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7LWOH��'LVWLQFW�UROHV�RI�+HV��LQ�QRUPDO�VWHP�FHOOV�DQG�WXPRU�VWHP�OLNH�FHOOV�RI�WKH�

LQWHVWLQH�

$XWKRUV� DQG� DIILOLDWLRQV�� 1RULKLUR� *RWR��� 7DUR� 8HR��� $NLKLVD� )XNXGD��� .HQML�

.DZDGD���<RVKLKDUX�6DNDL���+LUR\XNL�0L\RVKL���0DNRWR�0DUN�7DNHWR���7VXWRPX�

&KLED���+LURVKL�6HQR��

�'HSDUWPHQW�RI�*DVWURHQWHURORJ\�DQG�+HSDWRORJ\�

�'HSDUWPHQW�RI�6XUJHU\�

�'HSDUWPHQW�RI�3KDUPDFRORJ\�

.\RWR� 8QLYHUVLW\� *UDGXDWH� 6FKRRO� RI� 0HGLFLQH�� ��� 6KRJRLQ�.DZDKDUD�FKR��

6DN\R�NX��.\RWR�����������-DSDQ�

5XQQLQJ�WLWOH��5ROH�RI�+HV��LQ�LQWHVWLQDO�QRUPDO�DQG�WXPRU�VWHP�FHOOV�

.H\ZRUGV�� 1RWFK� VLJQDOLQJ��:QW� VLJQDOLQJ�� ,QWHVWLQDO� VWHP� FHOO�� &DQFHU� VWHP�

FHOO��0RXVH��

$GGLWLRQDO�LQIRUPDWLRQ�

)LQDQFLDO�VXSSRUW��7KLV�ZRUN�ZDV�VXSSRUWHG�LQ�SDUW�E\�*UDQWV�LQ�$LG�.$.(1+,�

�����������������������-���������.���������.�������DQG���.�������DQG�D�
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UHVHDUFK� SURJUDP� RI� WKH� 3URMHFW� IRU� 'HYHORSPHQW� RI� ,QQRYDWLYH� 5HVHDUFK� RQ�

&DQFHU�7KHUDSHXWLFV��3�'LUHFW��IURP�WKH�0LQLVWU\�RI�(GXFDWLRQ��&XOWXUH��6SRUWV��

6FLHQFH��DQG�7HFKQRORJ\��DQG�WKH�-DSDQ�6RFLHW\�IRU�WKH�3URPRWLRQ�RI�6FLHQFH��

7KLV�ZRUN�ZDV�DOVR�VXSSRUWHG�E\�+HDOWK�/DERXU�6FLHQFHV�5HVHDUFK�*UDQWV�IURP�

WKH� 0LQLVWU\� RI� +HDOWK�� /DERXU�� DQG� :HOIDUH� �WKH� GHYHORSPHQW� RI� LQQRYDWLYH�

WKHUDSHXWLF�GUXJ�IRU�WKH�LQWUDFWDEOH�LQIODPPDWRU\�ERZHO�GLVHDVH���WKH�.RED\DVKL�

)RXQGDWLRQ� IRU� &DQFHU� 5HVHDUFK�� WKH� 1DLWR� )RXQGDWLRQ�� 3ULQFHVV� 7DNDPDWVX�

&DQFHU�5HVHDUFK�)XQG�����������WKH�0RFKLGD�)RXQGDWLRQ��DQG�WKH�-DSDQHVH�

6RFLHW\�RI�*DVWURHQWHURORJ\��

&RUUHVSRQGHQFH��+LURVKL�6HQR��

���6KRJRLQ�.DZDKDUD�FKR��6DN\R�NX��.\RWR�����������-DSDQ�

H�PDLO��VHQR#NXKS�N\RWR�X�DF�MS�

SKRQH������������������

ID[������������������

'LVFORVXUHV��7KH�DXWKRUV�GLVFORVH�QR�FRQIOLFW�RI�LQWHUHVW��

:RUG�FRXQW�������ZRUGV� � � 7RWDO�QXPEHU�RI�ILJXUHV����

� �
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$EVWUDFW�

&DQFHU�VWHP�FHOOV��&6&��KDYH�DWWUDFWHG�DWWHQWLRQ�DV�WKHUDSHXWLF�WDUJHWV��

KRZHYHU�� &6&�WDUJHWLQJ� WKHUDS\� PD\� GLVUXSW� QRUPDO� WLVVXH� KRPHRVWDVLV�

EHFDXVH�PDQ\�&6&�PROHFXOHV�DUH�DOVR�H[SUHVVHG�E\�QRUPDO�VWHP�FHOOV��16&���

+HUH�ZH�GHPRQVWUDWH�WKDW�16&�VSHFLILF�DQG�&6&�VSHFLILF�UROHV�RI�WKH�VWHP�FHOO�

WUDQVFULSWLRQ�IDFWRU�+HV��LQ�WKH�LQWHVWLQH�HQDEOH�WKH�IHDVLELOLW\�RI�D�VSHFLILF�FDQFHU�

WKHUDS\�� +HV�� H[SUHVVLRQ� ZDV� XSUHJXODWHG� LQ� 16&� DQG� LQWHVWLQDO� WXPRUV��

/LQHDJH� WUDFLQJ� H[SHULPHQWV� LQ� DGXOW� PRXVH� LQWHVWLQH� UHYHDOHG� WKDW� +HV��

GHOHWLRQ� LQ� /JU��� RU� %PL��� 16&� UHVXOWHG� LQ� ORVV� RI� VHOI�UHQHZDO� EXW� GLG� QRW�

SHUWXUE� KRPHRVWDVLV�� )XUWKHU�� LQ� /JU��� 16&� GHOHWLRQ� RI� +HV�� VWDELOL]HG�

ȕ�FDWHQLQ��OLPLWHG�WXPRU�IRUPDWLRQ�DQG�SURORQJHG�KRVW�VXUYLYDO��1RWDEO\��LQ�/JU���

RU� 'FON��� WXPRU� VWHP� FHOOV� GHULYHG� IURP� HVWDEOLVKHG� LQWHVWLQDO� WXPRUV�� +HV��

GHOHWLRQ� WULJJHUHG� LPPHGLDWH� DSRSWRVLV�� UHGXFLQJ� WXPRU� EXUGHQ�� 2XU� UHVXOWV�

VKRZ�KRZ�+HV��SOD\V�GLIIHUHQW�UROHV�LQ�16&�DQG�&6&��LQ�ZKLFK�+HV��GLVUXSWLRQ�

OHDGV� WR� WXPRU� UHJUHVVLRQ� ZLWKRXW� SHUWXUELQJ� QRUPDO� VWHP� FHOO� KRPHRVWDVLV��

SUHFOLQLFDOO\�YDOLGDWLQJ�+HV��DV�D�FDQFHU�WKHUDSHXWLF�WDUJHW�� �

� �
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,QWURGXFWLRQ�

7XPRU�VWHP�FHOOV� �76&V���FDSDEOH�RI�VHOI�UHQHZLQJ�DQG�JLYLQJ� ULVH� WR�

SURJHQ\� FHOOV� LQ� WKH� WXPRU�� KDYH� DWWUDFWHG� DWWHQWLRQ� DV� SURPLVLQJ� WDUJHWV� IRU�

DQWL�WXPRU� WKHUDSHXWLFV� ������� +RZHYHU�� 76&�WDUJHWLQJ� WKHUDS\� PD\� GLVUXSW�

QRUPDO� WLVVXH� KRPHRVWDVLV� EHFDXVH� PRVW� RI� WKH� 76&� PDUNHUV� DUH� DOVR�

H[SUHVVHG� E\� QRUPDO� VWHP� FHOOV� �16&V�� ������� 7R� DGGUHVV� WKLV� FRQFHUQ�� WZR�

VWUDWHJLHV�FDQ�EH�HPSOR\HG��WKH�LGHQWLILFDWLRQ�RI�76&�VSHFLILF�PDUNHUV������DQG�

WKH� LGHQWLILFDWLRQ� RI� IXQFWLRQDO� JHQHV� WKDW� DFW� GLIIHUHQWO\� LQ� 16&V� DQG� 76&V��

7HVWLQJ�WKH�IHDVLELOLW\�RI�WKH�ODWWHU�DSSURDFK��E\�WDUJHWLQJ�ERWK�16&V�DQG�76&V��

UHTXLUHV�SURSHU�LQ�YLYR�PRGHOV��

+HV�� LV� D� EDVLF� KHOL[�ORRS�KHOL[� WUDQVFULSWLRQ� IDFWRU�� DQG� UHSUHVVHV�

WUDQVFULSWLRQ�E\�DFWLYH�DQG�SDVVLYH�UHSUHVVLRQ�PHFKDQLVPV�������%HFDXVH�+HV��

SURWHLQ�QHJDWLYHO\�UHJXODWHV�LWV�H[SUHVVLRQ�E\�ELQGLQJ�WR�LWV�RZQ�SURPRWHU��+HV��

H[SUHVVLRQ� RVFLOODWHV� LQ� PDQ\� FHOOV�� ZKLFK� SOD\V� DQ� LPSRUWDQW� UROH� LQ� WKH�

VHOI�UHQHZDO� RI� VWHP� FHOOV� ������ $OWKRXJK� 1RWFK� VLJQDOLQJ� LV� LPSRUWDQW� LQ� WKH�

PDLQWHQDQFH� RI� LQWHVWLQDO� VWHP� FHOOV� �,6&V�� ��������� WKH� GRZQVWUHDP� WDUJHW�
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UHTXLUHG� IRU� ,6&�VHOI�UHQHZDO� UHPDLQV�HOXVLYH��3UHYLRXVO\��ZH�VKRZHG� WKDW� WKH�

PDLQWHQDQFH�RI� ,6&V� LV�QRW�DIIHFWHG�DIWHU� WKH�SUHQDWDO� WULSOH�GHOHWLRQ�RI�+HV���

+HV���DQG�+HV��������+RZHYHU��WKLV�UHVXOW�LV�QRW�GLUHFWO\�DSSOLFDEOH�WR�DGXOW�,6&V��

%HFDXVH� HDUO\� IHWDO� DQG� DGXOW� ,6&V� DUH� UHJXODWHG� E\� GLIIHUHQW� PHFKDQLVPV�

���������DQ�XQNQRZQ�FRPSHQVDWLRQ�PD\�H[LVW�LQ�WKH�GHYHORSPHQWDO�SKDVH��7KH�

UROH�RI�+HV��LQ�DGXOW�,6&V�QHHGV�FODULILFDWLRQ�LQ�RUGHU�WR�H[SORUH�WKH�SRVVLELOLW\�RI�

+HV��WDUJHWLQJ� WXPRU� WKHUDS\� DQG� WR� SURYLGH� IXUWKHU� LQVLJKW� LQWR� VWHP� FHOO�

ELRORJ\��

� 7R�DGGUHVV�WKHVH�LVVXHV��ZH�H[DPLQHG�WKH�UROH�RI�+HV��LQ�WKH�16&V�RI�

VPDOO� LQWHVWLQH� LQ� DGXOW� PLFH�� +HV�� GHOHWLRQ� LQ� 16&V� OHG� WR� WKH� ORVV� RI�

VHOI�UHQHZDO�FDSDFLW\�EXW�GLG�QRW�GLVUXSW�KRPHRVWDVLV��:H�LQYHVWLJDWHG�WKH�UROH�

RI�+HV��LQ�LQWHVWLQDO�WXPRUV��1RWDEO\��ZH�IRXQG�WKDW�+HV��GHOHWLRQ�LQ�WKH�76&V�RI�

HVWDEOLVKHG� LQWHVWLQDO� WXPRUV� OHG� WR� WXPRU� UHJUHVVLRQ� E\� LQGXFLQJ� LPPHGLDWH�

DSRSWRVLV��:H� SURSRVH� WKDW� +HV��PD\� EH� D� QRYHO� WXPRU�VSHFLILF� WKHUDSHXWLF�

WDUJHW�WKDW�GRHV�QRW�SHUWXUE�LQWHVWLQDO�KRPHRVWDVLV��

� �
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0DWHULDOV�DQG�0HWKRGV�

Animal models 

Lgr5–EGFP-IRES-CreERT2� PLFH� �-$;� VWUDLQ� ��������� Bmi1-CreER�

PLFH��-$;�VWUDLQ����������ApcMin�PLFH��-$;�VWUDLQ����������DQG�Rosa26-LacZ�

PLFH� �-$;� VWUDLQ� �������� ZHUH� REWDLQHG� IURP� WKH� -DFNVRQ� /DERUDWRU\� �%DU�

+DUERU�� 0(��� Dclk1-CreERT2-IRES-EGFP� PLFH� DQG� Ctnnb1lox(ex3)� PLFH� ZHUH�

JHQHUDWHG�DV�SUHYLRXVO\�GHVFULEHG���������Hes1flox�PLFH�ZHUH�NLQGO\�JLIWHG�E\�'U��

5\RLFKLUR�.DJH\DPD�������0LFH�ZHUH�PDLQWDLQHG�RQ�D�&��%/���EDFNJURXQG��)RU�

LQGXFWLRQ� RI� &UH�PHGLDWHG� UHFRPELQDWLRQ�� ���� ȝO� RI� ��� PJ�PO� WDPR[LIHQ�

�6LJPD�$OGULFK��6W��/RXLV��02��LQ�FRUQ�RLO��IRU�D�VLQJOH�LQMHFWLRQ���RU�����ȝO�RI����

PJ�PO� WDPR[LIHQ�HLWKHU� WZLFH�D�GD\�RYHU� WZR�FRQVHFXWLYH�GD\V�RU�RQFH�D�GD\�

RYHU�IRXU�FRQVHFXWLYH�GD\V��IRU�LQWHQVLYH�LQGXFWLRQ��ZDV�LQWUDSHULWRQHDOO\�LQMHFWHG��

)RU�H[SHULPHQWV�XVLQJ�QRUPDO�LQWHVWLQDO�WLVVXH����ZHHN�ROG�PLFH�ZHUH�XVHG��)RU�

H[SHULPHQWV�XVLQJ�HVWDEOLVKHG� LQWHVWLQDO� WXPRUV����PRQWK�ROG�PLFH�ZHUH�XVHG��

$OO�H[SHULPHQWV�LQYROYLQJ�PLFH�ZHUH�DSSURYHG�E\�WKH�DQLPDO�UHVHDUFK�FRPPLWWHH�

RI� .\RWR� 8QLYHUVLW\� DQG� SHUIRUPHG� LQ� DFFRUGDQFH� ZLWK� -DSDQHVH� JRYHUQPHQW�
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UHJXODWLRQV��

�

Human subjects 

6XUJLFDOO\�UHVHFWHG�VSHFLPHQV�ZHUH�REWDLQHG�IURP����FRORUHFWDO�FDQFHU�

SDWLHQWV� DW� .\RWR� 8QLYHUVLW\� +RVSLWDO�� $QDO\VHV� IRU� KXPDQ� VXEMHFWV� ZHUH�

DSSURYHG�E\�WKH�HWKLFDO�FRPPLWWHH�RI�.\RWR�8QLYHUVLW\�+RVSLWDO�DQG�FRQGXFWHG�LQ�

DFFRUGDQFH� ZLWK� WKH� 'HFODUDWLRQ� RI� +HOVLQNL�� :ULWWHQ� LQIRUPHG� FRQVHQW� ZDV�

REWDLQHG�IURP�DOO�VXEMHFWV��

�

Histological analyses and immunostaining 

)RU� KLVWRORJLFDO� DQDO\VHV�� PRXVH� RUJDQV� ZHUH� LVRODWHG� DQG� IL[HG�

RYHUQLJKW� LQ� ��� SDUDIRUPDOGHK\GH�� HPEHGGHG� LQ� SDUDIILQ� DQG� VHFWLRQHG� DW� D�

WKLFNQHVV�RI���ȝP��6HFWLRQV�ZHUH�WKHQ�GHSDUDIILQL]HG��UHK\GUDWHG��DQG�VWDLQHG�

ZLWK�KHPDWR[\OLQ�DQG�HRVLQ��+	(���)RU�LPPXQRKLVWRFKHPLFDO�DQDO\VHV��VHFWLRQV�

ZHUH� LQFXEDWHG� ZLWK� SULPDU\� DQWLERG\� RYHUQLJKW� DW� ��&� DQG� ZDVKHG� ZLWK�

SKRVSKDWH�EXIIHUHG� VDOLQH� �3%6��� :DVKHG� VHFWLRQV� ZHUH� LQFXEDWHG� ZLWK�
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ELRWLQ\ODWHG�VHFRQGDU\�DQWLERG\�IRU���K�DW�URRP�WHPSHUDWXUH��6HFWLRQV�ZHUH�WKHQ�

LQFXEDWHG�ZLWK�DYLGLQ�ELRWLQ�SHUR[LGDVH�FRPSOH[��9HFWRU�/DEV��%XUOLQJDPH��&$���

ODEHOHG� ZLWK� SHUR[LGDVH�� DQG� FRORUHG� ZLWK� GLDPLQREHQ]LGLQH� VXEVWUDWH� �'DNR��

*ORVWUXS�� 'HQPDUN��� )RU� LPPXQRIOXRUHVFHQFH�� VHFWLRQV� ZHUH� LQFXEDWHG� ZLWK�

SULPDU\�DQWLERG\�RYHUQLJKW�DW���&�DQG�ZDVKHG�ZLWK�3%6��:DVKHG�VHFWLRQV�ZHUH�

LQFXEDWHG� ZLWK� IOXRUHVFHQFH�FRQMXJDWHG� VHFRQGDU\� DQWLERG\� �,QYLWURJHQ��

&DUOVEDG�� &$�� IRU� �� K� DW� URRP� WHPSHUDWXUH�� 3ULPDU\� DQWLERGLHV� DUH� OLVWHG� LQ�

6XSSOHPHQWDU\�7DEOH����

�

Real-time quantitative reverse transcription-polymerase chain reaction 

(qRT-PCR) 

7RWDO�51$�ZDV�H[WUDFWHG�IURP�WLVVXHV�RU�FHOOV�XVLQJ�WKH�51HDV\�0LFUR�

NLW� �4LDJHQ�� 9DOHQFLD�� &$��� 6LQJOH�VWUDQG� FRPSOHPHQWDU\� '1$� �F'1$�� ZDV�

V\QWKHVL]HG�XVLQJ�D�7UDQVFULSWRU�)LUVW�6WUDQG�F'1$�6\QWKHVLV�NLW��5RFKH�$SSOLHG�

6FLHQFH�� %DVHO�� 6ZLW]HUODQG��� T57�3&5� ZDV� SHUIRUPHG� XVLQJ� 6<%5� *UHHQ� ,�

0DVWHU��5RFKH�$SSOLHG�6FLHQFH��DQG�/LJKW�&\FOHU������5RFKH�$SSOLHG�6FLHQFH���
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9DOXHV�DUH�H[SUHVVHG�DV�DUELWUDU\�XQLWV�UHODWLYH�WR�JO\FHUDOGHK\GH���SKRVSKDWH�

GHK\GURJHQDVH��*$3'+���3ULPHUV�ZHUH�OLVWHG�LQ�6XSSOHPHQWDU\�7DEOH����

�

ȕ-galactosidase (LacZ) staining 

)UHVKO\� LVRODWHG� VPDOO� LQWHVWLQH� ZDV� LQFXEDWHG� LQ� LFH�FROG� IL[DWLYH�

VROXWLRQ� �3%6� FRQWDLQLQJ� ��� SDUDIRUPDOGHK\GH�� �� P0� (*7$�� �� P0� 0J&O���

�����JOXWDUDOGHK\GH��DQG�������13�����IRU���K�DW���&��$IWHU�ZDVKLQJ�WZLFH�LQ�

3%6�IRU����PLQ��WLVVXHV�ZHUH�LQFXEDWHG�ZLWK�/DF=�VXEVWUDWH��3%6�FRQWDLQLQJ���

P0� .�)H�&1���� �� P0� .�)H�&1���� �� P0� 0J&O��� ������ 13���� ����� VRGLXP�

GHR[\FKRODWH�� DQG� �� PJ�PO� ;�JDODFWRVLGDVH�� RYHUQLJKW� DW� URRP� WHPSHUDWXUH��

$IWHU� ZDVKLQJ� WZLFH� LQ� 3%6� IRU� ��� PLQ�� WLVVXHV� ZHUH� IL[HG� RYHUQLJKW� LQ� ���

SDUDIRUPDOGHK\GH� LQ� 3%6� DW� ��&�� 3DUDIRUPDOGHK\GH� ZDV� UHPRYHG�� DQG� WKH�

VWDLQHG�WLVVXHV�ZHUH�WUDQVIHUUHG�WR�WLVVXH�FDVVHWWHV��

�

Spheroid Culture 
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&RQGLWLRQHG�PHGLXP�RI�/�FHOO�OLQH�VHFUHWLQJ�:QW�D��5�VSRQGLQ���DQG�

1RJJLQ��/�:51�&0��ZDV�FUHDWHG�DV�SUHYLRXVO\�GHVFULEHG�������/�:51��$7&&��

&5/�������ZDV�JHQHUDWHG�E\�+LUR\XNL�0L\RVKL��������DV�SUHYLRXVO\�GHVFULEHG�

�����DQG�SDVVDJHG�IRU�IHZHU�WKDQ���PRQWKV��6SKHURLG�FXOWXUHV�ZHUH�HVWDEOLVKHG�

DV�SUHYLRXVO\�GHVFULEHG����������,Q�VKRUW��FU\SWV�JODQGV�XQLWV�RU�WXPRU�FHOO�

DJJUHJDWHV�ZHUH�LVRODWHG�DQG�HPEHGGHG�LQ�0DWULJHO��%'�%LRVFLHQFHV���)RU�

VSKHURLG�FXOWXUH�RI�QRUPDO�HSLWKHOLXP������/�:51�&0�VXSSOHPHQWHG�ZLWK����

ȝ0�<��������7RFULV�%LRVFLHQFH��%ULVWRO��8.��DQG����ȝ0�6%��������7RFULV�

%LRVFLHQFH��ZDV�DGGHG�WR�HDFK�ZHOO��&+,5�������)RFXV�ELRPROHFXOHV��

3O\PRXWK�0HHWLQJ��3$��DQG�YDOSURLF�DFLG��7RFULV�%LRVFLHQFH��ZHUH�DGGHG�WR�WKH�

PHGLXP�IRU�Lgr5�*)3KLJK�FHOO�FXOWXUH��)RU�VSKHURLG�FXOWXUH�RI�LQWHVWLQDO�WXPRUV��

DGYDQFHG�'0(0�)�����,QYLWURJHQ��VXSSOHPHQWHG�ZLWK����QJ�PO�PRXVH�(*)��

����QJ�PO�1RJJLQ��$OO�IURP�3HSUR7HFK��5RFN\�+LOO��1-���SHQLFLOOLQ�VWUHSWRP\FLQ��

���PPRO�/�+(3(6��*OXWDPD[��DQG��[%����DOO�IURP�,QYLWURJHQ��ZDV�DGGHG�WR�

HDFK�ZHOO��)RU�in vitro�LQGXFWLRQ�RI�&UH�PHGLDWHG�UHFRPELQDWLRQ����ȝ0�

��K\GUR[\WDPR[LIHQ����2+7���6LJPD��ZDV�DGGHG�WR�WKH�FXOWXUHV��
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Lgr5+ cell sorting 

)RU� VRUWLQJ� H[SHULPHQWV�� LVRODWHG� FU\SWV�JODQGV� XQLWV� RU� WXPRU� FHOO�

DJJUHJDWHV�ZHUH�DGGLWLRQDOO\�GLVVRFLDWHG�ZLWK�7U\S/(�([SUHVV��,QYLWURJHQ��IRU����

PLQ�DW����&��'LVVRFLDWHG�FHOOV�ZHUH�SDVVHG�WKURXJK�D����ȝP�FHOO�VWUDLQHU�DQG�

VRUWHG� E\� )$&6$ULD� ,,� �%'� %LRVFLHQFHV��� 6LQJOH� FHOOV� ZHUH� JDWHG� E\� IRUZDUG�

VFDWWHU�SXOVH�ZLGWK�DQG�VLGH�VFDWWHU�SXOVH�ZLGWK��'HDG�FHOOV�ZHUH�H[FOXGHG�E\�

ODEHOLQJ�ZLWK���$$'��7KH�GDWD�ZHUH�DQDO\]HG�XVLQJ�)ORZ-R�VRIWZDUH��YHUVLRQ�����

7UHH�6WDU��$VKODQG��25���

�

Statistics 

$OO�YDOXHV�DUH�SUHVHQWHG�DV�PHDQ���6(0�XQOHVV�RWKHUZLVH�VWDWHG��7KH�

WZR�WDLOHG�6WXGHQW¶V� t�WHVW�ZDV�XVHG� IRU�VWDWLVWLFDO�DQDO\VLV�RI�FRQWLQXRXV�GDWD��

7KH� ORJ�UDQN� WHVW� ZDV� XVHG� IRU� VWDWLVWLFDO� DQDO\VLV� RI� .DSODQ�0HLHU� VXUYLYDO�

FXUYHV��P�YDOXHV�RI��������ZHUH�FRQVLGHUHG�WR�EH�VLJQLILFDQW��

� �
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5HVXOWV�

+HV��H[SUHVVLRQ�LV�XSUHJXODWHG�LQ�LQWHVWLQDO�VWHP�FHOOV��

7R� FRQILUP� WKH� SDWWHUQ� RI� +HV�� H[SUHVVLRQ�� ZH� SHUIRUPHG�

LPPXQRKLVWRFKHPLFDO� DQDO\VLV� RI� +HV�� XVLQJ� VDPSOHV� RI ApcMin� PLFH� DQG�

KXPDQ�WLVVXHV�ZLWK�FRORQ�FDQFHU��&RQVLVWHQW�ZLWK�SUHYLRXV�UHSRUWV�������������LQ�

WKH�QRUPDO�LQWHVWLQH��+HV��ZDV�H[SUHVVHG�LQ�WKH�FU\SW�EDVH�FROXPQDU�FHOOV�DQG�

WUDQVLW�DPSOLI\LQJ� �7$�� FHOOV� EXW� QRW� LQ� 3DQHWK� FHOOV� RU� FHOOV� RI� WKH� YLOOL�

�6XSSOHPHQWDU\�)LJ��6�$�DQG�6�%���+HV��ZDV�XELTXLWRXVO\�H[SUHVVHG�LQ�PXULQH�

LQWHVWLQDO� WXPRUV� DQG� KXPDQ� FRORQ� FDQFHUV� �6XSSOHPHQWDU\� )LJ�� 6�$��� :H�

VRUWHG� *)3�SRVLWLYH� FHOOV� IURP� LQWHVWLQDO� HSLWKHOLDO� FHOOV� RI�

Lgr5-EGFP-IRES-CreERT2� PLFH� DQG� SHUIRUPHG� T57�3&5��

)OXRUHVFHQFH�DFWLYDWHG�FHOO�VRUWLQJ��)$&6��GLVWLQJXLVKHG�D�SRSXODWLRQ�ZLWK�KLJK�

H[SUHVVLRQ� RI�Lgr5�*)3� �Lgr5�*)3�KLJK�� DQG� DQRWKHU� ZLWK� ORZ� H[SUHVVLRQ� RI�

Lgr5�*)3� �Lgr5�*)3�ORZ��� ZKLFK� KDYH� EHHQ� UHSRUWHG� WR� FRUUHVSRQG� WR� VWHP�

FHOOV�DQG� WKHLU� LPPHGLDWH�7$�GDXJKWHUV�� UHVSHFWLYHO\� ����� �6XSSOHPHQWDU\�)LJ��

6�&���7KH�H[SUHVVLRQ�RI Axin2�P51$��ZKLFK�UHIOHFWV�:QW�ȕ�FDWHQLQ�DFWLYLW\��ZDV�
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VLJQLILFDQWO\�KLJKHU�LQ�WKH�Lgr5�*)3�KLJK�SRSXODWLRQ��Hes1�H[SUHVVLRQ ZDV�DOVR�

VLJQLILFDQWO\�KLJKHU�LQ�WKH�Lgr5�*)3�KLJK�SRSXODWLRQ��6XSSOHPHQWDU\�)LJ��6�'���

7KH� H[SUHVVLRQ� RI� Notch1� DQG� Notch2� ZDV� VLJQLILFDQWO\� KLJKHU� LQ� WKH�

Lgr5�*)3�KLJK� SRSXODWLRQ�� KRZHYHU�� WKH� H[SUHVVLRQ� RI� RWKHU� 1RWFK� HIIHFWRUV��

+HV�� DQG� +HV��� ZDV� QRW� XSUHJXODWHG� LQ� WKH� Lgr5�*)3�KLJK� SRSXODWLRQ�

�6XSSOHPHQWDU\� )LJ�� 6�(��� :QW�ȕ�FDWHQLQ� DQG� 1RWFK� VLJQDOLQJ� KDV� EHHQ�

UHSRUWHG�WR�UHJXODWH�+HV��H[SUHVVLRQ�UHVSHFWLYHO\�������������WKHVH�GDWD�LPSO\�

WKDW� ERWK� 1RWFK� DQG� :QW�ȕ�FDWHQLQ� VLJQDOLQJ� PD\� EH� LPSRUWDQW� IRU� WKH�

XSUHJXODWLRQ�RI�+HV��LQ�16&V��7KH�KLJK�H[SUHVVLRQ�RI�+HV��LQ�16&V�SURPSWHG�

XV�WR�H[DPLQH�WKH�UROH�RI�+HV��LQ�16&V��

�

+HV��GHOHWLRQ� LQ�/JU���16&V�UHVXOWV� LQ� ORVV�RI�VHOI�UHQHZDO�EXW�GRHV�QRW�

SHUWXUE�KRPHRVWDVLV��

7R� LQYHVWLJDWH� WKH� UROH� RI� +HV�� LQ� 16&V�� ZH� GHOHWHG� +HV�� LQ� /JU���

16&V� DQG� SHUIRUPHG� OLQHDJH� WUDFLQJ� XVLQJ� Lgr5CreERT2/+; Hes1flox/flox; 

Rosa26LacZ/+ PLFH��$IWHU�DGPLQLVWHULQJ���PJ�WDPR[LIHQ��/DF=�ODEHOHG�EOXH�FHOOV�
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DSSHDUHG�LQ�FU\SW�EDVH�FROXPQDU�FHOOV�DW�GD\����SUROLIHUDWHG�LQ�WKH�FU\SWV�DW�GD\����

DQG�JDYH�ULVH�WR�SURJHQ\�FHOOV�WKDW�DSSHDUHG�DV�EOXH�VWULSHV�IURP�WKH�FU\SWV�WR�

WKH�YLOOL�DW�GD\����)LJ���$���$W�GD\����WKHVH�EOXH�VWULSHV�VWDUWHG�WR�GLVDSSHDU�LQ�WKH�

FU\SWV��DQG�RQO\�D�IHZ�EOXH�FHOOV�ZHUH�GHWHFWHG�RQ�WKH�WLS�RI� WKH�YLOOL� �)LJ���$���

3URYLGHG� WKDW�/JU���16&V�GLYLGH�HYHU\����K��DQG�HSLWKHOLDO� FHOOV�DUH� UHQHZHG�

HYHU\���WR���GD\V�������WKLV�LQGLFDWHV�WKDW�+HV��GHOHWHG�/JU���16&V�FDQ�JLYH�ULVH�

WR�SURJHQ\�FHOOV�EXW�FDQQRW�VHOI�UHQHZ��

7R�IXUWKHU�YDOLGDWH�WKHVH�UHVXOWV��ZH�PD[LPL]HG�WKH�LQGXFWLRQ�HIILFLHQF\�

E\�DGPLQLVWHULQJ���PJ�WDPR[LIHQ�WZLFH�D�GD\�RYHU���FRQVHFXWLYH�GD\V��8VLQJ�WKLV�

LQWHQVLYH� LQGXFWLRQ��ZH�DOVR�HYDOXDWHG� WKH�HIIHFW�RI�+HV��GHOHWLRQ� LQ�16&V�RQ�

LQWHVWLQDO�KRPHRVWDVLV��)LUVW��ZH�VRUWHG�/JU���16&V���GD\V�DIWHU�WKH�ODVW�LQMHFWLRQ��

DQG� FRQILUPHG� WKH� GRZQUHJXODWLRQ� RI�Hes1� H[SUHVVLRQ� LQ� +HV��GHOHWHG� /JU��

16&V��6XSSOHPHQWDU\�)LJ��6�$���6XUSULVLQJO\��Hes3�DQG�Hes5�H[SUHVVLRQ�ZDV�

QRW�XSUHJXODWHG��6XSSOHPHQWDU\�)LJ��6�$���VXJJHVWLQJ�WKDW��XQOLNH�WKH�SUHQDWDO�

GHOHWLRQ�RI�+HV���+HV��DQG�+HV��GR�QRW�FRPSHQVDWH�IRU�+HV��GHILFLHQF\�LQ�DGXOW�

16&V��7KUHH�GD\V�DIWHU� WKH� ODVW� LQMHFWLRQ�� LPPXQRKLVWRFKHPLVWU\� UHYHDOHG� WKDW�

on June 1, 2017. © 2017 American Association for Cancer Research. cancerres.aacrjournals.org Downloaded from 

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on May 23, 2017; DOI: 10.1158/0008-5472.CAN-16-3192 

http://cancerres.aacrjournals.org/


�

���

�

WKH� H[SUHVVLRQ� RI� +HV�� ZDV� DOPRVW� ORVW� LQ� WKH� /DF=�ODEHOHG� FU\SWV� RI�

Lgr5CreERT2/+; Hes1flox/flox; Rosa26LacZ/+� PLFH� �)LJ�� �%� DQG� &��� FRQILUPLQJ� WKDW�

UHFRPELQDWLRQ�RI�WKH�IOR[HG�+HV��DOOHOH�RFFXUUHG�HIILFLHQWO\��&OHDYHG�FDVSDVH���

ZDV� QRW� H[SUHVVHG� LQ� /DF=�ODEHOHG� FU\SWV� RI� Lgr5CreERT2/+; Hes1flox/flox; 

Rosa26LacZ/+�PLFH� �6XSSOHPHQWDU\�)LJ��6�%��� WKHUHE\�H[FOXGLQJ� WKH�SRVVLELOLW\�

WKDW� +HV��GHOHWHG� /JU��� 16&V� RU� WKHLU� GDXJKWHU� 7$� FHOOV� ZHUH� ORVW� GXH� WR�

LPPHGLDWH�DSRSWRVLV��)LYH�GD\V�DIWHU�WKH�ODVW� LQMHFWLRQ��WKH�SURSRUWLRQ�RI�/DF=��

FU\SW�YLOOL� D[HV� LQ� WKH� SUR[LPDO� LQWHVWLQH� GLG� QRW� GLIIHU� EHWZHHQ� Lgr5CreERT2/+; 

Hes1+/+; Rosa26LacZ/+� DQG� Lgr5CreERT2/+; Hes1flox/flox; Rosa26LacZ/+� PLFH�

�6XSSOHPHQWDU\�)LJ��6�&�DQG�'���)RXUWHHQ�GD\V�DIWHU�WKH�ODVW�LQMHFWLRQ��PRVW�RI�

WKH�HSLWKHOLDO�FHOOV�LQ�SUR[LPDO�VPDOO�LQWHVWLQH��ZKHUH�/JU���16&V�DUH�DEXQGDQWO\�

GHWHFWHG��ZHUH� ODEHOHG�EOXH� LQ�Lgr5CreERT2/+; Hes1+/+; Rosa26LacZ/+ FRQWURO�PLFH�

�)LJ���'��(��DQG�6XSSOHPHQWDU\�)LJ��6�'���7KLV�LQGLFDWHV�WKDW��ZLWK�WKLV�LQWHQVLYH�

LQGXFWLRQ�� UHFRPELQDWLRQ�RFFXUUHG� LQ�PRVW�RI� WKH�/JU���FHOOV� LQ�SUR[LPDO� VPDOO�

LQWHVWLQH��&RQYHUVHO\��LQ�Lgr5CreERT2/+; Hes1flox/flox; Rosa26LacZ/+�PLFH��PRVW�RI�WKH�

/DF=�ODEHOHG�EOXH�FHOOV�ZHUH�GHSOHWHG�DQG�UHSRSXODWHG�ZLWK�/DF=�QHJDWLYH�FHOOV�
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�)LJ�� �'��(��DQG�6XSSOHPHQWDU\�)LJ��6�'���7KHVH� UHVXOWV� IXUWKHU� LQGLFDWH� WKDW�

+HV��GHOHWHG� /JU��� FHOOV� FDQQRW� VHOI�UHQHZ�� 7KH� UHSRSXODWHG� /DF=�QHJDWLYH�

LQWHVWLQDO� HSLWKHOLXP� RI� Lgr5CreERT2/+; Hes1flox/flox; Rosa26LacZ/+� PLFH� GLG� QRW�

GLVSOD\� REYLRXV� PRUSKRORJLFDO� DEQRUPDOLWLHV� �)LJ�� �(��� ,PPXQRKLVWRFKHPLFDO�

DQDO\VLV�UHYHDOHG�QHZO\�JHQHUDWHG�/DF=�QHJDWLYH�/JU���FHOOV�DW�WKH�EDVH�RI�WKH�

FU\SWV�DQG�/DF=�QHJDWLYH�+HV���FHOOV� LQ� WKH�FU\SWV�RI�Lgr5CreERT2/+; Hes1flox/flox; 

Rosa26LacZ/+�PLFH��)LJ���(���7KH�QXPEHU�RI�/JU���FHOOV�DQG�+HV���FHOOV�GLG�QRW�

GLIIHU�EHWZHHQ�Lgr5CreERT2/+; Hes1+/+; Rosa26LacZ/+�FRQWURO�PLFH�DQG�Lgr5CreERT2/+; 

Hes1flox/flox; Rosa26LacZ/+�PLFH�DW�GD\�����)LJ���&���$OWKRXJK�/JU���16&V�FDQQRW�

VHOI�UHQHZ�DIWHU�WKH�GHOHWLRQ�RI�+HV���/JU���16&V�ZHUH�QHZO\�JHQHUDWHG��OLNHO\�

IURP� VRPH� RI� WKH� /JU��� UHVHUYH� VWHP� FHOOV� �H�J��� %PL��� FHOOV��� DV� SUHYLRXVO\�

UHSRUWHG�������)XUWKHUPRUH��ZH�DOVR�HYDOXDWHG�WKH�HIIHFW�RI�+HV��GHOHWLRQ�RQ�WKH�

SUROLIHUDWLYH�FDSDFLW\�DQG�VHFUHWRU\�FHOO�GLIIHUHQWLDWLRQ�EHIRUH��DW�GD\����DQG�DIWHU�

�DW� GD\� ���� UHSODFHPHQW� ZLWK� /DF=�QHJDWLYH� FHOOV�� KRZHYHU�� QR� VLJQLILFDQW�

GLIIHUHQFH�ZDV�IRXQG��6XSSOHPHQWDU\�)LJ��6�$�&���
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Lgr5-EGFP-IRES-CreERT2 PLFH�KDYH�PRVDLF�H[SUHVVLRQ�RI�WKH�

UHSRUWHU�������WKHUH�UHPDLQV�VRPH�XQODEHOHG�/JU���FHOOV�ZKLFK�HVFDSH�WKH�

LQGXFWLRQ��7R�DGGUHVV�WKLV�LVVXH��ZH�VRUWHG�VLQJOH�Lgr5�*)3KLJK�FHOOV�IURP�WKH�

QRUPDO�LQWHVWLQDO�HSLWKHOLD�RI�Lgr5CreERT2/+; Hes1+/+�DQG�Lgr5CreERT2/+; Hes1flox/flox�

PLFH��WKLV�DSSURDFK�FLUFXPYHQWV�PRVDLF�UHSRUWHU�H[SUHVVLRQ��7KHQ��ZH�FXOWXUHG�

Lgr5�*)3KLJK�FHOOV�LQ�0DWULJHO��LQ�����/�:51�&0��&+,5�������DQG�YDOSURLF�DFLG��

ZKLFK�IDFLOLWDWHV�KRPRJHQRXV�Lgr5�*)3KLJK�VWHP�FHOO�FXOWXUH��ZLWK���2+7�

LQGXFWLRQ�IRU����K�IURP�WKH�VWDUW�RI�WKH�FXOWXUH��)LJ���$���&RPSDUHG�ZLWK�WKDW�RI�

WKH�FRQWURO��FRORQ\�IRUPDWLRQ�ZDV�DOPRVW�FRPSOHWHO\�DEURJDWHG�LQ�+HV��GHOHWHG�

Lgr5�*)3KLJK�VLQJOH�FHOOV��)LJ���%�DQG�&���VKRZLQJ�WKDW�+HV��LV�UHTXLUHG�IRU�WKH�

VHOI�UHQHZDO�RI�Lgr5�*)3KLJK�VWHP�FHOOV��:H�DOVR�DVVHVVHG�WKH�HIIHFW�RI�+HV��

GHOHWLRQ�LQ�/JU���FHOOV�RQ�HVWDEOLVKHG�VSKHURLGV��)LJ���'���6SKHURLGV�JURZQ�LQ�

����/�:51�&0�ZHUH�HQULFKHG�IRU�VWHP�DQG�RU�SURJHQLWRU�FHOOV�������7KH�Lgr5 

H[SUHVVLRQ�OHYHO�LQ�WKH�VSKHURLGV�GHFUHDVHG�ZKHQ�FXOWXUHG�ZLWKRXW�&+,5������

DQG�YDOSURLF�DFLG��)LJ���(���VXJJHVWLQJ�WKH�SUHVHQFH�RI�/JU���7$�FHOOV�LQ�WKHVH�

FXOWXUHV��7KUHH�GD\V�DIWHU�LQGXFWLRQ��WKH�JURZWK�RI�HVWDEOLVKHG�VSKHURLGV��
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FXOWXUHG�LQ�����/�:51�&0��ZDV�QRW�DIIHFWHG��DQG�/JU��SRVLWLYH�FHOOV�ZHUH�

GHWHFWHG��)LJ���)�DQG�*���WKHVH�/JU��SRVLWLYH�FHOOV�ZHUH�OLNHO\�JHQHUDWHG�IURP�

WKH�/JU���7$�FHOOV��7KHVH�GDWD�GHPRQVWUDWH�WKDW�GHOHWLRQ�RI�+HV��LQ�16&V�GRHV�

QRW�DIIHFW�LQWHVWLQDO�KRPHRVWDVLV��

�

+HV��GHOHWLRQ�LQ�%PL���16&V�UHVXOWV�LQ�ORVV�RI�VHOI�UHQHZDO�EXW�GRHV�QRW�

SHUWXUE�KRPHRVWDVLV��

%PL��LV�H[SUHVVHG�LQ�16&V�RI�WKH�LQWHVWLQH������%PL���FHOOV�VHUYH�DV�

UHVHUYH�VWHP�FHOOV�LQ�FDVHV�RI�LQMXU\�RU�/JU���FHOO�DEODWLRQ�������:H�DVVHVVHG�

ZKHWKHU�+HV��LV�LPSRUWDQW�LQ�WKH�PDLQWHQDQFH�RI�WKHVH�16&V�WKDW�FDQ�VHUYH�DV�

UHVHUYH�VWHP�FHOOV��:H�GHOHWHG�+HV��LQ�%PL���16&V�DQG�SHUIRUPHG�OLQHDJH�

WUDFLQJ�XVLQJ�Bmi1CreER/+; Hes1flox/flox; Rosa26LacZ/+ PLFH��$IWHU�LQMHFWLRQ�ZLWK���PJ�

WDPR[LIHQ��/DF=�ODEHOHG�EOXH�FHOOV�DSSHDUHG�IRXU�RU�ILYH�FHOOV�DERYH�WKH�EDVH�RI�

WKH�FU\SW�DW�GD\����DQG�JDYH�ULVH�WR�SURJHQ\�FHOOV�WKDW�DUUDQJHG�LQWR�EOXH�VWULSHV��

UHDFKLQJ�IURP�WKH�FU\SWV�WR�WKH�YLOOL��DW�GD\����)LJ���$���)URP�GD\V���WR����EOXH�
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VWULSHV�VWDUWHG�WR�GLVDSSHDU�LQ�VRPH�FU\SWV��DQG�RQO\�D�IHZ�EOXH�FHOOV�ZHUH�

GHWHFWHG�RQ�WKH�WLS�RI�WKH�YLOOL��)LJ���$���

:H�PD[LPL]HG�WKH�LQGXFWLRQ�HIILFLHQF\�E\�DGPLQLVWHULQJ���PJ�WDPR[LIHQ�

RYHU���FRQVHFXWLYH�GD\V��,PPXQRKLVWRFKHPLVWU\�ZDV�XVHG�WR�FRQILUP�WKDW�

UHFRPELQDWLRQ�RI�WKH�IOR[HG�+HV��DOOHOH�RFFXUUHG�HIILFLHQWO\��)LJ���%�DQG�&���7HQ�

GD\V�DIWHU�WKH�ODVW�LQMHFWLRQ��PRVW�RI�WKH�/DF=�ODEHOHG�EOXH�FHOOV�ZHUH�GHSOHWHG�

DQG�UHSRSXODWHG�ZLWK�/DF=�QHJDWLYH�FHOOV�LQ�Bmi1CreER/+; Hes1flox/flox; Rosa26LacZ/+ 

PLFH�FRPSDUHG�ZLWK�WKRVH�LQ�Bmi1CreER/+; Hes1flox/+; Rosa26LacZ/+ FRQWURO�PLFH�

�)LJ���'�DQG�(���7KH�QXPEHU�RI�+HV���FHOOV�GLG�QRW�GLIIHU�EHWZHHQ�Bmi1CreER/+; 

Hes1flox/+; Rosa26LacZ/+�PLFH�DQG�Bmi1CreER/+; Hes1flox/flox; Rosa26LacZ/+�PLFH�DW�

GD\�����)LJ���&�DQG�(���7KHVH�GDWD�GHPRQVWUDWH�WKDW��UHJDUGOHVV�RI�WKH�VWHP�FHOO�

PDUNHUV�WHVWHG��+HV��LV�QHFHVVDU\�IRU�WKH�VHOI�UHQHZDO�RI�16&V��KRZHYHU��+HV��

GHOHWLRQ�LQ�16&V�GRHV�QRW�SHUWXUE�LQWHVWLQDO�KRPHRVWDVLV��

�

&RQFRPLWDQW�+HV��GHOHWLRQ�LQ�ȕ�FDWHQLQ�VWDELOL]HG�16&V�DEURJDWHV�WXPRU�

IRUPDWLRQ��
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7R� LQYHVWLJDWH� WKH� UROH� RI� +HV�� LQ� WXPRULJHQHVLV�� ZH� VWDELOL]HG�

ȕ�FDWHQLQ� IRU� LQWHVWLQDO� WXPRU� IRUPDWLRQ�DQG�GHOHWHG�+HV�� LQ�/JU��� FHOOV�XVLQJ�

Lgr5CreERT2/+; Ctnnb1lox(ex3)/+; Hes1flox/flox�PLFH��7ZHQW\�HLJKW� GD\V�DIWHU� LQMHFWLRQ�

ZLWK� �� PJ� WDPR[LIHQ� RYHU� �� FRQVHFXWLYH� GD\V�� ZH� IRXQG� WKDW� RQO\�

PLFURDGHQRPDV� ZHUH� IRUPHG� LQ� Lgr5CreERT2/+; Ctnnb1lox(ex3)/+; Hes1flox/flox� PLFH��

ZKHUHDV� ODUJH� WXPRUV� ZHUH� IRUPHG� WKURXJKRXW� WKH� LQWHVWLQH� LQ� Lgr5CreERT2/+; 

Ctnnb1lox(ex3)/+; Hes1+/+� FRQWURO�PLFH� �)LJ���$��� ,PPXQRKLVWRFKHPLVWU\� UHYHDOHG�

WKH� H[SUHVVLRQ� RI� +HV�� DQG� QXFOHDU� DFFXPXODWLRQ� RI� ȕ�FDWHQLQ� LQ� WKH� ODUJH�

WXPRUV� RI� Lgr5CreERT2/+; Ctnnb1lox(ex3)/+; Hes1+/+� PLFH� DQG� PLFURDGHQRPDV� RI�

Lgr5CreERT2/+; Ctnnb1lox(ex3)/+; Hes1flox/flox� PLFH� �)LJ�� �$��� 7KHVH� UHVXOWV� VXJJHVW�

WKDW� PLFURDGHQRPDV� LQ� Lgr5CreERT2/+; Ctnnb1lox(ex3)/+; Hes1flox/flox� PLFH� ZHUH�

IRUPHG�RQO\�IURP�/JU���FHOOV�WKDW�HVFDSHG�GHOHWLRQ�RI�+HV��EXW�KDG�QRW�HVFDSHG�

ȕ�FDWHQLQ� VWDELOL]DWLRQ�� %HFDXVH� RI� WKH� VWURQJO\� VXSSUHVVHG� WXPRU� IRUPDWLRQ��

Lgr5CreERT2/+; Ctnnb1lox(ex3)/+; Hes1flox/flox�PLFH� VXUYLYHG� VLJQLILFDQWO\� ORQJHU� WKDQ�

WKH�FRQWURO�PLFH��PHGLDQ�VXUYLYDO� WLPH�����GD\V�YV�����GD\V��UHVSHFWLYHO\��)LJ��

�%��� :H� DQDO\]HG� WKH� QXPEHU� DQG� VL]H� RI� DGHQRPDV� LQ� Lgr5CreERT2/+; 
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Ctnnb1lox(ex3)/+; Hes1flox/flox� PLFH� DW� GLIIHUHQW� WLPHV� DIWHU� WKH� DGPLQLVWUDWLRQ� RI�

WDPR[LIHQ��:H�IRXQG�WKDW�WKH�WRWDO�QXPEHU�RI�DGHQRPDV�GLG�QRW�LQFUHDVH��EXW�WKH�

VL]H�RI�D�IHZ�QDVFHQW�DGHQRPDV�JUDGXDOO\�LQFUHDVHG�RYHU�WLPH��UHVXOWLQJ�LQ�WKH�

IRUPDWLRQ�RI�VRPH�PLFURDGHQRPDV�DQG�D�IHZ�PDFURDGHQRPDV�DW����ZHHNV��)LJ��

�&���,PPXQRKLVWRFKHPLVWU\�UHYHDOHG�WKH�H[SUHVVLRQ�RI�+HV��LQ�PLFURDGHQRPDV��

PDFURDGHQRPDV�� DQG� WKH� QRUPDO� LQWHVWLQDO� HSLWKHOLD� RI� Lgr5CreERT2/+; 

Ctnnb1lox(ex3)/+; Hes1flox/flox�PLFH� �)LJ���'��� UHDIILUPLQJ� WKDW� WXPRUV�ZHUH� IRUPHG�

RQO\� IURP�/JU��� FHOOV� WKDW� KDG�HVFDSHG�+HV�� GHOHWLRQ��:H�SHUIRUPHG� OLQHDJH�

WUDFLQJ� XVLQJ� Lgr5CreERT2/+; Ctnnb1lox(ex3)/+;� +HV����; Rosa26LacZ/+� DQG�

Lgr5CreERT2/+; Ctnnb1lox(ex3)/+; Hes1flox/flox; Rosa26LacZ/+� PLFH�� 7ZHQW\�HLJKW� GD\V�

DIWHU� LQGXFWLRQ�� PRVW� RI� WKH� /DF=�ODEHOHG� EOXH� FHOOV� ZHUH� GHSOHWHG� DQG�

UHSRSXODWHG� E\� /DF=�QHJDWLYH� HSLWKHOLXP� LQ� Lgr5CreERT2/+; Ctnnb1lox(ex3)/+; 

Hes1flox/flox; Rosa26LacZ/+� PLFH�� ZKHUHDV� /DF=�ODEHOHG� EOXH� LQWHVWLQDO� WXPRUV�

IRUPHG� LQ�Lgr5CreERT2/+; Ctnnb1lox(ex3)/+;�+HV����; Rosa26LacZ/+� FRQWURO�PLFH� �)LJ��

�(�DQG�)���7KHVH� UHVXOWV�FRQILUP� WKDW�ȕ�FDWHQLQ�VWDELOL]DWLRQ�FDQQRW�RIIVHW� WKH�

LQDELOLW\�RI�+HV��GHOHWHG�/JU���16&V� WR� VHOI�UHQHZ��ZKLFK� OHDGV� WR� VXEVWDQWLDO�
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VXSSUHVVLRQ�RI�LQWHVWLQDO�WXPRU�IRUPDWLRQ��

�

+HV�� GHOHWLRQ� LQ� /JU��� 76&V� RI� HVWDEOLVKHG� LQWHVWLQDO� WXPRUV� UHVXOWV� LQ�

WXPRU�UHJUHVVLRQ�E\�LQGXFLQJ�LPPHGLDWH�DSRSWRVLV��

:H�KDYH�VKRZQ�WKDW�FRQFRPLWDQW�+HV��GHOHWLRQ�LQ�ȕ�FDWHQLQ�VWDELOL]HG�

16&V�DEURJDWHV�WXPRU�IRUPDWLRQ��KRZHYHU��WR�UHFDSLWXODWH�+HV��WDUJHWLQJ�WXPRU�

WKHUDS\�� LW� LV� QHFHVVDU\� WR� H[DPLQH� WKH� HIIHFW� RI�+HV�� GHOHWLRQ� LQ� HVWDEOLVKHG�

LQWHVWLQDO� WXPRUV�� ,W� KDV� EHHQ� VKRZQ� WKDW� /JU�� PDUNV� 76&V� LQ� WKH� LQWHVWLQDO�

WXPRUV�RI�Apc�GHILFLHQW�PLFH������7R�LQYHVWLJDWH�WKH�UROH�RI�+HV��LQ�WKH�76&V�RI�

HVWDEOLVKHG� LQWHVWLQDO� WXPRUV��ZH�GHOHWHG�+HV�� LQ�/JU���76&V�RI� WKH� LQWHVWLQDO�

WXPRUV� DQG�SHUIRUPHG� OLQHDJH� WUDFLQJ�XVLQJ�Lgr5CreERT2/+; Hes1flox/flox; ApcMin/+; 

Rosa26LacZ/+� PLFH�� )LYH� GD\V� DIWHU� �� PJ� WDPR[LIHQ� DGPLQLVWUDWLRQ�� QRUPDO�

LQWHVWLQDO�HSLWKHOLD�ZHUH�LQWDFW�DQG� ODEHOHG�EOXH��KRZHYHU�� WKH�LQWHVWLQDO�WXPRUV�

ZHUH� LQMXUHG� DQG� GHYRLG� RI� EOXH� FHOOV� LQ� Lgr5CreERT2/+; Hes1flox/flox; ApcMin/+; 

Rosa26LacZ/+�PLFH��)LJ���$��� ,Q� WKH�Lgr5CreERT2/+; Hes1+/+; ApcMin/+; Rosa26LacZ/+�

FRQWURO� PLFH�� WKH� QRUPDO� LQWHVWLQDO� HSLWKHOLD� DQG� WKH� LQWHVWLQDO� WXPRUV� ZHUH�
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ODEHOHG� EOXH� �6XSSOHPHQWDU\� )LJ�� 6�$� DQG� %��� :H� PD[LPL]HG� LQGXFWLRQ�

HIILFLHQF\� E\� DGPLQLVWHULQJ� �� PJ� WDPR[LIHQ� RYHU� �� FRQVHFXWLYH� GD\V�� 7KH�

LQWHVWLQDO�WXPRUV�ZHUH�PRUH�VHYHUHO\�LQMXUHG�DW�GD\����)LJ���$���WKH�EOXH�FHOOV�RI�

WKH�QRUPDO�LQWHVWLQDO�HSLWKHOLD�DQG�WKH�LQMXUHG�LQWHVWLQDO�WXPRUV�ZHUH�GHSOHWHG�DW�

GD\����LQ�Lgr5CreERT2/+; Hes1flox/flox; ApcMin/+; Rosa26LacZ/+ PLFH��)LJ���$���

7R� IXUWKHU� HYDOXDWH� WKH� HIIHFW� RI� +HV�� GHOHWLRQ� LQ� /JU��� 76&V�� ZH�

IROORZHG�WKH�WLPH�FRXUVH�RI�/DF=�ODEHOHG�EOXH�FHOOV�LQ�WKH�LQWHVWLQDO�WXPRUV�DIWHU�

D� VLQJOH� �� PJ� LQMHFWLRQ� RI� WDPR[LIHQ� LQ� Lgr5CreERT2/+; Hes1flox/flox; ApcMin/+; 

Rosa26LacZ/+ PLFH��%OXH�FHOOV�LQ�WKH�WXPRUV�ZHUH�SUHVHQW�DW�GD\���DQG�GHSOHWHG�

E\�GD\����)LJ���%���$W�GD\����LPPXQRKLVWRFKHPLVWU\�VKRZHG�FOHDYHG�FDVSDVH���

H[SUHVVLRQ� LQ� +HV��GHOHWHG� /JU��� 76&V� �)LJ�� �%��� 7KH� SURSRUWLRQ� RI� FOHDYHG�

FDVSDVH���SRVLWLYH� FHOOV� LQ�/JU���FHOOV�ZDV�VLJQLILFDQWO\�KLJKHU� LQ� WKH� LQWHVWLQDO�

WXPRUV�RI�Lgr5CreERT2/+; Hes1flox/flox; ApcMin/+�PLFH� WKDQ� LQ� WKRVH�RI�Lgr5CreERT2/+; 

Hes1+/+; ApcMin/+� PLFH� ���� �� YV�� ���� ��� UHVSHFWLYHO\��� ZKHUHDV� FOHDYHG�

FDVSDVH���H[SUHVVLRQ�ZDV�QRW�GHWHFWHG� LQ�/JU��� FHOOV�RI� WKH�QRUPDO� LQWHVWLQDO�

HSLWKHOLD�RI�Lgr5CreERT2/+; Hes1flox/flox; ApcMin/+�PLFH�DW�GD\����)LJ���&���7R�IXUWKHU�
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DVVHVV�WKH�EHKDYLRUV�RI�/JU���16&V�DQG�/JU���76&V�DIWHU�WKH�GHOHWLRQ�RI�+HV���

ZH�VRUWHG�/JU���16&V�DQG�/JU���76&V� IURP�Lgr5CreERT2/+; Hes1flox/flox; ApcMin/+�

PLFH�DW�GD\���DIWHU�D�VLQJOH���PJ�LQMHFWLRQ�RI�WDPR[LIHQ��DQG�XVHG�T57�3&5�WR�

FRPSDUH� WKH� OHYHOV�RI�P51$�H[SUHVVLRQ�ZLWK� WKRVH� LQ� WKH�FRQWURO�PLFH��+HV��

H[SUHVVLRQ�ZDV�GRZQUHJXODWHG� LQ�/JU���16&V�DQG�/JU���76&V�DW�GD\���DIWHU�

LQGXFWLRQ� �)LJ�� �'� DQG� 6XSSOHPHQWDU\� )LJ�� 6�&��� 2I� QRWH�� WKH� H[SUHVVLRQ� RI�

DQWL�DSRSWRWLF�JHQH�Bcl2�ZDV�VLJQLILFDQWO\�GRZQUHJXODWHG��DQG�WKH�H[SUHVVLRQ�RI�

SUR�DSRSWRWLF�JHQH�Bax�KDG�D�WHQGHQF\�WR�EH�XSUHJXODWHG�LQ�+HV��GHOHWHG�76&V��

ZKHUHDV�WKH�H[SUHVVLRQ�OHYHOV�RI�Bax�DQG�Bcl2�ZHUH�QRW�DOWHUHG�LQ�+HV��GHOHWHG�

16&V� �)LJ�� �'� DQG� 6XSSOHPHQWDU\� )LJ�� 6�&��� 3UHYLRXV� VWXGLHV� VKRZHG� WKDW�

+HV��GLUHFWO\�VXSSUHVVHV�3WHQ����������ZKLFK�XSUHJXODWHV�S���DFWLYLW\������DQG�

GRZQUHJXODWHV� WKH� 3,�.�$NW� SDWKZD\� ����� WR� LQGXFH� DSRSWRVLV�� ,QWHUHVWLQJO\��

Pten�ZDV�XSUHJXODWHG� LQ� WKH�+HV��GHOHWHG�76&V��EXW�QRW� LQ� WKH�+HV��GHOHWHG�

16&V� DW� GD\� �� �)LJ�� �'� DQG� 6XSSOHPHQWDU\� )LJ�� 6�&��� 7KHVH� UHVXOWV�

GHPRQVWUDWH�WKDW�+HV��GHOHWLRQ�UHVXOWV� LQ� LPPHGLDWH�DSRSWRVLV�RI�/JU���76&V��

EXW�QRW�/JU���16&V��
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7R�HYDOXDWH�ZKHWKHU�+HV��GHOHWLRQ� LQ� /JU���76&V�FDQ�EH�XVHG�DV�D�

WXPRU�VSHFLILF� WUHDWPHQW�� ZH� DQDO\]HG� WKH� QXPEHU� RI� LQWHVWLQDO� WXPRUV� LQ�

Lgr5CreERT2/+; Hes1+/+; ApcMin/+�FRQWURO�PLFH�DQG�Lgr5CreERT2/+; Hes1flox/flox; ApcMin/+ 

PLFH�DIWHU� DGPLQLVWHULQJ� ��PJ� WDPR[LIHQ� RYHU� �� FRQVHFXWLYH� GD\V��&RPSDUHG�

ZLWK�Lgr5CreERT2/+; Hes1+/+; ApcMin/+�PLFH�� WKH� QXPEHU� RI� LQWHVWLQDO� WXPRUV�ZDV�

VLJQLILFDQWO\� UHGXFHG� LQ� Lgr5CreERT2/+; Hes1flox/flox; ApcMin/+ PLFH� �� GD\V� DIWHU�

LQWHQVLYH�LQGXFWLRQ��)LJ���(���,PPXQRKLVWRFKHPLVWU\�UHYHDOHG�WKDW�WKH�QXPEHU�RI�

/JU��� FHOOV� ZDV� XQDOWHUHG� LQ� WKH� QRUPDO� LQWHVWLQDO� HSLWKHOLD�� EXW� VLJQLILFDQWO\�

UHGXFHG� LQ� WKH� UHPDLQLQJ� IHZ� LQWHVWLQDO� WXPRUV� RI� Lgr5CreERT2/+; Hes1flox/flox; 

ApcMin/+�PLFH�DW�GD\����)LJ���)���7KHVH�UHVXOWV�VXJJHVW�WKDW��LQ�FRQWUDVW�ZLWK�WKH�

QRUPDO� LQWHVWLQDO� HSLWKHOLD�� QR� QHZ� /JU��� FHOOV� ZHUH� JHQHUDWHG� DIWHU� +HV��

GHOHWLRQ�LQ�WKH�LQWHVWLQDO�WXPRUV��

7R�REVHUYH� WKH� WLPH�FRXUVH�RI� WKH�VDPH� LQWHVWLQDO� WXPRUV�DIWHU�+HV��

GHOHWLRQ��ZH�JHQHUDWHG�VSKHURLGV������IURP�WKH�LQWHVWLQDO�WXPRUV�RI�Lgr5CreERT2/+; 

Hes1+/+; ApcMin/+� DQG�Lgr5CreERT2/+; Hes1flox/flox; ApcMin/+ PLFH�� XVLQJ� D�PHGLXP�

FRQWDLQLQJ� (*)� DQG� 1RJJLQ�� ZH�� WKHQ�� FRPSDUHG� WKH� VSKHURLG� JURZWK� DIWHU�
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��2+7� DGPLQLVWUDWLRQ� IRU� ��� KRXUV� �6XSSOHPHQWDU\� )LJ�� 6�$��� 7KH� VSKHURLGV�

IURP�Lgr5CreERT2/+; Hes1flox/flox; ApcMin/+�PLFH�FHDVHG�WR�H[SDQG��DQG�Lgr5�*)3��

FHOOV�ZHUH�GHSOHWHG�DW�GD\����6XSSOHPHQWDU\�)LJ��6�%�DQG�&���LQ�FRQWUDVW�ZLWK�

WKH�XQDOWHUHG�JURZWK�RI�HVWDEOLVKHG�VSKHURLGV�JHQHUDWHG�IURP�QRUPDO�LQWHVWLQDO�

HSLWKHOLD� �)LJ�� �'�*��� 7KHVH� UHVXOWV� GHPRQVWUDWH� WKDW� +HV�� GHOHWLRQ� LQ� /JU���

FHOOV�VSHFLILFDOO\�VXSSUHVVHV�WXPRU�JURZWK��

�

+HV��GHOHWLRQ� LQ�'FON��� 76&V�RI� HVWDEOLVKHG� LQWHVWLQDO� WXPRUV� UHVXOWV� LQ�

WXPRU�UHJUHVVLRQ�E\�LQGXFLQJ�LPPHGLDWH�DSRSWRVLV��

:H� KDYH� UHFHQWO\� LGHQWLILHG� 'FON�� DV� D� 76&�VSHFLILF� PDUNHU� LQ� WKH�

LQWHVWLQH�E\�PXULQH�OLQHDJH�WUDFLQJ�H[SHULPHQWV��ZH�SURSRVHG�WKDW�/JU��'FON���

FHOOV�DUH�WKH�ERQD�ILGH�76&V�LQ�WKH�LQWHVWLQDO�WXPRUV������7R�IXUWKHU�FRQILUP�WKDW�

+HV��GHOHWLRQ� LQ�76&V� OHDGV� WR� WXPRU� UHJUHVVLRQ��ZH�GHOHWHG�+HV�� LQ�'FON���

76&V� RI� HVWDEOLVKHG� LQWHVWLQDO� WXPRUV� DQG� SHUIRUPHG� OLQHDJH� WUDFLQJ� XVLQJ�

Dclk1CreERT2/+; Hes1flox/flox; ApcMin/+; Rosa26LacZ/+� PLFH�� )LYH� GD\V� DIWHU�

DGPLQLVWHULQJ���PJ�WDPR[LIHQ��WKH�LQWHVWLQDO�WXPRUV�RI�Dclk1CreERT2/+; Hes1flox/flox; 

on June 1, 2017. © 2017 American Association for Cancer Research. cancerres.aacrjournals.org Downloaded from 

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on May 23, 2017; DOI: 10.1158/0008-5472.CAN-16-3192 

http://cancerres.aacrjournals.org/


�

���

�

ApcMin/+; Rosa26LacZ/+�PLFH�ZHUH�LQMXUHG�DQG�GHYRLG�RI�EOXH�FHOOV��)LJ���$���ZKLFK�

FRQWUDVWHG� WKH� EOXH� LQWHVWLQDO� WXPRUV� LQ� Dclk1CreERT2/+; Hes1+/+; ApcMin/+; 

Rosa26LacZ/+� FRQWURO� PLFH� �)LJ�� �$��� 1H[W�� ZH� IROORZHG� WKH� WLPH� FRXUVH� RI�

/DF=�ODEHOHG�+HV��GHOHWHG�'FON���FHOOV�DIWHU�LQGXFWLRQ��%OXH�FHOOV�ZHUH�SUHVHQW�

LQ� WKH� LQWHVWLQDO� WXPRUV� DW� GD\� �� DQG� GHSOHWHG� E\� GD\� �� �)LJ�� �%���

,PPXQRKLVWRFKHPLVWU\�UHYHDOHG�FOHDYHG�FDVSDVH���H[SUHVVLRQ�LQ�'FON���FHOOV�DW�

GD\����)LJ���&���VXJJHVWLQJ�WKDW�GHOHWLRQ�RI�+HV��LQ�'FON���76&V�DOVR�LQGXFHV�

LPPHGLDWH�DSRSWRVLV��

:H�PD[LPL]HG� LQGXFWLRQ� HIILFLHQF\� E\� DGPLQLVWHULQJ� ��PJ� WDPR[LIHQ�

RYHU� �� FRQVHFXWLYH� GD\V�� DQG� DQDO\]HG� WKH� QXPEHU� RI� LQWHVWLQDO� WXPRUV� LQ�

Dclk1CreERT2/+; Hes1+/+; ApcMin/+� DQG� Dclk1CreERT2/+; Hes1flox/flox; ApcMin/+� PLFH��

&RPSDUHG�ZLWK�WKH�QXPEHU�RI�LQWHVWLQDO�WXPRUV�LQ�WKH�FRQWURO�PLFH��WKH�QXPEHU�

RI� LQWHVWLQDO� WXPRUV� ZDV� VLJQLILFDQWO\� UHGXFHG� LQ� Dclk1CreERT2/+; Hes1flox/flox; 

ApcMin/+� PLFH� �� GD\V� DIWHU� LQWHQVLYH� LQGXFWLRQ� �)LJ�� �'��� 7KHVH� UHVXOWV�

GHPRQVWUDWH� WKDW�� LUUHVSHFWLYH�RI�VWHP�FHOO�PDUNHUV�DQDO\]HG��+HV��GHOHWLRQ� LQ�

WKH� 76&V� OHDGV� WR� WXPRU� UHJUHVVLRQ� E\� LQGXFLQJ� LPPHGLDWH� DSRSWRVLV� LQ� WKH�
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76&V��
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'LVFXVVLRQ�

,Q�WKLV�VWXG\��ZH�IRFXVHG�RQ�WKH�VSHFLILF�UROH�RI�+HV��LQ�WKH�16&V�DQG�

76&V�RI� WKH� LQWHVWLQH��DQG�VKRZHG�WKDW� WKH�GLIIHUHQW� UROHV�RI�+HV��FDQ�HQDEOH�

VWHP� FHOO�WDUJHWLQJ� WXPRU� WKHUDS\�� :H� ILUVW� GHPRQVWUDWHG� WKDW� WKH� GHOHWLRQ� RI�

+HV�� LQ� WKH� 16&V� UHVXOWV� LQ� ORVV� RI� VHOI�UHQHZDO� EXW� GRHV� QRW� SHUWXUE�

KRPHRVWDVLV��7KH�1RWFK�DQG�:QW�ȕ�FDWHQLQ�SDWKZD\V�SOD\�D�FUXFLDO�UROH�LQ�WKH�

PDLQWHQDQFH�RI�16&V�������������+HV��LV�D�ZHOO�NQRZQ�1RWFK�HIIHFWRU�������DQG�

LWV�H[SUHVVLRQ� LV�DOVR�GLUHFWO\� UHJXODWHG�E\� WKH�:QW�ȕ�FDWHQLQ�SDWKZD\����������

2XU�VWXG\�VKRZHG�WKDW�ZKLOH�WKH�H[SUHVVLRQ�RI�RWKHU�1RWFK�HIIHFWRUV��+HV��DQG�

+HV��� ZDV� QRW� XSUHJXODWHG�� WKH� H[SUHVVLRQ� RI� +HV�� ZDV� XSUHJXODWHG� LQ� WKH�

16&V��$OWKRXJK�WKH� LQWHUDFWLRQ�EHWZHHQ�1RWFK�DQG�:QW�ȕ�FDWHQLQ�SDWKZD\V� LV�

FRPSOH[�DQG�FRQWH[W�GHSHQGHQW����������������WKHLU�UROH�LQ�WKH�PDLQWHQDQFH�RI�

16&V�PD\�EH�GHSHQGHQW�RQ�WKHLU�FRPPRQ�GRZQVWUHDP�WDUJHW��+HV���

3UHYLRXVO\��ZH�HPSOR\HG�WKH�Villin-Cre�PLFH�WR�VKRZ�WKDW�SUHQDWDO�+HV��

GHOHWLRQ� LQGXFHV� WUDQVLHQW� VHFUHWDU\� GLIIHUHQWLDWLRQ�� ZKLFK� LV� FRPSHQVDWHG� E\�

+HV��DQG�+HV���DQG�WKDW�WKH�PDLQWHQDQFH�RI�16&V�LV�XQDIIHFWHG�HYHQ�DIWHU�WKH�

on June 1, 2017. © 2017 American Association for Cancer Research. cancerres.aacrjournals.org Downloaded from 

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on May 23, 2017; DOI: 10.1158/0008-5472.CAN-16-3192 

http://cancerres.aacrjournals.org/


�

���

�

SUHQDWDO�WULSOH�GHOHWLRQ�RI�+HV���+HV���DQG�+HV��������:H�VSHFXODWH�WKDW�RWKHU�

1RWFK� HIIHFWRUV� �H�J��� +H\��� +H\��� DQG� +H\/�� KDG� FRPSHQVDWHG� LQ� WKH�

PDLQWHQDQFH� RI� 16&V�� 5HFRPELQDWLRQ� LQ� Villin-Cre� PLFH� RFFXUV� HDUO\� LQ� WKH�

GHYHORSPHQWDO� VWDJH� ����� ZKHQ� WKH� LQWHVWLQDO� HSLWKHOLXP� LV� JHQHUDWHG� IURP�

SURJHQLWRUV� RWKHU� WKDQ� /JU��SRVLWLYH� FHOOV� ��������� WKHVH� SURJHQLWRUV� PD\�

WUDQVLHQWO\� SHUPLW� +HV�� GHILFLHQF\� DQG� SURYLGH� WLPH� IRU� WKH� FRPSHQVDWLRQ�� ,Q�

FRQWUDVW��WKLV�VWXG\�VKRZHG�WKDW�+HV��GHILFLHQF\�ZDV�QRW�FRPSHQVDWHG�LQ�DGXOW�

16&V��LQGLFDWLQJ�D�QRYHO�UROH�RI�+HV��LQ�WKH�PDLQWHQDQFH�RI�DGXOW�16&V��ZKLFK�

ZDV� PDVNHG� LQ� RXU� SUHYLRXV� DQDO\VLV� RI� SUHQDWDO� +HV�� GHOHWLRQ�� +RZHYHU��

Lgr5-EGFP-IRES-CreERT2 PLFH�KDYH�PRVDLF�H[SUHVVLRQ�RI� WKH� UHSRUWHU� ������

ZH� FDQQRW� H[FOXGH� WKH� SRVVLELOLW\� WKDW� +HV��H[SUHVVLQJ� XQODEHOHG� /JU��� FHOOV�

KDG�UHSODFHG�+HV��GHOHWHG�/JU���FHOOV�E\�QHXWUDO�GULIW�G\QDPLFV������in vivo.�7R�

DGGUHVV�WKLV��ZH�VRUWHG�Lgr5�*)3KLJK�FHOOV�DQG�VKRZHG�WKDW�+HV��GHOHWHG�/JU���

VWHP� FHOOV� FDQQRW� VHOI�UHQHZ� in vitro�� +HV�� GHOHWLRQ� XVLQJ� VWHP� FHOO�VSHFLILF�

UHSRUWHU�PLFH�ZLWKRXW�WKH�PRVDLF�SUREOHP������FRXOG�IXUWKHU�FRUURERUDWH�WKH�UROH�

RI� +HV�� in vivo�� ,Q� FRQWUDVW� WR� SUHQDWDO�+HV�� GHOHWLRQ�� +HV�� GHOHWLRQ� LQ� DGXOW�
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16&V� GLG� QRW� LQFUHDVH� WKH� QXPEHU� RI� VHFUHWRU\� FHOOV� �H�J��� JREOHW� FHOOV��

HQWHURHQGRFULQH� FHOOV�� DQG� 3DQHWK� FHOOV��� 7KLV� ZDV� SUREDEO\� EHFDXVH� WKH�

GHSOHWLRQ� RI� +HV��GHOHWHG� 16&V� GLG� QRW� SURYLGH� VXIILFLHQW� WLPH� IRU� WKH�

GLIIHUHQWLDWLRQ�VKLIW��

� $IWHU� +HV�� GHOHWLRQ� LQ� /JU��� FHOOV�� QRUPDO� LQWHVWLQDO� HSLWKHOLD� ZHUH�

UHSODFHG�E\�ZLOG�W\SH�HSLWKHOLD�ZLWK�QRUPDO�+HV��H[SUHVVLRQ�LQ�WKH�FU\SWV��7KH�

LQWDFW�HSLWKHOLXP�IROORZLQJ�+HV��GHOHWLRQ� LQ�/JU���16&V�FRXOG�EH�H[SODLQHG�E\�

WKH�SUHYLRXV�UHSRUW�VKRZLQJ�WKDW�DEODWLRQ�RI�/JU���16&V�LWVHOI�GRHV�QRW�GLVUXSW�

KRPHRVWDVLV�EHFDXVH�RI�FRPSHQVDWLRQ�E\�UHVHUYH�VWHP�FHOOV�������7R�DGGUHVV�

WKH�LVVXH��ZH�GHOHWHG�+HV��LQ�%PL���16&V��ZKLFK�KDYH�WKH�SRWHQWLDO�FDSDFLW\�RI�

UHVHUYH�VWHP�FHOOV� ������ ,W� KDV�EHHQ�VKRZQ� WKDW�� LQ�FRQWUDVW� WR� WKH�DEODWLRQ�RI�

/JU��� 16&V�� WKH� DEODWLRQ� RI� %PL��� 16&V� OHDGV� WR� FU\SW� ORVV�� SHUWXUELQJ� WKH�

LQWHVWLQDO�KRPHRVWDVLV� �����:H�VKRZHG� WKDW�+HV��GHOHWLRQ� LQ�%PL���FHOOV�GRHV�

QRW�SHUWXUE�KRPHRVWDVLV�HLWKHU��,W�LV�SRVVLEOH�WKDW�DGMDFHQW�7$�FHOOV�FRPSHQVDWH�

IRU�WKH�ORVV�RI�UHVHUYH�VWHP�FHOOV��EHFDXVH�+HV��GHOHWLRQ��ZKLFK�UHVXOWV�LQ�ORVV�RI�

VHOI�UHQHZDO��KDV�PLOGHU�LQIOXHQFHV�RQ�WKH�DGMDFHQW�7$�FHOOV�WKDQ�GRHV�DEODWLRQ��
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)XUWKHU�VWXGLHV�DUH�UHTXLUHG�WR�FRUURERUDWH�WKLV�VSHFXODWLRQ��

6HYHUDO� UHSRUWV� KDYH� VKRZQ� WKH� SRWHQWLDO� RI� +HV�� DV� D� WDUJHW� IRU�

DQWL�WXPRU�WKHUDSHXWLFV��Hes1�NQRFNGRZQ�VXSSUHVVHV�FHOO�SUROLIHUDWLRQ�LQ�7�FHOO�

DFXWH�O\PSKREODVWLF�OHXNHPLD�DQG�FRORQ�FDQFHU�FHOO�OLQHV�������������DQG�+HV��

RYHUH[SUHVVLRQ� LQGXFHV�VHOI�UHQHZDO�SURSHUWLHV� LQ�FRORQ�FDQFHU�FHOO� OLQHV� ������

2XU� SUHYLRXV� VWXG\� VKRZHG� WKDW� ZKHQ� +HV�� LV� GHOHWHG� SUHQDWDOO\�� WKH�

FKDUDFWHULVWLFV�RI�ApcMin�WXPRUV�PLPLF�WKRVH�RI�QRUPDO�LQWHVWLQDO�HSLWKHOLD��VXFK�

DV�GLIIHUHQWLDWLRQ�DQG�ORZ�SUROLIHUDWLYH�FDSDFLW\�������+RZHYHU��LW�LV�SRVVLEOH�WKDW�

FRPSHQVDWLRQ� LQ� WKH�GHYHORSPHQWDO�SKDVH�SHUPLWWHG�DW\SLFDO� WXPRU� IRUPDWLRQ��

DGGLWLRQDOO\��ZH�GLG�QRW�H[DPLQH�DSRSWRVLV�RU�LPPHGLDWH�FKDQJHV�DIWHU�SRVWQDWDO�

+HV�� GHOHWLRQ�� 7KHUHIRUH�� LQ� WKLV� VWXG\�� ZH� SHUIRUPHG� 76&�VSHFLILF� +HV��

GHOHWLRQ��ZKLFK� LQGLFDWHG� WKDW� WKH�GHOHWLRQ�RI�+HV�� LQ� WKH�76&V�RI�HVWDEOLVKHG�

WXPRUV� OHDGV� WR� WXPRU� UHJUHVVLRQ� E\� LQGXFLQJ� LPPHGLDWH� DSRSWRVLV�� 7KHVH�

ILQGLQJV�SURYLGH�VWURQJ�HYLGHQFH�IRU�+HV��WDUJHWLQJ�WXPRU�WKHUDS\��7KH�GUDPDWLF�

FKDQJH�LQ�+HV��GHOHWHG�/JU���76&V�FDQ�EH�DWWULEXWHG�WR�WKH�DEUXSW�XSUHJXODWLRQ�

RI�3WHQ��+HV��GLUHFWO\�VXSSUHVVHV�3WHQ����������DQG�3WHQ�XSUHJXODWLRQ�LQGXFHV�
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DSRSWRVLV�YLD�GLUHFW�XSUHJXODWLRQ�RI�S���DFWLYLW\������DQG�GRZQUHJXODWLRQ�RI�WKH�

3,�.�$NW� SDWKZD\V�� VXFK� DV� WKH� 3,�.�$NW�P725� DQG� 3,�.�$NW�*6.�ȕ�

SDWKZD\V� ���������3URYLGHG� WKDW�+HV��NQRFNGRZQ� LQ� WKH�ZLOG�W\SH�DQG�PXWDQW�

S���FRORQ�FDQFHU�FHOO�OLQHV�LQFUHDVHV�DSRSWRVLV�������PXOWLSOH�SDWKZD\V��VXFK�DV�

3WHQ�S���DQG�3WHQ�$NW��PD\�EH�LQYROYHG�LQ�LQGXFLQJ�DSRSWRVLV�LQ�+HV��GHOHWHG�

76&V�� �

,Q� FRQWUDVW� WR� QRUPDO� LQWHVWLQDO� HSLWKHOLD�� /JU��� 76&V� ZHUH� QRW�

JHQHUDWHG�IURP�WKH�VXUURXQGLQJ�WXPRU�FHOOV�DIWHU�GHOHWLRQ�RI�+HV���7KH�ORVV�RI�

/JU���76&V�DIWHU�+HV��GHOHWLRQ�FDQ�EH�DWWULEXWHG� WR� WKH� IROORZLQJ� WZR� IDFWRUV��

)LUVW��WKH�GHOHWLRQ�RI�+HV��LQ�WKH�76&V�UHVXOWV�LQ�FKDQJHV�WKDW�DUH�PRUH�VHYHUH�

WKDQ� WKRVH� LQ� 16&V� �LPPHGLDWH� DSRSWRVLV� LQ� WKH� IRUPHU� FRPSDUHG� WR� ORVV� RI�

VHOI�UHQHZDO�LQ�WKH�ODWWHU���DQG�VR�WKH�VXUURXQGLQJ�FHOOV�FRXOG�QRW�FRPSHQVDWH�IRU�

WKH� ORVV� RI� /JU��� 76&V� GXH� WR� DSRSWRVLV�� 6HFRQG�� EHFDXVH� WKH� SRSXODWLRQ� RI�

/JU��� FHOOV� H[SDQGHG� LQ� WKH� LQWHVWLQDO� WXPRUV� ������ LQ� WKH� QRUPDO� LQWHVWLQH�

FRPSDUHG�WR�����LQ�WKH�LQWHVWLQDO�WXPRUV��)LJ���)���LW�LV�SRVVLEOH�WKDW�WKH�/JU���

FHOOV�LQ�WKH�LQWHVWLQDO�WXPRUV�FRQVLVW�RI�ERWK�VWHP�FHOOV�DQG�SURJHQLWRU�FHOOV��7KH�

on June 1, 2017. © 2017 American Association for Cancer Research. cancerres.aacrjournals.org Downloaded from 

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on May 23, 2017; DOI: 10.1158/0008-5472.CAN-16-3192 

http://cancerres.aacrjournals.org/


�

���

�

ILUVW� IDFWRU�PD\�EH�PRUH�SODXVLEOH�EHFDXVH�+HV��GHOHWLRQ� LQ�'FON���76&V�DOVR�

OHDGV� WR� WXPRU� UHJUHVVLRQ� E\� LQGXFLQJ� LPPHGLDWH� DSRSWRVLV�� 8VLQJ� PXULQH�

OLQHDJH�WUDFLQJ�H[SHULPHQWV��ZH�KDYH�UHFHQWO\�VKRZQ�WKDW�'FON��PDUNV�76&V�LQ�

WKH� LQWHVWLQH�� DQG� SURSRVHG� WKDW� /JU��'FON��� FHOOV� DUH� WKH� ERQD� ILGH� 76&V� LQ�

LQWHVWLQDO�WXPRUV������,Q�WKLV�VWXG\��ZH�VKRZHG�WKDW�+HV��GHOHWLRQ�LQ�'FON���FHOOV�

DV�ZHOO�DV�LQ�/JU���FHOOV�OHDGV�WR�WXPRU�UHJUHVVLRQ��LPSO\LQJ�WKDW�+HV��GHOHWLRQ�LQ�

/JU��'FON���FHOOV��ZKLFK�DFFRXQW�IRU�RQO\�D�VPDOO�VXEVHW�RI�WKH�WXPRU�FHOOV��PD\�

EH�VXIILFLHQW�IRU�WXPRU�UHJUHVVLRQ��

,QKLELWLRQ� RI� +HV�� E\� VPDOO� PROHFXOHV�� DQG� LQ� YLYR� GHOLYHU\� RI� +HV��

VL51$��DUH�WZR�DSSURDFKHV�WKDW�FDQ�EH�HPSOR\HG�WR�WDUJHW�+HV��IRU�WKHUDSHXWLF�

SXUSRVHV�� 6HYHUDO� FRPSRXQGV� FDQ� LQKLELW� +HV�� DFWLYLW\� ��������� $JDOORVLGH��

ZKLFK�GLUHFWO\�ELQGV�WR�+HV���KDV�EHHQ�UHFHQWO\�LGHQWLILHG�DV�D�QDWXUDOO\�RFFXUULQJ�

+HV�� GLPHU� LQKLELWRU� ������ )XUWKHUPRUH�� VL51$� GHOLYHU\� V\VWHPV� DUH� EHLQJ�

GHYHORSHG�IRU�FDQFHU�WUHDWPHQW�DQG�KDYH�DOUHDG\�HQWHUHG�FOLQLFDO�WULDOV�������7KH�

DGYDQFH�RI�WKHVH�WHFKQRORJLHV�PD\�UHDOL]H�WKH�SRWHQWLDO�RI�+HV��WDUJHWLQJ�WXPRU�

VWHP�FHOO�WKHUDS\�LQ�WKH�IXWXUH�� �
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,Q�VXPPDU\��XVLQJ�VHYHUDO�PXULQH�PRGHOV�ZLWK�GLIIHUHQW�16&�DQG�76&�

PDUNHUV��ZH�KDYH�VKRZQ�WKH�QRYHO�UROH�RI�+HV��LQ�WKH�PDLQWHQDQFH�RI�16&V�DQG�

76&V� LQ� WKH� DGXOW� LQWHVWLQH�� +HV�� GHOHWLRQ� LQ� WKH� 16&V� OHDGV� WR� ORVV� RI�

VHOI�UHQHZDO� EXW� GRHV� QRW� GLVUXSW� KRPHRVWDVLV� �)LJ�� �$��� &RQYHUVHO\�� +HV��

GHOHWLRQ�LQ�WKH�76&V�OHDGV�WR�WXPRU�UHJUHVVLRQ�E\�LQGXFLQJ�LPPHGLDWH�DSRSWRVLV�

�)LJ�� �%��� %DVHG� RQ� WKH� GLIIHUHQW� UROHV� RI� +HV�� LQ� WKH� 16&V� DQG� 76&V�� ZH�

SURSRVH�WKDW�+HV��FDQ�EH�XVHG�DV�D�QRYHO�WXPRU�VSHFLILF�WKHUDSHXWLF�WDUJHW�WKDW�

GRHV�QRW�SHUWXUE�LQWHVWLQDO�KRPHRVWDVLV��

� �
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$FNQRZOHGJPHQWV�

7KH�DXWKRUV�WKDQN�5\RLFKLUR�.DJH\DPD�IRU�NLQGO\�SURYLGLQJ�Hes1flox�PLFH��DQG�

7HWVXR�6XGR�IRU�NLQGO\�SURYLGLQJ�WKH�+HV��DQWLERG\��

�

� �
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5HIHUHQFHV�

��� &OHYHUV�+��7KH�FDQFHU�VWHP�FHOO��SUHPLVHV��SURPLVHV�DQG�FKDOOHQJHV��1DW�
0HG���������������

��� %HFN� %�� %ODQSDLQ� &�� 8QUDYHOOLQJ� FDQFHU� VWHP� FHOO� SRWHQWLDO�� 1DW� 5HY�
&DQFHU����������������

��� 0HGHPD� -3�� &DQFHU� VWHP� FHOOV�� WKH� FKDOOHQJHV� DKHDG�� 1DW� &HOO� %LRO�
���������������

��� %DUNHU�1��YDQ�(V�-+��.XLSHUV�-��.XMDOD�3��YDQ�GHQ�%RUQ�0��&R]LMQVHQ�0, 

et al.� ,GHQWLILFDWLRQ�RI�VWHP�FHOOV� LQ�VPDOO� LQWHVWLQH�DQG�FRORQ�E\�PDUNHU�
JHQH�/JU���1DWXUH�����������������

��� 6FKHSHUV�$*��6QLSSHUW�+-��6WDQJH�'(��YDQ�GHQ�%RUQ�0��YDQ�(V�-+��YDQ�
GH�:HWHULQJ�0, et al.�/LQHDJH�WUDFLQJ�UHYHDOV�/JU���VWHP�FHOO�DFWLYLW\�LQ�
PRXVH�LQWHVWLQDO�DGHQRPDV��6FLHQFH����������������

��� 6DQJLRUJL�(��&DSHFFKL�05��%PL�� LV�H[SUHVVHG� LQ�YLYR� LQ� LQWHVWLQDO�VWHP�
FHOOV��1DW�*HQHW����������������

��� 6QLSSHUW�+-��YDQ�(V�-+��YDQ�GHQ�%RUQ�0��%HJWKHO�+��6WDQJH�'(��%DUNHU�1, 

et al.�3URPLQLQ���&'����PDUNV�VWHP�FHOOV�DQG�HDUO\�SURJHQLWRUV�LQ�PRXVH�
VPDOO�LQWHVWLQH��*DVWURHQWHURORJ\������������������H��

��� =KX�/��*LEVRQ�3��&XUUOH�'6��7RQJ�<��5LFKDUGVRQ�5-��%D\D]LWRY�,7, et al.�
3URPLQLQ���PDUNV�LQWHVWLQDO�VWHP�FHOOV�WKDW�DUH�VXVFHSWLEOH�WR�QHRSODVWLF�
WUDQVIRUPDWLRQ��1DWXUH����������������

��� 1DNDQLVKL� <�� 6HQR�+�� )XNXRND� $�� 8HR� 7�� <DPDJD� <��0DUXQR� 7, et al.�
'FON��GLVWLQJXLVKHV�EHWZHHQ�WXPRU�DQG�QRUPDO�VWHP�FHOOV�LQ�WKH�LQWHVWLQH��
1DW�*HQHW����������������

���� .DJH\DPD�5��2KWVXND�7��.RED\DVKL�7��7KH�+HV�JHQH�IDPLO\��UHSUHVVRUV�
DQG� RVFLOODWRUV� WKDW� RUFKHVWUDWH� HPEU\RJHQHVLV�� 'HYHORSPHQW�
�����������������

���� ,PD\RVKL�,��,VRPXUD�$��+DULPD�<��.DZDJXFKL�.��.RUL�+��0L\DFKL�+, et al.�
2VFLOODWRU\�FRQWURO�RI�IDFWRUV�GHWHUPLQLQJ�PXOWLSRWHQF\�DQG�IDWH�LQ�PRXVH�
QHXUDO�SURJHQLWRUV��6FLHQFH�����������������

���� 9DQ'XVVHQ�./��&DUXOOL�$-��.HHOH\�70��3DWHO�65��3XWKRII�%-��0DJQHVV�67, 

et al.� 1RWFK� VLJQDOLQJ� PRGXODWHV� SUROLIHUDWLRQ� DQG� GLIIHUHQWLDWLRQ� RI�
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LQWHVWLQDO�FU\SW�EDVH�FROXPQDU�VWHP�FHOOV��'HYHORSPHQW�����������������
���� 7LDQ�+�� %LHKV�%��&KLX�&�� 6LHEHO� &:��:X�<��&RVWD�0, et al.� 2SSRVLQJ�

DFWLYLWLHV�RI�1RWFK�DQG�:QW�VLJQDOLQJ�UHJXODWH�LQWHVWLQDO�VWHP�FHOOV�DQG�JXW�
KRPHRVWDVLV��&HOO�5HS���������������

���� 8HR�7��,PD\RVKL�,��.RED\DVKL�7��2KWVXND�7��6HQR�+��1DNDVH�+, et al.�7KH�
UROH� RI� +HV� JHQHV� LQ� LQWHVWLQDO� GHYHORSPHQW�� KRPHRVWDVLV� DQG� WXPRU�
IRUPDWLRQ��'HYHORSPHQW������������������

���� )RUGKDP� 53�� <XL� 6�� +DQQDQ� 15�� 6RHQGHUJDDUG� &�� 0DGJZLFN� $��
6FKZHLJHU� 3-, et al.� 7UDQVSODQWDWLRQ� RI� H[SDQGHG� IHWDO� LQWHVWLQDO�
SURJHQLWRUV�FRQWULEXWHV�WR�FRORQ�UHJHQHUDWLRQ�DIWHU� LQMXU\��&HOO�6WHP�&HOO�
���������������

���� 0XVWDWD�5&��9DVLOH�*��)HUQDQGH]�9DOORQH�9��6WUROOR�6��/HIRUW�$��/LEHUW�), 

et al.� ,GHQWLILFDWLRQ�RI�/JU��LQGHSHQGHQW�VSKHURLG�JHQHUDWLQJ�SURJHQLWRUV�
RI�WKH�PRXVH�IHWDO�LQWHVWLQDO�HSLWKHOLXP��&HOO�5HS���������������

���� +DUDGD�1�� 7DPDL� <�� ,VKLNDZD� 7�� 6DXHU� %�� 7DNDNX� .��2VKLPD�0, et al.�
,QWHVWLQDO� SRO\SRVLV� LQ� PLFH� ZLWK� D� GRPLQDQW� VWDEOH� PXWDWLRQ� RI� WKH�
EHWD�FDWHQLQ�JHQH��(0%2�-�����������������

���� ,PD\RVKL� ,�� 6KLPRJRUL� 7�� 2KWVXND� 7�� .DJH\DPD� 5�� +HV� JHQHV� DQG�
QHXURJHQLQ� UHJXODWH� QRQ�QHXUDO� YHUVXV� QHXUDO� IDWH� VSHFLILFDWLRQ� LQ� WKH�
GRUVDO�WHOHQFHSKDOLF�PLGOLQH��'HYHORSPHQW������������������

���� 0L\RVKL�+��6WDSSHQEHFN�76��,Q�YLWUR�H[SDQVLRQ�DQG�JHQHWLF�PRGLILFDWLRQ�
RI� JDVWURLQWHVWLQDO� VWHP� FHOOV� LQ� VSKHURLG� FXOWXUH�� 1DWXUH� SURWRFROV�
���������������

���� 6DWR�7��9ULHV�5*��6QLSSHUW�+-��YDQ�GH�:HWHULQJ�0��%DUNHU�1��6WDQJH�'(, 

et al.�6LQJOH�/JU��VWHP�FHOOV�EXLOG�FU\SW�YLOOXV�VWUXFWXUHV�LQ�YLWUR�ZLWKRXW�D�
PHVHQFK\PDO�QLFKH��1DWXUH����������������

���� 3HLJQRQ�*��'XUDQG�$��&DFKHX[�:��$\UDXOW�2��7HUULV�%��/DXUHQW�3XLJ�3, et 

al.�&RPSOH[�LQWHUSOD\�EHWZHHQ�EHWD�FDWHQLQ�VLJQDOOLQJ�DQG�1RWFK�HIIHFWRUV�
LQ�LQWHVWLQDO�WXPRULJHQHVLV��*XW����������������

���� .D\DKDUD�7��6DZDGD�0��7DNDLVKL�6��)XNXL�+��6HQR�+��)XNX]DZD�+, et al.�
&DQGLGDWH�PDUNHUV� IRU� VWHP� DQG� HDUO\� SURJHQLWRU� FHOOV��0XVDVKL��� DQG�
+HV��� DUH� H[SUHVVHG� LQ� FU\SW� EDVH� FROXPQDU� FHOOV� RI� PRXVH� VPDOO�
LQWHVWLQH��)(%6�/HWWHUV����������������
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���� *DR�)��=KDQJ�<��:DQJ�6��/LX�<��=KHQJ�/��<DQJ�-, et al.�+HV��LV�LQYROYHG�LQ�
WKH� VHOI�UHQHZDO� DQG� WXPRXULJHQLFLW\� RI� VWHP�OLNH� FDQFHU� FHOOV� LQ� FRORQ�
FDQFHU��6FL�5HS�������������

���� +DW]LV�3��YDQ�GHU�)OLHU�/*��YDQ�'ULHO�0$��*XU\HY�9��1LHOVHQ�)��'HQLVVRY�6, 

et al.� *HQRPH�ZLGH� SDWWHUQ� RI� 7&)�/��7&)�� FKURPDWLQ� RFFXSDQF\� LQ�
FRORUHFWDO�FDQFHU�FHOOV��0RO�&HOO�%LRO�����������������

���� &OHYHUV�+��7KH�LQWHVWLQDO�FU\SW��D�SURWRW\SH�VWHP�FHOO�FRPSDUWPHQW��&HOO�
����������������

���� 7LDQ�+��%LHKV�%��:DUPLQJ�6�� /HRQJ�.*��5DQJHOO� /��.OHLQ�2', et al.� $�
UHVHUYH�VWHP�FHOO�SRSXODWLRQ�LQ�VPDOO�LQWHVWLQH�UHQGHUV�/JU��SRVLWLYH�FHOOV�
GLVSHQVDEOH��1DWXUH����������������

���� 6FKXLMHUV�-��YDQ�GHU�)OLHU�/*��YDQ�(V�-��&OHYHUV�+��5REXVW�FUH�PHGLDWHG�
UHFRPELQDWLRQ�LQ�VPDOO�LQWHVWLQDO�VWHP�FHOOV�XWLOL]LQJ�WKH�ROIP��ORFXV��6WHP�
&HOO�5HSRUWV���������������

���� 3DORPHUR�7��6XOLV�0/��&RUWLQD�0��5HDO�3-��%DUQHV�.��&LRIDQL�0, et al.�
0XWDWLRQDO� ORVV� RI� 37(1� LQGXFHV� UHVLVWDQFH� WR� 127&+�� LQKLELWLRQ� LQ�
7�FHOO�OHXNHPLD��1DW�0HG�����������������

���� *DR�)��+XDQJ�:��=KDQJ�<��7DQJ�6��=KHQJ�/��0D�), et al.�+HV��SURPRWHV�
FHOO� SUROLIHUDWLRQ� DQG� PLJUDWLRQ� E\� DFWLYDWLQJ� %PL��� DQG�
37(1�$NW�*6.�EHWD� SDWKZD\� LQ� KXPDQ� FRORQ� FDQFHU�� 2QFRWDUJHW�
����������������

���� )UHHPDQ�'-�� /L� $*��:HL�*�� /L�++��.HUWHV]�1�� /HVFKH�5, et al.� 37(1�
WXPRU� VXSSUHVVRU� UHJXODWHV� S��� SURWHLQ� OHYHOV� DQG� DFWLYLW\� WKURXJK�
SKRVSKDWDVH�GHSHQGHQW� DQG� �LQGHSHQGHQW� PHFKDQLVPV�� &DQFHU� &HOO�
��������������

���� )UDQNH�7)��+RUQLN�&3��6HJHY�/��6KRVWDN�*$��6XJLPRWR�&��3,�.�$NW�DQG�
DSRSWRVLV��VL]H�PDWWHUV��2QFRJHQH�����������������

���� .RULQHN�9��%DUNHU�1��0RHUHU�3��YDQ�'RQVHODDU�(��+XOV�*��3HWHUV�3-, et al.�
'HSOHWLRQ� RI� HSLWKHOLDO� VWHP�FHOO� FRPSDUWPHQWV� LQ� WKH� VPDOO� LQWHVWLQH� RI�
PLFH�ODFNLQJ�7FI����1DW�*HQHW����������������

���� 5RGLOOD� 9�� 9LOODQXHYD� $�� 2EUDGRU�+HYLD� $�� 5REHUW�0RUHQR� $��
)HUQDQGH]�0DMDGD� 9�� *ULOOL� $, et al.� -DJJHG�� LV� WKH� SDWKRORJLFDO� OLQN�
EHWZHHQ�:QW�DQG�1RWFK�SDWKZD\V� LQ�FRORUHFWDO�FDQFHU��3URF�1DWO�$FDG�
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6FL�8�6�$������������������
���� )UH�6��3DOODYL�6.��+X\JKH�0��/DH�0��-DQVVHQ�.3��5RELQH�6, et al.�1RWFK�

DQG�:QW�VLJQDOV�FRRSHUDWLYHO\�FRQWURO�FHOO�SUROLIHUDWLRQ�DQG�WXPRULJHQHVLV�
LQ�WKH�LQWHVWLQH��3URF�1DWO�$FDG�6FL�8�6�$������������������

���� HO� 0DUMRX� )�� -DQVVHQ� .3�� &KDQJ� %+�� /L� 0�� +LQGLH� 9�� &KDQ� /, et al.�
7LVVXH�VSHFLILF� DQG� LQGXFLEOH� &UH�PHGLDWHG� UHFRPELQDWLRQ� LQ� WKH� JXW�
HSLWKHOLXP��*HQHVLV����������������

���� 6QLSSHUW� +-�� YDQ� GHU� )OLHU� /*�� 6DWR� 7�� YDQ� (V� -+�� YDQ� GHQ� %RUQ� 0��
.URRQ�9HHQERHU�&, et al.�,QWHVWLQDO�FU\SW�KRPHRVWDVLV�UHVXOWV�IURP�QHXWUDO�
FRPSHWLWLRQ� EHWZHHQ� V\PPHWULFDOO\� GLYLGLQJ� /JU�� VWHP� FHOOV�� &HOO�
����������������

���� :HQGRUII�$$��.RFK�8��:XQGHUOLFK�)7��:LUWK�6��'XEH\�&��%UXQLQJ�-&, et al.�
+HV�� LV� D� FULWLFDO� EXW� FRQWH[W�GHSHQGHQW� PHGLDWRU� RI� FDQRQLFDO� 1RWFK�
VLJQDOLQJ� LQ� O\PSKRF\WH� GHYHORSPHQW� DQG� WUDQVIRUPDWLRQ�� ,PPXQLW\�
���������������

���� 6FKQHOO� 6$��$PEHVL�,PSLRPEDWR�$��6DQFKH]�0DUWLQ�0��%HOYHU� /��;X� /��
4LQ�<, et al.� 7KHUDSHXWLF� WDUJHWLQJ�RI�+(6�� WUDQVFULSWLRQDO� SURJUDPV� LQ�
7�$//��%ORRG������������������

���� $UDL�0$��,VKLNDZD�1��7DQDND�0��8HPXUD�.��6XJLPLWVX�1��6XJDQDPL�$, et 

al.� +HV�� LQKLELWRU� LVRODWHG� E\� WDUJHW� SURWHLQ� RULHQWHG� QDWXUDO� SURGXFWV�
LVRODWLRQ� �732�1$3,�� RI� GLIIHUHQWLDWLRQ� DFWLYDWRUV� RI� QHXUDO� VWHP� FHOOV��
&KHP�6FL����������������

���� 6DLO�9��+DGGHQ�0.��,GHQWLILFDWLRQ�RI�VPDOO�PROHFXOH�+HV��PRGXODWRUV�DV�
SRWHQWLDO� DQWLFDQFHU� FKHPRWKHUDSHXWLFV�� &KHP� %LRO� 'UXJ� 'HV�
���������������

���� .DQDVW\�5��'RUNLQ�-5��9HJDV�$��$QGHUVRQ�'��'HOLYHU\�PDWHULDOV�IRU�VL51$�
WKHUDSHXWLFV��1DW�0DWHU����������������

�

� �
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)LJXUH�/HJHQGV�

)LJXUH����

+HV��GHOHWLRQ�LQ�/JU���16&V�UHVXOWV�LQ�ORVV�RI�VHOI�UHQHZDO��EXW�GRHV�QRW�SHUWXUE�

LQWHVWLQDO� KRPHRVWDVLV�� �$�� 0DFURVFRSLF� LPDJHV� DQG� +	(� VWDLQLQJ� RI� /DF=�

VWDLQLQJ� LQ� WKH�VPDOO� LQWHVWLQH� LQ�Lgr5CreERT2/+; Hes1flox/flox; Rosa26LacZ/��PLFH�DW�

GD\� ��� ��� ��� DQG� �� DIWHU� WDPR[LIHQ� LQGXFWLRQ�� �%�� ,PPXQRVWDLQLQJ� RI� +HV�� LQ�

Lgr5CreERT2/+; Hes1+/+; Rosa26LacZ/+� DQG� Lgr5CreERT2/+; Hes1flox/flox; Rosa26LacZ/+�

PLFH�DW�GD\���DIWHU�LQWHQVLYH�LQGXFWLRQ���&��4XDQWLILFDWLRQ�RI�+HV���FHOOV�SHU�FU\SW�

DW�GD\���DIWHU�LQWHQVLYH�LQGXFWLRQ�DQG�Lgr5�*)3��FHOOV�DQG�+HV���FHOOV�SHU�FU\SW�

DW�GD\����DIWHU�LQWHQVLYH�LQGXFWLRQ��Q� ��������HDFK��
P����������'��0DFURVFRSLF�

LPDJHV� RI� /DF=� VWDLQLQJ� LQ� WKH� VPDOO� LQWHVWLQH� LQ� Lgr5CreERT2/+; Hes1+/+; 

Rosa26LacZ/+� DQG� Lgr5CreERT2/+; Hes1flox/flox; Rosa26LacZ/+� PLFH� DW� GD\� ��� DIWHU�

LQWHQVLYH� LQGXFWLRQ�� �(�� +	(� VWDLQLQJ� DQG� LPPXQRVWDLQLQJ� RI� Lgr5�*)3� DQG�

+HV�� LQ� Lgr5CreERT2/+; Hes1+/+; Rosa26LacZ/+ DQG� Lgr5CreERT2/+; Hes1flox/flox; 

Rosa26LacZ/+�PLFH�DW�GD\����DIWHU�LQWHQVLYH�LQGXFWLRQ��6FDOH�EDUV�����ȝP��$�%�(���

�
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)LJXUH����

6SKHURLG�IRUPDWLRQ�ZDV�DEURJDWHG�LQ�+HV��GHOHWHG�Lgr5�*)3KLJK�VLQJOH�FHOOV���$��

6FKHPH� RI� +HV�� GHOHWLRQ� LQ� Lgr5�*)3KLJK� VLQJOH� FHOOV�� �%�&�� 7KH� QXPEHU� RI�

VSKHURLGV�IRUPHG�IURP������Lgr5�*)3KLJK�VLQJOH�FHOOV��VRUWHG�IURP�Lgr5CreERT2/+; 

Hes1+/+�DQG�Lgr5CreERT2/+; Hes1flox/flox�PLFH��DW�GD\����%���LPDJHV�ZHUH�DFTXLUHG�DW�

GD\V���DQG����&���Q� ��������HDFK���'��6FKHPH�RI�+HV��GHOHWLRQ�LQ�/JU���16&V�

RI�HVWDEOLVKHG�VSKHURLGV���(��T57�3&5�DQDO\VLV�RI�Lgr5�LQ�VSKHURLGV�FXOWXUHG�LQ�

����/�:51�&0��&+,5�������DQG�9DOSURLF�DFLG�DQG� LQ� VSKHURLGV� FXOWXUHG� LQ�

����/�:51�&0��Q� ����HDFK���)�*��7LPH�FRXUVH�LPDJHV��)��DQG�GLDPHWHU��*��RI�

VSKHURLGV� JHQHUDWHG� IURP� Lgr5CreERT2/+; Hes1+/+� DQG� Lgr5CreERT2/+; Hes1flox/flox�

PLFH� DIWHU� LQGXFWLRQ�� Q�  � ���� HDFK��6FDOH� EDUV�� ����ȝP� �&�)��� ����ȝP� �EODFN�

ER[HV�LQ�SDQHO�)���

�

)LJXUH����

+HV��GHOHWLRQ�LQ�%PL���16&V�UHVXOWV�LQ�ORVV�RI�VHOI�UHQHZDO��EXW�GRHV�QRW�SHUWXUE�

LQWHVWLQDO� KRPHRVWDVLV�� �$�� 0DFURVFRSLF� LPDJHV� DQG� +	(� VWDLQLQJ� RI� /DF=�

on June 1, 2017. © 2017 American Association for Cancer Research. cancerres.aacrjournals.org Downloaded from 

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on May 23, 2017; DOI: 10.1158/0008-5472.CAN-16-3192 

http://cancerres.aacrjournals.org/


�

���

�

VWDLQLQJ�RI� WKH�VPDOO� LQWHVWLQH� LQ�Bmi1CreERT/+; Hes1flox/flox; Rosa26LacZ/+�PLFH�DW�

GD\� ��� ��� ��� DQG� �� DIWHU� WDPR[LIHQ� LQGXFWLRQ�� �%�� ,PPXQRVWDLQLQJ� RI� +HV�� LQ�

Bmi1CreERT/+; Hes1flox/+; Rosa26LacZ/+�DQG�Bmi1CreERT2/+; Hes1flox/flox; Rosa26LacZ/+�

PLFH���GD\V�DIWHU�LQWHQVLYH�LQGXFWLRQ���&��4XDQWLILFDWLRQ�RI�+HV���FHOOV�SHU�FU\SW�

DW� GD\� �� DQG� GD\� ��� DIWHU� LQWHQVLYH� LQGXFWLRQ�� Q�  � ���� HDFK�� 
P� �� ������ �'��

0DFURVFRSLF� LPDJHV� RI� /DF=� VWDLQLQJ� LQ� WKH� VPDOO� LQWHVWLQH� LQ� Bmi1CreERT/+; 

Hes1flox/+; Rosa26LacZ/+�DQG�Bmi1CreERT/+; Hes1flox/flox; Rosa26LacZ/+�PLFH����GD\V�

DIWHU� LQWHQVLYH� LQGXFWLRQ�� �(�� +	(� VWDLQLQJ� DQG� LPPXQRVWDLQLQJ� RI� +HV�� LQ�

Bmi1CreERT/+; Hes1flox/+; Rosa26LacZ/+� DQG�Bmi1CreERT/+; Hes1flox/flox; Rosa26LacZ/+�

PLFH����GD\V�DIWHU�LQWHQVLYH�LQGXFWLRQ��6FDOH�EDUV�����ȝP��$�%�(���

�

)LJXUH����

&RQFRPLWDQW� +HV�� GHOHWLRQ� LQ� ȕ�FDWHQLQ�VWDELOL]HG� 16&V� DEURJDWHV� WXPRU�

IRUPDWLRQ�� �$�� 0DFURVFRSLF� LPDJHV� RI� WKH� GXRGHQXP�� +	(� VWDLQLQJ�� DQG�

LPPXQRVWDLQLQJ�RI�ȕ�FDWHQLQ�DQG�+HV�� LQ�Lgr5CreERT2/+; Ctnnb1lox(ex3)/+; Hes1+/+�

DQG� Lgr5CreERT2/+; Ctnnb1lox(ex3)/+; Hes1flox/flox� PLFH� DW� GD\� ��� DIWHU� WDPR[LIHQ�
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LQGXFWLRQ��$UURZKHDGV�LQGLFDWH�PLFURDGHQRPD���%��7KH�ORJ�UDQN�WHVW�UHYHDOHG�D�

VLJQLILFDQWO\� ORQJHU� VXUYLYDO� RI� Lgr5CreERT2/+; Ctnnb1lox(ex3)/+; Hes1flox/flox� PLFH�

FRPSDUHG�ZLWK�Lgr5CreERT2/+; Ctnnb1lox(ex3)/+; Hes1+/+�FRQWURO�PLFH�DIWHU�WDPR[LIHQ�

LQGXFWLRQ� �P� �� ��������� 067�� PHGLDQ� VXUYLYDO� WLPH�� Q�  � ���� HDFK�� �&�� 7LPH�

FRXUVH� RI� FKDQJH� LQ� VL]H� DQG� QXPEHU� RI� LQWHVWLQDO� WXPRUV� RI� Lgr5CreERT2/+; 

Ctnnb1lox(ex3)/+; Hes1flox/flox�PLFH�DIWHU�WDPR[LIHQ�LQGXFWLRQ���'��,PPXQRVWDLQLQJ�RI�

+HV�� LQ�PDFURDGHQRPD��PLFURDGHQRPD�� DQG� QRUPDO�PXFRVD� RI�Lgr5CreERT2/+; 

Ctnnb1lox(ex3)/+; Hes1flox/flox� PLFH� DW� ZHHN� ��� DIWHU� WDPR[LIHQ� LQGXFWLRQ�� �(�)��

0DFURVFRSLF� LPDJHV� �(�� DQG� +	(� VWDLQLQJ� �)�� RI� /DF=� VWDLQLQJ� LQ� WKH� VPDOO�

LQWHVWLQH�LQ�Lgr5CreERT2/+; Ctnnb1lox(ex3)/+; Hes1+/+; Rosa26LacZ/+�DQG�Lgr5CreERT2/+; 

Ctnnb1lox(ex3)/+; Hes1flox/flox; Rosa26LacZ/+�PLFH�DW�GD\����DIWHU�WDPR[LIHQ�LQGXFWLRQ��

6FDOH�EDUV�����ȝP��$�'�)���

�

)LJXUH����

+HV�� GHOHWLRQ� LQ� /JU��� 76&V� RI� HVWDEOLVKHG� LQWHVWLQDO� WXPRUV� UHVXOWV� LQ� WXPRU�

UHJUHVVLRQ� E\� LQGXFLQJ� LPPHGLDWH� DSRSWRVLV�� �$��0DFURVFRSLF� LPDJH� RI� /DF=�
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VWDLQLQJ�LQ�WKH�VPDOO� LQWHVWLQH�LQ�Lgr5CreERT2/+; Hes1flox/flox; ApcMin/+; Rosa26LacZ/+�

PLFH�DW�GD\���DIWHU�WDPR[LIHQ�LQGXFWLRQ�UHYHDOHG�LQMXUHG�LQWHVWLQDO�WXPRUV�GHYRLG�

RI� EOXH� FHOOV� �5HG� FLUFOHV��� +	(� VWDLQLQJ� DW� GD\� �� DIWHU� LQWHQVLYH� LQGXFWLRQ�

UHYHDOHG�VHYHUHO\�LQMXUHG�LQWHVWLQDO�WXPRU��EODFN�FLUFOH���DQG�PDFURVFRSLF�LPDJH�

RI�/DF=�VWDLQLQJ�DW�GD\����DIWHU� LQWHQVLYH�LQGXFWLRQ�UHYHDOHG�WXPRU�UHJUHVVLRQ��

�%��+	(�VWDLQLQJ�RI�Lgr5CreERT2/+; Hes1flox/flox; ApcMin/+; Rosa26LacZ/+�PLFH�DW�GD\���

DQG� GD\� �� DIWHU� WDPR[LIHQ� LQGXFWLRQ�� ,PPXQRIOXRUHVFHQW� VWDLQLQJ� RI� FOHDYHG�

FDVSDVH���DQG�Lgr5�*)3�LQ�Lgr5CreERT2/+; Hes1flox/flox; ApcMin/+�PLFH�DW�GD\���DIWHU�

WDPR[LIHQ� LQGXFWLRQ�� �&�� 3URSRUWLRQ� RI� FOHDYHG� FDVSDVH���� FHOOV� LQ�Lgr5�*)3��

FHOOV� LQ� WKH� QRUPDO� LQWHVWLQH� DQG� LQWHVWLQDO� WXPRUV� RI� Lgr5CreERT2/+; Hes1+/+; 

ApcMin/+� DQG� Lgr5CreERT2/+; Hes1flox/flox; ApcMin/+� PLFH� DW� GD\� �� DIWHU� WDPR[LIHQ�

LQGXFWLRQ��
P����������'��T57�3&5�RI�Hes1, Bcl2, Bax,�DQG�Pten�LQ�VRUWHG�/JU���

FHOOV� IURP� LQWHVWLQDO� WXPRUV�RI�Lgr5CreERT2/+; Hes1+/+; ApcMin/+� DQG�Lgr5CreERT2/+; 

Hes1flox/flox; ApcMin/+�PLFH�DW�GD\���DIWHU� WDPR[LIHQ� LQGXFWLRQ��Q� ����HDFK��
P���

������ �(�� 0DFURVFRSLF� LPDJHV� DQG� WKH� QXPEHU� RI� LQWHVWLQDO� WXPRUV� LQ�

Lgr5CreERT2/+; Hes1+/+; ApcMin/+�DQG�Lgr5CreERT2/+; Hes1flox/flox; ApcMin/+�PLFH�DW�GD\�
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�� DIWHU� LQWHQVLYH� WDPR[LIHQ� LQGXFWLRQ�� Q�  � ������ HDFK�� 
P� �� ������ �)��

,PPXQRVWDLQLQJ�RI�Lgr5�*)3�LQ�Lgr5CreERT2/+; Hes1+/+; ApcMin/+�DQG�Lgr5CreERT2/+; 
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