9 bo
N

NonoCommons

Nano-Knowledge Community

A AFE 20

Periklis Tsiros - Harry Sarimveis

Showcasing the NanoCommons exposure/risk
assessment tool

http://enaloscloud.novamechanics.com/nanocommons/exposure

Periklis Tsiros, Irene Liampa, Harry Sarimveis, Philip Doganis, Pantelis Karatzas (NTUA), Antreas Afantitis, Georgia Melagraki,
Antreas Tsoumanis, Nikolaos Cheimarios (NovaMechanics), Nathan Bossa (LEITAT) and Iseult Lynch (UoB)


http://enaloscloud.novamechanics.com/nanocommons/exposure

Risk Assessment through the AOP 5%

<3’
nal‘s%FEr 20 C O n C e p t Nan:cf;;mons

Nano-Knowledge Community

J
‘ Adverse Outcome Pathway >

g

Level of Biological Organisation >

R ¢ -5

EXPOSURE.

( W t h ‘
Q/ PN

) = = Molecular Organelle Cellular Tissue Organ Organism Population
Inhalation L ; f
ki (S ,. ‘7 i \ J i ! J
“ Lo 5 in silico o in Jivo J Y J
N B o= R in chemico field and epidemiological
studies
OECD GUIDANCE DOCUMENT FOR THE USE OF
ADVERSE OUTCOME PATHWAYS IN DEVELOPING
b . INTEGRATED APPROACHES TO TESTING AND
In-silico ASSESSMENT (IATA), ENV/IM/MONO(2016)67
Exposure Toxicokinetic models
Models Models predicting

AOPs




nano 20 Risk Assessment Workflow s

Nano-Knowledge Community

Y
Yes Exposure level ~ Hazard value Yes
available? . available?
No
Build exposure
scenario with

No
GUIDEnano ]
A 4

Use predictive Build similarity
Use BMD models| models (e.g. read- search with
across) GUIDEnano

No
Need for internal

exposure?

Yes |
Use PBPK

models

=




nano

External exposure simulation using 4%
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Mass-time profile of TiO2 after 8-hour inhalation exposure
Output

Rat inhalation biokinetic data
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Workflow of the AOP-based BMD method 35
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1. TOXICOGENOMICS
ANALYSIS using
BIOINFORMATICS

Input: publicly available
transcriptomics data from

trr el b s A 9 b @

Analysis pipeline developed
using gold-standard methods —

JRJBioconductor
Gene Set Enrichment
Analysis using

@é‘ Enrichr

Output: Differentially
expressed Genes lists,
Enriched pathways per ENM
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Short description

The workflow is a combination of nanoinformatics tools available through the NanoCommons computational infrastructure. This web application, hosted and implemented within Enalos Cloud Platform, estimates the nisk of triggering AOP 173 (Lung Fibrosis) in mice due to exposure to 20nm TiO2
engineered nanoparticles

External exposure: Four different exposure scenarios have been simulated using the

GUIDENano teol. The user can alternatively enter a custom-made scenario. Case 1 -

rograms

45 g {initial mass 3000 kg) of TiO2 {22nm) poured over 7 hours in the NF, with 1 min activity duration
every hour. For every hour the mouse stays 90 s in the NF and spends the rest of the time in the FF

Download timeseries
haurs

Weight (5 - 50 grams)

Internal exposure: Concenlbralion-lime profiles for mi simulated using a PBPK model
which has been developed and implemented in the J: atform. A plot depicting the mass-

time profile in the lung is automatically generated. -

Risk assessment: s performed by comparing the predicted distribution of TiO2 concentration i
with Points of Departure (POD) that have been computed using a gene
user can select the POD of interest among different pathways involved
defines the POD of the AQP and short term (1 day) or long term (26 days) eflecls

Pathways IL-17 signaling pathway -

Time Median pathway BMOt (1d p.e) -

loganthmic scale

*This work project has received funding from European Union Horizon 2020 Progranse (H2020) via NanoCommons research infrastructre peoject under grant spreement ° 731032
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. . B I Exposure
External exposure: Four different exposure scenarios have been simulated c 1 120
using the GUIDENano toal. The user can alternatively enter a custom-made ase v
scenario. 45 g (initial mass 3000 kg) of TiO2 (22nm) poured over 7 hours in the NF, with 1 10' ' ! ! ! ! !
min activity duration every hour. For every hour the mouse stays 90 s in the NF ° ;
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Custom-made scenario

I Exposure
External exposure: Four different exposure scenarios have been simulated Case 1 ‘ 120
using the GUIDENano tool. The user can alternatively enter a custom-made 2 v ‘
scenario. Case 1 ) poured over 7 hours in the NF, with 1 l ! ! ! ! !
cn claye 00 & , °
Case 7 hour the mouse slays 90 s in the NF H ° o ° ° o
° ° ° ° °
Case 3 e ° » ° ° °
Case 4 s
°

-
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Internal exposure: Concentration-time profiles for mice are simulated using Weight (5 - 50
a PBPK model which has been developed and implemented in the Jagpot eight (5 - 50 grams)

platform. A plot depicting the mass-time profile in the lung is automatically
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Risk assessment: Is performed by comparing the predicted distribution of
TiO2 concentration in the lungs with Points of Departure (POD) that have
been computed using a gene expression analysis workflow. The user can
select the POD of interest among different pathways involved in AOP173 or
the median value that defines the POD of the AOP and short term (1 day) or
long term (28 days) effects.

Pathways IL-17 signaling pathway -

Time Median pathway BMDt (1dpe)

legarithmic scale

Risk assessment: Is performed by comparing the predicted distribution of
TiO2 concentration in the lungs with Points of Departure (POD) that have
been computed using a gene expression analysis workflow. The user can
select the POD of interest among different pathways involved in AOP173 or
the median value that defines the POD of the AOP and short term (1 day) or
long term (28 days) effects.

Pathways IL-17 signaling pathway ‘ - ] Pathways IL-17 signaling pathway -
Time IL-17 signaling pathway .
Cytokine-cytokine receptor interaction Time [ Median pathway BMDt (1d p.e) - ]
logarithmic scale Chemokine signaling pathway ogarthmic scale Median pathway BMDE (1d p e)
NOD-like receptor signaling pathway Median pathway BMDt (28d p &)

PPAR signaling pathway
Pathways in cancer
AOPmedianBMDt




Scenario 1: 45g of TiO, for 409
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Internal exposure: Concentration-time profiles for mice are simulated using

a PBPK model which has been developed and implemented in the Jaqpot

platform. A plot depicting the mass-time profile in the lung is automatically
generated

Risk assessment: Is performed by comparing the predicted distribution of
TiO2 concentration in the lungs with Points of Departure (POD) that have
been computed using a gene expression analysis workllow. The user can
select the POD of interest among different pathways involved in AOP173 or
the median value that defines the POD of the AOP and short term (1 day) o
long term (28 days) effects

Pathways

Time

ogarithmic scale

Risk it: Is performed by the predicted distribution of
TiO2 concentration in the lungs with Points of Departure (POD) that have
been computed using a gene expression analysis workflow. The user can
select the POD of interest among different pathways involved in AOP173 or
the median value that defines the POD of the AOP and short term (1 day) or
long term (28 days) effects.

Pathways

Chemokine signaling pathway -

Time

logarithmic scale

Weight (5 - 50 grams) 40

micrograms

I Exposure

40 45 50 55 60 65 7.0 75 80

hours

Resulting TiO2
mass - time
profile for the
simulated
exposure setting

POD and TiO2
mass
probability
density
function (PDF)
intersect: risky
scenario

The same
pathway for the
same exposure
IS not activated
28 days p.e.
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Internal exposure: Concentration-time profiles for mice are simulated using
a PBPK model which has been developed and implemented in the Jagpot

platform. A plot depicting the mass-time profile in the lung is automatically

Weight (5 - 50 grams) 40

Risk assessment: Is performed by comparing the predicted distribution of
TIOZ concentration in the lungs with Points of Departure (POD) that have
been computed using a gena expression analysis workflow The user can
select the POD of interest among different pathways involved in AOP173 or
the median value that defines the POD of the AOP and short term (1 day) or
long term (28 days) effects. "

Pathways Chemokine signaling pathway -

Time

logarithmic scale

Risk Is performed by the predicted distribution of
TiO2 concentration in the lungs with Points of Departure (POD) that have
been computed using a gene expression analysis workflow. The user can
select the POD of interest among different pathways involved in AOP173 or
the median value that defines the POD of the AOP and short term (1 day) or
long term (28 days) effects ‘

Pathways

Time Median pathway BMOt (1dpe)  +

logarithmic scale B

micrograms

I Exposure
OPOO00G000000000D
e
”
]
e

05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

hours

POD is greater
than TiO2

~—  mass PDF : no
risk

Reminder:

S Risk
Assessment
plot for 40g of
TiO2
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