ISSN: 2277-6206 (Online)
ISSN: 2349-1280 (Print)

Volume 14, Issue 2, 2024

Research & Reviews: A Journal of

Immunology

G

- May—August
STM JOURNALS

DOI (Journal): 10.37591/RRJol
https://journals.stmjournals.com/rrjoi

Wiskott-Aldrich Syndrome: A Comprehensive Guide

Kamini Sao*

Abstract

Wiskott-Aldrich  Syndrome (WAS) is an uncommon genetic disorder inherited through the X
chromosome, marked by a combination of immune system deficiencies, eczema, and low platelet counts.
This syndrome primarily affects males, leading to significant morbidity and mortality due to recurrent
infections, bleeding complications, and autoimmune diseases. Mutations in the WAS gene disrupt the
production of the Wiskott-Aldrich Syndrome protein (WASp), crucial for the functioning of immune
cells and platelet formation. Diagnostic approaches include clinical evaluation, laboratory tests, and
genetic analysis, with flow cytometry and molecular genetic testing playing pivotal roles. Current
treatment strategies encompass hematopoietic stem cell transplantation (HSCT), gene therapy, and
supportive care, aiming to improve immune function and manage symptoms. Recent developments in
gene therapy show encouraging potential for achieving sustained remission over an extended period.
Additionally, the role of supportive therapies, such as prophylactic antibiotics, immunoglobulin
replacement, and careful management of eczema and bleeding, are critical in improving patient
outcomes. Emerging research into targeted therapies and the development of better HSCT protocols
continue to enhance the prognosis for WAS patients. This review provides a comprehensive overview
of the clinical manifestations, diagnostic methodologies, and emerging treatment options for Wiskott-
Aldrich Syndrome, emphasizing the importance of early diagnosis and intervention, and the potential
for future therapeutic breakthroughs.
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INTRODUCTION

Wiskott-Aldrich Syndrome (WAS) is a rare genetic immunodeficiency disorder that impairs a child's
immune system functionality and hinders the bone marrow's ability to produce platelets, making the
child susceptible to bleeding. Predominantly affecting males, WAS is seen in 1 to 10 out of every 1
million boys, according to the National Institutes of Health [1].

Wiskott-Aldrich Syndrome (WAS) is a rare genetic disorder linked to the X chromosome, featuring
a combination of immune deficiency, low platelet counts, and eczema. It results from mutations in the
gene responsible for producing the Wiskott-Aldrich syndrome protein (WASp), affecting immune
function and causing immunodeficiency. The
clinical presentation of the disease varies widely
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depending on the specific gene mutations, ranging
from a severe phenotype (classic WAS) to milder
forms such as X-linked thrombocytopenia (XLT)
and X-linked neutropenia [2].

The human immune system functions as a
vigilant guardian, constantly patrolling and
defending the body against various threats such as
bacteria, viruses, and parasites. Both the blood and
immune system originate from the bone marrow of
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a developing fetus. Bone marrow stem cells differentiate into various blood cells, including platelets,
which are essential for controlling bleeding. Additionally, these stem cells mature into critical immune
cells: T cells, which identify and attack perceived invaders, and B cells, which produce antibodies to
fight infections [2].

Moreover, stem cells generate various types of white blood cells essential for clearing infections.

INCIDENCES

This X-linked disorder occurs in approximately 1 in every 100,000 live male births and is not associated
with any particular ethnic or geographical group. Due to its presentation primarily in males, it may go
undiagnosed or misdiagnosed, sometimes mistaken for idiopathic thrombocytopenic purpura [3,4].

Wiskott-Aldrich syndrome (WAS) manifests in more than one form. Most affected boys have the
"classic" form of the syndrome, but some exhibit a milder variant known as X-linked thrombocytopenia
(XLT). Both forms result from defects in the same gene, but XLT symptoms are typically less severe [5].

Children with XLT usually have small, low-number platelets, leading to easy bleeding and bruising
without the more severe complications seen in classic WAS. It can be difficult to predict whether a male
infant with a WAS gene mutation will develop the severe form of the disease or X-linked
thrombocytopenia (XLT). Additionally, individuals with XLT may still develop complications typical
of classic WAS as they age. Therefore, regular monitoring by healthcare providers and specialists is
essential for managing both conditions [6].

ETIOLOGY

Wiskott-Aldrich syndrome (WAS) results from mutations in the WAS gene, which produces the
WASP protein present in all blood cells. WASP plays a critical role in transmitting signals from the cell
surface to the actin cytoskeleton, crucial for cell movement and adhesion, particularly in white blood
cells during immune responses. Mutations in the WAS gene result in non-functional WASP, disrupting
actin cytoskeleton function in developing blood cells. This deficiency impairs white blood cells' ability
to respond to their environment and form immune synapses, compromising immune function.
Additionally, platelets lacking functional WASP exhibit reduced size and premature death, contributing
to microthrombocytopenia. Due to their common genetic origin, disorders such as X-linked
thrombocytopenia and severe congenital neutropenia are classified as related to Wiskott-Aldrich
syndrome (WAS) [7,8].

FORMS OF WISKOTT-ALDRICH SYNDROME [9-11]

1. Classic (Severe) Wiskott-Aldrich Syndrome (WAS): This severe phenotype of WAS manifests in
early childhood. Boys with the condition commonly show signs of bleeding tendency from low
platelet levels, frequent infections caused by bacteria, viruses, and fungi, and severe eczema.
Chronic eczema often leads to lymphadenopathy, and hepatosplenomegaly is common.
Individuals with classic WAS are prone to developing autoimmune disorders and malignancies,
such as lymphoma, which often result in early mortality.

2. X-linked Neutropenia (XLN): XLN primarily presents as congenital neutropenia, characterized
by infections typical of neutropenia and sometimes infections linked to lymphocyte dysfunction.
Patients with XLN also have an increased risk of developing myelodysplasia.

3. X-linked Thrombocytopenia (XLT): XLT is marked by congenital thrombocytopenia, which can
be intermittent (IXLT). Eczema is generally mild in these patients.

4. Although X-linked thrombocytopenia (XLT) generally follows a mild course with favorable
long-term outcomes, there remains an increased but reduced risk compared to classic WAS for
severe complications such as life-threatening infections (especially after spleen removal),
significant bleeding, autoimmune issues, and cancer. It is important to assess WASP expression
and mutations in the WAS gene in any male showing thrombocytopenia with small platelets.
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PATHOPHYSIOLOGY [12-14]

Wiskott-Aldrich syndrome (WAS) stems from an X-linked genetic flaw in the WAS gene, located
on the X chromosome's short arm at position Xp11.22-23. This gene produces the Wiskott-Aldrich
protein (WASP), a 502-amino acid protein found in the cytoplasm of non-red blood cell hematopoietic
cells. More than 300 mutations in the WAS gene have been identified, with missense mutations being
the most prevalent, followed by nonsense, splice site, and small deletion mutations. These various
genetic mutations lead to a broad spectrum of clinical manifestations, ranging from severe classic WAS
to less severe conditions like X-linked thrombocytopenia (XLT) and X-linked neutropenia.

WASP functions in non-erythroid hematopoietic cells, linking signaling pathways to the movement
of actin filaments within the cytoskeleton. The actin cytoskeleton plays a vital role in cell shape,
mobility, and a range of cellular processes such as growth, cell division, internalization of substances,
release of substances, and the creation of immune connections between T cells and antigen-presenting
cells. In WAS, defective cytoskeletal reorganization leads to T cell dysfunction, impaired migration,
adhesion, and abnormal synapse formation. This affects B cell homeostasis, resulting in selective
depletion of certain B cell populations and increased cell death over time. Although natural killer (NK)
cell numbers are normal or increased, their cytotoxicity is impaired due to defective immunologic
synapse formation. Interleukin-2 can partially restore NK cell function by inducing the expression of a
related protein. Additionally, invariant natural Killer T cells are absent in WAS and XLT, increasing the
risk of autoimmunity and cancer.

Autoimmunity in WAS is driven by multiple mechanisms, including inadequate regulatory T cell
function, loss of B cell tolerance, expansion of autoreactive B cells, production of autoantibodies,
impaired apoptosis of self-reactive lymphocytes, and defective clearance of apoptotic cells, leading to
chronic inflammation. WASP-deficient myeloid cells exhibit impaired phagocytosis and chemotaxis,
and myeloid cells from patients demonstrate nearly complete failure to assemble actin-rich structures
necessary for migration, resulting in impaired response to chemoattractants. Thrombocytopenia in
Wiskott-Aldrich syndrome (WAS) results from several factors: enhanced platelet removal, inadequate
production of platelets, shortened platelet lifespan due to internal irregularities, and immune-related
processes. While "loss-of-function™ mutations in the WAS gene cause WAS or XLT, unique "gain-of-
function" missense mutations can lead to increased actin polymerization and result in congenital
neutropenia.

CLINICAL MANIFESTATIONS [15]
Wiskott-Aldrich syndrome (WAS) is characterized by three main symptoms:

1. Eczema: This skin condition causes itchy, dry patches of skin.

2. Immune deficiency: White blood cells do not function properly or at all, leading to frequent
infections, autoimmune disorders such as rheumatoid arthritis and vasculitis, and an increased
risk of anemia, leukemia, or lymphoma.

3. Bleeding problems (microthrombocytopenia): Blood clotting is impaired due to a reduced
number and smaller size of platelets, resulting in easy bruising, nosebleeds, bloody diarrhea,
purpura (bleeding under the skin), and petechiae (a rash with tiny red dots).

Infants affected by Wiskott-Aldrich syndrome due to loss-of-function mutations may show symptoms
such as eczema, immune deficiencies, severe oral thrush, and pneumonia.

DIAGNOSIS AND TESTS [16]:

Wiskott-Aldrich syndrome is typically diagnosed during infancy or early childhood through a
combination of physical exams and specific tests. Initial signs include bloody diarrhea, unusual
bleeding, or bruising. To confirm the diagnosis, healthcare providers may conduct several tests,
including:

1. Complete Blood Count (CBC)

2. Genetic blood test

3. Peripheral blood smear
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If the diagnosis is not made during infancy, it may become evident in childhood, especially if the
child experiences frequent infections due to a compromised immune system. This happens because their
body struggles to handle bacteria, viruses, or certain vaccines effectively.

To further evaluate, healthcare providers might perform:
o Blood tests to check if the child can produce antibodies after vaccination, as antibodies trigger
an immune response to prevent severe illness.
o Blood tests to assess white blood cells, including T-cells and immunoglobulins, which are crucial
for antibody production.

MANAGEMENT

The management of Wiskott-Aldrich syndrome (WAS) aims to address and mitigate the various
symptoms and complications of the condition, improve quality of life, and extend survival. Key goals
of management include:

Preventing and Treating Infections
e Prophylactic Antibiotics and Antifungals: To reduce the risk of infections.
¢ Intravenous Immunoglobulin (IVIG) therapy aims to enhance the immune system by supplying
antibodies.
o Prompt Treatment of Infections: Aggressive treatment of bacterial, viral, and fungal infections
as they occur.

Managing Bleeding and Thrombocytopenia
o Platelet Transfusions: To manage acute bleeding episodes.
e Itis advisable to refrain from using aspirin and non-steroidal anti-inflammatory drugs (NSAIDs)
as they can worsen bleeding tendencies.
e Eltrombopag: A medication that can stimulate platelet production.

Eczema Management
e Topical Steroids and Moisturizers: To control skin inflammation and dryness.
e Avoidance of Triggers: Identifying and avoiding factors that exacerbate eczema.

Monitoring and Treating Autoimmune Diseases
e Immunosuppressive Therapy: Such as corticosteroids or other immunomodulatory agents to
manage autoimmune complications.

Screening and Managing Malignancies
e Regular Monitoring: For early detection of lymphoma or other cancers.
e Oncological Treatments: Appropriate therapies if malignancies develop.

Definitive Treatment
o Hematopoietic Stem Cell Transplantation (HSCT): The only curative treatment for WAS, which
can correct the underlying immune deficiency and thrombocytopenia. This is most successful
when performed early in life.

Supportive Care
e Regular Follow-Up: With a multidisciplinary team including immunologists, hematologists,
dermatologists, and other specialists as needed.
e Patient and Family Education: On the importance of infection prevention, recognizing signs of
bleeding, and managing eczema and other symptoms.
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Gene Therapy
e Emerging Treatment: Gene therapy offers a potential curative approach by correcting the defective
WAS gene. This is currently under research and clinical trials but holds promise for the future.

Effective management of WAS requires a comprehensive, multidisciplinary approach tailored to the
individual patient's needs and the severity of their symptoms.

PREVENTION

Wiskott-Aldrich syndrome (WAS) is a genetic condition resulting from mutations in the WAS gene.
As such, the primary prevention strategy involves genetic counseling and screening to reduce the risk
of passing the mutation to offspring. Here are the key approaches to prevent WAS:

Genetic Counseling
e For couples with a family history of Wiskott-Aldrich syndrome (WAS), it is advisable to consult
a genetic counselor before starting a pregnancy. A genetic counselor can offer guidance on risks
and how the condition may be inherited.
e Carrier Testing: Women with a family history of Wiskott-Aldrich syndrome (WAS) can undergo
testing to determine if they carry the WAS gene mutation. Because WAS is X-linked, female
carriers have a 50% chance of transmitting the mutation to their offspring.

Prenatal Testing
e Chorionic Villus Sampling (CVS): Performed around the 10th-13th week of pregnancy, CVS can
detect genetic abnormalities, including the WAS gene mutation.
o Amniocentesis: Conducted around the 15th-20th week of pregnancy, this test analyzes amniotic
fluid to identify genetic disorders.

Preimplantation Genetic Diagnosis (PGD)
e In Vitro Fertilization (IVF) with PGD: For couples undergoing IVF, PGD can be used to test
embryos for the WAS gene mutation before implantation. This allows only embryos without the
mutation to be implanted, thereby preventing the condition in the offspring.

Newborn Screening
e Early Diagnosis and Intervention: While this does not prevent the genetic condition itself, early
detection through newborn screening programs can allow for prompt medical intervention and
management, improving outcomes for affected infants [17].

While these measures can help prevent the birth of children with WAS or ensure early diagnosis,
they are primarily focused on families known to be at risk. In families with no known history of WAS,
routine genetic screening is not typically performed unless there is a suspicion based on family medical
history or other risk factors [18].

PROGNOSIS [19-21]

The outlook and prognosis for individuals with Wiskott-Aldrich syndrome (WAS) can differ widely
based on the severity of the condition, the success of treatments, and the timing of diagnosis and
intervention. Below are key considerations regarding the prognosis for WAS:

Severity and Variability

Symptoms of Wiskott-Aldrich syndrome (WAS) can vary from mild to severe. The classic form tends
to be more severe with increased risk of complications, whereas milder forms such as X-linked
thrombocytopenia (XLT) typically have a more favorable outlook.
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Infection Risk

Without treatment, individuals with WAS are at high risk for frequent, severe infections due to
immune deficiency. Effective management of infections with prophylactic antibiotics, immunoglobulin
therapy, and prompt treatment can improve outcomes.

Bleeding Complications

Thrombocytopenia can lead to significant bleeding issues, including easy bruising, nosebleeds, and
bleeding in internal organs. Proper management with platelet transfusions and medications like
eltrombopag can mitigate these risks.

Autoimmune Disorders and Cancer

People with Wiskott-Aldrich syndrome (WAS) are at higher risk of developing autoimmune
conditions and cancers, particularly lymphoma. Regular monitoring and timely intervention are
essential for managing these risks effectively.

Hematopoietic Stem Cell Transplantation (HSCT)

Currently, hematopoietic stem cell transplantation (HSCT) is the sole curative treatment for Wiskott-
Aldrich syndrome (WAS). It can correct the underlying immune deficiency and thrombocytopenia.
When performed early in life, HSCT significantly improves the prognosis, offering a chance for long-
term survival and normal immune function.

Gene Therapy

Emerging gene therapy approaches show promise in correcting the genetic defect in WAS and
potentially curing the condition. While still in the experimental phase, gene therapy shows potential to
enhance the prognosis for future patients.

Quiality of Life
With appropriate treatment and management, individuals with WAS can lead relatively normal lives.
This includes regular medical follow-up, supportive therapies, and management of complications.

Life Expectancy

The life expectancy for individuals with WAS has improved with advancements in medical care,
including HSCT and better infection control. However, the prognosis can still be guarded for those with
severe forms of the disease or who develop serious complications.

Overall, early diagnosis and a comprehensive, multidisciplinary approach to treatment are essential
for improving the outlook for individuals with Wiskott-Aldrich syndrome. Consistent follow-up with
healthcare providers and continuous monitoring for complications are essential parts of effective
management.

CONCLUSION

Wiskott-Aldrich syndrome (WAS) is a rare genetic disorder that predominantly impacts males due
to its X-linked inheritance pattern. Effective management requires an interprofessional team approach,
involving specialists in hematology, dermatology, pathology, infectious diseases, genetics, nursing, and
pharmacy. Diagnosis is based on clinical and laboratory findings, confirmed through genetic testing.

Treatment includes both conventional and supportive care measures. Prophylactic antibiotics are used
to prevent infections, and platelet transfusions are administered to manage life-threatening
hemorrhages. Intravenous immunoglobulin (IVIG) therapy is indicated for patients with antibody
deficiencies. Currently, hematopoietic stem cell transplantation (HSCT) is the sole curative therapy
available for Wiskott-Aldrich syndrome (WAS).
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Continuous monitoring for infections, bleeding episodes, autoimmune manifestations, and signs of
malignancies is essential. This involves regular clinical evaluations, laboratory tests, and, when
necessary, imaging studies. Dermatological manifestations, such as eczema, require ongoing
management. Living with a chronic and potentially life-threatening condition like WAS can impact the
psychological well-being of patients and their families.

Psychosocial support services, such as counseling and participation in support groups, can assist in
managing emotional and social difficulties. Genetic counselors provide invaluable support to families
by explaining the genetic basis of WAS, discussing inheritance patterns, and offering guidance on
family planning options. Even after successful HSCT or other treatments, long-term monitoring and
follow-up care are essential to assess for potential complications, monitor immune reconstitution, and
optimize overall health and well-being.
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