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Transforming growth factor b2 (TGF-b2)/Smad signaling is widely accepted as a key inducer of proliferation
and epithelial-mesenchymal transition (EMT) of human lens epithelial cells (LECs), contributing to the
development of posterior capsule opaciﬁcation (PCO). Increasing evidence shows that microRNAs (miRNAs)
play important roles in PCO pathogenesis. Herein, we aimed to explore the role and molecular mechanism of
let-7a-5p on TGF-b2-induced proliferation and EMT in LECs. qRT-PCR was performed to detect the
expression of let-7a-5p and Smad2 mRNA. Western blot was used to determine the Smad2 level and the
induction of EMT. The targeted correlation between let-7a-5p and Smad2 was conﬁrmed using dual-luciferase
reporter and RNA immunoprecipitation assays. CCK-8 assay was employed to determine cell proliferation, and
transwell assays were performed to assess cell migration and invasion. We found that TGF-b2 induced EMT of
LECs, and TGF-b2 upregulated Smad2 expression and reduced let-7a-5p expression in LECs. Smad2 was a
direct target of let-7a-5p. Moreover, let-7a-5p upregulation repressed proliferation, migration, invasion and
EMT in TGF-b2-induced LECs. But, Smad2 expression restoration abrogated the inhibitory effect of let-7a-5p
upregulation. In conclusion, our data indicated that let-7a-5p upregulation repressed TGF-b2-induced proliferation, migration, invasion and EMT at least partly by targeting Smad2 in LECs, highlighting that let-7a-5p
might act as a promising therapeutic target to intervene to the progression of PCO.
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1. Introduction
Posterior capsule opaciﬁcation (PCO), the most common complication of cataract surgery, gives rise to a
secondary loss of vision occurs in a large proportion of
cataract patients (Wormstone et al. 2009). It is widely
accepted that various morphological and functional
alterations of lens epithelial cells (LECs), such as
http://www.ias.ac.in/jbiosci

aberrant epithelial-mesenchymal transition (EMT),
excessive proliferation, migration and invasion, contribute to generation of myoﬁbroblasts, tissue ﬁbrosis
in an injured lens and visual deterioration seen in PCO
(Awasthi and Wagner 2006; Gotoh et al. 2007; Nishi
et al. 2007). Although a series of growth factors are
believed to orchestrate LECs EMT, transforming
growth factor b2 (TGF-b2)/Smad signaling is
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manifested to be required for the reaction (Saika et al.
2002; Shirai et al. 2006). Moreover, it has been suggested that TGF-b2 can induce proliferation and
migration of human LECs (Yang et al. 2013; Yao et al.
2012).
Smad signaling pathway is reported to function as an
important regulator in the transduction of TGF-b
(Derynck and Budi 2019; Itoh and ten Dijke 2007).
Accumulating evidence shows that Smad2 and Smad3
are phosphorylated in response to TGF-b (Shirai et al.
2006). Silencing Smad2 and Smad3 were manifested to
weaken the promotional effect of TGF-b2 on proliferation, migration and extracellular matrix production in
human LECs (Li et al. 2011). A recent study demonstrated that regardless of the upregulated phosphorylated (p)-Smad2 and p-Smad3 induced by TGF-b2,
TGF-b2 elevated Smad2 expression, but did not affect
Smad3 expression in human LECs (Liu et al. 2017). In
the present study, we aimed to explore the involvement
of Smad2 on TGF-b2-induced proliferation, migration,
invasion and EMT in human LECs.
microRNAs (miRNAs), a family of endogenous
small non-coding RNAs with 18–23 nucleotides in
length, direct posttranscriptional repression of gene by
binding to the 30 -untranslated region (30 -UTR) of their
target mRNAs (Bartel 2018). To silence target mRNAs,
miRNA need to form a RNA-induced silencing complex (RISC) with Argonaute protein (Ago) (Iwakawa
and Tomari 2015). Increasing evidence shows that
miRNAs play important roles in human diseases,
including PCO (Dong et al. 2015; Wang et al. 2013a).
Let-7a-5p is a miRNAs, which has been identiﬁed as a
tumor suppressor in multiple human cancers (Liu et al.
2018; Wang et al. 2013b). A recent miRNA microarray
study demonstrated that let-7a-5p was downregulated in
diabetic cataract LECs, suggesting its involvement in
cataract diseases (Zhang et al. 2017). However, the
detailed role and molecular mechanism of let-7a-5p on
PCO remain undeﬁned. In this study, our data suggests
that let-7a-5p is downregulated and Smad2 is upregulated in TGF-b2-induced LECs. Furthermore, we show
that let-7a-5p upregulation represses proliferation,
migration, invasion and EMT of TGF-b2-induced LECs
by targeting Smad2.
2. Materials and methods
2.1 Cell culture and treatment
Human LECs (SRA01/04 and HLECs-B3) obtained
from American Type Culture Collection (ATCC,

Manassas, VA, USA) were maintained in DMEM
medium (Wako, Osaka, Japan) supplemented with 10%
fetal bovine serum (FBS, Gibco, Munich, Germany),
1% penicillin/streptomycin (Gibco) at 37°C in a 5%
CO2 humidiﬁed atmosphere.
For TGF-b2 stimulation, cells were treated with 5
ng/ml of recombinant human TGF-b2 (R&D System,
Inc. Minneapolis, MN, USA) for 48 h to induce a PCO
model in vitro.
2.2 Cell transfection
The full length sequence of Smad2 was cloned into the
pcDNA3.1 vector to construct Smad2 overexpression
plasmid (vector-SMAD2, RiboBi, Guangzhou, China)
and nontarget pcDNA3.1 control plasmid (vector-NC,
RiboBi) was used as the negative control. Cells at
60–70% conﬂuence were transfected with 50 nM of
either let-7a-5p mimics (Ambion, Carlsbad, CA, USA)
or nontarget control miRNA mimics (NC mimics,
Ambion), 50 nM of either let-7a-5p inhibitor (anti-let7a-5p, Ambion) or a scrambled control sequence (antiNC, Ambion), 40 ng of either vector-SMAD2 or vector-NC using HiPerfect transfection reagents (Qiagen,
Hilden, Germany) according to the instruction of
manufacturers. Oligonucleotide sequences (50 -30 ) were
as follows: let-7a-5p mimic: UGAGGUAGUA
GGUUGUAUAGUU, miR-NC mimic: UUCUCC
GAACGUGUCACGUTT, anti-let-7a-5p: AACUAU
ACAACCUACUACCUCA, anti-NC: CAGUACUUU
UGUGUAGUACAA.
2.3 RNA extraction, reverse transcription
and quantitative real-time PCR (qRT-PCR)
Total RNAs from cells were extracted using a miRNeasy
Mini Kit (Qiagen) following the protocol of manufacturers and then quantiﬁed by a NanoDrop ND-1000
spectrophotometer (NanoDrop Technologies, Montchanin, DE, USA). For let-7a-5p detection, cDNA was
synthesized using a miScript Reverse Transcription Kit
(Qiagen) and subjected to qRT-PCR using miScript
Green PCR Kit (Qiagen) with speciﬁc primer for let-7a5p (Qiagen) on an ABI7500 quantitative PCR detector
(Applied Biosystems, Melbourne, Australia). For Smad2
mRNA determination, RNA extracts were reverse transcribed using High-Capaity cDNA Reverse Transcription Kit (Applied Biosystems) and Smad2 mRNA
expression was detected using TaqMan Universal Master Mix II kit (Applied Biosystems). U6 was used as the
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internal reference for let-7a-5p expression and b-actin
for the relative expression of Smad2 mRNA, and 2-DDCt
method was used to quantify gene relative expression.
2.4 Western blot
Total proteins were prepared using the ice-cold lysis buffer
(50 mM Tris-HCl, pH=7.4, 150 mM NaCl, 1% Triton
X-100, 0.1% SDS, 1 mM EDTA) containing 19 protease
inhibitor cocktail (Roche, Basel, Switzerland) and quantiﬁed by a Pierce BCA Protein Assay Kit (Thermo Fisher
Scientiﬁc, Waltham, MA, USA) following the guidance of
manufacturers. Equal amount of protein extracts was eletrophoresed on a 10% SDS polyacrylamide gel and then
transferred onto a polyvinylidene diﬂuoride membrane
(PVDF, Amresco LLC, Solon, OH, USA). After be
blocking in 5% nonfat dry milk, the membranes were
incubated with primary antibodies against Smad2 (Cell
Signaling Technology, Danvers, MA, USA; dilution
1:1000), p-Smad2 (Cell Signaling Technology; dilution
1:1000), E-cadherin (Cell Signaling Technology; dilution
1:1000), Vimentin (Cell Signaling Technology; dilution
1:1000), Fibronectin (Abcam, Cambridge, UK; dilution
1:1000), GAPDH (Cell Signaling Technology; dilution
1:1000) and alpha-smooth muscle acin (a-SMA) (Abcam;
dilution 1:3000), following the incubation with horseradish
peroxidase-conjugated secondary antibodies (Abcam;
dilution 1:5000). Immunoreactive bands on the blots were
visualized using ECL substrates (Bio-Rad, Hercules, CA,
USA) and analyzed with chemiluminescence imaging with
ImageJ software v.2X (National Institutes of Health,
Bethesda, MD, USA).
2.5 Bioinformatics analysis
Bioinformatics software TargetScan v3.1 was performed to predict the molecular targets of let-7a-5p
available at http://www.targetscan.org/mamm_31/.
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with 40 ng of Smad2-wt or Smad2-mut and 50 nM of
let-7a-5p mimics or NC mimics using HiPerfect transfection reagents. After 48 h transfection, the luciferase
activities were determined by the Dual-luciferase
Reporter Assay System (Promega, Madison. WI, USA).
The relative activity was normalized to luciferase
activity of the Renilla.
2.7 RNA immunoprecipitation (RIP) assay
RIP assay was performed to verify the endogenous
correlation between let-7a-5p and Smad2 using the EZMagna RIP Kit (Millipore, Burlington, MA, USA)
referring to the protocol of manufacturers. To be brief,
cells were harvested and lysed in ice-cold lysis buffer.
Then, cell lysates were incubated with RIP buffer
containing magnetic beads-coupled with antibodies
against Ago2 (Cell Signaling Technology; dilution
1:50) or isotype IgG (Cell Signaling Technology;
dilution 1:50). Following puriﬁcation with Proteinase
K (Thermo Fisher Scientiﬁc), the immunoprecipitated
RNA was isolated and the enrichement of Smad2
mRNA was detected by qRT-PCR.
2.8 Cell proliferation assay
Cell proliferation was determined using a Cell Counting Kit-8 (CCK-8, Dojindo, Tokyo, Japan) referring to
the instruction of manufacturers. Brieﬂy, cells were
seeded into a 96-well plate. At the indicated time point,
10 ll of CCK-8 solution was added into each well and
incubated at 37°C for 2 h. Then, the absorbance at 450
nm was measured using a Synergy HT microplate
reader (Bio-Tek Instruments, Winooski, VT, USA).
Cell proliferation ability was determined at each time
point in triplicate.
2.9 Transwell assay of migration and invasion

2.6 Dual-luciferase reporter assay
The partial sequence of Smad2 30 -UTR containing the
putative target sequence for let-7a-5p was cloned into
the pmirGLO Dual-Luciferase miRNA Target Expression Vector using Xho I and Sal I to generate Smad2 30 UTR wild-type reporter construct (Smad2-wt, RiboBi).
A mutant reporter (Smad2-mut) of Smad2-wt, in which
all predicted let-7a-5p binding sites were mutated, was
also synthesized by RiboBi. Cells were cotransfected

Cell migration and invasion capacities were detected
using transwell assays. For migration assay, cells in
serum-free medium were placed into the upper chamber of a 24-Transwell plate with 8 lm pore ﬁlter (BD
Biosciences, Franklin Lakes, NJ, USA). For invasion
assay, cells in serum-free media were seeded into the
upper chamber of a 24-Transwell plate with Matrigelprecoated membrane (BD Biosciences). In both assays,
500 ll of growth medium containing 10% FBS was
added into lower chamber. After incubation for 24 h,
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Figure 1. Downregulation of let-7a-5p and upregulation of Smad2 in TGF-b2-induced LECs. SRA01/04 and HLECs-B3
were treated with 5 ng/ml of TGF-b2 for 48 h, followed by the measurement of let-7a-5p expression by qRT-PCR (A), Smad2
level by western blot (B), the expression levels of E-cadherin, Vimentin, Fibronectin and a-SMA by western blot (C).
*P\0.05 by Student’s t-test.

Effect of Let-7a-5p in human lens epithelial cells

the cells that moved through the underside of the
membrane ﬁlter were ﬁxed with 4% paraformaldehyde
and stained with 0.25% crystal violet. Then, the number of migrated or invaded cells was counted and the
images were photographed under a light microscope
(Olympus, Tokyo, Japan).
2.10 Statistical analysis
All data were presented as mean ± standard deviation
(SD) from three independent experiments. The statistical analysis were performed using GraphPad Prism
v7.0 software (GraphPad Software, Inc., La Jolla, CA,
USA) with a two-tailed Students’s t-test or one-way
analysis of variance (ANOVA). P\0.05 was considered
signiﬁcant.
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3. Results
3.1 Downregulation of let-7a-5p and upregulation
of Smad2 in TGF-b2-induced LECs
TGF-b2 is widely accepted as a key inducer of the
LECs EMT in vitro (de Iongh et al. 2005; Yao et al.
2008). Thus, SRA01/04 and HLECs-B3 cells were
ﬁrstly treated with TGF-b2, followed by the determination of let-7a-5p and Smad2 expression. In comparison to negative control, TGF-b2 treatment resulted in a
signiﬁcant decrease of let-7a-5p expression (ﬁgure 1A)
and an increase of Smad2 level (ﬁgure 1B) in both
SRA01/04 and HLECs-B3 cells. Meanwhile, we validated the impact of TGF-b2 on LECs EMT. As
expected, TGF-b2 treatment led to a repression in
E-cadherin level, and a promotion in Vimentin and
Fibronectin expression, as well as a enhancement in a-

Figure 2. Let-7a-5p directly targeted Smad2 in LECs. (A) Schematic of the putative target sequence for let-7a-5p in the 30 UTR of Smad2 and the mutated target sequence. (B) Smad2 30 -UTR reporter construct (Smad2-wt) containing the target
sequence for let-7a-5p or site-directed mutation in target sequence (Smad2-mut) was transfected into SRA01/04 and HLECsB3 cells together with let-7a-5p mimics or NC mimics, and then the relative luciferase activities were detected. *P\0.05 by
Student’s t-test. (C) SRA01/04 and HLECs-B3 cells were transfected with let-7a-5p mimics or NC mimics, and then the
enrichment of Smad2 mRNA was determined by qRT-PCR with anti-Ago2 or anti-IgG antibody. *P\0.05 by Student’s t-test.
(D) SRA01/04 and HLECs-B3 cells were transfected with let-7a-5p mimics, NC mimics, anti-let-7a-5p or anti-NC, followed
by the detection of Smad2 expression by qRT-PCR. *P\0.05 by Student’s t-test.
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SMA level in SRA01/04 and HLECs-B3 cells (ﬁgure 1C), supporting that TGF-b2 induced EMT of
LECs. These data implied that let-7a-5p and Smad2
might participate in the regulation of TGF-b2-induced
LECs.
3.2 Let-7a-5p directly targeted Smad2
To understand the role of let-7a-5p, we carried out a
detailed analysis for its molecular targets by TargetScan
v3.1 software. Interestingly, the predicted data revealed
that the 30 -UTR of Smad2 mRNA contained a putative
target sequence for let-7a-5p (ﬁgure 2A). Then, 30 UTR luciferase reporter assays were performed to
conﬁrm the targeted correlation between let-7–5p and
Smad2. When Smad2 30 -UTR reporter construct
(Smad2-wt) and let-7a-5p mimics were cotransfected,
the luciferase activities were signiﬁcantly decreased in
both SRA01/04 and HLECs-B3 cells (ﬁgure 2B).
Whereas, site-directed mutation of target sequence
completely abrogated the inhibitory effect of let-7a-5p
(ﬁgure 2B). Subsequently, to further verify the
endogenous interaction between let-7a-5p and Smad2,
RIP assays were employed with anti-Ago2 antibody.
As shown by qRT-PCR, the enrichment of Smad2

mRNA was strikingly promoted by transfection of let7a-5p mimics compared with negative control
(ﬁgure 2C).
Then, we determined whether let-7a-5p modulated
Smad2 expression in SRA01/04 and HLECs-B3 cells.
These data revealed that in contrast to their counterparts, the expression of Smad2 was markedly decreased
by transfection of let-7a-5p mimics, while it was highly
increased when introduced with anti-let-7a-5p (ﬁgure 2D). All these results indicated that Smad2 was a
direct target of let-7a-5p.
3.3 Upregulation of let-7a-5p repressed
proliferation, migration and invasion in TGF-b2induced LECs
In order to further explore the effect of let-7a-5p on
TGF-b2-induced LECs, gain-of-function experiments
were performed by transfection of let-7a-5p mimics
prior to TGF-b2 treatment. In comparison to negative
control, transient transfection of let-7a-5p mimics signiﬁcantly elevated let-7a-5p expression in TGF-b2-induced SRA01/04 and HLECs-B3 cells (ﬁgure 3A).
Moreover, CCK-8 assays revealed that let-7a-5p overexpression strikingly repressed cell proliferation

Figure 3. Upregulation of let-7a-5p repressed proliferation, migration and invasion in TGF-b2-induced LECs. SRA01/04
and HLECs-B3 cells were transfected with let-7a-5p mimics or NC mimics and then treated with 5 ng/ml TGF-b2 for 48 h,
followed by the determination of let-7a-5p expression by qRT-PCR (A), cell proliferation by CCK-8 assay (B), cell migration
(C) and invasion (D) by transwell assay. *P\0.05 by ANOVA.

Effect of Let-7a-5p in human lens epithelial cells

(ﬁgure 3B). Transwell assays showed that let-7a-5p
overexpression highly suppressed the migration (ﬁgure 3C) and invasion (ﬁgure 3D) in TGF-b2-induced
SRA01/04 and HLECs-B3 cells. These data together
suggested that let-7a-5p upregulation repressed proliferation, migration and invasion in TGF-b2-induced
LECs.
3.4 Upregulation of let-7a-5p repressed EMT
in TGF-b2-induced LECs
Next, we assessed the effect of let-7a-5p on EMT of
TGF-b2-induced LECs. As expected, let-7a-5p upregulation resulted in an increase in E-cadherin expression
while decreasing Vimentin, Fibronectin and a-SMA
expression levels in TGF-b2-induced SRA01/04 and
HLECs-B3 cells (ﬁgure 4A and B). These results
indicated that let-7a-5p upregulation repressed EMT in
TGF-b2-induced LECs.
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3.5 Smad2 expression restoration abrogated
the inhibitory effect of let-7a-5p upregulation
on proliferation, migration, invasion and EMT
in TGF-b2-induced LECs
Activation of Smad2 was elucidated in cataract rat
model and EMT-type LECs (Shirai et al. 2006). Thus,
we further explored whether let-7a-5p exerted its regulatory function by Smad2 in TGF-b2-induced LECs.
Western blot results showed that compared with negative control, the levels of Smad2 and p-Smad2 were
signiﬁcantly repressed by let-7a-5p upregulation in
TGF-b2-induced SRA01/04 and HLECs-B3 cells (ﬁgure 5A and B). However, these effects were strikingly
abolished by cotransfection of vector-Smad2 (ﬁgure 5A and B). Moreover, let-7a-5p-mediated antiproliferation, anti-migration, anti-invasion and antiEMT effects were signiﬁcantly reversed by cotransfection of vector-Smad2 in TGF-b2-induced SRA01/04
and HLECs-B3 cells (ﬁgure 5C–F). Taken together,
these data suggested that let-7a-5p upregulation
repressed proliferation, migration, invasion and EMT
by downregulating Smad2 in TGF-b2-induced LECs.
4. Discussion

Figure 4. Upregulation of let-7a-5p repressed EMT in
TGF-b2-induced LECs. SRA01/04 (A) and HLECs-B3
(B) cells were transfected with let-7a-5p mimics or NC
mimics and then treated with 5 ng/ml TGF-b2 for 48 h,
followed by the measurement of E-cadherin, Vimentin,
Fibronectin and a-SMA levels by western blot. *P\0.05 by
ANOVA.

PCO, occurring in up to 50% of patients by 2 to 3 years
after the operation, has a multi-factored pathogenesis
(Wormstone et al. 2009). PCO following extracapsular
cataract extraction is a manifestation of EMT, migration and proliferation of anterior LECs onto the posterior capsule (Awasthi et al. 2009; Findl et al. 2010).
Inhibition of LECs proliferation and migration is considered as an effective strategy for PCO prevention.
Previous studies indicated the involvement of TGFb/Smad signaling in the development of PCO (Dawes
et al. 2007; Hales et al. 1999; Hales et al. 1994). TGFb was reported to extensively as a crucial inducer of
LECs EMT in vitro (de Iongh et al. 2005; Yao et al.
2008) and in vivo (Hales et al. 1999; Robertson et al.
2007), resulting in generation of myoﬁbroblasts and
tissues ﬁbrosis in an injured lens. TGF-b2, the most
potent of the 3 forms of TGF-b, instead of TGF-b1 or
3, was demonstrated to play a predominant role in
ocular aqueous humor (Inatani et al. 2001; Kokawa
et al. 1996). Moreover, TGF-b2 was promptly activated in human lens capsules upon external injured
stimuli (Saika et al. 2000). Growing amount of evidence showed that TGF-b2 induced cell proliferation,
trans-differentiation, migration, invasion and EMT in
LECs (Guo et al. 2016; Ma et al. 2014; Yang et al.
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Figure 5. Smad2 expression restoration abrogated the inhibitory effect of let-7a-5p upregulation on proliferation, migration,
invasion and EMT in TGF-b2-induced LECs. SRA01/04 and HLECs-B3 cells were transfected with NC mimics, let-7a-5p
mimics, let-7a-5p mimics?vector-NC or let-7a-5p mimics?vector-Smad2, and then treated with 5 ng/ml TGF-b2 for 48 h.
(A and B) Western blot for Smad2 and p-Smad2 expression levels in treated cells. *P\0.05 by Student’s t-test. (C) CCK-8
assay for cell proliferation in treated cells. *P\0.05 by Student’s t-test. (D) Transwell assay for cell migration in treated cells.
*P\0.05 by Student’s t-test. (E) Transwell assay for cell invasion in treated cells. *P\0.05 by Student’s t-test. (F) Western
blot for E-cadherin, Vimentin, Fibronectin and a-SMA levels in treated cells. *P\0.05 by Student’s t-test.

2013). In the present study, our data showed that TGFb2 induced EMT of LECs, as suggested by a decrease
in E-cadherin and an increase in Vimentin, Fibronectin
and a-SMA levels.
Smad2, one of receptor-activated Smads of the TGFb2 signaling pathway, can translocate to the nucleus
within 30 min and become phosphorylated in human
LECs upon injury to the lens (Dawes et al. 2007; Shirai
et al. 2006). Smad2 mediates TGF-b2 signaling and
TGF-b2 induces phosphorylation of Smad2 in human
LECs (Shirai et al. 2006). It was reported that the
induced effect of TGF-b2 on cell migration was Smad2-

dependent in human LECs, while loss of E-cadherin and
accumulation of a-SMA were reliant on Smad2, providing evidence that Smad2 was integral for PCO formation (Li et al. 2015). In addition, Tan et al (Tan et al.
2016) demonstrated that Sprouty2 ameliorated TGF-b2induced EMT and migration by repressing the phosphorylation of Smad2 in human anterior characterized
LECs. A recent research demonstrated that apart from
the phosphorylation of Smad2, TGF-b2 induced Smad2
expression in human LECs (Liu et al. 2017). In this
study, our results suggested that TGF-b2 upregulated
the expression of Smad2 in LECs.

Effect of Let-7a-5p in human lens epithelial cells

Let-7a-5p has recently been identiﬁed as a potential
tumor suppressor in multiple human cancers, such as
colorectal carcinoma (Liu et al. 2016), nasopharyngeal
carcinoma (Liu et al. 2018) and breast cancer (Lehmann et al. 2015). Conversely, let-7a-5p was found to
be upregulated in acute myeloid leukemia and let-7a-5p
silencing repressed cell viability mainly through promotion of apoptosis in acute promyelocytic leukemia
cells, suggesting its oncogenic property (Fasihi-Ramandi et al. 2018). Moreover, the plasma level of let7a-5p was inversely correlated with the severity of
hepatic ﬁbrosis in chronic hepatitis C, and the low level
of let-7a-5p enhanced hepatic ﬁbrogenesis by activation of TGF-b signaling in hepatic stellate cells (Matsuura et al. 2016). Besides, upregulated let-7a-5p could
serve as a potential biomarker for muscle speciﬁc tyrosine kinase-myasthenia gravis (Punga et al. 2016). A
recent miRNA microarray study indicated a signiﬁcant
downregulation of let-7a-5p in diabetic cataract LECs,
highlighting its involvement in cataract diseases
(Zhang et al. 2017). In the present study, we ﬁrstly
showed that TGF-b2 signiﬁcantly reduced let-7a-5p
expression in human LECs, suggesting that let-7a-5p
might participate in the regulation of TGF-b2-induced
LECs.
miRNAs exert their regulatory functions through
modulation of target mRNAs expression in biological
processes (Iwakawa and Tomari 2015). Herein, TargetScan v3.1 software was used to predict the potential
targets of let-7a-5p. Intriguingly, the predicted data
indicated that Smad2 mRNA contained a putative target sequence for let-7a-5p in its 30 -UTR. Subsequently,
we ﬁrstly conﬁrmed that Smad2 was a direct target of
let-7a-5p and let-7a-5p negatively regulated Smad2
expression in LECs. Therefore, we hypothesized the
involvement of let-7a-5p in the progression of TGF-b2induced LECs through targeting Smad2. Further, we
were ﬁrst to demonstrate that let-7a-5p upregulation
repressed cell proliferation, migration, invasion and
EMT in TGF-b2-induced LECs. Moreover, Smad2
expression restoration signiﬁcantly abrogated the inhibitory effect of let-7a-5p upregulation. In summary, let7a-5p upregulation repressed proliferation, migration,
invasion and EMT by downregulating Smad2 expression in TGF-b2-induced LECs. Similar to our ﬁndings,
Liu et al (Liu et al. 2017) elucidated that miR-486–5p
inhibited TGF-b2-induced cell proliferation, invasion
and EMT through targeting Smad2 in human LECs.
In conclusion, our data indicated that let-7a-5p
upregulation repressed TGF-b2-induced proliferation,
migration, invasion and EMT at least partly by targeting Smad2 in LECs. Our study highlighted that let-7a-
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5p might act as a promising therapeutic target to
intervene to the progression of PCO.
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