Fang et al. BMC Complementary Medicine and Therapies (2024) 24:226 BMC Com p|em enta ry
https://doi.org/10.1186/s12906-024-04529-8 .. .
Medicine and Therapies

Check for
updates

Exploring the mechanism of fraxetin against
acute myeloid leukemia through cell
experiments and network pharmacology

Tingting Fang', Langin Liu' and Wenjun Liu"

Abstract

Objective Previous studies have shown that fraxetin has antitumor activity in a variety of tumors, but its role in acute
myeloid leukemia (AML) remains unclear. In this study, we aimed to evaluate the anti-AML effect of fraxetin through
cell experiments and network pharmacology analysis.

Methods The inhibitory and apoptotic effects of fraxetin on AML cells were determined by CCK-8 and flow
cytometry experiments. Potential targets of fraxetin and AML-related targets were screened using public databases.
PPI network, GO functional enrichment and KEGG pathway enrichment analyses were performed to predict the

hub targets and signaling pathways by which fraxetin alleviates AML. Molecular docking was used to determine the
fraxetin binding sites on hub targets. Using the GEPIA database, the expression of hub targets was analyzed in relation
to the overall survival of AML patients.

Results Cell experiments showed that fraxetin inhibits AML cell proliferation and induces apoptosis. To explore the
potential mechanism of fraxetin, 29 shared targets of fraxetin and AML were obtained through screening online
public databases. Among them, AKT1, TNF, SRC, etc,, are related to AML cell apoptosis. The expression levels of SRC,
NOS3, VAVT, LYN, and PTGS1 were associated with the overall survival of AML patients (p value <0.05). The enrichment
analysis results identified the main pathways, namely, focal adhesion and the PI3K-AKT signaling pathway, that
affected the proliferation and apoptosis of AML cells. The analysis of hub targets of the PPI network showed that AKTT,
TNF, CTNNB1, etc,, were hub targets, which were related to the proliferation and apoptosis of AML cells. The results of
molecular docking showed that the hub targets had good binding with fraxetin.

Conclusion Fraxetin may inhibit AML cell proliferation and induce AML cell apoptosis through multiple targets, such
as AKTT, SRC, and EGFR, and multiple pathways, such as focal adhesion and the PI3K-AKT signaling pathway.

Keywords Fraxetin, Acute myeloid leukemia, Cell proliferation and apoptosis, Network pharmacology

*Correspondence:

Wenjun Liu

wenjun_liu@swmu.edu.cn

'Department of Pediatrics (Children Hematological Oncology), Children
Hematological Oncology and Birth Defects Laboratory, Sichuan Clinical
Research Center for Birth Defects, The Affiliated Hospital of Southwest
Medical University, Luzhou, Sichuan 646000, China

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12906-024-04529-8&domain=pdf&date_stamp=2024-6-10

Fang et al. BMC Complementary Medicine and Therapies

Introduction

Acute myeloid leukemia (AML) is a heterogeneous
hematological tumor whose pathogenesis involves the
malignant proliferation of leukemia cells in the bone
marrow, which leads to normal hematopoietic dysfunc-
tion in the bone marrow, and its clinical manifestations
are bone marrow suppression or the extensive infil-
tration of various organs in the patient [1]. AML is the
most common type of leukemia in adults, accounting
for 15-20% of childhood leukemia cases, and its 5-year
survival rate is only approximately 30% in adults and
46—-69% in children [2]. A combination of chemotherapy,
radiotherapy and hematopoietic stem cell transplantation
is the main treatment for AML. However, the emergence
of multidrug resistance significantly hinders the efficacy
of chemotherapy and leads to poor prognosis [3]. In
addition, adverse reactions to chemotherapy drugs and
radiotherapy greatly reduce the quality of life of patients.
Therefore, finding new anti-AML drugs and potential
therapeutic targets is imperative to improve therapeutic
efficacy against AML.

Traditional herbal medicine have the characteristics of
multiple targets, multiple pathways, low price, and few
side effects and have been widely accepted as a supple-
mentary therapy for cancer [4]. Fraxetin (Supplementary
file Figure S1), a natural coumarin compound, is an active
ingredient in the herbal medicine Cortex Fraxini [5].
Modern pharmacological studies have shown that frax-
etin can exert various anticancer, anti-inflammatory and
antibacterial effects and has important research value
and potential application prospects [6]. In recent years,
an increasing number of studies have reported the anti-
cancer effect of fraxetin on a variety of tumors, such as
pancreatic cancer [7], breast cancer [8], and colon cancer
tumors [9]. However, whether fraxetin has an anticancer
effect in AML has not been determined.

With the development of bioinformatics, data science,
systems biology, etc., the research strategy to explore
the interactions between drugs and diseases has gradu-
ally shifted from isolated research to systematic analysis
[10]. Network pharmacology has changed the previous
model of drug development to “one disease, one drug,
multiple targets” [11]. Molecular docking technology is
used to analyze the binding capacity and mode between
active ingredients and targets, identify the active ingre-
dients that may play a pharmacological role, and provide
a reference for basic experimental research; molecular
docking has been widely used in preliminary research on
drug development in combination with network pharma-
cology [12, 13]. Therefore, in this study, we used fraxetin
as the treatment and explored the effects of fraxetin on
AML cells through cell experiments and through net-
work pharmacology methods from the multiple target
and pathway perspective; the results were verified by
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molecular docking technology to reveal the potential
mechanism of action of fraxetin against AML and pro-
vide a theoretical basis for the clinical application of frax-
etin. A diagram of the workflow is shown in Fig. 1.

Materials and methods

Experimental Verification in vitro

Cells and reagents

The human acute myeloid leukemia THP-1 and HL-60
cell lines were obtained from the Chinese Academy of
Sciences Cell Bank (Shanghai, China). The cell lines were
cultivated in Roswell Park Memorial Institute (RPMI)-
1640 medium with 10% fetal bovine serum (FBS) and
1% penicillin and streptomycin at 37 °C in a humidified
atmosphere of 95% air and 5% CO2. Fraxetin (>98%) was
purchased from Shanghai Duo Xi Biological Company of
China. The 100 mM stock solution was made in dimethyl
sulfoxide (DMSO) purchased from Beijing Solarbio Sci-
ence and Technology Company of China.

Cell culture and viability analysis

Cell viability was evaluated using a cell counting kit-8
(CCK-8) assay (Beyotime, Shanghai, China) according to
the method described by HUANG et al. [14]. THP-1 and
HL-60 cells were seeded in 96-well plates, and both were
treated with 0, 20, 40, 80, and 160 uM concentrations of
fraxetin for 24, 48 and 72 h.

Apoptosis assay

Apoptosis was detected by flow cytometry with a FITC
Annexin V apoptosis detection kit (BD Biosciences
Pharmingen, San Diego, CA). In brief, 6.0x 10° cells were
seeded in 6-well plates and treated with different experi-
mental concentrations of fraxetin for 48 h. Then, the fol-
lowing steps, similar to Guo’s methods, were performed
[15]. The state of 1.0x10° out of 6.0x10° cells in each
sample was analyzed by flow cytometry (BD FACSVerse
flow cytometer, San Diego, CA).

Statistical analysis

The results were statistically analyzed using SPSS 20.0.
The experimental data are presented as the mean+SD.
ANOVA was used when the data had a normal distri-
bution; if the result of the test for homogeneity of vari-
ance was p>0.05, LSD was used to compare the two sets
of data; if p<0.05, the approximate F test Welch method
was used for ANOVA, and then Dunnett’s T3 method
was used for comparison. A nonparametric test was used
when the data did not conform to a normal distribution.
The experiments were repeated three times, and p<0.05
indicated that the difference was statistically significant.



Fang et al. BMC Complementary Medicine and Therapies

0O~ OH
N o
Fraxetin

|

(2024) 24:226

Page 3 of 12

S s
Lontt TR
-, F
L ‘-;‘ = - -
O oy -
s et

AML

|

a
g

[

[Part 1:Cell Experiments}

[Part 2 :Network Pharmacology]

v

¥

[Acquire Intersection Targets] [Em‘ichment Analysis] [Network Construction} [Molecular Docking ] [ Survival Analysis]

i
i
E

Fig. 1 The workflow diagram

Network Pharmacology Analysis

Collection of potential targets of Fraxetin in AML and
compound-disease-target (C-D-T) network construction

The molecular structure (sdf format) of fraxetin was
obtained from the PubChem database (https://pubchem.
ncbi.nlm.nih.gov/). The potential targets of fraxetin were
screened from the following databases: the Traditional
Chinese Medicine Systems Pharmacology (TCMSP)
database (https://www.tcmspe.com/), PharmMapper
(http://lilab.ecust.edu.cn/pharmmapper/) and the Swiss
Target Prediction database (http://www.swisstargetpre-
diction.ch/). Human AML-related targets were sorted
from the following databases: the GeneCards database
(https://www.genecards.org/), the Online Mendelian
Inheritance in Man database (OMIM, http://www.omim.
org/) and the Pharmacogenetics and Pharmacogenom-
ics Knowledge Base database (Pharmgkb, https://www.
pharmgkb.org/). The keywords “acute myeloid leuke-
mia” was applied as a search term, and duplicate target
genes were removed. Furthermore, the UniProt database
(https://www.uniprot.org/) was used to obtain the official
names of targets, with the species defined as “Homo sapi-
ens’; and then a diagram was drawn to analyze the over-
lapping targets to identify potential targets of fraxetin

in AML. Finally, Cytoscape software (version 3.8.0) was
used to construct the Compound-Disease-Target (C-D-
T) network.

PPI Network Construction and Hub Target Screening

The shared targets were imported into the STRING data-
base (https://stringdb.org/) to construct the PPI network,
with the species limited to “Homo sapiens” and a confi-
dence score>0.4. The TSV format file, which was down-
loaded from the STRING database, was imported into
Cytoscape to visualize and analyze the complex relation-
ships between overlapping targets. The key topological
parameters (degree) were used to characterize the most
important nodes in the network, and higher quantita-
tive values of topological parameters indicated a greater
importance of the node [16]; hub targets were analyzed
according to degree.

Enrichment analysis and compound-disease-target-pathway
(C-D-T-P) network construction

To further understand the specific roles of the shared
targets in gene function and related signaling pathways,
Gene Ontology (GO) enrichment and Kyoto Encyclope-
dia of Genes and Genomes (KEGG) pathway enrichment
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analyses were conducted by using R software and the
cluster profile, with only functional annotations with
enrichment g-value<0.05 used as the criterion. The
“C-D-T-P” network was visualized using Cytoscape
software.

Molecular Docking

To further understand the binding mode and affinity of
fraxetin to hub targets, the 2D structure of fraxetin was
exported from the PubChem database, optimized by
ChemBio 3D software and saved in SDF format. The 3D
hub target structures were retrieved from the RCSB PDB
database (http://www.rcsb.org/) and saved in PDB format
using PyMOL software to remove the water molecules
and the original ligands of the protein receptors. Then,
the fraxetin and protein receptors were imported into
AutoDock Vina software for docking, and the docking
results and the binding energy values were obtained. The
locations with the lowest binding energy were utilized for
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plotting. The 3D images plotted using PyMOL presented
the interactions between the receptor protein and the
ligand. Ligplot software was used for the analysis of 2D
molecular docking images.

Survival analysis in relation to Shared targets

Analysis of the overall survival in relation to 29 shared
targets was performed using the GEPIA (http://gepia.
cancer-pku.cn/index.html) database. A p value<0.05 was
used as a unified screening criterion.

Results

Fraxetin inhibits the proliferation of AML cells

To explore the effect of fraxetin on AML cell prolifera-
tion, CCK-8 experiments were performed. The results of
CCK-8 experiments showed that AML cell viability was
inhibited at different time points as the concentration
of fraxetin increased (Fig. 2A-B). The viability of THP-1
cells was clearly inhibited after 48 and 72 h, while the
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Fig. 2 Fraxetin inhibits proliferation and induces apoptosis of THP-1 and HL-60 cells. (A). The viability of THP-1 cells. (B). The viability of HL-60 cells. (C). With
the increase of the concentration of Fraxetin, the apoptosis rate of THP-1 and HL-60 cells also increased. (D) and (E). Comparison of apoptosis ratio of THP-
1, HL-60 cells under different concentrations of Fraxetin with blank control group. (*p < 0.05, **p< 0.01,***p< 0.001, ns means no statistical significance)
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viability of HL-60 cells changed significantly 24, 48 and
72 h after fraxetin treatment. Therefore, we chose 48 h
as the experimental time point. Furthermore, as THP-1
cells and HL-60 cells were below 50% cell viability at
concentrations of 115.1 uM and 72.3 uM, we selected 50
uM, 100 pM, 150 pM and 40 pM, 80 puM, 120 uM as the
experimental concentrations for flow cytometry.

Fraxetin induces the apoptosis of AML cells

In view of the role of fraxetin in inhibiting the prolifera-
tion of AML cells, the effect of Annexin V-FITC/PI on
apoptosis in AML cells was investigated. Compared with
that of the blank control group, the apoptosis rate of
THP-1 and HL-60 cells gradually increased with increas-
ing concentrations of fraxetin in the experimental group
(Fig. 2C-E). The results showed that fraxetin can induce
the apoptosis of AML cells.

Acquisition of potential targets of Fraxetin in AML and the
C-D-T network

Based on the TCMSP, PharmMapper and Swiss Target
Prediction databases, a total of 111 potential targets were
identified for fraxetin. AML-related gene targets were
obtained from the GeneCards, OMIM and PharmGKB
databases, and a total of 1238 gene targets were identified
(Fig. 3A). The 111 targets of fraxetin were compared with
the 1238 AML-related gene targets. Twenty-nine shared
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targets were considered potential candidate targets of
fraxetin in AML (Fig. 3B). Cytoscape software was used
to construct the C-D-T network, and the network was
composed of 31 nodes and 214 edges (Fig. 3C).

PPI network construction and hub target screening

PPI network analysis is helpful for studying the molecu-
lar mechanism of diseases and discovering new drug tar-
gets from a systematic perspective. Using the STRING
database, the PPI network was constructed, and the final
network contained 28 overlapping targets (nodes) and
78 interactions (edges) (Supplementary file Figure S2A).
Then, according to degree, the hub targets of fraxetin in
AML were obtained by Cytoscape software (Supplemen-
tary file Figure S2B). The larger and darker the node, the
more connections the target had with neighboring nodes,
and the more important the target; the targets included
AKT1 (degree=24), TNF (degree=24), CTNNB1
(degree=19), ERBB2 (degree=18), SRC (degree=18),
EGFR (degree=17), CCND1 (degree=17), PTGS2
(degree=15), and KDR (degree=15). These targets occu-
pied an important position in the PPI network, suggest-
ing that they may be hub targets for the anti-AML effect
of fraxetin.
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Fig. 3 Potential targets related to Fraxetin against AML. (A). Veen diagram of AML-related target interactions. (B). Veen diagram of target intersections of
Fraxetin and AML. (C). C-D-T network: the green module represents Fraxetin, red module represents AML, blue modules represent overlapping targets
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Table 1 Top 20 KEGG signaling pathway annotation analysis

Number Signaling pathway q value
hsa04510 Focal adhesion 153E-11
hsa05205 Proteoglycans in cancer 2.13E-10
hsa04151 PI3K-Akt signaling pathway 323E-08
hsa05165 Human papillomavirus infection 1.34E-07
hsa05163 Human cytomegalovirus infection 749E-09
hsa05215 Prostate cancer 213E-10
hsa04015 Rap1 signaling pathway 593E-08
hsa01521 EGFR tyrosine kinase inhibitor resistance 1.09E-09
hsa05226 Gastric cancer 7.25E-08
hsa05160 Hepatitis C 9.12E-08
hsa05417 Lipid and atherosclerosis 743E-07
hsa04012 ErbB signaling pathway 4.34E-08
hsa05213 Endometrial cancer 447E-09
hsa01522 Endocrine resistance 8.62E-08
hsa05418 Fluid shear stress and atherosclerosis 6.72E-07
hsa05224 Breast cancer 830E-07
hsa04370 VEGF signaling pathway 1.04E-07
hsa05210 Colorectal cancer 743E-07
hsa05222 Small cell lung cancer 1.00E-06
hsa05219 Bladder cancer 6.05E-07

Enrichment analysis and C-D-T-P network construction

To investigate how fraxetin affects AML through the
hub targets, we analyzed the 29 shared targets via GO
and KEGG pathway analyses by using R software. The
results of GO enrichment analysis showed that the bio-
logical processes (BPs) included response to oxidative
stress (GO: 0006979), protein autophosphorylation (GO:
0046777) and cellular response to drugs (GO: 0035690).
The cellular components (CCs) included membrane rafts
(GO: 0045121), membrane microdomains (GO: 0098857)
and membrane regions (GO: 0098589). The molecular
functions (MFs) included protein tyrosine kinase activ-
ity (GO: 0004713), heme binding (GO: 0020037), and

tetrapyrrole binding (GO: 0046906). The GO function
enrichment entries were sorted according to the q value,
and the bubble map was drawn by selecting the top 10
BPs, CCs and MFs. The bubble size represents the num-
ber of enriched targets, and a larger the bubble represents
more enriched targets (Fig. 4A). Thus, we hypothesized
that fraxetin can exert anti-AML effects by targeting
various biological functions, such as the oxidative stress
response, protein autophosphorylation, tyrosine kinase
activity, and cellular response to drugs. The results of
KEGG enrichment pathway analysis showed that signal-
ing pathways such as focal adhesion and the PI3K/AKT
signaling pathway were the main pathways by which
fraxetin impacted AML (Table 1); KEGG results were
also sorted by q value (Fig. 4B). Then, the compounds,
diseases, and 20 signaling pathways were imported into
Cytoscape software to construct the C-D-T-P network
by which fraxetin exerted anti-AML effects (Fig. 5). The
results showed that fraxetin can affect multiple targets
and multiple pathways in AML.

Molecular docking

To further confirm the interaction between fraxetin
and hub targets, we used fraxetin and hub targets as
ligands and receptors for molecular docking analy-
sis in AutoDock vina software. For each binding pair of
ligands and receptors, we obtained 20 binding modes and
the corresponding binding affinity (Table 2). A binding
energy is less than —5.0 kcal/mol or -7.0 kcal/mol [17]
is thought to indicate that the binding activity between
the ligand and receptor is better; the lower the binding
energy, the higher the affinity between the receptor and
the ligand, and the more stable the molecular conforma-
tion. Therefore, we chose the modes with the least bind-
ing energy using PyMOL and Ligplot software to evaluate
the interaction between ligands and hub targets and map
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Table 2 Prediction of binding energy in Fraxetin against AML
PDBID

Uniprot protein ID binding affinity /kcal-mol-1

7nh5 P31749 -8.0
7kpa P01375 -8.3
7afw P35222 -5.7
7pcd 018735 -6.9
1a08 P12931 -6.0
7vre P00533 -6.7
2w9z P24385 -5.9
Sikv DOMWI3 -7.5
6xvk P35968 -8.1

the 3D and 2D structure of the complex (Fig. 6). The
results showed binding between fraxetin and the hub
targets. Among the hub targets, AKT1, TNF and KDR
have the strongest binding affinity with fraxetin, which
are —8.0, -8.3 and —8.1 kcalemol-1 respectively. Many
previous studies have demonstrated the important role
of AKT1, TNF and KDR in AML cell proliferation and
chemotherapy resistance. The results of molecular dock-
ing showed that the anti-AML effect of fraxetin may be
closely related to AKT1, TNF and KDR.

Analysis of survival in relation to shared targets

The analysis of survival in relation to shared targets in
AML samples was performed using the GEPIA database,
and the results showed that the expression of the shared
targets SRC, NOS3, VAV1, LYN, and PTGS1 was signifi-
cantly correlated with overall survival (p value<0.05),
and high expression of these targets indicated a poor
prognosis for AML patients; the expression of the other

shared targets was not significantly related to the over-
all survival of AML patients (Fig. 7). This result suggested
that fraxetin may affect the prognosis of AML patients by
regulating targets such as SRC and NOS3.

Discussion

AML is a relatively common malignancy. According
to the US National Institutes of Health (NIH) statistics,
AML accounted for 1% of all newly diagnosed cancer
cases in 2022, and its five-year survival rate is approxi-
mately 30.5% [18]. Although chemotherapy, stem cell
transplantation, and other treatment options are becom-
ing increasingly mature, many researchers are concerned
about developing new drugs due to adverse reactions
caused by chemotherapy drugs. Monomers of traditional
herbal medicine have become the focus of attention of
Chinese scholars. Although fraxetin has been reported to
play a tumor suppressive role in a variety of human can-
cers, including breast, colon, and prostate cancers [7-9],
no studies have reported its role in leukemia. This study
is the first to suggest that fraxetin may have anti-AML
effects.

Through the CCK-8 assay, we found that fraxetin can
inhibit the proliferation of AML cells (Fig. 2A-B). The
most common and well-defined type of programmed
cell death is apoptosis, which is a common pathway for
inducing cancer cell death [19]. In this study, through
flow cytometry, we found that fraxetin can indeed induce
apoptosis in AML cells, and early apoptosis was widely
observed (Fig. 2C-E). These results revealed that fraxetin
promoted the apoptosis of AML cells.
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Network pharmacology can be used to analyze “ingre-
dient-target-disease” networks to systematically deter-
mine the correlation between drugs and diseases and
reveal the advantages of the multiple targets and path-
ways of active ingredients of traditional herbal medicine
[20]. To further clarify the possible targets and pathways
underlying the anti-AML effect of fraxetin, we used net-
work pharmacology to construct biological action net-
works such as the “C-D-T and C-D-T-P networks”; we
also performed GO function and KEGG enrichment
analyses of these targets, further verified them through

molecular docking, and tried to explore and analyze the
potential targets and mechanism of action of fraxetin
against AML.

First, we identified 29 potential targets of fraxetin in
AML. Then, the “C-D-T and C-D-T-P” networks and PPI
network showed that the hub targets of fraxetin against
AML were AKT1, TNE, CTNNBI1, ERBB2, SRC, EGEFR,
CCND1, PTGS2, and KDR. The molecular docking
results showed that fraxetin could spontaneously interact
with these hub targets (Fig. 6). In addition, the results of
survival analysis showed that the high expression of SRC,
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Fig. 7 The overall survival analysis. A~E. The overall survival analysis of SRC, NOS3, VAV1, LYN and PTGS1(p < 0.05)

NOS3, VAV1, LYN and PTGS1 was correlated with poor
overall survival in AML patients (p value<0.05) (Fig. 7).
AKT is an effector downstream of PI3K in the PI3K/AKT
signaling pathway and plays an irreplaceable role in the
occurrence and development of AML [21]. AKT overex-
pression or the abnormal activation of phosphorylation
can promote tumor development, resulting in resistance
to traditional chemotherapy in patients; thus, AKT is a
very attractive target for cancer treatment [22]. Zhou et
al. found that curcumin can inhibit the phosphorylation
of AKT in AML cells, thereby inducing apoptosis and
inhibiting cell proliferation [23]. TNFs, including TNF-a
and TNEF-B, are central regulators of inflammation and
have been linked to the occurrence and progression
of many types of cancer, including AML; furthermore,
TNFs can promote the production of leukemia stem
cells [24]. In addition, upregulation of TNF-a expression
can induce the accumulation of reactive oxygen species
(ROS), leading to the apoptosis of AML stem cells [25].
In this study, we found that high TNF expression indi-
cated a poor prognosis in AML patients. The p-catenin
protein encoded by the CTNNBI gene is a protein with a
variety of biological functions in the Wnt signaling path-
way, and a previous study showed that the Wnt/[-catenin

signaling pathway was closely related to leukemia. Over-
expression and translocation of the -catenin protein in
AML patients are often associated with poor prognosis
in AML patients, and the protein is involved in the pro-
cess of leukemia stem cell self-renewal; B-catenin may
be a new therapeutic target for the elimination of leu-
kemia stem cells [26, 27]. Overactivation of SRC family
kinases (SFKs) is needed for the downstream signaling
of membrane receptors in hematologic malignancy dis-
eases, and many studies suggest that SFKs are reasonable
therapeutic targets for AML [28]. The SRC-AKT signal-
ing pathway is an indispensable signaling pathway in
AML, and inhibition of SFK can reduce AKT phosphory-
lation and the expression of Mcl-1, induce the apoptosis
of AML cells, and inhibit cell proliferation [29]. LYN is
one of the main SFKs and is highly expressed and acti-
vated in AML cells, and knocking down LYN can affect
the phosphorylation of mTOR targets and significantly
inhibit the proliferation of AML cells [30]. In addition, we
found that high expression of SRC and LYN was signifi-
cantly associated with poor prognosis in AML patients.
Abnormal expression of cyclin CCND1 (cyclin D1) is
widely present in various tumors, and cyclin D1 helps the
cell cycle enter the S phase, promotes cell proliferation,
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and participates in the regulation of cell metabolism and
migration [31]. PTGS, also called cyclooxygenase (COX),
is a rate-limiting enzyme in prostaglandin synthesis,
and COX-1 activity has been shown to enhance the dif-
ferentiation of all-trans-retinoic acid in acute promyelo-
cytic leukemia [32]. Our survival analysis results showed
that high PTGS1 expression was associated with poor
prognosis in AML patients. The upregulation of COX-2
expression is closely related to the occurrence and pro-
gression of human cancer, and COX-2 inhibitors reduce
the level of inflammatory factors, downregulate VEGF
expression to inhibit tumor angiogenesis, and inhibit
the PI3K-AKT signaling pathway to induce apoptosis in
tumor cells [33]. A combination of COX-2 inhibitors and
chemotherapy drugs can be used to reduce the toxic side
effects of chemotherapy drugs, enhance the induction
of apoptosis, reduce tumor angiogenesis, and improve
the antitumor effect [34]. The COX-2 inhibitor celecoxib
and its derivatives can induce the apoptosis of AML cells
through the caspase-8-dependent apoptosis pathway
by targeted inhibition of the focal adhesion signaling
pathway [35]. VEGFR-2 (KDR) is a key signal sensor for
physiological and pathological angiogenesis, and a previ-
ous study showed that VEGFR-2 can directly or indirectly
promote the proliferation of HL-60 cells, revealing that
VEGER-2 can be a target for drug intervention, inhibit
tumor cell proliferation and promote apoptosis [36].
Endothelial nitric oxide synthase 3 (NOS3) is involved in
regulating the production of ROS, which plays an impor-
tant antitumor role in AML patients and can stimulate
leukemia-related apoptotic pathways through oxidative
stress, DNA damage, membrane damage, and lipid per-
oxidation; NOS3 is correlated with the overall survival of
AML patients [37], and this finding is consistent with our
survival analysis. VAV family genes (VAVs), which are
located downstream of protein tyrosine kinases, includ-
ing VAV1, VAV2, and VAV3, are signal transduction
molecules that are regulated by tyrosine phosphoryla-
tion and are associated with the occurrence, progression,
and prognosis of many cancers [38]. VAVI1 is mainly
expressed in hematopoietic cells, and the complete
response rate of AML patients with high VAV1 expres-
sion is lower than that of AML patients with low VAV1
expression; high VAV1 expression is also associated with
poor overall survival, suggesting that high VAV1 expres-
sion is associated with poor prognosis in AML patients
[39]. In summary, fraxetin may exert anti-AML effects by
interacting with the above targets to produce a variety of
biological effects, such as inhibiting cell proliferation and
inducing apoptosis, as well as reduce the toxic side effects
of chemotherapy drugs and affect the prognosis of AML
patients.

To explore the potential anti-AML mechanism of frax-
etin, we subsequently performed enrichment analysis.
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The results showed that the possible biological pathways
of fraxetin against AML mainly included oxidative stress,
protein autophosphorylation, and cellular response to
drugs, and fraxetin may act on multiple pathways, such
as focal adhesion and the PI3K-AKT signaling pathway.
The focal adhesion signaling pathway is initiated by inte-
grin activation, which contributes to almost every aspect
of cancer cell activity, and activation of this pathway leads
to downstream cascade activation, including activation of
the PIBK-AKT signaling pathway, which promotes tumor
survival and development [40]. Most gene mutations in
AML can lead to the excessive activation of integrins and
regulation of the focal adhesion signaling pathway; fur-
thermore, the aforementioned COX-2 inhibitor celecoxib
and its derivatives can induce apoptosis in AML cells
through the caspase-8-dependent apoptosis pathway by
targeting the focal adhesion signaling pathway. The PI3K-
AKT signaling pathway can inhibit apoptosis, and this
pathway is overactivated after stimulation by certain bio-
logical factors; overactivation of this pathway promotes
cell proliferation and migration and inhibits apoptosis
[41]. Moreover, many recent studies have shown that
different kinds of traditional herbal medicine or their
active ingredients can inhibit the proliferation of various
tumor cells, including AML cells, and induce apoptosis
by inhibiting PI3K-AKT signaling [42—44]. Therefore, we
speculated that fraxetin may play an anti-AML role by
regulating focal adhesion and the PI3K-AKT signaling
pathway.

In view of the current unsatisfactory effects of AML
treatments, new therapeutic strategies are still urgently
needed. In this study, we provide several potential targets
for AML therapy, which may facilitate the development
of new therapeutic strategies. In recent years, the effect
of fraxetin in the treatment of tumors has proven satis-
factory. However, its application in AML is rarely stud-
ied. In this paper, we preliminarily explored the potential
molecular mechanism of fraxetin in the treatment of
AML based on network pharmacology and molecular
docking. However, this study has some limitations. First,
as data from online databases are based on assessments,
it is possible that undocumented or unvalidated chemi-
cals or targets were not included in our study. Second,
conducting a more in-depth study on the metabolic form,
active ingredients, and absorption mechanism of fraxetin
would be ideal. Further in vitro and in vivo studies are
needed to explore the mechanism of action of fraxetin in
the treatment of AML.

Conclusion

In summary, in this study, we evaluated the effects of
fraxetin on the proliferation and apoptosis of AML cells
through cell experiments. The potential targets and sig-
naling pathways of the anti-AML effects of fraxetin were
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predicted by network pharmacology. Through molecu-
lar docking experiments, we confirmed that fraxetin had
good binding activity with hub targets. In addition, the
correlation between overlapping targets and overall sur-
vival in AML patients was analyzed. This study provides
ideas for further experimental research and the clinical
application of fraxetin.

Abbreviations

AML Acute myeloid leukemia

PPI Protein-protein interaction

CCK-8 Cell  Counting Kit-8

DT Compound-Disease-Targets

PPI Protein-protein interaction

GO Gene Ontology

KEGG Kyoto Encyclopedia of Genes and Genomes
C-DT-P Compound-Disease-Targets-Pathway
BP Biological Processes

CcC Cellular Components

MF Molecular Functions

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512906-024-04529-8.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
Not applicable.

Author contributions

Wenjun Liu and Tingting Fang conceived and designed the studies. Langin Liu
and Tingting Fang conducted all analyses and drafted the manuscript. All of
the authors have read and confrmed the fnal manuscript.

Funding
This work was supported by Sichuan Science and Technology Program
(2022YFS0622).

Data availability
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Conflict of interest
The authors declare that they have no conflict of interest.

Received: 26 March 2023 / Accepted: 30 May 2024
Published online: 10 June 2024

References

1. Shroff GS, Truong MT, Carter BW et al. Leukemic involvement in the Thorax.
Radiographics: a review publication of the Radiological Society of North
America, Inc 2019.39(1):44-61.

w

20.

21.

22.

23.

24.

25.

Page 11 of 12

Obszanski P, Koztowska A, Waricowiat J et al. Molecular-targeted therapy

of Pediatric Acute myeloid leukemia. Molecules (Basel, Switzerland) 2022.
27(12).

Long L, Assaraf YG, Lei ZN et al. Genetic biomarkers of drug resistance: a
compass of prognosis and targeted therapy in acute myeloid leukemia. Drug
resistance updates: reviews and commentaries in antimicrobial and antican-
cer chemotherapy 2020. 52:100703.

Zhang X, Qiu H, Li C, et al. The positive role of traditional Chinese medicine as
an adjunctive therapy for cancer. Biosci Trends. 2021;15(5):283-98.

LiW, LiW, Yu J, et al. Fraxin inhibits lipopolysaccharide-induced inflamma-
tory cytokines and protects against endotoxic shock in mice. Fundam Clin
Pharmacol. 2020;34(1):91-101.

Ma Z, Sun'Y, Peng W. Fraxetin down-regulates polo-like kinase 4 (PLK4) to
inhibit proliferation, migration and invasion of prostate cancer cells through
the phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) pathway.
Bioengineered 2022. 13(4):9345-9356.

Guo'Y, Xiao Y, Guo H, et al. The anti-dysenteric drug fraxetin enhances anti-
tumor efficacy of gemcitabine and suppresses pancreatic cancer develop-
ment by antagonizing STAT3 activation. Aging. 2021;13(14):18545-63.

Liu G, Liu Z, YanY, Wang H. Effect of fraxetin on proliferation and apoptosis in
breast cancer cells. Oncol Lett. 2017;14(6):7374-8.

Lee M, Yang C, Park S, et al. Fraxetin induces cell death in colon cancer cells
via mitochondria dysfunction and enhances therapeutic effects in 5-fluoro-
uracil resistant cells. J Cell Biochem. 2022;123(2):469-80.

Nogales C, Mamdouh ZM, List M, et al. Network pharmacology: curing
causal mechanisms instead of treating symptoms. Trends Pharmacol Sci.
2022;43(2):136-50.

Casas Al, Hassan AA, Larsen SJ, et al. From single drug targets to syner-

gistic network pharmacology in ischemic stroke. Proc Natl Acad Sci USA.
2019;116(14):7129-36.

WaniTA, Zargar S, Hussain A. Spectroscopic, Thermodynamic and Molecular
Docking studies on Molecular mechanisms of drug binding to proteins.
Molecules (Basel, Switzerland) 2022. 27(23).

Pinzi L, Rastelli G. Molecular Docking: shifting paradigms in Drug Discovery.
Int J Mol Sci 2019 20(18).

Zhe H, Yunfu S, Wenjun. LIU et al. Berberine targets the electron transport
chain complex | and reveals the landscape of OXPHOS dependency in acute
myeloid leukemia with IDH1 mutation. Chin J Nat Med 2023 21(2):136-45.
Guo L, Liu J,Yang Y, et al. Purple sweet potato anthocyanins elicit calcium
overload-induced cell death by inhibiting the calcium-binding protein
S100A4 in acute lymphoblastic leukemia. Food Bioscience. 2021;42:101214.
Huang S, Zhang Z, LiW et al. Network Pharmacology-Based Prediction and
Verification of the active ingredients and potential targets of Zuojinwan for
treating Colorectal Cancer. Drug design, development and therapy 2020.
14:2725-40.

Jia G, Jiang X, Li Z, et al. Decoding the mechanism of Shen Qi Sha Bai Decoc-
tion in treating Acute myeloid leukemia based on Network Pharmacology
and Molecular Docking. Front cell Dev Biology. 2021;9:796757.

Cancer Stat Facts. Leukemia-Acute Myeloid Leukemia (AML) [https://seer.
cancergov/statfacts/ntml/amyl.html].

Lopez J, Tait SW. Mitochondrial apoptosis: killing cancer using the enemy
within. Br J cancer 2015. 112(6):957-62.

Zhangzhi Z, Lan'er S, Jangtao L, et al. Study on mechanism of
Qinghao(Artemisia annua) in treatment of human acute myeloid leukemia
based on Network Pharmacology. Chin Archives Traditional Chin Med.
2021;39(01):1-4.

Tang Y, Halvarsson C, Nordigarden A, et al. Coexpression of hyperacti-

vated AKT1 with additional genes activated in leukemia drives hemato-
poietic progenitor cells to cell cycle block and apoptosis. Exp Hematol.
2015;43(7):554-64.

Revathidevi S, Munirajan AK. Akt in cancer: Mediator and more. Seminars in
cancer biology 2019. 59:80-91.

Zhou H, Ning Y, Zeng G et al. Curcumin promotes cell cycle arrest and apop-
tosis of acute myeloid leukemia cells by inactivating AKT. Oncol Rep 2021.
45(4).

Dong QM, Ling C, Zhu JF, et al. Correlation between p65 and TNF-a in
patients with acute myelocytic leukemia. Oncol Lett. 2015;10(5):3305-9.
Yong Z, Wenbin Z, Kai C, et al. Disulfram combined with copper induces
leukemia stem cell apoptosis through TNF-a/ROS pathway. J Third Military
Med Univ. 2015;37(10):984-9.


https://doi.org/10.1186/s12906-024-04529-8
https://doi.org/10.1186/s12906-024-04529-8
https://seer.cancer.gov/statfacts/html/amyl.html
https://seer.cancer.gov/statfacts/html/amyl.html

Fang et al. BMC Complementary Medicine and Therapies

26.

27.
28.

29.

30.

32.

33.

34.

35.

36.

37.

Li XX, Guo H, Zhou JD et al. Overexpression of CTNNBT: clinical implication in
Chinese de novo acute myeloid leukemia. Pathology, research and practice
2018.214(3):361-7.

Ko BS, Lu'YJ, Yao WL, et al. Cordycepin regulates GSK-3[3/B-catenin signaling
in human leukemia cells. PLoS ONE. 2013;8(9):e76320.

Voisset E, Brenet F, Lopez S, de Sepulveda. P:SRC-Family kinases in Acute
myeloid leukaemia and mastocytosis. Cancers 2020. 12(7).

Ozawa Y, Williams AH, Estes ML, et al. Src family kinases promote AML cell
survival through activation of signal transducers and activators of transcrip-
tion (STAT). Leuk Res. 2008;32(6):893-903.

Dos Santos C, Demur C, Bardet V, et al. A critical role for Lyn in acute myeloid
leukemia. Blood. 2008;111(4):2269-79.

Jiang Y. D. Clinical significance of e IF4E expression and the correlation with
CCND1, c-myc in AML patients Master. Jinan University; 2013.

Rocca B, Morosetti R, Habib A et al. Cyclooxygenase-1, but not -2, is upregu-
lated in NB4 leukemic cells and human primary promyelocytic blasts during
differentiation. Leuk 2004. 18(8):1373-9.

Hashemi Goradel N, Najafi M, Salehi E, et al. Cyclooxygenase-2 in cancer: a
review. J Cell Physiol. 2019;234(5):5683-99.

Li S, Jiang M, Wang L, Yu S. Combined chemotherapy with cyclooxygenase-2
(COX-2) inhibitors in treating human cancers: recent advancement. Volume
129. Biomedicine & pharmacotherapy = Biomedecine & pharmacotherapie;
2020. p. 110389.

Casanova |, Bosch R, Lasa A et al. A celecoxib derivative inhibits focal adhe-
sion signaling and induces caspase-8-dependent apoptosis in human acute
myeloid leukemia cells. Int J cancer 2008. 123(1):217-26.

Ri-Ling C, Ming-Zhen C, Qian-Ying Y, et al. Dynamic analysis of expression

of VEGF and its Receptor-2 in mouse model with Acute myeloid leukemia. J
Experimental Hematol. 2009;17(04):852-6.

He H, Xu'YJ, Yin JY, et al. Association of nitric oxide synthase 3 (NOS3)

894 G>T polymorphism with prognostic outcomes of anthracycline in

(2024) 24:226

38.

39.

40.

41.

42.

43.

Page 12 of 12

Chinese patients with acute myeloid leukaemia. Clin Exp Pharmacol Physiol.
2014;41(6):400-7.

Cuadrado M, Robles-Valero JVAV. Proteins as Double Agents in Cancer: Onco-
genes with Tumor Suppressor Roles. Biology 2021. 10(9).

Mu D, Long S, Guo L, Liu W. High Expression of VAV Gene Family Predicts Poor
Prognosis of Acute Myeloid Leukemia. Technology in cancer research & treat-
ment 2021. 20:15330338211065877.

Lin X, Zhuang S, Chen X, et al.:IncRNA ITGB8-AS1 functions as a ceRNA

to promote colorectal cancer growth and migration through integrin-
mediated focal adhesion signaling. Mol Therapy: J Am Soc Gene Therapy.
2022;30(2):688-702.

Li D, Ni'S, Miao KS, Zhuang C. PI3K/Akt and caspase pathways mediate
oxidative stress-induced chondrocyte apoptosis. Cell Stress Chaperones.
2019;24(1):195-202.

Tan X, Gong L, Li X, et al. Promethazine inhibits proliferation and promotes
apoptosis in colorectal cancer cells by suppressing the PI3K/AKT pathway.
Volume 143. Biomedicine & pharmacotherapy =Biomedecine & pharmaco-
therapie; 2021.p. 112174,

Yongjiu S, Ze L, Yuzhong L. Research on PI3K signaling pathway in the treat-
ment of acute myeloid leukemia and the regulation of drug resistance. J Mod
Oncol 2022. 30(16):3052-7.

Hao J, Zhang W, Huang Z. Bupivacaine modulates the apoptosis and ferrop-
tosis in bladder cancer via phosphatidylinositol 3-kinase (PI3K)/AKT pathway.
Bioengineered. 2022;13(3):6794-806.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Exploring the mechanism of fraxetin against acute myeloid leukemia through cell experiments and network pharmacology
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Experimental Verification in vitro
	﻿Cells and reagents
	﻿Cell culture and viability analysis
	﻿Apoptosis assay
	﻿Statistical analysis


	﻿Network Pharmacology Analysis
	﻿Collection of potential targets of Fraxetin in AML and compound-disease-target (C-D-T) network construction
	﻿PPI Network Construction and Hub Target Screening
	﻿Enrichment analysis and compound-disease-target-pathway (C-D-T-P) network construction

	﻿Molecular Docking
	﻿Survival analysis in relation to Shared targets
	﻿Results
	﻿Fraxetin inhibits the proliferation of AML cells
	﻿Fraxetin induces the apoptosis of AML cells
	﻿Acquisition of potential targets of Fraxetin in AML and the C-D-T network
	﻿PPI network construction and hub target screening
	﻿Enrichment analysis and C-D-T-P network construction
	﻿Molecular docking
	﻿Analysis of survival in relation to shared targets

	﻿Discussion
	﻿Conclusion
	﻿References


