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ORIGINAL ARTICLE

Swerchirin exerts anticancer activity on SKOV3 human ovar-
ian cancer cells via induction of mitochondrial apoptosis,
G2/M cell cycle arrest and inhibition of Raf/MEK/ERK cascade

Lan Luo!, Haibo Zhao?, Qian Luo?®

'Department of Gynecology, “Department of Oncology, *Department of Radiology, Jining No.1 People’s Hospital, Jining, Shan-

dong 272100, China

Summary

Purpose: Ovarian cancer is one of the major causes of
death in females around the world. There are several drug
regimens available for this type of cancer, but despite initial
response to chemotherapy, the disease consistently relapses,
showing that there is a need to find more efficient and novel
anticancer agents. Plant-derived natural products may
prove beneficial in this case due to their lower cytotoxici
In the present study we evaluated the anticancer ac
of swerchirin against human SKOV3 ovarian cancer
line.

Methods: Cell viability was evaluated by
assay. Effects on the cell cycle phase distsi

by flow cytometry. Effects on cell &
by annexin-V/propidium iodid assay while
were evalu-

ated by Western blot assa

Introduction

Ovarian cancer is one of the most deadly ma-
lignancies across the globe, while chemotherapy
still remains the backbone for its management
[1,2]. According to an estimate, more than 20,000
new cases of ovarian cancer and 14,000 new
deaths have been recorded in United States only
in 2013 [2]. Although surgical interventions may
prove useful in the treatment of ovarian cancer,
most of the cases are diagnosed at advanced dis-
ease stages. Additionally, despite frequent pre-

cell cycle arrest. This anticancer activity of
inst SKOV3 was found to be concentration-

n. Additionally, swerchirin inhibited the expres-
phospho-MEK and phospho-ERK in a dose-depend-

onclusion: In summary, we conclude that swerchirin sig-
nificantly increased SKOV3 cell death due to cell cycle ar-
rest, loss of MMP, apoptosis and inhibition of Raf/MEK/
ERK pathway.

Key words: ERK pathway, ovarian cancer, protein expres-
sion, swerchirin

liminary responses to chemotherapy, the disease
often relapses. Moreover, there are limited chem-
otherapeutic agents available for the manage-
ment of ovarian cancer [3,4]. So far, bevacizumab
is the only approved therapy in ovarian cancer for
which consistent analytical markers are yet to be
established. Xanthones are secondary metabolites
commonly occurring in higher plant families, fun-
gi, and lichens. Their pharmacological properties
have raised great interest. Structures of xanthones
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are related to that of flavonoids and their chroma-
tographic behaviors are also similar [5]. Xantho-
nes have reported to exhibit anticancer activities
against a range of cancers [6]. Swerchirin is an
important xanthone generally isolated from the
plants of Gentianaceae family. Plants belonging to
this family are well known for their bitter taste
owing to the presence of xanthones and are used
in traditional remedies against fever, loss of ap-
petite and are still used in many “tonic” formula-
tions [7]. The present study was designed to evalu-
ate the anticancer properties of swerchirin against
the ovarian cancer cell line SKOV3.

Methods

Chemicals, reagents, cell line and culture conditions

Swerchirin (purity =98%), annexin V-fluorescein
isothiocyanate (FITC)/propidium iodide (PI) apoptosis
detection kit, and MTT were procured from Sigma-
Aldrich (St. Louis, MO, USA). Dulbecco’s Modified
Eagle’s Medium (DMEM), fetal bovine serum (FBS),
penicillin, streptomycin and phosphate buffered sa-
line (PBS), supplemented with calcium chloride and
magnesium chloride, were procured from Gibco Life
Technologies, Grand Island, NY, USA. All other chem-
icals and solvents used were of the highest p
grade. Ovarian cancer cell line cell SKOV3 was
cured from Cancer Research Institute of Beijing, Chi
and it was maintained in DMEM supple i
10% FBS and antibiotics (100 pg/ml st
100 U/ml penicillin G) in a incubato
and 95% air).

MTT assay for assessment of celhviabili

The anti-proliferatio
ian cancer SKOV3 cells
(4, 5-Dimethylthiaz

chirin dose for 24 an hrs. To each well, MTT solu-
tion (20 pl) was added. P¥ior to the addition of 500 pl of
DMSO, the medium was completely removed. To solu-
bilize MTT formazan crystals, 500 pl DMSO was added.
ELISA plate reader was used for the determination of
optical density (OD).

Estimation of cell cycle distribution of SKOV3 cells

For estimation of cell cycle distribution, the cells
were seeded in 6-well plates (2x105 cells/well) and
swerchirin treatment was given to the cells at doses
of 0, 10, 20 and 40 pM followed by 24-h incubation.
For estimation DNA content, PBS was used to wash the
cells and fixed in ethanol at -20°C. This was followed by
re-suspension in PBS holding 40 pg/ml PI and RNase A
(0.1 mg/ml) and Triton X-100 (0.1%) for 30 min in the
dark at 37°C. Afterwards, analysis was carried out by
flow cytometry as previously reported [8].
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Determination of MMP

SKOV3 cells were seeded at a density of 2x105
cells/well in a 6-well plates, kept for 24 hrs and treated
with 10 mM swerchirin for 6-72 hrs at 37°C in 5% CO,
and 95% air. Thereafter, cells from all samples were col-
lected, washed twice by PBS and re-suspended in 500
pl DiOCq (1 pmol/1) for MMP at 37°C in the dark for 30
min. The samples were then examined instantly using
flow cytometer as previously described [9].

Assessment of apoptotic cell populations

SKOV3 cells at a density of 2x10° cells/well were
seeded in 6-well plates and were administered 10 to
40 mM swerchirin for 48 hrs. The cells were then sub-
jected to annexin V/PI treatment. Afterwards, the cell
sample was studied by fluo microscopy as previ-
ously described [10].

Determination of pr,
analysis

y western blotting

All experiments were carried out in triplicate. The
values obtained were the mean + standard deviation
(SD) of the triple experiments and were considered sig-
nificant at p<0.05.

Student’s t-test using GraphPad7 software was em-
ployed for statistical analyses.

Results

Effect of swerchirin on cell viability of SKOV3 human
ovarian cancer cells

To identify the anti-proliferative effect of
swerchirin (Figure 1) on ovarian cancer SKOV3
cells, cells were treated with swerchirin concen-
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Figure 1. Chemical structure of swerchirin.
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tration ranging from 0-40 pM for 48 hrs. Swer-
chirin displayed potent anti-proliferative effect
against SKOV3 cells and significantly reduced the
cell viability, exhibiting an ICsq 20 pM at 48 hrs of
incubation (Figure 2). This anti-proliferative activ-
ity of swerchirin was found to be concentration-
dependent and increased with increasing concen-
tration of swerchirin.
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Figure 2. Effect of indicated doses swerchirin on ovarian
cancer cell viability. The experiments were carried out in
triplicate and expressed as mean + SD (*p <0.05). The re-
sults indicate that swerchirin decreases significantly cell
viability in a concentration-dependent manner.

Effect of swerchirin on cell cycle phase distributio
SKOV3 cells

Swerchirin caused alterations j
distribution of ovarian cancer SK

at a dose of 10
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Figure 3. Effect of indicated doses swerchirin on cell cy-
cle distribution as determined by flow cytometry. The ex-
periments were carried out in triplicate and the images are
representatives of three biological replicates. This Figure
shows that swerchirin increases the cells at G2/M phase of
the cell cycle in a concentration-dependent manner.

HM concentration of swerchirin, however tremen-
dous increase in G2 phase cells was observed at 40
BM. This swerchirin-induced G2 phase increase of
SKOV3 cancer cells was found to exhibit a dose-
dependent pattern.

Effect of swerchirin on MMP

Since mitochondria play an important role in
the normal functioning of cells and disruption of
mitochondrial integrity may cause cell death, we
speculated whether swerchirin reduces the MMP
in SKOV3 cells treated with swerchirin at varied
concentrations (0-40 pM). Our results indicated
that swerchirin-treated SKOV3 cells showed a sig-
nificant reduction in in a dose-dependent
manner. The MMP w3 by 67% at 40 pM
of swerchirin as ntreated control
(Figure 4).
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Figure 4. Effect of indicated swerchirin doses on mito-
chondrial membrane potential carried out by flow cytom-
etry. The images are representatives of three biological
experiments. The Figure shows that swerchirin decreases
the mitochondrial membrane potential in a concentration-
dependent manner.

Effect of swerchirin on induction of apoptosis in
SKOV3 cells

Analysis of apoptotic cells indicated that
swerchirin administration caused cancer cells ap-
optosis in a concentration-dependent manner. The
apoptotic cell populations increased from 5.2% in
control to 67.8% at 40 pM concentration (Figure
5). Furthermore, the results showed that swerchi-
rin induced cytosolic cytochrome c, Bax, cleaved
caspase 3 and cleaved caspase 9 expressions with
associated suppression of Bcl-2 expression as
compared to the untreated cells taken as control
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Figure 5. Effect of indicated doses of swerchirin on
SKOV3 cell apoptosis as depicted by annexin V/PI staining.
The images are representatives of three biological experi-

ments. The results indicate that the apoptotic cell popula-
tions increase in a concentration-dependent manner.
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Figure 6. The effect of indicated doses of swerchirin on
the expression of caspase-dependent mitochondrial apop-
tosis pathway proteins in SKOV3 cells. Representative im-
ages of cytochrome c, Bax, Bcl-2, PARP, cleaved caspase 9
and cleaved caspase 3 protein expression detected by west-
ern blot. B-actin was used as a control. The results indicate
that swerchirin enhances the expression of Cytochrome c,
Bax, PAPRP, cleaved caspase 9 and 3 but downregulates
the expression of Bax.

B-actin
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(Figure 06). Additionally, treatment of SKOV3 cells
with swerchirin also caused cleavage of PARP
fragment (Figure 6), an endogenous substrate of
activated caspase-3 and its cleavage is known to
be characteristic of cell apoptosis. Taken together,
the results indicate that mitochondria and Bcl-2
family members were associated with swerchirin-
triggered cell apoptosis in SKOV3 cells.

Swerchirin targets Raf/MEK/ERK signalling pathway

The protein expressions of Raf/MEK/ERK sig-
nalling pathway were evaluated using Western
blot assay. The findings are shown in Figure 7 and
indicate an interesting outcome. Compared to the

swerchirin ine ¢er partially through

g pathway.

20

Actin

Figure 7. Effect of indicated doses of swerchirin on pro-
tein expression of MEK/ERK signaling pathway deter-
mined by western blotting. B-actin was used as a control.
The images are representatives of three biological experi-
ments. The results of this Figure indicate that swerchirin
decreases the expression of p-ERK and p-MEK in a concen-
tration-dependent manner.

Discussion

Ovarian cancer is one among the main reasons
of gynecological cancer-related deaths around the
globe. Despite initial responses to chemotherapy,
the disease consistently relapses. Xanthones, like
swerchirin, have recently received attention for
their antitumorigenic activity [5,6]. In the present
study swerchirin showed potential growth inhib-
iting activity against SKOV3 cells as evidenced
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from the MTT cell viability assay. As previously
reported, many drugs exhibit antiproliferative
effect through apoptotic cell death. For example
several chemotherapeutic drugs, such as cispla-
tin [12,13], have been reported to alter apoptotic
pathways. Additionally, drug resistance is partial-
ly explained by the ability of cancer cells to by-
pass apoptosis [14]. One of the reasons for apopto-
sis might be the observed capacity of swerchirin
to cause cell cycle arrest as it induced the G2/M
phase increase of SKVO3 cancer cells in a dose-
dependent manner. Cell cycle and apoptosis are
known as the main controlling mechanisms for
cell growth and proliferation. Apoptotic cell death
is triggered when explicit checkpoints are ar-
rested during cell cycle [12]. Consistent with this,
several anticancer agents lead to cell cycle arrest
and have been found to be clinically effective for
cancer treatment [15]. Further, drugs with apopto-
sis-inducing properties may potentially minimize
drug resistance. Our results indicated that cells
treated with swerchirin induced apoptosis in vitro
in a dose-dependent manner as evidenced by an-
nexin V/PI staining. Although apoptosis is trig-
gered though different routes, the mitochondrial
pathway is a crucial signalling pathway in
induction of apoptosis. It is well established
Bcl-2 family proteins are frequently main pl
ers in the mitochondrial apoptotic pa
anti-apoptotic and pro-apoptotic p
bers of Bcl-2 protein family con

ability [15]. While Bcl-2 is
protein, Bax is inducer
sent in the outer me

“Slimulation of the cas-
pase signalling andi@oncomitant PARP cleavage
is considered as the m¥ain feature of the apoptotic
cascade. In the present study involvement of the
mitochondrial apoptotic pathway in swerchirin-
induced cell death were first detected by the ob-
served reduction in the MMP. This was further
strengthened by the changes observed in the Bcl-
2 and Bax expression levels since mitochondrial
malfunction is often due to MMP loss and dis-
charge of cytochrome c release into the cytosol.
We observed swerchirin lessened the MMP, lead-
ing to cytochrome c release from the mitochon-
dria into the cytoplasm. Protein expression analy-

sis revealed that swerchirin caused considerable
downregulation of Bcl-2 expression and upregu-
lation of Bax protein, therefore ultimately favor-
ing apoptosis. Additionally, swerchirin elevated
caspase 3 and caspase 9 as well as cleaved PARP
expression in a concentration-dependent man-
ner. It was also observed that swerchirin induced
intracellular ROS alterations in SKVO3 ovarian
cells in a dose-dependent manner. Flow cytom-
etry using PI as a probe was used to study the ef-
fects of swerchirin on cell cycle progression. Fur-
ther, it was shown that swerchirin could inhibit
SKOV3 cancer cells in a concentration-dependent
manner. These findings are promising since it is
well established that ovaai ancer is one of the

hibit this process.
ERK signalling
been reported to be
ration and survival. It

eatment. Our experiments indicated
ovarian cancer cells were sensitive
werchirin in vitro. Swerchirin inhibited the
EK/ERK pathway through suppression
of p-MEK and p-ERK in a dose-dependent man-
er which is consistent with studies carried out
previously.

Conclusion

Taken together, we conclude that swerchirin
may prove a potential candidate for the treatment
of ovarian cancer by controlling Raf/MEK/ERK
signalling pathway. With limited drug options
available and limited toxicity associated with nat-
urally occurring plant-derived molecules, swer-
chirin seems a strong option and deserves further
research endeavors.
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