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Abstract

Complex mechanisms including genetic factors have been proposed in the pathogen-
esis of primary hypertension (HT). Micro RNAs (miRNAs) are single-stranded RNA
molecules that are not converted into protein products. However, it has been es-
tablished that genes regulate conversion into protein products. The primary aim of
this study was to investigate the roles of miRNA 4516, miRNA 145, miRNA 24, and
miRNA 181a in the pathogenesis of HT. The secondary aim was to investigate the
relation between these miRNAs and renin, aldosterone, norepinephrine, renalase,
and NOS. Fifty-two hypertensive and 51 control normotensive individuals under ob-
servation in the Cappadocia cohort were included in the study. miRNA 4516, miRNA
181a, miRNA 24, and miRNA 145 levels were measured using the ddPCR method.
miRNA 4516 and norepinephrine levels were significantly higher in the HT group
(P < .005 for both), while miRNA 145 levels were significantly lower (<.05). miRNA
4516 up-regulation (P < .05) and miRNA 145 down-regulation (P < .05) were identi-
fied as independent predictors of HT. Renalase exhibited negative correlation with
miRNA 4516 and positive correlation with miRNA 145 in the patient and control
group. In addition, negative correlation was present between miRNA 24 and NE and
NOS and between miRNA 181a and NOS in the patient group. Our study identi-
fied, for the first time in the literature, miRNA 4516 up-regulation and miRNA 145
down-regulation as independent determinants of HT. Further studies performed in
the light of our findings may lead to a better understanding of the pathogenesis and

new therapeutic possibilities.

renin-angiotensin-aldosterone symptom activation, together with

vascular reactivity and insulin resistance, have been implicated in

Hypertension (HT) is a widespread disease affecting approximately
25% of the adult population worldwide.! In addition to its ubiquitous
character, it is also an independent risk factor for diseases with high
morbidity and mortality, such as stroke, coronary artery disease,
heart failure, and chronic kidney disease.?

Complex mechanisms are involved in the pathogenesis of HT.
In the light of studies performed to date, neurohormonal mech-

anisms, such as sympathetic nervous system activation and

the pathogenesis of primary HT.%>* There has also been a recent in-
crease in studies involving the genetics of primary HT, and abnor-
mal expression of some genes has been linked to its development.
However, the genetic mechanisms in the pathogenesis of primary HT
have still not been fully elucidated.>¢

MicroRNAs (miRNAs) are single-stranded RNA molecules
20-25 nucleotides in length coded by genes transcribed by DNA.

Translation to protein does not occur, and they are therefore known
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as “non-coding RNA.” While miRNAs are not converted to protein
products, they have been observed to regulate the conversion of
genes to protein products. miRNAs have recently been thought to be
capable of involvement in the pathogenesis of several diseases, and
considerable research into this has taken place. Experimental and
clinical studies have investigated the role of miRNAs in the patho-
genesis of HT. They have been observed to regulate the conversion
of genes to protein products.’® The role of miRNA 4516, miRNA
145, miRNA 24, and miRNA 181a in the pathogenesis of primary
HT has only been investigated in very few clinical and experimental
studies, and various hypothetical results have been obtained.”*¢ The
primary aim of this clinical study was therefore to investigate the
roles of mMiRNA 4516, miRNA 145, miRNA 24, and miRNA 181ain the
pathogenesis of HT. The secondary aim was to investigate the rela-
tions between these miRNAs and renin, aldosterone, norepineph-
rine (NE), renalase, and NOS.

2 | METHOD

2.1 | Patient selection

Individuals in the Cappadocia cohort,"’ aged over 18, who had been
informed about the study and expressed verbal willingness to take
part, and with sufficient intellectual capacity to provide a medical
history, for measuring BP at home and for performing 24-h ABPM,
were enrolled. Pregnant women, patients with known heart failure,
kidney failure or chronic liver disease, or using antihypertensive
drugs, and subjects refusing to provide contact details were ex-
cluded. Ethical committee approval was obtained from the Namik
Kemal University School of Medicine Ethical Committee. Patients

were enrolled after providing verbal and written consent.

2.2 | Study protocol

Fifty-two patients with HT and 51 normotensive controls under
monitoring as normotensive or hypertensive in the Cappadocia co-
hort and not receiving antihypertensive therapy were included in
the study. Subjects' demographic data were recorded at the begin-
ning of the study. Detailed physical examinations were performed,
and office BP measurement was carried out in line with the ap-
propriate guidelines.18 Office BP was measured using a UA-651SL
monitor (A&D Co., 1-243 Asahi), a validated device. Before the
procedure, all patients were asked to rest for at least 5 minutes in
a relaxed position in a quiet room at a comfortable temperature.
BP was measured by a physician from both arms using a cuff of a
suitable size for the patient's forearm, with the forearm held at
heart level, with the back and the forearm supported, and with the
patient sitting upright. We were careful to ensure that patients
did not cross their legs or speak during the procedure. Once BP
had been measured from both arms, subsequent BP measure-
ments were carried out using the arm eliciting the highest value.
BP was measured five times at 1-min intervals. The first measure-

ment was excluded from the analysis. The mean value of the next
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four measurements was recorded as office BP. Patients were then
equipped with 24-h ABPM devices and asked to collect 24-h urine.
Patients with an office average BP measurement 2140/90 mm Hg,
and a 24-h ABPM all-day average 2130/80 mm Hg were diagnosed
with HT. We think that our mean office BP values were lower than
the 24-h ABPM values since mean office SBP and DBP were calcu-
lated based on the mean of four out of five consecutive BP meas-
urements. However, based on the two measurement results (office
and 24 h-ABPM), all subjects in our patient group had BP values
consistent with a diagnosis of HT. Blood samples were collected
for miRNA 4516, miRNA 145, miRNA 24, miRNA 181a, renin, al-
dosterone, NE, renalase, and NOS investigation. Twenty-four-hour
urine sodium was measured using a Roche Cobas C 501 (Roche
Diagnostics GmbH, D-68305 - Mannheim) autoanalyzer with
an ion-selective electrode. Next, 24-h sodium excretion values
(mmol/d) were calculated as the concentration of sodium in urine
(mmol/L) x urinary volume (L/d).

2.3 | Ambulatory blood pressure measurement

Twenty-four-hour BP (24-h ABPM) was measured using a Mobil-O-
Graph NG 24 h ABPM Classic (IEM GmbH) device. Monitoring was
performed from the non-dominant arm. Patients were asked to
record their hours of sleeping, waking and eating, and their daily
activities. Sleeping-waking periods were evaluated accordingly.
Patients were instructed to keep the relevant arm immobile dur-
ing BP measurement. Daytime BP measurement was performed
once every 15 minutes and night-time measurement once every
half hour. Measurements with at least 70% validity from day- and
night-time measurements in 24-h ABPM records were included in

the analysis.

2.4 | Sample collection

Peripheral blood was collected and divided into two tubes, one for
serum and the other for whole blood. The whole blood was col-
lected to Paxgene Blood RNA Tubes (Qiagen) to stabilize RNA for
long term storage. 2,5 mL of whole blood was drawn to Paxgene
Blood RNA Tubes which contains special preservation solution
for RNA and stored in line with the manufacturer's instructions.
Serum collected in gel-containing tubes with gels was centrifuged
and transferred to new dry tubes and stored at —=20°C until labora-

tory analysis.

2.5 | RNA extraction and measurement of
concentration of RNA

RNA extraction was performed using PAXgene Blood miRNA kits
(Qiagen) according to the manufacturer's instructions. The isolated
RNA quantity was measured by Promega Quantifluor instrument
and Quantiflour RNA System Kit. RNA concentrations and purity
were measured with a NanoDrop Lite Spectrophotometer by apply-
ing 2 uL of RNA to the instrument probe.
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2.6 | cDNA synthesis

For quantitation of miRNA 24, miRNA 145, and miRNA 181a in
the project, ready to use Thermo Fisher TagMan miRNA Assays
(Thermo) were used and for reverse transcription, specific RT prim-
ers which were in the content of the assay were used with Bioline
Sensifast cDNA Synthesis Kit (Bioline), to produce cDNA for each
miRNA. For miRNA 4516, TagMan Advanced miRNA Assay was
used because of only that type of kit was produced for quantitation
of miRNA 4516. For reverse transcription of that miRNA, a special
TagMan Advanced miRNA cDNA Synthesis Kit which is compatible
with Advanced miRNA Assays was used. This cDNA synthesis kit
contains universal RT primers.

The RT primers, which were utilized in the study, were selected
according to the instructions of producers of miRNA assays. Reverse
transcription is achieved by primers obtained by the probes and a
Bioline Sensifast cDNA Synthesis Kit (Bioline), with 100 ng RNA
being used as the starting quantity. The mix contains 4 pL 5xTrans-
Amp Buffer, 1 uL Reverse Transcriptase, 1 uL RT primers, 1 uL dNTP

mix (10 mmol/L each) 7 uL DNase, RNase-free water, and 100 ng
RNA.

The thermal cycling conditions were 16°C-30 minutes,
42°C-30 minutes, 48°C-15 minutes, and 85°C-5 minutes.

A different quantification assay was employed for miR-4516. The
reverse transcription of miR-4516 was performed with the compo-
nents of TagMan Advanced miRNA Assays (Thermo), following the

manufacturer's protocol.

2.7 | Absolute quantification of miRNAs by ddPCR

Absolute quantification of miRNAs, miRNA 4516: hsa-miR-4516,
miRNA 181a: hsa-miR-181a-5p, miRNA 24: hsa-miR-24-3p, miRNA
145: hsa-miR-145-5p, is achieved with a BioRad Droplet Digital PCR
QX200 system (Bio-Rad). Droplets consisting of the PCR mix and
cDNA are generated for the absolute quantification of each miRNA.
The PCR mix consisted of 12 uL ddPCR Supermix for Probes (No
dUTP) (Bio-Rad), 1 uL TagMan miRNA Assay (Thermo), 10 uL RNase,
DNase-free water and 2 puL cDNA. The droplets were generated

it ] b I
e - I
- ] VL - ';. il —_———
R b el -
= m ) 1 — —
= T =A% b=
; -
- - [ =1 T
o i P Ta— —
i 1 o o i . " A P RN .. ol M SR
.
=
- - B
-
e |
-
3
|
e s
P
v
e me ww e e
o
7 |
o
m
:
. L
5 !
== J
| = AP g vl | ety 01 P T80 By B0 e g
.- J—-— ; - i i o L
g - o
e -
5"
i s
| fom £ ol
| =
\ -
\ -
| -
s
- - ' ' _l
L T —amllin,. L] o g Yo -t wo0ot L E ] (] " e ] oty L]
' e wm e e o me e e mm o oem e -
St Pl a - .
miRNA 24 miRNA 181a

FIGURE 1 Dropletand copy numbers for miR-21, miR-145, miR-181a, and miR-4516. miRNA quantitation was performed under
optimized ddPCR conditions using the TagMan Assay. The results were presented as copy numbers per microliter. Samples with at least
15 000 droplets were included in the study. miRNA quantitation was calculated by separating negative (black) and positive (blue) droplets

using a Poisson 95% confidence interval
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with 70 pL of Bio-Rad Droplet Generation Oil (Bio-Rad) and 20 pL
PCR mix using special cartridges and a Bio-Rad Droplet Generator
(Bio-Rad). Next, 40 pL of generated droplets was applied to PCR
plates for PCR. The thermal cycling conditions were 95°C-5 min-
utes, 35 cycles of 95°C-30 sec- 60°C-1 minutes, and 98°C-10 sec.
The PCR products were loaded to QX200 Droplet Reader (Bio-Rad).
Quantification of miRNAs was performed on Quantalife Software
(Bio-Rad) provided with the instrument. PCR products with more
than 15 000 droplets included in the analysis. Otherwise, the experi-
ment was repeated to obtain sufficient droplet numbers for absolute
quantification (Figure 1).

The quantification data are getting by ddPCR which enables
absolute quantification by detecting the droplets that contains the
flourescently labeled amplicons via laser. The calculation of the flu-
orescently labeled droplets was performed by Poisson Diagram by
internal normalization of results.

The uL in the copies/uL in miRNA abundance was referring to the
loaded nucleic acid to the ddPCR reaction. In this study, it refers to
cDNA product amount.

For validation of PCR results, miRNA 21 is used to control the

protocol because it is the most abundant miRNA in all types of

TABLE 1 A comparison of the
demographic and biochemical parameters
of the hypertensive and control groups

Age (y)

Gender (F/M) (%)
BMI(kg/m?)

Office SBP(mm Hg)
Office DBP(mm Hg)

24 h-ABPM mean
SBP(mm Hg)

24 h-ABPM mean
DBP(mm Hg)

Micro RNA 145
(copy/ul)

Micro RNA 4516
(copy/ul)

Micro RNA 24
(copy/uL)

Micro RNA 181a
(copy/ulL)

Renin
Aldosterone

Norepinephrine (ng/
mL)

Renalase (ug/mL)
NOS
24 h-Urine Sodium
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tissues. There was not special positive control because the normal

quantities of miRNAs in the study were not definite in hypertension.

2.8 | Elisa

Levels of enzymes and hormones, such as renin, aldosterone, norepi-
nephrine, renalase, and eNOS (Endothelial NOS, NOSIII), were calcu-
lated using the ELISA method. The tests were prepared with human
ELISA kits (Human Nitric Oxide Synthase, Endothelial ELISA Kit-Cat.
No: EO815h; General Aldosterone ELISA Kit-Cat. No: E0911Ge;
Human Renin ELISA Kit-Cat. No: E088%h; General Noradrenaline
ELISA Kit-Cat. No: E0907Ge; Human Renelase ELISA Kit-Cat. No:
E1103h) (EIAab, CN) according to the manufacturer's instructions. A
BioTek ELx800 absorbance reader (BioTek) was used to read the flo-
rescence of samples on ELISA plates. Calculations were performed on
KC Junior Software adapted to the BioTek ELx800 absorbance reader.

2.9 | Statistical analysis

Compatibility with normal distribution of the study data was ex-

amined using the Kolmogorov-Smirnov test. The t test was used to

Control group

(n:51) Hypertensive group(n:52) mean + sd

mean * sd or or

median (min-max)  median (min-max) P values
50.76 £ 7.99 53.50+ 775 NS
66/34 60/40 NS
28.5(21.3-42.1) 31.15(23.1-49.8) NS
117.82 + 10.97 133.35+14.21 <.001
73.57 £9.89 84.42 +10.53 <.001
113.10 £ 8.36 139.75+10.43 <.001
69.84 + 6.87 86.15+7.28 <.001
72 (4-384) 56.55 (4.3-392) <.05
14.65 (0.4-34.5) 20.50 (2.2-44.6) <.005
391 (8-5450) 156 (6-6370) NS
34.80(0.1-244) 25.3(0.1-274) NS
0.07(0.03-0.75) 0.065 (0.02-0.26) NS
0.40 (0.09-1.18) 0.47 (0.13-1.25) NS
0.39 (0.09-1.22) 0.52(0.12-1.58) <.005
0.02 (0.008-0.26) 0.02 (0.009-0.066) NS
0.079 (0.02-0.38) 0.10 (0.01-0.33) NS
259.41 +122.38 236.34 + 106.33 NS

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure;
NOS, nitric oxide synthase.
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compare normally distributed data and the Mann-Whitney U test
for non-normally distributed data. The chi-square test was used for
analysis of demographic characteristics, and Pearson correlation
analysis was applied to determine correlations. Logistic regression
analysis was used to determine possible independent predictors of
HT. P < .05 were considered statistically significant. All statistical

analyses were performed on SPSS 20 software (IBM).

3 | RESULTS

Fifty-two newly diagnosed primary HT patients (mean
age 53.50 = 7.75 vyears) and 51 healthy controls (mean age
50.76 + 7.99 years) were included in the study. No significant dif-
ference was determined between the groups in terms of age, sex, or
BMI (Table 1). As shown in Table 1, miRNA 4516 and norepinephrine
levels were significantly higher in the HT patient group than in the
control group (P < .005 for both), while miRNA 145 levels were sig-
nificantly lower (<0.05).

Analysis of the HT patient group revealed negative correlation
between miRNA 4516 and renalase (r = -.277, P < .05) (Figure 2), pos-
itive correlation between miRNA 145 and renalase (r =.307, P < .05)
(Figure 3), and negative correlation between miRNA 24 and NE
(r=-.291, P < .05) and NOS (r = -.302, P < .05) (Figure 4A,B), and
negative correlation between miRNA 181a and NOS (Figure 5)
(r = -.303, P < .05). Negative correlation was determined between
miRNA 4516 and renalase (r = -.367, P < .05) in the control group,
and positive correlation was determined between miRNA 145 and
renalase (r = .365, P < .05). No significant correlation was observed
between patient and control group BP values and miRNA 4516,
miRNA 145, miRNA 24, miRNA 181a, renin, aldosterone, norepi-

nephrine (NE), renalase, or NOS.
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At logistic regression analysis, we identified miRNA 4516 up-
regulation (exp B: 1.06 Cl: 1.008-1.117) (P < .05) and miRNA 145
down-regulation (exp B8: 0.98 Cl: 0.97- 0.99) (P < .05) as independent
predictors of HT.

4 | DISCUSSION

miRNA 4516 and NE levels were higher, while miRNA 145 levels were
lower, in our HT patient group than in the control group. In addition,
we identified miRNA 4516 up-regulation and miRNA 145 down-reg-
ulation as predictors of HT. In addition, correlation analysis revealed
negative correlation between miRNA 4516 and renalase and posi-
tive correlation between miRNA 145 and renalase in the patient and
control groups, while in the patient group, negative correlation was
observed between miRNA 24 and NE and NOS and between miRNA
181a and NOS. However, these correlations were weak.

Studies in which miRNAs were detected in human serum and
plasma first appeared in the early 2000s.” The role of miRNAs in the
pathogenesis of primary HT began being investigated in the years
that followed. This first involved the determination and comparison
of miRNA expression in normotensive and hypertensive individuals
using the microarray method, while another method was the inves-
tigation of miRNAs with quantitative polymerase chain reaction
(gPCR). Circulating miRNA concentrations are very low, thus requir-
ing a highly sensitive method for quantification. gPCR for miRNA
concentration is still the best method for application and analysis
of the results. ddPCR is a novel method permitting accurate quan-
titation of targets, especially those present at low levels or about
which little is known. PCR is performed in partitions which include
2-3 copies of DNA in each droplet, resulting in high sensitivity even
in low amounts of sample. This overcomes the DNA quantity prob-

lem in techniques such as microarray, NGS, and Sanger sequencing.
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FIGURE 2 Correlation analysis of miRNA 4516 and renalase.
Negative correlation was determined between miRNA 4516 and
renalase in the patient group (r = -.277, P < .05)

FIGURE 3 Correlation analysis of miRNA 145 and renalase.
Positive correlation was determined between miRNA 145 and
renalase in the patient group (r = .307, P < .05)
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FIGURE 4 A, Correlation analysis of

miRNA 24 and NE. Negative correlation
was determined between miRNA 24

and NE in the patient group (r = -.291, o]
P < .05). B, Correlation analysis of miRNA
24 and NOS. Negative correlation was

determined between miRNA 24 and NOS
in the patient group (r = -.302, P < .05) 0 .
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FIGURE 5 Correlation analysis of miRNA 181a and NOS.
Negative correlation was determined between miRNA 181a and
NOS in the patient group (r = -0.303, P < .05)

Another feature of ddPCR is that it does not require endogenous
control, housekeeping genes, and standard curves for absolute
quantification, making it superior to real-time PCR for gPCR in ab-
solute quantification.'?° Our use of the ddPCR method in miRNA
analysis increases the reliability of our results.

The first primary HT microarray study was performed by Li et
al, who screened 1700 microRNAs in the plasma of 13 patients with
primary HT and five healthy controls and determined 27 miRNAs, 14
of which were confirmed with qPCR.2! Numerous studies investigat-
ing probable miRNAs with gPCR have been published following that
study. However, this still produces inconsistent results.”®

Marques et al’ determined various miRNAs in kidney tissue
from 15 hypertensive and seven normotensive individuals using
the microarray method and showed that miRNA 181a was asso-
ciated with renin expression. In another study, Marques et al*°

showed an association between miRNA 181a and blood pressure

in two separate populations, but that this was independent of
renin. In our study, we determined lower miRNA 181a levels in
the patient group than in the control group, although the differ-
ence was not statistically significant. In addition, we detected
weak negative correlation between miRNA 181a and NOS in the
patient group. This correlation, which was not present in the con-
trol group, suggested that there may be a relation between miRNA
181a and NOS in hypertensive patients. However, the absence
of any significant difference between 181a levels in the patient
and control groups, and the correlation between miRNA 181a and
NOS being weak, prevented us from drawing any definitive con-
clusion regarding this.

Studies have shown associations between miRNA 145 and the
differentiation of cardiac fibroblasts in myofibroblasts and vascular
smooth muscle contraction.***2? A few studies have investigated the
role of miRNA 145 in the pathogenesis of primary HT. Santovito et
al*® examined miRNA 145 levels in atherosclerotic plaques in 15 HT
patients with carotid endarterectomy and seven control individu-
als and determined significantly higher miRNA 145 levels in hyper-
tensive atherosclerotic plaques. In one recent experimental study,

Wang etal

determined significantly higher miRNA 145 levels in the
spontaneous hypertensive rat aorta compared to a control group. A
few studies have investigated the role of miRNA 145 in the patho-
genesis of primary HT. Ours is the first study to investigate miRNA
145 levels in newly diagnosed primary HT patients under cohort fol-
low-up. In contrast to previous studies, we determined significantly
lower miRNA 145 levels in the HT group. We thought that this dif-
ference might derive from our patient group consisting of subject
with newly diagnosed primary HT and to the absence of a history of
atherosclerosis. Low miRNA 145 in the patient group and this down-
regulation being a factor associated with HT suggest a possible role
in the pathogenesis of primary HT.

Our search of the literature revealed no previous studies of
miRNA 24 levels in primary HT. However, in their experimental

|15

study Robertson et al*> showed that miRNA 24 plays a role in the
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transcriptional modification of aldosterone synthase genes and
11p-hydroxylase involved in the synthesis of cortisol and aldo-
sterone. Based on that study, we investigated the role of miRNA
24 in the pathogenesis of primary HT and its relations with renin
and aldosterone levels. We determined lower miRNA 24 levels in
our patient group compared with the control group, although the
difference was not statistically significant. We also identified no
significant association between miRNA 24 levels and renin or al-
dosterone. We determined negative correlation between miRNA
24 and NE and NOS in this study. This weak correlation that was
present only in the patient group, and not in the control group,
suggests a possible relation between miRNA 24 and NE and NOS.
We think that further studies with wider patient populations will
assist in confirming this finding.

Our review of the literature revealed a small number of previous
studies investigating miRNA 4516 levels in individuals with primary
HT. Gildea et al* investigated the association with salt sensitivity of
miRNAs using the microarray method in urine specimens in salt-sen-
sitive, salt-resistant, and inverse salt-sensitive hypertensive patients.
They showed that 45 miRNAs, including miRNA 4516 might be as-
sociated with salt reaction. Based on that study, we investigated
mMiRNA 4516 levels in primary HT patients, for the first time in the
literature. We determined significantly higher miRNA 4516 levels
in the patient group compared with the control group, that miRNA
4516 up-regulation together with miRNA 145 down-regulation asso-
ciated with HT, and that miRNA 4516 up-regulation was positively
correlated renalase levels.

Renalase is a flavoprotein intensely expressed in the heart and
kidneys and that effectively metabolizes catecholamines, using
nicotinamide adenine dinucleotide as a cofactor.?? Desir et al?®
achieved a decrease in blood pressure with the administration of
renalase and showed that this decrease was associated with epi-
nephrine breakdown. Plasma epinephrine, L-DPOA, and dopamine
were metabolized by 82%, 63%, and 31%, respectively, following re-
nalase administration, but NE was not metabolized. We determined
no significant difference between renalase levels in the patient and
control groups, although renalase levels were positively correlated
with miRNA 4516 levels and negatively correlated with miRNA 145
levels. The absence of any significant difference between renalase
levels in the patient and control groups, and the presence of similar
correlation in both groups between miRNA 4516 and miRNA 145
suggests that miRNA 4516 and miRNA 145 are associated with the
pathogenesis of HT independently of renalase.

One of the mechanisms implicated for many years in the patho-
genesis of primary HT is sympathetic nervous system activation.
Potential mechanisms include increased central sympathetic out-
flow, impaired NE neuronal reuptake, and blunted arterial barore-
flex of sympathetic nerve traffic.?* Activation of the sympathetic
nervous system can be identified by measuring heart rate, plasma
epinephrine, and NE levels. Plasma NE levels are frequently used
as markers of sympathetic nervous system activation.?®> There
have been few previous studies of the relation between sympa-
thetic nervous system activation and miRNA. In one experimental

study, Jackson et al showed that increased renin production by
means of sympathetic stimulation was associated with miRNA 181
down-regulation in spontaneously hypertensive mice.?® In our
study, we measured plasma NE levels as a marker of sympathetic
nervous system activation. NE levels were significantly higher in
the patient group than in the control group. However, there was
no relation between NE and other miRNAs except for miRNA 24,
and the correlation between miRNA 24 and NE was also quite
weak. We think that further studies are needed to investigate
the relation between miRNA and NE levels. In addition, we deter-
mined no significant relation between renalase and NE. As Desir
et al emphasized in their study, the low NE-metabolizing effect of
renalase may be responsible for the lack of association between
NE levels and renalase.

In conclusion, the pathogenesis of primary HT has still not been
explained. In our study, we determined, for the first time, that miRNA
4516 up-regulation and miRNA 145 down-regulation may be an in-
dependent predictor of HT. New studies performed in the light of
our findings may lead to a better understanding of the pathogenesis

and new therapeutic possibilities.
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