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Leptin is the pivotal modulator in the onset and progression of breast cancer and obesity. Celastrol, which

Received 11 February 2022

Received in revised form 15 June 2022
Accepted 16 June 2022

Available online 20 June 2022

is extracted from the roots of Tripterygium wilfordi plants, exerts various anticancer bioactivities and has
recently emerged as a candidate to treat obesity by improving leptin sensitivity. However, the relation-
ship between leptin and celastrol in the treatment of breast cancer is unknown. Here, the growth and

migration of MCF-7 cells induced by leptin were tested to demonstrate the antineoplastic activity of
celastrol. Transcriptomic analysis and western blotting were conducted to explore the biological roles

Keywords: of leptin in treating breast cancer with celastrol. The present findings showed that celastrol remarkably
Celastrol . . . . . S . .

Breast cancer reversed leptin-triggered cell proliferation and migration in MCF-7 cells. Fifty-two mRNAs with fivefold
Leptin higher counts and 149 mRNAs with fivefold lower counts were identified in the celastrol-treated MCF-7
RNA-seq cells. According to the GO and KEGG analyses, the effects of celastrol on MCF-7 cells forced lipid metabo-
Lipid metabolism lism and the endocrine system. Moreover, leptin treatment induced phosphorylation of leptin receptor
PI3K/AKT and PI3K/AKT in MCF-7 cells, whereas pretreatment with celastrol partly abrogated leptin activation.

The binding of celastrol to the leptin receptor was also confirmed by molecular docking. The antitumor
effect of celastrol is proposed to be mediated by its binding to the leptin receptor and controlled down-
regulation of the PI3K/AKT pathway.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of Research Network of Computational and

Structural Biotechnology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Breast cancer (BC), as the malignant tumor with the highest
incidence in women in the world, is characterized by rapid pro-
gression, easy metastasis and drug resistance. It accounts for 15%
of all kinds of cancer deaths globally [1]. Obesity is closely associ-
ated with an increased risk of breast cancer in epidemiological
studies [2]. However, the molecular mechanisms that link obesity
and BC are complex, and leptin signaling has been shown to be
an important mediator that promotes tumor proliferation, inva-
sion, migration, and angiogenesis [3]. Leptin and leptin receptors
have been regarded as potential targets for novel therapeutic
strategies for breast cancer treatment.

The breast is a peculiar organ where epithelial cells are sub-
merged in a fatty environment. The patient outcome of BC has been
connected to the activation of lipid metabolism in cancer cells [4].
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Leptin is a kind of adipokine that is produced by adipocytes. High
levels of leptin are correlated with growth and migration coupled
with infiltration of breast tumor cells. The stimulatory influences
triggered by leptin were verified in models of nude mice propa-
gated with a breast cancer cell line, where inoculation of leptin
remarkably elevated tumor growth [5,6]. Leptin can stimulate
angiogenesis via activation of the expression of VEGF (vascular
endothelial growth factor). The mRNA and protein expression of
the leptin receptor (ObR) have been analyzed in diverse breast can-
cer cell lines, including MDA-MB-231, MCF-7 and T47D cells [7].
The binding of leptin to ObR leads to the activation of numerous
downstream signaling cascades, such as the JAK/STAT3 and PI3K/
AKT cascades. The PI3K/AKT signaling pathway is a critical regula-
tory component in carcinogenesis in breast cancer related to leptin
[8]. The activation of JAK2 results in the activation of PI3K/AKT, and
PI3K simultaneously activates mTOR [9]. Leptin also enhances the
proliferation of BC cells via the PI3K/AKT/SREBP2 signaling path-
way [10]. Moreover, AKT phosphorylates and activates endothelial
nitric oxide synthase (eNOS), and the PI3K/AKT/eNOS signaling
pathway is able to stimulate endothelial cell migration [11]. Collec-
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tively, leptin positively regulates PI3K/AKT signaling pathways and
promotes cancer growth and angiogenesis of breast cancer. Leptin-
targeting drugs may decrease breast cancer risk, improve the clin-
ical outcomes of patients, and control other comorbidities.

Celastrol is a major active component extracted from Triptery-
gium wilfordii (TW), a TCM (traditional Chinese medicinal herb).
It has been documented that celastrol harbors curative properties
in treating various cancers, such as breast, prostate, ovarian and
gastric cancers [12,13]. The anticancer properties of celastrol can
be ascribed to different molecular targets, including apoptosis,
angiogenesis, cell invasion and metastasis. Celastrol inhibits tumor
growth in mice inoculated with human prostate cancer cells by
inhibiting AKT/mTOR signaling [14]. It has been reported that
celastrol induces apoptosis in human triple-negative breast cancer
cells, and its anticancer effect might be mediated through the PI3K/
Akt signaling pathway [15].

Notably, recent studies have shown that celastrol acts as
a leptin sensitizer and induces a reduction in body fat and leptin
levels, whereas this effect is not exhibited in leptin-deficient (ob/
ob) or db/db mice, which proves that celastrol regulates leptin sig-
naling [16,17]. Although the effect of celastrol on leptin has already
been established, the role of celastrol in leptin-induced prolifera-
tion and migration in breast cancer cells is not clear. The link
between celastrol and leptin and between leptin and the PI3K/
Akt signaling pathway in breast cancer treatment might be a more
complex network. In this case, we explored whether the anticancer
properties of celastrol may be displayed through the modulation of
the leptin axis and, if so, by what mechanism. Here, the effect of
celastrol in breast cancer cells (MCF-7) was tested, and the respon-
sible mechanisms were elucidated by transcriptomic analysis and
western blotting.

2. Materials and methods
2.1. Agents

Celastrol was obtained from Dalian Meilun Biotechnology Co.,
Ltd., China, and the celastrol structure is given in Fig. 1. Leptin
(cat number: CSN21705) was obtained from CSN.

AKT Mouse Monoclonal Antibody (cat number: 10176-2-AP)
and LEPR Antibody (cat number: 20996-1-AP) were obtained from
Proteintech, Phospho-AKT (Ser473) Antibody (cat number: 9271),
PI3 Kinase p85 Antibody (cat number: 4257), mTOR Antibody
(cat number: 2983), Phospho-mTOR (Ser2481) Antibody (cat num-
ber: 2974) was obtained from Cell Signaling Technology, Phospho-
PI3 Kinase p85 alpha (Tyr607) Antibody (cat number: AF —3241)
was obtained from Affinity Biosciences.

2.2. CCK8 assay [18]

MCF-7 cells were inoculated in 96-well plates for 24 h at 37 °C,
5% CO, and saturated humidity. A cell counting kit assay was
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Fig. 1. The structure of celastrol.
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conducted to assess the effect of celastrol on MCF-7 cells. Briefly,
MCF-7 cells were inoculated with control culture and various
levels (1 uM, 10 uM, 25 puM, 50 pM, 100 uM) of celastrol for 24,
48, and 72 h. Then, after the culture was discarded, 10 pL CCK8
was added to 100 pL of medium for four hours of incubation.
Thereafter, the optical density (OD) values were determined on a
spectrophotometer at 450 nm.

2.3. Transcriptome sequencing [19]

2.3.1. The protocol of RNA-Seq

After being inoculated with 1 uM celastrol for 48 h, we rinsed the
cells with PBS. Then, total RNA (tRNA) was isolated using TRIzol
reagent as documented by the manufacturer (Invitrogen). After-
ward, the quality and integrity of the tRNA were determined with
an Agilent 2100 Bioanalyzer (Agilent Technologies, United States)
and run on an agarose gel (1.2%) via electrophoresis. In addition,
tRNA quantitation was performed on the NanoDrop 2000 platform
(NanoDrop Technologies, Wilmington, DE). Thus, we selected tRNA
samples of high quality, i.e., 0D260/280 of between 1.8 and 2.2 along
with 0D260/230 > 2.0 with an RIN (RNA integrity number) > 8, as
well as tRNA quantity > 50 ng/pL for processing of RNA libraries.

The Illumina TruSeq™ RNA sample processing kit was adopted
to process libraries for RNA sequencing (Illumina, San Diego, CA).
In brief, enrichment of mRNAs harboring poly A tails was per-
formed using oligo (dT) magnetic beads from the tRNA. After that,
the mRNAs were fragmented with fragmentation buffer into 300-
bp fragments. Thereafter, the mRNA fragments were converted
into double strand cDNA with the SuperScript ds-cDNA synthesis
kit (Invitrogen, CA) as described by the manufacturer. Next, end
repair along with A-tailing were performed on the ds-cDNA. We
ligated adapter indices onto the ds-cDNA, and then the ds-cDNA
was cleaned, followed by enrichment via PCR. The quantity of
the ds-cDNA was checked on the TBS380 and NanoDrop 2000 spec-
trophotometers, while its quality was assessed on the Agilent 2100
Bioanalyzer. Afterward, the processed libraries were utilized for
paired-end (PE) sequencing on the Illumina NovaSeq 6000 plat-
form. Merging of the paired-end reads was performed with Seq-
Prep (https://github.com/jstjohn/SeqPrep) and Sickle (https://
github.com/najoshi/sickle). Trimming of the adapters along with
the primers was performed, and sequences that were 20 bp long
or less were discarded. Afterward, trimming of low-quality at the
3’ ends was performed, and sequences with quality values of 10
or less were discarded. Moreover, reads with N ratios >10% were
discarded. Thereafter, we evaluated the error rate (%), Q20 and
Q30 values, GC content (%), and sequence duplication levels of
the obtained high-quality clean reads.

2.3.2. The high-quality reads were mapped to the reference

Mapping of the high-quality reads was performed to the refer-
ence Bos taurus genome (UMD3.1) (https://www.ensembl.org/
Homo_sapiens/Info/Index) via HISAT2 (https://ccb.jhu.edu/soft-
ware/hisat2/index.shtml), and the reference-based assembly of
transcripts was performed with StringTie (https://ccb.jhu.edu/soft-
ware/stringtie/). By comparison with the reference homo sapi-
ens genome, on the one hand, genes harboring annotation data
can be determined in the assembled genome. In addition, tran-
scripts lacking annotated data can be determined and defined as
novel transcripts. The prediction of new transcripts was performed
with gffcompare software. Thereafter, we employed gene predic-
tion to compute the values of gene expression.

2.3.3. Differential expression analysis

We adopted featureCounts software to compute the read counts
of every transcript or gene. The values of gene expression were
given in the form of reads per kilobase of exon per million frag-
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ments mapped (FPKM) via featureCounts software. We employed
the FDR (false discovery rate) in rectifying the p values to deter-
mine the DEGs (differentially expressed genes). We computed
the FC (fold change) of every transcript or gene in the diverse
groups. An FDR <0.05 along with |Log2FC| > 1 signified statisti-
cally significant DEGs. The differential expression assessment of
genes or transcripts was performed with DESeq2.

Enrichment analyses of the DEGs were performed via GO and
KEGG pathway analyses. In the enrichment assessments, we
adopted Fisher's exact test along with a multiple correction
approach, consisting of Bonferroni, Sidak, and Holm, as well as the
false discovery rate in correcting for the p values along with the
false-positive rate. GOatools was employed to perform functional
enrichment assessment. P < 0.05 signified statistically significant
GO terms. KOBAS software was employed to perform KEGG path-
way enrichment analyses, with P < 0.05 signifying statistical
significance.

2.4. Wound healing assay [20]

We used a wound healing assay to detect the effect of celastrol
and leptin on the migration of MCF-7 cells. MCF-7 cells (1.0 x 10°)
were inoculated in 24-well plates and incubated overnight to
attain monolayer confluence. Thereafter, a wound midline scratch
was made with a 10 pL pipette tip, and PBS was utilized to rinse
the cells twice. This assay was used for two sections. The first sec-
tion was used to detect the effect of celastrol on the migration of
MCF-7 cells. MCF-7 cells were divided into four groups as follows:
MCF-7 cells were inoculated with control medium, and MCF-7 cells
were inoculated with medium enriched with 0.1, 1, or 10 uM celas-
trol (these concentrations of celastrol were based on the results of
CCK8). The second section was used to detect the effect of celastrol
and leptin on the migration of MCF-7 cells. MCF-7 cells were
divided into four groups as following: the MCF-7 cells had been
inoculated with the control medium, the MCF-7 cells had been
inoculated with the medium enriched with 1 puM celastorl alone,
the MCF-7 cells had been inoculated with the medium enriched
with 100 pg/ml leptin alone, and the MCF-7 cells had been coinoc-
ulated with the medium enriched with 1 uM celastorl and 100 pg/
ml leptin. After forty-eight hours of culture in RPMI 1640 enriched
with two percent serum (control) or stimulation with celastrol
and|/or leptin, we assessed cell migration by determining the differ-
ence in wound area with a Motic Digital Medical Image Analysis
Platform (Leica DM2500, Germany) at 0 h and 48 h.

2.5. Transwell chamber migration assay [21]

In this assay, the sections and groups were the same as those in
the wound healing assay. MCF-7 cells (2 x 10%) that had been inoc-
ulated for forty-eight hours were introduced to the Transwell
chamber (Corning, United States). We introduced serum into the
bottom wells of the compartments to trigger cell migration. After
forty-eight hours, the cells that migrated via the membrane were
stained with 0.5% methylrosaniline chloride solution and counted.
Counting of the cells was performed in five random fields and given
as 1% of the average cell numbers per field under a light microscope.

2.6. Autodocking [22]

The interaction between LEPR and celastrol was checked via
molecular docking technology. The structures of LEPR were
abstracted from the PDB data resource (https://[www.rcsb.org/),
and the 3D structures of celastrol were drawn by Chemoffice
2017. Molecular docking along with conformation scoring were
performed in AutoDock Vina. The structure of the best docking
results was drawn by PyMOL and Discovery Studio 2016 Client.
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2.7. Western blot [23]

In this assay, the MCF-7 cells were divided into four groups as
following: the MCF-7 cells had been inoculated with the control
medium, the MCF-7 cells had been inoculated with the medium
enriched with 1 uM celastorl alone, the MCF-7 cells had been inoc-
ulated with the medium enriched with 100 pg/ml leptin alone, and
the MCF-7 cells had been coinoculated with the medium enriched
with 1 uM celastorl and 100 pg/ml leptin. After being inoculated
for 48 h, the cells were rinsed twice with PBS. The lysis buffer
was obtained from Beijing Zomen Biotechnology Co., Ltd. Separa-
tion of membrane proteins was performed by ultraspinning. The
protein lysates were incubated for five minutes at 5000 rpm at
4 °C. Thereafter, the supernatant was incubated for one hour at
100,000g. The pellet containing the fraction of the crude mem-
brane was resuspended in lysis buffer enriched with 0.2% Triton-
100. We introduced the proteins into the loading buffer (Beijing
Zomen Biotechnology Co., Ltd.), heat denatured at 95 °C for
15 min and subjected to SDS-PAGE (Beijing Zomen Biotechnology
Co., Ltd.). The protein contents in cell lysates were quantified with
an ND-1000 Spectrophotometer (NanoDrop, USA). Thereafter, frac-
tionation of the proteins was performed on an 8% SDS-PAGE gel
and then transferred onto PVDF membranes (Millipore, Billerica,
MA) in transfer buffer (Beijing Zomen Biotechnology Co., Ltd.) for
three hours at 100 V and inoculated overnight with primary anti-
body (1:500) at 4 °C or for one hour at RT. Nonspecific docking
was blocked by using 1.5% (w/v) evaporated skimmed milk (Difco,
USA) in TBST (Beijing Zomen Biotechnology Co., Ltd.). Afterward,
the membranes were inoculated with anti-rabbit or anti-mouse
secondary antibodies linked to IRDye700DX and IRDye800CW
(1:5000; Rockland, USA). Detection and quantification were per-
formed on the Odyssey imaging platform of LI-COR Biosciences
in the USA. Equal amounts of heat-denatured proteins were frac-
tionated on an SDS-PAGE gel and probed onto PVDF membranes
(Millipore, USA). Afterward, blocking of the membranes was per-
formed in 5% milk in the room for two hours and overnight inocu-
lated with primary antibodies at 4 °C and with secondary
antibodies for two hours at 37 °C.

2.8. Statistical analysis

SPSS 26.0 statistical software package was used for data analy-
sis. The normal distribution of data was tested by the Shapiro-Wilk
test. Continuous data with a normal distribution are given as the
mean * standard deviation (SD) for the specified number of inde-
pendent experiments. Means of the continuous normal distribu-
tion variables were compared via one-way analysis of variance
(ANOVA) coupled with the Tukey HSD post hoc test. P <.05 signi-
fied statistical significance.

3. Results
3.1. Celastrol dampened the proliferation of MCF-7 cells

Celastrol dampened the growth of MCF-7 cells in a
concentration- and time-dependent manner, as shown in Fig. 2.
Analyzing the results of the CCK-8 assay, the ICsq values of celastrol
against MCF-7 cells after 24, 48, and 72 h were 22.68 + 1.46 uM, 7.
56 + 0.89 uM and 0.89 + 0.067 UM, respectively.

3.2. The effects of celastrol on the mRNA expression of MCF-7 cells

Given the results of the CCK-8 assay, we wondered about the
molecular mechanisms by which celastrol dampened the prolifer-
ation of MCF-7 cells. Therefore, we assessed patterns of alterations
in the transcriptome via RNA sequencing (RNA-Seq) of mRNA har-
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26,414 mRNAs were obtained from control and celastrol-treated

-0~ 24Hours
samples, and the results are shown as MA plots and volcano plots
- 48Hours (Fig. 3-A). We identified 2033 mRNAs with twofold higher counts
20- —— 72Hours (‘upregulated’) and 1898 mRNAs with twofold lower counts
: (‘downregulated’) in celastrol-inoculated samples vs. controls. Fur-
thermore, 52 mRNAs had fivefold higher counts (‘upregulated’) and
o 1.5 149 mRNAs had fivefold lower counts (‘downregulated’) in
2 celastrol-treated samples vs. controls (Fig. 3-B). According to the
g ¢ GO and KEGG analyses for all identical genes (Fig. 3-C and D),
a 1.0 the effects of celastrol on MCF-7 cells were forced on cellular pro-
2 M cesses, lipid metabolism and the endocrine system.
F 0.5- oM
oo k% kk 3.3. Celastrol dampened the migration of MCF-7 cells
K R
0.0 . . . . . . . The exposure of MCF-7 cells to celastrol caused a concentration-
> > > dependent dampening of migration (Fig. 4). As shown in Fig. 4, lep-
R T tin enhanced the migration of MCF-7 cells, while celastrol damp-
Q 00 N 2 N N N . . .
‘g\o & & & £ &£ ened the effects of leptin on the migration of MCF-7 cells.
SO I
N R HT P R\ 3.4. The relationship of celastrol and long leptin receptor (LEPR)
Fig. 2. The effect of celastrol on the growth of MCF-7 cells. Celastrol docked with the protein structures of LEPR. The results

showed that celastrol has good docking potential to LEPR, and the
Vina score (AG) was —6.60 kcal/mol. Molecular docking revealed
vested from MCF-7 cells treated for 48 h with 1 uM celastrol. Six ~ the celastrol bond with LEPR through hydrophobic interactions

independent biological replicates were employed for transcrip- and electrostatic interactions at sites such as TRP872, LEU870,
tome sequencing. After data processing and averaging of replicates, and ASP874 (Fig. 5).
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Fig. 3. The impacts of celastrol on the mRNA expression of MCF-7 cells. A: MA plot and volcano plot of 26,414 mRNAs from control and celastrol-treated samples. B: Heatmap
of up/downregulated unigenes (fivefold more counts) in control and celastrol-treated samples.. C: GO analysis of up/downregulated unigenes in control and celastrol-treated
samples. D: KEGG analysis of up/downregulated unigenes in control and celastrol-treated samples.

3176



P. Chen, B. Wang, M. Li et al. Computational and Structural Biotechnology Journal 20 (2022) 3173-3181

cellular process | I 0|
metabalic process | I
singla-organism procass | I +35
biological regulation | —
regulation of biological process | I 552
response to stimulus 1 I 1 1c
cellular component organization or biogenesis | I 7
rulticellular organismal process | INEEEG—_——— o<
localization | I 55
positive regulation of biological process | INEEEEEEEEEEEGEG_—_—_———— 0
negative regulation of biclogical process | I G
developmental process | I
signaling | I
immune system process
multi-organism process
reproduction
locomation
reprodudtive process
biological adhesion
growth
behavior
rhythmic process
cell killing
detoxification
presynaplic process involved in cherical synaptic transmicsion
biolagical phase
cell i

590044 3160l

ozl
cell part
organelle | I 194

organelle part | — 1152

membrane | I 11

macromolecular complex
membrane-enclosed lumen
membrane part
extracellular region
extracellular region part
cell junction
supramolecular complex
synapse
synapsa part
virion
virion part
nucleoid

1uouodwoD IBINPD.

VORI JEINORE

other organism

olher organism part
bindin

catalytic activity

nucleic add binding franscription factor activity

structural molecule activity

malecular function regulator

transporter activity

melecular transduosr activity

signal transducer activity

transcription factor activity, protein binding
ion regulator activi

antioxickant activity

1000 2000

Number of Genes

307

m|
@
k3

Cellular community - eukaryotes
Cell growth and death
Cell motility
Cellular community - prokaryotes -
Signal transduction
Signaling molecules and interaction

D Transport and catabolism -

| | \
| |
8
w 4
b3
8
3
50550001 IEINIOO

Membrane transport | NN 15
Transiation | [ 4
Folding, sorting and degradation { NN 165
Transcription | N o«

@
<

Replication and repair

Infectious diseases

Cancers

Endocrine and metabolic diseases |
Neurodegenerative diseases 4
Substance dependence 1

Immune diseases

Cardiovascular diseases |

Drug resistance

Lipid metabolism 1

Carbohydrate metabolism <

Glycan biosynthesis and metabolism

&
8 s
g

@
8

g

3

g

| 1
+ 3
&
3 9
Buissedold

@
o

Energy metabolism
Amino acid metabolism
Nucleotide metabolism 1
Metabolism of cofactors and vitamins
Overview
Metabolism of other amino acids
i ion and i
of ids and
is of other y
Immune system 382
Endocrine system 288
Nervous system 209
Development 145
Digestive system 129
Circulatory system 95
Sensory system 88
Aging 79
Excretory system 72
Environmental adaptation 81

L | | |
T
S0SLOSIQ UeWnk

@

»

=

wsnogeen

swoisks rpwsiuebio

250 500 750
Number of Genes

Fig. 3 (continued)

3177



P. Chen, B. Wang, M. Li et al. Computational and Structural Biotechnology Journal 20 (2022) 3173-3181

Control 0.1 UM Celastrol 1 uM Celastrol 10 uM Celastrol B

o« 25

0 Hours E 20 .
15
1.0

C , D
100 yg /mL 100 ug/ mL Leptin
Control Leptm +1 M Celastrol 1 UM Celastrol
0 Hours
48 Hours
E Control 0.1 uM Celastrol F

1 uM Celastrol 10 uM Celastrol

G Control 100 pg / mL Leptin H

Migration
cells/Filed (%)

100 pg / mL Leptin
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Fig. 4. Effects of celastrol and leptin on the migration of MCF-7 cells. A: Typical photos of the impact of celastrorl on the migration of MCF-7 cells using a wound healing assay.
B: Statistical analysis of the influence of celastrol on the migration area (mm?) of MCF-7 cells. *P <.05 in contrast with the control. C: Typical figures of the wound-healing assay
for the impact of celastrorl on the leptin-stimulated migration of MCF-7 cells. D: Statistical analysis of the effect of celastrorl and leptin on the migration area (mm?) of MCF-7
cells. *P <.05 vs. control, #P <.05 relative to leptin (n = 3). E: Typical photos of the effect of celastrorl on the migration of MCF-7 cells via the Transwell chamber migration assay.
F: Statistical analysis of the impact of celastrorl on the ratio of migrating MCF-7 cells to filled MCF-7 cells (%). *P <.05 in contrast with the control. G: Typical figures of the
transwell chamber migration assay for the effect of celastrorl on leptin-stimulated MCF-7-cell migration. H: Statistical analysis of the effect of celastrorl and leptin on the
ratio of migrating MCF-7 cells to filled MCF-7 cells (%). *P <.05 relative to the control, #P <.05 in contrast with leptin (n = 3).
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Fig. 6. The impacts of celastrol and leptin on PI3K, LEPR, p-PI3K, p-mTOR, AKT, and p-PI3K mTOR expression in MCF-7 cells. A: The typical results of the effects of celastrol and
leptin on PI3K, p-PI3K mTOR, p-PI3K, LEPR, AKT, and p-mTOR expression in MCF-7 cells via Western blot. B: Statistical analysis of the effects of celastrol and leptin on PI3K, p-
PI3K mTOR, AKT, p-mTOR, p-PI3K, and LEPR expression in MCF-7 cells via Western blot. *P <.05 in contrast with the control, #P <.05 relative to leptin (n = 3).

3.5. The effects of celastrol and leptin on PI3K, AKT, mTOR and LEPR
expression in MCF-7 cells

Celastrol dampened the expression of PI3K, p-PI3K, AKT, p-PI3K
and LEPR (Fig. 6). As shown in Fig. 6, leptin enhanced the expres-
sion of PI3K, AKT, p-PI3K, p-PI3K mTOR, p-mTOR and LEPR in
MCF-7 cells, while celastrol dampened the effects of leptin on the
expression of PI3K, LEPR, p-PI3K, AKT, and p-PI3K in MCF-7 cells.

4. Discussion

Leptin, a product of the obese (Ob) gene, influences appetite
control, angiogenesis, energy balance along with the proliferation
of diverse cell types, including breast cells [24]. Under conditions
of obesity, a high level of leptin binds to ObR expressed in BC
cells to affect various steps of breast tumor progression. Evidence
from clinical and experimental studies supports that leptin is a
remarkable molecular mediator of the obesity-breast cancer axis

3179

[25,26]. Drugs targeting leptin signaling may diminish breast can-
cer risk and improve clinical outcomes. Celastrol, a promising
anticancer drug extracted from traditional Chinese medicinal
herbs, has recently emerged as a candidate to treat obesity by
improving leptin sensitivity [27,28]. Here, the growth coupled
with the migration of breast cancer cells (MCF-7) induced by lep-
tin was tested to demonstrate the antineoplastic activity of celas-
trol. Transcriptomic analysis and western blotting were
conducted to explore the biological roles of leptin in treating BC
with celastrol.

First, a CCK-8 assay was used to detect the effect of celastrol on
the proliferation of MCF-7 cells. The median inhibition concentra-
tion (ICsq) of celastrol to MCF-7 cells for 72 h was lower than that
for 48 h, and that for 48 h was lower than that for 48 h, as illus-
trated via CCK-8 assay. Celastrol suppressed the growth of MCF-7
cells in a concentration- and time-dependent manner. Similar
results were reported by another group using MDA-MB-231, as
well as triple-negative breast cancer (TNBC) cells [29,30].
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Given the results of the CCK-8 assay, we wondered about the
molecular mechanisms by which celastrol dampened the prolifer-
ation of MCF-7 cells, especially the biological roles of leptin in the
process. Therefore, we assessed patterns of transcriptome changes
in MCF-7 cells inoculated with celastrol. High-throughput RNA
sequencing is widely used for studying transcriptomes. RNA-seq
combines molecular biology approaches for RNA amplification
with bioinformatics tools for measuring and validating large
RNA-seq datasets [31]. According to the GO and KEGG analyses
for all identical genes in our study, the molecular mechanisms of
celastrol in MCF-7 cells could block cellular processes and lipid
metabolism and disturb the endocrine system. Other studies have
shown that celastrol has the ability to regulate leptin sensitivity,
energy metabolism and lipid metabolism [32]. Combined with
our RNA-seq results, the anticancer effects of celastrol on MCF-7
cells could be forced on lipid metabolism and the endocrine
system.

Indeed, the relationship between obesity, lipid metabolism and
leptin seems to be a complex signaling transduction network that
regulates diverse aspects of breast cancer biology from primary
tumor growth to the formation of metastases [33]. Importantly,
leptin is regarded as a remarkable molecular mediator in this sig-
naling network [25,26]. The present findings in our study showed
that celastrol at a concentration of 1 puM remarkably reversed
leptin-triggered migration in MCF-7 cells in the wound healing
assay and transwell chamber migration assay, and the binding of
celastrol to the leptin receptor was also confirmed by molecular
docking. Notably, leptin receptor phosphorylation was also
reversed by celastrol in breast cancer cells in the present work. Pre-
vious investigations have reported that the antiobesity effect of
celastrol largely depends on leptin receptor signaling [34]. As a
key modulator in the development of obesity along with breast
cancer, leptin is able to stimulate the proliferation of malignant
breast epithelial cells through several signaling cascades, such as
PI3K/AKT, JAK2/STAT3 and MAPK [11]. Additionally, our data show
that leptin treatment induced phosphorylation of the leptin recep-
tor and PI3K/AKT in MCF-7 cells, whereas pretreatment with celas-
trol partly abrogated leptin activation. PI3K belongs to the lipid
kinase family and is involved in both the development of cancer
and obesity [35]. AKT is an important downstream target of PI3K,
which is closely related to tumor development. The PI3K/AKT/
mTOR cascade is linked to numerous characteristics of cancer, such
as the cell cycle, growth and motility [36,37]. Therefore, we con-
clude that the antitumor effect of celastrol is mediated by its bind-
ing to ObR, which therefore inhibits the impact of PI3K/AKT on
breast cancer. In particular, leptin also amplifies estrogen signaling,
which contributes to breast tumorigenesis [33,38]. Leptin receptor
isoforms and estrogen receptor-o were jointly expressed in breast
cancer cell lines [39]. These data support the KEGG pathway anal-
ysis in our study, which suggested that estrogen signaling path-
ways may be connected with celastrol acting on breast cancer.
According to the western blot results, celastrol dampened the
expression of PI3K, p-PI3K, AKT, p-PI3K and LEPR, and leptin
enhanced the expression of PI3K, AKT, p-PI3K, p-PI3K mTOR, p-
mTOR and LEPR in MCF-7 cells, while celastrol dampened the
effects of leptin on the expression of PI3K, LEPR, p-PI3K, AKT, along
with p-PI3K in MCF-7 cells, so celastrol reversed the leptin-
triggered PI3K/AKT/mTOR pathway in breast cancer.

The effect of celastrol in breast cancer is extensive and signifi-
cant. Leptin is responsible in part for the effects of celastrol in con-
trolling the PI3K/AKT pathway, thereby resulting in decreased
proliferation of MCF-7 cells. However, the upstream regulators
and downstream effectors of leptin-PI3K/AKT have not yet been
fully explained. Further studies may be conducted to provide
profound insight into the anticancer mechanism of celastrol, espe-
cially the role of leptin in cancer therapies in the obese environment.
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5. Conclusion

Celastrol reversed leptin-triggered cell proliferation and migra-
tion in MCF-7 cells in a concentration- and time-dependent man-
ner. According to the transcriptome changes for all identical
genes of MCF-7 cells inoculated with celastrol, the effects of celas-
trol on MCF-7 cells were forced on cellular processes, lipid metabo-
lism and the endocrine system. Celastrol has good docking
potential to the long leptin receptor. Moreover, leptin treatment
induced phosphorylation of PI3K/AKT/mTOR in MCF-7 cells,
whereas pretreatment with celastrol partly abrogated leptin acti-
vation. The antitumor effect of celastrol is proposed to be mediated
by its binding to the leptin receptor and controlled downregulation
of the PI3K/AKT pathway.
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