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Nrf2 induces cisplatin resistance through activation of 
autophagy in ovarian carcinoma
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Abstract: Cisplatin resistance is a major problem affecting ovarian carcinoma treatment. NF-E2-related factor 2 
(Nrf2), a nuclear transcription factor, plays an important role in chemotherapy resistance. However, the underlying 
mechanism by which Nrf2 mediates cisplatin chemoresistance is unclear. Methods: The human ovarian carcinoma 
cell line, A2780, and its cisplatin-resistant variant, A2780cp were cultivated. Cell viability was determined with 
WST-8 assay. Western blot was applied to detect the expression of Nrf2, Nrf2 target genes, and autophagy-related 
proteins. RNA interference was used to knock down target genes. Annexin V and propidium iodide (PI) staining was 
utilized to quantify apoptosis. The ultrastructural analysis of autophagosomes was performed by transmission elec-
tron microscopy (TEM). Results: Nrf2 and its targeting genes, NQO1 and HO-1, are overexpressed in A2780cp cells 
compared with A2780 cells. Knocking down Nrf2 sensitized A2780cp cells to cisplatin treatment and decreased 
autophagy-related genes, Atg3, Atg6, Atg12 and p62 in both mRNA and protein levels. Furthermore, we demonstrat-
ed that in both cell lines cisplatin could induce the formation of autophagosomes and upregulate the expression 
of autophagy-related genes Atg3, Atg6 and Atg12. Treatment with an autophagy inhibitor, 3-Methyladenine (3-MA), 
or beclin 1 siRNA enhanced cisplatin-induced cell death in A2780cp cells, suggesting that inhibition of autophagy 
renders resistant cells to be more sensitive to cisplatin. Taken together, Nrf2 signaling may regulate cisplatin resis-
tance by activating autophagy. Conclusions: Nrf2-activated autophagy may function as a novel mechanism causing 
cisplatin-resistance.
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Introduction

Ovarian cancer is one of the most common 
gynecological malignances. The 5 year overall 
survival is approximately 30%, owing to 
advanced stage diagnosis and development of 
chemoresistance [1]. Cisplatin-based resis-
tance has been a major obstacle for successful 
treatment of ovarian cancer. Currently, the 
underlying mechanisms can be classified into 
two categories. The first is reduced uptake, 
enhanced efflux, and increased inactivation of 
cisplatin, which involve steps preceding the 
binding of cisplatin to DNA or damage to DNA-

cisplatin adducts; the other is an increased 
DNA damage repair program and prevention of 
apoptosis by a variety of signaling pathways 
that are elicited by DNA-cisplatin adducts [2]. 
However, this type of clinical issue is still not 
fully understood and optimal strategies to over-
come cisplatin resistance need to be further 
explored.

Erythroid transcription factor NF-E2 (Nrf2) plays 
a critical role against oxidative and electrophilic 
stress [3]. Under normal conditions, Nrf2 inter-
acts with Kelch-like ECH-associated protein 1 
(Keap1), and is degraded by the ubiquitin-prote-
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asome pathway to maintain Nrf2 at a low level. 
In response to electrophiles and oxidative 
stress, Nrf2 dissociates from Keap1, provoking 
the activation of Nrf2 [4, 5]. Nrf2 accumulates 
in the nucleus and activates the induction of 
phase II detoxifying enzymes, including NAD(P)
H: quinone oxidoreductase (NQO1) and antioxi-
dant proteins, such as hemeoxygenase-1 (HO-
1) [6]. Many investigations have shown that the 
Nrf2-Keap1 pathway protects cells from many 
diseases including neurodegenerative disease 
and cancers [7, 8]. Recently, however, the dark 
side of Nrf2 was also revealed. Constitutive 
activation of Nrf2 is associated with tumorigen-
esis and resistance of chemotherapeutics in 
lung cancer, colon cancer, prostate cancer and 
type II endometrial cancer [9-12]. Whether Nrf2 
plays a role in cisplatin chemoresistance of 
ovarian cancer, however, is unclear. 

In autophagy, or “Type II Programmed Cell 
Death”, the cell digests damaged organelles 
and molecules to maintain cellular homeosta-
sis [13]. Autophagy is regulated by a group of 
autophagy-related genes (Atgs) with the core 
machinery involving two ubiquitin systems: the 
Atg12-Atg5-Atg16 system and the Atg8-LC3 
system [14]. In most cases, autophagy acts as 
a cytoprotective mechanism and dysfunction of 
autophagy has been shown to lead to diverse 
pathologies, including myopathies, aging and 
neurodegeneration [15]. In cancer this protec-
tive action can be deleterious because it may 
allow cancer cells to become resistant to anti-
cancer treatment. In fact, some drug-resistant 
cancer cells exhibit increased activation of 
autophagy [16, 17]. However, in other condi-
tions, drug exposure impaired autophagy in 
resistant cancer cells [18]. 

Mammalian sequestosome 1 (p62/SQSTM1) is 
a multifunctional scaffolding protein, which 
binds LC3 and traffics proteins for autophagy 
degradation [19]. A recent study revealed that 
p62 was capable of binding to Keap1, and com-
petes with Nrf2 for the Keap1 binding site [20]. 
Therefore, the Nrf2-Keap1 system is associat-
ed with autophagy by p62. Here, we hypothe-
sized that the Nrf2-Keap1 signaling pathway 
may play a role in cisplatin resistance through 
regulation of autophagy in ovarian cancer. The 
illustration of the interaction between Nrf2 and 
autophagy pathway may help with the develop-
ment of new potential therapeutic targets in 
ovarian cancer.

Methods 

Cell lines 

The cisplatin-sensitive human ovarian cancer 
cell line A2780 and its cisplatin-resistant clone 
A2780cp were obtained from Shanghai Key 
Laboratory of Female Reproductive Endocrine 
Related Diseases. A2780 cells were cultured in 
Dulbecco’s modified Eagle medium (DMEM, 
Gibco), supplemented with 10% fetal bovine 
serum (FBS, Biowest, South America Origin), 
100 U/mL penicillin and 100 μg/mL streptomy-
cin (Sigma-Aldrich, St. Louis, MO) at 37°C and 
5% CO2 with high humidity. The cisplatin-resis-
tant A2780cp cells were maintained in DMEM 
supplemented with 10% fetal bovine serum 
medium containing 1 ug/mL cisplatin to main-
tain resistance.

Reagents

Cisplatin was purchased from Hansoh Pharma- 
ceutical Co., Ltd. (Lianyungang, Jiangsu, China). 
3-Methylademine (3-MA) was purchased from 
Sigma-Aldrich and dissolved in sterile double 
distilled water at 65°C.

Cell viability assay

Cells were seeded at 1×104 cells per well in 
96-well plates. The following day, different con-
centrations of cisplatin were added to the wells 
and incubated for 24 h. Each treatment was 
repeated in four wells. The measurement of 
viable cell mass was assessed by a Cell 
Counting Kit (Dojin Laboratory, Kumamoto, 
Japan). In brief, an aliquot of 10 μl of CCK-8 
plus 100 μl DMEM was added to each well and 
incubated for 2 h. Absorbance was measured 
with a Microplate Reader (Model680, BioRad, 
USA) at a wavelength of 450 nm. Each experi-
ment was repeated three times.

Western blot

Cells were washed with cold PBS twice and 
incubated in ice-cold lysis buffer (50 nM Tris pH 
7.4, 150 mM NaCl, 2 mM EDTA, 1% NP-40, 
0.5% sodium deoxycholate, 0.1% SDS and com-
plete mini-cocktail protease inhibitors) for 30 
min at 4°C. After centrifugation at 12,000 rpm 
for 15 min, supernatants were collected. 
Protein concentration was determined using 
BCA protein assay kit (Pierce, Rockford, USA). 
For western blot analysis, 20 μg lysate proteins 
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were separated by 10-15% w/v SDS-poly- 
acrylamide gel (SDS-PAGE) and transferred to 
PVDF membranes (Millipore, Bedford, MA). 
Membranes were blocked with 5% non-fat milk 
in PBS for 1 h at room temperature. The mem-
branes were incubated with rabbit monoclonal 
antibodies for Atg3, Atg5, beclin 1, Atg12 and 
Keap1 (1:1000) from Cell Signaling Technology; 
rabbit monoclonal antibody Nrf2 (1:20000) 
from Abcam; mouse monoclonal antibody 
NQO1 (1:2000) from Santa Cruz Biotechnology; 
rabbit polyclonal antibody p62 (1:500) from 
Proteintech; rabbit polyclonal antibody HO-1 
(1:1000) from Enzo Life Science. HRP-con- 
jugated β-actin monoclonal antibody (1:20000), 
HRP-conjugated anti-rabbit IgG (1:6000) and 
HRP-conjugated anti-mouse IgG1 (1:6000) 
from Sigma-Aldrich were used as secondary 
antibodies for an incubation period of 1.5 h. 
Membranes were washed three times with 
PBS-T between each antibody incubation. Pro- 
tein bands were visualized using an enhanced 
chemiluminescence Western Blot analysis sys-
tem (Pierce, Rockford, USA).

Quantitative real-time PCR analysis (qRT-PCR)

Total RNA was extracted from cultured cells 
using Trizol reagent (Invitrogen, Carlsbad, CA) 

according to manufacturer’s protocol and quan-
tified with Nanodrop 2000 (Thermo, Japan). 
First-strand cDNA synthesis and amplification 
were performed using reverse transcription 
reagents (Takara, Dalian, China) following the 
manufacturer’s instructions. The quantitative 
PCR reactions included 7.6 μl cDNA and 12.4 μl 
of SYBR Green Master Mix (Takara, Dalian, 
China) with a pair of primers. The reactions 
were monitored on a 7500 Real-Time PCR 
System with 7500 software, version 2.0.5 
(Applied Biosystems, Foster City, CA). The levels 
of mRNA were calculated using the equation 
2-ΔΔCT and normalized to human β-actin mRNA 
levels. The primers were synthesized by Sengon 
Bio Co. (Shanghai, China) and listed in Table 1. 
The real-time PCR condition was as follows: 1 
cycle of initial denaturation (95°C for 10 min), 
40 cycles of amplification (95°C for 15 s and 
60°C for 60 s) and a cooling program (50°C for 
5 s). Two independent PCR assays were 
performed. 

siRNA transfection

Nrf2 specific siRNA (sense, CCCGUUUGUAG- 
AUGACAAUTT, antisense AUUGUCAUCUACAAA- 
CGGGTT), negative control siRNA (sense, 
UUCUCCGAACGUGUCACGUTT, antisense, ACG- 
UGACACGUUCGGAGAATT) and the beclin 1 
siRNA (sense, CGGCUCCUAUUCCAUCAAATT, an- 
tisense, UUUGAUGGAUAGGAGGCCGTT) were 
constructed by Genepharma (Shanghai, China). 
The transfection of siRNA was performed using 
Lipofectamine 2000 Reagent (Invitrogen, Car- 
lsbad, CA) according to the manufacturer’s pro-
tocol. Briefly, a total of 20×104 cells were seed-
ed into 6 well plates, and transfected the next 
day with a 100 nM final concentration of siRNA, 
using 5 μl Lipofectamine 2000. Cells were har-
vested 48 h after transfection for western blot 
analysis. To measure the effect of siRNA and 
cisplatin treatment together, the cells were 
treated with cisplatin for another 24 h before 
determining cell viability and apoptosis.

Transmission electron microscopy (TEM)

Cells were fixed in 2.5% glutaraldehyde in 0.1 M 
phosphate buffer for 2 h at 4°C, and then post-
fixed in 1% osmium tetroxide for 3 h. Samples 
were scraped and pelleted, dehydrated in a 
graded series of ethanol baths, and infiltrated 
and embedded in Epon resin. Ultrathin sections 
of 70 nM were cut in a Leica microtome (Leica, 

Table 1. Real-time Primers
Gene Primers
hNrf2 forward (ACACGGTCCACAGCTCATC)

reverse (TGTCAATCAAATCCATGTCCTG)
hKeap1 forward (ATTGGCTGTGTGGAGTTGC)

reverse (CAGGTTGAAGAACTCCTCTTGC)
hNQO1 forward (ATGTATGACAAAGGACCCTTCC)

reverse (TCCCTTGCAGAGAGTACATGG)
hHO-1 forward (AACTTTCAGAAGGGCCAGGT)

reverse (CTGGGCTCTCCTTGTTGC)
hp62 forward (GAACTCCAGTCCCTACAGAT)

reverse (CGATGTCATAGTTCTTGGTC)
hAtg3 forward (GATTATGGTTGTTTGGCTAT)

reverse (TGGTCACATCTATGGGTT)
hAtg5 forward (TGGGCCATCAATCGGAAACTC)

reverse (TGCAGCCACAGGACGAAACAG)
hAtg6 forward (AGGAACTCACAGCTCCATTAC)

reverse (AATGGCTCCTCTCCTGAGTT)
hAtg12 forward (CCTCGGAACAGTTGTTTAT)

reverse (CAGGACCAGTTTACCATCAC)
Nrf2 pathway and autophagy related genes Real-time 
Primers are listed out.
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Deerfield, Ill), stained with uranyl acetate for 3 
min, and examined in a JEOL JEM-1400 trans-
mission electron microscopy (JEOL Ltd, Tokyo, 
Japan) at an accelerating voltage of 80 kv. 

TUNEL assay

Cells were seeded at 30×104 cells per well on 
6-well plates and fixed with 4% paraformalde-
hyde at room temperature for 1 h after adher-
ence. Between each step, cells were thrice 
rinsed with PBS for 5 min each. Then 50 μl of 
TUNEL (In situ cell death detection kit, TMR red, 
Roche) reaction mixture (5 μl TdT enzyme + 45 
μl dUTP) was added to the cells, and incubated 
at 37°C for 1 h. Cell nuclei were stained with 1 
ml 10 μg/ml DAPI (Roche, USA) for 5 min at 
room temperature in the dark. The cells were 
observed under the fluorescence microscope 
for TUNEL and DAPI staining (Olympus IX51, 
Tokyo, Japan).

Apoptosis analysis

For assessment of apoptosis, the Annexin V- 
FITC staining kit (BD Pharmalgen, CA, USA) was 
used. After treating the cells for 24 h, both 
floating and adherent cells were collected and 
centrifuged at 5,000 rpm for 5 min. Cells were 
resuspended in 500 μl binding buffer and 
stained with 5 μl Annexin V and 5 μl PI for 15 
min at room temperature in the dark. The sam-
ples were analyzed by flow cytometry (FC500 
MPL, Beckman coulter, USA). Twenty thousand 
events were measured and results were 
expressed as the percentage (Annexin V + with 
PI +/-) of apoptotic cells. 

Statistical analysis

Data was presented as mean ± SD. Student’s t 
test was used to compare the difference 
between two groups (two-tailed; P<0.05 was 
considered significant). The analysis was per-
formed using SPSS 16.0 software.

Results

Nrf2 pathway is activated in resistant ovarian 
cancer cells

To determine whether A2780cp cells are truly 
resistant to cisplatin, A2780 and A2780cp cells 
were treated with different concentrations of 
cisplatin for 24 h. The cell viability assay 
revealed that the percentage of surviving cells 

decreased significantly in a dose-dependent 
manner in both cell lines. However, the 50 per-
cent inhibition concentration (IC50) for cisplat-
in in the A2780 and A2780cp cells was 
6.5±0.81 (μg/ml) VS 39.4±8.9 (μg/ml), respec-
tively (P<0.05) (Figure 1A). As shown in Figure 
1B, the mRNA level of Nrf2 in A2780cp cells 
was 3.17 times fold, Keap1 2.51 times fold and 
HO-1 7.66 times fold higher than those in 
A2780 cells respectively (P<0.05). NQO1 mRNA 
expression showed no significant difference in 
both cell lines (P>0.05). Western blot analysis 
further confirm that all of Nrf2, Keap1, NQO1 
and HO-1 in A2780cp cells were overexpressed 
compared with those in A2780 cells (Figure 
1C). 

Knockdown of Nrf2 enhanced cisplatin-in-
duced apoptosis in ovarian cancer cells

After small interfering RNA transfection (siRNA), 
Nrf2 protein level was knocked down by 
57.45%, in accompany with the downregulation 
of NQO1 (44.60%) and HO-1 (62.71%) in con-
trast to control siRNA group. Keap1 level didn’t 
change significantly with Nrf2 decreasing 
(Figure 2A). As shown in Figure 2B, cell viability 
assay showed that the combined treatment 
(Nrf2 siRNA and cisplatin) enhanced cisplatin-
induced cell death (41.48±3.42% VS 17.17± 
0.39%, P<0.05). Much more apoptotic cells 
that got smaller, detached, and were stained 
red in TUNEL and DAPI staining were shown in 
combined treatment group. Furthermore, Anne- 
xin V/PI staining revealed that the apoptotic 
ratio of combined treatment group and cisplat-
in group were 49.2±8.52% VS 15.11±0.37% 
respectively (P<0.01) (Figure 2D). 

Cisplatin induced autophagy in ovarian cancer 
cells

To illustrate the possible relationship between 
the Nrf2 pathway and autophagy in ovarian car-
cinoma cells, we treated A2780 and A2780cp 
cells with 6 μg/ml cisplatin for 6, 12 and 24 h. 
Interestingly, as shown in Figure 3A, at differ-
ent time points, Atg3, Atg5 and Atg12 expressed 
at low level in A2780 cells relatively to those in 
A2780cp cells. The same came to p62, which 
acts as a connector between Nrf2 and autoph-
agy. Atg6, also known as beclin 1, together with 
LC3 did not significantly change between both 
cells. Further, electron transmission microsco-
py analysis showed that more autophagosomes 
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were observed in A2780cp cells treated with or 
without cisplatin compared with that in A2780 
cells. 

Next, A2780cp cells were pretreated with an 
autophagy inhibitor, 3-methyladenine (3-MA, 
2.5 mmol) for 1 h or the cells were transfected 
with beclin 1 siRNA (100 nM), and then incu-
bated with 40 μg/ml cisplatin for 24 h. The cell 
viability of 3-MA combined with cisplatin group 
and cisplatin group were 34.52±11.36% VS 

53.94±5.25% respectively (P<0.01). Besides, 
beclin 1 siRNA combined with cisplatin group 
and cisplatin group showed cell viability as 
30.18±5.01% VS 52.13±1.17%.

Nrf2 regulated autophagy in cisplatin-resistant 
ovarian cancer cells

After Nrf2 mRNA downregulation, we examined 
gene changes both at the mRNA level and pro-
tein level of the main autophagy related genes. 

Figure 1. Expression of Nrf2 pathway genes in A2780 and 
A2780cp cell lines. A. Cells were treated with different con-
centrations (5 μg/ml-50 μg/ml) of cisplatin for 24 h. Cell vi-
ability was determined using a WST-8 assay. Data (mean ± SD) 
represent the mean value of three independent experiments. 
*P<0.05. B. RNA extracted from cells was subjected to mRNA 
level examination using a real-time PCR kit. Data (mean ± SD) 
represent the mean value of three independent experiments. 
*P<0.05, **P<0.01. C. Cell lysates were collected for western 
blot analyses for Nrf2, Keap1, NQO1 and HO-1 protein detec-
tion.
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A2780cp cells were pre-transfected with con-
trol siRNA or Nrf2 siRNA (100 nM) for 48 h. The 
mRNA results revealed that Atg3, Atg5, beclin 
1, Atg12 and p62 decreased with Nrf2 knock-
down (Figure 4A). Similar effects were detected 
at the protein level; Atg3, Atg5, beclin 1, Atg12 
and p62 decreased significantly in contrast to 
control siRNA group (Figure 4B). Moreover, the 
number of autophagosomes in Nrf2 siRNA 
group also decreased in contrast to control 
siRNA group (Figure 4C). 

Discussion

Exploring the mechanism of cisplatin resis-
tance is an essential step to more successful 
treatment of ovarian cancer. Since its discov-
ery, Nrf2 has been regarded as a cytoprotec-
tive transcription factor that plays a crucial role 
in antioxidant and detoxification processes. 
However, a number of studies have shown that 
persistent activation of Nrf2 is also involved in 
chemoresistance in a wide range of solid tum- 

Figure 2. Effects of Nrf2 knockdown on cisplatin sensitivity in resistant A2780cp cells. A. After cells were transfect-
ed with Nrf2 siRNA (100 nM) for 48 h, cell lysates were collected for western blot analyses for Nrf2, Keap1, NQO1 
and HO-1. B. Cells were transfected with Nrf2 siRNA (100 nM) for 48 h, and then treated with 40 μg/ml cisplatin for 
24 h. Cell viability was determined using a WST-8 assay. Data (mean ± SD) represent the mean value of three inde-
pendent experiments. **P<0.01. C. Cells were treated with TUNEL and DAPI staining and observed by fluoroscopy 
(magnification was 20×). D. Cells were subjected to Annexin V and PI staining. The apoptosis ratio is presented as 
a result of early-stage and advanced stage apoptosis.
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ors. Stable overexpression of Nrf2 leads to 
enhanced resistance of cancer cells to chemo-
therapeutic agents including cisplatin, doxoru-
bicin and etoposide [21]. A recent study found 
that in ovarian carcinoma cells, acquisition of 
doxorubicin resistance accompanied activation 
of the Nrf2 pathway [22]. Another paper dem-
onstrated that transfection with Nrf2 siRNA 
into cisplatin resistant SK-OV ovarian cancer 
cells, enhanced cisplatin cytotoxicity [23]. 
These studies, however, failed to explore the 
underlying mechanisms about how the Nrf2 
pathway participates in cisplatin resistance in 
ovarian cancer cells. 

Here, we used the cisplatin sensitive A2780 
and resistant A2780cp cells which provide an 
ideal pair of cell lines to study ovarian cancer 
resistance since the A2780cp cells are 6 times 
more resistant to cisplatin than the parental 
cell line (Figure 1A). To illustrate the role of the 
Nrf2 pathway in cisplatin resistance in ovarian 
cancer, we compared the level of Nrf2, Keap1, 
NQO1, and HO-1 in both ovarian cancer cells. 
The basal mRNA and protein expression of 
Nrf2, NQO1 and HO-1 were high in the resistant 
A2780cp cells, but low in the cisplatin-sensitive 
A2780 cells (Figure 1B and 1C). These data 
suggest that hyperactivation of the Nrf2 path-
way may be involved in cisplatin resistance in 
ovarian cancer cells. 

Next, we transfected A2780cp cells with Nrf2 
siRNA and the expression of Nrf2, NQO1 and 
HO-1 decreased, indicating the dysfunction of 
Nrf2 pathway was in accompany with Nrf2 RNA 
down regulation. This confirmed that Keap1, as 
an upstream element, was not mediated by 
Nrf2 level directly, but NQO1, HO-1, locating at 
the downstream, decreased as Nrf2 down reg-
ulation. Furthermore, targeting Nrf2 rendered 
resistant A2780cp cells more susceptible to 
cisplatin induced cell death (Figure 2B) and 
apoptosis (Figure 2C and 2D). Moreover, it was 
reported that HO-1 was highly expressed in a 
variety of tumor tissue, and overexpression of 
HO-1 attenuated cisplatin induced apoptosis, 
while decreased expression by HO-1 siRNA 

enhanced the chemosensitivity of cisplatin [24, 
25]. Here, HO-1 was highly expressed in resis-
tant ovarian cancer cells, and inhibition of Nrf2 
resulted in the suppression of HO-1 at the same 
time, indicating that targeting both Nrf2 and 
HO-1 may be more efficient. 

However, the underlying mechanism that 
involved in the ability of the Nrf2 pathway to 
enhance cisplatin cytotoxicity is not clear. As it 
is known, p62 is a multidomain adapter pro-
tein, which functions as a molecular hub to 
mediate various signaling pathways. The Nrf2 
pathway, apoptosis and autophagy interact 
with p62, which binds LC3 in transitioning pro-
teins for autophagosome degradation, and 
meanwhile competes for Keap1 binding with 
Nrf2 [26, 27]. Previous studies revealed the 
tumorigenic suppressive role of p62 degrada-
tion by autophagy under normal conditions 
[28]. Interestingly, a recent paper found that 
p62 acted as a receptor for autophagic degra-
dation, and knockdown of p62 could sensitize 
SKOV3/DDP ovarian cancer cells to cisplatin 
[29]. While in our study, p62 was highly 
expressed in cisplatin resistant cells, but low in 
sensitive cells at the time point of 0 h and 24 h 
with cisplatin treatment. While p62 expression 
at the time point of 6 h and 12 h in both cell 
lines was close to each other. Further, with Nrf2 
siRNA transfection in A2780cp cells, we found 
that p62 decreased greatly in contrast to con-
trol siRNA transfection (Figure 4A and 4B). This 
indicated that p62 may be involved in cisplatin 
resistance, and Nrf2 knockdown resulted in 
p62 decrease in ovarian cancer cells.

What’s more, autophagy related genes were 
also downregulated as Nrf2 decreased. To 
determine whether the Nrf2 pathway has a con-
nection with autophagy with cisplatin resis-
tance, we examined the level of autophagy in 
both cell lines. The expression of autophagy 
related protein Atg3, Atg5 and Atg12 was high 
in A2780cp cells, but relatively low in A2780 
cells. Beclin 1 and LC3 I/II protein level did not 
differ greatly in both cell lines. In transmission 
electron microscopy analysis, much more 

Figure 3. The role of autophagy in cisplatin resistance of ovarian cancer cells. A. After the cells were exposed to 6 
μg/ml of cisplatin for different hours, cell lysates were collected to detect the protein levels of autophagy related 
genes. B. Cells were treated with 6 μg/ml cisplatin for 24 h and subjected to electron transmission microscopy for 
autophagosomes detection (Magnification was 10000×). Scale bars are 1 μm. C. A2780cp cells were pretreated 
with 3-MA for 1 h or transfected with beclin 1 siRNA (100 nM) for 48 h, and then treated with cisplatin (40 μg/ml) 
for 24 h. Cell viability was determined using a WST-8 assay (**P<0.01).
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Figure 4. Effects of Nrf2 knockdown on autophagy level in A2780cp cells. A. mRNA was extracted from A2780cp 
cells after transiently transfecting them with control siRNA or Nrf2 siRNA (100 nM) for 48 h. After the mRNA was 
converted into cDNA, the cDNAs were subjected to real-time quantitative PCR for analysis of relative mRNA levels 
of Atg3, Atg5, beclin 1, Atg12, p62 and actin. Data was normalized to actin level. B. Cell lysates from A2780cp cells 
transfected with control siRNA or Nrf2 siRNA (100 nM) for 48 h were collected for western blot analysis for Atg3, 
Atg5, beclin 1, Atg12 and p62. C. Autophagosomes were detected by transmission electron microscopy after the 
cells were transfected with control siRNA or Nrf2 siRNA (100 nM) for 48 h (Magnification was 10000×). Scale bars 
are 1 μm. Arrows point to the autophagosomes.
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autophagosomes were detected in A2780cp 
cells than that in A2780 cells with or without 
cisplatin treatment. These data suggest that 
the level of autophagy in resistant cells were 
higher than that in sensitive cells. However, 
beclin 1 and LC3 I/II did not greatly differ in 
both cell lines, indicating autophagy may not 
act as a key role in cisplatin resistance here. 
We also inhibited autophagy in A2780cp cells 
with a pharmacological inhibitor 3-MA or beclin 
1 siRNA transfection, which increased cisplat-
in-induced cell death significantly. Taken 
together, inhibition of autophagy contributed to 
reverse cisplatin resistance in ovarian cancer 
cells. 

There is an increasing amount of evidence to 
confirm that autophagy activation participates 
in chemoresistance in cancer cells, and down-
regulation of autophagy sensitizes cancer cells 
to therapeutics [30-32]. However, few reports 
have studied the crosstalk between the Nrf2 
signaling pathway and autophagy in cisplatin 
resistance of ovarian cancer. What we knew 
was that deficiency in autophagy resulted in the 
formation of cytoplasmic protein inclusions and 
overexpression of p62, which was mediated by 
Nrf2, but also contributed to the activation of 
Nrf2 [33]. Such hyperactivation of the Nrf2 sig-
naling pathway seemed to be responsible for 
liver injury or the development of hepatic 
tumors [34, 35]. In airway epithelial cells treat-
ed with cigarette smoke, overexpression of 
Nrf2 suppressed autophagy levels [36]. On the 
contrary, in renal cell carcinoma cell lines, it 
was reported that Nrf2 activation correlated 
with high basal autophagy [37]. These data 
demonstrate that the mechanism between 
Nrf2 signaling pathway and autophagy may dif-
fer depending on the type of tissue or cell line. 
Here, with the knock down of Nrf2 RNA level in 
resistant cells, and all of autophagy genes, 
Atg3, Atg5, beclin 1 and Atg12 decreased sig-
nificantly in contrast to control siRNA group at 
mRNA level as well as at protein level (Figure 
4A and 4B). Furthermore, autophagosomes in 
Nrf2 siRNA transfection group decreased com-
pared to that in control siRNA group. These 
data suggest that downregulation of Nrf2 sup-
presses autophagy, and such regulation may 
serve as a mechanism to increase cisplatin-
induced apoptosis. 

Taken together, Nrf2 activates p62, which in 
turn upregulates autophagy in resistant ovarian 

cancer cells. Inhibition of Nrf2, suppresses 
p62, which then decreases the levels of autoph-
agy. Therefore, inhibition of the Nrf2-p62-
autophagy pathway in which Nrf2 plays a cen-
tral role might sensitize cisplatin-resistant ovar-
ian cancers to cisplatin treatment. 
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