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1. Defining the chemistry associated with DNA binding
to allow for prediction of mutagenicity by grouping and
read across

Mark T. D. Cronin and Steven J. Enoch

School of Pharmacy and Chemistry, Byrom Street, Liverpool
L3 3AF, UK.

Grouping similar chemicals together is an increasingly popular
technique to allow for the computational prediction of toxicity.
This technique allows for read-across within a rationally formed
chemical category. In order to group chemicals successfully,
robust methods are required which provide mechanistically
relevant approaches to form categories. For mutagenicity, ro-
bust categories can be formed using chemistry relevant to DNA
binding. The aim of this study was to review known chemis-
try based mechanisms of action and compile this knowledge.
This chemistry was then developed into novel structural alerts,
allowing for category formation. The literature relating to the
ability of chemicals to bind to DNA was searched. Relevant
structural alerts were compiled. For each alert, an unambiguous
mechanism of action was established. These mechanisms were
for each alert were schematically documented. The alerts were
then assigned to one of the following mechanistic domains:
Michael acceptor; Schiff base formation; S Ar; S (which cov-
ers S 1 and S2 mechanisms); radical; unclear (i.e. unknown
or not established). The analysis reviewed five structural alert
compilations related to mutagenicity and genotoxic carcino-
genicity in order to define the electrophilic reaction chemistry
domains. In addition, mechanistic information was gathered
from data related to idiosyncratic drug toxicity. This resulted
in a DNA profiler featuring 85 structural alerts corresponding
to a wider coverage of the mechanistic chemistry related to co-
valent DNA binding than has been previously published. The
resulting mechanistic chemistry has been subjected to expert
review and incorporated OECD QSAR Toolbox. The Toolbox,
including the updated profiler, is freely downloadable from:
www.qsartoolbox.org (or from the authors). Version 3.0 of the
OECD QSAR Toolbox (October 2012) has further organised
the mechanistic chemistry into different levels of granular-
ity on the basis of mechanism of action. The funding of the
European Chemicals Agency (EChA) Service Contract No.
ECHA/2008/20 /ECA/203 is gratefully acknowledged.

2. SAR models for mammalian genotoxicity

Richard Williams

Lhasa Limited, 22-23 Blenheim Terrace, Woodhouse Lane,
Leeds LS2 9HD, UK.

Several expert- and statistically derived models have been cre-
ated that predict mammalian genotoxicity, both in vitro and
in vivo. In general, such models show promising predictivity
for the data from which they have been derived, but lower pre-
dictivity against ‘new’ data. Whilst it may be beneficial to use
these models as surrogates for in vitro or in vivo testing in cer-
tain circumstances, the perception of low predictivity is a block
to acceptance. Current usage, therefore, is generally limited to
either prioritising testing within a batch of chemicals or add-
ing supporting information to data produced within the existing

genotoxicity test battery. The barriers to improved predictivity
are threefold. Firstly, the limited pool of publically available
micronucleus and cytogenetic test data used to train models has
not been generated using standardised conditions and contains
well-reported artefactual results. Secondly, there is not a sin-
gle mechanistic interaction that is a prelude to in vitro clasto-
genic or aneugenic responses. Thirdly, the techniques used to
create models have inherent limiting factors, either restricting
the speed of development or their ability to synthesise discord-
ant data into a rational and holistic SAR. To make a significant
improvement in predictivity, shared proprietary data could be
used to improve and expand the training sets used for model
development. Alternatively, the focus could shift to the com-
pilation and modelling of in vitro mechanistic data, such as the
inhibition of topoisomerase II or microtubule dynamics, which
can be reliably extrapolated to the prediction of mammalian
genotoxicity. In either case, the first step is the assembly and
curation of data.

3. Predicting aromatic amine mutagenicity: past, present
and future

Russell T. Naven

Compound Safety Prediction, Worldwide Medicinal Chemistry,
Pfizer Inc., Groton, CT 06340, USA.

Aromatic amines are key components of many pharmaceut-
ical drugs, food additives and cosmetics, yet a significant
number of this chemical class show mutagenic activity in the
Ames test. An ability to predict which aromatic amines would
be free of such activity would reduce unnecessary testing and
allow resources to be prioritised on those compounds that are
a genuine risk to human health. A structure—activity study
highlighted the importance of electronic and steric factors for
promoting and mitigating mutagenic activity, the knowledge
from which was used to improve the predictive performance
of the expert system, Derek for Windows. Subsequent evalua-
tions of Derek with external test sets, however, demonstrates
that additional data, by itself, are not sufficient to improve
in silico systems. Further improvement can be gained by un-
derstanding, from a mechanistic perspective, why some aro-
matic amines are devoid of mutagenic activity. Following a
Precompetitive Workshop at the Royal Society of Chemistry
(RSC), a cross-pharma project has been initiated with the
aim of creating a database of aromatic amine mutagenicity
data that could be used to support regulatory submissions
and to improve the performance of predictive models. An
evaluation of these data demonstrate the importance of shar-
ing proprietary, yet non-sensitive data, between commercial
organisations.

4. Molecular modelling of the 3D structural differences in
TP53 and RAS isoforms when carcinogens are bound to nu-
cleotides at mutation hotspots

Georgina Menzies', Andrea Brancale?, Ian Prior® and Paul Lewis'
ICollege of Medicine, Swansea University, Swansea UK;
’Department of Cancer Studies and Molecular Medicine,
RKCSB, LRI, University of Leicester, Leicester LE2 71X, UK;
2Cardiff School of Pharmacy and Pharmaceutical Sciences,
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Cardiff University, Cardiff CFI10 3NB, UK; ‘Institute of
Translational Medicine, University of Liverpool, Liverpool L69
3BX, UK.

The TP53 tumour suppressor gene and the RAS oncogene iso-
forms (KRAS, HRAS and NRAS) are mutated in many cancer
types. In lung cancer, G>T transversions are the common muta-
tion signature for mutation hotspots at codons 157, 158, 245,
248,273 in TP53 and codon 12 in KRAS (1). These hotspots are
adduct sites for the cigarette smoke carcinogen benzo[a]pyrene
diol epoxide (BPDE) and regions of slow nucleotide excision
repair. Because of the molecular and clinical consequences of
differential site-specific repair, it is essential to gain an under-
standing of the structural factors that determine the rate of exci-
sion in response to a particular DNA lesion. Such distortions
include kinks in damaged DNA, impaired Watson-Crick hydro-
gen bonding, flipped out nucleotide, enhanced local dynamics
and thermodynamic destabilisation. We want to determine the
relationship between the mutation frequency and the types/de-
gree of distortion of local sequence when an adduct has formed.
We have previously used in silico modelling (2) and multivari-
ate analysis (3) to correlate carcinogen and cancer gene muta-
tion patterns. We have developed a new molecular dynamics
pipeline using high performance computing (HPC Wales) to
predict the three dimensional structural changes and degrees of
DNA distortion when chemicals bind at a particular nucleotide.
Using our pipeline we show that DNA distortions, dependent on
local sequence context, at codons 157 in TP53 and 12 in KRAS
are greater than at other sites in the same genes/isoforms when
BPDE is bound due to increased stretch, stagger, shift, buckle,
opening, roll and tilt within the local DNA helix.
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5. How are points of departure derived for mutagenicity
and clastogenicity following exposure to alkylating agents?
George E. Johnson!, Shareen H. Doak!, Owen Bodger!, Lya
G. Herndndez?, Paul D. Lewis', Lynn H. Pottenger®, Benjamin
J. Rees!, Adam T. Thomas', Cathy A. Thornton', Jatin Verma',
Paul A. White*, Zoulikha M. Zair' and Gareth J. Jenkins'
Institute of Life Science, College of Medicine, Swansea
University, Swansea SA2 8PP, UK; *Laboratory for Health
Protection Research, National Institute for Public Health and
the Environment (RIVM), Bilthoven 3720 BA, The Netherlands
Safe Environments Programme; *Dow Chemical Company,
Midland, MI 48674, USA; “*Healthy Environments and
Consumer Safety Branch, Health Canada, Tunney’s Pasture
0803A, Ottawa, Ontario, Canada, KI1A 0OK9.

The scientific and regulatory community are challenging the de-
fault assumption of linearity for DNA-reactive genotoxic agents.
Our work in Swansea helped to initiate this paradigm shift using
the model alkylating agents, methyl- and ethylmethanesulpho-
nate (MMS and EMS), as well as methyl- and ethylnitrosourea
(MNU and ENU). Consequently, there is now a wealth of data
for these chemicals for both gene mutation and chromosome
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damage endpoints in vitro and in vivo. These high power data
sets can be used to calculate point of departure (PoD) metrics
using statistical modelling packages, hence showing non-line-
arity. These extensive statistical analyses have been carried out
by the ILSI-HESI /n Vitro Genetic Toxicity (IVGT) Quantitative
Subgroup, and clear PoD have been defined for all agents both
in vitro and in vivo (1). However, to accept a range of low doses
as biologically irrelevant by defining a PoD, a plausible mecha-
nism of action must be shown experimentally. We are addressing
this data gap for these four alkylating agents, which are known
to induce specific DNA adducts. Our recent work has been to
investigate the roles of DNA repair in relation to their genotoxic
PoD. Specific DNA repair enzymes have been shown to be up-
regulated by low doses of alkylating agents, and knocking down
specific DNA repair enzymes in vitro alters the shape of the dose
response e.g. to EMS and MNU. In conclusion, DNA repair has
been shown to be a mode of action for the PoD exhibited by
mono-functional alkylating agents.
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6. The role of p53 in genotoxicity testing in human
lymphoblastoid cells

Katja Bruesehafer', Bella B. Manshian', Shareen H. Doak', Ann
T. Doherty?, Mike R. O’Donovan? and Gareth J. S. Jenkins!
'DNA Damage Research Group, College of Medicine, Swansea
University, Swansea SA2 8PP, UK; ?AstraZeneca R&D,
Alderley Park, Macclesfield, Cheshire SK10 4TG, UK.

The choice of cell type is important for genotoxicity testing. p53
deficiency in cell lines used in genotoxicity testing may lead
to positive results, therefore limiting the use of these cells in
genotoxicology test assays. The human lymphoblastoid cell lines
TK6, AHH-1 and MCL-5 are commonly used in genotoxicity
testing. These cells differ in that TK6 cells are heterozygous at
the thymidine kinase locus, but contain the wild-type p53 gene,
whereas MCL-5, which is derived from AHH-1, and AHH-1
carry a heterozygous mutation in the p53 locus. Therefore, in
order to explore whether impaired p53 function plays a role in
low dose response studies these cell types were treated with
mitomycin C (MMC) for 4 h and cytosine arabinoside (araC) for
24 at a low dose range of 0-0.1 ug/ml. Chromosome damage
was investigated using the cytokinesis-block micronucleus
(CBMN) assay and cytotoxicity was measured using relative
population doubling (RPD) analysis. These studies used the
newly installed automated micronucleus detection system
Metafer (MetaSystems), which allowed scoring of ~10 000
cells per dose. p53 activity was investigated through p21 gene
expression analysis using Real-time PCR as well as Western
Blotting-based assessments of total and phospho-p53 (Serl5)
levels. Results of ongoing studies have revealed that TK6 cells
are more sensitive to cytotoxicity and DNA damage than AHH-
1 and MCL-5. Furthermore AHH-1 and MCL-5 showed much
lower p53 activity compared with TKG6 cells.

Thus, these data suggest that impaired p53 function may
play a role when investigating dose relationships of genotoxins
at low doses. Finally, it is possible to confirm that TK6 cells are
a robust cell line for use in genotoxicity testing.
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7. Development of the in vivo comet assay JaCVAM
William Barfield

Huntingdon Life Sciences Ltd Eye Research Centre, Suffolk,
UK.

The single-cell gel electrophoresis or comet assay is a tech-
nique for quantifying DNA damage (double strand and single
strand breaks) and repair and is rapidly gaining importance in
the field of Genetic Toxicology. Although at present no OECD
guideline is available GLP studies are being performed to wide-
ly accepted IWGT guidelines/protocols. In 2006 the Japanese
Centre for the Validation of Alternative Methods (JaCVAM) en-
listed the help of several labs from around the world in order to
establish a working protocol. Blinded compounds which were
known genotoxic carcinogens, genotoxic non-carcinogens,
non-genotoxic carcinogens and non-carcinogens were sent out
to labs for testing and the results analysed. Throughout the four
phases of the trial the protocols were improved step by step in
order to produce a protocol which gave consistent results. The
trial produced reliable results, a working protocol and promise
of an OECD guideline which is expected to be signed off in
2013/2014.

8. Antigenotoxic effects of curcumin in conjunction with
piperine on benzo[a]pyrene-induced DNA damage in
murine model

Amit Sehgal', Manoj Kumar', Mridula Jain' and Devinder
K. Dhawan?

'Department of Zoology, Panjab University, Chandigarh
160014, India; *Department of Biophysics, Panjab University,
Chandigarh 160014, India.

The use of curcumin in chemoprevention of malignancies
remote to the gastro-intestinal tract has been limited due to
its poor systemic bioavailability. Piperine an alkaloid derived
from black pepper (Piper sp.) is known to increase the bio-
availability of curcumin. In this study, the antigenotoxic ef-
fects of coadministration of piperine with curcumin and cur-
cumin alone on benzo[a]pyrene-induced DNA damage and
carcinogen biotransformation enzymes was investigated in
liver and lung of mice. Male Swiss albino mice received cur-
cumin (100 mg/kg body weight) and piperine (20 mg/kg body
weight) separately as well as in combination orally in corn
oil for seven days as pretreatments and thereafter 2h, BaP
(125 mg/kg body weight) was administered orally in corn oil.
A single dose of BaP to normal mice increased the activities
of ethoxyresorufin O-deethylase (EROD), pentoxyresorufin
O-depentylase (PROD) and levels of 8-oxo0-2’-deoxyguano-
sine (8-0x0-dG) content, benzo[a]pyrene-diol epoxide-DNA
adducts (BaPDE-DNA adducts) and % DNA in the comet
tail in both the tissues. Quinone reductase (QR) activity was
also elevated in the BaP treated group in both liver and lung
when compared with normal control group but no significant
change was assessed in glutathione S-transferase (GST) ac-
tivity. Pretreatment of curcumin and curcumin plus piperine
before administration of a single dose of BaP significantly
decreased the activities of EROD, PROD and the levels of
8-0x0-dG content, BaPDE-DNA adducts and % DNA in the
comet tail with consequent increase in QR and GST activities.
The study indicates that curcumin when given in combination
with piperine is more effective in modulating benzo[a]pyrene-
induced genotoxicity.
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9. Dose-response of alkylating agents in DNA repair-profi-
cient and -deficient Ames tester strains

Leilei Tang, Thomas Singer and Elmar Gocke

F. Hoffmann-La Roche Ltd, Pharma Research and Development
(pPRED), Basel, Switzerland.

Mutagenicandclastogeniceffectsof some DNA damagingagents
such as methylmethanesulphonate and ethylmethanesulphonate
have been demonstrated to exhibit a thresholded dose—response
in vitro and in vivo. However, no threshold was apparent for the
induction of adducts to DNA, indicating that cells are capable
to repair alkylations to a certain dose without apparent error.
It is interesting to investigate the dose-response relationship
in cells lacking the repair mechanisms involved in error free
removal of alkylations. The best characterised systems are
in bacteria, where two alkyltransferase systems have been
identified. Mutant strains of the Salmonella typimurium
reversion tester strain TA1535 are available. Furthermore, the
ease to score large numbers of mutations in the Ames assay
allows defining the dose—response relation with high statistical
power. We assessed several alkylators in the S. typhimurium
assay with four different strains: the DNA repair proficient
(TA1535, ogt+/ada+) and the methyltransferase-deficient strains
(YG7104, ogt—/ada+, YG7100, ogt+/ada—, YG7108, ogt—/ada-).
Ethylsulphonate, methylsulphonate, ethylnitrosourea and
methylnitrosourea were tested in a series of 22 concentrations.
Dose-response curves were fitted by the PROAST benchmark
model and the Lutz and Lutz ‘hockeystick’ model. For EMS,
a clear sublinearity was seen in TA1535 and YG7100 with a
BMDL of 200 pg/plate and a threshold ~700 pg/plate by the
hockeystick model. In YG7014 and YG7108 the threshold
was completely abrogated, indicating that ogt is mainly
responsible to repair EMS induced damages. In response to
MMS, a BMDL of 100 ug/plate was found for TA1535 and a
threshold of 817 pg/plate. For the deficient stains linear dose
responses were observed. YG7100 was the least and YG7108
the most sensitive. For the nitrosourea compounds no clear
sublinearity of the dose-response curves was evident even in
the repair proficient strain, concordant with the investigations
in mammalian cells.

10. The use of micronucleus assays in environmental and
public health genomics: enhanced impact via improved un-
derstanding of mechanisms and better diagnostics

Michael Fenech

CSIRO Preventative Health Flagship, PO Box 10041, Adelaide
BC, SA 5000, Australia.

Micronuclei (MNi) predominantly arise from lagging chro-
mosome fragments or whole chromosomes during anaphase/
telophase in mitosis. MNi were originally described by hae-
matologists in red blood cells of patients who were deficient in
folate and/or vitamin B12. Subsequently it became evident in
mice that they may also be induced by chemical genotoxins in
vivo and, later in vitro, in human lymphocyte cultures exposed
to ionising radiation. The relative ease with which MNi can
be quantified and their strong biological association and sta-
tistical correlation with chromosome aberrations has resulted
in their widespread use for in vitro and in vivo genetic toxicol-
ogy testing across species including humans. Over the recent
years there has been a great advance in our knowledge on the
physical, chemical, nutritional and life-style factors that cause
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DNA damage as measured by the micronucleus (MN) assay in
humans. Furthermore there have been several cross-sectional
or prospective studies showing significant associations of this
biomarker with infertility, pregnancy complications, obesity,
diabetes, kidney failure, cardiovascular disease, neurodegen-
erative disorders and cancer. These observations have been un-
derpinned by a deeper understanding of the molecular mecha-
nisms and defective DNA damage response networks that lead
to the chromosome instability events that cause MNi and as-
sociated nuclear anomalies such as nucleoplasmic bridges and
nuclear budding. The use of the MN assay in its various modes,
including techniques to identify once-divided cells in which
MNi are preferentially expressed or quantified, has received
great support from new developments in automated scoring us-
ing flow, image and laser scanning cytometry. Further devel-
opments using high content analysis techniques for measuring
other multiple DNA damage biomarkers simultaneously within
MN assays are currently underway to allow a more comprehen-
sive analysis of genome damage. Standardisation of visual and
automated scoring criteria, quality control and acceptable per-
formance characteristics via international collaborations such
as the HUMN (www.humn.org) and the MultiBioDose (www.
multibiodose.eu) projects have also advanced to a stage that
we can be more confident of the possibility of more reliable
mass screening using MN assays at lower cost and of realis-
ing the implementation of MN assays in public health strate-
gies aimed at DNA damage diagnosis and prevention in human
populations.

11. Analysis of in vivo Pig-a gene mutation and chromosom-
al damage potential of 13 reference compounds

Stephen D. Dertinger

Litron Laboratories, Rochester, New York, USA.

The ability to monitor gene mutation at the Pig-a locus and
micronucleated reticulocyte (MN-RET) frequency in short-
term and repeated dosing schedules was investigated with nine
genotoxicants (chlorambucil, melphalan, thiotepa, cyclophos-
phamide, azathioprine, 2-acetylaminofluorene, hydroxyurea,
methylmethanesulphonate, benzo[a]pyrene) and four non-DNA
reactive compounds (o-anthranilic acid, sulphisoxazole, sodi-
um chloride, pyrene). Male rats were treated for 3 or 28 days
with several doses, including MTD. Serial blood samples were
collected up to day 45, and were analysed for Pig-a mutation
with a labeling method that facilitated mutant cell frequency
measurements in total erythrocytes and the reticulocyte sub-
population. A mutant cell enrichment step based on immuno-
magnetic separation was used to increase statistical power. Day
4 blood samples, and day 29 in the case of the 28-day study,
were evaluated for MN-RET frequency. The four non-DNA re-
active compounds did not induce Pig-a or MN-RET responses.
Besides hydroxyurea, each genotoxicant increased mutant re-
ticulocyte and erythrocyte frequencies. Significant increases
in MN-RET frequency were observed for each genotoxicant at
both time points. Whereas the highest Pig-a responses tended
to occur in the 28-day studies, the highest induction of MN-
RET was observed in the 3-day studies. There was no clear
relationship between chemicals’ maximal Pig-a and MN-RET
responses, despite the fact that both endpoints are based on the
same cell lineage. These data demonstrate the value and feasi-
bility of integrating Pig-a and micronucleus endpoints into in
vivo toxicology studies, thereby providing information about
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mutagenesis and chromosomal damage in the same animals
from which toxicity, toxicokinetics and metabolism data are
obtained.

12. Advances in Fourier-transform infrared spectroscopy
analysis to characterise chemical-induced alterations in
the Syrian hamster embryo assay—towards biomarkers
stability

Jilio Trevisan'?, Plamen P. Angelov'?, Paul L. Carmichael?,
Andrew D. Scott® and Francis L. Martin'

ICentre for Biophotonics, Lancaster Environment Centre,
Lancaster, UK; *School of Computing and Communications,
Lancaster, UK; *SEAC, Unilever Colworth, Bedford, UK.

The SHE assay (pH 6.7) is being considered as a ‘3Rs’ alternative
in animal laboratory studies (1). We have previously developed
a protocol to conduct Fourier-transform infrared spectroscopy
in the Syrian hamster embryo (FTIRS-SHE) experiments, and
corresponding software to build up a FTIRS-SHE database.
Subsequently, we applied machine learning and statistical methods
to analyse our datasets towards chemical-treatment classification,
morphological transformation classification, and extraction
of biomarkers (i.e. spectral wavenumbers) related to chemical
treatment (2). In the present study, we set out to validate and
develop further our biomarker extraction techniques. Biomarker
validation is of extreme importance, for it was found that depending
on different biomarker extraction methods (i.e. computational
algorithms), there was marked variability in the subsequently
identified discriminating biomolecular entities and this would
inevitably give rise to different mechanistic interpretations.
Furthermore, currently a number of techniques used for such
biomarker extraction purposes employed in a variety of fields
were never initially conceived with this intention. In this work,
we compare different techniques used to extract biomarkers and
present rationales for their possible disagreement. We recommend
an analysis framework that can derive robust biomarkers for the
FTIRS-SHE assay based on pattern classification. The application
of our framework can be extended to other studies that use FTIR or
Raman spectroscopy. This work was funded by Unilever and the
SHE assays were conducted at BioReliance, USA.
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13. Lowered oxygen concentration produce quantita-
tive differences in genotoxicity dose-response data in the
GADD45a-GFP assay

Chris Addinsell'?, Matt Tate? and Richard Walmsley'?
'Molecular Cancer Studies group, Faculty of Life Sciences,
University of Manchester M13 9PL, UK; *Gentronix Ltd,
Manchester M13 9NT, UK.

The in vitro genotoxicity assays do not entirely mimic the condi-
tions found inside mammalian tissue. One difference is that CO,
incubators used for cell culture routinely contain 20% oxygen,
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which is far higher than that within tissues in vivo (1-5%) (1).
We hypothesised that this might be sufficient to overwhelm oxi-
dative stress responses, and hence contribute to the generation
of misleading positive genotoxicity results from pro-oxidants.
Long and Halliwell (2) previously reported that these can pro-
duce peroxide from interactions with common growth media.
The question was addressed by assessing whether genotoxicity
and cytotoxicity results from the GADD45a—GFP reporter assay
were affected by incubation at different oxygen concentrations.
Twenty-six compounds including pro-oxidants, mechanistically
diverse genotoxins and non-genotoxins were tested using the
GADD45a—GFP assay. They were incubated at 20% and at 5%
oxygen concentrations. Oxidative stress was also assessed us-
ing a fluorescein-based assay. Nineteen of the 26 compounds
produced positive genotoxicity results in both atmospheric
and lowered oxygen conditions in the GADD45a—GFP assay.
However, differences in the magnitude of GADD45a-GFP in-
duction were observed between 20% and 5% oxygen. Induction
levels were elevated, for positive compounds, at 5% oxygen
compared with those observed at 20%. Unexpectedly, 13 of 16
antioxidants produced positive genotoxicity results at both oxy-
gen concentrations. Results suggest solely reducing the oxygen
concentration to 5% is not sufficient to reduce pro-oxidant posi-
tive results in the GADD45a—GFP assay and may increase the
magnitude of response for some compounds.
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14. The O¢-alkylguanine response: mechanisms and impli-
cations for thresholds and cancer therapy

Bernd Kaina, Anna V. Knizhnik, Markus Eich, Markus
Christmann, Teodora Nikolova and Wynand P. Roos
Department of Toxicology, University Medical Center, Mainz,
Obere Zahlbacher Str. 67, D-55131 Mainz, Germany.

Alkylating agents are widely distributed environmental
carcinogens and, moreover, are being used in cancer therapy.
They induce different DNA lesions, some of them have been
identified to be carcinogenic, genotoxic and cytotoxic. A critical
DNA adduct induced by methylating agents used in glioma
and melanoma therapy is O°-methylguanine (O’MeG), which
is not only a potent inducer of mutations, but also of apoptosis,
autophagy and cellular senescence. O°MeG is repaired by
MGMT, which very likely provokes a threshold for mutations
and cancer. MGMT also causes a no-effect threshold for
cell death. We have studied how death is triggered following
O°MeG in glioma and melanoma cells and showed that it is
executed via both the death receptor and the mitochondrial
apoptosis pathways. In glioma cells, the efficiency of O°MeG in
triggering the pS3 dependent death receptor pathway is higher
than the mitochondrial apoptosis pathway, which explains
the high sensitivity of pS3wt glioma cells to temozolomide.
Interestingly, p53wt glioma cells are more resistant than
p53mt cells to chloroethylating agents that are also applied in
cancer therapy. The data obtained with glioma and melanoma
cells revealed that p53 has a dual role: up-regulation of the
death receptor thus sensitising to methylating agents, and
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upregulation of DNA repair genes such as ddb2 and xpc thus
protecting against OSchloroethylguanine-induced apoptosis.
0O%MeG and Of-chloroethylguanine triggered apoptosis is bound
on DNA double-strand break (DSB) formation and, therefore,
DSB repair plays a critical role in determining alkylating drug
resistance. The major pathway for repairing them is homologous
recombination (HR), and not non-homologous end-joining. The
specific players involved in DSB recognition and HR represent
potential therapeutic targets, including NBS-1, ATM, ATR,
Rad51, XRCC2 and XRCC3, since downregulation of their
expression sensitised against O%-alkylating agents. Further, in
melanoma cells silencing of caspase-8 and induction of DNA
repair contribute to inherent drug resistance, which can be at least
in part abrogated by pretreatment with interferon- and valproic
acid. Supported by DFG KA724 and Deutsche Krebshilfe.

15. DNA repair and translesion DNA synthesis as possible
mechanisms underlying genotoxic thresholds

Takehiko Nohmi'?, Kenichi Masumura!, Petr Gruz!, Naomi
Toyoda-Hokaiwado', Makiko Takamune', Naoko Niimi',
Tetsuya Suzuki', Yuki Kanemaru', Manabu Yasui!, Masami
Yamada', Masamitsu Honma' and Noritaka Adachi?

!Division of Genetics and Mutagenesis, *Biological Safety
Research Center, National Institute of Health Sciences, Tokyo
158-8501, Japan; >*Graduate School of Nanobioscience,
Yokohama City University, Yokohama 236-0027, Japan.

Rodent carcinogenicity assays are usually conducted at high
doses, which are often 1000- to 10 000-fold higher than the
doses at which humans are exposed to chemicals in daily life. It
is questionable, therefore, whether the carcinogenicity observed
at high doses can be extrapolated to low doses where people are
actually exposed to the chemicals. In regulatory toxicology, it is
supposed that there is no threshold for genotoxic carcinogens,
which induce cancer via DNA damage and mutations. However,
humans possess a variety of self defense mechanisms, which
may protect humans from genotoxicity of chemicals at low dose
and contribute to a threshold of genotoxicity. To examine the
possibility, we established Salmonella Ames tester strains lack-
ing DNA repair mechanisms such as O°-methylguanine meth-
yltransferase and 8-oxoguanine DNA glycosylase. The repair
defective strains exhibited much higher sensitivity to mutagen-
icity of alkylating agents and oxidative mutagens, respectively,
at low doses. The results are consistent with the idea that DNA
repair may contribute to the threshold of genotoxicity. We also
hypothesised that translesion DNA synthesis (TLS), which is a
short DNA synthesis across DNA lesions by specialised DNA
polymerases, might contribute to the threshold. To examine the
possibility, we established human cell line Nalm-6 lacking DNA
polymerase ¢ (Pol ), which is a specialised DNA polymerase.
The cells lacking Pol { exhibited much higher sensitivity to the
killing effects of various genotoxic agents. The results suggest
that Pol £ is involved in TLS across a variety to DNA lesions and
raise the possibility that TLS might contribute to the threshold.

16. Pro-oxidant induced DNA damage in AHH-1 human
lymphoblastoid cells: homeostatic mechanisms of genotoxic
tolerance

Anna L. Seager!, Ume-Kulsoom Shah!, Jane M. Mikhail!,
Bryant C. Nelson?, Bryce J. Marquis?>, Shareen H. Doak',
George E. Johnson!, Paul L. Carmichael®, Sharon J. Scott?,
Andrew D. Scott® and Gareth J. S. Jenkins!
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Oxidative stress contributes to many disease aetiologies in-
cluding ageing, neurodegeneration, and cancer, partly through
DNA damage induction (genotoxicity). Understanding the
interactions of free radicals with DNA is fundamental to dis-
cern the mutation risks posed. In genetic toxicology, regulatory
authorities view most genotoxins to exhibit a linear relation-
ship between dose and mutagenic response. Yet, homeostatic
mechanisms exist, including DNA repair, which allow cells
to tolerate low levels of genotoxic exposure. Acceptance of
thresholds for genotoxicity has widespread consequences in
terms of understanding cancer risk and regulating human ex-
posure to chemicals/drugs. Three pro-oxidant chemicals, hy-
drogen peroxide (H,0,), potassium bromate (KBrO,) and me-
nadione, were examined for low dose-response curves in the
human lymphoblastoid cell line AHH-1. Cellular DNA repair
and antioxidant capacity were assessed as possible threshold
mechanisms. H202 and KBrOS, but not menadione, exhibited
thresholded responses, containing a range of non-genotoxic
low doses. Levels of the DNA glycosylase OGG1 were un-
changed in response to pro-oxidant stress. DNA repair focussed
gene expression arrays reported changes in ATM and BRCAI,
involved in double strand break repair, in response to low dose
pro-oxidant exposure, however, these alterations were not sub-
stantiated at the protein level. Determination of oxidatively
induced DNA damage in H,O -treated AHH-1 cells reported
accumulation of thymine glycol above the genotoxic threshold.
Further, the H,0, dose-response curve was shifted by modulat-
ing the cellular levels of the antioxidant glutathione. Hence, ob-
served pro-oxidant thresholds were due to protective capacities
of base excision repair enzymes and antioxidants against DNA
damage, highlighting the importance of homeostatic mecha-
nisms in ‘genotoxic tolerance’.

17. Investigation of the dose-response curve for isopropyl
methanesulphonate using the in vivo Pig-a mutation assay
Michelle Kenyon, Stephanie Coffing, Joel Ackerman, Thomas
Shutsky and Krista Dobo

Pfizer Inc., Drug Safety Research and Development, Genetic
Toxicology, Groton, CT, USA.

It is generally accepted that DNA reactive compounds
exhibit linear dose responses. However, it has recently been
demonstrated that at least some mutagens exhibit a sub-linear
dose response. Evidence of a sub-linear dose response could
be beneficial in the management of pharmaceutical genotoxic
impurities if it allowed for daily exposures above the default
control level for mutagens of 1.5 pg/day, the Threshold of
Toxicological Concern. The aim of this work is to investigate
the dose response for a pharmaceutically relevant alkyl ester,
isopropyl methanesulphonate (IPMS). The induction of
mutations in the peripheral blood of Wistar rats dosed with
IPMS either acutely (single doses) or sub-chronically over
28 days was examined using the in vivo Pig-a mutation assay.
With both acute and chronic administration of IPMS, mutations
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accumulated over the course of the study. The dose—response
curve appeared to be linear in nature at acute doses of 3.5—
56 mg/kg, while with chronic dosing only total cumulative doses
of 14-56 mg/kg appeared linear based on an ~2-fold increase
in mutant frequency with a doubling in dose. Additionally, a
comparison of the mutant frequency from acute and 28-day
dosing regimens indicated a less than additive dose—response
relationships, such that a single dose resulted in a much higher
mutant frequency than the same dose fractionated over 28 days.
The data suggest a sub-linear dose-response for IPMS.

18. Genotoxic impurities: boring ... but important?
Jim Harvey
Safety Assessment, GSK, Ware, UK.

The EMEA and FDA genotoxic impurities guidance was issued
to address the widely acknowledged deficiencies regarding im-
purity assessment outlined in ICH Q3A/B and the subject area
is now the subject of an ICH guidance process. The guidance
has had a profound effect on the drug design and development
process and has also influenced the field of genetic toxicology.
It is now widely accepted that there are exposure levels (i.e.
<1.5 pg/day) where the majority of non-thresholded direct acting
genotoxins represent a negligible risk to human health. Likewise
compound specific assessments based on in vivo mutagenicity
data (1) and or rodent carcinogenicity data (2) have been used to
define acceptable daily intakes of non-thresholded direct acting
presumptive or known genotoxic carcinogens that are in excess
of 1.5 pg/day. Negative (Q)SAR predictions alone are also now
considered sufficient to determine an impurities potential geno-
toxicity without any further follow up in vitro or in vivo testing.
This proposal has resulted in several initiatives to re-examine the
robustness and accuracy of the existing in silico (Q)SAR tools
used to predict mutagenicity (3). However certain subjects re-
main problematic, for example there is still no consensus on
whether any established acute in vivo genotoxicity studies can
discharge the perceived risk associated with an Ames mutagenic-
ity finding, or whether it can only be discharged by negative car-
cinogenicity studies. In short, the subject of genotoxic impurities
may appear boring, but it has become incredibly important from
both a genetic toxicology and drug development perspective.

References

1. Gocke, E. and Miiller, L. (2009) In vivo studies in the mouse to define a
threshold for the genotoxicity of EMS and ENU. Mutat. Res., 678, 101-7.

2. Callis, C. M., Bercu, J. P.,, DeVries, K. M., Dow, L. K., Robbins, D. K. and
Varie, D. L. (2010) Risk assessment of genotoxic impurities in marketed
compounds administered over a short-term duration: applications to oncol-
ogy products and implications for impurity control limits. Organic Process
Res. Dev., 14, 986-92.

3. Dobo, K. L., Greene, N., Fred, C., Glowienke, S., Harvey, J. S., Hasselgren,
C., Jolly, R., Kenyon, M. O., Munzner, J. B., Muster, W., Neft, R., Reddy,
M. V., White, A. T. and Weiner, S. (2012) In silico methods combined with
expert knowledge rule out mutagenic potential of pharmaceutical impuri-
ties: An industry survey. Regul. Toxicol. Pharmacol., 62, 449-55.

19. Should boronic acids be controlled as genotoxic impurities?
Mike O’Donovan

AstraZeneca R&D, Alderley Park, Macclesfield, Cheshire SK10
4TG, UK.

Boronic acids are increasingly common intermediates in the syn-
thesis of pharmaceuticals and as such are potential impurities in
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drug substances. Originally non-alerting in any SAR prediction
of genotoxicity, an example was found to be a bacterial muta-
gen when tested for occupational safety purposes. Subsequently
40-70% of all boronic acids tested have been shown to be mu-
tagenic. Typically only strains TA100 and WP2uvrA(pKM101)
are reverted but a subset are also detected by TA1537; metabolic
activation is generally not necessary. The mechanism of action
is not known but **P-postlabelling studies indicate DNA reactiv-
ity may not be responsible (1) and, therefore, boronic acids may
be a novel class of bacterial mutagen. Formation of epoxides
and ‘boronation’ have both been suggested to be responsible
for the bacterial mutagenicity and initial results indicate that
genotoxicity is not seen in mammalian cells in vitro. Until the
mechanism is fully understood it is prudent to control boronic
acids as genotoxic impurities but there would be clear commer-
cial benefit if this could be shown not to be necessary. At this
stage it is not clear what data are required to establish whether
or not boronic acids represent a real genotoxic risk.
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20. Dose response relations: the impact of non-linearity

M. Guérard, T. Singer and E. Gocke

F. Hoffmann-La Roche AG, pRED, Pharma Research & Early
Development, Basel CH-4070, Switzerland.

As pointed out in Kroes et al. (1) and the EMEA guideline on the
limits of genotoxic impurities (2) the calculation of the generic
TTC value encompasses a multitude of conservative (worst
case) assumptions. Among these the ‘low dose linearity’ concept
for genotoxic carcinogens is possibly the most conservative
presumption as demonstrated in two recently published studies:
(1) For the exemplary alkylating agent ethylmethanesulphonate
(EMS) the dose response relations were shown to be distinctly
thresholded (3). Therefore, the carcinogenic dose response of
EMS must also be thresholded. (ii) For the potent genotoxin
dibenzo[a,l]pyrene (IARC class 2B) a clearly sublinear dose
response was demonstrated in a ‘mega cancer’ study in the
rainbow trout (4). Based on these data we estimate the factor
by which the ‘linear dose response concept’ overestimates the
‘true’ cancer incidence in the very low dose region.
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21. The hormetic dose response
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School of Public Health, Morrill 1, N344, University of
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Abstracts

Hormesis is a dose-response concept that is characterised by
low-dose stimulation and high-dose inhibition. The hormetic
dose response is the most fundamental dose response, signifi-
cantly out-competing other leading dose-response models in
large-scale, head-to-head evaluations used by regulatory agen-
cies such as the EPA and FDA. The hormetic dose response is
highly generalisable, being independent of biological model,
endpoint measured, chemical class, physical agent (e.g. radia-
tion) and interindividual variability. Hormesis also provides a
framework for the study and assessment of chemical mixtures,
incorporating the concept of additivity and synergism. Because
the hormetic biphasic dose response represents a general pat-
tern of biological responsiveness, it is expected that it will
become progressively more significant within toxicological
evaluation and risk assessment practices as well as having nu-
merous biomedical applications.

22. Nanomaterials in the life cycle

Hékan Wallin"* Anne Thoustrup Saber', Ismo K. Koponen',
Keld Alstrup Jensen' and Ulla Vogel'*

!National Research Centre for the Working Environment,
Copenhagen, Denmark; ‘Institute of Public Health,
Copenhagen University, Copenhagen, Denmark; 3Department
of Micro- and Nanotechnology, Danish Technical University,
Kgs. Lyngby, Denmark.

Nanomaterials (NM) are used as major or minor components
in many products. Almost exclusively, the risks and hazards of
NM have been studied with pristine nanomaterials but how the
toxicity of NM is affected when it occurs as a minor or ma-
jor component in a product has not been studied well at all.
In the NanoKem and NanoSustain projects we investigated
toxicity of a few nanomaterials pristine and as occurring in
sanding dusts of complex matrices. The dusts were generated
under conditions that simulate situations where workers sand
paint- or composite plastic surfaces. We think that the sand-
ing may also represent abrasive processes in work places or
in the environment. We characterised the dust aerosols in de-
tail and collected dust with an electrostatic precipitator (1).
The dusts (and the pristine materials in parallel) were tested
in mice and in cells in culture for genotoxicity, inflammation,
and cytotoxicity (2,3). We argue that the toxicity of TiO, is ob-
scured when it is included in a typical paint matrix. However
the toxicity of ZnO is conserved when it occurs in a complex
window-glass treatment product. We need to know more on
different exposure scenarios throughout the life cycle and we
need to study biological effects of complex mixtures with NM
before we can make valid predictions on the safety of NM. The
research leading to these results has received funding from
the Danish Working Environment Research Fund (Nanokem,
grant #20060068816) and the European Community’s Seventh
Framework Programme (FP7/2007-2013) under grant agree-
ment no. 247989 (NanoSustain).
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23. Engineered nanomaterials’ genotoxic effects—how to
better define and find them?

Edyta Bajak, Jessica Ponti and Francois Rossi
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The unique and diverse bio-physico-chemical characteristics
of engineered nano-scale materials (ENMs) suggest that their
toxicological properties may differ from the corresponding
bulk materials. Therefore, better understanding of (geno)
toxic potential of nanomaterials, including nanoparticles
(NPs), is required for hazard identification and evidence-
based risk assessment of ENMs. The main goal of our research
is to perform toxicological profiling of ENMs and NPs. In
our studies we apply a tiered experimental approach. First,
detailed physico-chemical characterisation of nanoparticles
is performed. Consequently, well characterised nanomaterials
are tested for their biological effects using in vitro systems
(e.g. Balb/T3T cells). We examined cellular functions
upon exposure to ENMs, in particular to multiwall carbon
nanotubes (mwCNTs), SiO, and cobalt ferrite NPs using a
battery of different methods. This included assessment of
NP-cell interactions (electron transmission and fluorescent
microscopy), cytotoxicity (colony forming efficiency assay;
CFE), genotoxicity (micronucleus and comet assays),
carcinogenic potential (cell transformation assay; CTA) and
changes in mRNAs expression levels (transcriptomics). In the
case of mwCNTs, combinational approach showed negative
cytotoxicity and genotoxicity results. However, carcinogenic
potential and mwCNT interaction with cells were evident
under given experimental conditions. We stressed that assays
detecting long-term effects in parallel with a panel of tests
for more immediate effects on cell biology must be taken into
account when studying nanomaterials. Standard end-points and
new biomarkers defining genotoxicity, carcinogenic potential
as well as novel genotoxic stress detection methods should be
developed, validated and incorporated into nanotoxicological
research and risk assessment of ENMs and NPs.
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Superparamagnetic iron oxide nanoparticles (SPION) hold
immense potential in a variety of biomedical applications
such as, magnetic resonance imaging, targeted delivery of
drugs and tumour destruction. Though the influence of phys-
ico-chemical features on toxicity of nanomaterials is increas-
ingly becoming evident, data however, are lacking that assess
an array of such characteristics in parallel. The aim of this
study was to characterise coated or uncoated SPION of dif-
ferent chemical compositions, determine cellular uptake, and
their potential cytotoxic and genotoxic effects. Human MCL5
lymphoblastoid-B cells were exposed to different SPION: dex-
tran or PEG-coated maghemite, dextran or PEG-coated mag-
netite, uncoated maghemite or uncoated magnetite (0—100 pg/
ml). Physico-chemical characterisation on all SPION was
performed. Ferrozine assay and TEM analysis were used to
determine cellular uptake. Genotoxicity was assessed by the
micronucleus assay with cytotoxicity measured in parallel.
Mass spectrometry was used to determine the levels of five
different DNA lesions: 8-hydroxyguanine (8-OH-Gua), thy-
mine-glycols (TGs), 5-hydroxy-5-methylhydantoin (5-OH-
5-MeHyd), 4,6 diamino-5-formamidopyrimidine (FAPyA)
and 6-diamino-4-hydroxy-5-formamidopyrimidine (FAPyG).
Dextran or PEG-coated maghemite showed significant cellular
uptake and DNA damage in the absence of any cytotoxic ef-
fects. DNA lesion quantification showed significant increases
in 8-OHGua, FapyG, FapyA and TG only for dextran-coated
maghemite. Pre-treatment with N-acetyl-L-cysteine (NAC)
significantly reduced the micronuclei frequency, suggesting a
direct role of oxidative stress in the induction of chromosomal
damage. The increased size of PEG-coated maghemite loaded
endosomes may modulate actin cytoskeleton/cell division re-
sulting in the formation of micronuclei. All other SPION did
not show cellular uptake or genotoxicity; both seemed to be
influenced by several factors such as, agglomeration, surface
coating and iron redox state. Despite lack of cytotoxicity, the
study showed genotoxic response with or without induction of
oxidative stress. As human exposure to ferrofluids is expected
to increase in nanomedicine-based therapeutics, these findings
are important in guiding the fabrication and biocompatibility
of SPION.
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The wunique properties of nanomaterials may cause
adverse biological effects that are different from their bulk
counterparts. It is important to evaluate whether the currently
used genotoxicity tests are adequate to detect the potential
genotoxicity of nanomaterials. Genotoxicity of titanium
dioxide nanoparticles (TiO,NPs) and silver nanoparticles
(AgNPs) were evaluated using the Ames test, the in vivo and in
vitro comet assay, the mouse lymphoma gene mutation assay,
the mouse Pig-a mutation assay, and the in vivo and in vitro
micronucleus assays. The evaluation of 10nm TiO,NPs and
5nm AgNPs using the Ames test showed that the nanoparticles
did not enter the bacteria and were consequently not mutagenic.
Uncoated 5nM AgNPs entered and induced mutations in mouse
lymphoma cells most likely via an oxidative stress mechanism.
Likewise, micronuclei in TK6 cells were increased by AgNPs in
a dose-, size- and surface coating-dependent manner. Exposure
analysis indicated that 10 nm TiO,NPs entered cells in vitro and
damaged DNA, as measured by the comet assay, in TK6 and
L5178Y mouse lymphoma cells, yet did not induce mutation.
In vivo, they induced DNA damage in mouse liver, lung, spleen
and bone marrow, but were negative in the in vivo micronucleus
assay, and the Pig-a mutation assay. These investigations
underscore the importance of nanomaterial physicochemical
characterisation and exposure assessment for interpretating
genetic toxicology studies. Our results suggest that the Ames
test may not be responsive to the treatment of nanomaterials
while the comet assay is very sensitive to the insults of the
nanomaterials, and may respond positively to exposures that
do not appear to induce mutations or chromosomal damage.
More research, using a much wider array of nanomaterials, is
required before drawing final conclusions as to the capability
of the genetic toxicology assays for assessing the potential
genotoxicity of nanomaterials.

26. Effect of benzo[a]pyrene metabolism on cells and
vice versa

Volker M. Arlt

Analytical and Environmental Sciences Division, MRC-HPA
Centre for Environment & Health, King’s College London,
London SE1 9NH, UK.

Although discovered and identified more than 75 years ago, the
environmental carcinogen benzo[a]pyrene (BaP) is still widely
studied and has become a standard test agent for exploring the
metabolic capacity of biological systems and the responses of
cells or tissues in vitro and vivo to external genotoxic insult.
In all these studies, the principle pathway of activation dem-
onstrated is via the formation of BaP-7,8-dihydrodiol-9,10-
epoxide (BPDE) to form an adduct with the N? position of
guanine (dG-N*-BPDE) which can induce gene mutations in
vivo in transgenic rodent mutation assays. In cells in culture
this pathway is mediated by cytochrome P450 (e.g. CYP1A1
and CYPI1B1), but it now appears that in vivo P450 metabo-
lism acts primarily to detoxify BaP. Gene expression changes
in vitro can be categorised as either resulting from induc-
tion of the Ah receptor, or from causation of DNA damage.
In cells that are p53 competent BaP causes accumulation of
p53, evident at the protein level but not at the mRNA level.
DNA adduct formation by BaP, but not by BPDE, appears to
be p53 dependent, indicating that loss of p53 affects metabolic
activation. We also found that cells are more susceptible to
BaP in a particular phase of the cell cycle. Higher levels of
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DNA damage occurred in S- and G,/M- compared with G /G -
enriched cultures and correlated with higher levels of CYP1A1
and CYP1BI1 protein expression. In contrast, BPDE did not
result in significant changes in DNA adduct levels at different
phases of the cell cycle. Meanwhile in vivo studies show that
BaP forms DNA adducts with equal measure in both target and
non-target tissues, while gene expression changes are organ
specific. Further insights into the complexities of interactions
of BaP with mammalian cells may shed further light on mecha-
nisms of carcinogenicity.

27. Molecular epidemiology of aflatoxin exposure and
child health

Michael N. Routledge and Yun Yun Gong

Molecular Epidemiology Unit, Division of Epidemiology,
LIGHT, School of Medicine, University of Leeds, Leeds LS2
9JT, UK.

Dietary aflatoxin B, (AFB,) exposure occurring through the
consumption of contaminated maize and groundnuts has been
significantly associated with liver cancer incidence in regions
of high aflatoxin exposure and impaired child growth in West
Africa (1). The aflatoxin-albumin adduct (AF-alb) is a well
validated biomarker of exposure that has been applied to sev-
eral population studies in Africa, providing a reliable marker of
individual exposure for assessing the contribution of aflatoxin
to human health effects (2). The AF-alb biomarker has been ap-
plied to a number of molecular epidemiology studies, including
a recent study in Kenya, in which the biomarker was used to
identify a novel association between aflatoxin and hepatomeg-
aly (3), and a recent study of child exposure in three regions of
Tanzania. Current work is focused on the application of epige-
netic and gene expression methods to explore possible mecha-
nisms of aflatoxin related child growth impairment. We have
evidence that AFB, can affect IGF gene expression in vitro and
protein levels in vivo, suggesting that a disrupted IGF growth
axis may have a role to play in aflatoxin exposure-related child
growth impairment. Further research would be necessary to
identify other mechanisms and factors that contribute towards
aflatoxin-induced child growth retardation.
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28. In vitro protective effects of quercetin in MCF-7 cells
despite an underlying toxicity profile

Blessing E. Obinaju and Francis L. Martin

Centre for Biophotonics, LEC, Lancaster University, Lancaster
LAl 4YQ, UK.

Flavonoids occur in the human diet, generally as glycosylated
and sulphated derivatives. They appear to possess bioactive
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potential and are often evaluated for their chemopreventative
properties. Quercetin is a flavonol found in onions, apples, tea
and red wine. Although known for its beneficial bioactivity,
it is known to be mutagenic (1) and growth retarding (2) in
short-term in vitro tests. This study evaluated quercetin (geno)
toxicity in MCF-7 cells, with benzo[a]pyrene (B[a]P) as a posi-
tive control. In the clonogenic assay, dose-related reductions
[0.01,0.1,0.5 (P £0.05), 1.0 (P £0.005), 10.0 (P <£0.005) and
100.0 uM (P < 0.005)] in survival were noted compared with
vehicle (DMSO) control following 24-h treatment. That said,
lower quercetin concentrations (1.0 uM) appeared to inhibit
B[a]P-induced toxicity. In line with this, quercetin (=0.5 uM)
was micronucleus-forming, inducing 2-fold increases in micro-
nuclei determined in the cytokinesis-block micronucleus assay.
However, it appeared to again reverse B[a]P-induced increases
in micronucleus formation. These findings were associated
with a modulation of B[a]P-induced increases in P2]WAFI/CIPI
expression, as determined by real-time RT-PCR. Our results
tentatively support the in vivo protective properties of quercetin
whilst highlighting discrepancies that may emerge with in vitro
testing.
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1. Bjeldanes, L. F. and Chang, G. W. (1977) Mutagenic activity of quercetin
and related compounds. Science, 197, 577-8.

2. Morris, J. D. H., Pramanik, R., Zhang, X., Carey, A. M., Ragavan, N,
Martin, F. L. and Muir, G. H. (2006). Selenium- or quercetin-induced re-
tardation of DNA synthesis in primary prostate cells occurs in the presence
of a concomitant reduction in androgen-receptor activity. Cancer Lett., 239,
111-22.

29. Modifications to the human 7P53 knock-in mouse fibro-
blast immortalisation assay for studying 7P53 mutations
induced by environmental carcinogens

Jill E. Kucab!, Mirjam Luijten?, Harry van Steeg?, David
H. Phillips' and Volker M. Arlt!

'Analytical and Environmental Science Division, School of
Biomedical Sciences, King’s College London; *National Institute
of Public Health and the Environment, The Netherlands.

The Hupki (Human 7P53 knock-in) mouse embryo fibroblast
(HUF) immortalisation assay (HIMA) is an important model
for studying the impact of environmental carcinogen exposure
on TP53 mutagenesis (1). However, the TP53 mutation fre-
quency of the HIMA remains low (<25%) and the assay is not
selective for only 7P53-mutated cells. We investigated whether
nucleotide excision repair (NER)-deficient HUFs would have
a higher frequency of mutation and sought ways to improve
the selectivity of the assay. Firstly, Hupki mice were crossed
with Xpa(—/-) mice to generate (NER)-deficient HUFs. Xpa(—
/-) and Xpa(+/+) HUFs were exposed to the diesel carcinogen
3-nitrobenzanthrone (3-NBA) to assess viability, DNA adduct
formation and 7P53-mutagenesis in the HIMA. Secondly,
immortalised clones from the HIMA were screened with the
pS53-activating compound Nutlin-3a to determine whether it
can be used to discriminate between TP53-mutated and TP53-
wild-type clones. We found that 3-NBA-treated Xpa(—/~) HUFs
had a greater loss of viability than Xpa(+/+) HUFs, but had
a similar level of DNA adducts. Furthermore, 3-NBA induced
the same frequency of 7P53 mutations in immortal clones of
Xpa(—/-) (21.7%) and Xpa(+/+) (23.3%) HUFs, as detected by
sequence analysis, with a predominant mutation type of G to
T transversions in both cell types. Treatment of immortalised
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HUFs with Nutlin-3a selectively inhibited the growth of clones
containing wild-type TP53, thereby improving selection for
TP53-mutated clones in the HIMA. In conclusion, NER-
deficiency did not increase 3-NBA-induced mutation frequency
in the HIMA. However, we show that Nutlin-3a can be used to
identify TP53-mutants prior to sequencing and eliminate p53-
wild-type clones, which significantly improves the specificity
and efficiency of the assay.
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1. Kucab, J. E., Phillips, D. H. and Arlt, V. M. (2010) Linking environmental
carcinogen exposure to 7P53 mutations in human tumours using the human
TP53 knock-in (Hupki) mouse model. FEBS J., 277, 2567-83.

30. The histone tale: the role of BRCA1-dependent ubiqui-
tylation in dealing with genotoxic stress

Kevin Hiom

Division of Cancer Research, Medical Research Institute,
University of Dundee, UK.

Exposure of cells to genotoxic agents may cause the generation
of double stranded breaks (dsb), either directly or through
the replication of DNA containing other lesions. To counter
this threat cells have developed pathways to repair dsb such
as non-homologous end-joining (NHEJ) and homologous
recombination (HR). Whilst the repair of breaks by NHEJ is
error-prone, the repair of breaks by HR is largely error-free.
Therefore, an important question is, how do cells maximise
the repair of dsb through HR to promote the maintenance
of genome stability? A key component in the signalling
and repair of DNA damage by HR is the tumour suppressor
protein BRCAL1. The function of BRCA1 in HR is mediated
through its association with several key partner proteins, the
most important of which is BARDI. The interaction with
BARDI serves two purposes: Firstly it retains BRCA1 in the
nucleus by occluding a nuclear export signal and secondly, it
enhances the only known biochemical activity for BRCAL, as a
ubiquitin (E3) ligase. We analysed the ubiquitin ligase function
of BRCA1 and demonstrated that an important substrate for
this activity is nucleosomal histone H2A. Moreover, we show
how ubiquitylation of the histone H2A C-terminal tail has
the capacity to alter chromatin folding. We speculate how
BRCAI1-dependent ubiquitylation of H2A can promote the
repair of genotoxic dsb by homologous recombination for
increased genome stability and prevent the harmful genomic
rearrangements that are associated with the development of
cancer.

31. An ‘omics’ based method for sensitively measuring
genetic damage

Simon H. Reed', Mark Bennett!, Yumin Teng'!, Shirong Yu!,
Katie Evans', Raymond Waters! and Andy Higgs>

'Pathology, Cardiff University, Cardiff, UK; ?Agilent
Technologies UK Limited, 610 Wharfedale Road, Wokingham,
Berkshire, UK.

DNA damage can occur via a wide variety of genotoxic agents
which can compromise a genome’s integrity. This DNA damage
if left unrepaired can cause the generation of genetic mutations
that are often associated with diseases including cancer. Being
able to sensitively measure the location and the level of DNA
damage induced throughout the genome is crucial to being able
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to determine the mechanism of genotoxicity and the DNA re-
pair pathways that promote genome stability. Using ultraviolet
light as a paradigm for DNA damage induction, we have de-
veloped a novel technique which uses Agilent Technologies’
Chip on Chip DNA microarrays that is capable of sensitively
measuring the levels and distribution of DNA damage and
its repair throughout an entire genome. Our method involves
the affinity capture of damaged DNA and its separation from
undamaged parts of the genome. By hybridising the captured
damaged DNA to Agilent’s whole-genome DNA microarrays,
we are able to sensitively measure the levels of DNA damage
and their precise location throughout the genome. Repeating
this process at various times after the induction of DNA dam-
age permits a sensitive and high-resolution estimation of DNA
repair capacity throughout the genome. In partnership with
Agilent Technologies, we are adapting our technique which
was originally developed using a model organism for use in
the human context. We aim to develop an in-vitro alternative to
existing animal-based genetic toxicology assays for use in the
chemical, cosmetic and pharmaceutical industries. Our aim is
to improve genotoxicity testing in humans, as well as elucidat-
ing the underlying mechanisms of genotoxicity.

32. Development of the PARP inhibitor olaparib to generate
new therapies for cancer patients

Mark J. O’Connor

AstraZeneca, Mereside, Alderley Edge, Macclesfield, Cheshire
SK10 4TG, UK.

Inhibitors of DNA damage response (DDR) pathways offer an
exciting new opportunity for identifying targeted cancer thera-
pies. In addition to the potential to enhance the effectiveness
of DNA damaging chemotherapies and ionising radiation treat-
ment, DDR-inhibitors also have the possibility for single-agent
activity in specific tumour genetic backgrounds. This is exem-
plified by inhibitors of the DDR protein poly (ADP-ribose)
polymerase (PARP). Olaparib is a PARP inhibitor currently in
Phase II clinical trials, and has been shown to induce tumour-
specific cell death (synthetic lethality) in DNA double strand
break (homologous recombination) repair deficient cancers,
such as those with BRCA1 or BRCA2 mutations and more
recently has been shown to have broader anti-cancer activity.
In addition to utility as single agents, PARP inhibitors can be
combined with DNA damaging chemotherapies. However, in
the clinic increased bone marrow toxicity has been reported.
We have set up rodent preclinical models to assess these com-
bination toxicities and identify dose and schedules that may be
translated into the clinic.

33. The 3D skin micronucleus assay: international efforts
towards validation

Marilyn J. Aardema' Shambhu Roy? and Stefan Pfuhler?
'Marilyn Aardema Consulting, LLC Fairfield, OH, USA; *The
BioReliance Corp., Rockville, MD, USA; *Procter & Gamble
Co., Cincinnati, OH, USA.

3D models are increasingly used for predictive toxicology in-
cluding genotoxicity testing. This is driven by ethical, time,
and cost considerations, as well as an emphasis on animal re-
duction. In vivo genotoxicity assays were banned for testing
cosmetic ingredients March 2009 (7th amendment to the EU
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Cosmetic Directive). Relying solely on in vitro genotoxicity as-
says that have a high rate of misleading positive results would
greatly limit new product development. For this reason, geno-
toxicity assays in 3D models have been developed for use as
a follow-up for positive results from the current in vitro geno-
toxicity battery (1). 3D models allow for more natural cell-cell
interactions and demonstrate key ‘in vivo-like’ characteristics
such as proliferation, differentiation, morphology, gene/protein
expression/function. 3D skin models have been successfully
established for genotoxicity testing for dermal compounds and
are currently involved in an international Cosmetics Europe
validation exercise. A detailed protocol and scoring atlas for
the 3D micronucleus (RSMN) assay using EpiDerm™ skin
models was published by (2). Data from the pre-validation
showed strong intra- and inter-laboratory reproducibility (3).
The number of coded chemicals was extended to 28 (focused
on in vivo non-genotoxic non-carcinogens) with results dem-
onstrating > 80% specificity. A limited number of carcinogens
were tested of which 5/7 were correctly predicted. Additional
genotoxic carcinogens are being tested. Overall, combining the
Cosmetics Europe project and previously published data, more
than 40 chemicals have been evaluated in the RSMN assay in
the EpiDerm™ model and the results demonstrate over 85%
concordance with rodent carcinogenicity. The RSMN assay has
recently been validated for use as a GLP assay.
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Arras, G., Faquet, B., Ginestet, A. C., Mun, G. C., Dahl, E. L., Hewitt, N. J.,
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34. Comet assay with reconstructed 3D human skin: results
from a multi-laboratory comparison

Stefan Pfuhler

Procter & Gamble Co., Cincinnati, OH, USA.

Cosmetics Europe (formerly COLIPA) initiated a multi-lab-
oratory project to establish in vitro genotoxicity assays (mi-
cronucleus and comet assays) using reconstructed 3D human
skin tissues. In ‘Phase 2’ of the project intra- and inter-labora-
tory reproducibility was assessed using five coded chemicals.
MatTek’s EpiDerm™ human skin model tissues were topically
exposed to these chemicals for 3 h followed by isolation of basal
keratinocytes which were then assessed for DNA damage using
the alkaline comet assay. Compounds were double-blinded and
tested at least twice at three different laboratories, and results
were decoded and evaluated by an external statistician using
predetermined criteria. All laboratories found clear increases
for all three in vivo mutagens tested, methylmethanesulpho-
nate and N-ethyl-N-nitrosourea and 2,4-diaminotoluene. Two
non-carcinogens were also tested. For the first, cyclohexanone,
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no DNA damage was observed except in one laboratory, and
the second, p-nitrophenol, was negative in all laboratories as it
showed significant DNA damage only at doses exceeding the
cytotoxicity cutoff (>30% cell loss). Phase 2 results demon-
strated good reproducibility as all three genotoxic carcinogens
were correctly predicted in all laboratories and both non-car-
cinogens were negative except for one false positive prediction
in one laboratory. Our data support that the comet assay in re-
constructed 3D EpiDerm™ human skin is a relevant model for
genotoxicity testing of dermally applied chemicals. For the next
phase of the project efforts will be combined with a German
project and it is planned to test thirty coded chemicals among
five laboratories in two reconstructed human skin models.

35. MucilAir™ versus RAW264.7 cells in nanotoxicology
Frederique A. A. van Acker!, Mariska Grollers?, Astrid
A. Reus,'Yvonne C. M. Staal' and C. Frieke Kuper?

'TNO Triskelion, Utrechtseweg 48, Zeist, The Netherlands;
’TNO, Utrechtseweg 48, Zeist, The Netherlands.

Predictive in vitro tests are needed to rank nanomaterials ac-
cording to toxicity and bioavailability, in order to determine
priority for subsequent in vivo testing. In vitro nanomaterials
are predominantly studied in A549 (representing alveolar epi-
thelial cells) or RAW264.7 (representing macrophages) cells.
Using human 3D airway models opens up new possibilities in
testing nanomaterials. The 3D models consist of fully differen-
tiated human respiratory epithelial cells and allow relevant ex-
posure via air as they are cultured at an air-liquid interface. To
investigate the applicability of human 3D airway models in the
safety assessment of nanomaterials, we compared the toxicity
of SiO, and CeO, nanoparticles on MucilAir™ (EpiThelix Sarl)
to RAW264.7 macrophages. Mucil Air™ inserts and RAW264.7
cells were exposed for 24 h to the nanoparticles via droplet ex-
posure on the tissue surface and via the medium, respectively.
Cytotoxicity was measured by LDH and TEER (MucilAir™)
or MTT (RAW264.7). Various cytokines were analysed in cul-
ture medium as a measure for inflammation. Oxidative stress
and genotoxicity were evaluated by HO-1 expression and
Comet assay, respectively. In RAW264.7 cells, SiO, and CeO,
were cytotoxic at similar concentrations, but SiO, induced only
TNF-a, whereas CeO, induced only HO-1 expression and %
tail DNA. In MucilAir™, no significant effects were seen on all
endpoints tested up to 10-fold higher concentrations. It seems
MucilAir™ is less sensitive compared with cell lines towards
particle induced toxicity. This may be more realistic, as interac-
tion of particles with mucus is taken into account and the cells
are and morphologically similar to human airway epithelium, in
contrast to RAW?264.7 cells. In future, we will further assess the
applicability of human 3D airway models by exposure via dif-
ferent routes and compare the results with both cell culture and
in vivo inhalation data. Ultimately, these models may be useful
in the safety evaluation of engineered nanomaterials.

36. 3D spheroidal fish hepatocytes as an alternative in vitro
model for environmental toxicology

Matthew G. Baron' %, Stewart F. Owen?, Wendy M. Purcell',
Simon K. Jackson' and Awadhesh N. Jha!

!School of Biomedical and Biological Sciences, Plymouth
University, Plymouth PL4 8AA, UK; °AstraZeneca Safety
Health and Environment, Brixham Environmental Laboratory,
Brixham TQ5 8BA, UK.
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The development and validation of reliable in vitro methods
that offer an alternative to conventional in vivo studies is
rapidly becoming an important tool to determine the toxicity
of chemicals and contaminants. In common with mammalian
systems, three-dimensional (3D) cell culture systems that can
mimic the micro-environment of target-organ tissue could
serve as an alternative in vitro model for eco- and genotoxicity
testing. Through an iterative process, we established a protocol
for the routine formation of 3D rainbow trout (Oncorhynchus
mykiss) primary hepatocyte spheroids and as a prerequisite,
characterised their biochemical organ-functionality, with
comparisons to immature aggregate and 2D monolayer
cultures (plated from the same individual fish). Spheroids
displayed significantly higher levels of glucose production
and albumin synthesis compared with 2D cultures (P < 0.01),
much like the levels detected in organotypic fish liver slices
and mammalian spheroids. A significantly lower level of
basal lactate dehydrogenase leakage (P < 0.01) suggests a
high degree of membrane integrity within the spheroids, an
important criterion for longevity in culture. Spheroids also
maintained (a) the morphological characteristics of in vivo liver
tissue, with tight cell-cell contacts; (b) histological architecture
and (c) F-actin expression. Since it is also possible to culture
individual spheroids for up to a month, there is potential for this
work to lead towards in vitro bioaccumulation alternatives and
to conduct high throughput screens of chronic exposure over
weeks that will demonstrate the metabolic loss of the parent
toxicant, or molecular detoxification in a manner that has
not previously been possible in the relatively short exposure
times of suspensions (hours) or 2D culture (up to 4 days). We
believe the methodology developed has the potential to provide
realistic organotypic responses in vitro, providing an alternative
approach to exposing large numbers of fish to toxicants which
could also be translated to mammalian studies.

37. Technical considerations and imaging strategies with
the EpiDerm™ 3D human skin model

John W. Wills', Adam D. Thomas', Kate E. Chapman', Thierry
Maffeis?, Gareth J. S. Jenkins' and Shareen H. Doak!

ICollege of Medicine, Swansea University, Swansea SA2 8PP,
UK; *College of Engineering, Swansea University, Swansea
SA2 8PP, UK.

The rapid growth of the nanotechnology industry increas-
ingly demands the use of in-vitro toxicology assays for cost
effective safety assessment. The development of a 3D micro-
nucleus assay utilising EpiDerm™ tissue is therefore of key
interest as human skin represents a key barrier/exposure route
to environmental and occupational nanomaterial exposures.
Optimisation work at Swansea University using paraformal-
dehyde fixed, paraffin embedded sections stained with haemo-
toxylin and eosin showed clear growth and differentiation of
the tissue model across the assay time period that was morpho-
logically unaffected by inclusion of cytochalasin-B. Resulting
binucleate frequencies in control tissues showed excellent re-
producibility averaging 56% (SD=6%, n = 3). A statistically
significant (P < 0.01) increase in micronucleus frequency
relative to control was observed following 48hr treatment with
6 pg/ml mitomycin-C (n = 3). Preparatory work for studying
nanoparticles included cryo scanning electron microscopy to
assess the preserved agglomerative state and deposition ho-
mogeneity of 85nm amorphous silica and 20nm polystyrene
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latex nanoparticles after topical application to the EpiDerm™
tissues. Tissue sections (1, 3 and 6 microns) were further im-
aged using transmitted differential interference contrast confo-
cal microscopy: images collected using this method provided
excellent structural information and the use of automated tile
scanning/image stitching algorithms allowed a large tissue
area to be assessed. It is suggested this technique could be
well suited to study the ability of fluorescent nanoparticles to
penetrate the stratum corneum, or for visualisation of in-situ
immunohistochemical markers. Our initial work suggests that
3D tissue models such as the EpiDerm™ construct are ide-
ally suited to the challenge of engineered nanomaterial safety
assessment.

38. The effect of blood sampling on micronucleus frequency
in the Han Wistar rat

Ann Doherty, Jennifer Molloy, Mark Pinches, John Foster and
Mike O’ Donovan

AstraZeneca Pharmaceuticals Safety Assessment Alderley Park
Macclesfield, UK.

The in vivo bone marrow micronucleus test is a widely used
short term genotoxicity assay capable of detecting clastogenic
and aneugenic activity. The principle of the assay is that mi-
cronuclei present in immature erythrocytes form as a result of
either acentric chromosome fragments or whole chromosome
loss which fail to attach to the mitotic spindle during the eryth-
roblasts’ final cell division. The assay has been extensively
used over several decades, yet the need to understand factors
that influence results remains. The objective of this project was
to evaluate the effect of blood sampling on micronucleus (MN)
frequency in the Han Wistar rat. Micronucleus assessment
was also performed using recombinant human erythropoietin
(rhEPO). Animal acclimatisation was also assessed for its af-
fect on micronucleus frequency. The acclimatisation periods
investigated gave similar MIE frequencies. As a consequence
of this, the reduced period has been introduced into all in vivo
genotoxicity studies performed at AstraZeneca (AZ), UK. EPO
treatment significantly increased the frequency of micronucle-
ated immature erythrocytes (MIEs) and stimulated erythro-
poiesis in the bone marrow of the Han Wistar rat. However,
blood sampling did not significantly increase MIE frequency
even with changes in haematology and bone marrow pathol-
ogy. The differences observed between EPO treatment and
blood sampling are considered to be attributable to the action
of EPO on the erythroid lineage. Furthermore, it is highly prob-
able that the levels of erythropoietin produced endogenously
in response to bloodletting were grossly exaggerated by EPO
treatment. Sampling the maximum volume of blood permitted
by the home office license held at AZ did not increase the mi-
cronucleus frequency in the bone marrow of the 10-week-old
Han Wistar rat. Individual laboratories are encouraged to assess
the effect of blood sampling on MN frequency using the labora-
tory’s preferred strain.

39. Evidence for a stem-cell lineage in human intestinal ad-
enocarcinoma using synchrotron radiation-based Fourier-
transform infrared microspectroscopy

Abdullah A. Ahmadzai, Imran 1. Patel, Valon Llabjani and
Francis L. Martin

Centre for Biophotonics, Lancaster Environment Centre,
Lancaster University, Lancaster LAI1 4YQ, UK.
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The epithelial-cell lining of the two anatomically and
functionally distinct segments of the mammalian intestinal
tract, small and large intestine, is constantly being renewed as a
result of continuous proliferation of intestinal stem cells (SCs);
this is to accommodate the gut-lining cells’ harsh environment.
Although intestinal SCs are thought to reside near the base of
the crypts, a lack of specific markers has hampered previous
attempts to identify their exact location. We obtained tissue
sections of small and large intestinal crypts derived from
normal or adenocarcinoma (AC) human intestine; these were
floated onto BaF, windows and interrogated using synchrotron
radiation-based  Fourier-transform  infrared  (S-FTIR)
microspectroscopy via an aperture size of 10 pm x 10 um. The
derived infrared (IR) spectral data were analysed using principal
component analysis (PCA) and/or linear discriminant analysis
(LDA). The cells within the normal crypts were then classed
based on their representative IR spectral scores clustering.
A clear cell lineage progressing from SCs to TA cells to TD
cells was observed in normal samples. On comparison of AC-
derived spectra versus corresponding normal, a sub-population
of AC-derived spectra exhibited a SC-like spectral fingerprint;
the remaining IR spectra were classed mostly as transient
amplifying (TA) cell-like with a smaller number exhibiting
terminally differentiated (TD) cell-like spectral characteristics.
Our findings point to a novel approach towards imaging and
identifying the in situ location of putative cancer SCs.

40. Aneuploidy levels in pancreatic intraepithelial neoplasia
Alina Morhan'2, Paul Griffiths!, Shareen Doak?, Tim Brown!,
Bilal Al-Sarireh! and Gareth Jenkins?

!Pancreatic Unit, Morriston Hospital, ABMU Health Board
Swansea, Swansea SA6 6NL, UK; 2DNA Damage Group, College
of Medicine, Swansea University, Swansea SA2 8PP, UK.

Pancreatic ductal adenocarcinoma (PDAC) has the highest can-
cer mortality rate (survival <4% at 5 years). Carcinogenesis is
initiated in precursor lesions like pancreatic intraepithelial ne-
oplasias (PanINs 1-3) and is marked by progressive accumu-
lation of genetic abnormalities, including chromosome copy
numbers anomalies (aneuploidy). This is a retrospective 2-year
study using archival tissue samples of pancreatic adenocarci-
noma containing intraductal premalignant lesions of each stage
as well as normal ducts. The technique involves fluorescence
in situ hybridisation to quantify chromosome copy numbers
for chromosomes 1, 6, 9, 18 (probes Vysis, UK). The deletions
and amplifications are analysed in correlation to the histologi-
cal stage to reveal progressive changes leading to PDAC. Over
100000 cells scored from 40 samples with various histological
stages revealed: the deletions levels are subject to bias from
tissue sectioning techniques and remain below the threshold
level [mean + 3SD] for a significant molecular event for all
probes; in PanIN 3 lesions the amplifications levels are sig-
nificantly higher (P = 0.039, 95% CI = 0.49-22.79) compared
with normal ducts for chromosome 1 and above the [mean +
3SD] level for all probes. Carcinogenesis in pancreatic cancer
is an intricate process and aneuploidy levels in PanIN lesions
can provide vital information towards prognosis and survival.

41. Utility of cell cycle changes to analyse nuclear content
distribution in bronchial epithelial cells by high content
screening

Anisha Banerjee

801

¥20¢2 Iudy 60 U0 1senb Aq 691.8901/68./9//Z/2101e/268INW/WO02 dNO"ojWepeoe//:sdiy Woij papeojumoq



Abstracts

British American Tobacco, Group Research and Development,
Southampton SO15 8TL, UK.

The cell cycle is controlled by a series of checkpoints and path-
ways, the deregulation of which can contribute to the development
of cancer. High content screening (HCS) is a cell based technol-
ogy which combines automated fluorescence microscopy with
multi-parameter quantitative image analysis to detect and quanti-
fy intracellular targets using fluorescent probes. In this study the
Cellomics® Arrayscan® VTi platform was used to measure DNA
content in various phases of the cell cycle in response to geno-
toxic and non-genotoxic compounds. Initially, human bronchial
epithelial (BEAS-2B) cells were exposed for 24h to a range of
compounds that were either non-carcinogenic (sodium chloride
(NaCl)), carcinogenic (potassium bromate (PB), N-methyl-N’-
nitro-N-nitrosoguanidine (MNNG)) or inhibitors of the cell cycle
(nocodazole). Post exposure, cell viability was assessed using the
CellTiter-Glo® assay. For each compound, a concentration that
gave 280% cell viability was selected for further analysis. Fixed
endpoint measurement of cell cycle distribution was achieved by
staining the cells with the nuclear dye Hoechst 33342, followed
by imaging on the Cellomics® platform. Data were exported and
analysed using Minitab® and GraphPad Prism®. Treatment with
200 uM NaCl resulted in a large G /G, peak representative of
diploid cells and a shorter G,/M peak representative of tetraploid
cells. Nocodazole (50 uM) treatment gave a single peak at the
G,/M position, confirming its cell cycle inhibitory activity. Both
25 uM MNNG and 1000 uM PB treatment resulted in a reduction
in the proportion of diploid cells and an increase in the propor-
tion of tetraploid cells. These data suggest that HCS is a suitable
alternative to flow cytometry for the detection of carcinogen-in-
duced cell cycle changes. As the Cellomics® platform can meas-
ure an array of endpoints from a single sample, it promises to be
a valuable tool for the assessment of the toxicological potential
of chemical agents.

42. The investigation of the increase in levels of aneuploidy
in progressive stages of gastric cancer: aneuploidy as a
cause or consequence?

Bushra Masood, Shareen H. Doak and Gareth J. S. Jenkins
DNA Damage Research Group, Institute of Life Science,
College of Medicine, Swansea University, UK.

Aneuploidy is a chromosome mutation that can occur in
somatic cells (mitosis) and gametes (meiosis). This mutation
causes the daughter cells upon division to hold a non-multiple
of the haploid number, where the number of chromosomes
are above or below the normal. One factor that can contribute
to aneuploidy is an error at the mitotic checkpoint, for which
component proteins have been discovered (1). Gastric cancer,
like many solid cancers, commonly contains aneuploid cells.
Indeed, we have previously shown that aneuploidy accumulates
during the histological progression, being first noted as early
as the gastritis stage (2). To further investigate the source
of this aneuploidy in inflamed gastric cells, this study has
mimicked stomach conditions in vitro to aneugenic potential
for acidity, bile acids and hydrogen peroxide in NCI-N87 and
AGS cells. Chronic and acute in vitro studies were performed
and ‘FISH’ used to identify aneuploidy. Bile acids and acidity
treated separately or in combination did not show aneuploidy
but upon the use of Metafer, chromosome painting and RT-
PCR, aneuploidy appears linked. Time-dependent expression
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of Mad2 protein was also investigated following exposure
to hydrogen peroxide to decipher a possible relationship.
There was no variance in MAD?2 levels with increasing time
of hydrogen peroxide exposure from Western Blotting but
upon the use of RT-PCR, a significant upregulation of MAD2
between 1 and 24h treatment was observed whilst a mean
upregulation was seen at 4 h exposure. Investigating aneuploidy
levels in correlation with mitotic checkpoint gene changes on
in vivo endoscopy samples will contribute to findings thus far.
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43. Genotoxicity assessment of pro-toxicants using a high
content screening in vitro assay for YH2AX

Carolina Garcia-Canton and Clive Meredith

British American Tobacco, Group Research and Development,
Southampton SO15 8TL, UK.

H2AX is a histone that is rapidly phosphorylated to become
YH2AX after exposure to DNA-damaging agents that cause
double-strand DNA breaks (DSBs). YH2AX can be detected
and quantified to give a direct correlation with the number of
DSBs present in the DNA. Here, we investigated the effect of
individual pro-toxicants on the formation of DSBs in human
bronchial epithelial BEAS-2B cells both in the presence and
absence of Aroclor-induced rat liver S9. DSBs were identi-
fied by immunostaining using a fluorophore-coupled YH2AX-
specific antibody followed by image acquisition and software
analysis on the Cellomics Vti Arrayscan. S9 was intended to
provide exogenous metabolic activation of the pro-toxicants
benzo[a]pyrene (BaP), aflatoxin B1 (AB1) and 2-acetylamino-
fluorene (2AAF) into reactive toxicants. Treatment with BaP
(7.8 uM) for 3h with S9 (3h+S9) produced a significant in-
crease (=1.5-fold increase) in YH2AX levels relative to con-
trol. In the absence of S9 no increase in YH2AX levels was
observed. The same effect was observed when BaP (15.6 uM)
3h+S9 treatment was followed by a 24h recovery period.
Treatments with AB1 3h+S9 (2 uM) and 3h+S9 followed
by 24h recovery (0.5 uM) produced significant increases in
YH2AX levels. In the absence of S9, AB1 treatments (500 uM
for 3h) and (250 uM for 3 h followed by 24 h recovery) both
produced significant increases in YH2AX levels. In contrast,
treatment with 2AAF had no effect on YH2AX levels at any
concentration with or without S9. These results suggest that
this high content screening method incorporating rat liver S9
has potential to detect pro-toxicants causing DSBs. However,
there are limitations to the use of S9 including inherent toxic-
ity and the fact that not all phase I biotransformation enzymes
are present. We propose that additional metabolic competency
should be incorporated to reduce the incidence of false nega-
tives, such as illustrated here for 2AAF.

44. Colorectal cancer: do phytophenols in the human diet
prevent genomic instability?

Joanna J. Kaniewska, Charles S. Bestwick, Wendy R. Russell,
Lorraine Scobbie, Garry Duncan, Lesley Milne and Susan J. Duthie
Rowett Institute of Nutrition and Health, University of
Aberdeen, Aberdeen AB21 9SB, UK.
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Colorectal cancer is the third most common cause of death
in the world (1). Diet plays an important role in the preven-
tion of malignancy (2). The aim of this study was to determine
whether phytophenols (from fruits and vegetables) and their
metabolites, at concentrations detected in the human colon, ef-
fect genomic instability in normal human colon cells in vitro.
Men and women (40-55 years, BMI 18-30) were split into
two age- and sex-matched groups. The control group (n = 24)
maintained their habitual diet (up to 160g of fruit and vege-
tables/day) and the intervention group (n = 20) consumed an
additional 500-600g of fruit and vegetables/day for 12 weeks.
Analysis (LC-MS/MS) of faecal water (FW) showed that 18
compounds increased significantly (e.g. phenylpropionic acid,
3,4-dihydroxyphenylpropionic acid, 1,2,3-trihydroxybenzene)
while three compounds (p-hydroxybenzaldehyde, indole-
3-acetic acid and protocatechualdehyde) decreased due to in-
tervention (P < 0.05). Normal human colon cells (NCM460)
were exposed to FW from either control or intervention sub-
jects (dilution 1:100 for 24 h) and cell proliferation (total cell
number), viability [Trypan Blue; TB and 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide; MTT] and DNA-
strand breakage (endogenous and in response to H,0,; SCGE)
were measured.

Biomarker Control Intervention
Cell proliferation (total cell number 64.4+6.5 66.2+4.1
x10°%)

Cell viability (%)

TB 86.6+1.0 83.5+1.0
MTT 90.9+2.6 91.1+£2.6

DNA strand breakage (arbitrary
units)

EndogenousOxidative 12.3+£0.977.9+3.5 11.4+1.083.8+3.8

Results are mean = SEM. Significance was tested by t-test post-intervention.

Increased fruit and vegetable intake significantly changed
phytophenol concentration in FW from human volunteers af-
ter 12 weeks. However, this did not alter several biomarkers of
genomic stability in human colon cells. Funders: Rank Prize
Funds and Scottish Government (RESAS)
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45. Validation of the in vitro mammalian cell micronucleus
test (MNvit) using human peripheral blood lymphocytes in
exponential growth

Julie Hayes, Ann T. Doherty, Sean Evans and Mike O’Donovan
Safety Assessment, AstraZeneca R&D, Alderley Park,
Macclesfield, Cheshire SK10 4TG, UK.

The in vitro mammalian cell micronucleus test (MNvit) is a
widely used short term genotoxicity assay capable of detecting
both clastogenic and aneugenic activity. The premise of the
assay is that micronuclei (MN) present in the cytoplasm
of interphase cells are formed as a result of either acentric
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chromosome fragments or whole chromosome loss due to their
inability to attach to the spindle at cell division. Although the
assay has been around for many years, it is only recently that
an OECD test guideline has been fully adopted. The objective
of this work was to evaluate the suitability of separated primary
human lymphocytes (PHL) in exponential growth phase for use
in an MNvit. The ethos behind using exponentially growing
lymphocytes for the assay was to enable population doubling
(PD) to be used as an alternative measure of cytotoxicity to
replicative index (RI). Of the four reference chemicals selected
for testing only two gave clear results, those being mitomycin
C, whose clastogenic activity was readily detected by both short
and extended treatment protocols and sodium chloride which
was correctly identified as negative. The genotoxic activity of
colchicine was not detected despite repeat testing using the
extended treatment protocol. Cyclophosphamide did induce
MN, but at concentrations in which there was no measurable
increase in cell numbers and in which there were substantial
levels of apoptotic cells. The intrinsic property of exponentially
growing PHL to readily apoptose is a major drawback in their
suitability for incorporation into an MNVvit assay. This propensity
results in the cells being vastly over sensitive, not only to toxic
insult by the test agent but also to manipulation during the assay
and to the incorporation of S9 into the test system. Furthermore,
these characteristics resulted in RPD being an impractical
cytotoxicity measure for this cell type.

46. Impact of TP53 status on the metabolic activation of en-
vironmental carcinogens

Laura U. E. Wohak'?, Albrecht Seidel®, David H. Phillips® and
Volker M. Arlt?

Institute of Cancer Research, Sutton, Surrey, UK; King’s
College London, London, UK; °*Biochemical Institute for
Environmental Carcinogens, Grosshansdorf, Germany.

The tumour suppressor p53 plays a key role in cancer preven-
tion. Over 50% of human tumours contain a mutation in the
TP53 gene and exposure to several environmental carcinogens
is linked to characteristic mutations in 7P53. Recently, cellu-
lar TP53 status was found to influence the metabolism of dif-
ferent environmental carcinogens, suggesting a role for 7P53
in regulating xenobiotic-metabolising enzymes (XMEs). One
class of carcinogens for which this has been indicated is the
polycyclic aromatic hydrocarbons (PAHs) that are bioactivat-
ed by cytochrome-P450-dependent monooxygenases (CYPs)
to form diol-epoxides which can bind to DNA, forming DNA
adducts. To investigate the role of 7P53 in CYP-mediated me-
tabolism of PAHs, a panel of isogenic colorectal HCT116 cells
was used, differing in their TP53 status. Cells having wild-type
TP53 [HCT116 TP53(+/+)], heterozygous TP53 [HCT116
TP53(+/-)], knock-out TP53 [HCT116 TP53(—/-)], or mutant
TP53 [HCT116 TP53(R248W/-) or TP53(R248W/+)] were
treated with benzo[a]pyrene (B[a]P), dibenz[a,h]anthracene
(DB[a,h]A) and dibenzo[a,l]pyrene (DB[a,/]P) and the corre-
sponding diol-epoxides and subsequently analysed for DNA
adducts by *¥P-postlabelling. Expression of relevant XMEs
was investigated using Western blotting.

Parent PAHs formed significantly higher DNA adduct levels
in TP53(+/+) cells compared with the other cell lines whereas
exposure to diol-epoxides induced similar adduct levels in all
cell lines. The genotoxic potencies of the parent PAHs increased
in the order: DB[a,h]A << B[a]P << DB[a,/]P. Western blotting
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showed that CYP1A1 protein expression after PAH treatment
was induced to much greater extent in 7P53(+/+) cells than in
the other cell lines, whereas AHR expression decreased rela-
tive to controls in all cells to the same extent, independent of
TP53 status. Since PAH diol-epoxides, unlike parent PAHs, do
not require metabolic activation to form DNA adducts these
results show that cellular TP53 status is linked to the CYP1A1-
mediated bioactivation of PAHs. Other classes of environmen-
tal carcinogens and XMESs remain to be tested.

47. An investigation into non-disjunction with aneugenic
chemicals

Alexandra K. Davies!, Ann T. Doherty!, Amy Wilson? and
Michael R. O’Donovan'

!Genetic Toxicology, AstraZeneca, Alderley Park, UK, *Faculty
of Science, University of Liverpool, Liverpool, UK.

Aneuploidy can result from chromosome loss or non-disjunction
due to mis-segregation at anaphase. To measure non-disjunction
chromosome segregation in binucleated cells can be examined
using chromosome-specific centromeric FISH probes. The pur-
pose of this work was to determine if non-disjunction is seen at
lower doses than chromosome damage as determined by micro-
nucleus production. This has previously been shown in human
lymphocytes for microtubule inhibiting aneugens including col-
chicine (1). In order to investigate this, a number of aneugens
(colchicine, vinblastine, diethylstilbestrol and chloral hydrate)
and a reference clastogen, azacytidine, were analysed in the hu-
man lymphoblastoid cell line TK6. Non-disjunction and micro-
nucleus frequencies were estimated in binucleated cells in an in
vitro micronucleus assay. In addition a pan-centromeric probe
was used to assess the proportion of micronuclei produced by
the aneugens that contain whole chromosomes. Preliminary re-
sults suggest that, for colchicines, non-disjunction can be de-
tected at a lower concentration than micronucleus production.
Diethylstilbestrol was shown to induce centromere positive
micronuclei but not non-disjunction. Vinblastine also was not
shown to induce non-disjunction and chloral hydrate showed
significant aneugenic effects only at concentrations with high
cytotoxicity. Azacytidine showed no significant effect on non-
disjunction although it did seem to produce an increase in the
number of cells with aberrant chromosome sets which was un-
expected for a clastogen. Results so far suggest that the relation-
ship between the induction of non-disjunction and chromosome
loss varies for different types of aneugen.

Reference

1. Elhajouji, A., Tibaldi, F. and Kirsch-Volders, M. (1997). Indication for thresh-
olds of chromosome non-disjunction versus chromosome lagging induced by
spindle inhibitors in vitro in human lymphocytes. Mutagenesis, 12, 133-40.

48. Effect of drinking water disinfection by-products in hu-
man peripheral blood lymphocytes and sperm

Aftab Ali!, Malgorzata Kurzawa-Zegota!, Mojgan Najafzadeh!,
Rajendran C.Gopalan', Michael J. Plewa? and Diana Anderson'
!Genetic and Reproductive Toxicology Group, University
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Drinking water disinfection by-products (DBPs) are gener-
ated by the chemical disinfection of water. An important class
of DBPs, haloacetic acids (HAAs), are formed following
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disinfection with chlorine, which reacts with iodide and bro-
mide in the water. The HA As are cytotoxic and genotoxic DBPs
when analysed in the Ames test, and in the mammalian CHO
cell system. HAAs have also been found to be cytotoxic in hu-
man lymphocytes but not genotoxic in the micronucleus assay
(1,2). What has not been shown is the effect of HAAs in human
germ cells as well as somatic cells and whether oxidative stress
is involved in the mechanism of genotoxic action. In the present
study we have examined both somatic and germ cells as periph-
eral blood lymphocytes and sperm. We have investigated the
effects of three HAA compounds: iodoacetic acid (IAA), bro-
moacetic acid (BAA) and chloroacetic acid (CAA). After deter-
mining appropriate dose responses in the cells, we investigated
oxygen radical involvement with the anti-oxidants, butylated
hydroxanisole (BHA) and the enzyme catalase, in the single-
cell gel-electrophoresis (comet) assay under alkaline condi-
tions, >pH 13. This was to determine the mechanism of action
of HAAs in these cells. BHA and catalase were able to reduce
DNA damage in both cell types, suggesting oxygen radicals
play a role. These observations are of concern to public health
since both somatic and germ cells show similar responses.
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49. Matrix ranking for prioritising testing of veterinary
medicine residues

Gill Clare' and Shirley Price? on behalf of the Veterinary
Residues Committee *
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Farmed animals including fish, game and bees can suffer from
diseases. Farmers have a duty to protect the health and welfare
of their animals, so may use medicines to treat or prevent dis-
ease. Withdrawal periods are set after the end of treatment with
a medicine before that animal can be slaughtered, or an animal
product is taken, for human consumption. The surveillance
schemes measure the concentrations of any residues of veteri-
nary medicinal products and certain other substances in foods
of animal origin. The Non-Statutory Surveillance Scheme (NSS)
concentrates on imported and processed animal products and is
relatively small and flexible. It complements the much larger
National Surveillance Scheme for domestic produce. The NSS
does not have a legal basis. Therefore, the Veterinary Residues
Committee (VRC) has greater freedom to recommend the sub-
stances and foods which should be included. The scheme is fund-
ed by Defra. With limited funds available, choices have to be
made. Therefore, the VRC has developed a matrix ranking sys-
tem to ensure that the funds are used to best effect, by prioritising
the substances of greatest concern. Each substance is assessed
against specific criteria and weightings to arrive at a score. The
criteria include the nature of the hazard, the potency, estimated
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exposure and evidence for detectable residues. The higher the
score, the greater the level of concern, and the more likely it is
to be included in the plans for surveillance. This evolving matrix
ranking system may have wider applications in risk assessment.

50. Inducible nitric oxide may be an important mediator of
DNA damage in oesophageal cells exposed to bile acids
Hasan N. Haboubi', Elizabeth McAdam? Paul Griffiths',
Benjamin J. Rees!, George E. Johnson' and Gareth J. Jenkins'
ICollege of Medicine, Swansea University, Swansea, UK;
2Cancer Research UK, London, UK.

Barrett’s Oesophagus (BO) is a pre-malignant condition
affecting the lower oesophageal tissue. The molecular
mechanisms underlying the metaplastic process of change from
squamous to columnar mucosa are not fully understood, but
an inflammatory effect driven by acid and bile in patients with
gastro-oesophageal reflux with induction of reactive oxygen
species and the transcription factor NF-kB have been strongly
correlated. Inducible nitric oxide synthase (iNOS) and the
subsequent generation of nitric oxide (NO) have been implicated
in DNA damage mechanisms through single and double strand
breaks, increased deamination and inhibition of DNA repair
mechanisms. Its role in the neoplastic process of conversion
of Barrett’s mucosa to oesophageal adenocarcinoma (OA) may
offer potential for better understanding the disease process and
directing future screening mechanisms as well as therapeutic
strategies. Confirmation of iNOS protein levels in BO and OA
tissues was performed using immunohistochemistry. Scoring
of staining intensity and distribution demonstrated increased
iNOS staining in OA tissue compared with BO and normal
squamous tissue (P = 0.034). In-vitro investigations using the
OA cell line OE33 assessed for an effect on NF-xB by the bile
acid deoxycholic acid (DCA) using nuclear extraction and
ELISA techniques. Furthermore induction of iNOS mRNA
by DCA and subsequent protein transcription were assessed
by real time-PCR and Western blotting. 300 uM DCA causes
a 2-fold increase in NF-kB p-65 and this is not affected by
iNOS inhibition (P = 0.50), suggesting the relationship is not a
linear one. iNOS mRNA and protein levels are both increased
by bile acids—43-fold and 2.4-fold, respectively (P < 0.05),
confirming its role in the carcinogenesis of OA, although
slightly higher concentrations of DCA (450 uM) were required
to demonstrate protein translation. Ex-vivo work is currently
being undertaken to investigate whether the PIG-A gene may
prove to be a potential biomarker for NO induced mutagenesis
in oesophageal cancer.

51. Genotoxicity of low doses of hydrogen peroxide in
Saccharomyces cerevisiae: analysis of dose-response rela-
tionships and an adaptive response

George R. Hoffmann and Andrew V. Moczula

Department of Biology, College of the Holy Cross, Worcester,
MA 01610, USA.

This study analyses low-dose effects and an adaptive response
to hydrogen peroxide (H,0,) in yeast. The discussion of low
doses of toxicants and radiation is complicated by the fact that
low-dose data are often compatible with more than one dose-
response model. The expectation for most toxicologic endpoints
is usually a threshold model, whereas linearity with no thresh-
old is often assumed in genetic toxicology. An alternative model
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proposes hormesis, a dose-response relationship in which ef-
fects at low doses are opposite to those at high doses, thus giving
a biphasic curve. Another complication concerning low doses is
that effects of sequential exposures are often not independent
of one another. In adaptive responses to ionising radiation and
alkylating agents a small priming exposure leads to a diminished
biological response to a larger subsequent exposure. We have
analysed an adaptive response to H,O, using the induction of
mitotic gene conversion in Saccharomyces cerevisiae strain D7
as an indicator of genetic damage. Using a broad range of doses
(0.000975 to 2mM), we saw a biphasic induction of an adaptive
response, such that very low doses are insufficient to induce an
adaptive response, low doses are protective, and higher doses
contribute to damage. The adaptive response is expressed within
10-20min of the initial exposure, and the yeast remain in the
adapted state for ~6h. Given the similarity of the biphasic in-
duction to the hormesis dose-response model, we extended our
study of low doses to single H,O, exposures. Multiple replicates
were used to discern small differences in convertant frequen-
cies. The responses are more compatible with a threshold model
than with low-dose linearity or a hormetic model.

52. How genotoxic compounds behave in binary mixtures, a
quantitative and qualitative perspective

Jatin Verma, Gareth Jenkins and George. E. Johnson

DNA Damage Group, Institute of Life Science, Swansea
University, UK.

Humans are exposed to a cocktail of genotoxic chemicals at low
doses, such as environmental pollutants, cigarette smoke and
pesticides. It is postulated that at low doses, mixtures of geno-
toxic agents significantly elevate the risk of cancer. However,
health risk assessments regarding the mixture toxicity are based
on hypothetical assumptions of additivity. Additivity assumes
that compounds with similar modes of action should work by
dose addition and no complex interactions amongst the test
chemicals or biological system occur that could cause a serious
health concern. This default assumption of additivity has been
debated by the scientific community with a view that DNA
damaging mechanisms of compounds in mixtures may play a
vital role in risk assessment i.e. components within the mixtures
may interact (synergism) or oppose each other (antagonism)
which could have a significant impact on carcinogenic effect
induced by the compound in mixtures. The project aims to
challenge the default assumption of dose addition. Cytokinesis-
block micronucleus assay was used to characterise DNA dam-
age. Where, DNA damaging events were scored in the form of
micronuclei in Tk6 human lymphoblastoid cells treated with
EMS, MMS, benomyl, carbendazem and their binary combi-
nations using the automated Metafer system. Dose response
relationships of EMS, MMS, benomyl and carbendazem were
analysed individually to allow expected mixture responses
to be calculated. Non-linear dose responses were observed
in the lymphoblast cells treated with EMS, MMS, benomyl,
carbendazim. Analysis of the mixture effects of EMS+MMS
was compatible with dose addition (P < 0.05) as predicted. The
experimental results helped us to eliminate the possibility that
EMS+ MMS in combination elevate the risk of carcinogenesis
in a synergistic fashion, as well as giving support to our novel
study design for binary mixture analysis. Future work involves
testing mixture effect of compounds with different modes of
action, e.g. EMS plus benomyl.
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53. In vitro micronucleus data from cell type comparison
study for improving existing assays

James Whitwell!, Karen Jenner!, Robert Smith!, Deborah
Wood!, Julie Clements!, Bhaskar Gollapudi?, David Kirkland?,
James Kim*, Elisabeth Lorge® and Veronique Thybaud®
!Covance Laboratories Ltd; *The Dow Chemical Co.; *Kirkland
Consulting; *“ILSI Health and Environmental Sciences Institute;
’Biologie Servier; Sanofi Research and Development.

Accumulated evidence has shown that in vitro genetic toxicology
assays have a high rate of reported positive results that are not
confirmed in in vivo and/or carcinogenicity studies (1), raising
the question of relevance to human risk assessment. A recent
study (2) compared the use of commonly used p53 deficient cell
lines (Chinese Hamster Lung/Ovary (CHL, CHO), and V79)
with human p53-competent cells (blood lymphocytes, TK6 and
HEP-G2 cell lines). Comparisons were made with 19 so-called
‘false’ positive chemicals [non-DNA reactive, Ames and in
vivo negative; (3)] of which 9 were found to be reproducibly
positive in at least one cell line, with hamster cell lines showing
a higher positive rate than human. This raised the question of
whether these differences were due to p53 status or species
origin. This present study (coordinated and funded by the IVGT
Project Committee of ILSI Health and Environmental Sciences
Institute remit to improve the scientific basis for interpretation
of in vitro genetic toxicology data) compared human versus
mouse and p53 competent versus p53 mutated function. The
9 reproducibly ‘false positive’ chemicals were tested in a
micronucleus study using mouse lymphoma L5178Y (mutated
p53), human TK6 (functional p53) and WIL2-NS (TK6 related
with mutated p53) tested both with and without Cyto-B (two
independent experiments). Of the nine chemicals tested, five
provided clear positive results in at least one cell type with the
remaining being weak or equivocal. Rodent (L5178Y) cells
were more likely to yield a clear positive response than either
TK6 or WIL2-NS, though origin rather than p53 functionality
seemed the relevant factor. Further investigations measuring
caspase-3/7 activity indicated clear differences between mouse
and human cells although further work is needed to investigate
the kinetics, relevance and any link with MN induction.
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54. Improvement of in vitro risk assessment for carcino-
genic potential: validation of defined genotoxic thresholds
Katherine E. Chapman, Shareen H. Doak and Gareth J. S.
Jenkins

DNA Damage Group, College of Medicine, Swansea University,
Swansea SA2 8PP, UK.

The demonstration and acceptance of dose-response thresholds
for genotoxins at low doses may have substantial implications for
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establishing safe exposure levels for certain agents (1). However,
due to use of high, non-physiological doses delivered as single
dosing events, the current battery of in vitro genotoxicity tests
fails to distinguish reliably between genotoxins and non-geno-
toxins (2). As most human exposure to genotoxic compounds is
low-dose and chronic, such high doses often induce ‘false posi-
tives’, preventing chemicals with safe, or even beneficial, expo-
sure levels from being utilised in products and treatments. To
investigate chronic, low-dose effects in vitro, methylating agents
methylmethanesulphonate (MMS) and N-nitroso-N-methylurea
(MNU) were used to compare the effects of acute (142 day) and
chronic (5+2 day) dosing in human lymphoblastoid cell line
TK6, using a dose-fractionation approach. Substantial differ-
ences in the Lowest Observed Effect Level (LOEL) were ob-
served for chronic dosing relative to acute dosing, using the In
Vitro Micronucleus Assay. However, mRNA levels for selected
DNA repair genes did not show significant changes during the
5+2 day studies, suggesting homeostatic maintenance by DNA
repair enzymes. If low-dose, chronic in vitro studies, therefore,
can predict safe exposure levels for genotoxicity, the number of
in vivo tests required to follow up in vitro results may be reduced.
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Current in vitro genetic toxicology assays have a high rate of
reported positive results, when compared with negative rodent
carcinogenicity data. Post 7th amendment to the EU cosmetics
directive in vitro models need to be more predictive for the risk
assessment of cosmetic ingredients as animal tests are no longer
acceptable. As part of a framework for improvements to in vitro
genetic toxicology assays the performance of currently used
cell lines has been investigated using the in vitro micronucleus
assay (1). The compounds selected are accepted as producing
misleading positive results in in vitro clastogenicity assays (2).
The p53 compromised rodent cell lines; CHO, CHL and V79,
demonstrated poorer predictivity than the p53 functional human
cell types; TK6, HepG2 and human peripheral blood lympho-
cytes (HuLy). In order to assess whether a reduction in detection
of misleading positives (greater specificity) did not decrease the
ability of cells to detect true genotoxins (sensitivity), TK6, HuLy
and HepG2, were tested with a panel of 17 genotoxic chemicals
from the list detailed in Kirkland et al (2). TK6 and HuLy both
gave positive responses in the micronucleus assay for the vast
majority of genotoxic chemicals (88% for both) thus reinforc-
ing their suitability for in vitro genotoxicity testing. HepG2 on
the other hand detected significantly less genotoxic chemicals as
positive in these studies. In conclusion, we have shown that by
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careful selection of the cell type, the number of false positives
can be reduced without compromising the ability to detect true
positives. TK6 and HuLy are more suitable cells than HepG2
cells for use in the in vitro micronucleus assay.
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Benzo[a]pyrene (BaP) is a well known environmental pollutant
that has been shown to cause cancer in humans. It is a pro-
carcinogen that requires metabolic activation (involving CYP
450 enzymes) to cause genotoxicity. Differences in the expres-
sion of key CYP enzymes appear to play an important role in
the metabolic activation of BaP and the observed genotoxicity.
In this work TK6, MCL5 and AHH-1 (human lymphoblastoid)
cell lines with different CYP 450 activity were used to assess
the role of metabolic activation on BaP induced genotoxicity.
The higher expression of CYP1A1 enzymes in MCLS cells was
reflected in the increased cytotoxic and genotoxic responses
seen in these cells, which was slightly greater than those ob-
served for AHH-1. TK6 cells showed no difference in genotox-
icity because of the absence of CYP1A1. The HPRT forward
mutation assay was used to assess the point mutations gener-
ated by BaP in MCL5 and AHH-1 cells and the mutants were
selected by 6-thioguanine (6TG) resistance. Further investiga-
tions were performed to analyse the mutation spectra generated
by BaP in these cell lines. A linear increase in the mutation
frequency was observed in MCLS cells following 4h and 24h
exposures in the 1-10 uM dose range. No safe exposure levels
could be established even at the lowest (1 uM) dose following
4h exposure in MCLS cells. Most of the mutations observed in
AHH-1 and MCLS5 cells were base substitutions, specifically
GC—CG and GC—TA transversion mutations within exon 3
of the hprt gene. A significant number of these alterations ac-
counted for deletions, consisting of 30% tandem TG and ~40%
long (one or more base pairs) deletions found in MCL5 and
AHH-1 cells, respectively. Further replicates are in progress to
allow a more robust statistical analysis of the mutation spectra
in the two cell lines.

57. Application of biospectroscopy to investigate low-dose
genotoxic risk assessment
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Traditional toxicological risk assessments often estimate low-
dose risk by assuming that dose-response curves derived from
high concentration ranges can be extrapolated down to environ-
mentally relevant exposure levels. This practice still remains
standard in risk assessment despite the growing number of
studies investigating low-dose—response relationships (1). The
direct investigation of low-dose responses is critical for accu-
rate risk assessment. Biospectroscopy techniques have been
previously shown to identify low-dose effects induced by test
agents in target cell populations through the derivation of fin-
gerprint infrared (IR) spectra (1). These approaches are capable
of detecting subtle changes in underlying molecular structure.
They not only indicate the presence of effect alterations but also
provide information about mechanism of action. In this study,
attenuated total reflection-Fourier-transform infrared (ATR-
FTIR) spectroscopy was coupled with multivariate-analysis to
compare low-dose (107! M) and high-dose (10¢ M) effects of
benzo[a]pyrene (B[a]P) in oestrogen-responsive MCF-7 cells
concentrated in S- or G,/G-phase (2). Multivariate-analysis al-
lowed for data reduction in order to facilitate visualisation of
spectral points within their respective categories. Significant
separation of IR spectra derived from 107'® M-treated cells
compared with corresponding vehicle controls (P <0.05) was
observed. In addition, B[a]P-induced alterations were associ-
ated with DNA-associated wavenumbers (1080 and 1225cm™),
suggesting a genotoxic mechanism of action. These findings
point to a novel approach capable of determining low-dose ef-
fects of test agents.
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Aryl boronic compounds are commonly used as building
blocks in organic synthesis and as such are frequently seen in
synthetic routes at GSK. These aryl boronic structures have
been found to induce mutagenicity in the Ames test, although
many produce only weak positive results and are usually only
mutagenic at high concentrations in Salmonella typhimurium
TA100 and TA1537 and Escherichia coli WP2 uvrA strains. The
mechanism for the mutagenicity of aryl boronics is presently
unknown, therefore the scope of the recently developed alert in
DEREK for this class of compound is broad. Hypothetically,
the most likely mechanism is direct reactivity due to the
electrophilic potential of the electron deficient boron atom
interacting with DNA or nucleophilic sites in proteins. Thus
the more electrophilic an aryl boronic structure, the more
likely it is to give a positive result in the Ames test, however
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there are insufficient Ames data currently available to confirm
that this is the case. To investigate this hypothesis, an in-
house (Q)SAR model was developed based on the energy
of the lowest unoccupied molecular orbital (LUMO) of aryl
boronic structures. A number of aryl boronic acid exemplar
compounds subdivided into hydroxy substituted aryl boronic
acids (Class 1, n = 4), carboxy substituted aryl boronic acid
(Class 2, n = 5), aryl boronic acids with bulky groups in the
ortho position (Class 3, n = 3) and other related classes of boron
containing compounds (Class 4, n = 1) were tested in the Ames
test. While the in silico tool correctly predicted the mutagenic
potential of Classes 2—4, the model showed poor prediction for
Class 1 structures. An alternative mechanism is therefore being
explored to explain the mutagenicity of hydroxy substituted
boronic acids. Data from this project will be provided to Lhasa
for the purpose of rule refinement.

59. The impact of experimental variabilities in the liver
comet assay

Melanie Guérard, Andreas Zeller, Elmar Gocke and Thomas Singer
F. Hoffmann-La Roche AG, pRED, Pharma Research & Early
Development, Basel, Switzerland, CH-4070.

Over recent years the comet assay in vivo has increasingly been
used for regulatory genotoxicity testing, to assess DNA dam-
age in various organs in rodents. In the pharmaceutical indus-
try the comet assay is mainly carried out to follow up on in
vitro positive genotoxicity results, focusing on the liver as the
major metabolising organ unexpected proliferative findings in
chronic toxicity studies, to elucidate the contribution of poten-
tial organ-specific genotoxicity or organ specific genotoxicity.
Currently an international validation study coordinated by the
JaCVAM is ongoing. It is hoped that these activities will result
in a standardised protocol which is a key element to limit the
known experimental variability of the comet assay. It has been
demonstrated that several technical parameters, such as electro-
phoresis and scoring, have an impact on the assay variability. In
contrast, little is known about the influence of the initial steps,
i.e. from tissue sampling to slide preparation, on assay variabil-
ity. In a systematic evaluation of the experimental variability
brought by different key steps of organ sampling, tissue storage
and slide preparation, we closely examined the influence of (i)
the time between euthanasia of the animal and tissue sampling;
(ii) the size of the sampled tissue; (iii) the composition, tem-
perature and volume of the sampling buffer; and (iv) the time
of the tissue or single-cell suspension in the sampling buffer
etc. Overall, the liver comet assay seems to be a robust system,
regarding initial work-up of tissue sampling and cell prepara-
tion. Among the different experimental variabilities examined
only an increase in temperature was identified to have a signifi-
cant impact on comet assay parameters. These data will help to
further define a common standardised protocol for the comet
assay in vivo.

60. Application of the TT21C strategy to a real life safety
assessment using genetic toxicology as a case study
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808

!Unilever Safety and Environmental Assurance Centre (SEAC),
Colworth Science Park, Sharnbrook, Bedford MK44 1LQ, UK;
2SEAC Bangalore, Hindustan Unilever Research Centre, 64
Main Road, Whitefield, Bangalore, India 560 066, *The Hamner
Institutes for Health Sciences, Durham, NC 27709, USA.

Assuring the safety of consumer products without animal test-
ing is of paramount importance to Unilever but remains a con-
siderable challenge. We describe the output of a joint study
undertaken by Unilever and The Hamner Institutes which ap-
plies the toxicity testing in the 21st century (TT21C) vision and
strategy (1) to a real life safety assessment. Using genotoxicty
data and changes in the p53 DNA damage/repair network as
a prototype toxicity pathway, we explore how a risk assess-
ment could be performed. Quercetin, a flavonoid material that
produces a positive response in genetic toxicology in vitro as-
says but is negative in in vivo studies was used as a case study
chemical. In addition to the comet assay, two high throughput
in vitro micronucleus assay methods (Cellomics and Litron
flow cytometry) were used to examine the quercetin dose re-
sponse in the human epithelial cell line HT-1080. Data from
high content assays examining p53 pathway responses were in-
terrogated and the combined data used to determine a point of
departure for use in the risk assessment. Additional data from
Physiologically Based-Pharmacokinetic (PBPK) modelling de-
scribing exposure to quercetin enabled us to perform an in-vitro
to in-vivo extrapolation, and so compare changes in the p53
pathway with expected human exposure in tissues and plasma
arising from consumer use of the product. Chemical analysis of
the amount of free quercetin available was also used to inform
the risk assessment decision.
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61. Development of a mass spectrometric method to de-
tect the glycidamide DNA adduct N7-(2-carbamoyl-
2-hydroxyethyl)-guanine
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While roasting, frying or baking starch containing food, such
as crisps, chips, biscuits and bread the chemical acrylamide
(AA) forms in a Maillard reaction mechanism. After inges-
tion AA gets metabolised to the epoxide glycidamide (GA)
via a cytochrome P450 enzymatic reaction. The more reactive
metabolite GA reacts with biomolecules such as proteins and
DNA (1). Animal studies revealed AA to be a carcinogenic
compound and the IARC classified it as a possible human car-
cinogen. Exposure to AA can be assessed by measuring AA
or GA adducts of haemoglobin but this does not necessarily
correlate to DNA damage and genotoxicity. AA exposure has
been shown to produce GA DNA adducts in vitro and in vivo,
with the most abundant adduct formed being N7-(2-carbamoyl-
2-hydroxyethyl)-guanine (N7-GA-Gua) (1). N7-GA-Gua could
be a valuable biomarker of exposure to dietary/environmental
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AA. The aim of this project is to develop a method for the de-
tection and quantification of the N7-GA-Gua adduct in human
lymphocyte-DNA and urine using online column-switching
LC-MS/MS. Method development using synthesised standards,
provided good chromatographic separation with a limit of de-
tection for N7-GA-Gua at 5fmol on column with a linear re-
sponse up to 4 pmol. In seven human lymphocyte DNA (100 ug
DNA on column) and two urine (6 ml urine) samples measured,
no N7-GA-Gua adduct was detected; whereas a treatment of
human whole blood with GA resulted in a linear dose response.
The adduct recovery of the method was evaluated using blood
(49%), cultured HCEC cells (47%) and urine (8—18%) samples
spiked with the N7-GA-Gua standard.
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The in vitro genotoxicities of tobacco smoke particulate mat-
ter from different cigarettes are often compared quantitatively
(1). This requires appropriate statistical methods and replica-
tion levels to support the comparisons in terms of statistical
significance and associated power. We demonstrated previously
(2) that a 30% difference between tobacco smoke particulate
matter genotoxicity could be detected in the Ames test. Similar
resolution can be achieved in the micronucleus test with four
replicate cultures per dose and similar or better resolution in
the mouse lymphoma assay with six replicate cultures per dose.
The statistical methods used previously (2) were also extended,
to all three in vitro assays. An iterative process was used to
identify the linear part of the dose response. Different signifi-
cance tests were applied for slope, intercept or individual dose
comparisons, depending on the linearity of the responses.
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Over the last decade inorganic nanoparticles such as colloidal
semiconductor quantum dots (QD) have been gaining increasing
interest due to their unique electrical and optical properties
making them valuable for future applications in biomedical
imaging. However, very few studies have considered the
genotoxic effects associated with these nanoparticles. This
study provides a fundamental understanding of the way in which
carboxyl (negative), amine-PEI (positive) or HDA (neutral)
coated cadmium-selenide/zinc-sulphide (CdSe/ZnS) QDs are
internalised and distributed in mammalian cells and their cyto-
and geno-toxic effects. The size, colloidal charge, purity and
intracellular localisation of the QDs were determined. Results
showed agglomerate sizes of 8—13nm in 1 or 10% horse serum
and up to 200nm in 2 or 15% fetal bovine serum. All particles
had a slight negative zeta potential in water except for the
carboxyl dots which had stronger negative charge. All QDs
appeared to be localised in endosomes (confocal microscopy).
Our findings, to date, have shown that QD uptake varies
with surface charge. Highest uptake levels were observed
with the carboxyl-QD at the highest dose (15nM) in the
human lymphoblastoid TK6 cells in 1% serum (ImageStream
analysis). This correlated with a significant increase in the
micronucleus (MN) and mutation frequencies (hprt) detected
at this dose in these cells. Cytotoxicity was only evidenced
in TK6 and foreskin fibroblasts (HFF1) cells exposed to the
neutral HDA-QD at doses >7.5nM. The order of potency for
the induction of gross chromosomal damage observed with all
QDs was: HDA>carboxyl>amine-PEI coated QD in TK6 cells.
However, cyto- and geno-toxicity of QDs was dependent upon
the cell line examined and thus this order was: carboxyl>amine-
PEI>HDA coated QD in the HFF1 cells. In summary, this study
demonstrates that QD induced genotoxicity is dependent not
only on physico-chemical characteristics of the nanoparticles,
but also the cell type under study.

64. Effects of dispersion and serum content on cell uptake
and toxicity of size differentiated nanoparticles
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Gareth J. S. Jenkins' and Shareen H. Doak!

'College of Medicine, Swansea University, Swansea SA2 8PP,
UK; College of Engineering, Swansea University, Swansea
SA2 8PP, UK; ’Institute for Materials Research, University of
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Given the rapidly expanding nanotechnology industry, in-vitro
toxicology assays play an increasingly important role as cost
effective screening tools. However, there is often contradiction
between studies or comparison with in-vivo data. To an extent,
these differences may be attributable to insufficient particle
characterisation or lack of standardisation of dispersion pro-
tocols which in turn influence biokinetics and resultant toxi-
cology (1). Colloidal suspensions of polystyrene-latex nano-
spheres (20 and 40nm) in 2% or 10% serum containing media
(SCM) were prepared and dispersed by either sonication (288
J/ml) or vortexing (1 min/max RPM) prior to full physico-
chemical characterisation. To understand the biokinetics and
(geno)toxicology as a function of these characteristics cellular
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uptake was assessed by image stream flow cytometry in con-
juction with relative population doubling and in-vitro micro-
nucleus assays (0-50nM, 24 h exposure, TK6 lymphoblastoid
cell line). No significant (P < 0.05) impact on cell viability or
genotoxicity was observed, nor was any difference in cell up-
take resultant of dispersive method found. Interestingly how-
ever, significantly elevated uptake in 2% relative to 10% SCM
was observed at all doses for the 40nm nanoparticle, whilst
only at the 50nM dose for the 20nm particle. It is suggested
the differences in uptake observed in 2% and 10% SCM are
attributed to differential nanoparticle agglomerate sizes result-
ant from concentration dependant serum protein-to-particle
interactions. Evidence for this is provided by dynamic light
scattering size and zeta potential measurements. The results
demonstrate the impact serum protein concentration can play
on nanoparticle biokinetics and suggest this impact may go
some way to explaining the apparent discrepancies observed
between studies.

Reference

1. Cohen, J., DeLoid, G., Pyrgiotakis, G. and Demokritou, P. (2012)
Interactions of engineered nanomaterials in physiological media and impli-
cations for in-vitro dosimetry. Nanotoxicology. Early Online: 1-15. doi:10.
3109/17435390.2012.666576

65. Mechanistic insights into nanotoxicology in target cell
populations employing biospectroscopy techniques

Junyi Li and Francis L. Martin

Centre for Biophotonics, Lancaster Environment Centre,
Lancaster University, Bailrigg, Lancaster LAI 4YQ, UK.

Nanotechnology has introduced a wide variety of man-made
materials designed to nanoscale, especially nanoparticles,
into our environment. Because of their unique physico-
chemical properties, nanoparticles may pose a potential risk
to human health and the environment. Most recent inves-
tigations assessing the risk of nanotoxicology have mainly
focused on high-dose effects. However, classic toxicoki-
netic or toxicodynamic considerations applied for chemical
risk assessment may not apply to nanoparticle exposures.
There is also a significant lack of understanding of their
mechanism(s) of action. Biospectroscopy techniques have
been employed as a novel approach to identify low-dose ef-
fects induced by test agents in target cell populations (1). In
this study, MCF-7 cells concentrated in S-phase or G /G-
phase were treated for 24 h with short multi-walled carbon
nanotubes (MWCNT) at the following concentration range:
0.0025 mg/l, 0.005mg/l, 0.01mg/l, 0.025mg/l, 0.05mg/l
and 0.1 mg/l. Cells were then examined using attenuated
total reflection-Fourier-transform infrared (ATR-FTIR)
spectroscopy coupled with multivariate analysis; this ap-
proach allows the derived data [i.e. infrared (IR) spectra] to
be visualised as spectral points within respective categories,
e.g. treatments. Even at the lowest concentrations employed,
significant (P <0.05) separation of IR spectra representing
treatment categories versus vehicle control was observed.
Dose-related effects were also noted. To identify the dis-
criminating biomolecular entities segregating various spec-
tral categories, cluster vector plots were employed. These
showed that the major alterations induced by short MWCNT
were associated with the DNA/RNA spectral region [pri-
marily 1080cm™ (v PO,) and 1225cm™ (v _PO,)]. These
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results suggest that short MWCNT may cross the cell mem-
brane in order to generate a genotoxic mechanism of action.

Reference

1. Llabjani, V., Trevisan, J., Jones, K. C., Shore, R. F. and Martin, F. L. (2011)
Derivation by infrared spectroscopy with multivariate analysis of bimodal
contaminant-induced dose-response effects in MCF-7 cells. Environ. Sci.
Technol., 45, 6129-35.

66. Cytotoxic effects of silver nanoparticles on DNA repair
proficient and deficient mouse embryonic fibroblasts
Pawika Promtong', Paul O’Brien? and Andrew Povey!

ICentre of Occupational and Environmental Health, School of
Community Based Medicine, The University of Manchester,
M13 9PL, UK; 2School of Chemistry, The University of
Manchester, M13 9PL, UK.

Silver nanoparticles (AgNPs) are increasingly being used in
the consumer products because of their potential antibacterial
property. Adverse effects of AgNPs on useful organisms, such
as nitrifying bacteria, aquatic animal cells, as well as various
mammalian cells have been reported. Increased intracellular
reactive oxygen species (ROS) formation has been suggested
to play an important role in AgNP-induced toxicity. This study,
therefore, has examined the toxicity of synthesised AgNPs on
DNA repair proficient (wild-type) and deficient (8-oxoguanine
DNA glycosylase; OGG17) mouse embryonic fibroblasts
(MEFs) using intracellular ROS formation, the MTT assay
and an apoptosis/necrosis assay. Citrate-coated AgNPs were
synthesised by chemical reduction methods. The size (mean
+ S.D.) of these AgNPs was 7.6+1.2nm as observed by
transmission electron microscope (TEM), and 12.8£0.6nm as
measured by dynamic light scattering (DLS). Intracellular ROS
levels increased in both DNA repair proficient and deficient
MEFs in a dose-dependent manner. Both 50 pg/ml AgNPs
and 2.5 pg/ml silver nitrate (AgNO,) resulted in a maximum
increase of ~4-fold and ~6-fold intracellular ROS level in
proficient and deficient MEFs, respectively. AgNO, was more
toxic to wild-type MEFs than OGG1”~ MEFs in the MTT
assay (IC, 4.5+0.1 and 6+0.5 pg/ml, respectively; P < 0.05),
whereas there was little evidence of a difference in toxicity
between wild-type and OGG1~- MEFs after exposure to AgNPs
(IC,;58+2.8 and 63 +10.5 ug/ml, respectively, P > 0.05). Also,
dose-dependent toxicity was observed in the apoptosis/necrosis
assay for both MEFs. A loss of OGG1 in MEFs may result in
an altered cellular response after exposure to AgNO,, but not
AgNPs. Futher work is required to examine to what extent
toxicity pathways differ after exposure to AgNO, or AgNPs.

67. Examination of five oestrogenic compounds with the
comet assay in vivo

Dildar Rathore', Eduardo Cemeli!, Joanna Neill> and Diana
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Oestrogens interact in various ways showing a protective ef-
fect, or by generating reactive oxygen species (ROS) (1). ROS
can interact with DNA and disrupt the protective functions of
cellular antioxidants and repair mechanisms. For this study five
oestrogenic compounds (17p-oestradiol, diethylstilboestrol,
genistein, equol and daidzein) were examined in 12-week-old
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male hooded-Lister rats (n = 5-8) after intra-peritoneal admin-
istration, to ascertain if DNA damage occurred. Furthermore,
an investigation was carried out in the same study 10 days after
exposure to determine whether one of these oestrogenic com-
pounds elicited behavioural changes in vivo (2). Behavioural
changes with 17p-oestradiol were examined using the novel
object recognition and spatial memory paradigm. Following
conclusion of behavioural testing, various cells were taken and
analysed using the comet assay. The results showed limited
positive responses in cells from the testis and blood, but not
from the liver and bone marrow by comparison with the nega-
tive control. Cells were examined at this time point as previ-
ous studies (3) showed positive responses in vivo with alkylat-
ing agents, one of which reacted through an oxygen radical
mechanism.
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68. Integrated biological responses and tissue-specific ex-
pression of p53 and ras genes in marine mussels following
exposure to C, fullerenes and/or benzo(a)pyrene

Yanan Di!, Declan Schroeder’, Andrea Highfield?, James
Readman® and Awadhesh Jha!
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Association of the United Kingdom (MBA), Citadel Hill,
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Whilst there is growing concern over the potential detrimen-
tal impact of engineered nanoparticles (ENPs), little is known
about their potential toxic impact either alone or in combina-
tion with other environmental contaminations. Our work used
the marine bivalve Mytilus sp., a classic bio-indicator species
to assess the biological responses following exposure to C
fullerene (1 mg/l, model ENPs) and/or benzo(a)pyrene (B(a)
P, 56 ug/l, a model of polycyclic aromatic hydrocarbons) for 1
and 3 days. A 3-day post-exposure in fresh seawater was also
applied to assess the recovery ability of Mytilus sp. An integrat-
ed approach, which included determination of clearance rates
(at individual level), histopathological alterations (at tissue lev-
el), DNA strand breaks using the comet assay (at cellular level)
and transcriptional alterations of p53 (anti-oncogene) and ras
(oncogene) determined by real-time quantitative PCR (at mo-
lecular level) was applied for the assessment of impacts follow-
ing C, fullerene and/or B(a)P exposures. Although there were
no significant changes for clearance rate and histopathology of
selected organs (i.e. gills, digestive glands, adductor muscles
and mantles), significantly increased DNA strand breaks were
found after a 3-day exposure. A significant induction for p53
and ras expression was found after exposure and the transcrip-
tional alterations of both genes showed tissue and chemical-
specific pattern. Biological responses at different levels showed
variable sensitivity with DNA strand breaks and transcriptional
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alterations showing higher sensitivity. Furthermore, all biologi-
cal responses at different levels were returned back to control
level after the recovery period, suggesting the ability of Mytilus
sp. to cope with both nanogenotoxicity and ecogenotoxicity in-
duced by C_ fullerene and/or B(a)P under experimental condi-
tions. Overall the integrated approach appears to be a useful
tool to assess potential impact of ENPs either alone or in com-
bination in a representative marine invertebrate which could be
translated for other species and toxicants.

69. Evidence of a chemotherapy-induced bystander effect
in human bone marrow: implications of drug dosage
Reem Alsolami, Phillipa Harris, Simon Andrews
H. Ruth Morse

Centre for Research in Biosciences, University of the West of
England, Bristol BS16 1QY, UK.

and

The recent observation of ‘donor-cell leukaemia’ (DCL) raises
the important question, of how cells from a healthy stem cell
donor can become malignant when transfused into a patient
treated with chemotherapy. The bystander effect is usually only
recognised post-radiotherapy, but could explain DCL if chemo-
therapy can produce this effect. Bystander describes cellular
damage occurring in unexposed cells in response to their ir-
radiated neighbours. This study demonstrates bystander effect
in TK6 lymphoma cells from the nitrosourea carmustine. TK6
cells were exposed directly to carmustine (1-10 pg/ml) and as-
sessed for cellular viability by trypan blue exclusion, and for
genotoxicity by the micronucleus assay. Indirect exposure was
effected by co-culture with bone marrow mesenchymal stem
cells (BM-MSC), which had previously been treated with the
same doses of carmustine for 2 h, the drug washed off and then
either the BM-MSC were cultured for 24 h to ‘prime’ the culture
media before transferring to a TK6 culture, or TK6 cells were
co-cultured using culture well inserts. Cellular viability signifi-
cantly decreased with increasing doses of carmustine (P < 0.05)
for all treatments (direct, media transfer and co-culture), with
the sharpest decrease in viability for doses above 5 pg/ml for
media transfer, whilst a linear decrease was observed for co-
culture with inserts. Interestingly, TK6 cells in co-culture dem-
onstrated an increased proliferation rate over 24h relative to
the media transfer, suggesting factors promoting growth but
not viability. Incidence of genotoxicity increased in the lower
doses at both 5 and 24 h, with genotoxicity correlating closely
with viability. This is important, as reduced intensity treatment
might ‘spare’ cytotoxicity to the BM, whilst increasing the risk
of therapy-related malignancy by genotoxic bystander effects.
The mechanism of this effect is currently unknown and is the
subject of further research; furthermore, whether this effect is
true for all drugs remains to be elucidated.

70. Andrographolide induced multiplication of microtubule
organising centres in V-79 chinese hamster lung fibroblast
cell line

Yusrizam Sharifuddin!, Elizabeth M. Parry? and James
M. Parry?

'Program Sains Biokesihatan, Institut Sains Biologi, Fakulti Sains,
Universiti Malaya, 50603 Kuala Lumpur, Malaysia; *Safechem
Consultants, 7 Cedarmount, Lyndhurst SO43 7ED, UK.

Andrographolide is an active phytochemical present in vari-
ous parts of an annual herb Andrographis paniculata which is
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popular in traditional medicine system in treating several ill-
nesses. Andrographolide was found to promote multipolarity
of microtubule organising centres (MTOCS) in Chinese ham-
ster lung fibroblast V-79 cell line which affected chromosomal
segregation fidelity with concomitant increment in the mitotic
index. Fluorescently labelled antibodies were employed to
visualise MTOCs (y-tubulin) and microtubules (o-tubulin).
V-79 cells that were exposed to increasing concentrations of
andrographolide lead to anomalous mitoses where cells failed
to undergo cytokinesis due to MTOCs numerical aberrations.
Exposure to andrographolide also induced the formation of bi-,
tri-, tetra- and multinucleated cells. The phytocompound was
also found to cause concentration-dependent necrosis in V-79
cells. This finding possibly explained the previous observa-
tion that male rats subjected to andrographolide treatment for
48 days possessed reduced sperm counts, presence of multinu-
cleated cells in the lumen as well as necrosis in Sertoli cells and
the seminiferous epithelium (1). Mating of andrographolide-
treated rats with untreated females failed to produce any off-
spring (1). Therefore, andrographolide has the potential to ne-
gate the normal process of cell division by inducing numerical
aberration of microtubule organising centres in vitro.
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71. Mutation accumulation in the whole genome of
Escherichia coli mutator strains

Masami Yamada, Kenichi Masumura and Takehiko Nohmi
Division of Genetics and Mutagenesis, NIHS, Tokyo, Japan.

The whole-genome sequencing data obtained from analyses
with a next generation sequencer can cover comprehensive
research of mutation frequency, distribution as well as
accumulation in addition to mutation spectra. In this study, we
focus on mutator strains of Escherichia coli, typical of which
is a DNA repair deficient strain, due to their hyper mutation
frequency, that is, 100 to 1000 times higher than the wild type,
and determined accumulated mutation on their genome. Strains
used in this study were YG6156, mutT; YG2250, mutM/mutY;
AB1157/pY G782, DinB-overproducing strain. Genomic DNA
was prepared from over-night culture of one colony from these
strains as well as AB1157, which is their parental strain. DNA
sequencing was carried out with Genome Analyzer (GAIIXx),
Illumina and the reference sequence, E. coli K12 substr. W3110
uid58567, was obtained from NCBI site. The specific mutation
in mutator strains were extracted as 15 in mutT, 24 in mutM/Y,
and 13 in DinB-overproducing strain. The mutation spectra
reflected the feature of the deficiency of DNA repair system for
each strain, as 40% of mutation (6/15) found in mutT strain was
A to C, 75% of mutation (18/24) found in mutM/Y strain was G
to T. On the other hand, DinB-overproducing strain seemed to
be an exception since —1 frameshift at G’s run was not typically
observed as reported before. As for distribution of the mutation,
more than half of the mutation observed in the case of mutT and
mutM/Y were in ORF and most of them are base substitutions
of missense mutation. This is possibly because cells might die
with nonsense or frameshift mutations, which would disrupt the
function of the product. This study suggests a new possibility
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that such a sequencing analysis of genomic DNA can be a
screening test for genotoxicity of chemicals.

72. The development of a mass spectrometric genotoxicity
screening system for drug candidates

Laura Turnham', Rajinder Singh', Michael D. Fellows?,
Albrecht Seidel’, Karen Brown' and Peter B. Farmer!

!Cancer Biomarkers and Prevention Group, Department of
Cancer Studies and Molecular Medicine, Biocentre, University
of Leicester, University Road, Leicester LEI 7RH, UK;
’AstraZeneca, R&D Alderley Park, Macclesfield, Cheshire
SK10 4TG, UK; °Biochemical Institute for Environmental
Carcinogens, Prof. Dr. Gernot Grimmer-Foundation, Lurup 4,
D-22927 Grosshansdorf, Germany.

A vital stage in the development of new drugs by the pharma-
ceutical industry is the assessment of toxicology and safety, in-
cluding testing the genotoxic potential of drugs as part of the
cancer risk characterisation. Current methods used to screen
drugs for their ability to covalently bind to DNA (such as detec-
tion of radioactive bound material or 32P-postlabelling) may
provide false positive results, which can unnecessarily halt the
development of promising drug candidates. Therefore, there is
a requirement for refined and more accurate approaches. We
are developing a new genotoxic screening method using LC-
ESI-MS/MS to detect DNA adduct formation in vitro based on
the methodology of Singh et al. (1). To establish the analytical
methodology, calf thymus DNA has been incubated with a pan-
el of genotoxic agents in vitro. Prior to analysis, enzymatically
hydrolysed DNA samples are preconcentrated by removal of
unmodified deoxynucleosides using solid phase extraction tips,
allowing enrichment of the DNA adducts. Preliminary results
from experiments using benzo[c]phenanthrene-3,4-diol-1,2-
epoxide (B[c]PhDE) as a model compound suggest that >90%
of unmodified deoxynucleosides may be removed following
preconcentration, with little apparent loss of adducts. Selective
concentration of the adducts has enabled tentative identification
of a new 5-methyl cytosine adduct of B[c]PhDE. Isomers of
other known adducts, B[c]PhDE-dG, B[c]PhDE-dA and Bjc]
PhDE-dC were also detected. In conclusion, further refinement
and validation of this methodology may lead to a novel screen-
ing system for detecting the genotoxicity of new compounds,
including drugs at an early stage of preclinical development.
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73. Development of the mammalian in-vitro Pig-A gene
mutation assay
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The phosphatidylinositol glycan biosynthesis A (Pig-A)
gene, X-linked, is critically involved in the production of
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glycosylphosphatidylinositol (GPI) anchors which tether spe-
cific proteins, such as CD59/Protectin, to the extracellular
membrane. Loss of these specific surface proteins, due to a
mutational event within the Pig-A gene, has been exploited as
the basis for an in-vivo fluorescence flow cytometry based gene
mutation assay. I aim to further design and validate the in-vitro
equivalent assay which will hypothetically supersede the cur-
rent in-vitro mammalian gene mutation assays such as the HPRT
and MLA. Using either Fluorescence Activated Cell Sorting
(FACS), clonal expansion (>99.8%) or magnetic bead selection
(>99.8%) a CD59 positive TK6 cell population was generated
and then exposed to a model mutagen, ethylmethanesulphonate
(EMS), in order to characterise the low dose response using the
in-vitro test system. The Amnis Image stream™ platform was
used to validate the location and specificity of the anti-CD59
PE antibody and investigate the identity of the ‘mutant’ popula-
tion. Following 24 h EMS treatment (0—10 pg/ml), a non-linear
thresholded dose response was observed on day 4 mutation
analysis (P < 0.01, Dunnett’s test). Fixatives were shown to in-
crease the stability of the antibody-antigen conjugates, as well
as induce a favourable osmotic effect for imaging and allow
batch processing of samples. Viability marker investigation im-
plied a lower background mutation frequency than previously
reported, increasing assay sensitivity. The current sensitivity,
i.e. background mutation frequency (~2000x 107 cells) theo-
retically will be significantly increased via the incorporation
of viability markers within the assay test system allowing
greater low dose sensitivity. Further optimisation is required
to fine tune the assay design and incorporate all the impending
improvements.

74. Diagnostic segregation of human brain tumours using
biospectroscopy coupled with discriminant analysis

Ketan Gajjar'?, Jilio Trevisan', Tim Dawson? and Francis
L. Martin'

!Centre for Biophotonics, Lancaster Environment Centre,
Lancaster University, Lancaster UK; 2Central Lancashire
Teaching Hospitals, Preston, UK.

During surgery for removal of a brain tumour, it is critical to
remove the diseased tissue in its entirety to prevent recurrence
whilst minimising damage to normal adjacent tissue. Fourier-
transform infrared (FTIR) and Raman spectroscopy has shown
promise as a non-invasive approach with diagnostic potential in
cancer detection [ 1]. We set out to determine whether FTIR and/or
Raman spectroscopy combined with multivariate analysis could
be applied to discriminate between normal and various grades
of brain tumours. With ethical approval, 52 paraffin-embedded
(FFPE) tissue blocks were obtained. Thin-cut sections were
mounted on low-E IR reflective slides or on glass slides (H&E-
stained tissue) and dewaxed. Infrared spectra were acquired
using a Bruker Tensor 27 FTIR spectrometer or Raman spectra
with an InVia Renishaw Raman spectrometer. Towards analysing
the data, principal component analysis (PCA) and/or linear
discriminant analysis (LDA) was used. Immunohistochemical
analysis for IDHI and P53 was carried out on gliomas to
correlate these conventional markers with novel spectral
biomarkers. Clear segregation was observed between normal and
various grades of brain tumours. In derived PCA-LDA scores
plots, marked within-category variation (i.e. heterogeneity) was
noted; even so, excellent discrimination between different grades
of glioma was also observed (i.e. towards between-category
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discriminating biomarkers). Additionally, RNA (1121cm™) to
DNA (1020cm™) ratio was significantly altered in meningioma.
Spectral biomarkers appeared to be more robust towards
identifying aberrant tissue than immunohistochemical markers.
This exploratory study indicates that FTIR and/or Raman
spectroscopy coupled with multivariate analysis may provide a
novel diagnostic approach especially towards identifying tumour
margins and has the potential to be used to differentiate brain
tumours.
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75. LiverChip: a 3D perfused platform for stable long-term
hepatocyte cultures

Emma Large, Zhaohui Li, Josephine Walton and David Hughes
Zyoxel Ltd, Oxford University Begbroke Science Park,
Woodstock OX5 1PF, UK.

Primary human hepatocyte cultures remain the gold standard
for assessment of the hepatic disposition of drugs and xenobi-
otics. However, the precipitous decline in liver-specific func-
tions complicates the evaluation of hepatically metabolised
compounds. Furthermore, drug-induced disregulation of gene
expression can be difficult to deconvolve from time-depend-
ent changes in the hepatocyte cultures making the implemen-
tation of “omics approaches for the identification of biomark-
ers of hepatotoxicity problematic. The current study explored
the use of a three-dimensional (3D) perfused bioreactor plat-
form, LiverChip, for the long-term culture of primary hepato-
cytes. Primary hepatocytes were isolated from male Sprague-
Dawley rats (Abcellute Ltd) and cultured for up to nine days
in LiverChip plates.(1) Cryopreserved (Life Technologies,
USA) and fresh human hepatocytes (Biopredic, France) were
cultured according to a procedure modified from Domansky
(1) using a Williams’ Media E-based culture formulation.
LiverChip cultures were compared with human hepatocyte
sandwich (SW) cultures (Geltrex™, Life Technologies) and
rat hepatocyte SW cultures (Matrigel™, BD Bioscience)
which were performed in parallel experiments. Phase I (1A2,
3A4, 2C9, 2D6) and Phase II (7-HC-glucuronidation/sulpha-
tion) enzyme activity, albumin secretion, and functional bile
canaliculi (CDFDA) were monitored in human LiverChip/
SW cultures over nine days. Rat hepatocyte Phase I enzyme
activity was monitored using BFC dealkylation and 7-ethoxy-
resorufin-O-dealkylation. These data suggest important liver-
specific functions of hepatocytes can be maintained during
extended culture (>7 days) when isolated cells are cultured
under continuous perfusion in a format that fosters microtis-
sue formation. More detailed characterisation of gene expres-
sion, drug transporter activity and drug responses is currently
underway to further validate the role LiverChip cultures could
play in the identification of highly specific and sensitive bio-
markers of liver toxicity.
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76. A Japanese interlaboratory evaluation study on Pig-a
mutation assay for in vivo mutagenicity assessment
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Satoru Itoh’, Yoshifumi Uno? and Masa Honma?
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Shizuoka, Japan; *Daiichi Sankyo Co. Ltd, Shizuoka, Japan.

A Japanese collaborative study on Pig-a mutation assay has
been in progress to establish an optimal protocol to integrate the
assay into repeated dose toxicology study since 2010. As a part
of the collaborative study, inter-laboratory transferability and
data variability of the assay were evaluated in five laboratories.
Male SD Rats were administered a single oral dose of
7,12-dimethylbenz[a]anthracene (DMBA) or 4-nitroquinoline
1-oxide (4NQO). Blood samples collected at 0, 1, 2 and 4
weeks after treatment were analysed using flow cytometry for
CD59 negative cells in total erythrocytes (RBC Pig-a assay)
or reticulocytes (PIGRET assay). Four laboratories conducted
animal dosing and blood sampling separately. Three of four
laboratories conducted both the RBC Pig-a assay and the
PIGRET assay, and a laboratory conducted only the RBC
Pig-a assay. A fifth laboratory contributed to analyse blood
samples from the other four laboratories by the RBC Pig-a
assay, to evaluate the data variability between laboratories. As
for the RBC Pig-a assay, a common gating has been set for
analysis of CD59-negative erythrocytes initially. Clear time
and dose related increases in Pig-a mutant frequency were
observed in 4NQO and DMBA treated animals from 2 weeks
after the treatment in all four laboratories. There are very
small differences between laboratories in the Pig-a mutant
frequency. Furthermore, comparable results were obtained in
the fifth laboratory which received the blood samples from
other laboratories. In the PIGRET assay, dose-related increases
in Pig-a mutant frequency were observed from 1 week after
the treatment. These results indicate that Pig-a mutation assays
are easily transferable, data variability between laboratories is
small and the PIGRET assay might be able to detect in vivo
mutagenicity of the test compound earlier than the RBC Pig-a
assay. This work was supported by Japan Health Sciences
Foundation, grant number: KHB1006.

77. Environmentally relevant levels of the genotoxin cyclo-
phosphamide induce alterations in MCF-7 cells detectable
by biospectroscopy approaches

Rebecca Strong, Crispin J. Halsall, Kevin C. Jones and Francis
L. Martin

Centre for Biophotonics, Lancaster Environment Centre,
Lancaster University, Bailrigg, Lancaster LAI 4YQ, UK.

Cyclophosphamide (CP) is a cytotoxic drug used in the treat-
ment of several cancers. It exerts its effect by preventing cell
division by cross-linking DNA strands following metabolic
bio-activation. However, CP is also a known carcinogen and
genotoxin. As CP is found in surface waters at low levels, it
is therefore important to determine the effects of environmen-
tally relevant concentrations of this compound in target cells.
Infrared (IR) spectroscopy with multivariate analysis has previ-
ously been utilised to signature the biological effects of differ-
ent contaminants found in environmental systems at low levels
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(1). Using this approach, metabolically competent MCF-7 cells
were concentrated in either G /G, or S phase and exposed to
five concentrations of CP (107'>-10° M) for 24 h; this range
included levels found in the environment. Cells were subse-
quently fixed in ethanol and interrogated using attenuated to-
tal reflection Fourier-transform IR (ATR-FTIR) spectroscopy.
Resultant spectra were processed using principal component
analysis-linear discriminant analysis (PCA-LDA) to identify
distinguishing wavenumbers representing alterations between
test agent-treated vs. vehicle control. Initial results demonstrat-
ed that CP treatment at the higher concentrations tested (106
and 107 M) was associated with marked alterations in protein,
lipid and DNA/RNA absorbance regions, with alterations in
lipid and C=O stretching of amino acids associated with the
lowest concentration tested (107" M). These observations sug-
gest that environmental CP exposures could induce alterations
in aquatic organisms and future work will assess the relevance
of these findings in target tissues from organisms potentially
exposed to such contaminants in ecosystems.
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78. Measurement of DNA damage levels in the blood of pa-
tients with Barrett’s oesophagus

Rajaa Badawi, Hasan Haboubi, Shareen Doak and Gareth J. S.
Jenkins

DNA Damage Research Group, Institute of Life Science,
College of Medicine, Swansea University, UK.

Some studies have been previously published on the possi-
ble impact of mutagenic reflux components in patients with
Barrett’s oesophagus (BO). Such research studies have not yet
investigated the cancer potential in oesophageal tissue by using
micronucleus (MN) assay in blood lymphocytes. The aim of
this study is to assess the mutagenic potential of reflux compo-
nents to lymphoblastoid cells and to correlate the measurement
of MN levels in the blood of Barrett’s oesophagus patients with
clinical details of reflux, histology and follow these patients
up to assess whether Mn levels might be clinically useful in
predicting histology changes. The initial in vitro study will in-
vestigate the role of mutagenic reflux substances, bile acids and
acids in blood lymphocytes. In both cases (in vitro and in vivo)
MN levels will be scored using automated fluorescent micro-
scope Metafer system. In order to optimise the MN assay in
the blood lymphocytes in BO patients, the lymphoblastoid cell
line TK6 was used. Reflux conditions (and the inflammation
induced) were mimicked using hydrogen peroxide (H,0O,), the
bile acid deoxycholic acid (DCA), hydrochloric acid (pH 4 and
pH 5) and the +ve control methylmethanesulphonate (MMS).
The cell line was exposed to these substances over a range of
different times and concentrations. The data show that MN lev-
els increased after exposure to 25 and 50 uM H,O,, and acidity
(pH 5). MN frequencies ranging from 1.3% to 2.5% in TK6
cells treated with 25 or 50 uM H,O,, respectively produce be-
tween 2-2.5-fold higher MN frequency whereas TK6 cells ex-
posed to acidity(pH5) gives 2.5% and produce a 2-fold higher
in MN levels. In contrast untreated TK6 (-ve) control induce
low MN levels between 0.4 and 1.2%. The collection of blood
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samples is underway for MN scoring in lymphocytes, allowing
correlation with clinical characteristics of BO patients.

79. Epigenetics—relevance to drug safety science

Catherine C. Priestley, Mark Anderton, Ann T. Doherty, Paul
Duffy, Howard R. Mellor, Helen Powell and Ruth Roberts
Safety Assessment, AstraZeneca R&D, Alderley Park,
Macclesfield, Cheshire SK10 4TG, UK.

Epigenetics describes the study of heritable changes in gene
expression that occur in the absence of a change to the DNA
sequence. Specific patterns of epigenetic signatures can be
stably transmitted through mitosis and cell division and form
the molecular basis for developmental stage- and cell type-
specific gene expression. Associations have been observed that
endogenous and exogenous stimuli can change the epigenetic
control of both somatic and stem cell differentiation and thus
influence phenotypic behaviours and/ or disease progression.
In relation to drug safety, DNA methylation changes have been
identified in many stages of tumour development following
exposure to non-genotoxic carcinogens. However, it is not
clear whether DNA methylation changes cause cancer, or arise
as a consequence of the transformed state. Toxic agents could
act at different levels, by directly modifying the epigenome or
indirectly by altering signalling pathways. These alterations
in chromatin structure may or may not be heritable but are
probably reversible. That said, there are currently insufficient
data to support inclusion of epigenetic profiling into pre-
clinical evaluation studies. We have proposed a decision testing
paradigm to understand when is the right time to include
epigenetic screening into toxicity testing and what testing would
be required. It will only be when an understanding of chemical
mode-of-action is required that evaluation of epigenetic changes
might be considered. The current toxicological testing battery
is expected to identify any potential adverse effects regardless
of the mechanism, epigenetic or otherwise. It is recommended
that toxicologists keep a close watch of new developments in
this field, in particular identification of early epigenetic markers
for non-genotoxic carcinogenicity.

80. Optimisation of the EpiDerm™ 3D human skin micro-
nucleus assay at Swansea University

Adam D. Thomas, Kate E. Chapman, John W. Wills, Shareen
H. Doak and Gareth J.S. Jenkins.

DNA Damage Research Group, ILS, Swansea University,
Swansea SA2 8PP, UK.

With the reduced, refined and ultimate replacement of ani-
mals in testing of cosmetic ingredients, emphasis has been
placed upon current in vitro strategies. However, the ability
of such strategies to mimic the in vivo situation is question-
able. Therefore, alternative approaches to animal testing are
needed (1). One such advancement is the development of an
EpiDerm™-based 3D skin micronucleus assay (2), which
models the complexity of exposures to human skin, the most
abundant target for certain occupational and environmental
exposures. The following work details the optimisation of
the EpiDerm™ micronucleus assay for use on the Metafer
automated slide scoring system at Swansea University. This
offers increased statistical power over the manual scoring
method associated with this micronucleus assay. An increase
in micronucleus frequency, over background, was observed
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following 48 h treatment with 6 pug/ml mitomycin C (MMC).
Micronuclei frequencies were shown to be statisitically similar
in both methods of scoring (P = 1. Fisher’s exact test). The
data presented contribute to an inter-laboratory validation of
the assay. Further assay and tissue imaging advancements us-
ing fluorescent nanoparticles will elucidate the mechanism of
skin exposures (e.g. subcutaneous penetration). Such tech-
niques can be transferred to other 3D tissue culture models
e.g. Epiairway™ for safety assessment.

References

1. Pfuhler, S., Kirst, A., Aardema, M., Banduhn, N., Goebel, C., Araki, D.,
Costabel-farkas, M., Dufour, E., Fautz, R., Harvey, J., Hewitt, N., Hibatallah,
J., Carmichael, P., Macfarlane, M., Reisinger, K., Rowland, J., Schellauf, F.,
Schepky, A. and Scheel, J. (2010) A tiered approach to the use of alterna-
tives to animcal testing for the safety assessment of cosmetics: Genotoxicity.
A COLIPA analysis. Regul. Toxicol. Pharmacol., 57, 315-34.

2. Curren, R. D., Mun, G. C., Gibson, D. P. and Aardema, M. (2006)
Development of a method for assessing micronucleus induction in a 3D hu-
man skin model (EpiDerm™). Mutat. Res., 607, 192-204.

81. Genotoxic potential of quantum dots as a function of
their intracellular uptake

Abdullah, Al-Ali', Bella B. Manshian!, Gareth J. S. Jenkins!,
Huw Summers?, John Wills', Mark Holton?, Paul M. Williams?
and Shareen H. Doak!

'Institute of Life Science, College of Medicine, Swansea
University, Singleton Park, Swansea SA2 8PP, UK; *Multi-
disciplinary Nanotechnology Centre, College of Engineering,
Swansea University, Singleton Park, Swansea SA2 8PP, UK.

Quantum dots (QDs) are semi-conductor nanoparticles with a
range of potential applications in variety of areas largely fo-
cused around enhanced imaging. These particles have a core
of heavy transition metals such as cadmium selenium or cad-
mium telerium and are often capped with a protective coating
such as zinc sulphide (CdSe/ZnS). In this study the potential
cytotoxic and genotoxic effects of QDs with three different
surface charges were investigated in human lung epithelial
cells. Initially, the physico-chemical properties of the QDs
were determined using dynamic light scattering, Zeta poten-
tial, transmission electron microscopy (TEM), and confocal
microscopy. Genotoxic effects induced by these QDs were
established using the cytokinesis blocked micronucleus assay,
which enables the determination of both chromosome loss and
chromosome breakage. Normal human bronchial epithelium
(BEAS-2B) cells were treated with sonicated versus vortexed
CdSe/ZnS QDs with neutral (HDA coated), positive (PEG
coated), and negative (carboxyl coated QDs) surface charges,
at doses ranging between 0 to 20nM. Experiments were car-
ried out in the presence of 2% or 10% serum-containing media
with 24, 48 and 72 h exposure. Initially, cellular uptake studies
demonstrated that all three QDs were internalised, but most
uptake was observed in cells treated with negative charged QD
in the presence of both 10% and 2% serum than with the neu-
tral and positively charged QDs. Despite internalisation of the
QD in the cells, no cytotoxicity was observed with any of the
QD applied, at any of the doses or time points. Similarly, no
significant micronucleus induction was observed with any of
the QDs tested after 24, 48 or 72h in 2% or 10% serum condi-
tions. The absence of cytotoxic and genotoxic effects in these
cells demonstrates their resilience to the range of QDs tested
in this study.
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organisation and orchestration in yeast using a novel ge-
nome-wide ChIP-Chip technique
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Exposure to genotoxic agents has long been associated with
genomic instability. The resulting DNA damage can produce
genetic mutations with far reaching consequences for an
organism, with many aberrations being linked to diseases
such as cancer. For this reason it is imperative that a sensitive
measure of the location and level of this genomic damage be
developed to enable the elucidation of the underlying genotoxic
mechanisms of action and to further our understanding of DNA
repair mechanisms in response to this damage and how this
maintains the genomic stability of an organism. Attempting to
address these questions using UV irradiation as a paradigm for
DNA damage induction, we’ve developed a novel technique
utilising Agilent Technologies’ ChIP on Chip DNA microarray
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platform, capable of detecting levels and distribution of DNA
damage and repair throughout an entire genome at high
resolution. The application of our method involves the affinity
capture and separation of damaged regions of DNA from a
genomic sample. We are then able to sensitively measure the
levels and location of DNA damage throughout the genome by
hybridisation of the damaged DNA to Agilent’s whole-genome
DNA microarrays. This process is repeated at a variety of time
points following the induction of damage, which facilitates
the sensitive and high-resolution estimation of genome-wide
DNA repair capacity. Using our method we show previously
unreported binding sites and acetylation profiles for Abfl and
its role as a Yeast regulatory protein, promoting efficient GG-
NER repair. As well as demonstrating CPD repair profiles of
UV treated cells across the genome. We are currently adapting
this technique in partnership with Agilent Technologies for the
human context with the aim of developing an alternative to
animal-based genotoxicology assays applicable to the clinical,
chemical, pharmaceutical and cosmetic industries, improving
human genotoxicology testing whilst further elucidating
genotoxicity mechanisms.
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