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

Sum mary

In tro duc tion. En do the lial microvesicles (EMV) could be po ten tial
biomarkers for early di ag no sis of myo car dial in farc tion yet their re lease
in post myo car dial in farc tion and as so ci a tion with ox i da tive stress
largely not stud ied. The ob jec tive was to de ter mine the dif fer ences in
EMV num bers in pa tients af ter myo car dial in farc tion and their as so ci a -
tion with ox i da tive stress in com par i son with healthy con trols

Ma te ri als and Meth ods. 15 post myo car dial in farc tion (MI) pa -
tients and 81 healthy con trols were in cluded into the study. Blood
plasma sam ples tested us ing BD Fortessa cytometer (BD, San Jose).
Three EMV pop u la tions were ex am ined: 1) CD144+, CD42a-, CD61-,
2) CD144+, CD42a+, CD61-, 3) CD105+, CD42a-, CD61- and per cent age
of EMV, ex press ing CD62e was de ter mined. Malondialdehyde (MDA)
con cen tra tion de ter mined by a Nexera X2 UHPLC sys tem (Shimadzu,
Ja pan).

Re sults. In di vid u als par tic i pat ing in the study grouped into three
groups: 1) youn ger healthy group (25–39 year old), 2) el der healthy
group (40–60 year old) and 3) pa tients (40–60 year old). CD62e ex pres -
sion on EMV mem brane was higher in pa tients group in com par i son to
con trol youn ger and el der groups. MDA con cen tra tion me dian was
higher in pa tients group. EMV pop u la tions and their ac ti va tion lev els
were as so ci ated with MDA con cen tra tion only in the con trol groups at
dif fer ent age in ter vals.

Con clu sions. Ac ti va tion of EMV was higher in post MI group in all
pop u la tions of en do the lial microvesicles ex cept for CD144+ and CD42a-. 
Counts of cir cu lat ing EMV pop u la tions and their CD62e ex pres sion
showed as so ci a tions with ox i da tive and chronic stress mark ers.

Keywords: microvesicles, flow cytometry, ox i da tive stress.

INTRODUCTION

In the past de cade, extracellular ves i -
cles (ECV) were un der stood as the po -
ten tial play ers of intercellular com -
mu ni ca tion. Now these ves i cles are
in ten sively in ves ti gated in the range
of patho log i cal pro cesses in hopes to
use them as biomarkers for clin i cal di -

ag nos tics. This height ened in ter est is
not  sur pris ing since cur rent
biomarkers have left un met needs in
the early di ag no sis of sev eral dis -
eases. Ath ero scle ro sis and its clin i cal
man i fes ta tions such as cor o nary
heart dis ease is one good ex am ple out
of many. Ox i da tive stress is im pli -
cated in the pathogenesis of ath ero -
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scle ro sis [1] and is caused by pro duc -
tion of ex cess re ac tive ox y gen spe cies
(ROS). ROS are formed nat u rally and
act as reg u la tors of var i ous cell func -
tions and bi o log i cal pro cesses. The ox -
i da tive stress pro cesses are im por tant 
in the pathogene sis of myo car dial in -
farc tion and post- stroke sur vival [2].
Malondialdehyde (MDA) con cen tra -
tion in blood plasma is pro posed as an
ef fec tive ox i da tive stress biomarker.
Most of this sub stance is pro duced
dur ing re ac tion pro cess from de com -
po si tion of prod ucts of lipid peroxida -
tion and it helps to eval u ate ox i da tive
stress level in vas cu lar sys tem [3].
Since un con trolled pro duc tion of re ac -
tive ox y gen spe cies is im pli cated in
vas cu lar in jury [4], the as so ci a tion of
ECV num bers with MDA is im por -
tant. Fun da men tal stud ies de scribe
their in volve ment in ox i da tive stress
and in flam ma tion af fect ing angiogen -
esis [5]. Yet we still need fur ther eval -
u a tion of chronic in flam ma tion and
sus tained stress in volve ment in the
re cur rence of cor o nary ste no sis and
car diac fail ure [6]. Cortisol is con sid -
ered a stress hor mone. Pro duced in
ad re nal gland this hor mone pri mar ily 
reg u lates me tab o lism by in creas ing
blood sugar and aid ing in the me tab o -
lism of other sub stances like fats or
pro teins [7]. It also sup presses im -
mune sys tem [8] and it is es sen tial for
main te nance of nor mal blood pres -
sure [9]. Cortisol could be de tected in
sa liva hu man hair or se rum [10]. At
least one study showed a pro spec tive
as so ci a tion be tween cortisol stress re -
ac tiv ity and pro gres sion of sub-clin i -
cal ath ero scle ro sis [11]. Re cent stud -
ies found that el e vated cortisol re -
sponse to men tal stress linked to
higher car diac troponin T lev els [12].
These find ings show im por tance of
psychosocial stress in subclinical ath -
ero scle ro sis .  Microvesicles and
exosomes could par tic i pate in this
pro cess and give valu able in for ma tion 
about the stress level. It was found
that exosomes could be en riched by
heat shock pro tein 70 (HSP70) and
mod u lated by stress and cortisol in
rain bow trout (Oncorhynchus mykiss) 
[13], but clin i cal stud ies are lack ing in 
this field.

MATERIAL AND METHODS

Study subject inclusion criteria

Test group in cluded fif teen pa tients
who were treated for myo car dial in -
farc tion in Vilnius Uni ver sity Hos pi tal 
Santaros Clin ics three months prior

the in clu sion. 81 healthy in di vid u als
who were ex am ined be tween De cem -
ber 2015 and July 2017 have formed a
con trol group. Con trol sub jects had no
prior his tory of acute car dio vas cu lar
dis ease and were not un der any treat -
ment for car dio vas cu lar dis eases. For
de ter min ing de pres sion level in the
con trol group the Beck ques tion naire
was used. Study pro to col  was
 approved by lo cal Vilnius
university Bioethics com mit tee
(No. :  158200-18-990-  495 and
158200-15-807-319). Con trol group in -
di vid u als were placed into two groups:
1) youn ger healthy group (25–39 year
old) (n=52) and 2) el der healthy group
(40–60 year old) (n=29).

Blood sampling and testing

For enu mer a tion of EMV 4 mL of blood 
was drawn from the arm vein into the
cit rat ed Vacutainer tubes. To pro duce
platelet free plasma the tubes then
sub jected to dif fer en tial centrifuga -
tion. First they were cen tri fuged at
3000 g rcf for 10 min utes and three
quar ters of re cov ered plasma was
trans ferred into a ster ile tube and cen -
tri fuged again at 10000 g rcf for
30 minutes. The re sult ing pel let was
re con sti tuted with 1 ml of se rum free
RPMI me dium (Bi o log i cal In dus tries,
Is rael) and an a lyzed us ing LSR
Fortessa (BD, Cal i  for  nia) flow
cytometer.

The method was based on the
 scientific  ar ti  cle pub lished by
Khoschsorur GA and his col leagues in
2000 [14]. The frozen pa tient se rum
was thawed at room tem per a ture.

50 mL of thawed se rum was mixed
with 750 mL 0.44 M phos pho ric acid so -
lu tion, 250 mL of 42 mM thiobarbituric
acid so lu tion and 450 mL of deionised
wa ter. The pre pared sam ples were in -
cu bated in a thermostate at 100°C for
60 min utes. Af ter in cu ba tion, the sam -
ples were rap idly cooled in an ice bath.
In the next step 500 mL of the sam ple
was taken and added 500 mL of meth a -
nol so lu tion (1:1). The sam ple was
mixed by shak ing and cen tri fuge for
3 min at 10000 g. Af ter centrifugation
500 mL of the centrifugate was added
to the chro mato graphic vial and an a -
lyzed the sam ple via high per for mance 
liq uid chromotography method based
on method de scribed in lit er a ture [14]. 
The re ceived mea sure ment data was
pro cessed by LabSolutions soft ware
(USA, At lanta).

Flow cytometry

For this ex per i ment, we used the pro -
to col de scribed in our pre vi ous pub li -
ca tion [15]. All sam ples were la beled
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,
Cal i for nia). All events were gated on a
for ward vs. side-scat tered light dot
plot ac cord ing to their for ward scat ter
in ten sity (size). Each anal y sis in -
cluded 1,000,000 events. To tal ab so -
lute counts of EMV pop u la tions were
quan ti fied by flow cytometry and ex -
pressed as microvesicles/mL. CD62e
ex pres sion was cal cu lated as per cent -
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Fig. Flow di a gram for derivatization and HPLC method for the de ter mi na tion of
malondialdehyde in se rum
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age from to tal count of re spec tive en -
do the lial microvesicles pop u la tions.

Cortisol concentration
in serum analysis

For ELISA anal y sis, ELISA Kit
(LDN®, Ger many) was used. To the
96-well plate 20 mL of blood se rum
were added. Than 200 mL of con ju gate
were added to each well and in cu bated 
for 1 hour at room tem per a ture. 3 cy -
cles of wash ing were per formed us ing
400 mL of wash so lu tion per well per
cy cle. Then 100 mL of sub strate were
added to each well and the plate was
in cu bated for 15 min utes at room tem -
per a ture. 100 mL of the stop ping so lu -
tion were added to all wells, mixed and 
scanned at 450±10 nm. The stan dard
den si ties of the op ti cal den si ties of the
stan dard sub stances pro vide a cal i bra -
tion curve to de ter mine the con cen tra -
tion of se rum cortisol (ng/mL). Gem ini
au to matic an a lyzer (Stratec Bio med i -
cal, Ger many) was used based on man -
u fac turer’s rec om men da tions

Statistical analysis

Re sults were pre sented as me dian and 
interquartile range if not stated oth er -
wise. Vari ables were tested by the
non- paired non-para met ric Wilcoxon
test and Spearman test for cor re la tion
co ef fi cient. The con fi dence level for the 
test was set at 0.05. Sta tis ti cal anal y -
sis was car ried out us ing SPSS
version 21 (IBM).

RESULTS

Clinical characteristics

De mo graphic and clin i cal data are dis -
played in Ta ble 1.

Char ac ter is tics of all four pop u la -
tions of microvesicles and their CD62e
ex pres sion are pre sented in Ta ble 2.

Three dif fer ent pop u la tions of en -
do the lial microvesicles were de tected:
1) CD105+, CD42a- and CD61- EMV;
2) CD144+, CD42a- and CD61- EMV;
3) CD144+, CD42a+ and CD61- EMV.

Each subpopulation had one en do the -
lial cell marker CD105 (endoglin) or
CD144 (VE-cadherin) that could pos si -
bly re flect their func tion ac cord ing to
the as so ci a tion with the marker.

Groups’ characteristics

Pa tients had sig nif i cantly el e vated
con cen tra tion of MDA (P<0.001).
There was a mean age dif fer ence (Ta -
ble 1) be tween the two groups, since
there were more post myo car dial in -
farc tion (MI) in di vid u als be tween
50–60 years of age and there were
more con trols be tween 40 and 50 years 
old (d=-4.83±1.62, P=0.005). In the
youn ger healthy group, 9 in di vid u als
were smok ing at the time of blood col -
lec tion and one in di vid ual smoked be -
fore. In the el der healthy group four
in di vid u als were smok ing. In the pa -
tients’ group, no one was smok ing at
the time of blood col lec tion, but all of
them smoked be fore the car diac event. 
Eleven in di vid u als from el der con trol
group and nine in di vid u als from youn -
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Ta ble 1. De mo graphic and clin i cal char ac ter is tics of the pop u la tion stud ied. The data val ues are pre sented as means (SD)
or as me di ans and interquartile range (IQR) de pend ing on vari able dis tri bu tion. NS in di cates not sig nif i cant.

Vari ables

Me dian (IQR) or means (SD)

PHealthy 25–40 year old
(n=52)

Healthy 40–60 year old
(n=29)

Post MI group 40–60 year
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

Sys tolic blood pres sure Me dian (IQR):): 131.5 (12) Me dian (IQR):): 131 (18.5) Me dian (IQR): 120 (15) 0.021

Di a stolic blood pres sure Me dian (IQR): 78.5 (8) Me dian (IQR): 82 (12.5) Me dian (IQR): 80 (6) NS

Heart rate Me dian (IQR): 71.5 (14.75) Me dian (IQR): 71 (17.5) Me dian (IQR): 64 (12) NS

Malondialdehyde con cen tra tion Me dian (IQR): 92.17 (30.98) Me dian (IQR): 101.61 (34.85) Me dian (IQR): 154.72 (8.21) <0.001

Cortisol con cen tra tion Me dian (IQR): 0.23 (0.09) Me dian (IQR): 0.2 (0.11) Not eval u ated NS

Ta ble 2. Char ac ter is tics of the EMV (en do the lial microvesicles) pop u la tions pre sented as me di ans and interquartile range
(IQR). CD62e ex pres sion is cal cu lated as a per cent age from to tal microvesicles count. Also are given P val ues for me dian
dif fer ences be tween groups.

EMV
 population

Microvesicles count (microvesicles/mL) (Me dian±IQR) CD62e ex pres sion (%) (Me dian±IQR)

Healthy 25–40 
year old

Healthy 40–60 
year old

Pa tients (40–60
year old)

P
Healthy 25–40 
year old

Healthy 40–60 
year old

Pa tients (40–60 
year old)

P

CD105+ EMV 22.89±75.2 10.93±53.81 33.68±205.47 NS 1.75±4.58 1.4±5.05 14.8±17.6 <0.001

CD 144+,
CD42a+ EMV

322.79±232.64 173.37±426.84 215.56±133.67 NS 5.55±6.13 7±5.95 1.8±6 0.03

CD 144+,
CD42a- EMV

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

PMV 257.14±353.43 186.92±307.86 338.99±375 NS – – –

Ta ble 3. As so ci a tion be tween ath ero scle ro sis risk fac tors, MDA con cen tra tion and to tal count of EMV pop u la tions, and
their CD62e ex pres sion

Groups Youn ger healthy con trol group El der healthy con trol group

EMV and PMV 
pop u la tions

CD144+
CD42a- EMV

CD144+ CD42a-
and CD62e+ EMV

CD105+ and
CD62e+ EMV

PMV
CD144+
CD42a+

CD105+ and
CD62e+ EMV

CD105+
EMV+

MDA con cen tra -
tion in se rum

R=0.28
P=0.04

NS NS R=0.64
P<0.001

R=0.49
P=0.007

P=0.008
R=0.49

R=0.38
P=0.04

Depresion level NS R=0.33, P=0.018 NS NS NS NS NS

Age NS NS R=-0.54
P<0.001

NS NS NS NS



ger con trol group were smok ing at the
time of blood col lec tion.

Numbers of circulating
endothelial microvesicles

Be tween groups there was me dian dif -
fer ence be tween to tal count of
VE-cadherin EMV with thrombocytic
mark ers (322.79 (youn ger con trol
group) vs 173.37 (el der con trol group)
vs 215.56 (pa tients), P<0.001).

When com par ing CD62e ex pres -
sion on EMV mem brane be tween con -
trols and pa tients all EMV pop u la -
tions ex pressed CD62e dif fer ently on
their mem branes. There was also me -
dian dif fer ence be tween con trol
groups when com par ing EMV ac ti va -
tion lev els: CD105+ EMV (1.75 vs 1.4,
P<0.001) and CD144+ and CD42a-
EMV (5.55 vs 7, P=0.002) ex pressed
CD62e dif fer ently.

Association between systolic
blood pressure, depression
level smoking
and malondialdehyde
concentration and total count
of EMV populations and their
CD62e expression

As so ci a tions be tween MDA con cen tra -
tion, de pres sion level and age is shown 
in Ta ble 3.

In post MI group to tal count of
CD105+ EMV pos i tively cor re lated
with sys tolic blood pres sure (R=0.54,
P=0.038). CD62e+ level in CD144+
and CD42a- EMV neg a tively cor re -
lated with sys tolic blood pres sure
(R=-0.54, P=0.037); CD62e+ level in
CD144+ and CD42a+ EMV neg a tively
cor re lated with sys tolic blood pres sure 
(R=-0.53, P=0.04). Heart rate and di a -
stolic blood pres sure had no as so ci a -
tion with en do the lial microvesicles in
all three groups.

In the youn ger con trol group only
the to tal count of CD144+ and CD42a-
EMV pos i tively cor re lated with
malondialdehyde con cen tra tion
(P=0.04, R=0.28). In the el der con trol

group MDA con cen tra tion pos i tively
cor re lated with to tal count of PMV
(P<0.001, R=0.64), to tal count of
CD144+ and CD42a- EMV (P=0.007,
R=0.49), to tal count of CD105+ EMV
(P=0.04, R=0.38) and with CD62e ex -
pres sion in CD105+ EMV pop u la tion
(P=0.008, R=0.49). In post MI group
there was no as so ci a tion be tween
MDA con cen tra tion and to tal counts of 
EMV or their activation levels.

Smok ing as in flu enc ing fac tor on
microvesicles counts and ox i da tive
stress was also in ves ti gated. Only in
the el der healthy group smok ing in di -
vid u als had higher ac ti va tion level in
the CD144+ and CD42a+ pop u la tion
(smok ing 96.8% vs nonsmoking 48.5%, 
P=0.025) and also lower cortisol con -
cen tra tion in se rum (0.15 nonsmoking
vs 0.21 smoking, P=0.043)

Since we have ob served as so ci a tion 
be tween MDA and microvesicles
counts in two healthy groups, se rum
cortisol in these groups was mea sured
in or der to as sess this phe nom e non. In
a young healthy group se rum cortisol
con cen tra tion neg a tively cor re lated
with MDA con cen tra tion (R=-0.31,
P=0.028). No cor re la tion was found be -
tween cortisol con cen tra tion and
microvesicles counts as well as be -
tween the groups there was no cortisol
con cen tra tion median difference.

DISCUSSION

The ob jec tive of our study was to de -
ter mine the as so ci a tion of en do the lial
microvesicles num bers with ox i da tive
stress in healthy in di vid u als and pa -
tients with cor o nary heart dis ease.
MDA con cen tra tion was used as an ox -
i da tive stress marker and cortisol was
used as a chronic stress marker. Two
main mark ers used to de scribe EMV
in our study were CD105 (endoglin)
and CD144 (VE-cadherin) which led to 
de tec tion of two EMV subpopulations.
To char ac ter ize the por tion of ac ti -
vated EMV in each subpopulation,
CD62e (e-selectin) was used as an ac ti -
va tion marker. In this study, we did
not find any re mark able dif fer ence be -
tween groups when look ing into EMV

num bers but ac ti va tion level was dif -
fer ent for al most all EMV pop u la tions. 
MDA con cen tra tion was also found to
be dif fer ent be tween all groups and
was in creased in pa tients. In ter est -
ingly MDA con cen tra tion was as so ci -
ated only with the in crease of EMV
con cen tra tion and ac ti va tion level in a
con trol group and not in pa tients. This 
could mean that ox i da tive stress is as -
so ci ated with higher re lease of EMV in 
rel a tively healthy pop u la tion. Cortisol 
was then used to eval u ate if the as so ci -
a tion be tween ox i da tive and chronic
stress could be seen in as so ci a tion
with EMV num bers. Cortisol could be
used as a chronic stress marker [16]
and mon i tor ing it could bring a ben e fit 
for stress as sess ment. In lit er a ture,
the con nec tion be tween MDA and
cortisol con cen tra tions was ob served
and tied to de pres sion [17]. In the
study, as so ci a tion be tween cortisol
and MDA con cen tra tion, but not as so -
ci a tion be tween microvesicle num bers
and cortisol con cen tra tion was found.
The as so ci a tion be tween hair cortisol
and microvesicle num bers was seen in
our pre vi ous pub li ca tion [15], but not
here. This shows that mo men tary
changes in cortisol con cen tra tion prob -
a bly do not af fect the microvesicles
num bers On the other hand we found
that smok ing in flu enced CD144+,
CD42a+ and CD62e+ microvesicles
num bers and cortisol con cen tra tion.
Seem ingly, smok ing peo ple had lower
cortisol con cen tra tion. This was not
the case for youn ger healthy group.
We sus pect age is an im por tant fac tor
and dif fer ent trig gers could be work -
ing at dif fer ent age in ter vals for gen er -
a tion and re lease of EMV.

In con clu sion, ac ti va tion of EMV
was higher in post MI pa tients group
in all pop u la tions of en do the lial mi -
crovesicles ex cept for VE-cadherin
with out thrombocytic mark ers EMV.
Counts of cir cu lat ing en do the lial
microvesicles pop u la tions and their
CD62e ex pres sion showed as so ci a -
tions with ox i da tive and chronic stress 
mark ers. u
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Santrauka

CIRKULIUOJANÈIØ MIKRODALELIØ RYÐYS SU OKSIDACINIU IR LËTINIU
STRESU SVEIKOJE IR KORONARINE ÐIRDIES LIGA SERGANÈIØ VYRØ
POPULIACIJOSE

Vytautas Þëkas, Rëda Matuzevièienë, Dovilë Karèiauskaitë, Dalius Vitkus,
Mantas Radzevièius, Auðra Janiulionienë, Auðra Linkevièiûtë, Sandra Kutkienë,
Zita Kuèinskienë

Ávadas. En do te lio mik ro da le lës (EMD)
ga lë tø bû ti mio kar do in fark to ir ko ro na -
ri nës ðir dies li gos bio þy me nys, ta èiau jø
ga my ba ir ið si sky ri mas po mio kar do in -
fark to ir sà sa jos su ok si da ci niu stre su në -
ra iki ga lo aið kios. Ðio ty ri mo tiks las bu vo 
nu sta ty ti EMD kie ká svei kø as me nø ir
mio kar do in fark tà prieð tris më ne sius
pa ty ru siø pa cien tø pe ri fe ri nia me krau jy -
je bei ga li mà ry ðá tarp ok si da ci nio stre so
ir EMD kie kio.

Ti ria mie ji ir me to dai. Á ty ri mà bu -
vo átrauk ta 15 pa cien tø po mio kar do in -

fark to (MI) ir 81 svei kas as muo. Krau jo
plaz mos më gi niai bu vo ti ria mi nau do jant
„BD For tes sa“ ci to met rà (BD, San Jo se).
Bu vo ti ria mos trys EMD po pu lia ci jos:
1) CD144+, CD42a-, CD61-, 2) CD144+,
CD42a+, CD61-, 3) CD105+, CD42a-,
CD61-. Kiek vie no je EMD po pu lia ci jo je bu -
vo nu sta ty ta pro cen ti në da lis mik ro da le liø, 
tu rin èiø CD62e ant sa vo memb ra nos (ak ty -
va ci jos ly gis). Ma lo no dial de hi do (MDA)
kon cen tra ci ja bu vo nu sta ty ta nau do jant
„Nexera X2 UHPLC“ sis te mà (Shi ma dzu,
Ja po ni ja).

Re zul ta tai. Ty ri mo da ly viai su skirs -
ty ti á tris gru pes: 1) jau nes niø svei kø jø
gru pæ (25–39 me tø), 2) vy res nio am þiaus
svei kø jø gru pæ (40–60 me tø) ir 3) mio -
kar do in fark tà pa ty rusiø pa cien tø
(40–60 me tø). CD62e ant sa vo memb ra -
nos tu rin èiø EMD po pu lia ci ja bu vo di des -
në pa cien tø gru pë je, pa ly gin ti su kon tro -
li në mis gru pë mis. MDA kon cen tra ci jos
me dia na bu vo di des në pa cien tø gru pë je.
EMD po pu lia ci jø kie kiai ir jø ak ty va ci jos
ly giai bu vo su si jæ su MDA kon cen tra ci ja
tik kon tro li në se gru pë se.

Iðvados. EMD ak ty va ci jos ly gis pa -
cien tø gru pë je bu vo di des nis vi so se en do -
te lio mik ro da le liø po pu lia ci jo se, ið sky rus 
CD144 + ir CD42a-. Cir ku liuo jan èiø
EMD po pu lia ci jø kie kiai ir jø CD62e raið -
ka pa ro dë ry ðá su ok si da ci nio ir lë ti nio
stre so þy me ni mis.

Reikð mi niai þo dþiai: en do te lio mik ro -
da le lës, tëk mës ci to met ri ja, ok si da ci nis
stre sas.
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