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Classical WAS and XLT

• X-linked combined immune deficiency due to a genetic defect in WAS
gene

Classical -WAS 
• Thrombocytopenia

• Infections

• Eczema

• Autoimmunity

• Increased risk of malignancy 

XLT
• Thrombocytopenia
• Eczema 
• However, after the first decade, 

increased risk of autoimmunity 
and malignancy 



Classical WAS and XLT

Stiehm’s Immune Deficiency, 2nd ed



WASp function 

• Immune function
• Actin cytoskeleton

• Non-immune function
• Tumor suppressor 

Creator: Elizabeth Rivers
Eur J Immunol. 2017 

Nat Med 2019



Classical WAS and XLT
• Extensive immune studies have greatly improved our understanding of immune 

defects in WAS

• Excellent supportive care and improving curative options are leading to an overall 
improvement in survival

• For every patient of WAS/ XLT identified – there are likely to be more carriers
• Mother and sister ( need to be screened)

• Maternal grandmother and aunts ( need to be screened)



WAS carrier 

We Don’t Talk 
About Bruno’ 
(no, no, no)…



You are not alone…

• There are several X-linked immune defects and other X-liked inherited 
conditions 
• X-CGD

• HIGM

• XLP

• IPEX

• XLA

• MSN

• X-SCID

• XIAP



WAS/ XLT carriers 

• Do carriers have immune problems
• Infections
• Autoimmune 
• Eczema

• Do carriers have bleeding issues 
• Platelets 

• Do carriers also have a cancer risk

• Do carriers have pregnancy risks

• Are there other unknown risks that we are not aware of?

• What is the effect on mental health and QOL



What is lyonization?

https://en.wikipedia.org

https://www.chegg.com

Random: WAS+ 50% : WAS- 50%
Skewed: WAS+ 10% : WAS- 90%

The T, B and NK cells that have normal WASp have a survival advantage. 
Hence even if the lyonization is skewed, the % of T, B, and NK cells expressing WAS are high. 
Preferential selection of the normal

Blood 1988;72:1735-1739
Genomics 1989;4:60-67
Blood 1995;85:2471-2477



Case Reports 
Conley ME, Wang WC, Parolini O, Schapiro DN, Campana D, Siminovitch KA. Atypical Wiskott-Aldrich 
syndrome in a girl. Blood 1992;80:1264-1269

Russell SJ, Nisen PD. Random X chromosome inactivation in a female with a variant of Wiskott-Aldrich 
syndrome. Br J Haematol 1995;90:210-212

Kondoh T, Hayashi K, Matsumoto T, et al. Two sisters with clinical diagnosis of Wiskott-Aldrich syndrome: 
is the condition in the family autosomal recessive? Am J Med Genet 1995;60:364-369

Parolini O, Ressmann G, Haas OA, Pawlowsky J, Gadner H, Knapp W, et al. X-linked Wiskott-Aldrich 
syndrome in a girl. N Engl J Med 1998;338(5):291e5. 

Lutskiy MI, Sasahara Y, Kenney DM, Rosen FS, Remold-O’Donnell E. Wiskott-Aldrich syndrome in a 
female. Blood 2002;100(8):2763e8. 

Inoue H, Kurosawa H, Nonoyama S, Imai K, Kumazaki H, Matsunaga T, et al. X-linked thrombocytopenia in 
a girl. Br J Haematol 2002;118(4):1163e5.

Could these be missed
WASP interacting protein 

(WIP)

WAS gene identified 1994

Reports rare/extreme cases 



WAS in a girl 

Proven WAS gene defect 

spontaneous mutation in exon 4 of the WASP 
gene on the paternally derived X chromosome

Skewed inactivation of the maternally derived X 
chromosome in both peripheral blood cells and 
buccal mucosal cells

N Engl J Med 1998;338(5)

What happens to most carries is still not known 



Why studying all WAS carriers is critical 

• Health and wellbeing of carriers
• Primary caregiver

• Reduced intensity BMT, gene therapy, gene editing
• Mixed chimera

• Mixed population of cells that have WAS and don’t have WAS protein

• Donor for a sibling 

• Female 
• Hormones are different from male 

• Autoimmune findings like lupus higher in females than male 



Understanding WAS carrier  

• STEP 1   Survey
• Identify disease burden

• Areas for future research

• Advocate for resources managing carriers 

• STEP 2  Immunobiology research 



WAS ‘Self-reported’ Survey

CONTACT INFORMATION

Shan Chandrakasan, M.D, Principal Investigator: 404-727-8877
Suhag Parikh, M.D, Co-Principal Investigator: 404-727-8930
Children’s Healthcare of Atlanta Institutional Review Board: 404-
785-7477 or by email at irb@choa.org

David Hagin, M.D. The Tel-Aviv Sourasky Medical Center, 
Institutional Review Board Sourasky building, 2nd floor, 
Room#200. Helsinki@tlvmc.gov.il

mailto:irb@choa.org


Study Objectives

• Primary objectives
• Incidence of thrombocytopenia, autoimmune disorders, malignancy 

• Incidence of anxiety, depression, worry and guilt

• Secondary objectives
• Increase awareness among medical professionals about carriers’ health 

problems

• Guide carriers and physicians regarding best approach for surveillance and 
management of health issues

• Explore role of carriers as stem cell donors for WAS family members 



Survey Questions’ Categories

WAS or HIGM 1

Relationship/Mutation 5

Demographics 7

Symptoms 10

Allergies/Infections 13

Autoimmunity/thrombocytopenia 10

Malignancy 5

Organ disease 4

Pregnancy related 3

Psychosocial 10

Total WAS questions 68



No. of survey takers

193



Demographics

Residence

US 99 (51%)

Non-US 91 (47%)

Unkn 3 ( 2% )

White 73%

Age

Median:  39 years  (range 20 – 74)

Race



Relationship

83%

7%
15% 17%

4%

> 1 WAS in family
=

30%



Severity of WAS in the family

69%

18%



Medical burden

Symptoms Diagnosis of major illness



Thrombocytopenia

• Mild (Platelet < 150,000/μL)

• 24 (12%)

• Severe (Platelet < 50,000/μL)

• 4 (2%)

• Age at diagnosis
• 21 – 30 yrs (in majority)

• Chronic ( > 3 months)
• 5 (3%)

• Treatment needed
• 5 (3%)

• IVIG (1)

• Platelet transfusion (1)

• Steroids (3)



Skin

42%

22%



Immune defects

Allergies Infections

18%

10%

34%

17%

49% of carriers
reported 
allergies 



Autoimmune 
disorders

• 25% of respondents

8%

7%

6%

4%



Cancer

• 20 carriers (10%)
• Breast 5

• Skin 4

• Thyroid 2

• Median age at diagnosis: 41 yrs (range 22-56)



Psychosocial

• Impact on functioning
• 60% Some difficulty 

• 3% Extreme difficulty

• Guilt
• 91% Passing the gene to affected sons (2/3rd moderate to great amount)

• 88% Passing the gene to daughters



Healthcare services

• Concerns about being a carrier not adequately addressed by physician
• 34%

• Counseling regarding future pregnancies not provided
• 15%

• No guidance about genetic testing for daughters
• 29%



Immunobiology

• In addition to genetic testing for carrier status….

• WAS expression in different immune compartments
• Silvia Giliani, Ph.D. has done extensive studies in Italy

• About 10% of WAS carriers have very skewed WASp in stem cells and immune compartment 

• Opportunity to study in the US

• More comprehensive, evaluating WAS expression in different cellular compartments



WASp expression in different immune compartments 

• CD34

• T cells
• Tregs
• cTfh
• Niave
• Memory
• Activated 

• B cells
• Naïve
• Memory

• NK cells 

• Neutrophils 

• Monocytes

• Dendritic cells

• Platelets  

100-200ml Blood Monocytes

Monocytes WASp better in picking up WAS carrier state
(Don’t do carrier screening based on WAS protein expression alone)

J Immunol. 2000 Jul 15;165(2):1119-22



Immunobiology
• T cell dysregulation and deficiency

• B cell dysregulation and deficiency

• Cytokine/chemokine profile to evaluate inflammatory milieu

• IgG, IgA, IgM, and IgE

• Vaccine titers

• Biomarkers of autoimmunity
• Autoantibodies 



CD40L deficiency-XHIGM carrier work  

Similar line of work can be done in WAS carriers 



Conclusions

• A high proportion of WAS carriers reported significant medical problems, 
including
• Thrombocytopenia
• Eczema
• Infections
• Autoimmunity
• Cancer

• Psychological stressors reported by a high proportion of carriers as well

• Comprehensive, prospective studies of carriers are needed to 
• Further characterize clinical disease burden
• Understand immunobiology in WAS carriers
• Develop guidelines for health screening and prevention approaches 



Thank you
















