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AD-HIES and STAT3

• In 2007 we described mutations in the Signal Transducer and 
Activator of Transcription 3 (STAT3) to cause AD-HIES

• STAT3 was also called an “acute phase response factor”

• To date more than 250 patients carrying mutations in STAT3 
have been published

• The mutations found cluster mainly in the DNA-binding and the 
SH2 domain of STAT3

• All mutations found are heterozygous

AD-HIES and STAT3
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E. Deenick & S. Tangye,  Immunol. and Cell Biol, 2007

STAT3STAT3+/+/-- patients display low proportionspatients display low proportions
of circulating ILof circulating IL--1717--producing T cellsproducing T cells

Role of Th17 cell cytokines in Candida controlRole of Th17 cell cytokines in Candida control

Skin & mucosal immunity to Skin & mucosal immunity to C. albicansC. albicans

PMN recruitment and activation
Antimicrobial peptide secretion

Pathogen clearance



8/5/2012

3

B Clinical Manifestations

A Family 1

P1

Patient 1 Patient 2

P3P2

Patient 1 Patient 3

Figure1. Pedigreeof Family1withAutosomal Dominant ChronicMucocu-
taneousCandidiasis(CMC) andClinical SignsinAffectedFamilyMembers.

Panel A shows the pedigree of a Dutch family in which three members of 
two generations have clinical symptoms characteristic of CMC (black sym-
bols). Squares indicate male family members, and circles female family 
members. The affected family members have severe dermatophytosis and 
candidiasis of the feet and severe oropharyngeal chronic candidiasis (Panel 
B). Patients 1 and 2 also have other autoimmune disorders, although the 
manifestations of CMC in Patient 3 are limited to the feet. Van de Veerdonk et al, NEJM, July 2011

Van de Veerdonk et al, NEJM, July 2011
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R274Q is a gain-of-function mutation R274Q acts in a dominant fashion
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Liu et al., J.Exp.Med. 2011

Published mutations in STAT1

Liu et al., J.Exp.Med. 2011

Brown - recessive, associated with complete STAT1 deficiency 
and intracellular bacterial and viral disease

Blue - recessive and associated with partial STAT1 deficiency
and intracellular bacterial and/or viral disease

Green - dominant and associated with partial STAT1 deficiency
and Mendelian susceptibility to mycobacterial disease

Red  - gain-of-function (phosphorylation) mutations, 
the phenotype is CMC  

STAT1 = Th17 cells

STAT3

STAT3 = Th1 cells

STAT1

STAT1 mutations detected in Freiburg:
8/12 unrelated families and 3/10 sporadic patients
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The fungal host defence
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CME-Summary 
Please identify the one mistake:
Susceptibility to fungal infections may be caused by:

- homozygous mutations in the IL17-receptor 

- autoantibodies against IL17 and/or IL22

Casanova, Science 2011

Meager, JExpMed 2010
Casanova, JExpMed 2010

gain of function
- dominant negative mutations in STAT1

- dominant negative mutations in STAT3

- homozygous mutations in CARD9

- mutations in Dectin-1 confer risk

- dominant-negative mutations in IL17 

Netea NEJM, 2011
Casanova, JExpMed 2011

Minegishi, Nature 2007
Grimbacher, NEJM 2007

Grimbacher, NEJM 2010

Netea, NEJM 2010

Casanova, Science 2011

gain-of-function
-------------------------------------------------------------------------
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A new gene causing early-onset CVID

identified by Gabriela Lopez-Herrera
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Patient # Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 
 Mutation I2657S  I2657S  R1683X  E59X  I2 del 

 Lymphocyte counts:  
Age at measurement 5y  14y  29y  19y  19y 

 CD3 (cells/µl) 900 
(900-4.500)  2.073

(800-3.500)  2.350 
(700-2.100) ↑ 5.716 

(700-2.100) ↑ 355
(700-2.100) ↓

 CD4 (cells/µl) 685 
(500-2.400)  767

(400-2.100)  1.290 
(300-1.400)  1.061 

(300-1.400)  262
(300-1.400) 

↓

   CD4 CD45RA  N.D  179 
(230-770)a 

 201 
(27-833)b 

 72 
(27-833)b  N.D 

CD4 CD45RO 553 887 588

Laboratory values in patients with homozygous mutations in LRBA

   CD4 CD45RO N.D  553
(240-700)a 

 887 
(167-670)b ↑ 588 

(167-670)b  N.D

 CD8 (cells/µl) 380 
(300-1.600)  1.200 

(200-1.200)  1032 
(200-900) ↑ 4.707 

(200-900) ↑ 165 
(200-900) 

↓

   CD8 CD45RA  N.D  1.003 
(240-710)a ↑ 941 

(19-508)b 
↑ 1.991 

(19-508)b ↑ N.D 

   CD8 CD45RO  N.D  473 
(10-142)b 

↑ 627 
(15-275)b 

↑ 374 
(15-275)b ↑ N.D 

 
Age at measurement 5y  10y  16y  16y  19y 

 NK cells (cells/µl) 260 
(100-1.000)  190

(70-1.200)  35 
(70-1.200) ↓ N.D.  N.D. 

 CD19 (cells/µl) 280 
(200-2.100)  300

(200-600)  219 
(200-600)  69 

(200-600) ↓ 121
(100-500) 

 Switched memory B cells 
(CD19+ CD27+ IgM , 
% of total B-cells) 

0 
(3.9-16.2) ↓ 1 

(3.85-16.5) ↓ 0.8 
(4-22.8) ↓ 0.89 

(4-22.8) ↓ N.D. 

 
 
 

Family A

I.1 I.2

Linkage analysis in one AR-CVID family

P1 P2

II.1 II.2 II.3 II.4 II.5 II.6

Chromosome 
4q, 5 and 12
LOD=2.08
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Family A

P1 P2

I.1 I.2

II.1 II.2 II.3 II.4 II.5 II.6

Missense mutation in 
Lipopolysaccharide responsive beige-like anchor protein 
(LRBA)

Missense Mutation
ATT  AGT   I2657S

Highly conserved residue, mutation not found in 128 healthy individuals of 
arabic heritage 

ROYAL FREE HOSPITAL  & UNIVERSITY COLLEGE LONDON

Lipopolysaccharide responsive beige-like 
anchor protein (LRBA)

Family A

P1 P2

I.1 I.2

II.1 II.2 II.3 II.4 II.5 II.6

Family B

P3

I.1 I.2

II.1 II.2 II.3

P4

I.1 I.2

II.1 II.2

Family C

I.1 I.2

II.1 II.2

P5

Family D

Missense Mutation
ATT  AGT   I2657S

Nonsense Mutation
CGA  TGA
R1683X

Nonsense Mutation
GAA  TAA
E59X

111114bp 
Deletion
incl. E1 + E2

T T T T T TC A

200 alleles from Caucasian healthy donors

16 consanguineous families analyzed

No protein expression in LRBA-deficient patients

ROYAL FREE HOSPITAL  & UNIVERSITY COLLEGE LONDON

LYST is a beige-like protein mutated in 
Chediak-Higashi syndrome (CHS)

gDNA: 752,397 bp (58 exons); mRNA: 9,899 bp; Protein: 2863 aa (319KDa)

The LRBA gene

Armadillo/beta-catenin-like repeats 
Hatzfeld M.  The armadillo family of structural proteins. 1999

T b i

WDL

WD40
Xu, C. Structure and function of 
WD40 domain proteins. 2002

WD40
Xu, C. Structure and function of 
WD40 domain proteins. 2002

N- -CWD40BEACH

DHC-N1
Based on sequence homology

PKA RII binding sites
De Lozanne, A. The role of BEACH 
proteins in Dictyostelium. 2003

Transmembrane region

Beige and Chediak-Higashi
Wu WI.  Structure-function analysis of the 
BEACH protein LvsA.2004
Ward DM, Chediak-Higashi syndrome: a 
clinical and molecular view of a rare 
lysosomal storage disorder. 2002

WBW DomainARMDHC-N1 TM

Y site

SH3 site

SH2 site

mLRBA has diverse isoforms and orthologous

LBAα

Human LRBA shares 85% homology with murine LRBA

Wang JW et al, 2001 
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Wang JW et al, 2001 

pre-B Macrophages

Murine LRBA

LRBA

GAPDH

PBMCs from healthy individuals

Human LRBA

LRBA-deficiency shows reduced T and B cell proliferation

p=0.0004*** p=0.0039** p=0.0058**
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LRBA-deficiency leads to an increased susceptibility 
to apoptosis in B and T cells

HeLa cells
p=0.0172*
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Wang JW et al, 2004.
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BAD phosphorylation is reduced in starved EBV 
cells and is restored after LRBA reconstitution

BADBAD

Phospho-S112

Cytoplasm, cell survival

BADBAD
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cAMP-Protein Kinase

Mitochondria, apoptosis

Starved EBV cells
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Mock 

R1683X

Mock LRBA
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Possible role of BEACH proteins in autophagy

GFP-mLRBA-
BEACH-WD Lysosomes Merge

BEACH proteins have been suggested to participate in
Autophagy (Kaplan et al, 2008)

Lysosomal destabilization contributes to apoptosis in
germinal centre formation (van Nierop et al, 2006)

Autophagy: Is a controlled cellular degradation pathway important for recycling of organelles and proteins.
It is important in adaptation to starvation, in cell survival, immunity, development and cancer.

Wang JW et al, 2001; 

LysosomeIsolation
membrane

LC3

Lysosome
stained by
“LysoID”

Autophagosome

Autolysosome

Starvation
This is the 
colocalisatio
n of LysoID 
and LC3 
(BDS)

Simon, K., et al, under revision
ImageStream

Reduced autophagy and organelle accumulation 
in LRBA-deficiency

+
 

Healthy R1683X

CD19+  cells

HD E59X

CD19+  cells
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We keep screening for LRBA deficiency Summary

LRBA is a new genetic defect associated with early
onset CVID

LRBA deficiency is characterized by:

Lo B and T cell acti ationLow B and T cell activation

Increased susceptibility to apoptosis

Reduced BAD phosphorylation

Reduced proliferation

Reduced autophagy
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