
Received: 2019.08.21
Accepted: 2019.09.25

Available online: 2020.01.17
Published: 2020.02.01

 1867   —   8   28

Bauerane Induces S-Phase Cell Cycle Arrest, 
Apoptosis, and Inhibition of Proliferation of 
A549 Human Lung Cancer Cells Through the 
Phosphoinositide 3-Kinase (PI3K)/AKT and 
Signal Transducer and Activator of Transcription 
3 (STAT3) Signaling Pathway

 BCDEF 1 Qin Chen
 BCDE 2 Ming Wang
 ABCDEFG 3 Chengji Shen

 Corresponding Author: Chengji Shen, e-mail: CarrollMcmillanfpg@yahoo.com
 Source of support: Departmental sources

 Background: Bauerane is a triterpenoid derived from the dandelion root (Taraxacum officinale). This study aimed to inves-
tigate the effects of bauerane on cell proliferation of A549 human lung cancer cells and the molecular mech-
anisms involved.

 Material/Methods: A549 human lung adenocarcinoma cells and normal MRC-5 lung fibroblasts were grown in culture and treated 
with increasing doses of bauerane at 0, 2.5, 5, 10, 20, 40, 80, and 160 µM. The MTT assay was used to mea-
sure cell proliferation. Cell apoptosis was assessed by 4’, 6-diamidino-2-phenylindole (DAPI), and acridine or-
ange/ethidium bromide (AO/EB) staining. The cell cycle was evaluated by flow cytometry. Western blot mea-
sured the protein expression levels of cytochrome c, Bax, cyclin B1, Bcl-2, PI3K, p-PI3K, Akt, p-Akt, and STAT3 
proteins.

 Results: Bauerane inhibited the proliferation of A549 lung cancer cells in a dose-dependent manner, with an IC50 of 
10 µM, with no cytotoxicity for MRC-5 cells. Bauerane treatment induced apoptosis of A549 cells, which was 
associated with the upregulation of Bax and down-regulation of Bcl-2. Bauerane induced S-phase arrest of 
A549 cells, which was dose-dependent and associated with reduced expression of cyclin B1. The findings from 
Western blot showed that bauerane inhibited the phosphorylation of PI3K/AKT and STAT3 signaling pathways.

 Conclusions: Bauerane inhibited the proliferation of A549 lung cancer cells in vitro and induced cell apoptosis and cell cycle 
arrest in a dose-dependent manner.
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Background

Plants synthesize many natural compounds in response to 
changing environmental conditions [1,2]. These natural com-
pounds are the products of primary and secondary metabo-
lism and are termed primary and secondary metabolites [3]. 
Primary metabolic pathways in plants are highly conserved 
and include the generalized pathways of photosynthesis and 
gas exchange. However, secondary metabolites are more spe-
cific to plant species [4]. Secondary plant metabolites include 
the terpenoids, which are a dominant class of plant second-
ary metabolites [5]. Terpenoids help the plants to interact with 
the environment [6]. Also, plant terpenoids have been used in 
herbal medicines and traditional Chinese medicine [7,8]. Plant 
terpenoids that are currently used as antimicrobial agents in-
clude artimisinin, derived from Artimisia annua, which is used 
in the treatment of malaria [9,10].

Plant terpenoids have been studied for their effects on human 
cancer cells [11]. Taxol is a terpenoid derived from the bark of 
Taxus brevifolia, or the Pacific yew tree, and is the active con-
stituent of the anticancer drug, paclitaxel [12]. Bauerane is a 
triterpenoid derived from the dandelion root (Taraxacum offici-
nale). There have been few studies that have reported the an-
ticancer effects of bauerane and other related compounds [13]. 
However, the antifungal activity of bauerane has been report-
ed [14]. There have been no previous studies on the effects of 
bauerane on human lung cancer cells.

Worldwide, lung cancer results in a high morbidity and mor-
tality rate. The incidence of lung cancer is higher in developing 
countries, and the mortality rate of lung cancer is higher in men 
than women [15]. Despite recent advances in the treatment 
of lung cancer, the overall 5-year survival rate for lung cancer 
patients is only 19% [16]. Continued studies are required to 
identify diagnostic, prognostic, and therapeutic targets in hu-
man lung cancer. Therefore, this study aimed to investigate 
the effects of bauerane on cell proliferation of A549 human 
lung cancer cells and the molecular mechanisms involved.

Material and Methods

Cell culture

A549 human lung adenocarcinoma cells and normal MRC-5 lung 
fibroblasts were purchased from the American Type Culture 
Collection (ATCC) (Manassas, VA, USA). Cells were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM) (Thermo Fisher 
Scientific) containing fetal bovine serum (FBS) (10%) in a hu-
midified incubator at 37°C with 5% CO2.

MTT cell viability assay

A549 cells and the normal MRC-5 cells were cultured at a den-
sity of approximately 3×103 cells per well in 96-well plates for 
24 h with increasing concentrations of bauerane (0, 2.5, 5, 10, 
20, 40, 80, and 160 µM). MTT solution (20 µL) was added, and 
the cells were cultured for a further 4 h. The formazan crys-
tals that formed from MTT were dissolved in dimethyl sulfox-
ide (DMSO). Optical density measurements were performed 
at 570 nm using a microplate reader.

Apoptosis assays

The 4’, 6-diamidino-2-phenylindole (DAPI) cell nuclear DNA 
stain (Thermofisher Scientific, Waltham, MA, USA) was used 
to examine the levels of cell apoptosis after treating the A549 
lung cancer cells with 0, 2.5, 5, 10, 20, 40, 80, and 160 µM of 
bauerane for 24 h. The A549 cells were placed into the wells 
of a six-well plate at a density of 2×105 cells per well. The cell 
pellets were obtained by centrifugation at 600 rpm for 5 min. 
The cell pellets were washed three times with phosphate-
buffered saline (PBS). The cells were fixed with 70% ethanol 
and then stained with DAPI. Nuclear morphology was exam-
ined using a fluorescence microscope. A similar method was 
used for acridine orange/ethidium bromide (AO/EB) staining.

Flow cytometry analysis of the cell cycle

The A549 cells were treated with 0, 5, 10, and 20 µM of bau-
erane and then seeded into six-well plates for 24 h. The cells 
were centrifuged, and the cell pellets were washed in PBS. The 
pellets were fixed in 70% alcohol, and propidium iodide (PI) 
was used to stain the cells. The stained cells were examined 
by flow cytometry to determine the cells in different phases 
of the cell cycle.

Western blot

The A549 cells treated with bauerane were lysed, and the pro-
tein extracts were prepared. Cells were centrifuged at 12000×g 
for 10 min. The protein concentration of each extract was as-
sessed using the bicinchoninic acid (BCA) assay. Each sam-
ple was incubated for 10 min at 99°C. Then, 30 µg of protein 
from each sample underwent sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) gels and were load-
ed onto polyvinylidene fluoride (PVDF) membranes. The mem-
branes were blocked with blocking buffer for 55 min at 22°C, 
followed by incubation with specific primary antibodies over-
night at 4°C and then with secondary antibody. The primary 
antibodies were to cytochrome c, Bax, cyclin B1, Bcl-2, PI3K, 
p-PI3K, Akt, p-Akt, and STAT3. The Odyssey Infrared Imaging 
System (LI-COR Biosciences, Lincoln, NE, USA) was used to de-
tect the protein bands of interest.
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Statistical analysis

All experiments were performed in triplicate. Data were pre-
sented as the mean±standard deviation (SD). Student’s t-test 
was used for comparison between two samples. One-way 
analysis of variance (ANOVA) and Tukey’s post hoc test were 
used to compare multiple samples. GraphPad Prism version 
7 software was used (GraphPad Software, La Jolla, CA, USA). 
A P-value <0.05 was considered to be statistically significant.

Results

Proliferation of A549 human lung cancer cells was 
inhibited by bauerane

In this study, the effects of bauerane, a terpenoid that is a sec-
ondary plant metabolite, was studied (Figure 1A). The MRC-5 
normal lung fibroblasts and A549 human adenocarcinoma cells 
were treated with 0, 2.5, 5, 10, 20, 40, 80, and 160 µM of bau-
erane. The proliferation curve plotted from the absorbance val-
ues of the MTT assay, showed a greater decline in cell growth 
of A549 cells with increasing doses of bauerane, but with little 
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Figure 1.  Bauerane treatment resulted in dose-dependent inhibition of A549 cell proliferation. (A) The chemical structure of bauerane. 
(B) The percentage of viable A549 cells following treatment with increasing concentrations of bauerane. A549 cells were 
treated with 0, 5, 10, and 20 µM of bauerane. The experiments were performed in triplicate. The results are expressed as the 
mean±SD (* P<0.05)
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Figure 2.  Bauerane treatment resulted in changes in the morphology of the cell nuclei of A549 cells. The 4’, 6-diamidino-2-
phenylindole (DAPI) staining of A549 cancer cells. A549 cells were treated with 0, 5, 10, and 20 µM of bauerane. The 
experiments were performed in triplicate. The results are expressed as the mean±SD (* P<0.05).
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effect on MRC-5 cells (Figure 1B). The half-maximal inhibito-
ry concentration (IC50) concentration of bauerane was 10 µM 
for the A549 cells. However, the IC50 of bauerane for the nor-
mal MRC-5 cells was 80 µM, which indicated cancer cell-spe-
cific for the activity of bauerane (Figure 1B).

Bauerane induced apoptosis in A549 cells

The A549 cells treated with 0, 5, 10, or 20 µM of bauerane 
were assessed using 4’, 6-diamidino-2-phenylindole (DAPI), 
and acridine orange/ethidium bromide (AO/EB) staining meth-
ods. The cell nuclear morphology was analyzed by fluorescence 
microscopy. The DAPI stained cells showed significant nuclear 
changes with higher concentrations of bauerane (Figure 2). The 
apoptosis rates were 2%, 12%, 22%, and 31% at 0, 5, 10, and 
20 µM concentrations of bauerane. Flow cytometry showed 
cell apoptosis and nuclear changes (Figure 3). Apoptosis in-
creased with increased doses of bauerane. To further confirm 
the role of bauerane in inducing apoptosis, the Western blot 
study was performed. Cytochrome c protein, which is an acti-
vator of caspase-9, was upregulated when cancer cells were 
treated with bauerane, and the Bax protein concentration in-
creased with increasing concentrations of bauerane. The apop-
tosis protein, Bcl-2 decreased when cancer cells were treated 
with bauerane (Figure 4). These results support the role of bau-
erane in inducing apoptosis in A549 lung cancer cells in vitro.

Bauerane induced S-phase cell cycle arrest in A549 cells

The flow cytometric study of bauerane administered (0, 5, 
10, and 20 µM) lung cancer cells showed that the percentage 
of cells in the S-phase increased significantly with bauerane 
treatment (Figure 5). The percentage of cells in the S-phase 
was 20%, 40%, 55%, and 72% with bauerane treatment at 
concentrations of 0, 5, 10, and 20 µM, respectively. Cyclin 
B1 protein levels were significantly reduced with bauerane 
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Figure 3.  Bauerane induces the apoptosis in A549 cells. Dual acridine orange/ethidium bromide (AO/EB) staining of A549 cells. A549 
cells were treated with 0, 5, 10, and 20 µM of bauerane. The experiments were performed in triplicate. The results are 
expressed as the mean±SD (* P<0.05)
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Figure 4.  Bauerane induced apoptosis in A549 cells by 
upregulating cytochrome c and increasing the Bax/Bcl-
2 ratio. Western blot findings for cytochrome c, Bax, 
and Bcl-2 proteins, with human actin as the normal 
control. A549 cells were treated with 0, 5, 10, and 20 
µM of bauerane. The experiments were performed in 
triplicate.
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administration, indicative of the cell cycle arrest in lung can-
cer cells (Figure 6). Bauerane promotes the S-phase cell cycle 
arrest in A549 lung cancer cells by reducing the protein con-
centrations of cyclin B1.

Bauerane exerted its effects on A549 cells via PI3K/AKT 
and STAT3 signaling pathways

To understand the mechanism of action of bauerane to re-
strict the proliferation and to promote the cell cycle arrest in 
lung cancer cells, A549 cancer cells were treated with 0, 5, 
10 and 20 µM bauerane and studied for PI3K/AKT and STAT3 
signaling pathways which positively regulate the prolifera-
tion and cell cycle progression of human cells. The counts of 
phosphorylated phosphoinositide 3-kinase (p-PI3K) and pro-
tein kinase B (p-Akt), active transducers of PI3/AKT signaling 
pathway, were seen to decrease in a dose-dependent manner 
(Figure 7). However, there was no effect on the protein con-
centrations of non-phosphorylated PI3K and Akt indicating 
that Bauerane negatively regulates the PI3K/AKT signaling 
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Figure 7.  Bauerane inhibited the PI3K/AKT signaling pathway 
in A549 cells. Western blot of PI3K, p-PI3K, Akt and 
p-Akt proteins, with human actin as the normal 
control. A549 cells were treated with 0, 5, 10, and 20 
µM of bauerane. The experiments were performed in 
triplicate.

Figure 8.  Bauerane inhibited the STAT3 signaling pathway in 
A549 cells. Western blot of STAT3 protein, with human 
actin as the normal control. A549 cells were treated 
with 0, 5, 10, and 20 µM of bauerane. The experiments 
were performed in triplicate.
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Figure 6.  Bauerane down-regulated cyclin B1 expression in A549 
cells. Western blot of cyclin B1 protein, with human 
actin as the normal control. A549 cells were treated 
with 0, 5, 10, and 20 µM of bauerane. The experiments 
were performed in triplicate.
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Figure 5.  Bauerane arrested A549 cells in the S-phase of the 
cell cycle. Flow cytometry of the cell cycle distribution 
in A549 cells. The experiments were performed in 
triplicate.

pathway by inhibiting the phosphorylation of PI3K and Akt 
proteins. The signal transducer and activator of transcription 
3 (STAT3) transcription factor was also down-regulated when 
cancer cells were treated with bauerane (Figure 8). These re-
sults showed that the effects of bauerane on A549 lung cancer 
cells in vitro were through the down-regulation of the PI3K/AKT 
and STAT3 cellular signaling pathways.

Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Chen Q. et al.: 
Bauerane inhibits A549 cell proliferation
© Med Sci Monit, 2020; 26: e919558

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) e919558-5



Discussion

Human lung cancer is highly aggressive and has a high mor-
tality rate [15,16]. Despite the recent advances in cancer treat-
ment strategies, mortality and morbidity resulting from lung 
cancer are still very high [17]. Scientists have focused on the 
discovery of more potent anticancer drugs in recent years. For 
this purpose, the secondary plant metabolites have been stud-
ied for their effects against human cancers [18]. Plant phe-
nolic compounds have been screened for their anticancer ef-
fects, and several studies have shown that these compounds 
inhibit the growth and proliferation of human cancers [19–21].

The present study aimed to investigate the effects of bauer-
ane on cell proliferation of A549 human lung cancer cells and 
the molecular mechanisms involved. Anti-proliferative effects 
were exerted through the induction of apoptosis in A549 cells, 
and these effects were dependent on increasing concentra-
tions of cytochrome c protein. Cytochrome c induces the ex-
pression of the caspase-9 apoptotic protein [22]. Also, the in-
crease in Bax/Bcl-2 apoptosis-associated proteins occurred 
when A549 cells were treated with bauerane. An increase in 
the Bax/Bcl-2 ratio indicated cell apoptosis [23]. Several nat-
ural compounds have previously been shown to cause cell cy-
cle arrest to exert their anti-proliferative effects [24,25]. in the 
present study, bauerane arrested A549 cells in the S-phase, 
as the mitotic regulating protein, cyclin B1 was down-regu-
lated following treatment with bauerane. The PI3K/AKT sig-
naling pathway was down-regulated in A549 cells following 
bauerane treatment, as was the STAT 3 transcription factor.

The PI3K/AKT and STAT3 pathways have previously been 
shown to have roles in the proliferation and metastasis of 
human cancers [27]. These pathways are dysregulated in hu-
man cancer, which raises the possibility that these signal-
ing pathway components have a potential role as therapeu-
tic targets for the treatment of human cancer. Both the PI3K/
AKT and STAT3 pathways are modulators of cell growth and 
proliferation [26,27]. In this in vitro study of the A549 human 
lung adenocarcinoma cell line, bauerane negatively regulated 
cell proliferation by down-regulating the PI3K/AKT and STAT 
3 signaling pathways.

Conclusions

This study aimed to investigate the effects of bauerane on cell 
proliferation of A549 human lung cancer cells and the molec-
ular mechanisms involved. Bauerane inhibited the growth of 
A549 human lung cancer cells without toxicity for normal MRC-
5 human lung fibroblasts. The effects of bauerane on cell pro-
liferation and apoptosis of A549 cells was dose-dependent. 
Bauerane was associated with cell cycle arrest of A549 cells 
in the S-phase. These effects were shown to act through the 
P13K/AKT and STAT3 signaling pathways. The findings from 
this preliminary in vitro study indicate that the potential anti-
cancer effects of bauerane require further study.
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