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Polyphyllin VII induces apoptotic cell death via inhibition of the
PI3K/Akt and NF‑κB pathways in A549 human lung cancer cells
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Abstract. Polyphyllin VII is an active compound isolated from
Paris polyphylla, which is termed Chonglou in China. The
present study was designed to investigate the underlying mechanisms of the antitumor effect of Polyphyllin VII in lung cancer
cells. The cytotoxic effect of Polyphyllin VII in human lung
cancer A549 cells was analyzed; the results revealed an IC50
value of 0.41±0.10 µM at 24 h. The associated mechanisms were
investigated by phase‑contrast microscopy, fluorescence microscopy, flow cytometry and western blot analysis. Exposure of
A549 cells to Polyphyllin VII resulted in apoptosis. Pyrrolidine
dithiocarbamate (PDTC), an inhibitor of NF‑κ B, and wortmannin, an inhibitor of PI3K, both decreased the proportion of
viable A549 cells in the presence of Polyphyllin VII. The ratio
of apoptotic cells increased in the presence of wortmannin and
PDTC. Western blot analysis revealed that PI3K, phosphorylated
(p)‑PI3K, Akt, p‑Akt, NF‑κB and p‑NF‑κB were downregulated
following treatment with Polyphyllin VII. Increased caspase‑3
activity, increased poly‑(ADP‑ribose) polymerase cleavage and
a downregulation of inhibitor of caspase‑activated DNase were
observed following treatment with Polyphyllin VII, and these
effects were enhanced by either wortmannin or PDTC. The
present results revealed that Polyphyllin VII was able to induce
apoptotic cell death in A549 human lung cancer cells via inhibition of the PI3K/Akt and NF‑κB pathways.
Introduction
Lung cancer is the biggest cause of cancer‑associated mortality
in men and is the second biggest cause of cancer‑associated
mortality in women worldwide (1). In the USA, there were
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~121,680 new cases of lung cancer in men and ~112,350 in
women in 2018 (2). There are two main histological types of
lung cancer: Non‑small cell lung cancer (NSCLC) and small
cell lung cancer (SCLC). Overall, 85‑90% of all lung cancer
cases are NSCLC (3). The 5‑year survival rate of NSCLC is
55% at an initial stage; however, this reduces to <4% with
distant metastasis (2). Therefore, it is necessary to characterize
the mechanisms involved in NSCLC progression.
NF‑κ B is a pro‑inflammatory transcription factor, which
binds with the inhibitory molecule nuclear factor of κ light
polypeptide gene enhancer in B cells inhibitor (Iκ B) a in the
majority of cells. NF‑κB can be activated by stimulating factors,
including carcinogens and inflammatory proteins, which results
in IκBa phosphorylation and degradation, leading to the release
and nuclear translocation of NF‑κ B dimers (4). Subsequently,
the activated NF‑κB promotes tumor cell division, proliferation,
angiogenesis and metastasis, and also prevents tumor cell apoptosis, which leads to the development of carcinomas (5). Therefore,
activated NF‑κ B should suppressed in cancer treatment. The
PI3K/Akt pathway serves a key role in carcinogenesis and has
been identified as constitutively activated in different types of
human cancer (6). The PI3K/Akt cell survival pathway also plays
a key role in the regulation of apoptotic cell death via NF‑κB.
Natural products with potential anticancer effects are an
important source for the identification of novel therapeutic
drugs (7). As a traditional Chinese medicine with heat‑clearing
and detoxicating functions (8,9), Paris polyphylla (Chonglou
in Chinese) is a medicinal herb listed in the pharmacopoeia in
China (10), which has been used for the treatment of inflammation and cancer, particularly lung cancer. Polyphyllin VII is
an active steroid saponin isolated from P. polyphylla (11).
The present study was designed to investigate the cell
growth inhibitory effects of Polyphyllin VII on A549 cells
and the mechanisms of Polyphyllin VII‑induced apoptotic
cell death. The mechanisms involved were investigated by
phase‑contrast microscopy, fluorescence microscopy, flow
cytometry and western blot analysis.
Materials and methods
Chemicals and reagents. Fetal bovine serum (FBS) and
RPMI‑1640 medium were obtained from HyClone (GE
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Healthcare Life Sciences). Acridine orange (AO), Hoechst
33258, ammonium pyrrolidinedithiocarbamate (PDTC)
and rhodamine 123 were purchased from Sigma‑Aldrich
(Merck KGa A). Wor tmannin was purchased from
MedChem Express. Polyclonal antibodies against PI3K
(cat. no. 20584‑1‑AP), Akt (cat. no. 10176‑2‑AP), NF‑κ B p65
(cat. no. 10745‑1‑AP), Iκ B (cat. no. 10268‑1‑AP), GAPDH
(cat. no. 10494‑1‑AP), lamin B (cat. no. 12987‑1‑AP), caspase‑3
(cat. no. 19677‑1‑AP), poly‑(ADP‑ribose) polymerase (PARP;
cat. no. 13371‑1‑AP) and inhibitor of caspase‑activated DNase
(ICAD; cat. no. 10191‑2‑AP) were obtained from ProteinTech
Group, Inc. Phosphorylated (p)‑PI3K (cat. no. 4228), p‑Akt
(cat. no. 4060) and p‑NF‑κ B p65 (cat. no. 3033) antibodies
were from Cell Signaling Technology, Inc. Horseradish
peroxidase (HRP)‑conjugated secondary antibodies (whole
IgG affinity‑purified antibodies, cat. no. 115‑035‑003) were
obtained from Jackson ImmunoResearch Laboratories,
Inc. Enhanced chemiluminescence (ECL) western blotting
substrate was from Thermo Fisher Scientific, Inc., and the
Annexin V‑FITC/propidium iodide (PI) staining kit was from
7 Sea Biotech, Inc.
Plant material. Polyphyllin VII was purchased from Chengdu
Pufei De Biotech Co., Ltd. (cat. no. 76296‑75‑8). Polyphyllin
VII was dissolved in DMSO and diluted with RPMI‑1640
medium (HyClone; GE Healthcare Life Sciences). The DMSO
concentration was kept <0.05% in all cell cultures and did not
exert any detectable effect on cell growth.
Cell culture. Human lung cancer A549 cells were provided
by Stem Cell Bank, Chinese Academy of Sciences
(batch no. SCSP‑503). Cells were cultured in RPMI‑1640
medium supplemented with 10% FBS, 100 U/ml penicillin and
100 µg/ml streptomycin in a humidified atmosphere with 5%
CO2 at 37˚C. Cells in the exponential phase of growth were
used in the experiments.
Cell viability assay. A549 cells were seeded in 96‑well flat
bottom cell culture clusters (Corning, Inc.) with 100 µl per
well at a density of 6 x104 cells/ml. Following culture for 24 h,
the cells were treated with increasing concentrations (0, 0.1,
0.2, 0.4, 0.8 and 1.6 µM) of Polyphyllin VII for 24 h at 37˚C.
Alternatively, the cells were treated with 0.41 µM Polyphyllin
VII in the presence or absence of 2 µM wortmannin and
30 µM PDTC for 24 h at 37˚C. Subsequently, the cells were
washed twice with ice‑cold PBS and incubated with 5 mg/ml
MTT solution at 37˚C for 4 h. The medium was then removed
and 150 µl DMSO was added to dissolve the resulting crystals.
The optical density was measured using a microplate reader at
492 nm (Multiskan GO; Thermo Fisher Scientific, Inc.). The
percentage of cell viability was calculated as follows:
Cell viability (%)=(A492sample‑A492blank)/(A492control‑A492blank) x100.
Observation of morphological changes and fluorescence
microscopy of apoptosis with AO and Hoechst 33258 staining.
A549 cells were seeded into 24‑well culture plates (Corning,
Inc.) at a density of 2x104 cells/well with or without Polyphyllin
VII (0.41 µM) for 24 h at 37˚C. The cellular morphology
changes were observed using a phase‑contrast microscope

(Olympus Corporation). Following treatment with Polyphyllin
VII, the cells were stained with 20 µg/ml AO and incubated in
the dark for 15 min at room temperature. For Hoechst 33258
staining, the medium was removed following treatment with
Polyphyllin VII for 24 h, the cells were fixed with 0.5 ml
70% ethanol at 4˚C for 30 min, then washed twice with PBS
and incubated with 0.5 ml 10 µg/ml Hoechst 33258 solution
for 5 min at room temperature. All changes in fluorescence
were observed using an Olympus IX73 inverted fluorescence
microscope (Olympus Corporation).
Nuclear protein extracts preparation. A549 cells were treated
with 0.41 µM Polyphyllin VII under the indicated conditions, then they were harvested and suspended in cold PBS.
Following centrifugation at 1,000 x g for 15 min at 4˚C, the
cells were resuspended in lysis buffer A (20 mM HEPES,
10 mM KCl, 1.5 mM MgCl 2, 1 mM EDTA, 1 mM EGTA,
1 mM DTT and 1 mM PMSF) at 4˚C for 60 min. Following
centrifugation at 28,000 x g for 20 min at 4˚C, the pellet was
resuspended in lysis buffer B (20 mM HEPES, 25% glycerol,
420 mM NaCl, 1.5 mM MgCl2, 0.2 mM EDTA, 0.5 mM PMSF,
0.5 mM DTT and 5 µg/ml leupeptin) at 4˚C for 15 min. Finally,
after centrifugation at 16,000 x g for 10 min at 4˚C, the nuclear
proteins were identified in the supernatant.
Western blot analysis. A549 cells were treated with 0.41 µM
Polyphyllin VII for 0, 12, 24, and 48 h, or were treated with
Polyphyllin VII in the presence or absence of 2 µM wortmannin and 30 µM PDTC for 24 h at 37˚C. Subsequently, the
cells were harvested and lysed in RIPA lysis buffer (50 mM
Tris pH 7.4, 150 mM NaCl, 1% Triton X‑100, 1% sodium
deoxycholate, 0.1% SDS, 2 mM EDTA and 100 mM sodium
fluoride) at 4˚C for 60 min. Lysates were centrifuged at
12,000 x g for 15 min at 4˚C, the supernatant was pipetted and
the protein content was determined using a Bio‑Rad protein
assay (Bio‑Rad Laboratories, Inc.). Equal amounts of total
protein (30 µg) were separated by 12% SDS‑PAGE and then
transferred to an Immobilon®‑P transfer membrane (EMD
Millipore). The membrane was then incubated with blocking
buffer (5% skimmed milk in 0.5% Tween‑20) for 2 h at room
temperature. Proteins were detected with primary antibodies
against PI3K (1:500), p‑PI3K (1:500), Akt (1:500), p‑Akt
(1:500), NF‑κ B p65 (1:500), p‑NF‑κ B p65 (1:500), Iκ B (1:500),
GAPDH (1:500), lamin B (1:500), caspase‑3 (1:500), PARP
(1:500) and ICAD (1:500), incubated at 4˚C for 12 h, followed
by HRP‑conjugated secondary antibody (1:20,000), incubated
at room temperature for 2 h. The proteins were visualized
using enhanced chemiluminescence reagent (Thermo Fisher
Scientific, Inc.) with Image Lab software (version 5.2.1,
Bio‑Rad Laboratories, Inc.).
Flow cytometric analysis of apoptosis. Human A549 lung
cancer cells were cultured in a 25‑cm2 culture bottle (Corning
Inc.) at a density of 4x105 cells/bottle for 24 h. Subsequently,
the cells were treated with 0.41 µM Polyphyllin VII for 24 h
in the presence or absence of 2 µM wortmannin or 30 µM
PDTC at 37˚C. Thereafter, the cells were harvested using
trypsin (without EDTA), and rinsed with PBS. The cells were
then stained with Annexin V‑FITC/PI using a commercial
kit, following the manufacturer's protocol. Finally, cells
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were analyzed using an Accuri C6 FACScan flow cytometer
(Becton, Dickinson and Company) with CFlow Plus software
(version 1.0.264.15, Accuri Cytometers, Inc.).
Determination of mitochondrial membrane potential. The
mitochondrial membrane potential (Δψm) was examined
using the mitochondrial dye rhodamine 123. Following incubation with 0.41 µM Polyphyllin VII for 24 h in the presence
or absence of 2 µM wortmannin or 30 µM PDTC, A549 cells
were collected and stained with 1 µg/ml rhodamine 123 at
37˚C for 30 min. Subsequently, the fluorescence intensity was
measured by flow cytometric analysis and the results were
analyzed by CFlow Plus software (version 1.0.264.15, Accuri
Cytometers, Inc.).
Statistical analysis. All the presented data and results were
confirmed in at least three independent experiments and
are presented as the mean ± standard deviation. Statistical
comparisons were made by Student's t‑test or one‑way analysis
of variance followed by Tukey's post hoc test. P<0.05 was
considered to indicate a statistically significant difference.
Results
Polyphyllin VII suppresses the viability of human lung cancer
A549 cells. A549 cells were cultured with 0, 0.1, 0.2, 0.4,
0.8, 1.6 µM Polyphyllin VII for 24 h, and the cell viability
was analyzed by MTT assay. Polyphyllin VII decreased the
numbers of viable cells in a concentration‑dependent manner,
with an IC50 value at 24 h of 0.41±0.10 µM (Fig. 1A). The
morphological changes of A549 cells were examined to evaluate the features of the decreased cell viability. The Polyphyllin
VII‑treated group exhibited membrane blebbing and granular
apoptotic bodies (Fig. 1B). Fluorescence microscopy with AO
staining also showed granular apoptotic bodies (Fig. 1C), and
Hoechst 33258 staining revealed significant nuclear condensation or nuclear fragmentation (Fig. 1D) following Polyphyllin
VII treatment. These results indicated that Polyphyllin VII
suppressed human lung cancer A549 cell proliferation and that
it may have induced apoptosis.
Polyphyllin VII induces apoptotic death in A549 cells.
Subsequently, the mechanism of Polyphyllin VII‑induced
cell inhibition was investigated. A549 cells were pretreated
with 2 µM wortmannin (a PI3K inhibitor) or 30 µM PDTC (a
NF‑κ B inhibitor) prior to treatment with Polyphyllin VII. The
concentrations of these inhibitors were determined according
to previous studies and were screened (12,13). The cell viability
of the Polyphyllin VII‑treated group was markedly decreased
by co‑incubation with wortmannin or PDTC (Fig. 2A).
It is understood that the integrity of mitochondrial
membranes is associated with apoptotic cell death; therefore,
the mitochondrial membrane potential (Δψm) was detected by
flow cytometric analysis following rhodamine 123 staining.
Polyphyllin VII‑treated A549 cells exhibited a decreased
fluorescence intensity due a decrease in Δψm. In addition, this
effect was enhanced by both wortmannin and PDTC combination treatments (Fig. 2B; Table I).
An Annexin V‑FITC/PI staining assay was used to further
explore the mechanism underlying the Polyphyllin VII‑induced
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Table I. Δψm measurements in A549 cells following treatments.
Group

Δψm

Control
Polyphyllin VII	
Polyphyllin VII + Wortmanin
Polyphyllin VII + PDTC	

93.30±2.21
76.60±3.67
64.23±4.15a
49.53±5.16a

a
P<0.01 vs. Polyphyllin VII‑treated group. Δψm, mitochondrial
membrane potential; PDTC, pyrrolidine dithiocarbamate.

Table II. Apoptotic ratios in A549 cells following treatments.
	Annexin
Group
V‑FITC+/PI‑	
Control
Polyphyllin VII	
Polyphyllin VII + Wortmanin
Polyphyllin VII + PDTC	

0.50±0.36
41.20±2.81
52.93±2.70a
61.40±4.40a

Annexin
V‑FITC+/PI+
0.10±0.10
3.70±1.49
3.03±1.00
3.30±2.09

P<0.01 vs. Polyphyllin VII‑treated group. PDTC, pyrrolidine dithiocarbamate.

a

inhibition of A549 cells. Flow cytometric analysis revealed a
significant increase in the percentage of early apoptotic cells
(Annexin V staining only; lower right panels) and late apoptotic cells (Annexin V and PI staining; upper right panels) in
the Polyphyllin VII‑treated group compared with the control
group (Fig. 3; Table II). The ratio of apoptotic cells in the
Polyphyllin VII‑treated group was further increased following
incubation with wortmannin or PDTC (Fig. 3; Table II). In
summary, these results demonstrated that Polyphyllin VII
induced apoptotic death in A549 cells.
Polyphyllin VII induces apoptotic death via the PI3K/Akt
and NF‑κB pathways in A549 cells. Wortmannin and PDTC
demonstrated the same phenotypic effects when incubated
with Polyphyllin VII in A549 cells, suggesting that the
PI3K/Akt and NF‑κ B pathways may be involved in the role of
Polyphyllin VII. The protein expression levels in Polyphyllin
VII‑treated A549 cells were measured by western blot
analysis. The results indicated that Polyphyllin VII treatment
induced marked changes in the protein expression of A549
cells. PI3K, p‑PI3K, Akt, p‑Akt, NF‑κ B p65 and p‑NF‑κ B p65
were obviously downregulated, while Iκ B was upregulated,
in a time‑dependent manner in Polyphyllin VII‑treated A549
cells (Fig. 4). Of note, there were no significant changes in
the p‑PI3K/PI3K, p‑Akt/Akt, p‑NF‑κ B p65/NF‑κ B p65 ratios
between most of the treatment groups (Fig. 4), suggesting
that Polyphyllin VII downregulated the total expression
levels of these proteins rather than their phosphorylation.
The p‑NF‑κ B p65 levels in the nuclear extract of A549 cells
were also downregulated following Polyphyllin VII‑treatment
(Fig. 4). Furthermore, the effects of Polyphyllin VII on the
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Figure 1. Polyphyllin VII decreases the viability of A549 Cells. (A) Cells were treated with 0, 0.1, 0.2, 0.4, 0.8, 1.6 µM Polyphyllin VII for 24 h, and the cell
viability was measured by MTT assay (mean ± standard deviation of 3 independent experiments). (B) A549 cells were incubated with 0.41 µM Polyphyllin VII
for 24 h, and the cellular morphological changes were observed by phase‑contrast microscopy (magnification x100; scale bar, 100 µm). (C) Fluorescence
microscopy following AO staining (magnification x100; scale bar, 100 µm ) or (D) Hoechst 33258 staining (magnification x100; scale bar, 100 µm). Arrows
indicate apoptotic bodies in AO staining and DNA condensation in Hoechst 33258 staining. The experiments were performed in triplicate. AO, acridine orange.
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Figure 2. Polyphyllin VII‑induced cell viability inhibition is associated with PI3K and NF‑κ B. A549 cells were cultured with 0.41 µM Polyphyllin VII
in the presence or absence of 2 µM wortmannin or 30 µM PDTC for 24 h. (A) Cell viability was measured by MTT assay. (B) Cells were loaded with the
membrane‑sensitive probe rhodamine 123, and the mitochondrial membrane potential was measured by flow cytometric analysis. Data are presented as
mean ± standard deviation of 3 independent experiments, *P<0.05 vs. Polyphyllin VII‑treated group. PDTC, pyrrolidine dithiocarbamate.
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Figure 3. Polyphyllin VII‑induced apoptosis is associated with PI3K and NF‑κ B. A549 cells were cultured with 0.41 µM Polyphyllin VII in the presence or
absence of 2 µM wortmannin or 30 µM PDTC for 24 h, then stained with Annexin V‑FITC and propidium iodide. The apoptosis ratio was measured by flow
cytometric analysis. Representative plots are shown. PDTC, pyrrolidine dithiocarbamate.

expression levels of apoptosis‑related proteins in A549 cells
were also examined by western blot analysis. Polyphyllin VII
treatment induced significant changes in the expression levels
of apoptosis‑related proteins, including increased activation
of cleaved pro‑caspase‑3 and PARP, and a downregulation of
ICAD, which causes a release of caspase‑activated DNase and
triggers DNA fragmentation in nuclei (Fig. 5).
Next, the effects of the combination treatments were
investigated in the protein expression levels of the A549 cells.
Cleavage of pro‑caspase‑3 and PARP in Polyphyllin VII‑treated
A549 cells was further increased following cotreatment with
wortmannin or PDTC (Fig. 5). In addition, the inhibitory effect
of Polyphyllin VII on ICAD expression was further enhanced
by wortmannin and PDTC (Fig. 5). Although no significant
differences were observed in the ratios of p‑PI3K/PI3K
and p‑Akt/Akt following Polyphyllin VII treatment, these

p‑PI3K/PI3K and p‑Akt/Akt ratios were significantly
suppressed by wortmannin pretreatment; however, no significant effect was observed by PDTC pre‑treatment (Fig. 5). The
p‑NF‑κB p65/NF‑κB p65, ratio was significantly decreased by
both PDTC and wortmannin pretreatments (Fig. 5). Similarly,
the levels of nuclear p‑NF‑κB p65 were significantly decreased
by both the PDTC and wortmannin pretreatments, compared
with the Polyphyllin VII treatment alone (Fig. 5). In summary,
these data indicated that Polyphyllin VII induced apoptotic
death in A549 cells via downregulation of the proteins in the
PI3K/Akt and NF‑κB pathways.
Discussion
Our previous study demonstrated that P. polyphylla steroidal
saponins induce apoptotic death in A549 cells (14). Polyphyllin
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Figure 4. Polyphyllin VII affects the expression levels of proteins in the PI3K/Akt and NF‑κ B pathways. A549 cells were cultured with 0.41 µM Polyphyllin VII
for 0, 12, 24 and 48 h, then evaluated by western blot analysis. GAPDH was used as a loading control for whole cell extract and lamin B was used as the loading
control for nuclear extract. Densitometry results were expressed as average density relative to GAPDH or lamin B, or as a ratio of phosphorylated to total levels.
Data are presented as mean ± standard deviation of 3 independent experiments. *P<0.05 and **P<0.01 vs. control group. p‑, phosphorylated; Iκ B, nuclear factor
of κ light polypeptide gene enhancer in B‑cells inhibitor.

VII, a type of steroidal saponin, was initially isolated from
P. polyphylla. The present study demonstrated that Polyphyllin
VII induced apoptosis in A549 human lung cancer cells via
the PI3K/Akt and NF‑κ B pathways.
In total, >50% of anticancer drugs are designed based
on natural products. Numerous natural products have been
reported to exert anticancer effects by inducing apoptosis
of cancer cells (15). For example, Polyphyllin VII, a natural
product from P. polyphylla, has been reported to exhibit
anticancer effects (16). The present study identified that
Polyphyllin VII was able to induce apoptotic death in A549
human lung cancer cells via downregulation of PI3K and
Akt and inhibition of NF‑κ B. A previous study reported that
Polyphyllin VII induced autophagic cell death by activation

of the JNK pathway and inhibition of the PI3K/Akt/mTOR
pathway in human liver cancer HepG2 cells (16). Additionally,
it has been suggested that Polyphyllin VII exerts anticancer
effects by inducing cell cycle arrest and apoptosis in A549
cells; however, the underlying mechanism remains to be
elucidated (17). Polyphyllin VII also induces apoptosis and
autophagy via activation of ERK, Akt, p38 and JNK in oral
cancer cells, which demonstrates that the biological effect
of Polyphyllin VII is associated with Akt activation (18,19).
The present study revealed that the Polyphyllin VII‑induced
apoptotic cell death of A549 cells was associated with a downregulation of the PI3K/Akt pathway.
The PI3K/Akt signaling pathway is closely associated
with programmed cell death, cell proliferation, migration
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Figure 5. Polyphyllin VII induces apoptosis of A549 cells via the PI3K/Akt and NF‑κ B pathways. A549 cells were treated with 0.41 µM Polyphyllin VII in
the presence or absence of wortmannin and PDTC for 24 h. Protein expression levels were then evaluated by western blotting. GAPDH was used as a loading
control for whole cell extract and lamin B was used as the loading control for nuclear extract. Densitometry results were expressed as average density relative
to GAPDH or lamin B, or as a ratio of phosphorylated to total levels. Data are presented as mean ± standard deviation of 3 independent experiments. *P<0.05
and **P<0.01 vs. control group; #P<0.05 and ##P<0.01 vs. Polyphyllin VII‑treated group. PDTC, pyrrolidine dithiocarbamate; p‑, phosphorylated; PARP,
poly‑(ADP‑ribose) polymerase; ICAD, inhibitor of caspase‑activated DNase.

and differentiation, and serves central roles in tumorigenesis
and cell survival (20). The overexpression of PI3K and Akt in
numerous types of human cancer is significantly associated with
poor overall survival. Akt inhibits cell apoptosis and activates
effector molecules, including NF‑κ B. Furthermore, PI3K/Akt
signaling affects the expression of Bcl‑2 protein, which is
associated with the mitochondrial membrane potential and the

mitochondrial apoptotic pathway (21,22). In the present study,
it was identified that in A549 cells, Polyphyllin VII reduced
the expression levels of PI3K and Akt, causing a decrease in
the mitochondrial membrane potential, and inducing apoptotic
death.
Polyphyllin VII also exerts anti‑inflammatory activities
in vitro and in vivo, via a downregulation of the MAPK and
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NF‑κ B pathways (23), which indicates that the effects of
Polyphyllin VII may be associated with the NF‑κ B pathway.
The NF‑κ B transcription factor family is extensively involved
in numerous biological processes, including inflammation, immunity, cellular proliferation and the suppression of
apoptosis (24,25). Phosphorylation of the NF‑κ B p65 subunit
promotes transcriptional activity of NF‑κ B, followed by a
regulation of the release of pro‑inflammatory cytokines (26).
NF‑κ B p65 regulates Bcl‑2 and Bcl‑xl, which localize to the
outer membrane of mitochondria, suppressing the expression
of Bax and Bak. Bax and Bak facilitate a decrease of the mitochondrial membrane potential and the release of cytochrome
c, which triggers apoptotic cell death (22,27).
The current study identified that Polyphyllin VII‑treatment
inhibited the expression of proteins associated with PI3K/Akt
signaling, which resulted in the suppression of NF‑κ B p65.
Wortmannin, a PI3K inhibitor, combined with Polyphyllin
VII, significantly enhanced the suppression of NF‑κ B p65
and increased the apoptosis of A549 cells. Similarly, PDTC, a
NF‑κ B inhibitor, enhanced the suppression of NF‑κ B p65 and
increased apoptosis; however, PDTC exhibited no prominent
effects on PI3K/Akt signaling in Polyphyllin VII‑treated A549
cells. These results demonstrated that Polyphyllin VII may be
effective against lung cancer A549 cells. Of note, when the
NCI‑H460 and SK‑MES‑1 lung cancer cell lines were used
in the present study, different mechanisms were obvious for
the Polyphyllin VII treatment in the different cell lines (data
not shown); therefore, the exact mechanism of Polyphyllin
VII in lung cancer remains under research and will be further
explored in future studies. Polyphyllin VII also exhibits its
effects in combination with other drugs in research on cell
lines. Polyphyllin VII has been reported to increase sensitization to gefitinib in gefitinib‑resistant NSCLC cells via G1
phase arrest and modulation of the p21 signaling pathway (28).
In addition, formosanin C and Polyphyllin VII have demonstrated a synergistic antitumor effect on lung cancer cells (29).
These findings may provide a potential strategy to overcome
drug resistance in NSCLC by using a combination of drugs
with Polyphyllin VII.
In summary, it can be concluded that treatment with
Polyphyllin VII was effective against lung cancer A549 cells
via PI3K/Akt‑mediated suppression of NF‑κ B p65 activity,
which resulted in mitochondrial dysfunction and apoptosis.
In the future, with further understanding of its mechanism,
Polyphyllin VII might serve as a potential candidate for the
treatment of NSCLC, either alone or in combination with other
compounds.
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