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In the present study we applied comet assay to cultured in vitro human colorectal carcinoma
cell line HT-29 in order to optimize the approach for staining and analysis of the comets
after treatment with hydrogen peroxide as a DNA damaging agent. Two staining methods
(fluorescent — ethidium bromide and non-fluorescent — silver staining) as well as two types
of software for the analysis were evaluated. Additionally, the comets were scored visually
after both types of staining. In general, we concluded that the silver staining can replace
the ethidium bromide fluorescent dye, which is toxic and requires special equipment for the
examination.
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Introduction

Oxidative DNA damage has been widely recognized as a major risk for developing
deferent diseases. Hydrogen peroxide (H,0,) is known to produce reactive oxygen
species (ROS) which are responsible for oxidative DNA lesions in animal models
[1], resulting in induction and progress of neoplasms [10]. The DNA damage
induced by H,O, is presented by both DNA strand breaks (SBs) and alkali labile
sites (ALS) which intensity is clearly dose-dependent [15]. It has been shown that
under alkaline conditions, DNA loops containing breaks lose supercoiling, unwind,
and are released from the nucleus to form a “comet tail” after gel electrophoresis.
By applying a DNA dye, DNA SBs can be visualized and quantified by computer
analysis or by visual grading [13]. Ethidium bromide (EtBr) is commonly used as a
fluorescent intercalating dye that binds more efficiently to double-stranded DNA than
to single stranded DNA [4]. Another possibility is the silver staining of comets. The
comet assay can detect thousands lesions per cell. However, the actual percentage of
tail DNA depends on the assay conditions [5]. Additionally, the methods of comet
analyses can also influence the results.

The main problem in all genotoxic assays is cell death since it is also associated
with degradation of DNA and so, adds to the DNA damage caused directly by the
genotoxic exposure. Thus, the genotoxic agent dose should be adapted to the level of
its cytotoxicity. Thresholds of cytotoxicity and cell death for comet assay reported in
the literature are usually between 20% and 30%. However, the practice shows that
the effect of cytotoxicity on comet assay endpoints should be assessed by a case-by-
case approach rather than by adopting a predetermined threshold. Another potential
source of error is the attribution of a particular tail shape to apoptosis or necrosis.
For example, it has been previously accepted that the so-called “hedgehog” comets
represent apoptotic cells [4]. Recently, a number of objections to this assumption are
indicated [5].

There are numerous software packages to choose from, that can compute
fluorescence parameters for comets selected by the operator. The most commonly
used parameters are tail length, relative fluorescence intensity of head, percentage
of DNA in tail and tail moment [4]. Analysis of at least 50 comets per slide has been
recommended. The percentage of DNA in the comet tail represents the frequency of
DNA SBs and is measured by image analysis. It is also possible to compute DNA
damage from comets without sophisticated image analysis programs. The human eye
is easily trained to discriminate degrees of damage according to comet appearance.
The 5 classes, from 0 (no tail) to 4 (almost all DNA in tail) give sufficient resolution.
If 100 comets are scored, and each comet assigned a value of 0 to 4 according to its
class, the total score for the sample gel will be between 0 and 400 “arbitrary units.”
Visual scoring is rapid as well as simple and should appeal to scientists exploring
the usefulness of the technique without wanting to invest in expensive analytical
equipment [4].



Image analysis from comet assays represents a significant challenge to
researchers. A number of authors have compared different comet staining techniques
and image analysis software to find the most optimal option for their model systems
[seee.g3,6,7,9, 11].

The aim of the present study is to specify the most convenient methods for
staining and analyzing the comets obtained in human colorectal carcinoma cell line
HT-29 cells after the application of H,0, as an inducer of oxidative DNA damage.

Materials and Methods

Hydrogen peroxide H,0, (30% w/w solution in water), was purchased from Sigma-
Aldrich (Merck KGaA, Darmstadt, Germany) and diluted in phosphate-buffered
saline (PBS, pH=7) immediately before use.

Cell culture. The HT-29 cells (human colorectal carcinoma) (ATCC, Manassas,
Virginia, USA)) were cultured in Dulbecco’s Modified Eagle’s medium — high glucose
(DMEM 4,5 g/I glucose), supplied with 10% fetal bovine serum and antibiotics in
usual concentrations in a humidified atmosphere with 5% CO, at 37.5°C until 90%
confluence. The cells were routinely grown as monolayers in 25 cm? tissue culture
flasks (Biologix™). Cells were detached by trypsinization (Trypsin-0.25 % EDTA).

H,0, treatment. The cells were treated directly on the prepared agarose slides with
encapsulated cells with 70 ul 150 uM H,0, applied for 3 minutes in the dark at 4°C
by coverslips. The coverslips were removed carefully and the slides were immersed
in standard lysis solution for at least 1 h in a Coplin jar at 4°C in dark.

Alkaline Comet Assay. This was performed according to a previously described
procedure [5]. The slides were immersed briefly in 1% (wt/vol) LMP (low melting
point) agarose, their backs were wiped and they were left on a plate overnight at room
temperature (RT). The cell suspensions were counted using an automatic cell counter
(Countess®, Invitrogen) and centrifuged at ~150-300g for 5 min at 4°C, washed with
ice-cold PBS (phosphate buffered saline), and centrifuged again. The 45 ul of the cell
suspension in PBS (~1 x 10%cells/ml) were mixed with 105 pul10.7% LMP agarose. Two
drops (40-75ul) of the mixture were transferred to pre-coated microscope slides. The
gels were covered with coverslips and kept for 5 min at 4°C in dark. The coverslips
were then removed and the slides were placed in standard lysis solution (89 ml lysis
stock solution: 2.5M NaCl, 100mM EDTA, 10mM Tris base, pH 10-10.5, freshly
added 10 ml DMSO and 1 ml Triton X-100) for at least 1 h in a Coplin jar at 4°C
in dark. The slides were transferred directly to the electrophoresis tank containing
cold (4°C) solution (0.3M NaOH and 1mM Na,EDTA, pH>13) and incubated in
electrophoresis solution for 20—40 min avoiding direct light. Electrophoresis was
performed at 25V (~1 V/cm) for 30 min, pH>13 at 4 °C.

The gels were neutralized by washing in cold neutralizing solution (400 mM
Tris—HCI, pH 7.5) three times for 5 min. Slides were washed for 10 min in cold (4°C)



dH,O. The gels were air-dried overnight. All steps were performed avoiding direct
light.

Fluorescence staining. For staining with EtBr, 10 ug/mL aqueous solutions were added
to 20—40 puL staining solution and applied to each gel. The excess EtBr was washed
out by immersing the slides in 0.4 M Tris/HCI, pH 7.5 before covering them with
coverslips. Stained gels can be stored overnight in the dark at RT and hydrated before
scoring with 20 uL dH,O. Comets were studied under a fluorescence microscope
Leica DM 5000B (Leica microscope, Wetzlar, Germany) using appropriate filters.

Silver staining. The silver staining was performed according to the procedure [12].
The gels were fixed for 10 min in a fixing solution, containing 15% w/v trichloroacetic
acid, 5% w/v zinc sulfate, and 5% glycerol. After fixation, the slides were washed
three times in deionized water and dried for approximately 5 h at RT. Before silver
staining, the gels were re-hydrated for 5 min in deionized water. The staining
solution was prepared just before use as follows: 34 ml of the solution B (0.2% w/v
ammonium nitrate, 0.2% w/v silver nitrate, 0.5% w/v tungstosilicic acid, 0.15% v/v
formaldehyde) were added to 66 ml of the solution A (5% sodium carbonate). The
slides were immersed for 20 — 30 min, 37°C (approximately the time required to
obtain a light gray color) and placed in a shaker in small glass boxes covered with
aluminum foil. After staining, the slides were washed in deionized water. The staining
was stopped by immersing the slides for 5 min in 1% acetic acid solution, followed by
two washes in deionized water, and were air-dried. All the glass materials used for the
silver staining were pretreated with 50% nitric acid and then washed with detergents
and several times with deionized water. The slides were observed and photographed
using a microscope Leica DM 5000B (Leica microscope, Wetzlar, Germany).

Classification and measurement of comet parameters. For the measurement of
fluorescently stained comets’ parameters, the free Internet software OpenComet was
used [7]. Counting of comets was done automatically. The analysis of the results was
made according to the values proposed by Norozi et al. [13]. The OpenComet program
allows analysis of a large number of comets, but the results were equalized to 100.

For the measurement of silver stained comets’ parameters the free Internet
software CaspLab was used. The comets were marked manually. For protocol
validated by the parameter ‘% DNA in tail’ in silver stained comets, we used the
classification proposed by Norozi et al. [13]: 0 class (no damage) — 1-5%; 1 class (low
damage) — 5-25%; 2 class (medium damage) — >25-45%; 3 class (high damage) —
>45-70%; 4 class (very high damage) — >70%.

About 100 cells were evaluated per sample in visual scoring. In this system,
comets are visually classified in 5 categories according to the intensity of the comet
tail and head. Each comet was given a value between 0 and 4; 0 for undamaged
comets and 4 for the comets with almost all DNA in their tails. DNA damage index
was calculated using the following equation:



DNA damage index = 0x(n) +1x(n) +2x(n) +3x(n) +4x(n)
n = number of cells in each category
Consequently, the total score was in the range from 0 to 400 arbitrary units [2].

Statistical analysis of the results. Data were analyzed using One-way ANOVA
followed by Bonferroni’s post hoc test; p < 0.05 was accepted as the lowest level
of statistical significance. The distribution of the result was checked for normality
utilizing Kolmogorov-Smirnov test (GraphPad Prism software package). The data
obtained were average from three independent experiments + SD.

Results and Discussion

Presently, comet assay is widely used to evaluate the DNA damage after application
of a genotoxic agent to cell cultures. It has been shown that the test can detect
between ~50 and ~10,000 lesions per cell. However, the results depend substantially
on the assay conditions and the method chosen for analyzing the comets. Recently,
we obtained a pronounced cytotoxicity in HT-29 human tumor cell line after
application of extracts from different medicinal plants endemic for our country
[8, 14]. Before analyzing the possible genotoxicity of those extracts, we had to
standardize the comet assay for this type of cells. For the purpose, we performed the
comet assay of HT-29 cells after application of a known agent inducing oxidative
DNA damage, i.e. the hydrogen peroxide. Since it was essential to apply a sub-
cytotoxic concentration of H,O,, we used a previously recommended method for
the agent application [5, 7]. We tested two types of staining — a fluorescent with
EtBr and a non-fluorescent with silver nitrate. Additionally, we applied three types
of analyzers — OpenComet for EtBr staining, Casplab for silver staining and also
the visual analyses.

Microphotographs  of
EtBr and silver stained DNA
of HT-29 cells for alkaline
Comet assay are presented
on Fig. 1.
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Typical images of the five types of comet categories obtained with the two
types of staining are shown in the Fig. 2.

0 category I category Il category Ill category . v ;:ategory

Fig. 2. Classification of the comets. Comet categories are defined by the size of the head
(nucleus) and the length and intensity of the tail. 0 category — no DNA damage, I category — low
DNA damage, II category — medium damage, III category — high damage, IV category — very
high damage. EtBr-stained comets are represented in the top panels and silver-stained in the
bottom panels.

The results obtained for DNA damage index are shown in Fig. 3. Data are
presented as the number of cells counted in a given category/class during the visual
assessment and software analysis in the range from 0 to 400 arbitrary units. In the
analysis with the programs OpenComet and CaspLab, categorization of comets is

= Control
=y H202

DNA Damage Index

Fig. 3. Relations between the subjective visual scoring and percentage
of DNA in the tail by two image analysis — CaspLab and OpenComet
and the visual scoring. Each point represents the mean (+ SD) of three
independent counts of 100 comets.
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used according to the values obtained as ,% DNA in tail* according to the scale
in [13] and calculations by the equation above [2] as explained in “Materials and
methods”. Statistical examination of the results are given in the figure to show that
only the visual count of comets obtained after EtBr staining and the visual count of
comets obtained after silver staining have a statistically significant difference (*).

The results of percentage of DNA in tail for different categories of comets are
presented in Table 1. The obtained mean values and their deviations for each class
of comets after analysis with the respective programs are presented. The table gives
information about the distribution of cells in the corresponding category as a level
of DNA damage.

Table 1. Percentage of DNA in tail for different categories of comets

OpenComet — EtBr staining | Casplab — Silver staining
Category Range
Control H,0, Control H,0,

0 <5% 2.03%1.1 3.5¢1.4 0.5+0.9 0.5+0.3

I 5-25% 6.4x1.7 13.3+5.8 9.6+£3.9 20.3+4.1
11 25-45% 0 35.2+6.3 0 34.945.1
I 45-70% 47.4+3.8 56.5+7.4 0 48.2+2.1
v >70% 0 85.44+8.3 0 0

The OpenComet program [7] has been developed only for the analysis of
fluorescently stained comets. According to our results, it recognized perfectly the class
IV (very high DNA damage) comets (Table 1) in this type of H,0O,-induced DNA
damage of HT-29 cells. It also classified well the comets between class III and class I'V.

The CaspLab software analysis [9] performed significantly better for silver
staining. The CaspLab software, compared to the other two types of analysis, has
difficulty in the measuring of class IV comets (hedgehog comets — very high DNA
damage) (Table 1) in this type of DNA damage (H,0,) and therefore, the results were
underestimated. The program classifies comets between class II and class III very
well (Table 1).

Visual counting is fully accepted by all researchers as one of the most accurate
analyzers [4]. In the visual counting of the silver-stained preparations, the greatest
degree of presence of DNA damage was obtained. This can be explained by the fact that
in this type of analysis comets of type IV (very high DNA damage) are easy to classify
since they have a large tail almost without a head (Fig. 2). However, in visual counting,
the classification of comets between Il and III degrees is the most subjective.

By visual counting, it is possible to make a very quick assessment of comet
classes and calculate the DNA damage Index, but no more accurate data can be
given regarding more detailed parameters of comet types such as: HeadArea,
TailArea, HeadDNA, TailDNA, HeadDNA%, TailDNA%, HeadRadius, TailLength,
CometLength, HeadMeanX, TailMeanX, TailMoment and OliveTailMoment.
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A comparison between the two types of staining of preparations used in our
experiments is given in Table 2.

Table 2. Comparison of the two staining methods: advantages and disadvantages

Staining method Advantages Disadvantages

Toxic, requires special

Relatively fast staining, after equipment - florescence
EtBr Staining staining with EtBr a silver microscope, non-permanent
staining can also be made staining, must be analyzed

within 24 hours

Non-toxic and requires a Multi-step, slower, strong
Silver staining light microscope fpr analy§is, bagkgrqupd is possible':, gfter
permanent preparations, stained |  this staining other stainings
slides can be stored for years cannot be performed

Our results for colon cancer HT-29 cells correlate well with those obtained with
similar staining comparisons and assay approaches in the comet assay in previous
studies with other cell types, different conditions and other agents inducing DNA
damage [3, 6, 11], as well as with the same agent used by us — H,O, [7, 13].

Conclusions

It can be concluded that for the analysis of DNA damage in HT-29 cells by the comet
assay, both stains of the slides could be used. We can perform a faster analysis after
the fluorescence staining with OpenComet, and then the same slides can be stained
with silver and analyzed with the CaspLab software or by visual counting. In general,
we concluded that the silver staining can replace the ethidium bromide staining,
which is toxic and requires special equipment for the examination.
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