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Importance of the research topic:
High disease burden

EU countries 2009-13:
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Bubble diameter: number of Disability-adjusted life years (DALYs) per 100,000 population per year.

Cassini et al, Euro Surveill, 2018



Importance of the research topic:
High disease burden
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A Respiratory viruses account for a large number of severe pneumonia cases
worldwide

A Increased susceptibility of patients with chronic lung diseases, that are
typically triggered and exacerbated by viral infections (IPF, COPD/Asthma, BPD)

A Emerging respiratory viruses Iikel 2019-nCoV,| SARS- or MERS-CoV and HPAIV
with high pathogenicity and pandemic potential




Importance of the research topic:
High medical need

In striking
contrast.....
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51 years, male, influenza HIN1, UKGM, 2010

A Few antivirals with limited efficacy (only influenza)
A No causal treatment for Acute Respiratory Distress Syndrome (ARDS)

A Influenza vaccine with limited protection, no vaccine against all other
respiratory viruses available



Distal lung virus infections result in severe
damage of the alveolar epithelium

AEC injury by exaggerated/ _
unbalanced host responses Resolution and
epithelial repair
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Salwig et al, EMBO J, 2019

Quantius et al, PLoS Pathog, 2016

Herold et al, Am J Respir Crit Care Med, 2014
Herold et al, Am J Respir Crit Care Med, 2011
Cakarova et al, Am J Respir Crit Care Med, 2009

Herold & Sander, Science, in press
Peteranderl et al, J Clin Invest, 2016
Hogner et al, PLoS Pathog, 2013
Unkel et al, J Clin Invest, 2012
Herold et al, J Exp Med, 2008

Herold et al, Eur Resp J, 2015



Overall strategic aims

1. Gain better understanding of the molecular interactions at the virus-host
interface to design effective antivirals (with broad antiviral capacity)

2. To elucidate how viral infection
Adrives both structural and functional damage to different cellular
compartments of the distal lung
Aimpacts mechanisms of injury resolution and lung regeneration
iIn iImmunocompetent hosts and patients with pre-existent chronic lung diseases

3. To integrate and translate these findings into novel treatment strategies
including host-based interventions towards first-in-human studies.






2019-nCoV (SARS-CoV-2)
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Huang et al, Lancet 2020

Covid-19 FACTS Chen et al, Lancet 2020

A Accumulation of pneumonia cases in Dec 2019 in Wuhan

A Experts from the CCDC arrive in Wuhan on Dec 30th and inform WHO

A Primary infection probably at a local animal market; no human-to-human
transmission

A 7th January 2020: official announcement of the appearance of a novel Coronavirus
of the family of betacoronaviridae,
approved by WHO on 9th Jan 2020

A 13th Jan 2020: genome sequence available on NCBI
A 16th Jan 2020: diagnostic test released

A 88% sequence identity to bat SARS-like CoV (79% to SARS-CoV) Lu et al, Lancet
2020; same receptor for cell entry (ACE-2)

A Human-to-human transmission soon confirmed; detection of virus particles in
mucous membranes, blood and stool of infected patients; droplet transmission,
faecal-oral (?)

A Incubation period 2-14 (217?) days

A Asymptomatic to severe pneumonia; fever, cough, sore throat; fatality rate 2% (?)



To date, there is no specific medicine Are there any

recommended to prevent or treat the new

coronavirus (2019-nCoV). SpECific mediCi nes
However, those infected with the virus should

receive appropriate care to relieve and treat to p reve nt or
symptoms, and those with severe illness treat th e hew

should receive optimized supportive care. .
Some specific treatments are under coronavirus ?
investigation, and will be tested through
clinical trials.

WHO is helping to accelerate research and
development efforts with a range of partners.

{@) tond teatt #Coronavirus

¥ Organization




Preclinical disease modeling:
Developing a MERS-CoV in vivo model

Adenoviral transduction of hDPP4-mCherry by intratracheal application followed by intranasal
MERS-CoV infection
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. Dietert et al., PL0oS
~ ONE, 2017

mCherry

A necrotizing, bronchointerstitial pneumonia
A alveolar edema
A hemorrhage

MERS-CoV
spike protein

‘DZIF

Deitsches Fembrum
Tior InFektianalarichung

Volz et al., J Virol, 2015



Ongoing: Formulations for aerosolized
deposition/compound modifications

Partner Site BREATH

Hannover
‘l@ ZL —— ZZ Fraunhofer

Deutsches Zentrum fur ITEM
Lungenforschung

Fraunhofer-Institut fir Toxikologie und
Experimentelle Medizin

A Compound modifications
A Aerosolized deposition
A (Inhalation) toxicology

A First-in-man



Successful translational pipeline for lung
therapeutics established at the UGMLC

Discovery &
Proof of
concept

Preclinical
Development

Phase I/l

Phase Il

Approval

Inhaled
iloprost &
inhaled
treprostinil

Lancet 1993
AJRCCM
2001
Circ Res
2004, 2006

AJRCCM
2005

JACC 2001
JACC
2006a/b

NEJM 2002
JACC 2010

IEU 2004/
USA 2005
(iloprost)
USA 2010
(treprostinil)

Phospho-
diesterase 5
inhibitors

AJRCCM
1999
Ann Intern
Med 2002
AJRCCM
2003

AJRCCM
2004

Lancet 2002
Ann Intern
Med 2004

JACC 2004

NEJM 2005
Circulation
2009

EU/USA 2005
(sildenafil)
EU/USA 2010
(tadalafil)

Soluble
guanylate
cyclase
stimulator
riociguat

Nature 2001
JBC 2004
Circulation

2004
JCI 2006
Circ Res 2009

Circulation
2006
ERJ 2008

ERJ 2009,
2010

NEJM 2013a
NEJM 2013b
Lancet 2016a
Lancet 2016b

EU/USA 2014
worldwide
(riociguat)

Tyrosine kinase

inhibitor imatinib
(inhaled/systemic)

JCI 2005
Circulation
2008

JCI 2005

NEJM 2005
AJRCCM
2010

Circulation
2013

Nanoparticle-
based
paclitaxel
for PH

Nat Med 2014

EP17189860 Resp Res 2018

2017

Phase |
(starting 2019)
Phase lla
(funded)

DNAzyme
(asthma/COPD
rhinovirus)

JACI 2019

JACI 2017
NEJM 2015

Phase Il
(completed)

Inhaled
GM-CSF for
pneumonia-

induced ARDS

AJRCCM 2009
JCI 2012

AJRCCM 2014

Phase Il
(ongoing)




Beyond viral pneumonia: sCAP and sCAP-
assoclated Acute Respiratory Distress Syndrome

....the unmet medical need for adjunctive therapies

200+
= introduction of antibiotics
S 1504 l
o
o
o
o 100 2
I /
[H)
o 50+ - aefettee0et0e0 é
R o d il = W
C L) ) ) ) ) L) ‘)l ) ) L) ) ) L) L) ‘)l )
Q A D O O O 2] QO O O Q
VSV D D o> o B o9 00 007 AT AT R 7 D D O
N7 AT AR AT TR R R R R R P
Center for Disease Control,
US Dept. Health & Human Services
ANI.‘,Té'g’I"SCT:ESg'?L Am - ARes i stb aommen bacteria has reached alarming levels in
bal Report : 59 many parts of the world and in some settings, few, if any, of the
2014 p- available treatments options remain effective for common
\ infections.
.,"\

WHO, 2014



Granulocyte/macrophage-colony stimulating factor
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| Steady-state differentiation |

Am J Respir Crit Care Med, 2009

Macrophage Tumor Necrosis Factor-a Induces Epithelial

Epithelial (stem) cell
proliferation and
differentiation??

Ex?ression of Granulocyte-Macrophage
Co

ony-stimulating Factor
Impact on Alveolar Epithelial Repair

Lidija Cakarova', Leigh M. Marsh?, Jochen Wilhelm2, Konstantin Mayer', Friedrich Grimminger!,

Werner Seeger!, Juergen Lohmeyer!, and Susanne Herold'

M1 polarization & host
defense activation of
macrophages

Myeloid cell
differentiation,
activation & survival

Modified from Hamilton JA, Nat Rev Immunol, 2008



