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Abstract: Autophagy has been proved to be involved in metastasis of cancers. However, the detailed mechanisms 
are still unclear. In this work, we aim to provide the first study of the role that autophagy plays in migration and 
invasion in ovarian cancer cells. Transwell chamber was used to examine migration and invasion capacities. 
Western blotting and immunofluorescence were performed to investigate the expressions of mesenchymal markers 
(Vimentin, N-cadherin), epithelial marker (Keratin), transcript factor (Zeb1) and HO-1. Small interfering RNA (siRNA) 
was used to generate autophagy defect cells (A2780 Atg7 siRNA and Skov-3 Atg7 siRNA cells). Reactive oxygen 
species (ROS) were examined by flow cytometry. We found Skov-3 cells exhibited a fibroblastoid like phenotype and 
more invasive ability with lower level of autophagy than A2780. Transwell chamber showed that autophagy inhibition 
promoted migration and invasion capacities of autophagy defect cells. Western blotting showed that the expres-
sions of mesenchymal markers and transcript factor were up-regulated, while, the expression of epithelial marker 
was down-regulated in autophagy defect cells. Conversely, autophagy induction could impair the migration and 
invasion through reversing epithelial-mesenchymal transition (EMT) in A2780 and Skov-3 cells. Besides, autophagy 
defect could increase the level of intracellular ROS and the expression of HO-1. NAC (ROS scavenging agent) could 
inhibit the migration and invasion through reversing EMT and decrease the expression of HO-1. What’s more, Znpp 
(HO-1 inhibitor) impaired the migration and invasion through reversing EMT. In conclusion, our results suggest that 
autophagy inhibition may promote EMT through ROS/HO-1 pathway in ovarian cancer cells.
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Introduction

Ovarian cancer is the leading cause of death 
among all gynecological malignancies, account-
ing for 5% of all the new deaths [1]. Though the 
overall five-year survival rate has been raised 
up from 36% to 46%, the high rate of distant 
metastasis is still considered to be the leading 
cause of recurrence and death in ovarian can-
cer patients [2]. Based on data from Sur- 
veillance, Epidemiology, and End Results 
Program (SEER) 18 2006-2012, the five-year 
survival rate was up to 92.1% of patients diag-
nosed with Stage I. However, over 75% of ovar-
ian cancer patients were diagnosed with 
metastasis. As a result, the five-year survival 
rate declined sharply to 17% (stage IV). Hence, 
it’s of great importance for identifying the mol-
ecules or signaling pathways involved in metas-

tasis to improve treatment efficiency and prog-
nosis in ovarian cancer.

Epithelial-mesenchymal transition (EMT) pro-
cess was firstly identified in the context of 
embryogenesis, where it made epithelial cells 
transform to mesenchymal cells [3]. Recently, it 
has been suggested that EMTs could be classi-
fied into three different sub types: a) Type 1 
EMT, participating in embryonic development; 
b) Type 2 EMT, involved in tissue damage, 
regeneration and organ fibrosis; c) Type 3 EMT, 
associated with cancer progression and metas-
tasis [4]. Particularly, EMT plays a critical role in 
tumor spreading and dissemination, which 
tumor cells lose their epithelial morphology and 
detach from the primary site and invade sur-
rounding tissues and blood vessels [5]. 
Emerging evidence has been confirmed that 
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EMT process participates in the onset of metas-
tasis in epithelial ovarian cancer (EOC) [6, 7]. 
Therefore, the targeted treatment that can 
reverse EMT may benefit EOC patients.

Autophagy has reported to be vital in the main-
tenance of cellular homeostasis by cellular 
cleaning through the removal of intracellular 
components in lysosomes such as long-lived 
proteins and old or damaged organelles [8-10]. 
It’s also been proved that autophagy defect is 
involved in many diseases including diabetes 
mellitus, neurodegenerative disease and can-
cer [9, 11, 12]. However, it’s still highly contro-
versial about the roles of autophagy in cancer 
onset and metastasis. Up to now, only a few 
studies report the relationship between autoph-
agy and metastasis. Gulhati et al reported that 
autophagy could impair the migration and inva-
sion of colon cancer by inhibiting the expres-
sions of RhoA and Rac1 pathways [13]. Later 
then, autophagy inhibiting migration and inva-
sion of cancers were identified in breast can-
cer, melanoma, gastric cancer and glioblasto-
ma [14-18]. Meanwhile, it has been clarified 
that autophagy could reverse EMT by degrading 
transcript factors of EMT such as Snail, Slug 
and Twist [14-16]. However, it’s still unknown 
whether autophagy can impair the migration 
and invasion in ovarian cancer through revers-
ing EMT. 

Reactive oxygen species (ROS) are products of 
intracellular metabolism in aerobic organisms. 
In physiological conditions, ROS play a vital  
role in intracellular signal transduction [19]. 
Abnormal excess ROS can cause genomic 
instability, resulting in malignancy and death of 
cells [20]. It has been demonstrated that 
autophagy defect increases the intracellular 
ROS level [21]. Moreover, ROS have been pro-
posed as modulators of the EMT process [4]. 
Magdalena et al reported that ROS could pro-
mote breast cancer cells metastasis through 
inducing EMT by ROS/NF-κB/Snail pathway 
[22]. Another study showed EMT could be 
induced by ROS/NF-κB/HIF-1α pathway, and 
this could be reversed by ROS scavenging ag- 
ent (NAC) [18]. Therefore, we speculate that 
autophagy defect promotes EMT may also by 
ROS in ovarian cancer.

Heme oxygenase-1 (HO-1) catalyzes the first 
rate-limiting step in the degradation of cellular 
heme to liberate free iron, carbon monoxide 
(CO) and biliverdin in mammalian cells [23]. 

Under physiological conditions, HO-1 can be 
induced by different signals and transcript fac-
tors such as ROS, NRF-2, NF-κB, AP2 and so on, 
participating in the maintenance of cellular 
homeostasis [24]. However, emerging evidence 
has proved that HO-1 overexpression is found 
in many cancers and associated with poor 
prognosis and tumor stage, including renal car-
cinoma, rectal cancer, thyroid carcinoma and 
glioblastoma [25-29]. Moreover, it has been 
reported HO-1 promotes the migration and 
invasion in pulmonary cancer [30]. However, 
the mechanisms about HO-1 involved in the 
metastasis of cancers are not clearly under-
stood. Therefore, whether HO-1 is associated 
with the migration and invasion caused by 
autophagy defect needs to be studied in ovari-
an cancer.

Here we show the first study of the role that 
autophagy plays in migration and invasion in 
ovarian cancer cells. Overall, our study suppos-
es that targeting autophagy may become an 
effective treatment for inhibiting the metasta-
sis of ovarian cancer.

Methods and materials

Cell culture

Human ovarian cancer cell lines, A2780 and 
Skov-3 cells, were purchased from the Cell 
Bank of the Chinese Academy of Sciences 
(Shanghai, China). The A2780 cells were cul-
tured in RPMI 1640 medium (Hyclone, Utah, 
USA) with 10% fetal bovine serum (Gibco, 
Australia), 2.0 g/L NaHCO3. The Skov-3 cells 
were cultured in McCoy’s 5A medium (Hyclone, 
Utah, USA) with 10% fetal bovine serum (Gibco, 
Australia), 2.2 g/L NaHCO3. Both cells were cul-
tured at 37°C in 5% CO2 and 95% air. 

For autophagy induction, cells were treated 
with 20 nM Rapamycin (Sigma, Aldrich) or cul-
tured in Earle’s Balanced Salt Solution (Sigma, 
Aldrich).

As indicated, 20 μM Chloroquine (Sigma, 
Aldrich), 10 mM N-acetylcysteine (Solarbio, 
China) and 10 μM Zinc-protoporphyrin (Santa 
Cruz Biotechnology, Texas, USA) were added to 
the media.

Transwell invasion assay

24-well transwell chambers (8 μm pore size; 
Corning Costar, Cambridge, MA) were used to 
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perform cell invasion assay with Matrigel (100 
μl, 1:8 dilution in serum free medium, BD 
Biosciences, San Jose, CA) and migration assay 
without Matrigel. 200 μl serum-free medium 

with 3×105/mL A2780 cells or 1×105/mL Skov-
3 cells were plated into the upper chamber, 
while, medium with 20% FBS as a chemoattrac-
tant was added into the lower chamber. When 

Figure 1. Skov-3 cells exhibit a fibroblastoid like phenotype and more invasive ability with lower level of autophagy 
than A2780 cells. A: Representative morphology of A2780 and Skov-3 cells (original magnification, ×200); repre-
sentative transwell migration and invasion assay of A2780 and Skov-3 cells (original magnification, ×200). B: Quan-
tification of migration and invasion abilities of A2780 and Skov-3 cells (**P < 0.01 and ***P < 0.001). C and D: 
Western blotting showing and quantitative analysis of the expressions of autophagy markers in A2780 and Skov-3 
cells (**P < 0.01 and ***P < 0.001). E and F: Western blotting showing and quantitative analysis of the expres-
sions of EMT markers in A2780 and Skov-3 cells (**P < 0.01 and ***P < 0.001). EMT, epithelial-mesenchymal 
transition.



Autophagy and ovarian cancer

2165 Am J Cancer Res 2016;6(10):2162-2177

compared the basic level of migration and inva-
sion capacities, we plated 200 μl serum-free 
1×105/mL of both cells into the upper chamber. 
After 24 h incubation with different treatments, 
non-invaded cells were removed. The cells on 
the underside of chambers were fixed in metha-
nol and 3.7% formaldehyde solution, each for 5 
min. Then the invaded cells were stained with 
Giemsa for 30 min. The invaded cells were pic-
tured using Olympus IX51 (Olympus Optical, 
Melville, NY) inverted microscope and counted 
in five individual fields. Three independent 
experiments were done for statistical analysis.

Western blotting

The proteins after different treatment were 
extracted using RIPA lysis buffer (Beyotime, 
Jiangsu, China) with 1% PMSF (Thermo Fisher 
Scientific Inc., Waltham, MA) and 1% NAF 
(Beyotime, Jiangsu, China). The proteins were 
then separated on a 10% or 12% polyacryl-
amide gel and transferred to a pure nitrocellu-
lose blotting membrane. Then, according to the 
manufacturer’s instruction, we incubated pro-
teins with appropriate primary antibodies and 
secondary antibodies. Primary antibodies of 
EMT markers (Keratin, Vimentin, N-cadherin 
and Zeb1) and the loading control (GAPDH) 
were purchased from Cell Signaling Technology 
(USA). HO-1 antibody was obtained from Abcam. 
P62, Beclin-1 and LC3 were products of Cell 
Signaling Technology. The results were ana-
lyzed by ImageJ software. Three independent 
experiments were done for statistical analysis.

Immunofluorescence assay

Cold methyl alcohol was used to fix cells for 15 
min. Then cells were permeabilized in 0.5% 
Triton X-100 (Solarbio, Beijing, China) for 10 
min and blocked with 3% BSA for 1 h at room 
temperature. After washing with PBS three 
times, cells were incubated with primary anti-
bodies against Vimentin and Keratin at 4°C 
overnight and FITC-conjugated secondary anti-
body (GeneCopoeia, USA) at 37°C for 1 h. DAPI 
(Solarbio, Beijing, China) was used to nuclear 
staining for 3 min at room temperature. Pictures 
were acquired using Olympus IX51 inverted 
microscope.

SiRNA transfection

The sequence targeting Atg7 and scrambled 
negative siRNA control were purchased from 

GenePharma (Shanghai, China). The Atg7 siRNA 
sequences were as follows: 5’-GGUCAAAGGAC- 
GAAGAUAATTUUAUCUUCGUCCUUUGACCTT-3’. 
After cells were seeded in 6-well plates over-
night, reaching 50%-60% confluence, the trans-
fection processes were performed according to 
the manufacturer’s instruction. After 6 h, the 
cells were incubated in complete medium with 
different treatments as indicated. Then, the 
transwell chamber assay and western blotting 
were performed after 48 h.

Measurement of intracellular reactive oxygen 
species (ROS) 

The measurement of ROS was conducted 
according to the manufacturer’s instruction 
provided by Beyotime (Shanghai, China). Cells 
were seeded in 6-well plates and reached 70%-
80% confluence. DCFH-DA was added and incu-
bated with cells for 30 min at 37°C. The treated 
cells were prepared in ice-cold PBS for flow 
cytometry analysis, after being washed with 
serum-free medium for 3 times. The results 
were analyzed by Flow Jo software.

Statistical analysis

All experiments were performed at least three 
times for statistical analysis. The values of 
results were shown as mean ± SEM. The data 
were analyzed with GraphPad Prism Version 
5.01 (GraphPad Software, Inc., La Jolla, CA, 
USA) by two-tailed Student’s t test. P < 0.05 
was considered as significant. 

Results

Skov-3 cells exhibit a fibroblastoid like pheno-
type and more invasive ability with lower level 
of autophagy than A2780

As shown in Figure 1A, Skov-3 cells lacked typi-
cal apico-basal polarity and had a typical spin-
dle-shaped morphology, while, A2780 cells 
showed apical-basolateral polarization and a 
more regular polygon-shaped morphology. 
Then we used the transwell chamber to detect 
the migration and invasion capacities. The 
results were in accord with their morphology 
(Figure 1A and 1B). Furthermore, we examined 
the autophagy and EMT associated markers 
(Beclin-1, P62, LC3, Keratin, Vimentin, N-cad- 
herin and Zeb1). Skov-3 cells had a lower level 
of Beclin-1 and LC3 with a higher level of P62 
than A2780 cells (Figure 1C and 1D). The level 
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Figure 2. EBSS induces autophagy and inhibits the expressions of EMT markers in A2780 and Skov-3 cells. A and C: 
Western blotting showing and quantitative analysis of the expressions of autophagy markers in A2780 and Skov-3 
cells after incubating with EBSS for 0 h, 3 h, 6 h, 12 h, 24 h (**P < 0.01 and ***P < 0.001). B and D: Western blot-
ting showing and quantitative analysis of the expressions of EMT markers in A2780 and Skov-3 cells after incubat-
ing with EBSS for 0 h, 3 h, 6 h, 12 h, 24 h (*P < 0.05, **P < 0.01 and ***P < 0.001). EMT, epithelial-mesenchymal 
transition; EBSS, Earle’s Balanced Salt Solution.
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of epithelial marker (Keratin) in Skov-3 cells 
was lower than A2780 cells; however, the level 
of mesenchymal markers (Vimentin, N-cadherin 
and Zeb1) in Skov-3 cells were higher than 
A2780 cells (Figure 1E and 1F).

Autophagy induction impairs cell migration 
and invasion by inhibiting EMT

Next, to further confirm that autophagy may 
participate in the migration and invasion in 
A2780 and Skov-3 cells, we incubated A2780 
and Skov-3 cells with Earle’s Balanced Salt 
Solution (EBSS), the autophagic stimulus. By 
monitoring the increasing ratio of LC3II to LC3I 
and up-regulation of Beclin-1 with the down-
regulation of P62, we found both cells showed 
a time-dependent induction of autophagy 
(Figure 2A and 2C). Consistent with these 
results, the mesenchymal markers (Vimentin, 
N-cadherin and Zeb1) were down-regulated 
and the epithelial marker (Keratin) was up- 
regulated in a time-dependent manner (Figure 
2B and 2D). After incubating with EBSS for 24 
h, immunostaining of Vimentin decreased with 
an increased expression of Keratin in both  
cells (Figure 3A and 3B). Then, we used 
Rapamycin (another autophagic stimulus)  
and CQ (autophagic inhibitor) to incubate 
A2780 and Skov-3 cells for 24 h. The results 
showed the migration and invasion properties 

were inhibited by incubating with EBSS or 20 
nM Rap for 24 h; however, they were significant-
ly reversed by incubating with 20 μM CQ togeth-
er (Figure 4A-D). Meanwhile, we examined the 
EMT associated proteins. The western blotting 
results showed the mesenchymal markers 
such as Vimentin, N-cadherin and Zeb1 were 
down-regulated and Keratin, the epithelial 
marker was up-regulated after incubating with 
EBSS or 20 nM Rap for 24 h. However, they 
were also significantly reversed by incubating 
with 20 μM CQ together (Figure 5A-D). Overall, 
the findings suggested that autophagy induc-
tion impaired migration and invasion by inhibit-
ing EMT and this could be reversed by autopha-
gy inhibition.

Autophagy defect increases the migration and 
invasion abilities of A2780 and Skov-3 cells by 
promoting EMT

Therefore, to further invest the mechanisms of 
autophagy involved in the migration and inva-
sion abilities of ovarian cancer cells, we gener-
ated A2780 and Skov-3 cells with autophagy 
inhibition through knockdown of Atg7 (A2780 
Atg7 siRNA and Skov-3 Atg7 siRNA cells) and 
the effect on autophagy was evaluated by west-
ern blotting for P62 and LC3II/I (Figure 7A and 
7C). We used transwell chamber to investigate 
the migration and invasion capacities. The 

Figure 3. Autophagy induction increases the expression of epithelial marker (Keratin) and decreases the expression 
of mesenchymal marker (Vimentin). A and B: Immunofluorescence assay showing the expressions of EMT markers 
after incubating with EBSS for 24 h in A2780 and Skov-3 cells. Scale bar, 50 μm. EMT, epithelial-mesenchymal 
transition.
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results showed autophagy defect increased the 
migration and invasion capacities of both cells 
(Figure 6A and 6B). Consistent with these 
results, the expressions of mesenchymal mark-
ers such as Vimentin, N-cadherin and Zeb1 
were increased, while, the expression of 
Keratin, an epithelial marker, was suppressed 
in A2780 Atg7 siRNA and Skov-3 Atg7 siRNA 

cells than control cells (Figure 7B and 7D). 
Furthermore, we found autophagy defect also 
resulted in an increase in the expression of 
HO-1 (Figure 7B and 7D) and intracellular ROS 
level (Figure 6C and 6D). In summary, these 
results suggested that autophagy defect cause 
A2780 and Skov-3 cells more migratory and 
invasive by promoting EMT.

Figure 4. Autophagy inhibition by CQ promotes the migration and invasion of the autophagy-induced A2780 and 
Skov-3 cells. A and B: Representative transwell migration and invasion assay of A2780 and Skov-3 cells (original 
magnification, ×200). C and D: Quantification of migration and invasion abilities of A2780 and Skov-3 cells (versus 
con: **P < 0.01 and ***P < 0.001; versus EBSS: §§P < 0.01 and §§§P < 0.001; versus Rap: ※※P < 0.01 and ※※※P 
< 0.001). CQ, Chloroquine; EBSS, Earle’s Balanced Salt Solution; Rap, Rapamycin.
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Figure 5. Autophagy inhibition by CQ impaired MET induced by autophagy in A2780 and Skov-3 cells. A and C: 
Western blotting showing and quantitative analysis of the expressions of autophagy markers in A2780 and Skov-3 
cells (versus con: *P < 0.05, **P < 0.01 and ***P < 0.001; versus EBSS: §§§P < 0.001; versus Rap: ※※P < 0.01 
and ※※※P < 0.001). B and D: Western blotting showing and quantitative analysis of the expressions of EMT markers 
in A2780 and Skov-3 cells (versus con: **P < 0.01 and ***P < 0.001; versus EBSS: §§P < 0.01 and §§§P < 0.001; 
versus Rap: ※※※P < 0.001). MET, mesenchymal-epithelial transition; CQ, Chloroquine; EBSS, Earle’s Balanced Salt 
Solution; Rap, Rapamycin; EMT, epithelial-mesenchymal transition.
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Autophagy defect promotes EMT and increas-
es the expression of HO-1 through ROS

It’s known that autophagy defect results in an 
increase in intracellular ROS. Conforming to 
these studies, we found the level of intracellu-

lar ROS in A2780 Atg7 siRNA and Skov-3 Atg7 
siRNA cells were higher than control cells 
(Figure 6C and 6D). To further clarify weather 
the increased intracellular ROS participate in 
EMT, we used the ROS scavenging agent (NAC). 
A2780 Atg7 siRNA and Skov-3 Atg7 siRNA cells 

Figure 6. Autophagy inhibition by knockdown of Atg7 promotes migration and invasion and increases the intracel-
lular ROS of A2780 and Skov-3 cells. A and B: Representative transwell migration and invasion assay of A2780 and 
Skov-3 cells (original magnification, ×200); Quantification of migration and invasion abilities of A2780 and Skov-3 
cells (versus NC: **P < 0.01 and ***P < 0.001). C and D: Flow cytometry analysis of intracellular ROS level after 
pretreatment with DCFH-DA in A2780 and Skov-3 cells. ROS, reactive oxygen species. 
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Figure 7. Autophagy inhibition by knockdown of Atg7 promotes EMT in A2780 and Skov-3 cells. A and C: Western 
blotting showing and quantitative analysis of the expressions of autophagy markers in A2780 and Skov-3 cells (ver-
sus NC: *P < 0.05, **P < 0.01 and ***P < 0.001). B and D: Western blotting showing the expressions of HO-1 and 
EMT markers; Quantitative analysis of the expressions of HO-1 and EMT markers in A2780 and Skov-3 cells (versus 
NC: **P < 0.01 and ***P < 0.001). EMT, epithelial-mesenchymal transition.

were incubated with 10 mM NAC for 24 h. Then, 
we tested the migration and invasion proper-
ties by transwell chamber. The results showed 
that the migration and invasion properties were 
significantly inhibited in both cells after incu-
bating with NAC for 24 h (Figure 8A and 8B). 
Meanwhile, the mesenchymal markers (Vi- 
mentin, N-cadherin and Zeb1) were down-regu-
lated and the epithelial marker (Keratin) was 
up-regulated as shown by western blotting 
(Figure 8C and 8D). Furthermore, we found the 
expression of HO-1 was significantly sup-
pressed after incubating with NAC. Altogether, 
these experiments demonstrated that autoph-
agy defect could promote EMT and increase 
the expression of HO-1 through ROS. 

Autophagy defect promotes EMT by HO-1

It has been reported that HO-1 plays a vital role 
in metastasis in many other cancers. To clarify 
the mechanisms of HO-1 in promoting EMT of 
A2780 Atg7 siRNA and Skov-3 Atg7 siRNA cells, 
we used the HO-1 inhibitor (Znpp). After incu-
bating A2780 Atg7 siRNA and Skov-3 Atg7 
siRNA cells with 10 μM Znpp for 24 h, we exam-
ined the migration and invasion properties by 
transwell chamber. The results showed that the 
migration and invasion properties were signifi-
cantly inhibited in both cells after incubating 
with Znpp for 24 h (Figure 9A and 9B). Next, we 
tested the EMT associated markers. The west-
ern blotting results showed the mesenchymal 
markers such as Vimentin, N-cadherin and 
Zeb1 were down-regulated and Keratin, the epi-
thelial marker was up-regulated after incubat-
ing with Znpp for 24 h (Figure 9C and 9D). 
Taken together, our findings indicated that 
autophagy defect might promote EMT through 
ROS/HO-1 pathway.

Discussion

Under physiological conditions, both autophagy 
and EMT play vital roles in maintenance of 
basic physiological functions. In recent years, 
more and more studies have proposed that 
autophagy may inhibit EMT in fibrosis and can-
cer metastasis. However, the mechanisms are 

still unclear. Our work provides the first study 
that autophagy inhibition promotes epithelial-
mesenchymal transition through ROS/HO-1 
pathway in ovarian cancer cells.

In the preparatory work, we used Beclin-1, P62 
and LC3 as autophagy markers and Keratin, 
Vimentin, N-cadherin, Zeb1 as EMT markers. 
Then we found that Skov-3 cells exhibit a fibro-
blastoid like phenotype and more invasive abil-
ity with lower level of autophagy than A2780, 
which was consistent with previous works. It 
has been reported that the sub clones of A2780 
and Skov-3 cells with the lower level of Beclin-1 
showed higher invasive/migratory capacities 
[31]. Moreover, it has also been demonstrated 
that decreased expression of Beclin-1 involved 
in poor prognosis of ovarian cancer [32]. 
Considering the fact that Beclin-1 is identified 
as being associated with autophagy and the 
marker of autophagy, we supposed that the 
level of autophagy was related to the migratory 
and invasive capacities. Then we verified that 
autophagy induction impaired cell migration 
and invasion by inhibiting EMT.

According with previous studies, autophagy 
induction inhibited migration and invasion 
through degrading EMT transcript factors such 
as Snail, Slug and Twist with increasing epithe-
lial markers (Keratin and E-cadherin) and 
decreasing mesenchymal markers (Vimentin, 
N-cadherin) [14, 16, 33, 34]. There are no 
reports about whether transcript factors Zeb1 
and Zeb2 can be regulated by autophagy till 
now. It has been clarified that Zeb1 was involved 
in metastasis of various cancers such as breast 
cancer, colon cancer and thyroid cancer [35-
37]. Moreover, Zeb1 has been proved being 
related to the distant metastasis, low chemo-
therapy response and poor prognosis in ovarian 
cancer [38, 39]. Our work demonstrated that 
autophagy induction decreased the expression 
of Zeb1 and reversed EMT with inhibited migra-
tion and invasion capacities. However, the 
mechanism about autophagy decreasing the 
expression of Zeb1 is still unclear and needs 
more research.
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Figure 8. Autophagy defect promotes EMT and increases the expression of HO-1 through ROS. A and B: Representa-
tive transwell migration and invasion assay of A2780 and Skov-3 cells (original magnification, ×200); Quantification 
of migration and invasion abilities of A2780 and Skov-3 cells (versus NC: **P < 0.01 and ***P < 0.001; versus 
Atg7 siRNA: §§§P < 0.001). C and D: Western blotting showing the expressions of EMT markers and HO-1; Quantita-
tive analysis of the expressions of EMT markers and HO-1 in A2780 and Skov-3 cells (versus NC: *P < 0.05, **P < 
0.01 and ***P < 0.001; versus Atg7 siRNA: §P < 0.05, §§P < 0.01 and §§§P < 0.001). NAC, N-acetylcysteine; EMT, 
epithelial-mesenchymal transition; ROS, reactive oxygen species.
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Figure 9. Autophagy defect promotes EMT by HO-1. A and B: Representative transwell migration and invasion assay 
of A2780 and Skov-3 cells (original magnification, ×200); Quantification of migration and invasion abilities of A2780 
and Skov-3 cells (versus NC: **P < 0.01 and ***P < 0.001; versus Atg7 siRNA: §§P < 0.01 and §§§P < 0.001). C and 
D: Western blotting showing the expressions of EMT markers and HO-1; Quantitative analysis of the expressions of 
EMT markers and HO-1 in A2780 and Skov-3 cells (versus NC: *P < 0.05, **P < 0.01 and ***P < 0.001; versus 
Atg7 siRNA: §§P < 0.01 and §§§P < 0.001). Znpp, Zinc-protoporphyrin; EMT, epithelial-mesenchymal transition.
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We found autophagy defect caused an increase 
in intracellular ROS, which was consistent with 
previous reports [18, 21]. Previous reviews 
summarized that ROS promoted EMT through 
ROS/HIF-1α, ROS/NF-κB, ROS/RAS, ROS/
MAPK, ROS/PI3K pathway and so on [4]. 
However, there were only a few reports about 
the ROS and EMT in ovarian cancer. Alice et al 
reported that ROS participated in promoting 
EMT through stanniocalcin-2/ROS/ERK path-
way in ovarian cancer cells [40]. Another study 
demonstrated that ROS promoted ovarian can-
cer progression by the HIF-1α/LOX/E-cadherin 
pathway. Our results showed that EMT promot-
ed by autophagy defect was significantly 
reversed by NAC. It suggested that the autoph-
agy defect promoted EMT, at least in part, due 
to the increased ROS. 

Besides the increased ROS, we also found that 
autophagy defect caused the up-regulation of 
HO-1 expression, which was in agreement with 
previous study that increased expression of 
HO-1 induced by ROS promoted tumor invasion 
and metastasis in human lung epithelial cells 
[41]. HO-1 has been proposed as an emerging 
target of cancer therapy [24]. More and more 
studies have demonstrated that HO-1 partici-
pated in the metastasis of cancers. However, 
the mechanisms are still unclear. Seo et al 
showed that HO-1 promoted colorectal cancer 
metastasis by inhibiting antitumor immunity 
[42]. Dey et al confirmed that HO-1 expression 
was high in metastatic tumors with reduced 
overall survival of patients with lung adenocar-
cinoma and glioblastoma [43]. However, the 
role of HO-1 is still a controversial subject. Park 
et al reported inducing HO-1 expression inhib-
ited invasion in breast cancer cells [44]. Another 
study proposed that HO-1 induction increased 
E-cadherin, favoring a less aggressive pheno-
type and supporting its anti-tumoral function in 
prostate cancer [45]. It has also been reported 
that HO-1 was an anti-inflammatory and anti-
oxidant protein in protecting organs from fibro-
sis and impairing the onset of tumorigenesis 
[46]. We speculate that the role of HO-1 in 
metastasis may vary with different cancers and 
stages. Up to now, there are few studies dem-
onstrating the role of HO-1 in ovarian cancer. 
For the first time, our work proposed that HO-1 
may participated in the EMT induced by autoph-
agy defect. We used HO-1 inhibitor (Znpp) incu-
bating with A2780 Atg7 siRNA and Skov-3 Atg7 

siRNA cells. The results showed the mesenchy-
mal markers (Vimentin, N-cadherin) and tran-
script factor (Zeb1) was down-regulated, while, 
the epithelial marker (Keratin) was up regulat-
ed. What’s more, NAC could reverse the up-reg-
ulated HO-1 which was induced by autophagy 
defect associated ROS. Therefore, we specu-
lated that autophagy defect promoted EMT 
may through ROS/HO-1 pathway. However, the 
mechanism about HO-1 regulating transcript 
factors such as Zeb1 needs to be further 
studied.

Conclusions

In conclusion, our work found that the lower 
level of autophagy was related to the higher 
migratory and invasive capacities of ovarian 
cancer cells. The mechanisms might be that 
autophagy defect increased ROS and then up-
regulated HO-1, leading to an increased expres-
sion of transcript factor (Zeb1), resulting in the 
increased mesenchymal markers (Vimentin, 
N-cadherin) and decreased epithelial marker 
(Keratin). Our findings propose that targeting 
autophagy may become an effective treatment 
for inhibiting the metastasis of ovarian cancer.
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