Am J Transl Res 2023;15(4):2703-2715
www.ajtr.org /ISSN:1943-8141/AJTR0147761

Original Article

Celastrol enhances tamoxifen sensitivity in the
treatment of triple negative breast cancer via
mitochondria mediated apoptosis pathway

Bingjie Qi'*, Qigao Yan?*, Pei Zhang®, Yu Ren?, Huijuan Liu*, Tingting Liu?, Lingli Zhu?, Yu Chen?

1College of Pharmacy, Anging Medical and Pharmaceutical College, Anqing 246000, Anhui, China; 2Development
Planning Division, Anqing Medical and Pharmaceutical College, Anqing 246000, Anhui, China; 3College of
Pharmacy, Bengbu Medical College, Bengbu 233000, Anhui, China; “Technology Department, Anqing Medical and
Pharmaceutical College, Anging 246000, Anhui, China. *Equal contributors.

Received November 15, 2022; Accepted January 17, 2023; Epub April 15, 2023; Published April 30, 2023

Abstract: Objective: To investigate the enhancement of chemosensitivity of tamoxifen (TAM) in triple negative breast
cancer (TNBC) by celastrol (CEL) through mitochondrial mediated pathway. Methods: Human TNBC MDA-MB-231
cells were divided to the control group (medium treatment), TAM-L group (low concentration TAM treatment, 0.5
UM TAM treatment), TAM-H group (1 uM TAM treatment), CEL-L group (low concentration CEL treatment, 1 uM CEL),
CEL-H group (high concentration CEL treatment, 3 yM CEL), CEL-L+TAM group (low concentration CEL and TAM co-
treatment) and CEL-H+TAM group (high concentration of CEL co-treated with TAM). The proliferation and invasion
of cells in each cell group were detected by MTT assay and Transwell assay, respectively. Changes in mitochondrial
membrane potential were determined by JC-1 staining. 2’-7’-dichlorofluorescein diacetate (DCFH-DA) fluorescence
probe combined with flow cytometry was used to measure the levels of reactive oxygen species (ROS) in cells. The
GSH/(GSSG+GSH) level in the cells was detected with glutathione (GSH)/oxidized glutathione (GSSG) enzyme-linked
immunosorbent assay (ELISA) kit. The expression levels of the apoptosis-related proteins B lymphocytoma-2 (Bcl-2),
Bcl-2-associated X protein (Bax), sheared cysteine-containing aspartate protein hydrolase 3 (Cleaved Caspase-3),
and cytochrome C (Cytc) in each group were measured by Western blot. The tumor model of subcutaneous trans-
plantation of TNBC cells in nude mice was established. After administration, the volume and mass of tumors in
each group were measured, and the tumor inhibition rate was calculated. Results: Compared with the Control group,
cell proliferation inhibition rate (24 h, 48 h), apoptosis rate, ROS level, Bax, cleaved caspase-3 and Cytc protein ex-
pression were conspicuously increased in the TAM, CEL-L, CEL-H, CEL-L+TAM and CEL-H+TAM groups (all P < 0.05),
and cell migration and invasion, mitochondrial membrane potential, GSH level, and Bcl-2 protein expression were
conspicuously decreased (all P < 0.05). Compared with the TAM group, the cell proliferation inhibition rate (24 h, 48
h), apoptosis rate, ROS level, Bax, cleaved caspase-3 and Cytc protein expression were increased in the CEL-H+TAM
group (all P < 0.05), and cell migration rate, cell invasion number, mitochondrial membrane potential, GSH level and
Bcl-2 protein expression were decreased in the CEL-H+TAM group (all P < 0.05). Compared with the CEL-L group, the
cell proliferation inhibition rate (24 h, 48 h), apoptosis rate, ROS level, Bax, cleaved caspase-3 and Cytc protein ex-
pression were significantly increased in the CEL-H group (all P < 0.05), and cell migration rate, cell invasion number,
mitochondrial membrane potential, GSH level and Bcl-2 protein expression were decreased in the CEL-H group (all P
< 0.05). Compared with the model group, the tumor volume of TAM group, CEL-H group, CEL-L+TAM group and CEL-
H+TAM group decreased (all P < 0.05). Compared with TAM group, the tumor volume in CEL-H+TAM group decreased
significantly (P < 0.05). Conclusion: CEL can promote apoptosis and enhance the TAM sensitivity in TNBC treatment
through a mitochondria-mediated pathway.
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Introduction dence is increasing year by year. As a subtype of
breast cancer, triple negative breast cancer
Breast cancer is the most common and fatal (TNBC) refers to estrogen receptor (ER) nega-

malignancy for women worldwide, and its inci- tive, progesterone receptor (PR) negative and
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human epidermal growth factor receptor 2
(HER2) negative as indicated by immunohisto-
chemistry (IHC). TNBC occupies 10-20% of the
total breast cancer patients [1-3].

Tamoxifen (TAM) is one of the commonly used
drugs for clinical treatment of TNBC. It is an
estrogen receptor antagonist that exerts antitu-
mour effects in breast cancer in an estrogen
independent manner [4]. Recurrence and
metastasis of breast cancer is a great chal-
lenge to improve patient survival, and resis-
tance of cancer cells to chemotherapeutic
agents is one of the main causes of recurrence
and metastasis in TNBC [5]. Therefore, reduc-
ing the drug resistance of cancer cells is cur-
rently a key clinical issue to improve the effect
of cancer treatment. Celastrol (CEL), also
known as tripterine, is a quinone methoxy triter-
pene compound extracted from the rhizomes of
Celastrus and Tripterygium. In recent years,
researchers have found that CEL has anti-
inflammatory, immunosuppressive, and antitu-
mor pharmacological effects [6-8].

Tumorigenesis is usually accompanied by
blockage of apoptotic channels, which allows
cancer cells to overproduce; therefore, an
important way to fight cancer is to promote
apoptosis of cancer cells [9]. Mitochondrial
apoptosis refers to Bax protein moving to the
outer membrane of mitochondria through BH3-
only protein and polymerization caused by vari-
ous apoptotic signals. The formed membrane
channel can stimulate mitochondria to release
Cyt C and Smac, and Cyt C can form apoptotic
bodies with caspase-9, resulting in a series of
downstream cascade reactions to regulate cell
apoptosis [10]. The mitochondrial apoptotic
pathway, as one of the endogenous apoptotic
pathways, plays an important role in inhibiting
the proliferation of cancer cells and promoting
apoptosis [11]. Because there is little research
on the anti-tumor mechanism of CEL, this study
is intended to investigate whether CEL enhanc-
es the chemosensitivity of TNBC cells to TAM
through the mitochondrial apoptosis pathway
and its specific mechanism of action.

Materials and methods
Cells

Human TNBC cells MDA-MB-231 cells were pro-
vided by Shanghai Cell Bank of the Chinese
Academy of Sciences.
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Animals

Eighty-four 5-week-old SPF female BALB/c-nu
nude mice, with a body weight of 18-20 g, were
provided by Beijing Weitong Lihua Experimental
Animal Technology Co., Ltd. Shanghai Branch,
with the license number of SYXK (Shanghai)
2022-0018. All animals were raised in the IVC
animal room, provided with free access to food
and water. The animals were used for experi-
ments after 7 days of adaptive feeding. This
experiment was approved by the Animal Ethics
Committee of Anging Medical College.

Main reagents and instruments

CEL (purity > 98%) was provided by Shanghai
Tongtian Biotechnology Co. Trypsin, fetal bovine
serum, and high sugar DMEM medium were
purchased from Hangzhou Four Seasons Green
Bioengineering Materials Co. MTT cell prolifera-
tion and cytotoxicity assay Kkit, crystalline violet
staining solution, Annexin V-FITC/PI apoptosis
assay kit and JC-1 mitochondrial membrane
potential assay kit were purchased from
Shanghai Biyuntian Biotechnology Co. Trans-
well chambers were purchased from Corning
Co. Bicinchoninic acid (BCA) protein quantifica-
tion kit was purchased from Thermo Fisher
Scientific, USA. Glutathione (GSH)/oxidized glu-
tathione (GSSG) ELISA kit was provided by
Beijing Solabo Technology Co., Ltd; 2’-7’-dichlo-
rofluorescein-diacetate (DCFH-DA) fluorescent
probe was purchased from Invitrogen. Tamo-
xifen, rabbit anti-human B-cell lymphoma 2
(Bcl-2), Bcl-2-associated X protein (Bax), sh-
eared cysteine-containing aspartate protein
hydrolase 3 (Cleaved Caspase-3), cytochrome
C (Cytc) antibodies and their horseradish per-
oxidase (HRP)-labeled goat anti-rabbit second-
ary antibodies were provided by Sigma, USA.
M2E multi-functional enzyme labeler was pro-
vided by Molecular Device, USA; inverted fluo-
rescence microscope was provided by Leica,
Germany; FACS Caliber flow cytometer was pro-
vided by Becton Dickinson, USA; Tetra gel elec-
trophoresis instrument was provided by Bio-
Rad, USA.

Cell culture

MDA-MB-231 cells were cultured in DMEM
medium containing 10% fetal bovine serum in
a cell culture incubator at 37°C containing 5%
CO,, and cell growth was closely monitored
daily, with fresh medium changed every 2-3
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days. Cells in good growth condition and at log-
arithmic growth stage were used for subse-
quent experiments.

Cell grouping and treatment

MDA-MB-231 cells at logarithmic growth stage
were inoculated in 96-well plates at a density
of 1 x 10* cells/well. After being plastered, the
cells were divided into control group (blank
medium treatment), TAM group (1 uM TAM
treatment [12]), CEL-L group (low concentration
CEL treatment, 1 uM CEL), CEL-H group (high
concentration CEL treatment, 3 uM CEL [13]),
CEL-L+TAM group (low concentration of CEL co-
treated with TAM), and CEL-H+TAM group (high
concentration of CEL co-treated with TAM) for
corresponding treatments.

Establishment of TNBC animal model

MDA-MB-231 cells in logarithmic growth phase
were collected and digested by adding trypsin,
and then resuspended in serum-free medium
to prepare cell suspension. The cell concentra-
tion was adjusted to 4 x 107 pieces/mL. The
single cell suspension was injected under the
fourth pair of breast pads on the right side of
nude mice, 0.1 mL for each. After inoculation,
the mass at the injection site of the nude mice
was observed. On the 7th day, the nodule could
be touched at the inoculation site, indicating
that the modeling was successful.

Animal grouping and administration

A total of 72 nude mice were successfully mod-
eled in this study, and their stacks were inte-
grated into model group, Tam group (50 mg/kg
TAM) [14], CEL-L group (5 mg/kg CEL), CEL-H
group (10 mg/kg CEL) [15], Tam+CEL-L group,
and Tam+CEL-H group. Another 12 mice were
used as the normal control. When the tumor
volume reached 100 mm?, each group under-
went drug intervention at the corresponding
drug dose. CEL was administered by intraperi-
toneal injection once a day for 14 days. TAMs
were administered by intraperitoneal injection
once every 2 days for 7 times. Normal group
and model group were intraperitoneally inject-
ed with the same amount of normal saline.

Determination of cell proliferation by MTT
method

MDA-MB-231 cells at logarithmic growth stage
were planted in 96-well plates at a density of 1
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x 10% cells/well, and after 24 h of incubation,
the corresponding concentrations of drugs
were added, each group was provided with 6
repeated wells. After 24 h and 48 h of in-
cubation in a cell incubator with 5% CO,, 10 uL/
well of MTT solution was added and the cells
were planted in the cell incubator for another 4
h. After that, the supernatant was discarded,
100 pL of DMSO solution was added to each
well, placed on a shaker for 10 min, and after
waiting for the dissolution of the produced pur-
ple crystals, the absorbance value of each well
at 490 nm was detected by an enzyme marker
to calculate the cell proliferation inhibition rate.
Inhibition rate = (1 - OD value of drug-treated
group/0D value of control group) x 100%.

Determination of cell migration by scratch as-
say

Cells at logarithmic growth phase were inocu-
lated in 6-well plates at a density of 5 x 10°
cells/well and treated in dofferent groups. After
24 h incubation, the cells were grown to about
80% in confluence, and a scratch was drawn
vertically with the tip of a 20 uL pipette, after
which the cells were washed with PBS and
fresh medium was added to continue the incu-
bation for 48 h. The migration of cells at O h
and 48 h was observed with an inverted micro-
scope and calculated using Image J software.
Migration rate = (width at O h - width at 48 h)/
width at O h x 100%.

Determination of cell invasion by Transwell as-
say

Cells at logarithmic growth phase were collect-
ed and inoculated in the gel-coated upper
Transwell chamber with a cell density of 5 x
104 cells/well and the volume of 100 pL. 600
pL of DMEM medium containing 10% fetal
bovine serum was added to the lower chamber
as chemical elicitor. After incubation for 24 h,
the chambers were removed, and 4% parafor-
maldehyde was added to fix the cells for 20
min, after which the membranes were washed
three times with PBS and dyed with crystal vio-
let solution for 30 mins. After the removal of
excessive staining solution, the upper layer of
cells in the chambers was wiped off with a cot-
ton swab. Cells crossing the membrane were
observed using an inverted light microscope,
and six fields of view per chamber were ran-
domly selected for photography and cell
counting.
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Determination of apoptosis by flow cytometry

MDA-MB-231 cells were inoculated in 6-well
plates at a density of 5 x 104 cells/well, and the
cells were treated accordingly after 24 h of
incubation. After continuous culture for 24 h,
cells were collected by adding trypsin digestion
and washed twice with pre-cooled PBS. Ac-
cording to the instructions of Annexin V-FITC/PI
double-staining apoptosis assay kit, 1 x 10°
cells were added in a centrifuge tube, 500 pL of
binding buffer was added to suspend the cells,
and 5 uL of Annexin V-FITC and 5 uL of Pl were
added for 15 min at room temperature and pro-
tected from light. The apoptosis rate was deter-
mined by flow cytometry. Under microscope,
DAPI staining fluorescence of normal nucleus is
blue, and apoptotic cells are brown-yellow.

Determination of cellular mitochondrial mem-
brane potential changes by JC-1 staining
method

Cells at logarithmic growth phase were taken
and treated accordingly. After 24 h of incuba-
tion, cells were digested by adding 0.25% tryp-
sin, washed with PBS, resuspended 2 times by
adding 0.5 mL JC-1 buffer, and precipitated by
centrifugation. The cells were resuspended by
adding appropriate amount of PBS and assayed
by flow cytometry. Green fluorescence was
detected by FL1 channel and red fluorescence
was measured by FL2 channel, and the relative
ratio of red to green fluorescence intensity was
used to indicate the degree of mitochondrial
membrane potential depolarization.

Detection of reactive oxygen species (ROS)
and GSH/GSSG levels

The intracellular ROS level was detected by
DCFH-DA fluorescence probe and flow cytome-
try. The intracellular GSH/(GSH+GSSG) level
was detected with GSH/GSSG ELISA kit. Cells
in logarithmic growth period were treated. After
24 h of treatment, cells were digested, centri-
fuged and collected, which were then incubat-
ed with 5 yMol/L DCFH-DA fluorescence probe
at 37°C for 20 min. After being washed three
times with serum free DMEM medium, the cells
in each group were detected for fluorescence
intensity by flow cytometry. Subsequently, the
GSH level of cells in each group was detected
according to the instructions of GSH/GSSG
ELISA kit. First, the total GSH (GSH+GSSGQG) level
was measured, and then an appropriate
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amount of GSH scavenger was used to remove
GSH from the sample, which was the GSSG
level. The total GSH (GSH+GSSG) minus the
content of oxidized GSSG was the GSH level.
High GSH/(GSSG+GSH) level reflected the high
level of GSH in cells.

Determination of the expression of proteins
related to mitochondrial apoptosis pathway by
Western blot

Cells at logarithmic growth phase were taken
and treated accordingly. Trypsin was added,
cells were collected by digestion and centrifu-
gation, supernatant was collected by adding
RIPA lysate, and total cellular protein was
extracted. The total protein concentration was
measured according to the operating instruc-
tions of the BCA protein quantification kit. The
quantified protein was subjected to SDS-PAGE
gel electrophoresis, after which it was trans-
ferred to NC membrane and blocked at 4°C by
adding skimmed milk powder. The membranes
were washed with TBST, followed by the addi-
tion of Bcl-2 (1:1000), Bax (1:1000), cleaved
caspase-3 (1:1000) and Cytc (1:500) primary
antibodies respectively and incubated at 4°C
overnight. On the following day, the membrane
was washed with TBST and incubated with
horseradish peroxidase-labeled IgG secondary
antibody (1:2000) at room temperature for 2
h. Electro-Chemi-Luminescence (ECL) reagent
was added for color development, and B-actin
protein was used as an internal reference.
Exposure was performed under a gel imager,
and the grayscale values of the target proteins
were calculated and analyzed using Image Lab
software.

Determination of tumor volume and mass in
tumor bearing mice

All nude mice were sacrificed by cervical dislo-
cation after the end of administration, the
tumor tissues were dissected and removed,
and the longest diameter (a) and shortest diam-
eter (b) of tumors in tumor bearing mice of each
group were determined using vernier calipers,
and the tumor volume was calculated. Tumor
volume (V) = ab?/2. Tumor inhibition rate was
calculated by weighing the tumor mass, and the
tumor inhibition rate (%) = (average tumor mass
of model group - average tumor mass of dosing
group)/average tumor mass of model group x
100%.
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Table 1. Comparison of proliferation inhibition
rate of MDA-MB-231 cells in each group

Inhibition rate (%)

Group
24 h 48 h

Control 0.23+0.01 0.15+0.01
TAM-L 33.424+3.78 52.35+4.87
TAM-H 22.56+3.62"°® 38.43+4.25™°
CEL-L 6.21+1.23" 10.30+1.12"
CEL-H 18.25+2.49%%  30.05+2.94*&
CEL-L+TAM-H 24.84+2.02" 40.23+3.74"

CEL-H+TAM-H  36.40+3.86"*" 57.42+6.10"*"

Compared with the Control group, P < 0.05; compared
with the TAM-L group, P < 0.05; compared with the
TAM-H group, #*P < 0.05; compared with the CEL-L group,
&P < 0.05; compared with the CEL-H group, "P < 0.05.
Notes: TAM-L: tamoxifen-L; TAM-H: tamoxifen-H; CEL-L:
celastrol-L; CEL-H: celastrol-H; CEL-L+TAM-H: celastrol-
L+tamoxifen-H; CEL-H+TAM-H: celastrol-H+tamoxifen-H.

Data statistics and analysis

All experimental data in this study were statisti-
cally analyzed using Graph Pad Prism 7.0 soft-
ware. The experimental data were expressed
as mean * standard deviation (mean + SD).
One-way ANOVA was used for comparison
among multiple groups, and LSD-t test was
used for further pairwise comparisons.
Differences were considered statistically sig-
nificant at P < 0.05.

Results
Comparison of cell proliferation in each group

As shown in Table 1, compared with the Con-
trol group, the cell proliferation inhibition rate
(24 h, 48 h) was significantly higher in the TAM
group, CEL-L group, CEL-H group, CEL-L+TAM
group, and CEL-H+TAM group (all P < 0.05);
Compared with TAM-L group, the inhibition rate
of cell proliferation (24 h, 48 h) in TAM-H group
decreased significantly. Compared with the
TAM-H group, the cell proliferation inhibition
rate (24 h, 48 h) was significantly higher in the
CEL-H+TAM-H group (P < 0.05). There was no
significant difference in the cell proliferation
inhibition rate (24 h, 48 h) between CEL-
L+TAM-H group and TAM-H group (P > 0.05).
Compared with the CEL-L group, the cell prolif-
eration inhibition rate (24 h, 48 h) was signifi-
cantly higher in the CEL-H group (P < 0.05).
Compared with the CEL-H group, the cell prolif-
eration inhibition rate (24 h, 48 h) was signifi-
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Table 2. Comparison of cell migration rate
among groups

Group Cell migration rate (%)
Control 67.89+4.03

TAM 40.30+4.68"
CEL-L 55.68+5.77"
CEL-H 44.94+4.62%
CEL-L+TAM 37.92+3.36"
CEL-H+TAM 27.35+2.96"#"

Compared with the Control group, *P < 0.05; compared
with the TAM group, #P < 0.05; compared with the CEL-L
group, &P < 0.05; compared with the CEL-H group, "P <
0.05. Notes: TAM: tamoxifen; CEL-L: celastrol-L; CEL-H:
celastrol-H; CEL-L+TAM: celastrol-L+tamoxifen; CEL-
H+TAM: celastrol-H+tamoxifen.

cantly higher in the CEL-H+TAM-H group (P <
0.05). The results showed that the inhibition
rate of cell proliferation in TAM group was dose-
dependent. With the increase of TAM dosage,
the inhibition rate of cell proliferation decreased
gradually, indicating that cells developed TAM
resistance. In the following experiments, a dose
of TAM-H group was selected as the TAM group
for research.

Comparison of cell migration ability among
groups

As shown in Table 2 and Figure 1, compared
with the Control group, the cell migration rate
was significantly lower in the TAM, CEL-L, CEL-H,
CEL-L+TAM, and CEL-H+TAM groups (all P <
0.05). Compared with the TAM group, the cell
migration rate was significantly lower in the
CEL-H+TAM group (P < 0.05), and there was no
significant difference in the cell migration rate
between CEL-L+TAM group and TAM group (P >
0.05). Compared with the CEL-L group, the cell
migration rate was significantly lower in the
CEL-H group (P < 0.05). Compared with the
CEL-H group, the cell migration rate was signifi-
cantly lower in the CEL-H+TAM group (P < 0.05).

Comparison of cell invasion ability among
groups

As shown in Table 3 and Figure 2, compared
with the Control group, the number of cell inva-
sion was significantly reduced in the TAM, CEL-
L, CEL-H, CEL-L+TAM, and CEL-H+TAM groups
(all P < 0.05). Compared with the TAM group,
the number of cell invasion was significantly
reduced in the CEL-H+TAM group (P < 0.05),
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Control

Oh

48 h

Oh

48 h

TAM

CEL-L+TAM

CEL-L

CEL-H+TAM

Figure 1. Cell migration detected by cell scratching assay. Notes: TAM: tamoxifen; CEL-L: celastrol-L; CEL-H: celastrol-
H; CEL-L+TAM: celastrol-L+tamoxifen; CEL-H+TAM: celastrol-H+tamoxifen.

Table 3. Comparison of cell invasion ability
among groups

Group Number of cell invasion (pcs/field of view)
Control 162.11+£14.20

TAM 87.24+9.97"

CEL-L 138.34+14.57"

CELH 104.53+12.04*%

CEL-L+TAM 82.73+9.56"

CEL-H+TAM 52.80+7.84"#"

Compared with the Control group, *P < 0.05; compared

with the TAM group, #P < 0.05; compared with the CEL-L
group, P < 0.05; compared with the CEL-H group, "P < 0.05.
Notes: TAM: tamoxifen; CEL-L: celastrol-L; CEL-H: celastrol-H;
CEL-L+TAM: celastrol-L+tamoxifen; CEL-H+TAM: celastrol-
H-+tamoxifen.
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and there was no significant difference in the
number of cell invasion between CEL-L+TAM
group and TAM group (P > 0.05). Compared
with the CEL-L group, the number of cell inva-
sion was significantly reduced in the CEL-H
group (P < 0.05). Compared with the CEL-H
group, the number of cell invasion was signifi-
cantly reduced in the CEL-H+TAM group (P <
0.05).

Comparison of apoptosis rates among groups
As shown in Table 4 and Figure 3, compared
with the Control group, the apoptosis rate was

significantly higher in the TAM, CEL-L, CEL-H,

Am J Transl Res 2023;15(4):2703-2715
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CEL-L+TAM

CEL-H+TAM

Figure 2. Cell invasion detected by Transwell assay (x 400). Notes: TAM: tamoxifen; CEL-L: celastrol-L; CEL-H: celas-
trol-H; CEL-L+TAM: celastrol-L+tamoxifen; CEL-H+TAM: celastrol-H+tamoxifen.

Table 4. Comparison of apoptosis rates
among groups

Group Apoptosis rate (%)
Control 3.56+0.39
TAM 28.47+1.77"
CEL-L 11.89+1.14"
CEL-H 22.23+2.01"%
CEL-L+TAM 30.24+3.89"
CEL-H+TAM 41.92+3.57"#"

Compared with the Control group, P < 0.05; compared
with the TAM group, #P < 0.05; compared with the CEL-L
group, &P < 0.05; compared with the CEL-H group, "P <
0.05. Notes: TAM: tamoxifen; CEL-L: celastrol-L; CEL-H:
celastrol-H; CEL-L+TAM: celastrol-L+tamoxifen; CEL-
H+TAM: celastrol-H+tamoxifen.

CEL-L+TAM, and CEL-H+TAM groups (all P <
0.05). Compared with the TAM group, the
apoptosis rate was significantly higher in the
CEL-H+TAM group (P < 0.05), and there was no
significant difference in the apoptosis rate
between CEL-L+TAM group and TAM group (P >
0.05). Compared with the CEL-L group, the
apoptosis rate was significantly higher in
the CEL-H group (P < 0.05). Compared with
the CEL-H group, the apoptosis rate was signifi-
cantly higher in the CEL-H+TAM group (P <
0.05).
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Comparison of mitochondrial membrane po-
tential changes in cells of each group

As shown in Table 5 and Figure 4, compared
with the Control group, the mitochondrial mem-
brane potential of cells in the TAM, CEL-L, CEL-
H, CEL-L+TAM, and CEL-H+TAM groups de-
creased significantly (all P < 0.05). Compared
with the TAM group, the mitochondrial mem-
brane potential of cells in the CEL-H+TAM
group decreased significantly (P < 0.05), and
there was no significant difference in the mito-
chondrial membrane potential of cells between
CEL-L+TAM group and TAM group (P > 0.05).
Compared with the CEL-L group, the mitochon-
drial membrane potential of cells in the CEL-H
group decreased significantly (P < 0.05). Com-
pared with the CEL-H group, the mitochondrial
membrane potential of cells in the CEL-H+TAM
group decreased significantly (P < 0.05).

Comparison of ROS and GSH levels in cells of
each group

Table 6 shows that compared with the Control
group, the cell ROS level in TAM group, CEL-L
group, CEL-H group, CEL-L+TAM group and CEL-
H+TAM group increased significantly (all P <
0.05), while the GSH level decreased signifi-
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Figure 3. Apoptosis rate detected by flow cytometry. Notes: TAM: tamoxifen; CEL-L: celastrol-L; CEL-H: celastrol-H;
CEL-L+TAM: celastrol-L+tamoxifen; CEL-H+TAM: celastrol-H+tamoxifen.

Table 5. Comparison of mitochondrial mem-
brane potential changes among groups

Mitochondrial membrane

Group potential (L2/FL1)
Control 4.38+0.23
TAM 2.07+0.16"
CELL 3.41+0.20"
CELH 2.36+0.18"%
CEL-L+TAM 1.98+0.25"
CEL-H+TAM 0.73+0.05"#"

Compared with the Control group, P < 0.05; compared
with the TAM group, #P < 0.05; compared with the CEL-L
group, P < 0.05; compared with the CEL-H group, "P <
0.05. Notes: TAM: tamoxifen; CEL-L: celastrol-L; CEL-H:
celastrol-H; CEL-L+TAM: celastrol-L+tamoxifen; CEL-
H+TAM: celastrol-H+tamoxifen.

cantly (all P < 0.05). Compared with TAM group,
ROS level in CEL-H+TAM group was significantly
increased (P < 0.05), while GSH level was sig-
nificantly decreased (P < 0.05); there was no
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significant difference in the ROS level and GSH
level between CEL-L+TAM group and TAM group
(P > 0.05). Compared with CEL-L group, ROS
level in CEL-H group increased significantly (P <
0.05), while GSH level decreased significantly
(P < 0.05). Compared with CEL-H group, the
ROS level of cells in CEL-H+TAM group increased
significantly (P < 0.05), while the GSH level
decreased significantly (P < 0.05).

Comparison of the expression of mitochondrial
apoptosis pathway-related proteins in the cells
of each group

As shown in Table 7 and Figure 5, compared
with the Control group, Bax, cleaved caspase-3
and Cytc protein expression was significantly
higher in cells of the TAM, CEL-L, CEL-H, CEL-
L+TAM and CEL-H+TAM groups (all P < 0.05),
while Bcl-2 protein expression was significantly
lower (all P < 0.05). Compared with the TAM
group, Bax, cleaved caspase-3 and Cytc pro-
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CEL-H CEL-L+TAM

CEL-H+TAM

Figure 4. Cellular mitochondrial membrane potential detected by JC-1 staining method (x 400). Notes: TAM: tamoxi-
fen; CEL:-L: celastrol-L; CEL-H: celastrol-H; CEL-L+TAM: celastrol-L+tamoxifen; CEL-H+TAM: celastrol-H+tamoxifen.

Table 6. Comparison of ROS and GSH levels in
cells among groups

Group ROS (DF)F . GSH (mg GSH/
fluorescence intensity) mg total GSH)
Control 15.24+1.20 18.76+1.46
TAM 22.48+1.87" 12.87+0.89"
CEL-L 23.07+2.15" 11.82+1.07
CEL-H 30.18+2.73"& 7.08+0.58"%
CEL-L+TAM 24.24+2.13" 11.38+0.96"
CEL-H+TAM 37.84+3.22"#" 3.95+0.27"#"

Compared with the Control group, P < 0.05; compared
with the TAM group, #P < 0.05; compared with the CEL-L
group, P < 0.05; compared with the CEL-H group, "P <
0.05. Notes: TAM: tamoxifen; CEL-L: celastrol-L; CEL-H:
celastrol-H; CEL-L+TAM: celastrol-L+tamoxifen; CEL-H+TAM:
celastrol-H+tamoxifen.

tein expression was significantly higher (all P <
0.05) while Bcl-2 protein expression was sig-
nificantly lower in the CEL-H+TAM group (P <
0.05). There was no significant difference in
Bax, cleaved caspase-3 and Cytc protein
expression between CEL-L+TAM group and TAM
group (P > 0.05). Compared with the CEL-L
group, Bax, cleaved caspase-3 and Cytc pro-
tein expressions were significantly higher (all P
< 0.05), while Bcl-2 protein expression was sig-
nificantly lower in the CEL-H group (P < 0.05).
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Compared with the CEL-H group, Bax, cleaved
caspase-3 and Cytc protein expression was sig-
nificantly higher (all P < 0.05), and Bcl-2 protein
expression was significantly lower in the CEL-
H+TAM group (P < 0.05).

Comparison of tumor volume and mass of tu-
mor bearing mice in each group

As shown in Table 8, compared with the model
group, the tumor volume of TAM group, CEL-H
group, CEL-L+TAM group and CEL-H+TAM group
decreased significantly (all P < 0.05). Compared
with TAM group, the tumor volume in CEL-
H+TAM group decreased significantly (P <
0.05), while there was no significant difference
in the tumor volume between CEL-L+TAM group
and TAM group (P > 0.05). Compared with the
CEL-L group, the tumor volume in the CEL-H
group decreased significantly (P < 0.05). Com-
pared with the CEL-H group, the tumor volume
in the CEL-H+TAM group decreased significantly
(P < 0.05).

Discussion
It has been shown that breast cancer has the

highest incidence among female cancers, with
breast cancer patients accounting for 24.2% of
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Table 7. Comparison of expression of mitochondrial apoptosis pathway-related proteins among groups

Group Bcl-2/B-actin Bax/B-actin Cleaved Caspase-3/B-actin Cytc/B-actin
Control 0.78+0.07 0.34+0.03 0.27+0.03 0.31+0.02
TAM 0.41+0.04" 0.65+0.06" 0.63+0.06" 0.67+0.07"
CEL-L 0.65+0.06" 0.46+0.04" 0.40+0.04" 0.44+0.04"
CEL-H 0.47+0.05™% 0.60+0.05™% 0.57+0.05"% 0.62+0.06™%
CEL-L+TAM 0.38+0.04~ 0.68+0.07" 0.65+0.06" 0.70+0.07"
CEL-H+TAM 0.23+0.02"#" 0.84+0.08"#" 0.82+0.08™#" 0.85+0.07"#"

Compared with the Control group, P < 0.05; compared with the TAM group, *P < 0.05; compared with the CEL group, P <
0.05; compared with the CEL-H group, "P < 0.05. Notes: TAM: tamoxifen; CEL:-L: celastrol-L; CEL-H: celastrol-H; CEL-L+TAM:

celastrol-L+tamoxifen; CEL-H+TAM: celastrol-H+tamoxifen.
Bel-2
Tk ¥ o R -

Cleaved Caspase-3
Cytc

B-actin

Control TAM CEL-L CEL-H

Figure 5. Expression of mitochondrial apoptosis pathway-related proteins
detected by Western blot. Notes: TAM: tamoxifen; CEL-L: celastrol-L; CEL-
H: celastrol-H; CEL-L+TAM: celastrol-L+tamoxifen; CEL-H+TAM: celastrol-

H+tamoxifen.

all cancer patients, including 15.0% of deaths
[16]. Breast cancer threatens the life and
health of women all over the world. The current
clinical reliance on surgical resection, chemo-
therapy, and radiotherapy of breast cancer has
greatly increased the level of diagnosis and
treatment of breast cancer and prolonged the
survival time of patients. However, the treat-
ment options for TNBC are more limited and
have a poor prognosis, and there is significant
heterogeneity in the treatment of breast can-
cer, with different drug resistance [17, 18].
TAM, one of the first-line therapeutic agents for
breast cancer, may develop acquired resis-
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tance in about 40% of breast
cancer patients whose first
treatment is effective, which
affects the progress and level
of breast cancer treatment
[19]. Therefore, how to slow
down the resistance of che-
motherapeutic drugs and in-
crease the sensitivity of tumor
cells to chemotherapeutic
drugs is of great significance
to improve the clinical treat-
ment effect of TNBC.

CEL has been reported to
have antitumor effects, inhibit
the growth of many types of
cancer cells and induce can-
cer cell death [20]. The antitu-
mor mechanisms of CEL main-
ly include: inhibition of breast
cancer cell growth, metasta-
sis, angiogenesis and promo-
tion of cancer cell apoptosis
[21]. It is still therapeutically
effective against drug-resis-
tant tumor cell lines and is
often used clinically in combination with che-
motherapeutic agents such as doxorubicin,
paclitaxel, and lapatinib to exert synergistic
antitumor effects [22]. Chen et al. [13] found
that CEL induces ROS-mediated apoptosis in
gastric cancer cells by a mechanism related to
direct targeting of peroxiredoxin-2. Ni et al. [23]
found that CEL inhibits colon cancer cell grow-
th possibly by negatively regulating miR-21 and
PI3K/AKT/GSK-3[ pathways. It was shown that
compared with the Control group, the prolifera-
tion inhibition rate (24 h, 48 h) and apoptosis
rate of cells in the CEL-L and CEL-H groups were
significantly increased, while the cell migration
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Table 8. Comparison of tumor volume and
tumor inhibition rate of tumor bearing mice
among groups

Tumor volume  Tumor inhibition

Group (mm3) rate (%)
Normal 0.00+0.00 -
Model 954.26+187.43 -
TAM 528.40+98.57" 43.17
CEL-Low 882.69+158.55 15.63
CEL-High 712.40+116.94"% 26.85
CEL-Low+TAM  461.52+89.37" 47.20
CEL-High+TAM 276.83+72.60"*" 59.38

Compared with the Model group, “P < 0.05; compared
with the TAM group, P < 0.05; compared with the CEL-Low
group, P < 0.05; compared with the CEL-High group,

"P < 0.05. Notes: TAM: tamoxifen; CEL-Low: celastrol-

Low; CEL-High: celastrol-High; CEL-Low+TAM: celastrol-
Low+tamoxifen; CEL-High+TAM: celastrol-High+tamoxifen.

rate and the number of cell invasion were sig-
nificantly reduced. The results indicated that
CEL had the effect of inhibiting proliferation,
migration, invasion and promoting apoptosis in
MDA-MB-231 cells, which was consistent with
the literature [20]. This study also found that
CEL enhanced the chemosensitivity of cells to
TAM, and the proliferation inhibition rate (24 h,
48 h) and apoptosis rate of cells in the CEL-
H+TAM group were increased, and the cell
migration rate and cell invasion number were
significantly reduced compared with those in
the TAM only group. In vivo experiments also
showed the same trend.

Apoptosis is influenced and regulated by vari-
ous signaling pathways, which mainly include
the mitochondrial pathway, endoplasmic re-
ticulum stress-mediated apoptosis pathway
and death receptor pathway [24-26]. The mito-
chondrial pathway, as one of the three classical
apoptotic pathways, is the central link of apop-
tosis [27]. When cells undergo apoptosis via
the mitochondrial pathway, the morphology of
mitochondria undergoes dynamic changes,
and the cellular mitochondrial membrane
potential is altered [28]. Bcl-2 can inhibit apop-
tosis and Bax can promote apoptosis. Action of
pro-apoptotic factors diminishes the role of
Bcl-2 in maintaining the integrity of the mito-
chondrial membrane, causing Bax to translo-
cate outside the mitochondrial membrane,
depolarization of the mitochondrial transmem-
brane potential and the release of Cytc from
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the matrix, which activates caspase 3 and
other enzymatic systems and allows the cell to
initiate apoptosis [29, 30]. In the process of
mitochondrial energy production, if the elec-
tron transfer of the oxidative respiratory chain
is inhibited, the ROS level in the mitochondria
will increase, which will activate oxygen free
radicals, attack the mitochondrial membrane,
cause mitochondrial damage, and increase the
mitochondrial membrane permeability [31].
Long term low concentration of ROS can chan-
ge intracellular signal transduction, which can
eventually be adapted by breast cancer cells
and make breast cancer cells resistant. This
study showed that the mitochondrial mem-
brane potential, cell GSH level and Bcl-2 pro-
tein expression in cells of CEL-L and CEL-H
groups were decreased, cell ROS level, Bax,
cleaved caspase-3 and Cytc protein expression
in cells were increased compared with the
Control group. Compared with the TAM group,
the mitochondrial membrane potential, cell
GSH level and Bcl-2 protein expression were
decreased in the cells of the CEL-H+TAM group,
while cell ROS level, Bax, cleaved caspase-3
and Cytc protein expression were increased.
These results suggest that CEL initiates apop-
tosis via mitochondrial pathway and enhances
the chemosensitivity of MDA-MB-231 cells to
TAM.

In summary, CEL can enhance the chemosensi-
tivity of TNBC cells to TAM by promoting apopto-
sis through a mitochondria-mediated pathway.
The study provides a new basis and reference
for CEL to improve the TAM sensitivity in the
treatment of TNBC.
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