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Purpose: This study was designed to evaluate the pharmacological mechanisms of Aloin against gastric cancer (GC) via network
pharmacology analysis combined with experimental verification.
Methods: Using network pharmacology methods, the potential targets of Aloin and targets related to GC were screened from public
databases. The protein–protein interaction (PPI) network, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis were performed to predict the core targets and pathways of Aloin against GC. The expressions
of major targets predicted by network pharmacology in normal stomach tissues and GC tissues and their relationships with overall
survival of GC were searched in GEPIA, HPA and DriverDBv3 database. The results of network pharmacology analysis were verified
by in vitro experiments.
Results: A total of 129 potential targets were retrieved by searching the intersection of Aloin and GC targets. PPI network analysis
indicated that 10 targets, including AKT1 and CASP3, were hub genes. GO enrichment analysis involved 93 biological processes, 19
cellular components, and 37 molecular functions. KEGG enrichment analysis indicated that the anti-cancer effect of Aloin was
mediated through multiple pathways, such as PI3K-AKT, FoxO and Ras signaling pathway. Among them, the PI3K-AKT signaling
pathway, which contained the largest number of enriched genes, may play a greater role in the treatment of GC. The validation of key
targets in GEPIA, HPA and DriverDBv3 database showed that the verification results for most core genes were consistent with this
study. Then, the results of in vitro experiment indicated that Aloin could inhibit proliferation of NCI-N87 cells and induce cell
apoptosis. The results also showed that Aloin could decrease the mRNA and protein expressions of PI3K and AKT, suggesting that
Aloin can treat GC by inducing cell apoptosis and regulating the PI3K-AKT signaling pathway.
Conclusion: This study identified the potential targets of Aloin against GC using network pharmacology and in vitro verification,
which provided a new understanding of the pharmacological mechanisms of Aloin in treatment of GC.
Keywords: gastric cancer, Aloin, pharmacological mechanisms, network pharmacology, experimental verification

Introduction
Gastric cancer (GC) is the most prevalent digestive tract malignant tumor that originates from gastric mucosal epithelial
cells. The deaths related to GC account for approximately 23% of all cancer deaths. In addition, the prognosis of
advanced GC was poor, with the brutal 5-year survival rate still less than 20%.1 Chemotherapy, one of the treatment
methods of GC, has serious side effects and can result in drug resistance. Natural anti-cancer compound is a promising
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medicine for tumor treatment due to its better efficacy, fewer side effects and lower toxicity. Therefore, the study on
natural anti-cancer drugs is of great significance in tumor treatment and prognosis.

Aloin, an anthraquinone compound extracted from the aloe that employed as a dietary supplement in a variety of
foods, has the effects of anti-oxidation and anti-inflammation. In recent years, an increasing number of studies extended
the pharmacological activity of Aloin to tumor treatment.2–4 Tao et al reported that Aloin induced gastric cancer cell
apoptosis by down-regulating expressions of HMGB1 and RAGE, inhibiting HMGB1 release and suppressing
rhHMGB1-induced activation of Akt-mTOR-P70S6K and ERK-P90RSK-CREB signalling pathways.5 Wang et al
found Aloin inhibited the proliferation and migration of GC cells by regulating NOX2-ROS-mediated pro-survival signal
pathways.6 However, the mechanisms of Aloin in the treatment of GC are multi-targets, unilateral factors and single
target cannot uncover the complex mechanisms of Aloin.

Network pharmacology is a new valuable approach that integrates systems biology and bioinformatics to elaborate the
complex mechanisms of drugs.7 It provides a theoretical basis for further research of natural medicine.8 Therefore, we
applied network pharmacology to determine the potential targets of Aloin and reveal its complicated mechanisms in the
treatment of GC. The detailed process of this study is shown in Figure 1.

Materials and Methods
Network Pharmacology Analysis
Potential Targets of Aloin
The molecular structure (sdf format) of Aloin was obtained from PubChem database (https://pubchem.ncbi.nlm.nih.gov/). The
potential targets of Aloin were screened from the following databases: PharmMapper (http://lilab.ecust.edu.cn/pharmmapper/),

Figure 1 Detailed process of present study.
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Swiss Target Prediction (http://www.swisstargetprediction.ch/) and Traditional Chinese Medicine Systems Pharmacology
(TCMSP) database (https://www.tcmsp-e.com/). Then, we submitted the collected targets into Uniprot database (https://www.
uniprot.org/) and limited the species to “Homo sapiens”. The official symbols of all gene targets were obtained.

Identification of GC-Related Gene Targets
GC-related targets were retrieved from Online Mendelian Inheritance in Man (OMIM, https://omim.org/), GeneCards
(https://www.genecards.org/) and DisGeNET (https://disgenet.org/). The keyword “gastric cancer” was applied as search
term and duplicate target genes were removed. Venn diagram was drawn for analyzing the overlapping genes to obtain
potential targets of Aloin against GC.

Protein–Protein Interaction (PPI) Network Construction
The overlapping genes were imported into STRING database (https://string-db.org/) to construct the PPI network. The
Cytoscape (version 3.8.2) was used to analyze the complicated relationships among genes visually.

Enrichment Analysis and “Disease Target-Pathway” Network Construction
Gene Ontology (GO) Enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) Pathway Enrichment were
conducted using DAVID database (https://david.ncifcrf.gov/). GO Enrichment included biological process (BP), cellular
component (CC) and molecular function (MF). P<0.05 and FDR <0.05 were recognized as significant of GO Enrichment.
P<0.01 and FDR <0.01 were recognized as significant of KEGG Enrichment. The “Disease target-Pathway” network was
performed using Cytoscape (version 3.8.2).

Validation of Key Targets in GEPIA, HPA and DriverDBv3 Database
The online tool of GEPIA (http://gepia.cancer-pku.cn/index.html) was used to verify the expressions of 10 key targets in
TCGA-STAD. The protein expressions and distribution of 10 key targets in normal stomach and GC tissues were
retrieved in HPA database (https://www.proteinatlas.org/). The overall survival of 10 core genes was searched in
DriverDBv3database (http://driverdb.tms.cmu.edu.tw/).

Experimental Verification in vitro
Cells and Reagents
Human GC cell line NCI-N87 was purchased from Shanghai Institute of Cell Biology, Chinese Academy of Sciences
(Shanghai, China). Aloin (purity ≥95%, CID 12305761) was obtained from Shanghai Source Leaf Biological Technology
Co., Ltd (Shanghai, China). Fetal bovine serum (FBS) and Roswell Park Memorial Institute-1640 (RPMI-1640) medium
were bought from Gibco (Carlsbad, CA, USA). Bicinchoninic acid (BCA) protein assay kit and RIPA lysis buffer were
purchased from Beyotime Institute of Biotechnology (Shanghai, China). Antibodies against Cleaved Caspase-3, AKT,
p-AKT (Ser473), and GAPDH were obtained from Cell signaling technology (Danvers, MA, USA). Antibodies against
PI3K and p-PI3K were provided by Abcam (Cambridge, UK). Wes separation kit was obtained from ProteinSimple
(California, USA). Cell Counting Kit-8 (CCK8) was bought from Dojindo Laboratories (Tokyo, Japan). The total RNA
rapid extraction kit, HiFiScript Quick gDNA Removal cDNA Synthesis kit and SYBR green PCR Master Mix were
purchased from Beijing Biotek Biotechnology Co., Ltd (Beijing, China). The PCR primers were synthesized by the
Sangon Biotech (Shanghai) Co., Ltd (Shanghai, China).

Cell Culture and Viability Analysis
NCI-N87 cells were cultured in RPMI-1640 medium containing 10% FBS and 1% penicillin-streptomycin in a 5% CO2

humidified incubator at 37°C.
Aloin was dissolved in dimethyl sulfoxide (DMSO) and diluted into series concentrations with culture medium (the

final concentration of DMSO was 0.1%). To detect the inhibitory effect of Aloin on cell proliferation, NCI-N87 cells in
logarithmic growth phase were seeded in 96-well plate at a density of 5×103 cells per well and treated with Aloin at
multiple concentrations (100, 200, 300, 400, 500 μg/mL) or vehicle (medium containing 0.1% DMSO) for 24h. After
treatment, each well was added with 10 μL of CCK8 solution and incubated at 37°C for another 2h. The absorbance at
450nm was detected by a microplate reader (Bio-Tek, Winooski, VT, USA).
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RT-qPCR Analysis
By using total RNA rapid extraction kit, total RNA was extracted from cells that had been treated with different
concentrations of Aloin for 24h. The concentration of total RNAwas determined by a NanoDrop One Spectrophotometer
(Thermo Scientific, USA). The total RNA was reverse transcribed to cDNA by the HiFiScript gDNA Removal cDNA
Synthesis Kit. The PCR reaction system was prepared using the SYBR green PCR Master Mix (Low ROX) kit, the
cDNA was amplified and the expression levels were detected by the Roche LightCycler 480 (Roche Diagnostics, Basel,
Switzerland). The relative expressions of the target genes were computed by 2−ΔΔCt method. Table 1 shows the primer
sequences.

Transmission Electron Microscope (TEM)
NCI-N87 cells (5×106 cells per dish) were collected and fixed with 2.5% glutaraldehyde overnight at 4°C after treatment
with Aloin at different concentrations for 24h, then fixed with 1% (w/v) osmium acid for 1h, dehydrated through gradient
ethanol-acetone. Samples were packed with different proportions of embedding-dehydrating agent and then immersed in
pure embedding agent overnight. After polymerizing at 70°C for 24h the next day, samples were cut into ultrathin
sections of 70nm by ultramicrotome (Leica, Germany), and double-stained with uranyl acetate and lead citrate. Then, the
ultrastructure of cells was observed under the TEM (Hitachi, Tokyo, Japan).

Automated Western Immunoblotting Analysis
NCI-N87 cells were collected and lysed in extraction buffer containing protease inhibitor and PMSF for 2h on ice after
treatment with Aloin at different concentrations for 24h. Centrifugation was operated on the lysates at 12,000 rpm for 15
min. BCA protein assay kit was used to determine the concentration of protein. The Wes separation kit was used to
perform simple Western immunoblotting on a Peggy Sue system (ProteinSimple, California, USA) and detect the
expression of protein in the light of the manufacturer’s instructions. GAPDH was added as an internal amplification
control.

Statistical Analysis
The experimental data were presented as mean ±standard deviation. Software SPSS16.0 and GraphPad Prism 8, method
One-way ANOVA were used to analyze the result of data. A level of P<0.05 was deemed significant.

Results
Acquisition of Potential Targets of Aloin Against GC
Based on PharmMapper database, Swiss Target Prediction and TCMSP database, a total of 213 potential targets were
identified for Aloin. GC-related gene targets were obtained from OMIM, GeneCards and DisGeNET. A total of 4034
targets were selected. We intersected the 213 target genes of Aloin with the 4034 potential GC-related target genes. There
were 129 intersections considered as potential candidate targets of Aloin against GC (Figure 2, Supplementary Table 1).

Table 1 Primer Sequences in RT-qPCR

Gene Description Sequence (5’-3’)

Human PI3K Forward AGACGAGGTGAGGAAGGAAGAGTG

Reverse GTCCTTGCCGTGGATGGTAAGC

Human AKT Forward GCAGGATGTGGACCAACGTGAG
Reverse GCAGGCAGCGGATGATGAAGG

Human Caspase-3 Forward GTGGAGGCCGACTTCTTGTATGC

Reverse TGGCACAAAGCGACTGGATGAAC
Human β-Actin Forward GTGGACATCCGCAAAGAC

Reverse GAAAGGGTGTAACGCAACTA
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PPI Network Construction and Key Targets Screening
After submitting all predicted target genes into the STRING database, the medium confidence (0.4) was set for analysis.
The PPI network contained 126 nodes and 1078 edges was constructed by Cytoscape (version 3.8.2) (Figure 3A). In the
PPI network, the top 10 hub genes with Cytohubba were screened by Degree method: ALB (degree = 79), AKT1 (degree
= 75), EGFR (degree = 64), MAPK1 (degree = 59), CASP3 (degree = 57), HSP90AA1 (degree = 56), MAPK8 (degree =
54), SRC (degree = 54), HRAS (degree =53) and ESR1 (degree = 53) (Figure 3B and C). MCODE was used to reveal

Figure 2 Venn diagram for the overlap analysis of Aloin targeted genes and GC-related genes.

A B

C

Figure 3 PPI network of Aloin targets against GC. (A) The PPI network is constructed by Cytoscape. The node size and color stand for the size of the degree. Node size is
proportional to its degree. The node color is from yellow to purple and the corresponding degree is gradually larger. (B) The top 10 hub genes cluster generated from (A).
(C) Hub genes list for Aloin on GC by Degree method.
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seven gene clusters of Aloin against GC (Figure 4, Supplementary Table 2). The highest score was cluster 1 containing
27 nodes and 235 edges.

GO Enrichment and KEGG Enrichment
GO and KEGG pathway enrichment analyses were performed to explore the biological functions of the 129 predicted genes in
DAVID database. The result showed that the 129 potential target genes of Aloin against GC were significantly enriched in 93
biological processes, 19 cellular components, and 37 molecular functions (P<0.05 and FDR <0.05) (Figure 5, supplementary
Tables 3–5). The top 5 terms of biological processes were mainly enriched in peptidyl-serine phosphorylation (GO: 0018105),
protein autophosphorylation (GO: 0046777), peptidyl-threonine phosphorylation (GO: 0018107), negative regulation of
apoptotic process (GO: 0043066) and protein phosphorylation (GO: 0006468). The top 5 terms of cellular components
were cytosol (GO: 0005829), extracellular exosome (GO: 0070062), extracellular space (GO: 0005615), extracellular region
(GO: 0005576) and extrinsic component of cytoplasmic side of plasma membrane (GO: 0031234). The top 5 terms of
molecular functions included serine-type endopeptidase activity (GO: 0004252), steroid hormone receptor activity (GO:
0003707), protein tyrosine kinase activity (GO: 0004713), kinase activity (GO: 0016301) and ATP binding (GO: 0005524).

Then, 55 pathways associated with anti-gastric cancer effect of Aloin were identified by KEGG enrichment analysis
(P<0.01 and FDR <0.01) (Figure 6, Supplementary Table 6). The following processes had the highest number of genes:
Pathways in cancer (28), PI3K-AKT signaling pathway (21), Proteoglycans in cancer (16), FoxO signaling pathway (15),
and Ras signaling pathway (15). The results distinctly suggested that the effect of Aloin against GC was closely related to
the PI3K-AKT, FoxO and Ras signaling pathways. Among them, the PI3K-AKT signal pathway, which contained the
largest number of enriched genes, may play a greater role in the treatment of GC. The “Disease target-Pathway” was
drawn with the top 20 KEGG pathways (Figure 7). From the top 20 KEGG pathways, the significantly enriched genes
were MAPK1, AKT2, AKT1, HRAS, MAPK8, MAPK10, MAPK14, PDPK1, EGFR, and IGF1R. This result indicated
that Aloin affected multiple targets and multiple pathways in treating GC.

Validation of the Key Targets in GEPIA, HPA and DriverDBv3 Database
The expressions of hub genes in the STAD samples were investigated in GEPIA and HPA database. The results showed
that mRNA expressions of HSP90AA1 and SRC were higher in GC tissues than in normal stomach tissues (P<0.05)

Cluster 1 Cluster 2 Cluster 3

Cluster 4 Cluster 5 Cluster 6 Cluster 7

Figure 4 The gene clusters of Aloin against GC PPI network. The cluster from 1 to 7 is based on their cluster score; genes in Cluster 1 has the highest score.
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(Figure 8). As shown in Figure 9, the protein expressions of SRC, MAPK8 and EGFR were higher in GC tissues than in
normal gastric tissues. The protein expression of CASP3 was medium in normal gastric tissues, but not detected in GC
tissues. The expressions of other genes were no significant differences between GC tissues and normal tissues. The
overall survival was searched in DriverDBv3 database. The results indicated that the high expressions of EGFR and
ESR1 were associated with a significantly poor survival (P<0.05) (Figure 10).

Aloin Inhibits Proliferation of NCI-N87 Cells
To verify the anti-proliferative effect of Aloin on GC, CCK8 was used to determine the cell viability after treatment with
Aloin for 24h. As the concentrations of Aloin were gradually increased from 100 to 500 μg/mL, the survival of GC cells
decreased with dose (Figure 11A), suggesting that Aloin had a significant inhibitory effect on proliferation of GC cells. Aloin
inhibited the growth of NCI-N87 cells with an IC50 of 327.1μg/mL. Based on the experimental results within CCK8 assay,
the concentrations of 100μg/mL, 200μg/mL and 400μg/mL were chosen for subsequent experimental program.

Aloin Induces NCI-N87 Cells Apoptosis
Caspase-3, which can be activated into Cleaved Caspase-3, plays a vital role in cell apoptosis. To detect the effect of Aloin on
apoptosis of NCI-N87 cells, the mRNA and protein expressions of Caspase-3 were analyzed. Compared with the untreated
group, the mRNA expression of Caspase-3 increased significantly in the groups of treatment with Aloin in concentrations of
200 μg/mL and 400 μg/mL, respectively (P<0.05 or P<0.01). However, there were no significant differences between

Figure 5 GO enrichment analysis of target genes of Aloin against GC. The number of genes enriched in each GO term is shown as the circle size and the P-value is shown
by different colors.
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treatment with 100 μg/mL of Aloin group and untreated group (P>0.05). The protein expression of Cleaved Caspase-3
underwent a similar tendency as the mRNA expression of Caspase-3 (Figure 11B and C).

The ultrastructures of NCI-N87 cells were performed via TEM. In the untreated group, the cells were full of
microvilli on their membrane surface. The cell structure was intact with abundant normal organelles. Nuclear division
can be seen in a number of cells. Cells in the treatment with 100 μg/mL of Aloin group were similar to the untreated
group. Most of cells were in a good state. Microvilli of cells in the treatment with 200 μg/mL of Aloin group were
reduced compared to the untreated cells and there were some vacuoles in the cells. Cells in the treatment with 400 μg/mL
of Aloin group showed that the nuclear/cytoplasmic ratio decreased significantly and the nucleus chromatin exhibited the
condensation and edge-set phenomenon. Mitochondria were swollen, and even displayed vacuolization with the cristae
broke or disappeared. There were some autophagic vacuoles in the cells and microvilli were disappeared on the
membrane surface. A few cells were in the late stage of apoptosis, presenting with secondary necrosis, discontinuity
of the cell membrane, nuclear lysis, and disappearance of organelles (Figure 11D).

Effects of Aloin on the mRNA and Protein Expressions of Related Genes in PI3K-AKT
Signaling Pathway
According to the results of the network pharmacology analysis, the PI3K-AKT signaling pathway is involved in the
mechanism of Aloin against GC. Therefore, we evaluated the effect of Aloin on regulating the PI3K-AKT signaling

Figure 6 KEGG enrichment analysis of target genes of Aloin against GC. The number of genes enriched in each KEGG pathway term is shown as the circle size and the
P-value is shown by different colors.
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pathway. The results showed that after the intervention of different concentrations of Aloin, the mRNA expression of
PI3K decreased significantly compared with the untreated group (P< 0.01). The mRNA expression of AKT also
decreased significantly in the treatment with Aloin in the concentrations of 200 μg/mL and 400 μg/mL (P< 0.05 or
P< 0.01). Although the intervention of 100 μg/mL of Aloin decreased the mRNA expression of AKT, there was no
remarkable difference in comparison with the untreated group (P>0.05) (Figure 12A and B). The protein expressions of
p-PI3K and p-AKT exhibited a similar tendency as the mRNA levels (Figure 12C).

Discussion
The research of natural products for cancer treatment has attracted increasing attention in recent years.9 A number of
studies have demonstrated that Aloin could inhibit proliferation and induce apoptosis in various kinds of tumor cells such
as colorectal cancer, hepatic carcinoma, lung cancer and melanoma.2–4,10 The mechanisms of Aloin in the treatment of
GC are diverse. One or two certain signaling pathways cannot reveal the multiple targets of Aloin against GC. Based on

Figure 7 The “Disease target-Pathway” network of Aloin targets against GC. The network is constructed by Cytoscape. The node with red color and diamond-type stands
for pathway and the green color and circle stands for genes. The node size represents the size of the degree. Node size is proportional to its degree.
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network pharmacology analysis, the complex interactions between drug and its targets and the potential mechanisms can
be effectively revealed at system level.11 The present study aimed to elucidate the effects of Aloin on the GC and verify
the mechanisms predicted by network pharmacology using experiment in vitro.

First, we identified 129 potential targets of Aloin against GC. Then, the PPI network was constructed and 10 hub
genes were found. The core genes were associated with the pathogenesis of GC. ALB is a gene that encodes the most
abundant protein in human blood. This protein functions in the regulation of blood plasma colloid osmotic pressure and
acts as a carrier protein for a wide range of endogenous molecules including hormones, fatty acids, and metabolites, as
well as exogenous drugs. An elevated serum ALB has been reported to be associated with a favorable prognosis for
GC.12 AKT1 is a serine/threonine specific protein kinase, which plays a vital role in many biological processes such as
glucose metabolism, cell proliferation and apoptosis, cell migration and so on.13,14 As an active kinase, AKT1 contributes
to the progression of GC and promotes proliferation of GC cells.15 EGFR participates in regulation of cell growth and
proliferation in many tumor cells. EGFR highly expresses in gastric cancer patients that acts as a poor prognostic
biomarker. In this study, we found high expression of EGFR was related to a significantly poor survival in DriverDBv3
database. Interfering with the expression of EGFR can inhibit the growth of gastric cancer cells and increase the
sensitivity of chemotherapy.16–18 MAPKs are involved in the regulation of cell growth and survival in physiological
and pathological processes. Aberrant MAPK signaling, such as MAPK/ERK pathway, is related to the production and
metastasis of cancer cells.19,20 We found MAPK8 highly expressed in GC patients, suggesting it is vital for GC
progression. CASP3 is a main executor of apoptosis that must be converted into activated Caspase-3 (Cleaved
caspase-3) finally to execute the program of apoptosis,21,22 which is also confirmed in our study. HSP90AA1 is an
isoform of the molecular chaperone HSP90. High expression of HSP90AA1 is associated with disease progression and
poor survival in patients with GC.23 The database validation showed that the expression of HSP90AA1 was higher in GC
tissues than in normal tissues. SRC, identified as the first cancer-causing oncogene in 1976, plays a significant role in
tumor growth and progression and its activity is associated with poor patient survival.24 In this study, we found it was

ALB AKT1 EGFR MAPK1 CASP3

HSP90AA1 MAPK8 SRC HRAS ESR1

Figure 8 The expression of hub genes in GEPIA database. The red box plots represent tumor, and the gray box plots represent normal.
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Figure 9 The protein expressions of hub genes in the HPA. The representative immunohistochemistry images of ALB, AKT1, EGFR, MAPK1, CASP3, HSP90AA1, MAPK8,
SRC, HRAS and ESR1 in normal gastric tissues and GC tissues. The staining strengths are annotated as high, medium, low and not detected. The bar plots show the number
of samples with different staining strengths.
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highly expressed in GC tissues, indicating it may be an important biomarker in GC diagnosis and treatment. HRAS, an
oncogene of the RAS family, is closely related to the proliferation, migration, invasion, and proangiogenic activity of
gastric cancer cells.25 ESR1 encodes estrogen receptor α (ER α) which can interact with other signaling molecules
through multiple pathways, such as PI3K/AKT or MAPK signaling pathway. The ESR1 mutation was first reported in
breast cancer, and it is associated with cell proliferation, metastasis and invasion in gastric cancer.26 In this study, the
ESR1 was found as a biomarker for a poor survival in GC patients. In brief, these core genes exert an important role in
the occurrence, development and prognosis of GC, which can be potential targets for Aloin therapy. We have verified the
role of some core genes in GC through public databases; however, some other genes still have not been verified due to

ALB AKT1 EGFR MAPK1 CASP3

HSP90AA1 MAPK8 SRC HRAS ESR1

Figure 10 The overall survival of hub genes in DriverDBv3 database. The blue represents low expressions, and the red represents high expression.

A B

D

C

Figure 11 Aloin inhibits NCI-N87 cell proliferation and induces cell apoptosis. (A) Inhibition of NCI-N87 cell proliferation was assessed by CCK8 assay after 24 h of
treatment with the different concentrations of Aloin. **P < 0.01 versus 0μg/mL of Aloin treatment group, *P < 0.05 versus 0μg/mL of Aloin treatment group. (B) The mRNA
expression of Caspase-3 was examined by qPCR. β-actin was used as an internal control. Data are expressed as mean±SEM. **P < 0.01 versus 0μg/mL of Aloin treatment
group, *P < 0.05 versus 0μg/mL of Aloin treatment group. (C) The protein expression of Cleaved Caspase-3 was evaluated by automated Western immunoblotting. (D) The
ultrastructure of NCI-N87 cells of each group was detected by TEM. Bar = 1μm.
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many reasons such as the limited sample of the database, etc. We will do some research to further clarify the role of these
genes in GC and the effect of Aloin on them.

KEGG pathway analysis revealed Aloin treatment of GC primarily involved the PI3K-AKT signaling pathway, FoxO
signaling pathway and Ras signaling pathway, which were mainly associated with tumor-related disease. According to
the numbers of targets corresponding to their respective pathways, we focused on the PI3K-AKT signaling pathway,
which was a key pathway that may be involved in the anti-gastric cancer mechanism of Aloin. Mounting evidence has
shown PI3K-AKT pathway is of crucial importance for cell proliferation, migration, apoptosis, and survival of GC.27–29

In addition, PI3K-AKT pathway is implicated in distant metastasis, chemo-resistance, and contributes to epithelial-
mesenchymal transition (EMT) which occurs in drug-resistant and metastatic human cancer cells.30–33 Therefore, our
study focused on the PI3K-AKT signaling pathway to explore the mechanism underlying the effects of Aloin on GC.

Meanwhile, we performed the experiment in vitro to verify the result of network pharmacology analysis and clarify
the mechanisms of Aloin in the treatment of GC. Through the CCK8 assays, we found that the inhibitory effect of Aloin on
the proliferation of NCI-N87 cells in a dose-dependent manner. Cell apoptosis is a programmed cell death to respond to the
stimulation from internal or external factors. As a protectivemechanism against cancer development, apoptosis is the key for anti-
cancer treatment.34 In this study, the result showed that Aloin significantly increased mRNA level of Caspase-3 and the protein
level of Cleaved Caspase-3 in NCI-N87 cells. The ultrastructures of NCI-N87 cells also showed that Aloin effectively induced
apoptosis. These results revealed that Aloin had a promotion effect on apoptosis of GC cells. PI3K-AKT pathway is a negative
regulator of apoptosis. Once PI3K-AKTsignaling is over activated, the cell proliferation andmigrationwill be promoted and lead
to inhibition of apoptosis.35 It is reported that blocking of Akt activation obviously enhanced Aloin-induced gastric cancer cell
apoptosis.5 Thus, inhibition of this pathway could be potential target for GC therapy. Then we found the Aloin significantly
decreased mRNA levels of PI3K and AKT, and reduced protein expressions of p-PI3K and p-AKT, suggesting the Aloin may
inhibit cell proliferation and promote apoptosis of NCI-N87 cells by inhibiting the PI3K-AKT pathway.

In summary, the results of this study elucidated the therapeutic mechanisms of Aloin against GC using network
pharmacology and validated the results by pharmacological experiment in vitro. Aloin has the potential to become an effective
drug for the treatment of GC, which makes new prospects for the research of natural compounds on anti-tumor treatment.
Furthermore, the experiment in vivo is still needed to validate the anti-gastric cancer mechanisms of Aloin in the present study.

Conclusion
In conclusion, the present study revealed the underlying mechanisms of multi-target and multi-pathway of Aloin in the
treatment of GC. Our results suggest that Aloin is a promising candidate drug for the treatment of GC.

Ethical Approval
This study is involving human data from public databases GEPIA, HPA and DriverDBv3. Due to GEPIA, HPA and
DriverDBv3 belong to public databases and users can download relevant data for free for research and publish relevant

A B C

Figure 12 Aloin inhibits the expressions of PI3K and AKT. The mRNA expressions of PI3K (A), AKT (B) were examined by qPCR. β-actin was used as an internal control.
Data are expressed as mean±SEM. *P < 0.05 versus 0μg/mL of Aloin treatment group, **P < 0.01 versus 0μg/mL of Aloin treatment group. The protein expressions of PI3K,
p-PI3K, AKT and p-AKT (C) were evaluated by automated Western immunoblotting.
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