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HOUSEKEEPING

* Attendees will not have access to their microphone or webcam throughout
the event.

* To see the full slides, you can adjust the settings on the speaker view panel
on the top of the Zoom screen and select "side-by-side" in the dropdown
option.

* Please submit all questions for the presenter via the Q&A box




DISCLAIMER

Immune Deficiency (IDF) education events offer a wide array of educational presentations,
including presentations developed by healthcare and life management professionals invited
to serve as presenters. The views and opinions expressed by guest speakers do not necessarily
reflect the views and opinions of IDF.

The information presented during this event is not medical advice, nor is it intended to be a
substitute for medical advice, diagnosis or treatment. Always seek the advice of a physician
or other qualified health provider with questions concerning a medical condition. Never
disregard professional medical advice, or delay seeking it based on information presented

during the event.
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Chapter 11
Wiskott-Aldrich Syndrome

‘ Hans Ochs, MD, Seattle Children’s Hospital and Research Institute,
Seattle, Washington, USA

IDF Website: www.primaryimmune.org

© Find a Clinician How can we help you? ~

Healthcare Professionals Q

o Ask IDF o My Account ~
Wiskott-Aldrich Syndrome (WAS) is unique among primary
immunodeficiency diseases (Pl) because, in addition to being
susceptible to infections, individuals may have a bleeding problem,
develop eczema, and have an increased incidence of autoimmunity

and malignancies.

The bleeding tendency is the result of markedly reduced numbers

of unusually small, dysfunctional platelets (blood cell fragments

that play an important role in the formation of blood clots). These
additional complications lead to unique health challenges for
individuals with WAS that are not typically seen in other forms of Pl.
WAS is a rare X-linked genetic disorder with an estimated incidence
of approximately 1 in 100,000 male live births. Milder forms of the
disease that have some, but not all of the usual WAS symptoms, also
exist, which can sometimes cause delays in making a correct diagnosis.
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Home / Resources Index

IDF Resource Center

There are more than 400 primary immunodeficiencies recognized by the International Union of Immunological Societies. Discover the resource materials

below to learn more.

Search Resources

SCID Compass Lunch & Learn: February 9, 2022

Listen to this SCID Compass Lunch & Learn featuring Scott Shone, Ph.D., HCLD
(ABB) as he discusses a look at 4 years of universal screening for SCID in North
Carolina. This lunch and learn was presented on February 9, 2022. For more

Filter By Audience:

Filter By Content Type:

Filter By Resource Category: information about SCID Compass, please visit our website:

www.scidcompass.org.

Filter By Publication Category:
Learn More —

Clinical Presentation

WAS was fiest described in 1937 by De Alred
Wiskott, a German pediatrician who dentified
three brothers with low platolet counts
(thrombocytopenia) and small platelets, bloody
diarrhea, don rash { . and oar
infections. All thees died at an eary age from

e of bleeding o ink Notably,
ther sisters dd not have symptoms. Seventesn
yoars later, by studying 3 large six-gencration
Dutch family with boys who had smilar symptoms
to the indniduals described by Wiskott, De. Robert
Aldnch, an American pediatrician, was able to
clariy that tho diseate was passed down from
generation 10 generation in an X-linked recessive
mannec. (Soe Inhertance Chaptor) In 1994, the
gene that is defective in indwiduals with WAS
was identified, and this dscovery led to the
understanding that milder forms of this disease,
such as Xelinked thrombocytopenis (XLT), exist and
that indwiduals with XLT have mutations in the
same gene.

In its classic form, WAS i charactenized by three
basic dinical foatures:

_‘cwn:wm-mnsrum

Increaned tendency to bieed, caused by a
sgndicantly reduced number of very small
platelets

Recurrent bactensl, vral, and fungal infections
Eczems affecting various regions of the skin

In addition to this basic tnad of symptoms,
ndividuals wieh WAS also have an increased
gk of developing severe
and have an wd nod of malgnancy

Lark. >

feancer), p y lyme or louk -
(See A y in Prirmacy Immunodef y
Chapter)

Bleeding Tendency

Thrombacytopenia & a common fature of
individuals weh WAS. In addition to being
decreated iIn number, the platelets thomsehves are
small, less than half the sze of normal platelets and
dysfunconal. As a tesult, indivduals with WAS
may bleed casily, even if they have not had an
njury. Bloeding into the skin may cause pinhead
sized bluish-red spots, called petechae, or they
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receive information, and gain support
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Annual Pl Conference
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2022 Primary Immunodeficiency Conference
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Classical WAS and XLT

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

Classical -WAS XLT
* Thrombocytopenia * Thrombocytopenia
* Infections * Eczema
e Eczema * However, after the first decade,

increased risk of autoimmunity

* Autoimmunit
y and malignancy

* Increased risk of malignancy




Classical WAS and XLT

TABLE 8.2 Scoring system to define clinical phenotypes associated with WAS mutations.

XLN
Score 0
Thrombocytopenia —
Small platelets —
Eczema —
Immune deficiency —/(+)
Infection —/(+)
Autoimmunity and/or malignancy —

Congenital neutropenia +

Myelodysplasia —/+

iXLT
<1
—/+
N

—/(+)

XLT

(+)
(+)
(+)

+ + + + + @

Classic WAS

++

A+ +

5

+

+
—/(+)+/++
(+)/+

—/(+ )+ ++

+

WAS, Wiskott—Aldrich syndrome; XLN, X-linked neutropenia; iXLT, intermittent X-linked thrombocytopenia; XLT, X-linked thrombocytopenia. Scoring sys-
tem: —/(+), absent or mild; —/+, intermittent thrombocytopenia, possible myelodysplasia; (+), mild transient eczema or mild, infrequent infections not
resulting in sequelae; +, thrombocytopenia, persistent but therapy-responsive eczema, and recurrent infections requiring antibiotics and often IVIgG
prophylaxis; ++, eczema that is difficult to control, and severe, life-threatening infections.

Stiehm’s Immune Deficiency, 2" ed



WASp function

* Immune function
* Actin cytoskeleton

Phagocytosis I

Immune
synapse
assembly

o o ‘N /TSN 3
.
release
ipti | ) )
| T“::;f‘rlﬁ'g:a l migcr:ltlion Creator: Elizabeth Rivers
Eur JImmunol. 2017

* Non-immune function

* Tumor suppressor
Nat Med 2019



Classical WAS and XLT

e 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

o af®
L fid

e X|AP ©) Jdreamstime.com



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?

¥ Inactivation

Early embryo Adult
Cell division
. XX * and random Twa cell
i Chromosomes X pioecenoa populations
E__I_.' CHHGMGSGMES inactivation
y ' ""‘ 4 ALLELE FOR ACTIVE X
' l | ' ORANGE FUR Jm ) INACTIVE X
i ] ) - - e
e e I T (L™ iNacTivE X
! W f \ ALLELE FOR ACTIVE X
l l BLACK FUR
" * ORANGE
FUR
) o BLACK e e
Random: WAS+ 50% : WAS- 50% FUR

Skewed: WAS+ 10% : WAS- 90% https://en.wikipedia.org

https://www.chegg.com

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.

) _ Blood 1988;72:1735-1739
Preferential selection of the normal 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 MlI, 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

o (WIP)

WAS gene identified 1994

Reports rare/extreme cases
—




WAS in a girl

TaBLE 1. IMMUNOLOGIC AND HEMATOLOGIC
CHARACTERISTICS OF THE EIGHT-YEAR-OLD Proven WAS gene defect

PATIENT.

spontaneous mutation in exon 4 of the WASP

NORMAL .

VARIABLE PATIENT RANGE gene on the paternally derived X chromosome
Serum immunoglobins (mg/dl) ) ) ) )

%gA 35;1 733—%4?0 Skewed inactivation of the maternally derived X

gG 65 -14 . .

IgM 38 68-175 chromosome in both peripheral blood cells and
Platelets™

Count (X10-3/mm?) 14.6+2 130-400 buccal mucosal cells

Volume (11) 4+0.3 7.2-11
Lymphocyte phenotype (%)t

CD3 62 49-75

CD4 23 14-50

CDS 29 9-38

CD19 9 2-23

CD56 9 2-11

a /B T-cell receptor 42 37-69 . . .

16 T-cell receptor 3] 0-13 What happens to most carries is still not known

*Plus—minus values are the means £SD of the three de-
terminations.

1The values are the percentages of mononuclear cells pos-
itive for these markers.

N Engl J Med 1998;338(5)



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
e Autoimmune findings like lupus higher in females than male



Understanding WAS carrier

e STEP1 Survey

* |dentify disease burden
* Areas for future research
* Advocate for resources managing carriers

 STEP 2 Immunobiology research
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WAS ‘Self-reported” Survey

Foundation
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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

~
SPIDTC Children’s

@) Healthcare of Atlanta
=

AS o .

. Immune Wlskott—Ald_nch

l’ Deficiency é“ foundation
Foundation

SPHyperigM

® Foundation

English ¢

Ql.l.
Children’s Healthcare of

Atlanta (CHOA)

Oral Consent and HIPAA
Authorization
Script/Information Sheet for
a Research Study

Study Title: A study
assessing the physical health
and psychosocial well-being of
female carriers of Wiskott-
Aldrich syndrome (WAS) and X
Linked Hyper IgM Syndrome (X-
HIGM)



mailto:irb@choa.org

Study Objectives

* Primary objectives
* Incidence of thrombocytopenia, autoimmune disorders, malignancy
* Incidence of anxiety, depression, worry and guilt

e Secondary objectives

* Increase awareness among medical professionals about carriers’ health
problems

e 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
Relationship/Mutation

Demographics

Symptoms 10
Allergies/Infections 13
Autoimmunity/thrombocytopenia 10
Malignancy 5
Organ disease

Pregnancy related 3
Psychosocial 10

Total WAS questions 68




No. of survey takers

193



Demographics

Residence Age
US 99 (51%) o

Non-US 91  (47%)

Unkn 3 (2% ) |

0.03 7

Density

0.02 1

0.014

Race

0.004

White 73% N T e N
Median: 39 years (range 20 —74)



Relationship

150 1

100 1

50 1

15%

4%

> 1 WAS in family

30%

Aunt

Daughter

Grandmother

Relationship

Mother

Sister




Severity of WAS in the family

Severity

. Both mild and severe
. Classic or severe

150

100




Symptoms

Medical burden

Symptoms Diagnosis of major illness

Blood
] . Endocrine 1
Gastrointestinal -

Joint -

Lung -

. Not present

. Not present
. Present

Present

Diseases

Neurological Kidney -

Skin -

Systemic - Liver -

o _

Urinary

- 200 150 -100 -50

150 -100 .50 100
No. of Part|C|pants No. of Participants



Thrombocytopenia

* Mild (Platelet < 150,000/ uL)
24 (12%)

* Severe (Platelet < 50,000/pL)
* 4 (2%)

* Age at diagnosis
e 21 —30yrs (in majority)

* Chronic ( > 3 months)
* 5(3%)

* Treatment needed

«5(3

%)
IVIG (1)

* Platelet transfusion (1)
» Steroids (3)



Skin

Warts -

Vasculitis 1

Molluscum -

Hives/Urticaria/Angiodema -

Eczema/Atopic dermatitis -

Easy bruising -

Chronic itching

Boils or abscesses -

Athelete's foot 1

O -

20

40

60

80




Immune defects

Allergies

Medicine allergy -

Food allergy -

Environmental allergy -

Asthma -

49% of carriers
reported
allergies

20

40

60

Skin abscesses, boils or cellulitis 4

Sinus infection 4

Shingles -

Pneumonia A

Pneumocystis

Fever blisters -

Epstein Barr virus

Ear infection -

Cytomegalovirus

Infections

10 20 30 40

(=%




Autoimmune
disorders

* 25% of respondents

Thyroiditis -

Rheumatoid arthritis -

Lupus 4

Immune mediated thrombocytopenia -

Anti-phospholipid syndrome -

o4

10




Cancer

e 20 carriers (10%)

* Breast 5
e Skin 4
* Thyroid 2

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



Psychosocial

* Impact on functioning
* 60% Some difficulty

* 3% Extreme difficulty
e Guilt
* 91% Passing the gene to affected sons (2/3 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

e About 10% of WAS carriers have very skewed WASp in stem cells and immune compartment
e Opportunity to study in the US

* More comprehensive, evaluating WAS expression in different cellular compartments



WASp expression in different immune compartments

* CD34
* Tcells
* Tregs 100-200ul Blood
e L O  Teels . B cells Monocytes ¥ Platelets
* Niave
* Memory
e Activated Healthy Control
* Bce”S . WAS carrier \
* Naive )
« Memory — A —~
WAS patient
* NK cells
* Neutrophils WASp expression “ S ' o : @

* Monocytes
* Dendritic cells

* Platelets 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, 1gM, and IgE

Vaccine titers

Biomarkers of autoimmunity
* Autoantibodies



CDA40L deficiency-XHIGM carrier work

HD Carrier 2 Pt. 2

N
0qQ
==

€ blood advances

Tre
( 22.9% 20.8% 186% | o9
. . .. . . CXCR5+PD1-
HSCT using carrier donors for CD40L deficiency results in excellent immune { 87.9% 58.5% 52.1%
function and higher CD40L expression in cTfh E
Tracking no: ADV-2021-006905R1 . . cTFH
75.3% 60.9% 58.5%
Shanmuganathan Chandrakasan (Emory University, Children's Healthcare of Atlanta, United States)
Sharat Chandra (Cincinnati Children's Hospital Medical Center, United States) Chengyu Prince
(Children's Healthcare of Atlanta, Emory University School of Medicine, ) Lisa Kobrynski i - " CD4
(Children's Healthcare of Atlanta, Emory University School of Medicine, United States) Laura Lucas 85.7% 43.1% 40.3%
(Children's Healthcare of Atlanta, Emory University School of Medicine, United States) Kiran Patel
(Children's Healthcare of Atlanta, Emory University School of Medicine, United States) Jolan Walter © |
(University of South Florida, United States) Rebecca Buckley (Duke University, United States) 5 \ A J' CD4
Roland Meisel (Center for Child & Adolescent Health, Heinrich-Heine-University, Germany) Sujal @ W 2 996 W 4 29; ,; 1.5%
Ghosh (Universit&tsklinikum Disseldorf, Germany) Suhag Parikh (Emory University School of Medicine, = Jk -—p 3. «— £y, N &——m»
United States) -
CD40L »

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



Shan Chandrakasan, MD Suhag Parikh, MD

Pediatric Hematologist/Oncologist, Pediatric Hematologist/Oncologist
Medical Director of Immune Clinical Director of Cellular Therapies for Nonmalignant
Dysregulation/Immunohematology and Immune Defect Diseases, Aflac Cancer & Blood Disorders Center
Transplant Programs, Aflac Cancer & Blood Disorders at Children’s Hospital of Atlanta
Center at Children’s Healthcare of Atlanta Associate Professor of Pediatrics at
Associate Professor of Pediatrics at Emory University School of Medicine

Emory School of Medicine
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Wiskott-Aldrich syndrome (WAS) is unique among primary immunodeficiency diseases because,
in addition to being susceptible to infections, patients have problems with abnormal bleeding.
The bleeding problems are the result of unusually small, dysfunctional platelets (blood cells that
play an important role in the formation of blood clots). For patients with WAS, this leads to
unique health challenges that are not typically seen in other immunodeficiency disorders. Milder
forms of the disease that have some, but not all of the usual WAS symptoms, also exist, which
can sometimes cause delays in making a correct diagnosis.

Clinical Presentation of Wiskott-Aldrich Syndrome

Healthcare Professionals

RELATED NEW!
IDF Partners with t!
Foundation and Wi
Foundation on Sun

View All News —
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Wiskott-Aldrich Syndrome

Seattle, Washington, USA

Hans Ochs, MD, Seattle Children’s Hospital and

i Research Institute,

Wiskott-Aldrich Syndrome (WAS) is unique among primary

immunodeficiency diseases (Pl) because,

in addition to being

susceptible to infections, individuals may have a bleeding problem,

develop eczema, and have an increased
and malignancies.

incidence of autoimmunity

The bleeding tendency is the result of markedly reduced numbers

of unusually small, dysfunctional platelets (blood cell fragments

that play an important role in the formation of blood clots). These
additional complications lead to unique health challenges for
individuals with WAS that are not typically seen in other forms of PI.
WAS is a rare X-linked genetic disorder with an estimated incidence

of approximately 1 in 100,000 male live births. Milder forms of the
disease that have some, but not all of the usual WAS symptoms, also
exist, which can sometimes cause delays in making a correct diagnosis.

Clinical Presentation
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. IDF WAS Videos & Media s

Diagnosis-Specific
Education Session:
Wiskott-Aldrich
Syndrome (WAS)

Fabio Candotti, MD
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© Wiskott-Aldrich Syndrome (WAS) - A
Diagnosis Specific Episode
IDF Channel

O Diagnosis-Specific Education Session:
Wiskott-Aldrich Syndrome
IDF Channel

IDF Reel Stories Playlist on YouTube —

® ®

Stories

Www.primaryimmune.org




Have more
Questions?

www.Primaryimmune.org/ask-idf
800-296-4433
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WE VALUE YOUR FEEDBACK!

Please take a moment to complete our
Program Evaluation Survey:

SCID Compass Lunch & Learn
Post-Webinar Survey

Thank you for participating in this month's SCID Compass
Lunch & Learn. Please evaluate the event by rating each
category. Your comments will assist the SCID Compass
team in planning future programs. You can also email our
team directly at scidcompass@primaryimmune.org. Thank
you!

* Required

1.Were you able to participate in the
event? *

. Yes

() No

Submit
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NEXT PROGRAM

Wednesday, March 23rd
12:00 PM ET

SCID Compass Lunch & Learn:
Family Planning and SCID

Brianne Miller, MPH
Newborn Screening Initiatives
Expecting Health

www.scidcompass.org/events




