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Abstract
The review presents current data on the structure and functional role of cell adhesion molecules belonging to the 
selectin family (selectins P, L and E), and their involvement in the pathogenesis of cardiovascular diseases. On 
the one hand, intercellular adhesion molecules of the vascular wall endothelium, platelets and leukocytes are 
an important link in the processes of vasculogenesis, development and regeneration of the vascular system. On 
the other hand, these molecules participate in the earliest stages of endothelial dysfunction with the subsequent 
development of pathology. For this reason, figuring out the mechanisms of activity of this group of molecules is 
very important for understanding the molecular basis of the cardiovascular diseases pathogenesis. The adhesion of 
molecules, both between cells and between cells and a component of the extracellular matrix, is the most important 
stage of physiological and biochemical processes. According to present knowledge, five classes of intercellular 
adhesion molecules are known: integrins, cadherins, immunoglobulins (including nectins), selectins and addressins. 
All of them are bonded to a cytoplasmic membrane and provide the interaction of cells with each other. Some 
of them are transmembrane and associated with the cytoskeleton of the cell. On the cell surface, intercellular 
adhesion molecules can be located in clusters, forming multipoint binding sites and thereby determining the degree 
of avidity. One of the most significant functions of selectins is participation in the initial stage of the leukocyte 
adhesion cascade, which results in their binding to the endothelium, rolling and further extravasation into tissues. 
The first stage of this process is mediated by specific non-covalent interactions between selectins and their glycan 
ligands, with the glycans functioning as an interface between leukocytes or cancer cells and the endothelium. 
Targeting these interactions remains one of the main strategies aimed at developing new methods of treating 
immune, inflammatory and oncological diseases.
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Background
Selectins (differentiation cluster 62, or CD62) be-
long to the family of cell–cell adhesion proteins 
(cell adhesion molecules, or CAMs). These cell 
membrane glycoproteins provide adhesive interac-
tions between hematopoietic cells, cancer cells, leu-
kocytes, platelets, and endothelium. Cell adhesion 
is significant in inflammatory, infectious, metasta-
tic, and immune processes and in the niche-defin-
ing ability of stem cells [1].

Selectins also determine the behavior of aber-
rant leukocytes in chronic and acute inflammato-
ry diseases [2]. Adhesive interactions between cells 
and between cells and the extracellular matrix were 
found to play an important role in processes such 
as embryonic development, organ morphogenesis, 
inflammatory reactions, wound healing, immune 
surveillance, hemostasis, and tumor metastasis [3].

Known selectins have a common structural or-
ganization, and their molecule consists of five dif-
ferent domains:

1) An N-terminal calcium-dependent lectin do-
main, which is consists of 120 amino acids and is 
responsible for the recognition of carbohydrates.

2) A domain similar to the epidermal growth 
factor (EGF).

3) Short consensus repeat (SCR) domain, con-
taining 2–9 repeats of approximately 60 amino ac-
ids, related to complement-regulatory proteins.

4) A transmembrane domain of approximately 
25 amino acids.

5) Short cytoplasmic C-terminal domain (Fig. 1).
The N-terminal domains of all three selec-

tins have a lectin domain that is 60% identical to 
C-type lectins [4].

Selectins can bind to ligands represented by oli-
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gosaccharides with the involvement of calcium ions. 
In many respects, current ideas about the structure 
of selectins are due to the studies of Ashwall et al., 
who revealed more than 40 years ago that hepato-
cytes contain a Ca2+-dependent carbohydrate-bind-
ing protein, or lectin, which interacts with serum 
glycoproteins [5]. Then, all three selectins recog-
nize a common motif, namely, sialylated and fuco-
sylated tetrasaccharide Sialyl Lewis X (sLeX) with 
its isomeric form Sialyl Lewis A (sLeA), which is 
a terminal component of some N- and O-glycans.

The binding affinity of glycan determinants 
sLeX and sLeA is in the millimolar range, and they 

are important components of many glycoproteins 
and glycolipid ligands that are often present on 
proteins and participate in multivalent interactions. 
Subsequently, the discovery was confirmed using 
modern methods of molecular and cellular biolo-
gy. Currently, the term “selectin” is used for this 
group of molecules, instead of the previously used 
term lectin–EGF complement–binding-cell adhe-
sion molecule (LEC-CAM) [6].

The general characteristics of selectins are pre-
sented in Table 1.

Selectins are nearly not expressed on the mem-
brane of non-activated cells. With the activation of 

Fig. 1. Schematic representation of the structures of P-, E-, and L-selectins; 
interpretation of symbols is given in the text

Table 1. Description of L-, E-, and P-selectins and their general biological and biochemical properties [cit. by 7, mod.]

Selectin L
(MEL-14, CD62L)

Е
(ELAM-1, CD62E)

Р
(GMP-140, PADGEM, CD62P)

Expression
All leukocytes (T cells, mono-
cytes, and polymorphonuclear 
neutrophils)

Activated endotheliocytes Activated endotheliocytes/acti-
vated platelets

Tethered cell types Activated endotheliocytes Neutrophils/monocytes Neutrophils/monocytes

Expression control Constitutive Proinflammatory cytokines
Thrombin, histamine, proin-
flammatory cytokines, and 
reactive oxygen species

Molecular weight of 
the molecule, kDa 75–110 116 140

Molecular weight of 
the protein part of the 
molecule, kDa

̴ 45 ̴ 64 ̴ 90

Share of carbohy-
drates in the composi-
tion, %

50 50 28.8

N-glycosylated sites 10 11 12

Ligand

PSGL-1
GlyCAM-1
MAdCAM-1
CD-34
Podocalyxin

PSGL-1
ESL-1
L-Selectin
Podocalyxin

PSGL-1
CD24
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endothelial cells, leukocytes, and platelets, which 
occurs under certain conditions (changes in blood 
flow rate, pH, and temperature, cell structure dis-
turbance, and exposure to biologically active mole-
cules), the expression of selectins increases.

P-selectin
The amino acid sequence of human P-selectin is 
represented by 120 amino acids. It has a molecular 
weight of approximately 140 kDa and extends ap-
proximately 40 nm from the endothelium surface. 
When expressed on the platelet membrane, the re-
duced molecular weight of P-selectin is approxi-
mately 149 kDa and contains 28.8% carbohydrates 
by weight. For P-selectin, nine consensus repeats in 
the SCR domain are typical. It can associate with 
a homodimer through the interaction of transmem-
brane domains. The dimerization of P-selectin and 
its main ligand, the P-selectin glycoprotein ligand 
(PSGL-1), promotes the binding of leukocytes to 
endotheliocytes. PSGL-1 is a transmembrane pro-
tein of leukocytes [8].

A soluble form of P-selectin (sP-selectin) is 
formed by alternative splicing of the messenger ri-
bonucleic acid (mRNA) precursor. This fraction 
of sP-selectin enters the bloodstream from activa-
ted platelets. Both soluble and membrane forms of 
selectins are expressed by stimulated endothelial 
cells and platelets.

P-selectin is located in the α-granules of plate-
lets and secretory granules of Weibel–Palade 
 bodies of endothelial cells and participates in the 
primary interaction of polymorphonuclear neutro-
phils and endotheliocytes, particularly in the focus 
of inflammation. It can regulate the synthesis of in-
tegrins, acting in conjunction with cytokines. Its 
maximum level is achieved 5–10 min after cell ac-
tivation, and P-selectin is separated from the cell 
surface within 0.5 or 1 h [9].

P-selectin is delivered to the cell surface in two 
pathways. Pathway 1 is fast (2 min) mobilization 
from Weibel–Palade bodies, with a maximum on 
minute 10 and a duration of up to 3 h. During its 
implementation, new molecules are not synthe-
sized. This pathway is induced by exposure to his-
tamine, thrombin, reactive oxygen species, and 
proinflammatory cytokines [10].

Pathway 2 is associated with increased tran-
scription of P-selectin mRNAs and an increase in 
its synthesis in endothelial cells in vitro and in vivo 
under the influence of proinflammatory cytokines, 
namely, tumor necrosis factor-α, interleukin-1β, 
and lipopolysaccharides of the outer membrane 
of bacteria. The transcription factor NF-κB and 
the activating transcription factor 2-ATF-2 are in-
volved in this process. Unlike other mammals, 

 humans and primates do not have this pathway. In 
human endothelial cells, tumor necrosis factor-α 
slows down the transcription of P-selectin mRNAs 
in vitro and reduces P-selectin-mediated cell adhe-
sion in vivo [11].

According to the study by Chaitanya et al., 
P-selectin expression can be regulated under the 
influence of nitric oxide [12]. For example, the ad-
ministration of the nonselective nitric oxide synthase 
inhibitor NG-nitro-L-arginine methylester is accom-
panied by an increase in P-selectin expression [13]. 
In addition, the expression of P-selectin on the sur-
face of endotheliocytes increases under the influence 
of hypoxia and decreases against hypoglycemia.

Evidence reveals that the heterogeneity of the 
synthesis of cell adhesion molecules is inherent in 
the endothelium. Thus, certain aortic endothelio-
cytes do not contain P-selectin in contrast to the en-
dothelial cells of the umbilical vein.

E-selectin
E-selectin, a glycoprotein with a molecular weight 
of approximately 116 kDa, is expressed on the plas-
ma membrane surface of vascular endothelial cells. 
The human Sel E gene is located on chromosome 
1q22–q25 and consists of 12 exons. The E-selec-
tin molecule comprises a lectin domain, an EGF 
domain, and six cysteine-rich consensus repeats of 
the SCR domain, followed by a 119-residue N-ter-
minal lectin domain responsible for binding to the 
oligosaccharide component. E-selectin production, 
in contrast to P-selectin production, is inducible. 
After cellular activation, it requires de novo tran-
scription. Intact endothelium practically does not 
express it. Shear stress and proinflammatory cyto-
kines influence the expression of E-selectin on the 
endotheliocyte membrane [14].

E-selectin is synthesized on the plasma mem-
brane of endothelial cells 4–6 h after exposure to 
tumor necrosis factor-α, interferon-γ, and interleu-
kin-1. This selectin is involved in the initiation of 
the adhesion of activated leukocytes to endothelio-
cytes in the inflammation site [15]. The maximum 
concentration of E-selectin can persist for 1–2 days. 
The magnitude of the shear stress and its duration 
influence the cytokine-induced expression of E-se-
lectin. Under the combined effect of shear stress 
and cytokines, E-selectin is maximally expressed 
after 8–12 h. Signaling pathways c-Jun N-terminal 
kinases and mitogen-activated protein kinase р38 
increase the expression level of E-selectin. More-
over, its expression is NF-κB-dependent [16].

Sialylated oligosaccharides (Sialyl Lewis A/X), 
including those contained in glycoproteins such 
as E-selectin ligand-1 (ESL-1) and PSGL-1, are 
 ligands for binding E-selectin. They are present 
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in greater amounts in granulocytes and  smaller 
amounts in monocytes and T-lymphocytes [17]. 
Glycosphingolipids containing sialic acids can be 
E-selectin ligands.

The biological significance of E-selectin in-
cludes ensuring the attraction of leukocytes to the 
inflammation site and the slow rolling of neutro-
phils along the surface of activated endothelial cells 
[18]. With E-selectin deficiency, the slow  rolling of 
leukocytes and severity of the inflammatory re-
action decrease. E-selectin is also involved in the 
adhesion of endothelial cell precursors, which pro-
motes the migration of the latter and formation of 
capillaries. The administration of the E-selectin 
 adenoviral vector accelerates capillary formation 
and reduces the severity of ischemia-induced ne-
crosis. Thus, E-selectin overexpression confirms its 
involvement in the adhesion of endotheliocyte pro-
genitors and neoangiogenesis [19].

L-selectin
L-selectin has a similar organization of extracel-
lular domains with P- and E-selectins, and struc-
turally, it contains two short SCR domains of the 
complement-regulatory protein with a molecular 
weight of approximately 75 and 110 kDa, depen-
ding on the cell type. N-terminal 9 amino acids are 
decisive in the mechanism of binding of a ligand 
molecule to L-selectin [20]. This part of the mo-
lecule is also necessary for the binding of lympho-
cytes into the high endothelium of the postcapillary 
venules of peripheral lymph nodes and the invasion 
of neutrophils into the inflammation site. Evidence 
shows that P- and L-selectins bind to O-glycans, 
sulfated tyrosine (another possible post-translatio-
nal modification), and other amino acids near the 
N-terminus of PSGL-1. L-selectin binds to sialylat-
ed, fucosylated, and sulfated N- and O-glycans on 
glycoproteins expressed on the endothelial cells of 
high endothelial venules in the lymph nodes [21].

L-selectin is involved in the migration of leuko-
cytes to inflamed tissues, and high levels of L-se-
lectin ligands initiate its expression. In addition, 
L-selectin plays an important role in the adhesion 
of circulating leukocytes to leukocytes attached to 
the blood vessel wall, known as secondary binding.

L-selectin is continuously produced on leu-
kocytes and releases the cell surface very quick-
ly after its activation. This enables the adhesion of 
leukocytes to the cells of the lymph nodes and acti-
vated endothelium.

Involvement of selectins in cardiovascular 
 diseases
To date, accumulated data show that adhesion mo-
lecules are involved not only in cell fixation in cer-

tain areas inside tissues but also in the transfer of 
biochemical information from the extracellular en-
vironment through the initiation of intracellular 
signaling pathways.

In the past 25 years, selectins, particularly P-se-
lectin, contribute to the development of inflamma-
tion and thrombosis in many preclinical disease 
models, including atherosclerosis [22], ischemic 
damage [23], and arterial thrombosis [24, 25].

Unregulated adhesion and activation of leuko-
cytes lead to tissue damage, which is associated 
with the development of inflammatory, ischemic, 
and reperfusion injuries [26]. Moreover, cardio-
vascular diseases are the main cause of morbidity 
and mortality; therefore, changes in individual bio-
chemical signaling pathways typical for them must 
be actively explored [27].

Accordingly, knowledge of the molecular me-
chanisms of the functioning of adhesive molecules 
will enable establishing individual links in the 
pathogenesis of cardiovascular diseases to deter-
mine further the strategic points of application of 
therapeutic intervention [28].

Selectins and myocardial infarction
Glycans serve as the main ligand of selectins and 
play an important role in the adhesion of leukocytes 
and endothelial cells. Recently, they are increasing-
ly used as biomarkers of metabolic disorders, par-
ticularly in myocardial infarction.

In myocardial infarction, neutrophils are the 
first type of cells that enter the injury site, and this 
occurs through the expression of selectin ligands 
that initiate adhesion to activated endothelial cells. 
The already extravasated neutrophils phagocytize 
cell debris, release proteolytic enzymes, and gen-
erate reactive oxygen species, which result in the 
degradation of the extracellular matrix and initia-
tion of wound healing [29]. In this case, a cytotoxic 
effect was observed on viable cardiomyocytes and 
blood vessels, which exacerbates reperfusion-asso-
ciated myocardial damage [30]. The excessive in-
travascular accumulation of neutrophils contributes 
to capillary damage and microvascular occlusion, 
prolonging the duration of ischemic injury [31].

Clinical trials on the suppression of P-selectin 
by the recombinant monoclonal antibody inclacu-
mab have demonstrated positive results. According 
to Jean-Claude Tardif et al., inclacumab reduced 
myocardial injury after percutaneous coronary in-
tervention in patients with non-ST elevation myo-
cardial infarction [32].

Currently, the behavior of selectins is being 
studied at the epigenetic level. Thus, Izzi et al. 
 examined the platelet–endothelial aggregation re-
ceptor 1 (PEAR 1), which is involved in platelet 
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activation and megakaryocytopoiesis, whose ex-
pression is a result of the methylation of deoxy-
ribonucleic acid. Their results indicate a negative 
correlation of PEAR 1 with platelet–monocyte con-
jugates, P-selectin, and leukocyte count, and a posi-
tive correlation with platelet distribution width and 
L-selectin. This confirms the epigenetic regulation 
of PEAR 1, inflammation processes, and functio-
ning of selectins [33].

Lampka et al. examined the levels of soluble se-
lectins in myocardial infarction and revealed that 
the content of sE-selectin increased in parallel with 
the severity of atherogenic changes in the lipid pro-
file of the blood serum, and the sP-selectin level in-
creased to a greater extent because of inflammatory 
and prothrombotic processes. However, sE- and 
sP-selectin do not adequately reflect the degree of 
endothelial activation. sL-selectin levels are affec-
ted by inflammatory processes in the vascular wall. 
A decrease in sL-selectin levels indicates a func-
tional depletion of leukocytes in patients with myo-
cardial infarction, making assessment of the degree 
of leukocyte stimulation difficult [34].

Zhang et al. evaluated the deletion of the gene 
for the chromatin remodeling enzyme brah-
ma-related gene 1 (BRG1) in the endothelium and 
revealed that such a mutation decreased the infil-
tration of the focus of myocardial infarction by 
neutrophils and decreased the level of proinflam-
matory mediators in the heart tissues after damage 
caused by ischemia–reperfusion. Further studies 
have shown that BRG1 activates the transcription 
of podocalyxin (PODXL), a sialomucin protein ex-
pressed by podocytes, mesothelium, vascular endo-
thelial cells, hematopoietic stem cells, and platelets 
and is an L-selectin ligand. PODXL is critical for 
neutrophil adhesion to vascular endothelial cells in 
response to hypoxia–reoxygenation. The knock-
down of the BRG1-encoding RNA suppresses 
PODXL expression induced by hypoxia–reoxyge-
nation and blocks neutrophil adhesion to endothe-
lial cells [35].

McEver examined the molecular mechanisms of 
action of selectins in inflammatory and thrombo tic 
diseases in vitro to develop special drugs that in-
hibit the interaction of selectins with their ligands 
and revealed that selectins trigger signals in leuko-
cytes, involving ligands to PSGL-1 and the integral 
cellular glycoprotein CD44. In this case, confor-
mational changes occur in the structure of β2-inte-
grins, which mediate slow rolling.

The in vitro signaling action of selectins is gen-
erally not sufficient to induce superoxide produc-
tion, tissue factor synthesis, cytokine secretion, or 
formation of neutrophil extracellular traps. Howe-
ver, selectin signaling enables signals from other 

agonists, such as chemokines or lipid autocoids, to 
generate similar responses. Whether such coope-
rative signaling occurs in vivo requires further in-
vestigation. The results of previous studies can lead 
to an understanding of the pathogenesis of throm-
botic and inflammatory diseases and the creation 
of new drug targets for the treatment of inflamma-
tory diseases [36].

Selectins and thromboses
To some extent, this review has covered the in-
volvement of selectin generation and development 
of thrombosis. The activation of neutrophils and 
their consequent interactions with platelets pro-
mote thrombogenesis and arterial thrombosis and 
represent a potential therapeutic target. The inter-
action of platelets and neutrophils is mediated by 
adhesion molecules such as P-selectin, E-selectin, 
and their ligands, which implement physical cel-
lular interactions and intracellular signaling. The 
release of soluble mediators and direct signaling 
between platelets and neutrophils leads to their re-
ciprocal activation and the release of extracellular 
condensed chromatin scaffold traps by neutrophils, 
which play a prothrombotic role in atherothrombo-
sis [37].

Selectins and atherosclerosis
The risk of atherosclerotic complications, based 
only on the presence of classical risk factors, is of-
ten incompletely analyzed. Thus, the search for 
polymodal panels of markers indicating the pre-
sence of the disease is ongoing. These include pri-
marily peripheral blood markers and markers that 
indicate deterioration in the arterial wall condition.

Patients with atherosclerosis have high blood 
levels of classic inflammatory mediators such as 
cytokines, cell adhesion molecules, including se-
lectins, and acute phase markers, such as highly 
sensitive C-reactive protein, fibrinogen, and serum 
amyloid A. A positive correlation was also found 
between the levels of P- and E-selectins and arterial 
stiffness, thickness of the media and intima of the 
carotid artery, stability of atherosclerotic plaques, 
and presence of clinically apparent cardiovascular 
diseases in patients with different levels of risk [38].

The functioning of selectins in atherosclerosis is 
actively studied, both in patients and animals and 
cell models. Thus, Colijn et al. explored the action 
of the receptor-interacting serine/threonine-pro-
teinkinase 3 enzyme, whose activity increase is as-
sociated with necroptosis, and revealed that it can 
play an anti-inflammatory role by suppressing the 
expression of monocyte chemoattractant protein 1 
in macrophages and E-selectin expression in endo-
thelial cells. This finding provides new information 
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about the involvement of the latter in inflammatory 
vascular diseases and raises issues about the effica-
cy and safety of its targeting in clinical settings [39].

Zhishuai Ye et al. examined the role of the in-
teraction of P-selectin with its specific ligand 
PSGL-1 in atherosclerosis. This interaction was 
found to accelerate the course of atherosclerosis, 
which is associated with the activation of myeloid 
differentiation during the primary response of the 
MYD88-dependent signaling pathway (cytosolic 
adapter protein involved in signaling through Toll-
like receptors) and MyD88-independent signaling 
pathways of Toll-like receptor 4 [40].

To examine the contribution of adhesion mole-
cules to the pathogenesis of atherosclerosis, genetic 
modeling of atherosclerosis in experimental ani-
mals is used. Thus, Collins et al. created a mouse 
model of a deficiency of intercellular adhesion mol-
ecules P-selectin and intercellular adhesion mole-
cule 1 (ICAM-1), and the animals received excess 
amounts of fats. With this combination of condi-
tions, the atherosclerotic area decreased. In mice 
knocked out for Apo E and ICAM-1 genes, com-
pared with mice knocked out only for the Apo E 
gene, the atherosclerotic area in the aorta signifi-
cantly decreased. This may indicate the involvement 
of adhesion molecules in the early stages of the de-
velopment of atherosclerosis. In addition, a targeted 
effect on certain genes influences the atherosclerot-
ic area [41]. In addition, a study of so luble P-selectin 
targeting showed its negative role in atherosclerosis 
[42]. The heterogeneity of the production of inter-
cellular adhesion molecules by endotheliocytes may 
reflect the heterogeneity of the different parts of the 
vascular bed for infiltration by leukocytes and, pos-
sibly, the development of athe rosclerotic lesions.

Selectins and varicose veins of the lower 
 extremities
In recent years, phlebology has rapidly developed, 
and the latest ideas about the pathogenesis of ve-
nous diseases and mechanisms of damage to the 
venous wall have been formulated. Moreover, phle-
bostasis in combination with leukocyte aggres-
sion remains one of the theories of vein pathology, 
which can also be implemented with the participa-
tion of adhesion molecules [43].

Moñux et al. analyzed the level of P-selectin 
among other markers of endothelial dysfunction to 
assess the correlation between its concentration in 
the blood plasma and the state of the vascular wall. 
Thus, compression therapy was found to improve 
the condition of the varicose vein wall by affecting 
the levels of biomarkers associated with endotheli-
al functionality, inflammation, oxidative stress, and 
coagulation [44].

Mikuła-Pietrasik et al. directly compared the 
blood sera of patients with varicose veins with 
those of healthy donors and showed that the patho-
logical serum contained high concentrations of 
intercellular adhesion molecules, including P-selec-
tin, whereas the level of the latter correlates nega-
tively with chronological age [45]. Moreover, the 
researchers exposed that the aging of endothelial 
cells of the umbilical veins was related to the action 
of blood serum in patients with varicose veins and 
noted an increase in the levels of ICAM-1, vascular 
cell adhesion molecule 1, P-selectin, uPA (plasmi-
nogen activator, urokinase), plasminogen activa-
tor inhibitor-1 and endothelin-1 (ET-1), produced 
by these cells.

Goshchynsky et al. reported the presence of sig-
nificant pathomorphological and pathophysiologi-
cal changes in the wall of deep veins with impaired 
integrity of the endothelial lining. On days 10 and 
60 postoperatively, the concentrations of endotheli-
al dysfunction markers were high, namely, P-selec-
tin, E-selectin, tissue-type plasminogen activator, 
ET-1, type 1 vascular endothelial adhesion mole-
cules, and circulating endothelial cells. Despite sur-
gery, indicators of endothelial dysfunction decrease 
but do not return to normal in the late postopera-
tive period [46].

Selectins and mitral valve prolapse
Yagoda et al. revealed in patients with mitral valve 
prolapse the hyperproduction of circulating cell 
adhesion molecules, namely, E-selectin, VCAM-1, 
and ICAM-1, which is an indicator of the endothe-
lial activation process, leading to possible changes 
in vascular homeostasis. Simultaneously, patients 
showed decreased levels of platelet/endothelial 
cell adhesion molecule 1, which probably proves 
the protective function of this molecule against 
thrombosis development. In addition, a decrease 
in  RESAM-1 levels may be associated with certain 
early low rates of collagen-induced platelet aggre-
gation in patients with mitral valve prolapse [47].

Over the past 5 years, the number of publica-
tions on instrumental molecular visualization of in-
flammation has been increasing. For this purpose, 
P-selectin is used as a marker of inflammation, par-
ticularly in cardiovascular diseases, which require 
early diagnostics. Thus, preclinical molecular visu-
alization of P-selectin was demonstrated by posi-
tron-emission computed tomography, single-photon 
emission computed tomography, magnetic reso-
nance imaging, and ultrasonography using various 
agents, particularly fucoidan or antibodies against 
P-selectin [48].

Li et al. also evaluated the effect of fucoid-
an capsules. They showed that fucoidan capsules 
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could bind to P-selectin and activated platelet ag-
gregates, even under high-flow conditions. This 
property can be used for molecular diagnostics and/
or treatment of cardiovascular diseases characte-
rized by increased expression of P-selectin [49].

In addition, numerous studies have discussed 
targeted therapeutic approaches aimed at the inter-
actions of the receptors/ligands of selectins that can 
be used to suppress inflammatory response or im-
prove leukocyte migration into tissues. For exam-
ple, the migration of phagocytic leukocytes can be 
purposefully controlled by modifying the expres-
sion of selectin receptors [50].

Conclusion
To date, numerous studies, including in vitro and in 
vivo models, have demonstrated the significant role 
of selectins in the initiation of intracellular signaling 
pathways and regulation of intercellular interactions 
between leukocytes and the vascular wall. Through 
participation in the regulation of selectin-de-
pendent activation and adhesion of leukocytes, 
these cell adhesion molecules function in various 
physiological and pathological processes, inclu-
ding the development of cardiovascular  diseases.

The interruption of the leukocyte and endothe-
lial cell interaction cascade is one of the main re-
search areas, and its therapeutic potential is under 
intense investigation. The development of the real 
inhibitors of interactions of selectins with their li-
gands in vivo is a difficult task because of the dual 
role of selectins. Thus, more studies of the bio-
chemical signaling pathways associated with se-
lectin-dependent cellular interactions will allow 
a better understanding of the mechanisms involved 
in the pathogenesis of cardiovascular diseases and 
help in the search for new approaches to the devel-
opment of therapeutic interventions.
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