
© 2023 by the authors 287How to cite this article: Shyu RY, Wang CH, Wu CC, Wang LK, Tsai FM. Seselin 
promotes cisplatin-induced apoptosis of AGS gastric cancer cells by inhibiting 
β-catenin expression. Arch Biol Sci. 2023;75(3):287-97.

Seselin promotes cisplatin-induced apoptosis of AGS gastric cancer cells by inhibiting 
β-catenin expression

Rong-Yaun Shyu1, Chun-Hua Wang2,3, Chang-Chieh Wu4, Lu-Kai Wang5 and Fu-Ming Tsai6,*

1Department of Internal Medicine, Taipei Tzu Chi Hospital, The Buddhist Tzu Chi Medical Foundation, 231 New Taipei 
City, Taiwan 
2Department of Dermatology, Taipei Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation, 231 New Taipei City, Taiwan
3School of Medicine, Tzu Chi University, 970 Hualien, Taiwan 
4Department of Surgery, Tri-Service General Hospital Keelung Branch, National Defense Medical Center, 202 Keelung, Taiwan 
5Department of Life Sciences, National Science and Technology Council, 106 Taipei, Taiwan
6Department of Research, Taipei Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation, 231 New Taipei City, Taiwan

*Corresponding author: afu2215@gmail.com

Received: March 14, 2023; Revised: April 19, 2023; Accepted: May 3, 2023; Published online: May 26, 2023

Abstract: Gastric cancer is a commonly diagnosed form of cancer, and cisplatin is commonly used as a chemotherapy drug 
for treating it. However, the side effects of cisplatin may reduce patients’ willingness to use it. Seselin, a derivative of coumarin, 
has been found to have anticancer properties as well as anticoagulant effects. In this study, we investigated the effect of seselin 
on promoting cisplatin-induced gastric cancer cell death using the cell proliferation reagent WST-1, BrdU incorporation and 
lactate dehydrogenase release. The role of seselin and cisplatin in the apoptosis of gastric cancer cells was analyzed using a 
phospho-kinase array and Western blot analysis. Seselin did not affect G2/M stasis, but it promoted cell death in AGS cells 
treated with cisplatin. Phospho-kinase array analysis revealed that cisplatin regulates intracellular p53 phosphorylation, 
while seselin regulates intracellular β-catenin expression by affecting the phosphorylation of glycogen synthase kinase-3 beta 
(GSK-3β), extracellular-signal-regulated kinase (ERK) and Src tyrosine kinase. Seselin and cisplatin promote the apoptosis 
of gastric cancer cells by the synergistic effect of two distinct signaling pathways. These findings suggest that seselin may be 
used as a complementary therapy to reduce the clinical dose of chemotherapy.

Keywords: seselin, cisplatin, coumarin, apoptosis, complementary therapy

Arch Biol Sci. 2023;75(3):287-297 https://doi.org/10.2298/ABS230314023S

INTRODUCTION

Gastric cancer was the fifth most commonly diagnosed 
cancer worldwide in 2020 and has the fourth highest 
mortality rate among all cancers [1]. If gastric cancer is 
diagnosed at a very early stage and treated immediately, 
the five-year survival rate of patients is almost more 
than 70%; however, the survival rate declines rapidly 
once cancer cells spread [2]. The early symptoms of 
gastric cancer include heartburn, upper abdominal pain, 
nausea and loss of appetite, which are similar to the 
symptoms of peptic ulcer, leading to delayed medical 
treatment and a high mortality rate. Metastatic gastric 
cancer remains an incurable disease. In general, the 
five-year survival rate for patients with advanced gastric 
cancer is about 10% [2]. Chemotherapy has become 

one of the indispensable methods in the treatment of 
gastric cancer, and palliative chemotherapy has been 
proven to improve the survival rate or the quality of 
life in the final stage.

Cisplatin, an anticancer drug containing platinum 
metal compounds, was initially used as a chemotherapy 
drug for gastric cancer and was later applied to treat 
lung cancer, nasopharyngeal cancer, ovarian cancer, and 
other cancers [3]. The main function of cisplatin is to 
block the synthesis of DNA and inhibit the growth of 
tumor cells. Its side effects include nausea, vomiting, hair 
loss, and other symptoms. It may also cause ototoxicity 
or nephrotoxicity. Clinical studies have indicated that 
about one-third of patients will suffer acute kidney 
injury when receiving cisplatin treatment [4,5], and the 
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incidence of ototoxicity caused by cisplatin is 20-70%, 
which may cause irreversible hearing loss [6]. These side 
effects will discourage patients from taking cisplatin for 
longer, thus limiting its clinical efficacy.

Traditional Chinese medicine is often used as an 
adjuvant drug in the treatment of cancer, which can 
assist the efficacy of Western medicine or relieve the 
discomfort of Western medicine to patients [7,8]. 
Although traditional Chinese medicine cannot replace 
surgical treatment, chemotherapy, and radiotherapy for 
cancer, the discomfort and the side effects caused by 
Western medicine, such as insomnia, cancer fatigue, 
or pain caused by surgery, can be alleviated by tradi-
tional Chinese medicine treatment, and increase the 
efficacy of Western medicine to improve the quality 
of life of patients [9, 10].

Seselin is one of the coumarin derivatives, belonging 
to flavonoid compounds, which can be found in plants 
such as Haplophyllum cappadocicum or Haplophyllum 
dshungaricum. Coumarin was first used as an anticoagu-
lant [11] and was later found to have the ability to inhibit 
the growth of cancer cells [12]. The effect of seselin has 
not been studied much in the past, although it has been 
reported to have anticancer and antiinflammatory ef-
fects [13,14]. The detailed mechanism of its inhibition 
of cancer cell growth remains unclear. In this study, 
we analyzed the effects of several potential coumarin 
derivatives on cisplatin in inhibiting the growth of gas-
tric cancer cells and found that seselin can promote the 
toxicity of cisplatin in gastric cancer cells. Therefore, in 
this study, we further explored the intracellular target 
of seselin and its possible role in regulating cell death. 
It is hoped that seselin could be used as an auxiliary 
Chinese medicine for chemotherapy drugs.

MATERIALS AND METHODS

Ethics statement

This article does not contain any studies with human 
participants or animals.

Materials

Seselin was synthesized as described previously [15]. 
RPMI-1640 medium and fetal bovine serum (FBS) 
were obtained from Gibco (Thermo Fisher Scientific, 

USA). Cisplatin, WST-1 reagent, lactate dehydrogenase 
(LDH) activity with the Cytotoxicity Detection Kit, 
and caspase-3 substrate (Ac-DEVD-pNA) were pur-
chased from Sigma (MO, USA). The cell proliferation 
ELISA kit, BrdU (colorimetric), was purchased from 
Roche Diagnostics (IN, USA). The Proteome Profiler™ 
Human Phospho-Kinase Array Kit was obtained from 
R&D Systems (MN, USA). Antibodies recognized for 
phospho-p53 (Ser15), phospho-p53 (Ser46), phospho-
GSK3β (Ser9), phospho-Src (Tyr416), phospho-ERK, 
GSK-3β, Src, and β-catenin were purchased from Cell 
Signaling Technology (MA, USA). Antibodies for p53 
and actin were purchased from Biogenex (CA, USA) 
and Sigma, respectively.

Cell culture and viability assay

Human gastric cancer AGS and SC-M1 cells were 
maintained at 37°C in humidified 95% air/5% CO2 
atmosphere in Roswell Park Memorial Institute (RPMI) 
Medium 1640 supplemented with 10% FBS, 2 mM 
glutamine, 100 U/mL penicillin, and 100 μg/mL strep-
tomycin. For the cell viability assay, cells were initially 
incubated in triplicate with a cell density of 3×104 cells/
per well in RPMI-1640 supplemented with 10% FBS 
for 24 h. Next, the cells were treated with seselin and 
10 μM cisplatin at the indicated concentration, and 
then incubated in RPMI-1640 supplemented with 
1% FBS for 48-72 h. After this incubation period, 
100 μL of WST-1 reagent was added to each well, and 
the cells were incubated at 37°C for 4-6 h. Finally, the 
absorbance of the cells, which indicated cell viability 
was measured at 450 nm and 650 nm using an EIA 
reader (Infinite F200, Tecan, Durham, NC, USA).

Cell proliferation and cell death assay

AGS or SC-M1 cells were seeded at a density of 3×104 
cells per well in 24-well plates. After incubating the 
cells in serum-free RPMI-1640 medium for 18 h, they 
were further cultured in medium containing 1% FBS 
supplemented with 100 nM seselin and 10 μM cispl-
atin for an additional 24 h. To assess cell proliferation, 
a 10 μM BrdU labeling solution was added to each 
well and incubated for 12 h. Following the removal 
of the BrdU labeling solution, the sample was fixed 
and denatured, and then incubated with peroxidase 
labeled anti-BrdU antibody for 90 min. Subsequently, 
a tetramethylbenzidine substrate was added to induce 
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color reaction, and the absorbance at 370 nm and 492 
nm in each sample was measured using an EIA reader 
to reflect the level of cell proliferation. Alternatively, to 
detect the cytotoxic effect of seselin and cisplatin on 
the cells, the culture supernatant was harvested after 
treating the cells with 10 μM cisplatin and 100 nM 
seselin in 1% FBS/RPMI-1640 for 24 h. The amount 
of LDH released by the cells into the culture medium 
was determined using the Cytotoxicity Detection Kit, 
following the methods described in the literature [16].

Cell cycle distribution and sub-G1 phase analysis

To examine the effects of cisplatin and seselin on the 
AGS cell cycle, cells were stained with propidium 
iodide (PI) and then analyzed in a flow cytometer 
(Cytomics FC 500; Becton Dickinson, NJ, USA). The 
cell cycle distribution was calculated after gating for 
cell populations in the FL-2 area versus FL-2 width 
plot for PI fluorescence.

Analysis of phospho-kinase array

After the AGS cells were treated with seselin and cis-
platin for 24 h, the cell lysate was collected with lysis 
buffer 6 provided in the kit, and the protein concen-
tration was measured with Bio-Rad Protein Assay 
Reagent. A total of 300 μg of protein was loaded on 
each array and detected overnight. Then, the detection 
antibody was added for 1 h, streptavidin-horseradish 
peroxidase (HRP) was added for 30 min, and a lu-
minometer (Bio-Rad ChemiDoc XRS+ System) was 
used for image development and film scanning after 
enzyme coloration and chemiluminescence.

Western blot

AGS cells were plated in 10-cm culture dishes at a cell 
number of 1×106 and cultured for 24 h. After treatment 
with seselin and cisplatin for 24 h, the cells were lysed 
with RIPA buffer containing protease inhibitor cock-
tail (Roche Diagnostics, Germany) and phosphatase 
inhibitors (2 mM NaF, 1 mM Na3VO4). The protein 
concentration in each cell lysate was measured with 
Bio-Rad Protein Assay Reagent, and 20-60 μg protein 
from each cell lysate was taken for immunoblot analysis. 
The operation method of immunoblot analysis was as 
described [17].

Measurement of caspase-3 activity

AGS cells were treated with seselin and cisplatin for 
24 h and cell lysates were collected with RIPA buffer. 
Cell lysates were then incubated in buffer containing 
25 mM HEPES [pH 7.5], 0.1% CHAPS, 5% sucrose, 5 
mM DTT, 2 mM EDTA, and 2 mM caspase-3 substrate. 
Finally, the absorbance at 405 nm was measured in an 
EIA reader to reflect caspase-3 activity.

Statistical analysis

The data obtained from each experiment were analyzed 
at least three times and the results were expressed as 
the mean±standard deviation. Statistical analysis was 
conducted using one-way ANOVA with Dunnett’s post 
hoc test. A P value of less than 0.05 was considered to 
indicate a statistically significant difference between 
groups.

RESULTS

Seselin promoted cisplatin to reduce the cell 
viability of gastric cancer cells

Several coumarin derivatives were examined for their 
effect on the viability of AGS gastric cancer cells fol-
lowing cisplatin treatment, including 7-((2-methylbut-
3-yn-2-yl)oxy)-2H-chromen-2-one, 8,8-dimethyl-
2H,8H-pyrano[2,3-f]chromen-2-one (also known as 
seselin, Fig. 1A), 8,8-dimethyl-2H,8H-pyrano[3,2-g]
chromen-2-one, 7-hydroxy-3-phenyl-4H-chromen-
4-one (another 7-hydroxyflavone), and 2-(2,2-dime-
thyl-2H-chromen-7-yl)-6-hydroxychroman-4-one. 
Only seselin was found to promote the death of cis-
platin-treated gastric cancer cell lines (Supplementary 
Fig. S1), and therefore it was selected for subsequent 
experiments. When the AGS gastric cancer cell line 
was treated with 10 μM cisplatin for 48 h or 72 h, the 
cell viability decreased to 81.3% and 54.6% (Fig. 1B). 
When AGS cells were treated with seselin for 48-72 
h, only higher doses (100-400 nM) of seselin could 
slightly reduce cell viability to 75.6%-93.1%. However, 
high doses of seselin promoted cisplatin to reduce cell 
viability in AGS cells to 32.4-57% (Fig. 1B). In addi-
tion to AGS cells, seselin also promoted the ability of 
cisplatin to reduce cell viability in SC-M1 gastric cancer 
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cells (Supplementary Fig. S2). Direct ob-
servation of cell patterns under a micro-
scope showed that no obvious changes 
in cell patterns were observed even after 
high doses of 400 nM seselin were treated 
for 24 h. However, after the treatment of 
cisplatin for 24 h, the cytoplasm of some 
cells began to shrink. When the cells were 
treated with a combination of cisplatin 
and higher dose of seselin (100-400 nM), 
more cells were rounded up and detached 
from the well, exhibiting a pattern of cell 
death (Fig. 1C). Since 100 nM dose of 
seselin had little effect on AGS cells, but 
significantly promoted cisplatin to reduce 
the cell viability of gastric cancer cells, the 
mechanism of seselin was investigated at 
100 nM dose in subsequent experiments.

Seselin promoted cisplatin to induce 
cell death of AGS gastric cancer cells

To explore the possible factors by which 
seselin can promote cisplatin-induced 
reduction of cell viability in gastric cancer 
cells, we further analyzed the effects of 
seselin and cisplatin on cell proliferation 
and cell death. Fig. 2A shows that cisplatin 
inhibited the proliferation of AGS cells 
by 11.8%. When AGS cells were treated 
with cisplatin and seselin simultaneously, 
the proliferative ability was significantly 
inhibited by 23.1%. However, there was no 
significant change in the proliferative abil-
ity of AGS cells when treated with seselin 
alone. Fig. 2B shows that both cisplatin 
and seselin can significantly induce cell 
death, increasing it by 40.3% and 22.8%, 
respectively. When cells were treated with 
cisplatin and seselin at the same time, cell 
death increased dramatically by 206.1%. 
These results suggest that seselin does 
not affect cisplatin-inhibited cell prolif-
eration but promotes cisplatin-induced 
cell death. Similar synergistic effects of 
seselin and cisplatin on cell death were also 
found in SC-M1 gastric cancer cell lines 
(Supplementary Fig. S3). LDH activity in 
the culture medium is a reliable indicator 

Fig. 1. The effects of seselin and cisplatin on the viability of AGS cells were determined 
using the WST-1 reagent. A – Chemical structure of seselin. B – The cell viability detected 
with different concentrations of seselin and 10 μM cisplatin for 48-72 h. C – Morphological 
changes in AGS cells treated with different concentrations of seselin and 10 μM cisplatin 
for 24 h observed by phase-contrast microscopy (100× magnification). *P<0.05 compared 
with the control group.

Fig. 2. The effects of seselin and cisplatin on the cell proliferation and death of AGS cells 
determined by the BrdU assay and LDH release. A – Cell proliferation detected after 
treatment with 100 nM seselin and 10 μM cisplatin for 24 h. B – Cell death detected after 
treatment with 100 nM seselin and 10 μM cisplatin for 24 h. C – Cell cycle distribution and 
sub-G1 cell population determined after treatment with 100 nM seselin and 10 μM cisplatin 
for 24-48 h. *P<0.05 compared with the control group or compared with the two groups.
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of cell membrane integrity and can be used to assess 
drug toxicity to cells. To determine whether seselin 
causes cell necrosis, we analyzed the release of LDH 
by seselin and cisplatin at different time points. The 
study results showed that LDH was released into the 
culture medium from AGS cells after treatment with 
seselin and cisplatin for 24 h and continued until 48 
h. However, during the first 2-12 h of treatment with 
seselin and cisplatin, there was no significant increase 
in LDH activity in the medium, suggesting that seselin 
and cisplatin did not cause necrosis in the early stages 
of treatment (Supplementary Fig. 4). We also analyzed 
the effects of seselin and cisplatin on the cell cycle and 
apoptosis using the DNA dye PI reagent. Cisplatin 
resulted in G2/M cell cycle arrest in AGS cells at 24 h, 
while seselin did not affect cisplatin-induced G2/M cell 
cycle arrest (Fig. 2C). The analysis of the sub-G1 phase 
indicated that seselin slightly increased the number of 
sub-G1 cells induced by cisplatin (Fig. 2C). When the 
cells were treated with cisplatin for 48 h, the number 
of cells in the sub-G1 phase increased to 20.7%, while 
seselin promoted an increase in sub-G1 cells induced 
by cisplatin by 54.5% (Fig. 2C). Since seselin alone did 
not promote the accumulation of hypodiploid cells 
after an additional 24 h, the dramatic increase in the 
sub-G1 compartment after the combined treatment 
clearly demonstrated that seselin exhibits a synergistic 
effect with cisplatin.

Analysis of the targets of seselin 
and cisplatin in cells by the 
phospho-kinase array

To further explore the target of se-
selin and cisplatin in inhibiting the 
cell viability of AGS gastric cells, 
human phospho-kinase array was 
used for analysis. According to the 
results of the array (Fig. 3), cispl-
atin increased the phosphoryla-
tion of p53 in AGS cells, implying 
that the p53 signaling pathway is 
involved in regulating the block-
ing of DNA synthesis caused by 
cisplatin. Phosphorylation of many 
proteins was affected when seselin 
was added to cells, such as ERK, 
GSK-3β, Src, and signal transduc-
ers and activators of transcription 5 

Fig. 3. The effects of seselin and cisplatin on the phospho-protein 
expression of AGS cells were determined using a human phospho-
kinase array. Each dot represents 1. p53 (S15), 2. p53 (S46), 3. 
ERK (T202/Y204/T185/Y187), 4. GSK-3a/b (S21/S9), 5. GSK-3β 
(S9), 6. p38α (T180/Y182), 7. Src (Y419), 8. STAT5a/b (Y694/
Y699), 9. β-catenin.

Fig. 4. The effects of seselin and cisplatin on the levels of phospho-p53 and β-catenin-
related proteins in AGS cells as determined by Western blot analysis. The levels of p53 
(A) and β-catenin-related proteins (B) detected after treatment with 100 nM seselin and 
10 μM cisplatin for 24 h.
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(STAT5a and STAT5b) (Fig. 3). Seselin also inhibited 
intracellular β-catenin expression. Seselin and cisplatin 
did not show an additive effect on the phosphoryla-
tion of p53 and other proteins when added together 
compared to when added alone. This suggests that 
seselin and cisplatin may synergistically regulate cell 
growth or death through different pathways.

Analysis of the effects of seselin and cisplatin 
on the expression of p53 and β-catenin related 
proteins

To verify the results of the phospho-kinase arrays, the 
effects of seselin and cisplatin on the expression of various 

proteins in cells were determined using Western blotting. 
Fig. 4A shows that cisplatin increased intracellular p53 
phosphorylation at Ser15 and Ser46, while the simultane-
ous addition of seselin decreased cisplatin-induced p53 
phosphorylation. The effects of cisplatin and seselin on 
the phosphorylation of other proteins were also analyzed 
(Fig. 4B). Seselin inhibited intracellular phosphorylation 
of ERK, Src, and GSK-3β. The levels of phosphorylated 
STAT5a/b and p38 were not detected in any group (data 
not shown). Treatment with cisplatin slightly increased 
intracellular β-catenin, but co-treatment with seselin 
decreased β-catenin levels.

Analysis of the effects of seselin and cisplatin on 
caspase-3 activity

Since seselin collaborates with cisplatin to 
cause cell death, and both phosphorylated 
p53 expression and β-catenin are affected 
by seselin and cisplatin, we further ana-
lyzed the effects of seselin and cisplatin 
on caspase-3 activity, which is regulated 
by p53 and β-catenin [18]. As shown in 
Fig. 5, cisplatin increased intracellular 
caspase-3 activity by 99.6%. Simultaneous 
treatment with seselin and cisplatin in-
creased intracellular caspase-3 activity by 
382%, while treatment with seselin alone 
did not affect caspase-3 activity. These 
results suggest that seselin’s promotion of 
cisplatin-induced cell death may be related 
to the activation of caspase-3, which plays 
a major role in cell apoptosis [19].

DISCUSSION

The Wnt signaling pathway is implicated in numerous 
physiological processes, including cell proliferation, 
differentiation, apoptosis, migration and invasion. 
β-catenin, a transcription factor, plays a critical role in 
the Wnt signaling pathway, and its abnormal regulation 
leads to the expression of genes such as c-Myc, cyclin D1 
and cyclin dependent kinase inhibitor 1A (CDKN1A) 
in cells underlying the early events of carcinogenesis 
[20]. GSK-3β is a multifunctional serine and threonine 
kinase that is involved in various cellular activities, 
including glycogen metabolism, cell proliferation, 
differentiation and apoptosis. Additionally, GSK-3β 

Fig. 5. The effects of seselin and cisplatin on caspase-3 activity in 
AGS cells as determined using a colorimetric substrate specific to 
caspase-3. *P<0.05 compared with the control group or compared 
with the two groups.

Fig. 6. Schematic diagram of seselin promoting cisplatin to cause death of AGS gastric 
cancer cells.



293Arch Biol Sci. 2023;75(3):287-297 

can phosphorylate β-catenin, which triggers its ubiq-
uitination and subsequent proteasomal degradation 
[21]. Src is a hub for several signals involved in many 
of these biological processes and is also a key regulator 
of cellular metabolism, including metabolic pathways 
like glucose uptake, glycolysis, pentose-phosphate 
pathway and oxidative phosphorylation [22]. The 
dysregulation of these signaling pathways is closely 
linked to the occurrence and progression of malig-
nant tumors [23,24]. Similarly, in gastric cancer, the 
Wnt/β-catenin, GSK-3β, and Src signaling pathways 
are also abnormally regulated [25-27].

This study pointed out that seselin can promote 
the death of gastric cancer cells induced by cisplatin. 
According to the results of the phospho-kinase array 
and Western blotting, seselin can inhibit the levels of 
many phosphorylated proteins, while cisplatin can 
increase the expression of phosphorylated p53 in AGS 
gastric cells. Phosphorylation of Src and ERK leads 
to protein activation and induces the expression of 
β-catenin [28,29], while phosphorylated GSK-3β loses 
its ability to degrade β-catenin [24, 30]. Our study 
suggests that the addition of seselin can inhibit the 
phosphorylation of ERK, Src, and GSK-3β in cells, 
indicating that seselin reduces the content of β-catenin 
in cells through the ERK, Src, and GSK-3β pathway. 
Studies have shown that p53 is phosphorylated at Ser15 
and Ser46, leading to cell death [31,32]. Cisplatin can 
induce the phosphorylation of p53 in AGS gastric 
cancer cells, suggesting that cisplatin may cause cell 
death through a p53-dependent pathway. Although 
seselin reduces cisplatin-induced phosphorylation of 
p53, there still remains a sufficient amount of phos-
phorylated p53 that does not seem to affect cisplatin-
induced cell death. Conversely, β-catenin is involved in 
cell survival and resistance to cell death [33]. Seselin 
reduces intracellular β-catenin level through the ERK, 
Src, and GSK-3β pathways. Cisplatin increases intracel-
lular phosphorylated p53. Therefore, the combination 
of these two signaling pathways may result in seselin 
promoting cisplatin toxicity in gastric cancer cells (Fig. 
6). Although seselin or cisplatin can activate single 
signaling pathways, their effects on gastric cancer 
cell death are not significant, requiring either a longer 
treatment duration or higher dose. Our study suggests 
that the addition of seselin can reduce the dose of 
cisplatin in the treatment of gastric cancer, and at the 
same time reduce the side effects.

Cisplatin is a widely used chemotherapeutic agent 
for various types of cancer, but its mechanism of ac-
tion in killing cancer cells is still being investigated. 
It is known that cisplatin induces the production of 
reactive oxygen species (ROS) through DNA damage 
or increased mitochondrial pressure, which activates 
p53 and downstream caspase cascades, leading to cell 
death [34,35]. Even in the presence of p53 mutations, 
cisplatin can still induce cell cycle arrest or apoptosis 
through p53-independent pathways [34,36]. In our 
study, both AGS and SC-M1 gastric cancer cell lines 
had wild-type p53 genes without any genetic variation, 
thus indicating that the observed phenomenon was 
biased toward the toxic effect of cisplatin on cancer 
cells. Further investigation is needed to determine 
whether seselin also assists cisplatin in inducing cell 
cycle arrest in p53 mutant cells.

The mechanism of cisplatin toxicity on cancer 
cells described above also contributes to the damage 
of cisplatin on normal tissues or organs, such as kidney 
injury or auditory nerve toxicity [37,38]. Currently, 
traditional Chinese medicine is used as an adjuvant to 
chemotherapy drugs, primarily aimed at reducing the 
adverse side effects of chemotherapy on the body and 
improving patient outcomes during chemotherapy. For 
instance, the Tuhuo & Taxillus Combination is often 
used in traditional Chinese medicine to alleviate kid-
ney or nerve damage caused by chemotherapy drugs 
[39], while Ba Zhen Tang is used to mitigate immune 
system damage caused by chemotherapy drugs [40]. 
Moreover, some traditional Chinese medicines, such as 
Solanum nigrum, when combined with chemotherapy 
drugs, can increase the toxicity of chemotherapy drugs 
to cancer cells [41,42]. This synergistic effect may 
also allow for a lower dosage of chemotherapy drugs, 
thereby minimizing their side effects.

Recently, there has been an increase in the number of 
studies suggesting that natural products can be used as ad-
juvant drugs for chemotherapy, in addition to compounds 
used in traditional Chinese medicine. Flavonoids, which 
constitute the largest group of phytonutrients, have been 
shown to reduce chemotherapy-induced nephrotoxicity 
by inhibiting p53, mitogen-activated protein kinase, and 
AKT signaling pathways [43,44]. On the other hand, 
flavonoids can enhance the toxic effect of cisplatin on 
cancer cells by blocking intracellular glutathione [45]. 
Alkaloids, which are naturally occurring organic com-
pounds, can increase the sensitivity of ovarian cancer 
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cells to cisplatin by regulating the AKT-Kβ and c-Jun 
N-terminal kinase pathway [46]. Polyphenols are also 
effective antitumor agents and can be used as natural 
products to promote cisplatin-induced cell damage 
through the AKT pathway [47]. Moreover, many other 
natural products have also been developed to serve as 
adjuvant drugs for chemotherapy [48]. Although the 
natural products mentioned above can promote the toxic 
effect of cisplatin on cancer cells by inhibiting specific 
signal transduction pathways, it has also been suggested 
that aloe emodin can cause cell death of non-small-cell 
lung cancer cells by inhibiting Akt and ERK signaling 
pathways [49]. This may lead to a reduction in the toxic 
ability of cisplatin to glioma cells [50]. Therefore, more 
verification is needed to understand the curative effect 
of these natural products in clinical practice.

When patients are treated with chemotherapeutic 
drugs, they often lose their effectiveness because the 
cancer cells develop resistance to them. The mecha-
nisms of drug resistance in cells include increased drug 
metabolism, reduced drug entry into cells or accelerated 
drug expulsion, and mutations in DNA repair systems 
leading to drug inactivity [51]. In addition to muta-
tions in the direct target of the drug, the expression of 
β-catenin can also increase the resistance of cancer cells 
to cisplatin [52,53]. In our study, β-catenin was one of 
the main targets of seselin. Therefore, by inhibiting the 
level of β-catenin in cells, seselin not only inhibits cell 
survival, but also appears to reduce the resistance of 
cancer cells to cisplatin. However, further verification of 
this hypothesis in cisplatin-resistant cell lines is necessary.

CONCLUSIONS

In summary, seselin can promote cisplatin-induced 
apoptosis in gastric cancer cells. Seselin can affect the 
activity of GSK-3β, ERK and Src in cells, interact with 
cisplatin to affect the phosphorylation of p53 in cells, 
and then promote the activity of caspass-3 in cells and 
cause cell death. Therefore, our study suggests that seselin 
can be used as an adjuvant drug for cisplatin treatment 
of cancer cells, which can reduce the dose of clinical 
chemotherapy drugs and thus reduce the side effects 
caused by chemotherapy drugs. Our study suggests 
that seselin can reduce the therapeutic dose of cisplatin 
and attenuate the side effects caused by the treatment. 
All in all, it can be concluded that this natural agent is 
worthy of further preclinical investigation, with the goal 
of including it in protocols as an adjunct to treatment.
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SUPPLEMENTARY MATERIAL

Supplementary Fig. S1. The effects of coumarin derivatives and 
cisplatin on the viability of AGS cells determined by the WST-1 
reagent. Cell viability was detected with different concentrations 
of seselin and 10 μM cisplatin for 48-72 h. *P<0.05 compared 
with the control group. Compound 1: 7-((2-methylbut-3-yn-2-yl)
oxy)-2H-chromen-2-one; compound 2: 8,8-dimethyl-2H,8H-
pyrano[2,3-f]chromen-2-one (seselin); compound 3: 8,8-dimethyl-
2H,8H-pyrano[3,2-g]chromen-2-one; compound 4: 7-hydroxy-
3-phenyl-4H-chromen-4-one (7-hydroxyflavone); compound 5: 
2-(2,2-dimethyl-2H-chromen-7-yl)-6-hydroxychroman-4-one).

Supplementary Fig. S2. The effects of seselin and cisplatin on the 
viability of SC-M1 cells determined by the WST-1 reagent. Cell vi-
ability was detected with different concentrations of seselin and 10 
μM cisplatin for 48-72 h. *P<0.05 compared with the control group.

Supplementary Fig. S3. The effects of seselin and cisplatin on cell proliferation and death 
of SC-M1 cells determined by the BrdU assay and LDH release. A – cell proliferation was 
detected after treatment with 100 nM seselin and 10 μM cisplatin for 24 h. B – Cell death 
was detected after treatment with 100 nM seselin and 10 μM cisplatin for 24 h. *P<0.05 
compared with the control group or compared with the two groups.

Supplementary Fig. S4. The effects of seselin and cisplatin on AGS 
cell death determined by LDH release. Cell death was detected 
after treatment with 100 nM seselin and 10 μM cisplatin for 2-48 
h. *P<0.05 compared with the control group or compared with 
the two groups.




