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Abstract: Background: Circular RNA is a novel type of RNAs and may regulate gene expression in cells. It is also
involved in various biological processes. The high glucose stress is one of the major risk factors for cardiovascular
diseases. It can induce vascular endothelial cell apoptosis. However, the role and biological function of circRNA is
still unclear under high glucose. The purpose of this study is to investigate the role of circRNAs in human umbili-
cal vein endothelial cells (HUVECs) induced by high glucose. Method and results: We investigated the expression
pattern of circRNA-001175 and the cell proliferation, tubule formation and apoptosis of human umbilical vein en-
dothelial cells (HUVECs) induced by high glucose. The real-time PCR results showed that the glucose treatments
gradually decreased the expressions of circRNA-001175 in a concentration dependent manner. The CCK-8 assay
showed that high glucose treatment significantly decreased the cell viability, while the decrease was reversed by the
up-regulation of circRNA-001175. Also, the circRNA-001175 transfection showed protective effect on the prolifera-
tion decrease induced by high glucose treatment. The Hoechst staining and flow cytometry analysis showed that
the Up-regulation of circRNA-001175 inhibits the HUVECs apoptosis induced by high glucose treatment. Further-
more, up-regulation of circRNA-001175 was observed to increases the tubule formation ability of HUVECs under
high glucose. Conclusions: CircRNA-001175 may play a key role of protection on HUVECs from high glucose stress.
CircRNA-001175 has great potential to become diagnostic or predictive biomarkers for high glucose disease and
provide new insights into the treatment of diseases.
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Introduction Recently, it has been demonstrated that the cir-
cular RNAs (circRNAs) belong to a particular
class of ubiquitous non-coding RNAs [7, 8].

Because of the circular structure and lacking of

High glucose has been considered as the risk
factor for cardiovascular disease [1]. Also, it

accounts for a lot of global mortality for diabet-
ic patients [2]. Vascular endothelium plays an
important role in high glucose-associated dia-
betes. Some researchers have demonstrated
that high glucose can affect cell apoptosis
level, which may increase the level of reactive
oxygen species in endothelial cells [3, 4], thus
causing cellular dysfunction and even cell
death [5, 6]. However, the underlying mecha-
nism of the effects of high glucose tress on
human endothelial cells is still not fully clear.

a b’cap, the circRNAs can not be translated to
proteins. In addition, the remarkable feature of
circRNAs is head-to-tail or backsplice junction,
and the exons of the RNA arise in reversed
order compared with chromosomal localization
[9]. The circRNAs performed cellular functions
by suppressing and binding to microRNAs (miR-
NAs) as miRNA sponges [10]. The circRNAs can
also play a key role in the responses of human
umbilical vein endothelial cells (HUVEC) to the
glucose stress by circRNA-miRNA-mRNA path-
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way [11]. Some evidences have indicated that
circRNAs mediate gene expression regulation
[10Q]. It showed that circRNAs take part in diabe-
tes mellitus diseases [7, 12, 13]. Therefore, we
proposed that the expression of circRNAs may
be involved in genes expression for the prog-
ress of diabetes mellitus, and the role of cir-
cRNA-001175 in the high glucose-induced
HUVECs was investigated.

Materials and methods
Cell culture

The HUVEC cells were acquired from American
Type Culture Collection and maintained in
Dulbecco’s modified Eagle’s medium supple-
mented with 20% fetal bovine serum (Sijiging,
Hangzhou, China). The cultures were kept in a
humidified air containing 5% carbon dioxide for
37°C. The cultures medium was refreshed
every two days. HUVECs were treated with dif-
ferent concentrations of glucose (5 mM, 10
mM, 20 mM, 30 mM) and 25 mM mannitol
(osmotic control) for 4 h, 12 h, 24 h, 48 h, and
72 h.

CircRNA-001175 mimic transfection

The circRNA-001175 mimics (GenePharma,
Shanghai, China) transfection was carried out
according to the manufacturer’s instructions. In
brief, 5x10° cells were cultured onto culture
plates for overnight at 37°C. CircRNA-001175
mimics or the negative control (NC) in 200 pl of
culture medium were mixed with 5 pl of Lipo-
fectamine 2000 transfection reagent (Thermo
Fisher Scientific, USA) and incubated at room
temperature for 20 min. After transfection, 2
mL of fresh culture medium containing 5 mM,
30 mM glucose, and 25 mM mannitol was
added to each well. The cells were further incu-
bated for cell proliferation, cell apoptosis, and
the tubule formation assay analysis.

Cell viability and proliferation assay

HUVECs were incubated with 5 mM (normal
control), 10 mM, 20 mM, 30 mM glucose, and
25 mM mannitol (osmotic control) for 4 h, 12 h,
24 h, 48 h and 72 h. Cell viability was deter-
mined with the Cell Counting Kit-8 (Bogoo,
Shanghai, China) according to the manufactur-
er’sinstructions. Briefly, 10 pl of CCK-8 solution
(5 mg/ml) was added to each well of plate and
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incubated with the cells for 2 h at 37°C. The
optical density was detected at the wave length
of 450 nm by using a microplate reader (Thermo
Fisher Scientific, Kalamazoo, MI, USA). For
detecting the cell proliferation of the transfect-
ed HUVECs, the optical density at 450 nm was
calculated every 24 h culturing period.

EdU staining

For EdU staining, the cells were fixed with meth-
anol, and washed twice with PBS, then incu-
bated in 3% bovine serum albumin (BSA) in
PBS. The cells were then incubated with freshly
prepared Click-iT reaction cocktail (Thermo
Fisher Scientific, USA) for 60 min at room tem-
perature in the dark. The cells were further
stained and then mounted in standard mount-
ing media. The stained cells were examin-
ed with Nikon Eclipse E600 fluorescence
microscope.

Apoptosis assay

The apoptosis level of treated HUVECs was per-
formed by cell apoptosis detection kit (Bo-
ehringer Mannheim, USA). The cells were col-
lected and fixed in methanol/acetone solution
for 8 minutes and washed with PBS. A 100 mL
sample of cells was incubated for 20 min in the
dark. The cells were then observed and photo-
graphed by a Nikon fluorescence microscope.

Flow cytometry analysis

The cell apoptosis rate was identified using the
FITC Annexin V Apoptosis Detection Kit | (BD,
USA) according to the manufacturer’s instruc-
tions. The HUVECs were collected and washed
with PBS. The cells were stained with 5 pl
annexin v-FITC for 15 min and then 5 ul propid-
ium iodide (PI) for 10 min in the dark. The cell
apoptosis rates were determined using a
FACSCanto Il cytometer (BD Biosciences, Ger-
many), and the percentage of apoptotic cells
was calculated.

Tubule formation assay

After circRNA-001175 mimics transfection, the
HUVECs were plated on Matrigel in a 24-well
plate. The degree of the angiogenic response
was evaluated after 20 h of incubation in com-
plete medium at 37°C. The length of tubes in
10 randomly chosen low-power fields from
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Figure 1. Cell viability of HUVECs and the expression
levels of circRNA-001175 in HUVECs. A: Cell viabili-
ties after glucose (10 mM, 20 mM, and 30 mM) and
mannitol (25 mM) treatments for 4 h, 12 h, 24 h, 48
h, and 72 h were measured by the CCK-8 method
and normalized to the control. B: The expression
levels of circRNA-001175 after glucose (10 mM, 20
mM, and 30 mM) and mannitol (25 mM) treatments
for 4 h, 12 h, 24 h, 48 h, and 72 h detected by RT-
PCR. *P<0.05; **P<0.01; versus the osmotic con-
trol group.

each well was evaluated, and the number of
branching points was counted. Each well was
photographed, and the relative acquired imag-
es were quantified using Image-Pro Plus 6.0
software (Media Cybernetics, Rockville, MD,
USA).

RNA extraction and real-time quantitative RT-
PCR

We used RNAiso™ Plus kit (TaKaRa Bio-
technology Inc., Japan) to extract the total RNA
from cells according to the manufacturer’s pro-
tocol. The real time PCR was performed us-
ing SYBR Premix Ex Tag™ Il (TaKaRa, Japan).
The Premier 5.0 biological software (PREMIER
Biosoft, Palo Alto, CA) was used to design
the specific primers for circRNA-001175 and
B-Actin, and the sequences were as follows:
circRNA-001175: 5-CCTGTAGGAAGCAACCAG-
TC-3’ (forward) and 5-ACCTCCACAATGAACTAC-
ACC-3’ (reverse); B-Actin: 5-TGTTCGTCATGGG-
TGTGAAC-3’ (forward) and 5-ATGGCATGGACT-
GTGGTCAT-3’ (reverse). The PCR conditions
were as follows: 94°C denaturation for 35 s, fol-
lowed by 35 cycles of 15 s at 94°C, and 30 s at

361

59°C. The PCR products were electrophoresed
on a 1% agarose gel containing ethidiumbro-
mide. The expression levels of target genes
were normalized to B-actin (endogenous con-
trol). The relative expression of circRNAs was
calculated using the 222t method.

Statistical analysis

The Data were represented as mean + SD. The
statistical difference was evaluated by Stu-
dent’s t tests between two groups. P<0.05 was
considered statistically significant.

Results

High glucose treatment decreases the cir-
CcRNA-001175 expression and HUVEC viability

To study the effect of high glucose on HUVEC
viability, we treated HUVECs with high glucose
in different concentrations for 4 h, 12 h, 24 h,
48 h, and 72 h. The cell viability was deter-
mined by the CCK-8 assay. The results showed
that, with 25 mM mannitol treatment, the cell
viability was not obviously influenced, while the
cell viability was decreased when cells were
treated with high concentrations of glucose
(Figure 1A). Specifically, the cell viability was
significantly decreased when the cells were 48
h post-treated with 10 mM and 20 mM glucose,
and 24 h post-treated with 30 mM glucose
(P<0.05 versus the osmotic control group).
Furthermore, the real-time PCR results showed
that mannitol as an osmotic control showed
no effect on circRNA-001175 expression in
HUVECs, while the glucose treatments gra-
dually decreased the expressions of cir-
cRNA-001175 in a concentration dependent
manner (Figure 1B). 72 h post-treated with 10
mM, 20 mM, and 30 mM glucose, the expres-
sions of circRNA-001175 were significantly
decreased compared with the osmotic control
group (P<0.05). The 30 mM glucose treatment
was applied for the following studies.

Up-regulation of circRNA-001175 reverses the
HUVECs viability and proliferation decreases
induced by high glucose treatment

The HUVECs were cultured in different concen-
tration glucose medium, and then transfected
with circRNA-001175 mimics or NC mimics. We
found that, after the transfection with cir-
CcRNA-001175 mimics, the expressions of cir-
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Figure 2. Up-regulation of circRNA-001175 reverses the HUVECs viability and proliferation decreases induced by
high glucose treatment. A: Effect of up-regulation of circRNA-001175 on HUVECs viability and proliferation. B: Cir-

cRNA-001175 expression in HUVECs after transfected with circRNA-001175 mimics. C: Detection of EdU incorporat-
ed into DNA of HUVECs by fluorescence microscopy. *P<0.05, versus the osmotic control group. **P<0.01, versus

the NC groups as indicated in the figure; #P<0.05, versus the 30 mM glucose + NC group.
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Figure 3. Up-regulation of circRNA-001175 inhibits the HUVECs apoptosis induced by high glucose treatment. A:
The apoptosis of HUVECs was showed by Hoechst staining. B: Quantitative analysis of the Hoechst staining ratio of
HUVECs. C: The apoptosis cycle analysis of HUVEC cells by flow cytometry. D: Quantitative analysis of the apoptosis
rate of HUVECs. *P<0.05, **P<0.01, versus the NC groups as indicated in the figure.

cRNA-001175 mimics were significantly up-
regulated in all groups (P<0.01 versus the NC
group; Figure 2B). Moreover, the CCK-8 assay
showed that 30 mM glucose treatment signifi-
cantly decreased the cell viability, while the
decrease was reversed by the up-regulation of
circRNA-001175 (P<0.05 after 48 h and 72 h
treatment compared with the NC group; Figure
2A). It also indicates that the up-regulation of
circRNA-001175 induced significant enhance
on cell growth after transfection. Furthermore,
the proliferation ability of HUVECs was ana-
lyzed by examined the Edu incorporation
(Figure 2C). As the results indicated, the cell
proliferation for the 30 mM glucose and NC
treated group was decreased compared with

the control and mannitol treated groups.
However, the circRNA-001175 transfection
363

showed protective effect on the proliferation
decrease induced by high glucose treatment
(Figure 2C).

Up-regulation of circRNA-001175 inhibits the
HUVECs apoptosis induced by high glucose
treatment

As shown in Figure 3A and 3B, 30 mM glucose
treatment significantly increased the Hoechst
staining ratio of HUVECs (P<0.01 versus the
osmotic control group), while the ratio was dra-
matically decreased by the up-regulation of cir-
CcRNA-001175 (P<0.01 versus the NC control
group). Moreover, the cell apoptosis rate was
further identified using the FITC Annexin V
Apoptosis assay by flow cytometric analysis
(Figure 3C and 3D). 30 mM glucose treatment
significantly increased the apoptosis rate of
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Figure 4. Up-regulation of circRNA-001175 increases the tubule formation
ability of HUVECs. A: Representative images of the tube structures of HU-
VECs under different conditions. B: Quantitative analysis of the tube length
of HUVECs. *P<0.05, **P<0.01, versus the NC groups as indicated in the

figure.

HUVECs (P<0.01 versus the osmotic control
group), while the rate was significantly decre-
ased by the up-regulation of circRNA-001175
(P<0.05 versus the NC control group). Inter-
estingly, the up-regulation of circRNA-001175
also significantly decreased the apoptosis rate
of HUVECs in the control and mannitol treated
groups (P<0.05 versus the NC group). All these
indicate that up-regulation of circRNA-001175
can inhibit the cell apoptosis induced by high
glucose treatment.

Up-regulation of circRNA-001175 increases
the tubule formation ability of HUVECs

The Matrigel tubule formation experiment
results (Figure 4) showed that up-regulation of
circRNA-001175 significantly increased the
average tubule length compared with those of
the NC groups. The tubule formation ability of
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high glucose treated HUVECs
was significantly increased
when the circRNA-001175
was up-regulated (P<0.01 ver-
sus the NC group).

Discussion

High glucose has long been
considered as a risk factor for
several forms of cardiovascu-
lar disease (CVD). Some re-
searchers have attempted to
build the novel targeted thera-
pies and explain the molecu-
lar mechanism of cells under
high glucose conditions [14-
17]. Although considerable
progress has been made, the
molecular mechanisms for
high glucose stress are still
obscure.

So far, the circRNAs as a new
special class of endogenous
noncoding RNA have been
recently discovered and stud-
ied [8, 18-20]. Moreover, the
circRNAs can function as
miRNA sponges to regulate
the expression of genes and
further affect disease initia-
tion [21-23]. Recently, more
and more studies uncovered
that circRNA is a transcrip-
tional product in various tissues and cell types
of archaea, human, and mouse [24, 25]. In this
study, we studied the expression of cir-
cRNA-001175 in HUVECSs treated with high glu-
cose. Our results showed that high glucose
treatment decreases the circRNA-001175
expression and HUVEC viability. This indicates
that the circRNA-001175 may be involved in
the cell responses to the high glucose. The cir-
cRNAs may be related to their involvement in
the transcription level regulation on the high
glucose resistance of HUVEC cells.

To further understand the role of cir-
cRNA-001175 in HUVECs, additional studies on
the biological function were conducted. As we
expected, overexpression of circRNA-001175
affected the cell proliferation of in HUVECs.
The results demonstrated that circRNA-001175
play a stimulative role on cellular prolifera-
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tion. We further investigated the effect of
circRNA on cell apoptosis induced by high glu-
cose treatment. Previous studies have re-
ported that circRNAs can serve as molecular
markers of cell apoptosis. Such as circRNA
Foxo3 could inhibits progression of the cell
cycle and apoptosis [26, 27]. In the present
study, we found that circRNA-001175 was
involved in the regulation of the cell cycle in
HUVECs, and it could effectively depressed
apoptosis rate elicited by high glucose. Our
findings also suggested that the up-regulation
of circRNA-001175 promotes tubule formation
of HUVECs. It was indicated that the cir-
cRNA-001175 has positive effect on tubule for-
mation and angiogenesis.

In conclusion, all these studies indicate that cir-
cRNA-001175 may play a key role of protec-
tion on HUVECs from high glucose stress.
CircRNA-001175 have great potential to be-
come diagnostic or predictive biomarkers for
high glucose disease and provide new insights
into the treatment of diseases.
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