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Abstract: Lung cancer is the leading cause of cancer death in the world. Schizandrin B (Sch B) is one of the main 
dibenzocyclooctadiene lignans present in the fruit of Schisandra chinensis (Schisandraceae). Sch B has multiple 
functions against cancer. The aim of this study was to determine the effect of Sch B on the proliferation, cell cycling, 
apoptosis and invasion of lung adenocarcinoma A549 cells by MTT, flow cytometry, wound healing and transwell 
invasion assays. Treatment with Sch B inhibited the proliferation of A549 cells in a dose-dependent manner. Sch B 
induced cell cycle arrest at G0/G1 phase by down-regulating the expression of cyclin D1, cyclin-dependent kinase 
(CDK)4, and CDK6, but up-regulating p53 and p21 expression in A549 cells. Furthermore, Sch B triggered A549 cell 
apoptosis by increasing Bax, cleaved caspase-3, 9, Cyto C, but decreasing Bcl-2 and PCNA expression. In addition, 
Sch B inhibited the invasion and migration of A549 cells by down-regulating the expressions of HIF-1, VEGF, MMP-9 
and MMP-2. Therefore, Sch B has potent anti-tumor activity and may be a promising traditional Chinese medicine 
for human lung carcinoma.
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Introduction

Lung cancer is the leading cause of cancer 
mortality worldwide, and affects nearly 1.2 mil-
lion deaths annually [1]. Currently, lung adeno-
carcinoma, one subtype of the non-small cell 
lung cancer (NSCLC), has become the most 
common histologic type of the lung cancers 
diagnosed [2]. Besides surgical resection of 
the tumor, platinum based therapeutic protocol 
is the standard chemotherapy for NSCLC, 
although target therapies, such as the epider-
mal growth factor receptor tyrosine kinase 
inhibitors (EGFR-TKIs), have been used for 
NSCLC patients. However, the therapeutic effi-
cacy is limited due to diverse responses to 
these therapies. Furthermore, chemotherapy 
related severe side effects and resistance 
remains challenge, and results in a low rate of 
five-year survival in NSCLC patients [3]. 
Therefore, it is urgent for searching effective 
and safe drugs to improve the outcome of 
patients with NSCLC.

Schisandrin B (Sch B) is the most abundant 
dibenzo cyclooctadiene lignans present in the 
traditional Chinese medicinal herb Schisandra 
chinensis (Turcz.) Baill. A previous study has 
shown that Sch B can protect against oxidative 
stress-induced injury, including carbon tetra-
chloride-induced hepatotoxicity [4], myocardial 
ischemia/reperfusion injury [5], and brain oxi-
dative damage [6]. Sch B is also capable of pre-
venting and protecting from doxorubicin-
induced acute and chronic cardiotoxicity [7, 8]. 
In addition, Sch B has been revealed to possess 
multiple functions against cancers. Sch B 
enhances doxorubicin-induced apoptosis in 
cancer cells, but does not enhance its toxicities 
against healthy cells [7, 9]. Sch B can also 
attenuate the invasion and metastasis of can-
cer [10]. However, little is known about the 
effects of Sch B on the proliferation, cell cycling, 
survival and invasion of NSCLC cells.

In this study, we investigated the anti-tumor 
activity of Sch B against human lung adenocar-
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cinoma A549 cells and explored the potential 
mechanisms underlying the action of Sch B in 
regulating the proliferation, cell cycling, survival 
and invasion of A549 cells in vitro. Our findings 
indicated that Sch B had potent anti-tumor 
activity by inhibiting the proliferation, inducing 
cell cycle arrest at G0/G1 phrase, triggering cell 
apoptosis and attenuating cell invasion in A549 
cells. Therefore, our findings may provide a new 
basis for the design of anti-NSCLC therapies.

Materials and methods

Materials

Sch B was purchased from Shanghai Yuanye 
Bio-Technology (Shanghai, China); Fetal calf 
serum (FCS) and 0.25% trypsin were obtained 
from Gibco BRL, (Grand Island, NY, USA); Trizol 
reagent, and real time polymerase chain reac-
tion (RT-PCR) kit were purchased from Promega 
(Madison, WI, USA); 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide (MTT) 
was purchased from Sigma Chemical (St. Louis, 
MO, USA). The annexin-V/propidium iodide (PI) 
apoptosis detection kit was purchased from 
Tianjin Sungene Biotech (Tianjin, China). 
Antibodies against cleaved caspase-3, cas-
pase-9, Bax, Bcl-2, cyclin D1, Cyclin-dependent 
kinase (CDK)4, CDK6, p53, p21, proliferating 
cell nuclear antigen (PCNA), matrix metallopro-
teinase (MMP)-2, MMP-9, hypoxia inducible fac-
tor (HIF)-1, vascular endothelial growth factor 
(VEGF) or β-actin were from Cell Signaling 
Technology (Beverly, MA, USA).

Cell line and culture

Human adenocarcinoma A549 cells were pur-
chased from the Chinese Academy of Medical 
Sciences (Beijing, China). The cells were cul-
tured in RPMI-1640 (Gibco BRL, Carlsbad, CA, 
USA) supplemented with 10% FCS and 100 
units/mL penicillin and 0.1 mg/mL streptomy-
cin (Gibco) at 37°C in a humidified atmosphere 
containing 5% CO2.

Cell proliferation assay

The effect of Sch B on the proliferation of A549 
cells was examined by MTT assay. Briefly, A549 
cells (5 × 103 cells/well) were cultured in 
96-well plates overnight and treated in tripli-
cate with Sch B at varying concentrations (0, 
12.5, 25, or 50 µM) for 72 hours. During the 

last four-hour incubation, the cells were 
exposed to MTT (20 µl/well, 5 mg/ml). The 
resulting formazan was dissolved in 150 µL 
dimethyl sulfoxide (DMSO) and measured for 
the absorbance at 490 nm using a SpectraMax 
190 Microplate Reader (Molecular Devices, 
Sunnyvale, CA, USA). The inhibitory rates of Sch 
B in cell proliferation were calculated by the for-
mula of (optical density (OD) of controls-OD of 
experiments)/OD of controls. In addition, the 
morphology of individual groups of cells at 72 
hours post treatment with Sch B was examined 
under a phase contrast microscope (CKX41, 
Olympus, Japan).

Colony formation assay

A549 cells (500 cells/well) were cultured in 
6-well plates for six hours and treated in dupli-
cate with Sch B (0, 12.5, 25, or 50 µM) for 72 h, 
followed by culturing for 14 days. The formed 
cell clones were stained with crystal violet in 
50% methanol and 10% acetic acid, and the 
stained clones that had > 50 cells were count-
ed in a blinded manner. The clone formation 
efficiency (CFE) was the ratio of the clone num-
ber to the planted cell number.

Flow cytometry

A549 cells (1 × 106 cells/well) were cultured in 
6-well plates overnight and treated in triplicate 
with different concentrations (0, 12.5, 25, or 
50 µM) of Sch B for 72 hours. The cells were 
harvested by trypsinization, and were stained 
with Annexin V-FITC and PI. The percentages of 
apoptotic cells were analyzed by flow cytometry 
analysis.

Furthermore, the harvested cells were fixed in 
70% ethanol at 4°C overnight and treated with 
10 mg/mL RNase and 1 mg/mL PI at 37°C in 
the dark for 30 min. The distribution of different 
phases of cells was analyzed by flow cytometry 
using ModFit LT software.

The cell migration and invasion assays

The impact of Sch B treatment on the invasion 
and migration of A549 cells was determined by 
transwell invasion and wound-healing assays, 
Briefly, A549 cells (5 × 103 cells/well) were cul-
tured in FCS-free RPMI 1640 medium in the top 
chambers of 24-well transwell plates (0.4 µm, 
Corning Costar, Cambridge, MA) that had been 
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coated with Matrigel (BD Biosciences) and the 
lower chambers were filled with RPMI-1640 
supplemented with 10% FCS as a chemo-
attractant for 72 hours. The different concen-
trations of Sch B (0, 12.5, 25 or 50 µM) were 
added in both the top and bottom chambers. 
The cells invaded on the bottom of the top 
chamber were stained crystal violet in 2% etha-
nol and counted at least 10 fields under the 
view of a phase-contrast microscope.

In addition, A549 cells (1 × 105 cells/well) were 
starved in 2% FCS medium in 24-well plates 
overnight and scratched with a small tip along 
the ruler. The scratched areas were washed 
with PBS to remove free cells and the cells were 
cultured in complete medium containing differ-
ent concentrations of Sch B (0, 12.5, 25 or 50 
µM) for 72 hours, followed by longitudinally 
photoimaging under a phase-contrast micro-
scope. The distance between two edges of cul-
tured cells was measured longitudinally.

Western blot analysis

A549 cells were treated with various concen-
trations of Sch B (0, 12.5, 25 or 50 µM) for 72 
hours. The cells were harvested and lysed in a 
lysis buffer. After quantification of protein con-
centrations using a Bio-Rad detergent-compat-
ible protein assay kit (Bio-Rad), the cell lysates 
(50-70 µg proteins/lane) were separated by 
sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) on 10% gels and 

transferred onto nitrocellulose membranes. 
Subsequently, the membranes were blocked 
with 5% (w/v) non-fat dry milk in Tris-buffered 
saline for 2 hours at room temperature and 
probed with primary antibodies (1:500 dilu-
tions) for 2 hours at room temperature. Anti-β-
actin served as the control. After being washed, 
the bound antibodies were detected with perox-
idase-conjugated anti-rabbit or anti-mouse IgG 
and visualized using the enhanced chemilumi-
nescent (ECL) detection reagent (Millipore, 
Billerica, MA). The relative levels of each target 
protein to the control were determined by den-
sitometric scanning and quantitatively calcu-
lated using the ImageJ software.

Quantitative RT-PCR

A549 cells (5 × 105/well/well) were treated 
with, or without, Sch B for 72 hours and total 
RNA was extracted from individual groups of 
cells using TRIzol reagent (Invitrogen), followed 
by reversely transcribing into cDNA using an 
RT-PCR kit (Promega, Madison, WI, USA). The 
relative levels of target gene mRNA transcripts 
to the control GAPDH were determined by quan-
titative RT-PCR (qRT-PCR) on a Stratagene M x 
3000P Real-Time PCR System (Stratagene, La 
Jolla, CA, USA) using the FastStart Universal 
SYBR Green Master reagent (Roche, Mannheim, 
Germany) and specific primers (Table 1). The 
relative levels of mRNA target gene mRNA tran-
scripts to the control GAPDH were calculated by 
the 2-∆∆Ct.

Table 1. Primer sequences used for qPCR analyses
Gene Forward primer Reverse primer
GAPDH 5’-AGAAGGCTGGGGCTCATTTG-3’ 5’-AGGGGCCATCCACAGTCTTC-3’
p53 5’-CCATCTACAAGCAGTCACAG-3’ 5’-CAAATCTACAAGCAGTCACAG-3’
p21 5’-ACTTCGACTTTGTCACCGAGA-3’ 5’-GAGGCACAAGGGTACAAGACA-3’
MMP-9 5’-CGAACTTCGACACTGACAAGAAGT-3’ 5’-GCACGCTGGAATGATCTAAGC-3’
MMP-2 5’-CTGGGTTTACCCCCTGATGTCC-3’ 5’-AACCGGGGTCCATTTTCTTCTTT-3’
Caspase-3 5’-GAAACCTCCGTGGATTCAAA-3’ 5’-AGCCCATTTCAGGGTAATCC-3’
Caspase-9 5’-TCCTGGTACATCGAGACCTTG-3’ 5’-AAGTCCCTTTCGCAGAAACAG-3’
Bax 5’-ACCAAGAAGCTGAGCGAGTG-3’ 5’-CCCAGTTGAAGTTGCCATCA-3’
Bcl-2 5’-ACGACTTCTCCCGCCGCTAC -3’ 5’-CCCAGCCTCCGTTATCCTG -3’
PNCA 5’-TCAAGAAGGTGTTGGAGGCA -3’ 5’-TCGCAGCGGTAGGTGTCG -3
Cyclin D1 5’-AGTTGCTGCAAATGGAACTG-3’ 5’-AAAGGTCTGTGCATGTTTGC -3’
CDK4 5’-TTTGATCTCATTGGATTGCC-3’ 5’-AGGTCAGCATTTCCAGCAG -3’
CDK6 5’-TGGAGTGTTGGCTGCATATT -3’ 5’-ACAGGGCACTGTAGGCAGAT -3’
HIF-1α 5’-CCACAGGACAGTACAGGATG -3’ 5’-TCAAGTCGTGCTGAATAATACC -3’
VEGF 5’-AAACCCTGAGGGAGGCTCC -3’ 5’-TACTTGCAGATGTGACAAGCCG -3’
Cytochrome c 5’-ACAGGAGCCCTATCAGCTCT -3’ 5’-AAAATCCGGCAAAGAAGAAT -3’
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Statistical analysis

Data were analyzed using the SPSS 17.0 soft-
ware. Unless noted, data are given as the mean 
± SD. Groups were compared by one-way analy-
sis of variance (ANOVA) and post hoc Bonferroni 
multiple comparisons test and Student’s t-test. 
A P value of < 0.05 was considered statistically 
significant.

Results

Sch B inhibits the proliferation and changes 
the morphology of A549 cells

The impact of Sch B on the proliferation of 
A549 cells was determined by MTT assay 
(Figure 1A). Treatment with 12.5 or 50 µM of 

Sch B for 48 hours significantly inhibited the 
proliferation of A549 cells (P < 0.05) and treat-
ment with different doses of Sch B for varying 
periods inhibited the proliferation of A549 cells 
in a dose- and time-dependent manner. 
Morphologically, treatment with Sch B for 72 
hours dramatically changed the morphology of 
A549 cells and many cells lost their adhesion 
and spindle shapes (Figure 1B). Hence, treat-
ment with Sch B significantly inhibited the pro-
liferation of A549 cells and changed their 
morphology.

Sch B inhibits the clonal formation of A549 
cells

A549 cells were treated in triplicate with, or 
without, different concentrations of Sch B for 

Figure 1. The effects of Sch B on the proliferation (A) and morphology of A549 cells (B). A549 cells were treated in 
triplicate with, or without, the indicated concentrations of Sch B for varying periods and their effects on the survival 
of A549 cells were determined by MTT, followed by calculating the inhibition rates (%). The inhibition rates of control 
cells without Sch B treatment were designated as 0%. Simultaneously, some cells were photo-imaged under a mi-
croscope. Data are representative images (magnification x 100) and expressed as the means ± SD of the inhibition 
of Sch B on the survival of A549 cells in individual groups of cells from three separate experiments. *P < 0.05, **P 
< 0.01 vs. the control, determined by ANOVA and post hoc Bonferroni multiple comparisons test.
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three days and further cultured for 14 days. 
The cell clones were photo-imaged under a 
microscope and the clonal formation efficacy 
was calculated (Figure 2). First, treatment with 
Sch B obviously reduced the clonal size and 
numbers (Figure 2A, 2B). Quantitative analysis 
of individual clones with > 50 cells indicated 
that treatment with 25 µM Sch B significantly 
reduced the clonal formation efficacy of A549 
cells (18.6 ± 3.6% vs. 45.5% ± 9.5%, P < 0.05) 
and treatment with 50 µM Sch B further 
reduced the clonal formation efficacy to 8.5 ± 
7.1% (Figure 2C). These data indicated that 
treatment with Sch B inhibited the clonal for-
mation of A549 cells in a dose-dependent 
manner.

Sch B induces the apoptosis of A549 cells

To understand the potential mechanisms 
underlying the action of Sch B in inhibiting 

A549 cell proliferation, A549 cells were treat-
ed, or without, different concentrations of Sch 
B for 72 hours and the cells were stained with 
FITC-Annexin V and PI, followed by flow cytom-
etry analysis. As shown in Figure 3A, the per-
centages of apoptotic cells in the Sch B-treated 
groups were significantly higher than that in the 
control group (P < 0.05). Furthermore, treat-
ment with Sch B significantly increased the lev-
els of cleaved caspase 3 and 9, Bax and cyto c 
expression, but decreased the levels of BcL-2 
and PCNA expression in A549 cells. Collectively, 
treatment with Sch B triggered the apoptosis of 
A549 cells.

Sch B induces cell cycle arrest at G0/G1 phase 
in A549 cells

Next, the impact of Sch B treatment on the dis-
tribution of different phases of cell cycling was 

Figure 2. Sch B inhibits the clonal formation of A549 cells. A549 cells were treated in triplicate with, or without, 
the indicated concentrations of Sch B for three days and cultured for 14 days. The formed cell clones were photo-
imaged and the clonal formation efficacy of A549 cells was quantitatively analyzed. Data are representative images 
(magnification x 100 or 400) and expressed as the means ± SD of each group of cells from three independent ex-
periments. The clonal formation efficacy of cells without Sch B treatment was designated as 0%. *P < 0.05 vs. the 
control, determined by Student T test.
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determined. A549 cells were treated with, or 
without, different concentrations of Sch B for 
72 hours, fixed with 70% ethanol and treated 
with RNase I and PI. The distribution of differ-
ent phases of cells was analyzed by flow cytom-
etry. As shown in Figure 4A and 4B, treatment 
with Sch B significantly increased the percent-
ages of G0/G1 phase of cells, indicating that 
treatment with Sch B induced cell cycle arrest 
at G0/G1 phase. Analysis of the relative levels 
of cell cycle regulator expression indicated that 
treatment with Sch B significantly reduced the 
relative levels of CDK4, CDK6, cyclin D1, but 
elevated the relative levels of p53 and p21 
expression in A549 cells (Figure 4C, 4D). These 
data demonstrated that treatment with Sch B 
induced cell cycle arrest at G0/G1 phase.

Sch B inhibits the invasion and migration of 
A549 cells

The effects of Sch B treatment on the migration 
and invasion of A549 cells were determined by 

the wound healing and transwell invasion 
assays. As shown in Figure 5A, treatment with 
Sch B inhibited the migration of A549 cells and 
the effects of Sch B treatment on inhibiting the 
migration of A549 cells were dose-dependent. 
Similarly, treatment with Sch B inhibited the 
invasion of A549 cells in a dose-dependent 
manner (P < 0.01). Furthermore analyses indi-
cated that treatment with Sch B significantly 
reduced the relative levels of HIF-1α, VEGF, 
MMP2 and MMP9 expression, particularly with 
high concentration of Sch B in A549 cells.

Sch B modulates the relative levels of regula-
tor gene mRNA transcripts in A549 cells

Finally, the relative levels of different regulator 
gene mRNA transcripts to GAPDH were deter-
mined quantitative RT-PCR. Treatment with Sch 
B up-regulated the relative levels of caspase 3, 
caspase 9, p53, cyto C and Bax mRNA tran-
scripts in A549 cells (P < 0.05, Figure 6). In 

Figure 3. Treatment with Sch B induces the apoptosis of A549 cells. A549 cells were treated with, or without, dif-
ferent concentrations of Sch B for 72 h and stained with Annexin V-FITC/PI, followed by flow cytometry. The relative 
levels of target protein expression were determined by Western blot assay. Data are representative charts, images, 
and expressed as the mean ± SD of individual groups of cells from three independent experiments. A. Flow cytom-
etry analysis of the percentages of apoptotic cells; B. Western blot analysis. *P < 0.05 vs. the control, determined 
by ANOVA and post hoc Bonferroni multiple comparisons test.
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Figure 4. Treatment with SchB induces cell cycle arrest at G0/G1 phase. A549 cells were treated with, or without, 
different concentrations of Sch B for 72 hours, fixed, and treated with RNase I and PI. The distribution of different 
phases of cells was determined by flow cytometry. Data are representative histograms, images and expressed as 
the means ± SD of individual groups of cells from three independent experiments. A. Flow cytometry analysis. B. 
Quantitative analysis. C. Western blot analysis. D. Quantitative analysis of the relative levels of target protein to the 
GAPDH. *P < 0.05 vs. the control, determined by ANOVA and post hoc Bonferroni multiple comparisons test.

contrast, treatment with Sch B significantly 
reduced the relative levels of Bcl-2 and PCNA 
mRNA transcripts in A549 cells (P < 0.05). 
These data further indicated that treatment 
with Sch B induced the apoptosis of A549 cells. 
Furthermore, treatment with Sch B significantly 
reduced the relative levels of CDK4, CDK6, 
cyclin D1, but elevated the level of p27 mRNA 
transcripts (P < 0.05), indicating that treatment 
with Sch B induced cell cycle arrest in A549 
cells. In addition, treatment with Sch B signifi-
cantly decreased the relative levels of HIF-1α, 
VEGF, MMP2 and MMP9 expression (P < 0.05), 
supporting that treatment with Sch B inhibited 
the migration and invasion of A549 cells.

Discussion

In this study, we examined the effects of Sch B 
on the proliferation, cell cycling, survival and 
invasion of A549 cells in vitro. We found that 
treatment with Sch B inhibited the proliferation 
of A549 cells in a dose-dependent manner and 
changed the morphology of A549 cells in vitro. 
Furthermore, Sch B treatment significantly 
reduced the levels of PCNA expression in A549 
cells. In addition, Sch B induced cell cycle 
arrest at G0/G1 phase and triggered cell apop-
tosis in A549 cells. Cell cycle arrest is associ-
ated with inhibition of tumor cell proliferation 
[11, 12]. Cell cycle progression is positively 
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regulated by a series of cyclins and CDKs, but 
negatively regulated by CDK inhibitors of p21, 
p16, p27 and others. We found that treatment 

treatment may up-regulate p53 expression and 
in turn elevate the expression of p21, which 
inhibits the cyclin1/CDK complex, leading to 

Figure 5. The effects of Sch B on the invasion and migration of A549 cells by inhibiting migration-related regula-
tor expression. A549 cells were cultured, scratched, treated with different concentrations of Sch B. The distance 
between two edges was photo-imaged longitudinally. Furthermore, A549 cells were cultured in the top chambers 
that had been coated with matrigel and tested for their invasive responses to complete medium in the bottom 
chambers of 24-well transwell plates. Finally, the cells were harvested at 72 hours post treatment and the relative 
levels of HIF-1α, VEGF, MMP2 and MMP9 expression in individual groups of cells were determined by Western blot 
assays. Data are representative images and expressed as the means ± SD of individual groups of cells from three 
independent experiments. A. Photo-images of the wound healing areas. B. Photo-images of the invaded cells. C. 
Quantitative analysis of the numbers of invaded cells. D. Western blot analysis. E. Quantitative analysis of the rela-
tive levels of target proteins. *P < 0.05, **P < 0.01 vs. the control, determined by ANOVA and post hoc Bonferroni 
multiple comparisons test. 

Figure 6. Sch B modulates the relative levels of regulator gene mRNA transcripts in 
A549 cells. A549 cells were treated with, or without, different concentrations of Sch 
B for 72 hours and total RNA was extracted from individual groups of cells, followed 
by reversely transcribing into cDNA. The relative levels of each target gene mRNA 
transcripts to GAPDH were determined by quantitative RT-PCR. Data are expressed 
as the means ± SD of individual groups of cells from three independent experi-
ments. The relative levels of gene transcription in the cells without Sch B treatment 
were designated as 1. *P < 0.05, **P < 0.01 vs. the control, determined by ANOVA 
and post hoc Bonferroni multiple comparisons test.

with Sch B significantly 
reduced the levels of 
CDK4, CDK6 and cyclin 
D1 expression, but ele-
vated the levels of p21 
expression in A549 
cells. Cyclin D1 is the 
most outstanding G1- 
phase cyclin and has 
been reported as an 
oncogenic driver in can-
cer cells [13]. Cyclin-
CDKs complexes regu-
late the cell cycling at 
various levels, such as 
the assembly of cyclin 
and CDK subunits. The 
G1/S-phase transition 
is negatively regulated 
by p21 and p27 through 
the degradation of 
Cyclin/CDK complexes 
[14, 15]. The significant 
inhibition of Sch B on 
the levels of cyclin D1, 
CDK4 and CDK6, 
together with increased 
levels of p21 expres-
sion, should restrict the 
G1-S transition [16-18]. 
In addition, we detect-
ed significantly higher 
levels of p53 in the Sch 
B-treated A549 cells, 
which is associated 
with cell cycle arrest 
and apoptosis [19, 20]. 
Given that p53 is an 
important regulator of 
p21 expression [20], it 
is possible that Sch B 
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cell cycle arrest at G0/G1 phase in A549 cells. 
To the best of our knowledge, this was the first 
study to reveal potent antitumor activity of Sch 
B in A549 cells. Our novel findings may aid in 
the design of new therapies for intervention of 
human NSCLC.

Induction of cell cycle arrest is associated with 
triggering cell apoptosis, and the cell cycling is 
usually disrupted in cancer cells [21-23]. To 
understand the molecular mechanisms under-
lying the action of Sch B in inhibiting the prolif-
eration of A549 cells, we examined the effect 
of Sch B on the survival of A549 cells. We found 
that treatment with Sch B triggered the apopto-
sis of A549 cells. Cell apoptosis can be regu-
lated positively by the Bcl-2 family members, 
such as Bax, Bad and others, and negatively 
regulated by anti-apoptotic Bcl-2, Bcl-xL and 
others. Apoptotic triggers can activate the mito-
chondrial pathway by inducing the formation of 
cytochrome c complex, which activates cas-
pase 9 and in turn caspase 3, leading to cell 
apoptosis [24, 25]. The balance of pro-apoptot-
ic and anti-apoptotic factors is crucial for the 
development of apoptosis [26]. In this study, we 
found that Sch B treatment significantly 
increased the levels of Bax, cleaved caspase 3 
and 9, but decreased the levels of Bcl-2 expres-
sion in A549 cells. Therefore, Sch B induced 
A549 cell apoptosis through the activating the 
mitochondrial pathway.

Cancer cells can migrate and invade the adja-
cent and distant tissues, which increases the 
risk for poor outcome of patients with NSCLC 
[27]. The migration and invasion of cancer cells 
are regulated by many factors, such as chemo-
kines, their receptors, the EMT process, matrix 
degrading enzymes and antioxidant enzymes, 
such as MMPs, which mediate the degradation 
of extracellular matrix (ECM) proteins [28, 29]. 
Furthermore, the migration and invasion can be 
modulated by hypoxic condition and angiogen-
esis regulators, including HIF-1α and VEGF [30, 
31]. We found that Sch B treatment significant-
ly inhibited the migration and invasion of A549 
cells, accompanied by significantly attenuating 
the expression of HIF-1α, VEGF, MMP2 and 
MMP9. Given that most tumor cells are highly 
responding to a hypoxic condition by up-regu-
lating HIF-1α and VEGF to promote angiogene-
sis the significantly reduced levels of HIF-1α 
and VEGF, together with significantly decreased 
levels of MMP2 and MMP9 expression in the 

Sch B-treated A549 cells, may contribute to its 
inhibition on the proliferation, migration and 
invasion of A549 cells.

In conclusion, our data indicated that Sch B 
treatment significantly inhibited the prolifera-
tion of A549 cells by inducing their cell cycle 
arrest at G0/G1 phase through down-regulating 
cyclin D1, CDK4 and CDK6, but up-regulating 
p21 and p53 expression. Sch B treatment trig-
gered the apoptosis of A549 cells by activating 
the mitochondrial pathway. Furthermore, Sch B 
treatment significantly inhibited the migration 
and invasion of A549 cells by reducing the lev-
els of MMP2, MMP9, HIF-1α and VEGF expres-
sion. Therefore, our data suggest that Sch B 
may be a promising candidate for intervention 
of NSCLC and our findings may provide new 
insights into understanding the pharmacologi-
cal mechanisms underlying anti-tumor activity 
of Sch B.
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