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Déficit Immunitaire ... auto-immun

Susceptibilite
Infectieuse

Auto-immuniteé

Adult-Onset Immunodeficiency in Thailand
and Taiwan Browne SK. NEJM 2012



Group 1 Group 2

Variable (N=52) (N =45)
Organisms isolated (no./patient)

Median 1 2

Range 1-4 1-5
Mycobacteria (no. of patients)

Rapidly growing 36 39

Slowly growing 15 8

Nontuberculous mycobacteria, not specified 5 2

Mycobacterium tuberculosis 4% 10§

Total 60 59
Bacteria (no. of patients)

Salmonella species 25

Burkholderia pseudomallei 4

Other 9
Fungi (no. of patients)

Cryptococcus neoformans 10

Histoplasma capsulatum 7

Penicillium marneffei 7
Varicella~zoster virus (no. of patients)

Disseminated 3

Local 5 10
Parasites (no. of patients)

Strongyloides stercoralis i

+ Dermatose neutrophilique

Browne SK. NEJM 2012



Subject PBMC in fetal calf serum

Normal PBMC in subject plasma

n=E7 n=83 =113 n=113 n=83 n=68 n=11% n=115
5 — - 1 1 |
: ;! T
j ::I | : 1 : ha
E .4 - B E 0 B
2 o i g ' :
3 g | g 40 i
R B . :
= | , =
= | - Y 35 | |
5 2 - i > L !
§1 -+ o E} : : : a
BD ] 1 1 :
1 " |m es ] LF"S_L ! -
B LPSHFN— W o B LPS+FN— —+
[ [ I [
IFN—y Ab+ IFN—y Ab— IFN—y Ab+ IFN—y Ab-
I-142 [1-094 111-045 ‘—;\%
¥ IFNy-R IFN o
: n o IFNY ¥
SN,
o
B IFNy-stimulated N 1112,
(o] ° A
B IFNa-stimulated o A A
A

Unstimulated



Auto-Ac anti-cytokines

* Ac anti-EPO Erythroblastopénie

e Acanti-IL17/22 Candida // APECED / Thymome

* Ac anti-GM-CSF PAP, Cryptocoque, Nocardia

Rosen LB et al. J Immunol 2013
Rosen LB et al. Clin Infect Dis 2015
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Déficits Immunitaires Primitifs




Derticit Immunitaire

Commun Variable ...
* Hypo IgG (<5g/L), +/- IgA, +/- 1gM

Défaut de réponse vaccinale
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DICV

* Infection
— Voies aériennes (ORL, Pnp, DDB)

- D|a rrhee (inf°, atrophie villositaire, lymphoprolif°, pseudo-MICI)

* Prolifération

— Proliférations lymphoides
— Granulomatose
— Cancer

* Auto-immunité

— Cytopénie Al : PTI AHAI
— Polyarthrite

TUTAL







//

* Autosomique dominant : déficit CTLA-4
 Mutations Activatrices : PI3K, STAT-1, STAT-3...

* Expressivité variable
* Auto-immunité et Lymphoprolifération

* Pas sirares
* Piste de thérapie ciblée... immunosuppressives
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CTLA-4

Clinical manifestations Frequency

Diarrhea/enteropathy 11/14 (78%)
Hypogammaglobulinemia 10/13 (76%)
Granulomatous lymphocytic interstitial lung disease 8/12 (66%)
Respiratory infections® 814 (57%)
Organ infiltration {bone marrow, kidney, brain, liver) 7/14 (50%)
Splenomegaly 6/12 (50%)
Autoimmune thrombocytopenia 14 (35%)
Autoimmune hemolytic anemia 414 (28%)
Lymphadenopathy 4/14 (28%)
Psoriasis and other skin diseases® 314 (21%)
Autoimmune thyroiditis 2/13 (15%)
Autoimmune arthritis 214 (14%)

Salid cancer 1/14 (79%)




CTLA4-Ig
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PI3 kinase APDS

,A Clinical fearures of APDS2 paticnts
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{Age st medical repoet (yrs) _18% [ (3] 7 37 20 38 | 16 ? | 3 | § |46 ] 27
Upner resperatoey infections (100

Pneurnomia 71

Bronchieclass 18

Autotmmunity 17

Chroaic diarthes 24
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P13 kinase APDS
Mutation activatrice => Prolif, Al et DIP

Rapamycine ? Idelalisib ?



Déficit en ADA2

Table 1. Clinical and Laboratory Manifestations
in Patients with Deficiency of Adenosine Deaminase 2.
Clinical Manifestation Patients
no. ftotal no.
Fever 9/9
Ischemic stroke 8/9
Hemorrhagic stroke 3/9
Ophthalmologic involvement* 5/9
Livedo racemosa 8/9
Hepatosplenomegaly 6/7
Documented vasculitis{ 4/9 I
Polyarter'tis nodosa 2 / 9 Family 1 Family 2 Family 3 Family 4
| 0o [O+o0 O+0 O+0
Antinuclear antibody 3/9 Y453C/NM | ATOSD/NM GATAINM | Yas3C/NM R169Q/NM | 28:kb GATAJNM [H112Q/NM
deletion/
Antineutrophil cytoplasmic antibody 0/9 da
Low serum IgM 5/ O @& OO0 OOm O @
1 2 3 4
NM/NM  AL09D/ YASIC/ GATA] GATAf 284b  NM/NM #1650) GATAINM G47A/H112Q
* The ophthalmologic manifestations included central reti- e ol )
nal artery occlusion in one patient, optic nerve atrophy in
one, diplopia with irregular enhancement of the medial Family 5 Family 6 Family 7 Family 3
rectus muscle (as observed on magnetic resonance imag- D——O D——O
ing) in one, third cranial nerve palsy in one, and strabismus Y453C/NM | R169Q/NM 1B3T/NM | MIT/NM NA | GeTR/NM Ga7R/NM | Ga7R/NM
in two. Patients could have more than one ophthalmologic 5 1 r 1
disorder. . . - - -
T The diagnosis of vasculitis included polyarteritis nodosa. RI590/Y4S3C I93T/NM  MLT/193T GATRIGATR GATR/GAIR GATR/GATR

Zhou Q et al. NEJM 2014



Déficit en ADA2

2 0 1 7 Inflammatoire
135 cas

Daficit immunitiaires

l Manifestations neurologiques

¢ .r\ AVC-i / AIT 41,5 %
AVC-h 11,9 %

Manifestations cutanées
4 Livedo 55,6 % 5
Fievre Ulcéres / nécrose 17,8 % \ ' <« Splénomégalie 32,6%

a 3
(7 6 A’) Manifestations digestives
Wy . l Douleur abdominale / diarrhées 19,3%
Manifestations rhumatologiques Atteinte grave :
Arthralgies 23,7 % == — - Type MICI : 6,7%
Arthrites 15,6 % - Vascularite : 3,0%

“  Fayand A et al. Rev Med Int 2017 EPub



Cancer et/ou Maladie dysimmunitaire

Prolifération Auto-immunité

Cancer Auto-inflammatio




Maladie de Letterer Sive,
Hand Schuller Christian Histiocytose (X)

Granulome Eosinophile Osseux

| — -

v Histiocytose
: ’ | Langerhansienne

H|st|ocytes CD1aP°s



Histiocytose
Langerhansienne vs non Langerhansienne



Maladie d’Erdheim-Chester
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Brief report
Recurrent BRAF mutations in Langerhans cell histiocytosis

Gayane Badalian-Very,"? Jo-Anne Vergilio,** Barbara A. Degar,®® Laura E. MacConaill,” Barbara Brandner,’?
Monica L. Calicchio,* Frank C. Kuo,>'° Azra H. Ligon,>'%"" Kristen E. Stevenson,’® Sarah M. Kehoe,®
Levi A. Garraway, 2213 William C. Hahn,-22.12 Matthew Meyerson,"%2.12 Mark D. Fleming,** and Barrett J. Rollins'-3

CC ) > '
1 Figure 1. Immunofluocrescence analysis of BRAF pathway activation in LCH.
(A) LCH sample stained with DAPI (blue), anti-CD1a (green), antiphospho-MEK
(red), and a merged image of all 3 stains. (B) LCH sample stained with DAPI (blue),

(a £ > anti-CD1a (green), antiphospho-ERK (red), and a merged image of all 3 stains.
Arrowheads indicate CD1a-negative cells that are also negative for phospho-MEK

Normal LC Lesional LC
200 Y I RERONRERRIRR AR iR RN
boiole] | Kiicksisiotedaio odopoio R <ol BHNAEHSS

T W
4

<
>

»
N
’

’

\

»

Call sunvival J and phosphe-ERK. (Technical details described in supplemental Methods.)
Proliferation Increased survival
Differentiation Enhanced proliferation
Impaired differentiation

Badalian-Very G et al. Blood 2010



Syndromes myéloprolifératifs

Cellules Maladie oncogene

Globule rouge Polyglobulie de Vaquez JAK2

Plaquettes Thrombocythémie ess. JAK2, CalR, MPL
Neutrophiles LMC BCR-ABL / Chr Phi
Monocytes LMMC ASXL1-TET2-SRSF2
Mastocytes Mastocytose c-Kit

Eosinophiles SHEm / LCE FIP1L1-PDGFRa

Macrophages/DC  Histiocytoses LCH/ECD BRAF, MAP2K1



High prevalence of BRAF V60OE mutations in Erdheim-Chester disease but not in
other non-Langerhans cell histiocytoses
Haroche J et al. Blood 2012

IDC
S
n 29 1 24 23 12 3 2 1 1

BRAE 38% 54% 0 0 0 O O O

Association of both Langerhans cell histiocytosis and Erdheim-Chester
disease linked to the BRAF"°*°" mutation

Hervier B et al. Blood 2014
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Vemurafenib
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Oncogenese et auto-immunité



Physiopathologie des MAI




Physiopathologie des MAI

Environnement

Rupture de
Tolérance

Génétique statique



Physiopathologie des cancers

Environnement

Carcinogénes




Physiopathologie des cancers

Environnement

Défaut de réparation
Instabilité génétique

Carcinogénes

Avantage sélectif

Mutations
somatiques

o

Prolifération
Génétique Dynamique invasion

Réponse immunitaire
anti-tumorale
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Le systeme immunitaire est une machine
a clones

* Immunité adaptative : évident
Clone Proliférant => Leucémie / Lymphome
Clones Auto-réactifs => Maladie Auto-immune

* Immunité innée / cellules myéloides:
Clone Proliférant => Syndrome myéloprolifératif
Clones Auto-inflammatoire ?..



Hématopoiese Clonale (CHIP)

30 -

B DNMT3A M TET2 B SF3B1
JAK2 B ASXL1 B BRAF
B PTPN11 GNAS W IDH2
W CBL B SRSF2 TP53
B NRAS B GNB1
KRAS W MYD88

N
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Percentage of individuals with clonal
hematopoiesis driver mutations (%)
=
(O3]

20-29 30-39 40-49 50-59 60-69

Age in years

Acuna-Hidalgo R et al. Am J Hum Genet 2017



Les Clones Myéloides eux aussi savent
étre auto-pathogenes hors cancer

Jaiswal S, et al. Clonal hematopoiesis and Risk of

Aortic-Root Sections, According to Tet2 Status

Atherosclerosis. NEJM 2017 “

No. of Participants with

ATVB and Myocardial Infarction/ s -
PROMIS No. at Risk Odds Ratio (95% Cl) P Value

DNMT3A 31/46 1.4 (0.7-2.8) 0.29

TET2 12/13 8.3 (1.2-357.5) 0.02

ASXL1 8/8 Undefined 0.02

JAK2 16/16 Undefined <0.001 KO P .
Other 20/22 6.9 (1.7-61.6) 0.001 b el B

Sano S, et al. Tet2-Mediated Clonal Hematopo‘ieAs
Accelerates Heart Failure Through [...] the
IL1B/NLRP3 Inflammasome. JACC 2018
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Les Clones Myéloides eux aussi savent
étre auto-pathogenes hors cancer

Mass E, et al. A somatic mutation in erythro-myeloid
progenitors causes neurodegenerative disease.
Nature 2017
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ALPS IPEX APECED

Mutations somatiques
ans les cellules effectrices
des « IMIDs » ?



ALPS

* Lympho-prolifération non maligne
* Auto-immunité (++ PTI, AHAI..)
* Ly T Double négatifs : CD3* TCRap*CD4CD8"

{*FasL 111L10

e Mutation voie FAS

Type O

Type la
Type Im
Type Ib
Type lla
Type llI

ALPS-FAS Germline homozygous mutations in FAS

ALPS-FAS Germ-line heterozygous mutations in FAS 65-70%
ALPS sFAS Somatic mutation in FAS | 15-20%
ALPS-FASLG Germline mutations in FASL (TNFSF6) <1%
ALPS caspase 10 Germline mutation in CASP10 3-6%
ALPS-U No identifiable mutation 20%



L1591sX168

et H-CHHHH-I - omine
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E116G
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Magerus-Chatinet A et al. J Clin Invest 2011
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Cryopyrinopathies

CINCA/NOMID

Atteinte SNC, Urticaire, Arthropathie
Surdité, att oculaire

TR NLRP3 (CIAS1, NALP3/PYPAF1/CLR1.1) NM_001243133.1 (1q44)
Y141Y L264H P315L DNA: 31054bp, mRNA: 4455bp, Protein: 1034aa
C148Y 12648 R325Q

E1S0E 1264V RB325W MA408YV H463H GS560R

#]: R168Q T266P G3I26E MA408! L4871 Y570C
RI705 D28ON 53318 LA1ILC>T N477K YS70F

1727 1288M 1334V A1V 480F Crald

KI173E M209V P340P L4111 G>T R488K STIE GC
T193K G3010 L3441 W414L A48V I1572F

T185M G301S T348M 14151 MS21T ES735
S196N D303G T348T T433| F523C 1587

V198M D303H P350L S434S F523L(C>A) 5595G
D211N D303N V35IM K43sE ES523LIC>G) |saaF
H213R D303A VAS1l T438P E525K E627G
T218T E304K A3S2Y  T438N ES25Y E627D
A225V L30SP AQSPT T43sl L534L 632F
T231T Q306K L353P T43sA T544M DB4BY
1233l Q306E E3S4D TA36DEL  B548C ME59K

Muckle Wells

M ° N = A242A G307V Kass A430T BSS4X M&62T
Urticaire, Fievre, Arthralgies S e
) ’ ’ B2ROW F309L HassR Adzav  YS6N  EesK TR Y859C
, , . .. % B260L F309S L3BAM YaaiH  FSG6L B 232276C5T YasoH
C h | t E260P D2100 A374D Y441y — ESE7K  M701T 232255 232254ins VBSOV
R260R E311K 5 F443L ESB7A Q703K Gas 52M
éphalée, conjonctivite SREN SR HR me EIE B pe
M2B2A 1313V T40SP G481C G589A A712S . ST26G i 2005:25C>T
. - G755RGC i S005+44C>4  “177del
1 - 3J 308.229T>G G7558GA :{c&a*eesmc 300645 44del 230C>G

| H
i i

H49R 278-196T>C 398-56C>T 2150+59G>A GT755A i Geogs
ABQA 27845T>C JQH-_L‘EC)_I i l

. 7 . . i H ¥
Surdité progressive sy T | P O s N
. 1 \ - ‘ 3 ‘ ‘4\,%5 = /a gs wa £7¥ ~<B\" ﬂ 9
Sizes (bp) { 4152 49r 3985 |\ 4347 / 1696 | | 7831 I jsos} \, 3583 §
Amylose AA 1029 ‘l 120 - ‘ 1753 ‘] ‘/17111 f 17v‘|| / 171 \ 17l ‘171‘ “ 698
{ | | / { { i ool \ |
CDS joints i ,/ || ol b e i
Positions 277278 3981399 PISNRIS| 29212022 24922493 26632664 283412835 005006
Codons a3 133 717 774 31 888 245 1002

NLRP3

Urticaire familial au froid

fievre, conjonctivite, arthralgies
12-24h

Anti-IL1 ++



CAPS — mutations NLRP3

Mosaicisme somatique NLRP3 et CINCA

Mosaicisme somatique NLRP3 et MWS  nakagawaaro 2013

(n=7)

Mosaicisme myéloide et CAPS sporadique tardif

Zhou AR 2015, Mensa-Vilaro AR 2016

Mosaicisme myéloide et variant SchS (1gGk

transitoire !)

De Koening JACI 2014 (n=2)



Mutations NLRP3
Parentale ou Pré-natale

Mutations NLRP3 ou autres
acquise

Mutation héritée
ou de novo

Mosaicisme

v

CAPS classiques CAPS tardifs
sporadiques
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nature

COMMUNICATIONS
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30 mutations in 5 RA patients
and one mutation in one healthy
conirol confirmed by NGS
amplicon sequencing
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Immunopanel Patient

No mutations
detected

Exome sequencing

X Exome sequencing was not perfermed
*) Variant allele frequency from the CD8+ fraction

| ontne| el | cams | TPTE |KiF1es caBzm MAEG
39.5% 39.1% 17.2% | 6.5% | 12.9% 204% 11.6%
9.7% |205% ogg |1
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l Immunogene . Proliferation asscciated Other

Savola P et al. Nat Comm 2017




Low Density Granulocytes et Lupus
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Mutations somatique
de la cible antigénique ?

La victime est le coupable



Les cibles des auto-Ag des maladies
systémiques

Acide Nucléeique ++
Cycle cellulaire ++

Auto-Ac et cancer

Connectivites associées aux cancers
Syndromes ParaNéo Auto-immuns (Neuro...)
Cycle cellulaire : MSA, centromere F ...
Anti-thyroglobuline et cancer de la Thyroide
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Coherent Somatic Mutation in Autoimmune Disease
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Association of the Autoimmune
Disease Scleroderma with an

| -
O
O
G
(C
O
<!
O
N
c
@
Q.
N
)
Y
.m
(@)
ke
@
o
- |
E
E
)
<C
Aun
<
=

S
o
-
3
2

e 16 Sclérodermie avec Cancer

K tardif
K synchrone

8 anti-CenpB ou Topol

8 anti-RNApol3 +

2

e e ey ey e e e e e o SR LIS =
SRR :
SRR

D Oy
B

\ ]

Perte d’hétérozygotie

mutation somatique subclonale -

S

S

=

S (00)
+ o
© o
v 3
O o
(9] L
-mw o)
Q S
< <
= o
= Q
m [ N ]
T Q
O oV

Joseph CG et al. Science 2014



Dermatomyosite
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WARS




Carcinome Cell effectrices
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Immune related Adverse Events (irAEs)
Inhibiteurs de Checkpoint

Drug Target /T -

Ipilimumab CTLA-4 Encephalitis, aseptic m:nmgms\(\\ 252
Hypophysitis

Nivolumab PD-1 \"“"\ = é Uveitis

Thyroiditis, hypothyroidism, \ Dry iriouth, mucositis
hyperthyroidism | \

| ‘L’

B — Rash, vitiligo

Pneumonitis

Pembrolizumab PD-1 Thrombocytopenia, . | /

anemia—_| |y
|
!

Myocarditis

Hepatitis
Pancreatitis,

Adrenal insufficiency- autoimmune diabetes

Nephritis
Atezolizumab PD-L1 Vgrsiimiis s
Arthralgia
Avelumab PD-L1 Neuropathy Enteritis
Durvalumab PD-L1

Postow MA et al. NEJM 2018



Lymph node Tumoral microenvironment

e IR+ CRLY
/ \ / \

Activation
Dendritic

(cytokines secretion,
proliferation, migration to the tumor)

mceptor‘

T-Iymphocyte

Inhibitory signals
Anti-CTLA-4

Anti-PD-1 and anti-PD-L1

Wanchoo R et al. Am J Nephrol 2017



OS : Rash 0OS : Vitiligo
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L'auto-immunité est-elle le prix a payer ?



FIN



