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Abstract: UVA affects epidermal cell physiology in a complex manner, but the harmful
effects have been studied mainly in terms of DNA damage, mutagenesis and
carcinogenesis. We investigated UVA effects on membrane integrity and antioxidant
defense of dysplastic keratinocytes after one and two hours of irradiation, both
immediately after exposure, and 24 h post-irradiation. To determine the UVA oxidative
stress on cell membrane, lipid peroxidation was correlated with changes in fatty acid
levels. Membrane permeability and integrity were assessed by propidium iodide staining
and lactate dehydrogenase release. The effects on keratinocyte antioxidant protection were
investigated in terms of catalase activity and expression. Lipid peroxidation increased in an
exposure time-dependent manner. UVA exposure decreased the level of polyunsaturated
fatty acids, which gradually returned to its initial value. Lactate dehydrogenase release
showed a dramatic loss in membrane integrity after 2 h minimum of exposure. The cell
ability to restore membrane permeability was noted at 24 h post-irradiation (for one hour
exposure). Catalase activity decreased in an exposure time-dependent manner.
UVA-irradiated dysplastic keratinocytes developed mechanisms leading to cell protection
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and survival, following a non-lethal exposure. The surviving cells gained an increased
resistance to apoptosis, suggesting that their pre-malignant status harbors an abnormal
ability to control their fate.

Keywords: dysplastic keratinocyte; UVA; oxidative stress; membrane integrity; lipid
peroxidation; LDH release; catalase

1. Introduction

Solar ultraviolet radiations damage human skin by targeting cellular and molecular events because
of a deep penetration of the epidermis and dermis. The harmful effects of UVA (a low UV energy
domain, 315400 nm) include photoaging [1-3], carcinogenesis [4—7] or sunburns [8]. The deleterious
effects of UVA radiation have been related to the oxidative stress generated by reactive oxygen species
(ROS), as a consequence of photon absorption by endogenous target molecules [9,10]. There are many
molecules in cells acting as potential chromophores for the absorption of UVA radiation. Some of
them are compounds carrying unsaturated bonds, such as quinones, steroids, flavins, free porphyrins
and heme-containing proteins [11,12]. The skin is extensively exposed to the ravage of ROS, due to its
direct interaction with oxygen and sunlight on one hand, and, on the other hand, to its compounds,
which absorb light and act as photosensitizers. The main cellular targets of ROS are DNA, proteins
and membrane lipids [13]. The ROS generated by UV A radiation include singlet oxygen, superoxide,
hydrogen peroxide and hydroxyl radical [14-16]. It is well established that these ROS not only exert
oxidative damage, but may also play a central role in oxidative stress signaling pathways leading to
cellular damage/apoptosis or adaptive responses [17-19]. Therefore, it may be thought that the
antioxidant cell status could be critical in regulating cell behavior [20]. The cellular antioxidant
defense mechanisms in the skin are both enzymatic and non-enzymatic [21-23]. Several enzymatic
systems detoxifying ROS in the skin include catalase, glutathione peroxidase/reductase and superoxide
dismutase. Deficiencies in these antioxidant systems cause ROS accumulation within the cell, inducing
a sustained oxidative stress [24,25]. In addition to the constitutive antioxidants, the oxidative stress
results in the upregulation of the enzymatic inducible antioxidants. One of the main inducible
responses to UVA radiation is the oxidative induction of heme oxygenase-1 [26,27], and the enzymatic
product of heme oxidative degradation, biliverdin/bilirubin, acts as a physiological antioxidant
protecting the cells against lipid peroxidation [28]. All the above effects were observed in both normal
and pathological cells, including keratinocytes, while less information exists regarding cells in a
precancerous state and their ability to adapt or not to environmental stress.

Our study is focused on changes induced by the UVA radiation at the cell membrane level in
cultured dysplastic keratinocytes, which represents the first target of UVA photons. Effects on both
cell lipid biochemistry (in terms of lipid peroxidation and fatty acid composition changes) and cell
membrane integrity and permeability were assessed. We have also been interested in understanding
how the plasma membrane changes affect the cell’s decision to demise or to mount an adaptive
response. In order to understand the role of antioxidant protection in the survival of UVA-exposed
keratinocytes, we have investigated the activity and expression level of catalase and the consequences
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of the targeted inhibition of catalase. Our results support the idea that the dysplastic keratinocytes
prove the ability to survive under oxidative stress generated by UVA exposure by eliciting
adaptive/reparatory mechanisms related to the protection of membrane composition, permeability
and integrity.

2. Results and Discussion

Most of the studies regarding the effects of UVA radiation on mammalian cells have focused on
DNA damage and repair [29—32], mutagenesis [33,34] and carcinogenesis [4,35,36]. However, there is
accumulating evidence that UVA can also affect the plasma membrane structure and function [37—40].
Our study aimed to assess the effects of UVA on cell membrane and antioxidant protection in
dysplastic keratinocytes.

2.1. Effects of UVA on Keratinocyte Cell Membrane
2.1.1. Cell Membrane Biochemistry

It has been suggested that ROS generated as a consequence of UVA exposure of cells affect the
physicochemical properties of the membrane [41]. Our results proved that irradiation of DOK cells
leads to lipid peroxidation resulting in TBARS release in the medium (Figure 1). No significant effect
was noted after irradiation times shorter than 1 h (not shown). The level of the released TBARS in the
medium was assessed both immediately after 1 h or 2 h sessions of UVA irradiation, and at 24 h
post-irradiation. We noted an increase of TBARS level immediately, after both sessions of irradiation:
a 1.5-fold increase after 1 h exposure, and a four-fold increase after 2 h exposure (Figure 1). On the
other hand, the TBARS level registered in the culture medium at 24 h post-irradiation was about 5
times higher after 1 h irradiation, compared to a 2 h exposure session. It is noteworthy that in the case
of 2 h irradiation, after a strong increase shown right after UVA exposure, the level of TBARS
dramatically diminished in the medium of cells cultured for 24 h post-irradiation (Figure 1). The
results suggest a different kinetics in lipid peroxidation induced by UVA as a function of irradiation
time and, therefore, as a function of the amount of radical species initiating the process.

In order to understand the dynamics of the lipid peroxidation process in DOK cell culture, the
release of TBARS was monitored immediately after a 1 h irradiation session, and at different time
intervals post-irradiation (Figure 2). The results show a progressive increase in the TBARS
release during the 24 h post-UVA exposure, thereby suggesting the propagation of the chain
peroxidation process.

It is noteworthy that the persistence of lipid peroxidation products in culture medium depends on
the UVA exposure time, as evidenced at 24 h post-irradiation. To explain the pattern suggesting a
different kinetics in TBARS level changes, two important issues have to be pointed out: (i) lipid
peroxidation is a chain process depending on the level of initiating free radicals, and (ii) lipid
peroxidation end-products do not accumulate, undergoing complex transformations. Therefore, after a
1 h session of UVA irradiation, the chain reaction is started, and the subsequent and final stages occur
even at 24 h post-irradiation. The higher number of free radicals generated into the system, as a
consequence of a longer UVA exposure, is translated into an accelerated kinetics of the process.
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Therefore, even the late phase of decomposition of the lipid hydroperoxides ends faster, i.e., sooner
than 24 h post-irradiation. Moreover, the end-products generated by the breakdown of lipid
hydroperoxides, such as TBARS, may undergo further transformation. Similar results were previously
reported for other types of human skin cell cultures, such as normal keratinocytes and
fibroblasts [20,42—44]. Therefore, it seems that there is no difference in the UVA effects on normal
cells (keratinocytes or fibroblasts) and dysplastic keratinocytes, in terms of lipid peroxidation.

Figure 1. The level of TBARS released in the medium by keratinocytes exposed to UVA
depends on irradiation time. C—mock-irradiated, [—just after irradiation, PI—24 h
post-irradiation culture. Bars represent average values + SD, for five experiments;
* p <0.05; *** p <0.001.
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Figure 2. Dynamics of TBARS detected in the culture medium of DOK cells at different
time intervals post-irradiation. C—mock-irradiated, TO—just after irradiation,
6 h—TBARS level in a 6 h post-irradiation DOK cell culture, 12 h—TBARS level in a
12 h post-irradiation cell culture, 24 h—TBARS in culture medium in a 24 h
post-irradiation cell culture. Bars represent average values = SD, for three experiments;
* p <0.05.
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Polyunsaturated fatty acids represent a target of the lipid peroxidation process. Therefore, we
investigated the changes of their content in cell lipids immediately after irradiation and post-irradiation
at various time intervals (Figure 3). The level of polyunsaturated fatty acids was found to decrease
significantly at 6 h post-irradiation, and then, it gradually returned toward the initial level,
as evidenced by the values recorded at 12 h and 24 h, respectively (Figure 3A). A similar dynamics
was obtained by examining the ratio polyunsaturated vs. non-peroxidizable fatty acids
(mono-unsaturated + saturated). This ratio showed a significantly decreased value at 6 h
post-irradiation, and a return to the initial level at longer post-irradiation times (Figure 3B). These
results suggest the ability of the cells to trigger a protective response against UVA effects. Therefore,
even though polyunsaturated fatty acids are affected by peroxidation after UVA exposure, and TBARS
remains detectable 24 h post-irradiation, the level of peroxidizable fatty acids starts to be
restored earlier.

Figure 3. Changes induced by UVA irradiation on the fatty acid content of cellular
phospholipids seem to be reversible. (A) the ratio sample/control of polyunsaturated fatty
acid level at various time intervals post-irradiation, after UVA exposure; (B) the ratio
peroxidizable/non-peroxidizable fatty acids in UVA irradiated versus mock-irradiated
DOK cells. Bars represent average values =+ SD, for five experiments;
PUFA—polyunsaturated fatty acids; NPMUFA—non-peroxidizable saturated and
mono-unsaturated fatty acids; * p < 0.05.
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2.1.2. Cell Membrane Integrity and Permeability

The peroxidation of membrane lipids obviously affects membrane integrity. For that reason, the
increase of TBARS level in the culture medium of irradiated DOK led us to analyze the extent of cell
lysis in response to the UVA exposure. A session of 1 h UVA exposure that induced a slight
occurrence of lipid peroxidation did not affect membrane integrity in terms of LDH release following
cell lysis (Figure 4). Conversely, after 2 h irradiation, a substantial release of LDH was registered,
indicating a large extent of lysis (about 5-fold increase just after irradiation, and about 2.5-fold
increase at 24 h post-irradiation). Our assumption that lipid peroxidation affects the membrane
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integrity was confirmed by the significant value of Pearson’s correlation coefficient (» = 0.995)
between TBARS levels and the extent of cell lysis. This means that the oxidative stress mechanisms
elicited by UVA exposure affect the membrane integrity, resulting in cell lysis.

Figure 4. The effect of irradiation time on cellular membrane integrity, assessed by LDH
release in cell culture medium. C—mock-irradiated, [—just after irradiation, PI—24 h
post-irradiation culture. Bars represent average values + SD, for five experiments;
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Figure 5. Phase-contrast (left) and propidium iodide fluorescence (right) images for DOK
cells in culture before irradiation (A, B), immediately after a 1 h session of UVA
irradiation (C, D) and in a 24 h post-irradiation culture (E, F).

It is known that UV A radiation affects the membrane at the molecular level by oxidative changes in
lipids and proteins [42,45,46]. Therefore, membrane permeability is expected to undergo changes as a
result of UVA exposure of keratinocytes. Propidium iodide is one of the markers extensively used in
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membrane permeability evaluation. We examined the propidium iodide staining of keratinocytes in the
experimental conditions where the level of membrane lysis was negligible (i.e., 1 h UVA exposure),
both immediately after irradiation, and 24 h post-irradiation (Figure 5). The number of propidium
iodide-stained cells was significantly higher immediately after UVA exposure, suggesting an increase
in plasma membrane permeability (Figure 5D). The number of propidium iodide-stained cells
decreased 24 h post-irradiation (Figure 5F), indicating the ability of the cells to restore the barrier
function of the membrane, but it still remained greater than the one registered for control cells. The
results suggest that 1 h exposure of keratinocytes to UVA modifies the membrane permeability, at
least for small molecules, with no effects on membrane integrity in terms of cell lysis, as shown by the
LDH release dynamics (Figure 4).

Our data indicate that UV A-induced peroxidation in DOK cells affects plasma membrane integrity
and/or permeability. One may presume that the consequences of lipid peroxidation on cell membrane
are more complex, affecting membrane functionality and membrane-cytoskeleton interactions, since a
number of proteins that stimulates the nucleation and regulation of actin filaments are
activated/inactivated by certain plasma membrane phospholipids [47].

2.2. Effects of UVA on Catalase Activity and Expression

The reaction of mammalian cells to several noxious agents was studied extensively, two different
responses being reported: cell death and active mounting of a protective response. Therefore, we were
interested in investigating a putative adaptive response, in terms of enzymatic defense activity,
triggered by exposure of DOK cells to UVA, and the induced oxidative stress. Such a defense
mechanism includes the catalase, an antioxidant enzyme involved in the degradation of hydrogen
peroxide into water and oxygen. Thus, we investigated how UVA exposure modulated the activity and
the expression of this enzyme.

2.2.1. UVA Effect on Catalase Activity

Catalase activity was measured immediately after 1 and 2 h sessions of irradiation, and at 24 h
post-irradiation. A significant difference in the level of enzyme activity was observed for irradiated
cells compared to the control cells (Figure 6). A significant decrease in catalase activity was registered
in the irradiated cells immediately after both 1 and 2 h of UVA exposure (by about 42% and about
71%, respectively). For the irradiated cells maintained in culture for 24 h post-irradiation, a restoration
of the catalase activity was noted (up to about 79% for 1 h irradiated cells and about 44% for the 2 h
irradiated cells).

The results demonstrate a decrease in catalase activity as an effect of UVA exposure and the
tendency of the irradiated cells to restore the antioxidant activity of catalase in an exposure
time-dependent manner.

It has previously been shown that hydrogen peroxide is an important redox active species involved
in the deleterious effects of UV A radiation on the lipids and proteins of human skin cells [42]. Catalase
represents the first line of defense against hydrogen peroxide mediated damage in all organs and
tissues [48]. Catalase activity level in DOK cells exposed to UVA has diminished in our experimental
conditions, depending on the exposure time. It is commonly accepted that catalase photoinactivation
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occurs through an oxygen-dependent photooxidation of the heme groups that involve ROS [49-51]. In
addition, UVA-mediated oxidative modification of the catalase apoprotein, leading to structural
alterations and catalytic deactivation, were previously shown [52,53]. The initial decrease of the
activity noted by us may be considered as a direct effect of UVA causing catalase photoinactivation,
while the restoring increase registered after a 24 h post-irradiation culture of the UVA-exposed cells
may be considered a protective response in the attempt to re-establish a basal level of catalase activity
(Figure 6). Similar data regarding the UVA-induced inactivation of catalase have previously been
reported in cultured human skin fibroblasts [21] and in epidermal reconstructs made with keratinocytes
or with keratinocytes and melanocytes derived from epidermal biopsies [53].

Figure 6. The effect of UVA irradiation on catalase activity immediately after 1 or 2 h
sessions of irradiation (I) and 24 h post-irradiation (PI). Bars represent the percent of catalase
activity relative to control (average + SD, for 3 experiments); * p < 0.05; *** p <0.001.
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2.2.2. UVA Effect on Catalase Expression

Despite the fact that catalase activity increased at 24 h post-irradiation, the expression level is
significantly decreased compared to the control cells and even to the irradiated cells immediately after
exposure, as evidenced by western blot analysis (Figure 7). This means that the inactivated catalase
was continuously degraded (perhaps by using the heme metabolites as antioxidant defenders), while
the de novo-produced catalase is more effective. Our results suggest a dual role for catalase in cellular
antioxidant mechanisms as both an enzyme metabolizing the hydrogen peroxide and possibly as a
source of antioxidant compounds provided by its heme prosthetic group released and modified after
catalytic photo-inactivation induced by UVA.

2.3. Effects of UVA Exposure and Catalase Inhibition on Keratinocyte Fate

To test the significance of catalase activity in cell response to UVA damage, experiments triggering
inhibition of catalase were designed. To this end, we used a specific inhibitor of catalase, 3-amino
1,2,4-triazole (AT), that irreversibly inactivates the catalytic activity [54]. This inhibitor does not
affect the de novo synthesis of catalase [55].
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Figure 7. The effects of different UVA exposure times on the expression level of catalase
in DOK cells (top) at various post-irradiation time intervals; B-actin loading control
(bottom). 1—mock-irradiated cells; 2—irradiated cells (30 min exposure) just after
irradiation; 3—irradiated cells (1 h exposure) just after irradiation; 4—irradiated cells (2 h
exposure) just after irradiation; S5—irradiated cells (30 min exposure) at 24 h
post-irradiation; 6—irradiated cells (1 h exposure) at 24 h post-irradiation; 7—irradiated
cells (2 h exposure) at 24 h post-irradiation.
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To set up the experiments, the effect of three different concentrations of AT (0.5, 1.0 and 5.0 mM)
on catalase activity in DOK cells was investigated. AT significantly inhibited catalase activity
(Figure 8). In all subsequent experiments, a 1 mM concentration of AT was used, in accordance with
the usual concentration mentioned in the literature [42,56,57]. In our experiments, this concentration of
AT has decreased catalase activity in non-irradiated keratinocytes by about 85%.

Figure 8. The effect of treatment with aminotriazole (AT) on catalase activity in DOK
cells. Bars represent the percent of catalase activity relative to control (average + SD, for
three experiments).
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The exposure of cultured keratinocytes to UV A radiation can lead to cell death, depending on the
irradiation intensity and exposure time [18,58]. In our experiments, the effects of catalase inhibition
with AT were examined on UVA-irradiated keratinocytes in relation to cell death. AT was added in
the culture medium 1.5 h prior to cell irradiation and was removed just before UVA exposure. The
flow cytometry results, regarding the analysis of DOK cell apoptosis versus necrosis, were recorded in
four experimental conditions: (i) mock irradiated cells as control, (i1) cells without AT treatment, UVA
irradiated, (ii1) AT treated cells, without UVA exposure and (iv) AT treated cells, UVA irradiated. The
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results showed that UVA irradiation or catalase inhibition have slightly increased apoptosis and
necrosis, immediately after the treatments (Figure 9A). The effect of AT and UVA was cumulative for
apoptosis and necrosis (Figure 9A). The level of apoptosis of surviving cells, maintained in culture for
24 h, is similar (for UVA irradiated cells) or lower (for AT, and UVA + AT treated cells) than that of
the control cells (Figure 9B). A decrease in apoptosis was noted for the cells cultured for 24 h after the
combined action of stressors (Figure 9A,B), compared to the level determined just after the treatments.
No significant differences were noted in terms of necrosis at 24 h post-treatments for cells in all the
experimental conditions, compared to the effects at time zero (Figure 9A,B).

Figure 9. Flow cytometry data regarding cell viability, apoptosis and necrosis induced in
DOK cells by 1 h UVA exposure with or without 1 mM aminotriazole (AT) treatment.
(A) apoptosis and necrosis just after treatment; (B) apoptosis and necrosis in surviving
DOK cells at 24 h post treatment. C—mock-irradiated cells; UV—irradiated cells;
AT—-cells treated with AT; UV + AT—-=cells treated with AT and UVA irradiated. Bars
represent the percent of gated cells in three experiments; * p < 0.05; ** p <0.01.
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DOK cells carry a partially transformed phenotype that expresses increased levels of a mutant p53,
harboring a 12 bp in-frame deletion (codons 188—191) [59,60]. This protein is a key player in the cell
response to various stressors, including UVA [61-63]. Our results show a putative effect of UVA
irradiation and/or catalase inhibition on cell death, immediately after exposure, and suggest a selection
of cells gaining an adaptive surviving response. Thus, we may assume that the mechanism linking
oxidative stress and p53-mediated apoptosis, which is effective in normal cells, is disturbed in
dysplastic keratinocytes, leading to a low level of apoptosis when faced with a powerful oxidative
stress, induced by UV A exposure, associated with catalase inhibition.

Oxidative stress is a frequent trigger of apoptosis in a variety of cells and has been proven to be a
component of common apoptosis pathways [64,65]. Apoptosis was associated with peroxidation
of specific phospholipids in the plasma membrane, including phosphatidylserine. Moreover,
phosphatidylserine oxidation may mediate its transfer on the external leaflet of the membrane
bilayer [66], a process which has been identified as one of the early and prominent events of
apoptosis [67]. The results in this study lead us to consider that UV A-induced lipid peroxidation in the
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plasma membrane of DOK cells acts as a component of the apoptotic process, contributing to
phosphatidylserine flopping. This assumption is consistent with our flow cytometry results, which
confirm an increase in the number of annexin V-positive (apoptotic) cells, after UVA exposure
(Figure 9A). These findings demonstrate that the plasma membrane is a cellular target of UVA and
that its damage is related to oxidative processes and cell fate.

2.4. Adaptive Response of DOK Cells to UVA Radiation

Our results suggest the progress of an adaptive response under low stress, showing the ability of
irradiated DOK cells to swiftly restore the level of polyunsaturated fatty acids affected by
UVA-induced peroxidation (Figure 3, at 6 h post-irradiation). In our experimental conditions, the cells
that developed such adaptive mechanisms survived, despite the presence in the culture medium of
significantly increased levels of TBARS (Figure 1). The cell ability to adapt and survive after low
stress is supported by the flow cytometry results that show no significant change of either apoptosis or
necrosis for the surviving cell population (Figure 9). Moreover, the survival is accompanied and
supported by the tendency of membrane permeability to regain its normal status (Figure 5).

More than just a target, the membrane acts as a sensor of UVA irradiation in activation of signal
transduction pathways overlapping with those induced by oxidant agents [68]. UVA radiation is
absorbed by several target molecules relevant for cellular signaling, stimulating various signal
transduction pathways [69—71]. Combined actions of these pathways determine the genetic program
that establishes the fate of UVA irradiated cells by inducing the transcription of various
genes [17,72,73]. It is expected for these pathways to activate transcription of antioxidant enzymes,
such as catalase, in order to protect the cells against UVA-induced oxidative stress.

In summary, our results show an oxidative stress on DOK cells induced by UVA radiations
affecting both cell membrane (biochemistry, integrity and function) and antioxidant enzyme activity.
Dysplastic keratinocytes exhibit resistance to apoptosis/necrosis in response to UVA exposure or
catalase inhibition, and only the cumulative action of the stress factors affects cell viability, in terms of
increased apoptosis and necrosis as an immediate cell response. Moreover, even under these stressing
conditions, the surviving cells seem to gain an increased resistance to apoptotic death, suggesting that
the pre-malignant status of these cells harbors an abnormal ability to control the cell fate.

3. Experimental Section
3.1. Cell Culture

Human Caucasian dysplastic oral keratinocytes (DOK, ECACC No. 94122104) were cultured in
Dulbecco Modified Eagle’s Medium (DMEM) supplemented with Ham F12 (3:1), 10% fetal calf
serum, 2 mM L-glutamine and antibiotic-antimycotic solution. Cells were seeded at a 10* cells/cm’
density in 60 mm plastic Petri dishes and grown to 80% confluence. Cell viability was assessed using
Trypan Blue exclusion assay and exceeded 95% in each experiment. Oral keratinocytes are considered
to share structural and functional features with skin keratinocytes. Therefore, they offer an appropriate
model for the study of keratinocyte behavior in cell culture [74].
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3.2. UVA Source and Irradiation Conditions

Irradiation was carried out with an UV-365 nm lamp, VL-340 BLB model (Vilber Lourmat, France)
at a light intensity of 381 pwW/cm®. Prior to irradiation, cells were washed twice with 2 mL
phosphate-buffered saline (PBS). Cell layers were covered with 2 mL PBS and irradiated from the top
at a distance of 10 cm. Irradiation was performed for 1 or 2 h, which resulted in accumulated doses of
18.7 J/em® and 37.4 J/em?, respectively, as measured [75,76] with a LaserStar Power Meter, provided
with a 3A-P photodetector (Ophir Optronics Solutions Ltd, Jerusalem, Israel). To avoid thermal
stimulation, UVA exposure was done in a well-ventilated laminar flow hood (Safeflow 1.8, Bioair,
Siziano, Italy). The control cells (referred to as mock irradiated cells) were similarly handled, but were
shielded from UV A with an aluminum foil sheet.

3.3. TBARS Assay

Supernatants (1 mL aliquots) were collected just after irradiation, but also at 6, 12 and 24 h
post-irradiation, in order to assess lipid peroxidation. The peroxidation products were measured via
thiobarbituric acid color reaction for malondialdehyde (MDA), according to Ohkawa et al. [77], using
tetracthoxypropane for calibration, a reagent quantitatively yielding the MDA-thiobarbituric
acid adduct.

3.4. Fatty Acid Gas Chromatography

Fatty acids in cellular lipids were simultaneously extracted and transesterified to methyl esters.
Samples were dispersed in hexane and were treated with 2M potassium hydroxide in methanol (100 pL
solution/100 pg cell sediment). After drying the mixture with anhydrous sodium sulphate and
neutralizing potassium hydroxide with monosodium phosphate, the samples were centrifuged to obtain
a clear supernatant. The quantitatively collected supernatant was concentrated under nitrogen using a
Techne DB-2A concentrator (Barloworld Scientific, Burlington, NJ, USA) and a N2-Bora nitrogen
generator (LNI Schmidlin AG, Neuheim, Switzerland). The methyl ester concentrates were analyzed
by gas chromatography on a capillary column TR-FAME (120 m x 0.25 mm id x 0.25mm, Thermo
Fischer Scientific Inc., Waltham, MA, USA), mounted in a CP-3800 gas chromatograph (Varian, Palo
Alto, CA, USA) equipped with a flame ionization detector. The fatty acids were identified by
comparison with retention times of standards in Supelco 37 Component FAME Mix (Sigma-Aldrich,
Taufkirchen, Germany).

3.5. LDH Release Assay

The membrane integrity for control and irradiated cells was evaluated by quantifying the LDH
release, using the Cytotox96" Non-Radioactive Cytotoxicity Assay kit (Promega, Mannheim,
Germany). The results were expressed as optical density (ODa4gz nm 0f samples — ODagy nm 0f blank).
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3.6. Propidium lodide Staining

Cell viability and changes in membrane permeability were assessed, by 5 pg/mL propidium iodide
staining in PBS, for 15 min. The cell layer was washed twice in 2 mL PBS and examined under an
inverted microscope in phase contrast and fluorescence.

3.7. Catalase Activity Assay

Cells were scraped just after irradiation in 500 uL ultrapure water (Direct Q 3, Millipore, Billerica,
MA, USA) and lysed by six cycles of frost-defrost. Catalase activity in the cell lysate was measured by
monitoring the disappearance of H,O, at 240 nm using the spectrophotometric procedure described by
Aebi [78]. Activities were normalized to the cell protein content, measured by the method of
Lowry et al. [79]. To analyze the effect of catalase inhibition on cell behavior after UVA exposure,
aminotriazole (AT) was used at the effective concentration of 1 mM, proven to be effective in our
experimental conditions and usually used for catalase inhibition experiments. Cell incubation with AT
was done for 1.5 h prior to the irradiation step, and the inhibitor was removed just before cell exposure
to UVA.

3.8. Electrophoresis and Western Blotting

SDS-PAGE (10% gels) was performed at 20 mA/gel using the Mini-PROTEAN 3 system (Bio Rad
Laboratories, Hercules, CA, USA) for catalase immunodetection. Proteins were transferred on PVDF
membranes for 1 h, at 100 V, using the Mini Trans-Blot system (Bio Rad Laboratories, Hercules, CA,
USA). Membranes were blocked with 5% non-fat milk in TBST (10 mM Tris-HCI, pH 8.0, 150 mM
NacCl, 0.1% Tween 20), overnight, at 4 °C. Detections were carried out as follows: primary antibodies
(goat polyclonal, SC-34280), 1:200 diluted in TBST, supplemented with 2% bovine serum albumin
(TBST-BSA), for 2 h, at room temperature (RT), followed by appropriate HRP-conjugated secondary
antibodies (donkey anti-goat I[gG-HRP, CS-2020), 1:10,000 diluted in TBST-BSA, for 1 h, at RT. All
antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Membranes were
processed by enhanced chemiluminiscence using SuperSignal® Chemiluminiscent Substrate (Pierce,
Rockford, IL, USA), and the signals were recorded on XCL-XPosure films (Pierce Biotechnology, Inc.
Rockford, IL, USA).

3.9. Flow Cytometry Assay

The flow cytometric analysis was carried out using a FACScan (Becton Dickinson, San Jose, CA,
USA) flow system, after annexinV-FITC/propidium iodide labeling of the cells. Cells exposed or not
to UVA were prepared for flow cytometry using AnnexinV-FITC Apoptosis Detection Kit (Sigma,
Saint Louis, MO, USA) according to the producer’s protocol. Before labeling, adherent and detached
cells were collected and pooled, then counted and investigated for viability using the trypan blue
exclusion test.
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3.10. Statistical Analysis

Data are mean + SD of triplicate measurements from three to five independent experiments. The
statistical significance was assessed by Student #-test. The correlation between lipid peroxidation and
LDH release (membrane lysis) was determined by Pearson’s coefficient.

4. Conclusions

Our results show that dysplastic keratinocytes proved the ability to develop adaptive responses after
non-lethal UVA exposure, even though an oxidative stress was noted that transiently affected the
balance in cell lipids fatty acids, cell membrane permeability and catalase activity. The surviving cells
seemed to gain an increased resistance to apoptotic death, suggesting that the pre-malignant status of
these cells could harbor an abnormal ability to control the cell fate.
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