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ABSTRACT

Introduction: Endothelial progenitor cells (EPCs) and nicotinamide
adeninedinucleotide phosphate (NADPH) oxidase enzyme activity may
affectthevesselwallandhavearoleindevelopmentofaorticaneurysms.
EPCs originate from hematopoietic stem cells and can be enumerated
from peripheral blood samples by flow cytometry. In this study, we
aimed to evaluate the relation of EPC number and NADPH oxidase
enzyme activity in the development of thoracic aortic aneurysm (TAA).

Methods: Patients with TAA (n=30) and healthy individuals without
TAA (control, n=10) were included in our study. Characterization and
enumeration of EPC from peripheral blood samples were performed
by flow cytometry with panels including markers of EPCs (CD34/
CD133/CD309/CD146/CD144). Additionally, NADPH oxidase enzyme
activity (capacity) was also measured by the dihydrorhodamine 123
(DHR 123) test.

Results: The enumeration of EPC with CD34+/CD146+ marker showed
that the number of mean EPC/106 cells was increased in the patient
group (41.5/106 cells), but not in the control group (20.50/105 cells)
(P<0.01). Additionally, patients with TAA presented significantly lower
NADPH oxidase activity by DHR assay than healthy controls (mean
stimulation index: 60.40+ 7.86 and 75.10+5.21, respectively) (P<0.01).

Conclusion: Our results showed that the number of EPCs is
significantly higher in aortic aneurysm patients and may have
a role in disease progression. The crosstalk between NADPH
oxidase enzyme capacity and EPC number may be useful
as a parameter to explain the clinical progression of TAA.

Keywords: Thoracic Aortic Aneurysms. Dihydrorhodamine 123.
Endothelial Progenitor Cells. Flow Cytometry. Disease Progression.

Abbreviations, acronyms & symbols

AAA = Abdominal aortic aneurysm

ACE = Angiotensin-converting enzyme

ARB = Angiotensin receptor blocker

BNP = B-type natriuretic peptide

BUN = Blood urea nitrogen

CAD = Coronary artery disease

COPD = Chronic obstructive pulmonary disease
CRP = C-reactive protein

DHR = Dihydrorhodamine

DMSO = Dimethyl sulfoxide

EPCs = Endothelial progenitor cells

H,0, = Hydrogen peroxide

HbA1C = Hemoglobin A1C

NADPH = Nicotinamide adenine dinucleotide phosphate
NOX = NADPH oxidase isoform

PMA = Phorbol 12-myristate 13-acetate

ROS = Reactive oxygen products

Sl = Stimulation index

TAA =Thoracic aortic aneurysm
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INTRODUCTION

Aortic aneurysm is a disease that occurs as a result of the
weakening of the aortic vascular wall and dilation of the aortic
vessel up to 50%, usually with no symptoms, resulting in rupture
of the aortic artery and death of the patient™.

Thoracic aortic aneurysm (TAA) is one of the major causes
of morbidity and mortality worldwide. The etiology of TAAs
is probably multifactorial, and smoking, chronic obstructive
pulmonary disease, hypertension, atherosclerosis, male gender,
age, body mass index, and family history are classic risk factors
for this disease. In addition, genetic factors play an important role
in the development of the disease!™. TAAs are clinically classified
into three groups as syndromic (Marfan, Loeys-Dietz, and Ehlers-
Danlos), familial (non-syndromic), and sporadic?.

Another risk factor is thought to be oxidative stress and its
induced endothelial dysfunction. Oxidative stress also is known
to play a role in the development of aneurysm®. It is thought
that the damage may happen through two main mechanisms.
The two main sources of vascular reactive oxygen products (ROS)
are the nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase found in the mitochondrial respiratory chain and smooth
muscle cells. Superoxide, produced by NADPH oxidase enzyme,
hasavery shorthalf-life, is converted to hydrogen peroxide (H,0.),
then to hypochlorous acid by the enzyme myeloperoxidase, and
takes part in apoptosis®. This apoptosis mediates endothelial
damage. ROS production capacity of peripheral neutrophils
can easily be measured by dihydrorhodamine 123 (DHR 123)
assay, which is practically used for the diagnosis of chronic
granulomatous diseasef’. NADPH oxidase enzyme has seven
isoforms in mammals — in this case, NADPH oxidase isoform
(NOX) 2, expressed in endothelial cells, plays a role in the
regulation of various functions of the endothelial cell and
angiogenesis. It has been shown that the change in the ratio
of NOX1/NOX2 plays a role in the development of endothelial
dysfunction, hypertension, and inflammation®. Stimulated
NADPH activity increases the amount of intracellular superoxide
radical (O-) and H,0, in smooth muscle cells in the vessel. As a
result, the ROS amount in the vessel increases, so this stimulates
various intracellular signal transduction pathways and triggers
the development of TAAY.,

Endothelial progenitor cells (EPCs) have proliferation,
differentiation, and tissue regeneration capacity and are
precursors of endothelial cells. In the event of endothelial
damage or ischemia, secreted chemokine mediators induce
EPCs proliferation from the bone marrow and migration to the
inflammation siteandjoinsthe structure of newlyformedvessels®.
The aortic aneurysm may result from the disruption between the
damage to the vessel wall and the repair mechanisms. EPCs are
the main reservoir cells of the endothelium, playing an important
role in ensuring endothelial integrity. Therefore, it can be thought
that EPCs have a place in the pathogenesis of aortic aneurysms
with impaired endothelial structure. There are few findings of the
development of TAA disease. Although there is strong evidence
that both NADPH oxidase activity and EPC balance play a role
in the development of this disease, molecular mechanisms have
not yet been elucidated”.

In the current report, we present a single-center study with
30 patients with TAA for the enumeration of EPCs and results
of DHR assay. We compared patients and control samples for
the number of EPCs and NADPH oxidase activity since these
parameters have relation with the clinical progression of TAA
patients.

METHODS
Patients and Controls

The study consisted of 30 patients who were admitted to
our clinic between 2014 and 2018 and were diagnosed with
TAA at the cardiology department. The local ethics committee
approval and patient informative consent were obtained
(2018/209, decision date: 04.04.2018). One hundred and
fifty patients were involved, but only 30 patients with aortic
aneurysm who met the criteria were included in this study,
and 10 persons without aortic aneurysm were selected for
volunteer control group. Blood samples of the patients and the
control group were taken for EPC and NADPH oxidase enzyme
activity analyses. In this study, the tissue samples were not
taken because the patients were followed up. A total of 150
patients were evaluated with inpatient screening; 65 of these
patients were excluded because of poor image quality and
because there was a difference between the measurements
made by two cardiologists. Collagen tissue disease, malignancy,
cirrhosis, hemodialysis, cardiac-S development, pulmonary
hypertension, and congenital cardiac defect were detected in
35 patients. The remaining patients were excluded because
they refused to participate in the study. A control group that was
completely healthy and whose echocardiographic parameters
were completely normal was included. Malignancy, cirrhosis,
hemodialysis, cardiac-S development, pulmonary hypertension,
and congenital cardiac defect were the exclusion criteria.
Electrocardiography and blood pressure measurements were
performed on each patient.

Transthoracic Echocardiography

Echocardiography was also performed on each patient to
evaluate cardiac function and to measure the aortic diameter.
Aorta, ascending aorta, leftatrium, left ventricle, and partially right
ventricle were evaluated in the parasternal long-axis window. The
aortic root was measured at the widest segment of the middle
sinus of Valsalva. Internal diameter measurements were taken
from the widest part of the ascending aorta. Measurements in
echocardiography were taken in diastole. The aortic valve and
its structure (valve diseases that may be related to the ascending
aorta), left ventricular diameter, and mitral valve and its structure
were evaluated. Aortic valve structure, aneurysm, and ascending
aortic aneurysm were used to compress other anatomic
structures in the apical five-space window. The aortic valve was
evaluated with color Doppler for insufficiency and stenosis.

Images were obtained from all patients and control groups
using the VIVID S6 echocardiography device by monitoring at
the left lateral position. Echocardiography result was reported
using routine echocardiographic windows and techniques, and
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the distance of the widest part of the ascending aorta to the
sinus of Valsalva was noted.

Measurement of Endothelial Progenitor Cells

EPC expression was tested with CD34, CD45, CD146, CD144,
and CD309 specific marker antibodies by Navios EX flow cytometry
(Beckman Coulter, Brea, California, United States of America).
Total leukocytes were isolated from 100 to 200 plL of blood from
patients and controls using lysis of the erythrocytes in the pellet
fraction with a non-fixing lysis solution, as described by Koker et
al®. 5 uL CD34 ECD, 5 pL CD146 PC5, 5 uL CD144 PE, and 5 pL
CD309 PC7 were added to 12x75 mm flow tubes. 100 alkanes
were added to each of the added markers and left to incubate in
the dark for 20 minutes by vortexing. At the end of the period, 500
L lysing solution was added to each tube, and the tubes were
vortexed and left to incubate in the dark for 10 minutes. At the end
of the period, they were centrifuged at 1500 rpm for five minutes
at room temperature. The supernatant was removed. Then, 2 mL
of cell washing solution was added to each tube and the previous
centrifugation was repeated. After isolation, specific markers were
added to flow tubes, vortexed, and incubated, then centrifuged,
and all the processes performed according to the previous
practice® . The analysis was completed by the enumeration of
EPCin 1x10° cells by special gate on the flow cytometer.

Neutrophil Functional Assay

Total leukocytes from 100 to 200 uL of blood from patients
and controls were isolated by lysis of erythrocytes in the pellet
fraction with an unstable lysis solution, as described by Koker
et al.”l. The capacity of neutrophils to produce reactive oxygen
species has been tested with the DHR experiment!'?. In this test,
the isolated neutrophils were incubated with DHR 123 (DHR 123
preparation: 10 mg of DHR 123 and 1 mL of dimethyl sulfoxide
[DMSO] were mixed, the resulting 29 mM of DHR 123 working
solution was used), stimulated with phorbol 12-myristate
13-acetate (PMA) (PMA preparation: 1 mg of PMA diluted in 500
pL of DMSO and 2 ug of PMA/mL solution was obtained; 5 L
of stock solution was diluted with 2 mL of Hank’s Balanced Salt
Solution and diluted with a final concentration of PMA working
solution; 5 ng/mL was obtained), and analyzed by flow cytometry
with Kaluza software (Beckman Coulter). The results are shown as
the stimulation index (S®!, which gives the fluorescent intensity
ratio from stimulated and unstimulated neutrophils.

Statistics

IBM Corp. Released 2012, IBM SPSS Statistics for Windows,
version 21.0, Armonk, NY: IBM Corp. was used for statistical
analysis. Suitability of the data for normal distribution was
evaluated by histogram and Q-Q graphs and the Shapiro-
Wilk test. Continuous variables between the two groups were
compared using the independent t-test. Pearson x? analysis and
Fisher's exact x* test were used for comparison of categorical
data. All tests were two-tailed, and P<0.05 was considered
statistically significant. The relationship between quantitative
data was evaluated by Spearman’s correlation analysis.

RESULTS

TAA patients (n=30, mean age 58.6+£9.4 years), consisting
of six women (mean age 58.5+12.9 years) and 24 men (mean
age 58.6£8.7 years), and healthy controls (n=10, between 31-72
years), consisting of two women (mean age 58.5+19 years) and
eight men (mean age 48.6+12.7 years), were included in this
study. Patient and control groups were similar in terms of age
and gender distribution.

While the tricuspid aortic valve was found in 26 (86.7%)
of 30 patients, the bicuspid valve was seen in two (6.7%), and
replaced aortic valve for aortic valve disease was also seen in
two (6.7%). All the control patients had a tricuspid aortic valve.
The demographic and clinical characteristics of the patient and
control groups are shown in Table 1.

reactive protein (CRP) was measured as 6.9+11.1 in the patient
group and 13414 in the control group. A statistically significant
difference was found between the groups (P<0.01). Besides,
a significant difference was found between the two groups in
monocyte, hemoglobin A1C, and pro B-type natriuretic peptide
values. Laboratory findings of the patient and control groups were
summarized in Table 1. When the demographic characteristics
of the two groups were examined, it was determined that there
was a significant difference between hypertension and diabetes
mellitus (P<0.01 and P=0.01, respectively). In the medical
treatment they received, no significant difference was detected
between the two groups, except angiotensin receptor blocker.
When the complete blood count was evaluated between the
two groups, all parameters except the monocyte ratio were
found to be similar (0.6+0.14 vs. 0.4+0.1; P=0.012) (Table 1).

Enumeration of Endothelial Progenitor Cells

The number of EPC in a million (1x10° cell counts were
counted by flow cytometry both in control and patient groups
(Supplement). The numerical values of CD34+/CD309+, CD34+/
CD146+, CD34+/CD146+/CD144+, CD309+, and CD34+ cells
measured by gating in the control group are shown in Table 2.

The mean EPC numbers were found to be 41.5/10° and 20.5
/10°in the patient and control groups, respectively, in which the
number of CD34+/CD146+ EPC was significantly higher in both
patient and healthy volunteers. Also, the number of CD309+
precursor monocytic cells was significantly higher in the patient
group (P=0.024). There was no statistically significant difference
between the number of cells expressing between the patient
and control groups.

When the relationship between EPC numbers and clinical
characteristics of the patients was evaluated, no statistically
significant correlation was determined. However, there was
a statistically positive correlation between aortic diameter
measured by echocardiography and numbers of CD146+/
CD144+ EPC. Comparing the number of EPC in patients with
aneurysm diameter > 48 mm with those with aneurysm
diameter < 48 mm, CCD34+/CD146+/CD144+ cells were found
to be significantly higher in patients with aneurysm diameter >
48 mm. For the other parameters, no significant difference was
found between the two groups (Table 2). Flow cytometry results
of the specific markers of EPCs according to the total cell count
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Table 1. Risk factor, echocardiogram, and laboratory findings of patient and control groups.

Aneurysm (+) group Control group p_value
n=30 n=10
Age (years) 58.6+9.4 51.7+£129 0.07
Male 81.8% 80% 0.68
Aortic diameter (mm) 48 (44-51.5) 30.9 (30-32) <0.01
Ejection function 56.2 (53.8-60.5) 63.3 (55-68) 0.02
Systolic blood pressure 134.3 (100-193) 122.2 (95-170) 0.06
Diastolic blood pressure 83.1+14 68.2+9.9 <001
Heart rate 73.6£11.7 68+5.6 0.52
Risk factors
Hypertension, n (%) 24 (80) 3(30) <0.01
Diabetes mellitus, n (%) 12 (40) 0 0.01
Hyperlipidemia, n (%) 12 (40) 2 (20) 0.44
Smoking n (%) 12(10) 4 (40) 0.08
COPD, n (%) 9(30) 1(10) 040
CAD, n (%) 10(33.3) 3(30) 0.58
Medical treatment
Calcium antagonistic, n (%) 10 (33) 1(10) 0.23
ACE-inhibitor, n (%) 7(23) 1(10) 0.65
ARB, n (%) 12 (40) 0(0) 0.019
B-blocker, n (%) 21 (70) 2(20) 0.009
Statin, n (%) 6 (20) 2 (20) 0.65
Antiaggregant, n (%) 15 (50) 3(30) 046
Anticoagulant, n (%) 3(10) 0(0) 0.56
CRP 6.9+11.1 13414 <001
White blood cell 71114 6.4+£1.5 0.18
Neutrophil 42+1.2 3.7+09 0.29
Lymphocyte 22407 1.9+0.6 0.39
Monocytes 0.6+0.14 04+0.1 0.012
Eosinophils 0.17+0.1 0.16+0.09 0.75
Basophils 0.04+0.01 0.035+0.01 0.36
Hemoglobin 14.5+2.2 14.7+1.1 0.86
Platelets 265+70 2285+414 0.08
Hematocrit 44.3+4.7 439433 0.46
Glucose 105+£14.9 95.6+13.8 0.87
HbA1C 5.8+0.59 54+0.32 0.02
BUN 18.2+4.7 14.7+4.7 0.03
Creatinine 0.98+0.2 0.93+0.17 0.57
Sodium 13794259 143342 0.34
Potassium 44+0.36 43+0.2 053
Chlorine 102.6%3.1 105.1£1.9 0.05
Calcium 9.5+.32 9.5+0.33 0.05
Magnesium 0.86+0.06 0.88+0.04 0.34
Triglyceride 168.4+101.3 14934814 0.81
Total cholesterol 181.9+433.6 197.7429.7 0.12
High-density cholesterol 41.1£109 43.1+7.6 0.60
Low-density cholesterol 97.4432.7 118.1+£28.2 0.08
Pro-BNP 465.8+154.3 467.0+£30.6 0.020

ACE=angiotensin-converting enzyme; ARB=angiotensin receptor blocker; BNP=B-type natriuretic peptide; BUN=blood urea nitrogen; CAD=coronary artery
disease; COPD=chronic obstructive pulmonary disease; CRP=C-reactive protein; HbA1C=hemoglobin A1C
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Supplement. Cell numbers obtained by the flow cytometry analysis results in the patient and control groups.

CD34, Immature progenitor cell numbers (CD45 dim gate) Immature monocyte cell
Control group | CD34 | CD34+CD133 | CD34+CD309 | CD34+CD146 | CD34+CD146+CD144 CD133 CD309
1 132 85 4 6 8 110 10
2 167 105 7 19 14 139 12
3 131 85 1 21 3 101 15
4 103 49 2 15 5 93 10
5 156 69 3 18 10 96 10
6 148 70 8 21 15 124 40
7 160 86 26 44 23 114 34
8 358 240 14 20 10 292 26
9 192 51 2 32 16 140 12
10 153 84 4 35 8 126 12
Patient group
1 290 190 15 60 10 235 75
2 285 200 5 60 15 250 30
3 375 155 15 35 5 90 35
4 187 28 5 48 4 58 30
5 189 74 2 36 5 94 11
6 160 62 4 40 8 90 40
7 615 317 5 36 10 400 30
8 227 102 1 45 6 134 14
9 107 42 3 43 7 44 21
10 181 70 3 53 6 87 15
11 155 46 3 20 2 60 7
12 130 51 3 21 6 82 13
13 250 137 3 21 4 155 16
14 205 97 5 15 4 157 24
15 126 31 5 23 11 43 19
16 310 98 10 47 11 128 36
17 285 137 10 36 11 191 21
18 240 89 3 29 4 107 15
19 150 69 8 50 8 102 28
20 238 88 8 50 20 508 14
21 115 43 8 60 30 84 28
22 104 42 6 22 10 60 14
23 288 23 6 38 6 50 36
24 162 44 8 36 10 54 30
25 144 50 24 102 40 86 40
26 450 324 16 52 22 360 54
27 240 148 4 46 22 22 16
28 247 127 30 168 52 176 53
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Table 2. Comparison of progenitor cell counts in one million cell counts in patients (aneurysm diameters) and control samples.

Aneurysm group Control group
Marker All, Diameter < 48 mm, | Diameter > 48 mm n=10 P-value
n=30 n=15 n=15
CD34+ 216 (153.7-285.7) 187 (104-615) 240 (115-450) 154.5(131.7-173.2) 0.058
CD309+ 26 (15-35.2) 24 (7-40) 28 (13-75) 12 (10-28) 0.024
CD34+/CD146+ 415 (28.5-52.2) 36 (15-102) 46 (21-168) 20.5(17.2-32.7) <001
CD34+/CD146+/CD144+ 9(5-16.2) 6 (1-40) 11 (4-52) 10 (7.2-15.2) 0.656
CD146+/CD144- 30.5 (23.5-36) - - 9.5(10-17.5) <001
CD34+/CD309+/CD14- 55(3-11.2) 5(2-24) 8 (1-30) 4 (2-9.5) 0.272
DHR 123 (SI) 58.3+6.8 624485 0.154

DHR=dihydrorhodamine; Sl=stimulation index

of the expression levels of controls and patients are shown in
Figures 1 and 2.

Neutrophil Function Test

NADPH oxidase enzyme capacity evaluated with SI in
patients was 60.447.8, and in the control group it was 75.1£5.2,
by DHR assay (Figure 3). It was found that mean S| values were
significantly lower in the patient group than in the control group
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(Figure 3). Sl values of the DHR test in patients and controls are
shown by flow cytometry analysis (Figure 4).

DISCUSSION

The studies showed that inflammation and tissue
degeneration, which are associated with many chronic
diseases, have a great deal on the formation and progression
of aortic aneurysms®314, Inflammation of the vascular layers
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Fig. 1 - Representation of flow cytometry gating models of endothelial progenitor cell (EPC) markers at the control sample (C1). Cells were
labeled with fluorescent marker antibodies targeting the hematopoietic progenitor, endothelium, leukocyte, and monocyte cell. According to
expression levels of antibodies, EPCs were gated and evaluated, and the number of EPCs was calculated on both total cell count and % gated

values in flow cytometry analysis.
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Fig. 2 - Representation of flow cytometry gating models of endothelial progenitor cell (EPC) markers at the patient sample (P1). Cells were
labeled with fluorescent marker antibodies targeting the hematopoietic progenitor, endothelium, leukocyte, and monocyte cell. According to
expression levels of antibodies, EPCs were gated and evaluated, and the number of EPCs was calculated on both total cell count and % gated

values in flow cytometry analysis.

and destruction of extracellular matrix proteins are known to
play a role in the pathogenesis of aortic aneurysm as well as
hemodynamic factors™'*, ROS are involved in the pathogenesis
of many chronic diseases such as atherosclerosis and
hypertension™. ROS are molecules that can also occur during
normal metabolism and cause a local inflammatory response,
causing progressive cell and tissue death (oxidative stress). ROS
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Fig. 3 - Comparison of the dihydrorhodamine 123 test stimulation
index values between the control and patient groups.

level in the organism is regulated by adjusting the expression
of antioxidant and oxidant enzymes to maintain homeostatic
balance. The mechanisms of ROS production in non-phagocytic
cells are puzzling, but NADPH oxidase enzyme isomers play a key
role. Inspired by this situation, DHR 123 test was performed in
phagocytic cells in our study, and when the Sl values, which are
an indirect indicator of general ROS generation capacity, in both
patient and control groups were compared, it was found that
Slvalues were significantly lower in the patient group (P<0.01).

DHR 123 test is the most sensitive flow cytometric indicator
used to detect oxidative burst in peripheral neutrophils. This test
provides information on the ROS production capacity of NADPH
oxidase enzyme. Sl values used for interpretation of the DHR
123 test should be between 50-100 in healthy individuals®'®,
In our study, the mean SI value was found to be 60.40+7.86 in
the patient group and 75.10+5.21 in the control group (P<0.01).
This difference does not mean that ROS production is less in the
patient group. The DHR 123 test provides information about
ROS production capacity of the NADPH oxidase enzyme in an
individual. These decreased capacities, which also occur in aortic
aneurysm patients, may need to increase the duration of the
activity of NADPH oxidase enzymes in phagocytic cells and its
isomers in non-phagocytic cells, especially NOXs in vascular
endothelium. Prolonged activity of NADPH oxidase enzyme may
cause tissue damage and inflammation.

There are studies in the literature evaluating the relationship
between oxidative stress and hypertension, smoking, male
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Fig. 4 - Dihydrorhodamine (DHR) histogram pattern showing patient (P1) and control (C1) results with mean stimulation index (SI) values.
Phorbol 12-myristate 13-acetate (PMA) is a suitable stimulating agent for determining the function of neutrophils, nicotinamide adenine
dinucleotide phosphate oxidase enzyme, and helps to determine the activation of neutrophils. DHR, on the other hand, is a fluorescent-acting
antibody that indicates whether PMA activates neutrophils in the fluorescein isothiocyanate channel. Expression levels of neutrophils before
stimulation with the upper panel were determined according to the increasing fluorescence intensity in the neutrophils after PMA stimulation
with the lower panel. Histogram and point plots of the control sample were created by calculating the Sl values of the patient and control
samples exposed to the DHR 123 test PMA. By comparing both patient and control samples, P-value (patient [n=30], control [n=10]; P=0.154)
was obtained. The mean Sl value was found to be 60.40+7.86 in the patient group and 75.10+5.21 in the control group (P<0.01).

gender, dyslipidemia, and coronary artery disease (CAD),
which are among the major risk factors for the development of
aortic aneurysm{”'8, Again, smoking, hyperlipidemia, and the
presence of concomitant CAD have been shown to stimulate the
production of superoxide in the aortic aneurysm™. In our study,
no significant difference was found between the patients with
TAA and with/without hypertension.

There are several studies in the literature examining the
relationship between aortic aneurysm and EPCs. In these
studies, they generally investigated CD34+/CD133+ cells in
abdominal aortic aneurysm (AAA) and CD34+/CD309 + cells in
ascending aortic aneurysm°2", Qur research is the first study in
the literature to evaluate CD34+/CD146 + cells in TAA patients
in addition to the findings of other studies. Studies conducted
have shown that disease progression can be monitored by flow
cytometric methods and that it can show how EPCs can play a
role in the underlying pathogenesis®®”. Experimental studies have
shown that circulating endothelial progenitor cells (or CEPC)

contribute to the ongoing endothelial repair mechanism in the
affected arterial region after balloon damage and replace new
dysfunctional endothelial cells®?. In our study, no statistically
significant difference was observed in CD34+/CD309+ cells
between patient and control groups (P=0.27).

CD146 and CD144 are some of the components of the
endothelial intercellular binding site. Bardin et al?* have shown that
CD146 is localized in the junction of two endothelial cells. CD146
regulates the endothelial single cell layer, controls the paracellular
permeability, and provides the connection with other neighboring
cells as it is associated with actin forming the cell skeleton. There
are no publications in the literature that study CD146+ and
CD144+ microparticles or cells in TAA. However, when we look at
the pathophysiology of aortic aneurysm, inflammation plays an
important role, and endothelial cell dysfunction occurs. CD146
level was also studied in patients with a small number of chronic
heart disease, and plasma CD146 level was found to be high. These
cells are increasing in number to repair the area in case of any
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damage. CD34+/CD146+ cell count was found to be significantly
higher in patients with TAA in our study (P<0.01). Therefore, our
results are consistent with the literature. In the study conducted
by Hosseinzadeh et al?%, it was reported that CD144+ endothelial
microparticles were found to be higher in patients with vascular
risk factors (hypertension, diabetes, hyperlipidemia, stroke, CAD,
and smoking) than in those with normal cognitive function,
without vascular risk factors. CD144+ cells are involved in the
adhesion of homophilic cells and again in case of any damage to
the endothelium, the number of these cells is increased to repair

of it in phagocytic cells and its isomers in non-phagocytic cells,
especially NOXs in vascular endothelium. So, prolonged activity
of NADPH oxidase enzyme with continuous ROS secretions may
cause tissue damage and inflammation.
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