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Background: 18f-glycyrrhetinic acid (18B-Gly), which is extracted from licorice root, has
various pharmacological properties; however, its anti-cancer effects on lung cancer cells have
not been fully established.

Purpose: In this study, we investigated the underlying molecular mechanisms of 18B-Gly.
Results: Our results showed that 18B-Gly had significant cytotoxic effects and no apparent
side effects. 18B-Gly induced mitochondria-dependent apoptosis of A549 lung cancer cells.
In addition, after treatment with 18B-Gly, intracellular reactive oxygen species (ROS) levels
were significantly increased, and G2/M cell cycle arrest and inhibition of cell migration were
induced via the mitogen-activated protein kinase (MAPK)/signal transducer and activator of
transcription 3 (STAT3)/nuclear factor kappa (NF-kB) signaling pathways. After pretreat-
ment with the ROS scavenger N-acetyl-L-cysteine or MAPK inhibitors, the expression levels
of phosphorylated p38 (p-p38), phosphorylated c-Jun N-terminal kinase, inhibitor of nuclear
factor kappa B, cleaved caspase-3 (cle-cas-3), cleaved poly (ADP ribose) polymerase (cle-
PARP), p-p53, p27, p21, and E-cadherin were decreased; and levels of phosphorylated
extracellular signal-regulated kinase, p-STAT3, NF-kB, Bcl-2, cyclin BIl, cyclase-
dependent kinase 1/2 (CDK1/2), N-cadherin, vimentin, and snail homolog 1 (SNAI 1)
were increased. In addition, the percentage of cells in the G2/M phase was decreased, and
inhibition of migration was reduced.

Conclusion: In summary, 183-Gly induced apoptosis and G2/M cell cycle arrest and
inhibited migration via the ROS/MAPK/STAT3/NF-kB signaling pathways in A549 lung
cancer cells. Therefore, 18B-Gly is a novel promising candidate for the treatment of lung
cancer.

Keywords: 183-glycyrrhetinic acid, lung cancer, apoptosis, cell cycle arrest, ROS, cell

migration

Introduction

Lung cancer is one of the most common malignant tumors, with a morbidity and
mortality that has rapidly increased globally in recent decades.' Despite advances in
early detection and treatment strategies for lung cancer, the 5-year survival rate is
still below 20%.”

apy, radiation therapy, or a combination. In addition, systemic chemotherapy is

Treatment options for lung cancer included surgery, chemother-

commonly used to treat advanced lung cancer by controlling symptoms and
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prolonging survival.® Despite improved chemotherapy,
long-term survival in patients with advanced lung cancer
remains low.* Therefore, it is important to study the patho-
genesis and molecular mechanisms of lung cancer, and to
identify novel therapeutic drugs with high anti-cancer effi-
cacy and few side effects.

In recent years, natural compounds derived from tradi-
tional Chinese medicines have become a research hotspot
in the development of highly effective anti-cancer drugs
with few side effects.® 18p-glycyrrhetinic acid (18-Gly)
is the major bioactive component of Glycyrrhizae Radix,
possessing antiulcerative, anti-inflammatory, and antiproli-
ferative properties.”” In addition, 18B-Gly inhibits migra-
tion and invasion via the reactive oxygen species (ROS)/
protein kinase C-alpha/ERK pathways in human gastric
cancer cells.'” However, to date, the effects of 18p-Gly
on lung cancer remain unclear.

ROS, mainly produced by mitochondria, play an
Most

research has focused on the regulatory relationship
12,13

important role in various signaling pathways."

between ROS and downstream signaling pathways.
Mitogen-activated protein kinase (MAPK) and p53 are
two important downstream molecules regulated by ROS,
and are involved in tumor migration, invasion, apoptosis,
and cell cycle arrest.'*'® In addition, various ROS-related
transcription factors are associated with the epithelial—
mesenchymal transition (EMT) such as snail homolog 1
(SNAI 1), E-cadherin, N-cadherin, and vimentin.'¢

In this study, we evaluated the effects of 183-Gly on
A549 lung cancer cells. We also investigated the potential
molecular mechanisms of 18B-Gly in A549 cells, includ-
ing the relationship of MAPK, signal transducer and acti-
vator of transcription 3 (STAT3), and other signaling
pathways. The results of our study indicate that 18p-Gly
may be a potential candidate for treating human lung
cancer.

Materials and Methods

Chemicals and Reagents

18B-Gly was obtained from Herbpurify Co., Ltd. (purity >
98%; Chengdu, China), and it was dissolved with cell-
level dimethyl sulfoxide (DMSO). The final concentration
of DMSO is less than 0.5%, which can rule out the
cytotoxic effect of the solvent on the cells. The
Mitochondrial Membrane Potential Assay Kit (JC-1),
DNA Content Quantitation Assay, and Nuclear Protein
Extraction Kit were obtained from Solarbio (Beijing,

China). Fetal bovine serum (FBS), Dulbecco’s modified
Eagle’s medium (DMEM), Roswell Park Memorial
Institute-1640 (RPMI-1640), penicillin, and streptomycin
were purchased from Gibco (Waltham, MA, USA). Cell
Counting Kit-8 (CCK-8), Apoptosis and Necrosis Assay
Kit, Annexin V-FITC Apoptosis Detection Kit, and ROS
Assay Kit were purchased from Beyotime Institute of
Biotechnology (Shanghai, China). All of the antibodies
were purchased from Santa Cruz Biotechnology, Inc.
(Dallas, TX, USA). S5-Fluorouracil (5-FU, purity >
99.86%) and MAPK inhibitors (SB203580, inhibitor of
p38; SP600125, inhibitor of c-Jun N-terminal kinase
(JNK); FR180204, inhibitor of ERK) were obtained from
MedChem Express (Princeton, NJ, USA). N-Acetyl-
L-cysteine (NAC) and dimethyl sulfoxide were purchased
from Sigma (St. Louis, MO, USA). Secondary antibodies
were purchased from ZSGB-Bio, Inc. (Beijing, China).

Cell Lines and Cell Culture

A549, NCI-H23, and NCI-H460 human lung cancer cells
(American Type Culture Collection, Manassas, VA, USA)
were cultured in DMEM supplemented with 10% FBS,
100 U/mL penicillin, and 100 pg/mL streptomycin. IMR-
90 human embryonic lung fibroblasts, GES-1 human nor-
mal gastric cells, and 293T human embryonic kidney cells
were maintained in RPMI-1640 medium (Saiqi Biotech
Co., Ltd., Shanghai, China). All of the cells were cultured
in humidified 5% CO, at 37°C.

CCK-8 Assay

The CCK-8 assay was used to determine cell viability
following treatment with 18B-Gly. All of the cells were
seeded at a density of 1 x 10% cells/well into 96-well
culture plates, and then treated with 5-FU and 18B-Gly at
different concentrations (10, 20, 30, 40, and 50 uM) for 24
h or different time points (6, 12, 24, and 36 h) at the half
maximal inhibitory concentration (ICsg). After incubation,
10 uL. CCK-8 solution was added to each well and incu-
bated for 3 h. The absorbance was detected at 450 nm by
a microplate reader (BioTek Instruments Inc., Winooski,
VT, USA).

Cell Apoptosis Assay

The apoptotic nuclear changes were determined by
Hoechst 33342/propidium iodide (PI) double staining.
A549 lung cancer cells were seeded at a density of 1 x
10° cells/well into 6-well culture plates, and treated with
15 uM 18B-Gly for 3, 6, 12, and 24 h. Briefly, 5 pL

5132 "

Dove!

OncoTargets and Therapy 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Luo et al

Hoechst staining solution and 2 pL. PI were added to each
well, followed by incubation for 20 min at 4°C. Then cells
were washed once with phosphate-buffered saline (PBS),
and observed using a fluorescence microscope (Thermo
Fisher Scientific, Waltham, MA, USA). After treating
a separate group of cells with 15 puM 18B-Gly for 3, 6,
12, and 24 h, cells were collected and re-suspended in 195
pL  Annexin V staining buffer. Subsequently, 3 pL
Annexin V-FITC and 2 pL PI were added to the cells.
After incubation at room temperature for 10 min, the
percentage of apoptotic cells was analyzed by flow cyto-
metry (FCM; Beckman Coulter, Brea, CA, USA).

Electron Microscopy

The A549 cells were exposed to alcohol and immersed
overnight in a fixator consisting of 1% glutaraldehyde and
4% paraformaldehyde at 4°C. The cells were washed with
PBS and fixed in 1% osmium tetroxide. After immobiliza-
tion, the ethanol was dehydrated and cells were embedded
and polymerized. The cells were sectioned by ultramicro-
section, stained with 1% uranyl acetate and lead citrate,
and observed by transmission electron microscopy (TEM)
(JEM-2100Plus; JEOL Ltd., Tokyo, Japan).

Measurement of Mitochondrial

Membrane Potential

The change in mitochondrial membrane potential (Ay,,) in
the A549 cells was detected by FCM after staining with
JC-1. A549 cells were seeded in 6-well plates at a density
of 1 x 10° cells/well, cultured for 24 h, and then treated
with 15 uM 18B-Gly for 3, 6, 12, and 24 h. After centri-
fugation at 5000 x g for 6 min at room temperature, the
collected cells were stained with JC- for 30 min at 37°C.
Then cells were washed twice with 1 x JC staining buffer
solution (3 min/time), and the data were analyzed
by FCM.

Nuclear Extract Preparation

The Nuclear Protein Extraction Kit was used to prepare
the nuclear extracts. Briefly, A549 cells were treated with
15 uM 18B-Gly for 3, 6, 12, and 24 h, and then collected at
500 x g for 3 min. Then the cells were re-suspended with
80 pL plasma protein extraction reagent and incubated on
ice for 10 min. Cells were centrifuged at 12,000 x g for 10
min at 4°C, and the supernatants contained the cytosolic
extract. The precipitate was resuspended in 50 pL nuclear
protein extraction reagent and incubated on ice for 10 min,

followed by centrifugation at 12,000 x g for 10 min at
4°C. The supernatants contained the nuclear proteins.

Western Blot Analysis

The expression levels of proteins were detected by
Western blotting. Treated cells were collected and sus-
pended in protein lysis buffer for at least 30 min on ice.
Cell lysates were clarified by centrifugation at 12,000 x
g for 30 min at 4°C, and the supernatants were mixed with
5% buffer and boiled for 5 min. An equal amount of
protein (30 pg) was loaded onto 8-12% SDS-PAGE gels
and electrotransferred to nitrocellulose membranes
(Billerica, MA, USA). Then the membranes were blocked
in 5% nonfat skim milk and probed with primary antibo-
dies. After washing, the membranes were incubated with
horseradish peroxidase-conjugated secondary antibodies.
Proteins were visualized by enhanced chemiluminescence
(Bio-Rad, Hercules, CA, USA) and quantified with ImageJ
version 1.42q.

Measurement of ROS Levels

Intracellular ROS levels were measured using the fluores-
cent probe 2',7'-dichlorofluorescein diacetate (DCFH-DA).
A549 cells and IMR-90 human embryonic lung fibroblasts
were treated with 15 uM 18B-Gly for 3, 6, 12, and 24 h,
and then incubated with 10 uM DCFH-DA for 20 min at
37°C. After incubation, cells were collected and washed
with PBS.
by FCM.

Intracellular ROS levels were analyzed

Analysis of Cell Cycle Arrest

The cell cycle arrest of A549 cells was detected by PI
staining. A549 cells were treated with 15 uM 18B-Gly for
3, 6, 12, and 24 h. Then, 1 x 10° cells were collected at
2000 x g for 5 min and washed with PBS. Cells were fixed
in cold 70% ethanol for 4 h and incubated with 100 pL
RNase A solution for 30 min at 37°C. Then the cells were
incubated with 400 pL. PI for 30 min at 4°C in the dark,
followed by cell cycle analysis by FCM.

Wound Healing Assay

The wound healing assay was used to detect cell migra-
tion. A549 cells were seeded in 24-well plates at a density
of 3 x 10° cells/well. When the cell density was >90%,
scratches were created in the cell cultures using a 10 uL
micropipette tip and PBS was used to remove dislodged
cells. Cells were treated with 15 pM 188-Gly for 3, 6, 12,
and 24 h, and the wound closure images representing cell
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migration were observed with an inverted microscope. The
gap area was quantified by ImagelJ version 1.42q.

Transwell Migration Assay

The Transwell assay was used to detect cell migration.
AS549 cells were seeded in 12-well plates at a density of
1 x 10° cells/well. Cells were added to the upper chamber
with serum-free DMEM medium, while the medium with
10% FBS was
a chemoattractant. Cells were treated with 15 uM 18p-
Gly for 3, 6, 12, and 24 h, cells were stained by 0.1%
crystal violet solution and then counted via microscope.

placed in the lower chamber as

Statistical Analysis

Statistical analysis was performed using SPSS version
21.0. All of the results are presented as the mean + stan-
dard deviation (SD) of at least three replicates. The #-test
was used to compare the means of two groups and one-
way analysis of variance was used to compare more than
two groups. P < 0.05 was considered to be statistically
significant.

Results
I8B-Gly Inhibits the Proliferation of Lung

Cancer Cells

To determine the cytotoxic effects of 18B-Gly, three
lung cancer cell lines (A549, NCI-H23, NCI-H460)
and three human normal cell lines (IMR-90, GES-1,
293T) were treated with 5-FU or 18B-Gly, and the cell
viability was determined by the CCK-8 assay. As
shown in Figures 1A and C, the viabilities of three
lung cancer cell lines (A549, NCI-H23, NCI-H460)
were more significantly decreased in concentration-
and time-dependent manners by 18B-Gly than by
5-FU (p < 0.001). In addition, the viabilities of three
normal cell lines (IMR-90, GES-1, 293T) were also
more significantly decreased with 18B-Gly compared
to 5-FU (p < 0.01; Figures 1B and D). When lung
cancer cells were treated with 18B-Gly for 36 h,
a large amount of cells were apoptotic and detached
from the plate, so this time point was not used in
subsequent experiments. When the lung cancer cells
18B-Gly for 24 h, the ICsg
(Table 1) was reached, so the time points chosen for

were treated with

subsequent experiments were 0, 3, 6, 12, and 24 h.

I8B-Gly Induces Apoptosis in Lung
Cancer A549 Cells

To determine the pro-apoptotic effects of 18B-Gly on
A549 cells, apoptotic nuclear changes were measured by
Hoechst 33342/PI double staining. As shown in Figure 2A,
the fluorescence intensity of the AS549 cells gradually
increased and cells became swollen and broken. FCM
was used to further detect the apoptosis of A549 cells.
The percentage of A549 cells was increased in a time-
dependent manner (p < 0.001; Figure 2B). During the
process of cell apoptosis, a series of changes in mitochon-
dria occur under the stimulation of apoptotic factors.
Therefore, we observed the changes in the mitochondria
of cells by TEM, FCM was used to detect the Ay,,, and
Western blotting was used to detect changes in related
apoptotic factors. The mitochondria was deformed and
swollen; the Ay, was gradually decreased; expression of
the pro-apoptotic factors B-cell lymphoma 2 (Bcl-2)-
associated agonist of cell death (Bad), cytochrome
C (Cyto C), cleaved-caspase-3 (cle-cas-3), and cleaved-
poly (ADP ribose) polymerase (cle-PARP) were gradually
increased; and expression of the anti-apoptotic factor Bcl-
2 was gradually decreased (Figure 2C—E). These results
indicate that 18B-Gly induces the mitochondria-dependent
apoptosis of A549 cells.

I8B-Gly Promotes Apoptosis via MAPK/
STAT3/NF-kB Signaling Pathways in A549

Lung Cancer Cells

To determine the mechanisms underlying the induction of
apoptosis of A549 lung cancer cells by 18B-Gly, the
expression levels of MAPK/STAT3/NF-«B signaling path-
way-related proteins were detected by Western blotting.
The expression levels of p-ERK, p-STAT3, and NF-«B
were decreased; and levels of phosphorylated (p-p38),
p-JNK, and inhibitor of nuclear factor kappa B (IxkB-a)
were increased (Figure 3A). As nuclear transcription fac-
tors, STAT3, NF-xB, and p-IkB are required for nuclear
transport. Briefly, the expression levels of STAT3, NF-kB,
and p-IxB were decreased (Figure 3B). These data demon-
strated that 18B-Gly promoted apoptosis via MAPK/
STAT3/NF-kB signaling pathways in A549 cells. To deter-
mine the upstream and downstream relationship between
MAPK and STAT3 signaling pathways in 18B-Gly-
induced apoptosis, A549 cells were pre-treated with three
MAPK inhibitors (SB203580, p38 inhibitor; SP600125,
JNK inhibitor; and FR180204, ERK inhibitor), and the
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Figure | Cytotoxic effects of 183-Gly on human lung cancer cells. (A) A549, NCI-H23, and NCI-H460 lung cancer cells were treated with different concentrations of 18-
Gly (10, 20, 30, 40, and 50 uM) for 24 h, after which their cell viabilities were determined by the CCK-8 assay. (B) IMR-90, GES-1, and 293T normal cells were treated with
different concentrations of 183-Gly (10, 20, 30, 40, and 50 uM) for 24 h, after which their cell viabilities were determined by the CCK-8 assay. (C) A549, NCI-H23, and NCI-
H460 cells were treated at different time points (6, 12, 24, and 36 h) with ICsq of 18B-Gly, after which their cell viabilities were determined by the CCK-8 assay. (D) IMR-90,
GES-1 and 293T cells were treated at different time points (6, 12, 24, and 36 h) with ICso of 18B-Gly, after which their cell viabilities were determined by the CCK-8 assay.
Data are expressed as the means + SDs. *P < 0.05, **P < 0.01, **P < 0.001 vs control.
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Table | ICsq Values of 18B-Gly and 5-FU in Lung Cancer Cells

Cell Line 5-FU (uM) 18p-Gly (uM)
A549 36.83+1.87 15.73+1.47
NCI-H23 40.841.83 24.92+1.18
NCI-H460 39.17+2.26 18.38+1.52

Note: The ICs, values were calculated using GraphPad Prism software.

expression levels of MAPK, STAT3 were detected by
Western blotting. After pretreatment with p38 and JNK
inhibitors, compared with the 18B3-Gly group, the expres-
sion levels of p-p38, p-JNK, cle-cas-3, and cle-PARP were
decreased; and p-STAT3 and Bcl-2 were increased in the
18B-Gly + inhibitor group (Figures 3C and D). In addition,
after pre-treatment with ERK inhibitors, compared with
the 18B-Gly group, the expression levels of p-ERK,
p-STAT3, and Bcl-2 were decreased; and those of cle-cas
-3 and cle-PARP were increased in the 18B-Gly + inhibitor
group (Figure 3E). These results indicate that MAPK
regulates the STAT3 signaling pathway in 18B-Gly-
treated A549 cells.

I8B-Gly Induces Apoptosis via ROS-
Mediated MAPK/STAT3/NF-kB Signaling
Pathways in A549 Lung Cancer Cells

When cells undergo apoptosis, the function and structure
of the mitochondria are changed, which led to an increase
in intracellular ROS levels. Therefore, to investigate the
changes in ROS levels in 18B3-Gly-treated A549 cells, the
intracellular ROS levels were detected by FCM. As shown
in Figures 4A and B, the intracellular ROS levels in A549
cells increased in a time-dependent manner after 183-Gly
treatment. But in IMR-90 human embryonic lung fibro-
blasts, the intracellular ROS levels were decreased. After
pretreatment with NAC, apoptosis was detected by FCM
and the changes in mitochondrial morphology were
observed by TEM. Compared with the 18B-Gly group,
apoptosis of the 18B-Gly + NAC group was significantly
decreased (p < 0.001; Figure 4C). Briefly, compared with
the 18B-Gly group, partial mitochondrial morphology of
the 18B-Gly + NAC group returned to normal (Figure 4D).
In addition, to determine whether 18B-Gly regulates
MAPK/STAT3/NF-kB signaling pathways by upregulating
intracellular ROS levels, the expression of related signal-
ing pathway protein levels were detected by Western blot-
ting after pretreatment with NAC. As demonstrated in
Figure 4E, compared with the 18B-Gly group, the

expression levels of p-p38, p-JNK, IkB-a, cle-cas-3, and
cle-PARP of 18B-Gly + NAC group were decreased; and
the expression levels of p-ERK, p-STAT3, NF-«xB, and
Bcl-2 in the 18B-Gly + NAC group were increased.

I8B-Gly Induces G2/M Cell Cycle Arrest

by ROS in Lung Cancer A549 Cells

To verify the effects of 18B-Gly on cell cycle arrest in A549
cells, the cell cycle was measured by FCM and the expres-
sion levels of cell cycle protein were measured by Western
blotting. The populations of cells in the G1 phase were
gradually decreased, and the numbers of cells in the G2/M
phase were gradually increased (Figure 5A). Furthermore,
the protein expression levels of p-p53, p27, and p21 were
increased; and levels of cyclin Bl and CDKI1/2 were
decreased (Figure 5B). To further explore the role of ROS
in G2M cell cycle arrest after treatment with 183-Gly, we
pre-treated cells with NAC. The percentage of A549 cells in
the G2/M phase was detected by FCM, and the expression
levels of G2/M cell cycle-related proteins were measured by
Western blotting (Figures 5C and D). After pretreatment
with NAC, compared with the 18B-Gly group, the percen-
tage of cells in the G2/M phase cells of the 18B-Gly+NAC
group was decreased (p < 0.001; Figure 6C). The expression
levels of p-p53, p27, and p21 of the 18B-Gly+NAC group
were decreased; and the levels of cyclin B1 and CDK1/2 of
the 18B-Gly+NAC group were increased.

I8B-Gly Inhibits Cell Migration via the
MAPK Signaling Pathway

Cancer cell metastasis is the leading cause of cancer-
related death; thus, inhibiting cancer cell migration could
prolong the survival of cancer patients. Therefore, trans-
well assay was used to detect cell migration. As shown in
Figures 6A, 18B-Gly significantly inhibited the migration
of A549 cells in a time-dependent manner. Then, we used
the wound healing assay to explore the effects of 18B-Gly
on the migration of A549 cells. Compared with the control
group, the 183-Gly+NAC group had significantly inhibited
cell migration (p < 0.001; Figure 6B). Next, the related
migrating protein expression levels were evaluated by
Western blotting. As demonstrated in Figure 6C, the
expression levels of E-cadherin were increased; and
those of N-cadherin, vimentin, and SNAI 1 were decreased
in a time-dependent manner. In addition, compared with
the 18B-Gly group, the relative migration distance of the
18B-Gly+NAC group was increased; the expression levels
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Figure 2 Apoptotic effects of 18B-Gly on A549 cells. (A) A549 cells were double stained with Hoechst 33342 and P, and the fluorescence intensities and morphology
changes were observed under a fluorescence microscope (original magnification, 200%). (B) Percentage of apoptotic cells was detected by flow cytometry. (C)
Mitochondrial morphology was observed by an electron microscope, the morphological changes of mitochondria occurred at the arrow marks. (D) The MMP was detected
by FCM. (E) The protein expression levels were measured by Western blotting after treatment of A549 cells with 18B-Gly. The percentage of apoptotic cells represents the
means * SDs. B-actin served as the loading control. **P < 0.01, **P < 0.001 vs O h.
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Figure 3 Effects of 18B-Gly on MAPK/STAT3/NF-kB signaling pathways in A549 cells. (A) Expression levels of p-p38, p-JNK, p-ERK, p-STAT3, NF-kB, and IkB-o were
measured by Western blotting. (B) Expression levels of STAT3, NF-kB, and p-IkB in the nucleus were measured by Western blotting. (C) Expression levels of p-p38,
p-STAT3, Bcl-2, cle-cas-3, and cle-PARP proteins in 18B-Gly and p38 inhibitor-treated A549 cells. (D) Expression levels of p-JNK, p-STAT3, Bcl-2, cle-cas-3, and cle-PARP
proteins in |8B-Gly and JNK inhibitor-treated A549 cells. (E) Expression levels of p-ERK, p-STAT3, Bcl-2, cle-cas-3, and cle-PARP proteins in 18f3-Gly- and ERK inhibitor-
treated A549 cells. B-actin and Lamin Bl were served as the loading controls. *P < 0.05, **P < 0.01, ***P < 0.001 vs 0 h or 18B-Gly + MAPK inhibition.

of E-cadherin of the 183-Gly+NAC group were decreased,
and the expression levels of N-cadherin, vimentin, and
SNAI 1 of the 18B-Gly+tNAC group were increased
(Figures 6D and E). The MAPK signaling pathway regu-
lates cell migration, so we pre-treated cell with MAPK
inhibitors and the expression levels of migrated proteins
were measured by Western blotting. As Compared with the
18B-Gly group, the expression level of E-cadherin of the
18B-Gly+inhibitors group was decreased, and the expres-
sion level of N-cadherin, vimentin, and SNAI 1 of the 18f-

Gly+inhibitor group was increased (Figures 6F and G).
Furthermore, compared with the 18B3-Gly group, the
expression level of E-cadherin of the 183-Gly+FR180204
group was increased, and the expression levels of
N-cadherin, vimentin, and SNAI 1 of the 183-Gly+inhibi-
tor group were decreased (Figure 6H).

Discussion
18p3-Gly is one of the key bioactive components of licorice
root, and it has been used in Chinese medicine to treat
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Figure 4 Effects of 18B-Gly on ROS generation and inducing apoptosis of A549 cells. (A) A549 cells were treated with 183-Gly, and intracellular ROS levels were measured
by FCM. (B) IMR-90 normal cells were treated with 18B-Gly, and intracellular ROS levels were measured by FCM. (C) A549 cells were treated with NAC and 18B-Gly. Then
the percentage of apoptotic cells was detected by FCM. (D) A549 cells were treated with NAC and [8B-Gly. Next, mitochondrial morphology was observed by
a transmission electron microscope, the morphological changes of mitochondria occurred at the arrow marks. (E) A549 cells were treated with 18B-Gly and NAC,
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Figure 5 Effects of 183-Gly on the cell cycle in A549 cells. (A) The percentage of cell cycle as detected by FCM. (B) Expression levels of G2/M cell cycle-related proteins
cyclin BI, CDKI/2, p21, and p27 were examined by Western blotting after treatment with I8B-Gly. (C) A549 cells were treated with NAC and 183-Gly, and then the
percentage of cell cycle was detected by flow cytometry. (D) A549 cells were treated with 18B-Gly and NAC, after which the expression levels of cyclin BI, CDKI/2, p21,
and p27 were detected by Western blotting. B-actin was used as the loading control. ns, not significant, *P < 0.05, **P < 0.01, **P < 0.001 vs 0 h or the NAC + 18B-Gly
group.
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Figure 6 Effects of 18B3-Gly on cell migration in A549 cells. (A) Transwell migration assay detects cell migration. (B) Cell migration was observed by an inverted microscope.
(C) Expression levels of E-cadherin, N-cadherin, vimentin, and SNAI | were examined by Western blotting after treatment with 18B-Gly. (D) A549 cells were treated with
NAC and 18B-Gly, and then cell migration were observed by an inverted microscope. (E) A549 cells were treated with 18B-Gly and NAC, after which the expression levels
of E-cadherin, N-cadherin, vimentin, and SNAI | were detected by Western blotting. (F) A549 cells were treated with |183-Gly and SB203580, after which the expression
levels of E-cadherin, N-cadherin, vimentin, and SNAI | were detected by Western blotting. (G) A549 cells were treated with 18B3-Gly and SP600125, after which the
expression levels of E-cadherin, N-cadherin, vimentin, and SNAI | were detected by Western blotting. (H) A549 cells were treated with |83-Gly and FR180204, and the
expression levels of E-cadherin, N-cadherin, Vimentin, and SNAI | were detected by Western blotting. B-actin was used as the loading control. ns, not significant, *P < 0.05,

#P< 0.01, ¥**P < 0.001 vs O h or the NAC + 18B-Gly group.

many diseases.'"'® A previous study revealed that 18p-
Gly induced apoptosis by regulating the PI3K/Akt and NF-
kB signaling pathways in prostate carcinoma cells.'
Another study demonstrated that 183-Gly induced apopto-
sis via the Akt/FOXO3a/Bim signaling pathway in breast
cancer MCF-7 cells.?* To date, the underlying mechanisms
of 18B-Gly in lung cancer cells remain unclear. In this
study, we showed that 18B-Gly significantly reduced A549
cell viability and the side effects were lower than those of
the 5-FU group.

We selected three normal cell types, among which,
human lung fibroblasts (IMR-90) are extracted from embryo-
nic cells, their primary properties have not transformed. It
can directly reflect the toxicity effects to the human lung in
the toxicity study of compound and has higher sensitivity and
accuracy. During the absorption process, the drug will pass
through the gastrointestinal tract. Some drugs will be meta-
bolized by enzymes secreted by the gastrointestinal mucosa.
In addition, kidney is an important organ of the human body.
Its basic function is to remove metabolites and some wastes
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and poisons in the body. Therefore, we chose the IMR-90,
GES-1, and 293T cells as controls.

Next, we detected the underlying molecular mechan-
ism of 18B-Gly in lung cancer A549 cells.

Apoptosis is usually induced by chemotherapeutics and
plays a vital role in the clinical treatment of human
cancer.”'?*> When cells undergo apoptosis, the Ay, disap-
pears, membrane permeability changes, a large amount of
cytochrome C is released, and caspase 3 is cleaved. The Bcl-
2 family of proteins are the major regulators of cytochrome
C release from the outer membrane of mitochondria into the
cytoplasm. In addition, Bcl-2 and BAD also play regulatory
roles in apoptosis.”* %’ In this study, we found that 18p-Gly
induced apoptosis via a mitochondria-dependent pathway.

Accumulating evidence has shown that apoptosis is
regulated by many signaling pathways, such as MAPK,
STAT3, and NF-kB.?® 3% MAPKSs are critical for the trans-
duction of signals from the cell surface to the nucleus.
Among the members of the MAPK family, ERK is mainly
responsible for the control of growth and differentiation,
and JNK and p38 have roles in apoptosis as well as
3134 The
STAT family of proteins is localized in the cytoplasm

inflammation, growth, and differentiation.
and can translocate to the nucleus and bind to DNA
after activation.’>*® They have dual functions of signal
transduction and transcription regulation. Among the
STAT family members, STAT3 is most closely related to

malignancies and participates in the signal transduction
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Figure 7 Mechanisms underlying the anti-cancer effects of 18B-Gly on A549 human lung cancer cells.

5142 o

Dove!

OncoTargets and Therapy 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Luo et al

process of many cytokines. NF-«kB, an important nuclear
transcription factor in cells, induces apoptosis by regulat-
ing the cell cycle of cancer cells.*”*® Our results indicate
that 18B-Gly regulates the MAPK/STAT3/NF-«kB signal-
ing pathways, and MAPK is upstream of the STAT3
signaling pathway.

ROS is a second messenger that regulates signal trans-
duction pathways related to cell proliferation, differentia-
tion, and apoptosis.***° In this study, we investigated the
relationship between ROS and apoptosis, cell cycle, and
cell migration-related signaling pathways. The results
showed that 18B3-Gly had a pro-oxidation effect on A459
cells, while 18B-Gly had an anti-oxidation effect on IMR-
90 human embryonic lung fibroblasts. We believe that the
mechanism of action of 18B-Gly in normal and cancer
cells is different, involving different signaling pathways,
and the specific mechanism needs to be further studied.

When DNA damage occurs in the G2 phase, cells undergo
G2/M phase cell cycle arrest, degradation of the CDK1-cyclin
B1 complex is inhibited, and the expression levels of p53 and
p21 are increased.*' Our results showed that 18f-Gly induced
G2/M cell cycle arrest; decreased the expression levels of
cyclin Bl and CDK1/2; and increased the levels of p-p53,
p21, and p27. In addition, ROS participated in regulating G2/
M cell cycle arrest induced by 18B-Gly.

EMT modifies adhesion molecules expressed by the cell,
which then adopt an invasive behavior, playing an essential
role in cancer invasion and metastasis. E-cadherin,
N-cadherin, vimentin, and SNAI 1 are involved in the
EMT process.*** In this study, we showed that 18p-Gly
upregulated the expression levels of E-cadherin, and down-
regulated the expression levels of N-cadherin, vimentin, and
SNAI 1. We also found that ROS and MAPK were involved
in the process of 18B-Gly-mediated inhibition of cell migra-
tion. These results further confirm the ability of 18B-Gly to
inhibit lung cancer cell migration.

In conclusion, the results of this study demonstrated
that 18B-Gly induced apoptosis and G2/M cell cycle arrest
and inhibited migration via the ROS/MAPK/STAT3/NF-
kB signaling pathways in AS549 lung cancer cells
(Figure 7). This is the first study to show the molecular
mechanisms underlying the anticancer effects of 183-Gly
on lung cancer. Thus, 18B-Gly has the potential to be used
as a chemopreventive agent for lung cancer.
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