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Multiple system biology approaches reveals the role of the hsa-
miR-21 in increasing risk of neurological disorders in patients
suffering from hypertension
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Hypertension is a prevalent disease that substantially elevates the risk of neurological disorders such as dementia, stroke and
Parkinson’s disease. MicroRNAs (miRNAs) play a critical role in the regulation of gene expression related to brain function and
disorders. Understanding the involvement of miRNAs in these conditions could provide new insights into potential therapeutic
targets. The main objective of this study is to target and investigate microRNAs (miRNAs) associated with neurological disorders in
patients suffering from hypertension. The genes involved in hypertension were identified from various databases including
GeneCard, MalaCard, DisGeNet, OMIM & GEO2R. The key gene for hypertension was identified using a systems biology approach.
Also, potent phytochemical for hypertension was determined by computer-aided drug-designing approach. Functional miRNAs
were determined for the key target gene using miRNet analytics platform by hypergeometric tests. Further, the gene-miRNA
interaction was determined and enrichment analysis was done. RPS27A was identified as a key target gene for hypertension.
Naringenin showed effective molecular interaction with RPS27A with a binding energy score (−6.28). Further, a list of miRNAs
which were targeting brain disorders was determined from miRNet. A gene-miRNA network was constructed using the PSRR tool
for Parkinson’s Disease, Autism Spectrum Disorder, Acute Cerebral Infarction, ACTH-Secreting Pituitary Adenoma, & Ependymoma.
Further, miRNA 21 & miRNA 16 were found to be associated with four of the neurological disorders. The study identifies specific
miRNAs that may serve as potential biomarkers for brain disorders in hypertensive patients. Targeting these miRNAs could open
new avenues for therapeutic strategies aimed at mitigating neurological damage in this patient population.
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INTRODUCTION
Hypertension is one of the major health conditions globally,
whose exact molecular cause is still not known [1]. It is certainly
elucidated by a continual increase in arterial pressure. Systolic
blood pressure (SBP) of 130mm Hg or higher and/or diastolic
blood pressure (DBP) of 80 mm Hg or higher are present-day
parameters for hypertension (HTN) [2]. The most prevalent global
cause of life expectancy adjusted for disability is hypertension,
and high blood pressure (BP) is the main risk factor for
cardiovascular disease (CVD) [3, 4]. Pharmacological treatment
works quite well at decreasing blood pressure and averting the
consequences of CVD [5] for majority of the patients [6].
Over 25% of individuals suffer with hypertension. Subclinical

cerebrovascular abnormalities [7], dementia, and stroke are
examples where hypertension-induced organ damage first targets
the brain [8]. Neurological symptoms are likewise prevalent
among hypertensive conditions. An inability to increase cerebral
blood flow at low blood pressure, endothelial dysfunction, luminal
constriction, cerebral vascular atherosclerosis, and reduced arterial
relaxation are all associated with persistent hypertension [9]. The
primary and secondary prevention of stroke can be achieved with
great success using antihypertensive medication [10]. In indivi-
duals with hypertension, antihypertensive drug therapy is quite

successful in primary stroke prevention [11, 12]. Studies has shown
that hypertension is a significant risk factor for cognitive decline
and neurodegenerative brain disorders in the future [13].
Hypertension is a circulatory condition and is very harmful to

one’s health and longevity [14]. It impairs the operation of vital
organs and is often associated with a number of secondary
conditions that require long-term medication therapy [15].
According to estimates that show an annual increase in the
number of patients with the condition [16, 17]. The most
important complications as shown in Fig. 1, that have been linked
to the development of cardiac failure [18], kidney dysfunction [19],
myocardial infarction, and stroke [2, 20] and various secondary
diseases which severely affects the lives of patients [21].
Recent research has demonstrated the role that miRNAs play in

the onset and course of essential hypertension [22, 23], a
prevalent kind of high blood pressure that impacts millions of
people globally. The many and varied biological pathways via
which miRNAs control hypertension [24]. Cell division, cell death,
proliferation, cancer, and stress response are just a few of the
many biological processes which may led to hypertension [25–28].
For instance, it has been shown that some miRNAs control the
expression of genes connected to the renin-angiotensin-
aldosterone system (RAAS) [29–31], which is essential for
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controlling blood pressure [32]. Many new discoveries about
essential hypertension have recently come to light, and these offer
crucial theoretical support for the advancement [33] of essential
hypertension knowledge and care.
Systems biology has applications in almost every field of

medicine, including hypertension and the vascular problems that
are underlying [34]. Network pharmacology (NP) uses computa-
tional techniques to methodically catalogue a drug molecule’s
molecular connections in addition to facilitating the recognition of
various pharmacological effects and interactions with numerous
targets [35, 36]. The next generation of promiscuous medications
might be effectively designed by integrating systems biology with
NP breakthroughs [37–39].
The current approach for this study involves integrating systems

biology and network pharmacology approaches. Key target gene
for hypertension was identified. Additionally, a natural phyto-
chemical with possible anti-hypertensive properties was identified
using various in silico techniques. Ultimately, new discoveries in
the field of miRNA research have shed light on the fundamental
causes of hypertension, despite the fact that it is a complicated
multifactorial disease.

METHODOLOGY
The graphical abstract illustrates the integrated computational
approach employed in this study. Hypertension-associated genes
were identified and analyzed through protein-protein interaction
(PPI) network construction to determine key targets. The key gene,
RPS27A, was structurally modelled and subjected to molecular
docking studies with various phytochemicals, identifying narin-
genin as the most promising candidate. Concurrently, functional
miRNAs targeting RPS27A were identified, and gene-miRNA
interaction networks were constructed. Finally, the regulatory effect
of naringenin on brain-associated miRNAs was evaluated, high-
lighting its potential therapeutic role in mitigating neurological
complications associated with hypertension as shown in Fig. 2.

Data mining for gene identification
Numerous gene databases and studies were used to identify the
genes associated with hypertension. Databases from where genes

were taken were MalaCard [40], GeneCard [41], DisGeNet [42],
OMIM [43] and differentially expressed genes from the GEO2R
analyzer of GEO datasets [44]. All of them were comprehensive
collections of validated diseases compiled from various data
sources. All the genes were compiled, and duplicates were
eliminated for further network construction.

Protein-protein interaction network for key target
identification
Network biology was used to identify the key target gene. Using
the Cytoscape STRING plugin, a network of all the distinct genes
coding for hypertension was constructed having a confidence
score of 0.98. The network of the top 20 hub genes was
constructed by using Cytohubba plugin of Cytoscape [45]. Twelve
Cytohubba parameters were used to investigate the interaction.
Additionally, a manual analysis of the hub gene network was
conducted to identify the primary target gene for hypertension.

Protein structure prediction, validation & molecular docking
studies
The protein sequence of RPS27A receptor (Homo sapiens) having
accession number P62979 was retrieved from UniProt database [46]
retrieved in FASTA format. The three-dimensional structure of
RPS27A receptor was predicted using online modelling server Swiss
Model [47]. In addition, a PDB file containing the three-dimensional
structure was retrieved. Further, the predicted structure was
validated using Procheck [48] and ERRAT plot [49] of SAVE server.
The Ramachandran plot [50] was used to evaluate the position of
amino acid residues in the allowed and disallowed region.
By employing literature study findings, a curated list of

phytochemicals with anti-hypertensive properties was compiled.
Phytocompounds were identified based on their natural source.
Also, the canonical smiles of each one were retrieved from
PubChem [51]. Further, the phytochemicals following Lipinski’s
rule of five were identified using ADMET Lab 3.0 [52].
A molecular docking study was performed for all the anti-

hypertensive phytochemicals retrieved with predicted model of
RPS27A receptor using Seam Dock [53] online tool for predicting
the best binding energy score. Seam Dock performed both the
molecular interaction of the receptor (RPS27A) with ligands
(phytochemicals) and the visualisation of that interaction.

Gene-miRNA interaction & enrichment analysis
The functional miRNAs that target the key gene related to brain
tissue were identified from miRNet platform. Also, miRNet [54]
provides insights into the biological pathways associated with
RPS27A. Further, the hypergeometric test was done to identify the
diseases associated with miRNAs by network construction. The
network had a degree of 26 and a betweenness of 325. Later,
enrichment analysis was done.

Effect analysis of phytocompound on miRNA expression
The effect of the phytocompound naringenin was seen on the
miRNAs through the PSRR (Prediction of SM-miRNA Regulation
pairs by random forest) tool. PSRR is an efficient web server
through which small molecule expression on miRNA regulation
can be predicted using a random forest machine learning
algorithm [55]. This shows whether the phytocompound has a
positive or negative regulation on the expression of the miRNAs.

RESULTS
Data mining for gene identification
Among the gene databases listed above, a total of 17302 genes
were found. RNA-Seq data analysis identified 4411 genes involved
in hypertension. The criteria set for the identification of differentially
expressed genes in patient samples was p-adjusted value less than
0.05 and log 2-fold change greater than 0 (for upregulated genes)

Fig. 1 Major diseases associated with hypertension. This sche-
matic diagram illustrates the range of critical diseases that are
impacted by hypertension, including cardiac failure (top), myocardial
infarction (left), kidney failure (right), and stroke (bottom). Hyperten-
sion serves as the central factor influencing each of these conditions.
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and less than 0 (for downregulated genes). DEGs were also
identified from GEO2R which can be seen in MA and Volcano plots
as shown in Fig. 3. Apart from RNA-Seq data analysis, 343 genes
were obtained from MalaCard, 11,822 genes from GeneCard, 156
genes from DisGeNet, and 570 genes from the OMIM database of
NCBI (Table 1). 2746 duplicated genes were removed from the list of
genes. A total of 14556 specific genes were found.

Protein-protein interaction network for key target
identification
The protein–protein interaction of hypertension at a 0.98
confidence score displayed a network of 10,694 nodes and
22,077 edges after eliminating single tones and functional
enrichment of the constructed network. The network was further
subjected to CytoHubba plugin of Cytoscape for the identification

Fig. 2 Schematic workflow of the methodology used to explore the effect of Naringenin on brain miRNAs in hypertension. The flow
diagram outlines the sequential steps followed in the study: identification of hypertension (HTN)-associated genes, construction of a
protein–protein interaction (PPI) network, modeling of key gene structures, molecular docking with phytochemicals, and analysis of molecular
interactions. The process further includes miRNA identification, construction of gene–miRNA interaction networks, and assessment of
Naringenin’s regulatory effect on brain-related miRNAs, with RPS27A showing the strongest binding affinity.

Fig. 3 MA plot and Volcano plot of differentially expressed genes (DEGs) identified from GEO2R. A MA plot displaying the relationship
between the log-fold change and average expression levels of DEGs. B Volcano plot showing the significance (p-value) vs. magnitude (log-fold
change) of DEGs. The red and green dots represent upregulated and downregulated genes, respectively, while gray dots indicate non-
significant genes.
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of 20 hub genes involved in the network on the basis of 12
important parameters. RPS27A was identified as the key target
gene. The gene was common in 7 out of 12 parameters. Networks
for the same is shown below in Fig. 4. Also, through functional
enrichment of these networks it has been observed that RPS27A
gene along with several genes like RPS11, RPS3, RPS2, RPS13,
RPL23A, RPL11, RPS3A and others are involved in reactome
pathways like peptide chain elongation, viral mRNA translation,
GTP hydrolysis and joining of 60S ribosomal unit, rRNA processing
in the nucleus and cytosol, eukaryotic translation termination etc.

Protein structure prediction, validation & molecular docking
studies
Using the Swiss Model server, the protein’s tertiary structure was
predicted. The three-dimensional structure of the RPS27A protein
is shown in Fig. 5. For the modelled structure, A quality factor of
100 on the ERRAT plot suggests non-bonded contact with distinct
atoms in the projected structure, while a 93.5% residue
percentage in the favourable area on the Ramachandran plot
indicates strong structural stability and dependability.
A total of 20 anti-hypertensive phytochemicals were identified

from various literature studies, which followed the five rules of
Lipinski. Phytocompound name list is depicted in Table 2. After
performing molecular docking with the receptor RPS27A for each
of the 20 phytochemicals, the binding energy and amino acid
residues detected are displayed in Table 2. Out of all the 20 anti-
hypertensive phytochemicals, naringenin had shown the best
binding energy score of −6.28 kcal/mol (Fig. 6).

Gene-miRNA interaction & enrichment analysis
A total of 26 functional miRNAs were identified for the nervous
tissue from miRNet. Also, there was an association of these
miRNAs with five of the neurological disease pathways as shown
in Table 3. An enrichment analysis of the network of the RPS27A
with the miRNAs was constructed as depicted in Table 4. Further,

(A)

(B)

(C)

(D)

(E)

(F)

(G)
Fig. 4 Identification of the key hub gene RPS27A using Cytohubba analysis. The CytoHubba plugin in Cytoscape was used to identify the
top 20 hub genes within the network based on 12 topological parameters. This figure visualizes the network according to seven of these
parameters where the RPS27A gene was consistently identified as a significant hub. These parameters are A MNC, B degree, C bottleneck,
D closeness, E radiality, F betweenness and G stress respectively.

Table 1. Sum of all the genes found using various databases.

Database Name Number of Genes

MalaCard 343

GeneCard 11822

DisGeNet 156

OMIM 570

GEO Datasets 4411

Total 17302
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interaction of miRNAs with RPS27A gene in five brain disorders
were determined as shown in Fig. 7.

Effect analysis of phytocompound on miRNA expression
The effect of naringenin on the expression of miRNAs regulated in
different brain disorders was analysed through the PSRR tool as
depicted in Fig. 8. The down-regulation model’s recommendation
rate is 0.41, whereas the up-regulation model’s proposal rate is 0.48.
The small molecule-miRNA association shows that naringenin
increases the expression of all the miRNAs involved in brain disorders
except the lethal miRNA, that is, hsa-let-7a (rate = 0.392). The
upregulation of miRNA by naringenin helps control the expression of
the RPS27A gene, thereby, preventing its increased expression which
is seen to be an important factor in hypertensive patients.

DISCUSSION
In the current study, systems biology highlights the significant role
of hsa-miR-21 in increasing the risk of neurological disorders in
patients with hypertension. Through its regulation of inflamma-
tion, vascular dysfunction, and neurodegeneration, hsa-miR-21

contributes to conditions such as stroke, cognitive decline, and
neuroinflammation. Studies suggest that miR-21 might influence
the permeability of the blood-brain barrier (BBB), making it more
susceptible to damage in hypertensive conditions [56].
In this study, we have seen that has-miR-21 is in close

association with the neurological pathways associated with the
RPS27A gene. Through network pharmacology approach RPS27A
was identified as the key target gene. Hypergeometric tests were
done the has-miR-21 and RPS27A gene to get the neurological
diseases involved. Further, five neurological diseases were
identified that are Acute cerebral infarction, Autism specific
disorder (ASD), Parkinson’s disease, Ependymoma and ACTH-
Secreting pituitary adenoma, miR-21 is known to be dysregulated.
Since RPS27A is involved in stress responses, its expression may be
linked to miR-21 levels in these diseases.
Further, the network of RPS27A with all the five mentioned

neurological diseases were made. After analyzing the networks,
miRNA 21 was found common in four of the disease pathways
except for ependymoma. Hypertensive patients with overexpres-
sion of hsa-miR-21 are at increased risk of ischemic stroke due to
compromised vascular integrity. Plasma miR-21 levels are initially

Fig. 5 Protein modelled structure & validation. A Modelled structure RPS27A receptor. B Ramachandran plot RPS27A receptor generated by
procheck server. C Plot of error frequency produced by the ERRAT server.
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low in early-stage acute ischemic stroke (AIS) and negatively
correlate with National Institute of Health Stroke Scale scores on the
first day. However, miR-21 levels increase in the following days and
may remain elevated for an extended period and further leads to

Table 2. Table illustrating phytochemicals’ binding energies with RPS27A receptor.

Phytochemical Name Binding Energy Amino Acid Residues

Naringenin −6.28 Y105, Y140, V130, F131, A133, G129, C141, G142, G129, M132

Berberine −6.05 K97, K99, V98, R95, L100,

Curcumin −4.88 K78, K79, K81, K80, K82

Quercetin −5.87 E120, P122, S123, D124, C126, R119, G127

Resveratrol −4.71 T7, L8, I36, L69, L71, V70, E34

Anthocyanin −5.23 F136, D137, F150, K152

Metformin −3.61 C121, C126, D124, P122, S123

Ellagic acid −5.26 K33, K11, T14, E34, I13A

Genistein −5.65 Y85, T86, T87, P88, K90, K89

Puerarin −4.84 K90, S84, T86, T87, Y85

Silybin −5.48 Y85, T86, K89, S84, T87, K90, P88

Hydroxytyrosol −4.16 I13, K33, T12, K11, E34, T14, K11

Betaine −2.99 K29, K33, E16, L18

Piperine −6.1 K83, K89, K90, Y85, S84, T86

Catechin −5.21 K80, K81, K82, K83, R80, Y85

Silymarin −5.48 Y85, T86, K89, S84, T87, K90, P88

Hydroxybenzoic acid −5.11 K83, Y85, S84, T86,

Allicin −3.15 L8, T9, I36, L71, L8

Capsaicin −4.09 K78, K79, K81, K83, K82, K84, K80

Sulforaphane −3.93 T7, T9, E34, L69, L8

Fig. 6 Predicted molecular interaction between RPS27A and
Naringenin. This figure illustrates the computationally predicted
molecular interaction of Naringenin with the RPS27A protein, which
exhibited the highest binding energy score of –6.28 kcal/mol in the
docking analysis.

Table 3. List of neurological disease pathways regulated by the
miRNAs interacting with RPS27A gene.

Pathway P value FDR

Acute Cerebral Infarction 0.00179 0.00199

Autism Spectrum Disorder 7.38E-07 8.20E-06

Parkinson’s Disease 0.000842 0.00107

Ependymoma 0.00179 0.00199

ACTH-Secreting Pituitary Adenoma 6.87E-05 0.000172

Table 4. Occurrence of hsa-miR-21-5p in different neurological
disorders.

Disease miRNA targets

Acute cerebral infarction hsa-mir-21-5p

hsa-miR-21-5p

hsa-miR-16-5p

Autism specific disorder hsa-miR-15a-5p

hsa-mir-93-5p

hsa-miR-23a-3p

hsa-miR-93-5p

hsa-miR-23b-3p

hsa-mir-21-5p

hsa-mir-23b-3p

hsa-miR-21-5p

Parkinson’s diseases hsa-mir-1-3p

hsa-miR-16-5p

hsa-mir-29a-3p

hsa-miR-1-3p

hsa-miR-29a-3p

hsa-mir-21-5p

hsa-miR-21-5p

Ependymoma hsa-miR-29a-3p

hsa-mir-29a-3p

hsa-miR-15a-5p

ACTH-Secreting Pituitary Adenoma hsa-mir-21-5p

hsa-miR-21-5p

hsa-let-7a-5p

hsa-miR-16-5p

hsa-miR-15a-5p
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cerebral infarction [57]. Similarly, serum miR-21 levels are signifi-
cantly elevated in patients with stroke and atherosclerosis [58].
Also, the miR-21-5p, derived from pre-miR-21, is linked to ASD

by targeting and inhibiting Oxytocin receptor (OXTR) translation.
Its overexpression in the ASD brain may worsen symptoms by

reducing OXTR levels [59, 60]. Parkinson’s disease (PD) affects 1–2
per 1000 people, with prevalence increasing to 1% in those over
60 years of age (59). It results from dopaminergic neuron
degeneration in the substantia nigra and is linked to aging,
pesticides, family history, and environmental toxins [61]. In PD,

(Acute cerebral infarc�on)

(Au�sm specific disorder)

(Parkinson’s diseases)

(Ependymoma)

(ACTH-Secre�ng Pituitary Adenoma)

Fig. 7 Regulatory network of miRNAs targeting the RPS27A gene across various brain disorders. This figure depicts the predicted
interactions between various microRNAs (miRNAs) and the RPS27A gene in the context of different brain disorders.
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miR-21 is elevated, while PPARα, a neuroprotective factor, is
reduced. miR-21 directly targets PPARα’s 3′ UTR, suggesting that
miR-21 downregulation could help restore PPARα levels and
protect neurons [62].
Later, the effect of naringenin was seen on the miRNAs.

Naringenin showed the best binding energy score of −6.28 with
RPS27A. It is a natural flavonoid having neuroprotective activities
[63]. According to reports, naringenin is readily absorbed by the
gastrointestinal tract, making it quickly accessible in the blood-
stream. It is the most pharmacologically efficacious version of
naringin due to its quick absorption [64]. Naringenin’s capacity to
scavenge free radicals produced under a variety of baseline
metabolic circumstances has been linked to its therapeutic
actions, which include the suppression of oxidative stress [65].
By addressing neuroinflammation and dopaminergic neuropro-
tection, naringenin has demonstrated potential in the treatment
of Parkinson’s disease (PD) [66]. So, naringenin can target the
miRNAs associated with neurological disorders.
Lastly, the effect of naringenin on the miRNAs were predicted to

check the regulation. The small molecule-miRNA association
shows that naringenin increases the expression of all the miRNAs
involved in brain disorders except the lethal miRNA (hsa-let-7a).
This signifies that naringenin helps in regulating the expression of
RPS27A. Consequently, its elevated expression is inhibited, which
is thought to be a significant factor in hypertension people.
Therefore, understanding the role of hsa-miR-21 in neurological
disorders in hypertensive patients opens the possibility for
therapeutic interventions. Targeting miR-21 using anti-miR strate-
gies could reduce its harmful effects, providing a novel approach
for treating neurological conditions linked to hypertension.

SUMMARY

What is known about the topic

● Hypertension significantly increases the risk of neurological
disorders such as stroke, dementia, and Parkinson’s disease.

● MicroRNAs (miRNAs) play a critical role in gene expression
regulation, especially in neurological and cardiovascular
conditions.

● The miRNA hsa-miR-21 is associated with inflammation,
vascular dysfunction, and neurodegeneration, which can
exacerbate neurological disorders in hypertensive patients.

What this study adds

● The study identified RPS27A as a key target gene associated
with hypertension through a systems biology approach.

● Naringenin, a natural phytochemical, exhibited strong mole-
cular interaction with RPS27A, suggesting its potential in
regulating miRNA expression linked to neurological disorders.

● The regulation of hsa-miR-21 by naringenin indicates a
promising therapeutic approach for mitigating neurological
risks in hypertensive patients.
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