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Abstract. calbindin-d28K (calb1) may protect human lens 
epithelial cells (HLEcs) from apoptosis, which is a process 
resulting in individual cell death. The protective effects of 
calb1 may be attributed to buffering high concentrations of 
ca2+. The present study investigated the mechanisms through 
which calb1 protects SRA01/04 cells (a human lens epithelial 
cell line) against apoptosis induced by ultraviolet B (UVB) 
exposure. cells transfected with a lentivirus overexpressing 
calb1 and control cells were treated with 40 µW/cm2 irra-
diation for 15 min and then cultured for 24 h. The changes in 
intracellular ca2+ were detected by colorimetry, and the protein 
expression levels of Bad, Bcl-2 and caspase-12 were measured 
by western blot analysis. The intracellular ca2+ concentration 
of control HLECs increased significantly following UVB irra-
diation, whereas in calb1-overexpressing cells, the ca2+ levels 
remained steady. In the control cells, the expression of Bad 
and caspase-12 was upregulated, and that of Bcl-2 was down-
regulated. Notably, during UVB radiation-induced apoptosis, 
the overexpression of calb1 inhibited cell death, resulting in 
the decreased expression of Bad and caspase-12, and in the 
upregulated expression of Bcl-2. These results suggested that 
calb1 inhibited the upregulation of genes involved in apop-
tosis. The siRNA-mediated knockdown of calb1 resulted 
in increased rates of UVB radiation-induced apoptosis, the 
increased expression of Bad and caspase-12, and the decreased 
expression of Bcl-2, further demonstrating that calb1 may 
mediate UVB radiation-mediated apoptosis by regulating 
ca2+. On the whole, the findings of the present study indicate 
that UVB exposure can lead to an imbalance in the intracel-
lular ca2+ homeostasis in HLEcs and that calb1 protein exerts 
a negative effect on the expression of pro-apoptotic genes in 

HLEcs. calb1 may thus inhibit the UVB radiation-induced 
apoptosis of HLEcs by regulating ca2+.

Introduction

cataracts are one of the most common eye diseases and are a 
major cause of blindness worldwide. Ultraviolet radiation is a 
risk factor for cataract formation. Human lens epithelial cells 
(HLEcs) are the most metabolically active cells in the lens, 
and they are also an important target tissue of ultraviolet (UV) 
radiation-induced damage, which is related to the occurrence 
and development of cataracts. The incidence of cataracts mark-
edly increases at a certain dose of UV radiation to the lens. 
The UV radiation-induced apoptosis of HLEcs is a common 
cytological cause of non-congenital cataract formation (1-3).

A number of studies have attempted to examine the 
effect of UV radiation on the human lens to determine the 
biochemical mechanisms through which ultraviolet B (UVB) 
irradiation induces cataract formation (4-7). UVB radia-
tion is closely related to cataract formation, particularly in 
high elevation locations where individuals are subjected to 
increased exposure to UV radiation. Both human and animal 
studies have indicated that exposure to UVB causes cortical 
and posterior subcapsular cataracts (8-14). However, the 
exact association between UVB and HLEcs has not yet been 
fully elucidated. UVB irradiation may induce cell apoptosis 
by activating the mitochondrial initiated programmed cell 
death pathway (15-17), which may be regulated by a variety 
of molecular processes. The mitochondria can rapidly lose 
their transmembrane potential and produce reactive oxygen 
species (ROS), both of which may contribute to cells breaking 
down (18).

calbindin-d28K (calb1) is a member of the ca2+ binding 
protein family, whose members have the EF-hand structure 
domain (19,20), and its molecular weight is approximately 
28 kda (21). calb1 is expressed in a number of organs and 
tissues, such as in brain (22), cerebellum (23), pancreatic (24), 
bone tissue (25,26) and nervous system (19,27). In a previous 
study by the authors it was found that calb1 was also expressed 
in the lens of Sd rats (28), and that it may play an important role 
in reducing and stabilizing the intracellular ca2+ levels after the 
ca2+ concentrations are increased in HLEcs. It was hypoth-
esized that calb1 may exert protective effects on the lens in the 
presence of excess ca2+-mediated damage to HLEcs, induced 
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by ionomycin. calb1 may maintain calcium homeostasis by 
buffering excessive intracellular free ca2+. The reduced protein 
and mRNA expression of calb1 may lead to increased intracel-
lular free ca2+ concentrations that are observed in a number of 
age-related diseases (29-32). It has been indicated that calb1 
exerts neuroprotective effects on ischemic and glutamate 
toxicity models, which are primarily due to its ability to chelate 
ca2+ (33-36). calb1 can bind directly to caspase-3 in osteoblasts 
and inhibit its activity. Therefore, calbindin-d28K may prevent 
apoptosis through various mechanisms (37).

To verify the hypothesis that calb1 participates in HLEc 
apoptosis and promotes HLEc survival, the present study 
examined the changes in ca2+ levels during HLEc apoptosis 
induced by UVB and assessed the protective effects of calb1.

Materials and methods

Cell culture and transfection. All experiments were conducted 
with the approval of the animal ethics committee of Kunming 
Medical University. The human lens epithelial cell line 
(HLEcS-SRA01/04) was obtained from JcRB (the National 
Institute for Biomedical Innovation, NIBIO, Japan). All cultured 
cells were seeded at a density of 2x104 cells/ml in 6-well and/or 
96-well plates that had been coated with poly-d-lysine and 
maintained in a 37˚C, 5% CO2 saturated humidity incubator. 
Cells were maintained in Dulbecco's modified Eagle medium 
(DMEM) with 10% heat-inactivated fetal bovine serum and 
1% penicillin-streptomycin (Life Technologies; Thermo Fisher 
Scientific). When the SRA01/04 cells reached a density of 80%, 
they were transported to 12-well culture plates at a concentra-
tion of 2x105 cells per well in penicillin-streptomycin-free 
and serum-free medium or penicillin-streptomycin-free 
serum-free medium. The SRA01/04 cells were then trans-
fected with lentiviruses (MOI=30) (GM easy TMLentiviral 
Packaging kit; cat. no. Gmeasy-10, Genomeditech) containing 
Calb1 cDNA or green fluorescent protein (GFP) cDNA; 
the obtained transduced cells are called SRA/calb1 cells. 
Treatment with an siRNA (50 nM) (RiboBio) (Table I) was 
used to interfere with the expression of lentiviruses with the 
fluorescence microscope (BX51, Olympus Corp.) to further 
prove the protective effects of calb1 against apoptosis.

Cell groups used in the present study. The cells were divided 
into 2 groups as follows: The SRA group (control SRA01/04 
cells) and the SRA-calb1 group (SRA/calb1 cells stably over-
expressing calb1 due to treatment with lentiviruses). The cells 
were then further divided into 3 subgroups as follows: The 
control subgroup (without UVB irradiation or siRNA treat-
ment), the UVB subgroup (with UVB irradiation) and the UVB 
+ siRNA subgroup (with UVB irradiation and siRNA treat-
ment). The SRA-control represented the control subgroup in 
the SRA group, SRA-UVB was the UVB subgroup in the SRA 
group, SRA-UVB-siRNA was the UVB + siRNA subgroup in 
the SRA group, SRA-calb1 was the control subgroup in the 
SRA-calb1 group, SRA-calb1-UVB was the UVB subgroup 
in the SRA-calb1 group, and SRA-calb1-UVB-siRNA was 
the UVB + siRNA subgroup in the SRA-calb1 group.

UVB exposure. The UVB spectrum ranges from 280 nm to 
320 nm, and the peak irradiance is 300 nm. In the present study, 

UVB lamps (Sigma-Aldrich; Merck KGaA) were used for UV 
irradiation. The intensity of radioactivity was 40 µW/cm2, 
which was confirmed by a double-channel UVB illuminance 
meter (Shanghai Biaozhi Instrument co., Ltd.). The exposure 
duration was 15 min, and the radiant exposure was 36 mJ/cm2, 
which was calculated by the following formula: H=t x Eë 

[H, radiant exposure (J/cm2); t, exposure duration (sec); Eë, 
measured irradiance (W/cm2)] (38). All groups of irradiated 
cells were washed twice with phosphate-buffered saline (PBS, 
pH 7.4) at 37˚C to remove residual serum and unattached 
cells prior to UVB irradiation. Following UVB exposure, the 
culture medium was added to each well, and the cells were 
placed in incubators at 37˚C and 5% CO2 for 24 h.

Cell counting kit‑8 (CCK‑8) cell viability assay. At 24 h 
following transfection and UVB irradiation, the cells were 
treated with ccK-8 (dojindo Molecular Technologies, Inc.) in 
96-well plates to evaluate cell viability. ccK-8 solution (10 µl) 
was added to each well, and the cells were then placed in an 
incubator for 2 h. The absorbance at 450 nm was determined 
by ELISA. The survival rate of each transfected cell group 
is shown as a percentage of the control group, which is set 
at 100%.

Cytosolic Ca2+ measurement and Ca2+ concentration deter‑
mination. Intracellular calcium levels were measured using 
a Fura-4/AM fluorescence indicator (Beyotime Institute of 
Biotechnology). cells were grown in 6-well plates whose 
glass-bottom was coated with poly-d-lysine. They were then 
incubated with 5 µM Fura-4/AM dissolved in Hank's balanced 
salt solution (HBSS) in which Pluronic F-127 (Beyotime 
Institute of Biotechnology) was added to a final concentra-
tion of 0.05%. Cells were incubated for an additional 30 min. 
Finally, the cells were imaged at room temperature using a 
Zeiss LSM 510 META confocal microscope at a wavelength 
of 488 nm (carl Zeiss AG).

The concentration of intracellular calcium ions was 
determined by colorimetry (MAK022, Sigma-Aldrich; 
Merck KGaA). A 5 µM (0.2 µg/ml) calciuStandard Solution 
(Sigma-Aldrich; Merck KGaA) was produced by the addi-
tion of 10 µl of 500 µM calcium Standard Solution to 990 µl 
water, and it was mixed with pipetting. dilutions of the 5 µM 
standard solution (0, 2, 4, 6, 8 and 10 µl) were added to a 
96-well plate, in which an amount of water was added up to 
the volume of 50 µl to generate 0 (assay blank), 0.4, 0.8, 1.2, 
1.6 and 2.0 µg/well standards, respectively. cells in all groups 
cultured in the 6-well plate were washed with HBSS to remove 
residual serum and medium when cells reached 80% conflu-
ence. The cells were then placed on ice, and 200 µl of water 
were added to the wells; subsequently, the cells were homog-
enized by ultrasonication. The homogenate was centrifuged 
at 16,097 x g for 15 min at 4˚C, and subsequently, 50 µl of the 
supernatant was removed to test the ca2+ concentration. A total 
of 90 µl of chromogenic reagent (MAK022, Sigma-Aldrich; 
Merck KGaA) was added to each well containing standards 
and was gently mixed. Subsequently, 60 µl of calcium Assay 
Buffer (MAK022, Sigma-Aldrich) were added to each well 
and gently mixed. The cells were then incubated for 5-10 min 
at room temperature, and the plate was shielded from light 
during incubation. The intracellular ca2+ concentration was 
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calculated using the following formula: cca=Sa/Sv [cca, 
concentration of calcium in the sample; Sa, amount of calcium 
in unknown sample (µg) from standard curve; Sv, sample 
volume (µl) added into the wells; calcium molecular weight, 
40 µg/µmol].

Annexin V/PI staining. Annexin V-FITc/PI staining and 
flow cytometry were used to investigate the effects of UVB 
irradiation on the apoptosis of treated cells. Flow cytometric 
analysis was performed using Annexin+/PI-, Annexin+/PI+, 
Annexin-/PI+, and unlabeled cells (Annexin-/PI-). cells were 
labeled with Annexin V-FITC and propidium iodide (PI) 
(Annexin V-FITc apoptosis assay kit, dojindo Molecular 
Technologies, Inc.). A total of 1x105 cells/ml experimental 
cells were seeded in 6-well plates for 48 h, washed with 

37˚C PBS (pH 7.4), exposed to 400 µW/cm2 UVB radiation 
for 15 min and incubated in a 5% CO2 incubator for 48 h. 
Adherent cells were washed with 37˚C sterile PBS 3 times and 
digested by treatment with 0.5% pancreatic enzyme for 5 min. 
Subsequently, a 1x106 cell/ml cell suspension was prepared in 
Annexin V binding solution after the pancreatic enzyme was 
inactivated by the addition of fetal bovine serum. A 100 µl 
suspension of cells was added to 5 µl of Annexin V-FITc and 
5 µl of PI, and the solution was incubated at room temperature 
for 15 min, while keeping the solution out of light. A total 
of 400 µl of Annexin V Binding solution was then added 
for flow cytometric analysis (Accuri C6 flow cytometer, BD 
Biosciences). The data collected in each window were desig-
nated as the FL-1 channel and FL-2 channel. The unlabeled 
cells, the cells labeled with only Annexin, and the cells labeled 

Table I. The constructed siRNA sequence.

Position SS sequence AS sequence

23909 GGUUAUAGUUGAUAUGUAAcA UUAcAUAUcAAcUAUAAccAG

Figure 1. Immunofluorescent staining of SRA01/04 cells transfected with a lentivirus carrying Calb1 cDNA. In each image in (A-E) the top left image r the 
cell nucleus, the top right shows the Calb1 protein, the bottom left shows the GFP and the bottom right shows the merged image, respectively. (A) Control 
SRA01/04 cells. Calb1 expression was granular (red fluorescence). (B) SRA01/04 cells transfected with empty lentiviral vectors carrying green fluorescent 
protein (GFP). Cells were successfully transfected. (C) SRA01/04 cells after siRNA-mediated Calb1 knockdown. The expression and distribution of Calb1 is 
shown. SRA01/04 cells exhibited significantly less Calb1 following siRNA transfection. (D) SRA01/04 cells transfected with lentiviral vectors carrying Calb1 
cDNA and green fluorescent protein (GFP). These cells overexpressed Calb1 protein (red fluorescence). (E) Calb1-overexpressing SRA01/04 cells were treated 
with the siRNA. The expression of Calb1 was significantly reduced. (F) Quantitative analysis of Calb1 protein expression in the above-mentioned groups 
western blot analysis. Compared with the control group, there was no significant change in Calb1 expression in the groups transfected with an empty lentivirus 
(P>0.05); however, the significant overexpression of Calb1 was observed in the groups transfected with lentivirus carrying the Calb1 cDNA (**P<0.01). In 
addition, transfection with siRNA significantly decreased the levels of Calb1 (**P<0.01), n=8. Calb1, calbindin-D28K. White arrows, completely transfected 
cells; red arrows, incompletely transfected cells; white arrowhead, untransfected cells.
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with only PI were used as controls to regulate the compensa-
tion between the flow cytometry and the detector, which then 
allowed the quadrants to be set. Analysis was performed on 
1x104 cells per sample.

Western blot analysis. Under the same experimental condi-
tions, cells in each group were used for protein quantification 
by western blot analysis. Experimental cells were washed 
with ice-cold PBS and lysed for 10 min in a buffer containing 
50 mM Tris (pH 7.0), 2 mM EDTA, 1% Triton X-100, 2 mM 
PMSF, and 10 µg/ml leupeptin and aprotinin. The cell lysate 
was centrifuged at 13,000 x g for 15 min at 4˚C. The protein 
concentration of the supernatant was measured using a 
microvolume UV-Vis spectrophotometer (Nanodrop 2000, 
Thermo Fisher Scientific, Inc.). A total of 20 µg of protein 
from each sample was separated by 10% SDS-PAGE. The 
proteins were then transferred onto polyvinylidene fluo-
ride (PVDF) membranes (Bio-Rad Laboratories, Inc.). The 
membranes were incubated overnight at 4˚C with the following 
primary antibodies: Rabbit anti-polyclonal calb1 (1:3,000, 
cat. no. c253L-100ULcN, Merck KGaA), rabbit anti-cleavage 
products of caspase-12 (1:1,000, cat. no. ab62484, Abcam), 
rabbit anti-Bad (1:1,000, cat. no. ab32445, Abcam), rabbit 
anti-Bcl-2 (1:1,000, cat. no. ab32124, Abcam) and rabbit 
anti-monoclonal β-actin (1:1,000, cat. no. ab115777, Abcam). 
Subsequently, the membranes were washed and incubated with 
the appropriate HRP-conjugated secondary antibodies (1:2,000, 
cat. no. ab7090, Abcam) at room temperature for 60 min, 
and specific bands in the membranes were detected using 
enhanced chemiluminescence (EcL, cWBio). Background 
samples from an area near each lane were subtracted from 
each band to obtain a mean band density. densitometric ratios 
(chemidoc™ XRS+, Bio-Rad Laboratories, Inc.) between 
cALB1 and β-actin were calculated to determine the relative 
levels of these proteins.

Statistical analysis. All experiments were repeated 3 times, 
and average values were obtained. The data were analyzed 
for significance using repeated measures, and the data 

were analyzed using one-way ANOVA of variance with the 
Student-Newman-Keuls post hoc test. All values are repre-
sented as the means ± SD, and values of P<0.05 or P<0.01 
were considered to indicate statistically significant and highly 
statistically significant differences, respectively.

Results

SRA01/04 cell transfection with Calb1expression vectors. 
Both SRA01/04 parental cells and SRA/calb1 cells express 
detectable levels of endogenous calb1 protein. To confirm that 
cells were transfected, SRA01/04 cells were treated with a 
lentivirus containing GFP cDNA as an indicator. Subsequently, 
the cells in a single field were examined under a fluores-
cence microscope. The expression of GFP in the SRA01/04 
cells indicated that the lentivirus carrying calb1 cdNA was 
successfully transfected into the target cells (Fig. 1).

To further confirm the success of transfection in these cells, 
western blot analysis was performed to measure the expres-
sion level of calb1. The expression of cabl1 in the SRA01/04 
cells transfected with the calb1-cdNA vector was higher than 
that of the SRA01/04 cells transfected with a blank lentivirus 
vector (Fig. 1d and F).

In the experiment, lentivirus was added to the culture 
plate to transfect the SRA01/04 cells which were marked with 
GFP, and there is no marker to indicate the interfered cells 
by siRNA. As shown in Fig. 1E, it can be seen that there are 
8 cells which were evidently transfected with lentivirus (green 
fluorescence inside the cytoplasm, white arrows), 7 cells which 
were transfected incompletely (cytoplasm with dotted green 
fluorescence with a red Calb1 expression dot, red arrows), and 
there were 9 cells not transfected (no green fluorescence, and 
only Calb1 red fluorescence expression in the cytoplasm, white 
arrowhead). It was noted that there was almost no expression 
of Calb1 (red fluorescence) in the cytoplasm of the cells that 
were successfully transfected with lentivirus, and the expres-
sion intensity of Calb1 (red fluorescence) in the cells that were 
not thoroughly transfected and those that were not successfully 
transfected was superficially the same as that in the control 

Figure 2. Cell viability assay. The absorbance values of control SRA01/04 cells (unexposed to UVB radiation) exhibited no significant change in cell viability 
among the 3 groups, which suggested that their viability was not affected by lentiviral transfection or siRNA treatment. The absorbance values of the 
SRA01/04 cells irradiated with UVB at 40 µW/cm2 for 15 min at 24 h are displayed as white bars. This result suggested that the viability of SRA01/04 cells 
overexpressing Calb1 was significantly higher than that of the control group and the siRNA treatment group (*P<0.05), n=8. Calb1, calbindin-D28K.
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group. However, the expression intensity of calb1 in all cells 
shown in Fig. 1E was significantly decreased compared with 
that of the cells shown in Fig. 1d. Therefore, in Fig. 1E, the 
expression of calb1 in the lentivirus-transfected cells exhib-
ited an ‘all-or-none’ phenomenon, that is, the transfected cells 
exhibited an expression, whereas the untransfected cells did 
not exhibit an expression. Thus, the total expression of calb1 
protein in all cultured cells was lower than that in the control 
group following the quantification of the western blots.

CCK‑8 proliferation assay. At 24 h following irradiation with 
40 µW/cm2 of UVB, the SRA01/04 cells were transfected with 
a lentivirus and a siRNA. compared with the control group, 
no significant change was observed in the proliferation of 

the SRA01/04 cells in groups that were not exposed to UVB, 
regardless of lentivirus transfection or siRNA knockdown. 
Following UVB irradiation, the proliferation of the SRA01/04 
cells overexpressing Calb1 protein was significantly higher 
than that of the control group and the siRNA interference 
group (Fig. 2).

UVB‑induced apoptosis detected by flow cytometry. UVB 
is known to induce the apoptosis of HLEcs (39,40). Fig. 3A 
only shows the result of one representative experiment from 
each group. Each experiment was repeated 3 times, and 8 
samples in the same subgroup were detected in one experi-
ment. Fig. 3B illustrates the average apoptotic rate of each 
group. The average rate of apoptosis in the SRA group at 24 h 

Figure 3. Annexin V/PI flow cytometric apoptosis assay. There were 2 groups: The SRA (control SRA01/04 cells) and the SRA-Calb1 group (SRA/Calb1 
cells stably overexpressing calb1 due to treatment with lentiviruses), and each group was subsequently divided into several subgroups: control group (intact 
cells), UVB group (UVB irradiation) and UVB + siRNA group (UVB irradiation following siRNA interference). Each experiment was repeated 3 times, and 
8 samples in the same subgroup were detected in one experiment. (A) There was a result of one representative experiment of each group. The rate of apoptosis 
in the UVB and UVB + siRNA subgroups of the SRA group and the UVB + siRNA subgroup of the SRA-calb1 group (irradiated by UVB with 40 µW/cm2 
for 15 min) increased significantly in the early (Q4) and late (Q2) stages. (B) Comparison of the average apoptosis rates for the early and late stages among the 
groups. In the SRA group, the same average apoptosis rate was observed in the UVB and UVB + siRNA subgroups, both of which were higher than that of 
the control group (P<0.01). Comparing subgroups within the SRA-Calb1 group, the average apoptosis rate in the UVB subgroup was significantly lower than 
that of the UVB + siRNA subgroup (P<0.05) and was significantly higher that of the control subgroup (P<0.01). Compared with the SRA group, the average 
apoptosis rate of UVB subgroup of the SRA-Calb1 group was significantly lower than that of the UVB and UVB + siRNA subgroups of the SRA group 
(P<0.01), n=8. Calb1, calbindin-D28K. *P<0.05; **P<0.01.
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was 16.89±2.41% in the control subgroup, 49.42±2.07% in 
the UVB subgroup and 48.06±3.17% in the UVB + siRNA 
subgroup, while the comparable results in the SRA-calb1 

group were 7.18±1.80% in the control subgroup, 25.64±4.33% 
in the UVB subgroup and 42.03±2.57% in the UVB + siRNA 
subgroup, respectively. The rate of apoptosis in the SRA-calb1 
group was low in all subgroups except for the UVB + siRNA 
subgroup. The survival of cells treated with 40 µW/cm2 UVB 
in the SRA group was decreased by approximately 32-77% 
at 24 h compared to the control cells (Fig. 3). The function 
of calb1 was investigated by inducing its overexpression and 
knockdown in SRA01/04 cells. Transfection with a calb1 
expression vector resulted in a significant increase in cell 
survival following exposure to UVB after 24 h (Fig. 3). The 
siRNA-mediated inhibition of Calb1 expression significantly 
decreased cell survival following exposure to UVB after 24 h 
(Fig. 3). These results indicate that UVB-induced apoptosis is 
regulated by the expression of calb1.

The inhibition of cell apoptosis is not equal to the increase 
in cell proliferative activity. As shown in Fig. 2, the cell prolif-
erative activity of the cells in the control group, which were 
transfected with lentivirus overexpressing calb1, indicated 
that the transfection with lentivirus did not affect SRA01/4 cell 
viability. As shown in Fig. 3, the decrease in the apoptotic rate 
of the cells in the control group, which were transfected with 
lentivirus overexpressing calb1, indicated that calb1 could 
only exert an inhibitory effect on apoptosis, whereas this does 
not indicate that the inhibition of apoptosis can increase cell 
viability.

Intracellular Ca2+ distribution and concentrations. The 
Fluo-4AM ca2+ fluorescence probe was used to identify 
changes in the distribution of ca2+ in SRA01/04 cells in vitro. 
compared with the control group, the intracellular concentra-
tions of ca2+ in the untransfected groups with UVB irradiation 
treatment were increased at 48 h, and in the SRA01/04 cells 
overexpressing calb1, a stable ca2+ distribution and concentra-
tions at 48 h following UVB irradiation were found (Fig. 4E). 
In the present study, the intracellular ca2+ concentration was 
approximately 90.39±8.71 nmol/l (Fig. 4E) in the SRA-control 
group and approximately 117.12±14.39 nmol/l (Fig. 4E) in 
the group of untransfected cells irradiated with UVB. The 
SRA01/04 cells overexpressing calb1 were irradiated with 
UVB for 24 h, and the intracellular ca2+ concentration was 
maintained at 78.68±3.53 nmol/l (Fig. 4E). The intracellular 
ca2+ concentration in SRA 01/04 cells, which overexpressed 
calb1 and not to be exposed to UVB, was 82.02±7.98 nmol/l 
(Fig. 4E).

UVB‑induced apoptosis is associated with Bad, Bcl‑2 and 
caspase‑12 expression. UVB-induced apoptosis is associated 
with the expression of the apoptotic proteins, Bad, Bcl-2 and 
caspase-12; thus, in the present study, the expression levels 
of these proteins were examined by western blot analysis. 
In the control group of untransfected lens epithelial cells, a 
significant increase in Bad and caspase-12 protein expression 
was observed at 24 h following UVB irradiation for 15 min 
(Fig. 5A, B and D). Bcl-2 protein expression was significantly 
decreased at the same time point (Fig. 5A and c). Following 
exposure to UVB, the group of SRA01/04 cells that were 
transfected with the calb1 overexpression vector exhibited a 
significant downregulation in the protein expression of Bad 
compared to the untransfected cells, while the expression of 

Figure 4. Intracellular calcium concentration assay. In each of the images in 
(A-d) the left image shows the cell nucleus, the center shows the intracel-
lular ca2+ and the right shows the merged image, respectively. (A) control 
SRA01/04 cells with diffuse ca2+ distribution. (B) control SRA01/04 
cells after UVB irradiation. The green granules show the distribution of 
intracellular ca2+; the concentration of intracellular ca2+ was significantly 
increased following UVB irradiation [(P<0.05) (E)]. (C) SRA01/04 cells 
overexpressing Calb1. There was no significant difference in Ca2+ concentra-
tion in the calb1 overexpressing cells compared with the control SRA01/04 
cells [(P<0.05) (E)]. (D) SRA01/04 cells overexpressing calb1 and expose to 
irradiation with UVB. The intracellular ca2+ concentration was significantly 
lower than that of the control SRA01/04 cells following UVB irradiation 
(P<0.05). The intracellular Ca2+ concentration of SRA01/04 cells overex-
pressing Calb1 was not altered following UVB irradiation (P>0.05). n=8. 
calb1, calbindin-d28K. *,#P<0.05.
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Bcl-2 protein was significantly upregulated (Fig. 5A, B and C). 
Bcl-2 is an inhibitory apoptotic protein, and it can play an 
anti-apoptotic role through the inhibition of the ca2+ flow 
crossing the cell membrane, consequently regulating the 
intracellular ca2+ concentration. This is consistent with results 
of flow cytometric analysis illustrated in Fig. 3. However, the 
expression of caspase-12 did not differ significantly from that 
of the control group in which the cells were unexposed to UVB 
(grey bars) at the same time point (Fig. 5A and d).

The knockdown of cabl1 expression increased 
UVB-induced apoptosis. calb1 protein was knocked down by 
siRNA transfection to examine the effects of its downregula-
tion on the apoptosis of SRA01/04 cells. The cells transfected 
with siRNA downregulated calb1 expression in the SRA01/04 
cells, and this was confirmed by western blot analysis (Fig. 1F). 
compared with the SRA01/04 cell control groups, the protein 
expression of Bad was upregulated following UVB irradiation 
and treatment with siRNA to downregulate calb1; however, 
Bcl-2 expression was downregulated under the same conditions 

(Fig. 5A, B and c). The expression of the caspase-12 protein 
did not change. These results suggest that calb1 may play a 
protective role in UVB-mediated HLEc death.

Discussion

HLEcs grow in a monolayer under the anterior subcapsular 
surface of the lens. As the cornea and aqueous humor do not 
filter UV light, the HLECs can be exposed to UVB radiation. 
There is some evidence to indicate that UV-induced cataract 
formation is caused by damage to the HLEcs (14,41,42). 
The apoptosis of HLEcs is a common cellular basis for 
non-congenital cataract formation in humans and animals (3). 
UVB exhibits strong radiation energy, and it has the ability 
to penetrate tissues and damage cells. Studies have shown 
that UV-induced cell damage of lens epithelial cells is stron-
gest at 297 nm, which is in the UVB range (43). The lens 
contains two types of cells: Lens epithelial cells with ca2+ 
pumps in the membranes and lens fiber cells without Ca2+ 

Figure 5. Western blot analysis. The expression levels of Bad, Bcl-2 and caspase-12 in control SRA01/04 cells and SRA01/04 cells overexpressing calb1 
after UVB irradiation are shown. (A) Western blot signals for Bad (23 kda), Bcl-2 (26 kda), caspase-12 (45 kda) and internal control β-actin (42 kda). 
(B) changes in Bad protein expression in control SRA01/04 cells and cells overexpressing calb1. compared with cells not exposed to UVB irradiation, Bad 
protein expression levels after UVB irradiation was significantly increased (P<0.01). Bad protein expression in cells overexpressing Calb1 was significantly 
lower than that in the control SRA01/04 cells and in cells transfected with the siRNA (P<0.01). (C) Change of the Bcl-2 protein expression level. Compared 
with cells not exposed to UVB irradiation, Bcl-2 protein in cells after UVB irradiation was significantly downregulated in control SRA01/04 cells and cells 
overexpressing Calb1 that were also treated with the siRNA (P<0.01), while it was upregulated in cells overexpressing Calb1 (P<0.05). However, in cells 
exposed to UVB irradiation, the Bcl-2 protein expression in the cells overexpressing Calb1 was significantly higher than it was in normal SRA01/04 cells and 
cells overexpressing Calb1 that were also treated with the siRNA (P<0.01). (D) Changes in caspase-12 protein expression levels. Compared with cells that 
were not exposed to UVB irradiation, the expression of caspase-12 protein in cells that were exposed to UVB irradiation was upregulated in control SRA01/04 
cells (P<0.05), while the expression of caspase-12 in cells overexpressing Calb1 and the siRNA interference group was not significantly changed. In the cells 
exposed to UVB irradiation, the expression of caspase-12 in the cells overexpressing Calb1 was lower than it was in the other two groups (P<0.05). n=8. Calb1, 
calbindin-d28K. *,#P<0.05; **,##P<0.01.
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pumps (44). Therefore, ca2+ homeostasis in the lens is solely 
dependent on lens epithelial cells. cell membrane calcium 
ATPase is a high affinity Ca2+ pump. It uses the energy 
produced by ATP hydrolysis to transport Ca2+ from inside 
to outside cells to maintain the electrochemical gradient 
of cells (44). The pump also plays an important role in cell 
calcium homeostasis and signal transduction. There are four 
subtypes of cell membrane calcium ATPases: 1-4. All four 
subtypes are expressed in human lens epithelial cells (45). 
A previous study found that UVB irradiation can increase 
intracellular ca2+ levels, inhibit ca2+-ATPase activity and 
downregulate PMCA1 expression at the mRNA and protein 
levels. These findings reveal that the downregulation of cell 
membrane calcium ATPase1 levels and the loss of calcium 
homeostasis may play important roles in UVB-induced 
apoptosis following UVB irradiation (46). UVB irradiation 
induces cell death by activating the apoptotic pathway initi-
ated by mitochondria (15). UVB radiation-induced apoptosis 
is regulated by various molecular processes. Mitochondria 
rapidly lose transmembrane potential and produce reactive 
oxygen species (ROS), and both results may contribute to the 
breakdown of cells (18). The concentration of free intracel-
lular ca2+ is maintained at a relatively low level to ensure 
normal physiological cell function. Studies have shown that 
the level of ca2+ in HLEcs is approximately 78±33 nmol/l 
or 96±20 nmol/l (47,48). Previous studies have found that 
UVB irradiation can apparently increase intracellular 
ca2+ levels (49,50), and the present study also revealed that 
an elevation in intracellular ca2+ levels occurred following 
UVB irradiation. Further, we found that SRA01/04 cells 
overexpressing calb1 can effectively prevent the increase 
of ca2+ concentration after UVB irradiation. The results of 
the present study demonstrated that UVB irradiation with 
40 µW/cm2 for 15 min significantly induced the of apoptosis 
of SRA01/04 cells, which was accompanied by a significant 
increase in the concentration of ca2+ in these cells. The 
intensity of UVB irradiation with approximately 40 µW/cm2 
is known as the appropriate concentration to affect HLEc 
apoptosis (16). In HLEcs, intracellular ca2+ homeostasis 
is a necessary condition to maintain the transparency of 
the lens, and this homeostasis depends on ca2+-ATPase 
pumps. An imbalance of ca2+ homeostasis is harmful to 
cells. Increasing intracellular ca2+ concentrations can cause 
human lens opacification (51,52). Moreover, UVB irradiation 
can interfere with ca2+ signaling of HLEcs in vitro, resulting 
in the apoptosis of target cells (53). In the present study, 
UVB-induced apoptosis was investigated by flow cytometry, 
and the expression of the apoptotic proteins, Bad, Bcl-2 and 
caspase-12, suggested that UVB-induced apoptotic signals 
may be involved in changes in the ca2+ concentration.

ca2+ regulates a number of cellular functions, including 
cell proliferation, differentiation and death (54,55). ca2+ plays 
an important role in apoptosis, and the increased intracel-
lular ca2+ concentration has been shown to activate apoptotic 
pathways (56,57). Increased intracellular ca2+ levels trigger 
the activation of caspase-12, leading to apoptosis (58,59). In 
the present study, to determine the effect of UVB on ca2+ 
homeostasis in SRA01/04 cells, control SRA01/04 cells, cells 
overexpressing calb1, and cells subjected to the siRNA-medi-
ated knockdown of calb1 were irradiated with UVB; 

intracellular ca2+ levels were then observed to assess the effect 
of UVB on apoptosis and its association with the concentration 
of intracellular ca2+. In addition, the endoplasmic reticulum 
(ER) plays an important role in maintaining intracellular ca2+ 
homeostasis. UVB-induced apoptosis may result in ER stress, 
which is mediated by the mitochondria (60,61). The increased 
in intracellular ca2+ levels induced by UVB irradiation may 
be closely related to the change in calb1 expression and the 
increase in ER stress.

Calb1 is a high-affinity calcium-binding protein widely 
expressed in the kidneys, pancreas, brain, bone and lens (28). It 
is the main target of 1,25-dihydroxyvitamin d3, which mainly 
promotes extracellular ca2+ transport. calb1 expression was 
synchronized with the expression of calcium channels in 
epithelial cells (62). It exerts a protective effect on nerve cells, 
among other cell types, where it plays a role in the regula-
tion of apoptosis (63,64). Exogenous calb1 expression can 
reduce oxidative stress and maintain mitochondrial function. 
Nerve cells overexpressing calb1 have been shown to exhibit 
a low rate of apoptosis in vitro (65). calb1 can also protect 
kidney cells from PT-induced apoptosis and cytotoxicity (66). 
A number of studies have suggested that the upregulation 
of intracellular calb1 expression can reduce the apoptosis 
induced by different pro-apoptotic pathways.

The present study confirmed that the expression of Calb1 
inhibited the UVB-induced apoptosis of HLEcs. calb1 
overexpression exerted a protective effect on UVB-induced 
apoptosis and significantly reduced the expression of 
Bad and caspase-12. In addition, using siRNA to knock-
down calb1 expression in SRA01/04 cells significantly 
decreased the survival rate of SRA01/04 cells exposed to 
UVB radiation; additionally, under these conditions, the 
protein expression of Bad and caspase-12 was significantly 
increased, and the protein expression of Bcl-2 was signifi-
cantly downregulated.

In conclusion, the present study demonstrates that UVB 
irradiation can increase intracellular ca2+ levels directly 
and/or inhibit ca2+-ATPase activity and thus disrupt intracel-
lular ca2+ homeostasis. The UVB radiation-induced apoptosis 
of SRA01/04 cells may be involved in complex mechanisms, 
including imbalances in ca2+ homeostasis. calb1 protects 
HLEcs from apoptosis by regulating the concentration of 
intracellular ca2+, which mediates the expression of the 
pro-apoptotic proteins, Bad, Bcl-2 and caspase-12.
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