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Purpose: The chemoresistance and toxicity of traditional chemotherapeutic drugs have
become obstacles to their antitumor effects in ovarian cancers. Therefore, it is particularly
important to develop new anticancer drugs to increase target sensitivity and reduce the
toxicity of chemotherapy drugs. As key organelles, the endoplasmic reticulum and mito-
chondria play important role in chemoresistance. Cells become resistant to drugs by
of the
Chaetomugilin J, a metabolite isolated from Polygonatum sibiricum, belongs to the

maintaining the homeostasis endoplasmic reticulum and mitochondria.
Chaetomium family and exhibits potent cytotoxicity. In this study, we aimed to explore
the mechanistic link between apoptosis and endoplasmic reticulum stress, mitophagy and
mitochondrial dysfunction induced by chaetomugilin J combined with cisplatin in the
ovarian cancer cell line A2780.

Methods: Chactomugilin J was identified by chemical methods. Cell viability was measured
by an MTT assay. The apoptosis, mitochondrial membrane potential, and intracellular
reactive oxygen species (ROS) were examined by flow cytometry. Mitochondrial ROS was
measured by a fluorescence microscope with MitoSox staining. Further, the related proteins
and overexpression of parkin were detected by Western blot.

Results: Chaetomugilin J combined with low-dose cisplatin decreased cell viability and
increased apoptosis in A2780 cells. In addition, intracellular ROS and mitochondrial ROS
were increased, while the mitochondrial membrane potential was reduced. The expressions
of grp78 and chop were decreased after treatment by chaetomugilin J combined with low-
dose cisplatin. Overexpression of parkin attenuated chaetomugilin J combined with cisplatin-
induced apoptosis.

Conclusion: Chaetomugilin J combined with cisplatin inhibited pinkl/parkin mediated
mitophagy increased mitochondrial dysfunction in the A2780 cells and enhanced apoptosis
induced by cisplatin in the ovarian cancer cell line A2780. But this process was not related to
endoplasmic reticulum apoptotic pathway.

Keywords: chaetomugilin J, cisplatin, mitophagy, apoptosis, ovarian cancer

Introduction

Ovarian cancer is one of the most common gynecological malignancies, among
which epithelial ovarian cancer (EOC) is the most lethal.! Although most patients
are sensitive to platinum chemotherapy drugs at the beginning of treatment, treat-
ment extension could lead to chemoresistance, which in turn, can lead to disease
recurrence.”® Therefore, it is urgent to explore new drugs that can increase the
sensitivity of ovarian cancer cells to cisplatin. It has been found that many natural
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compounds derived from plants have antitumor activity,
which have advantages such as low genotoxicity.*’
Chaetomugilin is an endophytic Chaetomium globosum
strain from Polygonatum sibiricum. These compounds
have been reported to exhibit cytotoxic activity in 39
human cancer cell lines.®” However, whether chaetomu-
gilin can increase the sensitivity of ovarian cancer cells to
cisplatin needs to be studied further.

The avoidance of apoptosis is an important reason for
cisplatin resistance in ovarian cancer.®’ Apoptosis is
associated with endoplasmic reticulum stress or mito-
chondrial damage.'® The endoplasmic reticulum is the
primary organelle responsible for a variety of cellular
functions, including protein folding, maturation, and the
maintenance of homeostasis.'"' Endoplasmic reticulum
stress triggers unfolded protein response (UPR), which
is one of the pathways leading toward apoptosis.'* It has
been reported that cisplatin promotes cell apoptosis
through endoplasmic reticulum stress.'>'* Mitochondria
are organelles that are closely related to apoptosis and
chemotherapy resistance, and have become the targets of
many antitumor drugs.'”> In the mitochondrial apoptotic
pathway, mitochondria release apoptotic factors such as
cytochrome ¢, which activate the caspase cascade reac-
tion. These caspases then cleave other proteins such as
PARP-1 and induce apoptosis.'®

Mitophagy is the selective removal of damaged or
unnecessary mitochondria using autophagic machinery,'’
and plays an essential part in maintaining mitochondrial
homeostasis. Mitophagy, as a kind of autophagy, may
play different roles in various environments and stress
conditions.'®'? On the one hand, mitophagy is involved
in the quality control of mitochondria and can protect
cells by clearing damaged mitochondria. On the other
hand, it can induce autophagic cell death or promote
apoptosis by regulating many pathways. For example,
Chen et al that
mediated mitophagy by downregulating COX-2, conse-

reported activating pink1/parkin-
quently resulting in apoptosis and thereby inhibiting the
growth of HCC.?® Therefore, exploring the effect of
mitophagy on apoptosis might help us identify a new
target drug to treat diseases.

In the present study, we observed that chactomugilin J,
either alone or in combination with cisplatin, exhibits
antitumor activity in the ovarian cancer cell line A2780.
In particular, chaetomugilin J significantly reduced the
concentration of cisplatin when inducing apoptosis in
A2780 cells. Cell apoptosis was not related to the

endoplasmic reticulum apoptotic pathway. Our results
showed that chaetomugilin J, combined with cisplatin,
mainly targeted the mitochondria, impaired their normal
function, and inhibited mitophagy in terms of activating
the mitochondrial apoptotic pathway.

Materials and Methods

Culture and Isolation

The strain of C. globosum was initially isolated from the
root of P. sibiricum. We collected plants and stored at 4°C
for no more than 2 weeks. Then we selected fresh roots
with intact plant samples and washed them with sterile
water to remove the soil on the surface. They were purified
under sterile conditions. The fungal strain was cultured at
28°C for 40 days in a liquid medium (50 L) containing
soluble starch 1% and casein 0.1% in 50% artificial

seawater.

Preparation of Chaetomugilin |

The culture was filtered under suction and the mycelia
collected were extracted thrice with MeOH. The combined
extracts were evaporated in vacuo to give a mixture of
crude metabolites (25.6 g), the CHCl;—MeOH (1:1) solu-
ble fraction of which exhibited cytotoxicity. The culture
filtrate was extracted thrice with AcOEt. The combined
extracts were evaporated in vacuo to afford a mixture of
crude metabolites (19.8 g) that exhibited cytotoxicity. The
AcOEt extract was passed through silica gel column using
CHCIl,-MeOH as the eluent. The second fraction (7.2 g) in
which the activity was concentrated was chromatographed
on a Sephadex LH-20 with a CHCI;-MeOH (1:1) as the
eluent. The CHCl; eluate (55.4 mg) was purified by HPLC
using MeON-H,O (75:25) as the eluent to afford chaeto-
mugilin J (2, 7.7 mg).

Cell Lines and Cell Culture

Ovarian cancer cell A2780 was purchased from the Chinese
Academy of Medical Sciences (Beijing, China), the wild-
type HEK293T cell line and the HEK293T cell line which
was overexpressed parkin were provide to us by the Tumor
Biotherapy Center of Jilin Province People’s Hospital. In
this institution, the HEK293T cell lines which cultured by
the team of professor Xiaodan Lu were purchased from
genechem biotechnology company, Shanghai. The A2780
cell was grown in RPMI-1640 (Gibco Life Technologies,
Carlsbad, CA) and HEK293T cell was grown in DMEM
(Gibco Life Technologies, Carlsbad, CA). Both the mediums
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were supplemented with 10% fetal bovine serum
(Invitrogen, Carlsbad, CA) at 37°C, 5% CO, concentration.

Reagents and Antibodies
MTT][3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetra-
zolium bromide] and cisplatin were purchased from
Sigma-Aldrich (St. Louis, MO, USA). The antibodies
used in this study including: antibodies against bcl-2,
bax, bak, were purchased from Abcam (Cambridge,
MA). Antibodies against cleaved caspase 3, mcl-1,
pink1, parkin, beta-actin, HRP-linked secondary antibody
were purchased from Proteintech (Chicago, IL).
Antibodies against grp78, chop were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA).

Cell Viability Assay

A2780 cells were seeded in 96-well plates at a density of
7000 cells/well. After 24 h, cell viability was measured
using MTT assay and absorbance values were measured at
490 nm using a Vmax Microplate Reader (Molecular
Devices, LLC, Sunnyvale, CA).

Western Blot Analysis

A2780 cells were treated with compounds according to
experimental requirements. Then cells were lysed in cell
lysis buffer and incubated on ice for 30 min. The lysates
were centrifuged at 12000g for 10min at 4°C, the protein
levels of supernatant were quantified with a bicinchoninic
acid (BCA) kit (Thermo Fisher Scientific, USA) according
to the manufacturer’s instructions. Proteins were separated
on dodecyl sulfate, sodium salt-polyacrylamide gel electro-
phoresis (SDS-PAGE), transferred on poly-vinylidene fluor-
ide (PVDF) membranes, and blocked with 5% skim milk for
2h. The membranes were then probed with primary antibo-
dies overnight at 4°C, followed by secondary antibody for
2h at room temperature. Electrochemical luminescence
(ECL) reagent (Thermo Fisher Scientific, Rockford, IL)
was used for immune-detection and visualization using
Syngene Bio Imaging (Synoptics, Cambridge, UK).

Flow Cytometry

Cells were seeded in 6-well plates at a density of 2 x 10°cells/
well overnight. Then the cells were exposed to different indi-
FITC/PI
Biosciences, San Diego, CA) was used to measure cellular

cated conditions. Annexin V- staining (BD
apoptosis. JC-1, which chemical name is 5.5',6,6"-Tetrachloro
iodide
China) was used to detect

-1,1",3,3"-tetraethyl-imidacarbocyanine (Beyotime

Biotechnology, Shanghai,

mitochondrial membrane potential (MMP). The production
of ROS was evaluated by 2 *, 7' - dichlorofluorescein diacetate
(DCFH-DA) (Beyotime Biotechnology, Shanghai, China).
Then the cells were analyzed by guava easycyte flow cytome-
try (guava easycyte, MA, USA).

Measurement of Mitochondrial ROS

The levels of mitochondrial ROS (MitoROS) were detected
by MitoSOX Red indicator (Thermo Fisher, Scientific,
USA). A2780 cells were seeded in 24-well plates at
a density of 4 x 10*cells/well overnight. They were treated
with compounds according to experimental requirements.
After treatment, cells were stained with SuM Mitosox for
20 min at 37°C. After washing with PBS, the cells were
observed using ZEISS (Imager Z2) laser microscope.

Colony Formation Assay

Cells were seeded at 500 cells per well in 24-well plates
overnight. Then cells were treated with compounds as
indicated by the experiment, and they were allowed to
continue growing. Plates were placed in an incubator and
left them there until cells in control dishes have formed
sufficiently large clones. Then the medium was removed,
and cells were washed in PBS once, fixed and stained in
a mixture of 6% glutaraldehyde and 0.5% crystal violet for
2h. The mixture of glutaraldehyde and crystal violet was
removed and cells were rinsed several times with water.
The numbers of colonies were counted by software
Image J.

Statistical Analysis

All experimental data represent at least 3 independent
experiments and the results were represented as mean
values + standard deviation (S.D). P<0.05 were considered
statistically significant difference and P<0.01 was consid-
ered extremely significant. Statistical analysis was per-
formed with GraphPad Prism 7.0 (La Jolla, CA).

Results

Chaetomugilin ] Enhances the Apoptosis
Induced by Cisplatin in A2780 Ovarian

Cancer Cells
First, we identified the compound (Figure 1A). The com-
pound is characterized as follows:

H'-NMR (600 MHz, CDCLy): &: 7.47 (1H, s, H-1), 6.45
(1H, s, H-4),3.48 (1H, dd, ] = 10.2, 2.2 Hz, H-8), 6.02 (1H, d,
J=15.5Hz, H-9), 6.48 (1H, dd, ] = 15.5, 6.5 Hz, H-10), 2.24
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Figure | Chaetomugilin ] enhances the apoptosis induced by cisplatin in ovarian cancer cells A2780. (A) The chemical structure of chaetomugilin J. (B) Cells were treated
with 0—16 pg/mL chaetomugilin | for 24h, cell viability was measured by MTT assay. (C) Cells were treated with 0-6.4 pg/mL cisplatin (CDDP) for 24h, cell viability was
measured by MTT assay. (D) Cells were treated with 0.25 pg/mL chaetomugilin ] combined with |, 2 pug/mL cisplatin for 24h, cell viability was measured by MTT assay. (E)
Cells were treated with 0.25 pg/mL chaetomugilin J, |ug/mL cisplatin alone or combination for 8 days, the clone formation was detected by colony formation assay. (F and
G) Cells were treated with 0.25 pug/mL chaetomugilin J, 1 ug/mL cisplatin alone or combination for 24h, the expression of Cleaved-caspase3 was measured by Western blot.
(H) Cells were treated with 0.25 ug/mL chaetomugilin J, 1ug/mL cisplatin alone or combination for 24h, the apoptotic rate was measured by flow cytometry. Data are
presented as mean * SD, n = 3. *P< 0.05, **P< 0.01.

(1H, sept, J = 6.5 Hz, H-11), 1.42 (1H, qd, J = 7.5, 6.5 Hz,
H-12),0.89 (3H, t, ] = 7.5 Hz, H-13), 1.33 (3H, 5, 7-CHs), 1.07
(3H, d, 1= 6.5, 11-CH;), 2.62 (1H, dd, J = 17.3, 10.2, H-1'A),
328 (1H, dd, J= 17.3,2.2, H-1'B), 6.66 (1H, q, = 7.1, H-4"),
1.80 3H, d, J = 7.1, H-5'), 1.73 (3H, s, 3"-CHs).

C-NMR (500 MHz, CDCly): &: 145.72 (d, C-1),
157.17 (s, C-3), 104.51 (d, C-4), 141.79 (s, C-4a),
106.47 (s, C-5), 191.82 (s, C-6), 74.07 (s, C-7), 40.51
(d, C-8), 119.50 (s, C-8a), 120.35 (d, C-9), 146.12 (d,
C-10), 38.79 (d, C-11), 29.16 (t, C-12), 11.67 (q, C-13),
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26.79 (q, 7-CH3), 19.38 (q, 11-CHj), 38.46 (t, C-1),
199.41 (s, C-2), 137.96 (d, C-4), 14.69 (q, C-5'),
10.99 (q, 3'-CHs;).

HRESIMS: m/z, 391.1662 (M+H) ", (cal: 391.1671),
formula: C,,H,7ClO4 This compound was firstly reported
from a marine-fish-derived Chaetomium species.® We also
isolated this compound from a plant endophytic fungus
Chaetomium globosum.?!

Next, to measure the viability of A2780 cells treated with
chaetomugilin J alone or combined with cisplatin, we treated
A2780 cells with different concentrations of chaetomugilin
J (0-16 pg/mL) or cisplatin (0-6.4 pg/mL) for 24 h, and
MTT assay was used to detect the cell viability. As shown in
Figure 1B and C, chaetomugilin J inhibited the viability of
A2780 cells in a dose-dependent manner, while cisplatin
showed no significant inhibitory effect on cell viability at
low concentrations (0-3.2 pg/mL). Subsequently, cells were
treated with 0.25 pg/mL chaetomugilin J combined with 1
pg/mL or 2 pg/mL cisplatin, cell viability and proliferation
were detected by MTT and colony formation assays.
Chaetomugilin J significantly reduced the cell viability and
number of colonies in A2780 cells when combined with
low-dose cisplatin (Figure 1D and E).

Next, we examined whether or not chaetomugilin J could
induce the apoptosis in A2780 cells or increase the apoptosis
combined with cisplatin. A2780 cells were treated with
chaetomugilin J alone or combined with cisplatin for 24 h,
and the expression of cleaved caspase-3 was detected by
Western blot. Chaetomugilin J combined with cisplatin sig-
nificantly increased the expression of cleaved caspase-3
(Figure 1F and G). Subsequently, we detected the apoptosis
rate of cells treated with chactomugilin J alone or combined
with cisplatin for 24 h by Annexin V-FITC/PI staining using

A
CDDP - + - +
ChaetomugilinJ = - + +
Grp78 [— —— S |
Chop r.—-—|
B-actin | - S— e—

Chaetomugilind - =-—

flow cytometry. Results showed that chactomugilin J could
activate apoptosis, and chaetomugilin J combined with cis-
platin significantly increased the apoptosis rate of cells
(Figure 1H, Table S1).

The Apoptosis Induced by Chaetomugilin
] Combined with Cisplatin is Independent
of the Endoplasmic Reticulum Stress
Pathway

The endoplasmic reticulum stress is a main pathway leading
to cell apoptosis."* When the misfolded proteins increase
significantly, the endoplasmic reticulum stress is activated.?
We detected the expression of the chaperon protein grp78,
which is activated under endoplasmic reticulum stress. Cells
were treated with 0.25 pg/mL chaetomugilin J, 1 pg/mL
cisplatin, or both compounds. As shown in Figure 2, the
expression of grp78 in A2780 cells decreased significantly
when cells were treated with chaetomugilin J combined with
cisplatin for 6 h. In addition, chop is a transcription factor
activated by the endoplasmic reticulum stress and is
involved in regulating the endoplasmic reticulum stress
apoptosis pathway.'® Western blot showed that the expres-
sion of chop decreased when cells were treated with chae-
tomugilin J combined with cisplatin. This indicated that the
apoptosis of A2780 cells induced by chaetomugilin
J combined with cisplatin was independent of the endoplas-
mic reticulum stress pathway.

Chaetomugilin | Combined with Cisplatin

Induces Mitochondrial Dysfunction
Mitochondria plays a crucial role in regulating cell
apoptosis.”® To further evaluate whether or not chaetomugilin

w

-
o
1

e
o
1

ot
W
1

The ratio of protein/g-actin

0.0-

Grp78 Chop
CDDP -+ - + -+ - +
+ + = e

Figure 2 The apoptosis of A2780 cells induces by chaetomugilin ] combines with cisplatin is independent of the endoplasmic reticulum stress pathway. (A and B) Cells were
treated with 0.25 pg/mL chaetomugilin J, | pg/mL cisplatin alone or combination for 6h, the expressions of Grp78 and Chop were measured by Western blot. Data are

presented as mean * SD, n = 3. *P < 0.05.
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J combined with cisplatin could target mitochondria and

impair its functions, we evaluated mitochondrial functions as
follows. The levels of intracellular ROS and mitochondrial
ROS were detected using DCFH-DA or MitoSOX staining.
As shown in Figure 3A and B and Table S1, the intracellular
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Figure 3 Chaetomugilin ] combines with cisplatin further induces mitochondrial dysfunction in ovarian cancer A2780 cells. (A) Cells were treated with 0.25 pg/mL
chaetomugilin J, Ipg/mL cisplatin alone or combination for 24h, the levels of intracellular ROS were detected using DCFH-DA by flow cytometry. (B) Cells were treated
with 0.25 ug/mL chaetomugilin J, Iug/mL cisplatin alone or combination 24h, the levels of mitochondrial ROS were detected using MitoSox Red mitochondrial superoxide
indicator by fluorescence microscope. (C) Cells were treated with 0.25 pg/mL chaetomugilin J, | pg/mL cisplatin alone or combination for 24h, the mitochondrial membrane
potential with JC-1 by flow cytometry. Data are presented as mean * SD, n = 3.
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cells, which might impair mitochondrial function through the
increase in ROS and induce mitochondrial pathway apoptosis.

The normal mitochondrial membrane potential is
necessary for maintaining oxidative phosphorylation and
ATP production and essential for maintaining mitochon-
drial function.**> Mitochondrial membrane potential
decreases in apoptosis. As shown in Figure 3C and
Table S1, chaetomugilin J decreased the JC-1 aggregate
and increased the JC-1 monomer in A2780 cells, while
chaetomugilin J combined with cisplatin treatment could
more significantly induce this phenomenon. This sug-
gested that the combination treatment could further
impair mitochondrial function.

Chaetomugilin | Combined with Cisplatin
Enhances Mitochondrial Pathway
Apoptosis

We investigated whether or not chactomugilin J combined
with cisplatin-activated mitochondrial pathway apoptosis
by detecting the expression of bcl-2 family-related pro-
teins. As shown in Figure 4, the bak/mcl-1 and bax/bcl-2
ratios increased when A2780 cells were treated with chae-
tomugilin J combined with cisplatin. This indicated that
chaetomugilin J combined with cisplatin-enhanced mito-
chondrial pathway apoptosis in ovarian cancer A2780
cells.

Chaetomugilin | Inhibits Mitophagy

Induced by Cisplatin
Mitophagy is a type of autophagy that eliminates redundant
or damaged mitochondria.*® It plays an important role in

mitochondrial function. The expression of pinkl and par-
kin, which are mitophagy-related proteins, were detected to
reflect mitophagy. When A2780 cells were treated with
chaetomugilin J combined with cisplatin for 6 h, the expres-
sions of pinkl and parkin decreased (Figure 5A and B).
These results indicated that the mitophagy of A2780 cells
were inhibited when cells were treated with chaetomugilin
J combined with cisplatin.

Overexpression of Parkin Attenuates
Apoptosis Induced by Chetomugilin
] Combined with Cisplatin

In the aforementioned results, chaetomugilin J combined
with cisplatin inhibited pinkl/parkin-mediated mitophagy
in A2780 cells. Therefore, we wanted to investigate the role
of mitophagy in apoptosis using the HEK293T cell line.
First, we detected the expression of parkin to ensure the
efficiency of overexpression. The expression of parkin was
much higher in overexpressed cells than in wild-type cells,
and chaetomugilin J combined with cisplatin decreased the
expression of parkin cells (Figure 6C). In the cells in which
parkin was overexpressed, the cell viability and number of
colonies were increased (Figure 6A and B), and bax/bcl-2
ratio was decreased (Figure 6D and E) when cells were
treated with chaetomugilin J combined with cisplatin. In
addition, when cells were treated with inhibitors of mito-
phagy, Mdivi-1, cell viability decreased and apoptosis rate
increased (Figure 6F and G). The overexpression of parkin
attenuated the apoptosis induced by chaetomugilin
J combined with cisplatin, and inhibition of mitophagy
resulted in increased apoptosis.

A B
CDDP - + - + < 2.0-
ChaetomugilinJ — - + + °
© *
Bak [— — ] < 1.54 PR
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Bax [— — — 5}
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)
B-actin | | 'EOO-
Bak/Mcl-1 Bax/Bcl-2
CDDP - + - + . L
Chaetomugilin - - 4 4 - = 4+ +

Figure 4 Chaetomugilin ] combines with cisplatin enhances the mitochondrial pathway apoptosis of ovarian cancer A2780 cells. (A and B) Cells were treated with 0.25 g/
mL chaetomugilin J, Iug/mL cisplatin alone or combination for 24h, the ratios of Bak/Mcl-1 and Bax/Bcl-2 were measured by Western blot. Data are presented as mean * SD,

n = 3. *P< 0.05.
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Figure 5 Chaetomugilin ] inhibited mitophagy induced by cisplatin. (A and B) Chaetomugilin ] inhibited mitophagy induced by cisplatin. Cells were treated with 0.25 pg/mL
chaetomugilin J, | ug/mL cisplatin alone or combination for 6h, the expressions of Pinkl, Parkin were measured by Western blot. Data are presented as mean * SD, n = 3. *P<

0.05.

Discussion
It is believed that the avoidance of cancer apoptosis is
related to chemoresistance.”’ Therefore, it is necessary
to pay more attention to new antitumor drugs or com-
pounds that increase cisplatin sensitivity in ovarian cancer
cells. Natural compounds exhibit antitumor activity and
can potentially reverse chemoresistance in a variety of
cancers.**® In this study, it was found that chactomugilin
J significantly reduced cell viability and induced apoptosis
in ovarian cancer A2780 cells. As is known, there are
some toxic and adverse effects on patients when high-
dose cisplatin is used in the clinic.?’ However in our
research, it is worth noting that the MTT assay showed
that a low dose of chaetomugilin J significantly reduced
cell viability, but the inhibition efficiency of cell viability
was not dose-dependent. This suggested that chaetomugi-
lin J might activate cell death by triggering it directly
rather than via toxicity, as it also has the advantages of
low toxicity and high anti-tumor activity.

Our findings showed that, 0.25 pg/mL chaetomugilin
J combined with 1 pg/mL cisplatin had an obvious
0.20, FigureS1). DCFH-DA-
staining flow cytometry indicated that the concentration

synergistic effect (CI:

of reactive oxygen species (ROS) increased significantly
(60.42%, Table S1). In addition, JC-1-staining flow cyto-
metry showed that MMP was decreased significantly
(96.49%, Table S1) and Annexin V-FITC/Pl-staining
flow cytometry revealed a significant increase in apopto-
sis rate (82.82%, Table S1) when cells were treated with
0.25 pg/mL chaetomugilin J combined with 1 pg/mL
cisplatin. Therefore, we focused on the mechanism of
apoptosis induced by chaetomugilin J combined with
low-dose cisplatin in ovarian cancer cells.

In cancer cells, the endoplasmic reticulum and mitochon-
dria are important organelles involved in chemoresistance.
Endoplasmic reticulum stress is a common cellular stress
response that is brought about by a variety of conditions that
disturb cellular homeostasis, such as the accumulation of
misfolded or unfolded proteins.'* These defective proteins
accumulate in the ER lumen and may result in cell damage,
one of the pathways that induce apoptosis. In the present
study, the expression of chop and grp78 was decreased,
which indicated that endoplasmic reticulum stress was not
activated. It could be that the accumulated proteins are
partially degraded through autophagy, therefore attenuating
the stress of the endoplasmic reticulum lumen.

Mitochondria play a crucial role in regulating cell
death. Normal mitochondrial functions are crucial for
maintaining cell survival, growth, proliferation, and
metastasis.>®>! Under stress conditions, mitochondria are
impaired and dysfunctional mitochondria lead to enhanced
production of ROS, and extensive cell damage, promoting
apoptosis. Additionally, clearance of damaged mitochon-
dria via mitophagy may have a protective effect on
cells.*** In our study, chaetomugilin J combined with
cisplatin could target mitochondria, increase ROS, and
impair mitochondrial function. We also found that the
apoptosis of cells was decreased when cells overexpressed
parkin, confirming the protective effect of mitophagy on
cells. However, chaetomugilin J combined with cisplatin
could inhibit pinkl/parkin-mediated mitophagy, therefore
weakening the protective effect of mitophagy. This was the
main mechanism by which chaetomugilin J induced apop-
tosis and increased sensitivity to cisplatin.

In summary, we evaluated the antitumor activity of chae-
tomugilin J and the mechanism of apoptosis induced by
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Figure 6 Overexpression of parkin attenuates apoptosis induced by chaetomugilin
J combined with cisplatin. (A and B). Cells were treated with 0.25 pg/mL chaetomugilin
J, Ipg/mL cisplatin combination with two drugs for 24h, the clone formation was
detected by colony formation assay. (C) The expression efficiency of Parkin in wild-
type or overexpressed Parkin cells was measured by Western blot. (D and E) Cells
were treated with 0.25 ug/mL chaetomugilin J, 1 ug/mL cisplatin alone or combination
for 6h, the expressions of Bax/Bcl-2 were measured by Western blot. (F) HEK293T
cells were treated with Mdivi-1 alone or combined with chaetomugilin ] and cisplatin,
cell viability was measured by MTTassay. (G) HEK293T cells were treated with Mdivi-|
alone or combined with chaetomugilin | and cisplatin, the apoptotic rate was measured
by flow cytometry. Data are presented as mean * SD, n = 3. *P< 0.05.

chaetomugilin J combined with low-dose cisplatin in A2780
cells. We found out that chaetomugilin J combined with low-
dose cisplatin significantly impaired mitochondrial function,

which is manifested by decreased mitochondrial membrane
potentials and increased ROS levels. At the same time, the
combination of the two compounds weakened the protective
effect of mitophagy on cells by inhibiting mitophagy. We first
detected the apoptosis mechanism of ovarian cancer cells
induced by chaetomugilin J alone or in combination with
low-dose cisplatin. We suggest that this natural compound
not only has antitumor activity, but also increases the sensi-
tivity of ovarian cancer cells to cisplatin by targeting mito-
chondria. In addition, chaetomugilin J could also help
decrease the dose of platinum chemotherapy drugs during
treatment.
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