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Abstract

Objectives: The aim of this study is to evaluate the relationship of miR-21, nitric oxide (NOx) and
endothelial nitric oxide synthase (eNOS) with subclinical atherosclerosis in carotid arteries by
measuring carotid intima media thickness (CIMT) in patients with hypertension and healthy
controls. Design and Methods: A total of 28 hypertensive and 28 healthy controls were enrolled.
MiR-21 expression was analyzed by quantitative reverse transcription-PCR and NOx, and eNOS
levels were measured by ELISA assay. CIMT was evaluated by ultrasonography and
CIMT� 0.8 mm was accepted as increased CIMT (iCIMT). Results: C-reactive protein (CRP)
level, plasma miR-21 expression level and CIMT were found to be significantly higher in the
hypertension group when compared to the control group (p¼ 0.009, p¼ 0.002 and p50.001,
respectively). NOx and eNOS levels were significantly lower in the hypertension group
compared to the control group (p50.001, both). MiR-21 level was positively correlated with the
clinical systolic blood pressure, clinical diastolic blood pressure, CRP and CIMT. MiR-21 was also
negatively correlated with NOx and eNOS. Eighteen patients with hypertension had iCIMT. MiR-
21 and CRP levels were significantly higher (p50.001 and p¼ 0.001), whereas NOx and eNOS
levels were significantly lower in patients with iCIMT (p50.001, both). Conclusion: The
decreased levels of NOx and eNOS found in this study indicate the co-existence of endothelial
dysfunction and hypertension once more. In the absence of microalbuminuria, the increased
miR-21 expression in patients with iCIMT made us conclude that this miRNA might be involved
in the early stages of atherosclerotic process in hypertensive patients.
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Introduction

Primary hypertension (HT) is a highly prevalent pathological

condition that is considered as one amongst the traditional

risk factors for cardiovascular disease (CVD) and is an

important cause of adult morbidity and mortality worldwide.

Despite the fact that mechanisms underlying HT are not yet

fully elucidated, a large amount of evidence shows that

endothelial dysfunction plays a central role in its pathophysi-

ology. Endothelial dysfunction, characterized by apoptosis,

diminished endothelial nitric oxide synthase (eNOS)-derived

nitric oxide (NOx) release and inflammation, and is

associated with the development and progression of athero-

sclerosis (1–3).

Significant numbers of asymptomatic and or unmedicated

hypertensive patients are attacked by subclinical target organ

damage such as microalbuminuria (MAU) and carotid

atherosclerosis. MAU is a predictor of cardiovascular events

in patients with HT. Carotid intima-media thickness (CIMT)

measured by ultrasonography is a noninvasive test used

to assess the presence of subclinical atherosclerosis (4).

Increased CIMT (iCIMT) is acknowledged as an early marker

of subclinical target organ damage in HT (5). The relation-

ships between MAU and arterial damage, as well as with

impaired endothelial function with iCIMT in hypertensive

patients, have been investigated in several studies (6,7).

MicroRNAs (miRNAs) have been reported to be involved

in several biological processes including differentiation,

proliferation, development, migration, and apoptosis (8–10).

The roles of miRNAs have been extensively elucidated in

several diseases (diabetes mellitus, metabolic syndrome, and

cancer), nonetheless, there is a paucity of data when it comes

to cardiovascular disorders and HT. Only recently research

have focused on the association of miRNAs and HT, and some

new insights are sure to follow. There are, however, a limited

number of reports in the literature that studied miR-21 in HT.

In experimental data, miR-21 influences endothelial biology

activating the NO pathway, whereas there are no data for

target organ damage in hypertensive patients (11).
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The aim of this study is to assess the relationship of plasma

miR-21, NOx and eNOS levels with CIMT as a sign of

subclinical target organ damage in patients with HT compared

to healthy controls. We hypothesized that increased plasma

miR-21 expression could be a molecular contributor of

increased CIMT in patients with HT.

Methods

Study population

The study included HT patients who attended our outpatient

clinic and age- and sex-matched healthy volunteers as a

control group between March 2014 and September 2014. The

inclusion criteria were as follows: stage 1 hypertension

without any comorbidity, taking alpha-blockers (4/28), cal-

cium channel blockers (22/28), and diuretic (2/28). The

control group consisted of normotensive healthy individuals.

Eligible subjects must not have any of the following health

issues: low-density lipoprotein (LDL) 4130 mg/dl, diabetes

mellitus, metabolic syndrome, body mass index 430 kg/m2,

smoking, subjects with signs or symptoms of atherosclerotic

vascular disease, malignancy, connective tissue diseases,

endocrine diseases, or alcoholism. Patients taking drugs that

could affect blood pressure (angiotensin-converting enzyme

inhibitors, angiotensin receptor blockers, beta blockers), lipid

metabolism (statins, fibrates), and antioxidant substances

within the previous 12 months were also excluded.

All of the participants underwent physical examination,

ambulatory blood pressure monitoring (ABPM), and carotid

ultrasonography at the time of recruitment. For all the

participants, fasting plasma samples were collected and

plasma miR-21, eNOS, NOx levels and biochemistry (included

serum glucose, creatinine, lipid parameters and CRP) and urine

(albumin excretion) parameters associated with HT were

evaluated. The study has been approved by the ethics

committee of the Cerrahpasa Medical Faculty and written

informed consent was obtained from each subject.

Hypertensive patients were those who were having an office

systolic blood pressure (BP) of �140 mmHg and/or diastolic

BP of�90 mmHg according toThe Seventh Report of the Joint

National Committee on Prevention, Detection, Evaluation, and

Treatment of High Blood Pressure guideline. Brachial blood

pressures were obtained by the same clinician using a mercury

sphygmomanometer, which was standardized in accordance

with the approval of American and British Hypertension

Society and World Health Organization. Measurements were

recorded on three occasions for a period of five days. The

average of the three measurements was taken as the systolic

and diastolic BP.

All subjects underwent a 24-hour ambulatory BP meas-

urement (ABPM) using a device (Schiller BR-102 Plus, Baar,

Switzerland) approved by the European Hypertension Society

(12). Measurements were performed on the left arm as

suggested by the British Hypertension Society (13).

Carotid ultrasonography

The extracranial carotid arteries were examined using a

standardized protocol. Ultrasonogrophic examinations were

performed in a quiet, temperature-controlled room. After

10 min rest, the examinations were done with a color Doppler

ultrasound unit (ATL, Ultramark 9 HDI, Bothell, WA)

equipped with a 5–10 MHz transducer. All ultrasonographic

measurements were performed and evaluated by a single

radiologist blinded to grouping of the patients. For the subject

in the supine position with slight hyperextension of the neck,

the common carotid arteries, carotid bulb and extracranial

internal carotid arteries were identified. Two parallel

echogenic lines separated by an anechoic space can be

visualized at levels of the artery wall. It was previously shown

that these lines were generated by the blood–intima and

media–adventita interfaces (14). The distance between the

two lines gives a reliable index. Ultrasound scans of the right

and left distal centimeter of common carotid arteries,

bifurcation and of the first proximal centimeter of internal

carotid arteries were performed for determination of the

CIMT. As the far wall was better visualized than the near

wall, far wall CIMT was calculated for each segment. In the

presence of plaques, the wall thickness was never obtained at

the level of plaque. All measurements were made at the time

of scanning on frozen images of longitudinal scans using the

machine’s electronic caliper. CIMT greater than 0.8 mm is

almost certainly indicative of atherosclerosis and increased

risk of cardiovascular disease (15). For comparison, in the

Cardiovascular Health Study the mean CIMT was 0.73 mm, in

the Rotterdam Study the mean CIMT was 0.75 mm and in

another study from Turkey the mean CIMT was 0.80 mm

(1,16,17). The presence of one or more CIMT �0.8 mm in

one major area (left and/or right common carotid arteries,

carotid bulb, internal carotid arteries) was considered to be

evidence of increased CIMT (iCIMT).

Biochemical assays

Laboratory tests, including those for measuring serum creatin-

ine, fasting plasma glucose, triglycerides (TG), total choles-

terol, high-density lipoprotein (HDL), and LDL, were

performed using commercial kits employing routinely used

clinical chemistry procedures. Serum high-sensitivity

C-reactive protein (CRP) levels were measured by a nephelo-

metric method (Immage 800 Beckman Coulter, Istanbul,

Turkey). Albumin excretion in 24 h urine samples were

measured using Roche Hitachi P800 (Roche, Mannheim,

Germany) with ALBT2 microalbumin kit in 24 h urine

samples, and the mean value was calculated as daily albumin

excretion. Albumin excretion of�30 mg per 24 h was accepted

as normoalbuminuria (18). Creatinine clearance (CrCl) was

calculated by the Cockcroft–Gault formula: [CrCl (mL/min per

1.73m2)¼ [140-age (years)]� body weight (kg)/

(72�Cr)� (0.85, if female)].

Plasma collection and RNA isolation

Whole blood samples were collected into EDTA containing

vacutainers in the morning after a 12 h fasting. Then, the

samples were immediately centrifuged for plasma separation

at 3000� g for 10 min. After phase separation, plasma were

collected and divided into two aliquots, snap frozen. and

stored at �80 �C until RNA isolation.

Total RNA from blood samples was isolated using

miRNeasy Mini Kit (Qiagen, Germany, Düsseldorf,
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Germany) according to manufacturer’s instructions. The

purities and concentrations of RNA samples were determined

spectrophotometrically using NanoDrop ND-2000c (Thermo

Fisher Scientific, Inc., Wilmington, DE).

cDNA synthesis and quantitative reverse transcription
PCR

First strand DNA (cDNA) synthesis was carried out with 2 ml

of total RNA from each sample using ‘‘miScript II RT Kit’’

according to manufacturer’s protocol (Qiagen, Germany).

Custom miScript miRNA PCR Array (Qiagen, Germany) was

used to profile the expression level of the miR-21. RNU6B

was used for normalization of miRNA expression.

Quantitative RT-PCR was carried out using miScript SYBR

Green PCR Kit (Qiagen, Germany) following manufacturer’s

protocol in a Roche LightCycler480-II real-time thermal

cycler (Roche, Rotkreuz, Switzerland). Each experiment was

performed in duplicate. The relative quantification analysis

was done by delta–delta–Ct method as described previously

(19).

Measurement of serum NOx concentrations

Serum NOx concentrations were determined by measuring

serum NO2/NO3 levels using the nitrate/nitrite colorimetric

assay kit (Enzo Life Sciences, Lausen, Switzerland; Cat. No:

ADI-917-020). The coefficients of intra- and inter-assay

variations were 3.0% (n¼ 20) and 3.9% (n¼ 20), respectively.

Measurement of plasma eNOS activity

Plasma eNOS activity was measured by enzyme-linked

immunoassay using commercially available kit (Uscn Life

Science Inc., ELISA Kit, Cat. No: SEA868Hu) in our

laboratory. The coefficients of intra- and inter-assay vari-

ations were 5.1% (n¼ 10), and 6.5% (n¼ 10), respectively.

Statistical analysis

A sample size of 28 patients per group was needed to achieve

an 80% power at a 2-sided alpha of 0.001 to detect the

expected difference in the mean relative expression level. The

normal distribution of data was tested by the 1-sample

Kolmogorov–Smirnov test. Continuous variables are pre-

sented as mean ± SD. Categorical variables are presented as

counts. All statistical comparisons were performed using the

two-sided Student’s t-test on log-transformed data. The

unpaired t-test was also validated using the non-parametric

Mann–Whitney U-test. Categorical variables were compared

using the Chi-square test or Fisher exact test for small

samples. Pearson’s correlation was used for numerical data.

Spearman’s correlation was used for nominal data. p Values

50.05 were considered significant. Statistical analyses were

performed using SPSS 22.0 software for Windows (SPSS Inc,

Chicago, IL). Results of intra-assay reproducibility are

represented as coefficients of variation.

Results

A total of 98 hypertensive patients were screened and 28 who

fulfilled to inclusion and exclusion criteria were included in

the study; 28 subjects enrolled as a control group. The

demographic data and laboratory parameters are summarized

in Table 1. Age, gender distribution and body mass index did

not differ among groups (p40.05, each). As expected, office

systolic and diastolic BP levels were significantly higher in

hypertensive patients than in the control group (p50.001,

both). There were no significant differences in the lipid par-

ameters glucose, creatinine clearance, and microalbuminuria

levels between the HT and control groups (p40.05, each).

CRP level and CIMT measurements were significantly higher

in the HT group than in the control group (p¼ 0.009 and

p50.001, respectively). Plasma miR-21 displayed increased

relative expression in the HT group compared to the control

group (p¼ 0.002). NOx and eNOS levels were significantly

lower in the HT group in comparison to the control group

(p50.001, both) (Figure 1).

The results of the correlation among parameters are

presented in Table 2. Plasma miR-21 level was positively

correlated with the office systolic and diastolic BP, BMI, CRP

and CIMT. It was also negatively correlated with NOx and

eNOS (Figure 2). There was no correlation between plasma

miR-21 level and ABPM. NOx was negatively correlated with

office systolic and diastolic BP, TG, CIMT and CRP. eNOS

was negatively correlated with age, office systolic and

diastolic BP, ABPM overall systolic and diastolic BP,

ABPM daytime systolic and diastolic BP, LDL, CIMT, and

CRP (Table 2).

Hypertensive patients were divided into two groups

according to CIMT measurements as iCIMT (�0.8 mm) and

normal carotid intima–media thickness (nCIMT) (50.8 mm).

Table 1. Demographic, clinic and laboratory characteristics of the HT
and control groups.

Controls
(n¼ 28)

Hypertensive
subjects
(n¼ 28) p

Gender (F/M) 18/10 15/13 0.587
Age, years 45.1 ± 5.3 47.3 ± 5.6 0.142
Disease duration (years) – 4.7 ± 3.1
BMI (kg/m2) 22.7 ± 1.8 23.4 ± 1.6 0.121
Clinical SBP (mmHg) 121.8 ± 7.1 149.8 ± 5.2 50.001
Clinical DBP (mmHg) 75 ± 5.6 94.6 ± 3.9 50.001
Overall SBP (mmHg)a 119.8 ± 8.7 145.1 ± 4.4 50.001
Overall DBP (mmHg)a 71.6 ± 6.4 91.4 ± 3.9 50.001
Daytime SBP (mmHg)a 122.1 ± 9.9 151.2 ± 4.6 50.001
Daytime DBP (mm Hg)a 78 ± 8.4 96.3 ± 3.4 50.001
Glucose (mg/dl) 85.8 ± 5.6 87.6 ± 5.6 0.247
Total cholesterol (mg/dl) 174.5 ± 22.2 181 ± 15.1 0.208
HDL (mg/dl) 56.8 ± 12.4 53.7 ± 12.7 0.364
LDL (mg/dl) 99.8 ± 20.8 108.8 ± 18.9 0.096
Triglyceride (mg/dl) 84.4 ± 29.2 95.8 ± 33.8 0.184
CrCl (ml/min per 1.73 m2) 113.5 ± 32.3 112.8 ± 26.1 0.927
MAU (mg per 24 h) 16.1 ± 8.7 16.9 ± 7.7 0.708
CIMT (mm) 0.55 ± 0.12 0.81 ± 0.10 50.001
CRP (mg/L) 1.3 ± 1.2 2.1 ± 0.8 0.009
NOx (mmol/l) 14.8 ± 7.2 6.9 ± 3.9 50.001
eNOS (pg/ml) 913.3 ± 136.2 538.9 ± 100.8 50.001
miR-21 expression level 24.1 ± 5.3 84.4 ± 92.3 0.002

BMI, body mass index; CIMT, carotid intima–media thickness; CrCl,
creatinine clearance; CRP, C-reactive protein; DBP, diastolic blood
pressure; eNOS, endothelial nitric oxide synthase; F, female; HDL,
high-density lipoprotein; MAU, microalbuminuria; LDL, low-density
lipoprotein; M, male; NOx, nitric oxide; SBP, systolic blood pressure.

aAmbulatory blood pressure monitoring.
Statistically significant p values are indicated as bold.
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Figure 1 miR-21 expression, CRP, NOx and eNOS levels in study groups. CRP, C-reactive protein; eNOS, endothelial nitric oxide synthase; NOx,
nitric oxide.

Table 2. Relationship of miR-21, NOx, eNOS and CIMT with the other characteristics of patients.

miR-21 NOx eNOS CIMT

Variables R p R p r p R p

Age 0.050 40.05 �0.099 40.05 �0.269 0.045 0.158 40.05
BMI 0.286 0.033 �0.092 40.05 �0.192 40.05 0.327 0.014
Clinical SBP 0.420 0.001 �0.590 50.001 �0.844 50.001 0.767 50.001
Clinical DBP 0.372 0.005 �0.534 50.001 �0.801 50.001 0.760 50.001
Overall SBPa �0.199 40.05 �0.341 40.05 �0.455 0.015 0.247 40.05
Overall DBPa �0.251 40.05 0.118 40.05 �0.386 0.033 �0.111 40.05
Daytime SBPa �0.001 40.05 �0.171 40.05 �0.397 0.036 0.207 40.05
Daytime DBPa �0.287 40.05 0.072 40.05 �0.336 0.041 �0.076 40.05
LDL 0.164 40.05 �0.131 40.05 �0.284 0.034 0.284 0.034
Triglyceride 0.226 40.05 �0.334 0.012 �0.184 40.05 0.245 40.05
MAU 0.088 40.05 0.041 40.05 0.051 40.05 �0.062 40.05
CIMT 0.406 0.002 �0.669 50.001 �0.887 50.001
CRP 0.303 0.023 �0.378 0.004 �0.545 50.001 0.593 50.001
NOx �0.322 0.016 0.695 50.001 �0.669 50.001
eNOS �0.331 0.013 40.05 50.001 �0.887 50.001

BMI, body mass index; CIMT, carotid intima–media thickness; CRP, C-reactive protein; DBP, diastolic blood pressure;
eNOS, endothelial nitric oxide synthase; MAU, microalbuminuria; LDL, low-density lipoprotein; NOx, nitric oxide; SBP,
systolic blood pressure.

aAmbulatory blood pressure monitoring.
Statistically significant p values are indicated as bold.
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Eighteen patients with hypertension had iCIMT. Table 3

shows the characteristics of patients according to groups. CRP

levels were significantly higher in iCIMT group than in

nCIMT group (p50.001). Plasma miR-21 displayed increased

relative expression in iCIMT group compared to nCIMT

group (116.6 ± 100.7 vs 26.4 ± 24.4; p¼ 0.001). NOx and

eNOS levels were significantly lower in iCIMT group than in

nCIMT group (4.6 ± 3.1 vs 10.5 ± 1.1; p50.001 and

494.1 ± 92.6 vs 619.5 ± 55.7; p50.001, respectively).

Discussion

This is the first study which demonstrated a relation with

circulating miR-21 level and increased CIMT in hypertensive

patients. The biomarkers of endothelial function (NOx,

eNOS) and inflammation (CRP) were associated with

plasma miR-21. Increased expression of miR-21, decreased

level of eNOS and increased level of CRP seem to be related

with atherosclerotic process in hypertensive patients (20).

Recent studies have found that vascular endothelium

impairment, which is a key initial step in atherogenesis, is

common in subjects with cardiovascular risk factors (21,22).

eNOS-derived NOx, as a biomarker of endothelial function, is

also downregulated in these patients. Nitric oxide is predom-

inantly synthesized in the vascular endothelium by eNOS.

NOx induces vasodilatation through the relaxation of vascular

smooth muscle cells. It also prevents platelet adhesion and

aggregation and exerts anti-inflammatory, anti-proliferative

and anti-migratory effects on leukocytes, endothelial cells and

vascular smooth muscle cells, thus providing protection from

atherosclerosis. Hypertensive subjects have increased produc-

tion of reactive oxygen species, which scavenge NOx, thereby

reducing NOx bioavailability (1). NOx contributes to the

regulation of BP and that impaired NOx bioactivity is

associated with HT. However, the etiology and mechanisms

of these relationships, particularly the question of whether

impaired NOx precedes or follows HT remains unclear (23).

Although our data do not let us speculate on any causative

relationship, we demonstrated that NOx and eNOS levels

were significantly lower in HT patients compared with the

control group as in many other studies (24–27). Besides the

strong negative correlation between eNOS and blood pressure

Figure 2 Relationship between miR-21 and CRP levels (A), miR-21 and NOx levels (B), miR-21 and eNOS levels (C), miR-21 and CIMT (D), miR-21
and Clinical SBP (E), miR-21 and Clinical DBP (F) in the study groups. CRP, C-reactive protein; DBP, diastolic blood pressure; eNOS, endothelial
nitric oxide synthase; CIMT, carotid intima–media thickness; NOx, nitric oxide; SBP, systolic blood pressure.

Table 3. Demographic, clinic and laboratory characteristics of according
to CIMT measurements in the HT group.

nCIMT
(n¼ 10)

iCIMT
(n¼ 18) p

Disease duration (years) 5 ± 3.1 4.5 ± 3.2 0.759
Clinical SBP (mmHg) 148.3 ± 4.3 150.7 ± 5.6 0.408
Clinical DBP (mmHg) 94.5 ± 2.8 94.6 ± 4.4 0.796
Overall SBP (mmHg)a 143.2 ± 3.1 146.2 ± 4.7 0.089
Overall DBP (mmHg)a 91.4 ± 1.9 91.3 ± 4.7 0.906
Daytime SBP (mmHg)a 149.9 ± 2.6 151.9 ± 5.4 0.436
Daytime DBP (mm Hg)a 77.9 ± 7.2 78.9 ± 6.5 0.759
CrCl (ml/min per 1.73 m2) 119.2 ± 28.2 109.3 ± 25.1 0.160
MAU (mg per 24 h) 19.2 ± 8.5 15.6 ± 7.1 0.265
CRP (mg/L) 1.3 ± 0.3 2.5 ± 0.6 50.001
NOx (mmol/l) 10.5 ± 1.1 4.6 ± 3.1 50.001
eNOS (pg/ml) 619.5 ± 55.7 494.2 ± 92.6 50.001
miR-21 expression level 26.4 ± 24.4 116.6 ± 100.7 0.001

CrCl, creatinine clearance; CRP, C-reactive protein; DBP, diastolic
blood pressure; eNOS, endothelial nitric oxide synthase; iCIMT,
increased carotid intima–media thickness; MAU, microalbuminuria;
nCIMT, normal carotid intima–media thickness; NOx, nitric oxide;
SBP, systolic blood pressure.

aAmbulatory blood pressure monitoring.
Statistically significant p values are indicated as bold.
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levels, the existence of a similar relationship with CIMT that

we found, might indicate that eNOS is a biomarker of

subclinical atherosclerosis as well.

MiRNAs are small, endogenous, non-coding RNA mol-

ecules of approximately 21–23 bp length. They induce mRNA

degradation or their targets’ translational inhibition through

post-transcriptional targeting of mRNAs. They are supposed

to regulate the expression of almost 60% of human genes (28).

MiRNAs are potential biomarkers for diagnosis and prognosis

and serve as therapeutic targets in several diseases, such as

diabetes, heart disease and various cancers. MiR-21 plays an

important role in angiogenesis, apoptosis, cardiac and renal

fibrosis (29). The expression of miR-21 is increased by shear

stress and contributes to the protection of endothelial cells

(ECs) by decreasing apoptosis and increasing eNOS and NO

production (30). Several pathological conditions lead to

increased plasma miR-21. Shear stress induces miR-21

expression and high miR-21 level is observed in vessels

during pulmonary hypertension (31). miR-21 also contributes

to endothelial-to-mesenchymal transition (EndMT). EndMT

is a phenotypic change of ECs into fibroblastic cells. Pressure

overload of left ventricular in mice increases miR-21

expression and fibroblast markers in cardiac ECs; miR-21

antagomir blocks this effect (32). In another study, elevated

miR-21 level has been detected in HT patients compared to

controls, and correlation of miR-21 expression with 24-hour

diastolic BP and the dipping status has been observed (33]. In

our study, we demonstrated that circulating miR-21 is

significantly upregulated in HT patients and its expression

is positively correlated with office systolic and diastolic BP

levels. In the literature, some studies demonstrated a signifi-

cant relationship between ambulatory blood pressure meas-

urements and miR-21 expression in hypertensive subject,

however, there are other studies showing no or partial

relationship (34). The studies carried out on this topic are

controversial. In our study, we could not find an association

between ambulatory blood pressure measurements and

plasma miR-21 level, most probably due to the limited

number of participants, which necessitates further studies

with larger groups. Additionally, we found that miR-21

expression positively correlated with CIMT and negatively

correlated with NOx and eNOS. Yet, we know from an

experimental study that development of a senescent arterial

endothelial cell phenotype featuring enhanced apoptosis and

inflammation and reduced eNOS could be associated with

changes in miRNAs linked to the regulation of these

processes (35).

Among others, increased MAU and increased CIMT and/or

plaque formation are indicators of asymptomatic organ

damage in hypertensive patients (36). In our study, we used

these two parameters to detect subclinic target organ

involvement. In hypertensive patients with a mean disease

duration of 4.7 years, although the MAU levels were similar,

CIMT was significantly higher than healthy controls. It is not

certain whether this finding can be interpreted as initiation of

atherosclerotic process in carotid arteries precedes renal

involvement, but with our findings, it can be said that

increased plasma miR-21 expressions indicate the presence of

atherosclerosis in the early stage of hypertensive patients. The

higher level of CRP, which is generally accepted as a

biomarker of atherosclerosis, in hypertensive group with

increased CIMT supports this interpretation. Considering the

elevated serum miR-21 level, our results suggest that antago-

miR-21 could be utilized as a novel therapeutic target against

the development of atherosclerosis in hypertensive patients.

Certain limitations of the present study need to be

acknowledged. First, we studied only a limited number of

patients, second we searched only two parameters for

subclinical target organ damage, and third we could not

profile all of the miRNAs detected in humans; we only

investigated miR-21. However, we believe that this study

should be interpreted as a pilot study.

Conclusions

Although our results do not clarify which precedes the other,

the decreased levels of NOx and eNOS found in this study

indicate the co-existence of endothelial dysfunction and

hypertension once more. In the absence of MAU, the

increased plasma miR-21 expression in patients with

increased CIMT made us conclude that this miRNA might

be involved in the early stages of atherosclerotic process in

hypertensive patients. Therefore, its measurement and moni-

toring might be useful in risk assessment and therapeutic

choices in hypertensive patients. However, further and larger

studies are required to understand the exact mechanisms

underlying these observations in HT, and to confirm these

results.
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