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The Wiskott -Aldrich syndrome: 

An Immunodeficiency due to a 

defective cytoskeleton

Wiskott-Aldrich syndrome

Åthrombocytopenia with small-sized platelets

Åeczema

Åimmunodeficiency

- infections (encapsulated bacteria, HSV)

- autoimmunity: vasculitis colitis

- tumors (leukemia, lymphoma)

Clinical features

Å®IgM, ¬IgA and IgE

ÅImpaired response to polysaccharide antigens

ÅProgressive decline of lymphocyte count

ÅDefective T cells

Immunology

An X-linked PID that affects 1 to 10 per million individuals. 

WASP structure, interactions, and activation

Fyn

Toca-1

?

Y
291

Actin
EVH1 Pro-rich

PIP2
Basic

GBD

Cdc42 SH3

V A

Actin filament

C

Nck
Grb2
Cortactin
CIP4

WIP

Btk

EVH1

BasicGBD

VA

rich

Pro

Actin
C

WIP

WASP is normally in an inactive state because of intra -

molecular interactions.

Binding of Cdc42 to the GBD or of SH3 domains (Nck, Grb2, cortactin )

to the proline -rich region of WASP results in breaking the intra -

molecular bonds . This allows the acidic VCA domain of WASP to

interact with the Arp 2/3 complex and initiate actin polymerization .

ÅWiskott-Aldrich syndrome (WAS)

ÅX-linked thrombocytopenia (XLT)

ÅIntermittent X-linked thrombocytopenia (iXLT)

Siseases associated with WASP mutations

ÅX-linked neutropenia (XLN)

ÅX-linked myelodysplasia (XLM)

SH3

WASP mutations
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>90% of missense mutations ¿ are in EVH1 domain.

>70% of them are XLT patients.

Diseases caused by mutations in WASP  

WAS is due to mutations in the gene that codes for 

the Wiskott-Aldrich Syndrome protein (WASP) resulting in a 

wide range of clinical phenotypes that depend on the 

position and nature of the mutation

Disease X-linked thrombocytopenia 

(XLT)

WAS

Mutation Missense mutations, in frame 

deletion or insertion in exons

1-3 

Nonsense mutations, 

frame shift caused by 

deletions or insertions 

Phenotype Thrombocytopenia and small 

platelets

Thrombocytopenia with 

small platelets, eczema, 

recurrent infections, 

increase incidence of 

autoimmunity and 

malignancies 

X-linked 

neutropenia (XLN)

Missense mutations, 

inframe deletion or 

insertion in the GBD 

domain

Neutropenia
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I-XLT XLT WAS

ANALYSIS OF WASP PROTEIN EXPRESSION

BY FLOW CYTOMETRY 
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T and B cell lymphopenia in WAS/XLT
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CD4 and CD8 Tcell lymphopenia in WAS/XLT
Factors that influence the phenotype

Åage.

Åfamily history

(susceptibility genes for allergy/atoimmunity)

Åenvironment (microbes, hygiene)

Åtreatment/prevention

Patients younger than 2 years often have a score Ò3, 

even if some of them develop severe symptoms later in life

- Impaired T cell proliferation, and IL-2 

secretion after stimulation with immobilized 

anti-CD3, but

- Normal response to alloantigens, antigens 

and soluble anti-CD3 presented by APCs

- Defective regulatory T cell function

T cell activation defects in WAS
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CD4+CD25- responder T cells (Resp) from WT

mice were co-cultured for 3 days with CD4+CD25+

T regs cells either from WT, WASP KO, or WIP KO

mice at different ratios.

Ratio Resp:T regs

WT

KO

Impaired Treg activity in WASP deficient mice

IPEX: Foxp3WAS

WIP

Significance of Treg cell defect

Lack of T regs results in autoimmune disease with colitis 

Ulcerative colitis occurs in 3 - 40 % of patients. they also 

develop vasculitis and anti red cells and antiplts Abs

WASP KO mice develop chronic colitis with leukocytic 

infiltration in the intestinal mucosa. This is reversed 

by normal T regs

WT

WASP KO

-Impaired F-actin polymerization after TCR 

ligation. 

-Impaired capping of the TCR.

-Impaired spreading over anti-CD3 coated 

plates

-Impaired homing to lymphoid tissues.

T cell cytoskeletal defects in WAS

Normal

Scanning EM of lymphocytes in Wiskott 

Aldrich syndrome

WAS

F-actin polymerization in primary T-cells following  

anti-CD3 stimulation is deficient in WAS

 

    Control       WAS Patient
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Aberrant Capping in WASP-/- Tcells 

WT

KO

medium anti-CD3

Immunity. 1998 Jul;9(1):81-91.

Defective spreading of WAS patient  primary T cells 

stimulated with anti-CD3

Polylysine anti-CD3
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In vivo homing of WASP -/- T cells

Mesenteric LN

Spleen
1 hour

FACS

Alexa WT T cells

+

WTTRITC T cells

from 

WT,

WKO, or

DKO

1:1

Mesenteric LN Spleen

WT WT

WASP -/-WASP -/-
0.78%

0.23%

0.99%

0.41%

0.35%

0.36%

0.07%

0.07%

1:1

0.3:1

1:1

0.4:1

Severely impaired in vivo homing of WASP -/- T cells

Defects in other immune cells

-NK cells : 

-defective cytolytic function 

-reduced F - actin at the immunological synapse

-Macrophages : 

-defective formation of the phagocytic  actin cup

-Chemotactic and Migratory defects :

- Neutrophils, Macrophages, Dendritic cells and B cells.

-B cells :

- Defects in MZ B cells (TI Ab. responses to

polyscaccharides) and memory B cells.

DIC Perforin MergeF-actin CD11a

DIC Perforin MergeF-actin CD11a
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Formation of the cytolytic immunological 

synapse requires WASP

NK

WASp-

NK*

*same with cytochalasin-D
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IL-2 corrects NK cell defect in vitro
IMMUNOPHENOTYPE OF IgM MEMORY 

B cells :CD19+ CD20+ IgD+ IgM+ CD27+

ñIgMò memory B cells are markedly 

decreased in XLT and WAS patients

peripheral blood "IgM" memory B lymphocytes

0

10

20

30

40
%

HD     0-12y

HD     >12y

XLT    0-12y

XLT    >12y

WAS  0-12y

WAS  >12y

IMMUNOPHENOTYPE OF SWITCHED MEMORY

B cells :CD19+ CD20+ IgD- IgM- CD27+

Switched memory B cells are decreased in 

XLT and WAS patients  

peripheral blood switched memory B lymphocytes
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TREATMENT

1. Splenectomy, IVIG

2. BMT

Complete correction of the Wiskott-Aldrich syndrome by 
allogeneic bone-marrow transplantation. 
Parkman et al. N Engl J Med. 1978 Apr 27;298(17):921-7.

3. Gene therapy: ongoing

4. Peptide therapy to stabilize WASP


