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Points to discuss

e SAMDY — MIRAGE sy clinical and laboratory
manifestations

e Patient with SAMDS and asymptomatic
mother with same mutation

e Laboratory definition of CID



When to consider MIRAGE

e All children were delivered preterm and were
severely ill in the neonatal period and needed
Intensive care.

e Other features included severe pulmonary
infections and a bronchopulmonary dysplasia—
like phenotype requiring oxygen, recurrent and
severe bacterial and viral infections, persistent
diarrhea, severe diaper rashes, frontal bossing,
and bone-marrow failure (thrombocytopenia,
anemia)



Prognosis in MIRAGE

e Six of the children died in the first 2 years of
life. Two children survived but developed MDS
with monosomy 7 and received bone marrow
transplantation



MIRAGE - CID?

* Clinical manifestations and prognosis are
consistent with severe ID that would benefit
from BMT



SAMD9 mutation

* Protein product of SAMD9 (chromosome 7)
reduces cell proliferation and promotes cell
death => Cells lacking mutated SAMDS9 (e.g.
loss of chromosome 7) have advantage and
proliferate better than cells with mutated
SAMDS

e SAMD9 reduces viral replication - Human
papiloma viruses inhibit SAMD9 to promote
cell proliferation



Patient

*F 32w GA, IUGR * Neutropenia, low plt, anemia

e Infections: * Proteinuria, erytrocituria

-3 months: severe CMV e Negative anti plt and anti
Neutr Ab

pneumonitis

- Recurrent pneumonias (viral,
bacterial, fungal?)

e Chronic pulmonary disease

* Normal Ig, good response to
Di, Te, Pneumo

 Normal: phagocytic function,

e Open lung biopsy: foreign complement,

body granuloma » Normal ly subsets, but block
. Disjcrophy, Gastrostoma for in Ly B differentiation

feeding (aspirations) e Normal stimulation with PHA

e Renal stones
e Addison’s disease
* Myelodysplasia with

mnnncnmvs 7



MIRAGE sy

M -myelodysplasia Additional features:
| - infection - IJUGR

R - restriction of growth - Neurologic

A - adrenal hypoplasia manifestations with

G - genital phenotypes abnormal MRI

- glomerular and
interstitial kidney
dysfunction

E - enteropathy

- gonadal failure



SAMDS — MIRAGE sy

M - myelodysplasia with monosomy 7:

- Two patients, who had mosaic monosomy 7 at genetic
diagnosis, subsequently developed MDS with monosomy 7 at
ages 3 and 2 years, respectively, and died from the
complication.

- The brother was alive at age 16 years, but the sister
developed monosomy 7-related myelodysplastic syndrome
that transformed into acute myelogenous leukemia, and she
died at age 5 years of respiratory failure associated with
posttransplant lymphoproliferative disorder.

- In early infancy, all patients experienced thrombocytopenia
and/or anemia requiring transfusions, but these resolved
spontaneously.



SAMDS — MIRAGE sy

| —infections

- Severe invasive infections, including sepsis,
meningitis, and fungal infections, were invariably
observed. Six patients died before 2 years of age,
chiefly as a result of invasive infection.

- Other features included severe pulmonary
infections and a bronchopulmonary dysplasia—like

phenotype requiring oxygen, recurrent and severe
bacterial and viral infections.

- Eight patients received immunological tests;
however no shared severe defect was found.



SAMDS — MIRAGE sy

R -restriction of growth

- The patients with SAMD?9 variants had
moderate-to-severe growth restriction during
both the prenatal and postnatal periods

- SAMD?9 is known to mediate downregulation
of growth factor signaling via internalization of
growth factor receptors in endosomes



SAMDS — MIRAGE sy

A - adrenal insufficiency

Present in most patients, only 1 pt with normal function
atage 16y

e G -genitals — more prominent in boys

At the last clinical visit, patient 3.1 showed limited signs
of puberty at 16 years of age. Patient 8.1 lacked any signs
of puberty at 12 years of age.

e E-enteropathy

Nine patients had chronic diarrhea with colonic dilation,
but neither microbiological tests nor rectal biopsy
contributed to the diagnosis.



CID?

e Combined immunodeficiencies (CID) are a heterogeneous
group of inherited immune disorders with

- impaired T cell development and/or

- function manifesting through increased susceptibility to
infections and/or

- immune dysregulation.

 They can be delineated from SCID by their manifestation
beyond the first year of life.

* Profound CID (P-CID) is a potentially life-threatening form of
CID, in which SCT is a relevant consideration at diagnosis.

Ref: P-CID study protocol



P-CID inclusion criteria

T cell criteria (2 out of 4)

Reduced T cell counts (CD4 : <700, if <2y ; <500, if 2-4y ; <300, if

>4y ; CD8 : <350, if <2y ; <250, if 2-4y ; <150, if >4y)

Reduced thymic function (CD45RA+CD62L+ or CD45RA+CD31+ of
CD4+ <30% <2y, <25% 2-6y, <20% >6y)

- Impaired T cell proliferation (PHA or anti CD3 response <30% of lower
limit of normal)

- Elevated fraction of g/d T cells (>15% of total CD3+ T cells)

AND Clinical criteria

- At least one major infection criteria (viral, bacterial, opportunistic) OR
- At least one major immune dysregulation criteria (granulomas,
lymphoproliferative disease, unexplained interstitial lung disease,
inflammatory bowel disease, autoantibody mediated disease,
vasculitis) OR

- At least one malignancy criteria (lymphoid malignancies and virally
induced malignancies)



Laboratory definition of CID

e MIRAGE sy is an example of CID that does not
fulfill CID laboratory criteria, but would
benefit from BMT.

* In clinical practice, normal T cell counts and
function should not delay BMT if clinical
manifestations are consistent with (S)CID.



Penetrance and expressivety of
SAMDS9

Our patient has all manifestations of MIRAGE
sindrome and mutation in SAMDS9

Her healthy? mother (but not healthy sister,
father and grand parants) has the same mutation

Different mechanisms:

the allele frequency of the SAMD9IL mutation was
reduced to 17%

uniparental disomy
subsequent somatic mutations



BMT in persons with SAMD9 mutation

e Caution in proceeding to BMT when SAMDS9
mutation is found with NGS — the person
might be asymptomatic

* Follow up guidelines for persons with SAMD9
mutation?



Early diagnhosis of MIRAGE

Preterm

IJUGR

Cytopenias

Infections

Lung and gut involvement

Other features are evident later...
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How to make the diagnosis
of RASGRP1
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GENETIC ANALYSIS OF RASGRP1 DEFICIENCY

* Homozygous _ _ _
Autosomal recessive inheritance (AR)

*  Compound heterozygous mutations

c.64_650inv  ¢c.771G>A
p.E217R p.W257%*
(Somekhl.)  (SalzerE.)

=
N-terminal : : EF % £ =
RAS-GEF domigin RAS-GEF catalytic domain hands = E a
o8 3
Modified from Salzer E. 2016 C.641C>T | c.964°>T
. >
p.T2141 ¢ ;22‘:"%: P.K322* (1111 1114del ¢.1910_650inv
(Mao H.) :)S.alzer E) (Mao H.) p.D371Ifs*7 p.A638Gfs*16
' (Somekh 1.) (WinterS.)

CID phenotype
Recurrent respiratory infection

Chronic EBV infection ‘ Lymphoproliferation
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CLINICAL FEATURES OF RASGRP1 DEFICIENCY o mestgatormeeting

Leiden (Netherlands), 27" September 2018
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Palients Pa (Ref. 5} Phi(ReL 6)  Pc(ReL 7} Pd (Ref T} Pe (Ref. B} PI(Ref 8) | P2 P3
Ongin Turkish Tragi nk. nk. nk. nk. Turkish Palestimian Palestinian
Ape of presentation nk. & mumths 2 years I maomth 5 years T years <| year 2 mumths 4 months
Sex Male Femule Female Male Mlabe Female Female Male Male
Comsanguinity Yes Yes Mo Mo Yes Yes Yes Vs Yies
Infectious manifestations
‘ Recurent infections  + + +
Recurrent -
POELTOTLE
Abscess - + - - = = = + 25
) Pathogens EBV herpesr  Human Cendida albicuns,  Aspergillus, CMV,  EBV, Mycobacterium  EBV. Preumocystis Herpes zoster, CMV,EBV ~ CMV, EBV.
FPaplloma  Haemophilus EBY. Mycoplasma tuberculisis Jirovecit Modluseum HEVI,
VIFLS influenzeae, PRELTROAL, OO gTosIEm Staph
Morrazelfa Myoobacterium COMIEIiEe-
cettarrhalis, tulrercudosts, negative
:'rf;as\qm’a.ma Stapdh. aureus
B |yrnhoproliferation and malignancy
+ + + + k. nk + + +
Hepatosplenomepaly
Lymphadenopathy ~— + + + nk. n.k.
+ + - - + + + +
EBV-associated
Iymphoprolifration
Malignancy + + - - + + + - +
Aulommunity
AHA - - - - - +
ITP - + - - - + +
Other TTP Posterior
uveilis,
AH
Additional climeal manifestations
Failure to thrive + + nk nk. k. nk. + + 4
Other Finger Disserninated - Leiomyoma- - - Adrenal — Steatorrhea, -
clubbing warls, adrenal and hiver EBV-smooth bloody
chrumic muscle tumor diarrhea
Oucome
Allopeneic Exitus Remssion Remission Autolopous HSCT, Exilus at age Autologous Exitus at age  Rermission,
HECT, following TEITISEION 1 years HSECT, 4 years due awailing
TSSO Iymphorme followin TETIiAR M to TTP HSCT
complica- relapse of
tioms Hodpkin
Iymphoma

Modified from Somekh I. 2018
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IMMUNOLOGICAL FEATURES OF RASGRP1 DEFICIENCY

Jl CD3+ N/d CD19
4 L CD4+lymphopenia NV CD27+ (memory)
1  CD8+ J IGM+CD38++(Transitional)
Inverted CD4:CDS ratio N/ D CD21low

J CD31+CD45RA+/CD4+ (recent naive thymic emigrant)
N CD45R0+/CD4+ (memory)

J  naive CD8+
N/J CCR7+CD45RA/CD8+ (central memory) (%)
‘N CCR7CD27CD45RA/CD8+ (effector memory) N/Jd CD56+/CD16+
‘N CCR7+CD27CD45RA+/CD8+ (exhausted effector N IgM
memory EMRA) N/Jd IgG
™ IgA
™  yéTcell

Abnormal TCRVP repertoire = oligoclonal pattern
4 TREC
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RASGRP1 EBV ASSOCIATED IMMUNODEFICIENCY

Antigen presenting cell
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LCK
Tcell
Cell survival, d
growth and
profiferation ATM Cytokine production ‘\A
Cell differentiation
RASGRP1 deficiency are similar to those associated with CD70, CD27, LAT and CTPS1 ..............

deficiencies

Modified from Shabani M. 2016
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TREATMENT RASGRP1 DEFICIENCY

HSCT 3/3 pts alive (Allogenic, autologous)
Steroids + chemotherapy 3
3 died lymphoma / TTP EBV infection

Current perspectives

Is it necessary to identify molecular defects in primary
immunodeficiency disease?

Luigi D. Notarangelo, MD,* and Ricardo Sorensen, MD® Boston, Mass, and New Orleans, La

RASGRP1 immunodeficiency provides profound new insights into the
human organism and paves the way toward a future precision medicine

migration and activation defects of RASGRP1-deficient lymphocytes.

Lenalidomide (Revlimid) "CC-5013 immunomodulatory agent for
treatment of multiple myeloma
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SUMMARY OF DEFICIENCY

e Recurrent infections Lymphoproliferation

Autoimmunity
* Recurrent respiratory tract infections e EBV-associated lymphoproliferation

e CMV, EBV e Malignancy : DLBCL, Hodgkin lymphoma
J CD3+
NN CD4+ lymphopenia N/ CD19
gk CDS8+ J CD27+ (memory)
N2 CD31+CDA45RA+/CD4+ (recent naive thymic emigrant) N2 IGM+CD38++(Transitional)
1 CD45R0+/CD4+ (memory) 2 CD21low
J naive CD8+
N/J CCR7+CDA45RA/CD8+ (central memory) (%) N/d CD56+/CD16+
T CCR7CD27CD45RA/CD8+ (effector memory) N lgM
™ CCR7+CD27CD45RA+/CD8+ (exhausted effector memory EMRA) N/d IgG
» v6 T cell 2~ IgA
Abnormal TCRVB repertoire = oligoclonal pattern
N TREC
J ERK1/2 phosphorylation \ Reduced activation

(CD3/CD28)
J NK cytolytic activity

J PBMC- T lymphocyte proliferation test




How to make the diagnosis of
CARMIL2 deficiency

Fabian Hauck, MD, PhD
Dr. von Hauner Children's Hospital

Munich, Germany



Initial description

Liang ... Malissen, Nat immunol 2013 Aug

* The lymphoid lineage-specific actin-uncapping protein Rltpr is essential for costimulation via CD28
and the development of regulatory T cell

Sorte ... Stray-Pedersen, Mol Genet Genomic Med 2016 Sep

* A potential founder variant in CARMIL2/RLTPR in three Norwegian families with warts, molluscum
contagiosum, and T-cell dysfunction

Wang ... Casanova, J Exp Med 2016 Oct

* Dual T cell- and B cell-intrinsic deficiency in humans with biallelic RLTPR mutations
Schober ... Hauck, Nat Commun 2017 Jan

* A human immunodeficiency syndrome caused by mutations in CARMIL2

APC
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4 «' 2 e & Ritpr

‘ » 4 e} / % ¢ . ] Actin

2 ..o Costimulatory | o ...
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Cellular, functional and genetic findings

Autosomal recessive missense or nonsense CARMIL2 mutations
Dysgammaglobulinemia

Partially absent specific antibodies and switched memory B cells
Impaired BCR-mediated NF-kB activation

Reduced Treg, Th17, Tfth, MAIT

No gain of T cell memory

Impaired CD28-mediated proliferation (of naive T cells)
Impaired CD28-mediated cytokine secretion

Impaired CD28-mediated NF-kB activation

Disturbed T cell actin and microtubule dynamics

Disturbed migrating T cell polarity

Increased migrating T cell speed

Reduced migrating T cell directness

Impaired chemokine-directed T cell migration



Phenotype
IS Y [T P O VR

Patients

Age 18-52 2-27 4-14 4-34 2-52
Airway infections 3 5 4 5 17 / 80%
Dermatitis 4 5 2 6 17 / 80%
Skin abscesses 3 2 1 7 13/ 62%
Skin warts 4 0 2 2 8/38%
CMC 0 3 0 2 5/24%
EBV* SMTs 0 0 4 0 4 /19%
IBD 0 0 2 1 3/14%
MSMD 0 2 0 0 2/9%
Mortality 0 1 4 0 5/24%

Plus 12 unreported patients with comparable phenotypes



No Treg and no gain of T cell memory
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How to make the diagnosis of CARMIL2 deficiency
/ Phenotype \

Bacterial pulmonary infections
Atopic + bacterial + viral + fungal skin disease
EBV* smooth muscle tumors

K Mycobacterial disease /

3 S—
/ Immunology \

N/ N/ Immunoglobulins
N2 Treg, Tth, Th17, MAIT
NV Gain of T cell memory

\ J CD28-mediated proliferation /

\

Genetic and functional validation

AR mutations in CARMIL2 %
J, CARMIL2 protein expression

K J, CD28-mediated NF-kB-signaling / [ Next Generation Sequencing ]
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What is the function of the gene?

» Lymphocyte survival, immune homeostasis and (auto)immune disease - the
underlying mechanism(s) are unclear.

» Predominantly expressed in lymphocytes, Gimap5 localize in multivesicular bodies and
lysosomes.

» Overall, a function for Gimaps in maintaining T cell homeostasis is not clearly defined.

Polymorphisms Complete loss-of-function mutations
v’ Prisk of islet autoimmunityin /\ v' I lymphocyte survival
type 1 diabetes v’ Loss of immunological
v'Systemic lupus erythematosus tolerance predisposing to
(SLE) autoimmunity and colitis
v'Asthma
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GIMAPS5 (GTPase immunity associated protein 5)

Which pathway does it involve?

= Activated CD4" T cells

Failure to induce
transcriptional

, program for
Ser389 T cell growth

_“

- —

/ Poor regulation
of the DNA
CD4* T cell damage
Nucleus death response
1) Transcriptional program  2) Regulation of the e
supporting T cell growth DNA damage response, A
(early response) (late response)

Nat Commun2018 Jan 30;9(1):430. Gimap5-dependent inactivation of GSK3B is required for CD4+ T
cell homeostasistand prevention of immune pathology.
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Antigen-

X GIMAPS GImATS_
sequestration I
|
GSK3[B tmmiea | GSK3[3
|

Protein
ubiquitination /

degradation

Affecting:
v'Nuclear translocation of NFATc1 v'Localization of NFATc1: No nuclear translocation
v'Nuclear translocation c-Myc v/Stability of c-Myc: proteasomal degradation

v'Nuclear translocation of [3-catenin v'Stability of B-catenin: proteasomal degradation

SURVIVAL &
PROLIFERATION

\
P FER
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What is the reported clinical/immunological phenotype?

Clinical phenotype

Immunological phenotype

Genetic studies (WES)

e Chickenpox infection (11 yo) *ITP (14 yo)
* Extensive warts (12 yo) * Persistent thrombocytopenia,
* Shingles (14 yo) lymphopenia and splenomegaly (16 yo)

* Trombocytopenia & Lymphopenia

* Normal serum levels of 1gG, IgA, IgE but low IgM

* Low CD4+ and low CD8+ T cells

* Low NK cells

e I % naive CD4+ T cells & T~ % effector memory CD4+ T-cells and memory
CD4+ T-cells.

* Marked { in T-cell proliferation with PHA and Candida

* Homozygous for a rare non-synonymous SNP in the coding region of
GIMAPS5 causing an aa change at residue 204 (Leu = Pro).
rs72650695 (L204P)

anes — @ %07 =

e Immunoblot analysis: undetectable protein expression.

D

* Both parents were found to be
heterozygous carriers.

p.L204P p.L204P

p.L204P Index patient
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How can we use this information to diagnose the condition (e.g. flow, functional assays etc)

Blood count

Lymphocyte populations

Extended immunophenotype ——

T-cell proliferation

Functional assay

* Lymphopenia and thrombocytopenia

e | CD4+ and CD8+ T cells
el NKcells

¢ ' Naive CD4+ T Cells
* PCD4+ T-effector memory cells and CD4+
memory cells

» Marked reduction in T-cell proliferation

* GSK3f intracellular staining (FC)
» Negative 2 GIMAPS is working because is
sequestrating GSK3p
» Positive 2 GIMAPS is not working because
GSK3p is free at cytosol

e cMyc phosphorylation (FC)
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