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Sanggenon O (SO) is a Diels-Alder type adduct extracted from Morus alba, which has been used for its anti-
inflammatory action in the Oriental medicine. However, whether it has regulatory effect on human cancer cell
proliferation and what the underlying mechanism remains unknown. Here, we found that SO could significantly
inhibit the growth and proliferation of A549 cells and induce its pro-apoptotic action through a caspase-de-
pendent pathway. It could also impair the mitochondria which can be reflected by mitochondrial membrane
permeabilization. Besides, SQSTM1 up-regulation and autophagic flux measurement demonstrated that exposure

to SO led to autophagosome accumulation, which plays a protective role in SO-treated cells. In addition,
knocking down of LC3B increased SO triggered apoptotic cell rates. These results indicated that SO has great
potential as a promising candidate combined with autophagy inhibitor for the treatment of NSCLC. In conclu-
sion, our results identified a novel mechanism by which SO exerts potent anticancer activity.

1. Introduction

Lung cancer remains a significant cause of mortality globally, being
the first leading cause of cancer-related deaths in China, which ac-
counts for 18% of deaths among cancer patients [1,2]. Among all lung
cancer cases, non-small cell lung cancers (NSCLCs) accounts for 85% of
deaths [3]. Lung cancer is often diagnosed at advanced stages, when
local therapies and surgery are no longer effective, leading to poor
survival outcomes in most settings. Therefore, chemotherapy is one of
the most common therapies in many cases. However, the available lung
cancer chemotherapeutic drugs perform extensive side-effects such as
alopecia, hypocytosis and mucositis [4]. Therefore, it is necessary to
develop more effective and safer drugs for the treatment of lung can-
cers, especially for NSCLCs.

Sanggenon O (SO, Fig. 1A), a flavanone Diel-Alder adduct com-
pound, is isolated from the root bark of Morus alba [5], which is known

for its anti-asthma and diuretic effects. Besides, extracts of Morus alba
were also reported to possess some other biological and pharmacolo-
gical activities, such as antidiabetic [6,7], anti-inflammatory [8,9],
antioxidant [10], antihyperlipidemia [11], cardioprotective [12], and
anti-cancer activities [13,14]. However, the biological activity of SO on
human NSCLC cells has not been studied.

Apoptosis, as the most well characterized programmed cell death
(PCD), usually exhibits as caspases-dependent accompanied with mor-
phological feature changes including cell shrinkage, plasma membrane
blebbing, chromatin condensation, DNA fragmentation and formation
of apoptotic bodies [15]. Autophagy, a highly conserved process, could
eliminate unnecessary or damaged cytoplasmic contents in cellular
microorganisms in a lysosome-dependent manner [16]. Apoptosis and
autophagy are both important in normal physiology and in a variety of
diseases such as cancers, Parkinson and myocardial ischemia. Cur-
rently, in the process of cancer treatment, agents which induce cell
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Fig. 1. Sanggenon O inhibits A549 cell
proliferation. (A) Chemical structure of SO.
(B) Cell viability assay in A549 cells. Cells
were treated with a series of concentrations
of SO (0-64 uM) for 24 h, 48 h or 72 h, then
the cell viability was measured via an MTT
assay at each indicated time point. (C) After
exposing to different concentrations of SO
(0-12puM) for 48h, A549 cells were col-
lected for CFDA-SE staining assay. (D) EdU
staining assay was performed after A549
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apoptosis are mainly used. Mitochondrion plays a major role in cell
apoptosis. Therefore, inducing mitochondrial dysfunction is an effective
way for cancer treatment. In addition, there are two opposite conclu-
sions about the relationship between apoptosis and autophagy. On one
side, autophagy protects cancer cells to adapt to environmental pres-
sures during their growth and metastasis; on the other side, autophagy
contributes to apoptosis. Therefore, it is of significant importance to
look for apoptosis-targeted drugs and elucidate the relationship be-
tween autophagy and apoptosis in the treatment of cancers.

Here, we evaluated the anti-proliferative and autophagy flux in-
hibition effect of SO on human NSCLC cell line and explored the re-
lationship between SO induced apoptosis and autophagy. Our results
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suggest that SO exhibits anti-cancer effects by inducing apoptosis and
SO may be used as a promising anticancer agent for the treatment of
NSCLC.

2. Materials and methods
2.1. Reagents and chemicals

SO (purity > 98%) was purchased from Jisskang Biotechnology
Company (Qingdao, China) and prepared as a bulk solution at 50 mM in
DMSO (Sigma Aldrich, USA). Autophagy inhibitors (CQ, Baf and pep-
statin A/E64d) were purchased from Beyotime Biotechnology
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Fig. 2. Sanggenon O induces mitochondrial dysfunction in human lung cancer A549 cells. (A) After treatment with SO (0-12 uM) for 48 h, mitochondrial membrane
potentials of the A549 cells was detected by flow cytometry after JC-1 staining. (B) After treatment with SO (0-12 uM) for 48 h, ROS was measured by flow cytometry
with fluorescent dye DCFH-DA. (C) After treatment with SO (0-12 uM) for 48 h, the expressions of Bcl-2 and Bax were detected by western blot. Data are presented as
mean * SD from triple independent experiments. ‘p < 0.05; “p < 0.01 and "p < 0.001, compared to control.

(Shanghai, China). MTT was purchased from Solarbio Technology
Company (Beijing, China). Antibodies of cleaved caspase-3, cleaved
caspase-7, cleaved caspase-9, cleaved PARP, caspase-3, caspase-7, cas-
pase-9, PARP, LC3B and SQSTM1 were purchased from Cell Signaling
Technology (Danvers, MA, USA). Antibodies of Bax and Bcl-2 were
purchased from EnoGene Technology Company (Nanjing, China).
GAPDH was purchased from Goodhere Biotechnology Company
(Hangzhou, China). Peroxidase-conjugated affinipure goat anti-rabbit
secondary antibody was purchased from Origene Technology Company
(Beijing, China). The siRNAs were purchased from Genepharm
(Shanghai, China). The sequence of siRNA for LC3B and SQSTM1 are:

CACCUUCGAACAAAGAGUAAJTAT, CCAUCCAGUAUUCAAAGCA
dTdT.

2.2. Cell culture

A549 cells were purchased from the Cell Bank of Shanghai Institute
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of Biochemistry and Cell Biology, Chinese Academy of Sciences
(Shanghai, China). A549 cells were cultured in RPMI-1640 media with
10% FBS at 37 °C in 5% COs,.

2.3. Cell viability assay

The cell viability was measured via MTT assay. Cells were trans-
ferred in 96-well plates at a density of 3 x 102 cells per well. Following
incubation overnight, cells were treated with a series of concentrations
of SO for 24, 48 and 72 h. Then, 20 pL of MTT solution (5 mg/mL) was
added into each well and incubated for 4 h. The supernatant was then
removed and 150 uL of DMSO (Sigma Aldrich, USA) was added to
dissolved formazan crystals. The absorbance was evaluated at 490 nm
using a microplate reader.
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Fig. 3. Sanggenon O induces apoptosis in human lung cancer A549 cells. (A) A549 cells were pretreated with SO (0-12 uM) for 48 h, and apoptosis rates were
determined by flow cytometry with Annexin V-FITC (AV) and PI stains. (B and C) After treatment with SO (0-12 pM) for 48 h or SO (8 uM) for different time (0-48 h),
the expressions of caspase-9, cleaved caspase-9, caspase-3, cleaved caspase-3, caspase-7, cleaved caspase-7, PARP, and cleaved PARP were determined by Western

blot. GAPDH served as a loading control for both western blots. Data are represented as mean

s

p < 0.001, compared to control.

2.4. CFDA-SE cell tracer assay

Cell proliferation was detected by the CFDA-SE kit (Beyotime,
China). Briefly, A549 cells were incubated with CFDA-SE, and seeded in
six-well culture plates. After incubation for 24 h, medium was discarded
and replaced with fresh medium containing SO at different concentra-
tions (4-12 uM) or DMSO (< 0.1%) as a vehicle. The cells were har-
vested after 48 h, and the fluorescence intensity was measured by flow
cytometry (BD Bioscience, USA).

2.5. 5-Ethynyl-20-deoxyuridine (EAU) incorporation assay

According to the instruction of EAU labeling/detection kit (Ribobio,
China), cells were incubated in a final volume of 1 mL of complete
medium at 3 x 103 cells per confocal laser dish (Corning Incorporated,

+

SD of triple independent experiments. p < 0.05; "p < 0.01 and

USA). After incubation overnight, medium was removed and replaced
with fresh medium containing different concentrations (4-12 puM) of SO
or DMSO as a vehicle (< 0.1%). 48 h later, EAU labeling agent (50 uM)
was added to the cell culture medium and incubated for 2h at 37 °C in
presence of 5% CO,. Next, cells were fixed with 4% paraformaldehyde
(pH 7.4) for 30 min and incubated with glycine for 5 min. After washing
with PBS, cells were treated with anti-EdU working solution at 25 °C for
30 min. Cells were then stained with 5ug/mL Hoechst33342 at 25 °C
for 30 min after washing with 0.5% TritonX-100 in PBS. Finally, the
cells were observed with a confocal laser scanning microscope.

2.6. Flow cytometry analysis of apoptosis

Cell apoptosis was detected by flow cytometry after double staining
cells with fluorescein isothiocyanate labeled Annexin V (FITC-AV) and
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Propidium iodide (PI) (KeyGEN BioTECH, China) in accordance with
the instructions. Briefly, cells were harvested prior to resuspension in
500 uL of binding buffer. Then, FITC-AV (5uL) was added to the
sample. Next, PI (10 pL) was added to the mixture before further in-
cubation at 25 °C for 5-15 min avoiding light, followed by flow cyto-
metry analysis within 1 h.
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2.7. Proteins extraction and western blotting

A549 cells were treated with DMSO (< 0.1%) or various con-
centrations (4, 8, and 12 uM) of SO for 48 h, then the cells were har-
vested and lysed in RIPA lysis buffer with protease inhibitors.
Bicinchoninic acid protein (BCA) assay kit (Beyotime, China) was used
to determined protein concentration. Equal weight protein from the
total cell lysates (30-40 pg/lane) was separated on (8%, 12% or 15%)
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Fig. 4. Sanggenon O induces autophagosome accumulation in A549 cells. (A) After pretreated with SO (0-12 uM) for 48 h, the formation of cytoplasmic vacuoles in
A549 cells was obtained under an inverted microscope. Bar = 50 um. (B and C) After treatment with SO (0-12uM) for 48 h, MDC staining was measured by
fluorescence microscope (10 magnification) and flow cytometry. Bar = 15um. (D and E) After treatment with SO (0-12uM) for 48 h or SO (8 uM) for various
durations (0-48 h), the expression of LC3B-II was analyzed by western blot. (F) Accumulation of LC3B puncta in A549 cells was measured by immunofluorescence in
cells treated with SO (4-8 uM) for 48h. Bar = 30 um. Data are represented as mean * SD of triple independent experiments. p < 0.05; “p < 0.01 and

s

p < 0.001, compared to control.



Z.-R. Li, et al.

Bioorganic Chemistry 87 (2019) 688-698

Rapamycin

Fig. 4. (continued)

SDS-PAGE and transferred to 0.22 pm nitrocellulose membranes (Pall,
USA). The membrane was blocked with PBS containing 5% skim milk
for 2h at room temperature before incubating overnight with primary
antibody diluted in PBST (PBS containing 0.5% Tween-20) at 4 °C. Blots
were washed four times in PBST for 5 min each time and then incubated
with horseradish peroxidase-conjugated secondary antibody for 2 h at
room temperature. The signals were detected after adding the enhanced
chemiluminescence (Thermo Fisher Scientific, USA) to blots.

2.8. Measurement of the mitochondrial membrane potential

The changes of mitochondrial membrane potential (MMP) was de-
termined using a JC-1 (5,5’6,6’-tetrachloro-1,1%,3,3’-tetraethyl-imida-
carbocyanine iodide) assay kit (KeyGen, China). Following collection,
the A549 cells were incubated with JC-1 dye staining solution (500 pL)
in the dark at 37 °C for 25 min. After that, cells were washed twice with
1 X incubation buffer. Finally, cells were suspended with 500 uL of 1 x
incubation buffer and detected by flow cytometry.

2.9. Determination of cellular reactive oxygen species (ROS)

DCFH-DA (2’,7’-dichlorofluorescein) could produce a fluorescent
compound dichlorofluorescein (DCF) after reacting with ROS.
Therefore, it was used to determine the production of intracellular ROS.
After exposed to 0.1% DMSO or different concentrations of SO (4, 8 or
12 uM) for 48 h, A549 cells were harvested and incubated with 10 uM
DCFH-DA (Beyotime, China) at 37°C for 20min in the dark.
Fluorescence data was obtained by flow cytometry.

2.10. MDC staining

Cells were grown on the coverslips in 6-well plate. After treating
with different concentrations of SO for 48 h, the cells were washed with
ice-cold PBS and incubated with 50 mM of MDC at 37 °C for 30 min. The
stained cells were washed and analyzed by Confocal Microscope with
ZEN software. To quantitate MDC, flow cytometry was used. Cells were
seeded in 6-well plate. After exposing to various concentrations of SO
(4, 8, 12uM) or DMSO (< 0.1%) for 48 h, the cells were washed with
ice-cold PBS, incubated with 50 mM of MDC at 37 °C for 30 min and
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detected using flow cytometry

2.11. Immunofluorescence

A549 cells in confocal laser dish were exposed to different con-
centrations of SO for 48 h. Cells were fixed with 4% paraformaldehyde
at room temperature for 30 min. After that, cells were washed with PBS
and blocked with PBS containing 5% BSA for 1h before incubating
overnight with primary antibody against LC3B at 4 °C. Cells were wa-
shed with PBS and incubated with Alexa Fluor 488-conjugated sec-
ondary antibody (Thermo Fisher Scientific, USA) for 2h at room tem-
perature in the dark. The nuclei were stained with 5pug/mL DAPI
solution (Solarbio, China) for 10 min prior to obtain image by a laser
scanning confocal microscope.

2.12. GFP-mCherry-LC3 plasmid and siRNA transient transfection

For siRNA transfection, A549 cells were seeded in 6-well culture
plates and transfected by Lipofectamine RNAiMax transfection reagent
(Life, USA) in accordance with the manufacturer’s instruction. Then,
cells were treated with media with or without various concentrations of
SO for 48h and collected for further experiments. For GFP-mCherry-
LC3 adenovirus (Hanheng, China) transfection, A549 cells were cul-
tured on a confocal laser dish (Corning, USA). After incubation for 12 h,
cells were exposed to SO for 48 h and observed by a confocal micro-
scope.

2.13. Statistical analysis
All experiments were done in triplicate. Data were presented as
mean * standard deviation (S.D.). The significance of different groups

was determined by one-way or two-way ANOVA and t-test. It was
considered statistically significant at p < 0.05.

3. Results
3.1. Sanggenon O inhibits the proliferation of A549 cells

To evaluate the anti-proliferative effect of SO (Fig. 1A) on human
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not significant.
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lung cancer cells, A549 cells were treated with a series of concentra-
tions of SO. MTT results showed that SO inhibited the growth of A549
cells (Fig. 1B). Moreover, A549 cells were labeled with CFDA-SE to
determine the effect of SO on cell growth. After entering the cells,
CFDA-SE was distributed equally to the divided cells with decreased
fluorescence intensity. After treatment with SO, the CFDA-SE fluores-
cence intensity augments in a dose-dependent manner (Fig. 1C), sug-
gesting that SO could inhibit cell division. Next, an EdU incorporation
assay was conducted to confirm the inhibitory effect of SO on cell
proliferation. Compared with the control group, EQU-positive cells were
dramatically decreased in SO treatment groups. (Fig. 1D). Taken to-
gether, these results indicated that SO could significantly inhibit the
proliferation of human lung carcinoma A549 cells.

3.2. Sanggenon O induces mitochondrial dysfunction in human lung cancer
A549 cells

Mitochondrial dysfunction is the character of intrinsic apoptosis,
resulting in the release of mitochondrial pro-apoptotic factors [17,18].
These molecules lead to the activation of caspase-9 [19], which triggers
the catalytic maturation of caspases, such as caspase-3 [20]. In our
study, mitochondrial membrane potential (A Wm) was descended in a
dose-dependent manner after incubation with SO for 48 h. (Fig. 2A).
ROS, generated mainly from mitochondria, could determine the fate of
cancer cells by regulating diverse cellular pathways [21]. To evaluate
the effect of SO on ROS generation, A549 cells were treated with SO at
different concentrations for 48 h. Flow cytometry analysis revealed that
ROS increased dose-dependently in SO-treated cells (Fig. 2B). Besides,
the Bcl-2 family proteins could also tightly regulate cell apoptosis. Anti-
apoptotic proteins such as Bcl-2 could inhibit mitochondrial perturba-
tions [22,23], whereas pro-apoptotic proteins such as Bax could pro-
mote the permeabilization of mitochondrial membrane [24-26]. As
expected, we observed SO up-regulated the ratio of Bax/Bcl-2 (Fig. 2C).
In a word, these results indicated that SO induced mitochondrial dys-
function.

3.3. Sanggenon O triggers apoptosis in human lung cancer A549 cells

Annexin V/PI assay was performed to evaluate the apoptotic effect
of SO. As shown in Fig. 3A, SO treatments increased the percent of
apoptotic cells dose-dependently. Caspase family proteins play an im-
portant role in numerous forms of apoptosis [27]. Mitochondrial da-
mage could cleave caspase 9 into an active state, which could activate
caspase 3 [28]. So we examined the expression of caspase-related
proteins. Fig. 3B and C showed a marked reduction of the proenzy-
matic, inactive form of caspase-3/7/9/PARP and the concomitant in-
duced cleavage of caspase-3/7/9/PARP by SO treatments in a con-
centration and time-dependent manner. The above results suggested
that SO induced mitochondrion mediated apoptosis in A549 cells.

3.4. Sanggenon O induces autophagosome accumulation in human lung
cancer A549 cells

Numerous cytoplasmic vacuoles often appeared in cells undergoing
autophagy [29,30]. Vacuole bodies appeared in A549 cells when
treated with high doses of SO (Fig. 4A). To further assess the effect of
SO on autophagy in A549 cells, a series of experiments were carried
out. MDC, a tool compound used to stain lysosomes, acidic endosomes
and autophagosomes [31], was used to detect acidic vesicular orga-
nelles in SO-treated A549 cells. As shown in Fig. 4B, SO-treated A549
cells showed a sharp increase in the amount of MDC-labeled vesicles,
demonstrating that SO induces the formation of acidic vesicular orga-
nelles, which is a characteristic of autophagy. Consistent with the above
results, flow cytometry analysis indicated that SO caused a profound
increase in MDC fluorescence intensity in a dose-dependent manner
(Fig. 4B and C). During the process of autophagy, the cytoplasmic form
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LC3B-I is transformed into the lipidated form LC3B-II, which aggregates
on the membranes of the autophagosome, thus the level of LC3B-II
protein positively correlating with the number of autophagosomes [32].
Therefore, the expression of LC3B-II was detected. As shown in Fig. 4D
and E, SO induce the expression of LC3B-II in both dose- and time-
dependent manners. Meanwhile, the expression of LC3B-II was de-
termined by immunofluorescence. An increased punctate pattern of
LC3B fluorescence was observed in SO-treated A549 cells (Fig. 4F),
indicating the formation of autophagic vacuoles and the recruitment of
LC3B into autophagosomes. These results indicated that SO induced
autophagosome accumulation in A549 cells.

3.5. Sanggenon O suppresses autophagic flux in A549 cells

The fusion of autophagosomes and lysosomes is the final step of
autophagy [33]. SQSTM1 protein, another autophagy marker, is se-
lectively incorporated into autophagosomes and degraded after autop-
hagy initiation [34]. Therefore, SQSTM1 protein level is expected to
increase after inhibiting autophagosome degradation [33]. Fig. 5A and
B showed that SO induced SQSTM1 accumulation in a dose- and time-
dependent manner. To further explore the effect of SO on autophagy,
GFP-mCherry-LC3 adenovirus was transfected in A549 cells. After in-
cubating with SO, a large number of red- and green-fluorescent puncta
were formed in transfected cells. These puncta could produce a yellow
overlay, which indicated that lysosomes were dysfunctional and the
fusion process of autophagosome and lysosome were impaired
(Fig. 5C). To further confirm the role of SO in autophagosome accu-
mulation, autophagic flux was determined. BaF, a lysosomotropic in-
hibitor, can prevent autophagosome degradation by increasing the pH
of lysosomal/vacuolar [35]. As shown in Fig. 5D-E, the expressions of
LC3B-II and SQSTM1 were not further increased under a dual treatment
of SO and BaF. Lysosomal enzymes are necessary for functional lyso-
somes, so the expressions of LC3B-II and SQSTM1 were also measured
under a dual treatment of SO and lysosomal protease inhibitors (CQ or
pepstatin A/E64D) [36]. Compared to the cells treated with SO only,
the dual treatment of SO and pepstatin A/E64D or CQ did not accu-
mulate SQSTM1 (Fig. S1). The above results indicated that the accu-
mulation of autophagosome induced by SO was related to the inhibition
of autophagic degradation.

3.6. Sanggenon O induces cytoprotective autophagy in A549 cells

The interaction between autophagy and apoptosis is controversial.
In cancer therapy, autophagy induced by agent may be a pro-dead, a
protective or an accompanying phenomenon [37,38]. Herein, the
functional role of autophagy in SO-induced cytotoxicity was examined.
LC3B and SQSTM1, which are critical for autophagosome formation,
were knocked down respectively. The SO-induced expression levels of
cleaved PARP, a protein marker of apoptosis [39], were increased under
siLC3B transfection (Fig. 6A). In addition, the apoptotic rate of SO-
treated cells changed from 36.7% to 78.4% after the knockdown of
LC3B (Fig. 6B). However, SQSTM1 silencing elicited a subtle effect on
cell apoptosis and protein expression levels of c-PARP and c-caspase 3
(Fig. 6C and D). Taken these data together, these results suggested that
SO induces protective autophagy in A549 cells.

4. Discussion

SO is a flavanone Diel-Alder adduct compound derived from the
root bark of Morus alba [5]. Previous studies have shown that the
structural analogues of SO have cytotoxic activities [13,14]. However,
the effect of SO on cancer cells and its anticancer mechanism has not
yet been fully clarified. Thus, we investigated the effect of SO on cancer
cells. We found that SO could inhibit cell viability in various kinds of
human cancer cells (data not shown). In this work, we further verified
that SO inhibited cell proliferation, triggered autophagy, and induced
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apoptosis via mitochondrial dysfunction in A549 cells. Thus, SO might
represent an effective therapeutic agent for the treatment of lung
cancer.

Apoptosis one of the most obviously characterized cell death mode,
can be induced by two main pathway: the mitochondrial pathway and
the death receptor pathway [40]. Numerous natural products induce
cell death through the intrinsic apoptosis pathway [41-44]. Similarly,
our data demonstrated that SO treatment induced mitochondrial dys-
function by decreasing MMP (Fig. 2A) and increasing reactive oxygen
species formation (Fig. 2B). The up-regulation of Bax/Bcl-2 protein
expression ratio enhances permeabilization mitochondrial membrane
permeabilization which is the main cause of apoptosis [45]. Bax/Bcl-2
protein expression ratios were consistently up-regulated after exposing
to SO. All of these findings validate the hypothesis that SO-induced
apoptosis is related to mitochondrial dysfunction.

The best character of autophagy encompasses the progressive se-
paration of cytoplasm by autophagosomes, which fuse with lysosomes
to initiate the degradation of their contents [46]. Compared with the
control group, numerous microscopic vacuoles were observed in A549
cells treated with SO (Fig. 3A), which prompted us to detect the effects
of SO on cell autophagy. The autophagic response was confirmed by
analysis of MDC labeling. In our results, we found SO treatment in-
creased MDC labeling and fluorescence intensity, suggesting SO in-
duced the occurrence of autophagy. Cleavage of LC3 is another widely
used criteria for autophagy. In the process of autophagy, LC3 is cleaved
to LC3-II that aggregates and localizes to the autophagosomes [47]. The
increased expression of LC3-II was observed in a dose-dependent
manner (Fig. 3C). We also found an increased expression of SQSTM1
with SO treatment. To explain this, A549 cells were transfected with
GFP-mCherry-LC3 adenovirus and both GFP punctate and mCherry-
LC3B fluorescence were increased after SO treatment. This result in-
dicated that the fusion step of autophagosome and lysosome was im-
paired. The level of SQSTM1 will be increased when the lysosome is
dysfunctional or the fusion of lysosomes and autophagosomes is in-
hibited [44,48-51]. To further prove that the blockage of autophagic
degradation is devoted to SO-induced accumulation of autophagosome,
other kinds of autophagy flux assays were performed. We found SO-
induced cell autophagy was similar to that of other lysosome inhibitors
(BaF and pepstatin A/E64D). Taken together, these results indicated
that autophagy inhibition was involved in the SO-induced autophago-
some accumulation.

Autophagy is a double-edged sword in cancer tumorigenesis and
antitumor therapies, hence whether autophagy stimulates cell death or
cell survival remains controversial [52]. Therefore, fully understanding
of the relationship between cell death and autophagy is significantly
important in tumor therapy. Although plenty of drug-induced autop-
hagic cell death has been reported, such as Saikosaponin-d [53], La-
patinib [54] and Baicalein [55], the majority of the autophagic re-
sponse to numerous chemotherapeutic drugs is cytoprotective [56]. To
understand the exact role of autophagy in cell death induced by SO, we
assessed the effects of LC3B or SQSTM1 siRNA on SO-induced cell
apoptosis respectively. Interestingly, the LC3B genetic inhibition in-
creased SO-induced apoptotic cells and the protein level of cleaved
PARP. In summary, SO-triggered apoptosis was enhanced by inhibition
of autophagy, indicating that SO-mediated autophagy was a pro-sur-
vival mechanism other than a pro-death mechanism in NSCLC cells. It
suggested that combination of SO and autophagy inhibitor maybe a
promising method for NSCLC therapy.

In conclusion, SO suppressed the proliferation of A549 cells by in-
ducing mitochondrial mediated apoptosis, which was associated with
increased Bax/Bcl-2 ratio, leading to a reduce of mitochondrial mem-
brane potential. Moreover, the accumulation of autophagosome plays a
protective role in SO-treated cells. Our data identified a novel me-
chanism by which SO exerts potent anticancer activity. These results
indicate that SO possesses great potential to be a promising candidate
combined with autophagy inhibitor for the treatment of NSCLC.
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