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Abstract

Background: Scutellarin (SCU), a flavonoid isolated from Erigeron breviscapus
(Vant.) Hand.-Mazz., increases autophagy and apoptosis in the adenocarcinoma
A549 cell line, which is resistant to cisplatin. However, whether SCU alone has
antitumor activity against non-small cell lung cancer (NSCLC) is unknown.
Methods: Cell Counting Kit-8, flow cytometry, colony formation, Hoechst
33258 staining, and Western blot analyses were used to examine the proliferation
and apoptosis of A549 cells treated with SCU and the possible molecular
mechanisms.

Results: The cell viability assay indicated that SCU markedly suppressed the
proliferation of A549 cells in concentration and time-dependent manners. SCU
caused significant GO/G1 phase arrest and apoptosis, as evidenced by flow cyto-
metric analyses, Hoechst 33258 staining, and Western blot analyses of cyclin D1,
cyclin E, BCL-2, cleaved-caspase-3, and BAX. Furthermore, SCU treatment
reduced the level of pan-AKT, phosphorylated (p)-mTOR, mTOR, BCL-XL,
STATS3, and p-STAT3, and increased the level of 4EBP1.

Conclusions: SCU can suppress proliferation and promote apoptosis in A549
cells through AKT/mTOR/4EBP1 and STAT3 pathways. This suggests that SCU
may be developed into a promising antitumor agent for treating NSCLC.
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Introduction The phosphatidylinositol 3-kinase (PI3K)/AKT/mamma-
lian target of rapamycin (mTOR) pathway plays a diverse

Lung cancer is the leading cause of cancer-related death,
8 8 role in differentiation, adhesion, proliferation, cell survival,

accounting for 25%, although its incidence is decreasin
& ’ & 8 motility, and invasion. AKT can be activated by PI3K and

then stimulate the mTOR protein.>® A downstream funnel,
4E-BP1 can be activated by the PI3K/AKT/mTOR pathway
and is pivotal for protein synthesis, as dephosphorylated
active 4E-BP1 binds to eIF4E and stops formation of the
cap-dependent translation initiation complex.”® Roh et al.

about twice as fast in men as in women.! Lung cancer is
difficult to detect at an early stage, thus numerous patients
suffering from lung cancer are only identified with
advanced disease.”> Non-small cell lung cancer (NSCLC)
accounts for approximately 85% of the pathological types

of lung cancer.’ In recent years, treatment strategies for
lung cancer have been limited to surgery, chemotherapy,
and radiotherapy. Although much effort has been
expended to diagnose and treat lung cancer, the five-year

survival rate remains < 15%.*
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reported that the presence of a high level of phosphory-
lated (p)-4E-BP1 was indicative of poor prognosis in small
cell lung cancer.” Large numbers of potential therapeutics
targeting this signaling cascade have been developed, such

as perifosine that appears to block AKT-mediated
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signaling, thereby suppressing proliferation and inducing
apoptosis in NSCLC cells."® Thus, we suspected that scutel-
larin (SCU) might be a pathway inhibitor to restrict the
growth of NSCLC cells.

STATS3 is recognized as a key target in the progression
of various malignancies."" Aberrantly active STAT3 pro-
motes tumorigenesis, drug resistance, and metastasis in
NSCLC."” Downstream signaling effects of the STAT3
pathway can contribute to lung cancer and currently sev-
eral STAT3 inhibitors show substantial anticancer and
antiangiogenic effects.">* Finding novel agents with
STATS3 suppressive activity is vitally important to improve
NSCLC treatment.

Substantial evidence has confirmed that SCU, a flavo-
noid isolated from Erigeron breviscapus (Vant.) Hand.-
Mazz., has antitumor effects on several cancers, including
liver, colorectal, breast, and prostate, as well as
lymphomas."*'* However, little is known about its antitu-
mor mechanisms and whether SCU can inhibit NSCLC
when used alone. In the present study, we explored the
effects of different concentrations of SCU on proliferation,
apoptosis, and tumorigenesis, and the expression of
AKT/mTOR/4E-BP1 and STAT3 signaling pathway pro-
teins in cultured A549 lung cancer cells.

Methods

Chemicals and reagents

Antibodies against caspase-3, BAX, BCL-2, cyclin DI,
cyclin E, pan-AKT, 4EBP1, mTOR, p-mTOR, total (t)-
STAT3, p-STAT3, BCL-XL, and p-actin were obtained

Figure 1 Scutellarin (SCU) sup- a
presses proliferation in non-small
cell lung cancer (NSCLC) A549
cells. (@) The chemical structure of
SCU. (b) A549 cells were treated
with SCU (0, 200, 400, 600 uM)
for 12, 24 and 48 hours. Cell viabil-
ity was detected by Cell Counting
Kit-8 assay. (c) The proliferative
effect of SCU on A549 cells
detected by colony formation
assay. Data are expressed as means
+ standard deviation from three
independent experiments. P <
0.05, ™" P < 0.01 vs. the control
group. (—@—) 12 hours, (—m-)
24 hours and (—a—) 48 hours.
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from Abcam (Cambridge, MA, USA). Annexin V-
fluorescein isothiocyanate (FITC) and the propidium
iodide Apoptosis Detection Kit were purchased from BD
Biosciences (San Jose, CA, USA). Immobilon Western
Chemiluminescent HRP Substrate was obtained from
EMD Millipore (Billerica, MA, USA), F12K medium from
M&C Technology Company (Beijing, China), fetal bovine
serum from Lonsa Science Srl (Canelones, Uruguay) and
SCU (> 98%) powder was purchased from MedChemEx-
press (Monmouth Junction, NJ, USA). The chemical struc-
ture of SCU is shown in Figure la.

Cell culture and treatment

A549 cells, an NSCLC cell line, were purchased from
Shanghai Zhong Qiao Xin Zhou Biotechnology (Shanghai,
China) and cultured in F12K medium supplemented with
10% fetal bovine serum and 1% penicillin-streptomycin at
37°C with 5% CO,.

Cell viability assay

A549 cells in the logarithmic growth phase were seeded
(4 x 10® cells/well) into 96-well plates at a final volume of
200 pL/well. Different concentrations of SCU (0, 200,
400, 600 pM) were added to the plates. After treatment for
12, 24, and 48 hours, 10 pL of the Cell Counting Kit-8
(Dojindo, Tokyo, Japan) reagent was added to each well
and cultured for another three hours. Absorbance at
450 nm was measured by a multiwell spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA).

12
{10
2 "
< 0.8
E
5 06 *k
@ ok
T 04
o
0.2 + - v J
0 200 400 600
Scutellarin (uM)
200 400 600

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 493



SCU induces apoptosis in A549 cells

Cell cycle analysis by flow cytometry

Based on the cell viability assay results, A549 cells were
treated with 0, 200, 400, or 600 pM SCU for 24 hours and
then collected and mixed in 70% ethanol at —20°C over-
night. After washing twice with phosphate-buffered saline
(PBS) and staining with 400 pL propidium iodide in the
presence of 100 pL RNase A for 60 minutes in the dark,
the samples were analyzed with a FACSAria flow cyt-
ometer (BD Biosciences).

Apoptosis assay

An Annexin V/FITC apoptosis detection kit was used to
determine apoptotic cells. In brief, after treatment with
0, 200, 400, or 600 pM SCU for 24 hours, cells were col-
lected, washed twice with ice-cold PBS, mixed with 200 pL
binding buffer and then stained with 5 pL propidium
iodide and 5 pL Annexin V/FITC. Fifteen minutes later,
the samples were evaluated by flow cytometry.

Colony formation assay

After treatment with 0, 200, 400, or 600 pM SCU for
24 hours, A549 cells were plated into six-well plates
(600 cells/well) and cultured for 14 days in F12K medium
containing 30% fetal bovine serum and 1% penicillin-
streptomycin at 37°C with 5% CO,. Paraformaldehyde
(4%) was used to fix the colonies for 60 minutes. Cells were
stained with crystal violet for 15 minutes and counted.

Hoechst 33258 staining

A549 cells were plated into six-well plates (5 x 10* cells/-
well) and treated with 0, 200, 400, or 600 uM SCU for
24 hours. Hoechst 33258 (Solarbio Science & Technology,
Beijing, China) was then added into the plate and the cells
were incubated for 20 minutes. After washing three times
with PBS, the samples were observed under a fluorescence
microscope.

Western blot analysis

After treatment with 0, 200, 400, or 600 pM SCU for
24 hours, total protein was obtained by lysing the cells in
radioimmunoprecipitation assay buffer (Beyotime, Shang-
hai, China) containing 1% protease inhibitor cocktail and
phenylmethylsulfonyl fluoride. Proteins were separated by
10% sodium dodecyl sulfate-polyacrylamide gel electropho-
resis and transferred to polyvinylidene fluoride membranes
(EMD Millipore). After blocking in 5% non-fat milk for
one hour, the membranes were incubated with primary
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antibodies against total (t)-STAT3, p-STAT3, pan-AKT,
mTOR, p-mTOR, BCL-XL, BCL-2, cyclin D1, BAX
cyclin E, cleaved caspase-3, eIF4EBPI1, and P-actin. The
membranes were then treated with anti-rabbit or anti-
immunoglobulin G horseradish  peroxidase-
conjugated secondary antibodies (Beyotime) for one hour
at room temperature. Immunoreactive bands were visual-
ized using Immobilon Western Chemiluminescent HRP
Substrate (EMD Millipore). Densitometric analyses were
conducted using custom Image J-based software (NIH,
Bethesda, MD, USA).

mouse

Statistical analysis

All data are expressed as means =+ standard error of the
mean. Comparisons between two groups were performed
using Prism 6.0 (GraphPad Software, San Diego, CA, USA)
with a Student’s t-test. A P value < 0.05 was considered
statistically significant.

Results

Scutellarin (SCU) inhibits A549 cell
proliferation

To explore the effect of SCU on A549 cell proliferation,
CCK-8 assay was performed (Fig 1b). The results showed
that SCU treatment significantly suppressed the prolifera-
tion of A549 cells in time and concentration-dependent
manners (P < 0.05). The long-term growth inhibitory effect
of SCU on A549 cell proliferation was examined by colony
formation assay. These results showed that SCU markedly
inhibited colony formation in a concentration-dependent
manner (Fig 1c).

SCU induces G0/G1 arrest

To assess the effect of SCU treatment on cell cycle progres-
sion, A549 cells were treated with 0, 200, 400, or 600 pM
SCU for 24 hours and the percentages of cells in each stage
were determined by flow cytometry (Fig 2). The results
showed that cells in the GO/Gl phase increased from
63.51% to 87.78%. Furthermore, levels of cyclins E and DI,
the GO/G1 cell cycle regulatory proteins, decreased in
response to SCU treatment (Fig 3).

SCU induces A549 cell apoptosis

To explore the antitumor mechanism and to evaluate
whether the growth repressive effect of SCU was related to
apoptosis, we treated A549 cells with 0, 200, 400, and
600 pM SCU for 24 hours, and then added Hoechst 33258
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Figure 2 Scutellarin (SCU) induces A549 cell GO/G1 cell cycle arrest. Cells were treated with SCU (0, 200, 400, 600 pM) for 24 hours and the cell

cycle was detected by flow cytometry. () G2/M, (m) S and (m) GO/G1.

and observed the cells under a fluorescence microscope
(Fig 4a). Increasing numbers of Hoechst 33258-positive cells
were observed in a concentration-dependent manner. This
indicated that SCU may induce A549 cell apoptosis. To con-
firm the presence of apoptosis, flow cytometry with Annexin
V/FITC staining was used (Fig 4b). The results showed that
the percentage of apoptotic cells significantly increased with
SCU treatment compared to the control group.

To explore the molecular mechanism underlying the
induction of apoptosis in A549 cells treated with SCU,
Western blot assays were performed. The results showed
that expression of the anti-apoptotic BCL-2 protein was
downregulated, while the pro-apoptotic BAX protein was
upregulated, in concentration-dependent manners. Fur-
thermore, exposure to SCU for 24 hours induced cleavage
of caspase-3 (Fig 5). These findings suggested that SCU
induced apoptosis of A549 cells through the pathway acti-
vated by cleavage of caspase-3 and an increased BAX/BCL-
2 ratio.

SCU inhibited the AKT/mTOR/4EBP1 and
STAT3 signaling pathways

To further explore the regulatory mechanism of apoptosis
induced by SCU, proteins in the AKT/mTOR/4EBP1 and
STAT3 signaling pathways were examined by Western
blot. SCU significantly reduced the levels of pan-AKT,

Thoracic Cancer 10 (2019) 492-500
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mTOR, p-mTOR, t-STAT3, p-STAT3, BCL-XL proteins in
a concentration-dependent manner, while the 4EBP1 pro-
tein level was increased (Figs 3,6). This suggested that SCU
inhibited the AKT/mTOR/4EBP1 and STAT3 pathways to
exert its effects on A549 cells.

Discussion

SCU exhibits activity against several cancer cells.”**' Sun
et al. reported that SCU enhanced cisplatin-induces apo-
ptosis and autophagy via the extracellular signal-regulated
kinase (ERK)/P53 or c-met/AKT signaling pathways.”> This
group also revealed that SCU induces apoptosis and autop-
hagy in NSCLC cells through ERK1/2 and AKT signaling
pathways in vitro and in vivo.® Deng et al. showed that
SCU inhibits human renal cancer cell proliferation and
migration via upregulation of phosphatase and tensin
homolog,** while Ke et al. reported that SCU effectively
inhibits hepatocellular carcinoma metastasis in vivo and
the migration and invasion of hepatocellular carcinoma
cells in vitro.?! Other researchers have reported that SCU
induces apoptosis and G2/M arrest, inhibits cell prolifera-
tion of prostate cancer PC3 cells, and sensitizes the cells to
chemotherapy.'

In this study, we first investigated the toxicity of SCU to
A549 lung adenocarcinoma cells. Using CCK-8 and colony
formation assays, our results show that SCU effectively
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Figure 3 A549 cells were treated with scutellarin (SCU) (0, 200, 400, 600 uM) for 24 hours. Western blotting analyses were used to detect the
expression of proteins in the STAT3 pathways, cyclin D1, and cyclin E (a). Data are expressed as means + standard deviation from three independent

experiments. "P < 0.05, ""P < 0.01 vs. the control group (b, ¢, d, e, f).

suppresses the proliferation of A549 cells. At the same
time, treatment with SCU promotes A549 cell apoptosis
and arrest in the GO/G1 phase in concentration-dependent
manners. Furthermore, the BAX/BCL-2 ratio and cleaved
(active) caspase-3 were increased, and SCU activated the
AKT/mTOR /4EBP1 and STAT3 pathways.

Apoptosis is a controlled form of cell death that can
lead to various morphological changes, such as nuclear
pyknosis, cell surface changes, and chromosome conden-
sation.”>”® We examined morphological changes by
Hoechst 33258 staining and show that A549 cells treated
with SCU display specific apoptotic changes in a
concentration-dependent manner. Flow cytometry was
used to externalize phosphatidylserine (cell surface
changes) in A549 cells and our results show that the per-
centage of apoptotic cells is markedly increased in a
concentration-dependent manner. Decreasing the level of
the anti-apoptotic BCL-2 protein and/or increasing the

496 Thoracic Cancer 10 (2019) 492-500

level of the pro-apoptotic BAX protein plays an important
role in disrupting mitochondrial homeostasis, which can
lead to apoptotic cell death.?”?® Thus, the BAX/BCL-2
ratio is a key regulator of apoptosis in lung cancer.” Fur-
thermore, caspase-3, a member of the cysteine protease
family, catalyzes crucial steps in apoptotic cell death.”” In
this study, SCU increased the BAX/BCL-2 ratio and the
amount of cleaved caspase-3 in A549 cells.

Cyclins D1 and E are important regulators of cyclin-
dependent kinases that are involved in controlling the
GO0/G1 checkpoint and proliferation of cancer cells. Some
anticancer drugs induce GO/GI1 arrest by decreasing the
levels of cyclins D1 and E’**' Our results revealed that
A549 cells treated with SCU underwent GO/G1 arrest,
which was mainly the result of the downregulation of
cyclin D1 and E expression.

STAT3, a member of the STAT family, is involved in
oncogenic transformation and progression in some cancer

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd
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Figure 4 Scutellarin (SCU) treatment induces A549 cell apoptosis. (a) Morphology of nuclei in A549 cells treated with SCU (0, 200, 400, 600 pM),
stained by Hoechst 33258, and observed under a fluorescence microscope (magnification, x10). (b) Cells were treated with SCU (0, 200, 400, 600
uM) for 24 hours. The proportion of apoptotic cells increased significantly in a concentration-dependent manner. Data are expressed as means =+
standard deviation from three independent experiments. “P < 0.05, “"P < 0.01 vs. the control group. FITC fluorescein isothiocyanate.

types, including lung cancer.'”"? The antiapoptotic protein,
BCL-XL, is a key protein downstream of the STAT?3 signal-
ing pathway." In the current study, we found that t-STAT3,
p-STAT3, and BCL-XL were significantly decreased in A549
cells treated with SCU in concentration-dependent manners.
This shows that the STAT3 oncogenic pathway contributes
to SCU-induced apoptosis of A549 cells.

The AKT/mTOR pathway is a major anti-apoptotic path-
way that controls cell differentiation, survival, and malignant
transformation. Inhibition of this pathway is been regarded as
a potential anti-cancer therapy. mTOR contains two distinct
multiprotein signaling complexes: mTOR complex(C)1 and

Thoracic Cancer 10 (2019) 492-500

mTORC2. AKT can indirectly activate mTORC1.>%'° 4E-BP1
is a negative regulator of protein translation in mammalian
cells and can be inactivated by p-mTOR, which promotes its
dissociation from eIF-4E. Dephosphorylated 4EBP1 combines
with eIF-4E and inhibits the initiation of translation in the
presence of mTOR inhibitors.” Our results show that SCU
suppresses pan-AKT, mTOR, and p-mTOR, and increases
4EBP1 significantly, indicating that the anticancer effects of
SCU might be linked to inactivation of the AKT/mTOR/4-
EBP1 pathway.

Overall, we identified that SCU inhibits proliferation
of A549 cells, and induces GO/G1 phase arrest and

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 497
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and cellular evidence that SCU may be a promising

anticancer drug.
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