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PIDDs

INFECTIONS

IMMUNEDYSREGULATION



CENTRAL AND PERIPHERAL TOLERANCE

Peripheral tolerance

occurs on mature B and T cells 

in secondary lymphoid organs 

Peripheral tolerance

occurs on mature B and T cells 

in secondary lymphoid organs 

Central tolerance

occurs during differentiation on 

immature B and T cells

in primary lymphoid organs
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Prolonged immune 
stimulation due to 

persistent infection

Treg Dysfunction/
Impaired 

development

Impaired 
apoptosis

Ineffective 
Tolerance



Clinical Features of Congenital Immune 
Dysregulation

IDDM

Hepatitis

Lymphoadenopathy

Nephritis

Lab Abnormalities
Organ specific autoAb, DCT, 

dysgammaglobulinemia, 

elevated IgE



Prevalence of Food Allergy and AD among patients with PIDDs (Tuano et al. JACI 2015)



Monogenic diseases of Immune regulation 

APECED

(AIRE)

IPEX

(FOXP3)

ALPS

(FAS, FAS-L)

Impairment in 

thymic selection
(Central Tolerance)

Impairment in Treg
(Peripheral 

Tolerance)

Impairment in 

Apoptosis
(Peripheral 

Tolerance)



OTHER MANIFESTATIONS:
� Hyper-IgE, eosinophilia  and autoantibodies 

(in particular anti-enterocytes and anti-harmonin)

� Autoimmune cytopenias
� Lymphoadenopathy, arthritis/vasculitis
� Alopecia, nephropathy, hepatitis

Rare genetic autoimmune disease 
due to mutation of FOXP3 gene

Key molecular factor driving T cell tolerance

Immunedysregulation Polyendocrinopathy
Enteropathy X-linked

IPEX 

KEY MANIFESTATIONS:
� Severe enteropathy
� Dermatitis (mainly eczema)

� Endocrinopathies (IDDM, thyroid diseases)



Active suppression: Regulatory T cells

In humans FOXP3 expression
can be induced upon TCR
mediated stimulation (IL-
2/TGFβ) in naive T cells
Baecher-Allan C et al J Imm 2001
Levings MK, et al J. Exp. Med. 2001
Walker MR, et al J. Clin. Invest. 2003
Wang J, et al Eur.J. Immunol

TGFβ

Make up 5-10% of the normal CD4+ T cell 

population

Require activation and cell contact to 

repress proliferation of other T cells but do 
not appear to proliferate themselves after 

activation

Characterized by expression of CD4 and 

CD25bright , FOXP3, CTLA-4 and GITR

FOXP3 is a key factor for develp and 

function of CD4+CD25+ Treg



Campbell DJ and Ziegler SF, Nature Reviews 2007

FOXP3 is a trascriptional factor and functions as a
transcriptional repressor of cytokine promoters (in
particular IL2) and inhibits NFAT function

Schubert L, et al., J. Biol. Chem.  2001

Wu Y ,et al., Cell 2006
Bettelli E, et al. Proc. Natl Acad. Sci. 2005

Huehn J et al, Nature Reviews 2008

FOXP3



IPEX FOXP3 mutations 

� Mainly localized within FKD 
� Usually disease course:

...severe disease if mutation abrogate protein expression (i.e. promoter) 
…variable if mutation is on a splice site
…unpredictable if mutation affect the FKD

� No clear genotype-phenotype correlation!
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Levels of FOXP3 expression in CD4+ T cells are variable

both in patients with FOXP3 mutation and in those

with wild type FOXP3 sequence.

FOXP3 expression



� FOXP3 expression is not necessarily abrogated in IPEX patients and 
peripheral analysis of FOXP3 protein expression cannot always predict 
whether genetic alterations in FOXP3 are present (Gambineri et al JACI 
2008)

� Defective suppressive activity of Treg and defective function ot T effectors
(Bacchetta, Gambineri et al. JCI 2006)

� Mutations in FOXP3 that cause IPEX have diverse abilities to reprogram T 
cells into T regulatory cells (McMurchy, Bacchetta, Gambineri et al JACI 
2010)

� Functional type 1 regulatory T cells develop regardless of FOXP3 
mutations in patients with IPEX syndrome (Passerini, Gambineri, 
Bacchetta et al Eur. J. Immunol. 2011)

� Peripheral B-cell tolerance is defective in IPEX patients, suggesting that
Tregs are involved in the maintenance of B-cell tolerance (Blood 2013)

IPEX Studies 
(collaborators: University of Washington, Seattle, USA 

& HSR, Tiget, Milano)



IMMUNOSUPPRESSION

� only partial efficacy (steroids, cyclosporine, tacrolimus)

� more promising results with Rapamycin

BONE MARROW TRANSPLANTATION

� IPEX old data are not in favor

� presently, patients alive and well when treated very early
(Mazzolari E, et al 2005; Rao A et al, 2007; Lucas KG et al 2007; Zhan et

al, 2008; Dorsey MJ, et al 2009; Burroughs LM, et al 2010; Horino S, et al

2014; Nademi Z, et al 2014)

Overall…complete remission: 
- MUD (10/10), MSD, Haplo
- Different conditioning regimens have been used, but usually RIC 
succesful
- The  majority have been performed early (first 5 years)
- Follow up from 6 mo to 15 years
- Peripheral donor chimerism ranged 15-100%
- Preferential expansion of Treg

CELL/ GENE THERAPY?

Battaglia, Blood 2005
Bindl, J.Pediatrics 2005
Sullivan, J. Clin Immun. 2008

TREATMENT 



…If you have a patient presenting with :

� Severe Autoimmune Entheropathy

� 1+ other autoimmune manifestations

But….

No FOXP3 mutation!

IPEX-likeCongenital
Immune Dysregulation



J. Immunol. 2006J. Immunol. 2006

JACI 2013JACI 2013

Nat. Med 2014Nat. Med 2014



Primary Immunodeficiencies

Monogenic diseases of IR 

T, B, NK cell defects

(i.e. SCID) 

ALPS

APECED

IPEX

CD25

CTLA4

STAT3/1 GOF

LRBA

IL10R/IL10

STAT5b

NFKB2

DGS

WAS

Omenn

...

CD25
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Immune dysregulation in PID



Other genes involved in immune dysregulation

Treg related mechanisms Treg unrelated mechanisms

STAT5b

LRBA STAT1

STAT3

LRBA



Treg intrinsic

CD25 STAT5b IL10/IL10R CTLA4

AR, Early onset AR, Progressive onset AR, Early onset (<1y) AD, Progressive onset

Severe

diarrhea/enteropathy

Chronic diarrhea Colitis/IBD involving the colon 

and to a lesser extend the 

small intestine

Chronic Diarrhea

IDDM Autoimmune Cytopenias - Autoimmune 

cytopenias/thyroiditis/Arthr

itis

Eczema Eczema Persistent folliculitis Psoriasis

Infections (Candida, CMV) Pulmonary Infections/Herpes 

viruses infections

Recurrent upper and lower
respiratory tract infections

Respiratory Infections/ILD

Hepatosplenomegaly Poor postnatal growth

Low IGF-1, IGFBP-3 with 

normal GH

Poor response to standard 
immunesuppression

Organ infiltration

Impaired lymphocyte

counts/subsets/function

Low CD4 and CD8 T cells, NK/T 

memory phenotype and 

activated cells

Unremarkable immunological
indices

Low B cells

Autoantibodies Autoantibodies and 

hypergammaglobulinemia

- Hypogammaglobulinemia

Normal/Increased IgE

levels

Normal/Increased IgE levels Normal/Increased IgE levels Normal/Increased IgE levels

Normal FOXP3/Absent

CD25 expression

Low Treg - Low Treg



Treg extrinsic

LRBA STAT1 GOF STAT3 GOF

AR, Progressive onset AD, Early onset AD, Early onset

Enteropathy Enteropathy Early onset (<1 y) colitis/IBD 

involving the colon and to a lesser

extend the small intestine

IDDM/Autoimmune 

Cytopenias/Thyroiditis/Uveitis

IDDM/Autoimmune 

Cytopenias/Thyroiditis
IDDM/Autoimmune 

Cytopenias/Thyroiditis/Arthritis

Eczema/Alopecia Eczema Eczema/Alopecia

Recurrent upper and lower

respiratory tract infections/ILD

Pulmonary Infections/Herpes 

viruses infections/Candida 

infections

Recurrent upper and lower

respiratory tract infections/ILD

Hepatosplenomegaly/Lymphoade

nopathy/Organ infiltration

Hepatosplenomegaly/Vascular

abnormalities/Osteopenia

Hepatosplenomegaly/Lymphoade

nopathy/Organ infiltration

Hypogammaglobulinemia Unremarkable immunological

indices

Low B 

cells/Hypogammaglobulinemia

Autoantibodies Autoantibodies Autoantibodies

Normal/Increased IgE levels Normal/Increased IgE levels Normal/Increased IgE levels

Low Treg Low Treg Low Treg



IMMUNOSUPPRESSION

� steroids, cyclosporine, tacrolimus, rapamycin, MMF, 

azathioprine

� Monoclonal antibodies (anti CD20-Rituximab, CTLA4-Ig, 

Abatacept)

SUPPORTIVE CARE

DISEASE-SPECIFIC IMMUNE MODULATION

� JAK3 inhibitors (STAT1 and STAT3 GOF)

� Anti-IL6 (STAT3 GOF)

� CTLA4-Ig (CTLA4)

BONE MARROW TRANSPLANTATION

� No much experience on newly discovered diseases but only

personal communications (Slatter MA, et al 2016)

TREATMENT 



IPEX

CD25

LRBA

STAT3 GOF

IL10



� From 2003 to date: 127 patients and 70 family members from all over 

the world 

� From 2014: the only center of expertise for IPEX disease in Italy

� Cellular and molecular studies provided on research bases

Turkey 12

Australia 2

Belgium 4

Italy 76

Egypt 1

Greece 2

India 1

Thailand 3

Portugal 2

UK 17

Switzerland 1

Germany 1

Serbia 1

Sweden 1

Slovenia 1

Czech Rep1

Romania 1

Patients and Origin



Nuovo approccio diagnostico nelle 

immunodisregolazioni congenite

Firenze, 21 Ottobre 2015
Risultati

18/90 patients with FOXP3 mutation18/90 patients with FOXP3 mutation

6/90 patients with mutations in other genes correlated with 

immune dysregulation

6/90 patients with mutations in other genes correlated with 

immune dysregulation

10/90 patients with NGS ongoing10/90 patients with NGS ongoing

Flow-Chart Diagnostica



Dwarfism, pumonary disease, 

low Treg, hypergamma

FOXP3 WT patients

Cluster CD25Cluster CD25

Cluster STAT5bCluster STAT5b

Cluster STAT1 

GOF

Cluster STAT1 

GOF

Cluster STAT3 

GOF

Cluster STAT3 

GOF

Cluster CTLA4Cluster CTLA4

Cluster LRBACluster LRBA

Opportunistic/viral infections+

Impaired lympho fx + enteropathy

20 pts: 11 tested, 

3 CD25 mut

14 pts: 7 tested,

1 STAT5b mut

Candida infections+

enteropathy +vascular diseases

15 pts: 8 tested,

1 STAT1 GOF mut

AI cytopenias+IDDM+

Lymphoproliferation

13 pts: 1 tested,

1 STAT3 GOF mut

AI cytopenias+lymphoproliferation+

Enteropathy+ dysgamma

19 pts: 5 tested, 

0 mut

Enteropathy+ AI cytopenias+

Organomegaly+Hypogamma

16 pts: seq ongoing, 

2 LRBA mut (NGS)



Autoimmune Enteropathy , Skin disease

Immunedisregulation

Infections

IPEX

CD25 Endoc.** 
screening

STAT3

Igs
B mem
DNT

CTLA4 LRBA4

Other monogenic 
disorders?

Symptoms

Diagnostic test

(*) CD4+/CD25+/FOXP3+ 
(**)GH,IGF1, IGF-BP3

Male, Eczema, 
Endocrinopathies, 
elevated IgE, Eos, 

Auto-Ab

Opportunistic/Viral 
infections(i.e.CMV)   

Defects in 
lymphocytes 

function 

CD25

FOXP3 CFM*

Failure to thrive

STAT5b

Recurrent and  
associated with

Hepatic disease,  
renal disease, 

allergy, 
endocrinopathies, 

X-linked

TIDM, cytopenies, 
lymphoproliferation, 
epatosplenomegaly

Dwarfism, mild 
onset, pulmonary 

disease, 
Hyper gamma

STAT3STAT5b STAT1

RTI. Candidiasis, 
pulmonary disease, 

vascular 
involvement

STAT1

Cytopenies

TIDM, 
limphoprolyferation, 
epatosplenomegaly, 

Ipogamma, 
infections

STAT3

STAT5b

CTLA4/LRBA

Ipogamma, 
infections, hepatitis, 

/arthritis, Treg  

brain 
granulomas

endocrinopathies

+ +++

- -
-

Molecular  
investigations

Diagnostic Flow Chart Proposal



Messages to take home

� PID (especially monogenic diseases as IPEX) help to understand

the mechanism of autoimmunity

� Diversity and Plasticity of Immune Tolerance…if one mechanism

is lacking another is supporting (lack of strong genotype-

phenotype correlation). ANY compartment of the immune

system can be involved!

� Role for other mechanisms contributing in immune

balance/dysregulation: too much or too little signal from master

receptors leads to alterations at tolerance checkpoints and

autoimmunity

� Given the rapid discovery of new conditions a clinical/lab flow-

chart can be a useful tool for improving diagnosis



Have any patients?

eleonora.gambineri@unifi.it
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