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Abstract: This study aimed to examine and analyze the expression levels of hsa-miR-15a and hsa-miR-16-1 in lens
epithelial cells from patients with age-related cataract to understand better the roles of these microRNAs in the
pathogenesis of this disease. Lens epithelial cells of 60 age-related cataract patients (including 20 with cortical
cataracts, 20 with nuclear cataracts, and 20 with posterior subcapsular cataracts) and 20 normal patients were in-
cluded in the study. Real-time PCR was used to detect the expression of hsa-miR-15a-5p, hsa-miR-15a-3p, hsa-miR-
16-1-5p, and hsa-miR-16-1-3p. Expression of the target genes of these microRNAs, namely bcl-2 and mcl-1, was
also evaluated. hsa-miR-15a-5p, hsa-miR-15a-3p, and hsa-miR-16-1-5p were expressed at low levels in normal lens
epithelial cells but at significantly higher levels in corresponding cells of patients with cortical, nuclear, or posterior
subcapsular cataracts (P < 0.01). hsa-miR-16-1-3p was expressed at relatively high levels in normal lens epithelial
cells but significantly decreased expression, or none at all, was detected in cells of patients from each cataract
group (P < 0.01). Concerning their target genes bcl-2 and mcl-1, expression was detectable in normal lens epithelial
cells, but their levels were significantly decreased in cataract patients, irrespective of type (P < 0.01). Expression of
hsa-miR-15a-5p, hsa-miR-15a-3p, and hsa-miR-16-1-5p rose in lens epithelial cells in the three types of age-related
cataract, which may suppress the expression of the anti-apoptotic genes bcl-2 and mcl-1, thereby contributing to
the pathogenesis of age-related cataract through apoptosis.
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Introduction

Owing to a rapidly aging population, vision
impairment due to age-related cataract has
become very common. Age-related cataract
has also become one of the leading causes of
blindness. It has been found that apoptosis of
lens epithelial cells contributes to all types of
cataracts, with the exception of congenital cat-
aracts [1].

The microRNAs (miRNAs) hsa-miR-15a and
hsa-miR-16-1 have been shown to be directly
involved in the regulation of 14% of the genes
in the human genome, which is predicted to
contain around 25,000 genes [2]. These two
miRNAs can negatively regulate the expression
of anti-apoptotic genes such as bcl-2 and mcl-
1, therefore inducing apoptotic cell death. They
also influence the expression of various genes

required for growth, to inhibit cell growth and
arrest the cell cycle, leading to apoptosis. Our
current study aimed to compare the expression
of miRNAs including hsa-miR-15a-5p, hsa-miR-
15a-3p, hsa-miR-16-1-5p, and hsa-miR-16-1-
3p, and their target genes bcl-2 and mcl-1,
between normal and diseased lens epithelial
cells obtained from patients with age-related
cataracts including cortical, nuclear, and poste-
rior subcapsular forms. We also discuss the
role of hsa-miR-15a and hsa-miR-16-1 in age-
related cataracts, revealing possible mecha-
nisms underlying their pathogenesis.

Materials and methods
Materials

Lens epithelial cells were derived from 60
patients (age: 61 + 8.4 years) with age-related
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cataracts, including 20 with cortical cataracts
(group A), 20 with nuclear cataracts (group B),
and 20 with posterior subcapsular cataracts
(group C). Patients with eye injuries, glaucoma,
diabetes, or long-term eye exposure to radia-
tion were excluded. For the control group, the
posterior capsules of 20 normal lenses from
subjects with an average age of 59 + 9.6 years
were dissected by the same operator under a
microscope. There was no significant age differ-
ence between the disease group and the nor-
mal group (P > 0.05). All samples were immedi-
ately frozen at -70°C after dissection.

This study was performed in accordance with
the Declaration of Helsinki for Research
Involving Human Tissue. The authors also
received consent for research use with the
approval of the Yantai Yuhuangding Hospital
Human Ethics Committee.

Detection of the expression of hsa-miR-15a,
hsa-miR-16-1, bcl-2, and mcl-1 by real-time
PCR

Total RNA was prepared by TRIzol extraction
(Takara, Dalian, China). A260/A280 values
were between 1.8 and 2.0, demonstrating that
the RNA samples were not contaminated by
proteins or DNA. RNA was used for cDNA syn-
thesis as follows. A solution containing 1 uL of
miRNA-specific primers (25 yM) and 2 ug of
total RNA was diluted with ddH,O (RNase free)
to a volume of 10 pL and then denatured at
70°C for 10 min before being immediately put
on ice. This was then added to a reaction buffer
containing 4 uL 5xRT buffer, 4 yL dNTPs mix, 1
uL ReverTra Ace (100 U/uL; TOYOBO, Osaka,
Japan), and 11 uL ddH,0 (RNase free) and incu-
bated at 42°C for 1 h, followed by 90°C for 10
min. cDNA was stored at -20°C for future use.
Real-time PCR was conducted as follows. For
each sample, three to six repeats were carried
out and each repeat was tested in triplicate
during real-time PCR. Amplification was carried
out using Invitrogen Platinum SYBR Green
gPCR SuperMix-UDG (Life Technologies Cor-
poration, Carlsbad, CA, USA), according to the
manufacturer’s instructions. Briefly, each reac-
tion contained 1 pL cDNA, 1.5 uL forward prim-
er (10 uM), 1.5 L reverse primer (10 uM), 25
pL SYBR mix, and 21 pL ddH,O. A QIAGEN
Rotor-Gene Q (QIAGEN, Hilden, Germany) was
used for real-time PCR and fluorescence detec-
tion. Cycling conditions were as follows: 50°C

2406

for 10 min, 95°C for 10 min, 95°C for 15 s,
60°Cfor45s, for 40 cycles. Relative expression
of target genes was calculated using the 2-44CT
method: 22CT = (Ct (experimental target gene)
-Ct (experimental internal control)) -(Ct (control
target gene) - Ct (control internal control)). The
following primers were synthesized by Takara:

Primers for retrotranscription of miR-15a and
miR-16-1: hsa-miR-15a-5p RT: CTCAACTGG-
TGTCGTGGAGTCGGCAATTCAGTTGAGCACAAAC;
hsa-miR-15a-3p RT: CTCAACTGGTGTCGTGGA-
GTCGGCAATTCAGTTGAGTGAGGCA;  hsa-miR-
16-1-5p RT: CTCAACTGGTGTCGTGGAGTCGG-
CAATTCAGTTGAGCGCCAAT;  hsa-miR-16-1-3p
RT: CTCAACTGGTGTCGTGGAGTCGGCAATTCAG-
TTGAGTCAGCA.

Forward primers for miR-15a and miR-16-1:
hsa-miR-15a-5P-F: ACACTCCAGCTGGGTAGCAG-
CACATAATGGTTTGT; hsa-miR-15-3P-F: FACAC-
TCCAGCTGGGCAGGCCATATTGTGCTGCCTC;
hsa-miR-16-1-5P-F: ACACTCCAGCTGGGTAGCA-
GCACGTAAATATTGGC; hsa-miR-16-1-3P-F: ACA-
CTCCAGCTGGGCCAGTATTAACTGTGCTGCTG;
Universal primers: URP: TGGTGTCGTGGAGTCG.

Primers for U6 internal control: UGF: CTCGCTT-
CGGCAGCACA;UBR:AACGCTTCACGAATTTGCGT.

Primers for apoptotic genes: bcl-2F: GGAGGATT-
GTGGCCTTCTTT, bcl-2R: GGCCGTACAGTTCCAC-
AAAT; mcl-1F: TGGTGCCTTTGTGGCTAAA; mcl-
1R: CCACCTTCTAGGTCCTCTACAT.

Primers for GAPDH internal control: Gapdh F:
ATCAAGTGGGGCGATGCTG; Gapdh R: ACCCATG-
ACGAACATGGGG.

Because of the relative nature of quantification
using the 222°T method, adjustment is required
for each sample. A more detailed account is
described by Livak and Schmittgen [3]. Briefly,
cDNA was diluted 10-, 102, 103%-, 10*-, 10°-,
and 10°%-fold prior to amplification by real-time
PCR and a standard curve was derived in order
to obtain optimal amplification conditions.

Statistical analysis

SPSS 16.0 software was used for t-tests of
independent samples. p-values < 0.05 were
considered to have statistical relevance, and
p-values < 0.01 were of statistical significance.
Our aim was to analyze whether the expression
levels of hsa-miR-15a and hsa-miR-16-1 differ

Int J Clin Exp Med 2015;8(2):2405-2410



Hsa-miR-15a and hsa-miR-16-1 in lens epithelial cells

Relative expression level

O Normal
Cortical cataract

hsa-miRNA-15a-5p

m Nuclear cataract
* m Posterior subcapsular

hsa-miRNA-15a-3p

Figure 1. Relative expression of hsa-miR-15a-5p and hsa-miR-15a-3p in normal lens epithelial cells and in those
from patients with age-related cataracts, including cortical cataracts (group A), nuclear cataracts (group B), and
posterior subcapsular cataracts (group C). Data are expressed as the mean * standard deviation; n = 20 per group.

*P < 0.01 vs. the control group.
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Figure 2. Relative expression of hsa-miR-16-1-5p and hsa-miR-16-1-3p in normal lens epithelial cells and in those
from patients with age-related cataracts, including cortical cataracts (group A), nuclear cataracts (group B), and
posterior subcapsular cataracts (group C). Data are expressed as the mean * standard deviation; n = 20 per group.

*p < 0.01 vs. the control group.

between the cataract groups and the normal
group, therefore, in order to express statistical
differences clearly, we used Student’s t-test.

Results
Expression of hsa-miR-15a and hsa-miR-16-1

Lens epithelial expression of hsa-miR-15a-5p
was 8.76 + 0.09 compared to the control group
(1.00 + 0.15) for cortical cataract patients
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(group A), 14.26 + 4.00 for nuclear cataract
patients (group B), and 26.39 + 2.07 for poste-
rior subcapsular cataract patients (group C;
Figure 1). Compared to the control group with-
out age-related cataract, groups A, B, and C
showed a significant increase in hsa-miR-15a-
5p expression (P < 0.01).

Similar to hsa-miR-15a-5p, relative expression
of hsa-miR-15a-3p in lens epithelial cells for
group A with cortical cataracts was 6.68 +
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Figure 3. Relative expression of bcl-2 and mcl-1 in normal lens epithelial cells and in those from patients with age-
related cataracts, including cortical cataracts (group A), nuclear cataracts (group B), and posterior subcapsular
cataracts (group C). Data are expressed as the mean + standard deviation; n = 20 per group. *P < 0.01 vs. the

control group.

0.04, for group B with nuclear cataracts was
9.07 £ 0.06, and for group C with posterior sub-
capsular cataracts was 23.72 + 3.59 (Figure
1). Expression in normal lens epithelial cells
was 1.00 + 0.15. The increase in expression
observed for each group compared to the nor-
mal control was statistically significant (P <
0.01) in all cases.

For hsa-miR-16-1-5p (Figure 2), expression in
lens epithelial cells was higher for patients with
cortical cataracts (group A, 5.56 + 0.17), nucle-
ar cataracts (group B, 10.94 + 1.49), and pos-
terior subcapsular cataracts (group C, 4.29 +
0.98). Differences were statistically significant
for each group compared to the control group
(P <0.02).

For hsa-miR-16-1-3p, we did not detect any
expression in lens epithelial cells for groups A
and B, and only a trace expression for group C
(0.01 + 0.00). However, relative expression in
the control group was 1.02 + 0.28 (Figure 2).
The difference between each disease group
and the control group was statistically signifi-
cant (P < 0.01).

Expression of bcl-2 and mcl-1
For group A with cortical cataracts, bcl-2 and

mcl-1 relative expression levels were 0.38 +
0.02 and 0.24 + 0.05, respectively, compared
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to the control group (Figure 3). For group B with
nuclear cataracts, these values were 0.54 +
0.05 and 0.25 + 0.07, respectively. For group C
with posterior subcapsular cataracts, they were
0.54 + 0.05 and 0.28 + 0.07, respectively.
Finally, the expression level of both bcl-2 and
mcl-1 was 1.00 = 0.05 for the control group.
The difference in expression of bcl-2 and mcl-1
between each disease group and the control
group was statistically significant (P < 0.01).

Discussion

Age-related cataracts include three major
types: cortical cataracts, nuclear cataracts and
posterior subcapsular cataracts. Regardless of
the differences between these types, all are
associated with abnormal growth or apoptotic
cell death in the lens. In recent years, studies
into the mechanisms behind the pathogenesis
of cataracts have found that apoptosis of lens
epithelial cells is significantly involved and this
process has therefore attracted substantial
interest. In cultured lens epithelial cells, expo-
sure to UV light, calcium iontophoresis, or H,0,
treatment increases the abundance of the
apoptotic protein caspase-3 and expression of
the oncogenes c-Myc and c-Fos, thereby induc-
ing cell death [4-6]. Further analysis revealed
that bcl-2 is expressed at decreased levels, or
not at all, in lens epithelial cells from cataract
patients, which may have resulted in cell death
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and hence cataracts. Wang et al. [7] found that
bcl-2 can inhibit superoxide-induced cell death
and that its expression is negatively correlated
with lens epithelial cell death: bel-2 is expressed
in normal lenses but at distinctly lower levels in
those of cataract patients. mcl-1 is a member
of the bcl-2 protein family and also plays a role
in antagonizing apoptosis. In addition, Geatrell
et al. [8] found that Mcl-1 is important for the
development and maturation of the lens.

miRNAs are a family of small, single-stranded
RNAs, 21 to 25 nucleotides in length. They bind
to the 3-UTR of mRNA to regulate the expres-
sion of target genes at the post-transcriptional
or translational level [9]. Recent studies have
found that miRNAs are specifically expressed in
the cornea, lens, and retina, suggesting their
important role in regulating eye growth, devel-
opment, and functioning. It has also been
inferred that changes in miRNA expression are
closely correlated with the development, pro-
gression, and prognosis of various eye diseas-
es [10]. Studies in recent years have also found
that many genes that are post-transcriptionally
regulated by miRNA play important roles in lens
regeneration, epithelial differentiation, and
lens-associated pathologies [11, 12]. In a study
on human epithelial cells, Peng et al. [13] used
quantitative fluorescent PCR to detect the
expression of the miRNAs let-7a, let-7b, and let-
7c in cataract patients and found that let-7b
expression levels are positively correlated with
age, while expression of let-7a and let-7c is not
correlated with age or lens opacity. This sug-
gests that let-7b expression is an important
factor in age-related cataracts. This study also
found that let-7b promotes cell death by sup-
pressing bcl-2 expression. Furthermore, Wu et
al. [14] determined by microarray analysis that
let-7b and miR-923 are not expressed in nor-
mal human lens epithelial cells, but their
expression is elevated in corresponding cells
from cataract patients. With respect to animal
studies, many miRNAs, including miR-184, miR-
125b, miR-31, miR-204, miR-26a, and let-7b,
were found to be expressed in the mouse lens
[15, 16]. However, studies aimed at under-
standing the role of miR-15a and miR-16-1 in
human age-related cataracts have not been
reported.

miR-15a and miR-16-1 are clustered within a
30-kb region of chromosome 13 (13q914) in
humans, a region known to be deleted or down-
regulated in more than half of B-cell chronic
lymphocytic leukemia cases. miR-15a and miR-
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16-1 share nine nucleotides at their 5 ends,
which anneal to bcl-2 nucleotides 3287-3279.
This functions to down-regulate bcl-2 expres-
sion and promote apoptotic cell death [17].
miR-15a and miR-16-1 act to endogenously
interfere with bcl-2 gene activity. Recent
research on miR-15a and miR-16-1 has been
focused on various types of malignancy and
leukemia. For example, Cimmino et al. [17]
found that in chronic lymphocytic leukemia,
expression of miR-15a and miR-16-I is nega-
tively correlated with that of bcl-2 and that both
miRNAs can down-regulate bcl-2 expression at
the post-transcriptional level. Mcl-1 is a mem-
ber of the Bcl-2 protein family and the mcl-1
transcript is also a target of miR-15a and miR-
16-1; studies by Calin et al. showed that expres-
sion of mcl-1 is inhibited by these miRNAs [18].

Our study examined gene expression in lens
epithelial cells from normal subjects and
patients with three types of age-related cata-
racts. We found that hsa-miR-15a-5p, hsa-miR-
15a-3p, and hsa-miR-16-1-5p are expressed at
low levels in normal lens epithelial cells, while
being highly expressed in corresponding cells
taken from patients with cortical, nuclear, and
posterior subcapsular cataracts. Compared to
the control group, the expression of these miR-
NAs were five to eight times higher in the corti-
cal cataract group, more than 10 times higher
in the nuclear cataract group, and up to 20
times higher in the subcapsular cataract group.

The target genes of these miRNAs, bcl-2 and
mcl-1, are expressed in normal lens epithelial
cells. However, their expression levels are
apparently down-regulated in all types of cata-
racts. It is conceivable that hsa-miR-15a-5p,
hsa-miR-15a-3p, and hsa-miR-16-1-5p promote
cell death in the lens epithelium by suppressing
bel-2 and mcl-1 expression. The expression of
these three miRNAs may therefore be associ-
ated with the pathogenesis of age-related cata-
racts. hsa-miR-16-1-3p is expressed in normal
lens epithelial cells, but not in corresponding
cells from cortical or nuclear cataract patients
and is only slightly expressed in cells from
patients with subcapsular cataracts. These
observations suggest that hsa-miR-16-1-3p
may be important in maintaining the normal
physiology of the lens. However, the details of
this mechanism remain unclear.

Age-related cataract is, nowadays, a very com-
mon disease, and a major cause of blindness.
Elucidation of its pathogenesis remains a high-
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ly active area of research. The rapid develop-
ment of molecular biosciences should further
iluminate the mechanisms of how miRNA
expression influences age-related cataract and
provide new insights into its prevention and
treatment.
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