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Abstract

Sickle cell anaemia is reported as a serious haemoglobinopathy caused by single point mutation by positional
replacement of glutamic acid in position 6 of beta globin chain of haemoglobin leading in polymerization of red cells
causing sickling, haemolysis, anaemia and cardiovascular disorders. This paper was written to enlighten the world on
vaso-occlusion and adhesion molecules in sickle cells disease.
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Introduction

It is shown that sickle cell disease or sickle cell
anaemia is a life -long blood anomaly expressed
by erythrocytes that assume an abnormal, rigid,
sickle shape. The erythrocytes sickling manifests
as a result of single point of a mutation in the
haemoglobin gene (Obeagu et al., 2015).

Sickle cell anaemia is linked by a point mutation
in the β - globin chain of haemoglobin, leading
the amino acid glutamic acid to be replaced with
the hydrophobic amino acid valine at the sixth
position. The β - globin gene is seen on the short
arm of chromosome 11. Under hypoxia, the
absence of a polar amino acid at position of six of
the β - globin chain enhances the non - covalent
polymerization of haemoglobin, which alters red
blood cells into a sickle shape and reduces their
elasticity. The decrease of erythrocyte elasticity is
central of the cause of sickle cell disease (Obeagu,
2018).

Vaso-occlusion and adhesion molecules in
sickle cells disease

There have been great progressin the
understanding of the pathogenesis of vaso-
occlusive crises that are a much more complex
phenomenon than previously believed, and recent
theories believe that a series of events lead to the
complex phenomenon of vaso-occlusion.
Endothelial activation has a great role in the cause
of SCD and that is seen since the 1970s.  (Hoover
et al., 1979) showed the adhesion of sickle cells to
the endothelial monolayer in human blood cells
cultures. It is now shown that deformed sickle red
cells and reticulocytes adhere abnormally to the
vascular endothelium (Hebbel et al., 1980). This
is as a result of alterations in red blood cell
membrane and the expression of anionic
phospholipids on the external side of the
membrane bilayer (Frenette and Atweh, 2007).
White cells also adhere to the endothelium
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forming heterocellular aggregates, which also add
to the occlusion of small and large vessels. Also,
the vaso-occlusion is promoted by an disorder in
vascular tone, linked to impaired nitric oxide
bioavailability, leading mainly from scavenging
of nitric oxide by free haemoglobin (Mack and
Kato, 2006). The binding of sickle cells,
reticulocytes and leucocytes to the endothelial
membrane was enhanced by endothelial adhesion
molecules, which are expressed after cytokine
stimulation, during endothelial activation
(Makis et al., 2000). Endothelial adhesion molecu
les such as soluble intercellular adhesion
molecule 1 (sICAM-1) and soluble vascular cell
adhesion molecule 1 (sVCAM-1) have been
shown to have raised levels in the blood of sickle
cell patients (Conran et al., 2004).
Hypercoagulability is alsoimportant symptom of
SCD pathophysiology and shows the thrombotic
complications usually obserevd in these patients,
such as stroke, deep venous thrombosis and
pulmonary thromboembolism. The
hypercoagulable state of sickle cell patients is as a
result of disorders in various steps of the
haemostatic pathway, including red cells’
membrane changes, platelet activation and
decreased expression of anti-coagulant proteins
like protein C and S (Francis et al., 1991) Chronic
by becoming attached to the endothelium of
vessel walls. Thereafter, poorly deformable red
cells begin to accumulate behind the site of
adhesion, ultimately leading in an occluded
vascular segment having many sickled red cells.
On the red cell, the relevant adhesion receptors
include CD36,  which binds thrombospondin
(TSP), and integrin α4β1, which binds both
fibronectin (FN) and vascular cell adhesion
molecule 1 (VCAM-1). On the endothelial cell,
the receptors include CD36; integrin αvβ3; the
complex of glycoproteins Ib, IX, and V (gpIb–
IX–V), which binds von Willebrand factor
(vWF); and VCAM- 1 (Hebbel, 2000).

Vaso-occlusive events are a main cause of
morbidity in sickle cell disease
(Conran et al, 2004). Vaso-occlusion appears to
be initiated by abnormal adhesion of red cells to
the endothelium and is propagated by the
accumulation of poorly deformable red cells and,
possibly, leukocytes at the site of adhesion,

occluding the vessel and delaying red cell transit
through the microcirculation, further increasing
red cell sickling (Fadlon et al.,1998).

The vascular endothelium appears to be
abnormally activated in Sickle Cell diseases; for
example, circulating endothelial cells (CEC)
demonstrates increased expression of the adhesion
molecules, VCAM-1, ICAM-1, and E-selectin
(Solovey et al., 1997).

The leukocyteintegrins, LFA-1 and Mac-1, are the
principal ligands for ICAM-1, which is
constitutively expressed on the vascular
endothelium and may be further up regulated by
cytokines during inflammation (Springer, 1990).
ICAM-1 and VCAM-1 can also be seen in their
soluble forms in plasma; however, the functions
of these soluble adhesion molecules remain to be
elucidated, although increase level have been
suggested to reflect increase expression by
endothelial cell (Shiu et al., 2000, Swem et al.,
2018).

A study by Benkerrou et al. demonstrated raised
sICAM-1 degrees in steady state SCD patients
and in vaso-occlusive patients but was unable to
show any impact of HU therapy upon these levels
(Benkerrou et al., 2002).

Conclusion

Endothelial activation has a great impact in the
cause of sickle cell anaemia. Vaso-occlusive
events are a main factor leading to morbidity in
sickle cell disease. Vaso-occlusion may be
initiated by abnormal adhesion of red cells to the
endothelium and is propagated by the
accumulation of poorly deformable red cells and,
possibly, leukocytes at the site of adhesion,
occluding the vessel and delaying red cell transit
through the microcirculation, further increasing
red cell sickling. Vaso-ocuclusion should be
prevented in the patients.
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