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Inhibition of hsa_circ_0002570 suppresses high-glucose–induced
angiogenesis and inflammation in retinal microvascular endothelial
cells through miR-1243/angiomotin axis
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Abstract
Diabetic retinopathy (DR) is the most severe microvascular complication of diabetes and a major cause of visual impairment and
blindness. However, the treatment for DR is still limited. Our study aimed to explore the role of circular RNA_0002570 in DR.
First, we predicted the potential microRNA and mRNA that could bind to circ_0002570 and identified the miR-1243 and
angiomotin gene; then, we used RT-PCR and Western blot to measure their expression. Next, we evaluated the abilities of
proliferation, migration, and angiogenesis in vitro in human retinal microvascular endothelial cells (hRMECs) by CCK-8,
transwell assay, and tube formation assay, respectively. To analyze the relationship among miR-1243, circ_0002570, and
angiomotin, RNA pull-down and luciferase assay were performed. Our results showed that, in DR patients and high-glucose–
induced hRMECs, miR-1243, circ_0002570, and angiomotin were all abnormally expressed. MiR-1243 could directly and
competitively bind to both circ_0002570 and angiomotin mRNA to inhibit their expression. Moreover, circ_0002570 suppressed
the abilities of proliferation, migration, and angiogenesis in hRMECs induced by high glucose, which was dependent on miR-
1243-angiomotin axis. Furthermore, circ_0002570 could upregulate angiomotin by targeting miR-1243 to mediate the dysfunc-
tion of hRMECs induced by high glucose. In conclusion, circ_0002570 might serve as a potential target for diagnosis and
treatment for DR.
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Introduction

Diabetes mellitus is a chronic metabolic disease whose mor-
bidity has increased globally and dramatically in the last de-
cades, threatening healthcare systems in advanced countries as
well as in the developing world. Diabetes is characterized by
high-glucose levels in the blood and is caused by insulin defi-
ciency (type 1 diabetes mellitus, T1DM), insulin resistance
(type 2 diabetes mellitus, T2DM), or others. Patients with

diabetes of long duration can develop vascular complications,
including macrovascular complications with a mortality of up
to 70% (stroke, heart disease, and peripheral artery disease)
and microvascular complications which affect the kidney
(nephropathy) and the eyes (retinopathy) (Jourdan et al. 2017).

Diabetic retinopathy (DR) is one of the most frequently
occurring microvascular complications of diabetes and is a
major cause of visual impairment and blindness in all diabetic
patients. The rapid spread and development of diabetic
mellitus has led to a dramatic increase in the number of pa-
tients with diabetic retinopathy. Diabetic retinopathy is thus
the leading cause of preventable blindness affecting more than
2.5 million people with an overall prevalence of one-third of
all diabetes patients worldwide (Pascolini and Mariotti 2012).
Early-stage diabetic retinopathy is characterized by pericyte
loss, destruction of the blood-retinal barrier (BRB), and pro-
liferation of capillary cells, which is mostly driven by chronic
hyperglycemia (Stitt et al. 2016). High blood glucose levels
cause microvascular dysfunction in the retina by destroying
the tight function of the inner endothelial blood-retinal barrier
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(Erickson et al. 2007; Klaassen et al. 2013). The pathology
and pathogenesis of diabetic retinopathy are associated with
the interaction of multi-gene and multiple signaling pathways.
Although it is believed that the pathogenesis of DR is involved
with angiogenesis, oxidative stress, chronic inflammation, and
other factors (Chen et al. 2018), its detailed molecular mech-
anism remains unknown. The fragility of the blood vessel wall
leads to an accelerated proliferation of endothelial cells and
the formation of microaneurysms, resulting in vascular leak-
age and insufficiency. Vascular remodeling in the retina and
capillary perfusion break down the balance in the blood ves-
sels, leading to the abnormal formation of new blood vessels.
Previous studies indicate that high blood glucose levels im-
proved the proliferation and migration of endothelial cells as
well as angiogenesis, which is consistent with the pathogene-
sis of new vessels formation in DR (Gao et al. 2008; Huang
and Sheibani 2008; Mei et al. 2018; Yang et al. 2017).
Therefore, it might provide a novel therapeutic approach to
treat diabetic retinopathy by regulating the function of endo-
thelial cells in the retina.

Circular RNA (circRNA) is a special type of non-coding
RNAs, and the latest studies have discovered that circRNAs
are sometimes expressed in vivo, which become the hotspot in
the field of RNA research (Yu et al. 2017). Unlike traditional
linear RNA that contains 3′ and 5′ ends, the circRNAs have a
closed-loop structure, which cannot be affected by RNA exo-
nucleases, leading to its stable expression and non-degrada-
tion. Recent studies showed that circRNAs were rich in func-
tional microRNA (miRNA) binding sites and acted as a
miRNA sponge in cells, which in turn reversed the inhibitory
effects of miRNA on its target genes and also increased the
expression of target genes. This mechanism is known as the
competitive endogenous RNA (ceRNA). CircRNAs play an
important regulatory role in varieties of diseases through di-
rect interactions with disease-related miRNAs (Han et al.
2018; Nicolet et al. 2018; Salzman 2016). Recently, numerous
studies have focused on the role of circRNAs in the develop-
ment of DR (Gu et al. 2017; He et al. 2019; Zhang et al. 2017a;
Zhu et al. 2019); however, more investigation is needed.
Specifically, hsa_circ_0002570was reported to be abnormally
expressed in DR (He et al. 2019), but its role in DR is still not
clear. Therefore, our study further explored the modulation of
this circRNA in the development of DR.

Materials and methods

Ethical statement

We collected the retinal proliferative fibrovascular membranes
from 20 patients with diabetic retinopathy for the DR group
and epiretinal membranes from 20 patients with idiopathic
epiretinal membrane for the non-DR group. All patients were

informed and signed the consent. This study was approved by
the Ethical Review Committee of the Fourth Affiliated
Hospital of Harbin Medical University.

Cell culture

Human retinal microvascular endothelial cells (hRMECs)
(ATCC, Manassas, VA) were cultured in endothelial cell me-
dium (ECM) with 10% fetal bovine serum (Gibco, Grand
Island, NY) and 100 U/ml penicillin and streptomycin at
37 °C. To investigate the effect of high glucose (HG) or os-
motic pressure in hRMECs, we used 25 mM high glucose or
high concentration ofmannose (5.5mMglucose and 19.5mM
mannose; OS) to stimulate the cells for 48 h as previously
described (Liu et al. 2019).

Western blot

Protein were extracted from lysed cells after washing with
phosphate-buffered saline (PBS) three times, and its concen-
tration was measured using Pierce BCA protein assay kit
(Thermo Fisher Scientific, Waltham, MA). Equal amount of
protein with loading buffer was loaded into sodium dodecyl
sulfate–polyacrylamide gel electrophoresis gels and trans-
ferred onto polyvinylidene difluoride membrane. After
blocking with 5% milk in tris-buffered saline and Tween-20,
membranes were incubated with primary antibody overnight
at 4 °C, followed by the incubation of peroxidase-conjugated
secondary antibodies, and the bands were visualized by ECL
detection reagents (Sigma, St. Louis, MO). All antibodies in-
cluding monoclonal Rabbit Angiomotin (#43130), GADPH
(#5174), and mouse anti-rabbit IgG (HRP Conjugate)
(#93702) were purchased from Cell Signaling Technology
(CST, Danvers, MA) (Zhang et al. 2019).

qRT-PCR

Total RNA was extracted from lysed retina derived from pa-
tients and also from cultured cells respectively with RNeasy
mini kit according to the manufacturer’s instructions (Qiagen,
Valencia, CA). RNA was reversely transcripted into cDNA,
and RT-PCR was performed as previously described (Huang
et al. 2017; Zhang et al. 2019). The circRNA and mRNA
levels were normalized by β-actin. The miRNA level was
normalized by small nuclear U6.

The sequences of primers were listed as below:

circ_0002570: F: CGTGGAAAGAAGAAAGGAAA;
R: CTGTCTATTGCGAAAGGTCA, angiomotin: F:
AGGCAAGAGTTGGAAGGATGC; R: AGGATGAC
TTCACGAGGTTCT, β-actin: F: AAATCTGG
CACCACACCTTC; R: GGGGTGTTGAAGGT
CTCAAA.
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miR-1243 RT primer:GTCGTATCCAGTGCAGGGTC
CGAGGTATTCGCACTGGATACGACACTCC; miR-
1243 qRT-PCR primer: F: GTCAACTGGATCAA
TTATAGG, R: GTGCAGGGTCCGAGGT.
U6 RT primer: GTCGTATCCAGTGCAGGGTC
CGAGGTATTCGCACTGGATACGACAAAATA
TGGAA.
U6 qRT-PCR primer: F: CTCGCTTCGGCAGCACA,
R: AACG CTTCACGAATTTGCGT.

Luciferase assay

To assess the relationship among miR-1243, circ_0002570,
four vectors containing the sequences of predicted binding
sites /mutated binding sites of circ_0002570, the sequence of
predicted binding sites/mutate binding sites of 3′-UTR of an-
giomotin were cloned into psiCHECK2 vectors respectively
(Promega, Madison, WI). These constructed vectors
(hsa_circ_0002570-WT, hsa_circ_0002570-MT, AMOT 3′
UTR-WT, and AMOT 3′UTR-MT) were co-transfected
into HEK293T cells or hRMECs with miR-1243 mimic
or negative control (miR-nc) respectively for 48 h, then
luciferase activities were measured by the Dual-
Luciferase Reporter Assay System (Promega) which
was normalized to firefly luciferase activity (Fu and Ou
2020).

The sequence of primers as followed:

Circ_0002570-WT: F: CTTTCTCGAGATCAAATTTT
CTCCGGTGGCTA, R: CTTT GCGGCC GCCAATAT
CATCAGCAAGGGAATTAGGATCAGA.
Circ_0002570-MT: F: AAAGGTTCAAGTTG
TTGCCGGAG, R: CTCCGGCAACAACTTGA
ACCTTT.
AMOT 3′UTR-WT: F: CTTT CTCGAG ACGGCCAA
ATCAAGAGCTGCAG, R: CTTT GCGGCCGC
AAAACTGATGAATTGGCATCAGAA.
AMOT 3′UTR-MT: F: GTTTGTTCAGTTTTTTACCG
CAG, R: CTGCGGTAAAAAACTGA ACAAAC.

Cell transfection

When cells were 70–80% confluent, siRNA/miRNA mimic/
miRNA inhibitor (1 nM) (RiboBio, Guangzhou, China) were
transfected into cells with lipofectamine RNAimax (Life
Technologies, Carlsbad, CA) in the medium of opti-MEM as
previously described (Liu et al. 2012). For overexpression of
circ_0002570, vectors (0.1 μg/ml) were transfected into cells
of 70%–80% confluence with lipofectamine 2000 (Life
Technologies). After 4–6 h, cells were changed with new
medium.

The sequences of siRNA are shown as below:

si-circ_0002570-1:GAACCAGAGCACCTCATACTT;
si-circ_0002570-2:GTCCAGAGTGTCAATTCTTGT;
si-NC:TTCTCCGAACGTGTCACGT.

Vector construction

The vector of overexpressed circ_0002570 was constructed as
previously described (Cheng et al. 2019). Briefly,
circ_0002570 was cloned using the designated primers (F:
CTTT GAATTCTGAAATATGCT AT CTTAC AG
ATCAAATTTTCTCCGGTGGCTA, R: CTTTGGAT
CCTCAAGAAAAAATATA TTCACCAATATCAT
CAGCAAGGGAATTAGGATCAGA), then inserted into
PLCDH-ciR which was reconstructed by inserting front and
back circular frame to promote RNA circularization.

Pull-down assay of targeted mRNA with biotinylated
miR-1243

hRMECs were collected in the extraction buffer (25 mM
pH 7.5Tris-HCl, 70 mM KCl, 2.5 mM EDTA, 0.05% NP-
40) with 80 U/mL RNase, and protease inhibitor cocktail for
20 min on ice after washing with pre-cold PBS, and centri-
fuged at 12,000g for 15 min at 4 °C. The supernatant was
treated with biotinylated miR-1243 and miR-NC at 4 °C for
30 min followed by 1 h incubation at 30 °C with shaking. A
Streptavidin Mutein Matrix was pretreated with extraction
buffer with 250 g BSA and 100 g yeast tRNA for 3 h, washed
three times with extraction buffer, and added into the extract.
The streptavidin/biotin–miRNA/mRNA complex was har-
vested after spin and wash. The biotin-miRNA/mRNA com-
plex was eluted in the elution buffer (20 mM pH 7.4 Tris-HCl,
400mMKCl, 0.5%NP-40, 5 mMbiotin, and 80U/mLRNase
inhibitor) at 42 °C for 5 min (Yamamoto et al. 2015).

Cell proliferation assay

hRMECs were seeded in a 96-well plate and incubated with
10 μ Cell Counting Kit-8 (CCK-8, Dojindo Laboratories,
Mashikimachi, Japan) solution for 4 h at 37 °C. The absor-
bance values were read at 450 nm (Zhu et al. 2019).

Cell migration assay

hRMECswere added into the transwell chamber placed on top
of a 24-well plate containing ECM in the bottom. After 20 h
incubation, hRMECs migrated across the transwell were fixed
and stained with 0.1% crystal violet. Attached cells were
counted under a microscope in 6-random fields (Zhu et al.
2019).
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Tube formation assay in vitro

hRMECs were plated in a 24-well plate precoated with
300 μL growth factor reduced Matrigel matrix. After 20 h
incubation, we took photos in 6 random fields, then measured
meshes and branches and the branching length of the
capillary-like structures were measured by the ImageJ soft-
ware (NIH, Bethesda, MD).

Enzyme-linked immunosorbent assay

Media were collected after treatment, and the expression of all
pro-inflammatory cytokines were measured by the commer-
cially available ELISA kits (R&D System, Minneapolis, MN)
according to the manufacturer’s instructions.

Statistical analysis

All data of the study were expressed as means ± standard
deviation (SD). Biochemical assays were repeated at least in
triplicate. Data were analyzed by statistical product and ser-
vice solutions (SPSS 16.0, SPSS Inc., Chicago, IL, USA).
Groups were compared by Student’s t test or one-way
ANOVA analysis with a Tukey’s post hoc test. P values <
0.05 were considered to be statistically significant.

Results

The expression of hsa_circ_0002570, miR-1243,
and angiomotin were regulated in DR patients
and high-glucose–induced hRMECs

As consistent with a previous report, we also observed that
hsa_circ_0002570 was significantly increased in the DR
group compared with the non-DR group (Fig. 1a).
Numerous studies indicated that circRNAs could function in
a competing endogenous RNA (ceRNA) manner; therefore,
we predicted that microRNA-1243 might interact with
circ_0002570 through circular RNA Interactome (https://
circinteractome.nia.nih.gov). Of note, we found that miR-
1243 was remarkably decreased in the DR group compared
with the non-DR group, which further confirmed the potential
relationship between miR-1243 and hsa_circ_0002570 in DR
(Fig. 1b). Furthermore, we also predicted the potential target
gene of miR-1243, namely angiomotin by Targetscan (http://
www.targetscan.org/vert_71/). Angiomotin (AMOT) is a pro-
tein that belongs to the motin family of angiostatin-binding
proteins and contributes to cell motility and angiogenesis. DR
patients had a higher mRNA expression of AMOT than non-
DR patients (Fig. 1c).

Next, in hRMECs, we discovered that high glucose upreg-
ulated the expression of circ_0002570 (Fig. 1d) as well as the

mRNA/protein expression of AMOT (Fig. 1d and e) and
downregulated the expression of miR-1243 (Fig. 1d), which
were all consistent with our results in DR patients. To avoid the
effect of osmotic pressure in the hRMECs, we used high levels
of mannose (5.5 mM glucose and 19.5 mM mannose; OS) to
stimulate cells and found that there was no significant differ-
ence between the OS group and the NG group (Fig. 1d and e).

Taken together, circ_0002570 and AMOTwere significant-
ly increased with a decreased expression of miR-1243 both in
DR patients and in high-glucose-stimulated hRMECs.

Circ_0002570 bound to miR-1243 and inhibited
its expression

To investigate the relationship between circ_0002570 and
miR-1243, we first predicted their potential binding sites by
circular RNA interactome (Fig. 2a). To further validate the
predicted binding sites, we made mutations on three of six
binding sites as shown in Fig. 2a and constructed two lucifer-
ase reporter vectors containing a normal sequence of
circ0002570 (hsa_circ_0002570-WT) and a mutated se-
quence of circ_0002570 (hsa_circ_0002570-MT) respective-
ly. Luciferase assay showed that miR-1243 could bind to
circ_0002570-WT, but not to the mutated circ_0002570-MT
both in hRMECs and HEK293T cells (Fig. 2b and c).
Moreover, knocking down of circ_0002570 by siRNA-
cric_0002570 significantly increased the expression of miR-
1243 in hRMECs (Fig. 2d). In contrast, overexpressing
circ_0002570 remarkably inhibited the expression of miR-
1243 (Fig. 2e). All these data suggested that circ_0002570
directly bound to miR-1243 and inhibited its expression.

MiR-1243 bound to both circ_0002570
and angiomotin in hRMECs

Next, we predicted the potential binding sites on miR-1243
and 3′UTR of angiomotin mRNA through Targetscan as
shown in Fig. 3a. To further validate the predicted binding
sites, we constructed two vectors containing sequences of nor-
mal 3′UTR of AMOT (AMOT 3′UTR-WT) and mutated 3′
UTR of AMOT (AMOT 3; UTR-MT) respectively (Fig. 3a).
Co-transfection AMOT 3′UTR-WTwith miR-1243 could sig-
nificantly diminish the luciferase activity compared with miR-
NC transfected ones both in HEK293T cells and hRMECs,
while this inhibitory effect could be totally blocked in AMOT
3′UTR-MT-transfected cells (Fig. 3b and c). Moreover, both
the mRNA and protein expression of AMOTcould be remark-
ably suppressed by miR-1243 mimic and promoted by miR-
1243 inhibitor (Fig. 3d and e). Biotinylated miR-1243 cap-
tured more circ_0002570 and AMOT mRNA in hRMECs
than biotinylated negative control (Fig. 3f); thus, this RNA
pull-down assay further elucidated that miR-1243 directly
targeted both circ_0002570 and AMOT mRNA. To further
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explore the relationship between circ_0002570 and AMOT,
we knocked down and overexpressed circ_0002570 respec-
tively in hRMECs (Fig. 3g and h). AMOT expression was
remarkably downregulated by circ_0002570 knockdown and
upregulated with circ_0002570 over-expression (Fig. 3i).
Taken together, circ_0002570 and AMOT mRNA competi-
tively bound to miR-1243 and regulated their expression.

Knocking down circ_0002570 inhibited proliferation,
migration, tube formation, and the release
of pro-inflammatory cytokines induced by high
glucose in hRMECs

We observed that a 48-h treatment of high glucose stimulated
the expression of circ_0002570 in hRMECs (Fig. 4a).
Furthermore, high glucose also promoted cell viability (Fig.
4b), cell migration (Fig. 4c and d), and tube formation (Fig. 4e
and f) in hRMCEs, which were all inhibited by siRNA circ-
0002570. Moreover, the protein expression of vascular endo-
thelial growth factor (VEGF) and pro-inflammatory cyto-
kines, including tumor necrosis factor-α (TNF-α),
interleukin-8 (IL-8), interleukin-6 (IL-6), and monocyte

chemoattractant protein −1 (MCP-1), all induced by high glu-
cose, were reversed after knocking down circ_0002570 (Fig.
4g–k). All these data revealed that knocking down
circ_0002570 inhibited proliferation, migration, tube forma-
tion, and the release of pro-inflammatory cytokines induced
by high glucose in hRMECs.

Dysfunctions induced by high glucose in hRMECs
were regulated by circ_0002570-miR-1243-AMOT axis

To evaluate the effect of circ_0002570-miR-1243-AMOTaxis
in high-glucose–stimulated hRMECs, we did three different
groups of co-transfections: si-NC + NC-inhibitor; si-
circ_0002570 + NC-inhibitor and si-circ_0002570 + miR-
1243-inhibitor. Under the stimulation of high glucose in
hRMECs, miR-1243 expression upregulated by knocking
down cric_0002570 was suppressed by additionally
supplementing with miR-1243 inhibitor (Fig. 5a). In contrast,
miR-1243 inhibitor along with siRNA circ_0002570 signifi-
cantly increased both the mRNA and protein expression of
AMOT, which was suppressed by siRNA-circ_0002570 alone
in the presence of high glucose (Fig. 5a and b). We

Fig. 1 The expression of hsa_circ_0002570, miR-1243, and angiomotin
were regulated in DR patients and high-glucose–induced hRMECs. a–c
The RNA levels of hsa_circ_0002570, miR-1243, and angiomotin were
analyzed by qRT-PCR, in proliferative fibrovascular membranes or
epiretinal membranes collected from patients with or without DR (n =
20). d The RNA levels of hsa_circ_0002570, miR-1243, and angiomotin
in hRMECs cultured under the normal glucose (NG), high-mannose (high

osmotic pressure, OS), or high-glucose (HG) conditions for 48 h were
measured by qRT-PCR. n = 3. (E) The protein level of angiomotin in
hRMECs cultured under the normal glucose (NG), high-mannose
(5.5 mM glucose and 19.5 mM mannose) (high osmotic pressure, OS),
or high-glucose (HG) condition for 48 h were determined by Western
blot. *P < 0.05; **P < 0.01
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subsequently evaluated the effect of this circ_0002570-miR-
1243-AMOTaxis in the high-glucose–induced dysfunction of
hRMECs and found that cell viability (Fig. 5c), cell migration
(Fig. 5d), tube formation (Fig. 5e), VEGF secretion (Fig. 5,f),
and the release of pro-inflammatory cytokines (Fig. 5g–j)
inhibited by si-circ_0002570 were all restored by additionally
supplementing with miR-1243 inhibitor after high-glucose
stimulation. Therefore, circ_0002570-miR-1243-AMOT
could effectively regulate the dysfunction induced by high
glucose in hRMECs.

Discussion

Diabetes mellitus is a chronic metabolic disease characterized
by high-glucose levels in the blood and long-term hypergly-
cemia causing life-threatening macrovascular and microvas-
cular complications. Diabetic retinopathy is the most severe

microvascular complication of diabetes, which can cause irre-
versible blindness, because retinal vasculature is the early and
major target of hyperglycemia. Diabetic retinopathy is one of
the major causes of vision loss all over the world and is also
the leading cause of vision impairment in patients aged 25–71.
The visual loss caused by DR might be secondary to macular
edema (ME, which is involved in thickening of the retina and
edema of macula), neovascular hemorrhage, retinal detach-
ment, or neovascular glaucoma. Long-term hyperglycemia
causes a wide range of morphological changes in retinal vas-
culature, including thickened vascular wall, increased vascu-
lar permeability, and vascular occlusion. All of these changes
contribute to the release of pro-proliferative factors by hypox-
ia retinal tissue, which induces the proliferation of capillary
endothelial cells to initiate neovascularization leading to hem-
orrhage, retinal embolism, and eventually to the disorder of
diabetic retinopathy. Retinal vascular cells are mostly com-
posed of pericytes and endothelial cells. The early

Fig. 2 Circ_0002570 bound to
miR-1243 and inhibited its ex-
pression. a Luciferase reporter
vectors containing wild-type or
mutant hsa_circ_0002570 se-
quence were constructed. The
predicted binding sites of miR-
1243 on hsa_circ_0002570 se-
quence were shown. b, c
Luciferase activity was detected
in hRMECs and HEK-293T cells
transfected with vectors contain-
ing wild-type (hsa_circ_0002570-
WT) or mutated hsa_circ_
0002570 (hsa_circ_0002570-
MT) in response to the transfec-
tion of miR-1243 mimics or neg-
ative control mimics (miR-NC).
n = 3. d The RNA levels of hsa_
circ_0002570 and miR-1243 in
hRMECs transfected with two
specific hsa_circ_0002570
siRNAs (si-circ_0002570-1 and
si-circ_0002570-2) or negative
control siRNA (si-NC) were
measured by qRT-PCR. n = 3. (E)
The RNA levels of hsa_circ_
0002570 and miR-1243 in
hRMECs transfected with hsa_
circ_0002570 overexpressed
plasmid (circ_0002570-OE) or
empty vector (Vector) were mea-
sured by qRT-PCR. n = 3. The
data were represented as means ±
SD. *P < 0.05; **P < 0.01, ns =
no significance
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pathological feature of diabetic patients and animals with di-
abetic retinopathy is pericyte loss. The phenotype of endothe-
lial cells could change from a normal quiescent phenotype to
an apoptotic and active one, and this dysfunction of retinal

endothelial cells causes increased vascular permeability, mac-
ular edema, and angiogenesis. Although both pericytes or the
crosstalk between pericytes and endothelial cells in the retina
are important to the development of DR as previously reported

Fig. 3 MiR-1243 targeted both hsa_circ_0002570 and angiomotin in
hRMECs. a Luciferase reporter vectors containing the wild-type
(AMOT 3′UTR-WT) or mutant (AMOT 3′UTR-MT) 3′UTR of AMOT
were constructed according to the predicted binding sites of miR-1243. b,
c Luciferase activity was detected in hRMECs and HEK-293T cells
transfected with constructs containing wild-type (AMOT 3′UTR-WT)
or mutant (AMOT 3′UTR-MT) 3′UTR of AMOT plasmid in response
to the transfection of miR-1243 mimics or negative control mimics (miR-
NC). n = 3. d, e The expression of angiomotin in hRMECs transfected
with miR-1243 mimics and miR-1243 inhibitor or their respective nega-
tive controls were detected by qRT-PCR and western blot. n = 3. (F)
Detection of circ_0002570 and angiomotin RNA levels in biotinylated

miRNA/target mRNA complex by qRT-PCR. The relative RNA levels of
circ_0002570 and angiomotin in the complex pulled down using biotinyl-
ated miR-1243 were compared to that of the complex pulled down using
the biotinylated control random RNA. n = 3. g, i The expression of an-
giomotin in hRMECs transfected with two specific hsa_circ_0002570
siRNAs (si-circ_0002570-1 and si-circ_0002570–2) or negative control
siRNA (si-NC) were measured by qRT-PCR and western blot. n = 3. h, i
The expression of angiomotin in hRMECs transfected with hsa_circ_
0002570 overexpressed plasmid (circ_0002570-OE) or empty vector
(Vector) were measured by qRT-PCR and western blott. n = 3. The data
were represented as means ± SD. *P < 0.05; **P < 0.01, ns = no
significance
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Fig. 4 Knocking down circ_0002570 inhibited proliferation, migration,
tube formation, and pro-inflammatory cytokines release induced by high
glucose in hRMECs. hRMECs were treated with normal glucose (NG) or
high-glucose (HG) for 48 h after transfection with two specific hsa_circ_
0002570 siRNAs (si-circ_0002570-1 and si-circ_0002570-2) or negative
control siRNA (si-NC). a The RNA levels of hsa_circ_0002570 in
hRMECs were measured by qRT-PCR. n = 3. b cell viability was mea-
sured by CCK-8 assay. n = 6. c, d Cell migration was assessed using

transwell assay and representative images were shown. n = 6. e, f
Angiogenesis was evaluated by tube formation assay and representative
images of tube-like structures were shown. n = 6. g The protein concen-
trations of VEGF in the conditional medium of hRMECs were measured
by ELISA. n = 6. h–k The protein levels of pro-inflammatory cytokines
(TNF-α, IL-8, IL-6, and MCP-1) were evaluated by ELISA assay. n = 6.
The data were represented as means ± SD. *P < 0.05; **P < 0.01
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Fig. 5 Dysfunctions induced by high glucose in hRMECs were regulated
by circ_0002570-miR-1243-AMOT axis. hRMECs were treated with
high glucose (HG) for 48 h after co-transfection with negative control
siRNAs and negative control ofmiRNA inhibitor (si-NC +NC-inhibitor),
a specific hsa_circ_0002570 siRNAs and negative control of miRNA
inhibitor (si-circ_0002570-1 + NC-inhibitor) or a specific hsa_circ_
0002570 siRNAs and miR-1243 inhibitor (si-circ_0002570-1 + miR-
1243-inhibitor). a The RNA levels of miR-1243 and angiomotin in
hRMECs were measured by qRT-PCR. n = 3. b The protein levels of

angiomotin in hRMECs were determined by western blot. n = 6. c Cell
viability was measured by CCK-8 assay. d Cell migration was assessed
using transwell assay. n = 6. e Angiogenesis was evaluated by tube for-
mation assay. n = 6. f The protein concentrations of VEGF in conditional
medium of hRMECs were measured by ELISA. n = 6. g–j The protein
levels of pro-inflammatory cytokines (TNF-α, IL-8, IL-6, and MCP-1)
were evaluated by ELISA assay. n = 6. The data were represented as
means ± SD. *P < 0.05; **P < 0.01
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(Zhang et al. 2017b), endothelial cells of retina play a central
role in the late stage of diabetic retinopathy, which is the
reason our study is focused on this particular cell.

Numerous studies indicate that some circRNAs are associ-
atedwith the development and progression of diabetic retinop-
athy (He et al. 2019; Zhang et al. 2017a). The profile of cir-
cular RNAs in vitreous humor between DR and non-DR pa-
tients reveals twelve circRNAs including circ_0002570 that
are involved in DR pathogenesis; circRNAs might serve as
potential biomarkers of DR diagnosis as well as therapeutic
targets for treatment, although the mechanism remains un-
clear. Based on previous reports, we further explored the de-
tailed molecular mechanism of circ_0002570 in the develop-
ment of diabetic retinopathy and identified its target miRNA
(miR-1243) as well as miR-1243-targeted gene angiomotin,
which provided evidence for circ_0002570 to serve as a novel
strategy and therapeutic target to treat diabetic retinopathy
clinically.

MiR-1243 is a poorly understood microRNAwith one ex-
ception that miR-1243 along with miR-509-5p promoted the
sensitivity to gemcitabine to improve pancreatic cancer by
suppressing the transition from epithelial cells to mesenchy-
mal cells (Cui et al. 2019). To date, there is no publication
related tomiR-1243 and diabetes or complications of diabetes.
Our study investigates for the first time the role of miR1243 in
DR pathogenesis and identifies its target gene angiomotin.

Angiomotin (AMOT) is a protein that belongs to the motif
family of angiostatin-binding proteins, including angiomotin,
angiomotin-like 1 (AMOL1), and angiomotin-like 2
(AMOTL2) characterized by coiled-coil domains of N-
terminus and consensus PDZ-binding domain at the C-termi-
nus. Angiomotin predominantly expresses in endothelial cells
of capillaries as well as in angiogenic tissues such as the pla-
centa and solid tumors. Angiomotin has two different splice
isoforms, angiomotin p80 and angiomotin p130, which are
tissue-specific expressed. Numerous investigations demon-
strate that angiomotin p80 improves the migration of endothe-
lial cells as well as the migration of endothelial cells toward
growth factors, such as VEGF, basic fibroblast growth factor
(bFGF), and lysophosphatidic acid (LPA). Angiomotin also
mediates tube formation of endothelial cells and promotes
angiogenesis by both stimulating cell spreading and stabiliz-
ing established tubes. Unlike angiomotin p80, angiomotin 130
mediates paracellular permeability, which does not promote
cell migration or improve angiogenesis. Therefore, in our
study, we only analyzed the expression of angiomotin p80,
and all references to angiomotin in this manuscript are to
angiomotin p80. Furthermore, our study establishes for the
first time the relationship between miR-1243 and angiomotin
and the target gene of miR-1243, which is angiomotin. We
used biotinylated RNA pull-down assay and luciferase assay
to clarify that the mRNA of angiomotin directly binds to miR-
1243.

However, with the exception of the tissues from DR pa-
tients, the cell model of DR we used is to stimulate hRMECs
with high glucose for 48 h, which might not be a perfect fit for
DR, considering that the progression of DR involves long-
term hyperglycemia with chronic inflammation. Thus, it
would be necessary to stimulate cells with high levels (fluctu-
ating levels) of glucose over long periods, probably more than
10 years. This is not realistic, and therefore, this cell model of
DR has its limitations, but has nonetheless been widely used
and accepted (Cui et al. 2019), (Liu et al. 2019). Moreover, the
development of DR involves multi-genes, multi-targets, and
multi-pathways, so our study merely provides a novel mech-
anism of DR, and gives us a hint of potential treatments for
DR.

In summary, our study demonstrates for the first time the
molecular mechanism of circ_0002570 in DR pathogenesis.
Circ_0002570 regulates DR progression by a circ_0002570-
miR-1243-angiomotin axis in a ceRNA pattern; therefore,
circ_0002570 could serve as a potential therapeutic target
for treating DR clinically.

Conclusion

Our study demonstrates the molecular mechanism of
circ_0002570 in DR pathogenesis. Circ_0002570 regulates
DR progression by a circ_0002570-miR-1243-angiomotin ax-
is in a ceRNA pattern, which could serve as a potential ther-
apeutic target for treating DR clinically.
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