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Abstract: Cataract is the most common cause of blindness worldwide. Multiple factors such as aging, eye injury,
diabetes mellitus, ultraviolet exposure, drug use and other ocular diseases are etiologically linked to cataractogenesis. Due to a rapid increase in aging population, age-related cataract has become the leading cause of blindness.
Therefore, it is urgent to understand the molecular mechanism underlying cataractogenesis. MicroRNAs (miRNAs)
are a group of endogenous, small noncoding RNAs that regulate gene expression at the post-translational level
through binding with the 3’-untranslated regions of target mRNAs. Studies have shown that miRNAs play important
roles in multiple cellular functions, including apoptosis, cell proliferation, senescence and stress response. Deregulated expression of miRNAs is also linked to the pathogenesis of many diseases, including ocular diseases. In our
review, we focus on miRNAs that are involved in cataract development and discuss their potential applications as
novel diagnostic markers and therapeutic targets.
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Introduction
Cataract, defined as the clouding of natural
crystalline lens in the eye, is the leading contributing factor of blindness in the world, causing 47.8% of all cases of blindness [1-3]. It is
estimated that the number of people suffering
from cataract blindness will reach 40 million
worldwide by 2025 [1, 4-6]. Multiple factors,
such as aging, eye injury, diabetes mellitus,
ultraviolet exposure, drug use and other ocular
diseases increase the risk for cataract [7-9].
Due to the global expansion of aging population, senile cataract has become the leading
cause of blindness [10-12]. Surgery, including
surgical extra-capsular lens fiber removal and
synthetic lens implantation, is the major therapy for cataract [13-15]. However, a secondary
lens opacification, also known as posterior capsular opacification (PCO), may result from cataract surgery [16-18]. Therefore, it is urgent to
understand the molecular mechanism underlying cataractogenesis. There are three major
forms of cataract, namely nuclear, cortical and
subcapsular cataract, each of which is associated with different etiologies. Although our

understanding of pathogenesis of cataract
remains incomplete, at least three key mechanisms have been described: (1) oxidative stress
and the associated loss of glutathione; (2) modifications and degradation of the major gene
products of the crystallins; (3) aberrant signaling and cellular functions of lens epithelial cells
[19, 20].
miRNAs are a large group of endogenous, small
non-coding RNAs of 20-25 nucleotides in
length, which regulate gene expression posttranscriptionally by inducing mRNA degradation
or translational repression through base-pairing with 3’-untranslated regions of their target
mRNAs [21-30]. It is estimated that 40-90% of
human protein-encoding genes are regulated
by miRNA [31-33]. miRNAs play significant roles
in many cellular processes, including cell differentiation, proliferation and apoptosis [34-36].
While most of the miRNA studies are related to
cancers, accumulating evidence has demonstrated that miRNAs are also involved in the
pathogenesis of ocular diseases, including cataract [37-40]. In particular, miRNAs are involved
in the regulation lens epithelial cell functions
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Table 1. Functional characterization of the
deregulated miRNAs in cataract
Up or down
regulation
miR-34a
Up
miR-15a-5p
Up
miR-15a-3p
Up
miR-16-1-5p
Up
Let-7
Up
MiR-125b
Down
miR-16-1-3p
Down
Name

Target gene Reference
Smad7
bcl-2, mcl-1
bcl-2, mcl-1
bcl-2, mcl-1
p53

57
44
44
44
37
65
44

[41]. In cataract research, several studies have
embarked on miRNA profiling to identify deregulated miRNAs in diseased lenses [42, 43].
Furthermore, several researchers have investigated the functional roles of deregulated miRNAs in the pathogenesis of cataract [44] (Table
1) (Figure 1).
In this review, we focus on miRNAs that are
involved in cataract development. In addition,
we will discuss their potential useas novel diagnostic tools and therapeutic strategies.
Deregulation of microRNAs in cataract
Many large-scale microarray analyses have
been performed to investigate the differential
expression of miRNAs in patients with cataract
[43, 45]. Most studies compared differential
miRNA expression in lenses and aqueous
humor between cataract patients and normal
subjects.
Wu et al. compared miRNA expression in agerelated cataractous human lenses with transparent lenses using microarrays and reverse
transcription (RT)-PCR [46]. The investigators
identified 20 (e.g. miR-933, miR-1308, miR145, miR-143, miR-133a, miR-1207-5p) and 12
(e.g. miR-34a, miR768-3p, miR-486-5p, miR378) miRNAs that were downregulated and
upregulated by more than 2-fold, respectively,
in the central epithelium of cataractous lenses
compared with that of transparent lenses.
Moreover, many predicted target genes of the
identified miRNAs are involved in lens development or cataract formation. The significant differential expression of miRNAs in cataractous
lenses indicates that miRNAs might play a crucial role in cataract formation.
Kubo et al. profiled miRNA expression in rat
cataractous lens epithelial cells by a microar3897

ray-based approach [42]. miR-29a, miR-29c
and miR-126 were significantly downregulated
in lens epithelial cells of age-associated cataracts compared with non-cataractous controls.
Moreover, the cytoskeleton-remodeling genes
tropomyosin 1a and 2b were identified as the
targets of miR-29c whose overexpression
decreased the expression of these two genes.
This study showed that miRNA expression was
different in cataractous lens epithelial cells.
However, whether these findings could be
extrapolated to human remain unclear.
Previous studies demonstrated that several
eye diseases, such as primary congenital glaucoma, myopia and Fuchs endothelial corneal
dystrophy, are associated with changes of protein content in the aqueous humor [47-49]. A
recent study analyzed miRNA in aqueous humor
from patients undergoing cataract surgery
using a real-time PCR array platform [45].
Among a total of 264 tested miRNAs, 110 were
present in the aqueous humor. The most abundant miRNAs in the aqueous humor included
miR-202, miR-193b, miR-135a, miR-365 and
miR-376a. It has been postulated that these
miRNAs in the aqueous humor were released
from the cataractous lens and might play functional roles in regulating expression of target
genes in tissues lining the anterior chamber.
However, since obtaining aqueous humor from
healthy eyes is invasive and unethical, it would
be difficult to compare miRNA expression in
aqueous humor from cataract patients with
that from normal subjects. Nevertheless, these
findings could still provide a basis for studying
relative expression of miRNA in other ocular
pathologies, such as glaucoma and anterior
segment disease processes.
MicroRNAs upregulated in cataract
miR-34a
miR-34a, a p53-induced miRNA, is implicated
in many diseases. For instance, miR-34a has
been shown to reduce neointima formation
through inhibiting smooth muscle cell proliferation and migration in vascular diseases [50].
Shikonin, a phytochemical, also inhibits adipogenic differentiation via regulation of miR34a-FKBP1B pathway [51]. Moreover, miR-34a
inhibits tumor invasion and metastasis in gastric cancer by targeting Tgif2 [52]. Interestingly,
miR-34a also has a role in regulating senescence through interfering with cell cycle and
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Figure 1. Key miRNAs dysregulated in human cataract
and the proposed cataractogenic mechanisms.

Classification System III with
nuclear (N), cortical (C) and
posterior subcapsular (P) cataract scores. Older patients
showed higher N, C, and P
scores. In addition, the expression levels of miR-34a
were positively correlated
with age of patients at the
time of cataract surgery as
well asN, C, and P cataract
scores, indicating that high
miR-34a was associated with
high-grade lens opacity and
serious lens senescence.
miR-15a-5p, miR-15a-3p,
miR-16-1-5p

miR-15a and miR-16-1 could
directly regulate up to 14% of
genes in the human genome
[58]. These two miRNAs could
also induce apoptotic cell
death through targeting some anti-apoptotic mediators,
including bcl-2 and mcl-1 [44].
Li et al. compared the expression levels of miR-15a-5p,
miR-15a-3p, miR-16-1-5p and
miR-16-1-3p, and their targetsbcl-2and mcl-1 between
normal and age-related cataFigure 2. Key miRNAs
ract lens epithelial cells using
dysregulated in human
real-time PCR [44]. The
posterior capsular opaciexpression levels of miR-15afication (PCO) and the
5p, miR-15a-3p and miR-16proposed cataractogenic
mechanisms. EMT, epi1-5p were significantly higher
thelial-to-mesenchymal
in lens epithelial cells of
transition.
patients with cortical, nuclear, or posterior subcapsular
cataracts than those from normal subjects. The
apoptosis via the p53 pathway [53]. miR-34a
was found to be upregulated in a cellular model
expression levels of bcl-2 and mcl-1 were corof premature senescence induced by hydrogen
respondingly lower in cataract patients than
peroxide [54]. Moreover, inhibition of miR-34a
controls. These findings indicated that high
could delay the onset of replicative senescence
expression of miR-15a-5p, miR-15a-3p and
[55]. The expression of miR-34a also increased
miR-16-1-5p in lens epithelial cells may contribwith age in endothelial cells in many senescent
ute to the development of age-related cataract
human organs, including hearts and spleens of
through inducing apoptosis.
older mice [56]. To study the role of miR-34a
during lens senescence, Chien et al. analyzed
Let-7
miR-34a expression levels in the lens epitheliLet-7 family members play a role in regulating
um of age-related cataracts in 110 patients
cell proliferation and differentiation through
[57]. Lens opacity was graded in accordance
controlling many target genes [59]. Let-7-family
with a modified version of the Lens Opacities
3898
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miRNAs are frequently downregulated in tumors
whereas enforced expression of let-7 suppresses tumor growth [60]. Let-7 is proved to regulate cellular ageing and tissue senescence [61],
in which upregulation of let-7 has been documented in senescent fibroids and aged skeletal
muscles [62]. Peng et al. evaluated the expression of let-7a/b/c in lens epithelia from 174
age-related cataracts [37]. Let-7b expression
level was associated with patient age and
severity of lens opacity as measured by N, C
and P cataract scores in age-related cataracts.
No significant correlation was identified
between let-7a/c expression and either the
severity of lens opacity or the patient age.
These findings suggest that let-7b but not other
let-7 family members might play a role in agerelated cataracts.

lial cells, suggesting that this miRNA might be
crucial for maintaining the normal physiology of
the lens. However, the detailed mechanism
remains to be investigated.

MicroRNAs downregulated in cataract

miRNA profiling of human PCO lens epithelial
cells was performed using miRNA array. The
results demonstrated that miR-204-5p was
downregulated in human PCO tissues compared with normal attached lens epithelial cells
[70]. Smad4, which is a mediator of transforming growth factor (TGF)-β/Smad signaling, was
predicted to be a target of miR-204-5p. To this
end, enforced expression of miR-204-5p upregulated E-cadherin expression and downregulated vimentin and α-smooth muscle actin expression in primary lens epithelial cells. Moreover,
overexpression of miR-204-5p repressed EMT
induced by TGF-β2. These data suggested that
miR-204-5p could inhibit EMT through targeting Smad4 and consequently TGF-β signaling.
The ability of miR-204-5p to repress EMT may
provide a novel therapeutic avenue for PCO.

miR-125b
Development of cataract is closely associated
with abnormal apoptosis of lens epithelial cells.
miR-125b plays important roles in various cellular processes, including cell proliferation, differentiation and apoptosis [63]. It has also
been implicated in many diseases by targeting
different transcription factors, growth factors,
and matrixmetalloproteases [64]. Qin et al.
investigated the role of miR-125b in age-related cataract. They showed that miR-125b was
downregulated in the anterior lens capsules in
age-related cataract compared with normal
anterior lens capsule specimens [65]. miR125b was also downregulated during ultraviolet irradiation-induced lens epithelial cell apoptosis. Furthermore, miR-125b levels were
inversely correlated with p53 levels in agerelated cataract tissues. It is therefore possible
that miR-125b downregulation triggered human
lens epithelial cell apoptosis by derepressing
p53in the pathogenesis of age- and ultraviolet
exposure-related cataract. Further investigations are needed to explore its potential therapeutic function in cataract.
miRNA-16-1-3p
The expression of miR-16-1-3p was not detected in lens epithelial cells from patients with cortical or nuclear cataract and was only slightly
detected in corresponding cells from subcapsular cataract patients [44]. However, miR-16-13p was highly expressed in normal lens epithe3899

MicroRNAs in posterior capsular opacification
PCO is a secondary lens opacification caused
by of cataract surgery complication [66].
Following cataract surgery, residual lens epithelial cell proliferate rapidly under the anterior
lens capsule and migrate onto the posterior
capsule [67]. Such light scattering changes can
lead to secondary visual loss [68]. In PCO, the
remaining lens epithelial cells transform to
mesenchymal cells, a process known as epithelial-to-mesenchymal transition (EMT), resulting
in the formation of fibroblasts [69].

Quantitative RT-PCR showed that miR-181a
was downregulated in both human PCOattached and anterior polar cataract lens epithelial cells [71]. Restored expression of miR181a significantly decreased proliferation and
migration of lens epithelial cells. Furthermore,
c-Met, Slug, and cyclooxygenase-2 (COX-2)
were identified to be the direct targets of miR181a. Restored expression of miR-181a not
only decreased the expression of these targets,
but also increased E-cadherin expression in
lens epithelial cells. These data revealed that
miR-181a is implicated in the proliferation,
migration and EMT of lens epithelial cells while
restoring miRNA-181a expression may be a
potential novel therapeutic strategy for the prevention and treatment of PCO.
Am J Transl Res 2017;9(9):3896-3903
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Another recent study profiled miRNA expression during mouse PCO formation using microarray to select miRNAs for therapeutic intervention. Within the first 3 weeks after cataract
surgery, 55 miRNAs demonstrated expression
changes and, among them, miR-184 and miR204 were further investigated [72]. Transfection
of miR-184 inhibitor (anti-miR-184) or the precursor miRNA for miR-204 (pre-miR-204) decreased the expansion and migration of lens
epithelial cellsand markers of EMT. The different miRNA expression pattern in PCO and the
attenuation of PCO by anti-miR-184 and premiR-204 indicated that miRNAs play a functional role in PCO formation. It is noteworthy that
miRNAs, such as miR-204-5p and miR-181a,
which are involved in PCO have not been shown
to take part in cataract (Figure 2).
Mechanism of miRNA deregulation in cataract
Persistent high blood glucose levels are toxic to
the eye, leading to the development of cataract
[73]. Sugars are toxic to the lens by inducing
protein glycation (non-enzymatic glycosylation)
and production of reactive oxygen species [74].
Varma et al. investigated the role of miRNAs in
oxidative stress-induced cataract [75]. They
found that at least 24 and 6 apoptosis-relatedmiRNAs were upregulated and downregulated
in galactosemic lenses, respectively, as compared with the normal lenses in mice. When
added with sodium pyruvate, which could scavenge reactive oxygen species and inhibit their
formation, the altered expression of 12 miRNAs could be completely prevented. In addition, the upregulation of 14 miRNAs was attenuated. These findings indicated that apoptotic
miRNAs are differentially expressed between
the galactose and the normal groups while
pyruvate inhibits the expression of apoptotic
miRNAs. Caffeine was previously reported to
prevent high-galactose diet-induced cataracts.
The same group also investigated the expression of apoptotic miRNAs in the protective
effect of caffeine [76]. In this study, the elevation of 19 miRNAs in galactosemic lenses was
inhibited by caffeine and the majority of these
miRNAs are pro-apoptotic. Thus, the protective
effect of caffeine against cataract might be
attributed to its ability to prevent the induction
of pro-apoptotic miRNAs.
Conclusions and future perspectives
It is now clear that miRNAs are crucial contributors to cataract. On one hand, accumulating
3900

miRNA profiling studies have demonstrated
that miRNAs are deregulated in cataract. On
the other hand, functional studies have shown
that inhibition or enforced expression of specific miRNAs could affect lens epithelial cell
migration and apoptosis in vitro, providing a
mechanistic insight into the pathogenesis and
progression of cataract. It is also reasonable to
speculate that altered miRNA expression could
be a crucial mechanistic link from environmental and genetic factors to cataractogenesis. It
would also be interesting to investigate if
altered levels of upregulated miRNAs (e.g. miR34a and let-7) could be detected in plasma or
tear in cataract patients for early and non-invasive diagnosis of this disease. Although miRNAbased therapies have been investigated largely
in cancers, these approaches have not yet
been applied to human ocular diseases, including cataract. More in-vivo experiments are
therefore needed before the clinical application
of miRNA-based therapeutics could be
realized.
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