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Endothelial cell markers in coronary artery disease
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Abstract

Background: Endothelial injury, activation and dysfunction play an important role in atherosclerosis progression and develop-
ment of cardiovascular disease.

Aim: To evaluate biochemical markers assessing the vascular endothelium state in patients with coronary artery disease.

Material and methods: We examined 57 patients with coronary artery disease (CAD): 27 patients with acute myocardial infarc-
tion (AMI) and 30 patients with stable angina pectoris (SA). The control group comprised 23 patients without symptoms of CAD.
The concentration of von Willebrand factor (vWF), thrombomodulin (sTM), endothelin-1 (ET-1), and adhesion molecules (soluble inter-
cellular adhesion molecule-1 (sICAM-1) and soluble vascular cell adhesion molecule-1 (sVCAM-1)) was analysed in plasma or serum.

Results: A significant increase in vVWF, sICAM-1, sVCAM-1 and ET-1 concentrations was found in AMI compared to the control
group. Increased vVWF and sICAM-1 concentrations were found in SA compared to the control group. The AMI group was character-
ized by significantly higher vVWF concentration than the SA group. Thrombomodulin concentration did not differ significantly between
any patient groups and the control group. There was a positive correlation between vVWF concentration and sVCAM-1 and sTM con-
centrations, and an inverse correlation between ET-1 and sICAM-1 concentrations in AMI. A sICAM-1 correlated positively with sSVCAM-1
concentration in SA.

Conclusions: von Willebrand factor is more useful than sTM, endothelin-1, and cell adhesion molecules sICAM-1 and sVCAM-1 to
assess endothelium state in patients with CAD. The increase in plasma vWF concentration confirms endothelial injury and/or acti-
vation in CAD and indicates a greater severity of these disorders in AMI than in SA.
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Streszczenie

Wstep: Uszkodzenie, aktywacja lub zaburzenie funkcji srédbtonka naczyniowego odgrywaja wazna role w progresji zmian miaz-
dzycowych i rozwoju choréb uktadu krazenia.

Cel: Ocena wskaznikéw biochemicznych okreslajgcych stan srodbtonka naczyn krwionosnych u 0séb z chorobg niedokrwienng
serca.

Materiat i metody: Badaniami objeto 57 0sdb z chorobg niedokrwienng serca (coronary artery disease — CAD): 27 pacjentdéw
z ostrym zawatem serca (acute myocardial infarction — AMI) oraz 30 pacjentéw ze stabilng choroba wiencowa (stable angina — SA).
Grupe kontrolng stanowity 23 osoby bez objawow choroby wiehcowej. Stezenia czynnika von Willebranda (von Willebrand factor —
vWF), trombomoduliny (thrombomodulin — sTM), endoteliny-1 (endothelin-1 - ET-1), czasteczek adhezyjnych [miedzykomarkowej (solu-
ble intercellular adhesion molecule-1— sICAM-1) i naczyniowej (soluble vascular cell adhesion molecule-1 - sVCAM-1)] oznaczano w 0so-
czu lub surowicy.

Wyniki: U pacjentéw z AMI obserwowano istotnie zwiekszone w stosunku do grupy kontrolnej stezenia VWF, sICAM-1, sVCAM-1
i ET-1. U 0s6b z SA stezenia VWF i sICAM-1 byty istotnie wieksze w stosunku do grupy kontrolnej. U pacjentéw z AMI wystepowaty
istotnie wieksze stezenia VWF niz u 0séb z SA. Stezenia sSTM w zadnej z badanych grup pacjentéw nie réznity sie od stezen w grupie
kontrolnej. U os6b z AMI obserwowano istotng dodatnia korelacje pomiedzy stezeniami vWF a sVCAM-1i sTM oraz ujemna korela-
cje pomiedzy stezeniami ET-1 a sICAM-1. W grupie pacjentéw z SA wystepowata dodatnia korelacja pomiedzy stezeniami sICAM-1
a sVCAM-L
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Whioski: Czynnik von Willebranda jest bardziej uzyteczny w ocenie stanu $rédbtonka naczyniowego u 0séb z choroba niedo-
krwiennga serca niz sTM, ET-1, sICAM-1 i sVCAM-1. Zwiekszenie stezenia VWF potwierdza uszkodzenie i/lub aktywacje sré6dbtonka
naczyniowego u pacjentéw z chorobg niedokrwienng serca i wskazuje na wieksze nasilenie tych zaburzefi w zawale migsnia serco-

wego niz w stabilnej chorobie wieficowej.

Stowa kluczowe: choroba niedokrwienna serca, markery $rédbtonka

Background

Dysfunction, activation and injury of endothelium play
an important role in the progression of atherosclerosis and
the onset of cardiovascular diseases. Endothelial cell mark-
ers released to the circulation from the surface or from
granules of these cells may be determined by means of lab-
oratory methods and used to assess the severity of abnor-
malities of the endothelial layer. Endothelial injury leads
to anatomical changes and separation of endothelial cells
from the basal membrane [1]. The most frequently used
biochemical markers of endothelial injury include von Wille-
brand factor (vWF) and thrombomodulin (TM). Von Wille-
brand factor is a glycoprotein stored in the Weibel-Palade
bodies of the endothelium. It takes part in platelet adhe-
sion to the injured vascular wall and in the process
of platelet aggregation during thrombus formation. Throm-
bomodulin is a transmembrane glycoprotein of the endo-
thelial cells with antithrombotic activity. Thrombomodulin
may be released from the surface of endothelial cells and
circulate in blood in the soluble form (sTM) [2, 3]. Activa-
tion of endothelial cells is related to increased expression
of adhesion molecules on their surface, which cause leu-
cocyte adhesion to the vascular wall and penetration
of these cells into the subendothelial layer. This initiates
inflammatory processes in the vascular wall, which lead
to the formation of atheroma. Adhesion molecules taking
part in the transmigration of leucocytes include vascular
cell adhesion molecule-1 (VCAM-1) and intercellular adhe-
sion molecule-1 (ICAM-1). Activated adhesion molecules
undergo desquamation from the cellular surface and
appear in the circulation in soluble forms: sVCAM-1 and
sICAM-1, which are potential markers of endothelial cell
activation [3, 4]. Endothelial dysfunction is the loss of func-
tional integrity characterized by disequilibrium between
vasodilatative and vasoconstrictive factors and between
antithrombotic and prothrombotic factors [3]. Markers
of endothelial dysfunction include endothelin-1 (ET-1),
which is considered as one of the main factors influenc-
ing vascular constriction. Endothelial cells are the main
source of ET-1. The significance of ET-1 in the pathogene-
sis of atherosclerosis depends on its proinflammatory and
immunomodulating properties. Increased concentration
of ET-1 in plasma was found in coronary artery disease,
especially unstable. The role of endothelin in the onset
of ischemic heart disease is determined by its direct vaso-
constrictive effects and by stimulation of smooth muscle
cell proliferation [5, 6]. The newest endothelial markers
include endothelial cells separated from the vascular wall
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and circulating in peripheral blood, which are an indicator
of morphological injury [7, 8].

Aim
The aim of the study was to assess the biochemical

markers determining endothelial status in patients with
coronary artery disease.

Material and methods
Study group

The study group consisted of 57 patients with coronary
artery disease (CAD): 27 patients with acute myocardial
infarction (AMI) and 30 patients with stable angina pec-
toris (SA). The control group included 23 subjects without
clinical symptoms of coronary artery disease. The Ethical
Committee approved the protocol of the study.

Laboratory tests

Concentrations of biochemical markers of endothelial
injury were determined with the ELISA method on
the microplate reader Multiscan Ex, Labsystems. Concen-
trations of vVWF (Asserachrom vWF, Roche Diagnostics,
Poland) and TM (Imubind Thrombomodulin ELISA, Ameri-
can Diagnostica, Inc) were assessed in the citrated blood.
Concentrations of ET-1 (Endothelin (1-21), Biomedica),
VCAM-1 (Quantikine Human sVCAM-1, R&D Systems) and
ICAM-1 (human sICAM-1 ELISA from Bender MedSystems)
were assessed in plasma.

Statistical analysis

Statistical analysis was performed with Statistica soft-
ware from StatSoft. Concentrations of all assessed param-
eters were presented as medians as well as lower and
upper quartile (Q,5 — Q7s). Kruskal-Wallis test was used for
statistical analysis of differences between results in
the study group and in the control group. Values with
p < 0.05 were considered statistically significant. Correla-
tions between analysed parameters were determined by
means of the Spearman correlation coefficient.

Results

Clinical characteristics of the groups of patients with
AMI or SA and patients from the control group are pre-
sented in Table 1. Most of the patients in the AMI group
had a diagnosis of ST-segment elevation myocardial infarc-
tion (STEMI), while the SA group included patients with
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Table 1. Clinical characteristics of patients with acute myocardial infarction (AMI), stable angina pectoris (SA)
and control subjects (C)

Tabela 1. Charakterystyka kliniczna badanych pacjentéw z zawatem miesnia sercowego (AMI), stabilng chorobg
wienicowq (SA) i 0séb z grupy kontrolnej (C)

Parameter AMI (n = 27) SA (n = 30) C(n=23)
Sex: women/men 9 (34%)/18 (66%) 7 (23%)/23 (77%) 13 (57%)/10 (43%)
Age [years] 62 +11 64 +9 53 13
STEMI/NSTEMI 23 (85%)/4 (15%)

CCS class Il of angina pectoris 30 (100%)

Troponin | [ng/ml] 0.73 (0.29-6.29)

BMI > 30 kg/m? 7 (26%) 4 (13%) 0 (0%)
Hypertension 16 (59%) 12 (40%) 2 (9%)
Diabetes 4 (15%) 3 (10%) 0 (0%)
Smoking 13 (48%) 10 33%) 5 (23%)
Cholesterol > 200 mg/dl 13 (48%) 6 (19%) 16 (70%)
Triglycerides > 200 mg/dl 2 (7%) 3 (10%) 1 (4%)

Table 2. Concentrations of endothelial cell markers in patients with acute myocardial infarction (AMI), stable
angina pectoris (SA) and control subjects (C)

Tabela 2. Stezenia markeréw komorek Srodbtonka u pacjentéw z zawatem miesnia sercowego (AMI), stabilng
chorobg wiericowq (SA) i 0s6b z grupy kontrolnej (C)

Endothelial cell marker AMI SA C Value of p

VWEF [%] 182 (153-202) 123 (108-146) 89 (70-115) < 0.001% < 0.01**, < 0.001#
STM [ng/ml] 3.02 (2.68-3.57) 3.09 (2.71-3.33) 2.69 (2.34-3.07)

SVCAM-1 [ng/ml] 673 (601-822) 626 (574-703) 598 (552-661) < 0.05*

SICAM-1 [ng/ml] 310 (267-407) 322 (250-366) 247 (207-271) < 0.01%, < 0.05**

ET-1 [fmol/ml] 0.63 (0.31-0.96) 0.37 (0.20-0.66) 0.13 (0.06-0.85) < 0.05*

Statistically significant difference between groups *AMI and C,**SA and C, *AMI and SA.
Statystycznie istotna réznica pomiedzy grupami *AMI i C, **SA i C, *AMI i SA.

CCS class Il angina. Table 1 also shows the concentration Discussion

of troponin I (Tnl) in the AMI group and the prevalence In patients with coronary artery disease VWF best iden-
of risk factors of CAD in both study groups and in the con- tifies endothelial disorders of all the analysed biochemical
trol group. markers. Concentration of this parameter is increased in

Patients in the AMI group had significantly higher con-  patients with AMI and in patients with SA in comparison
centrations of vVWF (p < 0.001), sICAM (p < 0.01), sVCAM-1  to the control group. Higher levels of vWF in AMI than in
(p < 0.05) and ET-1 (p < 0.05) in comparison to the control  SA indicate more severe endothelial disorders. Data from
group. Patients in the SA group had significantly higher
concentrations of VWF (p < 0.01) and sICAM-1 (p < 0.05) in
comparison to the control group. Patients in the AMI group
were characterized by significantly higher concentration
of VWF (p < 0.001) than those in the SA group. Thrombo-
modulin concentrations were similar in both study groups
and in the control group (Table 2).

Statistical analysis of the AMI group demonstrated

Table 3. Correlations between endothelial cell
markers in patients with acute myocardial infarc-
tion (AMI) and stable angina pectoris (SA)

Tabela 3. Korelacje pomiedzy markerami komorek
Srodbtonka u pacjentéw z zawatem miesnia ser-
cowego (AMI) i stabilng chorobg wiericowq (SA)

a significant and positive correlation between vWF con- Endothelial Correlation coefficient r (p < 0.05)

centration and sVCAM and TM concentrations and a neg- el marker AMI SA

ative correlation between ET1 and sICAM-1 co.ncentration. VWE VCAM-1: 7 = 0.4336

In the SA group sICAM-1 positively correlated Wlth sVCAM-l M VWF: 7 = 0.4544

concentration (Table 3). In the group of all patients with o o 05706

CAD there was a positive correlation (p < 0.05) between > ! > Lr=057
ET-1 SICAM-1: r = -0.479

vWF concentration and white blood cell count (Fig. 1).
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Fig. 1. Correlation between von Willebrand factor
concentration (vWF) and white blood cell count
(WBC) in patients with coronary artery disease
(CAD, n = 57)

Ryc. 1. Korelacje pomiedzy stezeniem czynnika von
Willebranda (vWF) a liczbq leukocytéw (WBC)
w grupie pacjentéw z chorobq niedokrwienng ser-
ca (CAD, n =57)

the literature confirm the increase of vWF concentration
in various forms of CAD, with the highest values observed
in myocardial infarction [1, 3, 9, 10]. Increased concentra-
tion of VWF in plasma may be not only a marker of
endothelial injury, but also a marker of its activation
and dysfunction [2]. The positive correlation between
the level of this parameter and white blood cell count
found in the group of all patients with CAD confirms
the role of VWF as a marker of endothelial activation.
The positive correlation between vWF concentration and
the number of circulating endothelial cells in the same
group of patients with CAD in previously published reports
confirms the role of vWF as a marker of endothelial injury.
In the reported studies an increased number of circulating
endothelial cells indicating morphological injury was found
only in the AMI group [8]. It seems that increased con-
centration of VWF in the AMI group is mainly caused by
endothelial injury and in the SA group by endothelial acti-
vation. In patients with AMI von Willebrand factor could
also have been released to the circulation from activated
platelets, which take part in thrombus formation on
the ruptured atherosclerotic plague. However, the positive
correlation found in the AMI group between vWF concen-
tration and sVCAM-1, which is not present on the platelet
surface, indicates that injured endothelium is the main
source of VWF released to the circulation during acute coro-
nary events. In the presented studies sTM turned out to
have low sensitivity in detection of endothelial injury.
This parameter was not statistically increased in any
of the groups. Data from the literature demonstrate
increased, decreased and unchanged concentrations
of sTM in patients with CAD [2, 9, 11]. The discrepancy
between these results may be an effect of synergy
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between two opposing mechanisms: increased release
of sTM from the endothelium caused by currently acting
damaging factors and decreased TM expression from
the whole endothelial surface in patients with coronary
artery disease. In vitro studies showed that TM expression
on the endothelium is suppressed by inflammation and
ischaemia [2]. Chong et al. demonstrated lower sensiti-
vity of sTM than vWF in the assessment of severity
of endothelial injury in patients with chronic heart failure
[12]. However, in the present study sTM concentration in
patients with AMI correlated with vWF concentration,
which suggests parallel release of these two markers to
the circulation during acute coronary events. Increased
concentration of sSICAM-1 in both groups of patients with
CAD indicates increased endothelial activation and inten-
sification of chronic inflammatory processes in the vascu-
lar wall. Lack of differences in sSICAM-1 concentration
between the AMI and SA groups does not allow one to dif-
ferentiate the severity of endothelial activation in these
two forms of CAD. Studies by other authors confirm
changes of sICAM-1 concentration presented in this study
or do not demonstrate an increased concentration of this
parameter in CAD or show higher values in AMI than in SA
[4, 13, 14]. Acute coronary events cause an increase
of VCAM-1 and ET-1 concentrations in plasma. The in-
creased sVCAM-1 concentration observed in our study
only in patients with myocardial infarction may be a mark-
er of intensified inflammatory processes occurring main-
ly in the injured atherosclerotic plaque. In the present study
the concentration of the endothelial dysfunction marker
ET-1 is higher only in the AMI group and remains un-
changed in the SA group in comparison to the control
group. Literature data confirm the presence of increased
ET-1 concentration in unstable angina and in myocardial
infarction. Increased levels of ET-1 in myocardial infarction
reflect its vasoconstrictive actions. The main sources
of intensified production of ET-1 in myocardial infarction
include infarct-related coronary arteries, pulmonary ves-
sels, left ventricle and peripheral circulation [5]. The pre-
sented results showed a negative correlation between ET-1
and sICAM-1 concentration in patients with AMI, which
may suggest decreased production of endothelin with
increasing endothelial activation. This relation is rather
unexpected and requires confirmation in further studies.
The results of experimental studies demonstrate that
ET-1 promotes proinflammatory reactions, which stimulate
endothelial expression of VCAM-1 [6]. Biochemical mark-
ers have different specificity in the assessment of endothe-
lial status. The most specific ones are VWF and TM. It is
assumed that endothelial cells are the main source of these
molecules in the circulation and that the presence of vVWF
and TM in platelets does not influence their blood pool
[2, 10]. Lower specificity as endothelial cell markers was
found for sICAM-1 and sVCAM-1, which are also present
on myocytes and fibroblasts of the vascular wall, and in
the case of ICAM-1 also on circulating blood cells: platelets,
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monocytes and lymphocytes. According to Giiray et al.
increased concentration of sSICAM-1 in patients with SA
may be caused by release of this molecule also from
the cells circulating in peripheral blood [14]. In our study
concentration of sICAM-1in plasma of patients with SA
correlated positively with sVCAM-1 levels, suggesting a sig-
nificant role of vascular wall cells in the release of ICAM-1
to the circulation. Endothelin-1is synthesized in many
types of cells and seems to be a marker of endothelial dys-
function of low specificity. However, it was demonstrated
that endothelium and macrophages are its main source in
plasma in patients with heart failure [2]. The conducted
studies suggest that among analysed biochemical mark-
ers VWF is most useful in the assessment of endothelial
status in the course of CAD. In patients with CAD increased
vWF concentration confirms injury and/or activation
of the endothelium and indicates a more severe form
of these disorders in myocardial infarction than in SA.
Thrombomodulin is characterized by low sensitivity in
the assessment of endothelial injury. The sICAM-1 con-
centration reveals an increase of endothelial activation in
both forms of coronary artery disease, but cannot differ-
entiate the severity of this process in myocardial infarc-
tion and stable angina. The sVCAM-1 and ET-1 concentra-
tions in plasma increase in acute coronary events, but not
in SA. An increase of sVCAM-1 concentration may be
explained by intensification of inflammatory processes in
the atherosclerotic plaque.

Conclusions

In patients with coronary artery disease vVWF is more
useful in the assessment of endothelial function in com-
parison to TM, ET-1 and adhesion molecules sICAM-1 and
sVCAM-1. Increased VWF concentration confirms the pres-
ence of endothelial injury and/or activation in patients
with CADe and indicates a more severe form of these dis-
orders in myocardial infarction than in SA.
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