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Circulating Microvesicles
Association with Oxidative
and Chronic Stress in Healthy
and Coronary Artery Disease
Affected Male Populations

Summary

Introduction. Endothelial microvesicles (EMV) could be potential
biomarkers for early diagnosis of myocardial infarction yet their release
in post myocardial infarction and association with oxidative stress
largely not studied. The objective was to determine the differences in
EMYV numbers in patients after myocardial infarction and their associa-
tion with oxidative stress in comparison with healthy controls

Materials and Methods. 15 post myocardial infarction (MI) pa-
tients and 81 healthy controls were included into the study. Blood
plasma samples tested using BD Fortessa cytometer (BD, San Jose).
Three EMV populations were examined: 1) CD144+, CD42a-, CD61-,
2) CD144+, CD42a+, CD61-, 3) CD105+, CD42a-, CD61- and percentage
of EMV, expressing CD62e was determined. Malondialdehyde (MDA)
concentration determined by a Nexera X2 UHPLC system (Shimadzu,
Japan).

Results. Individuals participating in the study grouped into three
groups: 1) younger healthy group (25-39 year old), 2) elder healthy
group (40-60 year old) and 3) patients (40-60 year old). CD62e expres-
sion on EMV membrane was higher in patients group in comparison to
control younger and elder groups. MDA concentration median was
higher in patients group. EMV populations and their activation levels
were associated with MDA concentration only in the control groups at
different age intervals.

Conclusions. Activation of EMV was higher in post MI group in all
populations of endothelial microvesicles except for CD144+ and CD42a-.
Counts of circulating EMV populations and their CD62e expression
showed associations with oxidative and chronic stress markers.

Keywords: microvesicles, flow cytometry, oxidative stress.

INTRODUCTION

agnostics. This heightened interest is
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In the past decade, extracellular vesi-
cles (ECV) were understood as the po-
tential players of intercellular com-
munication. Now these vesicles are
intensively investigated in the range
of pathological processes in hopes to
use them as biomarkers for clinical di-
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not surprising since current
biomarkers have left unmet needs in
the early diagnosis of several dis-
eases. Atherosclerosis and its clinical
manifestations such as coronary
heart disease is one good example out
of many. Oxidative stress is impli-
cated in the pathogenesis of athero-
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sclerosis [1] and is caused by produc-
tion of excess reactive oxygen species
(ROS). ROS are formed naturally and
act as regulators of various cell func-
tions and biological processes. The ox-
idative stress processes are important
in the pathogenesis of myocardial in-
farction and post-stroke survival [2].
Malondialdehyde (MDA) concentra-
tion in blood plasma is proposed as an
effective oxidative stress biomarker.
Most of this substance is produced
during reaction process from decom-
position of products of lipid peroxida-
tion and it helps to evaluate oxidative
stress level in vascular system [3].
Since uncontrolled production of reac-
tive oxygen species is implicated in
vascular injury [4], the association of
ECV numbers with MDA is impor-
tant. Fundamental studies describe
their involvement in oxidative stress
and inflammation affecting angiogen-
esis [5]. Yet we still need further eval-
uation of chronic inflammation and
sustained stress involvement in the
recurrence of coronary stenosis and
cardiac failure [6]. Cortisol is consid-
ered a stress hormone. Produced in
adrenal gland this hormone primarily
regulates metabolism by increasing
blood sugar and aiding in the metabo-
lism of other substances like fats or
proteins [7]. It also suppresses im-
mune system [8] and it is essential for
maintenance of normal blood pres-
sure [9]. Cortisol could be detected in
saliva human hair or serum [10]. At
least one study showed a prospective
association between cortisol stress re-
activity and progression of sub-clini-
cal atherosclerosis [11]. Recent stud-
ies found that elevated cortisol re-
sponse to mental stress linked to
higher cardiac troponin T levels [12].
These findings show importance of
psychosocial stress in subclinical ath-
erosclerosis. Microvesicles and
exosomes could participate in this
process and give valuable information
about the stress level. It was found
that exosomes could be enriched by
heat shock protein 70 (HSP70) and
modulated by stress and cortisol in
rainbow trout (Oncorhynchus mykiss)
[13], but clinical studies are lacking in
this field.

MATERIAL AND METHODS

Study subject inclusion criteria

Test group included fifteen patients
who were treated for myocardial in-
farction in Vilnius University Hospital
Santaros Clinics three months prior

Derivatisati 50 pL 750 uL 0.44 M 250 uL 42 M TBA 450 pL deionized
erivatisation sample H3PO4 (aq) HzO

ﬂ | Mixed for 5 seconds (vortex mixer) |

ﬂ | Incubated for 60 min at 100 °C |

ﬂ | Cooled down instantly |

Neutralisation/ o
eutratisation 500 puL derivatised sample

500 pL alkaline methanol

Precipitation
ﬂ | Mixed for 5 seconds (vortex mixer) |
ﬂ | Centrifuged for 5 min. at 10000 x g |
HPLC .
. Inject 20 pL of the supernatant
Analysis

Fig. Flow diagram for derivatization and HPLC method for the determination of

malondialdehyde in serum

the inclusion. 81 healthy individuals
who were examined between Decem-
ber 2015 and July 2017 have formed a
control group. Control subjects had no
prior history of acute cardiovascular
disease and were not under any treat-
ment for cardiovascular diseases. For
determining depression level in the
control group the Beck questionnaire
was used. Study protocol was
approved by local Vilnius
university Bioethics committee
(No.: 158200-18-990-495 and
158200-15-807-319). Control group in-
dividuals were placed into two groups:
1) younger healthy group (25—-39 year
old) (n=52) and 2) elder healthy group
(40-60 year old) (n=29).

Blood sampling and testing

For enumeration of EMV 4 mL of blood
was drawn from the arm vein into the
citrated Vacutainer tubes. To produce
platelet free plasma the tubes then
subjected to differential centrifuga-
tion. First they were centrifuged at
3000 g rcf for 10 minutes and three
quarters of recovered plasma was
transferred into a sterile tube and cen-
trifuged again at 10000 g rcf for
30 minutes. The resulting pellet was
reconstituted with 1 ml of serum free
RPMI medium (Biological Industries,
Israel) and analyzed using LSR
Fortessa (BD, California) flow
cytometer.

The method was based on the
scientific article published by
Khoschsorur GA and his colleagues in
2000 [14]. The frozen patient serum
was thawed at room temperature.

50 pL of thawed serum was mixed
with 750 ulL 0.44 M phosphoric acid so-
lution, 250 uL of 42 mM thiobarbituric
acid solution and 450 pL of deionised
water. The prepared samples were in-
cubated in a thermostate at 100°C for
60 minutes. After incubation, the sam-
ples were rapidly cooled in an ice bath.
In the next step 500 pL of the sample
was taken and added 500 pL of metha-
nol solution (1:1). The sample was
mixed by shaking and centrifuge for
3 min at 10000 g. After centrifugation
500 uL of the centrifugate was added
to the chromatographic vial and ana-
lyzed the sample via high performance
liquid chromotography method based
on method described in literature [14].
The received measurement data was
processed by LabSolutions software
(USA, Atlanta).

Flow cytometry

For this experiment, we used the pro-
tocol described in our previous publi-
cation [15]. All samples were labeled
with anti CD144-FITC (anti
VE-cadherin), anti CD105-BV421
(anti endoglin), anti CD42a-PerCP
(anti glycoprotein IX), anti CD62e-PE
(anti e-selectin) and anti CD61-APC
(anti Integrin beta-3) (BD, San Jose,
California). All events were gated on a
forward vs. side-scattered light dot
plot according to their forward scatter
intensity (size). Each analysis in-
cluded 1,000,000 events. Total abso-
lute counts of EMV populations were
quantified by flow cytometry and ex-
pressed as microvesicles/ul.. CD62e
expression was calculated as percent-
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Table 1. Demographic and clinical characteristics of the population studied. The data values are presented as means (SD)

or as medians and interquartile range (IQR) depending on variable distribution. NS indicates not significant.

Median (IQR) or means (SD)
Variables Healthy 2540 year old Healthy 40-60 year old Post MI group 40-60 year P
(n=52) (n=29) old (n=15)
Age, years Means (SD): 30.31 (0.49) Means (SD): 47.28 (0.84) Means (SD): 51.93 (1.54) <0.001
Systolic blood pressure Median (IQR):): 131.5 (12) Median (IQR):): 131 (18.5) Median (IQR): 120 (15) 0.021
Diastolic blood pressure Median (IQR): 78.5 (8) Median (IQR): 82 (12.5) Median (IQR): 80 (6) NS
Heart rate Median (IQR): 71.5 (14.75) | Median (IQR): 71 (17.5) Median (IQR): 64 (12) NS
Malondialdehyde concentration | Median (IQR): 92.17 (30.98) | Median (IQR): 101.61 (34.85) | Median (IQR): 154.72 (8.21) | <0.001
Cortisol concentration Median (IQR): 0.23 (0.09) Median (IQR): 0.2 (0.11) Not evaluated NS

Table 2. Characteristics of the EMV (endothelial microvesicles) populations presented as medians and interquartile range
(IQR). CD62e expression is calculated as a percentage from total microvesicles count. Also are given P values for median
differences between groups.

EMV Microvesicles count (microvesicles/ul) (Median*IQR) | CD62e expression (%) (Median*IQR)

population Healthy 25-40 | Healthy 40-60 | Patients (40-60 P Healthy 25-40| Healthy 40-60 | Patients (40-60 P
year old year old year old) year old year old year old)

CD105+ EMV |22.89+75.2 10.93+53.81 33.68+205.47 NS |1.75+4.58 1.445.05 14.8+17.6 <0.001

CD 144+, 322.79+232.64 | 173.37+426.84 | 215.56+£133.67 NS |[5.55+6.13 7+5.95 1.816 0.03

CD42a+ EMV

CD 144+, 254.68+£185.15 | 304.73+210.64 | 73.29+49.23 <0.001|41.25+87.8 63.7£79.45 98.9+£5.8 0.002

CD42a- EMV

PMV 257.14+353.43 | 186.92+307.86 | 338.99+375 NS |- - -

Table 3. Association between atherosclerosis risk factors, MDA concentration and total count of EMV populations, and
their CD62e expression

Groups Younger healthy control group Elder healthy control group

EMV and PMV CD144+ CD144+ CD42a- CD105+ and PMV CD144+ CD105+ and CD105+
populations CD42a- EMV |and CD62e+ EMV | CD62e+ EMV CD42a+ CD62e+ EMV EMV+
MDA concentra- R=0.28 NS NS R=0.64 R=0.49 P=0.008 R=0.38
tion in serum P=0.04 P<0.001 P=0.007 R=0.49 P=0.04
Depresion level NS R=0.33, P=0.018 NS NS NS NS NS
Age NS NS R=-0.54 NS NS NS NS

P<0.001

age from total count of respective en-
dothelial microvesicles populations.

Cortisol concentration
in serum analysis

For ELISA analysis, ELISA Kit
(LDN®, Germany) was used. To the
96-well plate 20 pl. of blood serum
were added. Than 200 pL of conjugate
were added to each well and incubated
for 1 hour at room temperature. 3 cy-
cles of washing were performed using
400 pL of wash solution per well per
cycle. Then 100 pL of substrate were
added to each well and the plate was
incubated for 15 minutes at room tem-
perature. 100 puL of the stopping solu-
tion were added to all wells, mixed and
scanned at 450210 nm. The standard
densities of the optical densities of the
standard substances provide a calibra-
tion curve to determine the concentra-
tion of serum cortisol (ng/mL). Gemini
automatic analyzer (Stratec Biomedi-
cal, Germany) was used based on man-
ufacturer’s recommendations

Statistical analysis

Results were presented as median and
interquartile range if not stated other-
wise. Variables were tested by the
non-paired non-parametric Wilcoxon
test and Spearman test for correlation
coefficient. The confidence level for the
test was set at 0.05. Statistical analy-
sis was carried out using SPSS
version 21 (IBM).

RESULTS

Clinical characteristics

Demographic and clinical data are dis-
played in Table 1.

Characteristics of all four popula-
tions of microvesicles and their CD62e
expression are presented in Table 2.

Three different populations of en-
dothelial microvesicles were detected:
1) CD105+, CD42a- and CD61- EMV;,
2) CD144+, CD42a- and CD61- EMV;
3) CD144+, CD42a+ and CD61- EMV.

LABORATORINE MEDICINA s 2019, t. 21, Nr. 2(82)

Each subpopulation had one endothe-
lial cell marker CD105 (endoglin) or
CD144 (VE-cadherin) that could possi-
bly reflect their function according to
the association with the marker.

Groups’ characteristics

Patients had significantly elevated
concentration of MDA (P<0.001).
There was a mean age difference (Ta-
ble 1) between the two groups, since
there were more post myocardial in-
farction (MI) individuals between
50-60 years of age and there were
more controls between 40 and 50 years
old (d=-4.83+1.62, P=0.005). In the
younger healthy group, 9 individuals
were smoking at the time of blood col-
lection and one individual smoked be-
fore. In the elder healthy group four
individuals were smoking. In the pa-
tients’ group, no one was smoking at
the time of blood collection, but all of
them smoked before the cardiac event.
Eleven individuals from elder control
group and nine individuals from youn-
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ger control group were smoking at the
time of blood collection.

Numbers of circulating
endothelial microvesicles

Between groups there was median dif-
ference between total count of
VE-cadherin EMV with thrombocytic
markers (322.79 (younger control
group) vs 173.37 (elder control group)
vs 215.56 (patients), P<0.001).

When comparing CD62e expres-
sion on EMV membrane between con-
trols and patients all EMV popula-
tions expressed CD62e differently on
their membranes. There was also me-
dian difference between control
groups when comparing EMV activa-
tion levels: CD105+ EMV (1.75 vs 1.4,
P<0.001) and CD144+ and CD42a-
EMV (56.55 vs 7, P=0.002) expressed
CD62e differently.

Association between systolic
blood pressure, depression
level smoking

and malondialdehyde
concentration and total count
of EMV populations and their
CD62e expression

Associations between MDA concentra-
tion, depression level and age is shown
in Table 3.

In post MI group total count of
CD105+ EMV positively correlated
with systolic blood pressure (R=0.54,
P=0.038). CD62e+ level in CD144+
and CD42a- EMV negatively corre-
lated with systolic blood pressure
(R=-0.54, P=0.037); CD62e+ level in
CD144+ and CD42a+ EMV negatively
correlated with systolic blood pressure
(R=-0.53, P=0.04). Heart rate and dia-
stolic blood pressure had no associa-
tion with endothelial microvesicles in
all three groups.

In the younger control group only
the total count of CD144+ and CD42a-
EMV positively correlated with
malondialdehyde concentration
(P=0.04, R=0.28). In the elder control

group MDA concentration positively
correlated with total count of PMV
(P<0.001, R=0.64), total count of
CD144+ and CD42a- EMV (P=0.007,
R=0.49), total count of CD105+ EMV
(P=0.04, R=0.38) and with CD62e ex-
pression in CD105+ EMV population
(P=0.008, R=0.49). In post MI group
there was no association between
MDA concentration and total counts of
EMYV or their activation levels.

Smoking as influencing factor on
microvesicles counts and oxidative
stress was also investigated. Only in
the elder healthy group smoking indi-
viduals had higher activation level in
the CD144+ and CD42a+ population
(smoking 96.8% vs nonsmoking 48.5%,
P=0.025) and also lower cortisol con-
centration in serum (0.15 nonsmoking
vs 0.21 smoking, P=0.043)

Since we have observed association
between MDA and microvesicles
counts in two healthy groups, serum
cortisol in these groups was measured
in order to assess this phenomenon. In
a young healthy group serum cortisol
concentration negatively correlated
with MDA concentration (R=-0.31,
P=0.028). No correlation was found be-
tween cortisol concentration and
microvesicles counts as well as be-
tween the groups there was no cortisol
concentration median difference.

DISCUSSION

The objective of our study was to de-
termine the association of endothelial
microvesicles numbers with oxidative
stress in healthy individuals and pa-
tients with coronary heart disease.
MDA concentration was used as an ox-
idative stress marker and cortisol was
used as a chronic stress marker. Two
main markers used to describe EMV
in our study were CD105 (endoglin)
and CD144 (VE-cadherin) which led to
detection of two EMV subpopulations.
To characterize the portion of acti-
vated EMV in each subpopulation,
CD62e (e-selectin) was used as an acti-
vation marker. In this study, we did
not find any remarkable difference be-
tween groups when looking into EMV

numbers but activation level was dif-
ferent for almost all EMV populations.
MDA concentration was also found to
be different between all groups and
was increased in patients. Interest-
ingly MDA concentration was associ-
ated only with the increase of EMV
concentration and activation level in a
control group and not in patients. This
could mean that oxidative stress is as-
sociated with higher release of EMV in
relatively healthy population. Cortisol
was then used to evaluate if the associ-
ation between oxidative and chronic
stress could be seen in association
with EMV numbers. Cortisol could be
used as a chronic stress marker [16]
and monitoring it could bring a benefit
for stress assessment. In literature,
the connection between MDA and
cortisol concentrations was observed
and tied to depression [17]. In the
study, association between cortisol
and MDA concentration, but not asso-
ciation between microvesicle numbers
and cortisol concentration was found.
The association between hair cortisol
and microvesicle numbers was seen in
our previous publication [15], but not
here. This shows that momentary
changes in cortisol concentration prob-
ably do not affect the microvesicles
numbers On the other hand we found
that smoking influenced CD144+,
CD42a+ and CD62e+ microvesicles
numbers and cortisol concentration.
Seemingly, smoking people had lower
cortisol concentration. This was not
the case for younger healthy group.
We suspect age is an important factor
and different triggers could be work-
ing at different age intervals for gener-
ation and release of EMV.

In conclusion, activation of EMV
was higher in post MI patients group
in all populations of endothelial mi-
crovesicles except for VE-cadherin
without thrombocytic markers EMV.
Counts of circulating endothelial
microvesicles populations and their
CD62e expression showed associa-
tions with oxidative and chronic stress
markers. 4
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Santrauka

CIRKULIUOJANCIY MIKRODAlEI.IUvRYgYS SU OKSIDACINIU IR LETINIU
STRESU SVEIKOJE IR KORONARINE SIRDIES LIGA SERGANCIY VYRU

POPULIACIJOSE

Vytautas Zékas, Réda Matuzeviéiené, Dovilé Karéiauskaité, Dalius Vitkus,
Mantas Radzevicivs, Ausra Janiulioniené, Ausra Linkevicioté, Sandra Kutkieneé,

Zita Kucinskiené

Ivadas. Endotelio mikrodalelés (EMD)
galétu buti miokardo infarkto ir korona-
rinés Sirdies ligos biozymenys, taéiau ju
gamyba ir iSsiskyrimas po miokardo in-
farkto ir sasajos su oksidaciniu stresu neé-
ra iki galo aiskios. Sio tyrimo tikslas buvo
nustatyti EMD kieki sveiku asmenu ir
miokardo infarkta prie§ tris ménesius
patyrusiu pacientu periferiniame kraujy-
je bei galima rysi tarp oksidacinio streso
ir EMD kiekio.

Tiriamieji ir metodai. | tyrima bu-
vo itraukta 15 pacientu po miokardo in-
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