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Abstract

Background: Galangin, a natural flavonoid, has been shown to have powerful anti-tumor effects of promoting apoptosis
and autophagy, and inhibiting proliferation and metastasis. However, the role and mechanism of this natural compound on
PC cell proliferation and migration is unknown. Therefore, this study aimed to investigate the potential mechanism of galan-

gin for the treatment of pancreatic cancer in vitro on the basic of network pharmacology.

Methods: Swiss Target Prediction, Gene Cards, Drug Bank, STRING and other databases and software such as R language
and Cytoscape 3.6.1 were used for target screening, gene annotation, GO and KEGG enrichment analysis, and construction
of protein interaction network. The effects of galangin on the proliferation and migration of BxPC-3 pancreatic cancer cells
were investigated in vitro using the CCK8 method, plate cloning, scratching, and Transwell method.; Finally, this study also
validated important genes and pathways by molecular docking, GEPIA, HPA, and Western Blot. Results: A total of 98 sig-
naling pathways were enriched by KEGG involving multiple pathways. Molecular docking results showed that galangin
binds freely to the top 5 degree-ranked core targets. Galangin inhibited the proliferation and migration behavior of BxPC-3
pancreatic cancer cells in vitro. GEPIA, HPA, and Western Blot results further indicated that SRC and PTPN11 are impor-

tant genes among the five core targets of galangin, and PI3K-AKkt is an important signaling pathway in the enrichment path-
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.

Conclusions: Galangin inhibits the proliferation and migration of BxPC-3 pancreatic cancer cells effectively, and its mech-

anism is closely related to the PI3K-AKT signaling pathway.

Keywords: Galangin; Pancreatic Cancer; Network Pharmacology; Mechanism of Action

Introduction

Pancreatic cancer(PC) is a malignancy extremely
difficult to treat [1], has an increasing incidence and a high
mortality rate owing to its ability to metastasize fast and the
delay in diagnosis that often occurs [2-4]. A statistic from
2021 showed that in the United States, patients with PC
have ranked the 4th highest mortality rate among all pa-
tients with cancer [5,6]. PC treatment include surgery, radia-
tion, chemotherapy and so on. But these strategies are poor
efficacy, and currently only adjuvant treatments are used to
improve the quality of health and increase the survival rate
of patients. Chinese herbal monomers are derived from
medicinal plants and have the characteristics of multi-target
and multi-channel regulation. Galangin as one of the Chi-
nese herbal monomers, is a flavonoid extracted from the
plant Alpinia officinarum Hance, which has various effects
such as antioxidant and anti-inflammatory activity [7]. Ad-
ditionally, galangin has demonstrated anti-tumor effects
against cancers such as gastric and liver cancer [8,9], etc.
However, there is little research on the therapeutic effects of
this natural compound on PC. The proliferation and migra-
tion characteristics of tumor cells often cause tumor deterio-
ration, which is an important reason for the rapid progres-
sion of tumor diseases. This study will focus on the anti-pro-
liferation and anti-migration effects of galangin in pancreat-

ic cancer.

Network pharmacology is a new technology that
integrates pharmacology, bioinformatics and computer tech-
nology [10]. Using network pharmacology, we can effective-
ly screen relevant target proteins and explain the various
mechanism of action of drugs, this method being important

for the study of plant-derived active ingredients.

In this study, the effects of galangin on the prolifer-

ation and migratory behavior of BxPC-3 PC cells were in-
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vestigated in in vitro experiments. Using a network pharma-
cology approach, we further investigated the potential tar-
gets and mechanisms underlying the anticancer action of
galangin in BxPC-3 PC cells. Thus, we aimed to provide a
scientific basis for the use of galangin in the treatment of

PC.

Methods
Cell Line and Culture

Human BxPC-3 PC cell (Procell, Wuhan, Hubei,
China) line was inoculated in cell culture flasks and cul-
tured with RPMI1640 (Gibco, USA) medium containing
10% fetal bovine serum (Procell, Wuhan, Hubei, China), 1%
penicillin and streptomycin (Service bio, Wuhan, Hubei,
China), and incubated continuously at 37 °C, 5% CO, and

saturated humidity.

Determination of the Effect of Galangin on Cancer

Cell Proliferation

The Cell Counting Kit 8 (CCK-8) (Lanjieke, Bei-
jing, China) method was used to detect the effect of differ-
ent concentrations of galangin (purity >98%, lot no.:
MUST-21061401, Mansit, Chengdu, Sichuan, China) on the
proliferation ability of BxPC-3 PC cells at different time
points. First, BxPC-3 PC cells at logarithmic growth stage
were seeded in 96-well culture plates at a density of 4x10°
cells/well (100 uL/well); DMSO was added to obtain a high--
concentration master batch which was stored at —20 °C. ac-
cording to the requirements of the instruction of galangin.
Then diluted into 5, 10, 20, 40, 80 and 120 pmol/L of galan-
gin solution respectively according to the experimental de-
sign. The cells were incubated for 24 h followed by the addi-
tion of 0.1% DMSO and each of the above concentration

gradients of galangin-containing medium for interventions
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of 24, 48 and 72 h. Then 10 uL of CCK-8 solution were add-
ed to each well and cell viability was detected by measuring
the optical density values at 450 nm in relation to an enzy-
matic standard after 1-4 h of incubation. For comparison,
we used a blank control group and a 0.1% DMSO group.

Five replicates were prepared for each group.
Plate Cloning Assay

BxPC-3 cells in the logarithmic growth phase were
inoculated in 6-well plates (1 ml/well) at a density of 1x10°
cells/well. Complete medium (control group), 20, 40 and 80
umol/L galangin-containing medium were added 24 h after
cell apposition growth. The duration of the exposure was 14
days, during which the fresh medium was replaced every 2
days. The cells were fixed and stained after clonal blocks visi-
ble to the naked eye appeared in the six-well plates. The
number of clones was counted and photographed, and the
average value was used to calculate the clone formation rate,
as follows: Clone formation rate (%) = (number of clo-

nes/number of inoculated cells) x 100.
Scratching Assay

BxPC-3 cells at logarithmic growth stage were in-
oculated in 6-well plates and incubated for 24 h in an incu-
bator at 37 °C, 5% CO2 and saturated humidity. The cells
on the bottom of the culture plate were scratched perpendic-
ularly with a 200 pL yellow pipette tip and washed twice
with PBS. The control group was treated with serum-free
medium, while the experimental group was treated with
serum-free medium containing different concentrations of
galangin (20, 40, 80 umol/L). Photographs were taken at 0
h, 24 h and 48 h in the same positions. Scratch widths were
measured using Image J software to calculate cell migration
rates. The rate of mobility was calculated using the follow-
ing formula: Mobility %= (W,-W_,)/W,, W, is scratch
width at 0 h, W, is scratch width after n h.

Transwell Assay

Matrix gel was added to the bottom membrane of
the transwell upper chamber and incubated overnight at 37
°C. Bxpc-3 cells were cultured without serum for 24 h, de-
tached from the culture plate with trypsin, re-suspended in

serum-free culture medium, inoculated in Transwell upper
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chamber (at a density of 1x105 cells/well). Drug-containing
medium - 15% fetal bovine serum containing galangin at
various concentrations (20, 40, 80 pmol/L), was added in
the lower chamber. The transwell chambers were incubated
at 37 °C for 24 h and then removed. The stromal gel was re-
moved from the upper chamber with a cotton swab, the
cells were fixed with 5% paraformaldehyde for 20 min be-
fore being stained with 1% crystal violet for 5-10 min and
photographed under a microscope. The results were ana-

lyzed using Image J software.
Candidate Targets of Galangin

We entered the search term “galangin" in
PubChem database (https://pubchem.ncbi.nlm.nih.gov/),
checked its 2D structure, obtained the corresponding
Canonical SMILES, and imported them into SwissTargetPre-
diction (http://www.swisstargetprediction.ch/), SEA (http-
s://sea.bkslab.org/) and Drug Bank (https://go.drugbank.-
com/) databases. After screening, the corresponding targets

were obtained.
Candidate Target Genes for PC

Using "pancreatic cancer" as the search term, we
acquired PC-related targets by retrieving TTD (http://db.idr-
blab.net/ttd/), OMIM (https://omim.org/), Gene Cards
(https://www.genecards.org/), Drug Bank (https://go.drug-
bank.com/), and Pharm GKB (https://www.pharmgkb.org/)
databases. and to obtain concatenation and delete duplicate

target genes.

Screening of Core Targets and Construction of Pro-

tein Interactions Network

A common target is obtained by intersection of
drug and disease target genes. The results were imported in-
to STRING database [11] (https://www.string-db.org/), the
species was limited to "Homo sapiens” and "minimum re-
quired interaction score" parameter was set to >0.9 (highest
confidence). The rest of the parameters were set to the de-
fault settings on the website to predict the functional interac-
tions of target-related proteins. Cytoscape software v. 3.6.1
was used to build a protein-protein interaction (PPI) net-
work, and the top 5 hub genes were filtered using the degree
algorithm in cytoHubba plugin.
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Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) Functional Enrich-

ment Analysis

Using the "clusterProfiler" package of R and sett-
ing the statistical significance at P-value < 0.05, we analyzed
the PC-related targets of galangin for biological process
(BP), cellular component (CC) and molecular function (M-
F). The results were analyzed and visualized using the R

packages "enrichplot”, "ggplot2" and "circlize".

Construction of “Drug-Target-Signaling Pathway”
Network

To understand the relationship between the tar-
gets of galangin, PC and the corresponding signaling path-
ways, a "drug-target-signaling pathway" network was con-

structed using Cytoscape 3.6.1 software.

Molecular Docking

The top 5 key genes were selected for molecular
docking with galangin to gain a preliminary understanding
of the therapeutic mechanism of the latter. The files contain-
ing the protein structure corresponding to the above key
genes were downloaded from Protein Data Bank (PDB)
database (https://www.rcsb.org/) in PDB format, and im-
ported into Auto dock 1.5.7 software for molecular docking
with galangin. A docking score of less than -5 kcal/mol indi-
cated that target protein/galangin can form a complex [12],

which was visualized using Pymol 2.5.2 software.
Differential expression of key genes

The top 5 key genes were imported into the online
website GEPIA (http://gepia.cancer-pku.cn/) to verify their
mRNA expression levels in human PC tissues in The Can-
cer Genome Atlas (TCGA) and Genotype-Tissue Expres-
sion (GTEx) databases [13]; additionally, they were also im-
ported in the Human Protein Atlas (HPA) database (http-
s://www. proteinatlas.org/) for retrieving the protein expres-

sion of key genes [14].

Western Blot

Bxpc-3 PC cells at logarithmic growth stage were
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inoculated in 6-well plates, and when the cell density was
about 70%-80%, the control and experimental groups were
cultured for 48 h with complete medium and 80 pmol/L of
galangin-containing medium, respectively. After 48 h, the
cells were washed twice with PBS, and 200 uL of lysis solu-
tion was added to each well. Cells were further lysed on ice
for 30 min, the suspension was centrifuged at 4 °C and
12,000 rpm/min for 5 min and the supernatant was collect-
ed. After the protein concentration was determined using
bicinchoninic acid (BCA) method, a protein solution was
added to the loading buffer at a ratio 4:1 protein/loading
buffer, mixed and denatured at 100 °C for 10 min using a
PCR instrument. After denaturation, the protein was stored
at -20 °C. After 60V, 25min to 120V, 65min constant volt-
age electrophoresis, 200mA constant current transfer mem-
brane for 70min, and 5% nonfat milk powder for 1h block-
ing, the diluted primary antibody SRC (1:800, Sanying,
Wuhan, Hubei, China), PIK3R1(1:2,0000, Sanying, Wuhan,
Hubei, China), PTPN11(1:2,000, Sanying, Wuhan, Hubei,
China), AKT(1:10000, Abcam, Cambridge, UK), E-cadher-
in(1:10000, Abcam, Cambridge, UK), GAPDH(1:20,000,
Sanying, Wuhan, Hubei, China) was added and incubated
overnight at 4 °C. The membrane was washed 3 times with
Tris-buffered saline and Tween (TBST) for 5 min each time,
the diluted secondary antibody was added, the mix was incu-
bated at room temperature for 1 h, the membrane was again
washed 3 times with TBST. The ECL mix was prepared ac-
cording to the instructions of the manufacturer, added to
the membrane which was further incubated for 5 min. The
grey scale values of each band were analyzed using Image J

software.
Statistical Analysis

SPSS 23.0 software was used for data analysis. Da-
ta was expressed as mean * standard deviation (X+s). One-
way ANOVA was used for comparison between multiple
groups, Fisher’s least significance difference test (LSD-t)
was used for two-way comparison between groups if the
variance was the same, and Tambane's T2 test was used for
two-way comparison between groups if the variance was
not similar. The difference of P < 0.05 means statistical signi-

ficance.
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Results

Effect of Galangin on the Proliferation of BxPC-3
PC Cells

The experimental results of CCK-8 method for as-
sessing the proliferation of BxPC-3 cells (Figure 1A) showed

2
1

Cell viability(%)
4

T

that galangin inhibits the proliferation of BxPC-3 cells at 24,
48 and 72 h, in a time- and concentration-dependent mann-
er, i.e., the proliferation of cancer cells decreased with the in-
crease of the galangin concentration and time of exposure.
Compared with control, the most significant inhibition of
cell proliferation was observed for the 80 umol/L concentra-

tion of galangin at 24, 48, and 72 h(P<<0.0001).
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Figure 1: Effect of galangin on the proliferation of BxPC-3 PC cells. (A) CCK-8; (B) Plate cloning assay. *P<<0.05, ***P
<<0.001, ****P<C0.0001.

Plate Cloning Assay to Detect the Effect of Galangin
on the Independent Proliferation of BxPC-3 PC
Cells

The experimental results (Figure 1B) showed that
the clone formation rate of BxPC-3 cells was significantly
lower in the 20, 40 and 80 umol/L galangin groups than in

the control group, and the effect was dose-dependent.

Effect of Galangin on the Migratory Behavior of Bx-
PC-3 PC Cells

The results of the scratch assay (Figure 2) showed

that the migratory capacity of Bxpc-3 cells after 24 h of expo-
sure to galangin 80 umol/L was lower than that of the con-
trol. After 48 h of exposure to galangin, compared with con-
trol, the migratory capacity of Bxpc-3 cells was significantly
reduced in the 20, 40, and 80 pmol/L groups. The results of
the transwell assay (Figure 3) showed that 20, 40 and 80
pmol/L galangin-containing medium interfered with Bx-
pc-3 cells migration following 24 h of exposure. Compared
with control, the number of cells penetrating the artificial
basement membrane decreased following galangin treat-
ment in a concentration-dependent manner. The results in-

dicated that galangin inhibits the migration of PC cells.
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Acquisition of Galangin’s Structure and its Targets formula of Canonical SMILES were obtained from
of Action PubChem database (Figure 4). In total, 144 relevant targets
were obtained from SwissTargetPrediction, SEA and Drug-

The 2D structure of Galangin and the structural Bank databases.
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Figure 4: 2D structure of Galangin and Canonical SMILES structural formula.
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PC-Associated Target Genes

In total, 4146 PC-related target genes were
screened in TTD, OMIM, GeneCards, DrugBank and Phar-
mGKB databases.

Construction of Protein Interaction Network and

Screening of Core Targets

Using the analysis parameters above-mentioned,
we obtained a total of 82 nodes (Figure 5A). The average
node degree was 3.1 and the PPI enrichment value was
<1.0e-16. The results were imported into Cytoscape 3.6.1 to
remove the unconnected target proteins and construct the
main target protein interactions network between galangin
and PC (Figure 5B). The top 5 hub genes were identified as
SRC, PIK3R1, PTPN11, VEGFA, EGEFR (Figure 5C).
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Figure 5: (A) The intersection is the target of Galangin action in pancreatic cancer; (B) Protein-protein interaction network (P-

PI); (C) Degree algorithm top 5 targets.

Results of GO and KEGG Enrichment Analysis

The GO annotation analysis and KEGG signaling
pathway enrichment analysis were performed on 82 PC-re-
lated targets of galangin, and a total of 1112 biological pro-
cesses, 41 cellular components, 122 molecular functions and
98 KEGG signaling pathways were obtained. In the GO an-
notation analysis (Figure 6A), the most significant biologi-
cal processes involved were protein serine/threonine kinase

activity, protein complex kinase activity, tetrapyrrole bind-

ing, etc; the most significant cellular components included
chromosomal regions, membrane microregions, membrane
rafts, etc; the most significant molecular functions included
response to oxidative stress, cellular response to chemical
stress, cellular response to oxidative stress, etc. The KEGG
signaling pathway analysis (Figure 6B) showed that the top
30 enriched pathways in PC are: PI3K-Akt, Ras, MAPK,
Rapl, IL-17, AMPK, and VEGF signaling pathways, etc.
Among them, PI3K-Akt signaling pathway was most signifi-

cantly enriched.
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Figure 6: (A) GO annotation analysis; (B) KEGG pathway enrichment analysis.

"Drug-target-signaling pathway" Network

The potential targets and major signaling path-
ways modulated by galangin and related to PC were intro-
duced into Cytoscape 3.6.1 software to construct a "drug-tar-
get-signaling pathway" network (Figure 7). The results
showed that galangin could act against PC through multiple

targets involved in different signaling pathways.

Molecular Docking Results

As shown in the figure (Figure 8), five key genes
were able to bind galangin freely and the docking energy of
each gene was less than -5 kcal/mol: SRC (PDB ID: 4M47):
-5.58 kcal/mol; PIK3R1 (PDB ID: 2IUG): -5.33 kcal/mol;

PTPN11 (PDB ID: 4RDD): -5.59 kcal/mol; VEGFA (PDB
ID: 2VGH): -5.11 kcal/mol; EGFR (PDB ID: 4LLO): -8.7
kcal/mol. The molecular docking results provide prelimi-
nary validation that galangin can combine with key targets

related to PC to exert pharmacological effects.

Differences in Expression of Key Genes Data col-
lected from GEPIA database indicated that the levels of mR-
NA expression of all five target genes are higher in human
PC tissues than in normal tissues (Figure 9A). However, on-
ly the increase in the expressions of SRC, PIK3R1, and PTP-
N11 genes reaches statistical significance. In the HPA
database, the expression levels of key target proteins encod-
ed by SRC, PIK3R1, PTPN11, VEGFA, EGFR were higher

in human PC tissues than in normal tissues (Figure 9B).
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Figure 8: Schematic diagram of molecular docking. (A-E) represent the molecular binding of Galangin with SRC, PIK3R1
PTPNI11, VEGFA, and EGFR, respectively.
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Differences in Expression of Key Genes

Data collected from GEPIA database indicated
that the levels of mRNA expression of all five target genes
are higher in human PC tissues than in normal tissues (Fig-

ure 9A). However, only the increase in the expressions of

>
2

10

SRC, PIK3R1, and PTPNI11 genes reaches statistical signifi-
cance. In the HPA database, the expression levels of key tar-
get proteins encoded by SRC, PIK3R1, PTPN11, VEGFA,
EGEFR were higher in human PC tissues than in normal tis-

sues (Figure 9B).
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Figure 9: mRNA expression level in the GEPIA database and the protein expression levels in the HPA database. (A) Box plots
showing the mRNA expression levels of SRC, PIK3R1, PTPN11, VEGFA, and EGFR. Red represents Tumor, Gray represents
normal. (B) Protein expression levels of SRC, PIK3R1, PTPN11, VEGFA and EGFR in normal pancreatic tissue and pancreatic

cancer tissue.

Western Blot

The results of the protein blotting assay (Figure
10) showed that the proteins expressions of SRC, PI3KR1,
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PTPNI11, E-cadherin, Akt were significantly reduced after
exposure of BxPC-3 PC cells to 80 umol/L galangin com-
pared with the control (all P<<0.001).
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Figure 10: Effect of 80pumol/L galangin on SRC, PIK3R1, PTPN11, AKT, and E-cadherin protein. (A) Protein bands of SRC,
PIK3R1, PTPN11, AKT and E-cadherin in control and intervention groups; (B) Relative protein expression of SRC, PIK3R1,
PTPN11, AKT and E-cadherin. ***P<C0.001, ****P<C0.0001.
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Discussion

Tumors exhibit various behaviors during growth
and development, in terms of proliferation, induction of an-
giogenesis, activation of invasion and metastasis signals, etc.
Proliferation, migration and invasion, are essential traits of
tumors with high malignancy, and, as such, are important
biological characteristics of PC [15]. Therefore, studying
their patterns in this type of cancer and their related mech-
anisms can help us identify a more effective treatment of
PC. In this study, it was confirmed by in vitro experiments
of CCKS, plate cloning, scratch, and Transwell, etc that
galangin had an inhibitory effect on the proliferation and
migration of BxPC-3 PC cells.

Galangin belongs to the group of flavonoids ex-
tracted from medicinal plants. The efficacy of various
flavonoids against PC, including kaempferol, apigenin and
quercetin, etc, has been widely investigated. Jungwhoi Lee
[16] showed that kaempferol inhibits PC cell migration by
blocking EGFR-related Src, AKT and ERK1/2 signaling
pathways, etc. Lei Cao [17] showed that resveratrol inhibit-
ed high glucose-derived ROS-induced invasion and migra-
tion of PC cells by inhibiting ERK and p38 MAPK signaling
pathways. Dingguo Wu [18] confirmed that apigenin pro-
duced growth inhibition in PC cells by inhibiting IKK-[-me-
diated NF-xB pathway. Yangyang Guo [19] showed that
quercetin inhibited the proliferation, migration and inva-
sion of pancreatic ductal adenocarcinoma by inhibiting
SHH and TGF-f/Smad signaling pathways. Thus, it can be
concluded PC is regulated by multiple targets and signaling
pathways. The mechanisms of action of flavonoids, includ-
ing galangin, are complex, therefore understanding the tar-
gets and underlying mechanisms of galangin’s anticancer ef-
fect requires network pharmacology to be combined with

other related methods.

In this study, employing a network pharmacology
approach, 82 PC-related targets of galangin were identified
using relevant databases. the most significant five core tar-
gets were obtained by cytoHubba's degree algorithm, name-
ly SRC, PIK3R1, PTPN11, VEGFA and EGFR. Among
them, SRC, PIK3R1 and PTPN11 encode proteins that are
cell signaling regulators; VEGFA and EGFR encode tumor

vascular growth factors; SRC encodes a non-receptor tyro-
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sine kinase, which plays an important role in cell surface
and transmembrane protein signaling in tumors, and also
participates in the activation of several downstream signal-
ing pathways [20,21]. PIK3R1 encodes the regulatory subu-
nit p85a of PI3K, which is essential for the regulation of
PI3K-Akt signaling pathway and inhibition of cancer cell
proliferation and cell cycle progression [22]. PTPN11 is as-
sociated with the tyrosine phosphatase family and mainly
encodes the tyrosine phosphatase Shp2, which is a key link-
age point for various intracellular oncogenic signaling path-
ways, including PI3K/AKT, PD-1/PD-L1 and other path-
ways [23,24]. VEGFA is associated with tumor angiogenesis
and is involved in regulating cancer cell proliferation, apop-
tosis, and vascular permeability through VEGEF-A, which ac-
tivates VEGFR2-mediated pathways including PI3K-Akt
and ERK signaling pathways, etc [25,26]. EGFR is derived
from ErbB family of receptor tyrosine kinases, which can
regulate the tumor microenvironment through autophos-
phorylation and initiation of downstream signaling path-

ways, such as MAPK signaling pathway [27-29].

The results of molecular docking validated the hy-
pothesis galangin binds to the protein expressions of the
above-mentioned five core genes. In addition, we learned
from the HPA database that the expression levels of the five
key target proteins were increased in human PC tissues com-
pared with normal pancreatic tissues, while data in the
GEPIA database showed that only SRC, PIK3R1, and PTP-
N11 had significantly higher levels of expression in human
PC tissues than in normal ones; considering the different da-
ta sources of HPA and GEPIA databases and the differences
in the results provided, as well as the limitations of molecu-
lar docking, to further validate our hypothesis, we selected
SRC, PIK3R1 and PTPN11 for western Blot. The results
showed that compared with the control group, the expres-
sion of SRC, PTPNI11 and PIK3R1 related-proteins de-
creased significantly after exposure to galangin at a concen-
tration of 80 umol/L. Here, we further confirm SRC, PTP-
N11 and PIK3R1 as important targets of galangin. KEGG en-
richment results showed that multiple pathways were in-
volved, including the PI3K-Akt, MAPK, and VEGF signal-
ing pathways.etc. Interestingly, we performed in vitro exper-
iments to validate the PI3K-Akt signalling pathway, which
is the most significantly enriched by KEGG, and showed
that PI3K p85 and Akt proteins were inhibited after galan-
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gin intervention compared to the control group. We specu-
late that galangin may regulate pancreatic cancer cell prolif-
eration and invasion by acting on the PI3K-Akt signaling

pathway.

In summary, galangin can effectively inhibit the
proliferation and migration of BxPC-3 pancreatic cancer
cells, and its mechanism is closely related to PI3K-AKT sig-
naling pathway.
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