Primary Immune Deficiencies:
if you look for it you’ll find it
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Primary Immune Deficiencies

O

e Over 500 genes involved in PID Primary Immune Deficiencies

e Overall prevalence estimates 1/2500
O 4000 patients in Belgium (theorically)

o Early diagnosis is the key

e DD : Secondary immune deficiency :
o HIV
Immunosenescence
Drugs/treatment
Excessive loss (Kidney / gut / burns)
Autoantibodies to cytokines (IL6 — IFNg — IL17...)
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PID 1n adults :
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ESID regist
7\
2014 E\ 2013 E| Select
2014 2013

Diagnosis 2014 2013

Predominantly Antibady Discrders 56.66% (n=10,066) 56.78% (n=10,529)
@ Predominantly T-Cell Deficiencies 747% (n=1445) 7.38% (n=1.381)
@ Phagocytic Disorders 8.73% (n=1,689) 8E8%%  (n=1.664)
@ Complement Deficiencies 489%  (n=046) 482% (n=003)
@ Other well defined PIDs 13291% (n=2693) 13.85% (n=2.592)
® Autoimmune & immunedysregulation syndromes 3.89%  (n=753) 387 (n=T24)
® Autcinflammatory syndromes 2.06% (n=398) 201% (n=377)
@ Defects in innate immunity 1% (n=193) 093% (n=183)
® Unclassified PID= 1.41% (n=272) 143%  (n=267)
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1. Predominantly antibody deficiencies

e Clinical :
o Recurrent ENT/LRT bacterial infections
o Autoimmunity (blood cells cytopenias mainly)

o Chronic enterovirus
o Giardia

o Chronic lung disease (bronchiectasias, ILD, granulomas)
o Lymphoproliferation (splenomegaly,LN)
o Higher risk of malignancy (12x more cancer — 3% lymphoma)

o Gut involvement (chronic infection / IBD like)




Predominantly antibody deficiencies

O
e ? 15vyo

e From age 2, multiple bronchitis. Antibiotics every
month

e Low school attendance

e One pneumonia at 13

e Chronic mouth candidiasis
o Recurrent warts

 Admission for fever, diarrhea and high CRP, with
altered general condition
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O
o Workup :

o CT lungs : micronodular infiltrate with enlarged
nodes.

o BM aspirate : negative

o Transbronchial Bx : negative

o Bacteriology : negative

o Slow evolution on IV antibiotics
o Ileitis

o Useful tests ?




O

o IgG:1,9 g/LIgA o IgM Normal

e Workup :

o Lymphopenia 1900
o CD27+/IgM- B cells : Diminished

o Absent response to pneumococcal vaccine, normal tetanus toxoid
response

e Evolution

o 3 months after initiation of treatment : normal CT scan,
improvement of LFT, no antibiotics needed, trough level 7,9

g/L.
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Common Variable Immune Deficiency

O

* Most frequent antibody deficiency in adults

e At any age with 2 peaks of onset : 4-8 yo and 20-30
yo

o At least 2 Ig classes deficiency

e ~30% monogenic disease (TACI, LRBA, CECR1,
ICOS, IKZF1, NFkB1, NFkB2 .....)




Clinical picture and treatment of 2212 patients with
common variable immunodeficiency

Benjamin Gathmann, MA,* Nizar Mahlaoui, MD, MSc, MPH," for CEREDIH, * Laurence Gerard, MD,®

Eric Oksenhendler, MD,® Klaus Warnatz, MD,” llka Schulze, MD," Gerhard Kindle, MD,” Taco W. Kuijpers, MD,* for the
Dutch WID,; Rachel T. van Beem, PhD," David Guzman, Lic,' Sarita Workman, RN, MSc,' Pere Soler-Palacin, MD, PhD,?
Javier De Gracia, MD, PhD." Torsten Witte, MD.' Reinhold E. Schmidt, MD,' Jid Litzman, MD,! Eva Hlavackova, MD,*
Vojtech Thon, MD, PhD,' Michael Borte, MD, PhD,™ Stephan Borte, MD,™" Dinakantha Kumararatne, MD,"

Canlath Faiaher . MDD Hilarv Lanahuarst. FRCP. PhD P Matt hew Halhart. MD ® Anna Sraflarska. MD " Anna Sadiva. MD*

Pneumonia 32%
Autoimmunity
Splenomegaly
Bronchiectasis
Granuloma
Enteropathy
Solid tumour

Meningitis/encephalitis

Lymphoma [ “<| 3%
Splenectomy | = 2%

Lobectomy | -~ 1%

0 10 20 30
Percentage of Patients

Journal of Allergy and Clinical Immunology 2014 134, 116-126.e11DOI: (10.1016/j.jaci.2013.12.1077)

Terms and Conditions C’ ’ J

de Liege



http://www.elsevier.com/termsandconditions
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XLA or AR
Agammaglobulinemia

CVID

Age at onset

XLA: 6-12 months
AR: younger than XLA

Any ages; peak in first & third
decades

Sex

XLA: males
AR: males and females

males and females

Clinical
manifestations

recurrent infections;

more severe in AR
agammaglobulinemia

~~.
Ry
s,

Lymphoid tissue

hypoplasia or absent

Serum Ig level

profound hypogammaglobulinemia

Decreased IgG, IgA
and/or IgM

Peipheral B Cells..-

l
\
N,

oo
~~
~

\\\\\
~.

peripheral B cells, as defined by
| CD19 & CD20 expression (<2%)--"

normal or low number

~—e’

Molecular analysis

AR; 1 heavy chain, Iga, IgB,

A5/VpreB, BLNK

ICOS, CD19, TACI, BAFF-R, Msh5
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J ALLERGY CLIN IMMUNOL

Decision to treat

___________ POINT VALUE 0 1 2 3 4 5
IgG (mg/dl) 600+ 350-599 150-345 0-149
IgA {mg/dl) normal reduced <10
IgM (mg/dl) normal reduced <15
diphtheria or tetanus protective nonprotective
% of protective pneumococcal
seratypes >50% 20-49% 0-19%
Preumenia/lifetime none 1 2 3 4 five or more
Upper Respiratory
Infections/year none 1 2 3 >3

five or more

Antibiotic Courses/year none 1 2 3 4 or prophylactic
Autoimmune Disease-ITP,
AIHA, or other none present

Sepsis / Meningitis/
Osteomyelitis/ Empyema/

; Septic Arthritis none present
E Splenomegaly or Splensctomy none present
I Lymphadenopathy none present
_3 Infectious Diarrhea (excluding
£ |Clostridium difficle) none present
%  |Malabsorption, Chronic
Gastroenteritis, Inflammatory
Bowel-like Disease none present
Weight Loss/ Failure to Thrive none present
Hospitalizations/5 years none 1 2 3 4 five or more
- FEV1/FVC or FEV1/FVC or FEV1/FVC ar
TLE « 80% TLE «70% TLE « 60%
g Pulmenary Function Tests normal predicted predicted predicted
Bronchietasis none present

4
IG 1. Laboratory and clinical history parameters according to the scoring system for indications for !;,L;ég’e

nitiation of immunoglobulin therapy in patients with hypogammaglobulinemia. AIHA, Autoimmune hemo-




J ALLERGY CLIN IMMUNOL

Decision to treat

O

Laboratory Score

-

Cumulative Score
<10 10-16 >16
Ig (IV or SC) l l l
m°“il':" o || ConsiderIg || Treat with Ig

FIG 2. Scoring decision tree. Ig, Immunoglobulin; IV, intravenous; SC,
subcutaneous.

CH./

de Liege




Autoimmunity in PID

O

Autoimmune and inflammatory manifestations occur frequently in
patients with primary immunodeficiencies (Fischer, Alain et al. Journal of
Allergy and Clinical Immunology)

French register : 25% auto-immunity
Continuous risk (no plateau (50% of patients over 60 ans))

Relative risk (compared to general population)

o Cytopenia 120 Skin disease 10
. L A RES . .
o AHAI pediatric ( 830,, ArthritisPedia 40
Yo
o Adulte PTI 60
o IBD adults 43
o IBD child 80

If HSCT, survival modified by presencc (55%) or absence (80%) of
autoimmunity
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2. Combined Immune Deficiency

O

e Mandatory : T cell quantitative or functional deficiency
o Absolute lymphopenia
o Needs immunophenotyping
o Needs lymphoproliferation assays

o CD4 ul: 0-6mo <1000, 6mo-1y <800, 1-2y <500, 2-6y <300, 6-12y
<250, >12y <200

o % naive CD4: 0-2y <30%, 2-6y <25%, 6-16y <20%, >16y 10%

e Clinical :

Chronic/severe viral infections

Opportunistic infection (Pneumocystis +++,mycobacteriosis, yeasts)
Autoimmunity

Erythroderma

Eczema

Failure to thrive

©)
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| Yes = SCID

I. Immunodeficiencies affecting cellular and humoral immunity

Lymphopenia (by CBC) or T cell lymphopenia (by Lymphocvie immunophenotvping) ?
No =CID

Distinctive clinical features?

[ 1 L1
CD18 4 : 5CID T-B- CD19 N : 5CID T- B+
SCID T-B-NK- SCID T-B-NKE+ SCID T- SCIDT-
B+ME- B+NK+
Distinctive L
Chondrostemal clinical ¥L, CD132-
dysplasia, features? ye deficiency
deafness ([IL2RG)
ADA def (ADA) 1
| - AR, CD 1324
Granulocytopenia, Mo || Yes JAK-3 def
Thrombocytopenia {LAK3)
deafness
Reticular IL¥Ra [ILFR)
dysgenesis (AK2) C03s (C030)
CO3e(COSE)
CO3L [CD247)

RAG 1/2 def [RAGI] RAGZ) CDA4s (PTPRC)
Artemis def {DCLREIC) I
DMA PRes def [PREDC) Detectable thymus

Coronin-1A def

Microcephaly + facial dysmaorphism | 24)

DNA ligase IV def [LIG#)
CERNUNNOS/XLF def (Cernunnos)

| TCARafl T-cell deficiency,viral infections, avtsimmanity TCRa det [TRAC] |

| Lack of naive T calls, HPY infaction, MC RHOH def (RFHOH)

| Suscaptibibty to eryptosporidia and chelangitis ILZLR del [L21R)

IBD, reduced IgG, respiratory infections IL21 deficiency

Yes MNo
CD4 low CDE low Others
NN, Erythraderma, Alopecia, Adg, H5M, T]
Eo Pt gET Beells<2%
Omenn sd (hypomorphic mutations) TCR low
HLA-DR HUL-DR N £D3y def (CO3G)
HIGM, NE, thrombocytopenia very low: KL: I1
COA0 ligand daf (XL, E0doiE) MAGT1 def DOCKZ det {DOCKZ)
E0:440 def (AR, coan) R ETaras lﬂ::l:fl}u -
IgETT EoT:, cancer, Low MK, severs (RFXANK, LCK def P. ffrovecii preurnonla,
atopy, cutaneows viral, and bacterial EiITA, [LCK), bactarial infactions
{stagh.) infections DDCKE def [DOCKE) REXS, AD: CARDLL del {CARD11]
RFXAP) UNC119 def [
IBDy, autoimmunity, infections, EBV fLinC118). sl viral
infections LRBA def [LARA) Lzl vt
Cryplosporidium
Autoimmunity, gastroenteritis, may CDE very low Lt e Ll
have granuloma [CVID) 1C05 def {ICOS) CDE def (CO8A) and Ig levels, NIK def
[MAPIKIS)
Leck of naive T cells, EBV infection, HPY i
infection, autoirmmunity, cangenital HLA AR + Recuwrrent bacterial, viral
haart disease MSTL def [STR) ZAP-70 def (ZaP70) and fungal infections;
I clinical phenotype of
EBV-Lymphoproliferation SCID IKBEE def (KEKB)
ITK cef (iTX) CO27 def CTPS1 def HLA AB — IT
MHC-I def viral infections. Impaired
(T4P2, TAPI or TAPBP) T cell proliferation and
| [ antibody response
MALT1 def [MALT1}
| HLA AB - =
Cutaneous granuloma, || Recurrent infections,
h'p'pnprl:r'tiden'lia hmﬂmmaﬂmiﬂ&lﬁ'ﬂ.
lack of memory cells
MHC-| def (B2M) BOL10 def (BCL10)

| Kaposi's sarcoma, impaired immunity to HHVE OX40 def [OxXa0)
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Severe Combined Immune Deficiency (SCID)

O

In the first months of life (life expectancy around 1 year w/o treatment)

Paradigmatic

Recurrent oral candida
Diarrhea, failure to thrive,

Respiratory tract infection/ interstitial pneumonitis

Persistent infections with Candida albicans, Pneumocystis jiroveci, VZV,
adenovirus, RSV, parainfluenza, CMV, EBV often lead ot death

Often skin is involved with erythroderma, eczema, pyoderma or fungal lesions
GvHD due to maternal T cell transfer transplacentally is common

Transfusion of unirradiated blood products may lead to fatal GvHD because the
patient has no functioning T cells
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Late onset CID

O

o CVID-like +

o Infections opportunistes

o Risque augmenté lymphome

o Risque augmenté autoimmunité

o Lab:
= low T cell /low B cell
= Low naive T cells CD45RA+ CCR7+ CD4+
= Possible decreased lymphoproliferation assay




e Reduced T-cell counts :
o CD4:
x < 700, if < 2 years of age;
x < 500, if 2—4 years of age;
* < 300, if > 4 years of age; >12y <200
o CDS:
x < 350, if < 2 years of age;

x < 250, if 2—4 years of age;
x < 150, if > 4 years of age)
e Reduced thymic function
o CD45RA+CD62L+ or CD45RA+CD31+ of CD4+
x < 30% < 2 years of age,
x < 25% 2—6 years of age,
x < 20% > 6 years of age >16y 10%

e Impaired T-cell proliferation (PHA or anti CD3/CD28 response <
30% of lower limit of normal)
e Elevated fraction of y/6 T cells (> 15% of total CD3+ T cells)
CH.
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Patients Patients
with CVID  with LOCID
Characteristic (n = 285) (n = 28) P
No. of male patients 119 15 NS
No. of female patients 166 13 NS
% of patients with known consanguinity 8 29 .004
% of patients with a familial case 22 18 NS
Median age at onset, years 19 19 NS
Median age at evaluation, years 46 43 NS
% of patients with respiratory tract infection 82 86 NS
% of patients with Gl tract disease 42 75 001
% of patients with splenomegaly 31 64 <.001 -
% of patients with lymphoid hyperplasia 26 29 NS
% of patients with granuloma 1 43 <.001 _
% of patients with autoimmune cytopenia 18 18 NS
% of patients with lymphoma 4 29 .001 _
Median serum IgG level, g/L 2.3 28 NS
Median serum IgA level, g/L 0.19 0.25 NS
Median serum IgM level, g/L 0.22 0.25 NS
NOTE. GI, gastrointestinal; NS, not significant; Ol, opportunistic infection,
From: Late-Onset Combined Immune Deficiency: A Subset of Common Variable Immunodeficiency with
Severe T Cell Defect
Clin Infect Dis. 2009;49(9):1329-1338. d0i:10.1086/606059
Clin Infect Dis | © 2009 by the Infectious Diseases Society of America
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TRANSLATIONAL AND CLINICAL IMMUNOLOGY | VOLUME 140, ISSUE 5,

P1388-1393.E8, NOVEMBER 01, 2017

Autoimmune and inflammatory manifestations occur frequently in
patients with primary immunodeficiencies

Alain Fischer, MD, PhD 2 [ = Johan Provot, MSc « Jean-Philippe Jais, MD, PhD =

Alexandre Alcais, MD, PhD e Nizar Mahlaoui, MD, MSc, MPH
and the members of the CEREDIH French PID study group * ® Show footnotes

Published: February 10, 2017 « DOI: hitps://doi.org/10.1016/jjaci.2016.12.978 «



CID
o BCL10 deficiency—— @ o MALT1 deficieney
e CARD11 deficiency e MHC I deficiency
o Cartilage hair hypoplasia e Moesin deficieny
e Caspase 8 deficiency e 0X40 deficiency
e CD2j deficiency e PNP deficiency
e CD27 deficiency  RHOH deficiency
e CD3y deficiency e RLTPR deficiency
e CDS8 deficiency e STIMa1 deficiency
e Coronin-1A deficiency e STAT5b deficiency
e CTPS1 deficiency e Schimke syndrome
e DOCKS deficiency e STK4 (MST1) deficiency
e Dyskeratosis congenita e TPP2 deficiency
e ITK deficiency o TRAC deficiency
e ICF syndrome (types 1 and 2) ¢ UNC119 deficiency
e LCK deficiency e ZAP70 deficiency
e MAGT1 deficiency

CH./
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Immunodeficiencies associated with a CID
phenotype in some cases

All genetic diseases associated with SCID (> 20 molecularly defined entities)
: IL2RG — ADA — RAG1/RAG2 — IL7Ra — Artemis — Coroninia — CD3
subchain....)

Radiosensitive SCID variants / Cernunnos deficiency /Nijmegen Breakage
syndrome

LRBA deficiency

PI3K delta activating mutations

PI3K p8j5 deficiency

CTLA4 deficiency

STAT1 activating mutations

STATS3 activating mutations

Atypical late-onset FHL (MUNC13, MUNC18, STX11, Perforin)
MHC II deficiency

Atypical NEMO deficiency

Atypical IPEX




Hypomorphic mutations

O

e Same genes = different pictures

The NEW ENGLAND JOURNAL of MEDICINE

e Granulomatous disease

‘ BRIEF REPORT

An Immunodeficiency Disease
with RAG Mutations and Granulomas

Catharina Schuetz, M.D., Kirsten Huck, M.D., Sonja Gudowius, M.D.,
Mosaad Megahed, M.D., Oliver Feyen, Ph.D., Bernd Hubner, Ph.D.,
Dominik T. Schneider, M.D., Burkhard Manfras, M.D., Ulrich Pannicke, Ph.D.,
Rein Willemze, M.D., Ruth Kniichel, M.D., Ulrich Gébel, M.D.,
Ansgar Schulz, M.D., Arndt Borkhardt, M.D., Wilhelm Friedrich, M.D.,
Klaus Schwarz, M.D., and Tim Niehues, M.D.

e Overwhelming viral infection (CMV/EBV) with skewed TCR repertoire

A novel immunodeficiency associated
with hypomorphic RAG1 mutations
and CMYV infection

® Late Onset CID Jean-Pierre de Villartay,’2 Annick Lim,? Hamoud Al-Mousa,* Sophie Dupont,®
Julie Déchanet-Merville,? Edith Coumau-Gatbois.* Marie-Lise Gougeon,?
Arnaud Lemainque,’” Céline Eidenschenk,® Emmanuelle Jouanguy,? Laurent Abel,®
Jean-Laurent Casanova,+®? Alain Fischer,* and Francoise Le Deist!.2
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Anomalies voigeJL17 et CMCC

o STAT3 LOF
o STAT1 GOF
o DOCKS : 10% lymphomes

.}. 3




Another time...

O

e Neutrophils defects
o CGD
o Severe congenital neutropenia >> AML

e Innate immunity defects
o One bug one gene

e Complements defects

e Dysregulation defects
o EBV sensitivity
o Autoimmunity ++

e Macrophage activation syndrome predisposing
diseases




Clinical case : KO, born in 1999
O
1999 :

2000 : (>15mm)
2002 :

2002 : 3 months lasting

2004 :

2008 : (no ciliar disease)

2008 : Septic shock+ pneumonia + meningitis due to S.
pneumoniae

°* 2008 :
e 2008: lymphocytic gastritis/ granulomatous dacryoadenitis

e 2009




0. KAWTAR Se:d \ 0. KAWTAR
Study Date:26/10 Im:211 Study Date:26/10/2009

Study Time:10:2 Study Time:10:23:55
MRM: MRN:

4 ROSALIE
C-484 VOTRE SANTE. NOTRE METIER

YW1515




No malignancy, no clear clonality, mainly T cells, some B cells.
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No malignancy, no clear clonality, mainly T cells, some B cells.

Study D:
Study T
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Workup

O

e Complete blood counts
o Neutros
o Monos (GATA2)
o Absolute lymphocyte count

e Immunophenotyping
o CD4/CD8/NK/CD19
o HLA DR

e Immunoglobulins :
O I%G (+ IgG2 I%G3 IgG4) (lantimalaric, captopril, carbamazepin,
phenytoin, sulfasalazin, penicillamin, fenclofenac, valproic acid IgG2)
o IgA
o IgM

e CH50/AP50




Workup (2)

O

o Pneumococcus (before and after Pneumovax 23)

= Global test useless since Prevenar/Synflorix and probably to be updated after
Apexxnar)

e Lymphocyte proliferations assays (CID)

e Vaccinal responses
o Tetanos

e Specific flow cytometry:
o Double negative T cells (ALPS)
INKT cells (XLP)
TH17 cells (CMCC)
Naive T cells (CID)
Memory/Switched memory B cells (CVID)

O O O O

CGH.

de Liege




Workup (3) : Genetics

O

Targeted Sanger sequencing : familial cases, paradigmatic
clinical picture

Whole exome sequencing (panel NGS) : clinical routine
Whole genome sequencing

but >> haploinsufficiency, mutation GOF
>> atypical clinical pictures

>> somatic only mutations
>> validation of VUS/mutations




Treatment options

O

e 5 possibilities . Your answers ?




Treatments

O

e IVIG/SCIG : any significant antibody deficiency (and
sometimes other PID with severe course)
o Aim at trough level >7 g/L (individualized)

o To be discussed in secondary hypogammaglobulinemia

e Antibiotic/antiviral/antifungal prophylaxis
o CGD : TMP-SMX/Itraconazole
o NK cell deficiency : aciclovir

o Complement deficiency : antibiotics
o CMCC : fluconazole




Treatments

O

e HSCT : the sooner, the better

o nearly all T cell deficiency

o Many of immune dysregulations yndromes (FHLH, untractable
lymphoproliferation and/or autoimmunity)

o Some severe innate immunity patients
o Rarely B cell deficiency

e Gene therapy :
o SCID
o Wiskott-Aldrich
o CGD
o FHLH perforin
o ADA deficiency (EMEA approved drug)




Conclusions : this 1s not rare

O

e Any unexpected infection
e Multiple autoimmunity (cytopenias !!!)

e Familial history ?

e Unexplained lung disease (ILD, bronchiectasias)
o Warts
e Protracted diarrhea

e Associated features




Conclusions : workup

O

e Standard tests willdo most of the work with
o CBC
o Standard FACS
o IgG IgA IgM+subclasses
o Vaccine antibodies

e Early diagnosis is life saving !




Conclusions : Treatment

O

» Be aggressive and proactive
o You should not go for IgG trough at 5 g/L

* Preventing infections is better than treating

e Genetics is a key, as it may help decision making for
stem cell therapy




Time’s up for...

O

e New multisystemic diseases with overlap between
autoinflammation, autoimmunity and immune

deficiency
> IFN driven
> IL.1 driven

e Incomplete clinical penetrance

e Wide array of symptoms for same gene

o Ex : DADA2 : CVID, aplasia, polyarteritis nodosa, recurrent
strokes, lupus like




O

e Thanks for your attention
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3. Neutrophils/Macrophage deficiency

O

e Clinical :
o Bacterial sepsis
o fungal infections
o Deep seated abcesses
o Skin infections

e Quantitative defects :
o Severe Congenital Neutropenia
o Syndromic neutropenias

e Qualitative defects :

o Leukocyte Adhesions Defects/
o Chronic Granulomatous disease




e Defect in oxydative burst in macrophage

* Deep seated infections due to Staph aureus,
gram neg (Serratia, Burkholderia...), aspergillus,

fusarium, nocardia, BCG...)
e Lungs — Liver — Brain (not respecting barriers)

e Granulomatous inflammation (gut and urinary
tract)
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CGD

O

e Agressive treatment of infections is warranted
e ESR = most sensitive parameter of infection

e Prophylaxis with
o TMP/SMX
o Itraconazole

o IFN-gamma ?

e HSCT (RIC) / Gene therapy

e Mortality: 5% / y X-linked form, 2% / y for AR form
(Winkelstein, 2000)
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4. Innate immunity

O

e Emerging field : single pathogen sensitivity vs
multiple
e Defect in intracellular signalling to various stimuli,

leading to aborted cytokine production/absent cell
activation

* 4 clinical groups :
o Invasive pyogenic infections (staph and pneumococcus)
o Severe viral infections (HSV1 /HPV/ influenza / VZV...)
o Mycobacteria (atypical)
o Chronic mucocutaneous candidiasis




Innate immunity : being aware

O

 IRAK4/MyD88 : invasive infections with low acute
phase reactants. Improving with age but ...

e HSV1 Encephalitis : 25% are monogenic

e Disseminated mycobacteriosis :
IL12/IL12R/TFNg/IGNgR /IL23R pathways

e CMCC : defect in TH17 and IL17 production

ci




5. Complement

Classical Pathway

The Classical Pathway is activated by the Fc
portion of an i 1

globulin in an antigen-
antibody complex. It can also be activated by
enzymes (e, trypsin and plasmin) and a variety of
substances which include endotoxins, cell
membranes and viruses.

Alternative Pathway

The Alternative Pathway does not depend on
an antigen-antibody reaction in order to

become active. Biological activators of this

pathway include bacterial endotoxins, yeast

cell walls, aggregated immunoglobulins and
snake venom,

C1 Complex The Lectin Pathway Activator surface

The activation of the Lectin feg. bacserial ol wall)
pathway is dependent on the “
binding of a lectin 1o mannose
on the surface of a pathogen.

Lupus
ENT/LRT infections

Recurrent infections

Factor B

Seguhated by €1
Inatthvason / Factor D
MAsP1 A/I\whw foedbrack loop
j o~ MASE-2 controlied by factor H

and factor I

Classical Pathway Alternative Pathway
C3 Convertase @ C3 Convertase
C3a \F C3a
Classical Pathway Alternative Pathway
C5 Convertase < 5 Converlase

I

@

@

N The Membrane Attack Complex
IMAC) or Terminal Complement
Complex (TCC) is inserted into the
lipid bilayer, leading to movement of
ions and water across the membrane
and ultimately o cell lysis.

Neisseria infections
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6. Immune dysregulation

O

e Lymphoproliferation

o Autoimmunity (as usual blood cells cytopenias,
vitiligo, thyroiditis, lupus like disease.)

e Risk of lymphoid malignancy (and solid organ)

e Inflammatory bowel disease

e Chronic EBV (?)




Immune dysregulation

O

e Variable clinical phenotypes
o Multiple autoimmunity : IPEX, APECED, CD25

o EBV driven disease : ITCH, ITK, XLP, LRBA, CTLA4

o Lymphoproliferation and autoimmunity : ALPS

o Lupus like disease /CNS vasculitis: interferonopathies

o Macrophage activation syndrome : FHLH, XLP




