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a b s t r a c t

Background: Red Ginseng has been used for many years to treat diseases. Ginsenoside Rg3 has docu-
mented therapeutic effects, including anticancer and anti-inflammatory activities. However, the anti-
cancer effect of Rg3-enriched red ginseng extract (Rg3-RGE) and its underlying mechanisms have not
been fully explored. We investigated whether Rg3-RGE plays an anti-tumor role in lung cancer cells.
Methods: To examine the effect of Rg3-RGE on lung cancer cells, we performed cell viability assays, flow
cytometry, western blotting analysis, and immunofluorescence to monitor specific markers.
Results: Rg3-RGE significantly inhibited cell proliferation and induced mitochondria-dependent
apoptosis. Furthermore, Rg3-RGE also increased expression of mitophagy-related proteins such as
PINK1 and Parkin. In addition, treatment with Rg3-RGE and mitophagy inhibitors stimulated cell death
by inducing mitochondria dysfunction.
Conclusions: Rg3-RGE could be used as a therapeutic agent against lung cancer.
© 2021 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Lung cancer is the leading cause of cancer-related deaths, and
non-small cell lung cancer (NSCLC) accounts for about 85% of all
lung cancer cases [1]. Although chemotherapy drugs can improve
the quality of life and increase initial survival rates, the therapeutic
effects of such drugs are limited toxicity, side effects and drug
resistance [2,3]. Furthermore, recent studies suggested that
chemotherapy drugs induce tumor metastasis and invasion [4].
Accordingly, new therapeutic strategies for regulating non-small
cell lung cancer are needed.

Mitochondria are important regulators of cell death that
respond to many different stresses, including oxidative stress and
DNA damage [5]. Damage to mitochondria often results in activa-
tion of bothmitophagy (removal of damagedmitochondria through
autophagy) or induce mitochondrial apoptosis [6,7]. Thus,
mitophagy is critical for maintaining intracellular functions [8].
Mitophagy promotes tumorigenesis and cell survival in various
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types of cancers [9]. The toxicity of most chemotherapeutic agents
can be attributed to the induction of mitochondrial dysfunction and
oxidative stress [10]. In addition, clearance of damaged mitochon-
dria by mitophagy mediates drug resistance in cancer cells [11].
However, mitochondrial clearance may induce cell death via
mitophagy [12]. Therefore, mitophagy plays a dual role in cancer
progression and suppression.

PTEN-induced putative kinase 1 (PINK1) and Parkin are key
regulators of mitophagy [13]. When mitochondrial membrane po-
tential (MMP) is impaired by ROS, irradiation, or chemotherapeutic
agents, PINK1 is stabilized on the outer mitochondrial membrane,
leading to recruitment of Parkin to damaged mitochondria [14,15].
However, the roles of mitophagy in various types of cancers, and
their underlying mechanisms are complex and incompletely
understood.

Korean Red Ginseng is a traditional medicinal plant with various
pharmacological effects, including antioxidation and anti-tumor
activities [16,17]. Ginsenosides, which are the main bioactive
components in ginseng, are derived from the roots of diverse
ginseng species. Ginsenoside Rg3 exert anti-inflammatory and anti-
cancer effects in several disease and cancers [18]. However, the
anticancer efficacy of Rg3-enriched red ginseng extract (Rg3-RGE)
against lung cancer cells and the underlying mechanisms of action
remain unexplored.
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Abbreviations

Rg3-RGE Rg3-enriched red ginseng extract
NSCLC Non-small cell lung cancer
PINK1 PTEN-induced putative kinase 1
MMP Mitochondrial membrane potential
CQ Chloroquine
NAC N-acetyl-cysteine
LDH lactate dehydrogenase
Baf A1 Bafilomycin A1
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In this study, we focused on the role of mitophagy in cell death
induced by Rg3-RGE. Our results provide the first demonstration
that Rg3-RGE promotes apoptotic cell death by inhibiting mitoph-
agy. We found that Rg3-RGE induced mitophagy via the PINK1-
Parkin activation. In addition, treatment of lung cancer cells with
Rg3-RGE and a mitophagy inhibitor significantly decreased cell
viability and increased apoptosis through mitochondrial dysfunc-
tion. Taken together, these results imply that Rg3-RGE induces
apoptotic cell death via suppression of PINK/Parkin-regulated
mitophagy, suggesting that this substance could be used to
develop an effective therapy for lung cancer.

2. Materials and methods

2.1. Materials

Rg3-RGE was obtained from the Korea Ginseng Corporation
(Daejeon, Korea). Chloroquine (CQ), N-acetyl-cysteine (NAC) and
Mdivi-1 were obtained from Sigma-Aldrich (St. Louis, MO, USA). JC-
1, MitoTracker® Red CMXRos, MitoSOX Red, the BCA protein assay
kit, and the LDH assay kit were obtained from Thermo Fisher Sci-
entific (Waltham, MA, USA). Bafilomycin A1 (Baf A1) was purchased
from Selleck (Houston, TX, USA). Antibodies against cleaved
caspase-3, cleaved PARP, MFN2, OPA1, LC3A/B, PINK1, Parkin,
phospho-Parkin (Ser 65), BNIP3, TFEB and ATG5 were obtained
from Cell Signaling Technologies (Beverly, MA, USA). Antibodies
against cytochrome c, PCNA, p62 and BECN1 antibodies were ob-
tained from Santa Cruz Biotechnology (Delaware, CA, USA): and
anti-b-actin was obtained from Sigma-Aldrich.

2.2. Cell culture

Human lung cancer cells (A549, H460) were cultured at 37�C in
a humidified atmosphere of 5% CO2 in RPMI 1640 medium (Gibco)
contained with 10% fetal bovine serum and 1% penicillin-
streptomycin.

2.3. Cell viability assay

Lung cancer (5.0 � 103/well) were seeded in 96-well plates and
cultured overnight in RPMI medium. After treatment with the
indicated concentrations of Rg3-RGE (0, 50, 100, or 200 mg/ml) for
24 h, 10 ml WST-8 solution was added to each well and incubated at
37�C for an additional 2 h. After 2 h, cell viability was measured
using the WST-8 assay kit (Roche Applied Science, Mannheim,
Germany).

2.4. LDH assay

Human lung cancer cells (A549, H460) (5.0 � 103/well) were
seeded in 96-well plates and cultured overnight. After treatment
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with the indicated concentrations of Rg3-RGE for 24h, cellular
cytotoxicity was measured by detecting LDH release using the LDH
assay kit.

2.5. Colony formation assay

Cells were seeded in 6-well plates (1.0 � 104/well) and cultured
overnight. The cells were then exposed to the indicated concen-
trations of Rg3-RGE for 10days. Cells were fixed with 100% meth-
anol and stained with a 0.1% crystal violet solution. Stained colonies
were detected and counted.

2.6. Annexin V/PI flow cytometry assay

Lung cancer cells (A549 and H460) were incubated with Rg3-
RGE (200 mg/ml) for 24 h and then incubated in 500 ml binding
buffer, to which was added 10 ml Annexin V and PI solution from the
Annexin V-FITC& PI Apoptosis Detection Kit (BD Biosciences, San
Jose, CA, USA).

2.7. Western blot analysis

Cells were collected and lysed in RIPA lysis buffer. Cellular
protein (25 mg) was separated by SDS-PAGE gels and then trans-
ferred onto NC membranes. Primary antibodies were incubated for
overnight at 4�C. After that, the membranes were incubated with a
secondary antibody for 2 h at room temperature. Images were
detected on a Bio-Rad ChemiDoc imaging system. Densities were
measured using NIH ImageJ (NIH, Bethesda, MD, USA).

2.8. Immunofluorescence assay

A549 and H460 cells were seeded in two-chamber slides at a
density of 1.0 � 104cells/well. Cells were treated with 200 mg/ml
Rg3-RGE for 24 h, and then incubated with LC3A/B antibody for 24
h at 4�C. Cells were washed three times, incubated with FITC-
conjugated secondary antibody for 1 h at room temperature, and
stained with DAPI for 5min. Images were acquired using a Nikon
confocal microscope.

2.9. siRNA transfection

Lung cancer cells were seed in 6-well plates and cultured
overnight. siRNA (100 pmol) and 10 ml Trans IT-TKO solutions
(Mirusbio, Madison, WI, USA) were incubated in OPTI-MEM for 20
min at room temperature. After transfection, the cells were treated
with Rg3-RGE (200 mg/ml) for 24h, and expression levels of pro-
teins were analyzed by western blotting. Sequences of siRNAs were
as follows: PINK1: 50-CGCUGUUCCUCGUUAUGAATT-30; Parkin: 50-
GCCACGUGAUUUGCUUAGATT-3.

2.10. Cell staining assay

Cells were seeded in 4-well chamber slides and cultured over-
night. After treatment with Rg3-RGE (200 mg/ml) for 24h, the cells
were stained with MitoTracker Red CMXRos for 30 min at 37�C in
the dark to detect mitochondria morphology. Also, cells were
stained overnight in the dark with LC3A/B antibody to observe
mitochondria-lysosome fusion. Images were acquired using a
Nikon confocal microscope.

2.11. Detection of ROS generation

The cells were incubated with the indicated concentrations of
Rg3-RGE for 24 h. 20,70-Dichlorofluorescein diacetate (Sigma-
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Aldrich) was added to the culture medium for 30 min. After
washing with PBS, the fluorescence intensity of dichlorofluorescein
was detected using a luminometer.

2.12. Measure of mitochondrial ROS

A549 and H460 cells were seed in 35mm dishes and treated
with Rg3-RGE (200 mg/ml) for 24h. The cells were then exposed to
MitoSOX Red (10 mM) for 30 min at 37�C in the dark. Images were
captured on a Nikon confocal microscope. For quantitative analysis,
A549 and H460 cells were seeded in black 96-well microplates
(2 � 104 cells/well) and treated with MitoSOX Red. A microplate
reader (Beckman Coulter, USA) was used to measure fluorescence
intensity (Ex ¼ 510 and Em ¼ 580 nm for MitoSOX Red).

2.13. Mitochondrial membrane potential assay

Mitochondrial membrane potential (MMP) was detected by JC-1
staining assays. After treatment with Rg3-RGE (200 mg/ml) for 24 h,
the cells were stained with JC-1 (5 mM) for 30 min at 37�C in the
dark. Mitochondria membrane potential (MMP) was detected using
Nikon confocal microscope.

2.14. Statistical analyses

All statistical analyses and graphics were conducted using the
GraphPad6 software. Students t-test was used to analyze statistical
differences. All data represent means ± SE from at least three in-
dividual experiments. A p-value < 0.05 was considered statistically
significant.

3. Results

3.1. Rg3-RGE inhibits cell proliferation

First, we used WST-8 assays to investigate whether Rg3-RGE
could lead to lung cancer cell death. Treatment with Rg3-RGE for
24 h decreased the viability of two lung cancer cell lines in a dose-
dependent manner (Fig. 1A). To further confirm the cytotoxic ef-
fects of Rg3-RGE on lung cancer cells, we performed lactate dehy-
drogenase (LDH) assays. Figure.1A shows that treatment with 200
mg/ml Rg3-RGE for 24h resulted in a 3-fold increase in lactate de-
hydrogenase concentration in A549 and H460 cells. Rg3-RGE also
inhibited the proliferation of A549 and H460 cells (Fig. 1B), sug-
gesting that Rg3-RGE might cause cell death in lung cancer cells.
Activation of poly polymerase (PARP) serves as a marker for
apoptotic cells [19]. We found that the Rg3-RGE dose-dependently
increased the cleavage of PARP in both A549 and H460 cells.
Caspase-3 was also increased cleavage significantly after Rg3-RGE
treatment (Fig. 1C). In addition, we confirmed the effect of Rg3-
RGE on apoptosis by performing annexin-PI staining. Flow cytom-
etry revealed that the proportion of apoptotic cells were signifi-
cantly increased by Rg3-RGE treatment (Fig. 1D). Caspase-3
activation was also markedly higher in Rg3-RGE treated cells than
in non-treated cells (Fig. 1E), and cytochrome c was released from
the mitochondria into the cytoplasm after Rg3-RGE treatment
(Fig. 1F).

3.2. Rg3-RGE induces autophagy

Given that Rg3 induces autophagy in cancer, we hypothesized
that Rg3-RGE would have the same effect in lung cancer cells. As
expected, after Rg3-RGE treatment for 24 h, LC3 accumulation
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(Fig. 2A) and autophagy vesicles were observed in both lung cancer
cells (Fig. 2B). Moreover, Rg3-RGE also induced autophagosome
formation, as determined by confocal microscopy analysis (Fig. 2C),
providing further evidence that Rg3-RGE induced autophagy. To
further confirm that Rg3-RGE induced autophagy, we co-treated
Rg3-RGE treated lung cancer cells with chloroquine (CQ), an in-
hibitor of autophagy, and measured protein levels of LC3II and p62
by western blotting. LC3II levels were higher in CQ-treated cells
than in non-treated (Fig. 2D). Because treatment with Rg3-RGE
induced mitochondria-dependent apoptosis, we speculated that
Rg3-RGE might affect mitophagy. As shown in Fig. 2E, the mito-
chondrial proteins Mfn2 and OPA1 were degraded in a dose-
dependent manner in both lung cancer cell lines. To further
confirm activation of mitophagy, we stained the cells with a
mitochondria tracker and LC3II (autophagosome marker) antibody.
As shown in Fig. 2F, the colocalization of mitochondria (red signal)
with LC3II (green signal) confirmed that mitophagy was induced by
Rg3-RGE treatment. These results indicated that Rg3-RGE induced
autophagy.

3.3. Parkin-dependent signaling involved in Rg3-RGE induced
mitophagy

To determine whether Rg3-RGE regulates the expression levels
of classical autophagy marker proteins, we performed western
blots to measure the influence of Rg3-RGE on these proteins. Rg3-
RGE does not affect the protein expression levels of classical auto-
phagy marker such as Beclin1, Atg5, BNIP3, and TFEB (Fig. 3A).
PINK1 and Parkin are two key factors regulating mitophagy and
parkin is translocated to the mitochondria through upregulation of
PINK1, which in turn initiates mitophagy [20]. Hence, we then
investigated whether the PINK1-Parkin signaling was involved in
Rg3-RGE induced mitophagy. The results showed that Rg3-RGE
significantly increased the protein expression levels of PINK1 and
phosphorylation of Parkin (Ser65) in both lung cancer cell lines
(Fig. 3B). To further investigate the interaction of PINK1 with Parkin
under Rg3-RGE treatment, we performed immunoprecipitation
assays. Fig. 3C shows that the PINK1 and Parkin interaction was
strengthened in Rg3-RGE -treated A549 cells. To reconfirm the role
of PINK1 and Parkin in Rg3-RGE -induced mitophagy, we trans-
fected A549 cells with siRNA targeting Parkin (siRNA-Parkin). As
shown in Fig. 3D, Rg3-RGE treatment combined with siRNA Parkin
decreased LC3II protein levels compared with Rg3-RGE only. Also,
siRNA Parkin abolished colocalization of mitochondria with LC3II
induced by 24 h treatment with Rg3-RGE (Fig. 3E). These results
indicated that PINK1-Parkin are involved in Rg3-RGE induced
mitophagy.

3.4. Inhibition of mitophagy by Mdivi-1 enhanced Rg3-RGE induced
cell death

To determine the role of PINK1-Parkin mediated mitophagy on
Rg3-RGE induced cell death, we used siRNA to knock down the
PINK1 in A549 cells. PINK1 knockdown significantly inhibited cell
growth and increased LDH release in Rg3-RGE treated A549 cells
(Fig. 4A and B). In addition, co-treatment with siRNA-PINK1 and
Rg3-RGE significantly increased caspase3 and PARP cleavage. To
further investigate the role of Rg3-RGE induced apoptosis, we used
Mdivi-1, a mitophagy inhibitor. Co-treatment with Mdivi-1 and
Rg3-RGE induced cell death and inhibited proliferation (Fig. 4D and
E). Furthermore, pretreatment with Mdivi-1 inhibited the Rg3-RGE
induced colocalization of mitochondria with LC3II (Fig. 4F). In
addition, chloroquine (CQ) and Bafilomycin A1 (Baf1), which



Fig. 1. Rg3-RGE suppress proliferation of lung cancer cells. (A) A549 and H460 cells were treated with different concentrations of Rg3-RGE for 24h. Cell viability was measured by
WST-8 and LDH assays. The experiment was repeated in triplicate. Results represent means ± SE. *,#: p < 0.05 or **,##: p < 0.01 ***,###: p < 0.001 versus controls. (B) A549 and H460
cells were treated with the indicated concentrations of Rg3-RGE for 24h. Cell colonies were detected by crystal violet staining and counted. Data represent means ± SD of three
independent experiments. *: p < 0.05 or **: p < 0.01 versus controls. (C) A549 and H460 cells were treated with the indicated concentrations of Rg3-RGE for 24 h. Protein expression
levels of cleaved caspase3 and PARP were analyzed by western blotting. (D) Rates of apoptosis in A549 and H460 cells treated with Rg3-RGE (200 mg/ml) for 24 were detected by
flow cytometry. (E) Caspase 3 activity was detected after treatment with Rg3-RGE (200 mg/ml) for 24 h. (F) A549 and H460 cells were treated with Rg3-RGE (200 mg/ml) for 24h, and
cell lysates were divided into cytoplasmic and mitochondrial fraction. Protein expression levels of cytochrome c were analyzed by western blotting. b-actin and PCNA were used as
loading controls.
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inhibits the fusion of autophagosomes with lysosomes, increased
the rate of cell death in Rg3-RGE treated A549 cells (Fig. 4G and H).
These findings support a critical protective role of PINK1-Parkin
mediated mitophagy in preventing Rg3-RGE-induced cell death.
3.5. ROS contributed mitophagy and cell death in Rg3-RGE treated
lung cancer cells

Next, we attempted to determine the cause of Rg3-RGE induced
mitophagy. Mitochondria regulate ROS production in cells, and
excessive ROS levels lead to mitophagy [21]. Thus, we tested
whether intracellular ROS and mitochondrial ROS following RG3-
RGE treatment by ROS detection kit. As shown in Fig. 5A, total
intracellular ROS were significantly increased in both lung cancer
cells following Rg3-RGE treatment (Fig. 5A). Also, Rg3-RGE treated
cells increased mitoSOX-based mitochondrial ROS (Fig. 5B). To
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investigate whether elevated ROS induced mitochondria damage
by Rg3-RGE, we observed mitochondria fragmentation in Rg3-RGE
treated cells (Fig. 5C). Moreover, the mitochondrial membrane
potential of both lung cancer cells decreased after Rg3-RGE treat-
ment (Fig. 5D). These data indicate that Rg3-RGE induced mito-
chondria damage. To confirm the role of ROS in mitophagy in Rg3-
RGE treatment, we treated A549 and H460 cells with a ROS scav-
enger, N-acetly-Lcysteine (NAC). In Fig. 5F, NAC pretreatment
decreased the co-localization of mitochondria and lysosomes,
which indicated a lower occurrence of mitophagy (Fig. 5E). These
results demonstrated that the induction of ROS contributes to the
initiation of mitophagy following Rg3-RGE. Furthermore, ROS also
play an important role in cell death. Pretreatment with NAC
showed a considerable blocking effects on the Rg3-RGE induced
decreased cell viability (Fig. 5F). Therefore, overproduction of ROS



Fig. 2. Rg3-RGE induces mitophagy in lung cancer cells. (A) A549 and H460 cells were treated with the indicated concentrations of Rg3-RGE for 24 h, and levels of LC3-II and p62
were detected by western blotting. (B) A549 and H460 cells were incubated with the indicated concentrations of Rg3-RGE for 24 h. Cell morphology was observed under a light
microscope. (C) After the indicated concentration of RG3-RGE for 24 h, A549 and H460 cells were immunostained with anti-LC3II antibody. (D) A549/H640 cells were co-treated
with chloroquine (50 mM) for 24 h, and levels of p62 and LC3II were measured by western blotting. (E) A549 and H460 cells were treated with the indicated concentration of Rg3-
RGE for 24h, and mitochondrial protein levels (MFN2, OPA1) were detected by western blotting. (F) A549 and H460 cells were treated with Rg3-RGE (200 mg/ml) for 24 h.
Mitochondrial colocalization with LC3II was detected by a confocal microscope.
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plays a role in the activation of mitophagy and induction of cell
death in Rg3-RGE treated lung cancer cells.

4. Discussion

In recent years, lung cancer has become the most common
cancer and leading cause of cancer-related death. Consequently, an
increasing number of novel diagnostic methods and treatments for
cancer have been developed. Despite improvements in conven-
tional therapies for non-small cell lung cancer, including (surgery,
radiotherapy, and chemotherapy), survival remains poor, and new
and effective treatments are required.

Ginsenoside Rg3 is a natural substance extracted from a Korean
red ginseng. Several studies have suggested that ginsenoside Rg3
plays roles in tumor development, a process that includes cell
proliferation, apoptosis, migration and angiogenesis [22]. However,
no study of the anti-tumor effect of Rg3-RGE in cancer has been
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performed. Here, we studied the anticancer effect of Rg3-RGE on
lung cancer cells. Treatment with Rg3-RGE induced mitochondria
apoptosis and mitophagy. Furthermore, co-treatment Rg3-RGE
with autophagy and mitophagy inhibitors (CQ and Mdivi-1)
increased apoptosis of Rg3-RGE in lung cancer cells. Our results
suggest that Rg3-RGE could be developed as a therapeutic agent for
treating lung cancer.

Mitochondria are particularly vulnerable to damage because
they are main source and targets of intracellular oxidative stress.
Excessive production of ROS can lead to organelle dysfunction,
disturbed redox homeostasis, and induction of apoptosis through a
ROS-related mitochondria pathway [23,24]. Cytochrome c release
frommitochondria, that triggers a caspase activation, appears to be
largely mediated by direct ROS activation [25]. We found that Rg3-
RGE promoted mitochondria-dependent apoptosis by releasing
cytochrome c and activating caspase. Also, ROS have been reported
to cause mitochondrial dysfunction and activate multiple signaling



Fig. 3. Rg3-RGE induces mitophagy through the PINK1/Parkin activation. (A) A549 and H460 cells were treated with the indicated concentrations of Rg3-RGE (200 mg/ml) for 24h,
and the levels of autophagy-related proteins were detected. (B) A549 and H460 cells were treated with Rg3-RGE (200 mg/ml) for 24h, and protein levels of phospho-parkin (Ser65),
total parkin and PINK1 were measured. (C) After treatment with Rg3-RGE for 24h, A549 cells were lysed with IP lysis buffer, and the interaction between PINK1 and Parkin was
measured by IP assay. (D) A549 and H460 cells were co-treated with negative control (NC) siRNA, Parkin siRNA, and Rg3-RGE (200 mg/ml) for 24h. PINK1 and Parkin protein levels
were determined by western blotting. (E) A549 and H460 cells were transfected with NC siRNA and Parkin siRNA for 24h. Colocalization of mitochondria with autophagosomes was
detected by confocal microscopy.
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pathways to induce mitophagy [26]. We demonstrated that Rg3-
RGE induced the significant accumulation of both cellular and
mitochondria ROS. Pretreatment with NAC (N-acetly-Lcysteine)
significantly inhibited the colocalization of mitochondria and ly-
sosomes and cell death in Rg3-RGE treated cells. These results
suggest the accumulation ROS induced by Rg3-RGE is an important
intracellular factor that contributes to triggering apoptosis and
mitophagy.

Mitophagy is a regulated catabolic process in which cells
degrade their dysfunctional or damaged mitochondria to maintain
a healthy mitochondrial population. When mitochondrial damage
occurs, cells initiate mitophagy or mitochondria fission to clear
damaged mitochondria [27]. We observed that Rg3-RGE could
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induce a decrease in mitochondria membrane potential and mito-
chondria fragmentation, which means the initiation of mitophagy.
PINK1 and Parkin function in the first steps of a signaling pathway
that activates mitochondrial control pathways in response to
mitochondrial damage. Recent studies suggested that accumula-
tion of PINK1 and Parkin on the outer mitochondrial membrane can
trigger mitophagy [28]. In our study, a significant increase
expression of PINK1 and Phosphorylation of Parkin, as well as the
interaction Parkin with PINK1 showed that Rg3-RGE induced sig-
nificant mitophagy in A549 cells, which was involved in the acti-
vation of the PINK1-Parkin signaling pathway.

Several studies showed that mitophagy plays dual functions in
cancer, playing roles in both tumor prevention and survival [29].



Fig. 4. Suppression of mitophagy promotes cell death induced by Rg3-RGE treatment. (A) A549 and H460 cells were treated with Rg3-RGE and transfected with negative control
(NC) siRNA and siRNA-PINK1 for 24h. Cell viability was measured by WST-8 assay. The experiment was repeated in triplicate. Data represent means ± SD. *: p < 0.05 or **: p < 0.01
versus controls. (B) A549 and H460 cells were incubated with Rg3-RGE and transfected with NC siRNA and siRNA-PINK1 for 24h. Cell cytotoxicity was measured by LDH assay. The
experiment was repeated in triplicate. Data represent means ± SD. *: p < 0.05, **: p < 0.01, or ***: p < 0.001 versus controls. (C) A549 and H460 cells co-treated with siRNA-NC,
siRNA-PINK1, and Rg3-RGE for 24 h. Protein levels of cleaved PARP and cleaved caspase-3 were measured by western blotting. (D) A549 and H460 cells were pretreated with Mdivi-
1 (50 mM) for 1h, followed by treatment with Rg3-RGE (200 mg/ml) for another 24 h. Cell viability was measured by WST-8 assay. Data represent means ± SD of three independent
experiments. *: p < 0.05 or **: p < 0.01 versus controls. (E) A549 and H460 cells were pretreated with Mdivi-1(50 mM) for 1h, followed by treatment with Rg3-RGE (200 mg/ml) for
another 24 h. Cell cytotoxicity was measured by LDH assay. Data represent means ± SD of three independent experiments. *: p < 0.05, **: p < 0.01, or ***: p < 0.001 versus controls.
(F) A549 and H460 cells were treated with Rg3-RGE (200 mg/ml) for 24 h. Colocalization of mitochondria with LC3II was detected by confocal microscopy. (G) A549 and H460 cells
were pretreated with CQ for (50 mM) for 1 h, followed by treatment with Rg3-RGE (200 mg/ml) for another 24 h. Cell viability was measured by WST-8 assay. The experiment was
repeated in triplicate. Data represent means ± SD. *: p < 0.05 or **: p < 0.01 versus controls. (H) A549 and H460 cells were pretreated with Baf1 (10nM) for 1 h, followed by
treatment with Rg3-RGE (200 mg/ml) for another 24 h. Cell viability was measured by WST-8 assay. The experiment was repeated in triplicate. Data represent means ± SD. *:
p < 0.05 or **: p < 0.01 versus controls.
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Mitophagy is supposed to play a protective role in response to
mitochondria injury. However, under certain circumstances,
excessivemitophagymay induce over-degradation of mitochondria
and subsequent cell death [30]. In our results, PINK1 knockdown
decreased cell viability and increased cell apoptosis, suggesting the
protective role of mitophagy in protecting cells by treating Rg3-
RGE.

In our study demonstrated that excessive intracellular ROS
produced by Rg3-RGE inducemitochondria dysfunction and lead to
mitophagy. This study first provides that Rg3-RGE can lead to
144
apoptosis and mitophagy through the activation of ROS and PINK1-
Parkin signaling pathway. Our work also showed that inhibition of
mitophagy by siRNA-PINK1 and the mitophagy inhibitor (Mdivi-1)
stimulated apoptosis under Rg3-RGE treatment. Therefore, further
studies are required to confirm the anticancer effect of Rg3-RGE on
lung cancer in vivo model. Overall, our present results indicate that
the combination of Rg3-RGE with Mdivi-1 may help overcome the
limitations of treatment with Rg3-RGE alone for lung cancer
therapy.



Fig. 5. Rg3-RGE induces apoptosis and mitophagy by upregulating ROS production. (A) A549 and H460 cells were treated with Rg3-RGE and NAC for 24 h, and intracellular ROS
levels were measured using a microplate reader. (B) A549 and H460 cells were treated with Rg3-RGE for 24 h, and mitochondrial ROS levels were measured by confocal microscopy.
(C) After treatment with Rg3-RGE for 24 h, A549 and H460 cells were stained with MitoTracker red (200 nM), and mitochondrial morphology was observed by confocal microscopy.
(D) A549 and H460 cells were treated with Rg3-RGE for 24 h, and mitochondrial membrane potential was visualized by JC-1 staining and detected by confocal microscopy. (E) A549
and H460 cells were treated with Rg3-RGE and NAC for 24 h, stained with MitoTracker red, and immunostained with anti-LC3II antibody. Colocalization of mitochondria and
autophagosomes was observed by a confocal microscope. (F) A549 and H460 cells were treated with Rg3-RGE for 24 h in the presence or absence of NAC (20 mM). Cell viability was
measured by WST-8 assay. Data represent means ± SD of three independent experiments. *: p < 0.05, **: p < 0.01 or, ***: p < 0.001 relative to control.
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