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Abstract

CD34+ circulating progenitor cells (CD34+CPCs) are a population of multipotent cells which

can delay the development of atherosclerosis and cardiovascular disease (CVD) in condi-

tions of increased CV risk. MicroRNAs (miRs) 221 and 222 modulate different genes regu-

lating angiogenesis and inflammation; moreover, miR221/22 have beenshown to participate

in differentiation and proliferation of CD34+CPCs, inhibiting cell migration and homing.

miR221/222 in CD34+CPCs from hypertensive subjects are also increased and associated

with CD34+cell number and reactive oxygen species (ROS). We evaluated CD34+CPC

number, intracellular miR221/222 and ROS levels, arterial stiffness (AS)and echocardiogra-

phy indices at baseline (T0).Then, after a six-month treatment with olmesartan, 20 mg/day

(T1), in 57 hypertensive patients with left ventricular hypertrophy (LVH) and with no addi-

tional risk factor for CVD, and in 29 healthy controls (baseline),fibrinogen, C-reactive protein

(CRP), glucose and lipid profiles were also evaluated.At T1, blood pressure values, CRP

and fibrinogen levels, ROS and miR221/222 were significantly decreased (all p <0.001), as

were AS indices and LV mass index (p<0.001), while cell number was increased (p<0.001).

Olmesartan is effective in reducing miR and ROS levels in CD34+CPCs from hypertensive

subjects, as well as in increasing CD34+CPC number, providing multilevel CV protection, in

addition to its expected pharmacological effects.

Introduction

Circulating progenitor cells (CD34+CPCs), including a cell subset defined as endothelial pro-

genitor cells (EPCs),are recognised to contribute to postnatal vasculogenesis and to endothelial
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homeostasis,delaying the development of atherosclerosis and cardiovascular disease (CVD)[1].

A broad range of cell types of different organs and systems, including cardiomyocytes, smooth

muscle cells, and EPCs, as well as hematopoietic, stromal, and epithelial cells, may derive from

CD34+CPCs; however, itis currently unclear how CD34+CPCs may differentiate into mature

cells of specific lineages[1,2,3,4]. It has been suggested that circulating cells expressing the sur-

face antigen CD34 may share both hematopoietic and angiogenic properties[1,5,6,7]; accord-

ingly,CD34+ cell count has been questioned as a marker of regenerative/reparative potential,

and the findings appear to be encouraging[1,2,6,8,9].

MicroRNAs (miRs) are small non-coding ribonucleic acid molecules regulating gene

expression at the post-transcriptional level[10,11,12].miRs play a pivotal role in modulating

several pathways of physiological relevance, such as endothelial lineage differentiation[13],

vascular homeostasis[14,15,16,17], and blood pressure (BP)[18,19,20,21,22]. Alterations in

miR expression profiles have been seen to associate with impaired cellular function and disease

development[23], including CVD[24,25].

miR-221 and miR-222 (miR221/222) have been identified in CD34+ cells[13]. The path-

ways and molecules regulating miR221/222 expression in human progenitor cells are not

known. It has been reported that miR221/222affect cell migration and proliferation by reduc-

ing the expression of c-kit and of the receptor for stem cell factor[13], and, indirectly, by inhib-

iting endothelial nitric oxide (NO) synthase expression[26]. Moreover, the over-expression of

miR221/222 may promote apoptosis[13],and induce the production of inflammatory mole-

cules in endothelial cells[27]. miR221/222are also suggested to be critically involved in vascular

homeostasis and angiogenesis[13,15,16,26].

In recent studies, we investigated the number and function of CD34+ cells in subjects with dif-

ferent cardiovascular (CV) risk factors, including ageing[28], smoking[29], rheumatoid arthritis

[30]and hypertension[31]. In hypertensive patients with different degrees of CV involvement, and

in particular in hypertensive patients with isolated arterial stiffening (AS) or with both carotid

intima-media thickening and left ventricular hypertrophy (LVH),we evaluated the expression of

miR221/222 in CD34+ cells, as well as the associations between CD34+CPC number, intracellular

miR221/222,and redox balance, including reactive oxygen species (ROS) production and antioxi-

dant enzymes[31].We found increased miR221/222expression and higher ROS levels in CD34

+CPCs. However, in AS hypertensive patients, redox balance and miR expression were associated

with the increasedCD34+CPC number, while in hypertensive patientswith more advanced organ

involvement, particularly with LVH, the greater increases in miRs and ROS were associated with

a lower CD34+CPC number. This suggests that miR221/222 expression is enhanced in CPCs

from hypertensive subjects and that miRs and ROS may influence CPC number.

In the present study, we aimed to evaluate whether in hypertensive patients already diag-

nosed with LVH, a 6 month-treatment with olmesartan medoxomil, an angiotensin II-type1

receptor (ATR1) blocker (ARB), is effective in reducing the expression of mirR221/222 in

CD34+ progenitor cells and whether such reduction is correlated with changes in BP values,

CD34+CPC number and intracellular ROS levels.

Our results indicate that miR221/222 expression and ROS levels in CD34+CPCs may be

regulated by ATR1 in human CD34+CPC.

Materials and methods

Subjects

The data used for this study were obtained from the medical records filed at the Hypertension

Clinic of our Department; accordingly, with the aim of the study, we selected only non-smoker

hypertensive patients, with stage�2 hypertension and with LVH, who were in monotherapy
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with olmesartan, 20 mg once a day. Fig 1 shows the selection flow of the final study population.

The selection started from 388 (M/F = 243/145) consecutive outpatients referred for the first

Fig 1. Flow diagram for patient exclusion.

https://doi.org/10.1371/journal.pone.0173030.g001
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time to our clinic between October 2014 and May 2015 (newly diagnosed hypertensive outpa-

tients); diagnosis of essential hypertension was considered as systolic blood pressure (SBP)�140

mmHg and/or diastolic blood pressure (DBP)�90 mmHg, in repeated home measurements, fur-

ther confirmed by office measurement. Smokers were immediately excluded. Patients with office

SBP�180 mmHg and/or DBP�110 mmHg, or with SBP<140 mmHg, were also excluded.

Patients with a clinical history of CVD or alcohol consumption, with body mass index (BMI)

�30, diabetes mellitus, low-density-lipoprotein-cholesterol levels (LDL-C)�160 mg/dl, triglycer-

ide levels (TG)�200 mg/dl, albuminuria (diagnosed as the excretion of�30 mg/24 h of albu-

min), or with thyroid, liver or kidney diseases, were sequentially excluded from the analysis.

Women taking hormone-based therapy were also excluded from the study. In accordance with

our current clinical practice, secondary hypertension was systematically excluded, and complete

clinical and laboratory examinations were performed and integrated with carotid echo-Doppler

scan implemented by AS evaluation and with echocardiographic study. Clinical and instrumen-

tal examinations were completed within two weeks from first visit. Behavioral norms (caloric

and salt intake restriction, weight loss, attitude to aerobic physical activity) were prescribed for at

least six weeks. Blood samples were collected at time of diagnosis; no patients or controls were

taking medications. BP was measured using a validated digital oscillometric device, Omron

705IT (HEM-759-E) (Omron Corporation-Healthcare, Kyoto, Japan). Three measurements

performed with intervals of more than 2 minutes were then averaged. All analyses were per-

formed on a venous blood sample taken at the medical center. Total cholesterol (TC), TG, high-

density-lipoprotein-cholesterol (HDL-C), glucose and fibrinogen were measured by routine

methods. LDL-C was calculated using the Friedewald formula. High-sensitivity C-reactive pro-

tein (HsCRP) was determined using an immunoturbidimetric latex assay kit. A blood sample

was also obtained to count CD34+ cell number (FACSCalibur; Becton Dickinson and Co.,

Franklin Lakes, NJ, USA) and to evaluate miR expression (RealTime PCR); methods employed

have been already explained in detail elsewhere[32].

When laboratory screening was completed, and after six weeks of non-pharmacological

management, patients having SBP�140 mmHg and/or DBP�90 mmHg started drug therapy;

patients who had received olmesartan as antihypertensive monotherapy (at usual dosage of 20

mg once a day)were then considered for the study; from clinical records, we analyzed data cov-

ering the 24weeks following the prescription (with office re-evaluation every 3–4 weeks).

In accordance with the study design, only patients with left ventricular hypertrophy (LVH),

diagnosed as LV mass index (LVMI)�102 g/m2 in men and�81 g/m2 in women[33,34], were

finally included in the study (66 people). Finally, we identified 57 (M/F = 38/19) patients who

had completed the needed observation period (24 weeks) without need of therapy modifica-

tions and who underwent the necessary clinical/instrumental examination.

Twenty-nine healthy subjects were also enrolled as control subjects from hospital personnel.

Ethics statement

Written informed consent was obtained from all subjects in accordance with the Helsinki dec-

laration; this observational study has been approved by the Ethics Committee of the University

of Messina (prot. Number 07/15).

Measurement of cIMT, arterial stiffness and LV parameters

Carotid ultrasonographic evaluation and AS assessment have already been described[32].

Briefly, semi-automated cIMT evaluation was performed using Aloka ProSound ALPHA10

with a 7–15 MHz linear array transducer; following ESC/ESH guidelines, we considered a

mean cIMT�0.9 mm or plaque as carotid wall thickening. Augmentation index (AIx) and
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pulse wave velocity (PWV),like AS indices, were measured automatically by “eTRACKING”

software. Following the method chosen to assess AS indices, we did not use pre-fixed cut-offs

to classify normal or abnormal PWV and AIx. Since these indices are continuous variables, we

considered PWV and AIx values compared to the normotensive control mean. LV examina-

tion was performed following American Society of Echocardiography recommendations,

using a Vivid-7 ultrasound system (GE Medical System, Horten, Norway) equipped with a car-

diac M4S transducer. LV mass was determined with the area-length method, and the LV mass

index (LVMI) was calculated as LV mass/body surface area (BSA) (g/m2) ratio. LVH was diag-

nosed as a LV mass index (LVMI)�102 g/m2 in men and�81 g/m2 in women[33,34].

CD34+ cell identification and separation, enzyme and miR expression,

ROS levels

Circulating CD34+ cells were identified and counted in peripheral blood by using flow cytom-

etry (FACSCalibur; Becton Dickinson and Co., Franklin Lakes, NJ, USA), as already reported

elsewhere [31]; for details please also see online supplement (S1 Text). Staining and analysis

were performed in accordance with the International Society of Hematotherapy and Graft

Engineering (ISHAGE) sequential strategy[35]. Gating strategies and sample analyses allowed

the identification of the different phenotypes, by using the Macintosh CELLQuest software

program (BD). Absolute CD34+ cell count was determined by comparing cellular events to

bead events.

Molecular analyses were performed on CD34+ cells isolated from 15 ml of venous blood

collected from each subject, after cell enrichment by using the MiniMACS system according to

manufacturer’s instructions (Miltenyi Biotec Inc., CA, USA). Cell enrichment was validated by

flow cytometry, confirming that at least 90% of separated cells were CD34+; for details please

also see online supplement (S1 Text). The average values of miRs in samples from all control

subjects were considered as the calibrator (1×sample). The results were expressed as an n-fold

difference relative to the mean value (relative expression levels).

ROS generation in CD34+ cell-enriched samples was assessed using 2,7-dichlorofluorescin

diacetate (DCFH-DA) by using a fluorimetric method[36]. ROS were expressed in fluorescence

intensity relative units (FU). For further details please also see online supplement (S1 Text).

Statistical methods

The Kolmogorov-Smirnov test was used to verify variables distribution. Since some variables

had a non-normal distribution, and also given the relatively small size of our sample, we chose a

non-parametric statistical approach. Consequently, to increase the power of statistics, we chose

to use the non-parametric combination test (NPCT), based on a permutation solution within a

resampling procedure, as already suggested elsewhere [37], to compare basal characteristics of

hypertensive subjects with control subjects, and also in order to compare T1 vs T0 changes in

hypertensive cases. Moreover, we performed comparisons between cases and controls also by

the Anderson-Darling test. Accordingly, data are also shown as median ± standard deviation

(SD). The mean difference of each variable at the two time-points was evaluated by the mean of

the change of each patient, as mean relative Δ%, calculated as follows: (T1-T0)/T0�100. Interde-

pendence analyses were performed by Spearman’s test. We performed a linear, stepwise, multi-

variate regression analysis to consider continuous and categorical variables together to assess

the contribution of each variable to the study variables. A two-tailed alpha of 0.05 was used to

denote statistical significance. To perform statistical analyses, we used the SPSS statistical pack-

age, version 17.0 (Chicago, IL, USA), and the NPC test 2.0 –Statistical software for multivariate

permutation tests (Methodologica srl, Treviso, Italy).

CD34+ cells and microRNAs in olmesartan-treated hypertensives
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Results

Out of the 388 subjects referred to our Clinic over the reference period, we identified 57

patients with primary hypertension and left ventricular hypertrophy (LVH), selected as

reported in Fig 1. Briefly, behavioral norms (caloric and salt intake restriction, weight loss, atti-

tude to aerobic physical activity)were prescribed for at least six weeks, LVH was confirmed by

transthoracic echocardiography, secondary hypertension was excluded, as were comorbidities,

co-treatments, and target organ damage other than LVH. We selected only patients presenting

with grade 1–2 hypertension (SBP 140–179 and/or DBP 90–109 mmHg) who started the treat-

ment with olmesartan, 20 mg, who completed the observation time without need of therapy

modifications, and who underwent a thorough clinical/instrumental examination.

Table 1 summarizes the baseline characteristics of the study population. There were no dif-

ferences regarding age, BMI, lipids and glucose between hypertensive subjects and controls.

SBP and DBP values were higher in hypertensive subjects, as were also fibrinogen and CRP

(both p<0.001). In addition, cIMT, AS indices and LVMI were higher in hypertensive cases

(all p<0.001). With regard to cell estimation, we found that CD34+ cell number was higher in

hypertensive subjects than in controls (3±1.1 vs 2.32±0.8 cells/μL, p = 0.006), but also intracel-

lular ROS (81.8±33.9 vs 56.8±10.8, p<0.001), miR221 (1.29±0.5 vs 1±0.1, p<0.05) and miR222

(1.24±0.5 vs 1±0.3, p<0.05). Enrolled patients should complete the observation period without

Table 1. Characteristics of hypertensive patients at baseline (T0) and control subjects.

Controls Hypertensives (T0) AD NPC

Number 29 57

Gender (m/f) 16/13 38/19

Mean±SD p

Age (years) 39 (9) 40 (10) 0.356 0.808

BMI (kg/m2) 24.6 (3.1) 25 (4.1) 0.783 0.440

SBP (mmHg) 120 (20) 150 (10) <0.001 <0.001

DBP (mmHg) 70 (15) 85 (10) <0.001 <0.001

TC (mg/dl) 188 (38) 190 (58) 0.246 0.678

HDL-C (mg/dl) 49 (9.5) 47 (5.5) 0.133 0.242

TG (mg/dl) 112 (27) 101 (24) 0.216 0.303

LDL-C (mg/dl) 117.8 (36.4) 115 (57.3) 0.112 0.440

Glucose (mg/dl) 85 (9) 87 (17) 0.100 0.387

HsCRP (mg/dl) 0.39 (0.2) 0.9 (0.5) <0.001 <0.001

Fibrinogen (mg/dl) 247 (89) 340 (112) <0.001 <0.001

AIx (%) -3.2 (5.7) 23.4 (22) <0.001 <0.001

PWV (m/s) 4.9 (0.5) 8.2 (3.5) <0.001 <0.001

cIMT (mm) 0.8 (0.3) 1.2 (0.5) <0.001 <0.001

LVMi 91 (19.7) 125 (29) <0.001 <0.001

CD34+ cells (cells/μL) 2.3 (1.6) 3.1 (1.9) 0.011 0.006

ROS (FU) 56.1 (21.5) 78.6 (61.6) 0.002 <0.001

miR 221 (n-fold) 0.98 (0.2) 1.26 (0.9) 0.004 0.014

mir 222 (n-fold) 0.94 (0.1) 1.23 (0.9) 0.002 0.019

Values are mean±SD. BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; TC: total cholesterol; HDL-C: high density

lipoprotein-cholesterol; TG: triglycerides; LDL-C: low density lipoprotein-cholesterol; HsCRP: high sensitivity C-reactive protein; AIx: augmentation index;

PWV: pulse wave velocity; cIMT: carotid intima-media thickness; LVMi: left ventricular mass index; ROS: reactive oxygen species; miR: microRNA. p:

statistical significance level for Anderson-Darling test (AD) test, or Non-Parametric Combination (NPC) test; hypertensives vs controls.

https://doi.org/10.1371/journal.pone.0173030.t001
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any change of therapy; accordingly, 9 patients dropped out of the study since they needed a

second drug to reach the therapeutic goal.

With olmesartan treatment (after 24 weeks),BP values were significantly reduced (SBP: Δ =

-12.5% vs baseline, p<0.001; DBP:Δ = -16.6% vs baseline, p<0.001), as were fibrinogen (Δ =

-7.9% vs baseline, p = 0.026), CRP (Δ = -16.4% vs baseline, p<0.001), AS indices (PWV: Δ =

-33.0% vs baseline, p<0.001; AIx: Δ = -56.2% vs baseline, p<0.001), and also LVMi (Δ = -6.0%

vs baseline, p<0.001). CD34+ cell number appeared to be increased (Δ = +17.2% vs baseline,

p<0.001), while miRs 221/222 and ROS were reduced (all p<0.001 vs baseline). Comparisons

between T0 and T1 are shown in Table 2.

Fig 2 represents the main study variables at baseline and T1.

Interdependence analysis was performed (by Spearman’s test) on variable changes(delta);

the main findings are shown in Table 3. BP value reduction correlated with fibrinogen (both

SBP and DBP, p<0.005) and with PWV (SBP, p<0.05) reduction; moreover, we found that

AIx changes were significantly correlated with miR221 reduction (rs = 0.321, p = 0.015), ROS

reduction (rs = 0.271, p = 0.039) and LVMi reduction (rs = 0.346, p = 0.008). At T1, also lipid

profile appeared to be improved (Table 2); LDL-C reduction appeared to be correlated with

Δ LVMi (rs = 0.319, p = 0.015). ROS reduction was also correlated with miR221 reduced

expression (rs = 0.332, p = 0.012), and fibrinogen reduction (rs = 0.289, p = 0.034).CD34+ cell

count change at T1 appeared to be mainly correlated with fibrinogen reduction (rs = -0.625,

p<0.001), and also with ROS reduction (rs = -0.341, p = 0.009).

Multiple regression analysis (Table 4) suggested ROS decrease (Δ ROS) as the main predic-

tor for miR221 reduced expression, and also for miR222 decrease, while SBP decrease was

Table 2. Characteristics of hypertensive patients at baseline (T0) and after 6-months antihypertensive therapy (T1).

Hypertensives (T0) Hypertensives (T1) NPC

Number 57

Gender (m/f) 38/19

Median (IQR) Δ (%) p

BMI (kg/m2) 25 (4.1) 25 (3.8) -1.1 0.566

SBP (mmHg) 150(10) 135 (10) -12.5 <0.001

DBP (mmHg) 85 (10) 75 (10) -16.6 <0.001

TC (mg/dl) 190 (58) 180 (56) -4.0 <0.001

HDL-C (mg/dl) 47 (5.5) 49.5 (10) +2.67 0.437

TG (mg/dl) 101 (24) 100 (28) -0.99 0.478

LDL-C (mg/dl) 115 (57.3) 112 (31) -5.35 <0.001

HsCRP (mg/dl) 0.9 (0.5) 0.6 (0.3) -29.7 <0.001

Fibrinogen (mg/dl) 340 (112) 308 (53) -11.9 0.026

AIx (%) 23.4 (22) 11.2 (14.7) -56.2 <0.001

PWV (m/s) 8.2 (3.5) 5.5 (2.3) -33.0 <0.001

LVMi 125 (29) 118 (26.3) -6.0 <0.001

CD34+ cells (cells/μL) 3.1 (1.9) 3.8 (1.5) +17.2 <0.001

ROS (FU) 78.6 (61.6) 60 (40.6) -16.9 <0.001

miR 221 (n-fold) 1.26 (0.9) 1.05 (0.95) -23.6 <0.001

miR 222 (n-fold) 1.23 (0.9) 1.03 (1.01) -16.0 <0.001

Values are mean±SD. BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; TC: total cholesterol; HDL-C: high density

lipoprotein-cholesterol; TG: triglycerides; LDL-C: low density lipoprotein-cholesterol; HsCRP: high sensitivity C-reactive protein; AIx: augmentation index;

PWV: pulse wave velocity; cIMT: carotid intima-media thickness; LVMi: left ventricular mass index; ROS: reactive oxygen species; miR: microRNA. p:

statistical significance level for Non-Parametric Combination (NPC) test for repeated measures test, T1 vs T0.

https://doi.org/10.1371/journal.pone.0173030.t002
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associated with ROS decrease. CD34+ cell count increase appeared to be mainly attributable to

fibrinogen decrease (Δ Fibrinogen).

Discussion

The present study provides evidence for the decrease of miR221/222 expression in CD34

+CPCs from hypertensive patients with target organ damage, after a 6 month-treatment with

olmesartan. Our data also confirm that olmesartan, in addition to lowering BP values,

increases CD34+CPC number, and decreases ROS levels in CD34+CPCand plasma inflamma-

tory markers. We also confirmed the improvement of LVMi and AS indices, as well as lipid

profile, as already reported.

Fig 2. miR221 (a) and miR222 (b) expression (n-fold), ROS levels (c) and CD34+ cell count (d) at T0 and T1; *p<0.001 vs baseline. Significance level for

Non-Parametric Combination (NPC) test.

https://doi.org/10.1371/journal.pone.0173030.g002
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Most ATR1-mediated effects are triggered by AngII; ATR1 also may be activated indepen-

dently from AngII[38], e.g. by mechanical stress and cellular stretching[39].ARBs are selective

ATR1 antagonists available for clinical use in high BP treatment and are under examination

for their potential protective effect against vascular inflammation and damaging, oxidative

stress and CV remodelling. Some ARBs, including olmesartan, also work as inverse agonists

[38], reducing the constitutive activity of ATR1and decreasing AngII- dependent and -inde-

pendent mediated effects.

Activation ofATR1 induces signal transducers to phosphorylate the subunits of the

NADPH oxidase enzymes, an important source of ROS[40].

ROS may act as signaling molecules for different protective functions, including endothelial

repair and angiogenesis[16,41]. However, ROS accumulation induces oxidative stress and

several harmful effects, including bioactive NO reduction, inflammation, cell senescence and

apoptosis[42,43].Different factors, including AngII[44], shear stress[45] and miRs[26]may

modulate NADPH oxidases; in particular, the sub-unit p47phox of NADPH oxidase complex

was identified as afunctional target of miR221/222[16] suggesting that miR over-expression in

progenitor cells may sustain oxidative stress.

In progenitor cells from healthy individuals, AngII was shown to accelerate senescence via

NADPH oxidases and ROS production[46]. Moreover, progenitor cells isolated from hyper-

tensive subjects showed a precocious cellular aging[47].Olmesartan has already been shown to

reduce oxidative stress and endothelial inflammation[48,49]also by increasing anti-inflamma-

tory and antioxidant molecules and NO availability[50]. Additionally, biological effects of mol-

ecules belonging to the “protective arm of RAS” appear to be enhanced by the use of ARBs,

providing anti-inflammatory, anti-oxidant, anti-fibrotic and anti-apoptotic actions[51,52].

ATR1 and AT2R have recently been identified in progenitor cells, suggesting a role of AngII

on these cells, mainly by interacting with ATR1, impairing antioxidative defense and inducing

higher apoptosis [53]

Table 3. Correlations among variables.

ΔSBP ΔDBP ΔFIB ΔCRP ΔCD34+ ΔmiR221 ΔmiR222 ΔAIx ΔPWV ΔLVMi

ΔROS rs 0.180 rs 0.128 rs 0.289 rs -0.081 rs -0.341 rs 0.332 rs 0.057 rs 0.271 rs 0.031 rs 0.084

p = 0.180 p = 0.341 p = 0.034 p = 0.550 p = 0.009 p = 0.012 p = 0.672 p = 0.039 p = 0.820 p = 0.533

ΔCD34+ rs -0.110 rs -0.165 rs -0.625 rs -0.046 — rs 0.023 rs 0.064 rs 0.144 rs 0.050 rs 0.202

p = 0.416 p = 0.221 p = 0.001 p = 0.736 — p = 0.867 p = 0.638 p = 0.286 p = 0.711 p = 0.131

ΔmiR221 rs 0.166 rs 0.046 rs -0.174 rs -0.268 rs 0.023 — rs 0.195 rs 0.321 rs 0.174 rs 0.039

p = 0.217 p = 0.734 p = 0.195 p = 0.044 p = 0.868 — p = 0.146 p = 0.015 p = 0.196 p = 0.773

ΔmiR222 rs 0.188 rs 0.033 rs -0.066 rs -0.087 rs -0.064 rs 0.195 — rs 0.164 rs 0.053 rs 0.046

p = 0.162 p = 0.808 p = 0.625 p = 0.519 p = 0.634 p = 0.146 — p = 0.224 p = 0.693 p = 0.734

rs: correlation coefficient; p significance level for Spearman’s test.

https://doi.org/10.1371/journal.pone.0173030.t003

Table 4. Multiple regression analysis.

Dependent variable Predictors Beta T P

ΔCD34+ cells ΔFibrinogen -0.586 -5.358 <0.001

ΔmiR221 ΔROS 0.699 7.254 <0.001

ΔmiR222 ΔROS 0.459 3.651 0.002

ΔROS ΔSBP 0.360 2.858 0.006

Multiple regression analysis for Δ: CD34+ cell number, ROS and miRs in hypertensives; beta: standardized regression coefficient; T: t–test for beta; p: p-

value for significance.

https://doi.org/10.1371/journal.pone.0173030.t004
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It has been reported that hypertensive subjects may have a lower number of circulating

EPCs[54,55,56]. We have already found a higher number of CD34+CPCs in hypertensive sub-

jects as compared to normotensive controls, especially in hypertensive cases with arterial stiff-

ening but not LVH. This discrepancy with other literature data may likely depend on the

diversity of cellular phenotypes considered. Moreover, we suggest that the different amount of

CD34+CPCs in hypertensive patients might also be related to a different degree of cell mobili-

zation in the peripheral blood; other factors may also be involved, including disease status, e.g.

the presence of early or more advanced lesions and target organ damage. However, this sug-

gestion remains merely speculative since we have no mechanistic evidence in this regard.

Olmesartan has already been shown to increase EPC number in hypertensive subjects

[50,57,58]. Although a role for AngII may be suggested, the pathway(s) through which ATR1

blockade may increase circulating progenitors currently remains unclear.

The present study confirms the increase in CD34+CPC number, and also shows a reduction

in miR221/ 222 and ROS levels in CD34+CPCs. miR221/222 have been suggested to weaken

cell proliferation and to induce apoptosis in human CD34+ cultured cells, particularly by

targeting c-kit or indirectly regulating eNOS pathways[13,26]. Functionally, an miR may regu-

late the expression of multiple target genes; consistently, miR221/222 may trigger different

pathways and molecules inducing cell dysfunction, such as transcription factors activating

endothelial inflammatory molecules[27] or regulating endothelial mitochondrial energy

metabolism[59].miR221/222-mediated pathways, including activation of p47phox of NADPH

oxidase[16], result in enhanced oxidative stress, thus impairing cell function and survival

[46,47]. In our hypertensive patients, the elevation of cells at T1 was mainly correlated with the

lowering of fibrinogen and ROS; in addition, the reduction of ROS and, indirectly, of SBP,

appeared to influence miR expression, suggesting that changes in BP or related mechanisms

may play a role in normalizing the expression of intracellular miRs. Although miRs are

thought to be involved in arterial remodelling[60] and atherogenesis[61], the impact of CV

risk factors—including hypertension—on miR expression in CD34+CPCs remains to be clari-

fied. Studies in animal models have shown that smooth muscle cells of rat express long non-

coding RNAs, which seem to function as host transcripts for mirR221/222 and to be poten-

tially regulated by AngII[62]. The modulation of miR221/222 expression is still unclear in

human CPCs. SincemiR221/222expression is enhanced in CPCs from hypertensive subjects

[31], and since miRs in microvascular ECs may modulate oxidative stress, via NADPH oxidase

activation[16], and EPCs may express ATR1[53], one would assume that ARBs may be effec-

tive in reducing miR expression in CPCs. However, miR regulation may be targeted by differ-

ent molecules through different pathways, including AngII and also ATR1-independent

pathways. We aimed to provide an indirect estimate of the involvement of ATR1-mediated

effects in modulatingmiR221/222expression in CPCsbyATR1 blockade with an ARB in

humans.

Our hypertensive patients had increased levels of CRP and fibrinogen at baseline. Arterial

hypertension, and related target organ damaging, is generally accompanied by a chronic

inflammatory response[63], and several inflammatory molecules are thought to modulate cel-

lular functions, including oxido-reductive balance. Plasma levels of CRP and fibrinogen were

lowered after treatment, confirming the already reported anti-inflammatory effect of olmesar-

tan[50,64].

Some limitations should be considered for this study. First, although our population was

carefully studied and selected before data analysis, the sample size was relatively small. Second,

our observation is limited to a short treatment time (24 weeks). Third, in this retrospective

study our aim was to evaluate a homogeneous population of hypertensive cases in a monother-

apy regimen. Since most of the selected patients were on treatment with olmesartan, we
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limited the observation to this population; thus, we do not know whether similar or different

results could be reached by using a different antihypertensive drug/class. Last, ATR1 expres-

sion and signal transduction in CD34+ CPCs were not explored in this study; however, ATR1

and AngII–induced signaling and effects were already demonstrated in progenitor cells

[53,65], but the potential link with miR expression and modulation was not previously

investigated.

The observation that a treatment with olmesartan can modify miR221/222 expression in

CD34+CPCs from LVH hypertensive subjects suggests a novel mechanism by which ATR1

blockade may increase the number of circulating progenitor cells. In addition to its well-

known clinical effects, including blood pressure lowering, ATR1 blockade may improve endo-

thelial homeostasis, providing multilevel CV protection in hypertensive subjects with target

organ damage. Because the role of miR in progenitor cells is a new emerging area, additional

investigations are needed to understand the pathways regulating the expression of miR221/222

in CPCs.
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