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LQ� LQWUDKHSDWLF� FKRODQJLRFDUFLQRPD� �&&$�� ZLWK� LWV� KLJK� LQFLGHQFH� �a������$Q� ,'+�� LQKLELWRU��
,YRVLGHQLE�� UHFHLYHG� )'$� DSSURYDO� IRU� WUHDWLQJ� ,'+��PXWDQW� �,'+�PW��&&$�� \HW� WKH� REMHFWLYH�
UHVSRQVH�UDWH�ZDV�RQO\����LQ�WKH�SKDVH���&ODU,'+\�WULDO��7KXV��QRYHO�DSSURDFKHV�WR�WDUJHW�,'+��
PXWDWLRQ�DUH�QHFHVVDU\��7HPR]RORPLGH��70=��LV�DQ�DON\ODWLQJ�DJHQW�ZLGHO\�XVHG�WR�WUHDW�,'+�PW�
JOLRPD��+RZHYHU��LWV�F\WRWR[LF�HIIHFWV�KDYH�QRW�EHHQ�SUHYLRXVO\�LQYHVWLJDWHG�LQ�&&$��7KHUHIRUH��RXU�
VWXG\�H[SORUHG�ZKHWKHU�70=�KDV�WKHUDSHXWLF�SRWHQWLDO�IRU�WUHDWLQJ�,'+�PW�&&$��:H�XWLOL]HG�KXPDQ�
&&$�FHOO�OLQHV�KDUERULQJ�D�ZLOG�W\SH��:7��,'+���618�������618������RU�,'+��PXWDWLRQV��5%(��
5���6�� 618������� 5���&��� &KDUDFWHUL]DWLRQ� RI� ,'+�PW� &&$� ZDV� DFKLHYHG� XVLQJ� D� '���
K\GUR[\JOXWDUDWH��'�+*��DVVD\�DQG�PHWDEROLF�SURILOLQJ��)XHO�)OH[�7HVW���7KH�F\WRWR[LF�HIIHFWV�RI�
70=� LQ� &&$�ZHUH� HYDOXDWHG� ZLWK� &&.�� DVVD\�� FHOO� F\FOH� DQDO\VLV�� LPPXQREORW� DQDO\VLV�� DQG�
LPPXQRF\WRFKHPLVWU\��:H� FRQILUPHG� D� VLJQLILFDQW� HOHYDWLRQ�RI� RQFRPHWDEROLWH�'�+*� OHYHOV� LQ�
,'+�PW� &&$� FHOOV� FRPSDUHG� WR� ,'+�� :7� �S�� ������� '�+*� FRPSHWLWLYHO\� LQKLELWV� Ƚ��.*�
GHSHQGHQW� HQ]\PHV�� ZKLFK� FDXVH� HSLJHQHWLF� G\VUHJXODWLRQ� DQG� PHWDEROLF� UHSURJUDPPLQJ��
0HWDERORPLF�DVVD\V�UHYHDOHG�WKDW�,'+�PW�DQG�:7�&&$�FHOO�OLQHV�XVH�GLVWLQFW�PHWDEROLF�SDWKZD\V�
ZLWK� WKH�KLJKHVW�GHSHQGHQF\�RQ�JO\FRO\VLV�DQG�IDWW\�DFLG�R[LGDWLRQ�� UHVSHFWLYHO\��'UXJ�VFUHHQLQJ�
UHYHDOHG�WKDW�DOO�&&$�FHOOV�DUH�VHQVLWLYH�WR�JHPFLWDELQH��,&����a����������X0���DQG�LQKLELWLRQ�RI�
FHOO� SUROLIHUDWLRQ� ZDV� XQDFKLHYDEOH� ZLWK� ,YRVLGHQLE� �,&��� !� ���Ɋ�0�� UHJDUGOHVV� RI� WKH� ,'+��
PXWDWLRQ�VWDWXV��+RZHYHU��ZH�IRXQG�WKDW�70=�VHOHFWLYHO\�LQKLELWV�,'+�PW�&&$�FHOO�SUROLIHUDWLRQ�
�,&���� a���P0�� FRPSDUHG� WR� ,'+��:7� �,&��� !� �P0���70=� LQGXFHG� PRUH� '1$� GDPDJH� LQ�
,'+�PW�WKDQ�:7�&&$�FHOOV��a��IROG�YV��a����IROG�LQ�U+�$;�H[SUHVVLRQ�IROORZLQJ�70=�WUHDWPHQW���
)XUWKHUPRUH��ZH�QRWLFHG�WKDW�,YRVLGHQLE�WUHDWPHQW�LQGXFHV�*��*��DUUHVW��ZKLOH�70=�LQGXFHV�*��0�
DUUHVW�LQ�&&$��$Q�LQFUHDVHG�70=�LQGXFHG�*��0�DUUHVW�ZDV�REVHUYDEOH�LQ�,'+�PW��FRQWURO�YV��70=��
������YV�� ����� WKDQ� LQ� ,'+��:7�&&$�FHOOV� �FRQWURO� YV��70=��������YV�� ��������$OVR��70=�
VLJQLILFDQWO\�UHGXFHG�'�+*�OHYHOV�LQ�,'+�PW�&&$�FHOOV��S���������ZKLFK�UHVHPEOHV�WKH�PHFKDQLVP�
RI�DFWLRQ�RI�,YRVLGHQLE��2XU�ILQGLQJV�QRW�RQO\�VXJJHVW�WKDW�70=�H[KLELWV�SRWHQW�F\WRWR[LF�HIIHFWV�RQ�
,'+�PW�&&$�EXW�DOVR�LPSO\�WKH�V\QHUJLVWLF�HIIHFW�RI�FRPELQLQJ�LW�ZLWK�,YRVLGHQLE��ZKLFK�H[HUWV�D�
F\WRVWDWLF�HIIHFW�RQ�&&$��:H�ZLOO�YDOLGDWH�WKHVH�ILQGLQJV�ZLWK�RQJRLQJ�VWXGLHV�LQYROYLQJ�&5,635�
&DV��PHGLDWHG�JHQRPH�HGLWLQJ�DQG�LQ�YLYR�VWXGLHV� 
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I. INTRODUCTION 
1.1. Cholangiocarcinoma and Current Treatment Options  

� � � Cholangiocarcinoma (CCA), also referred to as biliary tract cancer, is a heterogeneous group 
of malignant tumors that arise from the biliary tract1. Based on the anatomical site of origin, CCAs 
are classified into the following subtypes: Intrahepatic CCA (iCCA), Extrahepatic CCA (eCCA), 
and Gallbladder carcinoma (GBC)2. 
 

Though CCA is a relatively rare type of cancer, accounting for ~3% of gastrointestinal cancers, 
it is the second most common primary hepatic malignancy following hepatocellular carcinoma3. 
The incidence of CCA varies greatly between geographic regions, with a significantly higher 
incidence in Southeast Asia (LQFLGHQFH�!���SHU���������KDELWDQWV�LQ�FRXQWULHV�OLNH�6RXWK�.RUHD��
than in Western countries ����±��SHU���������LQKDELWDQWV�SHU�\HDU� 3. Despite the advances in 
cancer diagnosis and treatment, the incidence and mortality rates of CCA have increased globally 
over the past decades. Moreover, patients with CCA have a poor prognosis with a 5-year survival 
ranging from 5% to 17%4. The main curative therapeutic options for CCA include surgical 
resection and adjuvant chemotherapy. However, surgery is only available in less than 20% of 
patients due to the anatomical location of the bile duct and late diagnosis at the advanced stage5. 
Moreover, the standard first-line regimen for CCA is Gemcitabine, combined with Cisplatin, 
following the phase III ABC-02 trial; Nonetheless, the median progression free-survival (PFS) and 
overall survival (OS) are very poor with 8 and 11.7 months, respectively6. Thus, therapeutic 
options for CCA not only remain limited but patients also experience inadequate responses to 
available therapies. 

 
1.2. Isocitrate Dehydrogenase 1 (IDH1) and IDH1 Mutation  

� � � ,Q�UHFHQW�\HDUV��QH[W�JHQHUDWLRQ�VHTXHQFLQJ��1*6��KDV�UHYHDOHG�SRWHQWLDOO\�DFWLRQDEOH�WDUJHWV�
LQ�&&$��7KH�PRVW�SUHYDOHQW�µGUXJJDEOH¶�WDUJHWV�LQ�&&$�LQFOXGH�ILEUREODVW�JURZWK�UHFHSWRU���
�)*)5���IXVLRQ��HUE�E��UHFHSWRU�W\URVLQH�NLQDVH����(5%%���DPSOLILFDWLRQ��DQG�LVRFLWUDWH�
GHK\GURJHQDVH����,'+���PXWDWLRQV���)ROORZLQJ�WKH�GLVFRYHU\�RI�VXFK�WDUJHWV��FRQVLGHUDEOH�
SURJUHVV�KDV�EHHQ�PDGH�LQ�GHYHORSLQJ�WDUJHWHG�WKHUDSLHV�LQ�&&$��)RU�LQVWDQFH��3HPLJDWLQLE��ZKLFK�
WDUJHWV�)*)5��IXVLRQ��LQFUHDVHG�WKH�PHGLDQ�26�WR������PRQWKV���$OVR��,YRVLGHQLE�UHFHQWO\�
UHFHLYHG�)'$�DSSURYDO�IRU�WUHDWLQJ�DGYDQFHG�&&$�ZLWK�,'+��PXWDWLRQ�IROORZLQJ�WKH�&ODU,'+\�
SKDVH�,,,�WULDO���'HVSLWH�LWV�FOLQLFDO�EHQHILWV��WKH�RYHUDOO�UHVSRQVH�UDWH�IRU�,YRVLGHQLE�ZDV�VROHO\�
�����ZKLFK�DFFHQWXDWHV�WKH�LPSRUWDQFH�RI�GHYHORSLQJ�PRUH�HIIHFWLYH�WKHUDSLHV�IRU�,'+��PXWDQW�
&&$�� 
 
  In detail, the isocitrate dehydrogenase 1 (IDH1) gene is a key metabolic enzyme in the citric 
acid (TCA) cycle essential for cellular respiration. IDH1 mutations are frequently reported in 
iCCA with an incidence of 11.4% 10. Specifically, IDH1 mutations result in an amino acid 



㸰 
 

substitution at residues located in the enzymatic active site at arginine 132 (R132)11. The 
mutational hotspots vary across cancer types with R132C and R132S being the most common 
IDH1 mutation variants in CCA12. Following IDH1 mutation, the normal enzymatic function of 
IDH1 becomes disrupted. Under normal circumstances, IDH1 converts isocitrate to Ƚ-
ketoglutarate (Ƚ-KG) with the concomitant production of NADPH. However, IDH1 mutation 
converts Ƚ-KG into an oncometabolite, D-2-hydroxyglutarate (D2HG). It has been suggested that 
D2HG acts as a competitive inhibitor of Ƚ-KG, which inhibits various Ƚ-KG-dependent enzymes, 
including the Ten-Eleven Translocation (TET) family of 5-methylcytosine hydroxylases13. 
Moreover, mutant IDH1 genes consume NADPH to produce D2HG, which disrupts cellular redox 
homeostasis14. By this means, IDH1 mutation may not only result in various epigenetic 
abnormalities, such as DNA hypermethylation but may also lead to metabolic reprogramming in 
cancer. 
 
  However, most prior research on IDH1 mutation was done in glioma, which mainly harbor a 
R132H variant. In other words, the molecular mechanism and clinical impacts of IDH1 mutation 
in CCA have not been comprehensively studied and require further research.  
 

1.3. Alkylating Agents in Treating IDH1-mutant (MT) CCA  
� � � 7HPR]RORPLGH��70=��LV�DQ�DON\ODWLQJ�DJHQW�ZLGHO\�XVHG�WR�WUHDW�,'+��07�JOLRPD�GXH�WR�LWV�
DELOLW\�WR�SHQHWUDWH�WKH�EORRG�EUDLQ�EDUULHU����$V�D�SURGUXJ�RI�WKH������GLPHWK\O���WULD]HQ\O��
LPLGD]ROH���FDUER[DPLGH��07,&���70=�PHWK\ODWHV�WKH�JXDQLQH�JURXS�LQ�'1$��7KH�2��PHWK\O�
JXDQLQH�LPSDLUV�ZLWK�WK\PLQH�XSRQ�'1$�UHSOLFDWLRQ��ZKLFK�DFWLYDWHV�WKH�'1$�PLVPDWFK�UHSDLU�
V\VWHP��005��DQG�LQGXFHV�DSRSWRVLV�WKURXJK�GLUHFW�'1$�GDPDJH����  
 
� � 3ULRU�UHVHDUFK�LQ�JOLRPD�KDV�GHPRQVWUDWHG�WKDW�SDWLHQWV�ZLWK�,'+��PXWDWLRQ�DUH�PRUH�VHQVLWLYH�
WR�70=�WUHDWPHQW�ZKHQ�FRPSDUHG�WR�WKRVH�ZLWK�,'+��ZLOG�W\SH��:7��JHQHV����,W�KDV�EHHQ�
SURSRVHG�WKDW�,'+��PXWDWLRQ�K\SHUPHWK\ODWHV�WKH�PHWK\OJXDQLQH�'1$�PHWK\OWUDQVIHUDVH�
�0*07��SURPRWHU��ZKLFK�LV�UHVSRQVLEOH�IRU�UHPRYLQJ�WKH�PHWK\O�'1$�DGGXFWV�IURP�WKH�2��
SRVLWLRQ�RI�JXDQLQH��7KHUHE\��SDWLHQWV�ZLWK�,'+��PXWDWLRQ�KDYH�ORZ�H[SUHVVLRQ�RI�0*07�DQG�
EHFRPH�PRUH�VXVFHSWLEOH�WR�WKH�F\WRWR[LF�HIIHFWV�RI�DON\ODWLQJ�DJHQWV��VXFK�DV�70=����
)XUWKHUPRUH��UHFHQW�VWXGLHV�KDYH�KLJKOLJKWHG�WKDW�WKH�H[FHVVLYH�DFFXPXODWLRQ�RI�'�+*�IROORZLQJ�
,'+��PXWDWLRQ�VHQVLWL]HV�JOLRPD�WR�70=�E\�GRZQUHJXODWLQJ�WKH�,7*%��3,�.��$.7�SDWKZD\��
1HYHUWKHOHVV��WKH�F\WRWR[LF�HIIHFWV�RI�70=�KDYH�QRW�EHHQ�SUHYLRXVO\�LQYHVWLJDWHG�LQ�&&$����  
 
� � +HUHLQ��ZH�FRQGXFWHG�DQ�RULJLQDO�VWXG\�WR�FKDUDFWHUL]H�,'+��07�&&$�DQG�H[SORUH�WKH�SRWHQWLDO�
RI�XVLQJ�DQ�DON\ODWLQJ�DJHQW��70=��DV�D�QRYHO�WKHUDSHXWLF�RSWLRQ�IRU�WUHDWLQJ�,'+��07�&&$��
6XEVHTXHQWO\��ZH�DLPHG�WR�LQYHVWLJDWH�ZKHWKHU�D�FRPELQDWLRQ�RI�70=�DQG�,YRVLGHQLE�FRXOG�H[HUW�
D�V\QHUJLVWLF�HIIHFW�WR�LPSURYH�WKH�SRRU�SURJQRVLV�RI�SDWLHQWV�ZLWK�,'+��07�&&$��  
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II. MATERIALS AND METHODS  
 2.1 Cell Lines and Reagents 
7KH�KXPDQ�&&$�FHOO�OLQHV�618�������618�������DQG�618������ZHUH�SXUFKDVHG�IURP�WKH�.RUHDQ�

&HOO�/LQH�%DQN��.&/%��6HRXO��.RUHD���5%(�FHOOV�ZHUH�SXUFKDVHG�IURP�WKH�5LNHQ�%5&�&HOO�%DQN�
�.R\DGDL��-DSDQ���$OO�&&$�FHOO�OLQHV�ZHUH�FXOWXUHG�LQ�5RVZHOO�3DUN�0HPRULDO�,QVWLWXWH�������530,�
������PHGLXP�� VXSSOHPHQWHG�ZLWK� ���� XQLW�P/� SHQLFLOOLQ� DQG� ���PJ�P/� VWUHSWRP\FLQ� �/RQ]D��
%DVHO��6ZLW]HUODQG��DQG�����KHDW�LQDFWLYDWHG�IHWDO�ERYLQH�VHUXP��)%6���&HOOV�ZHUH�JURZQ�DW���Ԩ�
LQ�D�KXPLGLILHG�LQFXEDWRU�FRQWDLQLQJ����&2���  

 
,YRVLGHQLE�DQG�7HPR]RORPLGH�ZHUH�SXUFKDVHG�IURP�6HOOHFN�&KHPLFDOV��+RXVWRQ��7;��86$��DQG�

GLOXWHG�LQ�'062�DV����P0�RU�����P0�VWRFN�VROXWLRQV��UHVSHFWLYHO\��  

 
 2.2 Cell Viability Assay 
&HOOV����[�������ZHOO��ZHUH�VHHGHG�LQ����ZHOO�SODWHV�DQG�LQFXEDWHG�DW���Ԩ� IRU����K��7KHQ��FHOOV�

ZHUH�WUHDWHG�ZLWK�YDULRXV�FRQFHQWUDWLRQV�RI�,YRVLGHQLE�RU�7HPR]RORPLGH��$IWHU����K��,YRVLGHQLE��RU�
���K��7HPR]RORPLGH��RI� LQFXEDWLRQ����� ɊO�RI�&&.���VROXWLRQ��'RMLQGR��.XPDPRWR��-DSDQ��ZDV�
DGGHG�WR�HDFK�ZHOO��DQG�FHOOV�ZHUH�LQFXEDWHG�IRU�DQRWKHU���K�DW���Ԩ��7KH�RSWLFDO�GHQVLWLHV�RI�WKH�
VDPSOHV� ZHUH� DQDO\]HG� DW� ���� QP� XVLQJ� D� PLFURSODWH� UHDGHU� �%LR7HN�� DQG� ,&��� YDOXHV� ZHUH�
GHWHUPLQHG�XVLQJ�WKH�*UDSK3DG�3ULVP���  

 
 2.3 Cell Cycle Analysis   
&HOOV�ZHUH�VHHGHG� LQ�D����PP�FXOWXUH�SODWH��$IWHU����K�RI� LQFXEDWLRQ�� WKH�FXOWXUH�PHGLXP�ZDV�

FRPSOHWHO\� UHPRYHG�� DQG� WKH� FHOOV� ZHUH� HLWKHU� WUHDWHG� ZLWK� IUHVK� PHGLXP� �FRQWURO�� RU� PHGLD�
FRQWDLQLQJ�,YRVLGHQLE������ ��P0��IRU����K��7KHQ��WKH�FHOOV�ZHUH�KDUYHVWHG���RU�7HPR]RORPLGH�0ߤ
ZLWK��������WU\SVLQ�('7$��*LEFR��&DUOVEDG��&$��86$���ZDVKHG�ZLWK�FROG�3%6��DQG���[�����FHOOV�
ZHUH�IL[HG�LQ�����HWKDQRO�IRU���K�DW�±���Ԩ��7KH�QH[W�GD\��FHOOV�ZHUH�ZDVKHG�WZLFH�LQ�FROG�3%6�DQG�
VWDLQHG�ZLWK����� ɊO�RI�3,�51DVH�VWDLQLQJ�EXIIHU� �%'�3KDUPLQJHQ��%HGIRUG��0$��86$��DW� URRP�
WHPSHUDWXUH�IRU����PLQ�LQ�WKH�GDUN�IRU�FHOO�F\FOH�DQDO\VLV��&HOO�F\FOH�GLVWULEXWLRQ�ZDV�VXEMHFWHG�WR�
IORZ�F\WRPHWULF�DQDO\VLV�XVLQJ�D�%'�)$&6\PSKRQ\�$���%'�3KDUPLQJHQ��%HGIRUG��0$��86$��DQG�
WKH�)ORZ-R�VRIWZDUH��7ULVWDU��&$��86$���  
 
2.4 Apoptosis    
&HOOV�ZHUH�VHHGHG� LQ�D����PP�FXOWXUH�SODWH��$IWHU����K�RI� LQFXEDWLRQ�� WKH�FXOWXUH�PHGLXP�ZDV�

FRPSOHWHO\� UHPRYHG�� DQG� WKH� FHOOV� ZHUH� HLWKHU� WUHDWHG� ZLWK� IUHVK� PHGLXP� �FRQWURO�� RU� PHGLD�
FRQWDLQLQJ�,YRVLGHQLE������ ���P0��IRU���RU�7HPR]RORPLGH�0ߤ��K��7KHQ��WKH�FHOOV�ZHUH�KDUYHVWHG�
ZLWK��������WU\SVLQ�('7$��*LEFR��&DUOVEDG��&$��86$���ZDVKHG�ZLWK��[�3%6��DQG���[�����FHOOV�
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ZHUH�UHVXVSHQGHG�LQ��;�%LQGLQJ�%XIIHU��7KHQ������ �O�RI�WKH�UHVXVSHQGHG�VROXWLRQ�ZDV�WUDQVIHUUHGߤ
WR� D� �� PO� URXQG�ERWWRP� WXEH�� VWDLQHG� ZLWK� �� ��Oߤ RI� ),7&�$QQH[LQ�9� DQG� �� ��Oߤ RI� 3,� DW� URRP�
WHPSHUDWXUH�IRU����PLQ�LQ�WKH�GDUN��&DW����������%'�%LRVFLHQFHV��86$������� ɊO�RI��;�%LQGLQJ�
%XIIHU�ZDV� DGGHG� WR� HDFK� WXEH� DQG� FHOO� DSRSWRVLV�ZDV� GHWHFWHG� E\� IORZ� F\WRPHWU\� XVLQJ� D� %'�
)$&6\PSKRQ\�$���%'�3KDUPLQJHQ��%HGIRUG��0$��86$��DQG�WKH�)ORZ-R�VRIWZDUH��7ULVWDU��&$��
86$���4XDQWLILFDWLRQ�RI�DSRSWRWLF�FHOOV�LQYROYHG�FRXQWLQJ�FHOOV�LQ�WKH�XSSHU�ULJKW�TXDGUDQW�DQG�WKH�
ORZ�ULJKW�TXDGUDQW�LQ�WKH�IORZ�F\WRPHWU\�GRW�SORWV��ZKLFK�LQGLFDWH�ODWH�DSRSWRWLF�DQG�HDUO\�DSRSWRWLF�
FHOOV��UHVSHFWLYHO\��  
 
 2.5 D2HG; NADP/NADPH; Cellular ROS Assays  
&HOOV����[������ZHOO��ZHUH�VHHGHG�LQ�D����PP�FXOWXUH�SODWH��$IWHU����K�RI�LQFXEDWLRQ��LQWUDFHOOXODU�

'�+*� FRQFHQWUDWLRQV��1$'3��1$3'+� UDWLR�� DQG� FHOOXODU� 526� ZHUH�PHDVXUHG� XVLQJ� WKH�'���
+\GUR[\JOXWDUDWH�FRORULPHWULF�DVVD\�NLW��$EFDP���1$'3�1$'3+�FRORULPHWULF�DVVD\�NLW��$EFDP���
DQG� '&)'$�+�'&)'$� DVVD\� NLW� �$EFDP��� UHVSHFWLYHO\�� DFFRUGLQJ� WR� WKH� PDQXIDFWXUHU¶V�
LQVWUXFWLRQV� 
 
 2.6 Quantitative Real-Time PCR  

7RWDO� 51$� ZDV� H[WUDFWHG� XVLQJ� D� 51HDV\� 0LQL� .LW� �4LDJHQ�� 9DOHQFLD�� &$��� DQG� UHYHUVH�
WUDQVFULSWLRQ�ZDV�SHUIRUPHG�IURP�����QJ�RI�WRWDO�51$�XVLQJ�6XSHUVFULSW�,,�5HYHUVH�7UDQVFULSWDVH�
�,QYLWURJHQ�� &DUOVEDG�� &$�� 86$�� DFFRUGLQJ� WR� WKH� PDQXIDFWXUHU¶V� LQVWUXFWLRQV�� T57�3&5� ZDV�
SHUIRUPHG�ZLWK�6<%5��*UHHQ�3&5�0DVWHU�0L[��4LDJHQ��9DOHQFLD��&$��86$��XVLQJ�D�4XDQW6WXGLR�
��5HDO�7LPH�3&5�,QVWUXPHQW��$SSOLHG�%LRV\VWHPV���$OO�JHQHV�ZHUH�QRUPDOL]HG�WR�*$3'+��DQG�WKH�
GHOWD�GHOWD� &W� PHWKRG� ZDV� XVHG� WR� FDOFXODWH� WKH� IROG� FKDQJHV� LQ� JHQH� H[SUHVVLRQ�� 7KH� SULPHU�
VHTXHQFHV� ZHUH� DV� IROORZV�� 0*07�� �)��� �¶CTCTTCACCATCCCGTTTTC�¶� �5���
�¶CTCTCATTGCTCCTCCCACT�¶�� ,'+��� �)�� �¶GCACGGTCTTCAGAGAAGCCA�¶� �5��� �¶ 

&7$&7777&&$**&&&$**$$&�¶� 

 
 2.7 Western Blot Analysis  
&HOOV�ZHUH�O\VHG�LQ�WKH�0�3(570�PDPPDOLDQ�SURWHLQ�H[WUDFWLRQ�UHDJHQW�VROXWLRQ��VXSSOHPHQWHG�

ZLWK��[�SURWHDVH�LQKLELWRU��5RFKH��%DVHO��6ZLW]HUODQG��DQG�SKRVSKDWDVH�LQKLELWRU��6LJPD��6W��/RXLV��
02��86$���7KH�O\VDWHV�ZHUH�FHQWULIXJHG�IRU����PLQ�DW��¶&���������USP��7KH�SURWHLQ�FRQFHQWUDWLRQ�
RI�WKH�VXSHUQDWDQW�ZDV�GHWHUPLQHG�ZLWK�WKH�%UDGIRUG�DVVD\��7KHQ�����XJ�RI�WKH�SURWHLQ�H[WUDFWV�ZHUH�
VHSDUDWHG�E\��������6'6�3$*(�� WUDQVIHUUHG� WR�39')�PHPEUDQHV�DQG� LPPXQREORWWHG�ZLWK� WKH�
U+�$;� ��������� &HOO� 6LJQDOLQJ� 7HFKQRORJ\�� DQG� ,'+�� ��������� &HOO� 6LJQDOLQJ� 7HFKQRORJ\��
SULPDU\�DQWLERGLHV�DW��¶&�RYHUQLJKW� 
 
7KHQ�� +53�FRQMXJDWHG� DQWL�UDEELW� ZDV� XVHG� DV� VHFRQGDU\� DQWLERGLHV� DQG� GHYHORSHG� ZLWK� DQ�

HQKDQFHG� FKHPLOXPLQHVFHQFH� UHDJHQW�� ,PPXQRUHDFWLYH� SURWHLQV� ZHUH� YLVXDOL]HG� XVLQJ� WKH�
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&KHPL'RF� ;56�� 6\VWHP� �%LR�UDG�� +HUFXOHV�� &$�� 86$�� ZLWK� ,PDJH� /DE� VRIWZDUH� �%LR�5DG��
+HUFXOHV��&$���'DWD�ZDV�QRUPDOL]HG�WR�HLWKHU�+�$;�RU�*$3'+�DQG�EORW�LQWHQVLW\�ZDV�TXDQWLILHG�
ZLWK�WKH�,PDJH�-�VRIWZDUH��1,+��%HWKHVGD��0'��86$���  

 
 2.8 Immunofluorescence Staining and Confocal Imaging:  
&HOOV�JURZQ�RQ�FRYHUVOLSV�ZHUH�ZDVKHG�ZLWK�3%6��DQG�IL[HG�ZLWK����SDUDIRUPDOGHK\GH�VROXWLRQ�

IRU����PLQ��7KHQ��WKH�FHOOV�ZHUH�ZDVKHG�WKUHH�WLPHV�IRU���PLQ�HDFK�ZLWK�3%6�DQG�SHUPHDELOL]HG�
ZLWK� ����� 7ULWRQ� ;����� �3%6� VROXWLRQ� IRU� ��� PLQ�� %ORFNLQJ� DQG� VWDLQLQJ� ZHUH� SHUIRUPHG�
VLPXOWDQHRXVO\�E\�LQFXEDWLQJ�FHOOV�ZLWK�SULPDU\�DQWLERGLHV�LQ�D�EORFNLQJ�PHGLXP������JRDW�VHUXP�
LQ������7ULWRQ�;������3%6��DW� URRP�WHPSHUDWXUH�IRU���K��7KLV�ZDV�IROORZHG�E\� LQFXEDWLRQ�ZLWK�
DSSURSULDWH�VHFRQGDU\�DQWLERGLHV� �$OH[D�)OXRU���������DW� URRP�WHPSHUDWXUH�IRU���K� LQ� WKH�GDUN��
&HOOV� ZHUH� VWDLQHG� ZLWK� '$3,� �,QYLWURJHQ�� IRU� �� PLQ� DQG� PRXQWHG� LQ� )OXRUHVFHQFH� 0RXQWLQJ�
0HGLXP��'$.2���,PDJHV�ZHUH�DFTXLUHG�XVLQJ�DQ�/60�����FRQIRFDO�PLFURVFRSH��&DUO�=HLVV�� 
 
 2.9 Seahorse XF Mito Stress Test & Fuel Flex Test  
7KH�6HDKRUVH�;)�&HOO�0LWR�6WUHVV�7HVW�DQG�)XHO�)OH[�7HVW�ZHUH�SHUIRUPHG�RQ�;)H���%LRDQDO\]HU�

�$JLOHQW���'DWD�ZDV�SURFHVVHG�ZLWK�WKH�6HDKRUVH�:DYH�'HVNWRS�VRIWZDUH�DQG�*UDSK3DG�3ULVP���ZDV�
XWLOL]HG�IRU�GDWD�SUHVHQWDWLRQ�DQG�VWDWLVWLFDO�SUHVHQWDWLRQ��%ULHIO\��FHOOV�ZHUH�VHHGHG�RQ�;)H���FHOO�
FXOWXUH�SODWHV��$IWHU����K�RI� LQFXEDWLRQ�� WKH�DVVD\V�ZHUH�SHUIRUPHG�IROORZLQJ� WKH�PDQXIDFWXUHU¶V�
LQVWUXFWLRQV��  

 
0LWR�6WUHVV�7HVW��7KLV�DVVD\�PHDVXUHV�YDULRXV�SDUDPHWHUV�RI�PLWRFKRQGULDO�IXQFWLRQ�E\�PHDVXULQJ�

WKH�R[\JHQ�FRQVXPSWLRQ�UDWH��2&5��RI�FHOOV��2OLJRP\FLQ��3&&(���0ߤ���0ߤ������DQG�D�PL[WXUH�RI�
5RWHQRQH�DQG�$QWLP\FLQ�$��0ߤ�����ZHUH�VHTXHQWLDOO\�WUHDWHG�WR�WKH�;)H���ZHOO�SODWHV��  
 
)XHO�)OH[�7HVW��7KLV�DVVD\�LQKLELWV�WKH�LPSRUW�RI�WKUHH�PDMRU�PHWDEROLF�VXEVWUDWHV��JOXWDPLQH��IDWW\�

DFLGV��DQG�JOXFRVH�� WR� GHWHUPLQH� WKH�FHOO¶V� GHSHQGHQFH�RQ� HDFK�PHWDEROLWH� WR� IXHO�PLWRFKRQGULDO�
PHWDEROLVP�� ,QKLELWLRQ� RI� WZR� PHWDEROLF� VXEVWUDWHV� HQDEOHV� FDOFXODWLQJ� WKH� FHOO¶V� FDSDFLW\� IRU�
XWLOL]LQJ�D�SDUWLFXODU�VXEVWUDWH�ZKHQ�WKH�RWKHUV�DUH�EORFNHG��)XHO�SDWKZD\�LQKLELWRUV�LQFOXGHG�%37(6�
���X0���(WRPR[LU� ���X0���DQG�8.��������0���%37(6�LV�DQ�LQKLELWRU�RI�WKH�JOXWDPLQH�R[LGDWLRQ�
SDWKZD\��ZKLFK�DOORVWHULFDOO\�LQKLELWV�JOXWDPLQDVH��*/6����(WRPR[LU�LQKLELWV�FDUQLWLQH�SDOPLWR\O�
WUDQVIHUDVH��$��&37�$���HVVHQWLDO�IRU�PLWRFKRQGULDO�R[LGDWLRQ��8.�����LQKLELWV�WKH�PLWRFKRQGULDO�
S\UXYDWH�FDUULHU��03&���ZKLFK�EORFNV�WKH�JOXFRVH�R[LGDWLRQ�SDWKZD\� 

 
)XHO�GHSHQGHQF\�ZDV�FDOFXODWHG�DV��  

 (baseline OCR - target inhibitor OCR)/(baseline OCR - all inhibitors OCR)  

 Fuel capacity was calculated as:  

1 - [(baseline OCR - other 2 inhibitors OCR)/(baseline OCR - all inhibitors OCR)].  
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2.10 Establishment of genetically engineered CCA cell lines  
(VWDEOLVKPHQW�RI�,'+��.QRFNRXW��.�2��&&$�FHOO�OLQHV��  
,'+��.�2�&&$�FHOO�OLQHV�ZHUH�JHQHUDWHG�E\�XVLQJ�WKH�&5,635�&DV��PHWKRG��6SHFLILFDOO\��WKH�

IROORZLQJ�VHTXHQFHV�RI�FRPSOHPHQWDU\�ROLJRV�IRU�HDFK�VLQJOH�JXLGH�51$��VJ51$��ZHUH�GHULYHG�
IURP� WKH� +XPDQ� &5,635� .QRFNRXW� SRROHG� OLEUDU\� �%UXQHOOR� OLEUDU\��� DQWLVHQVH� �)���
�¶&$&&*&&&$7&&$&7&$&$$*&&**�¶���5����¶$$$&&&**&77*7*$*7**$7***&�
��
7KHQ��VJ51$V�ZHUH�FORQHG�LQWR�WKH�OHQWL&5,635�Y���$GGJHQH�SODVPLG���������DV�GHVFULEHG�E\�
*H&.2��DQG�+(.���7�FHOOV�ZHUH�WUDQVIHFWHG�ZLWK�WKH�OHQWLYLUDO�YHFWRUV�DORQJ�ZLWK�WKH�SDFNDJLQJ�
�SV3$;���$GGJHQH�SODVPLG���������DQG�HQYHORS��S0'��*��$GGJHQH�SODVPLG���������SODVPLGV�LQ�
D� �������� UDWLR�� UHVSHFWLYHO\�� IROORZLQJ� WKH�PDQXIDFWXUHU¶V� LQVWUXFWLRQV�RXWOLQHG�E\�)X*(1(�+'�
5HDJHQW� �3URPHJD�� 86$��� 7KH� PHGLXP� ZDV� UHSODFHG� ��� K� SRVW�WUDQVIHFWLRQ�� DQG� WKH� YLUDO�
VXSHUQDWDQW� ZDV� FROOHFWHG� HYHU\� ��� K� IRU� ��� K� IROORZLQJ� PHGLD� FKDQJH�� 7KH� FROOHFWHG� YLUDO�
VXSHUQDWDQW�ZDV�ILOWHUHG�DQG�XVHG�IRU�WKH�WUDQVGXFWLRQ�RI�SDUHQWDO�&&$�FHOO�OLQHV�ZLWK�WKH�KHOS�RI�
SRO\EUHQH��ߤ�J�PO���6XEVHTXHQWO\��+\JURP\FLQ�%�ZDV�XWLOL]HG�WR�VHOHFW�,'+��.�2�FORQHV�DQG�NLOO�
FXUYH� WLWUDWLRQ� ZDV� SHUIRUPHG� SULRU� WR� VHOHFWLRQ� WR� GHWHUPLQH� WKH� RSWLPDO� K\JURP\FLQ� %�
FRQFHQWUDWLRQ�LQ�HDFK�&&$�FHOO�OLQH��7KH�:HVWHUQ�EORW�DQDO\VLV�DQG�T3&5�ZHUH�XWLOL]HG�WR�FRQILUP�
WKH�VXFFHVVIXO�.�2�RI�,'+��LQ�&&$�FHOO�OLQHV��  

 
([SUHVVLRQ�RI�,'+��:7�RU�,'+��07�LQ�,'+��.�2�&&$�FHOO�OLQHV��  
2QFH�,'+��.�2�VWDEOH�&&$�FHOO�OLQHV�ZHUH�JHQHUDWHG�� WKH�UHVFXH�RI�,'+��:7�RU�07��5���&��

JHQHV�LQWR�WKH�,'+��.�2�FHOOV�ZDV�SHUIRUPHG�XVLQJ�WKH�S+$*(�,'+���$GGJHQH�SODVPLG�����������
DQG� S+$*(�,'+��5���&� YHFWRUV� �$GGJHQH� SODVPLG�� ��������� FRQWDLQLQJ� D� JUHHQ� IOXRUHVFHQW�
SURWHLQ��*)3��H[SUHVVLRQ�FDVVHWWH��7KHQ��/LSRIHFWDPLQH�������7KHUPR�)LVKHU�6FLHQWLILF��UHDJHQWV�
��[��ZHUH�XVHG�WR�WUDQVIHFW�WKH�+(.���7�FHOOV�ZLWK�WKH�,'+��YHFWRUV��SDFNDJLQJ��SV3$;���$GGJHQH�
SODVPLG� �������� DQG� HQYHORS� �S0'��*��$GGJHQH� SODVPLG� �������� SODVPLGV� LQ� D� �������� UDWLR��
UHVSHFWLYHO\��DV�RXWOLQHG�E\�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQV��7KH�PHGLXP�ZDV�UHSODFHG����K�SRVW�
WUDQVIHFWLRQ��DQG�WKH�YLUDO�VXSHUQDWDQW�ZDV�FROOHFWHG�HYHU\����K�IRU����K�IROORZLQJ�PHGLD�FKDQJH��
7KH�,'+��.�2�&&$�FHOO�OLQHV�ZHUH�WUDQVGXFHG�ZLWK�WKH�FROOHFWHG��ILOWHUHG�YLUDO�VXSHUQDWDQW��7KH�
WUDQVGXFWLRQ�HIILFLHQF\�ZDV�DVVHVVHG�WKURXJK�*)3�H[SUHVVLRQ�DQG�ZHVWHUQ�EORW�DQDO\VLV�� �  
 

2.11 Statistical Analysis 
'DWD�ZHUH�H[SUHVVHG�DV�PHDQ���6(0��VWDQGDUG�HUURU�RI�WKH�PHDQ��RI�DW�OHDVW�WKUHH�LQGHSHQGHQW�

YDULDEOHV��*UDSK3DG�3ULVP���VRIWZDUH�ZDV�XVHG�IRU�VWDWLVWLFDO�DQDO\VLV��&RPSDULVRQ�EHWZHHQ�JURXSV�
ZHUH�GHWHUPLQHG�XVLQJ�RQH�ZD\�$129$�DQG�XQSDLUHG�6WXGHQW�W�WHVW��S�YDOXH�RI�OHVV�WKDQ������ZDV�
FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW��
S�������

S�������


S��������



S����������  
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III. RESULTS   
3.1. Characterization of IDH1 MT CCA Cell Lines  

 

 
)LJXUH����+XPDQ�&&$�&HOO�/LQHV��$��0RUSKRORJ\�RI�&&$�&HOO�/LQHV��&UHDWHG�ZLWK�%LRUHQGHU���
�%��,'+��PXWDWLRQ�VWDWXV�LQ�618������DQG�5%(�ZDV�FRQILUPHG�YLD�3&5��  
 
�7DEOH��!�&HOO�/LQH�,QIRUPDWLRQ� �  

Cell 
Line Organism Tissue Morphology Disease Age (yr.) Gender Ethnicity Source 

RBE Homo 
spaiens Liver Epithelial-like Intrahepatic 

Cholangiocarcinoma 64 Female Japanese RIKEN 

SNU-
1079 

Homo 
spaiens Liver Mesenchymal 

cluster 
Intrahepatic 

Cholangiocarcinoma Unknown Male Korean  KCLB 

SNU-
245 

Homo 
spaiens 

Distal 
Common 
Bile Duct 

Polygonal; 
Epithelial 

cluster 

Adenocarcinoma of 
Common Bile Duct Unknown Unknown  Korean KCLB 

SNU-
1196 

Homo 
spaiens 

Hepatic 
Duct 

Confluence 

Epithelial 
cluster 

Hilar Bile Duct 
Cancer Unknown  Unknown Korean KCLB 

 
)RXU�KXPDQ�&&$�FHOO�OLQHV�ZHUH�XWLOL]HG�LQ�WKLV�VWXG\��,'+��PXWDWLRQV�DUH�FRPPRQO\�IRXQG�LQ�

L&&$�� ,QWHUHVWLQJO\�� WZR� FHOO� OLQHV� �5%(�� 618������� WKDW� KDUERU� DQ� ,'+��PXWDWLRQ�ZHUH� ERWK�
HVWDEOLVKHG�IURP�L&&$�SDWLHQWV��0HDQZKLOH��,'+��:7�&&$�FHOO�OLQHV��618�������618������ZHUH�
HVWDEOLVKHG�IURP�H&&$�SDWLHQWV��)LJXUH��%���,'+��LV�IUHTXHQWO\�PXWDWHG�DW�DUJLQLQH�DW�FRGRQ�5�����
DQG�YDULRXV�KRWVSRW�PXWDWLRQ�VLWHV�KDYH�EHHQ�UHSRUWHG�DFURVV�GLIIHUHQW�FDQFHU�W\SHV��)RU�LQVWDQFH��
WKH�PRVW�SUHGRPLQDQW�PXWDWLRQV�LQ�JOLRPD�DQG�&&$�DUH�5���+�DQG�5���&��UHVSHFWLYHO\��:H�ILUVW�
H[DPLQHG�WKH�,'+��PXWDWLRQ�VWDWXV�LQ�IRXU�&&$�FHOO�OLQHV�YLD�3&5��618������DQG�5%(�KDUERUHG�
D�5���&�DQG�5���6�YDULDQW��UHVSHFWLYHO\��7KHVH�KRWVSRW�PXWDWLRQV�IHDWXUH�D�KHWHUR]\JRXV�PLVVHQVH�
PXWDWLRQ� RI� HLWKHU� DUJLQLQH� WR� F\VWHLQH� �&*7�Æ� 7*7�� RU� DUJLQLQH� WR� VHULQH� �&*7�Æ� $*7���
UHVSHFWLYHO\��)LJXUH��%�� 
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)LJXUH����5HODWLYH�LQWUDFHOOXODU�DEXQGDQFH�RI�'�+*��1$'3��1$'3+�UDWLR��DQG�526�OHYHOV�
DUH�LQFUHDVHG�LQ�,'+��07�&&$�FHOOV�LQ�FRPSDULVRQ�WR�,'+��:7�&&$�FHOO�OLQHV��  
�$��4XDQWLILFDWLRQ�RI�WKH�DYHUDJH�'�+*�FRQFHQWUDWLRQ�SHUߤ��J�RI�SURWHLQ�LQ�&&$�FHOO�OLQHV���%��
1$'3��1$'3+�UDWLR�LQ�&&$�FHOO�OLQHV���&��5HODWLYH�'&)'$�)OXRUHVFHQFH�,QWHQVLW\��526��LQ�
&&$�FHOO�OLQHV��(UURU�EDUV�UHSUHVHQW�6(0��
S������ 
 
,Q� YDULRXV� FDQFHU� W\SHV�� ,'+�� 07� HQ]\PHV� FRQVXPH� 1$'3+� WR� FRQYHUW� �*.��ߙ LQWR� DQ�

RQFRPHWDEROLWH��'�+*��$V�VHHQ�LQ�)LJXUH��$��ZH�REVHUYHG�D�VWDWLVWLFDOO\�VLJQLILFDQW�HOHYDWLRQ�RI�
LQWUDFHOOXODU�'�+*� OHYHOV� LQ� ERWK� ,'+��07�&&$�FHOOV� �5%(�DQG�618������� LQ� FRPSDULVRQ� WR�
,'+�� ZLOG�W\SH� FHOO� OLQHV� �618������ DQG� 618������ DQG� IXUWKHU� FRQILUPHG� DQ� LQFUHDVHG�
1$'3��1$'3+� UDWLR� IROORZLQJ� ,'+�� 07� &&$� �5%(��� )XUWKHUPRUH�� GLVUXSWLRQ� LQ� 1$'3+�
KRPHRVWDVLV�PD\�OHDG�WR�LQFUHDVHG�UHDFWLYH�R[\JHQ�VSHFLHV�OHYHOV��526��DQG�ZH�QRWLFHG�WKDW�WKH�
LQWUDFHOOXODU�526�OHYHOV�DUH�UHODWLYHO\�KLJKHU�LQ�,'+��07��5%(��WKDQ�LQ�,'+��:7�&&$�FHOO�OLQHV� 

$� 

&� 
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FCCP

 
 

 
 
)LJXUH����0LWRFKRQGULDO�IXQFWLRQV�ZHUH�LPSDLUHG�LQ�,'+��PXWDQW�&&$�ZKHQ�FRPSDUHG�WR�
,'+��ZLOG�W\SH�&&$��$��2[\JHQ�&RQVXPSWLRQ�5DWH��2&5��FXUYHV�SUHVHQWHG�DV�DYHUDJHV���6(0�
RI�HDFK�PHDVXUHPHQW�WLPH�SRLQW���%��6XPPDU\�RI�PLWRFKRQGULD�IXQFWLRQV��(UURU�EDUV�UHSUHVHQW�
6(0��
S�������**p<0.01; ***p<0.001; ****p<0.0001).  
 
,'+��LV�D�PHWDEROLF�HQ]\PH�LQ�WKH�WULFDUER[\OLF�DFLG��7&$��F\FOH�HVVHQWLDO�IRU�FHOOXODU�UHVSLUDWLRQ��

7KXV�� DFTXLULQJ� ,'+��PXWDWLRQV�QRW� RQO\� UHVXOWV� LQ� HSLJHQHWLF� DEQRUPDOLWLHV� EXW� DOVR� LQIOXHQFHV�
FHOOXODU�PHWDEROLVP��1HYHUWKHOHVV��RQO\�D�IHZ�FRPSUHKHQVLYH�VWXGLHV�KDYH�DGGUHVVHG�WKH�PHWDEROLF�
DOWHUDWLRQV�LQ�&&$�IROORZLQJ�,'+��PXWDWLRQV��7KXV��ZH�SHUIRUPHG�WKH�6HDKRUVH�;)�&HOO�0LWR�6WUHVV�
7HVW�WR�FRPSDUH�WKH�NH\�SDUDPHWHUV�RI�PLWRFKRQGULDO�IXQFWLRQ�LQ�,'+��07�DQG�:7�&&$�FHOO�OLQHV��
:H�REVHUYHG� D�VWDWLVWLFDOO\�VLJQLILFDQW� GHFUHDVH� LQ�EDVDO�PLWRFKRQGULDO� R[\JHQ� FRQVXPSWLRQ� UDWH�
�2&5��RI�,'+��07�&&$�FRPSDUHG�WR�:7�FHOO�OLQHV��)LJXUH��%���0RUHRYHU��PD[LPDO�UHVSLUDWLRQ�
DQG� VSDUH� UHVSLUDWRU\� FDSDFLW\� ���� ZHUH� DOO� UHGXFHG� LQ� ,'+�� 07� &&$�� ZKLFK� VXJJHVWV� WKDW�
PLWRFKRQGULDO�IXQFWLRQV�DUH�LPSDLUHG�LQ�,'+��07�&&$�ZKHQ�FRPSDUHG�WR�:7�FHOOV��  

 

$� 

%� 
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* **

 
 

)LJXUH����,'+��PXWDQW�DQG�:7�&&$�FHOO�OLQHV�XVH�GLVWLQFW�PHWDEROLF�SDWKZD\V�ZLWK�WKH�
KLJKHVW�GHSHQGHQF\�RQ�JO\FRO\VLV�DQG�IDWW\�DFLG�R[LGDWLRQ��UHVSHFWLYHO\���$��6HDKRUVH�;)�0LWR�
)XHO�)OH[�7HVW�ZDV�SHUIRUPHG�WR�DQDO\]H�&&$�FHOO¶V�PLWRFKRQGULDO�IXHO��JOXWDPLQH��IDWW\�DFLGV��
JOXFRVH��R[LGDWLRQ��6WDWLVWLFDO�GLIIHUHQFHV�ZHUH�FDOFXODWHG�XVLQJ�RQH�ZD\�$129$�WHVWV���%��
5HODWLYH�P51$�H[SUHVVLRQ�RI�JHQHV�HVVHQWLDO�IRU�IDWW\�DFLG�R[LGDWLRQ�LQ�,'+��07�&&$��UHODWLYH�
WR�,'+��:7�&&$��GHWHUPLQHG�YLD�T3&5��8QSDLUHG�VWXGHQW�W�WHVW�ZDV�XVHG�IRU�VWDWLVWLFDO�DQDO\VLV�
�
S�������**p<0.01; ***p<0.001; ****p<0.0001). Error bars represent STDEV. 

$� 

%� 
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,Q�DGGLWLRQ� WR�DVVHVVLQJ�PLWRFKRQGULDO� IXQFWLRQV��ZH�DLPHG� WR�H[SORUH�ZKHWKHU� ,'+��PXWDWLRQ�
UHVXOWV� LQ�PHWDEROLF� UHSURJUDPPLQJ� LQ�&&$��7KH� 6HDKRUVH�;)�0LWR� )XHO� )OH[�7HVW� GHWHUPLQHV�
FHOOXODU� GHSHQGHQFH�RQ� HDFK�PHWDEROLWH� WR� IXHO�PLWRFKRQGULD� DQG� WKH� FDSDFLW\� IRU� XWLOL]LQJ� HDFK�
VXEVWUDWH�ZKHQ�WKH�RWKHUV�DUH�EORFNHG��$V�VKRZQ�LQ�)LJXUH��$��ZH�QRWLFHG�WKDW�ZKLOH�,'+��:7�&&$�
�618������KDG�WKH�KLJKHVW�GHSHQGHQF\�DQG�FDSDFLW\�IRU�IDWW\�DFLG�R[LGDWLRQ��,'+��07�&&$�FHOOV�
�5%(��618�������ZHUH�PRVW�GHSHQGHQW� RQ�JO\FRO\VLV��)XUWKHUPRUH��ZH�ZHUH� DEOH� WR� REVHUYH�D�
VLPLODU�WUHQG�E\�XVLQJ�T3&5��P51$�H[SUHVVLRQ�RI�JHQHV�HVVHQWLDO�IRU�IDWW\�DFLG�R[LGDWLRQ��VXFK�DV�
&37�$��&37���DQG�33$5ߙ��ZHUH�VLJQLILFDQWO\�UHGXFHG� LQ�,'+��07�&&$�UHODWLYH� WR� ,'+��:7�
FHOOV��)LJXUH��%���  

 
3.2. Therapeutic Potential of TMZ in IDH1 MT CCA   

 
 

)LJXUH����'UXJ�6FUHHQLQJ�LQ�&&$�FHOOV�ZLWK�*HPFLWDELQH��,YRVLGHQLE��DQG�70=� 
&&$�FHOO�OLQHV�ZHUH�WUHDWHG�ZLWK�YDU\LQJ�FRQFHQWUDWLRQV�RI�*HPFLWDELQH��,YRVLGHQLE��DQG�
7HPR]RORPLGH�IRU���K��7KH�GRVH�UHVSRQVH�FXUYHV�IRU�,'+��07��5%(��DQG�:7�&&$��618�������
618������DUH�VKRZQ�LQ�EOXH�DQG�EODFN�OLQHV��UHVSHFWLYHO\��(UURU�EDUV�UHSUHVHQW�6(0��  
 
)ROORZLQJ�WKH�FKDUDFWHUL]DWLRQ�RI�,'+��07�&&$�FHOO�OLQHV��ZH�SHUIRUPHG�GUXJ�VFUHHQLQJ�ZLWK�

&&$�FHOOV��*HPFLWDELQH�LV�RQH�RI�WKH�ILUVW�OLQH�WUHDWPHQWV�IRU�WUHDWLQJ�DGYDQFHG�&&$��DQG�,YRVLGHQLE�
LV�WKH�ILUVW�,'+��LQKLELWRU�WKDW�UHFHLYHG�)'$�DSSURYDO�IRU�WUHDWLQJ�,'+��07�&&$��7HPR]RORPLGH�
�70=��LV�DQ�DON\ODWLQJ�DJHQW�ZLGHO\�XVHG�WR�WUHDW�,'+��07�JOLRPD��\HW�LWV�F\WRWR[LF�HIIHFWV�KDYH�
QRW�EHHQ�SUHYLRXVO\�LQYHVWLJDWHG�LQ�&&$��:KHQ�ZH�SHUIRUPHG�FHOO�YLDELOLW\�DVVD\V��ZH�QRWLFHG�WKDW�
DOO�&&$�FHOOV�ZHUH�VHQVLWLYH�WR�*HPFLWDELQH��,&����a������������� �Q�FRPSDULVRQ��LQKLELWLRQ�RI,���0ߤ
FHOO� SUROLIHUDWLRQ� ZDV� XQDFKLHYDEOH� ZLWK� ,YRVLGHQLE� �,&��� !��� ����0ߤ� UHJDUGOHVV� RI� WKH� ,'+��
PXWDWLRQ� VWDWXV�� ,QWHUHVWLQJO\�� ZH� IRXQG� WKDW� 70=� VHOHFWLYHO\� LQKLELWV� ,'+�� 07� &&$� FHOO�
SUROLIHUDWLRQ��,&����a���� ���,&���!��P0���FRPSDUHG�WR�,'+��:7�0ߤ  
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)LJXUH����,QFUHDVHG�VHQVLWLYLW\�WR�70=�LQ�,'+��PXWDQW�&&$�FHOOV��$��'RVH�UHVSRQVH�FXUYHV�
IRU�&&$�FHOO�OLQHV��&&$�FHOO�OLQHV�ZHUH�H[SRVHG�WR�YDU\LQJ�FRQFHQWUDWLRQV�RI�70=�IRU����K�DQG�
&&.���DVVD\V�ZHUH�XVHG�WR�GHWHUPLQH�FHOO�YLDELOLW\���%��:DWHUIDOO�SORW�UHSUHVHQWLQJ�WKH�,&���YDOXHV�
RI�HDFK�&&$�FHOO�OLQH���&��&KDQJHV�LQ�FHOO�PRUSKRORJ\�XSRQ�H[SRVXUH�WR�YDU\LQJ�GRVHV�RI�70=��
(UURU�EDUV�UHSUHVHQW�6(0��  

$� %� 

&� 
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'UXJ�VFUHHQLQJ�UHYHDOHG�WKDW�70=�VHOHFWLYHO\�LQKLELWV�,'+��07�&&$�FHOO�SUROLIHUDWLRQ��+RZHYHU��
ZH�QRWLFHG�WKDW����K�LQFXEDWLRQ�FRXOG�QRW�LQKLELW�����RI�FHOO�SUROLIHUDWLRQ�LQ�,'+��:7��618�������
&&$�FHOOV��)LJXUH�����7KXV��ZH�KDYH�SURORQJHG�WKH�LQFXEDWLRQ�SHULRG�IURP����K�WR����K�IRU�IXWXUH�
&&.���FHOO�YLDELOLW\�DVVD\V��6SHFLILFDOO\��ZH�WUHDWHG�FHOOV�ZLWK�GLIIHUHQW�FRQFHQWUDWLRQV�RI�70=�����
���� ������0ߤ ��0������0���P0ߤ DQG��P0�� IRU� ��K� DQG�GHWHUPLQHG� WKH� ,&���YDOXHV�XVLQJ� WKH�
*UDSK3DG�3ULVP���VRIWZDUH��  
 
$V� VHHQ� LQ� )LJXUH� �$��70=� LQKLELWHG� WKH� SUROLIHUDWLRQ� DQG� YLDELOLW\� RI� &&$� FHOOV� LQ� D� GRVH�

GHSHQGHQW�PDQQHU��,'+��07�&&$�FHOOV�ZHUH�PRVW�VHQVLWLYH�WR�70=�ZLWK�DQ�,&���YDOXH�RI�����0ߤ��
ZKLOH� ,'+��:7� FHOOV� KDG� DQ� ,&��� YDOXH� JUHDWHU� WKDQ� �P0� �)LJXUH� �%��� 0RUHRYHU�� WKH� GRVH�
GHSHQGHQW�F\WRWR[LF�HIIHFWV�RI�70=�RQ�FHOO�YLDELOLW\�ZHUH�LQ�SDUDOOHO�ZLWK�WKH�FHOO�PRUSKRORJ\�DV�
PRUH�FHOOV�KDYH�XQGHUJRQH�DSRSWRVLV�LQ�WKH�KLJKHVW�GRVH��)LJXUH��&���  
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)LJXUH����70=�LQGXFHG�PRUH�'1$�'RXEOH�6WUDQG�%UHDNV�LQ�,'+��07�&&$�WKDQ�,'+��:7�
FHOO�OLQHV��$��5HSUHVHQWDWLYH�LPDJHV�RI�FRQIRFDO�PLFURVFRS\�WR�GHPRQVWUDWH�WKH�LQGXFWLRQ�RI�
+�$;�SKRVSKRU\ODWLRQ��ߛ+�$;��LQ�&&$�FHOOV�IROORZLQJ����K�WUHDWPHQW�ZLWK�PHGLD��FRQWURO���
'062��RU�70=���%��7KH�UDWLR�RI� ��SRVLWLYH�QXFOHL���WRWDO�LQ�IRXU�UDQGRPO\�VHOHFWHG�ILHOGV;$�+ߛ
�/HIW��5%(��,'+��07��5LJKW��618�������,'+��:7���  
 
70=�LV�DQ�DON\ODWLQJ�DJHQW��ZKLFK�DFWV�E\�PHWK\ODWLQJ�WKH�JXDQLQH�JURXS�LQ�'1$��6SHFLILFDOO\��

WKH�2��PHWK\OJXDQLQH�PLVSDLUV�ZLWK�WK\PLQH�XSRQ�'1$�UHSOLFDWLRQ�DQG�IXUWKHU�DFWLYDWHV�WKH�'1$�
PLVPDWFK�UHSDLU�V\VWHP��7KLV�UHVXOWV�LQ�'1$�GRXEOH�VWUDQG�EUHDNV��'6%��DQG�LQGXFH�FHOO�GHDWK�YLD�
DSRSWRVLV��3KRVSKRU\ODWHG�+�$;��ߛ+�$;��LV�XVHG�DV�D�ELRPDUNHU�RI�FHOOXODU�UHVSRQVH�WR�'6%��7R�
H[SORUH�WKH�F\WRWR[LF�HIIHFWV�RI�70=�LQ�&&$��ZH�SHUIRUPHG�LPPXQRF\WRFKHPLVWU\��,&&��VWDLQLQJ�
ZLWK�WKH�U+�$;�DQWLERG\��DORQJ�ZLWK�'$3,�WR�VWDLQ�WKH�QXFOHXV��:H�REVHUYHG�WKDW�U+�$;�SRVLWLYH�
QXFOHL�QRWLFHDEO\�LQFUHDVHG�IROORZLQJ�70=�WUHDWPHQW�IRU����K�LQ�,'+��07�&&$��FRQWURO�YV��70=��
�����YV���������+RZHYHU��WKHUH�ZDV�PHUHO\�DQ\�GLIIHUHQFH�EHWZHHQ�WKH�FRQWURO��'062��DQG�70=�
JURXS�LQ�,'+��:7�&&$��)LJXUH��%���  
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)LJXUH����:HVWHUQ�EORW�DQDO\VLV�RI�'1$�GDPDJH�IROORZLQJ�'062�RU�70=�WUHDWPHQW���$��
:HVWHUQ�EORWWLQJ�DQDO\VLV�RI� ��P0��IRU���LQ�&&$�FHOOV�WUHDWHG�ZLWK�PHGLD��'062��RU�70=;$�+ߛ
���K���%��4XDQWLILFDWLRQ�RI� ��H[SUHVVLRQ�UHODWLYH�WR�+�$;�LQ�HDFK�&&$�FHOO�OLQH�IROORZLQJ;$�+ߛ
'062�RU�70=�WUHDWPHQW��  
 
)XUWKHUPRUH�� ��H[SUHVVLRQV�IROORZLQJ�'062�RU�70=�WUHDWPHQWV�ZHUH�LQYHVWLJDWHG�XVLQJ;$�+ߛ

ZHVWHUQ� EORW� DQDO\VLV�� 7KH� �;$�+�ߛ H[SUHVVLRQ� ZDV� RXWVWDQGLQJO\� HOHYDWHG� LQ� ,'+�� 07� &&$�
IROORZLQJ�70=�WUHDWPHQW�LQ�FRPSDULVRQ�WR�,'+��:7�&&$��)LJXUH��$���6SHFLILFDOO\��WKHUH�ZDV�D�
a��IROG�DQG�a����IROG�LQFUHDVH�LQ� ��H[SUHVVLRQ�IROORZLQJ�70=�WUHDWPHQW�LQ�,'+��07�DQG;$�+ߛ
:7�&&$��UHVSHFWLYHO\��)LJXUH��%���7KHUHIRUH��ERWK�,&&�DQG�ZHVWHUQ�EORW�UHVXOWV�LQGLFDWH�WKDW�WKH�
F\WRWR[LF�HIIHFWV�RI�70=�DUH�QRWLFHDEO\�HQKDQFHG�LQ�,'+��07�&&$�WKDQ�LQ�,'+��:7�&&$�� �  
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)LJXUH����([SRVXUH�WR�70=�VLJQLILFDQWO\�LQKLELWHG�WKH�DFFXPXODWLRQ�RI�LQWUDFHOOXODU�'�+*�LQ�
,'+��07�&&$��$YHUDJH�LQWUDFHOOXODU�'�+*�OHYHOV�LQ�&&$�FHOOV�IROORZLQJ��$��,YRVLGHQLE�
�0ߤ��������K��DQG��%��70=�WUHDWPHQW����P0�����K���(UURU�EDUV�UHSUHVHQW�6(0���
S������ 
 
,YRVLGHQLE�LV�NQRZQ�WR�UHGXFH�WKH�DEQRUPDO�'�+*�OHYHOV�LQ�,'+��07�FDQFHUV��:H�FRQILUPHG�WKDW�

,YRVLGHQLE�WUHDWPHQW�HIIHFWLYHO\�UHGXFHV�LQWUDFHOOXODU�'�+*�OHYHOV�LQ�&&$�ZLWK�D�������UHGXFWLRQ�
LQ�,'+��07�&&$��)LJXUH��$���7KHQ��ZH�H[DPLQHG�ZKHWKHU�70=�DOVR�DIIHFWV�WKH�DEQRUPDO�'�+*�
FRQFHQWUDWLRQ�� ,QWHUHVWLQJO\��H[SRVXUH� WR�70=���P0�� IRU����K�VLJQLILFDQWO\�UHGXFHG� WKH�DYHUDJH�
'�+*�OHYHOV�DFURVV�DOO�&&$�FHOO�OLQHV��6SHFLILFDOO\��70=�OHG�WR�D�������UHGXFWLRQ�LQ�'�+*�OHYHOV�
LQ�,'+��07�&&$��ZKLFK�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW��)LJXUH��%���%\�WKLV�PHDQV��ZH�ZHUH�DEOH�WR�
GHGXFH�WKDW�70=�QRW�RQO\�LQGXFHV�'1$�'6%V�DQG�DSRSWRVLV�EXW�DOVR�UHVHPEOHV�WKH�PHFKDQLVP�RI�
DFWLRQ�RI�,YRVLGHQLE�E\�UHGXFLQJ�WKH�LQWUDFHOOXODU�'�+*�OHYHOV�LQ�&&$��  
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)LJXUH�����,QFUHDVHG�70=�LQGXFHG�*��0�DUUHVW�DQG�,YRVLGHQLE�,QGXFHG�*��*��DUUHVW�LQ�
,'+��07�&&$��$��&KDQJHV�LQ�FHOO�F\FOH�GLVWULEXWLRQ�IROORZLQJ�70=�WUHDWPHQW����P0��IRU����K�
LQ�&&$�FHOO�OLQHV���%��&KDQJHV�LQ�FHOO�F\FOH�GLVWULEXWLRQ�IROORZLQJ�,YRVLGHQLE�WUHDWPHQW������ ��0ߤ
IRU����K�LQ�&&$�FHOO�OLQHV� 
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:H�SHUIRUPHG�FHOO�F\FOH�DQDO\VLV�WR�LGHQWLI\�WKH�HIIHFW�RI�70=�RQ�FHOO�F\FOH�LQ�&&$�FHOOV��$V�VHHQ�
LQ� ILJXUH���$��70=� LQGXFHG�*��0�FHOO� F\FOH� DUUHVW� DFURVV� DOO�&&$�FHOO� OLQHV��1HYHUWKHOHVV��ZH�
REVHUYHG�DQ�LQFUHDVHG�70=�LQGXFHG�*��0�DUUHVW�LQ�,'+��07�FHOOV��FRQWURO�YV��70=��������YV��
�����WKDQ�LQ�,'+��:7�&&$�FHOOV��FRQWURO�YV��70=�������YV��������RU�������YV��������IRU�618�
�����DQG�618������UHVSHFWLYHO\��� �  
 
,Q�DGGLWLRQ��ZH�H[SORUHG�WKH�HIIHFW�RI�,YRVLGHQLE�RQ�FHOO�F\FOH�LQ�&&$�FHOOV��)LJXUH���%���8QOLNH�

70=��ZKLFK�LQGXFHG�D�*��0�DUUHVW��WUHDWPHQW�ZLWK�,YRVLGHQLE�LQGXFHG�D�*��*��DUUHVW�LQ�,'+��07�
FHOOV��FRQWURO�YV��,YRVLGHQLE������YV����������1RQHWKHOHVV��WKHUH�ZDV�OLWWOH�WR�QR�GLIIHUHQFH�LQ�FHOO�
F\FOH�GLVWULEXWLRQ�LQ�WKH�*��*��SKDVH�IROORZLQJ�,YRVLGHQLE�WUHDWPHQW�LQ�,'+��:7�FHOOV��  
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)LJXUH�����70=�DQG�,YRVLGHQLE�WUHDWPHQW�LPSDLUHG�PLWRFKRQGULDO�IXQFWLRQV�LQ�DOO�&&$�FHOO�
OLQHV�\HW�GLG�QRW�UHVXOW�LQ�PHWDEROLF�UHSURJUDPPLQJ���$��6HDKRUVH�;)�0LWR�6WUHVV�WHVW�ZDV�
SHUIRUPHG�WR�DQDO\]H�WKH�PLWRFKRQGULDO�IXQFWLRQV�DQG�2&5�FXUYHV�DUH�SUHVHQWHG�DV�DYHUDJHV���
6(0�RI�HDFK�PHDVXUHPHQW�WLPH�SRLQW��%��6XPPDU\�RI�PLWRFKRQGULDO�IXQFWLRQV���&��)XHO�)OH[�7HVW�
ZDV�SHUIRUPHG�WR�DQDO\]H�&&$�FHOO¶V�PLWRFKRQGULDO�IXHO��JOXWDPLQH��IDWW\�DFLGV��JOXFRVH��
R[LGDWLRQ�EHIRUH�DQG�DIWHU�70=��,YRVLGHQLE�WUHDWPHQW��6WDWLVWLFDO�GLIIHUHQFHV�ZHUH�FDOFXODWHG�XVLQJ�
RQH�ZD\�$129$�WHVWV���'��)XHO�)OH[�7HVW�UHVXOWV�ZHUH�IXUWKHU�DQDO\]HG�WR�FRPSDUH�WKH�
GHSHQGHQF\�RU�FDSDFLW\�IRU�HDFK�PLWRFKRQGULDO�IXHO�DPRQJ�FRQWURO��70=��DQG�,92�JURXSV�� �
8QSDLUHG�VWXGHQW�W�WHVW�ZDV�XVHG�IRU�VWDWLVWLFDO�DQDO\VLV���
S�������**p<0.01; ***p<0.001; 
****p<0.0001). Error bars represent SEM.  
 
7KHQ�� ZH� LQYHVWLJDWHG� ZKHWKHU� WKH� PLWRFKRQGULDO� IXQFWLRQV� RI� &&$� FHOOV� DUH� DOVR� LPSDLUHG�

IROORZLQJ� 70=� RU� ,YRVLGHQLE� WUHDWPHQWV�� 6HDKRUVH� ;)�0LWR� 6WUHVV� 7HVWV� ZHUH� SHUIRUPHG� DIWHU�
LQFXEDWLQJ�FHOOV�ZLWK�HLWKHU�PHGLD��70=���P0���RU�,YRVLGHQLE������ ��IRU����K��$V�VHHQ�LQ�)LJXUH�0ߤ
��$��EDVDO�2&5�VLJQLILFDQWO\�GHFUHDVHG�LQ� WKH�PDMRULW\�RI�&&$�FHOO�OLQHV��5%(��618�������DQG�
618�������IROORZLQJ�70=�DQG�,YRVLGHQLE�WUHDWPHQWV��$ORQJ�ZLWK�WKH�EDVDO�2&5�YDOXHV��DGGLWLRQDO�
NH\�PLWRFKRQGULDO�SDUDPHWHU�RI�PLWRFKRQGULDO�IXQFWLRQ��$73�SURGXFWLRQ��ZDV�DOVR�UHGXFHG�IROORZLQJ�
70=�RU�,YRVLGHQLE�WUHDWPHQWV��  

 
0RUHRYHU��ZH�SHUIRUPHG�6HDKRUVH�;)�)XHO�)OH[�WHVWV�WR�GHWHUPLQH�ZKHWKHU�70=�RU�,YRVLGHQLE�

DOWHUV� ,'+��07� &&$� FHOOV¶� GHSHQGHQF\� RU� FDSDFLW\� WR� R[LGL]H� D� SDUWLFXODU� IXHO�� 'HVSLWH� GUXJ�
WUHDWPHQWV��WKHUH�ZDV�QR�VKLIW�LQ�WKH�FHOOV¶�GHSHQGHQF\�QRU�WKH�FDSDFLW\�IURP�RQH�IXHO�WR�DQRWKHU��
6SHFLILFDOO\��,'+��07�FHOOV��5%(��UHPDLQHG�WR�KDYH�WKH�KLJKHVW�DQG�ORZHVW�GHSHQGHQF\�IRU�JOXFRVH�
DQG�IDWW\�DFLGV��UHVSHFWLYHO\��)LJXUH���'���1HYHUWKHOHVV��ZKHQ�ZH�WRRN�D�FORVHU�ORRN�LQWR�HDFK�IXHO��
WKHUH�ZHUH� VOLJKW� FKDQJHV� LQ� WKH���RI�2&5�ZKHUH� WKH�GHSHQGHQF\� IRU� JOXWDPLQH� DQG� IDWW\� DFLG�
VLJQLILFDQWO\�GHFUHDVHG�IROORZLQJ�70=�WUHDWPHQW��,QWHUHVWLQJO\��ZH�REVHUYHG�DQ�LQFUHDVH�LQ�JOXFRVH�
GHSHQGHQF\�IROORZLQJ�,YRVLGHQLE�WUHDWPHQW��\HW�WKH�WUHQG�ZDV�VWDWLVWLFDOO\�LQVLJQLILFDQW��)LJXUH���'���  
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3.3. Synergistic Effect of TMZ & Ivosidenib Combination Therapy   
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)LJXUH�����6\QHUJLVWLF�(IIHFW�RI�70=�	�,YRVLGHQLE�&RPELQDWLRQ�LQ�&&$��&&$�FHOO�OLQHV�ZHUH�
H[SRVHG�WR�YDU\LQJ�FRQFHQWUDWLRQV�RI�70=�	�,YRVLGHQLE�IRU����K�DQG�&&.���DVVD\V�ZHUH�
SHUIRUPHG�WR�GHWHUPLQH�FHOO�YLDELOLW\���%��7KH�GRVH�UHVSRQVH�FXUYHV�IRU�,'+��07��5%(��618�
������DQG�:7��618�������618������IROORZLQJ�70=�WUHDWPHQW�JLYHQ�HLWKHU�DV�VLQJOH�RU�LQ�
FRPELQDWLRQ�ZLWK0ߤ����,YRVLGHQLE�DV�ODEHOOHG�LQ�EODFN�DQG�EOXH�OLQHV��UHVSHFWLYHO\��(UURU�EDUV�
UHSUHVHQW�6(0��  

 
2XU�ILQGLQJV�LPSO\�WKDW�70=�H[KLELWV�SRWHQW�F\WRWR[LF�HIIHFWV�RQ�,'+��07�&&$�ZKLOH�,YRVLGHQLE�

LV�NQRZQ�WR�H[HUW�D�F\WRVWDWLF�HIIHFW�RQ�&&$��7KXV��ZH�DLPHG�WR�H[SORUH�WKH�V\QHUJLVWLF�HIILFDF\�RI�
FRPELQLQJ�70=�ZLWK�,YRVLGHQLE�LQ�&&$�FHOOV��:H�WUHDWHG�&&$�FHOOV�ZLWK�VHULDO�GLOXWLRQV�RI�70=�
�������� ������0ߤ ������0ߤ ����������0����P0��DQG�,YRVLGHQLEߤ �����0ߤ �����0ߤ ������0ߤ ��0ߤ
HLWKHU�DORQH�RU� LQ�FRPELQDWLRQ�IRU����K�DQG�SHUIRUPHG�&&.���FHOO�YLDELOLW\�DVVD\V��$V�VKRZQ�LQ�
)LJXUH���$��WKH�FRPELQDWLRQ�RI�70=�DQG�,YRVLGHQLE�PRUH�HIIHFWLYHO\�LQKLELWHG�WKH�SUROLIHUDWLRQ�RI�
&&$�FHOOV�WKDQ�VLQJOH�DJHQW�WUHDWPHQW��DV�ODEHOOHG�LQ�EODFN��70=��RU�JUH\��,YRVLGHQLE��OLQHV��  

 
 

%� 
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7DEOH����&RPELQDWLRQ�,QGH[�RI�7HPR]RORPLGH�DQG�,YRVLGHQLE�LQ�5%(�FHOOV�  

&HOO�/LQH 'UXJ�� 'UXJ�� 'RVH�RI�'UXJ���
 �0ࣆ�

'RVH�RI�'UXJ�� 
 ,& �0ࣆ�

5%( 
�,'+��07� 

7HPR]RORPLGH ,YRVLGHQLE � ����  
7HPR]RORPLGH ,YRVLGHQLE ��� ���� ���� 
7HPR]RORPLGH ,YRVLGHQLE ��� ���� ��� 
7HPR]RORPLGH ,YRVLGHQLE ��� ���� ���� 
7HPR]RORPLGH ,YRVLGHQLE ���� ���� ���� 
7HPR]RORPLGH ,YRVLGHQLE � ��  
7HPR]RORPLGH ,YRVLGHQLE ��� �� ���� 
7HPR]RORPLGH ,YRVLGHQLE ��� �� ��� 
7HPR]RORPLGH ,YRVLGHQLE ��� �� ���� 
7HPR]RORPLGH ,YRVLGHQLE ���� �� ���� 
7HPR]RORPLGH ,YRVLGHQLE � ��  
7HPR]RORPLGH ,YRVLGHQLE ��� �� ���� 
7HPR]RORPLGH ,YRVLGHQLE ��� �� ���� 
7HPR]RORPLGH ,YRVLGHQLE ��� �� ���� 
7HPR]RORPLGH ,YRVLGHQLE ���� �� ��� 
7HPR]RORPLGH ,YRVLGHQLE � ���  
7HPR]RORPLGH ,YRVLGHQLE ��� ��� ���� 
7HPR]RORPLGH ,YRVLGHQLE ��� ��� ��� 
7HPR]RORPLGH ,YRVLGHQLE ��� ��� ���� 
7HPR]RORPLGH ,YRVLGHQLE ���� ��� ���� 

 
7DEOH����&RPELQDWLRQ�,QGH[�RI�7HPR]RORPLGH�DQG�,YRVLGHQLE�LQ�618������FHOOV 

&HOO�/LQH 'UXJ�� 'UXJ�� 'RVH�RI�'UXJ���
 �0ࣆ�

'RVH�RI�'UXJ�� 
 ,& �0ࣆ�

618����� 
�,'+��07� 

7HPR]RORPLGH ,YRVLGHQLE � ����  
7HPR]RORPLGH ,YRVLGHQLE ��� ���� ���� 
7HPR]RORPLGH ,YRVLGHQLE ��� ���� ���� 
7HPR]RORPLGH ,YRVLGHQLE ��� ���� ���� 
7HPR]RORPLGH ,YRVLGHQLE ���� ���� ���� 
7HPR]RORPLGH ,YRVLGHQLE � ��  
7HPR]RORPLGH ,YRVLGHQLE ��� �� ��� 
7HPR]RORPLGH ,YRVLGHQLE ��� �� ���� 
7HPR]RORPLGH ,YRVLGHQLE ��� �� ���� 
7HPR]RORPLGH ,YRVLGHQLE ���� �� ���� 
7HPR]RORPLGH ,YRVLGHQLE � ��  
7HPR]RORPLGH ,YRVLGHQLE ��� �� ���� 
7HPR]RORPLGH ,YRVLGHQLE ��� �� ���� 
7HPR]RORPLGH ,YRVLGHQLE ��� �� ��� 
7HPR]RORPLGH ,YRVLGHQLE ���� �� ���� 
7HPR]RORPLGH ,YRVLGHQLE � ���  
7HPR]RORPLGH ,YRVLGHQLE ��� ��� ���� 
7HPR]RORPLGH ,YRVLGHQLE ��� ��� ���� 
7HPR]RORPLGH ,YRVLGHQLE ��� ��� ���� 
7HPR]RORPLGH ,YRVLGHQLE ���� ��� ���� 
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7R�GHWHUPLQH�ZKHWKHU�WKH�FRPELQHG�HIIHFWV�RI�70=�DQG�,YRVLGHQLE�DUH�DGGLWLYH��V\QHUJLVWLF��RU�
DQWDJRQLVWLF�� WKH� H[SHFWHG� GUXJ� FRPELQDWLRQ� UHVSRQVHV� ZHUH� FDOFXODWHG� XVLQJ� DQ� RQOLQH� WRRO��
6\QHUJ\)LQGHU��,Q�GHWDLO��D�FRPELQDWLRQ�LQGH[��&,��RI��������RU�!��UHIOHFWV�DQ�DGGLWLYH��V\QHUJLVWLF��
DQG�DQWDJRQLVWLF�HIIHFW��UHVSHFWLYHO\��$V�VKRZQ�LQ�7DEOHV���DQG����WKH�&,�RI�70=�DQG�,YRVLGHQLE�
GHPRQVWUDWHG�D�KLJKO\�V\QHUJLVWLF�HIIHFW�ZLWK�D�&,����DFURVV�DOO�GRVHV�LQ�ERWK�,'+��07�FHOO�OLQHV�
�5%(��618��������  

 
,Q�WKLV�PDWWHU��ZH�SHUIRUPHG�IXWXUH�DVVD\V�ZLWK�WKUHH�WUHDWPHQW�JURXSV��70=�DORQH��,YRVLGHQLE�

DORQH��DQG�70=���,YRVLGHQLE��)RU�FRPELQDWLRQ�WKHUDS\��ZH�XWLOL]HG��P0�RI�70=�DQG���� Ɋ0�RI�
,YRVLGHQLE�DV�LW�GHPRQVWUDWHG�D�UHGXFHG�FHOO�YLDELOLW\�����WKDQ�70=���P0��DORQH�DFURVV�DOO�&&$�
FHOO�OLQHV��)LJXUH���%���  
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)LJXUH�����Cytotoxic Effects following TMZ and Ivosidenib as single agents or as combined 
therapy determined via % of apoptotic cells. (A) CCA cell lines were treated with TMZ (1mM), 
Ivosidenib (50 ɊM), or combination therapy (TMZ: 1mM; Ivosidenib: 50 ɊM). Cell apoptosis 
was measured by flow cytometry. (B) Quantification of % of total apoptotic cells (early + late) 
following each treatment conditions in each CCA cell lines.  
 
7R�IXUWKHU�LQYHVWLJDWH�WKH�F\WRWR[LF�HIIHFWV�RI�70=�DORQH�RU�LQ�FRPELQDWLRQ�ZLWK�,YRVLGHQLE��ZH�

SHUIRUPHG�FHOOXODU�DSRSWRVLV�DVVD\��4XDQWLILFDWLRQ�RI�DSRSWRWLF�FHOOV�����ZDV�GRQH�E\�FRXQWLQJ�FHOOV�
LQ�HDUO\�DSRSWRVLV��ORZ�ULJKW�TXDGUDQW��4�����DQG�ODWH�DSRSWRVLV��XSSHU�ULJKW�TXDGUDQW��4������%\�
GRLQJ�VR��ZH�REVHUYHG�DQ�LQFUHDVH�LQ���RI�DSRSWRWLF�FHOOV�DFURVV�DOO�&&$�FHOO�OLQHV�IROORZLQJ�70=�
WUHDWPHQW���P0��IRU����K��)LJXUH���%���2Q�WKH�RWKHU�KDQG��,YRVLGHQLE�GLG�QRW�UHVXOW�LQ�D�VLJQLILFDQW�
LQFUHDVH�LQ�WKH���RI�DSRSWRWLF�FHOOV��,Q�IDFW��WKH���RI�DSRSWRVLV�ZDV�KLJKHU�LQ�WKH�FRQWURO�JURXS�WKDQ�
LQ�WKH�,YRVLGHQLE�JURXS�IRU�618�������,'+��07��DQG�618�������,'+��:7���7KHVH�GDWD�LQIHU�WKDW�
ZKLOH�70=�H[HUWV�D�F\WRWR[LF�HIIHFW�RQ�&&$��,YRVLGHQLE�H[HUWV�D�F\WRVWDWLF�HIIHFW� DV� UHSRUWHG� LQ�
SHUYLRXV� OLWHUDWXUH��$V� H[SHFWHG��ZH� FRXOG� REVHUYH� DQ� LQFUHDVHG��� RI� DSRSWRWLF� FHOOV� IROORZLQJ�
FRPELQHG�WKHUDS\�LQ�5%(�DQG�618������FHOO�OLQHV��1HYHUWKHOHVV��WKLV�WUHQG�ZDV�QRW�REVHUYDEOH�LQ�
UHPDLQLQJ�&&$�FHOO�OLQHV��)LJXUH���%���  
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)LJXUH�����:HVWHUQ�EORW�DQDO\VLV�RI�'1$�GDPDJH�IROORZLQJ�70=��,92��RU�70=���,92� 
:HVWHUQ�EORWWLQJ�DQDO\VLV�RI� ��0ߤ�����P0���,92���IROORZLQJ�WUHDWPHQW�ZLWK�PHGLD��70=;$�+ߛ
RU�70=���P0����,92��0ߤ����IRU����K�LQ�,'+��07��$��DQG�:7��%��&&$�FHOO�OLQHV�� �  
 
0RUHRYHU�� ZH� SHUIRUPHG� ZHVWHUQ� EORW� ZLWK� �;$�+�ߛ WR� H[SORUH� ZKHWKHU� FRPELQDWLRQ� WKHUDS\�

UHVXOWV�LQ�PRUH�'1$�GRXEOH�VWUDQG�EUHDNV�WKDQ�VLQJOH�WUHDWPHQW��$V�VHHQ�LQ�ILJXUH���$�� �;$�+ߛ
H[SUHVVLRQ�QRWLFHDEO\�LQFUHDVHG�IROORZLQJ�FRPELQDWLRQ�WKHUDS\�WR�WUHDWLQJ�70=�DORQH�LQ�,'+��07�
&&$��5%(��DQG�WKLV�WUHQG�ZDV�QRW�REVHUYDEOH�LQ�,'+��:7�&&$��)LJXUH����%��� ,Q�DGGLWLRQ��ZH�
REVHUYHG�WKDW� ��H[SUHVVLRQ�IROORZLQJ�,92�WUHDWPHQW�ZDV�VLPLODU�WR�WKDW�RI�WKH�FRQWURO�JURXS;$�+ߛ
DFURVV�DOO�&&$�FHOO�OLQHV��ZKLFK�UHLQIRUFHV�WKDW�,92�H[HUWV�D�F\WRVWDWLF�HIIHFW�RQ�&&$��  

 
 
 

$� 
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3.4. Establishment of genetically engineered CCA cell lines  
 

 
 

 
 

 
)LJXUH�����(VWDEOLVKPHQW�RI�,'+��.�2�&&$�FHOO�OLQHV�XVLQJ�&5,635�&DV��PHGLDWHG�JHQRPH�
HGLWLQJ��$��&HOO�PRUSKRORJ\�RI�SDUHQWDO�DQG�,'+��.�2�&&$�FHOO�OLQHV��%��T3&5�UHVXOWV�UHYHDOHG�
HIILFLHQW�.�2�RI�,'+��LQ�&&$�FHOO�OLQHV���&��:HVWHUQ�EORWWLQJ�DQDO\VLV�RI�,'+��LQ�SDUHQWDO�DQG�
VWDEOH�,'+��.�2�&&$�FHOO�OLQHV��  
 
'HVSLWH� WKH� SRVLWLYH� UHVXOWV�� ZH� DFNQRZOHGJHG� WKDW� RQH� OLPLWDWLRQ� RI� RXU� VWXG\� LV� WKH� XVH� RI�

SUHYLRXVO\�HVWDEOLVKHG�&&$�FHOO�OLQHV�ZLWK�HQGRJHQRXV�,'+��PXWDWLRQ��7KHUHIRUH��ZH�KDYH�XWLOL]HG�
&5,635�&DV��PHGLDWHG�JHQRPH�HGLWLQJ�WR�H[SORUH�ZKHWKHU�WKH�HQKDQFHG�VHQVLWLYLW\�WR�70=�LQ�&&$�

$� 

%� 

&� 
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LV�GLUHFWO\�GXH�WR�,'+��PXWDWLRQ�DQG�QRW�LQIOXHQFHG�E\�RWKHU�H[WHUQDO�IDFWRUV��7R�GR�VR��ZH�KDYH�ILUVW�
HVWDEOLVKHG�VWDEOH�,'+��.�2�&&$�FHOO�OLQHV�DQG�WKH�HIILFLHQF\�RI�,'+��.�2�ZDV�GHWHUPLQHG�YLD�
T3&5�DQG�ZHVWHUQ�EORWWLQJ�DQDO\VLV��)LJXUH���%�DQG�&���7KHUH�ZHUH�QR�QRWLFHDEOH�FKDQJHV�LQ�FHOO�
PRUSKRORJ\�GHVSLWH�,'+��.�2�LQ�&&$�FHOO�OLQHV�DV�VHHQ�LQ�ILJXUH���$�� �  

 

 

 
 

 

$� 

%� 
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)LJXUH�����5HVFXH�RI�,'+��07�LQ�,'+��.�2�&&$�FHOO�OLQHV�OHG�WR�DQ�LQFUHDVH�LQ�LQWUDFHOOXODU�
'�+*�OHYHOV��$��*)3�H[SUHVVLRQ�ZDV�XVHG�WR�PRQLWRU�WKH�HIILFLHQF\�RI�WUDQVGXFWLRQ�IRU�WKH�UHVFXH�
RI�HLWKHU�,'+��:7�RU�07�JHQHV�LQ�,'+��.�2�&&$�FHOO�OLQHV���%��$YHUDJH�LQWUDFHOOXODU�'�+*�
FRQFHQWUDWLRQV�LQ�618�������SDUHQWDO��,'+��.�2��,'+��:7�UHVFXH��,'+��5���&�07�UHVFXH���
�'��&RPSDULVRQ�RI�'�+*�OHYHOV�LQ�SDUHQWDO�&&$�FHOO�OLQHV�DQG�JHQHWLFDOO\�HQJLQHHUHG�618������
FHOOV��SDUHQWDO��,'+��.�2��,'+��:7�UHVFXH��,'+��5���&�07�UHVFXH�� 
 
)ROORZLQJ�WKH�HVWDEOLVKPHQW�RI�VWDEOH�,'+��.�2�&&$�FHOO�OLQHV��WKH�UHVFXH�RI�,'+��:7�RU�07�

�5���&��JHQHV�ZDV�SHUIRUPHG�XVLQJ�WKH�S+$*(�,'+���:7��DQG�S+$*(�,'+��5���&�YHFWRUV�
FRQWDLQLQJ�*)3��%\�GRLQJ�VR��ZH�ZHUH�DEOH�WR�PRQLWRU�VXFFHVVIXO�WUDQVGXFWLRQ�RI�,'+��YHFWRUV�LQ�
,'+��.�2�&&$� FHOO� OLQHV� WKURXJK�*)3� H[SUHVVLRQ� �)LJXUH� ��$�� DQG�ZHVWHUQ� EORWWLQJ� DQDO\VLV�
�)LJXUH���%���  

 
$V�ZH�KDYH�FRQILUPHG�WKH�JHQHUDWLRQ�RI�JHQHWLFDOO\�HQJLQHHUHG�,'+��:7�RU�07�&&$�FHOO�OLQHV��

ZH�TXHVWLRQHG�ZKHWKHU�WKH�LQWUDFHOOXODU�'�+*�OHYHOV�ZRXOG�LQFUHDVH�IROORZLQJ�WKH�UHVFXH�RI�,'+��
07�JHQHV� LQ�618�������ZKLFK�RULJLQDOO\�KDUERU� ,'+��:7�JHQHV��$V�VKRZQ�LQ�ILJXUH���&�� WKH�
UHVFXH�RI�,'+��:7�JHQHV�LQFUHDVHG�WKH�'�+*�OHYHOV�FRPSDUHG�WR�SDUHQWDO�RU�,'+��.�2�618������
FHOOV�� ,QWHUHVWLQJO\�� WKH� UHVFXH� RI� ,'+�� 07� JHQHV� LQ� 618������ RXWVWDQGLQJO\� LQFUHDVHG� WKH�
LQWUDFHOOXODU�'�+*�OHYHOV�FRPSDUHG�WR�SDUHQWDO��.�2��DQG�,'+��:7�618������FHOOV��DQG�WKHVH�GDWD�
ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��0RUHRYHU��WKH�FRQFHQWUDWLRQ�RI�'�+*�OHYHOV�LQ�JHQHWLFDOO\�HQJLQHHUHG�
618������ FHOOV� KDUERULQJ� D� 5���&� PXWDWLRQ� ZDV� KLJKHU� WKDQ� WKDW� RI� 618������ FHOOV�� ZKLFK�
HQGRJHQRXVO\�KDUERU�DQ�,'+��5���&�PXWDWLRQ��  

 
,Q�WKLV�PDWWHU��ZH�FRXOG�SKHQRW\SLFDOO\�FRQILUP�WKH�VXFFHVVIXO�JHQHUDWLRQ�RI�JHQHWLFDOO\�HQJLQHHUHG�

,'+��:7�RU�07�&&$�FHOO� OLQHV�� ,Q� WKH�QHDU� IXWXUH�� WKHVH�FHOO� OLQHV�ZRXOG�EH�IXUWKHU�XWLOL]HG� WR�
DVVHVV�WKH�GUXJ�VHQVLWLYLW\�WR�70=�DQG�,YRVLGHQLE��%\�GRLQJ�VR��LW�LV�H[SHFWHG�WKDW�WKHVH�FHOO�OLQHV�
ZRXOG�SOD\�D�NH\�UROH�LQ�XQGHUVWDQGLQJ�WKH�FKDUDFWHULVWLFV�RI�,'+��PXWDWLRQ�LQ�&&$�DQG�XQYHLOLQJ�
WKH�PHFKDQLVP�EHKLQG�HQKDQFHG�VHQVLWLYLW\�WR�70=��  
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IV. DISCUSSION    
&&$�UHPDLQV�FKDOOHQJLQJ�WR�WUHDW�RZLQJ�WR�WKH�ODFN�RI�WUHDWPHQW�RSWLRQV�DQG�OLPLWHG�UHVSRQVH�WR�

DYDLODEOH�WKHUDSLHV��5HFHQWO\��1*6�UHYHDOHG�YDULRXV�SRWHQWLDO�µGUXJJDEOH¶�WDUJHWV�LQ�&&$��LQFOXGLQJ�
)*)5�� IXVLRQ�� +(5�� DPSOLILFDWLRQ�� DQG� ,'+�� PXWDWLRQ�� )ROORZLQJ� VXFK� GLVFRYHU\�� WDUJHWHG�
WKHUDSLHV�KDYH�HPHUJHG�DV�D�SLYRWDO�FRQVWLWXHQW�LQ�&&$�WUHDWPHQW�E\�LQFUHDVLQJ�WKH�RYHUDOO�UHVSRQVH�
UDWH�RI�XS�WR�����DQG�����IRU�SDWLHQWV�ZLWK�)*)5��IXVLRQ�DQG�+(5��DPSOLILFDWLRQ��UHVSHFWLYHO\��  

 

,'+��PXWDWLRQ�RFFXUV�LQ�XS�WR�����RI�L&&$��1HYHUWKHOHVV��PRVW�SULRU�UHVHDUFK�RQ�,'+��PXWDWLRQ�
ZDV� FRQGXFWHG� LQ�RWKHU� FDQFHU� W\SHV�� VXFK� DV� JOLRPD�RU� FRORUHFWDO� FDQFHU��7KXV�� WKH�SDWKRJHQLF�
PHFKDQLVP� RI� ,'+��07� LQ�&&$� LV� VWLOO� SRRUO\� XQGHUVWRRG�� ,Q� WKLV�PDWWHU�� RXU� VWXG\� DLPHG� WR�
FKDUDFWHUL]H�,'+��07�&&$�E\�XWLOL]LQJ�SUHYLRXVO\�HVWDEOLVKHG�KXPDQ�&&$�FHOO�OLQHV��5%(��618�
������ WKDW� KDUERU� D� KRWVSRW� PXWDWLRQ� DW� HLWKHU� 5���6� RU� 5���&�� UHVSHFWLYHO\��$� ZHOO�NQRZQ�
FKDUDFWHULVWLF�RI�,'+��PXWDWLRQ�LV�WKH�H[FHVVLYH�DFFXPXODWLRQ�RI�WKH�RQFRPHWDEROLWH��'�+*��:H�
FRQILUPHG�WKDW�,'+��07�DOVR�UHVXOWV�LQ�DQ�HOHYDWLRQ�RI�LQWUDFHOOXODU�'�+*�OHYHOV�LQ�&&$�FHOO�OLQHV��
0RUHRYHU��,'+��PXWDQW�JHQHV�FRQVXPH�1$'3+�WR�FRQYHUW� ��LQWR�'�+*�DQG�D�GLVUXSWLRQ�LQ*.�ߙ
1$'3+�KRPHRVWDVLV�LV�RIWHQ�DVVRFLDWHG�ZLWK�HOHYDWHG�LQWUDFHOOXODU�526�OHYHOV��:H�REVHUYHG�WKDW�
ERWK�1$'3��1$3'+�UDWLR�DQG�526�OHYHOV�ZHUH�HOHYDWHG�LQ�,'+��07�&&$�LQ�FRPSDULVRQ�WR�,'+��
:7�&&$�FHOO�OLQHV��ZKLFK�DUH�ILQGLQJV�FRQVLVWHQW�ZLWK�SUHYLRXV�UHVHDUFK�RQ�GLIIHUHQW�FDQFHU�W\SHV� 

 

7KH�,'+��JHQH�LV�D�NH\�PHWDEROLF�HQ]\PH�LQ�WKH�7&$�F\FOH��ZKLFK�QRW�RQO\�FRQYHUWV�LVRFLWUDWH�
LQWR� Ƚ��.*� EXW� LV� DOVR� D�PDMRU� VRXUFH� RI�1$'3+� WKDW� LV� FULWLFDO� IRU�PDLQWDLQLQJ� FHOOXODU� UHGR[�
EDODQFH��3ULRU�UHVHDUFK�KDV�GHPRQVWUDWHG�WKDW�LQKLELWLRQ�RI�WKH�DFWLYLW\�RI�YDULRXV� Ƚ�.*�GHSHQGHQW�
HQ]\PHV�RU� DOWHUDWLRQ� LQ� WKH� FHOOXODU�1$'3+�1$'3�� UDWLR� IROORZLQJ� ,'+��PXWDWLRQ�� UHVXOWV� LQ�
PLWRFKRQGULDO�G\VIXQFWLRQ�DQG�PHWDEROLF�UHSURJUDPPLQJ��%\�SHUIRUPLQJ�PHWDERORPLFV�DVVD\V��ZH�
REVHUYHG�LPSDLUHG�PLWRFKRQGULDO�IXQFWLRQV�LQ�,'+��07�&&$�FHOO�OLQHV�FRPSDUHG�WR�,'+��:7�FHOOV��
0RUHRYHU��ZH�GLVFRYHUHG�WKDW�,'+��07�DQG�:7�&&$�FHOO�OLQHV�XWLOL]H�GLVWLQFW�PHWDEROLF�SDWKZD\V�
ZLWK�WKH�KLJKHVW�GHSHQGHQF\�RQ�JO\FRO\VLV�DQG�IDWW\�DFLG�R[LGDWLRQ��UHVSHFWLYHO\��  

 

,YRVLGHQLE�LV�D�VPDOO�PROHFXOH�LQKLELWRU�RI�WKH�,'+��JHQH��ZKLFK�KDV�UHFHLYHG�)'$�DSSURYDO�IRU�
WUHDWLQJ�SDWLHQWV�ZLWK�DGYDQFHG�,'+��07�L&&$��'HVSLWH�LWV�FOLQLFDO�EHQHILWV��WKH�REMHFWLYH�UHVSRQVH�
UDWH�ZDV�VROHO\���� LQ� WKH�SKDVH� ,,,�&ODU,'+\� WULDO��7KLV�ZDV� UHIOHFWHG� LQ�RXU� VWXG\�GXULQJ�GUXJ�
VFUHHQLQJ�DV� ,YRVLGHQLE� IDLOHG� WR� LQKLELW� WKH�SUROLIHUDWLRQ�RI�DOO�&&$�FHOO� OLQHV��ZLWK�,&���YDOXHV�
JUHDWHU�WKDQ����Ɋ0��UHJDUGOHVV�RI�WKH�,'+��PXWDWLRQ�VWDWXV��  

 

7HPR]RORPLGH�LV�DQ�DON\ODWLQJ�DJHQW�ZLGHO\�XVHG�WR�WUHDW�SDWLHQWV�ZLWK�,'+��07�JOLRPD��+RZHYHU��
LWV�F\WRWR[LF�HIIHFWV�KDYH�QRW�EHHQ�SUHYLRXVO\�H[SORUHG�LQ�&&$��7R�GHWHUPLQH�ZKHWKHU�70=�FRXOG�
VHUYH� DV� D� QRYHO� DSSURDFK� WR� WUHDW� ,'+��07�&&$��ZH� WUHDWHG� DOO� &&$� FHOO� OLQHV�ZLWK� YDU\LQJ�
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FRQFHQWUDWLRQV�RI�70=��%\�GRLQJ�VR��ZH�QRWLFHG�WKDW�70=�VHOHFWLYHO\�LQKLELWV�,'+��07�&&$�FHOO�
OLQHV�ZLWK�DQ�,&���YDOXH�RI�������Ɋ0�DQG�!��P0�IRU�,'+��07�DQG�:7�FHOO�OLQHV��UHVSHFWLYHO\��
0RUHRYHU�� ɀ+�$;�H[SUHVVLRQ��ZKLFK� VHUYHV� DV�D� ELRPDUNHU� IRU�'1$�'6%V��ZDV�RXWVWDQGLQJO\�
HOHYDWHG� LQ� ,'+��07� FHOO� OLQHV� LQ� FRPSDULVRQ� WR� ,'+��:7� �a�� IROG� YV�� a���� IROG� LQ� U+�$;�
H[SUHVVLRQ�IROORZLQJ�70=�WUHDWPHQW�� 

 

,Q�DGGLWLRQ�WR�'1$�'6%V�IROORZLQJ�70=�WUHDWPHQW��ZH�REVHUYHG�WKDW�70=�UHGXFHV�WKH�DEQRUPDO�
LQWUDFHOOXODU� OHYHOV� RI� '�+*� LQ� ,'+�� 07� &&$�� 7KLV� UHVHPEOHV� WKH� PHFKDQLVP� RI� DFWLRQ� RI�
,YRVLGHQLE�DQG�RWKHU�,'+��07�WDUJHWHG�WKHUDSLHV��0RUHRYHU��WKLV�WUHQG�ZDV�QRW�UHSRUWHG�LQ�SUHYLRXV�
VWXGLHV�LQYROYLQJ�70=��DQG�WKXV��PD\�KHOS�SURSRVH�D�QRYHO�PHFKDQLVP�RI�LQFUHDVHG�7HPR]RORPLGH�
VHQVLWLYLW\�LQ�,'+��07�FDQFHUV��  

 

3ULRU� UHVHDUFK�KDV� UHSRUWHG� WKDW�70=�LQGXFHV�*��0�DUUHVW����7KLV�ZDV�DOVR�UHIOHFWHG�DFURVV�DOO�
&&$�FHOO�OLQHV��1HYHUWKHOHVV��70=�LQGXFHG�*��0�DUUHVW�ZDV�QRWLFHDEO\�LQFUHDVHG�LQ�,'+��07�FHOO�
OLQH��5%(��FRPSDUHG�WR�,'+��:7�FHOOV�ZLWK�D�SHUFHQWDJH�LQFUHDVH�RI�XS�WR���������2Q�WKH�RWKHU�
KDQG��,YRVLGHQLE�LQGXFHG�*��*��DUUHVW�LQ�&&$�FHOO�OLQHV��ZKLFK�LV�LQ�OLQH�ZLWK�SUHYLRXV�VWXGLHV�RI�
QRQ�VPDOO� FHOO� OXQJ� FDQFHU���� ,QWHUHVWLQJO\�� ,'+��:7�FHOO� OLQHV� KDG� OLWWOH� WR� QR�GLIIHUHQFH� LQ� WKH�
QXPEHU�RI�FHOOV�LQ�WKH�*��*��SKDVH�IROORZLQJ�,YRVLGHQLE�WUHDWPHQW��  

 

'UXJ� WUHDWPHQWV� RIWHQ� OHDG� WR� PHWDEROLF� UHSURJUDPPLQJ� LQ� FDQFHU�� ZKLFK� FRQWULEXWHV� WR�
FKHPRWKHUDS\� UHVLVWDQFH�� 7KHUHIRUH�� ZH� SHUIRUPHG� PHWDERORPLFV� DVVD\V� WR� FRPSDUH� KRZ� WKH�
PLWRFKRQGULDO� IXQFWLRQV� DQG� FHOOV¶� GHSHQGHQF\� RU� FDSDFLW\� IRU� D� SDUWLFXODU� IXHO� DUH� GLVUXSWHG�
IROORZLQJ�70=�RU�,YRVLGHQLE�WUHDWPHQWV��$V�H[SHFWHG��GUXJ�WUHDWPHQWV�VLJQLILFDQWO\�LPSDLUHG�NH\�
PLWRFKRQGULDO� SDUDPHWHUV�� LQFOXGLQJ� EDVDO� UHVSLUDWLRQ� DQG�$73� SURGXFWLRQ�� 70=� KDG� D� JUHDWHU�
LPSDFW�RQ�VXFK�SDUDPHWHUV�WKDQ�,YRVLGHQLE��7KRXJK�ZH�FRQILUPHG�LPSDLUHG�PLWRFKRQGULDO�IXQFWLRQV��
ZH�FRXOG�QRW�REVHUYH�PHWDEROLF�VKLIWV�IROORZLQJ�70=�RU�,YRVLGHQLE�WUHDWPHQWV�LQ�,'+��07�FHOOV� 

 
:LWK�YDULRXV� DVVD\V��ZH�QRWLFHG� WKDW�70=�H[HUWV�D� F\WRWR[LF� HIIHFW� RQ� ,'+��07�&&$�XQOLNH�

,YRVLGHQLE��ZKLFK�LV�NQRZQ�WR�H[HUW�D�F\WRVWDWLF�HIIHFW�RQ�&&$��0RUHRYHU��ZH�FRQILUPHG�WKDW�70=�
DQG�,YRVLGHQLE�LQGXFHV�FHOO�F\FOH�DUUHVW�LQ�GLIIHUHQW�SKDVHV��7KHUHIRUH��ZH�IXUWKHU�H[SORUHG�ZKHWKHU�
WKH� FRPELQDWLRQ� RI� 70=� DQG� ,YRVLGHQLE� FRXOG� H[HUW� D� V\QHUJLVWLF� HIIHFW� RQ� LQKLELWLQJ� FHOO�
SUROLIHUDWLRQ�RI�,'+��07�&&$�FHOO�OLQHV��&HOO�YLDELOLW\�DVVD\V�DQG�WKH�TXDQWLILFDWLRQ�RI�WKH�&,�LQGH[�
VXJJHVWHG�WKDW�FRPELQLQJ�70=�DQG�,YRVLGHQLE�LV�KLJKO\�V\QHUJLVWLF�ZLWK�D�&,����DFURVV�DOO�GRVHV�LQ�
ERWK� ,'+�� 07� FHOO� OLQHV�� 6XEVHTXHQWO\�� ZKHQ� ZH� SHUIRUPHG� DQ� DSRSWRVLV� DVVD\�� ZH� VDZ� DQ�
LQFUHDVHG���RI�DSRSWRWLF�FHOOV�LQ�RQH�RI�WKH�,'+��07�FHOOV��5%(��IROORZLQJ�FRPELQDWLRQ�WKHUDS\�
WKDQ�70=�RU�,YRVLGHQLE�DORQH��7KLV�WUHQG�ZDV�IXUWKHU�VXSSRUWHG�ZLWK�LQFUHDVHG� ��H[SUHVVLRQ;$�+ߛ
IROORZLQJ�FRPELQDWLRQ�WUHDWPHQW�WKDQ�WUHDWLQJ�70=�DORQH�LQ�,'+��07�&&$��5%(���)XUWKHUPRUH��
DSRSWRVLV�UHVXOWV�LQIHUUHG�WKDW�,YRVLGHQLE�H[HUWV�D�F\WRVWDWLF�HIIHFW�RQ�DOO�&&$�FHOO�OLQHV�DV�WKHUH�ZDV�
OLWWOH�WR�QR�GLIIHUHQFH�LQ�WKH���RI�DSRSWRWLF�FHOOV�IROORZLQJ�,YRVLGHQLE�WUHDWPHQW� 
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0RUHRYHU�� ZH� DFNQRZOHGJH� WKDW� RQH� PDMRU� OLPLWDWLRQ� RI� RXU� VWXG\� LV� WKH� XVH� RI� SUHYLRXVO\�
HVWDEOLVKHG�KXPDQ�&&$�FHOO�OLQHV�WKDW�HQGRJHQRXVO\�KDUERU�DQ�,'+��PXWDWLRQ��,Q�RWKHU�ZRUGV��ZH�
FRXOG�QRW�H[FOXGH� WKH�QRWLRQ� WKDW�YDULRXV�H[WHUQDO� IDFWRUV�PD\�KDYH� LQIOXHQFHG� WKH�VHQVLWLYLW\�RI�
,'+��07� RU�:7�&&$� FHOO� OLQHV� WR�70=��7KHUHIRUH��ZH� KDYH� XWLOL]HG�&5,635�&DV��PHGLDWHG�
JHQRPH�HGLWLQJ�WR�ILUVW�JHQHUDWH�,'+��.�2�&&$�FHOO�OLQHV�DQG�ODWHU�UHVFXH�HLWKHU�,'+��:7�RU�,'+��
07��5���&��JHQHV�LQ�WKH�VWDEOH�,'+��.�2�&&$�FHOO�OLQHV��6SHFLILFDOO\��,'+��5���&�YDULDQW�ZDV�
VSHFLILFDOO\� FKRVHQ� DV� LW� LV� RQH�RI� WKH�PRVW� FRPPRQ�KRWVSRW�PXWDWLRQ� LQ�&&$��$IWHU� VXFFHVVIXO�
WUDQVIHFWLRQ��WUDQVGXFWLRQ��DQG�+\JURP\FLQ�%�VHOHFWLRQ��ZH�ZHUH�DEOH�WR�JHQHUDWH�VWDEOH�,'+��.�2�
&&$�FHOO�OLQHV��7KHQ��WKH�UHVFXH�RI�,'+��JHQHV�ZHUH�DOVR�FRQILUPHG�ZLWK�*)3�H[SUHVVLRQ�DQG�,'+��
H[SUHVVLRQ�XVLQJ�ZHVWHUQ�EORWWLQJ�DQDO\VLV��7KRXJK�ZH�KDYH�QRW�\HW�H[SORUHG�WKH�VHQVLWLYLW\�RI�70=�
LQ�WKHVH�HVWDEOLVKHG�&&$�FHOO�OLQHV��ZH�ZHUH�DEOH�WR�QRWLFH�D�VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVH�LQ�WKH�
LQWUDFHOOXODU�'�+*�OHYHOV�LQ�,'+��.�2�618������FHOO�OLQHV�H[SUHVVLQJ�,'+��07��5���&��JHQHV��
7KLV�ZDV�SDUWLFXODUO\�LQWHUHVWLQJ�DV�WKH�UHVFXH�RI�,'+��07�JHQHV�QRW�RQO\�LQFUHDVHG�'�+*�OHYHOV�
FRPSDUHG�WR�,'+��.�2�618������FHOOV�EXW�ZHUH�DOVR�JUHDWHU�FRPSDUHG�WR�SDUHQWDO�618������FHOOV��
ZKLFK�HQGRJHQRXVO\�KDUERU�D�,'+��5���&�PXWDWLRQ��  

 
,Q�DGGLWLRQ��RQH�OLPLWDWLRQ�RI�SUHYLRXVO\�HVWDEOLVKHG�,'+��07�&&$�FHOO�OLQHV�LV�WKDW�WKH\�DUH�QRQ�

WXPRULJHQLF����7KXV��LQ�YLYR�VWXGLHV�ZLWK�,'+��07�&&$�FHOO�OLQHV�ZHUH�QHDUO\�LPSRVVLEOH����2Q�WKH�
RWKHU�KDQG�� ,'+��:7�&&$�FHOO� OLQHV��VXFK�DV�618������KDYH�EHHQ�UHSRUWHG� WR�IRUP�WXPRUV� LQ�
PLFH����7KXV��ZH�ORRN�IRUZDUG�WR�DVVHVVLQJ�WKH�HIIHFW�RI�70=�LQ�YLYR�DQG�XQUDYHOLQJ�WKH�PHFKDQLVP�
EHKLQG�GUXJ�VHQVLWLYLW\�ZLWK�RXU�JHQHWLFDOO\�HQJLQHHUHG�,'+��07�&&$�FHOO�OLQHV� 
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V. CONCLUSION 
7KH�GLVFRYHU\�DQG�FOLQLFDO�GHYHORSPHQW�RI�WKHUDSLHV�VXUURXQGLQJ�RQFRJHQLF�,'+��PXWDWLRQ�KDYH�

EHHQ�D�EUHDNWKURXJK�LQ�WKH�WUDQVODWLRQDO�UHVHDUFK�RI�&&$��&KDUDFWHUL]DWLRQ�RI�KXPDQ�&&$�FHOO�OLQHV�
LQ�RXU�VWXG\�SURYLGHV�LQVLJKW�LQWR�PHWDEROLF�DOWHUDWLRQV�IROORZLQJ�,'+��PXWDWLRQ��ZKLFK�KDV�RQO\�
EHHQ�DGGUHVVHG�LQ�D�IHZ�FRPSUHKHQVLYH�VWXGLHV��)XUWKHUPRUH��RXU�VWXG\�SURYLGHV�D�QRYHO�WKHUDSHXWLF�
DSSURDFK�WR�WUHDW�,'+��07�&&$�E\�GHPRQVWUDWLQJ�WKDW�DQ�DON\ODWLQJ�DJHQW��70=��H[KLELWV�SRWHQW�
F\WRWR[LF�HIIHFWV�RQ�,'+��07�&&$�E\�LQGXFLQJ�DSRSWRVLV��*��0�FHOO�F\FOH�DUUHVW�DQG�UHGXFLQJ�WKH�
DEQRUPDO� LQWUDFHOOXODU� '�+*� OHYHOV��$GGLWLRQDOO\�� ZH� KDYH� H[SORUHG� WKH� V\QHUJLVWLF� HIIHFWV� RI�
FRPELQLQJ�70=�ZLWK�,YRVLGHQLE��ZKLFK�FRXOG�EH�PRUH�HIIHFWLYH�LQ�LPSURYLQJ�WKH�SURJQRVLV�RI�,'+��
07�&&$�SDWLHQWV�WKDQ�WUHDWLQJ�70=�RU�,YRVLGHQLE�WUHDWPHQW�DORQH��  
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₷㪚⳦⯖Ἂ, ⰎḖ 㕚ᄹ㧲ᜮ 㣶ⲛ㋲ᵦⲶⰒ IvosidenibⰎ 2021ᗞ ₒ FDA⩪▶ ណᡞ⧮ 

㋲ᵦⲶᳶ ❓Ⱂ⯞ ₵⧲᝾. គ, Ⲷ 3╛ Ⱎ╛❶㩲⩪▶ Ⴗᆚⲛ ₲⯫᷺Ⰾ 2%⩪ ኒㅪ 

⨗ῖ⯲ 㭂ᆖႚ Ṿ⭊ ₒₒ㧲⁚ᳶ ៮⭋ 㭂ᆖⲛⰒ ㋲ᵦ ⲞᱏⰎ Ⲣ❾㧶 ╛㬃Ⰾ᝾. 

Temozolomideᜮ ⧦㕆㫮Ⲷ⩪ ☧㧲ᜮ 㨇⧮Ⲷᳶ⠂ IDH1 ᡦ⪊⅚ⰎḖ Ⴐᜮ ᙦⴟ⨫⯲ 

㣶⶚ ㋲ᵦⲶᳶ ╆⭃ᢲᅺ Ⱒ᝾. ኒᲆᔲ, ណᡞ⧮⩪▶ Temozolomide⯲ ⨗ῖ 㭂ᆖḖ 

⪊ሆ㧶 Ⲟ᳚ᜮ ⩠᝾. ᧊ᰖ▶, → ⪊ሆᜮ ណᡞ⧮⯲ ∢ᱣ㧶 ⪢㭞Ḗ Ⴖ►㧲ዊ ⮞㨎 IDH1 

ᡦ⪊⅚ⰎḖ ↎⮺㧶 ណᡞ⧮⯲ ⴟ⨫ 㝓○⯞ ቶ἟㧲ᅺ ⧦㕆㫮Ⲷ ⨗ῖ ⱆ⃊㋲⯲ ႚ᜿○⯞ 

Ⲷ❶㨂⯖ᳶ⠂ ᝾ႛᡞᳶ ╢ᳶ⭎ ណᡞ⧮ ㋲ᵦ Ⲟᱏ⯞ ⚲ṗ㧲ᅺⰪ 㧲⪚᝾. 4Ⴖ⯲ ណᡞ⧮ 

◒㢆ⶖḖ Ⰾ⭃㧲⪆ IDH1 ⅚Ⰾ ⮺῎⩪ ᧊Ḓ ◒㢆 㝓○⯞ 㫯ṗ㧲⪚ᅺ រ╆ㅎ ∞▷⯞ 

㙏㨎 IDH1 ⅚Ⰾ⩪ ᧊Ḓ ណᡞ⧮⯲ រ╆ⲛ ⅚㫮ᡞ ᆚナ㧲⪚᝾. ណᡞ⧮ ◒㢆ⶖ⩪▶ 

Temozolomide ₩ Ivosidenib⯲ ⨗ῖ㭂ᆖḖ ∞▷㧶 ᅊᆖ IDH1 ⅚ⰎḖ ↎⮺㧶 

ណᡞ⧮ ◒㢆ⶖ⩪▶ ⨖╷㪯 រ⋞ Temozolomide⩪ ៮⭋ ₖႪ㧶 Ⲫ⯞ 㫯Ⱂ㨢⯖Ἂ 

⨗ῖ⩪ ⯲㧶 DNA Ⰾⶫᔲ► Ⲣគᡞ ⸷ႚ㧲⪆ ◒㢆 ╆ἒ⯞ ៮⭋ ⮺ᡞ㧲ᜮ ᄝ⯞ 

₶ᅆ㨢᝾. ᪪㧶, Temozolomide⩪ ⯲㧶 G2/M ዊ⯲ arrest ⪇❶ IDH1 ⅚ⰎḖ ↎⮺㧶 

ណᡞ⧮ ◒㢆ⶖ⩪▶ ⨖╷㪯 រ⋞ ⸷ႚ㧲ᜮ ᄝ⯞ ᆚナ㧲⪚᝾. Ivosidenib⯲ ᅗ⭊ G0-

G1 arrestḖ ⮺ᡞ㧲ᜮ ᄝ⯞ 㫯Ⱂ㧲⪚᝾. ៮ ᔲ⧞ႚ, Ivosidenib⯲ ⨗ῖ ዊⲞᆖ 

⋞❑㧲ᄦ TemozolomideⰎ IDH1 ⅚Ⰾ⩪ ⯲㨎 ◒㢆 ᕎ ⋞ⲯ╛ⲛ⯖ᳶ ㈯ⲛᢶ 



㸱㸷 
 

oncometaboliteⰒ D2HG⯲ ᘧᡞḖ ᕈ㈮ᜮ᠊ ዊ⪆㧲ᜮ ᄝᡞ 㫯Ⱂ㧲⪚᝾. → 

⪊ሆ⩪▶ᜮ ◒㢆 ╆ἒ⯞ ⮺ᡞ㧲ᜮ Temozolomideᆖ ◒㢆 ○ⰿ⯞ ⩏Ⲷ㧲ᜮ 

Ivosidenib⯞ Ⅻ⭃㨢⯞ ᧦ ❶ᖢ⹚ 㭂ᆖႚ Ⱒ⯖Ἂ ⧮◒㢆 ╆ἒⰎ ៮⭋ ⸷ႚ㧲ᜮ ᄝ⯞ 

in vitro ╛⩪▶ 㫯Ⱂ㧲⪚᝾. Ⰾᳶ⠂, TemozolomideⰎ IDH1 ᡦ⪊⅚ⰎḖ ↎⮺㧶 

ណᡞ⧮ ㋲ᵦ⩪ Ⱒ⩎ ⮺ṷ㧲Ἂ 㨿㭞 Ivosidenib ⨗ῖᆖ⯲ Ⅻ⭃ ㋲ᵦᳶ⠂⯲ ႚ᜿○Ⰾ 

Ⱒ⯦⯞ Ⲷ❶㧲ᅺⰪ 㧶᝾.  

 

㨏➆ᢲᜮ Ṫ: ណᡞ⧮, IDH1 ⅚Ⰾ, Temozolomide, Ivosidenib 
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