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Platelet adhesion mediated  
by von Willebrand factor in patients  
with premature coronary artery disease

Aim To study platelet adhesion mediated by von Willebrand factor (VWF) in patients with premature 
ischemic heart disease (IHD).

Material and Methods This study enrolled 58 patients with stable IHD, including 45 men younger than 55 years with the 
first manifestation of IHD at the age of <50 years and 13 women younger than 65 years with the first 
manifestation of IHD at the age of <60 years. The control group consisted of 33 patients, 13 men 
younger than 55 years and 20 women younger than 65 years without IHD. Platelet adhesion to the 
collagen surface at the shear rate of 1300 s-1 was studied by evaluating the intensity of scattered laser 
light from the collagen-coated optical substrate in a flow chamber of a microfluidic device after 15-min 
circulation of whole blood in the chamber. Decreases in platelet adhesion after addition to the blood 
of monoclonal antibodies (mAb) to platelet receptors glycoproteins Ib (GPIb) to inhibit the receptor 
interaction with VWF were compared for patients of both groups. 

Results In patients with premature IHD, the decrease in platelet adhesion following the platelet GPIb receptor 
inhibition was significantly less than in patients of the control group (74.8 % (55.6; 82.7) vs. 28.9 % 
(–9.8; 50,5), p <0.001). For the entire sample, the median decrease in platelet adhesion following the 
GPIb receptor inhibition was 62.8 % (52.2; 71.2). With an adjustment for traditional risk factors of 
IHD, a decrease in platelet adhesion of >62.8% after blocking GPIb receptors increased the likelihood 
of premature IHD (OR=9.84, 95 % CI: 2.80–34.59; p <0.001).

Conclusion Blocking the interaction of GPIb receptors with VWF in patients with premature IHD and increased 
shear rate induced a greater decrease in platelet adhesion than in patients without this disease. This 
suggested that an excessive interaction of VWF with platelets might contribute to the pathogenesis of 
premature IHD.
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Introduction
The likelihood of coronary artery disease (CAD) increases 

with age. However, it can develop in young people, and 
myocardial infarction (MI) is often its first manifestation [1]. 
Premature CAD, which is CAD that occurred before the age 
of 55 in men or before the age of 65 in women, is an aggressive 
disease that often leads to early death and adverse cardiovascular 
events [2]. The development of occlusive coronary artery 
thrombosis, which causes MI, depends on the state of the 
hemostasis system. Occlusive thrombosis is obviously more 
likely in people prone to clotting. Given the often-acute onset 
and the aggressive course of premature CAD, we suggested that 
such events may be associated with the peculiarities of parietal 

thrombosis at high shear rates characteristic of stenotic arteries. 
Von Willebrand factor (vWF) is a key factor of the hemostasis 
system involved in the clotting process. The objective of this 
study was to investigate vWF-mediated platelet adhesion to the 
collagen surface at high shear rates in patients with premature 
CAD.

Material and methods
Subjects

The study included 58 patients with stable CAD, including 
45 men younger than 55 years, with CAD manifestation before 
the age of 50 years, and 13 women younger than 65 years, with 
CAD manifestation before the age of 60 years, who had stenotic 
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coronary artery lesions according to coronary angiography 
(CAG). The control group consisted of 33 patients: 13 men 
< 55 years old and 20 women <65 years old without clinical 
manifestations of CAD and stenotic coronary atherosclerosis in 
CAG and / or computed tomography angiography of coronary 
arteries when CAD is suspected. Indications for CAG and / or 
computed tomography angiography of coronary arteries were 
determined in patients of the control group by their attending 
physicians. A stenotic lesion of the coronary arteries was a lesion 
that caused a decrease by 50 % or more in the left coronary artery 
lumen, and / or a main coronary artery (left anterior descending 
artery, left circumflex artery, right coronary artery), and / or a 
second-order branch with a diameter of >2 mm [3].

Patients with familial hypercholesterolemia, low-density 
lipoprotein (LDL) cholesterol >4.9 mmol / L, unstable angina 
pectoris, the first two months after MI, coronary artery bypass 
grafting or angioplasty, heart failure NYHA functional class 
III–IV, left ventricular ejection fraction < 40 %, persistent atrial 
fibrillation / flutter, aortic valve stenosis or left atrioventricular 
stenosis, hereditary and acquired coagulopathies, malignancies, 
clinical and laboratory signs of acute infectious disease in the 
previous two months, were excluded.

The study protocol was approved by the ethics committee of 
the Academician Chazov Russian National Medical Research 
Center (Minutes  No. 262 dated 30 / 11 / 20) and conducted 
following the 1964 Declaration of Helsinki. All patients signed 
the informed consent.

Material
The optical substrate was incubated with a collagen solution 

0.1 mg / mL on its surface at room temperature for 2 hours. The 
glass surface of the optical substrate was treated before coating 
with collagen with a 70 % solution of ethyl alcohol. Rat collagen 
type I and phosphate-buffered saline (Sigma, USA), rabbit 
monoclonal antibodies (mAbs) specific to human platelet 
GPIb receptors (IMTEK, RF) were used in the study. Collagen 
solutions were stored at +4ºС, mAb were kept at –70ºС.

Collection of whole blood samples
Blood was collected from the cubital vein into S-Monovette 

vacuum tubes (Sarstedt, Germany) containing D-phenylalanyl-
L-prolyl-L-arginine chloromethyl ketone 100 µM (Enzo, USA). 
All experiments were conducted within 2 hours after blood 
sampling.

Measurement of platelet adhesion to collagen surface
A microfluidic device was designed in the laboratory of 

cell hemostasis of the Institute of Experimental Cardiology of 
the Academician Chazov Russian National Medical Research 
Center. The device was intended for recording the adhesion 
kinetics of blood cells to the protein surface under conditions 
of controlled flow [4, 5]. The device consists of a flow chamber 

with a collagen-coated optical substrate, a peristaltic pump that 
provides blood flow through the flow chamber, a laser source, 
a photodetector, and an analog-to-digital converter connected 
to a computer (Figure 1). At the first stage of the experiment, 
whole blood was placed in a microtube to be connected to a 
system ensuring the movement of blood in the flow chamber. 
Laser was directed to the collagen-coated optical substrate 
in the flow chamber. The photodetector picked up laser light. 
When the device was on, the whole blood moved inside the 
flow chamber at a predetermined velocity. The shear rate was 
≈1300 s – 1, which is characteristic of arteries with moderately 
stenosed lumen [6]. While moving inside the flow chamber, 
blood cells, primarily platelets, interacted with the collagen 
coating and adhered to it. This caused laser scattering, which 
increased as more cells adhered to the substrate surface. The 
scattered laser light picked up by the photodetector was 
converted to electric potential and measured in millivolts 
(mV). Thus, higher electric potential at the photodetector 
output reflected an increase in the degree of cell adhesion to 
the collagen-coated substrate. Blood circulation in the system 
and photodetector signal recording were conducted within 15 
minutes. The degree of platelet adhesion was determined by 
the maximum value of the photodetector signal at the end of 
a 15-minute circulation. A change in the intensity of scattered 
laser light recorded by the photodetector was registered and 
processed using L-Graph 2 v.2.35.16 (L–CARD, RF), which 
allows presenting such changes in a graph. At the second 
stage of the experiment, mAb to platelet GP1b receptors 10 
μg was added in the whole blood sample and 15 minute blood 
circulation was repeated in a new flow chamber. Measurement 
results were compared between the patient groups.

Statistical analysis
The quantitative data collected during the study are 

presented as the means ± standard deviations and the 
medians and quartiles (25th and 75th percentiles). Statistical 
hypotheses on the distribution types were tested using the 
Shapiro-Wilk test. The comparative analysis of the patients 
data of both groups was performed using the methods 
of non-parametric statistics: Fisher’s exact test and Yates 
χ² test for qualitative variables, the Mann-Whitney U-test 
for quantitative variables in two independent groups, the 
Kruskal-Wallis test for quantitative variables in three or more 
independent groups, and the Wilcoxon test for quantitative 
variables in two dependent groups. The relationship 
between the decrease in GPIb mediated platelet adhesion 
and the presence of premature CAD expressed through the 
odds ratio was evaluated using logistic regression analysis. 
The statistical significance was p=0.05. All tests were two-
tailed. Statistical analysis was performed using Statistica 
v. 6.0 (StatSoft Inc., USA) and SPSS Statistics v.17.0 (SPSS 
Inc., USA).
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Results
Table 1 presents the characteristics of patients with 

premature CAD and patients of the control group. Patients 
in both groups did not differ in obesity and family history 
of CAD. Patients with premature CAD were mainly male, 
more likely to have diabetes mellitus, arterial hypertension, 
and hyperlipidemia. In both groups, there were comparable 
numbers of active smokers and those who stopped smoking 
more than 6 months before being included in the study. The 
pack-year indicator was higher in the premature CAD group. 

Patients with premature CAD were more likely to be heavy 
smokers.

The first clinical manifestations of premature CAD occurred 
at the mean age of 47 ± 6 years. MI was the first manifestation 
of CAD in 43 % of cases. The incidence of MI as the first 
manifestation of CAD did not differ in male and female patients. 
Before being included in the study, 64 % of patients underwent 
coronary artery stenting, and 9 % of patients had a history of 
coronary artery bypass grafting. Hemodynamically significant 
lesion of the anterior descending artery was detected by CAG 
in 72 % of patients, circumflex artery  – 47 %, right coronary 
artery – 55 %, main trunk of the left coronary artery – 13 %.

The results of the platelet adhesion evaluation according to 
the administered antiplatelet therapy are presented in Table 
2. There was a baseline difference in the degree of adhesion 
(p=0.04). There were no differences between patients taking 
acetylsalicylic acid, clopidogrel, dual antiplatelet therapy, 
and those without therapy, in the degree of adhesion when 
GPIb platelet receptors were inhibited and in the relative 
change in adhesion after blocking GPIb receptors compared 
to the baseline value expressed in %. Thus, the reduction in 
platelet adhesion, when GPIb receptors were inhibited, was 
independent of antiplatelet therapy.

The results of platelet adhesion evaluation in patients with 
premature CAD and patients without CAD are presented in 
Table 3. The median platelet adhesion value in patients with 
premature CAD, which was assessed by the maximum increase 
in the intensity of scattered laser, was 9.1 mV, and after adding 
mAb to GPIb platelet receptors to the blood, it was 2.5 mV, i.e., 
74.8 (55.6; 82.7) % less than without GPIb receptor blocking. 
In the control group, the median platelet adhesion after the 
circulation of whole blood without mAb to GPIb platelet 
receptors was 15.2 mV, and 11.3 mV after inhibiting of GPIb 
receptors by mAb, i.e., 28.9 ( – 9.8; 50.5) % less than without 
GPIb receptor blocking. In the entire patient population, the 
median decrease in platelet adhesion after GPIb blocking was 
62.8 (52.2; 71.2) %. Blocking of the GPIb receptor interaction 
with vWF by mAb in patients with premature CAD led to a 
greater decrease in platelet adhesion compared to patients of 
the control group (p=0.0001).

The curves of changes in the intensity of scattered laser light 
depending on the time of blood circulation in the flow chamber 
in patients with premature CAD and the control group are 
shown in Figure 2 and Figure 3, respectively.

Logistic regression analysis was used to determine the 
relationship of the reduction in platelet adhesion following 
GPIb receptor blocking and traditional risk factors (male 
sex, age, burdened family history of CAD, diabetes mellitus, 
hyperlipidemia, arterial hypertension, obesity, and smoking) 
with the presence of premature CAD. Four independent 
variables (decreased platelet adhesion after GPIb receptor 
blocking ≥62.8 %, male sex, age, diabetes mellitus) influenced 

Table 1. Clinical characteristics

Parameter
Premature 

CAD group  
(n=58)

Control 
group  

(n=33)
p

Age, years 52.6±5.7 46.3±10.8 0.0005

Male/female, n (%) 45 (78) / 
13 (22)

13 (40) / 
20 (60) 0.0005

Family history  
of CAD, n (%) 14 (24.1) 7 (21.2) 0.8

Hyperlipidemia, n (%) 54 (93.1) 25 (75.7) 0.02

Smoking, n (%) 33 (56.9) 12 (36.3) 0.08

Active smokers, n (%) 18 (54.6) 5 (41.6) 0.1

Former smokers, n (%) 15 (45.4) 7 (58.4) 0.7

Pack years 34.2±17.7 12.5±9.3 0.0007

Heavy smokers, n (%) 23 (69.7) 2 (16.6) 0.0004

Obesity, n (%) 33 (56.9) 18 (54.5) 0.8

Diabetes mellitus, n (%) 14 (24.1) 1 (3) 0.008

Arterial  
hypertension, n (%) 54 (93.1) 24 (72.7) 0.01

CAD, coronary artery disease; pack year is a mean  
number of cigarettes smoked per day multiplied by the number 
of years of smoking and divided by 20; heavy smoker  
is an individual who smoked ≥25 pack years.

А. Перистальтический 
     насос.
Б. Полупроводниковый 
     лазер с длиной волны 
     излучения λ = 650 нм.
В. Проточная камера.
Г. Фотодетектор рассеянного 
     лазерного излучения.

Figure 1. Microfluidic device used to register  
platelet adhesion kinetics in the controlled flow

A. Peristaltic pump
B. Semiconductor 
laser, λ=650 nm
C. Flow chamber
D. Photodetector of 
scattered laser light
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the quality of the regression logistic model. Other variables 
had not effect or degraded the model quality, and thus were 
excluded. The model produced 81.6 % of correct predictions 
(p<0.001). Decreased platelet adhesion after GPIb receptor 
blocking ≥ 62.8 %, adjusted for traditional CAD risk factors, 
increased the likelihood of having premature CAD (OR=9.84, 
95 % CI 2.80–34.59; p<0.001).

Discussion
Von Willebrand factor is one of the components of the 

hemostasis system that has a key role in the platelet adhesion 
to the subendothelium when the integrity of the endothelial 
layer is compromised. Exposure of the components of 
the subendothelial extracellular matrix initiates the vWF 
attachment to the vascular wall collagen. Binding sites in 
the vWF A1 domains begin to interact with GPIb platelet 
receptors, which causes their capture from the bloodstream 
and adhesion to the artery wall [7–9]. GPIb receptors blocking 
will disrupt such interaction and thus inhibit adhesion. We 
hypothesized that disruption of the vWF interaction with 
GPIb platelet receptors using mAb may differ in patients with 
premature CAD and patients without CAD. In other words, 
a contribution of the vWF interaction with GPIb platelet 
receptors to parietal thrombus formation at the initial stage will 
be different. The results of this study confirmed our hypothesis.

The vWF is present in the bloodstream in one of two 
conformations  – globular (inactive) and unfolded (active). 
The vWF conformation depends on the shear rate in the 
vessels. At a low shear rate, the vWF remains in a globular form 
hiding its binding sites and, as a result, does not interact with 
circulating platelets. At a high shear rate, the vWF unfolds and 
opens its binding sites [6]. Our microfluidic device allows us 
to control blood velocity in the flow chamber and achieve the 
shear rate required for the vWF to unfold.

In the vast majority of studies devoted to the effect of vWF 
on the occurrence and the course of CAD, plasma levels were 
measured using ELISA assays [10–13]. In a prospective study, 
1411 male patients without CAD were divided by tertiles 
depending on the vWF levels. After a maximum follow-up 
of 16 years, upper tertile patients, after the adjustment for 
common CAD risk factors, faced a higher risk of CAD than 
lower tertile patients (OR 1.53, 95 % CI 1.10–2.12) [14]. 
However, according to a large ARIC study, which included 

Table 2. Platelet adhesion according to antiplatelet therapy

Antiplatelet 
therapy

Patients 
(n) 

Baseline 
adhesion, 

mV

Adhesion 
after addition 
of anti-GPIb 

mAb, mV

Δ, %

Untreated 5 9.9  
(5.9; 13.3)

2.6  
(1.4; 5.5)

70.3  
(51.7; 82.4)

ASA 11 11.0  
(8.3; 15.9)

3.5  
(1.7; 10.1)

55.7  
(47.9; 84.7)

Clopidogrel 7 5.7  
(4.4; 6.4)

1.3  
(1.0; 1.8)

72.7  
(55.6; 83.4)

ASA + 
Clopidogrel 35 10.4  

(6.0; 18.3)
2.0  

(1.6; 3.4)
76.6  

(66.2; 82.8)

p – 0.04 0.14 0.7

ASA, acetylsalicylic acid; mV, millivolt; mAb, monoclonal antibodies; 
GPIb, glycoprotein Ib; Δ – relative change in platelet adhesion after 
blocking GPIb receptors by mAb compared with the baseline value, 
expressed in %; p – comparison of three or more independent groups 
(Kruskal-Wallis test). Daily doses of ASA and clopidogrel were 
100 mg and 75 mg, respectively. Blood samples were collected in 5 
patients at admission before ordering antiplatelet therapy.
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Figure 2. Curves of changes in the intensity of scattered 
laser light before and after mAb blocking of GPIb 
platelet receptors in patients with premature CAD
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14,477 subjects of 45–64 years old, elevated vWF levels can 
be considered as a risk factor for CAD, however, adding the 
elevated VWF levels to traditional risk factors has little effect 
on the prediction of the disease onset [15]. Many studies 
found a direct relationship between the levels of vWF and 
the occurrence of adverse cardiovascular events in patients 
with CAD when compared with the control [16–18]. The 
prospective ECAT study included 3,043 patients with angina 
pectoris. The duration of the study was 2 years. It showed 
that patients with a history of MI or sudden cardiac death 
had higher baseline vWF levels in the blood. Patients were 
divided by quantiles depending on the vWF levels. The risk 
of adverse cardiovascular events was 1.85 times higher in 
upper quantile patients than in lower quantile patients [19]. It 
should be noted, however, that measuring the vWF levels in 
the blood plasma is limited, since it does not allow findings 
the ratio of functionally active and inactive forms of the vWF. 
The vWF activity is assessed using a ristocetin-cofactor test, 
which determines its ability to bind to GPIb platelets when 
affected by antibiotic ristocetin. This test allows identifying 
severe vWF dysfunction. However, the interaction of GPIb 
platelets with the vWF occurs in the ristocetin-cofactor test 
under the effect of a chemical agent, which does not allow 
evaluating the physiological function of the vWF [20]. Many 
factors are engaged in the clotting process. The development 
of new diagnostic methods to identify violations of individual 
links of this complex chain, including those aimed at assessing 
the functional activity of the vWF under as authentic natural 
conditions as possible, can contribute to the development of 
new drugs.

Limitations
The study was limited by a small size of the patient groups.

Conclusion
Inhibition of the interaction of GPIb receptors with the 

vWF at elevated shear rates in patients with premature CAD 
leads to a greater decrease in platelet adhesion compared with 
patients without CAD. This suggests that excessive interaction 
of the vWF with platelets may be involved in the pathogenesis 
of premature CAD.
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