
ORIGINAL ARTICLE

Casticin inhibits esophageal cancer cell proliferation and promotes
apoptosis by regulating mitochondrial apoptotic and JNK signaling
pathways
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Abstract
Casticin, a flavonoid isolated from Vitex species, has been found to have anti-tumor property in multiple human cancers. The present
study aimed to investigate the effect of casticin on the proliferation and apoptosis of esophageal cancer (EC) cells, and further illustrate
the underlying mechanisms. In in vitro studies, human EC cell lines TE-1 and ECA-109 were treated with various concentrations of
casticin (low-, middle-, and high-dose groups). The results showed that casticin dose-dependently inhibited the proliferation and
clonogenicity of EC cells and induced cell cycle arrest in sub-G1 and G2 phases. Furthermore, casticin markedly enhanced EC cell
apoptosis as detected by flow cytometry and Hoechst 33342 staining. The level of anti-apoptotic Bcl-2 protein was decreased, while
the levels of pro-apoptotic Bax, cleaved-caspase-3, cleaved-caspase-9, and cleaved-PARP were conversely increased in casticin-
treated TE-1 and ECA-109 cells. Moreover, casticin decreased the mitochondrial membrane potential and increased the release of
mitochondrial cytochrome C into cytoplasm. In addition, the JNK signaling pathway was involved in casticin-medicated anti-
proliferation and pro-apoptosis. Cells pretreated with SP600125, a JNK pathway inhibitor, partially abolished the effect of casticin.
Finally, the anti-tumor property of casticin was confirmed in in vivo xenograft models. Overall, we provided both in vitro and in vivo
evidences that casticin inhibited the proliferation and induced apoptosis of EC cells, and the anti-tumor action of casticin was
mediated, in part, by the mitochondrial-dependent apoptosis and the activation of JNK signaling pathway.
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Introduction

Esophageal cancer (EC) is the eighthmost commonmalignant
tumor and the sixth leading cause of cancer mortality world-
wide (Napier et al. 2014). As reported, it affects more than
450,000 people worldwide and the incidence of EC varies
widely by region. China has a very high incidence of EC,
accounting for 100 cases per 100,000 population annually
(Pennathur et al. 2013). Currently, the treatment for EC pa-
tients includes surgery, chemotherapy, radiation, or combina-
tion of these methods, but it still shows a low overall 5-year
survival rate. Therefore, there is an urgent need for searching
effective treatments to improve the survival rate of EC.

Casticin (3′, 5-dihydroxy-3, 4′, 6, 7-tetramethoxyflavone),
also known as vitexicarpin, is a flavonoid isolated from Vitex
species (Hu et al. 2007; Rasul et al. 2014). Previous studies
have demonstrated that casticin possesses multiple pharmaco-
logical properties (Rasul et al. 2014), such as anti-
inflammatory (Lee et al. 2015), anti-malarial (Elford et al.
1987), anti-oxidation (Choudhary et al. 2009; Hajdu et al.
2007), and neuroprotective effects (de Sampaio e Spohr
et al. 2010). In addition, recent studies have shown that
casticin also has an inhibitory effect on numerous cancer cells,
and its inhibitory impact is associated with regulation of cell
apoptosis, cell cycle, and cell proliferation (Chan et al. 2018).
For example, Song et al. reported that casticin induced G0/G1
phase arrest and apoptosis in gallbladder cancer cells (Song
et al. 2017). Casticin induced apoptosis in colon cancer cells
by activating apoptosis signal-regulating kinase 1 (ASK1)-c-
Jun N-terminal kinase (JNK)-Bim signaling pathway (Qu
et al. 2014). Casticin was also able to induce breast cancer cell
apoptosis by inhibiting forkhead box protein M1 expression
(Liu et al. 2014). These findings indicated the pleiotropic roles
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of casticin in cancer. At present, casticin has not been reported
to have the anti-cancer effect on esophageal cancer cells.

In this study, we performed both in vitro and in vivo exper-
iments to evaluate the potential role of casticin in the prolifer-
ation and apoptosis of esophageal cancer cells, and further
illustrated the molecular mechanisms underlying its anti-
tumor functions.

Materials and method

Cell culture and treatment

Human esophageal cancer cell lines TE-1 and ECA-109 were
purchased from ZhongQiaoXinZhou Biotechnology Co., Ltd.
(Shanghai, China). The cells were cultured in RPMI-1640
(Gibco, Carlsbad, CA, USA) supplemented with 10% fetal
bovine serum (FBS, Hyclone, Logan, UT, USA) and main-
tained at 37 °C in a humidified atmosphere containing 5%
CO2. Casticin (purity ≥ 98.0%) was purchased from Chengdu
Biopurify Phytochemicals Ltd. (Chengdu, China) and dis-
solved in dimethyl sulfoxide (DMSO, Sigma-Aldrich, St.
Louis, MO, USA). The concentrations of casticin (low, L:
10 μM,medium,M: 20 μM, and high, H: 30 μM)were chosen
according to the previous preliminary experiments.

MTT assay

Cell viability was tested byMTTassay. In brief, TE-1 or ECA-
109 cells (5 × 103/well) were seeded in 96-well plates; then,
casticin was added to the cells at different concentrations (0, 1,
2, 4, 10, 20, 40 μM) and incubated for 24 h, 48 h, or 72 h. For
inhibition of the JNK signaling pathway, cells were pretreated
with the JNK pathway inhibitor SP600125 (2.5 μM) for
30 min, then incubated with casticin for 48 h. After that,
MTT (0.5 mg/ml, KeyGEN, Nanjing, China) was added into
cells and incubated for additional 4 h. Formazan crystals were
dissolved in DMSO and the absorbance was taken at 570 nm
under a microplate reader (BioTek, VT, USA).

Colony formation assay

For the colony formation assay, cells were seeded into 35-mm
dishes (300 cells/dish), and then treated with different concen-
trations of casticin for 2 weeks. Colonies were fixed with 4%
paraformaldehyde (Aladdin, Shanghai, China) and then
stained with Wright-Giemsa solution (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China). The colonies
consisting of at least 50 cells were counted under a microscope
(AE31, Motic, Xiamen, China). The colony formation rate =
number of clones/number of seeded cells × 100%.

Flow cytometry analysis

Cells were treated with different concentrations of casticin for
48 h. For cell cycle analysis, the cells with/without casticin
treatment were fixed in 70% pre-cooled ethanol at 4 °C for 2 h,
followed by incubation with staining buffer (containing
propidium iodide and RNase A) for 30 min at 37 °C in the
dark. Then, the cells were analyzed using flow cytometer (C6,
BD, Franklin Lakes, NJ, USA).

For apoptosis analysis, cells with different treatments were
fixed and detected using Annexin V-FITC Apoptosis
Detection Kit (Beyotime) according to the manufacturer’s in-
structions. Apoptotic cells were assessed by flow cytometry
(C6, BD), and the apoptosis rate was calculated.

Hoechst 33342 staining

After treatment with various concentrations of casticin for
48 h, the cells were fixed with 4% paraformaldehyde for
20 min and stained with Hoechst 33324 reagent (Beyotime)
for 5 min. At last, the cells were observed under a fluorescence
microscope (IX53, Olympus, Tokyo, Japan) at 400×
magnification.

Mitochondria membrane potential measurement

The MMP of cells was measured using the lipophilic cationic
dye JC-1 (Beyotime) according to the manufacturer’s instruc-
tions. Briefly, after 48 h of casticin treatment, the cells were
washed with PBS and incubated in 0.5-ml medium containing
JC-1 staining probe for 20 min at 37 °C. The proportion of
mitochondrial depolarization is measured by the relative pro-
portion of red (aggregates) and green (monomer) fluores-
cence. The fluorescence intensity was detected using a micro-
plate reader (Infinite M200PRO, TECAN, Männedorf,
Switzerland).

Western blot

Total protein from cells or tissues was extracted with RIPA
l y s i s b u f f e r (B eyo t ime ) c on t a i n i n g 1% ( v / v )
phenylmethanesulfonyl fluoride (PMSF, Beyotime).
Endochylema and mitochondria were separated by Cell
Mitochondria Isolation Kit (Beyotime). Protein concentra-
tions were determined with a BCA assay kit (Beyotime).
Equal amounts of proteins from each group were separated
by sodium-dodecyl-sulfate polyacrylamide gel electrophore-
sis (SDS-PAGE) and transferred onto polyvinylidene
difluoride membrane (Millipore, Boston, MA, USA). After
blocking with 5% skim milk or 1% BSA, the membrane was
incubated with primary antibody followed by incubation with
corresponding secondary antibody. All antibodies were pur-
chased commercially and specific information was listed as
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follows: anti-CyclinA (1: 1500, Abcam, Cambridge, UK), an-
ti-CyclinB1, anti-CyclinD1, anti-p-JNK, and anti-JNK (1:
500, Santa Cruz Biotechnology, Dallas, USA), anti-Bcl-2
and anti-cleaved caspase 3 (1: 500, Abcam). Anti-Bax, anti-
cleaved-caspase-9, and anti-cleaved-PARP (1: 1000, Cell sig-
naling Technology, Beverly, MA, USA), anti-Cytochrome C
(1: 500, Proteintech, Wuhan, China), anti-β-actin, and anti-
COX IV (1: 500; Bioss, Beijing, China), and horseradish
peroxidase-labeled secondary antibody (1: 5000; Beyotime).
Finally, the targeted protein bands were visualized using an
enhanced chemiluminescence kit (Beyotime) and analyzed by
Gel-Pro-Analyzer (Media Cybernetics, USA). β-Actin or
COX IV was served as internal reference.

Xenograft tumor study

Eighteen male nude mice (4 weeks old, weighing 18~20 g)
were obtained from HFK Bioscience Co., LTD (Beijing,
China) and housed in sterile environment under standard con-
ditions (22 ± 1 °C; 50 ± 5% humidity; 12 h light/12 h dark).
Mice were randomly divided into three groups: control,
casticin (2 mg/kg), and casticin (10 mg/kg). To establish xe-
nograft models, ECA-109 cells (1 × 106 cells/mouse) were
subcutaneously injected into the armpit of nude mice. Then,
the tumor sizes were monitored every 3 days, and the tumor
volumes were calculated following the formula: xenograft
volume =major axis × minor axis2/2. When the tumor volume
reached to 100 mm3, mice in the casticin treatment groups
were intraperitoneally injected with different concentrations
of casticin (dissolved in olive oil), and control mice received
the same volume of olive oil, 5 times/7 days, for continuous
14 days. At the end of drug treatment, all animals were
sacrificed and the tumor tissues were removed, weighted,
and prepared for subsequent experiments.

Hematoxylin and eosin staining

H&E staining was performed to evaluate histologic alter-
ations. Briefly, xenograft tumor tissues were fixed in 10%
formalin (Sinopharm Chemical Reagent Beijing Co., Ltd)
overnight, then embedded in paraffin, and sliced into 5-μm
sections. The slices were then stained with hematoxylin and
eosin, and the pathologic changes in xenograft tissues were
examined under a light microscope (DP73; Olympus Corp,
Tokyo, Japan) at 200× magnification.

Terminal deoxynucleoitidyl transferase dUTP nick end
labeling staining

The paraffin-embedded tissue sections were prepared as
above mentioned. Cellular apoptosis in xenograft tissues was
evaluated using an In Situ Cell Death Detection Kit (Roche,
Mannheim, Germany) according to the manufacturer’s

instructions. TUNEL-positive cells were quantified under a
light microscope (DP73; Olympus Corp, Tokyo, Japan) at a
magnification of 400×.

Statistical analysis

All experimental data are presented as the mean ± standard
deviation (SD) and analyzed by GraphPad Prism 6 software
(GraphPad Software, San Diego, CA, USA). Statistical differ-
ence was evaluated using one-way analysis of variance
(ANOVA) followed by Bonferroni post hoc test. A p value
less than 0.05 was considered statistically significant.

Results

Casticin decreased the viability of EC cells

To verify whether casticin affected the proliferation of EC
cells, TE-1 and ECA-109 cells were treated with various con-
centrations of casticin for 24, 48 and 72 h. Cell viability was
measured by MTT assay (Fig. 1a), and the results indicated
that casticin significantly decreased the cell viability of TE-1
and ECA-109 in a time- and dose-dependent manner. Based
on MTT results, the concentrations of casticin at 10, 20, and
30 μM were used in TE-1 cells and ECA-109 cells. Colony
formation assay further confirmed that casticin treatment ob-
servably suppressed the colony-forming ability of both TE-1
and ECA-109 cells (Fig. 1b, p < 0.05 or p < 0.01 vs. untreated
cells), indicating an anti-proliferative property of casticin in
EC cells.

In addition, the effect of casticin on the cell cycle progres-
sion was determined by flow cytometry. Following casticin
treatment, the ratios of cells in sub-G1 and G2 phases were
strikingly increased, while the ratios of cells in G1 and S
phases were significantly decreased (Fig. 1c, p < 0.05 or
p < 0.01). Cell cycle regulatory proteins were further detected
by Western blot assay. The levels of CyclinA, CyclinB1, and
CyclinD1 were significantly reduced by casticin treatment in
both TE-1 and ECA-109 cells (Fig. 1d, p < 0.05 or p < 0.01).
Together, these findings suggested that casticin dose-
dependently inhibited the proliferation and induced cell cycle
arrest in EC cells.

Casticin enhanced the apoptosis of EC cells

Cell apoptosis was detected using Annexin V/PI staining and
analyzed by flow cytometry. As demonstrated in Fig. 2a, treat-
ment with casticin significantly increased the percentage of
apoptotic cells in EC cells (TE-1: 4.62 ± 0.44, casticin-L:
20.48 ± 1.42, casticin-M: 36.69 ± 1.94, casticin-H: 49.31 ±
3.90; ECA-109: 2.52 ± 0.46, casticin-L: 25.52 ± 3.33,
casticin-M: 40.09 ± 5.07, casticin-H: 49.86 ± 2.20).
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Moreover, cell apoptosis was confirmed by Hoechst 33342
staining (Fig. 2b). There were more shrunken and fractured
nuclei in cells with casticin treatment, and the pro-apoptotic
effect of casticin was dose-dependent.

Involvement of mitochondrial-dependent apoptosis
signaling pathway in casticin-treated EC cells

As mitochondrial dysfunction plays key roles in regulating
cell death, here further determined whether casticin was able

to induce mitochondrial dysfunction in EC cells. The loss of
MMP and mitochondrial cytochrome C (Cyto-C) release were
used to evaluate mitochondrial dysfunction. The results
showed that casticin treatment resulted in significant reduction
inMMP in both TE-1 and ECA-109 cells (Fig. 3a). The levels
of Cyto-C in cytosol and mitochondria were determined by
Western blot. As shown in Fig. 3b, administration of casticin
led to significant increase in the level of cytosolic Cyto-C, but
decrease in mitochondrial Cyto-C level suggested that casticin
induced mitochondrial dysfunction in EC cells. We further

Fig. 1 Casticin decreases the viability EC cells. a The effect of casticin on
EC cell proliferation was measured by MTT assay. According to the
results, concentrations of casticin (low, L: 10 μM, medium, M: 20 μM,
and high, H: 30 μM) were selected for subsequent experiments. bColony
formation assay was performed in TE-1 and ECA-109 cells, and the
colony formation rate was calculated. Casticin reduced cell colony-

forming ability in a dose-dependent manner. c Cell cycle distribution in
TE-1 and ECA-109 cells with/without casticin treatment was detected by
flow cytometry. d Expression levels of CyclinA, CyclinB1, and CyclinD1
were detected byWestern blot. β-actin was served as the internal control.
All results were presented as mean ± SD. *p < 0.05, **p < 0.01 compared
with TE-1 or ECA-109 group, respectively
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determined the levels of mitochondrial-apoptosis-related pro-
teins. As presented in Fig. 3c, the level of anti-apoptotic Bcl-2
was down-regulated, while the levels of pro-apoptotic
Bax, cleaved-caspase-3, cleaved-caspase-9, and cleaved-
PARP were conversely up-regulated in casticin-treated
cells. Together, these results indicated that casticin in-
duced cell apoptosis through affecting mitochondrial
events in EC cells.

Casticin activated the JNK signaling pathway in EC
cells

In order to determine the signaling pathway through which
casticin regulated cell proliferation and apoptosis, we further
performed Western blot to detect JNK pathway-related

proteins. The results showed that treatment with casticin sig-
nificantly increased the phosphorylation of JNK (p-JNK) in
both TE-1 and ECA-109 cells (Fig. 4a, p < 0.01), indicating
the activation of the JNK pathway by casticin. Furthermore,
when cells pretreated with the specific JNK inhibitor
SP600125, the anti-proliferative action of casticin was partial-
ly inhibited (Fig. 4b, p < 0.05 vs. SP600125-treated cells).
Similarly, SP600125 also partially abolished the pro-
apoptotic effect of casticin in TE-1 and ECA-109 cells (Fig.
4c, p < 0.01 vs. SP600125-treated cells). The protein levels of
p-JNK and JNK after treatment with SP600125 were verified
byWestern blot (Fig. 4d). Together, these results indicated that
casticin activated the JNK signaling pathway in EC cells,
which was essential for the regulation of proliferation and
apoptosis by casticin.

Fig. 2 Casticin promotes apoptosis of EC cells. a Apoptosis of TE-1 and
ECA-109 cells with/without casticin treatment was analyzed by flow
cytometry, and the percentage of apoptotic cells was calculated. All re-
sults were presented as mean ± SD. *p < 0.05, **p < 0.01 compared with

TE-1 or ECA-109 group, respectively. b Effects of casticin on apoptosis
in TE-1 and ECA-109 cells were confirmed by Hoechst 33342 staining.
Scale bar = 50 μm

Naunyn-Schmiedeberg's Arch Pharmacol (2019) 392:177–187 181



Casticin suppresses the growth of xenograft tumor
in vivo

We further performed in vivo experiments to confirm the anti-
cancer effect of casticin in EC. Animals were injected with
ECA-109 cells to initiate tumor xenograft and then were treat-
ed with casticin. Tumor volume and weight were measured to
assess tumor growth and results are shown in Fig. 5a. Nude
mice without treatment exhibited larger tumor volume and
weight, while casticin treatment, especially at 10 mg/kg, sig-
nificantly reduced the tumor volume and weight as compared
with the control group (p < 0.05 or p < 0.01). The final
weights of tumors in control, casticin 2 mg, and casticin
10 mg groups were 510.83 ± 94.95 mg, 369.83 ± 70.04 mg,
and 193.50 ± 33.73 mg, respectively. Together, these results
indicated that casticin inhibited EC cell growth both in vitro

and in vivo. Histologic changes of xenograft tumors were
further detected by H&E and TUNEL staining (Fig. 5b).
Results demonstrated that the tumor cells in control group
arranged more closely, and no obvious apoptosis and necrosis
areas were observed, whereas casticin treatment significantly

Fig. 3 Involvement of mitochondrial-dependent apoptosis signaling
pathway in casticin-treated EC cells. aMitochondrial membrane potential
(MMP) was measured by JC-1 staining. Casticin dose-dependently de-
creased the MMP in TE-1 and ECA-109 cells compared with un-treated
cells. b Expression levels of cytochrome C (Cyto-C) in the cytoplasm and
mitochondria were determined by Western blot. Relative cyto-C

expression in the cytoplasm was normalized to β-actin and relative
Cyto-C in mitochondria was normalized to COX IV. c Expression levels
of apoptotic apoptosis-related proteins Bcl-2, Bax, cleaved-caspase 3, 9,
and PARP were determined by Western blot. β-actin was served as the
internal control. All data were presented as mean ± SD. *p < 0.05,
**p < 0.01 compared with TE-1 or ECA-109 group, respectively

�Fig. 4 Casticin activates the JNK signaling pathway in EC cells. a
Western blot was performed to determine the expression levels of p-
JNK and JNK in TE-1 and ECA-109 cells with/without casticin treat-
ment. β-actin was served as the internal control. b The proliferation (b)
and apoptosis (c) of EC cells treated with casticin or combined combina-
tion with specific JNK inhibitor SP600125 were measured byMTTassay
and flow cytometry. d The protein levels of p-JNK and JNK were detect-
ed by Western blot. All results were presented as mean ± SD. *p < 0.05,
**p < 0.01, ***p < 0.001 compared with TE-1 or ECA-109 group, re-
spectively. #p < 0.05, ##p < 0.01, ###p < 0.001 compared with casticin
group
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Fig. 5 Casticin suppresses the growth of xenograft tumor in vivo. a
Animals were injected with ECA-109 cells to initiate tumor xenograft
and then were treated with casticin. The tumor volume was recorded
every 3 days, and the weight was measured to assess tumor growth. b
Histological changes in tumor tissues were analyzed by H&E staining.
Scale bar = 100 μm. Cell apoptosis was observed with TUNEL staining.

Scale bar = 50 μm. c Expression levels of Bcl-2, Bax, cleaved caspase 3,
and PARP, d p-JNK and JNK in xenograft tissues were determined by
Western blot. β-actin was served as the internal control. e The expression
of Bcl-2, Bax, and p-JNK in xenograft tissues was determined by immu-
nohistochemical staining. All results were presented as mean ± SD.
*p < 0.05, **p < 0.01 compared with control group
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affected cellular morphology and increased the number of
apoptotic cells in xenograft tumor tissues. The pro-apoptotic
effect of casticin was more effective at 10-mg/kg dose.
Apoptosis-related proteins were further detected by Western
blot. As shown in Fig. 5c, casticin treatment markedly in-
creased the levels of Bax, cleaved caspase-3 and cleaved
PARP, and decreased Bcl-2 expression, which were in line
with TUNEL results and confirmed the pro-apoptotic property
of casticin. Moreover, we found that casticin activated the
JNK signaling pathway, as evidenced by increased p-JNK
level in casticin-treated groups (Fig. 5d, p < 0.01 vs. control
group). Consistent with this, as assessed by immunohisto-
chemical staining, the expression of Bcl-2 was decreased,
while the expression of Bax and p-JNK was enhanced in
casticin-treated tumor tissues (Fig. 5e).

Discussion

Increasing evidence has indicated that casticin plays an impor-
tant role in regulating tumor cell proliferation and apoptosis
(Dai et al. 2018). However, its functional roles in EC have not
been clarified. Herein, we investigated whether casticin
exerted anti-cancer effects on EC. From our in vitro studies,
casticin was shown to suppress cell proliferation, induce cell
cycle arrest, and promote the apoptosis of TE-1 and ECA-109
cells. In vivo, casticin also repressed tumor growth as well as
promoted apoptosis in xenograft tumor tissues. Furthermore,
the antitumor effect of casticin was associated with mitochon-
drial apoptosis and activation of JNK signaling pathway. In
summary, we provided both in vitro and in vivo evidence that
casticin has an antitumor effect on EC, and this molecule may
be a potential anticancer agent for EC in future.

Various mechanisms have been suggested to the anti-
cancer function of casticin. In the present study, we mainly
focused on its anti-proliferative and pro-apoptotic properties
in EC. TE-1 and ECA-109 cells were treated with different
concentrations of casticin. Our data showed that casticin dose-
dependently inhibited the cell viability and clonogenicity and
arrested the cell cycle at G2 phase. Meanwhile, the levels of
cell cycle regulatory proteins including CyclinA, CyclinB1,
and CyclinD1 were significantly decreased after casticin treat-
ment. Furthermore, Annexin V/PI and Hoechst staining re-
vealed that casticin induced apoptosis of EC cells. Our
in vitro studies confirmed the anti-tumor effect of casticin in
EC cells. Previous studies have demonstrated that casticin
plays a role in modulating cell cycle progression. Shang
et al. reported casticin induced cell cycle arrest at G2/M phase
and decreased cell numbers in G0/G1 phase in colon cancer
cells (Shang et al. 2017). The study of Enyu L et al. also
indicated that casticin could induce glioma cell cycle arrest
in G2/M phase (Liu et al. 2013). Our results were consistent
with these findings. Moreover, the pro-apoptotic effect of

casticin has been demonstrated in many cancer cells, such as
gastric cancer cells (Zhou et al. 2013), colon cancer cells
(Shang et al. 2017), bladder cancer cells (Chung and Kim
2016), and leukemia cells (Shen et al. 2009). Consistent with
these data, here we also demonstrated that casticin could in-
duce EC cell apoptosis in a dose-dependent manner, and the
molecular mechanisms were subsequently investigated.

At present, it is believed that apoptosis occurs mainly
through the following two pathways, the death receptor path-
way and the mitochondrial pathway (Ghobrial et al. 2005).
The former pathway initiates apoptosis through recruiting
and activating caspase-2 precursors via a linker protein like
Fas-associated death domain (FADD) (Hengartner 2000). The
latter mitochondrial-dependent apoptosis can be affected by
many factors, such as the Bcl-2 family proteins, MMP change,
and the formation ofmitochondrial membrane-transmigration,
and the release of apoptosis-related factors such as Cyto-C
(Schapira 2012). Cyto-C is released from the mitochondria,
forming an apoptotic complex (caspase-9/apoptotic protease
activating factor (Apaf-1), Cyto-C, and ATP/dATP, etc.) in the
cytoplasm and following activating caspase-9. Both of these
pathways eventually induce the activation of caspase-3 and
the proteolysis of the caspase substrate, leading to apoptosis
(Hajnoczky and Hoek 2007; Joza et al. 2001). The anti-
apoptotic proteins like Bcl-2 and Bcl-xL reside in the outer
mitochondrial wall and inhibit Cyto-C release. While the pro-
apoptotic protein like Bax promotes the release of Cyto-C, the
Bcl-2 family participates in the regulation of mitochondrial
function thereby regulating cell apoptosis (Leibowitz and Yu
2010). To further assess the mechanisms of casticin-induced
apoptosis in EC cells, we detected the mitochondrial-apoptotic
pathway. The results showed that the MMP markedly de-
creased and cytoplasmic Cyto-C level significantly up-
regulated in casticin-treated EC cells, indicatingmitochondrial
dysfunction by casticin treatment. In addition, casticin treat-
ment decreased Bcl-2 expression and up-regulated Bax,
cleaved caspase 9, cleaved caspase-3, and cleaved-PARP
levels, which implied casticin induced EC cell apoptosis via
the mitochondrial apoptotic pathway. Consistently, Chen et al.
reported that casticin inducted apoptosis in cervical cancer
cells through reactive oxygen species-mediated mitochondrial
signaling pathways (Chen et al. 2011).

JNK, as one of the major members of the MAPK family, is
involved in various cellular processes like cell survival,
growth, differentiation, and cell death (Ji et al. 2009). For cell
apoptosis, the JNK pathway can affect the dynamics of mito-
chondria, thus promotes Cyto-C release, activates caspase-3
protein, and finally induces apoptosis. Previous studies have
found that casticin can induce apoptosis through the activation
of JNK pathway (Qu et al. 2014; Zeng et al. 2012). For in-
stance, Zeng et al. (2012) showed that casticin sustained JNK
activation thereby modulating casticin-induced apoptosis in
cervical cancer cells. Chung et al. demonstrated that activation
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of JNK/p38 MAPK by casticin was able to affect the activa-
tion of the caspase cascade and damage of the MMP (Chung
and Kim 2016). In this study, our results showed that casticin
was able to activate the JNK pathway in a dose-dependent
manner. When cells pretreated with JNK inhibitor
SP600125, the anti-proliferative and pro-apoptotic effects of
casticin were partially reversed. These findings suggested that
the antitumor effect of casticin was mediated partially through
the JNK signaling pathway.

At last, the antitumor effect of casticin was evaluated by
in vivo studies. In xenograft tumor models, casticin treatment
significantly inhibited tumor growth and induced cell apopto-
sis. Furthermore, the expression of Bcl-2 was decreased, and
Bax, cleaved-caspase-3, and cleaved-PARP levels were in-
creased by casticin treatment. Moreover, the JNK signaling
pathway was activated by casticin treatment. Together, both
in vitro and in vivo evidences suggested the antitumor effect
of casticin on EC through the JNK pathway.

In conclusion, our results demonstrate that casticin inhibits
proliferation and induces apoptosis of EC cells both in vitro
and in vivo. The antitumor effect of casticin was mediated by
the mitochondrial-apoptotic pathway and JNK signaling path-
way. Our studies indicate that casticin may be a potential ef-
fective agent for the treatment of esophageal cancer.
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