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Objectives

The emergence of new diseases has become an international threat, and it
has become a common international issue in pharmaceutical administration to
highly predict pathophysiological mechanisms and the adverse effects of
developed drugs, and to evaluate safety of the therapeutics.

In light of the fact that elucidation of pathophysiological mechanisms and
prediction of adverse events of pharmaceuticals have become a common
international issue, the development of AOP (Adverse Outcome Pathway) in
terms of COVID-19 is progressing internationally.

The purpose of this study is to elucidate pathophysiological mechanism

network of the new coronavirus infectious disease using literature survey and
in silico analysis.




Methods

Microarray data and RNAseq data on the database were
analyzed, and molecular network analysis using Ingenuity
Pathway Analysis (IPA) was performed. In order to
elucidate the molecular network related to COVID-19,
gene expression data of SARS-CoV-2 infected cells was
profiled on the pathway of coronavirus infection.

Literatures on coronavirus has been investigated to
reveal the mechanism of COVID-19.
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Coronavirus Replication Pathway
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The relationship in ROS, coagulation and SARS-CoV-2

Is Covid-19 a blood clotting disorder masquerading as a respiratory illness?

. After infection and barrier breach, the following cascade can unfold in a brain blood vessel

SARS-CoV2
enters body via
the respiratory

THERAPEUTIC
IMPLICATIONS

SARS-CoV2 breaches
barrier, 9

Enters blood stream 7” S
L = .« ACE2 Receptors are

found throughout
the entire body and
sels

Fig 1. Coronavirus disease 2019 (COVID-19), blood clots, and stroke—mechanisms and therapeutic implications: In Panel A, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) enters the body predominantly via the respiratory route. In Panel B, SARS-CoV-2 breaches
the blood-air barrier, and enters the blood stream via the lung capillary that is adjacent to the alveolus. In Panel C, once SARS-CoV-2 enters
the blood stream, the spike protein (key) can attach to angiotensin-converting enzyme 2 (ACE2) receptors (lock) across the body including
endothelial cells in neck or brain blood vessels. Mechanisms of blood clots and stroke in COVID-19: In Panel D, a cascade of events unfolds
resulting in blood clots and strokes. In Step 1, endothelial dysfunction can occur either directly by viral entry into the endothelial cell or indirectly
with the accumulation of Angiotensin (Ang) Il as SARS-CoV-2 attaches to ACE2 and is not able to convert Ang |l to Ang 1,7. Ang Il can result in
reactive oxygen species (ROS), oxidative stress, and endothelial dysfunction. In Step 2, oxidation of beta 2 glycoprotein 1 (8,GP1) occurs due
to endothelial dysfunction and ROS, and results in the formation of antiphospholipid (aPL) antibody complexes. In Step 3, platelet adhesion
occurs and platelets attach to the subendothelial collagen using von Willebrand Factor (vWF). This happens because the non-oxidized ,GP1
is no longer available to competitively bind VWF. In Step 4, platelet activation occurs due to platelets binding to VWF resulting in granule
release (« and dense) and the presence of aPL complexes further promotes platelet activation. In Steps 5-7, platelet aggregation using VWF
or fibrinogen (released by « granules), formation of thrombus via the coagulation cascade, and subsequent cross-linking of fibrin strands
to stabilize the clot occur. In Step 8, a pulmonary embolism (PE) and/or a large vessel occlusion stroke occurs. Therapeutic implications:
In Panel E, several blood thinners like antiplatelet drugs can impact Steps 4 and 5 (eg, oral aspirin, oral clopidogrel, etc), antithrombotic
drugs can impact Step 6 (antithrombin Il binding agent, eg, parenteral heparin, vitamin K antagonist, eg, oral warfarin, newer direct Xa or
thrombin inhibitors, etc), and fibrinolytic drugs can impact Step 7 (eg, intravenous tissue plasminogen activator or tenecteplase, etc). Several
catheter-based devices (approved in Europe, and cleared to market in the United States) can impact Step 8 (eg, clot retrieval devices that try
to use clot integration, continuous vacuum aspiration pumps, and devices that try to use uniform negative suction pressure to ingest clots) or
newer devices (approved in Europe) can impact Step 8 (eg, cyclical vacuum aspiration pumps and devices that use pulsating negative suction
pressure to improve complete clot ingestion and reduce clot fragmentation), help remove blood clots, and treat PE and large vessel strokes.

Ref. Janardhan V, Janardhan V, Kalousek V. COVID-19 as a Blood Clotting Disorder Masquer
Iliness: A Cerebrovascular Perspective and Therapeutic Implications for Stroke Thrombe
2020 Sep;30(5):555-561. doi: 10.1111/jon.12770. Epub 2020 Aug 18. PMID: 32776617,
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Coronavirus pathogenesis pathway (overlay: 7-normal control
[skin] Infection_SARS coronavirus 2 (SARS-CoV-2) 3632, Expr Log
Ratio : iPSC-derived cardiomyocyte SARS-CoV-2, 0.1 MOI vs mock
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Coronavirus pathogenesis pathway (overlay: 12-lung
adenocarcinoma (LUAD) [bronchial epithelium]
Infection_SARS coronavirus 12728, Expr Log Ratio
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Coronavirus pathogenesis pathway (overlay: 6-
normal-control [skin] differentiation medium 16486,
Expr Log Ratio : iPSC-hepatocyte
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SARS-CoV-2 analysis matched to diffuse-type GC
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Coronavirus pathogenesis pathway (overlay: 1-normal-
control [peripheral blood] Infection_SARS coronavirus 2
(SARS-CoV-2) 3555, Expr Log Ratio: iPSC-derived
cardiomyocyte)
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Gene expression profile on SARS-CoV-2-infected iPSC-derived
cardiomyocyte (GSE150392)

1-normal-control [peripheral blood] Infection_SARS coronavirus 2 (SARS-
CoV-2) 3555, Expr Log Ratio: iPSC-derived cardiomyocyte (IPA)
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IPA analysis match for SARS-CoV-2

90,000 analyses and datasets

SARS coronavirus 2: 106 analyses and 106 datasets

SARS coronavirus 2, analysis, human: 49 analyses

->Normal control: 27 analyses (including 9 analyses of tissue “skin” GSE156754)
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Coronavirus pathogenesis pathway (overlay: 4-lung
adenocarcinoma (LUAD) [alveoli] SARS-CoV-2 infected
A549 cell line MOI 2 (NA) 3547, Expr Log Ratio
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Summary

Gene expression data analysis on Gene Expression Omnibus (GEO) database revealed
the increase in the expression of EIF2AK3 and FOS genes on the pathway of

coronavirus infection, and predicted the activation of molecules such as IL6, FASLG,
and CCL2.

Molecules related to reactive oxygen species production, oxidative stress response,
and blood clotting were mapped on the pathway of the coronavirus infection disease.
Literature investigations also suggested the involvement of oxidative stress responses
in novel coronavirus infections and pathways from blood clotting to thrombus
formation.

AOP379 “Increased susceptibility to viral entry and coronavirus production leading to
thrombosis and disseminated intravascular coagulation” is currently developed in
OECD AOQP project.
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