Richard Marsden CEO




. The information contained in these slides (the "Presentation") does not constitute or form part of any offer, invitation, inducement or
commitment to, sell, issue, or any solicitation of any such offer or invitation to subscribe for, underwrite or buy, any shares in the Company
or any of its affiliates to any person in any jurisdiction, nor shall it nor any part of it, nor the fact of its distribution form the basis of, or be
relied on in connection with, or act as any inducement to enter into any contract or investment decision in relation thereto. It is for
information purposes only and merely provides an update on the Company.

. Accordingly, it has not been approved by an authorised person within the meaning of the Financial Services and Markets Act 2000 ("FSMA"). If any
person is in any doubt as to the contents of this Presentation, they should seek independent advice from a person who is authorised for the purposes of
FSMA and who specialises in advising in investments of this kind. The information contained in this document does not purport to cover all matters that
may be relevant for the purposes of considering whether or not to make any prospective investment and is not intended to provide, and should not be
relied upon, for accounting, legal or tax advice.

. The information contained in this Presentation has been prepared by and is the sole responsibility of the directors of Synairgen plc (the "Company").

. No reliance may be placed for any purpose whatsoever on the information contained in the Presentation or any assumptions made as to its
completeness, accuracy or fairness thereof, nor does the Company, or any of its existing or proposed members, directors, officers, employees, agents,
affiliates, representatives or advisers or any other person accept any obligation or responsibility to update, correct any inaccuracies in, or keep current
the information contained in this document. The information contained in the Presentation, which has not been independently verified, and may be
subject to further updating, revision and amendment and completion without notice.

. Certain statements in the Presentation are forward-looking statements, and the Presentation itself has been based upon a number of assumptions,
forecasts and projections of the Company which by their nature are forward looking. Forward-looking statements are typically identified by the use of
forward-looking terminology such as "believes”, "expects"”, "may", "will", "could", "should", "intends", "estimates”, "potential", "anticipate”, "plans" or
"assumes" or similar expressions, or by discussions of strategy that involve risk and uncertainties. By their nature, forward-looking statements,
assumptions, forecasts and projections involve a number of risks and uncertainties, and in some cases are based on estimates and incomplete
information, that could cause actual results or events to differ materially from those expressed or implied by the forward-looking statements or by the
Presentation as a whole. These risks and uncertainties, and the impact they have on the assumptions, forecasts and projections contained in the
Presentation, could adversely affect the outcome and financial effects of the plans and events described herein.

. No undertaking, assurance, representation or warranty, express or implied, is made or given by or on behalf of the Company or any of its existing or
proposed members, agents, affiliates, representatives, advisers, employees or directors or any other person as to the accuracy, completeness or
fairness of the information or opinions contained in this document and no responsibility or liability is accepted by any such person for any loss however
arising from any use of, or reliance on, or in connection with, this Presentation or its contents or otherwise arising in connection therewith.
Notwithstanding this, nothing in this paragraph shall exclude liability for any such undertaking, assurance, representation or warranty made fraudulently.
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SNGO0O1 being progressed rapidly as a
potential treatment for COVID-19 patients

SNGO0O01 is an inhaled, broad-spectrum antiviral IFN-B1a formulation which is
delivered directly to the lower respiratory tract, stimulating the lungs’ immune
defences

Stage of development:

— Phase lll (SPRINTER) being conducted by Synairgen
« Approaching 80% enrolled
« Topline data expected in early 2022

— Phase Il (ACTIV-2) in the home setting being conducted by the US NIH

Potential availability in 2022 conditional upon:
— Positive data from SPRINTER
— COVID-19 hospitalisation rate remaining a concern
— Regulatory approval, potentially under an EUA in the US, BLA and MAAs to follow

Synairgen scaling up manufacturing capability and ‘in-market’ infrastructure
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Multiple potential applications for
SNGO001

COVID-19 patients recently admitted to hospital

— >10,000 patients/day being hospitalised per day due to COVID-19 in the US
alone

Pandemic preparedness

As a broad-spectrum antiviral for any patient admitted to hospital due to a
severe viral lung infection

— Year round usage (mostly winters)

— Multiple patient types

— Multiple causative viruses
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Production of IFN-B by cells drives antiviral
activity, preventing infection and virus

replication
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Proteins made by viruses can lead to a
suppression of IFN-3 production
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Inhaled IFN-[3 designed to restore or boost
antiviral activity in the lungs
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Growing body of evidence supporting rationale to
assess SNGOO1 in COVID-19 patients
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Inborn errors of type | IFN immunity in patients
with life-threatening COVID-19

Qian Zhang et al.

INTRODUCTION: Clinical outcomes of human
severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection range from
silent infection to lethal coronavirus disease
2019 (COVID-19). Epidemiological studies have
identified three risk factors for severe disease:
being male, being elderly, and having other
medical conditions. However, interindividual
clinical variability remains huge in each demo-
graphic category. Discovering the root cause
and detailed molecular, ud.l\iar .md tissue- and
bodydevel i

the general hypothesis that life-threatening
COVID-19 in some or most patients may be
caused by monogenic inborn errors of immu-
nity to SARS-CoV-2 with incomplete or com-
plete penetrance. We sequenced the exome or
genome of 659 patients of various ancestries
with life-threatening COVID-19 pneumumu

sidered 10 loci mutated in patients with other
viral illnesses but directly connected to the three
core genes conferring influenza susceptil
TICAMI/TRIF, UNC93BI, TRAF3, TBK1, IRF3,
and NEMO/IKBKG from the TLR3-dependent
type T IFN induction pathway, and IFNARI,
IFNAR2, STATI, and STAT2 from the lRl-
and IRFY- type I IFN amplif
pathway. Finally, we considered various modes
of inheritance at these 13 loci.

RESULTS: We found an enrichment in variants
predicted to be loss-of-function (pLOF), witha
minor allele frequency <0.001, at the 13 can-
didate loci in the 659 patients with life-
threatening COVID-19 pneumonia relative to
the 534 subjects with asymptomatic or benign
infection (P = 0.01). Experimental tests for all

and 534 subjects with benign
infection. We tested the specific hypothesis that
inborn errors of Toll-like receptor 3 (TLR3)-
and interferon regulatory factor 7 (IRF7)-
type | interferon (IFN) immunity

(U\'IDBlsdﬂrmmmbl)hydmdnuinﬂ
importance.

RATIONALE: We established the COVID Human
Genetic Effort (www.covidhge.com) to test

that underlie life-threatening influenza pneu-
monia also underlie life-threatening COVID-19
peumonia. We considered three loci identified
as mutated in patients with life-threatening
influenza: TLR3, IRF7, and IRF9. We also con-
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118 rare y variants (including
both pLOF and other variants) of these 13 genes
found in patients with critical disease identified
23 patients (35%), aged 17 to 77 years, carrying
24 deleterious variants of eight genes. These
variants underlie autosomal-recessive (AR) defi-
ciencies (JRF7 and JFNARI) and autosomal-
dominant (AD) deficiencies (TLR3, UNC93BI,
TICAM]I, TBK1, IRF3, IRF7, IFNARI and IFNAR2)
in four and 19 patients, respectively. These
patients had never been hospitalized for other
life-threatening viral illness. Plasmacytoid den-
dritic cdls from IRF7-deficient patients pmduuxl
no type 1 IFN on infection with SARS-CoV-2,
TLR3™", TLR3™", IRF7"", and IFNAR1 ﬁhm-
blasts were susceptible to SARS-CoV-2 infec-
tion in vitro.

CCONCLUSION: At least 3.5% of patients with life-
threatening COVID-19 pneumonia had known
(AR IRF7 and IFNARI defidencies or AD TLR3,
‘TICAM1, TBK1, and IRF3 deficiencies) or new
(AD UNCY3B1, IRF7, IFNAR1, and IFNAR2
deficiencies) genetic defects at eight of the
L’S mndldzle loci involved in the TLR3- and
induction and i
oflype 1TFNs, This discovery reveals essential
roles for both the double-stranded RNA sensor
TLR3 and type I IFN cell-intrinsic immunity in
the control of SARS-CoV-2 infection. Type I TEN
administration may be of therapeutic benefit
in selected patients, at least early in the course
of SARS-CoV-2 infection. =

The full author list and the list of ofikations is avalable in

the full artcle cnline

Corresponding author: JearrLaurent Casanova (casanovatt

rockefeller.edu)

This is an open-access article distributed under the terms.

of the Creative Commons Attribution license (ittps=//
y/4.07), which permits.

Inborn errors of TLR3- and IRF7-dependent type | IFN production and amplification underfie life-
threatening COVID-19 pneumonia. Molecules in red are encoded by core genes. deleterious variants of
which underlie critical influenza pneumonia with incomplete penetrance, and deleterious variants of genes
encoding biochemically related molecules in blue underlie other viral ilinesses. Molecules represented in bold
are encoded by genes with variants that also underlie critical COVID-19 pneumonia.

Zhang et al, Science 370, 422 (2020) 23 October 2020

unrestricted use, dstribution. and reproduction In any
. provided the original work is properly cited.

Cite this article as Q. Zharg ef aL. Science 370, eabdd570

(2020). DOK: 101126/science abd4570

g READ THE FULL ARTICLE AT
2l hitps://dol.org/10.1126/science.abdd570
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Growing body of evidence supporting rationale to
assess SNGOO1 in COVID-19 patients
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Inborn errors With life-threatening COVID-19
Wlth |ife-th|-ea Paul Bastard"t and Lindsey B. Rosent et al.

’ INTRODUCTION: Interindividual clinical vari-
S Li ability is vast in humans infected with

Y severe acute respiratory syndrome corona-
mﬁ?ﬁg‘:ﬁr virus 2 (SARS-CoV-2), ranging from silent in-
virus 2 (SARS-CoV-2) i1 fection to rapid death. Three risk factors for
dlent infection to letha) ifé-threatening coronavirus disease 2019
2019 (COVID-19) Epiden: (COVID19) pcumonisa have been identifed—
dentified three risk factc Deing male, being elderly, or having other
being male, being ekder Medical conditions—but these risk factors
medieal sonditions. Hoy CANNOt explain why critical disease remains
Cinical variability remajs TC136YC1Y Fare in any given epidemiological
eraphic category, Discoy ETOUP- Given the rising toll of the COVID19
and detailed molecular, o PARdemic n terms of morbidity and mortality,
o et mechargens e Uderstanding the causes and mechanisms of

COVID19 i of the life-threatening COVID-19 is crucial.
importance.

B cell

Autoantibodies against type | IFNs in patients

kine immunity exist, in which

may underlie critical COVID-19. We searched
for auto-Abs against type I IFNs in 987 pa-
tients hospitalized for life-threatening COVID-
19 pneumonia, 663 asymptomatic or mildly
affected individuals infected with SARS-
CoV-2, and 1227 healthy controls from whom
samples were collected before the COVID-
19 pandemic.

RESULTS: At least 101 of 987 patients (10.2%)
with life-threatening COVID-19 pneumonia

autoantibodies (auto-Abs) against interferon-y
(IFN-y) (mycobacterial disease), interleukin-6
(IL-6) (staphylococeal disease), and IL-17A and
IL-17F (mucocutaneous candidiasis) mimic the
clinical phenotypes of germline mutations of
the genes that encode the ing cyto-

had G (IgG)
auto-Abs against IFN-w (13 patients), against
the 13 types of IFN-a (36), or against bath (52)
atthe onset of critical disease; a few also had
auto-Abs against the other three individual

3 . These auto-Abs neutr: high

kines or receptors. Human inborn errors of
type I IFNs underlie severe viral respiratory
diseases. Neutralizing auto-Abs against type
IFNs, which have been found in patients with
a few underlying noninfectious conditions,
have not been unequivocally shown to un-
derlie severe viral infections. While search-
ing for inborn errors of type I IFN immunity
in patients with life-threatening COVID-19

RATIONALE: We establishe phenocopies of three inborn errors of cyto-

Genetic Effort (www.cc

we also tested the hypothesis
that neutralizing auto-Abs against type I IFNs

.

'
Asymptomatic/mild

2222222
2222222
2222222

3(0%)

-

Asymptomatic/

2222
2222
2222

Type |IFN immunity

-

(UNC938
\t:rs_!i
(CNEMO_

.

|
i
Life-threatening

15222132
12295222
122322129

101/987 (10.2%)

Neutralizing auto-Abs impair type | IFN immunity

Auto-Abs to type | IFNs.

Abs to type | IFNs
Respiratory epit that neutralzing auto-Abs aganst type | IFNs may underie criticd COVID19 by impairing the binding of type |
""" INs to ther receptor and the activatin of the downstream responsive pathway. Neutraiizng auto-Abs are
represented n red. and type | FNs are represented in biue. In these patients. adaptive autoimmuniy impairs innate
and intrinsic antiveal immunty. 1SGs, IFN-stimulated genes: TLR, Tolkike receptor: FNAR, IPN-/p receptor,
PSTAT, phosphoryiated signal transducers and activators of transcription: IRF, interferon reguiatory factor

Inborn errors of TLR3- anc
threatening COVID-19 pnel
which underfie critical infiue
encoding biochemically relat
are encoded by genes with Bastard ef al., Science 370, 423 (2020)

Zhang et al, Science 370, 422 (2020) 23 October 2020

CcOVID19 We tested the hypothesss

23 October 2020

of the type 1
IFNs, including their ability to block SARS-
CoV-2 infection in vitro. Moreover, all of the
patients tested had low or undetectable serum
IFN-a levels during acute disease. These auto-
Abs were present before infection in the
patients tested and were absent from 663
individuals with asymptomatic or mild SARS-
CoV-2 infection (P <107'%). They were present
in only 4 of 1227 (0.33%) healthy individuals
(P <107'% before the pandemic. The patients
with auto-Abs were 25 to 87 years old (half
were over 65) and of various ancestries. No-
tably, 95 of the 101 patients with auto-Abs
were men (94%).

ABeell ¥
of inborn errors of type 1 IFN immunity ac-
counts for life-threatening COVID-19 pneumo-
niain at Jeast 2.6% of women and 125% of men.
In these patients, adaptive autoimmunity im-
pairs innate and intrinsic antiviral immunity.
‘These findings provide a first explanation for
the excess of men among patients with life-
threatening COVID-19 and the increase in
risk with age. They also provide a means of
i ifying indivi at risk of i
life-threatening COVID-19 and ensuring their
enrolment in vaccine trials. Finally, they pave
the way for prevention and treatment, includ-
ing plasmapheresis, plasmablast depletion,
and recombinant type I IFNs not targeted by
the auto-Abs (eg., IFN-). »

The full author list and the list of author affiliations is
avalable in the full article online.

“Cor g authors: Jean L aurent Casanova
Geandaurent.casanovabrockefeller.edu): Paul Bastard
(paul bastard@institutimagine.org)

{These authors contributed equally to this work.

This s an open-access article distributed under the

terms of the Creative Commons Attribution cense
(https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution. and reproduction in
any medium, provided the original work i property cited.
Gite this article as P. Bastard et al Science 370, eabd4585
(2020). DOK: 101126/science.abd4585

g READ THE FULL ARTICLE AT
k=l hitps://doi.org/10.1126/science.abdd585
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Growing body of evidence supporting rationale to
assess SNGOO1 in COVID-19 patients
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dlabetes, then a causal effect exists between
the microbiota and the disease; but thiswill

level of akcohol consumption. The same will
be true Ifinflammatory bowel disaase results
inthe types of microblota change that cause
diarrhoea, and Individuals are matched on
thelrbowel-movement quality. Ths, Vukovic-
Culjin and colleagues’ results do not rule out
the microblota having a causal effect.

The question of causality between the
microbiota and human disease s a central
topic In studles In this area. These findings
will certainly continue to fuel research in the
fleld For years to come, and Vujkovic-Cvijin
et al.have taken astep forward for our think-
Ing zhout this issue.

Sigal Levistsn =nd EranSegal are at the
‘Welzmann Institute of Sclence, Rehovot
TE100, Israal
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years of heavy 2 p uly
healthy control group.

With that inmind, peﬂ'plﬂ with inflamma-
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Clomontn, 4.C. Lresil L . Farfrey. L W EKnight, k. Cail
ey )

gut-microbiota

does not Imply that these are unrelated. Nor

does itimply a lack of causality where a rela-
hipd

Bowel-movement quallty. Nor should people
who have type 2 diabetes be matched witha
healthy cohort on the basis of blood levels of
the glycoproteinHbAIC, which of

Ist. For example, IFalcohol
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(some-
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thingthat the authors don't da). Researchers
shouldalso besuspiclous of matching people
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onthe bastsofbody massindex.
Inan effort toaddress this lssue, the authors

repeated their

inwhichnone of

cohort,

Interferon deficiency
canleadtosevere COVID

group self-reported any type of diseaseatall
the previous criterion for healthy Individ
wals was Just those who did not self-repart
the specific disease of interest). They found
similar
and the physiological and lifestyle differ
ences, although these associations were now
Ither than In the

Er & Akiko Iwasaki

Understanding what contributes tothe development of severe
COVID-19 would be of great clinical benefit. Analysis of people
inwhom this occurred pinpoints a key role for the signalling
pathway mediated by type l interferon proteins.

original analysis or no longer significant
Unfartunately, removing Individuals with
any self-reported disease does not rule out
matching the people from the disease cohort

Infection with the SARS-CoV-2 coronavirus
results in diverse cutcomes for COVID-19,
with the disease tending to be more severe
and lethal for older males' . Yet some young

withc

whomight neverth

people can alsoh: COVID-19. What

less or
might be borderline; this could happenIF,
for example, people who have diabetes are
matched with those whe are pre-diabetic.
T . whose scop beyond
thisstudy, ralses akey questionfor all medical
studles:what constitutes a healthy cohort?
Finally, it Is important to remember that

374 | Nature | Vol 587 | 19 Movernber 2020

susceptibility to this disease?
Writing InScience, Zhang et al? and Bastard
eral.* shed light on a key factor that affacts
whether life-threatening COVID-19 devel
ops. The studies Implicate deficlencies In
Interferon proteins, typel inter

Inhertted mutations in genes encoding key
antiviral signalling molecules, or, as Bastard
and colleagues describe, by the development
of antibodies that bind to and ‘neutralize™
IFN-L Among people whe developed severe
COVID-19, such neutralizing antibodies were
mostly In oldermales.

The IFN-| family Includes IFN-4, IFN-B and
IFN-w. These molecules provide innate

an

ferons {(IFN-1). Such deficiencies might arise,
as Zhang and colleagues report, through

20 Springss Matura Lieited. All rights razerved.
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immune-signalling molecule calledacytokine:
they are indured when a cell detects viral




Growing body of evidence supporting rationale to
assess SNGOO1 in COVID-19 patients
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Abstract: SARS-CoV-2 is highly pathogenic in humans and poses a great threat to public health
warkdwide. Clinical data shows a disturbed type | 1FN) resporse during the infex

In this study, we discovered that the nucleocapsid (N) protein of SARS-CoV-2 plays an important role
in the inhibition of interferon beta (IFN-f) production. N protein repressed [FN- production induced
by poly(1C) or upon Sendai virus (SeV) infection. We noted that N protein abso suppressed [FN-f
production, induced by several signaling molecules of the retinoic acid-inducible gene |
(RIG-1) pathway, which is the crucial pattern necognition receptor (PRR) respansible for identifying
RNA viruses. Moreover, our data d that N protein d with the RIG-1 protein
through the DEXD/H domain, which has ATPase activity and plays an important role in the binding
of immunestimulatory RNAs. These results suggested that SARS-CoV-2 N protein suppresses the
IFN-§ response through tangeting the initial step, potentially the cellular PRR-RNA -recognition step
in the innate immune pathway. Therefore, we propose that the SARS-CoV-2 N protein sepresses
IFN-§ production by interfering with RIG-L

Keywords: coronavirus disease 2019; COVID-19; severe acute respiratory syndrome coronavires 2;
SARS-CoV-2; leocapwid; IFN; retinoic acid-inducible gene I; RIG-1
1L Introduction

Coronavirus disease 2019 (COVID-19), caused by a novel coronavirus known as sevene
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was identified as a pandemic
by the World Health Organization (WHO) on 11 March 2020 [1]. The viral infection
poses a huge threat to the global public health. Globally, as of 5:13 p.m. CET, 19 Novem-
ber 2020, there have been 55,928,327 confirmed cases of COVID-19, including 1,344,003
deaths, reported to the WHO. (hitps covid19.whaoint/). SARS-CoV-2 is an enveloped,
non-segmented, positive-sense RNA virus in the Comnaviridae family, Orthocoronavirinae
subfamily, Betacoronaviruses genus, and Sarbecovirus subgenus [2,3). SARS-CoV-2 is a novel
f-coromavirus and zoonotic coronavirus, following the previously identified respiratory
syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome coronavirus
(MERS-CoV) [4)

The viral genome sequence is about 29,903 nt and has 5’ and 3’ terminal sequences
that are typical of Betacoronaviruses with a short untranslated (UTR) ' and ¥ terminus. The
order of the genes (5 to 3') Is replicase ORFlab, spike (S), envelope (E), membrane (M),
nucleocapsid (N), and accessory proteins ORFla, ORF6, ORF7a, ORF7b, ORFS, ORF9a, and
ORI [5,6). ORFlab is further cleaved into 15 nonstructural proteins (NSP1-10, 12-16) by

Viral isolates with A500-532 mutation induce lower IFN-|
response in the infected cells

11



Growing body of evidence supporting rationale to
assess SNGOO1 in COVID-19 patients

RESEARCH

RESEARCH

RESEARCH ARKLLLUTAZE]
CORONAVIRUS Autoantit

Inborn errors with life-1
with life-threa pau esstara*t =

INTRODUCTION: 1
ability is vast

severe acute res
INTRODUCTION: Clinical S¢¥®™® 2
severe acute respirator, YIS 2 (SARS-Cc
virus 2 (SARS-Cov-2) i fection to rapid
silent infection to lethal 3/ “Theatening
2019 (COVID-19) Epiderr {00VID16) ey
identified three risk factc "¢!"& malc, bel
being male, being elder. Medical conditi
medical conditions. Hov c“l“"’i"' ]"f"l“'“f
clinical variability remair 7>+ ¥ T
graphic category. Discoy S0P Given the
and detailed molecular, o: PARdemicin tem
bodydevel mechanisms unc Uderstanding
COVIDIO i of the ey life-threatening
importanae.

Qian Zhang et al.

RATIONALE: B c¢

RATIONALE: We establishe PRenocopies of

.,,....,.m(.; 224
2222 22
2222 :
2222 -

|
(CTRIF e
(CNEMO ™
1RF3 }—— Neutralzing auto 4
\_Respratory ept that neutraiing aut
== " IFNs to ther recept
Inborn errors of TLR3- anc "*Presented I red. ¢
threatening COVID-19 pney ¢ Mrsic antira
which underiie critical infiue PSTAT. Phospherya
encoding biochemcally relat
are encoded by genes with Bastard et al, Scien

Zhang et al, Science 370, 422 (2020) 23 Octoby

RESEARCH ARTICLE SUMM

News & views

a Hasthy
vl

1

Lowsicchat | Randam
== ey

Individusisnot m
that can affact thy

Figure || Comparing popul

ukivic-Cuijinet ol identif

ame that differ inprevalence |

properiian afindividualswh
Jations. A

Science Immunolnew

CORONAVIRUS

Autoantibo
of uninfecte
~20% of CO'

Paul Bastard"*~, Adrl
Manry™*, Eleftherios
Birlen™*", Alba Parra-
Maslovskaja™, Nicola
Borrero®, Alexandre
Cognasse™*, Jesus T1
Jacques G. Riviére®, J
Morlo™, Ju

might mean that microbiota
factar. b, The authors insteac
H

Bruno Megarbane™, \
Manuel Anaya*, Jord
C

yearsofheavysmoking,w
healthy control group.
With that Inmind, pex
tory bowel disease shot
witha healthy matching
Bowel-movement quallty
who have type 2 diabete
healthy cohort onthe ba
the glycoproteinHbAIC,
assessing long-term exce:
thingthat the authors do
shouldalso besuspiciow
who have type 2diabetes'
onthe bastsofbody mas
Inanefforttoaddresst
repeated thetranalysisus
mwhichnone ofthe indn
group self reported any
{the previous criterion
uals was Just those who
the specific diseaseof In
similar associations bet
and the physiological :
ences, aithough theseas
elther less statistically st
original analysls or no
Unfortunately, removi
any self-reported disea:

, Ontavl
Marcela Moncada-Vié
Coulibaly*2, Dany Ang
Nussbaum®™, Tayfun €
Santana®, Stéphans
Kurolap®, Christine !
Barreiros™, Elena Dol
Sahanic™, Ivan Tance
Vidaur™*, Stuart G. 1
Nelll Y. Kann®, Anna
Rutger Koning™, Luls
Monneret®**, Michel
David Hagin*=3, Joc
Bourke™, Rabih Halv
Sedkaoul, Suzan ATl
VInh"*'*, Sisse Rye O
N. Spaan™*", Laurent
P. Lifton®=r.102 Shrfl
Response to COVID G
James's Hospltal, SAT
‘The Milleu Intérieur ¢
COVID Human Genet
Sang study group$, M:
Vandreakos™", Olivie
James Mond™*1, Stép
Mentra s saist Mar}
Solanich™**, Sophie S

peop
with control individualst
less beundiagnased, ory
might be borderline; tt
for example, people wh
matched with those wh
This problem. whose sec
thisstudy, raisesakey qu
studles:what constitute:

Finally, It 1s Importan

374 | Nawre | vol 587 |

Greg ; Lorenzn
Kal Kisand™, Satoshl
Tiberghlen™*”, Qlan
‘Laboratary of Human Genetics o
Instiiuie, Paris, France. %51 Gles
Viralogy andl Infectius Disease, 1
University, Hiroenin, lapan e
dHedron Barcekina Haspital Can
University of Tartu, Tartu, Estoniz

First release: 19 August 20

synairgen plc

may underlie critical COVID-1
for auto-Abs against type 111

viruses

MDP!

Article
SARS-CoV-2 M
Represses RIG

Cell Hos!

Keli Chen ™', Feng Xiao ™

Genomic m  wdinseewut
-
Nsp1 deleti
.
interferon r
Graphical Abstract
—
- o _g_ “
£
Ll
)
Vil Baasons el Shosk bor
) wh drecad prara e
. Cltation: Chen, K Xiaa P Hae D
-4 R R M
sl | WK W | SARS CoV2
g4l Nedaaspu P s wilh
g ' = ' A RIC- ol Rupronses RIC- Mundistud
| T Pmduction. Vi 2021, 11
J . Ntpa ek g/ 103
R sy, .y
ame
— Wb
ot eming
§| ooty mme
3
s ‘;H
{9
L 3 Publisher's Note: MOPT staye o
£ ey el g foiiciond b
& o b oo ot st
—
Ay
Highlights () |
o SARS-CoV-20eNnommn  Copyright © 300ky the st L
identify 35 recurrent ™ MO et Switen

anticly

This artice ke 4o open s

sanaber the herma andd com

« Association with 117
important mutations -

o the Cruative Commans Al
€ BY) Ioowe (Mt

i oy /I s By

* AS500-532 in Nsp1 cc
load and serum IFN-p

» Viral isolates with A500-532 mutation induce |
response in the infected cells

Cell Reports

Evasion of Type | Interferon by SARS-CoV-2

Graphical Abstract

Viral dsRNA iOOQL,.“~
&~
@B
(B nsp13
T nsp6
-‘f ORF&

v

&y

IFN-a/B

/.

NS
nspl nspl3
nsps g Gel—ORr7a

oREl—e® @
M
ORF7b

Highlights

« SARS-CoV-2 proteins antagonize IFN-1 production and

signaling

distinct mechanisms

IFN-I at different efficacies

biosafety level 2

Different SARS-CoV-2 proteins inhibit IFN-1 response through

SARS-CoV, SARS-CoV-2, and MERS-CoV proteins inhibit

A reporter replicon of SARS-CoV-2 allows experiments at

a et al., 2020, Gell Reports 33, 108234
|_‘,J October 6, 2020 & 2020 The Authors.
ttpes: ot org10.1 01 ] celrep. 2020 108234

Authors
Hongjie Xia, Zengguo Cao, Xuping Xie,
Vineet D. Menachery, Ricardo Rajsbaum,
Pei-Yong Shi

Correspondence
hoxia@utmb. edu (H.X),
peshi@utmb.edu (P.-Y.S.)

In Brief

Xia et al. perform an unbiased screening
to identify SARS-CoV-2 proteins that
antagonize the IFN-l response. The
identified viral proteins inhibit IFN-I
production and signaling through distinct
mechanisms. Com pared with SARS-CoV
and MERS-CoV, the IFN-1 signaling is
more efficiently suppressed by the SARS-
CoV-2 nsp1 and nspé proteins.
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COVID-19 exhidits 2 global health tireat amang the eiderty snd e population with underlying dealth condt-
tions. During iadection, the bosr's innate Smmune response acts as a frontline of defense by releasing cytokines
such as type | intesteron (IFPN a and ) thereby initiating astivizal activity. However, this pasticulus ierferon

l';’_"""'""‘ response Is lterrupted by factoes such as SARS-CoV-2 noo-structural peotelns, aging, dlabetes, and germ.line
'-:"" errars eventually muklng the host moce sisceptiie 1o (llness. Therefore, enbanciog the host s inate immune
response by administesiag rype | FN could be an effective restment agaiast COVID-19. Heve, we highlight the

impertance of ianate immune response and D role of FX § monotherapy agatas COVID-19
of type | IFN leads 1o poor innate immune responses in the host agatnst
. SARS.CoV-2 infection, eventually leading to sevese diness. Therefore,
1. Introduction the host's innate (mmune response by administering type |
IFN could be a key 1o prevent the host from COVID-19 severity. We
In December 2019, the epidemic in Wuhan, China, was as s the of the immete immmne response during

A severe acute respiratory syndrome coronavines 2 (SARS.CoV-2)
causing coroeavirus disease (COVID-19). Ia March 2020, the COVID-19
outbreak was announced as a pandemic [1]. As of midJuly 2021,
COVID- 19 has infected moce than 180 million and killed moce than 4
million people worldwide [2]. With the lack of specific therupeutic in.
terventions, the COVID-19 exhibits a potential threat of fatality among
the elderty and others with underlying health ailments [ 1),
SARS-CoV-2 is a zoonotic virus with a bilipid membrane coated with
spike proteins, membrane protemns, and envelope proteins providing a
stroager protective layer for virl singlestranded RNA (ssRNA) [4]
SARS.CoV 2 enters the airway and infects airway epithelial cells (AECs)
initially cousing mild poesmonts followed by dyspnes and finally
leading to y fadlure (5] SARS-CoV-2 trans
mits frum the infected individual to the non infected prsmarily through
respiratocy droplets [0), During infection, the host's innate immune
response acts as a frontiine of defense by relensing cytokines sach as rype
| interferon (IFN @ and IFN ). The type | IFN induces hundreds of
Interferonatimulsted genes (ISGs) which set up the antiviral state
thereby protecting the host from the infectson [ 7). However, the type |
IFN production is impaired by SARS.CoV.2 nonstructuml proteins
(nsp), aging, diabetes, and germ line erroes [ 1], Thes, the deficiency

SARS-CoV-2 infection and the of IFN pmediated
antiviral activity agaimst SARS-CoV-2 infection and concluded that the
IFN p as an potent option agatmst
SARS.CoV-2.

2. How-virus interaction

When the SARS-CoV-2 enters the airway, the virus spike protein (S)
recognizes and binds the angiotensinconverting ensyme.2 receptor
(ACE-2) on the wurface of atrway epithelial cells (AECs) [1 7] The
receptor-bound spike protein is cleaved by the transmembrane protease
serine 2 (TMPRSS2) followed by membrane fusion or endosomal entry
into the AECs [14]. After entering the host cell, the viricn releases virl
BiNA into the cytoplasm. The viral ssNA replicates in the cytoplasm
via RNA. dependent RNA polymerase (RERP), a viral polymerase, fol
lowed by translation wsing cellular machinery {1 ). The replicated viml
particles are assembled i the endoplasmic reticulum Golgl apparatus
intermediate compartment (ERGIC) followed by exccytosis [ 1 4]

In the host- virus interaction, ACE 2 and TMPRSS2 play a huge role in
recogniziag and cleaving the S protesn eventually leading to viral entry
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The open reading frame B (0ef8) i 4n accessory protein of SARS-CoV-2. It has 121 amine acids with Two ge-
fotypes, orfiL and cefBS. I this study, we overexpeessed the arfSL 4nd cefBS of SARS-CoV-2 as well as (e arfSd
of SARS-CoV 10 mvestigate their mies (o the segulation of endoplasmic retiouum (ER) stres and the hibizian of
Iamesteron beta (IFNS) production. We fousd that the two genarypes of SARS-CoV-2 oS are capable of ifucing
ER stress without significast difference by tiggering the activating Tasscription factor 6 (ATFS) and inositel-

ence supporting rationale to

=

g dealih comti
easing cytokines
icuts iterteron

(R 5. and germ loe
requiring enxymes | (IRE1) bosnches of the ER sess pathway. However, (he thind bounch of ER amn | ol mmune
pethiway, Le. the protein kinase ke ER kinase (PERK), was umaffected by the overexpeession of SARS-CoV-2 we highlight the
OefL or ONRS. Marvaver, both cefSL snd GefSS of SARS-CoV-2 are capable of down meguating the production
of IFNS and Interfercs simulited genes (I5G), ISG15 and 1SG56 induced by pubycy! acsd (paly
(EC)). Moerover, we alio found decrensed auckews translocation of baterferon .ﬂhuvl"ﬂ)!ﬂﬂl‘ﬁﬂ
overexresing cefiL and cefiS Indured by poly (1C). Our dats demonstrated But SARS-CoV-2 0efh protets could be host against
induce ER stres by activating the ATFS and IRE] pathways, but ot the PERK pathway, and functices & s preg=scres iy
lateteran aatagoaist (o WAL the production of NI However, these huctines appearad st s be affected by satering type |
the genorypes of SARS-CoV-2 arfil aad ocfiS. 9 severity. We

mpocse dunag
N p msediated
1. Introduction and by ER resident Le. GRP7S and GRPHM (% cluded that the
L ). When the proteins are not folded correctly, ER stress is option s
Severe acute respiratory syndrome coronavine 2 (SARS.CoV-2) s m&adndumrellmyl‘ de 2017). Cells respond to ER

the causal agent of the COVID-19 pandemic and is phylogenetically stress by activating a protective response termed the UPR (10 4

related to the 2002-2003 severe acute respiratory syndrome coroaavi- 2017). MVMM\(’AV]WMW -«M-l-ln

lu(ML&(nV)mdu&rhxmmunnu lo and nntuhn-wl( han et a e Minaksh " X Al

1 )Mmdswuv:mm al., 200% Shi vt o LVMmMpun-d whe prosein (S)
rﬁnﬂ-m:nwﬂmlﬂl-mnﬂuﬂn&dmnm \mu\whﬂn‘mﬂ uﬂn,andon!bnnrbu-nﬁownn mel secrptor

(Ll‘ﬁ)hmm«m‘nm( muanp«n-y.( et al, 2019; Minak ICs) (171 The

00%; S et al .‘\A‘Lm-lwrr-mndm-uymm Lh*nvmdhumpﬁ-n:hm ‘brane protexse

(Uh)pmmmupulm;l—h«an:nmuldﬁw tant latory robes 1o PN (Lt udosnmal entry

with SARS-CoV.2 (¥ 2020). However, studies that investigate ¢ al taed et al, 2014). 0 releases vial

mmud-mm-md-unmdmuvzmmen;nhnu vmm-«wmmwm; such as viral the cytoplaun

of ER stress and innate immune suppression need 1o be conducted. muvmm\&'rﬂnrxwwhﬂpmm olymerase, fol

ER Is respoenible for the correct folding and maturation of # large tioe recepeoes (PRR) (1 a 14). These are replicated viral

number of protetns (1ahid ot o 17). Protesn folding is botk sensed Hhudbyhxmmdwmnpm!xmuh-mj iolgs apparatin
wis [14)

y & huge role in

§ o viral entry
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Revisiting Pleiotropic Effects of Type
I Interferons: Rationale for Its
Prophylactic and Therapeutic Use
Against SARS-CoV-2

Newroprotacton Promct, Cantr b Ganete
Canter tx

” Hemance Amog
gty s oy, Hwem, s

The pandemic distribution of SARS-CoV-2 together with its particular feature of
Inactvating the interferon-based endogenous response and accordingly, impairing the
innate mmunity, has become a challenge for the intemational scientific and medical
community, Fortunately, recombinant interferons as therapeutic products have
accumuiated a long history of beneficial therapeutic results n the treatment of chronic
and acute viral diseases and aiso in the therapy of some types of cancer. One of the first
antiviral treatments during the onset of COVID-19 in China was based on the use of
recombinant interferon aifa 2b, so many clnicians began to use &, not only as therapy but
also as a prophylactic approach, mainly in medical personnel. Al the same time, basic
research on interferons provided new insights that have contributed 1o & much better
understanding of how treatment with nterferons, intially considered as antivirals, actually
has a much broader pharmacological scope. In this review, we briefly describe interferons
how they are induced in the event of a viral infection, and how they elicit signaling after
contact with their specific receptor on target cells. Addtionally, some of the genes
stimuated by type | nterdercns are described, as well as the way nterderon-mediated
signaling Is torpedoed by coronaviruses and in particular by SARS-CoV-2. Angotensin
converting enzyme 2 (ACE2) gene is one of the interferon response genes. Although for
many sciantists this fact could result in an adverse eflect of interferon treatment in COVID-

19 patients, ACE2 exqression contributes 1o the batance of the renin-angiotensin system,
which & greatly afected by SARS-CoV-2
a0 Includ

In its intemalization nto the cell. This manuscrpt

the relationship between type | Interferons and neutrophils, NETosis, and
Intereukin 17. Finally,

under the subtitle of “take-home messages”, we dscuss the
rationale behind a timely treatment with interferons in the context of COVID-19

is emphasized.

Koywords. type | interfercna, SARS CoV-2, COVID- 19, ACE2. meutrophil mediated mflammaton

response in the infected cells
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SARS-CoV-2 nspl2 attenuates type I interferon production by
inhibiting IRF3 nuclear translocation

iaofing Dong'>*, Conghui Wang'~, Li Li', Lili Ren'>%,

SARS-CoV-2 is the pathogenic agent of COVID-19, which has evolved into a global pandemic. Compared with some other
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Graphical Ab (RdRp)., host antiviral responses. SARS-CoV-2 nsp12 attenuated Sendai virus (SeV)- or
memmhu manner. It also PN promoter activation triggered by
mmm&mmmunummm but the nuclear
of IRF3. analyses on the activity of nsp12. Given
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INTRODUCTION
Coronavirus disease 2019 (COVID-19) has evolved into a global
pandemic. According to the WHO Coronavinus Disease dashboard,
there were 63360234 confirmed cases of COVID-19,
1475 825 deaths, as of 2 December 2020 (hitps/covid19.who.int/).
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
d been identified as the pathogenic agent of COMID-19." The

- Intemational Committee on Taxonomy of Viruses has classified
SARS-CoV-2 into the C¢ family, the Or
sublamily, the Betacoromaviruses genus, and the Sarbecovirus
subgenus.*

SARS-CoV-2 is a positive-stranded ANA virus with a genome of
~297kb.' The replicative cycle of the coronavirus initiates with

the translation of ORF1a and ORFIb after entry and genome

‘k release’. Two large replicase polyproteins (ppla and pplab) are
/ first synthesized. They are then cleaved into 16 nonstructursl
proteins (nsps). Including nspi2, a virsl RNA-dependent RNA

N polymerase (wl. by papain-like protease (nspd) and 3C-like
protease (nsps).* Viral nsps ltwuge the host cell membrane

Y

domain and RdRp domain are connected by an interface domain.”
The RdRp containg catalytic residues (amino acids
759-761 [SDDIL” Of note. SARS-CoV-2 RdRp has a GDD module

screen for SARS-CoV-2 genes involved in modulating the host
antivical response,” we identified that nsp12 could inhibit SeV-
induced IFN- promoter activation. but the underlying mechanasm
i not clear

The innate immune system & critical for the initial detection and
restriction of virus infections. After & cell s infecied by a pathogen,
pattern recognition receptors, such as RIG--ike receptors (RURs)
and Toll-ike receptors, recognize pathogen-associated molecular
pattems (PAMP3) immediately to activate the innate immune
system." ' Retinoic acid-inducible gene | (RIG-) and melanoma

structure to assemble
cm mg.g- In minus-strand ANA mmc' Subgencmic RNAs

[Exowimernd vabduion | [ Assocuion sy |

and the structural and accessory proteins are

gene 5 (MDAS) are two cytoplasmic RLRS that
recruit the adaptor protein mitochondrial antivieal signaling
protein (MAVS) after PAMP " MAVS then initiates
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Antiviral activity of SNG0OO1 against SARS-
CoV-2 variants in a cell-based assay
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— SNGO001 demonstrates similar antiviral potency
against different SARS-CoV-2 variants
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Clinical trial progress in
COVID-19 and
preparations for success
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SPRINTER Phase Ill trial

A randomised, double-blind, placebo-controlled, Phase lll trial to determine the
efficacy and safety of inhaled SNGOOL1 for the treatment of patients hospitalised
due to a confirmed SARS-CoV-2 infection

* 610 patients to be recruited (approaching 80% enrolment)

« 17 countries, >100 sites with new sites being added

« Core baseline data suggests similar to Phase Il trial:
— Mean and median age ~51 years
— Mean and median duration of symptoms prior to initiation of treatment ~8 days
— Vaccination status

«  Amendment made in May to allow inclusion of vaccinated patients
« Since then (where approved) 25-30% of patients entering the trial are vaccinated
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SPRINTER enrolment expected to complete in
November, top line data in early 2022
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Preparations in
anticipation of a
successful outcome of
SPRINTER trial
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EUA preparedness

« Expand Synairgen team

* Assuming a positive outcome from SPRINTER
— File for EUA in US (followed by BLA/MAA)
— Action in-market support services from 3" party COVID-experienced vendors
who will provide:

* Medical information for healthcare professionals
» Patient support services
« Pharmacovigilance/safety monitoring
 Distribution

synairgen plc
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Increasing manufacturing capacity

« This will provide tens of thousands of treatment courses should an EUA be
granted

« Multiple commercial scale drug substance batches have been completed by
Akron

« Multiple commercial scale batches of prefilled glass syringes have been
filled by Catalent

e Commercial scale blow fill seal run with Woodstock Sterile Solutions is
underway (formerly a Catalent site)

« Potential to increase capacity to ~100,000 treatment courses per month.

— Government support required to accomplish this larger scale of manufacturing
operation
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ACTIV-2 trial update

* ACTIV-2is being conducted in the home setting

« US Government sponsored trial (conducted by the NIH) includes ~110
COVID-19 patients dosed with SNGOO1 in the first part of the trial

« Data being reviewed, decision to progress into larger second part of trial
awaited

synairgen plc
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Relevant supporting
clinical data generated
in 2021
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Combined Hospital and Home cohorts from
SGO016 (placebo patients):

Recovery to level 1 ‘no limitation of activities’ on the WHO Ordinal Scale
is delayed in patients with marked or severe breathlessness

Placebo patients only
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No breathlessness n=10
Mild n=25

Moderate n=16

Marked n=20

Severe n=16

Breathlessness score:

How much difficulty did you have breathing
today?

0 = None — unaware of any difficulty

1 = Mild — noticeable when performing strenuous
activity (e.g. running)

2 = Moderate — noticeable even when performing
light activity (e.g. bedmaking or carrying groceries)
3 = Marked — noticeable when washing or dressing
4 = Severe — almost constant, present even when
resting

28



Combined Hospital and Home
cohorts from SGO16:

Recovery to Level 1 on the WHO Ordinal Scale in patients with or without
marked/severe breathlessness at start of treatment

Recovery to level 1 on the WHO Ordinal Scale for
patients with breathlessness <3 at start of treatment

Percentage recovered

80
-o- SNGOO01 (n=47)
60— ° -O0- Placebo (n=51)
40-
20—
0-

1 3 5 7 9 11 13 15 28
Day

No significant difference in recovery rate between
SNGO001 and placebo in patients with
breathlessness score of 0, 1, or 2.

Breathlessness score:

How much difficulty did you have breathing today?

0 = None — unaware of any difficulty

1 = Mild — noticeable when performing strenuous activity (e.g. running)
2 = Moderate — noticeable even when performing light activity (e.g.
bedmaking or carrying groceries)

3 = Marked — noticeable when washing or dressing

4 = Severe — almost constant, present even when resting

Percentage recovered

Recovery to level 1 on the WHO Ordinal Scale for
patients with breathlessness =3 at start of treatment

80

60

404

20

-o- SNGO001 (n=33)
-0~ Placebo (n=36)

HR 3.41
(95% CI:
1.47,7.94) p=0.004

1 3 5 7 9 11 13 15 28
Day
Breathless patients scoring 3 or 4 receiving SNG001

are more than 3 times as likely to recover than
patients taking placebo.

Markedly or Severely breathless patients
should be targeted for treatment with
SNGO001

synairgen plc
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Financial highlights for the 6 months ended
30 June 2021

» Loss before tax of £38.89 million (H1 2020: £5.07m loss)

— R&D expenditure of £36.91 million (HY 2020: £4.47m) as Synairgen advanced its
Phase lll clinical trial and scaled up its manufacturing activities

— Administrative expenses of £1.99 million (H1 2020: £0.60m) as Synairgen built
up its management infrastructure and invested in pre-commercialisation activities

« R&D tax credits increased to £5.97 million from £1.11 million due to a scale
up of qualifying activities

« Cash of £46.21 million (H1 2020: £10.88m)
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Conclusions

Urgent need for a broad-spectrum antiviral to treat severe viral lung infections
— >10,000 hospitalisations per day in the US alone

Increasing evidence underpinning the rationale to assess inhaled IFN-[3 for the
treatment of COVID-19 patients

Phase Il SPRINTER trial expected to complete recruitment in November with
topline data available early in 2022

Positive data from SPRINTER to trigger:
— EUA submission in the US
— Distribution arrangements

— ‘In-market’ support for health care workers and patients provided by COVID-experienced
suppliers

Potential beyond COVID-19 for:

— Pandemic preparedness
— Broad-spectrum antiviral for patients hospitalised due to severe viral lung infections
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