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Abstract: Objective: The dysfunction of vascular smooth muscle cells (VSMCs) has been revealed to be closely linked
with the pathogenesis of cardiovascular diseases in diabetes. Recently, circular RNAs (circRNAs) were found to regu-
late the behaviors of VSMCs. Here, we attempted to study the role of circLRP6 in VSMCs under diabetes condition.
Methods: Human VSMCs were cultured under the condition of normal glucose (NG) or high glucose (HG). VSMC
viability and proliferation were estimated by CCK-8 and 5-ethynyl-2’-deoxyuridine (EdU) incorporation assays. VSMC
migration and invasion were assessed via wound-healing and transwell experiments. Protein expression of HMGAL
was measured in VSMCs using western blot and immunofluorescence analysis. Relative expressions of circLRP6,
miR-545-3p, and HMGAL1 mRNA were estimated in VSMCs using gRT-PCR. The co-localization of circLRP6 and miR-
545-3p was verified by fluorescence in situ hybridization (FISH) analysis. Binding sequence of miR-545-3p in cir-
cLRP6 or HMGA1 was predicted using StarBase tool, and verified by RNA immunoprecipitation and dual-luciferase
reporter experiments. Results: HG exposure promoted VSMC proliferation, migration and invasion, upregulated the
circLRP6 expression, and downregulated HMGA1 expression. Knockdown of circLRP6 or overexpression of miR-
545-3p abrogated the HG-caused VSMC proliferation, migration and invasion. CircLRP6 severed as a miR-545-3p
sponge, and HMGA1 was targeted by miR-545-3p. MiR-545-3p inhibitor blocked the suppressive effects of si-circlL-
RP6 on VSMC in the presence of HG. Conclusion: These findings suggest that circRNA LRP6 promotes HG-induced
VSMC proliferation and migration through regulating miR-545-3p/HMGA1 signaling axis.
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Introduction forming contractile and synthetic functions [4].
VSMCs display organized and differentiated
phenotype under physiological condition, while
they can switch to a proliferative phenotype
upon extracellular stimuli [5]. Studies have sug-
gested that diabetes or high glucose (HG) ex-
posure could trigger excessive VSMC prolifera-
tion and migration, contributing to the increas-
ed incidence of diabetic vascular disorders [5,
6]. Thus, preventing VSMCs from abnormal pro-
liferation and migration could be a valuable
intervention option for the treatment of diabe-

Diabetes mellitus (DM), a common type of ch-
ronic metabolic disorders, is featured by hyper-
glycemia caused by the deficiency of insulin [1].
The prevalence of DM has been found to be
sharply elevated in recent decades, and the
number of DM patients between the ages of 20
and 79 is predicted to reach 642 million by
2040 [2]. As one of the most common compli-
cations caused by long-term hyperglycemia,
cardiovascular disease (CVD) is a primary ca-

use of mortality among DM patients, account-
ing for over 75% of mortality among type 2
DM patients [3]. Vascular smooth muscle cells
(VSMCs) are well known to be plastic to alter
their morphology and growth state, thus per-

tes-related CVD.

As an emerging subfamily of non-coding RNAs
(ncRNAs), circular RNAs (circRNAs) exist widely
and stably in eukaryotes with a unique circular
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structure [7]. CircRNAs have been well docu-
mented to be linked with diverse pathological
and physiological activities by serving as pivot-
al molecular regulators [8, 9]. Their expression
patterns can reflect alterations in biological
events that link with disease initiation [10]. A
high-throughput RNA sequencing performed
recently has found 112 circRNAs dysregulated
in platelet-derived growth factor treated VS-
MCs compared to normal control VSMCs [11].
In another study, a total of 983 differentially
expressed circRNAs were identified in HG tre-
ated VSMCs by a circRNA microarray [12]. The-
se findings indicated that circRNAs act as
an important participant in the proliferation of
VSMCs. Moreover, multiple circRNAs have been
shown to control VSMC proliferation and migra-
tion under pathological environments through
diverse mechanisms [13, 14]. CircRNA LRP6
(circLRP®G) derived from LRP6 gene was previ-
ously revealed to be correlated with the devel-
opment of various diseases [15, 16]. Recently,
circLRP6 was found to be enriched in both
mouse and human VSMCs using RNA sequen-
cing and bioinformatics, and silencing of circL-
RP6 repressed VSMC migration and prolifera-
tion [17]. However, whether circLRP6 exhibits
biological functions in the diabetes-related
CVDs remains undetermined.

Therefore, this study was performed to ex-
plore the biological functions of circLRP6 in
HG-induced excessive VSMC proliferation and
migration. Meanwhile, we attempted to explore
the potential mechanisms by which circLRP6
functions in VSMCs under HG exposure.

Materials and methods
VSMC treatment

Human VSMCs were supplied by the ATCC
(USA) and cultured in DMEM (Invitrogen, USA)
containing 5.5 mM glucose (normal glucose,
NG) or 30 mM glucose (high glucose, HG). Ce-
lls were kept in a humidified condition with 5%
CO, at 37°C.

Cell viability and proliferation assessment

For CCK-8 assay, VSMCs (2x10%/well) were
subjected to CCK-8 reagent incubation for 2 h
after seeding in 96-well plates for 24 h. The
optical density of each well was tested by a
microplate reader (BMG Labtech, Germany) at
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450 nm. For EdU incorporation assay, VSMCs
were incubated with EAU (50 uM) for 12 h and
fixed with 4% paraformaldehyde, followed by
the detection of EdU incorporation using anti-
EdU antibody (Promega, USA). DAPI (Sigma,
USA) was used to label cell nuclei. Images we-
re observed with a fluorescence microscope
(Nikon, Japan).

Cell migration and invasion assessment

For wound-healing analysis, VSMCs were cul-
tured until 100% confluence in 6-well plates. A
scratch was then created on the cell surface,
and cells were cultured for another 48 h. The
width of scratch was measured after O h and
48 h of scratching. Transwell chambers (BD
Bioscience, USA) coated with Matrigel (BD Bio-
science) were employed to evaluate cell inva-
sion of VSMCs. Complete DMEM (500 L) was
added into the lower chamber, and serum-free
DMEM (200 uL) containing 2x10° VSMCs were
added into the upper chamber. After 24 h of
culture, cells invaded into the lower compart-
ment were fixed by ethanol followed by the
staining with crystal violet.

Western blot

VSMC proteins were extracted by RIPA buffer
(Beyotime, China). Proteins (50 pg) were then
isolated in 10% SDS-PAGE, and target proteins
were transferred to nitrocellulose membrane.
After 2 h of incubation with low-fat milk (5%),
the membranes were incubated overnight with
primary antibodies against HMGA1 (Rabbit,
1:10000, ab129153, Abcam) and GAPDH (1:
5000, ab8245, Abcam). Afterwards, the mem-
branes were incubated for 2 h with indicated
HRP-conjugated secondary antibody. Enhanc-
ed chemiluminescence reagent (EMD Millipore,
USA) was applied to detect signals, followed by
the analysis using Image J software.

Immunofluorescence analysis

After fixation, VSMCs were washed with PBS
and subsequently incubated with normal don-
key serum containing 0.5% Triton X-100 for 2 h.
Then, primary antibodies against HMGA1 (Rab-
bit, 1:500, ab129153, Abcam) was added into
the PBS and incubated overnight. After washing
with PBS, VSMCs were incubated with donkey-
anti-rabbit-488 (1:200, Abcam) secondary anti-
body for 2 h.
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Quantitative real-time PCR (RT-PCR) analysis

TRIzol reagent (Thermo Fisher Scientific, USA)
was employed to extract total RNAs of VSMCs
and 5 pg of RNA samples were subjected to
reverse transcription into cDNA using Gibco
BRL kit (Life Technologies, USA). PCR process
was conducted in the presence of indicated
primers and cDNA with the help of SYBR-
GreenPCR kit (Takara, Japan) on the ABI7500
Fast Real-Time PCR System (PE Applied Bio-
systems). Sequences of primers used in this
study were listed as follows:

circLRP6: F: 5-CAAGATTGAGGCAGGCAGTG-3,
R: 5-GCTCCAGTCAGTCCAGTACA-3’; HMGA1: F:
5-AAGGGGCAGACCCAAAAA-3’, R: 5-TCCAGTC-
CCAGAAGGAAGC-3’; MiR-545-3p: 5-TGGCTCA-
GTTCAGCAGGAAC-3’, R: universal reverse pri-
me; U6: F: 5-CGCTTCGGCAGCACATATACTAAA-
ATTGGAAC-3’, R: 5’-GCTTCACGAATTTGCGTGTC-
ATCCTTGC-3’; GAPDH: F: 5-GCATCCTGGGCTA-
CACTG-3’, R: 5-TGGTCGTTGAGGGCAAT-3..

Fluorescence in situ hybridization (FISH)

The co-localization of circLRP6 and miR-545-
3p in VSMCs was verified by FISH assay using
Cy3-labeled circLRP6 and FITC-labeled miR-
545-3p probes according to the protocols of
the Fluorescent In Situ Hybridization Kit (Ge-
neseed, China). To determine the localization of
circLRPG, only Cy3-labeled circLRP6 was used.
U3 and GAPDH were applied as control.

Cell transfection

CircLRP6 overexpression vector was estab-
lished by sub-cloning the circLRP6 sequence
into the pLCDH-ciR vector (Geenseed Biotech,
China, sequence: TGATCAAATAGCAGAGCTCTCT-
GGCTAACTAGAGAACCCACTGCTTACTGGCTTAT-
CGAAATTAATACGACTCACTATAGGGAGACCC-
AAGCTGGCTAGAAAAGTGCTGAGATTACAGGCG-
TGAGCCACCACCCCCGGCCCACTTTTTGTAAA-
GGTACGTACTAATGACTTTTTTTTTATACTTC-
AGGCAGGCAGTGGTTAAAGGTTCCCTTCCACA-
TCCTTTTGCCTTGACGTTATTTGAGGACATAT-
TGTACTGGACTGACTGGAGCACACACTCCATTT-
TGGCTTGCAACAAGTATACTGGTGAGGGTCTGC-
GTGAAATCCATTCTGACATCTTCTCTCCCATGGAT-
ATACATGCCTTCAGCCAACAGAGGCAGCCAAATG-
CCACAAATCCATGTGGAATTGACAATGGGGGTT-
GTTCCCATTTGTGTTTGATGTCTCCAGTCAAG-
CCTTTTTATCAGTGTGCTTGCCCCACTGGGGT-
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CAAACTCCTGGAGAATGGAAAAACCTGCAAA-
GATGGTGCCACAGAATTATTGCTTTTAGCTC-
GAAGGACAGACTTGAGACGCATTTCTTTGGATA-
CACCAGATTTTACAGACATTGTTCTGCAGTTAG-
AAGACATCCGTCATGCCATTGCCATAGATTACG-
ATCCTGTGGAAGGCTACATCTACTGGACTGA-
TGATGAAGTGAGGGCCATACGCCGTTCATT-
TATAGATGGATCTGGCAGTCAGTTTGTGGTCA-
CTGCTCAAATTGCCCATCCTGATGGTATTGC-
TGTGGACTGGGTTGCACGAAATCTTTATTGGA-
CAGACACTGGCACTGATCGAATAGAAGTGACA-
AGGCTCAATGGGACCATGAGGAAGATCTTGAT-
TTCAGAGGACTTAGAGGAACCCCGGGCTATTGT-
GTTAGATCCCATGGTTGGGTACATGTATTGGAC-
TGACTGGGGAGAAATTCCGAAAATTGAGCGAGC-
AGCTCTGGATGGTTCTGACCGTGTAGTATTGGT-
TAACACTTCTCTTGGTTGGCCAAATGGTTTAGC-
CTTGGATTATGATGAAGGCAAAATATACTGGG-
GAGATGCCAAAACAGACAAGATTGAGGTAAG-
AAGCAAGGAAAAGAATTAGGCTCGGCACGGTAG-
CTCACACCTGTAATCCCAGCATAGCTTAAGT-
TTAAACCCGCTGATCAGCCTCGACTGTGCCTT-
CTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCC-
CCGTGCCTTCCTTGACCCTGGAAGGTGCCAC-
TCCCACTGTCCTTTCCTAATAAAATGAGGAAA-
TTGCATCGCATTGTCTGAGTAGGTGTCATTCTA-
TTCTGGGGGGTGGGGTGGGGCAGGACAGCAAG-
GGGGAGGATTGGGAAGACAATAGCAGGCATG-
CTGGGGATGCGGTGGGCTCTATGGCTTCTGAGG-
CGGAAAGAACCAGCTGGGGCTCTAGGGGGT-
ATCCCCACGCGCCCTGTAGCGGCGCATTAAGCG-
CGGCGGGTGTGGTGGTTACGCGCAGCGTGACC-
GCTACACTTGCCAGCGCCCTAGCGCCCGCTCCT-
TTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTC-
GCCGGCTTTCCCCGTCAAGCTCTAAATCGGG-
GGCTCCCTTTAGGGTTCCGATTTAGTGCTTTAC-
GGCACCTCGACCCCAAAAAACTTGATTAGGT-
GATGGTTCACGTAGTGGGCCATCGCCCTGAT-
AGACGGTTTTCGCCCTTTGACGTTGGAGTCC-
ACGTTCTTTAATAGTGACTCTTGTTCCAAACTG-
GAACAACA). The siRNA targeting back splice
junction of circLRP6 (si-circLRP6, sequence:
AGA TTG AGG CAG GCA GTG GTT) was generat-
ed by Geenseed Biotech, and a scramble siRNA
was used as negative control (si-NC, sequence:
CAG UAC UUU UGU GUA GUA CAA). MiR-545-
3p mimic and inhibitor were provided by Gene-
Pharma (Shanghai, China). Cell transfection
was executed using Lipofectamine 3000 (Invi-
trogen, USA).

RNA immunoprecipitation (RIP)

EZ-Magna RIP™ Kit (Millipore, USA) was used in
RIP assay. In brief, VMSCs were lysed in RIP
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buffer and the cell lysates were collected and
incubated with magnetic beads conjugated
with 18G or Ago2 (Millipore). After purification,
immunoprecipitated RNA was examined by
gRT-PCR.

Dual-luciferase reporter assay

The wild type (WT) miR-545-3p binding se-
quences of circLRP6 and HMGA1 were respec-
tively sub-cloned into pmiRGLO-basic vectors
(Genecreate, China), referred to as: circLRP6-
WT and HMGA1-WT. Mutant miR-545-3p se-
quence was also inserted into pmiRGLO-basic
vectors as negative control, referred to as: cir-
cLRP6-MUT and HMGA1-MUT. To verify the in-
teraction between miR-545-3p and circLRPG,
miR-545-3p mimic or miR-NC was co-transfe-
cted into VSMCs with circLRP6-WT, circLRP6-
MUT or empty pmiRGLO vector using lipofe-
ctamine 3000. After 24 h of transfection, the
activities of firefly and Renilla luciferase were
assessed. Interplay between miR-545-3p and
HMGA1 was verified as mentioned above.
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Figure 1. HG exposure increased circLRP6 ex-
pression while decreased HMGA1 expression
in VSMCs. (A) CCK-8 assay and (B) EdU stain-
ing were employed to estimate proliferation of
VSMCs under NG and HG condition. (C and D) Ef-
fects of HG exposure on the migratory and inva-
sive abilities of VSMCs were assessed by wound-
healing and transwell assays. (E) CircLRP6 level
in NG- and HG-treated VSMCs was measured via
gRT-PCR. (F) The subcellular localization of cir-

GAPDH circLRP6 CLRPG in VSMCs was determined by FISH assay.

Statistical analysis

Data were expressed as mean + standard de-
viation. Student’s t test or one way ANOVA was
conducted to evaluate significant difference
using Graphpad Prism (Version 7.0, USA). P
value less than 0.05 was considered statisti-
cally significant.

Results

HG exposure increased circLRP6 level in
VSMCs

We first estimated the influences of HG expo-
sure on cell viability and proliferation of VSMCs.
CCK-8 result indicated that cell viability was sig-
nificantly increased in HG (30 mM)-exposed
VSMCs compared with the NG (5.5 mM)-treat-
ed VSMCs (Figure 1A). Consistently, EdU incor-
poration assay suggested that HG exposure
increased VSMC proliferation compared with
the NG group (Figure 1B). Next, the influences
of HG exposure on VSMC migration and inva-
sion were estimated. Compared to NG group,

Am J Transl Res 2021;13(8):8909-8920



CircLRP6 promotes high glucose induced proliferation of VSMCs

both the migratory and invasive abilities of VS-
MCs were dramatically increased after 48 h of
exposure to HG (Figure 1C and 1D). To deter-
mine the potential roles of circLRP6 in VSMCs
under diabetic condition, the expression of cir-
cLRP6 was examined in NG- and HG-treated
VSMCs. Relative expression of circLRP6 was
found to be upregulated in HG-treated VSMCs
compared with that in NG-treated VSMCs (Fi-
gure 1E). Additionally, we demonstrated that
circLRP6 was primarily localized in the cyto-
plasm of VSMCs using FISH (Figure 1F). These
findings indicated that circLRP6 may play a role
in the abnormal behavior of VSMCs under dia-
betic condition.

Knockdown of circLRP6 repressed HG-induced
VSMC proliferation, migration, and invasion

To assess the role of circLRP6 in HG induced
VSMC proliferation, migration, and invasion, we
silenced the expression of circLRP6 by intro-
ducing si-circLRP6, and gRT-PCR results veri-
fied the successful knockdown of circLRP6 in
VSMCs (Figure 2A). By employing CCK-8, EdU
incorporation, wound-healing, and transwell as-
says, we observed that the HG exposure-in-
duced VSMC proliferation, migration, and inva-
sion were all reversed by the silencing of circ-
LRP6 (Figure 2B-E). These findings indicated
that circLRP6 silencing abolished the pro-prolif-
erative effects of HG on VSMCs.

CircLRP6 served as a sponge of miR-545-3p

To explore the regulatory mechanism of circl-
RP6 in VSMCs under diabetic condition, we
focused on “miRNA sponges” since circLRP6
was found to be mainly located in the cyto-
plasm of VSMCs. StarBase (v2.0) tool was
employed to predict miRNAs associated with
circLRP6, and miR-545-3p was found to be a
target miRNA of circLRP6 (Figure 3A). We then
performed RIP assay using AGO2 antibody.
0gRT-PCR results indicated that endogenous cir-
cLRP6 was enriched in AGO2 group, implying
that circLRP6 possesses the ability to sponge
miRNAs (Figure 3B). Results from luciferase
reporter experiment indicated that the lucifer-
ase activity driven by circLRP6-WT, but not
pmiRGLO-control or circLRP6-MUT, was dra-
matically attenuated by miR-545-3p overex-
pression (Figure 3C). Luciferase activity was
not affected by the transfection of NC mimic. By
FISH, we found that the co-localization of circlL-
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RP6 and miR-545-3p was significantly elevated
in the VSMCs transfected with circLRP6 and
miR-545-3p mimic (Figure 3D). Moreover, a
remarkable miR-545-3p upregulation was
found in the circLRP6-silenced VSMCs (Figure
3E). These findings suggested that circLRP6
could negatively modulate the level of miR-
545-3p by serving as a sponge of miR-545-3p.

miR-545-3p targeted and negatively regulated
HMGA1 expression

Next, we sought to screen the miR-545-3p tar-
get gene. Through StarBase (v2.0) prediction
tool, HMGA1 was predicted to interact with
miR-545-3p (Figure 4A). In luciferase reporter
experiment, we observed a remarkable inhibi-
tion of luciferase intensity in the VSMCs co-
transfected with miR-545-3p and HMGA1-WT,
while luciferase activity was not affected by the
transfection of NC mimic or the co-transfection
of miR-545-3p and HMGA1-MUT (Figure 4B).
Moreover, we found that HMAG1 were dramati-
cally decreased in the VSMCs transfected with
miR-545-3p mimic (Figure 4C and 4D). Con-
versely, the HMAG1 mRNA and protein were
dramatically increased in the VSMCs transfect-
ed with miR-545-3p inhibitor compared to
VSMCs transfected with NC inhibitor (Figure 4C
and 4D). We also examined the expression
of HMGA1l in si-NC or si-circLRP6-treated
VSMCs by western blot and immunofluores-
cence analysis under NG and HG condition.
Results indicated a significant upregulation of
HMGA1 in HG-treated VSMCs compared to that
in NG-treated VSMCs, while the HG-induced
upregulation of HMGA1 was abolished by the
transfection of si-circLRP6 (Figure 4E and 4F).
These findings argued that miR-545-3p nega-
tively modulated HMGA1 by binding to it, and
circLRP6 could regulate the expression of
HMGA1 through miR-545-3p.

miR-545-3p overexpression repressed HG-
induced VSMC proliferation, migration, and
invasion

Subsequently, we evaluated the impacts of
miR-545-3p on HG-induced cell proliferation,
migration, and invasion of VSMCs. Compared
to NC mimic group, miR-545-3p was upregu-
lated in miR-545-3p overexpressed VSMCs
(Figure 5A). Functionally, miR-545-3p mimic
transfection abolished the increased cell pro-
liferation, migration, and invasion of VSMCs

Am J Transl Res 2021;13(8):8909-8920
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Figure 2. Knockdown of circLRP6 repressed HG induced VSMCs proliferation, migration, and invasion. (A) Knockdown efficiency of si-circLRP6 in VSMCs was exam-

ined via gRT-PCR after 24 h of transfection. After transfection with si-NC (negative control) or si-circLRP6 for 48 h in culture medium containing NG or HG, VSMCs
were subjected to the analysis of cell proliferation (B and C), migration (D), and invasion (E).
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induced by HG (Figure 5B-E). Additionally, the
upregulation of HMGA1 protein induced by HG
was abrogated by the transfection with miR-
545-3p mimic (Figure 5F and 5G). These re-
sults indicated that miR-545-3p overexpres-
sion could reverse HG-induced VSMC prolife-
ration, migration, and invasion by inhibiting
HMGAZ1 expression.

CircLRP6/miR-545-3p/HMGA1 axis partici-
pated in the HG-induced VSMCs proliferation,
migration, and invasion

Finally, rescue experiments were carried out to
determine whether the effect of circLRP6 on
HG-treated VSMCs was mediated by miR-545-
3p/HMGA1 axis. To this end, HG-treated VSMCs
were co-transfected with si-circLRP6 and miR-
545-3p inhibitor followed by the examination
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6A and 6B). In the functional
analysis, miR-545-3p inhibitor
blocked the suppressive effect
of si-circLRP6 on VSMC prolif-
eration, migration, and inva-
sion in the presence of HG
(Figure 6C-F). Taken together,
circLRP6 repressed HG-induc-
ed VSMC proliferation, migra-
tion, and invasion by regulating
o miR-545-3p/HMGA1 axis.

AGO2 IgG

Discussion

Long-term hyperglycemia in-
duced CVD-related complica-
tions, including hypertension,
atherosclerosis and resteno-
sis, are the primary causes of
DM patients’ mortality [18,
19]. As a key component of
artery wall, the excessive VS-
MC growth and migration are
fundamental processes in the
pathological development of
diabetic-related CVDs [20]. He-
rein, we revealed that HG exposure increased
circLRPG6 level in VSMCs, and knockdown of cir-
cLRP6 abolished the HG-induced VSMC prolif-
eration and migration. Mechanistically, we
revealed that circLRP6 could indirectly regulate
HMGA1 expression by serving as miR-545-3p
sponge. Moreover, rescue assays indicated
that the promotive impact of circLRP6 on HG
induced VSMC proliferation and migration was
mediated by miR-545-3p/HMGA1 axis.

Accumulating evidences have suggested that
the dysregulation of circRNAs may be detri-
mental to cardiovascular system by controlling
VSMC proliferation and migration [21]. For in-
stance, circCHFR was reported to be decreas-
ed in the ox-LDL treated VSMCs by microarray
analysis and circCHFR silencing suppressed
VSMC proliferation and migration in vitro by

Am J Transl Res 2021;13(8):8909-8920
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potential miR-545-3p binding sites in HMGA1. (B) Interplay between miR-545-3p and HMGA1 was tested by dual-
luciferase reporter assay in VSMCs. (C and D) Relative mRNA and protein expression levels of HMGA1 in VSMCs
treated with miR-545-3p mimic and inhibitor. NC mimic and NC inhibitor were used as negative control. (E) Western
blot and (F) immunofluorescence analyses for HMGAZ1 in VSMCs treated with si-NC and si-circLRP6 under NG and

HG condition for 24 h.

miR-37-/Cyclin D1 pathway [14]. Recently, ex-
somal circRNA-0070930 derived from human
vascular endothelium was found to induce the
senescence of VSMCs under HG condition by
regulating miR-622/Krase ceRNA network [22].
Moreover, circWDR77 was reported to facilitate
the proliferation and migration of VSMCs under
HG condition through modulating miR-124/
FGF-2 axis [12]. CircLRP6 was previously re-
vealed to play a key role in epithelial-mesenchy-
mal transition, autophagy, and proliferation of
various tumor cells [23]. Recently, circLRP6
was reported to regulate high-glucose induced
proliferation, oxidative stress, inflammatory re-
sponse, and extracellular matrix of mesangial
cells [24], indicating a key role of circLRP6 in
the pathogenesis of diabetic nephropathy. Of
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note, circLRP6 was found to impact the prolif-
eration and migration of VSMCs [17]. Given the
fact that excessive proliferation of VSMCs has
been demonstrated to be closely correlated wi-
th the pathogenesis of diabetic-related CVDs,
we speculated that circLRP6 might be involved
in the regulation of HG-induced proliferation
and migration of VSMCs. Herein, we found that
HG exposure increased the proliferation and
migration of VSMCs. Meanwhile, circLRP6 was
found to be upregulated under HG condition,
which implied a close correlation between the
expression level of circLRP6 and the prolifera-
tion and migration of VSMCs. Moreover, loss-of-
function assays indicated that circLRP6 silenc-
ing repressed the proliferation and migration of
VSMCs in vitro.
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VSMCs were subjected to the analysis of cell proliferation (B and
C), migration (D), and invasion (E). (F) Western blot and (G) immu-
nofluorescence assays were carried out to measure the expres-
sion of HMGA1 in VSMCs transfected with NC mimic or miR-545-
3p mimic under NG or HG condition.
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Figure 6. CircLRP6/miR-545-3p/HMGA1 axis participated in the HG induced VSMCs proliferation, migration, and
invasion. (A and B) After co-transfection with si-circLRP6 and miR-545-3p inhibitor, VSMCs were subjected to the
detection of HMGA1 mRNA and protein. The treated VSMCs were also subjected to the assessment of proliferation

(C and D), migration (E), and invasion (F).

CircRNAs are well known as pivotal gene regu-
lators by acting as miRNA sponges, thereby
impacting the development of CVDs [25, 26].
Here, for the first time, we identified that circL-
RP6 could act as a sponge of miR-545-3p, a
miRNA with important function in various hu-
man diseases, especially in cancers [27-29].
However, the role of miR-545-3p in CVDs has
not been reported yet. Our findings showed that
miR-545-3p overexpression could repress the
proliferation and migration of VSMCs by target-
ing HMGA1. As a key nuclear factor, HMGA1
involves in the regulation of chromatin struc-
ture and transcription by targeting AT-rich se-
quences in the promoter area of DNA [30].
Evidences have shown that HMGA1 could influ-
ence the function of insulin by directly binding
to the promoter of insulin receptor, thus partici-
pating in the initiation and progression of DM
[31]. Studies also revealed that HMGA1 activa-
tion could promote HG-induced VSMC prolifera-
tion by upregulating PI3K/Akt signaling path-
way [32]. Here, we revealed that HMGA1 was
increased in HG treated VSMCs. Moreover,
miR-545-3p inhibition was found to not only
abolish the repressive effects of si-circLRP6
on HMGA1 expression under HG condition, but
also block the suppressive effects of si-circL-
RP6 on VSMC proliferation, migration, and inva-
sion in the presence of HG. These findings
implied that circLRP6 maintained HMGA1 ex-
pression by sponging miR-545-3p to impact
the proliferation and migration of VSMCs in-
duced by HG.

In conclusion, our findings suggested that cir-
cLRP6/miR-545-3p/HMGA1 axis takes part in
modulating VSMCs proliferation and migration
under HG condition, thus indicating that circL-
RP6 might be a promising target for the treat-
ment of diabetic-related CVDs.
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