INTERNATIONAL JOURNAL OF MOlecular medicine 48: 160, 2021

Long noncoding RNA uc003pxg.1 regulates
endothelial cell proliferation and migration via
miR‑25‑5p in coronary artery disease
Ping Li1, Yuan Li2, Lu Chen2, Xuexing Ma2, Xinxin Yan1, Meina Yan1, Buyun Qian2,
Feng Wang1, Jingyi Xu1, Juan Yin1, Guidong Xu2 and Kangyun Sun2
Departments of 1Central Laboratory and 2Cardiology, The Affiliated Suzhou Hospital of Nanjing Medical University,
Suzhou Municipal Hospital, Gusu School, Nanjing Medical University, Suzhou, Jiangsu 215008, P.R. China
Received January 19, 2021; Accepted May 21, 2021
DOI: 10.3892/ijmm.2021.4993
Abstract. Long noncoding RNAs (lncRNAs) have been
reported to be associated with the progression of coronary
artery disease (CAD). In our previous study, the levels of
lncRNA uc003pxg.1 were upregulated in patients with CAD
compared with those in control subjects. However, the role and
underlying mechanism of the effects of uc003pxg.1 in CAD
remain unknown. Therefore, the aim of the present study was
to investigate the expression pattern and biological function
of uc003pxg.1 in CAD. First, uc003pxg.1 expression levels
were assessed in peripheral blood mononuclear cells isolated
from patients with CAD by reverse transcription‑quantitative
(RT‑q)PCR. The results demonstrated that the levels of
uc003pxg.1 were significantly upregulated (~4.6‑fold) in
samples from 80 patients with CAD compared with those in
80 healthy subjects. Subsequently, the present study demon‑
strated that small interfering RNA‑mediated uc003pxg.1
knockdown inhibited human umbilical vein endothelial cell
(HUVEC) proliferation and migration, which was analyzed
using the Cell Counting Kit‑8, cell cycle, EdU and Transwell
assays. Additionally, the results of RT‑qPCR and western
blot analyses revealed that uc003pxg.1 regulated the mRNA
and protein levels of cyclin D1 and cyclin‑dependent kinase.
Through high‑throughput sequencing and dual‑luciferase
reporter assays, the present study demonstrated that microRNA
(miR)‑25‑5p was a downstream target of uc003pxg.1. Further
experiments verified that uc003pxg.1 regulated HUVEC
proliferation and migration via miR‑25‑5p. The results of the
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present study may enhance the current understanding of the
role of lncRNA uc003pxg.1 in CAD.
Introduction
Coronary artery disease (CAD) is the most common type of
organ lesion caused by atherosclerosis and affects the life
quality of patients (1). Atherosclerosis is a major issue glob‑
ally, since an estimated 31% of deaths worldwide are caused
by cardiovascular disease, and the number is steadily
increasing (2). The cause of CAD remains incompletely
understood, as it may be the result of a combination of multiple
factors. Risk factors for CAD include age, sex, hypertension,
diabetes mellitus, smoking, dyslipidemia and obesity (3).
Currently, effective treatment strategies include secondary
prevention, plasma oxidized low‑density lipoprotein (LDL)
reduction, antiplatelet agents, anticoagulants, blood pressure
and diet control, exercise and percutaneous coronary interven‑
tion, or coronary artery bypass surgery selectively when the
major coronary artery exhibits >50% stenosis (4). However,
the mortality rate of AMI remains high due to the difficulty of
diagnosing CAD at early stages, and the development of new
noninvasive methods for the early diagnosis of CAD is crucial
for improving its prognosis (5). Since the molecular mecha‑
nisms underlying these pathological and pathophysiological
processes are not completely understood, the identification of
key regulatory molecules of cardiovascular disease is necessary
to develop effective preventive measures and treatments (6).
It has been demonstrated that >75% of the human genome
encodes noncoding RNAs (ncRNAs). Long noncoding
RNAs (lncRNAs; ncRNAs >200 nucleotides) have emerged
as notable contributors in the regulation of chromatin modi‑
fication, gene expression, cell proliferation, differentiation
and human diseases such as cancer, neurological disorders
and immunological disorders (7,8). The expression patterns,
tumor specificity and stability of lncRNAs in circulating
body fluids (plasma and urine) have provided a basis for the
diagnosis and treatment of cancer (9,10). Previous studies have
demonstrated that lncRNAs are involved in the development
of various CADs through the regulation of cell differentia‑
tion, proliferation, apoptosis, necrosis and autophagy (11‑13).
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In addition, lncRNAs and microRNAs (miRNAs) regulate
the initiation and progression of CAD by regulating various
molecular mechanisms (6). For example, lncRNA nuclear
enriched abundant transcript 1 increases cell viability and
affects CAD by activating miR‑140‑3p (14). High plasma
levels of H19 and mitochondrial lncRNA uc022bqs.1 are
associated with a high risk of CAD, and these molecules
have the potential to become novel biomarkers of CAD (15).
The interaction of metastasis‑associated lung adenocarcinoma
transcript 1 (MALAT1), miR‑22 and CXCR2/AKT in the regu‑
lation of endothelial cell function demonstrates the complex
roles of lncRNA‑miRNA‑mRNA cascades in the progression
of CAD (16,17).
Previous studies have also revealed that cell proliferation
and migration are associated with the occurrence and devel‑
opment of CAD. For example, variations in 9p21 affect the
expression of cyclin‑dependent kinase 2A (CDKN2A) and 2B
(CDKN2B) in vascular smooth muscle cells (VSMCs) as well
as their proliferation, which may be an important mechanism
underlying the association between 9p21 and CAD suscepti‑
bility (18). In vascular cells, T‑cadherin (T‑CAD) promotes
cell proliferation by regulating the cell cycle, indicating that
this protein may promote the progression of proliferative
vascular diseases, such as atherosclerosis, restenosis and
tumor angiogenesis (19). Downregulation of MALAT1 is asso‑
ciated with numerous pathological processes, including CAD,
as it inhibits the proliferation of vascular endothelial cells and
VSMCs, reduces myocardial cell apoptosis and improves left
ventricular function (20). In addition, the lncRNA maternally
expressed gene 3 suppresses endothelial cell proliferation and
migration by regulating miR‑21 (21).
In our previous study, a previously unreported lncRNA
uc003pxg.1 was identified (22); the genomic location and
sequence of uc003pxg.1 are presented in Data S1. The aim
of the present study was to determine whether the expression
levels of uc003pxg.1 differed in peripheral blood mononuclear
cells (PBMCs) isolated from patients with CAD and healthy
control subjects, and to evaluate the interactions between
miRNAs and uc003pxg.1 in human umbilical vein endothelial
cells (HUVECs).
Materials and methods
Study subjects. Between August 2017 and December 2019,
160 subjects (80 patients with CAD and 80 controls) aged
40‑85 years were enrolled in the present study at the
Department of Cardiology of The Affiliated Suzhou Hospital
of Nanjing Medical University (Suzhou, China). CAD was
confirmed by angiographic evidence in at least one segment of
a major coronary artery, including the left anterior descending
artery, left circumflex artery or right coronary artery, with
>50% stenosis (23). Patients with severe primary disease, acute
infection, trauma, myocardial infarction, cerebral infarction,
cancer and alcohol or drug addiction were excluded from the
study. The 80 control subjects were selected from individuals
undergoing routine health examinations. The reference inter‑
vals of the routine blood tests were as follows: Blood pressure,
90‑140/60‑90 mmHg; blood glucose, 4‑6.1 mmol/l; total
cholesterol, 2.8‑5.17 mmol/l; triglycerides, 0.56‑1.7 mmol/l;
and cholesterol lipids, 2.8‑5.17 mmol/l. The experiments

conducted in the present study were approved by the Ethics
Committee of Nanjing Medical University (KL901117).
Written informed consent was obtained from all patients or
their families.
Cell culture and transfection. Immortalized HUVECs (cat.
no. CW2919S) were purchased from CoWin Biosciences and
cultured in DMEM (HyClone; Cytiva) containing 10% fetal
bovine serum (FBS, Gibco; Thermo Fisher Scientific, Inc.),
100 U/ml streptomycin and 100 U/ml penicillin at 37˚C in a
humidified incubator under an atmosphere with 5% CO2. Prior
to use, the cells were washed with phosphate‑buffered saline
(PBS; HyClone; Cytiva) and digested with a Trypsin‑EDTA
solution (MilliporeSigma).
For transfection, HUVECs were seeded at ~50% conflu‑
ence in a 24‑well at 24 h pre‑transfection. Subsequently, the
cells were transfected with 100 nM small interfering (si)RNA
targeting lncRNA uc003pxg.1 (si‑uc003pxg.1), negative
control (NC) siRNA (si‑NC), mir‑25‑5p mimic, mir‑25‑5p
inhibitor or corresponding NC (Guangzhou RiboBio Co., Ltd.)
using a riboFECT™ CP Transfection kit (Guangzhou RiboBio
Co., Ltd.). A total of 2.5 µl siRNA was diluted with 30 µl 1X
riboFECT™ CP Buffer and gently mixed. Subsequently, 3 µl
riboFECT™ CP Reagent was added and mixed gently, incu‑
bated for ≤15 min at room temperature, and the transfection
complexes were added into the medium and incubated in an
incubator for 24‑72 h at 37˚C with 5% CO2. The cells were
collected at 24 and 48 h post‑transfection for use in reverse
transcription‑quantitative (RT‑q)PCR and western blot‑
ting analyses, respectively. The oligomer sequences were as
follows: si‑uc003pxg.1, 5'‑GCAATGTAGTCACCAATAA‑3';
si‑NC, 5'‑GGCTCTAGAAAAGCCTATGC‑3'; miRNA mimic
NC, 5'‑UUUGUACUACACAAA  AGUACUG‑3'; miRNA
inhibitor NC, 5'‑CAGUACUUU UGUGUAGUACAAA‑3';
has‑miR‑25‑5p mimics sense, 5'‑AGGCGGAGACUUGGG
CAAUUG‑3' and antisense, 5'‑CAAUUGCCCAAGUCUCCG
CCU‑3'; has‑miR‑25‑5p inhibitor, 5'‑CAAU UGCCCAAG
UCUCCGCCU‑3'.
PBMC isolation, RNA isolation and RT‑qPCR. Blood samples
(4‑6 ml) from each participant were collected in EDTA
vacuum anticoagulant blood vessels. The plasma was collected
following centrifugation at 1,600 x g for 10 min at 4˚C to
remove the debris. PBMCs were isolated from the blood cells
via Ficoll‑Paque PLUS (GE Healthcare) density‑gradient
centrifugation as previously described (24,25) and washed
twice with saline.
Total RNA was extracted from PBMCs and HUVECs
with TRIzol® Reagent (Ambion; Thermo Fisher Scientific,
Inc.). Reverse transcription of 500 ng of RNA into cDNA was
performed with 2 µl 5X PrimeScript™ RT Master Mix (cat.
no. RR036A; Takara Bio, Inc.), and the reaction was adjusted
to 10 µl with RNase‑free dH2O. The thermocycling conditions
were as follows: 37˚C for 15 min; 85˚C for 5 sec; and hold
at 4˚C. RT‑qPCR was performed using SYBR® Premix Ex
Taq™ II (Takara Bio, Inc.) on a LightCycler® 480 Instrument II
Real‑Time PCR Detection system (Roche Diagnostics), and
β‑actin was used as the internal reference. The thermocycling
conditions were as follows: 95˚C for 30 sec; 40 cycles of 95˚C
for 5 sec and 60˚C for 20 sec; and 65˚C for 15 sec. The primers
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used in this experiment were as follows: uc003pxg.1 forward,
5'‑GTTACCAGAA AGCGTTGCCA‑3' and reverse, 5'‑TAT
ACTCAGTCCAGCAGCCC‑3'; cyclin D1 forward, 5'‑GCT
GCGAAGTGGAAACCATC‑3' and reverse, 5'‑CCTCCTTCT
GCACACATT TGA A‑3'; and CDK6 forward, 5'‑CATACC
CTCTCTGCTGCTT T‑3' and reverse, 5'‑TGCTACTCAT TT
TGCTCACCT‑3'; β ‑actin forward, 5'‑CACGAAACTACC
TTCAACTCC‑3' and reverse, 5'‑CATACTCCTGCTTGCTGA
TC‑3' and were synthesized by Genewiz, Inc. For miRNA quan‑
tification, bulge‑loop RT primers and qPCR primers specific
for miR‑25‑5p were designed and synthesized by Guangzhou
RiboBio Co., Ltd. (product no. MQPS0000882‑1‑100; RT
miR‑25‑5p, cat. no. ssD809231465; miR‑25‑5p forward,
cat. no. ssD809231628; and miR‑25‑5p reverse, cat.
no. ssD089261711); U6 (Bulge‑Loop U6 qPCR Primer Set; cat.
no. MQPS0000002‑1‑100) was used as the internal control,
and the experiments were performed in triplicate. The relative
expression data were analyzed using the 2‑∆∆Cq method (26)
following normalization to the β‑actin (ACTB) or U6 levels.
High‑content screening (HCS). The differentially expressed
lncR NAs ENST0 0 0 0 0583122, ENST 0 0 0 0 06 0654 0,
N R _ 0 2 7 3 8 7, u c 0 0 3 p x g.1, E N S T 0 0 0 0 0 6 0 2 8 4 5,
ENST00000601618 were selected from the lncRNA‑seq
(accession no. GSE171551). siRNA mixes of these lncRNAs
were designed and synthesized by RiboBio Co., Ltd. EdU
staining was performed after 100‑nM lncRNA siRNA mixes
were transfected into adherent HUVECs. The siRNA mix
sequences were as follows: si‑ENST00000583122, 5'‑AGA
GATACAAGAAGGT CAA ‑3', 5'‑CCGACAA AAT GG
GCTTAAT‑3' and 5'‑CAGATGT CACAAT GTGATA‑3';
si‑ENST00000606540, 5'‑AGGCG AA ACT GTCC TC A
AA‑3', 5'‑CTCCCAATTT GGA AAGTAA‑3' and 5'‑GGA
GAGGCTGATT TGA AAA‑3'; si‑NR_027387, 5'‑TGACCA
ACTCATCTACTCT‑3', 5'‑ATCACTCCTTGACCAT TAT‑3'
and 5'‑GCAA ATGTCATGT TCT GTT‑3'; si‑uc003pxg.1,
5'‑GCAATGTAGTCACCAATAA‑3', 5'‑CACTAACCTACA
ACCT TCA‑3' and 5'‑CCAAGCA ATA ACCC TT GTA‑3';
si‑ENST00000602845, 5'‑CCCTGGCGCAAACATTTAA‑3',
5'‑AGCGATT TAGAGACGCC TT‑3' and 5'‑CGAT TTAGA
GACGCCTTCA‑3'; and si‑ENST00000601618, 5'‑GCGAAA
TGCTTGACAATCA‑3', 5'‑TGCTTGACAATCACAATCA‑3'
and 5'‑TGACAGCCAGTAGCATTTA‑3'. Subsequently, the
cells were rapidly detected with the GE IN CELL Analyzer
6500HS high‑content screening platform (Cytiva) by
Guangzhou RiboBio Co., Ltd.. The cell proliferation rate was
calculated based on the proportion of proliferating cells among
the total cells, and functional target lncRNAs were identified
based on differences in proliferation.
miRNA‑seq high‑throughput sequencing and the selection of
target miRNA. High‑throughput sequencing was performed
by Guangzhou RiboBio Co., Ltd. siRNA (100 nM) was trans‑
fected into HUVECs, and RNA was extracted from HUVECS
in the NC and si‑uc003pxg.1 groups using the MagZol (Magen
BioSciences). The quantity and integrity of the RNA yield
were assessed by K5500 and the Agilent 2200 TapeStation
(Agilent Technologies, Inc.). The total RNAs were ligated
with a 3' RNA adaptor, and followed by 5' adaptor ligation.
Subsequently, the adapter‑ligated RNAs were subjected to
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RT‑PCR and amplified with a low cycle: Initial denaturation
at 94˚C for 30 sec; 12‑15 cycles of denaturation at 94˚C for
15 sec, annealing at 62˚C for 30 sec and extension at 70˚C
for 15 sec; final extension at 70˚C for 5 min; hold at 4˚C. The
PCR products were size‑selected by PAGE. The adaptors,
primers, enzymes and buffers required to convert small RNAs
into indexed libraries for next‑generation sequencing on the
Illumina platform were included in the NEBNext® Multiplex
Small RNA Library Prep Set for Illumina® (Index Primers
1‑48, cat. no. NEB #E7560S; Illumina, Inc.), and all procedures
were performed according to the manufacturer's instructions.
The purified library products were evaluated using an Agilent
2200 TapeStation. The libraries were sequenced on a HiSeq
2500 instrument (Illumina, Inc.) to generate single‑end 50‑bp
reads by Guangzhou RiboBio Co., Ltd.. The miRNA expres‑
sion was calculated as the reads per million (RPM) values as
follows: RPM=(no. of reads mapping to miRNA/no. of reads
in clean 50 data) x106. The expression levels were calculated,
and the miRNA expression clusters were analyzed to identify
miRNAs that were differentially expressed. The expression of
miRNAs were verified by RT‑qPCR in 25 patients with CAD
and 25 control subjects selected from the 160 clinical samples.
RNA fluorescence in situ hybridization (FISH). HUVECs
were cultured in 24‑well plates with round coverslips at the
bottom overnight. FISH assays were performed using a Ribo™
Fluorescent In Situ Hybridization kit (Guangzhou RiboBio
Co., Ltd.). The Cy 3‑labeled DNA probes of uc003pxg.1,
18S and U6 (RiboTMh‑lnc uc003_FISH‑probe Mix; product
no. lnc1101634; Red, 20T) were designed by Guangzhou
RiboBio Co., Ltd.. After the cells reached 60‑70% confluence,
they were washed with PBS and fixed with 4% paraformal‑
dehyde for 10 min at room temperature. Subsequently, 1 ml
precooled permeabilization solution was added to each well
and incubated for 5 min at 4˚C. Following washing with PBS,
200 µl prehybridization solution was added to each well and
incubated at 37˚C for 30 min. Then, 100 µl probe hybridization
solution was added to each well and hybridized overnight at
37˚C in the dark. The cells were washed with saline sodium
citrate and PBS, and DAPI was added and incubated for
10 min at room temperature. Images (≥3) were captured using
confocal fluorescence microscopy at x63 magnification.
Dual‑luciferase reporter assay. A uc003pxg.1 fragment
containing the miR‑25‑5p‑binding site was constructed and
cloned into the target pmirGLO dual‑luciferase reporter
gene vector (Guangzhou RiboBio Co., Ltd.) to generate the
construct pmirGLO‑uc003pxg.1‑wild‑type (wt). A uc003pxg.1
sequence containing a mutated miR‑25‑5p‑binding site
was cloned into the vector to generate the construct
pmirGLO‑uc003pxg.1‑mutant (mut). The binding target
prediction of miR‑25‑5p and uc003pxg.1 are presented in
Data S1. The vectors were transfected into E. coli DH5α
competent cells (cat. no. CS01010, Anhui General Biosystems
Co., Ltd.), cultured overnight at 37˚C, and the plasmids were
extracted from the positive clones. The miR‑25‑5p mimics
and miR‑NC were transfected into HUVECs, which were
subsequently transfected with pmirGLO‑uc003pxg.1‑wt or
pmirGLO‑uc003pxg.1‑mut. HUVECs were seeded in 6‑well
plate the day before transfection. A total of 2 µg plasmid and
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or miRNAs were diluted with 100 µl OPTI‑MEM medium
and incubated for 5 min at room temperature. Subsequently,
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific,
Inc.) was added to the diluted plasmids, and X‑tremeGENE
siRNA Transfection Reagent (Guangzhou RiboBio Co., Ltd.)
was added to the diluted miRNAs, incubated for 15 min at
room temperature, added into 6‑well plates and incubated in
an incubator at 37˚C with 5% CO2. The luciferase activity was
measured at 24 h post‑transfection with a Dual‑Luciferase
Reporter Assay system (cat. no. E1910; Promega Corporation),
and the firefly luciferase activity relative to Renilla luciferase
activity for each construct was compared with that of the
control group.
Cell viability. Cell Counting Kit‑8 (CCK‑8; Dojindo
Laboratories, Inc.) was used to assess cell proliferation. At
12‑24 h post‑transfection with 100 nM siRNA, 1,000 HUVECs
(100 µl cell suspension) were seeded in each well of a 96‑well
plate and cultured in an incubator for 3‑4 h until the cells
adhered to the well. Subsequently, 10 µl CCK‑8 solution was
added to each well every 24 h for 3 days and incubated in an
incubator at 37˚C under an atmosphere with 5% CO2 for 2‑4 h.
Absorbance at 450 nm was determined by a microplate reader.
Cell cycle analysis. At 48 h post‑transfection, ~5x104 adherent
HUVECs in 6‑well plates were digested with trypsin and
washed with PBS. Then, the cells were fixed with 70% cold
ethanol for >24 h at ‑20˚C, after which they were treated with
10 µl RNase A and 25 µl propidium using a Cell Cycle and
Apoptosis Analysis kit (Beyotime Institute of Biotechnology)
for 30 min at 37˚C. Subsequently, the cells were washed
with cold PBS, and fluorescence at 488 nm was detected
by flow cytometry (BD FACSCalibur™; Becton Dickinson
and Company). The data were analyzed using FlowJo V7.6
software (BD Biosciences).
5‑Ethynyl‑2'‑deoxyuridine (EdU) assay. A Cell‑Light EdU
Apollo 567 In Vitro Flow Cytometry kit (Guangzhou RiboBio
Co., Ltd.) was used for the EdU assay. HUVECs were
seeded at 40‑60% confluence in 24‑well plates with round
coverslips and incubated overnight. Subsequently, at 48 h
post‑transfection with 100 nM siRNA, the cells were washed
with PBS, fixed with 4% paraformaldehyde for 30 min, and
then treated with a 0.5% Triton X‑100/PBS solution for 10 min
at room temperature. The cells were incubated with 1X Apollo
reagent for 30 min in the dark at room temperature according
to the manufacturer's instructions, followed by staining with
1X Hoechst for 30 min at room temperature. Images (≥3 per
sample) were captured by confocal fluorescence microscopy
at x40 magnification (LSM900; Zeiss AG). The percentage
of EdU‑positive cells was quantified using ImageJ v1.8.0
(National Institutes of Health).
Transwell assay. For the Transwell migration assays, 24‑well
8.0‑µm pore membranes (Corning, Inc.) were used. At 24 h
post‑transfection with 100 nM siRNA, 4x104 cells were seeded
in the upper chamber with 200 µl serum‑free medium, and
600‑800 µl culture medium containing 10% FBS (Gibco;
Thermo Fisher Scientific, Inc.) was added to the lower
chamber. Following a 24 h incubation at 37˚C, the cells on

the upper surface of the membrane were gently removed with
cotton swabs, and the cells on the lower surface were fixed
with 4% paraformaldehyde for 30 min and stained with 800 µl
crystal violet solution for 15‑30 min at room temperature.
The cells that passed through the membranes were imaged in
≥3 fields of view with an inverted fluorescence microscope at
x20 magnification (Leica Microsystems GmbH).
Western blotting. At 48 h post‑transfection with 100 nM siRNA
in a 6‑well plate, proteins were extracted from HUVECs using
RIPA buffer (Beyotime Institute of Biotechnology) supple‑
mented with protease inhibitors. The protein concentrations
were determined with an Ultramicro Nucleic Acid Analyzer
(Hangzhou Allsheng Instruments Co., Ltd.), and 20‑40 µg
protein/lane was separated using 10% SDS‑polyacrylamide
gels by electrophoresis, following which the proteins were
transferred to 0.2‑µm Immobilon®‑PSQ PVDF membranes.
Subsequently, the membranes were blocked with 5% skim
milk and incubated with rabbit anti‑cyclin D1 (1:1,000;
cat. no. 2978T), anti‑cyclin B1 (1:1,000; cat. no. 4138T),
anti‑CDK4 (1:1,000; cat. no. 12790T), anti‑CDK6 (1:1,000;
cat. no. 1333T), anti‑proliferating cell nuclear antigen
(PCNA; 1:1,000; cat. no. 13110T), anti‑vimentin (1:1,000; cat.
no. 5741T), mouse anti‑cyclin E1 (1:1,000; cat. no. 4129T)
(all Cell Signaling Technology, Inc.) and anti‑GAPDH
(1:5,000; cat. no. 60004‑1‑lg; Proteintech Group, Inc.) anti‑
bodies overnight at 4˚C. The goat anti‑mouse lgG (H+L)
(1:50,000; cat. no. A00615) and goat anti‑rabbit lgG (H+L)
(1:50,000; cat. no. A00834) secondary antibodies (both
Multisciences Biotech Co., Ltd.) were diluted with 5% skim
milk and added to the membranes for 1 h at room temperature.
Following washing the membrane three times for 10 min each
with TBS‑0.1% Tween‑20 washing buffer, the expression
levels of the proteins were detected with an automatic Tanon
5200 Multi chemiluminescence image analyzer using Tanon™
High‑sig ECL western blotting Substrate (both Tanon Science
and Technology Co., Ltd.). The gray area was determined
using ImageJ v1.8.0 (National Institutes of Health).
Bioinformatics analysis. The original sequencing data of
lncRNA‑seq from our previous study (22) and miRNA‑seq from
the current study were uploaded to the GEO database of NCBI
(accession nos. lncRNA‑seq, GSE171551; https://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GSE171551; miRNA‑seq,
GSE171715; https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE171715). The upregulated miRNAs were selected
with P‑value <0.05 and fold‑change >1. Differential expres‑
sion between two sets of miRNA‑seq samples was calculated
with the ‘DEseq (V 1.32.0)’ algorithm (27) according to
the criteria of |log2 (fold change)|≥1 and P‑value <0.05.
miRNA target genes were predicted, TargetScan, miRDB
(http://mirdb.org), miRTarBase (http://mirtarbase.mbc.nctu.
edu.tw/) and miRWalk (http://zmf.umm.uni‑heidelberg.
de/apps/zmf/mirwalk/) were used to predict the target genes
of the selected miRNAs. Gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analyses were performed using the target genes
and KOBAS (http://kobas.cbi.pku.edu.cn/kobas3) was used for
GO and KEGG pathway analyses. The target genes involved in
KEGG analyses are listed in Table SI. miRanda (http://www.
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Table I. Clinical characteristics of the study subjects.
Variable	CAD (n=80)	CON (n=80)

P‑value

Age, years
Sex, male, n (%)
BMI, kg/m2
Smoking, n (%)
Drinking, n (%)
Diabetes, n (%)
Hypertension, n (%)
TC, mmol/l
TG, mmol/l
HDL, mmol/l
LDL, mmol/l
VLDL, mmol/l

0.786
0.374
0.916
0.119
0.409
0.002a
<0.001a
0.731
0.930
0.090
0.616
0.107

67.4±17.6
48 (60.0%)
25.39±3.72
30 (37.5%)
12 (15.0%)
29 (36.3%)
69 (86.3%)
4.27
1.66
1.04
2.64
0.67

62.5±18.5
45 (56.3%)
25.68±3.13
15 (18.8%)
10 (12.5%)
12 (15.0%)
26 (32.5%)
4.33
1.68
1.12
2.70
0.52

P<0.05. CAD, coronary artery disease; CON, control; TC, total cholesterol; TG, triglyceride; HDL, high‑density lipoprotein; LDL, low‑density
lipoprotein; VLDL, very low‑density lipoprotein.

a

microrna.org/microrna/home.do) was used for the binding
target prediction of miR‑25‑5p and uc003pxg.1, whereas
TargetScan (http://www.targetscan.org/vert_71/) was used to
predict the target genes of miRNAs.
Statistical analyses. Statistical analysis was conducted using
SPSS 21.0 (IBM Corp.), and GraphPad Prism 7 (GraphPad
Software, Inc.) was used for data analysis. Data are presented
as the mean ± SD of three independent experiments.
Two‑tailed Student's t‑test was used for comparison between
two groups of normally distributed variables, and one‑way
ANOVA with Tukey's post‑hoc test was performed for analysis
among multiple groups. Discrete variables were compared by
contingency table analysis of the χ2 test. Receiver operating
characteristic (ROC) curves and the area under the ROC curve
(AUC) were used to assess the feasibility of uc003pxg.1 as a
biomarker for the diagnosis of CAD. P<0.05 was considered to
indicate a statistically significant difference.
Results
Verification of uc003pxg.1 expression in clinical samples
and statistical analysis of clinical indicators. PBMCs from
80 patients with CAD and 80 controls were isolated for anal‑
ysis. The clinicopathological characteristics of the patients and
controls are listed in Table I. The hypertension (86.3%), diabetes
(36.3%) and smoking (37.5%) rates were significantly higher in
patients with CAD compared with those in the control group,
and the HDL levels exhibited a decreasing but not significant
trend in the CAD group compared to the control group.
High‑content screening, selection and cellular localization
of target lncRNAs. The lncRNA uc003pxg.1 was discovered
by lncRNA‑seq high‑throughput sequencing performed
in our previous study (22). In the present study, the relative
expression levels of uc003pxg.1 in PBMCs from 80 patients
with CAD and 80 controls were determined by RT‑qPCR.
The results demonstrated that uc003pxg.1 was significantly

upregulated (~4.6‑fold) in PBMCs isolated from patients with
CAD compared with the control group (P<0.01; Fig. 1A), and
the area under the ROC curve was 0.7163 (Fig. 1B), suggesting
that uc003pxg.1 may be a potential biomarker for the clinical
diagnosis of CAD. A total of six lncRNAs were selected for
cell proliferation high‑content screening to identify lncRNAs
associated with biological functions. The percentage of
EdU‑positive cells in the si‑uc003pxg.1‑transfected group was
significantly decreased compared with that in the control‑trans‑
fected group (Figs. 1C and S1), indicating that uc003pxg.1
may serve biological functions in cell proliferation. The FISH
results demonstrates that uc003pxg.1 was primarily localized
to the nucleus (Fig. 1D), with a limited amount detected in
the cytoplasm. The competing endogenous RNA regulatory
mechanism is involved in the post‑transcriptional regulation in
the cytoplasm (28); thus, cytoplasmic uc003pxg.1 was used for
the subsequent competing endogenous RNA network analysis.
uc003pxg.1 promotes cell proliferation and migration.
Following HUVEC transfection with si‑uc003pxg.1, cell
proliferation was significantly inhibited, as demonstrated by
the results of the EdU (Fig. 2A), CCK‑8 (Fig. 2B) and cell cycle
(Fig. 2C) assays. Transwell assay results also revealed that the
migratory ability of the cells in the si‑uc003pxg.1 group was
significantly reduced compared with that of the control group
(Fig. 2D). These results suggested that uc003pxg.1 promoted
cell proliferation and migration.
uc003pxg.1 promotes the expression of cell cycle‑associated
proteins. uc003pxg.1 expression in HUVECs was knocked
down by ~60% following transfection with si‑uc003pxg.1
(Fig. 3A). The RT‑qPCR results demonstrated that the expres‑
sion levels of cyclin D1 and CDK6 were significantly decreased
following uc003pxg.1 knockdown compared with those in the
control group (Fig. 3B). Western blotting was performed to
assess the expression levels of proteins associated with the cell
cycle (vimentin, PCNA, CDK4, CDK6, cyclin D1, cyclin B1
and cyclin E1), and the results demonstrated that the levels
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Figure 1. Identification and cell localization of target lncRNAs. (A) The levels of uc003pxg.1 expression in PBMC samples (n=80). (B) ROC curve of
uc003pxg.1 expression in the PBMC samples. (C) Selection of target lncRNAs by high‑content screening of uc003pxg.1. Black, NC; red, upregulated lncRNA;
blue, downregulated lncRNA. (D) Confocal microscopy images of uc003pxg.1 cellular localization analysis by fluorescence in situ hybridization. **P<0.01.
lncRNA, long noncoding RNA; PBMCs, peripheral blood mononucleated cells; ROC, receiver operating characteristic; CAD, coronary artery disease; NC,
negative control; siRNA, small interfering RNA.

of CDK6 and cyclin D1 protein expression were significantly
decreased following uc003pxg.1 knockdown compared with
those in the control group (Fig. 3C). These results suggested
that uc003pxg.1 promoted the expression of cell cycle‑related
proteins and that uc003pxg.1 may be associated with the
cyclin D1/CDK6 signaling pathway, which is involved in the
G1/S phase of the cell cycle.
Target miRNAs of uc003pxg.1 identified by high‑throughput
sequencing. After HUVECs were transfected with siRNA,
RNA was extracted for high‑throughput sequencing.
Differential expression between two sets of samples was
calculated, and the most differentially expressed miRNAs
(14 upregulated and 5 downregulated) were selected for
further analysis (Fig. 4A‑C). The results demonstrated that the
Ras and MAPK signaling pathways were enriched with the
differentially expressed miRNAs (Fig. 4D).
miR‑25‑5p levels are negatively correlated with those of
uc003pxg.1. The expression levels of miRNAs were verified in
HUVECs following transfection with si‑uc003pxg.1, as well

as in PBMCs from clinical samples by RT‑qPCR. miR‑25‑5p,
which is associated with cell proliferation and migration,
was selected for further analysis according to previous
studies (29,30). The results demonstrated that the expression
levels of miR‑25‑5p were significantly upregulated following
uc003pxg.1 knockdown compared with those in the control
cells (Fig. 5A). The expression levels of miR‑25‑5p were
significantly downregulated in samples from 25 patients with
CAD compared with those in 25 control samples (Fig. 5B),
and miR‑25‑5p expression levels were significantly negatively
correlated with those of uc003pxg.1 in clinical PBMC samples
(Fig. 5C). The luciferase activity of the miR‑25‑5p mimic +
uc003pxg.1‑wt group was significantly decreased compared
with that of the NC group, whereas no significant differences in
the luciferase activities were observed between the miR‑25‑5p
mimic and NC samples in the mut group (Fig. 5D). Taken
together, these results suggested that uc003pxg.1 interacted
with miR‑25‑5p.
miR‑25‑5p downregulates cyclin D1 and CDK6 expression
and inhibits cell proliferation. HUVECs were transfected
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Figure 2. uc003pxg.1 knockdown promotes human umbilical vein endothelial cell proliferation and migration. (A) Confocal microscopy images of EdU
staining were used to assess cell proliferation. **P<0.01. (B) Cell viability was determined by Cell Counting Kit‑8 assay. (C) Flow cytometric analysis of the
cell cycle. (D) Migration of the control and siRNA‑transfected cells was evaluated by Transwell assay. **P<0.01 vs. control. EdU, 5‑ethynyl‑2'‑deoxyuridine;
control, negative control small interfering RNA; siRNA, small interfering RNA targeting uc003pxg.1.

Figure 3. uc003pxg.1 knockdown affects the expression of cell cycle‑associated proteins. (A) The knockdown efficiency of si‑uc003pxg.1 in HUVECs was
detected by RT‑qPCR. (B) The mRNA expression levels of cyclin D1 and CDK6 were assessed by RT‑qPCR following uc003pxg.1 knockdown in HUVECs.
(C) The expression levels of cell cycle‑associated proteins were detected by western blotting following siRNA transfection. **P<0.01 vs. control. HUVECs,
human umbilical vein endothelial cells; control, negative control small interfering RNA; siRNA, small interfering RNA targeting uc003pxg.1; RT‑qPCR,
reverse transcription‑quantitative PCR; PCNA, proliferating cell nuclear antigen.
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Figure 4. Differentially expressed miRNAs associated with uc003pxg.1 identified by high‑throughput sequencing. (A) Differential expression of miRNAs
between the control and siRNA‑transfected groups was analyzed by a volcano plot. Red, upregulation; green, downregulation. (B) Cluster analysis of the
differentially expressed miRNAs between the control and siRNA‑transfected groups. (C) Competing endogenous RNA network of uc003pxg.1 and target
miRNAs. (D) Kyoto Encyclopedia of Genes and Genomes pathway analysis of the candidate target genes. miRNA, miR, microRNA; NC, negative control
small interfering RNA; siRNA, small interfering RNA targeting uc003pxg.1.

with si‑uc003pxg.1, miR‑25‑5p mimics or miR‑25‑5p inhibitor.
The relative expression levels of miR‑25‑5p were signifi‑
cantly increased in HUVECs following transfection with the
miR‑25‑5p mimics compared with those in cells transfected
with the mimic NC, whereas a miRNA inhibitor that func‑
tionally combined the endogenous miRNA competitively
and thus regulated the suppression on downstream genes
was used, which had no notable effects on the expression
levels of miR‑25‑5p (Fig. 6A). Subsequently, cell proliferation
was analyzed by the EdU assay. The results demonstrated
that the miR‑25‑5p mimics and si‑uc003pxg.1 reduced cell
proliferation compared with that in the control group, whereas
the miR‑25‑5p inhibitor increased cell proliferation compared
with that in the control group, although the difference was not
statistically significant (Fig. 6B). In addition, si‑uc003pxg.1
and the miR‑25‑5p mimics inhibited the protein expression
levels of cyclin D1 and CDK6 compared with those in the

control group (Fig. 6C). These results suggested that miR‑25‑5p
exerted the opposite function to uc003pxg.1 in the inhibition
of cell proliferation.
miR‑25‑5p inhibits HUVEC viability, cell cycle and migration.
The roles of miR‑25‑5p in cell proliferation and migration
were further verified by cell cycle (Fig. 7A), CCK‑8 (Fig. 7B)
and Transwell migration (Fig. 7C) assays. The CCK‑8 and cell
cycle assay results demonstrated that cell proliferation was
significantly reduced at 48 h with no difference at 72 h in the
miR‑25‑5p mimic group compared with that in the control
group, which was consistent with the results obtained with cells
transfected with si‑uc003pxg.1. The cell proliferative ability
was significantly enhanced in the miR‑25‑5p inhibitor group at
48 h compared with that in the control group. Furthermore, the
Transwell assay results revealed that the miR‑25‑5p mimic and
si‑uc003pxg.1 significantly reduced cell migration compared
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Figure 5. Correlation between miR‑25‑5p and uc003pxg.1 expression levels. (A) Relative expression levels of miR‑25‑5p in HUVECs in the siRNA and control
groups. **P<0.01 vs. control. (B) Expression levels of miR‑25‑5p in peripheral blood mononucleated cells from patients with CAD and controls (n=25). **P<0.01.
(C) uc003pxg.1 expression levels were negatively correlated with those of miR‑25‑5p in patients with CAD. (D) Luciferase activities were determined in the
miR‑25‑5p mimic + uc003pxg.1‑wt and miR‑25‑5p mimic + uc003pxg.1‑mut groups. *P<0.05 vs. NC. miR, microRNA; HUVECs, human umbilical vein
endothelial cells; control, mimic‑NC; siRNA, small interfering RNA targeting uc003pxg.1; CAD, coronary artery disease; wt, wild‑type; mut, mutant.

with that in the control group, whereas the miR‑25‑5p inhibitor
enhanced cell migration compared with that in the control
group.
Discussion
CAD is a chronic inflammatory disease that leads to the
formation of medium to large arterial plaques (31). As arterial
plaques gradually increase and cause narrowing of the arterial
lumen, they can block the blood flow and lead to ischemia of
the heart (32). Previous studies have reported that circulating
PBMCs, 5‑10% of which are peripheral blood white blood
cells, serve important roles in the development of CAD by
promoting cell migration to the arterial wall and increasing
the extent of atherosclerosis (33,34). Furthermore, lncRNAs
have emerged as regulatory factors in the development of
atherosclerosis (12,13). Thus, it is necessary to study the differ‑
ential expression of lncRNAs in patients with CAD to develop
noninvasive strategies for the early diagnosis of CAD.
In our previous study, a number of lncRNAs were
identified as differentially expressed in patients with CAD
compared with healthy controls through high‑throughput
sequencing (22). Among these lncRNAs, the functional
lncRNA uc003pxg.1 was demonstrated to function in cell
proliferation and migration through high‑content analysis in
the present study. Clinical samples from 80 patients with CAD
and 80 control subjects were evaluated, and the results revealed
that the expression levels of uc003pxg.1 were significantly

upregulated in patients with CAD compared with those in the
control subjects, with the area under the ROC curve of 0.7163,
suggesting that uc003pxg.1 may be a potential biomarker for
clinical CAD diagnosis. In addition, the results of the EdU,
CCK‑8 and cell cycle assays in HUVECs demonstrated that cell
proliferation was significantly reduced following uc003pxg.1
knockdown. Transwell experiments revealed a reduction in
the cell migratory ability after HUVECs were transfected
with si‑uc003pxg.1. Taken together, these results suggested
that uc003pxg.1 may promote cell proliferation and migration.
Additionally, analysis of the expression of cell cycle‑related
genes and proteins demonstrated that cyclin D1 and CDK6
levels were significantly downregulated after uc003pxg.1
knockdown, further suggesting that uc003pxg.1 may be
associated with the cell cycle and promote cell proliferation.
The present study also identified differentially expressed
miRNAs in si‑uc003pxg.1‑transfected and control HUVECs
via sequencing. The results demonstrated that 14 miRNAs
were upregulated and 5 were downregulated following
transfection. Among them, the levels of miR‑25‑5p were
significantly upregulated in HUVECs following uc003Pxg.1
knockdown, but significantly downregulated in clinical
CAD samples compared with those in the control samples,
demonstrating a negative correlation between miR‑25‑5p and
uc003pxg.1. miR‑25‑5p has been reported to be involved in cell
proliferation and migration in various diseases. For example,
miR‑25 inhibits the proliferation and cell cycle progression
of non‑small cell lung cancer cells by targeting cell division

10

LI et al: Role of long noncoding RNA uc003pxg.1 in coronary artery disease

Figure 6. Effects of uc003pxg.1 and miR‑25‑5p on cell proliferation and related protein expression. (A) The relative expression of miR‑25‑5p in HUVECs
after transfection with the miR‑25‑5p mimics, mimic‑NC, miR‑25‑5p inhibitor and inhibitor‑NC. **P<0.01 vs. mimics‑NC. (B) The association between
miR‑25‑5p levels and cell proliferation was analyzed by the EdU assay. Red, EdU; blue, nuclear staining. **P<0.01. (C) Cyclin D1 and CDK6 expression was
determined in HUVECs after transfection with mimic‑NC, siRNA, miR‑25‑5p mimic and miR‑25‑5p inhibitor. *P<0.05 and **P<0.01. miR, microRNA;
HUVECs, human umbilical vein endothelial cells; NC, negative control; EdU, 5‑ethynyl‑2'‑deoxyuridine; control, mimic‑NC; siRNA, small interfering RNA
targeting uc003pxg.1.

cycle 42 expression (35) and also enhances the proliferation,
invasion and migration of liver cancer cells by inhibiting Rho
GDP dissociation inhibitor α expression (36). Furthermore,
mir‑25‑5p regulates the proliferation, migration and apoptosis
of oxidized low‑density lipoprotein‑treated human brain
microvessel endothelial cells by targeting neuronal growth
regulator 1 (30), whereas treatment with melatonin and

pterostilbene has been demonstrated to promote the apoptosis
of colon cancer cells through miR‑25‑5p (37). The combination
of PBMC miR‑19b‑5p, miR‑221, miR‑25‑5p and hypertension is
associated with an increased heart failure risk in patients with
coronary heart disease (38). In another study, the expression
levels of miR‑25‑3p and miR‑25‑5p in the myocardium of rats
with heart failure have been reported to be upregulated (39).
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Figure 7. Association between uc003pxg.1 and miR‑25‑5p during cell proliferation and migration. (A) The cell cycle progression of HUVECs transfected
with mimic‑NC, siRNA, miR‑25‑5p mimic and miR‑25‑5p inhibitor was analyzed by flow cytometry. (B) The effects of HUVEC transfection with siRNA,
miR‑25‑5p mimic and miR‑25‑5p inhibitor on cell proliferation were analyzed by Cell Counting Kit‑8 assay. (C) The migration of HUVECs transfected
with mimic‑NC, siRNA, miR‑25‑5p mimic and miR‑25‑5p was analyzed by Transwell assay. **P<0.01. miR, microRNA; HUVECs, human umbilical vein
endothelial cells; NC, negative control; control, mimic‑NC; siRNA, small interfering RNA targeting uc003pxg.1.

In the present study, the effects of miR‑25‑5p on cell prolifera‑
tion and migration were also evaluated. The EdU, cell cycle
and CCK‑8 assay results demonstrated that the miR‑25‑5p
mimics exerted similar effects to those of si‑uc003pxg.1 and
significantly reduced the proliferation of HUVECs, whereas
the miR‑25‑5p inhibitor promoted cell proliferation. Transwell
assay results also revealed that the miR‑25‑5p mimic, similar
to si‑uc003pxg.1, reduced the migration of HUVECs, whereas
the miR‑25‑5p inhibitor promoted the migratory ability of
HUVECs.
Due to their cell and tissue specificity, lncRNAs can
be used as cancer biomarkers and therapeutic targets (10).
lncRNAs are secreted or released from necrotic and apoptotic
cells in the blood and urine (40), and have been demonstrated
to serve important roles in inflammation, vascular smooth
muscle cell proliferation, apoptosis and fat metabolism (13,41).
lncRNAs are also associated with the occurrence and develop‑
ment of CAD (42). The results of the present study revealed
that the levels of lncRNA uc003pxg.1 were significantly

upregulated in patients with CAD compared with those in the
control subjects, and that uc003pxg.1 promoted cell prolif‑
eration, migration and cell cycle‑related gene and protein
(cyclin D1 and CDK6) expression. In addition, an interaction
between miR‑25‑5p and uc003pxg.1 was identified through
high‑throughput sequencing and dual‑luciferase reporter gene
assays. For the first time, the present study demonstrated that
uc003pxg.1‑targeted miR‑25‑5p regulates cell proliferation
and migration. The high expression levels of uc003pxg.1 in
circulating peripheral blood cells of patients with CAD may
increase the proliferation and migration of vascular endothe‑
lial cells and promote the development of CAD by sponging
miR‑25‑5p. These results may provide a new lncRNA target
in the study of CAD and a potential biomarker for the early
diagnosis of CAD. However, to confirm these findings, a larger
number of clinical samples, additional in vivo experiments,
including those to assess the role of uc003pxg.1 in inflamma‑
tion and other pathways, need to be performed, which will be
carried out in our future study.
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