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Celastrol Induces Apoptosis of Esophagus Cancer Cells by Inhibiting
PI3K/Akt Signaling Pathway

HOU Yao', PEI Rong?, XU Jia', CHEN Jing', WU Chunlian'*

(‘Key Laboratory of Southwest China Wildlife Resources Conservation (China West Normal University), Ministry of Education,
Nanchong 637009, China; *School of Public Health, Chengdu University of Traditional Chinese Medicine, Chengdu 611137, China)

Abstract  Increasing evidence indicates that Cel (celastrol) promotes apoptosis. However, the effects of celas-
trol on EC (esophageal cancer) have not been investigated. This study investigated the effect of celastrol on esophageal
cancer ECA-109 cell proliferation and apoptosis in vitro and it revealed that cell proliferation was inhibited by celas-
trol in dose-dependent manner and was significantly inhibited at high concentrations ( = 1.0 umol/L). Treatment with
celastrol significantly increased the mRNA and protein expression of Bax and p53, while the expression of Bcel-
2 and the phosphorylation of Akt, NF-kB-p65, PDK1 and PTEN were inhibited. These findings reveal a potential
mechanisms by which celastrol affects the proliferation and apoptosis of esophageal cancer cells and suggest that
celastrol has potential application value in the treatment of esophageal cancer.

Keywords celastrol; esophageal cancer; PI3K/Akt signaling pathway

EC (esophageal cancer) is the eighth most com- cancer is the seventh most common cancer and the
mon cancer worldwide, with about 407 000 deaths sixth leading cause of death worldwide, with esopha-
(5.4% of all cancer deaths) every year''. Esophageal geal squamous cell carcinoma accounting for 90% of
ek H 493: 2021-06-11 P22 H31: 2021-09-24

2018 7 B FHE TR ME BT ITH (HEAE S 2018-131) P4 AT Vi K 25 A RHITE b 55 2 (HEAE 52 19B0O38) R 74 4 T i K 2 08 4 R 2k e (At 5
17YC350) %% Bl )i

HEIEH . Tel: 18990874796, E-mail: wel_xj@163.com

Received: June 11, 2021 Accepted: September 24, 2021

This work was supported by Grants from 2018 Ministry of Education “Chunhui Plan” Cooperative Scientific Research Project (Grant No0.2018-131), the Fun-
damental Research Funds of China West Normal University (Grant No.19B038) and the Meritocracy Research Funds of China West Normal University (Grant
No.17YC350)

*Corresponding author. Tel: +86-18990874796, E-mail: wel_xj@163.com



2150

BRI -

esophageal cancer cases”?. The incidence of esopha-
geal cancer is on the rise globally, with about 80% of
the cases occurring in developing countries, and the
incidence rate in males is 3 times of that in females™.,
According to statistics from the National Cancer Cen-
ter, China currently has the highest incidence and mor-
tality rate of esophageal cancer in the world, with more
than 80% of new cases of esophageal cancer occurring
in China. Shanxi, Henan, Hebei and other mountain-
ous areas of Taihang are the new high incidence areas
of esophageal cancer®. In 2018, there were 307 359
new cases of esophageal cancer and 283 433 deaths in
China”. Therefore, esophageal cancer has become one
of the main malignant tumors threatening the health of
Chinese residents. Although the incidence of esopha-
geal cancer in China has declined in the past 20 years,
esophageal cancer is still a huge burden®. Carcinoma
of the esophagus is clinically characterized by rapid
advance, a tendency for metastasis and recurrence, and
poor prognosis. Therefore, new techniques for treating
carcinoma of the esophagus, including the develop-
ment of effective drugs, are increasingly required.
There are two main signaling pathways that regu-
late apoptosis, namely receptor mediated apoptosis
pathway (intrinsic pathway) and mitochondria medi-
ated apoptosis pathway (mitochondrial pathway). The
mitochondria mediated apoptosis pathway, which is
mainly dependent on mitochondria and regulated by
mitochondrial proteins (mainly Bel-2 family proteins),
mainly responds to stress signals generated inside cells.
There are three main groups of Bcl-2 family proteins:
the pro-survival family members, the pro-apoptotic
BAX/BAK family members and pro-apoptotic BH3-
only proteins. Bcl-2 belongs to the anti-apoptotic
protein family, and Bax belongs to the pro-apoptotic
protein family” %, Many papers report that Bcl-2 path-
way, as the main signal transduction pathway mediated
by cytokine receptors, is widely involved in tumor
cell proliferation, differentiation and overcoming,
which has an important impact on the body!'"'?.. Bcl-2
is a specific inhibitor of apoptosis in cancer cells, and the

increase of Bcl-2 expression can significantly promote the

proliferation activity of cancer cells!*. Bax protein can
make the mitochondrial outer membrane permeable, re-
sulting in mitochondria-mediated apoptosis. Bax is a key
of mitochondrial apoptosis''*. Therefore, Bcl-2 and Bax
have become the therapeutic targets of cancer.

p53 is a tumor suppressor gene whose mutation
can be detected in more than half of cancers!”. As
a transcription factor, p53 induces the expression of
various genes associated with apoptosis, cell cycle ar-
rest, and DNA repair'®. In addition, p53 is involved
in biological processes such as maintaining genomic

U718 maintaining epigenetic stability!"”), and

stability
suppressing carcinogenic signals™”.

Natural drug have been an important source of an-
ti-tumor drug due to potent pharmacological effects and
better toxicology profiles. In recent years, researchers
have paid close attention to identifying bioactive con-
stituent from medicinal plants. Celastrol is a robust bio-
active compound derived from Tripterygium wilfordii,
Celastrus orbiculatus, and others that belong to the

(211 Celastrol is a pentacyclic triter-

Celastraceae family
pene that belongs to a small class of organic compounds
called quinone methides. It has a molecular weight of
450.6 and its molecular formula is CyH3304%*. Recent
studies have shown that Tripterygium wilfordii has anti-
inflammatory, anti-immune, and anti-tumor effects*,
At the same time, celastrol can induce apoptosis in hu-
man triple negative breast cancer cells by up-regulating
Bax expression and down-regulating PI3K enzyme ac-
tivity and Akt phosphorylation'®”),

In this study, we used MTT analysis and DAPI
staining in ECA-109 cells to study the effects of celas-
trol on proliferation, morphology, and proliferative ac-
tivity of esophageal cancer cells. We also explored the
possible molecular mechanisms of celastrol inducing
apoptosis. Our results indicate that celeastrol inhibits
ECA-109 cell proliferation and induces apoptosis by
inhibiting Bcl-2 expression and Akt and NF-«kB signal-
ing pathways. These findings provide a better explana-
tion for the mechanism of celastrol-induced apoptosis
and provide a theoretical and experimental basis for

the clinical use of celastrol to treat esophageal cancer.
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1 Materials and methods
1.1 Reagents and antibodies

Celastrol with 98% or higher purity was pur-
chased from Shanghai Yuanye Biological Technology
(Shanghai, China). Celastrol was dissolved at a con-
centration of 50 mmol/L in dimethyl sulfoxide (DMSO)
as a stock solution (stored at —20 °C). It was then fur-
ther diluted in cell culture medium to create working
concentrations. The maximum final concentration of
DMSO was less than 0.1% for each treatment, and was
also used as a control.

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide) was purchased from Sigma
(St. Louis, MO). Rabbit antibodies against human Bax,
Bcl-2, p53, Akt, Phospho-Akt, NF-kB-p65, Phospho-
NF-kB-p65, Phospho-PDK1 and Phospho-PTEN were
obtained from Cell Signaling Technology (Beverly,
MA). Mouse monoclonal antibody GAPDH (as inter-
nal loading control) was purchased from Invitrogen
(Carlsbad, CA). RPMI-1640 was purchased from Gib-
co and a SYBR" Premix Ex Taq™ Kit was purchased
from TaKaRa.

1.2 Cell culture

The esophagus cancer cells (ECA-109 cells) was
used in this study. ECA-109 cells were cultured, as is
routine, in RPMI-1640 medium supplemented with 10%
FBS (fetal bovine serum) and 1% penicillin/streptomycin
at 37 °C in an incubator with 5% CO,. The cells were
provided with fresh medium every 2 to 3 days. Cells were
then incubated with different concentrations of celastrol
for 24 and 48 h.
1.3 Cell viability assay

The viability of the cell proliferation was deter-
mined by MTT assay. The trypsinized cells were plated
in 96-well plates at a density of 4x10° cells/each well for
24 h. Cells were exposed to different concentrations of
celastrol for 24 or 48 h in an incubator with 5% CO, at
37 °C. At the end of treatment, 10 pL of 0.5% MTT was
added to the medium and incubated for 4 h at 37 °C. The
supernatant was removed and 0.2 mL DMSO was used
to dissolve the precipitate. Absorbance was measured

at a wavelength of 492 nm in a plate reader. The inde-

pendent experiments were each run three times.
1.4 Flow cytometry

The cells were pretreated with a series of concen-
trations of celastrol for 24 h. The cells were then har-
vested, washed with PBS, dealed with Annexin V-FITC
kit, and detectd by flow cytometry.
1.5 DAPI Staining

The cells were pretreated with a series of concen-
trations of celastrol for 24 h. The cells were then har-
vested, washed with PBS, and added with DAPI (4°,6-
2 amidine base-2-phenyl indole) in darkness. Incubate
at room temperature for 5-10 minutes, shielded from
light, cleaning 4-5 times with PBS. Then, the ECA-109
cells were observed under a fluorescence microscope.
1.6 AOQ/PI staining

The cells were pretreated with a series of con-
centrations of celastrol for 24 h. The cells were then
harvested, washed with PBS. AO/PI was added in
darkness. At room temperature, cells were incubated
5-10 s away from light. Then, the ECA-109 cells were
photographed under a fluorescence microscope.
1.7 Assessment of changes in the mitochondrial
membrane potential

The cells were pretreated with a series of con-
centrations of celastrol for 24 h. The cells were then
harvested, washed with PBS, treated with JC-1 kit, and
detected by flow cytometry and took a photograph un-
der a fluorescence microscope.
1.8 qRT-PCR (quantitative real-time polymerase
chain reaction) analysis

For RNA isolation, total RNA from ECA-109
cells for use in qRT-PCR was extracted using Trizol
reagent in accordance with the manufacturer’s protocol
(TaKaRa). The RNA purity and concentration were
determined by eppendorf Biophotometer and RNA
quality was identified using electrophoresis. One mi-
crograms total RNA was used as template to synthesis
c¢DNA with TaKaRa PrimeScript™ RT reagent kit.
PCR was detected by SuperReal PreMix Plus (SYBR
Green) according to the manufacturer’s recommended
protocol.

gRT-PCR was performed using a SYBR"™ Premix
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Table 1 Primers for qRT-PCR analysis of gene transcript expression

HE K FiEsm
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Gene Forward primer Reverse primer

Bax 5'-CGATTC ATC TAC CCT GCT GAC CT-3' 5'-CTT GAG CAATTC CAG AGG CAG T-3'
Bel-2 5'- GGA TAA CGG AGG CTG GGA TG-3' 5'-TTG TGG CTC AGA TAG GCA CC-3'
p53 5'-AGC ACT GTC CAA CAA CAC CA-3' 5'-CTT CAG GTG GCT GGA GTG AG-3’
GAPDH  5'-CAT CAA GAA GGT GGT GAA GCA G-3' 5'-AAA GGT GGA GGA GTG GGT GTC-3'

Ex Taq™ Kit (TaKaRa) with forward and reverse prim-
ers for Bax, Bcl-2, p53 and GAPDH (Table 1).
1.9 Western blot analysis

Total proteins were extracted by lysis buffer. The
protein concentration in the supernatants was detected
using a BCA protein assay. Equal amounts of pro-
tein were prepared and separated by SDS-PAGE and
transferred onto the NC (nitrocellulose) membranes.
The membrane was blocked with 5% non-fat milk in
TBST at 37 °C for 1.5 h and incubated with indicated
antibodies overnight at 4 °C. After extensive washing
with TBST buffer, the blots were incubated with HRP-
conjugated secondary antibody for 1 h at room tem-
perature. After extensive washing with TBST buffer,
target proteins were detected by enhanced chemilumi-
nescence reagents ECL.
1.10 Statistical analysis

All experimental data were presented as x+s, and
results were analysed by using SPSS (statistical pack-
age for social sciences) (IBM Incorporation) version
24.0 software. P<0.05 were considered statistically

significant.

2 Results

2.1 Celastrol inhibits cell proliferation of human
ECA-109 cells

In this study, we determined the effect of celastrol
on ECA-109 cells proliferation by treating cells with
celastrol at different concentration gradients (0, 0.5,
1.0, 2.0, 4.0, 6.0 pmol/L) for 24 and 48 h. In compari-
son with that of a solvent control (DMSO), after treat-
ment with celastrol for 24 h, the viability of ECA-109
cells was significantly affected at a concentration of
more than 1 pmol/L (P<0.01) (Fig.1B). When ECA-109

cells were treated with celastrol for 48 h, the data indicat-
ed that ECA-109 cell proliferation was significantly inhib-
ited at concentrations greater than 0.5 pmol/L (£<0.05).
It indicated that celastrol inhibited cell viability in a
dose- and time-dependent manner. This concentration
range was then used in all subsequent experiments.
2.2 Celastrol-induced apoptosis

We examined the effect of celastrol inducing apop-
tosis of ECA-109 cells. As shown in Fig.1, after ECA-
109 cells were treated with celastrol (0.5 and 1.0 umol/L)
for 24 h, apoptotic cells and death cells were signifi-
cantly increased in a dose-dependent manner (P<0.05,
P<0.01) compared with the control; apoptotic cells
were increased to 31.2% and 36.2%, respectively
(Fig.1C).
2.3 Celastrol-induced morphologic changes of
apoptosis

It is well known that alternation of cell morphol-
ogy, apoptotic body formation, and DNA condensation
are the hallmarks of apoptosis. To confirm celastrol-in-
duced apoptosis, ECA-109 cells were subjected to DAPI
staining. Control cells presented intact, complete nucle-
us karyotype and evenly distributed chromatin (Fig.1D:
Al). With the increase of concentration of celastrol, the
chromatin condensed and gathered to the peripheral
when the concentration was 0.5 pmol/L (Fig.1D: A2).
When the concentration reached 1 pmol/L, the chroma-
tin condensed further and formed a lot of particulate
matter, ultimately, presented the nucleus rupture and
collapse (Fig.1D: A3).
2.4 AO (acridine orange)/PI (propidium iodide)
staining

Fluorescent microscopy was carried out to ob-

serve any morphological changes and apoptotic fea-
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tures of normal untreated and treated ECA-109 cells
by means of AO and PI staining. AO is membrane-
permeable and stains the cell nuclei green, indicat-
ing the cells are viable. However, the intercalating
dye PI is membrane-impermeable, thus only taken
up by non-intact cells and stains the nuclei red. As
shown in Fig.2A, the nuclei of untreated normal
cells are stained green and show normal structure,
while celastrol-treated cells are stained red and or-
ange, representing the hallmark of apoptosis. With
the increase of concentration of celastrol, orange
fluorescence was increased in a dose-dependent
manner.

2.5 Mitochondrial membrane potential (Dym)
estimation

Fluorescent microscopy and flow cytometer were

carried out to observe any morphological changes
and apoptotic features of normal untreated and treated
ECA-109 cells by means of JC-1. When mitochon-
drial membrane potential is high, JC-1 gathered in the
mitochondrial matrix forming polymer, can produce
red fluorescence; When the mitochondrial membrane
potential was low, JC-1 did not aggregate in the mito-
chondrial matrix to form monomer and produced green
fluorescence. As shown in Fig.2, with the increase
of concentration of celastrol, red fluorescence is re-
duced and the green fluorescence is increased. When
the concentration of celastrol is 0 umol/L, the green
fluorescence is only 18.7%. When the concentration of
celastrol is 1.0 pmol/L, the green fluorescence reaches
75.4% (Fig.2B). Fluorescent staining is found that

green fluorescence is increased, and there are dose-
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A: the chemical structure of celastrol. B: effect of celastrol on ECA-109 cells proliferation treated with various concentrations (0, 0.5, 1.0, 2.0, 4.0 and 6.0 pmol/L)
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**P<(.01 compared with control group (DMSO).
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Fig.1 Celastrol inhibits ECA-109 cell proliferation
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dependent (Fig.2C). vehicle (control group), 0.5 pmol/L (Cel-0.5 group)

2.6 Celastrol inhibits Bax, Bcl-2 and pS3 mRNA
and protein expression in human ECA-109 cells
To determine whether celastrol suppresses Bax/
Bcl-2 and p53 expression, qRT-PCR and Western blot
were used to examine the expression of Bax/Bcl-2 and
p53 at the mRNA and protein levels. Total RNA and

protein were isolated from ECA-109 cells treated with

(A)

and 1.0 pmol/L (Cel-1.0 group) celastrol for 24 h. As
shown in Fig.3, celastrol significantly increased the ex-
pression of Bax and p53 and inhibited the expression of
Bcl-2. Celastrol can affect the expression of Bax/Bcl-2
and p53. Compared with the control group, experimen-
tal groups starting from 0.5 pmol/L(P<0.05, P<0.01)

have a significant effect.
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A: effect of celastrol was detected on morphologic changes of apoptosis

in ECA-109 cells by AO/PI staining after treated with celastrol at various con-

centrations (0, 0.5, 1.0 umol/L) for 24 h. B: ECA-109 cells were treated with celastrol at various concentrations (0, 0.5, 1.0 pmol/L) for 24 h, cell apop-

tosis was determined by JC-1 kit. CCCP can act on mitochondria, change H" permeability, and induce apoptosis through mitochondrial pathway. Here

CCCP serves as the control group. C: effect of celastrol on morphologic changes of apoptosis in ECA-109 cells was detected by JC-1 staining after

treated with celastrol at various concentrations (0, 0.5, 1.0 pmol/L) for 24 h.
E2 BREHELRFFECA-1094HET
Fig.2 Celastrol induces apoptosis in ECA-109 cell
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A: qRT-PCR assay was used to examine the mRNA expression of Bax/Bcl-2 and p53 after treated with celastrol at various concentrations (0, 0.5, 1.0 pmol/L)

for 24 h. B: Western blot assay was used to examine the protein expression of Bax, Bcl-2 and p53 after treated with celastrol at various concentrations

(0, 0.5, 1.0 umol/L) for 24 h. C: statistical analysis of the protein expression of Bax, Bcl-2 and p53. GAPDH was used as an internal loading control.

*P<0.05, **P<0.01 compared with control group (DMSO).

El3 BRABLEIIECA-109452HBel-2. BaxFp535iAHIFIN
Fig.3 Effect of cleastrol on Bcl-2, Bax and p53 expression in ECA-109 cells

2.7 Effects of celastrol on the Akt and NF-kB
pathway

To further explore the effect of celastrol on sig-
naling pathways, Western blot was used to examine
the expression of Akt, NF-kB-p65, PDK1 and PTEN
in ECA-109 cells treated with various concentrations
(0, 0.5, 1.0 umol/L) of celastrol for 3 h. PDKI is an
upstream gene of Akt and plays an important role in
regulating PI3K/Akt signaling pathway. PDK1-medi-
ated PI3K/Akt signaling pathway is closely related to
the occurrence and development of tumors®”., PTEN is
an upstream inhibitor of PI3K/Akt signal transduction
pathway which negatively regulates the PI3K/AKT
signaling pathway, inhibits cell growth and acceler-
ates cell apoptosis®®. As shown in Fig.4A and Fig.4B,
celastrol can significantly inhibit the phosphorylation
of Akt, NF-kB-p65, PDK1 and PTEN in a concen-
tration-dependent manner, but have no effect on the

expression of Akt and NF-kB-p65. These results sug-

gest that celastrol can inhibit the PI3K/Akt signaling
pathway and influence NF-kB signaling pathway by
decreasing phosphorylation of Akt, NF-kB-p65, PDK1
and PTEN.

3 Discussion
In this study, we demonstrated that celsatrol could

inhibit ECA-109 cells proliferation and induce apop-
tosis. Moreover, qRT-PCR and Western blot analysis
confirmed that celastrol down-regulated Bax/Bcl-2 and
p53 expression. We further revealed that celastrol re-
pressed the phosphorylation of Akt, NF-kB-p65, PDK1
and PTEN to decrease activations of Akt, NF-kB-p65,
PDK1 and PTEN. Therefore, these findings highlight
the significance of celastrol in suppressing human
esophageal carcinoma cell proliferation and promoting
cell apoptosis through inhibiting Bax/Bcl-2 and p53
expression and the Akt and NF-kB signaling pathway.

Cell proliferation, differentiation and apoptosis
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Fig.4 Effects of celastrol on the Akt and NF-kB pathway in ECA-109 cells

imbalance are the important factors of the tumor. In-
duction of tumor cell apoptosis is a new way of tumor
treatment research. Down-regulation of Bcl-2 expres-
sion is a key factor during apoptosis. Bcl-2 affects
tumor cell apoptosis, through inhibiting signaling path-
ways including Ros™”!, NF-kB™ and Akt"*” pathways.
Due to Bcl-2 inhibiting tumor cell apoptosis, Bcl-2
might be used as a novel therapeutic target of cancer.
P33 is an apoptosis activation gene and plays an impor-
tant role in the process of programmed cell death, and
it can induce cell cycle arrest, senescence, and differ-
entiation''**", Inactivation of p53 function is a pivotal
aspect of tumor formation in a broad spectrum of hu-
man cancers'"”.. As a result, maintaining and enhancing
p53 function will help to improve the current cancer
treatment effect.

So far, a variety of studies have shown that celas-
trol may be used as an effective anti-inflammatory and
therapeutic anti-tumor drug®®**", Previous studies have
shown celastrol to be effective against a variety of can-
cers, such as breast cancer, melanoma and squamous
cell carcinoma, and prostate cancer. In this study, we
found that proliferation of ECA-109 cell was signifi-
cantly inhibited by 1.0 pmol/L celastrol (Fig.1).

Cancer cell shows limitless proliferation and
activates intracellular signaling pathways. Our results

showed that more than 1.0 pmol/L of celastrol signifi-

cantly promoted cell apoptosis in a dose-dependent
manner (Fig.1). Mitochondrial membrane potential
drop is a symbol of early apoptosis. The decrease
of membrane potential can be easily detected by the
fluorescence shift from red to green of JC-1, and the
fluorescence shift from red to green of JC-1 can also
be used as an indicator of early apoptosis. Our results
suggest that less than 1.0 umol/L celastrol significantly
reduced mitochondrial membrane potential in a dose-
dependent manner (Fig.2). Bax and Bcl-2 play impor-
tant roles in esophagus cancer ECA-109 cell. Down-
regulation of Bcl-2 expression and up-regulation of
Bax expression can cause ECA-109 cell apoptosis. We
confirmed that celastrol could inhibit expression of
Bcl-2 and induce expressions of p53 and Bax in ECA-
109 cells (Fig.3). Therefore, inhibition of Bcl-2 ex-
pression and up-regulation of p53 and Bax expression
can induce cancer cell apoptosis. In addition, we also
found that celastrol reduced Akt, NF-kB-p65, PDK1
and PTEN phosphorylation when they induced cell
apoptosis (Fig.4). The PI3K/Akt signaling cascade is
frequently disrupted in many human cancers, and it is a
key player in mediating tumor cell survival and escape
from apoptosis.

In summary, we demonstrated that celastrol was
able to suppress esophagus cancer ECA-109 cell pro-

liferation and induce its apoptosis in vitro by regulat-
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ing Bax/Bcl-2 expression and inhibiting PI3K/Akt

signaling pathway. Our study provides new evidence

that celastrol may be able to serve as an efficient anti-

metastatic drug in the treatment of esophagus cancer.
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