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Experiments of Nature: Inborn errors of Immunity (:)?f%:ssamzzz;zﬁ

« Are human knock-outs

« Caused by monogenic mutations in key genes

o resultin loss or gain of function

« Compromised immune system
o severel/recurrent infections
o allergy/atopic disease
o autoimmunity
o Inflammation

O cancer



Why study Inborn Errors of Immunity? (@) e

* Often not clear how gene defect results in clinical
disease

* Aim: reveal how gene defects result in clinical disease.
- Provide an explanation for disease pathogenesis
- Facilitate diagnosis/therapy
- Determine function of specific genes
- Lead to development of novel therapies

» Studying rare disorders can provide insights into more
common diseases that affect the general population
ie allergies, fungal infections (thrush), and viral infections.
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Primary Atopic Disorders (o) e

« Skin barrier
- Structural proteins — filaggrin (FLG)

- Intracellular adhesion molecules - corneodesmosin (CDSN),
desmoplakin (DSP), desmoglein 1 (DSG1)

- Protease inhibitors - SPINK5

« Granulocyte dysregulation (increased mast cell
degranulation)

- phospholipase C gamma 2 (PLCG2), adhesion G protein-coupled
receptor E2 (ADGRE2), TPSAB1

» Actinopathies
- DOCKS8, WASP, WIP, ARPC1B, NCKAP1L, STK4



Primary Atopic Disorders (o) e

 T-cell receptor signaling
- CARD11 (CARMA1), BCL10, MALT1 — CBM-opathies
- Hypomorphic ZAP70, LAT

» Altered T cell receptor development
- RAG1/2, IL7RA, Artemis, DNA ligase IV, adenosine deaminase

* Tregopathies
- FOXP3, CD25 (IL-2RA)/STATSB, CTLA4/LRBA, BACH2

 Metabolic defect
- PGM3



Primary Atopic Disorders (o) e

 Cytokine signaling
- IL12R/IFNGRITBX21
- TGFBR, ERBIN

- JAKs/STATs (Gain-of-function JAK1, STAT6; Loss-of-function
STAT3)

* Overlap...



Hyper IgE syndrome (HIES) () e

* Rare primary immunodeficiency: ~1 in 100,000

« Characterised by clinical triad:
« Recurrent Staphylococcal and Candida skin abscesses (opportunistic
infections)

* Recurrent cyst-forming pneumonia (S. aureus, S. pneumoniae, H.
influenzae)

» Elevated serum IgE (> 10x): other Igs are normal but often lack Ag-
specific Abs

« Atopic disease — eczema and/or food allergies

« Autosomal dominant (AD) and autosomal recessive (AR) forms



Autosomal dominant hyper IgE syndrome G s
(AD-HIES) *

« AD-HIES is associated with skeletal symptoms

- typical HIES face, high palate, retained primary teeth, hyperextensibility of
joints, scoliosis, osteoporosis, recurrent fractures

- Defects not restricted to the immune system: connective tissue
phenotypes

Grimbacher et al. 1999. NEJM



2007: AD-HIES is due to mutations in STAT3 @3%:3242@:{:55
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STAT3 activating cytokines (o) e

 IL-2/yc family of cytokines
- IL-2, IL-4, IL-7, IL-9, IL-15, IL-21
e IL-6/gp130 family
- IL-6, IL-11, IL-27, IL-31, LIF, oncostatin M, CNTF
e IL-10 family
- IL-10, 1L-19, IL-20, I1L-22, IL-24, IL-26
* IFN family
- IFN-y, IFN-a/B, 1L-28, IL-29
e CSF’s
- G-CSF, M-CSF, FIt3L
e other
- 1L-12, IL-23, EGF, leptin, growth hormone



STAT3 expression (Q Garven Instiute
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AD-HIES due to mutations in STAT3 (o) e

How do defects in STAT3 explain the phenotype of AD-
HIES patients?

1. Opportunistic infections
2. Humoral (antibody) defects
3. Atopic disease



AD-HIES due to mutations in STAT3 (o) e

How do defects in STAT3 explain the phenotype of AD-
HIES patients?

1. Opportunistic infections



AD-HIES due to mutations in STAT3 G Fte

How do defects in STAT3 explain the phenotype of AD-HIES
patients?

1. Opportunistic infections

« CD4*T cell defect in generating Th17 cells (require STAT3-
cytokines IL-6, IL-21, IL-23)

(Milner et al Nature 2008; Ma et al JEM 2008; de Beaucoudrey et al JEM

2008; Renner et al JAC/2008)
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2. Humoral defects:

« STAT3 loss-of-function (LOF) patients have normal Ig levels
but often lack Ag-specific Abs
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STAT3 LOF B cells can secrete polyclonal, but not @
Ag-specific Ig in vitro -

* polyclonally stimulate B cells in vitro for 7 days
» determine Ig secretion and Ag (tetanus) specific B cells
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STAT3 LOF B cells can secrete polyclonal, but not [ G Rt
Ag-specific Ig in vitro Q it

* polyclonally stimulate B cells in vitro for 7 days
» determine Ig secretion and Ag (tetanus) specific B cells
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STAT3 mutations impairs the generation of memory
B cells

cDa27

(b)

Normal healthy donor

AD-HIES #8 {ETATE&"I

1u4]

103 |

1091

41 ﬂs_{‘ﬂemnw

J

i

I
=

. =
-

i

Pl s

[T

J -4— Transitlonal
10%

i

MNalve

107

2

604
@
2 50+ -
Q [ ]
o
I:1340- °.
qE)so- ° o
®¢ o0
€204 2%°
°\° 0‘0
[ )
0 T g
HD  STAT3,,,

Garvan Institute
of Medical Research



IL-21 is a potent inducer of human B cell (o) coone
differentiation -

Isotype switching

Proliferation f f
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Q: Is IL-21 induced human B cell differentiation 6’31;;’324’;@{:;5
dependent on STAT3?
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STAT3 is required for IL-21-mediated differentiation of (o) cooomie
naive B cells into CD38*CD27* plasmablasts ¥ e
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STAT3, but NOT STAT1, is required for IL-21-mediated @
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differentiation of naive B cells into Ig-secreting cells

D IgM secretion (ng/mL)

105 10%3
w 2o
1n4-| L 1] 1”3
1ﬂ3" r 1021
I [ ]
102] e@ Y aat 101}
FV. S
104 .: @ 1;
A
11 asé P ﬂ.11
D r r ‘ ‘ T T D
CD40L: + + + + + +
IL-21: - + = + &
Conirol STAT3,,; STAT1,,

E IgG secretion (ng/mL)

F IgA secretion (hg/mL)

1097
%o , 10%1 age
=~ oo 108 e »
2 .. 1 g
1073 ® ®
Ak &
b v 1011 l
11
'
0.11
— e T il r 3 5 — 0 -l —hbbb— =
+ + + + + + + + + + + +
+ - + + + - + - +
Control  STATS,,. STAT1,,, Control  STAT3,, STAT1,,,



Roles of STAT3 in regulating B-cell responses (&) s

(1) Generation of long-lived memory B cells in vivo

Naive B cell
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(2) IL-21-induced Ig secretion, but not isotype switching, by naive B cells in vitro
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What about T follicular helper (Tfh) cells? (&) s
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Defective secretion of IL-21 by STAT3 LOF /G
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AD-HIES due to mutations in STAT3 (gsm:ssa:gzgz;zﬁ

How do defects in STAT3 explain the phenotype of AD-
HIES patients?

2. Humoral (antibody) defects
B cell intrinsic: defect in generating memory/effector B cells
o Requirement for IL-21 (Avery et al JExpMed 2010)
« B cell extrinsic: defect in generating T follicular helper cells

o Requirement for IL-6, IL-12, IL-21, IL-23, IL-27 (Ma et al Blood
2012; Batten et al JExpMed 2010)



AD-HIES due to mutations in STAT3 (o) e

How do defects in STAT3 explain the phenotype of AD-
HIES patients?

3. Atopic disease



Why do STAT3 LOF patients get Hyper IgE? () e

« STAT3 LOF patients have clear humoral defects

« STAT3 LOF patients have increased serum IgE and associated atopic

disease
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CD4* T cells (IL-4/5/13) cause allergy () e

// \\ ) iL-4 Degranulation
f- " \ IL-5 histamines, leukotrienes
|CD4* T cell || IL-13 prostaglandins, PAF
\
_-/ Vasodilation
Wheal and flare
* Edema
* Redness

32 e |tching



cytokine secretion (pg/ml)
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STAT3 LOF CD4* T cells have increased Th2 G
cytokine production -
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Dupilumab: mAb against IL-4R (IL-4/IL-13) @?&ﬂ‘e’?&lﬁﬁé‘e‘a“éﬁ

mADb binds to the IL-4Ra subunit of the IL-4 and IL-13 receptors

IL-4 receptor IL-13 receptor

=7 ) =
IL-4Ra “; IL-4Ra || IL-13Ra



Dupilumab: STAT3 LOF patient resulted in a’gamn,gmﬁ
decrease serum IgE O ovedca eser

« STAT3 LOF patient treated with Dupilumab because of increase
Th2 cytokines
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Summary 1 (Q‘i Sl

«CD4* T cells from STAT3 LOF patients are skewed
towards IL-4/5/13 producing cells

* Th2 cytokine producing cells likely contribute to
allergies in these patients
o STAT3 restrains Th2 cells

 How does STAT3 restrain Th2 cytokine production?



2018: Unique case of HIES G s

of Medical Research
(Jean-Laurent Casanova, Anne Puel, Vivien Beziat)

* hyper IgE

atopic dermatitis, eosinophilia, allergy

recurrent Staph infections

lung disease (bronchiecstasis, pneumatoceles, pneumonia,
infections)

chronic mucocutaneous candidiasis

connective tissue defects (mild)

Beziat et al. 2018 Sci Immunol
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NOT STAT3-deficient patient as “autosomal recessive” (
form of HIES! 2
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* Performed whole genome sequencing

Beziat et al. 2018 Sci Immunol



Summary 2 (o) o
« ZNF341 regulates expression of STAT3

« ZNF341 and STAT 3-deficient CD4* T cells are skewed towards Th2
cytokine producing cells.
o likely to contribute to allergies/atopic disease in these patients

SCIENCE IMMUNOLOGY | RESEARCH ARTICLE

IMMUNODEFICIENCIES SCIENCE IMMUNOLOGY | RESEARCH ARTICLE
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Dupilumab: mAb against IL-4R (IL-4/IL-13) (QG'

« ZNF341-deficient patient treated with Dupilumab because of
increase Th2 cytokines
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Dupilumab: mAb against IL-4R (IL-4/IL-13) (Q

« ZNF341-deficient patient treated with Dupilumab because of
increase Th2 cytokines

total IgE
30000
-} 20000
=
x
w
2 100004
0
& & &
Q R o
@ O N
Q O& O&
& <&
© RS

Levy et al. JoCl 2020



Dupilumab: mAb against IL-4R (IL-4/IL-13) (o) o

« ZNF341-deficient patient treated with Dupilumab because of
increase Th2 cytokines
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What STAT3 activating cytokine(s) inhibit Th2 gz .. .. ...
cells? Q3 Jtlta

o IL-21?

o IL-21 or IL-21R deficiency results in combined immunodeficiency
(recurrent respiratory infections, impaired humoral immunity, severe
cryptosporidiosis)

o 50% of IL-21R-deficient patients have mild elevation serum IgE, 20%
susceptible to asthma

e IL-10?7
o IL-10 or IL-10R deficiency results in inflammatory bowel disease (IBD)
o No reports of atopic disease or increased serum IgE

o IL-237
o IL-23R deficiency — Mendelian susceptibility to mycobacterial disease
o No reports of atopic disease or increased serum IgE



WGS hyper IgE syndrome patients

(Vivien Beziat, Anne Puel, Jean-Laurent Casanova)

e IL-6ST/GP130

(=AY M ......... of
3 EM:=
ARTICLE

Dominant-negative mutations in human IL6ST
underlie hyper-IgE syndrome
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o Receptor for IL-6 family of cytokines (IL-6, IL-11, IL-27, leukemia inhibitory
factor, oncostatin M)

o gp130-deficient mice die in utero of myocardial, haematological and skeletal

defects

o Skeletal symptoms due to defects in IL-11 signalling
o Atopic disease, hyper IgE due to defects in IL-6



IL-6ST deficiency functionally phenocopies
STAT3 and ZNF341 mutations
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Summary (o) e

* IL-6 working via ZNF341 and STAT3 restrains Th2 cells
o Absence of IL-6, ZNF341 or STAT3 results in atopic disease

o @@
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IL-6ST, STAT3, ZNF341 deficiency increased Th2 cytokines increases IgE production
IL-4, IL-5 and IL-13 by B cells
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3. Atopic disease
* B cell extrinsic — increased Th2 cytokine
* B cell intrinsic role?



Increased IgE in STAT3 LOF: B cell intrinsic role (Q&%:?L‘alﬁﬁzzaﬂzﬁ

* Mouse

LETTER TO THE EDITOR - Volume 138, Issue 5, P1455-1458.E3, November 2016 |i| Download Full Issue

B-cell-specific STAT3 deficiency: Insight into the molecular basis
of autosomal-dominant hyper-IgE syndrome

Alisa Kane, MB, BS b . Anthony Lau ®¢ - Robert Brink, PhD ab . Stuart G. Tangye, PhD ab .




Increased IgE in STAT3 LOF: B cell intrinsic role (&) s
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Increased IgE in STAT3 LOF: B cell intrinsic role @3%:3242@22;5

 Human - increased serum IgE

Immunodeficiencies and autoimmunity

Short Communication

Somatic mosaicism in B cells of a patient with
autosomal dominant hyper IgE syndrome

Julio C. Alcdntara-Montiel’>4, Tamara Staines-Boone?,
Gabriela Lopez-Herrera®, Laura Berrén-Ruiz?,
Carlos R. Borrego-Montoya? and Leopoldo Santos-Argumedo’

Apart from that, the HIES mosaic patient showed plaques of
erythema with scales and pustules in the nostrils, anterior thorax,
gluteal, and inguinal folds. The HIES mosaic patient had cold
abscesses in several body parts such as the scalp, frontal region,
and limbs. He was treated with antibiotics and antifungals, and
on some occasions, surgical drainage was performed. The patient
also had high concentrations of IgE range (552-4988 IU/mL),
normal eosinophil count range (58-700 cell/pnL) see Supporting
Information Tables 4 and 5, but low compared to the classical HIES
patient; in addition, Staphylococcus aureus was isolated several
times. Nonimmunological features such as scoliosis, high palate,
and hyperextensibility were also present.

Upon physical examination the HIES mosaic patient did not
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3. Atopic disease
* B cell extrinsic — increased Th2 cytokine
* B cell intrinsic role



STAT3: an immune dichotomy (o) o
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What is the nature of human IgE? G Fte

* Difficult question to answer as:
o IgE is tightly regulated (~0.002% serum Ab)
o circulating IgE cells are hard to detect

Published in final edited form as:
J Allergy Clin Immunod. 2019 July ; 144(1): 336-339.e6. doi:10.1016/j.jaci.2019.04.001.

Human BCR analysis of single-sorted, putative IgE+ memory B
cells in food allergy
Rodrigo Jiménez-Saiz, PhD'.2.T, Yosef Ellenbogen, BHSc! 21, Kelly Bruton, BSc':T, Paul

Spill, BHSc', Doron D. Sommer, MD?, Hermenio Lima, MD, PhD*, Susan Waserman, MD,
MSc*, Sarita U. Patil, MD2, Wayne G. Shreffler, MD, PhDZ, Manel Jordana, MD, PhD."



What is the nature of human IgE?

* Difficult question to answer as:
o IgE is tightly regulated (~0.002% serum Ab)
o circulating IgE cells are hard to detect

TABLE I. Quantification of IgE* MBCs in healthy and allergic donors

Donor Allergic Purified Events in CD20% Events in Sorted IGHE
Tissue 1D status Mononuclear cells B cells CcD3glemed gate IgE gate cells amplification
Blood POO1 - 250,000,000 9.540.000 600,304 21 6 0
POO3 - 123,000,000 8,640,000 169,267 29 12 ]
POO7 - 125,000,000 2,685,000 645,055 5 3 0
POO9 - 08,600,000 4,140,000 325734 12 12 0
PO14 - 109,000,000 2,520,000 605,535 8 8 0
PO21 - 173,000,000 26,000,000 440,963 2 1 0
PO25 - 86,600,000 1. 401,000 246,090 20 20 0
PO26 - 04,200,000 1,494,000 250,018 14 10 ]
PO30 - T8, 800,000 1,128,000 132,157 4 4 ]
PO31 - 85,400,000 945,000 172,260 4 4 0
POOS Peanut 125,000,000 8,160,000 335,641 20 20 0
POL1 Peanut 250,000,000 7,150,000 520,021 6 3 0
POL3 Peanut 210,000,000 5,450,000 690,015 13 12 0
POL6 Peanut 125,000,000 1,068,000 143,759 5 5 0
PO17 Peanut 125,000,000 1467000 213,345 11 10 0
PO20 Peanut 124,000,000 3,900,000 537,856 4 1 0
PO24 Peanut T1,800.000 1,026,000 166,313 3 1 ]
PO28 Peanut 04,800,000 1,440,000 157,340 | 1 0
PO29 Peanut 54,000,000 1,467,000 277,359 2 2 0
Tonsils TP-9 - 10,000,000 - 204,125 10 7 0
TP-10 - 10,000,000 - 68,461 15 12 0
TP-11 - 10,000,000 - 56,127 6 6 0
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What is the nature of human IgE?

* Difficult question to answer as:

o IgE is tightly regulated (~0.002% serum Ab)
o circulating IgE cells are hard to detect
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sc-RNA-seq: IgE switched B cells are present in

STAT3 LOF patients
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Single cell RNA/VDJ-seq in STAT3-deficient (o e
patient Garvan sttt
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IgE switched B cells are present in STAT3-deficient @eawanmsmute

patient
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scRNA seq: IgE™* B cells in STAT3 LOF patients :)315:3242@:2;5

Highest

Lowest




scRNA seq: IgE™ B cells resemble MBC2 @?ﬁ&!&i‘a{'&ﬁé@;‘éﬁ

Allergy k1
ORIGINAL ARTICLE — WV | _E Y

Basic and Translational Allergy Immunology

IgG memory B cells expressing IL4R and FCERZ2 are associated
with atopic diseases

Carlos J. Aranda? @ | Edgar Gonzalez-Kozlova®® | Sean P. Saunders* | SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE
Weslley Fernandes-Braga™? | Miyo Ota™? | Sriram Narayanan®© | Jin-ShuHe® |

Ester Del Duca® | Bose Swaroop® | Sacha Gnjatic®’ | Gail Shattner® | Joan Reibman®

Nicholas A. Soter® | Emma Guttman-Yassky® | Maria A. Curotto de Lafaille' ALLERGY

CD231gG1" memory B cells are poised to switch to
pathogenic IgE production in food allergy

Miyo Ota'?*1#, Kenneth B. Hoehn?t§, Weslley Fernandes-Braga'*t, Takayuki Ota*,

Carlos J. Aranda’29, Sara Friedman', Mariana G. C. Miranda-Waldetario ', Jamie Redes"%5,
Maria Suprun'#, Galina Grishina', Hugh A. Sampson’, Alefiyah Malbari®**,

Steven H. Kleinstein®’"%, Scott H. Sicherer', Maria A. Curotto de Lafaille’*

SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

ALLERGY

Type 2—polarized memory B cells hold allergen-specific
IgE memory

Joshua F. E. Koenig'*t, Niels Peter H. Knudsen®t, Allyssa Phelps't, Kelly Bruton't#, llka Hoof*s,
Gitte Lund?, Danielle Della Libera', Anders Lund?, Lars Harder Christensen?, David R. Glass>,
Tina D. Walker', Allison Fang', Susan Waserman', Manel Jordana', Peter S. Andersen?*
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« What about food allergies?



Tfh13 cells drive IgE (o) o

SCience RESEARCH ARTICLES

Cite as: U. Gowthaman et al., Science
10.1126/science.aaw6433 (2019).

Identification of a T follicular helper cell subset that drives
anaphylactic IgE

Uthaman Gowthaman'?, Jennifer S. Chen'?*, Biyan Zhang"?*, William F. Flynn?, Yisi Lu?, Wenzhi Song?,
Julie Joseph', Jake A. Gertie"?, Lan Xu"?, Magalie A. Collet?, Jessica D. S. Grassmann?, Tregony Simoneau*,
David Chiang®, M. Cecilia Berin®, Joseph E. Craft?, Jason S. Weinstein®, Adam Williams* 7+,

Stephanie C. Eisenbarth2*}

Produce IL-4, IL-5 IL-13, IL-21
Express GATA3 and BCL6
Level of IL-21 lower than other Tfh cells



Tfh13 distinct from Th2
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o s o% ®1: Th2
<& ® 2: Tfh13
@ 3: Proliferating IL4"* cells

(¢

BCL6 MFI (x100)

- - N
°© @ 5 o o

_kkk
LS S
Th2  Tfhi3

o

-
o

GATA3 MFI (x100)
oN s o

* %

Garvan Institute
of Medical Research
oD

Th2

Tfh13

Gowthaman et al. 2019 Science



Human with peanut allergy have Tfh13 cells (Q Garvan Institute
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Current projects (o) e

* Looking in different IEIl to see what restraisn and promotes Tfh13
cells

« Compare Tfh13 population between food allergy vs atopic
dermatitis vs allergic rhinitis etc

» Assess Tfh13 population after Dupilumab treatment
- useful in treating food anaphylaxis

65
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