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Introduction: Diabetic patients are often accompanied by complications of diabetic vascular disease,
which could lead to heart failure or stroke. In this work, we explored the role of miR-503/Apelin-12 in
diabetic angiopathy (DA) in vitro.

Methods: ELISA and qPCR were applied to assess the expression of miR-503 and Apelin-12 in high
glucose (HG)-treated microvascular endothelial cells (HMEC-1). The effects of miR-503 on apoptosis,
inflammation and oxidative stress were assessed by flow cytometry, western blotting, qPCR, and ELISA.

ggs,eot?cisa:ngiopathy The interaction between miR-503 and Apelin-12 was evaluated by dual-luciferase reporter assay, qPCR
miR-503 and ELISA, respectively. Western blotting was performed to examine the function of miR-503/Apelin-12
Apelin-12 on JNK and p38MAPK activation.

JNK Results: MiR-503 was markedly increased and Apelin-12 was decreased in HG-treated HMEC-1 cells.
p38MAPK MiR-503 inhibitor significantly assuaged apoptosis, inflammation and oxidative stress in HMEC-1 cells.
MiR-503 could specifically bind to the 3'UTR of Apelin and inversely downregulate Apelin-12 expression.
Furthermore, Apelin-12 suppressed apoptosis, inflammation and oxidative stress. Inhibition of Apelin-12
could partially reverse the decrease of p-JNK and p-p38 expression levels induced by miR-503
suppression.
Conclusion: In HG-induced microvascular cells injury, miR-503/Apelin-12 enhances inflammation and
oxidative stress by regulating JNK and p38MAPK pathway, suggesting a potential therapeutic target for
DA.
© 2020, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

1. Introduction morbidity and mortality than other complications [1]. The common
vascular diseases include cardiovascular disease, cerebrovascular
disease, microvascular diseases of kidney, retina and skin. Several
existing conventional treatment methods mainly prevent or limit
the disease progression of DA by inducing pretreatment, post-
treatment and pharmacological agents. However, there is no tar-

geted treatment method with clear therapeutic mechanism and

Diabetic angiopathy (DA), a severe microvascular disease, is one
of the most common complications of diabetes, with higher
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curative effect [2]. Therefore, it is of great significance to explore the
mechanisms of diabetic vascular injury and to explore ideal treat-
ment methods and strategies for DA.

MicroRNAs (miRNAs) have been identified as key factors regu-
lating the expression of oxidative stress and inflammatory
response-related proteins in cells, which closely related to DA [3,4].
MiRNAs are a group of low molecular weight, approximately 22
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nucleotides in length, endogenous non-coding RNA. MiRNAs
participate in a variety of physiological processes by binding to
target mRNA at the post-transcriptional level, in other words,
during protein translation, and regulating the protein expression of
the target gene [5]. In recent years, more and more experimental
studies have shown that miRNAs play an important role in diabetes
and its complications, including DA [6]. Previous study have shown
the overexpressed miR-145 could protects retinal microvasculature
from HG-induced inflammation and oxidative stress through TLR4/
NF-kB signaling [7]. Besides, miR-503 is also an important regulator
of cardiac function and cardiovascular diseases [8].

Apelin and APJ receptors are essential for cardiovascular
development and regeneration, and may also be involved in path-
ological processes related to cardiovascular diseases [9]. Apelin
could enhances phosphorylation of AKT and eNOS to attenuates
abnormal reaction of angiotensin II and acetylcholine in diabetic
mice, indicating that Apelin/APJ system may act as a crucial regu-
lator of diabetic vascular function [10]. It has been reported that
Apelin/AP] showed a significant downward trend in the patholog-
ical process of severe and decompensated heart failure [11].
Moreover, Apelin/AP] could diminish HG-induced ROS formation
and apoptosis in endothelial cell [12]. The precursor of Apelin
consists of 77 amino acids, which are degraded to form active
forms, such as Apelin-12, Apelin-13, Apelin-17 and Apelin-36.
Apelin-12, one of the most potent short peptide substances of
Apelin, has a protective effect on cardiovascular damage, corre-
sponds to the oxidative stress [13]. Previous study demonstrated
that the plasma Apelin-12 significantly reduced in people with type
2 diabetes mellitus [14]. Besides, Apelin-12 protects against
ischemia-reperfusion injury in mice by inhibiting JNK and
p38MAPK signaling pathways [15]. However, the function and
mechanisms of miR-503/Apelin-12 on DA have received little
attention.

In the current study, we investigated whether miR-503/Apelin-
12 participate in the HG-induced microvascular endothelial cell
injury through the JNK and P38MAPK signaling pathway to clarify
its specific mechanism and provide a theoretical basis for targeted
therapy in DA.

2. Materials and methods
2.1. Cell culture and treatments

The human microvascular endothelial cell line (HMEC-1) was
obtained from China Center for Type Culture Collection. The cells
were cultured with endothelial cell medium (ECM; ScienCell, USA)
containing 10% fetal bovine serum (FBS; Gibco), 10 mM t-glutamine
(Sigma), 1 ug/mL hydrocortisone (Sigma), 1% penicillin/strepto-
mycin (Gibco) and 10 ng/mL epidermal growth factor (EGF; Sigma)
in a cell culture flask at 37 °C under 5% CO,. HG (25 mM) was
incubated with cells to establish a DA model in vitro [16]. And
Apelin-12 (100 nM) was used in the future experiments.

MiR-503 mimics/inhibitor or corresponding negative control
(mimics NC/inhibitor NC), small interfering RNA of Apelin (si-
Apelin) or negative control (si-NC) were purchased from Gene-
Pharma (Shanghai, China). When cells were reached to 80—90%
confluence, transfection was performed using Lipofectamine 2000
(Invitrogen).

2.2. MTT assay

Cell viability under HG conditions was determined using the
MTT assay. HMEC-1 (1 x 10* cells/well) was seeded on a 96-well
plate, and each well was parallelized three times under the same
conditions. After treatment under HG conditions, 20 pl of MTT

(5 mg/mL, Sigma)/100 pL of medium was added to the cells. Incu-
bation for 4 h at 37 °C, discard the medium in each well and add
150 pL of DMSO instead, then shake the plate on the shaker for
10 min at room temperature. The absorbance of each well was then
measured using a microplate reader (Bio-Rad 680, Hercules, CA,
USA) and the detection wavelength was set at 490 nm. Absorbance
is directly proportional to cell viability or the number of viable cells
cultured, and the final data is expressed as a percentage relative to
control cells.

2.3. Annexin V/PI staining for apoptosis detection

The percentage of early and late apoptotic HMEC-1 cells induced
by HG was determined by Annexin-V-FITC/PI staining. The cells
were harvested 48 h after HG treatment, centrifuged at 200 g, and
suspended in an appropriate buffer. Then, 5 pL of V-FITC-labeled
Annexin and 5 pL of PI solution were incubated at 25 °C for 5 min,
followed by analysis by flow cytometry.

2.4. Quantitative Real-Time PCR (qPCR)

In terms of the manufacturer's protocol, TRIzol (Invitrogen,
Carlsbad, CA, USA) was added to the HMEC-1 cells for lysis and total
RNA was extracted. Total RNA concentration and integrity were
determined by UV spectrophotometry (NANODROP 2000C,
Thermo, USA). The reverse transcriptase reaction was carried out
using a Thermo Revert AidTM First Strand cDNA Synthesis Kit
(K1622, Thermo, USA). qPCR reactions were performed using
2 x SYBR Select Master Mix (Invitrogen, USA) and a Real-time PCR
system (Piko Real 96 PCR system, Thermo Scientific, USA). Each
sample was measured in three wells. The data was normalized to
the human glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
or U6. The relative expression of miR-503 and mRNA of genes were
calculated and quantified using 28ACt method.

2.5. Western blotting

HMEC-1 cells were prepared using RIPA lysate (Beyotime,
Shenzhen, Guangdong). The supernatant after centrifugation was
collected, and the protein lysate was assayed using a double myosin
assay kit (Pierce). Equal amount of proteins were isolated using
SDS-PAGE and electrophoretically transferred onto polyvinylidene
fluoride (PVDF) membranes (Millipore, Billerica, MA, United
States). Then, the membranes were blocked in 5% nonfat milk for
1 h followed by incubation with primary antibodies overnight at
4 °C. After incubation with secondary antibody for 1 h, proteins
were visualized with enhanced chemiluminescence (ECL) sub-
strates (PerkinElmer, Inc., MA, USA). The primary antibody is shown
as follow: anti-Bcl-2, anti-Bax, anti-]JNK1/2/3, anti-p-JNK1/2/3
(phospho T183 + T183 + T221), anti-p38, anti-p-p38 (phospho
T180 + Y182) (Abcam, 1:1000 dilution) and anti-cleaved Caspase3
(c-Caspase3, Abcam, 1:500 dilution), anti-p-actin (Abcam, 1:5000
dilution). Each experiment was repeated at least three times.

2.6. Enzyme linked immunosorbent assay (ELISA)

Supernatants of cell culture medium were collected after the
experiment. According to the protocol of the manufacturer,
expression of Apelin-12 (phoenix pharmaceuticals, USA), tumor
necrosis factor-o. (TNF-a), interleukin-1beta (IL-1f) and
interleukin-6 (IL-6) (Boster, Wuhan, China) were detected in the
supernatant.
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2.7. Measurement of ROS generation

We used dichloro-dihydro-fluorescein-diacetate (DCFH-DA), a
membrane-permeable and Ross-sensitive dye to determine the
amount of ROS accumulated. DCFH-DA is first converted to 2,7-
dichlorodihydrofluorescein by intracellular esterase and then
oxidized by ROS into highly fluorescent 2,7-dichlorofluorescein
molecules. The assay was performed according to the manu-
facturer's protocol by first washing these cells twice with ice-cold
phosphate buffered saline (PBS) and incubating with DMEM me-
dium containing 10 uM DCFH-DA. The sample was then centrifuged
at 800 g for 5 min, washed twice with ice-cold PBS, and each group
was measured by flow cytometry.

2.8. Measurements of the activities of antioxidant enzymes

Malondialdehyde (MDA) and superoxide dismutase (SOD) are
important biomarkers of oxidative stress. We processed the cell
supernatants according to the manufacturer's protocol for detec-
tion and measured the activity of these enzymes in a microplate
reader. The kit for measuring MDA and SOD was purchased from
Nanjing Jiancheng Bioengineering Institute (Nanjing, China).

2.9. Luciferase reporter assays

The wild-type- (WT-) Apelin 3’UTR and the mutated- (MUT-)
Apelin 3'UTR were synthesized by Sangon Biotech (Shanghai,
China) and amplified by PCR. The WT and MUT exons of Apelin
were inserted downstream of the firefly luciferase reporter gene in
the psiCHECK-2 vector. The luciferase reporters constructed were
psiCHECK-2-WT-Apelin-3’'UTR  and  psiCHECK-2-MUT-Apelin-

3’'UTR. For luciferase assays, cells were seeded into 24-well plates
and transfected with miR-503 mimics (stable miR-503-
overexpression) and the control (mimics NC) using Lipofectamine
2000 (Invitrogen). After 48 h, luciferase activity was measured
using a Clarity TM Luminescent Microplate Reader.

2.10. Statistical analysis

Differences between the two groups were compared using
Student's t test. Differences between multi-groups were assessed
using one-way analysis of variance (ANOVA, Prism version 5.0). All
results are expressed as mean =+ standard deviation (SD). A p value
less than 0.05 was considered statistically significant.

3. Result
3.1. The expression of miR-503 and Apelin-12 in DA model in vitro

First, we used MTT assays and flow cytometry to assess cell
damage in HG-induced in vitro model. The results showed that HG
significantly reduced cell viability in a time dependence (Fig. 1A). In
addition, HG induced cell apoptosis obviously (Fig. 1B), consistently,
increased c-Caspase3 expression, and decreased Bcl-2/Bax (Fig. 1C).
Next, the expression of miR-503 and Apelin-12 was examined by
qPCR and ELISA. In our results, miR-503 expression was markedly
increased in HG treated HMEC-1 cells compared to the normal
glucose (NG) group (Fig. 1D). However, the expression of Apelin-12
level was certainly reduced (Fig. 1E). Collectively, miR-503 may be
highly expressed while Apelin-12 lowly expressed in DA.
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Fig. 1. The expression of miR-503 and Apelin-12 in HG-induced HMEC-1 cells. (A) Cell viability detected by MTT assay. (B) Cell apoptosis assessed by flow cytometry. (C) Detection of
Bcl-2, Bax and cleaved Caspase3 expression by Western blotting. (D) The expression level of miR-503 determined by qPCR. (E) The level of Apelin-12 determined by qPCR and ELISA.

All data were represented by 3 independent experiments. *P < 0.05; **P < 0.01.
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3.2. Suppression of miR-503 attenuates HG-induced inflammation
and oxidative stress in HMEC-1 cells

We transfected miR-503 inhibitor and inhibitor-NC into HMEC-
1 cells and performed loss-of-function experiments to further
investigate the role of miR-503 in HG-induced microvascular
endothelial injury. According to our results, the addition of miR-503
inhibitor significantly down-regulated the expression of miR-503
in HG-treated cells and reduced apoptosis (Fig. 2A—B). Further-
more, miR-503 inhibition decreased the HG-induced ROS level
(Fig. 2C). Additionally, MDA level was restrained, whereas the ac-
tivity of SOD was increased in miR-503 supressing cells under HG
condition (Fig. 2D). Treatment of miR-503 inhibitor produced a
remarkable reduction in the expression of TNF-a, IL-1f and IL-6 at
both mRNA and protein levels (Fig. 2E—F). This suggested that in-
hibition of miR-503 expression can alleviate oxidative stress and
inflammation in HG-induced HMEC-1 cells.
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3.3. Apelin-12 is a target of miR-503

We next investigated the role of up-regulation of miR-503
induced by HG in the regulation of Apelin-12 expression in
HMEC-1. First, screening using web-based predictive software
starBase (http://starbase.sysu.edu.cn/index.php) revealed the
presence of a binding site between miR-503 and Apelin 3'UTR
(Fig. 3A). To verify this prediction, Apelin-WT/MUT were added to
the dual luciferase reporter vector, respectively. The results indi-
cated that miR-503 mimics obviously restrain the luciferase activity
of Apelin-WT transfected cells (Fig. 3B). In addition, the expression
of miR-503 was increased significantly after transfection of miR-
503 mimics into HMEC-1 cells (Fig. 3C), subsequently inhibited
Apelin-12 level (Fig. 3D). These data indicated that miR-503 directly
targeting Apelin-12, prompting miR-503 may affect the HG-
induced HMEC-1 cells injury through Apelin-12.
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Fig. 2. Effects of miR-503 on oxidative stress and inflammation induced by HG in HMEC-1 cells. (A) qPCR detection of miR-503 expression level. (B) Cell apoptosis assessed by flow
cytometry. (C) Measuring of ROS generation by DCFH-DA assay. (D) The ELISA kit detects MDA and SOD levels. (E) TNF-a, IL-1p, IL-6 mRNA expression levels detected by qPCR. (F)
ELISA measurement of protein expression levels of TNF-o, IL-1B and IL-6. All data were represented by 3 independent experiments. *P < 0.05; **P < 0.01.
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3.4. Effects of Apelin-12 on inflammation and oxidative stress in
HG-induced HMEC-1 cells

As shown, Apelin-12 decreased cell apoptosis remarkably in HG-
stimulated cells (Fig. 4A). We examined ROS production, MDA
levels and SOD activity in HMEC-1 cells to reflect oxidative stress in
cells. In Fig. 4B, the accumulation of ROS is significantly increased
when HMEC-1 cells are under HG conditions, which was inhibited
by Apelin-12 incubation. After HG treatment, our study demon-
strated that SOD activity was significantly decreased in HMEC-
1 cells compared with the control group, while the content of MDA
was significantly increased. Interestingly, Apelin-12 partially
reversed these results (Fig. 4C). These results indicate that Apelin-
12 can attenuate oxidative stress in HG-induced HMEC-1 cells. In
addition, compared with the HG group, the expression of TNF-«, IL-
1B, IL-6 were decreased significantly in Apelin-12 group, which
indicates that Apelin-12 could inhibit inflammation in HMEC-
1 cells induced by HG. From the above statement, miR-503/Apelin-
12 significantly attenuated inflammation and oxidative stress in
HG-induced HMEC-1 cells.

3.5. MiR-503/Apelin-12 mediates JNK and p38MAPK signaling
activation

We next investigated whether MAPK is involved in HG-induced
HMEC-1 cells damage. As depicted in Fig. 5A, B, HG apparently
induced JNK and p38 phosphorylation in HMEC-1 cells, indicating
the activation of JNK and p38. To further demonstrate whether miR-
503 and Apelin-12 can trigger phosphorylation of JNK and p38 in
HG-treated HMEC-1 cells, miR-503 inhibitor and si-Apelin were
transfected into cells. MiR-503 inhibitor significantly abolished
phosphorylation of JNK and P38 induced by HG, while si-Apelin
partially reversed these changes (Fig. 5A, B). Furthermore, Apelin-
12 significantly inhibited HG-induced JNK and p38 phosphoryla-
tion (Fig. 5C, D). The above results indicate that miR-503/Apelin-12
mediates HG-induced HMEC-1 cells injury via JNK and p38MAPK
signaling pathway.
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4. Discussion

In diabetic patients, complications associated with DA usually
occur, which can lead to heart failure or stroke [17]. Especially in
patients with vascular disease and type 2 diabetes, it is more prone
to peripheral microvascular diseases and peripheral nervous sys-
tem diseases in the kidney, retina and other parts [18]. In addition,
cardiovascular complications are a common complication of dia-
betes. Clinical statistics and experimental studies have demon-
strated that microvascular endothelial injury is widespread in
human patients or diabetic animal models [19]. In this study, HG-
induced HMEC-1 injury were assessed by cell viability, morpho-
logical observation and apoptosis. Then, the levels of oxidative
stress and inflammation related indicators and related pathway
proteins were detected after treated by miR-503 inhibitor and
Apelin-12. These results indicate that miR-503 inhibitor or Apelin-
12 can alleviate HMEC-1 oxidation stress and inflammation by
inhibiting JNK and p38MAPK pathway.

It is known that vascular-related complications are closely
associated with a higher risk in patients with type 2 diabetes [20].
MiRNAs are involved in many key metabolic processes in the body,
such as transcription and protein level regulation of inflammation
and anti-angiogenic pathways, which may lead to common disease
complications, including retinal microangiopathy caused by type 2
diabetes, neuropathy, nephropathy and ischemic diseases [21]. For
instance, miR-146a is down-regulated in both HG-induced endo-
thelial cell model and streptozotocin-induced rat diabetes model
[22]. MiR-181b not only plays a significant role in the regulation of
microvascular inflammation, but also inhibits inflammation of
vascular epithelial cells in the macrovasculature [23—25]. MiR-503
is a member of the miRNA-16 family and is expressed in a variety
types of diabetes, especially in its associated complications. Further
studies have demonstrated that phase II enzyme-inducing factor
(CPDT) regulates Nrf2/ARE signaling pathway by affecting miR-503
activity and protects against diabetic cardiomyopathy [26]. There-
fore, miR-503 may be a new potential therapeutic target for the
treatment of diabetic complications. Likewise, in our study, we

Relative protein level of
p-p38/p38

Relative protein level of
p-p38/p38

+ + - .HG - + + -
Apelin-12 - - + +

Fig. 5. miR-503/Apelin-12 mediates activation of JNK and p38MAPK signaling pathways. (A&C) JNK phosphorylation level evaluated by western blotting. (B&D) p38 phosphory-
lation level evaluated by western blotting. All data were represented by 3 independent experiments. *P < 0.05; **P < 0.01.
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Fig. 6. Schematic illustration of the effects of miR-503/Apelin-12 on HG-induced HMEC-1 cells damage.

found that miR-503, which increased in DA, closely related to the
increased levels of oxidative stress index and inflammatory cyto-
kines. Exhilaratingly, we also found that Apelin-12 was lowly
expressed in DA and miR-503 overexpression inhibited its expres-
sion, indicating Apelin-12 is a target of miR-503.

Apelin was first purified by Tatemoto and co-workers from
bovine stomach and identified as a novel endogenous peptide
ligand for APJ [27]. Apelin and AP] are expressed in the endothelial
cells of blood vessels [28]. Studies have shown that the expression
of Apelin in plasma of diabetes mellitus patients is dramatically
increased [29]. Our results of qPCR and ELISA verified that Apelin is
involved in DA development. Increased Apelin level also signifi-
cantly reduces macrophage load in the arterial wall, thereby
exerting a direct anti-inflammatory effect [30]. Apelin-13 infusion
effectively inhibits vascular lesion formation and suppresses the
expression of TNF-a and IL-1B, such anti-inflammatory and vaso-
relaxation effects reduce the atherosclerosis formation and lower
the risk of heart ischemia in diabetics [31,32]. Equally, according to
our data, Apelin-12 weakened the expression of TNF-o, IL-1, IL-6,
which can act both locally and systemically; therefore, their pro-
duction and secretion need to be tightly regulated [33], exerted
anti-inflammatory effect in HG-induced HMEC-1 cells injury.
Increasing antioxidant activity is important for mitigating cell
damage caused by ROS, which can change cell membrane perme-
ability, lead to cell structure destruction and lipid peroxidation, and
finally induce cell damage attribute to loss of key enzymes [34,35].
SOD can decompose H,0, and O3 and prevent them from becoming
more reactive hydroxyl radicals, is the first defense line against
oxidative damage [36]. In our results, Apelin-12 also increased SOD
level and decrease MDA and ROS levels in HMEC-1 cells, indicated
potential ability on anti-oxidation. Moreover, Bcl-2/Bax in cells,
resulting in increased mitochondrial membrane permeability, cy-
tochrome c release, Caspase3 activation, and apoptosis [37], were
significantly down-regulated by Apelin-12 intervention.

It's clearly proved that the generation of ROS significantly
aggravated the activation of glucose-stimulated oxidative stress
and MAPKs signaling, including p38, ERK1/2 and JNK [38]. In the
p38 pathway, p38 is activated by MKK3 or MKK6, and these
MAP2KSs are activated by the same MAP3Ks that function in the JNK
pathway [39]. The JNK and p38 signaling pathways are activated by
various types of cellular stress such as oxidative and by proin-
flammatory cytokines such as TNF-o. and IL-1f [39]. Recently, it has

been reported that the activity of p38MAPK in Type 2 Diabetes was
increased, subsequently contributed to the increase of inflamma-
tory cytokine gene expression [40]. In addition, studies have shown
that phosphorylation level of p38MAPK are significantly increased
in vascular endothelial cells exposed to HG [41]. Taken together, it
can be inferred from these results that excessive ROS accumulated
under HG conditions and stimulated the production of inflamma-
tion and oxidative stress, which in turn causes DA through
p38MAPK pathway. In the current study, our results indicated that
miR-503 significantly upregulated the phosphorylation of JNK and
p38MAPK in HG-treated HMEC-1 cells, but Apelin-12 showed the
opposite effects. Therefore, the regulation of inflammation and
oxidative stress by Apelin-12 and miR-503 might be related to its
effects on the phosphorylation of JNK and p38MAPK. However, the
effect of miR-503/Apelin-12 on diabetic vascular disease has not
been validated at the animal level. The study of the effects of miR-
503/Apelin-12 in animal models of DA would be our further
research program.

5. Conclusions

MiR-503 inhibited Apelin-12 level by targeting the promoter
region of the Apelin gene by binding to its 3’'UTR and moderate the
HG-induced HMEC-1 injury through JNK and p38MAPK signaling
pathway (Fig. 6). These findings enrich the pathology of DA and
provide a theoretical basis for innovative therapeutic strategies of
DA based on regulating miR-503/Apelin-12 level.
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