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EVALUATION OF PROCOAGULANT POTENTIAL
OF ENDOTHELIAL MICROPARTICLES CD144 IN
DIABETIC AND NON-DIABETIC ACUTE
CORONARY SYNDROME PATIENTS.

By

Shahir K. George (M.D); Azza Abdel Baky (M.D)*;
Amany H. Mansour (M.D)* and Nora M. El-Shabrawy (M.Sc.)*

From
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Faculty of Medicine, Mansoura University

ABSTRACT

Background: Acute coronary
syndrome (ACS) is a potentially life
threatening manifestation of coro-
nary artery disease (CAD). Apoptotic
microparticles are responsible for al-
most all tissue factor activity of the
plaque lipid core. The elevated lev-
els of procoagulant microparticles
could also circulate in the peripheral
blood of patients with recent clinical
signs of plaque disruption and throm-
bosis. Subjects and Methods: The
present study included 60 acute cor-
onary syndrome (ACS) adult patients
selected from Cardiology Depart-
ment in Mansoura Specialized Hos-
pital, Mansoura University during the
period between February 2013 to
November 2013. Group I: comprised

101

30 diabetic patients presented with
ACS. Group II: comprised 30 non-
diabetic patients presented with ACS
and 25 healthy subjects as a control
group. ACS patients were further
classified according to laboratory
and radiological findings (Troponin
test and ECG) into: Group A: com-
prised 16 ST segment elevation
myocardial infarction (STEMI) pa-
tients. Group B: comprised 19 non
ST segment elevation myocardial in-
farction (NSTEMI) patients. Group C:
comprised 25 unstable angina pa-
tients. Traditional laboratory investi-
gations and special laboratory as-
sessment of CD144 FITC by flow
cytometry were done. Results: the
present study revealed highly elevat-
ed CD144 percentages in diabetic
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ACS patients compared to healthy
controls (P= <0.0001), highly elevat-
ed CK-MB, fasting sugar, total cho-
lesterol (TC), triglyceride (TG), and
LDL cholesterol (P=0.0001,
P=0.0001, P=0.0002, P=0.0002 and
P=0.0001 respectively). In contrast,
non diabetic ACS patients had signif-
icantly elevated CD144, CK-MB, TC,
TG and LDL (P=0.0001, P=0.0001,
P=0.0001, P=0.0021 and P=0.0021
respectively) while fasting blood sug-
ar and HbA1c were non significantly
changed. On the other hand group B
(NSTEMI) patients had significantly
elevated CD144 percent in compari-
son to patients with unstable angina
(group ¢) (P=0.05) but patients with
group A (STEMI) had significantly el-
evated CK-MB compared to patients
with unstable angina (group c¢)
(P=0.02). Conclusion: The high lev-
els of CD144 circulating microparti-
cles of endothelial origin are in-
creased in diabetic patients with
coronary artery disease (CAD) sug-
gesting an important role for endo-
thelial injury in prediction of ACS.
Hyperglycemia in acute coronary
syndrome is associated with en-
hanced local thrombin generation
and platelet activation, as well as un-
favorably altered clot features in pa-
tients with and without a previous
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history of diabetes.

Keywords: microparticls, acute
coronary syndrome, platelets micro-
particls, endothelial microparticles

INTRODUCSTION

Cardiovascular disease (CVD) is
a major global cause of mortality in
the developed countries. Acute coro-
nary syndrome (ACS) is a potentially
life threatening manifestation of coro-
nary artery disease (CAD). ACS is
defined as a constellation of symp-
toms consistent with acute myocar-
dial ischemia, including unstable an-
gina (UA), non-ST segment elevation
myocardial infarction (NSTEMI) and
ST-segment elevation myocardial in-
farction (STEMI). Intravascular
thrombogenesis, the main pathogen-
ic mechanism of the CAD, is influ-
enced by a complex interplay of pro-
coagulant, anticoagulant, fibrinolytic,
endothelial damage/dysfunction and
inflammatory processes (1),

Chest pain (or discomfort) is the
leading chief complaint of patients
found to have ischemic heart dis-
ease (2). The majority of acute coro-
nary artery diseases are precipitated
by vascular occlusion caused by ath-
erosclerotic plaque disruption, plate-
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let aggregation, platelet adhesion,
and the resulting intravascular
thrombosis. Systems that are in-
volved in maintaining the integrity
and patency of the vasculature in-
cluding endothelial and platelet func-
tion, coagulation, and fibrinolysis are
impaired in diabetes, thereby shifting
the balance to favor thrombus forma-
tion. The endothelium can shed mi-
croparticles (MP) as a result of cell
activation or apoptosis. MP were de-
fined as small vesicular structures
within heterogeneous diameter (from
0.1 to 1 micron), resulting from the
remodeling of membrane phospho-
lipids and expressing phosphatidyl-
serine (PS) and antigens representa-
tive of their parent cells (3)-
Endothelial dysfunction (ED) plays
an important role in the pathogene-
sis and clinical expression of athero-
sclerosis. It has been linked to Type
Il DM and insulin resistance states
such as obesity in experimental and
clinical studies (4). This reflects a
number of abnormalities that include
loss of bioavailable nitric oxide (NO),
increased production of vasocon-
strictors, and disturbed regulation of
inflammation, thrombosis, and cell
growth in the vascular wall.(5)

Circulating endothelial cell MPs

(EMPs) can be identified and meas-
ured by detection of antigens constit-
utively expressed by mature endo-
thelial cells (ECs) [e.g. CDS31
(platelet derived growth factor),
CD105 (endoglin), CD144 (vascular
endothelium cadherin), CD146, etc
(6). There are strong associations
between high values of EMPs
(CD31+, CD51+, CD144+) and vari-
ous vascular structural and function-
al abnormalities. Annexin V+/CD31+
EMPs correlate with vasodilatory en-
dothelial dysfunction and have been
shown to have potential as a marker
of coronary endothelial function, in-
dependent of classic cardiovascular
risk factors (7:8). Furthermore, thera-
peutic improvement of endothelial
function has been associated with a
reduction of circulating EMP levels
(9). EMP are also known to be ele-
vated in condition associated with
endothelial injury, as in acute coro-
nary syndromes (10). Patients with
different cardiovascular risk factors
have significant up-regulation of
EMPs before the development of
coronary artery disease (CAD) (11),
For example, various EMP types
(CD144+, CD31+, CD51+ and an-
nexin V+) are increased in diabetic
patients, and appear to be good pre-
dictors of CAD (12). Diabetes not

MANSOURA MEDICAL JOURNAL
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only increases the risk of myocardial
infarction (MI) but also increases the
mortality associated with the acute
event. Hyperglycemia in acute coro-
nary syndrome is associated with en-
hanced local thrombin generation
and platelet activation, as well as un-
favorably altered clot features in
patients with and without previous
history of diabetes. Acute hypergly-
cemia occurs in up to 50% of all ST-
segment elevation myocardial infarc-
tions (13), whereas patients with dia-
betes represent ~25% of patients
with ST-segment elevation myocar-
dial infarctions. When glucose toler-
ance testing is performed, 65% of
patients with myocardial infarction
and a negative history of diabetes
can be diagnosed with diabetes or
impaired glucose tolerance (14). The
aim of this study is to assess the lev-
els of procoagulant microparticles
CD144 in diabetic and non-diabetic
acute coronary syndrome patients
and to evaluate its role in prediction
of acute coronary events in these pa-
tients. Also to assess local thrombin
generation and platelet activation, in
ACS patients.

SUBJECTS & METHODS
The present study included 60
ACS adult patients (46 males and 14
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females) selected from Cardiology
Department in Mansoura Specialized
Hospital, Mansoura University during
the period between February 2013 to
November 2013. Twenty five healthy
subjects with matched age, sex and
BMI were included as healthy con-
trols. The initial diagnosis of ACS
was based on history, risk factors
and ECG findings. This diagnosis re-
quired a combination of two of the
following: typical ischemic chest
pain, ECG changes and elevation of
cardiac enzymes mainly Troponin
and CK-MB(1). Diagnosis of unstable
angina included those patients with
resting typical chest pain that last
>20 minutes or patients with new on-
set angina or increasing (crescendo
angina) that become more intense,
of longer duration or more frequent
or those with shortness of breath
that could be angina equivalent (1),
They were classified according to
presence or absence of DM into the
following groups: Group I:  Com-
prised 30 patients (22 males and 8
females) with DM presented with
acute coronary syndrome. Their
ages ranged from 35 to 70 years.
Group II: Comprised 30 non diabetic
patients (24 males and 6 females)
presented with ACS. Their ages
ranged from 40 to 70 years. Healthy
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controls: Comprised 25 healthy sub-
jects (18 males and 7 females).Their
ages ranged from 38 to 65 years.
Acute coronary syndrome patients
were further classified according to
laboratory and radiological finding
(Troponin test and ECG) into the fol-
lowing groups: Group A: Comprised
16 STEMI patients. Group B: Com-
prised 19 NSTEMI patients. Group
C: Comprised 25 unstable angina
patients. A written consent was
signed from every participant. All
study participants were subjected to
full history taking, clinical examina-
tion, radiological and laboratory in-
vestigations including traditional la-
boratory investigations and special
laboratory assessment of CD144
FITC by flowcytometry: 1- Complete
blood count (CBC): including hemo-
globin, RBC, WBC and platelets
count. 2- Liver function tests includ-
ing aspartate  aminotransferase
(AST), alanine aminotransferase
(ALT), serum albumin and bilirubin
levels, serum creatinine, fasting
blood glucose, lipid profile including
(total cholesterol, TG, HDL, LDL),
glycated hemoglobin (HbA1c) and
cardiac markers: CK-MB and Tropo-
nin. 3- Measurement of thrombin
generation: Plasma levels of haem-
ostatic markers, including thrombin

antithrombin complex (TAT), was
measured by using commercially
available enzyme- linked immunosor-
bent assay (ELISA) kits (Dade Beh-
ring). 4- Special laboratory investiga-
tion:. CD144 microparticles by
flowcytomeric analysis. * Sample col-
lection: After overnight fast, 7 ml ve-
nous blood sample was obtained
from every participant. They were di-
vided into: 2ml on EDTA (1mg/ml) for
CBC and HbA1c, CD144 and 5ml
into plain tubes and serum samples
were separated for traditional investi-
gations.

Flowcytometry analysis was per-
formed by kit supplied by DAKO Us-
ing coulter](15). Briefly, 10 ul of flo-
rescin isothiocyanate (FITC)
conjugated monoclonal mouse anti-
human CD144 antibodies were add-
ed and mixed with 100 ul of fresh
EDTA blood sample and was incu-
bated at dark for 30 min. A lysing re-
agent was added in order to lyse the
red cells and separate the mononu-
clear cells. The cells were washed
twice with phosphate buffered saline
(PBS) containing 2% bovine serum
albumin. Supernatant was removed
and the cells were suspended in an
appropriate medium. Negative con-
trols were included in each run to de-

MANSOURA MEDICAL JOURNAL
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termine cut — off value between neg-
ative and positive population of cells.
Analysis on flow cytometery within
one hour using forward & side scat-
ter. Gating on mononuclear cell pop-
ulation was used for analysis of sam-
ples. Mononuclear cells were
separated from bone marrow sam-
ples of controls and patients by Ficoll
Hypaque density gradient centrifuga-
tion (Sigma Chemicals, St Louis,
MO, USA). The separated cells were
washed twice using PBS and the
count in the suspension was adjust-
ed to be 5 x106/ml. Data were dis-
played on two histograms: Histogram
I: Two-parameter histograms (FS vs.
SS). Histogram Il: usually displayed
as the mean fluorescence intensity
(MFI) value of CD144.

STATISTICAL ANALYSIS

Results were collected, tabulated
and statistically analysed using sta-
tistical package SPSS version 16
(SPSS INC, Chicago, IL, USA). Two
types of statistics were done. Data
were presented using mean, stan-
dard deviation (SD), standard error
of mean (SEM). One way ANOVA is
a test of significance used for com-
parison between three or more
groups normally distributed having
quantitative variables. |ndependent

Vol. 43, No. 1 & 2 Jan. & April, 2014

sample t-test is a test of significance
used for comparison between two
groups normally distributed having
quantitative variables. Mann Whitney
test (non parametric test) is a test of
significance used for comparison be-
tween two groups not normally dis-
tributed having quantitative vari-
ables. Pearson's correlation is a test
of significance used to measure the
association between two quantitative
variables. Level of significance was
set as p-value =< 0.05.

RESULTS

Table (1) demonstrates that there
are no significant differences regard-
ing age in all studied groups. Higher
percentage of males (72-80%) in
comparison to females (20-28%) in
all groups. The percentage of hyper-
tensive patients is 26.6% in group |
but 20% in group Il. The smoking
percentage is 46.6% in group | and
30% in group Il

Table (2) represents comparison
between 3 cardinal groups for
CD144, CPK, CKMB, fasting blood
sugar, HbA1c, TC, TG, HDL-c and
LDL-c concentration. The following
are noted: CD144, CPK, CKMB,
TC, TG, and LDL-c are significantly
higher in group I and Il in compari-
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son to healthy controls while there
is significant reduction in HDL-c.
Fasting plasma glucose and HbA1C
are significantly higher in group | in
comparison to healthy controls but
no significant differences in group Il
in comparison to healthy control
group. There are significant differ-
ences in CD144, CRP, TAT, fasting
blood sugar, HbA1c and TG in
comparison between group | and
group Il

Table (3) illustrates that CK-MB is
significantly higher in group A in
comparison to group C and platelet
count and CD144 is significantly

higher in group B in comparison to
group C.

Table (4) shows elevation of
CD144 +ve EMP in smoker com-
pared to non-smoker diabetic acute
coronary syndrome patients (Group
). Also significant elevation is noted
in hypertensive compared to normo-
tensive diabetic ACS patients (Group
). No significant differences are not-
ed between smoker and non-smoker
non diabetic acute coronary syn-
drome patients but there is signifi-
cant differences noted between hy-
pertensive and normotensive
patients in this group (Group II).

Table (1): Clinical characteristics of study and control groups

Healthy control Group I Group II P
(n 25) (n 30) (n 30)
Men/Women 15/10 22/8 24/6 0.3
Age (year) 53£6.6 55.7£9.9 55.3£7.2 0.6
BMLkg/m2 24.4£0.9 24.0+0.2 24.340.8 0.6
Hypertension 8 (26.6 %) 6 (20 %) 0.02*
Smoking 12 (46.6 %) 9 (30%) 0.0006*

MANSOURA MEDICAL JOURNAL
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Table (2): Comparison between studied groups for all laboratory parameters

Groups Healthy Group T Group IT PT P2 P3
controls
parameters

CDT44% 4.0410.74 58.6159 129709 <0.0001 <0.0001 <0.0001
CPK mg/dl 185.5+17.4 | 706.5+167.2 | 814.4+167.7 0.0066 0.0013 0.6506
CK-MB mg/dl 16.9+1.3 73.9%9.5 541450 0.0001 0.0001 0.0677
TAT ug/L 36.4 219 120.37 0.0001 4.66 0.001
CRP mg/L 36.53 29.29 16.5+5.0 <0.0001 3.86 0.001
Fasting sugar 99.5+36 190.7+10.1 99.812.5 <0.0001 0.9988 <0.0001
mg/dl

HbAlc % 5.340.1 7.6+0.26 6.5+0.1 0.0001 0.0002 <0.0001
TC mg/dl 162.643.5 213.6+11.4 190.3+4.6 0.3620 <0.0001 0.0623
TG mg/dl TI3.643.1 184.5+15.8 1345453 0.0002 0.0021 0.0041
HDL-cholesterol 54.612.3 45.03+7.6 43.8+3.08 <0.0001 <0.0001 0.4006
mg/dl

LDL-cholesterol 8521149 I31.9+55.1 129.6166.9 0.0001 0.002T 0.8853
mg/dl

P1= group I vs. healthy group, P2 = group II vs. healthy group, P3= group I vs group II.

Table (3): Comparison between subgroups for CD144, CK-MB and platelet count:

Parameters CD144% CK-MB (mg/dl) | Platelet count.
Groups
Group A 42.749.3 81.6+12.2 93.5+1.1
Group B 42.9+8.4 197.2+126.9 72.0+4.8
Group C 24.9+4.8 44.2+4.9 52.0£9.2
P1 0.98 0.041 0.79
P2 0.07 0.02 0.055
P3 0.05 0.17 0.01

PI= Group A vs group B; P2= Group A vs. group C; P3= Group B vs. Group C.

Vol. 43, No. 1 & 2 Jan. & April, 2014
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Table (4): Comparison of CD144 +ve endothelial microparticles % (EMP%)

between smoker and non-smoker, hypertensive and normotensive
patients in studied groups

Groups X +SD P

Smokers 68.7434.9

Group I Non-smokers 58.1+29.3 0.04
Hypertensive 80.5+22.4
Normotensive 54.4+31.1 0.02
Smokers 14.8+4.5

Group II Non-smokers 12.2+4.9 0.2
Hypertensive 17.3+5.5
Normotensive 11.8+4.0 0.01

Figure (1): CD144% among studied groups.
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DISCUSSION

Acute coronary syndrome (ACS)
is a term that includes all clinical
syndromes compatible with acute
myocardial ischemia resulting in an
imbalance between myocardial oxy-
gen demand and supply. In contrast
to stable angina, an ACS results pri-
marily from diminished myocardial
blood flow secondary to an occlusive
or partially occlusive coronary artery
thrombus.

The quantification of circulating
endothelial cells (ECs) could indicate
the presence of endothelial injury,
and is a simple method of evaluating
endothelial-related physiologic and
pathophysiologic states. Flowcytom-
etry is a method of choice for quanti-
fication of ECs. Numerous attempts
have been made to standardize flow-
cytometric protocols, but results from
these studies show a high degree of
variability among centers (16)

The current study aimed to as-
sess CD144+ EMP in diabetic ver-
sus non diabetic ACS patients. Hy-
perglycemia, hyperlipidemia with
reduced HDL-c as well as hyperten-
sion are among traditional risk fac-
tors for CAD. They have all been in-
dependently associated with

Vol. 43, No. 1 & 2 Jan. & April, 2014

increased cardiovascular events and
are associated with endothelial dys-
function (14).

Our study revealed highly elevat-
ed CD144 percentages in diabetic
acute coronary syndrome patients
compared to healthy control (p= >
0.0001(highly elevated CKMB, fast-
ing sugar, TC, TG and LDL
(p=0.0001, p= 0.0001, p= 0.0002,
p=0.0002 and p= 0.0001 respective-
ly). In contrast; non diabetic acute
coronary syndrome patients had sig-
nificantly elevated CD144, CKMB,
TC, TG and LDL (P=0.0001,
p=0.0001, p= 0.0001, p=0.0021 and
p= 0.0021 respectively) while fasting
sugar and HbA1c were non signifi-
cantly changed. On the other hand
Group B (NSTSEMI) patients had
significantly elevated CD144% in
comparison to patients with unstable
angina (Group C) (p=0.05) but pa-
tients with Group A (STSEMI) had
significantly elevated CKMB com-
pared to patients with unstable angi-
na Group C (p=0.02).

Koga et al. (17) reported that en-
dothelial microparticls and platelets
microparticls, work synergistically to
achieve maximal procoagulant activi-
ty. (17) Consistent with this finding,
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the present study proved that, the in-
creased level of inflammatory marker
as CRP and hemostatic marker of
thrombin generation as TAT pass
paralleled with increased EMP lev-
els CD144 not only markers for en-
dothelial injury/activation and but
also contribute to the pathogenesis
of vascular injury observed in ACS
patients. This finding is consistent
with other literature that highlighted
that coronary artery disease confer
abnormalities of endothelial function
and platelet activation (18). Also our
study observed variable levels of
MPs between patients. These results
coinside with Mallat et al.(19) who re-
ported that differences in levels of
microparticles reflect differences in
medications, however, because hep-
arin has been reported either to have
no effect or to decrease microparti-
cles generation from thrombin-
activated platelets. This observation
suggests that the level of circulating
microparticles could be useful as an
indicator of the persistence or recur-
rence of thrombus and therefore as
a prognostic marker of the recur-
rence of ischemic events.(20)

An evidence on the pathophysio-
logical links between EMP formation
and vascular dysfunction/damage

are provided by studies on hyperten-
sion, both systemic and pulmonary.
Hypertension  causes increased
shear stress and direct mechanical
damage of arteries. EMPs appear to
be very sensitive to hemodynamic
changes in hypertension, and their
numbers are increased even in mild
hypertension and rise further in pro-
portion to blood pressure elevation,
even in the presence of multiple risk
factors (21),

Moreover, EMP generation is as-
sociated with abnormalities of arteri-
al elastic properties in hypertension
and persistent arterial elastic abnor-
malities correlate with EMPs even af-
ter blood pressure normalization (22)
and our study confirm this as all hy-
pertensive patients from group | and
group I had mildly elevated
CD144%.

Platelet count is found to be re-
duced in diabetic acute coronary pa-
tients in the our study, however it is
still within  the normal reference
range. The decreased platelet count
may result from its consumption in
the process of thrombogenesis in
ACS (23,24). CD144+ve EMP might
participate in acute coronary syn-
drome through its procoagulant role.

MANSOURA MEDICAL JOURNAL
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Moreover EMP harbor tissue factor,
the initiator of extrinsic coagulation
pathway leading to thrombin genera-
tion. In this respect, Combes et al.
(25) reported reduction of clotting
time of normal plasma incubated
with increasing amount of EMP re-
leased in vitro.

The pro-coagulant activity of EMP
was confirmed by demonstration that
EMP from activated cells triggered
TF-dependent thrombin formation in

vitro and thrombus formation in vivo
(26)

Moreover Montalescot et al. (27)
found elevated EMP in infarction re-
lated arteries than in the peripheral
arteries and suggested that they
might participate in ACS through its
procoagulant role.

Although the cellular mechanism
(s) of the role of EMP in atheroscler-
osis and CHD largely remain un-
clear, it may increase reactive oxy-
gen species and enhance cellular
apoptosis. On the other hand, the
proangiogenic role of EMP may have
deleterious effect in many diseases
including cancer spread, proliferative
diabetic retinopathy and atheroscle-
rotic plaque destabilization by pro-

Vol. 43, No. 1 & 2 Jan. & April, 2014

moting intraplaque neovasculariza-
tion (28).

Endothelial  dysfunction  and
hence elevation of EMP (CD144)
could be released by various pro-
cesses including enhanced oxida-
tive stress. Diabetes mellitus is char-
acterized by an increased tendency
for oxidative stress and elevated lev-
el of oxidized LDL which represent
the nidus for atherosclerosis and
CHD. In addition growth factors
overexpression are among key
players and are indicated as a link
between DM and proliferation of ex-
tracellular and smooth muscle cells
that are active participant in plaque
maturation (29),

On the other hand, diabetic state
is associated with prothrombotic ten-
dency as well as platelet activation
and aggregation which may be the
cause of low platelet count in diabet-
ic ACS patients in our study. Peter
and Libby (30). reported similar re-
sults.

CD144+ve EMP were reported to
be lower in STEMI after PCI but not
in NSTEMI and stable CAD. Moreo-
ver CD144 and monocyte microparti-
cles were independently predictive
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for future admission related to heart
failure. Small size microparticles in-
cluding CD144 microparticles could
be potentially implicated in the mod-
ulation of post ACS reparative re-
sponse to injury with prognostic im-
plication. ~CD144+ve EMP s
correlated to CKMB in diabetic acute
coronary syndrome patients. This
finding is ongoing with Holmes et al.
(31) who reported that CD144+ve
EMP and platelet microparticles are
correlated with myocardium at risk
and infarct size especially in STEMI.

Of particular interest, the present
study demonstrated significant ele-
vation of CD144+ve EMP in smoker
and hypertensive patients compared
to non-smokers and non-
hypertensive acute coronary syn-
drome patients respectively .These
findings could be explained by a cu-
mulative effect of traditional risk fac-
tors in the same patient. Evidence
on the pathophysiological links be-
tween EMP formation and vascular
dysfunction/damage are provided by
studies on hypertension, both sys-
temic and pulmonary. Hypertension
causes increased shear stress and
direct mechanical damage of arter-
ies. EMPs appear to be very sensi-
tive to hemodynamic changes in hy-

pertension, and their numbers are in-
creased even in mild hypertension
and rise further in proportion to blood
pressure elevation, even in the pres-
ence of multiple risk factors (32)..
Circulating EMP levels were asso-
ciated with the presence of cardio-
metabolic risk factors, particularly
dyslipidaemia (33).

Conclusion

The high levels of circulating mi-
croparticles of endothelial origin are
increased in diabetic patients, and
appear to be good predictors of
CAD suggesting important role for
endothelial injury in prediction of
ACS. Hyperglycemia in acute coro-
nary syndrome is associated with en-
hanced local thrombin generation
and platelet activation, as well as un-
favorably altered clot features in pa-
tients with and without previous his-
tory of diabetes.
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