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Abstract. – OBJECTIVE: The aim of this 
study was to elucidate the potential influence of 
MIR497HG on regulating proliferative capacity of 
human retinal endothelial cells (HRECs). 

MATERIALS AND METHODS: Relative ex-
pression levels of MIR497HG, microRNA-128-3p 
(miRNA-128-3p) and SIRT1 in HRECs treated 
with different doses of glucose and mannitol 
were detected by quantitative Real Time-Poly-
merase Chain Reaction (qRT-PCR). Dual-Lucif-
erase reporter gene assay was conducted to 
assess the interaction among MIR497HG, miR-
NA-128-3p, and SIRT1. In addition, the poten-
tial effects of MIR497HG/miRNA-128-3p/SIRT1 
axis on proliferative and migratory capacities 
in HRECs were evaluated by Cell Counting Kit-
8 (CCK-8), 5-Ethynyl-2’- deoxyuridine (EdU) and 
transwell assay, respectively.  

RESULTS: High-level glucose (HG) treatment 
significantly downregulated MIR497HG and SIRT1 
expression, whereas upregulated miRNA-128-
3p expression in HRECs (p<0.05). MiRNA-128-3p 
was the target gene binding MIR497HG, and SIRT1 
was the downstream gene of miRNA-128-3p. Over-
expression of MIR497HG significantly attenuated 
proliferative and migratory abilities of HG-induced 
HRECs (p<0.05). Furthermore, decreased trends 
were partially reversed by overexpression of miR-
NA-128-3p or knockdown of SIRT1.  

CONCLUSIONS: MIR497HG is downregulat-
ed after HG treatment. In addition, it suppresses 
the proliferation and migration of HRECs by tar-
geting miRNA-128-3p/SIRT1 axis, thus influenc-
ing the progression of diabetic retinopathy.

Key Words: 
Diabetic retinopathy (DR), MIR497HG, MiRNA-128-

3p, SIRT1.

Introduction 

Diabetes mellitus (DM) is a metabolic disease 
caused by insufficient insulin secretion and islet dys-

function. It is characterized by chronic, progressive 
elevation of blood sugar1,2. A series of DM-induced 
pathological changes, including excessive production 
of ROS, inflammatory response and damage of blood 
vessels, may eventually result in diabetic microan-
giopathy3,4. Diabetic retinopathy (DR) is a common 
vascular complication in DM patients, which is also 
the leading cause of DM-related blindness5. 

In human genome, fewer than 2% of genes are 
able to encode proteins, the majority of which are 
non-coding sequences6. Long non-coding RNAs 
(lncRNAs) are a kind of non-coding RNAs with 
over 200 nucleotides in length. Abnormally ex-
pressed lncRNAs are closely associated with hu-
man diseases, including cardiovascular diseases 
and tumors7. Moreover, tissue-specific, dynam-
ically regulated and abnormally expressed ln-
cRNAs in T2DM are identified in human β cell 
transcriptome analysis8. 

LncRNA MIR497HG is considered as a key ln-
cRNA in ischemic stroke. In this paper, MIR497HG 
was found significantly downregulated after HG 
treatment. The aim of our study was to clarify the 
role of MIR497HG in DR, and to explore the po-
tential molecular mechanism. 

Materials and Methods

Cell Culture
Human retinal endothelial cells (HRECs) 

provided by American Type Culture Collection 
(ATCC; Manassas, VA, USA) were cultured in 
extracellular matrix (ECM) containing 10% fe-
tal bovine serum (FBS; Gibco, Rockville, MD, 
USA), 100 U/mL penicillin and 100 mg/mL strep-
tomycin. When cultured to 90% of confluence, 
the cells were treated with different concentra-
tions of glucose for 48 h. 
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Cell Transfection
In this study, pcDNA-MIR497HG, si-

MIR497HG-1, si-MIR497HG-2, si-MIR497HG-3, 
miRNA-128-3p mimics, miRNA-128-3p inhibi-
tor, si-SIRT1-1, si-SIRT1-2 and si-SIRT1-3 were 
provided by GenePharma (Shanghai, China). 
When cell density reached 70%, cell transfection 
was performed according to the instructions of 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA). Sequences of MIR497HG siRNAs were 
as follows: si-MIR497HG-1: 5’-GGAGAGGA-
GAGGAGGAUCA-3’; si-MIR497HG-2: 5’-CAG-
CAGAGGUCAUGAGAAG-3’; si-MIR497HG-3: 
5’-GGUCAGAGGUGGAAGGCUC-3’.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)

TRIzol (Invitrogen, Carlsbad, CA, USA) re-
agent was applied for isolating cellular RNA. 
The concentration and purity of extracted RNA 
quantified using a spectrometer. Subsequently, 
extracted RNA was reversely transcribed into 
complementary deoxyribose nucleic acid (cDNA) 
using the PrimeScript RT reagent Kit (TaKaRa, 
Otsu, Shiga, Japan). SYBR Premix Ex TaqTM 
(TaKaRa, Otsu, Shiga, Japan) was utilized for 
qRT-PCR with the following conditions: at 95°C 
for 5 min, 40 cycles at 94°C for 10 s, 60°C for 
45 s and 72°C for 30 s, followed by 68°C for 5 
min and maintained at 4°C. Primer sequences 
used in this study were as follows: MIR497HG: 
F: 5’-ATAAGAATCCAGGTCGGGGC-3’, R: 
5’-CCCAAGGTTCCATCGTCCTC-3’; SIRT1: F: 
5’-TAGCCTTGTCAGATAAGGAAGGA-3’, R: 
5’-ACAGCTTCACAGTCAACTTTGT-3’; GAP-
DH: F: 5’- CGCTCTCTGCTCCTCCTGTTC-3’, 
R: 5’-ATCCGTTGACTCCGACCTTCAC-3’.

Cell Counting Kit-8 (CCK-8) Assay
Cells were first inoculated into 96-well plates 

at a density of 5×103 cells per well. At appointed 
time points, 10 μL of CCK-8 solution (Dojindo 
Molecular Technologies, Kumamoto, Japan) was 
added in each well, followed by incubation at 
37°C for 2 h in the dark. Absorbance at 450 nm 
was finally detected by a micro-plate reader.

5-Ethynyl-2’- Deoxyuridine (EdU) Assay
Cells were first inoculated into 96-well plates 

at a density of 1×103 cells per well. Subsequent-
ly, they were dyed with EdU solution (Invitro-
gen, Carlsbad, CA, USA) for 30 min and Hoechst 
33342 for another 30 min in the dark. Images of 
EdU-positive cells, Hoechst-labeled nuclei and 

their merged image were captured under a fluo-
rescence microscopy.

Transwell Assay
Cells were first prepared into suspension with 

2×105 cells/ml. 100 μL of cell suspension was 
applied in the upper side of transwell chamber 
(Corning, Corning, NY, USA). Meanwhile, 500 
μL of medium containing 20% FBS was applied 
in the bottom side. After 48 h of incubation, cells 
migrated to the bottom side were fixed with meth-
anol for 15 min and stained with crystal violet for 
20 min. Migrating cells were observed under a 
microscope, and the number of migrated cells was 
finally counted.

Dual-Luciferase Reporter Gene Assay
Cells were first inoculated into 96-well plates 

at a density of 5×103 cells/ well. Next, they were 
co-transfected with wild-type/mutant-type vec-
tors and NC/miRNA-128-3p mimics/NC for 24 h. 
Afterwards, the cells were lysed and the superna-
tant was collected for detection of relative Lucif-
erase activity. 

Statistical Analysis 
Statistical Product and Service Solutions 

(SPSS) 21.0 statistical software (IBM Corp., 
Armonk, NY, USA) was used for data analysis. 
GraphPad Prism 6.6 (La Jolla, CA, USA) was 
utilized for depicting figures. Experimental data 
were expressed as mean ± SD (standard devia-
tion). Paired two-tailed t-test was used to compare 
the differences between two groups. p<0.05 was 
considered statistically significant.

Results 

MIR497HG Protected Glycotoxic Damage 
of Retinal Endothelial Cells

HRECs were first treated with 5.5, 11, 25 or 
30 mM glucose or mannitol (negative control) 
for 48 h. QRT-PCR data showed that MIR497HG 
was markedly downregulated after 25 mM or 30 
mM glucose treatment (p<0.05). However, man-
nitol treatment did not affect the expression level 
of MIR497HG (p>0.05, Figure 1A). Transfection 
efficacy of pcDNA-MIR497HG in HRECs was 
verified by qRT-PCR (Figure 1B). After 48 h 
treatment of 30 mM glucose, the viability (Figure 
1C) and EdU-positive ratio (Figure 1D) in HRECs 
were markedly enhanced (p<0.05). However, this 
could be partially attenuated by overexpression 
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of MIR497HG. Similarly, HG-induced elevation 
in the migration of  HRECs was abolished by 
transfection of pcDNA-MIR497HG (Figure 1E). 
Hence, MIR497HG was able to suppress the en-
hanced proliferative and migratory capacities in 
HG-induced HRECs.  

MIR497HG Directly Bound MiRNA-128-3p
Potential binding sequences in 3’UTR of 

miRNA-128-3p and MIR497HG were predicted 
through bioinformatics method based on data-
base, including TargetScan, microRNA and Di-
ana Tools (Figure 2A). Subsequent results demon-

Figure 1. MIR497HG protected glycotoxic damage of retinal endothelial cells. A, MIR497HG level in HRECs treated with 
5.5, 11, 25 or 30 mM glucose or mannitol (negative control) for 48 h. B, Transfection efficacy of pcDNA-MIR497HG in 
HRECs. C, Viability of NG-induced or HG-induced HRECs treated with blank control, vector or transfected with pcD-
NA-MIR497HG. D, EdU-positive ratio in NG-induced or HG-induced HRECs treated with blank control, vector or transfected 
with pcDNA-MIR497HG (magnification 40×). E, Migration of NG-induced or HG-induced HRECs treated with blank control, 
vector or transfected with pcDNA-MIR497HG (magnification 40×).
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strated that luciferase activity was significantly 
reduced after co-transfection of MIR497HG-WT 
and miRNA-128-3p mimics (p<0.05, Figure 2B). 
MiRNA-128-3p level was markedly upregulated 
after treatment of 25 or 30 mM glucose than those 
treated with mannitol (p<0.05, Figure 2C). Sub-
sequently, three MIR497HG siRNAs were con-
structed, and si-MIR497HG-2 presented the best 
transfection efficacy (Figure 2D). Transfection of 
pcDNA-MIR497HG remarkably downregulated 
miRNA-128-3p expression, whereas transfection 
of si-MIR497HG achieved the opposite trend in 
HRECs (p<0.05, Figure 2E). Conversely, miR-
NA-128-3p negatively regulated MIR497HG ex-
pression level as well (Figure 2F).

SIRT1 Was the Downstream Gene 
of MiRNA-128-3p

In a similar way, SIRT1 was predicted to be the 
downstream gene binding miRNA-128-3p based 
on database, including TargetScan, microRNA and 
Diana Tools (Figure 3A). Co-transfection of SIRT1-

WT and miRNA-128-3p mimics remarkably 
quenched Luciferase activity (p<0.05). However, 
Luciferase activity in SIRT-MUT was unaffected 
(p>0.05). This verified the binding relationship be-
tween miRNA-128-3p and SIRT1 (Figure 3B). The 
mRNA level of SIRT1 was significantly down-
regulated in HRECs treated with 25 or 30 mM 
HG for 48 h (p<0.05, Figure 3C). Moreover, the 
overexpression of MIR497HG remarkably upreg-
ulated SIRT1 expression in HG-induced HRECs 
(p<0.05, Figure 3D). On the contrary, miRNA-
128-3p negatively regulated SIRT1 level (Figure 
3E). Based on the above findings, it was considered 
that MIR497HG up-regulated SIRT1 in HRECs by 
sponging miRNA-128-3p.  

MIR497HG/MiRNA-128-3p/SIRT1 Axis 
Regulated Proliferative Ability of HRECs 

Among the three SIRT1 siRNAs, si-SIRT1-1 
showed the best transfection efficacy. Therefore, 
it was selected for the following experiments 
(Figure 4A). Subsequent results revealed that de-

Figure 2. MIR497HG directly bound miRNA-128-3p. A, Binding sequences in 3’UTR of miRNA-128-3p and MIR497HG. B, 
Luciferase activity in HRECs co-transfected with MIR497HG-WT/MIR497HG-MUT and miR128-3p mimics/NC. C, MiR-
NA-128-3p level in HRECs treated with 5.5, 11, 25 or 30 mM glucose or mannitol (negative control) for 48 h. D, Transfection 
efficacy of three MIR497HG siRNAs in HRECs. E, MiRNA-128-3p level in HRECs transfected with pcDNA-MIR497HG or 
si-MIR497HG. F, MIR497HG level in HRECs transfected with miRNA-128-3p mimics or miRNA-128-3p inhibitor. 
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creased viability (Figure 4B), EdU-positive ratio 
(Figure 4C) and migratory cell number (Figure 
4D) in HRECs overexpressing MIR497HG were 
partially reversed by overexpression of miRNA-
128-3p or knockdown of SIRT1.  

Discussion

DM is a highly prevalent chronic disease, which 
can be classified into T1DM, T2DM, gestational 
DM and others. Pathological changes owing to 
DM pose a great impact on human health9,10. As 
a common vascular complication, DR is preva-
lent in DM patients with a relatively long disease 
course11. DR is a risk factor for DM-related blind-
ness; symptoms of DR in the early phase are mild, 
and obvious clinical manifestations are unobvi-
ous. Nevertheless, middle stage of advanced DR 
may lead to irreversible lesions. Meanwhile, there 
is still a lack of effective therapeutic strategies for 
DR. Therefore, it is important to intervene DR as 
early as possible. Currently, the pathogenesis of 
DR involves many factors. Apoptosis and loss of 
pericytes, microangioma formation and capillary 

basement membrane thickening are the typical 
pathological features of DR12. 

So far, the critical functions of lncRNAs in 
vascular lesions have been highlighted13-19. There 
are 31 unknown lncRNAs discovered in human 
vascular smooth muscles through RNA sequenc-
ing. Knockdown of lncRNA SENCR leads to the 
downregulation of a series of genes associated 
with contraction of myocardium and smooth mus-
cle20. Lnc-Ang362 is an AngII regulatory lncRNA, 
whose expression level affects the proliferative 
ability in vascular smooth muscle21. Silence of ln-
cRNA MALAT1 regulates the proliferation and 
migration of vascular endothelial cells, thus attenu-
ating angiogenesis22. Under the pathological condi-
tion of DM, MALAT1 mediates cellular functions 
of retinal endothelial cells by activating the p38/
MAPK pathway23. In this paper, MIR497HG was 
found significantly downregulated after high-level 
glucose treatment. Furthermore, overexpression of 
MIR497HG markedly suppressed the proliferative 
and migratory capacities of HRECs.

In recent years, the ceRNA mechanism of ln-
cRNAs has been well concerned. A lncRNA 
sponges a corresponding miRNA, thereby af-

Figure 3. SIRT1 was the downstream gene of miRNA-128-3p. A, Binding sequences in the 3’UTR of SIRT1 and miRNA-
128-3p. B, Luciferase activity in HRECs co-transfected with SIRT1-WT/SIRT1-MUT and miR128-3p mimics/NC. C, SIRT1 
level in HRECs treated with 5.5, 11, 25 or 30 mM glucose or mannitol (negative control) for 48 h. D, SIRT1 level in NG-in-
duced or HG-induced HRECs treated with blank control, vector or transfected with pcDNA-MIR497HG. E, SIRT1 level in 
HRECs transfected with miRNA-128-3p mimics or miRNA-128-3p inhibitor. 
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fecting its downstream gene expression24. Our 
findings proved that MIR497HG sponged miR-
NA-128-3p to upregulate SIRT1. Importantly, 
MIR497HG/miRNA-128-3p/SIRT1 axis was re-
sponsible for regulating cellular phenotypes of 
HRECs, eventually influencing DR progression. 
In vivo experiments should be conducted to vali-
date our findings in the near future. Moreover, the 
potential influence of MIR497HG on angiogene-
sis is required to be explored. 

Conclusions

Taken together, MIR497HG is significantly 
downregulated after HG treatment. In addition, it 
suppresses proliferative and migratory abilities of 
HRECs bytargeting miRNA-128-3p/SIRT1 axis, 
eventually influencing DR progression.
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