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NHP models for SARS-CoV-2 infection g =
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Most early events are missed in patients with hospitalization

Difficulty in studying lower airway during early clinical infections
Discordance in time of sampling relative to exposure and exposure dose in human
Ability to test therapies and vaccines rapidly before clinical trials

The NHP model supports high levels of viral replication in the upper and lower

airway; shares tissue distribution of ACE2 with humans; recapitulates mild (largely)
to moderate COVID-19 that typically resolve by 10 days post infection

 Can the NHP model recapitulate hallmarks of severe COVID-19?

« Can the NHP model provide utility as a benchmark for therapies?



SARS-CoV-2 induces rapid Type | IFN responses in RMs

Baricitinib treatment resolves lower-airway
macrophage inflammation and neutrophil
recruitment in SARS-CoV-2-infected rhesus macaques
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The role of type I IFN in COVID-19

 Protective

 Individuals with severe COVID-19 were demonstrated to be more likely to have deficiencies to
IFN-1 responses:

« Auto-antibodies against IFN-I (Bastard et al., 2020; Lopez et al., 2021; Wang et al., 2021)
« Rare inborn errors of IFN-I immunity (Zhang et al., 2020; Pairo-Castineira et al., 2021)
» Lack of production of IFN-I (Hadjadj et al., 2020; Combes et al., 2021; Ziegler et al., 2021)
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 Protective

 Individuals with severe COVID-19 were demonstrated to be more likely to have deficiencies to
IFN-1 responses:

« Auto-antibodies against IFN-I (Bastard et al., 2020; Lopez et al., 2021; Wang et al., 2021)
« Rare inborn errors of IFN-I immunity (Zhang et al., 2020; Pairo-Castineira et al., 2021)
» Lack of production of IFN-I (Hadjadj et al., 2020; Combes et al., 2021; Ziegler et al., 2021)

« Deleterious

« High and/or sustained IFN-I expression associated with increased disease severity,
susceptibility to bacterial infections, impaired lung epithelia repair (Blanco-Melo et al., 2020;
Broggi et al., 2020; Major et al., 2020).

« Association of IFITM 1-3, Siglec-1, and cGAS-STING signaling with increased SARS-CoV-2
infection (Prelli Bozzo et al., 2021; Lempp et al., 2021; Domizio et al., 2022)



Manipulating the IFN-I system to dissect the role of IFN-I in COVID-19

* IFNmod (previously referred to as IFN-1ant):
« Mutated IFNa2 that binds with high affinity to IFNARZ2, but markedly lower affinity to IFNAR1
» Reduces the binding and signaling of all forms of endogenous IFN-I

* Induces low-level stimulation of antiviral genes without induction of inflammatory genes when used
in vitro in cancer cells (Levin et al., 2014; Urin et al., 2015)

» Dblockade of the IFN-I receptor with the mutated IFNa2 caused accelerated CD4 T-cell depletion and
progression to AIDS in SIV-infected RMs (Sandler et al., 2014)

R1
Mutated Arg 120 to Glu and adding the
alphas8 tail, reducing its affinity for R1 to
below detection level while increasing
affinity for R2

Provided by Gideon Schreiber



IFNmod treatment in uninfected RMs
results in modest and specific upregulation of antiviral ISGs

SARS-CoV-2 njgative RMs IFNmod (1mg/day)
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IFNmod treatment in uninfected RMs

results in modest and specific upregulation of antiviral ISGs

R

SARS-CoV-2 negative RMs

lIFNmod (1 mg/lday)

n=4 } } |
( )
days post treatment initiation -3 0 1 2 3
Blood ® ® ® @
BAL @ @

 Multifaceted role: modest upregulation of ISGs, without changes

in pro-inflammatory genes

« These results suggest that this compound could be ideal in the
context of SARS-CoV-2 infection
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Determining how IFNmod affects COVID-19: Study Design

- SARS-CoV-2 isolate 2019-nCoV/USA-WA1/2020

- Intratracheal (I.T.) and Intranasal (I.N.) — dual route challenge

-1.1x 108 PFU (1 mL I.T. and 1 mL I.N.)
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Lower viral loads in IFNmod treated RMs during dosing phase

Untreated
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Lower viral loads in IFNmod treated RMs during dosing phase

Untreated
O IFNmod BAL Nasal Throat Tissue
IFNmod IFNmod IFNmod .
] 2 dpi
10% — 10% S 10% - 1077
T 104 T 108 T 104 & .
5 - D - T - o _ 10 —_
< 8 10 3 10 & 10 _ L @ - .
o o (o8 - ren
Z 8 108 S 1081 8 108 P Q 8 10%-
o 105 o 105 o 105 o 23 e
14 S 10t S 104 S 104 B £ 7 10% °
ol ¢ O O 2 ©g =
0 104 » 104 » 104 ’ x=_ -
o e e =x L0
P 10 ... gflE— 4 ... < 10 s 102, L — .-
10? . T 10° 10? . T T 10t — - T
-7 2 -7 1 2 Cranial Caudal Hilar
) . (Upper) (Lower) LN
dpi dpi Lung Lung
IFNmod IFNmod IFNmod .
— 0.072 . 2 dpi
108 108 — 108 —_— —_— 107
— - -
< E 107 E 104 /° E 109 S
[%2] [%2] 0 a —~ 4 ] A
> 10
= € 104 £ 104 S L2 104 a2
[e) [e) .4 = [e) 2) O [ ]
O 105 O 105 = O 105 gl 2 -
4 4 =
o o s 5 £3
w b)) 103_ 3 103_ /} 8 103_ ,A E) & 102_ =
it et 777 _A &L “ / - - -
5 10— S 10— 5 107 4/ Lo .
10? T T 101 T T T 10? T T T 10?1 — T T
-7 2 -7 1 2 -7 1 2 Cranial Caudal Hilar
dpi dpi dpi (Upper) (Lower) LN

Lung Lung

Lines depicted represent median



Viral loads remained stable in IFNmod treated RMs after treatment phase
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IFNmod treated RMs had lower expansion of inflammatory monocytes

O Untreated CD14+ CD16+ Monocytes (Blood)
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Siglec-1 expression enhances SARS-CoV-2 infection
and Is associated with disease severity

natu re https://doi.org/10.1038/s41586-021-03925-

Lectins enhance SARS-CoV-2infectionand Monocyte CD169 Expression as a

influence neutralizing antibodies Biomarker in the Early Diagnosis of
Coronavirus Disease 2019
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CD169/SIGLEC1 is expressed on circulating monocytes in COVID-19
and expression levels are associated with disease severity
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« Siglec-1, an IFN-I responsive protein, functions as an attachment receptor for SARS-CoV-2 and enhances SARS-CoV-2
infection (Lempp et al., 2021; Perez-Zsolt et al., 2021).

» Siglec-1 expression on circulating monocytes is associated with disease severity (Doehn et al., 2021; Bedin et al, 2021)



IFNmod treated RMs had lower expression of Siglec-1+ CD14+ monocytes
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IFNmod treated RMs had lower level of inflammatory molecules in BAL

Untreated
O IFNmod
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IFNmod inhibits the ISG response and pro-inflammatory signaling
In the BAL of SARS-CoV-2 infected RMs
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COVID-19 and the Inflammasome

Article | Published: 28 April 2022 Article | Published: 06 April 2022

Inflammasome activation in infected macrophages FcyR-mediated SARS-CoV-2 infection of monocytes
drives COVID-19 pathology activates inflammation
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Stephanie Halene, Akiko Iwasaki, Eric Meffre, Michel Nussenzweig, Judy Lieberman, Craig B. Wilen, Justin Margolin, Nicole Russell, Kyle Kays, Julie Boucau, Upasana Das Adhikari, Setu M. Vora, Valerie
Yuval Kluger & Richard A. Flavell Leger, Lee Gehrke, Lauren A. Henderson, Erin Janssen, Douglas Kwon, Chris Sander, ... Judy

Lieberman + Show authors
Nature 606, 585-593 (2022) | Cite this article
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A series of studies linked lower airway inflammation during SARS-CoV-2 infection to inflammasome
activation specifically within infiltrating monocytes and resident macrophages



IFNmod inhibits the ISG response and pro-inflammatory signaling

In the BAL of SARS-CoV-2 infected RMs
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IFNmod treatment reduces ISG expression in macrophage subsets in the lower airway
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- IFNmod inhibits the accumulation of CD163*MRC1 inflammatory macrophages in the lower airway



sc-RNA-seq of the lower lung
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IFNmod treatment reduces IFN-I signaling in all cell subsets in the lung at 2 dpi

Gene set
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* 12-17 ISGs out of the panel of 17 ISGs were significantly lower (p,q < 0.05) in IFNmod-treated
RMs as compared to untreated RMs at 2dpi



Inflammasome activation largely restricted to monocyte/macrophages in the lung
during SARS-CoV-2 infection and IFNmod treatment attenuates this inflammasome activation
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Conclusions

Type | IEN pathway plays a key role in SARS-CoV-2 infection
- IENmod treated RMs had :
®* ~3log reduction to viral loads during treatment, particularly in BAL and lung
® Less expansion of inflammatory and Siglec-1* myeloid cells
®* Decreased mediators of inflammatory cell trafficking to the lung
[
([

Reduced accumulation of CD163+MRC1- macrophages
Attenuated antiviral and inflammatory 1ISGs in PBMCs, whole blood, BAL, and lung

Implications:
®* Uncontrolled IFN signaling has detrimental impact on airway pathology and COVID-19
severity

®* IFNmod treatment may provide sufficient levels of Type I IFN signaling that inhibits viral
replication without inducing hyperinflammation.
® Future studies will help to determine the effects of IFNmod (i) when started post-infection,

(i) with different variants of concern and the effects of (iii) complete blockade of the type |
IFN signaling
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