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[ABSTRACT] Cancerous inhibitor of protein phosphatase 2A (CIP2A) is a human oncoprotein that is overexpressed in multiple kinds 
of cancers including non-small cell lung cancer (NSCLC). CIP2A plays an ‘oncogenic nexus’ to participate in the tumorigenesis and 
chemoresistance in several cancer types. AKT and mTORC1 overactivation are detected in NSCLC and many other cancers. Previous 
studies found that the CIP2A/AKT/mTOR pathway controls cell growth, apoptosis, autophagy process. Polyphyllin I (PPI) and 
polyphyllin VII (PPVII) are natural components extracted from Paris polyphylla that display anti-cancer properties. In the present 
study, we investigated whether PPI and PPVII can be used in the cisplatin (DDP)-resistant human NSCLC cell line A549/DDP. Results 
demonstrated that PPI and PPVII treatment significantly suppressed A549/DDP cell proliferation, migration, invasion and EMT, 
induced apoptosis and autophagy. Further examination of the mechanism revealed that the PPI and PPVII significantly upregulated the 
p53, induced caspase-dependent apoptosis and suppressed the CIP2A/AKT/mTOR pathway. The activation of autophagy was mediated 
through PPI and PPVII induced inhibition of mTOR. We propose that PPI and PPVII might be developed as candidate drugs for 
DDP-resistant NSCLC. 
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Introduction 

Lung cancer is still the leading cause of cancer related 
deaths worldwide. Non-small cell lung cancer (NSCLC) is the 
most common type, accounts for about 85% of all cases of 
lung cancers. Nearly 70% of patients with NSCLC are in 
advanced or metastatic phase when diagnosed and the 5-year 
survival rate is less than 5% [1]. Surgery, chemotherapy, radia-
tion therapy, and targeted therapies are current treatments for 
NSCLC patients, of which platinum-based chemotherapy 
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plays a critical role in advanced or metastatic lung cancer 
treatment [2]. Cisplatin (DDP) is one of the first-line chemo-
therapeutic agent for lung cancer. However, due to congenital 
or acquired resistance, the response rate of cisplatin treatment 
against advanced NSCLC remains unsatisfactory. Also, che-
motherapy is often limited by dose-related toxicity, which 
restricts its clinical application, therefore, developing new 
therapeutic agents which are more effective and less toxic is 
urgently needed. Natural compounds that diminish the side 
effects of chemotherapy agents demonstrate a novel source of 
anticancer alternatives. 

Cancerous inhibitor of protein phosphatase 2A (CIP2A), 
one of the most important endogenous inhibitor of protein 
phosphatase 2A (PP2A), is a novel human oncoprotein that is 
overexpressed in multiple cancer types including NSCLC [3-7]. 
Previous independent studies have demonstrated that CIP2A 
is capable to promote the proliferation and aggressiveness of 
cancer cells and its over-expression was associated with 
tumor growth, drug resistance, apoptosis resistance, metastasis, 
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and might be a predictive factor of poor prognosis in many 
human solid malignancies [6-7]. Mechanically, CIP2A plays an 
‘oncogenic nexus’ to participate in the tumorigenesis and 
chemoresistance in several cancer types [6]. CIP2A stabilizes 
c-Myc and activates AKT by inhibiting PP2A-mediated 
dephosphorylation of c-Myc and AKT [7]. This function con-
sequently makes CIP2A able to exert its influence on signaling 
pathways such as PI3K-AKT-mTOR pathway and RAS- 
MEK-ERK pathway. It has been reported that CIP2A cooperates 
with the oncogene H-Ras via the MEK/ERK pathway to fa-
cilitate the EMT process in cervical cancer [8]. CIP2A can also 
associate with mTOR directly and act as an allosteric inhibi-
tor of mTORC1-associated PP2A, while mTORC1 is the ma-
jor negative regulator of autophagy and its activation results 
in phosphorylation of important effectors involved in cancer 
progression and apoptosis resistance [9]. Moreover, CIP2A 
could mediate the anticancer effects of several compounds 
including bortezomib and erlotinib by inhibiting AKT-related 
PP2A activity and activating p-AKT [10-11]. Notably it also has 
been proved that CIP2A mediated AKT phosphorylation 
plays a role in DDP resistance [12]. Therefore, targeting CIP2A 
might be an attractive therapeutic strategy for DDP-resistant 
NSCLC treatment. 

Rhizoma of Paris polyphylla (RPS) is a traditional Chinese 
medicinal herb which exhibits a wide range of pharmacologi-
cal properties, including immunity-enhancing, anti-inflam-
matory, and anticancer effects [13]. At present, various ster-
oidal saponins have been identified to be the active compo-
nents isolated from RPS. Among these compounds, Polyphyllin 
I (PPI) displayed a strong inhibitory effect on varies cancers, 
including ovarian cancer [14], hepatocarcinoma [15], ovarian 
cancer [16], osteosarcoma [17], non-small cell lung cancer [18], 
gastric cancer [19] and so forth. By inducing apoptosis and 
autophagy, triggering cell cycle arrest, demonstrating 
anti-angiogenic effects, PPI ultimately suppress the prolifera-
tion and metastasis of tumor cells. Successively, Polyphyllin 
VII (PPVII) also exerts anticancer effects on oral cancer [20], 
hepatocellular carcinoma [21], lung cancer [22] by regulating the 
signal pathways associated with proliferation, apoptosis and 
autophagy. However, so far, fewer studies of PPI and PPVII 
have been undertaken on acquired DDP-resistant NSCLC. In 
this study we determined the anti-cancer effects of PPI and 
PPVII on A549/DDP cells in vitro and further explored the 
possible molecular mechanisms. 

Materials and Methods 

Experimental reagents 
PPI (molecular formula C44H70O16, molecular weight 

855.02, lot no. B-21668, HPLC ≥ 98%) and PPVII (molecular 
formula C51H82O21, molecular weight 1031.2, lot no. B-50583, 
HPLC ≥ 95%) were purchased from Shanghai Source Leaf 
Biotechnology Co., Ltd. (Shanghai, China) and dissolved in 
dimethylsulfoxide (DMSO) to a concentration of 50 mg·mL–1. 
After filter sterilization, the solution was preserved at –20 °C. 

The solution was added with culture medium to a final con-
centration of less than 1% DMSO. Cisplatin was purchased 
from Sigma-Aldrich (St. Louis, MO, USA). Cell Counting 
Kit-8 (CCK-8) assay kits were purchased from Dojindo China 
Co., Ltd.. The Annexin V Apoptosis Detection Kit was pur-
chased from BD Biosciences (San Diego, CA, USA). The 
antibodies for western blotting, i.e. anti-CIP2A, anti-AKT, 
anti-phosphorylated AKT (p-AKT), anti-mTOR, anti-phosp-
horylated mTOR (p-mTOR), anti-PARP, anti-cleaved PARP, 
anti-p53, anti-Bcl-2, anti-Bax, anti-caspase-3, anti-cleaved- 
caspase-3, anti-caspase-9, anti-cleaved-caspase-9 were pur-
chased from Cell Signaling Technology (Danvers, MA, USA). 
Horseradish peroxidase–conjugated anti-mouse and anti- 
rabbit IgG antibody GAPDH were purchased from Zsbio 
Commerce Store (Beijing, China), Other reagents were pur-
chased from local commercial suppliers.  
Cell culture 

A549 cells and A549/DDP cells (human non-small cell lung 
cancer cells) were obtained from the Zhongshan Golden Bridge 
Bio-technology Co., Ltd. (Beijing, China). A549 cells and 
A549/DDP cells were cultured in the RPMI-1640 medium 
(Gibco, Thermo Fisher Scientific Inc., MA, USA) supplemen-
ted with 10% of fetal bovine serum (BD Pharmingen, San 
Diego, CA, USA), 2% penicillin/streptomycin (10 000 U·mL–1 
penicillin, 10 000 µg·mL–1 streptomycin), in an atmosphere 
containing 5% of CO2 at 37 °C. cells used in all experiments 
were during the logarithmic growth phase. A549/DDP cells 
were grown in RPMI 1640 with 1000 ng·mL–1 cisplatin. 
Cell proliferation and viability assays 

The Cell Counting Kit-8 (CCK-8) assay was performed 
to assess the effect of PPI and PPVII on cell proliferation. 
Cells during logarithmic growth were adjusted to a cell den-
sity of 5.0 × 104/mL, then 100 µL was seeded in 96-well 
plates at a density of 5.0 × 103 cells/well, allowed cells to 
adhere for 24 h, followed by treatment with indicated drugs, 
after maintained in culture for 24 or 48 h, 100 μL sterile 
CCK-8 solution was added in the culture medium of each 
well, incubation at 37 °C for 1–4 h, then spectrometric ab-
sorbance at 450 nm was detected on a microplate reader.   

The effect of each drug on cell viability was calculated 
according to the following formula: cell survival rate (cell 
viability) % = [OD of dosing group A /OD of control group A] × 
100%, then cell viability curves were drawn with drug con-
centrations on the X-axis and average cell viability on the 
Y-axis. SPSS software (version 19.0) was employed to calcu-
late the 50% inhibitory concentration (IC50). All the experi-
ments were repeated three times.  
Annexin V-fluorescein isothiocyanate (FITC)/propidium io-
dide (PI) apoptosis analysis  

A549/DDP cells were seeded in 6-well plates (5 × 104 

cells/well), allowed cells to adhere for 24 h and then treated 
with indicated drugs for 24 h, then the cells were harvested 
and digested with trypsin without EDTA, after washed two 
times with cold PBS and resuspended in 100 µL of binding 
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buffer, 5 µL of annexin V–FITC and 5 µL of PI were added 
and the mixture was incubated in the dark for 15 min, then 
400 µL of binding buffer was added to each tube and the cells 
were gently blended. Finally, fluorescence of the samples was 
analyzed using a flow cytometer (Accuri C6, BD Biosciences, 
San Diego, CA, USA) to detect apoptosis at 488/530 nm. 
Early apoptotic cells were Annexin V-FITC (+)/PI (–), while 
late apoptotic or necrotic cells were Annexin V-FITC (+)/PI 
(+). 
Western blot analysis 

After treatment with indicated drugs for 24 h, the cells 
were lysed with RIPA (Beyotime, Shanghai, China) lysis 
buffer (containing 2% Protease inhibitor, 2% phosphatase 
inhibitors and 2% EDTA) on ice for 30 min, then the cells 
were harvested and centrifuged at 12 000 ×g for 20 min. the 
supernatant were collected. The total protein concentration of 
each sample was detected by the BCA Protein Assay Kit 
(Beyotime, Shanghai, China). Samples containing equal qua-
ntity of protein were separated by electrophoresis with 10% 
SDS-PAGE, and then electro-transferred to polyvinylidene 
fluoride (PVDF) membranes (Millipore, Billerica, MA, USA) 
using a constant current of 180 mA for at least 120 min at 0 °C, 
after that, the PVDF membranes were blocked with 5% nonfat 
milk made with TBST (1 × Tris-buffered saline, 0.1% Tween 
20), and then incubated with specific primary antibodies over 
night at 4 °C, followed by incubated with the horseradish 
peroxidase (HRP)-conjugated secondary antibody for 90 min 
at room temperature. After washing with TBST for 3 times, 
the bound antibody complexes were detected with the en-
hanced chemiluminescence reagent (ECL, Amersham Phar-
macia Biotech, Piscataway, NJ, USA), then analyzed by 
Quantity One software, version 4.6 (Bio-Rad Laboratories). 
Expression of GAPDH served as a loading control. 
Colony formation assay 

A549/DDP cells during logarithmic growth was seeded 
in 6 cm diameter cell culture plates at a density of 5.0 × 102 
cells/well in triplicate, incubated with indicated drugs except 
for the control group. After 2 weeks, the cells were fixed with 
4% paraformaldehyde at 4 °C for 60 min, then stained with 
0.2% gentian violet and the colonies were counted under a 
light microscope at ×70 objective (1 × 70; Olympus Corp, 
Tokyo, Japan). 
Wound healing assay 

A549/DDP cells were seeded in 6-well plates at a density 
of 4.0 × 105 cells/well and incubated at 37 °C until 90% to 
100% confluence. Next the confluent cells were scratched 
with a 200 µL pipette tip, followed by washing with PBS, 
and then treated with indicated drugs with a complete me-
dium. After 24 h of incubation, randomly chosen fields 
were photographed under a light microscope at ×4 objec-
tive. The number of cells migrated into the scratched area 
was calculated. 
Invasion assay 

A 24-well plate with polyvinyl-pyrrolidone-free polycar-
bonate filters (8 μm pore size) (Corning) was used for inva-

sion assay. The filters were coated with Matrigel (BD Bio-
sciences). The lower chamber was added with 600 μL me-
dium containing 20% FBS as chemoattractant, the upper 
chamber with coated filter was laid over the lower chamber. 
100 μL A549/DDP cell suspension (5 × 104 cells) containing 
different concentrations of PPI or PPVII was seeded onto the 
upper chamber well respectively. After incubation at 37 °C 
for 24 h, the filter was fixed with 4% paraformaldehyde for 
30 min and stained with 0.2% gentian violet for 20 min. Then 
the upper unmigrated cells were gently wiped off by a cotton 
swab, followed by washing with PBS for three times. After 
being dried, the lower migrated cells on the membrane were 
enumerated under a light microscope at ×10 objective.  
Statistical analysis 

All experiments were repeated at least three times and the 
data were processed by SPSS 19.0 software (IBM SPSS, 
Armonk, NY, USA). The relative expression was represented 
as the mean ± SD. Differences between data groups were 
evaluated for significance using Student’s t-test of unpaired 
data or one-way analysis of variance and Bonferroni post hoc 
test. P-values < 0.05 indicate statistical significance. 

Result 

Chemical structure of PPI and PPVII and characterization of 
A549 and A549/DDP cells 

Firstly, A549 and A549/DDP cells were exposed to dif-
ferent concentrations of DDP (1–32 µg·mL–1) for 24 h. The 
50% inhibitory concentration (IC50) of DDP against A549 
cells is 5.49 µg·mL–1, while IC50 of DDP against A549/DDP 
cells is 33.36 µg·mL–1. As shown in Fig. 1A, the cisplatin 
cytotoxicity in A549 cells was higher than in A549/DDP cells. 
Then, the CIP2A, p-AKT, AKT, p-mTOR was compared 
between A549 and A549/DDP cells, which confirmed CIP2A, 
p-AKT, AKT, p-mTOR were overexpressed in A549/DDP 
cells (Fig. 1B). 
Inhibitory effects of PPI and PPVII on A549 and A549/DDP cells 

A549 and A549/DDP cells were seeded in 96-well plates 
for 24 h and then treated with different concentrations of PPI 
(Figs. 2A–2C) and PPVII (Figs. 2D–2F). After 24 h, the cell 
viability was determined by CCK-8 assay. Absorbance at 
450 nm was detected on a microplate reader. We found that 
PPI and PPVII caused moderate cytotoxicity in A549 and 
A549/DDP cells, the IC50 of PPI on A549 and A549/DDP 
cells were 1.54 ± 0.26 and 1.08 ± 0.20 µg·mL–1, while the 
IC50 values of PPVII on A549 and A549/DDP cells were 
2.26 ± 0.30 and 1.84 ± 0.23 µg·mL–1 respectively (Table 1). 
We found that PPI and PPVII reduced viable A549/DDP cells 
in a dose and time dependent manner (Figs. 2A–2F). 

We also investigated the effect of PPI and PPVII on cell 
colony formation and found that PPI (Fig. 2G) and PPVII 
(Fig. 2H) significantly inhibited the clonogenic ability of 
A549/DDP. These results suggested that PPI and PPVII in-
hibited both the anchorage-dependent growth (cell prolifera-
tion) and anchorage-independent growth (colony formation) 
of A549/DDP cells. 
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Fig. 1  Characterization of A549 and A549/DDP cells. (A) Cell viability was determined by CCK-8 assay in A549 and A549/DDP 
cells after incubation with different doses of cisplatin for 24 h. **P < 0.01, ***P < 0.001 vs A549 group; (B) Western blotting analysis 
showing protein expression in A549 and A549/DDP cells using the antibodies indicated 

 

Fig. 2  Effect of PPI and PPVII on A549 and A549/DDP cells. (A–F) The inhibitory effects of PPI (A–C) and PPVII (D–F) on 
A549 and A549/DDP cells analyzed by CCK-8 assay. *P < 0.05, **P < 0.01, ***P < 0.001 vs cisplatin group; #P < 0.05, ##P < 0.01, 
###P < 0.001 vs 24 h group. (G, H) The colony formation assays of A549/DDP cells treated with PPI (G) and PPVII (H) at the indi-
cated concentration. *P < 0.05, **P < 0.01, ***P < 0.001 vs control group 
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PPI and PPVII inhibit migration, invasion and reverse EMT 

in A549/DDP cells 

EMT is recognized as an important process that occurs 

during NSCLC cell invasion and migration, as well as drug 

resistance [23]. We determined whether PPI and PPVII could 

influence EMT process in A549/DDP cells. we first examined 

invasive behavior. As shown in Fig. 3, PPI (Fig. 3A) and 

PPVII (Fig. 3B) markedly suppressed the migration of 

A549/DDP cells. Then an invasion assay was carried out, PPI 

(Fig. 3C) and PPVII (Fig. 3D) also significantly suppressed 

the invasion of A549/DDP cells. Subsequently, we assessed 

the expression of EMT markers by western blot analysis after 

PPI and PPVII treatment. The results revealed that treatment 

of A549/DDP cells with PPI (Fig.3E) and PPVII (Fig.3F) 

reverse EMT, as evidenced by upregulation of epithelial 

marker E-cadherin and down-regulation of the mesenchymal 

markers vimentin, ɑ-SMA. These data demonstrate that PPI 

and PPVII reverse EMT, in part, to suppress the migration 

and invasion of A549/DDP cells.  

PPI and PPVII induces apoptosis in A549/DDP cells 

To investigate whether PPI and PPVII induced apoptosis 

in A549/DDP cells, we measured apoptotic A549/DDP cells 

using the FITC Annexin V Apoptosis Detection Kit according 

to the manufacturer’s instructions. Early apoptotic cells were 

Annexin V-FITC-positive and PI-negative, while late apop-

totic or necrotic cells were Annexin V-FITC-positive and 

PI-positive. As shown in Fig .4, The apoptotic rate of the con-

trol group of A549/DDP cells is 4.2% ± 0.8%, while the 

apoptotic rate of the A549/DDP cells treated with 0.5, 1.0, and 

1.5 µg·mL–1 PPI for 24 h were 37.2% ± 4.4%, 49.2% ± 4.0%, 

and 65.1% ± 6.0%, respectively (Fig. 4A), and those of the 

A549/DDP cells treated with 0.5, 1.0, and 1.5 µg·mL–1 PVII 

for 24 h were 11.3% ± 1.0%, 25.0% ± 2.0%, and 55.7% ± 

5.1%, respectively (Fig. 4B). These data demonstrate that PPI 

and PPVII induce apoptosis of A549/DDP cells in a dose de-

pendent manner. 

 

Fig. 3  PPI and PPVII inhibit migration, invasion and reverse EMT in A549/DDP cells. (A, B) Confluent cells were scratched 
and then treated with increasing concentrations of PPI (A) and PPVII (B) respectively for 24 h. (C, D) A549/DDP cells were 
treated with increasing concentrations of PPI (C) and PPVII (D) respectively for 24 h, then the invasion assay was evaluated. 
(E, F) A549/ DDP cells were treated with different concentrations of PPI (E) and PPVII (F) for 24 h respectively, then cells 
were harvested, the protein expression levels of E-cadherin, vimentin, α-SMA were measured by using western blot. ***P < 
0.001 vs control group 
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Fig. 4  The apoptosis effect induced by PPI and PPVII by Annexin V- FITC/PI apoptosis analysis. (A) A549/DDP cells were 
treated with 0.5, 1.0, 1.5 μg·mL–1 of PPI for 24 h respectively. (B) A549/DDP cells were treated with 0.5, 1.0, 1.5 μg·mL–1 of 
PPVII for 24 h respectively. Apoptosis of cells was detected by Annexin V-FITC/ PI staining and flow cytometry. The apoptotic 
percentage is shown as a bar graph. Data represents the mean ± SD of three independent experiments. ***P < 0.001, vs control 
group 

 
PPI and PPVII induced apoptosis through the p53 pathway 
and caspases-dependent pathway.  

In order to explore the mechanism by which PPI and 
PPVII induce apoptosis in A549/DDP cells, we examined 
the effects of PPI and PPVII on the expression of key 
regulators, including PARP, cleaved-PARP, p53, Bcl-2 
family and caspases protein, which are the most important 
apoptosis regulators. Western blotting results showed that 
the PPI (Fig. 5A) and PPVII (Fig. 5B) up-regulated the 
expression of p53 and pro-apoptotic protein Bax, and 

down-regulated anti-apoptotic protein Bcl-2 expression, the 
ratio of Bax to Bcl-2 was significantly enhanced, which led 
to the activation of PARP, as well as activation of caspase-3, 
caspase-9, ultimately initiated cell apoptosis. We can see 
significant dose-dependent decrease in PARP and increase 
in cleaved-PARP, cleaved-caspase-3 and cleaved-caspase-9 
in PPI (Fig. 5C) and PPVII (Fig. 5D) treated A549/DDP 
cells than in the control group. These results indicate that 
PPI and PPVII induced cell death via p53 pathway and 
caspase-dependent apoptosis. 
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Fig. 5  PPI and PPVII induced apoptosis through the p53 pathway and caspases-dependent pathway (AcF). A549/DDP cells were 
treated with increasing concentrations of PPI and PPVII for 24 h, then cells were harvested, the protein expression levels of p53, 
Bcl-2, Bax (A, B) and PARP, cleaved-PARP, caspase-3, cleaved-caspase-3, caspase-9, cleaved-caspase-9 (C, D) and Beclin1, 
LC3B-I/II (E, F) were measured by using western blot 

 

PPI and PPVII activate autophagy in A549/DDP cells 
Autophagy, which has been classified as type 2 pro-

grammed cell death, is a lysosomal degradation process of 
cytoplasmic constituents under stress conditions. To deter-
mine whether autophagy is also involved in PPI and PPVII 
induced cell death, we subsequently evaluated the expression 
level of Beclin1 and LC3B of A549/DDP cells treated with 
PPI and PPVII using western blot. When autophagy occurs, 
LC3 is cut on the C-terminal and is converted from LC3B-I 
(the cytoplasmic form) into LC3B-II (the autophagosomic 
form).Western blot analysis showed that PPI (Fig. 5E) and 
PPVII (Fig. 5F) increased Beclin1 and LC3B-II levels in 
A549/DDP cells dose dependently, which confirmed that PPI 

and PPVII both activate autophagy in A549/DDP cells. 
PPI and PPVII inhibits CIP2A and regulates the AKT/mTOR 
pathway.  

CIP2A is an endogenous inhibitor of PP2A, which dem-
onstrates tumor-promoting properties in NSCLC [4]. We de-
tected the CIP2A expression and found that PPI (Fig. 6A) and 
PPVII (Fig. 6B) treatment significantly downregulated the 
expression of CIP2A in a time and dose dependent manner. 
The AKT pathway plays important roles in the growth, pro-
gression, survival, apoptosis, invasion, and metastasis of tu-
mor cells, and AKT is a key locus of cancer multidrug resis-
tance (MDR) and fragility [24]. The dephosphorylation of AKT 
is widely regulated by PP2A, therefore, we investigated the  
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effect of PPI and PPVII on AKT and AKT phosphorylation in A549/DDP cells. 

 

Fig. 6  PPI and PPVII suppressed CIP2A and suppressed AKT/mTOR signaling axis. (A, B) A549/DDP cells were incubated 
with different concentrations of PPI (A) or PPVII (B) for 24 h or treated with 1.0 μg·mL–1 PPI (A) or 1.0 μg·mL–1 PPVII (B) for 
indicated time points respectively, the protein expression levels of CIP2A were measured by using western blot. (C, D) A549/DDP 
cells were incubated with different concentrations of PPI (C) and PPVII (D) for 24 h respectively, the protein expression levels of 
p-AKT, AKT, p-mTOR, m-TOR were measured by using western blot. 

 
Our results showed that the total AKT level and the 

phosphorylation level of AKT and was dose-dependently 
downregulated in the PPI (Fig. 6C) and PPVII (Fig. 6D) 
treated A549/DDP cells compared with the control group. The 
mTOR/p70S6K1 pathway is downstream of AKT in mediat-
ing cisplatin resistance in lung cancer cells [25]. mTOR is also 
the major negative regulator of autophagy and its activation 
results in phosphorylation of important effectors involved in 
cancer progression and apoptosis resistance [9]. Thus, we de-
termined the changes in the expression of mTOR and phos-
phorylation level of mTOR, the results suggested that PPI 
(Fig. 6C) and PPVII (Fig. 6D) could significantly downregu-
lated the expression of the phosphorylation level of mTOR. 
These results suggest that PPI and PPVII may affect the 
CIP2A/AKT/mTOR signaling axis. 

Discussion 

The present study first identified the significant inhibi-
tory effects of natural compounds PPI and PPVII inhibiting 
DDP-resistant NSCLC and to gain insight regarding the mo-
lecular mechanism. Our data indicated that PPI and PPVII 
inhibited the growth of NSCLC cell lines A549 and cis-

platin-resistant A549/DDP cells at low IC50 values in a 
dose-dependent manner (Table 1). Besides, A549/DDP were 
more sensitive to PPI and PPVII treatment (Fig. 1), suggesting 
their worth of further investigation. Thus, we investigated the 
effect and mechanism of PPI and PPVII on A549/DDP cells. 

Table 1  IC50 (μg·mL–1) of PPI and PPVII on NSCLC cell lines 
(means ± SD, n = 4) 

Cell lines  A549 A549/DDP 

PPI  1.54 ± 0.26 1.08 ± 0.20 

PPVII 2.26 ± 0.30 1.84 ± 0.23 

The cells were treated with PPI and PPVII at various concentrations 
for 24 h, the cell cytotoxicity was analyzed by CCK-8 assay, and the IC50 
was calculated using SPSS (version 19.0).  

 
EMT is a process that tumor cells lose their cell to cell 

junctions and acquire mesenchymal properties, such as cell 
migration and invasion [26]. Besides, much work has found 
that EMT is associated with the emergence of drug resistance, 
consequently, reversing EMT to suppress cancer metastasis 
and delay or prevent drug resistance is considered a potential 
therapeutic option for cancer. In this study, we demonstrated 
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that PPI and PPVII treatment inhibited cell migration, inva-
sion (Figs. 3A–3D) and reversed EMT process of A549/DDP 
cells, evidenced by upregulation of the epithelial marker 
E-cadherin and downregulation of the mesenchymal marker 
vimentin and α-SMA (Figs. 3E and 3F); thus, PPI and PPVII 
exerted anti-invasive activities partly by reversing EMT in 
DDP-resistant NSCLC cells.  

Apoptosis, consisting of extrinsic and intrinsic pathways, 
is the main cell death response to chemotherapy. One of the 
symbols of chemoresistance is evading apoptosis and targeting 
apoptosis has become a therapeutic strategy of cancer [27-28]. 
To examine whether the anti-proliferative effects of PPI and 
PPVII were related to apoptosis induction, A549/DDP cells 
were treated with PPI and PPVII for 24 h, followed by An-
nexin V-FITC/ PI staining and flow cytometry. The results 
demonstrated that PPI and PVII significantly increased the 
apoptosis rate in A549/DDP cells in a dose dependent manner 
(Figs. 4A and 4B). The extrinsic and intrinsic apoptotic path-
ways that ultimately lead to activation of effector caspase-3 
have been characterized [29]. We further examined the effects 
of PPI or PPVII on the expression of key apoptosis regulators 
and results showed that PPI and PPVII treatment significantly 
up-regulated the expression of p53 and Bax, and down-regu-
lated Bcl-2 expression (Figs. 5A and 5B), the ratio of Bax to 
Bcl-2 was significantly enhanced, which led to the activation 
of PARP, as well as activation of caspase-3, caspase-9, re-
flected by a decrease of PARP and increase of cleaved-PARP, 
cleaved-caspase-3 and cleaved-caspase 9 (Figs. 5C and 5D), 
ultimately initiated cell apoptosis. These results indicate that 
PPI and PPVII induced p53 evoked and caspase-dependent 
apoptosis in A549/DDP cells. Autophagy is considered as 
type 2 programmed cell death which plays an important role 
in cancer progression and chemoresistance [30]. When auto-
phagy occurs, LC3 is cut on the C-terminal and is converted 
from the cytoplasmic form LC3B-I into the autophagosomic 
form LC3B-II. Beclin1 functions as the key factor in the 
autophagosomes formation [31]. Our present results illustrated 
that PPI and PPVII activated autophagy by the upregulation 
of LC3B-  and Beclin1 levels (FigⅡ s. 5E and 5F). 

CIP2A is an oncoprotein with many important roles in 
biological functions of tumorigenesis chemoresistance. Over- 
expression of CIP2A is found at a high frequency in multiple 
cancer types and is associated with poor prognosis [3-7]. 
CIP2A performs an ‘oncogenic nexus’ by participating in 
multiple pathways, including the PI3K-AKT, RAS/ERK and 
the Wnt/ β-catenin pathway [6]. The functions of CIP2A in 
apoptosis and autophagy are not fully understood yet. Previ-
ous studies proved that CIP2A depletion or downregulation 
contributes to cell apoptosis in several cancer types [11, 32-33]. 
Functional studies also confirmed the potential role of CIP2A 
depletion or downregulation in sensitizing cancer cells to 
several chemotherapeutic agents, including cisplatin [33-34]. In 
the present study, PPI and PPVII suppressed the expression of 
CIP2A in a time and dose dependent manner and then inhib-
ited the CIP2A downstream AKT/mTOR signaling cascade 

(Fig. 6). PPI and PPVII also significantly upregulated the 
expression of p53 and induce caspase-dependent apoptosis 
finally (Fig. 5). As a tumor suppressor, p53 is activated in 
response to DNA-damaging stress, which can induce apop-
tosis or either transient or permanent cell cycle arrests. p53 
has complicated interactions with CIP2A via PPP2R1A [6], 
and there is also abundant crosstalk between p53 and AKT/ 
mTORC1 signaling pathway, and this crosstalk can determine 
the choice of cell response to p53 [35], which needs our further 
exploration. As for the autophagy, Puustinen et al reported 
that CIP2A promotes cell growth and inhibits autophagy 
through CIP2A/PP2A/mTORC1 signaling axis. CIP2A can 
associate with mTORC1 and act as an allosteric inhibitor of 
mTORC1-associated PP2A, resulted in enhancement of 
mTORC1-dependent growth signaling and autophagy inhibi-
tion [36]. Moreover, the mTOR/p70S6K1 pathway is down-
stream of AKT in mediating cisplatin resistance in lung can-
cer cells [25]. Our present study demonstrated that PPI and 
PPVII promoted the formation of autophagy via the inhibition 
of mTOR, which may also have effect on cisplatin resistance 
in lung cancer. The functions of CIP2A in EMT are also not 
fully understood yet. Overexpression of CIP2A promotes 
EMT process [6, 37]. Wu et al reported that CIP2A cooperates 
with H-Ra via the MEK/ERK pathway, which promotes EMT 
and cervical cancer progression [8]. Base on the above re-
search, we propose that PPI and PPVII inhibit the invasion 
and EMT of A549/DDP cells by the downregulation of 
CIP2A.  

In conclusion, PPI and PVII exhibited strong inhibitory 
effects on A549/DDP lung cancer cell growth in vitro, induc-
ing apoptosis and autophagy and reversing EMT in human 
cisplatin resistant NSCLC cells via p53 upregulation and 
CIP2A/AKT/mTOR signaling axis inhibition. PPI and PPVII 
might be developed as potential chemotherapeutic drugs in 
NSCLC especially the DDP-resistant NSCLC therapy in 
the future. 
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