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Distinctive clinical features?

7= =]
CD19 { : SCID T-B- CD19 N: SCIDT- B+
B+NK- B+NK+

XL, CD 132-
yc deficiency

SCID T-B-NK- SCID T-B-NK+
l Distinctive

Chondrosternal clinical
dysplasia, features?
deafness

ADA def (ADA)

Granulocytopenia,
Thrombocytopenia
deafness

Reticular
dysgenesis (AK2)

RAG 1/2 def (RAG1/ RAG2)
Artemis def (DCLRE1C)
DNA PKcs def (PRKDC)

Microcephaly + facial dysmorphism
DNA ligase IV def (LIG4)
CERNUNNOS/XLF def (Cernunnos)

NN, Erythroderma, Alopecia, Adp, HSM,
Eo P, IgET Becells<2%
Omenn sd (hypomorphic mutations)

(IL2RG)

HIGM, NP, thrombocytopenia
CDA40 ligand def (XL, CD40LG)
CDA40 def (AR, cD40)

AR, CD 132+
JAK-3 def
(JAK3)

IBET T Eo, cancer, Low NK, severe
atopy, cutaneous viral, and bacterial

IL7Ra (IL7R) (staph.) infections DOCKS def (DOCKS)

CD35 (CD3D)
CD3&e(CD3E)
€D3Z (CD247)
CD45 (PTPRC)

IBD, autoimmunity, infections, EBV
infections LRBA def (LRBA)

Autoimmunity, gastroenteritis, may
have granuloma (CVID) ICOS def (ICOS)

Detectable thymus
Coronin-1A def
(CORO1A)

Lack of naive T cells, EBV infection, HPV
infection, autoimmunity, congenital
heart disease MST1 def (STk4)

EBV-Lymphoproliferation
ITK def (1TK) CD27 def CTPS1 def

TCRaPB1 T-cell deficiency,viral infections, autoimmunity TCRa def (TRAC)

" . . . .
’

Lack of naive T cells, HPV infection, MC RHOH def (RHOH)
Susceptibility to cryptosporidia and cholangitis IL21R def (IL21R)
IBD, reduced IgG, respiratory infections IL21 deficiency

Kaposi’'s sarcoma, impaired immunity to HHV8 OX40 def (OX40)

[ iow | _coson ]| _over |

XL:
very low: MAGT1 def
(MAGT1).
AR :
LCK def
(LCK).
AD:
UNC119 def
(UNC119).

8 very low
CD8 def (CD8A)
HLA AB +
ZAP-70 def (ZAP70)

MHC-ll def

(REXANK,
CIITA,
REXS,

RFXAP)

HLA AB -
TAP1-2 neg Vasculitis
MHC-| def
(TAP2, TAP1 or TAPBP)

HLA AB —

Cutaneous granuloma,
hypoprotidemia

MHC-1 def (B2M)

CD3y def (CD3G)

i
DOCK2 def (DOCK2)
o

P. jirovecii pneumonia,
bacterial infections
CARD11 def (CARD11)

Bacterial, viral and
Cryptosporidium
infections. Low NK
and Ig levels. NIK def
(MAP3K14)

Recurrent bacterial, viral
and fungal infections;
clinical phenotype of
SCID IKBKB def (IKBKB)

Bacterial, fungal and
viral infections. Impaired
T cell proliferation and
antibody response
MALT1 def (MALT1)

Recurrent infections,

hypogammaglobulinemia,

lack of memory cells
BCL10 def (BCL10)



DNA repair defects:
Karyotype ++

Ataxia, aFPT; malignancies;
Chromosomal instability
Ataxia telangiectasia (ATM)

k k .

Congenital

thrombo-
cytopenia

Microcephaly; birdlike face; lymphomas;
ionizing radiation sensitivity; Chromosomal
instability Nijmegen breakage Sd (NBS1)

Marrow failure; leukemia; lymphoma;short
stature; birdlike face; sensitivity to the sun;
Chromosomal instability Bloom sd (BLM)

Facial dysmorphic features; macroglossia;

bacterial/opportunistic infections,

malabsorption; panhypogamma-

globulinemia; multiradial configuration
(Chrom.1,9, 16): Immunodeficiency with
centromeric instabiltiy and facial anomalies

(ICF) (DNMT3B or ZBTB24)

HIGM, café-au-lait spots; Lymphoma,
colorectal carcinoma, brain tumor:

PMS2 def (PMS2)

Short stature; Mild motor control to ataxia

and normal intelligence to learning
difficulties; mild facial dysmorphism to
microcephaly; Cellular radiosensitivity

RNF168 def (RNF168)

Viral infections (EBV, HSV, VZV), Adrenal
failure, Short stature . Low NK. MCM4 def

(MCMma)

Immuno-
osseous
dysplasias

Short-limbed dwarfism
with metaphyseal
dysostosis; sparse hair;
anemia; neutropenia;
cancers; impaired
spermatogenesis;
neuronal dysplasia of
the intestine

Cartilage Hair
Hypoplasia (RMRP)

Short stature;
spondyloepiphyseal
dysplasia; intrauterine
growth retardation;
nephropathy; decreased
thymic function
Schimke sd
SMARCAL1)

Thymic defects, Hypo-
parathyroidism; conotruncal
heart defects; abnormal facies.
FISH positive, Di George sd
(Interstitial deletion of 22q11-
pter orlOp)

Thymic defects

Coloboma, heart anomaly,
choanal atresia, retardation,
genital and ear anomalies
CHARGE sd (CHD7, SEMA3E)

Hyper-IgE
syndromes
(HIES)

Distinctive facial features
(broad nasal bridge),
eczema, osteoporosis and
fractures, scoliosis,
delayed shedding of
primary teeth, hyper-
extensible joints, bacterial
infections (skin and
pulmonary abscesses,
pneumatoceles) due to
Staph aureus, candidiasis
AD-HIES (Job sd ) (STAT3)

Congenital ichthyosis,
bamboo hair, atopic
diathesis, Increased
bacterial infections,
failure to thrive, TIgtE
and IgA.

Comel Netherton sd
(SPINKS)

Recurrent pneumonia,
recurrent skin abscesses
AR-HIES PGM3
deficiency (PGM3)

Inherited bone marrow failure sd
Dyskeratosis congenita (DKC)

Intrauterine growth
Retardation,micro-
cephaly, digestive tract
involvement,
pancytopenia, reduced
number and function of
NK cells XL-DKC (DKC1)

Reticular
hyperpigmentation of the
skin, dystrophic nails,
osteoporosis,premalignant
leukokeratosis of the
mouth mucosa, palmar
hyperkeratosis, anemia,
pancytopenia

AD-DKC (TERC, TINF2,
RTEL1, TERT, ACD)

Pancytopenia, sparse scalp
hair and eyelashes,
periorbital telangiectasia,
and hypoplastic/
dysplastic nails

AR-DKC (RTEL1, TERT,
PARN, NOLA2, NOLA3,
ACD, DCLRE1B)

Neuropathy,
autoimmunity, viral
infections, hypouricemia
PNP def (NP)

Agenesis of the corpus
callosum, cataracts,
cardiomyopathy,

skin hypopigmentation
and immunodeficiency
Vici syndrome (EPGS)

Lymphangiectasia ,
dysmorphy Hennekam-
lymphangiectasia-
lymphedema sd
(ccBE1)

Hepatic veno-occlusive
disease; Pneumocystis
Jiroveci pneumonia; CMV,
candida. Thrombocytop.;
HSM: Hepatic veno-
occlusive disease
with immuno-
deficiency (VODI)
(SP110)

Autoinflammation, Amylopectinosis HOIL1 def (HOIL1)

Autoinflammation, Amylopectinosis Lymphangiectasia HOIP def (HOIP1)

D) GGabDDgogDz ag3Dzadog] abDgkgbDz Qg DG

ers

|
Anhidrotic Ectodermal
Dysplasia (EDA) :

XL-EDA-ID

X-linked recessive with
immunodeficiency :
pyogenic bacteria and
environmental
mycobacteria.

Colitis (20%).

50% : hypogammaglob.
and 15 % : high serum
IgM levels. Impaired
antibody response to
pneumococcal
polysaccharides
NEMO def (IKBKG)

AD-EDA-ID

+ T-cell defect

Recurrent bacterial
infections, opportunistic
infections . Diarrhea
and/or colitis.
Hypogammaglob. (IKBA)

Autoimunity, EDA,
Myopathy . Ca++ channel
def (ORAI-1, STIM-1)

Q

GL

Multiple intestinal atresias (majority), often with intrauterine polyhydramnios and early demise, sometimes
absent T cells Immunodef with muitiple intestinal atresias (TTC7A)

XL, Thrombocytopenia with small platelets;
eczema; lymphomas; autoimmune disease;
IgA nephropathy; bacterial and viral
infections.

Wiskott Aldrich sd or X-Linked
Thrombocytopenia (mild form) (WAS)

Alopecia, abnormal thymic
epithelium, impaired T cell
maturation

Winged helix def (FOXN1)

Mild facial dysmorphism (malar hypoplasia, high forehead), livedo, short stature; recurrent upper and lower
respiratory tract infections, recurrent pulmonary infections and recurrent meningitis FILS sd (POLE1)

Growth Hormone insensitive dwarfism, dysmorphic features, eczema, lymphocytic interstitial pneumonitis STATSb def (STATSB)

WAS-like phenotype, AR WIP deficiency

(WIPF1) Defects of Vitamin B12 and Folate metabolism Megaloblasticanaemia, pancytopaenia, untreated for prolonged periods results in

mental retardation TCN2 deficiency SLC46A1 deficiency MTHFD1 deficiency
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Serum Immunoglobulin Assays : IgG, IgA, IgM

k k k .

Exclude 2° causes: drugs [Hx], myeloma [bone

marrow], Lymphoma .

Ig loss (not hypo-lgh) in

urine, Gl or skin

B Lymphocyte (CD19+) enumeration (CMF)

T

X-Linked Agammaglobu-
linaemia (BTK)

AR
Agammaglobulinaemias

p heavy chain Def
(IGHM)

Iga (CD73A4)

Igp (CDT9B)

BELNK [(BLNK)

IS (IGLLT)

PI3KR1 def (PIK3IRT)

AD

E47 transcription factor
def (TCF3)

e
[ ]

Common Yariable
Immunodeficiency
Disorders (CVID)

‘Very rare AR disorders:
TACI,BAFF-R, CD19,
CD&1, CD20, CD21,
TWEAK, NFKB2

Thymoma with
immunodefciency
Bacterial/ opportunisitc
infections, autoimmunity

Myelodysplasia with

hypogammaglobulinemia
(Monosomy T, trisomy &

or DKC, GATAZ)

Congenital sideroblastic anemia, deafness,
developmental delay : TRNT1 def (TRNTT)

Trichorrhexis nodosa TTC37 def (TTC37)
[ 1

Dysmorphic facial features, Hypotonia, neurologic
disorder; severe hypogammaglobulinemia

CDG-lIb (MOGS)

IgG (VW) ,IgA(¥)
and IgM(N / 1) :
HIGM

Healthy infant, no
increased bacterial
infections. Mormalisation
at 36-60 months
Transient hypogamma-
globulinemia of
infancy

AR hyper-IgM disorders,
with hymphoid
hyperplasia:

AID def (AICDA)

UNG def (UNG)

Others

INOBO def
(INOBO)

MHSE def
(MHSE6) (cancer)

Growth retardation.
EBV. CMV viremia.
PIK3R1

loss-of-function
(PI3KR1)

QGDx NDz a ¢ dz
a AZDA T FEEOFEIF 1 B 6 D1l B

- AN

1 1gG subclasses 1,2,3
levels (measure at
least twao)

2 Specific antibody
responses (anti-FFS
antibodies and
Tet/dip/hib)

Selective IgA def

Low lgG
Sub classes

lgA with

lgG subclasses def

Low Specific
antibody responses

lgA with Specific Ab
deficiency

Q» QD4

Normal
IgA,lgG,igM

1 1gG subclasses 1,2,3 levels

(measure at least two) 7

2 Specific antibody responses
{anti-PPS antibodies and
Tet/dip/hib) 7

lgG subclasses Low

+/- poor Specific Ab
response :

Isolated IgG subclass

1gG2 Low + impaired
response to PPS and hib :
Bronchiectasis, autoimmunity,
chronic EBV, CMV infection
Activated PI3K-5
(PIK3CD, p110)

IgG subclasses +/-lgA,
absent IgE, asymptomatic : Ig
heavy chain mutations or
deletion (mutation or

chromosomal deletion 14932)

All have lambda chain,
asymptomatic

K chain def (IGKC)

Congenital
B cell
lymphocyto
sis

AD, SPM, Adp.

Bacterial and viral
infections, EBV
chronic infection,
Autoimmune
cytopenia

CARD11 gain of
function
mutations
(CARD11)




Specific hair shafi
anomaly

Hermansky Pudlak

sl ype 2(APIE)

on blood

hair shaft

Primary
neurologi

Ch

Griscelli sd tvpe 2

(RAB27a)

Severe
inflammation,
persistent fever

Normal Low
CDo7 CD o7
Degranulat Degranulati

i on (T, NK)

IV.GKk & dza DA Hig Dz dz§ Dz

Syndromes with Autoimmunity

EBV-associated
Ilymphoproliferation
XL, Hypogammaglobulinemia,
Lymphoma, Hepatitis, Frequent
EBYV induction of HLH. NKT cell
deficiency. Reduced CTL activity
to EBV., SAP deficiency (CMFL

ALPS Splenomegaly,

adenopathy, defective

lymphocyte apoptosis,
CD3 double negative > 2,5 %7

Immune dysregulation

with colitis

Inflammatory bowel disease
(IBD) Folliculitis, Recurrent
respiratory diseases, Arthritis

TL-10 def (FLIG)

+ Lymphoma
1L-10Ra def (TLIORA)
IL-10RE defl (ILIORE)

a0 3 Dzz DDAG K Qk Dz Dz

Type 1

Interferonopathies

+ Skin
vascularitis,
mouth ulcers,
arthropathy
SAMHIN
def,

Munc 13-4

deficiency
FHL3

(UNCI3-D)

Munc 18-
2/STXBP2
deficiency
Primary Bowel
disease
Increased
bleedings.

FHLS5 (STXEBP2,

Syntaxin 11
deficiency.

FHLA (STXI1)

XLPI1 (SH2DIA)

XL, Splenomegaly, Colitis, XIAP
deficiency (CMF) XLP2 (XFAP)

Auntoimmune polvendrocrinopathy with candidiasis and
ectodermal dystroph

Immune d
H uf 1t INSC

. polyendocrinopathy, enteropathy

cimmunity, impaired T-cell
ency (TL2RA)

Lymphoproliferation, Solid organ autcimmunity,
recurrent infections. STAT3 GOF (STAT3)

Variable lymphoproliferation, severe autoimmune
cytopenias, hypergammaglobulinemia, recurrent
f ,-Tripeptidyl-Peptidase Il def [TPP2)

Hypogammaglobulinemia, recurrent infections and multiple

autoimmune clinical features, decreased circulating B cells
CTLAA def (ALPS-V) (CTLA4)

AD, Recurrent bacterial and viral
ns, defective lymphocyte

activation
CASPASE B defect (CASPR)

AR, Recurrent infections; EBV chronic
. SLE-
like autgimmunity (Mephrotic and

infection. Lymphoproliferation

anti-phospholipid syndromes)

HypolgG PREKCdelta def (PRKCD)

AGSS
(SAMHDI)

IBD, recurrent sinopulmonary
infections NFATS
haploinsuffisiency (WFATS)

Progressive encephalopathy Intracranial
calcifications, Cerebral atrophy,
leukodystrophy HSMG, Thrombocytopenia,
Elevated hepatic transaminases

Chronic cerebrospinal fluid (CSF)
lymphocytosis Aicardi-Goutieres {TREXT,
RNASEH2E, RNASEH2C, RNASEH2A4),

Progressive encephalopathy intracranial
calcification, Severe developmental delay,
leukodystrophy ADARI def, AGH
{fADARI) . NGST (IFTH ).

Recurrent bacterial and viral infections,
Intracranial calcification, SLE-like
autoimmunity [Sjogren’s syndrome,
hypothyroidism, inflammatory myositis,
Raynaud’s disease and vitiligo), hemolytic
anemia, thrombocytopenia, skeletal
dysplasia, short stature SPENCD ¢ACP3)

Early-onset inflammatory disease, rash, tachypnea, systemic
inflammation, vascular inflam, pulmonary inflammation VACI (STING)

Recurrent fever, Early-onset stroke, Livedo racemosa, low |gM,
Hypogamma, Lymphopenia, Polyarteritis nodosa, childhood-onset ADAZ
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V.DGGee®eg gk Dz Gk adzaDAHg Dz dz3G aDXKO3G g/ Qak
ves (withoutant-PMN) [l Neutropenia? bl Mo

dzg Dz o g k dz3 (

No syndromic

]
Pancytopenia, exocring
pancreatic insufficiency,
Chondrodysplasia
Shwachman-Diamond (SBDS)

Structural heart defects,
urogenital abnormalities, and
venous angiectasias of trunks
and limbs

Severe congenital neutropenia
type 4 (GEPC3)

Extramedullary hematopoiesis,
bone marrow fibrosis,
nephromegaly: SCNS (VPS45)

Fasting hypoglycemia, lactic
acidosis, hyperlipidemia,
Hepatomegaly Glycogen
storage disease type 1b
(GEPT1)

Retinopathy, developmental
delay, facial dysmorphism .
Cohen sd (VPS513B)

—

1 CBC ftwice
Weekly x4
Cyclic
variations ?

Yes : Cyclic
neutropenia

(ELANE)
Mo =5evere
Congenital

Meutropenia (SCN)

AD

+/- Myelodysplasia SCN1 (ELANE).

BST -l : SCNZ (GFI1)

AR Kostmann (HAX1)
JAGN1 def (JAGN1)
G-C5F receptor def (CSF3R)

XL-Neutropenia/ myelodysplasia
{wAas)

loderma with neutropenia (C16orf57)

Failure to thrive, partial Albinism, Hypogammaglobulinemia :
P14/LAMTORZ def (ROBLD3/LAMTORZ)

Microcephaly, hypoglycemia, hypotonia, ataxia, seizures,
cataracts, IUGR 3-methylglutaconic aciduria, type Vil {CLBP)

Periodontitis,
palmoplantar
Hyperkeratosis
Papillon-Lefévre
(cTsC)

Poor wound healing
Leukocytosis. DHR
assay negative to
fMLP stimulation

Rac 2 def (RAC2)

Bilobed nuclei
Specific granule
deficiency (C/EBPE)

Alveolar
macrophages
Pulmonary alveolar
proteinosis
(CS5F2RA)

Periodontitis only
Localized juvenile

periodontitis (FPR1)

Failure to thrive,
mental retardation:
B-Actin [ACTE)

LAD :

Skin infections evolve to
large wlcers.
WEC > 25000

LAD | (ITGB2)
Delayed cord separation
with ormphalitis+++, Skin
infections evalve to large
ubcers, no pus formation,
lack of inflarmmmation is
observed in infection
area. Periodont

to early loss of teeth, |
CD1E def [CMF) severity
of the disease correlates
with the degree of
deficiency in CD18.
lewkocytosis with
nautrop (WEC
20,000-150,000 with &0—
85 % neutrophils)

LAD Il (SLC35CI)
Extremely rare. Recurrent
infections with marked
leukocytosis. Severe
growth delay and severe
intellectual deficit. Facial
dysmarphism ( depr

nasal brid Savene
pericdontitis later in life.
Bombay blood group.
Infections: rarely life
threatening. Patients may
live 1o adulthood.

LAD I {FEHMT_?]
Severe bacterial
infections and

neutrophilia Platelet
agEregation assay.

Susceptibility to
Mycocbacteria,
Papilloma Viruses,
Histoplasmaosis,
Alveolar proteinosis,
myelodysplasia/an
L/ CMML . Low NE.

ef (GATAZ)

CGD:

Early onset of severe and
recurrent infections affecting
initially the natural barriers of
the organism [ lungs, lymph
nodes, skin, and eventually
inmer structures (liver, spleen,
bones, brain, and +++ hepatic
abscess).

Granulomata abstructing
respiratory, urinary or
gastrointestinal tracts.
Inflammatory bowel disease
(Crohm’s like disease) and
perianal disease : up to 30 %

Pathogens : typically catalase
negative bacteria (Staph.
aureus and gram-negative
bacilli, Aspergilus, Condida);
other: Burkholderia

cepacia, Chromobacterium
violaceumn, Nocardia, and
invasive Serratioc marcescens. In
developing countries, BCG :
adverse effects in up 1o 20 %.

Micrescopic granulomas.
Inflammatory

XL CGD: CYBB (gp91®

AR CGD:

NCF1 (pa7rhex)
CYBA (p22rhex)
NCF4 (paorhex)
NCF2 (p67°"x)




VI.Gk & dza DA Huig Dz dz Dz § GDX Qg Dz &4 0 3 DX a Dz

Parasitic infections and
fungal diseases

Predominant susceptibility to
viral infection

Susceptibility to
Mycobacteria

Predominant susceptibility
to invasive infections
with pyogenic bacteria

Susceptibility to

Herpes simplex Trypanosomiasis

Predisposition to invasive
bacterial infections
(meningitis,

sepsis, arthritis,
osteomyelitis and
abscesses), often in the
absence of fever.

Predominant pathogens
(S. pneumoniae, S. aureus
and Pseudomonas
geruginosa). Non-invasive
bacterial infections (skin
infections and upper
respiratory tract
infections). Improve with
age.

Routine screening

tests are normal. Specific
screening tests (lack of
proinflammatory
cytokine production and
CD62L shedding) :
available only in
specialized clinical
immunology laboratories.

IRAK4 def (IRAK4)
=

MyD88 def (MYDS88)

Bacteremia
(encapsulated
bacteria)

No spleen

Isolated
congenital
asplenia

(RPSA)

Encephalitis

Dominant clinical
phenotype is herpes
simplex encephalitis
(HSE) during primary
infection with herpes
simplex virus type 1
(HSV1), usually
between 3 months and
6 years of age.

Routine screening
tests are normal.

Specific tests
examining the TLR3
pathway : marked
decrease in the ability
of patient’s

fibroblasts to produce
IFN-B/-A in response to
TLR3 agonists and
HSV1 infection.

AR :
UNCS93B1
TLR3
TRIF

AD APOL1

Warts,
Hypogammaglobulinemia,
infections, Myelokathexis

AD. Neutropenia, reduced B
cell numbers.

Warts/ human papilloma
virus infection.

WHIM sd (CXCR4)

Human papilloma virus
(group B1) infections and
skin cancer
Epidermo-dysplasia
verruciformis
(EVER1/TMCE,
EVER2/TMCS8)

Viral infections
STAT1 def
STAT2 deficiency

Severe viral infections
CD16 def

Severe influenza
disease
IRF7 def

Chronic
Mucocutaneous
Candidiasis

Occasionally
autoimmunity,
no ectodermal
dysplasia

AD: STAT1 (gain of
function) IL17F

AR: IL17RA
IL17RC

Invasive candidiasis
or dermatophytic
disease

CARD?9 def
(CARDS)

Blepharitis,
Folliculitis and
macroglossia
ACT1 def (ACT1)

Mycocbacteria, Candida,
Myeloproliferation

IRF8 def (AR form) (IRFS8)

Susceptibility to
Mycocbacteria, Candida
RORc def (RORC)

MSMD
IL12 —IFNy axis def.

AD IFNGR1 (mycobacterial
osteomyelitis).

Complete AR IFNGR1 and
AR IFNGR2 (Serious
disseminated BCG

and environmental
mycobacteria infections
(soft tissue, bone marrow,
lungs, skin, bones and
lymph nodes), Salmonella
spp., Listeria
monocytogenes and viruses

Partial STAT1 LOF (AD),
Partial IFNyR1, partial
IFNyYR2 , complete IL-
12RB1, complete IL-
12B,complete

ISG15, XL CYBB, IRF8, Tyk2,
XL NEMO

usually less severe
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Sterile inflammation
( skin / bone / joints )

Recurrent
inflammation

Systemic inflammation
with urticaria rash

AR
DA: 1-4 days.
FA : Variable.

Polyserositis, Abdominal
pain, Arthritis, Amyloidosis
Colchicine-responsive +++
Erysipelas-like erythema

Familial Mediterranean
Fever (FMF) (MEFv)

AR
DA: > 3-7 days
FA: 1-2 monthly

Cervical adenopathy

Oral aphtosis. Diarrhea
Elevated IgD and IgA, acute
phase response and
mevalonate aciduria during
attacks

MKD def (HIDS ) (MVK)

AD

DA: 1-4 weeks

FA : Variable, continuous
Serositis, rash, Periorbital
edema and conjunctivitis;
Amyloidosis.

Low levels of soluble TNF-R1
when well

TRAPS (TNFRSF1A)

AD - DA: 24-48 H

Cold exposure. Non pruritic
urticaria, arthritis, chills
Conjonctivitis.

Familial Cold
Autoinflammatory
Syndrome (CAPS)
(NLRP3, NLRP12)

AD - DA : Continuous.
Often worse in the evenings
FA: Often daily

Ethnic group : North European;
Deafness, Conjunctivitis:
Amyloidosis.

Muckle Wells syndrome

AD, Sporadic
DA: Continuous
FA : Continuous

Aseptic and chronic meningitis,
Deforming arthropathy,
Sensorineural deafness.
Mental retardation; Visual
loss. CINCA (NOMID),
(CAPS) (NLRP3,

Cold urticaria, humoral
immune def, autoimmunity
PLAID (PLC2G)

+Blistering skin lesion,
pulmonary and bowel disease
APLAID (PLC2G, c. 2120C>A)

AR - DA : Few days
FA :1-3 / month

Chronic recurrent
Multifocal osteomyelitis,
severe pain, tender soft
tissue swelling,
Transfusion-dependent
anemia,

MAJEED (LPIN2)

AR - DA : Continuous
FA : Continuous

Sterile multifocal
Osteomyelitis,Folliculitis.
IL1: Unopposed effect

Deficiency of IL-1
Receptor Antagonist
(DIRA) (ILIRN)

AD - DA: 5days
FA: Fixed interval :4-6
weeks

Sterile pyogenic
oligo-arthritis,

Pyoderma gangrenosum,
Myositis. Acute-phase
response during attacks

PAPA (PSTPIP1)

AD. DA : Continuous.
FA : Continuous. Uveitis,
Granulomatous synovitis,
Camptodactyly, Rash,
Cranial neuropathies, Crohn
disease. Sustained modest
acute-phase response
BLAU syndrome (NOD2)
=]

AR, life-threatening,
multisystemic inflammatory
disease characterized by

episodic widespread, pustular

psoriasis, malaise, and
leukocytosis.
DITRA (/IL-36RN)

Hyperpigmentation, hypertrichosis

SLC29A3 mutation (SLC29A3)

Bone degeneration in jaws
Cherubism (SH3BP2)

Psoriasis. CAMPS (CARD14)

AR Dystrophy,
panniculitis

CANDLE (PSmBS8)

Neonatal
enterocolitis, periodic
fever, fatal
autoinflammation,
macrophage
activation syndrome

NLRC4

Autoimmune
inflammatory
arthritis and
interstitial lung
disease

COPA def (COPA)

AR, early-onset pustular dermatitis, short and broken hair,
paronychia, frequent cutaneous bacterial infections, and
diarrhea, high IL-1 and IL-6 production. Lack of TNF-a was

considered partly responsible for their increased susceptibility

to infection and development of cardiomyopathy.
Inflammatory skin and bowel disease-1 (ADAM17)
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Low
Recurre!\t Neisserial SLE-like syndrome Atypical Hemolytic
'p\mg?mc infections Uremic Syndrome
infections I I
Neisserial .
infections SRR A2} AD, Hereditary
: disease, Glomerulonephritis. .
" Y infections Membrane cofactor angioedema.
Recurrent severe Properdin c6 c4 def (CD46)
pyogenic infections (PFC) C4A. C4B (SERPING1)
mainly in the lungs; ] ol )
necrotizing enterocolitis c9 Clq def Factor B (CFB) Hemolytic anemia
in infancy; selective (C1QA, C1QB Factor H-related '
antibody defect to Factor D c1qc) protein deficiencies thrombosis
pneumococcal (CFD) (CFHR1-5) CD59
polysaccharides Thrombomodulin (MIRL)
Ficolin 3 deficiency (THBD)

(FCN3)
= Vasculitis,

CR3 def (ITGAM) Polymyositis

= . + Wasculitis e
Glomerulonephritis,
hemolytic-uremic C7 def (C7) Multiple

Syndrome Factor | {CFI) autoimmune
diseases
Mer:nbra::no— C1s def (C158)
proliferative
Glomerulonephritis.

Factor H (CFH)
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Associated with
Somatic Mutations

Splenomegaly, lymphadenopathy,
autoimmune cytopenias,

Defective lymphocyte apoptosis.
| ALPS-FAS

ALPS-SFAS
(somatic mutations in TNFRSF6)

Sporadic;
Defective lymphocyte apoptosis after IL-2 withdrawal

Activating N-RAS defect,
Activating K-RAS defect

(somatic mutations of NRAS or KRAS)

Urticaria-like rash,

arthropathy, neurological symptoms
Cryopyrinopathy

(somatic mutations of NRLP3)

Mycobacterial, fungal, salmonella
VZV infections / MSMD or CID

Adult-onset immunodeficiency
(AutoAb to IFN gamma)

Staphylococcal infections / STAT3 deficiency
Recurrent skin infection (AutoAb to IL-6)

Pulmonary alveolar proteinosis, cryptococcal meningitis
| CSF2RA deficiency
Pulmonary alveolar proteinosis
(AutoAb to GM-CSF)

Angioedema
IC1 INH deficiency
Acquired angiooedema (AutoAb to C1inhibitor)

Atypical HUS
aHUS (AutoAb to Factor H)

¢J] aDAa oo aeaeg D2

Associated with
Auto-Antibodies
cMC
AutoAb to IL-17 and/or IL-22

—

Q-

-
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PID phenotype Associated gene defects
T-B+NK-SCID ILDRG, JAK3

T-B+NK+SCID RAG1, RAG2, DCLERC1

Omenn syndrome RAG1, RAG2, DCLERC1, RMRP,
IL7R, IL2RG, ADA

Agammaglobulinemia BTK, IGHM, IGLL1;, CD79A
CD79B, BLNK

CVID TNFRSF13RTACI), ICOS,
TNFRSF13C (BAFR), CD40L,
CD19, SH2D1A

HyperlgM syndrome CD40L, CD40, AICDA, UNG

XL lymphoproliferative syndrome SH2D1A, XIAP
Familial haemophagocytic PRF1, MUNC13B, STX11

lymphohistiocytosis

Chronic granulomatous disease CYBB,CYBA, NCF1, NCF2
Severe congenital neutropenias ELA2, HAX1, GFI1, MAPBP, WAS
Mendelian susceptibility to mycobacteriallL12B, IL12RB1, IFNGRIFNGR2
disease STAT1

Herpes simplex encephalitis UNC93B1, TLR3
The hypetlgE syndromes (HIES) TYK2, DOCHK3, STAT3

(modified with permission from
Notarangelo and Sorensen 2008)



Mutated genes

RAG1 RAGZ DCLERC1
LIG4

WASP
SH2D1A
RMRP
ELA2

Associated phenotypes

SCID, OS, leaky SCID
SCID, LIG4 syndrome

WAS, XLT, XLN
XLP, CVID
CHH, SCID, OS

SCN, cyclic neutropeni

(modified with permission from Notarangelo and Sorensen 2008)
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(DNA extraction).
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 RORal ORI RTtt fE? ATl El Géhyueschnyg ) F OU DNA (DNA

VOE t E 1 Adel0RI003 (CEARRET A Bl&xi Generafion
Sequencing )



Exxvnric _
= DNA expaneio

Ta emorpoouéva Bpalopauta
NAECTOQOPOLVIDE BETW
) Tpegoadoug
| WW& p ; , ) DNA mohupepdon | 4 dNTP
L 4 *njr‘er'., i 4dTTP

—

Py, o | )

AVTYVEUTTG

DNA Bpalopara
Siagoperxou peyiboug,
OTUOTPEVT UE P30PI{oUsES |
EVWWOEIC ! H
M
WIFADEE) WL, M FSAITTY, .

((767 VVCAYGQ!GQ"((GIAA'(C

H vourhsondur] alnhouyia Safalstan peaw Aancukod
UTTC HOPEN Xowparoypagnuarag




Ligation ‘ -Genome fragmented
/ by nebulization

Selection ~ «No cloning; no colony

(isolate AB picking

fragments ; +sstDNA library created

only) with adaptors

-A/B fragments selected
using avidin-biotin
purification

L“”““H

First chemistry cycle:
determine first base
To initiate the first
segueancing cycle, add

all four labeled reversibla
terminators, primers, and
DNA polymerase enzyme
o the flow call

ILLUMINA
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454
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Image of first chemistry cycle
After laser exctation, Capture the image
of emitted fluorescence from each

\
|
i1
|
|
|
{
|
|

cluster on the flow cell. Record the
identity of the first base for each duster.

el

Seguence read over multiple chemistry cycles

Repeat cyciles of seqguendcing to determmine the segueance
of bases in a given fragrment a single base at a time.

m/
- M
—_
>

Before initiating the
next chemistry cycle
The blockad 3" ternrninus
and the fluorophore
from each incorporated
base are removed.




Ao} SJJ’E

O >:[M

_—)

> >0

NEN

—_—

(@)

4

O Omr MO >~ >4 X
-y O) >, =) ==

’ FFI~C’ - _);U‘_) O)>,—)

?3\ > M0 > MOy
—) =

N D > A D

O:/Mp Mz M= O

O:>Qr ' X > M
m»

o O7>» /TIoW T DO

g ) Co

—_— =
& —)  —
\

)

M
O

N —’ =
O >

-
—) I-n)

puLl e
m; -5

T\

O» ™
P —Y O) >;

-

[Th
(@7

0
Of"_" [T

Fﬁ* —_ Py o ¥
-N O) =) «r—+
O

The Cost of SCquencing the Human
Genome

$100,000,000 395,363,012

$60,000,000

$80,000,000

$70,000,000 1
$61,448,422
$60,000,000 |
§50,000,000 1
440,157,554
$40,000,000 { J

$30,000,000 +

L } $18,519,312

$20,000,000 |

A B 413,801,124
mm 510474556
$10,000000 1} | BN W ATy

EIR || 7% |
\ ‘l U \J u U $343502 470,333 629,092 $10497 $7950  $5,000
gp . -— . —_ — —_— —_—

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
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by the EU 5th framework

Editor in chief: Isabelle Touitou

The registry of Hereditary Auto-inflammatory Disorders Mutations

Hereditary Recurrent Fevers

m m m m Current number (1014) of sequence variants in the database

NLRP3 (CAPS)
MEFV (FMF)

Mapod Sradroms NLRP12 (NAPS12)
MVK (MKD)

Granulomatous Disorders TNFRSF1A (TRAPS)
IL1RN(DIRA)

CD/BS/EOS LPIN2 (Majeed Syndrome)

o PSTPIP1 (PAPA)
Proteasome disability NOD2 (CD/BS/EOS)

SH3BP2 (Cherubism)
SMB8 (JMP/NNS/CANDLE)

Reproductive Wastage NLRP7 (RMHs)

Pyogenic Disorders

JMP/NNS/CANDLE

“ Ml Acerviated nhannhine = YES M1 Acerviated nhannhmna = | Inknown [T Acerriated nhanahne = NO
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A HGVS affiliated database ~ » &9

References : 2003 2004 2008 7. W ' y This web site was supported
' “ by the EU 5th framework

The Human Gene Mutation Database Pr HGMD® Professional contains B I O B S E
at the Institute of Medical Genetics in Cardiff over 120,000 inherited
Copvright ® Cardif Univensicy 2012 All righes raserved disease-relevant mutations BIOLOGICAL DATABASES

Scarch help Statistics New genes What's new Background Publications Contact us Register Log in Loges ppecifie (A

Gene symbol X I@’ Symbol: Missense/nonsense v |@]

SR IR =R ==l o ==1-1 ol T L =R R == =
HGMD Professional includes 1. Up-to-date mutation data; 2. Fultext indexing

This database is maintained by D.N. Cooper, E.V. Ball, P.D. Stenson, A.D. Phillips, K. Shaw and M.E. Mort.

*Please note that this less up-to-date public version of our database is freely available only to users from academic institutions/non-profit organisations. All commercial

Get HG"D fi y i fi m
users are required to purchase a license from BIOBASE, our commercial partner. A license to al is available to both commercial and academic ‘non-profit users wishing

)

Professional 7 &
to access the most up-to-date version of the database (see example HGMD Professional entry). Read more about how HGMD is funded

s Public entries: Total entries:
Table: Description: This site. Academicnonprot HOMD Profsional 20114
userns oaly

Mautation totals (as of 2012-03-26) 85840 120004

The gene description, gene symbol (as recommended by the HUGO Nomenclature Committee) and chromosomal location is
Gene symbol recorded for each gene. In cases where a gene symbol has not yet been made official, a provisional symbol has been 3253 4411
adopted which is denoted by lower-case letters.

cDNA sequence cDNA reference sequences are provided, numbered by codon. 3195 4320

Genomic (chromosomal) coordinates have been calculated for missense/nonsense, splicing (release 2011.3), regulatory,
small deletions, small insertions and small indels.

Standard HGVS nomenclature has been obtained for missense/nonsense, splicing (release 2011.3), regulatory, small

Genomic coordinates 0 106621

HGVS nomenclature 107178
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A HGVS affiliated database : , w
References : 2003 2004 2008 X This web site was supported
’ by the EU 5th framework

Editor in chief: Isabelle Touitou

The registry of Hereditary Auto-inflammatory Disorders Mutations

The Human Gene Mutation Database Professional HGMD® Professional contains B I 0 B S E
at the Institute of Medical Genetics in Cardiff , . over 120,000 inherited

rights raserved disease-relevant mutations BIOLOGICAL DATABASES

®
HGMD
Scarch help Statistics New genes Publications Contact us Register o e+ Loy 4o
Gene symbol v - Missense/nonsense v |Go!

IR -1 lDblSn | = & ™

sta; 2. Fultext indexing

Home page Available databases Our publications About database

.
GetHGMD ikl
Professional [

1o ac

Immunodeficiency Mutation Databases:
ADAbase FF10 Adenosine deaminase deficiency (ADA)

Table: AICDAbase Non-X-linked hyper-IgM syndrome

AIREbase Autoimmune polyendocrinopathy with candidiasis and ectodermal dystrophy (APECED)
AP3B1base Hermansky-Pudlak syndrome 2

BIRC4base X-linked lymphoproliferative syndrome
Gene symbol BLMbase Bloom syndrome

BLNKbase d BLNK deficiency
cDNA sequence BTKbase X-linked agammaglobulinemia (XLA)

C1QAbase C1q a polypeptide deficiency

Genomic coordinates
C1QBbase C1q B polypeptide deficiency

C1QCbase C1q y-polypeptide deficiency
HGVS nomenclature (previously known as C1QGbase)

C1Sbase C1s deficiency

www.biobase-international.cor

C2base C2 deficiency

C3base C3 deficiency

C5base C5 deficiency

C6base C6 deficiency

C7base C7 deficiency
C8Bbase C8B deficiency
C9base C9 deficiency

AACNAA -



Xpnotpec AevOuvoelg

*http://bioinf.uta.fi/base _root/
*http://www.hgmd.cf.ac.uk/
*http://fmf.igh.cnrs.fr/ISSAID/infevers/
*http://www.hgvs.org/mutnomen/
*http://www.esid.org/
*http://www.paed-anosia.gr/
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NBS (New Born Screening)
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@) == e e P Normmal —3 No further action

Medical & Science

T RE C ~ > Abnormal — ::n":;n-mw

Arplepbaed
means reearesagy ik

T-cell Receptor Excision Circle

TCRS Eacision Cile

TREC AMALYSIS BY REAL-TIME PCR

TRECsTcell Receptor Excision Circles , PCR=Polymerase Chain Reaction , DBS=Dried Blood Spots



TRECSs (T cell Receptor Excision Circles)

ARTRECST UfFf ARITt 6 =~ URT t
gURI O1 ORHECs ¢ al Ol OAT T tFPT ABGODEE? | 1 &t

TCR TCR& TCRu

4

—5—

Rearranged TCR«.
e ————— O T
TCRd Excision Circle

(Cowels et a. Niture 1998)
’




TRECs Screening Test
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NBS TRECS test

TRECs? Ul 1 DNA4Rf A ERA& RfPfIT 1T EIT OaEY AQT AT

AN\ A\ A

DBS (Dried Blood Spots) -E1 U3 TAIEFOBS T | 1 O3

DNA -6 OQOFF‘FCR%T al ] ®TRECSA 7 A

ARI &7ttt O6Rt RUATF A RUETAF

N\ N\ N\ N\ N\

RrO OERI“ER]Tt A D1

Confimmaithory
l Testing

b el g e ]

gy babaj

B s TR
TCRE Ewis e Tl e

TRELC AMALYSIS BY REAL-TIME PCR
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DNA amplification failure;
new sample is needed.

Sample Number
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TREC >22
Initial TREC

assay, copies/ulL

of blood TRECs
<22

TREC
>22

Positive /

TREC Abnormal

<5
bad
=
Incomplete

Repeat
Heel
Stick

DAF or
Incomplete

Normal: 21,500 CD3 T
cells with naive cells
present
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Genetic defect Analysis References
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+, Analysis willyield aberrant result; -, analysis wil not reveal aberrancies. * Expected based on immunological phenotype of the patient, but not yet demonstrated
in dried blood spots.
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ACCCTGAJ ATAGGACCATAGGGGTCTTGACCAAGCCTGATCTGGTGGACAGAGUTUCTUAALGGUAALUITUTTUWUATU TWATULGGAN
TAGTCAAGTGCAGAGGTCAGCAGGACATCCAAGAGCAGCTGAGCCTGACTGAGGC TTATCAGACAGTGCAAGTCTTCTTCAAGGA C
CCACAGTGCCCTGCCTGGCAGATGATACCTAGAGACTGACTGAGGAGCTCACCTCCCACATCTGTAGATGGTCCAAACTGCCTTCGT.
CNWTMNNMGKCMMMWTMMMCWWCMRW

ACAAGGAAACCTTGAAGACGATCAGAGAGAAGGAAGCTAAGAAAGAGAAGA”™ Faa

ACTGAGATGACCCAGCACCTGAAAGCCTACTACCAGGAGTGCAGACGGAAT?”
,AGAAGGG’

TGCTTCAGCTTTTACAGGACACCAGTAAGTGCAGCTGGTTCCTGGAGG”

CAAATTCTCCGATTAACCAGGCTAGCTATGTGGCTTTCCTGE AG G I‘SAG T

G Disease
;* mG '\TGT T

TTTGTAAACTCTGAGGAGATGAGGAGAGAGGAGCTATGGAGAGTCA"

AGTTCTTAGGTGAGTTTCTCTCAATGTCAGTGTTAC G TG,
CCG TCATCTCCAACTGTTTGTGAGGTL
TGCTGTTTGCTTCAGCAAGACATCATY.

GO cOo ummammmmum
G e TTCAGCAGGAAGACA
G mwmmmmcmmmmnmm .
rmmmmmmmmm GG
C GTCCCATAACAAACACCAAGTATG
rmmmmmmmmmmam

"'MAC CCTGCTACCTTTCAAAATAAC
“CTGATTATCCAGTACTTCATCCT

A\AGAAGAAGTTC C
STGCTAACCTTA C

\GTGGAAGAGAAAAGTTA

é\immm

GC‘!"I'GCCA‘!‘CTAGC G
TATGTAAGG!
AWMA C



