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Regulatory effect of Bcl-2 in ultraviolet radiation-induced
apoptosis of the mouse crystalline lens
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Abstract. The aim of the present study was to analyze the role
of Bcl-2 during the process of apoptosis in the mouse crystal-
line lens. In total, 12 normal mice served as the control group
and 12 Bcl-2 knockout (K.O) mice served as the experimental
group. The mouse crystalline lens was sampled for the detec-
tion of Bcl-2 and caspase-3 expression following exposure to
ultraviolet (UV) radiation. Reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) was used to determine
Bcl-2 expression in the groups of normal mice receiving
UV radiation or not receiving UV radiation. Samples of the
murine crystalline lens were microscopically harvested and
analyzed using western blotting. Apoptosis was detected using
terminal deoxynucleotidyl transferase dUTP nick-end labeling
(TUNEL) assay. Furthermore, caspase 3 activity was examined
using enzyme-linked immunosorbent assay kits, and RT-qPCR
was used to analyze caspase-3 expression levels. The results of
the present study demonstrated that there was no statistically
significant difference in the level of Bcl-2 gene transcription
between the two groups. In addition, UV radiation did not
change the macrostructure of the crystalline lens in the group
of normal mice or the group of Bcl-2 K.O mice. The results of
the TUNEL assay indicated that the normal-UV group exhib-
ited a more significant apoptosis level compared with the Bcl-2
K.O-UV group. Furthermore, the mRNA expression level of
caspase-3 in the normal-UV group was significantly higher
compared with the normal-nonUV group (P<0.05), while the
levels in the Bcl-2 K.O-UV group were significantly higher
compared with the Bcl-2 K.O and normal-nonUV groups
(P<0.05). In addition, the mRNA expression level of caspase-3
was significantly higher in the normal-UV, as compared with
the Bcl-2 K.O-UV group (P<0.05), and the variation trends in
caspase-3 activity were consistent. In conclusion, the results
of the present study demonstrated that Bcl-2 may have an
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important role in the promotion of UV-induced apoptosis in
the crystalline lens.

Introduction

Ultraviolet (UV) radiation and oxidative stress may lead to the
formation of cataracts; thus, a number of appropriate mecha-
nisms and relevant theories have been proposed to explain the
formation of lens opacities (1,2). Eyes have a certain capacity to
resist damage; however, for cataract patients, functional defects
in the defense against UV and oxidative stress may enable
damage factors to cause epithelial apoptosis in the crystalline
lens more easily, which may be the cytological basis underlying
the formation of cataracts (3). Generally, UV exposure may lead
to a series of complex acute or chronic reactions and produce
a surplus reactive oxygen species, including hydrogen peroxide
and peroxide ions (4,5). Degradation, cross-linking and polym-
erization of proteins in the crystalline lens may occur if the
reactive oxygen species are not eliminated by reduction and
accumulate substantially (6). In addition, UV radiation may
lead to DNA damage, including the formation of base-free loci
and pyrimidine dimers, which severely affect DNA duplication
and transcription. Subsequently, DNA damage may be repaired
to enable the cells to survive continuously, while programed cell
death or apoptosis may be utilized to eliminate the defective
individual cells; thus, maintaining the structural and functional
completeness of the crystalline lens (7,8). However, the intrinsic
physiological functions of the crystalline lens are likely to be
affected, resulting in a series of pathological changes if apop-
tosis occurs to a number of cells, or if the apoptotic cells can not
be offset by proliferation (9,10). UV radiation is an inevitable
environmental factor in daily lives and is closely associated
with the onset of ophthalmic diseases. Thus, research on
UV-induced apoptosis in the crystalline lens should provide
more understanding into the pathogenesis of cataracts.

Materials and methods

Materials. A CO, incubator was purchased from Shanghai
Aoxin Technology Instrument Co., Ltd. (Shanghai, China); the
chemical luminous gel-imaging system was purchased from
Hach Company (Loveland, CO, USA); and the cryogenic desk
centrifuge was purchased from Beijing Jingli Centrifuge Co.,
Ltd. (Beijing, China).
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Laboratory Bcl-2 knockout (K.O) mice and normal control
mice were provided by Shanghai SLAC Laboratory Animal Co.,
Ltd. (Shanghai, China). The present study was approved by the
Ethics Committee of The Second Hospital of Jilin University
(Changchun, China) and was performed according to the Care
and Use of Laboratory Animals Guidelines of China.

Grouping. In total, 12 normal control mice served as the control
group and 12 Bcl-2 K.O mice served as the experimental
group. The mice were aged ~12 weeks in the two groups. One
eye of each mouse was selected randomly for UV irradiation,
while the other eye was covered and used as the control. Thus,
the mice were further divided into four groups, which included
the normal-nonUV, normal-UV, Bcl-2 K.O-nonUV and Bcl-2
K.O-UV groups.

Irradiation of the crystalline lens by UV. In the mice, one eye
was exposed to the UV radiator (SP3-250D; Ushio Electric
Co., Tokyo, Japan), while the other eye was covered with a
lead sheet patch. The total UV radiation dosage was 8 kJ/m?
and the radiation time was 15 min. UV radiation was produced
by the UV radiator. The radiation level was determined using
an energy meter (GTFP200A7J; Meba Electric Co., Ltd., CA,
USA) at the cornea plane, and the UV spectrum was recorded
using a spectrometer (F4600; Hitachi, Ltd., Tokyo, Japan). The
UV spectra ranged between 280 and 320 nm.

Test sample collection and observation of the crystalline lens
macrostructure. Mice were anesthetized with diethyl ether
and sacrificed by cervical fracture following irradiation with
UV for 24 h. The two eyeballs were enucleated (optic nerve
with an approximate length of 2 mm was retained). Samples of
the mouse crystalline lens were microscopically obtained for
reverse transcription-quantitative polymerase chain reaction
(RT-gqPCR) and caspase-3 activity determination. The samples
were also weighed. The crystalline lens was washed three
times with diethylpyrocarbonate-phosphate-buffered saline
(PBS) for use in subsequent experiments.

Tissue fixation and preparation of the paraffin sections.
Glacial acetic acid solution, formaldehyde solution, normal
saline solution and 75% ethanol solution were mixed in the
ratio 1:2:7:10 to form a fixation solution. The entire eyeball
was immersed in the fixation mixture and fixed for 0.5 h at
room temperature. Once the eyeball surface had become
hard, the eyeballs were injected with the fixation solution
from the posterior chamber and fixed for 2 h. Samples were
incised from the upper and lower sections using a sharp blade
or ophthalmological scissors, and subsequently fixed for
2 h at room temperature. The samples were then immersed
in 10% neutral formaldehyde and fixed for a further
20 h. Following a series of dehydrations using gradient
concentrations of ethanol, the samples were blocked with
dimethylbenzene solution, embedded in paraffin at 60°C and
cut into 4 ym sections.

Terminal deoxynucleotidyl transferase dUTP nick-end
labeling (TUNEL) assay. Following drop-wise addition of
50 p1 alkali Triton X-100 (0.1%; prepared by 0.1% sodium
citrate), the samples were incubated for 8 min at room
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temperature, and washed twice with PBS for 5 min. Next,
50 ul H,0, (3%) was added in a drop-wise manner and the
samples were left for 10 min at room temperature, followed
by two washes with PBS for 5 min. Following drop-wise
addition of 50 ul TUNEL reaction solution, the samples were
incubated for 2 h at 37°C in the dark, and washed twice with
PBS for 5 min. The staining results were observed micro-
scopically following subsequent procedures, as described in
the relevant literature (11).

Determination of caspase-3 activity. An appropriate volume
of radioimmunoprecipitation assay lysis buffer was added
according to the mass and volume of each specimen. The
samples were placed on ice, pipetted into a single-cell suspen-
sion, and subsequently placed on ice for a further 5 min. The
samples were centrifuged for 10 min at 10,000 x g at 4°C.
Protein extract was obtained by separating the supernatant and
a caspase-3 detection kit was used to determine the activity of
caspase-3, as described in a previous study (12).

Statistical analysis. SPSS 12.0 statistical analysis software
(SPSS, Inc., Chicago, IL, USA) was used for the statistical
analyses, and the data are expressed as the mean + standard
deviation. An independent t-test was conducted for the
comparison of mean values between samples, where P<0.05
was considered to indicate a statistically significant differ-
ence.

Results

Expression of Bcl-2 in the crystalline lens of the normal mice.
Total RNA was extracted from the crystalline lens of mice
by using the Total RNA Extraction kit (Tiangen Biotech Co.,
Ltd., Beijing, China). Total RNA (0.2 ug) was subjected to
RT-qPCR and the amplification products were subjected to
agarose gel electrophoresis. The results demonstrated that
the mRNA expression level of Bcl-2 was similar to that of the
control gene, B-actin, in the normal-UV and normal-nonUV
groups. Thus, a considerable level of Bcl-2 transcription was
observed in the crystalline lens of the adult mice (Fig. 1).

UV radiation does not affect Bcl-2 expression. A statistically
significant difference was not observed in the expression levels
of Bcl-2 between the normal-UV and normal-nonUV groups
(Fig. 1), indicating that the UV irradiation did not trigger Bcl-2
mRNA transcription. In addition, UV radiation did not induce
any changes in the mRNA expression of Bcl-2 in the Bcl-2
K.O groups (Fig. 1).

No significant changes occur to the macrostructure of the
crystalline lens. UV radiation did not cause lens opacities
in the various specimens of the normal and Bcl-2 K.O mice.
Furthermore, no characteristic changes of cell apoptosis,
including hydrofracturing and vacuoles, were detected. Thus,
the results indicated that the UV irradiation dose used in the
experiment was insufficient to cause lens opacities prior to the
sacrifice of the mice.

UV radiation induces apoptosis in the crystalline lens. A
TUNEL assay kit was used to investigate the rate of apop-
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Figure 1. Effect of UV radiation on Bcl-2 in the crystalline lens of normal mice and Bcl-2 gene K.O mice. Bcl-2 gene transcription, as indicated by agarose
gel electrophoresis following reverse transcription-quantitative polymerase chain reaction amplification in each group. Bcl-2 gene expression was observed
in the cells of the crystalline lens in the normal mice with or without UV treatment. UV, ultraviolet; K.O, knockout. 3-actin was used as an internal reference.
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Figure 2. Apoptotic rates were analyzed in the crystalline lens of the various groups of samples using a terminal TUNEL assay. Sections were treated with
terminal deoxynucleotidyl transferase and stained with fluorescein isothiocyanate-labelled deoxynucleotide triphosphate. (A) Image staining results (left upper
quadrant, normal-nonUV group; right upper quadrant, normal-UV group; left lower quadrant, Bcl-2 K.O-nonUV group; right lower quadrant, Bcl-2 K.O-UV
group) (magnification, x200) and (B) statistical analysis. UV, ultraviolet; K.O, knockout; TUNEL, terminal deoxynucleotidyl transferase dUTP nick-end

labeling.

tosis in the tissue samples of the mouse crystalline lens of
the various groups. The results of the present study indi-
cated that large doses of UV radiation were able to induce
a significant level of apoptosis in the epithelial cells of the
crystalline lens (Fig. 2). The apoptotic rate was very low
in the normal-nonUV group; however, a significant level
of apoptosis was observed in the normal-UV and Bcl-2
K.O-UV groups (Fig. 2A; P<0.05). Furthermore, the apop-
tosis rate in the Bcl-2 K.O-nonUV group was not significant
(Fig. 2B). Notably, the apoptotic rate in the normal-UV group
was significantly higher, as compared with that of the Bcl-2
K.O-UV group (Fig. 2B; P<0.05).

Bcl-2 protein can elevate the expression level of intracellular
caspase-3. Caspase-3 is an important member in the family
of cysteine-aspartic acid proteolytic enzymes. The enzyme
is able to catalyze reactions of itself and other substrates,
including caspase-7. The mRNA expression of caspase-3
was quantitatively determined using RT-qPCR analysis. The
results indicated that the mRNA expression of caspase-3 in
the normal-UV group was significantly higher compared
with the normal-nonUV group (P<0.05), while the mRNA
expression in the Bcl-2 K.O-UV group was also significantly
higher compared with the Bcl-2 K.O-nonUV group (P<0.05).
In addition, the mRNA expression of caspase-3 in the
normal-UV group was significantly higher compared with

that in the Bcl-2 K.O-UV group (P<0.05), as demonstrated
in Fig. 3.

Bcl-2 protein can elevate the activity of caspase-3 protease.
Further analysis of caspase-3 activity indicated that UV
radiation significantly increased the activity of the proteolytic
enzyme. In addition, caspase-3 activity levels were signifi-
cantly higher in the normal-UV group when compared with
the Bel-2 K.O-UV group (P<0.05), under the same dose of UV
radiation (Fig. 4). Therefore, following the determination of
mRNA expression and the proteinase activity of caspase-3,
the results indicated that the expression of the Bcl-2 protein
aggravates UV-induced apoptosis in the crystalline lens.

Discussion

Previous studies have demonstrated that Bcl-2 mRNA
transcription is present in the mouse crystalline lens during
embryonic development, and the expression of Bcl-2 occurs
following the appearance of ganglion cells in the retina (13,14).
The expression of Bcl-2 has also been demonstrated in primary
lens fibers. Expression has not been detected in the epithelial
cells at the center of the anterior envelope of the crystalline
lens; however, transcription has been shown to initiate when
these cells move to the equator (15,16). The specificity of tissue
localization indicates that Bcl-2 is transcribed and expressed
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Figure 3. Reverse transcription-quantitative polymerase chain reaction was used to determine the relative mRNA expression levels of caspase-3 in the various

groups. P<0.05 vs. the illustrated groups. UV, ultraviolet; K.O, knockout.
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Figure 4. Determination of caspase-3 proteinase activity in the various groups. P<0.05 vs. the illustrated groups. UV, ultraviolet; K.O, knockout.

in the fibrocytes of the epithelial and crystalline lens that are
present in the equator area. With a relatively active growth,
Bcl-2 may participate in a number of physiological processes
associated with development; for example, Bcl-2 may promote
the expression of important structural proteins in cells, or
have a role in the structural formation and functional matu-
ration of the crystalline lens (17,18). In the present study, the
transcriptional expression of Bcl-2 mRNA was detected in
the crystalline lens of adult mice, indicating that Bcl-2 may
participate in certain physiological processes of mature crys-
talline lens tissues.

The results of the present study demonstrated that Bcl-2 is
capable of elevating the level of UV-induced apoptosis in the
crystalline lens; thus, the protein may play a certain promoting
role during apoptosis. In addition, the same result has been
confirmed at a cellular level in previous studies (19,20). The
promoting role may be due to the action of the Bcl-2 protein
on a certain factor in the known apoptosis pathway. Bcl-2 may
also affect the mechanism underlying apoptosis signaling
transduction, which has yet to be fully elucidated (21). The
internal and external pathways of apoptosis can activate the
precursor of caspase-3, pro-caspase-3, to reveal the activity
of the proteolytic enzyme; therefore, damaging the cellular
structure via apoptosis and subsequently forming a series of
morphological changes in significance (22,23).

Caspase-3 is an important indicator of apoptosis, and the
activity of the enzyme presents the apoptosis capacity in a
numeric form in order to conduct quantitative research (24,25).

In the present study, the significant increase in caspase-3
activity confirmed the positive role of Bcl-2 in apoptosis.
In addition, the experimental results demonstrated that UV
radiation does not cause any change in the expression levels
of Bcl-2, indicating that Bcl-2 is the regulating object in DNA
damage. Therefore, the effect of the changes in the intrinsic
protein level of Bcl-2 on apoptosis can be excluded when
comparing the difference in the apoptosis rate in the crystal-
line lens between the group of K.O mice and the group of
normal control mice that had been subjected to the same UV
radiation conditions.

UV light is a component in solar radiation. Individuals
may be more or less exposed to UV radiation every day. In
particular, for eyes receiving external light for imaging, a
small-dose of UV radiation accompanies each healthy indi-
vidual during their lifetime. Thus, how to offset the damage
of UV radiation to human eyes is the premise for maintaining
normal visual functions. Bcl-2 may increase the sensitivity of
cells in the crystalline lens to UV radiation damage, allowing
the abnormal cells to be identified as early as possible and
eliminated by apoptosis to ensure that the functions of the
crystalline lens are not interfered by these abnormal cells. In
this respect, Bcl-2 has a positive significance in maintaining
cellular ‘metabolism’. However, excessive UV radiation or the
repeated accumulation of small doses of UV radiation may
lead to extensive apoptosis and further induce the occurrence
of cataracts (26,27). Therefore, the role of Bcl-2 in apoptosis
appears to be a contradictory with negative and positive aspects.
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