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Abstract: Aims: Atherosclerosis is associated with altered circulating microRNA profiles. It is yet unclear whether the
expression of these potential biomarkers differs according to the location of atherosclerosis. We assessed whether
atherosclerosis of different arterial territories, except the coronary, is associated with specific circulating microRNA
profiles. Methods: A systematic search in PubMed, Web of Science, Embase, and Cochrane Library was carried out
using a retrieval strategy including MESH and non-MSH terms. Eligible studies have compared circulating microRNA
profiles between individuals with and without stable atherosclerotic disease of large or medium size arteries. The
review protocol was registered in PROSPERO database (reference CRD42017073846). Results: Eighteen studies
were selected for qualitative synthesis: ten focused on carotid, six on lower limbs, and two on renal arteries atherosclerosis, none reporting on other locations. A common microRNA profile to different atherosclerotic disease
locations was identified, including deregulation of miR-21, miR-30, miR-126, and miR-221-3p. Specific microRNA
profiles for each territory were also identified, with consistency across studies, such as deregulation of miR-21 and
miR-29 in carotid atherosclerosis, and let 7e, miR-27b, miR-130a, and miR-210 in lower limbs atherosclerosis. The
robustness of the results was very high for let 7e, miR-29, miR-30, considering both the adjustment of microRNA
expression for baseline variables and the replication of results in different studies (miR-29 in carotid, let 7e in lower
limbs, and miR-30 in carotid and lower limbs atherosclerosis). Globally, the deregulated microRNAs are associated
with control of angiogenesis, endothelial cell function, inflammation, cholesterol metabolism, oxidative stress and
extracellular matrix composition. Conclusions: A common microRNA profile to different atherosclerotic disease locations and specific microRNA profiles for each territory were identified. These findings may provide insights into
pathophysiology and be useful for selecting potential biomarkers for clinical practice. To the best of our knowledge,
no systematic data on this subject has been reported.
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Introduction
MicroRNAs are endogenous, non-coding small
(18-22 nucleotides) RNA molecules that mediate complex biological processes [1, 2]. The
presence of atherosclerotic disease is associated with altered circulating microRNA profiles,
which have been studied for a better understanding of pathophysiology and as potential
biomarkers for diagnosis [1-3]. Nevertheless, it
is unclear whether the expression profile of
these mediators differs according to the loca-

tion of atherosclerosis. For coronary artery disease, several reviews report a specific microRNA signature [3-5], including a recent systematic review that has compiled the most relevant
microRNAs described in the literature for diagnostic purposes [3]. The identified microRNAs
were found to regulate endothelial function
and angiogenesis (miR-1, miR-133), vascular
smooth muscle cell differentiation (miR-133,
miR-145), communication between vascular
smooth muscle and endothelial cell to stabilize
plaques (miR-145), apoptosis (miR-1, miR-133,
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miR-499), cardiac myocyte differentiation (miR1, miR-133, miR-145, miR-208, miR-499), and
cardiac hypertrophy (miR-133) [3]. For other
locations of atherosclerotic disease data are
heterogeneous and it may be difficult to select
the most appropriate microRNAs for research
or clinical purposes. The knowledge of how circulating microRNA profiles vary according to
the presence of atherosclerosis in different
arterial territories could provide further insights
into pathophysiology and be useful for selecting potential biomarkers for clinical practice [1,
2]. Of note, since circulating microRNAs are
more likely to be used as biomarkers in the
near future than microRNAs isolated from tissues or cells, the former should be given more
relevance in research targeting new diagnostic
methods [2].
We aimed to assess whether atherosclerosis
of each of the main arterial territories, apart
from the coronary, is associated with specific
circulating microRNA profiles. We focused the
search on atherosclerosis of the aorta and
aortic branches with large or medium size
diameter.
Methods
This study followed the PRISMA reporting guidelines for systematic reviews [6]. The review protocol was registered in PROSPERO (International
database of prospectively registered systematic reviews in health and social care), reference
CRD42017073846.
Literature search
Eligible studies published up to 1 December
2017 with no lower date limit were selected
through conducting a systematic literature
search of public databases including PubMed,
Web of Science, Embase, and Cochrane Library,
without language limitation.
A retrieval strategy including MESH and nonMSH terms was created with the input from an
expert librarian, and was used in each database: (“human” OR “humans” OR “patient” OR
“patients” OR “control” OR “controls” OR “group” OR “groups”) AND (“plasma” OR “serum”
OR “blood” OR “circulating” OR “circulation”)
AND (“atherosclerosis” OR “arteriosclerosis”
OR “artery” OR “aorta” OR “aortic” OR “aorto”
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OR “carotid” OR “cerebrovascular” OR “brachiocephalic trunk” OR “superior limbs” OR
“subclavian” OR “vertebral” OR “axillary” OR
“brachial” OR “renal” OR “mesenteric” OR “celiac trunk” OR “lower limbs” OR “peripheral
artery disease” OR “iliac” OR “femoral” OR
“popliteal”) AND (“microrna” OR “micro RNA”
OR “micrornas” OR “mirs” OR mirna”).
Inclusion and exclusion criteria
To be eligible, studies had to fulfill the following
criteria: 1) to compare circulating microRNA
profiles between individuals with and without
de novo stable atherosclerotic disease of the
aorta or aortic branches with large or medium
size diameter; and 2) to be performed in
humans. Exclusion criteria were: 1) studies
reporting microRNA profiles obtained from specific cells, or tissues other than blood (studies
reporting on microRNA profiles obtained from
specific blood cells were excluded); 2) studies
only addressing microRNA profiles for acute
ischemic processes, such as stroke; 3) studies
only addressing microRNA profiles for the coronary artery territory; 4) studies only addressing
microRNA profiles for restenosis after revascularization; 5) studies with duplicate data reported in other studies; and 6) letters, editorials,
case reports or reviews.
Data extraction
A title and abstract screening of all unique articles retrieved was performed by two independent reviewers (TPS and MCC). From this
screening, a full text assessment was carried
out for potentially eligible articles; in case of
doubt, the article was accepted for full text
assessment.
After final agreement on the eligible studies,
the reviewers independently extracted data
from these studies using a predefined form
sheet, including: name of the first author, country of origin of the study, possible coincident
samples with other eligible studies, arterial disease location, diagnostic method and definition
of atherosclerosis, exclusion of atherosclerosis
in other territories, sample size, inclusion of a
derivation and a validation cohort, age, male:
female ratio, particular/specific sample characteristics, baseline differences between groups,
methods of microRNA quantification, type of
specimens for microRNA quantification, pool of
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Figure 1. Selection of studies. Flowchart with records identification, screening, eligibility and inclusion.

microRNAs tested in the derivation, validation,
and total cohorts, RNA quality assessment, use
of internal control, microRNAs up- and downregulated, statistical test used, and adjustment
of altered microRNA expression for baseline
clinical or demographical differences. Missing
data were requested from corresponding authors.
Quality assessment
The quality of each included study was scored
independently by two reviewers (TPS and MCC),
using the Quality Assessment of Diagnostic
Accuracy Studies (QUADAS-2) criteria [7]. The
four key domains (patient selection, index test,
reference standard, and flow and timing) were
assessed using seven questions applied to
each study. The answer “no” (scores 1) means
that the risk of bias or applicability concerns
can be judged low, the answer “yes” (scores 0)
means that the risk can be judged high, and the
score for the answer “unclear” was judged by
the two reviewers. The maximum score for each
study was 7. The individual scores were recorded for each study.
3

At any step, a third reviewer was consulted in
case of discordance, and disagreement was
settled through multilateral discussion.
Results
A flowchart describing records identification,
screening, eligibility and inclusion is presented
in Figure 1. A total of 1901 unique title/
abstracts were retrieved, after combining all
searches of individual databases and eliminating duplicates. A full-text assessment was carried out in 44 articles and 18 were included for
qualitative synthesis.
Data extracted from the 18 included studies,
which were all case-control studies, are presented in Tables 1-4 [8-25]. Ten studies focused
on carotid arteries, six on lower limbs arteries,
of which two were on atherosclerosis obliterans, and two on renal arteries. There were no
studies addressing the circulating microRNA
profiles of atherosclerosis of other arteries with
large or medium size diameter. Carotid artery
disease was defined according to ultrasound
criteria in all studies, lower limbs atheroscleroAm J Cardiovasc Dis 2018;8(1):1-13
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Table 1. Basic data and sample groups definition of each included study
Study

Disease
location

Country

Possible coinci- Diagnostic
dent patients* method

Tsai PC et al. [8]

Carotid

Taiwan

-

US

Atherosclerosis: score (grade No previous myocardial
and extension) (plaque: ≥50% infarction
thickness)

Zhang X et al. [9]

Carotid

China

-

US

IMT >1.3 mm

No ischemic heart
disease

Zhang R et al. [10]

Carotid

China

-

US

Plaque: IMT >1.3 mm, >0.5
mm thicker, IMT ≥150% or
lumen defect ≥10 mm2

No

Zhang JY et al. [11]

Carotid

China

-

US

Not specified**

No

Huang YQ et al. [12]

Carotid

China

[13-16]

US

Atherosclerosis: IMT ≥1.2 mm No history of CAD or CV
Normal: IMT ≤0.9 mm
disease

Huang Y et al. [13]

Carotid

China

[12, 14-16]

US

IMT >0.9 mm

No history of CAD, carotid
artery occlusion, previous
CV disease or PVD

Huang Y et al. [14]

Carotid

China

[12, 13, 15, 16] US

IMT >0.9 mm

No history of CAD, PVD or
carotid artery occlusion

Liu CZ et al. [15]

Carotid

China

[12-14, 16]

US

IMT >1.2 mm

No history of CAD

Huang YQ et al. [16]

Carotid

China

[12-15]

US

IMT >0.9 mm

No history of CAD

Liu K et al. [17]

Carotid

China

-

US

Not specified

No history of CAD

Stather PW et al. [18]

LL

UK

[18]

Not specified

IC + TAISC II type B or C lesion No chest pain
on imaging

Stather PW et al. [19]

LL

UK

[17]

US

IC + arterial stenosis/occlusion on US

Signorelli SS et al. [20]

LL

Italy

-

US

IC/vasodilators/revasculariza- No
tion + ABI ≤0.9
Controls: ABI >1.0 and no risk
factors for LL atherosclerosis

Vegter EL et al. [21]

LL

Netherlands
(17 centers)

-

Not specified
Not specified (medical history
(“medical history of LL atherosclerosis)
of LL”)

Yes (21/24 patients with
CAD and/or previous CV
event)

Li T et al. [22]

LL/AO

China

-

Angiography
(ABI and PWV
complementary)

IC/ischemic rest pain +
angiography
Controls: no symptoms

No

He XM et al. [23]

LL/AO

China

-

Angiography
(ABI and PWV
complementary)

IC/ischemic rest pain +
angiography
Controls: no symptoms

No

Park MY et al. [24]

Renal

USA

[25]

US or MR/CT
angio

Peak systolic velocity >200
cm/s/stenosis >60%/poststenotic dilation

No CAD

Zhu XY et al. [25]

Renal

USA

[24]

Not specified

Not specified

No

Disease definition

Search in other arterial
territories

No

*Reference number is presented; **Images acquired according to the American Society of Echocardiography Carotid Intima-Media Thickness Task Force [26]. ABI-anklebrachial index; AO-atherosclerosis obliterans; CAD-coronary artery disease; CT-computed tomography; CV-cerebrovascular; IC-intermittent claudication; IMT-intima-media
thickness; LL-lower limbs; MR-magnetic resonance; PVD-peripheral vascular disease; PWV-pulse wave velocity; TAISC-Trans-Atlantic Inter-Society Classification; UK-United
Kingdom; US-ultrasound; USA-United States of America.

sis according to clinical and imaging criteria
(with some heterogeneity across studies), and
renal artery disease according to Doppler ultrasound or noninvasive angiography criteria.
Concomitant atherosclerotic disease in other
major arterial territories was excluded systematically in only two studies addressing carotid
artery disease. Regarding clinical and demographic characteristics, age and gender distribution were similar across most studies; classical cardiovascular risk factors were more prevalent in patients compared to controls, as
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expected. Of note, four studies included both
derivation and validation cohorts. Considering
the methods for microRNA quantification,
microRNAs were analyzed from serum or plasma samples, using robust reverse transcription
polymerase chain reaction techniques. The
selected microRNAs for analysis differed across
studies, including studies on the same disease
location. Complete data on quality assessment
of each study, according to QUADAS-2, is presented in Table 5. Most studies scored 4 points
according to QUADAS classification.
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Table 2. Sample size and baseline patient’s characteristics of each included study
Sample size
(patients vs.
controls)

Derivation (D) and validation (V) cohorts

Tsai PC et al. [8]

66 vs. 157

Zhang X et al. [9]

22 vs. 22

Zhang R et al. [10]

Mean age (SD), or
median age (range)

Male ratio

Specific sample characteristics

Differences in clinical and demographic
data

Differences in treatment

No D cohort

61 (7) vs. 56 (9)

No D cohort

50 (1) vs. 45 (2)

48% vs. 60%

NA

Age, DM, HTN, hyperlipidemia

Not specified

18% vs. 23%

NA

Age, total cholesterol, LDL-c, triglyceride
levels

Not specified

177 vs. 155

D: 4 vs. 4

66 (11) vs. 56 (12)

Not specified NA

Age, smoking history, LDL-cholesterol,
history of HTN, DM, CVD and CAD

Not specified

Zhang JY et al. [11]

285 vs. 285

Screening set: 25 vs. 25
Training set: 40 vs. 40
Validation set: 200 vs. 200
Double-blind set: 20 vs. 20

70% vs. 68%>60
years

62% vs. 59%

All diabetic

Not specified (possibly smoking status
and body mass index)

Not specified

Huang YQ et al. [12]

45 vs. 85

Huang Y et al. [13]

26 vs. 14

No D cohort

49 (5) vs. 51 (5)

42% vs. 54%

NA

C-reactive protein

No previous medication*

No D cohort

46 (5) vs. 49 (6)

58% vs. 36%

NA

None

Huang Y et al. [14]

No previous medication*

60 vs. 60

No D cohort

51 (6) vs. 50 (6)

47% vs. 53%

NA

Not specified**

No previous medication*

Liu CZ et al. [15]

85 vs. 85

No D cohort

52 (6) vs. 50 (5)

48% vs. 56%

NA

None

Not specified

Huang YQ et al. [16]

60 vs. 60

No D cohort

51 (6) vs. 50 (6)

47% vs. 53%

Non-hypertensive

No previous medication*

60 vs. 60

No D cohort

51 (6) vs. 50 (5)

53% vs. 57%

Hypertensive

Renal function, C-reactive protein, heat
rate, blood pressure

25 vs. 20

No D cohort

47 (5) vs. 48 (4)

60% vs. 50%

NA (subjects without hyperhomocysteinaemia)

Lipid profile

Not specified

55 vs. 50

No D cohort

48 (5) vs. 47 (7)

64% vs. 53%

Subjects with and without hyperhomocysteinaemia in each group

Not specified

Not specified

Stather PW et al. [18]

25 vs. 26

D: 5 vs. 6
V1: 10 vs. 10
V2:10 vs. 10

69 [55-77] vs. 65 [6565] in V2

100%

All white patients

None (except age in V2)

None (except acetylsalicylic acid in D1)

Stather PW et al. [19]

28 vs. 35

No D cohort for LL atherosclerosis

67 [55-89] vs. 64
[64-65]

100%

All white patients

Not specified

Not specified

Signorelli SS et al. [20]

27 vs. 27

No D cohort

66 (8)

100%

NA

DM, dyslipidemia, HTN

Acetylsalicylic acid,
statins

Vegter EL et al. [21]

21 vs. 90

No D cohort

73 (7) vs. 71 (11)

79% vs. 62%

All hospitalized with
heart failure

CAD, renal function, potassium levels

None

Study

Liu K et al. [17]

Li T et al. [22]

104 vs. 105

No D cohort

Not specified

Not specified NA

Not specified

Not specified

He XM et al. [23]

58 vs. 57

D: 3 vs. 3
V: 55 vs. 54

76 (10) vs. 74 (7)

60% vs. 63%

NA

Smoking, white blood cells, homocysteine, cystatin C (age-matched controls)

Not specified

Park MY et al. [24]

13 vs. 13

No D cohort

71 (6) vs. 70 (7)

69% vs. 39%

NA

eGFR, SBP, triglycerides, (age, weight and
BMI-matched)

ACEi/ARB, CCB, betablocker, statins

Zhu XY et al. [25]

12 vs. 12

No D cohort

70 (2) vs. 70 (2)

58% vs. 42%

NA

SBP, triglycerides, plasma renin activity,
renal function markers

ACEi/ARB, statins

*Lipid-lowering, antiplatelet or antihypertensive drugs; **possibly renal function, heat rate, blood pressure, and carotid-femoral pulse wave velocity. ACEI-angiotensin-converting enzyme inhibitor; ARB-angiotensin receptor blocker; BMI-body
mass index; CAD-coronary artery disease; CCB-calcium channel blocker; CVD-cerebrovascular disease; D-derivation; DM-diabetes mellitus; eGFR-estimated glomerular filtration rate; HTN-hypertension; LDL-c-low-density lipoprotein cholesterol;
LL-inferior limbs; NA-not applicable; SBP-systolic blood pressure; SD-standard deviation; V-validation.
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Table 3. MicroRNA analysis process
Laboratory test

Product

miRNAs tested in D
cohort

miRNAs identified
in D cohort

miRNAs tested in V or total
cohort

RNA quality assessment

Internal control

Tsai PC et al. [8]

RT-PCR TaqMan

Serum

-

-

miR-21, miR-145, miR-221

Not specified

miR-16

Zhang X et al. [9]

RT-PCR SYBR Green

Serum

-

-

miR-21-5p, miR-125a-5p,
miR-126-3p, miR-210, miR221-3p, miR-222-3p

NanoDrop 1000 (quantification of
RNA concentration)

Cel-miR-39

Zhang R et al. [10]

RT-PCR

Serum

Agilent Human miRNA
kit (8*60K, Design ID:
046064): 2006 human
miRNAs

32 miRNA (24
miRNAs up-, 8
downregulated)

The 8 miRNAs downregulated
(not the miRNAs upregulated)

Formaldehyde electrophoresis, Nano- No
drop ND-2000
(Thermo Scientific); RNA integrity:
Agilent Bioanalyzer 2100 (Agilent
Technologies)

Zhang JY et al. [11]

RT-PCR-based TaqMan

Plasma

TaqMan low density
array v2.0

miR-17, miR-21,
miR-17, miR-21, miR-25,
miR-25, miR-31,
miR-31, miR-103, miR-105,
miR-103, miRmiR-141, miR-211, miR-218
105, miR-141,
miR-211, miR-218

Not specified

U6 (internal
reference), celmiR-39 (external
normalization)

Huang YQ et al. [12]

S-Poly (T) RT-qPCR

Plasma

-

-

miR-29a

Not specified

miR-54

Huang Y et al. [13]

S-Poly (T) RT-qPCR

Plasma

-

-

miR-30

Not specified

miR-54

Huang Y et al. [14]

S-Poly (T) RT-qPCR

Plasma

-

-

miR-92a

Not specified

miR-54

Liu CZ et al. [15]

S-Poly (T) RT-qPCR

Plasma

-

-

miR-29a

Not specified

miR-54

Huang YQ et al. [16]

S-Poly (T) RT-qPCR

Plasma

-

-

let-7

Not specified

miR-54

RT-qPCR FastKing RT Kit

Plasma

-

-

miR-143, miR-145

Not specified

miR-54

Stather PW et al. [18]

RT-PCR TaqMan

Whole blood

aqMan Array Human
MicroRNA A + B Cards
Set v3.0 (Life Technologies Corporation, Foster
City, CA): 754 miRNAs

53 miRNAs (34
down- and 19
upregulated)

V1: 53 miRNAs from D cohort
+ 14 miRNAs from literature
V2: same except miR-720 and
miR-1274

Nanodrop 8000: ratios 280/260 and No
26/230. Agilent 2100 Bioanalyzer:
Agilent small RNA chips and Agilent
RNA 6000 Nano chips (Agilent Technologies, UK) (If RIN>7 and no DNA
contamination)

Stather PW et al. [19]

RT-PCR TaqMan

Whole blood +
plasma

-

-

29 miRNAs (“D1”) + miRNAs
from literature

Plasma: NanoDrop™ spectrophotometer (ThermoScientific, Waltham,
Massachusetts, USA)
(260/280 ratios, RNA integrity numbers, RNA concentration)

No

Signorelli SS et al. [20]

RT-PCR SYBR Green

Serum

-

-

miR-130a, miR-27b, miR-210

NanoDrop ND-1000 spectrophotometer (Thermo Scientific, Milan, Italy)

No

RT-PCR LightCycler® 480

Plasma

-

-

let-7i-5p, miR-16-5p, miR-18a5p, miR-26b-5p, miR-27a-3p,
miR-30e-5p, miR-106a-5p,
miR-199a-3p, miR-223-3p,
miR-423-5p, miR-652-3p

Control for isolation yield (UniSp4),
let-7a-5p
cDNA synthesis (UniSp6) and PCR
efficiency (UniSp3).
Only miRNAs with Ct values less than
37 were included in further analyses.

RT-PCR SYBR Green

Serum

-

-

miRNAs deregulated in intima NanoDrop ND-1000 spectrophotomsamples (miR-21, miR-221,
eter (Thermo Scientific)
miR-222, miR-130a, miR-27b,
let-7f, miR-210)

Study

Liu K et al. [17]

Vegter EL et al. [21]

Li T et al. [22]

6
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He XM et al. [23]

RT-PCR miScript II RT Kit

Plasma

miRCURY LNA™ microRNA Hi-Power Labeling
Kit, Hy3/Hy5 (Exiqon):
3100 microRNAs

24 miRNAs (4
up- and 20 downregulated)

miR-124, miR-5004, miR4284, miR-432, miR-221-5p,
miR-221-3p, miR-4463, miR4306, miR-4301 (selected
from D cohort)

Yield of RNA could not be assessed
by NanoDrop spectrophotometer
(Thermo Scientific): Used fixed volume for RNA isolation and RT

No

Park MY et al. [24]

RT-PCR TaqMan

Plasma (renal
vein, IVC and
PV)

-

-

miR-21, miR-124a, miR-126,
miR-155, miR-210

Not specified

No

Zhu XY et al. [25]

RT-PCR

Plasma
(systemic vein)

-

-

miR-26

Not specified

No

D-derivation; IVC-inferior vena cava; miRNA-microRNA; PV-peripheral vein; RT-PCR-reverse transcription polymerase chain reaction; V-validation.
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Table 4. MicroRNAs profiles
Study

MicroRNAs
upregulated

MicroRNAs downregulated

Statistical test

Adjustment for
QUAbaseline differences DAS-2

Tsai PC et al. [8]

miR-21

-

ANOVA

No

4

Zhang X et al. [9]

miR-21-5p

miR-125a-5p, miR-126-3p, miR-221-3p, ANOVA
miR-222-3p

No

4

Zhang R et al. [10]

-

miR-320b

Student’s t-test

No

4

Zhang JY et al. [11]

miR-21, miR-211,
miR-218

miR-31

Mann-Whitney U-test

No

4

Huang YQ et al. [12]

miR-29a (adjusted)

-

Not specified

Yes (multiple linear
regression analysis)

4

Huang Y et al. [13]

-

miR-30 (adjusted)

Not specified

Yes (multiple logistic
regression analysis)

4

Huang Y et al. [14]

miR-92a

-

Not specified

No

4

Liu CZ et al. [15]

miR-29a (adjusted)

-

Student’s t-test

Yes (multivariable
regression)

4

Huang YQ et al. [16]

let-7 (adjusted)α

-

Not specified

-

Not specified

Yes (multiple linear
regression)

4

let-7 (adjusted)β
-

miR-143γ, miR-145γ

Student’s t-test

No

4

-

miR-143δ, miR-145δ

Student’s t-test

No

Stather PW et al. [18]

-

let 7e, miR-15b, miR-16, miR-20b,
miR-25, miR-26b, miR-27b, miR-28-5p,
miR-126, miR-195, miR-335, miR-363

Mann-Whitney U test
Consistent in the 3 cohorts

No

4

Stather PW et al. [19]

Whole blood: miR411 (adjusted)

Whole blood: let-7e, miR-15a, miR-196b Mann-Whitney U test
(adjusted)
Plasma: miR-196b (nonadjusted)

Yes (binary logistic
regression)

3

Liu K et al. [17]

Signorelli SS et al. [20] miR-27b, miR-130a, miR-210

Student unpaired t test

No

4

Vegter EL et al. [21]

-

miR-18a-5p, miR-27a-3p, miR-30e-5p,
miR-106a-5p, miR-199a-3p, miR-2233p, miR-652-3p (adjusted)

Not specified (probably
Mann-Whitney U test)

Yes (Cox proportional hazard
regression)

1

Li T et al. [22]

miR-21, miR-27b,
miR-130a, miR-210

-

Student’s t-test

No

3

He XM et al. [23]

miR-124, miR-2215p, miR-4284

miR-221-3p, miR-432, miR-4463,
miR-4306

Student’s t-test

No

3

Park MY et al. [24]

miR-126 (GFRadjusted; systemic)

miR-21ε, miR-155ε, miR-210ε
(GFR-adjusted)

Student’s t-test or Wilcoxon Yes (ANCOVA) (adrank-sum test
justment to GFR)

3

Zhu XY et al. [25]

-

-

Student’s t-test

3

No

For studies adjusting circulating microRNA levels for baseline characteristics, only the microRNAs significantly up- or downregulated after such adjustment are presented,
unless specified. αSubjects without hypertension; βsubjects with hypertension; γsubjects without hyperhomocysteinaemia; δsubjects with and without hyperhomocysteinaemia; εrenal vein in atherosclerotic vs. systemic in non-atherosclerotic. GFR-glomerular filtration rate.

Table 6 summarizes the deregulated microRNAs in different arterial locations of atherosclerotic disease. There was a common microRNA
expression profile across different arterial disease locations, including upregulation of miR21 and downregulation of miR-30, miR-126,
and miR-221-3p in carotid and lower limbs atherosclerosis. Specific microRNA profiles for
each disease location were also identified, and
changes in the expression of some microRNAs
were consistent in different studies on the
same disease location, such as miR-21 and
miR-29 in carotid atherosclerosis and let 7e,
miR-27b, miR-130a, and miR-210 in lower limbs
atherosclerosis. Of note, the altered expression
profile of many microRNAs remained significant
after adjusting for baseline characteristics,
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including miR-29 and miR-30 in studies on
carotid atherosclerosis, and let 7e in studies on
lower limbs atherosclerosis.
Discussion
To the best of our knowledge, this study is the
first systematic review on different circulating
microRNA profiles associated to atherosclerosis of the main arterial territories. Coronary
artery disease was not the scope of the present
review considering the extensive available systematic data published on this subject [3-5].
Eighteen eligible studies were included: ten
focused on the carotid arteries, six on lower
limbs arteries, and two on renal arteries. A
common microRNA expression profile across
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Table 5. QUADAS-2 classification of the included studies
Study
Tsai PC et al. [8]
Zhang X et al. [9]
Zhang R et al. [10]
Zhang JY et al. [11]
Huang YQ et al. [12]
Huang Y et al. [13]
Huang Y et al. [14]
Liu CZ et al. [15]
Huang YQ et al. [16]
Liu K et al. [17]
Stather PW et al. [18]
Stather PW et al. [19]
Signorelli SS et al. [20]
Vegter EL et al. [21]
Li T et al. [22]
He XM et al. [23]
Park MY et al. [24]
Zhu XY et al. [25]

Patient
selection
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Risk of bias
Applicability concerns
Classification
Index Reference Flow and Patient Index Reference
QUADAS 2
test
standard
timing selection test
standard
No
No
No
Yes
Yes
No
4
No
No
No
Yes
Yes
No
4
No
No
No
Yes
Yes
No
4
No
No
No
Yes
Yes
No
4
No
No
No
Yes
Yes
No
4
No
No
No
Yes
Yes
No
4
No
No
No
Yes
Yes
No
4
No
No
No
Yes
Yes
No
4
No
No
No
Yes
Yes
No
4
No
No
No
Yes
Yes
No
4
No
No
No
Yes
Yes
No
4
No
No
Yes
Yes
Yes
No
3
No
No
No
Yes
Yes
No
4
No
Yes
Yes
Yes
Yes
Yes
1
No
No
Yes
Yes
Yes
No
3
No
No
Yes
Yes
Yes
No
3
No
No
Yes
Yes
Yes
No
3
No
Yes
Yes
Yes
Yes
No
3

Table 6. Circulating microRNA profiles according to different atherosclerotic disease locations
Carotid
Inferior limbs

Upregulated

Downregulated

let-7ζ, miR-21α,β, miR-29aβ, miR92a, miR-211, miR-218

miR-30γ, miR-31, miR-125a-5p, miR-126-3pγ,ζ, miR143, miR-145, miR-221-3pγ, miR-222-3p, miR-320b

Whole blood miR-411

Plasma

let 7eδ,ζ, miR-15a, miR-15b, miR-16, miR-20b,
miR-25, miR-26b, miR-27bε, miR-28-5p, miR-126γ,ζ,
miR-195, miR-196b miR-335, miR-363

miR-27bβ,ε, miR-130aβ, miR-210β miR-18a-5p, miR-27a-3p, miR-30e-5pγ, miR-106a-5p,
miR-196b, miR-199a-3p, miR-223-3p, miR-652-3p

Inferior limbs/arteriosclerosis obliterans

miR-21α,β, miR-27bβ,ε, miR-124,
miR-130aβ, miR-210β, miR-2215p, miR-4284,

miR-221-3pγ, miR-432, miR-4463, miR-4306

Renal artery

miR-126ζ

-

Upregulated in atherosclerotic disease of different arterial territories; βupregulated in different studies on atherosclerotic disease of the same arterial territory;
γ
downregulated in atherosclerotic disease of different arterial territories; δdownregulated in different studies on atherosclerotic disease of the same arterial territory;
ε
opposite trends in different studies on atherosclerotic disease of the same arterial territory; ζopposite trends in different studies on atherosclerotic disease of the different arterial territories.
α

different territories of disease as well as specific microRNA expression profiles for each territory were identified.
Quantitative synthesis was not carried out due
to the risk of bias, considering some degree of
heterogeneity across studies regarding disease
definition and diagnostic methods, including no
systematic exclusion of concomitant atherosclerotic disease of other locations in most
studies, and the heterogeneity of pre-selected
microRNAs for analysis in different studies.
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Nevertheless, we were able to qualitatively
detect consistent microRNA profiles according
to the presence and location of atherosclerotic
disease. The results suggest that, while some
microRNAs may be involved in atherosclerotic
expression in specific territories, others are
involved in basic and general mechanisms of
atherosclerosis, irrespective of location.
A common microRNA profile was identified for
patients with carotid atherosclerosis and for
those with lower limbs atherosclerosis, includ-
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ing upregulation of miR-21 and downregulation
of miR-30, miR-126, and miR-221-3p. Interestingly, each of these microRNAs plays different
roles in atherosclerosis: miR-21 is proangiogenic, being involved in the control of vascular
smooth muscle cell apoptosis and proliferation,
and regulation of angiogenesis mediated by
endothelial cells [27, 28]; miR-30 has a potent
effect on the production of apoB-containing
lipoproteins, contributes to the development of
vascular smooth muscle cells and downregulates profibrotic proteins [13, 29, 30]; miR-126
is an endothelial-specific microRNA that governs vascular integrity and regulates the response of endothelial cells to vascular endothelial growth factor [31]; and miR-221 regulates
inflammation and is antiangiogenic, by controlling endothelial cell migration, proliferation,
and vascular smooth muscle cell growth [9,
32]. Of note, miR-21 has also been reported to
be overexpressed in different studies on coronary artery disease [4]. These findings suggest
that, although atherosclerosis is a complex process that involves distinct pathophysiologic
mechanisms, several are shared irrespectively
of the territory of disease, as reflected by the
common microRNA profile. On the other hand,
most of the remaining deregulated microRNAs,
although not having a similar expression profile
in atherosclerotic disease of different territories, are still involved in common pathophysiologic mechanisms related to atherosclerosis:
regulation of angiogenesis by controlling vascular smooth muscle cell proliferation and function (miR-21, miR-29, miR-30, miR-143, miR145, and miR-221 in carotid atherosclerosis;
let-7, miR-21, miR-27b, miR-30, miR-130a, miR195, miR-210, and miR-221 in lower limbs atherosclerosis) [9, 18-20, 28, 29, 32-36]; regulation of angiogenesis by controlling endothelial
cell proliferation and function (miR-21, miR-92,
miR-126, miR-218, miR-221, and miR-320b in
carotid atherosclerosis; let-7, miR-15b, miR-16,
miR-21, miR-27b, miR-126, and miR-221 in
lower limbs atherosclerosis; miR-126 in renal
artery stenosis) [9, 18, 19, 27, 28, 31, 32, 35,
37-39]; regulation of endothelial function and
integrity (miR-31, miR-126, and miR-218 in
carotid atherosclerosis; let-7, miR-27a-3p, miR126, and miR-199a-3p in lower limbs atherosclerosis; miR-126 in renal artery stenosis) [18,
19, 21, 31, 35, 40, 41]; regulation of inflammation (miR-31, miR-92, and miR-125 in carotid atherosclerosis; miR-18a-5p, miR-106a-5p,
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miR-221-3p, miR-223-3p, miR-652-3p, miR4284, miR-4306, and miR-4463 in lower limbs
atherosclerosis) [9, 11, 21, 23, 27, 37, 42];
regulation of cholesterol metabolism (miR-30,
miR-92, and miR-125 in carotid atherosclerosis; miR-27b and miR-30 in lower limbs atherosclerosis) [18, 28, 42, 43]; regulation of oxidative stress (miR-27b, miR-130a, and miR-210 in
lower limbs atherosclerosis) [20, 44]; and regulation of extracellular matrix composition and
mesenchymal cell differentiation (miR-29 and
miR-30 in carotid atherosclerosis; miR-30 in
lower limbs atherosclerosis) [30, 33].
Despite the presence of a common microRNA
profile and shared pathologic mechanisms
across different disease locations, the specific
profiles of microRNAs did differ according to
the diseased territory. The expression of some
microRNAs even showed opposite trends in
atherosclerosis of different territories, such as
miR-126. Therefore, although most of the pathways are shared between different territories of
atherosclerosis, their mediators are not. The
mechanisms for this phenomenon are not
clear. One possible explanation is the differential shear forces across different arterial beds.
Indeed, it is well known that some microRNAs
are mechanosensitive, such as miR-126 [45];
interestingly, miR-126 was upregulated in renal
artery stenosis and downregulated in carotid
and lower limbs atherosclerosis. Other possible
explanation is that, in patients with a genetically predetermined deregulation of specific
microRNAs, a particular vascular aggressor
may preferentially induce atherosclerosis in a
specific territory. An example is the deregulation of miR-30, miR-92, and miR-125 in patients
with carotid atherosclerosis, and miR-27b and
miR-30 in patients with lower limbs atherosclerosis [19, 28, 42, 43]; any of these microRNAs
regulate cholesterol metabolism or cholesterolinduced lesions; under the presence of the
same aggressor, such as dyslipidemia, the location of disease could be related to a predetermined differential microRNA expression. One
consideration to be made is that some microRNAs may not have a causative role, but rather
they may be a consequence of atherosclerosis.
In fact, miR-27b, miR-130a, and miR-210 are
upregulated by hypoxic conditions, and they
serve as possible inhibitors of oxidative stress,
which may represent an adaptive response [20,
44]. Since the consequences of luminal steno-
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sis due to stable atherosclerosis differ according to disease location, the adaptive microRNA
profile may also vary depending on disease
location. For example, the presence of contralateral perfusion in the cerebral (carotid) territory in the contrary to iliofemoral arteries, and
the highly demanding territory of the lower
limbs muscles during effort (walking) could
result in a higher degree of oxidative stress in
the presence of severe stenosis of the lower
limbs, comparing to the carotid arteries; this
could explain why the expression of adaptive
microRNAs to oxidative stress, such as miR130a, miR-27b, and miR-210, is more altered in
the presence of lower limbs atherosclerosis
[20, 44].
Data was particularly robust for carotid and
lower limbs atherosclerosis, while only few
patients with renal atherosclerosis were analyzed. Two aspects reinforce the consistency
and robustness of our data. First, the expression profiles of some microRNAs were replicated within the same territory of disease in different studies. There was an upregulation of miR21 and miR-29 in different studies on carotid
atherosclerosis; downregulation of let 7e and
upregulation of miR-27b, miR-130a, and miR210 in different studies on lower limbs atherosclerosis. Of note, miR-27b showed an opposite
trend in one study on lower limbs atherosclerosis [18] compared to other studies on the same
diseased territory [20, 22], although whole
blood (including microRNA from whole blood
cells) and not plasma was used for microRNA
quantification in that study, which may explain
the divergent results. Second, for many microRNAs the deregulated pattern was adjusted for
baseline characteristics. Those include deregulation of miR-29 and miR-30 in studies on
carotid atherosclerosis and let 7e in studies on
lower limbs atherosclerosis. The consistency of
the results was higher for these three microRNAs, considering both the adjustment for
baseline variables and the replication of the
results in different studies either on the same
territory of disease (miR-29 in carotid and let 7e
in lower limbs atherosclerosis) or on different
territories (miR-30 in carotid and lower limbs
atherosclerosis).
In conclusion, a common microRNA expression
profile to different territories of atherosclerotic
disease and specific microRNA expression profiles for each territory were identified. This sug11

gests that some microRNAs may be involved in
atherosclerotic expression in specific territories, while others may be involved in the
common mechanisms of atherosclerosis. Our
results may be useful for supporting further
investigation with the aim of selecting potentially useful biomarkers for clinical practice,
and possibly identifying therapeutic targets of
antagomirs [46].
Acknowledgements
This study is part of one of the authors’ (TPdS)
PhD thesis project held in NOVA Medical School,
Universidade NOVA de Lisboa, Portugal, supervised (MMC) and co-supervised (PN) by other
two authors. The authors are grateful to Ricardo
Fernandes, MD, PhD, from Cochrane Portugal,
for contributing as consultant in the study design. This work was supported by Fundação
para a Ciência e Tecnologia [SFRM/BPD/6308/2009 to PN].
Disclosure of conflict of interest
None.
Address correspondence to: Dr. Tiago Pereira-daSilva, Department of Cardiology, Hospital de Santa
Marta, Rua de Santa Marta, No. 50, 1169-024,
Lisbon, Portugal. Tel: +351.919908505; E-mail:
tiagopsilva@sapo.pt

References
[1]

[2]

[3]

[4]

[5]

Ling H, Fabbri M, Calin GA. MicroRNAs and
other non-coding RNAs as targets for anticancer drug development. Nat Rev Drug Discov
2013; 12: 847-865.
Welten SM, Goossens EA, Quax PH, Nossent
AY. The multifactorial nature of microRNAs in
vascular remodelling. Cardiovasc Res 2016;
110: 6-22.
Navickas R, Gal D, Laucevičius A, Taparauskaitė
A, Zdanytė M, Holvoet P. Identifying circulating
microRNAs as biomarkers of cardiovascular
disease: a systematic review. Cardiovasc Res
2016; 111: 322-337.
Malik R, Mushtaque RS, Siddiqui UA, Younus A,
Aziz MA, Humayun C, Mansoor K, Latif MA,
Waheed S, Assad S, Khan I, Bukhari SM,
DelCampo D, Adus A, Gannarapu S. Association
between coronary artery disease and microRNA: literature review and clinical perspective.
Cureus 2017; 9: e1188.
Economou EK, Oikonomou E, Siasos G,
Papageorgiou N, Tsalamandris S, Mourouzis K,
Papaioanou S, Tousoulis D. The role of microR-

Am J Cardiovasc Dis 2018;8(1):1-13

MicroRNAs and territories of atherosclerosis

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

12

NAs in coronary artery disease: from pathophysiology to diagnosis and treatment. Atherosclerosis 2015; 241: 624-633.
Moher D, Liberati A, Tetzlaff J, Altman DG;
PRISMA Group. Preferred reporting items for
systematic reviews and meta-analyses: the
PRISMA statement. Ann Intern Med 2009;
151: 264-249, W64.
Whiting PF, Rutjes AW, Westwood ME, Mallett
S, Deeks JJ, Reitsma JB, Leeflang MM, Sterne
JA, Bossuyt PM; QUADAS-2 Group. QUADAS-2:
a revised tool for the quality assessment of diagnostic accuracy studies. Ann Intern Med
2011; 155: 529-536.
Tsai PC, Liao YC, Wang YS, Lin HF, Lin RT, Juo
SH. Serum microRNA-21 and microRNA-221
as potential biomarkers for cerebrovascular
disease. J Vasc Res 2013; 50: 346-354.
Zhang X, Shao S, Geng H, Yu Y, Wang C, Liu Z,
Yu C, Jiang X, Deng Y, Gao L, Zhao J. Expression
profiles of six circulating microRNAs critical to
atherosclerosis in patients with subclinical hypothyroidism: a clinical study. J Clin Endocrinol
Metab 2014; 99: E766-74.
Zhang R, Qin Y, Zhu G, Li Y, Xue J. Low serum
miR-320b expression as a novel indicator of
carotid atherosclerosis. J Clin Neurosci 2016;
33: 252-258.
Zhang JY, Gong YL, Li CJ, Qi Q, Zhang QM, Yu
DM. Circulating MiRNA biomarkers serve as a
fingerprint for diabetic atherosclerosis. Am J
Transl Res 2016; 8: 2650-2658.
Huang YQ, Cai AP, Chen JY, Huang C, Li J, Feng
YQ. The relationship of plasma miR-29a and
oxidized low density lipoprotein with atherosclerosis. Cell Physiol Biochem 2016; 40:
1521-1528.
Huang Y, Chen J, Zhou Y, Yu X, Huang C, Li J,
Feng Y. Circulating miR-30 is related to carotid
artery atherosclerosis. Clin Exp Hypertens
2016; 38: 489-494.
Huang Y, Tang S, Ji-Yan C, Huang C, Li J, Cai
AP, Feng YQ. Circulating miR-92a expression
level in patients with essential hypertension:
a potential marker of atherosclerosis. J Hum
Hypertens 2017; 31: 200-205.
Liu CZ, Zhong Q, Huang YQ. Elevated plasma
miR-29a levels are associated with increased
carotid intima-media thickness in atherosclerosis patients. Tohoku J Exp Med 2017; 241:
183-188.
Huang YQ, Huang C, Chen JY, Li J, Feng YQ.
Plasma expression level of miRNA let-7 is positively correlated with carotid intima-media
thickness in patients with essential hypertension. J Hum Hypertens 2017; 31: 843-847.
Liu K, Xuekelati S, Zhang Y, Yin Y, Li Y, Chai R,
Li X, Peng Y, Wu J, Guo X. Expression levels of
atherosclerosis-associated miR-143 and miR-

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

145 in the plasma of patients with hyperhomocysteinaemia. BMC Cardiovasc Disord 2017;
17: 163.
Stather PW, Sylvius N, Wild JB, Choke E, Sayers
RD, Bown MJ. Differential microRNA expression profiles in peripheral arterial disease. Circ
Cardiovasc Genet 2013; 6: 490-497.
Stather PW, Sylvius N, Sidloff DA, Dattani N,
Verissimo A, Wild JB, Butt HZ, Choke E, Sayers
RD, Bown MJ. Identification of microRNAs associated with abdominal aortic aneurysms and
peripheral arterial disease. Br J Surg 2015;
102: 755-766.
Signorelli SS, Li Volsi G, Pitruzzella A, Fiore V,
Mangiafico M, Vanella L, Parenti R, Rizzo M, Li
Volti G. Circulating miR-130a, miR-27b, and
miR-210 in patients with peripheral artery disease and their potential relationship with oxidative stress. Angiology 2016; 67: 945-950.
Vegter EL, Ovchinnikova ES, van Veldhuisen
DJ, Jaarsma T, Berezikov E, van der Meer P,
Voors AA. Low circulating microRNA levels in
heart failure patients are associated with atherosclerotic disease and cardiovascular-related rehospitalizations. Clin Res Cardiol 2017;
106: 598-609.
Li T, Cao H, Zhuang J, Wan J, Guan M, Yu B, Li
X, Zhang W. Identification of miR-130a, miR27b and miR-210 as serum biomarkers for atherosclerosis obliterans. Clin Chim Acta 2011;
412: 66-70.
He XM, Zheng YQ, Liu SZ, Liu Y, He YZ, Zhou XY.
Altered plasma microRNAs as novel biomarkers for arteriosclerosis obliterans. J Atheroscler
Thromb 2016; 23: 196-206.
Park MY, Herrmann SM, Saad A, Widmer RJ,
Tang H, Zhu XY, Lerman A, Textor SC, Lerman
LO. Circulating and renal vein levels of microRNAs in patients with renal artery stenosis.
Nephrol Dial Transplant 2015; 30: 480-490.
Zhu XY, Ebrahimi B, Eirin A, Woollard JR, Tang
H, Jordan KL, Ofori M, Saad A, Herrmann SM,
Dietz AB, Textor SC, Lerman A, Lerman LO.
Renal vein levels of microRNA-26a are lower
in the poststenotic kidney. J Am Soc Nephrol
2015; 26: 1378-1388.
Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall
CB, Mohler ER, Najjar SS, Rembold CM, Post
WS; American Society of Echocardiography
Carotid Intima-Media Thickness Task Force.
Use of carotid ultrasound to identify subclinical
vascular disease and evaluate cardiovascular
disease risk: a consensus statement from the
American society of echocardiography carotid
intima-media thickness task force. Endorsed
by the Society for vascular medicine. J Am Soc
Echocardiogr 2008; 21: 93-111.
Lin Y, Liu X, Cheng Y, Yang J, Huo Y, Zhang C.
Involvement of MicroRNAs in hydrogen perox-

Am J Cardiovasc Dis 2018;8(1):1-13

MicroRNAs and territories of atherosclerosis

[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

13

ide-mediated gene regulation and cellular injury response in vascular smooth muscle cells.
J Biol Chem 2009; 284: 7903-7913.
Suarez Y, Sessa WC. MicroRNAs as novel regulators of angiogenesis. Circ Res 2009; 104:
442-454.
Soh J, Iqbal J, Queiroz J, Fernandez-Hernando
C, Hussain MM. MicroRNA-30c reduces hyperlipidemia and atherosclerosis in mice by decreasing lipid synthesis and lipoprotein secretion. Nat Med 2013; 19: 892-900.
Chen M, Ma G, Yue Y, Wei Y, Li Q, Tong Z, Zhang
L, Miao G, Zhang J. Downregulation of the miR30 family microRNAs contributes to endoplasmic reticulum stress in cardiac muscle and
vascular smooth muscle cells. Int J Cardiol
2014; 173: 65-73.
Fish JE, Santoro MM, Morton SU, Yu S, Yeh RF,
Wythe JD, Ivey KN, Bruneau BG, Stainier DY,
Srivastava D. miR-126 regulates angiogenic
signaling and vascular integrity. Dev Cell 2008;
15: 272-284.
Li Y, Song YH, Li F, Yang T, Lu YW, Geng YJ.
MicroRNA-221 regulates high glucose-induced
endothelial dysfunction. Biochem Biophys Res
Commun 2009; 381: 81-83.
Kriegel AJ, Liu Y, Fang Y, Ding X, Liang M. The
miR-29 family: genomics, cell biology, and relevance to renal and cardiovascular injury.
Physiol Genomics 2012; 44: 237-244.
Cordes KR, Sheehy NT, White MP, Berry EC,
Morton SU, Muth AN, Lee TH, Miano JM, Ivey
KN, Srivastava D. miR-145 and miR-143 regulate smooth muscle cell fate and plasticity.
Nature 2009; 460: 705-710.
Liu M, Tao G, Liu Q, Liu K, Yang X. MicroRNA
let-7g alleviates atherosclerosis via the targeting of LOX-1 in vitro and in vivo. Int J Mol Med
2017; 40: 57-64.
Wang YS, Wang HY, Liao YC, Tsai PC, Chen KC,
Cheng HY, Lin RT, Juo SH. MicroRNA-195 regulates vascular smooth muscle cell phenotype
and prevents neointimal formation. Cardiovasc
Res 2012; 95: 517-526.
Iaconetti C, Polimeni A, Sorrentino S, Sabatino
J, Pironti G, Esposito G, Curcio A, Indolfi C.
Inhibition of miR-92a increases endothelial
proliferation and migration in vitro as well as
reduces neointimal proliferation in vivo after
vascular injury. Basic Res Cardiol 2012; 107:
296.

[38] Small EM, Sutherland LB, Rajagopalan KN,
Wang S, Olson EN. Microrna-218 regulates
vascular patterning by modulation of slit-robo
signaling. Circ Res 2010; 107: 1336-1344.
[39] Wang XH, Qian RZ, Zhang W, Chen SF, Jin HM,
Hu RM. MicroRNA-320 expression in myocardial microvascular endothelial cells and its relationship with insulin-like growth factor-1 in
type 2 diabetic rats. Clin Exp Pharmacol Physiol
2009; 36: 181-188.
[40] Pepini T, Gorbunova EE, Gavrilovskaya IN,
Mackow JE, Mackow ER. Andes virus regulation of cellular micrornas contributes to hantavirus-induced endothelial cell permeability. J
Virol 2010; 84: 11929-11936.
[41] Suarez Y, Wang C, Manes TD, Pober JS. Cutting
edge: TNF-induced microRNAs regulate TNF
induced expression of E-selectin and intercellular adhesion molecule-1 on human endothelial cells: feedback control of inflammation. J
Immunol 2010; 184: 21-25.
[42] Chen T, Huang Z, Wang L, Wang Y, Wu F, Meng
S, Wang C. MicroRNA-125a-5p partly regulates
the inflammatory response, lipid uptake, and
ORP9 expression in oxLDL-stimulated monocyte/macrophages. Cardiovasc Res 2009; 83:
131-139.
[43] Loyer X, Potteaux S, Vion AC, Guérin CL, Boulkroun S, Rautou PE, Ramkhelawon B, Esposito
B, Dalloz M, Paul JL, Julia P, Maccario J,
Boulanger CM, Mallat Z, Tedgui A. Inhibition of
microRNA-92a prevents endothelial dysfunction and atherosclerosis in mice. Circ Res
2014; 114: 434-443.
[44] Zaccagnini G, Maimone B, Di Stefano V,
Fasanaro P, Greco S, Perfetti A, Capogrossi
MC, Gaetano C, Martelli F. Hypoxia-induced
miR-210 modulates tissue response to acute
peripheral ischemia. Antioxid Redox Signal
2014; 21: 1177-1188.
[45] Boon RA, Dimmeler S. MicroRNA-126 in atherosclerosis. Arterioscler Thromb Vasc Biol
2014; 34: e15-16.
[46] Krützfeldt J, Rajewsky N, Braich R, Rajeev KG,
Tuschl T, Manoharan M, Stoffel M. Silencing
of microRNAs in vivo with ‘antagomirs’. Nature
2005; 438: 685-689.

Am J Cardiovasc Dis 2018;8(1):1-13

