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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 
cells. ROS (Reactive Oxygen Species) level in 
A549 cells induced with 0, 2, 4, and 6 mol/L Cis-
platin for 24 h was determined using immunoflu-
orescence. Apoptosis of Cisplatin-induced A549 
cells was determined by immunofluorescence 
and flow cytometry, respectively. Western blot 
was performed to detect protein levels of Prx V, 
Bcl-2 (B-cell lymphoma 2), BAD ,and caspase-3 
in Cisplatin-induced A549 cells. 

RESULTS: Survival rate of A549 cells gradu-
ally decreased with the increased dose of Cis-
platin. Immunofluorescence results elucidat-
ed that cellular ROS level in Cisplatin-induced 
A549 cells increases in a dose-dependent man-
ner. Both immunofluorescence and flow cytom-
etry results revealed that the apoptotic rate of 
A549 cells increases with the elevation of Cis-
platin dose. Besides, the apoptotic rate and ROS 
level of A549 cells were reduced by NAC pre-
treatment. Western blot results showed that the 
protein level of Prx V remarkably decreased in a 
dose-dependent manner, whereas Prx II expres-
sion did not change. With the treatment prolon-
gation of 4 μmol/L Cisplatin in A549 cells, Bcl-2 
and caspase-3 were downregulated, while BAD 
upregulated.

CONCLUSIONS: Cisplatin treatment induc-
es the ROS production, increases the apoptot-
ic rate and downregulates the Prx expression in 
A549 cells.

Key Words:
Prx V, ROS, Apoptosis, Cisplatin.

Introduction

Non-small cell lung cancer (NSCLC) is a com-
mon malignancy with a high mortality rate. Cur-
rently, surgical resection is the preferred option 
for treating NSCLC. Besides, chemotherapy and 
radiotherapy are performed for NSCLC patients 
who cannot be operated. Platinum-based com-
bination chemotherapy is the standard treatment 
of postoperative or advanced lung cancer patien-
ts. Cisplatin is a representative drug of platinum 
and belongs to the cytotoxic cell cycle nonspeci-
fic agent1. 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 aging2. Excessive production of in-
tracellular ROS leads to oxidative stress and cell 
apoptosis3. 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. Scholars4-9 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 detoxification10-12. Prx V 
is a member of the Prx family, which is capable 
of eliminating intracellular ROS and peroxynitri-
te13,14. 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 
ROS15. Other studies have shown the protective 
role of Prx V in P53-induced apoptosis16. 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 α-tubulin were obtained from Abcam 
(Cambridge, MA, USA); Annexin-V-FITC and 
CMH2DCFDA were provided by Beyotime (Shan-
ghai, China); NAC was obtained from Beyotime 
(Shanghai, China). 

Cell Culture
A549 cells were cultured in DMEM containing 

10% FBS, 100 U/mL penicillin and 100 μg/mL 
streptomycin. They were maintained in an incu-
bator with 5% CO2 at 37°C. 

MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Di-
phenyl Tetrazolium Bromide) Assay

A549 cells were seeded in the 96-well plate 
at a dose of 1×105/mL and incubated for 22 h. 
Subsequently, cells were starved for another 2 
h. Culture medium was replaced with 20 μL of
methyl thiazolyl tetrazolium (MTT) solution (5
g/L) (Sigma-Aldrich, St. Louis, MO, USA) and
incubated at 37°C for 4 h. The supernatant was
discarded and 100 μL of DMSO (dimethyl sul-
foxide) (Sigma-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
A549 cells were fixed overnight and incubated 

with 10 μL of Annexin V-fluorescein isothiocya-
nate (FITC) in the dark for 10 min. 300 μL of 

binding buffer and 5 μL of Propidium Iodide 
(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 min at 37°C 
with slight shaking for 5 min. After washing with 
serum-free culture medium, the cells were exami-
ned under a fluorescence microscope.

Western Blot 
A549 cells were lysed for protein extraction. 

The concentration of each protein sample was 
determined by a BCA (bicinchoninic acid) kit 
(Beyotime, Shanghai, China). The protein sample 
was separated by gel electrophoresis and transfer-
red to PVDF (polyvinylidene difluoride) membra-
nes (Roche, Basel, Switzerland). After incubation 
with primary and secondary antibody, immuno-
reactive bands were exposed by enhanced chemi-
luminescence (ECL) method.

Statistical Analysis
We used Statistical Product and Service Solu-

tions (SPSS) 17.0 software (IBM, Armonk, NY, 
USA) for statistical analysis. The quantitative data 
were represented as mean ± standard deviation 
(x̅±s). Differences between groups were analyzed 
by the t-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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data suggested that Cisplatin treatment induces 
ROS production and apoptosis of A549 cells.  

Cisplatin-Induced Apoptosis of A549 
Cells Was Closely Related to ROS 
Production 

We speculated that Cisplatin-induced apopto-
sis of A549 cells may be related to the elevation 
of cellular ROS level. NAC, as a ROS scavenger, 
was utilized for pretreatment with A549 cells for 
30 min. To verify this speculation, A549 cells 
were treated with DMSO, 4 μmol/L Cisplatin or 4 
μmol/L Cisplatin + 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. 

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 μmol/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 
μmol/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 μmol/L Cisplatin in A549 cells, 
Bcl-2 and caspase-3 were downregulated, where-
as BAD upregulated (Figure 4).

Figure 1. Cisplatin induced apoptosis of A549 cells. A, Survival rate of A549 cells was determined using the MTT assay. B, 
ROS level in A549 cells was detected using immunofluorescence. C, Apoptotic A549 cells induced by Cisplatin treatment. The 
green light was Annexin-V-FITC staining, red light was PI staining, and merge was the overlap of green and red staining. The 
light was A549 cells under the white light. Bar = 100 μm. D, Quantification of apoptotic A549 cells. Data were expressed as 
mean±SD, n=3. *p<0.05, ***p<0.001, compared with DMSO group.
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Figure 2. Cisplatin-induced apoptosis of A549 cells was closely related to ROS production. A549 cells were treated with 
DMSO, 4 μmol/L Cisplatin or 4 μmol/L Cisplatin + 5 mmol/L NAC, respectively. A, ROS level in A549 cells was detected 
using immunofluorescence. B, Apoptotic A549 cells was detected using immunofluorescence. C, Apoptotic A549 cells was 
detected using flow cytometry. Bar = 100 μm.

Figure 3. Effect of Cisplatin treatment on protein expressions of Prx V and Prx II. A, Protein expressions of Prx II, Prx V in 
A549 cells treated with different doses of Cisplatin (0, 2, 4 μmol/L) for 24 h. B, Protein expressions of Prx II, Prx V in A549 
cells treated with 4 μmol/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.

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 c release, and caspase-3 activation18. 
In addition, cell apoptosis leads to the protein 
processing of pro-apoptotic protein members 
of the Bcl-2 family, further translocating to the 
outer membrane of mitochondria. Inhibition of 
Bcl-2 exerts an opposite result as promoting cell 
apoptosis19. In the present work, our results 
showed that ROS scavenger effectively redu-
ces ROS level, and thereby inhibits apoptosis of 
A549 cells. It is indicated that Cisplatin-induced 
apoptosis of A549 cells is directly related to in-
tracellular ROS level.

We also found activated caspase-3, downregu-
lated Bcl2, and upregulated BAD in A549 cel-
ls after Cisplatin treatment, indicating that the 
classic apoptotic pathways of caspase-3 and Bcl-

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 μmol/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 apoptotic pa-
thways in A549 cells. Our study provides new 
ideas and therapeutic foundations for clinical tre-
atment of NSCLC. 

Conclusions

We found that cisplatin treatment induced the 
ROS production, increased the apoptotic rate, and 
downregulates the Prx expression in A549 cells.

Funding Acknowledgements
Natural Science Foundation of Anhui Province (17080 
85QH219) and Science and Technology Development Proj-
ect of Bengbu Medical College (Byff12B22).

Conflict of Interest
The Authors declare that they have no conflict of interest.

References

 1) Pfister DG, Johnson Dh, Azzoli CG, sAuse W, smith 
tJ, BAker sJ, olAk J, Stover D, Strawn JR, Turrisi 
AT, Somerfield MR. American Society of Clinical 
Oncology treatment of unresectable non-small-
cell lung cancer guideline: update 2003. J Clin 
Oncol 2004; 22: 330-353.

 2) GAmAley iA, klyuBin iV. Roles of reactive oxygen 
species: signaling and regulation of cellular fun-
ctions. Int Rev Cytol 1999; 188: 203-255.

 3) ozBen t. Oxidative stress and apoptosis: impact 
on cancer therapy. J Pharm Sci 2007; 96: 2181-
2196.

 4) Qu l, liu fX, CAo XC, XiAo Q, yAnG X, ren kQ. 
Activation of the apoptosis signal-regulating kina-
se 1/c-Jun N-terminal kinase pathway is involved 
in the casticin-induced apoptosis of colon cancer 
cells. Exp Ther Med 2014; 8: 1494-1500.

 5) Chen D, CAo J, tiAn l, liu f, shenG X. Induction 
of apoptosis by casticin in cervical cancer cells 
through reactive oxygen species-mediated mito-
chondrial signaling pathways. Oncol Rep 2011; 
26: 1287-1294.

 6) yAnG J, yAnG y, tiAn l, shenG Xf, liu f, CAo JG. 
Casticin-induced apoptosis involves death re-
ceptor 5 upregulation in hepatocellular carcino-
ma cells. World J Gastroenterol 2011; 17: 4298-
4307.

 7) li AX, sun m, li X. Withaferin-A induces apoptosis 
in osteosarcoma U2OS cell line via generation of 
ROS and disruption of mitochondrial membrane 
potential. Eur Rev Med Pharmacol Sci 2017; 21: 
1368-1374.

 8) WAnG X, hu J, WAnG P, zhAnG s, liu y, XionG W, liu 
Q. Analysis of the in vivo and in vitro effects of 
photodynamic therapy on breast cancer by using 
a sensitizer, sinoporphyrin sodium. Theranostics 
2015; 5: 772-786.

 9) onG Jy, yonG PV, lim ym, ho As. 2-Methoxy- 
1,4-naphthoquinone (MNQ) induces apoptosis 
of A549 lung adenocarcinoma  cells via oxida-
tion-triggered JNK and p38 MAPK signaling pa-
thways. Life Sci 2015; 135: 158-164.

10) kinnulA Vl, lehtonen s, sormunen r, kAArtee-
nAho-Wiik r, kAnG sW, rhee sG, soini y. Ove-
rexpression of peroxiredoxins I, II, III, V, and VI 
in malignant mesothelioma. J Pathol 2002; 196: 
316-323.

11) CADenAs e, BoVeris A, rAGAn Ci, stoPPAni Ao. Pro-
duction of superoxide radicals and hydrogen pe-
roxide by NADH-ubiquinone reductase and ubi-
quinol-cytochrome c reductase from beef-heart 
mitochondria. Arch Biochem Biophys 1977; 180: 
248-257.

12) kAnG sW, rhee sG, ChAnG ts, JeonG W, Choi mh. 
2-Cys peroxiredoxin function in intracellular signal 
transduction: therapeutic implications. Trends Mol 
Med 2005; 11: 571-578.

13) rhee sG, ChAe hz, kim k. Peroxiredoxins: a histori-
cal overview and speculative preview of novel me-
chanisms and emerging concepts in cell signaling. 
Free Radic Biol Med 2005; 38: 1543-1552.

14) hofmAnn B, heCht hJ, flohe l. Peroxiredoxins. Biol 
Chem 2002; 383: 347-364.

15) sun hn, kim su, huAnG sm, kim Jm, PArk yh, kim 
sh, yAnG hy, ChunG kJ, lee th, Choi hs, min Js, 
PArk mk, kim sk, lee sr, ChAnG kt, lee sh, yu Dy, 
lee Ds. Microglial peroxiredoxin V acts as an in-

RET
RACTE

D



Cisplatin induces apoptosis of A549 cells by downregulating peroxidase V

7295

ducible anti-inflammatory antioxidant through co-
operation with redox signaling cascades. J Neu-
rochem 2010; 114: 39-50.

16) zhou y, kok kh, Chun AC, WonG Cm, Wu hW, lin

mC, funG PC, kunG h, Jin Dy. Mouse peroxiredoxin
V is a thioredoxin peroxidase that inhibits p53-in-
duced apoptosis. Biochem Biophys Res Commun
2000; 268: 921-927.

17) PlAisAnt f, CliPPe A, VAnDer sD, knooPs B, Gressens

P. Recombinant peroxiredoxin 5 protects against

excitotoxic brain lesions in newborn mice. Free 
Radic Biol Med 2003; 34: 862-872.

18) sekhon B, sekhon C, khAn m, PAtel sJ, sinGh i, sinGh

Ak. N-Acetyl cysteine protects against injury in a
rat model of focal cerebral ischemia. Brain Res
2003; 971: 1-8.

19) PAtten DA, GermAin m, kelly mA, slACk rs. Reactive
oxygen species: stuck in the middle of neurode-
generation. J Alzheimers Dis 2010; 20 Suppl 2:
S357-S367.

RET
RACTE

D




