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Background: Calycosin, an active compound in plants, can promote the apoptosis of
various cancer cells; however, the mechanism by which it regulates reactive oxygen species
(ROS) in gastric cancer (GC) cells remains unclear.

Purpose: In this study, we investigated the effects of calycosin on apoptosis, the cell cycle,
and migration in GC cells under ROS regulation.

Results: The results of the Cell Counting Kit-8 assay suggested that calycosin had sig-
nificant cytotoxic effects on 12 gastric cancer cells, but no significant cytotoxic effects on
normal cells. Hoechst 33342/propidium iodide (PI) double staining and flow cytometry
showed that calycosin had clear pro-apoptotic effects on AGS cells. Western blotting
revealed that the expression of cytochrome C and pro-apoptotic proteins B-cell lymphoma
2 (Bcl-2)-associated agonist of cell death (Bad), cleaved (cle)-caspase-3, and cle-poly (ADP-
ribose) polymerase gradually increased, and the expression of anti-apoptotic protein Bcl-2
gradually decreased. Calycosin also decreased the expression of extracellular signal-
regulated kinase, nuclear factor kappa B (NF-kB), and signal transducer and activator of
transcription 3 (STAT3), and increased the phosphorylation levels of p38, c-Jun N-terminal
kinase, and inhibitor of NF-kB. In addition, calycosin markedly increased ROS accumula-
tion, and pretreatment with active oxygen scavenger n-acetyl-l-cysteine (NAC) clearly
inhibited apoptosis. Calycosin downregulated the cell cycle proteins cyclin-dependent kinase
2 (CDK2), CDK4, CDKG6, cyclin D1, and cyclin E; upregulated p21 and p27; and arrested
cells in the GO/G1 phase. Similarly, calycosin also downregulated Snail family transcrip-
tional repressor 1, E-cadherin, and B-catenin and inhibited cell migration. However, pretreat-
ment with NAC inhibited the calycosin-induced effects of cycle arrest and migration.
Conclusion: In summary, calycosin induces apoptosis via ROS-mediated MAPK/STAT3/
NF-«xB pathways, thereby exerting its anti-carcinogenic functions in GC cells.

Keywords: calycosin, human gastric cancer, apoptosis, cell cycle, cell migration, reactive
oxygen species

Introduction

With the irregular diet and life of modern people, the incidence of gastric cancer
(GC) is gradually increasing. According to the prediction of Joinpoint software, the
total number of GC cases will increase with the aging of China’s population, which
is a serious threat to human health and life.'” Although significant progress has
been made in GC treatments over the past few decades, the survival rate of GC
patients remains poor.>* Several first-line chemotherapy drugs inevitably lead to
resistance, strong adverse reactions, and toxicity that damages the normal cell
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morphology, resulting in low survival rates.” The above
factors have greatly limited advancements in chemother-
apy. To overcome this issue with chemotherapy drugs and
improve the survival rate, highly efficient Chinese herbs
with low toxicity during the treatment process have
recently garnered increasing attention.

In the process of aerobic cell metabolism, if oxygen
is not completely reduced to water, it generates oxygen
free radicals and non-radical oxygen, both of which are
known as reactive oxygen species (ROS).®’ Excessive
ROS are generated in mitochondria from tumor cells,
which can cause damage to the bacterial biofilm on the
cell and simultaneously suppress cancer cell prolifera-
tion, and cause apoptosis, cell cycle arrest, and migration
by regulating the mitogen-activated protein kinase
(MAPK), signal transducer and activator of STAT3, and
NF-kB signaling pathways.®* '® These processes are
involved in oxidative stress. Cytochrome C and the acti-
vation of caspase-3 can cleave the PARP substrates,
including the pro-apoptotic protein B-cell lymphoma 2
(Bcl-2)-associated agonist of cell death (Bad) and anti-
apoptotic protein B-cell lymphoma 2 (Bcl-2), all of
which promote activation of cell apoptotic pathways.''*'?

Research on the treatment of cancer by traditional
Chinese medicine (TCM) extracts has led to great progress
in understanding the mechanism of action and mode of

medicine.'> 13

administration of a single Chinese
Calycosin is a fat-soluble component in the dried root of
Astragalus membranaceus, which are organic compounds
widely found in nature. Calycosin exerts various anti-
tumor activities in vitro and in vivo,'®'® but its mechan-
ism of action in human GC cells is not clear.

In this study, we evaluated the effects of calycosin on
apoptosis, the cell cycle, and migration of GC cells under
ROS regulation. In addition, we also determined the roles

of MAPK/STAT3/NF-kB pathways in these processes.

Materials and Methods

Cell Lines and Cell Culture

Twelve types of GC cells (AGS, KATO-3, MKN-28,
MKN-45, NCI-N87, SNU-5, SNU-216, SNU-484, SNU-
668, YCC-1, YCC-6, and YCC-16) and normal human
lung cells IMR-90 were purchased from American Type
Culture Collection (Manassas, VA, USA), and three nor-
mal cell lines (GES-1, L-02, and 293T) were purchased
from Saiqi Biotech Co., Ltd (Shanghai, China). AGS,
KATO-3, MKN-28, MKN-45, SNU-5, SNU-216, SNU-

484, SNU-668, IMR-90, and L-02 cells were maintained
in RPMI 1640 medium (Gibco, Waltham, MA, USA).
NCI-N87, YCC-1, YCC-6, YCC-16, GES-1, and 293T
cells were grown in Dulbecco’s Modified Eagle Medium
(Gibco) supplemented with 10% fetal bovine serum
(Gibco), 100 U/mL penicillin (Gibco), and 100 pg/mL
streptomycin  (Gibco). All cells were cultured in
a humidified atmosphere of 5% CO, incubator (Sanyo,
Osaka, Japan) at 37°C, and the number of cells maintained

at 80%.

Cell Counting Kit-8 Assay

The cytotoxic effects of calycosin on 12 GC cells and 4
normal cells were assessed using the Cell Counting Kit-8
(CCK-8) assay (Solabio, Beijing, China). In brief, 16 cells
in the logarithmic growth phase were inoculated into a 96-
well plate (1x10* cells/well) overnight. Then the cells in
each well were treated with calycosin (Chengdu, China)
and cisplatin (Princeton, NJ, USA), and 10 pL CCK-8
(Solarbio, Beijing, China) solution, and the cell viability
was measured by the enzyme-linked immunosorbent assay
(BioTek Instruments, Inc., Winooski, VT, USA).

Cell Apoptosis Analysis

AGS cells were seeded in a 6-well plate and treated with
47 uM calycosin for 24 h. Then the cells were detected
using the Hoechst 33342/PI Dual Staining Kit (Solarbio),
Annexin V Apoptosis Detection Kit (Solarbio), and
Mitochondrial Membrane Potential Assay Kit (Solarbio).
According to the manufacturer’s instructions, the cells
were stained with Hoechst 33342 and PI for 15 min. The
cell morphology was observed using the EVOS FL Auto
Cell Imaging System (Thermo Fisher Scientific, Waltham,
MA, USA). Furthermore, the AGS cells were cultured in
95 uL Annexin V Binding Buffer, followed by the addition
of Annexin V-FITC and PI, after which the apoptotic cells
were analyzed by flow cytometry (Beckman Coulter, Inc.,
Brea, CA, USA). In addition, the AGS cells were incu-
bated with 1 mL JC-1 staining solution at 37°C for 20 min,
and changes in mitochondrial membrane potential were
analyzed by flow cytometry.

Measurement of Cellular ROS Levels

AGS cells were treated with 47 uM calycosin for different
time points (3, 6, 12, and 24 h) in the logarithmic growth
phase. The cells were centrifuged for 5 min at 6000xg,
followed by washing with phosphate-buffered saline
(PBS). The cells were stained with 10 pmol/L DCFH-DA
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probe (Beyotime Institute Biotechnology, Shanghai, China)
in a 37°C constant temperature water bath (Senxin, Jiangsu,
China) for 30 min. After the cells were re-suspended with
PBS, the level of intracellular ROS was measured using
a flow cytometer. AGS cells were pretreated by adding
(NAC) Institute
Biotechnology), and apoptotic cells were analyzed by flow

n-acetyl-l-cysteine (Beyotime

cytometry.

Analysis of Cell Cycle Arrest

AGS cells in the logarithmic growth phase were exposed
to calycosin for different time points (3, 6, 12, and 24 h),
and fixed in 70% EtOH overnight at 4°C. Then AGS cells
were stained using the DNA Content Quantitation Assay
Kit (Solarbio), followed by incubation in a 37°C constant
temperature water bath for 30 min, and the addition of 400
pL PI at 4°C (Sanyo, Osaka, Japan) for 30 min. The DNA
content in the AGS cells treated with calycosin was mea-
sured by flow cytometry, and the cell cycle arrest was
analyzed.

Wound Healing Assay

The AGS cells in logarithmic growth phase were seeded in
a 6-well plate and cultured to a monolayer. Then scratches
were generated by a 200 pL pipette. The remaining cells
were washed with PBS and cultured in serum-free RPMI
1640 medium. After 2 h, 47 uM calycosin was added to
the cells, and images were taken at 3, 6, 12, and 24 h.

Preparation of Nuclear Extract

Nuclear proteins were extracted using the NE-PER
Nuclear and Cytoplasmic Extraction Reagent Kit
(Thermo Fisher Scientific). Cells in a 3.5 cm dish were
harvested and washed with pre-cooled PBS, followed by
the addition of 60 pL Cytoplasmic Extraction Reagent
I for 15 min and incubation with Cytoplasmic Extraction
Reagent II for 3 min. The cells were centrifuged
(Eppendorf, Hamburg, Germany) for 10 min at
13,000xg. The Nuclear Extraction Reagent for precipita-
tion was shaken once every 10 min, and the nuclear

proteins were collected from the supernatant.

Western Blot Analysis

AGS cells were extracted in lysis buffer, and then cen-
trifuged for 30 min at 12,000xg at 4°C. The protein
sample was calculated based on the measured ODsgs
value and the standard curve. The protein sample was
separated on 8—12% SDS-PAGE gels and then transferred

onto nitrocellulose membranes (Pall Corp., Hauppauge,
NY, USA). The desired target bands were cut out and
blocked in 5% skim milk (Becton Dickinson, Franklin
Lakes, NJ, USA) at room temperature (RT). Then the
membrane was incubated overnight with primary antibo-
dies (Santa Cruz Biotechnology, Inc., Dallas, USA) at 4°
C. Then the membrane was incubated with 1 pL goat anti-
mouse IgG or goat anti-rabbit IgG secondary antibody
(ZSGB Bio, Inc., Beijing, China) at RT for 2 h. Following
the incubation, Pierce ECL substrate (Thermo Fisher
Scientific) was added to the membrane, and proteins
were photographed using Amersham Imager 600 (GE,
Fairfield, CT, USA).

Statistics

All data were analyzed by SPSS 20.0, and analyses were
the average of at least three replicates. The results are
presented as x+s. Differences in mean values between
two groups were analyzed by the #-test, and *p < 0.05,
**p < 0.01, and ***p < 0.001 were considered statistically
significant.

Results

Cytotoxic Effects of Calycosin on Human
GC Cells

Calycosin had significant cytotoxic effects on the survival
of 12 different types of GC cells in concentration- and
time-dependent manners, and the toxicity was stronger
than that of cisplatin (Figure 1A and C), but was lower
than cisplatin in the 4 normal cell lines (Figure 1B and D).
The ICs, values of cisplatin and calycosin for each cell
line are shown in Table 1. AGS cells had the lowest ICs
value of 47.18 uM and was most sensitive to calycosin.
Therefore, AGS cells were selected for subsequent
experiments.

Calycosin Induces Apoptosis in AGS Cells
Hoechst 33342/PI double staining verified that calycosin
significantly increased AGS cell apoptosis to 62.11% at
24 h. The rounded edges of apoptotic cells were blurred,
and the degree of apoptosis was higher than that in the
cisplatin-treated group (Figure 2A). The time of AGS
cells with calycosin-treated was positively correlated
with the degree of apoptosis, and the number of apop-
tosis cells reached 64.09%.
a microscope at 24 h (Figure 2B). As the treatment

It is similar with under

time increased, the red-green ratio significantly

OncoTargets and Therapy 2021:14

submit your manuscript

2507

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhang et al Dove
A AGS KATO-3 MKN-28 MKN-45 C KATO-3
120 . 8 Cisplatin 15 )  Cisplatin 129 . ® Cisplatin 10 ® Cisplatin 120 . ® Cisplatin 120
100 g g o o s h s e Cabeoin oo [ e 0 Cabein oy [ e 0 Careosin 100 [ex L N 5
80 | & o F & 80 i 80 F o
60 1°7 60 M °q 60 0N
40 40 40
20 20 20
0 0 0
0 20 40 60 80 100 0 20 4¢ 60 80 100 0 20 40 60 80 100 0 0 0 3 6 1224 48
SN SNU-484 SNU-484
_|120 .. ..  ECiplti _ 120 S
£ oo e d 50 e TR 5o B[ 1 1 e
_—EE 80 F O ... 80 = L ‘._E“: 80 HEL
S 5|6 IR il Kl SE|e 1]
=240 40 o4
z3 |2 20 =S|
OX 0 0 OX 0
< 0 20 40 60 80 100 0 20 40 020 40 60 80100 < 0 03 6122448 03 6122448 03 6122448
120 ,,5’:}};6(“;?.,...‘" 120 vegd _'YC(.:'JG " 120 YCC.}'-N,.,.“,. 120 . Ye
100 (gn o 7 OCalveosin 1o (g 50 i 100 ha5 o Tt .. O Calycosin 100 (= 5
- a i ey 71 .
80 E . 80 1 i - 80 e 80
A 1] q Ly =
60 160 60 6
40 40 40 40
20 20 20 20
0 0 0 0

020 40 60 80 100 020 40 60 80 100 020 40 60 80 100 020 40 60 80 100 0 0 3 6122448 0
B Concentration (uM) D Time (h)
za 120 zan20 -
= £ [0 = £ [100 ki
2 2
IR 22|
= 3| 60 = 360
3 S| 40 3 S| 40
S| S|
<o Sl
020 40 60 80 100 0 20 40 60 80 100 020 40 60 80 100 020 40 60 80 100 0 3 6122448 0 3 6122448 0 3 6122448 0 3 6122448

Concentration (nM)

Time (h)

Figure | Cytotoxic effects of calycosin on GC cells. (A) Twelve human GC cell lines (AGS, KATO-3, MKN-28, MKN-45, NCI-N87, SNU-5, SNU-216, SNU-484, SNU-668,
YCC-I, YCC-6, and YCC-16) were treated with different concentrations of calycosin and cisplatin for 24 h, and the cell cytotoxic effects were determined by the CCK-8
assay. (B) Four human normal cell lines (GES-1, IMR-90, L-02, and 293T) were treated with different concentrations of calycosin and cisplatin for 24 h, and the cell cytotoxic
effects were determined by the CCK-8 assay. (C) Twelve human GC cell lines were treated with the ICsg of calycosin and cisplatin for 0, 3, 6, 12, 24, and 48 h, and the cell
cytotoxic effects were determined by the CCK-8 assay. (D) Four human normal cell lines were treated with the ICsq of calycosin and cisplatin for 0, 3, 6, 12, 24, and 48 h,
and the cell cytotoxic effects were determined by the CCK-8 assay. Representative data from at least three independent tests. *p < 0.05, **p < 0.01, and ***p < 0.001.

decreased, and the mitochondrial membrane potential in
the AGS cells decreased to 57.66%. The decrease was
most significant at 24 h after treatment (Figure 2C). In
addition, calycosin significantly increased the protein
expression levels of Bad, cle-caspase-3, cle-PARP, and
cytochrome C, while decreasing the protein expression
levels of Bcl-2 (Figure 2D). Taken together, these

Table | ICsq Value of Cisplatin and Calycosin in Twelve GC Cell
Lines

results indicate that calycosin may induce AGS cell
apoptosis.

Calycosin Induces Apoptosis via the
MAPK/STAT3/NF-kB Signaling Pathways
in AGS Cells

Calycosin treatment increased the expression levels of
p-p38, p-JINK, and IkB-o and decreased the expression
of p-ERK, p-STAT3, and NF-«xB (p65)
(Figure 3A). The decreased expression of nuclear loca-
lization signals STAT3, NF-kB, and IkB-o was detected
by Western blotting (Figure 3B). In addition, the
FR180204 (ERK inhibitor), SB203580 (p38 inhibitor),
and SP600125 (JNK inhibitor) were used to further
investigate the role of calycosin in inducing apoptosis
via MAPK and STAT3 signaling pathways. Inhibitors
can increase the protein expression level of p-STAT3
of
(Figure 3C-E). Taken together, these results demonstrate

levels

and decrease expression cle-caspase-3
that the effects of calycosin on apoptosis may be via the
MAPK/STAT3/NF-kB signaling pathways, and MAPK
may be involved in regulating the STAT3 signaling

pathway in AGS cells.

Number Cell Name Cisplatin (pM) Calycosin (uM)
| AGS >100 47.18+1.27
2 KATO-3 97.79+1 .41 82.17+1.31
3 MKN-28 80.00+1.25 71.93+2.18
4 MKN-45 84.78+2.39 71.06x1.62
5 NCI-N87 98.10%1.59 74.29+2.24
6 SNU-5 >100 96.78+2.18
7 SNU-216 >100 89.49+1.56
8 SNU-484 94.42+2.59 78.52+2.38
9 SNU-668 95.151.59 76.34x1.13
10 YCC-1 96.33+2.37 77.79+2.26
I YCC-6 >100 84.36+2.83
12 YCC-16 >100 92.24+1.66
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Figure 2 Calycosin induces apoptosis on AGS cells. (A) AGS cells were treated with 47 uM calycosin (0, 3, 6, 12, and 24 h) and stained with Hoechst 33342/PI. Fluorescence
microscopy of apoptotic AGS cells (original magnification: 400x). (B) AGS cells were stained with Annexin V-FITC/PI and analyzed by flow cytometry. (C) AGS cells were
labeled with the JC-I fluorescent probe and analyzed by flow cytometry. (D) Western blot analysis of the expression levels of Bad, Bcl-2, cle-caspase-3, cle-PARP, and
cytochrome C in AGS cells treated with calycosin for different times (0, 3, 6, 12, and 24 h). Representative images from at least three independent tests. *p < 0.05, *p <
0.01, and *¥p < 0.001.
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Figure 3 Calycosin affects the expression of MAPK, STAT3, and NF-kB pathway-related proteins in AGS cells. (A) AGS cells were treated with calycosin (0, 3, 6, 12, and 24
h). The expression levels of p-ERK, p-p38, p-JNK, p-STAT3, NF-«kB, and IkB-o were detected by Western blotting; o-tubulin was used as the internal control. (B) The
expression levels of nuclear STAT3, NF-kB, and IkB-a were detected by Western blotting, and Lamin Bl was used as a nuclear loading control. (C) AGS cells were
pretreated with FR180204 (12.1 pmol/L) for 30 min, and the expression levels of p-ERK, ERK, p-STAT3, STAT3 and cle-caspase-3 were detected by Western blotting. (D)
AGS cells were pretreated with SB203580 (12.1 umol/L) for 30 min, and the expression levels of p-p38, p38, p-STAT3, STAT3 and cle-caspase-3 were detected by Western
blotting. (E) AGS cells were pretreated with SP600125 (12.1 pmol/L) for 30 min, and the expression levels of p-JNK, JNK, p-STAT3, STAT3 and cle-caspase-3 were detected
by Western blotting. Representative data from at least three independent tests. *p < 0.05, **p < 0.01, and ***p < 0.001.

Calycosin Induces AGS Cell Apoptosis
Through ROS-Mediated MAPK/STAT3/
NF-xB Pathways

Calycosin significantly increased the level of ROS to
81.52% in a time-dependent manner (Figure 4A).
Compared with calycosin, apoptosis was significantly
reduced to 19.37% after NAC pretreatment (Figure
4B). In addition, NAC markedly increased the expres-
sion levels of p-ERK, p-STAT3, and NF-kB (p65), and
decreased the expression levels of p-JNK, p-p38, cle-
caspase-3, and IkB-a (Figure 4C). Additionally, STAT3,
NF-«B, and IkB-a nuclear localization signals proteins
were clearly reversed after NAC treatment (Figure 4D).
These results indicated that calycosin elevates the level
of ROS and promotes AGS cell apoptosis through the
MAPK/STAT3/NF-«B pathways.

Calycosin Induces GO/GI Cell Cycle
Arrest Through ROS-Mediated Signaling
Pathways in AGS Cells

Over time, calycosin increased the number of cells in
the GO/G1 phase to 75.24%, and the proportion of cells
in the G2/M phase decreased to 9.84% over time
(Figure 5A). The expression levels of cell cycle-related
proteins were detected by Western blotting. The results
showed that the expression levels of p21 and p27 were
increased, and those of CDK2, CDK4, CDK®6, cyclin
D1, and cyclin E were decreased (Figure 5B). The
number of calycosin-treated cells in the GO/G1 phase
returned to 56.13%, and the G2/M phase returned to
25.68% after pretreatment with NAC (Figure 5C).
Relevant cell cycle-related proteins were also signifi-
cantly reversed (Figure 5D).
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Calycosin Inhibits Cells Migration
Through ROS-Mediated Signaling
Pathways in AGS Cells

Calycosin inhibited AGS cell migration compared to the
control group (Figure 6A). The expression levels of migra-
tion-associated proteins were detected by Western blotting,
and calycosin significantly reduced the expression levels
of SNAI 1, E-cadherin, and p-catenin (Figure 6B).
Moreover, the inhibitory effect of calycosin was weakened
after NAC was added (Figure 6C), and the levels of
migration-associated proteins were increased after the
addition of NAC (Figure 6D).

Discussion

TCM extracts inhibit cancer cell growth, proliferation, and
differentiation, and thus have garnered great interest by
researchers.'” However, TCMs often have a wide variety
of characteristics and complex composition. The single
components of Astragalus have been studied and showed
that calycosin can inhibit the proliferation of osteosarcoma
MG-63 cells and liver cancer BEL-7402 cells.?® Our study
found that calycosin significantly inhibited the 12 types of
GC cells (Figure 1A and C), with little to no cytotoxicity
in the 4 normal cell lines (Figure 1B and D). To determine
the potential mechanism of cytotoxicity, calycosin and
AGS cells were used as research objects, studied in
depth, and calycosin regulated ROS was found to induce
AGS cells apoptosis.

Apoptosis plays an important role in cancer treatment,
and the mitochondrial pathway is the main pathway of
apoptosis.”’ > A growing amount of evidence suggests
that calycosin can potentially downregulate the anti-
apoptotic protein Bcl-2; increase the expression levels of
pro-apoptotic proteins cle-caspase-3, cle-PARP, and cyto-
chrome C; and induce human osteosarcoma by regulating
the PI3K/AKT/mTOR signaling pathway.*** In this
study, Hoechst 33342 and PI double staining showed that
calycosin can promote cell apoptosis (Figure 2A). More
importantly, compared with the control groups, calycosin
increased early and late apoptosis in AGS cells (Figure
2B), and decreased the mitochondrial membrane potential
(Figure 2C). Our results showed that calycosin promoted
AGS apoptosis by upregulating the levels of Bad, cle-
PARP, cle-caspase-3, and cytochrome C and downregulat-
ing Bcl-2 levels (Figure 2D). In addition, studies have
shown that suppression of A549 cell proliferation and
metastasis by calycosin via inhibition of the PKCo/

ERK1/2 pathway.*° Our results indicated that the caly-
cosin may regulate the MAPK/STAT3/NF-xB pathway
proteins binding to DNA or transcriptional activity,
thereby promoting apoptosis in AGS cells (Figure 3A
and B). To further investigate whether MAPK activation
can regulate STAT3, MAPK inhibitors (FR180204,
SP600125, and SB203580) were used to detect changes
in STAT3 protein content. The results indicated that
MAPK is located upstream of STAT3 (Figure 3C-E).
Oxidative stress and cellular redox imbalance will lead
to excessive ROS, which promote apoptosis and necrosis
under many physiological or pathological conditions.®'~**
Previous studies have shown that ROS is a second mes-
senger that mediates apoptosis by activating the MAPK
cascade NF-kB transcription factor.*®> The phenolic hydro-
xyl groups at the C3’ and C7' positions of the calycosin
molecules are most likely to be active sites for the elim-
ination of oxidative free radicals. In addition, calycosin
has relatively small polarity, which not only removes
oxidative free radicals but also penetrates the lipid bilayer
to counteract lipid peroxidation.>* Our results indicated
that the time to treat AGS cells with calycosin was posi-
tively correlated with the amount of ROS produced
(Figure 4A). In addition, cell apoptosis (Figure 4B) and
MAPK/STAT3/NF-kB (Figure 4C and D) were signifi-
cantly reversed after NAC was added. These results
showed that calycosin can upregulate ROS to promote

cell apoptosis via MAPK/STAT3/NF-«kB signaling
pathway.
When cell proliferation is not restrained by

a homeostatic mechanism, the tissue or organ can progress
to cancer.>> >’ Calycosin may induce GO/G1 cell cycle
arrest by promoting ROS production and regulating apop-
tosis-related signaling pathways.*® In this study, calycosin
significantly reduced the levels of cyclin D1, cyclin E,
CDK2, CDK4, and CDK®6, and increased the expression
levels of p27 and p21 in the arrested cell cycle at GO/G1
(Figure 5A and B). Similarly, calycosin inhibited cell
migration (Figure 6A and B). Taken together, cell cycle
(Figure 5C and D) and migration (Figure 6C and D) were
significantly reversed after NAC pretreatment, which indi-
cated that calycosin can upregulate ROS in cells arrested
at the GO/G1 phase and inhibit cell migration.

Calycosin has anti-oxidation effects.** Thus, we tested
whether calycosin could specifically induce an increase in
ROS in GC cells, but have antioxidant effects in normal cells
(Supplementary Figure S1). Although we do not have clear

proof that calycosin has a targeting effect on certain cell
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membrane receptors, understanding the signal transduction
relationships among profiles of calycosin can pave the way
to progress on novel therapies with greater curative efficacy
and fewer side effects. In addition, calycosin, a traditional
Chinese medicine compound, the research and clinical

application are still in its infancy. How calycosin binds to
membrane surface receptors to enter cells, and by which
ways it inhibits tumor cells proliferation and regulate
immune activity needs to be further identified. Based on
this, combined with relevant clinical practice theory, the
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calycosin is studied in depth from animal tumor model,
various tumor cell models, and molecular level, is needed
to promote the development of calycosin as a Chinese med-
icine target molecule for therapy tumors and lay a new

cornerstone to improve the survival of life of cancer patients.

Conclusion

The molecular mechanism underlying the induction of
apoptosis in AGS cells by calycosin includes increased
levels of ROS and regulation of MAPK/STAT3/NF-xB

signaling pathway-associated proteins, which leads to
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GO/G1 cell cycle arrest and inhibition of cell growth and
migration (Figure 7). These results demonstrate that caly-
cosin may be a potential target for the treatment of GC.
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