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Abstract. – OBJECTIVE: The aim of this study 
was to investigate the correlation between mi-
croRNA-136 levels and biochemical markers of 
renin-angiotensin-aldosterone system (RAAS) 
in patients with essential hypertension (EH).  

PATIENTS AND METHODS: The subjects were 
divided into EH group (n=110) and healthy con-
trol group (n=110). MicroRNA-136 expression, 
angiotensin-converting enzyme (ACE) activity, 
and expression of renin (RA) and angiotensin 
II (Ang II), and aldosterone (ALD) in peripheral 
blood serum were examined by quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR), 
equine glycylglycine glycine method, magnetic 
particle chemistry, and radioimmunoassay, re-
spectively. In addition, the correlation between 
microRNA-136 and RAAS biochemical markers 
was estimated by Pearson linear regression. 
Meanwhile, ROC curve analysis was carried out 
to evaluate the potential of microRNA-136 for the 
diagnosis of EH. Follow-up data were recorded 
for assessing the influence of microRNA-136 on 
the prognosis in patients with EH.   

RESULTS: It was found that microRNA-136 
expression was remarkably elevated in periph-
eral blood serum of patients with EH, and the 
expression levels of biochemical markers of 
RASS, such as ACE, RA, Ang II, and ALD were 
also found higher than those in healthy controls. 
Meanwhile, a significant positive correlation 
was confirmed between microRNA-136 level and 
ACE activity, RA, Ang II, as well as ALD levels 
in patients with EH. In addition, the area under 
the ROC curve (AUC) was calculated as 0.8662, 
with a sensitivity of 82.73% and a specificity of 
80.91%. After two-months medication interven-
tion, patients with EH expressing a high level of 
microRNA-136 had better therapeutic efficacy 
than those with a low level.   

CONCLUSIONS: In peripheral blood serum, mi-
croRNA-136 expression was dramatically neg-
atively correlated with biochemical markers of 
RASS. High level of microRNA-136 predicts a 
good prognosis in patients with EH following 
medication. Therefore, microRNA-136 can be used 
as a potential biomarker for the diagnosis of EH.   
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Introduction

Essential hypertension (EH), a syndrome with 
elevated blood pressure as the main clinical man-
ifestation, is an important cause and risk factor 
for various cardiovascular and cerebrovascular 
diseases1. This syndrome can seriously affect the 
structure and function of the heart, brain, kidney, 
and other important organs, and eventually lead 
to the failure of these organs. Up to now, hyper-
tension is still one of the main causes inducing 
cardiovascular death2, but the pathogenesis of EH 
remains to be accurately determined.

MicroRNA (miRNA), first reported in 1993, 
is a class of endogenous non-coding RNA, able to 
be engaged in the transcription and expression of 
many genes3,4. MiRNAs exist in plasma, serum and 
other body fluids in a stable form, play an auxiliary 
role in disease diagnosis or evaluation of progno-
sis and recurrence condition and may be used as a 
new clinical marker. Therefore, the change of miR-
NA expression may be closely associated with the 
occurrence and progression of human diseases5. 
Hao et al6 have demonstrated that miRNA can be 
involved in the occurrence, development, and out-
come of hypertension. In addition, microRNA-136, 
located on chromosome 14, is reported to have the 
ability of suppressing the proliferation and invasion 
of colon cancer cells by targeting liver receptor ho-
molog-1/Wnt signaling7. However, the correlation 
between miRNA-136 and essential hypertension 
has not been explored.

The activation of renin-angiotensin aldoste-
rone system (RAAS) is a classic pathway for the 
development of hypertension and plays an im-
portant role in the pathogenesis of this disease.  
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Currently, miRNAs are reported to be closely 
related to the overactivation of the RAAS sys-
tem and can indirectly or directly affect blood 
pressure through a variety of pathways8. Renin, 
released and secreted by preglomerular cells, 
participates in regulating blood pressure and 
maintaining the dynamic balance of the envi-
ronment in the body. Dysregulation of aldoste-
rone, the final product of the renin-angiotensin 
system, can induce hypertension. Angioten-
sin-converting enzyme 2 (ACE2) generates an-
giotensin-7 peptide Ang (1-7) under the action 
of angiotensin metabolism, and thus acts as a 
negative regulator of the RAAS system. As a 
peptide, Apelin, the second catalytic compound 
of ACE2, has a protective effect on myocardial 
contractility and cardiovascular system. Ape-
lin binds to its surface receptor APJ, a 7-trans-
membrane receptor with significant homology 
to the Ang II1 receptor (AT1R)9,10. In this study, 
the expression level of microRNA-136 in the 
serum of patients with EH was explored, and 
its correlation with the biochemical markers of 
RAAS was analyzed, so as to provide a new 
idea for the diagnosis and treatment of EH.

Patients and Methods

Information Collection
110 patients with primary hypertension who 

were hospitalized in the hospital from May 2016 
to December 2018 were collected, all in line with 
the diagnostic criteria for EH in the World Health 
Organization and the International Association of 
Hypertension. They were composed of 60 males 
and 50 females aged 44-78 years old, with an av-
erage of (59.6±7.2) years old. Patients with kidney 
disease, diabetes, or severe cardiovascular and 
cerebrovascular diseases were excluded. A total 
of 110 healthy people in the hospital were selected 
as the control group, consisting of 62 males and 
48 females aged 48-75 years, with a mean of (58.8 
± 9.1) years old. There were no significant differ-
ences in age and gender between the two groups 
(p>0.05), which were comparable. The investi-
gation was approved by the Ethics Committee of 
Zaozhuang Municipal Hospital, and an informed 
consent form was signed by each subject.

Blood Specimen Processing
About 4-5 mL of fasting venous blood was 

collected in the morning, inverted several times, 
let stand for 1 h at room temperature, and cen-

trifuged at 1000 g for 15 min at 4°C. After that, 
the supernatant was collected in the enzyme-free 
Eppendorf (EP) tube and then stored at -80°C.

RNA Extraction and Quantitative 
Real Time-Polymerase Chain Reaction 
(qRT-PCR) Detection

Total RNA in serum was extracted by TRIzol 
method (Invitrogen, Carlsbad, CA, USA) and then 
reversely transcribed into complementary deoxy-
ribonucleic nucleic acid (cDNA). QRT-PCR was 
performed according to the protocol of TaqMan 
RNA Reverse Transcripts Kits (Thermo Fisher 
Scientific, Waltham, MA, USA). The primers were 
designed as follows: miR-136: 5’-ACUCCAUUU-
GUUUUGAUGAUGGA-3’ (forward) and 5’-UC-
CAUCAUCAAAACAAAUGGAGU-3’ (reverse), 
and U6: 5’-GCTTCGGCAGCACATATACTA-
AAAT-3’ (forward) and 5’-CGCTTCAC-
GAATTTGCGTGTCAT-3’ (reverse).

Detection of ACE Activity
Equine glycylglycine can be hydrolyzed to hip-

puric acid and glycylglycine under the action of 
ACE. The hippuric acid was extracted with ethyl 
acetate, dissolved in a sodium chloride solution, 
and the amount of reduction of equine glycylgly-
cine was measured at 228 nm. The serum ACE 
assay kit was purchased from Beyotime Biotech 
(Shanghai, China).

Serum Renin (RA), Angiotensin II 
(Ang II), Aldosterone (ALD) Detection

Automatic biochemical analyzer (Zhengzhou 
Antu Bioengineering Co., Ltd., model AutoLumo 
A2000, Zhengzhou, China) and intelligent immune 
counter (Beijing North Biotechnology Research In-
stitute Co., Ltd., model FJ-2008PS, Beijing, China) 
were used. RA was examined by renin quantitative 
test kit using magnetic particle chemistry method, 
ALD was detected by ALD kit using radioimmuno-
assay, and Ang II was analyzed by radiation method.

Follow-Up
Patients recruited with EH orally took extend-

ed release nifedipine tablets, with 10 mg, bid, and 
they were followed up for 2 months. Therapeutic 
efficacy of medication was assessed as follows: 
Significant effect: diastolic blood pressure decline 
≥ 10 mm Hg, and it dropped to normal or above 
20 mm Hg. Valid: diastolic blood pressure decline 
< 10 mm Hg, but it dropped to normal or declined 
10-19 mm Hg. Invalid: failed to achieve the above 
two standards. Total effective rate was the ratio 
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of numbers of significant effect and valid cases to 
the total case number.

Statistical Analysis
Statistical analysis was performed using Sta-

tistical Product and Service Solutions (SPSS) 19.0 
statistical software (IBM, Armonk, NY, USA). 
The measurement data were expressed as mean 
± standard deviation (x̅ ± s). The comparison be-
tween groups was analyzed by t-test, and enu-
meration data comparison was achieved by the 
Chi-square test. Then, the correlation analysis 
was performed by Pearson correlation, and the re-
ceiver operating characteristic (ROC) curve was 
used to evaluate the diagnostic value of microR-
NA-136 for EH. The difference was statistically 
significant at p<0.05. 

Results

Baseline Characteristics of Healthy 
Subjects and Patients with EH

Clinical data of recruited patients with EH and 
healthy subjects were collected. Significant dif-
ferences in systolic and diastolic blood pressure 
were found between two groups (p<0.05). Nev-
ertheless, no significant differences in age, sex, 
BMI, TC, HDL-C, and LDL-C were seen between 
EH patients and healthy controls (p>0.05, Table 
I), suggesting the comparable baseline character-
istics between groups.

MicroRNA-136 Is Under-Expressed
in Serum of Patients With EH

qPCR revealed that microRNA-136 expres-
sion in peripheral blood of patients with EH was 

remarkably higher than that of healthy controls 
(Figure 1), suggesting that microRNA-136 may 
be engaged in the development of hypertension.

Comparison of Serum ACE Activity 
and Levels of RA, Ang II and ALD 
in Peripheral Blood of Two Groups

It was found that serum ACE activity and RA, 
Ang II, and ALD levels in patients with EH were 
remarkably up-regulated compared with those in 
the healthy subjects (Table II), indicating that pa-
tients with EH contained higher RASS biomark-
ers in serum.

Table I. Baseline characteristics of healthy subjects and patients with EH.

Note: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

 Variable Control  Hypertension χ2/t p

Age 58.8 ± 9.16 59.6± 7.22 0.719 0.473
Sex (male/female) 62/48 60/50 0.074 0.892
BMI (kg/m2) 24.15 ± 3.28 24.73 ± 3.41 1.286 0.200 
SBP (mm Hg) 124.21±17.35 141.73±20.09 6.922 <0.001
DBP (mm Hg) 81.32±8.07 92.11±9.19 9.253 <0.001
TC (mmol/L) 4.36±1.16 4.46±1.27 0.611 0.543
HDL-C (mmol/L) 1.48±0.64 1.34±0.43 1.904 0.058
LDL-C (mmol/L) 2.03±1.02 2.11±1.23 0.525 0.600 
Glucose (mg/dL) 85.66±5.98 87.21±6.11 1.901 0.059
Smoking (n) 59 66 0.908 0.414

Figure 1. Low expression of microRNA-136 in the serum of 
patients with EH. Compared with the serum of healthy people, 
qRT-PCR shows that the expression level of microRNA-136 
in the serum of patients with EH is remarkably reduced.
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Correlation Between Serum 
MicroRNA-136 in Peripheral Blood 
and RAAS Biochemical Markers 
in Patients With EH

To determine whether there exists a correla-
tion between microRNA-136 and RAAS bio-
chemical markers, Pearson correlation analysis 
was performed, and it was found that microR-
NA-136 expression was negatively correlated 
with ACE activity (r=-0.7874, p<0.001) (Figure 
2A), RA (r=-0.3693, p<0.001) (Figure 2B), Ang 
II (r=-0.2743 p=0.0037) (Figure 2C), and ALD 
(r=-0.5378, p<0.001) (Figure 2D), which indi-
cates that microRNA-136 can inhibit ACE ac-
tivity and decrease the expression levels of RA, 
Ang II, and ALD.

Evaluation of the Value of MicroRNA-136 
in the Diagnosis of EH

ROC curve analysis showed that the area un-
der the ROC curve was AUC=0.8662, p<0.001, 
95% CI=0.8175-0.9148. When the cut-off value 
was 4.33, the sensitivity was 82.7% and the spec-
ificity was 80.91% (Figure 3). This result suggests 
that microRNA-136 in serum can be indeed used 
as a potential biomarker for the diagnosis of EH.

The Influence of MicroRNA-136
on the Therapeutic Efficacy in EH

Patients recruited with EH were classified into 
two groups (n=55 in each group) based on the 
median serum level of microRNA-136 in them. 
These patients were followed up for 2 months. 
According to the recorded follow-up data, ther-
apeutic efficacy was evaluated. As data showed, 
after two-month medication, the total effective 
rate was 90.91% (50/55) in high microRNA-136 
expression group and 63.64% (35/55) in low mi-
croRNA-136 expression group (p<0.05, Table 
III). It is concluded that highly expressed microR-
NA-136 contributes to EH treatment. 

Discussion

Hypertension is a cardiovascular syndrome 
affected by multiple factors including heredity 
and environment, and its incidence is closely 
correlated with abnormal activity of renin-an-
giotensin-aldosterone system (RAAS)11,12. An-
giotensin converting enzyme 2 (ACE2) is the 
key enzyme of RAAS system, which can inhib-
it the inflammatory response by regulating the 
production of angiotensin (Ang) II/Ang (1-7) 
to improve the cardiovascular remodeling phe-
nomenon induced by hypertension13. In recent 
years, a variety of microRNAs (miRNAs) has 
been identified one after another14,15, which can 
play a vital part in the occurrence and devel-
opment of hypertension via regulating differ-
ent pathophysiological processes such as cell 
proliferation, differentiation, metabolism, and 
apoptosis16-18.

The expressions of some miRNAs in the 
peripheral blood of patients with EH, such as 
miRNA-126, miRNA-143, miRNA-145 and 
miRNA-133, are down-regulated, while some 
other miRNAs, such as miRNA-1, miRNA-296-
5p, and miRNA-let-7e are conversely up-reg-
ulated. In addition, some miRNAs are found 
negatively correlated with blood pressure, such 
as miRNA-21, miRNA-143 and miRNA-145, 
while the opposite result is observed in miR-
NA-9, miRNA-126, and miRNA-133 expres-
sion14-16,19. Moreover, in spontaneous hyperten-
sive rats (SHR), dysregulation of miRNA-155, 
miRNA-130a, and miRNA-208 are discovered, 
and their expression levels are negatively cor-
related with blood pressure20.

 Therefore, miRNA expression may be in-
volved in the incidence of hypertension to some 
extent, suggesting that miRNA may serve as a 
potential target for the treatment of hypertension. 
MicroRNA-136 is one of the many dysregulated 

Table II. Comparison of serum ACE activity and levels of RA, Ang II, and ALD in peripheral blood.

ACE: Angiotensin converting enzyme; RA: Renin; Ang II: Angiotensin II; ALD: Aldosterone.

 Variable Control  Hypertension t p

ACE activity (U/L) 105.37±25.13 171.20±31.39 17.171 <0.001
RA (μg/L) 2.92±0.43 3.13±0.51 3.302 0.001
Ang II (ng/L) 51.99±18.27 104.73±34.29 14.237 <0.001
ALD (ng/L) 30.15±19.07 51.32±18.10 8.445 <0.001
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Figure 2. Correlation between serum microRNA-136 levels in peripheral blood and RAAS biochemical markers in patients 
with EH. A, Correlation between microRNA-136 expression and peripheral blood ACE activity. B, Correlation between mi-
croRNA-136 expression and peripheral blood RA. C, Correlation between microRNA-136 expression and peripheral blood 
Ang IIs. D, Correlation between microRNA-136 expression and peripheral blood ALD.

Figure 3. ROC curve evaluates the value of microR-
NA-136 in the diagnosis of EH. The area under the ROC 
curve (AUC) is 0.8662, p<0.001. When the cut-off value is 
4.330, the sensitivity is 82.73% and the specificity is 80.91%.
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miRNAs in tumor tissues21. Jeong et al22 reported 
that microRNA-136 can enhance paclitaxel’s in-
hibitory effect on ovarian cancer cell proliferation 
by inhibiting the activity of cancer stem cells by 
targeting Notch3. In this study, microRNA-136 
expression was found decreased in serum of pa-
tients with EH.

RAAS system is able to interact with miR-
NA17,23. ACE, the main product of Ang II, can pro-
mote cardiovascular proliferation, inflammatory 
reaction, and oxidative stress reaction, and thus 
participate in the process of hypertension mediated 
cardiovascular remodeling by targeting angioten-
sin type 1 (AT1) receptor. Meanwhile, the ACE2/
Ang (1-7)-Mas receptor axis exerts anti-inflam-
matory response as well as anti-oxidation and an-
ti-angiogenic remodeling effects by counteracting 
the above-mentioned effects of ACE/Ang II signal-
ing8,24. Chen et al24 considered that miRNAs act by 
activation of the RAAS system via the ACE2-Ang 
II-AT1R pathway. Kemp et al25 found that microR-
NA-483-3p can directly act on specific parts of 
RAAS, and that microRNA-483-3p can regulate 
the balance and homeostasis of ACE, ACE2 and 
AT2R levels, suggesting that miRNAs may func-
tion as regulators of the RASS system, which re-
veals a complex relationship between miRNA and 
Ang II sensitivity in the RAS system. In this study, 
Pearson regression analysis manifested that miR-
NA-136 level in peripheral blood serum of patients 
with EH has significant negative association with 
RAAS biochemical markers. However, the relevant 
mechanism needs further research and exploration. 
In addition, through ROC curve analysis, it was 
found that microRNA-136 had the potential to be a 
new diagnostic molecular marker for hypertension.

Conclusions

These data indicate that serum microRNA-136 
expression is remarkably reduced in patients with 

EH, while the expression of biochemical markers 
of RAAS system, such as ACE activity and RA, 
Ang II, ALD, are increased. It can be concluded 
that microRNA-136 exerts an inhibitory effect on 
RAAS system activity and may play a pivotal role 
in the progression of primary hypertension.
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