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Introduction
sient ROS play an important role in the defense mechanism of
To reduce or replace animal experimentation, approaches are
immune cells and redox signaling, whereas prolonged ROS eleneeded where computational networking of tissue and cellular
vation is involved in disease development and progression.
biological events addresses disease mechanisms. One important
:LWKJOREDOSURJUHVVLQWKH$23GHYHORSPHQW¿HOGPXOWL
tool for this is the adverse outcome pathway (AOP) framework,
slightly nuanced KEs related to ROS have been created in the
which describes how molecular and cellular events cause adAOP-Wiki2. Many of these KEs are highly similar and largely
verse health effects. The AOP framework is compiled by the sciredundant, which has catalyzed a need to create harmonized conHQWL¿FFRPPXQLW\LQWKH$GYHUVH2XWFRPH3DWKZD\.QRZOHGJH
sensus KEs on ROS that can be shared in a modular fashion beBase (AOP-KB) as part of Organisation for Economic Co-operatween closely related pathways and networks.
tion and Development (OECD) projects1.
To address this need, a consortium of ROS and AOP experts
AOPs begin with a molecular initiating event (MIE), which is
has been formed to discuss the “Mystery of ROS” and develop
WKHVWDUWLQJSRLQWGHVFULELQJKRZVWUHVVRUVLQWHUDFWZLWKVSHFL¿F
FRQVHQVXV.(VIRUWKLV¿HOG7KLVPHHWLQJUHSRUWVXPPDUL]H
molecules in cells. AOPs then progress through a series of key
tial efforts of the “Mystery of ROS” consortium to harmonize
events (KEs) to an adverse outcome (AO), via key event relationthe ROS-related KEs currently available in the AOP-Wiki. The
ships (KERs). KERs describe the causal linkages between each
WZR QHZ PRGXODU .(V UHHFW GLVFXVVLRQ IURP WKH
- JURXS UHO
KE using biological knowledge, empirical evidence, and quaning to the effects of ROS presenting a “double-edged sword” by
WLWDWLYH XQGHUVWDQGLQJ7KLV PRGXODU IUDPHZRUN
LQFUHDVHV
HI¿ of “up-regulation of ROS” and “dimindescribing
the concepts
ciency in AOP development and facilitates the development of
ished protective response.”
AOP networks, the ultimate tool for AOP application. A central
tenet of AOP development is sharing KEs across pathways. This
enables an enhanced understanding of cross-talk across pathSummary of the discussions in the consortium
ways to represent the complexity of biology.
The international online conferences on the Mystery of ROS
Reactive oxygen species (ROS) play crucial roles in a variety
WRRNSODFHRQ0D\DQG2FWREHU$WWKH¿UVWFRQ
of diseases and physiological conditions. ROS are produced by
ference on Mystery of ROS (I), a brief introduction of the ROS
various stressors such as chemicals, particles or radiation enercollaboration was followed by eight presentations, which are listgy, and endogenous peptides or the enzymatic machinery. Traned in Table 1.
Tab. 1: Outline of Mystery of ROS (I)
Content

Presenter

1

Introduction

Dr Shihori Tanabe

2

2YHUDOOSXUSRVHRIWKHFROODERUDWLRQ

’U-DVRQ2¶%ULHQ

3

.(,QFUHDVHLQ5216LQ

’U-HVVLFD+HOP’U5XGHO•VJURXS

4

KE257 (Increase, ROS production)
in AOP299, 327-330, 386, 387, and NEA etc.

Dr Knut Erik Tollefsen

5

KE1115 (Increased, ROS) in AOP382-384

Dr Young-Jun Kim

6

KE1753 (chronic ROS) in AOP298 & KE1869
(oxidative stress response) in AOP379

Dr Shihori Tanabe

7

DNA damage and ROS

Dr Carole Yauk

8

Nanomaterial-related oxidative stress

Dr Sabina Halappanavar

9

5DGLDWLRQUHODWHG526

’U9LQLWD&KDXKDQDQG’U’DQLHOOH%HDWRQ

$23

1 https://aopkb.oecd.org/
2 https://aopwiki.org/
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Tab. 2: Outline of Mystery of ROS (II)
Content

Presenter

1

Introduction

Dr Shihori Tanabe

2

2YHUDOOSXUSRVHRIWKHFROODERUDWLRQ

’U-DVRQ2•%ULHQ

3

,Q`DPPDWLRQ.(FRRUGLQDWLRQ

’U’DQ9LOOHQHXYH

4

ROS as mediators in disease

Prof. Pietro Ghezzi

5

Response to ROS and coagulation

Dr Shihori Tanabe

6

DNA damage and ROS

Dr Carole Yauk

7

Nanomaterial-related oxidative stress

Dr Sabina Halappanavar

Fig. 1: Adverse outcome pathway (AOP) story coordination with a group of harmonized key events (KEs)
AOPs discussed by the Mystery of ROS consortium are linked with ROS-related KEs. Hexagram star shapes indicate the ROS-related
KEs; pentagon shapes indicate DNA damage-related KEs; dodecagon shapes indicate coronavirus-related KEs. Adverse outcomes (AOs)
are colored in pink. DIC, disseminated intravascular coagulation

The Mystery of ROS consortium carefully considered many
initial concept for a ROS-related KE group was introduced,
critical aspects of the creation of ROS-related KEs. It was idenwhich led to the creation of harmonized KE19403 “Up-regulaWL¿HGWKDW526DUHQHHGHGIRUFULWLFDOFHOOXODUIXQFWLRQVDWRSWL
tion of ROS” in a collaborative effort of conference attendees
mal levels; however, excessively high levels of ROS production
(Fig. 1). The Mystery of ROS collaboration discussed the harmoover prolonged durations lead to adverse effects. Thus, the cellunization of the existing ROS-related KEs and associated AOPs in
lar balance between ROS production and scavenging to maintain
the AOP-Wiki (Fig. 1; Tab. S14).
homeostasis needs to be represented within the KEs.
$VLPLODUGLVFXVVLRQRQLQDPPDWLRQUHODWHG.(VKDVUH
The second conference on the Mystery of ROS (II) included
ed in a consensus around a hub of three modular events, which
four presentations and panel discussions on DNA damage and
was presented at the Mystery of ROS (II) as a model (Villeneuve
ROS and on nanomaterial-related oxidative stress (Tab. 2). The
et al., 2018).
3 https://aopwiki.org/events/1940
4 doi:10.14573/altex.2203011s
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