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Possible causes of atherosclerosis: lncRNA COLCA1 induces 
oxidative stress in human coronary artery endothelial cells and 
impairs wound healing
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Background: Atherosclerosis is the most common cause of cardiovascular disease, accompanied by high 
mortality and poor prognosis. Low-density lipoprotein (LDL) and its oxidized form oxidized low-density 
lipoprotein (oxLDL) play an important role in atherosclerosis. This article will explore the role of the 
lncRNA COLCA1 (colorectal cancer associated 1)/hsa-miR-371a-5p/SPP1 (secreted phosphoprotein 1) 
pathway in oxLDL in causing human coronary artery endothelial cells (HCAECs) inflammation and related 
biological function changes.
Methods: OxLDL was used to stimulate HCAECs. The inflammatory response and biological function 
changes of HCAECs were analyzed, total RNA-seq was performed on HCAECs before and after stimulation, 
and RT-Qpcr (real-time quantitative PCR) was used to verify the differential genes. Interference of the 
expression of COLCA1 in HCAECs was performed by siRNA interference technology to verify the role of 
COLCA1 in the biological function changes of HCAECs after oxLDL stimulation, and further prove that 
COLCA1 affects SPP1 through hsa-miR-371a-5p.
Results: OxLDL can affect the oxidative stress response of HCAECs, which in turn affects the apoptosis 
and wound healing ability of HCAECs. COLCA1 and SPP1 were highly expressed after oxLDL stimulation, 
while hsa-miR-371a-5p was the opposite. After COLCA1 interference, the oxidative stress level of HCAECs 
stimulated by oxLDL decreased, the apoptosis level also significantly decreased, and the wound healing 
ability was enhanced. After simultaneous COLCA1 interference and recovery of the expression of hsa-miR-
371a-5p, these improved functions disappeared. The dual-luciferase assay confirmed that hsa-miR-371a-5p 
and COLCA1, hsa-miR-371a-5p and SPP1 has binding targets.
Conclusions: OxLDL can up-regulate the expression of COLCA1 in HCAECs, which in turn affects the 
intracellular COLCA1/hsa-miR-371a-5p/SPP1 pathway to regulate the level of oxidative stress in cells. This 
in turn affects the level of apoptosis and wound healing ability, which causes cells to produce a continuous 
inflammatory response.

Keywords: Long non-coding RNA (lncRNA); oxidative stress; wound healing; atherosclerotic plaque; ceRNA

Submitted Jan 07, 2022. Accepted for publication Mar 04, 2022.

doi: 10.21037/atm-22-507

View this article at: https://dx.doi.org/10.21037/atm-22-507

13

https://crossmark.crossref.org/dialog/?doi=10.21037/atm-22-507


Li et al. OXLDL upregulates COLCA1 to promote coronary atherosclerosisPage 2 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(6):286 | https://dx.doi.org/10.21037/atm-22-507

Introduction

Atherosclerotic lesions cause coronary atherosclerotic 
heart disease in the coronary arteries, which causes the 
vascular lumen to be narrowed or blocked. Therefore, 
dyslipidemia is a risk factor for coronary heart disease 
as it is an important cause of atherosclerosis. It has been 
reported in previous studies (1-3) that diseases caused by a 
high-fat diet (HFD), such as metabolic syndrome, have an 
impact on cardiovascular health. Dyslipidemia is related to 
changes in the physical properties of cell membranes, which 
may promote reactive oxygen species (ROS) to escape 
from the mitochondrial electron transport chain or activate 
nicotinamide adenine dinucleotide phosphate oxidase 
(NADPH). These processes will increase the production 
of ROS and increase their tendency to react with other 
molecules. This leads to oxidation and peroxidation of 
lipids, proteins, and lipoproteins, and cell membranes 
are rich in lipids and lipoproteins (4). Peroxidation of the 
endothelial cell membrane can cause endothelial damage 
and dysfunction. Low-density lipoprotein cholesterol 
(LDL-C) and its oxidized form (oxLDL-C) play an essential 
role in atherosclerosis. Elevated oxLDL-C triggers gene 
expression of tumor necrosis factor-α (TNF-α), especially 
in blood vessels (5). The enhanced TNF-α level increases 
the permeability of blood vessels to blood macromolecules 
and causes inflammatory cells to enter the damaged vascular 
tissue, thereby promoting the formation of atherosclerotic 
plaques. Therefore, we must further understand how 
oxLDL causes endothelial cell inflammation and affects 
the wound healing ability of cells. This will help us better 
understand the pathogenesis of coronary atherosclerotic 
heart disease and develop intervention measures.

Long non-coding RNAs (lncRNAs) have been proven 
to play important regulatory roles in various biological 
functions of cells. COLCA1 is a relatively novel lncRNA. 
It was first studied in colorectal cancer (CRC). Subsequent 
studies on a variety of cancer prediction models have cited 
it as a prognostic indicator (6-8), and there are related 
reports that the abnormal expression of COLCA1/COLCA2 
can cause primary biliary cholangitis (PBC) (9). However, 
in the study of atherosclerosis, there is no relevant research, 
and lncRNAs also play a role in the development of 
atherosclerosis. For example, PVT1 was found to regulate 
the GRB2 gene through miR-153-3P to regulate the ERK/
P38 pathway (10). In addition, PVT1 affects the damage of 
endothelial cells, and SNHG12 affects the formation of new 
blood vessels by modulating the cell cycle of endothelial 

cells (11). Therefore, this study investigated the mechanism 
of COLCA1 in the development of atherosclerosis.

Secreted phosphoprotein 1 (SPP1) is a stromal cell 
protein, also known as osteopontin (OPN), mediating 
various biological functions (12-14). As a pro-inflammatory 
cytokine, SPP1 up-regulates the expression of interferon 
(IFN-γ) and interleukin (IL-12) (15,16) and promotes cell-
mediated immune responses. In cardiovascular diseases, 
SPP1 has a two-sided phenotype in terms of physiology 
and pathology. The sharp increase in SPP1 expression has 
protective functions, such as biomineralization (17,18) and 
wound healing (19,20). The slow rise of SPP1 expression 
indicates the poor prognosis of major adverse cardiovascular 
events, which is not related to conventional risk factors 
including myocardial infarction, atherosclerosis, kidney 
damage, and diabetes.

This study mainly reveals the following mechanism of 
action: coronary vascular endothelial cells increase the 
expression of COLCA1 under the stimulation of oxLDL, 
and COLCA1 up-regulates SPP1 by inhibiting hsa-miR-
371a-5p, which leads to the continuous inflammation of 
coronary endothelial cells and the inability to heal wounds. 
Finally, atherosclerotic plaques are formed. We present the 
following article in accordance with the MDAR reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-507/rc).

Methods

Cell lines and reagents

Primary human coronary artery endothelial cells (HCAECs) 
were provided by Guangzhou Jennio Biotech Co., Ltd. 
(China). Endothelial Cell Medium (ECM) medium was 
used for culture.

Cell stimulation and transfection

In this study, oxLDL was used to stimulate HCAECs at 
a concentration of 50 μg/mL. Additionally, siRNA or an 
inhibitor was used to transfect HCAECs at a concentration 
of 100 nM. The transfection reagent used was Lipofectamine 
2000 (Life Technologies, USA).

Total RNA-seq analysis

Total RNA was isolated from samples using TRIzol 
Reagent (Thermo Fisher, # 15596026). Then, 1 μg RNA 

https://atm.amegroups.com/article/view/10.21037/atm-22-507/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-507/rc
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and the VAHTS mRNA-seq v2 Library Prep Kit for 
Illumina (Vazyme Biotech, China) were used for library 
preparation. Libraries were subjected to deep sequencing 
with an Illumina HiSeq 3000 at Guangzhou all-perfect 
Biological Technology Co., Ltd. RNAs (both LncRNA, 
mRNA, miRNA) with |log2 Ratio| >0.6 and P<0.05 were 
considered differentially expressed, and differently expressed 
RNAs (both LncRNA, mRNA, miRNA) were selected to 
conduct heatmap and hierarchical clustering analyses.

Flow cytometry analysis of apoptosis

In 6-well plates, the processed HCAECs were rinsed in 
PBS. After trypsinization, the cells were resuspended in 
binding buffer (100 μL). FITC-conjugated Annexin V and 
PI (1 μL, Invitrogen, Carlsbad, CA, USA) were added to 
the binding buffer. After 15 minutes, apoptotic cells were 
analyzed by flow cytometry (Agilent, USA).

Flow cytometry analysis of ROS

In 6-well plates, the processed HCAECs were rinsed in 
PBS. After trypsinization, the cells were resuspended in 
basal medium (1 mL). DCFH-DA probe (2 μL, 10 mM, 
Guangzhou All-perfect Biological Technology Co., Ltd., 
China) was added to the basal medium and incubated for 
15 minutes at 37 ℃ and 5% CO2. The cells were rinsed  
3 times with complete medium. Cells were then analyzed 
by flow cytometry (Agilent, USA).

Wound healing assay

The processed HCAECs were seeded in 6-well plates  
(5×105 cells/well). At 80% confluence, a 10-μL pipette tip 
was utilized in the monolayer of cells to generate wounds. 
Then, cells were washed with PBS, and function of stimulus 
(genes or oxLDL) on cell migration was assessed after 
adding medium with 2% FBS. Images were captured to 
evaluate healing at 0 and 24 hours after wounding.

Luciferase reporter assay

COLCA1 full-length and SPP1 3’-UTR of the wild-type 
(WT) and mutant-type (Mut) hsa-miR-371a-5p binding 
site was generated by Guangzhou All-perfect Biological 
Technology Co., Ltd. (Guangzhou, China). COLCA1-
WT/Mut or SPP1-WT/Mut was transfected into 293T 

cells with hsa-miR-371a-5p mimics/NC mimics or hsa-
miR-371-5p inhibitor/NC inhibitor. Luciferase activity was 
evaluated by the Dual-Luciferase Reporter Assay (Beyotime 
Biotechnology, China) after 48 hours of transfection.

Cell proliferation assay

The Cell Counting Kit 8 (CCK-8) (Sigma-Aldrich, USA) 
was used to assess cell proliferation. The HCAECs of 
different treatment groups were transferred to 96-well 
plates and cultured for 12, 24, 36, and 48 hours, and the 
number of plated cells was 4×103. A total of 20 µL of CCK-
8 reagent was added to each well, and the cells were then 
incubated in a humidified atmosphere of 5% CO2 for  
30 minutes at 37 ℃. Then, 100 µL of supernatant was 
aspirated from each well for analysis. The absorbance of the 
cell sample at a wavelength of 450 nm was measured with a 
Sunrise microplate reader (Tecan Group, Ltd., Mannedorf, 
Switzerland).

Enzyme linked immunosorbent assay (ELISA) detection of 
inflammatory factors secreted by cells

The cells were plated in a 6-well plate and processed 
according to groupings. After 48 hours, the cell culture 
supernatant was collected, centrifuged at 10,000 g at 
4 ℃ for 5 minutes, then the supernatant was obtained. 
Detection was performed according to the operation of the 
ELISA detection kit (IL-6, E-EL-H6156, IL-10, E-EL-
H0103c, IFN-γ, E-EL-H0108c, Elabscience Biotechnology 
Co., Ltd.)

Total RNA extraction and real-time quantitative PCR 

Total RNA was isolated from the cells using an RNeasy 
Mini Kit (TIANGEN, China) and then reverse transcribed 
into cDNA with a MightyScript First Strand cDNA 
Synthesis Master Mix (GeneCopoeia, USA). The mRNA 
was detected with All-in-One™ qPCR Mix (GeneCopoeia, 
USA), and miRNA was detected with All-in-One™ miRNA 
qRT-PCR Detection Kit (GeneCopoeia, USA) using a 
fluorescence RT-qPCR system (quantstydio 5, ABI, USA). 
The primer sequences are shown in Table 1. 

Statistical analysis

Statistical analyses were performed via GraphPad Prism 

https://tp.amegroups.com/article/view/76435/html#table1
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Software (San Diego, CA, USA), and results were shown as 
mean ± SD on the basis of no less than 3 repeats. Student’s 
t-test or one-way ANOVA estimated group differences, and 
statistical significance was set as P<0.05.

Results

OxLDL can alter HCAEC transcriptome expression and 
biological functions 

This study used oxLDL at a concentration of 50 µg/mL to 
stimulate HCAECs. By staining with Oil Red O, as shown 
in Figure 1A, obvious lipid droplets were seen in the cells of 
the oxLDL stimulation group, while there were no obvious 
lipid droplets in the normal HCAEC group. The results of 
flow cytometry showed that after oxLDL stimulation, the 
ROS content in HCAECs increased from 23.62%±1.37% 
to  38 .16%±1.04% (P=0.001) ,  and  the  apoptos i s 
level rose from 14.69%±1.08% to 25.02%±1.53% 
(P<0.01) (Figure 1B,1C). The results of the CCK-8 
proliferation assay showed that the proliferation ability 
of HCAECs was weakened after stimulation (Figure 1D).  
The results of the scratch test showed that the wound 
healing ability of the cells after stimulation was weakened 
(P<0.01) (Figure 1E). The results of the ELISA assay 
showed that IL-6 secretion in the cell culture supernatant 
was significantly increased after stimulation (P<0.01) 
(Figure 1F). The total RNA-seq results showed that after 
oxLDL stimulation, the expression of mRNAs, lncRNAs, 
and miRNAs in HCAECs changed, visualized through 
heat maps and volcano plots (Figure 2A-2F).

The expression of lncRNA COLCA1 increases after oxLDL 
stimulation and inhibition of lncRNA COLCA1 can reduce 
the effect of oxLDL on HCAECs

In this experiment, we selected 5 lncRNAs from the 
sequencing results that have been confirmed to exist and 
have obvious differences in expression for verification, 
and we also confirmed that their expression changed after 
oxLDL stimulation. Among them, the expression difference 
between COLCA1 and LINC00612 was the most significant 
(P<0.001), which was consistent with the sequencing results 
(Figure 3A). We designed 3 siRNAs for COLCA1. The RT-
qPCR results showed that hsa-COLCA1-si2 had the most 
obvious interference effect, with an interference efficiency of 
90% (P<0.01), while the other siRNAs had no interference 
effect (Figure 3B). Using hsa-COLCA1-si2 to transfect 
HCAECs stimulated by oxLDL, the results showed that 
after the expression of COLCA1 was inhibited, the level of 
apoptosis caused by oxLDL stimulation decreased from 
15.99%±0.9% to 11.28%±0.55% (P<0.01) and the content 
of ROS decreased from 35.54%±0.72% to 26.87%±0.66% 
(P=0.001). The cell wound healing ability and proliferation 

Table 1 Sequences of the primers

Name of primer Sequences of the primers

COLCA1-F CCCACAGAGAGTCCAGAGAAAC

COLCA1-R GGGAAGGAGGACAAAATGCTCA

STT3A-AS1-F GCATGGGGAAAAATAACCTGCC

STT3A-AS1-R TGTAGGATTCCCCCTGTGTCA

LINC00612-F CCCCTGATGTACGCCTGTTT

LINC00612-R CCAACACATGGCTCTGCCTA

ST3GAL5-AS1-F AGTGAAGCCAGTGAAGTCGG

ST3GAL5-AS1-R CAGAAGGAGATCACAGGCACA

CYP17A1-AS1-F TCTGGGGTCAAAGCCAACTAC

CYP17A1-AS1-R TCTTGCCTTCCATTCTGGCT

hsa-miR-371a-5p-F ACTCAAACTGTGGGGGCACT

h-TNFRSF11B-F GCACCAAAGTAAACGCAGAG

h-TNFRSF11B-R CTGCTCGAAGGTGAGGTTAG

h-ABCC3-F TAAGACTTCCCCTCAACATGC

h-ABCC3-R ATTGCTGGATCCGTTTCAGA

h-SPP1-F CCGTGGGAAGGACAGTTATG

h-SPP1-R TAATCTGGACTGCTTGTGGC

h-FTH1-F GACCCCCATTTGTGTGACTT

h-FTH1-R TATTCCGCCAAGCCAGATTC

H-SLCO2B1-F TGATCTCCGGCTACCTAAAGA

H-SLCO2B1-R GCTCACAAACACAATCAAGGC

h-SIK1-F GGGATGGGAGAGAATCCAGA

h-SIK1-R AAAGGGGAAGGGGTTTTGTG

h-SLC6A6-F CTTCATCGCCTTCGTGTGTA

h-SLC6A6-R GCAACCCACAAAAGGCATAC

h-GCLM-F CACAGCGAGGAGCTTCAT

h-GCLM-R CATCTGGAAACTCCCTGACC

h-SLC7A11-F TTGGCTTCGTCATCACTCTG

h-SLC7A11-R CTTCTTCTGGTACAACTTCCAGT

h-TNFRSF11B-F TAAGACTTCCCCTCAACATGC

h-TNFRSF11B-R ATTGCTGGATCCGTTTCAGA
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ability were strengthened (P<0.001). In the absence of 
oxLDL stimulation, after COLCA1 inhibition, the wound 
healing ability of HCAECs was also enhanced (P<0.001), but 
there was no significant difference in the level of apoptosis 
and the changes in cellular ROS (Figure 3C-3E).

LncRNA COLCA1 realizes the functional regulation of 
HCAECs through hsa-miR-371a-5p

By analyzing Starbase prediction results and sequencing 
results, we found that hsa-miR-371a-5p and COLCA1 have 

a binding target. We first performed a dual-luciferase 
assay to determine that COLCA1 and hsa-miR-371a-
5p have a mutual binding target. The hsa-miR-371a-5p 
mimic reduced the ability of the dual-luciferase vector 
containing the COLCA1 sequence to express Renilla 
firefly (P<0.001), and the hsa-miR-371a-5p inhibitor the 
ability of the dual-luciferase vector containing COLCA1 
sequence (P<0.05), and mutations in binding targets, 
hsa-miR-371a-5p mimic, and hsa-miR-371a-5p inhibitor 
did not affect the dual-luciferase vector containing the 
COLCA1 sequence (Figure 4A). Next, we used RT-
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Figure 1 The effect of oxidized low-density lipoprotein (oxLDL) on human coronary artery endothelial cells (HCAECs). (A) Oil Red 
O staining was used to observe lipid droplets in HCAECs before and after oxLDL stimulation. The stimulation time was 48 hours. The 
shooting magnification is 40 times. (B) Flow cytometric detection of reactive oxygen species content in HCAECs before and after oxLDL 
stimulation, and the stimulation time was 48 hours. (C) Flow cytometric detection of apoptosis levels in HCAECs before and after oxLDL 
stimulation, and the stimulation time was 48 hours. (D) The CCK-8 (Cell Counting Kit-8) assay detected the proliferation level of HCAECs 
before and after oxLDL stimulation, and the stimulation time was 48 hours. (E) The wound healing assay detected the wound healing ability 
of HCAECs before and after oxLDL stimulation. The stimulation time was 48 hours, and the detection time was 0–24 hours. The shooting 
magnification is 40 times. (F) The ELISA (enzyme linked immunosorbent assay) assay detected the secretion of inflammatory factors in 
HCAECs before and after oxLDL stimulation, and the stimulation time was 48 hours. **, P≤0.01; ***, P≤0.001.
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qPCR to detect the expression of hsa-miR-371a-5p  
in HCAECs before and after oxLDL stimulation and found 
that the expression level of hsa-miR-371a-5p decreased 
after stimulation (P<0.001). In terms of the change in hsa-
miR-371a-5p after interference with COLCA1, the results 
showed that the expression of hsa-miR-371a-5p increased 

(P<0.001) (Figure 4B,4C). We transfected a mixture of 
hsa-COLCA1-si2 and inhibitor NC, hsa-COLCA1-si2, 
and hsa-miR-371a-5p inhibitor into oxLDL-stimulated 
HCAECs and found that hsa-miR-371a-5p inhibitor could 
reverse the cell function improvement effect induced by 
hsa-COLCA1-si2, resulting in deteriorated functioning of 
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Figure 3 The effect of lncRNA COLCA1 (colorectal cancer associated 1) on human coronary artery endothelial cells (HCAECs) under 
different conditions. (A) Real-time quantitative PCR (RT-qPCR) verified the differential expression of lncRNAs in HCAECs before and after 
oxidized low-density lipoprotein (oxLDL) stimulation. ***, P≤0.001; **, P≤0.01. (B) RT-qPCR detected the efficiency of different siRNAs 
to interfere with the expression of COLCA1. **, P≤0.01. (C) The wound healing assay detected the wound healing ability of HCAECs under 
different conditions before and after COLCA1 interference. **, P≤0.01; ***, P≤0.001. The shooting magnification is 40 times. (D) Flow 
cytometric detection of reactive oxygen species content in HCAECs under different conditions before and after COLCA1 interference. (E) 
Flow cytometric detection of apoptosis levels in HCAECs under different conditions before and after COLCA1 interference. 
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HCAECs. As shown in Figure 4D-4F, compared with the 
hsa-COLCA1-si2 group, the apoptosis level of the hsa-
COLCA1-si2 + hsa-miR-371a-5p inhibitor group increased 
from 10%±0.5% to 15.61%±0.99% (P=0.006) and ROS 
increased from 21.1%±2.2% to 30.87%±1.5% (P<0.05). 
The cell proliferation and wound healing abilities were 
significantly.

SPP1 is the target gene of hsa-miR-371a-5p

We combined the sequencing results and results from 
TargetScan, Starbase, and other databases to predict the 
target genes of hsa-miR-371a-5p and found 8 potential 
target genes. We previously found that the expression of 
hsa-miR-371a-5p increases after COLCA1 interference. 
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Figure 4 LncRNA COLCA1 (colorectal cancer associated 1) affects human coronary artery endothelial cells (HCAECs) by regulating hsa-
miR-375a-5p. (A) The image above shows the results of a dual luciferase assay verifying the existence of targets for COLCA1 and hsa-
miR-371a-5p, and the image below shows the predicted targets of COLCA1 and hsa-miR-371a-5p and the corresponding mutation sites. 
***, P≤0.001; *, P<0.05. (B) The expression of hsa-miR-371a-5p in HCAECs before and after oxidized low-density lipoprotein (oxLDL) 
stimulation. ***, P≤0.001. (C) The hsa-miR-371a-5p expression of HCAECs before and after COLCA1 interference. ***, P≤0.001. (D) After 
oxLDL stimulation and COLCA1 interference, the apoptosis level of HCAECs before and after the recovery of hsa-miR-371a-5p expression. 
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On this basis, we tested these 8 target genes and found 
that SPP1, SIK1, SLC6A6, and SLC02B1 decreased after 
COLCA1 interference (Figure 5A). We then performed 
RT-qPCR detection on normal HCAECs and oxLDL-
stimulated HCAECs, and the expression of SPP1 was found 
to have increased (Figure 5B). We also conducted a dual-
luciferase assay and found that hsa-miR-371a-5p mimic and 
inhibitor can regulate the fluorescent expression ability of 
the dual-luciferase vector containing the 3'UTR region 
of SPP1 but not the dual-luciferase vector containing the 
mutated predicted target (Figure 5C).

Discussion

OxLDL can stimulate endothelial cells to produce an 
inflammatory response (21-23). In this study, under the 
stimulation of an oxLDL concentration of 50 µg/mL, 
endothelial cells experienced oxidative stress, and the content 
of ROS increased. In addition, the level of cell apoptosis 
rose, the secretion of inflammatory factors increased, and 
the wound healing ability was weakened. All these findings 
show that our atherosclerosis cell model is credible.

For a long time, proteins have been regarded as the center 
of the gene regulation network. However, only 2% of RNAs 
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Figure 5 The target gene of hsa-miR-371a-5p is SPP1 (secreted phosphoprotein 1). (A) The real-time quantitative PCR (RT-qPCR) experiment 
verified the potential target genes of the COLCA1/miR-371a-5p axis. ***, P≤0.001; **, P≤0.01; *, P<0.05. (B) The RT-qPCR detection 
of SPP1 expression in human coronary artery endothelial cells (HCAECs) before and after oxidized low-density lipoprotein (oxLDL) 
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***, P≤0.001.
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in the mammalian transcriptome encode proteins (24),  
while the majority of the human transcriptome comprises 
non-coding RNAs, including lncRNAs. Furthermore, 
the expression of ncRNAs in different tissues is more 
specific than that of protein-coding genes, indicating 
that the function of lncRNAs is closely related to the 
functional specificity of the tissue (25). Therefore, 
lncRNAs may represent important regulatory factors for 
heart development and disease processes, and may be new 
disease biomarkers or therapeutic targets for cardiovascular 
diseases and their risk factors. We performed total RNA-
seq on HCAECs before and after stimulation with oxLDL. 
From the cluster diagram, it can be seen that the samples in 
the same group have good reproducibility. Therefore, the 
results have high reliability. The sequencing results obtained 
differentially expressed lncRNAs, mRNAs, and miRNAs. 
Among them, there were both known genes and unknown 
predictive genes. In this study, the known genes were 
investigated, and finally lncRNA COLCA1 was selected for 
follow-up research. COLCA1 and COLCA2 were initially 
identified by Peltekova et al. as genes whose expression 
levels are significantly related to CRC susceptibility SNPs, 
and were subsequently confirmed by Hitomi et al. to be 
associated with PBC susceptibility (26,27). Our research 
confirms that COLCA1 is also related to inflammation in 
cardiovascular diseases. COLCA1 causes the continuous 
inflammation of HCAECs. On the one hand, this leads to 
an increase in the apoptosis of HCAECs, while on the other 
hand, it also leads to the deterioration of the wound healing 
ability of HCAECs. This may form a reciprocal feedback 
loop. Inflammation causes failure in wound healing, and the 
unhealed wound leads to surrounding inflammation so that 
atherosclerotic plaques are gradually formed.

 In recent years, long noncoding RNAs (lncRNAs) have 
been involved in many physiological and pathological 
processes in the heart. Recent studies have shown that 
lncRNAs are dynamically expressed in cardiovascular disease 
and involved in regulation through multiple molecular 
mechanisms and have become a key part of epigenetic and 
transcriptional regulatory pathways in cardiac development 
and the occurrence and progression of myocardial infarction 
(28-30). LncRNAs regulate gene expression at the 
transcription and post-transcriptional levels. Complementary 
sites on lncRNAs enable them to recognize and bind to 
mRNAs, miRNAs, or other lncRNAs and perform highly 
specific regulation. Protein binding sites interact with 
proteins to produce various ribonucleoprotein particles with 
different biological functions (31). At present, the Relatively 

well-studied mechanism is that lncRNA acts as a competitive 
endogenous RNA (ceRNA), which adsorbs the target 
miRNA and makes the miRNA unable to function. Through 
the results of total RNA-seq and bioinformatics analysis, we 
discovered the potential target of COLCA-hsa-miR-371a-5p 
and verified it through a dual luciferase assay. hsa-miR-371a-
5p is the hsa-miR-371a encoded by chromosome 19, further 
cleaved by Dicer ribonuclease. There are few studies on hsa-
miR-371a-5p, and they are mainly focused on tumors and 
inflammation-related studies. Ernst et al.’s research showed 
that the miRNA microarray results changed significantly in 
term and preterm placentas, among which hsa-miR-371a-5p 
showed significant changes (32). However, Jang et al. used 
RT-qPCR to verify the samples (both term and preterm 
placentas) in large quantities and found that hsa-miR-371a-
5p did not change significantly, while hsa-miR-371a-5p was 
confirmed to be able to regulate the inflammatory target 
gene LEF1 found in the samples (33). Tang et al. found that 
hsa-miR-371a-5p is significantly under-expressed in induced 
pluripotent stem cells (IPSCs) derived from systemic lupus 
erythematosus (SLE) and may cause significantly high 
expression of AK4, thereby promoting the development of 
SLE. The above studies show that hsa-miR-371a-5p may 
have some relationship with the occurrence and development 
of inflammation (34). We also found that hsa-miR-371a-5p 
had significantly lower expression in HCAECs stimulated 
by oxLDL, and inhibiting the expression of COLCA1 could 
restore the high expression of hsa-miR-371a-5p and improve 
the physiology of HCAEC functioning, which further 
proves the relationship between hsa-miR-371a-5p and the 
development of inflammation. Therefore, hsa-miR-371a-
5p should be a potential factor that can effectively inhibit 
inflammation. However, in atherosclerosis, it is inhibited by 
COLCA1 and cannot play a role.

The most common mechanism of action of miRNAs is 
to bind to the 3’UTR region of mRNAs so that the mRNA 
is degraded or cannot be transcribed. A large number of 
experiments have confirmed this mechanism. This study also 
used this mechanism to predict and verify the target genes 
that hsa-miR-371a-5p acts on. Through database prediction 
and dual-luciferase assay verification, we confirmed that 
hsa-miR-371a-5p targets SPP1. SPP1 is a gene that has been 
identified to be associated with vascular diseases and can 
up-regulate the expression of IFN-γ and IL-12. Barchetta 
et al. confirmed that higher SPP1 is associated with insulin 
resistance, atherosclerosis, and coronary heart disease (35). 
Chellan et al. demonstrated that LDL could significantly 
increase the expression of SPP1 in vascular smooth muscle 
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cells (VSMCs) (36). VSMCs are core participants in the 
development of carotid atherosclerotic plaques. Goikuria  
et al. found that SPP1 was significantly increased in VSMCs 
in atherosclerotic plaques (37). The above research results 
are consistent with our experimental results, and we can 
conclude that SPP1 is indeed an important gene related to 
the formation of atherosclerotic plaques. This is mainly due 
to the abnormal expression of hsa-miR-371a-5p, leading 
to dysregulated expression of SPP1, which then stimulates 
cells to secrete inflammatory factors so that inflammation 
continuously occurs.

In summary, we analyzed the total RNA-seq results 
of HCAECs before and after oxLDL stimulation. We 
obtained an lncRNA, COLCA1, that has not been studied in 
cardiovascular disease and confirmed that COLCA1 could 
cause the continuous occurrence of cardiovascular disease 
inflammation, which in turn leads to atherosclerosis and 
the formation of hardened plaques. COLCA1 completes 
this regulation process through the hsa-miR-371a-5p/SPP1 
axis. Therefore, in follow-up studies, hsa-miR-371a-5p may 
be used as a potential factor for treating atherosclerotic 
plaques. Compared with lncRNA or mRNA, miRNA is 
relatively stable in vivo because of its small number of 
bases and is regarded as a more reliable detection index in 
clinical detection. Can we detect whether hsa-miR-371a-
5p expression to judge the effect of treatment in patients. 
The hsa-miR-371a-5p agonist can be delivered into the 
blood vessels by targeting nanomaterials or combined with 
statins to control the inflammation of the patient’s vascular 
endothelial cells, thereby reducing the inflammation of 
the inflammation the patient’s condition, which is also a 
direction for our follow-up research.
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