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MiR-140a contributes to the pro-atherosclerotic
phenotype of macrophages by downregulating
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Abstract. — OBJECTIVE: The dysfunction of
immune cells plays important roles in promoting
the progression of atherosclerosis (AS). This
study aims to investigate the role of miR-140a in
modulating the function of AS-associated mac-
rophages.

PATIENTS AND METHODS: The expression
of miR-140a in human monocytes was evaluated
by quantitative PCR. For in vitro studies, macro-
phages were transfected with miR140a mimic or
miR140a inhibitor, and then, stimulated with oxi-
dized low-density lipoprotein (ox-LDL). The pro-
duction of cytokines was evaluated by quantita-
tive PCR and enzyme-linked immunosorbent as-
say (ELISA). Flow cytometry was used to deter-
mine the phosphorylation of Signal Transducer
and Activator of Transcription 3 (STAT3).

RESULTS: MiR-140a expression was upregu-
lated in monocytes from AS patients. MiR140a
overexpression enhanced the pro-inflammato-
ry ability of ox-LDL-stimulated human macro-
phages. In addition, miR140a was found to tar-
get interleukin-10 (IL-10) in macrophages, thus
reducing IL-10-mediated anti-inflammatory re-
sponses.

CONCLUSIONS: MiR-140a serves as a pro-ath-
erosclerotic microRNA by modulating the phe-
notypic switch of AS-associated macrophages.

Key Words:
MiR-140a, Atherosclerosis, Macrophages, Interleu-
kin-10.

Introduction

The incidence and mortality of cardio- and
cerebrovascular diseases (CCVDs) have been ris-
ing continuously in recent years, becoming a
leading threat to human health worldwide'. Ath-
erosclerosis (AS) is widely considered to be the
critical pathological hallmark of CCVDs. AS is
characterized by the aggregation of lipoproteins,
immune cells, and extracellular matrix in arterial
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intima?. Although AS is initially thought to be
a consequence of the dysregulated lipid mecha-
nism, it is increasingly recognized that chronic
inflammatory plays indispensable roles in the
pathological processes of AS®. Accumulated lipo-
proteins in arterial intima resulted in the recruit-
ment of monocytes and the subsequent activation
of innate and adaptive immune responses, lead-
ing to plaque formation. The sustained inflam-
matory responses contribute to the thinning of
the fibrous cap and the eventual occurrence of
plaque rupture**.

Macrophages, a vital component of the host
innate immunity, are involved in all stages
of AS. Macrophages play dual roles in AS
progression®. Generally, classically-activated
macrophages (M1 macrophages) contribute to
the development of plaque rupture by secret-
ing various pro-inflammatory cytokines (such
as TNF-a, IL-6, IL-18, IL-12, IL-15) and lipid
mediators®?. On the other hand, alternatively-ac-
tivated macrophages (M2 macrophages) often
inhibit the formation of plaque by clearing dead
cells and enhancing tissue repair®. Environmen-
tal factors’ and cell energy metabolism status®
have been implicated in regulating the func-
tions of AS-associated macrophages. However,
the molecular elements modulating macrophage
phenotypic switch in the development of AS
remain further identification.

Some studies®!’ have implicated that non-cod-
ing RNAs play important roles in affecting AS
pathology. MicroRNAs (MiRNAs) are highly
conserved small non-coding RNAs (18-24 nu-
cleotides) which are known as gene expression
regulators at the post-transcriptional level. Over
the past decade, miRNAs have been found to
serve as versatile regulators in the pathogenic
immune responses in AS development, such as
modulating the production of inflammatory cy-
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tokines, or affecting lipid metabolism®!'"*. Of
note, miR-33 disrupted efferocytosis, lysosomal
synthesis, and apoptotic cell clearance functions
of macrophages by modulating cell autophagy’;
miR-210 improved fibrous cap stability by down-
regulating the expression of adenomatous polyp-
osis coli (APC) and promoting smooth muscle
cell survival'; miR-30c inhibited the secretion
and accumulation of apoB proteins, thus reducing
plaque formation in AS®. Thus, further identifi-
cation of miRNAs that regulate AS progression
is of potential significance for the diagnosis or
treatment of this disease's.

In the present study, we investigated the role
of miR-140a in modulating the pro-inflammatory
capability of AS-associated macrophages. The
results showed that miR140a plays a pro-athero-
sclerotic role by downregulating the expression of
IL-10, an anti-inflammatory cytokine.

Patients and Methods

Human Samples

Human peripheral blood samples were collect-
ed from AS patients and healthy volunteers using
sodium-heparin containing collection tubes in
Xintian County Hospital of Traditional Chinese
Medicine. This study was approved by Ethics
Committee of Xintian County Hospital of Tradi-
tional Chinese Medicine and the informed con-
sent was obtained from all subjects.

Isolation of Monocytes

Monocytes were isolated from human periph-
eral blood samples in accordance with the in-
structions of Monocyte Isolation Kit (Haoyang
Biological Manufacture, Tianjin, China). Briefly,
the density gradient medium was prepared in a
tube and whole blood was added. After centrifug-
ing for 30 min (500 g), monocytes in the second
layer were drawn into a new tube and washed
twice. Thereafter, monocytes were collected for
miR-140a quantification.

Cell Culture

Human acute monocytic leukemia cell line,
THP-1, was purchased from Cell Bank of Chi-
nese Academy of Sciences (Shanghai, China) and
maintained in RPMI-1640 media supplement-
ed with 10% fetal bovine serum. THP-1 cells
were induced by phorbol 12-myristate 13-acetate
(PMA, 100 nM) to differentiate into macro-
phages” and then treated with different con-
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centrations of oxidized low-density lipoprotein
(oxLDL, 20, 50, 100 pg/mL) for 0, 6, 12 h, re-
spectively. oxLDL-treated cells were collected for
miR-140a quantification.

Cell Transfection

miR-140 mimic, inhibitor and corresponding
negative controls (RiboBio, Guangzhou, China)
were transfected into macrophages induced from
THP-1 cells using riboFECT™ reagent, respec-
tively. Forty-two hours later, transfected cells
were stimulated with oxLDL (50 pg/mL) for 6
h and subsequently these cells and culture su-
pernatants were collected for quantitative PCR,
enzyme-linked immunosorbent assay (ELISA),
and flow cytometry, respectively.

RNA Isolation and Quantitative PCR

Cell RNA was extracted using TRIzol reagent
(Thermo Fisher Scientific, Waltham, MA, USA)
according to the manufacturer’s instructions and
then reversely transcribed into cDNA using Pri-
meScript™ RT reagent Kit (TaKaRa, Otsu, Shi-
ga, Japan). Quantitative PCR was conducted on
a 7500 fast Real-time PCR instrument (Applied
Biosystems, Foster City, CA, USA) using Ultra
SYBR mixture (Cwbiotech, Beijing, China). We
used 18s mRNA expression as the integral control
and gene expression levels were calculated using
the 244¢t method and normalized to respective
negative control. The primer sequences are given
below: TNF-a: forward, 5-CCTCTCTCTAAT-
CAGCCCTCTG-3%; reverse, 5-GAGGACCTG-
GGAGTAGATGAG-3’ 1L-6: forward, 5-ACT-
CACCTCTTCAGAACGAATTG-3’; reverse,
5’-CCATCTTTGGAAGGTTCAGGTTG-3’
CCL-2: forward, 5-CAGCCAGATGCAAT-
CAATGCC-3’; reverse, 5S’-TGGAATCCTGAAC-
CCACTTCT-3 IL-10: forward, 5’-GACTTTA-
AGGGTTACCTGGGTTG-3’; reverse, 5°-TCA-
CATGCGCCTTGATGTCTG-3* SOCS3: for-
ward, 5-CCTGCGCCTCAAGACCTTC-3’; re-
verse, 5S’-GTCACTGCGCTCCAGTAGAA-3".

MiRNA Quantification

miRcute Isolation Kit (Tiangen Biotech, Bei-
jing, China) was used for miRNA extraction
and miScript II RT Kit (QIAGEN, Hilden, Ger-
many) was employed for reverse-transcription.
Thereafter, quantitative PCR was conducted on
the 7500 fast Real Time-PCR instrument us-
ing miScript SYBR Green PCR Kit (QIAGEN,
Hilden, Germany) and U6 RNA was used for
normalization.
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Neutralization of IL-10

PMA-induced THP-1 cells transfected with
miR140a inhibitor or control were treated with
an anti-IL-10 neutralizing antibody (600 ng/mL,
Abcam, Cambridge, United Kingdom) or IgG
(Beyotime, Shanghai, China) for 2 h, followed
by oxLDL stimulation for 6 h. Subsequently, cell
culture supernatants were collected for ELISA.

ELISA

The concentrations of TNF-a, 1L-6, CCL-2,
IL-10 in collected cell culture medium super-
natants were examined by ELISA kits (Boster,
Wuhan, China) according to the manufacturer’s
instructions, respectively. For each inflammatory
factor, three biological replicates were done.

Flow Cytometry

Transfected cells that were stimulated with ox-
LDL were digested by trypsin and fixed at 37°C
for 10 min. Then, the cells were permeabilized,
washed, and incubated in 100 pL. PBS contain-
ing 1 pL PE anti-p-STAT3 (Tyr 705) antibody
(Biolegend, San Diego, CA, USA) in the dark
for 30 min. After a subsequent wash and resus-
pension with PBS, they were analyzed on a flow
cytometer (Becton Dickinson, Franklin Lakes,
NJ, USA).

Statistical Analysis

Results were expressed as mean £ SEM. All
statistical analysis was performed on SPSS 20.0
(IBM Corp., Armonk, NY, USA). Two-tailed

Student #-test was used to compare statistical
differences and p<0.05 was considered to be
significant.

Results

MiR140a Expression is Upregulated
in Monocytes from AS Patients and
oxLDL-Stimulated Macrophages

To investigate the possible expressional changes
of miR140a in the setting of AS, we isolated pe-
ripheral monocytes (precursors of macrophages)
from AS patients and healthy controls. By per-
forming quantitative PCR, we found that miR140a
expression was significantly upregulated in mono-
cytes from AS patients, when compared with those
from healthy donors (Figure 1A). We further eval-
uated the expression of miR140a in macrophages
stimulated with oxidized low-density lipoprotein
(oxLDL), which is the main pathological mediator
for the formation of atherosclerotic plaque's. We
chose THP-1 monocytes and differentiated them
into macrophages with PMA. In the presence
of phorbol 12-myristate-13-acetate (PMA), THP-1
cells gradually acquire macrophage phenotypes,
including adherence capacity and high responsive-
ness to many external stimuli. As shown in Fig-
ure 1B, oxLDL stimulation significantly increased
miR140a expression in THP-1 macrophages in
a time-dependent and dose-dependent manner.
These results suggest that miR140a might regulate
macrophage functions in AS.
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Figure 1. Increased expression of miR140a in AS-associated monocytes and macrophages. A, miR140a expression level
in peripheral monocytes of atherosclerosis patients and healthy donors was examined by quantitative PCR. B, THP1
macrophages were treated with different concentrations (20, 50, 100 ng/mL) of oxidized low density lipoprotein (oxLDL),
miR140a expression level was examined by quantitative PCR. Data are expressed as Mean + SEM. **, p <0.01.
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MiR140a Enhances the Pro-Inflammatory
Activity of Macrophages

We next investigated the possible role of mi-
R140a in pro-inflammatory responses of mac-
rophages. To this end, we transfected THP-I1
macrophages with miR140a mimic or miR140a
inhibitor. As shown in Figure 2A-B, miR140a
overexpression markedly increased the mR-
NA expression of tumor necrosis factor alpha
(TNF-a), C-C Motif Chemokine Ligand (CCL2),
and IL-6, while miR140a inhibition led to the
opposite effect. Consistently, the concentration of
TNF-a, CCL2, and IL-6 in macrophage culture
supernatant was also increased by miR140a over-
expression. However, the levels of these pro-in-
flammatory cytokines were decreased by mi-
R140a inhibition. Therefore, miR140a enhances
the pro-inflammatory capacity of macrophages.

MiR140a Targets IL-10 and
Downregulates the Anti-Inflammatory
IL-10/STAT3 Signaling

Next, we searched the potential miR140a tar-
gets in TargetScan website. The results showed

that the 3’-untranslated region (UTR) of IL-10
gene contained the binding site of miR140a
(Figure 3A). To verify this prediction, we trans-
fected macrophages with miR-140a mimic or
miR-140a inhibitor, and then, IL-10 level was
examined at both mRNA and protein levels. Mi-
R140a overexpression reduced the mRNA and
protein levels of I1L-10, which were increased
by miR140a inhibition (Figure 3B-C). We then
examined the effect of miR140a on the expres-
sion of Suppressor Of Cytokine Signaling 3
(SOCS3), a well-known IL-10 inducible target
gene”. As expected, the expression of SOCS3
was decreased in miR140a-overexpressed mac-
rophages. In contrast, SOCS3 expression was
increased in miR140a-silenced macrophages
(Figure 3D). In addition, we evaluated the phos-
phorylation of Signal Transducer and Activator
of Transcription 3 (STAT3), which is the key
transcription factor downstream of IL-10 sig-
naling'®?°. Flow cytometry results showed that
ox-LDL treatment induced the phosphorylation
of STAT3 in macrophages. However, the aug-
mented STAT3 phosphorylation was largely ab-
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Figure 2. MiR140a promotes the production of pro-inflammatory cytokines in oxLDL-treated macrophages. A, THP-1
macrophages were transfected with miR140a mimic, miR140a inhibitor and corresponding controls followed by ox-LDL
stimulation (50 pg/mL) for 6 h, mRNA levels of TNF-a, IL-6 and CCL2 were examined by quantitative PCR. B, The
concentrations of TNF-a, IL-6 and CCL2 in supernatants of THP-1 macrophages were analyzed by ELISA. Data are expressed

as Mean + SEM. *, p < 0.05, ** p < 0.01, *** p < 0.001.
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Figure 3. MiR140a targets IL-10 and downregulates IL-10 signaling. A, Sequence comparison between miR-140a
and 3° UTR of IL-10 mRNA. B-C, THP-1 macrophages were transfected with miR140a mimic, miR140a inhibitor and
corresponding controls followed by ox-LDL stimulation (50 pg/mL) for 6 h, mRNA (B) and proteins (C) levels of IL-10
were examined by quantitative PCR and ELISA, respectively. D, The SOCS3 mRNA level was examined by quantitative
PCR. E, The level of p-STAT3 was detected by flow cytometry. Data are expressed as Mean = SEM. *, p < 0.05, ** p <
0.01, *** p <0.001.

rogated by miR140a overexpression (Figure 3E). tibody (Figure 4). Therefore, miR140a increases
Taken together, miR140a targets IL-10 and thus the pro-inflammatory activity of macrophages by
attenuates the anti-inflammatory IL-10/STAT3/ impairing IL-10 production.
SOCS3 cascade.

MiR140a Expression Is Negatively

IL-10 Neutralization Reverses MiR140a Correlated With IL-10 Level in AS
Inhibition-Induced Downregulation of Monocytes

Pro-Inflammatory Cytokine Production To further validate the relationships between
in Macrophages miR140a and IL-10, we analyzed the levels

In order to further testify miR140a/IL-10 axis of miR140a and IL-10 in monocytes from AS
in macrophages, we neutralized IL-10 in miR140a patients. We found a negative correlation be-

inhibitor-transfected macrophages, and deter- tween the levels of miR140a and IL-10 in AS
mined the production of pro-inflammatory cyto- monocytes (Figure 5A). By contrast, a positive
kines. As shown in Figure 4, miR140a inhibition correlation between the levels of miR140a and

reduced the concentrations of TNF-a, CCL2, and TNF-a or IL-6 was found in AS monocytes
IL-6 in the supernatant of ox-LDL-stimulated (Figure 5B, C). Collectively, miR140a increases
macrophages. However, this effect was largely the pro-inflammatory ability in AS-associated
reversed in the presence of IL-10-neutralizing an- macrophages.
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Figure 4. Neutralization of IL-10 rescues downregulated pro-inflammatory cytokine production induced by miR140a
inhibition. THP-1 macrophages were transfected with miR140a mimic, miR140a inhibitor and corresponding controls
followed by ox-LDL stimulation (50 pg/mL) for 6 h, in the presence of control IgG or anti-IL-10 (600 ng/mL), protein levels of
TNF-a, IL-6 and CCL2 were examined by ELISA. Data are expressed as Mean + SEM. ** means p <0.01, ***means p < 0.001.

Discussion

The crucial roles of inflammatory immune
cells and their products in AS progression have
been increasingly recognized®!. Among these
pro-inflammatory immune cells, macrophages
are the prominent players in the pathogenic pro-
cesses of AS. It is thought that macrophages
act as a double-edged sword via exerting both
pro-inflammatory and anti-inflammatory capa-
bilities?. Hence, a deeper understanding into the
mechanism that modulates macrophage pheno-
typic switch is of great significance for AS di-
agnosis and treatment. In our study, we identi-
fied miR140a as a new AS-related microRNA

that negatively regulates IL-10 expression, thus
augmenting the pro-inflammatory phenotype of
macrophages in AS.

As a well-known immunosuppressive cytokine,
IL-10 is mainly produced by macrophages, and
functions as an athero-protective factor at all stages
of AS?"?2. The effects of IL-10 on macrophages are
multifaceted, including suppressing the production
of pro-inflammatory cytokines or chemokines, in-
hibiting the apoptosis of lipid-laden macrophages,
and maintaining lipid homeostasis through regulat-
ing cholesterol uptake and efflux®. In our case, we
observed that the miR140a-induced downregulation
of IL-10 was associated with the increased produc-
tion of pro-inflammatory cytokines and chemok-
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Figure 5. The correlation between the expression of miR140a and IL-10 or TNF-a in AS-associated monocytes. A-C, MRNA
levels of IL-10, miR140a, TNF-o and IL-6 in blood monocytes from atherosclerosis patients were evaluated by quantitative
PCR, their correlations were analyzed by Spearman’s rank correlation test. **p < 0.01, ***p < 0.001.
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ines (TNF-q, IL-6 and CCL2). This is in line with
the anti-inflammatory role of IL-10. It is well-ac-
cepted that IL-10/STAT3/SOCS3 axis is the pre-
dominant signaling pathway responsible for the an-
ti-inflammatory function of IL-10*%, In our study,
miR140a mimic impaired STAT3 phosphorylation
and SOCS3 expression in ox-LDL stimulated mac-
rophages, indicating the negative role of miR140a in
regulating IL-10/STAT3/SOCS3 cascade.

Some studies®!* indicated the important roles of
microRNA in regulating the functions of AS-as-
sociated macrophages. So, miR33 inhibition pro-
motes M2 macrophage polarization by targeting
AMP-Activated Protein Kinase (AMPK), thereby
exerting an athero-protective function'*. MiR140-
3p expression was reported to be significantly
downregulated in atherosclerosis obliterans, and
high expression level of miR140-3p predicted a
high risk of restenosis in patients with lower ex-
tremity arterial occlusive disease*. In addition,
miR 140 contributed to the hypertension and oxida-
tive stress in AS through regulating the expression
of Nuclear factor E2-Related Factor 2 (Nrf2) and
Sirtuin 2 (Sirt2)*. Moreover, miR140a attenuated
pulmonary arterial hypertension progression via
targeting Smurf1%. These results indicate compre-
hensive roles of miR140a in AS and other vascular
diseases. Here, we firstly reported the function of
miR140 in regulating the pro-inflammatory capa-
bility of AS-related macrophages, by suppressing
the production of anti-inflammatory cytokine IL-
10. Moreover, the positive correlation between
TNF-a and miR140a level in AS monocytes sug-
gests that miR140a might serve as a diagnostic
marker in AS patients. On the other hand, in vivo
studies using mouse AS model are also needed
in the future to further explore the physiological
function of miR140a. In summary, our findings
provide new insights into the role of miR140a in
macrophage phenotypic switch in AS.

Conclusions

Briefly, miR140a downregulates 1L-10 produc-
tion in AS-associated macrophages. Therefore,
miR140a functions as a pro-atherosclerotic mi-
croRNA by enhancing macrophage inflammatory
capacity.

Funding
This study was supported by the Excellent Youth Project
of Hunan Provincial Education Department (No. 17B274).

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) RotH GA, JoHnsoN C, ABAJOBIR A, ABD-ALLAH F, As-
ERA SF, AByu G, AHMED M, AksuT B, ALam T, ALam K,
ALLA F, Awvis-GuzmaN N, AMmrRock S, ANSARI H, ARN-
Lov J, AsavesH H, ATey TM, AviLA-BurGos L, AwAs-
THI A, BANERJEE A, BARAC A, BARNIGHAUSEN T, BAR-
REGARD L, BEDI N, BELAY KETEMA E, BENNETT D, BER-
HE G, BHUTTA Z, Bitew S, CARrAPETIS J, CARRERO JJ,
MALTA DC, CASTANEDA-ORJUELA CA, CASTILLO-RIVAS
J, CataLa-Lorez F, CHol JY, CHrisTENSEN H, CiRiLLO
M, Coorer L, Jr., Crioui M, CunbiFF D, DAMASCE-
NOo A, DANDONA L, DANDONA R, DAvLETOV K, DHAR-
MARATNE S, DoRrAIRAJ P, DuBey M, EHRENKRANZ R, EL
SAYED ZAkI M, FARAON EJA, ESTEGHAMATI A, FARID T,
FArRvID M, FEeiGIN V, DING EL, Fowkes G, GEBREHIWOT
T, GiLLum R, Golb A, GoNAa P, GuprTA R, HABTEwWOLD
TD, HArezi-NEsap N, Haiu T, Hailu GB, HANKEY G,
Hassen HY, Asate KH, HAvmOELLER R, HAY SI, HoRI-
No M, Hotez PJ, JacoBseN K, JAMES S, JAVANBAKHT
M, JEemoN P, JoHN D, JoNAs J, KALKONDE Y, KARIM-
KHANI C, KAsAEIAN A, KHADER Y, KHAN A, KHANG YH,
KHERA S, KHoJA AT, KHUBCHANDANI J, Kim D, KoLTE
D, Kosen S, KroHN KJ, KumAr GA, Kwan GF, LAL
DK, LArssoN A, LINN S, Lorez A, Loturo PA, EL
RAzexk HMA, MALEKZADEH R, Mazipi M, MEeIEr T, ME-
LEs KG, MensaH G, MEeretosA A, MezgeBe H, MiLL-
ER T, MIRRAKHIMOV E, MoHAMMED S, MoRrAN AE, Mu-
sA KI, NARULA J, NEAL B, NGALEsoNI F, NGUYEN G,
OBerMEYER CM, Oworasl M, PattoNn G, Pepro J,
Qato D, Qoreani M, RaHiMI K, RAI RK, RAwWAF S,
RiBEIRO A, SAFIRI S, SALOMON JA, SANTOS |, SANTRIC
MiLicevic M, SArTORrIUs B, ScHutTE A, SEPANLOU S,
SHAIKH MA, SHIN MJ, SHISHEHBOR M, SHORE H, SiLvA
DAS, SoBnGwI E, STRANGES S, SWAMINATHAN S, TAB-
ARES-SEISDEDOS R, TADELE ATNAFU N, TesFAY F, THAK-
UR JS, THRIFT A, ToPOR-MADRY R, TRUELSEN T, TYROVO-
LAs S, Ukwasa KN, UTHMAN O, VASANKARI T, VLASSOV
V, VoLiseTr SE, Wakavo T, WAaTkiNs D, WEINTRAUB R,
WERDECKER A, WESTERMAN R, WivsonGE CS, WolLre C,
WorkicHO A, Xu G, YANO Y, Yip P, YoNnEmoTO N, You-
Nis M, Yu C, Vos T, NaGgHAvI M, Murray C. Global,
regional, and national burden of cardiovascu-
lar diseases for 10 causes, 1990 to 2015. J Am
College Cardiol 2017; 70: 1-25.

2) Tasas I, LicHitman AH. Monocyte-macrophages and
T cells in atherosclerosis. Immunity 2017; 47: 621-
634.

3) Vaccarezza M, BaLta C, Rizzo P. Atherosclerosis as
an inflammatory disease: doubts? No more. IJC
Heart Vascul 2018; 19: 1-2.

4) VioLa J, SoennLEiN O. Atherosclerosis--a matter of
unresolved inflammation. Sem Immunol 2015; 27:
184-193.

5) Huang WC, SALA-Newsy GB, SusaNA A, JOHNSON
JL, Newsy AC. Classical macrophage activation
up-regulates several matrix metalloproteinas-

9145



H.-X. Yang, H.-B. Jiang, L. Luo

6)

12)

13)

14)

15)

es through mitogen activated protein kinases
and nuclear factor-kappaB. PLoS One 2012; 7:
e42507.

TroGAN E, FeiG JE, DoGAN S, RoTHBLAT GH, ANGELI 'V,
Tacke F, RanpoLrH GJ, FisHer EA. Gene expression
changes in foam cells and the role of chemokine
receptor CCR7 during atherosclerosis regression
in ApoE-deficient mice. Proc Natl Acad Sci USA
2006; 103: 3781-3788.

LAvIN Y, WINTER D, BLECHER-GONEN R, DaviD E, KEREN-
SHAauL H, Merap M, Juna S, Amit . Tissue-resident
macrophage enhancer landscapes are shaped by
the local microenvironment. Cell 2014; 159: 1312-
1326.

VAN DEN BosscHe J, O'Neit LA, Menon D. Macro-
phage immunometabolism: where are we (go-
ing)? Trends Immunol 2017; 38: 395-406.

Feineerc MW, Moore KJ. MicroRNA regulation of
atherosclerosis. Circ Res 2016; 118: 703-720.

Li H, Znu H, Gt J. Long noncoding RNA: recent
updates in atherosclerosis. Int J Biol Sci 2016; 12:
898-910.

Exken SM, Jin H, CHeErRNOGUBOVA E, Li Y, SimoN N,
SuN C, Korzunowicz G, BuscH A, BackLunp A, Os-
TERHOLM C, RAzuvaev A, Renne T, Eckstein HH,
PeLisek J, ERrRikssoN P, GonzALEz Diez M, Perisic MAT-
iIc L, ScHELLINGER IN, RAAz U, Leerer NJ, HANssoN
GK, PauLssoN-BErRNE G, HepIN U, MAEGDEFESSEL L.
MicroRNA-210 enhances fibrous cap stability
in advanced atherosclerotic lesions. Circ Res
2017; 120: 633-644.

NAZARI-JAHANTIGH M, EGEA V, ScHoBER A, WEeBER C. Mi-
croRNA-specific regulatory mechanisms in ath-
erosclerosis. J Mol Cell Cardiol 2015; 89: 35-41.

Ouver M, EDpIRiweera H, AFonso MS, RAMKHELAWON
B, SINGARAVELU R, Liao X, BANDLER RC, RAHMAN K,
FisHER EA, RAYNER KJ, Pezacki JP, TaBas I, Moore KJ.
MicroRNA-33 regulates macrophage autophagy
in atherosclerosis. Arterioscl Throm Vas 2017; 37:
1058-1067.

Ouver M, Epiriweera HN, Gunpra UM, SHeepy FJ,
RAMKHELAWON B, HutcHisoN SB, RINEHOLD K, VAN
SouNGeN C, FuLLertoNn MD, CeccHiNl K, RAYNER KJ,
SteiINBerRG GR, Zamore PD, FisHErR EA, Loke P, Moore
KJ. MicroRNA-33-dependent regulation of mac-
rophage metabolism directs immune cell polar-
ization in atherosclerosis. J Clin Invest 2015; 125:
4334-4348.

SoH J, laBaL J, Queiroz J, FERNANDEZ-HERNANDO C,
Hussan' MM. MicroRNA-30c reduces hyperlipid-
emia and atherosclerosis in mice by decreasing
lipid synthesis and lipoprotein secretion. Nat Med
2013; 19: 892-899.

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

FriEDMAN RC, FArRH KK, Burce CB, Barter DP. Most
mammalian mRNAs are conserved targets of mi-
croRNAs. Gene Res 2009; 19: 92-105.

TsucHiYA S, KoBavasHi Y, Goto Y, Okumura H, NA-
KAE S, Konno T, Taba K. Induction of maturation
in cultured human monocytic leukemia cells by
a phorbol diester. Cancer Res 1982; 42: 1530-
1536.

QN Z. The use of THP-1 cells as a model for mim-
icking the function and regulation of monocytes
and macrophages in the vasculature. Atheroscle-
rosis 2012; 221: 2-11.

NiEMAND C, NIMMESGERN A, HAAN S, FisCHER P, SCHAPER
F, RossaINT R, HeinricH PC, MuLLer-Newen G. Activa-
tion of STAT3 by IL-6 and IL-10 in primary human
macrophages is differentially modulated by sup-
pressor of cytokine signaling 3. J Immunol 2003;
170: 3263-3272.

Qasimi P, MiNng-Lum A, GHANIPOUR A, OnG CJ, Cox
ME, IxLe J, CacaLanO N, YosHIMURA A, Mur AL. Di-
vergent mechanisms utilized by SOCS3 to me-
diate interleukin-10 inhibition of tumor necrosis
factor alpha and nitric oxide production by mac-
rophages. J Biol Chem 2006; 281: 6316-6324.

Han X, Boisverr WA. Interleukin-10 protects
against atherosclerosis by modulating multiple
atherogenic macrophage function. Thromb Hae-
most 2015; 113: 505-512.

SABAT R, GrUTZ G, WARszAWSKA K, KirscH S, WATTE E,
WoLrk K, GeGinaT J. Biology of interleukin-10. Cyto-
kine Growth F R 2010; 21: 331-344.

Murray PJ. Understanding and exploiting the en-
dogenous interleukin-10/STAT3-mediated an-
ti-inflammatory response. Curr Opin Pharmacol
2006; 6: 379-386.

Sun X, Liu A, JIanG Z, Cul J, ZHanG W. Predictive
value of plasma microRNA-140-3p for restenosis
in patients with lower extremity arterial occlusive
disease undergoing interventional procedures.
Int J Clin Exp Med 2017; 10: 5578-5585.

Liu QQ, Ren K, Liu S-H, Lt W-M, Huang C-J, YANG
X-H. MicroRNA-140-5p aggravates hyperten-
sion and oxidative stress of atherosclerosis via
targeting Nrf2 and Sirt2. Int J Mol Med 2019;
43: 839-849.

RotHMAN AMK, ArnoLD ND, PickworTH JA, IREMON-
GeR J, CiucLAN L, ALLEN R, GUTH-GUNDEL S, SouTH-
woob M, MorrerL NicHoLAs W, FrRaNcis SHEILA E,
RowLanDs D, Lawrie A. Abstract 11498: MicroR-
NA 140 regulates disease phenotype in exper-
imental pulmonary arterial hypertension and
identifies Smurf1 as a novel therapeutic target.
Circulation 2015; 132: Issue suppl 3.



