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Objectives

u 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.

u 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.

u 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

u 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.

u Literatures on coronavirus has been investigated to 
reveal the mechanism of COVID-19.



Modelling the pathogenesis 
of COVID-19 using 
the Adverse Outcome Pathway
(AOP) Framework 









The relationship in ROS, coagulation and SARS-CoV-2

Ref. Janardhan V, Janardhan V, Kalousek V. COVID-19 as a Blood Clotting Disorder Masquerading as a Respiratory
Illness: A Cerebrovascular Perspective and Therapeutic Implications for Stroke Thrombectomy. J Neuroimaging. 
2020 Sep;30(5):555-561. doi: 10.1111/jon.12770. Epub 2020 Aug 18. PMID: 32776617; PMCID: PMC7436381.
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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



Coronavirus pathogenesis pathway (overlay: 12-lung 
adenocarcinoma (LUAD) [bronchial epithelium] 
Infection_SARS coronavirus 12728, Expr Log Ratio



Coronavirus pathogenesis pathway (overlay: 6-
normal-control [skin] differentiation medium 16486,
Expr Log Ratio : iPSC-hepatocyte)



SARS-CoV-2 analysis matched to diffuse-type GC 



Coronavirus pathogenesis pathway (overlay: 1-normal-
control [peripheral blood] Infection_SARS coronavirus 2 
(SARS-CoV-2) 3555, Expr Log Ratio: iPSC-derived 
cardiomyocyte)



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)

Reference for RNA-Seq data 
GSE150392: Sharma, Arun et al. 
Human iPSC-derived
Cardiomyocytes are susceptible 
to SARS-CoV-3 infection, Cell
Reports Medicine, Volume 1, 
Issue 4, 100052



IPA analysis match for SARS-CoV-2

u 90,000 analyses and datasets

u SARS coronavirus 2: 106 analyses and 106 datasets

u SARS coronavirus 2, analysis, human: 49 analyses

u ->Normal control: 27 analyses (including 9 analyses of tissue “skin” GSE156754)

u ->Lung adenocarcinoma: 22 analyses



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

u 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.

u 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.

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