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Background: Diabetic retinopathy (DR) is a most common microvascular complication and
regarded as the leading cause of blindness in the working age population. The involvement
of miR-200a in various disorders has become recognized, and the objective of this study was
to identify the protective effect of miR-200a in the development of DR.

Methods: The contents of miR-200a and its potential target gene, PDZ and LIM domain protein 1
(PDLIM1), were detected in both in-vivo and in-vitro DR models. Retinal leakage and inflamma-
tory factor concentrations were detected after vitreous injections of miR-200a/PDLIM1 vectors in
mice. The cellular viability, apoptosis and cellular migration were investigated using trypan blue
staining, flow cytometry and transwell assay with human retinal microvascular endothelial cells
(HRMECs). Besides, the prediction and confirmation of miR-200a targeting PDLIM1 were
conducted with bioinformation analyses and dual-luciferase reporter assay.

Results: Lower miR-200a and higher PDLIM1 levels were detected in both in-vivo and in-
vitro DR models. Besides, it was found that miR-200a treatment would significantly inhibit
retinal permeability and inflammatory factors. Through targeting PDLIM1, it was found that
miR-200a could improve cellular viability, remit apoptotic status and reduce cellular migra-
tion significantly in high glucose-treated HRMECs.

Conclusion: Our results demonstrated that miR-200a could be used as a potential therapy
target through down-regulating PDLIM1 in DR.

Keywords: microRNA 200a, diabetic retinopathy, PDZ and LIM domain protein 1,
endothelial cells

Introduction

The incidence rate of diabetes mellitus (DM) keeps rising and it has been estimated
that there are 366 million cases of DM worldwide." As the prevalence rate of
diabetic retinopathy (DR) has increased among the patients with a diabetes duration
over 20 years, the management of DR would cause huge medical and economic
resource pressure.” DR, which is a most common microvascular complication,
has been regarded as the principal cause of blindness in the working age population.
Vision loss in DR patients is associated with the development of proliferative
diabetic retinopathy (PDR), including retinal neovascularization due to retinal
ischemia and diabetic macular edema (DME) due to vascular leakage. The patho-
logical characteristics of retinal tissue in DR patients include pericyte and endothe-
lial cell (EC)

neovascularization.’ In the latest stage, relentless abnormal fibrovascular prolifera-

loss, blood-retinal barrier (BRB) breakdown and retinal

tion would appear and a vitrectomy would be conducted to rescue the retinal tissue
and visual function.
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Endothelial dysfunction, which is also one of the main
complications of DM, plays a key role in the development of
various diabetic complications, including visual impairment,
kidney failure, stroke, diabetic cardiomyopathy and lower-
extremity dysfunction.* During the development of DR,
capillary nonperfusion would lead to increased pro-
inflammatory factors because of retinal ischemia/hypoxia.
Clear evidence from both DM animal models and clinical
patients have demonstrated that inflammation plays an essen-
tial role in the pathogenesis of DR. As reported in a previous
study, it has been found that pro-inflammatory growth factors
and cytokines, such as tumor necrosis factor alpha (TNFa),
interleukin 6 (IL6), interleukin 1B (IL1B) and monocyte
chemo-attractant protein-1 (MCP-1), are overexpressed in
clinical samples of patients with DR.® Increased expression
of inflammatory factors lead to BRB breakdown, and then
damaged BRB is a key pathological progression in the inci-
dence of macular edema. In a later stage of DR, angiogenesis
would also be induced by the up-regulation of pro-
angiogenic factors angiopoietin 2 (Ang 2)’ and vascular
endothelial growth factor (VEGF).® Abnormal expression
of pro-angiogenic factors would lead to retinal neovascular-
ization, which is the indicator of PDR. It is interesting to find
that both Ang 2 and VEGF are important pro-inflammatory
factors as well and provide important regulation effect in
DR.”’ Anti-VEGF therapy is a breakthrough in the manage-
ment of DR, including its application in the treatment of
DME and an adjuvant of vitrectomy.'™'" The progress in
and DR
provided guaranteed success in the treatment or prevention

DM  management treatment has not
of progression of PDR.'? Considering the pivotal role of EC
in the

researches in the molecular mechanisms are still urgently

inflammation development of DR, advanced
required to identify potential therapy target.

MicroRNAs (miRNAs) are a class of non-coding RNA
with 19-25 nucleotides, and they can regulate gene
expressions through posttranscriptional repression of tar-
get gene expressions by binding to their 3’ untranslated
regions (3'-UTRs). It has been found that miRNAs expres-
in multiple

sion profile was retinal

13,14

dysregulated
diseases, including DR.'>!'® Recent studies suggested
that the development and progression of DR could be
regulated by several miRNAs, including miR-145-5p,
miR-30a and miR-125b-5p/miR-146a-5p, through regulat-
ing retinal ganglion cell survival, retinal microglial activa-
tion and retinal microvascular injury, respectively.'” "’
The miR-200 family is one of the best investigated func-

tional miRNAs. It is composed of five highly conserved

miRNAs, including miR-141, miR-429 and miR-200a/
200b/200c. A study by Ding et al showed that miR-200b/
¢ could protect vascular ECs under diabetic status by
inhibiting their target gene, vasohibin-2. However, the
effects of miR-200a in the development and progression
of DR remains poorly understood.*

Considering the key pathological role of EC inflamma-
tion and important regulation potential of miR-200a in DR
progression, it would provide us more knowledge to inves-
tigate miR-200a expression patterns during DR develop-
ment and to identify the effects of miR-200a as
a protective factor. As retinal EC dysfunction could lead
to an increased vascular permeability at an early stage and
angiogenesis at a late stage, the potential EC inflammation
protector, miR-200a, would uncover the potential applica-
tion of miR-200a as an effective agent for inhibition of DR
progression.

Methods and Materials

Mouse DM Animal Model

Male C57BL/6J mice (7-8 weeks old) were purchased
from the Vital River Laboratory (Beijing, China), and
their weights and glycemia levels were quantified and
recorded. Streptozotocin (STZ, SigmaAldrich, USA) at
55 mg/kg in diluted 10 mM/L citrate buffer (pH 4.5) was
injected intraperitoneally to the mice for 5 consecutive
days. Age-matched male C57BL/6] mice were injected
with citrate buffer and used as control in this study. The
blood glycemia from the tail vein was measured a week
after the last STZ injection. Mice were considered diabetic
when three consecutive measurements of blood glucose
were higher than 17 mM (300 mg/dL). The mice were
maintained under standard conditions for lighting (a 12 h/
12 h light/dark cycle), temperature (23°C-25°C) and
humidity (50%-60%). The care and handling of animals
were conducted in accordance with the Association for
Research in Vision and Ophthalmology Statement for the
Use of Animals in Ophthalmic and Vision Research. The
animal protocol was approved by Zhengzhou University’s
Institutional Animal Care and Use Committee.

Intravitreal Injection

For the transfection of plasmid and miRNA mimics in
animal models, in-vivo jetPEI transfection reagent accord-
ing to the manufacturer’s instructions was used in this
study. The mice were positioned in lateral recumbency,
eyes were protruded by applying subtle pressure around
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the eyeballs, and the needle was injected through the sclera
into the vitreous. A total volume of 1 pL liquid was used
for each intravitreal injection, and an injection posterior of
the limbus was conducted using a 33-gauge needle
(Hamilton, USA) without damaging the lens under an
operating microscope (Carl Zeiss Surgical, NY, USA).
For plasmid in-vivo transfection, 1.0 pL plasmid in
4.0 mg/mL was used in the injection. For miRNA injec-
tion, miR-200a mimic or miRNA normal control (miR-
NC) with a concentration of 4.0 mg/mL was used in the in-
vivo transfection. The mice were randomly divided into 6
groups, and the mice in each group received an intravitreal
injection of 1 puL phosphate buffer saline (PBS) in normal
mice (control group), 1 pL PBS in diabetic mice (DM
group), 1 pL of PDLIMI1 expression plasmid in diabetic
mice (DM+PDLIM1 group), 1 pL of miR-200a in diabetic
mice (DM+miR-200a group), 1 pL of PDLIM1 expression
plasmid combined with miR-200a in diabetic mice (DM
+PDLIM1+miR-200a group) and 1 pL of PDLIM1 expres-
sion plasmid combined with miR-NC in diabetic mice
(DM+PDLIM1+miR-NC group). All the following experi-
ments were conducted three days after injection.

Retinal Thickness Measurement

The retinal cross-sectional thicknesses were detected using
a spectral domain optical coherence tomography (SD-
OCT) Heidelberg,
Germany) in this study. In general, animals in different

system (Heidelberg Engineering,

groups were anesthetized with 100 mg/kg ketamine and
12 mg/kg xylazine mixture, and the OCT images were
simultaneously captured on retinal locus at 30° from the
optic nerve head. The total retinal thickness was defined as
the value from retinal pigment epithelium to the photore-
ceptor outer segments at 500 um from the optic disc in
nasal-temporal sectors. A total of three images for each
eye were used in the measurement of retinal thickness, and
the mean value was used in this study.

Enzyme-Linked Immunosorbent Assay for

Inflammatory Factors

The neuro-retina tissues were extracted from eyes of mice
in different groups. After extracting the protein in lysis
buffer containing protease inhibitor, the sonicated suspen-
sion was centrifuged at 2x10° g for 20 mins at 4°C. The
supernatant from all the retinal extracts was used to mea-
sure the protein levels of IL-1p, TNFa, IL6 and ICAM1
with enzyme-linked immunosorbent assay (ELISA) kits

purchased from Research & Diagnostics Systems (IL-1f,
MLBO00C; TNFa, MTA00B; IL6, M6000B and ICAMI,
DY796). The levels of these inflammatory factors in
mouse retinal samples were determined according to the
protocols provided by the manufacturers. The samples
were applied to the ELISA kits after validation, and the
optical density was determined at 450 and 540 nm with
a microplate reader (FLUOstar Omega-Microplate reader,
Germany).

Retinal Vascular Leakage Assay

Retinal leakage assay was conducted based on literature
with studies.”’ In
different mouse groups, including control, DM, DM
+PDLIM1, DM+miR-200a, DM+PDLIM1+miR-200a and
DM+PDLIM1+miR-NC groups, 45mg/kg Evans Blue
(Sigma-Aldrich Corp. St. Louis, MO, USA) in PBS was
injected through a jugular vein catheter. After 1-hour circu-

some modifications in previous

lation, heart perfusion via the left ventricle was conducted
with PBS followed by 1% paraformaldehyde, and the mice
were sacrificed by CO, overdose. The retinal samples were
freshly dissected for qualitative measurement and the Evans
Blue dye in each retinal sample was extracted by incubating
in 50 pL formamide (Sigma, USA) overnight at 70°C. The
extracted Evans Blue was measured at an absorbance at 620
nm after 70,000 g ultracentrifugation for 1 h. The ratio of
the leakage intensity compared to the intensity of control
group was used in this study.

Cell Culture

Human retinal microvascular endothelial cells (HRMECs:)
were from American Type Culture Collection (ATCC,
Manassas, VA), and HRMECs at 4 to 8 passages were
used in this experiment. The cells were cultured in pre-
coated flasks with gelatin (Corning, NY, USA). The cells
were cultured in endothelial basal medium (Lonza;
Walkersville, MD, USA) supplemented with 10% fetal
bovine serum (FBS), 100 U/mL penicillin and 100 pg/
mL streptomycin and EC growth supplements (Lonza;
Walkersville, MD, USA). The 293T cells were cultured
in Dulbecco’s modified eagle’s medium (DMEM) with
10% FBS, 100 U/mL penicillin and 100 pg/mL streptomy-
cin. The cells were cultured at 37°C and 5% vol CO,, and
the culture medium was replaced once every three days.

Cell Treatment
An effective PDLIM1 plasmid was designed and synthe-
sized by Beijing Zhongyuan Company. The miR-200a
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overexpression mimics (5'-
UAACACUGUCUGGUAACGAUGU —3') and the non-
sense MiRNA (miR-NC) as a negative control (5'-
UUCUCCGAACGUGUCACGUTT-3") were synthesized
by GenePharma company (Shanghai, China). The negative
control miR-NC, miR-200a mimic and PDLIM1 plasmid
were transfected into the cultured cell using Lipofectamine
2000 (Thermo Fisher Scientific, USA), and all the operat-
ing procedures were conducted according to the manufac-
turer’s instructions. The 80% confluent cells were starved
in a minimal medium (basic medium + 2% FBS) overnight
before transfection to eliminate the influencing effects of
growth factors. Transfected cells were used for advanced
experimental analysis at 48 h post-transfection.

RNA Extraction and Quantitative PCR

Assay
Total RNA from both mouse retinal tissues and HRMECs
was extracted with Trizol® Reagent (Thermo Fisher
Scientific, MA, USA) and purified using RNeasy Kit
(Qiagen, USA) according to the instruction manual.
Purified RNA was quantified at A260/A280 ratio was con-
ducted with NanoDrop Spectrophotometers (ThermoFisher
Scientific, MA, USA), then 500 ng total RNA was used for
cDNA synthesis with reverse transcription into cDNA using
High Fidelity Ist Strand cDNA Synthesis Kit (Agilent
Technologies, CA, USA), according to the manufacturer’s
instruction. Real-time qPCR was conducted by using an
Applied Biosystem CFX1000 (Thermo Fisher Scientific,
USA) and a SYBR Premix Ex Taq (Takara), according to
the manufacturer's instructions. Each sample was measured
in triplicate, and the mean value was used in data analyses.
Each treatment was determined using five to six eyes, and
data are shown as means = SE. All the gene expressions were
normalized to housekeeping gene glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) or U6 small nuclear RNA.
The PCR reactions were performed in triplicate, and the data
2722 method.

The sequences of primers were as follows:

PDLIM1: forward 5- GAGAAACAGGAGTTG
AATGAGCC-3,

reverse 5- GCAGCCACTTTAGTGACAGGAG-3'.

miR-200a: forward 5'- CTTACCGGACAGTGCTG-3',

reverse 5'- GAACATGTCTGCGTATCTC-3'.

GAPDH: 5'-GAAGGTGAAGGTCG
GAGTC-3',

reverse 5-GAAGATGGTGATGGGATTTC-3'".

were analyzed by

forward

Cellular Viability Assay

The cellular  viability detected  with
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay kit following the manufacturer's
instruction (#30006, Biotium, USA). Cultured HRMECs
(5%10* cells/mL) in different groups were plated in a 96-
well plate 48 hours after the treatment, and 10 pL CCK-8
solution was added to each well. After incubation for 2

was

h at 37°C, the absorbance values were measured by
a multiplate reader (Lambda Bio-20; Beckman) at 450 nm.

Flow Cytometry for Apoptosis Analyses

In this study, flow cytometry with annexin V fluorescein
isothiocyanate (FITC) and propidium iodide (PI) stains
was used to detect the apoptosis with FITC Annexin
V Apoptosis Detection Kit I according to the manufac-
turer’s instruction (BD, Biosciences, USA). After diges-
tion with 0.25% trypsin and centrifuging at 400 g for 5
min, the HRMECs in all the groups were resuspended in
ice-cold PBS and used for analyses. The annexin V-FITC
and PI stains were added in the resuspension and incu-
bated in the dark for 20 min. Then the HRMEC suspension
was passed through a 250-um mesh to prevent clumping
before fluorescence analyses and data analyses. The fluor-
escence emission was detected at a AEm of 518 and 620
nm for annexin V-FITC and PI, respectively, with FACS
LSR II® (BD Biosciences). Data were analyzed using
FlowJo® VX software (Tree Star, OR, USA). The ratio
of the percentage of the alive cell rate compared to that of
the control group was calculated and used in data analyses.

Cellular Migration Assay

The transwell assay was used in the detection of migration
ability of the HRMECs in different groups with Costar
Transwell plates (Corning, MA, USA). Transwell migra-
tion assays were conducted and analyzed as in previous
study.”? After seeding the HRMECs in different groups to
the upper chambers and placing conditioned medium in
the lower chambers for 24 hours, crystal violet was used to
stain the cells. The migrated and stained cells were
observed under an optical microscope, and six different
fields were chosen at random for each sample. The mean
value of each group was used for data analyses.

Western Blot
After treatments in different groups, HRMECs were lysed
with Radio Immunoprecipitation Assay (RIPA) buffer
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(Biyuntian, Shanghai, China). Lysates were centrifuged at
14,000 g for 20 min, and the supernatant was used for
protein separation by dodecyl sulfate, sodium salt-
polyacrylamide gel electrophoresis (SDS-PAGE). A total
30-50 pg protein of total protein was separated by elec-
trophoresis through 10-12% SDS-polyacrylamide gel.
Rabbit anti-Bax, anti-Bcl2 anti-cleaved caspase3, anti-
PDLIMI1 and anti-GAPDH monoclonal antibodies (Cell
Signaling Technology, USA) were used to detect total
protein levels of Bax, Bcl2, cleaved caspase3, PDLIMI
and GAPDH. All antibodies were used at 1:1000 dilution.
The Western blot bands

a luminescent image analyzer, ImageQuant LAS 4000

were quantified using
(GE Healthcare). The optical density of the target genes
was normalized to GADPH.

Dual-Luciferase Reporter Assay

The target genes of miR-200a were predicted by
TargetScan and miRcode. After selecting an overlapped
gene, PDLIMI, the potential inhibition of miR-200a on
PDLIM1 expression was confirmed by dual-luciferase
reporter assay. The 3-UTR sequence of PDLIMI was
amplified by PCR from normal human genomic DNA
database and subcloned into downstream of the stop
The QuikChange Site-
Directed Mutagenesis Kit was applied to mutate the bind-
ing site of miR-200a in PDLIM1. Next, the 293T cells
(5X104) were seeded into 24-well plates and co-

codon pGL3-basic vector.

transfected with wild-type or mutant 3-UTR vectors in
combination with miR-200a or miR-NC for 48 h. The
regulation effect of miR-200a on the PDLIM1 expression
was demonstrated by the Firefly luciferase activity and
was normalized to Renilla luciferase activity and in both
miR-200a and miR-NC groups. We used a dual-luciferase
reporter system (Promega Corporation, Madison, WI,
USA) to detect the luciferase activity according to the
manufacturer’s instructions. All experiments were
repeated at least three times, and the average value was

used in the data analyses.

Statistical Analyses

Statistical analyses and graph development were per-
formed using GraphPad Prism 7 (GraphPad Software,
USA). Statistical significance was determined using the
t-test or one-way ANOVA. A P-value of less than 0.05

was regarded as a statistical significance.

Results

Dynamic Expressions of miR-200a and
PDLIMI in Both in-vivo and in-vitro DR

Model

The levels of miR-200a and PDLIMI1 were analyzed by
both in-vivo and in-vitro DR model at different time points.
For in-vivo animal models, the miR-200a was up-regulated
at both 2 months and 4 months after STZ injection, while
both mRNA and protein levels of PDLIM1 were signifi-
cantly increased at 2 months and 4 months DM stage
(Figure 1A—C). On the other hand, we also detected the
miR-200a and PDLIM1 expression at 12 h, 24 h and 48
h after high-glucose (HG) treatment. For miR-200a, it was
found that it was down-regulated in HRMECs treated with
HG after 24 h and 48 h, respectively (Figure 1D). The
results of the mRNA and protein expressions of PDLIM1
at 12 h, 24 h and 48 h showed that they were significantly
higher after 48 h and 24 h, respectively, comparing with
control group (P<0.001, Figure 1E and F). However, no
significant differences were detected in the PDLIM1 mRNA
between 12 h or 24 h group with and control group
(P>0.05).

miR-200a Eliminated Retinal Permeability
Induced by Diabetes and PDLIMI

As retinal permeability was one of the key signs for DR,
both retinal thickness and retinal leakage were used. All
the mice were divided into six groups, including control,
DM, DM+PDLIM1, DM+miR-200a, DM+PDLIM1 group
+miR-200a and DM+PDLIM1 group+miR-NC group. The
retinal thickness in DM mice was not significantly differ-
ent comparing with the age- and gender-matched normal
mice; however, the retinal thickness value increased after
treatment with miR-200a/miR-NC in combination with
PDLIM1 vector. The representative OCT images in all
the 6 groups are presented in Figure 2A, and the data are
presented in Figure 2B. Comparing the DM mice,
PDLIM1 treatment significantly increased the retinal
thickness, and this effect was improved by miR-200a
injection. In the diabetic mice, it was found that the retinal
leakage was significantly increased compared with the
normal group. Comparing with diabetic mice without any
treatments, it was demonstrated that miR-200a and
PDLIMI produced protective and harmful effects, respec-
tively. To evaluate the possible beneficial effect of miR-
200a on retinal leakage in DR, normal and STZ-induced
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Figure | Expressions of miR-200a and PDLIMI at different time points in both in-vivo and in-vitro models. (A) miR-200a expression was detected in normal C57BL/6) mice,
2 months and 4 months after STZ injection. The expression of miR-200a was significantly decreased at 2 months and 4 months after STZ injection (n=6); (B) PDLIMI mRNA
expression was detected in normal C57BL/6) mice, 2 months and 4 months after STZ injection. The expression of PDLIMI mRNA was significantly increased at 2 months
and 4 months after STZ injection (n=5); (C) PDLIMI protein levels in normal C57BL/6] mice, 2 months and 4 months after STZ injection. The expression of PDLIMI mRNA
was significantly increased at 2 months and 4 months after STZ injection (n=4). (D) miR-200a expression was detected in HRMECs under normal glucose (NG), and 12 h, 24
h and 48 h after high glucose (HG) treatment. The expression of miR-200a was significantly decreased at 24 h and 48 h after HG treatment; (E) PDLIMI mRNA expressions
were detected in HRMECs under NG, and 12 h, 24 h and 48 h after HG treatment. (F) PDLIMI protein levels were detected in HRMECs under NG, and 12 h, 24 h and 48

h after HG treatment (n=4). (Data are expressed as mean + SD, ***P<0.001).

diabetic mice were treated with miR-200a/miR-NC in
combination with PDLIM1, and then retinal vascular leak-
age was investigated using Evans Blue assay. The in-vivo
findings demonstrate that retinal microvascular leakage
increased in the diabetes group. After intravitreal injection
of PDLIMI1 plasmid, it was found that PDLIM1 could
induce retinal leakage in diabetic mice. To directly test
the effects of miR-200a in retinal microvascular leakage,
an miR-200a mimic/miR-NC mimic in combination with
PDLIMI was intravitreally injected to diabetic mice, and
the leakage index was detected two days later (Figure 2C).
These results indicated that intravitreal injection of miR-
200a could be an efficient therapy method for both dia-
betic mice and PDLIM1-induced inflammatory leakage in-

Vivo.

Effect of miR-200a on Inflammatory
Cytokine Levels in the Retinal Samples of
Diabetic Mice

Given that inflammation plays an important role in the
development of DR and it is a key factor for increased
retinal permeability, it is important to detect the inflamma-
tory factor expression in different groups. As miR-200a
was a potential inflammation inhibitor that protected

diabetic retinal development, we hypothesized that miR-
200a might influence EC permeability through interaction
with inflammatory molecules such as IL-18, TNFa, IL6
and ICAM1 (Figure 3). The expressions of the four inflam-
matory factors were examined in the retinal tissues from
different groups, and the effects of miR-200a on PDLM1
treatment were demonstrated. Comparing with the age-
and gender-matched control mice, the expressions of IL-
1B, IL6 and ICAMI1 were significantly increased, and
ICAMI1 demonstrated the most significant increase. After
treatment with PDLIM1, the expressions of all the four
inflammatory factors were significantly up-regulated. After
treatment with miR-200a, the levels of IL-1B, IL6 and
ICAMI1 in untreated diabetic mice were decreased at 12
h, while the TNFa level was still higher than the untreated
diabetic mice group at 48 h.

miR-200a Relieved HRMEC:s Viability,
Apoptosis and Migration Influenced by
HG

To further address how miR-200a modulated HRMEC
function in HG status, we detected the effects of miR-

200a on cell viability of both normal and high-glucose
treated HRMECs (Figure 4). For the HRMECs in normal
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Figure 2 Effects of miR-200a, PDLIMI and diabetic status on retinal thickness and leakage. (A) Optical coherence tomography (OCT) images of retinas for different groups,
including normal, DM, DM+PDLIMI, DM+miR-200a, DM+PDLIM|+miR-200a, DM+PDLIM|+miR-NC; (B) retinal thickness based on OCT in normal, DM, DM+PDLIMI,
DM+miR-200a, DM+PDLIM|+miR-200a, DM+PDLIMI+miR-NC groups; (C) retinal leakage based on Evans Blue assay in normal, DM, DM+PDLIMI, DM+miR-200a, DM
+PDLIMI+miR-200a, DM+PDLIM|+miR-NC group. Data are expressed as mean * SD. *P<0.05, **P<0.01, **P<0.001.

glucose, miR-200a treatment had no effect on the cell
viability. After treatment with HG for 24 h, it was found
that cell viability was significantly influenced, however;
the application of miR-200a improved the HRMECs via-
bility significantly (P<0.001).

Since apoptotic HRMECs are frequent under HG con-
ditions, we determined whether miR-200a could relive
HRMECs form of cell death. To detect the apoptotic
rates in different groups, annexin V signal by using an
anti-annexin V antibody and the expression of a group of
apoptosis related protein, including Bcl2, Bax and cleaved
caspase 3. As shown in Figure 5A, the percentage of
apoptotic cells was increased from 5.1% in the control
group to 11.6% in the HG group for HRMECs. After
treatment with miR-200a for 24 h, it was found that the
percentage of apoptotic cells was reduced to 6.1%, and it
demonstrated a significant difference from that in
HRMECs in the HG group. The results indicated that
miR-200a treatment significantly protects the HRMECs
under HG stress. In advanced studies, we detect the apop-
tosis-related protein expression (Figure 5B). Comparing

with the control group, an increased expression of pro-
apoptotic protein Bax and the apoptotic executioner
cleaved caspase 3 was detected HRMECs in HG status.
In advance, there was a decreased expression of anti-
apoptotic protein Bcl2, and there was a significant differ-
ence between HG and NG groups. After treatment with
miR-200a in HRMECs under high glucose status, we
found a significantly decreased pro-apoptotic protein Bax
and cleaved caspase 3 expression and an increased anti-
apoptotic protein Bel2 expression. However, no significant
difference in the apoptosis-related proteins expression was
observed for miR-NC treated HRMECs compared with
HG treated group. Taken together, these results suggest
that miR-200a protected HRMECs apoptosis by inhibiting
the mitochondrial apoptosis pathway.

Comparing with the control group, HG led to an
increased migration rate through transwell assay. Besides,
miR-200a alleviated the HG-induced increasing cell migra-
tion, while miR-NC failed to demonstrate a regulatory effect
(Figure 6A). Besides, the effects of HG, HG+miR-200a as
well as HG+miR-NC are presented in Figure 6B.
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Figure 3 Effects of miR-200a, PDLIMI and diabetic status on pro-inflammatory factors. The expression of several pro-inflammatory factors was detected by ELISA and
presented in (A) IL-1B, (B) TNFa, (C) IL6 and (D) ICAMI. The pro-inflammatory was significantly induced by PDLIMI treatment and reduced by miR-200a. *P<0.05,

**P<0.01, ¥**P<0.001. n = 5.

miR-200a Regulated HRMECs Function
by Targeting PDLIM|I

As we know, miRNAs have demonstrated a biological
function through post-translational regulation. In this
study, bioinformatics analysis was employed to predict
the potential target genes of miR-200a by TargetScan and

miRcode. As PDLIMI1 was significantly up-regulated in
HG-treated HRMECs and its expression was remarkably
reduced by treatment with miR-200a (Figure 7A and B),
we conducted advanced studies on the regulation effect of
miR-200a on PDLIMI1 expression. After co-incubating
miR-200a or miR-NC mimics with luciferase reporter
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vector containing the wild-type or mutant 3' UTR of the
sequence, a significantly decreased luciferase activity was
in the miR-200a and wild PDLIMI1 co-
transfection group (Figure 7C). The dual-luciferase repor-

observed

ter assay provided us the knowledge that PDLIM1 was
a target gene of miR-200a.

Discussion

DR, which is a most important microvascular diabetes-
induced complication, is regarded as a leading cause of
vision disability. However, more efforts are still urgently
required to understand the pathological mechanisms and
develop novel approaches for the therapy. As the miR-200
family plays a key role in different biological progresses,
here we demonstrated the potential protective effects of
miR-200a for DR based on both in-vivo and in-vitro mod-
els. Through analyzing the retinal permeability and inflam-
matory biomarkers in streptozotocin diabetic mice after
treatment with miR-200a and PDLIMI1, we demonstrated
the essential contribution of PDLIMI1 in the development of
DR, and miR-200a would provide remarkable protective
effect through inhibiting the expression of PDLIMI1. The
results from in-vitro studies showed that treating HRMECs
in HG with miR-200a would improve the cell viability as
well as apoptotic status. Dual-luciferase reporter assay con-
firmed that miR-200a could demonstrate the biological
through directly regulating PDLIM1 (Figure 8).

Among all the diabetic patients, about one-third of
them suffered from vision-threatening DR, and DME was
one of the most important causes of vision impairment.'®
Focal laser photocoagulation is regarded as a classical

treatment for DME; however, it leads to a number of
serious complications.”> Data from several clinical trials
demonstrated significant beneficial effects of anti-VEGF
therapy in the management of DME, while anti-VEGF
resistance was associated with poor prognosis of DME
management.”**> Although a variety of scientific advances
have been made over the last decade, the pathogenesis of
DME remains to be discovered fully. By now the key role
of inflammation in the development from early phases DR
to vision-threatening DME has been reported by different
researches and reviews, and the modification of retinal
inflammation is regarded as a therapy target for DR.>*2®
Mounting evidence has demonstrated the role miRNAs in
the development of different disorders,”” and among them
the miR-200 family is one of the most commonly studied.
A previous study detected the protective effects of miR-
200b/c through inhibiting vasohibin-2 in HRMECs.*
Another study was conducted to detect the effect of miR-
200c in Ishikawa cells and found that up-regulation of
miR-200c could repress both transcription and translation
of zinc finger E-box-binding proteins (ZEBs), VEGFA,
fms-related tyrosine kinase 1 (FLT1), inhibitor kappa
B kinasep (IKKP), as well as Kriippel-like transcription
factor 9 (KLF9) through interacting with their 3'untrans-
lated regions and then demonstrated significant biological
effects.®” It was also reported that another member in the
miR-200 family, miR-200a, could produce key regulation
effects in diabetes-related diseases. In a study on other
microvascular complications, such as diabetic nephropa-
thy, it was found that a novel analogue of curcumin C66
could ameliorate diabetic nephropathy by up-regulating
miR-200a.*" In a study on zebrafish, miR-200a was
reported to be one of the most important functional
miRNAs in retinal degeneration and it is essential in the
Miiller glia cellular reprogramming.>> However, no pre-
vious work has been conducted on the effects of miR-200a
in the development of DR.

In this study, we detected the roles of miR-200a in the
regulation of HRMECs inflammation, which was one of
the key progresses in the development of DR, and the
results in this study supported our hypothesis of miR-
200a having a protective effect in the development of
DR. PDLIMI, also known as Coactosin-like protein 36
(CLP36), Elfin and Cofactors of LIM homeodomain pro-
tein 1 (CLIM1), contains a N-terminal PDZ domain and
a C-terminal LIM motif.>* It was reported that PDLIMI
was related with subcellular location regulation of signal
proteins and it also functioned as a stress fiber-associated
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*kp<0.001.

cytoskeletal protein. However, the role of PDLIMI in
inflammation or ECs remained largely undefined and
controversial>**> A recent study on the role of miR-150
in atherosclerosis and the relation between miR-150 and
PDLIMI1 provided us with some potential evidence for the
contribution of PDLIMI in the inflammation.’® In this
study, it was found that additional PDLIMI1 treatment
would lead to increased retinal leakage and inflammatory
factors. Advanced experiments showed that miR-200a

could relieve the retinal leakage and inflammation induced
by PDLIMI treatment. The data from in-vitro study
showed that PDLIM1 was the target gene of miR-200a,
and miR-200a demonstrated significant protective effects
in both cell viability and apoptosis. However, no previous
study focused on the role of PDLIMI1 in the ECs.
According to experiments on colorectal cancer cell lines,
it was found that PDLIM1 could stabilize the E-cadherin/
B-catenin complex to inhibit the effect of B-catenin and
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thus prevent epithelial-mesenchymal transition progress.
As the E-cadherin/B-catenin pathway has an important
role in the blood-retina barrier (BRB) formation,®’
PDLIMI1 might have a pathetical role through Wnt path-
way. However, only PDLIM1 mRNA expression was
detected in current version, and this limited the under-
standing of the role of PDLIMI in DR. In the following
experiments, Western blot, cross-section and retinal flat
mountain data of PDLIM1 would provide us with more
knowledge.

miRNAs demonstrated their roles through negatively
regulating gene expression post-transcriptionally by
binding to target mRNAs for or inhibiting translation.
According to previous studies, it has been reported that

quaking (QKI), bromodomain containing protein 4
(BRD4), protocadherin 9 (PDCH9) and others could
work as the target genes of miR-200a.*®*" In this study,
we confirmed that PDLIM1 was another target for miR-
200a as discussed above. As macular edema is associated
with damaged vision activity and miR-200a might
demonstrate protective effects in DR, we detected the
retinal permeability through both retinal thickness by
OCT and retinal leakage by Evans Blue assay. It was
found that retinal thickness was not higher than the nor-
mal control, and we hypothesized that this was due to
retinal thickening because BRB damage did not compete
with retinal thinning due to cell loss in the STZ-induced
DM mice animal model. Thus, we conducted advanced
studies including PDLIM1 and PDLIM1 in combination
with miR-200a treatment groups. It was found that miR-
200a could extenuate PDLIM1-induced retinal thickness
increase partly. When the retinal leakage was considered,
it was found that diabetic mice tend towards retinal leak-
age more than do control mice. After exogenous PDLIM1
was applied, retinal leakage was far more severe than that
in the normal mice and was blocked by miR-200a injec-
tion completely. The data from in-vivo edema-related
studies showed that PDLIM1 produced important effects
in the BRB damage, and miR-200a was a potential ther-
apy target for diabetes-related macular edema.

The clinical and experimental samples showed that
retinal microangiopathy and neuronal function impairment
appear in early-stage DM, and these lesions are closely
related to apoptosis.*' Therefore, the role of retinal apop-
tosis in the mechanism of retinopathy and its regulation
was studied and early-stage diabetes. Considering that the
loss of function and structure of retinal microvascular ECs
were related with microvascular nonperfusion, capillary
network degradation and then induced a series of
dysfunction.** Interventions to block the development of
DR have important clinical significance, and we tested the
potential protective effect of miR-200a. Based on the data
of flow cytometry as well as protein expression of apop-
tosis-related key genes, we concluded that miR-200a
could produce remarkable anti-apoptotic effects through
the mitochondrial pathway. The anti-apoptosis effect of
miR-200a was reported in retinal ganglion cells*® and
neuronal PC12 cells.** The protective effect of miR-200a
on different neural cells in different degenerative disorders
suggest additional benefits other than the protection
of ECs.
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Figure 8 miR-200a protected DR through down-regulating PDLIM| expression. miR-200a can down-regulate PDLIMI in retinal vascular endothelial cells and thus decrease
the expressions of inflammatory factors. As the retinal leakage and angiogenesis would be alleviated, there would be significant improvement in vision.

Conclusions development of DR that affect HRMECs viability, apoptosis
Collectively, these results based on both in-vivo and in-vitro  and cell migration. As treatment with miR-200a could reduce
data show that the miR-200a plays important roles in the retinal permeability and inhibit inflammation, we postulate that
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miR-200a could be a potential therapy target through down-
regulating PDLIM1 in DR.
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