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This study aimed to identify the pharmacological targets and mechanisms of action of the traditional Chinese
medicine, formononetin, in the treatment of Alzheimer’s disease (AD) using network pharmacological analysis.
Targets of AD were obtained by using DisGeNET gene discovery platform, the herbal ingredients target (HIT)
database, the SuperPred, and the SwissTargetPrediction compound target prediction platforms. Pathogenic
and therapeutic targets were imported to the STRING biological database, and Cytoscape network integration
software was used to construct component-target and disease-target interaction networks. Core targets were
identified by topological analysis and were further tested to identify the biological processes and signaling
pathways.

Seven key target genes for formononetin in the treatment of patients with AD were identified, including es-
trogen receptor alpha (ESR1), peroxisome proliferator-activated receptor gamma (PPARG), tumor protein p53
(TP53), sirtuin 1 (SIRT1), tumor necrosis factor (TNF), cytochrome P450 19A1 (CYP19A1), and nuclear factor (ery-
throid-derived 2)-like 2 (NFE2L2). The biological processes included hormone metabolism, regulation of nucle-
oside, nucleotide and nucleic acid metabolism, apoptosis, energy pathways, metabolism, cell communication,
and signal transduction. The signaling pathways included histone acetylation and deacetylation (HDAC) class |,
regulation of p38-alpha/beta, p38 mitogen-activated protein kinase (MAPK) signaling pathway, bone morpho-
genetic protein (BMP) receptor signaling, interleukin-1 (IL1) mediated signaling events, the tumor necrosis fac-
tor (TNF) receptor signaling pathway, and cytoplasmic and nuclear Smad2/3 signaling.

Pharmacological network analysis was used to identify the gene targets and mechanisms of formononetin
treatment in patients with AD.

Alzheimer Disease ¢ Behavior and Behavior Mechanisms ¢ Neuropharmacology

https://www.medscimonit.com/abstract/index/idArt/916662

%1369 Eﬂ— M‘ZIS %20

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




CLINICAL RESEARCH

Background

Alzheimer’s disease (AD) is a form of dementia that gradually
develops and leads to increased cognitive impairment [1].
Based on reports from the US Centers for Disease Control
and Prevention (CDC), it has been estimated that there will be
around 14 million cases of AD by 2060 [2]. Although the early
symptoms of AD are mild, late-stage symptoms include disori-
entation, language, mood, and behavioral changes. Also, pa-
tients with advanced AD can lose the ability to control bodily
functions, and AD can lead to death [3,4]. The etiology of AD
is poorly understood. Currently, there are no effective phar-
macological treatments for AD. However, some therapeutic ap-
proaches can reduce or control the symptoms of AD. Therefore,
there remains a need for innovative approaches to identify po-
tential therapeutic targets for AD.

In China, a traditional herb derived from the Astragalus root
is used to extract the bioactive component of formononetin,
which is used in traditional Chinese medicine. Several studies
have shown that formononetin has beneficial therapeutic ef-
fects in several diseases, including cancer, diabetes, neurological
disease, and cardiovascular disease [5,6]. Recently, the neuro-
protective effect of formononetin in patients with AD has been
demonstrated in both in vivo and in vitro studies [7,8]. However,
the detailed molecular mechanisms for the pharmacological and
biological actions of formononetin remain unknown. Following
recent developments in bioinformatics, network pharmacology
may now be used to identify or predict the biological networks
of compound-protein interactions, protein-protein interactions,
and biological signaling functions. Also, systematic pharmacol-
ogy analysis can interpret and integrate these interactive net-
works using bioinformatics and statistics [9].

Therefore, this study aimed to identify the pharmacological
targets and mechanisms of action of the traditional Chinese
medicine, formononetin, in the treatment of AD using net-
work pharmacological analysis. The study design and analyt-
ical flowchart is shown in Figure 1.

Material and Methods

Target data collection for formononetin in the treatment of
Alzheimer’s disease (AD)

The web-based Binding Database was used to obtain the ver-
ifiable targets of formononetin and to collect the predictive
targets of formononetin using the herbal ingredients target
(HIT) database, the SuperPred, and the SwissTargetPrediction
compound target prediction platforms. The DisGeNET gene dis-
covery platform was used to screen AD-associated genes and
to identify the top 200 genes. The overlapping targets from
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formononetin and AD then allowed identification of gene tar-
gets of formononetin in the treatment of AD.

Protein-protein interaction (PPI) network construction and
topology analysis

The web-based STRING database was used to analyze the
combined targets before obtaining the target function-related
protein of formononetin for the treatment of AD. A target-
related protein network of formononetin for the treatment of
AD was produced through screening the PPIs with scores >0.9
and excluding the duplicated targets. Network-Analyzer in the
Cytoscape software was applied to obtain the target-related
proteins through assaying topological parameters of the mean
degree of freedom and maximum degree of freedom, followed
by selection of the core targets according to the value of de-
gree. The upper limit of the screening range was from the
maximum degree value in the topological data, and the lower
limit was from the two-fold average degree of freedom [10].

Biological function and pathway enrichment analysis

The web-based FunRich functional enrichment software was
used to enrich the biological processes and molecular path-
ways from all core targets of formononetin for the treatment of
AD. The histograms of these biological processes and signaling
pathways were plotted according to their degree of importance.

Results

Informational presentation of identifiable targets

In Alzheimer’s disease (AD), network pharmacological analysis
identified 2,244 genes from the DisGeNET database. The top
200 AD genes were screened as investigative targets. Also,
10 and 15 formononetin targets were obtained from the herbal
ingredients target (HIT) and the SwissTargetPrediction data-
bases. There were 23 verifiable targets and 20 predictive tar-
gets of formononetin that were harvested from the prediction
database, and 50 targets were finally obtained by eliminating
the duplicates. After mapping, 13 hub targets of formononetin
for the treatment of AD were identified, as shown in Figure 2.

The protein-protein interaction (PPI) network of
formononetin for the treatment of AD

The STRING database was used to construct the functional PPI
network associated with 13 targets. The targets were selected
using the data with a confidence score >0.9 before being an-
alyzed by Cytoscape to produce the graphical network of for-
mononetin for the treatment of AD. The protein network had
seven nodes and 11 edges that interacted, as shown in Figure 3.
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Figure 1. The study design and analytical
flowchart of the bioinformatics and
network pharmacology approach
to predicting the hub targets and
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Alzheimer’s disease (AD), a protein-
protein interaction (PPI) network was
produced to identify the 14 interactive

PPARA core targets.

Anti-AD targets of formonenetin

Biological functions and pathway enrichment assays of
core targets

The results of biological function enrichment analysis using
FunRich functional enrichment software showed that the bi-
ological processes of core targets were mainly involved hor-
mone metabolism, regulation of nucleoside, nucleotide and
nucleic acid metabolism, apoptosis, energy pathways, metab-
olism, cell communication, and signal transduction (Figure 4).
These data showed that formononetin might exert its thera-
peutic effects by regulating these biological processes. Also, the
data from signaling pathway enrichment analysis by FunRich
software showed that the signaling pathways of hub targets
mainly involved signaling events mediated by histone acety-
lation and deacetylation (HDAC) class |, regulation of p38-al-
pha/beta, p38 mitogen-activated protein kinase (MAPK) sig-
naling pathway, bone morphogenetic protein (BMP) receptor
signaling, interleukin-1 (IL-1) mediated signaling events, the
tumor necrosis factor (TNF) receptor signaling pathway, and
cytoplasmic and nuclear Smad2/3 signaling. (Figure 5).
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Figure 3. In further assays, the key targets for formononetin

in the treatment of Alzheimer’s disease (AD) were
obtained. Seven key target genes for formononetin

in the treatment of patients with AD were identified,
including estrogen receptor alpha (ESR1), peroxisome
proliferator-activated receptor gamma (PPARG), tumor
protein p53 (TP53), sirtuin 1 (SIRT1), tumor necrosis
factor (TNF), cytochrome P450 19A1 (CYP19A1), and
nuclear factor (erythroid-derived 2)-like 2 (NFE2L2).
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Figure 4. After biological functional analysis
of the core targets, the seven main
biological processes for formononetin
in the treatment of Alzheimer’s

disease (AD) are shown. The deep blue
and white columns indicate P-values.
The light blue columns indicate

the percentage of genes (%).

Figure 5. After pathway enrichment analysis
of the core targets, the seven main
signaling pathways for formononetin

3 in the treatment of Alzheimer’s

disease (AD) are shown. The deep blue
and white columns indicate P-values.
The light blue columns indicate

the percentage of genes (%).
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Discussion

This study aimed to apply a network pharmacology approach
to predict the biological targets of formononetin in the treat-
ment of patients with Alzheimer’s disease (AD) and to iden-
tify the biological mechanisms involved. The findings identi-
fied seven key target genes for formononetin in the treatment
of patients with AD, including estrogen receptor alpha (ESR1),
peroxisome proliferator-activated receptor gamma (PPARG),
tumor protein p53 (TP53), sirtuin 1 (SIRT1), tumor necrosis
factor (TNF), cytochrome P450 19A1 (CYP19A1), and nuclear
factor (erythroid-derived 2)-like 2 (NFE2L2).

ESR1 is a key nuclear receptor that is required for neural de-
velopment. Recent studies have shown that ESR1 has a neu-
roprotective role through mediating estrogen expression in
neurodegenerative disease [11,12]. PPARG is a functional ef-
fector in regulating metabolism and has been associated with
the pathology of neurodegenerative disorders. In early-stage
AD, therapeutic targeting to PPARG may suppress disease pro-
gression in the brain [13,14]. TP53 functions as a key tumor
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suppressor, and when it is activated, TP53 induces neuronal
apoptosis, possibly through transcription-associated molecular
mechanisms that regulate apoptosis-dependent targets [15].
SIRT1 may have a role as a longevity gene for cellular protec-
tion from stress and is a possible therapeutic target for AD
as it may modulate the function and survival of hippocampal
and cortical neurons [16,17]. Tumor necrosis factor, (TNF) is an-
other therapeutic target for AD through the inhibition of TNF-
induced neuroinflammation to promote neuronal survival [18].

Previous studies have shown that the CYP19A1 enzyme func-
tionally controls the biosynthesis of estrogen, and it is indirectly
linked to AD, and that CYP19A1 mutation is a risk factor for AD
in the Chinese population [19]. NFE2L2 is a transcription fac-
tor that is responsible for protecting against oxidative dam-
age due to inflammation and injury, and its cytoprotective ef-
fects can suppress AD through antioxidative mechanisms [20].
Therefore, previously published studies support that these key
biomolecules may be potential therapeutic targets for patients
with AD. Identification of the signaling pathways for the ther-
apeutic effects of formononetin for the treatment of AD was
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shown in this study, using enrichment analysis. However, these
potential pharmacological targets should be validated by con-
ducting future human in vivo and in vitro studies.

Conclusions

This study aimed to identify the pharmacological targets
and mechanisms of action of the traditional Chinese medi-
cine, formononetin, in the treatment of Alzheimer’s disease
(AD) using network pharmacological analysis. Seven key tar-
get genes for formononetin in the treatment of patients with
AD were identified, including estrogen receptor alpha (ESR1),
peroxisome proliferator-activated receptor gamma (PPARG),
tumor protein p53 (TP53), sirtuin 1 (SIRT1), tumor necrosis
factor (TNF), cytochrome P450 19A1 (CYP19A1), and nuclear
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side, nucleotide and nucleic acid metabolism, apoptosis, en-
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transduction. The signaling pathways included histone acety-
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