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Abstract: Background: This study aimed to explore the effects of microRNA-29a (miR-29a) on retinopathy of prema-
turity (ROP) by targeting angiotensinogen (AGT) expression in a mouse model. Methods: Ninety-six C57BL/6J mice
were selected and divided into the normal control group (n = 12) and the oxygen-induced retinopathy (OIR) group (n
= 84). All the mice in the OIR group were assigned to the following seven groups (12 mice in each group): the blank,
miR-29a mimics, miR-29a inhibitors, empty plasmid, miR-29a mimics + si-AGT, miR-29a inhibitors + si-AGT and si-
AGT groups. ADPase histochemical staining was conducted to detect the morphology of retinal neovascularization.
H&E staining was performed to quantify retinal neovascularization. The gRT-PCR assay was applied to detect the
expression levels of miR-29a and the AGT mRNA. Western blotting was used to detect the protein expressions of
AGT, vascular endothelial growth factor (VEGF), hepatocyte growth factor (HGF), angiotensin (ANG) and angiotensin
Il (Angll). Results: Compared with the normal control group, miR-29a expression decreased, while the AGT mRNA
expression and the protein expression levels of AGT, VEGF, HGF, ANG and Angll increased, and retinal vascular
density and neovascularization also increased in the OIR group. In the OIR group, compared with the blank, empty
plasmid, miR-29a inhibitors and miR-29a inhibitors + si-AGT groups, miR-29a expression increased, while the AGT
mRNA expression and protein expression levels of AGT, VEGF, HGF, ANG and Angll decreased, and retinal vascular
density and neovascularization also decreased in the miR-29a mimics, miR-29a mimics + si-AGT and si-AGT groups.
Conclusion: MiR-29a could inhibit retinal neovascularization to prevent the development and progression of ROP by
down-regulating AGT.

Keywords: miRNA-29a, AGT, retinopathy of prematurity, mouse model

Introduction

Retinopathy of prematurity (ROP) is a prolifera-
tive disease of retinal vascular tissues in pre-
mature and low birth weight infants [1]. In
2010, approximately 20,000 infants worldwide
became severely visually impaired or blind
because of ROP [2]. The development of ROP is
affected by many factors, including low birth
weight, infection, gestational age at birth, and
the duration and intensity of post-natal supple-
mental oxygen therapy [1, 3, 4]. The pathogen-
esis of ROP is not yet entirely clear, and factors
such as vascular endothelial growth factor
(VEGF), matrix metalloproteinase (MMP), and
pigment epithelium-derived factor (PEDF) might
be involved [5-7]. The treatments for ROP

include cryotherapy and laser therapy, and
novel targeted therapies are currently popular
research topics [8-10].

It was shown that microRNAs (miRs), such as
miR-31, miR-205, miR-488 and miR-20b,
changed their expression levels in animal mod-
els of retinal diseases [11]. MiR-29 is an impor-
tant family that includes miR-29a, miR-29b and
miR-29¢ [12]. MiR-29a might be related to
angiogenesis and fibrosis in the vitreous of eyes
with proliferative diabetic retinopathy (PDR)
[13]. The human AGTgene codes for the expres-
sion of angiotensinogen (AGT) protein, which is
an abundant glycoprotein in serum [14, 15].
AGT is a major component of the renin-angio-
tensin system (RAS), and angiotensin Il (Angll) is
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Table 1. Oligonucleotide sequences of RNA and DNA

Name

Sequence

Mus-miR-29a mimic
Mus-miR-29a inhibitor
Si-AGT

5’-TAACCGATTTCAGATGGTGCTA-3’
5’-UAACCGAUUUCAGAUGGUGCUA-3’
5’-GGCCACCATCTTCTGCATC-3’

mice had free access to
water, food and natural
light. On day P17, hema-
toxylin and eosin (HE)
staining of retinal tissue

sections and adenosine

NC 5’-UUCUCCGAACGUGUCACGUdTAT-3’ .
diphosphatase (ADPase)
AGT Upstream: 5’-GCCTCGAGAAGATGAGAGGCTTCTCCCA-3’ L .
7 , staining of retinal stret-
Downstream: 5’-GCAAGCTTTCCACTCTGCCCAGAAAGT-3 ched preparations were
GAPDH Upstream: 5’-CTGCACCACCAACTGCTTAG-3’ conducted.

Downstream: 5’-TGAAGTCAGAGGAGACCACC-3’

Notes: NC = negative control; GAPDH = glyceraldehyde phosphate dehydrogenase; AGT =

angiotensinogen.

the end product of the RAS [16]. Angll has been
found to regulate blood pressure and to pro-
mote atherosclerosis [17]. In the occurrence
and development of proliferative retinopathy,
Angll interacts with specific growth factors,
such as VEGF, to influence retinal angiogenesis,
eventually leading to retinal neovascularization
[18, 19]. Wu et al. demonstrated that the effi-
ciency of AGT cleavage determined the rate of
Angll production and consequently influenced
Angll-mediated physiological and pathophysio-
logical effects [17]. With the above information
considered, we conducted the current study to
clarify the roles of miR-29a and its targeted
gene AGT in an ROP mouse model with the aims
of exploring the pathogenesis of ROP and of
investigating the potential role of miR-29a in
treating ROP.

Materials and methods
Ethical statement

The animal experiments were designed with
the consent of the animal ethics committee,
and all the studies were conducted strictly in
accordance with international standards.

Establishment of a ROP mouse model

A total of 96 newborn C57BL/6J mice were pur-
chased from the Department of Experimental
Animals of Chongging Medical University. All
the mice were assigned to the normal control
group (n = 12) and the OIR group (n = 84). On
postnatal day 7 (P7), the mice in the OIR group
were incubated in an oxygen tank (75 + 2% oxy-
gen) for 5 days and were returned to a normal
air environment on day P12 for different treat-
ments [20]. In the normal control group, the
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Construction of plasmid
vectors

The miR-29a mimics were synthesized based
on the mature sequence (accession No.
MIO000576, miRBase). A reverse complemen-
tary sequence of mature miR-29a was used as
the miR-29a inhibitor. AGT silencing was con-
ducted based on the design principles of si-
RNA and was verified through homology analy-
sis. The negative control (NC) of the double-
stranded RNA is a random sequence with
no homology in the mammalian genome.
During the synthesis of the oligonucleotides
(Genepharma, Shanghai, China), BAM HI and
Xho | restriction enzyme cutting sites were
added at both ends of the synthetic sequence
(Table 1). The sequence fragments were cloned
into the pRNA-Lenti-EGFP lentiviral vector to
generate corresponding transfection plasmids
as follows: pRNA-Lenti-miR-29a mimic-EGFP
plasmid (miR-29a mimics plasmid), pRNA-Len-
ti-miR-29a inhibitor-EGFP plasmid (miR-29a
inhibitors plasmid), pRNA-Lenti-si-AGT-EGFP
plasmid (AGT silencing plasmid) and pRNA-Len-
ti-vector-EGFP plasmid (empty plasmid). At the
same time, the fragments of the AGT target
gene was inserted into the wild-type AGT-3'UTR-
WT and mutant-type AGT-3'UTR-MUT plasmids
to construct a dual-luciferase reporter gene
plasmid.

Dual-luciferase reporter gene assay

Bioinformatics software (http://www.target-
scan.org) was used to predict the targeting
relationship between miR-29a and AGT and the
binding sites of miR-29a and AGT 3’UTR. The
AGT 3'UTR promoter region sequence contain-
ing the miR-29a binding site was synthesized
and inserted into the 5’ end Bglll binding site of
the pGL3 control vector (Promega Corporation,
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Madison, WI, USA) to construct the AGT 3'UTR
wild-type plasmid (AGT 3’'UTR-WT). The AGT
3'UTR mutant type plasmid (AGT 3’'UTR-MUT)
was constructed based on AGT 3'UTR-WT with
the mutant binding site of miR-29a. The con-
struction of plasmids was performed with a
plasmid isolation kit (Promega Corporation,
Madison, WI, USA). In the dual-luciferase
reporter gene assay, 293T cells in logarithmic
growth were seeded in 96-well plates and were
cultured to approximately 70% confluency, and
then they were co-transfected with AGT-3'UTR-
WT plasmids and miR-29a mimics plasmidsus-
ing Lipofectamine 2000 (AGT 3’UTR-WT + miR-
29a mimics). AGT 3'UTR-WT +_NC, AGT 3’UTR-
MUT + NC and AGT 3’'UTR-MUT + miR-29a mim-
ics were transfected into 293T cells as the
control groups. After culture in an incubator for
6 h, the cells were cultured in the medium
containing 10% FBS for 48 h. Then, luciferase
activity was detected by chemiluminescence
assay.

Cell transfection and grouping

The 293T cells in logarithmic growth (Shanghai
Cell Bank, Shanghai, China) were seeded into
96-well plates (100 pl/well) and were transfect-
ed with corresponding plasmids and lentiviral
packaging. At 24 h after transfection, 293T
cells containing miR-29a mimics plasmids,
miR-29a inhibitors plasmids, si-AGT plasmids
and empty plasmids were collected. Then, the
cells were seeded into 96-well plates using
dilution factors of 104, 10, 10, 107 and 1078,
each with 3 duplicate wells. The cells were cul-
tured for additional 18 h at 37°C with 5% CO,
and were counted under an inverted fluores-
cence microscope (Nikon, Japan) to calcula-
tethe virus titer (pfu/ml), which refers to (10 x
the average fluorescence intensity)/corre-
sponding dilution factors. The cells were col-
lected after 48 h. The total RNA was isolated
using an RNA isolation kit (Invitrogen Inc.,
Carlsbad, CA, USA). The expression levels of
miR-29a and AGT mRNA were detected by
quantitative real-time polymerase chain reac-
tion (QRT-PCR).

Ninety-six mice were assigned to the normal
control group (without any treatment), the OIR
group, the blank group (OIR mice without any
treatment), the miR-29a mimics group (OIR
mice with intravitreal injection of 4 ug miR-29a
mimic plasmids), the miR-29a inhibitors group
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(OIR mice with intravitreal injection of 4 yg miR-
29a inhibitor plasmids), the empty plasmid
group (OIR mice with intravitreal injection of 4
pug empty plasmids), the miR-29a mimics + si-
AGT group (OIR mice with intravitreal injection
of 4 pg miR-29a mimic plasmids and 4 pg si-
AGT plasmids), the miR-29a inhibitors + si-AGT
group (OIR mice with intravitreal injection of 4
Mg miR-29a inhibitor plasmids and 4 pg si-AGT
plasmids) and the si-AGT group (OIR mice with
intravitreal injection of 4 pg si-AGT plasmids).
Each group had 12 mice.

Adenosine diphosphatase (ADPase) histo-
chemical staining

The mice were sacrificed by intraperitoneal
injection of 3% pentobarbital (2 ml/kg) under
anesthesia. The eyes were enucleated and
soaked in 10% formalin for 12 h. Then, the
lens, cornea, choroid and sclera were removed
under a dissecting microscope. After the
removal of the vitreous body and retinal pig-
ment epithelium, free retinas were obtained
and divided into 4 symmetric quadrants cen-
tered on the optic disk. The samples were
washed with purified water for 12 h and were
digested with 3% trypsin at 37°C for 7 h. Then,
ADPase histochemical staining was conducted.
The samples were rinsed 5 times (15 min each
time) with pre-cooled 50 mM Tris-maleic acid
buffer. Subsequently, the samples were soaked
in 0.2 mM Tris-maleic acid buffer containing 1
mg/ml ADP at 37°C for 15 min and were rinsed
5 times again (15 min each time) with 50 mM
Tris-maleic acid buffer. The stained samples
were developed in 1:10 ammonium sulfide for
10 min and were rinsed 3 times (15 min each
time) with 50 mM Tris-maleic acid buffer. The
samples were mounted in 50% glycerol,
observed under an optical microscope and
photographed using a digital camera.

HE staining

The mouse retinal tissues were collected. After
fixation in Davidson’s solution for 24 h, the
samples underwent routine dehydration, trans-
parent, paraffin impregnation and paraffin
embedding. Ten serial sections with a thick-
ness of 3 um were baked at 50°C for 1 h. The
samples were stained with HE. The extent of
retinal angiogenesis was observed under a
microscope. A double-blind method was used
to determine the amount of retinal neovascu-
larization and to calculate the average.
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Table 2. qRT-PCR primer sequences

Gene Sequences

miRNA-29a Upstream: 5’-CTGATTTCTTTTGGTGTTCA-3’
Downstream: 5-TGGTGTCGTGGAGTCG-3’

AGT Upstream: 5’-GCCTCGAGAAGATGAGAGGCTTCTCCCA-3’

membrane was blocked with 5%
skim milk for 1.5 h and was incu-
bated overnight at 4°C with primary
antibodies (1:500 dilution, PL Labo-
ratories, British Columbia, Canada),

Downstream: 5’-GCAAGCTTTCCACTCTGCCCAGAAAGT-3’
GAPDH Upstream: 5’-CTGCACCACCAACTGCTTAG-3’
Downstream: 5’-TGAAGTCAGAGGAGACCACC-3’

including AGT (PLO301407), VEGF
(PLO305639), HGF (PLO303330)
and ANG (PLO300688) and Angll
(PLO301232). Subsequently, the

Notes: GAPDH = glyceraldehyde phosphate dehydrogenase; qRT-PCR =
quantitative real-time polymerase chain reaction; AGT = angiotensinogen.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

The mouse retinal tissues were ground in nor-
mal saline. The total RNA of transfected cells
and mouse retinal tissues was isolated using
an RNA isolation kit (Invitrogen Inc., Carlsbad,
CA, USA). The primers for miR-29a, AGT mRNA
and GAPDH mRNA were synthesized by TaKaRa
(Table 2). The total RNA was reversely tran-
scribed to cDNA using a PrimeScript RT reagent
Kit (TaKaRa Holdings Inc., Kyoto, Japan). The
reverse transcription system was 10 pl. The
reaction conditions were a reverse transcrip-
tion reaction at 37°C for 15 min in triplicate
and a reverse transcription inactivation reac-
tion at 85°C for 5 s. The qRT-PCR reaction was
conducted using a Premix Ex Taqll SYBR kit
(TaKaRa Holdings Inc., Kyoto, Japan). The reac-
tion conditions were pre-denaturation at 95°C
for 15 min, denaturation at 95°C for 15 s, and
annealing and extension at 60°C for 60 s (40
cycles). The reaction system included 2 ul of
upstream primer, 2 yl of downstream primer, 4
ul of DNA template, 1 pl of ROX Reference Dye
(50 %), 25 pl of SYBR Premix Ex Taqll, and 16 ul
of dH,0. GAPDH was used as the internal con-
trol. The expression levels of miR-29a and AGT
MRNA were calculated via the 222t method,
where Ct is the cycle threshold value.

Western blotting

After grinding in normal saline, the mouse reti-
nal tissues were centrifuged at 12,000 rpm for
15 min, and the supernatant was collected.
The protein content in the supernatant was
measured by the BCA method. For antibody
staining experiments, the samples underwent
sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and were trans-
ferred onto a nitrocellulose membrane. The
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membrane was washed with PBST
5 times and was incubated with
horseradish peroxidase-labeled IgG
secondary antibodies (Cell Signal
Technology, USA) for 2 h. After washing with
PBST at least 3 times, the membrane was
exposed to ECL reagent and was photographed
with a gel imaging system (Bio-Rad, Inc.,
Hercules, CA, USA). Then, the gray values of the
bands were analyzed, with GAPDH (Bioworld,
USA) as the internal control. The relative protein
expression was calculated as the ratio of the
gray value of the target band to that of the inter-
nal control band.

Statistical analysis

Data were analyzed with SPSS software, ver-
sion 21.0 (SPSS Inc.; Chicago, IL, USA). The
continuous data are presented as the mean *
standard deviation (X % s). The ttest was
applied for pairwise comparisons. One-way
analysis of variance (ANOVA) was used for
multi-group comparisons. The x? test was used
for comparisons among categorical data.
P<0.05 was considered to indicate statistical
significance.

Results

Successful establishment of OIR mouse mod-
els

The survival rate of the mice was 100% during
the experiments. Before modeling, there was
no significant difference in retinal neovascular-
ization between the normal control and OIR
groups (P>0.05). On day P12 after modeling, in
the normal control group, the retinal vessels in
the mice showed a radial pattern with adequate
caliber and good branches, and the two layers
of the vascular network could be easily distin-
guished (Figure 1A). In the OIR group, the cen-
tral retinal vessels were thinner with fewer
branches, and a nonperfusion area could be
seen around the central retina (Figure 1B). On
day P14, in the normal control group, the retinal
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Figure 1. ADPase staining (x 200) of the retinal stretched preparations. Notes: A.
Air group on day P12; B. High oxygen group on day P12; C. Air group on day P14;
D. High oxygen group on day P14; E. Air group on day P17; F. High oxygen group
on day P17. ADPase = adenosine diphosphatase.
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Figure 2. Verification of the targeting relationship between miR-29a and AGT.
Notes: A. The binding site of miR-29a and AGT 3'UTR; B. The luciferase expres-
sion of 293T cells at 48 h after transfection using AGT-3'UTR-WT + miR-29a mim-

ic/NC and AGT-3'UTR-MUT + miR-29a mimic/NC plasmids; *refers to P<0.05; NC
= negative control; AGT = angiotensinogen.

fully reached maturity,
and the two layers of the
vascular network were
connected to each other
(Figure 1E). In the OIR
group, retinal dilation and
tortuosity became more
apparent, and the nonper-
fusion area decreased
(Figure 1F). The results
indicated that the oxygen-
induced retinal neovascu-
larization in the mouse
model was successfully
constructed.

AGT as a direct target
gene of miR-29a

The results from the bioin-
formatics software (http://
www.targetscan.org) pre-
dicted that miR-29a and
AGT had a targeting rela-
tionship (Figure 2A). The
293T cells were co-trans-
fected with AGT-3'UTR-WT
and miR-29a mimics plas-
mids. The statistical anal-
ysis indicated that the
luciferase activity decrea-
sed in the AGT-3'UTR-WT
+ miR-29a mimics group,
compared with the AGT-
3'UTR-WT + NC group (P<
0.05). The luciferase activ-
ity exhibited no significant
difference between the
AGT-3’'UTR-MUT + NC and
AGT-3’'UTR-MUT + miR-
29a mimics groups (P>
0.05) (Figure 2B).

Transfection efficacy of
miR-29a and si-AGT

The rpRNA-Lenti-miR-29a
mimic-EGFP (miR-29a mi-

vessels nearly reached maturity with a uniform
distribution (Figure 1C). In the OIR group, reti-
nal vascular dilation and tortuosity were
observed, a nonperfusion area could be seen
in the central retina, and the density of periph-
eral vessels increased (Figure 1D). On day P17
in the normal control group, the retinal vessels
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mics plasmids), pRNA-Lenti-miR-29a inhibitor-
EGFP (miR-29a inhibitors plasmids), pRNA-Len-
ti-si-AGT-EGFP (AGT silencing plasmids) and
pRNA-Lenti-vector-EGFP (empty plasmids) were
transfected into 293T cells. The expression of
green fluorescent protein (GFP) was observed
under a fluorescence microscope. The results

Am J Transl Res 2017;9(2):791-801


http://www.targetscan.org
http://www.targetscan.org

empty plasmid

blank group

Effect of miR-29a in ROP
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Figure 3. Fluorescence images of 293T cells infected by recombinant virus (x 100).

Table 3. Comparisons of vascular density and the number of
retinal neovascularization in eight groups

group were lower than those in
the miR-29a mimics group. The
vascular density and tortuosity

Group Vascular density Neovascularization in the miR-29a inhibitors group
i iR- inhibi u
Normal control group 20.83 + 3.49 3.50 + 0.52 were higher than those in the
Blank group 47.67 £ 4.38° 22.92 + 3.53¢ miR-29a inhibitors + Si-AGT
MiR-29a mimics group 33.67 + 3.31° 16.25 + 1.91° group (both P<0.05) (Table 3).
MiR-29a inhibitors group 60.00 + 6.54¢ 48.83 + 5.22¢
Empty plasmid group 45.67 +4.38°  22.00 + 4.09° HE staining was conducted to
MiR-29a mimics + S-AGT group ~ 26.00 + 2.26°  9.17 + 2.44° determ'”ﬁ‘ the a_mourlﬂ thret'”a'
MiR-29a inhibitors + Si-AGT group  42.92 + 3.29°  23.17 + 3.81° neovascularization. In the nor-
) mal control group, the internal
si-AGT group 32.92 +2.31° 1717 + 1.99°

Notes: lowercase letters (a, b, ¢ and d) indicate P<0.05 compared with the
normal control group: different letters indicate P<0.05 compared between two
groups, while the same letters indicate P>0.05 compared between two groups.

showed that the cells in 4 groups were green-
emitting, indicating successful transfection
(Figure 3). After multiple rounds of transfection,
the titer reached 108 pfu/ml.

Morphology of retinal neovascularization

ADPase histochemical assay was used to
detect the morphology of retinal neovascular-
ization. In the normal control group, the retinal
vessels showed a straight-line pattern with
good branches and a visible two-layer struc-
ture. In addition, the vessels emanated evenly
from the optic disc to the surroundings, and the
peripheral retinal vessels could be clearly seen.
Compared with the normal control group, the
retinal vessels showed vascular derangements
and tortuosity, and retinal vascular density was
increased significantly in the OIR group (all
P<0.05). There were no significant differences
among the blank, empty plasmid and miR-29a
inhibitors + si-AGT groups, nor were there any
differences between the miR-29a mimics and
si-AGT groups (all P>0.05). Compared with the
blank, empty plasmid and miR-29a inhibitors +
si-AGT groups, the vascular density and the tor-
tuosity significantly decreased in the miR-29a
mimics, miR-29a mimics + si-AGT and si-AGT
groups (all P<0.05). The vascular density and
the tortuosity in the miR-29a mimics + si-AGT
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limiting membrane in tissue
sections was clear and continu-
ous, and neovascularization in
the vitreous body near the reti-
nal inner limiting membrane
was seen only in a few sections. In the OIR
group, the internal limiting membrane was not
continuous, and a small amount of neovascu-
larization was seen in the vitreous body. There
were no significant differences among the
blank, empty plasmid, and miR-29a inhibitors +
si-AGT groups, nor were there any differences
between the miR-29a mimics and si-AGT grou-
ps (all P>0.05). Compared with the blank, em-
pty plasmid and miR-29a inhibitors + si-AGT
groups, the amount of neovascularization was
significantly decreased in the miR-29a mimics,
miR-29a mimics + si-AGT and si-AGT groups (all
P<0.05). The amount of neovascularization in
the miR-29a mimics + si-AGT group was lower
than that in the miR-29a mimics group. The
amount of neovascularization in the miR-29a
inhibitors group was higher than that in the
miR-29a inhibitors + si-AGT group (all P<0.05)
(Table 3; Figure 4). These results indicated that
miR-29a mimics/inhibitors could inhibit/pro-
mote the occurrence of retinopathy. In addition,
these effects could be reversed by silencing
AGT.

Expression levels of miR-29a and AGT mRNA
in 293T cells

Expression levels of miR-29a and AGT mRNA in
293T cells were measured by gRT-PCR assay.

Am J Transl Res 2017;9(2):791-801
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Figure 4. HE staining of retinal neovascularization in eight groups (x 200). Notes: A. Normal control group; B. Blank
group; C. miR-29a mimics group; D. miR-29a inhibitors group; E. Empty plasmid group; F. miR-29a mimics + si-AGT
group; G. miR-29a inhibitors + si-AGT group; H. si-AGT group; HE = hematoxylin and eosin; AGT = angiotensinogen.

= blank group
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Relative expression of miR-29a and AGT mRNA

miR-29a AGT

Figure 5. The miR-29a and AGT mRNA expression
levels after transfection for 48 h in 293T cells. Notes:
*refers to P<0.05, compared with the blank group;
AGT = angiotensinogen.

There were no significant differences between
the blank group and the empty plasmid group
(P>0.05). Compared with the blank and empty
plasmid groups, the miR-29a expression signifi-
cantly increased, and the AGT mRNA expres-
sion significantly decreased in the miR-29a
mimics group, while the miR-29a expression
significantly decreased, and the AGT mRNA
expression significantly increased in the miR-
29a inhibitors group (all P<0.05) (Figure 5).

Correlations of miR-29a and AGT with ROP
Compared with the normal control group, the

miR-29a expression significantly decreased,
while the mRNA and protein expression levels

797

b
(=]
1

-
W
1

i

o

sigcnil
IOGTMOO®>

Relative expression of mRNA
5 5

miRNA-29a AGT

Figure 6. The expressions of miR-29a and AGT mRNA
in eight groups. Notes: A. normal control group; B.
blank group; C. miR-29a mimics group; D. miR-29a
inhibitors group; E. empty plasmid group; F. miR-29a
mimics + si-AGT group; G. miR-29a inhibitors + si-
AGT group; H. si-AGT group; lowercase letters indicate
P<0.05, compared with the normal control group: dif-
ferent letters indicate P<0.05 comparing two groups,
while the same letters indicate P>0.05 comparing
two groups; AGT = angiotensinogen.

of AGT significantly increased in the OIR group
(all P<0.05). There were no significant differ-
ences among the blank, empty plasmid, and
miR-29a inhibitors + si-AGT groups, nor were
there any differences between the miR-29a
mimics and si-AGT groups. Compared with the
blank, empty plasmid and miR-29a inhibitors +
si-AGT groups, the miR-29a expression signifi-
cantly increased, while the mRNA and protein
expression levels of AGT significantly decreased
in the MmiR-29a mimics, miR-29a mimics + si-
AGT and si-AGT groups. The miR-29a expres-
sion significantly decreased, while the mRNA
and protein expression levels of AGT signifi-
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H that the miR-29a mimics and inhibi-
tors could, respectively, inhibit or pro-
mote the expression levels of VEGF,
HGF, ANG and Angll, and these
effects could be reversed by silenc-
ing AGT.

Discussion

Currently, it is generally believed that
retinal neovascularization is one of
the leading factors of ROP [21].
Angiogenesis can be caused by the
up-regulation of vascular growth fac-
tors at the onset of ischemia or
hypoxia [22]. Many angiogenesis fac-
tors, such as VEGF, ANG and HGF,

b
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Figure 7. The AGT protein expression in eight groups. Notes: A. nor-
mal control group; B. blank group; C. miR-29a mimics group; D. miR-
29a inhibitors group; E. empty plasmid group; F. miR-29a mimics +
si-AGT group; G. miR-29a inhibitors + si-AGT group; H. si-AGT group;

have been found to be connected to
ROP [5-7]. In this paper, the targeting
effect of miR-29a on the AGT gene
was investigated in hopes of deter-
mining the mechanism of targeted
therapy in treating ROP.

lowercase letters indicate P<0.05 compared with the normal control

group, different letters indicate P<0.05 comparing two groups, and
the same letters indicate P>0.05 comparing two groups; AGT = an-

giotensinogen.

cantly increased in the miR-29a inhibitors
group (Figures 6, 7).

Comparisons of the protein expression levels
of VEGF, HGF, ANG and Angll among the eight
groups

Compared with the normal control group, the
expression levels of VEGF, HGF, ANG and Angll
significantly increased in the OIR group (all
P<0.05). There were no significant differences
among the blank, empty plasmid, and miR-29a
inhibitors + si-AGT groups, nor were there any
differences between the miR-29a mimics and
si-AGT groups (all P>0.05). Compared with the
blank, empty plasmid and miR-29a inhibitors +
si-AGT groups, the expression levels of VEGF,
HGF, ANG and Angll significantly decreased in
the miR-29a mimics, miR-29a mimics + si-AGT
and si-AGT groups (all P<0.05). The expression
levels of VEGF, HGF, ANG and Angll in the miR-
29a mimics + si-AGT group were lower than
those in the miR-29a mimics group; the expres-
sion levels of VEGF, HGF, ANG and Angll in the
miR-29a inhibitors group were higher than
those in the miR-29a inhibitors + si-AGT group
(all P<0.05) (Figure 8). These results indicated
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In this study, ROP mouse models
were constructed by oxygen induc-
tion. Compared with normal mice,
the miR-29a expression decreased,
and the mRNA and protein expression levels of
AGT increased in ROP mice. It was speculated
here that the down-regulation of miR-29a led to
the increase in AGT, which accelerates the for-
mation of retinal neovascularization. It was
reported that an independent renin angiotensin
aldosterone system (RAAS) exists in ocular tis-
sues, and this RAAS participated in the patho-
physiological processes of ROP and other pro-
liferative eye diseases [23]. The Angll activation
signal is a key mediator that promotes cell
growth and vascular proliferation, and it might
be involved in the development of ROP [24, 25].
In addition, it was found in this study that AGT
was negatively associated with miR-29a expres-
sion in 293T cells, and miR-29a could negative-
ly regulate transcription of the AGT gene,
although the intrinsic mechanism remains
unknown.

Finally, this study also found that the expres-
sion levels of ROP-related factors, such as HGF,
VEGF, ANG and Angll, were increased in ROP
mice. VEGF is a polypeptide growth factor
closely correlated with the proliferation of blood
vessels, and it is an important inducing factor
in the formation of retinal neovascularization

Am J Transl Res 2017;9(2):791-801
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Figure 8. The protein expressions levels of VEGF, HGF, ANG and Angll in eight groups. Notes: A. normal control group;
B. blank group; C. miR-29a mimics group; D. miR-29a inhibitors group; E. empty plasmid group; F. miR-29a mimics
+ si-AGT group; G. miR-29a inhibitors + si-AGT group; H. si-AGT group; lowercase letters indicate P<0.05, compared
with the normal control group: different letters indicate P<0.05 comparing two groups, while the same letters in-
dicate P>0.05 comparing two groups; VEGF = vascular endothelial growth factor; HGF = hepatocyte growth factor;

ANG = angiotensin; Angll = angiotensin II; AGT = angiotensinogen.

[26]. In hypoxic and ischemic retinopathy, VEGF
was up-regulated, and it participated in dam-
age to the blood-retinal barrier [27, 28]. HGF is
a pleiotropic growth factor of mesenchymal ori-
gin, and it has strong functions of promoting
cell division, tissue formation, epithelial cell
migration, cell invasion and angiogenesis [29].
By stimulating both the growth and migration of
endothelial cells, HGF is a strong inducer of
angiogenesis that influences vascularization by
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mediating or modulating interactions between
endothelial cells and pericytes, modulating
extracellular matrix production and thereby
contributing to retinal detachment [30, 31]. It
was shown that HGF is involved in the forma-
tion of retinal neovascularization during prolif-
erative diabetic retinopathy (DR) [30]. Angll
interacts with specific growth factors, such as
VEGF, to influence retinal angiogenesis in the
occurrence and development of proliferative
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retinopathy [18, 19]. It has been found that, in
animal models of retinopathy, Angll was up-
regulated, but Angl was only slightly increased,
causing an imbalance in the ratio of Angll to
Angl, which might contribute to explaining the
increase in Angll expression [32, 33]. In this
study, the ROP mice also showed vascular
derangements, tortuosity, and increases in vas-
cular density and retinal neovascularization.
Therefore, retinal neovascularization and relat-
ed pathological changes could be promoted by
the interaction of various vascular growth
factors.

In summary, our findings provided evidence
that miR-29a could inhibit retinal neovascular-
ization to prevent the development and pro-
gression of ROP by down-regulating AGT. Our
study could provide some insight for the clinical
treatment of ROP. However, there are some
limitations to this study, including the lack of
clinical data and non-comprehensive mecha-
nisms in understanding the role of miR-29a in
ROP, which should be explored in future
studies.
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