
Brucea javanica Oil Emulsion
Promotes Autophagy in Ovarian
Cancer Cells Through the miR-8485/
LAMTOR3/mTOR/ATG13 Signaling
Axis
Yihan Wang1†, Bocen Chen2†, Man Xiao2, Xiaoli Wang3 and Yunhua Peng4*

1The Second Clinical College, Hainan Medical University, Haikou, China, 2Key Laboratory of Molecular Biology, School of Basic
Medicine and Sciences, Hainan Medical University, Haikou, China, 3Hainan Women and Children’s Medical Center, Haikou,
China, 4The First Affiliated Hospital of Hainan Medical University, Haikou, China

Background: Ovarian cancer is a common malignant tumor of the female reproductive
tract, with the highest mortality rate. At present, no effective approaches to improve the
survival rate exist. B. javanica Oil Emulsion (BJOE), an extract from B. javanica (L.) Merr.
[Simaroubaceae], exhibits antitumor effects and can increase the sensitivity of radiotherapy
and chemotherapy in many types of cancers. MiR-8485, a discovered miRNA, has been
shown to be involved in the occurrence and development of tumors. The purpose of this
study was to investigate the effect of BJOE on the regulation of mammalian rapamycin
target protein (mTOR) autophagy signal pathway and related autophagy factors on ovarian
cancer cells through miR-8485.

Methods: The main chemical constituents of BJOE were determined by UHPLC-MS/MS.
Detection of miR-8485 expression in ovarian cancer cells treated with BJOE by
quantitative reverse transcription polymerase chain reaction (qRT-PCR).
CCK8 experiment and flow cytometry were used to observe the effects of BJOE and
overexpression of miR-8485 on cell proliferation and apoptosis. Then,
monodansylcadaverine (MDC) fluorescence staining was used to observe the changes
of autophagy vesicles before and after the effect of BJOE and overexpressedmiR-8485 on
cancer cells. Next, the binding sites between miR8485 and mammalian rapamycin target
protein activator 3 (LAMTOR3) were detected by double luciferase reporter assay.
Furthermore, qRT-PCR and Western blot experiments were used to explore the
changes of autophagy-related factors LAMTOR3, mTOR and autophagy-related 13
(ATG13), and microtubule associated protein 1 light chain 3 beta (LC3-Ⅱ) after BJOE
and overexpression of miR-8485, in addition to autophagy inhibitor (3-MA) for rescue
experiment verification.
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Results: The qRT-PCR results showed that the expression of miR-8485 increased after
BJOE treatment in the SKOV3 cell. The CCK8 assay and flow cytometry analysis revealed
that both BJOE andmiR-8485 overexpression inhibited the proliferation and promoted the
apoptosis of the SKOV3 cell. MDC fluorescence staining showed that BJOE and miR-
8485 overexpression led to a significant increase in autophagy vesicles in the SKOV3 cell.
Double luciferase reporter assay confirmed the existence of binding sites between
miR8485 and LAMTOR3. The results of qRT-PCR and Western blot showed that
BJOE and overexpressed miR-8485 downregulated the expression of LAMTOR3 and
mTOR and up-regulated the expression of ATG13 and LC3-Ⅱ.

Conclusion: 1) MiR-8485 may be the key factor of BJOE in promoting autophagy and
apoptosis and inhibiting cell proliferation of ovarian cancer cells; 2) BJOE may play an
antitumor role by regulating LAMTOR3/mTOR/ATG13 signaling axis through miR-8485 to
promote autophagy in ovarian cancer cells.

Keywords: Brucea javanica Oil Emulsion, miR-8485, ovarian cancer, autophagy, traditional Chinese medicine

INTRODUCTION

According to the latest statistics, 19,880 new cases of ovarian
cancer are expected in 2022, accounting for 1.0% of all new
cancer cases, and 12,810 deaths from ovarian cancer are
expected in 2022, accounting for 2.1% of all cancer deaths.
By 2018, the 5-year relative survival rate of ovarian cancer
patients was 49.7%, and that of non-Hispanic Asian/Pacific
Islander was 56.5% (https://seer.cancer.gov/statfacts/html/-
ovary.html). A lack of sensitive and specific tumor markers
exists, and ovarian cancer is prone to pelvic invasion and
metastasis (Agarwal and Kaye, 2005). In current times, the
major treatment of this cancer is surgically combined with
chemotherapy after operation, and relapsing after operation
is easy (Agarwal and Kaye, 2005; Moore et al., 2018; Coleman
et al., 2019; Akilli et al., 2022). The use of chemotherapy drugs
often lead to serious side effects and multidrug resistance
(Agarwal and Kaye, 2005; Moore et al., 2018; Coleman et al.,
2019; Li and Xia, 2020; Xu et al., 2021; Akilli et al., 2022).
With the progress of the research on the treatment of ovarian
cancer, the application of traditional Chinese medicine has
become increasingly prominent (Xu et al., 2021). Traditional
Chinese medicine not only demonstrates the advantages of
many therapeutic targets, low resistance, definite curative
effect, few side effects, low cost, and reducing the toxic
and side effects of chemotherapeutic drugs (Li and Xia,
2020). Also, it can prevent cell growth, invasion, and
apoptosis of ovarian cancer cells (Agarwal and Kaye,
2005). Thus, to develop novel therapeutic intervention for
this malignant tumor, exploring mechanisms by which
traditional Chinese medicine protects against ovarian
cancer is essential.

B. javanica (L.) Merr. is the extract of the mature fruit of B.
javanica (L.) Merr. [Simaroubaceae], a traditional Chinese
medicine plant of bitter wood family (Fang, 2005; Yang
et al., 2010). Researchers found that B. javanica (L.) Merr.
demonstrates high affinity to cancer cells. B. javanica Oil

Emulsion (BJOE) is extracted from the dried and ripe fruit of
B. javanica (L.) Merr. [Simaroubaceae] (Yang et al., 2010).

In this experiment, the clinical anticancer preparation B.
javanica Oil Emulsion injection was used. The main
components included refined B. javanica oil. The
excipients were refined soybean phospholipids, glycerol,
and injection water, which were milky white uniform
emulsion. Brucea javanica oil emulsion injection was used
for intravenous infusion and was easy to transport and absorb
blood. BJOE exhibits a nonspecific antitumor effect in cell
cycle (Yang et al., 2010). The oleic acid and linoleic, the
components of BJOE, can inhibit the oxygen uptake of cancer
cells to induce hypoxic death and inhibit the DNA synthesis
of tumor cells; the surface activity of fatty acids is toxic to
cancer cells, and excessive accumulation can lead to the
rupture of cancer cell membrane; the emulsion can make
the drug more directional distribution, so that BJOE
demonstrates a higher concentration in ovarian cancer
cells, in order to improve the anticancer effect (Fang, 2005;
Yang et al., 2010). At present, the main mechanisms of BJOE
in tumors include inhibiting tumor proliferation, reversing
drug resistance, increasing the efficacy of chemotherapy,
reducing the toxic and side effects of drugs on the body,
and preventing tumor progression (Zhao et al., 2015a; Zhao
et al., 2015b; Sun, 2009; Chen et al., 2009; Xu et al., 2008; Chen
et al., 2015; Tang et al., 2014). Studies showed that
centrosome amplification promotes tumor cell survival and
proliferation, epithelial–mesenchymal transition promotes
tumor cell migration and invasion, and autophagy can
participate in tumorigenesis and inhibit tumor progression
(Mittal et al., 2021; Long et al., 2022; Paskeh et al., 2022).
Autophagy is a self-phagocytosis and self-protection
mechanism of cells. Increasing evidence exists that
autophagy is not only closely related to tumor progression
and multidrug resistance, but it also affects the expression of
many oncogenes and tumor suppressor genes (Li et al., 2017;
Chen et al., 2019; Poillet-Perez and White, 2019). The effect
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of BJOE on tumor autophagy occurred only in human non-
small cell lung cancer and colon cancer cell (Yan et al., 2015;
Zhu and Pan, 2018).

A variety of studies showed that Phosphatidylinositol 3-kinase
(PI3K) and Serine/threonine kinase 1 (AKT) are activated in
ovarian cancer cells, which positively regulate their downstream
genes mTOR, and inhibit cell autophagy, proliferation, apoptosis,
and metabolic function (Mabuchi et al., 2015). Thus, targeting the
PI3K-AKT-mTOR, LKB1-AMPK-mTOR, MAPK, and other
signal pathways has become the direction of ovarian cancer
treatment (Mabuchi et al., 2015; Peng et al., 2021; Takahashi
et al., 2021; Blagden, 2022). Mammalian rapamycin target protein
(mTOR) is a key target in regulating the autophagic process, and
many agents can affect its expression. Mammalian rapamycin
target protein activator 3 (LAMTOR3) alias MP1, located on
human chromosome 4q22.3, is a protein-coding gene that
encodes scaffold proteins and is one of the Ragulator
complexes (Sun and Xu, 2012). It binds to and activates Rag
GTPases on lysosomes by lipid modification and recruits
mTORC1 until lysosomes are activated. Also, activated
mTORC1 can simultaneously acidify the homologous protein
unc-51 like autophagy activating kinase 1 of autophagy-related 13
(ATG13) and autophagy-related 1 (ATG1) in mammals to inhibit
autophagy (Sun and Xu, 2012). Our group’s early bioinformatics
analysis showed that the pathway of B. javanica (L.) Merr.
[Simaroubaceae] in ovarian cancer cells was also mainly
concentrated in 14 signal pathways, such as mTOR, vascular
endothelial growth factor (VEGF), and mitogen activated kinase-
like protein (MAPK) (Peng et al., 2019). Cell autophagy can be
affected by many factors. Methylation of autophagy-related genes
affects the growth of tumor cells by regulating autophagy
(Lattanzio and Nigro, 2015). To activate autophagy and inhibit
tumor occurrence and migration, histone deacetylase inhibitors
act on autophagy-related genes and signal pathways, while
miRNA can regulate the expression of autophagy-related genes
and affect tumor progression (Li and Wan, 2012; Ngamphaiboon
et al., 2015). Among them, the study of miRNA on autophagy of
ovarian cancer cells has been a popular topic in recent years,
mainly involving miR-126-5p andmiR-129 (Bi et al., 2021; Zhang
et al., 2021).

The miR-8485 detected by dbDEMC (Human Cancer
differential expression MiRNAs Database: https://www.
biosino.org/dbDEMC/index) showed a tendency of low
expression in the blood of different cancers, such as ovarian
cancer. However, the existing tumor research focused on oral
and laryngeal squamous cell carcinoma, and the mechanism of
miR-8485 in ovarian cancer has not been reported. miR-8485
(miR-NID1) is processed from intron 5 of human
neurofilament 1 (NRXN1) and inhibits NRXN1 expression
by binding to TAR DNA binding protein (TDP-43) (Fan et al.,
2014). This study aimed to explore whether BJOE participated
in the development of ovarian cancer, by affected autophagy
mediated by miR-8485 regulating LAMTOR3/mTOR/
ATG13 signaling axis, thereby providing feasible ideas for
targeted therapy of ovarian cancer and scientific basis for
the rational use of B. javanica (L.) Merr. [Simaroubaceae]
for the diagnosis and treatment of tumors.

MATERIAL AND METHODS

Reagents and Materials
Human ovarian cancer cell line SKOV3 was purchased from
Shanghai Hongshun Biotechnology Co., Ltd. (Shanghai, China).
Human ovarian epithelial (IOSE80) cells were provided by
Shanghai Zeye Biotechnology Co., Ltd. (Shanghai, China).
SKOV3 and IOSE80 cells were cultured in McCoy’s 5A and
Dulbecco’s Modified Eagle Medium containing 10% fetal bovine
serum and 1% penicillin/streptomycin, respectively. These cells
were placed in a 5% CO2 cell incubator at 37°C for microscopic
observation. LAMTOR3 and ATG13 were purchased from
Proteintech Group, Inc., United States. Next, antibodies
against mTOR and LC3B were purchased from abcam
Company, United States. Also, RNA extraction kit was
purchased from Shanghai Plomag Biological products Co., Ltd.
(Shanghai, China). A reverse transcription kit and real-time
fluorescent quantitative polymerase chain reaction (PCR) kit
were purchased from Shanghai Yisheng Biotechnology Co.,
Ltd. (Shanghai, China). miRNA mimics and miRNA NC
mimics purchased from Ruibo (Guangzhou, China). MiRNA
lentivirus was purchased from Shanghai Hanbio Biotechnology
Co., Ltd. (Shanghai, China). 3-methyladenine (3-MA) was
purchased from MedChemExpress, United States. B. javanica
Oil Emulsion injection was purchased from Shenyang Daleiyun
Pharmaceutical Co., Ltd. (Shenyang, China).

Ultra-High Performance Liquid
Chromatography–Quadrupole
Time-Of-Flight–Mass Spectrometry
Analysis
Samples are thawed on ice; take the supernatant 500 μl in EP tube,
add 10 μl mixed internal standard; vortex 30 s, ice bath ultrasonic
15 min; sample 4°C, 12,000 rpm [centrifugal force 13,800 (×g),
radius 8.6 cm] centrifugal 15 min; 5. Carefully filter the
supernatant with 0.22 μm microporous membrane; the
supernatant after membrane was centrifuged at 4°C,
12,000 rpm [centrifugal force 13,800 (×g), radius 8.6 cm] for
15 min; the supernatant was carefully filtered by 0.22 μm
microporous membrane and stored at −80°C until tested.
Vanquish (Thermo Fisher Scientific Ultra Performance Liquid
Control) was analyzed according to the mobile phase parameters
in the table below. Next, the chromatographic column used was
UPLC BEH C18 column (1.7 μm × 2.1 × 100 mm) purchased
from Waters. The injection volume was 5 μl. Note the following:
The time unit is min, the flow rate unit is μl/min. Next, 0.1%
formic acid is added in A and B phases. An Orbitrap Exploris
120 mass spectrometer coupled with an Xcalibur software was
employed to obtain the MS and MS/MS data based on the
information dependent acquisition mode. These experiments
were performed by Shanghai Biotree Biomedical Technology
Co., Ltd. (Shanghai, China).

Cell Counting Kit-8 Assay
Cells were centrifuged and counted, and 96-well plates were laid.
According to the drug concentration, it was mixed with the
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medium in proportion. Then, the drug-containing medium was
added to the cells for further culture (field preparation when in
use). The blank group, mimic NC group, mimic group, and B.
javanica Oil Emulsion drug gradient group were set. After 24 h
culture in the incubator, the mimic NC group and mimic group
were replaced with antibiotic-free medium, and the transfer
solution configured with the basic medium by Lipo6000 was
added. The complete medium was changed 6 hours after
transfection. After 24 h culture in the incubator, 10 μl
CCK8 solution was added to the fresh medium of each well,
and the absorbance at 450 nm was measured by an enzyme-
labeled instrument. The absorbance was measured once every 1 h
and 4 times.

Real-Time Quantitative Polymerase Chain
Reaction Analysis
Total RNA was extracted by RNA extraction kit, mRNA was
reverse transcribed by reverse transcription kit, and miRNA was
reverse transcribed by miRNA first-strand cDNA synthesis (stem
loop). All operations are performed according to the kit
instructions. Detection of gene expression by
q225 fluorescence quantitative PCR and the reaction
conditions were carried out according to the operation
instructions of the fluorescence quantitative PCR kit (SYBR
GreenMix, Roche). Thermal cycle parameters are as follows:
95°C for 300 s, then 95°C for 10 s, 60°C for 30 s, a total of
40 cycles. Three independent replicates were set for each
reaction of quantitative PCR. Next, U6 was used as an internal
control for miRNA, with glyceraldehyde-3-phosphate
dehydrogenase for coding genes. Data analysis used the 2−ΔCt
method, ΔCt = experimental group (Ct target gene-Ct reference)-
control group (Ct target gene-Ct reference). The amplified
sequences of each gene and its internal reference are listed in
Table 1.

Luciferase Report Assay
The wild type (Wt) or mutant (Mut) LAMTOR3 fragment was
linked to pmirGLO vector. Next, the mutant gene sequence was

produced by Tsingke Biotechnology Co., Ltd. SKOV3 cells were
seeded in 24-well plates (1 × 105 cells/well) and then co-
transfected with Wt or Mut vector (1 µg) with miR-8485
mimic (10 nM) or NC mimic (10 nM) by using lip6000. After
24 h, the luciferase activity was detected by dual luciferase
reporter gene detection system (Tsingke Biotechnology Co.,
Ltd.). The relative luciferase activity is calculated by the ratio
of firefly luciferase activity to reninase activity.

Cell Transfection Assay
After the cells were counted by centrifugation, a 6-well plate was
laid, and the culture plate was pre-cultured in the incubator for
24 h. Mimic NC, simulated miR-8485, and Lipo6000 were added
to the culture plate for plasmid transfection. Six hours later, the
complete medium was replaced, and the transient state was
observed 24 after 24 h. On the other hand, lentivirus
transfection was carried out in the miR-8485 overexpression
group and miR-8485 non-loaded group, and stable cell lines
with high expression of miR-8485 were screened by puromycin in
the later stage.

Cell Apoptosis Assay
After the cells were counted by centrifugation, a 6-well plate was
laid, and the culture plate was pre-cultured in the incubator for
24 h. Mimic NC, simulated miR-8485, and Lipo6000 were added
to the culture plate for plasmid transfection and then replaced
with complete medium after 6 h. After 24 h, the cells were
digested and collected with trypsin without ethylenediamine
tetraacetic acid and washed twice with precooled phosphate-
buffered saline (PBS). According to the instructions provided
by the manufacturer, the cells were stained with AnnexinV-FITC
and propidium iodide (PI) dyes, respectively, and then analyzed
by flow cytometry. This method can distinguish early apoptotic
cells (Annexin-V/FITC+/PI−) from late apoptotic cells
(Annexin-V/FITC+/PI+). In this experiment, these two parts
of cells were counted as apoptotic cells.

Western Blot Analysis
Extraction of total protein from human meningeal cell lysate
occurred with 1 mlRIPA buffer containing 10 μl
phenylmethylsulfonyl fluoride and 20 μl phosphorylase
inhibitors. The same amount of protein (40 μg) was loaded
into 10% sodium dodecyl sulfate-polyacrylamide gel for
separation. The membrane and the first antibody were
incubated overnight at 4°C and then incubated with antirabbit
second antibody at room temperature for 1 h. Visual imprinting
using an enhanced chemiluminescence detection kit (ECL,
Thermo Science, United States). Image capture used G·BLOT
automatic chemiluminescence image analysis system (G·BLOT,
Shanghai, China) and analysis using Touch Image.

Mono-Dansylcadaverine Staining
Experiment
The cells were centrifuged and counted, and 6-well plates were placed.
The plates were pre-cultured in the incubator for 24 h. According to
the grouping, the blank group, miR-8485 NC, and miR-8485 mimic

TABLE 1 | Primer sequences used in quantitative reverse transcription
polymerase chain reaction.

Name of primer Sequences

U6-F 5′-AGAGAAGATTAGCATGGCCCCTG-3′
U6-R 5′-CAGTGCAGGGTCCGAGGT-3′
miR-8485-F 5′-CGCGCACACACACACACAC-3′
miR-8485-R 5′-AGTGCAGGGTCCGAGGTATT-3′
GAPDH-F 5′-GTGAAGGTCGGAGTCAACG-3′
GAPDH-R 5′-TGAGGTCAATGAAGGGGTC-3′
LAMTOR3-F 5′-ATGGCGGATGACCTAAAGCG-3′
LAMTOR3-R 5′-ATGGAGCCCTTCAACACTTGG-3′
mTOR-F 5′-AAGATGCTTGGAACCGGACC-3′
mTOR-R 5′-CTGGTTTCCTCATTCCGGCT-3′
ATG13-F 5′-AGTCAAGTGCCTAGCCTCAC-3′
ATG13-R 5′-GCCTGCTCCAATCCTCAGAA-3′
LC3B-F 5′-AGAATGATACCAGGGTGAGAAGG-3′
LC3B-R 5′-TCTCACCCTCATACACCTCTGA-3′
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were detected. In addition to the blank group, the BJOE group and
BJOE + 3-MA group were added to another 6-well plate. The original
medium of the 6-well plate was sucked out, washed with PBS, added
the prepared Monosulfonylcadaveramide (MDC) staining solution,
and then incubated at 37°C for 15min. After sucked out, PBS was
washed again, and then, the dyeing solution was washed with PBS.
The basic medium was added to re-incubate for 15min. The
fluorescence microscope was observed, counted, and photographed.

Statistical Analysis
The statistical analysis in this study is carried out by using Graph
Pad Prism 9.3. The above experimental results are obtained by
more than three independent repetitive operations, and all
experimental data are expressed as mean ± standard deviation.
The statistical test level is α = 0.05, and p < 0.05 indicated that the
difference is statistically significant. p < 0.001 and below indicated
that the difference is statistically significant.

FIGURE 1 | Identification of chemical components of Brucea javanica oil emulsion (BJOE). BJOE samples were examined by UHPLC-MS/MS. Total ion
chromatography in negative (A) and positive (B) ion modes for BJOE samples are shown.

Frontiers in Pharmacology | www.frontiersin.org July 2022 | Volume 13 | Article 9351555

Wang et al. Traditional Chinese Medicine, Cancer, Autophagy

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


RESULTS

Components Analysis of B. javanica Oil
Emulsion
After the analysis of BJOE samples by UHPLC-MS/MS,
researchers determined that 207 kinds of main chemical
constituents were found (Figures 1A,B). The main species
include 56 Terpenoids, 25 Flavonoids, 20 Alkaloids,
8 Aliphatic acyls, 7 Phenylpropanoids, five fatty acids and
amino acid derivatives, and 81 other species. The main
compounds include Chrysin, Linoelaidic acid, Linoleic acid,
Palmitic acid, Stearic acid, 2′-Hydroxyacetophenone,
Cycloastragenol, indole, phenylpropanolamine, and Valine.

B. javanica Oil Emulsion Increases
miR-8485 Expression in SKOV3 Cell
To explore the effect of BJOE on miR-8485 expression,
SKOV3 cells were treated with BJOE for 24 h. The qRT-PCR
results showed that the expression of miR-8485 in the SKOV3 cell
was significantly decreased compared with that in IOSE80 cells,
whereas its expression was up-regulated after BJOE treatment in
the SKOV3 cell (Figure 2). This finding suggests that BJOE
contributes to induction of miR-8485 expression in SKOV3 cells.

B. javanica Oil Emulsion and
Overexpression of miR-8485 Inhibit the
Proliferation of SKOV3 Cell
Next, the impact of BJOE and miR-8485 mimic on SKOV3 cell
proliferation were explored using the CCK8 experiment. As
shown in Figures 3A,B, compared with the control group, with
the increase of the drug concentration, the inhibitory effect of
BJOE on the proliferation of SKOV3 cell gradually increased,
and the absorbance value decreased significantly. Also, the
IC50 at 24 h was 44.37 μl/ml. Since the 50 μl/ml concentration
significantly decreased the cell proliferation activity, we
selected 50 μl/ml for further mechanism exploration (p <

0.05). Similar to this, miR-8485 overexpression also
inhibited the proliferation of SKOV3 cells.

B. javanica Oil Emulsion and
Overexpression of miR-8485 Induce
SKOV3 Cell Apoptosis
The effects of BJOE and miR-8485 overexpression on SKOV3 cell
apoptosis were observed by flow cytometry. By using
AnnexinVFITC/PI staining, it was found that as shown in
Figures 4A,B, the apoptosis of BJOE group was significantly
increased compared with that of the blank group, reaching
43.69%, while after adding the 3-MA inhibitor, the apoptosis
rate in BJOE + 3-MA group was 23.76%. As illustrated in Figures
4A,B, the apoptosis rate of SKOV3 cells overexpressing miR-8485
was significantly increased by 44.91% compared with the blank
group and miR-8485-NC group. As a whole, these observations
indicate that BJOE and miR-8485 overexpression can promote
the apoptosis of SKOV3 cells.

B. javanica Oil Emulsion and
Overexpression of miR-8485 Stimulate
SKOV3 Cell Autophagy
The effect of BJOE on autophagy vesicles was observed by MDC
fluorescence staining in SKOV3 cells. As shown in Figures 5A–C,

FIGURE 2 | Expression of miR-8485 in different ovarian cells. (SKOV3
group was compared with IOSE80 group (n = 3). Data were shown as mean ±
SD, ***p < 0.001; SKOV3 group was compared with SKOV3-BJOE group (n =
3). Data were shown as mean ± SD, ***p < 0.001).

FIGURE 3 | (A) Effects of different concentrations of drugs on cell
proliferation; (B) overexpression of miR-8485 on cell proliferation. (All the p
values were compared with the control group (n = 3). Data were shown as
mean ± SD, ##p < 0.01, ###p < 0.001, ***p < 0.001).
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the autophagic vesicles in BJOE group were significantly
increased compared with those in the blank group, while the
autophagic vesicles were decreased after treatment with 3-MA,
indicating that BJOE exerts a promotive effect on SKOV3 cell
autophagy. Similarly, as shown in Figures 5D–F, a similar effect
was observed in SKOV3 cells overexpressing miR-8485.

Identification of LAMTOR3 as a Direct
Target of miR-8485
The potential targets of miR-8485 were predicted by miRDB,
Target Scan, and miRDB databases. A binding site was found
between miR-8485 and LAMTOR3 (Figure 6A). Next,
subsequently, the wild type (Wt) or mutant (Mut)
LAMTOR3 fragment was linked to pmirGLO vector, which

were co-transfected into SKOV3 cells with miR-8485 mimic or
mimic control. Luciferase reporter assay revealed that co-
transfection of LAMTOR3-WT with miR-8485 mimic led to
a significant decrease in the luciferase activity, while this effect
disappeared when the miR-8485 binding site was mutated
(Figure 6B). In summary, miR-8485 can directly target
LAMTOR3.

Effect of B. javanica Oil Emulsion and
miR-8485 Overexpression on LAMTOR3,
mTOR, ATG13, and LC3II Expression in
SKOV3 Cells
According to the results of qRT-PCR, as shown in Figures
7A–D, BJOE and miR-8485 overexpression can lead to changes

FIGURE 4 | Effects of Brucea javanica oil emulsion and overexpression of miR-8485 on apoptosis of SKOV3 cell. (All the p values were compared with the control
group (n = 3). Results are represented as mean ± SD. ### p < 0.001, ***p < 0.001).
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in autophagy-related genes in SKOV3 cells. Compared with the
blank group, the mRNA levels of LAMTOR3 and mTOR genes
in the BJOE group and miR-8485-over group were significantly
decreased, and the mRNA levels of ATG13 and LC3 II genes
were significantly increased. However, after addition of 3-MA
inhibitor in these two groups, the changes of gene expression
were consistent with the expression trend of the blank

group. This indicates that BJOE and overexpression of miR-
8485 could promote autophagy in SKOV3 cells and significantly
inhibit cell proliferation (p < 0.05). The results of Western blot
experiment, as shown in Figures 8A–D, showed that BJOE and
overexpressed miR-8485 downregulated LAMTOR3 protein
expression, inhibited mTOR protein phosphorylation, and
increased ATG13 and LC3II protein expression levels, which

FIGURE 5 | Effects of drugs andmiR-8485 on autophagy. [(A) control, (B) BJOE, (C)BJOE + 3-MA, (D)miR-8485 NC, (E)miR-8485 mimic, (F)miR-8485mimic +
3-MA. The red arrow indicates autophagy vesicles].

FIGURE 6 | LAMTOR3 is a target of miR-8485. [(A) Prediction of relationship between miR8485 and LAMTOR3 by biological information. (B) The targeted
relationship between miR-8485 and LAMTOR3 was confirmed by luciferase assay (n = 3). MiR-8485 mimics group was compared with miR-8485 mimics/ NC. Data
were shown as mean ± SD, ***p < 0.001].
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was consistent with the results of qRT-PCR experiment,
suggesting that BJOE promotes autophagy of SKOV3 cells,
which may be involved in the regulation of the LAMTOR3/
mTOR/ATG13 signal axis by miR-8485.

DISCUSSION

The research on the effect of traditional Chinese medicine on
autophagy of ovarian cancer is in its infancy, and few literatures
to explore the related role and mechanism exist, so further in-
depth study is very important. The decrease of autophagy in
ovarian cancer cells can promote cell proliferation and migration,
thereby affecting the occurrence and development of ovarian
cancer. Studies found that BJOE can affect and regulate the
autophagy level of cells, but the specific role and mechanism
are unclear (Yan et al., 2015; Zhu and Pan, 2018). Next, BJOE
regulates autophagy pathway in ovarian cancer has not been
reported.

This experiment showed that BJOE significantly increased
autophagy and caused significant changes in related factors in
mTOR signal pathway compared with ovarian cancer SKOV3.

mTOR is a key target in multiple autophagy pathways, and recent
studies showed that traditional Chinese medicine can regulate the
proliferation, apoptosis, and multidrug resistance of ovarian
cancer cells by affecting mTOR-related signaling pathways
(Gao et al., 2022; Li et al., 2022; Yang et al., 2022; Zhu et al.,
2022). Mammalian rapamycin target protein activator 3
(LAMTOR3), alias MP1, is located on human chromosome
4q22.3 (Sun and Xu, 2012). It is a protein-coding gene and
encodes scaffold protein, which is one of the Ragulator
complexes (Sun and Xu, 2012). It binds to lysosomes and
activates Rag GTPases through lipid modification and
anchoring and recruits mTORC1 until lysosomes are activated
(Sun and Xu, 2012). The activated mTORC1 can simultaneously
pity and acidify the homologous proteins ULK1 of ATG13 and
ATG1 in mammals to inhibit autophagy (Sun and Xu, 2012).
ATG 13 is involved in the formation of ULK1 complex, which is
an important target for autophagy regulation (Alers et al., 2011;
Wallot-Hieke et al., 2018). The increase of autophagy promotes
the transformation of LC3-I to LC3-II, and the increase of LC3-II
is positively correlated with the level of autophagy in cells, so it
can be used as a specific marker protein of autophagy as an
indicator to evaluate the degree of autophagy.

FIGURE 7 | Effects of BJOE and overexpressed miR-8485 on autophagy gene mRNA. [A–D Effect of BJOE, overexpression of miR-8485 and autophagy inhibitor
on relative mRNA expression of LAMTOR3, mTOR, ATG13 and LC3II, All the p values were compared with the control. All the p values were compared with the control
group (n = 3). Data were shown as mean ± SD, #p < 0.05, ###p < 0.001; *p < 0.05, **p < 0.01, *** p < 0.001].
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MicroRNAs (miRNAs) are a class of endogenous noncoding
RNAs with regulatory functions found in eukaryotes c. Most
miRNAs are differentially expressed in normal tissues and blood
compared with blood and cancerous tissues of tumor patients (Bi
et al., 2021; Dai et al., 2021). Next, the main function of miRNAs
is to regulate gene expression in organisms by degrading or
inhibiting the translation of target mRNAs (Bi et al., 2021).
Studies showed that miRNAs affect cell proliferation, invasion
and drug resistance by regulating autophagy (Cai et al., 2021;
Zhang et al., 2021bib_Zhang_et_al_2021). The mechanism of
miR-8485 in ovarian cancer has not been reported. The miR-8485
detected by dbDEMC (Human Cancer differential expression
MiRNAs Database) shows a tendency of low expression in the
blood of different cancers, such as ovarian cancer.

In this study, the qRT-PCR experiment showed that the
expression level of miR-8485 in SKOV3 cells was significantly

lower than that in IOSE80 cells, but the expression level of
SKOV3 cells was increased after BJOE treatment. Then, we
confirmed, by CCK8 and flow cytometry, that BJOE and
overexpression of miR-8485 could inhibit the proliferation
of SKOV3 cell and increase cell apoptosis. Further
experiments with MDC staining showed that autophagy
vesicles were significantly increased after treatment with
BJOE and overexpression of miR-8485 in SKOV3 cell. By
increasing autophagy of SKOV3 cell, BJOE and
overexpression of miR-8485 may inhibit cell proliferation
and induce cell apoptosis. In previous experiments, we found
that the pathways of B. javanica (L.) Merr. [Simaroubaceae]
in ovarian cancer cells were mainly concentrated in mTOR,
VEGF, and MAPK through metabonomics and
bioinformatics analysis. Thus, based on the previous
research and experimental progress, we mainly carried out

FIGURE 8 | Effects of BJOE and miR-8485 overexpression on autophagy-related gene proteins [(A,B) Western blot analysis of protein expression of LAMTOR3,
mTOR, ATG13 and LC3II in control group, BJOE and BJOE inhibitor group. (C,D)Western blot analysis of protein expression of LAMTOR3, mTOR, ATG13 and LC3II in
control group, miR-8485 NC group, miR-8485 overexpression group and miR-8485 overexpression inhibitor group. All the p values were compared with the control
group (n = 3). Data were shown as mean ± SD, ###p < 0.001; *p < 0.05, *** p < 0.001].
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more in-depth research on mTOR pathway. Afterward, by
using qRT-PCR and Western Blot experiments, we further
found that the expression of autophagy-related genes
LAMTOR3 and mTOR was inhibited by BJOE and
overexpression of miR-8485 in SKOV3 cell, thereby
increasing the expression of ATG13 and LC3 II,
confirming that BJOE and overexpression of miR-8485
could increase autophagy in SKOV3 cells. Further
biosignaling analysis showed that miR-8485 demonstrated
binding sites with LAMTOR3 mRNA, indicating that miR-
8485 could directly control the expression of LAMTOR3. At
the same time, the changes of gene expression in BJOE group
and miR-8485 overexpression group were reversed by 3-MA
inhibitor, and the changes of gene expression were opposite
to the BJOE group and overexpression group, indicating that
BJOE group and overexpression of miR-8485 can increase
autophagy and inhibit cell proliferation in SKOV3 cells.

CONCLUSION

At present, BJOE has been clinically proved to be effective as an
adjuvant therapy for various tumors. However, the specific
mechanism is unknown, which affects its wide application in
clinical practice, especially in ovarian cancer. This study found
that BJOE may affect the expression of LAMTOR3 to inhibit the
increase of mTOR and negatively regulate the expression of
ATG13 by upregulaing miR-8485 expression. Then, the
autophagy incidence was increased, and cell proliferation was
inhibited in SKOV3 cell. MiR-8485 may be a key factor in BJOE
promoting autophagy and apoptosis and inhibiting cell
proliferation in ovarian cancer cells.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, and further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

YW is responsible for the overall experimental completion and
thesis writing; YP is responsible for the overall experimental
design, experimental guidance, paper writing guidance, and
providing funds; BC participated in part of the experiment;
MX and XW are responsible for part of the experimental
guidance. All authors have read and agreed to the published
version of the manuscript.

FUNDING

This study was supported by grants from Hainan Province key
research and development program (No. ZDYF2022SHFZ071);
the High Level Talent Project of Hainan Natural Science
Foundation (No. 821RC691); and the Hainan Province
Clinical Medical Center (No. QWYH202175).

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2022.935155/
full#supplementary-material

REFERENCES

Agarwal, R., and Kaye, S. B. (2005). Prognostic Factors in Ovarian Cancer: How
Close Are We to a Complete Picture? Ann. Oncol. 16 (1), 4–6. doi:10.1093/
annonc/mdi104

Akilli, H., Gunakan, E., Haberal, A., Altundag, O., Kuscu, U. E., Taskiran, C., et al.
(2022). Complications of Cytoreductive Surgery Plus Hyperthermic
Intraperitoneal Chemotherapy: An Evaluation of 100 Cases. Int. J. Gynaecol.
Obstet. 156 (3), 560–565. doi:10.1002/ijgo.13767

Alers, S., Löffler, A. S., Paasch, F., Dieterle, A. M., Keppeler, H., Lauber, K., et al.
(2011). Atg13 and FIP200 Act Independently of Ulk1 and Ulk2 in Autophagy
Induction. Autophagy 7 (12), 1423–1433. doi:10.4161/auto.7.12.18027

Bi, X., Lv, X., Liu, D., Guo, H., Yao, G., Wang, L., et al. (2021). METTL3-mediated
Maturation of miR-126-5p Promotes Ovarian Cancer Progression via PTEN-
Mediated PI3K/Akt/mTOR Pathway. Cancer Gene Ther. 28 (3-4), 335–349.
doi:10.1038/s41417-020-00222-3

Blagden, S. P. (2022). Targeting MAPK in Recurrent, Low-Grade Serous Ovarian
Cancer. Lancet 399 (10324), 499–501. doi:10.1016/S0140-6736(21)02338-2

Cai, Y., An, B., Yao, D., Zhou, H., and Zhu, J. (2021). MicroRNA miR-30a Inhibits
Cisplatin Resistance in Ovarian Cancer Cells through Autophagy.
Bioengineered 12 (2), 10713–10722. doi:10.1080/21655979.2021.2001989

Chen, D., Chen, P., Zhu, M., Shi, X. Y., Pan, D. F., Kong, X., et al. (2009). Reverse
Effect of Brucea Javanica Oil Emulsion on Drug Resistant Human Ovarian
Carcinoma Cells A2780/DDP. J. Emerg. Traditional Chin. Med. 18 (4),
598–599. doi:10.3969/j.issn.1004-745X.2009.04.056

Chen, H. T., Liu, H., Mao, M. J., Tan, Y., Mo, X. Q., Meng, X. J., et al. (2019).
Crosstalk between Autophagy and Epithelial-Mesenchymal Transition and its

Application in Cancer Therapy. Mol. Cancer 18 (1), 101–120. doi:10.1186/
s12943-019-1030-2

Chen, Y. L., Yang, C. F., and Cheng, L. (2015). Clinical Effect of Bruceolic Oil
Emulsion Combined with Cisplatin for Peritoneal Perfusion Treating Ovarian
Cancer. Chin. Contemp. Med. 22 (20), 115–117. Available at: https://kns.cnki.
net/kcms/detail/detail.aspx?Fil-eName=ZGUD201520038&DbName=
CJFQ2015.

Coleman, R. L., Fleming, G. F., Brady, M. F., Swisher, E. M., Steffensen, K. D.,
Friedlander, M., et al. (2019). Veliparib with First-Line Chemotherapy and as
Maintenance Therapy in Ovarian Cancer. N. Engl. J. Med. 381 (25), 2403–2415.
doi:10.1056/NEJMoa1909707

Dai, T., Liang, J., Liu, W., Zou, Y., Niu, F., Li, M., et al. (2021). The miRNA Mir-
582-3p Suppresses Ovarian Cancer Progression by Targeting AKT/MTOR
Signaling via lncRNA TUG1. Bioengineered 12 (2), 10771–10781. doi:10.
1080/21655979.2021.2003662

Fan, Z., Chen, X., and Chen, R. (2014). Transcriptome-wide Analysis of TDP-43
Binding Small RNAs Identifies miR-NID1 (miR-8485), a Novel miRNA that
Represses NRXN1 Expression. Genomics 103 (1), 76–82. doi:10.1016/j.ygeno.
2013.06.006

Fang, X. H. (2005). Preliminary Study on the Quality and Stability of Brucea
Javanica Oil Emulsion Injection. Strait Pharm. J. 17 (5), 26–27. doi:10.3969/j.
issn.1006-3765.2005.05.0-13

Gao, L., Ouyang, Y., Li, R., Zhang, X., Gao, X., Lin, S., et al. (2022). Icaritin Inhibits
Migration and Invasion of Human Ovarian Cancer Cells via the Akt/mTOR
Signaling Pathway. Front. Oncol. 12, 843489–843497. doi:10.3389/fonc.2022.
843489

Lattanzio, L., and Nigro, C. L. (2015). Epigenetics and DNAMethylation in Cancer.
Wjtm 4 (1), 11–24. doi:10.5528/wjtm.v4.i1.11

Frontiers in Pharmacology | www.frontiersin.org July 2022 | Volume 13 | Article 93515511

Wang et al. Traditional Chinese Medicine, Cancer, Autophagy

https://www.frontiersin.org/articles/10.3389/fphar.2022.935155/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2022.935155/full#supplementary-material
https://doi.org/10.1093/annonc/mdi104
https://doi.org/10.1093/annonc/mdi104
https://doi.org/10.1002/ijgo.13767
https://doi.org/10.4161/auto.7.12.18027
https://doi.org/10.1038/s41417-020-00222-3
https://doi.org/10.1016/S0140-6736(21)02338-2
https://doi.org/10.1080/21655979.2021.2001989
https://doi.org/10.3969/j.issn.1004-745X.2009.04.056
https://doi.org/10.1186/s12943-019-1030-2
https://doi.org/10.1186/s12943-019-1030-2
https://kns.cnki.net/kcms/detail/detail.aspx?Fil-eName=ZGUD201520038&DbName=CJFQ2015
https://kns.cnki.net/kcms/detail/detail.aspx?Fil-eName=ZGUD201520038&DbName=CJFQ2015
https://kns.cnki.net/kcms/detail/detail.aspx?Fil-eName=ZGUD201520038&DbName=CJFQ2015
https://doi.org/10.1056/NEJMoa1909707
https://doi.org/10.1080/21655979.2021.2003662
https://doi.org/10.1080/21655979.2021.2003662
https://doi.org/10.1016/j.ygeno.2013.06.006
https://doi.org/10.1016/j.ygeno.2013.06.006
https://doi.org/10.3969/j.issn.1006-3765.2005.05.0-13
https://doi.org/10.3969/j.issn.1006-3765.2005.05.0-13
https://doi.org/10.3389/fonc.2022.843489
https://doi.org/10.3389/fonc.2022.843489
https://doi.org/10.5528/wjtm.v4.i1.11
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Li, B. L., and Wan, X. P. (2012). Progression of Epigenetic Changes in Human
Ovarian Cancer,endometrial Cancer and Cervical Cancer,Chinese. Clin. Oncol.
17 (01), 74–80. doi:10.3969/j.issn.1009-0460.2012.01.014

Li, M. J., and Xia, L. (2020). Research Status on the Mechanism of Traditional
Chinese Medicine in the Treatment of Ovarian Cancer. Int. J. Trad. Chin. Med.
42 (5), 501–503. doi:10.3760/cma.j.cn-115398-20190113-00099

Li, R., Li, H., Lan, J., Yang, D., Lin, X., Xu, H., et al. (2022). Damnacanthal Isolated
from morinda Species Inhibited Ovarian Cancer Cell Proliferation and
Migration through Activating Autophagy. Phytomedicine 100,
154084–154096. doi:10.1016/j.phymed.2022.154084

Li, Y. J., Lei, Y. H., Yao, N., Wang, C. R., Hu, N., Ye, W. C., et al. (2017). Autophagy
and Multidrug Resistance in Cancer. Chin. J. Cancer 36 (1), 52–62. doi:10.1186/
s40880-017-0219-2

Long, H., Chen, H., Yan, J., and Cheng, H. (2022). Emodin Exerts Antitumor
Effects in Ovarian Cancer Cell Lines by Preventing the Development of Cancer
Stem Cells via Epithelial Mesenchymal Transition. Oncol. Lett. 23 (3), 95–105.
doi:10.3892/ol.2022.13215

Mabuchi, S., Kuroda, H., Takahashi, R., and Sasano, T. (2015). The PI3K/AKT/
mTOR Pathway as a Therapeutic Target in Ovarian Cancer. Gynecol. Oncol.
137 (1), 173–179. doi:10.1016/j.ygyno.2015.02.003

Mittal, K., Kaur, J., Jaczko, M., Wei, G., Toss, M. S., Rakha, E. A., et al. (2021).
Centrosome Amplification: a Quantifiable Cancer Cell Trait with Prognostic
Value in Solid Malignancies. Cancer Metastasis Rev. 40 (1), 319–339. doi:10.
1007/s10555-020-09937-z

Moore, K., Colombo, N., Scambia, G., Kim, B. G., Oaknin, A., Friedlander, M., et al.
(2018). Maintenance Olaparib in Patients with Newly Diagnosed Advanced
Ovarian Cancer. N. Engl. J. Med. 379 (26), 2495–2505. doi:10.1056/
NEJMoa1810858

Ngamphaiboon, N., Dy, G. K., Ma, W. W., Zhao, Y., Reungwetwattana, T.,
DePaolo, D., et al. (2015). A Phase I Study of the Histone Deacetylase
(HDAC) Inhibitor Entinostat, in Combination with Sorafenib in Patients
with Advanced Solid Tumors. Invest. New Drugs 33 (1), 225–232. doi:10.
1007/s10637-014-0174-6

Paskeh, M. D. A., Entezari, M., Clark, C., Zabolian, A., Ranjbar, E., Farahani, M. V.,
et al. (2022). Targeted Regulation of Autophagy Using Nanoparticles: New
Insight into Cancer Therapy. Biochim. Biophys. Acta Mol. Basis Dis. 1868 (3),
166326–166348. doi:10.1016/j.bbadis.2021.1-6632610.1016/j.bbadis.2021.
166326

Peng, Y. H., Li, D. K., Xiao, M., and He, S. (2019). Network Pharmacology Study on
Mechanism of Brucea Javanica in the Treatment of Ovarian Cancer. J. South-Central
Univ. Natl. Nat. Sci. Ed. 38 (04), 556–561. doi:10.12130/ZNMDZK.20190414

Peng, Z. X., Jia, J., Yu, D. P., and Zhang, H. (2021). Effects of miR-30a on PTEN/
PI3 K/AKT/mTOR Autophagy Pathway and Cisplatin Resist-Ance of Ovarian
Cancer Cells. Mod. Oncol. 29 (18), 3143–3148. doi:10.3969/j.issn.1672-4992.
2021.18.003

Poillet-Perez, L., and White, E. (2019). Role of Tumor and Host Autophagy in
Cancer Metabolism. Genes Dev. 33 (11-12), 610–619. doi:10.1101/gad.
325514.119

Sun, Y. T., and Xu, L. H. (2012). The Study on Autophagy and its Significance in
Cancer. Chin. J. Cell Biol. 34 (06), 604–610. Available at: https://kns.cnki.net/
kcms/detail/detail.aspx? FileName=XBZZ201206012&DbName=CJFQ2012.

Sun, Z. H. (2009). Experiment Study of Oleum Fructus Bruceae Vein Emulsion on
Ovarian Cancer Cell Strain. Mod. J. Integr. Traditional Chin. West. Med. 18
(14), 1591–1592+1597. doi:10.3969/j.issn.1008-8849.2009.14.007

Takahashi, Y., Serada, S., Ohkawara, T., Fujimoto, M., Hiramatsu, K., Ueda, Y.,
et al. (2021). LSR Promotes Epithelial Ovarian Cancer Cell Survival under
Energy Stress through the LKB1-AMPK Pathway. Biochem. Biophys. Res.
Commun. 537, 93–99. doi:10.1016/j.bbrc.2020.12.079

Wallot-Hieke, N., Verma, N., Schlütermann, D., Berleth, N., Deitersen, J., Böhler, P.,
et al. (2018). Systematic Analysis of ATG13 Domain Requirements for Autophagy
Induction. Autophagy 14 (5), 743–763. doi:10.1080/15548627.2017.1387342

Xu, L., Yuan, Z. T., Yin, P. H., and Fan, B. Z. (2021). Current Status of Traditional
Chinese Medicine on Reversing Multidrug Resistance in Ovarian Cancer. Chin.
J. Clin. Pharmacol. 37 (11), 1463–1466. doi:10.13699/j.cnki.1001-6821.2021.
11.039

Xu, W. D., Yu, X. C., and Sheng, L. M. (2008). Treatment of 37 Cases of Recurrent
Ovarian Cancer with Brucea Javanica Oil Emulsion Combined with
Chemotherapy. Zhejiang JITCWM 18 (6), 382–383. doi:10.3969/j.issn.1005-
4561.2008.06.036

Yan, Z., Zhang, B., Huang, Y., Qiu, H., Chen, P., and Guo, G. F. (2015).
Involvement of Autophagy Inhibition in Brucea Javanica Oil Emulsion-
Induced Colon Cancer Cell Death. Oncol. Lett. 9 (3), 1425–1431. doi:10.
3892/ol.2015.2875

Yang, H., Li, H., Lu, S., Shan, S., and Guo, Y. (2022). Fuzheng Jiedu
Decoction Induces Apoptosis and Enhances Cisplatin Efficacy in
Ovarian Cancer Cells In Vitro and In Vivo through Inhibiting the
PI3K/AKT/mTOR/NF-κB Signaling Pathway. BioMed Res. Int. 2022,
1–18. doi:10.1155/2022/5739909

Yang, L. H., Shi, W. J., and Zhao, X. Q. (2010). Research Progress of Anti-tumor
Effect of Brucea Javanica. J. Mudanjiang Med. Coll. 31 (5), 65–67. doi:10.3969/j.
issn.1001-7550.2010.05.032

Zhang, Z., Zhu, H., and Hu, J. (2021). CircRAB11FIP1 Promoted Autophagy Flux
of Ovarian Cancer through DSC1 andmiR-129. Cell Death Dis. 12 (2), 219–231.
doi:10.1038/s41419-021-03486-1

Zhao, N., Han, F. J., Wang, G. Y., and Li, Y. H. (2015a). Effect of Brucea
Javanica Fruit Oil Emulsion Combination with Cisplatin on the Growth
of Human Ovarian Caner SKOV3 Cell Nude Mouse Orthotopic
Transplantation Tumor. Lett. Biotechnol. 26 (04), 519–523. doi:10.
3969/j.issn.1009-0002.2015.04.016

Zhao, N., Li, Y. H., Wu, X. K., Wang, G. Y., Cai, D. Y., and Han, F. J. (2015b). Effect
of Brucea Javanica Fruit Oil Emulsion Combined Cisplatin on the Growth
Inhibition of Transplanted Tumor in Human Ovarian Cancer SKOV3 Nude
Mice: an Experimental Study. CJITWM 35 (01), 57–62. doi:10.3969/j.issn.1009-
0002.2015.04.016

Zhu, X., and Pan, P. (2018). Effect of Brucea Javanica Oil Emulsion on
Proliferation, Migration and Autophagy of Non-small Cell Lung Cancer
A549 Cells and the Underlying Mechanisms. Zhong Nan Da Xue Xue Bao
Yi Xue Ban. 43 (11), 1202–1208. doi:10.11817-/j.issn.1672-7347.2018.11.00610.
11817/j.issn.1672-7347.2018.11.006

Zhu, Y., Yang, L., and Chen, Y. (2022). Anhuienoside C Inhibits Human
Ovarian Cancer Cell Growth by Inducing Apoptosis, Suppression of Cell
Migration and Invasion, and Targeting PI3K/AKT/mTOR Signaling
Pathway. Mol. Cell Biochem. 477 (7), 1887–1892. doi:10.1007/s11010-
022-04406-3

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations or those of
the publisher, the editors, and the reviewers. Any product that may be evaluated in
this article or claim that may be made by its manufacturer is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Wang, Chen, Xiao, Wang and Peng. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Pharmacology | www.frontiersin.org July 2022 | Volume 13 | Article 93515512

Wang et al. Traditional Chinese Medicine, Cancer, Autophagy

https://doi.org/10.3969/j.issn.1009-0460.2012.01.014
https://doi.org/10.3760/cma.j.cn-115398-20190113-00099
https://doi.org/10.1016/j.phymed.2022.154084
https://doi.org/10.1186/s40880-017-0219-2
https://doi.org/10.1186/s40880-017-0219-2
https://doi.org/10.3892/ol.2022.13215
https://doi.org/10.1016/j.ygyno.2015.02.003
https://doi.org/10.1007/s10555-020-09937-z
https://doi.org/10.1007/s10555-020-09937-z
https://doi.org/10.1056/NEJMoa1810858
https://doi.org/10.1056/NEJMoa1810858
https://doi.org/10.1007/s10637-014-0174-6
https://doi.org/10.1007/s10637-014-0174-6
https://doi.org/10.1016/j.bbadis.2021.1-6632610.1016/j.bbadis.2021.166326
https://doi.org/10.1016/j.bbadis.2021.1-6632610.1016/j.bbadis.2021.166326
https://doi.org/10.12130/ZNMDZK.20190414
https://doi.org/10.3969/j.issn.1672-4992.2021.18.003
https://doi.org/10.3969/j.issn.1672-4992.2021.18.003
https://doi.org/10.1101/gad.325514.119
https://doi.org/10.1101/gad.325514.119
https://kns.cnki.net/kcms/detail/detail.aspx?%20FileName=XBZZ201206012&DbName=CJFQ2012
https://kns.cnki.net/kcms/detail/detail.aspx?%20FileName=XBZZ201206012&DbName=CJFQ2012
https://doi.org/10.3969/j.issn.1008-8849.2009.14.007
https://doi.org/10.1016/j.bbrc.2020.12.079
https://doi.org/10.1080/15548627.2017.1387342
https://doi.org/10.13699/j.cnki.1001-6821.2021.11.039
https://doi.org/10.13699/j.cnki.1001-6821.2021.11.039
https://doi.org/10.3969/j.issn.1005-4561.2008.06.036
https://doi.org/10.3969/j.issn.1005-4561.2008.06.036
https://doi.org/10.3892/ol.2015.2875
https://doi.org/10.3892/ol.2015.2875
https://doi.org/10.1155/2022/5739909
https://doi.org/10.3969/j.issn.1001-7550.2010.05.032
https://doi.org/10.3969/j.issn.1001-7550.2010.05.032
https://doi.org/10.1038/s41419-021-03486-1
https://doi.org/10.3969/j.issn.1009-0002.2015.04.016
https://doi.org/10.3969/j.issn.1009-0002.2015.04.016
https://doi.org/10.3969/j.issn.1009-0002.2015.04.016
https://doi.org/10.3969/j.issn.1009-0002.2015.04.016
https://doi.org/10.11817-/j.issn.1672-7347.2018.11.00610.11817/j.issn.1672-7347.2018.11.006
https://doi.org/10.11817-/j.issn.1672-7347.2018.11.00610.11817/j.issn.1672-7347.2018.11.006
https://doi.org/10.1007/s11010-022-04406-3
https://doi.org/10.1007/s11010-022-04406-3
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Brucea javanica Oil Emulsion Promotes Autophagy in Ovarian Cancer Cells Through the miR-8485/LAMTOR3/mTOR/ATG13 Signaling Axis
	Introduction
	Material and Methods
	Reagents and Materials
	Ultra-High Performance Liquid Chromatography–Quadrupole Time-Of-Flight–Mass Spectrometry Analysis
	Cell Counting Kit-8 Assay
	Real-Time Quantitative Polymerase Chain Reaction Analysis
	Luciferase Report Assay
	Cell Transfection Assay
	Cell Apoptosis Assay
	Western Blot Analysis
	Mono-Dansylcadaverine Staining Experiment
	Statistical Analysis

	Results
	Components Analysis of B. javanica Oil Emulsion
	B. javanica Oil Emulsion Increases miR-8485 Expression in SKOV3 Cell
	B. javanica Oil Emulsion and Overexpression of miR-8485 Inhibit the Proliferation of SKOV3 Cell
	B. javanica Oil Emulsion and Overexpression of miR-8485 Induce SKOV3 Cell Apoptosis
	B. javanica Oil Emulsion and Overexpression of miR-8485 Stimulate SKOV3 Cell Autophagy
	Identification of LAMTOR3 as a Direct Target of miR-8485
	Effect of B. javanica Oil Emulsion and miR-8485 Overexpression on LAMTOR3, mTOR, ATG13, and LC3II Expression in SKOV3 Cells

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


