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3-4.7 Mutagenicity

Mutagenicity refers to the induction of permanent transmissible changes in the amount or
structure of the genetic material of cells or organisms. These changes may involve a single
gene or gene segment, a block of genes or chromosomes. The term clastogenicity is used
for agents giving rise to structural chromosome aberrations. A clastogen causes breaks in
chromosomes that result in the loss or rearrangement of chromosome segments.
Aneugenicity (aneuploidy induction) refers to the effects of agents that give rise to a change
(gain or loss) in chromosome number in cells, resulting in cells that do not have an exact
multiple of the haploid number [2006/1907/EC].

Genotoxicity is a broader term and refers to processes which alter the structure, information
content or segregation of DNA and are not necessarily associated with mutagenicity. Thus,
tests for genotoxicity include tests which provide an indication of induced damage to DNA
(but not direct evidence of mutation) via, for example sister chromatid exchange (SCE),
DNA strand breaks, DNA adduct formation or mitotic recombination, as well as tests for
mutagenicity [see also 2006/1907/EC, ECHA 2008a].

As a general recommendation, the SCCS is of the opinion that the evaluation of the potential
for mutagenicity of a cosmetic substance to be annexed in the Regulation (EC) No
1223/2009 should include tests to provide information on the three genotoxic endpoints,
namely 1) mutagenicity at the gene level, 2) chromosome breakage and/or rearrangements
(clastogenicity), and 3) numerical chromosome aberrations (aneuploidy). This
recommendation represents the actual consensus of international groups of scientific
experts [Muller et al., 2003, Dearfield et al., 2011, 2006/1907/EC, EFSA 2011], and of an
expert advisory committee [COM 2011]. Several well-established in vitro mutagenicity /
genotoxicity tests are available, described in OECD Guidelines! and/or in Regulation (EC) No
440/2008 [2008/440/EC]. The SCCS is of the opinion that for this task only genotoxicity
tests, which measure a real mutation endpoint (gene or chromosome mutations), should be
preferred. So-called indicator tests which measure primary DNA damage, instead of
irreversible DNA damage, without taking into account the consequences of the damage, are
not preferred. Moreover, the SCCS recommends that, before undertaking any testing, a
thorough review should be carried out of all available data on the substance (both published
and data on file) under assessment, including its (physical) chemistry, toxicokinetic and
toxicological profile, as well as data on analogous substances.

A concern with regard to existing in vitro tests is the occurrence of results that are negative
with suspect genotoxic carcinogens or positive with substances assumed to be non-
carcinogens. The current view is that cell systems of human origin, p53 and DNA repair
proficient, that are genetically (karyotypically) stable and have defined phase 1 and phase 2
metabolism should be preferred (Kirkland et al., 2007; Pfuhler et al., 2011, 2014). A
retrospective analysis on cosmetic Annex ingredients conducted between 2000 and 2013
revealed that the cell type (e.g. human origin) and the top concentration used did not have
a major impact on the outcome (Ates et al., 2014). This may be due to the fact that the
majority of evaluated substances by the SCCS were hair dyes with specific structural alerts
for genotoxicity. An evaluation by Kirkland et al. [2005] for combinations of two or three
assays demonstrated that with an increase in the number of tests, the number of

http://www.oecd-ilibrary.org
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‘unexpected positives’ increases whereas the number of ‘unexpected negatives’ decreases.
Furthermore, Kirkland et al. [2011] showed that the sensitivities of the 2- and 3-test
batteries seem quite comparable when an existing database of rodent carcinogens and a
new database of in vivo genotoxins, together over 950 substances, are considered. Using
data from the gene mutation test in bacteria and the in vitro micronucleus test appears to
allow the detection of all relevant genotoxic carcinogens and in vivo genotoxins for which
data exist in these databases. The combination of these two assays would cover the three
genotoxicity endpoints described above, as the bacterial test detects gene mutations and
the in vitro micronucleus assay detects both structural and numerical chromosome
aberrations. EFSA has already published an opinion in which the use of these 2 tests is
recommended as a first step in genotoxicity testing for food and feed safety assessment
[EFSA, 2011]. The guidance of the UK Committee on Mutagenicity also recommends the
above two tests for stage 1 in vitro testing [COM, 2011].

Except for special cases for which the Ames test is not suitable, the SCCS recommends two
assays for the base level testing of cosmetic substances, represented by the following test
systems:

e Bacterial Reverse Mutation Test [OECD 471] as a test covering gene mutations
e In vitro Micronucleus Test [OECD 487] as a test for both structural (clastogenicity) and
numerical (aneugenicity) chromosome aberrations

It is known that there are classes of substances for which the bacterial reverse mutation test
is not suited. In these cases the test procedure should be modified and a scientific
justification should be given. This relates to e.g. biocidal substances and antibiotics due to
their high toxicity for bacteria as well as to substances with low bioavailability that do not
pass easily through the bacterial wall such as nanomaterials and larger particles (Salmonella
and Escherichia bacteria lack the mechanisms (e.g. endocytosis) to incorporate particles). In
such cases, the results from a bacterial reverse mutation test are not reliable and a gene
mutation test in mammalian cells (hprt test, mouse lymphoma assay) should be performed
(see also Guidance on safety assessment of nanomaterials in cosmetics SCCS/1484/12). It
should also be noted that cytochalasin B can interfere with the uptake of particles by
mammalian cells; therefore, in an in vitro micronucleus test focused on binuclear cells, the
addition of cytochalasin B needs to occur after treatment with the nanoparticles (Pfuhler et
al., 2013). Except in specific cases mentioned above for which Ames test is not suitable, the
two tests base level strategy is recommended.

Although most tests will give clearly positive or clearly negative results, in some cases the
outcome may be considered inconclusive or equivocal. Equivocal refers to a situation where
some but not all the requirements for a clear positive or clear negative result have been
met. A substance giving an equivocal test result should be reinvestigated using the same
test method, but varying the conditions (including sampling more cells) to obtain conclusive
results. A justification for the test modifications should be given. Inconclusive means a
situation where no clear result was achieved due to a limitation of the test or the test-
procedure. In this case, repeating the test under modified conditions should produce a clear
result or another test should be performed. A justification for the test modifications or for
choosing another test should be given.

Cells should be exposed to the test substance both in the presence and absence of an
appropriate metabolic activation system. The most commonly used system is a cofactor-
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supplemented S9-fraction prepared from the livers of rodents (usually rat) treated with
enzyme-inducing agents such as Aroclor 1254 or a combination of phenobarbital and -
naphthoflavone. The choice and concentration of a metabolic activation system may depend
on the class of chemical being tested. In some cases, it may be appropriate to utilise more
than one concentration of S9-mix. For azo dyes and diazo compounds, using a reductive
metabolic activation system is recommended [Matsushima 1980; Prival et al., 1984].

In order to demonstrate that the result obtained is due to treatment with the substance, it is
essential to demonstrate exposure of the bacteria or cells. A way to demonstrate exposure
is through cytotoxicity. In the Ames test, a reduction in the number of spontaneous
revertant colonies and/or clearing of the bacterial background lawn is sufficient to indicate
cytotoxicity and thus exposure to the substance. The other tests, measuring the induction of
micronuclei or gene mutations (as for instance in the case of nanoparticles) in mammalian
cells require longer exposure to ensure that the cells divide and undergo through at least
(and sometimes at most) one round of replication in order to maximise the probability of
detecting a mutagen, aneugen or clastogen acting at a specific stage in the cell cycle. A
sufficient number of cell divisions is required (depending on test) to convert DNA damage
into the genetic endpoint scored by the test. Therefore, cytotoxicity measures based on cell
proliferation are preferred and, consequently, have been incorporated into the revised OECD
Test Guidelines.

In the in vitro micronucleus test, Fowler et al. (2012a, 2012b) have shown that the use of
relative population doubling (RPD) or relative increase in cell counts (RICC) helps to improve
the specificity of the in vitro micronucleus test. If cytochalasin B is used to obtain binuclear
cells, determination of the reduction in the number of binuclear cells is a justified alternative
way to measure cytotoxicity. In mammalian cell gene mutation tests, relative total growth
or relative survival (relative cloning efficiency) are the preferred measures of cytotoxicity.

Based on the 2-test base level recommendation, 4 scenarios are
possible.

1. Ames test negative, in vitro micronucleus test negative

If the results from both tests are clearly negative in adequately performed tests, it is very
likely that the substance has no mutagenic potential. Further testing is not necessary.

2. Ames test negative, in vitro micronucleus test positive
If the in vitro micronucleus test is positive, the substance may be considered an in vitro
mutagen. Further testing may be essential to clarify the clastogenic potential of the
substance, and either the Comet assay in mammalian cells or in the 3D-reconstructed
human skin model or the micronucleus test in the 3D-reconstructed human skin model
should be considered. The 3D-reconstructed human skin model seems a good alternative to
bridge the gap between in vitro and in vivo testing in terms of final hazard assessment.
Mechanistic investigations (toxicodynamics and toxicogenomics) or internal exposure
(toxicokinetics) may be helpful in a weight of evidence evaluation.
Expert judgment is mandatory to come to a conclusion.
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3. Ames test positive, in vitro micronucleus test negative

If the Ames test is positive, the substance may be considered an in vitro mutagen. Further
testing can be used to better assess the mutagenic potential of the substance. The
performance of an in vitro mammalian gene mutation test seems obvious. However, it is not
self-evident that negative results from such a test in mammalian cells can on their own
overrule the positive results from a bacterial gene mutation test. For the same reasons as
above, additional data from the Comet test in mammalian cells and/or in the 3D-
reconstructed human skin model as well as mechanistic investigations (toxicodynamics and
toxicogenomics) or internal exposure (toxicokinetics) may add to the weight of evidence.
Expert judgment is mandatory to come to a conclusion.

4. Ames test positive, in vitro micronucleus test positive

If the results from both tests are clearly positive in adequately performed tests, it is very
likely that the substance has mutagenic potential. Further testing is not necessary.

In the near future, there will be more clarity in the meaning of the positive and negative
results in the different mutagenicity/genotoxicity tests, which may result in a better and
more reliable decision on the mutagenic potential of substances. Recently, in workshops
organized respectively by EURL-ECVAM as well as by the SCCS, the importance of
mammalian cell test results was analysed for Ames test-positive substances. It was shown
that, following a positive result in an Ames test, the result in an in vitro micronucleus test
alone is not sufficient to discriminate between chemicals that are positive or negative for
carcinogenicity and/or genotoxicity in vivo. The performance of a mammalian cell gene
mutation test is required to provide further evidence. If both mammalian cell tests, covering
the genotoxic endpoints, gene mutations, structural chromosome aberrations and
aneuploidy, are negative, it is highly unlikely that the Ames-positive chemical is an in vivo
genotoxin and/or a genotoxic carcinogen. Likewise, if both mammalian cell tests are
positive, it is likely that the substance possesses in vivo genotoxic or carcinogenic potential.
The SCCS considers this approach promising.

Under the EU Cosmetic Regulation (2009/1223/EC), further in vivo follow-up testing to
confirm or to overrule the positive in vitro findings is no longer possible. In cases where a
clear positive result cannot be overruled in a weight of evidence approach with additional
tests, the substance has to be considered as a mutagen.

A positive in vitro result in genotoxicity testing is also seen as indicative for the carcinogenic
potential of substances.

3-4.8 Carcinogenicity

Substances are defined as carcinogenic if they induce tumours (benign or malignant) or
increase their incidence, malignancy or shorten the time of tumour occurrence when they
are inhaled, ingested, dermally applied or injected [ECB 2003]. It is often differentiated
between "genotoxic carcinogens” for which the most plausible mode of carcinogenic action
includes the consequences of genotoxic effects [ECB 2003] and “non-genotoxic carcinogens”
which are carcinogenic due to mechanisms other than direct interactions with DNA.
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Under the testing/marketing ban taken up in the EU Cosmetic Regulation, in vivo testing is
prohibited for the purpose of this Regulation. The decision on the carcinogenic potential of
mutagenic or genotoxic substances may be made on the outcome of in vitro mutagenicity
tests. A positive in vitro result in mutagenicity testing is seen as indicative for the
carcinogenic potential of substances.

At present generally accepted alternative in vitro methods with OECD guidelines to
determine the carcinogenic potential of substances are not available. However, there are
promising new in vitro approaches which may be helpful to recognise genotoxic as well as
non-genotoxic carcinogenic substances. By determining the cellular transformation potency,
a step in the multihit/multistep process of carcinogenesis, the in vitro Cell Transformation
Assay (CTA), have the potential to detect both genotoxic and non-genotoxic carcinogens.
The CTA may be considered as providing additional information to more routinely employed
in vitro tests and may be used as a follow-up assay for confirmation of in vitro positive
results from genotoxicity assays, typically as part of a weight of evidence assessment
(Doktorova et al., 2012). OECD has prepared Draft Test Guidelines for the “In Vitro
Carcinogenicity: Syrian Hamster Embryo (SHE) Cell Transformation Assay” and the “In Vitro
Carcinogenicity: Bhas 42 Cell Transformation Assay” (the Bhas 42 cell line was established
by the transfection of the v-Ha-ras oncogene into the BALB/c 3T3 A31-1-1 cell line). In
addition to in vitro mutagenicity/genotoxicity tests (see above), data from in vitro CTA tests
may be considered in a weight of evidence approach.

Without the 2-year bioassay, it is very difficult if not impossible to conclude on the
carcinogenicity of substances. As far as genotoxic substances are concerned, in vitro
mutagenicity tests are quite well developed. Due to the relation between mutations and
cancer, these genotoxicity tests can be seen as a pre-screen for cancer. A positive result in
one of the genotoxicity tests may be indicative to consider a substance as putatively
carcinogenic. In combination with the CTA, measuring cell transformation, one step in the
multistep cancer process, this indication may be stronger.

The situation is different for the non-genotoxic carcinogens. Before the animal testing and
marketing ban, non-genotoxic carcinogens were detected by the (sub-)chronic repeated
dose studies, including the carcinogenicity test. Alternatives for these in vivo tests to detect
non-genotoxic carcinogens, however, are not available with the exception of the CTA but
discussions are still ongoing with respect to its use as a test for non-genotoxic carcinogens.

Also worldwide research is ongoing with regard to in vitro toxicogenomics for the detection
of mutagenesis or carcinogenesis. The idea is that by global gene expression profiling via
microarray technology, gene patterns covering diverse mechanisms of substance-induced
genotoxicity can be extracted. These gene patterns/biomarkers can be further used as a
follow-up of positive findings of the standard in vitro mutagenicity/genotoxicity testing
battery [Goodsaid et al., 2010, Doktorova et al., 2012a, Magkoufopoulou et al., 2012]. In
addition to in vitro mutagenicity/genotoxicity tests (see above), data from in vitro tests
combined with toxicogenomics may also be considered in a weight of evidence approach.

The animal testing ban under the EU Cosmetics Regulation will, however, also have a strong
impact on the ability to conduct a quantitative risk assessment for carcinogenic potential of
cosmetics ingredients and contaminants. This impact is not only due to the ban on the
cancer bioassay itself, but also on in vivo mutagenicity/genotoxicity testing which may
provide data for semi-quantitative risk assessment (Hernandez et al., 2011, Dybing and
Sanner, 2005).
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Recently, JRC published one report reviewing the current state of the art of genotoxicity test
methods and testing strategy (JRC 2013).
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