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Abstract. Lysine-specific demethylase 1 (LSD1) plays a key 
role in cell proliferation, differentiation and carcinogenesis. 
In the present study we revealed that LSD1 functioned as 
an autophagy suppressor in ovarian cancer HO8910 cells. 
Pharmacological inhibition or genetic knockdown of LSD1 
resulted in the elevation of the LC3‑II protein, enhancement of 
autophagosomal formation and stimulation of the autophagic 
flux. In addition, knockdown of LSD1 further promoted 
the serum starvation- and rapamycin-induced autophagy. 
Furthermore, we demonstrated that LSD1 regulated autophagy 
via the mTOR signaling pathway. Collectively, our findings 
identified LSD1 as a novel negative regulator of autophagy 
through the mTOR signaling pathway in ovarian cancer 
HO8910 cells and indicated that LSD1 may function as a 
driving factor of ovarian cancer progression via deregulating 
autophagy.

Introduction

Histone modification represents one of the main mecha-
nisms of the epigenetic regulation of gene expression (1,2). 
Increasing evidence indicated that specific members of the 
histone demethylase family have been associated with human 
diseases, especially carcinogenesis (3). Notably, LSD1 was 
the first discovered histone demethylase which specifically 
catalyzed the removal of mono- and dimethyl groups from 
methylated histone H3 at lysine 4 (H3K4me1/2) contributing 
to silencing or activation of target genes (4). LSD1 is highly 
expressed in a variety of carcinomas, including breast  (5), 
lung (6), hepatocarcinoma (7) and ovarian cancer (8). Our 
previous studies have demonstrated that the overexpression 
of LSD1 was associated with an aggressive phenotype and 
poor prognosis of ovarian cancer (9). However, the molecular 

mechanism underlying the association of the overexpression of 
LSD1 with the progression of ovarian cancer remains largely 
unknown.

Autophagy is an evolutionarily conserved cellular process 
for recycling and removal of damaged organelles, macro-
molecules and protein aggregates which are encapsulated by 
double-membrane structures (autophagosomes) and delivered 
to lysosomes for degradation (10‑12). Autophagy is essential for 
cells to gain energy and maintain cellular homeostasis, which 
protects them from nutrient and environmental stress (13). 
Microtubule-associated protein 1 light chain 3 (LC3) is a 
protein participating in autophagy through conjugation with 
phosphatidylethanolamine  (PE) to form LC3‑II, which is 
an autophagosomal marker (14,15). Activation of autophagy 
is sensitized by inactivation of the mammalian target of 
rapamycin (mTOR), which is a major cellular nutrition and 
energy sensor kinase (16). Many studies have revealed that 
autophagy plays complex roles in tumorigenesis and tumor 
progression (13,17,18). At present, how autophagy regulates 
tumorigenesis and tumor progression is not fully understood.

Numerous studies have revealed that autophagy was 
directly or indirectly regulated by epigenetics, either by the 
modification of transcriptional factors or chromatin structure 
during gene expression (19,20). Recently, several studies 
found that LSD1 was involved in the regulation of autophagy 
through a variety of mechanisms (21,22). In the present study, 
we observed that knockdown of LSD1 caused accumulation 
of LC3‑II and markedly enhanced the autophagic flux in 
ovarian cancer HO8910 cells. Furthermore, depletion of LSD1 
significantly promoted the starvation- and rapamycin-induced 
activation of autophagy. Notably, we found that serum starva-
tion or rapamycin treatment downregulated LSD1, indicating 
that downregulation of LSD1 may mediate the activation of 
autophagy by starvation or rapamycin. Finally, we confirmed 
that the negative regulation of autophagy by LSD1 was 
conducted through the activation of the mTOR signaling 
pathway. Our study has provided direct evidence supporting 
the negative role of LSD1 in the regulation of autophagy in 
ovarian cancer cells.

Materials and methods

Cell lines and cell culture. The human ovarian epithelial cancer 
cells (HO8910) were kindly provided by Dr Qixiang Shao of 
Jiangsu University (Zhenjiang, China). HO8910 and 293 cells 
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were cultured in Dulbecco's modified Eagle's medium 
(DMEM) containing 10% fetal bovine serum (FBS; both form 
Gibco, Grand Island, NY, USA) at 37˚C in a humidified atmo-
sphere containing 5% CO2.

Reagents, antibodies and plasmids. pLKO-Tet‑On, pHR'‑CMV-
8.2∆VPR and pHR'‑CMV-VSVG vectors were kindly provided 
by Dr Changdeng Hu (Purdue University, West Lafayette, 
IN, USA). The antibodies were obtained as follows: the 
LSD1 (1:1,000; cat. no. 2184S), H3 (1:2,000; cat. no. 4499S), 
H3K4me2 (1:1,000; cat.  no.  9725S), Beclin1 (1:1,000; 
cat. no. 3495P), LC3 (1:500; cat. no. 4180S), p70S6K (1:1,000; 
cat. no. 2708T) and phospho‑p70S6K (1:1,000; cat. no. 9234T) 
antibodies were purchased from Cell Signaling Technology 
(Boston, MA, USA); α-tubulin (1:5,000; cat. no. BS1699) and 
goat anti‑rabbit IgG (H&L)-HRP (1:5,000; cat. no. BS13278) 
were obtained from Bioworld Technology (Shanghai, China); 
Alexa Fluor® 488 AffiniPure goat anti‑rabbit IgG (H+L) (1:100; 
cat. no. R37116) were purchased from Invitrogen (Carlsbad, 
CA, USA). Electrochemiluminescence (ECL) reagents were 
purchased from Millipore (EMD Millipore, Billerica, MA, 
USA). Bioepitope Nuclear and Cytoplasmic Extraction kit were 
purchased from Bioworld Technology. Polybrene, doxycycline 
(Dox), chloroquine (CQ), tranylcypromine (TCP), dimethyl 
sulfoxide (DMSO), and dihydrochloride (DAPI) were purchased 
from Sigma-Aldrich (St. Louis, MO, USA). Bafilomycin A1 
(BafA1) was purchased from GE Healthcare Life Sciences 
(Piscataway, NJ, USA). Rapamycin and MHY1485 were 
purchased from Selleck Chemicals (Shanghai, China).

Generation of stable LSD1 knockdown cell line. pLKO-
Tet‑On-shLSD1 plasmid and lentiviral particles were 
generated as previously described (9). Lipofectamine 2000 
reagent (Invitrogen) was used as the transfection reagent and 
the transfection was performed according to the manufac-
turer's protocol. In brief, 1 ml lentiviral supernatant and 3 ml 
complete medium containing 8 µg/ml polybrene were added 
to infect the HO8910 cells. After being infected twice, 2 µg/ml 
puromycin was added into HO8910 cells for 72 h and then 
maintained with 1.0 µg/ml puromycin for two weeks to select 
stably transfected HO8910‑shLSD1 cells.

RNA extraction and qRT‑PCR. RNA was extracted using the 
RNAiso plus (Takara Bio, Shiga, Japan). To produce cDNA, 
2 µg of total RNA was processed with the PrimeScript RT 
Reagent kit (Takara Bio) according to the manufacturer's 
instructions. Then the cDNAs were subjected to qRT‑PCR as 
previously described (23). qRT‑PCR was performed using the 
comparative cycle threshold (CT) method with SYBR-Green 
PCR Master Mix (Takara Bio) according to the manufacturer's 
instructions on a Bio-Rad CFX96 system (Bio-Rad Laboratories, 
Inc., Hercules, CA, USA). The primer sequences were used as 
follows: LSD1 (GenBank accession no. NM 015013.3), 5'‑CAA 
GTGTCAATTTGTTCGGG-3' (forward) and 5'-TTCTTTGGG 
CTGAGGTACTG-3' (reverse), GAPDH (GenBank accession 
no. NM 001256799.1), 5'-GCAAATTCCATGGCACCGTC-3' 
(forward) and 5'-TCGCCCCACTTGATTTTGG-3' (reverse), 
LC3 (GenBank accession no. NM 022818.4), 5'‑CCAGATCCC 
TGCACCATG-3' (forward) and 5'‑CTGCTTCTCACCCTTGT 
ATCG-3' (reverse). The following PCR conditions were used: 

initial denaturation at 95˚C for 30 sec, followed by 40 cycles of 
denaturation at 95˚C for 5 sec, annealing at 58˚C for 30 sec and 
elongation at 72˚C for 1 min. The relative results were analyzed 
using the comparative cycle threshold method (2-∆∆CT) with 
GAPDH as the reference gene (24).

Western blot analysis. Histones were prepared using the 
Bioepitope Nuclear and Cytoplasmic Extraction kit (Bioworld 
Technology) following the manufacturer's protocol. Cells were 
lysed with RIPA buffer (Kangchen Biotech, Shanghai, China) 
to extract total protein and equal amounts of soluble protein 
samples were subjected to 8-12% SDS‑PAGE gel and trans-
ferred to 0.2/0.45-µm pore polyvinylidene difluoride (PVDF) 
membranes (EMD Millipore). The membranes were blocked 
in 5% non-fat dry milk for 1 h at room temperature (RT). The 
membranes were washed in TBST three times and incubated 
overnight at 4˚C with the corresponding primary antibodies. The 
membranes were then washed with TBST and incubated with the 
secondary antibody for 1 h at RT. The results were developed by 
ECL reagents. To perform densitometry analysis, digital images 
of the positive bands were obtained with ChemiDoc XRS and 
analyzed using the image analysis program Quantity One (Bio-
Rad Laboratories). The results were expressed as the ratio of 
target protein/loading control. Data shown are representative of 
three independent experiments.

Immunofluorescence. Cells were plated on glass coverslips in 
24-well tissue culture plates. In brief, cells were washed with 
PBS, fixed with 4% paraformaldehyde and permeabilized with 
ice-cold 100% methanol (25), and then the cells were blocked 
with 3% bovine serum albumin (BSA) for 1 h at RT. The cells 
were incubated with primary antibody LC3 (1:200) at 4˚C 
overnight and Alexa Fluor® 488 AffiniPure goat anti‑rabbit 
IgG (H+L) (1:100) was used as secondary antibody for 1 h 
at RT. The number of nuclei was revealed by DAPI staining. 
Fluorescence images were captured using the Nikon new 
Ni Series microscopes (Nikon, Melville, NY, USA).

Statistical analysis. All the experiments were repeated inde-
pendently three times and the data values were presented as 
the mean ± SEM. The differences between the groups were 
analyzed by Student's t-test, when two groups were compared 
or by one-way ANOVA, when more than two groups were 
compared using SPSS 11.5 software (SPSS, Inc., Chicago, IL, 
USA). P-values with a 95% confidence interval were obtained 
from at least three independent experiments. A P-value of <0.05 
was considered to indicate a statistically significant difference.

Results

Knockdown of LSD1 induces accumulation of LC3‑II 
proteins. To examine whether LSD1 plays an important role in 
autophagy, we determined the effect of LSD1 knockdown on 
the level of the autophagosomal marker LC3‑II. The inducible 
LSD1 shRNA cell line HO8910‑shLSD1 was generated using 
lentiviral vector-loaded LSD1 shRNA in HO8910 ovarian 
cancer cells. As displayed in Fig. 1A and B, the protein product 
and mRNA levels of LSD1 were effectively silenced in 
HO8910‑shLSD1 cells. In addition, LSD1 knockdown mark-
edly increased the H3K4me2 levels, a major substrate of LSD1 
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Figure 1. Knockdown of LSD1 induces accumulation of LC3‑II proteins. (A) HO8910‑shLSD1 cells were treated or not treated with Dox (100 ng/ml) for 48 h 
and LSD1 mRNA levels were detected via qRT‑PCR. **P<0.01. ***P<0.001. NS, not significant. (B) HO8910‑shLSD1 cells were treated or not treated with 
Dox (100 ng/ml) for 48 h, after which the levels of LSD1 protein and H3K4 methylation were analyzed by western blotting. α-tubulin and histone H3, loading 
control. (C) The shLSD1 cells were incubated with 100 ng/ml Dox for the indicated time‑points or (D) different doses of Dox for 48 h, and then the indicated 
antibodies were monitored by western blotting. Histone H3 was used as a loading control for H3K4me2 and α-tubulin was used as a loading control for other 
proteins. *P<0.05 vs. untreated group. (E) The shLSD1 cells were incubated with different doses of Dox for 48 h, after which LC3 and LSD1 mRNA levels were 
detected via qRT‑PCR. *P<0.05 vs. Dox 0 ng/ml group. (F) HO8910 cells were treated with 100 µM TCP for 24 h, after which the levels of indicated proteins 
and H3K4 methylation were analyzed by western blotting. α-tubulin and histone H3, loading control. (G) HO8910 cells were treated with 100 µM TCP for 24 h, 
and the LC3 mRNA levels were detected via qRT‑PCR. NS, not significant. Data shown are representative of three independent experiments.
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(Fig. 1B). Depletion of LSD1 caused significant accumulation 
of LC3‑II in a time- and dose-dependent manner, but did not 
affect the levels of Beclin1 (Fig. 1C and D), a protein involved 
in autophagosomal biogenesis (26). In addition, knockdown 
of LSD1 did not significantly alter the LC3 mRNA levels 
(Fig. 1E), indicating that the effect of LSD1 downregulation 

on the LC3‑II level was produced by affecting the protein 
translation, modification or degradation. To further confirm 
this result, we used tranylcypromine (TCP), a specific inhibitor 
of LSD1, to suppress the demethylase activity of LSD1 (27). 
TCP markedly increased the H3K4me2 levels, indicating that 
the demethylase activity of LSD1 was effectively inhibited 

Figure 2. LSD1 depletion results in the induction of autophagic flux. (A and B) The Dox (A) or TCP (B) treated HO8910 cells were pretreated for 3 h with 
autophagy inhibitors 0.5 µM BafA1 or 50 µM CQ and the proteins of interest were detected by western blotting. α-tubulin, loading control. *P<0.05. (C and D) The 
HO8910‑shLSD1 (C) or HO8910 (D) cells were analyzed by immunofluorescence for LC3 (green) after treatment with 100 ng/ml Dox (C) or 100 µM TCP (D) 
along with pretreated for 3 h with 50 µM CQ. The nucleus was stained by DAPI (blue). Scale bars, 50 µm. *P<0.05, **P<0.01. (E) Lentiviral vector-loaded 
GFP‑LC3 was stably transfected in the HO8910 or HO8910‑shLSD1 cells. The same treatment was followed as in the experiment above-mentioned in C and D. 
The GFP-LC3‑positive autophagosomes were visualized under an inverted fluorescence microscope. Scale bars, 10 µm. *P<0.05, **P<0.01. The numbers of the 
LC3 or GFP-LC3 fluorescent puncta were counted and assessed with ImageJ program (National Institutes of Health, Bethesda, MD, USA) for statistical analysis. 
The statistical analysis was performed based on the numbers of the puncta in each of the cells. Data shown are representative of three independent experiments.
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(Fig. 1F). Consistent with the effect of the knockdown of 
LSD1, inhibition of LSD1 by TCP markedly increased the 
LC3‑II protein levels (Fig. 1F), while it did not alter the mRNA 
levels (Fig. 1G). These data indicated that LSD1 was a negative 
regulator for production of LC3‑II, indicating that LSD1 may 
play an important role in autophagy.

LSD1 depletion results in the induction of autophagic flux. 
To confirm the role of LSD1 in autophagy, we examined 
the effect of the downregulation or inhibition of LSD1 on 
autophagic flux. We used the V-ATPase inhibitor bafilomycin 
A1 (BafA1) and the lysosomal inhibitor chloroquine (CQ) to 
block the autophagic flux. As displayed in Fig. 2, BafA1 or 
CQ alone with the expression of LSD1 shRNA produced a 
significant increase of LC3‑II (Fig. 2A). Similarly, BafA1 or 
CQ with the LSD1 inhibitor TCP significantly induced higher 
levels of LC3‑II (Fig. 2B), indicating that the downregulation 
of the LSD1 activity or protein level stimulated autophagy. 
Subsequently, we determined the effect on autophagy flux by 
immunofluorescence staining of LC3. As displayed in Fig. 2C, 
knockdown of LSD1 increased the amount of LC3 puncta, 
which was consistent with the immunoblotting data displayed 
in Fig. 2A, indicating an inhibitory role of LSD1 in autophagy. 

Treatment with CQ alone resulted in the accumulation of 
LC3 puncta, indicating that CQ blocks the autophagic flux. 
Knockdown of LSD1 plus treatment with CQ caused a greater 
increase in the amount of LC3 puncta than that of LSD1 
knckdown or CQ treatment alone (Fig. 2C), indicating that 
depletion of LSD1 activated the autophagic flux. Treatment 
of the cells with the LSD1 inhibitor TCP revealed the same 
effect as that of LSD1 knockdown (Fig. 2D), indicating that the 
demethylase activity of LSD1 was required for the inhibitory 
effect on autophagy flux. We further confirmed the inhibitory 
role of LSD1 in autophagy flux by visualizing the effect of 
LSD1 knockdown or treatment with TCP on the amount of 
GFP-LC3 puncta in HO8910‑shLSD1 cell line, as displayed in 
Fig. 2E. Collectively, these results clearly indicated that LSD1 
was a negative regulator in autophagy.

Inhibition of LSD1 enhances the activation of autophagy. 
Subsequently, we determined the effect of LSD1 on the activation 
of autophagy. Serum starvation and rapamycin are two known 
physiologic stimuli for the activation of autophagy  (12,28). 
As expected, serum withdrawal and rapamycin treatment 
induced the elevation of LC3‑II (Fig. 3A) and increased the 
number of LC3 puncta (Fig. 3B) in HO8910 cells, indicating 

Figure 3. Inhibition of LSD1 enhances the activation of autophagy. (A) HO8910‑shLSD1 cells were incubated in medium without serum for 16 h or 50 nM 
rapamycin for 12 h followed by treatment with or without 100 ng/ml Dox for 48 h, and then the expression of LSD1 and LC3‑II was determined by western blot-
ting. α-tubulin, loading control. *P<0.05. (B) Immunofluorescence analysis of the experiments in A. The nucleus was stained by DAPI (blue). Scale bars, 50 µm. 
The numbers of the LC3 fluorescent puncta were counted and assessed with ImageJ program for statistical analysis. The statistical analysis was performed 
based on the numbers of the puncta in each of the cells. *P<0.05, **P<0.01. Data shown are representative of three independent experiments.
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that serum starvation and rapamycin activated autophagy. 
Knockdown of LSD1 in cells further enhanced serum starva-
tion- or rapamycin-induced elevation of LC3‑II (Fig. 3A) and 
increased the number of LC3 puncta in shLSD1 cells (Fig. 3B), 
indicating that depletion of LSD1 promoted the starvation- 

and rapamycin-induced activation of autophagy. Collectively, 
these results demonstrated that LSD1 was a suppressor for 
autophagy activation.

Notably, serum starvation or rapamycin treatment caused 
a significant downregulation of LSD1 to the same level as that 

Figure 4. LSD1 regulates autophagy through the mTOR signaling pathway. (A) The HO8910‑shLSD1 cells were treated with different doses of Dox for 48 h. 
Phosphorylated p70S6K (p‑p70S6K; Thr389) and total p70S6K were probed by western blotting. (B) HO8910 cells were treated with 100 µM TCP for 24 h, and 
phosphorylated p70S6K (p‑p70S6K; Thr389) and total p70S6K were probed by western blotting. (C) HO8910‑shLSD1 cells were incubated in medium without 
serum for 16 h or 50 nM rapamycin for 12 h followed by treatment with or without 100 ng/ml Dox for 48 h and the proteins of interest were detected by western 
blotting. *P<0.05. (D) The HO8910‑shLSD1 cells were treated with 10 µΜ mTOR specific activator MHY1485 for the indicated time‑points. The expression 
of p‑p70S6K and p70S6K was detected via western blot analysis. (E) The HO8910‑shLSD1 cells were pretreated with 10 µM MHY1485 for 1 h prior to the 
addition of Dox and the proteins of interest were detected via western blotting. *P<0.05. (F) The HO8910 cells were pretreated with 10 µM MHY1485 for 1 h 
prior to the addition of TCP and the proteins of interest were detected via western blotting. *P<0.05. α-tubulin, loading control. Data shown are representative 
of three independent experiments.
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of shLSD1 (lanes 3 and 4; top panel; Fig. 3A), and additional 
downregulation of LSD1 was observed when the treatment 
was combined with the induction of the shLSD1 knockdown 
(lanes 5 and 6; the top panel; Fig. 3A), raising a possibility that 
serum starvation or rapamycin activated autophagy through 
the downregulation of LSD1, or LSD1 mediated the inactiva-
tion of autophagy by mTOR signaling.

LSD1 regulates autophagy through the mTOR signaling 
pathway. To explore the mechanism underlying the inhibi-
tory effect of LSD1 on autophagy, we determined whether 
LSD1 was involved in the mTOR signaling pathway, a known 
pathway inactivating autophagy (16). As p70S6K is a known 
downstream substrate of mTOR (29), we detected phosphoryla-
tion of Thr389 in p70S6K to evaluate the mTOR activation. As 
displayed in Fig. 4A, phosphorylation of p70S6K (Thr389), was 
decreased in LSD1-depleted cells in a dose-dependent manner. 
Similarly, inhibition of mTOR signaling was also detected 
with treatment of the LSD1 inhibitor TCP (Fig. 4B). To further 
confirm these results, we determined the phosphorylation of 
p70S6K (Thr389) following starvation or rapamycin treatment 
in HO8920‑shLSD1 cells and observed that knockdown of 
LSD1 resulted in further suppression of the mTOR pathway 
during starvation or rapamycin treatment (Fig. 4C), indicating 
that LSD1 regulated autophagy was indispensable through the 
mTOR signaling. To determine whether LSD1 knockdown 
induced autophagy directly via the mTOR pathway, we used 
an mTOR activator MHY1485 (30), which directly bound to 
mTOR and induced the phosphorylation of p70S6K (Thr389) 
to activate mTOR. As displayed in Fig. 4D, treatment with 
MHY1485 reached the maximum to activate mTOR at 1 h and 
was sustained for 12 h. Notably, MHY1485 treatment abolished 
the effect of LSD1 knockdown on p70S6K phosphorylation 
and LC3‑II accumulation (Fig.  4E), indicating that LSD1 
knockdown-induced autophagy was blocked by mTOR activa-
tion. Similar results were also observed with TCP treatment 
(Fig. 4F). These results indicated that downregulation of LSD1 
induced autophagy via the inhibition of mTOR signaling.

Discussion

In the present study, we revealed that LSD1, a lysine-specific 
demethylase, was a negative regulator of autophagy protein 
in HO8910 ovarian cancer cells. LSD1 reduction led to the 
activation of autophagy and the promotion of starvation- 
and rapamycin-induced autophagy via the mTOR signaling 
pathway, which could be a therapeutic target for treatment of 
ovarian cancer due to the negative role of LSD1 in autophagy.

We have previously identified that LSD1 was overexpressed 
in ovarian cancer cells and its overexpression correlated 
with high migration and invasion (9,31). Furthermore, it has 
been reported that the autophagy level was lower in ovarian 
cancers than benign tumors and the induction of autophagy 
in this type of cancer was associated with prolonged overall 
survival of patients (32,33). Thus, determining the regulatory 
mechanism of LSD1-mediated autophagy in ovarian cancer is 
urgently required for developing new therapeutic approaches. 
In fact, recent research has pointed the vital role of LSD1 in 
autophagy. For example, the FGF19-SHP-LSD1 regulatory 
axis mediated a postprandial epigenetic suppression of hepatic 

autophagy  (34). Furthermore, a recent study reported that 
LSD1 overexpression promoted tumorigenesis and inhibited 
autophagy via decreasing the p62 protein stability in a demeth-
ylation-independent manner in gynecologic malignancies. In 
addition, the higher p62 and autophagic flux levels elicited 
by LSD1 inhibition could reduce tumor growth in vivo (21), 
indicating that LSD1 was an important regulator of autophagy 
in tumors, and further potential mechanisms of these effects 
need to be elucidated. In the present study, we demonstrated 
that LSD1 knockdown induced the accumulation of LC3‑II 
proteins in HO8910 ovarian cancer cells. To confirm whether 
the LSD1 knockdown stimulated the production of autophago-
somes or caused a blockage of autophagic degradation, we used 
two lysosomal inhibitors BafA1, that prevented maturation of 
autophagic vacuoles by inhibiting fusion between autophago-
somes and lysosomes (35) and CQ, that raised the lysosomal 
pH, which also inhibited fusion of autophagosomes with lyso-
somes (36). Upon treatment with these lysosomal inhibitors, 
an increased accumulation of LC3‑II and autophagic flux were 
observed during LSD1 depletion, indicating that the LC3‑II 
accumulation mediated by LSD1 knockdown was involved in 
the autophagy induction process.

The experiments presented in our study added a new 
mechanism underlying the LSD1-mediated suppression of 
autophagy. We revealed for the first time, that knockdown 
or inhibition of LSD1 induced autophagic flux in HO8910 
ovarian cancer cells. While autophagy can be potently acti-
vated by serum starvation and rapamycin, we demonstrated 
that depletion of LSD1 obviously promoted the starvation- and 
rapamycin-induced activation of autophagy, which clearly 
demonstrated that LSD1 was a suppressor for autophagy activa-
tion. Notably, we observed that serum starvation or rapamycin 
treatment downregulated LSD1, indicating that downregula-
tion of LSD1 may mediate the activation of autophagy or may 
have a feedback effect on LSD1 expression in starvation- and 
rapamycin-induced autophagy.

The mTOR signaling pathway plays a crucial role in 
regulating autophagy, and mTOR is inhibited in response to 
various cellular conditions such as serum starvation, stress 
stimulation and growth factor deprivation (16). Several 
studies have indicated that the mTOR signaling pathway 
may be involved in epigenetic changes during autophagy. For 
example, methyltransferase EZH2 epigenetically suppressed 
several negative regulators of mTOR pathway via MTA2 to 
inhibit autophagy (37). Furthermore, LSD1 has been found to 
be a regulator of the mTOR pathway in neuroblastoma cells. 
Ambrosio et al  (39) found that SESN2, which serves as a 
key positive regulator of the autophagic pathway by directly 
inhibiting the mTORC1 activity (38), played an important role 
in LSD1-mediated autophagy. SESN2 is an LSD1-suppressed 
target gene and LSD1 inhibition triggered the transcriptional 
activation of SESN2, which resulted in the decrease of 
mTORC1 activity (39). Collectively, these findings provided a 
rationale for our hypothesis and indicated that the molecular 
mechanism of LSD1-mediated autophagy in ovarian cancer 
should be urgently explored. In the present study, we demon-
strated that LSD1 depletion-induced autophagy in ovarian 
cancer cells was dependent on mTOR inactivation which was 
characterized by decreasing the phosphorylation of p70S6K 
(Thr389), a downstream effector and marker of mTOR. 
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Furthermore, we noticed that the mTOR activator MHY1485 
rescued the phosphorylation levels of p70S6K in response to 
LSD1 deficiency, which further supported our hypothesis. In 
addition, LSD1 depletion-induced LC3‑II accumulation was 
attenuated upon mTOR activation. Thus, LSD1 appeared to 
regulate autophagy in an mTOR-dependent way.

In conclusion, our data identified LSD1 as an autophagy 
suppressor in HO8910 cells, which involved both basal 
and starvation- or rapamycin- induced autophagic progress 
through the mTOR pathway. Further studies are warranted 
to elucidate the potential mechanisms of how starvation and 
rapamycin alter the expression of LSD1, as well as uncover 
the LSD1-dependent epigenetic changes which may mediate 
autophagic process in ovarian cancer. Our results established 
a novel link among epigenetic regulation, mTOR pathway and 
autophagy in HO8910 ovarian cancer cells, providing new 
insights for future cancer treatment.
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