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Abstract: Objective: This study aimed to explore the effects of microRNA-21 (miR-21) on the apoptosis of retinal neu-
rons by targeting programmed cell death 4 (PDCD4) in a rat model of diabetes mellitus (DM). Methods: Retinal neu-
rons were isolated from SD rats and identified by fluorescence microscope. The retinal neurons were treated with a
high concentration of glucose and divided into 5 groups: blank group (without any transfection), control group (trans-
fected empty plasmid), anti-miR-21 group (transfected with anti-miR-21 inhibitor), sh-PDCD4 group (transfected
with sh-PDCD4 plasmid) and anti-miR-21 + sh-PDCD4 group (transfected with anti-miR-21 inhibitor and sh-PDCD4
plasmid). Dual luciferase reporter assay was used to identify of the relationship between miR-21 and PDCD4. MTT
assay and Hoechst33342 staining were applied for determining cell viability and apoptosis. The miR-21, PDCD4,
apoptosis-related protein (Bcl-2 and Bax) expressions were detected by qRT-PCR assay and Western blotting. Fifty
DM rats were equally and randomly assigned to 5 groups (10 rats in each group): normal, blank, control, anti-
miR-21, and anti-miR-21 + sh-PDCD4 groups. All rats were executed 8 weeks after intravitreal injection with lentivi-
ruses. HE staining and TUNEL staining were performed. Results: The luciferase reporter gene assay verified miR-21
could bind to the promoter sequence of PDCD4 3’UTR. Compared with the control and blank groups, cell viability
was remarkably increased and the apoptosis rate was significantly decreased in the anti-miR-21 group, while the
sh-PDCD group exhibited an opposite trend. The expressions of miR-21 and Bcl-2 were lower and the expressions of
PDCD4 and Bax were higher in the anti-miR-21 group than those in the control and blank groups, while the expres-
sions of miR-21 in sh-PDCD group had no obvious change, higher apoptosis rate and lower PDCD4 (all P < 0.05);
however, opposite trends were observed in the anti-miR-21 + sh-PDCD4 group. In rat retinal tissues, the sh-PDCD4
group had markedly higher miR-21 expression and apoptosis rate but lower PDCD4 expression than the anti-miR-21
group (all P < 0.05), while the expressions of miR-21 in anti-miR-21 + sh-PDCD4 group had no significant difference,
decreased PDCD4 and increased apoptosis rate (all P < 0.05). Conclusion: Our study provides evidence that miR-21
could promote the apoptosis of retinal neurons in DM rats by down-regulating PDCD4.
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Introduction

Diabetic retinopathy (DR) is one of the most
common and severe microvascular complica-
tions of diabetes mellitus (DM), and the leading
cause of irreversible blindness characterized
by abnormal retinal vasculature and neuronal
dysfunction [1, 2]. More than 60% of adults
with type I DM develop DR within 20 years of
disease onset, causing 5% of blindness world-
wide [3]. The main features of DR include en-
dothelial proliferation, thickening of basement
membrane, retinal ischemia and hypoxia, and

neovascularization [4-6]. It has been found that
the DR incidence was mainly induced by hyper-
glycemia and closely linked to hypertension and
hyperlipidemia [7]. Currently, the treatments for
DM are limited to tight control of blood glucose,
blood pressure and blood lipid [8-10] with few
drugs specifically targeting DM complications.
As the population of DM patients is increasing
dramatically, it has been extremely urgent to
discover novel targets for the treatment and
prevention of DM and its complications. Emer-
ging evidence indicates that microRNAs (miR-
NAs) could play critical roles in the regulation of
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diabetes and its complications via a series
of closely related biological pathways [11, 12].
Besides, programmed cell death 4 (PDCD4)
has been identified as a gene which is up-re-
gulated during apoptosis [13].

MiRNAs are a group of endogenous, small, non-
coding and single stranded RNA molecules,
participating in almost all physiological and pa-
thological processes in vivo (cell growth, de-
velopment, proliferation, differentiation, apop-
tosis, etc.), mainly by inhibiting translation of
mRNAs and degrading target mRNAs [14, 15].
Serum miRNAs have already been used as bio-
markers for many diseases, including gliomas
and gestational DM [16, 17]. Particularly, some
miRNAs have been shown to play a vital role
in the occurrence and development of DR [18-
20], among which miR-21 has been reported
to be a potential diagnostic biomarker for dia-
betic nephropathy [21] and exert important
effects on cancer cell proliferation and apop-
tosis [22, 23]. Although miR-21 was indepen-
dently expressed without being regulated from
the overlapping promoters of protein-coding
genes, due to its unique promoter, the activa-
tion protein 1 (AP-1) enhancer element is still
able to regulate the expression of miR-21 in
different cell signaling pathways [24]. Altering
PDCD4 expression may therefore be a treat-
ment option, particularly for tumors for which
current treatment modalities are limited, such
as neuroendocrine tumors [13]. To date, the
role of miR-21 in DR has rarely been report-
ed. Therefore, this study aims to investigate
effects of miR-21 targeting PDCD4 on retinal
neuron apoptosis of DM rats, so as to further
explore the functions of miR-21 in search of
targets for the DR treatment.

Material and methods
Ethical statement

This study was performed in accordance with
the approved animal protocols and guidelines
established by Medicine Ethics Review Com-
mittee for animal experiments of the Second
Affiliated Hospital of Soochow University for
the use of laboratory animals.

Culture of retinal neuron
Neonatal SD rats (SIPPR-BK Laboratory Animal

Co., Ltd., Shanghai, China), in 1~3 days after
birth, were disinfected in 75% alcohol for 5 min
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and then the eyeballs were enucleated under
sterile conditions in a clean bench and wash-
ed 3 times in an ice bath of phosphate buffer-
ed saline (PBS) containing 100 U/mL Penicillin
and 100 pg/mL Streptomycin. The anterior seg-
ment tissue and vitreous body were removed
from the annular incision (about 1 mm away
from the corneoscleral limbus), and the retinas
were separated from the pigment epithelium
layer by blunt dissection, cut into segments
with sizes of about 1 mm?, and collected in
centrifuge tubes. The retina fragments were
treated with ten times the volume of 0.25%
trypsin at 37°C for 15 min and the digestion
was terminated by adding DMEM (Gibco BRL
Co., Ltd., USA) containing 10% fetal bovine se-
rum (FBS). Cells were aspirated by gently pi-
petting and single-cell suspensions were fil-
tered with a 400-mesh stainless steel screen
(Yuanxiang Medical Devices Co., Ltd. Shanghai,
China), then centrifuged at 1000 rpm for 3 min.
After the supernatant was discarded, the cells
were suspended with DMEM containing 10%
FBS. Cell density was adjusted to 1 x 10° cells/
mL and then cells were inoculated in 6-well
plates precoated with polylysine (Sigma, USA)
before being cultured at 37°C in a 5% CO,
atmosphere. The medium was replaced after
24 h by the maintenance medium containing
97.5% Neurobasal Medium, 2% B,, and 0.5%
200 mM/L L-Glutamine (Invitrogen, USA), and
thereafter, refreshed every 2~3 days.

Establishment of high glucose models and
grouping

The isolated retinal neurons were cultured for
3 days and then seeded in 24-well plates for
establishment of high glucose models. The reti-
nal neurons were divided into the control group
and the experiment group in which the con-
centrations of glucose were 5, 20, 30 and 50
mmol/L respectively, and both groups were
cultured for 24 h, 48 h and 72 h with cell mor-
phology observed at each time point. The MTT
assay was used for cell viability analysis so
as to determine an appropriate glucose con-
centration for establishment of high glucose
models.

Dual luciferase reporter assay

A miRNA target prediction software was used
to predict the binding site between miR-21
and PDCD4 3'UTR. The synthesized promoter
sequence of PDCD4 3'UTR containing the miR-
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21 binding site was inserted into 5-end at Bgll
site of pGL3 control vector (Promega Corp.) for
construction of the PDCD4 3'UTR wild-type
(WT) plasmid (named PDCD4 3’UTR-WT). The
miR-21 binding site of PDCD4 3'UTR-WT was
mutated to construct PDCD4 3’UTR mutant
(MUT) plasmid (named PDCD4 3’UTR-MUT).
Following the protocol of the plasmid extract-
ion kit (Promega Corp.), cells were transfect-
ed with miR-21 mimics + PDCD4-WT (WT +
mimics group), miR-21 mimics + PDCD4-MT
(MT + mimics group), miR-21 NC + PDCD4-WT
(WT + NC group) and miR-21 NC + PDCD4-MT
(MT + NC group) respectively. The reporter gene
vector used in the experiment was pcDNA3.
I-luc which encodes firefly luciferases. For
evaluation of the transfection efficiency, pRL-
TK was co-transfected as an internal control,
encoding Renilla luciferases. The fluorescent
agent was preheated and parameters were
set. After zero setting, 40 uL LARIl and 40 yL
STOP&Glo Reagent were added into fluorescent
tubes and then placed into a fluorometer with
corresponding fluorescence values recorded.

Cell grouping and transfection

The retinal neurons treated with a high concen-
tration of glucose were divided into 5 groups,
control group (transfected empty plasmid),
anti-miR-21 group (transfected with anti-miR-
21 inhibitor), anti-miR-21 + sh-PDCD4 group
(transfected with anti-miR-21 inhibitor, sh-
PDCD4 (transfected with sh-PDCD4 plasmid)
and sh-PDCD4 plasmid) and blank group (with-
out any transfection). There plasmid vectors
were constructed by Shanghai Genechem Co.
Ltd. Cells in each group were digested with
trypsin and then seeded in 6-well plate with
a certain cell density. After 6 hr, cells were
attached and each well was treated with 1
mL of virus stock solution (Invitrogen, USA)
diluted by culture medium containing 5 pg/
mL polybrene. The cells were then cultured in
an incubator for 120 hrs before subsequent
experiments.

MTT assay

Cell suspensions were diluted in a certain pro-
portion and seeded in a polylysine-coated 96-
well plate (Sigma, USA) at a density of 5 x 10*
cells/well, which were then cultured in an incu-
bator until cells were grown to 80% confluence.
The cells were grouped as above, with 6 wells in
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each group, and cultured for 24 h, 48 h and 72
h, respectively. After the medium was removed,
the plate was washed by the serum-free me-
dium for 3 times, treated with 20 yL of MTT
(Sigma, USA) and incubated at 37°C for 4 hrs.
MTT was then discarded and 150 pL dimethyl
sulfoxide (Sigma, USA) was added to each well.
The plate was placed on a shaker for 10 min
and the optical density (OD) value of each well
was determined at 490 nm on a microplate
reader. Each sample was measured in triplica-
te with the mean value calculated. Cell viability
= (0D oD oD

experiment group - blank group)/ blank group”

Hoechst33342 staining

The retinal neurons in the above mentioned
groups were seeded in a polylysine-coated
6-well plate. Grown to 80% confluence, cells in
the control group and the glucose treatment
groups (5, 20, 30 and 50 mmol/L, respectively)
were processed and further cultured for 48 h
before Hoechst33342 staining. Following the
protocol of Hoechst33342 staining (Fan Bo
Biochemical Co., Ltd., Beijing, China), the medi-
um was removed from slides which were then
washed by PBS for 2 times and fixed in 4%
paraformaldehyde for about 30 min. Washed
in PBS for 2 times, each slide was stained
with 0.5 mL Hoechst33342 for 30 min before
being washed by PBS for 3 times. The sam-
ples were then observed under a fluorescence
microscope and the cells in 3 random fields
were selected and scored with at least 500
cells counted. Apoptosis rate = the number of
apoptotic cells/the total number of cells.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

According to the Kkit's instruction (QIAGEN,
Valencia, CA), total RNA was extracted from
retinal tissues and retinal neurons in each
group. After the 0D260/280 value of each RNA
sample was determined by UV spectrophotom-
eter with corresponding concentration of RNA
calculated, samples were stored at -80°C and
then reversely transcribed, following the ma-
nufacturer’s instruction (QIAGEN, Valencia, CA).
Based on gene sequences in the Genbank
databases and miRBase databases, specific
primers with stem-loop structures and PCR
primers were correspondingly designed for re-
verse transcription and PCR amplification us-
ing Primer 5.0 software. The sequences were
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Table 1. Primer sequences for quantitative real-time polymerase

chain reaction (QRT-PCR)

Santa Cruz, USA), Bcl-2 (mou-
se monoclonal, 1:500 dilu-

Gene  Sequence

tion; Santa Cruz, USA) at 4°C

miR-21 F: 5’-ACACTCCAGCTGGGTAGCTTATCAGACTGA-3’
R: 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTCAACATC-3’

PDCD4 F: 5’-GCTGAACATTGCCTTAAGGA-3’

R: 5’-CCCTTGAAGGACAAAGATCT-3’
Bcl-2  F: 5’-CAGATGCACCTGACGCCCTT-3’

R: 5-AGGTCCTATTGCCTCCGACCC-3’
Bax F: 5-TGGCAGCTGACATGTTTTCTGAC-3’

R: 5-TCTGGTCCCACAACCCCTGC-3’
ue F: 5-CTCGCTTCGGCAGCACA-3’

R: 5-CTCGCTTCGGCAGCACA-3’
B-actin F: 5’-GCCATCCTGCGTCTG-3’

R: 5-GGGGCATCGGAACCGCT-3’

overnight. Washed by TBST (3
times/5 min), the membrane
was incubated with second
antibodies for 1 hr and then
washed by TBST (3 times/
5 min) before chemilumines-
cence detection. With B-actin
as the internal reference, the
Bio-Rad Gel Doc EZ system
was used to visualize the pro-
tein bands and grey value
analysis for target bands was
performed using the Image J

F, Forward; R, Reverse.

showed in Table 1. The primers were designed
by Sangon Biotech (Shanghai) Co. Ltd. The vol-
ume of the gRT-PCR system was 20 uL (SYBR
PremixExTag 10 uL, Forward Primer 0.4 uL,
Reverse Primer 0.4 uL, ROX Reference Dye I
0.4 uL, DNA template 2 pL and dH,O 6.8 uL)
and reaction conditions were 95°C for 30 s,
95°C for 5 s, 60°C for 30 s, followed by 40
cycles of amplification. With U6/B-actin as the
internal control, the melting curves were ap-
plied to evaluate the reliability of PCR results.
The threshold cycle (f'fCt) values were set (the
inflection points of amplification curves) and
the relative expression levels of target gene
were calculated based on the 222t method
[25].

Western blotting

Proteins were extracted from the retinal tis-
sues and neurons in each group and corre-
sponding concentrations were determined ac-
cording to the instruction of the BCA kit (Beyo-
time Co., Ltd, Beijing, China). Extracted proteins
were mixed with the loading buffer and then
heated at 95°C for 10 min. The mixture (30 ug/
well) was loaded onto a 10% polyacrylamide gel
(Beyotime Co., Ltd, Beijing, China), underwent
electrophoresis under the voltage from 80 V to
120V, and were subsequently transferred to a
polyvinylidene fluoride (PVDF) membrane (100
mV for 45~70 min) that was blocked with 5%
BSAfor 1 hr and incubated with PDCD4 primary
antibodies (1:1000, Bioworld Technology, Inc.,
USA), Bax (mouse monoclonal, 1:200 dilution;
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software.

Establishment of animal mod-
els and grouping

Fifty male SD rats (body weights of 180 + 20 g)
were purchased from Shanghai SIPPR-BK La-
boratory Animal Co., Ltd. and housed in a spe-
cific pathogen-free (SPF) animal center of the
Second Affiliated Hospital of Soochow Univer-
sity. The temperature was maintained at 23~
25°C, the humidity was 60% and rats were fed
on a free diet. For the establishment of DM rat
models, at the 48" hrs after 40 SD rats were
injected intraperitoneally with 1% Streptozocin
(STZ, purchased from Sigma, USA) at a dose
of 60 mg/kg, blood glucose levels were deter-
mined from the tail vein and the rats with blood
glucose levels over 16.7 mmol/L were screened
out for subsequent experiments while those
with lower blood glucose levels were removed.
The remaining 10 rats without the STZ treat-
ment were categorized into the normal group.
Theses rats were equally and randomly assign-
ed to 5 groups (10 rats in each group): normal
control (healthy normal rats), blank (DM rats),
negative control (DM rats without any trans-
fection), anti-miR-21 (DM rats transfected with
anti-miR-21 plasmid), anti-miR-21 + sh-PDCD4
(DM rats transfected with anti-miR-21 and sh-
PDCD4 plasmids) groups. All plasmid vectors
were constructed by Shanghai Genechem Co.,
Ltd. and packaged into lentiviruses with a titer
of 10%/mL.

Intravitreal injection with lentiviruses

In a clean bench, 2 pL of solution for enhan-
cement of virus infection (Genechem Co., Ltd,

Int J Clin Exp Med 2017;10(4):6029-6041
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Figure 1. Cell viability of retinal neurons treated with
different concentrations of glucose in each group at
different time points (24 h, 48 h and 72 h).

Shanghai, China) was mixed with 200 L virus
stock solution in each group. Rats were anes-
thetized with 10% chloral hydrate, disinfected
by 2% iodophor and treated with compound
tropicamide eye drops to dilate the pupils be-
fore the injection. A needle was inserted th-
rough the vitreous body from the corneal lim-
bus, and lentiviruses were slowly injected by a
micro injector, under a dissecting microscope.
After the needle was pulled out, the injected
eye was oppressed for 1 min. The dose of lenti-
virus was 10 pL for each eye, and 10 pL nega-
tive virus solution was injected into every rat
in the control group.

Preparation of retinal paraffin sections

Rats after 8-week treatment were anesthetized
by 10% chloral hydrate and then dissected with
their hearts exposed. The left ventricular apex-
es were cut, subsequently inserted by the
needle of the infusion pump, with the other
end of the infusion pump immersed in saline.
The right atrial appendages were rapidly cut,
of which blood flowed out, and the infusion
pump was immediately turned on. The hearts
were washed by saline until the effluent be-
came clear and then slowly infused with 4%
paraformaldehyde until the limbs of rats be-
came stiff. The eyeballs were taken, fixed with
4% paraformaldehyde for 12 hrs and washed
by running water for 24 h. The ocular walls were
cut at the posterior of dentate margin, from
which anterior segments and vitreous bodies
were taken. The remaining ocular walls were
dehydrated with an ethanol series, cleared by
xylene and fully embedded in paraffin from
which 8 uL paraffin sections were taken.
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HE staining

The sections were treated with 100% xylene |
for 10 min and 100% xylene Il for 10 min.
Gradient dehydration: the section was treated
with an ethanol series from high concentra-
tions to low concentrations (5 min each time)
and then immersed in distilled water for 3
min. Hansen’s hematoxylin staining: the cell
nucleus was stained violet after 7~10 min. Dif-
ferentiation: the section was treated with sa-
line and ethanol (1:1), then immersed in am-
monia water and eventually stained dark blue.
Hematoxylin and eosin staining: the section,
except the cytoplasm, was stained for 6 min.
Dehydration: an ethanol series from low con-
centrations to high concentrations (5 concen-
trations, 5 min each time). Cleared by 100%
xylene | for 5 min and 100% xylene Il for 5
min, the sections were sealed with neutral gum.

TUNEL staining

The samples were analyzed with TUNEL kit
(Beyotime Co., Ltd, Beijing, China) and evaluat-
ed by the apoptosis index (Al). The prepared
paraffin sections were treated with certain con-
centrations and doses of protease K, incubat-
ed at 37°C for 30 min, washed by PBS for 5
times, immersed in 0.1% Triton X-100 buffer
on a shaker for 15 min and washed by PBST
for 5 times later. Following the manufacturer’s
instructions, the incubation buffer was prepar-
ed and added to retinal sections which were
incubated in a water bath at 37°C for 60 min
and then washed by PBST for 5 times. Treated
with corresponding antibodies, the tissue sec-
tions were incubated at 37°C for 30 min in
the dark, followed by POD addition and DAB
staining. The slides were washed by tap water,
cleared by xylene, hydrated in an ethanol se-
ries from 100% to 60% (5 min for each con-
centration), sealed with neutral gum, dried for
12 hrs and eventually observed under a light
microscope. Five fields per sample were taken
with a light microscope at 400 x magnification
and the numbers of positive cells and retinal
neurons were calculated. Al = the number of
positive cells/the total number of retinal neu-
rons.

Statistical analysis

SPSS18.0 software was used for statistical
analysis and measure data were expressed
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Figure 2. The relative luciferase activities of cells co-transfected with PDCD4
3’UTR and miR-21 mimics. Note: A. Comparison of miR-21 and PDCD4 3’'UTR
sequences; B. The relative luciferase activities of cells transfected with
PDCD4 3’UTR, miR-21 mimics and miR-21 NC. *, P < 0.05, compared with

the corresponding miR-21 NC group.

by X +s. The two groups in normal distribution
were compared using the t test and the multi-
ple groups were compared using one-way anal-
ysis of variance (One-Way ANOVA). Bonferroni’s
post-hoc analysis was performed after signifi-
cance was determined by ANOVA. Count data
was detected by chi-square test and express-
ed as percentage or rate. Correlation analysis
was tested with Pearson correlation analysis. P
< 0.05 showed statistical difference.

Results

Determination of the glucose concentration
and establishment of high glucose model

The MTT assay showed that retinal neurons in
the control group had no significant differen-
ce over time points (P > 0.05). In the glucose
groups, it was shown that the cell viability of
retinal neurons decreased substantially after
treated with 30 mmol/L glucose for 48 h. Thus,
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es in the relative luciferase
activities was observed in
the PDCD4 3’'UTR-MUT + miR-
21 mimics group and the
corresponding miR-21  NC
group (Figure 2B). Experiment
results were consistent with
the prediction of bioinformatics, which verified
miR-21 could bind to the promoter sequence
of PDCD4 3'UTR and implied miR-21 could in-
hibit PDCD4 by targeting its mRNA.

Effects of miR-21 on the viability and apopto-
sis of retinal neurons

Compared with the control group and the blank
group, the cell viability in the anti-miR-21 group
saw a marked increase, while an opposite trend
was observed in the anti-miR-21 + sh-PDCD4
group and sh-PDCD4 group (all P < 0.05) (Figure
3A). Hoechst33342 staining was applied for
assessment of apoptosis at 48 h (Figure 4).
Many nuclei in the control group and the blank
group showed various apoptotic morphologi-
cal characteristics, such as chromatin conden-
sation, pyknosis, karyorrhexis and chromatin
margination. Similarly, apoptotic morphological
characteristics, including chromatin condensa-
tion and karyorrhexis, could also be observed

Int J Clin Exp Med 2017;10(4):6029-6041
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Figure 3. Effects of miR-21 targeting PDCD4 on the viability and apoptosis of retinal neurons. Note: A: Viability at
different time point by MTT assay, *, P < 0.05, compared with the control group and the blank group; B: Apoptosis of
each group in 48 h by Hoechst33342 staining, *, P < 0.05, compared with the control group and the blank group;

# P < 0.05, compared with the anti-miR-21 group.

-.

Figure 4. Hoechst33342 staining. Note: A: Blank group; B: Control group; C: sh-PDCD4 group; D: Anti-miR-21 group;

E: Anti-miR-21 + sh-PDCD4 group.

in a larger number of nuclei in the anti-miR-21 +
sh-PDCD4 group, in contrast to nuclei in the
anti-miR-21 group which were evenly stained
light blue. There existed significant difference
among groups on apoptosis rate, in which the
apoptosis rate decreased substantially in the
anti-miR-21 group but increased significantly
in the sh-PDCD4 group when compared with
those in the control group and the blank group
(Figure 3B).

Expression of miR-21, PDCD4 and apoptosis-
related proteins in retinal neurons

The qRT-PCR was applied to determine expres-
sion of miR-21, PDCD4 mRNA and the mRNA
expressions of apoptosis-related proteins both
in the normal retinal neuron group and the
high glucose group which was treated with 30
mmol/L glucose for 48 h. Compared with the
blank and control groups, the expressions of
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miR-21 and Bax were lower and the expres-
sions of PDCD4 and Bacl-2 were higher in the
anti-miR-21 group; however, in the anti-miR-21
+ sh-PDCD4 group, the expressions of miR-21
decreased markedly and other factors had no
obvious change. The expressions of miR-21 in
sh-PDCD4 group had no significant differen-
ce in comparison to control group and blank
group, while the expressions of PDCD4 and
Bacl-2 were lower and Bax were higher in sh-
PDCD4 group (all P < 0.05) (Figure 5). Pearson
correlation analysis indicated that the expres-
sion level of miR-21 was negatively correlated
with that of PDCD4 mRNA (r =-0.54, P < 0.05).

Expression of miR-21 and PDCD4 in retinal
tissues

The negative control, blank, sh-PDCD4 and

anti-miR-21 + sh-PDCD4 groups had signifi-
cantly higher miR-21 mRNA expressions but

Int J Clin Exp Med 2017;10(4):6029-6041
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Figure 5. Expression of miR-21, PDCD4 and apoptosis-related proteins (Bcl-2 and Bax) in retinal neurons. Note: A. The relative expression of miR-21 in each group;
B. The mRNA expression of PDCD4 in each group; C. The mRNA expression of Bcl-2 in each group; D. The mRNA expression of Bax in each group; E. The protein
expression of PDCD4 in each group; F. The protein expression of Bcl-2 in each group; G. The protein expression of Bax in each group; H. Western blots of the protein
expression of PDCD4 and apoptosis-related proteins (Bcl-2 and Bax) in each group. *, P < 0.05, compared with the normal group; #, P < 0.05, compared with the
control and the blank group; &, P < 0.05, compared with the anti-miR-21 group.
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Figure 6. Expression of miR-21 and PDCD4 in retinal tissues. Note: A. The
relative expression of miR-21 in each group; B. The mRNA expressions of
PDCD4 and apoptosis-related proteins in each group; C. Relative protein ex-
pressions of PDCD4; D. Western blotting bands of PDCD4. *, P < 0.05, com-
pared with the normal group; #, P < 0.05, compared with the control and the
blank group; & P < 0.05, compared with the anti-miR-21 group.

Figure 7. HE staining of retinal neural cells. Note: A: Normal group; B: Blank
group; C: Control group; D: sh-PDCD4 group; E: Anti-miR-21 group; F: Anti-
miR-21 + sh-PDCD4 group.

(all P < 0.05). The express-
ions of miR-21 mRNA in sh-
PDCD4 group had no signifi-
cant change (all P > 0.05),
while the protein expressions
of PDCD4 mRNA and PDCD4
decreased markedly (all P <
0.05). When compared with
the control group and the
blank group, the anti-miR-21
+ sh-PDCD4 group experi-
enced a substantial decrease
in the expression level of miR-
21 mRNA but no significant
difference both in expression
levels of PDCD4 mRNA and
PDCD4 expressions (all P <
0.05). In comparison to anti-
miR-21 group, the expres-
sions of miR-21 mRNA in sh-
PDCD4 group increased (all
P > 0.05), while the protein
expressions of PDCD4 mRNA
and PDCD4 declined signifi-
cantly. The expression level of
miR-21 mRNA was not signi-
ficantly differenced, but PD-
CD4 mRNA and PDCD4 ex-
pression declined substan-
tially in the anti-miR-21 + sh-
PDCD4 group against the
anti-miR-21 group (all P <
0.05) (Figure 6).

HE staining of retinal tissues
of rats in each group

HE staining showed that, in
normal group, few apopto-
tic cells appeared in gang-
lion cell layer, and there were
no apoptotic cells in inner
and outer nuclear layer (Fig-
ure 7A); in anti-miR-21 group,
apoptotic cells mainly appear-
ed in ganglion cell layer and
inner nuclear layer, no apop-
totic cells in outer nuclear
layer (Figure 7E); in blank
group and control group,
many apoptotic cells appear-
ed in ganglion cell layer and
inner nuclear layer, and few
apoptotic cells in outer nu-

markedly lower PDCD4 mRNA and PDCD4 pro- clear layer (Figure 7B, 7C); in sh-PDCD4 group
tein expressions than the normal control group and anti-miR-21 + sh-PDCD4 group, there were
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Figure 8. TUNEL staining for determination of apoptosis rates of retinal neurons in each group. Note: A. Fluores-
cence-based TUNEL staining for apoptosis rates of retinal neurons in each group; B. Comparison of the apoptosis
rates of retinal neurons in each group. *, P < 0.05, compared with normal group; #, P < 0.05, compared with control

and blank group; &, compared with anti-miR-21 group.

more apoptotic cells appeared in ganglion cell
layer, inner and outer nuclear layer than blank
and control group (Figure 7D, 7F).

Cell apoptosis in retinal tissues of rats in each
group

TUNEL staining showed that the control, blank,
sh-PDCD4 group and anti-miR-21 + sh-PDCD4
groups exhibited significant an increase in the
apoptotic rate in comparison to the normal
group (all P < 0.05). The anti-miR-21 group
presented substantially fewer apoptotic cells
while the sh-PDCD4 group had significantly
increased apoptotic cells, compared with the
control group and the blank group (both P <
0.05) (Figure 8).

Discussion

In this study, retinal neurons isolated from SD
rats were selected as the research objects and
treated with 30 mmol/L glucose for 48 h for
establishment of hyperglycemia models, which
aimed to explore effects of miR-21 target-
ing programmed cell death 4 (PDCD4) on the
apoptosis of retinal neurons in DM rats. Our
results found that miR-21 could promote the
apoptosis of retinal neurons in DM rats throu-
gh targeting PDCD4 expression, which might
provide a promising therapeutic target in the
DR treatment.

This study firstly determined miR-21 and PD-
CD4 expression in retinal neurons, showing

6038

that the high glucose group experienced a sig-
nificant increase in miR-21 expression and cor-
respondingly, substantial declines in PDCD4
MRNA and protein expression when compared
to the normal group, which is consistent with
Dey’s finding that miR-21 expression was mark-
edly elevated in renal cortex of DM rats [26].
Regarding retinal neurons in the high glucose
group, the underlying mechanisms of DR might
include: the expression of intracellular adhe-
sion molecules is increased, accompanied by
peroxide generation [4]; activation of PKC and
NF-kB induces symptoms similar to retinal isch-
emia and hypoxia [27, 28]; activation of c-Rel
and p65 in the NF-kB family stimulates the miR-
21 promoter and subsequently up-regulates
the miR-21 expression [29]. Moreover, it has
been reported that Smad3 promotes TGF-3-
induced miR-21 expression via binding to the
promoter region of miR-21 under the hypergly-
cemia condition [30]. On the other hand, PD-
CD4, acting as an important anti-apoptotic fac-
tor, was down-regulated in the high glucose
group, probably because thickening of retinal
capillary basement membrane increased vas-
cular permeability, making small blood vessels
more likely to deform and leak.

Further study has demonstrated the targeted
inhibition of miR-21 on PDCD4, and their nega-
tive correlation has been proven [31]. Similarly,
it was reported that PDCD4 is a target gene
of miRNA-21 and participates in miRNA-21-re-
gulated apoptosis in urothelial carcinoma [32],
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implying that similar relationship between PD-
CD4 and miRNA-21 might also exist in retinal
neurons. Therefore, changes of miRNA-21 and
PDCD4 might reflect the extent of apoptosis
under different concentrations of insulin, but
the targeted inhibition of miR-21 on PDCD4
might be regulated by various mechanisms
and involved in several self-regulating loops
[33, 34].

In the apoptosis assay, it has been proved that
apoptosis of retinal neurons in DM rates were
associated with overexpression of miR-21 and
down-regulation of PDCD4, similar to the con-
clusion in another report that knockdown of
renal miR-21 improved renal fibrosis [35]. It has
been verified that down-regulation of miR-21
could restore Smad7 levels, suppress hyper-
glycemia-activated TGF-B and NF-«kB signaling
pathways and reduce apoptosis [36]. On the
other hand, decreased cell viability and increa-
sed apoptosis rates in the anti-miR-21 + sh-
PDCD4 group illustrated that down-regulating
PDCD4 expression attenuated its inhibition
effect on apoptosis and promote apoptosis. In
Sachiko’s study, PDCD4 has been reported to
exert similar effects on apoptosis of hepato-
cellular carcinoma cells [37], probably due to
PDCD4 down-regulation and subsequent an-
giopoietin up-regulation [38].

In conclusion, this is the first study to investi-
gate effects of miR-21 targeting PDCD4 on the
apoptosis of retinal neurons in DM rats Our re-
sults demonstrated a negative correlation be-
tween miR-21 and PDCD4 in retinal neurons
and DM rats tissues, and verified that regula-
tion of miR-21 could promote the apoptosis of
retinal neurons in DM rats through targeting
PDCD4 expression, which provided a potential
and promising target for the DR treatment.
Nevertheless, due to complex nature of this
multi-factorial disease, further studies are still
required to unravel its specific regulation and
occurrence mechanisms.
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