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Abstract. – OBJECTIVE: Atherosclerosis is 
an inflammation-associated disease resulting in 
a huge health hazard. Abundance of researches 
showed that long non-coding RNAs (lncRNAs) 
played vital roles in atherosclerosis, but the mo-
lecular mechanism of nuclear-enriched abun-
dant transcript (NEAT1) has not been fully elu-
cidated yet.

PATIENTS AND METHODS: Human umbili-
cal vein endothelial cells (HUVECs) were treated 
with oxidized low-density lipoprotein (ox-LDL) 
for constructing the model of atherosclerosis. 
The detection of NEAT1, microRNA-30c-5p (miR-
30c-5p), and transcription factor 7 (TCF7) ex-
pression was implemented by quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR). 
Cell proliferation and apoptosis were measured 
by 3-(4, 5-dimethylthiazol-2-y1)-2, 5-diphenyl 
tetrazolium bromide (MTT) and flow cytome-
try, respectively. The levels of apoptosis-asso-
ciated proteins were examined through West-
ern blot and the concentrations of inflammato-
ry cytokines were determined by enzyme-linked 
immunosorbent assay (ELISA). The targeted re-
lationship was analyzed by Dual-Luciferase re-
porter assay. 

RESULTS: NEAT1 was upregulated in serum 
of patients with atherosclerosis and HUVECs 
treated with ox-LDL. Knockdown of NEAT1 ex-
erted the promotion of proliferation but sup-
pression of apoptosis and inflammation in ox-
LDL-treated HUVECs. Moreover, NEAT1 target-
ed miR-30c-5p and the overexpression of miR-
30c-5p reversed the ox-LDL-induced effects in 
HUVECs. Furthermore, miR-30c-5p directly re-
frained the TCF7 level, and NEAT1 repression 
decreased the expression of TCF7 by upregu-
lating miR-30c-5p. The knockdown of NEAT1 af-
forded the protective effect for HUVECs treat-
ed with ox-LDL through miR-30c-5p/TCF7 axis.

CONCLUSIONS: The knockdown of NEAT1 
overtly motivated proliferation but alleviated 
the apoptosis and inflammation in ox-LDL-
treated HUVECs by miR-30c-5p/TCF7 axis. 
NEAT1 accelerated the progression of athero-
sclerosis therapies, functioning as an indica-
tive element.
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Introduction

As a frequent inflammatory disease, athero-
sclerosis causes the assemblage of lipids and 
fibrinogen in the wide arteries to form the blood 
plaques and stenotic arteries, bringing a series of 
threatening complications1,2. On account of the 
ubiquitous inflammation in every stage (com-
mence of plaque to fracture) of atherosclerosis, 
inflammatory cytokines generate enormous func-
tion in the evolution of atherosclerotic injuries, 
such as common Interleukin-6 (IL-6), Interleu-
kin-1β (IL-1β), and tumor necrosis factor-α (TNF-
α)3,4. Oxidized low-density lipoprotein (ox-LDL) 
is a dominating risk factor of atherosclerosis and 
contributes to the expression of pro-inflammatory 
cytokines for further generating atherosclerotic 
plaques by acting on diverse kinds of cells, in-
cluding endothelial cells, macrophages, smooth 
muscle cells, and stem cells5,6. There are increas-
ing treatments for atherosclerosis, such as anti-in-
flammatory exerkines7, sonodynamic therapy8, 
drug therapy9, and so on. But because of the dis-
satisfactory therapeutic efficacy, the exploration 
of pathological mechanism and molecular targets 
of atherosclerosis is pressing.

Long non-coding RNAs (lncRNAs) are a cate-
gory of long, competing endogenous RNAs (ceR-
NAs) with more than 200 nucleotides10. LncRNAs 
were considered to regulate the cancer devel-
opment due to the favorable regulatory role11, 
and numerous studies manifested that growing 
lncRNAs were closely related to the progression 
of atherosclerosis12-14, including nuclear-enriched 
abundant transcript (NEAT1). NEAT1, localized 
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in nuclear paraspeckle, was reported to enhance 
the ox-LDL-induced inflammation response in 
macrophages via paraspeckle shaping15, imply-
ing that NEAT1 might play the momentous part 
in the inflammation of atherosclerotic cells. By 
comparison with lncRNAs, microRNAs (miR-
NAs) are shorter with only 21-25 nucleotides16. 
But as representative post-transcriptional regu-
lators, miRNAs also actively participate in the 
process of atherosclerosis. Thereinto, the low 
expression of miR-30c-5p was surprisingly found 
in atherogenesis17. But different from the abun-
dant cancer researches, more exploratory studies 
of NEAT1 and miR-30c-5p in atherogenesis are 
necessary.

Transcription factor 7 (TCF7), also called 
T-cell-specific transcription factor-1 (TCF-1), 
was showed to be conducive to the advance-
ment of multiple cancers and diseases, in-
cluding nasopharyngeal carcinoma18, colorec-
tal cancer19, gastric cancer19, altered hepatic 
physiology during type 2 diabetes20, and so 
on. Moreover, Zhu et al21 declared that TCF7 
played a crucial role in the production of 
inf lammatory factors in lung diseases. How-
ever, there is little report of TCF7 on the in-
f lammation in atherogenesis.

Our study was designed to investigate the 
molecular mechanism of NEAT1 in the process 
of atherogenesis. In detail, the levels and impacts 
of NEAT1, miR-30c-5p and TCF7 in ox-LDL-
treated human umbilical vein endothelial cells 
(HUVECs) were measured, and their correlation 
was explored through further execution of exper-
iments and analysis of data.

Patients and Methods

Serum Collection
Serum specimens were acquired from 30 

patients attacked by atherosclerosis at the First 
Hospital of Jilin University. Atherosclerotic pa-
tients were included or excluded in line with 
ESC Guidelines on the diagnosis and treatment 
of peripheral artery diseases. Normal serum 
specimens were gained from 20 healthy indi-
viduals in the Physical Examination Center at 
this hospital. These samples were preserved at 
-80°C right away. All participants of this serum 
collection signed the written informed consents. 
The approval of this report was given by the 
Ethics Committee of the First Hospital of Jilin 
University.

Cell Culture and Treatment
After purchase from American Type Culture 

Collection (ATCC; Manassas, VA, USA), HU-
VECs were cultivated in F-12K medium (Gibco, 
Carlsbad, CA, USA) in a 37°C incubator with 
95% wettish air and 5% CO2. Specifically, the 
supplement of 10% fetal bovine serum (FBS; 
Gibco, Carlsbad, CA, USA) and antibiotics (100 
U/mL penicillin and 100 μg/mL streptomycin; 
Gibco, Carlsbad, CA, USA) was required.

To simulate the primary stage of atheroscle-
rosis, HUVECs were treated with ox-LDL from 
Beijing Xiesheng Biotechnology Co., Ltd. (Bei-
jing, China) at different concentrations (0 μg/mL, 
15 μg/mL, 30 μg/mL and 45 μg/mL). After treat-
ment with ox-LDL for 24 h, cells were applied to 
the following assays.

Cell Transfection
Small interfering RNA (siRNA) against 

NEAT1 (si-NEAT1#1 and si-NEAT1#2), miR-
30c-5p mimic (miR-30c-5p), miR-30c-5p inhibi-
tor (anti-miR-30c-5p), pcDNA-TCF7 overexpres-
sion vector (TCF7) and respective negative con-
trols (si-NC, miR-NC, anti-miR-NC and pcDNA) 
were bought from GENEWIZ (Suzhou, China). 
HUVECs were inoculated into a 96-well plate 
and cultured to 80% confluence, then, the mix-
tures of vectors/oligonucleotides-Lipofectamine 
3000 reagent (Invitrogen, Carlsbad, CA, USA) 
were added to HUVECs. At the suitable time 
post-transfection, the cells were harvested for 
subsequent experiments.

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR)

According to the producers’ directions, ex-
tracted RNA was reversely transcribed into com-
plementary DNA (cDNA) using PrimeScript™ RT 
Master Mix Kit (TaKaRa, Dalian, China), and 
the qRT-PCR reaction was implemented via TB 
Green® Premix Ex Taq™ II Kit (TaKaRa, Dalian, 
China) with cDNA as the template. The relative 
expression levels were detected with glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) 
and small nuclear RNA U6 as references and 
calculated through the 2-∆∆Ct approach. All prim-
ers were synthesized from GENEWIZ: NEAT1 
(forward: 5’-TGGCTAGCTCAGGGCTTCAG-3’, 
reverse: 5’-TCTCCTTGCCAAGCTTCCTTC-3’); 
miR-30c-5p (forward: 5’-GCCGCTGTAAA-
CATCCTACACT-3’, reverse: 5’-GTGCAGG-
GTCCGAGGT-3’); TCF7 (forward: 5’-CTGGG-
CAAGGAAGCCATAGG-3’, reverse: 5’-TGCT-
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GTACCTGTGTGCTCTG-3’); GAPDH (forward: 
5’-ACAACTTTGGTATCGTGGAAGG-3’, re-
verse: 5’-GCCATCACGCCACAGTTTC-3’); U6 
(forward: 5’-CGGGTGCTCGCTTCGCAGC-3’, 
reverse: 5’-CCAGTGCAGGGTCCGAGGT-3’).

3-(4, 5-Dimethylthiazol-2-y1)-2, 
5-Diphenyl Tetrazolium Bromide 
(MTT) Assay

Cell proliferation ability was daily measured 
through MTT at 0-3 d after transfection. HU-
VECs were incubated with 10 μL MTT (Invitro-
gen, Carlsbad, CA, USA) for 4 h, and viable cells 
could convert the MTT to insoluble formazan, 
which was solubilized through the incubation 
with 100 μL dimethyl sulfoxide (DMSO; Invitro-
gen, Carlsbad, CA, USA). Whereafter, formazan 
concentration was assessed by optical density 
(OD) value of 490 nm through the microplate 
reader (Thermo Fisher Scientific, Waltham, MA, 
USA).

Flow Cytometry
At first, HUVECs were harvested with trypsin 

(Gibco, Carlsbad, CA, USA) and washed by cold 
phosphate-buffered saline (PBS; Gibco, Carls-
bad, CA, USA). Next, Alexa Fluor® 488 annexin 
V and propidium iodide (PI) Kit (Invitrogen, 
Carlsbad, CA, USA) were used to stain cells, 
following the operating procedure. Ultimately, 
stained cells were analyzed by flow cytometer 
(BD Bioscience, Franklin Lakes, NJ, USA).

Western Blot
After extraction of total proteins by lysis buffer 

(Thermo Fisher Scientific, Waltham, MA, USA), 
sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) was administrated to 
separate proteins for about 90 min. Next, sepa-
rated proteins were transferred onto the polyvi-
nylidene difluoride (PVDF) membranes (Abcam, 
Cambridge, UK), following by the blockade us-
ing 5% skim milk (Thermo Fisher Scientific, 
Waltham, MA, USA) for 3 h. Then, the incuba-
tion of primary antibodies was implemented for 4 
h at room temperature, and the primary antibod-
ies were listed below: anti-B-cell lymphoma-2 
(anti-Bcl-2; Abcam, Cambridge, UK, ab32124, 
1:1000), anti-Bcl-2-Associated X (anti-Bax; Ab-
cam, Cambridge, UK, ab32503, 1:1000), anti-
Cleaved-caspase3 (anti-Cleaved-casp-3; Abcam, 
Cambridge, UK, ab32503, 1:1000), anti-TCF7 
(Abcam, Cambridge, UK, ab134127, 1:1000) and 
anti-GAPDH (Abcam, Cambridge, UK, ab9485, 

1:3000). Afterwards, the membranes were washed 
by 0.05% PBS with Tween 20 (PBST; Invitrogen, 
Carlsbad, CA, USA) and incubated using peculiar 
secondary antibody (Abcam, Cambridge, UK, 
ab205718, 1:5000) for 45 min. Finally, the emer-
gence of protein bands was observed through en-
hanced chemiluminescence (ECL) reagent (Ther-
mo Fisher Scientific, Waltham, MA, USA).

Enzyme-Linked Immunosorbent Assay 
(ELISA)

The concentrations of inflammatory cytokines 
Interleukin-6 (IL-6), Interleukin-1β (IL-1β) and 
tumor necrosis factor-alpha (TNF-α) were mea-
sured using ELISA kits (BD Bioscience, Franklin 
Lakes, NJ, USA). In brief, the 96-well plate was 
coated with primary antibodies anti-IL-6 (Ab-
cam, Cambridge, UK, ab6672, 1:500), anti-IL-1β 
(Abcam, Cambridge, UK, ab9722, 1:500) and 
anti-TNF-α (Abcam, Cambridge, UK, ab6671, 
1:500) at 4°C overnight. Then, the plate was 
washed by 0.05% PBST (Invitrogen, Carlsbad, 
CA, USA) and added with diluted specimens 
for 2 h at 37°C. Subsequently, enzyme-labeled 
antibody (Abcam, Cambridge, UK, ab205718, 
1:1000) was added for 45 min. The relative con-
centrations were recorded within 30 min after 
addition with stop buffer.

Dual-Luciferase Reporter Assay
StarBase3.0 and TargetScan were used for 

predicting the targets of lncRNA and miRNA, 
respectively. The sequences of wide-type (WT) 
NEAT1 and 3’-UTR of WT-TCF7 containing the 
binding sites of miR-30c-5p were inserted into 
pGL3 vector (Promega, Madison, WI, USA) to 
gain Luciferase reporter plasmids of NEAT1-
WT and TCF7-WT. And their mutant-type (MT) 
controls (NEAT1-MUT and TCF7-MUT) were 
constructed. Therewith, HUVECs were co-trans-
fected with each plasmid and miR-30c-5p or miR-
NC. Eventually, the detection of relative Lucifer-
ase activity was carried out with the Dual-Lucif-
erase reporter system (Promega, Madison, WI, 
USA), according to the instruction manual.

Statistical Analysis
Data were processed utilizing SPSS 19.0 (IBM 

Corp., Armonk, NY, USA) and GraphPad Prism 
7 (La Jolla, CA, USA). By experimental conven-
tion, all results were independently conducted 
three times and expressed as the mean ± stan-
dard deviation (SD). The linear correlation in 
serum samples with atherosclerosis was analyzed 
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through Spearman’s correlation coefficient. Stu-
dent’s t-test and one-way analysis of variance 
(ANOVA) followed by Tukey’s test were used for 
the difference analysis. The difference was statis-
tically significant when p < 0.05.

Results

NEAT1 Was Upregulated in Serum of 
Patients with Atherosclerosis and 
HUVECs Treated with ox-LDL

To detect the expression of NEAT1 in athero-
sclerosis process, the serum samples were col-
lected and HUVECs were treated with ox-LDL. 
As shown in Figure 1A, NEAT1 level was higher 
in serum with atherosclerosis than that in normal 
serum. With the rising of ox-LDL concentration 
(0 μg/mL, 15 μg/mL, 30 μg/mL, 45 μg/mL), the 
expression of NEAT1 was increasingly high in 
HUVECs (Figure 1B). The overexpression of 
NEAT1 in serum with atherosclerosis and ox-
LDL-treated HUVECs implied the crucial role of 
NEAT1 in the process of atherosclerosis.

Knockdown of NEAT1 Facilitated 
Proliferation but Suppressed 
Apoptosis and Inflammation in 
ox-LDL-Treated HUVECs

The interference efficiencies of si-NEAT1#1 
and si-NEAT1#2 were first assessed in HU-
VECs. A distinct reduction of NEAT1 expres-
sion was caught in both si-NEAT1#1 and si-
NEAT1#2 groups (Figure 2A), and the excellent 
si-NEAT1#1 was used for succedent assays. With 
the view of exploring the function of NEAT1 in 
atherosclerosis, HUVECs were treated with ox-

LDL (30 μg/mL) for 24 h, and then, transfected 
with si-NEAT1#1. MTT revealed that ox-LDL 
drastically reduced the proliferation of HUVECs, 
but si-NEAT1#1 transfection inversely obstruct-
ed this reduction (Figure 2B). Also, the increase 
of apoptotic rate in ox-LDL-treated HUVECs 
was relatively decreased after transfection with 
si-NEAT1#1 (Figure 2C). Contrasted to ox-LDL 
group, Bcl-2 (apoptosis inhibited marker) ex-
pression was enhanced (Figure 2D) but the levels 
of Bax and Cleaved-casp-3 (apoptosis promot-
ed markers) were descended (Figure 2E and F) 
in ox-LDL+si-NEAT1#1 group. Besides, ELISA 
reflected that the concentrations of IL-6 (Figure 
2G), IL-1β (Figure 2H), and TNF-α (Figure 2I) 
were lower in ox-LDL+si-NEAT1#1 group than 
these in ox-LDL group. Whole data demonstrated 
that si-NEAT1#1 weakened the ox-LDL-induced 
inhibition of proliferation but increased apopto-
sis and inflammation, insinuating that NEAT1 
knockdown promoted proliferation but refrained 
apoptosis and inflammation in ox-LDL-treated 
HUVECs.

NEAT1 Targetedly Regulated 
MiR-30c-5p Expression

The targeted miRNA of NEAT1 was predict-
ed using StarBase 3.0, in which NEAT1-WT 
contained the binding points with miR-30c-5p, 
and the binding points were mutated as NEAT1-
MUT (Figure 3A). In Dual-Luciferase reporter 
assay, the relative Luciferase activity of NEAT1-
WT group was lower than that of NEAT1-MUT 
group after miR-30c-5p was overexpressed (Fig-
ure 3B). Compared with si-NC group, an evident 
ascent of miR-30c-5p expression was observed 
in si-NEAT1#1 group (Figure 3C). Addition-

Figure 1. NEAT1 was upregulated in serum of patients with atherosclerosis and HUVECs treated with ox-LDL. A, and B, 
QRT-PCR was applied to examine the level of NEAT1 in serum of patients with atherosclerosis or serum of normal individuals 
(A) and HUVECs treated with ox-LDL (0 μg/mL, 15 μg/mL, 30 μg/mL, 45 μg/mL) (B). *p < 0.05.
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Figure 2. Knockdown of NEAT1 facilitated proliferation but suppressed apoptosis and inflammation in ox-LDL-treated 
HUVECs. A, The interference efficiencies of si-NEAT1#1 and si-NEAT1#2 were assessed by qRT-PCR. B, Cell proliferation 
was examined by MTT in HUVECs treated with ox-LDL (30 μg/mL) and transfected with si-NEAT1#1 or relative controls. 
C, Cell apoptosis was detected through flow cytometry. (D-F) Western blot was utilized for detecting the levels of Bcl-2 (D), 
Bax (E) and Cleaved-casp-3 (F). G-I, ELISA was used to determine the concentrations of IL-6 (G), IL-1β (H) and TNF-α (I). 
*p < 0.05.
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ally, qRT-PCR manifested that miR-30c-5p was 
remarkedly downregulated in serum of patients 
with atherosclerosis (Figure 3D) and HUVECs 
treated with ox-LDL (30 μg/mL) (Figure 3E) 
in comparison to normal serum and HUVECs 
without ox-LDL. We found a negative relation be-
tween NEAT1 and miR-30c-5p in serum with ath-
erosclerosis (R2=0.7168, p<0.0001) (Figure 3F). 
Above results suggested that NEAT1 directly tar-
geted miR-30c-5p and modulated its expression.

Upregulation of MiR-30c-5p Relieved the 
ox-LDL-Induced Effects on Proliferation, 
Apoptosis and Inflammation in ox-LDL-
Treated HUVECs

MiR-30c-5p was firstly transfected into HU-
VECs and the overexpression effect was con-
spicuous compared with miR-NC group (Figure 
4A). After treatment with ox-LDL (30 μg/mL) 
for 24 h and transfection with miR-30c-5p, a 
series of experiments about biological behaviors 
were conducted to investigate the potential ac-
tion of miR-30c-5p in atherosclerosis. As Figure 
4B depicted, the descent of cell proliferation 
induced by ox-LDL was ameliorated by transfec-
tion with miR-30c-5p in HUVECs. Similarly, the 
ox-LDL-induced promoted effect on apoptosis 
was abated by elevating miR-30c-5p (Figure 4C). 
Meanwhile, miR-30c-5p transfection mitigated 
the ox-LDL-induced repression of Bcl-2 (Fig-
ure 4D) but motivation of Bax (Figure 4E) and 
Cleaved-casp-3 (Figure 4F) in HUVECs. Simi-

larly, ox-LDL clearly facilitated the inflammation 
because of the rising of IL-6 (Figure 4G), IL-1β 
(Figure 4H) and TNF-α (Figure 4I), while this 
rising was alleviated after the overexpression of 
miR-30c-5p. Therefore, ox-LDL-induced effects 
on proliferation, apoptosis and inflammation in 
ox-LDL-treated HUVECs were all lightened 
through the promotion of miR-30c-5p.

MiR-30c-5p Directly Combined 
With TCF7 and Restrained the 
Expression of TCF7

To seek the target gene of miR-30c-5p, the 
matched binding sites of miR-30c-5p in the posi-
tion of TCF7 3’UTR (372-379) were predicted by 
TargetScan (Figure 5A), and the lower Luciferase 
activity was detected through the co-transfection 
of TCF7-WT and miR-30c-5p (Figure 5B). Nota-
bly, the overexpression of miR-30c-5p refrained 
TCF7 mRNA (Figure 5C) and protein (Figure 5D) 
levels in HUVECs. In the serum of atherosclero-
sis patients, the mRNA (Figure 5E) and protein 
(Figure 5F) levels of TCF7 were significantly up-
regulated. Besides, the mRNA expression of TCF7 
was higher (Figure 5G), as well as TCF7 protein 
expression (Figure 5H), in the presence of ox-LDL 
(30 μg/mL) than the absence of that in HUVECs. 
Moreover, the liner relation between miR-30c-5p 
and TCF7 levels in serum of patients with athero-
sclerosis was prominently negative (R2=0.7089, 
p<0.0001) (Figure 5I). Probably, miR-30c-5p di-
rectly inhibited TCF7 expression.

Figure 3. NEAT1 targetedly regulated miR-30c-5p expression. A, Presumptive binding sites between NEAT1 and miR-
30c-5p were predicted by Starbase3.0. B, The targeted relation was evaluated by dual-luciferase reporter assay. C, The level 
of miR-30c-5p was measured in HUVECs transfected with si-NEAT1#1 or si-NC. D, and E, QRT-PCR was performed to 
examine miR-30c-5p expression in serum with atherosclerosis (D) and HUVECs treated with ox-LDL (30 μg/mL). F, The 
analysis of liner relation between NEAT1 and miR-30c-5p in serum with atherosclerosis was carried out by Spearman’s 
correlation coefficient. *p < 0.05.
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Depression of NEAT1 Restrained TCF7 
Expression Via Enhancing MiR-30c-5p

After the analysis between the expression of 
NEAT1 and TCF7 in serum of patients with ath-
erosclerosis, a positive correlation (R2=0.6664, 
p<0.0001) was discovered (Figure 6A). Whereaf-
ter, HUVECs were transfected with six groups (si-
NC, si-NEAT1#1, si-NEAT1#1+anti-miR-NC, si-

NEAT1#1+anti-miR-30c-5p, miR-30c-5p+pcDNA, 
miR-30c-5p+TCF7), and then, TCF7 expression 
was measured using QRT-PCR and Western blot. 
As presented in Figure 6B and C, transfection with 
si-NEAT1 decreased both mRNA and protein ex-
pression of TCF7, but miR-30c-5p inhibitor revert-
ed these decreased effects. MiR-30c-5p-induced 
repression of TCF7 mRNA and protein levels were 

Figure 4. Upregulation of miR-30c-5p relieved the ox-LDL-induced effects on proliferation, apoptosis and inflammation in ox-
LDL-treated HUVECs. A, The assessment of overexpression efficiency of miR-30c-5p was administrated by qRT-PCR. B, MTT 
was used for detecting the proliferation ability in ox-LDL, ox-LDL+ miR-30c-5p groups or matched controls in HUVECs. C, Flow 
cytometry was conducted to examine apoptotic cells. D-F, The protein levels of Bcl-2 (D), Bax (E) and Cleaved-casp-3 (F) were 
measured through Western blot. G-I, The concentrations of IL-6 (G), IL-1β (H) and TNF-α (I) were tested via ELISA. *p < 0.05.
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Figure 5. MiR-30c-5p directly combined with TCF7 and restrained the expression of TCF7. A, TargetScan was used for 
analyzing the combination between miR-30c-5p and TCF7. B, Dual-Luciferase reporter assay was executed for the luciferase 
activity in HUVECs co-transfected with TCF7-WT or TCF7-MUT and miR-30c-5p or miR-NC. C, and D, TCF7 mRNA and 
protein levels in HUVECs transfected with miR-30c-5p or miR-NC were examined through QRT-PCR and Western blot. 
E-H, QRT-PCR and Western blot were implemented for determining the mRNA and protein levels of TCF7 in serum with 
atherosclerosis (E and F) and HUVECs treated with ox-LDL (30 μg/mL) (G and H). I, Spearman’s correlation coefficient was 
used for analyzing the liner relation between miR-30c-5p and TCF7 in serum with atherosclerosis. *p < 0.05.

Figure 6. Depression of NEAT1 restrained TCF7 expression via enhancing miR-30c-5p. A, The relationship between NEAT1 
and TCF7 in serum of patients with atherosclerosis was evaluated by Spearman’s correlation coefficient. B, and C, The analysis 
of TCF7 mRNA and protein expression was administrated utilizing QRT-PCR and Western blot after transfection with si-NC, 
si-NEAT1#1, si-NEAT1#1+anti-miR-NC, si-NEAT1#1+anti-miR-30c-5p, miR-30c-5p+pcDNA, miR-30c-5p+TCF7. *p < 0.05.
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abrogated by TCF7 overexpression. These results 
testified that the reduction of NEAT1 had a sup-
pressive effect on TCF7 expression by motivating 
the level of miR-30c-5p.

Downregulation of NEAT1 Provided 
the Protective Effect for ox-LDL-Treated 
HUVECs by MiR-30c-5p/TCF7 Axis

To analyze the regulatory mechanism of NEAT1 
in atherosclerosis process, HUVECs were treated 
with ox-LDL (30 μg/mL) for 24 h and transfected 
with six groups as Figure 6. Firstly, MTT revealed 

that anti-miR-30c-5p transfection memorably de-
clined the OD value protected by si-NEAT1#1, 
and overexpression of TCF7 reverted the promoted 
effect on OD value induced by miR-30c-5p (Figure 
7A). Then, miR-30c-5p inhibitor expedited apop-
tosis decreased by si-NEAT1#1, and transfection 
of TCF7 promoted the miR-30c-5p-reduced cell 
apoptosis (Figure 7B). Simultaneously, Bcl-2 ex-
pression was elevated by si-NEAT1#1 but was 
suppressed after transfection with anti-miR-30c-
5p, and the level of Bcl-2 was lower in miR-30c-
5p+TCF7 group than that in miR-30c-5p+pcDNA 

Figure 7. Downregulation of NEAT1 provided the protective effect for ox-LDL-treated HUVECs by miR-30c-5p/TCF7 axis. 
A, The detection of cell proliferation was conducted by MTT in HUVECs treated with ox-LDL (30 μg/mL) and transfected with 
si-NC, si-NEAT1#1, si-NEAT1#1+anti-miR-NC, si-NEAT1#1+anti-miR-30c-5p, miR-30c-5p+pcDNA, miR-30c-5p+TCF7. B, 
Examination of apoptosis was implemented by flow cytometry. C-E, The assessment of Bcl-2 (C), Bax (D) and Cleaved-casp-3 
(E) levels was conducted using Western blot. F-H, The testing of the concentrations of IL-6 (F), IL-1β (G) and TNF-α (H) 
was executed through ELISA. *p < 0.05.
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group (Figure 7C). Also, the lessening of both 
Bcl-2 (Figure 7D) and cleaved-casp-3 (Figure 7E) 
caused by si-NEAT1#1 or miR-30c-5p was en-
hanced by adding anti-miR-30c-5p or TCF7, re-
spectively. Moreover, miR-30c-5p inhibitor mark-
edly reversed the inhibitory effects of si-NEAT1#1 
on IL-6 (Figure 7F), IL-1β (Figure 7G) and TNF-α 
(Figure 7H), and the miR-30c-5p-induced effects 
were abolished by promoting TCF7. Collectively, 
the knockdown of NEAT1 motivated proliferation 
but decreased apoptosis and inflammation induced 
by ox-LDL by inhibiting TCF7 and by heightening 
miR-30c-5p, exerting the protective effect for the 
HUVECs treated with ox-LDL and contributing to 
relieve the injury of atherosclerosis.

Discussion

Atherosclerosis is largely responsible for 
the occurrence of thrombosis, myocardial in-
farction, stroke, and coronary heart disease2,22, 
which causes aggressive damage for public 
health. In consideration of the complicacy of 
atherosclerosis pathology and multitudinous 
complications, the emergence of novel targets 
might be a breakthrough to meet the current 
change of unsatisfactory effect. During our re-
port, we had a thorough knowledge of the role 
of NEAT1 in atherosclerosis and disclosed the 
receivable mechanism. NEAT1 was upregulated 
in serum of patients with atherosclerosis and 
ox-LDL-treated HUVECs, and knockdown of 
NEAT1 could elevate proliferation but weaken 
apoptosis and inflammation in HUVECs treated 
with ox-LDL via regulating miR-30c-5p/TCF7 
axis. NEAT1 is an available candidate for ther-
apeutic targets in the treatment strategies for 
atherosclerosis.

Certainly, segmental reports about NEAT1 
have put the highlight on the initiation and evo-
lution of atherosclerosis and atherosclerosis-trig-
gered diseases. For example, NEAT1 was certi-
fied to involve in some chemokines and interleu-
kins, regulating the action of immunocyte and 
inhibiting the inception of myocardial infarction 
in patients23. Ma et al24 declared that NEAT1 ex-
acerbated the myocardial ischemia reperfusion 
injury in diabetic rats by inducing apoptosis and 
autophagy of cardiomyocyte. Gast et al25 record-
ed the potential relevance between NEAT1 and 
immune system-mediated atherosclerosis. In the 
present study, we firstly ascertained the upregu-
lation of NEAT1 in serum derived from patients 

with atherosclerosis. By reason of the indicative 
role of ox-LDL in atherosclerosis26, we estab-
lished the model of atherosclerosis onset in vitro 
through the treatment with ox-LDL for HUVECs. 
Consistent with the previous reports of the eleva-
tion of NEAT1 induced by ox-LDL27,28, the en-
hancement of NEAT1 expression after treatment 
with ox-LDL at different concentrations was al-
so found in this research. Preliminary results 
demonstrated there was an underlying positive 
regulation between NEAT1 expression and ath-
erosclerosis process. To explore the precise func-
tion of NEAT1 in atherosclerosis, the significant 
behaviors of inflammation and apoptosis, along 
with cell proliferation, were measured in HU-
VECs treated ox-LDL (30 μg/mL). The results 
manifested that the decrease of cell proliferation 
but the increase of apoptosis and inflammation 
induced by ox-LDL were all rescued by NEAT1 
inhibition, insinuating that the knockdown of 
NEAT1 had a promotion of proliferation but a 
reduction of apoptosis and inflammation in ox-
LDL-treated HUVECs, in accord with the find-
ings in macrophages RAW264.727 and THP-128. 
The anti-apoptotic/inflammatory role of NEAT1 
knockdown on atherosclerosis was exposed, sug-
gesting that NEAT1 might be a positive indicator 
of atherosclerosis.

Researches of miRNAs on atherosclerosis are 
increasing over the few decades. Xue et al29 al-
leged that miR-19b/221/222 regulated the apop-
tosis and inflammation of endothelial cells by 
inhibiting proliferator-activated receptor γ co-
activator 1α (PGC-1α) in atherosclerosis process. 
Tang et al30 found that miR-126 could ameliorate 
the injury of endothelial cells in atherosclero-
sis via recovering autophagy. Notably, miR-2431 
and miR-140-5p32 aggravated atherosclerosis by 
regulating gene expression. The roles of di-
verse miRNAs are different in atherosclerosis. 
NEAT1 has been elucidated to serve as ceRNA 
of different miRNAs in many diseases, includ-
ing atherosclerosis27,33,34. Taking this into consid-
eration, we speculated that NEAT1 was relevant 
to certain miRNA in the progression of athero-
sclerosis. As expected, NEAT1 targeted miR-
30c-5p and negatively regulated the expression 
of miR-30c-5p in HUVECs. Through the attes-
tation of anterior studies, there was a downreg-
ulation of miR-30-5p in atherosclerosis patients 
and endothelial cells treated with ox-LDL33, 
and miR-30c-5p alleviated atherosclerosis via 
inhibiting endothelial cell pyroptosis34 and mac-
rophage-mediated inflammation35. In line with 
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these findings, our study indicated that miR-30c-
5p was downregulated in serum of patients with 
atherosclerosis and ox-LDL-treated HUVECs, 
and miR-30c-5p reversed the ox-LDL-induced 
inhibition of proliferation but the acceleration 
of apoptosis and inflammation in ox-LDL-treat-
ed HUVECs, notarizing the anti-atherosclerosis 
role of miR-30c-5p.

Due to the character of miRNAs by regulating 
the expression of downstream genes, an interest-
ing assumption was appeared that NEAT1 might 
function as a miR-30c-5p sponge via regulating 
gene expression. In this research, TCF7 was 
deemed as a presumptive target of miR-30c-
5p by TargetScan prediction, and the negatively 
targeted relation between miR-30c-5p and TCF7 
was further validated. Moreover, TCF7 level was 
heightened not only in serum of patients with 
atherosclerosis but also in ox-LDL-treated HU-
VECs, in consistent with the elevation of TCF7 
in the process of atherosclerosis as previously 
reported36-38. Subsequently, we found a positive 
correlation between NEAT1 and TCF7 expres-
sion, and the knockdown of NEAT1 could reduce 
the expression of TCF7 through the motivation 
of miR-30c-5p. Furthermore, NEAT1 knockdown 
had the protective function for HUVECs treated 
with ox-LDL via miR-30c-5p/TCF7 axis, con-
firming the NEAT1/miR-30c-5p/TCF7 regulatory 
axis in the progression of atherosclerosis.

Conclusions

To summarize, there was a detailed elucidation 
on the role and modulatory mechanism of NEAT1 
in atherosclerosis in our report. The knockdown 
of NEAT1 could facilitate proliferation but re-
press apoptosis and inflammation in HUVECs 
treated with ox-LDL via downregulating TCF7 
by promoting miR-30c-5p. Innovatively, we ex-
pounded a new regulatory mechanism of NEAT1/
miR-30c-5p/TCF7 axis in atherosclerosis, which 
might break the restriction of traditional therapies 
and exploit an upgraded perspective with NEAT1 
as a therapeutic target for confronting athero-
sclerosis. Hence, the prospect of atherosclerosis 
is gradually bright in the direct clinical treat-
ments partly through the regulatory mechanism 
of NEAT1.
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