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Hemolysis

Primary hemolytic PNH

Stubborn PNH

but we know what we do not know

Aplastic anemia Secondary hemolytic PNH

AAIPNH syndrome

Bone marrow fallure

* Is evolution of PNH form of somatic gene rescue in the context of
autoimmunity?

-GPI linked proteins could be the targets but PNH cells do contain proproteins and thus
antigens should not be absent?

-Is antigen present in all cells but PNH cells have secondary immune privilege?

-Is PNH cell itself immunogenic but how it is spared (i.e. how to explain their expansion)?
* What are the triggers of the auto/immune attack in AA and PNH?
* Mechanisms of secondary immune privilege still unknown?
* What is the mechanistic difference between pPNH and post-AA sPNH?

-Same genetic predisposition <- different triggers

-Same triggers -> different genetic predisposition



Genetic predisposition

PNH as immune SGR?
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v/ Genomic analysis of Immune genes involved
in antigen presentation and processing
machinery other than HLA

V' 26% of the patients, median VAF 10% (lower
than PIGA and myeloid drivers), significantly
higher frequency than in AML or MDS
(p<0.0001)

V' Most frequently mutated family of immune
genes: proteasome machinery (PSMC5) and
vesicle transportation (KLC2), potentially
affecting HLA class | antigen assembly,
together with class Il HLA transcriptional
regulators (i.e., CIITA)

v/ Somatic hits in immune genes not mutually
exclusive with HLA mutations

v/ About 26% of patients presented at least one

myeloid driver mutation in absence of any
PIGA, HLA or immﬁﬁ@”Hﬁ‘?‘ et al. Leukemia 2022



SRG via myeloid driver mutations

1.0
p-value sl Bt 20 0 Frequenes (%)0
y : ‘ : ns § i aberrations aberrations 20
2 *at diagnosis/follow-up PIGA
Hemolytic PNH 7 ns § RUNX1
& 050 p=0.13502 CUX1
E’ BCOR
PNH clone >1% —e—— ns = EZH2 =
diagnosis "E ASXL1 a
s g 025 DNMT3A :
——ee— ETV6 .
Reswl';im fst HLA aberrant KDM6A  |® HLA wild type
0 1 NA =]
PTPN1T  [®
05 1 2 4 0 100 200 300 400 SseTeP1 |
Months after diagnosi l SRsF2 |8
No HLA aberrations HLA aberrations onths after diagnosis TET2 a
OR CBL 1
cespa !
somatic mutations FKLE? : s_omatic n_1utations
aecrease |_ increase in myeloid genes KRAS 1 in myeloid genes
Myeloid burden PN 227 B Atleast 1 htleiLS : 5] AL least 1
p=0.02 Absence i Absence
RAD21
e / Ul B stac2 |
oo ‘ L. TP53 1
: 1 - u2ar |l
PIGA burden : u2arF2 I
=0 : 02 0 = Years ahe?:fﬂaqnosls ¢ WT 1 I
N=40 ZrsR2 [N N=58

JAK?2
g B PHF6
T
0.1 g 2 :
0dd ratio p=0.0331

HLA aberrations

Pagliuca et al. Leukemia 2022



First hit
PIGA
mutation

First hit
another E
mutation

Clonal trajectories in PNH

PIGA as a lone hit
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Ancestral

Mosaicism

subclonal

Outcompeted

Caveat:

Clone size in blood may not correspond
to the actual disease burden

«  PNH/mutant HPSC contribute more to
blood production than normal = clone size
in blood is underestimate

* Normal HPSC contribute to blood cells
production while clonal cells are inhibited
= clone size in an overestimate



Clonal dynamics: clues to pathogenesis

Evolutions speed may help to identify underpinning of AA/PNH:

480 AA, AA/PNH 88 pPNH patients

pts (F/U60 month = 1533 pty) °

233/480 PNH clone with 13% sPNH progression at median time of 39 mo.

13% progression (31 patients) at median time 39 months (risks: lack of ATG therapy,
PIGA mosaicism, >5% PNH, failure to achieve CR)

Criterion: median time to reach an increase by 5,10, 20% in gran clone size: e.g. median

time to 4 of 5% = 23 mo.

1) No PNH clone

2) Slow progressors >23 mo
3) Fast progressors <23 mo
4) pPNH 4 0 mo.
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Molecular, pathophysiologic features by group?
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SRG and immune theories of PNH

K Antigens on normal stem cells are the triggers \ / "
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Alternate theory of PNH
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How PNH cell could be a trigger?

N-terminal signal

« Analogous to the tumor surveillance reactions . ==
. . ] . . ER translocation

« Altered presentation of antigenic peptides as trigger .

« Unprocessed GPI anchored proteins generate emantar
neopeptides cross reactive with normal cells.

h

mature GPI-AP N|

« Seems incompatible with selective advantage of PNH
cells



PNH as trigger theory
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Immunopeptidomics
UniProt o
oo

GPI- AP Identification N=265

Express in hematopoiesis N=168

l

Identification of Omega site and capture 14 AA
Omega -13 and -> upstream (c terminus)

l

High affinity fitin HLA2 and HLA-B7 top N=20 hits
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Structure/specificity CDR3 analysis

LGL dominant TCR VB CDR 3 clonotypes specificity pattern AA specific patter analysis
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TCR specificities in AA according to known TCR
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Encoder-Decoder Pre-training
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Structural & Sequence
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TCR-HLA peptide characterization

Area under ROC
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Performance for anti-cancer TCRs

RING 3.0: fast generation of probabilistic residue
interaction networks from structural ensembles
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Genetic predisposition theories

Inherited hyperreactivity traits (non Mendelian, low permissive genetic traits
+ rare inciting event(s)

* Inborn errors of immunity traits -> autoimmune pathologic compensatory
response + rare inciting event

/ *  Classic|EI 2 SCID - Recessive = Early onset = Severe infections.
*  Withthe advent of NGS - An increasing number of adult-onset |E| has been identified. Autoimmunity and immunodeficiency

can coexist in a paradox fashion.
*  Adult-onset vs. classic|El

+ Less-deleterious variants - Dominanttraits . . .
Autoimmunity Immunodeficiency

* Monoallelicvariants < Recessive diseases

+- Environmental triggers =

* Incomplete penetrance.

K + Variable expressivity.
+ Atypical or delayed manifestations.




IEl and BMF

While investigating germline variants implicated in

IEl in T-LGL - More frequent in cases with BMF.

T-LGL & |EI
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Clonal shift

Overshot autoimmunity

Immune dysregulation

Autoimmunity
B-cell dyscrasia
Autoimmune cytopenias
Bone marrow failure

Bravo-Perez et al. ASH23 Abstract#157

What if similar mechanism operates in AA

PNH and AA/PNH.

T-LGL ‘

PRCA AA

PNH



Clinical clues

Patients with IEl = High frequency of BMF.

Congenital BMF - IUIS IEI Classification 2022.

Genes of other [El = PRF1 = AA.

Occasional reports describing AA as the leading

manifestation of |EI.

Complement factor H variants - PNH.

Systematic, BMF-forward approaches are needed

While Investigating germline variants implicated in |EI
in T-LGL - More frequent in cases with BMF. .
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Immune dysregulation
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Bone marrow failure
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GATA2 IKAROS deficiency
SCN1 & other syndromes
PNH

Seidel et al. Blood. 2014
Boushifa et al. J C Immunol. 2022

PRF1 (numerous cases)
Solomou et al. Blood. 2007

NFKB1 (n=1)

Sklarz et al. Mol Case Stud 2020

STAT1 (n=2)
Solimando et al. Clin Exp Med. 2023
Rosemberg JM et al. Med. 2022

CFH

Prata et al. Blood. 2023



@@%@%@9@

IUIS |EI Classification
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VUS obs. vs. exp. frequency
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Recurrent genes o

3 B cell dyscrasia

3 pts with heterozygous mutations.

3 Hypoparathyroxdism

3 Addrenal insuficiency Q$ ,‘?g “3 . .
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Complement positive regulation variants in PNH

Classical Lectin Alternative Enriched in PNH

pathway pathway pathway
Primary AA - Hemolytic PNH
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Conclusions

The heterogeneity of clinical presentation and clonal dynamic is likely due to the genetic background
interaction with somatic gene rescue event of various nature with clonal remission possible.

Germline variants predisposing to IEI are present in a significant fraction of cases with AA .

The genetic defects found were mostly heterozygous, and associated with dominant and adult-
onset traits explaining low penetrance likely in a very specific context.

Structural or functional analysis of IEIl variants suggests that they may result in aberrant/defective
Immune responses, in which AA may eventually arise.

Different immune pathways are asymmetrically distributed, according to disease phenotype:

Genetic background may explain disease pathogenesis:
— In AA predisposition to immune dysregulation,
— In AA/PNH speed of progression
— In PNH severity of clinical hemolytic presentation, extravascular hemolysis, thrombotic proclivity.

Immune dysregulation

Overshooting autoimmunity
AA Complement variants PNH

Positive regulation — Hemolytic PNH

SecPNH AA/PNH
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