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Exosomal miR-4488 and miR-1273g-5p inhibit the epithelial-mesenchymal
transition of transforming growth factor f2-mediated retinal pigment epithelial
cells by targeting ATP-binding cassette A4

Hongtao Dong, Menghua Wang, and Qiuming Li

Department of Ophthalmology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou City, Henan, China

ABSTRACT

Exosomal microRNAs (miRNAs) have been shown to be involved in the regulation of many disease
progression, including proliferative vitreoretinopathy (PVR). However, the roles of exosomal miR-
4488 and miR-1273 g-5p in PVR progression have not been demonstrated. Transforming growth
factor B2 (TGF-B2)-induced ARPE-19 cells were used to stimulate the epithelial-mesenchymal
transition (EMT) of cells. Exosomes derived from TGF-32-induced ARPE-19 cells were identified
by transmission electron microscopy and nanoparticle tracking analysis. The expression levels of
miR-4488, miR-1273 g-5p and ATP-binding cassette A4 (ABCA4) were measured by quantitative
real-time PCR. The promotion levels of exosomes markers, EMT markers, apoptosis markers and
ABCA4 were determined by western blot analysis. The migration, invasion and apoptosis of cells
were determined by transwell assay, wound healing assay and flow cytometry. Our data showed
that miR-4488 and miR-1273 g-5p were lowly expressed in TGF-B2-induced ARPE-19 cells.
Overexpressed exosomal miR-4488 and miR-1273 g-5p could inhibit the EMT, migration, invasion,
and promote apoptosis in TGF-B2-induced ARPE-19 cells. In addition, ABCA4 was a target of miR-
4488 and miR-1273 g-5p. Overexpressed ABCA4 also could reverse the negatively regulation of
exosomal miR-4488 and miR-1273 g-5p on the EMT, migration, and invasion of TGF-f2-induced
ARPE-19 cells. In conclusion, our data showed that exosomal miR-4488 and miR-1273 g-5p could
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inhibit TGF-B2-stimulated EMT in ARPE-19 cells through targeting ABCA4.

Introduction

Proliferative vitreoretinopathy (PVR) is a related
disease caused by the proliferation of vitreous or
retinal surface cells to form fibrous membrane,
which then contracts and stretches [1,2]. The
pathogenesis of PVR is very complicated, and ret-
inal pigment epithelium (RPE) cells are currently
recognized as the cell component that plays an
important role in PVR development [3,4]. RPE
cells detached from the basement membrane can
activate fibroblast-like active cells for migration
and epithelial-mesenchymal transition (EMT),
and ultimately cause PVR [5,6]. In addition to
surgery and drug therapy, molecular targeted ther-
apy has also achieved good results in PVR [7,8].
Therefore, elucidating the molecular mechanisms
that affect the biological functions of RPE cells
may provide a theoretical basis for mitigating
PVR progression. Transforming growth factor 2

(TGF-B2), a multifunctional cytokine, can induce
the EMT process of RPE cells, which is widely
used to construct PVR cell models in vitro [9,10].

Exosomes are tiny membrane vesicles (30-
150 nm) that can be secreted by most cells, and
contain a variety of non-coding RNAs including
microRNAs (miRNAs) [11,12]. Exosomes are an
important medium that mediates communication
between cells, which can transmit specific molecu-
lar information and then change the biological
functions of recipient cells [13,14]. For example,
exosome miR-146a could enhance the chemosen-
sitivity of ovarian cancer cells [15], and exosome
miR-22-3p could promote endometriosis progres-
sion through increasing cell proliferation and
migration [16]. Recently, Zhang et al. found that
there were a total of 34 differentially expressed
miRNAs in ARPE-19 cells treated with or
without TGF-2 used high-throughput sequencing
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[17]. Among them, we noted that miR-4488 and
miR-1273 g-5p were significantly lower expressed
in TGF-p2-induced ARPE-19 cells, but their roles
in the EMT process of REP cells had not been
investigated.

ATP-binding cassette A4 (ABCA4), a member
of the ATP-binding cassette transporter subfamily
ABCA, is expressed in cones and rods of verte-
brates [18]. The abnormally expressed ABCA4 can
lead to the accumulation of retinal toxic products,
and then lead to the occurrence of retinal degen-
eration diseases [19,20]. Studies had confirmed
that ABCA4 was remarkably upregulated in PVR
tissues, and its knockdown had an inhibition effect
on RPE cells proliferation and migration [21]. The
above evidence confirmed that ABCA4 might be
a key regulator for PVR progression.

Our study aimed to reveal the role and mechan-
ism of exosomal miR-4488 and miR-1273 g-5p in
the progression of PVR. Through online software,
we found that miR-4488 and miR-1273 g-5p could
interact with ABCA4. Therefore, we proposed the
hypothesis that exosomal miR-4488 and miR-
1273 g-5p might mediate PVR progression by tar-
geting ABCA4. Our research goal is to provide
potential molecular targets for the treatment
of PVR.

Materials and methods
Cell culture and TGF-B2 treatment

Human RPE cells (ARPE-19) were obtained from
ATCC (Manassas, VA, USA) and were cultured in
DMEM/F12 medium (Gibco, Grand Island, NY,
USA) supplemented with 10% FBS (Gibco) and
1% Penicillin/Streptomycin Solution (Invitrogen,
Carlsbad, CA, USA). TGF-PB2 treatment could be
performed when the cell confluences reached 80%.
Celle were treated with human recombinant TGF-
B2 (10 ng/mL; R&D, Minneapolis, MN, USA) for
24 h as the previously described [22].

Cell transfection

MiR-4488 mimic, miR-1273 g-5p mimic, pcDNA
ABCA4 overexpression vector and their mitched
negative controls were constructed by Ribobio
(Guangzhou, China). Cells with 60% confluences

could be transfected using Lipofectamine 3000
Reagent (Invitrogen). After transfection for 24 h,
cells were treated with TGF-P2 for 24 h and then
collected for function experiments.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from ARPE-19 cells
using TRIzol reagent (Invitrogen). Then, cDNA
was synthesized using PrimeScript RT reagent Kit
(TaKaRa, Dalian China). PCR was performed with
SYBR Green (Solarbio, Beijing, China). 274"
method was used to calculate relative expression
with U6 or B-actin as internal control as the pre-
viously described [17]. The primer sequences were
shown as Table 1.

Exosome isolation

ExoQuick (System Biosciences, Palo Alto, CA,
USA) was used to extract exosomes from TGF-
B2-treated ARPE-19 cells as the previously
described [17]. According to the kit instructions,
the cell supernatant was centrifuged and incubated
with ExoQuick solution, and then centrifuged
again to obtain exosome pellets.

Identification of exosomes

The morphology and size of exosomes were ana-
lyzed using transmission electron microscopy
(TEM) and nanoparticle tracking analysis (NTA)
as the previously described [17].

Western blot (WB) analysis

As the previously described [23], RIPA Lysis buffer
(Beyotime, Shanghai, China) was used to extract

Table 1. The primer sequences used for qRT-PCR.

Name Primers for PCR (5'-3')
miR-4488 Forward AGGGGGCGGGCUCCGGCG
Reverse GAACATGTCTGCGTATCTC
miR-1273 g-5p Forward GCCGAGGGTGGTTGAGGCTGCA
Reverse CAGTGCGTGTCGTGGAGT
ABCA4 Forward CATCTTGGCAAGGGTATATCGAG
Reverse CTGCAATTCTCTCCGGGTGAG
U6 Forward CTCGCTTCGGCAGCACA
Reverse AACGCTTCACGAATTTGCGT
B-actin Forward CTTCGCGGGCGACGAT
Reverse CCACATAGGAATCCTTCTGACC




total protein. Equal amount of protein was separated
using 10% SDS-PAGE gel and then electro-
transferred onto PVDF membranes (Invitrogen).
The membranes were blocked with 5% nonfat milk
followed by incubated overnight with primary anti-
bodies at 4°C, including CD9 (1:2,000, ab92726,
Abcam, Cambridge, MA, USA), CD63 (1:1,000,
ab134045, Abcam), CD81 (1:2,000, ab109201,
Abcam), ZO-1 (1:1,000, ab216880, Abcam), occludin
(1:250, ab31721, Abcam), E-cadherin (1:10,000,
ab40772, Abcam), a-SMA (1:1,000, ab5694,
Abcam), Bcl-2 (1:1,000, ab194583, Abcam), Bax
(1:1,000, ab32503, Abcam), cleaved caspase 3
(1:1,000, ab2302, Abcam), and -actin (1:1,000,
ab5694, Abcam). After further incubated with sec-
ondary antibody (1:50,000, ab205718, Abcam), the
protein signals were visualized using Enhanced
Chemiluminescence  Detection Kit (Vazyme,
Nanjing, China).

Transwell assay

As the previously described [24], 24-well transwell
chambers (8 pm, BD Biosciences, Heidelberg,
Germany) was used to detect cell migration,
which was pre-coated with a Matrigel (BD
Biosciences) for measuring cell invasion. ARPE-
19 cells (1 x 10° cells) were added into the upper
of chambers with serum-free medium. The lower
chambers were filled with 600 pL serum medium.
After cultured for 24 h at 37°C, the cells were fixed
with  paraformaldehyde and stained with
crystal violet. The number of cells was counted to
calculate cell migration ability and invasion abil-
ity (%).

Wound healing assay

As the previously described [24], ARPE-19 cells
were seeded into 6-well plates. A 200 pL pipette
tip was used to create a wound in the cell layer
when the cells reached 90% confluence. After that,
the cells were replaced with serum-free medium
and incubated for 24 h at 37°C. The wound area
was then photographed under a microscope (40 x)
at 0 h and 24 h, and the percentage wound closure
was calculated.
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Flow cytometry

As the previously described [25], Annexin
V-FITC/PI Apoptosis Detection Kit (Vazyme)
was used to detect cell apoptosis. Briefly,
ARPE-19 cells were re-suspended with 1
x Binding Buffer followed by treated with
Annexin V-FITC solution and PI staining solu-
tion. Cell apoptosis rate was analyzed by
CytoFLEX flow cytometer.

Dual-luciferase reporter assay

According to the prediction results by
DianaTools = microT_CDS software, the
sequences of ABCA4 3'UTR containing the bind-
ing sites of miR-4488 or miR-1273 g-5p were
inserted into pGL3 vectors, building the
ABCA4-1 3'UTR WT or ABCA4-2 3'UTR WT
vector. Besides, the fragments of ABCA4 3'UTR
containing the mutant sites of miR-4488 or miR-
1273 g-5p were generated in the same way,
namely as the ABCA4-1 3'UTR MUT or
ABCA4-2 3'UTR MUT vectors. As the previously
described [25], 293 T cells were co-transfected
with vectors and miR-4488 mimic or miR-
1273 g-5p mimic for 48 h. The luciferase activ-
ities were examined by Dual-Luciferase Reporter
Assay Kit (Promega, Madison, WI, USA).

RIP assay

According to the instructions of Magna RIP Kit
(Millipore, Billerica, MA, USA), ARPE-19 cells
were treated with RIP buffer, and the cell lysates
were incubated with magnetic beads pre-coated
with Anti-AGO2 or Anti-IgG as the previously
described [25]. The enrichment of miR-4488,
miR-1273 g-5p and ABCA4 was detected by qRT-
PCR.

Statistical analysis

All statistical analysis was performed in GraphPad
Prism 6.0 software and presented as mean * SD
from 3 independent experiments. Differences were
analyzed using Student’s t-test or ANOVA fol-
lowed by Tukey’s post-hoc test. Statistical signifi-
cance was accepted at P < 0.05.
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Results

Our study aims to explore the role of miR-4488
and miR-1273 g-5p in PVR and reveal their under-
lying molecular mechanism. We conducted this
study around the hypothesis that exosomal miR-
4488 and miR-1273 g-5p mediated PVR progres-
sion by regulating ABCA4. First, we determined
that exosomal miR-4488 and miR-1273 g-5p were
involved in the regulation on TGF-p2-treated
ARPE-19 cell progression. Then, the interaction
between ABCA4 and miR-4488 or miR-1273 g-5p
was determined by software prediction and experi-
mental verification. Finally, rescue experiments
were performed to confirm that exosomal miR-
4488 and miR-1273 g-5p mediated TGF-
B2-treated ARPE-19 cell progression by regulating
ABCAA4.

Exosomes mediated the transport of miR-4488
and miR-1273 g-5p in TGF-B2-treated ARPE-19
cells

In TGF-B2-treated ARPE-19 cells, we discovered
that miR-4488 and miR-1273 g-5p were lowly
expressed compared to the non-treated cells
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(Figure la-b). After isolated the exosomes from
TGF-P2-treated ARPE-19 cells, the morphology
of exosomes was analyzed wusing TEM
(Figure 1c). Besides, the expression of exosome
markers (CD9, CD63 and CD81) was detected,
and the results showed that they were overex-
pressed in the exosomes from TGF-p2-treated
ARPE-19 cells (Figure 1d). Furthermore, the size
of exosomes was analyzed by NTA (Figure le). To
explore whether exosomes mediated the transport
of miR-4488 and miR-1273 g-5p, donor ARPE-19
cells were transfected with the mimic of miR-4488
and miR-1273 g-5p followed by treated with TGF-
B2. After confirmed that the mimics could mark-
edly increase the expression of miR-4488 and miR-
1273 g-5p (figure 1f), we isolated the exosomes
from the donor cells. In the exosomes (named as
Exo-miR-NC, Exo-miR-4488 and Exo-miR
-1273 g-5p), we found that miR-4488 and miR-
1273 g-5p expression was significantly enhanced
(Figure 1g). Then, the exosomes were incubated
with the recipient TGF-B2-treated ARPE-19 cells
for 24 h. The detection results of miR-4488 and
miR-1273 g-5p showed that the expression levels of
miR-4488 and miR-1273 g-5p also were remark-
ably increased in the recipient TGF-P2-treated
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Figure 1. Exosomes mediated the transport of miR-4488 and miR-1273 g-5p in TGF-B2-treated ARPE-19 cells. (a-b) The
expression of miR-4488 and miR-1273 g-5p in ARPE-19 cells treated with or without TGF-B2 was measured by qRT-PCR. (c) The
morphology of exosomes from TGF-B2-treated ARPE-19 cells was analyzed using TEM. (d) The expression of exosome markers (CD9,
CD63 and CD81) was detected by WB analysis. (e) The size of exosomes was analyzed by NTA. (f) Donor ARPE-19 cells were
transfected with miR-4488 mimic or miR-1273 g-5p mimic followed by treated with TGF-B2. The expression of miR-4488 and miR-
1273 g-5p was detected by qRT-PCR. (g) Exosomes were isolated from donor ARPE-19 cells transfected with miR-4488 mimic or miR-
1273 g-5p mimic followed by treated with TGF-B2. The expression of miR-4488 and miR-1273 g-5p in exosomes was determined by
gRT-PCR. (h) Recipient ARPE-19 cells were treated with exosomes followed by treated with TGF-B2. The expression of miR-4488 and
miR-1273 g-5p were detected by qRT-PCR. **P < 0.01, ***P < 0.001.



ARPE-19 cells co-cultured with Exo-miR-4488 and
Exo-miR-1273 g-5p, respectively (Figure 1h).
Above all, we confirmed that exosomes mediated
the transport of miR-4488 and miR-1273 g-5p in
TGEF-B2-treated ARPE-19 cells.

Exosomal miR-4488 inhibited the EMT, migration
and invasion of TGF-2-induced ARPE-19 cells

To explore the role of exosomal miR-4488 in PVR
progression, ARPE-19 cells were treated with Exo-
miR-4488 for 24 h followed by treated with TGF-
B2 for 24 h. The inhibition effect of TGF-f2 on
miR-4488 expression could be promoted by the
addition of Exo-miR-4488 (Figure 2a). TGF-(2
treatment reduced the protein levels of ZO-1,
occludin and E-cadherin, while increased the pro-
tein level of a-SMA in ARPE-19 cells. However,
this effect could be reversed by overexpressing
exosomal miR-4488 (Figure 2b). Moreover, TGF-
B2 could promote the migration and invasion abil-
ities, as well as enhance the wound closure of
ARPE-19 cells, while overexpression of exosomal
miR-4488 also could inhibit cell migration and
invasion (Figure 2c-e). Flow cytometry results
indicated that Exo-miR-4488 promoted the apop-
tosis rate of TGF-p2-treated ARPE-19 cells (figure
2f-g). Also, TGF-B2 treatment increased the Bcl-2
protein level, decreased the Bax protein level, and
inhibited the cleaved caspase 3 protein level, while
these effects could be abolished by the addition of
Exo-miR-4488 (Figure 2h). Therefore, we con-
firmed that exosomal miR-4488 might inhibit
PVR progression.

MiR-4488 directly targeted ABCA4

Using the DianaTools = microT_CDS software, we
found that there had binding sites between miR-
4488 and ABCA4 3'UTR. According to the bind-
ing sites, we constructed the ABCA4-1 3'UTR
WT/MUT vectors (Figure 3a). Dual-luciferase
reporter assay results suggested that miR-4488
mimic could reduce the luciferase activity of
ABCA4-1 3'UTR WT vector without affecting
that of the ABCA4-1 3'UTR MUT vector
(Figure 3b). Also, RIP assay results showed that
miR-4488 and ABCA4 could be enriched in Anti-
AGO2 (Figure 3c). In TGF-p2-treated ARPE-19
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cells, we confirmed that ABCA4 expression was
upregulated at the mRNA level and protein level
(Figure 3d-e). Besides, we found that Exo-miR
-4488 could reduce ABCA4 protein level in TGF-
B2-induced ARPE-19 cells, while this effect could
be reversed by the transfection of pcDNA ABCA4
overexpression vector (figure 3f). These data
showed that miR-4488 negatively regulated
ABCA4 expression.

ABCA4 reversed the effect of exosomal miR-4488
on the EMT, migration and invasion of TGF-
B2-induced ARPE-19 cells

Then, we assessed the EMT, migration and inva-
sion of TGF-PB2-induced ARPE-19 cells treated
with Exo-miR-4488 and transfected with pcDNA
ABCA4 overexpression vector. Our data showed
that the enhancing effect of exosomal miR-4488 on
the protein levels of ZO-1, occludin and
E-cadherin, as well as the suppressive effect on
the protein level of a-SMA could be reversed by
overexpressing ABCA4 in TGF-p2-induced ARPE-
19 cells (Figure 4a). Besides, the inhibition effect of
exosomal miR-4488 on the migration ability, inva-
sion ability, and the wound closure rate in TGF-
B2-induced ARPE-19 cells also could be abolished
by ABCA4 overexpression (Figure 4b-d).
Overexpression of ABCA4 reduced the apoptosis
increased by exosomal miR-4488 in TGF-
B2-induced ARPE-19 cells (Figure 4e). The nega-
tively regulation of exosomal miR-4488 on Bcl-2
protein expression and the positively regulation on
Bax and cleaved caspase 3 protein expression also
could be reversed by overexpressing ABCA4 (fig-
figure 4f). These results revealed that exosomal
miR-4488 targeted ABCA4 to inhibit PVR
progression.

Exosomal miR-1273 g-5p had an inhibition on
the EMT, migration and invasion of TGF-
B2-induced ARPE-19 cells

In TGF-p2-induced ARPE-19 cells treated with
Exo-miR-1273 g-5p, we evaluated the biological
functions of cells to assess the role of miR-
1273 g-5p in PVR progression. The treatment of
Exo-miR-1273 g-5p could promote miR-1273 g-5p
expression in TGF-B2-induced ARPE-19 cells
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Figure 2. Exosome miR-4488 inhibited the EMT, migration and invasion of TGF-B2-induced ARPE-19 cells. ARPE-19 cells were
treated with exosomes (Exo-miR-NC or Exo-miR-4488) followed by treated with or without TGF-B2. Non treated cells were used as
normal control (NC). (a) The expression of miR-4488 was measured by qRT-PCR. (b) The protein levels of ZO-1, occludin, E-cadherin
and a-SMA were detected by WB analysis. (c-d) The migration and invasion abilities were measured by transwell assay. (e) Wound
healing assay was used to assess the migration of cells. (f-g) The apoptosis rate of cells was determined by flow cytometry. (h) The
protein levels of Bcl-2, Bax and cleaved caspase 3 were assessed by WB analysis. **P < 0.01, ***P < 0.001, ****P < 0.0001.
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Figure 3. MiR-4488 directly targeted ABCA4. (a) The binding sites and mutant sites between ABCA4 3'UTR and miR-4488 were
shown. Dual-luciferase reporter assay (b) and RIP assay (c) were used to confirm the interaction between ABCA4 and miR-4488. (d-e)
The mRNA and protein levels of ABCA4 in ARPE-19 cells treated with or without TGF-B2 was determined by qRT-PCR and WB
analysis. (f) ARPE-19 cells were transfected with or without pcDNA or pcDNA ABCA4 overexpression vector, and then treated with or
without Exo-miR-4488 or Exo-miR-NC followed by treated with TGF-B2. The protein level of ABCA4 was detected by WB analysis.

**P < 0.01, ***P < 0.001.

(Figure 5a). Also, Exo-miR-1273 g-5p enhanced
the protein levels of ZO-1, occludin and
E-cadherin, while decreased the protein level of a-
SMA in TGF-f2-induced ARPE-19 cells
(Figure 5b). In addition, Exo-miR-1273 g-5p
reduced the migration ability, invasion ability,
and the wound closure of TGF-p2-induced
ARPE-19 cells (Figure 5c-e). The apoptosis rate
of TGF-p2-treated ARPE-19 cells also could be
promoted by the addition of Exo-miR-1273 g-5p
(figure 5f). Furthermore, Exo-miR-1273 g-5p
decreased the Bcl-2 protein level, while promoted
the Bax and cleaved caspase 3 protein levels in
TGEF-p2-treated ARPE-19 cells (Figure 5g). All

data showed that exosomal miR-1273 g-5p could
suppress PVR progression.

ABCA4 also could be targeted by miR-1273 g-5p

According  the  prediction  results  of
DianaTools microT_CDS software, we con-
firmed that miR-1273 g-5p also could bind with
the 3'UTR of ABCA4. The ABCA4-2 3’'UTR WT/
MUT vectors were constructed basing on the
binding sites between ABCA4 3'UTR and miR-
1273 g-5p (Figure 6a). Dual-luciferase reporter
assay and RIP assay were used to confirm the
interaction between ABCA4 and miR-1273 g-5p.



9700 H. DONG ET AL.

a TGF-2
ZO1 e W SR s 195kDa 3
[ =
- 2 >
s
e £ 8
3 8
E-cadherin | s SN S s 110kDa g 5 el 2 k
o ‘é R e 2
GSMA | — — - a0 2 2 § 13 &"‘?J\ 8
B E i< ;ém}@* H
Pactin | ——— 20 3 ’ l."v; i’.“,‘ 5
o
. v i
e £ &g L 2
& & 'Y
&K «)} &9‘#
& & e
<& TGF-p2
d ToFp2 Exo-miR-NC Exo-miR-4488 i Exo-miR
Exo-miR-NC Exo-miR-4488  Exo-miR-4488+pcDNA Exo-miR4488+ABCAS Sforur R & 5 5
TGF-p2 2 < p 2
= Exo-miR-NC = = &4 5
B ExomiR-4488
= Exo-miR-4488+pcDNA B . B 2 = # :
B Exo-miR-4488+ABCA4 == o == == e =
) s = = 4 = #
2 : » 1% ol
g »# 2 = ﬁ B f;
g (e, .8 o] © o PO S a1
0 10° 100 10° 10° 10 0 10° 100 10° 10¢ 10 <707 10°10°
Annexin V-FITC Annexin V-FITC Ll LA
e g TGF-p2
TGF-p2 BCl2 M ———

3

0-miR-NC

Q
"o 20{™8 Exo-miR-4488+pcDNA
£ 77 |mm Exo-miR4488+ABCA4

Bax (W —— 0,

a

Cleaved
caspase

peactin W S S 20a

s & o
& F TS Bal-2
o
FFF
& &

g T W e s 17k02

N

Relative protein level

Bax Cleaved
caspase 3

Figure 4. ABCA4 reversed the effect of exosomal miR-4488 on the EMT, migration and invasion of TGF-B2-induced ARPE-19
cells. ARPE-19 cells were transfected with or without pcDNA or pcDNA ABCA4 overexpression vector and then treated with or
without Exo-miR-4488 or Exo-miR-NC followed by treated with TGF-f2. (a) WB analysis was used to detect the protein levels of ZO-1,
occludin, E-cadherin and a-SMA. (b-c) Transwell assay was performed to measure cell migration and invasion abilities. (d) The
migration of cells was evaluated using wound healing assay. (e-f) The apoptosis rate of cells was assessed using flow cytometry. (g)
WB analysis was utilized to determine the protein levels of Bcl-2, Bax and cleaved caspase 3. *P < 0.05, **P < 0.01, ***P < 0.001.

The results suggested that miR-1273 g-5p mimic
could inhibit the luciferase activity of ABCA4-2
3'UTR WT vector (Figure 6b), and both of them
were enriched in Anti-AGO?2 (Figure 6¢). In addi-
tion, we found that Exo-miR-1273 g-5p could
decrease ABCA4 protein expression in TGEF-
B2-treated ARPE-19 cells, while this effect could
be reversed by pcDNA ABCA4 overexpression
vector (Figure 6d). These data revealed that miR-
1273 g-5p could target ABCA4.

Exosomal miR-1273 g-5p regulated the EMT,
migration and invasion of TGF-B2-induced ARPE-
19 cells by targeting ABCA4

In TGF-B2-induced ARPE-19 cells treated with
Exo-miR-1273 g-5p and transfected with pcDNA
ABCA4 overexpression vector, we found that
ABCA4 overexpression reversed the promotion
effect of Exo-miR-1273 g-5p on the protein levels
of ZO-1, occludin and E-cadherin, as well as the
inhibition effect on the protein level of a-SMA
(Figure 7a). Besides, the enhancing effect of

Exo-miR-1273 g-5p on the migration ability, inva-
sion ability, and the wound closure rate in TGF-
B2-induced ARPE-19 cells also could be abolished
by overexpressing ABCA4 (Figure 7b-d). In addi-
tion, the regulation of Exo-miR-1273 g-5p on the
apoptosis rate and the protein levels of Bcl-2, Bax
and cleaved caspase 3 also could be reversed by
overexpression of ABCA4 in TGF-B2-induced
ARPE-19 cells (Figure 7e-f). Hence, our data con-
firmed that exosomal miR-1273 g-5p indeed tar-
geted ABCA4 to regulate PVR progression.

Overexpressed ABCA4 promoted EMT, migration
and invasion in TGF-B2-induced ARPE-19 cells

To further confirm the role of ABCA4 in PVR
progression, ARPE-19 cells were transfected with
pcDNA ABCA4 overexpression vector and then
treated with TGF-B2. Our data showed that over-
expressed ABCA4 could decrease the protein levels
of ZO-1, occludin and E-cadherin, while increase
the protein level of a-SMA in TGF-f2-induced
ARPE-19 cells (Figure 8a). Also, ABCA4
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Figure 5. Exosomal miR-1273 g-5p had an inhibition on the EMT, migration and invasion of TGF-B2-induced ARPE-19 cells.
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Figure 7. Exosomal miR-1273 g-5p regulated the EMT, migration, invasion and apoptosis of TGF-B2-induced ARPE-19 cells
by targeting ABCA4. ARPE-19 cells were transfected with or without pcDNA or pcDNA ABCA4 overexpression vector and then
treated with or without Exo-miR-1273 g-5p or Exo-miR-NC followed by treated with TGF-B2. (a) The protein levels of ZO-1, occludin,
E-cadherin and a-SMA were measured by WB analysis. (b-c) Transwell assay was performed to detect cell migration and invasion
abilities. (d) Wound healing assay was used to detect the migration of cells. (e-f) Cell apoptosis rate was analyzed using flow
cytometry. (g) WB analysis was used to measure the protein levels of Bcl-2, Bax and cleaved caspase 3. *P < 0.05, **P < 0.01,
***p < 0.001.
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Figure 8. ABCA4 overexpression promoted EMT, migration and invasion in TGF-B2-induced ARPE-19 cells. ARPE-19 cells were
transfected with pcDNA or pcDNA ABCA4 overexpression vector followed by treated with TGF-B2. (a) WB analysis was performed to
detect the protein levels of ZO-1, occludin, E-cadherin and a-SMA. (b-c) Cell migration and invasion abilities were determined by
transwell assay. (d) Wound healing assay was utilized for measuring the migration of cells. (e) Flow cytometry was used to examine
cell apoptosis rate. (f) WB analysis was performed to analyze the protein levels of Bcl-2, Bax and cleaved caspase 3. **P < 0.01,

***P < 0.001.

overexpression promoted the migration ability,
invasion ability, and the wound closure of TGEF-
B2-induced ARPE-19 cells (Figure 8b-d).
Furthermore, ABCA4 overexpression also inhibited
apoptosis rate, enhanced Bcl-2 protein level, sup-
pressed Bax level, and reduced cleaved caspase-3
level in  TGF-f2-induced ARPE-19  cells
(Figure 8e-f). These data confirmed that ABCA4
overexpression could promote EMT, migration,
invasion, and inhibit apoptosis in TGF-p2-induced
ARPE-19 cells.

Discussion

PVR has been confirmed to be a common compli-
cation of severe ocular trauma or inflammatory
retinopathy [26,27]. At present, PVR is considered
to be an excessive injury repair reaction occurring
in the eye, but the exact mechanism of its forma-
tion is not fully understood. In the past studies,

many miRNAs have been confirmed to be related
to the development of PVR. For example, Cui et al.
suggested that miR-194 could inhibit the EMT
process in TGF-B1-induced ARPE-19 cells, show-
ing that miR-194 might be a therapeutic target for
PVR [23]. Qiang et al. reported that miR-34a
could suppress ARPE-19 cells proliferation and
migration, confirming that miR-34a could serve
as a potential target for the prevention of PVR
[28]. In addition, miR-29b had been shown to
alleviate PVR progression, which could restrain
EMT in TGF-p1-stimuluted ARPE-19 cells [29].
In the previously research, miR-4488 was found
to exist in extracellular vesicles secreted by breast
cancer cells, which could inhibit the angiogenesis
of vascular endothelial cells [30]. A recent study
indicated that miR-4488 was significantly down-
regulated in AAV-infected ARPE-19 cells, which
might affect gene targets of multiple biological
processes [31]. Here, we investigate the potential
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role of exosomal miR-4488 in PVR progression.
Consistent with the previous study [17,30], our
research confirmed that exosomes mediated the
intercellular transmission of miR-4488. To con-
firm the role of exosomal miR-4488 in the EMT
of TGF-P2-stimuluted ARPE-19 cells, exosomal
miR-4488  was  co-cultured  with  TGF-
B2-stimuluted ARPE-19 cells. Function experi-
ments revealed that exosomal miR-4488 sup-
pressed the EMT, migration and invasion, while
enhanced the apoptosis of TGF-p2-induced ARPE-
19 cells. These data demonstrated that exosomal
miR-4488 might be the key miRNAs in mitigating
the progression of PVR.

MiR-1273 g has been shown to regulate the
progression of many cancer cells, such as color-
ectal cancer [32] and ovarian cancer [33]. Acute
glucose fluctuation could induce endothelial dys-
function by enhancing miR-1273 g expression
[34]. Ye et al. suggested that miR-1273 g could
regulate the autophagy-lysosome pathway to par-
ticipate in diabetic retinopathy progression [35].
Our data confirmed that miR-1273 g-5p was
existed in the exosomes from TGF-p2-induced
ARPE-19 cells, which was agreed with the previous
research [17]. Overexpressed exosomal miR-
1273 g-5p inhibited EMT, migration and invasion
in ARPE-19 cells induced by TGF-B2, which con-
firmed that exosomal miR-1273 g-5p might be
a target for PVR treatment.

MiRNAs can bind to the 3'UTR of the targets
and then instruct the silencing complex to degrade
or inhibit the translation of the target mRNA
[36,37]. In this, our data revealed that ABCA4
could be targeted by miR-4488 and miR-
1273 g-5p. Studies have shown that ABCA4 muta-
tions can cause retinal degenerative diseases, such
as Stargardt’s diseases and retinitis pigmentosa
[38,39]. The study of Wang et al. pointed out the
important promoting role of ABCA4 in the devel-
opment of PVR [21]. Here, we confirmed that
ABCA4 reversed the inhibition effect of exosomal
miR-4488 and miR-1273 g-5p on EMT, migration
and invasion in ARPE-19 cells treated by TGF-{2.
These results verified that miR-4488 and miR-
1273 g-5p indeed regulated the biological func-
tions of RPE cells by targeting ABCA4. Also, our
research further showed that ABCA4 had
a promotion effect on the EMT, migration and

invasion in TGF-p2-induced ARPE-19 cells,
which confirmed the positive role of ABCA4 in
PVR progression.

Of course, our current research still has some
limitations. Due to experimental conditions and
technical limitations, we are temporarily unable
to carry out animal experiments to further confirm
our conclusions in vivo. In future research, we will
try to conduct animal experiments to enrich our
results.

Conclusion

In summary, our results indicated that exosomel
miR-4488 and miR-1273 g-5p inhibited TGEF-
B2-induced EMT in ARPEI9 cells by targeting
ABCA4. These findings revealed that exosomel
miR-4488 and miR-1273 g-5p might be the poten-
tially effective targets for the treatment of PVR.

Highlights

e Exosomal miR-4488 inhibits the EMT of
TGEF-B2-treated RPE cells.

e Exosomal miR-1273g-5p suppresses the EMT
of TGF-P2-treated RPE cells.

e ABCA4 is a target for miR-4488 and miR-
1273g-5p.
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