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ABSTRACT
Aims: Cyclooxygenase-2 (COX-2)/soluble epoxide hydrolase (sEH) dual inhibitor, 

PTUPB, has been demonstrated to inhibit angiogenesis, primary tumor growth and 
metastasis. The aim of this study is to investigate the effects of PTUPB on glioblastoma 
cells and xenograft model. 

Results: We show here that PTUPB inhibits glioblastoma cell proliferation and G1 
phase cell cycle arrest in vitro, and suppresses the tumor growth and angiogenesis  
in vivo. The expression and activation of epidermal growth factor receptor (EGFR) and its 
downstream kinases, ERK1/2 and AKT, are reduced by PTUPB, indicating that the EGF/
EGFR signaling pathway is a potential target. Moreover, PTUPB dramatically suppresses 
expression of hyaluronan mediated motility receptor (HMMR) in the glioblastoma cell 
lines and xenograft mouse model, suggesting that the HMMR is the other potential target. 

0DWHULDOV�DQG�0HWKRGV��&HOOXODU�LPPXQRÀXRUHVFHQFH�DVVD\V�ZHUH�XVHG�IRU�FHOO�
VWDLQLQJ�RI�DFWLQ�¿EHUV�DQG�+005��&&.���NLW�ZDV�XVHG�IRU�FHOO�SUROLIHUDWLRQ�DVVD\��&HOO�
F\FOH�DQDO\VLV�ZDV�SHUIRUPHG�E\�ÀRZ�F\WRPHWU\��4XDQWLWDWLYH�UHDO�WLPH�3&5�DVVD\�ZDV�
performed to test mRNA level. Western blot analysis was used to test protein expression. 
Immunohistochemical staining assay was used for xenograft tumor tissue staining of  
Ki-67, CD31 and HMMR. The SPSS version 17.0 software was applied for statistical analysis.

Conclusions: Our data demonstrate that PTUPB is a potential therapeutic agent to 
treat glioblastomas.

INTRODUCTION

Glioblastomas are the most malignant central 
nervous system (CNS) tumors in adults. Despite the 
recent advances in therapeutic strategies including 
surgery, radiotherapy and chemotherapy, the prognosis 
of glioblastoma patients remains poor with a median 
survival of less than one year [1–3]. As solid tumors, 
glioblastomas are highly vascularized and lead to rapid 
cell proliferation [4]. Thus, therapies of anti-angiogenesis 
and anti-tumorigenesis should be concurrently considered 

for glioblastoma treatment. Although an earlier study 
demonstrated that bevacizumab plus radiotherapy and 
temozolomide do not improve survival in glioblastoma 
patients [1], a recent exploratory analysis suggested that 
the addition of bevacizumab to standard glioblastoma 
treatment may extend survival for patients who do not 
receive second-line therapy [5].

Thanks to recent advances in tumor-microenvironment, 
increasing evidence reveals the close connections between 
LQÀDPPDWLRQ� DQG� FDQFHUV� >�±�@�� 7KH� F\FORR[\JHQDVH���
�&2;����VLJQDOLQJ�SDWKZD\�LQ�WKH�DUDFKLGRQLF�DFLG��$5$��
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FDVFDGH�SOD\V�NH\�UROHV�LQ�ERWK�LQÀDPPDWLRQ�DQG�FDQFHU�>�@��
%HVLGHV�WKH�DQWL�LQÀDPPDWRU\�DQG�DQDOJHVLF�HIIHFWV��&2;�
�� VHOHFWLYH� LQKLELWRUV� �FR[LEV�� DOVR� H[HUW� DQWL�WXPRULJHQLF�
effects on various cancers, including gliomas [10, 11]. 
,QKLELWLRQ�RI�&2;���ZDV�VKRZQ�WR�SUHYHQW�WXPRU�SURJUHVVLRQ�
E\�EORFNLQJ�FRQYHUVLRQ�RI�$5$�WR�SURVWDJODQGLQ�(���3*(����
D�SURLQÀDPPDWRU\�HLFRVDQRLG�WKDW�SURPRWHV�WXPRULJHQHVLV�
DQG� WXPRU�DVVRFLDWHG� DQJLRJHQHVLV� >��±��@�� $5$� FDQ�
DOVR�EH�FRQYHUWHG� WR�HSR[\HLFRVDWULHQRLF�DFLGV��((7V��E\�
F\WRFKURPH� 3���� �&<3�� HSR[\JHQDVHV� >��@�� ((7V� DUH�
autocrine and paracrine lipid mediators that modulate ion 
WUDQVSRUW�DQG�JHQH�H[SUHVVLRQ��DQG�H[HUW�DQWL�LQÀDPPDWRU\��
DQDOJHVLF��DQG�FDUGLRSURWHFWLYH�HIIHFWV��+RZHYHU��((7V�DUH�
rapidly metabolized in vivo by soluble epoxide hydrolase 
�V(+��WR�GLK\GUR[\HLFRVDWULHQRLF�DFLGV��'+(7V��ZKLFK�KDYH�
QR�RU�OHVV�ELRORJLFDO�DFWLYLW\�>��@��7KHUHIRUH��V(+�LQKLELWRUV�
�V(+,V�� DUH� XVHG� WR� VWDELOL]H� HQGRJHQRXV� ((7V� DQG� WKXV�
SUHVHUYH� WKHLU� ELRORJLFDO� DFWLYLW\� >��@�� 5HFHQWO\�� =KDQJ��
HW�DO��>��@�GHPRQVWUDWHG�WKDW�GXDO�LQKLELWLRQ�RI�&2;���DQG�
V(+�E\�D�FRPELQDWLRQ�WUHDWPHQW�V\QHUJLVWLFDOO\�VXSSUHVVHV�
OXQJ�WXPRU�JURZWK�DQG�PHWDVWDVLV��7KHQ��&2;���V(+�GXDO�
LQKLELWRUV� VXFK� DV� 3783%� ZHUH� V\QWKHVL]HG�� &RQFXUUHQW�
LQKLELWLRQ�RI�ERWK�&2;���DQG�V(+�XVLQJ�3783%�DV�D�VLQJOH�
molecule dramatically suppresses angiogenesis and primary 
tumor growth and metastasis.

*LYHQ�WKDW�WKH�SRWHQWLDO�RI�3783%�WR�VXSSUHVV�VROLG�
tumors by blocking angiogenesis, we investigated the 
HIIHFWV�RI�3783%�RQ�JOLREODVWRPD��,Q�WKH�SUHVHQW�VWXG\��
ZH�GHPRQVWUDWHG� WKDW�3783%� LQKLELWV� FHOO�SUROLIHUDWLRQ�
and G1 phase cell cycle arrest in glioblastoma cell lines, 
and suppresses both tumorigenesis and angiogenesis 
in glioblastoma xenografts. Moreover, we showed that 
3783%�PD\�H[HUW�DQWL�JOLREODVWRPD�HIIHFWV�E\�VXSSUHVVLQJ�
expression of hyaluronan mediated motility receptor 
�+005�� DQG� E\� WDUJHWLQJ� HSLGHUPDO� JURZWK� IDFWRU�
UHFHSWRU� �(*)5�� VLJQDOLQJ� SDWKZD\�� 2XU� GDWD� VXJJHVW�
WKDW� 3783%� PD\� H[HUW� ERWK� DQWL�DQJLRJHQLF� DQG� DQWL�
tumorigenic effects on glioblastoma.

RESULTS

PTUPB suppresses glioblastoma growth in vitro

7R� LQYHVWLJDWH� WKH� HIIHFWV� RI� 3783%� RQ�
glioblastoma growth in vitro��8���DQG�8����FHOOV�ZHUH�
WUHDWHG�ZLWK� HLWKHU�'062� �YHKLFOH� FRQWURO�� RU�3783%�
LQ�YDULRXV�FRQFHQWUDWLRQV�������������RU����ȝ0��IRU����
K��$� FHOO� FRXQWLQJ� NLW��� �&&.����ZDV� XVHG� WR� WHVW� WKH�
FHOO� SUROLIHUDWLRQ�� 3783%� LQKLELWHG� FHOO� SUROLIHUDWLRQ�
LQ� D� FRQFHQWUDWLRQ�GHSHQGHQW� PDQQHU� �)LJXUH� �$��� %\�
SHUIRUPLQJ� LPPXQRÀXRUHVFHQFH� VWDLQLQJ� ZLWK� ),7&�
SKDOORLGLQ��ZH�IRXQG�WKDW����ȝ0�3783%�FDXVHV�GLVUXSWLRQ�
RI�DFWLQ�VWUHVV�¿EHUV�DQG�UHWUDFWLRQ�RI�WKH�F\WRSODVP��ZKLFK�
results in change in cell morphology and loss of adhesion 
WR� WKH� VXEVWUDWXP� �)LJXUH� �%��� 7KHVH� REVHUYDWLRQV�
LQGLFDWH�WKDW�3783%�PD\�H[HUW�D�F\WRFKDODVLQ�OLNH�HIIHFW�

characterized by disruption of actin cytoskeleton, leading 
to growth inhibition and cytotoxicity. 

Then, we performed cell cycle analysis and found 
WKDW� ��� ȝ0� 3783%� ZLWK� ��� K� WUHDWPHQW� VLJQL¿FDQW�
increases the percentage of G1 phase cells and conversely 
GHFUHDVHV� WKH� SHUFHQWDJH� RI� 6� DQG� *�� SKDVH� FHOOV�
�)LJXUH��$���:HVWHUQ�EORW�DOVR�VKRZHG�WKDW�3783%�DIIHFWV�
various cell cycle regulators for G1 to S phase transition. 
7KH�H[SUHVVLRQ�RI�FHOO�F\FOH�SURPRWHUV��&'.���&'.���
&'.���&\FOLQ�'���&\FOLQ�'��DQG�F�0\F��ZHUH�GHFUHDVHG��
and the expression of cell cycle progression inhibitors, 
S��.LS��DQG�S��:DI��&LS���ZHUH�LQFUHDVHG��)LJXUH��%��

PTUPB reduces both expression and 
phosphorylation of EGFR

(*)5� VLJQDOLQJ� SOD\V� NH\� UROHV� LQ� F\WRVNHOHWDO�
and cell cycle regulation, and cell growth promotion  
>��±��@��7KXV��ZH�LQYHVWLJDWHG�ZKHWKHU�3783%�H[HUWV�WKH�
LQKLELWRU\�HIIHFWV�E\�WDUJHWLQJ�(*)5�VLJQDOLQJ�SDWKZD\��
5HFRPELQDQW� KXPDQ� HSLGHUPDO� JURZWK� IDFWRU� �K(*)��
ZDV� XVHG� DV� DQ� (*)5� DFWLYDWRU�� ��� ȝ0� 3783%� ZLWK�
HLWKHU����K�RU����K�WUHDWPHQW�UHGXFHG�WKH�H[SUHVVLRQ�RI�
(*)5�SURWHLQ��)LJXUH��$���(LWKHU����RU����ȝ0�3783%�
ZLWK� ��� K� WUHDWPHQW� FRXOG� GHSOHWH� SKRVSKRU\ODWLRQ� RI�
(*)5� DW� ERWK� 7\U����� �S�(*)57\U����) and Tyr1173 
�S�(*)5Tyr1173���)LJXUH��%���:H�DOVR�IRXQG�WKDW�3783%�
GHSOHWHV�S�(*)57\U���� in the early phase (1 h treatment) 
EXW�S�(*)5Tyr1173�LQ�WKH�ODWH�SKDVH����K���)LJXUH��&���7KH�
H[SUHVVLRQ�RI�*5%���DQ�DGDSWRU�SURWHLQ�WKDW�GLUHFWO\�ELQGV�
WR�S�(*)57\U�����DQG�UHJXODWHV�(*)5�0$3.�VLJQDOLQJ��ZDV�
also reduced, and the expression and phosphorylation of 
(5.����DQG�$.7�ZHUH�VXSSUHVVHG�E\�3783%��)LJXUH��'��

PTUPB suppresses the expression of HMMR and 
stemness markers and regulators

$IWHU�WUHDWLQJ�ERWK�8����DQG�8���FHOOV�ZLWK�HLWKHU�
'062� �YHKLFOH� FRQWURO�� RU� 3783%�� WKH� H[SUHVVLRQ� RI�
+005�P51$�OHYHO�ZDV�GHWHUPLQHG�E\�TXDQWLWDWLYH�UHDO�
WLPH�3&5� DVVD\� �)LJXUH� �$�� DQG� +005� SURWHLQ� ZDV�
WHVWHG�E\�ZHVWHUQ�EORW�DQG�FHOOXODU�LPPXQRÀXRUHVFHQFH�
�)LJXUHV� �%� DQG� �&��� %RWK� SURWHLQ� DQG� P51$� OHYHO�
RI� +005� LV� UHPDUNDEO\� VXSSUHVVHG� E\� 3783%� LQ� D�
concentration dependent manner.

7DUJHWLQJ�+005�KDV�EHHQ�GHPRQVWUDWHG�WR�LQKLELW�
the expression of stemness markers and regulators and the 
DFWLYDWLRQ�RI�(5.����>��@��:H�WHVWHG�WKH�H[SUHVVLRQ�RI�
%0,���62;��DQG�(5.����LQ�3783%�WUHDWHG�8����DQG�
8���FHOOV��DQG�IRXQG�WKDW�3783%�VLJQL¿FDQWO\�LQKLELWV�WKH�
H[SUHVVLRQ�RI�%0,���62;��DQG�WKH�DFWLYDWLRQ�RI�(5.����
�)LJXUHV��'���=(%�� LV� D� WDUJHW�RI�62;��DQG�KDV�EHHQ�
VKRZQ� WR� EH� FR�H[SUHVVHG�ZLWK� 62;�� LQ� JOLREODVWRPD�
>��@��:H�WKHQ�WHVWHG�WKH�H[SUHVVLRQ�RI�=(%��LQ�3783%�
WUHDWHG�8����DQG�8���FHOOV��DQG�IRXQG�WKDW�3783%�DOVR�
LQKLELWV�H[SUHVVLRQ�RI�=(%���)LJXUHV��'��
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PTUPB suppresses glioblastoma growth in vivo

7R�LQYHVWLJDWH�WKH�HIIHFWV�RI�3783%�RQ�JOLREODVWRPD�
in vivo, we built a subcutaneous glioblastoma xenograft 
PRGHO� LQ� %$/%�F� QXGH� PLFH�� $V� VKRZQ� LQ� )LJXUH�
�$� DQG� �%�� 3783%� VLJQL¿FDQWO\� VXSSUHVVHG� WXPRU�
growth. Then, we dissected the xenograft tumors for 
LPPXQRKLVWRFKHPLFDO� VWDLQLQJ��$V� VHHQ� LQ� )LJXUH� �&��
3783%�ORZHUHG�H[SUHVVLRQ�RI�.L�����&'���DQG�+005��
.L����LV�D�NH\�ELRPDUNHU�RI�FDQFHU�FHOO�SUROLIHUDWLRQ�DQG�
+005�SOD\V�NH\�UROHV�LQ�PDLQWDLQLQJ�WXPRU�JURZWK�DQG�
PDOLJQDQFH��/RZHU�&'���H[SUHVVLRQ�LQ�3783%�WUHDWHG�
tumors represents the inhibition of tumor angiogenesis. 
7KXV��RXU�GDWD�LQGLFDWHG�WKDW�3783%�LQKLELWV�JOLREODVWRPD�
growth in vivo.

DISCUSSION 

&2;���LV�DFWLYDWHG�LQ�PDQ\�FDQFHUV�DQG�FRQWULEXWHV�
to poor prognosis of malignances by enhancing resistance 
WR�FKHPRWKHUDS\�DQG�RU�UDGLRWKHUDS\�>��±��@��7KHUHIRUH��

WDUJHWLQJ� &2;��� KDV� EHHQ� GHPRQVWUDWHG� WR� EH� HIIHFWLYH�
in treating cancers, including malignant gliomas [10]. 
0HDQZKLOH� V(+� LQKLELWRUV� KDYH� EHHQ� GHPRQVWUDWHG� WR�
UHGXFH� FDUGLRYDVFXODU� VLGH� HIIHFWV� RI� FR[LEV� >��@� DQG�
JDVWURLQWHVWLQDO�HURVLRQ�DVVRFLDWHG�ZLWK�&2;�LQKLELWLRQ�>��@��
V(+,V�DOVR�SRWHQWLDWH�DQWL�LQÀDPPDWRU\�DQG�DQWLDQJLRJHQLF�
HIIHFWV�RI�FR[LEV�>������±��@��'XDO� LQKLELWLRQ�RI�&2;���
DQG�V(+�E\�HLWKHU�D�FRPELQDWLRQ�RI�VHOHFWLYH�LQKLELWRUV�RI�
HDFK�HQ]\PH�RU�D�&2;���V(+�GXDO�LQKLELWRU�3783%�DV�D�
single agent suppress primary tumor growth and metastasis 
by inhibiting tumor angiogenesis with the mechanisms of 
UHGXFWLRQ�RI�9(*)�DQG�3*(���VWDELOL]DWLRQ�RI�((7V�DQG�
LQKLELWLRQ�RI�HQGRWKHOLDO�FHOO�SUROLIHUDWLRQ�>��@�

,Q�WKH�SUHVHQW�VWXG\��WKH�HIIHFWV�RI�3783%�RQ�KXPDQ�
glioblastoma cells and the xenograft model were tested. 
:H�IRXQG�WKDW����ȝ0�3783%�VLJQL¿FDQWO\�LQKLELWV�FHOO�
proliferation and induces G1 phase cell cycle arrest in 
multiple glioblastoma cell lines. Then, we performed 
LPPXQRÀXRUHVFHQFH�VWDLQLQJ�RI�DFWLQ�VWUHVV�¿EHUV�ZLWK�
),7&�SKDOORLGLQ� WR� SUHVHQW� WKH� PRUSKRORJ\� RI� FHOOV�
WUHDWHG�����ȝ0�3783%�VLJQL¿FDQWO\�GLVUXSWV�FHOOXODU�DFWLQ�

)LJXUH����3783%�LQKLELWV�FHOO�SUROLIHUDWLRQ�DQG�GLVUXSWV�DFWLQ�VWUHVV�¿EHUV��(A��3783%�LQKLELWV�KXPDQ�JOLREODVWRPD�8���DQG�
8����FHOO�SUROLIHUDWLRQ�LQ�D�FRQFHQWUDWLRQ�GHSHQGHQW�PDQQHU�VWDUWLQJ�IURP����ȝ0�FRQFHQWUDWLRQ��*P < 0.05, compare with the control group). 
(B�����ȝ0�3783%�LQGXFHV�GLVUXSWLRQ�RI�DFWLQ�VWUHVV�¿EHUV�DQG�UHWUDFWLRQ�RI�WKH�F\WRSODVP�LQ�8����DQG�8���FHOOV��7KH�DFWLQ�VWUHVV�¿EHUV�DUH�
VKRZQ�LQ�JUHHQ�DQG�WKH�QXFOHL�DUH�VKRZQ�LQ�EOXH��7KH�UHG�DUURZV�SRLQW�FHOO�PRUSKRORJ\�FKDQJH�DQG�F\WRSODVP�UHWUDFWLRQ��6FDOH�EDU� ����ȝP�
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cytoskeleton and induces retraction of the cytoplasm 
and loss of cell adhesion to the substratum, suggesting 
WKDW� 3783%� SRVVHVVHV� F\WRFKDODVLQ�OLNH� DQWL�DFWLQ�
effect that leads to cell growth inhibition and following 
FHOO�GHDWK� >��@��$OWKRXJK����ȝ0�3783%� LQKLELWV�FHOO�
proliferation, it does not disrupt actin cytoskeleton, 
LQGLFDWLQJ�WKDW�3783%�PD\�LQGXFH�PRUH�GUDPDWLF�FHOO�

growth inhibition by disrupting the actin and inducing 
loss of cell adhesion.

1H[W��ZH� VWXGLHG�ZKHWKHU�3783%�DIIHFWV�(*)5��
a critical receptor tyrosine kinase that promotes 
glioblastoma angiogenesis and increases glioblastoma 
FHOO�SUROLIHUDWLRQ��PLJUDWLRQ�DQG�LQYDVLRQ�>��±��@��(*)5�
LV� RYHUH[SUHVVHG� LQ� ��±���� RI� JOLREODVWRPDV� DQG� LV�

)LJXUH����7KH�HIIHFW�RI�3783%�RQ�FHOO�F\FOH��(A�����ȝ0�3783%�����K�WUHDWPHQW��LQFUHDVHV�WKH�SHUFHQWDJH�RI�*��SKDVH�FHOOV�DQG�
GHFUHDVH�WKH�SHUFHQWDJH�RI�6�DQG�*��SKDVH�FHOOV��FRPSDUHG�ZLWK�WKH�FRQWURO��*P < 0.05). (B�����ȝ0�3783%����±K�WUHDWPHQW��UHGXFHV�WKH�
H[SUHVVLRQ�RI�FHOO�F\FOH�SURPRWHUV�&'.���&'.���&'.���&\FOLQ�'���&\FOLQ�'��DQG�F�0\F�DQG��LQFUHDVHV�WKH�H[SUHVVLRQ�RI�FHOO�F\FOH�
SURJUHVVLRQ�LQKLELWRUV��S��.LS��DQG�S��:DI��&LS���ȕ�DFWLQ�VHUYHG�DV�ORDGLQJ�FRQWURO��7KH�LPPXQREORWWLQJ�EDQGV�ZHUH�TXDQWL¿HG�E\�,PDJH-�DQG�
represented by relative values compare with loading control (1.00).
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DPSOL¿HG�LQ�����RI�WKH�WXPRUV��DQG�KDOI�RI�WKHVH�FRQWDLQ�
YDULRXV�(*)5�PXWDWLRQV�>������@��6HYHUDO�W\URVLQH�NLQDVH�
LQKLELWRUV��7.,V��WKDW�WDUJHW�WKH�(*)5�KDYH�EHHQ�HYDOXDWHG�
in clinical trials for glioblastoma patients, but all have 
IDLOHG�WR�PHHW�H[SHFWDWLRQV�>������@��,Q�WKH�SUHVHQW�VWXG\��
ZH�GHPRQVWUDWHG�WKDW�3783%�GHSOHWHV�DFWLYDWHG�(*)5�
�S�(*)57\U����� DQG� S�(*)5Tyr1173) and reduces protein 
OHYHOV�RI�(*)5�DQG�WKH�H[SUHVVLRQ�DQG�DFWLYDWLRQ�RI�LWV�
GRZQVWUHDP�NLQDVHV�(5.����DQG�$.7��,Q�WKH�8����DQG�
8���JOLREODVWRPD�FHOO�OLQHV��S�(*)57\U���� is spontaneously 
H[SUHVVHG��ZKLOH�(*)�LQGXFHG�S�(*)5Tyr1173 is persistent 
�QR� OHVV� WKDQ� ��� K��� 7KH� KLJK� OHYHOV� RI� S�(*)57\U���� 
DQG�S�(*)5Tyr1173�UHSUHVHQW�WKH�K\SHU�DFWLYLW\�RI�(*)5�
VLJQDOLQJ�� EXW� LW� LV� GUDPDWLFDOO\� LQKLELWHG� E\� 3783%��
%LQGLQJ�RI�*5%�� WR� WKH�S�(*)57\U���� is crucial to the 
(*)5�LQGXFHG�0$3.�VLJQDOLQJ�SDWKZD\�>��@��2XU�GDWD�
VKRZ�WKDW�3783%�DOVR�GHSOHWHV�*5%��H[SUHVVLRQ��:H�DOVR�
IRXQG�WKDW����ȝ0�3783%�GUDPDWLFDOO\�GHSOHWHV�S�(*)5��
DOWKRXJK�LW�GRHV�QRW�UHGXFH�WKH�(*)5�SURWHLQ�OHYHO��7KLV�

result may partially support the G1 phase arrest induced by 
���ȝ0�3783%��8QOLNH�WKH�$73�FRPSHWLWLYH�7.,V��3783%�
WUHDWPHQW�GRHV�QRW�GHSOHWH�(*)�LQGXFHG�SKRVSKRU\ODWLRQ�
RI� (*)5� �S�(*)5Tyr1173�� XQWLO� �� K� SRVW� GRVH�� ZKLOH�
*H¿WLQLE��D�ZLGHO\�XVHG�(*)5�7.,��LQKLELWV�(*)�LQGXFHG�
S�(*)5�LQ�HDUO\�SKDVH�����PLQ��LQ�JOLREODVWRPD�FHOOV�>��@��
7KXV��ZH�K\SRWKHVL]H�WKDW�3783%�PD\�H[HUW�DQWL�(*)5�
HIIHFWV� E\� GHSOHWLQJ� SKRVSKRU\ODWHG�(*)5� UDWKHU� WKDQ�
EORFNLQJ�(*)5�SKRVSKRU\ODWLRQ�LQ�DQ�$73�FRPSHWLWLYH�
PHFKDQLVP��7KLV�GLIIHUHQW�PHFKDQLVP�RI�DFWLRQ�E\�3783%�
WDUJHWLQJ�(*)5�PD\�RIIHU� D� VXSSOHPHQWDU\� VWUDWHJ\� WR�
DYRLG�7.,�UHVLVWDQFH��1RQHWKHOHVV��KRZ�3783%�DIIHFWV�
WKH�SURWHLQ�VWUXFWXUH�RI�(*)5�UHPDLQ�XQFOHDU��DQG�IXUWKHU�
studies are needed to unveil the mechanisms.

Then, we found that in both glioblastoma cells and 
[HQRJUDIWV� 3783%� VXSSUHVVHV� H[SUHVVLRQ� RI� +005��
a multifunctional oncogenic protein which is highly 
H[SUHVVHG� LQ� PDOLJQDQW� WXPRUV� >��±��@�� +005� QRW�
only regulates tumor cell proliferation and invasion, but 

)LJXUH����3783%�WDUJHWV�(*)5�VLJQDOLQJ��(A��:KHQ�FHOOV�ZHUH�WUHDWHG�IRU����K��D����ȝ0�3783%�FRQFHQWUDWLRQ�ZDV�QHHGHG�WR�
VLJQL¿FDQWO\�UHGXFH�(*)5�H[SUHVVLRQ��:KHQ�FHOOV�ZHUH�WUHDWHG�ZLWK����ȝ0�3783%��UHGXFWLRQ�LQ�(*)5�H[SUHVVLRQ�ZDV�VHHQ�XQWLO����K�
post treatment. (B��8����FHOOV�ZHUH�WUHDWHG�ZLWK����ȝ0�3783%�RU�DQG����QJ�PO�K(*)�IRU����K�DQG��8���FHOOV�ZHUH�WUHDWHG�ZLWK����ȝ0�
3783%�RU�DQG����QJ�PO�K(*)�IRU����K�����ȝ0�3783%�UHGXFHV�H[SUHVVLRQ�RI�(*)5�DQG�GHSOHWHV�S�(*)57\U�����DQG�S�(*)5Tyr1173�����ȝ0�
3783%�DOVR�GHSOHWHV�S�(*)57\U�����DQG�S�(*)5Tyr1173��EXW�GRHV�QRW�UHGXFH�(*)5�SURWHLQ�H[SUHVVLRQ���C��,Q�8���FHOOV����K�WUHDWPHQW�RI�
���ȝ0�3783%�GHSOHWHV�S�(*)57\U�����EXW�QRW�S�(*)5Tyr1173��ZKLOH���K�WUHDWPHQW�RI����ȝ0�3783%�GHSOHWHV�S�(*)5Tyr1173�DQG�S�(*)57\U���� 
����QJ�PO�K(*)�ZDV�XVHG�DV�DQ�(*)5�DFWLYDWRU����D��8����DQG�8���FHOOV�ZHUH�WUHDWHG�ZLWK����ȝ0�3783%�LQ�WKH�SUHVHQFH�RU�DEVHQFH�RI�
���QJ�PO�K(*)�IRU����K��3783%�UHGXFHV�WKH�H[SUHVVLRQ�DQG�SKRVSKRU\ODWLRQ�RI�$.7�DQG�(5.����DQG��WKH�H[SUHVVLRQ�RI�*5%���ȕ�DFWLQ�
ZDV�XVHG�DV�D� ORDGLQJ�FRQWURO��7KH�LPPXQREORWWLQJ�EDQGV�ZHUH�TXDQWL¿HG�E\�,PDJH-�DQG�UHSUHVHQWHG�E\�UHODWLYH�YDOXHV�FRPSDUH�ZLWK�
loading control (1.00).
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also affects centrosome structure and regulates mitotic 
VSLQGOH� IRUPDWLRQ� >���� ��@�� +005� PDLQWDLQV� WKH�
stemness and tumorigenicity of stem-like cells, which is 
essential for promoting tumorigenesis and angiogenesis in 
JOLREODVWRPD��7DUJHWLQJ�+005�KDV�EHHQ�GHPRQVWUDWHG�WR�
inhibit the expression of stemness markers and regulators 
DQG�WKH�DFWLYDWLRQ�RI�(5.����>��@��,Q�WKH�SUHVHQW�VWXG\��
ZH�GHPRQVWUDWHG�WKDW�3783%�DOVR�LQKLELWV�WKH�H[SUHVVLRQ�
RI�VWHPQHVV�PDHUNHUV�%0,���62;��DQG�WKH�DFWLYDWLRQ�RI�
(5.����LQ�JOLREODVWRPD�FHOO�OLQHV��0RUHRYHU��ZH�IRXQG�
WKDW�WKH�=(%��SURWHLQ��D�PHPEHU�RI�WKH�=(%�IDPLO\�RI�]LQF�
¿QJHU�WUDQVFULSWLRQ�IDFWRUV��ZDV�GUDPDWLFDOO\�VXSSUHVVHG�
E\�3783%��9HU\�UHFHQWO\��=(%��KDV�EHHQ�LGHQWL¿HG�DV�D�
SRWHQWLDO�62;��WDUJHW��ZKLFK�LV�FR�H[SUHVVHG�ZLWK�62;��
LQ�JOLREODVWRPD�>��@��2XU�¿QGLQJV�LQGLFDWHG�WKDW�3783%�
PD\� WDUJHW� WKH� +005�62;��=(%�� VLJQDOLQJ� D[LV��
inhibiting glioblastoma growth.

,Q� FRQFOXVLRQV�� ZH� IRXQG� WKDW� WKH� &2;���V(+�
GXDO� LQKLELWRU� 3783%� VXSSUHVVHV� KXPDQ� JOLREODVWRPD�

growth in vitro and in vivo, and dramatically inhibits 
(*)5�VLJQDOLQJ�SDWKZD\�DQG�H[SUHVVLRQ�RI�+005�DQG�
VWHPQHVV�PDUNHUV�DQG�UHJXODWRUV��7KHUHIRUH��3783%�PD\�
be a potential therapeutic agent to treat glioblastomas.

MATERIALS AND METHODS 

Reagents

7KH� F\FORR[\JHQDVH� �&2;����VROXEOH� HSR[LGH�
K\GURODVH��V(+��GXDO�LQKLELWRU��3783%��ZDV�V\QWKHVL]HG�
E\� 'U�� 6XQJ� +HH� +ZDQJ� DV� GHVFULEHG� >���� ��@�� 7KH�
UHFRPELQDQW�KXPDQ�(*)��K(*)�� ��������DQG�SULPDU\�
DQWLERGLHV� DJDLQVW� ȕ�DFWLQ� ��������� &'.�� ���������
S��.LS�� ��������� &\FOLQ� '�� ��������� F�0\F� ����������
&\FOLQ�'�����������S��:DI��&LS�����������&'.������������
&'.�� ���������(*)5� ��������� S�(*)57\U����� ���������
S�(*)5Tyr1173� ��������� $.7� ��������� S�$.7Ser473 
���������(5.�������������S�(5.���7KU����7\U���� ���������

)LJXUH����3783%�VXSSUHVVHV�H[SUHVVLRQ�RI�+005�DQG�VWHPQHVV�PDUNHUV�DQG�UHJXODWRUV��(A��4XDQWLWDWLYH�UHDO�WLPH�3&5�
DVVD\�VKRZHG�WKDW�+005�P51$�OHYHO�LV�UHGXFHG�E\�3783%��*P < 0.05). The western blot assay (B��RU�FHOOXODU�LPPXQRÀXRUHVFHQFH�
(C��6FDOH�EDU� ����ȝP��VKRZHG�WKDW�+005�SURWHLQ�OHYHO�LV�VLJQL¿FDQWO\�UHGXFHG�E\�3783%���D) The western blot assay showed that 
3783%�VXSSUHVVHV�WKH�H[SUHVVLRQ�RI�%0,���62;��DQG�=(%��DQG�WKH�DFWLYDWLRQ�RI�(5.�����ȕ�DFWLQ�ZDV�XVHG�DV�D�ORDGLQJ�FRQWURO��7KH�
LPPXQREORWWLQJ�EDQGV�ZHUH�TXDQWL¿HG�E\�,PDJH-�DQG�UHSUHVHQWHG�E\�UHODWLYH�YDOXHV�FRPSDUH�ZLWK�ORDGLQJ�FRQWURO��������
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*5%�� ��������� %0,�� ��������� =(%�� �������� DQG�
62;����������ZHUH�DOO�SXUFKDVHG� IURP�&HOO�6LJQDOLQJ�
7HFKQRORJ\� �%HYHUO\�� 0$�� 86$��� $QWLERG\� DJDLQVW�
+005� ��*7;�������� ZDV� SXUFKDVHG� IURP�*HQH7H[�
�,UYLQH��&$��86$��

Cell culture

+XPDQ� JOLREODVWRPD� FHOO� OLQHV� 8���� DQG� 8���
were purchased from CBTCCCAS (Cell Bank, Type 
Culture Collection of Chinese Academy of Sciences). All 
FHOOV�ZHUH�FXOWXUHG�DW����&�LQ�D�KXPLGL¿HG�DWPRVSKHUH�
RI�����DLU�DQG����&2� by using the complete culture 
PHGLXP��'XOEHFFR¶V�0RGL¿HG�(DJOH¶V�0HGLXP��'0(0��
VXSSOHPHQWHG�ZLWK�����IHWDO�ERYLQH�VHUXP��)%6��DQG����
penicillin and streptomycin.

&HOOXODU�LPPXQRÀXRUHVFHQFH�DVVD\V

&HOOV�ZHUH�WUDQVSODQWHG�LQWR���ZHOO�SODWHV�FRYHUHG�
with circular coverslips in the bottom and allowed to 
DWWDFK� RYHUQLJKW�� $IWHU� GLIIHUHQW� WUHDWPHQW� RI� 3783%�
IRU� ��� K�� FHOOV� ZHUH� ¿[HG� E\� ��� SDUDIRUPDOGHK\GH��
)RU�SKDOORLGLQ� VWDLQLQJ�RI� DFWLQ�¿EHUV��¿[HG�FHOOV�ZHUH�

LQFXEDWHG� ZLWK� ÀXRUHVFHLQ� LVRWKLRF\DQDWH� �),7&��
labeled phalloidin (Beyotime Institute of Biotechnology, 
6KDQJKDL��&KLQD�� IRU� ���PLQ� DW� URRP� WHPSHUDWXUH� DQG�
then mounted onto slides for observation after nuclei 
VWDLQLQJ�� )RU�+005�VWDLQLQJ�� ¿[HG� FHOOV�ZHUH� SUREHG�
ZLWK�+005�SULPDU\�DQWLERG\��2UL*HQH��5RFNYLOOH��0'��
86$��DW���&�RYHUQLJKW�IROORZHG�E\�LQFXEDWLRQ�ZLWK�$OH[D�
)OXRU�����ODEHOHG�VHFRQGDU\�DQWLERG\��%H\RWLPH�,QVWLWXWH�
RI�%LRWHFKQRORJ\��6KDQJKDL��&KLQD��IRU����PLQ�DW�URRP�
WHPSHUDWXUH��+RHFKVW�������ZDV�XVHG�IRU�VWDLQLQJ�QXFOHL��
Cell samples were observed and pictures were taken by 
XVLQJ� D� =HLVV�$[LR� 6FRSH�$�� PLFURVFRSH� �&DUO� =HLVV��
Oberkochen, Germany).

Cell proliferation assay

&&.��� NLW� SXUFKDVHG� IURP�'RMLQGR�/DERUDWRULHV�
�.XPDPRWR��-DSDQ��ZDV�XVHG�IRU�FHOO�SUROLIHUDWLRQ�DVVD\��
&HOOV� ZHUH� WUDQVSODQWHG� LQWR� ���ZHOO� SODWHV� IROORZHG�
E\�GLIIHUHQW� WUHDWPHQW��$IWHU����K��FXOWXUH�PHGLXP�ZDV�
GLVFDUGHG��FHOOV�ZHUH�WKHQ�FXOWXUHG�LQ�����ȝO�IUHVK�VHUXP�
IUHH�PHGLXP�FRQWDLQHG����ȝO�&&.���VROXWLRQV�IRU���K��
7KHQ�� WKH����ZHOO�SODWH�ZDV�SXW� LQWR�DQ�HQ]\PH�OLQNHG�
LPPXQRVRUEHQW�DVVD\�SODWH�UHDGHU��%LR�5DG�/DERUDWRULHV��

Figure 5: PTUPB suppresses glioblastoma growth in vivo�� (A) Xenograft tumors were obtained from mouse models (n�  ���
mice per group). (B��7XPRU�EHDULQJ�PLFH�ZHUH�WUHDWHG�ZLWK�HLWKHU�YHKLFOH�FRQWURO�������Y�Y��3(*�����'062��RU�3783%�����PJāNJí� 
d-1��GLVVROYHG�LQ������Y�Y��3(*�����'062���DQG�WKH�WXPRU�YROXPHV�ZHUH�PHDVXUHG���P > 0.05, *P < 0.05). (C) The immunohistochemical 
VWDLQLQJ�VKRZV�WKDW�3783%�VXSSUHVVHV�H[SUHVVLRQ�RI�.L�����&'���DQG�+005�LQ�[HQRJUDIW�WXPRUV��.L����LV�SRVLWLYHO\�VWDLQHG�LQ�QXFOHL�
DQG��+005�LV�JHQHUDOO\�VWDLQHG�LQ�F\WRSODVP��&'���LV�SRVLWLYHO\�VWDLQHG�LQ�YDVFXODU�HQGRWKHOLDO�FHOO��6FDOH�EDU� ����ȝP�
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,QF��� %HUNHOH\�� &$�� 86$�� DQG� RSWLFDO� GHQVLW\� YDOXHV�
(absorbance) were recorded at 450 nm. The relative cell 
survival rate was calculated according to the absorbance. 

&HOO�F\FOH�DQDO\VLV�E\�ÀRZ�F\WRPHWU\

$V� ZH� GHVFULEHG� SUHYLRXVO\� >��@�� WKH� FHOO� F\FOH�
DQDO\VLV� ZDV� SHUIRUPHG� XVLQJ� D� )$&6� &DOLEXU� ÀRZ�
F\WRPHWHU��%'�%LRVFLHQFHV��6DQ�-RVH��&$��86$���%ULHÀ\��
FHOOV�ZHUH�WUHDWHG�ZLWK�HLWKHU����ȝ0�3783%�RU�'062�
and harvested by trypsinization, centrifuged (3500 rpm for 
��PLQ���DQG�ZDVKHG�WZLFH�ZLWK�3%6��&HOOV�ZHUH�WKHQ�¿[HG�
E\�����HWKDQRO��$IWHU� VWDLQLQJ�XVLQJ�SURSLGLXP� LRGLGH�
�3,���D�WRWDO�RI��������QXFOHL�ZHUH�DQDO\]HG�

Quantitative real-time PCR assay

7RWDO� 51$�ZDV� H[WUDFWHG� IURP� FHOOV� VDPSOHV� E\�
Trizol (Invitrogen) according to the manufacturer’s 
LQVWUXFWLRQ�� 7KHQ�� WKH� 51$�ZDV� UHYHUVH� WUDQVFULEHG� WR�
IRUP� F'1$� E\� 6XSHU6FULSW� ,,,� 5HYHUVH� 7UDQVFULSWDVH�
�,QYLWURJHQ���$%,������UHDO�WLPH�3&5�V\VWHP��$SSOLHG�
%LRV\VWHPV��ZDV�DSSOLHG�WR�SHUIRUP�UHDO�WLPH�3&5�XVLQJ�
)DVW�6WDUW�8QLYHUVDO�6<%5�*UHHQ�0DVWHU��5RFKH���7KH�
SULPHUV� ZHUH�� +005� �)RUZDUG�� &$7**7*&$*& 
7&$**$$&$��5HYHUVH��$$*&7*$&$*&**$*777 
7*���ȕ�DFWLQ��)RUZDUG��&$&&&$*&$&$$7*$$*$7&$ 
$*$7�� 5HYHUVH�� &&$*77777$$$7&&7*$*7&$$ 
*&���)RU�GDWD�DQDO\VLV��WKH�ǻǻ&W��FRPSDUDWLYH�WKUHVKROG�
cycle) method was used. The fold-change was calculated 
DV���ǻǻ&W. The average expression of housekeeping genes 
�ȕ�DFWLQ��ZDV�XVHG�WR�QRUPDOL]H�WKH�GDWD�

Western blot analysis

$V� ZH� GHVFULEHG� SUHYLRXVO\� >��@�� WKH� ZKROH� FHOO�
lysates were prepared and separated by SDS-polyacrylamide 
JHO� HOHFWURSKRUHVLV� �6'6�3$*(�� DQG� WUDQVIHUUHG� WR� D�
SRO\YLQ\OLGHQH�ÀXRULGH�PHPEUDQH��0LOOLSRUH�&RUSRUDWLRQ��
%HGIRUG�� 0$�� 86$��� 0HPEUDQHV� ZHUH� LQFXEDWHG� ZLWK�
primary antibodies at 4°C overnight followed by incubation 
with secondary antibody. Immunoblots of proteins were 
visualized with chemiluminescence luminol reagents 
(Beyotime Institute of Biotechnology, Shanghai, China). 
3XEOLF� VRIWZDUH� ,PDJH-� �1DWLRQDO� ,QVWLWXWHV� RI� +HDOWK��
86$�� ZDV� XVHG� WR� TXDQWLI\� WKH� GHQVLWRPHWU\� RI� WKH�
immunoblotting bands.

Tumor xenograft mouse model

Animal experiments protocols were approved by 
-LQOLQJ�+RVSLWDO�DQLPDO�VWXGLHV�FRPPLWWHH��$SSUR[LPDWHO\�
5.0 × 10�� 8��� FHOOV� ZHUH� WUDQVSODQWHG� VXEFXWDQHRXVO\�
WR�%$/%�F� QXGH�PRXVH� �PDOH� DW� �� WR� ��ZHHNV� ROG�� WR�
develop a mouse xenograft model of human glioblastoma. 
2QFH� WXPRU� ZDV� SDOSDEOH�� WKH� WUHDWPHQW� RI� 3783%�

����PJāNJí�āGí���GLVVROYHG� LQ�D�PL[HG�VROYHQW�RI�3(*�
����DQG�'062������YRO�YRO��RU�YHKLFOH�FRQWURO��3(*�����
DQG� '062�� ���� YRO�YRO�� ZDV� DGPLQLVWHUHG� RQFH� GDLO\�
E\�LQWUDSHULWRQHDO�LQMHFWLRQ��7KH�OHQJWK�DQG�ZLGWK�RI�WKH�
tumors were measured every other day using a vernier 
caliper, and the tumor volume was calculated (tumor 
YROXPH� ����îOHQJWKîZLGWK�������GD\V�DIWHU�WKH�WUHDWPHQW��
all tumors obtained from animals were submitted for 
immunohistochemical staining to analyze the expression 
RI�.L�����&'���DQG�+005�

Immunohistochemical staining

;HQRJUDIW� WXPRU� WLVVXHV� ZHUH� REWDLQHG�� SDUDI¿Q�
HPEHGGHG�DQG�WLVVXH�VHFWLRQV�SUHSDUHG��%ULHÀ\��VSHFLPHQ�
ZDV� FXW� DV� �� ȝP�WKLFN� VHFWLRQV�� ZKLFK� ZHUH� WKHQ�
GHSDUDI¿QL]HG�����+�O��ZDV�XVHG�WR�TXHQFK�HQGRJHQRXV�
SHUR[LGDVH�DFWLYLW\��1RQVSHFL¿F�ELQGLQJV�ZHUH�EORFNHG�
by normal goat serum. Immunostaining was performed 
XVLQJ�SULPDU\�DQWLERGLHV�DW�HLWKHU�������RU�������GLOXWLRQ�
IROORZHG� E\� LQFXEDWLRQ� ZLWK� +53�ODEHOHG� VHFRQGDU\�
antibody. The visualization signal was developed with 
���ƍ�GLDPLQREHQ]LGLQH��'$%���DQG�WKHQ�PRXQWHG��7LVVXH�
sections were observed and pictures were taken by using a 
=HLVV�$[LR�6FRSH�$��PLFURVFRSH��&DUO�=HLVV��2EHUNRFKHQ��
Germany).

Statistical analysis

7KH� 6366� ����� VRIWZDUH� DQG� 0LFURVRIW� ([FHO�
were used for statistical analysis. Comparisons between 
treated and control groups were carried out using one-way 
ANOVA or independent t-test, and expressed as mean 
± standard deviation (SD). P < 0.05 were considered 
VWDWLVWLFDOO\�VLJQL¿FDQW�
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