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In silico toxicology

Complement to in vitro and in vivo testing

Fundamental component of Alternative Testing Strategies (ATS)
Based on computational chemistry (and biology) principles

® chemoinformatics, bioinformatics, computational systems biology
(Quantitative) Structure-Activity Relationships (Q)SAR

® chemical similarity principles

Challenges:

® Size and diversity of the chemical space

® Regulatory use of models



In silico (nano)toxicology

® Use of high-throughput assays for the rapid
screening of NMs toxicity

® Challenges/Needs:
® Common vocabulary for NMs
® Development of nanodescriptors
® Similarity metrics

® Guidelines for model development and
validation

® Public, curated & quality controlled data



Development of structure-activity relationships

® Data exploration / data mining

® |dentification of informative:

® Features & samples

® Endpoint definition

® Model development

® Performance assessment

® Applicability domain

® Use of the model

Cohen et al. Accounts of Chemical Research, 2012,
46(3): 802-812

® Cost of errors



DATA EXPLORATION & DATA MINING
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Self-Organizing Map Analysis of Toxicity-Related Cell Signaling
Pathways for Metal and Metal Oxide Nanoparticles

Robert Rallo,"* Bryan France,’ Rong Liu," Sumitra Nair," Saji George,*’§ Robert Damoiseaux,’
Francesc Giralt,™* Andre Nel,”® Kenneth Bradley," and Yoram Cohen*'

Clustering of eNPs with similar activity profiles

Visual data analysis



Association rule mining of cellular responses induced by metal and metal oxide nanoparticles
Rong Liu, Bryan France, Saji George, Robert Rallo, Haiyuan Zhang, Tian Xia, Andre E. Nel,
Kenneth Bradley and Yoram Cohen. DOI: 10.1039/C3AN01409F

Signaling Pathway Cytototoxicity Signaling Pathway Cytototoxicity
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Hit identification
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Data-driven hypothesis generation

|dentification of cause-effect relationships via confirmatory experiments



Computational Systems Biology

* network analysis of gene differential co-expression
* based on the complete genome information
* takes Into account pathway cross-talking

* comparison with null case to
compute statistical significance

® robust to noise In biological data

Roca et al. in Leszynski, Puzyn Eds. Towards efficient design of Safe
Nanomaterials: Innovative Merge of Computational Approaches and
Experimental Techniques, RSC Press, 2012

Roca et al. Novel genomic approaches for environmental risk assessment of metal nanoparticles,
Nanotoxicology 2012, Beijing



)

* [nano-Ag]= 0.1 mg/L, exposure time=24h
* Affymetrix GeneChip C. elegans Genome Array
* Gene-pathway annotations obtained from KEGG

* Data size after preprocessing: 1857 genes and |23
pathways

J=y.Roh, S. . Sim, J.Yi, K. Park, K. H. Chung, D.-y. Ryu and J. Choi, Environ. Sci. Technol., 2009, 43, 3933-3940.

elegans exposed to nano-Ag

Distance distribution between pairs of genes in
the complete network (white) compared to the
subset of |9 most differentially expressed genes
(gray). Statistical significance of the difference
p=0.027

Roca et al. in Leszynski, Puzyn Eds. Towards efficient design of Safe Nanomaterials: Innovative Merge of

Computational Approaches and Experimental Techniques, RSC Press, 2012



STRUCTURE-ACTIVITY RELATIONSHIPS



= Small, 2011 = Structure-Activity Relationships

Classification NanoSAR Development for Cytotoxicity
of Metal Oxide Nanoparticles

Rong Liu, Robert Rallo, Saji George, Zhaoxia Ji, Sumitra Nair,
André E. Nel, and Yoram Cohen*
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/Dataset: 9 metal oxide nanoparticles \

Endpoint: loss of plasma membrane integrity
Exposure conditions:

e 0.375-200 mg L1

e up to 24h
Model parameters:

e Primary size

 Period of the metal

 Atomization energy of the metal oxide
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= Small, 2012 e Bioactivity Screening

Nano-SAR Development for Bioactivity of Nanoparticles

with Considerations of Decision Boundaries Model: Naive Bayes Classifier

Rong Liu, Robert Rallo, Ralph Weissleder, Carlos Tassa, Stanley Shaw, p(*IT) = 3.37 x 107> x exp

and Yoram Cohen* [—6.05 x 107 x (% — 8.33)*
Dataset: —18.50 x 107> x (x, + 6.79)?]
44 iron oxide core nanoparticles
4 cell types & 4 assays AL = SO T s

[—6.89 x 107° x (% — 21.04)’
—5.20 x 107 x (% + 9.91)]




Nanoscale 2013 RSCPublishing

View Article Online

PAPE R View Journal

Development of structure-activity relationship for
metal oxide nanoparticlest

Cite this: DOI: 10.1039/c3nr01533e
Rong Liu,? Hai Yuan Zhang,? Zhao Xia Ji,® Robert Rallo,” Tian Xia,®
Chong Hyun Chang,? Andre Nel and Yoram Cohen*?



SVM-based Structure Activity Relationship

Support vectors:{ZnO, Ni,O,, Mn,O,, NIO, CeO,, Fe,0O,}

X2
Probability of adverse effect



Application Domain Analysis
- Optimal Prediction Region -



NANOINFORMATICS APPLICATIONS



COMPUTATIONAL
SCIENCE&DISCOVERY

HDAT: web-based high-throughput screening data
analysis tools

Rong Liu?!, Taimur Hassan?, Robert Rallo? and Yoram Cohen?
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Preprocessing and data
analysis software

Multidendrograms

Available from:
http://deim.urv.cat/~sgomez/multidendrograms.php

RapidMiner 5 Extension for
Feature Selection

Available from:
http://rongliu.weebly.com/software.html




Tool for automatic
zebrafish embryo
phenotyping



Web tool for the Iintegrated
analysis of molecular signatures

Accesible from: http://www.biocenit.cat




Nanosafety Data Management System

Features:

 Web-based application
 |SA-TAB-Nano validation
 Import/Export
 Ontology support
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