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Abstract: Introduction: Coronary artery disease (CAD) is a major global health problem with high incidence and
mortality. Despite many advances in treatment, the prognosis of patients with CAD still remains poor. Therefore,
this study aimed to identify potential biomarkers and targets associated with the progression of CAD. Methods:
Two gene expression profile datasets (GSE20681 and GSE12288), and two microRNA (miRNA) expression profile
datasets (GSE59421 and GSE105449) were downloaded from the Gene Expression Omnibus (GEO) database; R
language was used to screen out the differentially expressed genes (DEGs) and differentially expressed miRNAs
(DEMs), respectively. In addition, five online bioinformatics tools (miRWalk et al.) were used to identify the target
genes of DEMs, and miRNA-gene network was constructed using Cytoscape software. Moreover, CCK-8, flow cy-
tometry assays were used to detect the cell proliferation and apoptosis in human umbilical vein endothelial cells
(HUVECs). Meanwhile, the dual luciferase reporter system assay was used to explore the interaction of miR-376a-
3p and NRIP1 in HUVECs. Results: In the present study, 150 common DEGs and 5 common DEMs were screened
using a Venn diagram in R language. First, a total of 6812 target genes were identified from the overlapping DEMs.
Second, 26 overlapping dysregulated genes from 150 overlapping DEGs and 6812 miRNA target genes were identi-
fied. Meanwhile, 43 miRNA-gene regulatory pairs were obtained between the 5 common DEMs and 26 dysregulated
genes. Downregulation of miR-376a-3p significantly inhibited the proliferation of HUVECs via inducing apoptosis.
Moreover, overexpression of miR-376a-3p markedly inhibited the growth of HUVECs via downregulating NRIP1.
Conclusion: In this study, miR-376a-3p-NRIP1 pair might involve in the progression of CAD, implying that miR-376a-
3p may be a therapeutic target for the treatment of CAD.
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Introduction

Cardiovascular disease (CVD) is the leading
cause of death globally [1]. Coronary artery dis-
ease (CAD), also known as ischemic heart dis-
ease (IHD), is considered to be one of the most
dangerous CVD. The mortality of CAD has been
increasing enormously [1, 2]. Sudden cardiac
death, stable angina, myocardial infarction,
and unstable angina are the common types of
CAD [3]. In addition, CAD is caused by the
reduction of blood flow to the heart muscle due
to accumulation of lipids and plaque in the
arteries of the heart [4]. The common patho-
genic factors of CAD are age, hypertension,
obesity, high cholesterol, family history, smok-

ing and sedentary lifestyle [5-7]. So far, the
treatment options for patients with complex
CAD included percutaneous coronary interven-
tion or coronary artery bypass surgery [8].
However, the rate of mortality and rehospital-
ization are still high in patients with CAD [9].
Therefore, it is necessary to explore novel effec-
tive therapies for the early diagnosis and treat-
ment of CAD.

In recent years, microarray has been effective
in detecting the complex network during the
process of atherosclerosis, and even in screen-
ing biomarkers for CAD diagnosis and prognosis
[10]. It has been indicated that combination
microarray technology with bioinformatics anal-
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ysis method could comprehensively analyze
the expression changes of genes from early to
advanced stage in the development of coronary
atherosclerosis [10]. Gene Expression Omnibus
(GEO, http://www.ncbi.nim.nih.gov/geo/) is a
public database containing a large number of
gene profiles in various diseases [11, 12]. In
addition, the GEO dataset could be used to
screen out differentially expressed genes (DE-
Gs) and to establish gene regulatory networks
[13]. Recently, Wang et al. analyzed the raw
data (GSE128829 and GSE59421) from the
GEO database, and identified potential thera-
peutic targets associated with CAD [14].

In this study, raw data from microarray analy-
ses conducted on CAD samples and healthy
controls were downloaded from the GEO data-
base, including mRNA and miRNA expression
profile datasets. Meanwhile, by using the bioin-
formatics analysis method, we might provide
effective biomarker candidates for clinical trials
and clinical practice.

Materials and methods
Data acquisition

Four datasets (GSE20681, GSE12288, GSE59-
421 and GSE105449) which contain the gene
expression profile of CAD and healthy controls,
were downloaded from GEO database (https://
www.nchi.nlm.nih.gov/geo/). The mRNA micro-
array data of 420 CAD patients and healthy
controls (198 samples from GSE20681, 222
samples from GSE12288) were downloaded
from GEO database. The microRNA (miRNA)
microarray data of 150 CAD patients and
healthy controls (70 samples from GSE59421,
80 samples from GSE105449) were download-
ed from GEO database.

Microarray data mining

In this study, two microarray datasets (GSE-
20681, GSE12288) were used to identify dif-
ferentially expressed genes (DEGs). In addition,
the data from another two microarray datasets
(GSE59421 and GSE105449) were used to
identify  differentially expressed miRNAs
(DEMs). The DEGs and DEMs were screened
using R language, respectively. An adjusted
P-value <0.05 was set as criteria.

The mRNAs related to CAD were obtained by
overlapping DEGs from two datasets (GSE20-
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681, GSE12288). The miRNAs related to CAD
were obtained by overlapping DEMs from two
datasets (GSE59421 and GSE105449).

GO and KEGG enrichment analysis

Gene ontology (GO, http://www.geneontology.
org/) and Kyoto Encyclopedia of Genes and Ge-
nomes (KEGG, http://www.genome.jp/kegg/)
enrichment analysis were used to conduct the
functional analysis and significant pathways of
the DEGs. GO enrichment analysis was used to
allocate protein biomarkers into their corre-
sponding pathways at three levels: biological
process, cellular component and molecular
function.

Canonical pathway, diseases and bio functions
enrichment analysis

The ingenuity pathway analysis (IPA) software
program was used to assign genes according to
their biological functions, canonical pathways.
The, the indirect or direct interactions between
genes were analyzed [15]. Based on the inge-
nuity® knowledge database of IPA, the DEGs
and the potential pathways may involve in were
analyzed by the Fisher exact test. These DEGs
underwent canonical pathway enrichment, dis-
eases and bio functions analysis in IPA. In
canonical pathway enrichment analysis, the Z-
score (standard score) value of each pathway
was calculated by the multiple of up-regulation
and down-regulation of DEGs. In diseases and
bio functions enrichment analysis, the Z-score
(standard score) value was calculated by the
extent of activation and suppression of disea-
se.

MiRNA-gene-network construction

Target genes of the DEMs were identified using
online bioinformatics tools including miRWalk,
miRanda, miRDB, RNA22, and TargetScan. To
construct the interaction network between dif-
ferential miRNAs and differential mRNAs, bioin-
formatics software Cytoscape 3.3.0 was used.

Cell culture and transfection

The Human umbilical vein endothelial cells
(HUVECs) were purchased from American Type
Culture Collection (ATCC, Rockville, MD, USA).
Cells were incubated in Dulbecco’s modified
Eagle’'s medium (DMEM, Thermo Fisher Scien-
tific, Waltham, MA, USA) containing 10% fetal
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bovine serum (Thermo Fisher Scientific) and
100 units/ml penicillin/streptomycin at 37°C in
a 5% CO, atmosphere.

MiR-376a-3p mimics, miR-376a-3p inhibitor
were purchased from GenePharma (Shanghai,
China). The miR-376a-3p mimics and miR-
376a-3p inhibitor were transfected into HUVECs
respectively using Lipofectamine 2000 (Ther-
mo Fisher Scientific) according to the manufac-
turer’s instructions. The culture medium con-
taining 10% FBS was changed at 6 h after
transfection, and the cells were then incubated
for 72 h at 37°C.

RT-gPCR

Total RNA was isolated from HUVECs using the
Trizol reagent (Thermo Fisher Scientific) accord-
ing to the manufacturer’s protocol. cDNA was
synthesized using a PrimeScript RT reagent Kit
(Promega, Madison, WI, USA). The gPCR was
performed on an Applied Biosystems 7500
Real Time PCR System (Applied Biosystems,
Foster City, CA, USA) with the SYBR Green PCR
Mix kit (Thermo Fisher Scientific) according to
the manufacturer’s instructions. The PCR prim-
ers sequences were as follows: has-miR-376a-
3p, forward: 5-GGCATAGAGGAAAATCCACG-3’;
reverse: 5-CTCAACTGGTGTCGTGGAGTC-3'. UG,
forward: 5-CTCGCTTCGGCAGCACAT-3’; reverse:
5-AACGCTTCACGAATTTGCGT-3'. The relative
mMiRNA level was normalized to the internal con-
trol UG using the 222" method.

CCK-8 assay

Cell counting kit-8 (CCK-8, Dojindo, Tokyo,
Japan) was applied to measure the viability of
HUVECs. HUVECs (5 x 10° cells per well) were
seed onto 96-well plate and incubated at 37°C
overnight. After transfection with miR-376a-3p
mimics or miR-376a-3p inhibitor, the cells were
cultured for 24, 48 and 72 h, respectively. Later
on, the cells were incubated with 10 yL CCK-8
reagent for another 2 h at 37°C. Then, the
absorbance was measured using a microplate
reader (Thermo Fisher Scientific) at 450 nm.

Immunofluorescence staining assay

After transfection with miR-376a-3p mimics or
miR-376a-3p inhibitor, HUVECs were cultured
for 72 h. Cells were fixed with 4% paraformalde-
hyde for 20 min at room temperature and then
incubated with anti-human antibody against
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Ki67 (1:100, Abcam, Cambridge, MA, USA)
overnight at 4°C. Then, the cells were incubat-
ed with secondary antibodies conjugated with
fluorescent Alexa Fluor 488 (1:1000, Abcam)
for 1 h 37°C. The nuclei were stained with DAPI
(Thermo Fisher Scientific) for 5 min. The immu-
nofluorescence was visualized under a laser
confocal microscope (Olympus CX23 Tokyo,
Japan).

Flow cytometry

Apoptosis in HUVECs were detected using an
Annexin V-FITC apoptosis detection kit (Thermo
Fisher Scientific). HUVECs were washed cold
PBS and resuspended in binding buffer (BD
Biosciences, Franklin Lake, NJ, USA). After that,
the cells were stained with 5 pL propidium
iodide (Pl) and 10 uL Annexin V-FITC for 15 min
at room temperature in the dark. Then, the
number of apoptotic cells was analyzed by flow
cytometer (BD FACSCanto Il, BD Bioscience)
and calculated using BD FACSCalibur system
(FACScan; BD Biosciences).

Western blot assay

Total protein from HUVECs was extracted using
RIPA buffer (Thermo Fisher Scientific) on ice.
After that, protein concentration was detected
by using BCA Protein Assay kit (Generay,
Shanghai, China). Equal amounts of protein (40
ug per lane) were separated by 10% sodium
dodecyl sulfate polyacrylamide gel (SDS-PAGE)
electrophoresis, and then transferred onto a
polyvinylidene fluoride membrane (PVDF, Milli-
pore, Billerica, MA, USA). Later on, the mem-
branes were blocked with 5% nonfat milk at
room temperature for 1 h and then incubated
with the primary antibodies against Bax
(1:1000, Abcam), cleaved caspase 3 (1:1000,
Abcam), NRIP1 (1:1000, Abcam), p-p65 (1:
1000, Abcam), p-IkB (1:2000, Abcam) and
B-actin (1:1000, Abcam) overnight at 4°C. The
membranes were then incubated with horse-
radish peroxidase-conjugated goat anti-rabbit
IgG secondary antibody (1:5000, Abcam) for 1
h at room temperature. Enhanced chemilumi-
nescence detection system (Thermo Fisher
Scientific) was used to develop signal. B-actin
was used as an endogenous control.

Luciferase reporter assays
Wild-type (WT)-NRIP1 3’-UTR or mutated-type
(MT)-NRIP1 3’-UTR plasmid was co-transfected
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with miR-376a-3p mimics respectively using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA). After 48 h of incubation, the luciferase
activities were detected using a Dual-Luciferase
Reporter Assay System (Promega Madison, WI,
USA) with renilla luciferase activity as endoge-
nous control.

Statistical analysis

Data are presented as mean + standard devia-
tion from triplicate experiments. Graphs were
generated using GraphPad Prism software (ver-
sion 7.0, La Jolla, CA, USA). Protein expression
of Bax, cleaved caspase 3, Bcl-2, NRIP1, p-p65
and p-IkB, and the results of the CCK-8 assay
and the apoptosis assay were analyzed by one-
way analysis of variance (ANOVA) followed by
Dunnett’s test. P-value <0.05 was considered
as a statistically significant.

Results
Identification of DEGs in GEO dataset

Raw data from two independent datasets
(GSE12288 and GSE20681) were downloaded
from GEO; DEGs were identified using R lan-
guage. In total, 1471 DEGs (759 downregulated
and 712 upregulated mRNAs), 5584 DEGs
(2729 downregulated and 1855 upregulated
mRNAs) were screened from the GSE12288
and GSE20681 datasets, respectively. The dis-
tinguishable mMRNAs expression between CAD
samples and healthy controls were displayed
by heatmap visualization in Figure 1A and 1B.
Meanwhile, these DEGs were visualized in vol-
cano plots (Figure 1C and 1D). In addition, the
intersect function indicated that 150 DEGs
were commonly dysregulated (79 down-and 71
upregulated DEGs from two independent data-
sets) using a Venn diagram in R language
(Figure 1E).

GO enrichment and KEGG pathway analyses

The DEGs analysis were conducted using GO
and KEGG. The GO enrichment analyses indi-
cated that DEGs were significantly related to
molecular function of “miRNA binding” and
“transcription factor binding” (Figure 2A). In
addition, KEGG analysis results showed that
DEGs were mainly enriched in “Alcoholism” and
“Viral carcinogenesis” (Figure 2B).
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Canonical pathway enrichment analysis and
diseases and Bio functions enrichment analy-
sis

IPA enriched 330 canonical pathways (P<0.05)
in CAD, and the top 20 canonical pathways
were showed in Figure 3A; the details of path-
ways were presented in Table 1. The most sig-
nificant canonical pathways included “RAR acti-
vation”, “AMPK signaling”, “FLT3 signaling in
hematopoietic progenitor cells”, and “LPS-
stimulated MAPK Signaling” (Figure 3A). In
addition, the diseases and bio functions enrich-
ment analysis were conducted using IPA. The
top 20 diseases and bio functions that overlap-
ping DEGs were displayed in Figure 3B. The
details of functions analysis were presented in
Table 2 and we found the overlapping DEGs
were mainly associated with “cellular develop-
ment, cellular growth and proliferation”, “organ-
ismal injury and abnormalities, reproductive
system disease”, and “cellular development,
cellular growth and proliferation” (Figure 3B).
The above results indicated that these DEGs
may regulate the progression of CAD via multi-
ple signaling pathways.

Identification of DEMs in GEO

Two datasets GSE59421 and GSE105449
were downloaded from GEO. Following pre-pro-
cessing of the raw data, DEMs were identified
using R language. In total, 69 DEMs (30 down-
regulated and 39 upregulated miRNAs), 26
DEMs (21 downregulated and 5 upregulated
miRNAs) were screened from the GSE59421
and GSE105449, respectively. The distinguish-
able miRNAs expression between CAD samples
and healthy controls were displayed by heat-
map visualization in Figure 4A and 4B.
Meanwhile, the distribution of DEMs were pre-
sented by volcano plot (Figure 4C and 4D). In
addition, 5 DEMs were commonly dysregulated
using a Venn diagram in R language (Figure 4E).

MIiRNA-gene-network and module selection

Online bioinformatics tools miRWalk, miRanda,
miRDB, RNA22, and TargetScan were used to
predict target genes of overlapping DEMs
(Figure 5A). Meanwhile, overlapping dysregu-
lated genes from overlapping DEGs and miRNA
target genes were identified (Figure B5A).
Furthermore, the interaction network of the
overlapping dysregulated genes and 5 common
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Figure 1. Identification of DEGs in GEO. Heat map showed the mRNA expression profiles of CAD samples and healthy controls according to P value, which down-
loaded from (A) GSE12288 dataset and (B) GSE20681 dataset. Red represents up-regulation, and blue indicates down-regulation. (C) Volcano plot of DEGs in
GSE12288. (D) Volcano plot of DEGs in GSE20681. Gray, red and blue color represented relatively equal, high and low expression of genes respectively based on the
cut-off values of |log2 fold change| >0 and -log10 (p-value) >1.3. (E) Venn diagram of overlapping DEGs from intersection of two independent datasets GSE12288
and GSE20681. A total of 91 upregulated and 79 downregulated overlapping DEGs was identified. Different colored regions represent different datasets.
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Figure 2. GO enrichment and KEGG pathway analyses. A. Overlapping DEGs were measured by GO enrichment analysis. B. Overlapping DEGs were measured by
KEGG pathway analysis.
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Figure 3. Canonical pathway enrichment analysis and Diseases and Bio functions enrichment analysis. A. Top 20 canonical pathways enriched in CAD. IPA software
ranked the top canonical pathways based on -log (p-value). The yellow line represented P = 0.05. The columns that over the orange line denoted significant pathway
in CAD. The orange broken line represented the Ratio value, which means the enrichment of the pathway. Orange and blue color in column represented pathway
activation and pathway inhibition. B. Top 20 diseases and bio functions enriched in CAD. IPA software ranked the top diseases and bio functions based on -log (p-
value). The yellow line represented P = 0.05. The columns that over the orange line denoted significant diseases and bio functions in CAD.
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Table 1. Enrichment analysis table of canonical pathway

Ingenuity Canonical Pathways log (p-value) Ratio z-score
RAR Activation 4.94 0.0481 #NUM!
AMPK Signaling 3.67 0.0372 -0.447
FLT3 Signaling in Hematopoietic Progenitor Cells 3.27 0.0562 -0.447
LPS-stimulated MAPK Signaling 3.18 0.0538 -1
Role of JAK family kinases in IL-6-type Cytokine Signaling 3.08 0.12 #NUM!
ErbB Signaling 2.98 0.0485 0.447
Neuropathic Pain Signaling In Dorsal Horn Neurons 2.79 0.0439 -2.236
GNRH Signaling 2.79 0.0357 0
HGF Signaling 2.72 0.0424 0
Germ Cell-Sertoli Cell Junction Signaling 2.69 0.0343 #NUM!
Coagulation System 2.65 0.0857 #NUM!
Sertoli Cell-Sertoli Cell Junction Signaling 2.65 0.0335 #NUM!
ErbB2-ErbB3 Signaling 2.64 0.0541 1
Protein Kinase A Signaling 2.61 0.0233 -1.414
Molecular Mechanisms of Cancer 2.59 0.0232 #NUM!
Endocannabinoid Developing Neuron Pathway 2.58 0.0394 0
B Cell Receptor Signaling 2.53 0.0317 0.816
Production of Nitric Oxide and Reactive Oxygen Species in Macrophages 2.48 0.0311 0.816
GDNF Family Ligand-Receptor Interactions 2.48 0.0488 0
NRF2-mediated Oxidative Stress Response 2.44 0.0305 1

DEMs were constructed using cytoscape 3.3.0
(Figure 5B). The results suggested that 6 ge-
nes including FN1, CREB1, NRIP1, PAFAH1B1,
STAT5A and FKBP1A were identified as hub
genes (Table 3). Meanwhile, as shown in Figure
5B, the 43 regulatory pairs between DEMs and
their target genes were identified including has-
miR-376a-3p-NRIP1. ROC analysis was per-
formed to evaluate the miR-376a-3p expres-
sion between patients with CAD and healthy
controls. The area under the curve for miR-
376a-3p was 0.651 revealing that the experi-
mental results were reliable (Figure 5C). How-
ever, the role of miR-376a-3p during the pro-
gression of CAD remains unclear. Meanwhile, it
has been shown that NRIP1 is also known as
receptor-interacting protein 140 (RIP140),
which plays an important role in regulating
genes expression in heart [16]. Therefore, has-
miR-376a-3p-NRIP1 pair was selected for fur-
ther study.

Downregulation of miR-376a-3p inhibited pro-
liferation of HUVECs

To investigate the role of miR-376a-3p in CAD,

miR-376a-3p mimics or miR-376a-3p inhibitor
was used. As shown in Figure 6A, the level of
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miR-376a-3p was markedly increased in HU-
VECs following transfection with miR-376a-3p
mimics, and the level of miR-376a-3p was sig-
nificantly decreased in cells following transfec-
tion with miR-376a-3p inhibitor (Figure 6A).
In addition, CCK-8 and immunofluorescence
assay results indicated that miR-376a-3p inhib-
itor obviously inhibited the proliferation of
HUVECs (Figure 6B-D). Meanwhile, overexpres-
sion of miR-376a-3p significantly increased the
proliferation of HUVECs (Figure 6B). These data
indicated that downregulation of miR-376a-3p
could inhibit the proliferation of HUVECs.

Downregulation of miR-376a-3p induced apop-
tosis of HUVECs

To further explore the function of miR-376a in
CAD, flow cytometric assay was applied. As
shown in Figure 7A and 7B, miR-376a-3p inhib-
itor markedly induced the apoptosis of HUVECs,
compared with the NC group. In addition, west-
ern blotting assay revealed that the expres-
sions of Bax and cleaved caspase 3 were sig-
nificantly increased, while the level of p-p65
was notably decreased in HUVECs following
transfection with miR-376a-3p inhibitor, com-
pared with the NC group (Figure 7C-F). These
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Table 2. Enrichment analysis table of canonical pathway

Categories

Diseases or Functions Annotation

p-Value Predicted Activation State

Activation z-score

Cellular Development, Cellular Growth and Proliferation

Organismal Injury and Abnormalities, Reproductive System Disease

Cellular Development, Cellular Growth and Proliferation

Cancer, Gastrointestinal Disease, Hepatic System Disease, Organismal Injury and Abnormalities
Cancer, Gastrointestinal Disease, Organismal Injury and Abnormalities

Cell Cycle

Cancer, Organismal Injury and Abnormalities

Cancer, Organismal Injury and Abnormalities

Cancer, Gastrointestinal Disease, Hepatic System Disease, Organismal Injury and Abnormalities
Cancer, Gastrointestinal Disease, Hepatic System Disease, Organismal Injury and Abnormalities
Cell Cycle, Gene Expression

Cell Death and Survival, Cellular Function and Maintenance

Cancer, Organismal Injury and Abnormalities, Reproductive System Disease

Immunological Disease

Cancer, Organismal Injury and Abnormalities

Cancer, Gastrointestinal Disease, Organismal Injury and Abnormalities

Cell Death and Survival

Cancer, Organismal Injury and Abnormalities

Gastrointestinal Disease, Hepatic System Disease, Organismal Injury and Abnormalities

Cell Death and Survival

Development of tumor cell lines
Benign pelvic disease
Cell proliferation of tumor cell lines
Liver cancer
Upper gastrointestinal tract cancer
Interaction of DNA
Pelvic tumor
Cancer of secretory structure
Liver carcinoma
Hepatobiliary system cancer
Binding of DNA
Self-renewal of cells
Genital tumor
Systemic autoimmune syndrome
Pelvic cancer
Upper gastrointestinal carcinoma
Cell viability of tumor cell lines
Genitourinary tumor
Liver lesion

Necrosis

1.26E-08
5.74E-07
6.02E-07
8.75E-07
0.000001
1.3E-06
1.44E-06
1.66E-06
1.81E-06
3.08E-06
4.01E-06
4.3E-06
5.47E-06
5.51E-06
6.37E-06
7.42E-06
7.7E-06
8.57E-06
1.31E-05
1.32E-05

0.44

0.184

111

1.054

-0.482

-0.769

641

Am J Transl Res 2020;12(2):633-648



MiRNA-376a-3p as a new biomarker in CAD

A GSE59421

[ CCCEEEEEEEE

I

C GSE59421
b Case_VS_Control_volcano_plot.png
‘"H'“m
- 2_10
SRR
= -2IN
|
)
=]
[
3
Q
o
<
j=2}
kel
g

3

L SRR T
T T | LI ] =L e
i T i 1 !
T I 1
I
. EE ISl = IS, EEEE EOEE EEE WO T
fxofE Exin g FE i
= I 1
¥ f 1
EE. ] J o
P g P e R PR
1
:
SCEai-sammam Spff=mafaE lRanis _LEoE :
.
: e } |
{17} I T
| ‘
I 1
L I 1
! :
gEseRais e :
,
.

1
¥

T

HEE

log2 fold change

EHH

|n_ni

GSE105449

Case_VS_Control_volcano_plot.png

e EeaTeseeseasmsees
=
EEEEEEEEE m ;
‘\ T I EH L Hi: B \—j; AE T |
4‘ i *jlr"* ERuma. N EE- E‘L, - R ir
Pl g B L e e :
I 5| T I I i
H_E mNEN EEEENERER & CsCE ENEESE HE_SOEEN EE EoEE mmer S
e e T NN SN EEEm .
Fro oy e e e R J
11 7_+f7 u IT T N EEEEEES W T [
] EE EEEE L} = Il ¥ L1 I S
s s ERSmEEs muEm e o
=, EENNENE SN B-ES EEEES: LHLD I ] CE
13l | ’Y’J H ] i ImEEE SEE o} TF’L—L: ] ’."'—T' A,I\
T L_T I ! | ‘\ I ’_“‘{’ “r'“\ IS T .
1 I N I I L BF 1T |
LI 1 i il = i i Im i
o 1 I i i I | | EE] T . i

-log10 p-value

©

2 A5 4 1 15 2

0
log2 fold change

Figure 4. ldentification of DEMs in GEO. Heat map showing the miRNA expression profiles of CAD samples and
healthy controls according to P value, which downloaded from (A) GSE59421 dataset and (B) GSE105449 dataset.
Red represented up-regulation, and blue indicated down-regulation. (C) Volcano plot of DEGs in GSE59421. (D)
Volcano plot of DEGs in GSE105449. Gray, red and blue color represented relatively equal, high and low expres-
sion of genes respectively based on the cut-off values of |log2 fold change| >0 and -log10 (p-value) >1.3. (E) Venn
diagram of overlapping DEGs from intersection of two independent datasets GSE59421 and GSE105449. A total of
0 upregulated and 3 downregulated overlapping DEMs was identified. Different colored regions represent different

datasets.

results suggested that downregulation of miR-
376a-3p could induce the apoptosis of HUVECs.

Overexpression of miR-376a-3p increased
growth of HUVECs via downregulating NRIP1

Online bioinformatics tools miRWalk, RNA22
and TargetScan indicated that NRIP1 might be
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a potential target of miR-376a-3p (Figure 8A).
In addition, dual luciferase reporter assay was
applied to confirm whether NRIP1 was a bind-
ing target for miR-376a-3p. The results illustrat-
ed that miR-376a-3p mimics inhibited the lucif-
erase activity of psiCHECK-2-NRIP1-WT, but it
did not affect the luciferase activity of psi-
CHECK-2-NRIP1-MT (Figure 8B). These data

Am J Transl Res 2020;12(2):633-648
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Figure 5. MiRNA-gene-network and module selection. A. Step 1, miRWalk, miRanda, miRDB, RNA22, and TargetScan
predicting the potential target genes of differentially expressed miRNAs. Step 2, identifying the overlapping dysregu-
lated genes from overlapping DEGs and miRNA target genes. B. miRNA-gene regulatory network of 43 miRNA-gene
pairs. Blue circles denoted genes and red circles represented miRNA. Cytoscape version 3.3.0 software was used to
plot the figure. C. Receiver operating characteristic analysis indicating the capacity of the miR-376a-3p to discrimi-

nate between patients with CAD and healthy controls.

Table 3. Function table of differential microR-
NA and differential RNA

microRNA Degree targetgene Degree
hsa-miR-186-5p 17 FN1 4
hsa-miR-1 9 CREB1 3
hsa-miR-376a-3p 6 NRIP1 3
hsa-miR-30b-5p 6 PAFAH1B1 3
hsa-miR-376¢-3p 4 STATH5A 2
hsa-miR-376¢-5p 1 FKBP1A 2

indicated that NRIP1 was a binding target of
miR-376a-3p. Consistently, qRT-PCR assay in-
dicated the level of NRIP1 was markedly down-
regulated in HUVECSs following transfection with
miR-376a-3p mimics (Figure 8C). Meanwhile,
western blot assay illustrated that overexpres-
sion of miR-376a-3p significantly decreased
the level of NRIP1, and increased the levels of
p-p65, p-IkB in HUVECs (Figure 8D-G). These
data illustrated that overexpression of miR-
376a-3p increased growth of HUVECs via down-
regulating NRIP1.
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Discussion

Evidence indicated that up- or downregulated
miRNAs play a critical role in the progression of
CAD [17]. However, the mechanism by which
miRNAs regulate the levels of CAD-associated
genes remains unclear. In this study, bioinfor-
matics tools identified a total of 150 overlap-
ping DEGs from datasets (GSE12288 and
GSE20681), and 5 overlapping DEMs from da-
tasets (GSE59421 and GSE105449) between
patients with CAD and normal controls using R
language. In addition, a multi-step method to
identify the target genes of dysregulated miR-
NAs in CAD was performed (Figure 5A). First,
miRNA and mRNA expression profiles were
screened. After that, miRWalk, miRanda, miR-
DB, RNA22, and TargetScan were used to pre-
dict the target genes of DEMs. Thirdly, overlap-
ping dysregulated genes from overlapping
DEGs and miRNA target genes were identified.
Finally, the present study further identified the
interactions among miRNAs and overlapping
dysregulated genes, 42 miRNA-gene pairs con-

Am J Transl Res 2020;12(2):633-648
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Figure 6. Downregulation of miR-376a-3p inhibited proliferation of HUVECs. A. HUVECs were transfected with 10
nM miR-376a-3p mimics or inhibitor for 72 h. RT-qPCR was used to detect the level of miR-376a-3p in HUVECs.
**P<0.01 vs. NC group. B. HUVECs were transfected with 10 nM miR-376a-3p mimics or inhibitor for 24, 48 and 72
h. Cell viability was determined using CCK-8 assay. **P<0.01 vs. NC group. C. HUVECs were transfected with 10 nM
miR-376a-3p inhibitor for 72 h. D. Relative fluorescence expressions were quantified by Ki67 and DAPI staining. The
number of proliferating cells were counted. **P<0.01 vs. NC group.

taining 5 common DEMs and their target genes
in CAD were identified (Figure 5B).

Previous study indicated that the expression of
miR-376a-5p was markedly increased in the
myocardial tissue of the CME pigs [18].
However, the role of miR-376a-3p and its down-
stream target are still unclear in CAD. For the
first time, we found that miR-376a-3p was
downregulated in CAD samples, compared with
healthy controls. Bioinformatics analysis data
indicated that NRIP1 was a potential target
gene of miR-376a-3p. In addition, luciferase
reporter assays validated that miR-376a-3p
could directly target the 3’-UTR of NRIP1. These
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data illustrated that NRIP1 was a direct binding
target of miR-376a-3p.

Nuclear receptor-interacting protein 1 (NRIP1)
is also known as receptor-interacting protein
140 (RIP140), which is encoded by the NRIP1
gene [19]. It has been shown that RIP140
played an important role in regulating genes
expression in heart [16]. Meanwhile, RIP140
was known as a deleterious mediator of energy
metabolic homeostasis and cardiac mitochon-
drial function [20]. Chen et al. indicated that
overexpression of RIP140 could activate apop-
tosis pathway in neonatal rat cardiomyocytes
[24]. In this study, miR-376a-3p mimics signifi-
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Figure 7. Downregulation of miR-376a-3p induced apoptosis of HUVECs. A, B. HUVECs were transfected with 10 nM miR-376a-3p inhibitor for 72 h. Apoptotic cells
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3 and p-p65 in HUVECs were detected with western blotting. B-actin was used as an internal control. **P<0.01 vs. NC group. D-F. The relative expressions of Bax,
cleaved caspase 3 and p-p65 were quantified via normalization to B-actin. **P<0.01 vs. NC group.
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cantly decreased the level of NRIP1 in HUVECs.
Meanwhile, downregulation of miR-376a-3p
could induce the apoptosis in HUVECs. These
data might suggest that downregulation of
NRIP1 could inhibit apoptosis in HUVECs. In
addition, we found that overexpression of miR-
376a-3p markedly increased the levels of p-NF-
KB (p65) and p-IkB in HUVECSs. Liao et al. found
that NF-kB-p65 could inhibit myocardin-indu-
ced cardiomyocyte hypertrophy [22]. Thus, it
may be suggested that overexpression of miR-
376a could attenuate progression of CAD via
downregulating of NRIP1, and then activation
of p65.

Conclusion

In this study, several DEGs and DEMs were
identified by integrating GEO datasets. In addi-
tion, miR-376a-3p-NRIP1 pair might involve in
the progression of CAD. Moreover, miR-376a-
3p might be a therapeutic target for the treat-
ment of CAD.
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