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Abstract:

Caffeine is known to have various biological effects, including its potential to modulate the central nervous system. This study
aims to identify the molecular targets of caffeine and explore their relationship with Alzheimer's disease using a bioinformatics
approach. The methods used include target prediction using SwissTargetPrediction and SuperPred, target relationship analysis
with disease through the DAVID database, protein interaction exploration and enrichment analysis using STRING-DB, and
network analysis using Cytoscape. The results showed that from the total targets obtained, there were 20 overlapping targets
related to Alzheimer's. Protein interaction analysis revealed 17 nodes with 32 significant interactions, which provide insight
into the molecular pathways that caffeine can manipulate in the context of neuroprotection. These findings are in line with
various studies showing that caffeine consumption is associated with a reduced risk of Alzheimer's through modulation of the

nervous system and inflammation.
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Introduction

Coffee is one of the most popular drinks
worldwide, and various groups consume it because of
its distinctive taste and stimulant effects (Farah, 2012).
In addition to being a popular drink, coffee also has
multiple health benefits, mainly because of its
bioactive content, one of which is caffeine (Cornelis,
2019). Caffeine is a xanthine alkaloid that is widely
found in natural products such as coffee, tea, and
cocoa (Eskelinen & Kivipelto, 2010; Gibbs et al.,
2015; Mao et al., 2023; Yamaoka-Yano et al., 1999).

Caffeine has effects on health, including
cardiovascular (Mendoza et al., 2023; Turnbull et al.,
2017), respiratory (Lamba et al., 2021; Seppé-
Moilanen et al., 2021; Zhao et al., 2024), smooth
muscle effects (Tazzeo et al., 2012), physical and
cognitive performance (McLellan et al., 2016;
Research & Marriott, 1994). Caffeine affects the
central nervous system, increasing alertness and
reducing fatigue by inhibiting adenosine receptors that
play a role in regulating nerve activity (Chen et al.,
2001; Davis et al., 2003; Persad, 2011; Reddy et al.,
2024; Research & Marriott, 1994).

Previous studies have shown that moderate
coffee consumption may be associated with a variety
of health benefits, including a reduced risk of several
neurodegenerative diseases such as Parkinson's,
Dementia, and Alzheimer's (Barranco Quintana et al.,
2007; Chen et al., 2001; Eskelinen & Kivipelto, 2010).

Several studies have also indicated that caffeine
consumption may improve cognitive function and
slow the progression of Alzheimer's disease through
suppression of amyloid B activity (Arendash & Cao,
2010). The specific molecular mechanisms underlying
caffeine's effects on health must be analyzed to
understand its biological activity.

Network pharmacology is one technique used
to analyze a compound's molecular target in drug
discovery efforts. Integrating biological functions
with drug networks is used to find potential targets
based on network analysis (Li et al., 2020). Therefore,
this study was conducted for molecular network
analysis by using bioinformatics approaches to
analyze protein interactions related to caffeine
compounds and their association with relevant
diseases.

Material and Methods

Screening targets and diseases of the compound
SwissTargetPrediction

(http://www.swisstargetprediction.ch/) (Daina et al.,

2019) and SuperPred (https:/prediction.charite.de/)

(Nickel et al., 2014) were used to predict caffeine

targets. The obtained targets were then merged and

duplicates were removed. These targets were then
analyzed using the DAVID database
(https://davidbioinformatics.nih.gov/) with references



http://www.swisstargetprediction.ch/
https://prediction.charite.de/
https://davidbioinformatics.nih.gov/
mailto:rizka.fatriani@bi.itera.ac.id

Fatriani, R et al (2025). Maximus : J Bioscie & Life Sci. 3 (1) :9-17

from DISGENET, OMIM, and DISEASE to find their
association with various diseases (Huang et al., 2009;
Sherman et al., 2022).

To further wunderstand the relationship
between these targets and diseases, we used the
OMIM database to obtain a list of specific protein
targets (Hamosh et al., 2004). The targets from OMIM
were then compared with those  from
SwissTargetPrediction and SuperPred using Venn
diagrams to  identify = overlapping  targets
(https://bioinfogp.cnb.csic.es/tools/venny/) (Oliveros,
2024).

Protein-Protein  Interaction and Enrichment
Analysis

These overlapping targets were further
analyzed using STRING-DB (https://string-db.org/) to
explore protein-protein interactions (PPI). The

parameters used include full STRING network for

network type, medium confidence (0.400) for required
score, medium (5%) for FDR stringency, and Homo
sapiens for the organism (Szklarczyk et al., 2023).

Furthermore, network analysis was performed
using Cytoscape to identify the central role of the
targets in the molecular network (Shannon et al.,
2003). In addition, enrichment analysis based on Gene
Ontology (Gene Ontology Consortium, 2017) and
KEGG Pathway (Kanehisa et al., 2022) was
performed to identify the biological activities of
potential targets using the DAVID database.

Results and Discussion

The identification of caffeine molecular
targets using SwissTargetPrediction and SuperPred
revealed 114 and 103 targets, respectively. After
removing duplications, 208 unique targets were
obtained. Disease analysis results from the DAVID
database showed that a number of the targets obtained
were closely related to Alzheimer's, strengthening the
hypothesis that caffeine has neuroprotective potential
against this disease (Eskelinen & Kivipelto, 2010;
Londzin et al., 2021; Zhou & Zhang, 2021) .

The targeted search against Alzheimer's
disease was continued using the OMIM database,
which showed 186 targets. These targets were further
analyzed using STRING-DB to explore protein
interactions. The protein-protein interaction results
showed an interaction between 363 targets with 3202
interactions (Figure 2a).
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Overlaps between targets obtained from
SwissTargetPrediction, SuperPred, and OMIM were
analyzed with a Venn diagram to get potential targets,
showing 20 overlapping targets (Figure 1,
Supplementary File 1). Further analysis of the PPI
network obtained from the STRING-DB database was
performed with Cytoscape and filtered to create
subnetworks between the overlapping targets, which
resulted in interactions between 17 targets with 32
interactions (Figure 2b). Network analysis with
Cytoscape in betweenness centrality, degree, and
closeness centrality values of 17 potential targets can
be seen in Supplementary File 2.

SwissTargetPred SuperPred

OMIM
Figure 1. The Venn diagram shows the number of
targets and targets overlaps from
SwissTargetPrediction, SuperPred, and OMIM

databases

Gene Ontology and KEGG Pathway analysis
was conducted to determine the function and
biological pathway of the target (Figures 3 and 4).
Gene Ontology analysis includes biological processes,
cellular components, and molecular functions. The
biological process analysis showed that the target is
related to neurons, such as neuron apoptotic process,
proteolysis, positive regulation of neuron apoptotic
process, and learning or memory. Alzheimer's disease
is characterized by memory deficits and massive
neuronal death through apoptotic processes (Calissano
et al., 2009; Goel et al., 2022; Roth, 2001; Yang et al.,
2008).

Cellular components, one of which is the
gamma-secretase complex, are known to be associated
with Alzheimer's disease. The gamma-secretase
complex is a target of Alzheimer's treatment because
of its role in mediating the final cleavage to form
amyloid B-peptide. AP accumulates in the brain of
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Alzheimer's patients, causing neurodegeneration (Hur, The interesting KEGG pathway of the target is
2022; Luo & Li, 2022; Wolfe, 2012). associated with Alzheimer's disease, notch signaling

pathway, and apoptosis. As is known, apoptosis is
Molecular functions associated with the target include associated with the emergence of Alzheimer's disease.
cysteine-type endopeptidase activity, peptidase In addition, Kapoor & Nation (2020) reported the
activity, aspartic endopeptidase activity Notch signaling pathway plays a role in the
intramembrane cleaving, oxidoreductase activity, and pathophysiology of the neurodegenerative disease
cyclin-dependent protein serine/threonine kinase Alzheimer's.

activity. Peptidase and aspartic endopeptidase activity
can be associated with gamma-secretase complex
activity in producing AB-peptide (QuickGO, 2025).
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Figure 2. Network topology of targets related to caffeine and Alzheimer's disease. (a) A main network containing
targets from SwissTargetPrediction, SuperPred, and OMIM, (b) a Subnetwork based on target overlap, and (c) a
Network between potential targets, Alzheimer's disease, and caffeine.
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Figure 2c helps us understand the relationship between
potential targets associated with caffeine compounds
and Alzheimer's disease. All predicted targets are
associated with caffeine compounds, and some targets
are associated with Alzheimer's disease.

Caffeine can improve cognitive function and
reduce beta-amyloid accumulation. Research on the
potential of caffeine for the treatment of Alzheimer's
disease has been conducted on young adults and aged
AD transgenic mice. After caffeine exposure, there
was a decrease in AP levels in plasma and brain and
improved cognitive function (Cao et al., 2009).
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Research on the benefits of caffeine coffee in reducing
AP levels in humans has also been conducted by Kim
et al.,, (2019). The study shows that non-demented
older adults who consume coffee >2 cups/day have
lower AP levels than those who consume coffee <2
cups/day so it can be categorized as contributing to
reducing the risk of Alzheimer's disease. Increased
coffee consumption can potentially reduce cognitive
decline by reducing brain AP levels that cause
oxidative stress and impact neurotoxicity (Gardener et
al., 2021).
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Figure 3. Top 5 gene ontology terms of potential targets with the lowest p-value
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Figure 4. Top 10 KEGG pathway terms of potential targets with the lowest p-value

Based on the identification of potential
targets, network analysis shows the relationship
between caffeine and PSEN2 targets. PSEN2 is a
presenilin group protein that, when mutated, can cause
familial Alzheimer's disease (Fedeli et al., 2019; Hur,
2022). Presenilin is known for its role in the Gamma-
secretase complex for forming A peptides. Presenilin
mutations can increase the AB42/Ap40 ratio, causing
AP accumulation in the brain and triggering
neurodegeneration (Bentahir et al., 2006; De Strooper,
2007).

CASP3 (caspase-3) regulates apoptosis and is
reported to be detected in Alzheimer's patients (Khezri
et al.,, 2023; Louneva et al., 2008; Su et al., 2001).
Caffeine is reported to suppress caspase-3 activity and
protect neurons from Ap-induced cell death (Chu et
al., 2012). Increased caspase-3 activity in neurons
with Alzheimer's is believed to be a hallmark of
increased apoptosis of these cells so that caspase-3 can
be used as a drug target.

Another potential target of caffeine for
Alzheimer's therapy is CDKS5. CDKS5 (Cyclin-
Dependent Kinase 5) plays a role in regulating
neuronal function. Increased CDKS5 activity is found
in neurogenerative diseases such as Alzheimer's due to
abnormal hyperphosphorylation of CDKS5 substrates
such as amyloid precursor protein (APP), tau, and
neurofilaments. Inhibition of CDKS5 activity can
reduce neural cell loss by suppressing Af induction
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(Liu et al., 2016). Research on CDKS5 expression in the
brain of long-tailed macaques related to Alzheimer's
disease showed a significant decrease in CDKS5 gene
expression in the hippocampal region of old monkeys
(Rosmanabh et al., 2024). CDKS5 is found in postmitotic
neurons and is helpful for brain development, synaptic
plasticity, neuron migration, and memory formation
(Allnutt et al., 2020; Dixit etal., 2017; Liu et al., 2016;
Shah & Labhiri, 2014).

This research provides an understanding of
Alzheimer's therapy through wvarious targets and
pathways by exploring the potential of caffeine using
a network pharmacology approach. Based on the
computational approach, caffeine is promising for
neurodegenerative treatment due to its neuroprotective
effect. studies
molecular docking and molecular dynamics, in-vitro,
and in-vivo studies were conducted to validate the

Furthermore, in-silico such as

mechanism of caffeine in Alzheimer's therapy based
on inhibiting molecular targets CASP3, CDKS5, and
PSEN2.

Conclusion

This study identified that caffeine has
molecular targets related to Alzheimer's, namely
CASP3, CDKS5, and PSEN2. Protein interaction
analysis indicated potential regulatory pathways that
can be modulated by caffeine in the context of
neuroprotection. Inhibition of the expression of
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molecular targets CASP3, CDKS5, and PSEN2 with
caffeine is predicted to suppress Alzheimer's
conditions. These findings provide a basis for further
research in the development of caffeine-based
therapies for neurodegenerative diseases. These
results support literature studies stating that caffeine
consumption may help reduce the risk of Alzheimer's
through complex molecular mechanisms. Further
studies are needed to validate caffeine as a promising
candidate for treating Alzheimer's.
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