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MicroRNA-27a protects retinal pigment epithelial cells
under high glucose conditions by targeting TLLR4
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Abstract. The present study aimed to investigate whether
microRNA-27a (miRNA27a) is associated with the pathogen-
esis of diabetic retinopathy, and to elucidate the underlying
molecular mechanism of any potential association. In retinal
pigment epithelial (RPE) cells treated with high glucose,
miRNA27a expression, determined by reverse transcrip-
tion-quantitative polymerase chain reaction analysis, was
decreased. Caspase-3/9 activity and B-cell lymphoma 2-asso-
ciated X (Bax) protein expression was increased in RPE cells
subjected to high glucose. Inhibition of miRNA27a suppressed
the viability, and increased the caspase-3/9 activity and Bax
protein expression of RPE cells treated with high glucose.
Inhibition of miRNA27a expression also increased the expres-
sion of interleukin (IL)-6,IL-1f, tumor necrosis factor (TNF)-a
and Toll-like receptor 4 (TLR4) in RPE cells treated with high
glucose. Treatment with immunostimulatory (is)RNA directed
against TLR4 was observed to inhibit caspase-3/9 activity,
decrease the expression of TLR4, Bax, IL-6, IL-1f and
TNF-a, and increase the viability of RPE cells subjected to
high glucose following the inhibition miRNA27a. In conclu-
sion, the results of the present study suggest that miRNA27a
protects RPE cells subjected to high glucose via inhibiting
inflammation and apoptosis through targeting TLR4.

Introduction

Due to improvements in living standards, the number of
patients with type 2 diabetes has been increasing; in 1990
3.8/100,000 individuals were diabetic, however in 2010
4.9/100,000 were diabetic (1,2). According to a survey released
by The New England Journal of Medicine in March 2014, the
morbidity rate of individuals aged >20 years old with diabetes
in China was ~9.1% (2). In addition, ~140 million individuals
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are classed as pre-diabetic patients in China (3). Diabetic
retinopathy (DR) is one of the primary microvascular compli-
cations of diabetes and the majority of patients with diabetes
suffer from a certain level of DR (4). Previous studies have
demonstrated that the morbidity rate of DR is high and leads to
severely impaired eyesight (1,4). In order to inhibit the progres-
sion of diabetes, it is essential to diagnose the condition early
and control blood glucose levels. There is currently no cure for
DR; therefore, further studies investigating the pathogenesis of
DR are required (1).

As a small single-stranded RNA molecule with a length
of 21-25 nucleotides, microRNA (miRNA) participates in
regulating molecular growth, differentiation, proliferation and
apoptosis. miRNA binds to target mRNA molecules through
complementary base paring (5). Increasing amounts of
evidence demonstrates that miRNA serves an important role
in regulating diabetes and its complications (5). Furthermore,
miRNA regulates DR through a number of biological signaling
pathways, including phosphatidylinositol 3-kinase/RAC-alpha
serine/threonine-protein kinase, transforming growth
factor -1 and Wnt (6).

DR is a disease that may lead to blindness in individuals
between 20 and 70 years of age, and is therefore an impor-
tant area of research (7). A number of previous studies have
suggested that different pro-inflammatory factors participate
in the occurrence and progression of DR (8,9). This provides
novel directions for future research investigating the patho-
genesis of DR and for potential treatments for DR using
anticytokine agents.

Diabetes is a chronic metabolic disease characterized
by hyperglycemia resulting from defects in insulin produc-
tion or insulin resistance, and is associated with a high
morbidity rate and a number of complications (7). Previous
studies have revealed that type 1 and 2 diabetes present as
mild systemic inflammation, resulting from the produc-
tion and secretion of proinflammatory cytokines following
the stimulation of innate immune cells by endogenous and
exogenous ligands (10,11). For example, free fatty acids
and glycosylated terminal products induce an increase in
leukocyte adhesion molecules, proinflammatory cytokines
and haemopoietic factors by combining with Toll-like recep-
tors (TLRs) to activate nuclear factor (NF)-kB-associated
signaling pathways (12). As a state of mild systemic inflam-
mation, diabetes is characterized by an increase in numerous
proinflammatory cytokines, including tumor necrosis factor
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(TNF)-a, interleukin (IL)-6, IL-1p, C-reactive protein, plas-
minogen activator inhibitor-1 and adiponectin (13).

Materials and methods

Cell culture. Human retinal pigment epithelial (RPE)-1
cells were purchased from The Cell Bank of Type Culture
Collection of Chinese Academy of Sciences (Shanghai,
China) and maintained in Dulbecco's modified Eagle's
medium: Nutrient Mixture F-12 (DMEM-F12) supplemented
with 10% fetal bovine serum, 100 units/ml penicillin and
100 pg/ml streptomycin (all Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) in a tissue culture incubator at
37°C with 5% CO,.

Cell viability assay. Cell viability was determined using MTT
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). RPE-1
cells (1x10° cell/ml) were incubated with different doses
of glucose (0, 1, 5, 10, 20, 50 and 100 mM; Guoyao Group
Chemical Reagent Co., Ltd., Shanghai, China) in DMEM-F12
for 12 or 24 h at 4°C. Subsequently, 0.5 mg/ml MTT solu-
tion was added and the cells were incubated for 4 h at 37°C.
Then, the supernatants were removed and dimethyl sulfoxide
was added for 20 min at 37°C. Cell viability was measured at
490 nm using a microplate reader (Multiskan® EX; Thermo
Fisher Scientific, Inc.).

miRNA reverse transcription-quantitative polymerase chain
reaction (RT-gPCR) analysis. Total RNA was extracted from
RPE-1 cells using the TRIzol™ reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the manufacturer's
protocol. Total RNA was reverse-transcribed into cDNA
using the PrimeScript® RT Master Mix (Perfect Real Time)
assay kit (Takara Bio, Inc., Shiga, Japan) according to the
manufacturer's protocol. RT-qPCR was performed using a
SYBR® Premix Ex Tag™ kit (Takara Bio, Inc.) according
to the manufacturer's protocol. qPCR was completed using
500 ng of cDNA and the SYBR-Green Real-Time PCR
Master mix (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The thermocycling conditions for PCR included a total
of 40 cycles as follows: 5 min at 95°C; 30 sec at 95°C; 60 sec
at 30°C; and 30 min at 72°C. The following primer sequences
were used: miRNA27a forward, 5-ACAGGCTAGCGC
CGCCTAAC-3' and reverse, 5'-CCTTAAGGCCCAAGA
TTACG-3'; and U6 forward, 5'-TCGCTTCGGCAGCAC
ATATAC-3' and reverse 5-"TATGGAACGCTTCACGAA
TTTG-3'". Expression levels were quantified using the 2-44¢4
method (14).

Small interfering (si)RNA and immunostimulatory (is)RNA
transfection. The sequences of siRNA directed against
miRNA27a (si-miRNA27a; GenePharma Co., Ltd., Shanghai,
China) were as follows: Sense, 5'-GCGGAACUUAGCCAC
UGUGAA-3" and antisense, 5'-CAGUACUUUUGUGUA
GUACAA-3". The sequences of isSRNA directed against
TLR4 (isSRNA-TLR4; GenePharma Co., Ltd.) were as follows:
Sense, 5'-GGACUUGAAAGACCUUGGATT-3' and anti-
sense, 5'-UCCAAGGUCUUUCAAGUCCTC-3". RPE-1 cells
(1x10° cell/ml) were transfected with 200 ng of si-miRNA27a
and/or isSRNA-TLR4 using a Lipofectamine® 2000 reagent
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(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. Transfected RPE cells were incu-
bated with glucose for 24 h prior to subsequent assays.

Caspase-3/9 activity assay. A total of 1x10° transfected
RPE-1 cells were washed with ice-cold PBS and protein
extracted using radioimmunoprecipitation assay (RIPA) buffer
(Promega Corporation, Madison, WI, USA). The amount of
total protein was quantified using a BCA Protein assay kit
(Pierce Biotechnology; Thermo Fisher Scientific, Inc.). Total
protein (20 ug) was incubated with Ac-DEVD-pNA and
Ac-LEHD-pNA (both Beyotime Institute of Biotechnology,
Haimen, China) for 1 h at 37°C, substrates for Caspase-3 and 9,
respectively. Caspase-3/9 activity was subsequently measured
at 405 nm using a microplate reader (Multiskan EX).

Western blot analysis. Transfected RPE cells were washed
with ice-cold PBS and protein extracted using RIPA buffer.
The amount of total protein was quantified using a BCA
Protein assay kit (Pierce Biotechnology; Thermo Fisher
Scientific, Inc.). Total protein (50 ug) was separated by 8-12%
SDS-PAGE and transferred onto a nitrocellulose membrane
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). The
membrane was blocked with 5% skimmed milk-Tris-buffered
saline-Tween-20 for 1 h at 37°C. The membrane was then
incubated with rabbit polyclonal primary antibodies directed
against B-cell lymphoma 2-associated X protein (Bax; cat.
no. sc-6236), TLR4 (cat. no. sc-10741) (both 1:500; Santa
Cruz Biotechnology, Inc., Dallas, TX, USA) and GAPDH
(cat. no. sc-25778; 1:2,000; Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) overnight at 4°C, followed by incubation
with horseradish peroxidase-conjugated secondary antibodies
(cat. no. sc-2004; 1:5,000; Santa Cruz Biotechnology, Inc.)
for 2 h at room temperature. The blots were visualized using
enhanced chemiluminescence reagent (Boster Biological
Technology, Ltd., Wuhan, China) and analysed using Image
Lab software (version 3.0; Bio-Rad Laboratories, Inc.).

ELISA to assess the expression of IL-6, IL-15 and TNF-a.
Transfected RPE-1 cells (1x10° cell/ml) were washed with
ice-cold PBS and centrifuged at 12,000 x g for 15 min at 4°C.
The expression of IL-6 (cat. no. D6050), IL-1f (cat. no. DLB50)
and TNF-a (cat. no. DTAOOC) in the cell culture superna-
tant were measured using ELISA kits (R&D Systems Inc.,
Minneapolis, MN, USA) according to the manufacturer's
protocol. The ELISA plates were then measured at 450 nm
using a microplate reader (Multiskan® EX) to determine the
expression of IL-6, IL-1f and TNF-a.

Statistical analysis. Results are expressed as the mean + stan-
dard deviation. Two-tailed Student's t-tests were performed
using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

Glucose suppresses RPE cell viability and mRNA27a
expression. In the current study, RPE cells were treated with a
series of glucose concentrations (0, 1,5, 10,20, 50 and 100 mM)
for 12 or 24 h, after which the expression of mRNA27a was
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measured. Glucose treatment was demonstrated to reduce
the RPE cell viability in a dose- and time- dependent manner
(Fig. 1A). Notably, 20 mM glucose reduced the number of
viable cells to 50% after 24 h (Fig. 1A). Glucose treatment
also decreased the amount of miRNA?27a in a dose-dependent
manner for 24 h (Fig. 1B). A total of 20 and 50 mM glucose was
also able to significantly inhibit the expression of mRNA27a in
RPE cells compared with the control (0 mM glucose) (P<0.01;
Fig. 1B).

Inhibition of miRNA-27a suppresses the viability of RPE
cells under high glucose conditions. Due to the results of the
initial experiment, 20 mM glucose was selected as the high
concentration of glucose and used in subsequent experiments.
In addition to glucose treatment, miRNA27a was inhibited
via the transfection of si-miRNA27a. The results of this assay
indicated that the inhibition of miRNA?27a and treatment with
high glucose significantly inhibited the viability of RPE cells
compared with the untransfected RPE cells cultured under
high glucose conditions (P<0.01; Fig. 2).

Inhibition of mRNA27a increases caspase-3/9 activity, and
Bax and TLR4 protein expression in RPE cells subjected to
high glucose. The role of mRNA27a in regulating caspase-3/9
activity, Bax and TLR4 protein expression in RPE cells under
high glucose conditions was assessed. Caspase-3/9 activity
(Fig. 3A), and Bax and TLR4 protein expression (Fig. 3B-D)
in RPE cells treated with high glucose significantly increased
following the inhibition of miRNA27a compared with the
group treated with high glucose alone (P<0.01; Fig. 3).

Inhibition of mRNA27a increases IL-6, IL-13 and TNF-a
expression in RPE cells subjected to high glucose. The
expression of IL-6, IL-1 and TNF-a was measured in RPE
cells transfected with si-miRNA?27a and cultured under high
glucose conditions using ELISAs. When compared with
the untransfected RPE cells cultured with 20 mM glucose,
the expression of IL-6, IL-1f3 and TNF-a was significantly
increased in RPE cells treated with si-miRNA27a and high
glucose (P<0.01; Fig. 4).

TLR4 expression is inhibited in si-miRNA27a-transfected
RPE cells subjected to high glucose following the transfec-
tion of isSRNA-TLR4. The present study assessed the effect of
iSRNA-TLR4 on the expression of TLR4 and Bax protein, and
caspase-3/9 activity in RPE cells subjected to high glucose
following the inhibition of mRNA27a. isSRNA-TLR4 signifi-
cantly suppressed the expression of TLR4 and Bax protein,
and caspase-3/9 activity in RPE cells treated with high glucose
and transfected with si-miRNA27a, compared with RPE cells
treated with high glucose and transfected with si-miRNA27a
(P<0.01; Fig. 5).

Inhibition of TLR4 increases the viability of
si-miRNA27a-transfected RPE cells subjected to high glucose.
The effect of TLR4 on the viability of RPE cells subjected
to high glucose following the inhibition of miRNA27a
expression was investigated. Inhibition of TLR4 significantly
increased the viability of si-miRNA27a-transfected RPE
cells under high glucose conditions, compared with RPE cells
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Figure 1. Glucose treatment decreases the viability and expression of
microRNA-27a of RPE cells. The (A) viability and (B) microRNA-27a
expression of RPE cells treated with glucose. “P<0.01 vs. 0 mM group. RPE,
retinal pigment epithelial.
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Figure 2. Inhibition of miRNA27a reduces the viability of retinal pigment
epithelial cells under high glucose conditions. “P<0.01 vs. 0 mM group;
P<0.01 vs. 20 mM group. si, small interfering RNA; miRNA27a,
microRNA-27a.

treated with high glucose and transfected with si-miRNA27a
(P<0.01; Fig. 6).

Inhibition of TLR4 decreases the expression of IL-6, IL-1[3
and TNF-a in miRNA27a-transfected RPE cells subjected to
high glucose. To assess the effect of TLR4 inhibition on the
expression of IL-6, IL-1f3 and TNF-a in RPE cells subjected
to high glucose following the inhibition of miRNA-27a was
investigated. The expression of 1L-6, IL-1 and TNF-a in
miRNA27a-transfected RPE cells subjected to high glucose
was significantly suppressed following TLR4 inhibition,
compared with RPE cells treated with high glucose and trans-
fected with si-miRNA27a (P<0.01; Fig. 7).

Discussion

Diabetes is the third most frequently chronic non-infec-
tious disease diagnosed globally, following tumors and
cardiovascular/cerebrovascular diseases (1). In developed
countries, DR is the primary cause of blindness in adults (1).
miRNA, which exists in nematodes, drosophila, mammals,
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Figure 4. Inhibition of miRNA27a expression increases the expression
of IL-1p, IL-6 and TNF-a in retinal pigment epithelial cells subjected to
high glucose concentrations. Inhibition of mRNA27a expression increased
the expression of (A) IL-1f, (B) IL-6 and (C) TNF-a. “P<0.01 vs. 0 mM
group; “P<0.01 vs. 20 mM group. si, small interfering RNA; miRNA27a,
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plants and viruses, interacts with and inhibits the transcrip-
tion of target mRNA molecules (15). miRNA genes are
identified in the genome as single copies, multiple copies or
gene clusters, the majority of which are located in intergenic

regions (6). The transcription of miRNAs is independent
of other genes and remains highly conserved throughout
evolution. miRNA has spatial and temporal specificity (6).
In addition, miRNA serves an important role in vital move-
ments, such as transcription (6,16). The results of the present
study revealed that a high concentration of glucose was able
to inhibit the expression of miRNA27a in RPE cells.
Previous studies from a number of institutions have
revealed that diabetes may induce an increase in the expression
of TLRs. A previous study demonstrated that the expression
of TLR4 in the peripheral blood mononuclear cells of patients
with diabetes was higher compared with those of individuals
without diabetes (13). In addition, the expression of TLR4 is
positively associated with the level of glycated hemoglobin,
IL-1§ and TNF-a (16). Another previous study demonstrated
that the expression of TLR2 and TLR4 is increased in the
peripheral blood mononuclear cells of patients with diabetes
who also present with microvascular complications (17).
Culturing these monocytes in vitro in a hyperglycemic state
promoted the expression of TLR2 and TLR4 in a time- and
dose-dependent manner (18). In addition, the expression of
TLR4 was demonstrated to be significantly increased in the
adipose tissues of obese db/db mice (18). Previous studies have
revealed that the expression of TLR2 in the skeletal muscle
and white fat of obese mice is increased (13,19). The inhibition
of TLR2 expression may suppress the activities of inhibitor
of NF-xB subunit § and mitogen-activated protein kinase 8,
indicating that TLR2 is a key regulator of inflammation and
metabolism (18). It has also been demonstrated that in patients
with type 2 diabetes the expression of TLR4 protein is associ-
ated with the severity of insulin resistance (18). The results of
the present study indicated that the inhibition of miRNA27a
increases TLR4 protein expression in RPE cells subjected to
high glucose. Lv er al (20) suggested that miRNA27a is asso-
ciated with the inflammatory response by targeting TLR4.
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The inflammatory response is a self-protective mecha-
nism produced by the innate immune system when organisms
are exposed to foreign antibodies or microorganisms (21).
Molecules produced by pathogens are recognized by pattern
recognition receptors, which stimulates the generation of
TNF-a and IL-1f, and proinflammatory proteins, including
cyclooxygenase-2 and inducible nitric oxide synthase (1).
Animal models of early stage DR demonstrate the produc-
tion of these proteins, which may function to prevent the
progression of retinopathy (22). The results of the present
study indicated that inhibition of miRNA27a increases the
expression of IL-6, IL-1f and TNF-a in RPE cells subjected
to high glucose. Inhibition of TLR4 was demonstrated
to decrease the expression of IL-6, IL-1f and TNF-a in
si-miRNA27a-transfected RPE cells subjected to high
glucose. Jennewein er al (23) reported that miRNA27b
contributes to the progression of lipopolysaccharide-associ-
ated inflammatory diseases. The inhibition of miRNA-27a
in RPE cells subjected to high glucose has an effect on
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Figure 7. Inhibition of TLR4 decreases the expression of IL-6, IL-1f and
TNF-o in miRNA27a-transfected retinal pigment epithelial cells subjected
to high glucose. The effect of TLR4 inhibition on the expression of (A) IL-1f,
(B) IL-6 and (C) TNF-a.. “P<0.01 vs. 0 mM group; “P<0.01 vs. 20 mM group;
P<0.01 vs. 20 mM+si-mRNA27a group. TLR4, toll-like receptor 4; si,
small interfering RNA; miRNA27a, microRNA-27a; IL, interleukin; TNF,
tumor necrosis factor; iSRNA, immunostimulatory RNA.

inflammation and apoptosis, suggesting that the level of
miRNA-27a may be used as a biomarker for DR.
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DR, the most common and severe complication of
diabetes, is a major cause of blindness in developed coun-
tries (24). A previous study revealed that in the early stage
of diabetes, patients present with retinal microangiopathy
and inhibited neuronal function, which are associated with
apoptosis (25). A previous study investigating the expression
of apoptotic markers indicated that the expression of certain
markers, including caspase-3, fatty acid synthase (Fas) and
Bax, was significantly increased in patients with diabetes
compared with individuals without diabetes (26). In patients
with diabetes, retinal ganglion cells that express caspase-3,
Fas and Bax indicate cytoplasmic immunoreactivity. The
apoptosis of pericytes results in the destruction of the retinal
barrier and the apoptosis of retinal ganglion cells leads
to decreasing visual function (27). Genes associated with
apoptosis are members of the Bax protein family (28). In the
present study, inhibition of miRNA27a was demonstrated to
reduce the viability, and increase the caspase-3/9 activity and
Bax protein expression of RPE cells subjected to high glucose.
Tian et al (29) demonstrated that miRNA27a promotes the
proliferation and suppresses the apoptosis of laryngeal carci-
nomas. These results suggest that the inhibition of miRNA27a
has a protective effect on the high glucose-induced apoptosis
of human RPE cells.

The results of the present study demonstrated that the inhi-
bition of miRNA27a reduced the viability, and increased the
caspase-3/9 activity and Bax protein expression of RPE cells
subjected to high glucose concentrations through suppression
of inflammation by targeting TLR4. In conclusion, the present
study provides a useful insight into the role of mRNA27a in
the regulation of high glucose-induced apoptosis and inflam-
matory mediators in DR.
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