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Review

Intercellular cell adhesion molecule-1 and vascular cell
adhesion molecule-1 in children. Do they play a role
in the progression of atherosclerosis?
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INTRODUCTION
In 1995 David Barker formulated the ‘Barker
hypothesis’ according to which there is a correlation
between undernutrition in utero and several diseases
in adult life. More specifically, undernutrition in utero
permanently affects the vascular bed, resulting in a
predisposition to diseases later on, including hypertension, hypercholesterolemia, stroke, cardiovascular
disease and diabetes.1 The same can also apply to
macrosomic infants who appear to be at an increased
risk for obesity and glucose metabolism disorders.2
Furthermore, growth during early childhood affects
health during adulthood and the prognosis is even
worse if this weight gain is combined with a history
of small weight for gestational age at birth followed
by abrupt weight gain in early childhood.3 The fact
that chronic deteriorating diseases that develop in
adults have their origin in early childhood renders
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imperative the discovery of possible interventions
that would stop the progression of those diseases
during childhood.
Atherosclerosis is one of the chronic diseases of
adulthood, with increased morbidity and mortality
in both men and women of all racial groups in most
westernized societies. Lesions grow slowly during
childhood as fatty streaks and form raised lesions in
adolescents and young adults.4 The mechanisms of
atherosclerosis development are complex and include
vascular endothelium injury, activation of inflammatory cells (monocytes -macrophages, T-lymphocytes
etc) and their migration to the site of the lesion,
unverifiable proliferation of smooth muscle cells and
the accumulation of fat within the vessel wall.5 The
most crucial factors involved in endothelial injury are
oxidized cholesterol, cytokines, mechanical injury,
reactive species and the toxic contents of cigarette
smoke and several environmental pollutants.6
Endothelium reacts to atherogenic stimuli by
expressing on its surface two classes of adhesion
molecules, the selectins and the molecules of the immunoglobulin superfamily, mainly intra- or intercellular cell adhesion molecule-1 (ICAM-1) and vascular
cell adhesion molecule-1 (VCAM-1). Following this,
leucocyte integrins and L-selectins are expressed,
causing attraction and adhesion of monocytes and
T-lymphocytes on the endothelium, according to the
4-step model (Figure 1).5
In the following review we will examine the ad-
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Figure 1. The four-step model of leukocyte adhesion and transmigration across an endothelial monolayer. Leukocyte tethering and
rolling (steps 1 and 2) are mediated primarily by selectin–carbohydrate interactions. Firm adhesion (step 3) follows if leukocytes
encounter activating signals while rolling along the endothelium. Activation-dependent attachment of b2 integrins (Mac-1, LFA-1)
on neutrophils to endothelial ICAM-1 supports this firm or secondary cell adhesion to the vessel wall. Transmigration (step 4) may
occur if a favorable chemotactic gradient exists across the monolayer. Platelet/endothelial cell adhesion molecule 1 (PECAM-1)
expressed at endothelial cell junctions appears to be required for transmigration by binding homophilically to PECAM-1 expressed
on leukocytes.

hesion molecules ICAM-1 and VCAM-1 and their
role in both healthy children and subjects prone to
atherosclerosis.
ICAM-1
ICAM-1 is a transmembrane glucoprotein that
belongs to the immunoglobulin superfamily. It consists of 5 extracellular immunoglobulin particles, a
transmembrane part and a small intracellular part
consisting of 28 aminoacids with a COOH ending.
ICAM-1 is expressed predominantly by epithelial and
endothelial cells, macrophages, monocytes, B and
T-lymphocytes, fibroblasts and dendritic cells of the
thymus, the lymph nodes, the gastrointestinal tract,
skin, liver and hemopoietic cells of the medulla.7 Its
main ligands are integrins LFA-1 (CD11a/CD18)
and Mac-1 (CD11b/CD18) and it is also a receptor
of fibrinogen and hyaluronate, a component of the
extracellular matrix. ICAM-1 is crucial in endothelialleucocytes interaction, leucocyte migration at the
inflammation site, cellular interaction during antigen
presentation where it acts as a cofactor of antigenpresenting cell stimulation, T-lymphocyte activation

and bacterial pathogenesis.8 Its role is also crucial
during extracellular signal transportation leading to
changes through the protein kinase C pathway, cAMP,
phospholipase A2, Ca+2 and proteosomes.9 ICAM1 levels appear increased in topical or generalized
inflammation states such as atherosclerosis, allergic
asthma, septic shock, inflammatory and allergic skin
diseases, infarction, autoimmune diseases and malignancies. Soluble ICAM-1 (sICAM-1) is produced
either by proteolytic cleavage from the cell membrane
or directly by cells. It is present in body fluids like
cerebrospinal fluid, synovial fluid, saliva, urine and
bronchial secretions.10
VCAM-1
VCAM-1 is also a transmembrane glucoprotein
member of the immunoglobulin superfamily. Its
extracellular part consists of 6 or 7 immunoglobulin
particles.11 It is expressed by vascular endothelial cells
under the influence of inflammatory stimuli as well
as in the endothelium of the medulla.12 Other cell
types that produce VCAM-1 are fibroblasts covering
synovial surfaces, chondrocytes, tissue macrophages,
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epithelial cells of the thymus, dendritic cells and pericytes of neural tissues. The main ligand of VCAM-1
is the integrin a4β1 (VLA-4). Integrins a9b1, aDb2,
erythrocytes infected by plasmodium falciparum and
viruses are also known VCAM-1 ligands.13 VCAM-1
additionally interacts with SPARC (secreted protein
acidic and rich in cysteine), a molecule that induces
cytoskeleton modification and the creation of gaps
between cells important for leucocyte transmigration.14
VCAM-1 and VLA-4 interaction is important for adhesion of circulating cells to the vascular endothelium,
the adhesion of primitive hemopoietic cells to the
stromal cells of the medulla, leucocyte-dendritic cell
interaction, neurogenesis and myogenesis.15 Increased
VCAM-1 expression is present in atherosclerotic lesions. Soluble VCAM-1(sVCAM-1) has been detected
only in serum and its formation is correlated to the
proteolytic cleavage of the molecule at its entry point
in the cell membrane.13,16
ICAM-1 AND VCAM-1 IN CHILDREN
ICAM-1 and VCAM-1 expression has been extensively studied in children. Since atherosclerotic
lesions seem to have their origin in early childhood
and most risk factors for atherosclerosis seem to be
influenced by developmental changes mediated by
growth and puberty, there is great interest in whether
the levels of these particular adhesion molecules fluctuate during childhood and how they are influenced
by known risk factors and diseases that predispose
subjects to atherosclerosis. Studies so far have failed
to demonstrate a definite pathological role for each
molecule. Phocas et al. showed a progressive and
statistically significant elevation of sICAM-1 during
the 1st month of life in 43 healthy neonates. Levels
were low on the 1st day of life, reached adult values
on the 5th day of life and exceeded adult levels 30 days
later. This clear rise is attributable to the bacterial
colonization of the neonatal gut and the introduction
of feeding.17 Malamitsi et al showed that serum levels
of VCAM-1 in healthy neonates do not change during
early neonatal life unless inflammatory processes or
deranged endothelial homeostasis is present.18 Stanislas’ study, in agreement with two previous studies in
healthy children,19,20 concluded that sICAM-1 levels
are age-related with a decrease between 4 and 17 years
old.21 Another recently published study, however,
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demonstrated that children produce higher levels of
adhesion molecules.22 No difference was found among
variable age groups of sVCAM-1 levels.23,24 Gender
is also known to be associated with cardiovascular
risk and both soluble adhesion molecules seem to
be sex-related, with boys having higher levels of
sICAM-1 and sVCAM-1 compared to girls.22,25 This
variation of adhesion molecule concentration during
childhood has not yet been explained adequately. It is
well established that atherosclerotic lesions develop
initially during childhood and adolescence in the form
of fatty streaks which produce the atherosclerotic lesions of later adult life.4 The fact that sICAM-1 levels
are correlated with the development and progression
of atherosclerosis, as confirmed in adult studies,
and sVCAM-1 levels are high in patients in whom
atherosclerotic lesions are already established26,27
may partially explain the increased sICAM-1 concentration in children and the lack of variation of
sVCAM-1 levels. Nevertheless, other factors acting
through as yet unknown mechanisms may influence
the two adhesion molecule variation, complicating
the interpretation of study results.
Since the development of atherosclerosis is the
result of interaction between genetic backgrounds and
environmental influences, it is useful to discuss the
biological behavior of children with a familial background of diseases predisposing to atherosclerosis.
Levels of sICAM-1 and sVCAM-1 were measured in
children from families at high risk for cardiovascular
diseases and in children without familial history of
cardiovascular disease. sICAM-1 level was significantly higher in the high-risk group in comparison
to controls, while there was no significant difference in sVCAM-1.28 In addition, healthy offspring
of patients with Type 2 diabetes were found to have
increased muscular artery stiffness linked to elevated
levels of the endothelial activation marker sICAM-1,
in comparison with a control group matched for
age, adiposity and blood pressure.29 Children with
heterozygous familiar hypercholesterolemia (FH)
exhibit elevated levels of low-density cholesterol from
birth onwards and arterial abnormalities consistent
with subclinical atherosclerosis as early as within the
first decade of life. Stefanadis et al have reported a
strong association between increased sICAM-1 levels
in FH children and impaired endothelial function,
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whereas no difference in VCAM-1 expression was
found.30 In adults results are equivocal: many studies
suggest a correlation between sICAM or sVCAM-1
and hypercholesterolemia, while others do not.31-34
Equally conflicting are the results regarding triglycerides.35,36 Ohta et al. concluded that sVCAM-1 and
sICAM-1 in boys are correlated with triglyceride
levels and in girls with apoB, apoB to apoA-1 ratio
and fractional esterification rate in apolipoprotein
B-depleted plasma (FER) high density lipoprotein
(HDL). Additionally, sICAM-1 seems to correlate
negatively with lipoprotein A-1 levels, HDL particle
size in boys and HDL levels in girls.
Consequently, it is suggested that risk factor modification should take place at an earlier age to prevent
the chronic elevation of adhesion molecules and thus
the risk of future cardiovascular events.20 Kazavarakis
et al also studied the possible correlation of adhesion molecules with the lipidemic profile in a healthy
population of 107 children and confirmed a correlation
between sVCAM-1 and triglyceride levels, without this
being influenced by sex or lipid fractions. The protective role of HDL was additionally confirmed because
it was related to adhesion molecule level reduction.37
VCAM-1 correlation with high cholesterol levels has
been corroborated in only one study.38
A modifiable risk factor such as obesity seems to
further enhance the risk. The prevalence of obesity is
rapidly increasing in western populations and obesity
in childhood is established as a predictive factor for
adult cardiovascular disease, associated with endothelial dysfunction and arterial wall thickening.39 Recent
studies provide evidence that overweight and obese
children present with increased circulating levels of
sICAM-1 and VCAM-1,22,40-43 while only one study
suggests that there is no difference between obese
and normal weight children.44 Overweight children
have elevated levels of circulating soluble adhesion
molecules closely related to excess body fat,45 body
mass index (BMI) and insulin resistance (IR).22 It
should be noted that IR is a well-established consequence of excess weight and obesity.46,47 Lee et al
showed that in Caucasian, but not in African, youths,
(8-19 years) IR was significantly associated with the
biomarkers of endothelial dysfunction, ICAM-1 and
E-selectin.45,48 This study also suggested that racial
differences in circulating adhesion molecules are
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already present during childhood. Although uncertain,
it is plausible that higher visceral adipose tissue in
Caucasians compared to African Americans may in
part explain this racial differential in endothelial biomarkers.49 In recent studies, obese children displayed
significantly elevated sICAM-1, IR50 and C-reactive
protein (CRP) values.22,43,51 A correlation between the
adhesion molecules52 and 8-iso-PGF2 factor (index of
oxidative stress, endothelial and platelet activation)
was also observed, revealing that early endothelial
and platelet activation occurs in obese children.43
This elevation of adhesion molecule levels may not
be associated with atherosclerotic lesion formation.
Indeed, in a study of 104 children where intima
medial thickness (IMT) was used as a measure of
atherosclerotic lesion extent, no significant correlation
was revealed between adhesion molecules and IMT.
SICAM-1 levels increased in parallel with the degree
of the severity of the lesions but in a non-statistically
significant manner.53 Higher levels of both molecules
were evident in obese children with concomitant
hypertension, while in normal weight but hypertensive children only the sICAM-1 levels were higher
than normal. There was also a correlation of total
cholesterol levels with sVCAM-1 levels.38 In another
study of 31 hypertensive and 9 healthy, normotensive
children and young adults, hypertensive children
displayed significantly higher levels of VCAM-1.54 In
adults, however, hypertension is not correlated with
sVCAM-1 and sICAM-1.32,35 Interestingly, changes
in body mass index are associated with changes in
inflammatory and endothelial biomarkers.50 BMISDS reduction is correlated with changes in sICAM-1
levels both in children and adults.55 In adults, BMI
and obesity are correlated with sICAM-1 levels, while
at the same time BMI and obesity reduction result in
lowering both ICAM-1 and VCAM-1.56 Weight loss in
all these cases seems to improve the status of atherosclerosis risk factors while leading simultaneously to
the lowering of adhesion molecules concentration.56
Diabetes mellitus (DM) has been recognized as
an important risk factor for cardiovascular disease
in adults.57 It has also been suggested that it is a risk
factor for atherosclerotic lesion in the coronary vessels of children aged 2-15 years old suffering from
diabetes mellitus type 1 (T1DM).58 Hyperglycemia
per se as well as increased production of free radi-
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cals (markers of oxidative stress) are crucial for the
increased expression of adhesion molecules in young
patients with T1DM.59 Therefore, the role of diabetes
mellitus in combination with adhesion molecules has
been studied. Abnormally high levels of sICAM-1
and sVCAM-1 are reported in children with T1DM
compared to controls. A significant correlation also
exists between HbA1c and sICAM-1 in diabetics
compared to controls.59 Triolo et al showed not only
that patients with T1DM had increased levels of
sICAM-1 compared to healthy subjects but, moreover, that levels of sICAM-1 were significantly higher
in patients with positive IgG anti-endothelial cell
antibodies.60 Furthermore, healthy Finnish schoolchildren with positive IA-2A autoantibodies have
increased levels of sICAM-1 compared to seronegative subjects. Since IA-2A autoantibodies are the last
autoantibodies to appear in the prediabetic process,
data suggest that increased levels of sICAM-1 are a
characteristic feature of late preclinical T1DM.24 The
same group has reported high levels of circulating
sICAM-1 and L-selectin in the siblings of affected
children who have the highest risk of progression to
clinical T1DM.61 In adults, a correlation of diabetes
mellitus with increased levels of sICAM-1 has also
been demonstrated.62
In conclusion, sICAM-1 appears to reflect the
extension of atherosclerotic lesions and may be a
predictive factor for future cardiovascular events
in adults,31,62,63 while sVCAM-1 mainly reflects the
extension of atherosclerosis and appears to be a prognostic factor for patients with extensive and already
established atherosclerotic disease.64,65 The presence
of atherosclerosis risk factors in childhood combined
with increased levels of adhesion molecules suggest
that atherosclerotic vascular lesions develop and progress during the first years of life. Early recognition
and intervention is therefore crucial, especially in
high-risk group children who are prone to developing
cardiovascular disease in the future. The measurement
of these two adhesion molecules may prove a useful
tool to prevent atherosclerosis and cardiovascular
consequences in adult life, although determination
of their precise role in atherosclerosis and the importance of their serum levels in childhood is as yet
problematical. Since, based on current studies, results
remain ambiguous and sometimes conflicting, more

studies must be conducted in order to determine the
role of these molecules.
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