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ARTICLE INFO ABSTRACT

Article history: Improving current in vitro genotoxicity tests is an ongoing task for genetic toxicologists. Further, the
Received 25 March 2011 question on how to deal with positive in vitro results that are demonstrated to not predict genotoxicity
Accepted 28 March 2011 or carcinogenicity potential in rodents or humans is a challenge. These two aspects were addressed at

Available online 5 April 2011 the Sth International Workshop on Genotoxicity Testing (IWGT) held in Basel, Switzerland, on August

17-19,2009. The objectives of the working group (WG) were to make recommendations on the use of cell
Keywords: . . types or lines, if possible, and to provide evaluations of promising new approaches. Results obtained in
In vitro genotoxicity testing rodent cell lines with impaired p53 function (L5178Y, V79, CHL and CHO cells) and human p53-competent
Predictive capacity . L.
Misleading positive results cells (peripheral l?lpod lymphocytes, TKG an_d HepGZ cells) suggest thaF areduction in the percentage of
Reduction animal use non-relevant positive results for carcinogenicity prediction can be achieved by careful selection of cells
used without decreasing the sensitivity of the assays. Therefore, the WG suggested using p53- competent
- preferably human - cells in in vitro micronucleus or chromosomal aberration tests. The use of the
hepatoma cell line HepaRG for genotoxicity testing was considered promising since these cells possess
better phase I and 1l metabolizing potential compared to cell lines commonly used in this area and may
overcome the need for the addition of S9. For dermally applied compounds, the WG agreed that in vitro
reconstructed skin models, once validated, will be useful to follow up on positive resuits from standard
in vitro assays as they resemble the properties of human skin (barrier function, metabolism). While the
reconstructed skin micronucleus assay has been shown to be further advanced, there was also consensus
that the Comet assay should be further evaluated due to its independence from cell proliferation and
coverage of a wider spectrum of DNA damage.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction from carcinogens [1,2], it becomes clear that improving current
in vitro tests to help carcinogenicity prediction presents a major

When examining the ability of the current standard in vitro challenge for genetic toxicologists. Positive in vitro results that are
genotoxicity test batteries to discriminate rodent non-carcinogens not predictive of the genotoxic/carcinogenic potential in rodents
or humans can trigger unnecessary in vivo follow up testing and
require extensive time and personnel within regulatory agencies
as well as industry. Because of the resources involved in clarify-
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ing positive results from standard in vitro testing, companies often
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Fig. 1. Micronucleusresponse in V79, CHO, CHL, TK6, HuLy and HepG2 cells after treatment with 2,4-dichlorophenol for 3 hin the presence of S9. Experiments were performed

on two occasions, plotted separately.

eliminate such ingredients from use, thereby losing potentially
safe and useful ingredients {3]. The complexity of risk assess-
ments for compounds positive in standard in vitro genotoxicity
assays is illustrated by the many recent publications, e.g. [4.,5],
external workgroups (ILSI/HESI - [6]), and meetings devoted to
this topic (ECVAM - [7]). Efforts towards improving standard
genotoxicity test battery approaches are also driven by regula-
tions enforced within the European Union (EU) such as REACH
(Registration, Evaluation, Authorization and Restriction of Chem-
icals) [8] and the 7th Amendment to the Cosmetics Directive [3].
The 7th Amendment prohibited any acute in vivo genotoxicity
tests for cosmetic ingredients as of March 2009, thereby trigger-
ing searches for innovative hazard and risk assessment concepts
{3]. The requirements of the REACH Integrated Testing Strategy
(ITS) (Guidance on information requirements and chemical safety
assessment [10]) ask for follow-up of any positive outcome in the
in vitro standard battery with appropriate in vivo tests, regardless
of the tonnage level of the chemical which may lead to unneces-
sary in vivo studies in situations where carcinogenicity predictivity
is low.

The low specificity for carcinogenicity prediction observed in
mammalian cell in vitro tests and the question how this can be
improved was discussed at the 5th International Workshop on
Genotoxicity Testing (IWGT) held in Basel, Switzerland, on August
17-19, 2009. The WG “In vitro Genotoxicity Test Approaches with
Better Predictivity” consisted of fifteen genotoxicity experts from
academia, regulatory authorities and industry representing dif-
ferent geographies. The first objective of the WG was to review
data on the response of the cell lines commonly used for mam-
malian cell tests, and to consider whether it was possible to
make recommendations or restrictions on the use of any partic-
ular cell line. The second part of the workshop focused on new
approaches and reviewed the status of development/validation of
afew pre-selected promising new methods, i.e. genotoxicity assays
performed with 3D human skin equivalents and use of HepaRG
cells. It was recognized that other promising methods are under
development which were however not discussed due to time con-
straints. Although the impact of employing different measures of
cytotoxicity was discussed during the workshop, it will not be dis-
cussed in this paper since it was addressed in a recent report of
the WG on toxicity measures and top concentration for in vitro
cytogenetics assays [11].

2. Suinmaries of the presentations given at the workshop
2.1. Cell selection

Results were presented from an initiative by the European Cos~
metics Industry Association (COLIPA) for improvement of in vitro
mammalian cell assays. [n this project Chinese hamster cell lines
with impaired p53 function (V79, CHL and CHO cells) have been
compared with p53-competent human peripheral blood lympho-
cytes (HuLy), TK6 human lymphoblastoid cells, and the human
liver cell line HepG2 in terms of in vitro MN induction following
treatment with a selection of 19 compounds that were accepted
as producing “false” positive results for carcinogen prediction in
in vitro mammalian cell assays [12]. The detailed results gener-
ated for the first six chemicals tested (curcumin, urea, resorcinol
(1,3-dihydroxybenzene), anthranilic acid, ethyl acrylate and men-
thol) were presented at the workshop, and are described, along
with data from the other 13 chemicals, in Fowler et al. [13]. The
results clearly demonstrate that the established rodent cell lines
were more susceptible to both cytotoxicity and micronucleus (MN)
induction than p53-competent cells, and are therefore more prone
to give non-relevant positive results (Fig. 1). These data suggest that
a reduction in the percentage of non-relevant positive results for
carcinogenicity prediction can be achieved by careful selection of
the mammalian cell type for genotoxicity testing.

Data from the same project were also presented which high-~
lighted the genetic stability of several commonly used cell lines
with over 50 passages in continuous culture. Chromosome counts
were made at intervals of 3 passages up to a maximum of 50
passages. TK6 cells maintained a stable number of chromosomes
whereas the modal chromosome number for CHL decreased by
2 and for CHO increased by 1 (Figs. 2 and 3), thus illustrating
that these established and commonly used rodent cell lines are
more prone to genomic instability as time in culture increases.
Further experiments were performed investigating the differences
between two isolates of the same cell line. CHL cells sourced from
low passage stocks in Japan (Deposited by Ishidate, Japan Cell Bank)
and cells that have been used at Covance (UK) for a number of
years, originally derived from the same stock were compared after
treatment with resorcinol in the same experiment, from the same
formulation of chemical (Fig. 4). The data highlighted significant
differences in response with the magnitude of MN induction being
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Fig. 2. Distribution of chromosome numbers in early and late passage CHL cells.
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Fig. 3. Distribution of chromosome numbers in early and late passage CHO cells.

much greater in the Covance cell stocks although both isolates
ultimately gave a positive MN outcome. These data reinforce the
observation that longer periods in culture and continued passag-
ing of cells can lead to greater levels of instability and may therefore
affect the reliability of the results. As many laboratories have their
own stocks of these and other cell types, it was recommended that
laboratories using cell lines in vitro adhere to good cell practice,
characterize all new cells, check regularly for genetic drift and work
from low passage stocks.

Data generated in 10 different laboratories (Sanofi-Aventis,
AstraZeneca, HLS, Servier, Roche, Novartis, Institut Pasteur, Cov-
ance, Swansea University, BAT) in conjunction with the OECD
in vitro MN guideline (TG487) finalization were presented [14]. In
this multi-laboratory exercise, 11 chemicals were evaluated in five
different cell lines (CHL, V79, CHO, L5178Y, TK6). The 11 chemicals
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Fig. 4. Micronucleus assay data from two isolates of CHL cells after treatment with
resorcinol.

Fold norease

CHL

Fig.5. Foldincrease in the number of micronucleated mononuclear cells at approx-
imately 50% RPD for L5178Y, TK6 and CHL cell lines following 3h MMC treatment
and 24 h recovery.

investigated were relevant in vivo genotoxic carcinogens, namely
cytosine arabinoside, mitomycin C (MMC), benzo[a]pyrene (B[a]P),
cyclophosphamide (CPA), colchicine, vinblastine, 5-fluorouracil
(5FU), diethylstilboestrol, 2-aminoanthracene (2-AA), etoposide
and cadmium chloride. With one exception (2-AA in CHO cells in
one lab), all chemicals were, as expected, positive in the in vitro
MN test, in all cell lines, in all laboratories at concentrations induc-
ing approximately 50% toxicity as measured by relative population
doublings. 5FU, 2-AA and the aneugens were weakly positive, but
similar responses were seen for all cell lines used. For some of the
potent mutagens tested (MMC, CPA, etoposide and cytosine ara-
binoside), the response in L5178Y cells was often higher than the
other cell lines, while the response in TK6 cells was often lower
(Fig. 5). There was discussion as to whether this was due to the cell
lines’ relative p53 status. However, other factors such as the rela-
tive doubling times of the cell lines could also have contributed to
the different responses (TK6 cells were far slower growing than
L5178Y). While there was some discussion about the impact of
the p53 status on the magnitude of the effects it is important to
emphasize that the ability to correctly detect in vivo genotoxic car-
cinogens was not impacted by p53 status as only quantitative but
no qualitative differences were observed.

Another comparison of several cell lines was also presented. Dif-
ferent cell types (V79, L5178Y and TK6) have been used historically
at Novartis for in vitro MN screening, and therefore can be com-
pared with results from human primary lymphocytes (peripheral
blood) for in vitro MN induction or the regulatory chromosome
aberration assay. The comparison for 65 compounds (V79 cells),
51 compounds (L5178Y cells) and 80 compounds (TK6 cells) were
shown and the sensitivity, specificity and concordance were noted
in relation to the MN test or the chromosomal aberration (CA) test
inhuman lymphocytes (Tables 1-3). Notably all cell lines were good
at detecting the positives from the primary human lymphocyte
studies, but the rodent cell lines were expressing a low specificity
(around 60%), i.e. gave positive results with up to 40% of chemi-
cals that were negative in human lymphocytes. Not surprisingly,
the p53-proficient TK6 cells had the best overall concordance (81%)
with a specificity of 80%. Therefore it was speculated that the p53-

Table 1
Comparison results for the V79 cell line.

Reference test system V79 Chinese hamster cells

Chromosome aberration test Sensitivity 100% (1414)
(human lymphocytes and/or
V79 cells) or MN test in
human lymphocytes
Specificity 61% (31/51)
Concordance 69% (45/65)
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Table 2
Comparison results for the L5178Y cell line.
Reference test system Mouse lymphoma (L5178Y) cells
Chromosome aberration test in Sensitivity 100% (6/6)
human lymphocytes
Specificity 72% (18/25)
Concordance 77% (24/31)
Chromosome aberration test or Sensitivity 100% (9/9)
MN test in human
lymphocytes
Specificity 60% (25/42)
Concordance 67% (34/51)
Table 3
Comparison results for the TK6 cell line.
Reference test system Human lymphobiastoid TK6 cells
Chromosome aberration test in Sensitivity 90% (9/10
human lymphocytes
Specificity 85% (28/33)
Concordance 86% (37/43)
Chromosome aberration test or Sensitivity 90% (18/20)
MN test in human
lymphocytes
. Specificity 78% (47]60)
Concordance 81% (65/80)

status might explain the overall predictivity of the different cell
lines in detecting the in vitro MN induction or chromosome aberra-
tion induction in the p53-proficient primary human lymphocytes.

2.2. Promising new methods

Data generated with HepaRG cells using a series of chem-
ical genotoxic carcinogens that require metabolic activation to
form their ultimate genotoxic metabolite were presented. The
human hepatoma cell line HepaRG shows promise for use in
the area of genotoxicity testing due to its excellent metabolic
competency. The cells were isolated from a differentiated liver
tumour, exhibit limited karyotypic alterations, and have the prop-
erty of transdifferentiation. Differentiated HepaRG cells express
wild type P53 protein and various cytochromes P450 phase Il
enzymes, transporters and nuclear factors, at levels close to
those found in primary human hepatocyte cultures [15-18].
A series of genotoxic carcinogens that require metabolic acti-
vation to form their ultimate genotoxic metabolite have been
tested using HepaRG. At the workshop, results obtained with
the Comet assay and the cytokinesis-block MN assay (24 h treat-
ment for both) were presented and are depicted qualitatively
in Table 4 (for details see [19,20]). The promutagens afla-
toxin B1, B[a]P, acrylamide, N-nitrosodimethylamine, CPA and
2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) lead to
a relevant increase in DNA damage as measured by the alka-
line Comet assay while all except PhIP and acrylamide also
increased the frequency of micronuclei in HepaRG cells. In contrast,
2-amino-3-methylimidazo[4,5-flquinoline {IQ) and 2-amino-3,8-
dimethylimidazo[4,5-flquinoline (MelQx) were not detected by
either assay. Pyrene, which was included as a negative control, did
give the expected negative result in both assays. The direct muta-

Table 4
Results from selected indirect mutagens in Comet and micronucleus assays in
HepaRG cells.

Compounds - Comet assay Micronucleus
assay

Aflatoxin B1 + +
Bla]P + +
Cyclophosphamide + +
PhiP + -

1Q - -
MelQx - -
Acrylamide + -
N-dimethyinitrosamine - ND
Glycidamide' + +
Methylmethanesulfonate’ + +
Pyrene? ’ - ND

1: direct mutagens; 2: negative control; ND =not determined.

gens glycidamide and methylmethanesulfonate gave the expected
positive responses.

Also promising is the application of standard genotoxicity
endpoints with reconstructed human skin models. These 3-
dimensional reconstructed tissues are prepared from primary
human cells and are anticipated to have normal DNA repair and cell
cycle control. They are also expected to exhibit a human metabolic
capability that is more relevant than the exogenous rodent metab-
olizing enzymes currently used in standard in vitro genotoxicity
assays [3]. Normal, intact skin is an effective barrier to many chem-
icals [21] which means that the penetration of many compounds
applied to the skin is blocked by the stratum corneum barrier pre-
venting the materials from entering the systemic circulation. The
skin is also metabolically active [22,23], chemicals which do pene-
trate it can be detoxified (or activated) during their passage. Based
on this, assays using 3D human reconstructed skin models offer
the potential for a more physiologically relevant approach to test
dermal exposure.

Micronucleus data generated in human 3-dimensional skin
models were presented. The in vitro reconstructed skin micronu-
cleus (RSMN) assay in the EpiDerm™ 3D human skin model [24,25]
has been recently shown to produce comparable data when utilized
in three different laboratories in the United States [26]. As part of
a project sponsored by COLIPA, with a contribution from the Euro-
pean Centre for the Validation of Alternative Methods (ECVAM),
international prevalidation studies of the RSMN assay have been
initiated.

The COLIPA prevalidation project consists of three phases:
in phase I the protocol was optimized and the transferabil-
ity of the method to laboratories with no previous experience
was demonstrated, phase Il addressed intra- and inter-laboratory
reproducibility, and phase Ili is designed to demonstrate how well
the RSMN assay performs in terms of sensitivity, specificity and
overall predictivity with respect to detecting genotoxic (rodent)
carcinogens. Thirty chemicals were selected for this effort in a
similar fashion to the previously described COLIPA project aim-
ing at improving the specificity of standard mammalian cell tests
[12]. Ten chemicals each were selected to represent three differ-
ent groups of chemicals, i.e. in vivo genotoxic rodent carcinogens,
non-genotoxic non-carcinogens and in vitro genotoxic but in vivo
non-genotoxic rodent non-carcinogens that have been shown to

Table 5
Overview of the tissues models used in the reconstructed skin Comet assay.
Tissue tradename Model Cell origin Donors Medium
Epiderm™ Reconstructed human epidermis Newborn foreskin Single donor Defined medium
Phenion® FT SM Reconstructed full thickness skin Newborn foreskin Single donor Defined medium
RealSkin Reconstructed full thickness skin Adult female breast Keratinocytes: 3-4 (pooled denors) Serum containing medium

fibroblasts: single donor
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Comet assay using different reconstructed skin models: Methyl methane sulfonate
(MMS)-3h

£ P&G {Cosmital}-Epiderm

£ TNO-Epiderm

1 Henkel-Phe® FT SM Ei L'Oréal-RealSkin I

% tail DNA

>
19
]
O

T

3 ¥4 >
G e o
ST

3
0‘?9‘\0&
&5

&\L
< & 19 ¥
\t\“ W \&“‘ \ts‘!

Fig. 6. Results from four different labs with MMS-treated (3 h topical treatment, solvent=acetone) different reconstructed skin models in the Comet assay. The presented
data are the mean values from 16 (P&G), 6 (TNO), 2 (Henkel) and 13 (L'Oreal) individual experiments = SD, performed with 2-4 tissues per concentration.

produce non-predictive positive results in in vitro assays. In phase
I the assay was optimized by the Institute for In Vitro Sciences
(1IVS) and Procter and Gamble (P&G) and then transferred to a
laboratory in Europe (L'Oreal, France), where dose-dependent,
reproducibly positive results similar to those seen at P&G and IIVS
were obtained for MMC and vinblastine sulfate. In phase I, further
intra- and inter-laboratory reproducibility of the RSMN assay was
established by blind testing of N-ethyl-N-nitrosourea (ENU), cyclo-
hexanone, and MMC in three independent experiments in every
laboratory. ENU and MMC, both known genotoxins, were identi-
fied by all laboratories in every individual experiment as positive,
while cyclohexanone, a known non-genotoxin, was identified as
negative by all laboratories [27].

As the MN assay is able to efficiently capture clastogenic and
aneugenic effects but is not very effective at detecting DNA damage
leading to gene mutation, the other objective of the COLIPA 3D skin
project utilized the alkaline Comet assay which detects primary
DNA damage caused by a broad spectrum of genotoxic activity
[28]. Data generated with this assay using the three different RS
models (MatTek EpiDerm™, L'Oreal RealSkin and Henkel Phenion
FT SM) were presented. The skin models (Table 5) were topically
exposed to the test compounds for 3 h, followed by cell isolation
and preparation of slides for the Comet assay. The assay was
successfully transferred from P&G and L'Oreal to Henkel, Germany,
and TNO, The Netherlands. Good inter-laboratory reproducibility
of the 3D skin Comet assay was demonstrated for the direct-
acting mutagens methylmethanesulfonate (MMS) (Fig. 6) and
4-nitroquinoline 1-oxide (4NQO) (data not shown). Cytotoxicity
was evaluated either by the trypan blue assay or other cell viability
assay. In all results shown here, cytotoxicity was <20%. All three
skin models used showed reproducible background for untreated
and solvent (acetone) treated tissues (Table 6) and a significant
increase with the two model mutagens. Phase Il of the project is
ongoing and investigates the inter- and intra-laboratory variability
using 3 coded chemicals.

Data from a Comet assay generated at JaCVAM using a 3-
dimensional human epidermal model (EPI-MODEL, LabCyte, Japan)
were presented. After initial experiments to establish a protocol,
a series of well-characterized genotoxic agents were investigated,
i.e. CPA, MMC, MMS, nitrosodimethylamine and 4NQO. All of these
compounds except CPA clearly increased the background DNA
damage, see Figs. 7 and 8 for representative data from treatment
with 4-NQO. In parallel with the genotoxic activity, cytotoxicity
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Fig.7. Cytotoxicity of 4NQO on MTT assay using LabCyte EPI-MODEL. Closed circles
show the 4h treatment data while the closed squares show the 24 h data. 4-NQO
was applied onto two models per dose after dissolving in 2% ethanol solution in
water.

was assessed by using the 3-(4,5-dimethylthiazol-2-yl1)-2,5-
diphenyltetrazolium bromide (MTT) assay, measured directly after
the 4 h treatment, and after 24 h. The decrease in viability indicated
by the MTT measurement after 24 h showed a correlation with the
increase in DNA damage while the measurement after 4 h showed
an effect for high doses of 4-NQO only (Fig. 8).
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Fig. 8. Percent tail intensity measured in the Comet assay after 4NQO treatment
using LabCyte EPI-MODEL. Dots show the median values of 2 x 50 cells measured
from two individual tissues per dose after 4 h treatment. 4-NQO {ug/ml) was applied
onto models after dissolving in 1/50 ethanol/water mixture.

-121 -



106 S. Pfuhler et al. / Mutation Research 723 (2011) 101-107

Table 6

DNA damage background levels for untreated (negative control) and solvent control (3 h treatment) in the reconstructed skin Comet assay.
Skin model Epiderm™ Phe® FT SM RealSkin
Laboratory P&G (Cosmital) TNO Henkel Henkel L'Oréal
Number of experiments n=16 n=8 n=3 n=2 n=13
Negative control 17.0+93 19.6 £ 8.5 345+ 32 153 +1.7 11.0 £ 5.7
Solvent control (acetone) 238 +£9.1 193+ 82 264 + 3.0 15.1+ 43 10.7 £ 70

3. Discussion and consensus statements

3.1. Selection of cells for chromosomal aberration or
micronucleus tests

The results from an initiative of COLIPA which looked at a series
of chemicals that are accepted to give non-relevant positive results
for carcinogenicity prediction indicated that the established rodent
cell lines were more susceptible to both cytotoxicity and MN induc-
tion than p53-competent cells. It was concluded that rodent cell
lines therefore are more prone to give possible non-relevant pos-
itive results for carcinogenicity prediction. The data suggest that
an increase in specificity can be achieved by careful selection of
the cell type for genotoxicity testing. The question was discussed
whether such an increase of specificity would come at the cost
of decreased sensitivity of the assays. To this end, multiple labo-
ratories tested 11 in vivo genotoxic carcinogens in 5 cell lines in
conjunction with the finalization of the OECD in vitro MN guide-
line (TG487). All of those chemicals were positive in the in vitro
MN test, in all cell lines and all laboratories at concentrations
inducing approximately 50% toxicity as measured by relative pop-
ulation doublings. These results demonstrate that the p53-status
did not impact the ability of the cell lines to correctly detect
in vivo genotoxic carcinogens. Data from Novartis supported the
above findings. While all cell lines used were good at detecting
the positive results from studies performed with primary human
lymphocytes, the rodent cell lines were not as good at predicting
negative results (around 60% specificity). The p53-proficient TK6
cells showed the best overall concordance (81%), with a specificity
of 80%, compared to the results with primary human lymphocytes.
These findings are also supported by a recent paper showing that
in HepG2 cells p53 was activated by a series of mutagens and pro-
mutagens [29].

The workshop WG concluded that the presented data indicate
that p53-compromised rodent cell lines over-estimate genotoxic
potential in the MN test. There was also agreement that it is biolog-
ically plausible that this statement is also applicable to the CA assay
based on the similarity of both assays. Therefore, the IWGT WG
suggested using p53-competent cells for in vitro MN- or CA-tests.

Another topic that was discussed at the workshop was the
impact of the cell lines’ genetic stability on the outcome of geno-
toxicity assays. Data from a COLIPA project highlighted the genetic
stability of TK6 cells which maintained a stable number of chro-
mosomes whereas the modal chromosome number for CHL and
CHO cells decreased by 2 or increased by 1, respectively. Also a
comparison of CHL cells between a low passage stock and an iso-
late that was used at a contract research organization (CRO) for
several years showed differences in the magnitude of response to
treatment with an in vivo non-genotoxic non-carcinogen. Taken
together, it is suggested that longer periods in culture and contin-
ued passage of cells can lead to greater levels of instability and will
therefore likely negatively impact the reliability of the results. The
WG concluded that it has been demonstrated that cell line stability
and source can affect the outcome of genotoxicity assays. There-
fore, the IWGT WG recommended adherence to good cell culture
practice, characterization of all new cells, checking regularly for

genetic drift, and working from low passage stocks. It was empha-
sized that a common cell bank with fully characterized stocks of all
cells commonly used for genotoxicity testing would be very useful.

The above agreement already led to an ILSI/HESI initiative that
initiated the generation of such a cell bank, a depot for all cell lines
commonly used in genotoxicity testing. The idea is to collect, store
and provide to the scientific community the most original version
of the cell lines which will be tested for stability and functionality.

3.2. Promising new methods

The human hepatoma cell line HepaRG was of interest to
the workshop as it expresses wild type p53 protein and various
cytochrome P450 phase Il enzymes at levels close to those found
in primary human hepatocyte cultures. The data generated with
HepaRG cells with a series of chemical carcinogens that require
metabolic activation showed that HepaRG is a promising model
and the workshop especially acknowledged the better phase [ and
Il metabolizing potential of these cells compared to cell lines com-
monly used in this area. It was, however, agreed that further data
and evaluation will be required to confirm the value of this model
for genotoxicity testing.

The workshop acknowledged the advantages of 3-dimensional
human skin models in that they resemble the properties of human
skin (barrier function, metabolism), making them relevant for
dermally applied compounds. A COLIPA prevalidation project is
ongoing for the reconstructed skin in MN and Comet assays. Results
were presented at the workshop that demonstrate the success-
ful completion of the first phase of the project (optimization and
demonstration of the transferability of the method to labs with
no previous experience) for both assays. Phase Il which addresses
the intra- and inter-laboratory reproducibility of coded compounds
was successfully completed for the RSMN with two known geno-
toxins and one non-genotoxin. All were correctly identified by all
laboratories in every individual experiment [29].

The WG concluded that the data presented show that the RSMN
is further advanced than the RS Comet assay since for the RSMN
inter and intra-lab reproducibility has been successfully demon-
strated. The IWGT WG however agreed that the Comet assay should
be further evaluated as it is seen as a valuable addition to the MN
assay due to its independence from cell proliferation and cover-
age of a wider spectrum of DNA damage. The WG did recommend
evaluating further the metabolic capacity of the reconstructed skin
models, and acknowledged the fact that this is work in progress
by COLIPA, but data from this project were not presented at the
workshop. Furthermore it was agreed that it would be valuable to
capture the kinetics of penetration and toxicity in order to establish
the ideal sampling time(s) for the Comet assay and that the use of
appropriate vehicles should be further investigated. In the ongoing
project a total of 30 chemicals will be investigated. This however
may not be sufficient to establish the applicability domain of the
assay and it was noted that more chemicals may have to be tested to
do so once the prevalidation is completed. The WG agreed that 3D
genotoxicity models, once validated, will be useful to follow up on
positive results from standard in vitro assays for dermally applied
compounds.
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