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Background: Sickle cell disease (SCD) is a hereditary disease that causes deoxygenated erythrocytes to stiffen, resulting in vaso-
occlusive crises, endothelial damage, organ failure and systemic consequences. An abnormal leukocyte count is associated with
a worse clinical picture in SCD.

Methods: I studied the link between an abnormal leukocyte count and sickle cell disease. I used the PRISMA guidelines to conduct
a systematic review of 5 different clinical literatures that discussed the link. Use of databases including Web of Science, Scopus,
Cochrane Library, MEDLINE, ScienceDirect, EMBASE, and JSTOR to make our findings.

Findings: SCD is a red cell disorder, but an elevated leukocyte count plays a significant role in its pathophysiology. Sickled red cells
adhere better to leukocytes when compared to normal red cells, which explains the worse clinical picture seen in sickle cell patients.
Hydroxyurea therapy inhibits the recruitment and invasion of neutrophils, which lowers vaso-occlusion.

Interpretations: An elevated leukocyte count is responsible for worse clinical manifestations in SCD, eg, clinical stroke, acute chest
syndrome, end organ damage, and infarction pain. Leukocytes attach to erythrocytes and vascular endothelium to cause vaso-
occlusion, responsible for these effects. They also elaborate inflammatory mediators to aid the process. The higher the leukocyte
count, the worse the effects. Hydroxyurea is very helpful in disrupting several pathways of leukocyte contribution to SCD
pathophysiology. Therefore, more research on other pharmacologic agents that interfere with this disease process is necessary.
Lastly, there is a need for further research into the effects of a reduced leukocyte count in SCD pathophysiology.
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Introduction

In Sickle Cell Anemia (SCA), valine is abnormally switched out for glutamine at position 6 of the hemoglobin chain (SCA).
Any person who expresses this mutation homozygously has the genotype associated with Sickle Cell Disease (SS)." The
aberrant sickle shape that the erythrocytes adopt is due to a genetic abnormality, which also causes the endothelial damage, vas
blockage, hemolysis, ischemia, and inflammation that appear around 5 to 6 months of age after the loss of fetal hemoglobin
(HbF).” The disease’s clinical manifestation differs from person to person and is more prevalent in the black race while having
a clearly characterized monogenic inheritance pattern.’

Although there is no doubt that SCD is caused by a red cell hemoglobin mutation, SCD patients frequently have an
abnormal white blood cell count.

When the WBC count is inadequate, infections are more likely to spread and are more difficult to treat. Her white
blood cell count will often be normal or higher if the child has sickle cell disease. The WBC count, however, might
briefly increase or decrease as a result of disease and some medications. White cell control-focused treatments may be
advantageous for patients. Approximately half of the 290 SCD patients in a 2016-2017 study by Ahmed et al® in Saudi
Arabia exhibited abnormally increased or decreased white cell counts of 116 or 15, respectively. Other studies have
revealed that an elevated white cell count is the most common observation in SCD patients with abnormal white cell
counts.®® By adhering to vascular endothelium and obstructing the lumen, leukocytes participate in the SCD process.
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They achieve this by stimulating the production of vascular endothelial ligands for the blood cell adhesion molecules in
order to be successful. That results in tissue damage, inflammation, and ultimately vaso-occlusion.’

This study will review the pertinent literature in order to comprehend how an unusually high or low white cell count
contributes to sickle cell anemia at the tissue level.

Method

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses standards were followed for this study’s

systematic literature review.'’

Information Sources
I searched these databases for relevant literature: Google Scholar, PubMed, Web of Science, Scopus, Cochrane Library,
MEDLINE, ScienceDirect, EMBASE, and JSTOR.

Search Strategy

The terms “sickle cell anemia”, “sickle cell illness”, “white blood cell”, and “sickle cell disease” were used in the search.

Eligibility Criteria

The inclusion criteria for selection include studies that attempt to establish a link between abnormal leukocyte count and
sickle cell anemia between January, 2002 and May, 2022; literature published in English; and those with an observa-
tional, qualitative, or systematic review design.

Selection Process
Studies unrelated to the link between abnormal leukocyte count and sickle cell anemia, duplicated ones, and abstract-only
papers were excluded.

Results

A total of 20 studies that satisfied my inclusion criteria were identified, of which I selected 4. The study selection process goes
as follows: After identifying 20 studies, 15 passed the screening stage, while the other 5 were duplicates. Of these 15 studies,
only six were eligible, as the remaining nine were abstract-only studies. I arrived at the inclusion of 2 studies and 3 articles®*!!
following a careful review of all options. The characteristics of the samples, types of intervention, and outcomes of the 2
studies are shown in Table 1.

Okpala 1,” in his article titled “The Intriguing Contribution of White Blood Cells to Sickle Cell Disease — a Red Cell
Disorder”, reviews relevant literature, totaling 67, in an attempt to establish a direct link between leukocytes and the
disease process in SCDA. Wun T.'! takes it a step further and also explores the role of inflammatory cytokines alongside
leukocytes in “The Role of Inflammation and Leukocytes in the Pathogenesis of Sickle Cell Disease.” Zhang D.¢ decides
to focus on a particular class of leukocytes in his article” Neutrophils, platelets, and inflammatory pathways at the nexus
of sickle cell disease pathophysiology.”

Results of Individual Studies

After a thorough search of the listed databases, three experienced reviewers selected the relevant studies for this review
based on the title and abstract. They passed on the selected studies to two other reviewers, who read the full text of the
selected studies and approved the most suitable options.

As Okpala I’ demonstrates, there’s ample evidence to suggest that white blood cells contribute to the clinical manifesta-
tions seen in SCD. Despite the diverse phenotypes seen in a monogenic disorder such as SCD, the most consistent finding
directly related to clinical severity remains an elevated leukocyte count, particularly neutrophils.'*'” Furthermore, a drop in
leukocyte count reduces the severity of the hemoglobinopathy, consistent with reports indicating SCD is exacerbated by
increased leukocyte levels. The therapeutic impact of hydroxyurea in SCA is associated with a decrease in the polymorpho-
nuclear (neutrophil) count even in people with stable hemoglobin F levels.'® SCD vaso-occlusion is thought to be caused by
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Table | Characteristics of the Samples, Types of Intervention, and Outcome of the 2 Studies

Authors/Year

Objectives of Study

Type of
Study

Sample

Protocol

Result

Okpala I,
Odoemene D,
Goldman J, Daniel Y,
Haynes R'? 2002

To explain the link
between the
expression of
Adhesion Molecules
(AM) by leukocytes
and SCD crises

Randomized
Clinical Trial

N=100

patients

The connection between
leukocyte Adhesion Molecule
(AM) expression and clinical
symptoms of SCD were
assessed im 100 SS patients and
34 AA controls. The impact of
hydroxyurea on AM expression

(1) Leukocytes that highly
express aMb2 integrin and
I-selectin predispose SCD
patients to worse symptoms.
(2) Increased Adhesion
Molecule expression in

leukocytes above normal levels

was also investigated. contribute to crisis
development.

(3) The early clinical relief
associated with hydroxyurea
therapy goes beyond increasing
HbF levels. There’s a high index
of suspicion for decreased
expression of Adhesion
Molecules in leukocytes.

Aslihan Turhan,
Narla Mohandas,
Paul S. Frenette,
Linnea A. Weiss,
and Barry

S. Coller'® 2002

To determine the role | Animal Trial Berkeley | Intravital microscopy Vasoocclusion of cremasteric

of leukocyte mice venules occurs when sickled

adherence in sickle erythrocytes attach to
cell vaso-occlusion. leukocytes in inflamed venules.
The SS mice without E- and P-
selectins and this is probably
because of deficient recruitment
of white blood cell to the vessel

wall.

a complex interaction involving white blood cells, red blood cells, platelets, plasma proteins, and blood vessel walls, which
explains why a high leukocyte count has such a negative influence on clinical severity. The attachment of leukocytes to the
endothelium of postcapillary venules is thought to diminish the diameter of the vessels, which is worsened by the attachment
of erythrocytes, both sickled and un-sickled, as well as platelets.'’

The neutrophils are the most notorious leukocytes, well known for attaching to the vessels’ walls. It is the body’s
most common leukocyte but it has a short circulation time, totaling about 6 hours. The huge number of white blood cells
in the diapedesis process reveals one key fact: the lumen of postcapillary venules is constantly shrinking. The more
adherent cells inside the vessel, the higher the leukocyte count. As a result, HbSS patients with greater leukocyte counts
have a worse prognosis. White blood cells do not only attach to the walls of blood vessels. They also attach to one
another and to other blood cells like red blood cells and platelets. In this way, they form cell aggregates that reduce the
diameter of small arteries more effectively. Moreover, there are higher chances for entanglement of sickled red blood
cells in this matrix, leading to vascular occlusion. The stability of these blood cell aggregates rests on the CD36-TSP,
CD31-CD31, and CD62L-CD162 connections.** >

Leukocytes may indirectly precipitate vascular occlusion in SCD by activating the endothelial layer of blood vessels.
The inflammatory mediators TNF-a and interleukin-1b, for example, are secreted by monocytes and activate the vascular
endothelium.?* The inflammatory response is heightened, and the danger of tissue damage is increased. The endothelium
of blood vessels is stimulated during inflammation, and leukocytes and other blood cells express more adhesion molecule
ligands. In turn, that increases the risk of lumen blockage, ischemia, organ damage, dysfunction, and infarction pain
associated with SCD.
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Wun T."' remarks that raised white cell counts in SCD patients with no signs of infection, pain, or inflammation are
documented.”® He goes further to list reasons for this, such as functional hyposplenism, asplenia, and bone marrow
stimulation for red cell production due to the hemolysis in SCD. Furthermore, an elevated leukocyte count in SCD
indicates a worse clinical picture, with an increased risk of stroke®® and acute chest syndrome.?” According to the article,
what role do leukocytes play in SCD pathogenesis? Activated and stiff PMN can initiate vascular occlusion by impeding
blood flow in the small calibers arterioles and increasing the time needed for the sickled erythrocytes to transit. All these
happen in a bid to increase the chances of HbS polymerization. Furthermore, SS-RBC adhered to neutrophil monolayers
better than control red cells (AA-RBC). In the case of SSRBC, autologous plasma-enhanced adhesion, but not in the case
of AA-RBC. This revealed that SSRBC attached more easily to PMN, and that the plasma contained chemicals that aided
this attachment. Surprisingly, the dense fraction had the most adhesive SSRBC, but the thin fraction had the most
adherent SSRBC to active endothelium. Activated PMNs release free oxygen radicals, which increase the expression of
AMs on the vascular endothelium, causing vascular injury.®

Monocytes are not left out. In sickle cell disease, monocytosis is prevalent. They attach to active platelets and SS-
RBC. This most likely activates them and has been linked to the etiology of vascular disease.?’ ! In vitro investigations
show that monocytes from SCD patients produce greater superoxide anion in response to agonists than controls, leading
to vascular injury. Finally, in sickle cell disease patients, the action of procoagulants is enhanced, with practically all of
the procoagulant activity found in the mononuclear component of the blood.

According to Zhang D,° the identification of absolute contraindications for myeloid growth factors such as granulocyte-
macrophage colony-stimulating factor (GM-CSF) and granulocyte colony-stimulating factor (G-CSF) in SCD patients
suggests a role for neutrophils in SCD pathogenesis. Early reports indicate that SCD patients given either growth factors to
cure leg ulcers, mobilize hematopoietic stem cells, or correct diminished neutrophil counts experienced severe or fatal
crises.>?>* A patient with SCD who had severe congenital neutropenia was recently found to have significantly improved
clinical symptoms when compared to his brothers and sister. However, things changed when he was given G-CSF for
neutropenia, as his condition quickly worsened.*” The significance of hydroxyurea in SCD therapy is also explained in further
detail in the article. Sickle RBC adherence to the endothelium is reduced by hydroxyurea treatment, as are the levels of soluble
vascular cell adhesion molecule (VCAM)-1 in patient plasma.’® Furthermore, current research reveals that hydroxyurea
treatment increases NO species, which is probably related to HbF induction.>’** Furthermore, things remain the same in
patients who do not have a detectable increase in HbF as hydroxyurea medication is still helpful. On the other hand, patients
who have a positive clinical response to hydroxyurea therapy have lower neutrophil counts.*® Furthermore, the correction of
neutrophil activation indicators reveals that hydroxyurea treatment inhibits neutrophil activation.*® Additional data suggests
that hydroxyurea treatment lowers vascular occlusion in sickle cells by limiting the recruitment and activation of PMNSs via the
NO-cGMP pathway.*' The discovery that sickled erythrocytes bind to PMN in-vitro adds to the growing body of evidence
indicating neutrophils may have a direct impact on SCD pathogenesis. In vivo studies in SCD mice have discovered that
intravital imaging can be used to study the pattern of blood cell flow in the cremasteric microvasculature. Sickled erythrocytes
primarily interact with attached leukocytes in postcapillary venules in this model. Surgical trauma induces these interactions,
which are increased and extended by the administration of tumor necrosis factor (TNF), resulting in a fatal vaso-occlusive
crisis (VOC). In the test subjects lacking E-and P-selectins, which usually block leukocyte migration to the vascular
endothelial layer, VOC is not seen.*® First, inflammatory stimuli from within and outside the body activate endothelial
cells, allowing circulating neutrophils to be attracted to postcapillary venules. The attached PMNs then connect with
circulating sickled erythrocytes via activated Mac-1, restricting venular blood flow for a short or long time. Increased RBC
transit time, ischemia, erythrocyte sickling, the recruitment of neutrophils, and interaction within this blood cell recruitment all
result in vascular occlusions, which can lead to life-threatening crises.

The role of monocytes is not ignored by Zhang D. Monocytes with SCD have a functional characteristic that
encourages inflammation—they can activate the nuclear factor B (NF-B) pathway in the cells of the endothelium. By
enhancing the production of leukocyte AMs like E-selectin, ICAM-1 (intercellular adhesion molecule), and VCAM-1,
the NF-B pathway increases mononuclear leukocyte attachment to endothelial cells. Endothelial cells are stimulated by

monocytes via proinflammatory cytokines produced by monocytes rather than cell-cell contact. When tumor necrosis
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factor-alpha and IL-1 from monocytes are blocked by using neutralizing antibodies, there is a decrease in the expression
of E-selectin by the endothelial cells.***

The in-vivo study of Turhan et al'® to demonstrate that sickled erythrocytes attach to adhering leukocytes in inflamed
venules has already been covered briefly in previous study reviews. They used intravital microscopy to view the
microvasculature of genetically engineered mice that exclusively express human hemoglobin S (HbS). These mice
have irreversibly sickled circulating cells and exhibit several symptoms of SCD, such as anemia, increased reticulocyte
counts, and end-organ damage. Using two separate animal models of SCD, the researchers discovered that sickled
erythrocytes interact with white blood cells attached to the cremasteric postcapillary and collect venules. These
interactions were sustained or increased when TNF-alpha was given shortly after the surgical alteration (30 minutes).
Although most interactions between the sickled erythrocytes and white blood cells were short-lived, some lasted several
seconds, withstood blood shear, and resulted in vascular occlusion. These findings show that the attachment of leukocytes
to the walls of the blood vessels has a direct impact on the arterial occlusions seen in SCD.

Okpala et al'? looked at 100 HbSS patients, 43 males and 57 females between the ages of 18 and 65. There were 34
HbAA controls in all, 11 men and 23 females between 19 and 60. The connection between leukocyte adhesion molecules
and SCD clinical symptoms was investigated using flow cytometry. HbSS patients with any condition other than SCD,
HDUF levels greater than 10%, and controls with any known medical diagnosis were all excluded from the study. SCD and
control participants were both excluded if they had been pregnant or had given birth in the previous three months.
Significant levels of aMb integrin expression in neutrophils and I-selectin expression in lymphocytes and neutrophils
were seen in patients with SCD (P < 0.03).

The neutrophils of sickle nephropathy patients had a high level of CD18 expression (P = 0.018), whereas the
lymphocytes of stroke patients had a high level of l-selectin (P = 0.03). Monocyte l-selectin increased (P = 0.04) in the
sickle cell crisis compared to steady-state. Within one month of starting hydroxyurea therapy, there was a decrease in
al.b2 integrin expression by leukocytes-neutrophils, monocytes, and lymphocytes (P = 0.05), with clinical improvement
in the patients with a 3.3% increase in HbF level. They also discovered that the steady-state expression of neutrophil
aMb2 integrin and l-selectin was much higher in patients with complications than in people without problems. Because
adhesion molecules mediate the attachment of white blood cells to the vascular endothelial layer, this discovery is very
likely. As the number of neutrophils in the blood increases, SCD becomes more severe, and leukocytosis increases the
chances of the worst complication-death. The first contact of PMNs and leukocytes with the blood vessel wall is
controlled by selectin (CD62L).** CD11b and CD18 together make up the aMb2 integrin molecule, mediating leukocyte
adhesion to vascular endothelium.*® It should come as no surprise that HbSS patients with elevated levels of leukocyte
selectin and aMb2 integrin are more likely to develop SCD complications.*®

Based on their data, they came to the following conclusions: (1): Leukocytes with high aMb2 integrin and I-selectin
steady-state expression predispose patients to severe symptoms. (2) AM expression in leukocytes increased above steady-
state levels and may have contributed to the beginning of the crisis. (3). Other processes, such as decreased AM
expression in leukocytes, may be involved in the early clinical improvement associated with hydroxyurea therapy. (4)
Other therapies that reduce leukocyte AM expression may benefit patients.

Discussion

An abnormal leukocyte count and the SCD disease process have only sometimes been directly linked in research. Due
to our review of the articles, we have presented quite a few. First, there is a ton of evidence that leukocytes play
a part in the development of SCD. Adults with SCD and elevated white cell counts were more likely to visit the
Emergency Department (ED) as a result of sickle cell crises, according to Curtis et al.* Leukocytes, like erythrocytes,
may aid in SCD vaso-occlusion by sticking to the endothelium. The severity of SCD is highly correlated with the
number of neutrophils in the blood. Unsurprisingly, among all leukocytes, neutrophils have the greatest effect on the
SCD disease process. This location is closely followed by monocytes. Other leukocytes, such as basophils and
eosinophils, are also present. Blood cell-vessel wall contacts and intercellular interactions are potentiators of the
process.
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Leukocytosis has been associated with an elevated mortality rate from illness. In some SCD patients, the advantages
of hydroxyurea (HU) therapy are accompanied with a decreased neutrophil count without an increase in hemoglobin
F levels.

Leukocytes undoubtedly contribute to SCD vaso-occlusion, which results in serious clinical conditions, as shown by
the aforementioned study as well as several other ones that have already been mentioned.

Limitations

This study could not link the effect of reduced leukocyte count in the disease process of SCD. Furthermore, the
impossibility of in-vivo human studies limits us to the use of studies in mice, which may not necessarily be an exact
representation of the pathophysiology in humans.

Conclusion

The involvement of abnormal leukocyte counts in the etiology of SCD is not only supported by evidence. There is also
a lot of proof that therapies that focus on these pathways enhance the clinical results of SCD patients. But there is little
proof to prove that a low leukocyte count contributes to the pathophysiology of SCD.

Disclosure
The author reports no conflicts of interest in this work.
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