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Abstract

Objective: The study investigated expression of microRNA (miR)-421 in plaques, peripheral
blood mononuclear cells (PBMCs), and serum from patients with coronary atherosclerosis.
Methods: Thirty-three patients with coronary atherosclerosis and 29 healthy individuals were
included. Plaque tissue and adjacent intimal tissue were collected from patients. Peripheral blood
was collected from patients and healthy individuals. Quantitative real-time PCR was used to
determine expression of C-X-C motif chemokine ligand 2 (CXCL2) mRNA and miR-421.
Western blotting was used to measure expression of CXCL2 protein in plaques and PBMCs,
and ELISA was used to detect serum levels of CXCL2. A dual luciferase reporter assay was
carried out to test whether CXCL2 mRNA directly interacts with miR-421.

Results: Patients with coronary atherosclerosis had elevated expression of CXCL2 mRNA and
protein in plaques, PBMCs, and serum compared with healthy controls but reduced expression of
miR-421. The dual luciferase reporter assay showed that miR-421 could bind with the 3'-untrans-
lated seed region of CXCL2 mRNA to regulate its expression.

Conclusion: We demonstrated that elevated expression of CXCL2 in plaques, PBMCs, and
serum of patients with coronary atherosclerosis was related to downregulation of miR-421|
expression. miR-421 plays a role in the occurrence of coronary atherosclerosis, probably through
CXCL2.
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Introduction

Coronary atherosclerosis, a serious vascular
disease, results in coronary artery stenosis,
which is a common cause of angina pectoris
and myocardial infarction.! Coronary ath-
erosclerotic plaques, especially thrombotic
“vulnerable plaques,” are an important
cause of coronary stenosis.” Coronary ath-
erosclerosis usually has a long clinical treat-
ment cycle, frequent relapse, poor
prognosis, and a great impact on the quality
of life. Therefore, exploring the mechanism
of coronary atherosclerosis at the molecular
level is important for improving its clinical
treatment.

Atherosclerosis is a type of inflammation
of the artery intima, and it is accompanied
by basic characteristics of inflammation.®*
C-X-C motif chemokine ligand 2 (CXCL2)
is a key inflammatory factor that has a
strong chemotactic effect,” playing impor-
tant physiological roles in atherosclerosis.®
MicroRNAs (miRNA or miR) are small
non-coding RNA molecules (18 to 22
nucleotides) that are ubiquitous in eukar-
yotes and that can regulate protein expres-
sion at the mRNA level.”” Expression of
many miRNAs and proteins is altered in
coronary atherosclerosis, suggesting that
miRNAs may play important roles in the
regulation of atherosclerosis-related pro-
teins.'®!" Abnormal expression of miR-421
is observed in various diseases, such as epi-
lepsy, gastric cancer, glioma, and breast
cancer,'” '° suggesting its special roles in
the pathological environment. However,
the regulatory mechanism of CXCL2 in

coronary atherosclerotic plaques and the
upstream miRNA regulation of CXCL2
are not yet fully understood.

In the present study, we determined the
expression of CXCL2 mRNA and protein
in plaque tissues, blood monocytes, and
serum from patients with coronary athero-
sclerotic plaques to better understand the
relationship between CXCL2 and miR-421
in this disease.

Materials and methods

Ethical approval

All procedures performed in the current
study were approved by the Ethics
Committee of Zaozhuang Municipal
Hospital. Written informed consent for par-
ticipation and for publication of associated
data and accompanying images was
obtained from all patients or their parents,
guardians, or next of kin.

Patients

Thirty-three patients with coronary athero-
sclerosis undergoing routine coronary
artery endarterectomy at our hospital
between January 2014 and December 2017
were included in the experimental group (18
men and 15 women; age range, 39 to 69
years; median age, 56 years). In addition,
29 healthy individuals who underwent
physical examinations at our hospital in
the same period were included as a control
group for blood testing (16 men and 13
women; age range, 36 to 72 years; median
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Table |I. Demographic data for healthy controls
and patients with coronary atherosclerosis

Controls  Patients
No. of subjects 29 33
No. of men 16 18
No. of women 13 15
Age range (years) 36-72 39-69
Median age (years) 58 56
Atherosclerosis No Yes
Complications and infections No No
of liver and kidney
Diabetes No No
Tumors No No

age, 58 years). None of the patients had
complications or infections of liver or
kidney, diabetes, or tumors (Table 1).
Age, sex, diabetes history, and hypertension
history of the patients were recorded, and
the degree of coronary atherosclerosis was
evaluated using the Gensini scoring
system.16

Samples

Plaque tissues and adjacent intimal tissues
(control tissue) were collected from all
patients by coronary artery endarterectomy.
Peripheral blood was collected from all
patients and healthy controls and centri-
fuged at 400 x g for 10 minutes to separate
the serum. To obtain peripheral blood
mononuclear cells (PBMCs), a mixture of
heparin-anticoagulated venous blood and
an equal amount of serum-free Iscove’s
modified Dulbecco’s medium (v/v, 1:1) was
added gently onto lymphocyte separation
medium before centrifugation at 400 x g
for 30 minutes. After centrifugation, the
middle layer was aspirated and mixed with
five volumes of Hanks’ balanced salt solu-
tion before centrifugation at 300 x g for 10
minutes. The cells were washed twice,
counted, and diluted to a density of
1 x10°/mL. Finally, 3 x10° cells were

seeded onto a round culture plate with a
bottom area of 9 cm?, followed by incuba-
tion at 37°C and 5% CO, for 1 to 2 hours.
The cells that attached on the bottom were
PBMCs.

Quantitative real-time PCR

Samples (1,000 uL of serum or plaque or
3 x 10" PBMCs) were lysed using 10 mL of
TRIzol reagent following the manufac-
turer’s  instructions (Thermo  Fisher
Scientific, Waltham, MA, USA). Total
RNA was extracted using the phenol/chlo-
roform method.!” The concentration (15-30
ng/uL from serum; 50-100 ng/puL from pla-
ques) and quality of RNA were measured
using ultraviolet spectrophotometry
(Nanodrop ND2000, Thermo Fisher
Scientific). Then, cDNA was obtained by
reverse transcription from 1pg of RNA
and stored at —20°C. Reverse transcription
of mRNA was performed using TIANScript
IT ¢cDNA First Strand Synthesis Kit
(Tiangen, Beijing, China), and reverse tran-
scription of miRNA was carried out using
miRcute miRNA c¢DNA First Strand
Synthesis Kit (Tiangen).

The SuperReal PreMix (SYBR Green)
quantitative real-time (qRT)-PCR kit
(Tiangen) was used to detect mRNA expres-
sion of CXCL2, using ACTB (ff-actin) as
internal reference. The sequences of
CXCL2 were 5-CTCAAGAACATCC
AAAGTGTG-3' (forward) and 5-ATTC
TTGAGTGTGGCTATGAC-3" (reverse).
The sequences of ACTB were 5'-CACCA
GGGCGTGATGGT-3 (forward) and
5-CTCAAACATGATCTGGGTCAT-3
(reverse). The reaction system (25 uL) was
composed of 12.5uL. of SYBR Premix
EXTaq, 0.5uL of upstream primer, 0.5 puL
of downstream primer, 1 uL of cDNA, and
10.5 uL of distilled, deionized (dd)H,O. The
PCR conditions were initial denaturation at
95°C for 30 s; 40 cycles of denaturation at
95°C for 10 s, annealing at 60°C for 40 s,
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and elongation at 72°C for 15 s; and final
elongation at 72°C for 5 minutes (1Q5; Bio-
Rad, Hercules, CA, USA). The 2~ 4A¢d
method was used to calculate the relative
expression of CXCL2 mRNA against
ACTB. Each sample was tested in triplicate.

The expression of miR-421 was deter-
mined by miRcute miRNA RT-PCR Kit
(Tiangen), using U6 as internal reference.
The sequences of miR-421 primers were
5-TTCACAGTGCCTAATCCGG-3' (for-
ward) and 5-GGCGCCCAATTAAT
GTCTG-3' (reverse). The sequences of U6
primers were 5-CTCGCTTCGGCAG
CACA-3 (forward) and 5-AACGCT
TCACGAATTTGCGT-3" (reverse). The
reaction system (20 pL) contained 10 pL of
gqRT-PCR mix, 0.5 uL of upstream primer,
0.5pL of downstream universal primer,
2uL of ¢cDNA, and 7uL of ddH,O. The
reaction protocol was initial denaturation
at 95°C for 5 minutes followed by 40
cycles of denaturation at 95°C for 15 s,
annealing at 60°C for 30 s, and elongation
at 72°C for 30 s (iQ5; Bio-Rad). The 2~4ACd
method was used to calculate the relative
expression of miR-421 against U6. Each
sample was tested in triplicate.

Western blotting

Before lysis, tissues (100 mg) were ground
into powder, and cells (1 x 10°) were trypsi-
nized and collected. Then, tissue samples or
cells were lysed with cooled radio-
immunoprecipitation assay (RIPA) lysis
buffer [600pL; S0mM Tris base, 1 mM
EDTA, 150mM NaCl, 0.1% sodium
dodecyl sulfate (SDS), 1% Triton X-100,
1% sodium deoxycholate; Beyotime
Institute of Biotechnology, Shanghai,
China] for 30 minutes on ice. The mixture
was centrifuged at 10,000 x g and 4°C for
10 minutes. The supernatant was used to
determine protein concentration using a
bicinchoninic acid (BCA) protein concen-
tration determination kit (RTP7102,

Real-Times Biotechnology Co. Ltd.,
Beijing, China). The samples were then
mixed with 5x SDS loading buffer before
denaturation in a boiling water bath for 10
minutes. Afterward, the samples (20 pg)
were subjected to 10% SDS-
polyacrylamide gel electrophoresis at 100
V. The resolved proteins were transferred
to polyvinylidene difluoride membranes on
ice (100 V, 2 h) and blocked with 5% skim
milk at room temperature for 1 hour. Then,
the membranes were incubated with rabbit
anti-human CXCL2 (1:1000; ab91511;
Abcam, Cambridge, UK) or ACTB
(1:5000; ab129348; Abcam) polyclonal pri-
mary antibodies at 4°C overnight. After
extensive washing with phosphate-buffered
saline with Tween 20 three times (15
minutes each), the membranes were incu-
bated with goat anti-rabbit horseradish
peroxidase-conjugated secondary antibody
(1:10,000; ab6721; Abcam) for 1 hour at
room temperature before washing with
phosphate-buffered saline with Tween 20
three times (15 minutes each). Then, the
membrane was developed using an
enhanced chemiluminescence detection kit
(Sigma-Aldrich, St. Louis, MO, USA) for
imaging. Image Lab v3.0 software (Bio-
Rad) was used to acquire and analyze imag-
ing signals. The relative content of target
protein was expressed against ACTB.

ELISA

A CXCL2 ELISA kit (ab184862; Abcam)
was used to determine the concentration
of CXCL2 in serum. In microplates, stand-
ards (50 pL) and samples (10 uL of serum
and 40 pL of diluent) were added into pre-
defined wells, and blank wells were left
empty. In the wells for standards and sam-
ples, horseradish peroxidase-labeled conju-
gates (100 uL) were added before sealing the
plates for incubation at 37°C for 1 hour.
After washing the plates 5 times, substrates
A (50pL) and B (50 uL) were added into
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each well. After incubation at 37°C for 15
minutes, stop solution (50 uL) was added
into each well, and the absorbance of each
well was measured at 450 nm within 15
minutes.

Bioinformatics

Bioinformatics prediction is a powerful tool
for the study of miRNA functions. We used
miRanda (August 2010 release; http://www.
microrna.org/microrna/home.do), Target
Scan (v6.2; http://www.targetscan.org),
PiTa (v6 on 31 August 2008; http://genie.
weizmann.ac.il/pubs/mir07/mir07_data.
html), RNAhybrid (18 September 2017;
http://bibiserv.techfak.uni-bielefeld.de/rnah
ybrid/), and PICTA (26 March 2007; http://
pictar.mdc-berlin.de/) to predict target
genes that might be regulated by miR-421
and found that CXCL2 was a potential
target gene of miR-421 (Figure 1).

Dual luciferase reporter assay

According to the bioinformatics results,
wild-type (WT) and mutant seed regions
of miR-421 in the 3’-untranslated region
(UTR) of CXCL?2 were chemically synthe-
sized in vitro. Then, their two ends were
attached with Spel and HindIII restriction

Wild-type CXCL2 5' ...GGUCAACAUUUCUCA-UGUUGAAG...3'
(NN [RERRY

hsa-miR-421 3' ...CGCGGGUUAAUUACAGACAACUA ...5'
(0] e

MutantCXCL2 5' ...GGUCAACAUUUCUCA-ACAACUAG...3'

Figure |. Direct interaction between miR-421
and CXCL2. Bioinformatics prediction is a power-
ful tool for the study of the functions of miRNAs.
We used miRanda (http://www.microrna.org/micro
rna’home.do), TargetScan (http://www.targetscan.
org), PiTa (http://genie.weizmann.ac.il/pubs/mir07/
mir07_data.html), RNAhybrid (http://bibiserv.tech
fak.uni-bielefeld.de/rnahybrid/) and PICTA (http://
pictar.mdc-berlin.de/) to predict target genes that
might be regulated by miR-421 and found that
CXCL2 was a potential target gene of miR-421.
miR, microRNA; CXCL2, C-X-C motif chemokine
ligand 2.

enzymes and cloned into pMIR-REPORT
luciferase reporter plasmids. Plasmids
(0.8 pg) with WT or mutant 3'-UTR
sequences  were  co-transfected  with
agomiR-421 (100nM; Sangon Biotech,
Shanghai, China) into 293T cells. For con-
trol, 293T cells were transfected with
agomiR-negative control (NC). After culti-
vation for 24 hours, the cells were lysed
using the dual luciferase reporter assay kit
(Promega, Fitchburg, WI, USA) according
to the manufacturer’s instructions, and
luminescence intensity was measured
using  GloMax  20/20  luminometer
(Promega). Using Renilla luminescence
activity as the internal reference, the lumi-
nescence values of each group of cells were
measured.

Statistical analysis

The results were analyzed using IBM SPSS
20.0 statistical software (IBM Corp.,
Armonk, NY, USA) and data expressed
as means £ standard deviations. Data were
tested for normality, and multigroup mea-
surement data were analyzed using one-way
ANOVA. In case of homogeneity of vari-
ance, least significant difference and
Student-Newman—Keuls methods were
used; in case of heterogeneity of variance,
Tamhane’s T2 or Dunnett’s T3 method
was used. Comparison between two
groups was carried out using Student’s
t-test. P <0.05 indicated statistically signif-
icant differences.

Results

Expression of CXCL2 mRNA

We measured the expression of CXCL2
mRNA using qRT-PCR. The levels of
CXCL2 mRNA in plaques, PBMCs, and
serum from patients with coronary athero-
sclerosis were significantly higher than
those in the control group (P <0.05 for
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Figure 2. Expression of CXCL2 mRNA in (a) pla-
ques, (b) PBMCs, and (c) serum from healthy indi-
viduals (control group) and patients with coronary
atherosclerosis. Quantitative real-time PCR was
used to determine the expression of mRNA.
#P < 0.0l compared with control group. CXCL2,
C-X-C motif chemokine ligand 2; PBMCs, periph-
eral blood mononuclear cells.

all; Figure 2). Thus, patients with coronary
atherosclerosis had elevated expression of
CXCL2 mRNA compared with healthy
individuals.

Expression of CXCL2 protein in plaques
and PBMCs

To determine the expression of CXCL2
protein in plaques and PBMCs, western
blotting was carried out. The levels of
CXCL2 protein in plaques and PBMCs
from patients with coronary atherosclerosis
were significantly higher than those in the
control group (P <0.05 for all; Figure 3),
indicating that expression of CXCL2 was
elevated in plaques and PBMCs from
patients with coronary atherosclerosis com-
pared with healthy individuals.

CXCL2 protein in serum

We used ELISA to determine the content of
CXCL2 protein in serum. The data showed
that the content of CXCL2 protein in serum
from patients with coronary atherosclerosis
was significantly higher than that in the
control group (P <0.05; Figure 4), proba-
bly due to the increased release of CXCL2
protein from PBMCs.

Expression of miR-42 1

We used qRT-PCR to examine the expres-
sion of miR-421. The level of miR-421 in
plaques, PBMCs, and serum was signifi-
cantly lower in patients with coronary ath-
erosclerosis than in the control group
(P <0.05 for all; Figure 5).

Interaction of miR-421 and 3'-UTR of
CXCL2 mRNA

We used the dual luciferase reporter assay
to evaluate the interaction between miR-
421 and the 3-UTR of CXCL2 mRNA.
The Iluminescence value of cells co-
transfected with agomiR-421 and pMIR-
REPORT-WT luciferase reporter plasmids
was significantly lower than that in the neg-
ative control group (P <0.05). In contrast,
the luminescence value of cells co-
transfected with agomiR-421 and pMIR-
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Figure 3. Expression of CXCL2 protein in (a) plaques and (b) PBMCs from healthy individuals (control
group) and patients with coronary atherosclerosis. Western blotting was used to determine the expression
of protein. *P < 0.05 and **P < 0.01 compared with control group. CXCL2, C-X-C motif chemokine ligand

2; PBMCs, peripheral blood mononuclear cells.

| T

Relative content of CXCL2
protein in serum

Control Atherosclerosis

Figure 4. Expression of CXCL2 protein in serum
from healthy individuals (control group) and
patients with coronary atherosclerosis. ELISA was
used to determine the content of protein.

*#P < 0.01 compared with control group. CXCL2,
C-X-C motif chemokine ligand 2.

REPORT-mutant luciferase reporter plas-
mids was not significantly different from
that in negative control group (Figure 6).
These results indicate that miR-421 can

bind with the 3-UTR seed region of
CXCL2 mRNA to regulate its expression.

Discussion

CXCL2 plays important roles in the occur-
rence and development of chronic inflam-
mation. Chemokines are important
mediators involved in recruitment, matura-
tion, and activation of immune cells, and
their chemical constituents are low-
molecular-weight  secretory  proteins.'®
Studies show that CXCL2 has potent neu-
trophil chemotactic activity, mediates
inflammatory damages, and promotes
tumor cell growth and angiogenesis.'® '
Abnormal expression of CXCL2 has been
found in a variety of immune cells and
tumors, including colon cancer, non-small-
cell lung cancer, pancreatic cancer, esopha-
geal squamous cell carcinoma, and primary
chronic  lymphoblastic  leukemia.** %’
Atherosclerosis is inflammation in the
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Figure 5. Expression of miR-421 in (a) plaques, (b)
PBMCs, and (c) serum from healthy individuals
(control group) and patients with coronary ath-
erosclerosis. Quantitative real-time PCR was used
to determine the expression of miR-421. *P < 0.05
and **P < 0.0] compared with control group.
CXCL2, C-X-C motif chemokine ligand 2; PBMCs,
peripheral blood mononuclear cells.

artery intima.>* In the present study, the
expression of CXCL2 mRNA and protein
was upregulated in plaques, PBMCs, and
serum of patients with coronary atheroscle-
rosis, suggesting that the pathogenesis of
coronary atherosclerosis is similar to that
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Figure 6. l|dentification of interaction between
miR-421 and CXCL2 mRNA using dual luciferase
reporter assay. Plasmids (0.8 pg) with wild-type
(WT) or mutant 3'-UTR sequences were co-
transfected with agomiR-negative control (NC) or
agomiR-421 (100 nM; Sangon Biotech, Shanghai,
China) into 293T cells. After cultivation for 24
hours, the cells were lysed using dual luciferase
reporter assay kit (Promega, Fitchburg, WI, USA)
according to the manufacturer’s manual, and lumi-
nescence intensity was measured using GloMax 20/
20 luminometer (Promega). Using Renilla lumines-
cence activity as internal reference, the lumines-
cence values of each group of cells were measured.
*P < 0.05 compared with NC group. miR,
microRNA; CXCL2, C-X-C motif chemokine ligand
2; UTR, untranslated region.

of intimal inflammation, in which mono-
cytes and lymphocytes are activated and
secrete a large amount of CXCL2 to pro-
duce chemotaxis.

Bioinformatics prediction showed that
miR-421 is closely related to CXCL2 and
may be an upstream miRNA that regulates
CXCL2, perhaps by cleaving CXCL2
mRNA and inhibiting its translation.?®
Regulation by miRNAs in this way up- or
downregulates the expression of mRNA
and thus plays an important role in the
occurrence and development of dis-
eases.””>® For example, abnormal expres-
sion of miR-421 has been detected in
gastric cancer,”’ and expression of miR-
421 is upregulated in neuroblastoma, pan-
creatic cancer, and prostate cancer.’>>*
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Moreover, miR-421 is closely related to cell
growth. For example, the expression of
miR-421 in gastric cancer tissues is higher
than that in normal tissues, indicating that
miR-421 may play an important role in the
early growth of gastric cancer.>> Moreover,
transfection with miR-421 inhibitor in ani-
mals inhibits the growth of gastric cancer.
These studies suggest that miR-421 is close-
ly related to the occurrence and develop-
ment of human diseases. Our results

demonstrated that miR-421 expression
was reduced and CXCL2 expression
increased in plaques and PBMCs of

patients with coronary atherosclerosis, sug-
gesting that the body negatively regulates
the cleavage of CXCL2 by miR-421 by
downregulating miR-421. Subsequently,
increased expression of CXCL2 promotes
immune responses. Our observation on the
expression of miR-421 and CXCL2 in
serum showed similar results, indicating
that increased CXCL2 in PBMCs is
released into the blood. Therefore, levels
of miR-421 and CXCL2 in serum can par-
tially reflect the inflammatory reaction and
tissue injury in coronary atherosclerosis.
Results of the dual Iluciferase reporter
assay showed that miR-421 can directly
bind with the 3-UTR of CXCL2 mRNA
to regulate its expression.

In conclusion, we demonstrated that
reduced expression of miR-421 in coronary
artery intima tissue and blood decreases the
ability of miR-421 to regulate CXCL2
expression, thereby altering the expression
of related proteins and playing a biological
role in the occurrence and development of
coronary atherosclerosis.

Availability of data and materials

The datasets used and analyzed during the cur-
rent study are available from the corresponding
author on reasonable request.

Acknowledgements

The authors thank Professor Yuxiang Dai from
the Department of Cardiology, Zhongshan
Hospital Affiliated to Fudan University, for his
kind instructions and help.

Author contributions

The final version of the manuscript has been
read and approved by all authors, and each
author believes that the manuscript represents
honest work. JY collaborated in design of the
study; JY, HL, QC, and WZ were responsible
for performing experiments; JY analyzed the
data; and JY and HL collaborated to interpret
results and develop the manuscript.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or
not-for-profit sectors.

ORCID iD

Jun Yang @ https://orcid.org/0000-0001-8302-
2093

References

1. Alexy T, Pais E, Wenby RB, et al. Abnormal
blood rheology and chronic low grade
inflammation: possible risk factors for accel-
erated atherosclerosis and coronary artery
disease in Lewis negative subjects.
Atherosclerosis 2015; 239: 248-251. DOI:
10.1016/j.atherosclerosis.2015.01.015.

2. Naghavi M, Libby P, Falk E, et al. From
vulnerable plaque to vulnerable patient: a
call for new definitions and risk assessment
strategies: part 1. Circulation 2003; 108:
1664-1672. DOI: 10.1161/01.
¢ir.0000087480.94275.97.

3. Ross R. Atherosclerosis—an inflammatory
disease. N Engl J Med 1999; 340: 115-126.
DOI: 10.1056/nejm199901143400207.


https://orcid.org/0000-0001-8302-2093
https://orcid.org/0000-0001-8302-2093
https://orcid.org/0000-0001-8302-2093

10 Journal of International Medical Research
4. Ross R. The pathogenesis of atherosclero- 13. Hu TB, Chen HS, Cao MQ, et al
sis-an update. N Engl J Med 1986; 314: MicroRNA-421 inhibits caspase-10 expres-
488-500. DOI: 10.1056/nejm198 sion and promotes breast cancer progres-
602203140806. sion. Neoplasma 2018; 65: 49-54. DOI:

5. Mohanty SK, Ivantes CA, Mourya R, et al. 10.4149/neo_2018_170306N159.
Macrophages are targeted by rotavirus in 14. Yang P, Zhang M, Liu X, et al. MicroRNA-
experimental biliary atresia and induce neu- 421 promotes the proliferation and
trophil chemotaxis by Mip2/Cxcl2. Pediatr metastasis of gastric cancer cells by targeting
Res 2010; 67: 345-351. DOIL 10.1203/ claudin-11.  Exp Ther Med 2017; 14
PDR.0Ob013e3181d22a73. 2625-2632. DOI: 10.3892/etm.2017.4798.

6. McPherson R and  Davies RW. 15. Liu L, Cui S, Zhang R, et al. MiR-421 inhib-
Inflammation and coronary artery disease: its the malignant phenotype in glioma by
insights from genetic studies. Can J Cardiol directly targeting MEF2D. Am J Cancer
2012; 28: 662-666. DOIL: 10.1016/j.cjca. Res 2017; 7: 857-868.

2012.05.014. 16. Cheng BJ, Nie XM, .Zeng ?(L, et al.

7. Graziano A, Lo Monte G, Piva 1, et al. [Express.lon of pla}telet mlRf223 1n coronary
Diagnostic findings in adenomyosis: a picto- firtery disease patlent.s and its clm}cal signif-
rial review on the major concerns. Eur Rev icance]. Zhonghua Yi Xue Za 2]7_1,2018; 98:
Med Pharmacol Sci 2015: 19: 1146-1154. 1766-1770. DOI: 10.3760/cma.j.issn.0376-

8. Jia W, Wu Y, Zhang Q, et al. Expression 2491'2018'22'008'.
profile of circulating microRNAs as a prom- 17. Brown RAM, Epis MR’ Horshan.l JL, et al.
. . . . . Total RNA extraction from tissues for
ising fingerprint for cervical cancer diagnosis . .
and monitoring. Mol Clin Oncol 2015; 3: m1.croRNA anq target gene expression anal-
851-858. DOI: 10.3892/mco.2015.560. ys.ls: not all kits are created equal. BMC

9. Jiang X1, Luo Y, Zhao S, et al. Clinical sig- Biotechnol 2018; 18: 16. DOI: 10.1186/
nificance and expression of microRNA in s12896-018-0421-6.

. . . . . . 18. Chistiakov DA, Orekhov AN and
diabetic patients with erectile dysfunction. Bobryshev YV. Chemokines and relevant
Exp Ther Med 2015; 10: 213-218. DOTI: . o .
10.3892/etm.2015.2443. mlng)RNAs in the atherogenic process.

10. de . Gonzalo-Calvo D Cenarto A Mini Rev Med Chem 2018; 18: 597-608.

’ . ’ . ’ DOI: 10.2174/1389557517666170419113211.
Gjarlaschelh K’ et al Trans.latlng .the 19. Duckworth C, Zhang L, Carroll SL, et al.
mlc.roRNA signature  of  microvesicles Overexpression of GAB2 in ovarian cancer
derived  from hurpan coronary arFe'ry cells promotes tumor growth and angiogen-
smooth muscle cells. in patients with familial esis by upregulating chemokine expression.
hypercholesterolemia and coronary artery Oncogene 2016; 35: 4036-4047. DOIL:
disease. J Mol Cell Cardiol 2017, 106: 10.1038/onc.2015.472.

55-67. DOI: 10.101.6/j.yjmcc.2017,0.3.005, 20. Kollmar O, Scheuer C, Menger MD, et al.

11. Economou EK, Oikonomou E, Siasos G, Macrophage inflammatory protein-2 pro-
et al. The role of microRNAs in coronary motes angiogenesis, cell migration, and
artery disease: from pathophysiology to tumor growth in hepatic metastasis. Ann
diagnosis and treatment. Atherosclerosis Surg Oncol 2006; 13: 263-275. DOI:
2015; 241: 624-633. DOI: 10.1016/j. 10.1245/a50.2006.03.096.
atherosclerosis.2015.06.037. 21. Schramm R and Thorlacius H. Neutrophil

12. Wen X, Han XR, Wang YJ, et al recruitment in mast cell-dependent inflam-
MicroRNA-421 suppresses the apoptosis mation: inhibitory mechanisms of glucocor-
and autophagy of hippocampal neurons in ticoids. Inflamm Res 2004; 53: 644-652.
epilepsy mice model by inhibition of the DOI: 10.1007/s00011-004-1307-8.
TLR/MYDS8 pathway. J Cell Physiol 22. Eide HA, Halvorsen AR, Sandhu V, et al.

2018; 233:
jcp.26498.

7022-7034. DOI: 10.1002/

Non-small cell lung cancer is characterised
by a distinct inflammatory signature in



Yang et al.

23.

24.

25.

26.

217.

28.

29.

serum compared with chronic obstructive
pulmonary disease. Clin Trans! Immunology
2016; 5: ¢109. DOI: 10.1038/cti.2016.65.
Chao T, Furth EE and Vonderheide RH.
CXCR2-dependent accumulation of tumor-
associated neutrophils regulates T-cell
immunity in pancreatic ductal adenocarcino-
ma. Cancer Immunol Res 2016; 4: 968-982.
DOI: 10.1158/2326-6066.cir-16-0188.
Burgess M, Cheung C, Chambers L, et al.
CCL2 and CXCL2 enhance survival of pri-
mary chronic lymphocytic leukemia cells in
vitro. Leuk Lymphoma 2012; 53: 1988-1998.
DOI: 10.3109/10428194.2012.672735.

Doll D, Keller L, Maak M, et al. Differential
expression of the chemokines GRO-2, GRO-
3, and interleukin-8 in colon cancer and their
impact on metastatic disease and survival.
Int J Colorectal Dis 2010; 25: 573-581.
DOI: 10.1007/s00384-010-0901-1.

Wang B, Hendricks DT, Wamunyokoli F,
et al. A growth-related oncogene/CXC che-
mokine receptor 2 autocrine loop contrib-
utes to cellular proliferation in esophageal
cancer. Cancer Res 2006; 66: 3071-3077.
DOI: 10.1158/0008-5472.can-05-2871.
Armstrong DA, Major JA, Chudyk A, et al.
Neutrophil chemoattractant genes KC and
MIP-2 are expressed in different cell popu-
lations at sites of surgical injury. J Leukoc
Biol 2004; 75: 641-648. DOI: 10.1189/
j16.0803370.

Liu D, Wang D, Xu Z, et al. Dysregulated
expression of miR-101b and miR-26b lead to
age-associated increase in LPS-induced
COX-2 expression in murine macrophage.
Age (Dordr) 2015; 37: 97. DOI: 10.1007/
s11357-015-9836-3.

Chen K and Rajewsky N. The evolution of
gene regulation by transcription factors and

30.

31.

32.

33.

34.

35.

36.

microRNAs. Nat Rev Genet 2007; 8: 93—103.
DOI: 10.1038/nrg1990.

Lewis BP, Burge CB and Bartel DP.
Conserved seed pairing, often flanked by
adenosines, indicates that thousands of
human genes are microRNA targets. Cell
2005; 120:  15-20. DOIL:  10.1016/;.
cell.2004.12.035.

Chureau C, Chantalat S, Romito A, et al.
Ftx is a non-coding RNA which affects
Xist expression and chromatin structure
within the X-inactivation center region.
Hum Mol Genet 2011; 20: 705-718. DOI:
10.1093/hmg/ddq516.

Hao J, Zhang S, Zhou Y, et al. MicroRNA
421 suppresses DPC4/Smad4 in pancreatic
cancer. Biochem Biophys Res Commun
2011; 406: 552-557. DOI: 10.1016/j.
bbrc.2011.02.086.

Ostling P, Leivonen SK, Aakula A, et al.
Systematic analysis of microRNAs targeting
the androgen receptor in prostate cancer
cells. Cancer Res 2011; 71: 1956-1967.
DOI: 10.1158/0008-5472.can-10-2421.

Hu H, Du L, Nagabayashi G, et al. ATM is
down-regulated by N-Myc-regulated
microRNA-421. Proc Natl Acad Sci U S A
2010; 107: 1506-1511. DOTI: 10.1073/pnas.
0907763107.

Jiang Z, Guo J, Xiao B, et al. Increased
expression of miR-421 in human gastric car-
cinoma and its clinical association.
J Gastroenterol 2010; 45: 17-23. DOI:
10.1007/s00535-009-0135-6.

Zhou H, Xiao B, Zhou F, et al. MiR-421 is a
functional marker of circulating tumor cells
in gastric cancer patients. Biomarkers 2012;
17:  104-110. DOI: 10.3109/1354750x.
2011.614961.



