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Abstract 
 

 
Project Code: MRG6080055 
Project Title: Suppression of antioxidant activity enhances antitumor effect of piperlongumine   
on Cholangiocarcinoma cells 
Investigator: Chutima Talabnin (Ph.D.), School of Chemistry, Institute of Science, Suranaree 
University of Technology 
Email Address: chutima.sub@sut.ac.th 
Project Period:  2 Years 
Chemoresistance is the main aspect in the cholangiocarcinoma (CCA) treatment. Therefore, a 
novel treatment strategy is an urgent need to develop effective chemotherapeutic protocols for 
treating CCA.  Recently, redox-modulating strategies using piperlongumine (PL) become one of 
potential treatment for CCA patients.  Piperlongumine (PL) is a known ROS inducer, and killed 
CCA cells by inducing G2-M phase arrest via ROS-JNK-ERK pathway.  However, differential 
response to PL was observed in among all CCA cells which underlying mechanism is still unclear.  
The objective of this study was to investigate the molecular mechanisms of PL resistance to 
increase PL susceptibility on CCA cells.  We first determined the basal mRNA expression levels 
of phase II detoxification enzymes and antioxidant proteins in CCA cells.  High expressions of 
phase II detoxification enzymes (such as NADPH quinone oxidoreductase-1 (NQO-1), heme 
oxygenase-1 (HO-1), superoxide dismutases (SOD), and aldo-keto reductase 1 subunits C-1 and 
3 (AKR1C1 and AKR1C3) were detected in KKU-100 which was least sensitive to PL in among 
all CCA cells (KKU-213 and KKU-214).  Up-regulation of HO-1 expression via AKT activation was 
clearly detected in PL-treated CCA cells in a dose-dependent manner.  Inhibition of HO-1 by 
chemical inhibitor, ZnPP, or specific siRNA eliminated their antioxidant defense machinery and 
lead to increased anti-tumor activity of PL in CCA cell lines via the increment of intracellular ROS 
level and upregulation of apoptotic proteins.  These observations suggest that inhibition of 
Nrf2/HO-1 axis could enhance chemosensitizing effect of PL in CCA. 
 
Keywords: Cholangiocarcinoma, Piperlongumine, Heme oxygenase -1, anti-oxidant capacity 
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การดือ้ยาเคมบี าบดัถอืเป็นปัจจยัส าคญัในการรกัษามะเรง็ท่อน ้าด ี กลยทุธก์ารรกัษาแนวใหม่
เป็นสิง่ทีจ่ าเป็นในการพฒันาแนวทางการรกัษาดว้ยเคมบีดัใหม้ปีระสทิธภิาพเพื่อรกัษาโรคมะเรง็ท่อน ้าด ี 
ณ ปัจจบุนั กลยุทธก์ารควบคุมปฏกิริยิาการรบัส่งอเิลก็ตรอนหรอืปฏกิริยิารดีอกซ ์ดว้ยการใชส้ารไปเปอร์
ลองกูลมนิ เป็นกลยทุธิท์ีน่่าจะมศีกัยภาพในการรกัษาผูป่้วยมะเรง็ท่อน ้าด ี เนื่องจากไปเปอรล์องกูลมนิมี
คุณลกัษณะเป็นตวักระตุน้การสรา้งสารอนุมลูอสิระทีเ่รยีกว่า อนุพนัธอ์อกซเิจนทีว่่องไว ซึง่สามารถ
ท าลายเซลลม์ะเรง็ท่อน ้าดไีดด้ว้ยการชกัน าการหยดุชะงกัของกระบวนการแบ่งเซลลผ์่านการกระตุน้ดว้ย
วถิ ี ROS-JNK-ERK  แต่อยา่งไรกต็ามการตอบสนองต่อไปเปอรล์องกูลมนิของเซลลม์ะเรง็ท่อน ้าแต่ละ
เซลลน์ัน้มคีวามแตกต่างกนั และยงัไมเ่คยมรีายงานมาก่อนว่าเกีย่วขอ้งกบักลไกใด ดงันัน้ในการศกึษา
ครัง้นี้มวีตัถุประสงคใ์นการศกึษากลไกทีเ่กีย่วขอ้งกบัการดือ้ต่อไปเปอรล์องกูลมนิ เพื่อน าไปสู่แนว
ทางการพฒันาการรกัษาโรคมะเรง็ท่อน ้าดใีหม้ปีระสทิธภิาพ โดยผูว้จิยัเริม่จากการตรวจวเิคราะหก์าร
แสดงออกของยนีทีใ่ชก้ารสรา้งเอนไซมห์รอืโปรตนีทีม่คีุณสมบตัใินการก าจดัอนุมลูอสิระ ผลการศกึษา
พบเซลลม์ะเรง็ท่อน ้าด ี KKU-100 ทีม่คีวามไวน้อยต่อไปเปอรล์องกูลมนิมกีารแสดงออกของยนีในกลุ่ม
เอนไซม ์  NADPH quinone oxidoreductase-1  heme oxygenase-1  superoxide dismutases  และ 
aldo-keto reductase 1 subunits C-1-3 ค่อนขา้งสงูเมือ่เปรยีบเทยีบกบัเซลลม์ะเรง็ท่อน ้าด ี KKU-213 
และ KKU-214 ทีม่คีวามไวมากต่อไปเปอรล์องกูลมนิ  และผูว้จิยัพบว่าการเพิม่ขึน้ของการแสดงออกของ
ยนี heme oxygenase-1  ในเซลลม์ะเรง็ท่อน ้าดโีดยผ่านกระบวนการ AKT activation นัน้จะเกดิเมือ่มกีาร
ทดสอบดว้ยไปเปอรล์องกูลมนิในลกัษณะทีก่ารแสดงออกของยนีเพิม่ขึน้ตามปรมิาณความเขม้ของสารที่
เพิม่ขึน้ และเมือ่ทดสอบดว้ยการยบัยัง้การท างานของ heme oxygenase-1 ดว้ยตวัยบัยัง้ทีเ่รยีกว่า ZnPP 
หรอื การทดสอบรว่มกบั HO-1 siRNA เพื่อก าจดักระบวนการตา้นอนุมลูอสิระ พบว่าประสทิธภิาพการ
ท าลายเซลลม์ะเรง็ท่อน ้าดดีว้ยไปเปอรล์องกูลมนิเพิม่ขึน้เน่ืองจากมกีารชกัน าการสรา้งเพิม่ขึน้ของ 
อนุพนัธอ์อกซเิจนทีว่่องไว และโปรตนีทีเ่กีย่วขอ้งกบักระบวนการตาย  ดงันัน้จากการศกึษาครัง้นี้แสดง
ใหเ้หน็ว่า การยบัยัง้การท างานของ Nrf2/HO-1 ในมะเรง็ท่อน ้าดน่ีาจะเป้าหมายทีส่ าคญัในการเพิม่
ประสทิธภิาพและความไวของไปเปอรล์องกูลมนิ  
ค าหลกั: มะเรง็ท่อน ้าด ี  ไปเปอรล์องกูลมนิ  heme oxygenase-1  ความสามารถในการตา้นอนุมลู
อสิระ 



Introduction 
 

Cholangiocarcinoma (CCA) is a malignancy of bile duct epithelial cells.  CCA is the 
second commonest primary liver cancer that have a very poor prognosis with 5-10% for 5-year 
survival rate.  Surgical resection is the most effective treatment for CCA.  However, 5-year survival 
rates of 25%-30% have been documented in patients with a potentially curative surgery (Khan 
SA et al., 2012 and Nagino M et al., 2013).  To control disease, and improve survival and quality 
of life in patients with irresectable, recurrent and metastastic CCA, various chemotherapeutic 
agents including gemcitabine cisplatin and oxlalipatin) have been used either alone or in 
combination.  However, a response rate (0-40%) and median survival (2-12 months) remains low 
because resistance to chemotherapy is reported to be the main aspect in CCA treatment 
(Thongprasert et a., 2005, Fodale et al., 2011 and Holohan et al.,2013).  

The regulation of redox homeostasis is an essential factor to maintaining normal cellular 
functions and ensuring cell survival.  Cancer cells are characterized by increased aerobic 
glycolysis that causes to high levels of reactive oxygen species (ROS) generation.   The high 
ROS levels in cancer cells are a consequence of alteration in several signaling pathways that 
link to tumorigenesis including stimulation of cellular proliferation, promoting of mutation and 
genetic instability (Pelicano H et al., 2004 and Gorrini C et al., 2013).   Redox-modulating 
strategies become one of potential treatment for cancer patients that may enable therapeutic 
selectivity and to overcome drug resistance, such as cancer cells with increasing reactive oxygen 
species (ROS) level or decreasing antioxidant capacity are more susceptible to oxidative stress-
induced cell death (Trachootham D et al., 2009).   Currently, several anti-cancer agents including 
arsenic trioxide, anthracyclines, and cisplatin have demonstrated to act as ROS-generating 
agents that cause increased cellular ROS generation, and these anti-cancer agents are logical 
candidate for evaluating the strategy of preferentially killing cancer cell with increased ROS stress 
(Pelicano H et al., 2004).  In this study, we focus on piperlongumine (PL) which is a 
phytochemicals act as anti-cancer agent that targets redox regulation by selectively killing various 
cancer cells including CCA with increment of intracellular ROS levels.  PL-induced ROS 
generation is dependent on the activation of mitogen activated protein kinases (MAPKs) including 
c-Jun-N-terminal kinase (JNK), ERK and p38 (Liu JM et al., 2013 and Thongsom S et al., 2017).   
However, differential responses to PL has reported and may possibly involve in difference of 
genetics background of antioxidant mechanism defense in each cancer cells (Thongsom S et al., 
2017).     



Heme oxygenase 1 (HO-1) is, an inducible form of heme oxygenase, the first rate-limiting 
enzyme in the degradation of cellular heme to release free iron, carbon monoxide (CO) and 
biliverdin in mammalian cells.  HO-1 is frequently upregulated in numerous types of tumors 
including prostate, renal, gastric, colon cancer and CCA (Maines MD et al., 1996, Goodman AI 
et al., 1997, Yin H et al., 2014 and Kongpetch S et al., 2012 and 2014).   Up-regulation of HO-1 
is associated with tumor progression including tumor growth, metastasis and chemoresistance.  
A recent study showed that a depletion of the key cytoprotective enzyme such as HO-1 in the 
cancer cells could enhances the chemosensitivty of several anti-cancer agents including 
gemcitabine, cisplatin, and bortezomib (Kongpetch S et al., 2012, Furfaro AL et al., 2014 and Lv 
X et al., 2016).  In this research work, we demonstrated the possibility strategy for CCA treatment 
by the combination of anti-cancer agents such as PL with targeting HO-1.  The result showed 
that HO-1 was induced during PL treatment in CCA cell lines and suppression of HO-1 by 
chemical inhibitor or specific siRNA could increase the intracellular ROS level and 
chemosensitivity to PL in the CCA cell lines   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Materials and Methods 
 
Chemicals and Reagents 
Cell culture reagents were purchased from Gibco (Grand Island, NY, USA).  Piperlongumine (PL), 
2´,7´-dichlorodihydrofluorescein diacetate (DCFH-DA), trichloroacetic acid (TCA), Zinc-
protoporphyrin IX (ZnPP; HO-1 inhibitor), and sulforhodamine B (SRB) were purchased from 
Sigma-Aldrich (St. Louis, MO, USA).  The HO-1 siRNA and non-target negative control siRNA 
were purchased from Santa Cruz (San Diego, CA, USA).  DharmaFect 1 siRNA transfection 
reagent was purchased from Dharmacon (Lafayette, CO, USA).  Primary antibodies were 
obtained from Cell Signaling Technology (Danvers, MA, USA) —including total Akt (60 kDa), 
Ser 473 phosphorylated Akt (p-Akt) (60 kDa), poly (ADP-ribose) polymerase (PARP) (116/89 
kDa), and Bcl-2 (28 kDa).  Antibody against HO-1(32 KDa), Nrf2 (110 KDa) and β-Actin (42 
kDa) were purchased from Santa Cruz, San Diego CA, USA.  Mouse anti-rabbit IgG-HRP 
secondary antibody and Donkey anti-rabbit IgG-HRP secondary antibody were obtained from 
GE health care (Piscataway, NJ, USA).  Luminata TM Forte Western HRP substrate detection 
reagents were purchased from Millipore (Millipore, Billerica, MA, USA).  Superscript VILOTM cDNA 
synthesis kit was purchased from Invitrogen (Carlsbad, CA, USA).  LightCycler® 480 SYBR Green 
I Master was supplied from Roche (Mannheim Germany). 
 
Cell culture and Transfections 

Three human CCA cell lines (KKU-100, KKU-213, and KKU-214) were established from CCA 
patients at Srinagarind Hospital, Khon Kaen University, by Professor Banchob Sripa.  Certificates 
of analysis were obtained from the Japanese Collection of Research Bioresources Cell Bank, 
Osaka, Japan.  Cell were cultured in HAM-F12 containing 1% penicillin-streptomycin  and 10% 
fetal bovine serum (FBS)  Cells were incubated at 37°C in a humidified atmosphere containing 
5% CO2. Cells with 70-80 % confluence were trypsinized with 0.25% trypsin-EDTA and 
subcultured in the same media.   

Suppression of HO-1function was performed by HO-1 siRNA in two CCA cell lines including 
KKU-100 and KKU-213.  Cells were seeded on to six-well plate at 3 - 4 x 105 cells/well and 
incubated for overnight.  Cells were transfected with 10 M of specific siRNA to HO-1 (siHO-1) 
or non-target negative control siRNA (siCon) using DharnaFect 1 siRNA transfection reagent for 
24 and 48 h.  Transfection procedure was performed according to the manufacturer’s instruction 
(Dharmacon).  
 



Drug treatments  
A stock concentration of 50 mM PL and 5mM of ZnPP were dissolved in dimethyl sulfoxide 

(DMSO) and stored in aliquots at -20°C until its use.  Various concentrations of PL (0-100 M) 
or ZnPP (0-10 M) were diluted with cell culture media for subsequent experiments.  The vehicle 
control was DMSO with the same final concentration used in preparation of PL or ZnPP working 
solution.  For combination treatment of PL and ZnPP, the cells were pre-treated with ZnPP for 3 
h and then removed it before treating with various concentration of PL (0-100 µM) for 24 h.  For 
treatment of PL in presence or absent of siHO-1 or siCon, the cells were treated with a selection 
of concentration of PL from 0-20 M for 24-30 h.  Then, the treated cells were subsequently 
performed the cell viability, intracellular ROS, quantitative PCR and western blot analysis. 
 
Cell viability  

Cell viability was measured using  a sulforhodamine B (SRB) assay capable of determining 
cell density based on the measurement of cellular protein content; performed per Voigt with slight 
modifications.  The % cell viability was calculated as (A564 in treatment wells)  (A546 in control 
wells) × 100.  Each experiment was performed three times independently.  The half maximal 
inhibitory concentration (IC50) values were calculated using CompuSyn software [16] (ComboSyn 
Inc.; Paramus, NJ, USA) 
 
Measurement of intracellular accumulation of ROS 

The production of intracellular ROS was detected using DCFH-DA fluorescence assay as 
previous described (Thongsom S et al., 2017).  Briefly, transfected CCA cell lines (1.5 - 2 × 105 
cells) were seeded in 6-well plates for overnight after 30 h of transfection.  Then cells were 
treated with PL at 0, 10, and 20 µM for 12 h.  After treatment, the intracellular ROS was detected 
with 20 µM of DCFH-DA in a humidified 5% CO2 incubator at 37°C for 30 min.  After washing 
with 1XPBS, the cells were trypsinized and re-suspended in 1XPBS.  Then, the fluorescent 
intensity of the DCFH-DA was determined using Tali image-based cytometer (Invitrogen,Carlsba
d, CA, USA). 

 
 
 
 
 
 



 
Real-time reverse transcription-polymerase chain reaction (RT-PCR) 

Total RNA was extracted using TRIzol reagent as recommended by the manufacturer 
(Invitrogen).  First-stand cDNA was synthesis using Superscript VILOTM cDNA synthesis kit with 
2 µg of total RNA according to the manufacturer’s instruction (Invitrogen).   The sequences of 
primers were listed in Table 1.  Real-time PCR was performed using the LightCycler® 480 Real-
Time PCR System and LightCycler® 480 SYBR Green I mastermix (Roche Diagnostics, 
Mannheim, Germany).  The amplification condition was 95°C for 5 min; 95°C for 10 s, annealing 
at 60°C for 10 s, and extension at 72°C for 10 s through 45 cycles.  The specificity of each of 
the PCR products was confirmed by melting curve analysis.  Relative mRNA expression was 
obtained after normalization with endogenous human β-actin and calculated by 2-Ct.   
 

Table 1  Oligonucleotide for quantitative RT-PCR  
Gene 5’ –Forward 3’ 5’-Reverse-3’ 

Nrf2 5’ –TACTCCCAGGTTGCCCACA- 3’ 5’ –CATCTACAAACGGGAATGTCTGC- 3’ 

GCLM  5’-GACAAAACACAGTTGGAACAGC-3’ 5’ –CAGTCAAATCTGGTGGCATC- 3’ 

GCLC 5’ –ATGCCATGGGATTTGGAAT- 3’ 5’ –AGATATACTGCAGGCTTGGAATG- 3’ 

AKR1C1 5’ –CATGCCTGTCCTGGGATTT- 3’ 5’ –AGAATCAATATGGCGGAAGC- 3’ 

AKR1C3  5’-CATTGGGGTGTCAAACTTCA-3’ 5’-CCGGTTGAAATACGGATGAC-3 

HMOX1  5´-CAACATCCAGCTCTTTGAGGA-3´ 5´-GGGCAGAATCTTGCACTTTG-3´ 
NQO1  5´-GATATTCCAGTTCCCCCTGC-3´ 5´-TTCTTACTCCGGAAGGGTCC-3´ 
TXN 5´-GAGAGCAAGACTGCTTTTCA-3´ 5´-CAGAGAGGGAATGAAAGAAAG-3´ 
GSTP1  5´-TACACCAACTATGAGGCGGG-3´ 5´-AGCGAAGGAGATCTGGTCTC-3´ 
SOD2 5´-GTTGGCCAAGGGAGATGTTAC-3´ 5´-AGCAACTCCCCTTTGGGTTC-3 

PARK7 5´-CGAGCTGGGATTAAGGTCA-3´ 5´-CATATGGTCCCTCTTTTTTTGC-3´ 

B-actin 5’-GATCAGCAAGCAGGAGTATGACG-3’ 5’-AAGGGTGTAACGCAACTAAGTCATAG-3’ 

 
Protein Preparation  

CCA cell lines were cultured in six-well plate with 3 - 4 x 105 cells/well for 24 h.  Then the 
cells were treated with siRNA and/or various concentrations of PL (0, 5, 10 and 20 M) for 
another 0, 3, 6, 12 and 24 h.  After incubation, whole cell lysate was harvested as described in 
previous study (Thongsom S et al., 2017).  For nuclear and cytoplasmic fractions were extracted 
using nuclear extraction kit (Chemicon®, Merck, Darmstadt, Germany) according to 
manufacturer’s instruction.  Then, whole cell lysate, nuclear and cytoplasmic fraction were 
determined the protein concentration using Pierce® BCA protein assay kit (Thermo Scientific, 
Rockford, USA). 



SDS-PAGE and Western blot analysis 
The protein samples from whole cell lysate or nuclear or cytoplasmic fraction with 20 ug were 

electrophoretically separated on 10% SDS-polyacrylamide gel electrophoresis (SDS-PAGE).  The 
proteins were transferred to a nitrocellulose membrane. The nitrocellulose membranes were 
blocked for 1h with 5% (w/v) skimmed milk in 1XPBS containing 0.05% Tween 20 (PBST).  Then 
the membranes were incubated overnight at 4 °C with primary antibodies at a dilution of 1:500 
for HO-1 and Nrf2 proteins or 1:1000 for PARP, Bcl-2, pAkt (Ser473) total Akt  and lamin B1 
proteins in PBST.  The membrane were then incubated with 1:2,000 dilution of respective HRP-
conjugated secondary antibody for 1 h at room temperature.  LuminataTM Forte Western HRP 
substrate was applied for detecting the proteins and the bands were captured using ImageQuant 
LAS 4000 (GE Healthcare, Piscataway, NJ, USA). 

 
Statistical analysis 

All experiments were performed at least 2-3 times, and all results expressed as a mean ± the 
standard error. Statistical analyses were performed using GraphPad Prism 5.0 (GraphPad 
Software, La Jolla, CA, USA). The unpaired t-test was used for a between group statistical 
analyses. P<0.05 was considered statistically significant. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Results 
Expression levels of phase II detoxification enzymes and antioxidant proteins in CCA cell 
lines. 

To eliminate the harmful reactive oxygen species (ROS) or carcinogens, Nrf2- mediated 
cytoprotective genes especially phase II detoxification enzymes and antioxidant proteins are 
thought to be a major antioxidant defense mechanism in mammalian cells.  In this study, basal 
mRNA expression of 11 antioxidant related genes were investigated in three CCA cell lines that 
have been previously showed differential responses to PL including KKU-100 (CCA-less sensitive 
to PL), KKU-213 and KKU-214 (CCA-high sensitive to PL).   We found that mRNA expression 
levels of phase II detoxification enzymes including NADPH quinone oxidoreductase-1 (NQO-1), 
heme oxygenase-1 (HO-1), superoxide dismutases (SOD) and aldo-keto reductase 1 subunits C-
1 and 3 (AKR1C1 and AKR1C3) were visibly high in KKU-100 comparing with other CCA cell 
lines.  However, basal expression levels of Nrf2 and other Nrf2-mediated cytoprotective genes 
especially an enzymes in glutathione synthesis including -glutamylcysteine synthetase catalytic 
subunit (GCLC), -glutamylcysteine synthetase modifier subunit (GCLM), Glutathione S-
transferase P1 (GSTP1) were comparable in among all cell lines (Fig 1).  This result suggests 
that the mechanism of action of antioxidant defense might depend on the genetic background of 
each CCA cell lines. 
 

 
Fig 1.  Antioxidants expression profiles in 3 CCA cell lines. The mRNA expressions of all 
antioxidant related genes in 3 CCA cell lines were analyzed by qPCR and normalized using β-
actin as reference gene.  The relative mRNA expression of all genes was calculated using 2-∆Ct  
The data are presented as the mean ± SEM of two independent experiments 
 



 
Induction of HO-1 expression upon piperlongumine treatment 
 To evaluate the role of Nrf2-mediated cytoprotective genes in the responses to PL 
treatment.   CCA cell lines were treated with PL at 10 M for 6 h and then the mRNA expression 
of Nrf2-mediated cytoprotective genes including AKR1C1, AKR1C3, NQO-1, HO-1, GCLC, and 
GCLM were determined by RT-PCR.   The result showed that the expression of HO-1, GCLC, 
and GCLM were increased in all CCA cell lines after PL treatment; however, the increment of 
HO-1 expression was clearly observed in all CCA cell lines compare to the other genes 
expression (Fig 2A).   Next, we examined the HO-1 expression in CCA cell lines in the presence 
of PL with various concentrations (0-20 M) for 24 h or 10 M of PL at various  times (0, 3, 6 
and 24 h).    Expression analysis demonstrated that the expression of HO-1 in both mRNA and 
protein levels in both KKU-100 and KKU-213 were observed in a dose-dependent manner, but 
the induction of HO-1 expression indeed increased in response to the PL treatment especially at 
6 h and the expression was declined after 24 h of PL treatment (Fig 2B and 2C).     The results 
of the present study suggest that PL triggers preferentially HO-1 inducible expression in CCA cell 
lines and activation of HO-1 expression could be early antioxidant defense in the responses to 
PL treatment.   
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Fig 2   Piperlongumine induces HO-1 expression in CCA cell lines.  
(A) KKU-100, KKU-213 and KKU-M214 were treated with PL at 10 µM or DMSO (control) for 6 
h and then were determined the mRNA expressions of AKR1C1, AKR1C3,NQO1, HO-1, GGCL 
and GCLM by qRT-PCR and normalized using β-actin as reference gene.  The relative mRNA e

xpression of these six genes between with or without PL treatment was calculated using 2-Ct.  
(B and C) KKU-100 and KKU-213 were treated with PL (at 0, 5, 10, 15 and 20 M) for 24 h an
d were treated with PL at 10 uM for 1 ,3, 6 and 24 h. The relative mRNA expression of HO-1  a
nd HO-1 protein  were determined by qPCR and western blot analysis respectively.  The expres
sion data are presented as the mean ± SEM of three independent experiments. 
 



HO-1 silencing promotes PL-induced CCA cell death by increasing ROS accumulation 
 We subsequently investigated whether HO-1 act as a key antioxidant defense for 
protecting PL-mediated ROS generation in CCA cells.  First, we used ZnPP, a chemical HO-1 
inhibitor, to inhibited HO-1 activity in CCA cell line (KKU-100 and KKU-213) and then checked 
the effect of HO-1 inhibition in relation to PL-induced cytotoxicity.  Cytotoxicity test demonstrated 
that ZnPP at less than 10 M could suppressed CCA cell growth with less than 50 % of the 
control.  Therefore, ZnPP concentrations from 0-10 M were used in combination with PL 
treatment (0-100 M).   The respective IC50 values of PL were reduced in correlation to the 
combination with ZnPP at 5 and 10 M in both KKU-100 and KKU-213 (Fig 3A and 3B).   Next, 
we performed knockdown of HO-1 to elucidate the role of HO-1 in the sensitivity of CCA cell lines 
to PL.  The mRNA expression levels of HO-1 in both KKU-100 and KKU-213 were dramatically 
decreased at 24 and 48 h after transfection of HO-1 siRNA (Fig 4A), however, suppression of 
HO-1 have not influenced to CCA cell growth (Fig 4B).  Then, knock down of HO-1 markedly 
enhanced anti-tumor activity of PL in a dose-dependent manner for both KKU-100 and KKU-213 
(Fig 4C).   In addition, the combination of HO-1 silencing with PL treatment at 20 M showed 
significant increase of intracellular ROS accumulation (Fig 4D). Moreover, Western blot analyses 
also showed that up-regulation of apoptotic proteins (cleavage PARP) and down-regulation of 
anti-apoptotic protein (Bcl-2) were detected in response to these combination treatments at 12 h 
(Fig 4E).    Taken together, inhibition of HO-1 promotes PL-mediated ROS generation and lead 
to PL-induced CCA apoptosis.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
Fig 3 Inhibition of HO-1 by ZnPP increases anti-tumor activity of PL in CCA cell lines.  (A) K
KU-100 and KKU-213 were pretreated with ZnPP at various concentrations for 3 h and continue 
culture without ZnPP for 24 h.  (B) KKU-100 and KKU-213 were pretreated with ZnPP at 0, 1, 5 
and 10 µM for 3 h. and then ZnPP was removed and continue to treated with PL at 10 M 24 h
.  Cell viability was measured by SRB assays. The data are presented as the mean ± SEM of th
ree independent experiments. 
 
 
 
 
 
 
 



 
 
 
Fig 4. Knockdown of HO-1 by siRNA sensitized CCA cell lines to Piperlongumine.  KKU-100 
and M213 were transfected with HO-1 siRNA (si HO-1) or control transfection (si Cont) for 24-4
8 h.  (A) Efficiency (%) of knockdown at 24 and 48 h relative to siCont was determined using re
al-time PCR.  Cell viability at 48 h (B) and the cytotoxicity effect of PL at various concentrations 
(C), ROS accumulation (D) and apoptotic and anti-apoptotic proteins (E) between HO-1 knocked 
down cells and control were measured at 12 h of PL treatment. The data are presented as the 
mean ± SEM of three independent experiments. 
 
 
 



Piperlongumine activates Nrf2-mediated HO-1 expression via activation of the AKT signal 
 It has been reported that PI3K/AKT pathway act as a survival signal against multiple 
apoptotic insults and is thought to be a main upstream signaling event to induction of Nrf2-
mediated HO-1 expression (Martin D et al., 2004, Chen HH et al., 2012), so the 
activation/phosphorylation of AKT in PL-treated CCA cell lines was determined to elucidate the 
role of PI3K/AKT in PL-induced Nrf2 activation and HO-1 expression.  As shown in Fig 5A, HO-
1 and AKT phosphorylation indeed increased in response to PL treatment.  In addition, nuclear 
Nrf2 and HO-1 expression were also observed in a dose-dependent manner (5,10 and 20 µM).   
This finding suggests that PL-induced HO-1 expression is stimulated via Nrf2/AKT activation.  
 
 
 

 
 
 
 
Fig 5   Piperlongumine induces HO-1 expression via Akt activation.  KKU-100 were treated w
ith various concentration of PL (0, 5, 10, or 20 µM) for 3 h.  The whole cell lysates(A) and nucle
ar extracts (B) were subjected to Western blotting and probed with an antibody specific to HO-1
, tAkt, pAkt (Ser473), Nrf2, and β-actin.   
 
 
 
 
 

 



Discussion 
 

 PL exerts anti-tumor effect in variety of cancers including CCA (Thongsom S et al., 2017).  
PL inhibits tumor growth through the induction of ROS accumulation and activation of mitogen 
activated protein kinases (MAPKs) including c-Jun-N-terminal kinase (JNK), ERK and p38 (Liu 
JM et al., 2013 and Thongsom S et al., 2017) or inhibition of PI3K/AKT pathway (Wang Fet al., 
2015, and Zhou L et al., 2019).  However, sensitivity to PL varies slightly in different cancer cell 
lines including CCA.   In this study, we aimed to investigate the underlying mechanisms of PL 
resistance by targeting HO-1 activity.   Because, several evidences have demonstrated that HO-
1 has a powerful cytoprotective effect against various apoptotic insults in both normal and cancers 
cells.  Basal HO-1 expression levels of the cancer cells also convey the sensitivity to 
chemotherapeutic agents (Kongpetch S et al., 2012 and 2016).  In our current study, we found 
that basal HO-1 expression in among CCA cell lines was associated with sensitivity to PL.    In 
addition, HO-1 inducible expression was prominently presented after 3 and 6 h of PL treatment 
in all CCA cells.    This result suggests that HO-1 inducible expression plays an important role in 
early protection against PL-induced oxidative stress reaction.  Our findings are consistent with 
studies on well-known chemotherapeutic agents such as gemcitabine and cisplatin in which it 
can mediate oxidative stress and lead to induced HO-1 expression in CCA and laryngeal 
squamous cell cancer respectively (Lv X et al., 2016 and Kongpetch et al., 2012).   

The PI3K/AKT pathway is involved in cellular survival, metastasis, and drug resistance in 
variety of cancer types (Yokoi K et al., 2017, Yoon et al., 2011, and Yothaisong S et al., 2013).  
The development of acquired resistance by radiation, chemotherapy and/or targeted therapy have 
been revealed to associate with the induction of AKT activity (Arlt A et al., 2003 and Huang WC 
et al.,2009).  In addition, inhibition of this pathway has been proposed to increase the 
chemosensitivity in CCA (Leelawat K et al.,2009 and Yoon H et al., 2011).  Here we found that 
PL treatment resulted in AKT phosphorylation and Nrf2 activation, showing PL indeed increased 
HO-1 inducible expression via AKT/Nrf2 activation.   In contrast to PL-induced antioxidant defense 
in CCA, PL stimulated oxidative stress via ROS generation and induced CCA apoptosis through 
the activation of ROS/JNK/ERK pathway (Thongsom S et al., 2017).  This finding suggests that 
under oxidative stress environment caused by PL, CCA cells upregulated antioxidant defense by 
inducing AKT-mediated HO-1 expression and enhanced anti-apoptotic capacity to resistant to PL-
induced ROS generation.  This result illuminates the possible cause of PL resistance in CCA. 

HO-1 is a powerful antioxidant enzyme in Nrf2-mediated cytoprotective responses.  HO-
1 plays important role in cytoprotection and malignant transformation of cancer cells.  HO-1 



overexpression is found in CCA.  High levels of HO-1 is associated with CCA progression and 
therapeutic resistance (Kongpetch S et al., 2012 and 2016).    Suppression of HO-1 activity 
enhanced the chemosensitivity of cancer cells to various chemotherapeutic agents (Kongpetch S 
et. al., 2012, Lv X et al., 2016, Berberat PO et al., 2005).   In present study, we found that 
accompanied by the inhibition of HO-1 activity using chemical inhibitor or specific siRNA to HO-
1, anti-tumor activity of PL was increased in CCA cell lines through the increment of intracellular 
ROS accumulation and increased CCA cell death via upregulation of apoptotic proteins.   Taken 
together, our findings provided evidence that HO-1 could serve as a major antioxidant defense 
in PL treatment and the levels of basal HO-1 expression indicate the efficiency of PL for treating 
CCA. 

In conclusion, under oxidative stress environment caused by PL, AKT-mediated HO-1 
activation plays an importance role in antioxidant defense to protect PL-induced CCA apoptosis.  
In addition, we have proved that suppression of HO-1 resulted in increased intracellular ROS 
generation and CCA apoptosis induced by PL.   Taken all together, our results demonstrated the 
mechanism of PL resistance in CCA and Inhibition of HO-1 could be a feasible strategy for 
increasing the chemosensitivity of CCA to PL.    
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บทความส าหรบัการเผยแพร่ 

 
  มะเรง็ท่อน ้ำดเีป็นมะเรง็ทีเ่กดิขึน้บรเิวณท่อทำงเดนิน ้ำดทีัง้ภำยในและภำยนอกตบั 
มะเรง็ท่อน ้ำดเีป็นมะเรง็ทีม่อุีบตักิำรณ์สงูเป็นล ำดบัทีส่องในกลุ่มของมะเรง็ตบั ซึง่ผูป่้วยทีเ่ป็นมะเรง็ท่อ
น ้ำด ี มกัมพียำกรณ์โรคทีแ่ยแ่ละมอีตัรำกำรรอดชวีตติ ่ำ กำรรกัษำดว้ยกำรผ่ำตดัถอืเป็นกำรรกัษำทีม่ ี
ประสทิธภิำพแต่สำมำรถเหน็ผลไดช้ดัเจนในผูป่้วยมะเรง็ท่อน ้ำดใีนระยะแรกเท่ำนัน้ ดงันัน้เพื่อควบคุม
กำรพฒันำของโรคหรอืกำรท ำใหผู้ป่้วยมะเรง็ท่อน ้ำดมีชีวีติอยูไ่ดน้ัน้ ผูป่้วยมะเรง็ท่อน ้ำดทีีไ่มส่ำมำรถ
ผ่ำตดัรกัษำได ้ จะไดร้บักำรรกัษำดว้ยยำเคมบี ำบดั แต่อยำ่งไรกต็ำมกำรรกัษำดว้ยยำเคมบี ำบดักย็งัมี
ประสทิธภิำพไมเ่พยีงพอ เนื่องจำกผูป่้วยมะเรง็ท่อน ้ำดอีำจมภีำวะดือ้ยำเคมบี ำบดัเกดิขึน้ ดงันัน้กำร
พฒันำแนวทำงกำรรกัษำแนวใหมเ่ป็นสิง่จ ำเป็นไดแ้ก่ กำรรกัษำดว้ยสำรทีม่ฤีทธิก์ระตุน้กระบวนสรำ้ง
อนุมลูอสิระ  ในกำรศกึษำก่อนหน้ำนี้ทำงผูว้จิยัไดท้ ำกำรศกึษำสำรไปเปอรล์องกูลมนิซึง่เป็นสำรส ำคญัใน
สมนุไพรดปีลพีบว่ำมฤีทธิใ์นกำรท ำลำยเซลลม์ะเรง็ท่อน ้ำด ี โดมผีลขำ้งเคยีงต่อเซลลป์กตคิ่อนขำ้งน้อย
เนื่องจำกไปเปอรล์องกูลมนิมผีลกระตุน้อนุมลูอสิระในเซลลม์ะเรง็มำกกว่ำเซลลป์กต ิ  แต่อยำ่งไรกต็ำม
กำรตอบสนองต่อไปเปอรล์องกูลมนิในมะเรง็ท่อน ้ำดมีคี่อนขำ้งหลำกหลำยคอื ตอบสนองไดน้้อยบำ้งมำก
บำ้งในแต่ละรำยของมะเรง็ท่อน ้ำด ี  ดงันัน้ทำงผูว้จิยัไดศ้กึษำพบว่ำเซลลม์ะเรง็ท่อน ้ำดแีต่ละรำยมี
ควำมสำมำรถของระบบตำ้นอนุมลูอสิระต่ำงกนั โดยทีเ่ซลลม์ะเรง็ท่อน ้ำดตีอบสนองน้อยต่อไปเปอรล์อง
กูลมนิ มกัมคีวำมสำมำรถของระบบตำ้นอนุมลูอสิระสงู จงึท ำใหส้ำมำรถก ำจดัอนุมลูอสิระทีเ่กดิจำกกำร
ชกัน ำดว้ยไปเปอรล์องกูลมนิไดด้กีว่ำเซลลม์ะเรง็ท่อน ้ำดทีีต่อบสนองต่อไปเปอรล์องกูลมนิไดม้ำก  และ
เมือ่ท ำศกึษำโดยกดกำรท ำงำนของระบบตำ้นอนุมลูอสิระในเซลลม์ะเรง็ท่อน ้ำดทีีม่คีวำมไวน้อยต่อไป
เปอรล์องกูลมนิแลว้  เซลลม์ะเรง็จะมคีวำมไวต่อไปเปอรล์องกูลมนิเพิม่ขึน้  จำกผลกำรศกึษำนี้แสดงให้
เหน็ว่ำกำรใชไ้ปเปอรล์องกูลมนิรว่มกบักำรกดกระบวนกำรตำ้นอนุมลูอสิระ น่ำจะเป็นแนวทำงทีส่ำมำรถ
น ำไปใชใ้นกำรรกัษำผูป่้วยมะเรง็ท่อน ้ำดทีีม่ภีำวะดือ้ยำเคมบี ำบดัได ้ 
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