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Mir-367 is downregulated in coronary artery disease 
and its overexpression exerts anti-inflammatory  
effect via inhibition of the NF-κB-activated  
inflammatory pathway
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Abstract: In this study, we aimed to scrutinize the link between the expression of circulating mir-367 and the NF-κB 
activated inflammatory pathway in the pathogenesis of coronary artery disease (CAD) and the potential underlying 
molecular mechanism. Plasma samples were collected from a single cohort of 60 CAD patients and 60 control 
subjects, and mir-367 levels in samples stemming from each study subject were examined by quantitative real-time 
PCR (qRT-PCR). Simultaneously, plasma TNF-α, IL-6 and NF-κB levels were measured by ELISA. Western blotting and 
qRT-PCR were equally applied to determine the expression of a set of proteins. The results showed that the expres-
sion level of mir-367 was decreased in the plasma of CAD patients compared with healthy controls while levels 
of NF-κB, IL-6 and TNF-α increased considerably. Kendall, Spearman and Pearson correlation analyses indicated 
that decreased mir-367 levels were significantly correlated with elevated levels of NF-κB, IL-6 and TNF-α. Receiver-
operator curve (ROC) analysis showed the potential of mir-367 as a non-invasive biomarker for CAD diagnosis with 
an area under-curve (AUC) of 0.9697. Furthermore, in vitro studies showed that silencing of mir-367 in human aortic 
endothelial cells (HAECs) treated with oxLDL promoted the expression of NF-κB mediated inflammatory pathways 
while mir-367 mimic downregulated these pathways. Further analysis pointed to a role of mir-367 in the inhibition 
of NF-κB inflammatory pathways via negative regulation of EFR3A and upregulation of FBXW7, probably through 
the Akt/mTOR pathway. Conclusively, circulating mir-367 may be a new biomarker, a potential diagnostic tool and a 
candidate therapeutic target for CAD.
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Introduction

Coronary artery disease (CAD), a sequel of ath-
erosclerosis, a local chronic inflammatory dis-
ease of arteries, is the foremost cause of mor-
bidity and mortality in the elderly (≥ 65 years  
of age) patients with cardiovascular disease 
worldwide [1]. Despite recent advances in the 
diagnosis of CAD, the development of novel 
diagnostic noninvasive biomarkers is vital for 
strengthening therapeutic interventions and 
reducing CAD incidence [2]. Due to false posi-
tive measurements in protein-based biomark-
ers and because of the impossibility to discrimi-
nate non-coronary chest pain (NCCP) from 
troponin-negative unstable angina pectoris 
(UAP), circulating miRNAs are being considered 

as highly sensitive noninvasive disease-specific 
candidate biomarkers for early diagnosis of 
CAD [3, 4].

MicroRNAs are short noncoding RNAs (~18-22 
nucleotides long) regulating post-transcription 
or translation of target genes by attaching to 
their 3’-untranslated region (3’-UTR). Up to date, 
a large set of microRNAs have been identified 
and incriminated in cardiovascular diseases as 
well as progression of CAD [5-11]. One of the 
characteristic processes preceding initiation 
and progression of atherosclerosis is a chronic 
vascular inflammation which is instigated by 
the release of pro-inflammatory cytokines via 
activation of Nuclear factor-κB (NF-κB) pathway 
[12]. A previous study revealed that TNF-indu- 



Role of mir-367 in coronary artery disease

4048 Int J Clin Exp Pathol 2017;10(4):4047-4057

ced microRNAs control the expression of infl- 
ammation in endothelial cells [13]. MicroRNA-
10a, microRNA-181b, microRNA-146 and mic- 
roRNA-126 have been equally reported as in- 
flammation mediators in endothelium cells lo- 
cated within athero-susceptible regions [14-
17]. A large review [18] on the regulation of ath-
erosclerosis by microRNAs has been recently 
published and provided comprehensible data 
on the role and mechanisms of a variety of 
these microRNAs. 

In a recent microarray study of peripheral blood 
mononuclear cells (PBMCs), it has been dem-
onstrated that miR-367, as well as other 
microRNAs were undetected in PBMCs from 
both control and CAD patients [19]. However, 
expression profiling based on DNA microarray 
for patients experiencing off-pump coronary 
artery bypass surgery revealed that mir-367 
was involved in gene regulation of ERG2 [19]. 
Furthermore, a recent study demonstrated that 
miR-367 represses IRAK4 and, thus, plays a 
fundamental role in the regulation of inflamma-
tion in intracerebral hemorrhage, suggesting 
that mir-367 may constitute a critical biomark-
er in inflammatory diseases such as CAD [20]. 
In addition, despite its potential as a diagnostic 
biomarker of a variety of diseases such can-
cers [21-24], much accurate assessment of the 
expression pattern, the functional role and the 
possible regulatory mechanism instigated by 
circulating miR-367 in CAD has not been 
performed. 

Therefore, in this study, we aimed to evaluate 
the plasma levels of miR-367 in CAD patients in 
order to uncover its potentiality as novel nonin-
vasive biomarkers for diagnosis of CAD and 
explore its possible role on the regulation of 
NF-κB induced inflammatory pathways and the 
underlying mechanisms. 

Materials and methods

Study population

This study was performed in conformity with 
the principles of the Declaration of Helsinki and 
was approved by the Medical Ethics Committee 
of the Affiliated Hospital of Jining Medical 
University, Shandong, China. Written informed 
consent was obtained from each subject or his 
legal representative before enrollment. A total 
of sixty diagnostically confirmed CAD patients 

and sixty healthy individuals were enrolled in 
this study at the Affiliated Hospital of Jining 
Medical University. CAD diagnostic was deter-
mined by quantitative coronary angiography 
and only subjects presenting at least one major 
epicardial vessel with ≥ 50% stenosis as ass- 
essed by two independent experts who visually 
estimated luminal narrowing in multiple seg-
ments according to the AHA/ACC classification 
of the coronary tree were considered as suffer-
ing from CAD. All the participants included in 
the study were age of 62 to 79 years. Individuals 
exhibiting at least one of the symptoms includ-
ing elevated creatine kinase (CK-MB) or cardiac 
troponin I (cTnI) levels, decreased left ventricu-
lar ejection fraction (LVEF) ≤ 45%, acute myo-
cardial infarction (AMI), congestive heart fail-
ure, severe renal and hepatic dysfunction and 
ongoing inflammatory and malignant disease 
were excluded from the study. All the controls 
had no history of CAD or stroke with reports of 
ECG, ETT and echocardiogram in the regular 
range, were not diagnosed for any hepatic or 
renal disease and were not hospitalized for at 
least 6 weeks before the beginning of the study.

Plasma samples collection

Samples (5 mL) of peripheral blood were col-
lected from patients and healthy subjects in 
EDTA coated tubes and treated within 1 hour. 
Following collection, plasma was separated 
from blood and samples centrifuged for 15 min 
(4°C 1,500× g). After a second centrifugation 
of the supernatants in the same conditions, the 
obtained pure plasma was transferred to 
RNase-free tubes and stored at -80°C until 
use.

Cell culture, oxLDL treatment and transient 
transfection

Cryopreserved human aortic endothelial cells 
(HAECs) (Genlantis, San Diego, CA, USA; PH30- 
405AK, Lot 2248) were incubated in 50 µg/ml 
rat tail collagen type 1-coated (BD Biosciences, 
Bedford, MA, USA) culture flasks and grown in 
EC growth medium-2 (Lonza, Allendale, NJ, 
USA), supplemented with 1% antibiotic-antimy-
cotic solution (Invitrogen) and 10% fetal bovine 
serum (Thermo Scientific-Hyclone, Waltham, 
MA, USA; CC-3162). Subsequently, HAECs were 
cultured to 75-90% confluence and fourth pas-
sage HAECs used for experiments. 
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HAECs were randomly divided into six groups: a 
normal control group, an oxLDL group and 
groups of oxLDL-induced HAECs transfected 
with mir-367 mimic (MISSION® microRNA Mimic 
hsa-miR-367, Sigma Aldrich) and anti-mir-367 
(miRZip-367 anti-miR-367 microRNA construct, 
System Biosciences). Cells in the control group 
were incubated under the normal growth condi-
tions. The HAECs in the oxLDL group were incu-
bated for 24 hours with medium containing 
200 μg/mL oxLDL. The oxLDL was prepared 
from normal plasma samples as previously 
described [25]. In the mimic or anti-mir groups, 
the cells were transfected with mir- or anti-
mir-367 using Lipofectamine transfection sys-
tem. For expression analyses, HAECs were 
stimulated with TNF-α and/or IL-6 at a concen-
tration of 0.3 ng/ml. To determine the function-
al role of FBXW7 and EFR3A, FBXW7 siRNA 
(Thermo Fisher Scientific) and EFR3A siRNA 
(Thermo Fisher Scientific) were individually 
transfected or co-transfected into above cell 
groups according to the manufacturer’s gui- 
delines.

Enzyme-linked immunosorbent assay (ELISA) 
of inflammatory markers

Cell or plasma supernatants were analyzed to 
determine the concentrations of NF-κB, TNF-α 
and IL-6 using human ELISA kits (Thermo Fisher 
Scientific) following the manufacturer’s guide- 
lines.

Mir-367 target gene prediction

Mir-367 target genes were predicted using the 
online bioinformatics tool miRDB (http://www.
mirdb.org/miRDB/).

RNA extraction and RT-PCR

Total RNA was isolated from plasma samples 
and HAECs using the conventional TRIzol or a 

TRIzol-based miRNA isolation protocol (Invitro- 
gen) according to the manufacturer protocol, 
purified and quantitatively assessed for the 
RNA concentrations using NanoDrop ND-1000 
spectrophotometer (NanoDrop Technologies 
Inc., Wilmington, USA) and kept at -80°C until 
use. Real-time quantitative reverse-transcrip-
tion PCR (qRT-PCR) was employed for measur-
ing the expression of mir-367, DNAJB9, SYNJ1, 
HIPK3, FBXW7, CD69 and EFR3A. Around 4 μL 
of extracted total RNA was reverse-transcribed 
into cDNA at 42°C for 30 minutes using ABM 
miRNA EasyScript cDNA Synthesis kit (Cat No.
G269) following the vendors’ instructions. The 
qRT-PCR experiment was achieved with the 
QuantiFast SYBR Green PCR Kit (Qiagen, Ger- 
many) according to the manufacturer’s protocol 
using a reaction volume of 20 µl. The PCR 
cycling condition was set as follows: 95°C for 5 
min, 40 cycles of 95°C for 15 s, 60°C for 15 s 
and 72°C for 20 s. The fluorescence intensity 
was determined by the Bio-Rad CFX96™ Real-
Time System. The relative level of mRNA for 
each gene was normalized to that of GAPDH 
and miR-156a was used as the normalization 
control for mir-367. The sequences of the prim-
ers used are listed in Table 1. The relative 
expression of a specific RNA was calculated by 
the comparative Ct method.

Western blot analyses

Plasma or HAECs were lysed in a modified RIPA 
buffer (150 mM NaCl, 10 mM Tris, pH 7.4, 1 
mM EDTA, 1% Triton X-100, 1% deoxycholic 
acid, 1 mM PMSF, with addition of complete TM 
protease inhibitor cocktail). Protein concentra-
tions were quantified using a BCA assay. After 
purification by SDS-PAGE, aliquots were trans-
ferred to a PVDF membrane (Millipore, USA). 
The membrane was blocked at RT for 2 h in 5% 
nonfat dry milk diluted with TBST (in mM: Tris-

Table 1. Primers used in this study
Gene Sense primer Antisense primer
hsa-mir-367 5’-GTGGTTCCTACCTAATCAGC 3’ 5’-GGAAAAGGATACTGGAGATC 3’
DNAJB9 5’-ATGGCTACTCCCCAGTCAATTTTCA 3’ 5’-TGAAAATTGACTGGGGAGTAGCCAT 3’
SYNJ1 5’-ATGCGGAAGAGATGGGCCTGCTGGA 3’ 5’-TCCAGCAGGCCCATCTCTTCCGCAT 3’
HIPK3 5’-ATGGCCTCACAAGTCTTGGTCTACC 3’ 5’-GGTAGACCAAGACTTGTGAGGCCAT 3’
FBXW7 5’-CCACTGGGCTTGTACCATGTT-3’ 5’-CAGATGTAATTCGGCGTCGTT-3’
CD69 5’-ATGAGCTCTGAAAATTGTTTCGTAG 3’ 5’-CTACGAAACAATTTTCAGAGCTCAT 3’
EFR3A 5’-ATGCCTACCCGAGTATGCTGCTGCT 3’ 5’-AGCAGCAGCATACTCGGGTAGGCAT 3’
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HCl 20, NaCl 150, pH 7.5, 0.1% Tween 20). The 
membrane was incubated overnight at 4°C 
with a polyclonal mouse anti-human GAPDH, 
FBXW7, EFR3A, Akt, p-Akt, mTOR, p-mTOR, 
IKKα, IKKβ, IKKγ, NF-κB and IκB (1:500 dilution; 
ABCAM, Shanghai, CHINA). After washing in 
TBS-T, the membrane was incubated for 1 h 
with a goat anti-rabbit IgG conjugated to horse-
radish peroxidase (1:10000 dilution; Santa 
Cruz Biotechnology Inc. USA). At last, the pro-
tein levels were determined using Amersham 
ECLTM western blotting detection reagents (GE 
Healthcare, UK). GAPDH was employed as the 
loading sample control. Relative intensities of 
protein bands were analyzed by Scan-gel-it 
software.

Statistical analysis

Graphs were constructed using GraphPad 
Prism version 6 for Windows (GraphPad 

(4.670 ± 0.1528 relative expression, n = 60) 
compared with the control group (14.43 ± 
0.5615 relative expression, n = 60). To investi-
gate the diagnostic accuracy of circulatory mir-
367 as potential biomarkers of CAD, ROC curve 
analysis was performed. The ROC curve of mir-
367 (Figure 1B) reflected a significant separa-
tion between CAD patients and controls with an 
area under curve (AUC) of 0.9697 for the diag-
nosis of CAD patients. It was suggested that 
circulating mir-367 might be used as a poten-
tial biomarker for early diagnosis of CAD 
patients.

To clarify the potential mechanism of mir-367 
in the regulation of the CAD inflammatory 
response, the putative targets of mir-367 were 
first identified using the bioinformatics tool 
miRDB. The results showed that there were 
495 predicted targets for mir-367 in miRDB 

Figure 1. Relative expression levels of mir-367 and its targets in plasma 
from CAD patients and healthy individuals and diagnostic value of mir-367. 
A: Expression of mir-367 in plasma from CAD patients (n = 60) and healthy 
controls (n = 60). Total RNA was isolated from plasma sample stemming 
from each individual, reverse-transcribed, and subjected to real-time PCR 
analysis. B: ROC curve of mir-367 expression in CAD patients and healthy 
individuals. C: Expression of predicted mir-367 targets in plasma of CAD pa-
tients and healthy individuals. Data are represented as mean ± SEM; ****; 
P < 0.0001 in intergroup comparisons, ns; non-significant. 

Software, San Diego, CA, USA) 
and reported as mean ± SEM/
SD. For comparison of vari-
ables among groups, Stude- 
nt’s t-test, One-way ANOVA or 
two-way ANOVA followed by 
Bonferroni posttests were us- 
ed as appropriate. The corre-
lations between parameters 
were measured with Pearson, 
Kendall and Spearman corre-
lation analyses. The receiver 
operating characteristic (ROC) 
curves were used for discrimi-
nating CAD patients from the 
healthy subjects. P < 0.05 
was considered statistically 
significant.

Results

Expression of circulating mir-
367 and mir-367 targets in 
CAD and its diagnostic value

To investigate the characteris-
tics of mir-367 as plasma po- 
tential biomarkers of CAD, RT- 
PCR analysis was performed 
to detect the mRNA level of 
mir-367. The results (Figure 
1A) showed that mir-367 was 
significantly (P = 0.0001) de- 
creased in the CAD group 



Role of mir-367 in coronary artery disease

4051 Int J Clin Exp Pathol 2017;10(4):4047-4057

(data not shown). Of these predicted targets, 
the mRNA expression of 6 presenting 100% 
target score was explored. The results (Figure 
1C) showed that FBXW7 was significantly down-
regulated while the expressions of CD69 and 

NF-κB (Figure 3B) showed a strong association 
of high levels of NF-κB with CAD (AUC = 0.9453), 
which implied the functional inflammatory role 
of NF-κB in CAD. Real-time PCR (RT-PCR) (Figure 
4A) and western blot (Figure 4B, 4C) analyses 

Figure 2. Changes in levels of inflammatory cytokines IL-6 and TNF-α in 
plasma of CAD patients vs. healthy individuals. A: Levels of IL-6 in CAD (n = 
60) and control individuals (n = 60). B: ROC curve of IL-6 levels in CAD and 
control individuals. C: Levels of TNF-α in CAD (n = 60) and control individuals 
(n = 60). D: ROC curve of TNF-α levels in CAD and control individuals. IL-6 = 
interleukin-6; TNF-α = tumor necrosis factor alpha. Data are expressed as 
means ± SEM; ****; P < 0.0001 in intragroup comparisons. 

Figure 3. NF-κB levels in CAD patients and control individuals and potential 
diagnostic value. A: NF-κB concentration was measured in CAD patients (n 
= 60) and control individuals (n = 60) using ELISA test. B: ROC curve of NF-
κB levels in CAD patients and control individuals. Values are expressed as 
means ± SEM (n = 60). ****; P < 0.0001 in intragroup comparisons.

EFR3A were significantly up- 
regulated in the CAD patients 
compared with the control 
group. No significant changes 
were observed concerning 
the mRNA levels of DNAJB9, 
SYNJ1 and HIPK3. These re- 
sults suggested that mir-367 
may be implicated in CAD 
pathogenesis by targeting 
FBXW7, CD69 and/or EFR3A. 

Levels of inflammation mark-
ers and NF-κB activation in 
plasma of CAD patients

To evaluate the contribution 
of mir-367 in CAD inflamma-
tion, we measured the levels 
of inflammatory markers inc- 
luding IL-6, TNF-α and NF-κB. 
As shown in Figure 2A and 
2C, CAD patients had signifi-
cantly (P < 0.0001) higher 
plasma levels of circulating 
IL-6 (85.30 ± 2.851 pg/ml, n 
= 60 for CAD group and 32.43 
± 1.155 pg/ml, n = 60 for 
control group) and TNF-α 
(29.23 ± 1.044 pg/ml, n = 60 
for CAD group and 16.68 ± 
0.5578 pg/ml, n = 60 for con-
trol group). The ROC curve of 
IL-6 and TNF-α (Figure 2B, 
2D) showed strong coinci-
dences of high levels of these 
cytokines with CAD patients 
with an area under curve 
(AUC) of 0.9811 and 0.9503, 
respectively.

The measurement of NF-κB 
levels using ELISA test reve- 
aled (Figure 3A) significantly 
increased release of NF-κB in 
CAD patients (43.40 ± 2.366, 
n = 60) compared to control 
individuals (12.28 ± 0.7548, 
n = 60). The ROC curve of 
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equally showed a significant (P < 0.0001) 
increase in the expression of NF-κB in CAD 
patients comparatively to the control group. 
Conversely, the measurement of IκB expres-
sion showcased inverse trends with a signifi-
cant difference between both groups (54.8 ± 
2.8 and 15.1 ± 0.35, for control and CAD 
patients, respectively, P < 0.0001).

Correlation of mir-367 with inflammatory 
markers

To evaluate the interference of mir-367 with 
inflammation in CAD, we equally performed 
Kendall, Spearman and Pearson correlation 
analyses and found that plasma levels of miR-
367 were significantly correlated with plasma 

levels of TNF-α, IL-6 and NF-κB in CAD patients 
(Table S1). This suggested the functional role of 
mir-367 in the pathophysiology of CAD, espe-
cially in the regulation of inflammation path- 
ways.

Overexpression of mir-367 inhibits the NF-κB 
signaling pathway in oxLDL-induced human 
aortic endothelial cells in vitro

In order to elucidate the potential mechanism 
of inflammation mediation by mir-367, human 
aortic endothelial cells (HAECs) were induced 
by oxLDL. The results (Figure 5A) showed that, 
oxLDL treatment led to activation of IL-6 and 
TNF-α compared to the control group (non-
treated HAECs). Similar results were obtained 

Figure 4. mRNA and protein expression of NF-κB and IκB in CAD patients and control individuals. A: The quantitative 
fold changes in mRNA expression were determined as relative to GAPDH mRNA levels in each corresponding group 
and calculated using the 2-ΔΔCT method. B, C: Western blot analysis and densitometrical quantitation of NF-κB and 
IκB expression in each group. Values are expressed as means ± SD. ****; P < 0.0001 vs. control.

Figure 5. Overexpression of mir-367 inhibits the NF-κB signaling pathway in oxLDL-induced HAECs. (A) mir-367 
decreases the levels of IL-6 and TNF-α in oxLDL-induced HAECs. (B, C) Western blotting analysis (B) and densito-
metrical quantitation (C) of blots obtained from the expression analysis of proteins in the NF-κB signaling, mTOR, 
p-mTOR, Akt and p-Akt in different groups of oxLDL-induced HAECs. ****; P < 0.0001 vs. control, ***; P < 0.001 
vs. control, **; P < 0.01 vs. control, ns; non-significant. 
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from HAECs transfected with anti-mir-367. On 
the contrary, transfection of HAECs with mir-
367 mimic reduced the levels of these cyto-
kines. The above results further confirmed that 
mir-367 may play a fundamental role in the 
pathogenesis of cardiovascular diseases.

To explore the potential implication of mir-367 
in the coronary inflammation, the effect of mir-
367 mimic and anti-mir-367 on the expression 
of NF-κB and genes involved in related inflam-
matory pathways in oxLDL-induced endothelial 
cells was determined using western blotting. As 
shown in Figure 5B and 5C, treatment with 
oxLDL and anti-mir-367 led to increased expres-
sion of NF-κB, IKKα, IKKβ and IKKγ, suggesting 
that downregulation of mir-367 induces NF-κB 
activation of inflammatory pathways. Similarly, 
significantly increased expression of phosphor-
ylated mTOR (p-mTOR) and Akt (p-Akt) was 
observed in the same conditions. On the con-
trary, mir-367 mimic decreased the expression 
of above pathways and there was no significant 
difference comparatively to the control group. 
The above findings suggested that overexpres-
sion of mir-367 may inhibit the NF-κB signaling-
induced inflammation by modulating the Akt/
mTOR axis.

In order to get insight on the mechanism by 
which mir-367 operates, we also measured the 
expression of mir-367 targets that showed sig-
nificant changes between the CAD patients and 
healthy controls as described above. The 
results (Figure 6) showed that mir-367 mimic 
led to increased expression of FBXW7 in oxLDL-
induced endothelial cells while the contrary 
was found in oxLDL and anti-mir-367 cells. The 
opposite trends were observed for EFR3A 
whereas mir-367 or anti-mir367 did not affect 
CD69 expression. These results indicated that 
mir-367 inhibits the NF-κB-activated inflamma-
tory pathway by targeting FBXW7 and EFR3A. 
To confirm FBXW7 and EFR3A as mir-367 tar-
gets in the regulation of inflammatory pathways 
in CAD, FBXW7 siRNA and/or EFR3A siRNA 
were transfected in TNF-α and/or IL-6 treated 
HAECs and the expression of NF-κB measured. 
The results (Figure 7A) indicated that in TNF-α 
+ IL-6-treated cells, the simultaneous transfec-
tion of FBXW7 siRNA and EFR3A siRNA led to 
increased expression of NF-κB. In the same cell 
type, the EFR3A siRNA led to significantly high-
er and increased NF-κB expression while 
FBXW7 siRNA did not significantly affect this 
expression. In TNF-α-treated HAECs, the expr- 
ession of NF-κB was increased by FBXW7 siRNA 

Figure 6. Effect of mir-367 overexpression on its targets in oxLDL-induced HAECs. (A) Western blotting analysis and 
(B) densitometric quantitation of blots obtained from the expression analysis of proteins FBXW7, EFR3A and CD69 
in different groups of oxLDL-induced HAECs. mir-367 overexpression upregulated the levels of FBXW7 and down-
regulated EFR3A in oxLDL-induced HAECs but did not affect the expression of CD69. ****; P < 0.0001 vs. control, 
**; P < 0.01 vs. control and ns; non-significant.
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transfection while no significant increase was 
recorded for EFR3A siRNA. Interestingly, in IL-6-
treated HAECs, the expression of NF-κB was 
significantly increased by FBXW7 siRNA or 
transfection with both FBXW7 siRNA and EFR3A 
siRNA while a significantly decreased NF-κB 
expression was observed for EFR3A siRNA. 
Altogether, these findings suggested that mir-
367 inhibits NF-κB-activated inflammatory 
pathways by negatively regulating EFR3A and 
upregulating FBXW7. Moreover, EFR3A may be 
a key mediator in IL-6/NF-κB pathway while 
FBXW7 may be involved in both IL-6/NF-κB and 
TNF-α/NF-κB pathways. 

Discussion

CAD, the leading cause of death in developed 
countries, is the most frequent form of cardio-
vascular disease and comprises a broad spec-
trum of clinical entities with devastating out-
comes such as high morbidity and mortality 
[26]. Though sophisticated tools have been 
developed for CAD diagnosis [27, 28], the 
pathogenesis of this disease is not well under-
stood. This has motivated the quest for tran-
scriptomics and proteomics-based biomarkers 
for differential diagnosis and to predict out-
come for CAD [29, 30]. In recent years, the 
potential of microRNAs as biomarkers for car-
diovascular diseases including CAD, have been 
widely reported [31-33]. The present study 
investigated the plasma levels of circulating 
miR-367 to establish its prospective role as 
CAD biomarkers. Our results showed that plas-

ma levels of miR-367 were significantly (P < 
0.0001) decreased in CAD patients compara-
tively to healthy controls. To the best of our 
knowledge, this is the first report of downregu-
lation of mir-367 in the pathogenesis of CAD. 
Nevertheless, several lines of evidence sug-
gest that mir-367 is involved in the pathogene-
sis of different type of cancers and in the regu-
lation of diverse biological processes such as 
inflammation, cell proliferation, invasion and 
metastasis [19-24, 34-41]. Herein, ROC curve 
analysis (AUC = 0.9697) showed that mir-367 
could be used as a potential diagnostic non-
invasive biomarker for discriminating CAD from 
healthy individuals. However, our study pres-
ents limitations in the fact that it is a single-
center study involving a small sample size and 
the specificity relatively to other cardiovascular 
diseases was not investigated. Therefore the 
present findings should be interpreted with 
caution.

One of the most pathological processes impli-
cated in CAD is endothelial inflammation lead-
ing to endothelial dysfunction [42, 43]. In this 
study, in order to elucidate whether mir-367 is 
involved in the mediation of inflammation in 
CAD, we first measured the plasma levels of 
inflammation markers. Compared to non-CAD 
subjects, the results showed elevated levels of 
IL-6, TNF-α and NF-κB in CAD patients, which 
was indicative of the occurrence of inflamma-
tion in CAD. The ROC curve analysis also 
showed the potential of these markers in the 
diagnosis of CAD, but this observation could 

Figure 7. Silencing of mir-367 targets decreases the activation of NF-κB in IL6-, TNF-α- or IL-6 + TNF-α-induced 
HAECs expressing mir-367. Western blotting analysis and densitometrical quantitation of blots obtained from the ex-
pression analysis of NF-κB and IκB in IL-6 + TNF-α- (A), TNF-α- (B) or IL6- (C) induced HAECs. Upregulation of FBXW7 
and downregulation of EFR3A by mir-367 inhibited the NF-κB inflammatory pathways mediated by IL-6 and TNF-α. 
#; P < 0.0001 vs. control, ns; non-significant.
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lead to misinterpretation because of the inci-
dence of inflammation in the pathophysiology 
of various diseases. Nevertheless, the present 
results were in corroboration with previous 
studies showing the occurrence of inflamma-
tion in CAD and other cardiovascular diseases 
[44-46]. 

Our findings equally showed that plasma levels 
of miR-367 were significantly correlated with 
plasma levels of TNF-α, IL-6 and NF-κB in CAD 
patients, which suggests the functional role of 
mir-367 in the pathophysiology of CAD. This 
was in conformity with previous findings stipu-
lating that mir-367 negatively regulates inflam-
mation in microglia [20]. To further determine 
the possible mechanism of mir-367 in the regu-
lation of endothelial inflammation, in vitro stud-
ies were performed. The results showed that 
oxLDL and anti-mir-367 increases NF-κB, TNF-α 
and IL-6 levels as well as those of p-mTOR and 
p-Akt in the HAECs. On the contrary, mir-367 
mimic downregulated these pathways. In addi-
tion, silencing of mir-367 targets FBXW7 and 
EFR3A in response to TNF-α and/or IL-6 treat-
ment of HAECs suggested that mir-367 inhi- 
bits NF-κB-activated inflammatory pathways  
by negatively regulating EFR3A and upregulat-
ing FBXW7, probably through the Akt/mTOR 
pathway, with EFR3A as a candidate key media-
tor in IL-6/NF-κB axis while FBXW7 may be 
involved in both IL-6/NF-κB and TNF-α/NF-κB 
pathways. 

Conclusion

Altogether, we have demonstrated that plasma 
levels of mir-367 are significantly decreased in 
CAD patients compared with healthy control 
individuals. Moreover, we showed that overex-
pression of mir-367 could inhibit NF-κB-medi- 
ated inflammatory pathways in CAD in particu-
lar, and other cardiovascular diseases in gen-
eral. These results may impart useful clinical 
implications in the diagnosis and treatment of 
CAD.
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Table S1. Kendall, Spearman and Pearson correlation analyses of the expression of mir-367 with the 
levels of IL-6, TNF-α and NF-κB in the plasma of CAD patients

Mir-367 IL-6 TNF-α NF-κB
Kendall Correlation Mir-367 Kendall Correlation 1 0.45462* 0.38235* 0.40374*

Mir-367 Significance -- 2.93E-07 1.62E-05 5.41E-06
IL-6 Kendall Correlation 0.45462* 1 0.36811* 0.40532*
IL-6 Significance 2.93E-07 -- 3.29E-05 4.94E-06
TNF-α Kendall Correlation 0.38235* 0.36811* 1 0.37259*
TNF-α Significance 1.62E-05 3.29E-05 -- 2.70E-05
NF-κB Kendall Correlation 0.40374* 0.40532* 0.37259* 1
NF-κB Significance 5.41E-06 4.94E-06 2.70E-05 --

Spearman Correlation Mir-367 Spearman Correlation 1 0.50788* 0.47416* 0.47452*
Mir-367 Significance -- 3.44E-05 1.30E-04 1.28E-04
IL-6 Spearman Correlation 0.50788* 1 0.48474* 0.51973*
IL-6 Significance 3.44E-05 -- 8.68E-05 2.08E-05
TNF-α Spearman Correlation 0.47416* 0.48474* 1 0.46321*
TNF-α Significance 1.30E-04 8.68E-05 -- 1.94E-04
NF-κB Spearman Correlation 0.47452* 0.51973* 0.46321* 1
NF-κB Significance 1.28E-04 2.08E-05 1.94E-04 --

Pearson Correlation Mir-367 Pearson Correlation 1 0.42367* 0.34668* 0.59001*
Mir-367 Significance -- 7.43E-04 0.00666 7.01E-07
IL-6 Pearson Correlation 0.42367* 1 0.45537* 0.39996*
IL-6 Significance 7.43E-04 -- 2.56E-04 0.00154
TNF-α Pearson Correlation 0.34668* 0.45537* 1 0.29667*
TNF-α Significance 0.00666 2.56E-04 -- 0.02135
NF-κB Pearson Correlation 0.59001* 0.39996* 0.29667* 1
NF-κB Significance 7.01E-07 0.00154 0.02135 --

*indicates statistically significant correlation among analyzed variables.


