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MicroRNA (miR)-202-3p has attracted a great deal of attention in the fields of oncology,
gynecology, and metabolic disorders. However, its role in cardiovascular diseases remains
to be clarified. We previously found that disruption of miR-202-3p mediated regulation of
expression of soluble (s)ST2, a decoy receptor for interleukin (IL)-33, promotes essential
hypertension (EH). In the present study, we first measured miR-202-3p expression levels
in the blood of 182 EH cases and 159 healthy controls using TaqMan assays. miR-202-3p
levels were shown to be significantly higher in EH cases than controls (fold change = 3.58,
P<0.001). Logistic regression analysis revealed that higher miR-202-3p expression was as-
sociated with an increased occurrence of EH (adjusted odds ratio (OR): 1.57; 95% confi-
dence interval (CI), 1.36–1.82; P<0.001). Addition of miR-202-3p to traditional risk factors
showed an additive prediction value for EH. Further functional experiments indicated that
miR-202-3p could be induced by angiotensin II (Ang II) and inhibited by Ang II-triggered
soluble ST2 (sST2) expression in a negative feedback manner. Moreover, blood miR-202-3p
levels were negatively correlated with sST2 expression in vivo. Our study shows that blood
miR-202-3p levels were significantly associated with the occurrence of EH. These findings
indicate that miR-202-3p exerts a protective role against EH by antagonizing the induction
of sST2 by Ang II.

Introduction
Hypertension is a chronic disease characterized by a continuous increase in arterial blood pressure. It is
also a critical risk factor for mortality and morbidity in several cardiovascular diseases including stroke,
heart failure, and kidney failure [1]. According to a World Health Organization report of 2017, 23.2% of
Chinese adults suffer from hypertension, so ∼245 million individuals are affected in China [2]. Essential
hypertension (EH), as the most common disease type, accounts for ∼95% of cases. Hypertension patho-
genesis is a multifactorial process involving the interaction of genetic and environmental factors. Besides
traditional risk factors such as a high-salt diet, smoking, alcohol, and obesity, 30–50% of blood pressure
variations can be attributed to genetic factors.

microRNAs (miRNAs) are a class of endogenous non-coding RNAs of 22 nucleotides in length that
are involved in the post-transcriptional regulation of target genes by interacting with the 3′ untrans-
lated region (3′ UTR) of mRNAs. As epigenetic factors, miRNAs have received increasing attention in
the occurrence and progression of diseases. Moreover, in recent decades, several population-based re-
search and animal model studies have been conducted to explore the differential expression profiles of

© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

1

http://orcid.org/0000-0002-8657-7067
mailto:wufangqinnice@sina.com


Bioscience Reports (2020) 40 BSR20200378
https://doi.org/10.1042/BSR20200378

hypertension-associated miRNAs. Their findings suggested that miRNAs are not only involved in multiple key steps
of the onset and development of EH [3–5], but that they could also be used to predict disease risk and severity as
novel biomarkers [6–8].

Peripheral blood contains large numbers of white blood cells, platelets, and red blood cells. Previous studies have
suggested that changes in the counts, species, and intracellular gene expression profiles of leukocytes are closely re-
lated to hypertension development [9,10]. Therefore, work has focused on the association between blood cell miRNAs
and EH occurrence as well as underlying biological mechanisms. Torres-Paz et al. showed that the up-regulation of
miR-33a-5p expression in monocytes was significantly positively correlated with carotid intima thickness and in-
creased the risk of hypertension in a Mexican population [11]. Additionally, Yin et al. reported that the expression
of miR-128 in peripheral blood was gradually up-regulated during hypertension progression, which aggravated my-
ocardial injury through inhibiting c-Met [12]. Moreover, Parthenakis et al. found that miR-208b and miR-133a were
significantly positively correlated with urinary albumin excretion levels in newly diagnosed hypertension patients,
suggesting that they could serve as a new generation of biomarkers for improved monitoring of end organ damage
in hypertension [13]. Therefore, we proposed that the identification of EH-associated miRNA in peripheral blood
cells and the exploration of underlying mechanisms could provide new perspectives in the diagnosis, treatment, and
prevention of this disease.

Emerging evidence suggests that miR-202-3p could function as a suppressor for a series of tumors, including os-
teosarcoma, colorectal cancer, gastric cancer, cervical cancer, and thyroid cancer [14,15]. By controlling a variety
of target genes such as cyclin D1, γ-catenin, and bcl-2, miR-202-3p plays an essential role in multiple physiologi-
cal and pathogenic processes of tumor progression including cell proliferation, invasion, and apoptosis. It has also
been reported to be involved in various metabolic and cardiovascular diseases. For example, Fornari et al. found that
miR-202-3p regulated Ccr7 and cd247, interfered with immune homeostasis, and led to the occurrence of type 1
diabetes [16]. Recently, Wu et al. showed that miR-202-3p overexpression alleviated myocardial ischemia and reper-
fusion injury by activating the transforming growth factor β-1/Smads pathway and protecting against myocardial
infarction and fibrosis [17].

In 2017, we conducted a case–control study to explore the association between genetic variants in the interleukin
(IL)-33/ST2 pathway and the risk of hypertension and found that a common polymorphism within the 3′ UTR of
the ST2 gene interrupted the regulation of soluble (s)ST2 expression by miR-202-3p and promoted the occurrence of
EH [18]. Because the IL-33 decoy receptor soluble ST2 (sST2) is widely recognized as a risk factor for hypertension
[19,20], we hypothesized that the inhibition of sST2 by miR-202-3p was critical for the onset and development of EH.
However, the etiological and pathological role of miR-202-3p in EH remained unclear. In the present study, we first
conducted a case–control study to validate the association between blood cell levels of miR-202-3p and the occurrence
of EH. Then, to investigate the pathological role of miR-202-3p in EH, we analyzed the effects of miR-202-3p on sST2
expression both in vitro and in vivo.

Methods
Study design and population
The 182 EH cases for miRNA detection were consecutively recruited from the Second Affiliated Hospital of Nan-
chang University in Nanchang City, Jiangxi province, China between November 2016 and August 2017. Hyperten-
sion was diagnosed as average SBP ≥ 140 mmHg, and/or average diastolic blood pressure (DBP) ≥ 90 mmHg, and/or
self-reported current treatment for hypertension with antihypertensive drugs. A total of 159 control subjects were
from the same community as the patients. Control subjects showed SBP < 140 mmHg, DBP < 90 mmHg, and had
never been treated for hypertension. Blood pressure was measured according to reported guidelines [21]. People par-
ticipating in the physical examination at the Second Affiliated Hospital of Nanchang University were recruited and
frequency matched by age and sex with patients, with determined to be free of EH and peripheral atherosclerotic ar-
terial disease by medical history and clinical examinations. Five milliliters of fresh vein blood samples were collected
from each participant with EDTA-anticoagulant tubes. The plasma and blood cells were separated by centrifugation
at 2000×g for 10 min at 4◦C, and then stored at −80◦C until use. The questionnaires were used to collect general
characteristics and results of clinical biochemistry tests for all participants by trained interviewers. The study proto-
col conformed to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the ethics committee
of the Second Affiliated Hospital of Nanchang University, and all participants provided written informed consent.
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Total RNA isolation
For miRNA detection in blood samples, approximately 200 μl of blood was used to extract total RNAs using the
mirVana PARIS miRNA Isolation Kit (Ambion1556) following the manufacturer’s protocol. For gene expression de-
tection in cultured cells, total RNAs were isolated using TRIzol reagent (Invitrogen) following the manufacturer’s
instructions.

qRT-PCR assays
miRNA expression was detected as previously described [22]. In brief, input RNAs were reverse transcribed (RT)
using the TaqMan miRNA Reverse Transcription Kit (Applied BioSystems, Foster City, CA) following the manufac-
turer’s protocol. RT products were diluted 1:5 and subjected to qPCR in triplicate using the TaqMan miRNA Assay
Kit (Applied BioSystems, Foster City, CA) according to the manufacturer’s protocol. miRNA expression levels were
normalized to U6b and calculated using the equation 2−�Ct , where �Ct = cycle threshold (Ct) (miRNA) − Ct (U6b).

For gene expression analysis, first strand cDNA was obtained using SuperS High Capacity cDNA Reverse Transcrip-
tion Kit (Applied BioSystems). Quantitative PCR was conducted to detect gene expressions using PowerUp™ SYBR™
Green Master Mix (Applied BioSystems). The mRNA levels were normalized toβ-actin mRNA levels. The primers for
the genes were as follows:β-actin (F: 5′-CCTGGCACCCAGCACAAT-3′, R: 5′-GCCGATC CACACGGAGTACT-3′);
and sST2 (F: 5′-GGCACACCGTAAGAC TAAGTAG-3′; R: 5′-CAATTTAAGCAGCAGAGAAGCTCC-3′).

Chemicals, cell culture and transfection
Human acute monocytic leukemia cell line THP-1 cells, purchased from the type culture collection of the Chinese
Academy of Sciences (Shanghai, China), were maintained in RPMI-1640 medium (Gibco) supplemented with 10%
fetal bovine serum (FBS), sodium pyruvate and GlutaMax. Angiotensin II (Ang II) was purchase from Sigma–Aldrich
Chemical Reagent Co., Ltd (St. Louis, Missouri, U.S.A.). miRNA mimics and inhibitor were synthesized by Ruibo Bio
Co., Ltd. (Guangzhou, China) and transfected into cells alone or with the reporter plasmids using Lipofectamine
3000 (Invitrogen) in accordance with the manufacturer’s protocol. All experiments were conducted with cells at a
logarithmic stage of growth curve.

Biological variable determination
The levels of biological variables such as total cholesterol (TC), triglyceride (TG), and fasting blood glucose (FBG) etc.
were measured by standard laboratory procedures at the Department of Clinical Laboratory, The Second Affiliated
Hospital of Nanchang University.

Statistical analysis
The general characteristics of cases and controls are presented as mean +− standard deviation (SD), median with in-
terquartile range (IQR) or number with percentage. Comparison of the differences was conducted by Student’s t test,
Mann–Whitney U test, or the Chi-square test depending on the distribution of data. The difference in circulating
miR-202-3p levels between cases and controls was examined by Student’s t test. The odds ratios (ORs) and 95% con-
fidence intervals (CIs) were calculated to indicate the association of miR-202-3p expression with the occurrence of EH
by unconditional logistic regression model, with an adjustment of traditional risk factors including age, sex, smoking,
drinking, TC, fasting glucose (FG), and family history of hypertension. The ability for miR-202-3p to discriminate
EH cases from controls was analyzed by receiver operating characteristic (ROC) curves and reclassification analysis
in two models. The baseline model was composed of traditional risk factors, and the extended model incorporated
miR-202-3p expression with traditional risk factors. Correlations between miRNA expression and clinical parame-
ters were analyzed by the Pearson or Spearman correlation tests. All statistical analyses were performed using SPSS
12.0 software (Statistical Package for the Social Sciences, Chicago, IL, U.S.A.). A value of P<0.05 was considered
significant (two-tailed).

Results
General characteristics of the study population
General characteristics of the population are shown in Table 1. Sex ratios of case and control groups were similar,
but the age (59–72 years), creatinine (65.81, 101.23), homocysteine (11.64, 18.35), uric acid (300.51, 481.51), body
mass index (BMI, 25.14 +− 3.64), and alcohol consumption (20.2%) of EH patients were significantly higher than
the healthy control group (P<0.05). In contrast, the levels of TC (4.42 +− 1.17 mmol/l), high-density lipoprotein
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Table 1 General characteristics of the study population

Variables Control (n=159) EH (n=182) P-value

Age, years 60 (50, 67) 64 (59, 72) 0.0011

Male, % 55.3 52.2 0.5612

FG, mmol/l 5.12 (4.80, 5.63) 5.19 (4.77, 5.90) 0.3761

TC, mmol/l 5.24 +− 0.98 4.42 +− 1.17 <0.0013

TG, mmol/l 1.26 (0.91, 1.84) 1.25 (1.00, 1.73) 0.5961

HDL-c, mmol/l 1.25 +− 0.29 1.05 +− 0.27 <0.0013

LDL-c, mmol/l 3.31 +− 0.84 2.81 +− 1.05 <0.0013

Creatinine 69.35 (59.60, 80.11) 79.28 (65.81, 101.23) <0.0011

Homocysteine 12.17 (10.66, 15) 13.86 (11.64, 18.35) 0.0021

Uric acid 323.20 (282.73, 395.72) 381.94 (300.51, 481.51) <0.0011

PLT (×109/l) 212.92 +− 55.18 205.74 +− 66.01 0.2843

PDW, % 13.4 (11.8, 15.3) 12.8 (11.5, 14.88) 0.2431

MPV, fl 11.00 (10.3, 11.9) 10.90 (10.23, 11.80) 0.6241

PCT 0.24 +− 0.05 0.23 +− 0.06 0.1243

BMI 23.58 +− 3.06 25.14 +− 3.64 <0.0013

miR-202-3p −1.71 +− 2.27 0.13 +− 1.94 <0.0013

Smoking, % 22.3 18.5 0.3942

Drinking, % 8.9 20.2 0.0042

Family history of hypertension, % 29.9 18.5 0.0152

Data are expressed as mean +− SD, median (25th, 75th quartiles) or percentages.
Abbreviations: MPV, mean platelet volume; PCT, plateletcrit; PDW, platelet distribution width; PLT, blood platelet count.
1Mann–Whitney U test for the differences between EH patients and controls.
2Chi-square test for the difference in the distribution frequencies between EH patients and controls.
3Student’s t test for the difference between EH patients and controls.

Figure 1. Expression levels of miR-202-3p in EH patients and control subjects

The expression of miR-202-3p was detected in 159 patients and 168 control subjects. Relative expression levels were normalized to

U6b and then log 2-transformed. The whiskers of the plots represent the 2.5–97.5 percentiles. ***, P<0.001, miR-202-3p expression

in EH patients vs. controls.

cholesterol (HDL-c; 1.05 +− 0.27 mmol/l), low-density lipoprotein cholesterol (LDL-c; 2.81 +− 1.05 mmol/l), and a
history of hypertension (18.5%) were significantly lower than those in the control group (P<0.05), possibly because
of the application of cholesterol-lowering medications in this population. No significant differences were found for
the other variables between the two groups.

Association between miR-202-3p blood levels and EH
As shown in Figure 1, the level of miR-202-3p in peripheral blood cells was significantly higher in EH patients than in
controls (log-transformed expression levels relative to U6b, 0.13 +− 1.94 vs. –1.71 +− 2.27; P<0.001). Logistic regression
analysis indicated that higher levels of miR-202-3p were associated with an increased risk of EH (adjusted OR: 1.57;
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Table 2 Association of the expression level of miR-202-3p with EH

Variables OR (95% CI)1 P-value

Age 1.04 (1.01–1.07) 0.007

Male 0.54 (0.27–1.08) 0.083

Smoking 1.20 (0.53–2.71) 0.669

Drinking 0.40 (0.16–1.01) 0.053

BMI 1.20 (1.10–1.31) <0.001

TC 0.48 (0.36–0.64) <0.001

FG 1.14 (0.94–1.40) 0.192

Family history of hypertension, % 1.59 (0.81–3.10) 0.176

miR-202-3p 1.57 (1.36–1.82) <0.001

1By logistic regression analysis adjusted with age, sex, smoking, drinking, BMI, TC, FG, and family history of hypertension.

Table 3 AUC, NRI, and IDI calculations for miR-202-3p

Variables miR-202-3p P-value

Baseline model AUC (95% CI) 0.77 (0.71, 0.82) <0.0001

Extended model AUC (95% CI) 0.84 (0.79, 0.88) <0.0001

NRI, % (95% CI) 94.3 (75.0, 113.5) <0.0001

IDI, (95% CI) 0.131 (0.094, 0.167) <0.0001

AUC calculations are based on a multivariate logistic regression analysis including age, sex, smoking, drinking, diabetes mellitus, TG and family history
of hypertension (baseline model) or the addition of miR-202-3p (extended model). Abbreviation: AUC, area under the ROC curve.

95% CI: 1.36−1.82; P<0.001; Table 2) after adjusting for age, sex, smoking, drinking, BMI, TC, FG, and a history of
hypertension.

Diagnostic value of miR-202-3p
As shown in Table 3, the area under the ROC curve was similar between the baseline model (0.77; 95% CI, 0.71–0.82;
P<0.001) and the combined miR-202-3p prediction model (0.84; 95% CI: 0.79–0.88; P<0.001). The net reclassifica-
tion improvement (NRI) and integrated discrimination improvement (IDI) were calculated to determine the ability
of miRNA to reclassify patients misclassified by the baseline model. The results showed that miR-202-3p was able to
reclassify a significant portion of patients with an NRI of 94.3% (95% CI: 75.0–113.5; P<0.001) and an IDI of 0.131
(95% CI: 0.094–0.167; P<0.001).

Correlation between miR-202-3p expression and clinical variables
Conventional risk factors including smoking, drinking, and a history of hypertension contribute to the occurrence of
EH. Therefore, we next analyzed the correlation between miR-202-3p and various clinical variables. As shown in Table
4, blood levels of miR-202-3p were significantly positively correlated with male sex (r = 0.114, P=0.036), drinking
(r = 0.115, P=0.036), and BMI (r = 0.14, P=0.011). It is also widely accepted that lipid and glucose metabolism play
critical roles in the development of EH. Our findings suggested that blood miR-202-3p levels were significantly neg-
atively correlated with those of TC (r = −0.127, P=0.021) and HDL-c (r = −0.15, P=0.006). Moreover, miR-202-3p
was significantly positively correlated with creatinine (r = 0.115, P=0.034), uric acid (r = 0.115, P=0.034), and ho-
mocysteine (r = 0.186, P=0.006) and negatively correlated with platelet count in EH patients (r = −0.108, P=0.048).
No significant correlations were found with other variables.

miR-202-3p inhibits sST2 expression induced by Ang II
It is widely accepted that vascular inflammation contributes greatly to the pathogenesis of EH [23]. To reveal the un-
derlying mechanism by which miR-202-3p is involved in EH pathogenesis, we applied the prohypertensive reagent
Ang II to human THP-1 macrophage cells to induce an inflammatory response. As shown in Figure 2B, the endoge-
nous expression of miR-202-3p in THP-1 cells was gradually up-regulated by Ang II in a dose-dependent manner. Be-
cause we previously found that sST2 was controlled by miR-202-3p [18]. We next examined the effects of miR-202-3p
on sST2 expression in the Ang II-induced monocytic inflammatory response. Figure 2A shows that the expression of
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Table 4 Correlation analysis between miR-202-3p expression and clinical variables in combined population

Variables r P-value

Age 0.002 0.9711

Sex 0.114 0.0361

Smoking −0.06 0.271

Drinking 0.115 0.0361

Family history of hypertension % −0.011 0.8461

TG 0.055 0.3221

TC −0.127 0.0212

HDL-c −0.15 0.0062

LDL-c −0.09 0.1042

FG 0.038 0.4951

BMI 0.14 0.0112

Creatinine 0.115 0.0341

Uric acid 0.115 0.0341

Homocysteine 0.186 0.0061

MPV 0.09 0.1011

PCT −0.095 0.0842

PDW 0.078 0.1591

PLT −0.108 0.0482

Abbreviations: MPV, mean platelet volume; PCT, plateletcrit; PDW, platelet distribution width; PLT, blood platelet.
1Spearman correlation test.
2Pearson correlation test.

Figure 2. miR-202-3p inhibits sST2 expression induced by Ang II

Human macrophage THP-1 cells were seeded into six-well plate and starved overnight. After that, cells were treated with different

concentrations of Ang II (0, 0.1, 1 and 10 μM) for 24 h, respectively. After that, cells were harvested to analyze the expression of

sST2 (A) and miR-202-3p (B). The mRNA levels were normalized to β-ACTIN mRNA and the levels of miRNA were normalized to

U6b. All data were expressed as mean +− SD and the differences of gene expression between groups treated with different doses

of ang II were examined by Student’s t test. *P<0.05, **P<0.01, ***P<0.005 vs untreated control. (C) THP-1 cells were seeded into

six-well plate and transfected with miR-202-3p mimic or negative control mimic (NC). At 24 h post transfected, cells were further

stimulated with 10 μM Ang II for another 24 h. After that, cells were collected to analyze the expression of sST2. The difference of

gene expression between groups transfected with miR-202-3p and negative control was examined by Student’s t test. **P<0.01

vs untreated control, *P<0.05 vs negative control mimic. All data represent three independent experiments.

sST2 increased sharply after Ang II stimulation, and that this could be abrogated by miR-202-3p transfection (Figure
2C).

Blood cell levels of miR-202-3p were negatively correlated with sST2
expression in PBMCs
To validate the regulation of sST2 by miR-202-3p in vivo, we examined the correlation between blood levels of
miR-202-3p and sST2 expression in PBMCs from 30 healthy controls. As shown in Figure 3, miR-202-3p levels were
significantly negatively correlated with the expression of sST2 (r = –0.768, P<0.001).

6 © 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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Figure 3. Blood levels of miR-202-3p were negatively correlated with sST2 expression in PBMCs

Human fresh vein blood samples from 30 healthy controls were collected and centrifuged to remove plasma. Then, the remnants

were mixed with TRIzol LS reagent immediately. Total RNA was extracted to monitor the levels of miR-202-3p and sST2 expression

by Quantitative PCR. The correlation of miR-202-3p levels with sST2 expression were examined by Pearson correlation test.

Discussion
In the present study, we proposed a negative feedback mechanism mediated by miR-202-3p against EH and obtained
the following supporting evidence. First, our large sample case–control study found that higher miR-202-3p levels of
blood cells were associated with an increased occurrence of EH. ROC curve and reclassification analysis indicated
that the combination of miR-202-3p with traditional risk factors improved the predictive value of EH risk. Then, we
showed that the expression of both sST2 and miR-202-3p could be induced by Ang II in a dose-dependent manner
and that miR-202-3p overexpression inhibited the up-regulation of sST2 triggered by Ang II. Further, an in vivo assay
suggested that miR-202-3p levels were negatively correlated with sST2 expression in the peripheral blood cells of 30
healthy controls. Collectively, our results suggest that miR-202-3p is involved in the development of EH partially by
down-regulating sST2 expression via a feedback manner.

Systemic and local inflammation are both known to play an important role in the pathogenesis of EH. IL-33 is
a newly discovered member of the IL-1 family that induces a Th2-type immune response by interacting with the
ST2 receptor on cell membranes [24]. The ST2 gene encodes four isomers: sST2, ST2L, ST2V, and ST2LV, of which
sST2 acts as a decoy receptor for IL-33, blocking the IL-33/ST2 signaling pathway by binding to IL-33, and inhibiting
Th2-type inflammatory immune responses [25,26]. IL-1RAcP, another gene in this pathway, determines the affinity
between IL-33 and ST2 [27]. In recent years, multiple pieces of evidence have shown that the IL-33/ST2 pathway has a
crucial function in the pathogenesis of EH. The relationship between sST2 and hypertension has attracted particular
attention. Ho et al. found that increased plasma concentrations of sST2 were significantly associated with EH risk
[28], while Yin et al. suggested that sST2 plasma levels could be used as a biomarker for EH risk prediction [29].

In the present study, we revealed that blood cell levels of miR-202-3p were significantly increased in EH pa-
tients compared with controls and that higher levels were associated with an increased risk of EH, and addition of
miR-202-3P to the traditional risk factor model increased the prediction probability. Further functional analysis sug-
gested an underlying mechanism involving the exertion of anti-hypertensive effects by miR-202-3p partially through
the suppression of sST2 in vascular inflammation. This is in-line with our previous study that indicated that the dis-
ruption of sST2 expression regulation by miR-202-3p contributed significantly to EH development [18]. To the best
of our knowledge, this study documented a significant risk predicting value of miR-202-3p for the occurrence of EH
for the first time. Although past studies have focused on the anti-tumor role of miR-202-3p, our study and others’
suggested that miR-202-3p played a critical role in the development of diverse cardiovascular diseases [17,18].

Gene annotation enrichment analysis for potential targets of miR-202-3p suggested that it might be implicated
in cardiovascular and metabolic diseases (data not shown). We also conducted a population-based study and cell
experiments to determine the etiological role of miR-202-3p in EH development. Our findings suggested that higher
blood levels of miR-202-3p associated with an increased risk of EH and that sST2 is a critical target for miR-202-3p
to exert anti-hypertensive effects. However, sST2 might not be the only target of miR-202-3p in EH pathogenesis. For
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example, the target genes CCR7 and CD247 were shown to be involved in the regulation of immune inflammatory
cell function, contributing to end organ damage in hypertension [30,31]. Moreover, TRPM6, an identified target
of miR-202-3p, encodes a transient receptor potential ion channel that plays an important role in the regulation of
vascular tone and blood pressure [32,17], while MALAT-1, a long noncoding RNA targeted by miR-202-3p, was
involved in vascular remodeling and promoted hypertension [33,34]. To the best of our knowledge, this study is the
first to illustrate a mechanistic link between miR-202-3p and EH. However, additional efforts should be made to
comprehensively reveal the mechanism by which miR-202-3p influences EH development.

As we all know, high plasma level of uric acid and homocysteine both contribute greatly to EH pathogenesis [35,36].
Notably, we found miR-202-3p expression was positively correlated with uric acid and homocysteine (Table 4), in-
consistent with that higher expression of miR-202-3p could be detected in EH patients (Figure 1). Wainwright et al.
have indicated that miR-202-3p transcription was directly controlled by a transcription factor SOX9 [37]. Hyperho-
mocysteinemia and hyperuricemia both could cause an induction of SOX9 expression [38,39]. Thus, we suggest the
SOX9-miR-202-3p-sST2 signaling axis might be critical for the development of hypertension complicated by hyper-
uricemia and hyperhomocysteinemia and our study will focus on it in next step.

miR-202-3p regulates the proliferation, apoptosis, and function of Sertoli cells and plays a critical role in spermato-
genesis [40]. Higher expression of miR-202-3p could be detected in males. We speculated the levels of miR-202-3p
might affect the incidence of hypertension. Thus, the expressions of miR-202-3p in PBMCs in our population were ex-
amined. We failed to detect higher expression of miR-202-3p in both male patients and total males, probably because
of small sample size. Even in the controls group, the levels of miR-202-3p in peripheral blood cells were significantly
higher in females than in males (log-transformed expression levels relative to U6B, −1.10 +− 2.33 vs. –2.20 +− 2.10,
P=0.002).

The present study has a number of limitations. First, miRNAs often exert their effects synergistically. Thus, sys-
tematically screening all IL-33/ST2 pathway-targeting miRNAs could help determine the pathomechanism of EH and
improve the prediction efficiency. Second, the effect of miR-202-3p in the progression of EH should be evaluated in
future clinical studies. Finally, the biological consequence of miR-202-3p depletion on blood pressure variation and
end organ damage should be monitored using spontaneous hypertensive rat models.

In summary, our study showed that blood levels of miR-202-3p increased in EH patients and were associated with
EH. Further functional analyses suggested that miR-202-3p suppressed sST2 expression in a feedback manner both
in vitro and in vivo. Thus, miR-202-3p appears to exert an anti-hypertensive role but more efforts are required to
reveal the underlying mechanisms.
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