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Rationale: In atherosclerotic lesions, synthetic smooth muscle cells (sSSMCs) induce aberrant microRNA (miR)
profiles in endothelial cells (ECs) under flow stagnation. Increase in shear stress induces favorable miR modulation
to mitigate sSSMC-induced inflammation.

Objective: To address the role of miRs in sSSMC-induced EC inflammation and its inhibition by shear stress.

Methods and Results: Coculturing ECs with sSSMCs under static condition causes initial increases of 4 anti-
inflammatory miRs (146a/708/451/98) in ECs followed by decreases below basal levels at 7 days; the increases for
miR-146a/708 peaked at 24 hours and those for miR-451/98 lasted for only 6 to 12 hours. Shear stress (12 dynes/
cm?) to cocultured ECs for 24 hours augments these 4 miR expressions. In vivo, these 4 miRs are highly expressed
in neointimal ECs in injured arteries under physiological levels of flow, but not expressed under flow stagnation.
MiR-146a, miR-708, miR-451, and miR-98 target interleukin-1 receptor-associated kinase, inhibitor of nuclear
factor—xB kinase subunit-y, interleukin-6 receptor, and conserved helix-loop-helix ubiquitous kinase, respectively,
to inhibit nuclear factor—xB signaling, which exerts negative feedback control on the biogenesis of these miRs.
Nuclear factor-E2-related factor (Nrf)-2 is critical for shear-induction of miR-146a in cocultured ECs. Silencing
either Nrf-2 or miR-146a led to increased neointima formation of injured rat carotid artery under physiological
levels of flow. Overexpressing miR-146a inhibits neointima formation of rat or mouse carotid artery induced by
injury or flow cessation.

Conclusions: Nrf-2-mediated miR-146a expression is augmented by atheroprotective shear stress in ECs adjacent
to sSSMCs to inhibit neointima formation of injured arteries. (Circ Res. 2015;116:1157-1169. DOI: 10.1161/
CIRCRESAHA.116.305987.)
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Atherosclerosis and its complications constitute a major
cause of mortality in the Western world. Dysfunction
of vascular endothelial cells (ECs) adjacent to synthetic
smooth muscle cells (sSMCs) is an initial step leading to
atherosclerosis, which predominantly occurs at arterial
branches and curvatures, where the local flow is disturbed
with low shear stress.! sSSMCs in the neointima of athero-
sclerotic lesions induce proinflammatory signaling and gene
expression in ECs.! We recently demonstrated that sSSMCs
induce adhesion molecule E-selectin expression in ECs by
producing proinflammatory cytokines interleukin (IL)-1f3

and IL-6, which activate IL-1 receptor—associated kinase
(IRAK) and glycoprotein-130, respectively, and hence nu-
clear factor—xB (NF-kB).? Application of atheroprotective
shear stress at 12 dynes/cm? to ECs cocultured with sSMCs
inhibited these EC proinflammatory responses.>* Although
sSMCs and shear stress have been shown to modulate cellu-
lar signals that affect EC gene expression at the transcription
level, it is not known whether post-transcriptional regula-
tors, for example, small noncoding RNAs, are involved in
shear-regulation of gene expression and function of ECs in
response to sSMCs.
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Nonstandard Abbreviations and Acronyms
Anti-miR  anti-microRNA

CHUK conserved helix-loop-helix ubiquitous kinase
EC endothelial cell

IKK-y inhibitor of NF-kB kinase subunit-y

IL interleukin

IL-6R interleukin-6 receptor

IRAK interleukin-1 receptor—associated kinase
KLF-2 Kriippel-like factor-2

miR microRNA

NF-xB nuclear factor-xB

Nrf-2 NF-E2-related factor-2

Pre-miR  precursor microRNA

SMC smooth muscle cell

Wit wild-type

MicroRNAs (miRs) are small noncoding single-stranded
RNAs that are critical for gene regulation at post-transcriptional
level.* MiRs bind to their target sites in 3’-untranslated regions
(3’-UTRs) of mRNA to cause its degradation or translational
repression.* Several miRs have been identified to play important
roles in modulating EC functions and atherosclerotic lesion de-
velopment.*¢ Fang et al* demonstrated in swine the anti-inflam-
matory role of miR-10a in ECs. MiR-92a and miR-712 were
shown to be highly expressed in ECs in atheroprone areas to
decrease the expressions of atheroprotective transcription factor
Kriippel-like factor-2 (KLF-2) and tissue inhibitor of metallo-
proteinase-3, respectively, thus inducing atherogenesis.*’ Shear
stress has been shown to modulate miR expression in ECs and
their functions.®!! Laminar shear stress at 12 dynes/cm? induces
EC expressions of miR-19a and miR-23b, leading to EC cycle
arrest.®® Pulsatile shear stress at 12+4 dynes/cm?® decreases EC
miR-92a expression and increases KLF-2 expression to main-
tain EC homeostasis.”® KLF-2 modulates shear-induction of
EC miR-143/145, which can modulate SMC phenotype from
synthetic toward contractile.!! We recently found that shear
stress applied to ECs inhibits the transmission of miR-126 from
ECs to cocultured sSSMCs to suppress sSSMC proliferation.'?
However, it is not known whether miRs are involved in sSSMC
modulation of EC gene expression and function and what are
the effects of shear stress on this modulation.

In this study, we found that atheroprotective shear stress
augments miR-146a, miR-708, miR-451, and miR-98 expres-
sions in ECs cocultured with sSSMCs. These 4 miRs have anti-
inflammatory actions by directly targeting IRAK, inhibitor of
NF-kB kinase subunit-y (IKK-y), IL-6 receptor (IL-6R), and
conserved helix-loop-helix ubiquitous kinase (CHUK) genes,
respectively, to inhibit NF-kB signaling, which exerts nega-
tive feedback control on the biogenesis of these miRs. In vivo,
these 4 miRs are highly expressed in ECs of neointmal lesions
in injured rat carotid arteries under physiological levels of
flow, but not expressed under flow stagnation. We also found
that NF-E2-related factor (Nrf)-2 is a critical transcription
factor for shear-induced miR-146a transcription in cocultured
ECs. Administration of lentivirus carrying mature miR-146a
(Lenti-miR-146a) inhibits neointima formation induced by

injury or flow cessation in rats or mice. Our findings suggest
that miR-146a, miR-708, miR-451, and miR-98 may serve as
valuable molecular targets for intervention against vascular
disorders resulting from atherosclerosis and restenosis.

Methods

Cell Culture and Coculture Flow System

Human aortic ECs and SMCs were obtained commercially (Clonetics,
Palo Alto, CA). Details of cell culture procedures and EC/SMC co-
culture flow system are provided in Online Data Supplement.

Argonauts 2 Complex Immunoprecipitation

ECs were collected by scraping and lysed. An anti-argonauts 2 anti-
body (1 pg/100 pL; Cell Signaling) was added and the immune com-
plexes were isolated with protein A/G Sepharose beads.

Chromatin Immunoprecipitation Assay

ChIP assay was performed according to the manufacturer’s protocol
(EZ-ChIP; Merck Millipore). All primers are listed in Online Tables
I'and II.

Animals
Carotid artery balloon injury was performed in male Sprague-Dawley
rats (350-500 g), and carotid artery ligation was performed in fe-
male FVB/NJ mice (12 weeks of age). Animals were euthanized with
100% carbon dioxide. All animals and experiments were maintained
and performed according to the guidelines of the Animal Research
Committee of National Health Research Institutes.

An expanded Methods section is provided in Online Data
Supplement.

Results

Atheroprotective Shear Stress Augments miR-146a,
miR-708, miR-451, and miR-98 Expressions in
Cocultured ECs
Three independent groups of experiments were performed
with miR arrays, that is, monocultured ECs (EC/NC), ECs
cocultured with sSSMCs under static condition for 24 hours
(EC/SMC), and EC/SMC coculture with the subsequent ex-
posure of ECs to shear stress at 12 dynes/cm? for 6 hours (SS
EC/SMC). MiR expressions with a mean coculture/mono-
culture ratio 22.0 (and P<0.05) were considered positively
regulated by the coculture, whereas those with a mean ratio
<0.5 (and P<0.05) were considered negatively regulated. Of
the 380 miRs on the array, the expressions of miR-146a and
miR-708 in ECs were significantly induced by static 24-hour
coculture with sSSMCs, whereas those of miR-98, miR-30b,
miR-30c, miR-885, miR-149, miR-654-3p, and miR-451
were significantly decreased (Online Table III). Analysis
of the time course of these 9 miR expressions by quantita-
tive polymerase chain reaction showed that static coculture
with sSMCs causes initial increases of miR-146a, miR-708,
miR-451, and miR-98 expressions in ECs followed by later
declines to below basal levels (Figure 1A). MiR-146a and
miR-708 peaked at 24 hours, and then declined to below bas-
al levels at 7 days; miR-451 and miR-98 declined to below
basal levels at 24 hours. MiR-30b, miR-30c, miR-885, miR-
149, and miR-654-3p of static cocultured ECs did not show
an initial increase at 1 hour and all decreased to below basal
level at 24 hours (Figure 1B).

Application of shear stress to cocultured ECs for 6 or 24
hours induced miR-146a, miR-708, miR-451, and miR-98
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Figure 1. MiR expression profiles in cocultured endothelial cells (ECs) under static condition and in response to shear stress. A
and B, ECs were cultured alone (EC/NC) or cocultured with sSSMCs (EC/SMC) under static conditions (CL). The EC miR expression was
examined by quantitative polymerase chain reaction. C and D, Cocultured ECs were kept under static condition or exposed to shear
stress at 12 dynes/cm? (SS) for 6 hours (C), 24 hours (C and D), or 48 hours (D). Cocultured ECs were subjected to shear stress for 24
hours, followed by the flow cessation for additional 24 hours (D). E, Monocultured ECs were kept under static condition or exposed to
flow for 6 or 24 hours. Data are mean+SEM from 3 independent experiments. *P<0.05 vs CL EC/NC. #P<0.05 vs SS EC/SMC 48 hours.

sSMC indicates synthetic smooth muscle cells.

expressions in these ECs (Online Table III; Figure 1C).
These shear-inductions of EC miRs were declined by 24
hours of flow cessation, as compared with the cells ex-
posed to continuous flow (Figure 1D). Shear stress had no
effects on these 4 miR expressions in monocultured ECs
(Figure 1E).

MiR-146a, miR-708, miR-451, and miR-98 Directly
Target IRAK, IKK-vy, IL-6R, and CHUK Genes,
Respectively

Our previous study showed that sSSMCs release IL-13 and
IL-6 to activate IRAK and IL-6R and hence NF-kB in ad-
jacent ECs.? We investigated whether miR-146a, miR-708,
miR-451, and miR-98 can target IRAK, IL-6R, and NF-xB
relevant genes. Analysis with bioinformatics algorithms
PicTar, microRNA.org, and TargetScan 4.2 identified that
the 3’-UTRs of IRAK, IKK-v, IL-6R, and CHUK genes con-
tain the putative-binding sites (seed sequences) of miR-146a,
miR-708, miR-451, and miR-98, respectively. We generated
reporter constructs containing the firefly luciferase gene fused

to wild-type and mutant of putative target sites of these genes
(Online Figure I). Cotransfection with wild-type constructs
and precursors of respective miRs (pre-miRs) into HEK293
cells reduced luciferase activities in these cells (Figure 2A);
such reductions of luciferase activities were not observed by
cotransfection with the mutant constructs. Transfecting ECs
with pre-miR-146a, miR-708, miR-451, and miR-98 reduced
protein (Figure 2B) and mRNA (Figure 2C) levels of IRAK,
IKK-vy, IL-6R, and CHUK, respectively, in comparison with
control groups. Analysis of miR-induced silencing complexes
immunoprecipitated with anti-argonauts 2 antibody showed
increased mRNA levels of these genes in pre-miR—trans-
fected ECs (Figure 2C), indicating that these EC genes are
regulated by their respective miRs at the post-transcriptional
level through binding to argonauts 2 in miR-induced silenc-
ing complexes. Coculturing ECs with sSSMCs induced EC
expressions of IRAK, IKK-vy, IL-6R, and CHUK mRNAs in
miR-induced silencing complexes (Figure 2D). Such sSMC-
inductions of EC genes in miR-induced silencing complexes
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Figure 2. Direct target genes of miR-146a, miR-708, miR-451, and miR-98. A, Reporter constructs containing wild-type (Wt) and
mutant (Mut) of putative miR target sites of indicated genes were cotransfected with the respective pre-miRs (PremiR) or a scramble
control (SC) into HEK293 cells for 24 hours. B, Endothelial cells (ECs) were transfected with pre-miR-146a, miR-451, miR-98 (20 nmol/L
each), and pre-miR-708 (0.1 nmol/L) or a SC for 24 hours. C, ECs were transfected with the indicated pre-miRs or a SC for 24 hours, and
performed with the argonauts 2 immunoprecipitation assay. D ECs were transfected with anti-miR-146a, miR-708, miR-451, and miR-98
(AntimiR; 5 nmol/L each) or a SC for 24 hours, and then were cultured alone (CL EC/NC) or cocultured with synthetic smooth muscle cells
for 12 hours. *P<0.05 vs empty vector. #P<0.05 vs SC. A, C, and D, Data are mean+SEM from 3 independent experiments. B, Results
are representative of triplicate experiments with similar results. Ago2 indicates argonauts 2; CHUK, conserved helix-loop-helix ubiquitous
kinase; IKK-y, inhibitor of NF-kB kinase subunit-y; IL6R, interleukin-6 receptor; and IRAK, interleukin-1 receptor-associated kinase.

were inhibited by transfecting ECs with the respective an-
tagomirs (anti-miRs).

MiR-146a, miR-708, miR-451, and miR-98
Modulate NF-xB Signaling, Which Exerts Negative
Feedback Control on the Biogenesis of These miRs
in Cocultured ECs

Static coculturing ECs with sSMCs induced p65 and IkBa
phosphorylations in ECs during the 24-hour period test
(Figure 3A). Such sSMC-activations of EC p65 and IxkBa

were reduced after 1 hour of flow exposure. Overexpressing
optimal concentrations of pre-miR-146a, miR-451, miR-98
(20 nmol/L each), and miR-708 (1 nmol/L) in ECs also re-
duced sSMC-activations of EC IxkBa (Figure 3B) and p65
(Figure 3C). These effects of EC pre-miR overexpression were
negated by the respective anti-miRs (Figure 3C; Online Figure
II). Coculturing ECs with sSMCs induced EC E-selectin ex-
pression (Figure 3D) and monocyte adhesion (Figure 3E).
These sSMC-induced responses were inhibited by overex-
pressing ECs with the 4 pre-miRs, but anti-miRs had no effect.
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sSMC-inductions of EC miR-146a, miR-708, miR-451,
and miR-98 were inhibited by transfecting ECs with p65-spe-
cific siRNA (Figure 4A) and by pretreatment with the specific
phospho-IxB inhibitor BAY117082 (Figure 4B). Coculturing
ECs with sSMCs induced time-dependent induction of EC pri-
mary miR-146a (Figure 4C), whose promoter region contains 3
NF-kB-binding sites.'* Coculture of sSSMCs with ECs transfect-
ed with the constructs containing promoter region of miR-146a
(547 bp) and reporter gene luciferase induced luciferase activities
(Figure 4D). These responses were not seen when ECs were trans-
fected with the constructs containing mutated NF-kB-binding
sites (Figure 4D). Chromatin immunoprecipitation assays using
anti-p65 antibody and NF-xB-specific primers for miR-146a
promoter showed that sSSMC-coculture induced NF-xB binding
to miR-146a promoter region (Figure 4E). Taken together, our
results indicate that increased activation of NF-xB in ECs cocul-
tured with sSSMCs induces EC biogenesis of miR-146a, miR-708,
miR-451, and miR-98, which in turn target NF-kB signaling to
cause declined expression of these miRs in cocultured ECs.

PremiR  AntimiR

Nrf-2 is Critical for Shear-Induction of miR-146a in
Cocultured ECs

The promoter region of miR-146a contains 4 putative-bind-
ing sites for Nrf-2 (sequence: TGActcAGCa; Online Figure
III), which was shown to be activated by shear stress.'* We
investigated whether Nrf-2 is involved in shear-induction
of miR-146a in cocultured ECs. Nuclear fractionation as-
say showed that shear stress applied to cocultured ECs
induces Nrf-2 translocation into EC nuclei (Figure 5A).
Electrophoretic mobility shift assay (Figure 5B) and chro-
matin immunoprecipitation assay (Figure 5C) demonstrated
that shear stress increases Nrf-2-binding activity in cell-
free system and Nrf-2 binding to miR-146a promoter region
in EC nuclei. As controls, coculturing ECs with sSMCs un-
der static condition did not induce these responses. We fur-
ther generated a mutant construct containing the promoter
region of miR-146a, with a mutation in Nrf-2-binding site
(at -193 bp). Application of shear stress to cocultured ECs
transfected with a wild-type construct induced a 2.2-fold
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increase in luciferase activity in comparison with static con-
trol cells (Figure 5D). This shear-induced response was ab-
sent in ECs transfected with mutant constructs. Transfecting
cocultured ECs with Nrf-2—specific siRNA (compared with
control siRNA, 20 nmol/L each) inhibited shear-inductions
of miR-146a and miR-708, but not miR-451 and miR-98
(Figure 5E) in these ECs. Treatment of cocultured ECs with
a specific Nrf-2 activator sulforaphane (10 pmol/L) under
static condition for 24 hours can mimic shear stress effects
to induce Nrf-2 binding to the promoter region of miR-146a
(Figure 5F) and its promoter activity (Figure 5G) and hence
expression (Figure 5H) in these ECs. However, sulfora-
phane had no effect on EC miR-451, miR-98, and miR-708
expressions (Figure SH). These results indicate that Nrf-2 is
involved in shear-induction of miR-146a, but not miR-451,
miR-98, and miR-708, in cocultured ECs.

Integrins Regulate Shear-Inductions of miR-146a,
miR-708, miR-451, and miR-98 in Cocultured ECs
ECs were pretreated with poly-L-lysine (100 pg/mL) and
RGDS (Arg-Gly-Asp-Ser; 500 ng/mL) for 2 hours to block
the integrin—extracellular matrix interactions, and then co-
cultured with sSSMCs under static conditions or in response
to flow for 24 hours. In addition, ECs were transfected with
B,- and B,-integrin—specific siRNAs (20 nmol/L each), which
reduced the expression of the respective integrins by =70%
(compared with control siRNA). The results showed that 3,
and 3, integrins are involved in shear-inductions of these
4 miRs in cocultured ECs. Detailed results are provided in
Online Data Supplement and Online Figure IV.

Fold of luciferase activity
(co-culture/mono-culture)

immunoprecipitation assay was performed.
*P<0.05 vs siCL or DMSO. #P<0.05 vs CL EC/

NC. 6P<0.05 vs Wt. A to D, Data are mean+SEM
from 3 independent experiments. E, Results are
representative of triplicate experiments with similar
results.

MiR-146a, miR-708, miR-451, and miR-98 are
Highly Expressed in Neointimal ECs in Injured
Arteries Under Physiological Levels of Flow, But
Not Expressed Under Flow Stagnation

To investigate whether the SMC- and shear-modulations of
miR-146a, miR-708, miR-451, and miR-98 expressions
found in cultured ECs in vitro also occur in vivo, we used a
rat carotid artery balloon injury model to create close interac-
tions between ECs and sSMCs. In addition to studies under
physiological levels of flow, in some experiments the affected
arteries were subjected to a partial ligation (=60% constric-
tion of the artery diameter) at the proximal edge (Figure 6A).
Ultrasonography demonstrated that this injured carotid artery
model resulted in flow stagnation, with virtually no detect-
able level of flow velocity (Figure 6B). Hematoxylin and eo-
sin staining showed that the intima-to-media thickness ratio
of the constricted injured arteries is higher than that of un-
constricted injured arteries (Figure 6C). In situ hybridization
of the 4 miRs and immunohistochemical staining on Nrf-2 in
serial sections of affected arteries (Figures 6D and 6E; Online
Figure V) showed that these 4 miRs and Nrf-2 are not ex-
pressed in neointimal ECs in constricted injured arteries under
flow stagnation. However, they are highly expressed in ECs
in unconstricted injured arteries under physiological levels of
flow. There was no detectable level of these 4 miRs in control
vessels. These results indicate that miR-146a, miR-708, miR-
451, and miR-98 are highly expressed in ECs of neointimal
lesions with sSSMCs in the presence of physiological levels
of flow in vivo, which may play inhibitory roles in prevent-
ing neointima formation in injured arteries. These findings
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Figure 5. Nrf-2 is critical for shear-induction of miR-146a in cocultured endothelial cells (ECs). A, ECs were cultured alone or
cocultured with synthetic smooth muscle cells (sSMCs) under static condition for 24 hours. Cocultured ECs were subjected to shear
stress for 24 hours. Nrf-2 expression in the EC nuclei and cytosol was determined by Western blot. B, Electrophoretic mobility shift assay
analysis of nuclear protein extracts from these ECs. The nuclear extracts were preincubated with excess unlabeled oligonucleotides
containing Nrf-2-binding sequences (x20). C, Chromatin immunoprecipitation assay was performed. Input DNA was analyzed by
polymerase chain reaction to normalize the extracts used for immunoprecipitation. D, Wild-type (Wt) promoter construct (-547 bp)

of miR-146a and its mutant at the Nrf-2-binding site (Mut) were transfected into ECs. E, ECs were transfected with Nrf-2—specific
siRNA (siNrf-2) or control siRNA (siCL), and then cultured alone or cocultured with sSSMCs under static condition. The cocultured ECs
were subjected to shear stress for 24 hours. F to H, Cocultured ECs were treated with dimethyl sulfoxide (DMSO) or sulforaphane
(SFN; 10 umol/L) for 24 hours. The binding of Nrf-2 to the promoter region of miR-146a (F) and its promoter activity (G) and different
miR expressions (H) were examined. *P<0.05 vs CL EC/SMC. #P<0.05 vs Wt. 8P<0.05 vs siCL or DMSO. A, D, E, G, and H, Data are
mean+SEM from 3 independent experiments. B, C, and F, Results are representative of triplicate experiments with similar results. SS
indicates shear stress.

validated our in vitro findings that increases in shear stress in- under physiological levels of flow (Figure 7A), and this is
duce these 4 miR expressions in ECs cocultured with sSSMCs. accompanied by a concomitant increase in neointima forma-
tion, in comparison with control shRNA-infected animals

II\I:;;ZIIE i}l;:glved in Shear-Induction of EC miR- (n=5; Figures 7A and 7B). Administration of anti-miR-146a

in unconstricted injured arteries to knockdown EC miR-146a

To investigate whether Nrf-2 is involved in shear-induction of . ) ) .. k
expression (Figure 7C) also increased neointima formation

EC miR-146a in vivo, lentiviral-mediated RNA interference

was performed 2 weeks after balloon injury on carotid arter- (Figures 7C and 7D). In contrast, overexpressing miR-146a
ies in rats (n=5), where the denuded EC layer had recovered by using the shMIMIC strategy (see details in the next sec-
from injury, and the animals were euthanized after additional tion) resulted in increased expression of miR-146a in ECs
2 weeks. The lentiviral-mediated Nrf-2 silencing abolishes (Figure 7E) and decreased formation of neointimal lesions in
miR-146a expression in ECs of unconstricted injured arteries constricted injured arteries under flow stagnation (Figures 7E
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Figure 6. MiR-146a is highly expressed in the endothelial cell (EC) layer of neointimal lesions in injured arteries under flow.

A, Schematic diagrams of rat experimental models. B, Ultrasound measurements on the affected carotid arteries. Top, Vessels with the
two-dimensional and color Doppler modes. Bottom, Doppler spectral display of velocity profiles with a plus wave Doppler mode. C,
Hematoxylin and eosin staining of the cross-sections of affected carotid arteries 4 weeks after surgery. I/M: intima/media ratio (n=5 each).
D, Serial cross-sections of the affected carotid arteries (n=5 each) were stained for Nrf-2 and miR-146a expressions. L indicates lumen.
E, Quantitative analysis of the results in D. *P<0.05 vs control vessels. #P<0.05 vs injury/unconstricted model. Images shown in each
examination are representative of 5 rats with similar results. DAPI indicates 4’,6-diamidino-2-phenylindole; IOD, integrated optical density;

and vWF, von Willebrand factor.

and 7F). These results indicate that Nrf-2—induction of EC
miR-146a under physiological levels of flow plays inhibitory
roles in neointima formation in injured arteries.

Administration of Lenti-miR-146a Reduced
Neointima Formation in a Mouse Carotid Artery
Ligation Model

To confirm the therapeutic effect of miR-146a on neointima
formation in vivo, we performed the shMIMIC lentivirus-
mediated miR overexpression strategy by using a mouse ca-
rotid artery ligation model, in which neointimal lesions were
created with the maintenance of endothelial integrity. Lenti-
miR-146a containing mature miR-146a sequences and cDNA
encoding green fluorescence protein was constructed and in-
fected into ECs under static conditions for 24 and 48 hours
(5%10° TU/mL each). ECs showed =70% infection efficien-
cy, as determined from the percentage of green fluorescence

protein—positive cells relative to total cells (Figure 8A).
MiR-146a expression in Lenti-miR-146a—infected cells was
increased by 60- to 80-folds in comparison with Lenti-null—
infected cells (Figure 8B). This miR-146a overexpression
resulted in =60% reductions in endogenous IRAK mRNA
(Figure 8C) and protein (Figure 8D) levels.

To test in vivo overexpression efficiency of Lenti-miR-
146a, the Lenti-miR-146a construct (5x10” TU/mL in 100 pL)
was administrated through the tail vein of mice (n=5) weekly
after carotid artery ligation. Control animals received Lenti-
null or saline injection (n=5 each). En face staining of luminal
surface of the carotid arteries with an anti—green fluorescence
protein antibody 2 weeks after lentivirus injection showed
high levels of in vivo infection efficiency of Lenti-miR-146a
and Lenti-null in intact EC layers (Online Figure VIA). In
situ hybridization of arterial cross-sections (Figure 8E) and
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Figure 7. Nrf-2 and miR-146a play crucial roles in modulating neointimal lesion formation in vivo. Two weeks after balloon injury

in unconstricted carotid arteries in rats (n=5), 50 uL of lentiviral control (shCL) or Nrf-2-specific shRNA (shNrf-2; 1x10° TU/mL each; A
and B), 10 ug of chemically modified anti-miR-146a or scramble controls (SCs; C and D), or in constricted carotid arteries in rat (n=5),
Lenti-null or Lenti-miR-146a (5x108 TU/mL each; E and F) was respectively infused into the local injured sites. The rats were euthanized
2 weeks after local injections of agents. A, C, and E, Serial cross-sections of the affected carotid arteries were stained for Nrf-2 and miR-
146a. L indicates lumen. B, D, and F, Hematoxylin and eosin staining of the cross-sections of affected carotid arteries. I/M: intima/media
ratio (n=5). *P<0.05 vs control group. Images shown in each examination are representative of 5 rats with similar results. DAPI indicates

4’,6-diamidino-2-phenylindole; and vVWF, von Willebrand factor.

en face staining (Online Figures VIB and VIC) demonstrated
that miR-146a expression in intact EC layer was increased
by Lenti-miR-146a injection, with concomitant decreases in
IRAK expression, as compared with Lenti-null and saline
groups. Ligation of left common carotid arteries in Lenti-
null-infected mice (n=5) for 4 weeks increased neointimal
lesion formation of the arteries (Figures 8F and 8G). This in-
creased neointima formation in ligated arteries was inhibited
by lentivirus-mediated miR-146a overexpression, confirming
the inhibitory role of miR-146a in arterial neointima forma-
tion in vivo.

Discussion
This study has identified miR-146a, miR-708, miR-451, and
miR-98 as novel anti-inflammatory miRs in ECs cocultured
with sSSMCs; the expression of these miRs is sustainably in-
duced by atheroprotective shear stress. MiR-146a, miR-708,
miR-451, and miR-98 directly target IRAK, IKK-y, IL-6R,
and CHUK genes, respectively, to inhibit NF-xB signaling,
which exerts negative feedback control on the biogenesis of
these 4 miRs (summarized in Figure 8H). Shear-induction of
these miRs in cocultured ECs is mediated by 3, and f3, integ-
rins. In addition, miR-146a is regulated by Nrf-2 at the tran-
scriptional level in response to flow. Previous studies using

EC monocultures have identified EC miR-712,” miR-19a,}
miR-23b,” miR-92a,'° miR-143/145", and miR-21" as shear-
responsive miRs that play functional roles. Our study using
EC/SMC coculture system has shown the novel results that
EC miR-146a, miR-708, miR-451, and miR-98 can be aug-
mented by atheroprotective shear stress in close adjacency to
sSMCs to serve as negative regulators for sSSMC-induced EC
inflammation. These miRs may serve as therapeutic molecules
against vascular disorders resulting from atherosclerosis and
restenosis.

The induction of anti-inflammatory miR-146a, miR-708,
miR-451, and miR-98 in ECs by static coculture with sSSMCs
may be considered as a compensatory response for ECs against
sSMC-induced inflammation. However, this sSMC-induction
of these 4 miRs is declined when the duration of coculture
is lengthened, suggesting a limitation of the compensatory
response of static ECs in the face of sustained action from
sSMCs. Application of shear stress to cocultured ECs for 24
hours induces these 4 miR expressions in comparison with
static cocultured ECs. This shear-induction of these 4 miRs
was declined by flow cessation in comparison with continu-
ous flow. In vivo, these 4 miRs are not expressed in ECs of
neointimal lesions in injured arteries under flow stagnation,
but become highly expressed under physiological levels of

Downloaded from http://circres.ahajournals.org/ by guest on October 22, 2015


http://circres.ahajournals.org/

1166 Circulation Research March 27, 2015

A B
Lenti-null Lenti-miR146a
s 100 .
5=
§ ? 80 N
E § 60
£
0B 40
2T
g
D =
« 0
24h 48h

(@]
m

1 Lenti-null

12 = LentimiR146a VWF/a-actin/DAPI miR146a/DAPI  IRAK/DAPI

ECA

Saline

Relative IRAK
mRNA Exp.
o
(o))

E!

0.0 =
=
s
kS
D i 5
©
3
s x ©
g E 23
= = S
c c s
(7] 7] £
] -
[ JIRAK
e
F G
Lenti-null Lenti-miR146a
— 6
5
2 T
© 4
g 3
©
s 2
=, .
0 \3 ‘3
50um ('\‘(\\)\ < '\u‘b
& &
N
H B1/B3
Integri
ntegrins EC
Shear stress
Nrf-2
miR146a
miR708 (A nti-inflammation
miR451
| miR98
IRAK, IKKy, IL6R, CHUK
Pro-inflammation,
Anti-neointima
formation
Synthetic SMC Contractile SMC

Figure 8. Lenti-miR-146a inhibits neointimal lesion formation in a mouse carotid artery ligation model. A, Cultured endothelial cells (ECs)
were infected with Lenti-null or Lenti-miR-146a (5x108 TU/mL each) for 48 hours. B, MiR-146a expression was analyzed at 24 and 48 hours
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flow. Thus, the compensatory responses for these 4 miRs are
limited in capacity (duration) and they may fail over time, and
need the rescue by laminar shear stress.

Our previous study showed that sSSMCs release IL-1f and
IL-6 to induce E-selectin expression in adjacent ECs,> and
that shear stress applied to ECs inhibits these sSSMC-induced
proinflammatory responses.>* This study advanced the new
notion that miR-146a, miR-708, miR-451, and miR-98 are
involved in regulating sSMC-induced EC inflammation under
flow. MiR-146a and miR-98 were shown to be negative regu-
lators against proinflammatory responses in ECs'® and other
cell types."*!” However, whether miR-708 and miR-451 can
modulate cell inflammatory function has not been reported.
Our study provides the first evidence to show that miR-708
and miR-451 exert anti-inflammatory effects on ECs by di-
rectly silencing IKK-y and IL-6R genes, respectively, thus
inhibiting EC NF-xB activation, E-selectin expression, and
monocyte adhesion. The notion that miR-451 plays anti-in-
flammatory roles in ECs was also substantiated by our recent
findings that vascular cell adhesion molecule-1 is a direct
target gene that can be silenced by miR-451 in ECs (Online
Figure VII).

In this study, overexpressing miR-146a, miR-708, miR-
451, and miR-98 in cocultured ECs inhibited sSMC-acti-
vation of EC p65 (Figure 3C). However, transfecting with
anti-miRs had no effect on p65 signaling in cocultured ECs
in comparison with scramble controls. Such nonsymmetri-
cal effects of pre-miRs and anti-miRs on cell signaling have
also been reported. For example, Huang et al'® showed that
overexpressing miR-146a by its pre-miR decreases oscillatory
pressure-activation of NF-xB in human epithelial cells; how-
ever, inhibition of miR-146a by its anti-miR did not enhance
NF-kB activation. Inhibition of miR-222 in cultured SMCs
increased their p57 expression, but overexpressing this miR
had no effect on p57 mRNA level." These nonsymmetrical
effects of pre- and anti-miRs might reflect the complication of
regulatory pathways triggered by different physiological and
pathophysiological microenvironments, which may not lead
to opposite effects.

The putative promoter regions of miR-146a, miR-708, miR-
451, and miR-98 contain =1 NF-kB-binding sites. Our results
on NF-kB-regulation of sSMC-induction of these miRs in
cocultured ECs suggest that the putative NF-kB-binding ele-
ments in the promoter regions of these miRs are functional.
NF-xB was shown to regulate the expressions of miR-9, miR-
155, and miR-146a, which in turn target the components of
NF-xB pathway to inhibit its activation by a negative feedback
loop."*?° Our study has discovered new miRs that serve as po-
tential negative regulators of inflammation by inhibiting the
NF-xB pathway through negative feedback control.

Among the 4 miRs we studied, only miR-146a has been
identified with its promoter sequences, which contain sev-
eral Nrf-2-binding domains.'”> An important new finding of
this study is to identify Nrf-2 as a critical transcription fac-
tor for regulating miR-146a transcription in cocultured ECs
in response to flow. Recent studies indicated that KLF-2 and
Nrf-2 govern =70% of shear-elicited gene sets in ECs.?! The
involvement of KLF-2 in shear-modulation of miR-143/145

Flow Mediation of EC-SMC Interaction via MicroRNAs 1167

transcription in ECs has been reported.'" However, whether
Nrf-2 can modulate miR expression in ECs in response to
shear has not been explored. Our study represents the first
demonstration that Nrf-2 plays important roles in modulating
shear-induction of miR transcription in cocultured ECs. Thus,
our findings have closed a loop to indicate that both KLF-2
and Nrf-2 can modulate not only the shear-elicited genes but
also the shear-elicited miRs in ECs.

ECs and SMCs may affect each other through secreted
miRs. Hergenreider et al'' showed that shear stress regulates
EC expression of miR-143/145, which can be transferred
by phospholipid vesicles to SMCs to modulate their pheno-
type. Our recent study showed that miR-126 can be secreted
by ECs to affect sSSMC proliferation, and that this EC secre-
tion of miR-126 is inhibited by shear stress.'? In this study,
we found that pretreating EC/SMC coculture with GW4869,
which is a neutral sphingomyelinase inhibitor that suppresses
the secretion of exosomal miRs, had no effect on sSSMC- and
shear-modulations of EC miR-146a, miR-708, miR-451, and
miR-98 (data not shown). Thus, sSSMC- and shear-modula-
tions of these EC miRs are not attributable to the secretion of
exosomal miRs from sSMCs.

The nature of blood flow plays crucial roles in the pathogen-
esis of vascular disorders.! Our rat carotid artery constriction
experiments demonstrated the importance of physiological
levels of blood flow in the inductions of miR-146a, miR-708,
miR-451, and miR-98 in ECs of neointimal lesions in injured
carotid arteries. These 4 miRs did not show significant expres-
sion in ECs of control vessels, but they were highly expressed
in injured carotid arteries, in which SMCs change their phe-
notype toward a synthetic state and migrate into the subendo-
thelial layers to have close interactions with ECs. These high
levels of miRs in ECs situated in close adjacency to sSMCs
were reduced by partial ligation of the arteries, which created
flow stagnation with more severe neointimal lesion formation
than in the unligated arteries exposed to higher levels of flow.
Thus, physiological levels of flow and shear stress induce
miR-146a, miR-708, miR-451, and miR-98 expressions in
ECs adjacent to sSSMCs to exert anti-inflammatory effects to
inhibit neointima formation of injured arteries.

Among the 4 miRs we studied, miR-146a has several
unique features. First, miR-146a showed the largest increase
in its expression in cocultured ECs in response to shear stress
in comparison with other miRs on the arrays. Second, it ex-
hibited remarkable induction in ECs of neointimal lesions in
injured arteries. Third, its expression was more stable in co-
cultured ECs (Online Figure VIII). Thus, we performed miR-
146a therapeutic experiments by using 2 animal models. In
the rat carotid artery constriction model, Lenti-miR-146a was
locally injected into the lumen of constricted carotid artery
after balloon injury for 2 weeks, where the denudated EC
layer had been recovered. In the mouse carotid artery ligation
model, neointimal lesions were created in carotid artery by
flow cessation, with the maintenance of an integral EC layer.
Examinations on cross-sections of Lenti-miR-146a—affected
arteries revealed that miR-146a induction in these arteries is
more specific in the intact EC layer than the SMC regions
(Figures 7E and 8E). This lentivirus-mediated overexpression
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of mature miR-146a in intact EC layer inhibited neointimal
lesion formation of these arteries, indicating that miR-146a is
a potential hemodynamic-based therapeutic target for athero-
sclerosis and restenosis.

Our recent data indicate that changes in EC miR-146a ex-
pression may influence phenotype of sSMCs, which form
neointima. Shear stress stimulation of cocultured ECs did not
affect miR-146a expression in sSMCs in comparison with
static control cells (Online Figure IXA). However, in concert
with our previous findings,'* shear stress stimulation of cocul-
tured ECs, which induced EC miR-146a expression, increased
contractile marker smooth muscle a-actin expression and de-
creased retinoblastoma protein phosphorylation in sSMCs
(Online Figure IXB). Transfecting cocultured ECs with
pre-miR-146a under static condition can mimic shear stress
effects to increase smooth muscle o-actin expression and de-
crease retinoblastoma phosphorylation in sSSMCs. In contrast,
transfecting cocultured ECs with anti-miR-146a abolished
the shear stress effects on sSSMCs. These results indicate that
laminar shear stress applied to ECs may modulate sSSMC phe-
notype toward a contractile state through EC miR-146a induc-
tion. This EC miR-146a—modulation of sSMC phenotype in
response to flow may contribute to the therapeutic effect of
miR-146a on arterial neointima formation under flow.

In addition to ECs, miR-146a may play protective roles
against vascular inflammation through other cell types, such
as white blood cells. MiR-146a was reported to inhibit lipo-
polysaccharides-induction of interferon-y in lymphocytes.*
Genetic knockout of miR-146a has been shown to induce
activation and maturation of monocytes and macrophages,
resulting in several immune defects, such as myeloid malig-
nancies.” These results indicate that miR-146a may play im-
portant roles in regulating innate immune and inflammatory
responses through white blood cells. Although this study has
clearly identified the action of miR-146 on ECs in its protec-
tive effect on neointima formation, the possible involvement
of other types of cells in this protective effect warrants further
investigations.

Several types of surgical interventions, such as percuta-
neous balloon angioplasty and stent placement, have been
developed with the aim of restoring blood flow in vascular
occlusive diseases.! These interventions, however, may them-
selves induce stagnant flow condition, thus leading to neointi-
mal hyperplasia and atherosclerotic lesions." Increase of blood
flow is a critical strategy for preventing neointimal hyperpla-
sia after percutaneous coronary intervention."* Our findings
that shear-induction of EC miR-146a not only can exert anti-
inflammatory effects on ECs adjacent to sSSMCs but also can
modulate sSSMC phenotype toward a contractile state, suggest
the clinical perspective of miR-146a-related strategies and
drugs for neointimal hyperplasia prevention after surgical in-
terventions, such as percutaneous coronary intervention.

In summary, this study used a combination of in vitro EC/
SMC coculture flow system and in vivo experimental animal
studies to demonstrate the anti-inflammatory effects of miR-
146a, miR-708, miR-451, and miR-98 on ECs adjacent to
sSMCs. These miRs become highly expressed in these ECs
in response to atheroprotective shear stress. Nrf-2 regulates

shear-induction of miR-146a in these ECs at the transcription-
al level. In addition, miR-146a plays a protective role against
neointimal lesion formation in arteries. Our findings suggest
miR-146a to be a valuable therapeutic miR for intervention
against vascular occlusive diseases resulting from atheroscle-
rosis and restenosis.
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Novelty and Significance

What Is Known?

In atherosclerotic lesions, synthetic smooth muscle cells (SSMCs) in-
duce proinflammatory signaling and gene expression in endothelial
cells (ECs) under conditions of reduced blood flow.

Increases in blood flow and shear stress result in favorable signaling
and gene modulations to mitigate the sSMC-induced EC inflammation.
MicroRNAs (miRs) are noncoding small RNAs that play important roles
in regulating EC function.

What New Information Does This Article Contribute?

The levels of EC miR-146a, miR-708, miR-451, and miR-98 are el-
evated by atheroprotective shear stress in close adjacency to SSMCs
to serve as negative regulators for sSSMC-induced EC inflammation.
Nuclear factor-E2—related factor-2 (Nrf-2) modulates the shear-induc-
tion of miR-146a in ECs in close adjacency to sSSMCs at the transcrip-
tional level.

e (Overexpressing miR-146a inhibits neointima formation of arteries
induced by injury or blood flow cessation.

A better understanding the molecular mechanisms by which
sSMCs modulate EC gene expression and function and eluci-
dation of the effects of shear stress on this modulation could
provide new molecular targets for intervention against vas-
cular disorders resulting from atherosclerosis and restenosis.
We report that in ECs adjacent to sSMCs, miR-146a, miR-708,
miR-451, and miR-98 become highly expressed in response
to atheroprotective shear stress and play anti-inflammatory
roles in vitro and in vivo. In addition, we found that Nuclear
factor—xB and Nrf-2 are involved in sSMC- and shear-modula-
tions of these EC miR expessions at the transcriptional levels,
respectively. MiR-146a serves as a valuable therapeutic miR for
intervention against neointimal lesion formation that leads to
atherosclerosis and restenosis.
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SUPPLEMENTAL MATERIAL
ONLINE METHODS

Materials. Mouse monoclonal antibodie (mAb) against human p65, rabbit polycolonal
antibodies (pAbs) against human p65 and Nrf-2, and anti-rabbit IgG were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA). Rabbit mAbs against human phospho-p65 and
Ago2 were purchased from Cell Signaling Technology (Beverly, MA). Rabbit mAb against
human phospho-IkB was purchased from Epitomics (Burlingame, CA). Mouse mAb against
human actin and rabbit mAb against human and rat vWF were purchased from Merck
Millipore (Temecula, CA). Mouse mAbs against human LIBS-1 and LIBS-2 were purchased
from chemicon (Temecula, CA). Rabbit mAb against human Shc was purchased from Upstate
(Lake Placid, NY). Mouse mAbs against human and rat a-tubulin and o-actin were purchased
from Sigma (St. Louis, MO). Alexa Fluor-conjugated goat anti-rabbit IgG and Alexa
Fluor-conjugated goat anti-mouse IgG secondary antibodies were purchased from Invitrogen
(Carlsbad, CA). The wild-type (A547) and mutant (NFkBm2) of miR-146a promoter were
purchased from Addgene (Cambridge, MA). Nrf-2-specific shRNA lentiviral particles were
purchased from Santa Cruz Biotechnology. Anti-miR-146a and scramble control were
chemically modified with cholesterol conjugated from a hydoxyprolinol-linked cholesterol
solid support and 2’-OMe phosphoramidites (Ribobio). BAY 117028 was purchased from
Santa Cruz Biotechnology. Actinomycin D was purchased from Sigma. D,L-Sulforaphane
was purchased from Merck Millipore. All other chemicals of reagent grade were purchased

from Sigma, unless otherwise noted.

Cell culture. Human aortic ECs and SMCs were obtained commercially (Clonetics, Palo Alto,
CA). ECs were grown in medium 199 (M199; Gibco, Grand Island, NY) supplemented with
20% fetal bovine serum (FBS; Gibco). SMCs were grown in F12K medium (Sigma)
supplemented with 10% FBS. SMCs used in this study were in synthetic phenotype (sSMCs),

as described" %. Cells between passages 4 and 7 were used in the experiments.

Co-culture flow system. EC/SMC co-culture was established by plating these two types of

cells on the opposite sides of a 10-pum-thick porous membrane, which was incorporated into a
parallel-plate flow chamber, as described’. The wall shear stress applied to the ECs was 12

dynes/cm?, as described’.

MiR array analysis. Total RNA from ECs was isolated using TRIzol (Invitrogen) according

to the manufacturer’s protocol. The expression of 380 mature human miRs in ECs was

profiled using 384-well TagMan human MicroRNA Assays (Applied Biosystems, Carlsbad,
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CA). MiR expression data were normalized to RNU48.

Reverse transcriptase-polymerase chain reaction (RT-PCR). Five ug total RNA of ECs in

co-culture was isolated by TRIzol (Invitrogen) according to the manufacturer’s protocol, and
then converted to cDNA using the Superscript II reverse transcriptase system and oligo-dT
primers (Invotrogen). Briefly, total RNA (0.5-1 ug, in diethyl pyrocarbonate [DEPC] water)
was incubated with 50 U/uL Superscript Il reverse transcriptase in a buffer containing 20
mmol Tris-HCI, 2.5 mmol MgCl,, 0.5 mmol deoxynucleoside triphosphate (ANTP) mix, 10
mmol/L dithiothreitol (DTT) and oligo-dTj,.15 (0.5 ug/mL) for 50 min at 42°C. Reactions
were terminated with Escherichia coli RNase H (2 U/uL) for 15 min at 70°C.

Quantitative real-time PCR (qPCR) for miR and mRNA expressions. For qPCR analysis
of miR and mRNA expressions, cDNA from 1 pg total RNA was obtained by the
SuperScript® IT Reverse Transcriptase (Invitrogen). gPCR was performed on a LightCycler”

1.5 (Roche Diagnostics, Mannheim, Germany). MiR expression was validated by quantitative
stem-loop PCR technology, as described” °. The use of target-specific reverse transcription
primers and Universal Probe Library Probe #21 (Roche Diagnostic) allows the specific
detection of mature miRs. A final volume of 20 pL consisted of 0.5 umol/L of each forward
and reverse primer, 0. pumol/L Probe #21, 1X LightCycer® TagMan® Master (Roche
Diagnostics), and 2.5 uL of cDNA. Amplification curves were generated with an initial
denaturing step at 95°C for 10 min, followed by 45 cycles of 95°C for 5 sec, 60°C for 10 sec,
and 70°C for 1 sec. MiR expression was normalized to the expression of the snU6. mRNA
expression was also validated by qPCR technology. The LightCycer® TagMan® Master
(Roche Diagnostics) reaction mix was used for the Universal Probe Library assays. The
amplification condition was initiated with denaturation at 95°C for 10 min, followed by 40-50
cycles of 95°C for 10 sec, 60°C for 20 sec, and 70°C for 5 sec. mRNA expression was
normalized to the expression of B-actin and GAPDH. For primer sequences see Online Tables
I and II.

MiR stability assay. To assess the in vitro stability of miRs in co-cultured ECs, total RNA

was extracted at 6 h after addition of the RNA-polymerase inhibitor actinomycin D (10
pg/mL) to the culture medium from co-cultured ECs. A detailed procedure was previously

described®.

Transfection. ECs were grown to 50-60% confluence, followed by transfection with 5-20
nmol/L pre-miRs, anti-miRs, or scramble controls (Ambion, Carlsbad, CA) by using
Lipofectamine 2000 (Invitrogen), according to the manufacturer’s protocol. For transfection

with specific oligonucleotide siRNA, ECs were grown to 60-70 confluence and transfected
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with the designed siRNAs at various concentrations (5, 10, 20, and 50 nmol/L) by using
RNAIMAX (Invitrogen), according to the manufacturer’s protocol. For in vivo transfection,
50 uL of invivofectamine 2.0 (Invitrogen) mixed with anti-miR-146a or scramble control (10

ug each) were prepared, according to the manufacture’s protocol.

THP-1 Adhesion assay. ECs were transfected with specific pre-miRs or anti-miRs for 24 h,
and then co-cultured with sSSMCs. Monocytic THP-1 cells were obtained from American Type
Culture Collection (Rockville, MD) and maintained in culture medium RPMI 1640 (Gibco)
supplemented with 10% FBS. THP-1 cells were labeled with calcein acetoxymethyl ester
(calcein-AM; Molecular Probes, Eugene, OR) at a concentration of 7.5 pumol/L for 30 min to
facilitate their visualization against the EC background. The labeled THP-1 cell suspension
(5x10° cells/mL) was incubated with co-cultured ECs for 30 min. Non-adherent cells were
removed by washing with cell-free buffer. The adherent THP-1 cells on the ECs were
identified and counted in 20 or more randomly selected microscopic fields (640 um x 480 um)
under x20 objective (NA = 0.4, LD Achroplan, Zeiss), and the adhesion was expressed as

cells/mm?>.

Western blot analysis. Co-cultured ECs on the transwell were collected by scraping and
lysed with a buffer containing 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, and a
protease inhibitor mixture (PMSF, aprotinin, and sodium orthovanadate). The total cell lysate
(10-50 pg of protein) was separated by SDS-PAGE (10% running, 4% stacking) and
transferred onto a polyvinylidene fluoride membrane (Immobilon P, 0.45-um pore size). The

membrane was then incubated with the designated antibodies. Immunodetection was
performed by wusing the Western-Light chemiluminescent detection system (Applied
Biosystems).

Cytoplasmic _and nuclear protein extraction. Cytoplasmic and nuclear proteins were

extracted from ECs co-cultured with sSSMCs response to shear stress by using ProteoJET™
Cytoplasmic and Nuclear Protein Extraction Kit (Thermo Scientific) according to the
manufacturer’s protocol. ECs co-cultured with sSMCs were collected by scraping and lysed
with cell lysis buffer. Cell lysate was separated into cytoplasmic nuclear fractions by
centrifugation at 500xg for 7 min at 4°C , and the supernatant (cytoplasmic protein extract)
was carefully removed into a new tube. The nuclei were washed by nuclei washing buffer and
the nuclear protein was lysed by nuclei lysis reagent for 15min at 4°C for 15mins. Nuclear
lysate was purified by centrifugation at 20,000xg for 5 min at 4°C. The supernatant (nuclear

protein extract) was transferred to a new tube for use.

Electrophoretic mobility shift assay (EMSA). ECs in co-culture were collected by scraping
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in PBS. After centrifugation at 2000 rpm, the cell pellets were resuspended in cold buffer A
(containing, in mmol/L, KCIl 10, ethylenediamine tetraacetate [EDTA] 0.1, dithiothreitol
[DTT] 1, and phenyl methylsulfonyl fluoride [PMSF] 1) for 15 min. The cells were lysed by
adding 10% NP-40 and then centrifuged at 6000 rpm to obtain pellets of nuclei. The nuclear
pellets were resuspended in cold buffer B (containing, in mmol/L,
4-(2-hydroxyethyl)-1-piperazine-ethane-sulfonic acid [HEPES] 20, EDTA 1, DTT 1, PMSF 1,
and NaCl 400), vigorously agitated, and then centrifuged. The supernatant containing the
nuclear proteins was used for the EMSA or stored at -70°C until used. NF-xB (5'-
AGTTGAGGGGACTTTCCCAGGC-3', Promega, Fitchburg, WI) and ARE (5'-CTACGATT
TCTGCTTAGTCATTGTCTTCC-3') consensus oligonucleotides were measured for NF-xB
and ARE binding activities, respectively. The oligonucleotides were end-labeled with [y->*P]
ATP. The extracted nuclear proteins (5 ug) were incubated with 0.1 ng **P-labeled DNA for
15 min at room temperature in 25 pL binding buffer containing 1 pg poly(dI-dC). In the
antibody supershift assay, antibodies to NF-kB subunits p65 and Nrf-2 (1 pg each) were
incubated with the mixture for 10 min at room temperature, followed by the addition of the
labeled probe. The mixtures were electrophoresed on 6% nondenaturing polyacrylamide gels.

The gels were dried and imaged by autoradiography.

Chromatin immunoprecipitation (ChIP) assay. ChIP assay was performed according to the
manufacturer’s protocol (EZ-ChIP™; Merck Millipore). In brief, ECs were treated with 1%
formaldehyde and subjected to sonication in SDS lysis buffer containing a protease inhibitor

cocktail. Immunoprecipitation was performed with either anti-p65 or anti-Nrf-2 antibody (1
ug/100 pL; Santa Cruz). Input and immunoprecipitated chromatin were incubated at 65°C
overnight to reverse the crosslinks. DNA was eluted and PCR was performed with the p65
(sense: 5’-GAAGCTGACACTGCCAGGCT-3’; antisense: 5’-TTTCCACACCCTGCACGCT
AA-3") and Nrf-2 (sense: 5’-GCGCCTGACCAGAACTTCCT-3’; antisense: 5’-TCATGCGT
GCAGGGTCT-3’) primers. All primers used in this study are listed in Online Tables I and II.

MicroRNA target prediction. Target genes for miR-146a, -708, -451 and -98 were predicted

using the free software PicTar  (http:/pictar.mdc-berlin.de/), microRNA.org
(http://www.microrna.org/microrna’home.do) and TargetScan 4.2 (http://www.targetscan.org/)
with the cutoff set at P value less than 0.05.

Ago2 complex immunoprecipitation. ECs were collected by scraping and lysed, as

described’. Cell lysates were centrifuged at 13000 rpm for 10 min. An anti-Ago2 antibody (1
pg/100 pL; Cell Signaling) was added and incubated with rotation at 4°C overnight, and the
immune complexes were then isolated with protein A/G Sepharose beads. RNA was extracted
with the TRIzol reagent, and the purified RNA was analyzed by qPCR.
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3’-UTR luciferase reporter assays. To produce 3’-UTR luciferase reporter constructs,

synthetic oligonucleotide binding sequence or a mutated sequence fragments (~40 bp) of
3-’UTRs of IRAKI1, IKKy, IL-6R, CHUK, and VCAM-1 genes were cloned into the
downstream of CMV-driven firefly luciferase cassette in pMIR-REPORT vector (Ambion)
according to the manufacturer’s protocol. HEK293 cells were grown in 6-well plates until
60-70% confluence, and 1.5 pg luciferase plasmid was co-transfected with 0.5 pg
B-galactosidases. In some experiments, pre-miRs, anti-miRs, or scramble controls were
co-transfected into the cells using Lipofectamine 2000 (Invitrogen). The luciferase activity

was assessed after 48 h with the Dual-Luciferase(R) Reporter 1000 Assay System (Promega).

Animal model. Adult Two animal models were used in this study. Carotid artery balloon

injury was performed in male Sprague-Dawley rats (350-500 g), and carotid artery ligation
was performed in female FVB/NJ mice (12 weeks of age), as described’. All animals were
euthanized by intoxication with 100% carbon dioxide. Carotid arteries were harvested,
post-fixed, paraffin-embedded, and sectioned. All animals and experiments were maintained
and performed according to the guidelines of the Animal Research Committee of National
Health Research Institutes.

MiR in situ hybridization. A modified in situ hybridization protocol® was used in this study.
Briefly, cross sections of carotid arteries were incubated in 20 nmol/L of 5’DIG-labeled
locked-nucleic acid probes (LNA miRCURY probe, Exiqon) at an optimal temperature
followed by incubation with HRP-conjugated anti-DIG antibody (Roche Applied Science)
and signal amplification with TMR-tyramide (PerkinElmer). The slides were mounted, and
images were acquired and analyzed using a Zeiss fluorescence microscope with Axiovision

image analysis software.

Immunochemistry. Immunochenistry was performed on sections of paraffin-embedded rat

carotid artery using EC and SMC specific markers (i.e., vVWF and SMa-actin, respectively).
The sections were de-waxed in xylene, rehydrated in descending grades of alcohol, and
permeabilized by incubating for 10 min in sodium citrate for 10 min at 95°C. Sections were
cooled down to room temperature and blocked with blocking reagent (Merck Millipore) for
30 min, and then incubated with primary antibodies overnight at 4°C. Alexa Fluor
594-conjugated goat anti-rabbit IgG (1:1000; Invitrogen) and Alexa Fluor 488-conjugated
goat anti-mouse IgG (1:1000; Invitrogen) secondary antibodies in blocking reagent were
incubated for 1 h at room temperature. Nuclei were co-stained by DAPI (Invitrogen) with
PBS for 10 min. The sections were spin-dried and mounted with ProLong Gold (Invitrogen)

on glass coverslips. Images were acquired and analyzed using a Zeiss fluorescence
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microscope with Axiovision image analysis software.

Rat carotid artery balloon injury model. Carotid artery balloon injury model was created,

as described’. In brief, rats were anesthetized under appropriate isoflurane concentration
throughout the surgical procedure. The left common carotid artery (LCA) was exposed
through a midline cervical incision. Temporarily ligations were performed on the proximal of
LCA and distal of both external and internal carotid artery, and an arteriotomy site was then
created on the external carotid artery for the insertion of 2F Fogarty embolectomy catheter
(Edwards Lifesciences, Irvine, CA). Inserted catheter was slowly inflated to a pre-determined
volume (0.02 mL) with saline and rotated within the common carotid artery. Blood flow was
restored and wound was closed with 6-0 suture. In addition to studies under physiological
levels of flow, the affected arteries were subjected to a partial ligation (=60% constriction in

10. 11 "Rats were left

diameter) at the proximal edge to create the stagnation flow condition
undisturbed for 4 weeks before scarification. Animals were euthanized by intoxication with
100% carbon dioxide. Carotid arteries were then harvested and post-fixed. Fixed carotid
arteries were paraffin-embedded and sectioned. Sections received immunofluorescence, H&E

and fluorescence in situ hybridization staining.

Delivery of lentiviral shRNA., miR, and chemically-modified miRs in vivo. For local

delivery of lentiviral shRNA, miR and chemically-modified anti-miR-146a, secondary
arteriotomy was performed on the external left common carotid artery (proximal to the first
arteriotomy site) using microdissecting scissors two weeks after balloon injury. The blood
flow was temporarily interrupted by ligation of the proximal LCA and distal of both external
and internal carotid artery using 6-0 nylon suture. A 2F uncoated polyurethane catheter
(Solomon scientific, San Antonic, TX) was introduced through the incision on the left
external common carotid artery toward the balloon injured site. The catheter was then
temporarily secured with a loose suture to prevent displacement during the local delivery.
Fifty pL of lentiviral control, Nrf-2-specific SIRNA, and Lenti-miR-146a (1x10° TU/mL
each), chemically-modified scramble control and anti-miR-146a (10 pg each) were
respectively infused into the local balloon injured site using gastight microsyrings (Hamilton,
Reno, NV), followed by incubation for 30 min. The left external common carotid artery was
ligated after the withdrawal of the solution, and blood flow was restored. Rats were left
undisturbed for 4 weeks after balloon injury. Animals were euthanized by intoxication with
100% carbon dioxide. Carotid arteries were then harvested and post-fixed. Fixed carotid
arteries were paraffin-embedded and sectioned. Sections received immunofluorescence, H&E

and in situ hybridization staining.

Mouse vascular injury and lentivirial transfection. 12-weeks-old FVB/NJ mice were
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anesthetized under appropriate isoflurane concentration. The left carotid artery was exposed
and ligated proximate to carotid bifurcation, as described’. 5x10” TU lentiviral-null and
lentiviral-miR-146a were injected from tail vein for every week. Mice were sacrificed at 4
weeks post-surgery. Mice were euthanized by intoxication with 100% carbon dioxide. Carotid
and thoracic arteries were then harvested and fixed. Fixed arteries were either freshly en-face
stained or paraffin embedded for sectioning. Sections received immunofluorescence, H&E

and fluorescence in situ hybridization staining.

En face preparation and staining. Mice were euthanized by intoxication with 100% carbon

dioxide. The carotid and thoracic arteries were perfusion-fixed with 100 mL of
lukewarm-saline. The carotid and thoracic arteries were carefully dissected, removed
adventitia and post fixed in fixative solution for overnight. The arteries were longitudinally
dissected with microdissecting scissors and pinned flatly on a black wax dissection pan. For
en face in situ hybridization, the luminal surfaces of the arteries were incubated with 0.5%
Triton X-100 for 10 min, and then pre-hybridized in hybridization buffer for 30 min with
temperature below the predicted T m value of the LNA probe. The 5’DIG-labeled LNA
probes were then added to the sections at a 20 nmol/L concentration and incubated for 1 h at
same temperature as pre-hybridization. vWF (1:100; Merck Millipore) was used for primary
antibody and incubated in 10% FBS at 4°C for overnight. The luminal surfaces of the arteries
were incubated with HRP-conjugated anti-DIG antibody (Roche Applied Science) for 30 min
at room temperature, followed by TMR-tyramide signal amplification (PerkinElmer) for 10
min at room temperature in the dark. Alexa Fluor 488-conjugated goat anti-rabbit IgG (1:300;
Invitrogen) was added at room temperature for 1 h. Nuclei were counterstained by DAPI with
PBS for 10 min, rinsed three times in PBS, mounted with ProLong Gold (Invitrogen) on glass
coverslips, and photographed with a Leica TCS SP5 confocal microscope. For GFP en-face
staining, the luminal surfaces of the arteries were immediately blocked with 10% FBS for 1 h,
followed by incubation with the designated primary antibodies GFP (1:500-1000; GeneTex,
Irvine, CA)) and vWF (1:100; Invitrogen) at 4°C overnight. Alexa Fluor 594-conjugated
anti-rabbit IgG (1:300; Invitrogen) and Alexa Fluor 488-conjugated anti-goat IgG (1:300;

Invitrogen) were used as secondary antibodies.

Ultrasound measurement. The ultrasound measurements were performed by using the iE33

ultrasound imaging system (Philips Medical Systems) equipped with a 7-15 MHz linear array
transducer (L-15-7i0), as described'’. After balloon injury for 4 weeks, rats were anesthetized
with chloral hydrate and placed in a supine position. The neck area was shaved and applied
ultrasound gel for ultrasonic procedure. Levels of anesthesia, heart rate and respiratory pattern
were continuously monitored. 2D color Doppler mode was used to identify the location and

image of LCA. Pulse wave Doppler mode was used to measure the flow velocity at the distal
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of LCA near the carotid bifurcation. Images were digitally stored for online measurement and

later offline analysis.

Morphometric analysis for neointimal formation. Morphometric analysis via computerized

image analysis software (Imaged J) was performed on the sections stained with H&E. Six
sections (5 um) at equally site intervals of injured carotid arteries were used. The neointima
formation and vascular remodel were identified as neointima, medial, and luminal regions.
The average of the six sections was used for one animal. The neointima formation was

assessed as ratios of neointimal to medial thickness from 5 blocks of injured carotid arteries.

Statistical analysis. Results are expressed as mean = SEM. Statistical analysis was performed

by using an independent Student t-test for two groups of data and analysis of variance
(ANOVA) followed by Scheffe’s test for multiple comparisons. A P value less than 0.05 was

considered significant.



ONLINE RESULTS

Integrins regulate shear-inductions of miR-146a, -708, -451, and -98 in co-cultured ECs.

To investigate whether integrins regulate shear-inductions of miR-146a, -708, -451, and -98 in
co-cultured ECs, ECs were pre-treated with poly-L-lysine (100 pg/mL; Online Figure IVA)
and RGDS (500 pg/mL; Online Figure IVB) for 2 h to block the interactions between integrin
and extracellular matrix (ECM) proteins, and then co-cultured with sSMCs under static
conditions or in response to flow for 24 h. The poly-L-lysine and RGDS pre-treatments
inhibited the shear-inductions of miR-146a, -708, -451, and -98 in co-cultured ECs, but they
had no effect on sSMC-modulations of these miRs. Application of shear stress to ECs
co-cultured with sSSMCs induced sustained activations of 3; and 33 integrins and Shc over the
1-h period tested (Online Figure IVC). As controls, co-culturing ECs with sSSMCs under static
condition did not activate B; and B3 integrins, or Shc, in ECs (data not shown). Transfecting
ECs with B;- and Bs-integrin-specific siRNAs (20 nmol/L each), which reduced the
expression of the respective integrins by =70% (compared with control siRNA), inhibited the
shear-induction of these four miRs in co-cultured ECs (Online Figure IVD). Pre-treating ECs
with poly-L-lysine (Online Figure IVE) and transfecting with ;- or Ps-integin-specific
siRNAs (Online Figure IVF) inhibited the shear-induced translocation of Nrf-2 and its
binding to the promoter region of miR-146a in the nucleus of co-cultured ECs, indicating that

shear-activation of Nrf-2 in co-cultured ECs is modulated by [3; and [3; integrins.
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ONLINE TABLE LEGENDS

Online Table I. A list of primers used for PCR analysis of miR expression.

Online Table I1. A list of primers used for qPCR analysis of gene expression.

Online Table III. Analysis of the expression of miRs on the miR array. Data are

meantSEM from three independent experiments. N/A: not available: data of at least one
experiment cannot be detected. *: a mean co-culture/monoculture ratio >2.0 and P<0.05. **: a

mean co-culture/monoculture ratio <0.5 and P<0.05.
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ONLINE FIGURE LEGENDS

Online Figure I. Schematic diagram of sequence alignments of miR-146a, -708, -451 and
-98 and their target sites in 3’-UTRs of IRAK, IKKY, IL-6R and CHUK, respectively.
Filled bars correspond to reporter constructs with wild-type miRs targeting sites, and open

bars correspond to constructs with 4-5 nucleotide substitution disrupting the base-pair with

the seed region of the miRs.

Online Figure II. The effects of anti-miRs on IxB phosphorylation in co-cultured ECs.

ECs were transfected with the indicated concentrations of anti-miR-146a, -708, -451, and -98,
or a scramble control for 24 h. These transfected ECs were kept alone as monocultured
controls or co-cultured with sSSMCs. The phosphorylation of IkB was determined by Western

blot. Results are representative of triplicate experiments with similar results.

Online Figure III. Schematic diagram of pri-miR-146a promoter assay. Sequence analysis

of the pri-miR-146a promoter was performed by the ConSite on-line program. Four putative

Nrf-2 binding elements in the promoter region of pri-miR-146a are shown.

Online Figure IV. Shear-inductions of miR-146a, -708, -451 and -98 in co-cultured ECs
are regulated by P; and B; integrins. ECs were pre-treated with fibronectin (FN) and
poly-L-lysine (PL) (A), RGE and RGD peptides (B), and then kept as controls or co-cultured

with sSSMCs under static conditions for 24 h. In parallel experiments, the co-cultured ECs

were subjected to shear stress for 24 h. (C) ECs were cultured alone or co-cultured with
sSMCs for 24 h, followed by exposure to shear stress for 5, 15, 30 or 60 min. The expressions
of active B; (LIBSI) and Bs; (LIBS2) integrins and the phosphorylation of Shc were
determined by Western blot. (D) ECs were transfected with 3;- and [3-integrin-specific
siRNAs (sif; and sif33) or control siRNA (siCL), and then kept as controls or co-cultured with
sSMCs under static conditions. In parallel experiments, the co-cultured ECs were subjected to
shear stress for 24 h. Before co-culture with sSSMCs and exposure to shear stress, ECs were
pre-treated with FN or PL (E), or transfected with sif;, sif}s, or siCL (F) The accumulation of
Nrf-2 in the EC nuclei and the binding of Nrf-2 to the promoter region of miR-146a were
determined by Western blot and ChIP assay, respectively. *P<0.05 vs. CL EC/SMC. *P<0.05
vs. FN, RGE, or siCL. Data in A, B, and D are meanstSEM from three independent
experiments. Results in C, E, and F are representative of triplicate experiments with similar

results.

Online Figure V. MiR-146a, -708, -451, and -98 are highly expressed in the endothelial
layer of injured arteries under physiological levels of flow. (A) Serial cross-sections of the
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affected carotid arteries from injury/unconstructed and injury/constricted models were stained
for miR-146a, -708, -451, and -98. ECs and SMCs were stained for vVWF and SMo-actin,
respectively, and were counterstained with DAPI. L, lumen. (B) Quantitative analysis of
fluorescence intensity of these four miRs in the affected carotid arteries from different
experimental models. Data are meanstSEM for the EC layer from five independent
experiments. * P<0.05 vs. control vessels. Images shown in each examination are

representative of five rats with similar results.

Online Figure VI. En face in situ hybridization of miR-146a expression in the mouse

carotid artery. FVB/NJ mice were received saline, Lenti-null, or Lenti-miR-146a every week
by tail vein injection for 4 weeks. (A) En face immunofluorescence staining of GFP
expression in the luminal surfaces of mouse carotid arteries. (B) En face in situ hybridization
on the miR-146a expression in the luminal surfaces of mouse carotid arteries. ECs and SMCs
were stained for vVWF and SMa-actin, respectively. All staining sections were counterstained
with DAPI. Scramble: negative control, U6: positive control. L, lumen. (C) Quantitative
analysis of scramble, U6 and miR-146a fluorescence intensity in the affected carotid arteries
from different experimental models. Data are meanstSEM for the EC layer from five
independent experiments. “P<0.05 vs. saline treatment. Images shown in each examination

are representative of five mice with similar results.

Online Figure VII. VCAM-1 is a direct target gene of miR-451. (A) Schematic diagram of
sequence alignment of miR-451 and its target sites in the 3’-UTR of VCAM-1. Filled bars

correspond to reporter constructs with wild-type miR-451 targeting sites, and open bars

correspond to constructs with a 4 nucleotide substitution disrupting the base-pair with the
seed region of miR-451. (B) Reporter constructs containing wild-type (Wt) and mutant (Mut)
of putative miR-451 target sites of VCAM-1 gene were co-transfected with pre-miR-451 or a
scramble control (SC) into HEK293 cells for 24 h, and their luciferase activities were
analyzed. (C) ECs were transfected with pre-miR-451 or a scramble control for 24 h, and the
Ago2 immunoprecipitation assay was performed. Expression levels of VCAM-1 gene were
detected by qPCR and normalized to the level of Ago2 protein. Data are mean=SEM from
three independent experiments. *P<0.05 vs. empty vector. "P<0.05 vs. scramble control.

Online Figure VIII. Differential stabilities of the sSMC-induced EC expressions of

miR-146a, -708, -451, and -98. ECs were kept alone as monocultured controls or co-cultured

with sSMCs for the optimal period of time to increase the expression of the indicated miRs.
Actinomycin D (10 pg/mL) was then added into the medium for 6 h. The expression of
indicated miRs was quantified by qPCR. Data are meantSEM from three independent
experiments. “P<0.05 vs. CL EC/SMC.
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Online Figure IX. EC miR-146a affects SMC phenotype. (A) sSMCs were cultured alone
(SMC/NC) or co-cultured with ECs (EC/SMC) under static conditions (CL). In parallel

experiments, the co-cultured ECs were subjected to shear stress at 12 dynes/cm? for 24 h (SS).

The expression of the miR-146a in sSSMCs was examined by qPCR. (B) ECs were transfected
with pre-miR-146a, anti-miR-146a, or a scramble control (SC) (20 nmol/L each) for 24 h, and
then were cultured alone or co-cultured with sSMCs under static conditions or in response to
shear stress. The phosphorylation of Rb and expression of SMa-actin in co-cultured sSMCs
were analyzed by Western blot. Data are means+SEM from three independent experiments. *
P<0.05 vs. CL EC/SMC+SC.
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Online Table I .Alist of primers used for gPCR analysis of miR expression.

miR names Sequence(5°-3’)

miR-146a RT stem-loop GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAACCCA
forward GCGCTGAGAACTGAATTCCA

miR-708 RT stem-loop GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACCCCAGC
forward CGCGAAGGAGCTTACAATCTA

miR-451 RT stem-loop GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAACTCA
forward CGCGAAACCGTTACCATTAC

miR-98 RT stem-loop GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAACAAT
forward GCGCTGAGGTAGTAAGTTG

miR-30b RT stem-loop GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAGCTGA
forward GCGCTGTAAACATCCTACAC

miR-30c RT stem-loop GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACGCTGAG
forward GCGCTGTAAACATCCTACAC

miR-885 RT stem-loop GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAGAGGC
forward GCGCTCCATTACACTACCCT

miR-149 RT stem-loop GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACGGGAGT
forward CCCGTCTGGCTCCGTGTCTT

miR-654-3p RT stem-loop GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAAGGTG
forward GGGCTATGTCTGCTGACCAT

Universal reverse GTGCAGGGTCCGAGGT




Online Table II. A list of primers used for gPCR analysis of gene expression.

Gene names

Sequence(5°-3")

Sequence(5°-3")

forward reverse
GAPDH AGCCACATCGCTCAGACAC GCCCAATACGACCAAATCC
IRAK GAGACCTTGGCTGGTCAGAG GTGCTTCTCAAAGCCACTCC
IKKy CGGAAATGCCTCACATATAGTTT CCCAGTACGTCCTGATCTGC
IL6R GTACCACTGCCCACATTCCT TTCCACGTCTTCTTGAACCTC
CHUK TGCAGTAACCCCTCAGACATC TCTATCATTTGTGCTGAAGTCTCC
VCAM-1 TGGACATAAGAAACTGGAAAAGG CCACTCATCTCGATTTCTGGA
E-selectin ACCAGCCCAGGTTGAATG GGTTGGACAAGGCTGTGC
Nrf-2 GCGCCTGACCAGAACTTCCT TCATGCGTG CAGGGTCT
P65 GAAGCTGACACTGCCAGGCT TTTCCACACCCTGCACGCT AA
pri-miR-146a CAGTGGCTGAATTGGAAATG AAAGACCCCTCCTTGCAGTC




Online Table II.Analysis of the expression of miRs on the miR array.

CL EC/SMC

SS EC/SMC

miR names —_— P-value —_— P-value
CL EC/NC CL EC/SMC
hsa-miR-708 46.74+15.27 <0.05 0.7010.42 0.48
hsa-miR-146a *15.5144.31 <0.05 0.8910.18 0.57
hsa-miR-98 70.5010.03 <0.05 2.34+0.13 <0.05
hsa-miR-30b *0.4510.07 <0.05 1.4110.14 <0.05
hsa-miR-30c *0.4210.09 <0.05 1.1310.10 0.25
hsa-miR-885 *0.2310.09 <0.05 0.9910.09 0.89
hsa-miR-149 70.21£0.03 <0.05 1.2810.41 0.53
hsa-miR-654-3p *0.1510.07 <0.05 1.92+1.11 0.46
hsa-miR-451 70.0710.04 <0.05 8.7612.23 <0.05
hsa-miR-582-5p 16.2218.63 0.15 8.90%7.25 0.34
hsa-miR-450a 13.34%12.79 0.39 2.02+1.50 0.53
hsa-miR-135b 11.34+10.84 0.39 7.58%7.57 0.43
hsa-miR-137 10.8817.78 0.27 0.7610.31 0.48
hsa-miR-184 9.1416.46 0.28 0.07%0.05 <0.05
hsa-miR-199b 8.6415.69 0.25 3.7913.67 0.49
hsa-miR-520g 8.4013.40 0.43 0.05%0.05 <0.05
hsa-miR-200a 7.8014.91 0.24 2.64+1.54 0.35
hsa-miR-508 7.4117.36 0.43 0.35+0.33 0.12
hsa-miR-146b 7.1117.11 0.44 0.0210.02 <0.05



hsa-miR-369-5p
hsa-miR-518e¢
hsa-miR-597
hsa-miR-133a
hsa-miR-9
hsa-miR-381
hsa-miR-141
hsa-miR-138
hsa-miR-202
hsa-miR-503
hsa-miR-346
hsa-miR-380
hsa-miR-330-5p
hsa-miR-502-5p
hsa-miR-429
hsa-miR-548b
hsa-miR-520f
hsa-miR-548d
hsa-miR-154
hsa-miR-489
hsa-miR-455
hsa-miR-326
hsa-miR-589
hsa-miR-449a
hsa-miR-375

6.7216.01
6.54£3.51
6.51£6.06
6.2215.36
6.19%5.17
6.10£3.23
5.91£5.41
5.4613.81
5.27%5.14
4.01£3.24
3.45%1.42
3.34£3.34
3.33£3.05
3.30£1.65
3.21£2.71
3.21£3.16
3.20£2.25
2.9512.82
2.7312.17
2.73£1.58
2.70£0.89
2.54%11.38
2.53%1.44
2.26%1.64
2.18%2.18

0.40
0.19
0.41
0.38
0.37
0.19
0.42
0.31
0.45
0.40
0.16
0.52
0.49
0.24
0.46
0.52
0.38
0.53
0.47
0.34
0.13
0.33
0.35
0.48
0.62

1.1620.58
0.53%0.09
2.29%0.79
0.15%0.08
13.67112.24
0.45%0.34
1.34£1.31
9.01£8.49
7.92%6.98
5.6714.22
0.96%0.73
0.03%0.03
0.08%0.04
5.6614.91
4.0212.13
1.25%1.06
0.94£0.57
0.31£0.25
3.70£2.98
1.47%0.66
1.8410.25
1.0210.16
1.97%0.58
3.06%2.45
0.05%0.05

0.79
<0.05
0.18
<0.05
0.36
0.18
0.81
0.40
0.38
0.33
0.96
<0.05
<0.05
0.40
0.23
0.82
0.92
N/A
0.42
0.52
<0.05
0.89
0.17
0.45
<0.05



hsa-miR-216b
hsa-miR-485-5p
hsa-miR-216a
hsa-miR-517¢
hsa-miR-409-5p
hsa-miR-483-5p
hsa-miR-519d
hsa-miR-372
hsa-miR-493
hsa-miR-143
hsa-miR-545
hsa-miR-211
hsa-miR-455-5p
hsa-miR-518b
hsa-miR-193a
hsa-miR-433
hsa-miR-129-3p
hsa-miR-31
hsa-miR-296-5p
hsa-miR-212
hsa-miR-124
hsa-miR-15a
hsa-miR-224
hsa-miR-20b
hsa-miR-301b

2.01£0.63
2.01£1.29
1.82%0.83
1.81£1.34
1.77£0.77
1.77£0.23
1.73£0.96
1.71£1.71
1.71£0.31
1.69%0.63
1.66%0.86
1.61£0.53
1.55£0.28
1.51£0.66
1.49%0.56
1.49£0.37
1.41£1.18
1.37£0.10
1.35%0.80
1.3210.25
1.25%0.23
1.21£0.60
1.21£0.19
1.16%0.36
1.1520.38

0.18
0.48
0.38
0.58
0.37
<0.05
0.49
0.70
0.09
0.33
0.49
0.31
0.12
0.48
0.44
0.26
0.74
<0.05
0.68
0.27
0.35
0.74
0.33
0.67
0.72

0.59%0.16
0.81£0.12
2.4910.25
4.88%4.77
1.88%1.13
0.95%0.19
2.8312.68
0.07£0.07
0.86%0.46
1.24%0.40
1.31£0.75
0.77£0.21
1.3210.32
1.20%0.66
1.17£0.24
1.031£0.36
0.46%0.34
1.33£0.12
4.2412.95
1.13£0.35
1.08%0.65
1.91£0.77
1.4110.23
1.00£0.06
0.95%0.08

0.07
0.19
<0.05
0.46
0.48
0.80
0.53
<0.05
0.78
0.58
0.70
0.34
0.37
0.78
0.52
0.95
0.19
0.06
0.33
0.74
0.90
0.30
0.15
0.95
0.59



hsa-miR-410
hsa-miR-501-5p
hsa-miR-125a
hsa-miR-148b
hsa-miR-628-5p
hsa-miR-522
RNU44
hsa-miR-217
hsa-miR-222
hsa-miR-758
hsa-let-7g
hsa-miR-134
hsa-miR-23a
hsa-miR-423-5p
hsa-miR-132
hsa-miR-139-5p
hsa-miR-145
hsa-miR-181a
hsa-miR-28-5p
hsa-miR-484
hsa-miR-324-5p
hsa-miR-331-5p
hsa-miR-337-5p
hsa-miR-425
hsa-miR-500

1.15%0.40
1.1410.42
1.13£0.31
1.13£0.14
1.13£0.22
1.10£0.61
1.10£0.16
1.07£0.26
1.06£0.07
1.06£0.60
1.04£0.37
1.04£0.07
1.03£0.46
1.03£0.28
1.0210.12
1.02£0.23
1.02£0.15
1.02£0.25
1.02£0.16
1.02£0.10
1.01£0.32
1.01£0.23
1.01£0.32
1.01£0.12
1.01£0.40

0.72
0.76
0.69
0.41
0.59
0.88
0.54
0.79
0.41
0.92
0.91
0.58
0.95
0.91
0.88
0.93
0.92
0.94
0.92
0.83
0.98
0.97
0.98
0.94
0.98

0.97£0.24
1.51£0.90
1.17£0.19
1.27£0.19
1.33£0.14
0.87%0.53
1.1910.28
1.21£0.25
1.23%0.10
2.28%0.63
1.50%£0.38
1.00£0.14
1.68%0.52
0.59£0.42
1.26%0.16
0.95£0.09
1.24%0.07
1.46%0.29
1.11£0.02
1.17£0.12
1.0210.22
1.7210.88
1.37£0.14
1.3410.47
1.5910.34

0.92
0.60
0.43
0.23
0.08
0.82
0.53
0.45
0.09
0.11
0.26
0.99
0.26
0.38
0.18
0.62
<0.05
0.19
<0.05
0.22
0.93
0.46
0.06
0.51
0.16



hsa-miR-517b
hsa-miR-886-3p
hsa-miR-886-5p
hsa-miR-431
hsa-miR-320
hsa-miR-24
hsa-miR-339-3p
hsa-miR-218
hsa-miR-521
RNU48
hsa-miR-146b
hsa-miR-186
hsa-miR-193b
hsa-miR-19a
hsa-miR-200b
hsa-miR-34a
hsa-miR-454
hsa-miR-541
hsa-miR-574-3p
hsa-miR-655
hsa-miR-28-3p
hsa-let-7f
hsa-miR-139-3p
hsa-miR-182
hsa-miR-323-3p

1.01£0.55
1.01£0.12
1.01£0.08
1.00£0.26
0.99£0.15
0.98%0.12
0.97£0.15
0.96%0.16
0.96%0.54
0.96%0.03
0.95£0.22
0.95%0.12
0.95%0.08
0.95%0.33
0.95%0.44
0.95%0.25
0.95%0.11
0.95%0.95
0.95%0.06
0.95%0.37
0.94%0.05
0.93%0.13
0.93%0.75
0.93£0.93
0.93%0.01

0.99
0.96
0.94
0.99
0.97
0.87
0.83
0.82
0.94
0.26
0.83
0.70
0.52
0.88
0.91
0.84
0.69
0.96
0.44
0.89
0.29
0.63
0.93
0.94
<0.05

7.2414.21
1.0210.08
1.24%0.13
1.85%0.50
1.13£0.16
1.20%0.13
0.97£0.14
1.44%0.12
0.62%0.38
1.0210.15
1.03£0.23
1.18%0.06
1.13£0.12
1.7520.64
2.39£1.29
1.5520.08
1.0910.21
0.48%0.48
1.11£0.17
2.041£0.43
1.1210.04
1.7210.37
3.32£3.09
0.12£0.12
1.33£0.20

0.21
0.82
0.15
0.16
0.46
0.20
0.84
<0.05
0.37
0.88
0.91
<0.05
0.34
0.31
0.34
<0.05
0.69
0.34
0.56
0.07
<0.05
0.12
0.49
<0.05
0.18



hsa-miR-369-3p
hsa-miR-376¢
hsa-miR-93
hsa-miR-127-3p
hsa-miR-17
hsa-miR-193a
hsa-miR-195
hsa-miR-452
hsa-miR-187
hsa-miR-539
hsa-miR-629
hsa-miR-99b
hsa-miR-342-3p
hsa-miR-494
hsa-miR-660
hsa-miR-223
hsa-miR-744
hsa-miR-18b
hsa-miR-21
hsa-miR-422a
hsa-let-7a
hsa-miR-191
hsa-miR-301a
hsa-miR-331-3p
hsa-miR-520¢

0.93£0.07
0.93%0.12
0.93%0.11
0.9210.23
0.92%0.10
0.92%0.10
0.9210.14
0.92%0.10
0.91%0.42
0.91%0.12
0.91£0.46
0.91%0.12
0.90£0.19
0.90£0.17
0.90%0.18
0.89%0.10
0.89%0.22
0.88%0.22
0.88%0.20
0.88%0.46
0.87£0.44
0.87%0.11
0.87£0.20
0.87%0.02
0.87£0.87

0.37
0.58
0.57
0.75
0.46
0.49
0.60
0.47
0.84
0.52
0.86
0.49
0.64
0.61
0.61
0.31
0.64
0.60
0.59
0.81
0.78
0.32
0.56
<0.05
0.89

3.96%2.30
1.3810.34
1.10£0.08
1.04£0.04
1.28%0.20
1.3410.24
1.40%0.15
1.07£0.15
0.81%0.51
1.07£0.14
1.05%0.57
1.20£0.12
1.3520.60
0.92£0.06
1.31%0.18
0.86%0.07
1.03%0.16
1.2910.29
1.70£0.77
6.22%3.38
2.54%1.08
1.11£0.10
1.28%0.21
1.17£0.19
0.13%0.13

0.27
0.32
0.29
0.40
0.24
0.22
0.06
0.69
0.73
0.63
0.94
0.18
0.59
0.25
0.17
0.12
0.84
0.38
0.42
0.20
0.23
0.34
0.25
0.42
<0.05



hsa-miR-106a
hsa-miR-130b
hsa-miR-18a
hsa-miR-365
hsa-miR-130a
hsa-miR-140-3p
hsa-miR-142-3p
hsa-miR-29a
hsa-miR-329
hsa-miR-330-3p
hsa-miR-487a
hsa-miR-106b
hsa-miR-150
hsa-miR-23b
hsa-miR-29c¢
hsa-miR-376a
hsa-miR-532-5p
hsa-miR-29b
hsa-miR-339-5p
hsa-miR-382
hsa-miR-485-3p
hsa-miR-103
hsa-miR-181¢
hsa-miR-328
hsa-miR-486-5p

0.86%0.05
0.86%0.20
0.86%0.20
0.86%0.10
0.85%0.35
0.85%0.33
0.85%0.39
0.85%0.24
0.85%0.54
0.85%0.08
0.8510.28
0.84%0.15
0.84%0.04
0.84%0.17
0.84%0.18
0.84%0.22
0.84%0.11
0.83%0.11
0.83%0.03
0.83%0.11
0.83%0.10
0.82%0.10
0.8210.44
0.82%0.22
0.82%0.22

0.06
0.53
0.52
0.25
0.69
0.67
0.72
0.55
0.79
0.14
0.63
0.35
<0.05
0.40
0.42
0.50
0.21
0.20
<0.05
0.20
0.16
0.15
0.71
0.45
0.45

1.38%0.17
1.35£0.18
1.38%0.13
1.22%0.11
1.86%0.52
1.44%0.60
14.4%£11.55
1.37%0.11
0.98%0.33
1.3910.31
2.0910.61
1.4310.14
1.81%0.43
1.30£0.31
1.64%0.27
1.49%0.60
1.25%0.10
2.05£0.30
1.07£0.35
1.1920.40
0.68%0.06
1.47%0.30
1.3720.36
1.03£0.11
0.45%0.10

0.09
0.13
<0.05
0.13
0.18
0.50
0.31
<0.05
0.95
0.27
0.15
<0.05
0.14
0.39
0.08
0.46
0.06
<0.05
0.84
0.66
<0.05
0.19
0.36
0.79
<0.05



hsa-miR-487b
hsa-miR-518f
hsa-miR-197
hsa-miR-491-5p
hsa-miR-100
hsa-miR-20a
hsa-miR-25
hsa-miR-576-3p
hsa-miR-598
hsa-miR-590-5p
hsa-miR-889
hsa-miR-324-3p
hsa-miR-411
hsa-miR-449b
hsa-miR-19b
hsa-miR-345
hsa-miR-361-5p
hsa-miR-495
hsa-miR-107
hsa-miR-340
hsa-miR-532-3p
hsa-miR-887
hsa-miR-374a
hsa-miR-26b
hsa-miR-92a

0.82%0.09
0.82%0.82
0.81£0.05
0.81£0.09
0.80%0.20
0.80%0.08
0.80£0.09
0.80%0.28
0.80%0.31
0.79%0.15
0.79%0.23
0.78%0.20
0.78%0.11
0.78%0.30
0.77£0.16
0.77£0.15
0.77£0.28
0.77£0.10
0.76%0.52
0.76%0.27
0.76%0.07
0.76%0.26
0.75%0.16
0.74%0.15
0.74%0.04

0.11
0.83
<0.05
0.09
0.38
0.06
0.10
0.51
0.56
0.23
0.41
0.34
0.13
0.51
0.21
0.22
0.46
0.07
0.67
0.41
<0.05
0.39
0.19
0.16
<0.05

1.37£0.24
0.14%0.14
1.0210.34
1.11£0.13
1.18%0.11
1.54%0.16
1.41%£0.09
1.13£0.42
1.18%0.14
1.48%0.19
1.46%0.16
1.35£0.09
1.5410.44
1.0210.35
1.41%0.16
0.98%0.14
1.39£0.35
1.08%0.12
0.33%0.18
1.7620.45
1.07£0.05
3.1212.46
1.57£0.24
1.6210.23
1.34%0.20

0.20
<0.05
0.96
0.45
0.16
<0.05
<0.05
0.78
0.26
0.06
<0.05
<0.05
0.29
0.96
0.06
0.91
0.33
0.53
<0.05
0.16
0.25
0.44
0.07
0.06
0.17



hsa-miR-140-5p
hsa-miR-505
hsa-miR-519a
hsa-miR-576-5p
hsa-miR-127-5p
hsa-miR-16
hsa-miR-221
hsa-miR-26a
hsa-miR-362-5p
hsa-miR-542-3p
hsa-miR-214
hsa-miR-519¢
hsa-miR-10a
hsa-miR-126
hsa-miR-192
hsa-miR-196b
hsa-miR-302¢
hsa-miR-379
hsa-miR-517a
hsa-miR-125b
hsa-miR-299-5p
hsa-miR-652
hsa-let-7b
hsa-miR-27a
hsa-miR-374b

0.73%0.15
0.73%0.34
0.7310.61
0.73%0.27
0.7210.28
0.72%0.16
0.72%0.18
0.72%0.15
0.72%0.36
0.72%0.40
0.71£0.06
0.71£0.56
0.69%0.11
0.69%0.11
0.69%0.18
0.69%0.07
0.69%0.58
0.69%0.15
0.69%0.38
0.68%0.14
0.68%0.05
0.68%0.11
0.67%0.13
0.67%0.12
0.67£0.09

0.15
0.47
0.68
0.37
0.37
0.16
0.20
0.14
0.47
0.52
<0.05
0.63
<0.05
<0.05
0.17
<0.05
0.62
0.10
0.46
0.09
<0.05
<0.05
0.06
<0.05
<0.05

1.26%0.15
4.7713.41
2.6312.28
1.98%0.73
3.10£1.21
1.24%0.20
1.36%0.15
1.49%0.19
1.14£0.25
3.54£2.90
1.15%0.06
1.3810.24
1.3920.07
1.60%0.33
1.36%0.23
1.3910.04
0.45%0.23
1.36%0.23
0.3210.23
1.31£0.25
1.48%0.57
1.4210.26
1.4510.25
2.01£0.32
1.38%0.16

0.17
0.33
0.52
0.25
0.16
0.29
0.08
0.06
0.59
0.43
0.06
0.18
<0.05
0.15
0.20
<0.05
0.08
0.20
<0.05
0.28
0.45
0.18
0.14
<0.05
0.07



hsa-miR-15b
hsa-miR-363
hsa-miR-671-3p
hsa-miR-874
hsa-miR-10b
hsa-let-7e
hsa-miR-125a
hsa-miR-194
hsa-miR-199a
hsa-let-7c
hsa-miR-128
hsa-miR-204
hsa-miR-27b
hsa-miR-370
hsa-miR-450b
hsa-miR-148a
hsa-let-7d
hsa-miR-152
hsa-miR-210
hsa-miR-22
hsa-miR-625
hsa-miR-185
hsa-miR-501-3p
hsa-miR-502-3p
hsa-miR-636

0.66%0.10
0.66%0.26
0.66%0.24
0.66%0.13
0.65%0.09
0.64%0.11
0.6410.21
0.64%0.17
0.64%0.13
0.63%0.13
0.63%0.06
0.63%0.19
0.62%0.14
0.62%0.13
0.62%0.29
0.61£0.07
0.60£0.09
0.60%0.08
0.59£0.06
0.59%0.23
0.59%0.16
0.58%0.08
0.58%0.30
0.57£0.07
0.57%0.15

<0.05
0.27
0.23
<0.05
<0.05
<0.05
0.17
0.10
<0.05
<0.05
<0.05
0.12
<0.05
<0.05
0.26
<0.05
<0.05
<0.05
<0.05
0.16
0.07
<0.05
0.23
<0.05
<0.05

1.7520.49
5.53%2.70
1.61%0.43
1.15%0.16
1.37%0.18
2.1310.40
1.28%0.08
2.58%0.87
1.6610.21
1.65%0.13
1.41£0.25
1.82%0.59
1.4120.27
1.3620.34
4.04%£1.32
1.4710.42
1.73%£0.10
1.82%0.40
1.39%0.15
4.10%£3.13
1.8710.84
1.70£0.31
15.54114.43
2.08%0.60
2.14%1.15

0.20
0.17
0.23
0.38
0.10
<0.05
<0.05
0.14
<0.05
<0.05
0.18
0.24
0.20
0.36
0.08
0.33
<0.05
0.11
0.06
0.38
0.36
0.08
0.37
0.15
0.38



hsa-miR-486-3p
hsa-miR-518d
hsa-miR-335
hsa-miR-135a
hsa-miR-205
hsa-miR-99a
hsa-miR-203
hsa-miR-101
hsa-miR-424
hsa-miR-95
hsa-miR-515-3p
hsa-miR-579
hsa-miR-523
hsa-miR-1
hsa-miR-32
hsa-miR-215
hsa-miR-519¢
hsa-miR-653
has-miR-155
hsa-miR-627
hsa-miR-199a
hsa-miR-190
hsa-miR-582-3p
hsa-miR-654-5p
hsa-miR-105

0.56%0.19
0.56%0.36
0.55%0.13
0.54%0.25
0.54%0.54
0.54%0.14
0.52%0.12
0.51%0.11
0.47£0.25
0.47£0.30
0.46%0.29
0.46%0.23
0.45%0.12
0.4310.43
0.43%£0.29
0.40%0.22
0.40£0.40
0.40£0.40
0.3910.28
0.38%0.31
0.37£0.32
0.35£0.21
0.35£0.32
0.35%0.26
N/A

0.08
0.28
<0.05
0.14
0.44
<0.05
<0.05
<0.05
0.10
0.28
0.14
0.08
0.14
0.25
0.12
0.06
0.21
0.21
0.13
0.12
0.12
0.12
0.12
0.07

1.05%0.40
6.1215.96
1.0910.47
1.90%0.53
0.21%0.21
1.30£0.24
2.13X0.75
2.12%0.06
3.7612.74
1.2710.27
1.89%1.37
10.36110.32
10.46%£7.02
0.52%0.52
26.15%24.01
2.40%0.77
0.28%0.28
0.39£0.39
1.78%0.69
9.11%8.73
17.88+12.74
6.58%3.87
5.53%3.25
9.55%8.94
N/A

0.90
0.44
0.85
0.17
<0.05
0.27
0.20
<0.05
0.37
0.37
0.55
0.42
0.25
0.40
0.35
0.14
0.06
0.19
0.32
0.41
0.26
0.22
0.24
0.39



hsa-miR-122
hsa-miR-129-5p
hsa-miR-133b
hsa-miR-136
hsa-miR-142-5p
hsa-miR-147
hsa-miR-147b
hsa-miR-153
hsa-miR159a
hsa-miR-183
hsa-miR-188-3p
hsa-miR-198
hsa-miR-200c¢
hsa-miR-208
hsa-miR-208b
hsa-miR-219
hsa-miR-219
hsa-miR-219-5p
hsa-miR-220
hsa-miR-220b
hsa-miR-220c
hsa-miR-296-3p
hsa-miR-298
hsa-miR-299-3p
hsa-miR-302a

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
0.72%0.36
N/A
N/A
N/A
N/A
N/A
N/A
3.25%3.25
19.719.91
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
14.43%13.3
N/A

0.49

0.53
0.13

0.37



hsa-miR-302b
hsa-miR-325
hsa-miR-338-3p
hsa-miR-33b
hsa-miR-342-5p
hsa-miR-34c-5p
hsa-miR-362-3p
hsa-miR-367
hsa-miR-371-3p
hsa-miR-373
hsa-miR-376b
hsa-miR-377
hsa-miR-383
hsa-miR-384
hsa-miR-412
hsa-miR-448
hsa-miR-450b
hsa-miR-453
hsa-miR-488
hsa-miR-490-3p
hsa-miR-491-3p
hsa-miR-492
hsa-miR-496
hsa-miR-499-3p
hsa-miR-499-5p

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
8.6718.67
0.33£0.33
N/A
3.48%2.09
N/A
N/A
2.13%2.13
1.52+1.14
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

0.43
0.12

0.30

0.62
0.67



hsa-miR-504
hsa-miR-506
hsa-miR-507
hsa-miR-508-5p
hsa-miR-509
hsa-miR-509-5p
hsa-miR-510
hsa-miR-511
hsa-miR-512-3p
hsa-miR-512-5p
hsa-miR-513-5p
hsa-miR-515-5p
hsa-miR-516a
hsa-miR-516b
hsa-miR-518a
hsa-miR-518a
hsa-miR-518¢
hsa-miR-518d
hsa-miR-520a
hsa-miR-520a
hsa-miR-520b
hsa-miR-520d
hsa-miR-524-5p
hsa-miR-525-3p
hsa-miR-525-5p

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A



hsa-miR-526b
hsa-miR-542-5p
hsa-miR-544
hsa-miR-548a
hsa-miR-548a
hsa-miR-548b
hsa-miR-548¢
hsa-miR-548¢
hsa-miR-548d
hsa-miR-551b
hsa-miR-556-3p
hsa-miR-556-5p
hsa-miR-561
hsa-miR-570
hsa-miR-615-3p
hsa-miR-615-5p
hsa-miR-616
hsa-miR-618
hsa-miR-624
hsa-miR-642
hsa-miR-651
hsa-miR-672
hsa-miR-674
hsa-miR-871
hsa-miR-872

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
1.95£1.28
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

0.50



hsa-miR-873 N/A N/A

hsa-miR-875-3p N/A N/A
hsa-miR-876-3p N/A N/A
hsa-miR-876-5p N/A N/A
hsa-miR-885-3p N/A N/A
hsa-miR-888 N/A 0.6510.34 0.36
hsa-miR-890 N/A N/A
hsa-miR-891a N/A N/A
hsa-miR-891b N/A N/A
hsa-miR-892a N/A N/A
hsa-miR-96 N/A N/A

Data are meantSEM from three independent experiments. N/A: not available: data of at least one experiment cannot be detected. *: a mean

co-culture/monoculture ratio >2.0 and P<0.05. **: a mean co-culture/monoculture ratio <0.5 and P<0.05.
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