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A B S T R A C T

Chelerythrine (CHE), a natural benzo[c]phenanthridine alkaloid, shows anti-cancer effect through a number of
mechanisms. Herein, the effect and mechanism of the CHE-induced autophagy, a type II programmed cell
death, in non-small cell lung cancer (NSCLC) cells were studied for the first time. CHE induced cell viability
decrease, colony formation inhibition, and apoptosis in a concentration-dependent manner in NSCLC A549 and
NCI-H1299 cells. In addition, CHE triggered the expression of phosphatidylethanolamine-modified micro-
tubule-associated protein light-chain 3 (LC3-II). The CHE-induced expression of LC3-II was further increased
in the combination treatment with chloroquine (CQ), an autophagy inhibitor, and large amounts of red-puncta
were observed in the CHE-treated A549 cells with stable expression of mRFP-EGFP-LC3, indicating that CHE
induces autophagy flux. Silence of beclin 1 reversed the CHE-induced expression of LC3-II. Inhibition of
autophagy remarkably reversed the CHE-induced cell viability decrease and apoptosis in NCI-H1299 cells but
not in A549 cells. Furthermore, CHE triggered reactive oxygen species (ROS) generation in both cell lines. A
decreased level of ROS through pretreatment with N-acetyl-L-cysteine reversed the CHE-induced cell viability
decrease, apoptosis, and autophagy. Taken together, CHE induced distinctive autophagy in A549 (accompanied
autophagy) and NCI-H1299 (pro-death autophagy) cells and a decreased level of ROS reversed the effect of CHE
in NSCLC cells in terms of cell viability, apoptosis, and autophagy.

1. Introduction

Chelerythrine (CHE), a natural benzo[c]phenanthridine alkaloid,
extracts from a number of plant species, such as Chelidonium majus,
Macleaya cordata, and Sanguinaria canadensis etc. [1,2]. It exerts a
wide spectrum of biological activities, including anti-cancer [3], anti-
diabetes [4], anti-fungus [5], as well as protective effect against the
ethanol-induced gastric ulcer [6] and the lipopolysaccharide-induced
endotoxic shock [7] etc. The anti-cancer effect of CHE has been studied
both in vitro and in vivo. Activation of the RAF/mitogen-activated
protein/extracellular signal-regulated kinase kinase pathway resulted
in the CHE-induced apoptosis in osteosarcoma cells [8]. Inhibition of
Bcl-2 expression and activation of a mitochondrial pathway contrib-
uted to the CHE-induced apoptosis in hepatocellular carcinoma cells
[9]. CHE also induced apoptosis and the G1-phase cell cycle arrest in
human promyelocytic leukemia HL-60 cells [10]. Moreover, CHE

inhibited tumor growth in the mice bearing uterine leiomyoma cells
[11], head and neck squamous cell carcinoma cells [12], as well as
lymphoma cells [13]. Most of the current anti-cancer study of CHE
focused on its ability for induction of apoptosis, a type I programmed
cell death [14]. However, whether autophagy, a type II programmed
cell death [15], contributes to the anti-cancer effect of CHE is unclear.

Autophagy is an evolutionary conserved degradation system that
induces the degradation of cytoplasmic contents in a lysosome-
dependent manner [16]. It connects to numerous of human diseases
and physiologies, including cancer, neurodegeneration, microbial in-
fection, and ageing [17,18] etc. Autophagy can be stimulated through
reactive oxygen species (ROS) generation, hypoxia, nutrient starvation,
and virus infection [19–22]. So far, some autophagy regulators have
been obtained [23,24]. Our previous studies have identified a series of
autophagy inducers from natural products, such as glycyrrhetinic acid,
platycodin D, baicalein, licochalcone A, cryptotanshinone, isocrypto-
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tanshinone [25–31] etc. The role of the compound-induced autophagy
(pro-survival, pro-death, or accompanied effect) in cancer therapy is
complex [25–31].

Therefore, the effect and potential mechanism of the CHE-induced
autophagy in non-small cell lung cancer (NSCLC) A549 and NCI-
H1299 cells were performed, and the role of autophagy in the CHE-
induced cell viability and apoptosis was studied.

2. Materials and methods

2.1. Reagents

CHE, with the purity of 99.34% that determined by using high-
performance liquid chromatography assay, was purchased from the
National Institutes for Food and Drug Control (Beijing, China) and
dissolved in dimethyl sulfoxide (DMSO) at a concentration of 40 mM,
stored at −20 °C. 3-(4,5-dimethylthiazol-2-yl)-2, 5-Diphenyltetrazolium

bromide (MTT), chloroquine (CQ), puromycin, paraformaldehyde (PFA),
and DMSO were obtained from the Sigma (St. Louis, MO, USA).
Dulbecco's modified Eagle's medium (DMEM) medium, RPMI 1640
medium, fetal bovine serum (FBS), penicillin, streptomycinwere, phos-
phate-buffered saline (PBS), and hanks' balanced salt solution (HBSS)
were obtained from the Gibco Life Technologies (Grand Island, NY, USA).
2′,7′-dichlorofluorescin-diacetate (DCFH2-DA) and crystal violet staining
solution were purchased from the Beyotime Biotechnology Corporation
(Shanghai, China). The primary antibodies, i.e. poly (ADP-ribose) poly-
merase (PARP) (#9532), cleaved caspase 3 (#9664), LC3 (#12741), beclin
1 (#3495), GAPDH (#2118), and anti-rabbit IgG, HRP-linked (#7074)
were obtained from Cell Signaling Technology (Beverly, MA, USA).

2.2. Cell line and culture

The NSCLC A549 and NCI-H1299 cells were purchased from the
American Type Culture Collection (ATCC, Rockville, MD, USA), and

Fig. 1. CHE induced cell viability decrease and apoptosis in A549 and NCI-H1299 cells. (A) A549 and NCI-H1299 cells were treated with different concentrations of CHE for 24 h. Cell
viability was detected by using MTT assay. *P < 0.05, **P < 0.01, compared with 0 μM CHE treatment. (B) Cells were treated with indicated concentrations of CHE for 24 h and then
cultured in fresh medium for about 14 d until the visible colonies were observed. The colonies were stained with crystal violet and photographed. Representative images were presented.
(C) After treatment with indicated concentrations of CHE for 24 h, the dead cells were evaluated through annexin V-FITC/PI dual staining assay. *P < 0.05 and ** P< 0.01. (D) A549 and
NCI-H1299 cells were treated with different concentrations of CHE for 24 h, the protein expressions of PARP, cleaved caspase 3, and GAPDH were detected by using Western blot assay.
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cultured in a RPMI 1640 medium supplemented with 10% (v/v) FBS and
antibiotics (100 units/mL penicillin and 100 μg/mL streptomycin). A549
cells with mRFP-EGFP-LC3 stable expression were cultured in a DMEM
medium supplemented with 10% (v/v) FBS, 1% (v/v) antibiotics (100
units/mL penicillin and 100 μg/mL streptomycin), and 2 μg/mL pur-
omycin. All cells were cultured in a 5% CO2 incubator at 37 °C.

2.3. MTT assay

The effect of CHE on cell viability was detected by using MTT assay
as described in the previous report [32]. Exponentially growing cells

were seeded into 96-well plates and treated as indicated. The cell
viability was examined through incubation of the cells with 1 mg/mL
MTT for 4 h. DMSO was then added into solubilize the formazan and
shaking in the dark. The absorbance at 570 nm was recorded with a
microplate reader (Perkin Elmer, 1420 Multilabel Counter Victor3,
Wellesley, MA, USA).

2.4. Colony formation assay

Cells were seeded into 6-well plates. After attachment, cells were
incubated with the different concentrations of CHE for 24 h. The

Fig. 2. CHE induced autophagy in A549 and NCI-H1299 cells. (A) A549 and NCI-H1299 cells were treated with different concentrations of CHE for 24 h, and cell extracts were
analyzed to detect the changes of protein expression by Western blot assay. (B) A549 and NCI-H1299 cells were treated with 15 μM CHE for 24 h with or without pretreatment with CQ
(10 μM, 1 h). Cell extracts were analyzed for protein expression by using Western blot assay. *P< 0.05 and **P < 0.01. (C) A549 cells with mRFP-EGFP-LC3 stable expression were
treated with CHE, HBSS, and CQ for 24 h, respectively. The formation of puncta was imaged by using a confocal microscope and typical images were presented. For quantification, at
least 20 cells (per experiment) were randomly selected for counting the number of mRFP-LC3 or EGFR-LC3 puncta in each group. Data were presented from one representative
experiment of three independent experiments. *P < 0.05, **P< 0.01. The “ns”means “no statistical difference”. (D) A549 and NCI-H1299 cells were transiently transfected with siRNA of
beclin 1 for 24 h. 15 μM CHE was added into the cells and cultured for another 24 h. The expression changes of indicated proteins were examined through Western blot assay. *P < 0.05
and **P < 0.01.
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medium was placed with fresh medium and cells were cultured for
another 14 d until the visible colonies were observed. The colonies were
fixed with 4% PFA and stained with crystal violet staining solution. The
images of cell colony were captured by using an ordinary NIKON
camera.

2.5. Annexin V-FITC/PI staining assay

After incubation with the indicated concentrations of CHE in the
presence and absence of CQ (10 μΜ, 1 h), NAC (5 mM, 1 h), or silence
of beclin 1, cells were trypsinized, washed, and collected. The dead cells
(apoptotic and necrotic cells) were detected by using annexin V-FITC/
PI dual labeling assay kit (BioVision, CA, USA) in accordance with the
protocol provided by the manufacturer. At least 10,000 cells were
collected and analyzed by using a flow cytometer (Becton Dickinson
FACS Canto, Franklin Lakes, NJ).

2.6. Western blot assay

The total protein was obtained by using a radioimmunoprecipita-
tion lysis buffer containing 1% phenylmethanesulfonyl fluoride and 1%
protease inhibitor cocktail. Then, the protein concentrations were
calculated with the BCA™ protein assay kit (Pierce, Rockford, IL,
USA). Equal amounts of proteins were separated by using sodium
dodecyl sulfate-polyacrylamide gel electrophoresis, and transferred to a
polyvinylidene difluoride membrane followed by blocking in 5% non-
fat dried milk in PBST at room temperature for 1 h. The membrane was
incubated with primary antibodies overnight at 4 °C. After washing
with PBST, the membranes were incubated with corresponding sec-
ondary antibodies at room temperature for 1 h. The specific protein
bands were visualized with an ECL advanced Western blot analysis
detection kit (BD Biosciences, Bedford, MA, USA). Equal protein

loading was verified by probing with anti-GAPDH antibodies. The
quantification of Western blot images was calculated by the following
steps: 1) the grey level of each indicated protein was obtained through
the ChemiDocTM MP imaging system. 2) The ratio of indicated
protein/GAPDH was obtained. 3) The fold of control value was
obtained by calculating “treatment group value”/“control group value”.
4) Three independent experiments were performed and mean ± stan-
dard deviation (SD) was calculated.

2.7. Immunofluorescence staining assay

A549 cells with mRFR-EGFR-LC3 constitutive expression were
treated with 15 μΜ CHE, HBSS, and 10 μM CQ for 24 h, respectively.
Cells were then fixed with 4% PFA for 30 min and washed with PBS for
3 times. The immunofluorescent images were obtained by using a
confocal laser scanning microscope (Leica TCS SP8, Solms, Germany)
and typical images were presented.

For quantitative assay, the red-puncta and green-puncta numbers
were counted as described previously [33,34]. Briefly, at least 20 cells
(per experiment) were randomly selected for counting the number of
mRFP-LC3 or EGFR-LC3 puncta in each group, and three independent
experiments were performed.

2.8. Small interfering RNA (siRNA) transfection assay

The specific target sequences of beclin1 (sense 5′-GGAGCCAUU-
UAUUGAAACUTT-3′, antisense 5′-AGUUUCAAUAAAUGGCUCCTT-
3′) and the scrambled siRNA (sense 5′-UUCUCCGAACGUGUC-
ACGUTT-3′, antisense 5′-ACGUGACACGUUCGGAGAATT-3′) were
purchased from the GenePharma (Shanghai, China). Cells were seeded
into 6-well plates for overnight and then transfected with siRNA of
beclin 1 and the scrambled siRNA by using the Lipofectamine™ 2000

Fig. 3. Inhibition of autophagy reversed the CHE-induced cell viability decrease in NCI-H1299 cells while not in A549 cells. (A) A549 and NCI-H1299 cells were treated with various
concentrations of CHE for 24 h with or without pretreatment with CQ (10 μM, 1 h). Cell viability was studied by using MTT assay. *P< 0.05 and **P < 0.01. The “ns” means “no
statistical difference”. (B) After inhibition of autophagy through silence of beclin 1, A549 and NCI-H1299 cells were treated with 10, 15, and 20 μM CHE for 24 h. Cell viability was
examined through MTT assay. *P< 0.05 and **P < 0.01. The “ns” means “no statistical difference”.
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transfection reagent (Invitrogen Corp., Carlsbad, CA, USA) in strict
accordance with the manufacturer's instructions. Cells were then
treated with 15 μΜ CHE for 24 h. The protein expression levels of
beclin 1, LC3, and GAPDH were detected by using Western blot assay.

2.9. Reactive oxygen species (ROS) generation assay

The generation of intracellular ROS was detected with DCFH2-DA
probe. Cells were pretreated with DCFH2-DA probe for 30 min, and

Fig. 4. Inhibition of autophagy reversed the CHE-induced cell death and apoptosis in NCI-H1299 cells while not in A549 cells. (A) A549 and NCI-H1299 cells were treated with 15 μM
CHE for 24 h with or without pretreatment with CQ (10 μM, 1 h). The dead cells were evaluated through annexin V-FITC/PI dual staining assay. *P < 0.05 and **P < 0.01. The “ns”
means “no statistical difference”. (B–C) After silence of belcin 1, cells were treated with 15 μM CHE for 24 h. The dead cells were evaluated through annexin V-FITC/PI dual staining
assay. The protein expressions of PARP and GAPDH were evaluated by using Western blot assay. *P < 0.05 and **P < 0.01. The “ns” means “no statistical difference”.

Z.-H. Tang et al. Redox Biology 12 (2017) 367–376

371



followed by incubation with 15 μM CHE for 1.5 h in the presence or
absence of NAC (5 mM, 1 h). Cells were harvested and washed with
PBS. The generation of ROS was studied by using a flow cytometry
(Becton Dickinson FACS Canto, Franklin Lakes, NJ). At least 10,000
cells were recorded for each sample and typical images were presented.

2.10. Statistical analysis

The mean ± SD was determined for each group. Statistical analysis
was performed with one-way analysis of variance and Tukey's test.
Differences were considered statistically significant for *P < 0.05 and
**P < 0.01. The “ns” means “no statistical difference”. At least three
independent experiments were performed for each assay.

3. Results

3.1. CHE induced cell viability decrease, cell death, and apoptosis in
A549 and NCI-H1299 cells

First, the effect of CHE on the cell viability of NSCLC cells was
detected by using MTT assay. The cell viability of A549 and NCI-H1299
cells were remarkably reduced in a concentration-dependent manner
after treatment with CHE for 24 h (Fig. 1A), with cell viabilities
remaining at 70.63%, 47.86%, and 14.42% in A549 cells and 70.59%,
38.04%, and 7.82% in NCI-H1299 cells after incubation with 10, 15,
and 20 μM CHE, respectively. The inhibitive effect of CHE on NSCLC
cells was further confirmed through colony formation assay. As shown
in Fig. 1B, almost no colonies were observed in A549 and NCI-H1299
cells after treatment with 10 and 15 μM CHE, respectively. To
investigate the potential mechanisms of the CHE-induced cell viability
decrease, the dead cells were detected by using annexin V-FITC/PI dual
labeling assay. As shown in Fig. 1C, the numbers of annexin V-FITC
positive cells were increased after treatment with CHE in A549 (9.50%,
29. 60%, and 59.93% for 10, 15, and 20 μM CHE treatment, respec-

tively) and NCI-H1299 (9.3%, 37.97%, and 67.43% for 10, 15, and
20 μM CHE treatment, respectively) cells. In addition, Western blot
assay suggested that the exposure of cells to CHE increased the protein
expressions of cleaved PARP and cleaved caspase 3 (Fig. 1D), which are
protein biomarkers of apoptosis [35]. These results suggested that CHE
induces cell viability decrease, cell death, and apoptosis in NSCLC
A549 and NCI-H1299 cells.

3.2. CHE induced beclin 1-dependent autophagy in A549 and NCI-
H1299 cells

We then studied whether or not CHE induces autophagy in NSCLC
cells. The protein expression of LC3-II, a protein marker of autophagy
[36], was detected by using Western blot assay. As shown in Fig. 2A,
CHE induced the expression of LC3-II protein in a concentration-
dependent manner in A549 and NCI-H1299 cells. Combinative treat-
ment with CQ, an autophagy inhibitor that disrupts the function of
lysosome to inhibit autophagy [37], further enhanced the CHE-induced
expression of LC3-II (Fig. 2B). The A549 cells with mRFP-EGFP-LC3
stable expression were used to confirm the CHE-induced autophagy. As
shown in Fig. 2C, more red-puncta than green-puncta was observed
after exposing of CHE in A549 cells with mRFP-EGFP-LC3 stable
expression, this result was similar to HBSS, an autophagy inducer [37],
while opposite to CQ. Moreover, silence of beclin 1, a part of a lipid
kinase complex that induces the initial stages of autophagosome
formation [38], by using the specific siRNA remarkably reversed the
CHE-induced expression of LC3-II (Fig. 2D), suggesting that CHE
induces beclin 1-dependent autophagy in A549 and NCI-H1299 cells.

3.3. Inhibition of autophagy reversed the CHE-induced cell viability
decrease in NCI-H1299 cells while not in A549 cells

The role of autophagy in cancer therapy is complex and contro-
versial [39]. Herein, the CHE-induced cell viability decrease was

Fig. 5. A decreased level of ROS reversed the CHE-induced cell viability decrease in A549 and NCI-H1299 cells. (A) A549 and NCI-H1299 cells were incubated with 15 μM CHE for
1.5 h with or without pretreatment with NAC (5 mM, 1 h). The level of ROS was monitored with DCFH2-DA probe. (B) The different concentrations of CHE were added into A549 and
NCI-H1299 cells for 24 h with or without pretreatment with NAC (5 mM, 1 h). Cell viability was detected through MTT assay. *P < 0.05, and **P < 0.01.
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examined after pharmacological and genetic inhibition of autophagy.
As shown in Fig. 3A, the CHE-induced cell viability decrease was not
remarkably changed when pretreatment with CQ (10 μM, 1 h) in A549
cells (the cell viabilities of 10, 15, and 20 μM CHE-treated cells were
changed from 75.79%, 43.20%, and 11.86 to 76.33%, 38.46%, and
13.42% after pretreatment with CQ, respectively). However, pretreat-
ment with CQ statistically reversed the CHE-induced cell viability
decrease in NCI-H1299 cells (the cell viabilities of 10, 15, and 20 μM
CHE-treated cells were changed from 70.22%, 40.99%, and 18.87 to
87.05%, 60.96%, and 38.55% after pretreatment with CQ, respectively).
The distinctive effect of the CHE-induced autophagy was further
studied by using siRNA of beclin 1. As shown in Fig. 3B, the cell
viabilities in A549 cells were changed from 80.38% (10 μM CHE),
48.63% (15 μM CHE), and 18.46% (20 μM CHE) to 84.37% (10 μM
CHE + siRNA of beclin 1), 49.79% (15 μM CHE + siRNA of beclin 1)
and 21.34% (20 μM CHE + siRNA of beclin 1), respectively, while the
cell viabilities in NCI-H1299 cells were changed from 73.29% (10 μM
CHE), 38.39% (15 μM CHE), and 11.84% (20 μM CHE) to 97.60%

(10 μM CHE + siRNA of beclin 1), 62.02% (15 μM CHE + siRNA of
beclin 1) and 26.58% (20 μM CHE + siRNA of beclin 1), respectively.
These results suggested that the CHE-induced autophagy contributes
to the cell viability decrease in NCI-H1299 cells, meanwhile inhibition
of autophagy could not remarkably change the CHE-induced cell
viability decrease in A549 cells.

3.4. Inhibition of autophagy reversed the CHE-induced cell death and
apoptosis in NCI-H1299 cells while not in A549 cells

The distinctive effect of the CHE-induced autophagy in NSCLC cells
was further confirmed by evaluating the CHE-induced cell death and
apoptosis after inhibition of autophagy. First, the annexin V-FITC/PI
dual labeling assay was detected. The annexin V-FITC positive cell
numbers of the CHE-treated A549 and NCI-H1299 cells were changed
from 28.33% to 28.93% and from 36.77% to 22.83% when pretreat-
ment with CQ (10 μM, 1 h), respectively (Fig. 4A). Inhibition of
autophagy through siRNA of beclin 1 could not remarkably reverse

Fig. 6. A decreased level of ROS reversed the CHE-induced cell death, apoptosis, and autophagy in A549 and NCI-H1299 cells. (A–C) A549 and NCI-H1299 cells were treated with
indicated concentration of CHE for 24 h with or without pretreatment with NAC (5 mM, 1 h). The dead cells were evaluated through annexin V-FITC/PI dual staining assay. The protein
expressions of PARP, LC3-II, and GAPDH were evaluated by using Western blot assay. *P < 0.05 and **P < 0.01.
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the CHE-induced cell death in A549 cells (the annexin V-FITC positive
cell numbers were changed from 29.57% to 27.33% under siRNA of
beclin 1). In contrast, the CHE-induced annexin V-FITC positive cell
numbers in NCI-H1299 cells was obviously revered under siRNA of
beclin 1 (the annexin V-FITC positive cell numbers were 36.90% in the
CHE-treated group and 22.97% in the CHE + siRNA of beclin 1-treated
group) (Fig. 4B). Moreover, silence of beclin 1 remarkably decreased
the CHE-induced expression of cleaved PARP in NCI-H1299 cells while
not in A549 cells (Fig. 4C). The aforementioned results suggested that
CHE induces a pro-death autophagy in NCI-H1299 cells while an
accompanied autophagy in A549 cells.

3.5. A decreased level of ROS reversed the CHE-induced cell viability
decrease in A549 and NCI-H1299 cells

Reactive oxygen species (ROS), a series of oxygen-containing and
active species, plays a critical effect on regulation of cellular programs
and signal transduction [40,41]. Whether CHE increases the genera-
tion of ROS in A549 and NCI-H1299 cells was detected by using
DCFH2-DA probe. As shown in Fig. 5A, CHE increased the generation
of ROS in both cell lines after treatment for 1.5 h, and pretreatment
with NAC (5 mM, 1 h) decreased the CHE-induced ROS generation.
The effect of ROS in the CHE-induced cell viability decrease was then
determined. Pretreatment with NAC (5 mM, 1 h) reversed the CHE-
induced cell viability decrease in both cell lines (Fig. 5B). The cell
viabilities of 10, 15, and 20 μM CHE-treated A549 cells were changed
from 73.41%, 50.06%, and 17.30 to 97.62%, 84.71%, and 67.61%
under pretreatment with NAC, respectively, and the cell viabilities of
10, 15, and 20 μM CHE-treated NCI-H1299 cells were changed from
71.16%, 38.95%, and 13.51 to 91.00%, 81.29%, and 63.58% under
pretreatment with NAC, respectively (Fig. 5B).

3.6. A decreased level of ROS reversed the CHE-induced cell death,
apoptosis, and autophagy in A549 and NCI-H1299 cells

Whether the CHE-induced cell death, apoptosis, and autophagy
depend on the generation of ROS was detected by using annexin V-
FITC/PI staining and Western blot assays. As shown in Fig. 6A, the
CHE-induced annexin V-FITC positive cell numbers were reversed
when pretreatment with NAC (the annexin V-FITC positive cell
numbers were changed from 30.07% (15 μM CHE) to 5.33% (15 μM
CHE +5 mM NAC) in A549 cells and from 37.40% (15 μM CHE) to
6.67% (15 μM CHE +5 mM NAC) in NCI-H1299 cells). In addition, the
CHE-induced expressions of cleaved PARP and LC3-II were reversed
after pretreatment with NAC (5 mM, 1 h) (Fig. 6B–C). The overall data
suggested that ROS contributes to the CHE-induced cell viability
decrease, cell death, apoptosis, and autophagy in A549 and NCI-
H1299 cells.

4. Discussion

As far as we know, this is the first time to report that CHE induced
autophagic flux in cancer cells, as evidence by 1) further enhanced the
CHE-induced expression of LC3-II when combinative treatment with
CQ. Combinative treatment with CQ further increases the autophagy
inducer-induced level of LC3-II, while not increases the autophagy
inhibitor-induced expression of LC3-II [37]. 2) More red-fluorescent
punta than green-fluorescent punta were observed in the CHE-treated
group. If an agent induces autophagic flux, more red puncta are
observed in the cells because of the easy-to-quench GFP and the
relatively stable mRFP in acidic environment, while inhibition of
autophagic flux leads to most puncta exhibiting both green and red
fluorescence, and these puncta present yellow in the merged images
[37,42]. 3) Silence of beclin 1, a critical molecule in the process of

Fig. 7. Schematic of the CHE-induced apoptosis and autophagy in A549 and NCI-H1299 cells. CHE induced the ROS-dependent autophagy and apoptosis in NSCLC A549 and NCI-
H1299 cells. Inhibition of autophagy reversed the CHE-induced cell viability decrease and apoptosis in NCI-H1299 cells while not in A549 cells. A decreased level of ROS reversed the
CHE-induced apoptosis, and autophagy in A549 and NCI-H1299 cells.
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autophagic flux [43], reversed the CHE-induced expression of LC3-II.
The effect of the compound-induced autophagy in cancer therapy is

controversial [39,44]. Our previous studies indicated that glycyrrhe-
tinic acid and platycodin D induced a pro-surviving autophagy,
cryptotanshinone and isocryptotanshinone induced a pro-death autop-
hagy, and licochalcone A induced an accompanied autophagy in cancer
cells [25–29]. Interesting, we here showed that even one compound
induced distinctive effect of autophagy in the same type of cancer cells
(i.e. EGFR wide type NSCLC cells). CHE induced an accompanied
autophagy in NSCLC A549 cells, while a pro-death autophagy in
NSCLC NCI-H1299 cells. This inconsistent effect of autophagy might
be due to the different background of cancer cells. The antioxidant
ability of A549 cells was higher than NCI-H1299 cells [45]. Herein, it
was much easier to generate excessive ROS in NCI-H1299 than A549
cells, and the generation of excessive ROS often resulted in autophagic
cell death [46]. In addition, the different autophagy-degraded cargo
might contribute to the distinctive effect of autophagy [47]. Therefore,
some proteins that critical for cell survival might be degraded in NCI-
H1299 while not in A549 cells when treatment with CHE.

Previous studies indicated that ROS triggers the pro-death or pro-
surviving autophagy in cancer cells [48,49]. In this study, the ROS-
induced autophagy contributed to the CHE-induced cell death in NCI-
H1299 cells. Meanwhile, the CHE-induced autophagy through ROS
generation in A549 cells was an accompanied effect, suggested that the
ROS-induced autophagy in cancer therapy could be pro-surviving, pro-
death, or accompanied effect. Induction of ROS production from
nicotinamide adenine dinucleotide phosphate oxidase, mitochondria,
and cyclooxygenase etc. or reduction of scavenging capacity of ROS
contributed to the intercellular accumulation of ROS [50–52]. The
generation of intercellular ROS by selectively degrading the protein
expression of catalase, an enzyme that decomposes the hydrogen
peroxide in cells, resulted in cell death [53]. Meanwhile, induction of
ROS generation from mitochondria contributed to pro-surviving
autophagy [54], indicating that the effect of the ROS-induced autop-
hagy in cancer therapy might depend on the origin of ROS. Therefore,
the source of the CHE-induced ROS generation in A549 and NCI-
H1299 cells might be different, and more experiments are required to
clarify this issue in the future.

In conclusion, we demonstrated for the first time that CHE induced
a distinctive effect of ROS-dependent autophagy in A549 (an accom-
panied autophagy) and NCI-H1299 (a pro-death autophagy) cells, and
a decreased level of ROS reversed the CHE-induced cell viability
decrease, cell death, apoptosis, and autophagy in NSCLC cells (Fig. 7).
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