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Why non-ambient oxygen conditions could

make a difference in studying SARS-CoV-27?
Simple summary of the link of hypoxia signaling and SARS-CoV-2

Krista Rantanen, Ph.D. Director of Scientific Applications, Baker Ruskinn

2020 pandemic caused by SARS-CoV-2 caused unforeseeable devastation globally. We have been taken off
guard by a virus and the race is on to find a vaccine as soon as possible. In order to handle this and future
outbreaks that inevitably will occur, it is important to have profound understanding on how viruses manage
to be so successful in infecting and spreading. First step is to look at the host. Viruses need the host. One

fundamental aspect of the host cells is that in in vivo cells never reside in ambient oxygen conditions. Viruses
heed to adapt to the host environment — which is always physoxic.

Here | present some justifications why low oxygen conditions ie PHYSOXIA can make a difference when
studying CoV-2. Similar justification goesalso for othervirusesand should be discussed with the researchers.

« For SARS-CoV-2. entry into a host ¢ell, its S protein
heeds to be cleaved by cellular proteases so that
the viral and cellular membranes can fuse. S protein
priming by the serine protease TMPRSS2Z is crucial for
SARS-CoV-2 infection of target cells and spread
throughout the host.

« Mammalian cells reside in physoxic environment.

« Responses to varying oxygen levels in cells is governed
by Hypoxia-inducible factor 1 (HIF-1) system. When O, is
low, HIF-1 gets stabilized and increase the transcription
of its targets.

« HIF-1 is a transcription factor that regulates the
transcription of hypoxia responsive genes (hundreds

directly, thousands indirectly). « Hypoxia-inducible factor 1a (HIF-1a) inhibits ACE2

« Prolyl hydroxylase enzymes (PHDs) are enzymes that in indirectly via angiotensin Il (ANG II).

turn regulate HIF-1 expression. « TMPRSS?2 is repressed by HIF-1 signalling.

« Viruses cause harm when entering the cells and make
the host system work for their own benefit.

« CoV2 causes problems especially in the lungs.

«Oral cavity and lung epithelial cells are the first
‘recipients’ of the infection caused by SARS- CoV-2.

« Angiotensin-converting enzyme (ACE2) and
transmembrane Serine Protease 2 (TMPRSS2) have
been detected in both nasal and bronchial epithelium.

« ACEZ I1s a key player in the Renin-Angiotensin system
(RAS) and a target for the treatment of hypertension.

« ACEZ receptor is considered the entry receptor for
SARS-CoV-2.

+ SARS-CoV-2 can replicate in the lower respiratory tract
and cause pneumonia.

« Severe COVID-19 cases progress to acute respiratory
distress syndrome (ARDS) and is characterized by
difficulty in breathing and low blood oxygen level.

«In response to the viral infection and/or secondary
infections vast release of cytokines by the immune
system can result in acytokine storm.
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+ HIF-1alpha expression is stimulated cytokines.

+ Inflamed tissues are hypoxic due to the elevated oxygen
consumption by highly metabolically active inflamed
resident cells and activated infiltrating immunocytes,
as well as diminished oxygen supply due to vascular
dysfunction.

« Uncontrolled inflammation inflicts multi-organ damage
leading to organ failure, especially of the cardiac,
hepatic and renal systems.

Main take home message, simply put:

« ARDS causes increase in intrapulmonary shunting,
leading to severe hypoxemia (= oxygen deficiency in

arterial blood).

« Hypoxemia can cause tissue hypoxia as the blood isnot
supplying enough oxygen to the body.

« SARS-CoV-2 infects humans. The virus has to enter the body and most often this occurs through oral cavity and lungs.

» Cells in these sites are always in physoxic conditions ie LOWER THAN 21% of Q.. In low O, conditions cells upregulate
HIF-1 —and HIF-1 in physoxia is what also SARS-CoV2 meets when entering the body.

+ The receptor thisvirus uses to get into human cells is ACE2. ACEZ2 is affected by HIF-1. So, if SARS-CoV-2 is studied then
it is important to study itin the environmentit has to function when in real life.

+« When the SARS-CoV-2 gets inside a human, the system responds by releasing cytokines. This means there’s an
inflammation going on. Inflammation in turn makes the tissues hypoxic. Again here is a good justification why it would
benefit the research to do it in lower O, conditions — that IS what the virus sees and tolerates. Rush of cytokines that

enhances HIF-1 and inflammation that causes hypoxic conditions that ALSO enhance HIF-1.
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