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But de I’étude

Le but de cette étude était d’analyser les effets d’un programme d’entrainement
physique sur une population de jeunes femmes saines (sans aucun facteur de risque
cardiovasculaire) d’une part, par 1’exploration de leur fonction endothéliale et du statut
inflammatoire, et d’autre part, par I’étude de leurs MPs circulantes et leur contenu en

miRs.

Méthodologie

Un groupe de six jeunes femmes saines normo-pondérées et ne présentant aucun
facteur de risque cardiovasculaire, a été enr6lé pour cette étude. La fonction endothéliale
de ces sujets a été explorée par 1’é¢tude de la réponse endothélium-dépendante au niveau
de la microcirculation cutanée. De plus, I’inflammation a été évaluée en analysant le taux

de CRPus. L’¢tude des MPs a été effectu¢e par mesure des concentrations plasmatiques
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par cytométrie en flux et ’analyse des miRs a été effectuée par RT-PCR. Le choix des
miRs étudiés dans cette étude a été effectué sur la base de leur implication dans différents
processus vasculaires (inflammation, fonction vasculaire). Ces sujets ont participé a un
programme d’entrainement physique de 8 semaines de type aérobie intermittent a forte
intensité. Les différentes mesures ont été effectuées avant et apres le programme

d’entrainement physique afin d’analyser les effets de 1’exercice.

Principaux résultats

Au bout de 8 semaines d’exercice physique, nous avons remarqué une
amélioration de la fonction endothéliale pour notre population d’étude ainsi qu’en
diminution de la CRPus suggérant une amélioration de statut inflammatoire. Le taux de
MPs plasmatiques n’a toutefois pas été diminué par le programme d’entrainement. Par
contre, nous avons pu observer une augmentation de I’expression des miR-21, miR-146a,
miR-124a, miR-150 et miR-223 qui, pour certains ont été rapportés comme jouant des

rbles anti-inflammatoires.

Conclusion

Cette étude nous a permis dans un premier temps de constater que I’exercice
physique permettait une augmentation de la réponse endothélium-dépendante ainsi
qu’une diminution de I’inflammation méme chez des sujets sains. Par ailleurs, méme si
I’exercice physique n’a pas joué sur la concentration des MPs circulantes, nous avons pu
observer une augmentation de I’expression de certains miRs de leur contenu en miR vers

un profil anti-inflammatoire. De par I’importance des miRs dans la régulation de
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nombreux genes impliqués dans 1’homéostasie vasculaire, et du role des MPs circulantes
leur assurant un transport intercellulaire, la modulation du contenu en miR des MPs
observé suite au programme d’entrainement serait une adaptation physiologique a
I’exercice physique qui pourrait bien intervenir dans les différents effets bénéfiques de

cet exercice au niveau vasculaire.
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Abstract:

Exercise training is known to stimulate vascular function and remodeling in a
shear stress and inflammation dependent manner. Microparticles (MPs) released from
vascular cells in response to shear stress, play a role in cell-cell crosstalk through carrying
bioactive molecules such as miRNAs. Thus, the aim of our study was to explore whether
exercise training impacts vascular wall cells and contributes to vascular function
improvement through the modulation of miRNAs-containing MPs release. Therefore, we
investigated the presence in MPs of 9 miRNAs potentially associated to vascular function
and inflammation: endothelial-related miRNAs, such as miR-126, miR-21 and miR-320a,
monocyte/macrophage—related miRNAs, such as miR-155, miR-146a, miR-223, miR-
124a, and miR-150, platelets—related miR-223 and miRNA-302a found in aorta. A group
of sedentary women (n=6, BMI<25Kg/m?) recruited at F. Hached Hospital (Sousse,
Tunisia) was enrolled in an 8-weeks training program. Vascular function was assessed by
Laser Doppler Flowmetry, circulating MPs quantification, by flow cytometry, and
miRNAs by real-time PCR, before and after exercise training. While exercise training
improved significantly the endothelial-dependent vasorelaxation and decreased systemic
inflammation, circulating MPs level and oxidant stress remained unchanged. The miRNA
profile revealed that 1/ miR-155 and miR-302a were not detected in MPs neither before
nor after training program; 2/ miR-21, miR-150, miR-320a, miR-146a, miR-124a, miR-
126 and miR-223 were expressed in circulating MPs of sedentary women; and 3/ after
training program, a significant increase of miR-21, miR-146a, miR-124a, miR-150 and
miR-223 content was observed while miR-126 and miR-223 remained unchanged. Our
results highlight the role of MPs as vehicle for miRNAs and the potential implication of
miRNAs as effectors in the vascular wall in order to generate an optimal vascular function

and to control inflammation.

138



1- Introduction

The study of miRNAs (small noncoding RNA molecules ~22 nt in length) is
rapidly growing because they are involved in many human diseases in particular
cardiovascular diseases. Recent studies demonstrated that miRNAs can be detected in
circulating blood and may be useful as biomarkers for disease [1,2] . The mechanism of
how circulating miRNAs are release into circulation remains unclear. However,
increasing evidence suggests that miRNAs are actively secreted in microvesicles [2—4].
Extracellular membrane vesicles are important for cell-cell communication through
numerous biological processes. In particular, microparticles (MPs) are typically defined
by their size (0.1-1 pm in diameter) [5], exposure of phosphatidylserine (PS) and the
expression of surface antigens originating from their donor cells [5,6]. MPs vesiculation
occurs as a cellular response to various physiological conditions including, apoptosis,
senescence, cellular activation [7], shear stress and biochemical triggers (such as
cytokines). Furthermore, several studies have reported that MPs could contribute to
endothelial vascular homeostasis [8,9]. On the other side, very little is known about
dynamic changes in microRNAs in response to common physiological perturbations such
as physical exercise. Understanding how exercise can alter gene regulation at the level of
microRNAs will likely prove important in optimizing therapeutic uses of exercise to
benefit human health, in particular, for cardiovascular diseases in which both exercise
and microRNAs play a key role in pathogenesis [10—12]. Among them, miRNAs
potentially associated to vascular function and inflammation were investigated such as
endothelial-related miRNAs, miR-126, miR-21 and miR-320a, monocyte/macrophage—
related miRNAs, miR-155, miR-146a, miR-223, miR-124a, and miR-150, platelets—
related miR-223 and miRNA-302a found in aorta. We proposed in this study to explore

the effects of 8 week-training exercise program on vascular modulation, through
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endothelial function exploration and inflammatory parameter measurements, and

miRNAs-containing MPs profile in a sedentary population.

2- Materials and methods

2-1- Subject population

The study, approved by Farhat Hached Hospital Ethical Committee for research
on humans in Tunisia, included 6 sedentary (self-reported, regular exercise aerobic
trainers < 2 days per week) Caucasian healthy women who signed an informed consent
before inclusion. All participants underwent history and medical evaluations and had to
meet the following criteria before enrollment in the study: 1) no participation in regular
physical activity; 2) no current chronic health problems; 3) no past or present history of
smoking; 4) no cardiovascular, metabolic or respiratory disease; 5) no overweight or
obesity and 5) no consumption of any antioxidant supplementation within the past 6

months.

2-2- Anthropometric, biochemical and blood pressure measurements

Body mass index (BMI) and mean arterial pressure (MAP= 1/3 (systolic blood
pressure) + 2/3 (diastolic blood pressure)) was recorded. All subjects underwent
biological parameters evaluation such as fasting glucose, total cholesterol, triglycerides,
high-density lipoprotein cholesterol (HDLc) levels, apolipoproteins (ApoA and ApoB)
and high sensitive C-reactive proteins (hsCRP). Low-density lipoprotein cholesterol

(LDLc) levels were calculated according to Friedewald’s formula. Oxidative damages
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were estimated by measuring the lipid peroxidation level i.e. plasma levels of

Thiobarbituric Acid Reactive substances (TBARS).

All measurements, blood collection and functional exploration were assessed at
rest and 48h after the last session of exercise training, to avoid any short term effects of

exercise training.

2-3- Endothelial function assessment

Endothelial function was explored by assessing the forearm microvascular
cutaneous vasoreactivity using Laser Doppler Flowmetry coupled with iontophoresis
(Periflux System 5000, Perimed, Jarfalla Sweden). Endothelium-dependent vasodilation
was evaluated by stimulation with 2% acetylcholine chloride (ACh) (Sigma Aldrich,
Switzerland) and endothelium-independent vasodilation, after local skin heating (LSH)
[13]. Briefly, cutaneous blood flow (CBF) was recorded at rest for 2min and during the
functional exploration. Three doses of ACh were delivered using an anodal current
(0,ImA for 10s) at 2-min intervals. Finally, the local skin temperature, initially
maintained at 32°C, was increased to 44°C for Smin (LSH) [14]. Data were expressed as
cutaneous vascular conductance (CVC), which represents the ratio between the CBF and
MAP values, to take into account variations in blood pressure between subjects [15]. The
endothelium-dependent response was calculated as the difference between the peak CVC
upon ACh stimulation, (i.e. the CVC after the third dose of ACh) and the baseline CVC
(A ACh CVC). The endothelium-independent response, was calculated as the difference
between the peak CVC following LSH-induced vasodilation and the baseline CVC (A

LSH CVC) [16].

2-4- MPs preparation and flow cytometry analysis
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2-4-1- MPs preparation

Citrated blood samples were collected and processed within 2h. Platelet-rich
plasma (PRP) was collected after centrifugation at 1,500g for 15min at room temperature
(RT). Platelet-free plasma (PFP) was obtained by further centrifugation at 13,000g for
2min at RT and the MP pellets after ultracentrifugation of the PFP at 20,000g for 90min

at 4°C. MPs and PFP aliquots were stored at -80°C until analysis [17].

2-4-2- MPs quantification by Flow cytometry

MPs samples were analyzed using Accuri C6 flow cytometer and software (Accuri
Cytometers, Ann Arbor, MI) to define the MPs gate and to quantify the absolute numbers
of MPs per ul of plasma. Regions corresponding to MPs were identified in forward and
side-angle light scatter intensity dot plot representation set at logarithmic gain, based on

their diameter using standard microbeads (0.1 and 1.1um).

2-4-3- MPs-containing miRNAs assessment

Total RNAs including miRNAs were isolated from the MPs contained in 150puL
of PFP using 700pL of Qiazol Lysis Reagent of the miRNeasy Micro Kit according to the
manufacturer’s instructions (Qiagen, Courtabeeuf, France). Then, 3.5uL of miRNeasy
Plasma Spike-In Control (Ce_miR-39_1; 1.6 x 10® copies/uL working solution) (Qiagen,
Courtabeeuf, France) was added to the samples. cDNAs were synthesized from 75ng of
total RNA in 20pL using SX miScript Hiflex Buffer, 10x dNTP mix and miScript Reverse
Transcriptase according to the manufacturer’s instructions Qiagen (Courtabeeuf, France).
Real-time quantitative RT-PCR analysis was performed using the Mx3005P Real-Time
PCR System (Stratagene, La Jolla, CA, USA) as previously described [18]. Reactions

were performed in a 12.5puL. volume containing 6.25uL of 2X QuantiTect SYBR Green
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PCR Master Mix (Qiagen, Courtabceuf, France), 1.25uL of 10X miScript Universal
Primer (Qiagen, Courtabeeuf, France), 1.25uL. of 10X miScript Primer Assay (Hs_miR-
21_2 miScript Primer Assay, Hs_miR-124a_1 miScript Primer Assay, Hs_miR-126*_1
miScript Primer Assay, Hs_miR-146a_1 miScript Primer Assay, Hs_miR-150_1
miScript Primer Assay, Hs_miR-155_2 miScript Primer Assay, Hs_miR-223_1 miScript
Primer Assay, Hs_miR-302a_2 miScript Primer Assay, Hs_miR-320a_1 miScript Primer
Assay, Ce_miR-39 1 miScript Primer Assay) (Qiagen, Courtabeeuf, France) and 2.5uL
of RNase-free water. After an initial incubation for 15min at 95°C, amplification reaction
was performed in 40 cycles comprising 3 steps (94°C, 15s; 55°C, 30s and 70°C, 30s). For
each condition, the expression was quantified in duplicate and the Ce_miR-39_1 miScript
Primer Assay (Qiagen, Courtabceuf, France) was used as endogenous control in the

comparative cycle threshold (Ct) method [19].

2-5- Exercise-training program

Subjects performed a high intensity interval aerobic exercise training program 3
times a week for 8 weeks. Heart rate monitoring was processed during sessions (Polar-
NV-Finland) and exercise intensity was adjusted on an individual basis to ensure women
exercised at their target heart rate (THR) calculated with Karvonen’s formula [20] and
based on 70 to 80% of heart rate reserve which correspond to a high intensity training
zone [21]. Maximal heart rate was obtained with a multi-stage 20m shuttle run Luc Leger
test before the program training [22]. Each training session consisted of a 15min warm-
up before performing 3 rounds of 10min intervals at THR with ergometer or treadmill
and Smin active recovery, giving a total exercise time of 45min. Each session ended with

20min of cool down relaxation.

2-6- Statistical analysis
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Data analysis was performed using SPSS 17.0 software package (SPSS Inc,
Chicago, IL, USA). Results are expressed as means + standard error (SEM). Data were
checked for normality using the Shapiro-Wilk test and tested by paired t-test, for
parametric data, and by Wilcoxon signed rank test, for nonparametric data. Statistical

significance was set at a p-value of p<0.05.

3- Results

A cohort of 6 young adult women of similar age, body mass index and fasting
glucose was studied. An intervention of high interval training program was chosen, based
on several studies which had proved its efficiency to stimulate changes in skeletal muscle
metabolism, cardiovascular regulation and work performance [23]. In fact, after an 8
week-training program, significant reduction of weight was obtained but no modification

of lipidemic, glycemic parameters and oxidative stress were observed (Table 1).
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Table 1 - Clinical parameters and biochemical measurements of subjects before and after

training program

Characteristics Before After p

Age (years) 2433 +£1.47

BMI (kg/m?) 22.14 +0.95 21.86 +£0.95* 0.04
MAP (mmHg) 81.11 *1.64 81.66 +1.87 0.31
Fasting glucose 5.04 +£0.16 5.10 £0.13 0.49
(mmol/1)

Total cholesterol 412 +£0.29 4.16 +0.26 0.89
(mmol/l)

Triglycerides (mmol/l) 0.68 +0.11 0.75 +0.13 0.83
HDLc (mmol/l) 1.29 +£0.13 1.16 £0.05 0.33
LDLc (mmol/l) 252 +£0.18 241 +£0.36 0.91
ApoA (g/l) 149 £0.07 145 +£0.06 0.46
ApoB (g/1) 0.72 =+0.05 0.71 +£0.05 0.68
TBARS (pmol/l) 4.03 +2.27 347 +£3.09 0.24

Abbreviations: BMI. Body Mass Index; WHR. Waist-to-Hip Ratio; HDLc. High Density
Lipoprotein cholesterol; LDLc. low Density Lipoprotein cholesterol; ApoA.
ApolipoproteinA; ApoB. ApolipoproteinB; TBARS: ThioBarbituric Acid Reactive

Substances. Data are expressed as mean + SEM; * :p<0.05.

However, a significant decrease of inflammatory marker, i.e. hsCRP was noticed,
revealing a diminished systemic inflammation (Table 2). Moreover, the exploration of

endothelial function by laser Doppler displayed no modification of vascular conductance

145



at baseline (Basal CVC) after the 8 week-training program, but the flow-mediated
endothelial-dependent relaxation (A ACh CVC) was significantly increased from 0.18 to
0.32 PU/mmg Hg (p<0.05) after the 8 week-training program while the endothelium-

independent vasodilatation remained unchanged (Table 2).

Table 2 — Inflammatory parameter, endothelial function and MPs measurements for

subjects before and after training program

Characteristics Before After p

I nflammatory marker
hsCRP (mg/1) 0.55 +0.16 0.35 =+0.10%* 0.04

Endothelial function parameters

Basal CVC (PU/mmHg) 0.05 +£0.01 0.06 +0.01 0.34
A ACh CVC (PU/mmHg) 0.18 +0.05 0.32 +0.10* 0.04
A LSH CVC (PU/mmHg) 0.60 =0.19 0.80 *0.11 0.17
M Ps measurement

MPs (MPs/ul plasma) 444440 +£439.55  5663.00 +£807.12 0.22

Abbreviations: hsCRP. high sensitive C-Reactive Protein; PU: Perfusion Unit; ACh:
Acetylcholine; LSH : Local Skin Heat; CVC: cutaneous vascular conductance; A ACh
CVC : peak ACh CVC minus baseline; A LSH CVC: peak LSH CVC minus baseline;;

MPs: microparticles. Data are expressed as mean + SEM.*:p<0.05.

The analysis of circulating MPs before and after 8 week-training program did not
display any significant change of MPs plasmatic levels (Table 2). Furthermore, miRNAs
in MPs were detected using quantitative reverse transcription PCR analysis. The analysis

of a subset of 9 miRNAs revealed that, two miRNAs (miR-155 and miR-302a) were
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undetected in all samples, while miR-150, miR-320a, miR-146a, miR-124a, miR-21,
miR-126 and miR-223 were present in circulating MPs. Moreover, after 8 week-training
program, miR-150, miR-320a, miR-146a, miR-124a and miR-21 expression in MPs was

significantly enhanced while miR-126 and miR-223 expression remained unchanged

(Figure 1).
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Figure 1: MPs-containing miR expression before and after training exercise; Values are

mean + SEM; *:p<0.05.

4- Discussion

The present study focused on the effects of a 8§ week-training program on vascular
reactivity, MPs quantification and MP-miRNAs content in a group of healthy young
sedentary women. Our principal finding demonstrated that aerobic-type exercise training

1/ improved endothelial vasorelaxation and reduced systemic inflammation; but 2/ didn’t
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modify circulating MPs levels. In addition, this is the first study, we believe, to
demonstrate substantial changes in miRNAs expression in MPs in healthy individuals

following 8 week-training program.

In this study we have shown that circulating MPs were retrieved at low
concentrations in plasma samples of healthy sedentary women. These circulating MPs
from healthy subjects were at basal levels and lower than the circulating level encountered
in pathological situations such as hypertension [24], diabetes [25], obesity [26] or
coronary arteries diseases [27]. The paracrine secretion of MPs has been proved to be key
effectors in inflammation, angiogenesis and vascular disorders [9,28], and is generally
thought to be the principal transport vehicles for miRNAs in circulation [29]. In fact,
because of their membrane vesicles constitution, MPs can protect from RNases in the
plasma or serum, are also resistant to repetitive freezing and thawing cycle [30], and
might facilitate communication within different cells. Therefore, we investigated the
presence and the abundance in MPs of 9 miRNAs potentially associated to vascular
function and/or dysfunction and inflammation: endothelial-related miRNAs, such as miR-
126 and miR-21, miR-320a, monocyte/macrophage—related miRNAs, such as miR-155,
miR-146a, miR-223, and miR-124a, and miR-150, platelet —related miR-223 [31] and

miRNA-302a found in aorta [32].

Firstly, the miRNAs are secreted from cells into the circulation or are taken up
from circulation into cells, suggesting that minimal miRNA degradation occurs due to
RNases present in body fluids [1]. This may be attributed to the protection of miRNAs
from RNases by intracellular small vesicles such as exosomes, microvesicles, and
apoptotic bodies [33,34]. This hypothesis can be confirmed by our data, since we were
able to detect significant level of several miRNAs in circulating MPs from healthy

subjects. Furthermore, it has been suggested that exercise transiently or adaptively
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changes the level of c-miRNAs in humans [35-37], leading to post-transcriptional
regulation of proteins associated with energy metabolism and angiogenesis in adipocytes,
hepatocytes, and endothelial cells. Among the miRNAs analysed, miR-155 and miR-302a
have been reported to be highly implicated in cardiovascular disease, such as miR-302 a
modulator of cholesterol homeostasis and atherosclerosis [32] and miR-155 implicated in
atherogenesis in vivo [38] and inflammation during cardiovascular diseases, the
metabolic syndrome, ageing [39] and obesity [40]. In our study, these two miRNAs
couldn’t be detected in circulating MPs of healthy women. It is conceivable to think that,
these miRNAs would be under-expressed in non-pathological condition and therefore not
present in MPs of healthy subjects. On the other hand, miR-21, miR-150, miR-320a, miR-
146a, miR-124a, miR-126 and miR-223 were detected in circulating MPs of healthy
women. All these miRNAs have been implicated as negative regulators of inflammatory
processes at the transcriptional level [41]. Among them miR-146a and miR-223 have been
reported to be a negative regulator of the immune response through inhibition of the
expression of the mRNAs encoding TRAF6 and IRAKI, two proteins involved in the
transcription of TLR signaling leading to NF-kB activation [42], and anti-inflammatory
effects were also observed for miR-124a by the inhibition of adhesion and infiltration of

inflammatory cells into the endothelial space [43].

Exercise training is considered as an efficient way to increase resistance to
cardiovascular diseases through mediating adaptive responses. In the present study, we
reported that a 8 week-training program reduced systemic inflammation, through
reduction of circulating CRP levels, in healthy young women which is in total accordance
with previous results [44,45]. Aside, we also observed an increased blood flow, and likely
increased shear stress as reported by Green et al. [46] resulting in an improved endothelial

function through an enhanced endothelial-dependent vasodilation. Wang et al. [47] have
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already observed enhanced skin blood flow and cutaneous vascular conductance of
healthy sedentary subjects in response to a moderate-intensity exercise (8 weeks).
Moreover, regular aerobic exercise could restore the loss in endothelial-dependent
vasodilation in healthy middle-aged and older men [48]. Only few studies were interested
on the effect of exercise on shear stress with consequently on circulating MPs and on
miRNAs. We reported no significant changes in MPs circulating levels after 8 week-
training program in the healthy young women. While Babbit et al. [49] observed a
reduction in endothelial-derived MPs (EMPs) circulating levels after a 6-month aerobic
exercise training for sedentary middle-to-older-aged subjects, they did not quantified total
MPs circulating level. Moreover, other studies reported an elevation of EMPs circulating
levels associated with reduced daily physical activity and inactivation [50,51] but no
correlations were found between EMPs levels and flow mediated dilation measurement

[50].

Furthermore, after 8-week training, the exploration of MPs-containing miRNAs
showed that pro-inflammatory miR-302a and miR-155 were still not detected. But, a
significant increase of miR-21, miR-146a, miR-124a, miR-150 and miR-223 abundance
was observed after 8 week-training program while miR-126 and miR-223 remained
unchanged. It is well known that aerobic exercise is a potent physiological stimulant by
inducing laminar shear stress [52], Interestingly, studies reported that high unidirectional
shear stress could enhance expression of a distinct group of miRNAs in endothelial cells,
and among them miR-21 [53]. It is conceivable to speculate that enhanced expression of
miRNAs in MPs could be a result of the 8 week-training program. Moreover, Weber et
al. observed that HUVEC overexpressing miR-21, after shear stress stimulation, had
decreased apoptosis and increased eNOS phosphorylation and nitric oxide production

through a PI3K/Akt/eNOS pathway, which would suggest an implication of these
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miRNAs in the beneficial effects of exercise on endothelial function [53]. However,
studies investigating miRNA modulation by exercise, reported contradictory results [54].
In fact, Baggish et al. [35] observed enhanced plasmatic miR-21, mi-146a or miR-126
expression, after 90 days exercise training for a group of trained men [55], whereas,
Nielson et al. [56] identified seven miRNAs, among them miR-21, with decreased levels
in plasma of young healthy men, in response to a 12 week chronic training. These
discrepancy could be the result of population characteristics as it was suggested that
plasmatic miRNA levels in response to exercise differ between trained and non-trained
subjects [57]. Moreover, studies reported that exercise type, duration and intensity could
largely influence circulating miRNAs expression and so could also partially explain these

controversial results [37,58].

In total, exercise training can be considered as an efficient way prevent
cardiovascular diseases through mediating adaptive reactions. Since chronic
inflammation is clearly associated to cardiovascular disease, diabetes mellitus,
adipogenesis and obesity [59,60], regulatory miRNAs could be involved in the control of
vascular inflammation and vascular function. On the other hand, paracrine release of MPs,
by transporting these miRNAs through the circulation, may highly contribute to these
mechanisms. Besides, further research is warranted for the characterization of detailed
mechanisms and the physiological and pathological changes in miRNAs implicated into
this vascular adaptive response to physical exercise. Nevertheless, the field of miRNAs
research is attractive and is expected to present more novel findings for the field of

therapeutics.
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