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miR-133b regulates proliferation and apoptosis in
high-glucose-induced human retinal endothelial cells
by targeting ras homolog family member A
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Abstract. The aim of the present study was to investigate the
role of microRNA (miR)-133b in high-glucose-induced human
retinal endothelial cells (hRECs), particularly regarding
its potential targeting of ras homolog family member A
(RhoA). To establish the high-glucose-induced diabetic reti-
nopathy (DR) model, hRECs were cultured in high-glucose
medium for 1, 2 and 3 days. An Annexin allophycocyanin
(APC)/7-aminoactinomycin D (7-AAD) staining assay was
performed to measure the apoptosis of hRECs. Next, the cells
were transfected with miR-133b inhibitors or mimics, and
the cell proliferation and apoptosis were measured by MTT
and Annexin-APC/7-AAD staining assays, respectively. In
addition, reverse transcription-quantitative polymerase chain
reaction (RT-qPCR), western blotting and immunocyto-
chemistry were used to detect the expression levels of RhoA,
Rho-associated protein kinase 1 (ROCKI1), LIM domain
kinase 1 (LIMK), myosin light chain (MLC) and phosphory-
lated (p)-MLC. It was observed that high-glucose or miR-133b
inhibitor treatment attenuated the apoptosis of hRECs, and
upregulated the mRNA and protein expression levels of RhoA,
ROCKI1 and LIMK, as well as the p-MLC protein level, in
the hRECs. However, miR-133b overexpression inhibited the
cell proliferation, promoted apoptosis, and downregulated
the mRNA and protein levels of RhoA, ROCK1 and LIMK,
as well as p-MLC protein, in high-glucose-induced hRECs.
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In conclusion, overexpression of miR-133b inhibited the
proliferation and promoted apoptosis in a DR cell model by
downregulating RhoA expression.

Introduction

Diabetes mellitus (DM) comprises a group of metabolic
diseases characterized by high blood sugar levels, and may
cause a variety of complications if left untreated (1). Diabetic
retinopathy (DR) is among the most serious complications of
DM, as it is the leading cause of visual impairment and blind-
ness among patients with diabetes (2). DR has been found to
be associated with retinal microvascular damage induced by
high glucose levels (3). This condition affects the structure of
the retina, leading to metabolic and functional disturbances.
Retinal endothelial cells (RECs) maintain the stability of the
blood-retinal barrier, and remove toxins and inflammatory
factors; thus, they serve a key role in the protection of visual
function (4). Despite several studies on RECs conducted in
China and other countries (5,6), the molecular mechanisms
underlying REC damage and apoptosis remain unclear.

Small GTPase proteins are monomeric G protein
molecules that serve key roles in regulating different cellular
functions (7,8). Ras homolog family member A (RhoA) is a
small GTPase protein that belongs to the Rho family (9).
RhoA activates and combines with Rho-associated protein
kinase 1 (ROCKI), and is involved in the signaling transduc-
tion pathways of various cellular functions. A recent study
demonstrated that the RhoA/ROCKI1 signaling pathway
modulated hyperglycemia-induced microvascular endothelial
dysfunction, suggesting a potential target for the treatment of
DR (10).

microRNAs (miRNAs or miRs) are non-coding RNAs
with regulatory functions, which generally regulate protein
translation by inhibiting the expression of downstream
target proteins (11). In this regard, miRNAs are involved in
a variety of physiological processes, including developmental
timing, cell proliferation, apoptosis, hematopoiesis and neural
patterning (12). miR-200b is a specific miRNA that regulates
vascular endothelial growth factor-mediated alterations in
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DR (13). Furthermore, it was previously demonstrated that
miR-133a mediated gene expression and cardiomyocyte
hypertrophy in diabetes (14). Bioinformatics methods have
identified RhoA as a direct target of miR-133b. Considering
these previous findings, the present study aimed to investigate
the effects of miR-133b on RhoA/ROCKI1 signaling pathways
in high-glucose-induced human RECs (hRECs:), in order to
determine the role of miR-133b in DR.

Materials and methods

Cell culture and treatment. hRECs were purchased from
ScienCell (Research Laboratories, Inc., Carlsbad, CA, USA).
The cells were cultured in human endothelial medium with
5% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific,
Inc.) and 1% endothelial cell growth supplement (ScienCell
Research Laboratories, Inc.) at 37°C with 5% CO,. To establish
the high-glucose-induced DR model, hRECs were cultured
in high-glucose medium to a final concentration of 25 mM.
Normal human endothelial medium (5.5 mM glucose) was
used in the control group.

Cell transfection. hRECs were plated in 6-well plates
(1x10° cells/well) on the day prior to transfection. miR-133b
inhibitors, miR-133b mimics and their controls were
purchased from Sangon Biotech Co., Ltd. (Shanghai, China).
The cells were transfected with the mimics or inhibitors using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol.

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR). Total RNA was extracted from hRECs
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). The concentration of RNA was then measured with a
NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific,
Inc.). Next, total RNA was reverse-transcribed into cDNA
using a RevertAid™ First Strand cDNA Synthesis kit (K1622;
Fermentas; Thermo Fisher Scientific, Inc.) following the
manufacturer's protocol. Subsequently, JPCR was performed
using a SYBR Green qPCR SuperMix (Invitrogen; Thermo
Fisher Scientific, Inc.). Thermocycling conditions comprised
40 cycles of: Denaturation at 95°C for 10 sec, annealing
at 60°C for 10 sec, and extension at 72°C for 15 sec. The
sequences of the primers used were as follows: RhoA forward,
5-GGAAAGCAGGTAGAGTTGGCT-3' and reverse, 5'-GGC
TGTCGATGGAAAAACACAT-3; ROCKI forward, 5'-AAG
TGAGGTTAGGGCGAAATG-3' and reverse, 5'-AAGGTA
GTTGATTGCCAACGAA-3"; LIM domain kinase 1 (LIMK)
forward, 5'-CGAGCACTCACACACCGTC-3' and reverse,
5'-GATGGGCGTGCCATTGATTT-3"; myosin light chain
(MLC) forward, 5"TGGGGGATCGGTTTACAGATG-3/,
and reverse 5"-TTTCAGGATGCGTGTGAACTC-3'; GAPDH
forward, 5'-GGAGCGAGATCCCTCCAAAAT-3' and reverse,
5-GGCTGTTGTCATACTTCTCATGG-3'. GAPDH was used
as the endogenous control. The expression levels of RhoA,
ROCKI1, LIMK and MLC were analyzed using the 244
method (15).

Western blotting. Cells in different groups were lysed in
radioimmunoprecipitation assay lysis buffer (Beyotime
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Institute of Biotechnology, Shanghai, China) and centrifuged
at 12,000 x g at 4°C for 10 min. The concentration of proteins
in the supernatant was determined with a BCA Protein Assay
kit (Beyotime Institute of Biotechnology) according to the
manufacturer's protocol. A total of 40 ug protein was then
separated by SDS-PAGE (10% gel) and transferred to poly-
vinylidene fluoride membranes (EMD Millipore, Billerica,
MA, USA). Subsequent to blocking with 5% skimmed milk
at room temperature for 1 h, the membranes were incubated
at 4°C overnight with the following primary antibodies:
Anti-RhoA (sc-418; 1:1,000; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA), anti-ROCK1 (sc-17794; 1:500; Santa Cruz
Biotechnology, Inc.), anti-LIMK (ab119084; 1:2,000; Abcam,
Cambridge, MA, USA), anti-MLC (ab137063; 1:10,000;
Abcam), anti-phosphorylated (p)-MLC (ab2480; 1:5,000;
Abcam) and anti-GAPDH (sc-293335; 1:1,000; Santa Cruz
Biotechnology, Inc.). The membranes were then incubated
with horseradish peroxidase-conjugated secondary antibody
(cat. no. A0216; 1:1,000; Beyotime Institute of Biotechnology,
Haimen, China) at room temperature for 1 h. GAPDH was
used as the reference control. The expression of target proteins
was detected with SignalFire™ ECL Reagent (Cell Signaling
Technology, Inc., Danvers, MA, USA) and quantitatively
analyzed with ImageJ software (version 1.43; National
Institutes of Health, Bethesda, MD, USA).

Immunocytochemical assay. A total of 2x10* cells were
incubated into 90 mm culture dishes. After 5 days, cells on
coverslips were harvested and fixed with PBS containing
4% paraformaldehyde for 15 min, permeabilized with
0.1% Triton X-100 for 5 min, and blocked with blocking
buffer (Abcam) for 30 min at room temperature. The cells
were then incubated at 4°C overnight with the following
primary antibodies: Anti-RhoA (sc-418; 1:500; Santa Cruz
Biotechnology, Inc.), anti-ROCK1 (sc-17794; 1:500;
Santa Cruz Biotechnology, Inc.), anti-LIMK (ab119084; 1:100;
Abcam), anti-MLC (ab137063; 1:500; Abcam), anti-p-MLC
(ab2480; 1:500; Abcam) and anti-GAPDH (sc-293335; 1:500;
Santa Cruz Biotechnology, Inc.). Subsequently, the cells were
incubated with streptavidin antibodies (cat. no. 21851; 1:1,000;
Thermo Fisher Scientific, Inc.) at room temperature for
30 min, followed by staining of the nuclei with DAPI (Thermo
Fisher Scientific, Inc.). Images were acquired using a Nikon
Eclipse E600 (Nikon Corporation, Tokyo, Japan).

MTT assay. Cell proliferation was evaluated using an MTT
assay (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany).
Briefly, cells were seeded at a density of 5x10° cells per well
in 96-well plates and incubated with 20 1 MTT solution
(5 mg/ml) at 37°C for 4 h. The culture medium was then
aspirated via micropipetting, and 150 ul dimethyl sulfoxide
(Sigma-Aldrich; Merck KGaA) was added. The optical
density at 570 nm was read on a microplate reader (BioTek
Instruments, Inc., Winooski, VT, USA).

Annexin V-allophycocyanin (APC)/7-aminoactinomycin D
(7-AAD) staining assay. Cell apoptosis was assessed using an
Annexin V-APC/7-AAD Apoptosis Detection kit (KeyGen
Biotech Co., Ltd., Nanjing, China) according to the manu-
facturer's protocol. Briefly, following transfection, the cells
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Figure 1. High glucose attenuates apoptosis in hRECs. hRECs were cultured in normal- or high-glucose medium for 1,2 and 3 days. (A) Annexin V-APC/7-AAD
staining assay was performed to measure cell apoptosis. (B) The apoptotic rate of the cells in different groups was assessed by flow cytometry analysis. n=3.
“P<0.05, “"P<0.01 and ““P<0.001 vs. normal group. hRECs, human retinal endothelial cells; miR, microRNA.

were collected and resuspended in 500 pl binding buffer, 5 ul
Annexin V-APC and 5 ul 7-AAD, and then incubated at room
temperature for 15 min in the dark. Subsequent to staining,
the cells were analyzed by flow cytometry (FACSCalibur;
BD Biosciences, Franklin Lakes, NJ, USA).

Dual-luciferase reporter assay. The possible miR-133b
binding sites in the RhoA gene 3'-untranslated region (UTR)
were predicted by bioinformatics analysis using the TargetScan
version 7.1 online tool (http://www.targetscan.org/vert_71/).
To confirm that RhoA is a direct target of miR-133b, its
wild-type 3'-UTR sequence (3'-UTR-WT) and a mutant
3'-UTR sequence (3'-UTR-MT) were cloned into a luciferase
reporter vector. Subsequently, the cells were transfected
with the luciferase reporter vector and miR-133b or control
mimics using Lipofectamine® 2000 according to the manufac-
turer's protocol. Luciferase activity was then measured using a
Dual-Luciferase Reporter Gene Assay kit (Beyotime Institute
of Biotechnology) at 48 h after transfection.

Statistical analysis. The results are presented as the
mean =+ standard error of the mean. Statistical analysis was
performed using SPSS software, version 20.0 (IBM Corp.,
Armonk, NY, USA). Statistical analyses were performed using
analysis of variance, followed by Dunnett's multiple compari-
sons test. Statistically significant differences were defined at a
P-value of <0.05.

Results

High glucose attenuates apoptosis in hRECs. To investigate
whether high glucose regulated the apoptosis of hRECs, the

cells were cultured in normal- or high-glucose medium for
1, 2 and 3 days. An Annexin V-APC/7-AAD staining assay
was then performed to assess cell apoptosis. As shown in
Fig. 1, the apoptotic rate of hRECs significantly decreased in
a time-dependent manner compared with that in the normal
glucose group. These data indicated that the apoptotic rate
of hRECs was significantly attenuated by the high glucose
concentration.

High glucose upregulates RhoA, ROCKI, LIMK and p-MLC
expression levels in hRECs. To investigate whether high
glucose stimulates the RhoA/ROCKI1 pathway in hRECs,
the cells were cultured in normal- or high-glucose medium
for 1, 2 and 3 days. RT-qPCR, western blotting and immu-
nocytochemical assays were then performed to measure the
expression levels of RhoA, ROCK1, LIMK,MLC and p-MLC.
As shown in Fig. 2A-D, the results of RT-qPCR revealed that
high glucose markedly upregulated the mRNA expression
levels of RhoA, ROCK1 and LIMK in a time-dependent
manner compared with the normal group. However, there was
no significant difference detected in the expression of MLC
mRNA. Furthermore, the expression of miR-133b was lower
in hRECs treated with high glucose (Fig. 2E). As shown in
Fig. 3, the results of western blotting and immunocyto-
chemistry revealed that high glucose significantly induced
the protein expression levels of RhoA, ROCKI1, LIMK and
p-MLC in a time-dependent manner compared with the
normal group. However, there was no significant difference
in the expression of the MLC protein. These data indicated
that high glucose upregulated the mRNA and protein levels
of RhoA, ROCKI1 and LIMK, as well as p-MLC protein, in
hRECs.
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Figure 2. High glucose upregulates RhoA, ROCK1 and LIMK mRNA expression. hRECs were cultured in normal- or high-glucose medium for 1,2 and 3 days.
The relative expression levels of RhoA (A), ROCK1 (B), LIMK (C) and MLC (D) mRNA, and the relative expression of miR-133b (E) were measured by
reverse transcription-quantitative polymerase chain reaction. n=3. "P<0.05, “P<0.01 and “*P<0.001 vs. normal group. hRECs, human retinal endothelial cells;
miR, microRNA; RhoA, ras homolog family member A; ROCK1, Rho-associated protein kinase 1; LIMK, LIM domain kinase 1; MLC, myosin light chain.

Inhibition of miR-133b promotes proliferation and represses
apoptosis in hRECs. To investigate whether miR-133b is
involved in the proliferation and apoptosis of hRECs, the
normal-glucose-treated cells were transfected with miR-133b
inhibitors to reduce miR-133b expression (Fig. 4A). MTT and
Annexin V-APC/7-AAD staining assays were then performed
to assess cell proliferation and apoptosis, respectively. As
shown in Fig. 4B, high glucose or miR-133b inhibitors signifi-
cantly promoted the proliferation of hRECs, whereas the
apoptotic rate of hRECs was significantly decreased in cells
treated with high glucose or transfected with miR-133b inhibi-
tors as compared with the normal group (Fig. 4C). These data
indicated that miR-133b inhibitors promoted the proliferation
and repress the apoptosis of hRECs.

Inhibition of miR-133b increases RhoA, ROCKI, LIMK and
p-MLC expression levels in hRECs. To determine whether
miR-133b inhibitors stimulate the RhoA/ROCK1 pathway in
hRECs, the normal-glucose-treated cells were transfected with
miR-133b inhibitors or inhibitor control. RT-qPCR, western
blotting and immunocytochemistry were then performed to
measure the expression levels of RhoA, ROCK1, LIMK, MLC
and p-MLC. As shown in Fig. 5, the results of RT-qPCR
revealed that high glucose or miR-133b inhibitors significantly
increased the expression levels of RhoA, ROCK1 and LIMK
mRNA in hRECs compared with the normal group. However,
there was no significant difference in the expression of MLC
mRNA. As shown in Fig. 6, the results of western blotting and
immunocytochemistry revealed that high glucose or miR-133b
inhibitors markedly induced the expression of RhoA, ROCKI1,
LIMK and p-MLC proteins in hRECs compared with the

normal group. However, there was no significant difference in
the expression of the MLC protein. These data indicated that
miR-133b expression inhibition increased the RhoA, ROCK1
and LIMK expression levels at the mRNA and protein levels,
as well as the p-MLC protein level, in hRECs.

Overexpression of miR-133b inhibits proliferation and
increases apoptosis in high-glucose-induced hRECs. To
determine whether miR-133b overexpression is involved
in the proliferation and apoptosis of high-glucose-induced
hREC:S, the cells were transfected with miR-133b mimics to
increase the levels of miR-133b expression (Fig. 7A). MTT and
Annexin V-APC/7-AAD staining assays were then performed
to assess the cell proliferation and apoptosis, respectively.
As shown in Fig. 7B, miR-133b mimics significantly inhib-
ited the proliferation of high-glucose-induced hRECs when
compared with that in cells treated with high glucose alone.
In addition, the apoptotic rate of high-glucose-induced hRECs
significantly increased following transfection compared
with the high-glucose group (Fig. 7C). These data indicated
that miR-133b overexpression inhibited the proliferation and
increased the apoptosis of high-glucose-induced hRECs.

Overexpression of miR-133b decreases RhoA, ROCKI,
LIMK and p-MLC expression levels in high-glucose-induced
hRECs. To further investigate whether miR-133b mimics
repress the RhoA/ROCKI pathway in high-glucose-induced
hREGC:sS, the cells were transfected with miR-133b mimics or
mimic control. RT-qPCR, western blotting and immunocy-
tochemistry were then performed to measure the expression
levels of RhoA, ROCK1, LIMK, MLC and p-MLC. As shown
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Figure 3. High glucose upregulates RhoA, ROCK1 and LIMK protein expression. hRECs were cultured in normal- or high-glucose medium for 1, 2 and
3 days. (A) Western blot bands and quantitative analysis of RhoA, ROCK1, LIMK, MLC and p-MLC protein expression. (B) Immunocytochemical analysis
was performed to assess the expression of RhoA, ROCK1, LIMK, MLC and p-MLC proteins. n=3. "P<0.05, “P<0.01 and ““P<0.001 vs. normal group. hRECs,
human retinal endothelial cells; miR, microRNA; RhoA, ras homolog family member A; ROCK1, Rho-associated protein kinase 1; LIMK, LIM domain
kinase 1; MLC, myosin light chain; p-MLC, phosphorylated-MLC.
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Figure 6. miR-133b inhibitors upregulate RhoA, ROCK1 and LIMK protein expression levels. (A) Western blot bands and quantitative analysis of RhoA,
ROCKI1, LIMK, MLC and p-MLC protein levels. (B) Immunocytochemistry was performed to assess the expression of RhoA, ROCK1, LIMK, MLC and
p-MLC proteins. n=3. "P<0.05 and “P<0.01 vs. normal group; “P<0.05 and "P<0.01 vs. high glucose. hRECs, human retinal endothelial cells; miR, microRNA;
RhoA, ras homolog family member A; ROCKI1, Rho-associated protein kinase 1; LIMK, LIM domain kinase 1; MLC, myosin light chain; p-MLC, phosphor-
ylated-MLC; NC, negative control; NG, normal glucose.
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Figure 7. miR-133b overexpression inhibits proliferation and promotes apoptosis in high-glucose-induced hRECs. (A) Relative expression of miR-133b in
hRECs transfected with miR-133b inhibitors. (B) MTT assay was performed to measure cell proliferation. (C-D) Annexin V-APC/7-AAD staining was
performed to measure cell apoptosis, and the apoptotic rate of the cells in different groups was assessed by flow cytometry analysis. n=3. "P<0.05 and “P<0.01
vs. normal group. “P<0.05 and "P<0.01 vs. high glucose group. hRECs, human retinal endothelial cells; miR, microRNA; NC, negative control; HG, high

glucose.

in Fig. 8, the results of RT-qPCR demonstrated that miR-133b
mimics significantly decreased the mRNA expression levels
of RhoA, ROCKI1 and LIMK in high-glucose-induced hRECs
compared with those in the high-glucose group. However,
there was no significant difference in the expression of MLC
mRNA. As shown in Fig. 9, the results of western blotting
and immunocytochemistry revealed that miR-133b mimics
markedly suppressed the protein expression levels of RhoA,
ROCKI, LIMK and p-MLC in high-glucose-induced hRECs
compared with those in the high-glucose group. However,
there was no significant difference observed in the expression
of the MLC protein. These data indicated that miR-133b over-
expression decreased the mRNA and protein levels of RhoA,
ROCKI and LIMK, as well as p-MLC protein expression, in
high-glucose-induced hRECs.

RhoA is a direct target of miR-133b in hRECs. To elucidate the
molecular mechanisms underlying the effect of miR-133b in
hRECs, TargetScan was used to predict the potential targets
of miR-133b. As shown in Fig. 10, the 3'-UTR sequence of
RhoA mRNA was found to match the sequence of miR-133b.
To confirm that RhoA is a direct target of miR-133b, its
wild-type 3'-UTR sequence (3'-UTR-WT) and a mutant
3'-UTR sequence (3'-UTR-MT) were cloned into a lucif-
erase reporter vector. The luciferase activity of the RhoA
3-UTR-WT following cell transfection with miR-133b mimic
was significantly inhibited. In addition, miR-133b inhibitors
increased the expression of RhoA in hRECs (Figs. 5 and 6),
while miR-133b mimics decreased the expression of RhoA
in high-glucose-induced hRECs (Figs. 8 and 9). These data
indicated that RhoA is a direct target of miR-133b in hRECs.
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Figure 8. miR-133b overexpression downregulates RhoA, ROCK1 and LIMK mRNA expression levels. The relative mRNA expression levels of RhoA (A),
ROCKI1 (B), LIMK (C) and MLC (D) were measured by reverse transcription-quantitative polymerase chain reaction. n=3. "P<0.05 and “P<0.01 vs. normal
group. "P<0.05 and “P<0.01 vs. high glucose group. hRECs, human retinal endothelial cells; miR, microRNA; RhoA, ras homolog family member A; ROCK1,
Rho-associated protein kinase 1; LIMK, LIM domain kinase 1; MLC, myosin light chain; NC, negative control; HG, high glucose.

Discussion

DR is a common microvascular complication of DM. A series
of endocrine and metabolic alterations occur in hypergly-
cemia-induced hRECs, causing disorders of organ structure
and function (16,17). In addition, DR is the leading cause
of blindness worldwide. Hyperglycemia, hypertension and
dyslipidemia constitute three major risk factors of DR (18).
miRNAs are involved in a variety of physiological
processes, including developmental timing, cell proliferation,
apoptosis, hematopoiesis and neural patterning (12). miR-133b
has been reported to function as a tumor suppressor in
non-small-cell lung cancer (19), as well as to inhibit cell
proliferation, migration and invasion in gastric cancer (20) and
hepatocellular carcinoma (21). In the present study, the role of
miR-133b in high-glucose-induced hRECs was investigated.
hRECs were cultured in normal- or high-glucose medium for
1,2 and 3 days, and then an Annexin V-APC/7-AAD staining
assay was performed to assess cell apoptosis. The results
revealed that high glucose significantly attenuated the apop-
totic rate of hRECs in a time-dependent manner. Furthermore,
miR-133b inhibitors promoted proliferation and repressed
apoptosis in hRECs, whereas miR-133b mimics repressed
proliferation and promoted apoptosis in high-glucose-induced

hRECs. These data demonstrated that abnormal prolif-
eration of high-glucose-induced hRECs may be inhibited by
transfection with miR-133b mimic.

RhoA is mainly associated with the regulation of the cyto-
skeleton, particularly regarding actin stress fiber formation and
actomyosin contraction (22). RhoA activates ROCK, which
regulates LIMK, which then stimulates cofilin to effectively
reorganize the actin cytoskeleton of cells (23). It has been
demonstrated that the RhoA/ROCK1/MLC signaling pathway
was associated with actin stress fiber formation in the retinal
pigment epithelium (24), and with ethanol-induced apoptosis
by anoikis in astrocytes (25). The RhoA/ROCKI1 signaling
pathway has also been found to modulate microvascular endo-
thelial cell dysfunction (10). In the present study, the results of
RT-qPCR, western blotting and immunocytochemical assay
demonstrated that the mRNA and protein expression levels
of RhoA, ROCKI1 and LIMK, as well as the p-MLK protein
level, were significantly increased in a time-dependent manner
by high glucose concentration. These results suggested that
RhoA/ROCKI1 may be a novel target for the treatment of DR.

Bioinformatics analysis performed in the present study also
predicted that RhoA was a direct target of miR-133b. miR-133b
has previously been observed to regulate neurite outgrowth
via the ERK1/2 and PI3K/Akt signaling pathways by targeting
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Figure 9. miR-133b overexpression downregulates RhoA, ROCK1 and LIMK protein expression levels. (A) Western blot bands and quantitative analysis of
RhoA,ROCKI, LIMK, MLC and p-MLC protein levels. (B) Immunocytochemical analysis was performed to assess the expression of RhoA, ROCK1, LIMK,
MLC and p-MLC proteins. n=3. "P<0.05 and “"P<0.01 vs. normal group. “P<0.05 and #P<0.01 vs. high glucose group. hRECs, human retinal endothelial cells;
miR, microRNA; RhoA, ras homolog family member A; ROCKI, Rho-associated protein kinase 1; LIMK, LIM domain kinase 1; MLC, myosin light chain;
p-MLC, phosphorylated-MLC; NC, negative control; HG, high glucose.
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RhoA expression (26). In the present study, miR-133b inhibitors
promoted the mRNA and protein expression levels of RhoA,
ROCKI1 and LIMK, as well as p-MLK protein, in hRECs. By
contrast, miR-133b mimics repressed the mRNA and protein
expression levels of RhoA, ROCK1 and LIMK, as well as
p-MLK protein expression, in high-glucose-induced hRECs.
These results suggested that miR-133b may be involved in DR
via the RhoA/ROCKI1 signaling pathway.

In conclusion, high-glucose treatment in hRECs was
observed to promote the proliferation and inhibit the apop-
tosis of these cells via the RhoA/ROCK signaling pathway.
Furthermore, overexpression of miR-133b was observed to
inhibit proliferation and promote apoptosis in a DR cell model
by downregulating the RhoA/ROCK signaling pathway.
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