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Abstract

 The development of adhesion bonds, either among cells or among cells and components of the extracellular matrix, is a 

crucial process. These interactions are mediated by some molecules collectively known as adhesion molecules (CAMs). 

CAMs are ubiquitously expressed proteins playing a central role in controlling cell migration, proliferation, survival, 

and apoptosis. Besides their key function in physiological maintenance of tissue integrity, CAMs play an eminent role 

in various pathological processes such as cardiovascular disorders, atherogenesis, atherosclerotic plaque progression and 

regulation of the infl ammatory response. CAMs such as selectins, integrins, and immunoglobulin superfamily take part 

in interactions between leukocyte and vascular endothelium (leukocyte rolling, arrest, fi rm adhesion, migration). Experimental 

data and pathologic observations support the assumption that pathogenic microorganisms attach to vascular endothelial 

cells or sites of vascular injury initiating intravascular infections. In this review a paradigm focusing on cell adhesion 

molecules pathophysiology and infective endocarditis development is given.  

 Keywords:    cell adhesion molecules  ,   endocarditis  ,   selectins  ,   Immunoglobulin gene superfamily  ,   integrins   

  INTRODUCTION 

 During the last decade, there is enough scientifi c 
information in the literature supporting the idea of an 
important role for cell adhesion molecules in normal hu-
man pathophysiological mechanisms as well as in hu-
man diseases (Eidelman 1991, Charalabopoulos 2001, 
Golias 2005, Skubitz 2002, Charalabopoulos 2004). In 
multicellular organisms primary tissue composition dur-
ing embryogenesis, tissue growth and their physiologic 
function as well as their lifetime architectural preserva-
tion is thoroughly controlled by a set of reactions either 
between cells (cell-cell) or between cells and extracel-
lular matter (cell-matrix). The adherence of cells to each 
other, their extracellular matrices and endothelial sur-
faces is mediated by a variety of membrane proteins col-
lectively known as cell adhesion molecules (CAMs). 

 The adhesion molecules are distinguished according 
to this property into mediators of cell to cell reactions 
(cell-cell adhesion molecules, CAMs) and mediators of 
cell to extracellular matrix reactions (cell-subsrtatum 
adhesion molecules, SAMs). Moreover there are adhe-
sion molecules that can mediate both types of reactions 

functioning both as SAMs and CAMs. Thus, adhesion is
a vital property of cells. In general it provides a stable 
environment for cell growth and differentiation and 
allows cells to migrate. The interaction between cells 
and their extracellular matrices is also an important 
factor in the regulation of further protein deposition. 
Likewise, matrix proteins can infl uence cellular function 
thus creating a complex feedback mechanism. CAMs are 
responsible for those cellular interactions belonging to a 
complex mechanism which come into play at the recep-
tors on the cell surface. In this mechanism apart from 
cell adhesion molecules, many other soluble cell media-
tors like cytokines and components of the tissue matrix 
like fi bronectin, collagen, etc. play a crucial role (Mousa 
2008, Pozzi 2003, El Hariry 1997). 

 Nowadays, a large number of adhesion molecules- 
more than one hundred- have been identifi ed functioning 
as SAMs or CAMs or both. Their structure, molecular 
genetic profi le, functional characteristics and biochemi-
cal role is fully elucidated to the bibliography. Cell adhe-
sion molecules are substances with a protein character 
expressed on the cell surface of all tissues. They func-
tion as receptors that trigger intracellular pathways and 
participate in the control of basic vital processes such 
as embryogenesis, migration, cellular growth and dif-
ferentiation, cell death, ensuring the interaction of cells 
with the environment (Golias 2007, Rojas 1999). Specifi -
cally, adhesion molecules are membrane receptors that 
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mediate several interactions, recognized to play a major 
role in a variety of normal and pathological phenomena 
related with traffi c and interactions between cells, cell-
matrix contact and determining, furthermore, the speci-
fi city of cell-cell binding (Rojas 1999, Jaitovich 2004, 
Charalabopoulos 2002, Batistatou 2006). A variety of 
recently identifi ed glycoproteins have been implicated in 
cell-cell interactions that are critical for normal homeo-
stasis, immune surveillance, and vascular wall integrity. 
These CAMs are known to mediate blood cell (leuko-
cyte, platelet)-endothelial cell interactions that can occur 
in all segments of the microvasculature under certain 
physiological (e.g., homeostasis) and pathological (e.g., 
infl ammation, immune responses, cancer) conditions 
(Krieglstein 2001, Obene-Abuakwa 2000, Pafi lis 2007, 
Batistatou 2006, Kyzas 2006). From the immunological 
point of view they are involved in virtually every pro-
cess of cell interactions, involving thymic selection and 
antigen priming, antigen recognition and cell activation, 
cytotoxicity and lymphocyte recirculation (Horvathova 
2000). On the other hand, in the development of infl am-
mation, adhesion molecules play an essential role. In 
general, cytoadhesion molecules play an important role 
in the pathophysiology of cardiovascular, neoplastic, 
infectious and skin diseases. Some cardiovascular dis-
eases are associated with pathological impairment of 
the structure and function of endothelial cells with ap-
pearance endothelial dysfunction (Borowska 2006). 
Particularly, cell adhesion molecules are ubiquitously 
expressed proteins playing a central role in controlling 
cell migration, proliferation, survival, and apoptosis. 
Besides their key function in physiological maintenance 
of tissue integrity, adhesion molecules play an emi-
nent role in various pathological processes involved in 
endothelial dysfunction and activation processes. In car-
diovascular disorders, cell adhesion molecules are par-
ticularly involved in atherogenesis and atherosclerotic
plaque progression, myocardial infarction and reper-
fusion damage, allograft vasculopathy, myocarditis, 
hypertrophic myocardiopathy and a minor role in val-
vular stenosis and cardiomyopathy etc (Jaitovich 2004, 
Hope 2003). 

 At present, the main classes of cytoadhesion mol-
ecules known are integrins, cadherins, selectins, mem-
bers of the immunoglobulin gene superfamily (IgSF), 
and CD44 (Georgolios 2005, Georgolios 2006). Vas-
cular endothelium plays a key role in regulation of the 
infl ammatory response. Adhesion molecules such as 
selectins, immunoglobulin receptors, integrins, and cad-
herins as well as connexins expressed on the endothe-
lial cells surface, participate in several interactions. In 
normal circumstances, they mediate endothelial cell-
matrix interactions and regulate vascular permeability. 
The surface expression of adhesion molecules changes 
during the process of infl ammation. Subsequently, 
those receptors participate in interactions between 
leukocytes and activated endothelium surface, in the 
process of leukocyte activation and their extravasation. 

Thus, levels of adhesion molecules may be a diagnostic 
marker of the systemic endothelial injury (Belohlavkova 
1999). In addition to the standard adhesion molecules, 
a novel approach to the understanding of cell adhesion 
research is the development of “cell adhesion networks”
which include both intrinsic molecules and external 
regulators that control adhesion function (Zaidel-Bar 
2007, Paris 2008, Cirillo 2009). In the present review 
we present the standard adhesion molecules, their 
physiology and pathophysiology focusing in infl amma-
tion and we give a paradigm model of a complicated, 
life threatening, diffi cult and sometimes late diagnosed 
as well as fl uently misdiagnosed infectious disease in 
the daily clinical practice, like infective endocarditis.    

 INTEGRINS 

 The integrins are transmembrane glycoproteins, hetero-
dimers comprised of  α  and  β  chains that are linked 
together with disulphide bonds (Figure 1). Integrins are 
secreted by the epithelial cells as well as from many 
other types of cells. There are at least 15 different types 
of  α  chain and 9 different types of  β  chains. Due to this 
fact a signifi cant number of integrin molecular distribu-
tion. The primary classifi cation of integrins was based 
upon their  β -subunit. On the other hand due to the fact 
that some  α -subunits are linked with more that one type 
of  β -chains it has been introduced a more approachable 
classifi cation according to the extracellular matrix mol-
ecules with which the specifi c integrin receptors bind. 
The majority of integrins are members of the  β  

1 
 subgroup 

or VLA (Very Late Antigen) and they are expressed 
from a variety of cellular types. VLA antigens are 
located to the lymphocytes a few days after they are are 
triggered from mitogens (Reddy 2003). Moreover,  β  

2
  

integin subgroup is consisted of the lymphocyte receptor 
LFA-1(Leukocyte Function Associated molecule-1), 
Mac-1 integrin and p150, 95 integrin all being expressed 
exclusively at the leukocytes as well as integrin  α  

d
  β  

2
  

(Reddy 2003, van den Vieren 1995). LFA-1(CD11a/
CD18 or  α  

L
  β  

2
 ) is a molecular weight of 275 kDa integrin 

  Figure 1.     Basic structure of integrin adhesion molecule.  
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which is expressed at the vast majority of the white blood 
cells, implicated in reactions between leukocytes and 
leukocyte with endothelium. In addition to the infl amma-
tory process LFA-1 integrin is implicated to the adhesion 
of the cytotoxic T lymphocytes to the  “ target ”  cells, to 
the mixed type lymphocytic reactions and to the lym-
phocyte proliferation following antigen stimulation 
(Mc Ever 2007). LFA-1 has been implicated in cases of 
metastatic lymphomas and it is postulated that it is 
overexpressed in the small cell type lung carcinoma 
(Arnaout 2002). Some adhesion molecules such as 
ICAM-1, ICAM-2 and ICAM-3 of the IgSF are ligands 
of LFA-1 integrin. Mac-1 integrin (CD11b/CD18 or 
 α  

 M 
  β  

2
 ) is a molecular weight of 265 kDa protein which is 

expressed at most of the white blood cell types conduct-
ing an important role at the adhesion reactions between 
leukocytes and leukocyte to endothelium (especially 
those reactions between neutrophils and endothelial 
cells). Specifi cally, Mac-1 is connected to the linkage 
reactions with the complement (Mc Ever 2007). Ligands 
for Mac-1 are considered ICAM-1, ICAM-3, fi brinogen, 
C3bi complement fragment (Arnaout 2002). Integrin 
p150,95 is a molecular weight 245 kDa protein (Leu M 

5
  

or CD11c/CD18  α  
 X 
  β  

2
 ) which is expressed at most of the 

white blood cell types at has a role at the cross reactions 
between leukocytes and leukocyte to endothelium (Hogg 
1986). This integrin is implicated at the infl ammation
and chemotactic process, B-cell activation and CTL 
mediated cellular destruction. Regarding p150, 95 integ-
rin fi brinogen and C3bi are postulated as its ligands 
(Pignatelli 1998). The  β  

3
  integrin subgroup the so called 

cytoadhessins, they are expressed mainly at the endo-
thelial cells and the platelets. They consist of a glycopro-
tein called gpII 

b
 III 

a
  and the fi bronectin receptor. gpIIb/

IIIa platelet integrin is a glycoprotein of a 250 kDa 
molecular weight (CD41/CD61 or  α  

 II   
  β  

3
 ) that is expressed 

with resting platelets and links with fi brinogen. When 
platelets are activated its role as a gpIIb/IIIa receptor is 
activated causing a subsequent high affi nity relationship 
to fi bronectin and von Willebrand factor leading fi nally to 
platelet aggregation (van den Vieren 1995, Mc Ever 2007, 
Arnaout 2002, Pignatelli 1998, Mc Ever 2009, Bluchbern 
1993). Integrin ligands comprise the bacterial and viral 
proteins, coagulation and fi brinolysis factors comple-
ment proteins and cellular anti-receptors, as well as 
the abovementioned adhesion molecules of the IgSF 
family ICAM-1, ICAM-2, ICAM-3, VCAM-1 and CD31 
(Arnaout 2002, Hogg 1986, Mc Ever 2009) the classi-
cal integrin ligands. It is noticeable to mention that 
although integrins are expressed they do not link with 
their receptors unless they are activated. Both integrin 
and their ligand stereochemical confi guration are consid-
ered signifi cant in order to cross react. From our best of 
knowledge, there are three integrin activation mecha-
nisms; cellular activation through receptors such as TCR, 
cytokine activation like MIP-1 β  and CD31 molecule 
mediated activation (Mc Kay 1993). Moreover, regulation 
of integrin  –  mediated adhesion is achieved by both robust 

and highly dynamic adhesions, events occurring at 
the same time. Therefore interactions between cell 
adhesion molecule components are transient and it is 
the dynamic nature of the adhesion site that makes the 
respective bond both sensitive and responsive to an 
external stimulus. Over the years a large number of pro-
teins are identifi ed as components of integrin  –  mediated 
cell  –  ECM (extracellular matrix) adhesions. As the 
adhesive network grows in complexity and connectivity 
it is obvious that in order robustness and dynamic 
plasticity to be achieved at the adhesion site most of these 
interactions can be switched  “ on ”  and  “ off ” . Basic 
switching mechanisms such as the interaction  –  partner 
switch, the conformational switch, the tyrosine  –  phospho-
rylation switch, the serine/threonine  –  phosphorylation 
switch, the phospholipid switch, the Rho  –  GTPase
switch and the cleavage switch, are found in integrin 
adhesion networks (Zaidel-Bar 2010).  

 Integrins and disease 

 Integrins have been implicated in processes such as 
infl ammation, cellular growth, intercellular adhesion 
bonds formation and polarization process (Reddy 2003). 
Additionally, integrins are implicated to scientifi c fi elds 
such as hematology, neurobiology, thrombosis, cancer 
biology, infl ammation, AIDS (Arnaout 2002). Leukocyte 
Adhesion Defi ciency syndrome (LADs) is a disease 
characterized at the molecular level of a defi cit in  β  
subunit of integrins. The patients suffering from this 
syndrome present remittent bacterial infection some-
times proved life threatening. Integrin secretion is sig-
nifi cantly high at the cellular surface of these organisms 
(Reddy 2003, Anderson 1987). In the literature we fi nd 
evidence that integrins mediate the adhesive reactions 
between cells functioning as cell adhesion molecules. 
Such integrins are  α  

4
  β  

1
  and lymphocyte function associ-

ated integrin-1 (LFA-1). Moreover, when integrins func-
tion as CAMs they provoke cell adhesion of heterotypic 
character linking preferably with some of the IgSF like 
ICAM-1, ICAM-2 and VCAM as well as with some 
members of the selectin family like endothelial leucocyte 
adhesion molecule-1, ELAM-1 or L-selectin (Elices 
1990, Springer 1990, Bechter 1999). Cell adhesion mol-
ecules play a key role in the infl ammation process and 
they are worldwide under investigation with much scien-
tifi c work in clinical and laboratory level. In the infl am-
mation process the complement is activated followed by 
macrophage activation with the Fc fragment and the 
complement receptors to produce cytokines such as IL-
1 β  and TNFa, most probably  α  

4
  β  

1
  integrin mediated 

(Elices 1990, Springer 1990, Bechter 1999). Cytokines 
produce excessive secretion of ICAM-1. In addition with 
the intervention of  α  

 M 
  β  

2
  integrin complement activating 

products, chemokines and the increased endothelial 
adhesiveness accompany neutrophil recruitment and 
activation. In order for neutrophils to migrate succes-
sively from the vascular space to the site of infection 
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through the tissues molecules such as platelets have to 
act synergically mediated by  α  

 II   b
  β  

3
  integrin (gpIIbIIIa) 

platelet integrin a very interesting platelet adhesion mol-
ecule. This platelet integrin s related with increased 
prevalence of thrombus formation though directly impli-
cated with thrombotic cerebral stroke (Mc Ever 2009, 
Bluchbern 1993, Sumpio 2002). During the last decade 
specifi c drug functioning against this platelet integrin is 
used successfully worldwide. In summary, integrins rep-
resent a large family of adhesion receptors that are 
widely expressed and mainly interact with extracellular 
matrix components. The affi nity and the avidity of integ-
rins can be modulated by different mechanisms triggered 
either from the extracellular milleu or through intracel-
lular signals. Integrins exert an important role as signal-
transducing receptors, activating different biochemical 
pathways. Additionally integrins modulate key intracel-
lular phenomena, including cell activation, proliferation 
and apoptosis. They are involved in infl ammatory, aller-
gic and neoplastic diseases. Their role is also emphasized 
in organ response to trauma and in skin lesion redevelop-
ment. Knowing integrin molecular basis and understand-
ing their pathophysiological role contribute signifi cantly 
to the creation of different strategies for the adequate 
modifi cation of cellular adhesion and therefore the cre-
ation of new diagnostic and therapeutic perspectives 
controlling the pathogenic processes.    

 IMMUNOGLOBULIN GENE 
SUPERFAMILY (IgSF) 

 IgSF is the most abundant family of cell surface mole-
cules, accounting for 50% of leukocyte surface glyco-
proteins. Their structure is characterized by repeated 
domains, similar to those found in immunoglobulins, 
built from a tightly packed barrel of  β  strands (Figure 2). 
By mutation and selection, the Ig domain has evolved to 
serve many different functions including; receptors for 
growth factors, receptors for the Fc region of Ig, and as 
adhesion molecules, which now seems to be a function 
of the majority (Krieglstein 2001, Holness 1994). Some 
members of this family that are of relevance to vascular 
diseases include intercellular cell adhesion molecules-1 
and -2 (ICAM-1, ICAM-2), vascular cell adhesion mole-
cule-1 (VCAM-1), platelet-endothelial cell adhesion 
molecule (PECAM)-1, and the mucosal addressin cell 
adhesion molecule-1 (MAdCAM-1). Other molecules 
include neural cell adhesion molecule (NCAM) and 
carcinoembryonic antigen (CEA). Additionally, at this 
family nowadays some other molecules that are impli-
cated at the cell recognition process are introduced 
like major histocompatibility complex antigens (MHC), 
T-cell receptor, platelet derived growth factor receptor 
(PDGF), deleted in colon cancer gene product (DCC), 
and colony stimulating factor-1 receptor (CSF-1). 
Leukocyte rolling is a prerequisite for eventual fi rm 
adherence to blood vessels. However selectin mediated 

adhesion of leukocytes does not lead to fi rm adhesion 
and transmigration unless members of the IgSF are 
involved. Additionally, they undergo increased expres-
sion in chronic immunological infl ammatory processes 
(Klein 1998, Zimmermann 1992). For endothelial cell-T 
cell interactions the most important members of this 
family are ICAM-1, ICAM-2 and VCAM-1, which serve 
as surface ligands for the LFA-1 and VLA-4 integrins 
(Pignatelli 1990).  

 Intercellular Adhesion Molecule  –  1 
(ICAM-1 or CD54) 

 ICAM-1 (CD54) is a transmembrane glycoprotein of 
90 kDa molecular weight with fi ve extracellular immu-
noglobulin simulated sites. It is basally expressed on 
many cell types, but its expression is regulated on 
endothelial cells (Dustin 1986), where it exhibits remark-
able heterogeneity between vascular beds (Panes 1995, 
Henninger 1997). The most important ligands for 
ICAM-1 are considered the  β  

2
  integrins LFA-1 and Mac1 

(CD11B/CD18 that are expressed in leukocytes. Subse-
quently, ICAM-1 mediates the leukocyte-ICAM-1 pre-
senting cells adherence. Additionally, ICAM-1 adheres 
with fi brinogen, hyaluronic acid, red blood cells infected 
with plasmodium falciparum, and CD 43 (sialoforin). 
Immunohistologically ICAM-1 is detected either as a 
transmembrane protein or as a soluble form in blood se-
rum. It is expressed at the endothelial and epithelial cells, 
at the lymphocytes, monocytes, eosinophils, keratino-
cytes, dendritic cells, ancestral hematopoietic cells, 
fi brinoblasts and hepatocytes (Gearing 1992). There 
are molecules that up regulate ICAM-1 concentrations 
like some cytokines (TNF- α ; tumor necrosis factor- α , 
IFN- γ ; interferon- γ , IL-1; interleukin-1) and other that 
down regulate like glucocorticoids. ICAM-1 is found in 
a biologically active form in serum, probably as a result 
of proteolytic cleavage from the cell surface, being ele-
vated in patients with various infl ammatory syndromes 
such as septic shock, LAD, cancer and transplantation 
(Rao 2007). ICAM-1 is expressed to the endothelial 
and epithelial cells, lymphocytes, monocytes, eosino-
phils, keratinocytes, dendritic cells, ancestral haemopoi-
etic cells, liver cells and fi broblasts. Deregulation of 
ICAM-1 expression leading to increased levels is trig-
gered by infectious cytokines (tumor necrosis factor-al-
pha, TNF- α ; Interferon- γ , INF- γ ; Interleukin-1, IL-1), 
while decreased expression is observed when infl am-
matory factors such as glycocorticoids are induced. 
The immune cell circulation related function of ICAM-1 
is the best studied till today. Infl ammatory cytokines 
increase the expression of ICAM-1 in the vascular 
endothelial cells and on the other hand activate the 
leucocytic integrins LFA-1 and Mac-1 at the site of 
infl ammation. Subsequently, this fact leads to leukocytic 
adherence to the regional endothelium which is consid-
ered to be a necessary step for leukocyte migration at the 
site of infl ammation. There is the cellular type of ICAM-1 
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Figure 2.     Schematic presentation of the structure of some members of IgSF CAMs family (ICAM-1, ICAM-2, ICAM-3, VCAM-1, PECAM-1).  

with a stable linkage to the cellular membrane and the 
ELISA (enzyme-linked immunospecifi c assay) detected 
soluble form of ICAM-1 (sICAM-1). Soluble forms of 
ICAM-1 have been reported in biological fl uids such as 
blood serum bronchoalveolar lavage and cerebrospinal 
fl uid. In general, increased serum levels of soluble 
ICAM-1 are related with different infl ammatory condi-
tions cased by bacteria, viruses, autoimmune diseases 
and kinds of neoplasms. Additionally, different levels of 
ICAM-1 have been monitored at the adult respiratory 
distress syndrome (ARDS). Corticosteroids that are used 

therapeutically at ARDS inhibit the secretion of ICAM-1 
and ELAM-1 (endothelial leukocyte adhesion mole-
cule-1) (Cronstein 1992). Several studies have demon-
strated that in some cases of septisaemia soluble forms of 
ICAM-1 present fl unctuations that are related to the lev-
els of some endotoxins, tumor necrosis factor and differ-
ent types of cytokines (Leone 2003, Mundhekar 2006). 
Moreover in the literature we fi nd proof for the implica-
tion of ICAM-1 and VCAM in glomerular disease as 
well as the importance of ICAM molecule in the migra-
tion of leukocytes to the brain being implicated in cases 
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of encephalitis and other immunological type disorders 
of the central nervous system (Wong 2007).   

 Intercellular Adhesion Molecule  –  2 (ICAM-2) 

 ICAM-2 is a 55kDa molecular weight molecule found in 
high concentrations at the resting endothelial cells and 
secreted by most of leukocytes. In contrast to ICAM-1, 
ICAM-2 expression is not increased on activated 
endothelial cells and it is not triggered by cytokine acti-
vation (Nortamo 1991).It is considered a truncated form 
of ICAM-1 that is basally expressed on endothelial cells 
(de Fougerolles 1991). The expression of ICAM-2 is not 
triggered by cytokines activation. Moreover, it is found 
in low levels at leukocytes, epithelial cells and generally 
in latent phase cells while on the other hand it is stimu-
lated by IFN- γ , TNF-a, IL-1 and LPL (lipopolisaccha-
ride) (Cartwright 1995, Verhamme 2006).   

 Intercellular Adhesion Molecule  –  3 
(ICAM-3 or CD50) 

 ICAM-3 (CD50) is a glycoprotein of 120kDa molecular 
weight and is considered a ligand for leukocytic integrins 
LFA-1 (CD11a/CD18,  α  

L
  β  

2
 ). ICAM-3 is constitutively 

expressed at high levels by all resting leukocytes, such as 
monocytes, lymphocytes and neutrophils, as well as anti-
gen presenting cells, showing a pattern of expression
clearly distinct from those of ICAM-1 and ICAM-2 
(Hollness 1995). During the latent status of T-cells 
ICAM-3 molecule is considered the ligand for LFA-1. It 
is possible for ICAM-3 to have a very important role in 
the activation cascade of the immunologic response, the 
cellular adhesion and signal transduction if we take into 
account the fact that it causes increased adhesion through 
the  β 1 and  β 2 integrin pathways (Wong 2007, Acevedo 
1993). Additionally, it has been postulated that ICAM-3 
is related with lymphomas and myelomas considering 
that the vascular endothelium in such conditions secretes 
increased amounts of ICAM-3 (Campanero 1993, Dous-
sis-Anagnostopoulou 1993). Soluble forms of ICAM-3 
are found in serum as a result of proteolytic cleavage 
from the cellular surface. In general ICAM molecules 
comprise as ligands for integrins mediating heterotypic 
adherence reactions of cell to cell type (CAMs).    

 Vascular Cell Adhesion Molecule-1 
(VCAM-1 or CD106) 

 VCAM-1 or CD106 is a 90 kDa glycoprotein which 
exhibits low to negligible expression on unstimulated 
endothelial cells, can be profoundly upregulated after 
cytokine challenge. This molecule is expressed on the 
surface of activated endothelium and a variety of other 
cell types including bone marrow fi broblasts, tissue mac-
rophages, and dendritic cells. It can be upregulated 
by infl ammatory mediators such as interleukin1 β  (IL-
1 β ), IL-4, CD44, tumor necrosis factor- α  (TNF α ), and 

interferon-  γ  (IFN- γ ) (Steeber 2000). VCAM-1 is a ligand 
for leukocytic integrins  α  

4
  β  

1
  (VLA-4) in cells including 

eosinophils and for  α  
4
  β  

7
  integrins at the activated 

T-cells at the periphery. VCAM molecule is detected at 
the blood serum using ELISA most probably as a result 
of proteolytic cleavage.  

 Platelet Endothelial Cell Adhesion 
Molecule-1 (PECAM-1) 

 PECAM-1 also known as CD31 or endoCAM is a 
120 kDa molecular weight glycoprotein constitutively 
expressed on platelets, monocytes and neutrophils and 
in large amounts on endothelial cells at intercellular 
junctions and on T-cell subsets (Albelda 1991Muller 
2003, Vaporciyan 1993). PECAM-1 can mediate adhe-
sion through either homophilic or heterophilic interac-
tions (de Lisser 1994). In lower doses it is produced 
by platelets, monocytes and neutrophils (Muller 2003, 
Vaporciyan 1993). It is linked either homotypically with 
itself or heterotypically with integrin  α  

 ν 
  β  

3
 . PECAM-1 

is highly implicated to the emigration of leukocytes 
through the vascular endothelium via intercellular junc-
tions (Muller 2003). We detect the molecule in soluble 
form in blood serum and this PECAM isotype is respon-
sible for transendothelial migration of leukocytes. 
Furtheremore, it is implicated in the cross reactions of 
CD8   �    and T-cells with the intercellular adhesion site 
molecules by stimulating the via integrin adhesion 
process (Arnaout 2002).   

 Mucosal adhessin cell adhesion molecule 
(MAdCAM-1) 

 The mucosal adhessin MAdCAM-1 is a 58 kDa 
glycoprotein found on HEV (High Endothelial Venules) 
and mainly expressed on high endothelial venules of 
Peyer ’ s patches, on venules in small intestinal lamina 
propria, on the marginal sinus of the spleen, and on high 
endothelial venules of embryonic lymph nodes (Streete 
1988). It is involved in tissue-specifi c homing of lym-
phocytes in lymph nodes and mucosal lymphoid tissues 
(Krieglstein 2001, Briskin 1993). The molecule is com-
posed of two amino-terminals Ig like regions presenting 
a very strong bond with ICAM-1 and VCAM-1 molecules 
which they present a mucine like region ending in an 
IgA simulating region. Ligands for MadCAM-1 are  
α  

4
  β  

7
  integrin and L-Selectin at the leukocyte surface 

(Buckley 1996).   

 Neural cell adhesion molecule (NCAM) 

 Neural cell adhesion molecule (NCAM) is secreted by 
a large variety of cell type mostly mesenchymal and neu-
ral derived ones. NCAM is implicated mostly in cancer 
process being present in a variety of neural, neuroendo-
crine, and mesenchymal tumors. Such tumors are Wilm ’ s 
tumor, pituitary adenomas, pheochromocytoma, and 
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small cell lung carcinoma. NCAM is considered a ligand 
for adhesion molecule  α  

4
  β  

1
  integrin found in leukocytes 

(Aoki 1991, Thomson 1991, Molenaar 1998).   

 Carcinoembryonic antigen (CEA) 

 Carcinoembryonic antigen, (CEA) was discovered on 
1965 as a 180 kDa cancer embryonic glycoprotein pres-
ent in the blood serum of patients with large intestine 
cancer (Gold 1965). It mediates the adhesion of cell to 
substratum matter (Paxton 1987, Levin 1991).    

 Deleted in Colorectal Cancer molecule (DCC) 

 DCC is a transmembrane polypeptide composed of 1447 
aminoacids processing an external fragment with 4 im-
munoglobulin like regions and 6 fi bronectin like type III 
regions, showing a homologous character towards neural 
cell adhesion molecule (NCAM) (Fearon 1990). DCC 
acts as a NCAM stimulating neuritic growth through a 
specifi c intracellular signaling process (Pierceall 1994, 
Figarella-Bronger 1990).     

 SELECTINS 

 Selectins are lectin like binding transmembrane 
glycoproteins that mediate the initial low-affi nity 

leukocyte-endothelial cell interaction that is manifested 
as leukocyte rolling. This transient binding results in 
further leukocyte activation and subsequent fi rm adhe-
sion and transendothelial migration of leukocytes 
(Figure 3) (Krieglstein 2001, Chavakis 2006, Petri 2006, 
Tailor 2000). With the presence of calcium lectin region 
binds with carbohydrates e.g Lewis antigen, in neigh-
bouring cells. Specifi cally, selectins are implicated in 
heterotypic interactions between blood cells and 
endothelial cells during leukocyte migration and fi rm 
adhesion (Barthel 2007). Their role is manifested during 
the initial adherence of the circulating leukocytes to the 
vascular wall that follows their  “ rolling ”  as a response 
to an infective or a carcinogen mechanism. Additionally, 
as a response to infection mediators, leukocyte gather-
ing is considered to be crucial for the adequate defence 
of the organism to any kind of injury or infection. 
Selectins mainly recognise ligands that possess a carbo-
hydrate region structures that have sialyl-Lewis x  (sLe x ) 
antigen. These reactions selectin  –  carbohydrates are 
considered as unstable permitting leukocytes to  “ roll ”  on 
vascular endothelium towards blood fl ow. There are three 
closely related members of selectin family each expressed 
on leukocytes (L-selectin), endothelial cells (E-selectin, 
P-selectin), and platelets (P-selectin) (Barthel 2007). 
Each member contains a N-terminal C-type lectin 
domain (carbohydrate recognition domain), followed by 

 

 Figure 3.     The structure of some members of selectin CAMs family (E-Selectin, L-Selectin, P-Selectin)  .
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an epidermal growth factor (EGF)-like motif, varying 
numbers of short consensus repeats similar to those 
found in complement  –  regulatory proteins (CRP), a 
transmembrane domain, and a short cytoplasmic tail. 
Studies using chimeric selectins indicate that both the 
lectin and the EGF domains are directly involved in cell 
adhesion and may determine the specifi city of ligand 
binding (Tedder 1995). 

 Contrary to most of the other CAMs selectin role 
is strictly restricted to the interactions between leuko-
cytes and the vascular endothelium. In general, selectins 
share an important role in human physiology. In Leuko-
cyte Adhesion Defi ciency II syndrome (LAD II), were 
selectin ligands are absent; there is an inability to recruit
neutrophils into sites of infl ammation so that they 
can not fulfi l their role as effector cells in the immune 
system (von Adrian 1993). Soluble circulating forms of 
the selectins can be detected in plasma, where elevated 
levels have been reported in serum of animals and 
patients with infl ammatory diseases (Gearing 1993).  

 P-selectin (CD 62P or GMP-140 or PADGEM) 

 P-selectin (CD 62P or GMP-140 or PADGEM) has a 
molecular weight of 140 kDa and it is stored in specifi c 
granules that are present in platelets ( α -grannules) and 
endothelial cells (Weibel-Palade bodies) from where it can 
be rapidly mobilized to the cell surface in response to a 
variety of infl ammatory agents such as thrombin, histamine 
complement factors, free radicals and cytokines (Tender 
1995, van Gils 2009). Cell surface expression of P-selectin 
is generally short lived (minutes), which makes it an ideal 
candidate for mediating early leukocyte-endothelial interac-
tions. Ligand for P Selectin is considered the P-selectin 
glycoprotein ligand-1 (PSGL-1). PSGL-1 undergoes spe-
cial glycosylation in order to function as a ligand. P-Selectin 
mediates as well neutrophil as monocyte adherence to 
stimulated thrombocytes and stimulated endothelial cells. 
Additionaly mediates the in vitro captivation of stimulated 
B cells together with a subpopulation of T cells in the 
stimulated endothelium. E-selectin (CD62E, ELAM-1), is 
expressed by cytokine  –  activated endothelial cells (Fang 
2009, Mc Ever 2004).   

 E-selectin 

 E-selectin mediates neutrophil, monocyte and some 
memory T-cell adhesion to vascular endothelium, and 
may function as a tissue  – specifi c homing receptor for 
T cell subsets (Tedder 1995). It is broadly expressed 
within the vasculature at sites of infl ammation. Addition-
ally, it is found in arthritic joints, in heart and renal 
allograft undergoing rejection, and in cutaneous vessels 
of infl amed skin with psoriasis, contact dermatitis, and 
delayed type hypersensitivity reactions (Tedder 1995). 
E-selectin is found in a biologically active form in serum, 
as a result of proteolytic cleavage from the cell surface 
(Gearing 1992, Madri 2000). Many ligands for E selectin 

have been reported and are expressed by neutrophils,
monocytes and lymphocytes such as ESL-1 ligand 
(E-Selectin ligand-1) (85) and PSGL-1 (P-Selectin 
Glycoprotein ligand-1) (Mc Ever 2004). Although there 
is no preformed (storage) pool of E-selectin in endo-
thelial cells, increased cell surface expression can occur 
in response to transcription-dependent protein synthesis 
(Fries 1993).   

 L-selectin (CD26L, LECAM-1, LAM-1, gp90 MEL-14 ) 

 L-selectin (CD26L, LECAM-1, LAM-1, gp90 MEL-14 ) is a 
74 kDa molecular weight protein constitutively expressed 
by leukocytes. It is expressed continuously throughout 
myeloid differentiation, and is expressed mostly by 
most circulating neutrophils, monocytes and eosinophils. 
L-selectin mediates leukocyte binding to activated en-
dothelium at infl ammatory sites, and lymphocyte binding 
with integrin receptors mediation to high endothelial 
venules of peripheral lymph node during lymphocyte 
homing (Tedder 1995). Through this mechanism the 
metastatic procedure of tumors to the lymph nodes takes 
place. The broad expression of L-selectin allows it to 
play a role in the traffi cking of all leukocyte lineages. 
Primary forms of red cell line progenitors express L-
selectin while the mature red cells does not. Ligands for 
L selectin that are recognised till today include Mad-
CAM-1 and other broad spectrum tissues including those 
of central nervous system. Soluble form of L-selectin 
is 3 kDa smaller than surface L-selectin and is bioeffi -
cient (Walcheck 1996). Elevated levels of L selectin are 
reported in patients with acquired immunodefi ciency 
syndrome, leukemias and malignant tumors. Decreased 
levels are reported in patients with ARDS. 

 Cytokines, bacterial toxins, and oxidants are known 
to promote the synthesis of E- and P-selectin in endo-
thelial cells. The major ligands for all three selectins 
are cell surface glycans that possess a specifi c sialyl-
Lewis X -type structure (Hallahan 1997), L-selectin may 
also serve as a ligand for P- and E-selectin (Krieglstein 
2001, von Adrian 1993, Patel 1995).    

 PATHOPHYSIOLOGY OF CAMs  –  PARADIGM 
MODEL IN INFECTIVE ENDOCARDITIS  

 Pathohysiology of CAMs 

 The traffi cking of leukocytes within the microcirculation 
is critical for normal immune surveillance of tissues. 
In the development of infl ammation, adhesion mole-
cules play an essential role in the localization of the 
infl ammatory response. At this level, the vascular 
endothelium, a governing barrier for the exchanges 
between blood and the tissues, plays an active part in 
regulation of the transcapillary permeability, control of 
proliferation of haematopoietic cells and the phases 
of the infl ammatory response (Moussa 2008). The pro-
cess of leukocyte recruitment is tightly regulated by the 



 Physiology and Pathophysiology of Selectins, Integrins, and IgSF Cell Adhesion Molecules 27

sequential expression and activation of specifi c adhesion 
molecules on the surface of leukocytes and endothelial 
cells (Figure 4). These adhesion molecules mediate dis-
tinct steps in the recruitment of leukocytes in the micro-
circulation. Selectins mediate leukocyte rolling, whereas 
glycoproteins belonging to the integrin and immuno-
globulin supergene families enable leukocytes to 
fi rmly adhere and emigrate in venules. The leukocyte-
endothelial cell adhesion that is mediated by these adhe-
sion molecules has been shown to alter the function 
of endothelial cells in all segments of the vasculature 
(i.e., in arterioles, capillaries, and venules) (Tailor 2000). 
In vivo observations of the behaviour of leukocytes 
in venules has led to a model of leukocyte-endothelial 
cell interactions that predicts three sequential and 
coordinated steps for leukocyte recruitment: rolling, fi rm 
adhesion (adherence), and emigration of leukocytes 
fi nally (Krieglstein 2001). 

 In the dormant state, leukocytes and endothelial cells 
do not interact. Selectin-binding sites are present on 
leukocytes but dormant endothelial cells do not express 
selectins. In case of damage or infl ammatory processes 
of the blood vessels due to the action of released cytok-
ines increased expression of adhesion molecules of the 
integrin, selectin and immunoglobulin groups occurs 
and subsequently increased adhesion and migration of 
infl ammatory cells across the vascular wall is observed 
(Golias 2007). Specifi cally, to establish an adhesive in-
teraction with endothelial cells, circulating leukocytes 
must, at fi rst, move from the central stream of fl owing 
blood towards the vessel wall. It is now well accepted 
that endothelial cell activation results in selectin expres-
sion and subsequent interaction of selectins and with 
their ligands mediating thus, the weak (low-affi nity) 
adhesive interactions that are manifested as leukocyte 
rolling (Krieglstein 2001, Petri 2006, Calder 2006). 
Once leukocyte activation is fulfi lled leukocyte integ-
rins bind with IgSF glycoproteins such as ICAM-1 and 
VCAM-1, permitting fi rm adhesion. Although other CAM 

(e.g., VLA-4, VCAM-1, MadCAM-1, and members of 
the  β  

7
  subfamily of integrins) have also been implicated 

in leukocyte transiently binding (tethering) and rolling 
their quantitative signifi cance remains unclear. The teth-
ered leukocytes are then exposed to low concentrations 
of chemo- attractants/infl ammatory mediators that result 
in leukocyte activation and subsequently elicit integrin-
Ig-dependent leukocyte adherence, with a simultaneous 
downregulation (shedding) of L-selectin. Leukocyte ac-
tivation is also associated with an increased avidity of the 
integrins, which can be elicited by chemokines, bacterial 
peptides, platelet activating factor (PAF), and leukotriene 
B 

4
  (Petri 2006, Calder 2006). After they have marginated, 

the active cells migrate by diapedesis towards the site of 
infl ammation by creation of chemotactic signals as the 
adhesion between the cells is insuffi cient to induce their 
migration (Mousa 2008). Leukocyte migration is an im-
portant mechanism in the pathogenesis of infl ammatory 
diseases, the regulation of hematopoiesis and hemosta-
sis. The transendothelial migration of leukocytes begins 
with locomotion of adherent leukocytes toward the en-
dothelial cell-cell junctions. Transendothelial migration 
is mediated by additional IgSF members like PECAM-1 
(Krieglstein 2001). During this process the cell steadily 
establishes new adhesive contacts at the migration 
front while reducing adhesive interactions at the tail 
occur (Eriksson 2000). It is shown that CD11/CD18 
(alpha L, M, X/beta 2) integrins have an important role 
in subsequent steps of leukocyte migration into tissues 
(Petri 2006). 

 Apparently, cell adhesion molecules provide the 
foundation for cell communication, traffi cking, and 
immune surveillance central to host defence. These 
soluble adhesion molecules (selectins, integrins, CD44, 
and members of the Ig superfamily), provide a recognition 
system between leukocytes, endothelial cells and matrix 
molecules. The activation and increased expression of 
these adhesion glycoproteins have been attributed to 
excessive production of cytokines and oxidants (Tailor 

  

Figure 4.     Schematic presentation of the stages of leukocyte recruitment (leukocyte rolling, arrest, fi rm adhesion and migration)  .
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2000). Additionally, the adherence phenomena depend 
on a process that is strictly controlled by the cytokines 
and enable intervention of cell-cell reactions and 
cell-protein recognition of the extra-cellular matrix. 
Cytokines play a key role in control of the expression 
and/or avidity of membrane receptors for ligands (Mousa 
2008). Deregulation of these adhesion and signal trans-
duction pathways can contribute to continued recruit-
ment and persistent leukocyte activation with unresolved 
infl ammation.   

 Infective Endocarditis 

 Experimental data and pathologic observations support 
the assumption that endothelial cells play a fundamental 
role in the development of infl ammatory processes 
and various stimuli result in endothelial activation and 
endothelial leukocyte interactions including adhesion 
and extravasation. These interactions are mediated by 
augmented expression of adhesion molecules, such as 
E-selectin, ICAM-1, and VCAM-1 (Gearing 1992, Lee-
wenberg 1992, Newman 1993, Pigot 1992, Radi 2001). 
The attachment of pathogenic microorganisms to vascu-
lar endothelial cells (EC) or sites of vascular injury is 
considered a critical initiating event for many types of 
intravascular infections. 

 In bacterial endocarditis (BE), the microbial infec-
tion is localized on the endocardial surface of the heart 
and, depending on the bacterial species, may cause an 
infl ammatory reaction that in most cases affects the mu-
ral endocardium and the mitral and aortic valves (Bayer 
2000). Providing a brief defi nition, infective endocardi-
tis is a microbial infection of the endothelial surface of 
the heart. The characteristic lesion, the vegetation, is a 
variably sized amorphous mass of platelets and fi brin in 
which abundant microorganisms and moderate infl am-
matory cells are enmeshed. Acute infective endocarditis 
is caused typically, although not exclusively, by staphy-
lococcus aureus, whereas the subacute syndrome is more 
likely to be caused by viridans streptococci, enterococci, 
coagulase-negative staphylococci, or gram negative coc-
cobacilli. Endothelial activation contributes signifi cantly 
to the systemic infl ammatory response to bacteraemia. 
Increased expression and release of soluble endothelial 
markers into the circulation have been demonstrated. 
Elevated plasma levels of E-selectin have been reported 
in bacteraemic patients. It has also been proposed that 
the release of E-selectin is related to the degree of vas-
cular or endothelial injury caused by the sepsis (Cow-
ley 1994, Sessler 1995). Increased plasma and serum 
levels of VCAM-1 and ICAM-1 have been shown in 
bacteremic patients. E-selectin as well as ICAM-1 has 
also been found to be associated with multiple organ 
dysfunction, septic shock and death (Veltrop 2001). 
It has been proposed that infection of endothelial cells 
with Staphylococcus aureus, Streptococcus sanguis, 
or Staphylococcus epidermidis induces surface expres-
sion of intracellular adhesion molecule 1 (ICAM-1) and 

vascular cell adhesion molecule 1 (VCAM-1) and mono-
cyte adhesion (Norris 1991). 

 Several studies have demonstrated that during endo-
carditis the formation of circulating immune complexes 
which are identifi ed to contain bacterial components, 
may contribute directly or indirectly to the stimulation 
of endothelial cells. Expression of adhesion molecules 
in vivo can be maintained for several days after stimula-
tion (Cowley 1994, Sessler 1995, Veltrop 2001, Norris 
1991, Soderquist 1999, Muller 2000). It has been sug-
gested in the literature that patients with Staphylococcus 
aureus bacteraemia and endocarditis, which represents a 
sustained endothelial involvement, showed signifi cantly 
higher E-selectin and VCAM-1 concentrations on admis-
sion than those with Staphylococcus aureus bacteraemia 
but without endocarditis which might refl ect a more 
extensive activation of endothelial cells (Soderquist 
1999, Marshal 2002, Weber 2003). It is known that in 
BE intravascular infection with Staphylococcus aureus, 
Streptococcus sanguis, or Staphylococcus epidermidis 
can lead to formation of a fi brin clot on the inner sur-
face of the heart and cause heart dysfunction. In addi-
tion, the same study was demonstrated that infection 
of endothelial cells with these three pathogens induces 
surface expression of ICAM-1 and VCAM-1 as well 
as monocyte adhesion (Veltrop 2001). Furthermore, by 
using immunohistochemistry, the CAM expression of 
endothelial cells on degenerative, mostly calcifi ed heart 
valves and on heart valves with fl orid endocarditis was 
characterized. As expected, the constitutively expressed 
molecules (ICAM-1, CD34, CD31) were found both 
on degenerative and on infl amed valves. Furthermore, 
marked expression of E-selectin and VCAM-1 was 
found not only on infl amed valves but also on larger por-
tions of the degenerative valves with no morphological 
evidence of infl ammation. This striking fi nding might 
help to explain why patients with fi brotic heart valves 
are susceptible to recurrent endocarditis (Korkmarz 
2001). Another perspective was given from a relatively 
recent study regarding the role of soluble adhesion 
molecules E- and P- selectin. Specifi cally, the mean 
plasma concentrations of P-selectin were elevated in pa-
tients with embolic events as compared to both patients 
without embolic events and control subjects. Similarly, 
the patients with embolic events had increased plasma 
levels of E-selectin compared to those without embolic 
events and the control group (Woodruff 1980). This as-
sumption refl ected enhanced platelet activation, which 
have a direct impact to thrombus generation. Moreover, 
the increased expression of endothelial activation mark-
ers E-selectin and VCAM-1 on degenerative heart, 
the CAM expression of endothelial cells on degenera-
tive, mostly calcifi ed heart valves and on heart valves 
with fl orid endocarditis as well as the constitutively 
expressed molecules (ICAM-1, CD34, CD31) both on 
degenerative and on infl amed valves suggest that adhe-
sion molecule mediated leukocyte recruitment or activa-
tion of endothelium may constitute a critical role in the 
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pathogenesis of endocarditis and in the manifestation 
of its major complications such as thromboembolism 
(Soderquist 1999, Muller 2000, Koekmaz 2001). How-
ever, it remains to be clarifi ed by future studies whether 
the elevated adhesion molecule levels result from focal 
release of adhesion molecules at the site of endocar-
dial involvement or from the systemic effects of severe 
bacteraemic disease. Although, potential clinical value 
of establishing the diagnosis of endocarditis by measur-
ing serum adhesion molecule concentrations is dimin-
ished by the presence of an overlap between the groups 
of bacteraemic patients with and without endocarditis 
(Soderquist 1999). CAMs nevertheless constitute rel-
evant diagnostic targets and after additional elaborated 
studies might be considered as future diagnostic criteria 
of endocarditis in the future.    

 CONCLUSION 

 Scientifi c evidence is rapidly accumulating to support 
the view that leukocyte- and endothelial cell-associated 
CAM are critical participants in the vascular dysfunc-
tion and tissue injury that is associated with a wide 
variety of infl ammatory and cardiovascular diseases. In 
addition, Advancements in this fi eld of investigation 
have largely resulted from the marriage of novel 
immunologic and molecular biological approaches to 
traditional experimental strategies in cardiovascular 
physiology. Leukocyte extravasation is a multistep pro-
cess, mediated by several cell adhesion molecules 
including selectins (P-, E- and L-), integrins and mem-
bers of the Ig superfamily (ICAM-1, VCAM-1). These 
molecules can be targeted for imaging purposes (e.g. 
to identify atherosclerotic plaques). Furthermore, cell 
adhesion molecules can serve as drugable targets 
to prevent leukocyte extravasation where warranted to 
decrease infl ammatory tissue damage (e.g. reperfusion 
injury). Current techniques involve blocking of binding 
sites, targeted drug delivery using liposomes and poly-
meric particles as carriers or imaging of infl ammation 
sites using labeled cells or antibodies. By understand-
ing the cellular and molecular events in leukocyte en-
dothelial cell interaction, strategies on therapies may 
develop having a specifi c clinical benefi t in the future 
to overcome tissue damage induced by infl ammation 
process.   
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