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lncRNA XIST knockdown suppresses cell proliferation
and promotes apoptosis in diabetic cataracts
through the miR‑34a/SMAD2 axis
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Abstract. According to emerging evidence, long non‑coding
RNAs (lncRNAs) play critical roles in diabetes. The aim of
the present study was to investigate the role and mechanism
of X‑inactive specific transcript (XIST) in cell proliferation,
migration and apoptosis in diabetic cataracts (DC). SRA01/04
lens epithelial cells were treated with high glucose (HG). The
levels of XIST, microRNA (miR)‑34a and SMAD family
member 2 (SMAD2) were examined via reverse transcrip‑
tion‑quantitative PCR. MTT, Transwell, wound healing and
TUNEL assays were performed to examine cell proliferation,
invasion, migration and apoptosis, respectively. The interac‑
tion between miR‑34a and XIST or SMAD2 was verified by
luciferase reporter assay. It was found that the expression of
XIST was increased and that of miR‑34a was decreased in
DC tissues and HG‑treated SRA01/04 cells. XIST knockdown
or miR‑34a overexpression attenuated cell proliferation and
migration, and induced apoptosis in HG‑treated SRA01/04
cells. XIST targeted miR‑34a and regulated DC progression
through miR‑34a. SMAD2 was identified as a target gene of
miR‑34a and was positively modulated by XIST. XIST knock‑
down inhibited cell proliferation and migration, and accelerated
apoptosis in HG‑stimulated SRA01/04 cells, and these effects
were abrogated by SMAD2 overexpression. In conclusion,
XIST promoted cell proliferation, migration and invasion, and
inhibited apoptosis, through the miR‑34a/SMAD2 axis in DC.
Introduction
Diabetes mellitus causes several complications, including
the formation and occurrence of cataracts (1). Despite the
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successful surgical replacement of cataracts with intraocular
lenses, cataracts remain one of the leading causes of visual
impairment and blindness worldwide (2). Diabetic cata‑
racts (DC) characterized by high blood glucose levels usually
occur earlier and progress faster than cataract (3,4). Human
lens epithelial cells (HLECs) have been reported to play essen‑
tial roles in ocular health, as well as several diseases, including
DC (5). The pathogenesis of DC is a multifactorial process,
and gene alterations that are associated with the prolifera‑
tion, differentiation and epithelial‑to‑mesenchymal transition
(EMT) of LECs may lead to the occurrence of cataract (6). It
is therefore crucial to explore the mechanism underlying LEC
proliferation in DC.
Long non‑coding RNAs (lncRNAs) are a group of
non‑coding RNAs of >200 nts in length that lack proteinencoding potential (7). In addition, lncRNAs have been
reported to participate in DC development. For example,
lncRNA metastasis‑associated lung adenocarcinoma tran‑
script 1 has been shown to facilitate the apoptosis and oxidative
stress of HLECs through the p38 MAPK pathway in DC (8).
Sp1 transcription factor‑mediated lncRNA Pvt1 oncogene was
shown to regulate LEC viability and apoptosis in DC through
the microRNA (miRNA/miR)‑214‑3p/MMP2 axis (9).
Furthermore, lncRNA X‑inactive specific transcript (XIST)
has been found to be associated with diabetic complications,
such as diabetic nephropathy and retinopathy (10,11). However,
the biological role of XIST during DC remains unclear.
miRNAs are small RNAs that can target the 3'‑untranslated
region (UTR) of mRNAs to modulate gene transcription (12).
miRNA dysregulation has been observed in multiple diseases,
including DC. For example, miR‑30a was shown to suppress
autophagy by targeting Beclin 1 in human DC (13). miR‑211
was found to promote apoptosis and repress proliferation of
LECs in DC mice by targeting SIRT1 (14). In addition, miR‑34a
inhibited LEC viability and induced apoptosis by targeting
E2F3 (15). Furthermore, SMAD family member 2 (SMAD2)
has been reported to play a crucial role in posterior capsular
opacification (16). Nevertheless, the regulatory mechanisms
of miR‑34a and SMAD2 during DC remain largely unknown.
In the present study, SRA01/04 cells were stimulated by high
glucose (HG) to establish a DC model, and the biological
effects of XIST on DC were then investigated.
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Materials and methods
Samples. A total of 32 posterior capsular tissue samples from
patients with DC (18 men, 14 women; age range, 52‑60 years)
and paired normal posterior capsular tissue samples without
DC (17 men, 15 women; age range, 48‑59 years) were
obtained from the Shandong Zaozhuang Municipal Hospital
(Zaozhuang, China). The tissues were rapidly frozen in liquid
nitrogen at ‑80˚C prior to use. This study was approved by
the Ethics Committee of Shandong Zaozhuang Municipal
Hospital and all participants signed informed consent forms
prior to surgery. Patients diagnosed with DC and provided
informed consent were included in this study. Patients with
complex cataracts with high myopia, ocular trauma and ocular
inflammation were excluded.
Cell culture and HG treatment. SRA01/04 HLECs were
purchased from BeNa Culture Collection (Beijing Beina
Chuanglian Institute of Biotechnology). The cells were
incubated at 37˚C with 5% CO2 in DMEM (Thermo Fisher
Scientific, Inc.) containing 10% FBS (Thermo Fisher Scientific,
Inc.) and 1% penicillin/streptomycin. To establish the DC cell
model, SRA01/04 cells were maintained in medium containing
HG (25 mM) for 24 h at 37˚C, and cells in normal glucose
(NG; 5.5 mM) were used as the control.
Cell transfection. Small hairpin (sh)RNA against XIST
(shXIST, 5'‑GUGCGUACAGUGCUGUACAGCAU‑3') and its
negative control (NC; shNC, 5'‑UACGCUCAGCAUGUGUCA
CUC‑3'), miR‑34a mimics (5'‑UCGUUCGUGAGCACUUGC
GACG ‑3'), NC mimics (5'‑UCGUCGGAUCGAC UGAGA
UCU‑3'), miR‑34a inhibitors (5'‑AGCCUUG CUG CAG GU
GCGCAU‑3') and NC inhibitors (5'‑UGCCUUACUGACGGU
CGGAGA‑3') were obtained from Shanghai GenePharma Co.,
Ltd. pcDNA3.1 vector (Thermo Fisher Scientific, Inc.) was
used to construct a XIST and SMAD2 overexpression vector.
SRA01/04 cells (1x105) were transfected with 50 nM shXIST,
50 nM shNC, 50 nM miR‑34a mimics, 50 nM miR‑34a
inhibitors, 50 nM NC mimics or 50 nM NC inhibitors using
Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.) at room
temperature for ~30 min, according to the manufacturer's
protocol. After 48 h of transfection, the transfected cells were
used for subsequent experiments.
Reverse transcription‑quantitative (RT‑q)PCR. TRIzol®
reagent (Thermo Fisher Scientific, Inc.) was used to isolate total
RNA from the cultured cells and tissue samples. PrimeScript™
RT reagent kit (Takara Bio, Inc.) was used for cDNA genera‑
tion of XIST and SMAD2, and TaqMan™ MicroRNA Reverse
Transcription kit (Thermo Fisher Scientific, Inc.) was used
for cDNA generation of miR‑34a, according to the manu‑
facturer's protocol. qPCR was performed on the ABI 7900
Detection System (Thermo Fisher Scientific, Inc.) using the
SYBR‑Green PCR Master Mix kit (Thermo Fisher Scientific,
Inc.). The 2‑ΔΔCq method (17) was used to calculate the relative
expression. The relative miR‑34a expression was normalized
to U6. GAPDH served as the control for XIST and SMAD2
expression. The thermocycling conditions were as follows:
Pre‑denaturation at 95˚C for 1 min, followed by 40 cycles
of 95˚C for 15 sec, 60˚C for 30 sec and 72˚C for 30 sec. The

following primers were used: XIST, forward 5'‑TCAGCCCAT
CAGT CCA AGATC‑3' and reverse 5'‑CCTAGTT CAG GC
CTGCTTTTCAT‑3'; miR‑34a, forward 5'‑ACCCAGTGCGAT
TTGT CA‑3' and reverse 5'‑ACTGTAC TG GAAGATG GA
CC‑3'; SMAD2, forward 5'‑TCCTACTACCGCCTCACA‑3'
and reverse 5'‑ACC  T CC  T CC  T CC  T CC  T CT‑3'; GAPDH,
forward 5'‑TCG ACAGTC AGC  C GC ATC  T TC  T TT‑3' and
reverse 5'‑ACCAAATCCGTTGACTCCGACCTT‑3'; and U6,
forward 5'‑GCTTCGG CAG CACATATACTAA AAT‑3' and
reverse 5'‑CGCTTCACGAATTTGCGTGTCA‑3'.
Western blot analysis. Total protein was extracted from cells
using RIPA lysis buffer (Sangon Biotech Co., Ltd.). Protein
concentration was detected using a BCA assay kit (Sangon
Biotech Co., Ltd.). Next, the proteins (20 µg) were separated
via 10% SDS‑PAGE and transferred to PVDF membranes
(MilliporeSigma). After blocking with 5% non‑fat milk for 2 h,
the membrane was incubated with primary antibodies against
SMAD2 (1:1,000; cat. no. ab40855; Abcam) and GADPH
(1:1,000; cat. no. ab9485; Abcam) at 4˚C. Subsequently, the
membranes were washed with 0.1% Tween‑20 and incu‑
bated with a HRP‑conjugated secondary antibody (1:1,000;
cat. no. ab205718; Abcam) for 2 h at room temperature.
Finally, protein bands were visualized using an ECL reagent
(Beyotime Institute of Biotechnology).
MTT assay. Cell proliferation was assessed using MTT assay.
Transfected SRA01/04 cells (1x105 cells/well) were cultured
in 96‑well plates and incubated for 0, 24, 48 or 72 h. MTT
(5 mg/ml) was then added for 4 h at 37˚C. Next, 150 µl DMSO
(Thermo Fisher Scientific, Inc.) was added to each well, and
the optical density 490 nm value was measured using a micro‑
plate reader (BioTek Instruments, Inc.).
Transwell assay. SRA01/04 cell invasion was assessed by
Transwell assay (8.0‑µm pore size; MilliporeSigma) with
Matrigel (Corning Inc.) precoating at room temperature
for 1 h. SRA01/04 cells (2x105 per well) were plated in the
upper Transwell chamber in serum‑free DMEM. Next,
500 µl DMEM (10% FBS) was plated in the lower chambers.
Following incubation for 48 h at 37˚C, invading cells were
stained with 0.1% crystal violet for 20 min at room temperature
and counted under a light microscope (magnification, x100;
Olympus Corporation).
Wound healing assay. A total of 5x105 SRA01/04 cells were
cultured in DMEM supplemented without serum in 6‑well
plates and allowed to reach 70% confluence for the wound
healing assay. A 200‑µl pipette tip was used to generate
artiﬁcial scratches. Images of migrated cells were captured
at 0 and 24 h using a microscope (magnification, x100; Leica
DMI4000B; Leica Microsystems, Ltd.).
TUNEL assay. TUNEL Apoptosis Assay kit (Roche
Diagnostics GmbH) was used to assess cell apoptosis.
Following fixation in 4% paraformaldehyde for 1 h at 4˚C,
1x105 SRA01/04 cells were cultured with TUNEL reaction
mixture (Roche Diagnostics GmbH) for 1 h at room tempera‑
ture. Nuclear staining with DAPI was then performed for
15 min at room temperature. The TUNEL‑positive cells were
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Figure 1. XIST is upregulated and miR‑34a is downregulated in DC tissues and cells. (A and B) RT‑qPCR showed the relative XIST and miR‑34a expression in
DC tissues and normal samples. *P<0.05. (C) Pearson's correlation analysis was used to determine the correlation between the miR‑34a expression and XIST in
DC tissues. (D and E) RT‑qPCR showed the relative XIST and miR‑34a expression in SRA01/04 cells treated with HG. n=3. *P<0.05 vs. NG. XIST, X‑inactive
specific transcript; miR, microRNA; DC, diabetic cataracts; RT‑qPCR, reverse transcription‑quantitative PCR; NG, normal glucose; HG, high glucose.

counted in five randomly selected fields under a fluorescence
microscope (magnification, x200; Nikon Corporation).
Dual‑luciferase reporter assay. The potential binding sites
of miR‑34a and XIST or SMAD2 were predicted using
starBase 2.0 (http://starbase.sysu.edu.cn), as previously
described (18,19). The wild‑type (wt) or mutant (mut) 3'‑UTR
sequences of XIST or SMAD2 were cloned into the pmirGLO
vector (Promega Corporation). Site‑directed mutagenesis was
used to create the mut 3'‑UTR sequence. The pmirGLO‑XIST‑wt
or XIST‑mut and pmirGLO‑SMAD2‑wt or SMAD2‑mut
reporter vector were co‑transfected with miR‑34a mimics and
NC mimics into SRA01/04 cells using Lipofectamine® 2000
(Thermo Fisher Scientific, Inc.). Following a 48‑h incubation,
luciferase activity was measured by Dual‑Luciferase Reporter
Assay System (Promega Corporation). Firefly luciferase
activity was normalized to Renilla (Promega Corporation)
luciferase gene activity.
RNA immunoprecipitation (RIP) assay. RIP assay was
performed using the Magna RIP RNA‑Binding Protein
Immunoprecipitation kit (MilliporeSigma). SRA01/04 cells
were lysed in RIP lysis buffer (MilliporeSigma). The obtained
cell lysate (100 µl) was centrifuged at 40,000 x g at 4˚C for
10 min and incubated with 50 µl A/G magnetic beads conjugated
with 5 µg anti‑AGO2 (5 µg; cat. no. ab32381; Abcam) or 5 µg
anti‑IgG antibodies (cat. no. ab172730; Abcam) for 1 h at 4˚C.
Subsequently, the beads were washed three times using RIP
Wash Buffer. The beads were then incubated with proteinase
K buffer at 55˚C for 30 min to digest the protein. Finally, XIST
and miR‑34a enrichment was measured via RT‑qPCR.

Statistical analysis. Data are expressed as the mean ± SD and
analysis was performed using SPSS 17.0 (SPSS, Inc.). Each
experiment was performed in triplicate. The correlation between
miR‑34a and XIST or SMAD2 was assessed by Pearson's corre‑
lation analysis. Comparisons between two groups or among
multiple groups were assessed using an unpaired Student's t‑test
or one‑way ANOVA followed by Tukey's post hoc test. P<0.05
was considered to indicate a statistically significant difference.
Results
XIST is upregulated and miR‑34a is downregulated in DC
tissues and cells. First, the levels of XIST and miR‑34a
were detected in DC tissues by RT‑qPCR. As shown in
Fig. 1A and B, the expression of XIST was increased and that
of miR‑34a was reduced in DC samples. In addition, an inverse
correlation between the miR‑34a and XIST levels was observed
in DC tissues (Fig. 1C). In addition, RT‑qPCR analysis deter‑
mined that the XIST expression was significantly elevated and
miR‑34a abundance was reduced in SRA01/04 cells treated
with HG compared with the NG group (Fig. 1D and E). The
data suggested that XIST was significantly upregulated and
miR‑34a was significantly downregulated in DC.
XIST depletion inhibits DC development in HG‑treated LECs.
To explore the role of XIST in DC, SRA01/04 cells were
transfected with shXIST and shNC prior to HG treatment.
RT‑qPCR analysis revealed that XIST knockdown decreased
the expression of XIST in SRA01/04 cells (Fig. 2A). Next,
MTT, wound healing and Transwell assays revealed that
XIST knockdown suppressed the proliferation, migration and
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Figure 2. XIST depletion inhibits diabetic cataracts development in HG‑induced lens epithelial cells. (A) Reverse transcription‑quantitative PCR was used to
determine the relative XIST expression in SRA01/04 transfected with shXIST. *P<0.05 vs. shNC. (B) MTT, (C) wound healing and (D) Transwell assays were
used to analyze the proliferation, migration and invasion of SRA01/04 cells transfected with shXIST or shNC after treatment of HG. (E) TUNEL assay was
used to determine the apoptosis in SRA01/04 cells transfected with shXIST or shNC after treatment of HG. n=3. *P<0.05. XIST, X‑inactive specific transcript;
sh, short hairpin RNA; NG, normal glucose; HG, high glucose; NC, negative control.

invasion of SRA01/04 cells treated by HG (Fig. 2B‑D). XIST
depletion induced the apoptosis of HG‑stimulated SRA01/04
cells (Fig. 2E). These results indicated that XIST regulated
HG‑treated LEC proliferation, metastasis and apoptosis in DC.
miR‑34a overexpression reduces HG‑induced decrease in
proliferation, migration and invasion in LECs. To inves‑
tigate the effect of miR‑34a on DC, SRA01/04 cells were

transfected with miR‑34a mimics. As shown in Fig. 3A,
miR‑34a was highly expressed following miR‑34a overexpres‑
sion. Furthermore, HG stimulation increased SRA01/04 cell
proliferation, migration and invasion, while miR‑34a overex‑
pression reversed these effects (Fig. 3B‑D). In addition, the
HG treatment‑induced decrease in cell apoptosis was rescued
by miR‑34a overexpression (Fig. 3E). These findings indicated
that miR‑34a played an essential role in HG‑treated LECs.
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Figure 3. miR‑34a overexpression partially inhibits the HG‑mediated effects on proliferation, migration and invasion in lens epithelial cells. (A) Reverse
transcription‑quantitative PCR showed the relative miR‑34a expression in SRA01/04 transfected with miR‑34a mimics. *P<0.05 vs. NC mimics. (B) MTT,
(C) wound healing and (D) Transwell assays were used to analyze the proliferation, migration and invasion of SRA01/04 cells transfected with miR‑34a mimics
or NC mimics after treatment of HG. (E) TUNEL assay determined the apoptosis in SRA01/04 cells transfected with miR‑34a mimics or NC mimics after
treatment of HG. n=3. *P<0.05. miR, microRNA; NG, normal glucose; HG, high glucose; NC, negative control.
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Figure 4. XIST knockdown modulates diabetic cataracts progression by targeting miR‑34a in HG‑induced lens epithelial cells. (A) StarBase website was used
to predict the binding site between XIST and miR‑34a. (B) Luciferase reporter assay showed luciferase activity of XIST‑wt or XIST‑mut in SRA01/04 cells
transfected with NC mimics or miR‑34a mimics. (C) RIP assay was performed to determine the enrichment of XIST and miR‑34a in Anti‑IgG and Anti‑Ago2.
(D) Reverse transcription‑quantitative PCR showed the relative miR‑34a expression in SRA01/04 cells transfected with pcDNA3.1, pcDNA3.1/XIST, shNC or
shXIST. (E) MTT, (F) wound healing and (G) Transwell assays were used to analyze the proliferation, migration and invasion of SRA01/04 cells transfected
with shNC, shXIST or shXIST + miR‑34a inhibitor after treatment of HG. (H) TUNEL assay determined the apoptosis in SRA01/04 cells transfected with
shNC, shXIST or shXIST + miR‑34a inhibitor after treatment of HG. n=3. *P<0.05. XIST, X‑inactive specific transcript; miR, microRNA; wt, wild‑type; mut,
mutant; sh, short hairpin RNA; NG, normal glucose; HG, high glucose; NC, negative control.

XIST deletion modulates DC progression by targeting
miR‑34a in HG‑treated LECs. Subsequently, it was explored
whether XIST modulates DC progression through miR‑34a.
As shown in Fig. 4A, the binding sequences of XIST and

miR‑34a were predicted using starBase. Next, dual‑luciferase
reporter assay revealed that miR‑34a overexpression repressed
the luciferase activity of the XIST‑wt group, while that of the
XIST‑mut group was unchanged (Fig. 4B). In addition, RIP
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Figure 5. SMAD2 is a target of miR‑34a. (A) StarBase website was used to predict the binding site between miR‑34a and SMAD2. (B) Luciferase reporter assay
showed luciferase activity of SMAD2‑wt or SMAD2‑mut in SRA01/04 cells transfected with NC mimics or miR‑34a mimics. *P<0.05. (C) RT‑qPCR showed the
relative SMAD2 expression in DC tissues and normal samples. *P<0.05. (D) Pearson's correlation analysis showed the correlation between XIST and SMAD2
expression in DC tissues. (E) RT‑qPCR showed the relative SMAD2 expression in SRA01/04 cells treated with HG. *P<0.05 vs. NG group. (F) RT‑qPCR
showed the expression of miR‑34a in SRA01/04 cells transfected with NC inhibitor and miR‑34a inhibitor. *P<0.05 vs. NC inhibitor. (G and H) RT‑qPCR
and western blot assays showed the relative SMAD2 expression in SRA01/04 cells transfected with NC mimics or miR‑34a mimics and NC inhibitor or
miR‑34a inhibitor. n=3. *P<0.05. SMAD2, SMAD family member 2; miR, microRNA; wt, wild‑type; mut, mutant; NC, negative control; RT‑qPCR, reverse
transcription‑quantitative PCR; DC, diabetic cataracts; XIST, X‑inactive specific transcript; NG, normal glucose; HG, high glucose.

assay discovered that XIST and miR‑34a enrichment was
increased in LECs cells, which confirmed that XIST could
combine with miR‑34a (Fig. 4C). Furthermore, RT‑qPCR
demonstrated that the expression of miR‑34a was reduced
by XIST overexpression in SRA01/04 cells and enhanced by
XIST knockdown (Fig. 4D). Functional assay suggested that
miR‑34a deficiency rescued the repressive effects of XIST
knockdown on the proliferation, migration and invasion of
HG‑stimulated cells (Fig. 4E‑G). Furthermore, XIST silencing
induced cell apoptosis, which was abrogated by miR‑34a
deletion in HG‑treated SRA01/04 cells (Fig. 4H). Therefore,
the findings suggested that miR‑34a is sponged by XIST and
participates in the regulation of XIST during DC progression.

SMAD2 is a target of miR‑34a. To explore the downstream
mechanism of miR‑34a in DC progression, the putative binding
sites of miR‑34a and SMAD2 were predicted using the starBase
website (Fig. 5A). Next, the luciferase reporter assay revealed
that miR‑34a overexpression inhibited the luciferase activity of
SMAD2‑wt, but did not change that of SMAD2‑mut (Fig. 5B).
SMAD2 expression in DC tissues was elevated and was likely
correlated with that of XIST (Fig. 5C and D). Furthermore,
a higher expression of SMAD2 was observed in HG‑treated
SRA01/04 cells compared with NG group cells (Fig. 5E).
RT‑qPCR indicated that miR‑34a expression was decreased in
SRA01/04 cells transfected with miR‑34a inhibitor (Fig. 5F).
In addition, the mRNA and protein expression of SMAD2 in
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Figure 6. XIST accelerates diabetic cataracts progression through SMAD2 by sponging miR‑34a in HG‑treated lens epithelial cells. (A) RT‑qPCR showed the
expression of XIST in SRA01/04 cells transfected with pcDNA3.1 and pcDNA3.1/XIST. (B) RT‑qPCR showed the expression of SMAD2 in SRA01/04 cells
transfected pcDNA3.1 and pcDNA3.1/SMAD2. (C and D) RT‑qPCR and western blot assays determined SMAD2 expression in SRA01/04 cells transfected
with NC mimics, miR‑34a mimics, miR‑34a mimics + pcDNA3.1 and miR‑34a mimics + pcDNA3.1/XIST. (E) MTT, (F) wound healing and (G) Transwell
assays were used to analyze the proliferation, migration and invasion of SRA01/04 cells transfected with shNC, shXIST and shXIST + pcDNA3.1/SMAD2
after treatment of HG. (H) TUNEL assay determined the apoptosis in SRA01/04 cells transfected with shNC, shXIST and shXIST + pcDNA3.1/SMAD2 after
treatment of HG. n=3. *P<0.05. XIST, X‑inactive specific transcript; SMAD2, SMAD family member 2; miR, microRNA; HG, high glucose; RT‑qPCR, reverse
transcription‑quantitative PCR; NC, negative control; sh, short hairpin RNA.
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SRA01/04 cells was decreased by miR‑34a overexpression
and increased by miR‑34a knockdown (Fig. 5G and H). In
combination, these findings indicated that miR‑34a may target
SMAD2 in SRA01/04 cells.
XIST accelerates DC progression through SMAD2 by
sponging miR‑34a in HG‑treated LECs. Firstly, RT‑qPCR
showed that XIST and SMAD2 expression levels were signifi‑
cantly increased in SRA01/04 cells transfected with XIST and
SMAD2 overexpression plasmids, respectively (Fig. 6A and B).
The mRNA and protein expression levels of SMAD2 were
decreased by miR‑34a overexpression, which was rescued by
XIST overexpression in HG‑treated cells (Fig. 6C and D). To
determine whether XIST mediated DC progression by modu‑
lating SMAD2, SRA01/04 cells were transfected with shNC,
shXIST and shXIST + pcDNA3.1/SMAD2. Functional assays
revealed that XIST silencing inhibited cell proliferation,
migration and invasion in HG‑stimulated SRA01/04 cells,
but these effects were abrogated by SMAD2 overexpres‑
sion (Fig. 6E‑G). Furthermore, XIST silencing promoted
HG‑stimulated SRA01/04 cell apoptosis, which was reversed
by SMAD2 overexpression (Fig. 6H). In combination, these
findings indicated that XIST may contribute to DC develop‑
ment by modulating SMAD2 in HG‑treated LECs.
Discussion
DC is an early ocular complication in diabetic patients and
one of the main causes of blindness (20). Certain studies have
indicated that lncRNAs affect multiple biological processes in
DC (21,22). Therefore, understanding the function of lncRNAs
in LECs under HG conditions may enable the discovery of
novel targets for DC treatment. Previous studies indicated
that enhanced proliferation, migratory capacity, invasiveness
and resistance to apoptosis contribute to the occurrence of
cataracts (23). Therefore, the present study investigated the
role of XIST in regulating cell proliferation, migration and
invasion during DC development. Collectively, these find‑
ings demonstrated that XIST regulated SMAD2 expression
to participate in the occurrence and development of DC by
sponging miR‑34a.
XIST dysregulation has been observed in multiple
biological processes, such as cell proliferation, invasion and
apoptosis (24,25). XIST has been reported to facilitate reti‑
noblastoma progression by sponging miR‑101 to regulate the
levels of zinc finger E‑box binding homeobox 1 and 2 (26).
In addition, XIST knockdown repressed retinoblastoma
development through the miR‑124/STAT3 axis (27). In the
present study, XIST expression was found to be increased in
posterior capsular tissues and HG‑stimulated SRA01/04 cells.
XIST knockdown attenuated cell proliferation, migration and
invasion, and induced apoptosis in HG‑treated LECs. These
findings suggested that XIST and miR‑34a may represent
promising targets for DC treatment.
Extensive evidence has demonstrated that XIST may serve
as a ceRNA for miRNAs to regulate various diseases. For
example, lncRNA XIST facilitated cell proliferation and inva‑
sion by targeting miR‑137 to upregulate paxillin in non‑small
cell lung cancer (28). lncRNA XIST accelerated extracellular
matrix degradation by acting as a ceRNA of miR‑1277‑5p in
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osteoarthritis (29). A previous study showed that miR‑34a
could restrain LEC proliferation and migration by reducing
c‑Met (30). In addition, Han et al (31) reported that miR‑34a
suppressed the EMT of LECs by targeting notch receptor 1. In
the present study, miR‑34a was found to be downregulated in
DC tissues and HG‑stimulated SRA01/04 cells, and miR‑34a
overexpression in HG‑treated LECs attenuated DC develop‑
ment. Furthermore, miR‑34a deficiency reversed the effects
of XIST deletion on cell viability, migration, invasion and
apoptosis in HG‑treated cells.
The nuclear translocation of SMAD2 has been confirmed
as a crucial regulator of cell viability, migration and
EMT (32,33). The present study confirmed that SMAD2 was
the downstream target of miR‑34a. In addition, SMAD2 was
also found to be upregulated in DC tissues and HG‑stimulated
SRA01/04 cells. XIST knockdown suppressed cell prolif‑
eration, migration and invasion and accelerated apoptosis
in HG‑treated SRA01/04 cells. However, these effects were
weakened by SMAD2 overexpression. In combination, the
results of the present study demonstrated that XIST modu‑
lated DC development by regulating SMAD2 in HG‑treated
SRA01/04 cells.
In conclusion, this study revealed a novel mechanism of
XIST in DC progression. XIST facilitated cell proliferation,
migration and invasion, and decreased apoptosis in HG‑treated
LECs through the miR‑34a/SMAD2 axis, providing a novel
biomarker for DC treatment. However, this study was not
without its limitations. XIST expression was only examined
in HG‑treated LECs and DC tissues. Further studies detecting
XIST levels in LECs from diabetic patients without cataracts
are required.
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