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From Sanger to NGS panel for index cases

450 Human Inborn Errors of Immunity: 2019 Update on the Classification
i from the International Union of Immunological Societies Expert
g Committee

300

Tangye et al. J Clin Immunol. 2020 Jan;40(1):24-64

>450 Inborn Errors of Immunity !
Clinical heterogeneity
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Capture of exonic regions in 300 genes for which mutations can
cause an Inborn Error of Immunity (IEI)




Timeline of genetic strategies in IEl

2010 2022

Shot-gun sequencing (150bp) Long-read sequencing

Sanger sequencing (10-15kb)
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Technical overview
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Coverage analysis to diagnose Copy Number Variation

Double normalization of read count (RC) to account for coverage variability

between genomic regions and between patients

(RCprObe/RCau)patient

Dup/del score =

RC : read count = coverage

(RCprobe/F\)Call)mean

Exon 1 NC

12

Score < 0,7 => deletion ?

Patients —»

Exons

Score > 1,3 => duplication ?




Some statistics on the first 129 PID cohort (2016-2018)

300 genes

4136 regions of interest
1.095 Mbp =0.034% genome = 3.65% exome

129 patients included in the validation cohort Mean coverage 539X
>30X : 98.91%

Yield & Transmission Type of variations

missense
nonsense
small deletion
splicing

CNV
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= reported variation
EE no reported variation

CNV : 13% of the variants
=> increase yield by 4,6%



Evolution of the diagnostic strategy

1158 patients studied by tNGS from 2015 to 2020

PID v5

332 genes B PIDvitov4

1 HLH/HLH-EBV
T Innate

PID vl

300 génes

nnate v2

MSMD-CGD-CMC-HIES
84 genes

J. Bustamante & A. Puel ’ 2015 2016 2017 2018 2019 2020
\ <€ > <——>
Validation cohort  NGs for
HLH-EBV v2 (n=129) all index
cases

number of patients
D
o
o
|

56 genes

G. De Saint Basile



Integration of NGS panels in the diagnostic workflow

Clinical History
Physical Evaluation
’ Family History

o Diagnosis
& i
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Pedigree
WES
Magine
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Adapted from Lee et al, Human Immunology 2021




What is the efficiency for adult patients ?

-#- Diagnostic rate
[ Absolute count

Diagnostic rate (%)

~ 60

Wz Primary analysis on the
% PID cohort

~» ¢  Maybe not so bad?

° On 46 adult patients, 57%
with childhood onset

156 adult patients

Retrospective analysis
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The usual
suspects ?
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Overview of the litterature (n=30 publications)

100=-
80=
S s X l -
(]
£ 40 'f |
20- .:l:.
0 1 1 I 1 1 1 I
C O X P & O o
N S S L o
v @
AQ’
X2
60— —— targeted NGS
¢ = WES (with filter)
o 60
~ 404 This study ™
g . .-
o — o —~ 40 .
) 2
> 20_ ° [ ] u = i .I
.. [ ] :.E 20+ H x
L4 i.I n
0 T T T 0 | |
0 200 400 600 8
Gﬁb ﬁﬁﬁ
Genes & &

Yield (%)

100

20 .
0 | | | | 1
0 20 40 60 80 100
Consanguinity (%)
60—
|
[ [ | This study g
40 = /
Q [ |
(]
g . —aTE
20- - - .
| . |
0 1 1 1 1 1
2012 2014 2016 2018 2020

Date of publication

2022



Quick focus on 2 complex cases
resolved by tNGS :

1. A copy number variation in a non-coding region leading
to haploinsufficiency

2. A patient partially cured before getting sick



A copy number variation in a non-coding
region leading to haploinsuffisiency
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True deletion of non-coding exon 1 of NFKB1 or false positive?

Dup/del score for NFKB1

Patient from A. Maria (Montpellier)

48-years-old man Exon INC ||0.27| 1 |aos 1.07 | 1.04 | 0.87
Since childhood : 105(093(1.02 (0.97|1.03|1.02|0.04
= Sino-pulmonary infections 1.05(0.95| 1.06 |0.97[1.06|1.03 | 0.93
: _ 1.05(0.96| 1.0¢ |0.04[1.02|0.98 | 0.03

" Hypogammaglobulinemia 1.02( 09 [099 | 1 [1.03|103]1.02
(supplemented) 1.02(1.06( 1.01 |0.94(1.03 | 0.97 | 0.05
CVID complications : chronic diarrhea with 103| 1 |1.01|1.05( 1 1|0.86

0.97|1.02) 0.98 |0.99 | 1.04
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colitis, ITP, NRH with portal hypentension
DLBCL EBV+ in 2019
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Confirmation of the 2,7kb deletion

Probable

?7?7? breakpoint

'IiIII"II|I||"I|-\

Breakpoint PCR and sequencing :

M allapneall i AR ﬂm\ﬂ A

TTTTAGGCTCCAGGACTG TG / Al AAQC GG AGOGGGAACTCTT

5UTR TTTTAGGCTCCAGGACTGTGACAGAATAAATTCCCGTTGTAAG
Exon INC TCCCTCCGCGGGGCGGGAACGCGAACCGGAGGGGAACTCTT
Deletion  TTTTAGGCTCCAGGACTGTGACAGAACCGGAGGGGAACTCTT

Microhomology
junction



The deletion encompasses promoter and enhancers of NFKB1

Scale 2 kb

| hg13

chré: |  103,4zo0o0] 103421000  1034zz000] 103423000 103474000 103,425,000
genes, curated subset (MkA_*, ME_* MP_* or YP_*] -

LOC105377621/MNR_136202.1 <

MFKB1/MNK_001165412.2

103,426,000
Annotation Release MCE| Homo sapiens Updated Annotation Release 105.20130306

I
MFKB1/Mh_003998.4 I
MNEKB1/Mh_D01319226.2 [
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Genetic and functional confirmation
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A patient partially cured
before getting sick
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DICK-like phenotype : good candidate for a wide NGS panel ?

Patient from M. Malphettes : » Biological explorations :
45-years-old man IgGAM : normal

» Clinical presentation : Chronic EBV viremia : low to moderate
Sino-pulmonary infections since 5y Post-vaccinal serology :
Moderate/severe psoriasis since 16y = Tetanos : normal

Bilateral bronchiestasie at 37y = Pneumococcus : negative
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{eestimannsd 2-10%:)

B unknown genetic cause
L mucdfifiesr gorios {pravalincs ursnewe):
TNFRSFI38 (TAGI), TNERSE13C (BAFF-R). MSHS, MSHZ,
MLMT, RADSD, FCGR2A, HLA.DQDR, ORC4L, CLECTEA, ¢fc.

From Bogaert DJA, et al. J Med Genet 2016

Genetic Diagnosis Using Whole
Exome Sequencing in Common
Variable Immunodeficiency

Patrick Maffucci<', Charles A. Filion™, Bertrand Boisson™*%, Yuval [tan®, Lei Shang®,
Jean-Laurent Casanova™***" and Charlotte Cunningham-Rundles’**

Patients with CVID diagnosis + one of

the following criteria :

= Early beginning (<10 yo)

» autoimmunes/inflammatory
manifestations

= B cell lymphopenia

» Familial hypogammaglobulinemia

DIAGNOSTIC YIELD = 30%




Two deleterious genetic events in DOCKS8

c.5287C>T ; p.(Argl763*)
exon 41
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Familial segregation
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DOCKS8 expression by flow cytometry

Normalized To Mode
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Somatic reversion ?

{ICGCATHWGRAG BRAT

Sanger et MLPA T
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cells (DOCK8+) :

. 1
Coverage analysis

of DOCKS by = k.
whole genome 364057 404510

sequencing
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364057 : 404510
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Whole gene analysis by Christine Bole & Cécile Masson



Clinical improvement in 3 DOCKS8 revertant patients

The Journal of Clinical Investigation RESEARCH ARTICLE

Somatic reversion of pathogenic DOCK8 variants alters
lymphocyte differentiation and function to effectively
cure DOCKS deficiency

Bethany A. Pillay,"? Mathieu Fusaro,*** Paul E. Gray,"® Aaron L. Statham,' Leslie Burnett,"?® Liliana Bezrodnik,®

Alisa Kane,"%81%"12 \\finnie Tong,®" Chrystelle Abdo,” Sarah Winter,**'* Samuel Chevalier,* Romain Levy,*'** Cécile Masson,**®
Yohann Schmitt,>"*® Christine Bole,” Marion Malphettes,” Elizabeth Macintyre,” Jean-Pierre De Villartay,?® John B. Ziegler,5"®
Joanne M. Smart,” |]ane Peake,? Asghar Aghamohammadi,” Lennart Hammarstrém,?* Hassan Abolhassani,??

Capucine Picard,***" Alain Fischer,'*%2 Sylvain Latour,® Benedicte Neven,'? Stuart G. Tangye,"?? and Cindy 5. Ma"%8

DOCKS reversion in lymphoid precursor

Lymphocyte
progenitor

\

Restored DOCKS expression in lymphocytes

000

Survival and proliferative Normalized phenotype Increased functionality
advantage

N\

Expansion of DOCK8-expressing cells

T frequency
{4 exhaustion

T af. NKT, MAIT
vd

lallergy

latopic dermatitis
lviral/bacterial/fungal infections
1 antibody responses

T survival

Improved clinical outcomes

Clinical score

Bethany Pillay & Stuart Tangye
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