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Abstract
e AIM: To study the effect of discoidin I-like domain-

containing protein 3 (EDIL3) depletion on the proliferation
and epithelial-mesenchymal transition (EMT) in human
lens epithelial cells (LECs).

e METHODS: RNA interference was used to inhibit the
expression of EDIL3 in human LECs in vitro. The morphology
of cells was observed using an inverted microscope. Cell
proliferation was assessed using EdU kit. Cell migration
was investigated using Transwell chamber and EMT of
LECs was assessed using confocal microscope and
Western blotting. The transforming growth factor g (TGFf)
pathway was investigated using Western blotting.

o RESULTS: The data showed that silencing EDIL3 expression
changed LECs morphology and suppressed LECs
proliferation (P<0.05) and migration (P<0.01). Furthermore,
the result of Western blotting showed that EDIL3 depletion
reduced the expression of a-smooth muscle actin (a-SMA)
(P<0.001) and vimentin (P<0.01), while increased the
expression of E-cadherin (P<0.001). EDIL3 depletion could
suppress the phosphorylation of Smad2 (P<0.01) and
Smad3 (P<0.01) and the activation of exracellular signal
regulated kinase (ERK) (P<0.05).
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o CONCLUSION: The findings indicate that EDIL3 might
participate in the proliferation and EMT in LECs via TGF8
pathway and may be a potential therapeutic target for the
treatment of posterior capsule opacification.
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transforming growth factor B; epithelial-mesenchymal
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INTRODUCTION
P osterior capsule opacification (PCO) is one of the most
common complications after cataract surgery which
could cause serious visual decrease!’. It is well known that
PCO usually result from the pathological progression of
postoperative residual human lens epithelial cells (LECs),
which involves in excessive LECs proliferation, migration
and epithelial-mesenchymal transition (EMT)**. EMT is a
transdifferentiation process by which epithelial cells lose their
polarity that is marked by the loss of E-cadherin expression
and acquired expression of mesenchymal components',
The activation of EMT is triggered by various signaling
molecules and transforming growth factor B (TGFp) is one
of the predominant inducers'®. TGFp is a multi-functional
cytokine that plays a key role in embryogenesis and tissue
homeostasis'"™®. Recent studies have demonstrated the
important role of TGFf pathway in cell growth, differentiation,
apoptosis, migration and EMT™"!,
Epidermal growth factor (EGF)-like repeat and discoidin
I-like domain-containing protein 3 (EDIL3), also known as
developmentally regulated endothelial cell locus 1 (DEL-1), is
an extracellular matrix protein, which contains 3 EGF repeat
domains (E1-E3) and 2 discoidin domains (C1 and C2)"*"*.
EDIL3 is initially described as an embryonic endothelial cell
protein which is not expressed after birth'"”. However, recent

investigations have shown that EDIL3 was overexpressed in
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multiple types of cancer*'”. EDIL3 is significantly unregulated
in hepatocellular carcinoma (HCC) and participate in the
regulation of EMT in HCC"®. Therefore, it is meaningful to
investigate whether EDIL3 could affect EMT in human LECs,
which might reveal a novel regulator in PCO.

MATERIALS AND METHODS

Materials DMEM cell culture medium, fetal bovine serum
(FBS), TRIzol” reagent, Opti-MEM™ medium, FITC-
conjugated rabbit secondary antibody and horseradish
peroxidase (HRP)-conjugated rabbit and mouse secondary
antibodies were purchased from Thermo Fisher Scientific, Inc.
(Waltham, MA, USA). X-tremeGENE™ small interfering
RNA (siRNA) transfection reagent was purchased from
Roche Diagnostics (Shanghai) Co., Ltd. (Shanghai, China).
PrimeScript™ RT Reagent kit and SYBR” Premix Ex
Taq™ were purchased from Takara Biotechnology Co., Ltd.
(Dalian, China). Antibodies against EDIL3, TGFB1, TGFB2,
a-smooth muscle actin (a-SMA), vimentin, E-cadherin and
GAPDH were purchased from Proteintech (Wuhan, China).
Antibodies against exracellular signal regulated kinase (ERK),
phosphorylated (p)-ERK, Smad2, p-Smad2, Smad3 and
p-Smad3 were purchased from Abcam (Shanghai, China).
Cell-light EQU DNA cell proliferation kit was obtained from
RiboBio (Guangzhou, China). Radioimmunoprecipitation
assay (RIPA) lysis buffer, loading buffer and BeyoColor
protein standard were purchased from Beyotime Institute
of Biotechnology (Haimen, China). Immobilon Western
Chemiluminescent HRP substrate was purchased from Merck
KGaA (Darmstadt, Germany). Transwell inserts and cell
culture plates were purchased from Corning Incorporated
(Corning, NY, USA). All other reagents were analytical grade.

Cell Culture Human LECs (SRA01/04) were purchased from
Weitan biotechnology (Shanghai, China) and were cultured
in DMEM supplemented with 10% FBS and 1% penicillin/
streptomycin. The cells were maintained in a 5% CO,
incubator with 100% humidity at a temperature of 37°C .

Cell Transfection and RNA Interference About 5000 LECs
were seeded in 24-well plate and were transfected once they
reached 30%-40% confluence. Totally 3 pL X-tremeGENE™
siRNA transfection reagent and 200 ng EDIL3 siRNA were
diluted to a ratio of 1:50 in Opti-MEM and incubated for
Smin separately. Subsequently, the Opti-MEM containing
X-tremeGENE™ giRNA transfection reagent was added
to the Opti-MEM containing siRNA at a 1:1 ratio. Finally,
X-tremeGENE-siRNA complexes were added to the cells and
incubated for the 48h. Control group were incubated only with
the transfection reagent. siRNAs targeting EDIL3 (EDIL3
siRNA) and scramble siRNAs were chemically synthesized by
Shanghai GenePharma Co., Ltd. (Shanghai, China). The siRNA
sequences were as follows: EDIL3 siRNA (human primers)
forward 5°-GGUGAUAUUUGUGAUCCCATT-3’, reverse

3’-UGGGAUCACAAAUAUCACCTT-5’; and scramble (human
primers) forward 5’-UUCUCCGA ACGUGUCACGUdTdT-3’
and reverse 3’~ACGUGACACG UUCGGAGAAATAT-5".
siRNA transfection was performed using X-tremeGENE™
siRNA transfection reagent according to the manufacturer’s
protocol, and the concentration of siRNAs used was 50 nmol.
Reverse Transcription-quantitative Polymerase Chain
Reaction Following siRNA transfection for 48h, total RNA
was extracted from LECs using TRIzol" reagent. Total RNA
was reverse transcribed into cDNA using the PrimeScript™
RT Reagent kit according to the manufacturer’s protocol.
qPCR was performed on ¢cDNA using SYBR" Premix Ex
Taq™ on a StepOnePlus™ Real-Time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). Thermocycling
conditions were as follows: initial denaturation at 95°C
for 3min, followed by 40 cycles at 95°C for 5s and at
60°C for 30s. The comparative Cq method was used for
PCR quantification. Finally, the results were expressed as
the mean relative value compared with control samples.
The following primers were used in the present study:
EDIL3, forward 5-TACAGCAATGATGGAGAACA-3’,
reverse 5’-TACCAGGACCAAGGAAGG-3’; GAPDH,
forward 5-TGGGCTACACTGAGCACCAG-3’, reverse
5’-AAGTGGTCGTTGAGGGCAAT-3".

Cell Morphology EDIL3 transfected LECs morphology
assay were carried out on a 24-well plate. The grown
cultures were assessed by phase-contrast microscopy using
a digital microscope system (IX81, Olympus). The changes
of the cobblestone morphology LECs were observed after
transfection and an incubation period of 48h.

Cell Proliferation Assay Cell proliferation was determined
by 5-ethynyl-2’-deoxyuridine (EdU) assay as previous
described"®. In brief, 3x10° cells were seeded in 96-well
plates and incubated overnight. Then, the cells were treated
with EDIL3 siRNA or controls for 48h. We then dumped the
medium and added 100 pL fresh medium containing EdU
(100 pmol/L). After incubation for 1.5h, the cells were stained
as the following protocol: discard the EQU medium and fix
the cells with 4% paraformaldehyde for 30min. Then, wash
with glycine for Smin, followed by twice washes with 0.2%
Trion X-100 of 10min each time. Then, the cells were stained
with Apollo fluorescent azide for 30min, followed by three
time washes of 0.2% Trion X-100. Furthermore, the cells
were stained with Hoechst for 15min at room temperature and
washed with phosphate buffered saline (PBS) for two times,
and add 100 pL PBS to further analysis. The images were taken
and analyzed using a digital microscope system (IX81, Olympus).
Cell Migration Assay LECs were initially transfected with
EDIL3 targeting or scramble siRNAs and incubated for 48h.
Subsequently, 2x10* cells were harvested and seeded in the
upper chambers of Transwell inserts (pore size, 8 pm) in 0.5%
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Figure 1 Silencing EDIL3 expression using siRNA alters LECs morphology A: The mRNA of EDIL3 was assessed using RT-qPCR; B: The
protein of EDIL3 was detected using Western blotting; C: Morphology changes of LECs were examined using microscopy (scale bar 50 pm).

°P<0.01, °P<0.001.

FBS-containing medium. The lower chambers were filled with
DMEM supplemented with 1% FBS as a chemoattractant.
Following incubation at 37°C for 12h, the cells on the upper
membranes were removed with a cotton swab, and cells that
had migrated to the lower membranes were fixed with 4%
paraformaldehyde for 30min and stained with 0.1% crystal
violet for 20min at room temperature. Migrated cells were
observed under an IX81 inverted microscope (Olympus
Corporation, Tokyo, Japan) and the data was analyzed using
Image J software (1.6.0_24; National Institutes of Health,
Bethesda, MD, USA).

Confocal Microscope Analysis The E-cadherin and vimentin
were stained with relevant antibodies respectively. Briefly,
the cells were seeded on cover glasses, transfected with
EDIL3 siRNA for 48h, washed with PBS and fixed with 4%
paraformaldehyde for 20min. The cells were permeabilized
with 0.1% Triton X-100 and blocked with 5% bovine serum
albumin (BSA) for 1h at room temperature. After two washes
with PBS, the cells were incubated with E-cadherin and
Vimentin antibodies for 2h at room temperature. Then, the cells
were stained with secondary fluorescence antibodies for half
an hour at room temperature. Finally, the cells were stained
with DAPI for 20min at room temperature. The cells were then
analyzed with a Zeiss LSM-710 confocal microscope.
Western Blot Analysis Following siRNA transfection
for 48h, LECs were lysed using RIPA lysis buffer
containing 50 mmol/L Tris (pH 7.4), 150 mmol/L NaCl,
1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS and
proteinase inhibitor cocktail. The samples were subsequently
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quantified using a bicinchoninic acid protein quantification
kit according to the manufacturer’s protocol (Beyotime
Institute of Biotechnology). Extracted protein samples
(about 20 pg) were separated by 10% SDS-PAGE and
transferred onto polyvinylidenedifluoride membranes.
Membranes were blocked with 5% non-fat milk for 2h at
room temperature. Membranes were then incubated with
the relevant primary antibodies at 4°C overnight. Then, the
samples were washed three times using TBS-Tween (0.05%)
and incubated with HRP-conjugated secondary antibodies
for 2h at room temperature. Protein bands were visualized
by enhanced chemiluminescence using Immobilon Western
Chemiluminescent HRP substrate. GAPDH was used as the
internal control for equal loading.

Statistical Analysis Statistical analysis was performed using
SPSS 16.0 (SPSS, Inc., Chicago, IL, USA) and GraphPad
Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA). Data
are expressed as the meantstandard deviation (SD) of at least
three independent experiments. The statistical significance of
the differences between groups was assessed using one-way
analysis of variance followed by a Tukey’s multiple comparison
test. P<0.05 was considered a statistically significant difference.
RESULTS

Silencing EDIL3 Expression Affects Lens Epithelial Cells
Morphology siRNA was used to silence the expression of
EDIL3 in LECs to investigate the putative effect of EDIL3
on cell morphology. RT-qPCR and Western blot analysis
showed that the mRNA and protein expression of EDIL3 was
successfully suppressed (Figure 1A, 1B). Meanwhile, the cells
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Figure 2 Silencing EDIL3 expression inhibits LECs proliferation A: LECs were transfected with EDIL3 siRNA for 48h and cell proliferation

was examined using EAU assay. Representative photomicrographs of EdU staining cells in control, scramble and EDIL3 siRNA groups (scale

bar 50 um); B: Quantitative results of the percent of EdU positive cells. Data are shown as mean+SD. *P<0.05.

treated with EDIL3 siRNA presented round phenotype, while
the cells in control group elongated and presented tapered
ends (Figure 1C). The result indicated that EDIL3 siRNA
significantly suppressed the expression of EDIL3, and could
alter cell morphology apparently.

Silencing EDIL3 Expression Inhibits Lens Epithelial
Cells Proliferation The proliferation of LECs treated with
EDIL3 siRNA was evaluated using EdU cell proliferation
assay. EdU is a nucleoside analog of thymidine which could be
incorporated into DNA during DNA synthesis process. Thus,
the ratio of EdU positive cells could be used to determine the
proliferate rate of cells. As shown in Figure 2A, a significant
lower ratio of red nuclei (EdU positive cell) was observed
compared with the control groups. Quantitative result showed
that EDIL3 depletion could significantly decrease EdU positive
cells (Figure 2B). These results demonstrated that EDIL3
depletion could inhibit LECs proliferation.

Silencing EDIL3 Expression Inhibits Lens Epithelial Cells
Migration LECs migration plays a vital role in PCO™". The
effects of EDIL3 on LECs migration were measured using a
Transwell migration assay. The data showed that following
EDIL3 depletion, the migratory capability of LECs was
significantly impaired (Figure 3A-3C). Quantitative result
showed that EDIL3 depletion could suppress the migration of

LECs by about 60% compared with the control and scramble
groups (Figure 3D).

Silencing EDIL3 Expression Inhibits Epithelial-
EMT
is a transdifferentiation process that is marked by the

mesenchymal Transition of Lens Epithelial Cells

loss of E-cadherin expression and acquired expression of
mesenchymal components as vimentin and a-SMA®
investigate whether EDIL3 depletion interfered with EMT
progression, the markers of EMT were analyzed using
confocal microscopy and Western blotting after the cells were
transfected with EDIL3 siRNA for 48h. The data showed that
the expression of E-cadherin was increased and the expression
of vimentin was decreased in EDIL3 depletion group (Figure
4A). Furthermore, the result of Western blotting showed that
EDIL3 depletion could reduce the expression of a-SMA and
vimentin, while could increase the expression of E-cadherin
(Figure 4B). All these findings suggested that EDIL3 silencing
could inhibit the progress of EMT in LECs.

Silencing EDIL3 Expression Disrupt Transforming
Growth Factor p Pathway TGFp pathway is a key player
in embryonic development, wound healing, cell proliferation,

differentiation and morphogenesis"

. TGFp signaling is known
¥ Our

data showed that EDIL3 depletion could inhibit the expression

to be mediated through Smad and non-Smad pathways
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Figure 3 Silencing EDIL3 expression inhibits LECs migration LECs were transfected with EDIL3 siRNA for 48h and cell migration was
examined using a Transwell assay. Representative photomicrographs of migrated cells in control (A), scramble (B) and EDIL3 siRNA (C) groups

(scale bar 200 pm); D: Quantitative results of migrated cells. Data are shown as mean+SD. *P<0.01.
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Figure 4 Silencing EDIL3 expression inhibits EMT of LECs A: Representative images of cells stained with E-cadherin and vimentin in

control, scramble and EDIL3 siRNA groups (scale bar 20 um); B: The EMT markers were detected using Western blotting. Data are shown as
mean+SD. "P<0.01, °P<0.001.
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Figure 5 Silencing EDIL3 disrupt TGFp signaling pathways LECs were transfected with EDIL3 siRNA for 48h. The expression of TGFB1

was apparently suppressed. The phosphorylation of Smad2, Smad3 and ERK were inhibited significantly. Data are shown as mean+SD. “P<0.05,
b
P<0.01.

of TGFB1 but had no effect on TGFB2 (Figure 5). Furthermore,  the activation of TGFp pathway via disrupting Smad mediated
EDIL3 depletion could suppress the phosphorylation of Smad2  pathways (Figure 5). Meanwhile, EDIL3 depletion could
and Smad3 which indicated that EDIL3 siRNA could suppress  suppress the activation of ERK, suggesting that EDIL3 siRNA
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could inhibit the activation of TGFf through non-Smad pathways
(Figure 5). All the data indicated that silencing EDIL3 could
disrupt TGFP pathway through both Smad and non-Smad
pathways.

DISCUSSION

PCO is a common complication of cataract surgery which can
impair visual acuity in 20%-40% of patients within two to
five years””'. Cataract surgery and the implanted intraocular
lens could cause tissue trauma which initiates inflammatory
response and finally cause PCO™. Although the surgeons
remove most of the LECs during cataract surgery, there
are still some residual cells. The proliferation, migration
and transdifferentiation of these cells are the major cellular
mechanism for PCO™!. Therefore, therapeutic methods
targeting these cellular behaviors could be of great importance
to prevent PCO. The results of the present study suggested that
EDILS3 silencing could inhibit LECs proliferation, migration
and EMT, and the molecular mechanisms might be suppressed
TGEFp pathway.

It is initially demonstrated that EDIL3 is expressed during
early embryogenesis by endothelial cells, and its expression
is down regulated in later developmental stages'*"”. Recent
studies show that EDIL3 is over-expressed in multiple types of
cancer including lung cancer, bladder cancer, breast cancer and

4161524 "EMT is a vital step in cancer

hepatocellular carcinoma
recurrence and metastasis and it is demonstrated that EDIL3
plays an important role in cancer cell EMT**\. However, the role
of EDIL3 in PCO is largely unknown so far. In the present study,
we showed that disruption of EDIL3 expression using siRNA was
able to suppress the proliferation, migration and EMT of LECs
in vitro. These data indicated that EDIL3 might participate in
PCO process, where it may act as a positive regulator.

TGFp family proteins regulate cell physiology, proliferation,
growth and differentiation, which play key roles in development
and diseases™”. TGF could bind to the type Il TGFp receptor
and then lead to recruitment of the type I TGFf receptor into a
heteromeric receptor complex, which enable the type II TGFf3
receptor to transphosphorylate the GS domain of the type 11
TGFB receptor™. The activated the type I TGFp receptor
could then activate Smad2 and Smad3 by phosphorylationon
C-terminalserines”®. Furthermore, TGFp could also activate
the non-Smad pathway, which includes various branches of
mitogen-activated protein kinase pathways including ERK"**),
To further investigate the molecular mechanisms of EDIL3
inhibited LECs proliferation and EMT, the expression of
critical signaling proteins was assessed using Western blotting
analysis. The results showed that EDIL3 depletion could
inhibit the expression of TGFB1, and could suppress the
phosphorylation of Smad2, Smad3 and ERK. All the data
suggested that EDIL3 participate in the progress of PCO
through Smad and non-Smad pathways.

In conclusion, the results of the present study indicated that
EDIL3 may be implicated in PCO in vitro. Silencing EDIL3
expression was able to impair the morphology of LECs and
suppress the proliferative, migratory and EMT capabilities
of LECs. Furthermore, EDIL3 depletion appeared to disrupt
TGFp pathway through both Smad and non-Smad pathways.
These findings suggested that EDIL3 may serve a crucial
role in PCO and could be a novel therapeutic target for the
prevention of PCO.
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