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ABSTRACT | Purpose: To systematically examine the dynamic
changes and time sequence in corneal epithelial cell apoptosis
after excessive ultraviolet B irradiation. Methods: Ultraviolet B
(144 m)/cm?) was used to irradiate rat corneal epithelial cells for
2 h. Cell morphology was observed on differential interference
contrast microscopy, and the numbers of the different kinds of
apoptotic cells were counted using the Image) software. Cell
viability was measured with the 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2-H-tetrazolium bromide method. Cell apoptotic rate
and loss of mitochondrial membrane potential were detected
using flow cytometric analyses. The expression levels of 3
apoptotic genes were measured with real-time quantitative
polymerase chain reaction at different time points within 0-24 h
after irradiation. Results: After 144-mj/cm? ultraviolet B
irradiation for 2 h, the expression levels of caspase-8 and Bax
were highest at 0 h; furthermore, the mitochondrial membrane
potential decreased at O h and remained constant for 6 h in
a subsequent culture. At 6 h, caspase-3 was activated. The
decrease in cell viability and increase in apoptotic rate peaked
at 6 h. The caspase-3 expression level decreased within 12-24 h,
which led to a decline in apoptotic rate and change in apoptotic
stage. Conclusions: The corneal epithelial cells exhibited rapid
apoptosis after ultraviolet B irradiation, which was associated
with both extrinsic and intrinsic pathways.
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RESUMO | Objetivos: Explorar sistematicamente as mudancas
dinamicas e a sequéncia temporal no processo de apoptose de
células epiteliais corneanas apds excesso de irradiagdo com
ultravioleta B. Métodos: A radiagio ultravioleta B (144 mJ/cm?) foi
utilizada para irradiar células epiteliais da cérnea de rato durante
2h. Amorfologia celularfoi observada por meio de microscépio de
contraste de interferéncia diferencial, e os nimeros de diferentes
tipos de células apoptéticas foram contados e registrados pelo
software Image). A viabilidade celular foi medida pelo método
brometo de 3- (4, 5-dimetil-2-tiazolil) -2, 5-difenil-2-H-tetrazolio.
A taxa apoptética celular e a perda do potencial da membrana
mitocondrial foram detectadas por meio de analises citométricas
de fluxo. Os niveis de expressao de trés genes apoptéticos foram
medidos por reagdo em cadeia da polimerase quantitativa em
tempo real em diferentes momentos dentro de 0-24 h apés a
irradiacdo. Resultados: Ap6s 144 m)/cm? de irradiagdo com
ultravioleta B por 2h, os niveis de expressao de caspase-8 e Bax
foram maiores em Oh; o potencial da membrana mitocondrial
diminuiu a Oh e permaneceu constante por 6h na cultura subse-
quente. As 6h, a caspase-3 foi ativada. A diminuicdo da viabilidade
celular e o aumento da taxa apoptética atingiu o pico em 6h. A
expressao de caspase-3 diminuiu dentro de 12 - 24 h, levando a
um declinio na taxa apoptética e alteragao no estagio apoptético.
Conclusées: As células epiteliais da cérnea apresentaram uma
apoptose rapida apds excesso de irradiacdo com ultravioleta B,
e esse processo foi associado tanto a via extrinseca como a via
intrinseca.

Descritores: Irradiacdo com ultravioleta B; Radiacdo; Epitélio
anterior; Célula epitelial; Sobrevivéncia celular; Apoptose; Ratos

INTRODUCTION

Solar ultraviolet (UV) irradiation is the main causati-
ve factor of photocarcinogenesis, photoaging, and pho-
totoxicity” and can induce apoptosis in keratinocytes
and epithelial cells, among others®¥. UV can be divided
into three bands, namely UV A (UVA, 320-400 nm), UV B
(UVB, 280-320 nm), and UV C (UVC, 200-280 nm). Ho-
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wever, a negligible amount of UVC can reach the Earth’s
surface through its absorption by the ozone layer in the
upper atmosphere®. UVA, which mainly affects the skin
and darkens it, plays a key role in the development of
melanoma and nonmelanoma skin cancers®. UVA and
UVB both cause damages to the skin and eyes, but UVB is
more damaging because it can damage DNA by directly
mediating the formation of thymine-thymine cyclobu-
tane dimers® and generating reactive oxygen species
(ROS) indirectly”.

The eyes and skin are exposed to UV irradiation
directly and continuously. In the eyes, the cornea is the
outermost layer that is directly exposed to UV irradiation.
Furthermore, the cornea is divided into five layers, na-
mely the epithelium, Bowman’s membrane, the stroma,
Descemet’s membrane, and the endothelium®. Of these,
the epithelium is the outermost layer; therefore, UV
irradiation first interacts with the corneal epithelium as
the first barrier of this structure. Moreover, the corneal
epithelium absorbs a large percentage of UV irradiation
and protects the lens and retina from UV-induced da-
mage®. However, excess UV irradiation in the eyes is
known to induce apoptosis in the cornea®.

Apoptosis is the process of programmed cell death.
The main apoptotic pathways are the extrinsic or death
receptor pathway and the intrinsic or mitochondrial
pathway, and caspase-3 is the executor of apoptosis‘?.
Apoptosis is a mechanism known to be associated with
corneal cell death after UV irradiation, and corneal cell
apoptosis in response to UV is dose dependent. This pro-
cess involves the mitochondrial pathway and activation
of caspase-9, caspase-8, and caspase-3"'?. However,
few studies have reported the dynamic changes in and
time sequence of this phenomenon, and any mechanisms
of UVB-induced apoptosis. The present study syste-
matically investigated the changes in cell morphology,
viability, apoptotic rates, mitochondrial membrane po-
tential (MMP), and mRNA levels of Bax, caspase-8, and
caspase-3 after UVB irradiation of rat corneal epithelial
(RCE) cells. We aimed to examine the dynamic changes
and time sequence associated with the process of RCE
cell apoptosis after excessive UVB irradiation.

METHODS
Isolation of corneal epithelial cells

Corneal epithelial cells were isolated from adult
female Wistar rats of standard body weight (purchased
from the animal facility of the Medical School of Lanzhou
University). The experimental protocols used in this
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study were approved by the animal experiment ethics
committee of the School of Life Sciences of Lanzhou
University. The methods used were as described in our
previous article?, following the operating method of
two other studies*', with some modification. Briefly,
the eyes of the rats were washed at least three times in
sterile phosphate-buffered saline (PBS) supplemented with
1% (v/v) penicillin-streptomycin (100 U/mL/100 pg/mL,;
Sangon Biotech, Shanghai, China). Under stereoscopic
dissection microscopy (Zeiss, Oberkochen, Germany),
the cornea was cut off along the corneal limbal rims,
and the appendant sclera was removed with sterile
ophthalmic scissors to reserve the cornea only. Then,
the corneal stromata and endothelium were peeled off
carefully using sterile thin-tipped surgical forceps. The
residual corneal stroma was peeled off little by little until
the epithelia were straticulate and transparent, which
were then placed in 12-well cell culture plates with
2 mL of Dulbecco’s modified Eagle’s medium/nutrient
mixture F-12 (DMEM/F-12) medium (Gibco, NY, USA)
supplemented with 10% (v/v) fetal bovine serum (FBS;
Biological Industries, Israel). The cell culture plates were
placed in a 5% CO, incubator (Sanyo, Osaka, Japan) at
37°C. Then, the primary epithelial cells proliferated from
the epithelial tissue. The tissue was gently disrupted by
pipetting to induce the falling off of the proliferated cells
from the epithelial tissue and their uniform distribution
in the culture plate. When the cells adhered to the plate
and grew to complete confluence, they were passaged
with trypsin into a culture bottle. To detect the purity
of the RCE cells, an immunofluorescence assay was
performed using an anti-cytokeratin 3+ 12 antibody (PL
Laboratories Inc., Vancouver, Canada). Cytokeratins 3
and 12 are the specific marker proteins of the corneal
epithelium, and the purity of RCE cells was approxima-
tely 80%.

Cell culture and seeding

The passaged cells were cultured in DMEM/F-12
medium supplemented with 10% (v/v) FBS, incubated
at 37°C with 5% CO,, and passaged using trypsin when
they grew to 80%-90% confluence. The cells were diges-
ted, and a suspension was made. Then, the cells were
seeded in a 35-mm Petri dish. When the cells grew to
80%-90% confluence, they were used in the experiment.

UVB irradiation procedure

The RCE cells were exposed to UVB as described in
a previous study®, with some modification. The cells
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were rinsed with PBS once and then covered with 900 uL
of PBS in 35-mm Petri dishes. The culture dishes, with
lids removed, were placed at a distance of 12 cm below
the UVB treatment lamp tube (Huaqiang Electronic
Company, Nanjing, China). The UVB radiant exposure
irradiance was 20 mW/cm? at this location, which was
measured using the UV-297 probe of an UV radiation
meter. On the basis of previous studies of UVB-induced
apoptosis and damage in corneal epithelial cells"”-'9,
the radiant exposure used in the present study was
144 mJ/cm?. The formula used to compute radiant expo-
sure was “H=t X E&,” where H is the radiant exposure in
J/cm?, t is the time in seconds, and E€ is the measured
irradiance in W/cm?. In accordance with this formula,
the cells were irradiated with UVB for 120 min. The
same procedure was used for the culture dishes in the
sham-irradiated control group but with no UVB irra-
diation. After irradiation, PBS was removed, and the
medium was added to the dish again. The cells were
cultured for corresponding time periods.

Observation of cell morphology

The cells were irradiated with 144-mJ/cm? UVB for
2 h and then cultured in the Live Cell Imaging System
(Zeiss) at 37°C with 5% CO, for 0, 6, and 12 h such that
the experimental groups were called “I (2h) + C (0 h),” “1
(2h) + C (6 h),” and “1 (2h) + C (12 h).” The morpholo-
gical changes in the corneal epithelial cells after irradia-
tion at 0, 6, and 12 h were recorded using a differential
interference contrast microscope (Zeiss). Then, 100 cells
were chosen randomly, and the numbers of the different
kinds of apoptotic cells were counted using the Image)
software (National Institutes of Health, MD, USA).

Cell viability assay

Cell viabilities were measured on the basis of the con-
version of 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-
H-tetrazolium bromide (MTT) into formazan by viable
cells, which is termed the MTT method®”. Briefly, the
cells were irradiated with 144 mJ)/cm? UVB for 2 h and
then cultured for 0, 6, 12, and 24 h after irradiation. The-
se four time-point groups were named “1 (2h) + C (0 h),”
“1 (2h) + C (6 h),” “1 2h) + C (12 h),” and “1 (2h) + C
(24 h),” respectively. Subsequently, 10% MTT (5 mg/mL)
was added to the medium in a 35-mm Petri dish. The
cells were incubated for 4 h at 37°C in the dark, and
the medium was carefully aspirated with needle tubing.
Then, formazan was dissolved with 2 mL of dimethyl

sulfoxide. The dish was shaken slowly for 15 min. Finally,
the optical density (490 nm) value was measured using a
spectrophotometer (UNICO, Shanghai, China).

Apoptosis assay based on flow cytometry

After 144-mJ/cm? UVB irradiation for 2 h, the cells
were cultured for 0, 6, 12, and 24 h, and then the cellu-
lar apoptotic rate in each group was detected using flow
cytometry with the annexin V-fluorescein isothiocya-
nate (FITC)/propidium iodide (P1) double-labeling me-
thod in accordance with the manufacturer’s protocol
(BestBio, Shanghai, China). After the aforementioned
treatment, the cells were collected, washed in PBS twice,
and resuspended in an annexin V-FITC-binding buffer
successively by adding 5 uL of annexin V-FITC staining
solutions. The cells were then incubated for 15 min,
followed by the addition of 10 uL of PI staining solution
for 5 min at 4°C in the dark. The cells were detected with
flow cytometry (LSR Fortessa; BD Biosciences, NJ, USA).

MMP determination

Rhodamine 123 was used to detect the MMP ex-
pression®”. Cells were collected at 0, 3, and 6 h after
144 mj/cm? of UVB irradiation for 2 h, resuspended in
PBS, and then incubated with 1 ug/mL rhodamine 123 at
37°C for 30 min in the dark. Next, the cells were washed
in PBS twice and resuspended in PBS. The fluorescence
intensity in each group was monitored using a flow cyto-
meter (BD Biosciences).

Gene expression analysis

Gene expression analysis was performed 0, 6, 12,
and 24 h after 144-m)/cm? UVB irradiation for 2 h. Spe-
cifically, cells were lysed, and total RNA was isolated
using a TRIzol regent (Invitrogen, CA, USA) following
the manufacturer’s instructions. Then, RNA was reverse-
transcribed to cDNA using a PrimeScript reagent kit
(TaKaRa, Tokyo, Japan). Genomic DNA was eliminated
with the gDNA eraser in the kit before reverse trans-
cription. g-PCR was performed with the q-PCR System
instrument (Agilent MX3005P, CA, USA) using a SYBR
Premix Ex Taq 1l Kit (TaKaRa) in accordance with the
manufacturer’s instructions. The mRNA expression
levels of the apoptosis-related genes (caspase-8, Bax,
and caspase-3) were analyzed using the primers shown
in table 1. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as the endogenous control gene, and
the expression levels of the target genes were calculated
using the 224t method®?.
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Table 1. Primers of detected genes

Gene Accession number Direction Sequence Product length (bp)
Caspase-8 NM_022277.1 Forward 5-TGGGACCTGGTATATCCAGTCA-3’ 103
Reverse 5’-GCTCACATCATAGTTCACGCCA-3’
Bax NM_017059.2 Forward 5-CCACCAAGAAGCTGAGCGA-3’ 127
Reverse 5’-GCTGCCACACGGAAGAAGA-3’
Caspase-3 NM_012922.2 Forward 5’-TACTGCCGGAGTCTGACTGGA-3’ 86
Reverse 5’-TCTGTCTCAATACCGCAGTCCA-3’
GAPDH NM_017008.4 Forward 5-TCACCATCTTCCAGGAGCGA-3’ 102

Reverse

5’-CCTTCTCCATGGTGGTGAAGA-3’

GAPDH= Glyceraldehyde-3-phosphate dehydrogenase.

Statistical analyses

Data are presented as mean + standard deviation.
All calculations and statistical analyses were performed
using SPSS 19.0 (IBM, IL, USA). Statistical comparisons
were made using one-way analysis of variance followed
by the least significant difference post hoc test. The sig-

nificance was set as p<0.05.

RESULTS

Cells undergo apoptotic morphological changes
after UVB irradiation

After UVB irradiation, the cells appeared to exhibit
obvious apoptotic morphologies, including (1) cell shrinka-
ge, (2) a decline in cell adherence ability, (3) cell membrane
rupture, and (4) nuclear condensation. The 4 cells marked
1, 2, 3, and 4 in figure 1 represent the 4 aforementioned
morphological changes. At each time point, 100 cells were
chosen randomly, and the 4 types of morphological chan-
ges were recorded (Table 2). The apoptotic morphology in
the “1 (2h) + C (6 h)” and “I (2h) + C (12 h)” groups was
more obvious than that in the “I (2h) + C (0 h)” group, and
the cell membrane rupture was not recoverable.

Cell viability after UVB irradiation

Cell viability was detected at 0, 6, 12, and 24 h using
the MTT method after 144 mJ/cm? of UVB irradiation
for 2 h. The results showed that the cell viabilities in all
the UVB irradiation groups were significantly lower than
that in the control group (p<0.01). Furthermore, of the
UVB irradiation groups, the “1 (2h) + C (6 h)” group had
significantly lower cell viability than the other groups
(p<0.05; Figure 2).

Cellular apoptotic rate after UVB irradiation

Cellular apoptosis was quantified at 0, 6, 12, and 24 h
after 144-mj/cm? UVB irradiation for 2 h (Figure 3A-3E).
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The apoptotic rates were measured, and the values are
displayed in the histogram in figure 3F. The total cellular
apoptotic rate was calculated as a sum of the early and
late cellular apoptotic rates. The RCE cells underwent
apoptosis gradually during exposure to UVB irradiation,
and the apoptotic rates showed dynamic changes within
24 h after UVB irradiation. The total apoptotic rate was
highest at 6 h [1 (2h) + C (0 h): 38.23% =+ 1.34%; 1 (2h)
+ C(6h): 47.61% + 0.65%; 1 (2h) + C (12 h): 35.50% +

1.33%; and 1 (2h) + C (24 h): 34.93% =+ 1.62%] within
the 24-h period after irradiation. Moreover, the apopto-
tic cells in the two stages underwent dynamic changes
at different time points after UVB irradiation. Within 6
h after irradiation, most apoptotic cells were at the late
stage of apoptosis. However, changes were more fre-
quently observed among the early than among the late

apoptotic cells within 12-24 h.

MMP after UVB irradiation

To address the mechanism underlying the apoptotic
changes induced by UVB related to the mitochondrial
pathway, MMP expression was detected as shown in
figure 4. The MMP expression level was found to decrea-
se at 0 h immediately after 144-mjJ/cm? UVB irradiation
for 2 h and remained constant for 6 h until the highest
cell apoptotic rate after irradiation.

mRNA expression levels of caspase-8, Bax, and
caspase-3 after irradiation

To clarify the changes in apoptotic genes in the cells
after UVB irradiation, the mRNA expression levels of
caspase-8, Bax, and capase-3 were measured after UVB
irradiation. Caspase-8 and Bax are the genes involved
in the extrinsic and intrinsic pathways of apoptosis, res-
pectively, whereas caspase-3 is the executor of apopto-
sis. The results showed that the mRNA expression levels
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Figure 1. Changes in the cellular morphology of rat corneal epithelial (RCE) cells after 144-mJ/cm? ultraviolet B (UVB)
irradiation. The cells were irradiated with 144-mJ/cm2 UVB for 2 h and then cultured for O, 6, and 12 h. The experimental
groups were called “l (2h) + C (O h),” “I (2h) + C (6 h),” and “I (2h) + C (12 h).” (A) Normal cellular morphology. (B, C, and
D) Cellular morphology in the same field for the “I (2h) + C (O h),” “I (2h) + C (6 h),” and “l (2h) + C (12 h)” groups, res-
pectively. The morphologies of the cells at the corresponding time points 1, 2, 3, and 4 represent four typical apoptotic
morphological changes after UVB irradiation, namely cell shrinkage (1), decreased cell adherence ability (2), cellmembrane

rupture (3), and nuclear condensation (4).

Table 2. Numbers of different kinds of apoptotic cells

Cell shrinkage Cell
and decline in membrane Nuclear
adherence ability rupture condensation
1(2h) + C(Oh) 11.0 £ 0.5 3303 7.7 +0.3
1(2h) + C(6h) 61.0 £ 1.0 14.3 + 0.6 29.0+£0.5
1 (2h) + C (12 h) 53.7 £ 0.8 14.3 + 0.6 243 + 0.3

A total of 100 cells were chosen randomly, and morphological changes were recorded.
“1(2h) + C (0 h)”, “1 (2h) + C (6 h)”, and “I (2h) + C (12 h)” represent cells that were
irradiated with 144 m)/cm? UVB for 2 h and then cultured for 0, 6, and 12 h, respectively,
after irradiation. Data are presented as mean + standard deviation, n=3.

of caspase-8 (Figure 5A) and Bax (Figure 5B) within 24 h
after UVB irradiation were highest in the “l (2h) + C (0 h)”
group, whereas that of caspase-3 (Figure 5C) was highest
in the “I (2h) + C (6 h)” group. We found that the apop-
totic program of the RCE cells was initiated gradually
during exposure to UVB irradiation, and upregulation of
the proapoptotic factors was most significant O h after 2 h
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other irradiation groups.

Figure 2. Variation in the cell viability of rat corneal epithelial (RCE) cells
after 144-mJ/cm? ultraviolet B (UVB) irradiation. “I (2h) + C (O h),” “I
(2h) + C (6 h),” “I (2h) + C (12 h),” and “l (2h) + C (24 h)” represent cells
irradiated with 144-mJ/cm? UVB for 2 h and then cultured for O, 6, 12,
and 24 h, respectively, after irradiation. Data are presented as mean *
standard deviation, n=3.
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of UVB irradiation, which resulted in the upregulation
of the apoptotic executor 6 h after irradiation, which
led to rapid cell apoptosis. The expression levels of pro-
apoptotic factors Bax and caspase-8 decreased in the

subsequent cultures probably because of the effects of
antiapoptotic factors. In addition, the expression level
of caspase-3 decreased within 12-24 h after UVB irra-
diation, which led to a decline in the apoptotic rate and
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Figure 3. Variation in the apoptotic rate of rat corneal epithelial (RCE) cells after 144-mJ/cm? ultraviolet B (UVB) irradiation
within 24 h. The cells were irradiated with 144-mJ/cm? of UVB for 2 h and then cultured for O, 6,12 h, and 24 h. The experimental
groups were called “1 (2 h) + C (0O h),”“I (2h) + C(6h),” “I (2h) + C (12 h),” and “l (2 h) + C (24 h).” (A-E) The flow cytometry
scatter plot. (A) The control group and (B-E) “I (2h) + C (O h),” “I (2h) + C (6 h),” “I (2 h) + C (12 h),” and “l (2h) + C (24 h)”
groups. Ql: Dead cells; Q2: late apoptotic cells; Q3: early apoptotic cells; and Q4: normal cells. (F) Statistical analysis of changes
in the apoptotic rate displayed using a histogram.
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*p<0.05, compared with the control group.

Figure 4. Statistical analysis of rhodamine 123 relative fluorescence in-
tensity in rat corneal epithelial (RCE) cells after 144-mJ/cm? ultraviolet
B (UVB) irradiation. “I (2h) + C (O h),” “I (2h) + C (3 h),” and “l (2h) + C
(6 h)” represent cells irradiated with 144-mJ/cm? UVB for 2 h and then
cultured for O, 3, and 6 h, respectively, after irradiation. Data are presented
as mean * standard deviation, n=3.

change in the type of apoptotic cells. These results were
characterized by the cell viability and cellular apoptotic
rate as mentioned earlier.

DISCUSSION

UVB irradiation is known to damage cells and induce
cell apoptosis. The relationship between UVB and the
eyes has been extensively studied because the eyes are
sensitive to irradiation and exposed directly to solar UV.
Damage to the eyes and the variation of the viability
of corneal epithelium cells have been reported to be
strongly dependent on the dose received during UVB
irradiation"®?¥. However, the detailed process of the
dynamic changes after UVB irradiation of the corneal
epithelium cells is still controversial and needs to be
investigated further.

Previous studies reported various changes in cellular
morphology after UVB irradiation. Studies on corneal
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Figure 5. Changes in the mRNA expression levels in the apoptosis markers after ultraviolet B (UVB) irradiation. The levels of caspase-8
(A), Bax (B), and caspase-3 (C) in rat corneal epithelial (RCE) cells after 144 mJ/cm? ultraviolet B (UVB) irradiation within 24 h are shown.
“I (2h) + C (O h),” “I (2h) + C (6 h),” “ (2h) + C (12 h),” and “l (2h) + C (24 h)” represent cells irradiated with 144-mJ/cm? UVB for 2 h and
then cultured for O, 6, 12, and 24 h, respectively, after irradiation. The mRNA expression levels of caspase-8 and Bax were highest in the
“l (2h) + C (0 h)” group, whereas that of caspase-3 peaked at 6 h after irradiation. Data are presented as mean * standard deviation, n=3.
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UVB irradiation
(144 mJ/cm?)

The cells underwent a
rapid apoptotic process.

I |

The apoptotic rate was highest,
the cell viability was lowest.

The apoptotic rate was decline and the
type of the apoptotic cells changed.
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Figure 6. Time sequence of the ultraviolet B (UVB)-induced apoptosis of rat corneal epithelial (RCE) cells.

epithelial cells demonstrated that the cells appeared to
be separated and elongated, with decreased adhesive-
ness and cell adherence ability, after UVB irradiation".
The morphological changes observed after UVB exposu-
re in other types of eye cells among rat retinal ganglion
cells and human retinal pigment epithelial cells include
bleb formation, vacuolation, and membrane rupture®®.
The previous and present results show that the morpho-
logical changes in eye cells after excess UVB irradiation
usually include cell shrinkage or reduced adhesiveness,
membrane rupture, and weakened cell adherence. Mo-
reover, we found that these apoptotic morphological
changes became obvious gradually within 0-6 h of cul-
ture after UVB irradiation.

The cell viability declined, and the cell apoptotic rate
increased after UVB irradiation. The apoptotic index of
the rodent corneal epithelium cells increased at 30 min
(12.12 + 0.63), 2 h (28.0 + 1.3), 6 h (31.02 + 1.53), and
24 h (25.63 + 1.05) after UV irradiation as compared
with that of the controls (5.82 + 0.30), and this tended
to increase first and then decrease in the previous re-
search®”. In the present study, we measured both cell
viability and apoptotic rate, and found that the changes
in these two parameters also appeared to follow the
same trend. Furthermore, the present study showed
that the most obvious loss (46.33% of the control group)
of cell viability occurred at 6 h after UVB irradiation.
Similarly to the change in cell viability, an increase in
cell apoptotic rate was induced by UVB, which was also
highest at 6 h after irradiation.

To clarify the in-depth dynamic changes in apopto-
sis induced by UVB, the expression levels of MMP and
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some apoptotic genes involved in extrinsic and intrinsic
pathways were studied. One review reported that the
mitochondria have several functions within the cell, in-
cluding its key involvement in apoptotic events, and that
mitochondrial function is a key mediator of UV-induced
apoptosis®®. In the present study, we found that 144-m}/cm?
UVB caused a decrease in the MMP expression level as
compared with that in the control group at 0 h immedia-
tely after 2 h of UVB irradiation, and the value remained
constant for 6 h. This suggests an involvement of the
mitochondrial pathway in this process. Studies have
shown that UVB upregulates the expressions of apop-
totic genes, including caspase-8, Bax, and caspase-3
dose dependently!'®*. In the present study, we found
that the expression levels of caspase-8 and Bax peaked
immediately in the “1 (2 h) + C (0 h)” group, whereas
the expression level of caspase-3 reached a maximum 6
h after UVB irradiation. These results correspond with
the upstream/downstream relationships of the three
aforementioned genes. These findings also imply rapid
mitochondrial response and activation of caspases after
UVB irradiation.

UVB irradiation is a major ROS inducer on the ocular
surface®”, and 150-mJ/cm? UVB was previously found
to induce a 384% increase in the ROS levels in human
epithelial corneal cells"®. The increased ROS level is
a triggering event upstream of DNA damage, mitochon-
drial membrane depolarization, and caspase activa-
tion"®2¥, The present study shows that UVB induced a
decrease in the MMP level and the activation of caspases
in RCE cells. These findings suggest that the increase in
ROS level and DNA damage, decrease in MMP level,
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and activation of caspases are involved in UVB-induced
events in RCE cells. Moreover, these events occurred
within a short time after irradiation.

All of the aforementioned apoptotic factors are in-
terrelated. One recent study has shown that caspase-8
is required for caspase-3 activation in the apoptotic
extrinsic pathway and that capase-8 is a highly robust
enzyme that activates caspase-3"9. In the apoptotic
intrinsic pathway, the Bcl-2 family of proteins governs
mitochondrial membrane permeability and then indu-
ces the release of cytochrome c from the mitochondria
into the cytoplasm/%293% In the present study, these
changes in UVB-induced RCE cell apoptosis occurred
in a specific temporal sequence and as a dynamic pro-
cess. Bax and caspase-8, which encode proapoptotic
factors, were upregulated at O h after 2 h of 144-m)/cm?
UVB irradiation. Moreover, the MMP decreased and
remained constant for 6 h. All these factors activated
the apoptotic executor caspase-3. The cell viability de-
clined, and cell apoptosis was most obvious at 6 h after
irradiation. Furthermore, the caspase-3 expression level
decreased within 12-24 h because of antiapoptotic me-
chanisms, which led to a decline in the apoptotic rate.
A more interesting finding is that most apoptotic cells
were at a late stage from 0-6 h after UVB irradiation,
but the changes were more frequent in the early than in
the late apoptotic cells at 12-24 h. A summary of these
findings is shown in Figure 6. These results suggest that
corneal cells undergo a rapid apoptotic process after
excess UVB irradiation, which was found to involve
both the extrinsic and intrinsic pathways. The present
study provides reference values and a time window for
the prevention and treatment of UVB-induced damage
to corneal epithelial cells, as well as the protection of
the corneal epithelial cells from UVB-induced apoptosis.
In addition to the subject of the present research, the
dynamic changes in limbal stem cells after UVB irradia-
tion would also be interesting to study, which could be
explored in the future.

ACKNOWLEDGMENT

This study was supported by grant from the National
Natural Science Foundation of China [# 31471953].

REFERENCES

1. Amar SK, Goyal S, Dubey D, Srivastav AK, Chopra D, Singh J, et
al. Benzophenone 1 induced photogenotoxicity and apoptosis via
release of cytochrome c and Smac/DIABLO at environmental UV
radiation. Toxicol Lett. 2015;239(3):182-93.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Narayanan DL, Saladi RN, Fox JL. Ultraviolet radiation and skin
cancer. Int ] Dermatol. 2010;49(9):978-86.

Stevens )], Rogers C, Howard CB, Moore C, Chan LM. Analysis
of gene regulation in rabbit corneal epithelial cells induced
by ultraviolet radiation. Int ] Environ Res Public Health. 2005;
2(1):51-7.

Diffey BL. Sources and measurement of ultraviolet radiation. Me-
thods. 2002;28(1):4-13.

Riinger TM. Role of UVA in the pathogenesis of melanoma and
non-melanoma skin cancer. A short review. Photodermatol Pho-
toimmunol Photomed. 1999;15(6):212-6.

Budden T, Bowden NA. The role of altered nucleotide excision
repair and UVB-induced DNA damage in melanomagenesis. Int ]
Mol Sci. 2013;14(1):1132-51.

Waster PK, Ollinger KM. Redox-dependent translocation of p53
to mitochondria or nucleus in human melanocytes after UVA- and
UVB-induced apoptosis. ) Invest Dermatol. 2009;129(7):1769-81.

Meek KM, Knupp C. Corneal structure and transparency. Prog
Retin Eye Res. 2015;49:1-16.

Singleton KR, Will DS, Schotanus MP, Haarsma LD, Koetje LR,
Bardolph SL, et al. Elevated extracellular K* inhibits apoptosis of
corneal epithelial cells exposed to UV-B radiation. Exp Eye Res.
2009;89(2):140-51.

Elmore S. Apoptosis: a review of programmed cell death. Toxicol
Pathol. 2007;35(4):495-516.

Shimmura S, Tadano K, Tsubota K. UV dose-dependent cas-
pase activation in a corneal epithelial cell line. Curr Eye Res.
2004;28(2):85-92.

Glupker CD, Boersma PM, Schotanus MP, Haarsma LD, Ubels
JL. Apoptosis of corneal epithelial cells caused by ultravio-
let B-induced loss of K(+) is inhibited by Ba(2.). Ocul Surf.
2016;14(3):401-9.

Du S, Han B, Li K, Zhang X, Sha X, Gao L. Lycium barbarum
polysaccharides protect rat corneal epithelial cells against ul-
traviolet B-induced apoptosis by attenuating the mitochondrial
pathway and inhibiting JNK phosphorylation. BioMed Res Int.
2017;2017:5806832.

Sobolewska B, Guerel G, Hofmann J, Tarek B, Bartz-Schmidt KU,
Yoeruek E. Cytotoxic effect of voriconazole on human corneal
epithelial cells. Ophthalmic Res. 2015;54(1):41-7.

Kim HS, Jun Song X, de Paiva CS, Chen Z, Pflugfelder SC, Li DQ.
Phenotypic characterization of human corneal epithelial cells ex-
panded ex vivo from limbal explant and single cell cultures. Exp
Eye Res. 2004;79(1):41-9.

Shi B, Isseroff RR. Arsenite pre-conditioning reduces UVB-induced
apoptosis in corneal epithelial cells through the anti-apoptotic
activity of 27 kDa heat shock protein (HSP27). ] Cell Physiol.
2006;206(2):301-8.

Youn HY, McCanna D), Sivak )G, Jones LW. In vitro ultraviolet-
induced damage in human corneal, lens, and retinal pigment
epithelial cells. Mol Vis. 2011;17:237-46.

Pauloin T, Dutot M, Joly F, Warnet JM, Rat P. High molecular weight
hyaluronan decreases UVB-induced apoptosis and inflammation in
human epithelial corneal cells. Mol Vis. 2009;15:577-83.

Ubels JL, Glupker CD, Schotanus MP, Haarsma LD. Involvement
of the extrinsic and intrinsic pathways in ultraviolet B-indu-
ced apoptosis of corneal epithelial cells. Exp Eye Res. 2016;
145:26-35.

He Q, Yuan LB. Dopamine inhibits proliferation, induces differen-

tiation and apoptosis of K562 leukaemia cells. Chin Med ] (Engl).
2007;120(11):970-4.

Arqg Bras Oftalmol. 2022;85(4):389-98 397



Dynamic changes in and time sequence of ultraviolet B-induced apoptosis in rat corneal epithelial cells

21.

22.

23.

24.

25.

398

Scaduto RC, Jr., Grotyohann LW. Measurement of mitochondrial
membrane potential using fluorescent rhodamine derivatives.
Biophys ]. 1999;76(1 PT1):469-77.

Livak K], Schmittgen TD. Analysis of relative gene expression data
using real-time quantitative PCR and the 2(-Delta Delta C(T)) Me-
thod. Methods. 2001;25(4):402-8.

Li JM, Chou HC, Wang SH, Wu CL, Chen YW, Lin ST, et al. Hya-
luronic acid-dependent protection against UVB-damaged human
corneal cells. Environ Mol Mutagen. 2013;54(6):429-49.

Balaiya S, Murthy RK, Brar VS, Chalam KV. Evaluation of ultravio-
let light toxicity on cultured retinal pigment epithelial and retinal
ganglion cells. Clin Ophthalmol. 2010;4:33-9.

Tendler Y, Pokroy R, Panshin A, Weisinger G. p53 protein sub-
cellular localization and apoptosis in rodent corneal epithelium
cell culture following ultraviolet irradiation. Int ] Mol Med.
2013;31(3):540-6.

Arg Bras Oftalmol. 2022;85(4):389-98

26.

27.

28.

29.

30.

Birch-Machin MA, Swalwell H. How mitochondria record the
effects of UV exposure and oxidative stress using human skin as a
model tissue. Mutagenesis. 2010;25(2):101-7.

Abengézar-Vela A, Arroyo C, Reinoso R, Enriquez Enriquez-de-
Salamanca A, Corell A, Gonzalez-Garcia Gonzélez-Garcia M). In
vitro model for predicting the protective effect of ultraviolet-
blocking contact lens in human corneal epithelial cells. Curr Eye
Res. 2015;40(8):792-9.

Liu C, Ogando D, Bonanno JA. SOD2 contributes to anti-oxidative ca-
pacity in rabbit corneal endothelial cells. Mol Vis. 2011;17:2473-81.

Hu Y, Benedict MA, Ding L, Nufez G. Role of cytochrome ¢ and
dATP/ATP hydrolysis in Apaf-1-mediated caspase-9 activation and
apoptosis. EMBO J. 1999;18(13):3586-95.

Zou H, Li Y, Liu X, Wang X. An APAF-1-cytochrome ¢ multimeric
complex is a functional apoptosome that activates procaspase-9. ]
Biol Chem. 1999;274(17):11549-56.



	_GoBack

