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Wiskott-Aldrich syndrome caused by a novel
mutation in the WAS gene and presenting with
a mild phenotype
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ABSTRACT
Background: Wiskott-Aldrich syndrome (WAS) is an X-linked recessive disorder associated with combined
immunodeficiency, microthrombocytopenia, eczema, and an increased risk of autoimmunity and cancer.

Aim: To report the clinical presentation, immune features, and genetic mutation in a patient with a novel mutation
in the Wiskott-Aldrich syndrome (WAS) gene, causing a mild phenotype of WAS.

Methods: The patient’s chart was reviewed. We report the phenotypical and laboratory characteristics of a
patient with a mild phenotype of WAS identified by WAS gene sequence analysis.

Results: Our patient presented with thrombocytopenia and 3 episodes of otitis media at 24 months of age, with
no other significant manifestations suggestive of immunodeficiency or immune dysregulation. A missense muta-
tion was found in exon 12 of theWAS gene, C1498>T, leading to a Trp500Arg amino acid change. Currently, he
is 15 years old and remains in good health, free of infections or other complications to date.

Conclusion: Genetic analysis is helpful for the diagnosis of WAS; our patient’s mutation was found to cause a
mild phenotype.

Statement of novelty: We describe a patient with a mild phenotype of WAS with a novel mutation in the WAS
gene, thus, expanding the spectrum of WAS gene mutations.

Introduction

Wiskott-Aldrich syndrome (WAS) is a rare X-linked
primary immunodeficiency disorder characterized by
recurrent infection, eczema, microthrombocytopenia
and an increased risk of autoimmune disorders and
malignancies, mostly lymphoma Buchbinder et al.
2014. The Wiskott-Aldrich syndrome gene (WAS) is
located at Xp11.22–p11.23 and contains 12 exons,
encoding the Wiskott-Aldrich syndrome protein
(WASp) — a 502-amino acid intracellular multi-
domain protein, which has a crucial role in cytoskeleton
organization and cell signaling (Massaad et al. 2013;

Kirchhausen and Rosen 1996). WASp contains
5 distinct structural domains: the N-terminal WASP-
homology domain 1 (WH1), the GTPase-binding
domain (GBD), the proline-rich region (PRR), the ver-
prolin homology domain (V), and the cofilin-homology
sequence (C), and a C-terminal acidic (A) domain (Kim
et al. 2000; Massaad et al. 2013) (Figure 1).

The N-terminal domain of WASp is important for
IL-2 signaling while the WH1 domain is the binding site
of WASp-interacting protein (WIP). WIP is crucial for
the stability of WASp. The inactive state of WASp is
maintained by autoinhibition with binding of the VCA
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domain to the GBD domain. The PRR domain serves as
a docking site for other signaling and adaptor proteins.
The C-terminal VCA domain is the functional unit that
has a critical role in the process of actin polymerization
(Kim et al. 2000; Chou et al. 2006). There are multiple
immunological functions which are dependent on the
normal actin cytoskeleton, including lymphoid cell
proliferation, immune synapse assembly and signaling,
lymphoid and myeloid cell migration, as well as natural
killer cell cytolytic activity and phagocytosis (Rivers et al.
2017).

The clinical manifestations of WAS include micro-
thrombocytopenia associated with increased risk of
bleeding, eczema in different degrees of severity, and
recurrent infections. Infections may include severe life-
threatening viral infections, bacterial, and opportunistic
infections (Imai et al. 2004). Furthermore, patients with
WAS are at high risk of developing autoimmune com-
plications such as autoimmune hemolytic anemia,
arthritis, inflammatory bowel disease, and vasculitis
(Dupuis-Girod et al. 2003).

Different mutations in the WAS gene have been
identified, resulting in various phenotypes and a broad
range of disease severity (Imai et al. 2003). Most of the
missense mutations identified in WAS patients are
located in exons one to four, affecting the WH1 domain,
leading to poor binding of WIP to the WH1 domain
and WASp instability (Luthi et al. 2003). Missense
mutations usually result in normal-sized WASp, often
with reduced protein expression and were considered
to cause a clinical phenotype less severe than patients
with no WASp expression, with some exceptions.
In contrast, patients with nonsense mutations either
lack WASp or express a truncated protein, and were
considered to present with the classical phenotype of
WAS. However, data provided in published reports
have so far failed to demonstrate a clear correlation of

genotype/protein expression and phenotype (Imai et al.
2003, 2004; Albert et al. 2010).

In some cases, WAS can be fatal without hematopoi-
etic stem cell transplantation early in life, whereas
milder cases can be managed symptomatically with
clinical follow up and/or immunoglobulin replacement
therapy (Imai et al. 2004). In this case, we report on a
young male with WAS caused by a novel mutation. He
presented with a mild phenotype and has no
WAS-related complications.

Methods

Patient chart review and targeted sequencing of the
WAS gene were performed following informed consent,
in accordance with a research ethics approved proto-
cols. Following our patient’s diagnosis, further genetic
testing was performed on the patient’s mother,
maternal grandfather, and sibling for the known fami-
lial mutation. Targeted sequencing was the preferred
method at the time of diagnosis as commercially
available genetic panels were not available.

Results

Case presentation
Our patient, currently a 15-year-old male, presented

at the age of 2 years with thrombocytopenia and mild
bruising. He was initially diagnosed with immune
thrombocytopenic purpura but further findings of
persistent low platelet count, microthrombocytopenia
on blood smear, and 3 episodes of otitis media
prompted immunological evaluation. He did not expe-
rience any severe or deep-seated infections, nor derma-
titis, or diarrhea. He was born to non-consanguineous
healthy parents. His family history is significant for a
maternal grandfather with Crohn’s disease and frequent
epistaxis. His physical exam was within normal limits

Figure 1: Schematic representation of WASp, encoded by WAS, with our patient’s mutation.
The N-terminal WASP-homology domain 1 (WH1), GTPase-binding domain (GBD), proline-
rich region (PRR), verprolin homology domain (V), cofilin-homology sequence (C), and
C-terminal acidic (A) domain are shown.
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except for mild bruising. He had normal growth and
development.

Investigations
Immune evaluation revealed normal white blood

count (WBC), no anemia, and thrombocytopenia of
50 × 109/L. Total lymphocyte and T cell counts were
normal (Table 1), but over time, a gradual reduction in
both CD4+ and CD8+ cells was observed. PHA stimu-
lation index was slightly low, however, repeated testing
was within the normal range. Serum concentrations of
immunoglobulins (IgG, IgA, and IgM) were normal
for age and vaccine responses to Measles, Mumps,
Rubella and Tetanus toxoid were protective. WAS gene
sequencing revealed a missense mutation of C1498>T,
leading to a Trp500Arg amino acid change. This muta-
tion has not been described in the literature previously.
Flow cytometry showed WASp was present, but
reduced expression of WASp in leucocytes was noted.

Further genetic testing via sequencing the region
covering the known familial mutation was performed
on the patient’s maternal grandfather, healthy mother,
and healthy sibling. Both the grandfather and sibling
were found to be negative, and both had normal platelet
counts. The patient’s mother was found to be a carrier
of the same mutation. She is otherwise well and healthy.

Outcome
Further evaluation revealed that the patient ’s

brother was not a match for hematopoietic stem cell
transplantation. The challenge of future management
for this patient stemmed from the fact that, at the
time, his prognosis was uncertain given that his
mutation had not been previously described in the lit-
erature. Since he did not have a matched-sibling
donor, nor a matched-unrelated donor, hematopoietic
stem cell transplantation did not become part of his
treatment. Over the following 13 years, he continued
to be well, with no recurrent infections. He did not
develop clinical evidence suggestive of immune dysre-
gulation, i.e., inflammatory bowel disease, arthritis,
vasculitis, autoimmune hemolytic anemia etc.
His immunological evaluation is significant for stable
thrombocytopenia and T cell lymphopenia, borderline
immunoglobulins levels and normal vaccines
response.

Discussion

WAS is a rare immunodeficiency with estimated
prevalence of ∼1:250,000, male births in Canada and
the U.S. (Perry et al. 1980). It is characterized by recur-
rent infections, eczema and microthrombocytopenia, as
well as an increased risk for cancer and autoimmunity

Table 1: Immune evaluation.

Age
5 years Reference range

Age
10 years Reference range

Age
13 years Reference range

WBC (cells/L) 4.7 5.14–13.38 6.1 4–10 × 10ˆ9/L 4.5 3.84–9.84 × 10ˆ9/L
Hemoglobin (g/L) 125 102–127 134 120–160 130 110–145
Platelets (cells/L) 78 202–403 93 150–400 × 10ˆ9/L 74 175–332 × 10ˆ9/L
Neutrophils (cells/mL) 2.46 1.54–7.92 3.14 2–7.5 × 10ˆ9/L 2.5 1.54–7.04 × 10ˆ9/L
Lymphocytes (cells/mL) 1.61 1.13–1.52 1.88 1.50–7 × 10ˆ9/L 1.35 0.97–3.26 × 10ˆ9/L
Monocytes (cells/mL) 0.54 0.19–0.94 0.64 0.05–0.8 × 10ˆ9/L 0.48 0.18–0.78 × 10ˆ9/L
Eosinophils (cells/mL) 0.05 0.03–0.53 0.34 0.02–0.5 × 10ˆ9/L 0.11 0.04–0.38 × 10ˆ9/L
CD3+ (cells/mL) 903 1578–3707 937 800–3500 762 954–2332
CD3+ /CD4+ (cells/mL) 582 870–2144 637 400–2100 517 610–1446
CD3+ /CD8+ (cells/mL) 192 472–1107 203 200–1200 172 282–749
CD19+ (cells/mL) 452 434–1274 503 200–600 350 173–685
NK (cells/mL) 244 155–565 312 70–1200 214 87–504
PHA stimulation index 1046 >50% of control

or>200
1337 >50% of control

or>200
788 >50% of control

or>200
IgG (g/L) 4.1 5.4–13.6 5.9 6.6–15.3 6 6.6–15.3
IgM (g/L) 0.5 0.4–1.5 0.3 0.4–1.5 0.3 0.4–1.5
IgA (g/L) 0.2 0.3–1.5 0.8 0.5–2.2 0.9 0.5–2.2
IgE (IU/mL) 4 <450 <25 <450 <25 <450
Isohemagglutinins (anti B) 1:32 — 1:8 — 1:64 —

Anti-tetanus Ab (IU/mL) 0.49 — 1.87 — 1.25 —

Measles, Mumps, Rubella Ab Positive — Positive — Positive —
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(Massaad et al. 2013; Rivers et al. 2017). The causative
gene, WAS, encodes WASp, which is a hematopoietic
cell specific protein and is involved in actin polymeriza-
tion, cytoskeletal rearrangement, and signaling events
(Massaad et al. 2013).

Our patient’s mutation is at the C-terminal acidic A
domain which is required for the initiation of actin
polymerization and thus normal cell motility. Deletion
of the VCA domain results in complete loss of WASp
mediated actin polymerization (Massaad et al. 2013).
Another important role of the VCA domain is in
WASp autoinhibition, which occurs upon GBD site
binding to the C-terminal VCA region, resulting in
autoinhibition of the stimulatory activity of the protein
(Scherl et al. 2002).

The mild phenotype observed in our patient is most
probably associated with intact WASp functions, such
as the WIP/WH1 domain interaction and protein sta-
bilization, signaling through the GBD domain, and
normal docking at the PRR domain, as those are not
affected by the far C-terminal acidic mutation.
Phosphorylation of WASp on tyrosine 291, a location
that is most probably not affected by our patient’s
mutation, was shown to enhance the actin polymeri-
zation activity of WASp via the Actin Related
Protein (Arp) 2/3 complex. Moreover, immune func-
tions such as T cell differentiation, memory B cell
activation, and transcription of inflammatory cyto-
kines are independent of the normal actin polymeri-
zation by WASp (Rivers et al. 2017).

According to the scoring system suggested by
Zhu et al. (1997), patients considered to have an
X-linked thrombocytopenia (XLT) phenotype are
assigned a score of one to two, whereas patients consid-
ered to have WAS are assigned a score of three to four.
XLT and WAS patients who develop autoimmunity
and/or malignancies at a later stage in life progress to a
score of five (Imai et al. 2004).

As our patient has only thrombocytopenia, mild
eczema with no infections or evidence of immune dys-
regulation he was assigned severity score of 2 according
to the scoring system suggested by Zhu et al. (1997)
Gene therapy has focused on patients with severity
score from 3–5 who display a WAS phenotype charac-
terized by bleeding, severe eczema, and severe infections
(Abina et al. 2015).

Mutations in the WAS gene result in a broad range of
disease severity and can be divided in different groups
according to their effect on WASp expression.
Mutations include null mutations (nonsense mutations,
deletions, insertions with frameshift) - 46%, missense
mutations - 42%, and splice anomalies - 12%. As
previously published, most missense mutations are
located in exons 1 through 4, in theWH1 domain result-
ing in an XLT phenotype or low severity WAS score,
while nonsense mutations were observed as causing a
severe phenotype (Imai et al. 2003, 2004). The genotype-
phenotype correlation in WAS is not absolute. Other
published data failed to demonstrate a clear correlation
of missense mutations genotype/protein expression and
phenotype, with only half of the patients carrying mis-
sense mutations exhibiting the XLT phenotype and
detectable WASp (Liu et al. 2015). Clinicians often rely
on published case report series to determine prognosis,
given the wide clinical spectrum of WAS. Thus, it is
important to broaden the genotypic and phenotypic
spectrum of WAS mutations. We have shown a
novel mutation causing a mild phenotype of WAS/
XLT, our findings also support the notion of genetic
testing in patients with thrombocytopenia and mild
symptoms to ensure an early diagnosis of inborn errors
of immunity.
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