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Abstract
Long noncoding ribonucleic acids (lncRNAs) are critical regulators in various biological processes. In the present study, we 
aimed to explore whether miR140-3p was involved in the underlying molecular mechanisms of small nucleolar RNA host 
gene 1 (SNHG1) in myocardial ischemia/reperfusion (I/R) injury. A mouse model of I/R injury and hypoxia-reoxygenation 
(H/R)-stimulated human umbilical vein endothelial cells (HUVECs) was used in this study. Cell proliferation was detected by 
MTT. The mRNA and protein levels of vascular endothelial growth factor (VEGF), VE-cadherin, and MMP2 were detected 
by RT-PCR and western blot, respectively. The angiogenesis was assessed by tube formation assay. Cell migration was 
assessed using wound-healing assay. Results showed that SNHG1 expression was increased in the cardiac microvasculature 
of a mouse model of I/R injury and in H/R-stimulated HUVECs. H/R stimulation significantly reduced cell proliferation, tube 
formation, and cell migration, but increased expression of VEGF, VE-cadherin, and MMP2. SNHG1 upregulation under H/R 
increased HUVECs proliferation, tube formation, and cell migration, and upregulated expression of VEGF, VE-cadherin, and 
MMP2, compared with the H/R group. SNHG1 knockdown exhibited the opposite effect. SNHG1 functioned as a competing 
endogenous RNA (ceRNA) of miR-140-3p. HIF-1α was identified as a target of miR-140-3p. SNHG1 upregulation enhanced 
cell proliferation, tube formation, and expression of VEGF, VE-cadherin, and MMP2 through HIF-1α/VEGF signaling. This 
process could be offset by miR-140-3p mimic or VEGF inhibitor. Our results reveal a novel protective function of SNHG1 
that furthers understanding of cardiac I/R injury and provides experimental evidence for future therapy.
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Introduction

Myocardial ischemia/reperfusion (I/R) injury can result in 
severe myocardial damage and contributes to high mortality 
[1]. Researchers have dedicated to reducing various patho-
physiological components of I/R injury to limit cell death. 

However, it is still unclear how gene expression is regulated 
during I/R.

LncRNAs function in various biological processes. They 
regulate gene expression through several mechanisms, such 
as modulating transcription factor activity, co-activating 
with neighboring genes, and acting as transcription enhanc-
ers [2, 3]. RNA-seq analyses showed that ischemia dra-
matically alters series of lncRNAs expression in ischemic-
induced cerebrovascular dysfunction and myocardial injury 
[3, 4]. LncRNA H19 has been reported to regulate endothe-
lial cell aging via inhibition of Stat3 signaling [5], lncRNA 
malat1 regulates angiogenesis in hindlimb ischemia [6], 
and lncRNA small nucleolar RNA host gene 16 (SNHG16) 
drives proliferation, migration, and invasion of hemangioma 
endothelial cells by modulating the miR-520d-3p/STAT3 
axis [7].

LncRNA SNHG1 (gene ID: 23642) is localized at 
11q12.3 and has 11 exons. SNHG1 expression was 
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upregulated in gastric, colorectal, liver, and lung cancer [8]. 
Not only could this lncRNA regulate SLC3A2 expression 
through binding with mediator complex, but also it directly 
targeted FUBP1 to promote cancer cell proliferation [8]. 
In brain microvascular endothelia, SNHG1 expression was 
induced by oxygen–glucose deprivation [4, 9]. SNHG1 
overexpression alleviated cardiomyocyte injury induced by 
hydrogen peroxide via regulating miR-195/BCL2L2 interac-
tion [10]. Therefore, we are wondering whether it also plays 
a role in myocardial I/R injury.

I/R caused microvascular injury, which is associated with 
high morbidity and mortality. Altered wall thickness, dam-
aged endothelial nuclei, and reduced cell junction density 
were observed in coronary microcirculation after I/R sur-
gery [11]. Leukocyte adhesion to vascular endothelial and 
inflammation after myocardial infarction would result in left-
ventricular dysfunction [12]. Vascular endothelial dysfunc-
tion after I/R was induced through many factors including 
pH alteration, oxidative stress, nitric oxide inhibition, ion 
channels disruption, and gap junction destruction [13]. In 
the present study, with a mouse model of I/R injury and 
hypoxia-reoxygenation-stimulated human umbilical vein 
endothelial cells (HUVECs), we would examine the expres-
sion and the role of SNHG1 in cardiac endothelial injury 
induced by I/R or hypoxia/reoxygenation (H/R).

Materials and methods

Antibodies and reagents

All substances were purchased from Gibco (Grand Island, 
NY, USA) unless otherwise stated. Rabbit anti-MMP2 
antibodies were purchased from Abcam (Cambridge, MA, 
USA). Antibodies against vascular endothelial growth factor 
(VEGF) were bought from Sigma (St. Louis, MO, USA). 
The monoclonal antibody against vascular endothelial 
cadherin (VE-cadherin) was obtained from Cell Signaling 
Technology (Beverly, MA, USA). Horseradish-peroxidase-
conjugated goat anti-mouse and anti-rabbit antibodies were 
from Cell Signaling Technology (San Diego, CA, USA).

Animals

All experimental protocols were reviewed and approved 
by the Fourth Military Medical University committee. The 
study was conducted in accordance with the Declaration 
of Helsinki. C57BL/6 female mice aged 8–10 weeks were 
purchased from the Experimental Animal Center of Peking 
University, Beijing (license SCXK [Jing] 2011-0012), and 
were housed under controlled temperature (24 ± 2 °C) and 
subjected to a natural photoperiod (12 h light/dark cycle). 

They were allowed free access to food and water throughout 
the experiment period.

Myocardial ischemia/reperfusion injury model

Briefly, mice were pre-medicated with heparin (1000 IU/kg, 
i.p.) and anesthetized 5 min later with sodium pentobarbital 
(60 mg/kg, i.p.). Following the left thoracotomy between the 
fourth and fifth ribs, the left anterior descending coronary 
artery was visualized under a microscope and ligated using 
a 6.0 Prolene suture. Regional ischemia was confirmed by 
visual inspection under a dissecting microscope (Leica) of 
discoloration of the occluded distal myocardium. For I/R, 
the ligation was released after 45 min of ischemia. Sham-
operated animals underwent the same procedure without 
occlusion of the left anterior descending coronary artery 
[14].

Cell culture and treatment

HUVECs were purchased from ScienCell (San Diego, 
CA, USA) and cultured in cardiac myocyte medium sup-
plemented with 5% fetal bovine serum and 1% penicillin/
streptomycin at 37 °C in a humidified incubator with 95% 
atmosphere and 5%  CO2 according to the manufacturer’s 
instructions. We used HUVECs at passages 7–10 for the 
experiments. After serum starvation, cells were transferred 
into a hypoxic incubator containing 1%  O2, 5%  CO2, and 
94%  N2 with ischemia-mimetic solution. Cells were sub-
jected to hypoxic condition for 2 h and then reoxygenated 
by incubating in fresh cardiac myocyte medium and rapidly 
transferring to a normoxic incubator (20%  O2, 5%  CO2, and 
75%  N2) for 4 h.

Plasmid constructs and transfection

SNHG1 cDNA was amplified and subcloned in the Kpn I 
and BamH I sites of pcDNA3.1 (Invitrogen, Carlsbad, CA, 
USA) to construct the pcDNA3.1-SNHG1 vector. The spe-
cific primer of SNHG1 was synthesized by Sangon Biotech 
(Shanghai, China). To construct the si-SNHG vector, the 
self-complementary hairpin DNA oligonucleotides were 
annealed and ligated into the pSUPER plasmid vector. Nega-
tive control was named as the mock vector. The miR-140-3p 
mimic was used to overexpress miR-140-3p, and its control 
was named mimic-nc. Anti-miR-140-3p was used to down-
regulate miR-140-3p expression, with the anti-control (anti-
nc) as a control. The si-SNHG, mock, miR-140-3p mimic, 
mimic-nc, anti-miR-140-3p, or anti-nc were transfected into 
HUVECs using Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA).



3Molecular and Cellular Biochemistry (2020) 465:1–11 

1 3

Cell proliferation assay

Cell proliferation was determined using the conventional 
MTT assay. Cells grown in 96-well microplates at a density 
of 1 × 104 cells per well were exposed to H/R and the miR-
410 mimic or miR-410 inhibitor. Then, the MTT solution 
(Sigma) was added to the culture medium to reach a final 
concentration of 0.5 mg/ml for 4 h at 37 °C. Absorbance 
measurements were read at a wavelength of 450 nm. The 
optical density value was reported as the percentage of the 
control group (set as 100%).

ELISA analysis

Serum levels of creatine kinase-MB (CK-MB) and lactate 
dehydrogenase (LDH) were analyzed using ELISA kits 
(Yanjin Biotechnology Co., Shanghai, China) according to 
the manufacturer’s procedure. All samples were analyzed 
in duplicate.

Tube formation assay

A 24-well culture plate was coated with 100 μl of 10 mg/
ml prechilled Matrigel (Corning, Bedford, MA) plus VEGF 
(100 ng/ml). The HUVECs were seeded on the Matrigel-
coated plate at concentrations of 5 × 104 cells per well. After 
24-h culturing, images were acquired using an optical micro-
scope (×100 magnification). The average length of the tube 
branches in four areas of each sample was assessed under an 
inverted light microscope.

Wound‑healing assay

HUVECs cultured in 6-well culture plates were scratched 
using a 10-μl pipette tip when the cell density in each well 
reached 80–90% confluence. The wounded monolayers were 
washed with PBS to remove detached cells. Cells were then 
cultured at 37 °C for wound closure. Images were acquired 
at 0 h and 48 h after scratching using an optical microscope 
(×100 magnification). The percentage of the wound closure 
area in five randomly selected fields was calculated under 
an inverted light microscope.

Western blot

Proteins were extracted using a radioimmunoprecipitation 
assay (RIPA) buffer and then separated by sodium dodecyl 
sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred onto polyvinylidene fluoride membranes 
(Millipore, Billerica, MA, USA). The membranes were 
blocked with 5% fat-free milk powder and then exposed 
to antibodies against HIF-1α (1:1000), VEGF (1:1500) or 
β-actin (1:2000). The horseradish-peroxidase-conjugated 

corresponding secondary antibody was used at 1:5000. 
The enhanced chemiluminescence (Amersham, Little 
Chalfont, UK) was used for detection. Densitometry val-
ues were normalized to levels of β-actin and the control 
lane in each blot.

Quantitative real‑time polymerase chain reaction 
(qRT‑PCR) for miRNA and mRNA expression

Total RNA from HUVECs was extracted using TRIzol rea-
gent (Invitrogen) according to the manufacturer’s instruc-
tions. The PCR primers specific for HIF-1α were 5′-CCC 
AAT GTC GGA GTT TGG AA-3′ and 5′-TGG CTG CAT 
CTC GAG ACT TT-3′; VEGF, 5′-GCT CAG AGC GGA 
GAA AGC AT-3′ and 5′-GCC TCG GCT TGT CAC ATC 
T-3′; SNHG1, 5′-CTG CTC GTG ATG TTC AGC C-3′ and 
5′-AAT ACC TGT ATT CAC CCT GGG A-3′ (human); 
5′-TCC TTG TTC GGG GTT TGA GG-3′ and 5′-ACA 
GCA CCC TGA CTA CAA GC-3′ (mouse); miR-140-3p, 
5′-ACA CTC CAG CTG GGC AGT GGT TTT ACC CTA-
3′ and 5′-TGG TGT CGT GGA GTC G-3′; U6 were 5′-CTC 
GCT TCG GCA GCA CA-3′ and 5′-AAC GCT TCA CGA 
ATT TGC GT-3′; β-actin, 5′-CTT CCA GCC TTC CTT 
CCT GG-3′ and 5′-TTC TGC ATC CTG TCG GCA AT-3′ 
(human); 5′-CTC CTA TGT GGG TGA CGA GG-3′ and 
5′-ACG GTT GGC CTT AGG GTT C-3′ (mouse). Data 
were analyzed using the formula R = 2−[ta sample−ΔCt control]. 
β-Actin and U6 SnRNA were used as internal controls to 
form RNA and miRNA, respectively. PCRs were conducted 
in duplicate.

Luciferase assay

A truncated fragment of the SNHG1/HIF-1α 3′-untrans-
lated region (UTR) containing the wild-type miR-140-3p 
predicted binding site (SNHG1/HIF-1α-WT) was cloned 
into the 3′ UTR of the firefly luciferase structural gene in 
the pmirGLO Dual-Luciferase miRNA Target Expression 
Vector (Promega, Madison, WI, USA). We also constructed 
separate plasmids containing the SNHG1/HIF-1α 3′ UTR 
with a mutated seed region for the predicted miR-140-3p 
binding site (SNHG1/HIF-1α-Mut) as the negative control. 
At 24 h before transfection, HUVECs cells were seeded on 
a 24-well plate (8 × 104 cells/well). Cells were co-transfected 
with 0.3 μg of the respective plasmid and 40 nM of the 
miR-140-3p mimic or mimic-nc using Lipofectamine 2000 
(Invitrogen). At 48 h after plasmid vector transfection, the 
luciferase reporter assay was performed using a dual-lucif-
erase assay kit (Promega) according to the manufacturer’s 
protocol. Data are presented as the ratio of firefly to Renilla 
luciferase activity.
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RNA immunoprecipitation assay

RNA immunoprecipitation was implemented using an EZ-
Magna RIP RNA-Binding Protein Immunoprecipitation Kit 
(Millipore, Billerica, MA, USA). Cells were lysed into com-
plete RNA immunoprecipitation lysis buffer. Then, 100 μl 
of cell lysate was incubated with RNA immunoprecipitation 
buffer containing magnetic beads conjugated with human 
anti-Ago2 antibody (1:50 dilution) and negative control nor-
mal mouse IgG. Samples were incubated with proteinase K 
buffer, and then the target RNA was extracted for further 
study.

Data analysis

All the data were presented as mean ± SD and analyzed by 
using SPSS 20.0 software (SPSS Inc., Chicago, IL, USA). 
Student’s unpaired t tests or one-way ANOVA were per-
formed to analyze the difference between two groups or 
more than two groups. Differences were considered statisti-
cally significant at P < 0.05.

Results

Altered SNHG1 levels in vivo after cardiac I/R injury

Serum levels of CK-MB and LDH were indicators for 
animals with cardiac I/R injury. We found that increased 
secretion of CK-MB and LDH was presented in mouse 
serum at 24 h after I/R (Fig. 1a). In the following, SNHG1 
expression in mouse cardiac endothelial cells was analyzed 
at 6–72 h after I/R. The results showed that SNHG1 level 
was enhanced at 6 h and peaked at 12 h after I/R (Fig. 1b). 

Interestingly, SNHG1 levels were then significantly 
decreased at 24, 48, and 72 h after I/R (Fig. 1b).

SNHG1 modulated proliferation and function 
of HUVECs

Furthermore, we explored SNHG1 level in cultured 
HUVECs, which were exposed to an H/R condition. H/R 
exposure slightly reduced SNHG1 level in these cells 
(Fig.  2a). To further investigate the role of SNHG1 in 
HUVECs, cells were transfected with SNHG1 overexpres-
sion vector or siRNA vector (Fig. 2a). MTT analysis of the 
cultured HUVECs showed that, compared with the control 
group, cell proliferation was significantly decreased by H/R, 
but was partly offset by SNHG1 upregulation (Fig. 2b). 
SNHG1 knockdown further decreased cell proliferation 
(Fig. 2b). H/R significantly increased expression of VEGF, 
VE-cadherin, and MMP2 (Fig. 2c–e). SNHG1 overexpres-
sion promoted the changes induced by H/R, whereas SNHG1 
knockdown significantly reduced the expression of VEGF, 
VE-cadherin, and MMP2 (Fig. 2c–e). Results of the tube 
formation assays showed that H/R significantly decreased 
total tube length and that SNHG1 overexpression effectively 
promoted total tube length in vitro, whereas SNHG1 knock-
down significantly decreased total tube length (Fig. 2f, g). In 
the wound-healing assay, H/R significantly decreased wound 
closure (Fig. 2h, i). SNHG1 overexpression significantly 
increased, but SNHG1 knockdown significantly decreased 
wound closure (Fig. 2h, i). These results suggest an associa-
tion between SNHG1 and angiogenesis and cell migration.

MiR‑140‑3p was a target of SNHG1

Previous study has shown that miR-140-3p played a role 
in ventricular remodeling 28922712. Here, we found that 

Fig. 1  SNHG1 levels in vivo after cardiac I/R injury was increased. a 
Serum levels of CK-MB and LDH in mouse cardiac endothelial cells 
were assessed by ELISA kits at 24 h after I/R (n = 6). b SNHG1 lev-
els in mouse cardiac endothelial cells were assessed by RT-PCR at 

6  h, 12  h, 24  h, 48  h, 72  h after I/R, respectively (n = 6). The data 
were presented as mean ± SD. *P < 0.05, compared with sham group. 
#P < 0.05, compared with 12 h after H/R
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Fig. 2  SNHG1-modulated proliferation and function of HUVECs. a 
HUVECs were transfected with SNHG1, si-SNHG1, or correspond-
ing controls (blank or mock). The transfection efficiency was detected 
by RT-PCR. b Cell proliferation was determined by MTT assay. The 
mRNA and protein levels of vascular endothelial growth factor, VE-
cadherin, and MMP2 were determined by RT-PCR (c) and western 
blot (d), respectively. e The quantitative data of western blot. f The 

representative charts of tube formation in tube formation assay. g 
The quantitative data of tube formation. h The representative images 
of wound-healing assay. i The quantitative data of the percentage 
of the wound closure area. The data were presented as mean ± SD. 
*P < 0.05, compared with corresponding negative controls. #P < 0.05, 
compared with H/R group
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miR-140-3p expression in cardiac endothelial cells was sup-
pressed at 12 h after I/R (Fig. 3a). However, its expression 
was then increased after 24 h (Fig. 3a).

Bioinformatics analyses showed that miR-140-3p 
could bind with one conserved site of SNHG1 (Fig. 3b). 
Moreover, the result of luciferase reporter assay showed 
that miR-140-3p mimic reduced the luciferase activity of 
pGL3-SNHG1 but not pGL3-SNHG1-MUTANT (Fig. 3c). 
Additionally, SNHG1 overexpression downregulated, while 
SNHG1 knockdown upregulated miR-140-3p expression 
in HUVECs, suggesting that SNHG1 could regulate miR-
140-3p expression through the interaction with miR-140-3p 
(Fig. 3d).

SNHG1 modulated proliferation and function 
of HUVECs by negatively regulating miR‑140‑3p

To investigate the role of miR-140-3p in hypoxia-induced 
vascular endothelial cell injury, miR-140-3p expression 
was upregulated or downregulated in HUVECs (Fig. 4a). 
SNHG1 overexpression increased cell proliferation and 
expression of VEGF, VE-cadherin, and MMP2, as well as 
the total tube length (Fig. 4b–g). However, these effects were 
offset by the miR-140-3p mimic (Fig. 4b–g). MiR-140-3p 
mimic transfection also significantly decreased cell prolif-
eration and expression of VEGF, VE-cadherin, and MMP2, 
as well as the total tube length in HUVECs (Fig. 4b–g). The 
results from wound-healing assay were consistent with tube 
formation assay (Fig. 4h, i).

SNHG1 facilitated HIF‑1α expression by acting 
as a ceRNA for miR‑140‑3p

The searching result of TargetScan (http://www.targe 
tscan .org) predicted a potential binding site in the 3′-UTR 
of HIF-1α for miR-140-3p (Fig. 5a). We then examined 
whether miR-140-3p regulated HIF-1α expression in 
HUVECs. We found that HIF-1α expression was reduced 
by miR-140-3p mimic transfection and was promoted 
by miR-140-3p inhibitor (anti-miR-140-3p) as shown in 
Fig. 5b. Additionally, the result of luciferase reporter assay 
validated the interaction between miR-140-3p and the 3′ 
UTR of HIF-1α (Fig. 5c).

Because miR-140-3p was predicted to bind with the 
same sequence shared by SNHG1 and HIF-1α, SNHG1 
may act as a ceRNA for miR-140-3p to mediate HIF-1α 
expression in hypoxia-induced injury to vascular 

Fig. 3  MiR-140-3p was a 
targeted target of SNHG1. 
a RT-PCR analysis of miR-
140-3p expression in the cardiac 
microvasculature of a mouse 
model of cardiac I/R injury 
(n = 6). *P < 0.05, compared 
with sham group. #P < 0.05, 
compared with 12 h after H/R. 
b The putative miR-140-3p 
binding sequence of the wild-
type and mutation sequence of 
SNHG1. c Relative luciferase 
assays. *P < 0.05, compared 
with mimic-nc group. d RT-
PCR analysis of miR-140-3p 
expression in HUVECs that 
were transfected with SNHG1, 
si-SNHG1, or negative controls 
(blank or mock). *P < 0.05, 
compared with the control 
group. #P < 0.05, compared with 
the H/R group. The data were 
presented as mean ± SD

Fig. 4  SNHG1-modulated HUVEC proliferation and function by 
negatively regulating miR-140-3p. a RT-PCR analysis of miR-140-3p 
expression in HUVECs that were transfected with miR-140-3p 
mimic, anti-miR-140-3p, or negative controls (miR-140-3p mimic-nc 
or anti-nc). *P < 0.05, compared with control group. b MTT assay of 
cell proliferation of HUVECs that were transfected with SNHG1 and 
the miR-140-3p mimic of the corresponding controls (blank or miR-
23a mimic-nc). The mRNA and protein levels of vascular endothelial 
growth factor, VE-cadherin, and MMP2 were determined by RT-PCR 
(c) and western blot (d), respectively. e The quantitative data of west-
ern blot. f The representative charts of tube formation using a tube 
formation assay. g The quantitative data of tube formation. The data 
were presented as mean ± SD. *P < 0.05, compared with H/R group. 
#P < 0.05, compared with the SNHG1 group

▸

http://www.targetscan.org
http://www.targetscan.org
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endothelial cells. Ago2 protein is a core component of 
RNA-induced silencing complex (RISC) and functions in 
miRNA pathway. Therefore, we carried out RIP analysis 
to investigate whether SNHG1, miR-140-3p, and HIF-1α 
are in an RISC. As shown in Fig. 5d–f, levels of SNHG1, 
miR-140-3p, and 3′UTR of HIF-1α mRNA in the Ago2-
RIP products of miR-140-3p mimic transfected HUVECs 
were all significantly increased compared to the mimic-nc 
group (P < 0.05).

SNHG1 promoted proliferation and function 
of HUVECs by activating the HIF‑1α/VEGF signaling 
pathway

Activation of HIF-1α/VEGF signaling could promote 
angiogenesis in ischemic tissues and exert protective func-
tion [15, 16]. VEGF expression in HUVECs significantly 
increased under H/R, whereas silencing HIF-1α expression 
with HIF-1α siRNA reduced VEGF expression under H/R 
(Fig. 6a, b).

CBO-P11, a VEGF inhibitor, was used to determine 
whether SNHG1 influenced HUVEC function through 
VEGF signaling. After treating HUVECs with CBO-P11 

(1 nM) for 48 h, the results showed that CBO-P11 sup-
pressed the effects of SNHG1 upregulation on VEGF, VE-
cadherin, and MMP2 expression (Fig. 6c, d). Also, CBO-
P11 greatly decreased HUVEC proliferation, as well as 
tube formation (Fig. 6e–f). Collectively, these data show 
that SNHG1 regulated HUVEC function by activating the 
HIF-1α/VEGF signaling pathway.

Discussion

Multiple genes are aberrantly expressed in infarcted hearts. 
These genes are responsible for cardiac remodeling and 
cardiac injury after I/R. Formation of new blood vessels 
by angiogenesis and arteriogenesis is critical for restoring 
blood flow into ischemic heart. LncRNAs, which play vital 
roles in the pathogenesis of many diseases, further com-
plicate the genetic network of angiogenesis. In this study, 
we found that SNHG1 expression was increased and then 
decreased in the cardiac microvasculature in a mouse model 
with cardiac I/R injury. Angiogenic activation of HUVECs 
is associated with increased cell proliferation and migration. 
Upregulation of MMP2 in HUVECs contributed markedly 

Fig. 5  SNHG1 facilitated HIF-1α expression by acting as a ceRNA 
for miR-140-3p. a The putative miR-140-3p binding 3′ untranslated 
region of HIF-1α (HIF-1α-WT) and HIF-1α mutation sequence 
(HIF-1α-MUT). b Western blot assay and the quantitative data of 
the protein levels of HIF-1α in HUVECs that were transfected with 
miR-140-3p mimic, anti-miR-140-3p, or negative controls (miR-
140-3p mimic-nc or anti-nc). *P < 0.05, compared with H/R group. 

c Luciferase activity assay in HUVECs. *P < 0.05, compared with 
mimic-nc group. d–f RNA immunoprecipitation assay was performed 
using anti-Ago2 in HUVECs transfected with miR-140-3p mimics 
or mimic-nc. SNHG1, miR-140-3p, and 3′ UTR of HIF-1α mRNA 
levels in the anti-Ago2-immunoprecipitated products were measured 
by RT-PCR. The data were presented as mean ± SD. *P < 0.05, com-
pared with the mimic-nc group
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to cell migration. Meanwhile, various growth factors such 
as VEGF are involved in regulating angiogenesis. Adhesion 
molecule VE-cadherin is required for endothelial cell elon-
gation during sprout outgrowth [17]. In this study, SNHG1 
overexpression partly offset the effects of H/R on cell pro-
liferation. SNHG1 upregulation also increased expression 
of VEGF, VE-cadherin, and MMP2. Inducing apoptosis in 
tube-forming endothelial cells can suppress angiogenesis 
[18]. We found a notable increase in capillary tubes after 
SNHG1 overexpression, whereas SNHG1 knockdown pro-
moted the changes induced by H/R.

LncRNA could regulate chromatin structure and act 
as sponges to regulate gene expression at transcriptional 
and posttranscriptional level. LncRNA may function as a 
decoy for miRNAs, which further regulate mRNA expres-
sion though direct binding [19]. SNHG1 reportedly acts as 
a ceRNA to modulate derepression of miRNA targets in 
cell proliferation and angiogenesis. In the current study, 

the bioinformatics analysis revealed that miR-140-3p 
potentially targeted SNHG1. Previous studies have shown 
that miR-140 aggravates hypoxia-induced H9c2 cell injury 
[20], and elevates cerebral protection of dexmedetomidine 
against hypoxic–ischemic brain damage [21]. In this study, 
miR-140-3p was downregulated and then upregulated in 
the cardiac microvasculature of I/R injured mice. MiR-
140-3p mimic transfection significantly offset the effects 
of SNHG1 overexpression on cell proliferation and expres-
sion of VEGF, VE-cadherin, and MMP2, as well as tube 
formation and wound closure in HUVECs. MiR-140-3p 
was confirmed to be a target of SNHG1 for the first time 
in the present study.

Most miRNAs conduct their biological functions by 
binding to target molecules [22]. In the current study, the 
result of luciferase reporter assay confirmed the inhibi-
tion role of miR-140-3p in regulating the transcriptional 
activity of HIF-1α. The result revealed that miR-140-3p 

Fig. 6  SNHG1 promoted HUVECs proliferation and cell function by 
activating the HIF-1α and VEGF signaling pathway. a HUVECs were 
transfected with si-HIF-1α or corresponding controls (si-nc) under 
H/R. The protein expression of HIF-1α and VEGF was detected by 
western blot. b The quantitative data of the protein levels. *P < 0.05, 
compared with the control group. #P < 0.05, compared with the H/R 
group. c The protein levels of VEGF, VE-cadherin, and MMP2 were 

determined by western blot. d The quantitative data of the protein 
levels. e Cell proliferation was determined by MTT assay. f Tube for-
mation was measured using a tube formation assay. g The quantita-
tive data of tube formation. The data were presented as mean ± SD. 
*P < 0.05, compared with the H/R group. #P < 0.05, compared with 
the SNHG1 group
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may repressed HUVECs proliferation through modulat-
ing HIF-1α. HIF-1α pathway has been reported to interact 
with Notch signaling and engage in neuron cell death in 
response to ischemic stroke [23]. In the heart, HIF-1α sta-
bilization protected cardiac cells by promoting aerobic gly-
colysis and reserving mitochondria function during acute 
ischemia–reperfusion injury [24]. The protective effect of 
HIF-1α on ischemic hearts is partly attributed to the induc-
tion of VEGF [25, 26]. Meanwhile, the HIF-1α/VEGF 
signaling pathways have been reported to be involved in 
an anti-ischemic stroke response by improving the micro-
environment of the neurovascular unit [27]. In this study, 
our data showed that SNHG1 could relieve the suppres-
sion of HIF-1α expression and facilitate HIF-1α/VEGF 
signaling pathway transduction in promoting HUVECs 
survival. This process could be hindered by miR-140-3p 
mimic or VEGF inhibitor. It indicated that SNHG1 allevi-
ates hypoxia-reoxygenation-induced vascular endothelial 
cell injury as a competing endogenous RNA through the 
HIF-1α/VEGF signal pathway.

Collectively, the present study demonstrated that SNHG1 
protects against hypoxia-reoxygenation-induced vascular 
endothelial cell injury via acting as a ceRNA for miR-140-3p 
and activating HIF-1α/VEGF signaling pathway. It furthers 
understanding of cardiac I/R injury. Although LncRNA 
functions through multiple targets, this study sheds light into 
the potential of SNHG1 as a therapeutic target in cardiac I/R 
injury. To foster clinical translation, an in vivo study using 
SNHG1 transgenic mice would be desirable.
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