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The traditional risk assessment methodology comprises the following stages:

• Hazard identification

• Hazard characterization including dose-response assessment

• Exposure assessment

• Risk characterization

Risk Assessment 

From Foulkes et al., Biomater. Sci., 2020, 8, 4653–4664
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Regulatory landscape in nanomedicine for RA 

European Medicines Agency - EMA 
• General Medicinal Product legislation on regulating nanomedicines using 

current risk/benefit-analysis principles- no specific regulatory framework 
• Regulated either as medicinal products or medical devices.
• Limited guidance on regulatory information needs
• Several guidance documents- a range of specific preliminary guidelines for 

a range of nanomedicine preparation standards.
• Definition of nanomedicine
• Multidisciplinary expertise to evaluate nanomedicines
• Expert groups established
• EMA-FDA communication of experts

US Food and Drug Administration - FDA 
• Produced a draft guidance on drug products, including nanomaterials
• Evaluation case by case
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Foulkes et al., Biomater. Sci., 2020, 8, 4653–4664

Challanges in regulation of nanomedicinale products
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Work programme topic: 
HEALTH-2007-1.3-4 "Alternative testing strategies for the 
assessment of the toxicological profile of nanoparticles 
used in medical diagnostics".

Starting date: April 1st, 2008, 
Length: 42 months
EC contribution: 2,994,383 Euro

http://www.nanotest-fp7.eu

Aim is to develop testing strategies and high-throughput toxicity-testing protocols using in 
vitro and in silico methods essential for the risk assessment  of NPs used  in medical 
diagnostics and compare them with in vivo

Interaction of medical

nanoparticles with

biological systems

http://upload.wikimedia.org/wikipedia/commons/f/fa/Brain_Mri_nevit.svg
http://www.nanotest-fp7.eu/
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Over 15 years of nanosafety research and development of NAMs

http://www.nanotest-fp7.eu

WP1 Characterisation

WP2 In vitro screening

WP3 In vivo pre-validation

WP4 Modelling
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3-D structure, spheroids, more representative of 
tissue architecture and allows to study drug diffusion 
inside the « tissue »

http://www.nanotest-fp7.eu/
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Interference of nanomaterials with assay 

components or detection system

Interference control needs to be 

included for all tests methods
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Dispersion of NMs is important
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Magdolenova et al, Impact of agglomeration and different dispersions of titanium 
dioxide nanoparticles on the human related in vitro cytotoxicity and genotoxicity. 
J Environ Monit., 2012, 14(2):455-64.

• The stability of a dispersion; two 

dispersion protocols

• Same TiO2 - protein corona formation

• Different results

• Concentration can be affected by

agglomeration, sedimentation, binding 

with other moieties in the medium, or 

adhesion to glass/plastic

Induction of DNA breaks
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ENM genotoxicity (AOP and MoA)

Doak et al., 2012, Magdolenova et al., 2014,
Dusinska et al., 2015, 2017, 2019

Primary genotoxicity: 

• Direct interaction with DNA

• Indirectly: via oxidative stress, cell membrane damage, lipid peroxidation, mitochondrial disfunction, 

antioxidant depletion, damage to spindle apparatus, damage or interaction with cell signalling, via 

epigenetic changes, or  intermediate molecules or proteins involved in cell cycle, DNA replication, 

DNA repair or normal cell function

Secondary genotoxicity: 
Oxidative DNA attack by ROS via activated phagocytes (neutrophils, macrophages) during ENM-induced 

inflammation 

ENM uptake by cells – important especially
when negative results are obtained
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European Regulation

EFSA

Consumer safety

Committee 

no in vivo tests!

Previous and current EU Regulations for Genotoxicity testing

Previous regulation:

three tests battery

currently - two tests 

battery
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Requirements for genotoxicity testing (SCCS):

• Characterisation in culture medium; information on size and 

size distribution and stability of the test suspension

• Uptake of NMs by cells

Genotoxicity tests:

• Mammalian gene mutation (OECD TG 476, 490)

• Clastogenicity & aneugenicity - micronucelus (OECD TG 487)

• Weight of evidence: DNA damage (alkaline and enzyme-

linked comet assay) 

Follow up studies for dermally applied cosmetics
(WoE):
• 3D skin model for micronucleus and comet assay
• Gene expression (ToxTracker)
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Blue questions to address; 
Green: nano risk assessment; 
Yellow: testing (nanospecific)

Implementation of the SC Guidance

on nano-RA. 

Tiered approach

Based on testing ENMs in four different steps.  

Step 1, Characterisation of test materials including the rate of 

degradation of the nanomaterial to non-nanomaterial form under 

conditions  representative of the gastrointestinal tract. 

Step 2 In vitro digestion

Step 3 in vivo

Stpe 3 Specific studies
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Genotoxicity testing of ENMs should follow the general indications of the EFSA genotoxicity 

testing strategy (EFSA Scientific Committee, 2011a) addressing three critical endpoints:

• gene mutation 

• structural 

• and numerical chromosome aberrations. 

The bacterial reverse mutation (Ames) assay is not considered suitable for ENMs since particles 

do not penetrate the bacterial cell wall resulting in lack of internalisation in bacteria. 

In vitro genotoxicity testing of ENMs should always include an assessment of cellular uptake, 

especially to substantiate negative test results. 

EFSA Genotoxicity testing strategy for nanomaterials

In vivo genotoxicity testing is required when at least one of the in vitro tests indicates 

genotoxic activity, or if it is not appropriate to test the nanomaterial in vitro. 

A follow-up in vivo study should be carried out, unless it can be demonstrated by other means 

that the positive in vitro findings are not relevant for the in vivo situation. 

Expert judgement should be used to select and justify one or more of the available in vivo tests 

e.g.

• in vivo mammalian erythrocyte micronucleus test (OECD TG 474 (OECD, 2016a)); 

• in vivo mammalian alkaline comet assay (OECD TG 489 (OECD, 2016d)); 

• transgenic rodent somatic and germ cell gene mutation assay (OECD TG 488 (OECD, 2013)).
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RiskGONE - one of the main objectives

• To develop risk assessment and risk governance framework and cloud
platform as digital tool to provide information and guide to scientists,
regulators industry and other stakeholders

• To contribute to the standardisation and validation process for ENM by
evaluating, optimizing and pre-validating SOPs, and produce nano-
specific test guidelines (TGs) and guidance documents (GDs)

• To provide trainings and training material
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Development of Guidance documents 

and Test guidelines 

• Standardisation and validation process by evaluating, optimizing and pre-validating SOPs, TGs and 

integrating them into RG framework (support & expand Malta project and NanoHARMONY)

• Harmonisation – same approach, same NMs, characterization, dispersion, 

• Interlaboratory comparisons to standardize and pre-validate methods, etc. 

• Develop and deliver at least 12 pre-validated draft guidance documents for characterisation, 

dosimetry, fate, human and environmental hazard assessment. 

Scientific acceptance 

Regulatory acceptance
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RiskGONE approach

Testing the selected methods (SOPs) for their nano-specific applicability  

Translation 

into SPSF 

Series of interlaboratory 
comparison studies

Pre-validation 
testing 

EvaluationDraft/existing 
SOPs

Methodological 

adaptations 
needed 

SOPs 
optimisation

Scientific documents 

to support 

development of 
TG/GD

Suitability and 

reproducibility 
confirmed

RiskGONE
partners

Malta project, 
NanoHarmony

Panel of 

different ENMs
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Aim: support ENMs risk governance by delivering a more reliable ENM-tailored safety 
testing strategy, to improve and enhance the tools supporting risk decision making. 

Objectives:

1. Evaluate & adapt in vitro human hazard assessment OECD TGs for ENMs.

2. Evaluate & adapt high-throughput and high content, interference-free assays for ENM.

3. Evaluate & adapt novel mechanism-based in vitro test systems for ENM.

4. Evaluation and verification of AOPs specific for ENMs.

5. Developed and generated a variety of training materials on all Round Robin methods

Human hazard assessment

• RR1 and RR2 experimental work finalised with 6 ENMs - Report for CFE, Comet assay, 
HPRT and Micronucleus assay

• One paper for each method - CFE, HPRT, MN, CA, impedance & cytotoxicity assays.
• Catalogue of training materials – RR, refined and/or modified SOPs, coupled to 

laboratory-based training videos
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Guidance on controlling interference

Testing selected hazard assessment in vitro methods for their nano-specific applicability  

Nano-specific challenges such as potential interference of ENMs with test methods and inclusion of 
interference controls have been addressed

Interference of ENMs with test method 

decision tree (paper under preparation)
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Transfer from hanging drop to 

submerged culture enhanced viability

and longevity of the model

Viable for 14 Days 

in Culture

Development of advanced 3D liver models – cell line based spheroids
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HepG2 spheroids

2500 cells/drop

Trypsin/EDTA

Cultured 
for 1 week

 

 

 

 

Cytotoxicity
by AlamarBlue

DNA strand breaks and oxidized bases 
Comet assay

Trypsinised HepG2 cells from spheroid

3D liver model – HepG2 Spheroids

Exposure

Seeded as hanging drops

Elje E, Hesler M, Rundén-Pran E, Mann P, Mariussen E, Wagner S, Dusinska M, Kohl Y. 
The comet assay applied to HepG2 liver spheroids. Mutation Research. 2019 

Elje E, Mariussen E, Moriones OH, Bastús NG, Puntes V, Kohl Y, Dusinska M, Rundén-Pran E
Hepato(Geno)Toxicity Assessment of Nanoparticles in a HepG2 Liver Spheroid Model , 
NANOMATERIALS 10; 3, 2020
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after 4 days transferred to a spheroid plate 

http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=4&SID=5CB9QAG8UV9BcnFH1Ft&page=1&doc=2
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Need for harmonisation of hazard and risk assessment 

of nanomaterials across legislations. 

OECD TGs and standards needed on NAMs

• Cloud platform and decision support tool for RA and RG

• 8 GD on risk and benefit analysis, 12+ pre-validated methods -

applications for OECD TGs  

• FAIR data management, RiskGONE Database

• Harmonised template for data reporting

• 30 published paper, 20+ in preparation 
• Priority list and plan to submit SPSF in 2023 – comet assay for strand 

breaks and oxidised DNA lesions, CFE, 
• 3D liver model for combined MN and CA
• cell transformation assay (CTA) – link to project 4.145 (IATA)

• 30 standardized SOPs and protocols, more than 40 publications

• Database with all in vitro endpoints – transferred to e-Nanomaper

• Testing strategy suggested
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THANK YOU!

maria.dusinska@nilu.no

www.riskgone.eu | riskgone@nilu.no

Maria DUSINSKA 

mailto:riskgone@nilu.no
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