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Abstract. – OBJECTIVE: To investigate the 
role of miR-7 in diabetic retinopathy and the un-
derlying mechanism. 

MATERIALS AND METHODS: The rat model 
of diabetic retinopathy (DR) was established. Af-
ter that, the endothelial cell (EC) and retinal peri-
cyte (RP) were isolated. QRT-PCR was used to 
detect the expression of miR-7 and insulin recep-
tor substrate-1 (IRS-1) in ECs and RPs cells while 
the protein level of IRS1 was detected by West-
ern blot. miR-7 mimic and miR-7 inhibitor were 
transfected to achieve miR-7 overexpression or 
knockdown. Cell viability was detected by Cell 
Counting Kit-8 (CCK-8) assay after miR-7 overex-
pression or knockdown. Besides, the expression 
levels of PI3K, AKT, and VEGF were detected by 
Western Blot. The luciferase reporter assay was 
performed to investigate whether miR-7 could be 
combined with IRS-1. Conversely, whether miR-7 
could affect IRS-1 was also verified.

RESULTS: miR-7 expression was significant-
ly decreased in ECs and RPs of the experimen-
tal group compared with the control group, while 
the mRNA and protein levels of IRS-1 were in-
creased. The CCK-8 assay showed that overex-
pression of miR-7 decreased the cell activity in 
ECs and RPs. In contrast, knock-down of miR-7 
could increase the cell viability. Besides, West-
ern blot showed that after overexpression of 
miR-7, the expressions of PI3K, AKT, and VEGF 
in ECs and RPs cells were down-regulated. 
Meanwhile, miR-7 knockdown upregulated the 
protein levels of PI3K, AKT, and VEGF. The lucif-
erase reporter assay suggested that the 3’UTR 
region of IRS-1 could be combined with miR-7, 
which may be the downstream target gene for 
miR-7. Moreover, knockdown of IRS-1 could re-
verse the effect of the miR-7 inhibitor on cell pro-
liferation in the diabetic model.

CONCLUSIONS: MiR-7 was lowly expressed in 
ECs and RPs cells. Overexpression of miR-7 can 

down-regulate the expression levels of PI3K, 
AKT, and VEGF by down-regulating its down-
stream target gene IRS-1, and ultimately inhibit 
the proliferation of retinal cells.
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Introduction

Diabetic retinopathy (DR) is one of the most im-
portant eye diseases that endangers the visual acuity 
of the middle-aged and the elderly. It is characterized 
by the proliferation of retinal neovascularization1. 
The longer the course of diabetes mellitus progress 
goes, the higher the prevalence of diabetic retinop-
athy may occur2. The main pathophysiological fea-
tures of diabetic retinopathy are the formation of 
retinal neovascularization and the destruction of the 
blood retinal barrier3. Vascular endothelial growth 
factor (VEGF) is an important factor for neovascu-
larization in patients with diabetic retinopathy retinal 
formation, which plays a key role in all aspects of 
angiogenesis, including the proliferation and mi-
gration of endothelial cells, changes of endothelial 
cell gene activation and the increase of plasminogen 
activating factor4. However, the regulation mecha-
nism of diabetic retinopathy is not clear at present. 
A large number of patients could not be cured by ex-
isting therapies and the lesions continue to progress. 
Therefore, we need to explore the pathogenesis of 
diabetic retinopathy in order to find more effective 
and feasible treatments.

microRNA (miRNA) is a highly conserved, 
non-protein encoded endogenous small RNA5, 
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which consists of about 22 bases. The transcription 
and synthesis of miRNA are a complex process 
which takes place in the nucleus and cytoplasm 
with the functions of many enzymes. It can inhib-
it target gene transcription by selectively binding 
to target gene mRNA, and then plays a biological 
effect6,7. MiRNA is involved in many kinds of life 
activities, including cell proliferation, differentia-
tion, apoptosis, and other pathophysiological pro-
cesses, and is closely related to the occurrence and 
development of fundus tumors8.

A research8 shows that miR-7 is located on 
the seventh chromosome, which is the most 
highly expressed miRNA in pancreatic endo-
crine department. Studies have confirmed that 
miR-7 could inhibit the microvascular endothe-
lial cells (ECs) in 11 glioblastoma9. In addition, 
the expression level of miR-7 has a long-term 
close relationship with the islet hormone in-
crease index10. The silence of miR-7 in early 
mouse embryos can reduce insulin secretion 
and lead to islet cell development disorder or 
even apoptosis11. However, the role of miR-7 in 
diabetic retinopathy remains unknown. There-
fore, this study would explore the role of miR-7 
in diabetic retinopathy and investigate the un-
derlying mechanism.

Materials and Methods

Establishment of Animal Model
Rats were fed with high-glucose and high-fat 

diet for 8 weeks. After that, the rats were fasted 
for 10 hours and intraperitoneally injected with 
2% streptozotocin (STZ) solution (50 mg/kg). 
After 1 week, the fasting blood glucose was mea-
sured by caudal vein blooding. Rats with fasting 
glucose >16.7 mmol/L for at least 5 days were 
considered successfully modeled. These rats con-
tinued on high-glucose and high-fat diet for 12 
weeks. This study was approved by the Animal 
Ethics Committee of Weifang Medical University 
Animal Center.

Extraction and Culture of ECs Cells
Rats were anaesthetized with 2% pentobar-

bital sodium and disinfected with 75% ethanol. 
The rat head was routinely sterilized on the op-
erating board of the ultra-clean table; then, the 
eyeballs were removed with a 2 mm optic nerve 
left. The structures of extraocular fascia should 
be removed and placed in a dish containing ice 
D-Hank liquid gauze. The anterior segment, 

lens and vitreous body should be cut off while 
the intact retinal tissue was blunt separated, and 
the retinal branches and pigmented tissues were 
removed. After that the remaining tissues were 
fully cut into pieces and filtered by 200 mesh 
screen. 3 mL trypsin containing Ethylene Di-
amine Tetraacetic Acid (EDTA) was added and 
the lysate was centrifuged after water bath. The 
trypsin was abandoned and 5 mL 0.5% of type 
II collagenase was added. After the water bath, 
the cells were filtered with 300 mesh screens. 
The supernatant was then discarded and 8 mL 
Dulbecco’s Modified Eagle Medium (DMEM) 
culture medium (containing 10% fetal bovine 
serum, 50 μg/mL heparin, 1% ECGs, 1% green 
chain double antibody) was added to the cells. 
The cells were inoculated in 0.5% gelatin-coated 
culture flasks in the 21% O2, 5% CO2, 37°C in-
cubator for 24 h. After that cells were cultured as 
adherent cell lines

Extraction and Culture of Retinal 
Pericytes (RsP) Cells

Extraocular muscle, eyeball fascia, and op-
tic nerve were removed under microscope after 
removal of the eyes of rat models. The residual 
tissue was disinfected repeatedly under sterile 
conditions. The anterior segment of eye was 
removed and the whole retina was peeled and 
washed repeatedly. Visible blood vessels were 
removed, and then the retina was shredded into 
a paste. The tissue was incubated for 45 min 
in phosphate buffered saline (PBS) added with 
0.05% IA collagenase and 0.025% bovine serum 
albumin at 37°C for fully digestion, then lightly 
mixed and washed repeatedly with 53 μm stain-
less steel filter screen. The eluent was centri-
fuged, and the supernatant was abandoned. Low 
glucose DMEM medium containing 20% fetal 
bovine serum (FBS) cell culture medium was 
added and the cells were inoculated in the cul-
ture dish. The fresh medium was replaced after 
48 h culture in the incubator of 37°C, 21% O2 
and 5% CO2, and the routine culture was the 
same as ordinary cells.

Quantitative Real-Time Polymerase 
Chain Reaction

RNA extraction was in strict accordance with 
the operation procedures of TRIzol instructions 
to extract total RNA. RNA concentration was 
measured by UV spectrophotometry. The cDNA 
was synthesized according to the corresponding 
reverse transcription kit. The qRT-PCR reaction 
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system was prepared according to the instructions. 
3 replicates were set in each sample. U6 and glyc-
eraldehyde 3-phosphate dehydrogenase (GAP-
DH) were used as the internal controls. The Ct 
value of each well was recorded and the average 
value was used for analysis. The results were ana-
lyzed by 2-ΔΔCt method. The primer sequences are 
as follows: IRS-1 F: CTTCTCAGACGTGCG-
CAAGG; R: GTTGATGTTGAAACAGCTCTC. 
U6 F: CGCTTCGGCAGCACATATAC; R: CAG-
GGGCCATGCTAATCTT. GAPDH F: TGCAC-
CACCAACTGCTTAGC; R: GGCATGGACT-
GTGGTCATGAG.

Cell Transfection 
The ECs and RPs cells were seeded in 6 well 

plates 1 days before the transfection. When the 
density reached 30%-40%, cells were transferred 
with miR-7 mimic, mimic control, miR-7 inhib-
itor, inhibitor control, si-IRS-1, or miR-7 inhib-
itor + si-IRS-1 according to the instructions of 
lipofectamineTM2000. After 6h, the medium was 
replaced. Cells were further cultured for 48 h at 
37°C. Then the cells were collected for subse-
quent experiments.

Western Blotting Analysis
Cells were collected on the ice by the lysis 

buffer. After centrifugation, the supernatant was 
collected, and the protein concentration was de-
termined by bicinchoninic acid (BCA) colorime-
try. 80 μg total protein sample was separated for 
electrophoresis with 10% sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to the polyvinylidene 
difluoride (PVDF) membrane. The immunoblots 
were blocked with 5% skim milk, and then in-
cubated with primary antibodies for overnight 
at 4°C. Then, the membrane was washed with 
Tris-buffered saline and Tween 20 (TBS-T) for 
3 times and incubated with the secondary anti-
bodies. Then, the membrane was washed 3 times 
with TBS-T again. Enhanced chemilumines-
cence (ECL) was used for the detection of pro-
tein bands.

Cell Counting Kit-8 (CCK-8) Assay
48 h after transfection, the cells of each group 

were inoculated into 96 well plate at a density of 
5 * 103/100 μL per well. 3 replicates were set up 
in each group. 10 μL CCK-8 solution was added 
to each well at different time points (6, 24, 48, 
72, 96 h). Then cells were further incubated for 
4 h in 5% CO2 37°C incubator. The absorbance 

at the wavelength of 450 nm was measured by a 
microplate reader.

Luciferase Reporter Assay
MiR-7 and IRS-1 recombinant vectors were 

co-transfected into ECs and RPs cells. The cells 
were divided into the following groups: miR-7 
control+IRS-1-WT, miR-7+IRS-1-WT, miR-7 
control+IRS-1-MUT, miR-7+IRS-1-MUT. The 
dual luciferase assay was used to detect the lucif-
erase activity of transfected cells.

Statistical Analysis
The Statistical Product and Service Solutions 

(SPSS16.0, SPSS Inc., Chicago, IL, USA) soft-
ware was used to analyze the data. The measure-
ment data were expressed as mean ± standard 
deviation (x–±s), and the differences between 
two groups were compared through group t-test. 
p<0.05 was considered statistically significant.

Results

The Expression of miR-7 in ECs and RPs 
Cells Was Low, While IRS-1 Was Highly 
Expressed

Compared with the normal control group, the 
expression level of miR-7 in ECs and RPs cells 
of diabetic rats was significantly decreased (Figu-
re 1A), suggesting that the abnormal expression 
of miR-7 may be involved in the occurrence and 
development of diabetic retinopathy. Previous 
studies have shown that IRS-1 is involved in the 
development of diabetic retinopathy23. The results 
of this study showed that the expression of IRS-1 
in ECs and RPs cells of diabetic rats was signifi-
cantly up-regulated at mRNA and protein levels 
(Figure 1B, 1C).

The Relationship Between the 
Expression Level of miR-7 and the 
Activity of ECs and RPs Cells

miR-7 mimic and inhibitor were transfected 
respectively to achieve miR-7 overexpression 
or knockdown in ECs and RPs cells of diabetic 
rat model. qRT-PCR results showed that miR-
7 mimic could overexpress miR-7 (Figure 2A), 
while miR-7 inhibitor could effectively redu-
ce the expression level of miR-7 (Figure 2B). 
Then, we detected the change of cell viability in 
the above two states. The results of CCK-8 as-
say showed that cell viability decreased signi-
ficantly after overexpression of miR-7, while 
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miR-7 activity was significantly increased after 
knocking down miR-7 (Figure 2C, 2D). These 
above results had preliminarily found that high 
expression of miR-7 may be involved in diabe-
tic retinopathy by inhibiting the proliferation of 
EC and RP cells.

MiR-7 Can Regulate the PI3K/AKT 
Pathway

The expression of PI3K/AKT pathway and the 
expression of VEGF protein were detected by We-
stern blot test after overexpressing or silencing 
miR-7 in ECs and RPs cells of diabetic rats. We 
showed that after overexpression of miR-7, the pro-
tein expression levels of PI3K, AKT, and VEGF in 
ECs and RPs cells were all decreased (Figure 3A). 
In contrast, the protein expression level of PI3K, 
AKT, and VEGF were all up-regulated after miR-
7 knockingdown (Figure 3B). This suggested that 
miR-7 may play a role in the regulation of the PI3K/
AKT pathway.

IRS-1 is the Target Gene of miR-7, and 
Knockingdown IRS-1 Can Weaken the 
Role of miR-7 in ECs and RPs Cells 
of Diabetic Model Rats

The results of the luciferase reporter gene 
experiment showed that miR-7 could be com-
bined with IRS-1 3’UTR (Figure 4A). To 
further investigate the relationship between 
miR-7 and IRS-1, cells were divided into the 
following groups: si-IRS-1 group, miR-7 inhi-
bitor group, miR-7 inhibitor+si-IRS-1 group, 
and inhibitor control group, respectively. So, 
we detected the change of cell viability in 
each group. The results showed that the cell 
viability of miR-7 inhibitor group was signi-
ficantly higher than that of the control group, 
and the activity of si-IRS-1 group was the 
weakest. The cell viability of miR-7 inhibitor 
and si-IRS-1 co-transfected group was higher 
than that of group si-IRS-1. However, the cell 
viability was significantly reduced compared 

Figure 1. The level of expression of miR-7 and IRS-1 in ECs and RPs. A, Compared with the normal control group, the expres-
sion level of miR-7 in ECs and RPs was significantly lower. B, Compared with the normal control group, the gene expression 
level of IRS-1 in ECs and RPs was significantly higher. C, The protein expression level of IRS-1 in ECs and RPs was significant-
ly higher than that in the normal control group.
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with the miR-7 inhibitor group (Figure 4B), 
which was consistent in the ECs of diabetic 
model rats (Figure 4C). These results demon-
strated that knockdown of IRS-1 could wea-
ken the role of miR-7 in ECs and RPs cells in 
diabetic rats.

Discussion

Diabetic retinopathy is a disease with complex 
pathogenesis. Many factors and growth factors 
are involved in the development of this disease. 
Chronic hyperglycemia is the main pathogenesis 
of diabetic retinopathy12. Insulin mediates the uti-
lization of glucose through the insulin signal sy-
stem. The combination of insulin and insulin re-
ceptor (INSR) phosphorylates IRS-1 and initiates 
the insulin signaling system13. The phosphoryla-
ted IRS-1 activates the PI3K pathway by binding 
to the SH2 of the PI3K14,15.

One of the important mechanisms of diabetic 
retinopathy is overexpression of VEGF16-18. VEGF 
can stimulate the proliferation of vascular en-
dothelial cells by activating some signal pathways 
and promote the formation of in the neovasculari-
zation19-21. PI3K/AKT signal transduction system 
is involved in glucose transport, the synthesis and 
decomposition of glycogen and protein, endothe-
lial cell proliferation and angiogenesis, cell cycle 
regulation, and apoptosis process22. It has been 
confirmed that the PI3K/AKT pathway regulates 
the role of VEGF, and the PI3K/AKT pathway is 
regulated by IRS-123,24.

Studies25-27 showed that many miRNAs are 
expressed specifically in the retina. Many miR-
NAs participated in the development of diabetic 
retinopathy. MiR-146a/b, miR-155, miR-132, 
and miR-21 were up-regulated in the retina of 
diabetic retinopathy rats, and miR-132 was con-
firmed to participate in angiogenesis28,29. MiR-
126 has a close relationship with type 2 diabe-

Figure 2. The relationship between the expression level of miR-7 and the activity of ECs and RPs cells. A, After overexpression 
of miR-7, the expression level of miR-7 was significantly increased. B, When miR-7 was knocked down, the expression level 
of miR-7 decreased significantly. In ECs (C) and RPs (D), CCK8 was performed to detect cell viability. After overexpression of 
miR-7, cell viability decreased significantly. While after knockdown of miR-7, cell viability was significantly increased.
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Figure 3. MiR-7 regulates the PI3K/AKT pathway by targeting IRS-1. Over expression and knockdown of miR-7 respectively, 
expression level of PI3K, AKT, and VEGF in ECs (A) and RPs (B) changed.

Figure 4. Knocking down IRS-1 can weaken the role of miR-7 in RPs and ECs. A, The binding site of miR-7 with IRS-1 was 
detected by luciferase reporter gene assay. B, After over expression of miR-7, cell activity in ECs (B) and RPs (C) decreased, 
while knockdown of IRS-1 can reduce the up regulation of cell viability induced by miR-7.
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tes30, which is involved in diabetic retinopathy23. 
Recent evidence have shown that many miR-
NAs have the functions of anti-angiogenesis, 
including miR-31, miR-200b, miR-150, miR-
221/222, miR-184 and miR-20a31,32. MiR-17-92, 
miR-92a, miR-23-27, and miR-17-5p can pro-
mote angiogenesis33.

In this investigation, we first constructed a 
diabetic retinopathy rat model. Retinal endothe-
lial cells (ECs) and pericytes (RPs) were used as 
experimental cells. The expression of IRS-1 in 
diabetic cells was increased. Luciferase reporter 
assay confirmed that miR-7 could bind to IRS-1 
3’UTR specifically, suggesting that miR-7 may 
be involved in the development of diabetic reti-
nopathy through IRS-1. After overexpressing or 
knocking down of miR-7, CCK-8 assay was used 
to detect ECs and RPs cell viability in diabetic 
retinopathy rats. In addition, it was found that 
cell viability was weakened when miR-7 was 
overexpressed. Further experiments indicated 
that after overexpression of miR-7, the expres-
sion of PI3K, AKT, and VEGF decreased, which 
was consistent with the CCK-8 results. Torsion 
tests showed that knockdown of IRS-1 weake-
ned the level of miR-7 ECs and RPs cells proli-
feration. In combination with the results of luci-
ferase experiment, we hypothesized that miR-7 
played a role in diabetic retinopathy by regu-
lating the expression of IRS-1. Further experi-
ments preliminarily discussed the mechanism. 
When miR-7 was overexpressed, the expression 
of PI3K, AKT, and VEGF decreased. The torsion 
test suggested that after knocking down the level 
of IRS-1, low level of miR-7 could reduce the 
proliferation of ECs and RPs cells. In sum, we 
concluded that miR-7 could play a role in dia-
betic retinopathy by regulating the expression of 
IRS-1.

Conclusions

We demonstrated that MiR-7 was lowly 
expressed in ECs and RPs cells. Overexpression 
of miR-7 can down-regulate the expression levels 
of PI3K, AKT, and VEGF by downregulating its 
downstream target gene IRS-1, and ultimately 
inhibit the proliferation of retinal cells.

Conflict of Interest
The Authors declare that they have no conflict of interest.

References

 1) Yang SH, Dou KF, Song WJ. Prevalence of diabetes 
among men and women in China. N Engl J Med 
2010; 362: 2425-2426, 2426.

 2) Malone JI, MorrISon aD, Pavan Pr, CutHbertSon DD. 
Prevalence and significance of retinopathy in sub-
jects with type 1 diabetes of less than 5 years’ du-
ration screened for the diabetes control and com-
plications trial. Diabetes Care 2001; 24: 522-526.

 3) MIYaMoto K, KHoSroF S, burSell Se, roHan r, Mura-
ta t, ClerMont aC, aIello lP, ogura Y, aDaMIS aP. 
Prevention of leukostasis and vascular leakage 
in streptozotocin-induced diabetic retinopathy via 
intercellular adhesion molecule-1 inhibition. Proc 
Natl Acad Sci U S A 1999; 96: 10836-10841.

4) averY rl, PearlMan J, PIeraMICI DJ, rabena MD, CaS-
tellarIn aa, naSIr Ma, gIuSt MJ, WenDel r, Patel 
a. Intravitreal bevacizumab (Avastin) in the treat-
ment of proliferative diabetic retinopathy. Ophthal-
mology 2006; 113: 1691-1695.

 5) bartel DP. MicroRNAs: Genomics, biogenesis, 
mechanism, and function. Cell 2004; 116: 281-
297.

 6) tang g, reInHart bJ, bartel DP, ZaMore PD. A bio-
chemical framework for RNA silencing in plants. 
Genes Dev 2003; 17: 49-63.

 7) Xu XH, DIng DF, Yong HJ, Dong Cl, You n, Ye Xl, 
Pan Ml, Ma JH, You Q, lu Yb. Resveratrol tran-
scriptionally regulates miRNA-18a-5p expression 
ameliorating diabetic nephropathy via increasing 
autophagy. Eur Rev Med Pharmacol Sci 2017; 21: 
4952-4965.

 8) CarvalHo In, reIS aH, DoS Sa, vargaS Fr. A poly-
morphism in mir-34b/c as a potential biomarker 
for early onset of hereditary retinoblastoma. Can-
cer Biomark 2017; 18: 313-317.

 9) lIu Z, lIu Y, lI l, Xu Z, bI b, Wang Y, lI JY. MiR-7-5p 
is frequently downregulated in glioblastoma mi-
crovasculature and inhibits vascular endothelial 
cell proliferation by targeting RAF1. Tumour Biol 
2014; 35: 10177-10184.

10) Correa-MeDIna M, bravo-egana v, roSero S, rICorDI 
C, eDlunD H, DIeZ J, PaStorI rl. MicroRNA miR-7 
is preferentially expressed in endocrine cells of 
the developing and adult human pancreas. Gene 
Expr Patterns 2009; 9: 193-199.

11) nIeto M, HevIa P, garCIa e, KleIn D, alvareZ-Cubela 
S, bravo-egana v, roSero S, DaMarIS Mr, vargaS n, 
rICorDI C, PIleggI a, DIeZ J, DoMIngueZ-benDala J, PaS-
torI rl. Antisense miR-7 impairs insulin expression 
in developing pancreas and in cultured pancreatic 
buds. Cell Transplant 2012; 21: 1761-1774.

12) MoMenI a, DYanI Ma, ebraHIMI e, SeDeHI M, naDerI a. 
Association of retinopathy and intima media thick-
ness of common carotid artery in type 2 diabetic 
patients. J Res Med Sci 2015; 20: 393-396.

13) MYerS MJ, WHIte MF. The new elements of insu-
lin signaling. Insulin receptor substrate-1 and 
proteins with SH2 domains. Diabetes 1993; 42: 
643-650.



Y.-L. Cao, D.-J. Liu, H.-G. Zhang

4430

14) vIrKaMaKI a, ueKI K, KaHn Cr. Protein-protein in-
teraction in insulin signaling and the molecular 
mechanisms of insulin resistance. J Clin Invest 
1999; 103: 931-943.

15) ZaMPetaKI a, KIeCHl S, DroZDov I, WIlleIt P, MaYr u, 
ProKoPI M, MaYr a, Weger S, oberHollenZer F, bono-
ra e, SHaH a, WIlleIt J, MaYr M. Plasma microRNA 
profiling reveals loss of endothelial miR-126 and 
other microRNAs in type 2 diabetes. Circ Res 
2010; 107: 810-817.

16) banDello F, CunHa-vaZ J, CHong nv, lang ge, MaS-
SIn P, MItCHell P, Porta M, Prunte C, SCHlIngeMann r, 
SCHMIDt-erFurtH u. New approaches for the treatment 
of diabetic macular oedema: recommendations by 
an expert panel. Eye (Lond) 2012; 26: 485-493.

17) CHeung n, Wong IY, Wong tY. Ocular anti-VEGF 
therapy for diabetic retinopathy: overview of clin-
ical efficacy and evolving applications. Diabetes 
Care 2014; 37: 900-905.

18) vIrgIlI g, Parravano M, MenCHInI F, brunettI M. An-
tiangiogenic therapy with anti-vascular endothelial 
growth factor modalities for diabetic macular oede-
ma. Cochrane Database Syst Rev 2012; 12: D7419.

19) toManeK rJ, ISHII Y, HolIFIelD JS, SJogren Cl, HanSen 
HK, MIKaWa t. VEGF family members regulate myo-
cardial tubulogenesis and coronary artery forma-
tion in the embryo. Circ Res 2006; 98: 947-953.

20) YoneKura H, SaKuraI S, lIu X, MIgIta H, Wang H, Ya-
MagISHI S, noMura M, abeDIn MJ, unoKI H, YaMaMoto 
Y, YaMaMoto H. Placenta growth factor and vascular 
endothelial growth factor B and C expression in mi-
crovascular endothelial cells and pericytes. Implica-
tion in autocrine and paracrine regulation of angio-
genesis. J Biol Chem 1999; 274: 35172-35178.

21) SIMo r, CarraSCo e, garCIa-raMIreZ M, HernanDeZ C. An-
giogenic and antiangiogenic factors in proliferative di-
abetic retinopathy. Curr Diabetes Rev 2006; 2: 71-98.

22) XIn M, Deng X. Nicotine inactivation of the 
proapoptotic function of Bax through phosphory-
lation. J Biol Chem 2005; 280: 10781-10789.

23) Fang S, Ma X, guo S, lu J. MicroRNA-126 inhibits cell 
viability and invasion in a diabetic retinopathy model 
via targeting IRS-1. Oncol Lett 2017; 14: 4311-4318.

24) bruMMelKaMP tr, bernarDS r, agaMI r. A system 
for stable expression of short interfering RNAs in 
mammalian cells. Science 2002; 296: 550-553.

25) arora a, MCKaY gJ, SIMPSon Da. Prediction and 
verification of miRNA expression in human and 
rat retinas. Invest Ophthalmol Vis Sci 2007; 48: 
3962-3967.

26) rYan Dg, olIveIra-FernanDeS M, lavKer rM. MicroR-
NAs of the mammalian eye display distinct and 
overlapping tissue specificity. Mol Vis 2006; 12: 
1175-1184.

27) Xu S, WItMer PD, luMaYag S, KovaCS b, valle D. Mi-
croRNA (miRNA) transcriptome of mouse retina 
and identification of a sensory organ-specific 
miRNA cluster. J Biol Chem 2007; 282: 25053-
25066.

28) KovaCS b, luMaYag S, CoWan C, Xu S. MicroRNAs 
in early diabetic retinopathy in streptozotocin-in-
duced diabetic rats. Invest Ophthalmol Vis Sci 
2011; 52: 4402-4409.

29) ananD S, MaJetI bK, aCeveDo lM, MurPHY ea, MuK-
tHavaraM r, SCHePPKe l, Huang M, SHIelDS DJ, lInD-
QuISt Jn, laPInSKI Pe, KIng PD, WeIS SM, CHereSH Da. 
MicroRNA-132-mediated loss of p120RasGAP ac-
tivates the endothelium to facilitate pathological 
angiogenesis. Nat Med 2010; 16: 909-914.

30) ZaMPetaKI a, KIeCHl S, DroZDov I, WIlleIt P, MaYr u, 
ProKoPI M, MaYr a, Weger S, oberHollenZer F, bono-
ra e, SHaH a, WIlleIt J, MaYr M. Plasma microRNA 
profiling reveals loss of endothelial miR-126 and 
other microRNAs in type 2 diabetes. Circ Res 
2010; 107: 810-817.

31) CaPoralI a, eManuelI C. MicroRNA regulation in an-
giogenesis. Vascul Pharmacol 2011; 55: 79-86.

32) Hua Z, lv Q, Ye W, Wong CK, CaI g, gu D, JI Y, ZHao 
C, Wang J, Yang bb, ZHang Y. MiRNA-directed reg-
ulation of VEGF and other angiogenic factors un-
der hypoxia. PLoS One 2006; 1: e116.

33) baI Y, baI X, Wang Z, ZHang X, ruan C, MIao J. 
MicroRNA-126 inhibits ischemia-induced ret-
inal neovascularization via regulating angio-
genic growth factors. Exp Mol Pathol 2011; 91: 
471-477.


