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Alzheimer’s disease (AD) is characterized by a complex pathogenesis, limited diagnos-
tic methods, and a lack of effective therapeutic drugs in clinical settings, posing
significant challenges in modern medical research. Bioinformatics offers new perspec
tives for identifying key pathological biomarkers of AD, analyzing differentially
expressed genes in AD, screening for effective drug targets against AD, studying the
mechanisms of AD pathogenesis, and discovering novel anti-AD drugs. However, data
preprocessing and statistical analysis methods in bioinformatics research can signifi-
cantly impact results, and there is a lack of consistency and coordination in analysis
methods across platforms and laboratories in practical studies, making it difficult to
compare data between studies. Therefore, it is crucial to establish standardized
operating procedures and quality control protocols, improve the reproducibility of

= therapeutic targets

Introduction

Alzheimer’s disease (AD) is a degenerative disease of the
central nervous system, primarily characterized by memo-
ry, cognitive, and language impairments, as well as behav-
ioral changes, accounting for about 60% of all cases of
dementia. Its pathological features mainly include the
deposition of B-amyloid protein, neurofibrillary tangles,
synaptic damage, and neuronal loss." According to statistics,
there are currently over 50 million people with dementia
worldwide, and this number is expected to reach 152
million by 2050, with medical care and other related
expenditures surpassing 1.1 trillion US dollars.? The patho-
genesis of AD is not entirely clear, involving hypotheses
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methods across platforms, and promote data comparison between studies.

related to oxidative stress, mitochondrial dysfunction, neu-
roinflammation, vascular changes, and abnormalities in
metabolic pathways." Moreover, no drugs with significant
efficacy have been developed yet, making AD a focus and
challenge in modern medical research.

Bioinformatics primarily focuses on biological data relat-
ed to nucleic acids, proteins, analyzing and mining these data
for applications in studying the origins of life, biological
evolution, disease occurrence, and development patterns.? In
recent years, the application of bioinformatics in researching
the mechanisms, potential therapeutic targets, and drug
design of AD has become increasingly widespread and
important.* This article provides an overview of the
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applications of bioinformatics in the diagnosis, identification
of potential targets, and drug development of AD.

The Application of Bioinformatics in the
Diagnosis of Alzheimer’s Disease

Currently, the diagnosis of AD in clinical settings is mainly
through the collection of medical history, psychological
assessments, and various imaging tests.” However, these
indicators largely depend on the experience of physicians
and carry a certain degree of subjectivity. Biomarkers can
diagnose AD more rapidly, objectively, and accurately and are
also crucial for monitoring the progression of AD and evalu-
ating the effectiveness of treatments. Commonly used bio-
markers for AD mainly include amyloid-B (AB), total
microtubule-associated protein tau (t-tau), and phospho-
tau (p-tau) proteins in cerebrospinal fluid (CSF).? The path-
ogenesis of AD is complex, and identifying new and effective
biomarkers can not only improve the accuracy of AD diagno-
sis and understand its pathological mechanisms but also aid
in drug development. The rapidly developing bioinformatics
technologies provide a convenient and effective means for
identifying biomarkers, and the combined use of various
bioinformatics methods can uncover new biomarkers for AD
and reveal the biological processes of the disease.

AD generally cannot be diagnosed through biopsies to
obtain tissue samples, and postmortem tissue samples can-
not reflect the early pathology of the disease. Therefore, body
fluids are an ideal source for detecting AD biomarkers. CSF is
located in the subarachnoid space and ventricular system of
the brain and spinal cord. It carries the brain’s interstitial
fluid through the ventricular membranes, and the changes in
proteins in the CSF can directly reflect the neuropathology of
the brain. Therefore, CSF biomarkers are a fundamental
neuropathological indicator, widely used in the diagnosis
of neurodegenerative diseases.” In recent years, many pro-
teins in the CSF have been identified as potential biomarkers
for AD, such as neuroflament light (NFL)-related to neuronal
damage, neurogranin and synaptosome associated protein
25 (SNAP-25) reflecting synaptic dysfunction unsoluble trig-
gering receptor expressed on myeloid cells 2 (sTrem2) and
chitinase-3-like protein (YKL-40) for neuroinflammation,
etc. In a proteomics study on AD CSF biomarkers, Bader
et al° developed a highly reproducible mass spectrometry
proteomics workflow called the “rectangular strategy,”
which allows for deep analysis with minimal volumes of
CSF. This study not only identified known AD biomarkers,
such as tau protein, but also screened 40 new potential
biomarkers, including Parkinson protein 7 (PARK7) and
superoxide dismutase 1 (SOD1) related to neurodegenera-
tion, tyrosine 3-monooxygenase (YWHAZ) related to AD
genetics, chitinase 3 like 1 (CHI3L1) reflecting astrocyte
activation, and many proteins related to glucose metabolism.
Li et al'® identified 29 significantly differentially expressed
proteins by analyzing the differential protein expression in
the CSF of AD patients compared to healthy individuals.
Through functional enrichment analysis, they found that these
proteins were mostly concentrated in metabolicrelated
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pathways. To further identify central proteins in the CSF of
AD patients, the team used the Least Absolute Shrinkage and
Selection Operator regression and random forest feature
selection algorithms for further data processing, screening
out six central proteins: YWHAZ, SPARC-related modular
calcium binding 1 (SMOC1), CH3L1, aldolase A (ALDOA),
secreted phosphoprotein 1 (SPP1), and pyruvate kinase M
(PKM). Among them, SMOC1, ALDOA, and PKM were specifi-
cally upregulated in AD patients and highly correlated with AB
and tau protein pathology, making them potential biomarkers
for diagnosing AD.

At the same time, blood also contains a large number of
disease-related proteins and can be obtained noninvasively,
with simple sampling, high efficiency and low cost. Yao
etal'' combined computational prediction with experimen-
tal validation for the first time to identify blood protein
biomarkers for AD. They first collected tissue transcriptome
data from AD patients and healthy control groups from the
Gene Expression Omnibus database, identifying 2,754 dif-
ferentially expressed genes. Then, they used a blood secre-
tion protein prediction program to predict these genes,
finding 296 genes encoding AD-related blood secretory
proteins. Based on the expression levels of these proteins’
corresponding genes, their functions, and their relevance to
AD, they selected 10 proteins as potential biomarkers for AD.
Finally, they collected blood samples from AD patients and
healthy controls and conducted experimental validation
through the enzyme-linked immunosorbent assay, where
gelsolin, brain-derived neurotrophic factor, tissue inhibitor
of metalloproteinases 1 (TIMP1), very low-density lipopro-
tein receptor (VLDLR), and amyloid beta precursor like
protein 2 were consistent with the prediction results. Re-
ceiver operating characteristic curve analysis found that
TIMP1 and VLDLR had the strongest ability to differentiate
AD patients from healthy controls, which was also confirmed
by subsequent western blot experiments. TIMP1 is a cytokine
with neuroprotective effects, capable of improving cognitive
dysfunction in AD by clearing AP protein deposits and
maintaining synaptic integrity.12 VLDLR is an aolipoprotein
E (ApoE) receptor related to the risk factors for AD, distribut-
ed in synaptic regions. It participates in neuronal synaptic
plasticity and affects learning and memory abilities by
regulating the renin-angiotensin system (Ras) signaling
pathway associated with neurodegenerative changes such
as AD, altering the formation of presynaptic and postsynaptic
dendritic spines.’® In the blood of AD patients, TIMP1
significantly increases and VLDLR significantly decreases,'’
suggesting that TIMP1 and VLDLR could potentially become
new blood biomarkers for AD. The abovementioned research
provides an effective method for finding AD-related bio-
markers in blood. However, a limitation is that gene expres-
sion changes do not accurately reflect protein expression
changes. Therefore, the proteins predicted by this method
need further validation in large-scale blood samples.

In addition, body fluids such as saliva and urine can also be
used as noninvasive samples for the diagnosis of AD. For
example, Guo et al'* used sequencing technology to detect
saliva and gingival crevicular fluid of subjects. B diversity
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analysis showed a significant difference in the periodontal
microbiota between AD patients and control group, and
the main species of the microbiota changed with the
severity of AD.

Although many body fluids are easily obtainable, different
sample collection procedures, such as serum and plasma,
quantitative platforms, etc., can have a certain impact on
research results. Ideal biomarkers should meet conditions
such as disease specificity, result reproducibility, and trans-
latability from the laboratory to clinical settings. Therefore,
large-scale prospective multicenter studies are needed for
these identified potential AD biomarkers. Compared to tra-
ditional research methods, bioinformatics technology has
the advantages of high throughput and big data and can
achieve automated analysis and processing of data through
computer programs and algorithms, effectively avoiding
human intervention. It has now become an important
approach for further exploration of the pathogenesis of AD
and diagnosis based on biomarkers.

The Application of Bioinformatics in
Exploring Therapeutic Targets for
Alzheimer’s Disease

Due to the complex pathological process of AD, identifying
effective therapeutic targets is particularly challenging. As
mentioned above, there are multiple pathogenic hypotheses
in the occurrence and progression of AD, each of which
provides a possible strategy for treating AD.

Bioinformatics has become an important tool for identi-
fying therapeutic targets for AD. Some transcriptomic stud-
ies on AD have reported that stress and immune responses
are closely related to the pathogenesis of AD,"™'” which
could serve as potential therapeutic targets for AD. However,
these studies have analyzed small sample sizes and only
assessed differential expression at the single gene level,
which has certain limitations. Park et al'® first used two
independent cohorts, Alzheimer’s disease neuroimaging ini-
tiative (ADNI) and AddNeuroMed, to conduct weighted gene
coexpression network analysis based on blood samples from
AD patients. They identified AD-related modules, deter-
mined the biological pathways enriched in AD-related mod-
ules through enrichment analysis, and conducted correlation
analysis with known AD biomarkers such as AB4, and p-tau.
Studies have found significant dysregulation of the Fc gamma
(Fcy) receptor-mediated phagocytosis pathway, osteoclast
differentiation pathway, and tuberculosis pathway in ADNI
and AddNeuroMed. Key genes ankyrin repeat and PH domain
1 (ASAP1) and protein kinase C delta (PRKCD) in the Fcyre-
ceptor-mediated phagocytosis pathway show abnormal
expression, and PRKCD is strongly correlated with cognitive
function, AB43, and p-tau. This suggests that blocking the Fcy
receptor and its pathway may alleviate AD pathology. Phit-
thayaphong et al'® provided experimental evidence for this
viewpoint through in vitro experiments.

In recent years, emerging single-cell sequencing technol-
ogy has become an effective approach to deeply understand
the molecular mechanisms and to identify therapeutic

targets in the pathophysiological process of AD. Some sin-
gle-cell sequencing studies on AD brain tissue have identified
a series of brain cell clusters related to AD,>>?! but these
studies have mainly focused on clustering and differential
analysis, without fully utilizing the single-cell sequencing
data. Lau et al?> conducted single-nucleus transcriptome
analysis on 169,496 nuclei from cortical samples of AD
patients and normal control group, identifying 43 specific
cell clusters. Differential analysis showed that cell type-
specific transcriptional changes in AD were associated
with disruptions in biological processes such as angiogene-
sis, immune activation, synaptic signaling, and myelination.
Subcluster analysis indicated that AD brains contain fewer
neuroprotective astrocytes and oligodendrocytes compared
to normal brains and induced a subpopulation of angiogenic
endothelial cells.

These angiogenic endothelial cells exhibit increased
expression of angiogenic growth factor and its receptors
EGF-like domain multiple 7 (EGFL7), Fms-related receptor
tyrosine kinase 1, von willebrand factor, and antigen
presentation mechanism beta-2-microglobulin and major
histocompatibility complex, indicating that the pathogenesis
of AD may be related to dysregulation of angiogenesis and
antigen presentation in endothelial cells. These studies have
revealed previously unknown pathological molecular
changes and cell targets, providing an important theoretical
basis for the treatment or improvement of AD pathological
progress.

Bioinformatics technology has provided some new ideas
for exploring the treatment of AD, but how to reasonably and
accurately analyze a large amount of research data, explore
key signaling targets, and promote clinical translation
remains a research hotspot in the fields of bioinformatics
and neuroscience.

The Application of Bioinformatics in Drug
Research for Alzheimer’s Disease Treatment

Current Status of Drugs for Alzheimer’s Disease
Treatment

The treatment methods for AD so far mainly fall into two
directions: (1) Preventing or delaying the onset and progres-
sion of AD to reduce or even repair neuronal damage; (2)
Symptomatic treatment aimed at improving cognitive
impairment and controlling psychiatric symptoms. Current-
ly, the AD treatment drugs approved by the Food and Drug
Administration (FDA) mainly focus on symptomatic treat-
ment, including acetylcholinesterase inhibitors (donepezil,
galantamine, rivastigmine, and huperzine A), and N-methyl-
D-aspartic acid receptor antagonists (memantine hydrochlo-
ride). These drugs can only alleviate patient symptoms, have
a single therapeutic effect and limited duration, unable to
produce significant disease improvement effects.?>2* The
AB-targeting monoclonal antibody Aducanumab, which was
newly approved for marketing in 2021, also failed to prevent
or delay the progression of AD, and its efficacy has been
controversial.?> Therefore, there is an urgent need for new
treatment methods that can prevent or delay clinical
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symptoms of AD, slow down or even terminate the patho-
logical progression of AD.

The Application of Bioinformatics in the Research on
Chinese Herbs in Treating Alzheimer’s Disease
Compared to FDA-approved Western medicine, Chinese
herbs have the characteristics of multiple components and
targets, as well as unique advantages such as overall regula-
tion, reliable efficacy, and minimal adverse reactions. Bioin-
formatics plays an important role in the research and
development of new Chinese herbs in treating AD. By utiliz-
ing bioinformatics technology, rich information related to
drugs can be effectively managed, such as the molecular
targets of drugs, the association between targets and dis-
eases, and the interactions of targets in cellular network
environments. Based on the analysis of these data, the
biological activity and pharmacokinetic characteristics of
Chinese herbs can be predicted, thereby identifying potential
drugs for AD. So far, many research works have proven that
Chinese herbs have significant anti-AD effects.

The Application of Bioinformatics in the Research on
Single Chinese Herb in Treating Alzheimer’s Disease
Many databases provide the basis for bioinformatics research
on Chinese herbs in treating AD. Sun et al?® conducted large-
scale literature data mining on PubMed and clinical trial
databases (www.Clinicaltrials.gov), proving that various Chi-
nese herbs and their active ingredients, such as Yinxingye
(Ginkgo Folium), Shishan (Huperzia), and Danshen (Salviae
Miltiorrhizae Radix et Rhizoma), can exert anti-AD effects by
inhibiting AD-related pathways, such as down-regulating
intracellular Ca** homeostasis and inhibiting inflammatory
cytokines. Ginsenoside Rd is an active ingredient with broad
pharmacological effects in Renshen (Ginseng Radix et Rhi-
zoma). Chen et al®’ conducted literature searches on major
scientific databases such as China national knowledge infra-
structure, Elsevier, ScienceDirect, and PubMed and found that
ginsenoside Rd is a neuroprotective agent with anti-inflam-
matory, antioxidative, antiapoptotic, and mitochondrial pro-
tective effects. It can inhibit neurotoxicity and regulate nerve
growth factors to promote nerve regeneration through these
pathways, making it a multifunctional lead compound for the
treatment of AD and even neurodegenerative diseases.

In recent years, network pharmacology has become one of
the hot topics in the field of traditional Chinese medicine
(TCM) research. Wang et al?8 used a combination of network
pharmacology and comparative metabolomics to study the
main active ingredients of the Chinese herb Huangjing
(Polygonati Rhizoma) and its anti-AD target effects. They
further used molecular docking to identify the binding
ability of these active ingredients with the AD-related target
AChE. Finally, they verified the actual therapeutic effects of
several key active ingredients in Huangjing (Polygonati
Rhizoma) on AD through in vivo and in vitro experiments.
The results indicated that the active ingredients in Huangjing
(Polygonati Rhizoma), such as cafestol, rutin, and isorham-
netin, can significantly inhibit AChE activity, increase neu-
ronal cell vitality, exhibit anti-inflammatory properties, and
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reduce oxidative stress damage, thereby demonstrating a
multilayered anti-AD effects.

In addition, various molecular simulation methods have
been widely used in AD drug development. Shinzato et al?°
conducted studies on the binding characteristics of some
curcumin derivatives with AB using protein-ligand docking
simulations and fragment molecular orbital methods. They
found that when the COH3 group in the aromatic ring of
curcumin-Ib was substituted with OH, it can strongly bind to
AP and effectively inhibit AR aggregation, thus playing a
therapeutic role in AD treatment.

The Application of Bioinformatics in the Study of Chinese
Herbal Compound Treatment for Alzheimer’s Disease
Chinese herbal compound refers to a prescription composed of
two or more Chinese medicinal ingredients. It has complex
chemical compositions and exerts pharmacological effects on
multiple components and targets. The synergistic effects
among various drugs often result in better therapeutic out-
comes compared to single herbal medicine. Traditional phar-
macology, molecular biology, and other experimental
methods have limitations in fully elucidating the character-
istics of drug effects. Therefore, the application of bioinformat-
ics techniques in the study of Chinese herbal compound is
more advantageous for the development of therapeutic drugs.

Research has shown that Liuwei Dihuang Pill, a classic
Chinese herbal formula, has the effects of regulating immune
cell infiltration to alleviate neuroinflammation, reducing AB
aggregation, and delaying cognitive impairment.® However,
the specific molecular mechanisms of its action have not
been fully understood. Zhao et al®' used bioinformatics
methods to explore the molecular immune mechanism of
Liuwei Dihuang Pill in the treatment of AD by studying the
infiltration patterns of different types of immune cells in AD.
The study found that in hippocampal tissue samples from AD
patients, the infiltration levels of M2 macrophages and
quiescent CD4+ memory T cells were higher compared to
healthy individuals, and there were significant differences in
the infiltration levels of M1 macrophages as well. Protein-
protein interaction (PPI) network analysis revealed that
Liuwei Dihuang pill could regulate two core immune targets
in AD, nuclear factor kappa B inhibitor alpha, and protein
kinase C beta (PRKCB), which were involved in multiple
biological signaling pathways. Among them, PRKCB showed
the best molecular docking effect with quercetin, a key active
component of the herbal formula. Therefore, through bioin-
formatics, the study discovered and confirmed that Liuwei
Dihuang Pill can regulate immune cell infiltration through
multiple components, targets, and pathways, providing a
new research direction for the immune therapy of AD.

Li et al*2 developed a new Chinese medicine formula called
Nao Tan Qing based on the theory of resolving phlegm and
opening orifices in TCM. The formula is composed of Dannanx-
ing (Arisaema cum Bile), Huangqin (Scutellariae Radix), Huan-
glian (Coptidis Rhizoma), Banxia (Pinelliae Rhizoma), Tianma
(Gastrodiae Rhizoma), Ganjiang (Zingiberis Rhizoma), Shi-
changpu (Acori Tatarinowii Rhizoma), and Gancao (Glycyrrhi-
zae Radix et Rhizoma). This study used network pharmacology
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and omics analysis to discover that Nao Tan Qing can inhibit
neuroinflammation in AD mice by regulating the NF-kB and
Toll-like receptor pathways while also regulating their glucose
and lipid metabolism. The study demonstrated that Nao Tan
Qing may improve AD by modulating signal pathways associ-
ated with neuroinflammation and metabolism and is a poten-
tial drug for the treatment of AD.

Shen et al*3 applied network pharmacology to explore the
action targets, pathways, and mechanisms of Chuanxiong
Renshen Decoction (CRD) in the treatment of AD. The study
first identified the main effective components of CRD using
mass spectrometry analysis, retrieved potential targets of
CRD components from the SwissTargetPrediction database,
and screened AD-related targets from the Disgenet and
Genacards databases. By taking the intersection of these
two sets of targets, they obtained 65 potential key target
genes for CRD in the treatment of AD. PPI network analysis
identified the core targets for the treatment of AD as caspase
3, epidermal growth factor receptor, amyloid beta precursor
protein, cannabinoid receptor 1, prostaglandin-endoperox-
ide synthase 2, and glutamate metabotropic receptor 5.
Molecular docking results showed good binding of each
component with potential core targets. Gene Ontology and
Kyoto Encyclopedia of Genes and Genomes enrichment
analysis indicated a concentration on the tumor necrosis
factor (TNF) signaling pathway, and mitogen-activated pro-
tein kinase 1 (MAPK) signaling pathway.

The Application of Bioinformatics in the Research on
Combined Chinese Medicine and Western Medicine
Treatment for Alzheimer’s Disease

Research has confirmed that the combined use of Chinese
medicine and Western medicine showed a stronger anti-
AD effect compared to using them individually.34 Wang et
al®> conducted a network meta-analysis on the effect of
Kidney-tonifying Decoction combined with donepezil in
the treatment of AD. A total of 56 related studies were
retrieved, and 30 randomized clinical trials were eventu-
ally included. The analysis revealed that the total effective
rate of the treatment of AD with Kidney-tonifying Decoc-
tion and donepezil in combination was the highest at 88%,
followed by Kidney-tonifying Decoction alone at 58.5% and
donepezil alone at 3.5%. Compared to single-drug therapy,
combination therapy can significantly improve clinical
symptoms of AD such as memory decline and motor
dysfunction, resulting in better clinical efficacy. However,
the specific action mechanisms still require further
investigation.

The pure bioinformatics prediction research on Chinese
herbs and compound formulas for treating AD is still some-
what limited (see =Table 1). In future research, a combina-
tion of bioinformatics and experimental verification can be
used to more deeply explore the mechanism of action and
pharmacological substance basis of Chinese herbs and com-
pound formulas, and better serve clinical practice.

Table 1 The application of bioinformatics in the treatment of AD with Chinese herbs

Chinese herbs Research method

Action mechanism

Yinxingye (Ginkgo Folium), Data mining Downregulation of intracellular Ca®*
Shishan (Huperzia), and homeostasis, inhibition of inflammatory
Danshen (Salviae Miltiorrhizae cytokines, and inhibition of AD-related
Radix et Rhizoma) pathways26

Ginsenoside Rd Data mining Inhibition of neurotoxicity, regulation of

nerve growth factor to promote nerve
regeneration

Huangjing (polygonati

Network pharmacology combined

Inhibition of AChE activity, enhance-

rhizoma) with metabolomics ment of neuronal cell vitality, anti-in-
flammatory effects, and reduction of
oxidative stress damage28

Curcumin-lb Protein-ligand docking simulation Effective inhibition of A aggregation®®

and fragment molecular orbital

Liuwei Dihuang Pill
molecular docking

Data mining combined with

Multifaceted regulation of immune cell
infiltration®'

Nao Tan Qing
with metabolomics

Network pharmacology combined

Inhibition of neuroinflammation
through the NF-kB and Toll-like receptor
pathways, while also regulating glucose
and lipid metabolism?>2

Chuanxiong Renshen
Decoction

Network pharmacology combined
with molecular docking

Regulation of the TNF signal pathway
and MAPK signal pathway>3

Kidney-tonifying Decoction Meta-analysis

combined with donepezil

Improvement of clinical symptoms of
AD such as memory decline and motor
dysfunction35

Abbreviations: AB, amyloid-B; AChE, acetylcholinesterase; AD, Alzheimer’s disease; MAPK, mitogen-activated protein kinase 1; TNF, tumor necrosis

factor.
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Conclusion

The pathological process of AD is complex, and the pathogen-
esis is not yet clear. Currently, there is a lack of simple and
effective diagnostic methods in clinical practice, and it also
faces many challenges of anti-AD drugs. The emergence of
bioinformatics provides new ideas for screening key patholog-
ical biomarkers of AD, analyzing differentially expressed genes
in AD, exploring new targets, and discovering new anti-AD
drugs. It is worth noting that in bioinformatics research, data
preprocessing (such as detection of abnormal values, data
normalization, etc.) and statistical analysis methods will
have a significant impact on the results. In actual research,
the lack of consistent coordination in analysis methods across
platforms and laboratories makes it difficult to compare
data.3® Therefore, it is crucial to establish standard operating
procedures and quality control protocols, improve the repeat-
ability of methods across platforms, and promote data com-
parison between studies. In addition, there are certain
limitations in bioinformatics prediction research. Experimen-
tal validation at the biological level and in-depth interdisci-
plinary research should be conducted based on this foundation
to determine the role of Chinese herbs and Chinese herbal
compound in the complex mechanism of AD. Furthermore,
these predictions must undergo clinical validation before they
can further provide new theoretical basis for the comprehen-
sive diagnosis and treatment of AD with Chinese medicine.

CRediT Authorship Contribution Statement

Zhiyang Yu: Conceptualization, data curation, software,
and writing original draft. Wenpan Wang: Visualization,
and formal analysis. Qiong Qiao: Data curation, and
writing-review and editing. Yiran Sun: Software and
methodology. Zhishen Xie and Junying Song: Project
administration, writing-review and editing. Zhengiang
Zhang and Huifen Ma: Funding acquisition, supervision,
writing-review and editing.

Funding

This work was supported by the National Natural Science
Foundation of China (82305087, 82274612), General
Project of China Postdoctoral Science Foundation
(2022M711080), and Key Research and Development
Program of Henan Province (231111312900).

Conflict of Interest
The authors declare no conflict of interest.

References

1 Drew L. An age-old story of dementia. Nature 2018;559(7715):52-S3

2 GBD 2019 Dementia Forecasting Collaborators. Estimation of the
global prevalence of dementia in 2019 and forecasted prevalence
in 2050: an analysis for the Global Burden of Disease Study 2019.
Lancet Public Health 2022;7(02):e105-e125

3 Roos DS. Computational biology. Bioinformatics—trying to swim
in a sea of data. Science 2001;291(5507):1260-1261

4 Avram S, Mernea M, Limban C, Borcan F, Chifiriuc C. Potential
therapeutic approaches to Alzheimer’s disease by bioinformatics,

Chinese Medicine and Natural Products

Vol. 4 No. 1/2024 © 2024. The Author(s).

w

~

oo

o

10

1

12

13

14

15

16

17

18

19

20

21

22

23

24

cheminformatics and predicted ADME-Tox Tools. Curr Neuro-
pharmacol 2020;18(08):696-719

Ren R], Yin P, Wang ZH, et al. Report on Alzheimer’s disease in
China. ] Diagn Theory Pract 2021;20(04):317-337

Jack CR Jr, Bennett DA, Blennow K, et al. Contributors. NIA-AA
research framework: toward a biological definition of Alzheimer’s
disease. Alzheimers Dement 2018;14(04):535-562
Niemantsverdriet E, Valckx S, Bjerke M, Engelborghs S. Alz-
heimer’s disease CSF biomarkers: clinical indications and rational
use. Acta Neurol Belg 2017;117(03):591-602

Balasa AF, Chircov C, Grumezescu AM. Body fluid biomarkers for
Alzheimer’s disease-an up-to-date overview. Biomedicines 2020;
8(10):421

Bader JM, Geyer PE, Miiller ]JB, et al. Proteome profiling in
cerebrospinal fluid reveals novel biomarkers of Alzheimer’s dis-
ease. Mol Syst Biol 2020;16(06):e9356

Li Y, Chen Z, Wang Q, et al. Identification of hub proteins in
cerebrospinal fluid as potential biomarkers of Alzheimer’s disease
by integrated bioinformatics. ] Neurol 2023;270(03):1487-1500
Yao F, Zhang K, Zhang Y, et al. Identification of blood biomarkers
for Alzheimer's disease through computational prediction and
experimental validation. Front Neurol 2019;9:1158

Saha P, Sarkar S, Paidi RK, Biswas SC. TIMP-1: a key cytokine
released from activated astrocytes protects neurons and ameli-
orates cognitive behaviours in a rodent model of Alzheimer’s
disease. Brain Behav Immun 2020;87:804-819

Tsuneura Y, Nakai T, Mizoguchi H, Yamada K. New strategies for
the treatment of neuropsychiatric disorders based on reelin
dysfunction. Int ] Mol Sci 2022;23(03):1829

Guo H, Li B, Yao H, et al. Profiling the oral microbiomes in patients
with Alzheimer’s disease. Oral Dis 2023;29(03):1341-1355
Rogers BB, Anderson AG, Lauzon SN, et al. Neuronal MAPT
expression is mediated by long-range interactions with cis-regu-
latory elements. Am ] Hum Genet 2024;111(02):259-279
Lunnon K, Ibrahim Z, Proitsi P, et al. AddNeuroMed Consortium.
Mitochondrial dysfunction and immune activation are detectable
in early Alzheimer’s disease blood. ] Alzheimers Dis 2012;30(03):
685-710

Naughton BJ, Duncan FJ, Murrey DA, et al. Blood genome-wide
transcriptional profiles reflect broad molecular impairments and
strong blood-brain links in Alzheimer’s disease. ] Alzheimers Dis
2015;43(01):93-108

Park YH, Hodges A, Risacher SL, et al. AddNeuroMed consortium
and the Alzheimer’s Disease Neuroimaging Initiative. Dysregu-
lated Fc gamma receptor-mediated phagocytosis pathway in
Alzheimer’s disease: network-based gene expression analysis.
Neurobiol Aging 2020;88:24-32

Phitthayaphong P, Kumfu S, Chattipakorn N, Chattipakorn SC.
Blockage of fc gamma receptors alleviates neuronal and micro-
glial toxicity induced by palmitic acid. ] Alzheimers Dis 2021;82
(03):1315-1332

Olah M, Menon V, Habib N, et al. Single cell RNA sequencing of
human microglia uncovers a subset associated with Alzheimer’s
disease. Nat Commun 2020;11(01):6129

Mathys H, Davila-Velderrain J, Peng Z, et al. Single-cell transcriptomic
analysis of Alzheimer’s disease. Nature 2019;570(7761):332-337
Lau SF, Cao H, Fu AKY, Ip NY. Single-nucleus transcriptome
analysis reveals dysregulation of angiogenic endothelial cells
and neuroprotective glia in Alzheimer’s disease. Proc Natl Acad
Sci U S A 2020;117(41):25800-25809

Noetzli M, Eap CB. Pharmacodynamic, pharmacokinetic and
pharmacogenetic aspects of drugs used in the treatment of
Alzheimer’s disease. Clin Pharmacokinet 2013;52(04):225-241
Tan CC, Yu JT, Wang HF, et al. Efficacy and safety of donepezil,
galantamine, rivastigmine, and memantine for the treatment of
Alzheimer’s disease: a systematic review and meta-analysis. ]
Alzheimers Dis 2014;41(02):615-631



25

26

27

28

29

30

31

Application of Bioinformatics in the Diagnosis and Treatment of AD Yu et al.

Rubin R. Recently approved Alzheimer drug raises questions that
might never be answered. JAMA 2021;326(06):469-472

SunY, ZhuR, Ye H, et al. Towards a bioinformatics analysis of anti-
Alzheimer’s herbal medicines from a target network perspective.
Brief Bioinform 2013;14(03):327-343

Chen YY, Liu QP, An P, et al. Ginsenoside Rd: a promising natural
neuroprotective agent. Phytomedicine 2022;95:153883

Wang F, Chen H, Hu Y, Chen L, Liu Y. Integrated comparative
metabolomics and network pharmacology approach to uncover
the key active ingredients of Polygonati rhizoma and their thera-
peutic potential for the treatment of Alzheimer’s disease. Front
Pharmacol 2022;13:934947

Shinzato T, Sato R, Suzuki K, et al. Proposal of therapeutic
curcumin derivatives for Alzheimer’s disease based on ab initio
molecular simulations. Chem Phys Lett 2020;738:136883

Guo H, Zhao CY, Zhan LB, et al. Analysis of the mechanism of
treating hypertension, Type 2 diabetes, and Alzheimer’s disease
with Liuwei Dihuang pill based on network pharmacology. Phar-
macol Clin Chin Mater Med 2021;37(01):41-49

Zhao C, Jiang Z, Tian L, Tang L, Zhou A, Dong T. Bioinformatics-
based approach for exploring the immune cell infiltration pat-
terns in Alzheimer’s disease and determining the intervention

32

33

34

35

36

Chinese Medicine and Natural Products

mechanism of Liuwei Dihuang pill.
(3):15593258221115563

Li Q, Jia C, Wu H, et al. Nao Tan Qing ameliorates Alzheimer’s
disease-like pathology by regulating glycolipid metabolism
and neuroinflammation: a network  pharmacology
analysis and biological validation. Pharmacol Res 2022;185;
106489

Shen ZJ, Fu YB, Hou ]JL, et al. Integrating network pharmacology,
UPLC-Q-TOF-MS and molecular docking to investigate the effect
and mechanism of Chuanxiong Renshen decoction against Alz-
heimer’s disease. Chin Med 2022;17(01):143

Yang WT, Zheng XW, Chen S, et al. Chinese herbal medicine for
Alzheimer’s disease: clinical evidence and possible mechanism of
neurogenesis. Biochem Pharmacol 2017;141:143-155

Wang XC, Chu CL, Lu K, Chen X, Jin XQ, Quan SJ. The role of
tonifying kidney decoction and acupuncture in the treatment of
Alzheimer's disease: a network meta-analysis. Medicine (Balti-
more) 2022;101(46):e31243

Gross T, Mapstone M, Miramontes R, et al. Toward reproducible
results from targeted metabolomic studies: perspectives for data
pre-processing and a basis for analytic pipeline development.
Curr Top Med Chem 2018;18(11):883-895

Dose Response 2022;20

Vol. 4 No. 1/2024 © 2024. The Author(s).

e7



