OncoTargets and Therapy

Dove

ORIGINAL RESEARCH

Effects Of Adenosine On Apoptosis Of Ovarian
Cancer A2780 Cells Via ROS And Caspase

Pathways

Bing Xia
Jing Wang

Hunan Cancer Hospital and the Affiliated
Tumor Hospital of Xiang-Ya School of
Medicine, Central South University,
Changsha 410078, People’s Republic of
China

Correspondence: Jing Wang

Hunan Cancer Hospital, the Affiliated
Tumor Hospital of Xiang-Ya School of
Medicine, Central South University,
Changsha 410078, People’s Republic of
China

Tel +8613548651043

Email wangjing_hnzyyy@163.com

This article was published in the following Dove Press journal:
OncoTargets and Therapy

Background: Ovarian cancer is the second most common malignant tumor of the female
genital tract and the main cause of death of gynecological malignant tumors. Exogenous
adenosine has been shown to induce apoptosis in tumor cells.

Materials and methods: The current study aimed to investigate the inhibitory effect and
underlying mechanism of adenosine on the proliferation of ovarian cancer cells. The
inhibitory effects of adenosine on ovarian cancer cells were assessed through MTT assay.
The adenosine-induced apoptosis was determined by Hoechst 33342 staining and flow
cytometry. The effect of adenosine on the intracellular reactive oxygen species (ROS) and
mitochondrial membrane potential (MMP) was assessed according to the DCFH-DA and JC-
1 methods, respectively. Expression of apoptosis-related proteins and mitochondrial proteins
was measured using Western blotting.

Results: MTT suggested that adenosine inhibited A2780 and SKOV3 cells viability in a
dose- and time-dependent manner (P<0.05). Hoechst 33342 staining had demonstrated
pronounced changes in cell morphology; to be specific, cells treated with 0 mmol/L adeno-
sine showed a light blue color, while those in treatment groups had nuclear pyknosis and
apoptotic body formation. Besides, the apoptosis rate was positively correlated with adeno-
sine concentration (P<0.05). Flow cytometry results revealed that adenosine increased the
intracellular ROS level and decreased MMP. Western blotting indicated that, the expression
of Bax, cleaved-caspase-3 and cleaved-poly (ADP-ribose) polymerase was up-regulated with
the increase in adenosine concentration, while that of Bcl-2 protein and apoptosis-related
protein caspase-3 was down-regulated.

Conclusion: With the increase in drug concentration, the CytoC expression in mitochondria
was gradually reduced, while that in the cytoplasm was gradually increased. In conclusion,
Ado may inhibit the proliferation and induce the apoptosis of ovarian cancer cells by
increasing ROS, up-regulating the pro-apoptotic protein Bax and activating the caspase-3
expression in vitro.
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Ovarian cancer, one of the three leading malignant tumors in the female reproductive
system, ranks the top in all malignant gynecological tumors in terms of its mortality
rate.! The incidence of ovarian cancer is increasing gradually in recent years.
However, ovarian cancer has hidden early symptoms, and patients have already
developed distant metastases (DM) before the emergence of noticeable symptoms.
On this account, over 70% of patients are in the advanced stage at the time of
diagnosis.” Surgery and chemotherapy can alleviate the symptoms; however, they
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can not radically eliminate the problem, and most advanced
patients suffer a relapse within 2-3 years, eventually lead-
ing to death as a result of chemotherapeutic resistance.’"*
The cytotoxicity of nucleosides has become a research hot-
spot over the past few years, and the antitumor effects of
adenosine are even more encouraging.’ Nonetheless, the
action of adenosine may differ depending on the different
cell lines. For instance, in some cell lines, they are mediated
by the receptor pathway,® while in others, they remain
active after entering the cells.’

Mitochondria play critical roles in calcium homeostasis,
intermediary metabolism, and energy production. Besides,
Mitochondria
account for the main ROS production sites, while the excess

they are the vital apoptosis sensors.®’

ROS production leads to tissue/cell death and injury.'
Adenosine has been verified to participate in basal ROS
generation within the epithelial cells.'"' Nonetheless, it
remains unclear whether adenosine triggers ROS genera-
tion in cancer cells. The study by Ma et al showed that
adenosine increased the ROS level and induced mitochon-
drial dysfunction, thus causing apoptosis of the hepatocel-
lular carcinoma (HCC) cells.'? Nevertheless, it remains
unclear whether adenosine can induce apoptosis of ovarian
cancer cells by increasing the ROS level. Therefore, this
study aimed to examine the effects of Ado on the prolifera-
tion of ovarian cancer cell line A2780 as well as its related
mechanism, which provided a theoretical basis for the
development of Ado as a chemotherapeutic agent for ovar-

1an cancer.

Materials And Methods

Materials

The human ovarian cancer cell lines A2780 and SKOV3
were purchased from the American Type Culture Collection
(ATCC). Adenosine (>99% purity) was provided by Sigma-
Aldrich (Cat NO: A9251, Milwaukee, WI). DMEM, fetal
bovine serum (FBS) and trypsin were obtained from Gibco
(Grand Island, NY, USA). MTT was derived from Sigma-
Aldrich (Milwaukee, WI), and the Annexin V-FITC/7-AAD
apoptosis detection kit was offered by BD Biosciences (San
Jose, CA). The Hoechst 33342 staining kit, ROS kit, JC-1
kit, and BCA protein assay kit were provided by the
Beyotime Institute of Biotechnology (Jiangsu, China). The
antibodies against [-actin, caspase-3, cleaved caspase-3,
Bax, Cytochrome C, B-Tubulin, VDAC and poly (ADP-
ribose) polymerase (PARP) were derived from Cell
Signaling Technology (Danvers, MA, USA).

Inhibitory Effects Of Ado On A2780 And

SKOV3 Cells Detected By MTT Assay
Ovarian cancer A2780 and SKOV3 cells at the exponential
phase were digested using trypsin, so as to produce the cell
suspension of approximately 6x10* cells/mL. Cells were
then inoculated into the 96-well plates at a density of 100
pL/well. After being cultured in the 37°C incubator under
5% CO, condition until cell adherence, the medium was
removed, and new mediums supplemented with different
concentrations of Ado (0, 10, 20, 40, and 80 mmol/L) were
added. After 24 h and 48 h of treatment, 20 pL of 5 mg/mL
MTT was added into the culture mediums to incubate for
another 4h. Afterwards, the supernatant was removed, and
150 pL dimethyl sulfoxide (DMSO) was added into each
well and dissolved completely at 37 °C. Subsequently, the
absorbance (A) value was assessed at the wavelength 0of 490
nm. The cell inhibition rate (%) was calculated according to
the formula:

[1 — (the average A value of the treatment group)/
(the average A value of the control group)] x 100%.

Effect Of Adenosine On Morphological
Changes And Apoptosis Rate Of A2780
And SKOV3 Cells By Hoechst 33342
Staining

Cells were inoculated onto the 96-well plate as described
in section 1.2. After achieving cell adherence, cells were
treated with mediums supplemented with Ado at various
concentrations (0, 10, 20, and 40 mmol/L) for 24 h, and
examined using the Hoechst 33342 staining kit in accor-
dance with the manufacturer protocols. The results were
observed under the fluorescence microscope (x200) at UV
wavelength excitation. A total of 200 cells from randomly
chosen six microscopic fields were counted, and the per-
centage of apoptotic cells in the total number of cells was
calculated.

Apoptosis Rate Of A2780 And SKOV3

Cells Assessed By Flow Cytometry

A2780 and SKOV3 cells at the exponential phase were
prepared into the 1x10° cells/mL suspension and then
inoculated into 6-well plates at a density of 1 mL/well.
Thereafter, each plate was placed into the cell incubator
until cell adherence, then the medium was discarded, and
cells were treated with Ado at the concentrations of 0
(negative control), 10, 20, or 40 mmol/L for 24 h. Cells
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were then digested with trypsin in the absence of EDTA
and were harvested. Subsequently, cells were processed
using the Annexin V-FITC/7-AAD apoptosis assessment
kit following the manufacturer instructions. A scatter plot
with the logarithmic axes was generated using the fluores-
cence of PE-Annexin-V (X-axis) and PI (Y-axis). In the
four resultant quadrants, the right upper quadrant repre-
sented the damaged cells during collection, the left upper
quadrant stood for the late apoptotic and necrotic cells, the
left lower quadrant suggested the living cells, whereas the
right lower quadrant suggested the early apoptotic cells.
The proportion attributed to each quadrant represented the
ratio of cell number in the quadrant to the total cell
number examined. The experiment was performed in
triplicate.

ROS And MMP Detected By DCFH-DA
And JC-1

ROS and MMP were assessed according to the DCFH-DA and
JC-1 methods, respectively. In brief, the treated A2780 and
SKOV3 cells were collected by means of centrifugation
and incubated with DCFH-DA for 30 min at room tempera-
ture. Then, the cells were washed with serum-free DMEM for
three times, and the fluorescence intensity of ROS in each
group was measured using flow cytometry within 30 min.
The excitation wavelength is 488 nm and the emission wave-
length is 525 nm. Rosup was used as a positive control. The
negative control was wells with cells only.

Afterwards, A2780 and SKOV3 cells were incubated
with 1 mL JC-1 staining solution for 20 min at 37 °C,
followed by washing twice with 1% staining buffer and addi-
tion into 1 mL DMEM. Later, the fluorescence intensity of
MMP was measured through flow cytometry within 15 min,
and the results were expressed as the ratio of red fluorescence
to green fluorescence. The excitation wavelength is 490 nm
and the emission wavelength is 530 nm. Carbonylcyanidem-
chlorophenylhydrazone (CCCP) was used as a positive con-
trol. The negative control was wells with cells only.

Subcellular Fractionation

The Mitochondria/cytosol Fractionation Kit (Beyotime,
China) was adopted to isolate cytosolic protein from the
mitochondrial protein in accordance with manufacturer pro-
tocol; then, cells were collected to resuspend within the
hypotonic buffer at 4 °C for 10 min. Cell fractionation,
which included differential centrifugation and syringe homo-
genization, was carried out. To be specific, the unbroken cells

as well as nuclei were removed through 4 min of centrifuga-
tion at 1000 g and 4°C; afterwards, the portion of heavy
membrane was subjected to 10 min of sedimentation at
11,000 g. Later, the supernatant was collected, followed by
another 10 min of centrifugation at 12,000 g, so as to produce
the portion of light membrane. Afterwards, the supernatants
obtained from centrifugation at 12,000 g were collected,
which was the cytosolic fraction. Thereafter, the resultant
portion of the heavy membrane (mitochondrial), together
with the cytosolic fraction, was carried out SDS-PAGE as
well as Western blotting.

Western Blotting Of The Apoptosis-
Related Proteins And Mitochondrial

Proteins

A2780 and SKOV3 cells were treated with Ado at various
concentrations. Subsequently, the medium was discarded and
cells were washed twice with PBS. After the addition of an
appropriate amount of lysis solution and incubation on ice for
30 min, the adherent cells were scraped using a cell scraper,
and the resultant lysis solution was collected into the 1.5 mL
centrifuge tubes. After centrifugation at 12,000 rpm for
15 min at 4°C, the protein concentration in the supernatant
was determined by the BCA method, followed by denatura-
tion in the 98°C metal bath for 5 min. Thirty-milligram
protein samples were separated by means of 12% SDS-
PAGE, and then the proteins were transferred onto the
PVDF membrane. Afterwards, the membrane was blocked
with 5% skim milk for 1 h, and incubated overnight or for
12 h at 4°C with the corresponding primary antibody. The
primary antibodies were used at a dilution of 1:1000
(Caspase-3, Cleaved-Caspase-3, Cleaved-PARP, Cyto C) or
1:2000 (Bax,Bcl-2, PARP, B-actin, VDAC, B-Tubulin). Next,
the membrane was washed with TBST for 5 min three times,
incubated with secondary antibody at room temperature for
1 h, and washed with TBST for 10 min three times. The
target protein was then visualized by the chemiluminescence
method, the membrane was photographed using the gel ima-
ger, and the gray value was analyzed via the Image-J
software.

Statistical Methods

Quantitative data were expressed as x £+ 5. The Student's
t-test was adopted for comparison between two groups, and
Dunnett’s Multiple Comparison Test was adopted for com-
parisons among multiple groups. All data were analyzed
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using the SPSS 19.0 software, and a difference of P<0.05
was considered as statistically significant.

Results

Effects Of Adenosine On The
Proliferation Of Ovarian Cancer A2780
And SKOV3 Cells

MTT assay results showed that adenosine remarkably inhib-
ited the proliferation of A2780 and SKOV3 cells. The
inhibitory effect of adenosine on A2780 and SKOV3 cells
increased gradually as the concentration and treatment time
increased. Notably, the results suggested that the inhibition
rate of A2780 and SKOV3 cells treated with 80 mmol/L
Ado for 48 h was as high as 84.3%, 79.1%, respectively.
Data are displayed in Figure 1.

Effects Of Adenosine On The
Morphological Changes And Apoptosis
Rate Of Ovarian Cancer A2780 And
SKOV3 Cells

Results of Hoechst 33342 staining revealed that apoptosis
occurred in A2780 and SKOV3 cells following adenosine
treatment. Uniform and weak fluorescence was observed
in the control group; by contrast, the nuclei in the treat-
ment group were visibly shrunk, and bright blue apoptotic
bodies were observed. Notably, the bright blue apoptotic
bodies began to appear when A2780 and SKOV3 cells

were treated with 10 mmol/L adenosine for 24 h, and the

A2780

-o- 24h

100- = 48h

Proliferation inhibition
rates(%)

Adenosine Concentrations(mmol/L)

Figure | Adenosine inhibited the growth of ovarian cancer cells.

percentage of apoptotic cells increased remarkably at
40 mmol/L. Data are presented in Figure 2A.

Effects Of Adenosine On The Apoptosis
Rate Of Ovarian Cancer A2780 And
SKOV3 Cells

Results of flow cytometry revealed that adenosine induced
the apoptosis of A2780 and SKOV3 cells, and the apoptosis
rate increased with the increase in adenosine concentration.
At the adenosine concentration of 40 mmol/L, the apoptosis
rate was as high as 40.2%. Data are displayed in Figure 2B.

Effects Of Adenosine On The ROS Level
In Ovarian Cancer A2780 And SKOV3
Cells

Indirect fluorescence assay revealed that adenosine out-
standingly increased the intracellular ROS level in
A2780 and SKOV3 cells. Compared with the control
group, 10 mmol/L adenosine treatment evidently elevated
the ROS level (P<0.01) in a dose-dependent manner. Data
are presented in Figure 3A.

Effects Of Adenosine On The MMP Of
Ovarian Cancer A2780 And SKOV3 Cells

Mitochondrial membrane potential change is one of the ear-
liest events in apoptosis. We evaluated the effects of adeno-
sine on MMP of A2780 and SKOV3 cells by JC-1 staining.
As shown in Figure 3B, Ado notably decreased the MMP of
A2780 and SKOV3 cells in a dose-dependent manner.

SKOV3

-~ 24h

100 -# 48h

Proliferation inhibition
rates(%)

0 10

Adenosine Concentrations(mmol/L)

Notes: A2780 and SKOV3 cells were treated with Adenosine (0 mM, 10 mM, 20 mM, 40nM and 80 mM) for indicated periods (24 h, 48 h) and then subjected to the MTT

assay. *P<0.05, **P<0.01, and ***P<0.001 compared with control.

submit your manuscript

9476

Dove

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Xia and Wang

A2780

SKOV3

50
- A2780

a0 SKova

¥

g

E 30

2

8 20

5

3

210

°

Adenosine Concentrations(mmol/L)

Figure 2 Adenosine-induced apoptosis in ovarian cancer cells.
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mitochondrial membrane potential (MMP) were assessed according to the DCFH-DA and JC-1 methods. *P<0.05, **P<0.01, and **P<0.001 compared with control.

Effects Of Adenosine On The Apoptosis-
Related Proteins In A2780 And SKOV3
Cells

Western blotting revealed that after adenosine treatment for 24
h the expression of pro-apoptotic protein Bax in A2780 cells
was up-regulated, and that of the apoptotic protein Bcl-2 was
down-regulated. Besides, the ratio of the two groups increased
with the increase in adenosine concentration. Cleaved-caspase-

3 and cleaved-PARP were also detected. Data are shown in
Figure 4A and B.

Effects Of Adenosine On Mitochondrial
Proteins In A2780 And SKOV3 Cells

The above results suggested that adenosine broke the
mitochondrial membrane stability of ovarian cancer

cells, resulted in a reduction in transmembrane potential,
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and thereby promoted the apoptosis of A2780 and
SKOV3 cells. After mitochondrial membrane rupture,
multiple soluble proteins in intermembrane space were
released into the cytoplasm, including CytoC, AIF and
SMAC/DIABLO, which induced cell apoptosis through
activating the Caspase pathway. The release of CytoC
from mitochondria to cytoplasm was a key event of cell
apoptosis.

To verify whether adenosine induced the release of
mitochondrial intermembrane space protein into the cyto-
plasm, adenosine at the doses of 0, 10, 20 and 40 mmol/L
was used to treat A2780 and SKOV3 cells, respectively.
Twenty-four hours later, cells were collected, the cytosolic
protein was isolated from the mitochondrial protein, and the
CytoC expression was detected using the Western blotting
assay subsequently. As shown in Figure SA and B, with the
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Figure 5 Effects of Adenosine on the expression of mitochondrial proteins.

increase in drug concentration, the CytoC expression in
mitochondria was gradually reduced, while that in the cyto-
plasm was gradually increased, suggesting that adenosine
promoted the release of CytoC from mitochondria to the
cytoplasm.

Discussion

Our study showed that adenosine induces apoptosis of
A2780 and SKOV3 cells through leading to the mitochon-
drial membrane dysfunction by means of enhancing the
intracellular ROS level, which also activates Caspase-3,
increases Bax expression, and reduces Bcl-2 expression.
The mitochondrial membrane dysfunction further causes
the release of mitochondrial protein Cyto C, eventually
activating Caspase-3 and PARP. Consequently, it leads to
ovarian cancer cell death.
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Notes: A2780 (A) and SKOV3 (B) cells were treated with Adenosine (0 mmol/L, 10 mmol/L, 20 mmol/L, and 40 mmol/L) for 24 h. The levels of Cyto C in cytoplasm and
mitochondria were analyzed by Western blot. *P< 0.05,%*P<0.01, and ***P<0.00| compared with control.
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The occurrence and development of ovarian cancer are
related to multiple factors both in vitro and in vivo, among
which, the uncontrolled cell proliferation and blocked apopto-
sis play vital roles. Under physiological conditions, adenosine
acts through specific adenosine transporters or cell membrane
receptors.'® Saito et al demonstrated that adenosine can induce
apoptosis and inhibit the proliferation of colon cancer cell line
CW2 through the Al adenosine receptor.'* El-darahali et al
found that adenosine induces the apoptosis of thymic cancer
cell line EL-4 in a caspase-dependent manner through the non-
classical adenosine receptor pathway.'> Wen et al'® had inves-
tigated the effects of ATP and adenosine on the HCC cell line
Li-7A and found that ATP inhibited cell proliferation in a
dose- and time-dependent manner. The authors suggested
that such inhibitory effect was achieved through the adeno-
sine-induced cell apoptosis, while adenosine was produced
during the degradation of ATP through activating the A3
adenosine receptor. They reported that adenosine induced
cell apoptosis through at least two pathways, namely, the
receptor pathway and the membrane transporter pathway. In
this study, results of MTT assay suggested that 10 mmol/L
adenosine treatment for 24 h markedly inhibited the prolifera-
tion of ovarian cancer A2780 and SKOV3 cells in a time- and
dose-dependent manner. Morphologically, the cells developed
nuclear pyknosis with the increase in Ado concentration,
which showed a bright blue color. The cells were also recog-
nizable by other apoptotic characteristics, including apoptotic
bodies. Flow cytometry was carried out to accurately quantify
the effect of adenosine on the apoptosis of ovarian cancer cells,
which further proved that Ado induced the apoptosis of ovar-
ian cancer cells in a dose-dependent manner. To understand
the related mechanism, the ROS level in A2780 and SKOV3
cells treated with Ado was detected, and our results suggested
that the ROS level increased rapidly, indicating that Ado broke
the oxygen balance in ovarian cancer cells. Notably, ROS
plays an important role in the normal proliferation and signal
transduction of cells, which can induce cell apoptosis through
DNA damage.'”'® This study suggested that Ado might
induce apoptosis by inducing a large amount of ROS in
A2780 and SKOV3 cells. Meanwhile, it was found that the
MMP in the process of Ado-induced A2780 and SKOV3
apoptosis showed a characteristic continuous decline, which
was consistent with the findings from a previous study.'*

To explore the mechanism underlying the Adenosine-
induced apoptosis, Western blotting was conducted to
assess the expression levels of pro-apoptotic protein Bax
and the apoptosis-related proteins caspase-3, cleaved-cas-
pase-3, and PARP. Recent studies discover that proteins,

including Bax and caspase-3, are involved in the endogen-
ous apoptotic pathways.'” Bax is an important pro-apop-
totic protein in the pro-apoptotic family, while Bcl-2 is an
anti-apoptotic protein antagonized by Bax. The increase in
the Bax/Bcl-2 ratio indicates that Bax is activated, which
induces cell apoptosis. Caspase-3 is an important protease
in the caspase family, which is activated by the pro-apop-
totic factors and plays a vital part as an executor in early
apoptosis.”® The activated caspase-3 can specifically
degrade cell proteins and PARP?' while PARP is an
important DNA repair enzyme in eukaryotes, which
repairs DNA damage and promotes tumor growth.”> Our
results indicated that, in A2780 and SKOV3 cells treated
with 20 mmol/L Ado, the expression of pro-apoptotic
protein Bax was up-regulated, and caspase-3 and PARP
were fragmented, suggesting that Adenosine might induce
cell apoptosis through enhancing the expression of pro-
apoptotic protein Bax and activating caspase-3. According
to previous studies, adenosine induces cell cycle arrest and
apoptosis through the cyclinD1/Cdk4 and the Bcl-2/Bax
pathways in human ovarian cancer cell line OVCAR-3.%
In conclusion, Adenosine can remarkably inhibit the
proliferation of ovarian cancer cell lines A2780 and
SKOV3 in a dose-dependent manner, which may also
induce the apoptosis of A2780 and SKOV3 cells by increas-
ing the ROS level, up-regulating the expression of pro-
apoptotic protein Bax, and activating caspase-3. This
study suggests that Adenosine has some antitumor activity,
which displays a promising prospect for research and devel-
opment. However, further research is needed to develop
Adenosine into a clinically effective anticancer drug.
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