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Abstract. Xiaotansanjiefang, a traditional Chinese medicine formula containing pinellia rhizomes, is
investigated for anti-gastric cancer (GC) activity. Cycloartenol, a triterpenoid saponin from pinellia,
exhibits emerging anti-tumor properties. This study evaluates its effects on GC cell migration, inva-
sion, and angiogenesis. Cytotoxicity of cycloartenol (0-160 uM) was assessed in GC cells (AGS and
MKN-45) and immortalized normal gastric epithelial cells (GES-1) via MTT assays. Colony formation,
wound healing, and Transwell assays were conducted to assess proliferation, migration, and invasion.
Angiogenesis was evaluated by HUVEC tube formation using conditioned media harvested from
cycloartenol-treated GC cells. VEGFA and VEGFR?2 protein levels were measured by Western blotting.
Cycloartenol showed dose-dependent cytotoxicity in GC cells with minimal toxicity toward GES-1
cells, indicating selectivity. It suppressed colony formation, delayed wound closure, reduced invading
cells, and inhibited HUVEC tube formation. Consistently, cycloartenol downregulated VEGFA and
VEGEFR2 expression in GC cellsand HUVECs. In conclusion, cycloartenol selectively suppresses GC cell
growth, migration, invasion, and angiogenesis through inactivation of the VEGFA/VEGFR2 pathway.
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Introduction

Gastric cancer (GC) is among the most lethal malignancies
worldwide, ranking fifth in global incidence and fourth in
cancer-related mortality (Lopez et al. 2023; Hu et al. 2024).
As a primary epithelial neoplasm arising from the gastric
mucosa, GC is influenced by various risk factors, such as
Helicobacter pylori infection, high-salt and processed-food
diets, low intake of fresh fruits and vegetables, smoking, and
advancing age (Yang et al. 2023). Despite advances in diag-
nosis and treatment, GC continues to impose a major global
health burden, with nearly one million new cases diagnosed
annually (Xia and Aadam 2022; Sundar et al. 2025).
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Traditional Chinese medicine (TCM) has garnered in-
creasing scientific attention as a source of new or adjunctive
therapeutic strategies for cancer (Chen et al. 2024; Liu et al.
2024; Sun et al. 2025). Xiaotansanjiefang, a classical TCM
formula with over three decades of clinical use in China,
is composed of 11 herbal ingredients: Pinelliae rhizoma
(Ban-xia, 12.7%), Poria cocos (Fu-ling, 12.7%), Rhizoma
arisaematis (Nan-xing, 12.7%), Galli gigerii endothelium
corneum (Ji-nei-jin, 12.7%), Aurantii fructus immaturus
(Zhi-shi, 8.5%), Citri reticulatae viride pericarpium (Chen-pi,
7.6%), Scolopendra (Wu-gong, 7.6%), Fritillaria cirrhosae
bulbus (Bei-mu, 7.6%), Semen vrassicae (Bai-jie-zi, 7.6%),
Licorice (Gan-cao, 5.1%), and Scorpio (Quan-xie, 5.1%)
(Yan et al. 2014; Ye et al. 2022). Xiaotansanjiefang has
shown efficacy in GC treatment in China (Ye et al. 2022).
Earlier studies suggested its beneficial effects in patients with
advanced stage GC (Yan et al. 2014). Furthermore, animal
experiments revealed its ability to inhibit tumor growth
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and suppress angiogenesis (Yan et al. 2014). These findings
underscore the need to dissect its active constituents and
underlying molecular mechanism. Pinelliae rhizome consti-
tutes a pharmacologically critical component of this formula.
Notably, its ethanol extract suppress growth of SGC7901 cells
in a concentration-dependent manner, concomitant with
intracellular acidification and extracellular alkalinization,
which is phenomena linked to disrupted pH homeostasis and
impaired tumor metabolism (Zhang et al. 2011). Cycloarte-
nol, a triterpenoid isolated from pinellia rhizomes (Zheng
et al. 2007), has demonstrated broad-spectrum anti-tumor
activity effects (Niu et al. 2018). It induces cell cycle arrest
and p38 MAPK-dependent apoptosis in glioma U87 cells
(Niu et al. 2018). Nevertheless, the role of cycloartenol in
GC cell malignancy remains unknown.

Given that Xiaotansanjiefang inhibits angiogenesis in GC
and its bioactive triterpenoid constituent cycloartenol has
anticancer potential, this study investigated the effects of
cycloartenol on GC cell migration, invasion, and endothelial
tube formation (a functional surrogate of angiogenesis). An-
giogenesis enables tumors to access nutrients and carry out
metabolic processes, which can ultimately promote tumor
metastasis (Liu et al. 2023). In vivo, this process is initiated
by tumor-secreted pro-angiogenic factors, most notably
vascular endothelial growth factor A (VEGFA), which binds
to its high-affinity receptor VEGFR2 on endothelial cells to
trigger downstream signaling cascades governing prolif-
eration, migration, and permeability (Rudno-Rudzinska et
al. 2017). The VEGFA/VEGFR2 signaling is the dominant
and most therapeutically validated driver of pathological
angiogenesis across various malignancies, including GC
(Zhang et al. 2019). For example, ACE2 suppresses breast
cancer angiogenesis by inhibiting the VEGFA/VEGFR2/ERK
signaling pathway (Zhang et al. 2019). Babao Dan suppresses
VEGFA-induced angiogenesis by inhibiting the VEGFA/
VEGEFR2 pathway (Guan et al. 2021). Based on these find-
ings, we hypothesized that cycloartenol exerts anti-metastatic
effects in GC, atleast in part, via the VEGFA/VEGFR2 signal-
ing. This study advances mechanistic understanding of the
anti-GC activity of cycloartenol and identifies its potential
for future therapeutic exploitation.

Materials and Methods

Cell culture

GC cell lines (AGS and MKN-45), normal human gastric
epithelium cells (GES-1), and human umbilical vein en-
dothelial cells (HUVECs) were purchased from Procell
(Wuhan, China). Cells were maintained in RPMI-1640 me-
dium (#R20161, OriLeaf, Shanghai, China) with 10% (v/v)
fetal bovine serum (#F0193, Sigma Aldrich, St. Louis, USA),

along with 100 U/ml penicillin and 100 ug/ml streptomycin
(#516106, Millipore, Billerica, USA), under a humidified
atmosphere containing 5% CO, at 37°C.

Cell treatment

To measure the cytotoxicity of cycloartenol, GES-1 and two
GC cell lines were treated with 5, 10, 20, 40, 80, and 160 pM
cycloartenol (#HY-N7255, purity > 98%, MedChemExpress,
Monmouth Junction, USA) for 24 h. For functional experi-
ments, GC cell lines (MKN-45 and AGS) were exposed to
cycloartenol at concentrations of 10, 20, and 40 uM for
duration of 24 h. The dosages of cycloartenol and treatment
time were identified according to a previous study (Niu et
al. 2018), with some modifications.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay

Cell viability was measured using a MTT assay kit (#M 1020,
Solarbio, Beijing, China). GC cells (MKN-45 and AGS) and
gastric epithelial cells (GES-1) were inoculated in 96-well
plates for 12 h and subsequently exposed to varying concen-
trations of cycloartenol (5-160 pM). After 24 h of incubation,
100 ul of MTT solution (0.5 mg/ml) was added to each well
and incubated for an additional 4 h. The supernatant was
aspirated, and 100 pl of DMSO was added to solubilize the
formazan crystals. A microplate reader (EXL800, BioTek
Instruments, Winooski, USA) was used to determine the
optical density at a wavelength of 570 nm. Cell viability was
calculated as the ratio of mean absorbance in the treated
group relative to the untreated group.

Colony formation assay

MKN-45 and AGS cells were seeded into 6-well plates
(500 cells/well) and cultured for 48 h to allow adhesion. Next,
cells were treated with three doses of cycloartenol (10, 20, or
40 uM) for 10 to 14 days. Following incubation, the colonies
were fixed using 4% paraformaldehyde (#30525-89-4, Ther-
mo Scientific, Waltham, USA) for 15 min and subsequently
stained with a 0.1% crystal violet solution (#32675, Sigma
Aldrich) for 30 min at room temperature. Finally, the num-
ber of colonies containing more than 50 cells was counted.

Transwell assay

Transwell assays were conducted to evaluate the invasive
capacities of GC cells with or without cycloartenol (10, 20,
or 40 uM) treatment. The upper chamber was pre-coated
with Matrigel (#354248, Corning Incorporated, Corning,
USA) diluted at a ratio of 1:8. Next, 3x10* cells suspended
in serum-free medium were seeded into the upper chamber,



The effects of cycloartenol on gastric cancer cell

531

while 750 pl of medium containing 10% fetal bovine serum
(#F0193, Sigma Aldrich) was placed in the lower chamber
to stimulate cell movement across the membrane. Follow-
ing 36 h of incubation, the chamber was retrieved, and the
cells were fixed with 4% paraformaldehyde (#30525-89-4,
Thermo Scientific) for 30 min. Noninvaded cells on the
upper surface were removed using cotton swabs, and the
invaded cells were stained with 0.1% crystal violet (#¥32675,
Sigma Aldrich) for 20 min. The number of cells in five
randomly selected microscopic fields was counted under
100x magnification.

Wound healing assay

GC cells with or without cycloartenol (10, 20, or 40 pM)
treatment were seeded to 6-well plates (6x10° cells/well).
When the cells became fully confluent, a wound was in-
troduced into the monolayer using a 200 ul pipette tip,
and any non-adherent cells were removed by washing with
phosphate-buffered saline (#P1020, Solarbio). The remain-
ing cells were then maintained in serum-free medium to
minimize proliferation. Wound closure was quantified by
capturing images at 0 and 24 h post-wounding, and the
closure rate was calculated as the percentage reduction in
wound area using Image] software.

To assess HUVEC migration, GC cells were treated with
cycloartenol for 24 h, after which the conditioned medium
was collected and applied as a chemoattractant in HUVEC
migration assays. The remaining procedures were performed
as previously described.

Tube formation assay

Tube formation assays were conducted to assess the effect
of cycloartenol on GC cell angiogenesis. AGS and MKN-45
cells were treated with cycloartenol (10, 20, or 40 uM) for
24 h, and the conditioned medium was then harvested.
HUVECs were incubated in endothelial cell medium sup-
plemented with the conditioned medium. Subsequently,
HUVECs were inoculated at a density of 6x10° cells per
well onto 6-well plates pre-coated with Matrigel (#354248,
Corning Incorporated). After 4 h of incubation, the cells were
observed under phase-contrast microscopy and analyzed
using Image]J. The luminal structure was assessed based on
the tube formation rate. The tube sprouting percentage was
calculated as the ratio of the number of sprouted endothelial
cells to total number of endothelial cells.

Western blotting

VEGFA and VEGFR2 protein levels in GC cells or HUVECs
were analyzed using Western blotting. Cells were cultured in
25 cm? flasks (1x10° cells/ml) and exposed to cycloartenol

(10-40 pM) for 24 h. Next, cells were lysed in RIPA buffer
(#R0278, Sigma Aldrich) to extract total protein, and protein
concentration was assessed utilizing a bicinchoninic acid
assay kit (#C05-02001, Bioss, Beijing, China). The protein
samples (50 pg) were loaded onto a 10% SDS-PAGE gel for
electrophoretic separation and subsequently transferred to
nitrocellulose membranes (#HATF85R, Millipore, Billerica,
USA). Subsequently, the membranes were blocked with 5%
(w/v) skimmed milk in TBST for 2 h at room temperature,
followed by an overnight (16 h) incubation at 4°C with
primary antibodies targeting VEGFA (#ab214424, 1:1,000,
Abcam), VEGFR2 (#ab134191, 1:1,000, Abcam), and -actin
(#ab213262, 1:1,000, Abcam). After three washes (each
lasting 30 min) at ambient temperature, the membranes
were incubated with goat anti-rabbit secondary antibody
(#ab205718, 1:2,000, Abcam) for 2 h. Protein bands were
visualized using Super ECL Star reagent (Beyotime, Shang-
hai, China), and their intensities were quantified using Image
Lab software (Beyotime).

Statistical analysis

Each experiment was conducted in triplicate. GraphPad
Prism (version 8) was used for data analysis. Data are
shown as the mean + standard deviation. Due to the small
sample size (n = 3 per group) and the inability to reliably
assess normality, non-parametric tests were employed for all
statistical analyses. Comparisons between two groups were
made using the Mann-Whitney U test. For comparisons
involving multiple groups, the Kruskal-Wallis test was first
performed, followed by Dunn’s post hoc test. A p value < 0.05
was considered statistically significant.

Results

Cycloartenol inhibits the proliferation of AGS and MKN-45
cells

MTT assays were performed to investigate the cytotoxic-
ity of cycloartenol (C39Hs(O, Fig. 1A). Figure 1B showed
that cycloartenol significantly reduced the viability of GC
cells (AGS and MKN-45) with the increasing of doses,
with no significant effect observed on the viability of
normal gastric epithelial GES-1 cells. The results indicate
that cycloartenol may be safe for potential GC treatment.
Moreover, the number of GC cell colonies was markedly
reduced following treatment with 10-40 uM cycloarte-
nol (MKN-45: 174 + 15, 132 + 11, 85 + 7; AGS: 155
+ 13,105+ 9,75 = 7) compared to the untreated group
(MKN-45: 268 + 22; AGS: 241 + 21) (Fig. 1C). The find-
ings suggest the inhibitory effects of cycloartenol on GC
cell viability and proliferation.
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Cycloartenol suppresses GC cell migration and invasion

Results from wound healing assays revealed that cycloartenol
noticeably reduced the wound closure rate in a dose-de-
pendent manner, with the most pronounced effect observed
at 40 uM: wound closure was reduced to 36.15 + 2.15% in
MKN-45 cells and 27.12 + 2.15% in AGS cells relative to
the untreated control (set to 100%) (Fig. 2A,B). Moreover,
Transwell assays demonstrated a decrease in the number of
invaded cells following cycloartenol treatment compared
to the untreated group (MKN-45: 264 * 22; AGS: 284 +

24) (Fig. 2C). Cycloartenol at the concentration of 40 uM
most significantly lowered the cell number to 124 + 11 and
114 + 10 in MKN-45 and AGS cells (Fig. 2C). These results
indicate the suppressive impact of cycloartenol on GC cell
migration and invasion.

Cycloartenol inhibits the migration and angiogenesis of
HUVECs

AGS and MKN-45 cells were treated with cycloartenol (10,
20, or 40 uM) for 24 h; the conditioned medium was collected
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and used to supplement endothelial cell medium for HUVEC
incubation. As shown by Figure 3A and B, cycloartenol treat-
ment restrained the migration of HUVEC:s, as evidenced by
decreases in wound closure rates compared to the control

group. Figure 3C and D revealed that tube sprouting rate
of HUVECs co-incubated with conditioned medium from
cycloartenol-pretreated GC cells was significantly reduced
(p <0.001). In cycloartenol (40 M) group, the percentages of
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Figure 4. Cycloartenol regulates the VEGFA/VEGFR2 signaling in GC cells. A. Western blotting was performed to measure protein levels
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VEGFR2 in HUVECs (MKN-45) and HUVECs (AGS). n = 3. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. untreated control.

tube formation in HUVECs (MKN-45) and HUVECs (AGS)
were reduced to 36.12 + 3.22% and 42.3 + 3.89%, compared
to control groups (100 £ 6.25% and 100 + 6.28%) (Fig. 3C,D).
These results indicate the suppressive effects of cycloartenol
on HUVEC migration and angiogenesis.

Cycloartenol inactivates the VEGFA/VEGFR2 signaling in
GC cells and HUVECs

Given the critical roles of VEGFA and VEGFR2 in an-
giogenesis and tumor growth (Hou et al. 2021; Chen et al.
2023), we investigated whether cycloartenol suppresses the
VEGFA/VEGEFR?2 signaling axis in GC cells. As shown by
Figure 4A-D, protein levels of VEGFA and VEGFR2 were
dose-dependently reduced by cycloartenol in GC cells and
HUVECs co-incubated with GC cell-conditioned medium.
The finding suggests the inhibitory effect of cycloartenol on
the VEGFA/VEGEFR2 pathway in GC.

Discussion

Recent studies have identified many plant-derived compo-
nents with anti-GC activity (Tang et al. 2023). For example,
solanine, a steroidal glycoalkaloid from Solanum species,
suppresses GC cell growth by inhibiting AAMDC/Sesn2

pathway-mediated autophagy (Tang et al. 2023). Triptonoter-
pene, isolated from Celastrus orbiculatus Thunb, exerts its
anti-cancer effect by obstructing GC cell migration, invasion,
and epithelial mesenchymal transition (Wang et al. 2022).
Consistent with these findings, this study demonstrated that
cycloartenol inhibited GC cell proliferation, migration, inva-
sion, and angiogenesis by inactivating the VEGFA/VEGFR2
signaling pathway. This effect aligns with previous evidence
revealing the anti-proliferative activity of cycloartenol in
glioma cells (Niu et al. 2018).

Tumor angiogenesis, defined as the formation of new
blood vessels within solid tumors, supplies nutrients and
oxygen to support tumor growth, survival, and metastatic
dissemination (Zhang et al. 2019). This process occurs during
tumor progression and plays a crucial role in tumor metas-
tasis (Carmeliet and Jain 2011; Giubelan et al. 2023). Upon
stimulation by pro-angiogenic molecules released from
tumors, such as VEGFs, basic fibroblast growth factors, and
matrix metalloproteinases, the blood vessel network expands
rapidly and invades adjacent tissues (Herrera-Vargas et al.
2021; Wasik et al. 2024). To date, anti-angiogenic therapies
have primarily focused on inhibiting the VEGF/VEGFR
signaling pathway to disrupt oxygen and nutrient delivery
to the tumor site (Mei et al. 2023; Wang et al. 2023). Among
angiogenic factors, VEGFA serves as a powerful stimula-
tor of blood vessel formation. VEGFs must bind to their
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corresponding receptor (VEGFR) to initiate downstream
signaling cascades that ultimately promote endothelial cell
proliferation and migration (Hu et al. 2018; Savage et al.
2019). VEGFR2, a transmembrane glycoprotein, acts as the
primary receptor for VEGFA and mediates its downstream
angiogenic effects, including endothelial cell survival, inva-
sion, tube formation, and sprouting (Dong et al. 2025). In
line with these mechanisms, our findings demonstrated that
cycloartenol not only inhibited GC cell growth and migra-
tion but also downregulated protein levels of pro-angiogenic
factors (VEGFA and VEGFR2).

The limitations of this study include the absence of animal
experiments and deeper exploration of molecular mecha-
nisms. Future studies employing xenograft mouse models
are warranted to further validate the anti-cancer property
of cycloartenol in GC. In addition, further experiments are
required to determine the safe dosages of cycloartenol for
animal models and clinical applications. Whether cycloarte-
nol directly or indirectly regulates VEGFA and VEGFR2
also merits further investigation. Given the complexity of
mechanisms involved in cancer progression, additional
studies are needed to elucidate whether cycloartenol inhibits
the malignant behavior of GC cells by modulating signaling
pathways such as MAPK and PI3K.

In conclusion, this study demonstrates the anti-cancer
potential of cycloartenol by attenuating GC cell motility and
angiogenesis through inactivation of the VEGFA/VEGFR2
pathway. This is the first study to report the anti-angiogenic
properties of cycloartenol in GC cells, highlighting its
potential as a promising therapeutic candidate for GC in
clinical settings.
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