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ase gene reporter assay indicated that linc00961 
could directly bind with miR-367 in VSMCs. Fi-
nally, we found that linc00961 could inhibit pro-
liferation and promote apoptosis of VSMCs via 
binding with miR-367.

CONCLUSIONS: According to the results, our 
study revealed that linc00961 was significant-
ly decreased in patients with CHD and ApoE-/-
mice. Furthermore, our findings firstly uncov-
ered that linc00961 was reduced by hypoxia and 
CRP in VSMCs. The downregulation of linc00961 
contributed to promote proliferation and inhib-
it apoptosis of VSMCs by sponging miR-367 in 
CHD patients, which might provide a potential 
target for treating atherosclerosis.
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Introduction

Atherosclerosis is a disease of large elastic and 
muscular arteries, which is the most dangerous 
factor and responsible for coronary heart disease 
(CHD)1-3. It is reported that more than 20 million 
people die every year because of CHD, making 
it one of the leading causes of mortality in the 
world3-5. The activation of the inflammatory cells, 
such as lymphocytes and monocyte-derived mac-
rophages leads to the secretion of inflammatory 
cytokines, such as IL-2, IL-6, IL-8, IL-15, IL-18, 
IFN-γ, and TNF-α, which will promote the devel-
opment of atherosclerosis and CHD6-9. Moreover, 
the proliferation of vascular smooth muscle cells 
(VSMCs) and the formation of neo-intima domi-
nate the development of atherosclerosis10-13.

Long non-coding RNAs (lncRNAs) are a sort 
of RNAs that are more than 200 nucleotides (nt) 
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and miR-367 in CHD patients and ApoE-/-mice, 
and the correlations were analyzed. Then, HA-
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the factors that affect linc00961 levels. Further-
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cle cells (VSMCs). CCK8 assay was carried out 
to measure the cell proliferation of VSMC, and 
the levels of Cyclin D1, Bcl-2, Bax, and cleaved 
caspase-3 were detected by RT-PCR and West-
ern blot. Moreover, the Luciferase assay was per-
formed to explore the binding site of linc00961 
and miR-367. Finally, the miR-367 inhibitor was 
transfected into LV-sh linc00961 VSMCs to con-
firm the linc00961 functions via miR-367.

RESULTS: We found that linc00961 was sig-
nificantly decreased in patients with CHD and 
ApoE-/-mice. Additionally, linc00961 was re-
duced in VSMCs at the conditions of hypoxia and 
C-reactive protein (CRP). Most importantly, the 
overexpression of linc00961 significantly inhib-
ited the VSMCs proliferation, repressed the lev-
els of Cyclin D1 and Bcl-2, and increased the lev-
els of Bax and cleaved caspase-3. However, the 
downregulation of linc00961 promoted VSMCs 
proliferation, increased the levels of Cyclin D1 
and Bcl-2, and repressed the levels of Bax and 
cleaved caspase-3. We also found that miR-367 
was downregulated following the upregulation 
of linc00961, while it was upregulated following 
the downregulation of linc00961. The Lucifer-
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but have no protein-coding capacity. They have 
been found to participate in many biological pro-
cesses in various diseases14-16. LncRNAs have 
been widely found to be aberrantly expressed in 
many cancers17-20. Recently, it has been reported 
that lncRNAs can be involved in the regulation 
and development of cardiovascular diseases, such 
as atherosclerosis and CHD21,22. For example, ln-
cRNA TUG1 could promote the proliferation of 
VSMCs and atherosclerosis by regulating miR-
NA-21/PTEN axis23; lncRNA MIAT could in-
hibit efferocytosis in advanced atherosclerosis by 
sponging miR-149-5p24. Long non-coding RNA 
00961 (Linc00961) is located in chromosome 9, 
which is 1,546 nucleotides in length25. It has been 
reported to be a tumor suppressor in multiple 
types of cancers, including skin melanoma26, oral 
squamous cell carcinoma27, renal cell carcino-
ma28, etc. However, the expression and biological 
function of linc00961 in atherosclerosis and CHD 
are less understood.

MiRNAs have been observed to be involved 
in many biological processes of various diseases, 
and miR-367 was found to participate in the car-
cinogenesis and progression in multiple types of 
cancers29,30. For example, miR-367 could enhance 
the proliferation and invasion of cutaneous ma-
lignant melanoma31; miR-367 participated in reg-
ulating cell proliferation and metastasis in clear-
cell renal cell carcinoma32. However, the role of 
miR-367 in atherosclerosis and CHD is unclear.

In this study, we aimed at investigating the ex-
pression and function of linc00961 in CHD. We 
observed a significant decrease of linc00961 ex-
pression in CHD patients and ApoE-/-mice, and 
the downregulation of linc00961 attenuated to 
the development of CHD. Furthermore, we also 
detected that miR-367 expression was increased. 
Therefore, we speculated that linc00961 could 
play an important role in the development of CHD 
by regulating miR-367.

Patients and Methods

Patients and Animals
20 serum samples from CHD patients and 20 

serum samples from healthy volunteers were 
collected in our hospital from July 2016 to Sep-
tember 2017. All samples were frozen in liquid 
nitrogen at -80°C until use. 20 ApoE-/-mice 
were obtained from Beijing Vital River Labora-
tory Animal Technology Co., Ltd, (Beijing, Chi-
na). These ApoE-/-mice received a high-fat diet, 

which was kept in the standard specific patho-
gen-free (SPF) environment with 12 hours light 
and 12 hours dark at the temperature of 20-25°C. 
These mice were rapidly euthanized in cervical 
paralysis after 16 weeks, and the atherosclerotic 
plaque and adjacent tissue were frozen in liquid 
nitrogen at -80°C until use. Our study was ap-
proved by the Faculty of Medicine’s Ethics Com-
mittee of our hospital. All animal experiments 
were performed in accordance with institutional 
guidelines. The human study was performed in 
accordance with the principles of the Declara-
tion of Helsinki and was approved by the Ethi-
cal Committee. Informed consent was obtained 
from each patient.

Cell Culture
Human vascular smooth muscle cell line 

HA-VSMC was purchased from the American 
Type Culture Collection (ATCC; Manassas, VA, 
USA). The cells were cultured in DMEM/F12 
medium (Invitrogen, Carlsbad, CA, USA) with 
10% fetal bovine serum (FBS; Gibco, Grand Is-
land, NY, USA), the antibiotics penicillin (100 
U/ml), and streptomycin (100 μg/ml), and cells 
were cultured in an appropriate incubator with 
37°C and 5% CO2.

Construction of Lentivirus 
and Cell Transfection

The full length of human linc00961 cDNA 
was synthesized and subcloned into a lentivirus 
(Shanghai GenePharma Co, Ltd, Shanghai, Chi-
na), resulting in linc00961 overexpression, named 
LV-linc00961. And the short hairpin linc00961 
(sh linc00961) cDNA was synthesized and cloned 
into the lentivirus, resulting in linc00961 down-
regulation, which named LV-sh linc00961. LV-
linc00961 and LV-sh linc00961 and their nega-
tive control (NC) were respectively infected into 
VSMCs for 24 hours according to the manufac-
turer’s protocol; then, the transfection efficiency 
was observed under a fluorescent inverted micro-
scope. The stable VSMC cell lines with linc00961 
overexpression or linc00961 downregulation 
were constructed after 1 to 2 weeks. The cells 
were prepared and harvested for further study. 
VSMCs were seeded in 6-well plates (1×106/well) 
until reaching 70%; before transfection, the trans-
fection reagent Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA), serum-free DMEM and 
miR-367 NC or miR-367 mimic were mixed and 
incubated for 30 mins, which were then added 
into VSMCs with complete medium containing 
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15% FBS. At the indicated time point after trans-
fection, the cells were harvested for further study. 

CCK8 Assay
VSMCs were respectively transfected with LV-

NC, LV-linc00961, LV-sh linc00961, or co-trans-
fected with LV-sh linc00961 and miR-367 in-
hibitor for 48 h. After that, the target cells were 
seeded in 96-well plates (2×103/well) and cultured 
in DMEM/F12 medium at 37°C and 5% CO2 for 
1 d, 3 d, and 7 d. Three replicate wells were set 
in each group. 10 ul Cell Counting Kit-8 (CCK-8, 
Dojundo, Kumamoto, Japan) was added into 100 
ul of DMEM medium in each well, which was 
co-cultured at darkness for 2 hours at 37°C. Next, 
the proliferation of VSMCs was measured by 
CCK8 assay. The absorbance (OD) value of each 
well was measured at 450 nm with microplate 
reader (Thermo Fisher, Waltham, MA, USA). The 
data was collected for 1 d, 3 d, and 7 d. The whole 
experiment was repeated three times.

RNA Extraction and quantitative 
Real Time-PCR

The total RNA of serum was extracted by us-
ing TRIzol LS (Invitrogen, Carlsbad, CA, USA), 
and the total RNA of mice tissues and cells was 
extracted by using TRIzol (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s pro-
tocol. Reverse transcription was performed by 
using the PrimeScript™ RT reagent Kit (TaKaRa, 
Otsu, Shiga, Japan) according to the protocol. 

PCR primers were synthesized by Gene Phar-
ma (Shanghai Gene Pharma, Shanghai, China), 
and the sequences were listed in Table I. mRNA 
expressions were detected by SYBR Premix Ex 
Taq II (TaKaRa, Otsu, Shiga, Japan). The mRNA 
expressions of linc00961, Cyclin D1, Bcl-2, Bax, 
and cleaved caspase-3 were normalized to β-ac-
tin, and miR-367 was normalized to U6 and 2-∆∆CT 
method was used to calculate the relative gene ex-
pressions.

Protein Extraction and Western Blot
The cells were harvested at a density of 80%, 

and the total protein was extracted by using a 
RIPA lysis buffer (Biyuntian, Shanghai, China). 
The protein concentration was measured with the 
BCA kit (Sigma-Aldrich, St. Louis, MO, USA) 
according to its protocol. 50 μg samples were 
added to 10% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis, (SDS-PAGE) and then, 
the separated proteins were transferred onto poly-
vinylidene difluoride (PVDF) membranes (Milli-
pore, Billerica, MA, USA), which were blocked 
in the 5% non-fat milk at room temperature for 1 
h. They were washed with Tris-Buffered Saline 
and Tween 20 (TBST; Boster, China) for three 
times and then the membranes were respectively 
incubated with primary antibodies (anti-Cyclin 
D1, 1:200, 33 kDa; anti-caspase-3, 1:500, 32 kDa; 
anti-Bax, 1:1000, 20 kDa; anti-Bcl-2, 1:1000, 26 
kDa; β-actin, 1:1000, 45 kDa) overnight at 4°C. 
All primary antibodies were bought from Cell 

Table I. Sequences of primers for RT-PCR

Genes Primer sequences

Linc00961 Forward: 5’- GCAGAATGCCATGGTTTCCC -3’
 Forward: 5’-CTGTTCTGGATGGGAGCGAA-3’
 Reverse: 5’-ACAGTCACCACGAACAGCAC-3’
miR-367 Forward: 5’-TTCTCCGAACTTTGCACGTTT-3’
 Reverse: 5’-ACGTGACACGTTCGGAGAATT-3’
Cyclin D1 Forward: 5’-AGCTGTGCATCTACACCGAC-3’
 Reverse: 5’-TGTGAGGCGGTAGTAGGACA-3’
Bax Forward: 5’-GCGACTGATGTCCCTGTCTC-3’
 Reverse: 5’-AAAGATGGTCACGGTCTGCC-3’
Bcl-2 Forward: 5’-CTCCCACAGACTCTGTAAG-3’
 Reverse: 5’-GCATTACCTGGGGCTGTAATT-3’
Caspase3 Forward: 5’-ATTTGGAACCAAAGATCATACA-3’
 Reverse: 5’-CTGAGGTTTGCTGCATCGAC-3’
β-actin Forward: 5’-CCAAGGCCAACCGCGAGAAGAT-3’
 Forward: 5’-AGGGTACATGGTGGTGCCGCCA-3’
U6 Forward: 5’-CGCTTCGGCAGCACATATACT-3’
 Forward: 5’-CGCTTCACGAATTTGCGTGTC-3’
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Signaling Technology (CST, Danvers, MA, USA). 
Then, they were subsequently incubated with 
matched the secondary antibody (1:5000) for 1 h. 
The protein bands were detected by Pierce ECL 
Western blot substrate (Thermo Fisher Scientific, 
Shanghai, China) with enhanced chemilumines-
cence (ECL) detection system (Thermo Fisher 
Scientific, Shanghai, China) and analyzed by us-
ing GraphPad Prism software (GraphPad Soft-
ware, La Jolla, CA, USA).

Luciferase Assay
The potential 3’UTR binding sequence was pre-

dicted by starBase v2.0 database, the sequences 
of linc00961-wt and mutant sequence linc00961-
mut were synthesized and cloned into pmiR-GLO 
(Promega, Madison, WI, USA). VSMCs were 
seeded in 48-well plates for 24 h. Then, miR-
367 mimic and miR-NC were co-transfected into 
VSMCs with pGL3-WT/mut-linc00961 for 24 h. 
The plasmids (200 ng) were mixed with Lipofect-
amine 2000 and DMEM medium for 20 mins, 
then, the mixtures were added into VSMCs for 
24 h. After transfection for 24 h, the cells were 
lysed, and firefly and Renilla Luciferase activities 
were measured by using Dual-Luciferase reporter 
assay (Promega, Madison, WI, USA). Data were 
normalized against the activity of the Renilla Lu-
ciferase gene, and the ratio of these two revealed 
the relative activity of Luciferase.

Statistical Analysis
The data were expressed as the mean±SD, which 

was analyzed by SPSS 21.0 (IBM Corp., Armonk, 
NY, USA) and GraphPad Prism 6.0 (GraphPad 

Software, La Jolla, CA, USA). The significance 
between the groups was analyzed by the Student’s 
t-test or One-way ANOVA, and multiple compar-
isons between the groups were performed by the 
SNK method after ANOVA analysis. If p-val-
ue<0.05, it was considered statistically significant. 

Results

Linc00961 Was Reduced in Patients with 
CHD and ApoE-/-Mice

To explore the function of linc00961 in ath-
erosclerosis and CHD, we first used qRT-PCR 
to detect the expression of linc00961 in the se-
rum samples from 20 patients, compared with 
20 healthy volunteers. The results showed that 
linc00961 was significantly repressed in patients 
with CHD (Figure 1A) (p<0.05). Furthermore, we 
also detected the expression of linc00961 in aor-
tic atherosclerotic plaques of ApoE-/-mice, which 
was a widely used animal model of atherosclero-
sis. As a result, it was shown that linc00961 was 
substantially lower in the aortic plaques of ApoE-
/-mice, compared with the wild type control mice 
(Figure 1B) (p<0.05). These results indicated that 
linc00961 was downregulated in patients with 
CHD and ApoE-/-mice, which might play some 
roles in the procession of atherosclerosis, but the 
detailed mechanism remained unknown.

Linc00961 Was Reduced by Hypoxia 
or CRP in VSMCs

The endothelial cell injury plays an import-
ant role in the development of atherosclerosis 

Figure 1. Linc00961 was reduced in patients with CHD and ApoE-/-mice. A, The mRNA levels of linc00961 in serum sam-
ples of CHD patients (n=20) and healthy volunteer (n=20) were detected by RT-PCR. B, The mRNA levels of linc00961 in 
aortic atherosclerotic plaques of ApoE-/-mice (n=10) and wild type mice (n=10) were detected by RT-PCR. ***p<0.001.
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and CHD. In order to evaluate the factors that 
affect the linc00961 expression, human vas-
cular smooth muscle cell line HA-VAMC was 
respectively treated with inflammatory factors 
(CRP, IL-6, IL-8, IL-18, TNF-α) and hypoxia 
condition (4% O2). After being treated for 24 
h, the linc00961 expressions were detected by 
using RT-PCR. The results revealed that the 
linc00961 level was repressed in hypoxia con-
dition (Figure 2A) (p<0.05). Furthermore, the 
HA-VSMC was inhibited in C-reactive pro-
tein (CRP) condition (20 ng/ml) (Figure 2B) 
(p<0.05), while no significant difference has 
been found in the conditions of IL-6, IL-8, 
IL-18, TNF-α (Figure 2C-2F) (p<0.05). These 
findings indicated that linc00961 was reduced 
in VSMCs induced with hypoxia and CRP, 
which might provide a valuable research orien-
tation for further investigation.

Upregulation of Linc00961 Inhibited 
Proliferation and Promoted Apoptosis 
of VSMCs

To further explore the functions and roles of 
linc00961 in atherosclerosis, the LV- linc00961 
was constructed, which resulted in linc00961 
overexpression. After LV- linc00961 infection 
into VSMCs, the linc00961 level was significantly 
increased (Figure 3A) (p<0.001), indicating that 
linc00961 was successfully infected into VSMCs. 
Then, CCK8 assay was performed to evaluate the 
proliferation of VSMCs; the results showed that 
the overexpression of linc00961 significantly in-
hibited the VSMCs proliferation after 3 d and 7 
d, compared with the control group (Figure 3B) 
(p<0.05). Furthermore, we detected Cyclin D1 
expression, which was a critical factor to promote 
cell proliferation, and we also detected some 
apoptotic gene expressions, such as Bcl-2, Bax, 

Figure 2. Linc00961 was reduced by hypoxia or CRP in VSMCs. A, The mRNA level of linc00961 in VSMCs was detected 
by RT-PCR in hypoxia condition. B-F, The mRNA levels of linc00961 in VSMCs were detected by RT-PCR after the treat-
ment of inflammatory factors, such as CRP, IL-6, IL-8, IL-18, TNF-α. Data are shown as mean ± SD based on at least three 
independent experiments. *p<0.05, **p<0.01.
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and cleaved caspase-3. The data showed that the 
levels of Cyclin D1 and Bcl-2 were significantly 
repressed, while the levels of Bax and cleaved 
caspase-3 were significantly increased in the LV-
linc00961 group (Figure 3C-3E) (p<0.05), com-
pared to the control. These results indicated that 
the upregulation of linc00961 inhibited prolifera-
tion and promoted the apoptosis of VSMCs. 

Downregulation of Linc00961 
Promoted Proliferation and Inhibited 
Apoptosis of VSMCs

To further prove the functions of linc00961 
in atherosclerosis, the LV-sh linc00961 was con-
structed, which resulted in linc00961 downregu-
lation. After LV-sh linc00961 infection to VSMCs, 
the linc00961 level was significantly inhibited 
(Figure 4A) (p<0.01). The CCK-8 assay showed 
that the downregulation of linc00961 significantly 
promoted VSMCs proliferation at the time of 3 d 
and 7 d, compared with the control group (Figure 

4B) (p<0.05). Furthermore, the levels of Cyclin 
D1 and Bcl-2 were significantly increased, while 
the levels of Bax and cleaved caspase-3 were sig-
nificantly inhibited in the LV-sh linc00961 group 
(Figure 4C-4E) (p<0.05), compared to the con-
trol. These results indicated that the downregu-
lation of linc00961 promoted proliferation and 
inhibited apoptosis of VSMCs.

Linc00961 Could Directly Bind With 
MiR-367 in VSMCs

To explore the underlying mechanisms of 
linc00961 that regulated cell proliferation and 
apoptosis in VSMCs, the bioinformatics analy-
sis was performed, and miR-367 was identified 
as a potential targeting miRNA by using star-
Base v2.0 database, which contained the putative 
binding sites with linc00961. Then, the levels of 
miR-367 in CHD patients and ApoE-/-mice were 
detected by RT-PCR. The data obtained showed 
that miR-367 expressions were significantly in-

Figure 3. Upregulation of linc00961 inhibited proliferation and promoted apoptosis of VSMCs. A, The linc00961 expression 
was detected after LV-linc00961 infection by RT-PCR. B, The proliferation rate of VSMCs was analyzed by CCK-8 assay. C,-
E, The mRNA and protein levels of Cyclin D1, apoptotic, and anti-apoptotic genes were detected by RT-PCR and WB. Data 
are shown as mean ± SD based on at least three independent experiments, *p<0.05; **p<0.01, ***p<0.001.
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creased in both CHD patients and ApoE-/-mice 
(Figure 5A-5B) (p<0.001). Moreover, the levels 
of miR-367 were negatively correlated with the 
levels of linc00961 in CHD patients and ApoE-/-
mice (Figure 5C-5D) (p<0.05). Furthermore, we 
also detected the miR-367 expressions in VSMCs 
infected with LV-linc00961 and LV-sh linc00961. 
The findings revealed that miR-367 was signifi-
cantly downregulated following the upregulation 
of linc00961, while it was upregulated following 
the downregulation of linc00961 (Figure 5E-5F) 
(p<0.01). These results indicated that linc00961 
negatively interacted with miR-367, and miR-367 
was predicted to be one target of linc00961. To 
confirm whether linc00961 could function as 
a ceRNA to competitively bind with miR-367, 
WT-linc00961 and MUT-linc00961 vectors were 
constructed to further explore the association be-
tween linc00961 and miR-367 in VSMCs, and the 
Luciferase gene reporter assay was performed 

(Figure 5G). The relative Luciferase activity in 
VSMCs co-transfected with WT-linc00961 and 
miR-367 mimics was significantly repressed 
compared with the cells transfected with miR-
367 NC. However, the relative Luciferase activity 
in VSMCs co-transfected with MUT-linc00961 
and miR-367 mimic was reversed (Figure 5H) 
(p<0.01). These results indicated that linc00961 
could function as a ceRNA to competitively bind 
with miR-367 in VSMCs.

Linc00961 Repressed Proliferation 
and Promoted Apoptosis of VSMCs 
Via MiR-367

To investigate whether linc00961 inhibited 
proliferation and promoted apoptosis of VSMCs 
binding with miR-367, the miR-367 inhibitor 
was added into VSMCs with LV-sh linc00961, 
and the CCK-8 and apoptotic genes were ex-
amined. The results showed that the increased 

Figure 4. Downregulation of linc00961 promoted proliferation and inhibited apoptosis of VSMCs. A, The linc00961 expres-
sion was detected after LV-sh linc00961 infection by RT-PCR. B, The proliferation rate of VSMCs was analyzed by CCK8 
assay. C,-E, The mRNA and protein levels of Cyclin D1, apoptotic, and anti-apoptotic genes were detected by RT-PCR and 
WB. Data are shown as mean ± SD based on at least three independent experiments, *p<0.05; **p<0.01, ***p<0.001.
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cell proliferation rate in VSMCs with LV-sh 
linc00961 was significantly reversed after add-
ing miR-367 inhibitor at 3 d and 7 d (Figure 
6A) (p<0.05). The increased levels of Cyclin 
D1 and Bcl-2 in VSMCs with LV-sh linc00961 
were significantly repressed after adding miR-

367 inhibitor, while the repressed levels of Bax 
and cleaved caspase 3 in VSMCs with LV-sh 
linc00961 were significantly increased (Figure 
6B-6D) (p<0.05). These findings indicated that 
linc00961 inhibited proliferation and promoted 
apoptosis of VSMCs via binding with miR-367.

Figure 5. Linc00961 could directly bind with miR-367 in VSMCs. A-B, The mRNA levels miR-367 were detected by RT-
PCR in CHD patients and ApoE-/-mice. C-D, The relationship between linc00961 and miR-367 was analyzed by correlation 
analysis. E-F, The levels of miR-367 were detected by RT-PCR in VSMCs infected with LV-linc00961 and LV-sh linc00961. 
G, Potential binding sites between linc00961 and miR-367 were predicted by starBase v2.0 database. H, The Luciferase re-
porter assay was performed to determine the binding site. Data are shown as mean ± SD based on at least three independent 
experiments, **p<0.01, ***p<0.001.
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Discussion

Atherosclerosis is one of the leading causes of 
mortality in the world, and it is a multistep cardio-
vascular disease. It is reported that the proliferation 
of VSMCs and the formation of neo-intima play 
an important role in the development of athero-
sclerosis and CHD1-3. LncRNAs have been found 
to be involved in the regulation and development 
of cardiovascular diseases, such as atherosclerosis 
and CHD21,22. Linc00961 has been reported to be a 
tumor suppressor in multiple types of cancers26-28. 
However, the level and biological roles of linc00961 
in CHD are less understood. In this study, we found 
that linc00961 expression was reduced in both CHD 

patients and ApoE-/-mice, so it might play a role in 
CHD patients. To evaluate which factor might affect 
the linc00961 expression, VAMCs were respective-
ly treated with inflammatory factors and hypoxia 
conditions (4% O2). We found that the treatments 
of hypoxia and CRP would decrease the linc00961 
expression, which might provide a valuable research 
orientation for further study. We still did not know 
its function in CHD and atherosclerosis.

To further investigate the function of linc00961 
in CHD, the LV-linc00961, and LV-sh linc00961 
were constructed and respectively infected into 
VSMCs. The results showed that the VSMCs pro-
liferation was repressed in LV-linc00961, the ex-
pressions of Cyclin D1 and Bcl-2 were decreased, 

Figure 6. Linc00961 repressed proliferation and promoted apoptosis of VSMCs via miR-367. A, The proliferation rates of 
VSMCs were analyzed by CCK-8 assay in VSMCs with LV-sh linc00961 and LV-sh linc00961 with miR-367 inhibitor. B-D, 
The mRNA and protein levels of Cyclin D1, apoptotic, and anti-apoptotic genes were detected by RT-PCR and WB. Data are 
shown as mean ± SD based on at least three independent experiments, *p<0.05; **p<0.01.
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Bax and cleaved caspase-3 were increased. 
However, these results were reversed in LV-sh 
linc00961, demonstrating that linc00961 inhibited 
proliferation and promoted apoptosis of VSMCs. 
Pan et al27 reported that linc00961 suppressed cell 
proliferation and induced cell apoptosis in oral 
squamous cell carcinoma. Mu et al26 reported that 
linc00961 could inhibit the proliferation and inva-
sion of skin melanoma. 

To explore the underlying mechanisms of 
linc00961 that regulated cell proliferation and 
apoptosis in VSMCs, bioinformatics analysis was 
performed, and miR-367 was identified as a poten-
tial targeting miRNA by using starBase v2.0 da-
tabase. MiR-367 was demonstrated to be involved 
in the proliferation and progression of multiple 
types of cancers29,30. Then, we detected the lev-
els of miR-367. The results showed that miR-367 
expressions were increased in both CHD patients 
and ApoE-/-mice, which was negatively correlat-
ed with linc00961 expression. To confirm wheth-
er linc00961 could function as a ceRNA to com-
petitively bind with miR-367, WT-linc00961 and 
MUT-linc00961 vectors were constructed, and 
the Luciferase gene reporter assay was performed. 
The results showed that linc00961 could directly 
bind with miR-367, which indicated that linc00961 
could function as a ceRNA to competitively bind 
with miR-367 in VSMCs. To further investigate 
whether linc00961 inhibited proliferation and 
promoted apoptosis of VSMCs via miR-367, the 
miR-367 inhibitor was added into VSMCs with 
LV-sh linc00961. The results showed that the in-
creased cell proliferation rate in VSMCs with LV-
sh linc00961 was reversed after adding a miR-367 
inhibitor.

Therefore, our study showed that the reduced 
linc00961 in CHD patients could promote cell 
proliferation and enhance the development of 
CHD, suggesting that linc00961 might be used as 
a new target for CHD and provide a new interven-
tion strategy for patients with CHD, but it should 
be verified in human CHD patients.

Conclusions

In summary, our study results revealed that 
linc00961 was significantly decreased in patients 
with CHD and ApoE-/-mice. Furthermore, our 
findings firstly uncovered that linc00961 was re-
duced by hypoxia and CRP in VSMCs. The down-
regulation of linc00961 contributed to promote 
proliferation and inhibit apoptosis of VSMCs 

by sponging miR-367 in CHD patients. Thus, 
linc00961 might be a promising marker and pro-
vide a potential target for treating atherosclerosis.
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