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Abstract

Introduction and aim—Heart diseases, and in particular coronary artery disease (CAD), are the
leading cause of death in Europe and it represents around 50% of overall mortality. Still many
cardiac markers are under investigation with an aim to evaluate patients to different risk groups
and predict more adequate cardio-cerebral events. Chemokines which regulate immune cell
vascular chemotaxis, including CCL5/RANTES are points of great interest.

We hypothesized that chemokine RANTES level measured in peripheral blood may be associated
with severity of atherosclerosis in patients with stable angina undergoing coronary angiography.

Material and methods—RANTES and IL-18 levels were measured by ELISA method.
Classical and novel cardiovascular risk factors like brachial flow mediated dilation and intima-
media thickness were analyzed.

Study included 62 consecutive patients with coronary atherosclerosis proven in coronary
angiography, mean age 59.3 years (SD = 7.4), divided into group with lower amount of
atherosclerosis, (Group 1, 45 patients) and with severe coronary disease (Group Il, 17 patients).
Groups were well balanced for classic risk factors.

Results—Mean RANTES level were significantly higher in patients in group | (67.9 ng/ml, SEM
= 3.97) than group 11 (50.5 ng/ml, SEM = 7.49; p = 0.03). IL-18 levels were similar (255 pg/ml in
group | and 315 pg/ml, SEM = 40.91 in group I, p = 0.12), as well as hsCRP concentration (3,45
SEM = 2.66 ng/ml and 4,69 ng/ml SEM= 1.64 ng/ml respectively; p = 0.47). FMD values have
been significantly lower in group Il than in group 1 (6.31; SEM = 0.61; vs 4.41; SEM = 0,56,
respectively, p = 0.026).

No significant correlations between chemokine RANTES levels and IMT, FMD measurements
have been found in both groups of patients (p > 0,05).
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Conclusions—Chemokine RANTES level could become a useful marker of severity of coronary
artery disease. Its lower levels were observed in patients with more diffuse disease. Elevated level
of chemokine RANTES in patients with stable angina pectoris may evaluate patients to high risk
group in plague formation at early stages of atherosclerosis.

Introduction

Heart diseases, and in particular coronary artery disease (CAD), are the leading cause of
death in Europe and it represents around 50% of overall mortality. (43% - 1 963 644 male
and 55% - 2 307 945 female)(1). While classical risk factors for CAD are relatively well
defined (1), they seem to be responsible for only part of the risk while remaining risk, often
referred to as residual risk is less understood. Thus, it is of great importance to determine
biomarkers of high cardiovascular risk. New risk markers including: inflammatory
molecules (ex. CRP, selected interleukins), homocysteine, vVWF, fibrynogen IMT (Intima
Media Thickness) and calcium score are widely proven to predict adverse cardiovascular
events (2,3). Aortic stiffnes also progresses with bigger extent of atherosclerosis (4), Still
many cardiac markers are under investigation with an aim to evaluate patients to different
risk groups and predict more adequate cardio-cerebral events.

There is particular focus on understanding the role of inflammation in cardiovascular
disease. Cytokines are important regulators of leukocyte activation and migration to the sites
of inflammation including vessels and the heart. Especially chemokines which regulate
immune cell vascular chemotaxis are points of great interest. It has been shown that some of
the chemokines such as CCL3/MIP1a, CCL5/ RANTES, and CCL18/PARC are expressed in
atherosclerotic plaque (5-7), and cells within the plaque express CCL5/RANTES receptors
such as: CCR5, CCR1, CCR3, CCR9 and DARC may express in different structures. The
expression of DARC receptor is specific for the endothelium (8). Significant correlation
between chemokine RANTES, as well as CCL18/PARC and CCL3/MIP-1a level and
mortality risk in patients with acute coronary syndromes (including UA patients) has been
demonstrated (9,10). Chemokine RANTES is increased in patients with myocardial
infarction, especially complicated by left ventricular heart failure (LVEF <35%) (11). In
animal studies a reduction of myocardial injury after infarction and reduction of heart failure
was caused by after antiCCL5 mAb monoclonal antibody or RANTES inhibitors
administration. The protective effect was observed due to the smaller migration of
leukocytes to the sites of myocardial injury(12,13). Moreover high RANTES expression in
perivascular adipose tissue plays an important role in vascular inflammatory cell recruitment
which mediated endothelial dysfunction(14,15). In the ARIC study a significant correlation
between RANTES level and IMT was found(16). On the other hand Cavusoglu et al. in
evaluation of patients undergoing coronary angiography has shown that low RANTES level
in peripheral blood is an independent predictor of mortality and MI in patients without
previous M. In the diabetes subgroup of patients similar correlation was also found(17).
Thus, role of RANTES as a biomarker in CAD remains controversial.

We hypothesized that chemokine RANTES level measured in peripheral blood may be
associated with severity of atherosclerosis in patients with stable angina undergoing
coronary angiography.

J Physiol Pharmacol. Author manuscript; available in PMC 2018 December 05.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Podolec et al. Page 3

Methods
Study population

Consecutive patients with stable angina who underwent coronary angiography in our Center
were included in the study. Patients were qualified to coronary angiography based on clinical
presentation and positive results of additional non invasive examiantions such as excersize
stress test, imaging methods including dobutamine stress echo and SPECT (single photon
emission tomography). Angina has been analyzed and estimated based on the Canadian
Cardiovascular Classification (CCS).

The exclusion criteria included: age <40 years old, symptomatic heart failure, reduced left
ventricular ejection fraction <45%, unstable angina or acute coronary syndrome in the last 6
months prior to admission, severe valvular heart disease, chronic inflammatory diseases. If
not stated otherwise, data were presented as mean value with standard deviation.

This study complies with the guidelines in the Declaration of Helsinki. Ethics approval was
granted by the Jagiellonian University Collegium Medicum ethics committee. After having
supplied the complete information about the study to all the patients, prior to the inclusion
into the study, patients’ written and signed consents were obtained.

Biochemical Analyses

Blood samples in all patients have been taken at the admission to the Department of
Hemodynamics and Angiocardiography after obtaining informed consent and before
administering any drugs related to coronary angiogrpahy. Samples were stored at the local
laboratory in the temperature of -20 degree Celsius. Chemokine RANTES level in serum
was measured by ELISA method and expressed in ng/ml. Anti-human RANTES ELISA kits
(R&D Systems, Minneapolis, MN, USA) were used according to the manufacturers’
protocol.

Interleukin-18 level was measured by ELISA method. Human IL-18 Elisa Kit (MBL code
no 7620) was used according to the manufacturers’ protocol Hs-CRP was assessed by
Hitachi/Roche Cobas c system, using Cardiac C-Reactive Protein High Sensitivity Assay
(Roche Diagnostics, Mannheim, Germany) according to supplier protocol.

All laboratory measurements were obtained in Pharmacology Department of the Jagiellonian
University Collegium Medicum Hospital and the laboratory of the John Paul Il Hospital in
Cracow.

Coronary artery disease severity estimation

All coronary angiography procedures were performed in the Department of Hemodynamics
and Angiocardiography Jagiellonian University Collegium Medicum in John Paul 11
Hospital in Cracow on the Siemens Coroscop. Right and left coronary arteries were
analyzed. The degree of stenosis was assessed in optimal projections independently and
separately by two operators. Stenosis of 50% was considered to be significant according to
the ESC guidelines Significant narrowing in three or more arteries was considered as
multivessel disease. Based on the number of significantly stenosed coronary arteries patients
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were divided into two groups: group | with < 2 main coronary arteries (left anterior
descendens coronary artery, circumflex coronary artery, right coronar artery) with significant
stenosis and group Il with with multivessel disease (all 3 main coronary arteries with
significnt stenoses). Detailed information about the involvement of coronary arteries in study
subjects is presented in table 1 in the results section.

Risk factors—Cardiovascular risk factors were assessed according to the current ESC
guidelines (1). A current smoker was defined as having smoked at least for 1 month during
the previous 12 months; all others were classified as non-smokers. Body mass index (BMI)
was calculated as weight [kg]/height [m]2. Based on BMI value, patients were categorized
as normal weight (BMI < 25 kg/m2), overweight (BMI >25 kg/m2 and < 30 kg/m2), and
obese (BMI > 30 kg/m2).

Brachial flow mediated dilatation—Brachial flow mediated dilatation was obtained
according to the Brachial Artery Reactivity Task Force indications(18). As previously
described (4) measurements were taken in patients who have eaten their last meal and have
been administrated medication at least 12 hours before the measurement. All measurements
were obtained in the same quiet conditions (patient lying in horizontal position, right arm).
Diameter of the brachial artery was measured at 1 to 2 cm above the elbow in diastole
(measurement was synchronized with ECG) before ischemia of the right arm and after cuff
deployment. Diameter was defined as the distance between the nearest and further m line
(border between middle layer and adventitia obtained in 2D presentation). Results were
taken from mean values of 5 consecuitive heart beats. Ischemia was induced due to inflation
of the standard blood preasure cuff inflated to 250 mmHg for 5 minutes. Endothelial
dependent (bFMD), as well as the independent/nitrate mediated (bEID/NMD) brachial artery
dilatation were analized (18).

Intima-media thickness—Intima-media thickness was measured by linear head of the
ultrasonography at 8 MHz frequency. Both right and left common carotid arteries were
analyzed in two projections: anterior and postero-lateral in systole. In order to visualize
arterial wall both projections were taken with ultrasonography head placed parallel to the
artery. Measurements were recorded in highest resolution to and best parts, without artefacts
were considered for analysis (all measurements were synchronized with ECG. Estimated
value was mean from 12 measurements obtained 1 cm below carotid bulb, excluding parts
with atherosclerotic plaques. (19,20).

Statistical analysis—Characteristics of patients were analyzed by means od descriptive
statistics. If not mentioned otherwise, data were presented as mean value with standard
deviation. Continue values were compared with two-way t-test, dichotomous values were
compared using chi-square test. Correlation coeficients were obtained by Pearson’s method.
All analyses were made using StatSoft Statitica software. In all analyses assumed 95%
confidence interval (a = 0.05).
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62 consecutive patients with stable angina, aged 59.3 + 7.4 y.o. (from 46 to 78) were
enrolled. Group | consisted of 45 patients: 12 patients with single vessel stenosis of more
than 50%, 12 with two vessel disease and 21 without significant stenoses in coronary
arteries. Group Il conisted of 17 patients of which two patients had signifficant left main
disease. The prevalence of cardiovascular risk factors and treatment were similar in both
groups despite waist circumference which was higher in group 1l. Symptoms were more
severe in group 11 (p <0.001). Baseline characteristics of patients were summarized in tables
land2.

Correlations between chemokine RANTES and IL-18 level in group | and I

Mean RANTES level were significantly higher in patients in group I than group 11
(respectively 67.9 ng/ml, SEM = 3.97vs 50.5 ng/ml, SEM = 7.49; p = 0.03). No significant
difference in IL-18 measurements has been noticed between the groups (mean IL-18 level in
255 pg/ml in group Il and 315 pg/ml, SEM = 40.91 in group I, p = 0.12) as shown in Figure
1. We did not observe any correlation between RANTES and IL-18 levels (Figure 2).

Similarly, hsCRP levels didn’t differ significantly between group | and group Il (3,45+/-
2.66 ng/ml vs 4,69 ng/ml +/- 1.64 ng/ml; p = 0.47).

FMD and IMT in the study group

FMD values have been significantly lower in group Il (respectively 6.31; SEM = 0.61; vs
4.41; SEM = 0,56 p = 0.026). In NMD measurements no significant differences have been
noticed.

No significant differences in mean IMT measurements between groups have been shown
(0.92mm vs. 0.85mm) (table 3 and figure 3).

Correlations between endothelial function (FMD), IMT and chemokine RANTES level in
group I and Il

No significant correlations between chemokine RANTES levels and IMT, FMD
measurements have been found in both groups of patients (Figure 4 and 5).

Discussion

Among the large group of inflammatory molecules Hs-CRP has been the best studied
inflammatory molecule of the “new” biomarkers. It provides clear and predictive value
beyond that of traditional risk factors as a marker of cardiovascular risk in potentially
healthy individuals and in CAD patients(21-23). In our study no significant correlations
were found probably due to relative small groups sizes. Other inflammatory molecules have
also been proposed as biomarkers in CAD, and some of them including IL-6, 1L-18,
intracellular adhesion molecule [ICAM]-1 have proven to provide some prognostic
information beyond that of CRP(24-26). In our study we have evaluated IL-18 level and
found no significant relationship between IL-18 serum level and the severity of
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atherosclerosis. Furthermore, no significant correlations with chemokine RANTES level
have been found.

However, data on chemokine RANTES serum level and the correlations are equivocal.
Chemokine RANTES/CCLS5 role in atherosclerosis is confirmed, and recent research
focuses on its gene polimorphisms and their predictive role as a risk factor of coronary artery
disease (27,28). Similar role of severity predictor would play increased mRNA expression of
catecholamine-synthesizing enzymes in heart failure (29). According to previous studies,
low serum RANTES levels were associated with more advanced coronary atherosclerosis
and were an independent predictor of poor outcome in terms of cardiovascular mortality and
acute myocardial infarction, in numerous cases associated with reperfusion induced
arrhytmia(17,30,31). On the other hand Kraaijeveld et al. showed, that higher RANTES
levels were observed in patients with persistent angina, compared to those without clinical
symptoms(10). There were also positive correlations of RANTES levels and volume of an
atherosclerotic plague in patients with carotid atherosclerosis published(32).

In our study we have discovered, that more severe coronary atherosclerosis, assessed in
coronary angiography, is correlated with lower RANTES levels. Direct mechanism of this
phenomenon is not well explained. We suspect, that RANTES serum levels decrease
together with progression of coronary atherosclerosis. According to the research done by
Guzik T. et al., this might be due to migration of chemokine RANTES to the inside of
arterial wall or atherosclerotic plaque in patients with severe atherosclerosis [data not
published]. Due to that phenomenon its level in peripheral blood would decrease. Similar
effect was recently discovered by Herder et el. in histological studies of atherosclerotic
plaques removed during carotid endarterectomy, where higher RANTES levels were
observed in more unstable lesions, compared to more calcified ones(32). We suspect that
some undiscovered phenomenon intercellular interaction level may play a role, just like
conexin alterations influence pathogenesis of atrial arrhytmia(33).

We found no data in the literaure corelating directly the chemokine RANTES level with the
FMD and IMT measurements. In our study we evaluated this relationship and no significant
correlations between RANTES serum levels and endothelial disfunction measured by FMD
and IMT measurements were found. Although they seem to apear in higher levels in patients
with severe atherosclerosis but the significance of the results may be impaired due to relative
small groups sizes. Further studies on large patient population might provide some new
insights to this analysis.

Study limitations

As coronarography is an invasive procedure, low number of patients were enrolled, causing
widening of confidence intervals, and in some cases, probably loss of statistical significance
of observed differences. Study limitations include also the semi-quantitive way of
assessment of atherosclerosis extent, based only on number of diseased vessels, and lack of
more detailed information on lesions composition in particular patients. Importance of
cardiovascular disease as an increasing worldwide problem and some promising results of
this study should lead to further research in chemokine RANTES evaluation as a molecule
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presenting in the early stages of cardiovascular disease and qualifying patients to high risk
group with CAD.

Conclusions

Chemokine RANTES level could become a useful marker of severity of coronary artery
disease. Its lower levels were observed in patients with more diffuse disease. Elevated level
of chemokine RANTES in patients with stable angina pectoris may evaluate patients to high
risk group in plaque formation at early stages of atherosclerosis.
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Correlations between RANTES and IL-18 in groups | and I1.
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Figure 3.

Mean FMD (panel A) and NMD (panel B) measurements in group | and I1.
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Figure 4.
Correlation between chemokine RANTES levels and IMT measurements.
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Figureb.
Correlations between chemokine RANTES and FMD level in groups | and I1.
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Table 1

Group | and Il baseline characteristics and CAD risk factors, pharmacotherapy

mean (+/-)
group | group Il p

Male:female ratio (%) 28:17 (62.2%) 14:3 (82.3%) 0.13
age [years old] 58.5 (1.95) 61.4 (1.92) 0.18
waist diameter [cm] 098.71 (1.40) 104.88 (2.43) 0.04
BMI [kg/m?] 28.95 (0.46) 29.66 (1.01) 0.53
Positive family history for CAD 24 (54.5%) 8(46.6%) 0.60
hipercholesterolemia during statin or fibrate treatment or LDL >3 mmol/I 44 (97.78%) 16 (94.12%) 0.48
Diabetes 7 (15.56%) 6 (35.29%) 0.10
smoking 25 (55.56%) 11 (64.71%) 0.51
hypertension 39 (86.67%) 16 (94.12%) 0.66
Overweight or obesity 42 (93.33%) 15 (88.24%) 0.61
Total cholesterol [mmol/I] 5.02 (0.18) 4.55 (0.20) 0.14
LDL [mmol/] 2.92 (0.15) 2.69 (0.17) 0.40
HDL [mmol/l] 1.23 (0.05) 1.21 (0.07) 0.77
TG [mmol/] 1.63 (0.12) 1.37 (0.23) 0.30
CCs:

ccs| 5 (11.11%) 2 (11.76%) 0.94

ccsli 24 (53.33%) 7 (41.18%) 0.39

ccslll 4(8.89%) 8 (47.06%) < 0,001

Non-specific symptoms 12 (26.67%) 0 (%) 0.02
phar macother apy:
acetylosalicylic acid 41 (91.1%) 16 (94.1%) 0.70
ACEI 38 (84.4%) 15 (88.2%) 0.71
statin 35 (77.8%) 14 (82.4%) 0.69
beta-blocker 30 (66.7%) 11 (64.7%) 0.88
nitrate 20 (44.4%) 12 (70.6%) 0.07
Ca-blocker 11 (24.4%) 7 (41.2%) 0.20
diuretic 12 (26.7%) 3 (17.6%) 0.46
fibrate 3 (6.7%) 1 (5.9%) 0.91
ARB 2 (4.4%) 0 (0.0%) 0.38
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BMI body mass index; CAD coronary artery disease; CCS Canadian Cardiovascular Society scale; ACEI angiotensin convering enzyme inhibitor;

ARB angiotensin receptor blocker
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Table 2

Number of coronary areries significantly stenosed in group I and I1. Left anterior descending (LAD),
circumflex artery (Cx), right coronary artery (RCA), left main coronary artery (LMCA).

Group | Group Il All

stenosis N=45 | N=17) | N=62)

Nosignifficant | 21(46.7%) | 0(0.0%) | 21 (33.9%)

isolated LAD 6(13.3%) | 0(0.0%) | 6(9.7%)

isolated Cx 2044%) | 0@©0w) | 2@32%)
isolated RCA 4(89%) | 000%) | 4(65%)
LAD + Cx 2044%) | 0@©0w) | 2@32%)
LAD + RCA 4(89%) | 000%) | 4(65%)
Cx +RCA 5(11.1%) | 0(0.0%) | 5(8.1%)
LMCA 0 (0%) 27(6.7%) 2 (3.2%)

LAD +Cx+RCA | 0(0.0%) | 17 (100%) | 17 (27.4%)

*
in both patients significant stenosis of LAD, Cx and RCA was present
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FMD, NMD and IMT mean values in both groups.

mean (SEM)
parameter

Group | Group Il p
FMD (%) 6.31(0.61) 4.41 (0.56) 0.0259
NMD (%) 15.06 (0.86) | 12.52(1.23) | 0.1028
IMT (mm) | 0.85(0.03) 0.91(0.17) 0.3700
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