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Cisplatin induces apoptosis of A549 cells by
downregulating peroxidase V

X. CHEN'"?, K.-W. WANG?, Y.-Q. CHEN'*

'Medical College, Shandong University, Jinan, China
’Department of Gerontology, The First Affiliated Hospital of Bengbu Medical College,

China
*Department of Respiratory Medicine, The First Affiliated Hospital of Bengbu

Bengbu, China

Abstract. — OBJECTIVE: The purpose of the
study was to investigate the role of peroxidase
V (Prx V) in Cisplatin-induced apoptosis of A549
cells and its underlying mechanism.
MATERIALS AND METHODS: MTT (3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide) assay was conducted to evaluate the reg-
ulatory effect of Cisplatin on the survival of A549
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CONCLUSIONS: Cisplatin treatment induc-
es the ROS production, increases the apoptot-
ic rate and downregulates the Prx expression in
A549 cells.
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e performed for NSCLC patients
e operated. Platinum-based com-
chemotherapy is the standard treatment
operative or advanced lung cancer patien-
ts. Cisplatin is a representative drug of platinum
and belongs to the cytotoxic cell cycle nonspeci-
fic agent'. However, the long-term use of Cisplatin
may eventually cause drug resistance in a part of
tumor patients. A large number of studies have
shown that reactive oxygen species (ROS) exerts a
crucial role in the progression of various cancers,
involving in the regulation of cell proliferation,
apoptosis, and aging?®. Excessive production of in-
tracellular ROS leads to oxidative stress and cell
apoptosis®. Elevated ROS alters the permeability
of mitochondrial membranes, releases cytochro-
me c, and activates the caspase signaling pathway.
Therefore, a medication that increases intracellu-
lar ROS is an effective approach for cancer tre-
atment. Scholars*® have shown that some certain
drugs can kill cancer cells by increasing intracel-
lular ROS levels.

Peroxiredoxin (Prx) is a class of proteins that
could scavenge intracellular ROS and plays a cru-
cial role in peroxidative detoxification'®'2. Prx V
is a member of the Prx family, which is capable
of eliminating intracellular ROS and peroxynitri-
te'*!. Previous studies have shown that treatment
of sodium nitroprusside dihydrate (SNP) and lipo-
polysaccharide (LPS) increase protein level of Prx
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V in BV2 neuroglial cells, which is considered to
be associated with elevated level of intracellular
ROSIS. Other studies have shown the protective
role of Prx V in P53-induced apoptosisl6. Recom-
binant Prx V protects apoptosis induced by oxi-
dative stress17. However, the mechanism of Prx V
in ROS-induced apoptosis of NSCLC cells is still
unclear. In this study, we selected A549 cells as
the research objects to explore the role of Prx V in
Cisplatin-induced cell apoptosis.

Materials and Methods

Cell Lines and Reagents
Cisplatin was obtained from Selleck Chemicals
(Houston, TX, USA); A549 cells were obtained
from American Type Culture Collection (ATCC,
Manassas, VA, USA); Dulbecco’s Modified Ea-
gle Medium (DMEM) was provided by Hyclo-
ne (South Logan, UT, USA); fetal bovine serum
(FBS) was provided by Gibco (Rockville, MD,
USA); mouse anti-Bcl2, BAD, caspase-3, Prx V,
Prx II, and a-tubulin were obtained from Abcam
(Cambridge, MA, USA); Annexin-V-FITC gnd
CMH2DCFDA were provided by Beyotime (S
ghai, China); NAC was obtained from Beyot
(Shanghai, China).

Cell Culture
A549 cells were cultured 1

“© for 4 h. The supernatant was
d and 100 pL of DMSO (dimethyl sul-
ema-Aldrich, St. Louis, MO, USA)
was added into each well. The absorbance value
was recorded at the wavelength of 570 nm with a
microplate reader.

Cell Apoptosis Determination

AS549 cells were fixed overnight and incubated
with 10 pL of Annexin V-fluorescein isothiocya-
nate (FITC) in the dark for 10 min. 300 pL of

binding buffer and 5 pL of Propidium lodide
(PI) were added, followed by apoptosis detection
using flow cytometry.

ROS Detection

A549 cells were incubated with the diluted
fluoroprobe, 2’,7’-dichlorodihydrofluorescein dia-
cetate (DCFH-DA; Beyotime Institute of Biote-
chnology, Shanghai, China) for 20 adgmat 37°C

were represented as mean + standard deviation
(x=£s). Differences between groups were analyzed
by the #-test. p<0.05 was considered statistically
significant.

Results

Cisplatin-Induced Apoptosis of A549 Cells

MTT assay was conducted to evaluate the
regulatory effect of Cisplatin on the survival
of A549 cells. It is found that the survival rate
of A549 cells gradually decreases with the in-
creased dose of Cisplatin (Figure 1A). To veri-
fy whether Cisplatin treatment could increase
ROS level in A549 cells, cells were first indu-
ced with 0, 2, 4, and 6 mol/L Cisplatin for 24
h, respectively. Immunofluorescence results
elucidated that cellular ROS level increases in
a dose-dependent manner (Figure 1B). Subse-
quently, cell apoptosis was determined by im-
munofluorescence and flow cytometry. Both
experimental results revealed the increased
apoptotic rate of A549 cells with the elevation
of Cisplatin dose (Figure 1C and 1D). The above
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Figure 1. Cisplatin induced apoptosis of A549 cells. 4
ROS level in A549 cells was detected using immunofluo
green light was Annexin-V-FITC staining, redli

this speculation, A549 cells
ated with DMSO, 4 pumol/L Cisplatin or 4
platin + 5 mmol/L NAC, respectively.
Cell apoptosis and ROS level were then determi-
ned. ROS level was found to be remarkably redu-
ced after NAC pretreatment (Figure 2A). Besides,
the apoptotic rate of A549 cells was reduced by
NAC pretreatment as well (Figure 2B and 2C).
These results elucidated that Cisplatin-induced
apoptosis of A549 cells is closely related to eleva-
tion of ROS level.
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Effects of Cisplatin Treatment
on Expressions of Apoptosis-Related
Genes and Prx V

As a member of the Prx family, Prx V is ca-
pable of scavenging ROS in cells. To detect the
expression change of Prx V in Cisplatin-induced
apoptosis of A549 cells, A549 cells were treated
with different doses of Cisplatin (0, 2, 4 pmol/L)
for 24 h. Western blot results showed that the
protein level of Prx V in A549 cells remarkably
decreases in a dose-dependent manner (Figure
3A). We also found that the protein level of Prx
V decreases in a time-dependent manner after 4
umol/L Cisplatin treatment for 0, 3, 6, 9, and 12 h,
respectively (Figure 3B). No significant differen-
ce was observed in protein level of Prx II. Protein
expressions of apoptosis-related genes were de-
tected by Western blot as well. With the treatment
prolongation of 4 pmol/L Cisplatin in A549 cells,
Bcl-2 and caspase-3 were downregulated, where-
as BAD upregulated (Figure 4).
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Figure 2. Cisplatin-induced apoptosis of A549 cells was closely related to s were treated with
DMSO, 4 umol/L Cisplatin or 4 umol/L Cisplatin + 5 mmol/L NAC, respe 49 cells was detected
using immunofluorescence. B, Apoptotic A549 cells was detected using ce. C, Apoptotic A549 cells was
detected using flow cytometry. Bar = 100 um.
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Figure 3. Effect of Cisplatin treatment on protein expressions of Prx V and Prx II. A, Protein expressions of Prx II, Prx V in
AS549 cells treated with different doses of Cisplatin (0, 2, 4 umol/L) for 24 h. B, Protein expressions of Prx II, Prx V in A549
cells treated with 4 pmol/L Cisplatin treatment for 0, 3, 6, 9, 12 h.
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Discussion

NSCLC has a very high mortality rate, whe-
reas the cure rate after radiotherapy is far away
from satisfactory. Chemotherapy in NSCLC pa-
tients induces a strong drug resistance and has
a certain damage to normal human cells, which
severely affects its therapeutic effect. Hence, it
is urgent to develop novel therapeutic targets for
treating NSCLC. Cisplatin has been widely ap-
plied in chemotherapy for tumors and is consi-
dered to be one of the most effective treatments
for treating solid tumors. However, tumor cells
are prone to develop resistance to chemothera-
peutic drugs, which has become a major obsta-
cle in cancer treatment. Due to the emergence
of drug resistance, the mortality rate of patients
remains high. Current studies mainly focus on
searching for new targets that could reduce the
drug resistance and increase the chemotherapy
sensitivity to tumor cells.
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This study found that Cisplatin treatment
can induce apoptosis in A549 cells and effecti-
vely increase intracellular ROS level. It is well
known that ROS stimulates the opening of mi-
tochondrial permeability transition pore, cyto-
chrome ¢ release, and caspase-3 activationl8.
In addition, cell apoptosis leads to the protein
processing of pro-apoptotic protein members
of the Bcl-2 family, further translogadgae to the
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Figure 4. Effect of Cisplatin treatment on protein expressions of Bcl2, BAD, and procaspase-3. Protein expressions of Bcl-2,
BAD, and procaspase-3 in A549 cells and the quantification of protein expressions of Bcl-2, BAD, and procaspase-3. ‘p<0.05,

“p<0.01, ""p<0.001, compared with 0 umol/L group.
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2 were involved in Cisplatin-induced apoptosis.
An increase in intracellular ROS clearly leads to
changes in the intracellular level of Prx. As an
anti-peroxidase, Prx V regulates ROS level in
cells and participates in cell signal transduction,
proliferation, and apoptosis. This investigation
showed that Cisplatin treatment significant-
ly downregulates protein expression of Prx V,
whereas Prx II level did not change, indicating
that Cisplatin treatment upregulates ROS level
mainly by downregulating the expression of Prx
V. However, whether Prx V is the only one in
Prx family that is sensitive to Cisplatin remains
to be further investigated. We firstly elucidated
the effect of Cisplatin on the apoptosis of A549
cells. Our results demonstrated that Cisplatin
treatment could downregulate protein level of
Prx V and increase cellular ROS level in A549
cells, revealing the regulatory effect of Prx V
on Cisplatin-induced ROS production and cell
apoptosis in NSCLC. We provided a new theo-
retical basis for NSCLC treatment targeting on
reducing ROS level.

To sum up, Cisplatin treatment remarkably
downregulated protein level of Prx V, elevated
cellular ROS level, and activated apoptoti
thways in A549 cells. Our study provides
ideas and therapeutic foundations for clinical
atment of NSCLC.

Conclusjo
We found that cis

ROS production, in
downregulates t
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