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Abstract
Introduction: Cataracts caused by old age are one of the most frequent
causes for blindness and poor vision worldwide. In this study, we aimed to
clarify the possible role of rs1894720 polymorphism in the pathogenesis of
age-related cataract.
Material and methods: Rs1894720 polymorphism genotype was detected
by TaqMan. Bioinformatics analysis, luciferase assay, real-time PCR, western
blot, and protein density analysis were conducted to establish the correlations between MIAT and miR-26b as well as between BCL2L2 and miR-26b.
Flow cytometry and MTT assay were also performed to observe the effect
of MIAT/miR-26b/BCL2L2 signalling pathway on the status of cell apoptosis
and viability.
Results: MIAT functioned as an endogenous competing RNA to sponge miR-26b.
In addition, BCL2L2 was identified as a target of miR-26b. Therefore, the
expression of miR-26b was obviously suppressed by MIAT or anti-miR-26b,
while the mRNA and protein expression of BCL2L2 was up-regulated in the
presence of MIAT or anti-miR-26b. Moreover, the positive effect of MIAT on
BCL2L2 expression was exerted via inhibition of the expression of miR-26b.
In addition, the cells transfected with MIAT or anti-miR-26b showed suppressed expression of caspase-3 and reduced apoptosis index but higher cell
viability, indicating that MIAT could suppress cell apoptosis via inhibition of
miR-26b expression. Furthermore, the subjects carrying the GT and TT genotypes of single-nucleotide polymorphism (SNP) rs1894720 were associated
with a higher risk of age-related cataracts, as indicated by their odds ratio
(OR) and p-values.
Conclusions: Rs1894720 SNP could down-regulate the expression of MIAT,
thus leading to reduced BCL2L2 expression and enhanced epithelial cell apoptosis in the lens, eventually increasing the incidence of age-related cataract.
Key words: cataract, MIAT, miR-26b, BCL2L2, rs1894720, apoptosis, lens,
epithelial cells.

Introduction
Cataracts caused by old age are one of the most frequent causes for
blindness and poor vision worldwide. The World Health Organisation has reported that almost 50% of blindness worldwide was caused by cataracts [1].
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In addition, aging, smoking, exposure to UV light,
as well as genetic factors were found to significantly increase the risk of cataracts [2]. On the
other hand, it remains controversial whether the
use of antioxidants and alcohol could increase the
risk of cataracts [2]. Several studies showed that
the apoptosis of epithelial cells in the lens could
result in cataractogenesis. In fact, the apoptosis
of epithelial cells in the lens would suppress the
growth of the lens and decrease its thickness [3].
Many researchers have observed a reduced density
of epithelial cells in the lenses of patients suffering
from cataracts [4–6]. Moreover, the depletion of
epithelial cells from the lens could lead to impaired
integrity of the fibre cells underlying the lens, thus
decreasing the strength of the lens [7].
In previous studies, miR-26b was reported to
play an important role in regulating lens epithelial
cell growth and proliferation [8], and the deregulation of miR-26b could postpone the occurrence
and development of rhegmatogenous retinal detachment via regulation of cell apoptosis and restraint of cell proliferation and invasion [9].
Until recently, non-coding RNAs (ncRNAs) were
still deemed as merely playing a relatively fixed
role in the cells. For example, tRNAs and rRNAs
can regulate mRNA translation, while small nuclear RNAs (snRNAs) can regulate splicing. Among
ncRNAs, long noncoding RNAs (lncRNAs), which
belong to a class of ncRNAs of more than 200 nucleotides in length, have been shown to lack the
protein-coding capacity [10, 11]. However, many
studies have shown recently that lncRNAs can act
as critical molecules in the pathogenesis of human malignancies [12–14]. In fact, several studies have demonstrated that lncRNAs could regulate the expression of target genes at epigenetic,
posttranscriptional, and transcriptional levels [15,
16]. For example, as one of the earliest lncRNAs,
discovered in 2006, myocardial infarction-associated transcript (MIAT) has been shown to affect
a wide range of cellular processes and diseases,
such as neurogenic commitment, nuclear body
formation, paranoid schizophrenia, microvascular
dysfunction, and myocardial infarction [17–22].
And a recent study also found lncRNA-MIAT to be
significantly up-regulated in cataractous lenses,
revealing that MIAT knockdown could affect proliferation, apoptosis, and migration of LECs via the
MIAT-Akt crosstalk [23].
The family of B cell lymphoma 2 (Bcl-2) contains
> 20 protein members, which can be separated
into three groups depending on their structures
and their roles in apoptosis [24, 25]. For example,
as an anti-apoptotic protein, Bcl2 like 2 (Bcl2l2)
can promote the survival of cells [25, 26]. In addition, it was shown that, by binding to BCL2L2,
miR-133b could regulate the expression of BCL2L2
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and subsequently mediate the apoptosis of epithelial cells in the lens [27, 28]. In fact, both the
expression of miR-133b and the dysregulation of
BCL2L2 have been implicated in the pathogenesis
of age-induced cataracts [29]. In the above study,
the authors also confirmed a negative regulatory relationship between miR-133b and BCL2L2
by conducting a computer analysis and luciferase
assays.
The locus of MIAT was found on 22q12.1,
a chromosomal region associated with schizophrenia [30–32]. In fact, multiple genetic mutants occurring in the genes of this chromosomal region, such as GAS2L1, RASD2, and synapsin
III, have been associated with the development
of schizophrenia [33–35]. It was also found that
rs1894720, a single nucleotide polymorphism
(SNP) in MIAT, played a significant role in the occurrence of paranoid schizophrenia. In addition,
the T allele of rs1894720 has been shown to increase the risk of schizophrenia.
It has been reported that rs1894720 may alter
the expression of MIAT, while MIAT may function
as an endogenous competing RNA to sponge
miR-26b [19]. Meanwhile, BCL2L2 is found to be
a possible target of miR-26b. On the other hand,
BCL2L2 acts a key regulator of epithelial cell apoptosis in the lens and is involved in the pathogenesis of cataracts [36]. Therefore, we hypothesised
that rs1894720 SNP is associated with the risk of
age-related cataracts by modulating the signalling
pathway of MIAT/miR-26b/BCL2L2.

Material and methods
Human subjects sample collection
In this study, a total of 648 cases were enrolled
from our hospital, among which 336 cases were
age-related cataract patients while 312 cases
were healthy controls (people without eye diseases). All experimental procedures of this study
were approved by the Ethics Committee at our
hospital, and all research subjects signed a form
of informed consent. The enrolled cases were Chinese populations ranging from 40 to 90 years old.
Clinicopathological parameters such as diabetes,
hypertension, smoking, alcohol, and drugs were
also investigated and included in the study (as
presented in Table I). The blood samples were collected from all subjects to analyse the genotypes
of their rs1894720 polymorphism in MIAT. In brief,
5 ml of sample venous blood were collected from
each patient using vacuum EDTA anticoagulant
blood sampling vials. The blood samples were immediately shaken 4–5 times to prevent clotting.
Within 2 h of the sampling, the blood cells and
plasma were separated by an ordinary centrifuge
at 1500 rpm for 5 min. The separated samples

Arch Med Sci 1, 1st January / 2022

Rs1894720 polymorphism is associated with the risk of age-related cataract by regulating the proliferation of epithelial cells
in the lens via the signalling pathway of MIAT/miR-26b/BCL2L2

Table I. Demographic and clinicopathological parameters of subjects in the case and control groups in this study
Risk factor

Control (n = 312)

Case (n = 336)

OR and 95% CI

Age:

P-values
0.517

40–50

173 (55.4)

188 (55.9)

50–60

93 (29.8)

101 (30.0)

60–70

23 (7.4)

30 (8.9)

70–80

23 (7.4)

16 (4.8)

80–90

0 (0)

1 (0.4)

Gender:

0.589

Male

182 (58.3)

203 (60.4)

Female

130 (41.7)

133 (39.6)

Yes

32 (10.3)

36 (10.7)

No

280 (89.7)

300 (89.3)

Yes

23 (7.4)

28 (8.3)

No

284 (92.6)

308 (91.7)

Family history:

0.849

Diabetes:

0.845

Hypertension:

0.791

Yes

27 (8.6)

28 (8.3)

No

285 (91.4)

308 (91.7)

Yes

30 (9.6)

32 (9.5)

No

282 (90.4)

304 (90.5)

Radiation exposure:

0.861

Smoking:

0.891

Yes

33 (10.6)

28 (8.3)

No

279 (89.4)

308 (91.7)

Alcohol:

0.778

Yes

23 (7.4)

32 (9.5)

No

289 (92.6)

304 (90.5)

Yes

27 (8.6)

32 (9.5)

No

285 (91.4)

304 (90.5)

Drugs:

0.799

Steroid:

0.871

Yes

23 (7.4)

32 (9.5)

No

284 (92.6)

304 (90.5)

40–50

35 (11.2)

38 (11.3)

50–60

103 (33.0)

120 (35.7)

60–70

128 (41.0)

152 (45.2)

70–80

46 (14.8)

26 (7.8)

GG

132

100

1 (Reference)

GT

150

136

OR = 1.19, 95% CI (0.84–1.69)

0.312

TT

30

100

OR = 4.4, 95% CI (0.71–7.13)

< 0.001

GT + TT

180

236

OR = 1.73, 95% CI (1.25–2.39)

< 0.001

G

414

336

1 (Reference)

T

210

336

OR = 1.97, 95% CI (1.57–2.46)

Weight:

0.0429

< 0.001
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were packaged in sterilised plastic tubes or freezing tubes and marked with patient names and
identification numbers, and were stored at –20oC
for subsequent analysis.

Genotyping by TaqMan
The genomic DNA of blood samples was extracted and amplified by PCR. Subsequently, 2.5% agarose gel electrophoresis was used to analyse the
PCR products and a restriction analysis was performed to determine the genotypes of rs1894720
SNP using a TaqMan kit (Roche, Basle, Switzerland)
following the manufacturer’s instructions.

RNA isolation and real-time PCR
A miRNeasy Mini Kit (Qiagen, Hilden, Germany) was used to extract the total RNA from cell
samples. Subsequently, a PrimeScript RT reagent
kit (Takara, Tokyo, Japan) was used to reversely
transcribe the RNA into cDNA in accordance with
the instruction of the kit. The reverse transcription
system was 10 µl and the reaction conditions were
set as follows: three cycles of reverse transcription at 37°C for 15 min and inactivation of reverse
transcriptase at 85°C for 5 s. Subsequently, the expression of MIAT, miR-26b, and BCL2L2 mRNA in
the samples was measured using real-time PCR.
The primers for MIAT (F: 5’-GAGATTGGCGATGGTTGTGA-3’; R: 5’-CAGTGACGCTCCTTTGTTGAA-3’),
miR-26b (F: 5’-TTCAAGTAATCCAGGATAGGCT-3’;
R: 5’-GAGTGTTTCAAGTAATCCAGG-3’), and BCL2L2
mRNA (F: 5’-TTCTTTGAGTTCGGTGGGGTC-3’; R:
5’-TGCATATTTGTTTGGGGCAGG-3’) were designed
and synthesised by Takara (Tokyo, Japan). The real-time PCR was conducted using a SYBR® Premix
Ex TaqTM II reagent kit (Takara, Tokyo, Japan) in
accordance with the manufacturer’s instructions.
The reaction system of real-time PCR was 20 μl,
including 10.0 μl of One Step SYBR® RT-PCR Buffer III, 0.4 μl of TaKaRa Ex TaqTM HS, 0.4 μl of Prime
ScriptTM RT Enzyme MixII, 0.3 μl of PCR forward:
primer, 0.3 μl of PCR reverse: primer, 0.4 μl of ROX
Reference Dye or DyeII (50×), 2 μl of total RNA, and
6.2 μl of RNase Free ddH2O. The reaction was carried out on an ABI 7500 quantitative PCR instrument (7500, ABI, Forest City, CA, USA) using the
following reaction conditions: pre-denaturation at
95°C for 10 s; 40 cycles of denaturation at 95°C
for 5 s, and annealing and final extension at 60°C
for 26 s. The 2–ΔΔCt method was used to calculate
the relative expression of target genes, with U6
(F: 5’-CTCGCTTCGGCAGCACA-3’; R: 5’-AACGCTTCA
CGAATTTGCGT-3’) used as the internal reference.

Cell culture and transfection
Rabbit lens epithelial cells were isolated as
described previously [34]. ARPE-19 cells and iso-
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lated rabbit lens epithelial cells were cultured in
DMEM (Gibco, Thermo Fisher Scientific, Waltham,
MA, USA) containing 10% foetal calf serum (FCS)
(Hyclone, Thermo Fisher Scientific, Waltham, MA,
USA). The incubation conditions were 95% humidity, 5% CO2, and 37°C. To clarify the relationship between MIAT and miR-26b, the cells were
seeded into six-well plates and transfected with
pcDNA-MIAT, pcDNA-anti-miR-26b, MIAT siRNA,
and miR-26b precursor when the cell confluence
reached 30% to 50%. The transfection was carried out using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) following the manufacturer’s
instructions. The cells were collected 48 h after
transfection for subsequent measurements.

Vector construction and mutagenesis
By target gene analysis of miR-26b, we identified that MIAT and BCL2L were the potential
targets of miR-26b. To clarify the relationship
between MIAT and miR-26b as well as between
miR-26b and BCL2L2, the segments of MIAT and
BCL2L containing the binding sites for miR-26b
were amplified by PCR and cloned into pcDNA vectors (Promega, Madison, WI, USA). Subsequently,
site-directed mutagenesis was carried out to introduce mutations in the miR-26b binding sites
of wild type MIAT and BCL2L sequences, and the
mutated sequences were also amplified by PCR
and cloned into pcDNA vectors. In addition, an
anti-miR-26b sequence was also cloned into the
pcDNA vector and amplified. The created plasmids
were stored at –20°C for subsequent transfection
experiments.

Luciferase assay
ARPE-19 and rabbit lens epithelial cells were
seeded into six-well plates and co-transfected
with MIAT/miR-26b or miR-26b/BCL2L2. After 48 h
of transfection, the cells were harvested and the
luciferase activity in the cells was measured using a dual-luciferase reporter gene detection kit
(Promega, Madison, WI, USA) on a bioluminescence detector (Modulus, Promega, Madison, WI,
USA) following the manufacturer’s instructions.

Western blot analysis
Total RNA was extracted from cell samples and
mixed with a 1 × sodium dodecyl sulphate (SDS)
loading buffer. A total of 20 μl loading buffer was
added into each line and the proteins in the buffer were resolved by 12% polyacrylamide gel electrophoresis. After transferring the proteins onto
a PVDF membrane, the membrane was blocked at
room temperature for 1 h with Tris-Buffered Saline and Tween 20 (TBST) containing 5% bovine
serum albumin (BSA). The membrane was then
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incubated with anti-BCL2L2 (Cat. no. 2724S, Cell
Signaling Technology, Beverley, MA, USA) and anticaspase-3 primary antibodies (Cat. no. 9662S, Cell
Signaling Technology, Beverley, MA, USA) at 4°C
overnight. On the next day, the membrane was
washed by TBST and then incubated with HRPlabelled second antibodies (Cat. no. ab6728,
Abcam, Cambridge, CA, USA) at room temperature
for 1 h. Finally, the membrane was developed in
a mixture of A and B chemiluminescence reagents
(Santa Cruz Biotech, Santa Cruz, CA, USA) and
visualised to analyse the relative expression of
BCL2L2 and caspase-3 proteins using relative OD
values.

Apoptosis analysis
The apoptosis profiles of cultured cells were
measured using an Annexin V-FITC apoptosis kit
(Thermo Fisher Scientific, Waltham, MA) following the manufacturer’s instruction. The apoptosis
index was calculated by measuring the apoptosis
rate of sample cells using a FACSCanto II cytometer (Becton-Dickinson, Franklin Lakes, NJ, USA).

Cell viability analysis

a Modulus plate reader at 24 h, 48 h, and 72 h time
points, respectively, using a wavelength of 490 nm.
Subsequently, incubation time was used as the
x-axis while OD values were used as the y-axis to
draw a standard curve and calculate the cell viability. Each experiment was repeated three times.

Statistical analysis
Data analysis was performed using SPSS 18.0
software (SPSS Inc., Chicago, IL, USA). The measurement data was expressed as mean and standard deviation (SD). The comparison between
two groups was carried out using t tests, while
the comparison among several groups was carried out using logistic regression and one-factor
ANOVA. The count data was expressed as percentage and rate, and it was verified using the χ2 test.
A p-value of < 0.05 was considered as statistically
significant.

Results
Rs1894720 polymorphism was associated
with the risk of age-related cataract

A

B

MIAT WT

5’

CTGCAAACTG-ATTACTTGAA

3’

MiR-26b

3’

TGGATAGGACTTAATGAACTT

5’

MIAT MUT

5’

CTGCAAAGAC-TAATGAACTT

3’

Relative Rluc/Luc ratio

C

1.5

1.0

Relative Rluc/Luc ratio

When the confluence of transfected cells
reached ~80%, they were collected by trypsinisation, and a single cell suspension was prepared
for each treatment group. Subsequently, the cells
were seeded into a 96-well plate at 4 × 104 cells
per well. Subsequently, 25 μl of 4 mg/ml MTT solution (Sigma-Aldrich, St. Louis, MO, USA) were added
into each well. After being incubated for 4 h in an
incubator, 150 μl of dimethyl sulphoxide (DMSO)
(Sigma-Aldrich, St. Louis, MO, USA) were added into
each well and gently mixed for 10 min in a shaker. The OD value in each well was measured on

We investigated the correlation between
rs1894720 polymorphism in MIAT and the incidence of age-related cataract. As shown in Table I,
there were 336 age-related cataract subjects and
312 healthy controls recruited to this study. In addition, the patients of age-related cataract were
genotyped as GG (n = 132), GT (n = 150), and TT
(n = 30). Although no significant differences were
observed in terms of their characteristics between
the patient group and the control group, the OR
and p-values of the patients genotyped as GT
and TT indicated that they were associated with
a higher risk of age-related cataracts.
1.5

1.0

0.5

0

WT

MUT
NC

0.5

0

WT

MUT
NC

MiR-26b

MiR-26b

Figure 1. Myocardial infarction-associated transcript
(MIAT) functioned as an endogenous competing
RNA to sponge miR-26b. A – Putative binding site
of miR-26b was found in the 3’UTR of MIAT. B – Reduced luciferase activity in ARPE-19 cells transfected
with miR-26b and wild-type MIAT. C – Reduced luciferase activity in rabbit lens epithelial cells transfected with miR-26b and wild-type MIAT
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Myocardial infarction-associated transcript
functioned as an endogenous competing
RNA to sponge miR-26b
Using bioinformatics tools, we identified a putative binding site of miR-26b in the 3’UTR of MIAT
(Figure 1 A). To clarify the regulatory relationship
between MIAT and miR-26b, luciferase assays were
conducted by co-transfecting ARPE-19 and rabbit
lens epithelial cells with miR-26b and wild-type/
mutant MIAT plasmids. As demonstrated in Figure 1,
the luciferase activity of ARPE-19 (Figure 1 B) and
rabbit lens epithelial cells (Figure 1 C) co-transfected with miR-26b and wild-type MIAT was significantly reduced compared to the luciferase activity
in other groups. Therefore, MIAT may function as
an endogenous competing RNA to sponge miR-26b.

the relative expression of miR-26b (Figure 3 A)
was obviously suppressed in ARPE-19 cells transfected with MIAT or anti-miR-26b. In contrast, the
relative expression of BCL2L2 mRNA (Figure 3 B)
was apparently up-regulated with the transfection
of MIAT or anti-miR-26b, and these results were
further validated by western blot, which showed
clearly visible protein bands of BCL2L2 (Figure 3 C)
and an elevated relative protein density of BCL2L2
(Figure 3 D). Similar results were also observed
in rabbit lens epithelial cells (Figures 3 E–H), thus
validating the positive effect of MIAT on the expression BCL2L2 via inhibition of the expression of
miR-26b. Therefore, a MIAT/miR-26b/BCL2L2 signalling pathway could be established accordingly.

Myocardial infarction-associated transcript
suppressed inflammatory responses
and cell apoptosis via inhibition
of the expression of miR-26b

MiR-26b negatively regulated the expression
of BLC2L2 via targeting BLC2L2
BCL2L2 has been identified as a possible target of miR-26b and contains a binding site for
miR-26b (Figure 2 A). Therefore, PETNCE01 and
PTECE01 cells were co-transfected with miR-26b
and wild-type or mutant BLC2L2. As shown in Figure 2 B, the luciferase activity of PETNCE01 and
PTECE01 cells co-transfected with miR-26b and
wild-type BLC2L2 was evidently inhibited compared with that in other transfection groups, thus
verifying the role of BCL2L2 as a virtual target
gene of miR-26b.

A

B

Myocardial infarction-associated transcript
elevated the expression of BCL2L2 via
inhibition of the expression of miR-26b

BCL2L2 WT

5’

AGACAAGACAAGGACGAGAGG

3’

MiR-26b

3’

CCUGUUCUCCAUUACUUGGCUC

5’

BCL2L2 MUT

5’

ACUGUUCUCAAGGACGAGAGG

3’

Relative Rluc/Luc ratio

C

1.5

1.0

Relative Rluc/Luc ratio

ARPE-19 cells were transfected with MIAT, antimiR-26b, or negative controls. As shown in Figure 3,

Subsequently, in order to identify the regulatory
effect of BCL2L2 on the apoptosis of epithelial cells in
the lens, the expression of caspase-3 was measured
in ARPE-19 and rabbit lens epithelial cells treated by
MIAT, anti-miR-26b, or negative controls. The transfection of ARPE-19 and rabbit lens epithelial cells
with MIAT and anti-miR-26b evidently decreased
the protein band intensity (Figures 3 C, G) and relative density (Figures 4 A, B) of caspase-3. Moreover,
we also measured the apoptosis index and cell viability in transfected ARPE-19 and PTENCE-2 cells.
As shown in Figure 4, a lower apoptosis index was
obtained in the ARPE-19 (Figure 4 C) and rabbit lens
epithelial cells (Figure 4 E) transfected with MIAT or
anti-miR-26b, accompanied by higher cell viability
(Figures 4 D, F). Therefore, MIAT could suppress cell
apoptosis via inhibiting miR-26b expression.

1.5

1.0

0.5

0

WT

MUT
NC

0.5

0

WT

MUT
NC
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MiR-26b

MiR-26b

Figure 2. BCL2L2 was a virtual target gene of miR-26b.
A – BCL2L2 was identified as a target gene of miR26b and contained a specific binding site for miR-26b.
B – Reduced luciferase activity in ARPE-19 cells transfected with miR-26b and wild-type BCL2L2. C – Reduced luciferase activity in rabbit lens epithelial cells
transfected with miR-26b and wild-type BCL2L2
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B

1.5

Relative expression of BCL2L2 mRNA

Relative expression of miR-26b

A

1.0

0.5

5
4
3
2
1
0

0
NC

p-MIAT

p-anti-miR-26b

D

C

NC

p-MIAT

p-anti-miR-26b

NC

p-MIAT

p-anti-miR-26b

NC

p-MIAT

p-anti-miR-26b

NC

p-MIAT

p-anti-miR-26b

4

Relative expression of BCL2L2

BCL2L2

Caspase-3

b-actin
NC

p-MIAT

3

2

1

p-anti-miR-26b
0

F

1.5

Relative expression of BCL2L2 mRNA

Relative expression of miR-26b

E

1.0

0.5

5
4
3
2
1
0

0
NC

p-MIAT

p-anti-miR-26b

H

G

5

Relative expression of BCL2L2

BCL2L2

Caspase-3

b-actin
NC

p-MIAT

4
3
2
1

p-anti-miR-26b
0

Figure 3. Myocardial infarction-associated transcript (MIAT) inhibited the expression of miR-26b but elevated the
expression of BCL2L2. A – Relative expression of miR-26b was inhibited in ARPE-19 cells transfected with MIAT or
anti-miR-26b. B – Relative expression of BCL2L2 mRNA was up-regulated in ARPE-19 cells transfected with MIAT
or anti-miR-26b. C – Protein band of BCL2L2 was clearly visible but the protein band of caspase-3 was negligible
in ARPE-19 cells transfected with MIAT or anti-miR-26b. D – Relative density of BL2L2 protein was up-regulated in
ARPE-19 cells transfected with MIAT or anti-miR-26b. E – Relative expression of miR-26b was inhibited in rabbit
lens epithelial cells transfected with MIAT or anti-miR-26b. F – Relative expression of BCL2L2 mRNA was up-regulated in rabbit lens epithelial cells transfected with MIAT or anti-miR-26b. G – Protein band of BCL2L2 was clearly
visible, but the protein band of caspase-3 was negligible in rabbit lens epithelial cells transfected with MIAT or
anti-miR-26b. H – Relative density of BL2L2 protein was up-regulated in rabbit lens epithelial cells transfected with
MIAT or anti-miR-26b
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B

3

Relative expression of caspase-3

Relative expression of caspase-3

A

2

1

0

3

2

1

0
NC

p-MIAT

p-anti-miR-26b

15

D
OD value (490 mm)

Apoptosis index (%)

C

4

10

5

NC

p-MIAT

p-anti-miR-26b

2.0

1.5

1.0

0.5

0
24

0
NC

p-anti-miR-26b

NC

F

20

OD value (490 mm)

Apoptosis index (%)

E

p-MIAT

15

10

48
Time [h]
p-MIAT

72
p-anti-miR-26b

3

2

1

5
0
24

0
NC

p-MIAT

p-anti-miR-26b

NC

48
Time [h]
p-MIAT

72
p-anti-miR-26b

Figure 4. Myocardial infarction-associated transcript (MIAT) suppressed inflammatory responses and cell apoptosis.
A – Relative density of caspase-3 protein was down-regulated in ARPE-19 cells transfected with MIAT or anti-miR-26b.
B – Relative density of caspase-3 protein was down-regulated in rabbit lens epithelial cells transfected with MIAT or
anti-miR-26b. C – Apoptosis index of ARPE-19 cells was reduced when they were transfected with MIAT or anti-miR-26b.
D – Higher cell viability was observed in ARPE-19 cells transfected with MIAT or anti-miR-26b. E – Apoptosis index
of rabbit lens epithelial cells was reduced when they were transfected with MIAT or anti-miR-26b. F – Higher cell
viability was observed in rabbit lens epithelial cells transfected with MIAT or anti-miR-26b

Myocardial infarction-associated transcript
was involved in the pathogenesis
of age-related cataract
To further validate the role of MIAT/miR-26b/
BCL2L2 signalling pathway, ARPE-19 cells were
transfected with MIAT siRNA, miR-26b precursor, or
negative controls. As shown in Figure 5, the relative expression of MIAT (Figure 5 A), BCL2L2 mRNA
(Figure 5 C), and BCL2L2 protein (Figures 5 D, E)
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was obviously reduced in the presence of MIAT
siRNA or miR-26b precursor, whereas the relative
expression of miR-26b (Figure 5 B) and caspase-3
(Figures 5 E, F) was evidently up-regulated in the
presence of MIAT siRNA or miR-26b precursor. Similar results were obtained when the above experiments were repeated in rabbit lens epithelial cells
(Figures 5 G–L), suggesting the presence of a MIAT/
miR-26b/BCL2L2 signalling pathway. In addition,
the apoptosis index was up-regulated in ARPE-19
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Figure 5. Myocardial infarction-associated transcript (MIAT) was involved in the pathogenesis of age-related cataract
via regulating the expression of miR-26b and its downstream signalling pathway. A – Relative expression of MIAT
was reduced in ARPE-19 cells transfected with MIAT siRNA or miR-26b precursor. B – Relative expression of miR-26b
was elevated in ARPE-19 cells transfected with MIAT siRNA or miR-26b precursor. C – Relative expression of BCL2L2
mRNA was reduced in ARPE-19 cells transfected with MIAT siRNA or miR-26b precursor. D – Protein band of BCL2L2
protein was negligible but the protein band of caspase-3 was thicker in ARPE-19 cells transfected with MIAT siRNA or
miR-26b precursor. E – Relative density of BCL2L2 protein was reduced in ARPE-19 cells transfected with MIAT siRNA
or miR-26b precursor. F – Relative density of caspase-3 was elevated in ARPE-19 cells transfected with MIAT siRNA or
miR-26b precursor

(Figure 6 A) and rabbit lens epithelial (Figure 6 C)
cells transfected with MIAT siRNA or miR-26b precursor, accompanied by a reduced level of cell viability (Figures 6 B, D). Therefore, it could be concluded that MIAT was involved in the pathogenesis
of age-related cataract via modulating inflammatory responses and cell viability. Moreover, since
rs1894720 polymorphism (genotype TT) could
down-regulate the expression of MIAT, leading to

reduced BCL2L2 expression by increasing the expression of miR-26b, the apoptosis of epithelial cells
in the lens would be enhanced accordingly, thus increasing the incidence of age-related cataract.

Discussion
In this study, the OR and P values of the patients genotyped as GT and TT in their rs1894720
SNP of MIAT indicated that they were associated
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Figure 5. Cont. G – Relative expression of MIAT was reduced in rabbit lens epithelial cells transfected with MIAT
siRNA or miR-26b precursor. H – Relative expression of miR-26b was elevated in rabbit lens epithelial cells transfected with MIAT siRNA or miR-26b precursor. I – Relative expression of BCL2L2 mRNA was reduced in rabbit lens
epithelial cells transfected with MIAT siRNA or miR-26b precursor. J – Protein band of BCL2L2 protein was negligible
but the protein band of caspase-3 was thicker in rabbit lens epithelial cells transfected with MIAT siRNA or miR-26b
precursor. K – Relative density of BCL2L2 protein was reduced in rabbit lens epithelial cells transfected with MIAT
siRNA or miR-26b precursor. L – Relative density of caspase-3 was elevated in rabbit lens epithelial cells transfected
with MIAT siRNA or miR-26b precursor

with a higher risk of age-related cataracts. Therefore, the rs1894720 SNP (genotype TT) could
down-regulate the expression of MIAT, thus leading to reduced BCL2L2 expression by increasing the
expression of miR-26b. As a result, the apoptosis
of epithelial cells in the lens would be enhanced,
thus increasing the incidence of age-related cataract. It was shown that the cataracts in humans
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were caused by the apoptosis of a large portion of
epithelial cells in the lens, suggesting that apoptosis can induce the formation of cataracts. Some
researchers have used in vitro experiments to
show that the apoptosis of epithelial cells in the
lens could be induced by oxidative stress. Furthermore, it was demonstrated that the apoptosis of
epithelial cells in the lens led to both spatial and
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Figure 6. Myocardial infarction-associated transcript (MIAT) suppressed inflammatory responses and cell apoptosis. A – Apoptosis index of ARPE-19 cells was increased when they were transfected with MIAT siRNA or miR-26b
precursor. B – Suppressed cell viability was observed in ARPE-19 cells transfected with MIAT siRNA or miR-26b
precursor. C – Apoptosis index of rabbit lens epithelial cells was increased when they were transfected with MIAT
siRNA or miR-26b precursor. D – Suppressed cell viability was observed in rabbit lens epithelial cells transfected
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temporal opacification, indicating the critical role
played by epithelial cell apoptosis during the formation of cataracts.
Bcl2l2 is a member of the Bcl-2 protein family.
As an anti-apoptotic regulator, Bcl2l2 can promote
cell survival and decrease cell apoptosis under
cytotoxic conditions [37, 38]. Bcl2l2 is also aberrantly expressed in a wide range of cancer cells
and has been implicated in carcinogenesis [39]. It
was reported that BCL2L2 could be targeted and
suppressed by miR-133b. Therefore, the collective
functions of BCL2L2 and miR-133b would determine the apoptosis and viability of the epithelial
cells in the lens, thus contributing to the pathogenesis of cataracts. In this study, BCL2L2 was
identified as a target of miR-26b and contained
a specific binding site for miR-26b. Luciferase
activity was reduced in cells co-transfected with
miR-26b and wild-type BLC2L2 compared with
that in the negative controls, thus verifying the
role of BCL2L2 as a virtual target gene of miR-26b.
The miR-26 family contains two mature miRNAs,
i.e. miR-26b and miR-26a. These two miRNAs have
both been reported to act as tumour suppressors

in the development of glioma, breast cancer, and
hepatocellular carcinoma [40–43]. In addition,
miR-26b could inhibit the growth of tumour cells
while inducing their apoptosis by regulating the
expression of SLC7A11 and PTGS2 [40, 41]. Furthermore, miR-26b was confirmed to negatively
regulate the proliferation and metastasis of LECs,
indicating that miR-26b may play a role in LEC
lesions [44, 45]. To sum up, the downregulation
of miR-26b could delay the progression of oxidative cataracts by inhibiting NF-κB expression,
suppressing inflammatory factors, restraining the
apoptosis of LECs, and regulating cell proliferation.
Therefore, miR-26b may be selected as a target for
cataract prevention and treatment.
In this study, we validated that miR-26b and
MIAT could interact with each other as endogenous competing RNAs. MIAT was initially found
to be over-expressed in post-mitotic precursor
cells in the retina [46]. MIAT is highly conserved
in many mammalian species. In addition, MIAT
has emerged recently as an important regulator
of diabetic complications [47]. Furthermore, the
level of MIAT was significantly increased in the
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anterior chamber (AH) of patients with cataracts.
In contrast, the level of MIAT in the AH harvested
from patients of other ocular diseases showed no
increase. It was found that the increased level of
local MIAT in the lens is caused by diseased epithelial cells. In fact, the presence of MIAT in AH
suggested that MIAT might participate in the degeneration of tissues lining the AH. In addition, an
increased level of MIAT may change the function
of gene regulatory networks involved in cataract
formation. Apart from MIAT, many lncRNAs were
reported to play an active role in many pathogeneses of human diseases. For example, lncRNA
PVT1 was once reported to represent a potential
therapeutic target for the treatment of multiple
myeloma because it could promote multiple myeloma cell proliferation and induce cell apoptosis
by inhibiting its target gene, miR-203a [48]. And
lncRNA, UBE2CP3-001, was found to be potentially applied in the anti-glioma therapy [49].
In this study, caspase-3 expression was evidently decreased in cells transfected with MIAT or antimiR-26b, accompanied by a reduced apoptosis index and higher cell viability, indicating that MIAT
could suppress cell apoptosis via inhibiting miR-26b
expression. In line with these results, we found that
the relative expression of MIAT and BCL2L2 was obviously reduced in the presence of MIAT siRNA or
miR-26b precursor, whereas the relative expression
of miR-26b and caspase-3 was evidently up-regulated in the presence of MIAT siRNA or miR-26b
precursor. Furthermore, the apoptosis index was
increased while the cell viability was decreased in
cells transfected with MIAT siRNA or miR-26b precursor. Cataract patients usually show accumulated
levels of oxidative stress products. Therefore, the
higher expression of MIAT in cataract patients is
consistent with the higher level of oxidative stress
observed in these patients. A high level of oxidative
stress decreases the growth and viability of HLECs,
whereas the knockdown of MIAT expression further
decreases the growth and viability of HLECs, suggesting that an increased level of MIAT may help
to combat oxidative stress. In cataract patients, the
level of MIAT was increased in their AH, lens, and
plasma. In addition, an in vitro study was carried
out to demonstrate the essential role of MIAT in the
regulation of HLEC migration and proliferation. The
authors found that the knockdown of MIAT inhibited TNF-a-induced migration and proliferation of
HLECs, indicating that MIAT intervention may affect
the formation of PCO.
It was found that the SNP rs1894720 in MIAT
was significantly correlated with the onset of
paranoid schizophrenia, while the T allele of
rs1894720 could increase the risk of paranoid
schizophrenia. In this study, we identified the association between rs1894720 SNP and the risk of
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age-related cataract. This observation was consistent with the regulatory association among MIAT,
miR-26b, and BCL2L2. We also postulated that
the presence of rs1894720 SNP in the epithelial
cells of the lens could alter the expression level
of MIAT, thus leading to changed expression of
miR-26b and BCL2L2. As a result, the apoptosis
profile of epithelial cells could be altered as well,
thus resulting in elevated risk of cataract. There
are limitations of this study: The cases of the present study were collected from a Chinese population instead of a more diverse population, leading
to a potential limitation of the genotype-based
analysis of the association between rs1894720
polymorphism and age-related cataract. Also, the
MIAT/miR-26b/BCL2L2 signalling pathway was
mainly established in the cellular model, while it
would be better verified in an in vivo model if the
clinical implications are to be discussed. Moreover,
a larger sample size is required in further studies
to confirm the results of this study.
The findings of this study presented higher incidence of age-related cataract upon the presence
of rs1894729 SNP (G>T), which contributed to the
possible implication that rs1894729 SNP would be
used as an indicator to predict the risk of age-related cataract. Meanwhile, our study also established
the MIAT/miR-26b/BCL2L2 signalling pathway, thus
providing a potential therapeutic modality for the
disease control of age-related cataract.
In conclusion, the results of the present study
showed that rs1894720 SNP may alter the expression of MIAT. Meanwhile, BCL2L2 is a possible target of miR-26b and a key regulator of epithelial cell
apoptosis in the lens and is hence implicated in the
pathogenesis of cataracts. We hypothesised that
the rs1894720 SNP is associated with the risk of
age-related cataract by modulating the signalling
pathway of MIAT/miR-26b/BCL2L2.

Acknowledgments
The study was sponsored by: funding from Yunnan Institute of Ophthalmology; Key Laboratory
of Yunnan Province for the Prevention and Treatment of Ophthalmology (Project No. 2017DG008);
Provincial Innovation Team for Cataract and Ocular Fundus Disease, The Second People’s Hospital of Yunnan Province (Project No. 2017HC010);
academician expert workstation (Project No.
2017IC064).

Conflict of interest
The authors declare no conflict of interest.
References
1. Fea AM, Consolandi G, Pignata G, et al. A comparison of
endothelial cell loss in combined cataract and MIGS (hy-

Arch Med Sci 1, 1st January / 2022

Rs1894720 polymorphism is associated with the risk of age-related cataract by regulating the proliferation of epithelial cells
in the lens via the signalling pathway of MIAT/miR-26b/BCL2L2

drus) procedure to phacoemulsification alone: 6-month
results. J Ophthalmol 2015; 2015: 769289.
2. Klein BE, Klein R. Lifestyle exposures and eye diseases in
adults. Am J Ophthalmol 2007; 144: 961-9.
3. Laursen AB, Fledelius H. Variations of lens thickness in
relation to biomicroscopic types of human senile cataract. Acta Ophthalmol 1979; 57: 1-13.
4. Karim AK, Jacob TJ, Thompson GM. The human anterior
lens capsule: cell density, morphology and mitotic index
in normal and cataractous lenses. Exp Eye Res 1987;
45: 865-74.
5. Konofsky K, Naumann GO, Guggenmoos-Holzmann I. Cell
density and sex chromatin in lens epithelium of human
cataracts. Quantitative studies in flat preparation. Ophthalmology 1987; 94: 875-80.
6. Vasavada AR, Cherian M, Yadav S, Rawal UM. Lens epi
thelial cell density and histomorphological study in cataractous lenses. J Cataract Refract Surg 1991; 17: 798-804.
7. Spector A, Wang GM, Wang RR, Li WC, Kuszak JR. A brief
photochemically induced oxidative insult causes irreversible lens damage and cataract. I. Transparency and
epithelial cell layer. Exp Eye Res 1995; 60: 471-81.
8. Kumari RP, Ramkumar S, Thankappan B, Natarajaseenivasan K, Balaji S, Anbarasu K. Transcriptional regulation
of crystallin, redox, and apoptotic genes by C-Phycocyanin in the selenite-induced cataractogenic rat model.
Mol Vis 2015; 21: 26-39.
9. Zhang R, Liu Z, Chen B, Zhang J. The impact of miR-26b
on retinal pigment epithelium cells in rhegmatogenous
retinal detachment model. Int J Clin Exp Pathol 2017;
10: 8141-7.
10. Liu L, Ren S, Guo J, et al. Genome-wide identification
and comprehensive analysis of microRNAs and phased
small interfering RNAs in watermelon. BMC Genomics
2018; 19: 111.
11. Vogel J, Bartels V, Tang TH, et al. RNomics in Escherichia coli detects new sRNA species and indicates parallel transcriptional output in bacteria. Nucleic Acids Res
2003; 31: 6435-43.
12. Gottesman S. The small RNA regulators of Escherichia
coli: roles and mechanisms. Annu Rev Microbiol 2004;
58: 303-28.
13. Storz G, Opdyke JA, Zhang A. Controlling mRNA stability
and translation with small, noncoding RNAs. Curr Opin
Microbiol 2004; 7: 140-4.
14. Kawano M, Reynolds AA, Miranda-Rios J, Storz G. Detection of 5’- and 3’-UTR-derived small RNAs and cis-encoded antisense RNAs in Escherichia coli. Nucleic Acids
Res 2005; 33: 1040-50.
15. Mattick JS, Makunin IV. Small regulatory RNAs in mammals. Hum Mol Genet 2005; 14 Spec No 1: R121-32.
16. Wilderman PJ, Sowa NA, FitzGerald DJ, et al. Identification of tandem duplicate regulatory small RNAs in Pseudomonas aeruginosa involved in iron homeostasis. Proc
Natl Acad Sci USA 2004; 101: 9792-7.
17. Aprea J, Prenninger S, Dori M, et al. Transcriptome sequencing during mouse brain development identifies
long non-coding RNAs functionally involved in neurogenic commitment. EMBO J 2013; 32: 3145-60.
18. Ishizuka A, Hasegawa Y, Ishida K, Yanaka K, Nakagawa S.
Formation of nuclear bodies by the lncRNA Gomafu-associating proteins Celf3 and SF1. Genes Cells 2014; 19:
704-21.
19. Rao SQ, Hu HL, Ye N, Shen Y, Xu Q. Genetic variants in
long non-coding RNA MIAT contribute to risk of paranoid schizophrenia in a Chinese Han population. Schizophr Res 2015; 166: 125-30.

20. Yan B, Yao J, Liu JY, et al. lncRNA-MIAT regulates microvascular dysfunction by functioning as a competing endogenous RNA. Circ Res 2015; 116: 1143-56.
21. Ishii N, Ozaki K, Sato H, et al. Identification of a novel
non-coding RNA, MIAT, that confers risk of myocardial
infarction. J Hum Genet 2006; 51: 1087-99.
22. Vausort M, Wagner DR, Devaux Y. Long noncoding RNAs
in patients with acute myocardial infarction. Circ Res
2014; 115: 668-77.
23. Shen Y, Dong LF, Zhou RM, et al. Role of long non-coding
RNA MIAT in proliferation, apoptosis and migration of
lens epithelial cells: a clinical and in vitro study. J Cell
Mol Med 2016; 20: 537-48.
24. Pihan P, Carreras-Sureda A, Hetz C. BCL-2 family: integrating stress responses at the ER to control cell demise.
Cell Death Differ 2017; 24: 1478-87.
25. Ashkenazi A, Fairbrother WJ, Leverson JD, Souers AJ.
From basic apoptosis discoveries to advanced selective
BCL-2 family inhibitors. Nat Rev Drug Discov 2017; 16:
273-84.
26. Czabotar PE, Lessene G, Strasser A, Adams JM. Control
of apoptosis by the BCL-2 protein family: implications
for physiology and therapy. Nat Rev Mol Cell Biol 2014;
15: 49-63.
27. Cimmino A, Calin GA, Fabbri M, et al. miR-15 and miR-16
induce apoptosis by targeting BCL2. Proc Natl Acad Sci
USA 2005; 102: 13944-9.
28. Ruvolo PP, Deng X, May WS. Phosphorylation of Bcl2 and
regulation of apoptosis. Leukemia 2001; 15: 515-22.
29. Zhao H, Li M, Li L, Yang X, Lan G, Zhang Y. MiR-133b is
down-regulated in human osteosarcoma and inhibits
osteosarcoma cells proliferation, migration and invasion,
and promotes apoptosis. PLoS One 2013; 8: e83571.
30. Kalsi G, Brynjolfsson J, Butler R, et al. Linkage analysis
of chromosome 22q12-13 in a United Kingdom/Icelandic sample of 23 multiplex schizophrenia families. Am
J Med Genet 1995; 60: 298-301.
31. Potash JB, Zandi PP, Willour VL, et al. Suggestive linkage
to chromosomal regions 13q31 and 22q12 in families
with psychotic bipolar disorder. Am J Psychiatry 2003;
160: 680-6.
32. Takahashi S, Ohtsuki T, Yu SY, et al. Significant linkage
to chromosome 22q for exploratory eye movement dysfunction in schizophrenia. Am J Med Genet B Neuropsychiatr Genet 2003; 123B: 27-32.
33. Saito A, Fujikura-Ouchi Y, Ito C, Matsuoka H, Shimoda K,
Akiyama K. An association study on polymorphisms in
the PEA15, ENTPD4, and GAS2L1 genes and schizophrenia. Psychiatry Res 2011; 185: 9-15.
34. Liu YL, Fann CS, Liu CM, et al. RASD2, MYH9, and
CACNG2 genes at chromosome 22q12 associated with
the subgroup of schizophrenia with non-deficit in sustained attention and executive function. Biol Psychiatry
2008; 64: 789-96.
35. Ohtsuki T, Ichiki R, Toru M, Arinami T. Mutational analysis of the synapsin III gene on chromosome 22q12-q13
in schizophrenia. Psychiatry Res 2000; 94: 1-7.
36. Long B, Li N, Xu XX, et al. Long noncoding RNA FTX regulates cardiomyocyte apoptosis by targeting miR-29b1-5p and Bcl2l2. Biochem Biophys Res Commun 2018;
495: 312-8.
37. Thomadaki H, Scorilas A. A rabbit lens epithelial cell line
supports expression of an exogenous crystallin gene
characteristic of lens fiber cell differentiation. Crit Rev
Clin Lab Sci 2006; 43: 1-67.
38. Peng RQ, Wan HY, Li HF, Liu M, Li X, Tang H. Micro-RNA-214
suppresses growth and invasiveness of cervical cancer

Arch Med Sci 1, 1st January / 2022235

Yan Li, Wenjia Zhang, Hongqin Ke, Yingting Wang, Cong Duan, Qin Zhu, Hai Liu

cells by targeting UDP-N-acetyl-alpha-D-galactosamine:
polypeptide N-acetylgalactosaminyltransferase 7. J Biol
Chem 2012; 287: 14301-9.
39. Chung HJ, Choi YE, Kim ES, Han YH, Park MJ, Bae IH. miR29b attenuates tumorigenicity and stemness maintenance in human glioblastoma multiforme by directly
targeting BCL2L2. Oncotarget 2015; 6: 18429-44.
40. Li J, Kong X, Zhang J, Luo Q, Li X, Fang L. MiRNA-26b inhibits proliferation by targeting PTGS2 in breast cancer.
Cancer Cell Int 2013; 13: 7.
41. Liu XX, Li XJ, Zhang B, et al. MicroRNA-26b is underexpressed in human breast cancer and induces cell
apoptosis by targeting SLC7A11. FEBS Lett 2011; 585:
1363-7.
42. Kota J, Chivukula RR, O’Donnell KA, et al. Therapeutic
microRNA delivery suppresses tumorigenesis in a murine liver cancer model. Cell 2009; 137: 1005-17.
43. Wu N, Zhao X, Liu M, et al. Role of microRNA-26b in glioma development and its mediated regulation on EphA2.
PLoS One 2011; 6: e16264.
44. Dong N, Xu B, Benya SR, Tang X. MiRNA-26b inhibits
the proliferation, migration, and epithelial-mesenchymal transition of lens epithelial cells. Mol Cell Biochem
2014; 396: 229-38.
45. Luo M, Shen D, Wang W, Xian J. Aberrant expression of
microRNA-26b and its prognostic potential in human
cervical cancer. Int J Clin Exp Pathol 2015; 8: 5542-8.
46. Rapicavoli NA, Poth EM, Blackshaw S. The long noncoding RNA RNCR2 directs mouse retinal cell specification.
BMC Dev Biol 2010; 10: 49.
47. Jae N, Dimmeler S. Long noncoding RNAs in diabetic retinopathy. Circ Res 2015; 116: 1104-6.
48. Yang M, Zhang L, Wang X, Zhou Y, Sun W. Down-regulation of miR-203a by lncRNA PVT1 in multiple myeloma promotes cell proliferatio. Arch Med Sci 2018; 14:
1333-9.
49. Luo Z, Pan J, Ding Y, Zhang Y, Zeng Y. The function and
clinical relevance of lncrna ube2cp3-001 in human gliomas. Arch Med Sci 2018; 14: 1308-20.

236

Arch Med Sci 1, 1st January / 2022

