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Dysregulation of CD69 by overexpression of microRNA-367-3p
associated with post-myocardial infarction cardiac fibrosis
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Abstract. Cardiac fibrosis is characterized as net accumula-
tion of ECM (extracellular matrix) proteins in the cardiac
interstitium, which contributes to dysfunction of both
systolic and diastolic. The present study aimed to identify
the association between microRNA (miR)-367-3p and cluster
of differentiation 69 (CD69), and their roles in regulating
the development of cardiac fibrosis. Participants (n=34) were
enrolled and diagnosed with cardiac fibrosis [fibrosis (+);
n=16] or non-fibrosis control [fibrosis (-); n=18]. In-silicon
analysis and luciferase assay were used to identify CD69 as
a target of miR-367-3p. Reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) and western blot
analysis were used to determine the expression level of
miR-367-3p and CD69 mRNA and protein, in patient groups
or cells transfected with miR-367-3p mimics or inhibitors.
Cytokine assays were used to detect the level of interleukin
(IL)-17, tumor necrosis factor (TNF)-a, interferon (IFN)-y
and granulocyte macrophage colony-stimulating factor.
Flow cytometry was used to detect the T helper (Th)-17
fraction of cells in different treatment groups. Analysis by
RT-qPCR indicated that the expression of miR-367-3p was
decreased in the cardiac fibrosis (+) group compared with
the fibrosis (-) control group. In contrast, the level of CD69
mRNA was increased in the cardiac fibrosis group compared
with the control group. The CD69 3'-untranslated region
(UTR) contained two potential seed regions for miR-367-3p
and was therefore predicted as a target. A dual-luciferase
reporter assay demonstrated a reduced luciferase activity
of cells transfected with wild-type CD69 3'-UTR and the
mutant2 CD69 3'-UTR, however, the mutant] CD69 3'-UTR
completely abolished the interaction with miR-367-3p.
Furthermore, the CD69 mRNA and protein expression levels
in cells transfected with miR-367-3p mimics and CD69 siRNA
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were downregulated compared with the scramble control.
Cytokine analysis demonstrated increased levels of IL-17 and
TNF-a in cells transfected with miR-367-3p mimics or CD69
siRNA, compared with the scramble control. The IFN-y and
GM-CSF levels of cells transfected with pcDNA3-CDG69,
miR-367-3p mimics or miR-367-3p + pcDNA3-CD69 were
comparable with the scramble control. Notably, the Th17
fraction of cells was upregulated following the introduction
of miR-367-3p mimics or CD69 siRNA. In conclusion, these
results provide evidence that a decrease in miR-367-3p levels
may be associated with cardiac fibrosis.

Introduction

Characterized by a net accumulation of extracellular matrix
in the myocardium, cardiac fibrosis serves as a key element
of several heart disease pathologies (1). As the regenerative
capacity of the mammalian myocardium remains negligible,
the most extensive ventricular fibrotic remodeling occurs
in conditions associated with acute cardiomyocyte death.
Following the onset of acute myocardial infarction (MI),
an inflammatory reaction is induced by the sudden loss of
a large number of cardiomyocytes, ultimately resulting in
the formation of a collagen-based scar in place of the dead
myocardium (2,3).

Cardiac fibrosis following MI, which may determine
ventricular size, shape and wall thickness, exerts a marked
influence on cardiac function during the development of heart
failure (4). Excessive fibrosis may result in ventricular dilation,
expansion of the infarct and subsequent heart failure (5). During
the process of cardiac remodeling, fibroblasts transform into
myofibroblasts, which are fast proliferating a-smooth muscle
actin-positive cells with marked secretory and contractile
properties. Notably, transforming growth factor (TGF)-p3 may
induce the formation of myofibroblasts, a process that subse-
quently results in matrix deposition (4,6,7).

MicroRNAs (miRNAs) are ~22 nucleotides in length
and are a group of important regulatory RNAs that alter
gene expression post-transcriptionally. MiRNAs bind to
the 3'untranslated region (UTR) of mRNAs and result in
message degradation or translation blockade, a process which
is mediated by the RNA-induced silencing complex (8). The
small-RNA family includes miRNAs and small interfering
RNAs (siRNAs); this family was discovered a decade ago
and the members demonstrate a common structure. There are
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2,578 human microRNAs listed in the latest version (v20.0) of
miRBase.org, the central repository database for miRNAs (9).
MiRNAs have been discovered in the whole genome, with
transcriptional units in polycistronic microRNA clusters
comprising of 2-50 microRNAs. The regulatory mechanisms
of miRNAs are performed by variable or ubiquitous expression
in different cell types and tissues (10).

Cluster of differentiation (CD)69 is a C-type lectin classi-
fied as a disulfide-linked homodimeric membrane protein (11).
The CD69 gene is situated within the natural killer (NK)
gene complex on human chromosome 12 and mouse chromo-
some 6 (12,13). CD69 was originally identified on the surface
of activated lymphocytes, and is a marker antigen expressed
at early phases of cellular activation (14-16). However,
the expression of CD69 is not strictly limited to these
cells; activated eosinophils, neutrophils and macrophages
additionally express CD69 (17-19). Furthermore, antibody
crosslinking of CD69 has been associated with promoting a
number of cellular responses, including natural killer (NK)
cell cytotoxicity, production and release of TNF-a, T cell
proliferation, neutrophil degranulation and production of
nitric oxide (NO) (17,18,20-23). Therefore, CD69 may serve a
pro-inflammatory function and participate in the pathogenesis
of inflammatory diseases, including pulmonary fibrosis.

It has previously been demonstrated that miR-367-3p
is differentially expressed in fibroblast cells collected
from post-MI cardiac fibrosis, and dysregulation of CD69
may be involved in fibroblast cell apoptosis (24,25). By
searching online miRNA databases, CD69 was identified
as a hypothetical target of miR-367-3p. The present study
validated CD609 as a target of miR-367-3p, and investigated the
involvement of miR-367-3p and CD69 in the development of
post-MI cardiac fibrosis.

Materials and methods

Patients. A total of 34 male patients were recruited from the
Department of Ultrasound, The second Affiliated Hospital of
Xi'an Medical College (Xi'an, China), between November 2013
and December 2014. Details of the patients are included in
Table I. The cohort included 16 MI patients with cardiac
fibrosis and 18 MI patients without cardiac fibrosis. Written
informed consent was obtained prior to open-heart surgery for
bypass grafting, and general surgical procedures, during which
the tip of the right atrial appendage was removed. All biopsies
at the tip of the right atrial appendage were carried out at the
same site, and all the samples were stored in liquid nitrogen
until further analysis. The ethics committee of the Second
Affiliated Hospital of Xi'an Medical College approved the
protocols of the study, and the research process was completed
in conformity with the last version of the Declaration of
Helsinki.

Cell culture and transfection. Fibroblast cells 3T3 were
obtained from Chinese Academy of Sciences Cell Bank
(Shanghai, China), and were cultured in Dulbecco's modi-
fied Eagle's medium/F12 (DMEM; Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) supplemented
with 10% (v/v) fetal bovine serum (Hyclone, Logan, Utah,
US), 100 pg/ml streptomycin and 100 units/ml penicillin
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(Gibco; Thermo Fisher Scientific, Inc.), and maintained in
5% CO,/95% air at 37°C. Fibroblast cells were transferred into
6-well plates (3-6x10° cells/well) containing growth medium
without antibiotics, for 12 h prior to transfection. When the cells
reached 80% confluence, Lipofectamine 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) was used to transfect 20 pmol
miR-367-3p mimic, CD69 siRNA or pcDNA-CDG69, transfec-
tion amounts were selected and protocols were performed
according to the manufacturer's protocol (100 ng pcDNA-CD69
or pcDNA were transfected into the culture cells and incubated
for 20 min. Next the medium was replaced with fresh medium,
and the functional analysis was performed 48 h following the
transfection). All RNA oligoribonucleotides were obtained
from Genepharma (Shanghai, China). Tests were performed
in triplicate, and 3 independent tests were carried out. The
sequences were as follows: miR-367-3p mimics, 5-UAGCUU
AUCAGACUGAUGUUGA-3' and 5-AACAUCAGUCUG
AUAAGCUAUU-3"; CD69 siRNA, 5-GGTGGCCTTGTG
ATCAATGAAACT-3' (sense); miR-367-3p inhibitor, 5'-UCA
ACAUCAGUCUGAUAAGCUA-3..

RNA isolation and reverse transcription quantitative poly-
merase chain reaction (RT-gPCR). QIAzol (Qiagen GmbH,
Hilden, Germany) was used to harvest the cells following
transfection. RNA was extracted from frozen tissue and
fibroblast cells using an MiRNeasy Minikit (Qiagen, GmbH),
according to the manufacturer's protocol. A NanoDrop
ND-100 spectrometer (NanoDrop; Thermo Fisher Scientific,
Inc., Pittsburgh, PA, USA) was used to monitor the RNA
yield based on the A260/280 ratio, and a 2100 Bioanalyzer
(Agilent Technologies, Inc., Santa Clara, CA, USA) was
used to assess the RNA Integrity Number (RIN); RNA
samples with a RIN >6 were accepted for downstream use.
RT-qPCR was performed to analyze the expression level of
CD69 mRNA. Reverse transcription of cell-derived mRNA
into cDNA was performed using Omniscript Reverse tran-
scriptase with Oligo-dT primers (Qiagen GmbH), according
to the manufacturer's protocol. A StepOne thermal cycler
(Applied Biosystems; Thermo Fisher Scientific, Inc.) was
used to incubate the reaction mixture as follow: 95°C for
15 min for initial activation, then 94°C for 15 sec for dena-
turation, followed by 55°C for 30 sec for annealing, and final
72°C for 60 sec for extension. The Transcriptor First Strand
cDNA Synthesis kit (Roche Diagnostics GmbH, Mannheim,
Germany) was used to reverse transcribe mRNA into cDNA
from tissue samples, using 1 g RNA in a 20 ul total reaction
volume, according to the manufacturer's protocol. qPCR was
performed to assess CD69 mRNA levels in fibroblast cells,
using 2X Fast SYBRgreen Mastermix (Applied Biosystems;
Thermo Fisher Scientific, Inc.). Melting curve analyses and
primer blasting were performed to ensure amplification
specificity. A TagMan miRNA assay (A25576; Applied
Biosystems; Thermo Fisher Scientific, Inc.) was used to
detect miRNA by RT-qPCR. The 2424 method was used
to assess the relative quantification of CD69 mRNA and U6
was used as an endogenous control. All experiments were
performed 3 times (26).

Luciferase assay. The 3' UTR sequences of CD69 were
amplified by PCR using a carefully designed primer
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Myocardioinfarction Myocardioinfarction
Variable cardiac fibrosis (+) cardiac fibrosis (-) P-value
Number 16 18
Age 42.23+6.32 41.22+7.11 0.786
Hypertension 6 8 0.897
Diabetes mellitus 8 9 0.765
Smoker 4 5 0.877

(F, 5-CACCCTGACTTCAAGAGGGC-3' and R, 5'-GGA
TGAAGTGGGTGCCGTAG-3"). AmpliTaq Gold DNA
Polymerase (Invitrogen; Thermo Fisher Scientific, Inc.) and a
QuikChange XL Site-Directed Mutagenesis kit (Stratagene;
Agilent Technologies, Inc.) was used to mutate the seed
regions, to remove all complementarity to the nucleotides
of miR-367-3p, according to the manufacturer's protocol.
The PCR and mutagenesis products were inserted into the
pMiR report vector (Ambion; Thermo Fisher Scientific, Inc.)
using the Sacl and Spel restriction sites. T4 DNA-Ligase
(1 U; Invitrogen; Thermo Fisher Scientific, Inc.) was used
to ligate the pMiR report vector with the restricted inserts,
according to the manufacturer's protocol. 4x10° Fibroblast
cells were seeded into a 12-well plate and transfected
with the luciferase reporter vector (0.5 pg) containing
the wild type or mutant target site, together with 0.04 ug
control vector Plasmid pRL-SV40 (Promega Corporation,
Madison, WI). Transfections were performed using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), The Dual-Luciferase Reporter Assay System (Promega
Corporation) was used to analyze the luciferase activity 48 h
post-transfection, according to the manufacturer's protocol.
The supplied Renilla luciferase plasmid served as the
endogenous control. Each test was repeated in 3 times.

Cytokine assay. The concentration of IL-17, TNF-a, IFN-y
and GM-CSF were measured using ELISA assay kits
(KAC1591, BMS223-4, KHC4021 and BMS283 respec-
tively; Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol. Hank's Buffered Salt solution with
ice-cold 80% ethanol was used as a fixative for 30 min on
ice. Then a FITC-Annexin V/Propidium Iodide Apoptosis
Detection kit (Shanghai Yeasen Biotechnology Co., Ltd.,
Shanghai, China) was used to stain the cells according to the
manufacturer's protocol. A flow cytometer (BD Biosciences,
San Jose, CA, USA) was used with FlowJo version 10.4.1
(FlowJo LLC, Ashland, OR, USA) to detect Th71 frac-
tion of cells treated with miR-367-3p, CD69 siRNA or
miR-367-3p + pcDNA3-CD69.

Western blot analysis. Fibroblast cells (7x10°) were seeded
into 48-well plates for 24 h, and cultured in DMEM
supplemented with 10% fetal bovine serum. Following
transfection with miR-367-3p mimic, cells were washed
with cold PBS (Invitrogen; Thermo Fisher Scientific, Inc.),
and cells were lysed with lysis buffer (Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.

Equal amounts of protein lysates (50 pg) were separated by
10% SDS-PAGE (Bio-Rad Laboratories, Inc., Hercules, CA,
USA), and electrophoretically transferred to nitrocellulose
membranes (GE Healthcare Life Sciences, Chalfont, UK).
Membranes were blocked with 5% non-fat milk in PBS with
0.05% Tween-20 for 2 h at room temperature, and subsequently
incubated with an anti-B-actin antibody (A1978; 1:10,000;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) or a
polyclonal anti-CD69 antibody (ab202909; 1:2,500; Abcam,
Cambridge, UK), at 4°C for 12 h. Membranes were washed
with PBS containing 0.05% Tween-20, and incubated with
horseradish peroxidase-conjugated secondary antibodies
(sc-2380; 1:10,000; Santa Cruz Biotechnology, Inc., Dallas,
TX, USA) for 2 h at room temperature. An enhanced chemi-
Iuminescence detection kit (Pierce; Thermo Fisher Scientific,
Inc.) was used to develop the membranes. All tests were
performed in triplicate.

Statistical analysis. MedCalc version 10.3.2 (MedCalc
Software bvba, Ostend, Belgium), SPSS software, version
19.0 (IBM SPSS, Armonk, NY, USA) and GraphPad Prism
version 5.01 (GraphPad Software, Inc., La Jolla, CA, USA)
were used to perform statistical analyses. One-way ANOVA
(continuous data comparison between three or more groups),
Student's t-test (continuous data comparison between two
groups) and Wilcoxon signed rank test (non-continuous
data comparison between groups) were used to compare
groups. Pearson correlation analysis was used to test the
correlation between the groups. Data were presented as the
mean =+ standard deviation. P<0.05 was considered to indicate
a statistically significant difference. At least 3 independent
experiments were performed.

Results

Determination of miR-367-3p expression patterns between
patient groups. Participants were enrolled and diagnosed
with cardiac fibrosis [fibrosis (+); n=16] or without fibrosis
[fibrosis (-); n=18]. RT-qPCR was used to detect the expression
of miR-367-3p and CD69 mRNA in cardiac fibrosis (+) and
fibrosis (-) groups. The expression of miR-367-3p (Fig. 1A)
was decreased in the cardiac fibrosis (+) group compared
with the fibrosis (-) control group. Furthermore, increased
CD69 mRNA was observed in the cardiac fibrosis (+) group
compared with the fibrosis (-) control group, indicating that
miR-367-3p upregulation and CD69 downregulation may be
associated with cardiac fibrosis.
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Figure 1. MiR-367-3p is elevated and CD69 mRNA is reduced in patients with cardiac fibrosis. Reverse transcription-quantitative polymerase chain reaction
was used to detect the expression of miR-367-3p and CD69 mRNA in patients with and without cardiac fibrosis. (A) The expression level of miR-367-3p was
decreased in the patients with cardiac fibrosis [P<0.05 vs. Fibrosis (-)]. (B) The expression level of CD69 mRNA was increased in the patients with cardiac

fibrosis [P<0.05 vs. Fibrosis (-)]. CD, cluster of differentiation.

A CD69 3'UTR 758 —AEAGUGUEGGAAMU(I}LII?E?‘??A— 765

hsa-miR-367-3p 3’ ~AGUGGUAACGAUUU-CACGUUAA- 5
CD69 3'UTR mutl 758 -AUAGUGCAGGAAAAUGCCUCGCG- 765
CD69 3'UTR 870 —AECMUUCUAUUAC?III??TTIIIC— 877

hsa-miR-367-3p 3’ ~AGUGGUAACGAUUUCACGUUAA- 5
CD69 3’UTR mut2 870 ~AUCAAUUCUAUUACUCCUGCGG— 877
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Figure 2. CD69 is a direct target of miR-367-3p. (A) CD69 was identified as
a candidate target gene of miR-367-3p. The 3'UTR for CD69 contains two
seed sequences for miR-367-3p. (B) Luciferase activity reporter assay was
conducted to investigate the association between miR-367-3p and the two
theoretical seed regions in the CD69 3'UTR, miR-367-3p mimic reduced
luciferase activity of wild-type CD69 3'UTR compared with scramble
control (P<0.05 vs. scramble control). CD, cluster of differentiation; miR,
microRNA; UTR, untranslated region; WT, wild type; Mut, mutant.

CDG69 is a direct target of miR-367-3p. Hypothetical target
genes of miR-367-3p were investigated using the publicly
available databases TargetScan (www.targetscan.org/) and
miRanda (www.microrna.org/microrna/home.do). CD69
was identified as a candidate target gene, with two potential
binding sites in the 3'UTR of CD69 (Fig. 2A). A luciferase
activity reporter assay was performed using fibroblast
cells, which revealed decreased luciferase activity of cells
co-transfected with miR-367-3p mimic and wild-type
CD69 3'UTR, or miR-367-3p mimic and mutant2 CD69
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Figure 3. miR-367-3p and CD69 exhibit a negative association. The expres-
sion of miR-367-3p and CD69 mRNA were measured in fibroblast cells using
reverse transcription-quantitative polymerase chain reaction, and the results
were correlated. A negative association was observed between miR-367-3p
and CD69. CD, cluster of differentiation.

3'UTR (Fig. 2B). In contrast, cells co-transfected with
miR-367-3p mimic + mutantl CD69 3'UTR had comparable
luciferase activity levels to the empty vector+ scramble
control-transfected cells. The results indicated that CD69 is
a direct target of miR-367-3p, with the binding site located at
758-765 bp on the 3'UTR of CD69.

Negative regulatory association between CD69 and
miR-367-3p. The miRNA-mRNA regulatory association was
further investigated by investigating the expression level of
CD69 mRNA and the expression of miR-367-3p, determined
by RT-qPCR analysis of CD69 and miR-367-3p levels in
fibroblast cells. The results further indicated the existence of
an association between miR-367-3p and CD69; the negative
correlation coefficient was -0.50 (r=-0.50; Fig. 3).

CD69 and miR-367-3p expression levels vary in different
treatment groups. To further investigate the regulatory asso-
ciation between miR-367-3p and CD69, RT-qPCR and western
blot analysis were used to determine the expression level of
CD69 mRNA and protein in cells treated with miR-367-3p
mimics or CD69 siRNA. CD69 mRNA (Fig. 4A) and protein
(Fig. 4B) levels in cells transfected with miR-367-3p mimics
or CD69 siRNA were reduced, compared with the scramble
control. Notably, the CD69 mRNA and protein levels demon-
strated similar alterations in expression levels, indicating
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Figure 4. MiR-367-3p overexpression reduces CD69 mRNA and protein expression. CD69 (A) mRNA and (B) protein expression levels were investigated using
reverse transcription-quantitative polymerase chain reaction and western blotting, respectively. Cells transfected with miR-367-3p mimics or CD69 siRNA
exhibited decreased CD69 levels compared with the scramble control (P<0.05 vs. scramble control). CD, cluster of differentiation; miR, microRNA; siRNA,

small interfering RNA.
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Figure 5. IL-17 and TNF-a levels are elevated by miR-367-3p via inhibition of CD69. Levels of (A) IL-17, (B) TNF-a, (C) IFN-y and (D) GM-CSF
were assessed by ELISA in cells transfected with scramble control, miR-367-3p, CD69 siRNA or miR-367-3p + pcDNA3-CD69. MiR-367-3p mimic
and CD69 siRNA upregulated IL-17 and TNF-a levels compared with scramble control (P<0.05 vs. scramble control), while IL-17 and TNF-a levels in
miR-367-3p + pcDNA-CD69 group were comparable with scramble control. And miR-367-3p mimic and CD69 siRNA had no effect on IFN-y and GM-CSF
levels. CD, cluster of differentiation; miR, microRNA; siRNA, small interfering RNA; IL-17, interleukin; TNF-o., tumor necrosis factor-a; IFN-v, interferon-vy;

GM-CSF, granulocyte macrophage colony-stimulating factor.

the negative regulatory association between miR-367-3p and
CDA69 is effective at the mRNA and protein level.

Levels of inflammatory factors vary in different treat-
ment groups. Levels of IL-17, TNF-a, IFN-y and GM-CSF
of cells transfected with miR-367-3p, CD69 siRNA or
miR-367-3p + pcDNA3-CD69 were investigated using cytokine
ELISAs. The levels of IL-17 (Fig. 5A) and TNF-a (Fig. 5B) in
cells transfected with miR-367-3p mimics or CD69 siRNA were
markedly upregulated, compared with the scramble control
and cells transfected with miR-367-3p + pcDNA3-CD69. Cells
transfected with miR-367-3p + pcDNA3-CD69 demonstrated
comparable IL-17 and TNF-a levels to the scramble control,
indicating that miR-367-3P may impact upon the expression of
IL-17 and TNF-a via inhibition of CD69. Notably, the levels
of IFN-v (Fig. 5C) and GM-CSF (Fig. 5D) in cells transfected
with miR-367-3p mimics, CD69 siRNA or pcDNA3-CD69
were comparable with the scramble control, indicating that
miR-367-3P and CD69 had no impact on the expression of
IFN-y and GM-CSF.

Thl7 fraction of cells varied in different treatment groups.
The Th17 fraction of cells transfected with miR-367-3p, CD69
siRNA or miR-367-3p + pcDNA3-CD69 were detected by
flow cytometry using one-way ANOVA. The Thl17 fraction
of cells transfected with miR-367-3p mimics or CD69 siRNA
was markedly upregulated, compared with the scramble
control (Fig. 6). The Th17 fraction of cells transfected with
miR-367-3p + pcDNA3-CD69 and scramble control were
similar. These results indicated that miR-367-3P may increase
the Th17 fraction, via inhibition of CD69 expression.

Discussion

Under normal homeostatic conditions, miRNAS serve several
physiological roles, including limb morphogenesis, fat
metabolism, hematopoiesis, cell apoptosis, proliferation and
differentiation. However, in pathological conditions, aberrant
miRNA levels regulate the expression of numerous genes to
maintain the disease state. Previous bioinformatic predictions
have indicated that miRNAs may regulate the expression
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of ~90% genes, despite occupying only 3% of the human
genome (27,28). A single miRNA may potentially influence
the expression of several target genes. MiR-21 may regulate
the proliferation of fibroblasts and the development of fibrosis,
and miR-29 exhibits an ability to reduce the expression of
collagens (29,30). Furthermore, miR-133 and miR-30 serve as
regulators of connective tissue growth factor, thus resulting
in decreased collagen production (31). However, the role of
miRNAs in fibrosis following MI remains largely unknown.
Investigating the role of miRNAs in the pathogenesis of
cardiac disease may be useful in identifying novel therapies
for MI, and other fibrotic cardiac diseases.

The present study performed RT-qPCR to estimate the
expression of miR-367-3p and CD69 in patients with cardiac
fibrosis [fibrosis (+); n=16] and without cardiac fibrosis [fibrosis
(-); n=18]. The results indicated that the expression level of
miR-367-3p was decreased in the cardiac fibrosis (+) group,
compared with the fibrosis (-) control group. In contrast, CD69
mRNA was enhanced in the fibrosis (+) group, compared with
the fibrosis (-) control group. TargetScan and miRanda were
employed to identify putative binding sites of miR-367-3p,
which yielded CD69 as a hypothetical target of this miRNA.
CD69 was investigated as a target gene of miR-367-3p using a
luciferase assay. The luciferase reporter assay was performed by
transfecting cells with miR-367-3p mimics + wild-type 3'UTR
of CD69, miR-367-3p mimics + mutantl 3'UTR of CD69, or
miR-367-3p mimics + mutant2 3'UTR of CD69. The results
indicated that luciferase activity was downregulated following
transfection with miR-367-3p mimics and the wild-type 3'UTR
or the mutant2 3'UTR of CD69, compared with the scramble
control. However, there was no effect on the luciferase activity
in cells transfected with miR-367-3p mimics and the mutantl
3'UTR of CDG69, indicating that the miR-367-3p binding site
was located at 758-765 bp on the 3'UTR of CD69.

Increased concentrations of inflammatory mediators are
consistently observed in experimental models with pressure
overload-induced cardiac fibrosis; however, the inflamma-
tory reaction intensity remains lower than that observed
in infarcted hearts (32,33). Fibrosis may be promoted by
pro-inflammatory signals, via activation of resident cardiac
fibroblasts, thus driving macrophages towards a fibrogenic
phenotype and resulting in the recruitment of fibroblast
progenitors and fibrogenic monocyte subsets. The transi-
tion from inflammation to fibrosis may be influenced by
early alterations in the cardiac interstitial matrix (34,35).
The human differentiation antigen CD69 is initially expressed
on the cell surface following activation of B lymphocytes,
T cells and other hematopoietic-originated cells (36,37). CD69
is a disulphide-linked homodimer with two constitutively
phosphorylated chains, which has been classified as a type II
integral protein, with an extracellular C-type lectin superfamily
domain (38-40). The CD69 gene is situated within the p13-p12
bands on human chromosome 12, a region which also contains
the NK complex. CD69 is associated with other C-type lectin
genes that control the activity of NK-cells, indicating that
CD69 may also exert a variable influence on NK-cell func-
tion (39,41,42). CD69 serves as a costimulatory molecule
resulting in the induction of immune cell-mediated cytotoxicity,
secretion and/or cell proliferation once expressed on T cells (13).
NK cells rapidly express CD69 following activation,and the
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Figure 6. The Th17 cell fraction is elevated by overexpression of miR-367-3p
or inhibition of CD69. Cells transfected with miR-367-3p mimics and CD69
siRNA exhibited an elevated fraction of Th17 cells, compared with the
scramble control (P<0.05 vs. scramble control). CD, cluster of differentiation;
Th, T helper; miR, microRNA; siRNA, small interfering RNA.

role of CD69 in NK-mediated cytotoxicity has been observed
in mice and humans (43-47). However, further CD69-mediated
roles in NK-cells are currently largely unknown. The present
study performed RT-qPCR and western blot analysis to evaluate
the CD69 mRNA and protein expression levels of cells trans-
fected with miR-367-3p mimics and CD69 siRNA. The results
indicated that the CD69 protein exhibited markedly reduced
expression in the miR-367-3p mimics and CD69 siRNA-trans-
fected treatment groups, compared with the scramble control.
Analysis with cytokine ELISAs directed against IL-17, TNF-a,
IFN-y and GM-CSF in cells transfected with miR-367-3p,
CD69 siRNA or miR-367-3p + pcDNA3-CD69, revealed that
the IL-17 and TNF-a levels were elevated in cells transfected
with miR-367-3p mimics or CD69 siRNA, compared with the
scramble control and the miR-367-3p + pcDNA3-CD69-treated
cells. The levels of IL-17 and TNF-a in cells transfected with
miR-367-3p mimics and pcDNA3-CD69 were comparable with
the scramble control. Notably, the IFN-y and GM-CSF levels of
cells transfected with miR-367-3p mimics, CD69 siRNA and
pcDNA3-CD69 were all comparable with the scramble control.

The Thl17 fraction of cells transfected with miR-367-3p
mimics, CD69 siRNA or miR-367-3p + pcDNA3-CDG69 was
investigated by flow cytometry. The results revealed an increase
in the Th17 fraction of cells transfected with miR-367-3p mimics
and CD69 siRNA, compared with the scramble control. In
contrast, the Th17 fraction of cells transfected with miR-367-3p
+ pcDNA3-CD69 were similar to the fraction of Th17 cells in
the scramble control. The increase in the Th17 fraction may be
due to TNF-a functioning as an activator of Th17 pathways (48).
miR-367-3P may effect the expression of TNF-a via inhibition
of CD69, thus leading to an upregulation in the Th17 fraction.

In conclusion, the results of the present study provide
support that downregulation of miR-367-3p may be associated
with cardiac fibrosis.
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