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Abstract
Objective: To investigate intercellular adhesion molecule-1
(ICAM1)and angiotensinogen (AGT) gene polymorphisms, as
related to atherosclerosis and endothelial dysfunction, in
coronary slow flow (CSF). Subjects and Methods: The par-
ticipants in this study were 48 patients with CSF and 67 pa-
tients with normal coronary flow as controls. The K469E poly-
morphism of ICAM1 (rs5498) and the T207M polymorphism
of AGT (rs4762) were determined using the polymerase
chain reaction amplification method. Results: Baseline de-
mographic parameters were similar in both groups. The
mean thrombolysis in myocardial infarction frame count was
significantly higher in patients with CSF (23.8 + 5.1) com-
pared to the controls (13.3 £ 2.6, p < 0.001). A significant as-
sociation was found between the ICAM1 K allele and CSF (OR:
1.96, 95% Cl: 1.15-3.35, p = 0.013). There was no difference
in the frequency of AGT T207M genotypes in the patients
with CSF and the control subjects. Conclusion: This study
showed that K469E polymorphisms of ICAM1 that play a role
in atherosclerotic pathogenesis are related to CSF.

© 2014 S. Karger AG, Basel

Introduction

Cardiovascular diseases (CVD) worldwide are the
most common cause of mortality, and atherosclerosis is
the most common cause of CVD [1, 2]. Endothelial dys-
function is an important change seen in the subclinical
stages of atherosclerosis [3, 4]. There are many molecules
and cytokines that play important roles in endothelial
functions. One molecule that is well studied is the inter-
cellular adhesion molecule-1 (ICAM1) which is a mem-
ber of the immunoglobulin family. It is released from en-
dothelial cells, small muscle cells, macrophages, and lym-
phocytes [5, 6]. The important role which ICAM1 plays
in inflammation and atherosclerosis is due to the induc-
tion of leukocyte adhesion and transmigration to vascular
basal membranes [5, 6]. ICAMI1 K469E polymorphism
(rs5498) increases the serum levels and functions of the
ICAM]1 molecule and is closely related to the formation
and progression of atherosclerosis [7-9].

Angiotensinogen (AGT) is a key molecule in the renin-
angiotensin-aldosterone system (RAS), and it plays an
important role in the regulation of blood pressure [10].
AGT is changed to angiotensin I via renin, and angioten-
sin I is converted to angiotensin II (Ag-II). Ag-II plays a
role in the etiopathogenesis of atherosclerosis resulting
from the release of cytokines and adhesion molecules

© 2014 S. Karger AG, Basel
1011-7571/14/0234-0346$39.50/0

KARGER

E-Mail karger@karger.com
www.karger.com/mpp

Karger
Openguccess
This isan Open Access article licensed under the terms of the
Creative Commons Attribution-NonCommercial 3.0 Un-
ported license (CC BY-NC) (www.karger.com/OA-license),
applicable to the online version of the article only. Distribu-
tion permitted for non-commercial purposes only.

Dr. Emine Gazi, MD

Department of Cardiology, Faculty of Medicine
Canakkale Onsekiz Mart University

TR-17100 Canakkale (Turkey)

E-Mail eordulu @hotmail.com


http://dx.doi.org/10.1159%2F000363451

from vascular endothelial cells [11]. Previous studies
showed that AGT gene polymorphisms lead to increased
AGT levels and are related to hypertension and coronary
artery disease [2, 12-14].

Atherosclerosis is a major underlying pathophysiolog-
ical mechanism in CVD [1, 2]. Coronary slow flow (CSF)
is described as the delayed angiographic passage of a con-
trast agent in the absence of stenosis in epicardial coro-
nary arteries [15]. Previous studies have shown that en-
dothelial dysfunction and diffuse atherosclerosis may be
the underlying mechanisms in the etiopathogenesis of
CSF, although the etiopathogenesis is still unclear [16,
17]. However, it was shown that certain polymorphisms
are associated with CSF [18, 19]. We hypothesized that
CSF is a subtype of atherosclerotic disease; hence, we
aimed in this study to investigate the relationship be-
tween CSF with AGT T207M and ICAM1 K469E poly-
morphisms (http://www.genenames.org) that were pre-
viously reported to be associated with atherosclerosis and
endothelial dysfunction.

Subjects and Methods

Study Population

48 patients with CSF and 67 controls with normal coronary ar-
teries participated in this study. Coronary angiography was per-
formed in our Cardiology Clinic (Canakkale, Turkey) between
June 2010 and June 2013 on patients who had an indication for
coronary angiography. All the subjects agreed to participate in the
research and signed the informed consent form, and permission
was obtained from the institution’s Ethics Committee. The pa-
tients” complete history, results of the physical examination, risk
factors for atherosclerotic heart disease, and medications were re-
corded. Patients who had been treated with antihypertensive drugs
or those whose baseline blood pressure exceeded 140/90 mm Hg
were diagnosed with hypertension. Diabetes mellitus was defined
as fasting blood glucose higher than 126 mg/dl or the use of anti-
diabetic medications. Hyperlipidemia was defined as a total cho-
lesterol level >200 mg/dl and/or a low-density cholesterol level
>160 mg/dl. Exclusion criteria were patients with a known athero-
sclerotic disease, peripheral artery disease, visualized coronary
plaques in coronary angiography, malignancy, chronic inflamma-
tory disease, and renal and hepatic insufficiency. Peripheral blood
samples from CSF patients and healthy controls were used to ge-
notype point mutations of ICAM1 and AGT genes.

Thrombolysis in Myocardial Infarction Frame Count and

Definition of CSF

Angiographic equipment (GE Medical Systems, Innova 2100,
USA) was used to perform coronary angiography with a femoral
approach using Judkins catheters and iopramide as a contrast
agent (Ultravist-370, Bayer Schering Pharma, Germany). The
frame rate was 30 fps, and angiograms were recorded on a compact
disc in DICOM format. Coronary blood flow was measured quan-

Atherosclerotic Gene Profiles in Coronary
Slow Flow

titatively using the thrombolysis in myocardial infarction (TIMI)
frame count, which was determined for each major coronary ar-
tery in each participant according to the method first described by
Gibson et al. [20]. The corrected TIMI frame counts for the left
anterior descending coronary arteries (LAD) were calculated. The
TIMI frame counts were divided by 1.7 because the LAD is usu-
ally longer than other major coronary arteries; thus, the TIMI
frame count for this vessel is often higher. TIMI frame counts in
the LAD and left circumflex (LCx) arteries were assessed at the
right anterior oblique projection and in the right coronary artery
(RCA) at the left anterior oblique projection. The mean TIMI
frame count for each subject was calculated by adding the TIMI
frame counts for LAD/1.7, LCx, and RCA, and divided by 3. The
corrected cutoff values were 36.2 + 2.6 frames for LAD, 22.2 + 4.1
frames for LCx, and 20.4 + 3 frames for RCA. Any values obtained
above these thresholds were considered CSF [20].

Genotyping

Peripheral blood samples were collected from the patients and
controls after a 12-hour overnight fasting period. All routine bio-
chemical tests were carried out with the Cobas 6000 Integra
(Roche) autoanalyzer device using the chemiluminescence meth-
od. Venous blood was collected in EDTA tubes for isolation of
genomic DNA; the tubes were stored at -20°C. In all, 115 DNA
samples from the patients with CSF and controls were genotyped
using real-time PCR analysis. The total genomic DNA was extract-
ed by either the MagnaPure Compact (Roche) technique or the
Invitek kit extraction technique (Invitek®; Invisorb Spin Blood,
Berlin, Germany). Target genes were amplified using real-time
PCR methods (LightCycler 2.0, Roche) for the CSF cohort and the
healthy controls. LightCycler FastStart DNA Master HybProbes,
MgCl, (final concentration 3.0 mM), primer mix, PCR-grade wa-
ter, and template DNA from the patients and controls were used
for real-time amplification for each target gene.

The previously reported codon number of rs4762 is 207 (previ-
ously added as 174). T207M refers to a threonine-to-methionine
exchange in codon 207. Real-time PCRs were performed using al-
lele-specific sense and antisense SNP primers under the following
conditions: initial denaturation at 95°C for 10 min, 45 quantifica-
tion cycles at 95°C for 10 s, annealing at 60°C for 10 s, and exten-
sion at 72°C for 15 s. The melting cycle was 95°C for 30 s, 40°C
for 2 min, and final cooling at 40°C for 30 s. The LightCycler 2.0
software program (Roche) was used to detect the mutated C allele
(channel 640 at 58°C) and wild T genotype (channel 640 at 66°C)
profiles for target analysis of AGT T207M.

The single nucleotide A to G polymorphism in the sixth exon
of the ICAM1 gene (K469E) resulted in an amino acid substitution
from glutamic acid (E) to lysine (K) (rs5498). Genomic DNA (300
ng) was amplified by a real-time PCR in a final volume of 20 pl us-
ing the following conditions: initial denaturation at 95°C for 10
min, 45 quantification cycles at 95°C for 10 s, annealing at 60°C
for 10 s, and extension at 72°C for 15 s. The melting cycle was 95°C
for 30 s, 40°C for 2 min, and final cooling at 40°C for 30 s. The
LightCycler 2.0 software program (Roche) was used to detect the
mutated G allele (channel 640 at 66.5°C) and the wild A genotype
(channel 640 at 55.8°C) profiles for target analysis of ICAMI
K469E.
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Table 1. Baseline demographic and laboratory parameters of the
study population

CSF Controls p
(n=48) (n=67)

Age, years 56.0+10.3 54.1+11.8 0.460
BMI 27.7+3.5 27.4+4.0 0.744
SBP, mm Hg 126.8+12.5 127.3+13.0 0.867
DBP, mm Hg 77.7+8.4 76.5+7.9 0.485
Heart rate, bpm 70+11 68+8 0.936
Males, n 26 (54.2) 27 (40.3)  0.141
Hypertension, n 22 (46.8) 31(47.0) 0.986
Diabetes mellitus, n 13 (27.7) 13(19.7) 0.322
Hyperlipidemia, n 21 (44.7) 16 (24.2)  0.022
Smoking, n 16 (34.0) 15(22.7) 0.184
Family history, n 9(13.6) 5(10.6) 0.634
Total cholesterol, mg/dl  195.2+38.2 199.6+48.4 0.681
LDL, mg/dl 112.5+35.5 125.6+33.6 0.113
HDL, mg/dl 46.1+13.5 46.7+11.3 0.838
Triglycerides, mg/dl 150.1+115.6 13274754  0.824
TIMI frame counts

LAD 37.7+9.3 19.8+5.4 <0.001

LCx 23.0+6.2 13.7+£3.0 <0.001

RCA 26.4+7.4 14.7+4.3 <0.001

Mean 23.8+5.1 13.3+£2.6 <0.001

Values in parentheses represent percentages. BMI = Body mass
index; SBP = systolic blood pressure; DBP = diastolic blood pres-
sure; LDL = low-density lipoprotein; HDL = high-density lipopro-
tein.

Statistical Analysis
Table 2. The polymorphic SNPs, genotype and allele frequencies

of ICAM1 and AGT genes in the patients with CSF and the control
group

Gene/genotype frequency Patients Controls
(n=48) (n=67)

ICAMI, n (%)

EE 9 (18.8) 26 (38.8)

KE 27 (56.3) 33 (49.3)

KK 12 (25) 8 (11.9)
Allele frequency

E 0.46 0.63

K! 0.54 0.37
AGT, n (%)

TT 36 (75.0) 54 (80.6)

™ 11 (22.9) 12 (17.9)

MM 1(2.1) 1(1.5)
Allele frequency

T 0.76 0.89

Mm? 0.24 0.1

1 p value: 0.013, OR: 1.96 and CI (95%): 1.15-3.35.
2 p value: 0.305, OR: 1.52 and CI (95%): 1.67-3.42.
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All statistical studies were carried out with the SPPS program
(version 15.0, SPSS, Chicago, Ill., USA). All continuous variables
were expressed with the mean + standard deviation. All measure-
ments were evaluated with the Kolmogorov-Smirnov test and the
Shapiro-Wilk test, and a comparison of parametric and nonpara-
metric values between the two groups was performed with the
Mann-Whitney U test or Student’s t test. Categorical variables
(risk factors and polymorphisms) were analyzed using the ¥ test.
Risk estimations for the association of CSF with polymorphisms
were calculated using ORs and 95% ClIs by comparing genotypic
combinations. p < 0.05 was accepted as statistically significant.

Results

The clinical and laboratory findings for the subjects
are given in table 1. Baseline demographic parameters
were similar in both groups. The TIMI frame counts for
each epicardial artery were higher in patients with CSF
(23.8 £ 5.1) than in control subjects (13.3 £ 2.6), and the
difference was statistically significant (p < 0.001).

Genotype properties and allele frequencies are given in
table 2. The K allele of ICAM1 was significantly related to
the possibility of CSF (p = 0.013, OR: 1.96, 95% CI: 1.15-
3.35). The AGT M allele and CSF were slightly related but
did not reach statistical significance. In 38 patients with
hyperlipidemia, the K allele was significantly related to an
increased risk of CSF (p = 0.028, OR: 2.73,95% CI: 1.11-
6.75).

Discussion

This study showed that the K allele frequency of
ICAM1 was higher in patients with CSF than in controls
and that K469E polymorphism was associated with CSF.
There was no association between AGT T207M polymor-
phism and CSF. These findings support the aspect of en-
dothelial dysfunction that may be the underlying mecha-
nism of CSF.

Inflammation and inflammatory factors are important
mechanisms in the formation and progression of athero-
sclerosis [21]. One of these inflammatory factors, [CAM1,
is a cell surface glycoprotein released from endothelial
cells, macrophages, and lymphocytes and plays an impor-
tant role in the development of atherosclerotic plaques
because it mediates activation of endothelial cells, triggers
inflammation, and causes transmigration and adhesion
of leukocytes to vascular basal membranes [22]. Epide-
miologic studies have shown the relationship between
ICAMI1 levels and coronary artery disease [5, 23]. Fur-
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thermore, previous studies demonstrated that ICAM1
gene mutations affect serum levels and activity in the
ICAM1 molecule [24, 25]. In a meta-analysis study,
ICAM1 K469E polymorphism was found to be associated
with CVD [8]. A study showed that plasma nitric oxide
levels were reduced and endothelial functions were im-
paired in CSF patients, thereby indicating that endothe-
lial dysfunction could cause CSF [25]. In our study the K
allele of the ICAM1 gene increased the risk of CSF almost
2-fold, thereby supporting the idea that atherosclerotic
properties and endothelial dysfunction might be impor-
tant in pathogenesis of CSF.

AGT, a peptide synthesized in the liver, is one of the
basic molecules in RAS; it plays a role in blood pressure
regulation, electrolyte balance, and vascular remodeling
[26]. Ag-II, an important by-product of RAS, stimulates
the release of cytokine from small muscle cells and the re-
lease of adhesion molecules from endothelial cells [11].
The AGT gene is located at 1q42-43 and consists of five
exons [27]. AGT T207M refers to a threonine-to-methio-
nine exchange in codon 207 in exon 2. Borecki et al. [12]
reported that AGT gene polymorphism is related to in-
creases in Ag-II levels and hypertension. Findings of the
association between AGT gene polymorphisms and coro-
nary artery disease are different in the literature. Although
some studies reported that AGT T207M polymorphism
was associated with coronary artery disease and hyperten-
sion [14, 28], others reported that there was no relation
[29, 30]. They concluded that ethnicity of the study popu-
lation, other genetic polymorphisms and the number of
participants may explain the different results. Our study,
which included Caucasian patients, showed that the risk of
disease was 1.5 times higher but it is not significant. These
results may be due to the small size of the study population.
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the small sample size, (2) it did not examine whether in-
flammatory markers, including ICAM1, AGT, Ag-II, and
C-reactive protein, were affected by polymorphisms and
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Conclusion

The present study showed that the well-known rela-
tionship of the ICAM1I K allele to endothelial dysfunction
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ings further support the hypothesis that endothelial dys-
function may be a responsible mechanism for CSF patho-
genesis. We recommend that more studies should be
done on the etiopathogenesis of CSF to clarify the current
findings.
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