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Abstract
Primary hypertension is a significant risk factor for cardiovascular diseases. How-
ever, the pathogenesis of primary hypertension involves multiple biological pro-
cesses, including the nervous system, circulatory system, endocrine system, and 
more. Despite extensive research, there is no clear understanding of the regulatory 
mechanism underlying its pathogenesis. In recent years, miRNAs have gained atten-
tion as a regulatory factor capable of modulating the expression of related mole-
cules through gene silencing. Therefore, exploring differentially expressed miRNAs 
in patients with essential hypertension (EH) may offer a novel approach for future 
diagnosis and treatment of EH. This study included a total of twenty Han Chinese 
population samples from Hefei, China. The samples consisted of 10 healthy individ-
uals and 10 patients with EH. Statistical analysis was conducted to analyze the gen-
eral information of the two-sample groups. High-throughput sequencing and base 
identification were performed to obtain the original sequencing sequences. These 
sequences were then annotated using various databases including Rfam, cDNA 
sequences, species repetitive sequences library, and miRBase database. The num-
ber of miRNA species contained in the samples was measured. Next, TPM values 
were calculated to determine the expression level of each miRNA. The bioinformat-
ics of the differentiated miRNAs were analyzed using the OECloud tool, and RPM 
values were calculated. Furthermore, the reliability of the expression was analyzed 
by calculating the area under the Roc curve using the OECloud tools. Statistical 
analysis revealed no significant differences between the two samples in terms of age 
distribution, gender composition, smoking history, and alcohol consumption history 
(P > 0.05). However, there was a notable presence of family genetic history and high 
BMI in the EH population (P < 0.05). The sequencing results identified a total of 
245 miRNAs, out of which 16 miRNAs exhibited differential expression. Among the 
highly expressed miRNAs were let-7d-5p, miR-101-3p, miR-122-5p, miR-122b-3p, 
miR-192-5p, and miR-6722-3p. On the other hand, the lowly expressed miRNAs 
included miR-103a-3p, miR-16-5p, miR-181a-2-3p, miR-200a-3p, miR-200b-3p, 
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miR-200c-3p, miR-221-3p, miR-30d-5p, miR-342-5p, and miR-543. This study ini-
tially identified 16 miRNAs that are aberrantly expressed and function in various 
processes associated with the onset and progression of essential hypertension. These 
miRNAs have the potential to be targeted for future diagnosis and treatment of EH. 
However, further samples are required to provide additional support for this study.
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Introduction

As one of the most widespread non-infectious, multifactorial diseases in the world 
today, essential hypertension (EH) is also an influential risk factor for various car-
diovascular and cerebrovascular diseases (Heidari et al. 2022). With the rapid devel-
opment of medical and biological technologies, the study of genes associated with 
the development of EH has been a topic of concern. Over the past few decades, great 
efforts have been made to identify genes and chromosomal loci associated with 
blood pressure traits or hypertension (Wang et al. 2023a, b). Globally, about 26.4% 
of adults suffer from varying degrees of hypertension (Zhang et al. 2023). In previ-
ous studies, Mendelian genetics and genome-wide screens have identified variant 
genes associated with hypertension, but these genes collectively explain only 2% to 
3% of blood pressure fluctuations (Burrello et  al. 2017). This figure, on the con-
trary, far exceeds the proportion of variants explained by Mendelian inheritance and 
genome-wide screening, and it is unlikely that such a high incidence is due entirely 
to genetic mutations. In recent years, developments in epigenetics have given a plau-
sible explanation for the increasing incidence year by year; external factors affect 
epigenetic alterations in genes associated with hypertension, which in turn cause 
changes in blood pressure (Arif et al. 2019).

MicroRNAs (miRNAs) are a class of small non-coding RNAs about 21 to 26 
nucleotides long that act as post-transcriptional regulators to regulate the expression 
of endogenous genes and thus affect protein synthesis. Consequently, we hypoth-
esize that a collection consisting of numerous miRNAs is likely to reveal the under-
lying pathological and physiological processes of the disease.

The pathogenesis of EH is a complex process that involves various genetic and 
metabolic signaling systems. miRNAs play a significant role in regulating key genes 
and have important biological functions in vascular remodeling and organ damage, 
particularly in the heart and kidneys (Wang et  al. 2023a, b). It has been reported 
that miRNAs can serve as novel biomarkers for the pathogenesis of EH and become 
new targets for the prevention and diagnosis of EH (Jusic et  al. 2023). The miR-
125a-5p/miR-125b-5p pathway enhances the pathological activation of angiotensin 
II-AT1R in mouse distal convoluted tubule cells by inhibiting Atrap. Conversely, 
Ang II, acting through AT1R, controls the expression of miR-138, miR-132, miR-
212, and miR-26a, resulting in increased blood pressure (Colpaert et al. 2019; Zhang 
et al. 2021; Hirota et al. 2023). Notwithstanding, due to the cross-regulatory mecha-
nism between miRNAs and mRNAs, it is extremely difficult for single site miRNA 
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targeting studies to effectively elucidate the molecular level changes in patients dur-
ing the pathogenesis and progression of EH.

To further explore which miRNAs undergo aberrant expression during the devel-
opment of EH. We detected miRNA data in peripheral blood samples from EH 
patients and compared them with normal population. Subsequently, we combined 
bioinformatics-related analysis methods to study the regulatory network of miRNAs 
and their target mRNAs in the pathogenesis of EH, with a view to explaining the 
pathogenesis of EH at the molecular level.

Material and Methods

Subjects

Between July and December 2022, a total of 10 EH patients (Case Group) and 10 
healthy subjects (Control Group) were enrolled from the Second Affiliated Hospital 
of Anhui University of Traditional Chinese Medicine. All patients diagnosed with 
EH were newly diagnosed, and the diagnosis was made according to the following 
criteria: (1) office systolic blood pressure (SBP) ≥ 140 mmHg and/or diastolic pres-
sure (DBP) ≥ 90 mmHg after multiple repeated measurements; (2) the study popula-
tion consisted solely of adults (> 18 years of age); and (3) patients with white-coat 
hypertension, secondary hypertension, gestational hypertension, and other diseases 
were excluded. The study was conducted in accordance with the Declaration of Hel-
sinki, and each patient provided informed consent for participation in the research. 
The Ethics Committee of the Second Affiliated Hospital of Anhui University of Tra-
ditional Chinese Medicine approved the study with the approval number 2022-zj-02.

Sample Collection

All blood samples were collected after overnight fasting, before 7:00 a.m. Following 
collection, the samples were promptly stored at a low temperature and centrifuged 
within 1  h to separate the plasma. The separation process involved centrifugation 
at 4  °C and a speed of 3000  rpm for 10  min. Once centrifugation was complete, 
plasma was carefully collected using a pipette gun, dispensed into 1  ml freezing 
tubes, labeled with the corresponding sample number, and transferred to a − 80 °C 
refrigerator for storage.

Small RNA Extraction and Library Construction

Total RNA was extracted from plasma samples using the mirVana miRNA isola-
tion kit (Ambion). Quantitative analysis of total RNA was performed with a Nan-
odrop 2000 (Thermo Fisher Scientific Inc., USA). RNA integrity was assessed 
using an Agilent 2100 Bioanalyzer (Agilent Technologies, Inc., USA). For Small 
RNA library construction, 1  μg of total RNA from each sample was used with 
the TruSeq Small RNA Sample Preparation Kit (catalog number RS-200-0012, 
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Illumina, USA) following the manufacturer’s recommendations. Briefly, total 
RNA was ligated to an adapter at each end, and then the adapter-conjugated RNA 
was reverse-transcribed to cDNA and PCR-amplified. Finally, the 140–160  bp 
PCR products were isolated and purified as Small RNA libraries. Small RNA 
sequencing and analysis were performed by OE Biotech Ltd Co. (Shanghai, 
China).

Sequence Comparison Annotation

Base reads are converted to sequence data, also known as raw data/reads, through 
base calling. Low quality reads are filtered out, and reads containing 5′ primer 
contaminants and poly (A) are removed. Clean reads are obtained by filtering 
out reads without 3′ adapter and insert tags, as well as reads shorter than 15 nt 
or longer than 41 nt in the raw data. The length distribution of clean sequences 
in the reference genome was determined for preliminary analysis. Non-coding 
RNAs, such as rRNA, tRNA, small nuclear RNA (snRNA), and others, were 
annotated. These RNAs were aligned and subjected to a Bowtie (Langmead 
et  al. 2009) search using Rfam v.10.1 (http:// www. sanger. ac. uk/ softw are/ Rfam) 
(Griffiths-Jones et al. 2003). Known miRNAs were identified by comparing them 
with the miRBase v22 database (http:// www. mirba se. org/) (Griffiths-Jones et al. 
2008), and the expression patterns of the known miRNAs in different samples 
were analyzed. Unannotated reads were then analyzed with mirdeep2 to predict 
new miRNAs (Friedländer et al. 2012). The corresponding miRNA star sequence 
and miRNA mature sequence were also identified based on the hairpin structure 
of the former miRNA and the miRBase database.

miRNA Expression Analysis

The abundance of a miRNA directly reflects its expression level, with higher 
miRNA abundance indicating higher expression. To determine the expression 
level of miRNAs in small RNA sequencing analysis, we counted the sequences 
localized to the mature body of the species and the newly predicted miRNA 
sequences. We performed expression counts for both known and newly predicted 
miRNAs. The miRNA expression was calculated using the TPM (transcript per 
million) computational metric, which is calculated as TPM = N/M ×  106. Here, N 
represents the number of reads compared to each miRNA, and M represents the 
total number of compared reads in the sample (Clean). We determined miRNA 
expression levels by localizing them to the mature body sequences of the species 
and counting the newly predicted miRNA sequences in the small RNA sequenc-
ing analysis. We presented the results of miRNA expression using box-and-line 
plots, and also plotted the density of TPM values as a distribution curve to reflect 
the miRNA expression pattern of each sample.

http://www.sanger.ac.uk/software/Rfam
http://www.mirbase.org/
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miRNA Differential Analysis

Differentially expressed miRNAs were calculated and screened with a p-value less 
than 0.05 as a threshold. The p-value was calculated using the DEG algorithm (Bur-
den et al. 2014) in the R package for experiments with biological replicates and the 
Audic-Claverie statistic (Tino 2009) for experiments without biological replicates.

We performed online analysis of miRNA dataset expression differences between 
EH and normal groups by the OECloud tools (https:// cloud. oebio tech. com) and 
developed data screening rules: the p-value < 0.05 and |log 2FC|> 1, and obtained 
differentially expressed miRNAs (DEs). In order to show the differential expression 
of miRNAs and mRNAs in a variety of samples, we draw a volcano plot and a heat 
map.

DEs Target Gene Prediction and Function Analysis

The targets of differentially expressed miRNAs were predicted using software 
miranda (Enright et  al. 2003) in animal, with the parameter as follows: S ≥ 150, 
ΔG ≤  − 30 kcal/mol and demand strict 5′ seed pairing. GO enrichment and KEGG 
pathway enrichment analysis of different expressed miRNA-target-Gene were 
respectively performed using R based on the hypergeometric distribution.

ROC Curves

ROC curves (Martínez et  al. 2023) were constructed using Prism 9.0 software 
(GraphPad Software, Inc.) to differentiate EH patients from controls based on 
plasma miRNAs. The area under the ROC curve (AUC) was analyzed to evaluate 
the diagnostic accuracy of each identified miRNA.

Statistical Analysis

In the general data, we statistically analyzed the gender, age, history of smoking, his-
tory of alcohol consumption, family genetic history, blood pressure values and BMI, 
where the two-sample independent t-test was used for measurement data, and the 
Fisher’s exact test was used for count data, with p < 0.05 as the test criterion. Statis-
tical analysis was performed using SPSS 22.0 statistical software (SPSS, Chicago).

Results

General Information

Based on the statistical results presented in Table 1, no significant differences were 
observed between the Case and Control groups in terms of age distribution, gender 
composition, smoking history, and drinking history. However, it is worth noting that 
the Case group exhibited a significant family genetic history, and there was also a 

https://cloud.oebiotech.com
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notable increase in body mass index among the EH population compared to the nor-
mal population.

Small RNA Sequencing Data Preprocessing

After removing primer and junction sequences, and conducting quality check and 
length screening of sequencing fragment bases, reliable quality sequencing frag-
ments were selected. Subsequently, the species (denoted by Unique) and quantity 
(denoted by Total) of small RNAs were counted, and the length distribution sta-
tistics of miRNAs were performed (Fig. 1). Generally, small RNAs have a length 
interval of 18–30 nt, and the peak of the length distribution can aid in determining 
the species of small RNA. For instance, miRNAs typically have a length concentra-
tion of 21–25 nt, siRNAs have a length concentration of 20–25 nt, and piRNAs have 
a length concentration of 30 nt.

Statistics of Known miRNA Species Detected in Each Sample

The preprocessed assay data were annotated sequentially with the Rfam database, 
cDNA sequences, species repetitive sequence libraries, and miRBase database. The 
distribution of small RNAs in the samples was then counted, and the results are pre-
sented in Table 2 and Fig. 2B. Among them, Table 3 and Fig. 2A display the number 
of known miRNA species detected in each sample. Additionally, the miRNA base 
preferences are illustrated in Fig. 3. By calculating the TPM values of the known 
miRNAs detected in each sample, we obtained the relative expression of 245 miR-
NAs, and the results of the box-and-line plot are shown in Fig. 2C. The density dis-
tribution curve of TPM values is shown in Fig. 2D.

Table 1  Statistical table of basic information of samples

*p < 0.05

Characteristic Group Case group N = 10 Control group N = 10 p

Age (years) – 63.900 ± 8.062 63.800 ± 8.364 0.979
Gender Male 6 5 1.000

Female 4 5
Smoking Yes 6 2 0.170

None 4 8
Alcohol consumption Yes 4 5 1.000

None 6 5
Family history Yes 7 1 0.020*

None 3 9
SBP (mmHg) – 155.300 ± 9.093 130.400 ± 6.150 0.000*

DBP (mmHg) – 85.700 ± 13.090 74.200 ± 4.686 0.018*

BMI – 25.191 ± 4.242 21.064 ± 1.667 0.010*
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Differential miRNA Expression Analysis Between Two Groups of Samples

Based on the screening criteria, we identified 16 dysregulated miRNAs (Table  4), 
including 10 down-regulated miRNAs and 6 up-regulated miRNAs (Fig. 4B). To visu-
ally illustrate the distribution of miRNA expression differences between the Case and 
Control blocking groups, we created a volcano plot with “− log10 (P. Value)” as the 
vertical coordinate and “log FC” as the horizontal coordinate (Fig. 4A). Furthermore, 
we generated a heat map to display the differences between the two groups (Fig. 4C).

Enrichment Analysis of Target Genes for DEs

To investigate the function of miRNA target genes, we predicted DEs target 
genes using the miranda software (refer to Supplementary Material for detailed 

Fig. 1  Clean reads length distribution bar chart. A–J Case 1–10; K–T Control 1–10

Table 2  Total classification comments of each sample reads

Annotation type Number of total % of total (%) Number of uniq % of uniq (%)

rRNA 29,842 0.22 476 0.19
tRNA 3914 0.03 83 0.03
snRNA 4650 0.03 268 0.11
Cis-reg 18,537 0.14 326 0.13
Other Rfam RNA 9076 0.07 603 0.24
gene 12,660 0.09 1808 0.71
Repeat 7,070,292 52.41 28,798 11.34
Known miRNA 38,092 0.28 627 0.25
Unannotation 6,303,185 46.72 220,899 87.01
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results) and conducted GO annotation and KEGG pathway analysis using R 
software. Figure  5 presents the top 10 significantly enriched BPs, CCs, MFs, 
and KEGG pathways. The BPs enrichment analysis revealed that the more sig-
nificant results were related to G-protein coupled receptor signaling pathway, 
signal transduction, and multicellular organism development. The top three 
CCs included Extracellular region, Plasma membrane, and Cytosol. The most 
enriched MFs were GTPase activator activity, Actin binding, and Calcium ion 
binding. In the KEGG pathway analysis, signaling pathways associated with 

Fig. 2  miRNA species and expression in samples. A Known line plot of miRNA length distribution. B 
Categorical annotation histogram. C Sample expression box plot. B TPM density distribution chart

Table 3  Statistics on known miRNA detection rates

Sample Known 
miRNA 
categories

Sample Known 
miRNA 
categories

Sample Known 
miRNA 
categories

Sample Known 
miRNA 
categories

Case 1 45 Case 6 46 Control 1 102 Control 6 67
Case 2 28 Case 7 42 Control 2 99 Control 7 67
Case 3 52 Case 8 66 Control 3 78 Control 8 67
Case 4 55 Case 9 38 Control 4 88 Control 9 76
Case 5 33 Case 10 39 Control 5 80 Control 10 67
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Fig.3  Statistical chart of each base preference. A–J Case 1–10; K–T Control 1–10; Red represents ade-
nine, green represents cytosine, blue represents guanine, and purple represents uracil

Table 4  16miRNA in DEs Symbol Up/down LogFC P-value

let-7d-5p Up 3.143 0.002
miR-101-3p Up 4.391 0.045
miR-122-5p Up 1.983 0.006
miR-122b-3p Up 2.445 0.001
miR-192-5p Up 5.701 0.042
miR-6722-3p Up 2.091 0.031
miR-103a-3p Down − 5.978 0.004
miR-16-5p Down − 7.114 0.000
miR-181a-2-3p Down − 6.451 0.016
miR-200a-3p Down − 5.377 0.000
miR-200b-3p Down − 5.009 0.000
miR-200c-3p Down − 3.765 0.008
miR-221-3p Down − 22.750 0.000
miR-30d-5p Down − 3.057 0.012
miR-342-5p Down − 6.075 0.022
miR-543 Down − 23.253 0.000
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hypertension, such as Renin secretion, Calcium signaling pathway, Aldosterone 
synthesis and secretion, and Vascular smooth muscle contraction, were enriched.

ROC Curves for Each Sample

The ROC curves of Des were analyzed in 20 samples, and the results are dis-
played in Fig. 6. Notably, miRNAs such as the miR-200 family (AUC = 0.804), 
miR-16-5p (AUC = 0.804), and miR-30d-5p (AUC = 0.805) exhibited AUC val-
ues greater than 0.8.

Fig. 4  Analysis of differentially expressed miRNAs between case and control group. A Volcano map of 
DEs. B Statistical barplot of differential miRNAs. C Heat map of Des

Fig. 5  Top 10 significant enrichment GO and Top 20 significant enrichment KEGG terms of DEs. A 
GO: biological process (BP), cellular component (CC) and molecular function (MF). B KEGG: signaling 
pathway
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Discussion

The causes of primary hypertension are primarily believed to be associated with 
environmental and genetic factors. These factors work in conjunction to induce var-
ying degrees of sympathetic hyperfunction (Seravalle et al. 2022), abnormal expres-
sion of the renin–angiotensin–aldosterone system (RAAS) (Mohamed et al. 2022), 
sodium retention (Suzumoto et  al. 2023), impaired vascular endothelial cell func-
tion (de Oliveira et  al. 2022), insulin resistance (Sinha et  al. 2022), and immune 
mechanisms (Drummond et al. 2019), among other microscopic reactions within the 
human body. However, a number of substances are involved in these complex regu-
latory processes, the regulation of which has not yet been clearly indicated.

A B C D

E F

AUC=0.772

AUC=0.758

AUC=0.756 AUC=0.691

AUC=0.763

AUC=0.758

AUC=0.804AUC=0.796

G H

AUC=0.804AUC=0.804AUC=0.804AUC=0.782

I J K L

AUC=0.788AUC=0.782AUC=0.783 AUC=0.805

M N O P

Fig. 6  DEs ROC graph. A–F Up-regulated miRNAs. G–P Down-regulated miRNAs
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miRNA, a type of small RNA that acts on mRNA, has gained increased atten-
tion in recent years due to advancements in epigenetic research. It has become evi-
dent that miRNAs play a crucial role in the complex pathogenesis of hypertension 
by regulating the expression of related molecules and activating signaling pathways 
(Xu et  al. 2023). This study aims to sequence and screen miRNAs in peripheral 
blood samples from patients with essential hypertension (EH). The objective is to 
identify abnormally expressed miRNA profiles in EH patients, laying the ground-
work for future research on specific regulatory mechanisms.

Based on the findings of this study, it was observed that 6 miRNAs were highly 
expressed, while 10 miRNAs were found to have low expression levels. In terms of 
functionality, it was noted that the highly expressed miRNAs are primarily asso-
ciated with elevated blood pressure and the occurrence of related clinical symp-
toms. For instance, Let-7d-5p, which is the first miRNA to be confirmed as highly 
expressed in the human brain, plays a crucial role in regulating various processes 
such as neuronal differentiation, maturation, degeneration, and regeneration. Fur-
thermore, it is believed to have an impact on the development of psychiatric dis-
orders in humans (Roush et  al. 2008). Yang conducted a study to investigate the 
expression of let-7d-5p in peripheral blood samples from patients with hyperten-
sion combined with obstructive sleep apnea-hypoventilation syndrome (Yang et al. 
2018). They found that let-7d-5p was highly expressed in these patients, suggesting 
that it may be a regulatory miRNA involved in causing symptoms such as dizziness, 
headache, intracranial hypoxia, somnolence, and other psychiatric states in patients 
with hypertension. The results of the present experiment further support the previ-
ous findings, confirming the high expression of let-7d-5p in patients with EH.

miR-101-3p, a widely present miRNA in the human body, has been implicated 
in the development of various diseases including lung cancer (Dong et  al. 2023), 
diabetes mellitus (Song et  al. 2022a, b), and acute gouty arthritis (Shao et  al. 
2023). In a study investigating vascular growth factor expression in blood samples 
of depressed adolescents, miR-101-3p was found to be significantly upregulated in 
depressed patients (Krivosova et al. 2023). Moreover, its target vascular growth fac-
tor also showed high expression levels. Previous research has already linked this 
particular miRNA to psychiatric regulation in humans (Li et  al. 2021a, b). Based 
on these findings, we hypothesized that the high expression of Let-7d-5p and miR-
101-3p in EH patients may contribute to increased intravascular pressure and play a 
role in the regulation of mental status. Consequently, this could lead to the develop-
ment of unhealthy psychological states, such as anxiety and depression, within the 
EH population.

In the development of hypertension, certain highly expressed miRNAs play 
a crucial role in regulating the expression of important proteins. These miRNAs 
can directly or indirectly contribute to elevated blood pressure. For instance, miR-
122-5p has been found to decrease the levels of apelin, elabela, ACE2, and GDF15, 
while increasing the expression of porimin and CTGF through the regulation of the 
elabela/apelin-ACE2-GDF15 signaling pathway. This dysregulation leads to signifi-
cant myocardial fibrosis, inflammation, tumors, and oxidative damage in rats (Song 
et al. 2022a, b). miR-122b-3p has been found to enhance cell proliferation, apopto-
sis, and senescence in the body (Gao et al. 2023). On the other hand, upregulation 
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of miR-6722-3p has been shown to significantly decrease the expression of target 
genes involved in angiogenesis and vascular growth factors, such as STAT3 and 
IGF-1 (Uchino et al. 2018). Among these target genes, STAT3 plays a crucial role 
in angiogenesis and extracellular matrix remodeling (Jia et al. 2022). Additionally, 
IGF-1 promotes the production of nitric oxide by endothelial and vascular smooth 
muscle cells, thereby safeguarding vascular function (Higashi et al. 2019).

Previous studies have shown that miR-192-5p can prevent hypertension by inhib-
iting the expression of Atp1b1 (Baker et al. 2019). Additionally, high expression of 
miR-192-5p has been found to inhibit microvascular endothelial cell proliferation, 
migration, and angiogenesis, thereby playing a protective role in small blood vessels 
(Fu et al. 2023). In our current study, we observed high expression of miR-192-5p in 
the blood of patients with EH, suggesting that this may be a regulatory mechanism 
within the body.

Low-expressed miRNAs primarily contribute to the protective effects of target 
organs. They achieve this by either inhibiting the expression of related proteins or by 
acting on vascular smooth muscle, which helps prevent elevated blood pressure. For 
instance, miR-181a-2-3p plays a role in inhibiting autophagy in the myocardium by 
targeting AMBRA1, thereby exerting a protective effect on cardiomyocytes (Li et al. 
2022).

Overexpression of miR-221-3p inhibits the protein expression of IGF1R, IGF-
2, VEGFR2, and Ang-2 under hypoxic conditions, which reduces the involvement 
of these molecules in the process of hypertension (Li et  al. 2021a, b). miR-543 
has been found to be associated with insulin resistance (Hu et  al. 2015). Abnor-
mal expression of miR-103a-3p has been observed in pulmonary hypertension and 
gestational hypertension (Hromadnikova et  al. 2015; He et  al. 2022). miR-342-5p 
inhibits cardiomyocyte apoptosis by targeting Caspase 9 and Jnk2, thereby inhib-
iting hypoxia/reoxygenation-induced cardiomyocyte apoptosis and establishing an 
endogenous cardioprotective mechanism (Hou et  al. 2019). It also promotes the 
transition of vascular smooth muscle cells (vSMC) from a contractile phenotype to 
a proliferative and secretory phenotype, which plays a role in regulating blood pres-
sure stabilization (Wen et al. 2023). Low expression of miR-30d-5p fails to attenuate 
platelet-derived growth factor-induced toxicity in pulmonary artery vascular smooth 
muscle cells, leading to the development of pulmonary hypertension (Hu et  al. 
2022). miR-16-5p is an important regulator that promotes phenotypic switching of 
venous smooth muscle cells, cell phenotypic transition, and its overexpression can 
inhibit the proliferation and development of venous intima, thus playing a crucial 
role in lowering blood pressure (Zhang et  al. 2022). The miR-200 family, includ-
ing miR-200a-3p, miR-200b-3p, and miR-200c-3p, is involved in diverse regulatory 
functions (Magenta et  al. 2017). In the cardiovascular field, their high expression 
can inhibit the proliferation and migration of vascular smooth muscle cells (Du et al. 
2022).

The present study investigated 16 miRNAs that are abnormally expressed in 
patients with essential hypertension. However, there are certain limitations, such 
as the relatively small sample size, which may introduce bias in the experimental 
results. Therefore, in future research, the group plans to increase the sample size and 
conduct larger-scale studies on the abnormally expressed miRNAs. Additionally, the 
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study will focus on longitudinal analysis of individual miRNAs and design experi-
ments to elucidate the specific processes by which miRNAs are involved in essential 
hypertension.

Conclusion

This paper investigates the miRNAs present in the peripheral blood of patients with 
EH. The study initially identifies 16 miRNAs that are expressed abnormally and play 
a role in different processes related to the occurrence and development of essential 
hypertension. These miRNAs have the potential to be targeted for future diagnosis 
and treatment of EH. However, further samples are required to provide additional 
support for this study.

Supplementary Information The online version contains supplementary material available at https:// doi. 
org/ 10. 1007/ s10528- 024- 10867-6.

Author contributions Bin Cheng and Changwu Dong participated in the study design and study concep-
tion. Tingting Song, Hui Xu and Li Wang performed data analysis. Bin Cheng, Ronglu Yang and Nan 
Jiang drew pictures of the paper. Bin Cheng drafted the manuscript. All authors have read and approved 
the final manuscript for publication.

Funding This study was supported by the National Natural Science Foundation of China (Grant numbers 
[82174277] and the Natural Science Research Program of Universities in Anhui Province (Grant numbers 
[KJ2020ZD41]).

Declarations 

Conflict of interest The authors declare that there are no conflicts of interest regarding the publication of 
this paper.

Ethics Approval and Consent to Participate The Ethics Committee of the Second Affiliated Hospital of 
Anhui University of Traditional Chinese Medicine approved the study with the approval number 2022-
zj-02.

Consent for Publication The study was conducted in accordance with the Declaration of Helsinki, and 
each patient provided informed consent for participation in the research.

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 permis-
sion directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

https://doi.org/10.1007/s10528-024-10867-6
https://doi.org/10.1007/s10528-024-10867-6
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


1 3

Biochemical Genetics 

References

Arif M, Sadayappan S, Becker RC, Martin LJ, Urbina EM (2019) Epigenetic modification: a regulatory 
mechanism in essential hypertension. Hypertens Res Off J Jpn Soc Hypertens 42(8):1099–1113. 
https:// doi. org/ 10. 1038/ s41440- 019- 0248-0

Baker MA, Wang F, Liu Y, Kriegel AJ, Geurts AM, Usa K, Xue H, Wang D, Kong Y, Liang M (2019) 
MiR-192–5p in the kidney protects against the development of hypertension. Hypertension (Dallas, 
Tex.:1979) 73(2):399–406. https:// doi. org/ 10. 1161/ HYPER TENSI ONAHA. 118. 11875

Burden CJ, Qureshi SE, Wilson SR (2014) Error estimates for the analysis of differential expression from 
RNA-seq count data. PeerJ 2:e576. https:// doi. org/ 10. 7717/ peerj. 576

Burrello J, Monticone S, Buffolo F, Tetti M, Veglio F, Williams TA, Mulatero P (2017) Is there a role for 
genomics in the management of hypertension? Int J Mol Sci 18(6):1131. https:// doi. org/ 10. 3390/ 
ijms1 80611 31

Colpaert RMW, Calore M (2019) MicroRNAs in cardiac diseases. Cells 8(7):737. https:// doi. org/ 10. 
3390/ cells 80707 37

de Oliveira MG, Nadruz W Jr, Mónica FZ (2022) Endothelial and vascular smooth muscle dysfunction in 
hypertension. Biochem Pharmacol 205:115263. https:// doi. org/ 10. 1016/j. bcp. 2022. 115263

Dong L, Jiang H, Qiu T, Xu Y, Chen E, Huang A, Ying K (2023) MiR-101-3p targets KPNA2 to inhibit 
the progression of lung squamous cell carcinoma cell lines. Histol Histopathol 38(10):1169–1178. 
https:// doi. org/ 10. 14670/ HH- 18- 573

Drummond GR, Vinh A, Guzik TJ, Sobey CG (2019) Immune mechanisms of hypertension. Nat Rev 
Immunol 19(8):517–532. https:// doi. org/ 10. 1038/ s41577- 019- 0160-5

Du M, Espinosa-Diez C, Liu M, Ahmed IA, Mahan S, Wei J, Handen AL, Chan SY, Gomez D (2022) 
miRNA/mRNA co-profiling identifies the miR-200 family as a central regulator of SMC quiescence. 
iScience 25(5):104169. https:// doi. org/ 10. 1016/j. isci. 2022. 104169

Enright AJ, John B, Gaul U, Tuschl T, Sander C, Marks DS (2003) MicroRNA targets in drosophila. 
Genome Biol 5(1):R1. https:// doi. org/ 10. 1186/ gb- 2003-5- 1- r1

Friedländer MR, Mackowiak SD, Li N, Chen W, Rajewsky N (2012) miRDeep2 accurately identi-
fies known and hundreds of novel microRNA genes in seven animal clades. Nucleic Acids Res 
40(1):37–52. https:// doi. org/ 10. 1093/ nar/ gkr688

Fu XL, He FT, Li MH, Fu CY, Chen JZ (2023) Up-regulation of miR-192-5p inhibits the ELAVL1/
PI3Kδ axis and attenuates microvascular endothelial cell proliferation, migration and angiogenesis 
in diabetic retinopathy. Diabet Med J Brit Diabet Assoc 40(9):e15077. https:// doi. org/ 10. 1111/ dme. 
15077

Gao L, Peng L, Tang H, Wang C, Wang Q, Luo Y, Chen W, Xia Y (2023) Screening and identification of 
differential-expressed RNAs in thrombin-induced in vitro model of intracerebral hemorrhage. Mol 
Cell Biochem. https:// doi. org/ 10. 1007/ s11010- 023- 04879-w

Griffiths-Jones S, Bateman A, Marshall M, Khanna A, Eddy SR (2003) Rfam: an RNA family database. 
Nucleic Acids Res 31(1):439–441. https:// doi. org/ 10. 1093/ nar/ gkg006

Griffiths-Jones S, Saini HK, van Dongen S, Enright AJ (2008) miRBase: tools for microRNA genomics. 
Nucleic Acids Res 36:D154–D158. https:// doi. org/ 10. 1093/ nar/ gkm952

He W, Su X, Chen L, Liu C, Lu W, Wang T, Wang J (2022) Potential biomarkers and therapeutic targets 
of idiopathic pulmonary arterial hypertension. Physiol Rep 10(1):e15101. https:// doi. org/ 10. 14814/ 
phy2. 15101

Heidari B, Avenatti E, Nasir K (2022) Pharmacotherapy for essential hypertension: a brief review. 
Method DeBakey Cardiovasc J 18(5):5–16. https:// doi. org/ 10. 14797/ mdcvj. 1175

Higashi Y, Gautam S, Delafontaine P, Sukhanov S (2019) IGF-1 and cardiovascular disease. Growth 
Horm IGF Res: Off J Growth Horm Res Soc Int IGF Res Soc 45:6–16. https:// doi. org/ 10. 1016/j. 
ghir. 2019. 01. 002

Hirota K, Yamashita A, Abe E, Yamaji T, Azushima K, Tanaka S, Taguchi S, Tsukamoto S, Wakui H, 
Tamura K (2023) miR-125a-5p/miR-125b-5p contributes to pathological activation of angio-
tensin II-AT1R in mouse distal convoluted tubule cells by the suppression of Atrap. J Biol Chem 
299(12):105478. https:// doi. org/ 10. 1016/j. jbc. 2023. 105478

Hou Z, Qin X, Hu Y, Zhang X, Li G, Wu J, Li J, Sha J, Chen J, Xia J, Wang L, Gao F (2019) 
Longterm exercise-derived exosomal miR-342-5p: a novel exerkine for cardioprotection. Circ Res 
124(9):1386–1400. https:// doi. org/ 10. 1161/ CIRCR ESAHA. 118. 314635

https://doi.org/10.1038/s41440-019-0248-0
https://doi.org/10.1161/HYPERTENSIONAHA.118.11875
https://doi.org/10.7717/peerj.576
https://doi.org/10.3390/ijms18061131
https://doi.org/10.3390/ijms18061131
https://doi.org/10.3390/cells8070737
https://doi.org/10.3390/cells8070737
https://doi.org/10.1016/j.bcp.2022.115263
https://doi.org/10.14670/HH-18-573
https://doi.org/10.1038/s41577-019-0160-5
https://doi.org/10.1016/j.isci.2022.104169
https://doi.org/10.1186/gb-2003-5-1-r1
https://doi.org/10.1093/nar/gkr688
https://doi.org/10.1111/dme.15077
https://doi.org/10.1111/dme.15077
https://doi.org/10.1007/s11010-023-04879-w
https://doi.org/10.1093/nar/gkg006
https://doi.org/10.1093/nar/gkm952
https://doi.org/10.14814/phy2.15101
https://doi.org/10.14814/phy2.15101
https://doi.org/10.14797/mdcvj.1175
https://doi.org/10.1016/j.ghir.2019.01.002
https://doi.org/10.1016/j.ghir.2019.01.002
https://doi.org/10.1016/j.jbc.2023.105478
https://doi.org/10.1161/CIRCRESAHA.118.314635


 Biochemical Genetics

1 3

Hromadnikova I, Kotlabova K, Hympanova L, Krofta L (2015) Cardiovascular and cerebrovascular dis-
ease associated microRNAs are dysregulated in placental tissues affected with gestational hyperten-
sion, preeclampsia and intrauterine growth restriction. PLoS ONE 10(9):e0138383. https:// doi. org/ 
10. 1371/ journ al. pone. 01383 83

Hu X, Chi L, Zhang W, Bai T, Zhao W, Feng Z, Tian H (2015) Down-regulation of the miR-543 allevi-
ates insulin resistance through targeting the SIRT1. Biochem Biophys Res Commun 468(4):781–
787. https:// doi. org/ 10. 1016/j. bbrc. 2015. 11. 032

Hu F, Liu H, Wang C, Li H, Qiao L (2022) Expression of the microRNA-30 family in pulmonary arterial 
hypertension and the role of microRNA-30d-5p in the regulation of pulmonary arterial smooth mus-
cle cell toxicity and apoptosis. Exp Ther Med 23(1):108. https:// doi. org/ 10. 3892/ etm. 2021. 11031

Jia Y, Wang Q, Liang M, Huang K (2022) KPNA2 promotes angiogenesis by regulating STAT3 phospho-
rylation. J Transl Med 20(1):627. https:// doi. org/ 10. 1186/ s12967- 022- 03841-6

Jusic A, Junuzovic I, Hujdurovic A, Zhang L, Vausort M, Devaux Y (2023) A machine learning model 
based on microRNAs for the diagnosis of essential hypertension. Non-Coding RNA 9(6):64. https:// 
doi. org/ 10. 3390/ ncrna 90600 64

Krivosova M, Adamcakova J, Kaadt E, Mumm BH, Dvorska D, Brany D, Dankova Z, Dohal M, Samec 
M, Ferencova N, Tonhajzerova I, Ondrejka I, Hrtanek I, Hutka P, Oppa M, Mokry J, Elfving B 
(2023) The VEGF protein levels, miR-101-3p, and miR-122-5p are dysregulated in plasma from 
adolescents with major depression. J Affect Disord 334:60–68. https:// doi. org/ 10. 1016/j. jad. 2023. 
04. 094

Langmead B, Trapnell C, Pop M, Salzberg SL (2009) Ultrafast and memory-efficient alignment of 
short DNA sequences to the human genome. Genome Biol 10(3):R25. https:// doi. org/ 10. 1186/ 
gb- 2009- 10-3- r25

Li LD, Naveed M, Du ZW, Ding H, Gu K, Wei LL, Zhou YP, Meng F, Wang C, Han F, Zhou QG, Zhang J 
(2021a) Abnormal expression profile of plasma-derived exosomal microRNAs in patients with treat-
ment-resistant depression. Hum Genomics 15(1):55. https:// doi. org/ 10. 1186/ s40246- 021- 00354-z

Li Y, Yan C, Fan J, Hou Z, Han Y (2021) MiR-221–3p targets Hif-1α to inhibit angiogenesis in 
heart failure. Lab Invest J Technical Methods Pathol 101(1):104–115. https:// doi. org/ 10. 1038/ 
s41374- 020- 0450-3

Li G, Ding N, Xiong J, Ma S, Xie L, Xu L, Zhang H, Yang A, Yang Y, Jiang Y, Zhang H (2022) Ischemic 
postconditioning protects against aged myocardial ischemia/reperfusion injury by transcriptional 
and epigenetic regulation of miR-181a-2-3p. Oxid Med Cell Longev 2022:9635674. https:// doi. org/ 
10. 1155/ 2022/ 96356 74

Magenta A, Ciarapica R, Capogrossi MC (2017) The emerging role of miR-200 family in cardiovascular 
diseases. Circ Res 120(9):1399–1402. https:// doi. org/ 10. 1161/ CIRCR ESAHA. 116. 310274

Martínez Pérez JA, Pérez Martin PS (2023) La curva ROC [ROC curve]. Semergen 49(1):101821. https:// 
doi. org/ 10. 1016/j. semerg. 2022. 101821

Mohamed Pakkir Maideen N, Balasubramanian R, Muthusamy S, Nallasamy V (2022) An overview of 
clinically imperative and pharmacodynamically significant drug interactions of Renin–Angiotensin–
Aldosterone system (RAAS) blockers. Curr Cardiol Rev 18(6):e110522204611. https:// doi. org/ 10. 
2174/ 15734 03X18 66622 05111 52330

Roush S, Slack FJ (2008) The let-7 family of microRNAs. Trends Cell Biol 18(10):505–516. https:// doi. 
org/ 10. 1016/j. tcb. 2008. 07. 007

Seravalle G, Grassi G (2022) Sympathetic nervous system and hypertension: new evidences. Auton Neu-
rosci: Basic Clin 238:102954. https:// doi. org/ 10. 1016/j. autneu. 2022. 102954

Shao P, Liu H, Xue Y, Xiang T, Sun Z (2023) LncRNA HOTTIP promotes inflammatory response in 
acute gouty arthritis via miR-101-3p/BRD4 axis. Int J Rheum Dis 26(2):305–315. https:// doi. org/ 10. 
1111/ 1756- 185X. 14514

Sinha S, Haque M (2022) Insulin resistance is cheerfully hitched with hypertension. Life (Basel, Switzer-
land) 12(4):564. https:// doi. org/ 10. 3390/ life1 20405 64

Song L, Feng S, Yu H, Shi S (2022a) Dexmedetomidine protects against kidney fibrosis in dia-
betic mice by targeting miR-101-3p-mediated EndMT. Dose-Response Publ Int Hormesis Soc 
20(1):15593258221083486. https:// doi. org/ 10. 1177/ 15593 25822 10834 86

Song J, Zhang Z, Dong Z, Liu X, Liu Y, Li X, Xu Y, Guo Y, Wang N, Zhang M, Chen Y, Jin H, Zhong J 
(2022b) MicroRNA-122-5p aggravates angiotensin II-mediated myocardial fibrosis and dysfunction 
in hypertensive rats by regulating the elabela/apelin-APJ and ACE2-GDF15-porimin signaling. J 
Cardiovasc Transl Res 15(3):535–547. https:// doi. org/ 10. 1007/ s12265- 022- 10214-3

https://doi.org/10.1371/journal.pone.0138383
https://doi.org/10.1371/journal.pone.0138383
https://doi.org/10.1016/j.bbrc.2015.11.032
https://doi.org/10.3892/etm.2021.11031
https://doi.org/10.1186/s12967-022-03841-6
https://doi.org/10.3390/ncrna9060064
https://doi.org/10.3390/ncrna9060064
https://doi.org/10.1016/j.jad.2023.04.094
https://doi.org/10.1016/j.jad.2023.04.094
https://doi.org/10.1186/gb-2009-10-3-r25
https://doi.org/10.1186/gb-2009-10-3-r25
https://doi.org/10.1186/s40246-021-00354-z
https://doi.org/10.1038/s41374-020-0450-3
https://doi.org/10.1038/s41374-020-0450-3
https://doi.org/10.1155/2022/9635674
https://doi.org/10.1155/2022/9635674
https://doi.org/10.1161/CIRCRESAHA.116.310274
https://doi.org/10.1016/j.semerg.2022.101821
https://doi.org/10.1016/j.semerg.2022.101821
https://doi.org/10.2174/1573403X18666220511152330
https://doi.org/10.2174/1573403X18666220511152330
https://doi.org/10.1016/j.tcb.2008.07.007
https://doi.org/10.1016/j.tcb.2008.07.007
https://doi.org/10.1016/j.autneu.2022.102954
https://doi.org/10.1111/1756-185X.14514
https://doi.org/10.1111/1756-185X.14514
https://doi.org/10.3390/life12040564
https://doi.org/10.1177/15593258221083486
https://doi.org/10.1007/s12265-022-10214-3


1 3

Biochemical Genetics 

Suzumoto Y, Zucaro L, Iervolino A, Capasso G (2023) Kidney and blood pressure regulation-latest evi-
dence for molecular mechanisms. Clin Kidney J 16(6):952–964. https:// doi. org/ 10. 1093/ ckj/ sfad0 15

Tino P (2009) Basic properties and information theory of Audic-Claverie statistic for analyzing cDNA 
arrays. BMC Bioinformatics 10:310. https:// doi. org/ 10. 1186/ 1471- 2105- 10- 310

Uchino H, Ito M, Kazumata K, Hama Y, Hamauchi S, Terasaka S, Sasaki H, Houkin K (2018) Circulat-
ing miRNome profiling in Moyamoya disease-discordant monozygotic twins and endothelial micro-
RNA expression analysis using iPS cell line. BMC Med Genom 11(1):72. https:// doi. org/ 10. 1186/ 
s12920- 018- 0385-3

Wang Y, Li J, Xiang Q, Tang L (2023a) INSR and ISR-1 gene polymorphisms and the susceptibility of 
essential hypertension: a meta-analysis. Exp Ther Med 25(6):251. https:// doi. org/ 10. 3892/ etm. 2023. 
11950

Wang G, Luo Y, Gao X, Liang Y, Yang F, Wu J, Fang D, Luo M (2023b) MicroRNA regulation of phe-
notypic transformations in vascular smooth muscle: relevance to vascular remodeling. Cell Mol Life 
Sci: CMLS 80(6):144. https:// doi. org/ 10. 1007/ s00018- 023- 04793-w

Wen T, Duan Y, Gao D, Zhang X, Zhang X, Liang L, Yang Z, Zhang P, Zhang J, Sun J, Feng Y, Zheng 
Q, Han H, Yan X (2023) miR-342-5p promotes vascular smooth muscle cell phenotypic transi-
tion through a negative-feedback regulation of notch signaling via targeting FOXO3. Life Sci 
326:121828. https:// doi. org/ 10. 1016/j. lfs. 2023. 121828

Xu W, Liu F, Li Q, Li L, Liu X (2023) Integrated analysis of miRNA and mRNA regulation network in 
hypertension. Biochem Genet 61(6):2566–2579. https:// doi. org/ 10. 1007/ s10528- 023- 10389-7

Yang X, Niu X, Xiao Y, Lin K, Chen X (2018) MiRNA expression profiles in healthy OSAHS and 
OSAHS with arterial hypertension: potential diagnostic and early warning markers. Respir Res 
19(1):194. https:// doi. org/ 10. 1186/ s12931- 018- 0894-9

Zhang W, Wang Q, Xing X, Yang L, Xu M, Cao C, Wang R, Li W, Niu X, Gao D (2021) The antagonistic 
effects and mechanisms of microRNA-26a action in hypertensive vascular remodelling. Br J Phar-
macol 178(5):1037–1054. https:// doi. org/ 10. 1111/ bph. 15337

Zhang D, Shi J, Liang G, Liu D, Zhang J, Pan S, Lu Y, Wu Q, Gong C, Guo Y (2022) miR-16-5p is a 
novel mediator of venous smooth muscle phenotypic switching. J Cardiovasc Transl Res 15(4):876–
889. https:// doi. org/ 10. 1007/ s12265- 022- 10208-1

Zhang P, Zhang D, Lu D (2023) The efficacy of Tai Chi for essential hypertension: a systematic review 
and meta-analysis. Int J Nurs Pract. https:// doi. org/ 10. 1111/ ijn. 13211

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

Authors and Affiliations

Bin Cheng1 · Ronglu Yang2 · Hui Xu3 · Li Wang3 · Nan Jiang3 · Tingting Song4 · 
Changwu Dong5

 * Tingting Song 
 43115542@qq.com

 * Changwu Dong 
 dcw1018@aliyun.com

1 Department of Anhui University of Chinese Medicine, Anhui University of Chinese Medicine, 
Hefei, China

2 Department of Traditional Chinese Medicine, The First Affiliated Hospital of USTC, Division 
of Life Sciences and Medicine, University of Science and Technology of China, Hefei, China

3 College of Traditional Chinese Medicine, Anhui University of Chinese Medicine, Hefei, China
4 The First Clinical Medical School, Anhui University of Chinese Medicine, Hefei, China
5 The Second Clinical Medical School, Anhui University of Chinese Medicine, Hefei, China

https://doi.org/10.1093/ckj/sfad015
https://doi.org/10.1186/1471-2105-10-310
https://doi.org/10.1186/s12920-018-0385-3
https://doi.org/10.1186/s12920-018-0385-3
https://doi.org/10.3892/etm.2023.11950
https://doi.org/10.3892/etm.2023.11950
https://doi.org/10.1007/s00018-023-04793-w
https://doi.org/10.1016/j.lfs.2023.121828
https://doi.org/10.1007/s10528-023-10389-7
https://doi.org/10.1186/s12931-018-0894-9
https://doi.org/10.1111/bph.15337
https://doi.org/10.1007/s12265-022-10208-1
https://doi.org/10.1111/ijn.13211

	Peripheral Blood miRNA Expression in Patients with Essential Hypertension in the Han Chinese Population in Hefei, China
	Abstract
	Introduction
	Material and Methods
	Subjects
	Sample Collection
	Small RNA Extraction and Library Construction
	Sequence Comparison Annotation
	miRNA Expression Analysis
	miRNA Differential Analysis
	DEs Target Gene Prediction and Function Analysis
	ROC Curves
	Statistical Analysis

	Results
	General Information
	Small RNA Sequencing Data Preprocessing
	Statistics of Known miRNA Species Detected in Each Sample
	Differential miRNA Expression Analysis Between Two Groups of Samples
	Enrichment Analysis of Target Genes for DEs
	ROC Curves for Each Sample

	Discussion
	Conclusion
	References


