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INTRODUCTION:

= Human inborn errors of immunity (IEI) are caused by monogenic germline
mutations resulting in loss or gain of function of the encoded protein. They can be
dominant or recessive, autosomal or X-linked, and with complete or incomplete
penetrance.

= They now comprise 485 distinct disorders listed in the 2022 International Union of
Immunological Societies (IUIS) classical classification.
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INBORN ERRORS OF IMMUNITY (IEl)

= |El present clinically as increased susceptibility to infections,
autoimmunity, autoinflammatory diseases, allergy, bone marrow
failure, and/or malignancy.

= Genetic variants cause disease by altering the encoded gene
product, such as by abolishing or reducing protein expression
and function (null/hypomorphic) or modifying the protein to
acquire gain-of-function (GOF)






HUMAN INBORN ERRORS OF IMMUNITY: 2022 UPDATE OF THE IUI
PHENOTYPICAL CLASSIFICATION:

- I : Immunodeficiencies affecting cellular and humoral immunity

= a: Severe Combined immunodeficiencies

= b: Combined immunodeficiencies less profound than SCID

- II Combined immunodeficiencies with associated or syndromic features

- III Predominantly antibody deficiencies

* a: Hypogammaglobulinemia

= b: other antibody deficiency

- IV: Diseases of immune dysregulation

= a :HLH and EBV susceptibility,

* b :Syndromes with Autoimmunity and others
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HUMAN INBORN ERRORS OF IMMUNITY: 2019 UPDATE OF THE IUIS
PHENOTYPICAL CLASSIFICATION:

= V: Congenital defects of phagocyte number or function
= a: Neutropenia , syndromic and non syndromic

= b :Functional Defects

= VI :Defects in intrinsic and innate immunity

= a: Bacterial and Parasitic infections

= b : MSMD and viral infections

= VII: Auto inflammatory disorders

= VIII: Complement deficiencies

= [X: Bone marrow failure

= X: Phenocopies of inborn errors of immunity
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CASE I:

= AT moths old age girl from related parents admitted to our hospital due to:

= Prolonged cough that finally was resulted to respiratory distress .
= In our hospital , She referred to PICU.
= Immunologic workup was compatible with SCID .But she died of severe infections. .

= When we searched in her medical file, we noticed that she had showed
lymphopenia in CBC when was 3 months old age and her physician did not care
about it . ( Lower limit of lymphocyte count is 4000/uL )

= [F we had SCID newborn screening with TREC measurement , Probably she would
be alive.
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TABLE I. PIDTC 2022 Definitions for SCID

SCID subtype Diagnosis requires Criterion 1 Criterion 2 Criterion 3 Criterion 4
Typical SCID (very Crteria | & 2 Wery low T cells Pathogenic Mo alternate explanation Presence of TME®
lowr autologous (R Criteria 1 & 3 [<05 % 10%L) gene for low T-cell count
T cells) OR Crterion 4 variant(s)¥ AND, EITHER:
Undetectable or low
TRECs#
OR <20¥% of CD4”
T cells have naive
cell surface markers
Leaky/atypical 5CID Crteria 1 & 2 & 4 Two or more of: Pathogenic Reduced proliferation Dxoes not have:
(low T cells) OR Criteria 1 & 3 & 4 & Low T-cell number gene @ Other 5CID subiype
for age (0.05-1.0 variant(s) & CID with
% 107L)# known genotype
& Oligoclonal T cells** & Thymic disorder
# Abnormal TRECs @ Other disorder
OR <20% of CD4~ with low T-cell
T cells are naive numbers] ]
Cimenn syndrome All 4 Criteria =80% of CD4™ T cells Pathogenic Generalized rash Two or more of:
have CD45R0O™ gene AND Absence of TME & Eosinophilia
memary phenotype variant(s) (=0E X I[J‘:'.l'L]n
# Elevated IzE

& Abnormal TRECs

& Lymphadenopathy

& Hepatomegaly
and/or splenomegaly

& Oligoclonal T cells

ETall sivheal dkastormamabhioe Gsark

meanvairmaruery ahenduamai chouald b e

ruralinl Gl lassal s

iwalk 1tk casrmd e el as

Thae Frlaran ssalae



CASE 2 :

= A 5.5 moths old boy of related parents referred us with these problems: Cough ,
respiratory distress that was admitted to PICU

= In PE , He showed respiratory distress ad BCG lymphadenitis.
= Chest X ray was compatible with P.Jiroveci infection.

= Lab Workup : CBC: WBC: 2200/ml( poly: 79%, Lymph: 14%)

= CD3:19%, CD4:18%, CD 8<1% ,CD 19:12%, CD16-56: 28%
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TREC (T-Cell Receptor Excision Circles) — Quantification

CLINICAL HISTORY ;
The sample belongs to a S-month-old male with a history of respiratory infections and otitis. The patient’s parents are first cousins.
RESULTS
TEST RESULTS REFERENCE VALUES
26 >5,862 per 10° cells Up io 3 years
TREC Copy Numbers (per 10° cells) 24,505 per 10° cells 310 16 years
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For patients with detected TREC copy numbers below the threshold, resulis showld be considered in the comtext of patiemt's
clinical history and para-clinical examinations, to make the final decision.




@I What are TRECs?

= T Cell Receptor Excision circle- TRECs are small,
episomal pieces of DNA that are formed during the

differentiation of T-cells in the thymus as a result of
rearrangement of the T cell receptor genes.

Screening for the absence of TRECs identifies
babies who cannot generate functional T cells

« TREC assay will differentiate between autologous T
cells and maternal T cells.

———— Prevent Disease — Promote Wellness - Improve Quality of Life




2

Signal joint TREC

SRec $Ja

- "m“.
"5
s’
\

¥y
h F,
H-‘_ ﬂ-/-

o e

Coding joint TREC




BOME MARROW

Fluripotent stem cell

Myelokd stem cell

Myeloid cells Lymphoid
stem cell

|

FPre-8 cell Q
g

Z-linked c?lain T

agammaglcbulinemia —
._‘ Mature T cells
CD4+

Pro-B call Fro-T cell

(BTK gene)

CO4+ T call

Hyper-Igh! syndrome
— (D0l

Mature B cells

Copyright & 2002, Elsevier Sciance (USA). All rights reserved. O



CASE 3:

= A 2 yrs old boy from related parents with history of recurrent pneumonia and
gastroenteritis and rash since infancy

= IVIG replacement for an one time

= Unresponsive pneumonia that admitted for 3 months in our hospital.
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Mofid Hospital
1395/08/05 o
Name: MOJADAMI KARAR AD =
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LAB DATA:

= WBC : 2500 ( poly : 45 %, Lym: 52%) , Hb = 6mg/dl, Plt = 263000
= IgG 480 mg/dl, Ig M= 12mg/dl, Ig A= 10 mg/dl

= Antitetanus Ab=/04

= Antidiphteria Ab= 0/17

= CD3:42%, CD4:17%,CD8:19%, CDI19:9% ,CD16-56:3%(lack of CD 45 RA, CD
45RO measurement , the definition of CID has some problems , Available in a few
centers)

= He had not received any treatment because his physician had not accepted IEI for him .

= We had requested LTT test for him

= LTT to PHA= 4,To BCG, 1.5, To Candida: 1.4 ( unavailable in most centers)
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= Regard to LTT response the patient put on IVIG replacement with the CID
diagnosis and also Antibiotic and antifungal prophylaxis.

= After 1 yrs he catch up ed 6 kg in weight without any new infection.
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Clinical criteria for a probable diagnosis
(= working definitions for clinical diagnosis

classification)

At least one of:

at least one severe infection (requiring
hospitalization)

one manifestation of immune
dysregulation

(autoimmunity, IBD, severe eczema,
lymphoproliferation, granuloma)
malignancy

affected family member

AND 2 of 4 T cell criteria fulfilled:

reduced CD3 or CD4 or CD8 T cells
(using age-related reference values)
reduced naive CD4 and/or CDS8 T cells
elevated g/d T cells

reduced proliferation to mitogen or
TCR stimulation

AND HIV excluded
AND exclusion of a clinical diagnosis

associated with CID

(e.g., defined syndromic diseases, DKC,
AT, CHH)
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ESID REGISTRY — WORKING
DEFINITIONS FOR CLINICAL
DIAGNOSIS OF PID:

= These criteria are only for patients with no genetic diagnosis*. *Exceptions:
Atypical SCID, DiGeorge syndrome — a known genetic defect and confirmation of
criteria is mandatory.



CASE 4:

= A 6 years old girl from far relative parents

admitted to hospital because of intermittent fever, aphthous lesion in mouth ,
weakness,

cervical lymphadenopathy and bicytopenia with admission diagnosis of typhoid
fever.

. Her siblings ( brother) had history of lymphadenopathy and elevated liver enzyme
due to EBV infection.
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LAB DATA:
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98/12/25 1700 6% 90% 3% 1% 522000

99/1/2 1400 18% 19% 2% 1% 9/1 449000

22 10 515 270 105



= Her workup for autoimmune dis, EBV , CMV infections , malignancy were negative.

= Immunologic workup didn’t show significant changes in immunoglobulin titers and
peripheral flowcytometry markers.

= Unfortunately she expired because of septic shock and her CTscan findings was in
favor of covid 19infection.
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RESULTS - Rare hemi/homozygous variants (WES)

Filter criteria: MAF GnomAD : <0.01, non synonymous, within coding regions (+/- 8 bp), sorted by CADD score, GnomAD HOM/HEM: <5

GENE | HGNCID | CHR IGI:I::S!I REF |ALT|gnomAD_AF ‘“f:':‘n hﬁ“m"i::u:-u Consequence HGVS (CDS) HGVSp (protein) |mns CADD
ADA2 | HGNC:1839 |chr22{ 17180080 | G | A |0,000007954) 10 0 dtop gained | ENSTODDO03998378:c9MCT |  ENSPOODOD3M2T3L2pAg3l2Ter | 92 | 3
WNT10A [HGNC:13820| chr2 [218890256| G | A | 0,0003906 | 143 0 missense ENSTODOO02S84118:C649G>A |  ENSPOOODO2SB4113:pAspliTAsn | 80 | 225
TCFI5 |HGNC:11627|chr20| 609810 | G | A |o.000007583 2 0 missense ENSTODO0246080.3:c428>T | ENSPOODDO2460803pAlalddval | 118 | 219
KIFBP  |HGNC:23419|chr10{ 69016363 | A | G missense ENSTO0000638119.2:c 1888A>G |  ENSPOOODDAS0026.LpSer30Gly | 87 |17,79
PRAME |HGNC:9336 [chr2z| 22548110 [TaGA| T | 00113 | 447 2| inframe_deletion |ENSTODO00543184.5:.1484_1486del|  ENSPODODOM4SET5.1:p.Pheddsdel | 135 [16,52
PPMIF |HGNC:19388[chr22| 21933583 | G | C [ooooooaoar| 1 0 |splice_region,intron| ENSTOD00D263212.10:¢.559-4C5G 51 1555
DEFB127 [HGNC:16206|chr20| 158935 | C | @ missense ENSTO0000382388 4:c. 211056 ENSPOOD0O371825 3:p.Arg7iGly | 78 12,1
TCFI5 |HGNC:11627|chr20| 609781 | € [A| 0 missense ENSTOD0002B080.3:cAS7G>T |  ENSPODOD02460803:pAl153Ser | 116 |7,314
PLOD3 | HGNC:3083 | chr? [101212378 G | A |000001097| 8 0 |splice_region,intron| ENSTO0D00223127 B:c 1006-4C5T 68 |14
Céorfs8 [HGNC:20960| ches |127578679| ¢ | T | 0001281 | 425 1 |splice_region,intron| ENST00000329722 8:¢.302-7C5T 55 0,327
IGLV1-36 | HGNC:5876 [chr22| 22432347 | T | C | 00002547 | 103 0 missense ENSTO0000390301.3:c 235T>C ENSPOOD00374836.3:p.Ser70Pra | 86 | 0,03




ADA2 DEACIENCY :

= Deficiency of adenosine deaminase 2 (DADAZ2) is an autosomal recessive disease
from LOF mutations in ADAZ2, formerly called CECRI1. Adenosine deaminase
proteins regulate purine metabolism by catalyzing adenosine and
deoxyadenosine.

= The clinical manifestations of DADAZ2 are variable but onset of disease is usually in
childhood. Vasculopathy of small and medium sized arteries is the most common
feature of DADAZ. The skin and central nervous system are the most common sites
of involvement.
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HEMATOLOGICAL DISEASE IN ADA2 DEFICIENCY:

= In some patients, cytopenia is the first manifestation or an
accompanying feature of the disease.

= The severe type of anemia in DADA2 may resemble Diamond
Blackfan anemia (DBA).

= Severe neutropenia is another important .
finding, and it has been reported in up to 10% of patient .

=DADA2 should therefore also be considered in the
differential diagnosis of bone marrow failure and
idiopathic aplastic anemia, even in adults and in the
absence of an inflammatory phenotype.
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= If we had ADA 2 level assessment we could have saved this patient.



CASE 5 :

‘A 3 yrs. old boy from related parents:
With fever, hepatosplenomegaly , pancytopenia.

Lab exam showed pancytopenia, normal TG, Moderate increase of ferritin ( was suspected to
HLH , wait for treatment due to normal BMA and not fulfill criteria of HLH )

EBV copy number was very high and rituximab was started for him .

Unfortunately , He died of DIC .

WES result showed the mutation in lyst gene but it was late . (chediak Higashi Syndrome)

Mistake about partial Albinism and Lack of CD 107 a expression a valuable marker for the
difference between primary and secondary HIH.
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ESID REGISTRY — WORKING DEFINITIONS FOR

CLINICAL DIAGNOSIS OF PID :CHEDIAK HIGASHI
SYNDROWE

[LTIRNE IR UM

. W —— L —
d?:eisﬂ::rr: ::l‘::::pt:} WIS category associated genes Contributors (= clinical diagnosis classification) (i.e., if these criteria are
(examples) not completely fulfilled)
Chediak Higashi syndrome | 4. Diseases of 606897 Nizar Mahlaoui, At least one of: Immunodeficiency with
(CHS) immune David Edgar, » recurrent bacterial infections partial albinism
dysregulation Stephan Ehl, + episode of hemophagocytic lymphohistiocytosis (HLH)

214500

Genevieve de Saint
Basile, Despina
Moshous

¢ Neutropenia
o reduced lymphocyte degranulation/cytotouicity
v affected family member
AND one of:
o Typical hair shaft abnormalities
» Presence of intracytoplasmic typical giant granules on

nnnnnnnnnnnn

blood or bone marrow smears
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CASE 6:

= A 4yrs old boy of related parents with these problems:

= Cervical ad mediastinal lymphadenopathy.

= Biopsy showed reactive non malignant lymphoproliferation .

= CISH study in biopsy sample was positive for EBV.

= All of immunologic workups were normal

= He had a very good response to Rituximab.

= WES was done for him and showed a missense mutation in CD27 gene (VUS).

= CD 217 level in flowcytometery was very low and verified this mutation and
helped us for decision making.
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CASE T

= A 15 yrs old girl from related parents with autoimmune cytopena since 7 yrs ago.
= She has received several course of IV steroid, prednisolone, IVIG.

= Abnormal data in lab exams Icludes : IgG; 2800 mg/dl, VitBl2: 1800ng/1
= CD 3+CD4- CD8-TCR ab : 16%
= She suspected to ALPS . But WES showed no pathogenic variant .
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ESID REGISTRY — WORKING DEFINITIONS FOR

CLINICAL DIAGNOSIS OF PID: muroIMMUNE
LYMPHOPROLIFERATIVE SYNDROME (RLPS)

Autoimmune 4, Diseases of 134637, 134638, | David Edgar, At least one of the following: For patients with
lymphaproliferative Immune b01762, 601763, |Stephan ERI, v splenomegaly lymphaproliferation
syndrome (ALPS) dysregulation b02457, 123890, | Frederic Rieux- » lymphadenapathy (>3 nodes, >3 months, non-infectious, | and/or autoimmunity

176977, 164790 | Laucat, Benedicte non-malignant) who da not fulfil these
601859, 603909, Neven o autoimmune cytopenia (>/= 2 lineages) criteria, please consider
607271, 616100, o history of ymphora the following diagnoses:
615559, 614470 o affected family member v (VID

AND at least one of the following; v Combined
o TCRab+CD3+CD4-CO8- of TCRab+CD3+ T cells > 6% immunodeficiencies

o elevated biomarkers (at least 2 of the following)

¢ Unclassified

o SFASL> 200pg/mi disorders of
o Vitamin 812 > 1500ng/L Immung |
o [L1-10> 20pg/ml dysregulation

Impaired FAS mediated apoptasis




LACK OF THESE TESTS:

=sFASL

=anti-cytokine autoantibodies (IFNa & w and/or
IL17A /IL1TF/ IL22) [comment: sensitivity &
specificity >95%, can replace AIRE genotyping as
>70 known mutations

=switched memory B cells, Transitional B cells
=polysaccharide-specific serum antibodies



=short telomeres

= Perforin expression in flow cytometry

= Assay with degranulation (NK or CTL)

= Foxpd expression by CD4+CD25+ on flow analysis
= Cl esterase inhibitor function (Type 2 HAE)

= Cytogenetics: Centromeric instability of chromosomes 1,9
and 16 with increased somatic recombination and
formation of multibranched/-radial configurations.
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= WASP expression in a fresh blood sample.
= SAP (for XLP1) or XIAP (for XLP2) expression assessed by Flow Cytometry.
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CONCLUSION:

= More Talk between Lab and Clinical physician can cause the early diagnosis of
Inborn Errors of Immunity.

= Early Diagnosis of IEI can cause better management of these patients.

= Better management of IEI patients can improve their quality of life.
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Thank you for your attention













