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miR-186, a serum microRNA, induces endothelial cell apoptosis
by targeting SMADG6 in Kawasaki disease
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Abstract. Kawasaki disease (KD) is an acute, self-limited
vasculitis that predominantly affects medium-sized arteries,
particularly the coronary arteries. Recent studies have indi-
cated that microRNAs are involved in many diseases, including
KD. However, the detailed mechanism remains unclear. The
aim of the present study was to explore the role of miR-186 in
KD and potentially discover a new target for KD treatment.
The results demonstrated that miR-186 was upregulated in
serum from patients with KD and KD serum could increase
miR-186 transcript levels in endothelial cells (HUVECS).
Overexpression of miR-186 mimic induced HUVEC apoptosis
through mitogen-activated protein kinase (MAPK) activation
by targeting and inhibiting SMAD family member 6 (SMADO).
Furthermore, KD serum induced HUVEC apoptosis through
miR-186. In conclusion, the present results suggested that KD
serum-associated miR-186 has an essential role in endothelial
cell apoptosis by activating the MAPK pathway through
targeting the SMADG gene.

Introduction

Kawasaki disease (KD) is an acute, systemic vasculitis that is
the leading cause of acquired heart disease in children in the
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developed world (1). Vascular inflammation ultimately leads
to coronary artery abnormalities (CAA), including aneurysm,
myocardial fibrosis, and aortic root dilatation (2,3). Within
the first 10 days after onset of fever, CAA develops in 25% of
untreated patients and in 3-5% of patients treated with intrave-
nous immunoglobulin (IVIG) (4). Histological examination of
tissues from KD autopsies revealed significant vascular lesions.
Regressive changes, such as degeneration, desquamation or
necrosis, were observed in the endothelial cells of the damaged
artery (5). Endothelial cell injuries appear to cause edematous
and inflammatory cell infiltration in the subendothelial space,
which eventually leads to coronary artery anomalies (6,7). A
follow-up study of KD demonstrated that a subset of patients
had persistent endothelial injury many years following KD,
both with and without CAA (8). Much effort has been spent on
the study of the biological mechanism of KD, and the clinical
events of arteritis are well-characterized (9). However, the
molecular mechanisms underlying the development of KD
remain poorly understood.

MicroRNAs (miRNAs) are a class of endogenous, small,
noncoding RNAs that control gene expression either by inducing
transcript degradation or by blocking translation (10). Recently,
miRNAs have been reported to be present in human plasma in
a remarkably stable form, and to be involved in the regulation
of diverse developmental and pathological processes (11,12).
Previous studies have demonstrated that miRNAs act as new
promising diagnostic and prognostic biomarkers for various
diseases, including KD. Yun et al (13) and Shimizu et al (14)
demonstrated that miRNAs were significantly upregulated in
the sera or peripheral blood of patients with KD compared
with healthy controls. They concluded that the possible
pathways of these miRNAs predominantly involved inflam-
matory responses and the transforming growth factor (TGF)-f§
pathway. Rowley et al (15) used a custom quantitative nuclease
protection assay to reveal a set of miRNAs that appear to be
dysregulated in KD coronary arteries. Rong et al (16) reported
that miR-92a had a relatively high degree of sensitivity and
specificity in predicting the incidence of coronary artery
disease. It is worth mentioning that He er al (17) demonstrated
that the Kruppel-like factor 4/miR-483/connective tissue
growth factor pathway may be useful in the evaluation of the
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Table I. Characteristics of the clinical index independent validation cohort in different groups.

Groups Healthy control Febrile children Convalescent KD Acute KD
Number 25 17 11 21

Male 17 (68%) 10 (59%) 6 (55%) 16 (76%)
Female 8 (32%) 7 (41%) 5 (45%) 5 (24%)
Age (months) 50.4+28.35 49.27+32.78 30.68+27.18 32.95+16.18
WBC (x10%/1) 7.98+2.47 10.86+6.04 8.78+3.18 16.16+6.33
PLT (x10%) 331.24+76.75 262 .4+68.1 529.18+212.96 378.47+102.88
CRP (mg/1) md 20.85+18.04 3.95+2.94 78.61£57.41
ALT (U/) 16.11+9.62 1547+£7.95 100.1+£131.6 87.13x£116.15
AST (U/) 33.33+9.8 33.4+10.74 479+21.83 37.5+43 4
NT-proBNP (pg/ml) md md 179.73+133 .4 1,657.2+3,268
D-dimmer (xg/ml) md md 0.9+£0.46 1.41+£0.86

KD, Kawasaki disease; WBC, white blood cell; PLT, platelet; ALT, glutamic pyruvic transaminase; AST, glutamic oxaloacetic transaminase;
NT-proBNP, N-terminal pro natriuretic peptide type B; md, missing data.

pro-inflammatory and pro-endothelial-to-mesenchymal transi-
tion status of KD patients. Recently, Chu et al (18) determined
the role of blood miR-223 in KD and KD-induced injuries in
vascular endothelial cells, as well as the mechanisms involved.

In our previous study, differentially expressed miRNAs
were profiled in KD serum (18). The results of the previous
study demonstrated that miR-186 is among the highly expressed
miRNAs in the serum of a patient with KD. Recent studies
on miR-186 have focused on its role in carcinogenesis, by
regulating cell proliferation, apoptosis and metastasis (19,20).
However, very little is known about the role and underlying
mechanism of miR-186 in KD. In the present study, miR-186
was demonstrated to be enriched in acute KD serum compared
with healthy controls and febrile controls, and its expression
was decreased to normal levels in serum from convalescent
KD (3 weeks following fever onset). Overexpression of
miR-186 mimic promoted apoptosis in human umbilical vein
endothelial cells (HUVECsSs). Furthermore, miR-186 overex-
pression promoted mitogen-activated protein kinase (MAPK)
activation in HUVECs by targeting and inhibiting SMAD
family member 6 (SMADG6). By contrast, miR-186 inhibitor
limited the effect of KD serum on HUVEC apoptosis. The
present results suggested that miR-186 present in KD serum
may act as a treatment target for the disease.

Materials and methods

Subjects. The demographic and clinical characteristics of the
subjects involved in the present study are presented in Table I.
All patients diagnosed with KD had fever for at least three
days and met at least four of the five clinical criteria for KD
(rash, conjunctival injection, cervical lymphadenopathy, oral
mucosal changes, and changes in the extremities), or three
of the five criteria along with coronary artery abnormalities
documented by echocardiogram (21). Patients diagnosed
with acute upper respiratory infection and herpangina, which
mimic many of the clinical and laboratory findings in acute
KD, were prospectively enrolled as febrile control subjects. In

the present study, the sera of 21 acute KD children, 25 healthy
controls, 17 febrile children and 11 convalescent KD children
were collected from the second affiliated Hospital of WenZhou
Medical University (WenZhou, China) between May 2014 and
May 2016. All serum samples were stored at -80°C until usage.
The study protocol was approved by The Second Affiliated
Hospital of WenZhou Medical University Ethical Committee.

Cell culture and treatment. Human umbilical vein endo-
thelial cells (HUVECs) were purchased from American
Type Culture Collection (Manassas, VA, USA) and cultured
in Roswell Park Memorial Institute 1640 medium (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA)
supplemented with 10% (vol/vol) fetal bovine serum (FBS;
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA). Cells were maintained at 37°C in a humidified atmo-
sphere with 5% CO,. HUVECs were transiently transfected
with miR-186 mimics, miR-186 inhibitors or negative
control oligonucleotides using Lipofectamine 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
manufacturer's instructions. RNA oligos were chemically
synthesized and purified by Ribo Bio Co., Ltd. (Guangzhou,
China). The sequence of human miR-186 mimic was 5-CAA
AGAAUUCUCCUUUUGGGCU-3". The sequence of the
human miR-186 inhibitor was 5'-GUUUCUUAAGAGGAA
AACCCGA-3'". The negative control oligonucleotide for the
miRNA mimic was 5'-UUUGUACUACACAAAAGUACU
G-3'. Cells were treated for the indicated time with TGF-31
(5 ng/ml) after 24 h of transfection with miR-186 mimic
(10 ng/ml). In other experiments, cells were treated for 24 h
with healthy control serum, KD serum alone, or KD serum
with miR-186 inhibitor (30 ng/ml).

RNA isolation and reverse transcription-quantitative
polymerase chainreaction (RT-qPCR). Total RNA was isolated
from 200 pl serum specimen or cells using TRIzol reagent
(Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol. The extracted RNA was reverse transcribed
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Table II. Primers used in the present study.

Name Primer sequence (5'-3")

U6 RT AACGCTTCACGAATTTGCGT
U6F CTCGCTTCGGCAGCACA

U6R GTGCAGGGTCCGAGGT
GAPDHF AACTCTGGTAAAGTGGATATTG
GAPDH R GGTGGAATCATATTGGAACA

Cel-miR-39 RT GTCGTATCCAGTG CAGGGTCC

GAGGTATTCGCACTGGATACGA

CCAAGCT

Cel-miR-39 F GCCGCTCACCGGGTGTAAATC

Cel-miR-39 R GTGCAGGGTCCGAGGT

SMADG6 F CTGGAGTTGTTGAGCAGCC

SMAD6 R GTGCGTCTTTCTTGTTTTGTCC

SMADO6(Luci)WTF ~ AAACTAGTGCACTTTGGCTTATA
ATTCTTTCAATACAG

SMAD6(Luci)WTR  GGAAGCTTCAAACCCAGGCTTT
TCCACC

SMADG6(Luci)Mut F AAACTAGTGCACTTTGGCTTA
TATAAGAATCAATACAG

SMAD6(Luci)Mut R~ GGAAGCTTCAAACCCAGGCTTT
TCCACC

miR-186 RT GTCGTATCCAGTGCAGGGTCCG
AGGTATTCGCACTGGATACGAC
AGCCCA

miR-186 F GCCGCCAAAGAATTCTCCTTT

miR-186 R GTGCAGGGTCCGAGGT

RT, reverse transcription; F, forward primer; R, reverse primer;
SMAD6, SMAD family member 6; Luci, luciferase reporter; WT,
wild-type; Mut, mutation; cel-miR-39, Caenorhabditis elegans
miR-39.

into cDNA using ReverTra Ace qPCR RT kit (Toyobo Co.,
Ltd., Osaka, Japan). qPCR was performed using Power
SYBR-Green PCR Master Mix (Thermo Fisher Scientific,
Inc.) on an Bio-Rad CFX 96 Real-Time PCR System (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). Briefly, samples
were incubated at 95°C for 10 min for an initial denaturation,
followed by 40 PCR cycles of at 95°C for 15 sec and then
60°C for 1 min. The specificity of SYBR Green based PCR
reaction was validated by post-amplification melting curve
analysis. For cell samples, U6 was used as an internal control
for miRNA template normalization and GADPH was used for
other template normalizations. For serum samples, the internal
control was a spiked-in control (cel-miR-39). Fluorescent
signals were normalized to the internal reference, and the
threshold cycle was set within the exponential phase of the
PCR. miRNA and mRNA expression levels were determined
using the 22T method (22). The RT primer and forward and
reverse primer pairs for miR-186 were designed by Generay
Biotech Co., Ltd. (Shanghai, China). Primer sequences are
listed in Table II.
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Western blotting. The cells were lysed with RIPA buffer
containing protease and phosphatase inhibitors (complete
ULTRA tablets; Roche Molecular Diagnostics, Branchburg,
NJ, USA). Following centrifugation (12,000 x g, 4°C, 30 min),
the supernatant was collected and quantified. The proteins
were quantified using a BCA Kit (Beyotime Institute of
Biotechnology, Jiangsu, China). A total of 30 g of protein was
loaded per lane in the 10% gel and separated by SDS-PAGE,
then transferred to nitrocellulose membranes. After blocking
with 5% non-fat milk at room temperature for 2 h, the
membranes were probed with antibodies against SMADG6
(cat.no. sc-7004; Santa Cruz Biotechnology, Dallas, TX, USA),
TNF receptor-associated factor 6 (TRAF6; cat. no. ab40675;
Abcam, Cambridge, MA, USA), phosphorylated (p-)
TGF-p-activated kinase 1 (TAK1)/total TAKI1 (cat. no. 5206,
cat. no. 9339; Cell Signaling Technology, Danvers, MA, USA),
p-P38/total P38 MAPK (cat. no. 4511, cat. no. 8690; Cell
Signaling Technology), p-c-Jun N-terminal kinase (JNK)/total
JNK (cat. no. 4668, cat. no. 9252; Cell Signaling Technology),
BCL2 associated X (cat. no. 2772, Bax; Cell Signaling
Technology), BCL2 apoptosis regulator (cat. no. 3498,
Bcl-2; Cell Signaling Technology), or cleaved Caspase-3
(cat. no. 9664, Cell Signaling Technology) overnight at 4°C.
Membranes were then incubated with a fluorescence-labeled
secondary antibody at room temperature for 2 h. GAPDH
antibody (cat. no. 5174, Cell Signaling Technology) was
used as a loading control. Secondary antibodies included
HRP-conjugated against rabbit (cat. no. 7074, Cell Signaling
Technology, Inc.) and Rabbit anti-Goat peroxidase conjugated
H+L (cat. no. BLOO4A, Zhihong Biotechnology Co., Ltd.,
Hefei, China). Immunoblots were visualized using Biorad
ChemiDoc XRS+ with Image Lab Software (version 5.2.1,
Hangzhou Baocheng Biotechnology Co., Ltd., Hangzhou,
China). Densitometry of Western blots was quantified with
Image Lab software (version 5.2.1, Hangzhou Baocheng
Biotechnology Co., Ltd.).

Luciferase reporter assay. A luciferase reporter construct was
generated by cloning the human SMAD6 mRNA sequence into
the pMIR-Report vector (Ambion; Thermo Fisher Scientific,
Inc.). Wild-type or mutant SMAD6 mRNA fragments were
amplified and cloned into the luciferase reporter via Spel and
HindlII sites. All the primers are listed in Table II. HUVECs
plated in a 48-well plate were co-transfected with 10 nM
miRNA mimics or negative control oligonucleotides, 50 ng
of firefly luciferase reporter and 10 ng of pRL-TK (Promega
Corporation, Madison, WI, USA) using the JetPRIME reagent
(Polyplus-transfection). Cells were collected 36 h after last
transfection and analyzed using Dual-Luciferase Reporter
Assay System (Promega Corporation).

Terminal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) assay. TUNEL staining was used to detect DNA
fragmentation of individual cells using a TUNEL fluorescence
fluorescein isothiocyanate (FITC) kit (Roche Diagnostics,
Indianapolis, IN, USA). HUVECs grown on coverslips were
fixed with 4% paraformaldehyde at 37°C for 1 h followed by
permeabilization with 0.1% Triton X-100. Then, cells were
incubated with TUNEL reaction mixture at 37°C for 1 h. The
stained cells were examined under a fluorescence microscope.
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Figure 1. Serum miR-186 levels are increased in patients with KD.
(A) miR-186 levels were determined in serum samples from 21 acute KD
patients, 25 healthy control participants, 17 febrile control participants and
11 convalescence KD patients. (B) Expression of miR-186 was measured in
HUVECS by reverse transcription-quantitative polymerase chain reaction at
48 h following culture with 20% serum from KD patients or healthy controls
(n=3). Data are presented as the mean + standard error of the mean. "P<0.05,

“P<0.01, and *"P<0.001, with comparisons indicated by lines. KD, Kawasaki
disease; HUVECSs, human umbilical vein endothelial cells; HC, healthy
control.

Statistical analysis. Results are presented as the
mean + standard error of the mean. Differences among groups
were analyzed using one-away analysis of variance accom-
panied with Turkey multiple-comparisons test. Two-tailed
Student's t-test was used for comparison between two groups.
Statistical analyses were performed with GraphPad Prism
version 5.0 (GraphPad Software, Inc., La Jolla, CA, USA).
P<0.05 was considered to indicate a statistically significant
difference.

Results

miR-186 is upregulated in KD serum and in HUVECs
stimulated with KD serum. Although our previous study
revealed that miR-186 was differentially expressed in KD
serum compared with healthy children (18), the function
of miR-186 in KD remained unclear. In the present study,
RT-qPCR was used to confirm that miR-186 was significantly
upregulated in KD serum compared with serum from healthy
children as well as serum from febrile children (Fig. 1A).
The results demonstrated that the expression of miR-186 in
the KD serum was ~10-fold higher compared with healthy
controls and febrile children. In serum sampled from children
with convalescence KD, miR-186 exhibited a tendency of
decreasing back to normal levels (Fig. 1A).

KD is an acute rash autoimmune disease, primarily
affecting blood vessels and inducing systemic vasculitis (1). As
previously reported, endothelial damage is the first step in the
development of coronary artery aneurysm during the course
of KD (6,21). Since previous studies of KD have reported
that HUVECs can be used to study the vascular endothe-
lium (23,24), these cells were used as the in vitro model in the
present study. In order to examine whether KD serum could
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Figure 2. miR-186 overexpression induces HUVEC apoptosis. (A) HUVECs
were transfected with miR-186 mimics or negative control oligonucleotides.
miR-186 expression was quantified by reverse transcription-quantitative
polymerase chain reaction (n=3). (B) The effect of miR-186 overexpression
on HUVEC apoptosis induced by H,O, (100 gmol/l) for 3 h was determined
by TUNEL assay. Representative micrographs exhibiting cell images are
shown at x100 magnification. (C) The % of TUNEL +cells was calculated in
10 random fields per slide (n=3). Data are presented as the mean + standard
error of the mean. “P<0.01. HUVECSs, human umbilical vein endothelial
cells; NC, negative control; TUNEL, terminal deoxynucleotidyl transferase
dUTP nick end labeling.

increase miR-186 in endothelial cells, HUVECs were cultured
with 20% KD serum or 20% healthy control (HC) serum.
To prevent the immune response of these sera, they were
inactivated in a 56°C water bath for 30 min prior to experi-
ments. miR-186 levels were then determined in HUVECs 48 h
following HC or KD serum incubation. A significant increase
of miR-186 levels was identified in cells cultured with KD
serum, but not in cells cultured with HC serum (Fig. 1B). As a
result, it was speculated that miR-186 could affect endothelial
cells in the pathological process of KD.

Overexpression of miR-186 induces HUVEC apoptosis. Since
miR-186 was upregulated in KD serum and KD serum could
upregulate miR-186 in HUVECsS, gain-of-function studies were
performed in HUVECs. miR-186 mimics or negative control
oligonucleotides were transiently transfected into HUVECs.
Expression of miR-186 was determined by RT-qPCR. The
results confirmed that transfection of miR-186 mimic signifi-
cantly increased its expression in HUVECs (Fig. 2A). The
functional role of miR-186 was then examined on HUVECs
by performing TUNEL assays. Overexpression of miR-186 in
HUVECsS resulted in a significant increase of cell apoptosis
compared with the negative control oligonucleotide trans-
fection (Fig. 2B and C). These data suggested that miR-186
modulated HUVEC viability and that overexpression of
miR-186 promoted HUVEC apoptosis.

miR-186 directly targets SMADG6. To understand the
mechanisms by which miR-186 induces endothe-
lial cell apoptosis, several miRNA target prediction
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Figure 3. miR-186 directly targets SMAD®6. (A) Venn diagram of the results from the gene target prediction algorithms. (B) Effect of miR-186 mimic
overexpression on the endogenous SMAD6 mRNA levels (n=3). (C) Effect of miR-186 mimic overexpression on the endogenous SMADG protein levels (n=3).
(D) Schematic of the predicted miR-186 binding sequence on the SMAD6 mRNA 3'-UTR. Luciferase reporter construct was made by cloning the human
SMADG6 mRNA sequence into pMIR-Report construct. Wild-type or mutant SMAD6 mRNA fragments (from 2,769 to 2,792) were amplified and cloned into
the luciferase reporter via Spel and HindIlI sites. (E) HUVECs were co-transfected with the reporter constructs bearing the wild-type and mutant SMAD6
sequences as indicated in Fig. 3D, and with miR-186 mimics or negative control oligonucleotides. After 36 h, firefly luciferase activity was measured and
normalized to Renilla luciferase activity. Data are presented as the mean + standard error of the mean. “P<0.01, and ““P<0.001, with comparisons indicated by
lines. SMAD6, SMAD family member 6; UTR, untranslated region; HUVECs, human umbilical vein endothelial cells; NC, negative control; WT, wild-type;
MUT, mutant.

algorithms, including Microcosm (http://www.ebi.ac.
uk/enright-srv/microcosm/htdocs/targets/v5/) (25), starBase
(http://starbase.sysu.edu.cn/) (26), Pictar (http://pictar.mdc-
berlin.de/) (27) and TargetScan (http://www.targetscan.org/)
(12) were used to identify the potential target genes of miR-186.
A total of 14 target genes were predicted by all four prediction

algorithms used in the present study (Fig. 3A; Table III).
Among these genes, SMADG6 was also demonstrated to be
targeted by miR-186 from experimental data in the DIANA-
TarBase v7.0 database (http://diana.imis.athena-
innovation.gr/DianaTools/index.php?r=tarbase/) (28), and
therefore we focused on SMADG. To determine whether
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Figure 4. miR-186 overexpression enhances TGF-B1-mediated apoptosis in HUVECs. (A) The effect of miR-186 overexpression on HUVEC apoptosis induced
by TGF-f1 (5 ng/ml) was measured by TUNEL assay. Representative images are shown at x100 magnification and quantification of % of TUNEL +cells
were calculated in 10 random fields per slide (n=4). (B) miR-186 overexpression increased the TGF-f1-mediated expression of apoptosis-related proteins.
Representative blots and quantification is shown. The expression levels of Bax/Bcl-2 in the TGF-fB1 group were higher compared with the control group
(P=0.02), but in the TGF-p1+miR-186 mimic transfection group were higher compared with the TGF-f1 alone group (P=0.006). The expression levels of
cleaved-caspase-3 (normalized to GAPDH) in the TGF-f31 group were higher compared with the control group (P=0.023), but in the TGF-f1 + miR-186 mimic
transfection group were higher compared with the TGF-f1 alone group (P=0.004). (C) Expression levels of MAPK pathway-related proteins were detected by
western blotting in HUVECS induced by TGF-f1 with or without miR-186 mimic transfection. Compared with the TGF-f1 alone group, TGF-f1 +miR-186
mimic transfection significantly activated the MAPK pathway (P<0.05). Data are presented as the mean + standard error of the mean. "P<0.05, “P<0.01, and
""P<0.001, with comparisons indicated by lines. TGF, transforming growth factor; HUVECs, human umbilical vein endothelial cells; TUNEL, terminal
deoxynucleotidyl transferase dUTP nick end labeling; Bcl-2, BCL2 apoptosis regulator; Bax, BCL2 associated X; MAPK, mitogen-activated protein kinase;
p, phosphorylated; TRAF6, TNF receptor-associated factor 6; TAK1, TGF-f-activated kinase 1; INK, c-Jun N-terminal kinase.
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Table III. List of the 14 predicted target genes for miR-186.

Gene name Gene Ensembl ID
PSPH ENSG00000146733
YY1 ENSG00000100811
PABPC3 ENSG00000151846
DNM3 ENSG00000197959
CNTNAPI ENSG00000108797
PNN ENSG00000100941
AHCYLI1 ENSG00000168710
EP300 ENSG00000100393
NASP ENSG00000132780
PUM2 ENSG00000055917
SMAD6 ENSG00000137834
RBM26 ENSG00000139746
CETN2 ENSG00000147400
GPBPI1 ENSG00000062194

SMADG was a genuine target of miR-186, a set of functional
experiments was performed. First, miR-186 mimic was trans-
fected into HUVECs, and SMADG expression was determined
atboth the mRNA and protein levels. The expression of SMAD6
was downregulated following miR-186 mimic overexpression
in HUVECs (Fig. 3B and C). To further confirm that miR-186
could directly bind to SMADG6 and inhibit its expression, a
luciferase reporter plasmid was generated with wild-type or
mutant sequence of the SMADG6 predicted mRNA target frag-
ment (Fig. 3D). The reporter constructs were co-transfected
with miR-186 mimics or negative control oligonucleotides into
HUVEC:s for 48 h, and then luciferase activity was measured
in the transfected cells. The results confirmed that the reporter
construct with wild-type targeting sequence of SMADG6
mRNA caused a significant decrease in luciferase activity in
cells transfected with miR-186, whereas the reporter construct
with mutant sequence of SMADG6 produced no change in lucif-
erase activity (Fig. 3E). These results suggested that miR-186
could bind to SMADG directly and inhibit its expression.

miR-186 enhances apoptosis in HUVECs by targeting SMADG.
The results demonstrated that overexpression of miR-186
induced apoptosis in HUVECsS, and that SMAD6 was a direct
target of miR-186. Therefore, it was hypothesized that miR-186
may affect the apoptosis of vascular endothelial cells through
SMADSG. It has been reported that TGF stimulation induces cell
apoptosis through the MAPK signaling pathway, while SMAD6
negatively regulates the TGF/MAPK signaling pathway (29,30).
Therefore, in the present study, first TGF-f31 was used to induce
cell apoptosis,and then the expression of SMAD6 was suppressed
by miR-186. As expected, compared with the TGF-fB1-induced
group, miR-186 significantly enhanced TGF-p1-mediated cell
apoptosis in HUVECs (Fig. 4A and B). In addition, miR-186
overexpression significantly enhanced the activation of the
TGF/MAPK signaling pathways in HUVECs (Fig. 4C). Taken
together, these results implied that miR-186 promoted the activa-
tion of MAPK signaling by targeting the inhibition of SMADG,
thus inducing endothelial cell apoptosis.
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miR-186 has a role in KD-induced endothelial cell injury.
The present study demonstrated that miR-186 was increased
in HUVECs following culture with KD serum. It was also
confirmed that miR-186 could promote HUVEC apoptosis.
To demonstrate whether KD serum mediates endothelial cell
apoptosis through miR-186, HUVECs were cultured with
20% serum either from patients with KD or healthy controls
(the sera were from the patients listed in Table I). The
results demonstrated that KD serum induced HUVEC apop-
tosis (Fig. 5A and B). However, KD serum-induced apoptosis
was significantly inhibited by addition of the miR-186 inhibitor
(30 nmol/I; Fig. 5A and B). In addition, in KD serum-treated
HUVECs, the SMADG protein levels were decreased, and this
effect was significantly reversed by addition of the miR-186
inhibitor (Fig. 5C). Similarly, that the results demonstrated
that KD serum could induce activation of the TGF-/MAPK
pathway in HUVECs, whereas addition of the miR-186
inhibitor significantly reversed the TGF-B/MAPK pathway
activation (Fig. 5D). The present results suggested that miR-186
in the serum of patients with KD may have an essential role in
endothelial apoptosis by activating MAPK signaling through
targeting of the SMADG gene.

Discussion

The present study demonstrated that overexpression of miR-186
may be a promoting factor for endothelial injury in KD. The
results revealed that miR-186 was upregulated in KD serum
and KD serum could increase miR-186 levels in HUVECs.
Overexpression of miR-186 in HUVECs induced apoptosis,
and the underlying mechanism likely involved the repression
of SMADG6 and the subsequent activation of the TGF/MAPK
pathway. In addition, the results demonstrated that KD serum
induced HUVEC apoptosis through miR-186. The present
study provides evidence that miR-186 may be a therapeutic
target for KD.

miR-186 has an important role in a variety of diseases,
especially in cancer. Hua et al (31) reported that miR-186
inhibited cell proliferation through targeting the oncogene
GOLPH3 in prostate cancer. Liu et al (32) demonstrated that
ectopic expression of miR-186 significantly inhibited cell
growth in multiple myeloma. Notably, Wang et al (33) reported
that circulating miR-186 could be considered a promising novel
diagnostic biomarkers for the early phase of acute myocardial
infarction. In the present study, miR-186 was demonstrated to
inhibit expression of SMADG and activate MAPK signaling
in HUVECs. In summary, the present results determined a
new mechanism for miR-186 participating in the pathological
process of KD.

KD is an important febrile illness causing multi-system
vasculitis in childhood. The mechanisms involved in the patho-
genesis of KD are not clearly understood and confirmatory
diagnosis has not been established. Endothelial injury, an
early risk marker of cardiovascular diseases, refers to loss of
normal homeostatic function in blood vessels, and is charac-
terized by inflammatory activity (34,35). In KD, the long-term
cardiovascular outcome for pediatric survivors is of important
concern. Accelerated coronary atherosclerosis in KD-related
lesions occurring in young adults has been reported and results
in acute coronary syndrome or sudden death (36). Multiple
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Figure 5. miR-186 promotes cell apoptosis induced by KD serum. (A) HUVEC apoptosis was induced by culture with KD serum and the effect of miR-186
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dUTP nick end labeling; Bcl-2, BCL2 apoptosis regulator; Bax, BCL2 associated X; SMAD6, SMAD family member 6; MAPK, mitogen-activated protein
kinase; HC, healthy control; p, phosphorylated; TRAF6, TNF receptor associated factor 6; TAK1, TGF-B-activated kinase 1; JNK, c-Jun N-terminal kinase.
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studies exist on KD-associated endothelial injury; for example,
the levels of blood cell-derived miR-223 in endothelial cells
may act as a novel endocrine genetic signal and may partici-
pate in vascular injury of KD (18), while miR-125a-5p has
been demonstrated to induce apoptosis in HUVECS through
direct inhibition of MAP kinase kinase 7 levels resulting in
Caspase-3 activation (37). However, the specific mechanisms
of KD-induced endothelial injury remain unclear. The present
study revealed that aberrantly expressed miR-186 in KD serum
could induce endothelial cell apoptosis, which suggested that
miR-186 could be the effector for impaired endothelium in KD
and may be a new target for KD treatment.

TGF-f is a multifunctional peptide that regulates
proliferation, differentiation, apoptosis, and migration in
many cell types (38). TGF-f3-associated signal transduction
involves SMAD-dependent and SMAD-independent path-
ways. The MAPK family of proteins consists of extracellular
signal-regulated kinase (ERK), INK/stress-activated protein
kinase (SAPK) and p38 MAPK. The TGF-p/MAPK pathway
has been demonstrated to be involved in many processes in
various diseases, including epithelial-myofibroblast trans-
differentiation (39,40), inflammatory (41) and apoptotic
processes (42,43). In endothelial cells, TGF-f1 inhibits
endothelial cell proliferation and migration (44), and induces
endothelial cell apoptosis by inhibiting expression of the
anti-apoptotic protein Bcl-2 and activating p38 MAPK (45).
In KD, a genetic association study has established that
polymorphisms in the TGF-f3 pathway influence disease
susceptibility and coronary artery aneurysm formation (46).
In addition, the TGF-f related genes SMAD3, TGFB2, and
TGFBR2 were observed to have a significant effect on KD
susceptibility, severity, or treatment response. A later study
provided more evidence on the role of the TGF-$/SMAD3
signaling pathway in the arteritis of KD (47). In the present
study, miR-186 was determined to directly target SMADG6
which then negatively regulated the TGF-/MAPK signaling
pathway.

In conclusion, the present study confirmed that miR-186
was upregulated in serum from patients with acute KD and
miR-186 upregulation appeared to be highly specific to the
acute phase of KD. Furthermore, miR-186 was demonstrated
to regulate the expression of SMADG6, which then negatively
regulated TGF-[ signaling, resulting in feedback activation of
the MAPK pathway to induce endothelial cell injury. These
results suggest that miR-186 might be used as a target of KD
treatment.
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