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Abstract 

Platycodin-D (PD) is an effective triterpene saponin extracted from the root of Platycodon 
grandiflorum which has been used clinically to treat pulmonary diseases in traditional Chinese 
medicine. Recently, it has been reported that PD has anti-tumor effects in various cancer models 
through the induction of apoptosis. However, whether PD induces autophagy in both cell lines and 
its molecular mechanisms have not been elucidated. Here, our present study confirmed that PD 
induced autophagy in both NCI-H460 and A549 cells via up-regulating the expression levels of 
Atg-3, Atg-7 and Beclin-1. Meanwhile, PD contributed to the up-regulation of LC3-II at both 
protein and mRNA levels. Further detection of the PI3K/Akt/mTOR signaling pathway compared 
to LY294002 (PI3K kinase inhibitor), RAP (mTOR kinase inhibitor) and insulin (an activator of 
PI3K/Akt/mTOR signaling pathway) showed that PD induced autophagy through inhibiting the 
pathway at p-Akt (Ser473), p-p70S6K (Thr389) and p-4EBP1 (Thr37/46) in both cell lines. 
Moreover, the examination of MAPK signaling pathway showed that PD treatment increased the 
phosphorylation of JNK and p38 MAPK, while decreased the phosphorylation of Erk1/2 in both cell 
lines. Additionally, the effects assessed with a panel of pharmacologic inhibitors, including U0126 
(Erk1/2 kinase inhibitor), SP600125 (JNK kinase inhibitor) and SB203580 (p38 MAPK kinase in-
hibitor) suggested that the activation of JNK and p38 MAPK participated in PD-induced autophagy. 
Taken together, these findings suggested that PD induced autophagy in NCI-H460 and A549 cells 
through inhibiting PI3K/Akt/mTOR signaling pathway and activating JNK and p38 MAPK signaling 
pathways. Therefore, PD may be an alternative compound for NSCLC therapy. 

Key words: Platycodin-D, non-small cell lung cancer, autophagy, PI3K/Akt/mTOR, MAPK sig-
naling pathways 

Introduction 
PD is a triterpenoid saponin isolated from the 

root of Platycodon grandiflorum, which has been 
widely used in traditional Chinese medicine for 

treatment against various pulmonary diseases and 
respiratory disorders [1-3]. Recently, it has been ex-
tensively investigated as a potential alternative ther-
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apy for treatment of various cancers, including breast 
cancer, gastric cancer, leukemia, colon cancer and so 
on [1-3]. Our preliminary studies have demonstrated 
that PD has an anti-NSCLC effect associated with the 
induction of apoptosis, however, whether PD induces 
autophagy in NSCLC cells has yet to be identified.  

Most anticancer drugs are associated with the 
induction of programmed cell death (PCD). Accu-
mulating studies have suggested that autophagy 
(Type II PCD), consistent with apoptosis (Type I 
PCD), is also important for the regulation of cancer 
development and progression, and may be regarded 
as a potential therapeutic approach for anticancer 
researches [4]. However, recent evidence has indi-
cated that apoptosis-induced agents may confer 
drug-resistance following the anticancer effects espe-
cially at the late stage of tumor development. Thus, 
autophagy which is an evolutionarily conserved cat-
abolic process of self-degradation of organelles and 
cytosolic macromolecules has been considered as an 
alternative therapeutic approach in cancer cells [5]. 
Autophagy initiation which completed with the ac-
cumulation of the ULK1/2-ATG13-FIP200 complex 
results in development of the isolation membrane, 
also known as a phagosome. On receiving autophagic 
stimulus, the phagosome converts to autophagosome 
depending on autophagy-related genes (Atg) pro-
teins, then its maturation is completed upon fusion 
with lysosome to form autophagolysosome [6].  

Several signaling pathways have been demon-
strated to interfere with autophagy. Among them, 
phosphatidylinositol 3-kinase/protein kinase 
B/mammalian target of rapamycin (PI3K/Akt/ 
mTOR) and mitogen-activated protein kinase 
(MAPK) signaling pathways especially play a critical 
role in regulating establishment of autophagy in can-
cer cells [7-9]. Recent studies have demonstrated the 
constitutive activation of the PI3K/Akt/mTOR sig-
naling pathway occurs in 90% of NSCLC cell lines, 
and the inhibition of this signaling cascade is not only 
important for induction of autophagic cell death but 
also for developing new treatments for NSCLC [10]. 
Consistent with the PI3K/Akt/mTOR signaling 
pathway, MAPK signaling pathways including ex-
tracellular signal-regulated kinase (Erk), p38 MAPK 
and c-jun NH2-terminal kinase (JNK) have been iden-
tified as chemotherapeutic targets for sensitizing 
cancer cells to autophagy [7, 8]. 

In this study, we aimed to investigate the effects 
of PD-induced autophagy in NCI-H460 and A549 cell 
lines and its underlying mechanisms focusing on the 
role of PI3K/Akt/mTOR and MAPK signaling path-
ways in PD-induced autophagy. 

Materials and methods 
Reagents 

Platycodin-D (PD) (MW: 1224.58, HPLC ≥ 98%) 
was purchased from Shanghai Yuanye biotechnology 
Co. Ltd. (Shanghai, China). The chemicals used were 
rapamycin, LY294002, U0126, SP600125 and SB203580 
(Cell Signaling Technology, USA), insulin, Gimesa 
(Sigma, USA), TRIzol reagent (Invitrogen, USA), Re-
al-time PCR Master Mix (Toyobo, Japan). Mouse- or 
rabbit-polyclonal antibodies specific for LC3-І /II, 
Beclin-1, Atg-5 and Atg-7, p-Akt (Ser473), p-p70S6K 
(Thr389), p-4EBP1 (Thr37/46), Akt, p70S6K, 4EBP1, 
p-Erk1/2, p-JNK, p-p38 MAPK, β-actin and secondary 
antibodies (goat anti-mouse or anti-rabbit 
IgG-conjugated horseradish peroxidase (HRP)) were 
all purchased from Cell Signaling Technology (Bev-
erly, USA). 

Cell culture 
Human NSCLC cells lines (A549 and NCI-H460) 

were obtained from the Institute of Biochemistry and 
Cell Biology (Shanghai, China). NCI-H460 and A549 
cells were cultured in DMEM and F12 medium (Hy-
Clone, USA) respectively, supplemented with 10% 
fetal bovine serum (FBS) (Gibco, USA), 100 U/ml 
penicillin-streptomycin mixed antibiotics at 37°C in a 
humidified 5% CO2 incubator. 

Transmission electron microscopy (TEM) 
After being exposed to 20 or 30 µmol/L of PD for 

24 h, the cells were trypsinized, washed with PBS and 
fixed in 2.5% glutaraldehyde in 0.1 mol/L phosphate 
buffer (pH 7.2) overnight at 4°C. The next day, cells 
were washed three times with 0.1 mol/L phosphate 
buffer. They were then fixed in 1% aqueous osmium, 
dehydrated with increasing concentrations of ethanol 
(30, 50, 70, 80, 90 and 100%), and embedded in aral-
dite. Ultrathin sections were prepared with a micro-
tome (Leica, Germany) and mounted on copper grids. 
The samples were stained with 2% aqueous uranyl 
acetate and lead citrate and observed in a transmis-
sion electron microscope (TEM; Jeol, Japan). 

Western blot analysis 
For western blot analysis, cells were lysed in 

RIPA buffer containing 50 mmol/L Tris/HCl (pH 
8.0), 150 mmol/L NaCl, 1% Nonidet-P40, 1% sodium 
deoxycholate, 0.1% SDS, 0.1 mmol/L DTT, 0.05 
mmol/L PMSF, 0.002 mg/ml aprotinin, 0.002 mg/ml 
leupeptin, and 1 mmol/L NaVO3. The protein con-
centration of each supernatant was determined by the 
BCA protein assay. Equal amounts of protein were 
loaded and separated by 10 or 12% SDS-PAGE and 
then transferred onto polyvinylidene difluoride 
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membranes. The membranes were incubated over-
night with appropriate primary antibodies against 
LC3-І /II, Beclin-1, Atg-5 and Atg-7, p-Akt (Ser473), 
p-p70S6K (Thr389), p-4EBP1 (Thr37/46), Akt, p70S6K, 
4EBP1, p-Erk1/2 , p-JNK, p-p38 MAPK or β-actin 
overnight at 4˚C, and then with HRP-conjugated 
secondary antibodies (anti-rabbit or mouse immuno-
globulin G) for an additional 1 h at room temperature. 
Immunoreactivity was detected by enhanced chemi-
luminescence (ECL) (Bio-Rad, USA). β-actin was used 
as a loading control. Quantitative analysis was per-
formed by Image Lab™ software. 

Quantitative reverse transcription-PCR for 
mRNA quantification 

Total RNA was extracted using the TRIzol rea-
gent (Invitrogen, USA), and cDNA was prepared us-
ing 0.5μg of oligo (dT) primers and the PrimeScript 
RT reagent (Toyobo, Japan) according to the manu-
facturer's protocol. Quantitative reverse transcrip-
tion-PCR (QRT-PCR) analysis was performed using 
SYBR green assays (TaKaRa) on the following genes 
using the following primers: LC3-II primer, Sense 
primer: 5'-AAACGCATTTGCCATCACAGT-3' and 
Antisense primer: 5'-GTGAGGACTTTGGGTGT 
GGTTC-3'; Human-GAPDH primer, Sense primer: 5'- 

TGGTATCGTGGAAGGACTCA-3', Antisense primer: 
5'- CCAGTAGAGGCAGGGATGAT-3'. Each test was 
carried out in triplicate according to standard proto-
col. Data were calculated using the 2ΔΔCt method 
comparing ΔCt of treated A549 cells to ΔCt of control 
untreated samples. Reactions were incubated in the 
LightCycler 480 QRT-PCR system. Ct values were 
calculated using the SDS software version 2.3 apply-
ing automatic baseline and threshold settings. 

Statistical analysis 
All quantitative data presented were the mean ± 

SD from at least three independent experiments. The 
SPSS 19.0 software package was used to perform all 
statistical analysis. Comparisons between two groups 
were performed using the Student’s-t test and be-
tween multiple groups using ANOVA analysis. A 
value of P < 0.05 was considered statistically signifi-
cant. 

Results 
Morphological changes of autophagy-induced 
by PD in NCI-H460 and A549 cells 

NCI-H460 and A549 cells were treated with 0, 5, 
10, 20 or 30 μmol/L of PD, respectively. After 24 h 

treatment, cells stained 
with Gimesa were ob-
served using phase 
contrast microscopy. 
With the increasing 
concentrations of PD, 
cells had shrunk, ac-
cumulated vacuoles in 
the cytoplasm, and cell 
density significantly 
decreased compared 
with untreated control 
group (Fig. 1 A). 

 
Figure 1. PD induced morpho-
logical changes of NCI-H460 and 
A549 cells. (A) NCI-H460 and A549 
cells treated with PD at various 
concentrations of 0, 10, 20, and 30 
μmol/L, respectively. After 24 h 
treatment, cells stained with Gimesa 
were observed using phase-contrast 
microscopy (×400). (B) NCI-H460 
and A549 cells were exposed to 0, 20 
and 30 μmol/L of PD for 24h followed 
by observation using a transmission 
electron microscope (TEM). Nu-
merous autophagosomes with typical 
double-layer membranes containing 
organelle remnants were highlighted 
by arrows. 
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Transmission electron microscopy (TEM) is a 
conventional method for monitoring autophagy. 
Through TEM detection, we found cytoplasmic vac-
uloes in both NCI- H460 and A549 cells after exposure 
to 20 or 30 μmol/L of PD for 24 h, and the cytoplasmic 
vaculoes had double-layered membranes and many of 
them contained cytoplasmic organelles or myelin fig-
ures (Fig. 1 B). Particularly, with the increasing con-
centrations of PD treatment, the vacuoles increased in 
size and number and fused into larger vacuoles 
compared with the untreated control group (Fig. 1 B). 
These morphological changes indicated that PD in-
duced autophagosome formation. Thus, we specu-
lated the treatment with PD might induce autophagy 
in both cell lines. 

PD induced autophagy in NCI-H460 and A549 
cells 

To confirm the exact effects of PD on induction 
of autophagy in NCI- H460 and A549 cells, autopha-
gy-related genes proteins, which are called Atg pro-
teins including LC3-I/II (Atg-8), Beclin-1 (Atg-6), 
Atg-3 and Atg-7 were detected by western blot anal-
ysis. Our data showed that with PD treatment, the 
expression of Beclin-1, Atg-3 and Atg-7 and the con-
version of LC3-I to LC3-II increased in a dose- and 
time-dependent manner (Fig. 2 A-D). We next exam-
ined the expression of LC3-II, which serves as an ul-
timate biomarker of autophagy, at the mRNA level by 
using qRT-PCR. The data in Fig. 2 E demonstrated 
that the mRNA level of LC3-II was dramatically 
up-regulated after 20 or 30 μmol/L of PD treatment 

for 24 h (P < 0.01, P < 
0.05, respectively). Col-
lectively, these results 
provided evidence that 
PD induced autophagy 
in NCI- H460 and A549 
cell lines. 

 
 
 

Figure 2. Effect of PD on induc-
ing autophagy in NCI-H460 and 
A549 cells. (A and B) NCI-H460 and 
A549 cells treated with 0, 5, 10, 20 
and 30 µmol/L of PD for 24 h or 30 
µmol/L of PD for 0, 3, 6, 12 and 24 h 
were analyzed by western-blot with 
antibodies against LC3-I/II, Beclin-1, 
Atg-3 and Atg-7. (C and D) Densi-
tometry analysis of LC3-II level 
relative to actin was performed. (E) 
The mRNA expression level of LC3-II 
induced by PD in both cell lines was 
detected by Quantitative reverse 
transcription-PCR analysis. Repre-
sentative results of three independent 
experiments are shown. β-actin was 
used as a loading control. Error bars, 
SD; *, P<0.05; **, P<0.01, ***, P<0.001 
versus control values. 
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Effects of PD on PI3K/Akt/mTOR signaling 
pathway for induction of autophagy in 
NCI-H460 and A549 cells 

The PI3K/Akt/mTOR signaling pathway plays 
a critical role in cell proliferation and autophagy. To 
better understand the molecular mechanisms of 
PD-induced autophagy, we determined the possible 
involvement of this signaling pathway. As shown in 
Fig. 3 A and B, the expression levels of p-Akt (Ser473), 
p-p70S6K (Thr389), and p-4EBP1 (Thr37/46) in both 
NCI-H460 and A549 cells were significantly inhibited 
by PD in a dose- and time-dependent manner.  

We further investigated the effect of PD on the 
PI3K/Akt/mTOR/p70S6K/4EBP1 pathway com-
pared with LY294002 (an inhibitor of PI3K) and RAP 
(an inhibitor of mTOR)[11, 12]. Similarly to LY294002, 
PD inhibited p-Akt (Ser473), meanwhile, it weakened 
the feedback activation of RAP on p-Akt (Ser473) in 
both cell lines (Fig. 3 C and D). Notably, the ratio of 
LC3-II/actin was enhanced by co-treatment with PD 
and LY294002 or PD and rapamycin compared with 
PD, LY294002 or RAP treatment alone (P<0.05) (Fig. 3 
C, D and G). Thus, PD had a synergistic effect on in-
duction of autophagy with LY294002 or RAP. 

Insulin not only activates PI3K/Akt/mTOR 
signaling pathway but also suppresses autophagy [13, 
14]. As shown in Fig. 3 E and F, 30 min of insulin 
treatment significantly phosphorylated Akt (Ser473), 
p70S6K (Thr389), and 4EBP1 (Thr37/46). In contrast, 
when cells were pretreated with PD and then stimu-
lated with insulin, the phosphorylation levels of them 
were significantly inhibited. Meanwhile, LC3-II/actin 
ratio in both cell lines was suppressed by insulin, 
however, this effect of insulin was reduced by PD 
pretreatment (P<0.01) (Fig.3 E, F and H). 

Taken together, it was clearly suggested that PD 
induced autophagy in NCI-H460 and A549 cells by 
inhibiting the PI3K/Akt/mTOR signaling pathway. 

Effects of PD on MAPK signaling pathways for 
induction of autophagy in NCI-H460 and A549 
cells 

It has been suggested that MAPK signaling 
pathways are important for regulation of prolifera-
tion, differentiation, apoptosis, autophagy and cell 
cycle arrest [9, 11]. To investigate the role of MAPK 
signaling pathways in PD-induced autophagy, the 
activation of JNK, Erk1/2 and p38 MAPK was exam-
ined by Western blot assay using phosphorylated 
antibodies specific for the active forms of these ki-
nases. The expression levels of p-p38 MAPK and 
p-JNK were activated by PD in a dose and 
time-dependent manner, however, p-Erk1/2 was in-

hibited by PD dose and time-dependently (Fig. 4 A 
and B ). 

To further clarify whether PD-induced autoph-
agy depended on p-p38 MAPK and p-JNK activation 
and p-Erk1/2 suppression, cells were treated with 
U0126 (an inhibitor of Erk1/2), SP600125 (an inhibitor 
of JNK) or SB203580 (an inhibitor of p38) for 4 h fol-
lowed by treatment with or without PD for 24h. Our 
date showed that the ratio of LC3-II/LC3-I was dra-
matically increased in PD co-treatment with SP600125 
or SB203580 group compared with that in SP600125 or 
SB203580 treatment group (P<0.01) (Fig. 4 C-F), sug-
gesting the activation of p-JNK or p-p38 MAPK was 
involved in cell autophagy. Though the ratio of 
LC3-II/LC3-I in U0126 treatment group was in-
creased, the ratio of LC3-II/LC3-I in PD co-treatment 
with U0126 group was lower than that by PD treat-
ment alone (Fig. 4 F), suggesting inhibition of 
p-Erk1/2 was not involved in cell autophagy. 

Taken together, these results demonstrated that 
PD induced autophagy in NCI-H460 and A549 cells 
through activation of p-p38 MAPK and p-JNK, while 
inhibition of p-Erk1/2 was not responsible for 
PD-induced autophagy. 

Discussion 
Currently, it has been reported that PD effec-

tively induces apoptosis in many cancer cells [1-3]. 
And our previous studies had found PD significantly 
inhibited cell proliferation and viability in NSCLC cell 
lines NCI-H460 and A549 in a dose- and 
time-dependent manner, and it induced apoptosis 
through mitochondrial-dependent and Erk signaling 
pathways (under submitting). However, whether PD 
induces autophagy and its molecular mechanisms 
remains unknown. 

Autophagy is considered an alternative thera-
peutic approach in cancer cells [5, 15]. Autophagic 
processes start with the formation of autophagosome, 
which is enclosed within double-membrane that en-
traps cytoplasmic components. Then, autophagosome 
fuse with lysosome to generate autophaglysome, 
where cytoplasmic molecules and organelles are de-
graded by lysosomal hydrolyases (Fig. 5) [16]. Ini-
tially, we found that most of the cells exposed to PD 
for 24 h had shrunk, accumulated vacuoles in the cy-
toplasm, and cell density decreased compared with 
the untreated control in dose-dependent manner (Fig. 
1 A). Cell morphology observed with TEM showed 
that he cytoplasmic vaculoes had double-layered 
membranes and only some cytoplasmic organelles or 
myelin figures remained in both cell lines after 24 h 
treatment of PD (Fig. 1 B). 
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Figure 3. Effect of PD on PI3K/Akt/mTOR/p70s6k/4EBP1 signaling pathway in NCI-H460 and A549 cells. (A and B) NCI-H460 and A549 cells treated with 0, 5, 10, 
20 and 30 µmol/L of PD for 24 h or 30 µmol/L of PD for 0, 3, 6, 12 and 24 h were analyzed by western-blot with antibodies against p-Akt (Ser473), p-p70S6K(Thr389), p-4EBP1 
(Thr37/46), Akt, p70S6K and 4EBP1. (C and D) NCI-H460 and A549 cells treated with 30 µmol/L of PD, 10 µmol/L of LY294002 or 10 µmol/L of Rapmycin for 24 h were analyzed 
by western-blot with antibodies against p-Akt (Ser473), p-p70S6K (Thr389), p-4EBP1 (Thr37/46) and LC3-І /II. (E and F) Cells treated with 30 µmol/L of PD for 24 h followed by 
treatment with or without 200 nmol/L of insulin for 30 min were analyzed by western-blot for the expression levels of p-Akt (Ser473), p-p70S6K (Thr389) and LC3-І/II. (G and 
H) Densitometry analysis of LC3-II level relative to actin was performed in both two cell lines.○, □: P<0.05; and ○○, □□: P<0.01 versus PD + RAP values; *, △: P<0.05; and **, △△: 
P<0.01 versus PD + LY294002 values. △△△: P<0.001 Insulin versus PD + Insulin values; **: P<0.01 PD versus control values. Representative results of three independent 
experiments are shown. β-actin was used as a loading control. Error bars, SD.  
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Figure 4. Effect of PD on MAPK signaling pathways in NCI-H460 and A549 cells. (A and B) NCI-H460 and A549 cells treated with 0, 5, 10, 20 and 30 µmol/L of PD 
for 24 h or 30 µmol/L of PD for 0, 3, 6, 12 and 24 h were analyzed by western blot with antibodies against p-Erk1/2, p-JNK and p-p38 MAPK. (C and D) NCI-H460 and A549 cells 
treated with 20 µmol/L of SB203580, 20 µmol/L of U0126 or 20 µmol/L of SP600125 for 4 h followed by treatment with or without 30 µmol/L of PD for 24 h were analyzed by 
western blot with antibodies against p-Erk 1/2 , p-JNK, p-p38 MAPK and LC3-І /II. (E and F) Densitometry analysis of LC3-II levels relative to LC3-І in NCI-H460 and A549 cells 
was performed. Representative results of three independent experiments are shown. β-actin was used as a loading control. Error bars, SD; □□: P<0.01 and □□□: P<0.001: versus 
PD + SB203580 values; ○○: P<0.01 and ○○○: P<0.001 versus PD + U0126 values; **: P<0.01 and ***: P<0.001 versus PD + SP600125 values. 

 
Among the processes of autophagy, autophago-

some-formation is regulated by Atg proteins which 
are essential to regulate chemotherapy-induced au-
tophagy encoded by the autophagy-related genes [17]. 
There are two ubiqutin-like conjugation systems 
about Atg proteins. The first one results in covalent 
attachment of the ubiquitin-like protein Atg-12-Atg-5 
(together with Atg-16) catalyzed by Atg-7 [18]. In an-
other system, the LC3-I/ II (Atg-8) gets activated by 
Atg-7 and then undergoes lipidation with phospha-
tidylethanolamine (PE) by Atg-3 [19]. Moreover, Be-
clin-1 (Atg-6), a part of a class III PI3K complex, is 
necessary to form pre-autophagosomal structures 
[20]. Followed by the effects of Atg proteins, the cy-
toplasmic targets for autophagy are encapsulated in 
the autophagosome [4]. Our results indicated that PD 

induced autophagy as evidence by increasing the 
conversion of LC3-I to LC3-II and the accumulation of 
Atg-3, Atg-7 and Beclin-1 in a dose- and 
time-dependent manner (Fig. 2 A and B). LC3-II, re-
cruited to forming autophagosomes, is an ultimate 
biomarker of autophagy [19]. Our data suggested that 
PD up-regulated the expression of LC3-II in both 
protein and mRNA levels in both cell lines (Fig. 2 
C-E). Collectively, these results provided obvious 
evidence that PD induced autophagy in NCI-H460 
and A549 cells. 

Accumulating researches have highlighted that 
the inhibition of Akt and its downstream target 
p70S6K contribute to the initiation of autophagy, and 
the expression level of p-p70S6K could be utilized as a 
marker for mTOR activity. And the direct down-
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stream target of p70S6K is 4EBP1 [21, 22]. As shown in 
Fig. 3 A and B, PD significantly decreased the expres-
sion levels of p-Akt (Ser473), p-p70S6K (Thr389) and 
p-4EBP1 (Thr37/46) in NCI-H460 and A549 cells. 
Compared with LY294002, which inhibits autophagy 
by the inhibition of class III PI3K [10], and RAP, which 
inhibits mTOR but has a negative feedback on Akt 
[23], PD decreased the activation of rapamycin on 
p-Akt (Ser473). Furthermore, the ratio of LC3-II/actin 
was enhanced by PD co-treatment with LY294002 or 
RAP compared with that by PD, LY294002 or RAP 
treatment alone (P<0.05), indicating that PD had a 
synergistic effect on induction of autophagy with 
LY294002 or RAP (Fig. 3 C, D and G). Subsequently, 
we used insulin to further clarify the correlation be-
tween insulin-mediated activation of the 
PI3K/Akt/mTOR pathway and PD-induced autoph-
agy. Our results provided evidence that insulin acti-
vated this signaling pathway leading to autophagy 
suppression, the effect of insulin was abolished by PD 
addition (Fig.3 E and F). These results suggested that 
PD-induced autophagy in NCI-H460 and A549 cells 
was associated with the inhibition of 
PI3K/Akt/mTOR signaling pathway. 

MAPK signaling pathways which consist of Erk, 
JNK and p38 MAPK signaling pathways are involved 
in many cellular processes including cell growth, pro-
liferation, autophagy and apoptosis. The JNK, Erk1/2 
and p38 MAPK, which are activated by phosphoryla-
tion, are key regulatory proteins in these pathways. 

We observed that the expression levels of p-p38 
MAPK and p-JNK were activated by PD in a dose and 
time-dependent manner, while the expression level of 
p-Erk1/2 was inhibited by PD (Fig. 4 A and B ). To 
further clarify whether PD-induced autophagy was 
connected with p-p38 MAPK and p-JNK activation 
and p-Erk1/2 suppression, cells were pretreated with 
the pharmacological inhibitors SB203580, SP600125 or 
U0126 respectively, and then treated with or without 
PD. Notably, we found the conversion of LC3 І to 
LC3-II in PD co-treatment with SP600125 or SB203580 
group was dramatically increased compared with that 
in SP600125 or SB203580 treatment group (P<0.01) 
(Fig. 4 C-F). Activation of the targeting JNK and p38 
MAPK has been identified as chemotherapeutic 
agents for sensitizing cancer cells to autophagy [7, 24, 
25]. In accordance with these findings, our results 
demonstrated the activation of JNK and p38 MAPK 
was involved in PD-induced autophagy in NCI-H460 
and A549 cells. However, we also found the ratio of 
LC3-II/LC3-I in PD co-treatment with U0126 group 
was lower than that treated by PD alone, indicating 
that p-Erk1/2 was not responsible for PD-mediated 
autophagy (Fig. 4 F). And our previous study discov-
ered that the inhibition of Erk signaling pathway by 
PD treatment induced apoptosis in NCI-H460 and 
A549 cells. Coordinately, increasing reports elucidate 
that among MAPK families Erk pathway is closely 
related with apoptosis [26, 27]. 

 

 
Figure 5. A schematic model of the molecular mechanisms associated with PD-induced autophagy in NCI-H460 and A549 cells. According to this model, 
when NCI-H460 and A549 cells were exposed to PD, the phagosome converted to double-layered membranes of autophagosomes through increasing expression levels of Atg 
proteins including Beclin-1, Atg-3 and Atg-7 as well as leading to the conversion of LC3-I to LC3-II. The inhibition of PI3K/Akt/mTOR signaling pathway and activation of JNK and 
p38 MAPK signaling pathways contributed to the accumulation of LC3-II, which were the possible upstream signaling pathways of PD-induced autophagy. Once the autopha-
gosome was developed, its maturation was complete upon fusion with lysosome to form autophagolysosome. Eventually, programmed cell death was induced by PD. The 
schematic model compiled with the results and conclusions of this study (→: Stimulatory Modification, ⊥: Inhibitory Modification). 
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In conclusion, our experiments provided the first 
evidence that PD induced autophagy via inhibiting 
the PI3K/Akt/mTOR signaling pathway and acti-
vating JNK and p38 MAPK signaling pathways in 
NSCLC cells. Therefore, we speculated that PD may 
be an alternative therapeutic agent in the treatment of 
NSCLC. However, the intricate relationship between 
autophagy and apoptosis poses a big challenge for 
cancer treatment, as well as the cross-talk between 
PI3K/Akt/mTOR and MAPK signaling associated 
with the function of autophagy is uncertain. Hence, 
further studies are required to investigate above rela-
tionships by PD treatment and anti-NSCLC effects of 
PD in vivo. 
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