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INTRODUCTION

During the last 50 years various radiation accidents involving localized irradiations occurred,
resulting mainly from improper handling of sealed sources of Co60, Cs137 or Ir192 at workplaces
for industrial gammagraphy and other radiation sources (1-3). Severe skin reaction may de-
velop at the contact sites. Such inhomogeneous irradiations lead to a differential exposure of
lymphocytes in lymphatic tissues or other organs that may recirculate into the peripheral blood
producing a mixed irradiated and unirradiated population of lymphocytes.

Applying the mathematical models "Contaminated Poisson" of Dolphin (4) and Qdr method of
Sasaki (5), a mean dose in the irradiated body area and its size can be estimated from unstable
chromosome aberration scoring. There are also different biophysical techniques that can give
response in localized irradiations. Biological dosimetry is a necessary complement to physical
and clinical dosimetries. Thus, there is increasing interest in the assessment of biological mark-
ers that permit the detection of radiation induced damage in the localized irradiations.

The "Comet Assay" (single cell gel electrophoresis) is a sensitive, rapid and relatively inexpen-
sive method for measuring DNA damage in individual cells (6-7). Single cells are embedded in
agarose on microscope slides, lysed to remove the majority of the proteins, electrophoresed,
then stained with ethidium bromide in order to visualize the DNA. When visualized using a fluo-
rescent microscope, DNA of undamaged cells appears as a spherical mass occupying the cav-
ity formed by the lysed cell. Following radiation damage, the smaller the fragment size and the
grater the number of fragments of DNA, the grater the percentage of DNA that it is able to mi-
grate in an electric field, forming a comet image. The assay can be performed under alkaline
conditions to examine DNA single strand breaks (SSBs), or in non denaturing (neutral) condi-
tions to measure double strand breaks (DSBs) in individual cells.

The advantages of the technique include: 1) collection of data at the level of individual cells,
making it possible to identify different populations of cells within the same sample; 2) the need
for small numbers of cells per sample; 3) its sensitivity for detecting DNA damage and 4) that
virtually any eukaryote cell population is amenable to analysis.

The objective of this work is to apply "Comet Assay" method to evaluate the effect of radiation
on skin tissues, to test its use as a biological marker for differentiation of irradiated from unirra-
diated body areas. It could provide a useful tool to estimate the extension and the dose in the
irradiated region, contributing with the current techniques.

In this first study, we evaluate the alkaline comet assay as a method for detection of DNA radia-
tion induced damage in keratinocytes from primary and secondary cultures obtained from me-
dium thickness skin biopsies and in epidermal cells, without culture, obtained from the same
sample of skin biopsies of patients requiring skin grafts.



Skin and, particularly, keratinocytes were selected as an appropriate cellular system due to:

1) Skin is the first barrier against radiation exposure and therefore the first target.

2) Basal cells, from which keratinocytes derive, represent approximately 5% of all epidermal
cells. It is the basal cell that responds to damage and initiates migration and repopulates the
affected areas.

3) As differentiating keratinocytes undergo a physiological apoptotic via and it is not possible to
distinguish apoptotic cells from strongly irradiated cells, we consider that keratinocytes from
primary and secondary cultures are adequate for a preliminary approach to the comprehension
of the radiation induced changes observed in the biopsies without culture.

We evaluate the response of unirradiated and irradiated keratinocytes from primary and secon-
dary cultures, using Co60 gamma rays, in order to get information to be applied on the evalua-
tion of the skin biopsies without culture for an early assessment of irradiation consequences in
the locally irradiated individuals.

MATERIALS AND METHODS

Cultures of human keratinocytes were established according to the technique of Rheinwaid and
Green (8-9).

Isolation of epidermal cells:

Medium thickness human skin samples (biopsies) were taken. The tissue sample was placed in
medium containing antibiotics (95% DMEM, 5% fetal calf serum, 100 ILJ/ml penicillin, 100 ILJ/ml
streptomycin) and immediately transferred to the laboratory for processing.

The biopsy was washed with PBS and minced into fine pieces, placed on a Petri dish containing
10 ml of dispase II solution and incubated 1h at 37°C. After incubation; the epidermis was
peeled from the dermis with the aid of fine tweezers.

The epidermal pieces were treated with 0.25% trypsin/0.02% EDTA 15 min at 37°C; trypsin ac-
tion was blocked adding an equal volume of DMEMc (90% DMEM medium/10%fetal calf se-
rum). The suspension was filtered through gauze to remove cellular debris and the stratum cor-
neum and centrifuged at 250 g during 10 min, at 4°C.

Cells were resuspended in 5 ml keratinocyte growth medium, KGMc medium (75%
DMEM/25%Ham's F12). Supplements applied were as follow: 10% fetal calf serum, 24 u.g/ml ade-
nine, 0.5 u.g/ml hydrocortisone, 5 ug/ml insulin, 6 ng/ml cholera toxin, 5 u.g/ml transferrin, 1.3 ng/ml
triiodothyronine, 100 lU/ml penicillin, 100 lU/ml streptomycin, 10ng/ml epidermal growth factor.

Cells were counted using trypan blue to identify dead cells. A sample of these cells was des-
tined for Comet Assay technique (named epidermal cellular suspension of the biopsy without
culture). The rest of the cells were used to prepare primary and secondary cultures of keratino-
cytes.

Primary and secondary cultures of keratinocytes:

A concentration of 20,000 viable keratinocytes per cm2 in KGMc medium were grown in the
presence of lethally irradiated 3T3 fibroblasts, 20,000 cells per cm2, and incubated at 37°C in
humidified atmosphere containing 5% CO2. The medium was changed each 48 h - 72 h until the
cultures became subconfluent (between 7 and 10 days). Cells from subconfluent cultures were
washed with PBS (Ca++ and Mg++ free) and treated with 0.02% EDTA solution (5 min at 37°C



with gentle shaking) in order to obtain complete fibroblast detachment. The supernatant was
discarded and keratinocytes were trypsinized (0.05% trypsin / 0.02% EDTA) during 10 min at
37°C.

Keratinocytes were counted and tested for viability. These cells were destined for Comet Assay
technique.

Gamma irradiation of cells:

Epidermal cell suspensions of the biopsies without culture and keratinocytes from primary and sec-
ondary cultures of three different donors (A, B and C) were irradiated on a Co60 source (Gamma
cell) at a mean dose rate of 1.9 Gy/min in sterile plastic tubes with 0 Gy, 1.5 Gy and 3 Gy. After ir-
radiation the cells were kept on ice to prevent the repair of any DNA lesions.

Alkaline Comet assay, preparation:

Alkaline Comet assay was performed according Singh (10) and Tice (11) technique with modifi-
cations. A layer of 1.5% normal melting agarose was prepared on microscope slides with
frosted end. After cell irradiation, -25,000 cells in 50 (xl were mixed with 100 \x\ of 0.5% low
melting agarose. The suspension was pippeted onto the precoated slides and cover with a
cover slip (24 x 40 mm). The agarose was allowed to cool down for 5 min in a refrigerator, the
cover slip was removed and the microscope slide was immersed in cold lysis solution at pH 10
(2.5 M NaCI, 100 mM Na2EDTA, 10 mM Tris pH 10 ,1% Triton X-100, 10% DMSO) and kept at
4°C for 45 min. To allow denaturation of DNA, the slides were placed in alkaline electrophoresis
buffer at pH 13 (1mM Na2EDTA/300 mM NaOH) and left for 13 min. Subsequently, slides were
transferred to an electrophoresis tank with fresh alkaline electrophoresis buffer and electropho-
resis was performed at a field strength of 0.8 - 1 V/cm for 10 min at 4°C (30 V - 250 mA).
Slides were neutralized in 0.4 M Tris pH 7.5 for 5 min, stained with 20 ng/ml ethidium bromide,
covered with a cover slip and incubated for 5 min in dark.

After adding the cells to the slides until the end of the electrophoresis, direct light irradiation was
avoided and all the steps were performed at 4°C to prevent additional DNA damage.

Evaluation of DNA damage:

For visualization of DNA damage, observations were made using a 20x objective on a epifluores-
cent microscope equipped with an excitation filter of 515-560 nm and a barrier filter of 590 nm.
The extent of DNA damage was assessed using a visual classification method. 100 - 500 cells
were analyzed per sample and given a score from class 0 (undamaged) to class 4 (severely
damaged nucleus) and the results expressed as arbitrary units.

Cell viability was monitored prior to the lysis step using trypan blue dye. Cell viability did not fall
below 78%.

RESULTS AND DISCUSSION

Keratinocytes from primary and secondary cultures

Figure I represents a visual analysis of radiation induced damage in keratinocytes from primary
and secondary cultures, irradiated in vitro with 0 Gy, 1.5 Gy and 3 Gy, obtained from skin biop-
sies of three patients (A, B and C) requiring skin grafts. 100-500 comets per slide were sorted
visually into classes 0-4, representing increasing amount of damage, and the results expressed
as arbitrary units. The DNA damage correlated with dose for the three samples analyzed.
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Figure I. Radiation induced damage in keratinocytes from primary and secondary
cultures obtained from skin biopsies of patients A, B and C.

From the same set of data, Figure II shows the distribution in classes of the comets for the three
samples evaluated. A significant difference in migration pattern was observed from the unirradi-
ated and the irradiated cells, with a shift to the upper classes with the increase of the dose.
These results suggest that exposure to y-rays caused a dose-dependent increase in DNA dam-
age in keratinocytes. Also such effect showed similar trends in all three subjects evaluated.
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Figure II. Distribution in classes of the comets for the three patients evaluated
at 0 Gy, 1.5 Gy and 3 Gy.



Epidermal cells of the biopsies without culture

The epidermis is a multilayered, stratified squamous epithelium, completely cellular, made up of
progressively maturating keratinocytes from the basal layer to the keratin layer.

The suspension of epidermal cells (after removing the stratum corneum) comprises mainly ke-
ratinocytes with different status of differentiation and thus, many of them undergo physiological
apoptosis, basal cells (Figure IMA) and other cellular types in minor proportion.

A rough view, after alkaline comet assay, of the unirradiated and irradiated epidermal cell sus-
pensions without culture showed a great amount of cells with high fragmentation of their DNA.
As the contribution of non-viable cells and apoptotic cells may lead to erroneous results, it was
necessary to recognize non-viable and apoptotic cells to exclude them from data evaluation.

Identification of non-viable and apoptotic cells was possible by the typical shape of the comets,
as can be seen in Figure III. Unlike the comets of y-rays damaged cells (Figure II1B), the comets
of dead cells appear with a balloon shaped tail and low fluorescence density (Figure IMC) and
the extensive DNA fragmentation present in the apoptotic cell (Figure MID) allowed most of the
DNA to migrate, leaving only a small amount of DNA in the original position (and approximate
size) of the nucleus.

Figure III. Fluorescence micrograph of a basal cell from a suspension of skin bi-
opsy epidermal cells (A). Fluorescence micrographs after comet assay; identifica-
tion of irradiated (B), non-viable (C) and apoptotic (D) keratinocytes.

The percentage of cells with balloon shaped tail identified during fluorescence microscopy was
of the same order as the percentage of non-viable cells obtained during viability studies with
trypan blue technique before comet assay. For unirradiated cells the percentage of non-viable
cells during comet assay was about 14% (viability 86%) and the same percentage was ob-



served with the cell viability test, monitored prior to the lysis step. The viability decreased to
78% after irradiations, showing about 22% of balloon shaped tail cells during comet assay.

When compared unirradiated with irradiated biopsy samples, non-viable cells and apoptotic
cells were excluded from data analysis because most of these comets (class 4) are not ra-
diation induced, for the doses evaluated. However, small doses of radiation may induce sig-
nificant apoptosis and comets of physiological apoptotic cells are indistinguishable from com-
ets of radiation induced apoptotic cells or highly damaged cells. Therefore, class 3 and class
4 comets were also excluded from analysis. We observed a decrease of the percentage of
cells in the lower comet classes (class 0 - class 2) that tended to be dose dependent for the
samples analyzed.

Further information is required to validate this observation, increasing the size of the sample
and taking into account confounding factors such age and status of health of the individuals
evaluated.

CONCLUSIONS

The results presented here show that the alkaline comet assay can be applied to the study of
DNA radiation induced damage in keratinocytes from primary and secondary cultures obtained
from skin biopsies of individuals requiring skin grafts. DNA damage correlated with dose. The
distribution in classes of comets showed a significant difference in migration pattern with the
increase of the dose, suggesting that exposure to y rays caused a dose-dependant increase in
DNA damage in keratinocytes with similar trends in all three subjects evaluated.

The fact that the comet assay is a microdosimetric technique based on the selection of individ-
ual cells in a heterogeneous cell population on the basis of nuclear morphology and shape of
comets has been reported for liver cells, for male germ diploid vs. haploid cells and for perito-
neal macrophages (12-13). Our results indicate that the alkaline comet assay is a suitable
method for identification of non-viable and apoptotic cells in the cellular system evaluated.

Skin biopsies are particularly interesting since they are taken from the patient, processed to
obtain a suspension of individual cells that are directly evaluated through comet assay, avoiding
culture and within the same day. Therefore, skin biopsies provide an adequate cellular system
for an early assessment of the localized irradiation consequences evaluated through comet as-
say. Moreover, there are many factors operating in vivo that could not be evaluated from pri-
mary and secondary cell culture simulations.

When compared unirradiated with irradiated biopsy samples, excluding comets from non-viable
and apoptotic cells and also class 3 and class 4 comets, we observed a decrease in the per-
centage of cells in the lower comet classes that tended to be dose dependant.

Although further studies are required to validate these observations, we consider that the re-
duction of undamaged cells, applying comet assay, would be an appropriate parameter for dif-
ferentiation of irradiated from unirradiated body areas.

As most of the cells in the lower comet classes are dividing cells that initiate migration and re-
populate the skin affected areas, a reduction in the percentage of these cells would correlate
with the reduction and, finally, with the loss of regenerative capabilities of the skin, having pre-
dictive value. It could provide a useful tool to estimate the extension and, at least, thresholds of
dose in the irradiated region, contributing with the current techniques.

The influence of confounding factors such as age and status of health of the evaluated individ-
ual on the decrease observed should be assessed.
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