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中 文 摘 要 ： 斑螫素(cantharidin)是萃取自一種名為斑螫的昆蟲。而斑螫素具有
許多顯著的生物活性如抗癌的作用。但是由於斑螫素的毒性太強
，亦會造成正常細胞的傷害及死亡。因此，慢慢的有許多斑螫素的
衍生物被合成，例如去甲基斑螫素(norcantharidin)及 斑螫酸
(cantharidic acid)。然而，現今的研究中對於cantharidic
acid在肝癌細胞的應用上仍然未知。在本篇研究中，將要去研究
cantharidic acid在肝癌細胞上所誘發細胞凋亡分子機制。結果顯
示，cantharidic acid顯著地肝癌細胞的增生作用。此外
，cantharidic acid所處理的肝癌細胞是經由活化caspase-3、-8、
-9及裂解PARP來誘發細胞凋亡，其呈現劑量的模式。此外，西方墨
點法分析結果顯示cantharidic acid以劑量依賴性的模式增加了
Erk1/2, JNK1/2及P38 MAPK磷酸化。綜合歸納後，我們的結果顯示
cantharidic acid是經由MAPK路徑來誘發肝癌細胞產生凋亡，這也
暗示著cantharidic acid適合作另一種有效的肝癌細胞化學治療藥
物。

中文關鍵詞： 斑螫酸、肝癌、細胞凋亡

英 文 摘 要 ： The rate of morbidity and mortality of hepatocellular
carcinoma (HCC) in Taiwan has not lessened because of
difficulty in treating tumor metastasis. Cantharidic acid
possesses various biological anticancer activities,
including apoptosis. However, detailed effects and
molecular mechanisms of cantharidic acid on HCC apoptosis
are unclear. Thus, HCC cells were subjected to treatment
with cantharidic acid and then analyzed to determine the
effects of cantharidic acid on cell apoptosis. The results
showed that cantharidic acid suppressed cell proliferation
in various types of HCC cell lines. Moreover, cantharidic
acid induced cell-cycle arrest of HCC cells at the G0/G1
phase. Furthermore, cantharidic acid effectively induced
apoptosis of HCC cells through caspases-8, -9, and -3
activation concomitantly with a marked induction of p38
mitogen-activated protein kinase (MAPK) activation. Taken
together, our results suggest that cantharidic acid
inhibited HCC cell proliferation through inducing cell-
cycle arrest and apoptosis and could serve as a potential
additional chemotherapeutic agent for treating HCC.

英文關鍵詞： Cantharidic acid, Hepatocellular Carcinoma, Apoptosis
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Abstract 

     The rate of morbidity and mortality of hepatocellular carcinoma (HCC) in Taiwan 

has not lessened because of difficulty in treating tumor metastasis. Cantharidic acid 

possesses various biological anticancer activities, including apoptosis. However, 

detailed effects and molecular mechanisms of cantharidic acid on HCC apoptosis are 

unclear. Thus, HCC cells were subjected to treatment with cantharidic acid and then 

analyzed to determine the effects of cantharidic acid on cell apoptosis. The results 

showed that cantharidic acid suppressed cell proliferation in various types of HCC 

cell lines. Moreover, cantharidic acid induced cell-cycle arrest of HCC cells at the 

G0/G1 phase. Furthermore, cantharidic acid effectively induced apoptosis of HCC 

cells through caspases-8, -9, and -3 activation concomitantly with a marked induction 

of p38 mitogen-activated protein kinase (MAPK) activation. Taken together, our 

results suggest that cantharidic acid inhibited HCC cell proliferation through inducing 

cell-cycle arrest and apoptosis and could serve as a potential additional 

chemotherapeutic agent for treating HCC. 

 

Key words: cantharidic acid, Apoptosis, G0/G1 arrest, HCC 
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1. Introduction 

    Cantharidin, norcantharidin (NCTD, exo-7-oxabicylo-[2.2.1] heptane-2,3-

dicarboxylic anhydride) and cantharidic acid are known to possess anticancer 

activities because they suppress the activity of serine/threonine protein phosphates [1-

7]. In our previous study, the structure-activity relationship (SAR) of cantharidin 

analogues suggested that anhydride ether oxygen in these analogues may correlate 

with HCC survival suppression, and the elimination of bridging ether oxygen on the 

ring can decrease cytotoxicity. However, cantharidin is unsuitable for cancer therapy 

because of its high cytotoxicity in vitro [IC (50) = 21 µM in primary cultured rat 

hepatocytes] [8]. The demethylated analogue of cantharidin is NCTD, which reduces 

the toxicity of cantharidin and is a potential anticancer drug for various cancer cells. 

A recent study showed that an NCTD-Nd3II derivative possesses anti-hepatoma 

activity, both in vitro and in vivo. It exerts its antiproliferative activity through 

apoptosis, G2/M cell-cycle arrest, and regulation of cyclin B1/cdc-2, p21, and Bcl-

2/Bax [9]. Yang et al. reported that NCTD induces apoptosis of breast cancer cells 

through activities of mitogen-activated protein kinases and signal transducers and 

activators of transcription. Consequently, NCTD may disturb cell-cycle distribution of 

breast cancer cells through p53- and Chk-related pathways [10].
 
Moreover, Liao et al. 

reported that NCTD induces cell cycle arrest and inhibits progression of human 
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leukemic Jurkat T cells through mitogen-activated protein kinase-mediated regulation 

of interleukin-2 production [11].
 
Furthermore, Chang et al. showed that NCTD 

induced cytotoxicity in HepG2 cells by apoptosis, which is mediated through ROS 

generation and mitochondrial pathways [12],
 
and a number of authors suggested that 

NCTD demonstrates anti-proliferative effects on human HepG2 cells in cell cultures 

[13].
 
NCTD thus inhibits the cell growth of various cancers by inducing apoptosis in 

cancer cells [14-22]. However, are no literature report, and these effects of cantharidic 

acid warrant further examination. Thus, we studied the effects, mechanisms, and 

pathway of cantharidic acid in HCC apoptosis.   
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2. Materials and Methods 

2.1. Materials 

   Cantharidic acid purity was purchased from Sigma-Aldrich (St. Louis, MO). A 20-

mM stock solution of cantharidic acid was made in dimethyl sulfoxide (DMSO; 

Sigma) and stored at -20 °C. The final concentration of DMSO for all treatments was 

< 0.5%. Antibodies specific for cleaved caspase-3, caspase-8, caspase-9, poly(ADP-

ribose) polymerase (PARP), phosphorylated (p)-extracellular signal-regulated kinase 

(ERK)1/2, p-p38, p-c-Jun N-terminal kinase (JNK), ERK1/2, p38, JNK1/2, α-tubulin, 

and β-actin (for the Western blot analysis) were purchased from Santa Cruz 

Biotechnology (Santa Cruz, CA). Unless otherwise specified, other chemicals used in 

this study were purchased from Sigma. 

 

2.2. Cell Culture 

   HCC (SK-Hep-1) cells obtained from Food Industry Research and Development 

Institute (Hsinchu, Taiwan) was cultured in Dulbecco’s modified Eagle’s medium 

(Life Technologies, Grand Island, NY, USA), 10% fetal bovine serum, 2 mM 

glutamine, 100 U/mL penicillin, 100 µg/mL streptomycin, and 400 ng/mL 

hydrocortisone. All cell cultures were maintained at 37 ℃ n a humidified atmosphere 

of 5% CO2. 
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2.3. In Vitro Cytotoxicity Assay 

   HCC (SK-Hep-1) cells were plated in 96-well microtiter plates and treated with 

various concentrations of cantharidic acid for 24 h, and cell viabilities were assessed 

using an MTS (Promega, Madison, WI) assay. The absorbance (A) was read at 490 

nm using an enzyme-linked immunosorbent assay (ELISA) reader (MQX200; Bio-

Tek Instruments, Winooski, VT). The cell viability rate (multiples) was determined by: 

A490, cantharidic acid /A490, vehicle. 

 

2.4. Flow Cytometric Analysis 

   SK-HEP-1 cells (4  10
6
/ml) were treated with vehicle (0.5% DMSO) or 20 μM 

cantharidic acid, and the mixture was allowed to incubate for 24 h. At the end of 

incubation, cells were collected and fixed with 70% ethanol. Cells were stained with 

propidium iodide (PI) buffer (4 µg/ml PI, 1% Triton X-100, and 0.5 mg/ml RNase A 

in phosphate-buffered saline (PBS)) for 30 min in the dark at room temperature and 

then filtered through a 40-µm nylon filter (Falcon, San Jose, CA). The cell-cycle 

distribution was analyzed for 10
4
 collected cells by a FACS Vantage flow cytometer 

that uses the Cellquest acquisition and analysis program (Becton-Dickinson FACS 

Calibur, San Jose, CA). Apoptotic cells with hypodiploid DNA content were detected 
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in the sub-G1 region. All results were obtained from three independent experiments. 

 

2.5. Annexin-V/PI Staining Assay 

   Apoptosis-mediated death of tumor cells was examined using a double-staining 

method with an FITC-labeled Annexin-V/PI Apoptosis Detection kit (BD Biosciences, 

San Jose, CA). For PI and Annexin-V double-staining, cells were suspended in 100 µl 

of binding buffer (10 mM HEPES/NaOH, 140 mM NaCl, and 2.5 mM CaCl2 at pH 

7.4) and stained with 5 µl of FITC-conjugated Annexin-V and 5 µl of PI (50 µg/ml) 

for 30 min at room temperature in the dark, and then 400 µl of binding buffer was 

added. Apoptotic cells were analyzed via flow cytometry, by a FACScan system flow 

cytometric analysis. Data acquisition and analysis were performed in a Becton-

Dickinson FACS Calibur flow cytometer using Cell Quest software (BD Biosciences). 

 

2.6. Western Blot Analysis 

    Cell lysates were prepared as previously described [23]. Equal amounts of protein 

extracts (20 µg) were subjected to 10% or 12% sodium dodecylsulfate polyacrylamide 

gel electrophoresis (SDS-PAGE) and blotted onto polyvinylidene fluoride membranes 

(Millipore, Belford, MA). After blocking, the membrane was incubated with primary 

antibodies for caspases-9, -3, and -8, PARP, ERK1/2, p-ERK1/2, p38, JNK1/2, p-



 8 

JNK1/2, α-tubulin, and β-actin. Blots were then incubated with a horseradish 

peroxidase (HRP)-conjugated anti-mouse or anti-rabbit antibody. Signals were 

detected via enhanced chemiluminescence using Immobilon Western HRP Substrate 

(Millipore, Billerica, MA). 

 

2.7. Statistical Analysis 

     Values are shown as the mean ± SE. Statistical analyses were performed using the 

Statistical Package for Social Science software, vers. 16 (SPSS, Chicago, IL). Data 

comparisons were performed with Student's t-test when two groups were compared. A 

one-way analysis of variance (ANOVA) followed by Tukey’s post-hoc test was used 

when three or more groups were analyzed. Differences were considered significant at 

the 95% confidence level when p < 0.05. 
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3. Results 

3.1. Effect of Cantharidic acid on Cell Proliferation of HCC (SK-Hep-1) cells.  

     To determine the efficacy of cantharidic acid against HCC cells, we first treated 

HCC (SK-Hep-1) cells with cantharidic acid. As shown in Figure 1, after treatment 

for 24 h, cantharidic acid significantly suppressed cell proliferation in concentration-

dependent manners.  

 

3.2. The Effect of Cantharidic acid on Cell-Cycle Progression and Apoptosis.  

     To investigate the mode of the antiproliferative effects induced by cantharidic acid, 

SK-HEP-1 cells were treated with 20 μM cantharidic acid for 24 h. The proportion of 

cells in the G0/G1 phase significantly increased after 24 h of treatment, with 

corresponding decreases of cells in the S and G2/M phases. A representative cell-

cycle distribution graph is shown in Figure 2. The internucleosomal degradation of 

DNA and translocation of phosphatidylserine (PS) to the extracellular membrane are 

two major characteristics of cell apoptosis. DNA degradation was evaluated by 

detecting the sub-G1 proportion and after 24 h of treatment with cantharidic acid, 

percentages of the sub-G1 cell population had also significantly increased from 2.29% 

to 38.4% (Figure 2 ). Similarly, as shown in Figure 3, we assessed the translocation of 

PS using Annexin-V and PI double-staining. Annexin-V-positive cells increased from 
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3.0% to 26.27% after treating SK-HEP-1 cells with 20 µM cantharidic acid (Figure 

3). 

 

3.3. Effects of Cantharidic acid on Activation/Expression of Pro- and Antiapoptotic 

Proteins.  

The apoptotic process is executed by members of highly conserved caspases, and 

modulation of the mechanisms of caspase activation and suppression is a critical 

molecular target in chemoprevention, since these processes lead to apoptosis [24]. To 

identify the mechanisms underlying cantharidic acid-induced apoptosis in SK-HEP-1 

cells, activation of caspases-3, -8, and -9 and cleavage of PARP were detected. Figure 

4 shows that exposure of SK-HEP-1 cells to cantharidic acid (0~20 μM for 24 h) 

caused concentration-dependent degradation of procaspases-3, -8, and -9, which 

respectively generated fragments of caspases-3, -8, and -9. These findings suggest that 

activation of caspase-3/-8/-9 signals and increased expression of cleaved PARP were 

responsible for cantharidic acid-induced apoptotic induction in SK-HEP-1 cells. 

 

3.4. MAPKs Involved in Cantharidic acid-induced Cell-Cycle Arrest and Apoptosis 

     ERK was reported to be associated with the proliferation and drug resistance of 

hematopoietic cells [25] and be a key cellular component linking extracellular signals 
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to the induction and activation of cell-cycle events controlling the G1-to-S-phase 

transition [26]. Upon treatment with different concentrations of cantharidic acid (0~20 

μM), we found that 10 and 20 μM cantharidic acid induced dominant activation of 

Erk1/2, p38 MAPK, and JNK1/2 (Figure 5), suggesting that activation of MAPK 

might play a critical role in cantharidic acid-induced apoptosis in SK-HEP-1 cells. 
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Figure 1 

          

 

Figure 1: Effect of cantharidic acid on cell viability of HCC cell lines. SK-Hep-1 cells 

were treated with the vehicle (DMSO) or cantharidic acid (0~40 μM) in serum-

containing medium for 24 h. Cell viability was determined by an MTS assay. Results 

are expressed as multiples of cell viability. Values represent the mean ± SE of 3 

independent experiments.  
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Figure 2 

 

 

Figure 2: The effect of cantharidic acid on apoptosis as determined by flow 

cytometry. One representative experiment is shown. Quantitative analysis of cell 

apoptosis by Annexin-V and propidium iodide (PI) double-staining flow cytometry 

after treatment of SK-Hep-1 cells with 0-20 μM cantharidic acid or the vehicle for 24 

h.  
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Figure 3 

 

Figure 3: The effect of cantharidic acid on cell-cycle progression as determined by 

flow cytometry. One representative experiment is shown.  
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Figure 4 

 

Figure 4: Effects of cantharidic acid on activation/expression of pro- and antiapoptotic 

proteins. Expression levels of caspase-3, -8, and -9, and PARP were assessed by a 

Western blot analysis after treatment with various concentrations of cantharidic acid 

(0~40 μM) for 24 h.  
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Figure 5 

                        

Figure 5: Effect of cantharidic acid on the mitogen-activated protein kinase (MAPK) 

pathway. Phosphorylation levels of extracellular signal-regulated kinase (ERK)1/2, c-

Jun N-terminal kinase (JNK)1/2, and p38 were assessed by a Western blot analysis 

after treatment with various concentrations of cantharidic acid (0~20 μM) for 24 h.  
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斑螫素(cantharidin)是萃取自一種名為斑螫的昆蟲。而斑螫素具有許多顯著
的生物活性如抗癌的作用。但是由於斑螫素的毒性太強，亦會造成正常細胞的
傷害及死亡。因此，慢慢的有許多斑螫素的衍生物被合成，例如去甲基斑螫素
(norcantharidin)及 斑螫酸(cantharidic acid)。然而，現今的研究中對於
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處理的肝癌細胞是經由活化caspase-3、-8、-9及裂解PARP來誘發細胞凋亡
，其呈現劑量的模式。此外，西方墨點法分析結果顯示cantharidic acid以劑
量依賴性的模式增加了Erk1/2, JNK1/2及P38 MAPK磷酸化。綜合歸納後，我們
的結果顯示cantharidic acid是經由MAPK路徑來誘發肝癌細胞產生凋亡，這也
暗示著cantharidic acid適合作另一種有效的肝癌細胞化學治療藥物。


