�6����
�T�������'�6�������T������'�6������T�������'�6������T������
'�6������T������'�6������T�������'�6������T������'�6�����
�T������ '�6����� �T������� '�6���� �T������ DQG� '�6�����
�T�������3ULPHU�VHTXHQFHV�ZHUH�REWDLQHG�IURP�WKH�1DWLRQDO�
&HQWHU�IRU�%LRWHFKQRORJ\�,QIRUPDWLRQ��KWWSV���ZZZ�QFEL�QOP�
QLK�JRY���3&5�ZDV�SHUIRUPHG�ZLWK����F\FOHV�RI����VHF�DW���Ý&��
���VHF�DW������Ý&�DQG����VHF�DW���Ý&�

RNA isolation and reverse transcription-quantitative PCR. 
7RWDO�51$�ZDV�H[WUDFWHG�XVLQJ�51HDV\�0LQL�NLW� �4LDJHQ�
*PE+�� IURP� HDFK� FHOO� OLQH� DQG� WUHDWHG� ZLWK� '1DVH� ,�
�)8-,),/0�:DNR�3XUH�&KHPLFDO�&RUSRUDWLRQ���)LUVW�VWUDQG�
F'1$�ZDV�V\QWKHVL]HG�XVLQJ�0�0/9�UHYHUVH�WUDQVFULSWDVH�
�,QYLWURJHQ��7KHUPR�)LVKHU� 6FLHQWLILF�� ,QF���ZLWK� UDQGRP�
SULPHUV��,QYLWURJHQ��7KHUPR�)LVKHU�6FLHQWLÀF��,QF�����[�)LUVW�
6WUDQG�%XIIHU��,QYLWURJHQ��7KHUPR�)LVKHU�6FLHQWLÀF��,QF���DQG�
G173V��$SSOLHG�%LRV\VWHPV��7KHUPR�)LVKHU�6FLHQWLÀF��,QF����
7KH� WHPSHUDWXUH�SURWRFRO�ZDV���Ý&�IRU����PLQ�IRU�SULPHU�
DQQHDOLQJ��IROORZHG�E\���Ý&�IRU����PLQ�IRU�UHYHUVH�WUDQVFULS-
WLRQ�DQG�WKHQ���Ý&�IRU���PLQ�IRU�HQ]\PH�LQDFWLYDWLRQ�

7KH�P51$� H[SUHVVLRQ� RI� 33$5*� �HQFRGLQJ� 33$5Ƣ���
IRUNKHDG�ER[�$���)2;$���DQG�*$7$��ZDV�DQDO\]HG�XVLQJ�
VSHFLÀF�SULPHUV�DV�IROORZV��33$5*�IRUZDUG���
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��F'1$�ZDV�DPSOLÀHG�XVLQJ�DQ�$SSOLHG�%LRV\VWHPV�
6WHS2QH� WKHUPDO�F\FOHU�V\VWHP�DQG�6<%5�*UHHQ�3&5�NLW�
�$SSOLHG�%LRV\VWHPV��7KHUPR�)LVKHU�6FLHQWLÀF��,QF����P51$�
OHYHOV� ZHUH� QRUPDOL]HG� DJDLQVW� *$3'+� P51$� �3&5�
SULPHUV��)RUZDUG���
�$*&�&$&�$7&�*&7�&$*�$&$�&��
�DQG�
UHYHUVH���
�*&&�&$$�7$&�*$&�&$$�$7&�&��
��XVLQJ�WKH��-ƋƋ&T 
PHWKRG�������7KHUPRF\FOLQJ�FRQGLWLRQV�ZHUH����PLQ�DW���Ý&�
IRU�GHQDWXUDWLRQ��IROORZHG�E\����VHF�DW���Ý&�DQG����VHF�DW���Ý&�
IRU�GHQDWXUDWLRQ�DQG�DQQHDOLQJ�H[WHQVLRQ�IRU����F\FOHV��7KH�
H[SHULPHQWV�ZHUH�SHUIRUPHG�LQ�WULSOLFDWH�

Heatmap of gene expression. 7KH�H[SUHVVLRQ�OHYHOV�RI�33$5*��
)2;$���DQG�*$7$��RI�57���7����6&D%(5��6&D%(5���DQG�
6&D%(5�T�ZHUH� YLVXDOL]HG� XVLQJ� D� IUHHO\� DYDLODEOH�ZHE�
VHUYHU��+HDWPDSSHU��KWWS���ZZZ�KHDWPDSSHU�FD���

Fluorescence in situ hybridization (FISH). To identify 
VXFFHVVIXO� WUDQVIHUHQFH� RI� FKURPRVRPH� �T� LQ�PHWDSKDVH�
VSUHDGV��FKURPRVRPDO�),6+�ZDV�SHUIRUPHG�XVLQJ�SODVPLG�
S69�QHR�DV�D�SUREH��7KH�WUDQVIHUUHG�FKURPRVRPH���ZDV�LGHQ-
WLÀHG�XVLQJ�53�����&���%$&�'1$�DV�D�SUREH�

7KH�SUHSDUDWLRQ�RI�FKURPRVRPH�VOLGHV��SUREH� ODEHOLQJ��
K\EULGL]DWLRQ��ZDVKLQJ�DQG�GHWHFWLRQ�RI�VLJQDOV�ZHUH�SHUIRUPHG�
DV�SUHYLRXVO\�GHVFULEHG������

Cell proliferation assay. Cell proliferation assay was 
SHUIRUPHG�WR�HYDOXDWH� WKH�SUROLIHUDWLRQ�FDSDELOLW\�RI�FHOOV��
6&D%(5��6&D%(5����DQG�6&D%(5��T�FHOOV�ZHUH�VHHGHG�DW�
���[����FHOOV�LQ�D���FP�GLVK��$OO�FHOOV�ZHUH�FXOWXUHG�LQ�'0(0�
VXSSOHPHQWHG�ZLWK�����)%6��0HDVXUHPHQWV�ZHUH�PDGH�XVLQJ�
D�KHPRF\WRPHWHU�RQ�GD\V�������������DQG���DIWHU�VHHGLQJ��&HOO�
FRXQWLQJ�ZDV�SHUIRUPHG�WKUHH�WLPHV�

Migration assay. :RXQG� KHDOLQJ� DVVD\� ZDV� SHUIRUPHG�
WR� HYDOXDWH� WKH� PLJUDWLRQ� FDSDELOLW\� RI� FHOOV�� 6&D%(5��
6&D%(5��� DQG� 6&D%(5��T� FHOOV�ZHUH� JURZQ� WR� �����
FRQIOXHQFH� LQ� D� ��FP�GLVK� DQG� D� VFUDWFK�ZDV�PDGH�ZLWK�
�����O�SLSHWWH� WLSV��7KH�FHOOV�ZHUH�ZDVKHG�ZLWK�3%6�DQG�
SODFHG�LQ�VHUXP�IUHH�PHGLXP��'0(0���7KH�ZRXQG�ZLGWK�
DW���DQG����K�ZDV�PHDVXUHG�DQG�HYDOXDWHG�XVLQJ�D�GLJLWDO�
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FDPHUD� V\VWHP� �1,6�(OHPHQWV�'RFXPHQWDWLRQ��9HU�������
1LNRQ�&RUSRUDWLRQ��

Western blotting. :HVWHUQ�EORWWLQJ�ZDV�SHUIRUPHG�DV�SUHYLRXVO\�
GHVFULEHG�������0HPEUDQHV�ZHUH�EORWWHG�ZLWK�UDEELW�SRO\FORQDO�
DQWLERGLHV�DJDLQVW�KXPDQ�33$5Ƣ��FDW��QR������������������&HOO�
6LJQDOLQJ�7HFKQRORJ\��,QF����37(1��FDW��QR������������������&HOO�
6LJQDOLQJ�7HFKQRORJ\��,QF���RU�Ơ�WXEXOLQ��FDW��QR��30�������
���������0HGLFDO�DQG�%LRORJLFDO�/DERUDWRULHV�&R���/WG���DQG�
DQWL�UDEELW�,J*�KRUVHUDGLVK�SHUR[LGDVH�OLQNHG�DQWLERG\��FDW��
QR������������������&HOO�6LJQDOLQJ�7HFKQRORJ\��,QF����DFFRUGLQJ�
WR� WKH�PDQXIDFWXUHU
V� LQVWUXFWLRQV�� ,PPXQRUHDFWLYH�EDQGV�
ZHUH�YLVXDOL]HG�XVLQJ�DQ�HQKDQFHG�FKHPLOXPLQHVFHQFH�GHWHF-
WLRQ�V\VWHP��FDW��QR���������3LHUFH��(&/�:HVWHUQ�%ORWWLQJ�
6XEVWUDWH��7KHUPR�)LVKHU�6FLHQWLÀF��,QF����3URWHLQ�EDQGV�RQ�
ZHVWHUQ�EORW�ÀOPV�ZHUH�TXDQWLÀHG�XVLQJ�,PDJH-��YHU��������
1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��

Survival analysis. 7KH�&DQFHU�*HQRPH�$WODV��7&*$�������
DQG�1DWLRQDO�&DQFHU�,QVWLWXWH�*HQRPLF�'DWD�&RPPRQV������
SXEOLF�FDQFHU�JHQRPH�EODGGHU�XURWKHOLDO�FDUFLQRPD��%/&$��
GDWDVHW��DFFHVVHG����-XQH��������ZDV�YLVXDOL]HG�DQG�DQDO\]HG�
XVLQJ�8&6&�;HQD��[HQD�XFVF�HGX���2YHUDOO�VXUYLYDO�FXUYH�ZDV�
REWDLQHG�XVLQJ� WKH�.DSODQ�0HLHU�PHWKRG�ZLWK� WKH�PHGLDQ�
H[SUHVVLRQ�RI�HDFK�JHQH�DV� WKH�FXWRII� �33$5*���������YV��
�������� )2;$��� ������� YV�� ������
� *$7$��� ������� YV��
���������DQG�GLIIHUHQFHV�LQ�VXUYLYDO�ZHUH�HYDOXDWHG�ZLWK�WKH�
ORJ�UDQN�WHVW�

Statistical analysis. 'DWD� IURP� WULSOLFDWH� H[SHULPHQWV� DUH�
SUHVHQWHG�DV� WKH�PHDQ���VWDQGDUG�HUURU�RI� WKH�PHDQ��'DWD�
ZHUH�DQDO\]HG�XVLQJ�RQH�ZD\�$129$�ZLWK�SRVW�KRF�7XNH\
V�
KRQHVWO\�VLJQLILFDQW�GLIIHUHQFH� WHVW��$OO�VWDWLVWLFDO�DQDO\VLV�
ZDV�SHUIRUPHG�XVLQJ�6366�6WDWLVWLFV�VRIWZDUH��YHUVLRQ�������
,%0�&RUS���3������ZDV�FRQVLGHUHG�WR�LQGLFDWH�D�VWDWLVWLFDOO\�
VLJQLÀFDQW�GLIIHUHQFH�

Results

Analysis of mouse A9/human mono-chromosomal hybrids. 
7KH�VWUDWHJ\�IRU�LQYHVWLJDWLRQ�RI�WXPRU�VXSSUHVVRU�HIIHFW�RI�

KXPDQ�FKURPRVRPH���LQ�%&D�LV�VKRZQ�LQ�)LJ�����:H�SUHYLRXVO\�
JHQHUDWHG�D�OLEUDU\�RI�$��K\EULG�FHOOV��HDFK�FRQWDLQLQJ�RQH�RI�
WKH�KXPDQ�FKURPRVRPHV��H[FHSW�<��������7R�FRQÀUP�WKH�VWDWXV�
RI�KXPDQ�FKURPRVRPH��� LQ�$��QHR���FHOOV��3&5�DQDO\VLV�
XVLQJ����676�PDUNHUV�ORFDWHG�RQ�KXPDQ�FKURPRVRPH���ZDV�
SHUIRUPHG��)LJ������3&5�DQDO\VLV�VKRZHG�GHOHWLRQ�RI�WKH�VKRUW�
DUP�ORFL�RI�KXPDQ�FKURPRVRPH������GHOS���SWHU��LQ�$��QHR���
FHOOV��)LJ������),6+�DQDO\VLV�ZDV�SHUIRUPHG�LQ�$��QHR���FHOOV�
XVLQJ�QHR�SODVPLG�SUREH��7KH�S69�QHR�SUREH�IRU���GHOS���SWHU�
ZDV�UDQGRPO\�LQWHJUDWHG�LQWR�WZR�UHJLRQV����S���DQG���T�����
�)LJ���$���$GGLWLRQDOO\��WKH�ORQJ�DUP�RI�KXPDQ�FKURPRVRPH����
ZDV�LQGHSHQGHQWO\�UHWDLQHG�LQ�PRXVH�$��FHOOV�

Introduction of human chromosome 9q into SCaBER cells. 
+XPDQ�FKURPRVRPH��T�ZDV�WUDQVIHUUHG�LQWR�6&D%(5�FHOOV�
XVLQJ�00&7��0LFURFHOO�K\EULG�FHOOV�ZHUH�LVRODWHG�YLD�WKUHH�
VXFFHVVLYH�FKURPRVRPH�WUDQVIHU�H[SHULPHQWV�DQG�DQDO\]HG�
WR�FRQÀUP�WKH�SUHVHQFH�RI�WUDQVIHUUHG���GHOS���SWHU�WDJJHG�
ZLWK�S69�QHR�E\�),6+��7UDQVIHUUHG���GHOS���SWHU�ZDV�VWDEO\�
UHWDLQHG�LQ�WKH�PLFURFHOO�K\EULG�FORQH��6&D%(5��T��)LJ���%���
0LFURFHOO�K\EULGV�ZLWK�LQWURGXFHG�FKURPRVRPH����6&D%(5����
ZHUH�XVHG�DV�D�FRQWURO��7KH�SUHVHQFH�RI�WUDQVIHUUHG�FKURPR-
VRPH���LQ�6&D%(5���ZDV�FRQÀUPHG�E\�),6+�DQDO\VLV�XVLQJ�D�
35���T�&���%$&�SUREH�FRQWDLQLQJ�WKH��T�����JHQRPLF�'1$�
UHJLRQ��7KH�SDUHQWDO�6&D%(5�FHOOV�KDG�WZR�FRSLHV�RI�FKURPR-
VRPH����ZKHUHDV�6&D%(5���PLFURFHOO�K\EULG�FORQHV�KDG�WKUHH�
FRSLHV�RI�FKURPRVRPH����WKLV�FRQÀUPHG�WKH�SUHVHQFH�RI�WKH�
WUDQVIHUUHG�FKURPRVRPH��)LJ���&�DQG�'��

7KH�PRUSKRORJLFDO� IHDWXUHV�RI�PLFURFHOO�K\EULG�FORQHV�
JHQHUDWHG�YLD� LQWURGXFWLRQ�RI� D�KXPDQ�FKURPRVRPH�ZHUH�
PLFURVFRSLFDOO\�H[DPLQHG��6&D%(5��T�FHOOV�ZHUH�ÁDWWHU�DQG�
ODUJHU�WKDQ�SDUHQWDO�6&D%(5�DQG�6&D%(5���FHOOV��)LJ���(���
7KXV��KXPDQ�FKURPRVRPH��T�PD\�KDYH�FDUULHG�JHQHV�WKDW�
UHJXODWHG�WKLV�WUDQVIRUPHG�SKHQRW\SH�LQ�6&D%(5�FHOOV�

Effect of chromosome 9q introduction on cell proliferation and 
migration ability. The proliferation rate of microcell hybrid 
clones was examined to determine the effects of chromosome 
WUDQVIHU�RQ�FHOO�SUROLIHUDWLRQ��6&D%(5��T�FHOOV� H[KLELWHG�
VLJQLÀFDQWO\�GHFUHDVHG�SUROLIHUDWLRQ�FRPSDUHG�ZLWK�FRQWURO�
6&D%(5���DQG�SDUHQWDO�FHOOV�DW�GD\V������)LJ���$��

)LJXUH����/RQJ�DUP�RI�KXPDQ�FKURPRVRPH���ZDV�LQWURGXFHG�LQWR�WKH�EODGGHU�FDQFHU�FHOO�OLQH�6&D%(5�YLD�00&7��00&7��PLFURFHOO�PHGLDWHG�FKURPRVRPH�
WUDQVIHU��
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7R�HYDOXDWH�WKH�UROH�RI�FKURPRVRPH��T�LQ�UHJXODWLRQ�RI�
PDOLJQDQW�SRWHQWLDO�RI�EDVDO�%&D��ZRXQG�KHDOLQJ�DVVD\�ZDV�
SHUIRUPHG�XVLQJ�6&D%(5�PLFURFHOO�K\EULG�FORQHV��&RPSDUHG�
ZLWK�SDUHQWDO�6&D%(5�DQG�6&D%(5���FHOOV��6&D%(5��T�
FHOOV�VKRZHG�GHFUHDVHG�PRELOLW\��)LJ���%�DQG�&���7KLV�LQGL-
FDWHG�WKDW�WXPRU�VXSSUHVVRU�JHQHV�LQYROYHG�LQ�FHOO�SUROLIHUDWLRQ�
DQG�PLJUDWLRQ�LQ�6&D%(5�FHOOV�ZHUH�SUHVHQW�RQ��T�

([SUHVVLRQ�SURÀOH�DQDO\VLV�RI�OXPLQDO�PDUNHUV��The luminal 
VXEW\SH� RI� %&D� KDV� D� ORZHU� SUROLIHUDWLYH� DQG�PLJUDWRU\�
SRWHQWLDO� WKDQ� WKH�EDVDO�VXEW\SH�DQG� LV� OHVV�PDOLJQDQW� �����
*$7$���)2;$���DQG�33$5Ƣ�DUH�VSHFLILFDOO\�XSUHJXODWHG�
LQ� WKH�OXPLQDO�VXEW\SH��DV�SUHYLRXVO\�GHWHUPLQHG�E\�51$�
VHTXHQFLQJ�DQDO\VLV�� ������)XUWKHUPRUH��RYHUH[SUHVVLRQ�RI�
*$7$��DQG�)2;$���ZKLFK�DUH�WXPRU�VXSSUHVVLYH��LV�DFFRP-
SDQLHG�E\�DFWLYDWLRQ�RI�33$5Ƣ in transformation of basal into 
OXPLQDO�%&D�FHOOV� ���������$GGLWLRQDOO\��/2+�RQ� WKH� ORQJ�
DUP�RI�FKURPRVRPH���LV�FRPPRQO\�REVHUYHG�LQ�SUHPDOLJQDQW�
OHVLRQV�RI�EODGGHU�FDUFLQRJHQHVLV��VXJJHVWLQJ�WKDW�FKURPR-
VRPH��T�HQFRGHV� WXPRU�VXSSUHVVRU�JHQHV� WKDW�VHUYH�D�NH\�
UROH�LQ�GHYHORSPHQW�DQG�SURJUHVVLRQ�RI�%&D��7KH�H[SUHVVLRQ�
OHYHOV�RI�OXPLQDO�PDUNHUV��)2;$���*$7$��DQG�33$5*��ZDV�
H[DPLQHG��FRPSDUHG�ZLWK�6&D%(5�FHOOV��6&D%(5��T�FHOOV�
H[KLELWHG�D������������DQG�����IROG�LQFUHDVH�LQ�WKH�H[SUHVVLRQ�RI�
WKH�DIRUHPHQWLRQHG�OXPLQDO�PDUNHUV��)LJ���$�&��

$�KHDWPDS�RI�GLIIHUHQWLDO�PROHFXODU�VXEW\SHV�ZDV�XVHG�WR�
HYDOXDWH�WKH�UHODWLYH�H[SUHVVLRQ�RI�OXPLQDO�PDUNHUV��)LJ���'���
7KH�UHODWLYH�H[SUHVVLRQ�OHYHO�RI�OXPLQDO�PDUNHUV�ZDV�KLJK�LQ�
57��FHOOV��W\SLFDO�OXPLQDO�VXEW\SH���ZKHUHDV�6&D%(5��EDVDO��
DQG�7���FHOOV��QRQ�W\SH��H[KLELWHG�ORZ�H[SUHVVLRQ�OHYHOV�������

2QO\�H[SUHVVLRQ�RI�33$5* ZDV�KLJKHU�LQ�6&D%(5��T�FHOOV�
WKDQ� LQ�SDUHQWDO��6&D%(5���DQG�57��FHOOV� �)LJ���'���7KH�
H[SUHVVLRQ�SURÀOHV�RI�WKUHH�OXPLQDO�PDUNHU�JHQHV�LQ�%&D�ZDV�
IXUWKHU�LQYHVWLJDWHG�XVLQJ�%/&$�GDWDVHW��+LJKHU�H[SUHVVLRQ�
RI�DOO� OXPLQDO�PDUNHU�JHQHV�ZDV�DVVRFLDWHG�ZLWK�LPSURYHG�
VXUYLYDO�LQ�SDWLHQWV�ZLWK�%&D��)LJ������7KHVH�UHVXOWV�VXJJHVWHG�
WKDW�WXPRU�VXSSUHVVRU�JHQHV�RQ��T�PD\�VHUYH�DQ�LPSRUWDQW�UROH�
LQ�GHWHUPLQLQJ�WKH�PROHFXODU�VXEW\SH�RI�%&D��ZKLFK�LV�DVVRFL-
DWHG�ZLWK�GHYHORSPHQW�RI�PDOLJQDQF\�

$QDO\VLV�RI�SURWHLQ�H[SUHVVLRQ�RI�OXPLQDO�PDUNHUV��:HVWHUQ�
EORWWLQJ�ZDV�SHUIRUPHG�WR�FRQÀUP�WKDW�H[SUHVVLRQ�RI�OXPLQDO�
PDUNHUV��*$7$���)2;$���DQG�33$5*��ZDV�DOVR�LQFUHDVHG�
DW�WKH�SURWHLQ�OHYHO��2QO\�33$5Ƣ�ZDV�VLJQLÀFDQWO\�LQFUHDVHG�
LQ�6&D%(5��T�FHOOV����������IROG��FRPSDUHG�ZLWK�SDUHQWDO�
FHOOV��)LJV���$�DQG�%�DQG�6����33$5Ƣ inhibits proliferation, 
PHWDVWDVLV� DQG� LQYDVLRQ� RI� FDQFHU� E\� LQGXFWLRQ� RI� 37(1�
H[SUHVVLRQ� ������7KH�H[SUHVVLRQ� OHYHOV�RI�37(1�ZHUH�DOVR�
LQFUHDVHG�LQ�6&D%(5��T�FHOOV��)LJ���$�DQG�%���7KLV�VXJJHVWHG�
WKDW� FKURPRVRPH� �T� FDUULHG� JHQHV� WKDW� UHJXODWH� OXPLQDO�
PDUNHU�RI�%&D�

Discussion

%&D�GUXJ�WUHDWPHQW�KDV�EHHQ�EDVHG�RQ�FLVSODWLQ�EDVHG�FKHPR-
therapy for 30 years but the development of immunotherapy 
�SHPEUROL]XPDE��XVLQJ� LPPXQH�FKHFNSRLQW� LQKLELWRUV�KDV�
SUHVHQWHG�D�FKDQJH�IRU�%&D�WUHDWPHQW��+RZHYHU��SHPEUROL-
]XPDE�RQO\�KDV�D�������UHVSRQVH�DQG������FRPSOHWH�UHVSRQVH�
UDWH�������7KHUHIRUH��WKHUH�LV�D�QHHG�IRU�SUHFLVLRQ�PHGLFLQH��

)LJXUH����3UHVHQFH�RU�DEVHQFH�RI�WKH�UHJLRQ��S������T�����RQ�KXPDQ�FKURPRVRPH��T�FRQWDLQHG�LQ�PRXVH�$��QHR���ZDV�YHULÀHG�E\�3&5��3&5�DQDO\VLV�
VKRZLQJ�GHOHWLRQ�RI�VKRUW�DUP�ORFL�RI�KXPDQ�FKURPRVRPH������GHOS���SWHU��LQ�PRXVH�$��QHR���FHOOV��,05����D�QRUPDO�KXPDQ�ÀEUREODVW�FHOO�OLQH��ZDV�XVHG�DV�
D�SRVLWLYH�FRQWURO��676��VHTXHQFH�WDJJHG�VLWH�
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)LJXUH����&KURPRVRPDO�),6+�LGHQWLÀHG�VXFFHVVIXO�WUDQVIHUHQFH�RI�FKURPRVRPH��T�LQ�PHWDSKDVH�VSUHDGV�DQG�PRUSKRORJLFDO�FKDQJH���$��+XPDQ�FKURPRVRPH���
LQ�$��QHR���FHOOV�DQG��%��WUDQVIHU�RI��T�WR�6&D%(5�FHOOV�E\�00&7�IURP�PRXVH�$��QHR���FHOOV�ZHUH�FRQÀUPHG�E\�),6+��SUREH'1$��S69�QHR����&��7KUHH�
FRSLHV�RI�FKURPRVRPH���LQ�6&D%(5�FHOOV�DQG��'��WUDQVIHU�RI�KXPDQ�FKURPRVRPH����&KU����WR�6&D%(5�E\�00&7�IURP�PRXVH�$��QHR���FHOOV�ZHUH�FRQÀUPHG�
E\�),6+��SUREH'1$��53�����&���S%$&��DQG�DUURZKHDGV�LQGLFDWH�FKURPRVRPH�����(��&RPSDUHG�ZLWK�6&D%(5��SDUHQWDO�VWUDLQ���6&D%(5��T�VKRZHG�D�
GHFUHDVH�LQ�QXFOHDU�F\WRSODVPLF�UDWLR�DQG�DOWHUHG�FHOO�PRUSKRORJ\��0DJQLÀFDWLRQ��[�����),6+��ÁXRUHVFHQW�in situ�K\EULGL]DWLRQ��00&7��PLFURFHOO�PHGLDWHG�
FKURPRVRPH�WUDQVIHU�
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LGHQWLÀFDWLRQ�RI�ELRPDUNHUV� WKDW�FDQ�EH�XVHG�DV�SUHGLFWRUV�
RI�WKHUDSHXWLF�HIÀFDF\�DQG�GHYHORSPHQW�RI�QRYHO�WKHUDSLHV��
*UHDWHU�XQGHUVWDQGLQJ�RI�WKH�PROHFXODU�PHFKDQLVPV�XQGHU-
O\LQJ�WKH�GHYHORSPHQW�DQG�SURJUHVVLRQ�RI�%&D�LV�WKHUHIRUH�
NH\��,GHQWLÀFDWLRQ�RI�QRYHO�WXPRU�VXSSUHVVRU�JHQHV�LQYROYHG�LQ�
SURJUHVVLRQ�RI�%&D�PD\�FODULI\�WKH�PHFKDQLVP�RI�LWV�GHYHORS-
PHQW�DQG�OHDG�WR�LGHQWLÀFDWLRQ�RI�QHZ�WKHUDSHXWLF�WDUJHWV��7KH�

SUHVHQW�VWXG\�VKRZHG�WKDW�PDOLJQDQW�SKHQRW\SHV��VXFK�DV�FHOO�
SUROLIHUDWLRQ�DQG�PLJUDWLRQ��DUH�VXSSUHVVHG�LQ�WKH�6&D%(5�
KXPDQ�KLJK�JUDGH�EDVDO�%&D�FHOO�OLQH�IROORZLQJ�LQWURGXFWLRQ�
RI�WKH�ORQJ�DUP�RI�KXPDQ�FKURPRVRPH����UHVXOWLQJ�LQ�HQKDQFHG�
H[SUHVVLRQ�RI�WKH�OXPLQDO�PDUNHU�33$5Ƣ��7KLV�VXJJHVWHG�WKDW�
FKURPRVRPH��T�FDUULHG�JHQHV�WKDW�GLUHFWO\�RU�LQGLUHFWO\�UHJX-
ODWHG�WKH�33$5*�OXPLQDO�JHQH�LQ�6&D%(5�FHOOV�

)LJXUH�����T�WUDQVIHFWHG�FORQHV�VKRZHG�GHFUHDVHG�FHOO�SUROLIHUDWLRQ�DQG�PLJUDWLRQ�DELOLW\���$��&HOO�SUROLIHUDWLRQ�DVVD\�VKRZHG�D�VLJQLÀFDQWO\�GHFUHDVHG�SUROLI-
HUDWLRQ�UDWH�LQ�KXPDQ�EODGGHU�FDQFHU�FHOOV�WUDQVIHFWHG�ZLWK�WKH�ORQJ�DUP�RI�FKURPRVRPH����6&D%(5��T��FRPSDUHG�ZLWK�FRQWURO�6&D%(5���DQG�SDUHQWDO�
FHOOV��**3�������***3���������%��:RXQG�FORVXUH�UDWH�VKRZHG�D�VLJQLÀFDQW�GHFUHDVH�LQ�PLJUDWLRQ�DELOLW\�RI�6&D%(5��T��'DWD�DUH�SUHVHQWHG�DV�WKH�PHDQ���6(0�
RI�WULSOLFDWH�H[SHULPHQWV��***3���������&��7KH�FHOOV�VFUDWFKHG�E\������O�SLSHWWH�WLSV�ZHUH�SODFHG�LQ�VHUXP�IUHH�PHGLXP��'0(0��DQG�PHDVXUHG�DQG�HYDOXDWHG�
XVLQJ�D�GLJLWDO�FDPHUD�V\VWHP��1,6�(OHPHQWV�'RFXPHQWDWLRQ��9HU�������1LNRQ�&RUSRUDWLRQ��DW���DQG����K��0DJQLÀFDWLRQ��[���
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)LJXUH����5HYHUVH�WUDQVFULSWLRQ�TXDQWLWDWLYH�3&5�RI�WKH�OXPLQDO�PDUNHUV�)2;$���*$7$��DQG�33$5*�IURP�FHOOV�WUDQVIHUUHG�ZLWK��T�DQG�FRQWURO�FHOOV��+XPDQ�
EODGGHU�FDQFHU�FHOOV�WUDQVIHUUHG�ZLWK�ORQJ�DUP�RI�FKURPRVRPH����6&D%(5��T��VKRZHG�������������DQG�����IROG�LQFUHDVH�LQ��$��)2;$����%��*$7$��DQG�
�&��33$5*�H[SUHVVLRQ��UHVSHFWLYHO\��FRPSDUHG�ZLWK�6&D%(5�DQG�6&D%(5���FHOOV��'DWD�DUH�SUHVHQWHG�DV�WKH�PHDQ���6(0�RI�WULSOLFDWH�H[SHULPHQWV��**3�������
***3���������'��+HDWPDS�RI�H[SUHVVLRQ�OHYHOV�RI�)2;$���*$7$��DQG�33$5*�FRPSDUHG�ZLWK�RWKHU�FHOO�OLQHV��57���OXPLQDO��7����QRQ�W\SH��������EDVDO���*HQH�
H[SUHVVLRQ�OHYHOV�ZHUH�QRUPDOL]HG�DJDLQVW�*$3'+�P51$�XVLQJ�WKH��-ƋƋ&T�PHWKRG��)2;$���IRUNKHDG�ER[�$���

)LJXUH����([SUHVVLRQ�SURÀOHV�RI�WKUHH�OXPLQDO�PDUNHU�JHQHV�LQ�%&D�ZDV�LQYHVWLJDWHG�XVLQJ�SXEOLF�GDWDVHWV��$VVRFLDWLRQ�EHWZHHQ�H[SUHVVLRQ�OHYHOV�RI�33$5*��
*$7$��DQG�)2;$��DQG�RYHUDOO�VXUYLYDO�IURP�7KH�&DQFHU�*HQRPH�$WODV�DQG�WKH�1DWLRQDO�&DQFHU�,QVWLWXWH�*HQRPLF�'DWD�&RPPRQV�GDWDEDVH��
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7&*$��0'�$QGHUVRQ�&DQFHU�&HQWHU�DQG�RWKHU�UHVHDUFK�
JURXSV�KDYH�UHSRUWHG�WKDW�XURWKHOLDO�FDUFLQRPD�FDQ�EH�FODV-
VLILHG� LQWR�EDVDO�DQG� OXPLQDO�VXEW\SHV�E\�JHQH�H[SUHVVLRQ�
SURÀOLQJ����������%DVHG�RQ�WKLV�FODVVLÀFDWLRQ�DQG�SDWKRORJLFDO�
FKDUDFWHULVWLFV�� WZR�SDWKZD\V�RI�FDUFLQRJHQHVLV�KDYH�EHHQ�
SURSRVHG��3DSLOODU\�OXPLQDO�SDWKZD\��ZKLFK�OHDGV�WR�K\SHU-
plasia, papillary non-invasive and invasive carcinoma, and 
WKH�QRQ�SDSLOODU\�EDVDO�SDWKZD\��ZKLFK�OHDGV�WR�ÁDW�G\VSODVLD��
carcinoma in situ and non-papillary invasive carcinoma 

�)LJ����� �����*$7$���)2;$���DQG�33$5Ƣ�DUH�XSUHJXODWHG�
LQ�WKH�OXPLQDO�SDWKZD\�DQG�RYHUH[SUHVVLRQ�RI�*$7$��DQG�
)2;$��DQG�33$5Ƣ activation drive transdifferentiation from 
WKH�EDVDO� WR� OXPLQDO�SKHQRW\SH� ������ ,Q� WKH�SUHVHQW� VWXG\��
WUDQVFULSWLRQ� OHYHOV�RI�33$5*��)2;$��DQG�*$7$��ZHUH�
XSUHJXODWHG�LQ�6&D%(5��T�FHOOV�FRPSDUHG�ZLWK�SDUHQWDO�DQG�
6&D%(5���FHOOV��+RZHYHU�DW�WKH�SURWHLQ�OHYHO��RQO\�33$5Ƣ 
ZDV�XSUHJXODWHG�LQ�6&D%(5��T�FHOOV��7UDQVODWLRQ�LV�DIIHFWHG�
E\�YDULRXV�UHJXODWRU\�IDFWRUV��VXFK�DV�WKH�FDS�ELQGLQJ�SURWHLQ�

)LJXUH����:HVWHUQ�EORWWLQJ�RI�33$5*�DQG�37(1�IURP�FHOOV�WUDQVIHFWHG�ZLWK��T�DQG�FRQWURO�FHOOV���$��+XPDQ�EODGGHU�FDQFHU�FHOOV�WUDQVIHFWHG�ZLWK�ORQJ�DUP�
RI�FKURPRVRPH����6&D%(5��T��FHOOV�VKRZHG�LQFUHDVHG�33$5*�DQG�37(1�H[SUHVVLRQ�FRPSDUHG�ZLWK�6&D%(5�DQG�6&D%(5���FHOOV���%��5HODWLYH�H[SUHVVLRQ�
ZDV�FDOFXODWHG�E\�QRUPDOL]LQJ�DJDLQVW�Ơ�WXEXOLQ��%DUV�FRUUHVSRQG�WR�WKH�PHDQ���6(0�RI�WULSOLFDWH�H[SHULPHQWV��***3�������

)LJXUH����6FKHPDWLF�UHSUHVHQWDWLRQ�RI�FDUFLQRJHQHVLV�DQG�SURJUHVVLRQ�RI�EODGGHU�FDQFHU��+LJK�IUHTXHQF\�RI�/2+�LQ��T�LV�D�FRPPRQ�HDUO\�HYHQW�DQG�GHOHWLRQ�
RI��T���S�DQG���T�DUH�ODWH�HYHQWV�LQ�EODGGHU�FDQFHU�FDUFLQRJHQHVLV��*$7$���)2;$���DQG�33$5Ƣ�DUH�XSUHJXODWHG�LQ�WKH�OXPLQDO�SDWKZD\�RI�EODGGHU�FDQFHU�
SURJUHVVLRQ��/2+��ORVV�RI�KHWHUR]\JRVLW\��)2;$���IRUNKHDG�ER[�$���



ONCOLOGY LETTERS  23:  92,  2022 9

H,)�(�DQG�PLFUR51$V����������7KHUHIRUH�� WKH�GLVFUHSDQF\�
EHWZHHQ�P51$�DQG� SURWHLQ� H[SUHVVLRQ� RI� OXPLQDO� JHQHV�
LQ�6&D%(5��T�FHOOV�PD\�EH�EHFDXVH�RI�VSHFLÀF�UHJXODWRU\�
IDFWRUV�RI�WUDQVODWLRQ�

33$5V��ZKLFK�DUH�PHPEHUV�RI�WKH�QXFOHDU�UHFHSWRU�VXSHU-
IDPLO\��FDQ�EH�GLYLGHG� LQWR� WKUHH�VXEW\SHV��33$5Ơ, ơ and 
Ƣ�������3UHYLRXV�VWXGLHV�KDYH�VKRZQ�WKDW�33$5Ƣ serves a key 
UROH�LQ�RFFXUUHQFH�DQG�SURJUHVVLRQ�RI�%&D�YLD�UHJXODWLRQ�RI�
SUROLIHUDWLRQ��DSRSWRVLV��PHWDVWDVLV��UHDFWLYH�R[\JHQ�VSHFLHV�
DQG�OLSLG�PHWDEROLVP�������������+LJK�H[SUHVVLRQ�RI�33$5Ƣ 
LQGLFDWHV�EHWWHU�SURJQRVLV�IRU�SDWLHQWV�ZLWK�PRUH�GLIIHUHQWL-
DWHG��QRQ�LQYDVLYH�WXPRUV�ZLWK�ORZ�SUROLIHUDWLYH�SRWHQWLDO������

$EHUUDWLRQ�RI�FKURPRVRPH����LQFOXGLQJ�GHOHWLRQV�DQG�/2+��
LV�IUHTXHQWO\�REVHUYHG�LQ�ERWK�QRQ�PXVFOH�DQG�PXVFOH�LQYD-
VLYH�%&D��!������,Q�SDUWLFXODU��S����D�WXPRU�VXSSUHVVRU�JHQH�
ORFDWHG�RQ�FKURPRVRPH��S��SOD\V�D�NH\�UROH�LQ�WKH�SURJUHVVLRQ�
RI�QRQ�PXVFOH�LQYDVLYH�%&D���������EXW�WKH�IXQFWLRQDO�UROH�
RI�QRYHO�VXSSUHVVRU�JHQHV�RQ��T�LQ�%&D�UHPDLQV�XQFOHDU��,Q�
WKH�SUHVHQW�VWXG\��H[SUHVVLRQ�OHYHOV�RI�33$5Ƣ�DQG�37(1�ZHUH�
VLJQLÀFDQWO\�LQFUHDVHG�E\�LQWURGXFWLRQ�RI��T�WR�EDVDO�%&D�FHOOV�
�6&D%(5���VXJJHVWLQJ�D�WUDQVIRUPDWLRQ�IURP�SRRUO\�GLIIHU-
HQWLDWHG�WR�PRUH�KLJKO\�GLIIHUHQWLDWHG��ORZ�JUDGH�%&D��7KH�
SUROLIHUDWLYH�DQG�PLJUDWRU\�DELOLW\�RI�6&D%(5��T�FHOOV�DOVR�
GHFUHDVHG��7KHVH�UHVXOWV�VXSSRUW�D�SUHYLRXV�VWXG\�VKRZLQJ�
WKDW�33$5Ƣ inhibits proliferation, metastasis and invasion of 
FDQFHU�E\� LQGXFLQJ�37(1�H[SUHVVLRQ�������+RZHYHU�� WKHUH�
DUH�FRQIOLFWLQJ�UHSRUWV�RQ� WKH�DVVRFLDWLRQ�EHWZHHQ�33$5Ƣ 
DQG�37(1�LQ�%&D����������7KH�SUHVHQW�ÀQGLQJV�PD\�SURYLGH�
LQVLJKW�LQWR�37(1�UHJXODWRU\�SDWKZD\V�

,Q�FRQFOXVLRQ��WKH�SUHVHQW�VWXG\�SURYLGHG�HYLGHQFH�WKDW�WKH�
ORQJ�DUP�RI�KXPDQ�FKURPRVRPH���FRQWDLQHG�JHQHV�WKDW�UHJXODWH�
33$5Ƣ��:H�SUHYLRXVO\�LGHQWLÀHG�SDLUHG�OLNH�KRPHRGRPDLQ���
DV�D�QRYHO�WXPRU�VXSSUHVVRU�JHQH�RQ�KXPDQ�FKURPRVRPH���
WKDW�UHJXODWHV�WHORPHUDVH�DFWLYLW\�FKURPRVRPH�WUDQVIHU�DQG�
JHQH�H[SUHVVLRQ�SURÀOLQJ�DQDO\VLV�������)XWXUH�LGHQWLÀFDWLRQ�
DQG�FKDUDFWHUL]DWLRQ�RI�SXWDWLYH�33$5Ƣ�UHJXODWRU\�JHQHV�RQ��T�
VKRXOG�IDFLOLWDWH�XQGHUVWDQGLQJ�RI�WKH�PROHFXODU�PHFKDQLVPV�
LQYROYHG�LQ�WKH�GHYHORSPHQW�RI�%&D�
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