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Abstract

Introduction: Buerger’s Disease (BD), or thromboangiitis obliterans (TAO), is a vasculo-occlusive disorder of unknown
etiology. Cigarette smoking is considered to be the main risk factor for the development of TAO. This study aimed to
assess the activation of platelets in patients with BD compared to a control group.

Material and methods: Thirty patients (24 men and six women, median age 51.4 years) with TAO were included in the
study. In the control group there were 20 healthy adults (16 men and four women, median age 44.0 years). Platelet
activation was measured by light aggregometry and flow cytometry methods with and without platelet activators, such
as thrombin receptor agonist peptide (TRAP-6) and adenosine diphosphate (ADP).

Results: The velocity and intensity of aggregation increased in patients with TAO (p <0.05). MFI (mean fluorescence
intensity) of P-selectin, CD63 (GP53-component of lysosomal membrane), and PAC-1 (platelet activation complex-1)
on platelets increased in patients (p <0.05). Significantly higher aggregation velocities were noted in smoking patients
in response to collagen (Coll) and to arachidonic acid (AA) compared to non-smoking ones. Aggregation velocity in
response to AA was higher in heavy smokers compared to all smokers. A significantly higher intensity of aggregation
was found in moderate smokers in response to epinephrine (EPI) and AA compared to non-smoking ones. A positive
correlation between cholesterol concentrations and its fractions (LGL, TG), and platelet aggregation and the MFI of
platelets, was found in patients with an increased cholesterol level. The aggregation velocity with EPI and AA was
negatively correlated with HDL level.
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Introduction

Thromboangiitis obliterans [TAO, also known as Buerger’s
Disease (BD)] is a nonatherosclerotic segmental occlu-
sive inflammatory disorder of small and medium-sized

*Address for correspondence: Agnieszka Szymczyk, Department
of Hematology, National Medical Institute of the Ministry of Interior
and Administration, ul. Wotoska 137, 02-507 Warsaw, Poland;

tel: (+48 22) 534 54 96, e-mail: agnieszka.szymczyk.med@wp.pl

Received: 03.12.2023 Accepted: 07.07.2024 Early publication date: XX.08.2024

arteries and veins, characterized by thrombosis and the
recanalization of the affected vessels. It occurs mostly
in young, male cigarette smokers [1]. Despite many
published diagnostic criteria for BD, none has been
universally accepted as the gold standard. In 2023, the
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International Working Group on Buerger’s Disease of the
VAS-European Independent Foundation in Angiology/
/Vascular Medicine published the newest diagnostic
criteria for BD. They recommended that the definitive di-
agnosis of BD must require the presence of three features
i.e. a history of smoking, typical angiographic features, and
typical histopathological features, plus the use of a com-
bination of major and minor criteria. The major criterion is
a history of active tobacco smoking. The five minor criteria
are disease onset at age less than 45 years, ischemic
involvement of the lower limbs, ischemic involvement of
one or both of the upper limbs, thrombophlebitis migrans,
and red-blue or purple discoloration on edematous toes
and/or fingers. According to these criteria, a diagnosis
of BD is confirmed in the presence of the major criterion
plus four or more minor criteria. If fewer than four minor
criteria are met, imaging and laboratory data could also
certify the diagnosis [2]. 116 years after Buerger’s orig-
inal description of TAO, there is still no consensus on
the etiology and pathogenesis of this disease [3]. Use
or exposure to tobacco is crucial for the initiation and
progression of BD, most likely via autoimmune mecha-
nisms causing vascular inflammation [4]. Tobacco extract
increases cellular sensitivity to type | and Il collagens,
which are the constituents of blood vessels, and raise
anti-endothelial cellular antibody titers [5]. These factors
lead to endothelium damage and dysfunction, especially
impaired endothelium-dependent vasorelaxation which is
the first manifestation of TAO [6]. The presence of certain
Human Leukocyte Antigens (HLAs) i.e. HLA-A9, HLA-A54
and HLA-B5, has been associated with increased devel-
opment of BD [5]. Hemostatic risk factors such as higher
levels of coagulation factors VII, VIII, XI, fibrinogen, as well
as hyperhomocysteinemia, also play important roles in
the pathogenesis of TAO [7]. Moreover, in patients with
an aggressive clinical course, disturbance in serum lipids
has been noted [7].

Physiologically, the platelets are protected from prema-
ture activation by the presence of the intact endothelial cell
monolayer, by the signal-inhibiting effects of prostaglandin
and nitric oxide, and by reducing the accumulation of local
platelet agonists [8]. Platelet function disturbances have
been detected in many blood-vessel diseases, and plate-
let activation is the characteristic marker of inflammatory
processes developing in vascular diseases [9]. Even so,
little is known about platelet function in BD. A better un-
derstanding of platelet activation mechanisms in patients
with TAO may facilitate better treatment of this disease in
the context of antiplatelet therapy.

The aim of this study was to evaluate platelet activation
in patients with TAO compared to a control group, and to
analyze the effect of smoking and an elevated cholesterol
level on platelet activation.

Material and methods

The study group included 30 patients with TAO (24 men and
six women, median age 51.4, range 44.8-58.1) treated in
the Department of Vascular Surgery and Angiology, Medical
University of Lublin, Poland. All the patients signed informed
consent for their participation in the study. The median time
from initial diagnosis was 13.2 years (range 8.4 to 18.0).
All patients were in a chronic phase of the disease and had
second-stage ischemia on Fontaine’s scale and presented
features of phlebitis migrans. Raynaud’s phenomenon
occurred only in two patients. In a group of 10 patients,
comorbid conditions (coexisting disease) were present,
including diabetes, hypertension, coronary artery disease,
myocardial infarction, and stroke. All patients received both
conservative treatment and surgery. Diagnosis of Buerger’s
Disease was based on the typical medical history of pa-
tients: onset at a young age, exposure to tobacco, and
characteristic features in radiological imaging. The main
differences between TAO and atherosclerosis are set out
in Table 1 [10].

None of the patients took any medication that might
affect platelet functions for seven days before blood collec-
tion. The blood samples were used for CBC (complete blood
count) testing, flow cytometry and aggregometry analysis,
and the determination of standard lipid levels. The control
group comprised 20 healthy adults (16 men and four wom-
en, aged 44.0 £ 8.4 years) (Tab. Il).

Because in the presented group there were no patients
who smoked more than 30 cigarettes a day (according to
the literature [11] the definition of a heavy smoker) we
named the patients who smoked >10 cigarettes a day
‘heavy smokers’ (HS) and those who smoked <10 ciga-
rettes a day ‘moderate smokers’ (MS).

Born’s turbidimetric method was used to measure
platelet aggregation. This was expressed as velocity and
intensity of aggregation [12]. The measure of aggregation
velocity is based on the angle formed by the intersection
of the tangent to the aggregation curve with a horizontal
line, expressed as a percentage of the right angle. Formu-
la: V=(90 - a) x 100%.

Aggregation intensity, i.e. the difference in optical den-
sity between the starting point and the end of the second
aggregation wave (if two phases occurred), expressed
as a percentage of the length of the line connecting the
OBP (platelet-rich plasma) and OUP (platelet-poor plas-
ma) optical density points of the control sample. Formula:
| = (ab/ac) x 100% [12-14].

Four platelet agonists were used to perform this ana-
lysis:

m adenosine diphosphate ADP (Trinity Biotech, Bray, Ire-

land), at a dose of 0.2 mM
m collagen (Trinity Biotech), at a dose of 0.19 mg/mL
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Table I. Differentiation between TAO and atherosclerosis
TAO
Presence of a fresh clot blocking lumen of artery or vein, with an
infiltration of multinuclear leukocytes involving all layers of vessel.
Clot is characterized by an infiltration consisting of neutrophils,

giant cells and, sometimes, granulomas (presence of granulomas
is a characteristic feature)

Granulomatous infiltration occurs only in lumen, and is not found
in vascular wall

Architecture of wall is maintained. Middle layer and internal ela-
stic membrane remain intact

There is no necrosis of vascular wall

TAO — thromboangiitis obliterans

Table Il. Main characteristics of patient and control groups

ATHEROSCLEROSIS

Clot is composed of fibrin, erythrocytes and platelets. There are
no granulomatous cells

Infiltration includes vascular wall

Blurring of elastic membrane structure

Presence of necrosis of vascular wall, causing elastic membrane
structure to become blurred

Number of patients

Sex

Age (years)

Number of smokers (S)

Number of current nonsmokers (NS)

Number of heavy smokers (HS) (>10 cigarettes a day)
Number of moderate smokers (MS) (<10 cigarettes a day)
Number of patients with cholesterol level >200 mg

TAO — thromboangiitis obliterans

m epinephrine (Trinity Biotech), at a dose of 0.1 mM/L
m arachidonic acid (Trinity Biotech), at a dose of 1.5 mM.

The flow cytometry analysis was performed by FACS-
-Calibur(Becton&Dickinson,SanJose, CA,USA)inthe CellQuest
program. The evaluation of glycoproteins presented on the
surface of the platelet was carried out as a ‘dot plot’ chart
and a histogram chart. The results obtained were expressed
as mean fluorescence intensity (MFI). Non-activated plate-
lets served as a negative control; non-activated means
a platelet in which only CD61 antigen is presented on the
platelet surface. During the platelet activation process, oth-
er antigens and PAC-1 (platelet activation complex-1) arise
on the platelet’s surface. To detect these antigens, the fol-
lowing antibodies combined with fluorochromes were used:
anti-CD61 antibody, anti-CD62P antibody, anti-CD63 anti-
body, and anti-PAC-1 antibody.

Cytometric analysis was performed as follows: the plate-
let population was determined using the anti-CD61 antibody,
while activated platelets were determined (on the same
graph) using the anti-CD62P, anti-CD63 and anti-PAC-1
antibodies. Therefore, activated platelets showed double pos-
itive CD662P+/CD61+ or CD63+/CD61+ or PAC-1/CD61+
expression. To estimate platelet reactivity, two platelet
activators were used: thrombin receptor agonist peptide

www.journals.viamedica.pl/acta_haematologica_polonica

30 20
Men 24, women 6
Median 51.4 (44.8-58.1)

Men 16, women 4
Median 44 (33.6-52.4)

22 12
8 8
4 6

18 6

18 0

TRAP-6 (SFLLRN, Bachem, Weil am Rhein, Germany) and
ADP (Sigma, St. Louis, MO, USA) at doses of 20 uM/mL.
Both contained mouse anti-human antibodies.

Statistical methods

To describe the study group (in relation to continuous
variables), the descriptive statistic module of the Statis-
tica StatSoft v.7.1 program was used. Analyzed data was
described (depending on the distribution) with median
value or statistical average or percentile range or standard
deviation. Variable correlations were verified based on
Spearman’s rank correlations. In relation to intergroup dif-
ferences, tests from the non-parametric statistics module
were used — the Mann-Whitney U test and the Wald-Wol-
fowitz test, respectively. In order to show the differences in
the selection of preferences of individual subpopulations,
the Wilcoxon pairwise order test was used. Calculations
were performed for a confidence interval of Cl = 95%, so
statistically significant differences were considered those
for which the p-value met the condition p <0.05. An attempt
was made to create regression models to capture multi-fac-
tor relationships, i.e. environmental conditions, age, and
disease duration. The Statistica regression module and
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multi-factor exploration were used to build and verify re-
gression models.

Results

The aggregation velocity and intensity results are set out
in Figure 1 and Table lll. The patient group is marked as
p, and the control group as C. Aggregation intensity for all
four platelet agonists was significantly higher in the patient
group (p) compared to the control group (C). Aggregation in-
tensity for ADP was median 63.2% (p) vs. median 57.9% (C)
(p = 0.024), for collagen median 63.6% (p) vs. medi-
an 54.5% (C) (p = 0.000081), for epinephrine median
58.8% (p) vs. median 52.4% (C) (p = 0.000162), and for
arachidonic acid median 65.0% (p) vs. median 50.7% (C)
(p =0.00037) (Fig. 1).

Aggregation velocity in all patients compared to the
control group was only statistically higher in response
to collagen: median 66.5% (p) vs. median 64% (C) (p =
= 0.001033). In evaluating smoking’s impact on platelet
aggregation in the group of TAO patients, we achieved some
interesting results.

Aggregation velocity in response to collagen and ara-
chidonic acid was higher in smoking (moderate smokers
and heavy smokers together) patients compared to non-
smoking ones (Tab. Ill). What's more, aggregation velocity
in response to arachidonic acid was higher in heavy smok-
ing patients compared to all smoking patients: median of
82.0% vs. median of 63.0% (p = 0.0030), indicating that
the more cigarettes smoked per day, the more pronounced
becomes platelet activity. There were no statistically sig-
nificant differences between moderate smokers and non-
smoking patients.

The intensity of platelet aggregation in response to
epinephrine and arachidonic acid was significantly higher
in moderate-smoking patients compared to non-smoking
ones (Tab. lll). There were no statistically significant differ-
ences between heavy smokers and nonsmoking patients,
or between all smoking patients and nonsmoking ones.

Mean fluorescence intensity (MFI)
of surface platelet antigens

We obtained statistically significant differences according
to MFI of surface antigens between not only all groups of
patients (P) and all control groups (C), but also comparing
nonsmokers (NS), smokers (S), moderate smokers (MS)
and heavy smokers (HS) in the TAO group and in the same
control groups (nonsmokers; NS), smokers (S), moderate
smokers (MS) and heavy smokers (HS). We only reproduce
below those results that are statistically significant.

The MFI of surface CD62P+/CD61+ without induc-
tor was statistically significantly higher in all TAO patients
compared to all control groups as well in the S, NS, and

[%]
100

90
80
707

Ll

[&] ADP

30 [O] Collagen

20+ [&] Epinephrine
[5] Arachidonic acid

10

Patients group Control group

Figure 1. Platelet aggregation intensity inducted by ADP, collagen,
epinephrine and arachidonic acid in all patients and in control
group; ADP — adenosine diphosphate

MS groups compared to the same control groups (S, NS,
and MS). The MFI of surface CD62P+/CD61+ with ADP as
inductor was statistically significantly higher in the S and
MS TAO patient group compared to the same control group
(S, MS). The MFI of surface CD62P+/CD61+ with TRAP as
an inductor was statistically significantly higher in the NS
TAO patient group compared to the same NS control group.

The MFI of surface PAC-1+/CD61+ without inductor was
statistically significantly higher in all TAO patients group
compared to all control groups as well as in the NS, MS
TAO patient group compared to the same control groups
(NS, MS). The MFI of surface PAC-1+/CD61+ with ADP as
an inductor was statistically significantly higher in NS TAO
patients compared to the NS control group. The MFI of sur-
face PAC-1+/CD61+ with TRAP as an inductor was statis-
tically significantly higher in NS, HS, and MS TAO patients
compared to the same control groups (NS, HS, MS).

The MFI of surface CD63+/CD61+ without inductor
was statistically significantly higher in all patients com-
pared to all control groups and in NS and MS TAO patients
compared to the same control groups (NS, MS). The MFI
of surface CD63+/CD61+ with ADP and TRAP as inductors
was statistically significantly higher only in NS TAO patients
compared to the NS control group. All these results are set
out in Table IV.

Correlations between total cholesterol and
its fraction levels and platelet activation

In 16 patients with TAO, the total cholesterol level was el-
evated to >200 mg/dL. In this group of patients, we found
positive correlations seen only on unstimulated platelets
between MFI of surface CD62P+/CD61+ and TG level
(p <0.05), between MFI of surface PAC-1+/CD61+ and total
cholesterol and LDL levels (p <0.05), and between MFI of
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Table llI. Aggregation velocity (%) and intensity of aggregation (%) depending on intensity of smoking in response to collagen and arachi-
donic acid in patients with TAO and in control group (differences between two means — unilateral test)

N agonist
Aggregation NS 8
velocity S 29 Coll
control 20
NS 8
S 22
HS 6 A
control 20
Intensity of aggregation NS 8
MS 17 EPI
control 20
NS 8
MS 17 AA
control 20

median min/max p

64.50 44.00/80.00

71.00 62.00/77.00 pl=0.0307
69.00 40.00/70.00

63.00 38.00/79.00

69.50 56.00/82.00 pl=0.0148
82.00 82.00/82.00 p2 =0.0030
67.00 60.00/76.00

51595 20.51/68.29

61.11 48.68/90.91 pl=0.0108
52.38 30.21/81.81

62.13 17.64/83.33

65.00 52.27/92.86 pl=0.0322
50.74 20.83/81.74

AA — arachidonic acid; EPI — epinephrine; HS — heavy smokers; MS — moderate smokers; N — number; NS — nonsmokers; p — patient group; S — smokers

CD63+/CD61+ and LDL level (p <0.05). In Figure 2, we see
a positive correlation between the MFI of PAC-1+/CD61+
and cholesterol level.

In this group of patients (with elevated cholesterol lev-
els), we also observed a negative correlation between the
HDL level and aggregation velocity induced by epinephrine
(p <0.05) and arachidonic acid (p <0.05), as well as be-
tween HDL level and aggregation intensity induced by colla-
gen (p <0.05). We also saw a positive correlation between
aggregation intensity induced by collagen and TG level
(p<0.05). In Figure 3, we see a negative correlation between
aggregation intensity induced by collagen and HDL levels.

We noted statistically significant differences using the
Mann-Whitney U test between patients with elevated cho-
lesterol level >200 mg/dL) and normal cholesterol level
(150-200 mg/dL) according to the: MFI of surface anti-
gens CD63+/CD61+on non-stimulated platelets, MFI of
surface antigens CD63+/CD61+ on platelets stimulated
by ADP 20 uM, MFI of surface antigens CD62+/CD61+ on
platelets stimulated by TRAP 20 uM, and MFI of surface
antigens PAC-1+/CD61+ on platelets stimulated by TRAP
20 uM (Tab. V).

Discussion

In this study, we analyzed the correlations between platelet
activation parameters and smoking and cholesterol levels
in patients with TAO. Compared to the control group, we
found an increased expression of three major antigens:
P-selectin-CD62, fibrinogen receptor PAC-1, and glycopro-
tein (GP-53) CD63 on the surface of the activated plate-
lets, as well as increased platelet velocity and intensity of
aggregation in response to ADP, collagen, epinephrine and

arachidonic acid in patients with TAO. Data published so far
on platelet activation in patients with TAO is very limited. In
contrast to the results of this study, Pietraszek et al. found
no differences in aggregation markers expressed in plate-
lets stimulated with 4.0 uM ADP or 2.0 pg/mL of collagen in
12 patients with TAO. The authors found increased platelet
response to serotonin, which was not used in the present
study [15]. Some interesting results that should also be
considered in the context of patients with Buerger’s Dis-
ease were described in 2005 by Yee et al. [16]. In a group
of 359 healthy volunteers, they showed that increased
platelet response to one of the activators used i.e. ADP,
epinephrine, collagen, collagen-related peptide, and risto-
cetin, correlated with an increased platelet response (over
60%) with other activators. Yee et al. postulate that this
feature may be defined as platelet hyperreactivity and is
predisposed to platelet thrombus formation. According to
these results, patients with increased platelet activation
showed an increased prothrombotic tendency.

Our results demonstrated that aggregation intensity
was significantly higher in patients compared to the con-
trol group using all four platelet agonists i.e. ADP, collagen,
epinephrine, and arachidonic acid, which might indicate
platelet hyperactivity in patients with Buerger’s Disease. In
2006, Yee et al. [14] confirmed again (in a group of healthy
volunteers) that some people have the thrombocyte phe-
notype, predisposing them to thrombotic diseases. The
platelets of these individuals exhibit increased aggrega-
tion in response to maximum concentrations of ADP and
epinephrine; there is a positive correlation between these
results and the expression (MFI) of P-selectin and PAC-1.
One can speculate that patients with BD have a specific
thrombotic phenotype predisposing them to thrombotic
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Table IV. MFI of glycoproteins CD62P+/CD61+, PAC-1+/CD61+ and CD63+/CD61+ in all specified groups of patients (P) (depending on
intensity of smoking) compared to control group (C). Some results were statistically significant in Wald-Wolfowitz test*, but others were
statistically significant in Mann-Whitney U-test

_ Study group Inductor Median Min/max p

P Without 4.96 2.75/141.81
Al C Inductor 3.89 1.62/10.04 0.000869*
P Without 4.35 2.75/141.81
Smokers c Inductor 4.29 1.86/10.04 0.0211*
P ADP 50.38 17.96/176.28
C 20 UM 40.24 19.81/116.05 0.000554*
RS P Without 5.86 2.93/43.40
coe2p/cpet NN C  Inductor 3.89 162/6.83 0.000104
P TRAP 82.17 25.04/256.70
C 20 UM 58.23 24.52/209.46 0.000071*
P Without 4.48 2.75/8.07
Moderate smokers € Inductor 3.53 1.86/10.04 0.010979
P ADP 50.38 17.96/88.15
C 20 uM 45.84 34.63/104.58 0.001880
Glycoproteins  All P Without 95.87 12.22/327.90
PAC-1/CD61 c Inductor 4745 9.61/292.54 0.004027
P Without 96.33 16.71/327.90
c Inductor 39.83 9.61/163.30 0.003839
z';r(‘)kers p ADP 248.47 67.83/524.61
C 20 uM 186.63 27.34/405.42 0.035694
P TRAP 285.86 58.03/430.68
C 20 uM 254.34 24.74/404.40 0.016533
Heavy P TRAP 138.99 43.42/234.50
smokers c 20 uM 254.34 92.50/617.35 0.047909*
P Without 100.85 12.25/179.49
Moderate smokers c Inductor 91.52 13.53/292.54 0.047909*
P TRAP 288.89 59.46/437.63
C 20 UM 128.46 116.36/292.19 0.010979*
Glycoproteins  All P Without 3747 6.08/117.49
CD63/CD61 c Inductor 13.32 4.11/158.86 0.004806
P Without 38.37 6.08/117.49
Non € Inductor 13.32 4.71/158.86 0.002790
smokers ) ADP 88.04 26.55/228.75
C 20 uM 64.76 16.54/143.71 0.027686
P TRAP 155.00 33.34/338.26
C 20 uM 123.50 22.89/249.91 0.0000*
Moderate P Without 46.98 6.89/71.90
Smokers c Inductor 22.53 10.93/48.25 0.010979

ADP — adenosine diphosphate; C — control group; MFI — mean fluorescence intensity; P — patient group; TRAP — thrombin receptor agonist peptide
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Figure 2. Positive correlation between MFI of PAC-1+/CD61+ and
cholesterol level; CD61 — platelet glycoprotein llla; CHOL — cho-
lesterol; MFI — mean fluorescence intensity; PAC-1 — platelet
activation complex-1

Figure 3. Negative correlation between aggregation intensity in-
duced by collagen and HDL level; HDL — high-density lipoprotein

Table V. Comparison of platelet activation markers and statistical characteristics between a group of patients with elevated total choleste-
rol levels (above 200 mg/dL) and a group of patients with cholesterol levels within normal range (150-200 mg/dL) in Mann-Whitney U test

Platelet activation marker

Patients with Cholesterol level [mg%]

MFI Higher than 200
CD63+/CD61+ Normal range
MFI ADP 20uM Higher than 200
CD63+/CD61+ Normal range
MFI TRAP 20uM Higher than 200
CD62+/CD61+ Normal range
MFI TRAP 20uM Higher than 200
PAC-1/CD61+ Normal range

min/max
38.77 12.85/71.90
20.04 6.08/117.49 0.00344
98.97 29.80/228.75
46.84 26.55/201.03 0.000057
91.46 25.11/256.70
45.68 25.00/202.77 0.00262
297.68 213.65/430.68
180.76 43.42/437.63 0.00002

ADP — adenosine diphosphate; MFl — mean fluorescence intensity; TRAP — thrombin receptor agonist peptide

incidents. Such an explanation could be helpful in indicat-
ing the consequences of increased platelet activation in
patients with TAO, suggesting a potentially important role
of activated platelets in the pathogenesis of this disorder.
Carretal. [17] found that reduced platelet aggregation was
obtained in two men with TAO after the implementation of
antiplatelet therapy. Carr et al.’s study demonstrated the
need for antiplatelet therapy and proved its effectiveness.

To further study platelet reactivity, we used TRAP and
ADP to stimulate platelets and evaluate the expression of
P-selectin, PAC-1 and CD63 with and without these two ac-
tivators. The MFI of surface CD62P/CD61, PAC-1/CD61 and
CD63/CD61 without an activator (TRAP, ADP) was higher
in all the patients compared to the control group. Using
TRAP or ADP to stimulate platelets, the same tendency
was observed: in non-smokers and in moderate smoking
patients, the expression of P-selectin, PAC and CD63 was
higher in patients with TAO than in the control group. Only

in heavy smokers, after TRAP stimulation, was the expres-
sion of PAC lower than in the control group.

This means that the platelets of BD patients are more
susceptible to TRAP and ADP stimulation than are the plate-
lets of healthy subjects.

In this study, we also evaluated the relationship be-
tween platelet aggregation and smoking and cholesterol
levels. Aggregation velocity in response to collagen and ar-
achidonic acid was significantly higher in smoking patients
compared to non-smoking ones. Furthermore, we detected
that aggregation velocity in response to arachidonic acid
was significantly higher in heavy smoking patients than in
all smoking patients. The association between smoking
and platelet aggregation was shown previously both in
a healthy population [18, 19] as well as in patients with
TAO [20, 21]. Nair et al. [19] state that there are some ways
in which tobacco can influence the cardiovascular system.
The authors proved that increased platelet activation was
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associated with the intensity of smoking and was higher in

chronic smokers. They used the aggregometry method with

different agonists i.e. ristocetin, ADP and collagen both be-
fore and after smoking in acute and chronic smokers. Flow
cytometry analysis involved the following antigens: CD61,

CD62P, and CD42b. They found that the increase in acti-

vated platelets occurred immediately after smoking, and

that a significant number of circulating platelets are in an
activated state in chronic smokers. These studies clearly
demonstrate that smoking has an activating effect on plate-
let function. Smoking appears to have an activation effect
on platelet function due to thromboxane metabolism, and
results in an altered susceptibility to antiplatelet therapy.

Weber et al. [22] found that there was a significantly stron-

ger inhibition of collagen and ADP-induced platelet aggre-

gation by aspirin in smokers compared to non-smokers in

a complete inhibition of thromboxane A, synthesis.

The result of this study and of Weber’s study suggest
that physicians should pay more attention to prophylaxis
using antiplatelet therapy in patients with BD, especially
those who smoke [22].

In patients with TAO with an elevated cholesterol level,
we found positive correlations seen only on unstimulated
platelets between the MFI of CD62P/CD61 and TG level,
the MFI of PAC-1/CD61 and total cholesterol and LDL lev-
el, and the MFI of CD63/CD61 and LDL level. On the other
hand, there were no such correlations in the group of BD pa-
tients with normal cholesterol levels. This may suggest that,
in patients with a higher cholesterol level (>200 mg/dL),
there is an additional platelet-activating effect of LDL and TG.
Ahigher TG or LDL level may contribute toan increased expres-
sion of CD62P/CD61, PAC-1/CD61 and CD63/CD61, lead-
ing to more pronounced platelet activation. Chan at al. [23]
have described a mechanism by which L5, the most elec-
tronegative of the five recognized fractions of LDL, acti-
vates both platelets and endothelium in a manner that
supports thrombosis [23]. In both groups of TAO patients
(those with elevated and those with normal cholesterol
levels), we observed a negative correlation between the
HDL level and platelet aggregation. Aggregation intensity
with collagen becomes especially higher in patients with
a lower level of HDL.

In summary, lipid disturbance such as higher total cho-
lesterol levels, higher TG and LDL levels, and a lower HDL
level, may play an indirect but still important role in the
pathogenesis of Buerger’'s Disease, causing platelet ac-
tivation responsible for the hypercoagulation state, even
though BD is a nonatherosclerotic disorder.

In conclusion, our results show that:

1) Theincrease of the mean fluorescence intensity of P-se-
lectin (CD62P), an active form of the receptor for fibrino-
gen (PAC-1), and the lysosomal protein (CD63) on plate-
lets in patients with TAO suggests their participation

in the pathogenesis of the hypercoagulable state ob-
served in Buerger's Disease.

2) Smoking increases platelet activation in patients with
TAO expressed by platelet aggregation, especially in re-
sponse to arachidonic acid. This might explain the con-
tribution of smoking to pathogenesis in TAO.

3) Lipid disturbances play an indirect but important role
in the pathogenesis of TAO, causing platelet activation
even though TAO is a nonatherosclerotic disorder.
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