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1.

S&T EXCELLENCE

1.1.

Challenge

1.1.1. Description of the Challenge (Main Aim)
DNA damage is a valuable biomarker in human molecular epidemiology, of obvious relevance to
cancer, but also – used as an indicator of oxidative stress – associated with many other diseases
and also aging. The comet assay – single cell gel electrophoresis – is the method of choice for
measuring DNA damage (strand breaks and altered bases) in human cells. Intra-laboratory
reproducibility is reasonable, but the assay suffers from high inter-laboratory variation, which has
created problems in reaching general conclusions from the mass of data that exists. The purpose of
this Action is two-fold: first, to collect as much of the data as possible into a single database to allow
a pooled analysis to determine which factors (smoking, age, nutrition, sex, occupational exposure
etc.) affect DNA damage, and to what extent; and second, to improve the inter-laboratory
reproducibility of the assay by devising standard protocols, carrying out ring studies, and offering
training courses and exchanges (STSMs), so that in future comparison of results from different
studies will be facilitated. To achieve these aims, a network will be established, comprising
researchers using (or intending to use) the comet assay as a human biomonitoring tool.
1.1.2. Relevance and timeliness
Epidemiology depends increasingly on use of molecular biomarkers. DNA damage is recognised as
a biomarker of exposure to genotoxins in the environment or to endogenous DNA-damaging agents
(notably reactive oxygen species, ROS). It is also clearly relevant to carcinogenesis – though so far
no prospective studies to establish a causal link between DNA damage and cancer risk have been
performed (except in special cases such as lung cancer and tobacco-associated adducts measured
by 32P-postlabelling). DNA repair capacity is generally seen as a possible marker of susceptibility to
cancer (low repair leading to higher mutation rates), though evidence for this link is inconsistent.
The comet assay recently gained official recognition as a valid method for genotoxicity testing, with
the publication of OECD guidelines for the in vivo assay. Although the comet assay is already in
widespread use as a biomonitoring tool in human molecular epidemiology, there are no generally
accepted guidelines or standard protocols for this application, and many different protocols are in
use. Large quantities of data exist (many thousands of individual DNA damage measurements), and
these – when combined into a single database – are more than adequate to carry out a pooled
analysis in order to establish a baseline for further investigations. Interlaboratory comparability is
crucial for optimal knowledge building in the future.
The model in this endeavour is the HUMN project (International Collaborative Project on
Micronucleus Frequency in Human Populations), which was set up in 1997 and in ten years created
a database of micronucleus (MN) frequencies measured in human population studies. Baseline MN
frequencies, like comet assay DNA damage scores, vary between laboratories for apparently
technical reasons, but by adopting the stratification approach, it was possible to analyse the pooled
data, to define the various factors determining MN frequency, and to show that MN frequency in
peripheral blood mononuclear (PBMN) cells is a predictive marker for cancer risk.

1.2.

Specific Objectives

1.2.1. Research Coordination Objectives
Objective 1: To consolidate a Network of researchers actively involved in collecting comet assay
data on DNA damage (and DNA repair) in human populations.
Objective 2: To collect the results of individual human population studies and create a unified
database of comet assay data relating to human health and disease.

Objective 3: To establish (by pooled analyses) the methodological, demographic, genetic and
exposure variables that determine levels of DNA damage as measured in PBMN cells.
Objective 4: To determine the experimental factors affecting the performance of the assay and
therefore its reliability and reproducibility.
1.2.2. Capacity-building Objectives
Objective 5: To carry out ring studies with standard comet assay protocols, in order to identify best
practice.
Objective 6: To provide guidelines/standard operating procedures (SOPs) for best practice in design
of human population studies, and in performance of the comet assay; and to encourage the use of
standard protocols to facilitate the comparison of results from different studies
Objective 7: To compare different biological source materials: PBMN cells, leukocytes from frozen
blood, buccal epithelial cells, etc.
Objective 8: To prepare for a subsequent prospective human trial to test DNA damage and DNA
repair as predictive markers of disease, making use of technical and theoretical approaches
developed in the COST Action.
Objective 9: To create a cohort of skilled young molecular epidemiologists by providing training
courses and supporting exchange visits between laboratories.
Objective 10: To support small and medium enterprises (SMEs) and other companies using the
comet assay, by providing definitive guidelines and SOPs.

1.3.

Progress beyond the state-of-the-art and Innovation Potential

1.3.1. Description of the state-of-the-art
DNA damage in human biomonitoring. DNA damage is an important biomarker, in relation to human
health and disease. It is primarily associated with cancer, as DNA damage is the precursor for
mutations and chromosomal alterations, and they in turn can lead to cell transformation and
tumorigenesis. However, the link is not straightforward, since almost all incident damage is repaired,
and mutations and chromosome changes are effective only if they influence those genes oncogenes, tumour suppressor genes and susceptibility genes - that are involved in the pathway to
carcinogenesis.
DNA damage is elevated in various diseases apart from cancer, whether as cause or effect. A
common factor in disease aetiology and progression is oxidative stress, caused by overproduction
of ROS or deficient antioxidant defences. The level of oxidation of bases in DNA – typically measured
in PBMN cells, but also sometimes in tissues, or buccal epithelial cells, or cells retrieved from
alveolar lavage - serves as a convenient marker for general oxidative damage, and thus for oxidative
stress.
The method of choice for measuring DNA damage in human biomonitoring is the comet assay, or
single cell gel electrophoresis (Figure 1). Briefly, cells are embedded in agarose on a microscope
slide and lysed in a buffer containing detergents and high salt which together dissolve cell and
nuclear membranes, release soluble constituents, and strip histones from the DNA, leaving the DNA
attached at intervals to a nuclear matrix, effectively as a series of supercoiled loops. Alkaline
incubation follows, converting alkali-labile sites to strand breaks (SBs). During electrophoresis at
high pH, DNA loops that have lost their supercoiling because of a SB are drawn towards the anode,
forming a comet-like image when viewed by fluorescence microscopy. The % of DNA in the comet
tail reflects the frequency of DNA breaks (calibrated using ionising radiation which introduces a
known break frequency per Gray). The lysis step can be followed by digestion of DNA with an
enzyme that recognises specific lesions and converts them to DNA breaks. The most commonly
used enzyme is formamidopyrimidine DNA glycosylase (FPG), which recognises 8- oxoguanine (and
some other altered guanines). Thus the comet assay can be used to measure not just SBs but
oxidised bases - a far more specific indicator of ROS attack and oxidative stress.
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Figure 1. The comet assay, as used to measure DNA base damage (such as oxidised guanine)
Recently developed high throughput versions of the comet assay, with automated scoring, make it
far more amenable for use as a biomonitoring tool, since epidemiological studies demand large
numbers of samples.
The comet assay has been further modified to measure the capacity of cells to repair DNA damage
– an essential element in our defences against cancer. In an in vitro assay, a cell extract is incubated
with substrate DNA containing specific lesions; oxidised bases (to measure base excision repair,
BER), or UV induced pyrimidine dimers (to measure nucleotide excision repair, NER). The DNA
breaks induced by repair enzymes in the extract are measured with the comet assay.
The proposed COST Action, hCOMET [human Comet], is centred on the use of the comet assay in
human studies, and most of what follows will be exclusively about this application. However, the
merits and limitations of the comet assay in comparison with other methods for measuring DNA
lesions are discussed here.
Biomonitoring of environmental and occupational exposure. The comet assay has been
employed in around 140 studies of occupational exposure to xenobiotics, and approximately 40
investigations of environmental exposure of humans. Levels of DNA damage have been measured
in populations exposed to environmental pollution, including polycyclic aromatic hydrocarbons,
particulate matter, benzene and heavy metals, and in addition environmental tobacco smoke. Effects
of exposure to ionising radiation following the Chernobyl accident, indoor radon, and high natural
radiation levels have also been investigated. Occupational exposure studies have focused on volatile
organic compounds such as styrene, benzene, toluene, vinyl chloride; metals such as welding
fumes, chromium, lead, mercury; pesticides; asbestos and mineral fibres; and anaesthetic gases,
chemotherapy drugs and ionising radiation in medical personnel. (It is worth noting that the assay is
also used in ecological biomonitoring, and much of the methodological discussion here applies
equally to that field.)
Nutritional epidemiology. The influence of nutritional factors on DNA damage levels (and by
inference on disease incidence, notably cancer) has been studied with the comet assay using
standard epidemiological approaches, in particular observational or ecological studies, and dietary
3

interventions. Analyses of DNA damage levels in combination with information about dietary intake
or measurements of micronutrients in the blood have shown, for instance, a negative correlation
between carotenoids and DNA base oxidation, and a reduction of DNA damage in subjects on
vegetarian or high vitamin content diets. Such correlations do not necessarily indicate causal
relationships, but might simply be associations, brought about by other, undefined common factors.
Intervention studies give more conclusive evidence of cause and effect. Many such studies have
been carried out, with antioxidant or other phytochemical supplements, addition of specific foods
(usually fruits) to the diet, or major changes in the diet (e.g. including 600 grams per day of
vegetables or fruits). To be reliable, trials should be placebo-controlled, though 'placebo' is a
misnomer where real foods are concerned. Crossover studies are popular, in which each subject
takes placebo or supplement in two phases separated by a washout period. With DNA damage as
an endpoint, roughly half the studies have shown a reduction in SBs or oxidised bases and half have
shown no effect. Individual antioxidant status can be assessed by treating white blood cells in vitro
with an oxidising chemical (H2O2); a low yield of SBs indicates a high antioxidant status. The value
of decreasing oxidative base damage in healthy individuals is debatable, since a certain amount of
oxidative stress is inevitable and even desirable; for example the inflammatory response deploys
ROS as a defence mechanism, and ROS are involved in crucial cell signalling pathways. Other
endpoints are also amenable to study, notably DNA repair - shown in several studies to be enhanced
by fruit consumption.
DNA damage as an indicator of disease. Oxidised DNA bases and/or SBs are detected at elevated
levels in PBMN cells from patients with diabetes, inflammatory disorders (arthritis, ankylosing
spondylitis), various cancers (breast, cervix, lung, oesophagus, prostate), neurodegenerative
disorders (Alzheimer’s and Parkinson’s diseases), and cardiovascular diseases; the DNA oxidation
damage is often accompanied by depressed antioxidant status. To determine whether DNA damage
is a cause or an effect of disease, prospective studies are necessary, but have not yet been carried
out; a large cohort of healthy individuals would have their DNA damage analysed, and would be
monitored for years so that disease incidence and mortality could be retrospectively linked to the
earlier burden of DNA damage. A similar approach is needed to establish whether intrinsic ability to
repair DNA is a factor in determining susceptibility to disease (particularly cancer).
DNA damage and aging. It is commonly believed that a major player in the process of aging is the
accumulation of oxidative damage to biomolecules, including DNA. Such an accumulation might
result from increased exposure to ROS (for instance, if mitochondria become 'leaky') or from
depressed defences, such as a decline in DNA repair capacity. Most studies to date have been
carried out in PBMN cells, and results are not consistent, with only a weak positive correlation overall.
DNA repair capacity, also, has been variously reported as not affected, decreased or even increased
with age.
Pros and cons of the comet assay for measuring DNA damage: comparison with other
methods. DNA damage can be detected with antibodies, by 32P-postlabelling, by diverse
chromatographic techniques, or with the comet assay and related methods. Antibodies have been
isolated with activity against 8-oxoguanine, for example; they are generally found to lack sufficient
specificity to be used for quantitative measurements. 32P-postlabelling is valuable for measuring
adducts in DNA (for instance, polycyclic aromatic hydrocarbons) with high sensitivity.
Chromatographic techniques include gas chromatography-mass spectroscopy (GC-MS), high
performance liquid chromatography with electrochemical detection (HPLC-ECD), and liquid
chromatography-tandem mass spectroscopy (LCMS/MS). In addition to the comet assay, two olderestablished methods - alkaline unwinding and alkaline elution - are capable of measuring low levels
of DNA breaks, and both have been adapted to incorporate FPG for detecting oxidised purines.
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The EC-funded Concerted Action ESCODD (European Standards Committee on Oxidative DNA
Damage) was set up in the late 1990s to investigate the serious discrepancies in estimation of
background levels of DNA oxidation (specifically, 8-oxoguanine) in humans. Depending on the
technique used, estimates varied by orders of magnitude. By means of ring studies with samples
containing different levels of experimentally induced 8-oxoguanine, distributed to partners using
different techniques, it was established that while HPLC was very precise when measuring a range
of concentrations of induced 8-oxoguanine lesions, it gave highly variable estimates of background
levels, apparently because of oxidation occurring during sample preparation and giving rise to a
serious artefact. (Mass spectroscopy methods tested by ESCODD were incapable of detecting the
induced 8-oxoguanine dose response.) It was impossible to control the adventitious oxidation
reliably. In contrast, the comet assay, alkaline unwinding and alkaline elution in combination with
FPG – all relatively gentle procedures – were not prone to this oxidation and so are more accurate
than chromatographic methods. The consensus in ESCODD was that background 8-oxoguanine
levels are much lower than previously estimated, at between 0.3 and 4 per 106 guanines.
1.3.2. Progress beyond the state-of-the-art
FPG-based methods are not perfect. While the comet assay + FPG came out well in the ESCODD
project in terms of accuracy, it lacks precision, compared with analytical chemical methods. Within
a laboratory, intra-experimental variation (expressed as coefficient of variation for identical cell
samples in one experiment) can be 10% or less, given well controlled experimental conditions, while
inter-experimental variation (identical cell samples in different experiments) tends to be rather higher
(typically around 14%). Problems arise when results are compared between laboratories; eight
ESCODD partners were given identical samples to analyse for 8-oxoguanine, ostensibly using
similar protocols, and the resulting CV was 80%.
Since ESCODD, attempts have been made to reduce variation, and to identify its causes, by the
ECVAG consortium, and by individual laboratories. Critical factors are agarose concentration (lower
% tail DNA with higher agarose concentration), period of alkaline incubation (% tail DNA increasing
with time), and electrophoresis conditions (% tail DNA increasing with voltage and with time, and
also sensitive to temperature). Adoption of standard conditions should reduce inter-laboratory
variation – a long-term aim. Scoring methods vary between laboratories, and this introduces
variability that is more difficult to control.
Approaches to controlling variation. One solution to the problem of high variability is to employ
reference standards. Internal standards would be ideal, with reference cells (containing a known
amount of damage) included in the same gel as sample cells. However, it is necessary to identify
the two classes of comets (sample and standard) after electrophoresis, and while different
approaches have given promising preliminary results, they are not sufficiently practicable to be
widely adopted. Reference standards can, however, be useful, if run in parallel with samples but in
separate gels. It is then possible (a) to check the performance of the assay (anomalous results from
the standard cells indicating a technical problem); and (b) to ‘normalise’ sample results by applying
a correction factor based on the value of % tail DNA seen in the reference standard. Thus interexperimental variation can be controlled, and this is useful in the case of biomonitoring when typically
hundreds of samples are collected and run in a series of experiments over a period of weeks or
months. Inter-laboratory variation is also controllable. In the ESCODD project, seven partners
collected PBMN cells from volunteers, and measured 8-oxoguanine (FPG-sensitive sites); the
overall mean value was 0.34 per 106 guanines, with a coefficient of variation (CV) of 43%. This could
indicate real differences between the population samples (in six different countries). However, the
laboratories also analysed 8-oxoguanine in identical reference standard cells sent by the
coordinating laboratory. When the PBMN results were ‘normalised’ by simply dividing by the
reference standard result for each laboratory, the CV (omitting one obvious outlier) was reduced to
14% - suggesting that there were no real differences in levels of DNA oxidation among the countries
tested.
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Consolidation of comet assay data. At the International Comet Assay Workshop in Kusadasi,
Turkey, in September 2011, the project known as ComNet was initiated to address the need for
better coordination of biomonitoring studies using the comet assay. To date, the project has been
run without core funding, relying on individual researchers’ resources. Under this project,
laboratories publishing papers on human studies with the comet assay were invited to contribute to
a collaborative effort, and over 100 laboratories worldwide registered on a dedicated website. A
questionnaire was distributed to these laboratories, to establish the extent of epidemiological data
available, and to collect information about the technical protocols that are in use. Responses have
been received from over 50 laboratories, agreeing to donate their data. The geographical distribution
of laboratories expressing interest is mostly European, but with significant participation from the US,
India, China, and Latin America. Studies include cohort/prospective, cross-sectional and intervention
studies, case-control studies of various diseases, investigations of occupational and environmental
exposure to xenobiotics, nutritional studies, and examinations of age-related effects, sex differences,
etc. The overall number of individual subject data sets that could be contributed by these laboratories
is about 19,000.
hCOMET is built on the foundations of ComNet. A principal purpose of ComNet (and therefore of
hCOMET) is to extract the maximum amount of scientifically valuable information from the pooled
analysis of this wealth of data. This will establish baseline damage levels (SBs and oxidised bases)
for future reference, and will define the associations between comet assay measurements of DNA
damage and repair, and factors such as sex, age, smoking status, nutrition and lifestyle.
1.3.3. Innovation in tackling the challenge
Pooled analysis of existing data. There is already a vast amount of data from comet assay-based
human biomonitoring investigations, and important scientific information has been obtained, as
indicated above. However, in many cases, definitive conclusions are not possible because the study
group is too small, and there may be conflicting results from different trials. Direct comparisons
between laboratories are difficult because of technical variations, resulting in apparent
incompatibility. Another way to summarize data in observational studies is to pool individual records
and re-analyse the data – as aimed at in this Action. This approach (applied very successfully in the
HUMN project, referred to earlier) has several advantages over the classical meta-analysis of
published data, mainly the possibility to perform interaction tests, post-hoc quality control, and subgroup analysis including dose-response curves.
Fewer investigations have been carried out using the comet assay to assess DNA repair capacity,
but the data that exist will be analysed as thoroughly as possible. DNA repair is a crucially important
factor in defence against cancer, and a validated biomarker assay would be invaluable.
Practical guidelines. Draft guidelines (with SOPs) will be prepared:
(a) Guidelines for planning and executing human biomonitoring studies, covering such topics as
study design, power calculations, subject recruitment, inclusion/exclusion criteria, ethical aspects,
sample collection, secure data storage, approaches to statistical analysis.
(b) Guidelines for performing the comet assay; in addition to a recommended standard operating
procedure for the regular comet assay, these guidelines will cover the use of lesion-specific
enzymes, high-throughput versions of the assay, modifications to measure different kinds of damage
and DNA repair, manual and automated scoring methods, and data analysis.
Comments on the guidelines will be invited from partners in hCOMET, and the intention is that the
final guidelines will be published, publicised, and used within the Network and outside. They will be
promoted in the training courses.
Ring studies. Working Groups will be set up within the Network to participate in ring studies, to
assess inter-laboratory variability, with SOPs for measuring both DNA damage and DNA repair being
applied to identical cell samples. Both intra- and inter-laboratory variation will be assessed. The
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standard protocols will also be applied to sets of samples collected by each participant from (carefully
matched) groups of volunteers in their respective countries.
Alternatives to PBMN cells. Isolation of PBMN cells from fresh whole blood is a standard
procedure, but time-consuming, and this can present problems in a typical biomonitoring trial where
numerous samples are collected on one day and require immediate and simultaneous processing.
A recently proposed alternative approach is to isolate leukocytes from frozen whole blood, and the
Action will coordinate trials of this method in different laboratories, in which levels of damage (DNA
breaks and oxidised bases) will be compared between PBMN cells (mostly lymphocytes) and the
whole population of leukocytes. If this method is found to be robust, it would make the collection and
storage of large numbers of human samples for later analysis of damage much simpler than at
present. A further possibility is that leukocytes could be isolated from frozen buffy coats; these have
been stored in prospective/cohort studies such as EPIC (European Prospective Investigation of
Cancer and Nutrition).

1.4.

Added value of networking

1.4.1. In relation to the Challenge
The need for coordination. The comet assay, as most commonly used, is based on the protocol
originally published by Singh et al. in 1994. However, there have been many modifications of the
assay over the years, and by now there are almost as many versions of the assay as there are
laboratories using it. This reflects the robustness and versatility of the assay. Variations in the critical
parameters mentioned above (agarose concentration, alkaline unwinding time, electrophoresis
conditions, scoring method) are tolerated, in that meaningful results can be obtained, but the actual
% tail DNA for a sample of cells with a given amount of damage can differ substantially from one
laboratory to another. Formal and informal networks have been set up (for instance, ESCODD and
ECVAG) to attempt to reduce variability and to encourage adoption of standard protocols. These
networks have succeeded in identifying causes of variation, but have not been able to eliminate it.
While it is impracticable to demand that everyone use the same protocol, researchers should be
aware of the need to maintain constant conditions (regarding those experimental parameters that
have an effect on results) within a prescribed range, and so an agreed standard protocol would be
an invaluable reference document. The ideal way to bring about such a level of cooperation is
through a Network open to all who work in this field.
Creating a database. A questionnaire has already been circulated by the ComNet project to
researchers identified as performing biomonitoring with the comet assay, to collect information on:
1) Extent of experience of researcher with the assay, 2) Type of human samples studied, 3) Versions
of comet assay used, 4) Kind of human biomonitoring study, 5) Kind of data collected on subjects
(anthropometric, health-related, dietary, genetic), 6) Which comet assay parameters are collected?
hCOMET will have access to this information and will take on the role of collecting the data.
The questionnaire is still 'open', but some provisional statistics are given in the table below.
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Research activity
Applying comet assay to PBMN cells
Using standard comet assay (for DNA strand breaks)
Using comet assay + FPG (for oxidised bases)
Measuring H2O2 resistance (antioxidant status)
Measuring DNA repair
Studying occupational exposure
Studying environmental exposure
Studying nutrition

%
72
89
64
30
49
49
43
32

Table 1: Results of survey of biomonitoring studies involving the comet assay. The percentages of
research groups active in the various fields are shown.
Judging by the responses to the questionnaire, the Action aims at collecting anonymised data from
human biomonitoring studies carried out in over 50 laboratories, representing more than 19,000
subjects, from many countries, mainly in Europe. These studies include prospective/ cohort, crosssectional and intervention studies, case-control studies of various diseases, investigations of
occupational and environmental exposure to xenobiotics, nutritional studies, examinations of agerelated effects, sex differences, etc. Such a database can only be set up with close collaboration of
individual, nationally funded researchers within a pan-European network.
Using the database: The primary purpose of the database will be to allow a pooled analysis, to
which a Working Group will be dedicated. This will establish baseline damage levels (SBs and
oxidised bases) for future reference, and define the associations between comet assay
measurements of DNA damage and repair, and factors such as sex, age, smoking status, nutrition
and lifestyle.
Preparing practical guidelines: A Working Group within the Network will be charged with producing
draft guidelines for carrying out human biomonitoring trials and for performing the comet assay on
samples from these trials. The guidelines will be open for discussion within the whole Network.
Consensus is essential if such guidelines are to be accepted and used.
Ring studies: The existence of this Network will make it possible to carry out ring studies,
distributing standard samples of cells containing defined amounts of DNA damage (strand breaks or
oxidised purines) to be used as reference standards in partner laboratories and to make comparison
of results obtained in different laboratories far easier and more reliable. The ring studies are
essentially trans-national activities, depending on a pan-European network for support.
1.4.2. In relation to existing efforts at European and/or international level
This Action could be said to be a successor to the projects ESCODD and ECVAG (both referred to
above), with more ambitious aims and a broader scope regarding membership. Apart from ComNet,
there is no network covering the use of the comet assay in human biomonitoring. The closest to such
a network is the International Comet Assay Workshop (ICAW), a biennial event which includes
biomonitoring as a theme. The Action will collaborate with the ICAW and anticipate organising COST
meetings as satellites to the two ICAW meetings that will occur during the course of hCOMET.
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2. IMPACT
2.1.

Expected Impact

2.1.1. Short-term and long-term scientific, technological, and/or socioeconomic impacts
The objectives outlined above are relevant to all three areas:
Scientific: The results of the pooled analyses will represent a significant, substantial addition to the
knowledge base relating to the effects of environmental and occupational exposure to xenobiotics,
nutrition and lifestyle on human health.
Technological: Novel techniques based on the comet assay, for application in biomonitoring, will
be standardised and validated, with SOPs as a tangible output. The techniques have potential
medical applications as diagnostic tools and in assessing radiosensitivity, for example.
Socio-economic: The results from this Action should lead to a greater awareness of the
environmental causes of diseases such as cancer, and of the importance of lifestyle and nutritional
factors for maintaining health. SMEs and other companies involved in measurement of DNA damage
(for biomonitoring or for genotoxicity testing) will benefit from the existence of validated methods and
SOPs, and their competitiveness will be enhanced.
There will be impact on other areas of R&D; the guidelines and SOPs will be relevant for those
developing alternative in vitro genotoxicity tests, used in pharmaceutical, cosmetic and chemical
industries, and in food safety assessment.

2.2.

Measures to Maximise Impact

2.2.1. Plan for involving the most relevant stakeholders
A website dedicated to the hCOMET network will be set up at the earliest opportunity, and will serve
as a means of coordinating network activities, but also providing relevant information to researchers
and others outside the network.
A programme of short-term scientific missions (STSMs) will provide practical training for young
researchers who will be encouraged to spend short periods in other research groups with specific
expertise. The programme will continue for the whole term of the COST Action.
Training courses for young researchers (or researchers new to the field) will be organised on topics
such as ‘The comet assay as a human biomonitoring tool’, ‘Advances in high throughput methods
for studying DNA damage’, ‘Statistical approaches to molecular epidemiology’, ‘DNA repair; theory
and practice’. When appropriate, the courses will include hands-on practical training. Leading
international experts will be among the instructors.
Peer-reviewed publications will be expected from most Working Groups to maximise dissemination
in the scientific community.
Publications will be augmented by presentations at conferences such as the European and national
Environmental Mutagen Societies, and the International Comet Assay Workshop which meets every
second year.
A conference will be organised on the topic of biomonitoring for DNA damage and repair, probably
as a session within a relevant scientific society meeting, during the final year.
2.2.2. Dissemination and/or Exploitation Plan
The demonstration of the validity and usefulness of the comet assay as a human biomonitoring tool,
by means of the pooled analysis and ring studies, is long overdue, and will be a valuable contribution
to the field of molecular epidemiology – but only if our results are widely disseminated, and our
guidelines widely adopted.
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An hCOMET website will be set up with an open section (in addition to the site for members of the
Action only), on which activities of the COST Action will be publicised.
The SOPs for DNA damage and repair, supported by the validation exercises of the ring studies, will
be of value to the wider comet assay community, and will be disseminated through peer-reviewed
publications. Oral and poster presentations will be made at national/international conferences, and
in particular at the ICAW. An open conference will be organised towards the end of the Action, to
which the various stakeholders as well as Action members will be invited.

2.3.

Potential for Innovation versus Risk Level

2.3.1. Potential for scientific, technological and/or socioeconomic innovation
breakthroughs
Establishing the comet assay as a reliable biomonitoring tool will pave the way for prospective
studies to determine whether DNA damage and repair measured at a certain age are significant
indicators of risk of cancer (or indeed other diseases) later in life – a question of importance for public
health. Such a study will be planned as part of this Action. Risk: success will depend on securing
funding for a long-term project (at least 10 years).
If leukocytes can be recovered from deep-frozen buffy coat samples, in a state suitable for comet
assay analysis, then existing prospective trials, which have already accumulated data on disease
incidence, can be exploited. It will be possible to carry out case-control studies, comparing the levels
of DNA damage in samples taken before the onset of disease. This is potentially a very powerful
new approach, and will reduce the need for a new prospective trial. Risk: high, since there is no
guarantee that the cells will be recoverable.
High throughput versions of the comet assay, with automated scoring, have been developed and
validated. They will allow the assay to be used more widely in biomonitoring and ecogenotoxicology,
and possibly also as a diagnostic tool. The baseline data from the pooled analysis, together with the
SOPs and guidelines produced through hCOMET, will complement the technological advances.
Risk: low, since high throughput methods are already in use.

3. IMPLEMENTATION
3.1.

Description of the Work Plan

3.1.1. Description of Working Groups
WG1. Creating combined database (M1-M12)
Objective: To organise comet assay biomonitoring data from different laboratories into a single
database to be used for pooled analysis.
Tasks:
1. The 51 researchers who have already responded to our ComNet questionnaire and agreed to
provide their comet assay data will be contacted to confirm their participation. They will receive an
Excel spreadsheet to complete with the data and with additional information about the study and the
comet assay protocol used.
2. The data will be entered into a unified database compatible with the statistics software to be used
for the analysis.
Milestones:
1. Participants contacted and spreadsheets sent (month 6)
2. Data received and unified database created (month 12)
Deliverable:
Database for use in pooled analysis (month 12)
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WG2. Pooled analysis of comet assay data (M13-M36)
Objective: To obtain definitive information on the reasons for inter-individual variation in levels of
DNA damage.
Tasks:
1. The collected data in the unified database will be subjected to a pooled analysis using STATA
statistical software, to assess the influence of variations in practical procedures on the level of
damage detected, and to determine the relationships between DNA damage and age, sex, lifestyle,
nutrition, smoking etc.
Milestones:
1. Database checked for compatibility with statistics software (Month 13)
2. Completion of statistical analysis of pooled data (Month 24)
Deliverables:
1. Publication reporting on technical factors influencing comet assay results (Month 30)
2. Publication reporting on influence of age, sex, lifestyle, nutrition, smoking etc. on DNA damage
levels. (Month 36)
3. Training course: Statistical approaches to molecular epidemiology (year 2)
WG3. Ring studies (M22-M42)
Objective: To test the robustness of standard protocols.
Tasks:
1. Between 6 and 10 members of hCOMET will be recruited to take part in a ring study (using own
resources for experimental work). They will receive identical samples of cells treated with a range of
concentrations of specific DNA-damaging agent, to be processed according to a standard 12gel/slide medium throughput comet assay protocol. Since scoring of comets has previously been
proposed as a likely cause of variation, slides will be scored in the lab carrying out the test, and then
in a central lab. The ring study will be repeated as necessary (e.g. if substantial changes to the
protocol are made on the basis of results of the first ring study).
Milestones:
1. Recruitment of COST members with own resources to take part in the ring study (Month 24)
2. Preparation of standard protocol, in consultation with the ring study participants (Month 27)
3. Distribution of samples for analysis (Month 30)
Deliverables:
1. Publication reporting results of ring study (Month 42)
2. Training course: Advances in high throughput methods for studying DNA damage (year 1)
WG4. Guidelines and SOPs (M25-M42)
Tasks:
1. Guidelines for best practice in design of human population studies, using the comet assay, will be
written, in consultation with hCOMET members.
2. Guidelines will be prepared for optimal performance of the comet assay as a biomonitoring tool,
and SOPs will be written, in collaboration with WG3.
Milestones:
1. Draft guidelines for human studies sent to hCOMET partners for comment, and feedback received
(Month 30)
2. Preparation of standard protocol for comet assay, in consultation with WG3 (Month 30)
Deliverables:
1. Publication of guidelines (M42)
2. Training course: The comet assay as a human biomonitoring tool (year 2)
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WG5. DNA repair (M7-M24)
Objective: To develop the comet-based DNA repair assay as a biomonitoring tool.
Tasks:
1. Analysis of DNA repair data from the unified database; relatively few studies have included DNA
repair as a biomarker, and so the information from this analysis will be provisional.
2. Researchers within hCOMET with an interest in the topic will carry out validation tests (measuring
repair capacity in identical samples of cells), and will explore aspects of the assay (such as the
dependence on protein concentration) that are not fully understood at present.
Milestones:
1. Framework for further development and validation of the DNA repair assay (Month 12)
Deliverables:
1. Review of DNA repair data from the unified database; possible publication (Month 18)
2. Protocol for using the DNA repair assay in human biomonitoring (Month 24)
3. Training course: DNA repair; theory and practice (year 3)
WG6. Comparative study of different cell types (M1-M30)
Objective: To assess the suitability of different types of human cells for comet assay analysis.
Tasks:
1. The combined database will yield information about the type of cells assayed in human trials. Most
will be PBMN cells, but in some cases other samples – such as whole blood, or buccal epithelial
cells – will have been used. Levels of damage found in the different cell types will be compared.
2. The suitability of frozen whole blood as a source of leukocytes will be assessed by members of
the COST Action (using own resources). A protocol for isolation of the cells will be provided. PBMN
cells will be isolated from blood samples from a small number of volunteers in each centre; aliquots
of the same blood samples will be frozen at -80°C and leukocytes isolated at a later date. Results
from the different labs will be analysed together, to look for correlations (or not) between DNA
damage levels in leukocytes and PBMN cells.
3. The feasibility of using stored buffy coat as a source of leukocytes will be explored (a project for
one or two COST laboratories).
Milestones:
1. Recruitment of COST members with own resources to take part in the PBMN/leukocyte study and
buffy coat trial (Month 3)
Deliverables:
1. Report on comparative data retrieved from combined database (Month 24)
2. Recommendations on suitability of different cell types for biomonitoring (Month 30)
3. Publication on levels of DNA damage in leukocytes and PBMN cells, correlated or not (Month 30)
WG7. Planning for the future (M1-M48)
Objective: To create proposals for investigations based on the findings of this COST Action, and
employing hCOMET’s innovative approaches and methods.
Tasks:
1. A plan will be developed for a prospective study, to examine the links between DNA damage and
DNA repair capacity, measured with the comet assay, and risk of disease. A suitable study group
would be a ‘young elderly’ cohort of healthy persons with a statistically high probability of developing
disease within a reasonable time frame for a practicable research project.
2. hCOMET participants will be encouraged to form consortia for the purpose of applying for funding
under any appropriate Horizon 2020 call – making use of the techniques and approaches developed
during the COST Action. One project that should be undertaken is an international comparison:
whether DNA damage levels and repair capacities vary significantly between countries has not been
definitively answered. Blood cells will be isolated from carefully matched groups of healthy subjects
in countries from different parts of Europe (e.g. Mediterranean, Northern, and Central) and analysed
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with strict adherence to SOPs and running standard reference samples alongside the samples so
that data from the different countries can be normalised and compared.
Milestones:
1. Recognition of appropriate H2020 calls (any time during the Action)
Deliverables:
1. Plan for prospective study (Month 42)
2. Applications for funding (any time during the Action)
3.1.2. GANTT Diagram

3.1.3. PERT Chart (optional)

13

3.1.4. Risk and Contingency Plans
This Action depends on the availability of data for pooled analysis. Agreement from 51 research labs
to provide their data has already been confirmed, and even if half of those labs fail to produce data
the Action would still have results from almost 10,000 individuals and would be able to complete the
study. The risk therefore is low, with no conceivable contingency plan. Failure of the pooled analysis
to produce meaningful results is very unlikely in view of the experience of our statistical experts. Ring
studies could fail to attract enough participants, but the Action can, if necessary, extend its appeal
to all members of ComNet (more than 100). By working with a standard agreed protocol, and
focusing on comet scoring as the likely source of variation, the Action should be assured of a
successful outcome of the ring studies. The intention is that Guidelines and SOPs will be taken up
widely outside hCOMET and ComNet; to assure this, the Action will disseminate them through
different channels. It is a real possibility that leukocytes from blood or buffy coat samples frozen long
ago will not be suitable material for comet assay analysis; this will simply mean that researchers will
continue to isolate PBMN cells. Finally, future projects under H2020 will depend on appropriate calls
– a contingency that the Action cannot control.

3.2.

Management structures and procedures

The management structure will follow the COST rules regarding nomination of Management
Committee (MC) members, participation in working groups, etc.
At the kick-off meeting, WG leaders will be appointed, with preference given to early stage
researchers to give them experience in science management. A Dissemination Leader will be
appointed to co-ordinate publications, to set up and manage the website, and to have responsibility
for dissemination to stakeholders and in general.
The Action overall will be coordinated by a steering committee (SC) consisting of MC Chair, viceChairs, and WG leaders.
(This organisation structure is provisional and can be adapted by the MC once it is established.) In
addition to a kick-off meeting, a plenary meeting of the COST Action will be held once a year. When
convenient, this meeting will be organised as a satellite of a relevant conference or society meeting
– such as the ICAW.
Regular meetings of the SC will be held by teleconference or on Skype, to ensure efficient
management of the Action. Decisions made by the SC will be put to the MC for approval. Major
issues will be dealt with by the MC at its annual meetings (or, when urgent action is required, by
teleconference or Skype).
Working groups will meet when necessary (at least once a year), and will have
teleconferences/Skype meetings at regular intervals, to ensure that their activities are well
coordinated.
Training:
The SC will prepare a detailed training plan immediately the Action has been initiated.
Organisation of training courses will be delegated to individual WGs. Applications for STSMs will be
assessed by the SC.
Young scientists in member countries of the COST Action will be invited to apply for funds for shortterm scientific missions, in the form of exchanges between participating research groups.
Training courses will be held (at least one per year) for researchers new to this field. Each course
will be integrated into a specific WG, and the members of that WG will be responsible for running
the course. Possible topics are described in 2.2.1.

3.3.

Network as a whole

The Network comprises researchers who are very experienced in human biomonitoring and in the
comet assay technique. The group includes several who have made seminal contributions to this
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field. The Proposers are well known to each other and many have worked together in the past. The
core group of Proposers is backed by many other research groups in ComNet, and the Action intends
to extend participation in hCOMET to include these research groups as much as possible in our
activities. The Network of Proposers is drawn mainly from Europe but also includes representatives
from Cuba, Turkey, India and the USA. The ComNet membership has a far broader international
spread. The Action is therefore confident that more than adequate critical mass, expertise and
geographical distribution to achieve the objectives, is present (in particular, dissemination should be
straightforward and efficient through such an extensive network).
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