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A B S T R A C T

Ethnopharmacological relevance: Ginseng (Panax ginseng C. A. Mey) has been widely used in Asian countries for
thousands of years. It has auxiliary anticancer efficacy and its derived preparations (e.g. Shenmai injection) are
prescribed for cancer patients as Traditional Chinese Medicines clinically in China.

Aim of the study: The involved adjuvant anticancer mechanisms of ginseng are still unknown. The present
study evaluated the anti-cancer effect of total ginsenosides extract (TGS) and determined the anticancer me-
chanisms of TGS-induced cell death in human non-small cell lung cancer (NSCLC) cells.
Materials and methods: The anti-cancer effect of TGS was evaluated in NSCLC by cell proliferation assay. The
autophagy flux induction of TGS were tested and validated by Western blot, immunofluorescence and trans-
mission electron microscope. The mechanisms of TGS in inducing autophagic cell death were validated by
Western blot, gene knockdown and quantitative real time PCR assay.
Results: We found TGS could induce cell death in concentration and time dependent manners, and the cell
morphology of NSCLC changed from cobblestone shape to elongated spindle shape after treated with TGS. In the
study of cell autophagy, we confirm that TGS could upregulate autophagy flux and induce autophagic cell death
through activation endoplasmic reticulum stress. Further investigations demonstrated this process was mediated
by the ATF4-CHOP-AKT1-mTOR axis in NSCLC cells.
Conclusion: Our findings suggested that TGS could induce autophagic cell death in NSCLC cells through acti-
vation of endoplasmic reticulum stress, disclosing another characteristic of TGS-induced cell death and a novel
mechanism of TGS and its derived preparations in clinical treatment of cancer patients.

1. Introduction

Lung cancer is the leading cause of cancer death all over the world,
and has surpassed breast cancer among females in more developed
countries (Torre et al., 2016). Age-standardised 5-year net survival was
in the range 10–20% in most countries (Desantis et al., 2014; Allemani
et al., 2018). Non-small cell lung cancer (NSCLC) is the most common

type of lung cancer and remains as a serious public health concern
(Allemani et al., 2018).

Endoplasmic reticulum stress (ER stress) is a cellular response to
protein misfolding, which has profound effect on cancer cell survival
and death (Clarke et al., 2014). ER stress is involved in many diseases,
such as central nervous system diseases, inflammation and cancer
(Zhang et al., 2015; Cao et al., 2016; Wang et al., 2014). Unfolded
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protein response is activated during ER stress, and its markers including
ATF-6, XBP-1 and ATF-4 along with BIP and CHOP (Khan et al., 2015).
Autophagy is an evolutionarily conserved membrane-trafficking pro-
cess that operates at basal levels under normal conditions as a means of
degrading cytosolic proteins and organelles. In response to nutrient
deprivation or trophic factor withdrawal, autophagy acts as a self-
limited survival mechanism (Kimmelman and White, 2017). However,
autophagosome accumulation is frequently observed within cells un-
dergoing programmed cell death suggesting that autophagy may pro-
mote cell death, which was called Type II cell death (Silke and Meier,
2013). Therefore, autophagy regulates cell fate differently under dif-
ferent circumstances. ER stress is a potent trigger for autophagy, the
relationship between ER stress and autophagy is intertwined and has
been reviewed (Yorimitsu et al., 2006; Lee et al., 2015).

Many natural products have anti-cancer activity (Siveen et al.,
2017; Taylor and Jabbarzadeh, 2017), however, the mechanisms are
mostly unclear. Ginseng (Panax ginseng C. A. Mey)has been widely used
in Asian countries for thousands of years and was prescribed as a
dietary supplement for cancer patients in China (Jia and Zhao, 2009).
The effective components of ginseng are multiple ginsenosides, in-
cluding more than 100 kinds of protopanaxadiol (PPD)- and proto-
panaxatriol (PPT)-type ginsenosides (Christensen, 2009). The pharma-
cological activities of these ginsenosides have been identified in many
articles (Murthy et al., 2018; Majeed et al., 2018). The effect of ginse-
nosides on autophagy in cancer differ from each other, some of them
play a positive regulatory role, some negative, and act on different
pathways (Kim et al., 2013; Ko et al., 2009). Ginseng and Shenmai
injection (a Traditional Chinese Medicine preparation containing gin-
seng) are prescribed as herbal medicines for cancer patients in China.
However, the effect of TGS on autophagy and its adjuvant anti-cancer
mechanisms are still unclear.

In the present research, we studied the cytotoxicity of TGS on
NSCLC cell and found that TGS could induce cell death in concentration
and time dependent manners. Further investigations demonstrated that
TGS induced autophagic cell death through activation of endoplasmic
reticulum stress and mediated autophagy via the ATF4-CHOP-AKT1-
mTOR axis, disclosing the characteristics of TGS induced cell death and
a novel anti-cancer mechanism of TGS and its derived preparations in
clinical.

2. Materials and methods

2.1. Reagents and cell culture

Total ginsenosides extract and ginsenosides monomers (purity 98%)
were purchased from the College of Chemistry in Jilin University
(Changchun, China). The contents of Total ginsenosides extract (Rb1
11.2%, Rb2 11.1%, Rc 10.5%, Rd7.7%, Re 8.9%, Rf 0.9%, Rg1 3.3%,
Rg2 1.4%, and Rh1 0.2%) were determined using a validated liquid
chromatography-mass spectrometry method in our laboratory (Hao
et al., 2010). TGS was dissolved in RPMI 1640 medium at a con-
centration of 100mg/ml. DMSO (Cat.No.D4540), mono-
dansylcadaverine (MDC,Cat.No.30432), wortmannin (WOM,-
Cat.No.12–338), rapamycin (Rapa,Cat.No. 553210), 3-methyladenine
(3-MA,Cat.No.M9281) and chloroquine (CQ,Cat.No.C6628) were pur-
chased from Sigma Aldrich (St Louis, MO); Lipofectamine iMAX
(Cat.No.13778075), ATG7 siRNA (Cat.No.HSS116182), ATG5 siRNA
(Cat.No.HSS114103) and control siRNA (medium
GC,Cat.No.12935300) were purchased from Invitrogen Trading
Shanghai Co. (Shanghai, China). Cell Counting Kit 8 (CCK-8,Cat.-
No.CK04-500T) was purchased from Dojindo (Kumamoto, Japan).
RPMI 1640 medium (Cat.No.31800022) was from GIBCO (California,
USA). RIPA lysis buffer (Cat.No.P0013B), Hoechst 33342
(Cat.No.C1022), Triton X-100 (Cat.No.ST795), BCA Protein Assay Kit
(Cat.No.0012) and other reagents were from Beyotime Biotechnology
(Shanghai, China).

Human non-small-cell lung cancer A549 and PC-9 cell lines were
obtained from the American Type Culture Collection (ATCC)
(Maryland, USA) and cultured in RPMI 1640 medium supplemented
with 10% FBS, 100 U/ml penicillin and 100 μg/ml streptomycin at
37 °C with 5% CO2.

2.2. Cell proliferation assay

A549 and PC-9 cells with 80% confluence in 96-well plates were
treated with 0.1, 0.125, 0.2, 0.25, 0.375, 0.5, 0.625, 0.75, 1, 1.5mg/ml
TGS for 24 or 48 h, cell viability was measured after treatment using the
CCK-8 assay according to the manufacturer's instructions. The absor-
bance at 450 nm was measured using a BioTek, Synegy H1 Hybrid
Reader (Vermont, USA).

2.3. Cell morphological observation

A549 and PC-9 cells with 80% confluence in 6-well plates were
treated with 0.25,0.5 and 1mg/ml TGS for 24 h, cells were washed and
observed in the brightfield of Leica DMI3000B fluorescence microscope
(Bensheim, Germany).

2.4. Western blotting analysis

A549 cells were collected and lysed in ice-cold RIPA lysis buffer
containing 2mmol/L PMSF. The protein concentrations in cell lysates
were quantified using BCA Protein Assay Kit. Cell lysates contained
60 μg of protein were subjected to SDS–PAGE using 8%–12% gradient
polyacrylamide gels (Bis-Tris Midi Gel, Life Technologies, USA) and
analyzed by immunoblotting with corresponding. The same blots were
probed with GAPDH antibody to normalize protein load. Protein levels
was quantified by densitometry using Image Lab software.

The primary antibodies anti-LC3B (Cat.No.2775), anti-ATF4
(Cat.No.11815), anti-CHOP (Cat.No.5554), anti-BIP (Cat.No.3177),
anti-ATG7 (Cat.No.8558), anti-ATG5 (Cat.No.12994T), anti-phospho-
p70 S6 kinase (Cat.No.9205) antibodies and horseradish peroxidase-
conjugated goat anti-mouse/rabbit IgG secondary antibodies
(Cat.No.7076/7074) were purchased from Cell Signaling Technology
(Danvers, MA, USA), anti-p-AKT-1 antibody (Cat.No.ab66138) was
purchased from Santa Cruz Biotechnology (Dallas, MA,USA) and anti-
GAPDH antibody (Cat.No.AP0063) was purchased from Bioworld
Technology (Nanjing, China).

2.5. Immunofluorescence

A549 cells were cultured in 0.17mm glass-bottom dishes and in-
cubated with agents for the indicated times, after which cells were fixed
with 4% formaldehyde for 20min at 4 °C, permeabilized with PBS/T
(PBS containing 0.1% Tween-20) for 20min at room temperature,
blocked with 5% w/v BSA in PBS/T for 1 h at 37 °C and then incubated
with primary antibodies overnight at 4 °C, after washed with PBS/T for
4 times, cells were incubated with fluorescent secondary antibody and
Hoechst 33342 for 1 h in the dark, then cells were washes and observed
with a Zeiss LSM 700 confocal fluorescence microscope (Oberkochen,
Germany).

2.6. MDC staining

A549 cells were cultured in 12-well plates and treated with 200 nM
rapamycin, 0.5 or 1mg/ml TGS with or without 1 μM wortmannin or
5mM 3-methyladenine for 6 h, then cells were stained with 50 μMMDC
for 20min at 37 °C, washed and observed with a Leica DMI3000B
fluorescence microscope (Bensheim, Germany).

M. Zhao, et al. Journal of Ethnopharmacology 243 (2019) 112093

2



2.7. Transmission electron microscope observation of subcellular structures

A549 cells were treated with 0.5 or 1mg/ml TGS with or without
1 μM wortmannin or 5mM 3-methyladenine for 6 h, after which cells
were fixed with 2.5% glutaraldehyde and 1% osmium tetroxide suc-
cessively, and dehydrated with a range of concentrations of acetone,
after penetrated and embedded, cells were sliced on ultramicrotome
and electronic dyed with sodium acetate and lead citrate, finally, slices
were observed with JEM-1010 transmission electron microscope (JEOL,
Japan).

2.8. Gene knockdown

All transfections were performed using Lipofectamine iMAX ac-
cording to the manufacturer's instructions. Cells were transfected with
ATG7 siRNA, ATG5 siRNA or negative control (medium GC) at con-
centrations of 15 and 30 nM (ATG7 siRNA) or 20 nM (ATG5 siRNA).
The sequences of siRNA duplex for ATG7 siRNA and ATG5 siRNA are
shown in Table 1.

2.9. Quantitative real time PCR assay

Total RNA extraction was performed using RNAiso Plus reagent
(TaKaRa Biotechnology Co., Ltd, Dalian, China) according to the
manufacturer's protocol. The concentration of RNA was determined by
measuring the absorbance at 260 and 320 nm. Complementary DNA
was generated from 500 ng total RNA using Super Script II Reverse
Transcriptase (Life Technology). Quantitative real time PCR analysis
was carried out using SYBR green PCR master mix (TaKaRa
Biotechnology Co., Ltd.) in a reaction volume of 15 μl. Real-time PCR
was performed by using a Bio-Rad C1000™ Thermal cycler RT-PCR
system (Carlsbad, CA, USA). The annealing was performed at 60 °C for
30 s. Relative gene expression analysis was performed using the 2
(−ΔΔCt) method with GAPDH as a housekeeping control. Each experi-
ment was conducted in duplicates. The primer sequences are shown in
Table 2. (forward 5′-3′, reverse 5′-3′).

2.10. Statistical analysis

Data were expressed as mean ± standard error of the mean
(S.E.M.). Prism 6.0 statistical software was used for the analysis. The
two-tailed Student t-test was used to reveal statistical significance.
P < 0.05 was considered statistically significant.

Table 1
The sequences of siRNA duplex for ATG7 siRNA and ATG5 siRNA.

Genes sense strand antisense strand

ATG5 5′-GCCGUCAUUGCUGCAAGCAAGAGAA-3′ 5′-UUCUCUUGCUUGCAGCAAUGACGGC-3′
ATG7 5′-GGUUUGGACGAAUUCCAACUUGUUU-3′ 5′-AAACAAGUUGGAAUUCGUCCAAACC-3′

Table 2
Primer sequences for quantitative RT-PCR Assay.

Genes forward 5′-3′ reverse 5′-3′

GAPDH CCAGGGCTGCTTTTAACTC GCTCCCCCCTGCAAATGA
ATF4 GAAGGTCATCTGGCATGGTT AGTCCCTCCAACAACAGCAA
CHOP ACCAAGGGAGAACCAGGAAACG TCACCATTCGGTCAATCAGAGC
BIP GCTATTGCTTATGGCCTGGA CGCTGGTCAAAGTCTTCTCC

Fig. 1. TGS induces cell death in concentration and time dependent manners in NSCLC cells. (a)(b)(e)(f) Survival curve describing the viability of A549 cells (a)(b) or
PC-9 cells (e)(f) treated with the indicated concentrations of TGS (mg/ml) for 24 or 48 h. The data was expressed as cell inhibition relative to untreated controls and
represented the average value ± S.E.M. n = 3 for each group. (c)(g) Cell viability of A549 cells (c) or PC-9 cells (g) treated with the 0.5 or 1 mg/ml TGS for 24 or
48 h. The data was expressed as cell viability relative to untreated controls and represented the average value ± SEM. n = 3 for each group, *P < 0.05,
**P < 0.01, ***P < 0.001 versus 0 h (TGS 0.5), #P < 0.05, ##P < 0.01, ###P < 0.001 versus 0 h (TGS1). (d)(h) Cell morphological observation after treated
with 0.25,0.5,1 mg/ml TGS for 24 h, A549 cells (d), PC-9 cells (h). Scale bars, 20 μm.

M. Zhao, et al. Journal of Ethnopharmacology 243 (2019) 112093

3



3. Results

3.1. TGS induces cell death in concentration and time dependent manners in
NSCLC cells

Firstly, we tested the cytotoxicity of TGS on NSCLC A549 and PC-
9 cell lines, the results showed TGS induced cell death in concentration
and time dependent manners (Fig. 1a, 1b, 1c, 1e, 1f & 1g). The IC50 of
TGS in A549 cells were 0.464–0.508mg/ml and 0.342–0.382mg/ml for
24 h and 48 h respectively, the IC50 of TGS in PC-9 cells were
0.686–0.756mg/ml and 0.215–0.273mg/ml for 24 h and 48 h respec-
tively. Cell morphological observation showed that A549 and PC-9 cells
changed from cobblestone shape to mesenchymal-like and elongated
spindle shape after treated with TGS (Fig. 1d & 1h), cell adhesion was
reduced and exhibited an autophagic cell death-like morphology (Tsai
Ch et al., 2017). These results reveal that TGS has obviously

cytotoxicity in NSCLC cells and maybe a cell autophagy-induced effect.

3.2. TGS increases autophagy flux in a concentration and time dependent
manner in NSCLC A549 cells

To test the effect of TGS on cell autophagy, we treated human
NSCLC A549 cells with a series concentrations of TGS for different times
and examined the level of MAP1LC3B-II (LC3 II) formation, a hallmark
of autophagy (Mizushima et al., 2010). After treated with TGS, LC3 II
levels increased in both concentration and time dependent manners
(Fig. 2a&2b). To monitor the effect of TGS on autophagy flux, we
conducted LC3 turnover assays by using chloroquine (CQ), a late stage
autophagic inhibitor. The difference in LC3-II levels in the presence and
absence of chloroquine is larger under TGS treatment (compare lanes 2
and 4, Fig. 2c), indicating that autophagy flux is increased during TGS
treatment (Mizushima et al., 2010). The semi-quantitative results of

Fig. 2. TGS increases autophagy flux in a concentration and time dependent manner in NSCLC A549 cells. (a)(b) Immunoblot analysis with the LC3B antibody on cell
lysates treated with 0.5 mg/ml TGS for 0, 3, 6, 12, 24 h (a) or a series concentrations of TGS (T0.125 represented 0.125 mg/ml TGS, and so on, the same below) for
12 h (b), GAPDH serves as a loading control. (c) LC3B turnover assay: A549 cells were treated with 0.5 mg/ml TGS (TGS) with or without 10 μM chloroquine (CQ) for
6 h, LC3B in cell lysates was detected with immunoblot, GAPDH serves as a loading control. (d)(e)(f) The semi-quantitative results of LC3II/GAPDH of (a)(b)(c) using
the Volume Tool in Image lab software. (g) Effect of ginsenosides monomer on autophagy flux. A549 cells were treated with corresponding agents for 12 h (TGS:
0.5 mg/ml, Rg1:50 μM, Rg3:100 μM, Rb1:50 μM, Rb2:50 μM, Rh2:10 μM, CK:10 μM), total cellular were protein detected with LC3B antibody, GAPDH serves as a
loading control. (h) The semi-quantitative results of LC3II/GAPDH of (g) using the Volume Tool in Image lab software. *P < 0.05, **P < 0.01, ***P < 0.001
versus 0 h or control.
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LC3II/GAPDH were showed as Fig. 2d, 2e, and 2f. The effects of gin-
senoside monomers on autophagy showed that ginsenoside Rb1 and
Rh2 mainly contributed to the autophagy induced effect of TGS (Fig. 2g
& 2h). By immunofluorescence for LC3 staining, TGS was found to
promote the formation of LC3 puncta (Fig. 3a). MDC staining demon-
strated that TGS promoted the formation of autophagosome (Fig. 3b),
which was further validated by transmission electron microscopy
(Fig. 3c). Collectively, these results suggested that TGS increases au-
tophagy flux in human NSCLC cells.

3.3. TGS induces autophagic cell death in NSCLC A549 cells

To determine whether TGS induced autophagic cell death, we co-
treated A549 cells with TGS and autophagy inhibitors. We found that
TGS-induced cell death was significantly blocked by autophagy in-
hibitors (Fig. 4a), suggesting an autophagy dependent manner of TGS-
induced cell death. To further validate these results, we silenced ATG7
and ATG5 which are indispensable genes related to the initiation and
development of autophagy in A549 cells with target si-RNA, the ver-
ification of silence efficiency were showed as Fig. 4b and d. We found a
significant cell inhibition reverse effect of ATG7 and ATG5 knockdown

compared with si-control (Fig. 4c & 4e). These data suggest that TGS
induces autophagic cell death in NSCLC cells.

3.4. TGS induces autophagic cell death through activation of endoplasmic
reticulum stress

To determine whether endoplasmic reticulum (ER) stress, a closely
related signaling pathways involved in regulation of autophagy (Li
et al., 2013), plays an important role in TGS-induced autophagy, we
measured the mRNA and protein levels of ATF4, CHOP and BIP, which
are typically regarded as hallmarks of ER stress response. The results
showed that the mRNA and protein levels of these genes increase in
both time and concentration dependent manners after treated with TGS
(Fig. 5a, 5b, 5c, 5d, 5e, 5f, 5g & 5h), suggesting TGS activated ER stress
in A549 cells. The semi-quantitative results of protein/GAPDH were
showed as Fig. 5i–5j. On the other hand, we detected the levels of
phospho-AKT1 (p-AKT1), phospho-p70 S6 kinase (a mTOR substrate)
and ATG7 in human NSCLC cell lines A549. The results showed that
TGS prevent the phosphorylation of AKT-1 and p70 S6 kinase, upre-
gulated the levels of ATG7 in both time and concentration dependent
manners (Fig. 5k& 5l), suggesting that autophagy was induced by TGS

Fig. 3. Visual image confirmation of cell autophagy induction of TGS. (a) Immunofluorescence analysis of LC3 puncta formation in cells treated with 0.5 mg/ml TGS
(TGS 0.5) for 6 h, Hoechst 33342 was used to stain the nuclei. Experiment was performed in triplicate and representative images were showed. Scale bars, 20 μm. (b)
A549 cells were treated with 200 nM rapamycin (Rapa), 0.5,1 mg/ml TGS (TGS 0.5,1) with or without 1 μM wortmannin (WOM), 5 mM 3-methyladenine (3-MA) for
6 h, autophagosome formation was indicated by the green stains of MDC detected under 512 nm. Experiment was performed in triplicate and representative images
were showed. Scale bars, 20 μm. (c) The transmission electron microscopy images of the A549 cells treated with 0.5, 1mg/ml TGS (TGS 0.5, 1) with or without 1 μM
wortmannin (WOM), 5 mM 3-methyladenine (3-MA) for 6 h, representative images were showed. Circles and arrows in green represented autophagosomes, and red
ones indicated autolysosomes. Scale bars, 2 μm, insets 1 μm. . (For interpretation of the references to colour in this figure legend, the reader is referred to the Web
version of this article.)
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via AKT1-mTOR inhibition in human NSCLC cells. The semi-quantita-
tive results of protein/GAPDH were showed as Fig. 5m and n. Taken
together, these data indicated that TGS induces autophagic cell death
through activation of ER stress in human NSCLC cells.

4. Discussion

Autophagy is a metabolic process in which cell exogenous materials
were degradated and recovered by lysosomes to achieve cell home-
ostasis. Basal and low physiological levels of autophagy is important for
survival of cells under stress, however, a persistent or excessive au-
tophagy could lead to cell death (Andon and Fadeel, 2013). Autophagic
cell death is a selective and programmed cell death differ from cell
apoptosis (Maiuri et al., 2007). This form of cell death usually referred
to as caspase-independent cell death accompanied by autophagy and is
dependent on multiple autophagy related genes (ATG) (Shen et al.,
2012). The crosstalk between autophagy and apoptosis is controversial,
most of scholars believe that autophagy is a self-protection mechanism
of cells, which can prevent further apoptosis (Das et al., 2013; Avniel-
Polak et al., 2015; Dodson et al., 2013), others hold the opinion that
autophagy can promote apoptosis (Mattiolo et al., 2015; Petersen et al.,
2014; Scott et al., 2007; Wang et al., 2010), more details can be found
in this review (Maiuri et al., 2007). Many chemotherapy agents and
natural products exert their anticancer effect via inducing autophagic
cell death (Shingu et al., 2009; Xi et al., 2011; Kim et al., 2013).

Natural medicines are indispensable sources for the development of
modern drugs, many natural products have anti-tumor effect, however,
the targets and mechanism of which were unclear (Reddy et al., 2003;
Hao et al., 2014). Ginseng is the most widely used traditional Chinese
medicine in Asian countries. There are a lot of studies that investigate
the regulation of ginsenosides on autophagy and apoptosis. Most of
these studies are ginsenosides monomers and rarely with total ginse-
noside as the object of study while ginseng and its derived preparations
are prescribed as whole compound preparations for patients in clinical.

Ginseng's auxiliary anticancer mechanism has not been fully elucidated.
In the present study, we first investigated the cytotoxicity of TGS on

NSCLC cells, and found TGS induced cell death in time and con-
centration dependent manners. The sensitivity of PC-9 cell line to TGS
changed more with time than that of A549 cell line. A549 is an EGFR
wild-type cell line, while PC-9 is an EGFR-mutant (with E746-A750
deleted). The different expressions and mutations of EGFR in two cell
lines may be the reason for the above results, but we have not verified it
yet. We will continue to focus on and study these interesting findings. In
our previous study, 40mg/kg TGS once a day for two weeks sig-
nificantly enhanced the anti-tumor effect of mitomycin C in vivo, but did
not cause visible damage to normal tissues, nor did the mice lose weight
(Zhao et al., 2017). In our another study about TGS alleviating ROS-
induced cardiomyocyte injury, the treatment of rat cardiomyocyte
H9c2 with 125 μg/ml (low concentration group in this study) TGS for
24 h did not show any cell damage, but significantly antagonized ROS-
induced cardiomyocyte injury (the data has not been published, so it is
not shown). Based on the above studies, we believe that TGS has se-
lective toxicity to cancer cells and cause little damage to normal tissue,
so it has therapeutic value. There are many reports focused on the
cancer cell apoptosis induction of ginsenosides (Wong et al., 2010; Chen
et al., 2016), however, NSCLC cells appeared an autophagic cell death-
like morphology after treated with TGS in our study, which lead us to
investigate its autophagy induction rather than apoptosis. Our previous
study have shown that TGS has less inductive effect on apoptotic re-
lated genes in NSCLC cells, including capase family and proapoptosis
genes in Bcl-2 family (Zhao et al., 2017). The results of immunoblotting
and immunofluorescence demonstrated that the level of LC3 II, a spe-
cific marker of autophagy, was increased after treated with TGS, sug-
gesting the autophagy flux induction of TGS. MDC staining and trans-
mission electron microscope observation further validated that TGS
could promote the formation of autophagosome and autolysosome in
NSCLC cells. The effects of ginsenoside monomers on autophagy
showed that ginsenoside Rb1 and Rh2 mainly contributed to the

Fig. 4. TGS induces autophagic cell death in NSCLC A549 cells. (a) A549 cells were treated with 0.25,0.5 mg/ml TGS with or without 0.5,1 μM wortmannin (WOM),
2.5, 5 mM 3-methyladenine (3-MA) for 48 h, cell viability was detected with CCK-8, *P < 0.05, **P < 0.01, ***P < 0.001 versus T 0.25, #P < 0.05, ##P < 0.01,
###P < 0.001 versus T 0.5. (b)(d) Verification of ATG7 or ATG5 knockdown in A549 cells. (c)(e) Effect of TGS treatment (24 h) on cell viability transfected with
control siRNAs (si-Control) or ATG 7- and ATG5-selective siRNA (si-ATG7 and si-ATG5), *P < 0.05, **P < 0.01 versus si-control.
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autophagy induced effect of TGS, these results have some differences
with other publications maybe due to the different experimental con-
ditions and cell strains (Kim et al., 2013; Luo et al., 2014). Prophase
inhibitors of autophagy significantly partly reversed the cytotoxicity of
TGS, suggesting the autophagy dependent manner of TGS-induced cell
death. The knockdown assays of ATG7 and ATG5 further validated the
above view. We analyzed each pair of LC3-I and II on the same PAGE,
the contrast of LC3 image provided in each figure may be a little dif-
ferent and we tried to provide images with grey background. The
slightly up-regulation of LC3-II expression in si-control groups in Fig. 4
maybe related to the experimental conditions, gene knockdown assay
have certain damage on cells, which may lead to stress autophagy. In
the following studies, we found that TGS could induce endoplasmic
reticulum stress, an important autophagy initiated fator. The results of
the investigation of this pathway showed that TGS induced autophagy
via the ATF4-CHOP-AKT1-mTOR axis, which has a similar autophagy-
induced property with salinomycin, a promising anti-cancer compound
(Li et al., 2013; Gupta et al., 2009).

5. Conclusions

In summary, we conclude that TGS induce autophagic cell death in
NSCLC cells through activation of endoplasmic reticulum stress. Our
present study disclosed another characteristic of TGS-induced cell death
and a novel anti-cancer mechanism of TGS and its derived preparations
in clinical, suggesting TGS and its derived preparations could be pro-
mising therapies for cancer patients.
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