Anti-IFN au cours de
"infection par SARS-CoV?2

GEAI
14.12.2020



Timeline of the key events of the COVID-19
outbreak

8 December 2019 28 February 2020
Onset of the first recorded case in WHO risk assessment increased to
Wuhan very high on the global level
\ |
31 December 2019 11 February 2020 2 October 2020
First report of 27 cases of pneumonia ICTV named virus SARS-CoV-2 and >34,000,000 cases and
with unknown cause in Wuhan, China WHO named disease COVID-19 >1,000,000 deaths

December January February March October

9 January 2020 11 March 2020

China announced the identification of WHO defined COVID-19

a novel coronavirus as the causative as a pandemic

agent of the pneumonia outbreak

| 29 January 2020

13 January 2020 20 January 2020 The coronavirus
Case of a traveler from Human-to-human 23 January 2020 spregd to all 34 30 January 2020
Wuhan was confirmed || transmissionwas | Wuhan citywas [ Provincesacross |— WHO declared a
in Thailand confirmed locked down China PHEIC alert




Clinical features of COVID-19

Age as major risk factor

L

<10 years <50 years >60 years >68 years

T N Likely Likely
I
COVID-19 cases (percentage of all cases)

Asymptomatic... and mild disease (81%) Critical and deceased (5%)

* ARDS
e Acute cardiac injury
* Multi-organ failure

Incubation period * Fever, fatigue and dry cough
* Ground-glass opacities
* Pneumonia

* Dyspnea
e Coexisting illness
* |ICU needed
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Structural basis of receptor recognition

SARS-CoV-2

SARS-CoV-2

Cell membrane

Transmembrane ACE-2

Spike (S) protein

¢ Infection
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ACE?2 is a human interferon-stimulated gene
(1SG)

Identify Putative SARS-CoV-2 Target Cells (ACE2+/TMPRSS2+)
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Discovery and Validation of ACE2 as an Interferon-Stimulated Gene
ACE2 induction mouse human cell line  primary human cells
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Is interferon net beneficial or detrimental in SARS-CoV-2?
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Canonical Type | and Type Il IFN Signaling

Type | IFN Type Il IFN

IFNLR1




Comparison of Type | and Type Il [FNs

Type | IFN Type Il IFN
Gene — — il
Single exon Multiple exons
Members |Human a1, a2, a4, a5, a6, a7, Human A1, A2, A3, A4
a8, 10, a13, a14, a6,
al7, a21, B, &, x, ®
Mouse a1, a2, a4, a5, a6, a7, Mouse A2, A3
a9, all, a12, a13, al4,
al5, al16, aBp, &, k, T
Receptor
binding
IFNAR1 IFNAR2 IFNLR1 IL-10RB
¢ High-affinity binding to IFNAR2, | e High-affinity binding to IFNLR1,
then recruits low-affinity then recruits low-affinity
IFNART1 to form signaling IL-10Rp to form signaling
competent ternary complex competent ternary complex
* Receptor subunits bind on e Less cytokine surface exposed,
opposite sides of cytokine, more stem-stem contacts in
no stem/stem contacts recpetor
* Receptor is ubiquitously * Receptor preferentially
expressed expressed on epithelial cells
By (and some immune cells,
& ce e.g., neutrophils)
- 7’::<
S
Response | * High potency e Lower potency
¢ Rapid kinetics e Slower kinetics
e Systemic e Anatomic barriers
e Inflammatory e Less inflammatory




Altération de |'activité IFN de type | et réponses
inflammatoires exagérées chez les patients séeveres
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Defaut d’activité IFN de type | chez les patients
severes et critiques

C . D E
o r—\ o . )
200~ [ : | 10°+ 1004 00O | 200+ | | 105 [ Stable/improvement
S 28 1 *° > B Worsen
o 00 © ) o ng
150 — :T 10‘-' (o} le) 2 N 150+ 3 10‘
o E o “o% 8 3 ) 2
: o 2 ¥ 5 B 0 § ° 5
2 100- 88 8 o “g 1034 O 2 107 8 @ 100 8§8 - 10°
Q O ¥ © E Q S
2 o =z & 3 ® @8 4 3
so- P & 4024 g 1 o 50 o & 102
0 o ! 2 00
0- 10'- 1- 0- 10'

Diminution de I'ISG score, des taux d’ IFN-a2 dans le plasma et de I'activité IFN chez les patients les plus

séveres, comparativement aux formes modérés
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Auto-Abs against IFN-a2 and/or IFN-w in patients with
life-threatening COVID-19
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Neutralizing auto-Abs against IFN-a2 and/or IFN-w in
patients with life-threatening COVID-19
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Auto-Abs against the different type | IFN subtypes
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Enhanced SARS-CoV-2 replication, despite the presence of IFN-a2, in the
presence of plasma from patients with auto-Abs against IFN-a.2
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FN-a in patients with
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Neutralizing auto-Abs to type | IFNs underlie life-
threatening COVID-19 pneumonia

SARS-COV-2

Asymptomatic/mild Life-threatening
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Inborn errors of TLR3- and IRF7-dependent type | IFN production and
amplification underlie life-threatening COVID-19 pneumonia.

Zhang, Science, 2020
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Inborn errors of type | IFN immunity
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A model of how SARS-CoV-2 suppresses host immune
responses through multi-pronged inhibition of core cellular

functions

SARS-CoV-2 Host Innate '. IFI: PR
Immune Evasion Immune Response &
— Q@ -
SARS-CoV-2 \( IFN
N X / receptor ' Protein
A ‘{ yeSiCIert Secretion NSP8
o .. IRF3 ranspo ‘
. NSP16 diminue I’épissage des ARNm NG SSRNA . Peptide ’ —
. NSP1 se fixe a ’'ARN ribosomal 18S et \ O'p _@_
. . . Nucleu
diminue la traduction des ARNm * R mRNA / Translatlon
. NSP8 et NSP9 diminue le trafic des \ ; EK/ ‘ nspt B

protéines membranaires dépendantes Virus

ssRNA IFN Stimulated '-\
de la SRP \ Genes ‘ NSP16 @
Viral protein /

manufacture
Cell

Banerjee, Cell, 2020



Responses to lung viral infections

Type | IFNs Type lll IFNs
’ IFNAR complex IFNLR complex
IFNART IFNAR2 Expressed ubiquitously Expressed on epithelial cells

and some immune cells

& ¥

preescccsccanns ten
4 '

L]

! ) ‘ Pro-inflammatory cytokines/

1 - Viralburden | s chemokines o 28

¢+ ++ Inflammation . ® ® Pro-inflammatory cytokines/
- E e b e e ° chemokines

L] N .

' ‘ bl JP0

, Neutrophils

Neutrophils

IL10R2 IFNLR1

-- Viral burden
+ Inflammation



viral infections

Lung alveolar epithelial cells
and dendritic cells release type
| interferons (IFN-a/B) and
type Il IFN-X in response to
viral infection. IFNs limit viral
replication; however, IFN-A
signaling can cause cell death
through apoptosis and impaired
epithelial proliferation, which
prevents tissue recovery.

Responses to lung Epitheli
pithelial M
o) \

SARS-CoV-2, &
influenza virus

Apoptosis and
Alveolus impaired epithelial
proliferation

Dendritic

cell receptor

ISGs, interferon-stimulated
genes; SARS-CoV-2, severe
acute respiratory syndrome
coronavirus 2.



