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Introduction: Diabetic retinopathy (DR) is one of the major leading causes for vision loss 
globally. Current study illustrates the role of miR-7a in DR.
Material and Methods: Retinal pericytes (RPs) and Endothelial cells (ECs) were isolated 
from mouse model of DR. qRT-PCR was done for expression of miR-7a and target gene 
mRNA, Western blot for protein expression. Identification of miR-7a target gene was done 
by TargetScan and Luciferase assay. Cell viability and invasion was done by MTT and 
Transwell chamber assay.
Results: The expression of miR-7a was down-regulated whereas level of IRS-2 was 
unregulated in isolated RPs and ECs. Luciferase assay suggested correlation between miR- 
7a and IRS-2, over-expression of miR-7a using a mimic resulted in suppression in viability 
and invasion capacity of RPs and ECs and inhibited the protein levels of PI3K/Akt cascade 
and IRS-2, and however the inhibitor reversed them respectively. Transfection of siRNA 
targeting IRS-2 caused alteration in miR-7a mediated changes in ECs suggesting that miR-7a 
may decrease angiogenesis in DR by inhibiting the levels of IRS-2.
Conclusion: miR-7a suppresses PI3K/Akt cascade via targeting IRS-2, thus decreasing the 
viability and invasion capacity of RPs and ECs, suggesting an interesting treatment target for 
DR.
Keywords: miR-7a, diabetic retinopathy; DR, IRS-2, PI3K/Akt, endothelial cells; ECs, 
retinal pericytes; RPs

Introduction
Diabetic retinopathy (DR) is identified to be major causative factor leading to 
impaired vision and blindness in diabetic adults globally.1 It is one of the diabetic 
complications leading to early loss of vision.2 Thickening of basement membrane 
and loss of capillary pericytes are the major events which further lead to prolifera-
tion of endothelial membrane and at last angiogenesis.2 Vascular endothelial growth 
factor (VEGF) is major contributor in developing proliferative DR and macular 
edema.3 Targeting VEGF seems to be logical approach in treating DR, but suffers 
disadvantage of producing some systemic adverse effects.3 Hence, developing new 
therapies for treating DR are needed by studying and empathizing the involved 
mechanisms and pathways in its development and progression. Insulin receptor 
substrate-2 (IRS-2) is member of the IRS family and is an important molecule in 
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insulin signaling along with IRS-1. Phosphoinositide 
3-kinase (PI3K) and Akt pathway are identified to be the 
important pathway linking the IRS proteins to metabolic 
action of insulin.4 IRS-2 is reported to be the chief med-
iator of insulin-dependent mitogenesis and is responsible 
for regulation of glucose metabolism in cells, also it has 
been implicated in regulation of GLUT4 protein responsi-
ble for uptake of glucose.5 The angiogenic factor VEGF is 
reported to be involved in maintaining pathological angio-
genesis in DR and vascular homeostasis, also treatment of 
VEGF is beneficial in DR.6,7 A previous study suggested 
that triggering of PI3K/Akt cascade leads to increased 
expression of VEGF by directly regulating the VEGF 
promoter.8 In addition to this, long term over-expression 
of VEGF is regulated by activation of PI3K/Akt pathway.9 

All the literature suggests that the IRS-2/PI3K/Akt/VEGF 
cascade could be a potential target for treating and pre-
venting DR.

Diabetes is a disorder associated with pathological as 
well as vascular abnormalities.10 The mortality of cell 
types such as vascular smooth muscle, endothelial cells 
(ECs) and capillary pericytes is linked with poor formation 
of arteries and loss of endometrial function.11–14 Insulin is 
reported to stimulate number of pathways in endometrial 
cells.9 In addition to this, insulin plays a crucial role in 
triggering IRS/PI3K/Akt cascade.15 All these studies 
demonstrate the importance of IRS/PI3K/Akt axis and 
also suggest that that any regulatory event in this axis 
can affect process of angiogenesis in DR.

miRNAs (miRs) have emerged as non-coding RNAs, 
small and highly conserved which bind to target genes and 
regulate their expression.16 miR-7a is an conserved 
miRNA mainly involved in development of pancreas.17 

miR-7a has been reported to modulate the expression of 
VEGF18 and matrix metalloproteinases,19 both the factors 
have critical role in development of DR.20 Also miR-7a 
has been found to be down-regulated in certain cancers 
and also regulate multiple signaling pathways such as 
phosphoinositide 3-kinase/protein kinase B (PI3K/AKT) 
and RAF/mitogen-activated protein kinase/extracellular 
signal-regulated kinase (RAF/MEK/ERK).21,22

In the present work, we studied the function of miR-7a 
in correlation to DR. We evidenced that, level of miR-7a 
was decreased significantly in Endometrial cells (ECs) and 
retinal pericytes (RPs) when compared to that in healthy 
group. We also found that this down-regulation of miR-7a 
caused over-expression of IRS-2 which in turn regulates 
the PI3K/Akt/VEGF cascade.

Materials and Methods
Confirmation of Animal Model of DR and 
Cell Culture
Earlier the reports have studied and confirmed the interac-
tion of ECs and Pericytes in the walls of blood vessels 
regulates the process of vessel formation their remodeling 
and stabilization,2 hence in the present work we selected 
RPs and ERs from mice model of DR. For the present 
study the mice were supplied by the animal center of 
Renmin Hospital of Wuhan University, Wuhan, Hubei, 
China. All the experiments were approved by the ethical 
review board of Renmin Hospital of Wuhan University, 
Wuhan, Hubei, China (Approval number 1341DR).The 
experiments were in accordance to Chinese National 
Guidelines (GB/T 35,892-20,181) for the ethical review 
of laboratory animal welfare People’s Republic of China 
drafted by National Research Institute for Health; National 
Institutes for Food and Drug Control; Beijing Cancer 
Hospital; Sanofi (China) Investment Co., Ltd.; Institute 
of Laboratory Animal Sciences Chinese Academy of 
Medical Sciences Laboratory Animal Centre, Peking 
University; the Welfare and Ethics Committee of the 
Chinese Association for Laboratory Animal Sciences 
(CALAS). The animals were maintained at 25°C with 
50% relative humidity and were exposed to 12 hour dark 
and light cycle and were provided free access to water and 
pellet diet ad libitum. For inducing diabetes we selected 
male C57/BL6 mice (n=30) (genetically modified mice) 
aging 12 weeks and weighing between 20–22 g, the mice 
were given daily injection of Streptozotocin (45 mg/kg 
solubilized in citrate buffer pH4.5) for 5 days. The control 
mice (n=10) were injected with buffered saline. After 7 
days injecting the mice with streptozotocin, blood glucose 
levels were measured using glucose estimation kit follow-
ing the supplied instructions (Sigma Aldrich USA) and 
mice showing fasting blood glucose levels of 200 mg/dl 
were graded diabetic and were used in the study. The mice 
model of DR was established as reported earlier.20 The 
RPs and ECs were isolated from the DR mice as described 
earlier23,24 and were validated by the microbiology depart-
ment of our institute.The isolated RPs and ERs were 
maintained in minimum essential media (MEM) 
(ThermoFisher USA) which was added with Fetal bovine 
serum (FBS) 10% (ThermoFisher USA), Penicillin (100 
U/mL) and Streptomycin (100 mg/mL) (SigmaAldrich 
USA) the humidity was 85%. The cells were maintained 
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at 25°C under controlled condition of humidity and 5% 
carbon dioxide.

qRT-PCR Analysis
The qRT-PCR analysis was performed on Applied 
Biosystems® 7900HT Fast Real-Time PCR System using 
TaqMan MicroRNA assays (Thermo Fisher USA), the total 
RNA (200 ng) was isolated using TRIzol reagent (Invitrogen, 
Thermo Fisher USA). The isolated RNA was submitted for 
reverse transcription to cDNA with the help of Taqman 
miRNA reverse transcription kit (Thermo Fisher USA) fol-
lowing supplied instructions. The resultant cDNA was ampli-
fied with the help of Taqman miR-7a miRNA assay (Thermo 
Fisher USA) by PCR using the primers for miR-7a: forward 
5ʹ- TAGGATCCTGCTGCCAAAACCACCACTTGT-3ʹand 
reverse 5ʹ- GCGAATTCTGCAGGGTTAAGAAAATGAA 
ACTGGA-3ʹ. The resultant mixture was maintained at 95°C 
for 10 minutes and then 40 cycles as 95°C for 10 seconds and 
60°C for 60 seconds. The expression miR-7a was normalized 
against U6 mRNA and gene mRNA compared against Actin 
as loading control.

Western Blot Analysis
The isolated cells (1x106) were lysed with the help of lysis 
buffer (ThermoFisher USA). The total protein content was 
analyzed by protein estimation kit (Bio-Rad Lab. USA). 
About 30 mg of total protein was loaded and separated on 
SDS-PAGE (10%) and then transferred to nitrocellulose 
membranes. The membranes were blocked with 0.5% 
Triton-X-100 in Tris buffered saline along with 5% nonfat 
milk at 4°C for 12 hours and incubated with primary 
antibodies of IRS-2 (1:500), PI3K (1:500), VEGF 
(1:500), Akt (1:500) and actin (1:500).All the antibodies 
were bought from Santa Cruz Biotech. USA. The mem-
branes were rinsed with tris-buffered saline and incubated 
along with horseradish peroxidase conjugated IIry antibody 
(1:5000) for 90 minutes at 25°C. After incubation, the 
membranes were rinsed with tris-buffered saline. The den-
sitometric analysis of bands was performed using iBright 
Western blot imaging system (ThermoFisher USA). The 
expression of proteins was normalized against Actin which 
was loading control with the help of Image plus software.

Transfection of Cells
The murine isolated ECs and RPs (1 × 106) were trans-
fected with recombinant plasmids and miR-7a mimic or 
mimic control (200 pmol) and miR-7a inhibitor or inhibi-
tor control (200 pmol). The process of transfection was 

carried by nonviral technique using Nucleofector II 
(Amaxa biosystems, BiocompareUSA) following the sup-
plied instructions. For studying the IRS-2 involvement, 
HEK293 genomic DNA was opted as PCR template, 
expressing vector was modulated and inserted with ampli-
fied DNA fragment encoded for miR-7a pre-miR as 
reported earlier.25 After transfection the cells were main-
tained at 37 °C for 5 hours and used for the experiments.

Luciferase Assay
Bioinformatics analysis was performed for identifying poten-
tial binding site of miR-7a on target genes using TargetScan. 
For confirming the results of bioinformatics analysis 
Luciferase assay was done.The DNA fragment of the IRS-2 
3ʹ-UTRhaving the predicted target site of miR-7a (IRS-2 wild 
type, WT) was cloned in the pGL3 luciferase vector (Promega 
Corp. USA). For generating mutated 3ʹUTR pGL3 luciferase 
vector the binding sites of miR-7a (IRS-2 mutant, MUT) were 
replaced with 4 nt fragments. The luciferase vectors bearing 
mutated or mutant IRS-2 3ʹUTR were then co-transfected with 
miR-7a mimic or mimic control, miR-7a inhibitor or inhibitor 
control in the ECs cells with the help of Lipofectamine® 

MessengerMAX™ transfecting reagent (ThermoFisher 
USA). The Luciferase Reporter Gene detection kit (Sigma 
Aldrich USA) following the provided instructions.

Cell Viability MTT Assay
The viability of ECs and RPs was analyzed by performing 
3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay. For MTT assay, the cells were sub-
mitted for seeding in 96 well plates with each well having 
2 × 103 cells incubated in MEM media for time ranging 
between 24 to 120 hours. After incubation, the MEM 
media was rinsed off and was replaced with MTT 
(Sigma Aldrich USA) loaded fresh media (5 mg/mL), the 
cells were incubated with MTT for 5 hours. The formed 
Formazan crystals were solubilized using Dimethyl sulf-
oxide and the optical density was recorded at 490 nm with 
the help of ELISA reader after every 24 hours.

Transwell Chamber Cell Invasion Assay
Transwell invasion chamber (Corning Incorp. USA) assay was 
done for evaluating the invasion capacity of cells as per 
supplied instructions. Briefly, the chamber was rinsed priorly 
with MEM followed by addition of Matrigel 1mg/mL (20 μL) 
for creating a Matrigel membrane by covering the membrane 
surface evenly. For carrying out cell invasion assay, both the 
cell types, i.e., RPs and ECs were incubated in serum free 

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
721

Dovepress                                                                                                                                                                 Ji et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


media for 12 hours and then seeded in MEM media supple-
mented with FBS (10%) and transferred to the top of chamber. 
The lower chamber played role of chemo-attractant and con-
tained FBS (10%) in MEM medium. After incubating for two 
days, i.e., 48 hours at 25°C, the cells from the upper chamber 
were harvested with the help of cotton swab, after this the 
invading cells were fixed in formaldehyde (4%) for 10 minutes 
at 37°C followed by staining with crystal violet (0.1%) for 10 
minutes. The cells were evaluated for invasion using inverted 
microscope and were photographed and counted with the help 
of ImageJ software.

Statistical Analysis
All the results are presented as mean ± SD. Two-way 
ANOVA was done for performing multiple comparisons. 
Paired Student’s t-test was done for studying the differ-
ences between two groups. P<0.05 were regarded as sta-
tistically significant.

Results
Expression of miR-7a and IRS-2 in 
Endometrial Cells and Retinal Pericytes
The isolated ECs and RPs from mice were submitted for 
qRT-PCR for expression of miR-7a and IRS-2. The results 

of qRT-PCR suggested that expression levels of miR-7a 
were significantly suppressed in ECs and RPs isolated 
from mice subjected to DR against the normal mice 
(Figure 1A). The mRNA levels of IRS-2 were found to 
be increased in RPs and ECs against their normal controls 
(Figure 1B and C). Western blot analysis was done to 
evaluate the protein levels of IRS-2, the protein levels 
were found to be increased significantly in both the cells, 
i.e., RPs and ECs compared to normal control (Figure 1D).

IRS-2 is the Favorable Target of miR-7a
It was evidenced that the expression levels of miR-7a were 
down-regulated in both ECs and RPs isolated from DR 
mice. To amplify or suppress the levels of miR-7a in RPs 
and ECs we used miR-7a mimics and miR-7a synthetic 
inhibitor respectively. Further qRT-PCR was done evaluate 
and confirm the efficiency of the miR-7a mimics or inhi-
bitor, the results clearly suggested that the miR-7a mimics 
led to over-expression and miR-7a inhibitor suppressed the 
expression levels of miR-7a in ECs and RPs (Figure 2A 
and B). In silico bioinformatics analysis done by 
TargetScan predicted IRS-2 as potential target site for 
miR-7a, accordingly, a potential binding site of miR-7a 
was identified in the 3ʹUTR region of the IRS-2 gene 
(Figure 2C). To confirm IRS-2 as the potential target 

Figure 1 Expression of miR-7a and IRS-2 in Endothelial cells and Retinal Pericytes. (A) qRT-PCR analysis for expression levels of miR-7a in Endothelial cells and Retinal 
Pericytes against normal controls. (B) Results of qRT-PCR for expression of mRNA levels of IRS-2 in Endothelial cells and Retinal Pericytes against normal controls. (C) 
Western blot assay for protein levels of IRS-2 Endothelial cells and Retinal Pericytes. (D) Relative protein levels against Actin as loading control. The results are presented as 
the mean ± standard deviation (n=3). *P<0.05 compared to normal Endothelial cells; @P<0.05 against normal Retinal pericytes.
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miR-7a experimentally, the ECs were transfected with 
IRS-2 wild type and mutant plasmids along with miR-7a 
mimics or mimics controls. After 48 hours post transfec-
tion of plasmid, it was observed that the group transfected 
with IRS-2 wild type along with miR-7a mimic showed 
significant decrease in luciferase activity compared to 
other groups (Figure 2D). Further, the IRS-2 wild type 
and mutant luciferase reporter were transfected along 
with miR-7a inhibitor or its controls, it was found that 
the group transfected with miR-7a inhibitor inverted the 
decrease in the expression of luciferase along with IRS-2 
wild type in ECs (Figure 2E). The outcome of experiment 
suggested IRS-2 as potential target of miR-7a.

miR-7a Inhibits the Viability and Invasion 
Capacity of ECs and RPs
We further studied effect of miR-7a on viability and invasion 
capacity of ECs and RPs. For the same the ECs and RPs were 
transfected with miR-7a mimic, mimic control, miR-7a inhi-
bitor and its control. The effect of transfection on expression of 
IRS-2 was studied by Western blot analysis (Figure 3A and B). 
It was observed that when transfected with miR-7a mimic the 
protein levels of IRS-2 were decreased significantly as com-
pared to mimic control and transfection of miR-7a inhibitor 
caused substantial increase in protein levels of IRS-2 against 
the control (Figure 3C). Upon transfecting ECs and RPs with 

miR-7a mimic resulted in significant decrease in number of 
invasive cells against the mimic control group, whereas miR- 
7a inhibitor enhanced the number of invasive RPs and ECs 
compared to inhibitor control (Figure 3D). Also, it was 
observed that overexpression of miR-7a suppressed the cell 
viability of ECs against the group treated with mimic control, 
inversely, the suppression of miR-7a increased cell viability 
compared to inhibitor control (Figure 3E). The outcomes of 
MTT assay in RPs suggested that the cell viability decreased 
with upregulation of miR-7a compared to that of mimic con-
trol transfected cells (Figure 3F), the viability of RPs increased 
after treating them with miR-7a inhibitor (Figure 3F). The 
findings indicated that miR-7a decreased the invasion capacity 
and viability of ECs and RPs.

miR-7a Blocks the PI3K/Akt Cascade by 
Suppressing IRS-2
VEGF is associated to maintain vascular homeostasis in 
ECs.26 Modulation of VEGF expression by insulin is majorly 
mediated via triggering of PI3K/Akt cascade.27 Hence we 
evaluated the outcomes of suppression and over-expression 
of miR-7a on levels of IRS-2 and PI3K/Akt cascade. The 
expression of genes such as Akt, PI3K and VEGF was studied 
by Western blot analysis. The outcomes suggested that the 
cells transfected with miR-7a mimic caused a significant sup-
pression in protein levels of Akt, PI3K and VEGF against the 

Figure 2 IRS-2 is the potential target of miR-7a. (A) qRT-PCR analysis was done for studying the levels of miR-7a in endothelial cells and Retinal pericytes co-transfected 
with miR-7a mimic or mimic control.(B) qRT-PCR analysis in endometrial cells and Retinal pericytes co-transfected with miR-7a inhibitor or control.(C) The IRS-2 3ʹUTR 
having potential binding site for miR-7a. (D) The Endothelial cells co-transfected with miR-7a mimic or control luciferase vector having wild type or mutant IRS-2 3ʹUTR. (E) 
Results of luciferase assay in endothelial cells transfected with miR-7a inhibitor or control, the luciferase results were normalized against renilla luciferase. Results are 
presented as the mean ± standard deviation (n=3). *P<0.05 compared to other groups, @P<0.05 compared to miR-7a mimic control.
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mimic control transfected cells, whereas transfection with 
miR-7a inhibitor increased the protein levels of Akt, PI3K 
and VEGF in ECs compared to inhibitor control (Figure 4). 
Similarly, Western blot analysis was performed in RPs, it was 
observed that when transfected with miR-7a mimic resulted in 
decreased expression of Akt, PI3K and VEGF compared to 
those transfected with mimic control. Also, transfection with 
miR-7a inhibitor caused a significant increase in expression 
levels of Akt, PI3K and VEGF compared to those transfected 
with inhibitor control (Figure 4).The results have suggested 
that over-expression of miR-7a in RPs and ECs caused sup-
pression of PI3K/Akt cascade.

Intervention of IRS-2 with siRNA 
Neutralized the Effect of miR-7a Inhibitor 
in Endometrial Cells
To study the effect of any interference with expression of IRS- 
2 related with effects of miR-7a in ECs, the ECs along with 
miR-7a inhibitor or its control were co-transfected with or 
without a siRNA IRS-2 vector. Western blot analysis was 
performed for evaluating the expression of VEGF, Akt and 
PI3K (Figure 5A). It was observed that, upon transfection with 
miR-7a inhibitor resulted in significantly increased expression 
of VEGF, Akt and PI3K compared to group transfected with 
inhibitor control (Figure 5B–D). For ECs transfected with 
siRNA IRS-2 along with miR-7a inhibitor, the expression of 

VEGF, Akt and PI3K proteins were significantly inhibited 
compared with those treated with miR-7a inhibitor (Figure 
5B), whereas the protein levels were unregulated compared to 
siRNA IRS-2 treated group (Figure 5B–D).These findings 
indicated that, upon transfection of siRNA IRS-2 neutralized 
them in miR-7a mediated inhibition of VEGF in ECs. Further 
we studied the effect of miR-7a inhibitor or its control in 
presence and absence of siRNA IRS-2 vector on number of 
invading ECs, in order to confirm the effect of silencing of 
IRS-2. It was found that the interference of IRS-2 inverted the 
effect of miR-7a inhibitor on invasion property of cells (Figure 
5E). In our study we also performed MTT assay to examine 
the ECs viability under the above mentioned treatments. We 
observed that cell viability increased when the ECs received 
co-transfection with siRNA IRS-2 and miR07a inhibitor com-
pared to group transfected with siRNA IRS-2 (Figure 5F). 
These findings indicated that when IRS-2 was interfered 
resulted in restoration of inhibitory effect of miR-7a in ECs.

Discussion
DR is associated with development of early decrease of 
capillary pericytes and the associated process of 
angiogenesis.2 Studies have confirmed that IRS-2 is 
involved in development of type-2 diabetes.28 The findings 
of the present study were in agreement to this study which 
clearly suggested that expression of IRS-2 was over- 
expressed significantly in ECs and RPs isolated from 

Figure 3 miR-7a inhibits the viability and invasion capacity of Endothelial cells and Retinal pericytes. (A and B) Western blot analysis for expression of IRs-2 in Endothelial 
cells and Retinal pericytes co-transfected with miR-7a mimic, control, miR-7a inhibitor or its control. (C) Relative expression of proteins in endothelial cells and Retinal 
pericytes. (D) Number of invading Endothelial cells and Retinal pericytes. (E) Results of cell viability done by MTT assay for Endothelial cells and Retinal pericytes. (F) 
Viability of retinal pericytes co-transfected with miR-7a mimic, control, miR-7a inhibitor or its control. Results are presented as the mean ± standard deviation (n=3). 
*P<0.05 compared to mimic control, @P<0.05 compared to inhibitor control.
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mouse model of DR compared to control mice. To study 
the involvement of IRS-2 in DR, we performed the bioin-
formatics analysis and studied the 3ʹUTR of IRS-2. miRs 
are discovered to influence expression of various genes by 
targeting their 3ʹUTR region, in the present work, miR-7a 
was predicted to be miRNA which targets IRS-2 gene and 
hence may be involved in the development of DR.

miR-7a is found to regulate important functions of 
pancreatic biology including cell differentiation and pro-
duction of insulin.29 miR-7a is significantly over- 
expressed in organs such as eyes, brain, and pancreas 
indicating role miR-7a in development of these organs. 
Reports also have showed that miR-7a shows aberrant 
expression in breast cancer and glioma. In addition to 
this miR-7a targets some important genes such as 
SATB1, RAF1, EGFR, IRS-1.30,31 In a study miR-7a has 

been found to impair insulin signaling and regulates extra-
cellular Aβ levels by targeting IRS-2.32 In our study the 
bioinformatics analysis by TargetScan suggested that the 
3ʹUTR region of IRS-2 gene had a potential binding site 
for miR-7a, hence we selected miR-7a targeting IRS-2. 
The outcomes of the present study suggested that expres-
sion of miR-7a was significantly inhibited when the 
expression of IRS-2 was increased in ECs and RPS iso-
lated from DR mice model compared to healthy ones. The 
favorable target of miR-7a, i.e., IRS-2 was verified experi-
mentally by constructing IRS-2 wild type and mutant 
reporter vector. The outcomes of suggested that over- 
expression of miR-7a blocked the luciferase activity 
when the ECs and RTs were transfected with IRS-2 wild 
type luciferase, but not in group transfected with IRS-2 
mutant. Also, blockade of miR-7a enhanced the luciferase 

Figure 4 miR-7a regulated the PI3K/Akt cascade by targeting IRS-2. The Endothelial cells and Retinal pericytes received transfection of miR-7a mimic, mimic control, miR-7a 
inhibitor or inhibitor control. (A and B) Protein levels of IRS-2 and proteins of PI3K/Akt cascade. (C and D) Western blot analysis for expression of PI3K/Akt proteins in 
Endothelial cells and Retinal pericytes. The results are presented as mean ± standard deviation (n=3). *P<0.05 compared to mimic control, @P<0.05 compared to inhibitor 
control.
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activity in IRS-2 wild type transfected cells against the 
IRS-2 mutant treated cells. The outcomes suggested that 
IRS-2 was favorable target gene of miR-7a in RPs and 
ECs isolated from DR mice. Further, we explored the 
involvement of miR-7a in invasion capacity and viability 
of RPs and ECs via targeting IRS-2, we studied the effect 
of miR-7a inhibition and miR-7a over-expression on inva-
sion and viability capacity of ECs and RPs. The outcomes 
suggested that upon transfection with miR-7a mimic 
resulted in inhibition on expression levels of IRS-2 and 

also suppressed the invasion capacity and viability of cells. 
However, inhibition of miR-7a resulted in up-regulation of 
IRS-2 and also increased invasion capacity and viability of 
RPs and ECs. As reported earlier, miR-7a has been identi-
fied to target IRS-2 and impair insulin signaling.32 These 
findings indicated that miR-7a negatively regulated the 
invasion and viability of RPs and ECs isolated from DR 
mice targeting IRS-2.

VEGF is one of the main regulators linked with car-
cinogenesis and angiogenesis.33 Insulin is reported to act 

Figure 5 siRNA interferencingIRS-2 inhibits the effect of miR-7a in endothelial cells. (A) Western blot analysis for expression of PI3K, Akt and VEGF. (B–D) Relative protein 
levels in Endothelial cells against actin. (E) Number of invading Endothelial cells. (F) Results of MTT assay showing viability of endothelial cells. The results are mean ± 
standard deviation (n=3). *P<0.05 and **P<0.01 compared to indicated treated groups.
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as up-regulator of VEGF via insulin receptors.27 

Regulation of VEGF by insulin is reported to be the 
main reason for progression of DR.34 A study earlier 
has also concluded that insulin up-regulates the expres-
sion of VEGF through targeting Ras/MAP and PI3K/Akt 
cascades.9 Also VEGF is reported to be the downstream 
target of PI3K/Akt pathway.34 In the current study, we 
found that the expression of PI3K, VEGF and Akt which 
are protein belonging to PI3K/Akt axis were suppressed 
after transfecting with miR-7a mimic against the control 
transfected group of cells. The outcomes suggested that 
up-regulation of miR-7a blocked the PI3K/Akt cascade 
proteins by suppressing the IRS-2. Insulin is evidenced to 
trigger various signaling pathways in ECs via activation 
of insulin receptors through phosphorylating the IRSs, 
resulting in activation of Akt.15 We in our study con-
firmed the inhibitory action of miR-7a on expression of 
proteins of PI3K/Akt cascade and also on invasion cap-
ability and viability of ECs by targeting the IRS-2 gene. 
For the same we neutralized the IRS-2 gene with the help 
of siRNA in ECs. The findings clearly suggested that 
upon transfecting with siRNA IRS-2 fixed the suppres-
sive effect of miR-7a on expression of proteins of PI3K/ 
Akt cascade in ECs. These findings indicated that miR-7a 
inhibits the expression of IRS-2 in RPs and ECs. These 
findings demonstrated the IRS-2 is novel gene associated 
with DR. However more studies are needed for clearly 
understanding the therapeutic strategy in treating DR 
targeting IRS-2 as target gene.

All together, the findings of the present work suggested 
that up-regulation of miR-7a influenced the expression of 
IRS-2, causing suppression VEGF proteins and also 
decreased the invasion capacity and viability of RPs and 
ECs isolated from DR mice. However more detailed study 
about the effect of miR-7a on other pathways involved in 
pathogenesis of DR need to be studied. The work also 
confirms the pathogenesis of DR and role of miR-7a as 
a favorable therapeutic candidate for DR.
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