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progression of the disease. Progressed COVID-19 is associated with a “cytokine storm” induced by the virus and by
damage-associated molecular patterns (DAMPs) signals. DAMPs are proinflammatory molecules that can be sensed by toll-like
receptors (TLRs). These receptors are differentially expressed in females and males, possibly explaining the higher
susceptibility of males for severe COVID-19. DAMPs, cytokines and adipokines are elevated in elderly and in obese individuals,
which might explain the higher risk for severe COVID-19. The DAMPs-induced effects can be reduced by adenosine.
Adenosine signaling reduces inflammation by inhibition of the NF-??B pathway, an important factor in the production of
cytokines. Adenosine signaling enhancers, such as dipyridamole have shown efficacy in COVID-19 patients. Current insight is
that adenosine signaling enhancement is a promising, fast and sound approach to reduce DAMPs/TLRs signaling to limit the
progression into severe COVID-19 stages. We will study the anti-inflammatory effect of clinically used adenosine enhancers in
inflammation induced by SARS-Cov-2 and by different DAMPs in non-infected and infected high-risk groups. Moreover, we will
study in a high throughput fashion the levels of DAMPs, adipocytokines and cytokines in >300 plasma samples from different
COVID-19 stages collected in The Netherlands. At 6 months from the start of the project, we will perform a randomized human
pilot to determine whether the adenosine enhancement with clinically approved drugs prevents the severity of COVID-19. Our
approach will contribute to better understanding of the pathophysiology and reduce hospitalization of COVID-19 patients,
attenuating the economic and social impact of the pandemic.
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AANVRAAGFORMULIER PROJECTIDEE — BOTTOM-UP RONDE
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| Attenuating the COVID-19-induced organ damage by managing SARS-Cov-2-induced danger signals.
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1. PROBLEEMSTELLING EN DOELSTELLING(EN):

The main goal of this proposal is to test and apply clinically approved drugs that attenuate the pro-
inflammatory responses against alarm molecules released from damaged cells in mild COVID-19
patients to prevent the progression of the disease. According to the current insight, a local ‘cytokine
storm’ might occur during COVID-19 in organs, such as the lungs, as a consequence of the release of
intracellular ‘alarm’ molecules from cells that are infected and undergo necrosis or necroptosis. These alarm
molecules are called danger-associated molecular patterns (DAMPSs). This leads, in severe cases, to acute
respiratory distress syndrome (ARDS) and multiple organ dysfunction1. However, the clinical manifestation
of COVID-19 varies from asymptomatic to critical and fatal stages. Just like in other viral diseases, such as
in SARS, MERS but also in influenza, males have a higher risk of developing a cytokine storm and severe
forms of the diseaset, likely due to a higher expression of Toll-Like Receptor (TLR)4, an important receptor
for DAMPs2. Obesity and aging are other risk factors, likely due to the imbalance of pro and anti-inflammatory
adipokines, such as leptin, visfatin and adiponectin, and higher circulating levels of cytokines such as
interleukin-6 (IL-6) (crucial cytokine in COVID-induced cytokine storm), in these individuals.

Searching for readily available therapies to prevent the cytokine storm is urgently needed to reduce
mortality and alleviate the current pressures on healthcare and associated socioeconomic
consequences. Characteristics of COVID-19 include increased levels of key proinflammatory cytokines,
such as IL-18, TNFa and IL-6. Production of these cytokines is controlled by pattern recognition receptors
(PRRs), such as TLRs. TLRs are activated by DAMPs, triggering NF-xB, an important proinflammatory
pathway, inducing the production of cytokines. Our team has unique knowledge and technologies to
study the involvement of these receptors and pharmacological tools to lower the activity of these
DAMPs. SARS-Cov-2 viral RNA likely activates TLR7 and TLR8s. TLR-8 induced IL-8 release is inhibited by
hydroxychloroquines, an emergency use authorized drug for COVID-19, suggesting a key role of TLRs in
the treatment of COVID-195. Adenosine is a nucleoside and an FDA-approved drug, that strongly inhibits
the NF-kB pathway via adenosine receptors activation, reducing cytokine production. Activation of
adenosine receptors downregulates TLRs activation, consequently reducing the release of
proinflammatory cytokines, such as IL-6, IL-18 and TNFas in immune cells. Also, in acute lung injury
models, adenosine reduces proinflammation and cytokine release supporting lung integrity. Our team
has unique knowledge and experience with adenosine as an anti-inflammatory molecule.
Regadenoson (adenosine receptor agonist) but especially dipyridamole are promising drugs for COVID-
19 patients as they both enhance adenosine’s anti-inflammatory effects and, additionally,
dipyridamole reduces replication of SARS-Cov-27. Some efficacy is demonstrated in COVID-19
patients demonstrating the proof of principle of our approachr.

Therefore, adenosine signaling enhancement, for instance by inhibiting adenosine uptake or using specific
adenosine receptors agonists, is a promising, fast and sound approach to reduce DAMPs/TLRs
signaling to limit the progression into severe COVID-19 stages. By applying this, our approach will
contribute to reduced hospitalization of COVID-19 patients, reducing the economic and social impact
of the pandemic. Importantly, clinically approved drugs, such as dipyridamole or regadenoson, enhance
adenosine signaling and can be rapidly used in COVID-19. These molecules will serve as a benchmark in
our studies.

Our project has the following hypotheses:

1) DAMPs/TLR activation increases the COVID-19-associated cytokine storm in susceptible
individuals (50+ males with overweigh) and 2) adenosine enhancers, such as dipyridamole or
regadenoson, reduce the severity of COVID-19-associated cytokine storm improving the clinical
outcomes.

We, therefore, aim:

1) To evaluate the anti-inflammatory potential of ) = .;":".,,Z‘J:I;;,"‘Z..‘"'
adenosine signaling enhancement in COVID-19 / 1
high-risk  populations  (50+ males  with Decreased COVID19
overweight). severity, improved
2) To investigate the effects of adenosine / mum
signaling enhancement in SARS-Cov-2 and / T
DAMPs-induced inflammation in COVID-19 | CRITE T
patients. i ./ and

3) To prove that pharmacological adenosine ° v
signaling enhancement improves COVID-19 ( / Immune cells

clinical outcomes.
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2. PLAN VAN AANPAK:

1) Adenosine enhancers reduce TLR-dependent proinflammatory cytokines in peripheral blood
mononuclear cells (PBMCs) dependent on adenosine receptor signaling.

Here we will answer the question of how different adenosine signaling enhancers can prevent SARS-Cov-2-
induced dysregulations in cytokine release by using PBMCs of high-risk populations or patients with severe
or mild symptoms. For this, PBMCs from non-infected donors from high- and low-risk populations for severe
COVID-19 (i.e. males, obese, 50+ vs. females, normal weight, young) will be stimulated with agonists of
different TLRs involved in viral and damage signal responses and with SARS-Cov-2 peptides from our
virology department. The different in vitro stimulations will be performed in the presence of approved
adenosine enhancers, such as (combinations of) dipyridamole or regadenoson, and caffeine (adenosine
receptors inhibitor). To induce a cytokine storm, we will use (combinations of) known DAMPs (e.g.
mitochondrial (mt)DNA) or molecules known to induce influenza-induced cytokine storm (e.g. TNFa, IL-6, IL-
33)s and SARS-Cov-2 peptides. After stimulation, we will apply Luminex assays to study crucial cytokines
associated with COVID-19 severity1, such as IFN-y, IL-2, IL-6, IL-10, IL-1B, TNFa. In a second stage, a similar
approach will be applied to PBMCs from COVID-19 patients from our IC (late stage, non-COVID-related IC
patients will serve as control) and from UMCG employees that are tested positive (mild symptoms, healthy
age-weight-gender individuals will serve as control). Transcriptomics and proteomics approaches will be
applied to gain insight into processes and mechanisms behind COVID-induced changes in PBMCs and
selected monocyte and T-cell populations in the absence or presence of adenosine (enhancers).

2) DAMPs in plasma/serum of COVID-19 patients
Simultaneously we will study which DAMPs/cytokines/adipokines are released and how they associate with
the severity of COVID-19 in different age-weight-gender categories. For this, we will use serial plasma
samples (3 per week) from patients admitted directly to the ICU in the UMCG and Amphia (Breda) (>300
samples in biobank) but also from UMCG-employees that are tested routinely and found positive and are
being followed up (> 40, 3 times per week sampled). We will quantify the presence of DAMPs, such as
HMGB1, ATP, mitochondrial and nuclear DNA, adipokines (e.g. vifastin, adipsin, leptin) and cytokines (IL-6,
TNFa) with Luminex. Data such as age, sex, BMI and COVID-19 severity will be registered and stored
anonymously.

3) Proof of concept: Randomized controlled pilot study in COVID-19 patients
To prove our hypothesis (start at 6 months from project starting ), COVID-19 patients (with mild or non-severe
symptoms), that are hospitalized receiving supportive care in the general ward, will be voluntarily enrolled
and treated with standard therapy (ST) or ST plus an effective adenosine enhancer (ST+adenosine) for the
duration of the disease and will be monitored in the hospital for possible adverse events. Samples from
healthy (age-weight-gender matched) will serve as controls. We will initially include 20 patients in each arm
(ST or ST+adenosine) until data becomes available to allow a power calculation. Also, if effectiveness is
shown, we will include patients from the IC-UMCG under standard IC management (ST-IC) (as control) and
ST-IC+adenosine. Blood samples will be taken every three days. Additionally, weekly nasopharyngeal swabs
for viral RNA detection will be included. Blood samples will be sent to our clinical laboratory for hemogram,
coagulation test, biochemical profile and ultra-sensitive CPR. These tests will give us information about the
general health status of the patients. With Luminex, we will evaluate the levels of different cytokines, such as
IFN-y, IL-2, IL-6, IL-10, IL-1B, TNFa, MCP-1, and IL-8 and DAMPS, such as mtDNA or formyl peptides (e.g.
AB42). Moreover, we will evaluate different leukocytes sub-populations in blood and also, we will include
functional parameters, such as neutrophils/NET production in comparison with healthy individuals and mild
COVID-19 patients. To assess immunization, we will also measure immunoglobulins (IgG, IgM) against
SARS-Cov-2 in the different study groups. Lung CT scans or X-rays will be taken. Clinical progression will be
registered and evaluate by our collaborators of the medical staff.

3. HAALBAARHEID VAN HET PROJECT:

TIJDSSCHEMA
Month| 2020 2021 2022
Trimester] 3 | 4 |1 [ 2] 3[a[1]2
Aim/tasks
1)Anti-inflammatory potential of adenosine enhancer in COVID-19 risk population

Risk population PBMCs sample collection
PBMCs: Agonist TLR activation in presence of adenosine enhancers
PBMGs: Viral particles-TLR activation in the presence of adenosine enhancers

ffi i on SARS-Cov2 and induced i ion in COVID-19
DAMPs and viral particles TLR activation and adenosine enhancers
Cytokine profiling in COVID-19 patients plasma/serum
Circulating DAMPs in COVID-19 patients plasma/serum
3)To prove that adenosine enhancement improves COVID-19 clinical outcome
MET request (UMCG)
Study in COVID-19 patients

MOTIVATIE HAALBAARHEID
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We propose the enhancement of adenosine signaling, with clinically approved and readily applicable
drugs, to reduce the DAMPs-induced cytokine storm in COVID-19 to prevent or attenuate severe
COVID-19 stages, expediting the recovery phase and reducing health-care cost and hospitalization
of vulnerable individuals. We have extended and unique experience/knowledge on DAMPs signaling
and adenosine-induced attenuation of cytokines. Also, we have specific technical facilities to study in a
high-throughput fashion the efficacy of molecules on PBMCs and plasma samples. We are collaborating
with clinical practitioners within the University Medical Center Groningen (UMCG), Amphia (Breda) and
other medical centers from The Netherlands and with an international group of biomedical experts in the
field of DAMPs, including University of California Irvine (USA), that also have other patient populations
available allowing expansion of our therapies to other countries. Each member of our team will contribute
from their expertise, leading to a fast but sound research plan that will add to the understanding and
treatment of COVID-19 reducing the health care and economical effects of the pandemic at a large
scale.

4. RELEVANTIE VOOR DE PRAKTIJK:

Onderbouw de relevantie aan de hand van de in de subsidieoproep benoemde relevantiecriteria

QOur proposed idea involves the test and application of available approved adenosine enhancers to be readily
applied in COVID-19 with still mild symptoms locally in the Dutch health system (cri. 1) but also, worldwide
(cri. 6). We propose a novel idea, supported and built up by our research team’s unique knowledge.
Therefore, a similar approach elsewhere is not expected (cri. 2). YWe can generate by that, a unique and
worldwide applicable approach, positioning The Netherlands as a pioneer in the COVID-19 treatment (cri. 3).
However, we currently do not count on any funding. Therefore, we depend on the financial support of the
public sector (cri. 4). Our findings will be published in open access journals. Also, our research will be
communicated to the community through local and international press and social media (criteria 5). In our
team we included biomedical scientists and clinicians, including clinical care (cri. 8), facilitating translation
into clinical practice adding value to our research (cri. 6). This research will also be a proof of principle for
future pandemics (cri. 5). We add value to clinically approved drugs that might prevent the severe health
consequences of COVID-19 (cri. 8). All this will directly benefit the patients and reduce the economic burden
produced by the pandemic. We expect to reduce the severity of COVID-19 leading to a faster recovery of the
patients, reducing the long-term consequences that the severe stages that are associated with COVID-19
(cri. 9). The therapy will be sustainable as even if a vaccine is developed, in many susceptible individuals’
vaccination will be less efficacious (e.g. elderly) (cri. 5).

5. DEELNAME VAN DE STAKEHOLDER(S) (e.g. patiénten, zorgprofessionals, etc.):

Especially patients with mild COVID-19 symptoms will be the direct beneficiaries of this research. To reach
out to professionals and society we will produce a trimestral newsletter and we will organize public open talks
to report the progress of the research to the patients/society. The intensive care (IC) staff is also an important
stakeholder. The IC staff will participate directly in the collection of blood, establishing the link with biobanks,
and in the intervention of COVID-19 patients. We will constantly inform them, through newsletters and
seminars, about the progress of our research. We will keep close contact with the Communication
Department from our institution (UMCG) and give press releases regularly, this will help us to spread the
findings through websites, regional and national media.
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