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Abstract

This study investigated poly (ADP-ribose) polymerase-1 (PARP-1) activation in cultured human
lens epithelial cells exposed to two levels of UVB light (312 nm peak wavelength), 0.014 and 0.14
Jlem?2 (“low” and “high” dose, respectively). At the low dose, PARP-1 and poly (ADP-ribose)
(PAR) polymers acted to repair DNA strand breaks rapidly with no subsequent major effects on
either cell morphology or viability. However, following the high UVB dose, there was a dramatic
second phase of PARP-1 activation, 90 min later, which included a sudden reappearance of DNA
strand breaks, bursts of reactive oxygen species (ROS) formation both within the mitochondria and
nucleus, a translocation of PAR from the nucleus to the mitochondria, and an ultimate 70% loss of
cell viability occurring after 24 hrs. The results provide evidence for an important role for PARP-1
in protecting the human lens epithelium against low levels of UVB light, and possibly
participating in the triggering of cell death following exposure to toxic levels of radiation.

Graphical Abstract

Five minutes after a 2.5 minute exposure of cultured human lens epithelial cells to 0.14 J/cm? of
UVB light, poly (ADP-ribose) (PAR) polymers were produced in the cell nucleus to assist in the
repair of DNA, and the polymers then disappeared. Surprisingly, 90 minutes after the exposure,
PAR polymers were produced once again, but this time the polymers appeared to travel out of the
nucleus to the cell mitochondria, possibly to initiate cell death.
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INTRODUCTION

Solar UV radiation has been linked epidemiologically with the formation of human cortical
cataract (1-3). However, whether wavelengths of UVB or UVA light, or possibly both, may
be responsible for the cataract is controversial (4). UVB light has a variety of lens epithelial
targets, including DNA, mitochondria and the amino acid tryptophan, which is present in
lens crystallins, enzymes and membrane proteins at high levels (5-7). In addition, UVA
radiation can damage lens DNA and mitochondria through the generation of reactive oxygen
species when it is absorbed by chromophores such as pyridine nucleotides and riboflavin (8—
10). Whereas about 70% of solar UVA light striking the human cornea reaches the lens
epithelium, only 1% of incident UVB radiation is ultimately absorbed by the lens (11, 12).
However, following decades of exposure, even this relatively small amount of light can be
damaging because of the high level of the UVB-absorber tryptophan present in the tissue
(7). An even greater threat to lens transparency may be UV light entering from the side of
the eye since this radiation can focus up to 20x stronger in the peripheral region of the lens
on the nasal side (13-15). Since the lens periphery contains the germinative region of the
tissue (16), which possesses a relatively high mitotic activity and slow rate of DNA repair
(17-20), it is more susceptible to radiation-induced DNA damage. The fact that the nasal
germinative region is typically the site of human cortical cataract (21-23) supports the belief
that sunlight is indeed a major cause of this type of opacity.

Evidence exists to link DNA damage with the formation of human cortical cataract.
Epithelia removed from the lenses of cataract patients prior to surgery showed a higher level
of DNA damage (strand breaks) compared to similar tissue from human donor eyes, and the
damage was significantly greater in cortical cataracts compared to nuclear and posterior
subcapsular opacities (24). A similar investigation found increased amounts of DNA strand
breaks present in lens epithelial cells and lymphocytes of patients with cortical, nuclear and
posterior subcapsular cataracts, compared to controls (25). Results of earlier studies had
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suggested that genotoxic damage may be associated with the development of certain types of
human cataracts (26, 27). In recent work, a major product of DNA oxidative damage, 8-
oxo-7, 8-dihydroguanine (8-0xoG) (28), was detected at higher levels in lens epithelia from
patients undergoing cataract surgery, compared to controls (29). Levels of mRNA coding for
the enzyme responsible for repairing 8-0x0G, 8-oxoguanine-DNA glycosylase 1, were
elevated in lens epithelia isolated from patients undergoing cataract surgery, and decreased
in opaque regions of cortical cataracts (29, 30). Similarly, concentrations of the most
abundant product of DNA oxidation, 8-hydroxy-2-deoxyguanosine (31), were elevated in
various regions of cortical, nuclear and posterior subcapsular cataracts (32), as well as in
leukocytes of cataract patients (33).

Repair of damaged DNA is a complex process involving a multitude of different proteins
and cellular pathways, controlled by approximately 150 different genes in the human (34).
Of 92 DNA repair genes detected in human central lens epithelium, 11 were reported to have
changed expression in cataracts (35). One major DNA repair enzyme in the lens that
becomes activated following oxidative challenge is poly(ADP-ribose) polymerase (PARP)
(36-40). The PARP family consists of 17 proteins, of which the PARP-1 nuclear enzyme is
the most abundant and most studied (41-43). PARP-1 catalyzes the synthesis of ADP-ribose
units from donor NAD* molecules to form large poly(ADP-ribose) (PAR) polymers, up to
200 units in length, that bind to target gene regulatory proteins and modulates their activities
(44). PARP-1 performs an extraordinary number of key functions in the cell nucleus
including the repair of DNA single and double strand breaks, which allows the cell to
survive during times of oxidative challenge, as well as induction of cell death in the event of
overactivation of the enzyme (45, 46). Low activities of PARP and elevated levels of 8-
OHdG have been observed in the blood of patients with age-related cataract (47). Relatively
few studies have explored UVB-induced activation of the PARP system in cultured cells
(48-51). Here, we investigate cell survival/cell death functions of PARP-1 and PAR
polymers in cultured human lens epithelial cells (LECs) following exposure to two levels of
UVB radiation.

MATERIALS AND METHODS

Cell culture and exposure to UVB light

Experiments were conducted with an immortalized human lens epithelial cell (LEC) line,
SRA 01/04 (52). The cells were grown in Dulbecco’s Modified Eagle Medium (MEM) with
Earle’s salts, supplemented with 15% fetal bovine serum (FBS), 50 pg/ml gentamicin and
2.1 pg/ml amphotericin B contained in Fungizone®. Cultures were carried out at 37°C in
5% CO», 95% air. FBS and Fungizone® were obtained from Gibco Life technologies
(Grand Island, NY, USA). All other reagents were from Sigma-Aldrich (St. Louis, MO,
USA), unless noted. After 6 days, when the cells had reached confluency in 100 mm plates,
they were enzymatically removed from the plates 1 day prior to the experiment and
transferred to either 60 mm plates (approximately 800,000 cells per plate), 4-well chamber
slides (Thermo Fisher Scientific, Rochester, NY, U.S.A.; approximately 50,000 cells per
well) or 96-well plates (Thermo Fisher Scientific; approximately 10,000 cells per well). On
the day of the experiment, in preparation for UVB-irradiation, the cells were incubated for 2
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hrs in MEM containing 1% FBS, and then for 30 min in serum-free medium. Prepared MEM
was used within three weeks.

For UVB-irradiation, the cells were treated as described above and then rinsed with
phosphate-buffered saline (PBS) and exposed to UVB light (from the bottom) in PBS (37°C,
air) for 2.5 min using a Spectroline “medium wave” UV lamp (Model EB-160C, Spectronics
Corp., Westbury, NY, USA) at a distance of 0.8 cm. Control cells were treated similarly, but
not exposed to UVB light. UVB levels reaching the cells were determined with a radiometer
(UVX Digital; San Gabriel, CA) equipped with a UVB sensor at 312 nm (model UVX-31).
The UV beam had a wavelength spectral distribution of 270 — 390 nm with a peak at 312 nm
(Fig. 1). The small amount of UVC radiation in the beam was removed using a Corning
filter (0-53, 2 mm thick, Corning Co-Star, Corning, NY). The irradiance of the UVB light
was either 0.09 or 0.9 mW/cm2, and the total fluences for the 2.5 min exposures were 0.014
Jlem? (“low dose™) and 0.14 J/cm? (“high dose™), respectively. Following UVB-exposure,
cells were rinsed with PBS and cultured for various times in MEM containing 15% FBS.
Photographs of control and UVB-treated cultured cells in 60 mm plates were taken using a
Nikon Eclipse TS 100 microscope with an attached SPOT Idea camera and Spot 5.2 imaging
software (SPOT Imaging, Sterling Heights, MI, U.S.A).

Viability of cells exposed to UVB light in 96-well plates was determined with use of an
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay. Following
UVB-exposure and subsequent culture, MEM containing 15% FBS was removed from the
wells and replaced with 100 pl of MTT solution (5 mg MTT per ml MEM). After incubation
of the cells for 2 hrs at 37°C, the MTT was removed and replaced with acidic organic
solvent containing 90% isopropanol, 10% Triton X-100 and 1 mM HCL. Absorbance was
read at a wavelength of 570 nm with a BioTek Epoch 2 Microplate Spectrophotometer
(BioTek Instruments, Winooski, VT, U.S.A.), and the results graphed using Gen5 Data
Analysis Software.

DNA strand break analysis

DNA strand breaks were detected in cultured LECs using a Roche TMR Red Cell Death
Detection Kit (Roche Diagnostics Corporation, Indianapolis, IN, USA) following UV-
exposure of the cells in 4-well chamber slides. TMR Red detects both single- and double-
stranded DNA breaks that occur at early stages of apoptosis. Photographs were taken using a
Zeiss Axio Imager .Z2 fluorescence microscope with an attached Axio Cam camera and
AXio Vision software, version 4.8.2.

PARP-1, PAR and F-actin detection

Following a 2.5 min UVB-exposure of the cells in 4-well chamber slides and culture for
various times, PARP-1 enzyme and PAR polymers were detected using
immunocytochemistry. MEM containing 15% FBS was removed from the wells of the
chamber slides and the cells were then washed once with PBS and fixed in 4%
paraformaldehyde (PFA) for 30 minutes at room temperature. After fixation, the cells were
washed 3x with PBS and incubated in 0.125% Triton X-100 for 15 minutes at room
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temperature. The Triton was removed, the cells washed 3x with PBS, and 5% Normal Goat
Serum (NGS) added as blocking solution for 1 hr at room temperature. The NGS was
removed and primary antibody for either PAR (PAR monoclonal antibody, Enzo Life
Sciences, Farmingdale, NY or EMD Millipore, Billerica, MA; 1:400 dilution) or PARP-1
(PARP-1 monoclonal antibody, clone C2-10, Trevigen, Inc., Gaithersburg, MD, 1:400
dilution) was added and incubated overnight in the cold. The next day, the primary antibody
was removed and the cells were washed 3x with PBS. Secondary antibody (Alexa Fluor 568
anti-mouse, 1:200 dilution) was added and incubated for 2 hours at room temperature. The
secondary antibody was removed and the cells were washed 3% with PBS, and nuclei stained
with 4”,6-Diamidine-2"-phenylindole dihydrochloride (DAPI) for 5 minutes at room
temperature. The cells were washed 3x with PBS and the slides mounted with glycerol and
photographed under a Zeiss fluorescence microscope as described above. In order to
determine the composition of observed threadlike structures in UVB-damaged LECs, the
fluorescent F-actin probe Rhodamine Phalloidin (Thermo Fisher Scientific; catalog number
R415) was employed following the manufacturer’s instructions.

Reactive oxygen species and superoxide anion detection

Reactive oxygen species (ROS) were detected in cells exposed to UVB light in 4-well
chamber slides using CellROX® Deep Red and CellROX® Green Reagents (Thermo Fisher
Scientific) for detection of ROS (primarily H,05) in the cell cytoplasm and nucleus,
respectively. Following UVB-irradiation of the cells and subsequent incubation for various
times, 1 uL each of the two reagents was added to each well containing 500 uL of MEM
plus 15% FBS. After incubation for 30 minutes at 37°C, the mixture was removed from each
well and the cells rinsed 3x with PBS and fixed in 4% PFA for 30 minutes at room
temperature. The PFA was removed and the slides mounted with Fluoromount-G
(SouthernBiotech, Birmingham, AL, U.S.A.) and photographed under a Zeiss fluorescence
microscope within 2 hours after addition of the reagents.

For detection of mitochondrial O,™ in live LECs exposed to UVB light in 4-well chamber
slides, a 1 uM solution of MitoSOX Red reagent (Thermo Fisher Scientific) was employed
following the manufacturer’s instructions. After incubation for 10 min in the dark, the
solution was removed and the cells counterstained with 5 ug/ml of Hoechst dye solution.
The cells were washed 3x with warmed Dulbecco’s phosphate buffered saline plus
magnesium and calcium (DPBS, Mediatech, Inc., Manassas, VVA), and the slides mounted
with a small amount of DPBS and a cover slip, and imaged with a Zeiss fluorescence
microscope.

Fluorescent image analysis

Fluorescent images of cells were deconvoluted and background-subtracted using Nikon NIS
Elements software. Quantitative densitometric scanning was conducted with use of ImageJ
software (Rasband, W.S., ImageJ, U. S. National Institutes of Health, Bethesda, Maryland,
USA, http://imagej.nih.gov/ij/, 1997-2015). Cells were selected using the thresholding
function and the average brightness level measured in the isolated cells. Averages, standard
deviations and p-values were calculated with use of Excel software.
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RESULTS

No distinct morphological effects were observed in cultured LECs at 1, 3 and 24 hr after a
2.5 min exposure to the low dose (0.014 J/cm?) of UVB light (Figs. 2b, ¢ and d,
respectively), compared to controls (Fig. 2a). Similarly, the high dose (0.14 J/cm?) of UVB
light produced no damage after 1 and 3 hr (Figs. 2e and f). However, 24 hr after exposure to
the high dose, significant changes in the cells were observed, including cell loss and
formation of abnormal threadlike structures between cells (Fig. 2g), which stained for F-
actin (Fig. 2h). Cells exposed to either the low or high UVB dose exhibited approximately
75% viability (MTT assay), compared to controls, after 1 and 3 hr of normal culture, and a
similar result was obtained at the 24 hr mark for cells exposed to the low UVB dose (Fig. 3).
In contrast, cell viability was observed to drop sharply to 30% 24 hr after exposure to the
high UVB dose (Fig. 3; p<0.001). UVB-induced DNA strand-breaks were assessed using the
TMR Red assay. For the low UVB dose, strand breaks were observed 5 min after UVB
exposure (p<0.001), and were completely repaired within 30 min (Figs. 4a and c). For the
high UVB dose, strand-breaks were observed immediately after UVB-exposure and at the 5
min mark (p<0.001), and were again repaired by 30 min (Figs. 4b and c). Surprisingly, DNA
damage was seen to reappear for the high UVB dose, but not the low dose, at the 60 min
(slight) and 90 min marks (p<0.001), and this second phase of damage was again completely
repaired within 30 min (Figs. 4b and c). Similar results were obtained using the Comet assay
(53) to detect DNA strand breaks (data not shown).

It was also of interest to investigate possible formation of ROS (primarily H,05) in the cell
cytoplasm and nucleus, as well as O~ in the mitochondria, at various times following UVB-
exposure. A slight increase in ROS in both the cell cytoplasm and nucleus (red and green
fluorescence, respectively) was observed immediately and 5 min after treatment with UVB-
irradiation for both the low and high doses (Figs. 5a, b and c), but this had decreased to the
control level by the 30 min mark. Levels of ROS remained at control values through 120 min
for the low dose; however, in sharp contrast, for the high UVB dose, a dramatic increase in
ROS reappeared at 90 min post UVB-exposure in both the cell cytoplasm and nucleus at
levels that were 3x greater than those observed immediately after exposure (p<0.001; Figs.
5b and c). At 120 min after the high UVB dose, the level of ROS had decreased by 50%,
compared to that seen at the 90 min mark (Figs. 5b and c). In contrast to the results for ROS,
the first burst of mitochondrial O, formation occurred primarily at 90 min after the high
UVB dose, and this had decreased by approximately 60% 30 min later (p<0.001, Figs. 6a
and b).

Immunocytochemical results indicated that PARP-1 enzyme is normally present in the
nucleus of human LECs, and exposure of the cells to the high UVB dose did not produce a
significant change in the level of the enzyme 5 and 90 mins following irradiation (Fig. 7a
and b). In contrast, PAR polymers were observed to be absent in normal cells, but were
rapidly produced following UVB-exposure at both the low and high doses (Figs. 8a, b and
c). At both doses, levels of PAR increased at the 5 min mark (p<0.001), and then fell back to
control values at 30 and 60 min. At the high UVB dose, but not the low dose, PAR polymers
were seen to reappear at 90 min at a level equal to that observed at 5 min (p<0.001).
Whereas the PAR polymers that formed soon after UVB-exposure rapidly disappeared (t1/2
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of 8-12 min), the polymers that were produced at 90 min following the high UVB dose
degraded much more slowly (t1/2 of nearly 60 min), and were still evident at 30 (p<0.001;
Figs. 8b and c) and even 90 (p<0.001; Fig. 8c) min later. About 90% of the PAR present in
the cells 5 min after exposure to the high UVB dose was located in the nucleus; however, at
the 90 min mark, about 90% of the polymers appeared to have flowed out of the nucleus into
the cytoplasm, apparently to reside within the mitochondria (Figs. 8b and 9).

DISCUSSION

This study has demonstrated the presence of PARP-1 in the human LEC nucleus (Fig. 7),
and documented its participation in the repair of oxidatively-damaged DNA following
exposure of the cells to UVB radiation (Figs. 4 and 8). Similar findings have been reported
for human lens cells challenged with H,O5 (40), and an earlier study showed that rabbit
LECs treated with hyperbaric oxygen exhibited a doubling of PARP activity (37). Thus,
PARP-1 appears to be a major defense against oxidative DNA damage in the lens
epithelium, as has been reported for a variety of other tissues, including lung (54), brain
(55), skin (56), liver (57), retina (58) and testes (59). PARP activation as a result of UVB-
exposure has previously been reported to occur in human keratinocytes (50), and in both
human (48) and mouse (49) fibroblasts. Although the PARP-1 enzyme was visible in the
unstressed LEC (Fig. 7), PAR was not (Fig. 8). However, following oxidative stress and the
formation of DNA strand breaks, the polymers were rapidly produced (Figs. 4 and 8).
Similar results have been reported for a multitude of cell types and a variety of oxidative
stresses including those caused by X-ray (60), H,O, (61), UVB light (51, 49), lowered GSH
level (55), and cigarette smoke (54).

Based on the maximum amount of solar UVB light reaching the human lens epithelium,
0.0037 J/cm? in 1 hr (11), the two doses of UVB radiation employed in this study, 0.014
Jlem? (“low dose™) and 0.14 J/cm? (“high dose™), were equivalent to exposing cultured
LECs to either 3.7 hrs or 37 hrs of sunlight, respectively, condensed into 2.5 min. However,
another factor to be considered in assessing the physiological relevance of the study is the
fact that the peak UVB wavelength of light employed, 312 nm (Fig. 1), is actually over 150
times less damaging to cultured LECs than 297 nm light (62), the lowest solar UVB
wavelength that is able to pass through the human cornea to reach the lens (63, 12). In
addition, sunlight striking the human eye from the side can focus on the lens up to 20x
stronger than light entering from the front (13-15). The high UVB dose of this study was
nearly identical to that used previously to induce PARP-1 activation in cultured mouse
fibroblasts (49), but was 2 to 10-fold lower than the level required to activate PARP-1 in
human keratinocytes (50, 51). It should also be noted that the exposure of LECs to UVB
light in the current study was conducted in 20% oxygen (air), whereas the concentration of
oxygen present in human aqueous humor /1 situ, close to the lens epithelium, has been
reported to be <1% (64), possibly as a means of inhibiting the damaging effects of UVB
(65). It cannot be ruled out that the use of a more physiological level of oxygen might
diminish or even block the observed formation of UVB-induced ROS at 20% oxygen (Figs.
5 and 6).
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Both the low and high UVB doses employed in the current study caused an approximate
25% decrease in LEC viability, 1 and 3 hr after the 2.5 min exposure (Fig. 3). This result
may have been caused by effects of the light on non-confluent cells present in the 96 well
plates during the UVB-exposure. Non-confluency is known to increase the susceptibility of
cells to UV-induced damage (66). At 24 hr after the UVB exposure, although cell viability
loss remained at about 25% for the low dose of UVB light, the observed loss increased
substantially to 70% for the 10-fold higher dose (Fig. 3). It is well accepted that a mild
oxidative stress will activate PARP-1 to facilitate cell survival, whereas a severe, stressful
episode may lead to PARP-1-triggered cell death (55, 67). A similar phenomenon was
observed in the current study in which the low UVB dose produced immediate DNA strand
breaks and PAR polymer formation, with rapid repair of the DNA damage (Figs. 4a and c,
8a and c), and an absence of morphological cell damage after 24 hr (Fig. 2d). The high UVB
dose also produced immediate DNA damage and repair, with coincident PAR formation
(Figs. 4b and c, 8b and c); however, in this case, DNA damage and PAR formation
remarkably reappeared at the 90 min mark and, after 24 hrs, the cells showed significant
morphological damage with a 70% loss of cell viability (Figs. 2g and 3). This biphasic type
of PARP-1 activation has also been observed in UVB-stressed mouse fibroblasts (49). In
addition, a 4-8 hr delayed formation of PAR was seen in UVB-treated human keratocytes
(51). The observed UVB-induced threadlike structures (Fig. 2g), which stained for F-actin
(Fig. 2h), have also been reported to form in human LECs stressed by either peroxide (68) or
UVA light (69). A previous study showed that an inhibition of PARP-1 activity in FHL124
LECs produced increased susceptibility to HoO»-induced DNA damage, along with lowered
H,0,-induced cell death (40); however, a PARP-1 inhibitor was not employed in the current
work.

A unique finding of this study was the much slower rate of degradation of PAR observed for
the second phase of UVB (high dose)-induced PARP-1 activation, compared to that for the
first phase (Fig. 8c). This result is in marked contrast to previous reports indicating that PAR
has a very short half-life due to its rapid degradation by poly(ADP-ribose) glycohydrolase
(PARG) (70, 71). The observed PAR half-life of 8-12 min for the first phase of PARP-1
activation (Fig. 8c) compares favorably with the 6 min half-life reported for PAR
degradation in UV-irradiated human fibroblasts (48). However, for the second phase of PAR
formation in the current study, the t1/2 degradation rate increased to nearly 60 min (Fig. 8c),
although DNA strand breaks in the second phase were completely repaired within 30 min
(Figs. 4b and c). In addition, in the first phase after the high UVB dose (at 5 min post
exposure), PAR polymers were formed and degraded within the cell nucleus (Figs. 8b, 9a
and 9b). However, in the second phase (at 90 min post UVB exposure), PAR had flowed out
of the nucleus into the cytoplasm, apparently to reside within the mitochondria (Figs. 8b, 9c
and 9d).

It is not clear why PAR was degraded so slowly within the mitochondria following the
second phase of UVB-induced (high dose) PARP-1 activation (Figs. 8b and c). The PAR
degrading enzyme poly (ADP-ribose) glycohydrolase (PARG) has been shown previously to
exist in the cytoplasm within the mitochondria of unstressed cells, and to translocate into the
nucleus during oxidative stress-induced DNA damage (71, 70). Thus, it is possible that
following the second phase of PARP-1 activation, the mitochondria may have been depleted
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of PARG activity, resulting in a longer PAR half-life. Indeed, it may have been essential for
the level of PAR to remain high within the mitochondria following the high dose of UVB,
triggering eventual loss of cell viability. It is known that a prolonged presence of PAR within
a cell has deleterious consequences (72) since the polymers are toxic and represent a cellular
death signal (73, 71). The >1.5 hr period that PAR was observed to be present within the
mitochondria of the UVB (high dose)-treated cells (Fig. 8¢c) most likely acted as a trigger for
future cell loss.

It is of interest to speculate on possible mechanisms for the UVB-induced cell death
observed in this study, and how PARP-1 might have been involved. A previous investigation,
employing the same line of LECs and identical UVB levels used in the current study,
demonstrated the activation of two stress proteins associated with induction of apoptosis,
caspase-3 and DFF 45 (74). Thus, it is likely that these proteins also contributed to cell death
in this work. In addition, it is likely that the burst of PAR polymer formation observed at the
90 min mark for the high UVB dose (Figs. 8b and c) consumed intracellular NAD* stores,
leading to depletion of ATP and cell death (75), although energy depletion alone has been
shown to not fully explain how PARP-1 activation kills cells (73). In certain cell types, over-
activation of PARP-1 is known to induce a translocation of apoptosis-inducing factor (AIF)
from the mitochondria to the nucleus to induce cell death (76); however, such a translocation
was not observed in this study (unpublished results) or in a previous investigation that
involved H,O,-challenged osteosarcoma cells (61). Exposure of human LECs to UVB light,
at levels comparable to those of the current study, have been reported to cause loss of
mitochondria (77) and decreased mitochondrial membrane potential (78, 79); however, these
types of mitochondrial effects observed in oxidatively-stressed rat cerebral cortex neurons
appeared to be independent of PARP-1 activation (55). A recent study showed that in
oxidatively-stressed primary and SRA 01/04 LECs, there occurred a translocation of Parkin
to depolarized mitochondria, resulting in the elimination of damaged mitochondria and a
maintained level of LEC homeostasis (80). It should also be pointed out that the present
studies were conducted with transformed SRA 01/04 LECs, which may exhibit altered
apoptotic induction characteristics compared to non-transformed primary lens cells. A final
limitation of the work was the fact that the LECs were necessarily cultured in the presence
of serum, and growth factors contained within it, which the lens /n situ is not exposed to.
This may have affected survival of the cells following UVB exposure.

It appeared that the initial damage to LEC DNA, which occurred within 5 min after the 2.5
min UVB exposure at both the low and high doses (Fig. 4), was caused mainly by direct
absorption of the radiation by DNA. A similar conclusion was reached in a previous study
with UVB-treated mouse fibroblasts (49). Only slight amounts of ROS were detected in the
cell cytoplasm or nucleus, soon after UVB exposure (Fig. 5), suggesting that DNA damage
occurring during this period was due to direct UVB absorption. However, in the second
phase of PARP-1 activation, occurring 90 min after the high UVB dose, bursts of ROS
(primarily H,05) in both the cytoplasm and nucleus (Figs. 5b and c), and O,~ within the
mitochondria (Fig. 6), were observed. The formation of these oxidants could not have been
due directly to the 2.5 min UVB light exposure conducted 90 min earlier. It is likely that
H,0,, produced within the mitochondria from the dismutation of O,~, was the cause of the
nuclear DNA strand breaks occurring 90 min after the high UVB dose, and repaired within
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30 min (Figs. 4b and c). Previous studies have also linked a delayed generation of H,O5
following UVB-treatment of cultured cells with DNA damage occurring hours after the
exposure (49, 51).

It is difficult to ascertain the sequence of events occurring in the LECs at 90 min after the
high UVB dose. At this time period, there existed damaged DNA in the nucleus (which was
later repaired within 30 min) (Figs. 4b and c), H»O» in both the cytoplasm and nucleus (Fig.
5b), PAR within the mitochondria (it is assumed that this PAR had flowed into the cytoplasm
after being produced in the nucleus) (Figs. 8b and c, 9¢c and d), and O,~ within the
mitochondria (Fig. 6). One possible scenario is that PAR induced the observed burst of Oy~
within the mitochondria and, as outlined above, a subsequent dismutation of superoxide
produced H,05 that flowed from the mitochondria to the nucleus to damage DNA. It has
been postulated previously that while PARP-1 activation is typically produced by an
oxidative stress, such activation may also be able to generate ROS within a cell. PAR-
induced formation of O,~ was observed previously in high glucose-exposed human Schwann
cells (81). In that 2005 study, the authors suggested that PAR would have been able to cause
O~ production by a variety of mechanisms including a PAR-mediated upregulation of the
major superoxide-generating enzyme, mitochondrial NADH oxidase. However, the above
scenario does not explain how DNA strand breaks seen at 90 min were repaired within 30
min (Figs. 4b and c) if 90% of the PAR had already exited the nucleus (Figs. 9c and d). It is
possible that the remaining 10% of PAR was able to assist in the repair, or it may have been
accomplished by some other DNA repair system. PARP-1 activation has been demonstrated
previously to result in a translocation of mitochondrial apoptosis-inducing factor (AIF) to
the cell nucleus (76, 46). Although we observed both PAR (Figs. 9c and d) and AlIF
(fluorescence-labeled images not shown) residing within the mitochondria at 90 min after
the high UVB dose, we did not see any significant translocation of AIF from the
mitochondria to the nucleus.

CONCLUSION

The results demonstrated two very different responses of PARP-1 activation in UVB-
challenged human LECs. At a relatively low level of UVB stress, PARP-1 and PAR
polymers acted to repair DNA strand breaks rapidly to ensure no subsequent major effects
on either cell morphology or viability. However, exposure of the cells to a ten-fold higher
level of UVB produced a dramatic second phase of PARP-1 activation, 90 min later, which
included a sudden reappearance of DNA strand breaks, bursts of ROS formation both within
the mitochondria and nucleus, a translocation of PAR from the nucleus to the mitochondria,
and an ultimate 70% loss of cell viability occurring after 24 hrs. The results provide
evidence for an important role for PARP-1 in protecting the human lens epithelium against
low levels of UVB light, and possibly participating in the triggering of cell death following
exposure to a toxic level of radiation.
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Figurel.
Spectral output of the UV lamp used in the study. Note the peak intensity at 312 nm

wavelength. Light below 280 nm (UVC) was removed with a filter.
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Figure 2.
Photographs of cultured human LECs at various times after exposure to either a low dose

(0.09 mW/cm?) or high dose (0.9 mW/cm?) of UVB radiation for 2.5 min in 60 mm plates.
a. 24 hr control; b. low dose UVB, 1 hr; c. low dose UVB, 3 hr; d. low dose UVB, 24 hr; e.
high dose UVB, 1 hr; f. high dose UVB, 3 hr; g. high dose UVB, 24 hr; h. high dose UVB,
24 hr, stained for F-actin. Note the cell loss and abnormal threadlike structures between cells
(arrows) in g and h. The results are representative of three experiments.
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Figure 3.

24 hours

Viability of cultured human LECs at various times after exposure to either a low dose (0.09
mW/cm?) or high dose (0.9 mW/cm?2) of UVB radiation for 2.5 min. Analysis was done
using the MTT assay for cell viability. Results are expressed as percent of control cells not
exposed to UVB light, means +/- S.D. for three experiments. Open bars: low UVB dose;

solid bars: high UVB dose. **: p<0.01, relative to control.
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Figure 4.
DNA strand-breaks (TMR Red assay) and DAPI staining in cultured human LEC’s at

various times after exposure to either a low dose (0.09 mW/cm?2) or high dose (0.9 mW/cm?)
of UVB radiation for 2.5 min in 4-well chamber slides. a. low dose; b. high dose; c.
densitometric fluorescence scanning of the cell nuclei; average cell nucleus brightness minus
control for 6 to 24 cells, normalized per cell. Dashed line: low dose; solid line: high dose;
n=3; error bars: S.D. (some error bars were smaller than the markers). ***: p<0.001, relative
to control.
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Figure5.
Reactive oxygen species (ROS) detection (CellROX® Red and Green) in cultured human

LEC’s at various times after exposure to either a low dose (0.09 mW/cm?) or high dose (0.9
mW/cm?) of UVB radiation for 2.5 min in 4-well chamber slides. Red fluorescence indicates
ROS (mainly H,05) in the cytoplasm. Green fluorescence indicates ROS (mainly H,05) in
the nucleus. a. low dose; b. high dose; c. densitometric fluorescence scanning of the cells;
average cell brightness minus control for 6 to 40 cells, normalized per cell (red and green
brightness added); Dashed line: low dose; solid line: high dose. n=3; error bars: S.D. ***:
p<0.001, relative to control.
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Figure 6.
Mitochondrial O,~ detection (MitoSOX Red reagent) and Hoechst nuclear staining in

cultured human LEC’s at various times after exposure to a high dose (0.9 mW/cm?) of UVB
radiation for 2.5 min in 4-well chamber slides. a. fluorescent images; b. densitometric
fluorescence scanning of the cells; average cell brightness minus control for 12 to 46 cells,
normalized per cell. n=3; error bars: S.D. (some error bars were smaller than the markers).
***: p<0.001, relative to control.
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Figure 7.
PARP-1 enzyme immunofluorescence and DAPI nuclear staining in cultured human LEC’s

at 5 and 90 min after exposure to a high dose (0.9 mW/cm?2) of UVB radiation for 2.5 min in
4-well chamber slides. a. the fluorescent images; b. densitometric fluorescence scanning of
the cells; average cell nuclear brightness minus control for 27 to 41 cells. n=3; error bars:
S.D. (some error bars were smaller than the markers).
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Figure 8.
PAR polymer immunofluorescence and DAPI nuclear staining in cultured human LEC’s at

various times after exposure to either a low dose (0.09 mW/cm?2) or high dose (0.9 mW/cm?)
of UVB radiation for 2.5 min in 4-well chamber slides. a. low dose; b. high dose; c.
densitometric fluorescence scanning of the cells; average cell brightness minus control for 6
to 59 cells, normalized per cell. Dashed line: low dose; solid line: high dose; n=3; error bars:
S.D. (some error bars were smaller than the markers). ***: p<0.001, relative to control.
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Figure.
Higher magnification (b and d) of one cell each (shown in the rectangles of a and c) from the

5 min (a and b) and 90 min(c and d) merged results of the experiment conducted in Fig. 8b
(PAR and DAPI following exposure to the high dose of UVB).
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