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Abstract. Diabetic macular edema (DME) is the main cause
of visual impairment in diabetic patients, but its pathogenesis
remains unclear. The purpose of the present study was to
analyze the expression of microRNA (miR)‑155‑5p in patients
with DME and its regulatory mechanism. A total of 72 patients
diagnosed with DME and 17 with idiopathic macular hole (MH)
were recruited. Among samples from patients with DME, 45
were DME and 27 were refractory DME, whereas patients with
idiopathic MH served as the control group. Optical coherence
tomography and fundus photograph analysis revealed that part
of the retina in the fundus of patients with DME was thickened,
with macular edema occurring simultaneously. In refractory
patients with DME, macular edema was associated with
bleeding and a dark cavity between retinal layers. Through
reverse transcription‑quantitative PCR analysis, miR‑155‑5p
was highly expressed in the aqueous humor (AH) and plasma
of patients with DME compared with that in patients with MH,
and this was even higher in the refractory DME group. Upon
analyzing patient clinical data, the difference in miR‑155‑5p
expression in the AH and plasma was positively associated
with disease course, body mass index, fasting blood‑glucose,
glycated hemoglobin, proteinuria and glycosuria. The expres‑
sion of miR‑155‑5p was not significantly different based on
hemoglobin, intraocular pressure and sex. The aforementioned
results indicate that miR‑155‑5p might promote the development

Correspondence to: Mr. Tao Yan, Department of Retinal and
Vitreous Diseases, Aier Eye Hospital of Wuhan University,
481 Zhongshan Road, Wuchang, Wuhan, Hubei 430000, P.R. China
E‑mail: aieryantao99@163.com

Abbreviations: DME, diabetic macular edema; OCT, optical

coherence tomography; RT‑qPCR, quantitative reverse transcription
polymerase chain reaction; NC, negative control; AH, aqueous
humor; BMI, body mass index; FBG, fasting blood‑glucose; HbA1c,
glycated hemoglobin; HB, hemoglobin; IOP, intraocular pressure;
CCK‑8, Cell Counting Kit‑8; HRMECs, human retinal microvascular
endothelial cells; VEGF, vascular endothelial growth factor

Key words: DME, microRNA‑155‑5p, OCT, human retinal
epithelial cells, regulatory mechanism

of DME. To further study the molecular mechanism, human
retinal microvascular endothelial cells (HRMECs) were
cultured and treated with high glucose in vitro. The results
showed that miR‑155‑5p expression was significantly upregu‑
lated in HRMECs induced by high glucose. After inhibiting
the expression of miR‑155‑5p, cell proliferation, angiogenesis
and VEGF protein levels were significantly downregulated,
whereas miR‑155‑5p mimics had the opposite effect. In
summary, miR‑155‑5p is closely associated with DME and is a
potential target for refractory DME treatment.
Introduction
DME is one of the most common causes of vision loss in diabetic
patients (1,2). The pathogenesis of DME is multi‑factorial
and involves multiple pathways (3), such as poor blood sugar
control (4), high blood pressure (5), hyperlipidemia (6) and
proteinuria (7), which eventually lead to the thickening of the
central retina; if untreated in time, it will cause loss of vision.
Currently, the treatment of refractory DME is still progressing
slowly (8,9).
MicroRNAs (miRNAs) are small non‑coding RNAs that
regulate biological networks by regulating gene expression.
In several studies on DME, miRNAs have been found to play
an important role in the pathogenesis of DME (10,11). Studies
have shown that miR‑155‑5p is overexpressed in diabetic
patients (12), and can be used as a new biological indicator for
the diagnosis and evaluation of diabetes (13).
Vascular endothelial growth factor A (VEGF‑A) plays
an important role in the occurrence of DME (2,14,15), and is
the main angiogenesis promoter of endothelial cells mainly
through its homologous receptor VEGF‑R1. The upregulation
of VEGF‑A, inflammatory cytokines and chemokines induces
pathological changes in the vascular endothelium, triggering
the destruction of the blood‑retinal barrier, causing fluid to
penetrate into the extracellular space, which is clinically
manifested as macular edema and leads to vision loss (6,16).
In vitro molecular studies demonstrated that miRNAs modu‑
late VEGF to promote high‑glucose‑induced apoptosis (17)
and angiogenesis (18) of HRMECs. Qiu et al (19) confirmed
that miR‑21‑5p inhibitor inhibited the proliferation and angio‑
genesis of HRMECs induced by high glucose. miR‑199a‑3p
inhibits the angiogenesis of HRMECs induced by high glucose
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by inhibiting VEGF (20). However, in DME, there has been no
report on the effect of miR‑155‑5p targeting cytokines on the
angiogenesis of HRMECs.
The present study aimed to evaluate the association
between miR‑155‑5p and the clinical features of DME and
refractory DME, as well as to evaluate the potential mechanism
of miR‑155‑5p on HRMECs induced by high glucose in vitro.
Materials and methods
Materials. Antibodies against VEGF‑A (cat. no. ab214424) and
glyceraldehyde‑3‑phosphate dehydrogenase (GAPDH; cat.
no. ab181602) were purchased from Abcam. The miR‑155‑5p
mimics or inhibitors, and their negative controls, as well as
primers for reverse transcription‑quantitative (RT‑q)PCR were
synthesized by Guangzhou RiboBio Co., Ltd., and the miRNA
sequences were as follows: miR‑155‑5p mimics, 5'‑UUAAUG
CUAAUCGUGAUAGGGGUU‑3'; miR‑155‑5p negative control,
5'‑GGGUUAGGUAAUGUAAUCCGUUUA‑3'; miR‑155‑5p
inhibitor, 5'‑AACCCCTATCACGATTAGCATTAA‑3';
miR‑155‑5p inhibitor negative control, 5'‑CAGUACUUUUGU
GUAGUACAA‑3'. The primer sequences for miRNAs for the
RT‑qPCR assay were as follows: miR‑155‑5p forward, 5'‑ACA
CTCCAGCTGGGTTAATGCTAATCGTGATA‑3'; miR‑155‑5p
reverse, 5'‑CTCAACTGGTGTCGTGGA‑3'; U6 forward, 5'‑CTC
GCTTCGGCAGCACA‑3'; and reverse; 5'‑AACGCTTCACGA
ATTTGCGT‑3'.
Study subjects. Between April 2020 and August 2020,
72 patients diagnosed with DME were selected from the
outpatient inpatients in Wuhan Aier Eye hospital, including
49 males and 23 females, aged 31‑71 (mean 51.17±9.98) years,
with a disease course of 0.5‑20 years. All patients underwent
detailed medical examinations and fundoscopy. According
to the staging standard specified by the 2002 Ocular Fundus
Disorders Academic Conference (21), the patients were
divided into three groups as follows: 45 cases in the DME
group, including 31 males and 14 females, with an average age
of 50.72±11.48 years and an average course of 6.45±1.73 years;
27 cases in the refractory DME group, with 18 males and
9 females, average age of 53.55±9.63 years and an average
course of 9.25±3.36 years. The exclusion criteria were as
follows: Patients with diabetic ketoacidosis, diabetic hyperos‑
molar coma, and other acute complications of diabetes; patients
with severe stress; patients with acute or chronic infections;
and patients with liver disease. The patients with idiopathic
macular hole (MH) (17 males and 5 females) served as the
control group; their age, sex ratio and body mass index (BMI)
were matched, and average age was 50.57±4.28 years. The
examination of patients with idiopathic MH excluded hyper‑
tension, heart, liver, kidney disease and other endocrine and
metabolic diseases. All patients or their family members
signed an informed consent form, and the experiment was
approved by the Aier Eye Hospital and conformed with the
guiding principles of the Declaration of Helsinki (22).
Data measurement. On admission, the patient's height
and weight were measured, and BMI was calculated as
weight/height2 (kg/m 2). Medical history, age, sex, course of
diabetes and blood sugar control, among other parameters were

recorded. Fasting blood‑glucose (FBG), glycated hemoglobin
(HbA1c), hemoglobin (HB), proteinuria and glycosuria were
measured with the Beckman automatic biochemical analyzer
(cobas c311; Roche Diagnostics GmbH) according to the kit's
instructions.
Ophthalmoscopic examination. Retinal thickness was
analyzed using optical coherence tomography (OCT;
RTVue XR; Optovue, Inc.) using the software RTVue XR
(version: 2018.1.0.43). Images of the fundus were captured
using Optos PLC's Panoramic Ophthalmoscope (200TX;
Nikon Corporation) with the software Optos V2®Vantage Pro
Review (version: 2.11.0.3; Nikon Corporation).
Aqueous humor (AH) sample collection and processing. AH
was collected from each patient (~50 to 100 µl) through para‑
centesis. The AH samples were collected in 0.5‑ml RNA‑free
Eppendorf (EP) tubes, stored on ice, and further processed
within 1 h after collection. In all cases, sample collection
was non‑invasive, eliminating the risk of blood or cell debris
contamination. By centrifuging the AH sample at 1,200 x g for
30 min at 4˚C, the final cell/cell debris contamination could
be prevented. Then, the supernatant was transferred to a new
sterile EP tube for RNA extraction.
Collection and processing of whole blood samples. Firstly,
5 ml whole blood was collected from the patients in a
BD Vacutainer‑EDTA tube (BD Biosciences) and immediately
mixed 5‑8 times. Within 1 h after blood collection, the blood
samples were processed by centrifugation at 1,200 x g for
10 min at 4˚C; the collected plasma was centrifuged at 1,200 x g
for 20 min at 4˚C to remove contaminant cells and cell debris,
and then RNA extraction was performed. Hemolyzed plasma
samples were excluded from the study.
Cell culture, transfection and treatments. The HRMECs (cat.
no. CP‑H130; Procell Life Science & Technology Co., Ltd.) were
cultured at 37˚C with 5% CO2 in complete culture medium (cat.
no. CM‑H130; Procell Life Science & Technology Co., Ltd.).
Once cells achieved 60‑80% confluence, they were transfected
with RNA using Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) at 37˚C for 4 h, according to the manu‑
facturer's instructions. Then, medium was replaced with fresh
culture medium, and cells were incubated for a further 48 h prior
to RT‑qPCR or western blot analysis. The high‑glucose group was
pre‑cultured with 30 mM glucose at 37˚C for 48 h, and the normal
glucose group (control) was pre‑cultured with 5 mM glucose at
37˚C for 48 h before experiment. The glucose concentration used
in the high glucose group was based on previous studies (23,24).
RNA extraction. Using the miRNeasy Mini kit (217004;
Qiagen GmbH), total RNA was extracted from 50 µl AH or
200 µl plasma samples. The AH and plasma samples were
centrifuged at 3000 x g for 5 min at 4˚C to completely remove
contaminant cell debris. A total of 50 µl AH and 200 µl plasma
per patient was diluted to 400 µl with RNA‑free water (Gibco;
Thermo Fisher Scientific, Inc.) to avoid protein aggregation.
Then, the sample was lysed by adding three times the volume
of TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.) and
was finally dissolved in 10 µl RNA‑free water.
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Figure 1. Refractory DME exacerbates the symptoms of macular edema. (A) OCT analyses of the retinal symptoms among patients in different groups.
(B) Fundus microscopy to analyze the differences in macular edema area and eyeball characteristics among patients in different groups. OCT, optical coher‑
ence tomography; DME, diabetic macular edema; MH, macular hole.

RT‑qPCR assay. Extracted RNA was reverse transcribed to
cDNA using a PrimeScript RT reagent kit (Thermo Fisher
Scientific, Inc.), according to the manufacturer's instructions.
The RT‑qPCR procedure was performed using a SYBR
Premix ExTaq II kit (Thermo Fisher Scientific, Inc.) according
to the manufacturer's instructions in conjunction with a
7500 Real‑Time PCR System (Applied Biosystems; Thermo
Fisher Scientific, Inc.). The thermocycling conditions were
as follows: 95˚C for 10 min; 55˚C for 2 min;72˚C for 2 min;
followed by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min.
Target miR‑155‑5p levels were normalized to those of the
housekeeping gene U6. Relative miR‑155‑5p expression levels
were calculated using the 2‑ΔΔCq method (25), and the RT‑qPCR
experiment was repeated three times.
Western blotting. Transfected HRMECs were harvested
by trypsin digestion and lysed using ice‑cold RIPA lysis
buffer (Beyotime Institute of Biotechnology). Lysate protein
concentrations were estimated using a BCA protein assay
kit (Beijing Solarbio Science & Technology Co., Ltd.). Equal
amounts of denatured proteins (20 µg) were resolved using
10% SDS‑polyacrylamide gel electrophoresis (Beijing Solarbio
Science & Technology Co., Ltd.) and protein bands were trans‑
ferred to a polyvinylidene fluoride membrane (Beijing Solarbio
Science & Technology Co., Ltd.). The membrane was blocked
with 5% BSA (Beijing Solarbio Science & Technology Co.,
Ltd.) for 1 h at 22±3˚C. Subsequently, the membranes were
incubated with an anti‑VEGF antibody (1:1,000) overnight
at 4˚C, rinsed, and incubated with the horseradish peroxi‑
dase‑conjugated secondary antibody (goat anti‑rabbit; 1:10,000;
cat. no. ab205718; Abcam) for 2 h at 22±3˚C. Protein bands
were visualized by the addition of ELC enhanced chemilumi‑
nescence reagent (Thermo Fisher Scientific, Inc.) in conjunction
with an imaging system (DNR Bio‑Imaging Systems, Ltd.). An
anti‑GAPDH antibody (1:10,000) was used as a loading control.
Cell Counting Kit‑8 (CCK8) assay. Briefly, a single cell
suspension was prepared by the trypsin method and inocu‑
lated in 96‑well plates at a density of 3x103 cells/well. Then,

10 µl CCK‑8 reagent (Elabscience, Wuhan, China) was added
at 0, 24, 48 and 72 h and incubated for 60 min. The optical
density was measured at 490 nm using a microplate reader
(multiscan MK3; Thermo Fisher Scientific, Inc.). The CCK‑8
experiment was repeated three times.
Angiogenesis assay. Transfected HRMECs were pretreated
with different concentrations of glucose (5 or 30 mM) at 37˚C for
48 h. Next, serum‑starved HRMECs (2x104 cells) were seeded
onto 24‑well plates coated with Matrigel (BD Biosciences) in
endothelial basal medium and incubated at 37˚C with 5% CO2
for 24 h. Tubular structures of HRMECs in the Matrigel were
examined with a light microscope (Olympus Corporation).
The angiogenesis experiment was repeated three times and
five fields were randomly selected for the quantitative analysis
of each result.
Statistical analysis. All data are expressed as means ± stan‑
dard deviations. All statistical analyses were performed using
SPSS version 21.0 statistical analysis package (SPSS Inc.).
The male/female data were analyzed using a χ2 test. The AH,
serum and clinical characteristics of patients, the expression of
miR‑155‑5p under miR‑155‑5p mimic/inhibitor transfection, cell
proliferation, angiogenesis, and western blot data proceeded via
a one‑way analysis of variance and Bonferroni post hoc test. The
difference of miR‑155‑5p expression before and after HG induc‑
tion was analyzed using the unpaired Student's t‑test. P<0.05 was
considered to indicate a statistically significant difference.
Results
Ophthalmoscopic examination. In the present study, fundus
microscopy was performed on patients in each group. The
results showed that compared with that in the control group,
patients in the DME group had obvious macular edema and
thick retina. Furthermore, compared with disease signs in the
DME group, patients with refractory DME had bleeding on
the eyeballs, as well as old laser spots remaining from previous
treatment (Fig. 1A).
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Figure 2. Differences in the expression levels of miRNA between DME and refractory DME. Reverse transcription‑quantitative polymerase chain reaction
analysis of the differences in the expression of miR‑155‑5p in the aqueous humor (A) and serum (B) of patients with DME. *P<0.05. DME, diabetic macular
edema; MH, macular hole; miRNA/miR, microRNA.

Optical coherence tomography analysis. The results showed
that compared with the control group, patients with DME had
notable edema between the retinal layers, whereas patients with
refractory DME had more obvious retinal edema. Meanwhile,
patients with refractory DME have obvious edema and dark
cavities between the retinal layers (Fig. 1B).
Differences in the expression of AH and serum miR‑155‑5p
among patients with DME. Compared with patients in the
control group, the expression of miR‑155‑5p in AH and serum
of the DME group was upregulated (Fig. 2A and B). The
expression of miR‑155‑5p in AH and serum of patients in the
refractory DME group was also upregulated compared with
that in patients in the DME group.
Association between the expression level of miR‑155‑5p and
patient clinical characteristics. Next, the clinical charac‑
teristics of patients in each group were analyzed, including
BMI, FBG, HbA1c, HB, intraocular pressure (IOP), protein‑
uria and glycosuria. The results showed that the differences
in miR‑155‑5p expression were positively associated with
the course of disease, BMI, FBG, HbA1C, proteinuria and
glycosuria (Fig. 3). The expression level of miR‑155‑5p was
not significantly different based on the age, HB, IOP and sex
of the patients. Specific data are shown in Table SI.
High glucose induces increased expression of miR‑155‑5p.
Next, the potential mechanism underlying the effects of
miR‑155‑5p was analyzed from a molecular perspective.
For this, HRMECs were treated with high glucose in vitro.
RT‑qPCR results showed that high glucose induced the
upregulation of miR‑155‑5p (Fig. 4A).
Effect of miR‑155‑5p on HRMECs. To confirm the effect of
miR‑155‑5p in HRMECs, synthetic miR‑155‑5p mimics/inhib‑
itors were transfected into cells and the effect on the cellular
functions of HRMECs was analyzed. RT‑qPCR analysis
showed that miRNAs were successfully constructed (Fig. 4B).
The results also showed that high glucose promotes the

proliferation and angiogenesis of HRMECs and also upregu‑
lates the protein level of VEGF‑A (Fig. 4C‑G). These effects
could be reversed by a miR‑155‑5p inhibitor, and at the same
time, these effects were enhanced by miR‑155‑5p mimics.
These results confirm that miR‑155‑5p can regulate the prolif‑
eration and angiogenesis of HRMECs and concomitantly
affect the protein level of VEGF‑A in HRMECs.
Discussion
DME, defined as the thickening of the retina involving or
near the center of the macula, is the most common cause of
vision loss in patients affected by diabetes (26). At present,
intravitreal injection of anti‑VEGF drugs is considered one
of the best treatments for DME (14,27). Early vitrectomy can
also effectively decrease the burden of treatment for diabetic
patients and prevent vision loss (28‑31). However, for some
patients with intractable DME, these treatments have not
achieved long‑term relief of the disease (9,32,33). The present
study analyzed the eyeball characteristics of patients with
DME and found that the retina of patients with idiopathic MH
did not have obvious edema, whereas patients with DME, in
addition to more intractable patients with DME, had obvious
retinal edema. Meanwhile, the retina of patients with refrac‑
tory DME also had symptoms of hemorrhage, and the retina
was significantly heavier compared with that of DME patients.
In addition, patients with intractable DME had obvious edema
and dark cavities between the omentum layers.
Studies have shown that miRNA, as a biomarker of DME,
has high sensitivity and specificity (11) and is stably expressed
in biological fluids such as human AH and plasma (34,35).
Among them, overexpression of miR‑155‑5p has been proved
by numerous studies to play an important role in the progres‑
sion of diabetes (36,37). However, the study of miR‑155‑5p
in DME has not been reported. In the present study, the role
of AH and plasma miR‑155‑5p was investigated in DME.
One of the main results of the present study showed that the
expression level of miR‑155‑5p was relatively increased in the
DME group and the refractory DME group compared with
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Figure 3. Association between miR‑155‑5p and clinical symptoms of patients. The differences in the age (A), course of disease (B), BMI (C), FBG (D),
HbA1C (E), proteinuria (F), glycosuria (G), HB (H) and IOP (I) in each group of patients are shown. *P<0.05. miR, microRNA; DME, diabetic macular edema;
MH, macular hole; BMI, body mass index; FBG, fasting blood‑glucose; HbA1c, glycated hemoglobin; HB, hemoglobin; IOP, intraocular pressure.

that of the control group. In addition, the expression level of
miR‑155‑5p in the refractory DME group was significantly
higher compared with that in the DME group. The results thus
showed that the expression level of miR‑155‑5p is associated
with the severity of DME. Accordingly, abnormal miR‑155‑5p
expression is associated with the development of DME, and
the regulation of its expression might provide a potential treat‑
ment for this disease.
Regarding the mechanism underlying the effects of
miR‑155‑5p on the development of DME, the association
between this marker and some clinical indicators was studied.
The analysis of the present study showed that the expression
level of miR‑155‑5p was positively associated with the course

of disease, BMI, FBG, HbA1C, proteinuria and glycosuria. In
addition, the expression level of miR‑155‑5p had no obvious
association with HB, IOP and sex. According to the clinical
research data, it is necessary to further clarify the mechanism
associated with the effects of miR‑155‑5p in DME. Therefore,
the present study simulated hyperglycemia conditions by
exposing HRMECs to high glucose; this significantly upregu‑
lated the expression of miR‑155‑5p in these cells. High glucose
in HRMECs significantly downregulated the proliferation and
angiogenesis of HRMECs and increased the level of VEGF‑A
protein compared with that with normal glucose treatment.
However, after inhibiting the expression of miR‑155‑5p, the
effect of high glucose was reversed. Moreover, the addition
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Figure 4. miR‑155‑5p reverses the effect of high glucose induction. RT‑qPCR (A) analysis showed that the expression of miR‑155‑5p was different in HRMECs
induced by high glucose. After transfection with miRNAs, RT‑qPCR (B) and Cell Counting Kit‑8 assays (C) were performed to analyze the changes in expres‑
sion of miR‑155‑5p and cell proliferation in each group. Angiogenesis (D and E) was analyzed in each group, and western blotting (F and G) was performed
to analyze the changes in VEGF‑A protein levels. Samples were divided into the control group, HG group, HG+NC inhibitor group, HG+inhibitor group,
HG+NC group and HG+miR‑155‑5p mimic group. *P<0.05. miR/miRNA, microRNA; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction;
HG, high glucose; NC negative control; VEGF, vascular endothelial growth factor; HRMECs, human retinal microvascular endothelial cells

of miR‑155‑5p mimics had the same effect as high sugar. The
aforementioned results confirm that miR‑155‑5p can regulate
the cellular function of HRMECs induced by high glucose.
The present study has limitations. Firstly, VEGF and
miR‑155‑5p expression vectors were not injected into the
vitreous of type 2 diabetes mellitus animals to verify the utility
of miR‑155‑5p. Secondly, further research on the hypothetical
target genes and associated signaling pathways of miR‑155‑5p
were not conducted. Finally, the number of patients was insuf‑
ficient to clearly describe the association between miR‑155‑5p
and DME or intractable DME, to deepen the understanding
of the field. The aforementioned deficiencies also suggest
the direction of future research. Additional experiments are
intended to be conducted in the future to verify the association
between miRNA and DME or intractable DME.
In summary, the expression level of miR‑155‑5p in AH and
plasma is upregulated during the development of DME and can
be used as an indicator for this disease. The expression level
of miR‑155‑5p is also positively associated with the course of
disease, BMI, FBG, HbA1C, proteinuria and glycosuria. The
present study provides a valuable reference for the diagnosis
and treatment of DME and refractory DME.
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