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Abstract
BACKGROUND 
Pachymic acid (PA) is derived from Poria cocos. PA has a variety of pharmaco-
logical and inhibitory effects on various tumors. However, the mechanism of 
action of PA in gastric cancer (GC) remains unclear.

AIM 
To investigate the mechanism of PA in treating GC via the combination of 
network pharmacology and experimental verification.

METHODS 
The GeneCards and OMIM databases were used to derive the GC targets, while 
the Pharm Mapper database provided the PA targets. Utilizing the STRING 
database, a protein-protein interaction network was constructed and core targets 
were screened. The analyses of Gene Ontology, Kyoto Encyclopedia of Genes and 
Genomes (KEGG), and gene set enrichment analysis were conducted, and 
molecular docking and clinical correlation analyses were performed on the core 
targets. Ultimately, the network pharmacology findings were validated through in 
vitro cell assays, encompassing assessments of cell viability, apoptosis, cell cycle, 
cloning, and western blot analysis.

https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v16.i1.30
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RESULTS 
According to network pharmacology analysis, the core targets were screened, and the PI3K/AKT signaling 
pathway is likely to be the mechanism by which PA effectively treats GC, according to KEGG enrichment analysis. 
The experimental findings showed that PA could control PI3K/AKT signaling to prevent GC cell proliferation, 
induce apoptosis, and pause the cell cycle.

CONCLUSION 
Network pharmacology demonstrated that PA could treat GC by controlling a variety of signaling pathways and 
acting on a variety of targets. This has also been supported by in vitro cell studies, which serve as benchmarks for 
further research.

Key Words: Pachymic acid; Gastric cancer; Network pharmacology; Enrichment analysis; Cell proliferation

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Pachymic acid (PA) is an important bioactive component of Poria cocos. Network pharmacology analysis showed 
that the core targets of PA in treating gastric cancer (GC) were proto-oncogene tyrosine-protein kinase Src, mitogen-
activated protein kinase 1, phosphatidylinositol 3-kinase regulatory subunit alpha, heat shock protein 90-alpha, and tyrosine-
protein phosphatase non-receptor type 11. Molecular docking results showed that PA could combine well with the core 
targets. Gene Ontology, Kyoto Encyclopedia of Genes and Genomes, and gene set enrichment analysis suggested that the 
PI3K/AKT signaling pathway was possible for treating GC with PA. The experiment results demonstrated that PA could 
decrease the survival rate of HGC-27 cells, halt the progression of the cell cycle, enhance cell apoptosis, control the 
PI3K/AKT signaling pathway to stimulate apoptosis, and impede cell growth.

Citation: Du YH, Zhao JJ, Li X, Huang SC, Ning N, Chen GQ, Yang Y, Nan Y, Yuan L. Mechanism of pachymic acid in the 
treatment of gastric cancer based on network pharmacology and experimental verification. World J Gastrointest Oncol 2024; 16(1): 
30-50
URL: https://www.wjgnet.com/1948-5204/full/v16/i1/30.htm
DOI: https://dx.doi.org/10.4251/wjgo.v16.i1.30

INTRODUCTION
As a malignant digestive tract tumor that arises from gastric epithelial cells, gastric cancer (GC) is one of the most 
common causes of cancer-related deaths worldwide. It is the fifth most frequent malignant tumor[1]. It is unusual for 
patients with early GC to present obvious symptoms. The middle and late stages may present with weight loss, upper 
abdominal pain, and appetite loss[2].

GC is usually diagnosed at an advanced stage. The current treatment methods include surgery, radiotherapy, 
chemotherapy and targeted drugs[3,4]. Surgical treatment may not be suitable for patients with advanced disease. 
Surgery is associated with poor prognosis. Radiotherapy and chemotherapy have certain curative effects but have 
significant side effects and are easily resistant to drugs[5,6]. Identifying drugs that effectively treat GC is therefore 
urgently needed. The treatment of tumors with natural pharmaceutical ingredients has made great advances[7]. A rising 
number of clinical investigations have focused on the anti-tumor properties of traditional Chinese medicine or its 
constituent parts[8,9]. In traditional Chinese medicine, Poria cocos is regarded as a pharmacologically beneficial food 
with sedative, diuretic, and tonic effects and can also be used to treat dyspepsia and other gastrointestinal disorders[10-
12]. It contains pachymic acid (PA), a triterpenoid found naturally in Poria cocos.

PA exerts various pharmacological effects in recent studies. According to Huang et al[13] PA exerts a hypoglycemic 
effect by enhancing the expression of glucose transporter type 4 to facilitate glucose uptake. Feng et al[14] revealed that 
PA reduced the levels of interleukin IL-6, IL-1, and lactate dehydrogenase in the bladder, down-regulated tumor necrosis 
factor-α, and up-regulated TP53 protein in bladder samples to produce anti-inflammatory effects in an animal model. In 
mice treated with pentobarbital, PA also inhibited motor activity via chloride channel activation and GABAergic 
mechanisms, prolonged sleep duration, and enhanced hypnotic effects[15]. Furthermore, PA has anti-inflammatory, 
hypoglycemic, sedative, and hypnotic effects as well as antitumor properties, and can significantly inhibit lung cancer
[16], pancreatic cancer[17], breast cancer[18], ovarian cancer[19], GC[20] and other tumor cells, as well as cell prolif-
eration, cell cycle, apoptosis, and other phenotypes.

Our team previously reported that 18β-glycyrrhetinic acid, a natural drug component, affects the proliferation and 
metastasis of GC[21]. PA also appears to be useful as a natural product for the treatment of GC. Earlier research has 
indicated that PA hinders the proliferation and capacity of GC cells to form colonies while also causing a notable halt in 
the G2/M phase and triggering apoptosis. As a result, it effectively restrains the progression of GC[20]. Previous research 
indicates that PA has the ability to curb the migration and metastasis ability of GC cells by reducing the matrix metallo-
proteinase proteins expression and suppressing the epithelial-mesenchymal transition process. SGC-7901 tumor growth 

https://www.wjgnet.com/1948-5204/full/v16/i1/30.htm
https://dx.doi.org/10.4251/wjgo.v16.i1.30
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in nude mice was significantly suppressed by PA[22]. In addition, PA can increase the sensitivity of GC cells by upregu-
lating BAX protein expression[23].

At present, limited information is available regarding the utilization of PA in the treatment of GC, and the underlying 
mechanism behind this phenomenon is not yet understood. In this work, we examined the healing effect of PA on GC. 
Further, we studied its underlying mechanisms using network pharmacology, bioinformatic analysis, and experimental 
validation in the human GC cell line HGC-27 (Figure 1). This study may offer new perspectives on the treatment of PA in 
GC.

MATERIALS AND METHODS
Screening of GC and PA targets
The composition of Poria cocos can be found in the TCMSP database (https://old.tcmsp-e.com/tcmsp.php). By accessing 
the live 3D structure of PA from PubChem (https://pubchem.ncbi.nlm.nih.gov/), the related targets of PA were obtained 
by 3D structure on PharmMapper (http://www. lilab-ecust.cn/pharmmapper/). Targets for GC are available from 
GeneCards (http://www. genecards. org) and the OMIM database (http://omim.org/). Finally, we obtained targets for 
common targets of GC and PA used Venny 2.1 (https://bioinfogp.cnb.csic.es/tools/venny/index.html).

Construction of protein-protein interaction network
Set the parameters and import the common target into the STRING database (https://string-db.org) and export TSV 
format files. Cytoscape3.8.2 was used for visualization and arranged according to degree, with the depth of color and size 
of the dots representing the magnitude of the degree value. Core targets were chosen based on degree values of > 10.

Gene Ontology, Kyoto Encyclopedia of Genes and Genomes, and gene set enrichment analysis
We conducted analyses for biological process (BP), cellular component (CC), and molecular function as part of the Gene 
Ontology (GO) analysis. According to the -log10 (P value), an online platform for data analysis and visualization (https:/
/www.bioinformatics.com.cn/) was used for the top 10 for visual analysis. The top 20 Kyoto Encyclopedia of Genes and 
Genomes (KEGG) enrichment analyses were performed for visual analysis. The network diagram of the pathway and the 
top 12 core targets were performed using cytoscape3.8.2 according to the degree value. GEO in the NCBI database (
https://www.ncbi.nlm.nih.gov/geo/) to download GES79973 chip original gene expression data (data from the 
expression of GC and normal tissue), using the Weishengxin website (https://www.bioinformatics.com.cn), gene set 
enrichment analysis (GSEA) analysis results are obtained.

Molecular docking of PA to core targets
Using the PubChem database, the 2D structure of PA was downloaded and imported into the Chem3D software to 
transform and optimize it into a 3D structure. The RCSB PDB database (http://www.rcsb.org/) was used to download 
the 3D structure of the core target, which was then imported into PyMOL for processing using the species set for humans. 
Subsequently, the ligands and receptors were processed using the AutoDockTools program, molecular docking was 
performed using the AutoDockVina program, and the outcomes were displayed using the PyMOL program.

Clinical relevance analysis of core targets
To acquire the expression levels of the leading ten core genes in GC and normal tissues, as well as to examine the 
variation in expression levels and copy number at various stages, the Gene Expression Profiling Interactive Analysis 
(GEPIA) database (http://GEPIA.cancer-pku.cn//) was utilized. We utilized the Kaplan-Meier plotter database (http://
kmplot.com/analysis/) to examine the impact of ten genes on the prognosis of GC patients.

Experimental materials
MCE provided PA (CAT: HY-N0371, United States). Punosai Co., Ltd. provided HGC-27 (CAT: CL-0107, China) and GES-
1 (CAT: CL-0563, China) cells, which were confirmed by STR to be free of cross-contamination. Gemini was used to sell 
fetal bovine serum (CAT: 900108, China). Gibco provided RPMI-1640 medium (CAT: 1187517, United States). Dojindo 
Cell Counting Kit-8 (CAT: CK04, Japan). The Annexin-V FITC/PI double-staining apoptosis detection kit (CAT: 
KGA1023; China) and cell cycle detection kit (CAT: KGA511, China) were provided by Jiangsu KeyGEN Bio TECH Corp., 
Ltd. Antibodies against PI3K (CAT: ab133595, United Kingdom), p-PI3K (CAT: ab278545, United Kingdom), BAX (CAT: 
ab32503, United Kingdom), BCL-2 (CAT: ab182858, United Kingdom), Caspase 3 (CAT: ab32351, United Kingdom), 
Caspase 9 (CAT: ab32539, United Kingdom), and GADPH (CAT: ab8245, United States) were purchased from Abcam. 
Antibodies against AKT (CAT: AF6261, China) and p-AKT (CAT: AF0016, China) were purchased from Affinity.

Cell culture
HGC-27 cells were cultured in RPMI-1640 medium containing 10% fetal calf serum and 1% mixture of penicillin-
streptomycin, whereas GES-1 cells were cultured in DMEM medium containing 10% fetal calf serum and 1% mixture of 
penicillin-streptomycin. The culture was maintained at 37 °C with 5% CO2.

https://old.tcmsp-e.com/tcmsp.php
https://pubchem.ncbi.nlm.nih.gov/
http://www. lilab-ecust.cn/pharmmapper/
http://www. genecards. org
http://omim.org/
https://bioinfogp.cnb.csic.es/tools/venny/index.html
https://string-db.org
https://www.bioinformatics.com.cn/
https://www.bioinformatics.com.cn/
https://www.ncbi.nlm.nih.gov/geo/
https://www.bioinformatics.com.cn
http://www.rcsb.org/
http://GEPIA.cancer-pku.cn//
http://kmplot.com/analysis/
http://kmplot.com/analysis/
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Figure 1 Flow chart. A variety of databases used to find the targets of gastric cancer (GC) and pachymic acid (PA), and the common targets were obtained. The 
possible targets and pathways of PA in the treatment of GC were analyzed by network pharmacology, and finally verified by experiments.
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CCK8 assay for cell viability
The HGC-27 and GES-1 cells (6 × 103 cells per well) were seeded in 96-well plates and treated with various doses of PA. 
(6.25 μM, 12.5 μM, 25 μM, 35 μM, 50 μM, 70 μM, 100 μM, 150 μM) in the incubator at 37 °C for 24 h, 48 h, and 72 h. Each 
group consisted of three replicates. After incubation, 10 μL of CCK-8 was added to every 100 μL of the medium for 2 h, 
and the OD was measured at 450 nm.

Plate clone formation assay of PA intervention in HGC-27 cells
According to the cell counting results, 800 cells per well were inoculated into 6-well plates, and three duplicate wells were 
established. The cells were then cultured for 14 d. When each clone contained more than 50 cells, 1 mL 4% paraformal-
dehyde and 500 μL crystal violet solution were added. The staining process was carried out for 15 min at ambient 
temperature, the staining solution was washed, dried at room temperature, photographed, and analyzed. Clones had a 
diameter greater than 1 mm were counted.

Apoptosis assay of PA intervention in HGC-27 cells
The cells were seeded in cell culture dishes, the supernatant was removed, and drug-containing medium was added. 
Each group was set up in triplicate. After a 24 h drug intervention, the cells were digested and washed in prechilled 
phosphate buffered saline (PBS). They were then supplemented with 500 μL binding buffer, 5 μL annexin V-FITC and 5 
μL propidium iodide. Finally, they were left to respond in the dark for 10 min. The analysis of flow cytometry was 
finished.

Cell cycle assay of PA intervention in HGC-27 cells
Different concentrations of drug-containing media were introduced after the cells had been cultured under optimal 
growth conditions for a while, and each group was set up in triplicates. After the 24 h intervention period, the cells were 
removed, cleaned with PBS, and fixed with 70% ethanol at 4 °C. After washing the fixative with PBS and adding 500ul of 
cell cycle working solution (RNase A/PI = 1:9) to each well, the reaction was performed in the dark for 30-60 min. The 
proportion of cells in each cycle was calculated using flow cytometry.

Western blot analysis
Total protein was extracted from normal HGC-27 cells and PA-treated cells. The BCA assay was performed to assess 
protein concentration. After the total proteins were separated by electrophoresis, the target proteins were transferred to 
polyvinylidene fluoride (PVDF) membranes and blocked with skim milk powder for 2 h. After washing with TBST, the 
culture plates were incubated with primary antibodies overnight at a temperature of 4 °C. After washing with TBST, 
PVDF membranes were exposed to appropriate secondary antibodies and incubated for 1 h at room temperature. Finally, 
an ultrasensitive multifunctional imager and a luminous solution were used for detection[24].

Statistical analysis
All data were statistically analyzed using GraphPad Prism 8. Data were shown as mean ± SD, and the differences 
between different groups were analyzed using a one-way ANOVA or t-test. The level of significance was set at P < 0.05.

RESULTS
Common targets mining
Among the components of Poria cocos found in the TCMSP database, oral bioavailability = 33.63 and drug-likeliss = 0.81 
for PA (Table 1 and Supplementary Figure 1). The PA targets were obtained from the PharmMapper database and 
standardized using the Uniport database to remove duplicates and non-human targets. In total, 235 PA targets were 
identified. 12706 GC targets were obtained by eliminating duplicates from the Genecards database and 506 GC targets 
were obtained by deleting duplicates from the OMIM database (Figure 2A). Duplicate GC entries in the two databases 
were merged and deleted to obtain 13058 GC targets. The 235 targets of PA and 13058 targets of GC were interposed to 
obtain 217 possible targets of PA for GC treatment (Figure 2B).

Analysis of protein-protein interaction network
To create the protein-protein interaction network diagram, 217 intersection targets from the STRING database of PA and 
GC were imported (Figure 2C). The results were imported into Cytospace3.8.2 for analysis and arranged according to the 
degree value. The larger the degree value, the darker the color, the larger the circle, and the closer it is to the center. The 
top 27 core targets were selected based on a degree value of > 10 (Figure 2D). The degree values of the 27 core targets 
were arranged as bars (Figure 2E). The top 10 targets for the degree value were proto-oncogene tyrosine-protein kinase 
Src (SRC), mitogen-activated protein kinase 1 (MAPK1), phosphatidylinositol 3-kinase regulatory subunit alpha (PIK3R1), 
heat shock protein 90-alpha (HSP90AA1), tyrosine-protein phosphatase non-receptor type 11 (PTPN11), growth factor 
receptor-bound protein 2 (GRB2), retinoic acid receptor RXR-alpha (RXRA), mitogen-activated protein kinase 14 
(MAPK14), epidermal growth factor receptor (EGFR), and estrogen receptor (ESR1).

https://f6publishing.blob.core.windows.net/db778aad-85a6-4e06-b9f1-6ed44e422f0c/WJGO-16-30-supplementary-material.pdf
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Table 1 The ingredients of Poria cocos

ID Phytochemical name OB DL

MOL000273 16alpha-Hydroxydehydrotrametenolic acid 30.93 0.81

MOL000274 3β-hydroxylanosta-7,9(11),24-trien-21-oic acid 24.92 0.8

MOL000275 Trametenolic acid 38.71 0.8

MOL000276 7,9(11)-dehydropachymic acid 35.11 0.81

MOL000277 Tumulosic acid 15.95 0.81

MOL000278 Beta-glucan 0.73 0.7

MOL000279 Cerevisterol 37.96 0.77

MOL000280 Dehydrotumulosic acid 31.07 0.82

MOL000281 Dimethyl L-malate 8.59 0.03

MOL000282 Stellasterol 43.51 0.72

MOL000283 Ergosterol peroxide 40.36 0.81

MOL000284 L-uridine 23.4 0.11

MOL000285 (2R)-2-[(5R,10S,13R,14R,16R,17R)-16-hydroxy-3-keto-4,4,10,13,14-pentamethyl-1,2,5,6,12,15,16,17-
octahydrocyclopenta[a]phenanthren-17-yl]-5-isopropyl-hex-5-enoic acid

38.26 0.82

MOL000286 β-amyrin acetate 9.11 0.74

MOL000287 3-beta-hydroxy-24-methylene-8-lanostene-21-oic acid 38.7 0.81

MOL000288 Pachyman 0.45 0.68

MOL000289 Pachymic acid 33.63 0.81

MOL000290 Poricoic acid A 30.61 0.76

MOL000291 Poricoic acid B 30.52 0.75

MOL000292 Poricoic acid C 38.15 0.75

MOL000293 Poricoic acid D 22.38 0.78

MOL000294 Poricoic acid DM 29.32 0.78

MOL000295 Alexandrin 20.63 0.63

MOL000296 Hederagenin 36.91 0.75

MOL000297 Tumulosic acid 29.88 0.81

MOL000298 Ergosterol 14.29 0.72

MOL000299 Trimethyl citrate 67.61 0.07

MOL000300 Dehydroeburicoic acid 44.17 0.83

MOL000301 2-lauroleic acid 31.42 0.04

MOL000302 Undekansaeure 30.14 0.03

MOL000303 Caprylic acid 16.4 0.02

MOL000304 Ethyl glucoside 16.4 0.02

MOL000305 Lauric acid 23.59 0.04

MOL000069 Palmitic acid 19.3 0.1

OB: Oral bioavailability; DL: Drug-likeliss.

GO, KEGG and GESA pathway enrichment analysis
For GO and KEGG analyses, common targets were loaded into Metascape. GO enrichment analysis showed that PA 
treatment of GC affected response to hormone, protein phosphorylation, response to bacterium, response to peptide, 
response to xenobiotic stimulus, and other BPs. CCs include vesicle lumen, membrane raft, vacuolar lumen, receptor 
complex, and extracellular matrix. Molecular features included nuclear receptor activity, phosphotransferase activity, 
alcohol group as acceptor, carboxylic acid binding, endopeptidase activity, and kinase binding (Figure 3A). The top 20 
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Figure 2 Prediction of core targets. A: Number of gastric cancer (GC) targets and pachymic acid (PA) targets; B: Venn diagram of intersection of target PA 
targets in GC; C: Protein-protein interaction (PPI) network diagram of intersection targets; D: Degree values of core targets; E: PPI network graph sorted by degree 
value, and core targets were screened according to degree value greater than 10. SRC: Proto-oncogene tyrosine-protein kinase Src; MAPK1: Mitogen-activated 
protein kinase 1; PI3KR1: Phosphatidylinositol 3-kinase regulatory subunit alpha; HSP90AA1: Heat shock protein 90-alpha; PTPN11: Tyrosine-protein phosphatase 
non-receptor type 11; GRB2: Growth factor receptor-bound protein 2; RXRA: Retinoic acid receptor RXR-alpha; MAPK14: Mitogen-activated protein kinase 14; 
EGFR: Epidermal growth factor receptor; ESR1: Estrogen receptor; JAK2: Tyrosine-protein kinase JAK2; PRKACA: cAMP-dependent protein kinase catalytic subunit 
alpha; NR3C1: Glucocorticoid receptor; STAT1: Signal transducer and activator of transcription 1-alpha/beta; RARA: Retinoic acid receptor alpha; IGF1R: Insulin-like 
growth factor 1 receptor; HCK: Tyrosine-protein kinase HCK; KDR: Vascular endothelial growth factor receptor 2; CTNNA1: Catenin alpha-1; AR: Androgen receptor; 
CASP3: Caspase-3; SYK: Syrosine-protein kinase SYK; IL2: Interleukin-2.

most important pathways were analyzed using KEGG enrichment. PA exerted anti-GC effects through cancer pathways 
and the PI3K-Akt signaling pathway (Figure 3B). The top 12 targets were mainly enriched in the PI3K-Akt signaling 
pathway (Figure 3C). The GSEA results showed that genes involved in the cell cycle, ECM receptor interaction, and focal 
adhesion pathways were significantly downregulated in GC (Figure 3D). The findings from the analysis of KEGG, GO, 
and GSEA, along with the discovery of key targets in the PPI network, indicate that the PI3K/AKT signaling pathway 
could potentially be utilized for treating GC using PA.

Molecular docking
PA was utilized to conduct molecular docking of the top six core targets. When the binding energy is below -4.25 kcal/
mol, there exists a certain capacity for the two to form a bond. The two exhibit a stronger affinity when the binding 
energy is below -5.0 kcal/mol. If the binding energy is lower than -7.0 kcal/mol, it is considered to be extremely high. The 
binding energy of PA with SRC, MAPK1, PI3KR1, and HSP90AA1 was -5.6 kcal/mol, -7.5 kcal/mol, -8.8 kcal/mol, and -
6.2 kcal/mol, respectively. The binding energy was -8.0 kcal/mol for PTPN11 and -6.2 kcal/mol for GRB2 (Figure 4A).

Clinical correlation analysis
The core genes MAPK14, HSP90AA1, PTPN11, and GRB2 transcription levels were significantly upregulated in the 
GEPIA database (Figure 4B). Comparison between GC and normal tissues showed that MAPK1, HSP90AA1, PTPN11, 
and GRB2 were up-regulated considerably (P < 0.05) (Figure 4C). MAPK1 (P = 0.0242), HSP90AA1 (P = 0.0359), and ESR1 
(P = 0.0268) were significantly associated with tumor staging in patients (Figure 4D).

The survival of patients with high SRC, PTPN11, RXRA, EGFR, and ESR1 expression was worse than that of patients 
with low expression, whereas MAPK1, PIK3R1, HSP90AA1, GRB2, and MAPK14 showed the opposite trend. A P value of 
less than 0.05 was considered statistically significant. A P value of less than 0.001 indicates that the gene can be used as a 
marker for the prognosis of GC. According to the P value, PIK3R1 (P = 5.8e-15), HSP90AA1 (P = 3.2e-06), RXRA (P = 
0.00033), and ESR1 (P = 1.1e-06) could be used as prognostic markers for GC. MAPK1 (P = 0.0019), PTPN11 (P = 0.0074), 
GRB2 (P = 0.0024), and EGFR (P = 0.0092) expression levels affected the prognosis of GC. SRC (P = 0.015) and MAPK14 (P 
= 0.018) were statistically significant for the prognosis of GC (Figure 4E).

PA decreased the viability of HGC-27 cells
HGC-27 and GES-1 cells were treated with different concentrations of PA (6.25 μM, 12.5 μM, 25 μM, 35 μM, 50 μM, 70 
μM, 100 μM, 150 μM) for 24 h, 48 h, and 72 h. These findings demonstrate that PA, in a time- and concentration-
dependent manner, may dramatically diminish the viability of HGC-27 cells. The inhibitory effect eventually became 
stronger as the medication concentration and treatment duration increased. The proliferation of HGC-27 cells was 
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Figure 3 Enrichment analysis. A: Gene Ontology enrichment analysis; B: Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis; C: Protein-
protein interaction network diagram of KEGG pathways and top 12 core targets, green represents pathways and red represents core targets; D: Gene set enrichment 
analysis analyzed the results; E: PI3K/AKT signaling pathway. GF: Growth factor; PAMP: Pathogen-associated molecular patterns; ECM: von Willebrand factor; 
TLR2/4: Toll-like receptor 2/4; BCR: Breakpoint cluster region protein; ITGA: Integrin alpha; ITGB: Integrin beta; PDK1: Pyruvate dehydrogenase kinase 1; PP2A: 
Serine/threonine-protein phosphatase 2A catalytic subunit; TCL1: T-cell leukemia/lymphoma protein 1A; HSP90: Heat shock protein 90; mTORC2: CREB-regulated 
transcription coactivator 2; PHLPP: PH domain leucine-rich repeat-containing protein phosphatase 1; BAD: Bcl2-associated agonist of cell death; CREB: Ubiquitin 
carboxyl-terminal hydrolase creB.

significantly inhibited by drug intervention for 24 h. Therefore, 24 h was selected as the duration of drug intervention. 
Finally, according to the IC50 of 24 h = 37.32 μM, the high, medium, and low concentrations of the drugs (20 μM, 30 μM 
and 40 μM) were determined as the concentrations in subsequent experiments (Figure 5A). PA at a concentration of 37.32 
μM had little effect on the viability of GES-1 (Figure 5B). When the GC cells were half dead, the damage of PA to normal 
gastric mucosal cells was very small, indicating that PA has the potential to be used in the treatment of GC. This result is 
similar to that the study by Wang et al[22] on the inhibition of invasion and metastasis of GC cells by PA.

PA inhibited the colony forming ability of HGC-27 cells
The results showed that PA (20, 30, and 40 μM) considerably reduced the number of clones produced in HGC-27 cells 
compared to the control group, and that the inhibitory effect increased as the concentration increased. The difference was 
statistically significant (P < 0.001) (Figures 5C and D).

PA induced the apoptosis of HGC-27 cells
The findings from the apoptosis experiment indicated that the rates of cell death in HGC-27 cells exposed to varying 
concentrations of PA for 24 h were 9.39% ± 0.72%, 17.28% ± 0.42%, and 22.27% ± 0.74% for low, medium, and high 
concentrations, respectively. These rates were observed to be higher compared to the control group’s rate of 6.15% ± 
0.27%. Significant statistical differences were observed in each group compared with the control group (P < 0.001) 
(Figures 5E and F).

PA arrested HGC-27 cells cycle in the G0/G1 phase
Analysis of the cell cycle showed a significant alteration in the percentage of HGC-27 cells in the G0/G1 phase following 
24 h exposure to varying concentrations of PA: Low 41.70% ± 2.65%, medium 46.40% ± 0.43%, and high 60.80% ± 1.29%. 
The values observed in the experimental group were more significant than those in the control group 34.83% ± 0.13%. 
Significant statistical differences were observed in each group compared with the control group (P < 0.001) (Figures 5G 
and H).

PA induced apoptosis and inhibited the proliferation of HGC-27 cells by regulating the PI3K/AKT signaling pathway
PI3K, AKT, and their phosphorylated forms, along with the apoptosis-related proteins BAX, BCL-2, CASPASE3, and 
CASPASE9, were detected using western blotting. The findings showed a notable decline in phosphorylated PI3K and 
AKT levels compared to the control group and it was statistically significant (P < 0.01, P < 0.001). In contrast, the overall 
protein levels of PI3K and AKT were not impacted (Figures 6A and B). There were no noticeable disparities in the protein 
manifestation of BAX and Caspase3, while the manifestation of BCL-2 and Caspase9 exhibited a substantial decline (P < 
0.01, P < 0.001) (Figures 6C and D).
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Figure 4 Analysis of molecular docking and clinical relevance. A: Pachymic acid docked with the top 6 core target molecules with degree value; B: Copy 
number analysis of the top ten core targets in gastric cancer (GC); C: Correlation analysis between GC and paracancerous sites of the top ten core targets; D: GC 
grading and staging analysis of the top ten core targets; E: Survival analysis of the top ten core targets. SRC: Proto-oncogene tyrosine-protein kinase Src; MAPK1: 
Mitogen-activated protein kinase 1; PI3KR1: Phosphatidylinositol 3-kinase regulatory subunit alpha; HSP90AA1: Heat shock protein 90-alpha; PTPN11: Tyrosine-
protein phosphatase non-receptor type 11; GRB2: Growth factor receptor-bound protein 2; RXRA: Retinoic acid receptor RXR-alpha; MAPK14: Mitogen-activated 
protein kinase 14; EGFR: Epidermal growth factor receptor; ESR1:  Estrogen receptor.

DISCUSSION
The analysis of network pharmacology revealed that SRC, MAPK1, PIK3R1, HSP90AA1, and PTPN11 were the critical 
targets of PA in the treatment of GC. The molecular docking results demonstrated PA’s strong binding ability with these 
key targets. Through a variety of database analysis, these core targets are closely related to the clinical relevance of GC. 
Through GO, KEGG, and GSEA analyses, the potential therapeutic mechanism for GC with PA was identified as the 
PI3K/AKT signaling pathway. The experiments showed that PA reduced the viability of HGC-27 cells, halted the cell 
cycle, enhanced cell apoptosis, regulated the PI3K/AKT signaling pathway to promote apoptosis, and restricted cell 
proliferation (Figure 7). At present, PA has not been used in clinical practice. Through this study, it can be clearly seen 
that in cell experiments, PA has a clear effect on GC, with the characteristics of high efficiency and low toxicity. 
Combined with network pharmacology analysis and clinical correlation analysis, it was confirmed that PA may have 
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Figure 5 Effect of pachymic acid on the phenotype of gastric cancer cells. A: The viability of HGC-27 cells treated with pachymic acid (PA) for 24 h, 48 
h and 72 h were determined; B: The viability of gastric epithelial GES-1 cells treated with PA for 24 h, 48 h and 72 h were determined; C and D: The quantity of 
generated cell clones; E and F: Apoptosis rate; G and H: Cell cycle distribution. All experiments were repeated three times and the data were expressed as mean ± 
SD, aP < 0.05, bP < 0.01, cP < 0.001.

good clinical value and can provide a new treatment strategy for patients with GC.
GC cells SGC-7901, MGC-803, and BGC-823 may be contaminated by HELA cells. Ye et al[25] reported that STR typing 

results of SGC-7901 were consistent with those of HELA cells. Huang et al[26] performed STR typing on SGC-7901 from 
different laboratories, and the results showed that one strain was HELA cells and the other was non-human. In the same 
year, Bian et al[27] reported the cross-infection of 482 human tumor cell lines, of which 25 were contaminated with HELA 
cells, including SGC-7901. Therefore, Sun and Xia[28] reported that PA inhibits the growth of SGC-7901 cells and induces 
cell cycle arrest and apoptosis may need to be further verified using other GC cell lines. In this study, we used HGC-27 
cells to increase the reliability of the inhibitory effect of PA on GC proliferation. In addition, compared with others, we 
have added the content of network pharmacological prediction and clinical correlation research, which provides the 
support of bioinformatics analysis for the treatment of GC with PA, and provides a more reliable basis for the application 
of PA in clinical treatment in the future.
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Figure 6 Effect of pachymic acid on the expression of PI3K/AKT pathway and apoptosis-related proteins in gastric cancer cell line HGC-
27. A and B: The impact of pachymic acid (PA) on the expression of proteins connected to the PI3K/AKT signaling pathway in HGC-27 cells; C and D: The impact of 
PA on the expression of apoptosis-related proteins in HGC-27 cells. All experiments were repeated three times and the data were expressed as mean ± SD, aP < 
0.05, bP < 0.01, cP < 0.001. NC: Negative control; PA: Pachymic acid.

The P13K/AKT signaling pathway is essential in multiple processes associated with tumor cell proliferation, apoptosis, 
invasion, metastasis, and tumor formation[29,30]. It is considered a key signaling pathway in tumor cells and has 
significant implications for tumor treatment and prognosis. In their study, Zhu et al[31] demonstrated that salvianol has 
the potential to inhibit the proliferation, migration, and invasion of hepatocellular carcinoma cells by modulating the 
PI3K/AKT signaling pathway. Similarly, Rong et al[32] noted that salidroside triggers apoptosis and protective 
autophagy in AGS cells via the PI3K/AKT/mTOR pathway. According to Zhou et al[33], epithelial-mesenchymal 
transition is induced by hypoxia in human GC cells via activation of the PI3K/AKT signaling pathway. The inhibition of 
tumor progression results by regulating the PI3K/AKT signaling pathway, which promotes tumor proliferation and 
metastasis by providing nutrition for tumor cells, reducing adhesion force between cells, influencing the extracellular 
matrix, and regulating growth factor receptors[34,35]. GSEA analysis of the GC microarray showed that the cell cycle, 
ECM-receptor interaction, and focal adhesion pathways were activated in GC, which were associated with the PI3K/AKT 
signaling pathway to promote GC development. Simultaneously, the PI3K/AKT signaling pathway exhibits a strong 
association with apoptosis[36]. Anomalous activation of the PI3K/AKT signaling pathway is observed in various tumor 
tissues, wherein it impedes tumor cell proliferation and fosters apoptosis through negative regulation[37]. By modulating 
the expression of the PI3K/AKT signaling pathway, PA has the potential to induce apoptosis in GC cells and suppress 
their proliferation.

In this study, only network pharmacological analysis and cell phenotype experiments were used to predict and verify 
the targets and possible molecular mechanisms of PA in GC treatment. Next, we conducted tumor formation experiments 
in nude mice to verify the efficacy of PA in vivo. Through in vivo and in vitro double verification, we provide reliable 
evidence for the treatment of GC with PA. In addition, high-throughput screening methods can be used for proteomics, 
genomics, and metabolomics analyses, and gene silencing was performed by lentivirus technology. In order to investigate 
the interplay between signal proteins during the treatment of GC using immunoprecipitation, and to elucidate the 
molecular mechanism of PA in GC treatment. The research offers fresh perspectives on the management of GC using PA.

At present, there is a lack of high-efficiency and low-toxicity drugs for the treatment of GC. However, there is still a 
long way to go for the application of PA in the clinical treatment of GC. This study only predicts the strong clinical 
relevance of PA in GC at the bioinformatics level, and has not actually been developed into a relevant drug for clinical 
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Figure 7 Graphic summary. SRC: Proto-oncogene tyrosine-protein kinase Src; MAPK1: Mitogen-activated protein kinase 1; PI3K: Phosphatidylinositol 3-kinase; 
AKT: RAC serine/threonine-protein kinase; PIK3R1: Phosphatidylinositol 3-kinase regulatory subunit alpha; HSP90AA1: Heat shock protein 90-alpha; PTPN11: 
Tyrosine-protein phosphatase non-receptor type 11.

trials. The current study suggests that PA has the potential for clinical application in GC, although the process is difficult. 
In the future, we can confirm this through more studies and make the treatment of GC further.

CONCLUSION
The inhibition of GC cell proliferation by PA and its potential to induce apoptosis in HGC-27 cells were confirmed 
through network pharmacological analysis and experimental verification. It was found that PA may target SRC, MAPK1, 
PIK3R1, HSP90AA1, PTPN11 proteins, and PI3K/AKT signaling pathways.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is one of the most serious malignant tumors of the digestive tract, with high morbidity and mortality. 
In recent years, more and more evidence has shown that natural ingredients from traditional Chinese medicine can 
prevent and inhibit the occurrence and development of GC, showing great therapeutic potential.

Research motivation
Network pharmacology is used to predict the targets and pathways of drugs in the treatment of diseases, and the method 
of experimental verification is used to verify them, which provides an effective reference for further elucidating the 
molecular mechanism of natural products in the treatment of GC.

Research objectives
To find the possible targets and pathways of pachymic acid (PA) in the treatment of GC, and to explore the molecular 
mechanism of PA promoting apoptosis and arresting cell cycle of GC cells by regulating PI3K/AKT signal transduction.
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Research methods
Using the TCMSP database to find the components of Poria cocos, we identified PA in Poria cocos as a potential effective 
component in the treatment of GC. The PharmMapper database was used to find the related targets of PA, and the 
GENECARDS and OMIM databases were used to find the related targets of GC, and the common targets were found by 
intersection. The protein-protein interaction network was constructed, and the top five core targets were screened 
according to the degree value. The Gene Ontology, Kyoto Encyclopedia of Genes and Genomes (KEGG), and gene set 
enrichment analysis were used to identify related pathways. Molecular docking and clinical correlation studies were used 
to explore the effects of core targets on GC. Cell Counting Kit-8, colony formation assay and flow cytometry were used to 
detect cell function indexes. Western blot was used to determine the effect of PA on PI3K/AKT signaling pathway and 
apoptosis pathway.

Research results
A total of 217 possible targets of PA in the treatment of GC were identified by network pharmacology, and the top five 
core targets were found: Proto-oncogene tyrosine-protein kinase Src, mitogen-activated protein kinase 1, phosphatidylin-
ositol 3-kinase regulatory subunit alpha, heat shock protein 90-alpha, tyrosine-protein phosphatase non-receptor type 11. 
KEGG pathway analysis showed that PI3K/AKT signaling pathway was a possible pathway for the treatment of GC. 
Molecular docking results showed that the binding energy between PA and PI3KR1 was the highest (-8.8 kcal/mol). 
Experiments on HGC-27 cells confirmed that PA could inhibit the proliferation of GC cells, promote the apoptosis of cells 
and arrest their G0/G1 phase. Western blot results showed that PA decreased the expression of phosphorylated PI3K and 
AKT in GC cells, and also had an effect on apoptosis-related proteins.

Research conclusions
The inhibitory effect of PA on GC proliferation and its potential to induce apoptosis of GC cells were confirmed by 
network pharmacological analysis and experimental verification.

Research perspectives
PA have shown high efficiency and low toxicity in the treatment of GC. However, PA have not been truly developed into 
relevant drugs for clinical trials, and there is still a long way to go for the application of PA in the clinical treatment of GC. 
In the future, we look forward to making the treatment of GC more in-depth through more studies on the effectiveness of 
PA on GC and providing more treatment options for patients with GC.
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