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Taipas, nº 135, 4050-600 Porto, Portugal, 15Università degli Studi di Milano, Department of Food, Environmental and 
Nutritional Sciences (DeFENS), Via Giovanni Celoria 2, 20133 Milan, Italy, 16Department of Nutrition, University of 
Oslo, Sognsvannsveien 9, 0372, Oslo, Norway and 17NorGenotech AS, Norway

*To whom correspondence should be addressed. Tel: +45 35327654; Email: pemo@sund.ku.dk

Received 22 January 2020; Editorial decision 24 March 2020; Accepted 27 March 2020.

Abstract

The comet assay is a popular assay in biomonitoring studies. DNA strand breaks (or unspecific 
DNA lesions) are measured using the standard comet assay. Oxidative stress-generated DNA 
lesions can be measured by employing DNA repair enzymes to recognise oxidatively damaged 
DNA. Unfortunately, there has been a tendency to fail to report results from assay controls (or 
maybe even not to employ assay controls). We believe this might have been due to uncertainty as 
to what really constitutes a positive control. It should go without saying that a biomonitoring study 
cannot have a positive control group as it is unethical to expose healthy humans to DNA damaging 
(and thus potentially carcinogenic) agents. However, it is possible to include assay controls in 
the analysis (here meant as a cryopreserved sample of cells i.e. included in each experiment as a 
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reference sample). In the present report we tested potassium bromate (KBrO3) as a positive comet 
assay control for the formamidopyrimidine DNA glycosylase (Fpg)-modified comet assay. Ten 
laboratories used the same procedure for treatment of monocytic THP-1 cells with KBrO3 (0.5, 1.5 
and 4.5 mM for 1 h at 37°C) and subsequent cryopreservation. Results from one laboratory were 
excluded in the statistical analysis because of technical issues in the Fpg-modified comet assay. 
All other laboratories found a concentration–response relationship in cryopreserved samples 
(regression coefficients from 0.80 to 0.98), although with different slopes ranging from 1.25 to 11.9 
Fpg-sensitive sites (%DNA in tail) per 1 mM KBrO3. Our results demonstrate that KBrO3 is a suitable 
positive comet assay control.

Introduction

For approximately 30 years, the comet assay has been used in gen-
etic toxicology and biomonitoring. The assay has been used in an 
overwhelming number of studies on environmental and occupa-
tional exposure, lifestyle factors, nutrition and diseases. It is con-
sidered to be a cheap, technically simple and fast assay that can 
be used for any cell type or tissue in animals, humans and plants. 
The standard alkaline comet assay measures DNA strand breaks. 
However, an additional step with enzymic treatment of DNA after 
the lysis step increases the types of lesions that the comet assay 
can detect. The most popular version of this enzyme-modified 
comet assay involves treatment with formamidopyrimidine DNA 
glycosylase (Fpg) for detection of 8-oxo-7,8-dihydroguanine-
2′-deoxyguanosine and ring-opened purine lesions. Human 
8-oxoguanine DNA glycosylase (hOGG1) can also be used to 
measure oxidatively damaged DNA. It has been suggested to be 
more specific for the detection of 8-oxodG (1).

A standard protocol for the comet assay should include proced-
ures to assess inter-experimental variation and ascertain that the re-
sults are reliable (e.g. by using positive controls). However, this is 
not common practice, as demonstrated in a recent review on case–
control studies where only 8 out of 98 articles mentioned the use 
of assay controls for DNA strand breaks and none was specific for 
oxidatively damaged DNA (2). An earlier review of 55 biomonitoring 
studies using the Fpg- or hOGG1-modified comet assay showed that 
only 5 studies had used hydrogen peroxide and 9 studies had used 
the photosensitiser Ro19-8022 (mainly articles coming from the 
same laboratory) (3). The evidence indicates that reporting results 
on assay controls is a rarity in articles on comet assay results. This 
may be due to negligence of just not reporting results on assay con-
trols, but it may also be that researchers do not include such con-
trols in their comet assay experiments. Members of the COST Action 
hCOMET have identified the lack of standard procedures for assay 
controls as a major issue that needs to be solved (4).

The standard alkaline comet assay is now adopted as an 
Organisation for Economic Co-operation and Development (OECD) 
guideline test for animal experiments and the guideline recommends 
the use of alkylating agents for positive controls (5). In addition, 
it should be emphasised that a positive control does not exist in 
biomonitoring studies since a group of people cannot be exposed 
deliberately to a DNA damaging agent. However, assay controls (or 
reference standards) are useful for quality control and assessment 
of inter-experiment variation. Cryopreserved cells that have been 
treated with the OECD-recommended alkylating agents would be 
good assay controls for the standard comet assay, whereas they are 
not appropriate for the enzyme-modified comet assay that detects 
oxidatively damaged DNA. Hydrogen peroxide is also not a particu-
larly good assay control for the Fpg-modified comet assay because 
the concomitant generation of DNA strand breaks decreases the 
dynamic range of oxidatively damaged DNA. The photosensitiser 

Ro19-8022, originally developed as a drug, failed the pre-clinical 
toxicity screening because it causes oxidative damage to DNA. 
Generously, F. Hoffmann La Roche distributed their stock of Ro19-
8022 as a gift to researchers until the patent expired. The compound 
was instrumental in earlier ring trials that revealed a substantial vari-
ation in the detection of oxidatively damaged DNA between labora-
tories (6–8). Later ring trials also used Ro19-8022 and showed lower 
inter-laboratory variation in the measured levels of Fpg-sensitive sites 
when the results were standardised against assay control samples (9–
11). As it stands today, Ro19-8022 is the only well-established assay 
control for the Fpg-modified comet assay, but it cannot be obtained 
from the major vendors (though Chiron AS sells it as a compound 
called 8503.23, www.chiron.no). Potassium bromate (KBrO3) has 
similar desirable features as Ro19-8022 (i.e. high generation of 
Fpg-sensitive sites with little concurrent generation of DNA strand 
breaks) and it is readily available for all researchers.

The overarching purpose of this ring trial was to test KBrO3 as 
a positive assay control for the Fpg-modified comet assay. KBrO3 
was chosen among several candidates as described previously (3). 
Preliminary tests indicated that KBrO3 might be a reliable positive 
assay control inasmuch as concentration–response relationships 
could be obtained in different laboratories. Ten laboratories pre-
pared and tested cryopreserved assay control samples in three in-
dependent experiments. Slides from at least one experiment were 
forwarded to one central laboratory to assess the relative contribu-
tion of differences in scoring to the level of variation.

Methods

A full protocol for the cell culture condition, KBrO3 exposure and 
comet assay procedure is available in the supplement, available at 
Mutagenesis Online. The laboratories were instructed to analyse 
samples in the comet assay once a week for three consecutive weeks. 
Except for the coordinating laboratory, none of the laboratories had 
used KBrO3 as positive assay control in experiments prior to the 
work in the hCOMET Cost Action. Preliminary experiments were 
carried out by some of the participating laboratories to verify the 
suitability of the test conditions which had been used already in the 
coordinating laboratory (results not shown).

Preparation of assay controls
We used THP-1 cells as assay controls because all laboratories can pur-
chase this cell line from American Type Culture Collection (ATCC), 
Manassas, VA, USA and it does not require a special cell culture fa-
cility (i.e. biosafety level 1). The cell line was originally developed from 
a 1-year-old boy with acute monocytic leukaemia. It is cultured as 
a single cell suspension. In the comet assay, undamaged THP-1 cells 
have very little DNA migration under normal electrophoresis condi-
tions, and their nucleoids are typically completely round. In the pre-
sent ring trial, all laboratories used THP-1 cells from the same batch.
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The THP-1 cells were exposed to 0, 0.5, 1.5 or 4.5 mM KBrO3 
in Roswell Park Memorial Institute 1640 (RPMI-1640) medium for 
1 h at 37°C. Subsequently, the cells were washed and suspended in 
cryopreservation medium [50% foetal bovine serum, 40% RPMI-
1640 medium and 10% dimethyl sulfoxide (DMSO)]. Each labora-
tory prepared at least 10 sets of vials for the ring-trial study (one set 
contains four vials: 0, 0.5, 1.5 and 4.5 mM). Three vials were used 
for own analysis of DNA damage levels. The additional sets of sam-
ples were stored in order to be able to conduct further studies such 
as assessment of stability after long-term storage (i.e. analysis after 
years of cryopreservation, not yet done).

Fpg enzyme
Each laboratory received frozen vials with concentrated Fpg enzyme 
(5 µl; 100 times dilution from the original stock with a protein con-
centration of 9.6 µg/µl) from the same laboratory (NorGenotech AS, 
Norway). The preparation method was essentially as was used for 
Fpg in the previous European Standards Committee on Oxidative 
DNA Damage (ESCODD) and European Comet Assay Validation 
Group (ECVAG) ring trials (6–11). The aliquots were further di-
luted 100-fold (500 µl) with Fpg reaction buffer + 10% glycerol and 
frozen at −80°C until use in the comet assay (in 50 µl vials). For use 
in an experiment, one aliquot (50 µl) was diluted with 300 µl Fpg 
buffer and kept on ice until it was added to the gels. The final dilu-
tion was 60 000 times with respect to the original stock.

Reference control samples
The reference control samples were prepared from human 
lymphoblastoid (TK6) cells treated with 1 mM Ro19-8022 + vis-
ible light (33 cm from 500 W source, 5 min on ice). TK6 cells ori-
ginate from a 5-year boy with hereditary spherocytosis. The cell line 
is commercially available from ATCC. Each tube of reference control 
sample contained 0.5 ml of cells in the freezing medium at a concen-
tration of 0.5 × 106/ml (i.e. 0.25 × 106 cells per tube).

Comet assay procedure
A description of the specific steps in the protocol is available in the 
supplement, available at Mutagenesis Online. There was some flexi-
bility in the protocol with respect to steps that are not considered 
important determinants for inter-laboratory variation. However, 
certain steps were fixed, including the final concentration of 
agarose (0.7%), lysis time (1 h), alkaline unwinding time (20 min), 
incubation time with Fpg (1  h) and electrophoresis conditions  
(20 V/cm*min). Although standard incubation times are generally 
30 or 45 min, for this ring trial the incubation time with Fpg was set 
to 1 h to make sure the level of DNA incisions (or recognised DNA 
lesions) reached a plateau. Longer than 1 h incubation times with 
Fpg should be avoided because the baseline level of DNA damage 
may increase due to unspecific incisions. Electrophoresis depends on 
both the electrophoretic field strength (i.e. voltage per length unit 
in the electrophoresis tank) and duration of electrophoresis. It was 
not possible to standardise the type of dye because it depends on the 
filter in the fluorescence microscope. The types of dyes used were 
GelRed Nucleic Acid Gel Stain, ethidium bromide, 4′,6-diamidino-
2-phenylindole, SYBR Gold and YOYO-1.

In the central laboratory, the slides were stained with SYBR Gold 
for 20 min (with slow shaking) and subsequently rinsed in distilled 
water. The original SYBR Gold solution was diluted 1:10 in DMSO 
and cryopreserved; on the day of use it was further diluted 1:1000 
in Tris-EDTA buffer (1 mM disodium ethylenediaminetetraacetate 
dihydrate and 10 mM Tris–HCl adjusted to pH 8). Coverslips were 

added on top of the slide/film. Perceptive Instruments Comet Assay 
IV (Instem) was used for scoring the comets. The light source in the 
microscope was a fibre optic lamp and ×20 magnification lens was 
used. Fifty comets per gel (100 comets per condition) were scored, 
except for slides from one laboratory that only sent samples with 1 
gel per condition. The tail intensity (%DNA in tail) parameter was 
used for the calculations.

Statistical analysis
Ten laboratories participated in the ring trial. All results per lab are 
reported in the supplement, available at Mutagenesis Online. Results 
from laboratory 10 have been excluded in the statistical analysis be-
cause of technical issues in the Fpg-modified comet assay: the samples 
of Ro19-8022-treated cells and Fpg were thawed upon arrival from 
the central lab due to unforeseen retention in the customs (see table 
of the results from laboratory 10 for further description of the experi-
ments). The results from laboratory 10 are shown in the supplement, 
available at Mutagenesis Online in order to avoid reporting bias.

The results from each laboratory have been analysed by linear 
regression analysis or mixed effects models with categorical factor 
(i.e. laboratory) and KBrO3 concentration as predictors. The com-
parison of DNA damage levels obtained in individual laboratories 
and the central laboratory has been analysed with both true values 
and standardised values [Z-score  =  (Xi − µ)/standard deviation, 
where Xi is the value of the i’ the data point and µ is the mean of all 
data points]. The statistical analysis was carried out in Stata/IC 13.1 
(Stata Corp, College Station, TX, USA).

Results

The majority of the laboratories reported a KBrO3 concentration-
dependent increase in Fpg-sensitive sites (Figure  1 and Table  1). 
The variation in levels of Fpg-sensitive sites was large, indicating 
inter-laboratory variation in the preparation or analysis of samples. 
Illustrating the variation, the laboratory with the smallest slope in the 
full concentration–response relationship had a range from 0.2 to 6.0 
%DNA in tail (slope = 1.25, r = 0.98, P < 0.001) and the laboratory 
with the largest slope had 0.6 to 52.5 %DNA in tail (slope = 11.9 
r = 0.95, P < 0.001). Both laboratories have almost perfect linear 
relationships. One laboratory had saturation of Fpg-sensitive sites 
at the highest concentration of KBrO3 (there was a lower level of 
Fpg-sensitive sites in samples treated with 4.5. mM than expected 
from linear extrapolation from 0.5–1.5 to 4.5 mM). In contrast to 
Fpg-sensitive sites, levels of DNA strand breaks were not increased 
by KBrO3 exposure in any of the laboratories (Table 2).

Seven out of the eight laboratories, which analysed Ro19-8022 
samples, reported that the level of Fpg-sensitive sites in the Ro19-
8022 samples was between the level of DNA damage in samples 
that had been treated with 0.5 and 4.5 mM KBrO3. Likewise, nine 
laboratories reported that the level of DNA strand breaks in the 
Ro19-8022 samples was higher than the level in the KBrO3 sam-
ples (Table 2). The results indicate a high consistency in results from 
different laboratories, although the results also reveal a substantial 
degree of inter-laboratory variation in levels of both DNA strand 
breaks and Fpg-sensitive sites.

Slides from six laboratories were stained and scored in an inde-
pendent central laboratory by the same investigator. Table 3 shows 
that the variation in DNA damage levels of KBrO3-treated THP-1 cells 
is lower when the samples are stained with the same dye and scored 
with the same image analysis software. Similarly, the inter-laboratory 
variation in Ro19-8022 samples was lower in slides that were stained 
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and scored in the central laboratory as compared with the values 
obtained in individual laboratories (Table 4). The Fpg-sensitive sites 
in the Ro19-8022 samples ranged from 4.7 to 47.2 %DNA in tail 

(CoV = 59%). This was reduced to 28% in slides that were scored 
in the central laboratory (range from 7.2 to 16.3 %DNA in tail). 
Figure 2 shows a comparison of the level of Fpg-sensitive sites that 

Table 1.  Levels of Fpg-sensitive sites in cells exposed to KBrO3 or Ro19-8022

Lab ID KBrO3 Ro19-8022

0 mM 0.5 mM 1.5 mM 4.5 mM r-value

1 2.6 ± 1.1 3.3 ± 2.9 11.7 ± 4.5 16.5 ± 8.1 0.80** 7.4 ± 3.8
2 0.2 ± 0.2 0.3 ± 0.1 1.2 ± 0.9 6.0 ± 0.4 0.98*** 4.7 ± 0.7
3 2.3 9.2 38.5 67.8 0.97* ND
4 0.6 ± 1.0 3.4 ± 5.1 12.1 ± 14.7 52.5 ± 16.4 0.96*** 32.9 ± 3.9
5 0.7 ± 0.8 5.5 ± 4.5 20.1 ± 9.1 48.8 ± 18.2 0.96*** 25.1 ± 11.9
6 0.9 ± 0.4 4.1 ± 3.3 8.6 ± 7.4 18.4 ± 12.0 0.91** 19.2 ± 14.1
7 11.5 ± 1.7 20.9 ± 11.1 28.8 ± 13.8 43.7 ± 19.6 0.92** 27.5 ± 1.7
8 0.2 ± 0.1 2.7 ± 0.9 14.7 ± 6.6 38.9 ± 2.6 0.98*** 17.1 ± 1.3
9 13.6 ± 3.5 27.4 ± 8.6 54.7 ± 8.2 75.2 ± 3.9 0.93*** 47.2 ± 2.9

Results are mean and ± standard deviation from three independent experiments. Laboratory 3 had assay problems (a recurrent technical problem that results in 
high baseline levels of DNA strand breaks at the same time of the year). In addition, there was problems with the delivery of Ro19-8022 [thus, DNA damage is not 
determined (ND) in this sample in laboratory 3]. Laboratory 5 used visual scoring (0–100 arbitrary unit scale). Linear regression (r-values).

*P < 0.05.
**P < 0.01.
***P < 0.001.

Figure 1.  Levels of Fpg-sensitive sites in cryopreserved samples of THP-1 cells after exposure to KBrO3 in the different laboratories, for up to three experiments.
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were measured by the individual laboratories and slides from the same 
experiments in the central laboratory. There is no significant correl-
ation between the concentration–response relationship of samples 
in the central and individual laboratories (r = 0.74, P = 0.09, n = 6). 
A different analysis, using either DNA damage levels (%DNA in tail 
or visual score) or standardised values (Z-score) indicates a positive 
association between DNA damage levels in the central laboratory and 
individual laboratories (r = 0.71, P < 0.001 and r = 0.69, P < 0.01, 
linear mixed effect model with type of DNA damage as categorical 
factor; Figure 2 middle and bottom panels, respectively).

Discussion

Unfortunately, it has been uncommon to report values of positive 
assay controls for the enzyme-modified comet assay using either 

Fpg or hOGG1. A  positive assay control is defined as a cryopre-
served sample i.e. included in every comet assay run. It serves both 
as a quality control for the activity of the Fpg (or hOGG1) enzyme 
and as a way to assess experimental variation over time. There is 
no consensus about suitable positive assay controls for the enzyme-
modified comet assay. Researchers should not be discouraged from 
using other chemicals than KBrO3, but attention should be paid 
to the increasing awareness that reports on comet assay results 
are deemed unreliable if assay controls are not reported. This goes 
also for biomonitoring studies using only the standard comet assay 
(without enzymes), where assay controls should be included for the 
quality control of the detection of DNA strand breaks. The OECD-
recommended positive controls are good candidates as positive assay 
controls for DNA strand breaks in biomonitoring studies. However, 
the majority of the OECD-recommended positive controls are clas-
sified as carcinogens by the International Agency for Research on 
Cancer (IARC) and it might be preferable to use a non-classified 
compound, such as hydrogen peroxide, for safety reasons. In general, 
either fresh or cryopreserved samples from a biomonitoring trial can 
be analysed in the comet assay with similar results, and there are 
advantages and disadvantages to either way of analysis. In cases 
where there are large numbers of fresh or cryopreserved samples 
demanding analysis, it might not be possible to score the slides until 
several electrophoresis runs have occurred. However, it is recom-
mended to score the control samples as they are produced to check 
for a drift in the assay conditions.

It was reported already 20 years ago that KBrO3 produces Fpg-
sensitive sites in Chinese hamster lung cells (12). Later studies have used 
myeloid mononuclear cells such as L5178Y (1,13), THP-1 (14), TK6 
(15), peripheral blood mononuclear cells and isolated T-lymphocytes 
(16). It has also been shown that KBrO3 induces hOGG1-sensitive 
sites (1,13,14). It should be noted that earlier studies assessed levels 
of Fpg-sensitive sites in fresh cells. The use of cryopreserved KBrO3-
exposed THP-1 cells as assay controls or as substrate cells for the in 
vitro comet repair assay has been standard practice in one laboratory 
(17–21). Interestingly, KBrO3 has been used as a positive control in a 
study on rats where oral administration generated hOGG1-sensitive 
sites in both the liver and kidney, without concurrent generation of 
DNA strand breaks (22). KBrO3 causes kidney tumours after oral ex-
posure in the drinking water in different animal species (23).

The results from this ring trial show that KBrO3 suitable for 
producing assay controls, using THP-1 cells. KBrO3 is genotoxic 
via a mechanism whereby glutathione activates bromate to 

Table 2.  Levels of DNA strand breaks in cells exposed to KBrO3 or Ro19-8022

Lab ID KBrO3 Ro19-8022

0 mM 0.5 mM 1.5 mM 4.5 mM

1 15.3 ± 3.0 9.3 ± 3.1 16.5 ± 4.9 10.0 ± 3.7 31.7 ± 11.0
2 0.6 ± 0.1 1.1 ± 0.6 1.3 ± 0.5 1.1 ± 0.3 4.0 ± 0.2
3 0.9 1.0 1.0 0.9 ND
4 0.7 ± 0.3 1.0 ± 1.3 0.8 ± 0.5 1.3 ± 1.1 6.3 ± 3.1
5 2.9 ± 1.5 2.9 ± 3.0 2.9 ± 2.8 2.6 ± 2.1 20.0 ± 8.1
6 4.6 ± 1.0 4.1 ± 3.0 3.7 ± 1.8 4.3 ± 04 10.4 ± 0.2
7 6.1 ± 3.3 5.2 ± 2.2 4.7 ± 1.5 6.2 ± 2.2 34.5 ± 12.9
8 2.6 ± 0.9 2.7 ± 0.8 3.5 ± 1.7 4.0 ± 3.0 12.0 ± 5.1
9 3.2 ± 1.8 2.8 ± 1.3 3.4 ± 1.7 3.5 ± 1.6 11.9 ± 4.7

Results are mean and ± standard deviation from three independent experiments. There were no concentration–response relationships in any of the laboratories. 
Laboratory 3 had assay problems (a recurrent technical problem that results in high baseline levels of DNA strand breaks at the same time of the year). In addition, 
there was problems with the delivery of Ro19-8022 [thus, DNA damage is not determined (ND) in this sample in laboratory 3]. Laboratory 5 used visual scoring 
(0–100 arbitrary unit scale).

Table 3.  Comparison of inter-laboratory variation (i.e. coefficient 
of variation of %DNA in tail) in Fpg-sensitive sites in THP-1 cells 
treated with KBrO3

Sample Original resultsa Standardised resultsb

0 mM 157 122
0.5 mM 124 80
1.5 mM 95 58
4.5 mM 70 50

aResults from laboratories 1, 2, 4, 6 and 8, which were also analysed in the 
central laboratory.

bStandardised according to the level of Fpg-sensitive sites in the Ro19-
8022 sample from the individual laboratory.

Table 4.  Comparison of inter-laboratory variation (i.e. coefficient of 
variation of %DNA in tail) in DNA damage levels in cryopreserved 
samples of TK6 cells treated with Ro19-8022

Types of DNA damage Alla Own analysisb Central laboratoryb

DNA strand breaks  
(Ro19-8022)

67 93 32

Fpg-sensitive sites  
(Ro19-8022)

61 59 28

aResults from laboratories 1, 2 and 4–9.
bResults from laboratories 1, 2, 4, 6 and 8.
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bromine radicals or oxides, which causes oxidation of guanines 
in DNA (24). Most cells contain 1–2 mM glutathione, while cer-
tain highly metabolically active cells such as hepatocytes contain 
up to 10 mM (25). It is likely that KBrO3 causes damage to DNA 
in most, if not all, standard cell lines and primary cells, but there 
might be differences in sensitivity to DNA damage. In addition, it 
has been shown that extending the alkaline unwinding time from 
20 to 60 min increased the level of DNA strand breaks in KBrO3-
treated cells (13). This suggests that the alkaline unwinding time 
should be kept as short as possible in order to avoid generation of 
DNA strand breaks, which will reduce the dynamic range of the 
Fpg-sensitive sites.

In our study, certain laboratories reported an unexpected attach-
ment of unexposed THP-1 cells to the plastic flasks. This was not 
related to the KBrO3 treatment. We suspect it was due to activa-
tion of THP-1 cells to macrophage-like cells. It is relatively easy to 
transform THP-1 cells by stimulation with phorbol-12-myristate-
13-acetate, which is used in e.g. particle toxicology to obtain cells 
that actively engulf particles. We suspect that chemical constituents 
of plastic containers in certain laboratories may promote activation 
by delivering a suitable layer for attachment. In the affected labora-
tories, the problem was obviated by only using cells in suspension.

Results from one laboratory showed a saturation of Fpg-sensitive 
sites at the highest concentration of KBrO3 in the current comet assay 
settings. We used fixed comet assay procedures for steps that are 
considered to be most important determinants for inter-laboratory 
variation. Slightly modified comet assay procedures would bring the 
DNA damage levels below the dynamic range of the comet assay 
conditions or it would be necessary to use a lower maximal KBrO3 
concentration. In any case, investigators are recommended to use the 
KBrO3 concentration span that best fits their comet assay conditions. 
If only one comet assay control sample is used, it is recommended to 
use a concentration in the linear part of the concentration–response 
curve to avoid saturation of the Fpg-sensitive sites. It is advisable to 
have equal variation below and above the mean value. For example, 
a positive assay control with a mean value of 100 %DNA in tail 
would have a skewed distribution as DNA damage levels cannot be 
above 100%. In that case, the assay control would not reflect the 
variation in the assay and it would not be useful for standardisa-
tion of results in case there was inter-experimental variation in the 
analysis.

The participating laboratories were asked to forward extra slides 
from at least one experiment to a central laboratory to test the vari-
ation in reported DNA damage levels using the same dye and image 
analysis system. As the Ro19-8022 samples came from the same 
batch of cells, they should have the same level of %DNA in tail 
and can thus be used to gain insight into sources of inter-laboratory 
variation in reported DNA damage levels. The CoV for Fpg-sensitive 
sites in Ro19-8022-treated cells (59%) reflects all sources of vari-
ation for the inter-laboratory variation in the Fpg-modified comet 
assay. The analysis of slides in the central laboratory shows some 
inter-laboratory variation in levels of Fpg-sensitive sites in Ro19-
8022 reference samples (CoV = 28%), which is attributed to differ-
ences in procedures other than the type of dye and image analysis 
system. Thus, it appears that for reference samples the overall inter-
laboratory variation can be separated into somewhat equal contri-
butions from handling (steps from slide preparation to drying before 
staining) and scoring (type of dye, microscope and image analysis 
system).

Standardisation of the KBrO3 data against the reference control 
decreases the inter-laboratory variation, although this is not com-
pletely removed. Similar reduction of the variation by standardisa-
tion has been seen in other comet assay validation trials within the 
same laboratory (26–29) and between laboratories (9–11). We hy-
pothesise that this residual inter-laboratory variation after standard-
isation is mainly due to differences in cell culture and manipulation 
procedures among laboratories, and only to a smaller extent to dif-
ferences in the comet assay procedure.

Overall, our results indicate that cells treated with KBrO3 can be 
used as a true positive control for the Fpg-modified comet assay in 
THP-1 and possibly other mammalian cell cultures. To the best of 
our knowledge, THP-1 cells are not recommended in OECD guide-
lines on other genotoxicity tests. However, it should be emphasised 

Figure 2.  Comparison of concentration response relationships between 
comet assay slides scored in own laboratories (n = 6) and a central laboratory. 
The top panel shows the slopes of KBrO3 concentration response curves 
(mean slope and standard error). The middle and bottom panels depict the 
DNA damage level (%DNA in tail or visual score) or standardised values 
(i.e. Z-score) of individual data points of KBrO3 and reference samples. The 
symbols are DNA strand breaks (diamonds) and Fpg-sensitive sites (circles). 
A  linear effect model (with type of DNA damage as categorical factor) 
indicates a positive association for both DNA damage levels (r-value = 0.71, 
P < 0.001, middle panel) Z-scores (r-value = 0.69, P < 0.01, bottom panel).
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that cell lines described in OECD guideline documents might have 
been selected for special reasons. For instance, TK-6 cells are hetero-
zygous for thymidine kinase and therefore desirable to be used in 
mutation assays. We decided against TK-6 as the cell line of choice 
for the testing of KBrO3 as a positive control because ATCC de-
scribes it as a biosafety level 2 type of organism, indicating moderate 
potential hazard to personnel and the environment. We also decided 
against freshly isolated human mononuclear blood cells because it 
may introduce ‘batch variation’ due to intra-individual and inter-
individual differences in the level of Fpg-sensitive sites.

In conclusion, the present study demonstrates a consistency in 
the KBrO3 concentration–response relationship in samples prepared 
in different laboratories, indicating that cells treated with KBrO3 
provide a robust assay control.

Supplementary data

Supplementary data are available at Mutagenesis Online.
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