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MicroRNA-17-3p suppresses NF-κB-mediated endothelial
inflammation by targeting NIK and IKKβ binding protein
Yin Cai1,2,3, Yu Zhang1, Hui Chen1, Xing-hui Sun4, Peng Zhang1, Lu Zhang1, Meng-yang Liao5, Fang Zhang6, Zheng-yuan Xia3,
Ricky Ying-keung Man1, Mark W. Feinberg4 and Susan Wai-Sum Leung1

Nuclear factor kappa B (NF-κB) activation contributes to many vascular inflammatory diseases. The present study tested the
hypothesis that microRNA-17-3p (miR-17-3p) suppresses the pro-inflammatory responses via NF-κB signaling in vascular
endothelium. Human umbilical vein endothelial cells (HUVECs), transfected with or without miR-17-3p agomir/antagomir, were
exposed to lipopolysaccharide (LPS), and the inflammatory responses were determined. The cellular target of miR-17-3p was
examined with dual-luciferase reporter assay. Mice were treated with miR-17-3p agomir and the degree of LPS-induced
inflammation was determined. In HUVECs, LPS caused upregulation of miR-17-3p. Overexpression of miR-17-3p in HUVECs inhibited
NIK and IKKβ binding protein (NIBP) protein expression and suppressed LPS-induced phosphorylation of inhibitor of kappa Bα
(IκBα) and NF-κB-p65. The reduced NF-κB activity was paralleled by decreased protein levels of NF-κB-target gene products
including pro-inflammatory cytokine [interleukin 6], chemokines [interleukin 8 and monocyte chemoattractant protein-1] and
adhesion molecules [vascular cell adhesion molecule-1, intercellular adhesion molecule-1 and E-selectin]. Immunostaining revealed
that overexpression of miR-17-3p reduced monocyte adhesion to LPS-stimulated endothelial cells. Inhibition of miR-17-3p with
antagomir has the opposite effect on LPS-induced inflammatory responses in HUVECs. The anti-inflammatory effect of miR-17-3p
was mimicked by NIBP knockdown. In mice treated with LPS, miR-17-3p expression was significantly increased. Systemic
administration of miR-17-3p for 3 days suppressed LPS-induced NF-κB activation and monocyte adhesion to endothelium in lung
tissues of the mice. In conclusion, miR-17-3p inhibits LPS-induced NF-κB activation in HUVECs by targeting NIBP. The findings
therefore suggest that miR-17-3p is a potential therapeutic target/agent in the management of vascular inflammatory diseases.
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INTRODUCTION
The endothelium, a monolayer of cells lining the interior surface
of blood vessels, plays a central role in the development
of vascular inflammatory diseases such as sepsis and athero-
sclerosis [1–4]. In response to inflammatory stimuli, such
as lipopolysaccharide (LPS), tumor necrosis factor α
(TNFα) and oxidized low-density lipoprotein, endothelial cells
express adhesion molecules including selectins, vascular cell
adhesion molecule-1 (VCAM-1) and intercellular adhesion
molecule-1 (ICAM-1), which mediate the tethering and rolling
of monocytes on the endothelial surface [5–7]. Activated
endothelial cells also produce chemotactic factors to facilitate
the transmigration of monocytes, which differentiate into
macrophages, across the vascular wall [5, 6]. The infiltrated
macrophages further enhance the expression of adhesion
molecules and the release of chemokines and cytokines by
endothelial cells, thereby aggravating the inflammatory condi-
tions [5–8].

Activated endothelial cells exhibit an enhanced activity of
nuclear factor kappa B (NF-κB) [9, 10], which is a major
transcription factor regulating inflammatory and immune
responses [11, 12]. In the unstimulated state, NF-κB resides in
the cytoplasm in an inactive form through binding to the
inhibitors of kappa B (IκBs) [13, 14]. Upon stimulation, IκB kinase
(IKK) is activated to phosphorylate the NF-κB-bound IκB. The
phosphorylated IκB undergoes proteasomal degradation, and the
released NF-κB dimer (mainly p65/p50) translocates to the nucleus
[13, 14]. An alternative pathway for NF-κB activation involves the
processing of the NF-κB subunit p100 by NF-κB inducing kinase
(NIK) and the subsequent translocation of the resulted dimer RelB/
p52 to the nucleus [15–17]. Inside the nucleus, NF-κB mediates the
transcription of the genes encoding pro-inflammatory cytokines
[such as interleukin (IL) 6] and cell adhesion molecules (such as E-
selectin, VCAM-1 and ICAM) [18]. Therefore, inhibition of NF-κB
activity in endothelial cells can be an effective approach to reduce
the severity of vascular inflammatory diseases.
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MicroRNA (miRNA) is a small non-coding RNA molecule with
about 21–24 nucleotides (nt) and induces potent gene silencing
by complementarily binding to the 3′ untranslated region (UTR) of
mRNA, thus having a crucial role in many cellular and biological
processes [19–21]. The miR-17~92 is one of the best-characterized
polycistronic miRNA clusters. It encodes six individual miRNAs,
miR-17, miR-18a, miR-19a, miR-20a, miR-19b-1, and miR-92a, and
contributes to the regulation of adipocyte differentiation [22], and
heart and lung development [23, 24]. Despite the general
consensus that passenger miRNAs have no regulatory activity,
emerging evidence demonstrated that the physiological relevance
of the passenger miRNAs of the miR-17~92 cluster has been
underestimated [25–27]. In particular, miR-17-3p (a passenger
miRNA of miR-17) promotes cardiomyocyte proliferation [25],
oxidative stress [26] and cell apoptosis [27]. In endothelial cells,
miR-17-3p is induced following TNFα stimulation, and targets the
3′UTR of ICAM-1 mRNA to reduce the translation of the latter to
protein, subsequently reducing the adhesion of leukocytes to
endothelial monolayer; as such, it serves as a mechanism to limit
the inflammatory responses [28]. This study aimed to examine the
hypothesis that miR-17-3p is an important regulator of endothelial
activation during inflammatory responses to bacterial infection
and that the underlying mechanism involves modulation of a
broader NF-κB signaling cascade.

MATERIALS AND METHODS
Cell culture
Human umbilical vein endothelial cells (HUVECs) and THP-1
monocytic cells were purchased from American Type Culture
Collection (ATCC, Manassas, VA, USA). HUVECs were cultured in
Ham’s Kaighn’s Modification F12K medium (Invitrogen, Carlsbad,
CA, USA) supplemented with 10% fetal bovine serum (FBS,
Invitrogen), 1% penicillin/streptomycin (100 U·mL−1, Invitrogen),
heparin (15 IU·mL−1, LEO Pharma, Denmark) and vascular
endothelial growth factor (30 ng·mL−1, Sigma, St. Louis, MO,
USA). THP-1 cells were cultured in Roswell Park Memorial Institute
1640 (RPMI-1640) medium (ATCC) supplemented with 10% FBS, 2-
mercaptoethanol (0.05 mM, Invitrogen) and 1% penicillin/strepto-
mycin. All cells were incubated at 37 °C in an atmosphere
containing 5% CO2 −95% room air.

HUVEC transfection
HUVECs were transfected with micrON hsa-miR-17-3p agomir (17-
3p, 100 nM, RIBOBIO, Guangzhou, Guangdong, China), micrOFF
hsa-miR-17-3p antagomir (Anti-17-3p, 100 nM, RIBOBIO) or small
interfering RNA (siRNA) against NIK and IKKβ binding protein
(NIBP, 100 nM, Invitrogen) without/with co-transfection with Anti-
17-3p (100 nM) using Lipofectamine 2000 (Invitrogen) for 5 h,
followed by incubation with F12K medium for 24 h and treated
with vehicle or with LPS (from E.coli. 026:B6; Sigma; 10 ng·mL−1,
2 h for immunofluorescence analysis; 4 h for RNA analysis; or 16 h
for protein analysis and cell adhesion assay) before harvesting.
The effects of transfection were validated by measuring the
expression of miRNA-17-3p or the mRNA expression of NIBP
through real-time polymerase chain reaction (RT-qPCR).

In vivo miRNA-17-3p overexpression and animal experiments
An equal volume of miRNA-17-3p agomir or its negative control
(NC) (1 nmol dissolved in 100 μL sterile phosphate-buffered saline)
and Lipofectamine 2000 (30 μL mixed with 70 μL phosphate-
buffered saline) was mixed to form complexes, according to the
manufacturer’s instructions. Each mouse (male, 8–10 weeks old)
was administered 200 μL mixtures containing 1 nmol miRNA-17-
3p agomir or its negative control once per day for consecutive
3 days by tail vein injection. LPS (from E.coli. 055:B5, Sigma;
40mg·kg−1) or vehicle was injected intraperitoneally on the
following day. After 4 h, mice were euthanized by overdose of

pentobaribital sodium (100mg·kg−1). The right lung was isolated
for further measurement of mRNA and protein expression. The left
lung was re-perfused with 10% neutral buffered formalin for
immunofluorescent study. All experimental procedures were
approved by The University of Hong Kong Committee on the
Use of Live Animals for Teaching and Research and Institutional
Animal Care and Use Committee at Harvard Medical School and
carried out in compliance with the Guide for the Care and Use of
Laboratory Animals published by the National Institutes of Health
(8th Edition, 2011; https://www.ncbi.nlm.nih.gov/books/
NBK54050/).

Real-time polymerase chain reaction
Total RNA was isolated from HUVECs and lung tissue with TRIZOL
reagent (Invitrogen). Equal amount of total RNA was reverse
transcribed to first strand cDNA using the Superscript II RNase H
Reverse Transcriptase kit (Invitrogen) for target gene detection.
Specific Bulge-LoopTM miRNA primers (RIBOBIO) were used
instead of the random primers in Superscript II RNase H Reverse
Transcriptase kit for reverse transcription of miRNAs. cDNAs were
quantified by RT-qPCR using SybrGreen Supermix (BioRad,
Hercules, CA, USA) in ABI 7000 RT-qPCR detection system (Applied
Biosystems, Foster City, CA, USA). The primers sequences used are
shown in Table 1.

Western blotting
Cultured HUVECs or frozen lung tissue were homogenized in
RIPA buffer [50 mM Tris-HCl, 150 mM NaCl, 0.1% sodium dodecyl
sulfate, 0.5% sodium deoxycholate, 1% NP-40 and protease

Table 1. Primers used in quantitative real-time polymerase chain
reactions.

Gene name Sequence (5ʹ→ 3′)

Human ICAM-1 Forward: CGGAAATAACTGCAGCATTT

Reverse: GCGCGTGATCCTTTATAGCG

Human VCAM-1 Forward: GCTGCTCAGATTGGAGACTCA

Reverse: CGCTCAGAGGGCTGTCTATC

Human NIBP Forward: TCCTCTACATCCGCTACAGGC

Reverse: TGATGAGGCCCACGACTTTG

Human MCP-1 Forward: AGACTAACCCAGAAACATCC

Reverse: GACTGGGGCATTGATTGCATT

Human E-selectin Forward: AATCCAGCCAATGGGTTCG

Reverse: GCTCCCATTAGTTCAAATCCTTCT

Human β-actin Forward: GGACTTCGAGCAAGAGATGG

Reverse: AGCACTGTGTTGGCGTACAG

Mouse ICAM-1 Forward: GTGATGCTCAGGTATCCATCCA

Reverse: CACAGTTCTCAAAGCACAGCG

Mouse VCAM-1 Forward: GTTCCAGCGAGGGTCTACC

Reverse: AACTCTTGGCAAACATTAGGTGT

Mouse E-selectin Forward: ATGCCTCGCGCTTTCTCTC

Reverse: GTAGTCCCGCTGACAGTATGC

Mouse NIBP Forward: TGTGAAGTTCAGCTGATGGTGTAC

Reverse: GCTGCAGGAAGAGACTCAAACT

Mouse GAPDH Forward: AGGTCGGTGTGAACGGATTTG

Reverse: TGTAGACCATGTAGTTGAGGTCA

Mouse MCP-1 Forward: TAAAAACCTGGATCGGAACCAAA

Reverse: GCATTAGCTTCAGATTTACGGGT

GAPDH glyceraldehyde 3-phosphate dehydrogenase, ICAM-1 intercellular
adhesion molecule-1, MCP-1 monocyte chemoattractant protein-1, NIBP
NIK and IKKβ binding protein, VCAM-1 vascular cell adhesion protein-1.
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inhibitor cocktail tablets (one tablet per 50 mL solution), pH 7.8].
The protein concentration of the samples was determined with
the Bradford assay (BioRad). The extracted protein samples were
separated by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis and transferred onto polyvinylidene difluoride
membrane for detection with appropriate antibodies. Primary
antibodies against human ICAM-1 (1:1000), human VCAM-1
(1:1000), GAPDH (1:1000), IκBα (1:1000), phospho-IκBα (1:1000),
p65 (1:2000) and phospho-p65 (1:1000) were purchased from
Cell Signaling Technology (Danvers, MA, USA). Anti-NIBP (1:250),
anti-mouse VCAM-1 (1:1000) and anti-mouse E-selectin (1:1000)
were purchased from Santa Cruz Biotechnology (Dallas, TX,
USA). Anti-human E-selectin (1:1000) and anti-mouse ICAM-1
(1:1000) were purchased from R&D Systems (Minneapolis, MN,
USA). Horseradish peroxidase-conjugated anti-mouse, anti-
rabbit and anti-goat secondary antibodies (1:5000) were
purchased from GE Healthcare (Boston, MA, USA) and DAKO
(Glostrup, Denmark), respectively. Blots were visualized with
AmershamTM ECLTM Western Blotting Detection Reagent (GE
Healthcare) or Clarity ECL Western Blotting Detection Reagents
(BioRad) and subsequently imaged by GBOX Chemi2 XR5 system
(Syngene, Cambridge, UK). Image J software (National Institutes
of Health, MD, USA) was used to analyze the optical densities of
the immunoreactive bands. Protein presence was normalized to
that of loading control (β-actin).

Immunofluorescence
HUVECs were seeded on the gelatin (0.2%)-coated coverslips in a
12-well plate. After different treatments, they were fixed with 4%
paraformaldehyde and then incubated with 0.5% Triton X-100 for
nuclear permeabilization. The lung tissue was fixed with 4%
paraformaldehyde and embedded in paraffin. Sections of 5 μm
thickness were then deparaffinized with xylene and rehydrated in
water through a graded ethanol series, followed by antigen
retrieval performed for 5 min in a microwave oven using 0.01 M
citrate buffer. The cells or tissue sections were then blocked with
5% bovine serum albumin in phosphate-buffered saline with 0.1%
Triton X-100, incubated sequentially with primary antibody [p65
(1:300, Cell Signaling Technology); F4/80 (1:500, BioLegend, San
Diego, CA, USA); CD31 (1:500, R&D Systems)], secondary antibody
[Rat IgG2α (1:500, BioLegend); Rabbit IgG (1:200, Invitrogen); Goat
IgG (1:200, Invitrogen)] and ProLong® Gold Antifade Mountant
with DAPI (Invitrogen). The images were acquired under Olympus
BX41 microscope equipped with Olympus DP72 color digital
camera (Olympus, Tokyo, Japan). Image analysis was performed
with Image J software.

Interleukin 6, interleukin 8 and monocyte chemoattractant
protein-1 measurements
After LPS or vehicle treatment, supernatant of HUVECs were
collected for the quantification of IL-6, IL-8 and monocyte
chemoattractant protein-1 (MCP-1) using enzyme-linked immu-
nosorbent assay kits according to the manufacturer’s instructions
(R&D Systems).

Monocyte adhesion assay
HUVECs were transfected with 17-3p, Anti-17-3p or their negative
controls for 24 h and then treated with LPS (10 ng·mL−1) for 16 h.
THP-1 cells were labeled with CellTrackerTM Green CMFAD (2.5 μM,
Invitrogen) for 30 min at 37 °C. The labeled THP-1 cells were
washed and added into transfected HUVECs for 4 h at 37 °C.
Sequentially, the unbound THP-1 cells were removed and the
adherent cells were fixed by 4% paraformaldehyde. Monocyte
adhesion was observed using Olympus BX41 microscope
equipped with Olympus DP72 color digital camera. Adherent
THP-1 cells were quantified in three random fields of view per well
using Image J software. Triplicate wells were analyzed for each
experiment.

Argonaute2-miRNP immunoprecipitation
HUVECs were transfected with myc-Argonaute2 (AGO2) plasmid
(2 μg·mL−1) using Lipofectamine 2000. After 2 h, HUVECs were
then transfected with miR-17-3p or its negative control as
described in the above section. The transfected HUVECs were
lysed with CelLyticTM MT Cell Lysis reagent (Sigma). Cell lysates
were incubated with protein A/G ultralin resin beads (Thermo
Scientific, Pittsburgh, PA, USA) on ice for 30 min to remove non-
specific binding and incubated overnight with anti-Myc-Tag
antibody (Cell Signaling Technology) or Mouse IgG2α (BD
Biosciences) under rotation at 4 °C, followed by incubation with
protein A/G ultralin resin beads for 2 h under rotation at 4 °C. The
immunoprecipitated RNA was extracted by TRIZOL reagent and
processed for reverse transcription for determination of the
miRNA level with real-time PCR.

Luciferase reporter assay
A pmiR-RB-REPORT™ vector including the 3′ UTR of human NIBP
mRNA containing the putative miR-17-3p binding site was
purchased from RIBOBIO. As a mutated vector, the mutation in
the seed binding sites of 3′-UTR fragment of human NIBP (86–92)
was generated from ACTGCAG to TGACGTC. For reporter assay,
293 T cells were cultured overnight, and then were transfected
with 100 ng of wildtype or mutated plasmid and 50 nM of miR-17-
3p agomir or negative control using Lipofectamine 3000
(Invitrogen) as transfection reagent according to the manufac-
turer’s instructions. Firefly and Renilla luciferase activities were
measured 24 h post transfection using the Dual-Glo™ Luciferase
Assay System (Promega, Madison, WI, USA).

Data and statistical analysis
All data are expressed as means ± standard deviations (SD) and n
represents the number of experiments repeated with different
batches or passages of HUVECs, or with different animals.
Statistical analysis was performed using Prism 5.0 (GraphPad
software, San Diego, CA, USA). Unpaired Student’s t-test or
Mann–Whitney test was applied to analyze the comparison
between two groups; one-way analysis of variance (ANOVA)
followed by Bonferroni post hoc test was applied to compare the
difference among the three treatment groups in the animal study.
Two-way ANOVA followed by Bonferroni post hoc test was applied
to determine individual differences between multiple groups of
data. P values less than 0.05 were considered to indicate
statistically significant differences.

RESULTS
miR-17-3p suppresses LPS-induced pro-inflammatory cytokines
and adhesion molecules in endothelial cells
LPS activates NF-κB signaling leading to the upregulation of pro-
inflammatory cytokines and adhesion molecules in endothelial
cells [18]. Upon LPS stimulation, the expression of miR-17-3p was
significantly increased by 128% ± 40%, compared to unstimulated
HUVECs (Fig. 1a), indicating that miR-17-3p upregulation is
associated with the inflammatory responses of endothelial cells
to LPS. To determine the role of miR-17-3p in endothelial
activation, the effect of miR-17-3p on LPS-induced expression of
pro-inflammatory mediators was examined in HUVECs by using
gain- and loss-of-function experiments. The overexpression of
miR-17-3p was achieved by transfection of 17-3p into HUVECs,
which led to an approximately 500-fold increase of miR-17-3p
level, as compared to NC-transfected HUVECs (Fig. 1b). LPS
induced mRNA expressions of MCP-1, ICAM-1, VCAM-1 and E-
selectin; such induction was significantly attenuated in HUVECs
with overexpression of miR-17-3p by 36% ± 4%, 49% ± 5%, 54% ±
2%, and 53% ± 4%, respectively (Fig. 1c).
To determine whether these mRNA expression changes are

related to changes in protein levels, the protein levels of MCP-1 in
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cultured medium and of ICAM-1 and VCAM-1 in cell lysates were
measured after HUVECs were treated with vehicle or LPS. The
overexpression of miR-17-3p did not affect the basal release of
MCP-1, but significantly reduced the LPS-stimulated MCP-1 level
by 48% ± 8% (Fig. 1d). The protein levels of ICAM-1 and VCAM-1 in
cell lysates were undetectable in unstimulated HUVECs, and
induced by LPS treatment (Fig. 1e). The overexpression of miR-17-
3p significantly suppressed the LPS-stimulated induction of ICAM-
1 and VCAM-1 proteins by 45% ± 4% and 67% ± 13%, respectively
(Fig. 1e). Moreover, the amounts of IL-6 and IL-8 released to the
culture medium in response to LPS were significantly reduced by
99% ± 1% and 59% ± 6% in HUVECs with miR-17-3p overexpres-
sion (Fig. 1d). By contrast, in HUVECs transfected with Anti-17-3p,
LPS-induced increases in MCP-1 (Fig. 1f), ICAM-1 and VCAM-1
(Fig. 1g) protein levels were further enhanced by 89% ± 27%, 47%
± 12%, and 170% ± 59%, respectively, when compared to LPS-
treated HUVECs transfected with negative control of antagomir
(Anti-NC). Taken together, these results indicate that miR-17-3p
protects against endothelial inflammation by downregulating pro-
inflammatory cytokine (IL-6), chemokines (IL-8 and MCP-1) and
adhesion molecules (ICAM-1 and VCAM-1).

miR-17-3p inhibits monocyte adhesion to activated endothelial
cell monolayers
During inflammatory responses, endothelial cell surface expresses
adhesion molecules, such as ICAM-1, VCAM-1 and E-selectin, to
promote monocyte attachment and rolling [5, 6]. To determine

the functional consequence of the effects of miR-17-3p on
adhesion molecule expressions, in vitro monocyte adhesion assay
was performed to evaluate monocyte-endothelial cell interactions.
As anticipated, the attachment of THP-1 monocytes onto HUVECs
transfected with miR-17-3p agomir, antagomir or their respective
negative control was minimal under basal conditions (Fig. 2). LPS
stimulated the adhesion of THP-1 monocytes to HUVECs; the
adhesion was significantly reduced by 47% ± 5% in HUVECs with
overexpression of miR-17-3p (Fig. 2a), and increased by 80% ±
18% in cells with inhibition of miR-17-3p (Fig. 2b). The results, thus,
indicate that miR-17-3p negatively affects the LPS-induced
expressions of adhesion molecules thereby preventing monocyte
adhesion to endothelial cell monolayers.

miR-17-3p reduces phosphorylation of IκBα and p65
Given the observation that in HUVECs overexpression of miR-17-
3p downregulated LPS-induced expression of pro-inflammatory
mediator genes, the promoter regions of which contain the NF-κB
binding sites, the effects of miR-17-3p on the key events in the NF-
κB signaling cascade were examined. Activation of NF-κB is
initiated with the phosphorylation of its bound IκB proteins (S32/
36) with the subsequent proteasomal degradation of the latter
and the release of the NF-κB dimers to translocate from the
cytoplasm to the nucleus [13, 14]. The phosphorylation of the NF-
κB p65 subunit at serine 536 is essential for the binding of the
subunit to the promoter region and hence the initiation of
transcription of NF-κB-dependent genes [29]. The phosphorylation

Fig. 1 miR-17-3p suppresses LPS-induced pro-inflammatory cytokines and adhesion molecules in endothelial cells. a Expression of miR-
17-3p in HUVECs treated with vehicle or LPS (10 ng· mL−1 for 16 h), n= 6; b expression of miR-17-3p in HUVECs transfected with miR-17-3p
agomir (17-3p) or its negative control (NC), n= 6; c mRNA expression of MCP-1, ICAM-1, VCAM-1 and E-selectin in NC- and 17-3p-transfected
HUVECs stimulated with LPS (10 ng ·mL−1, 4 h), n= 4–6; d amounts of MCP-1, IL-6 and IL-8 released from NC- and 17-3p-transfected HUVECs
stimulated with or without LPS (10 ng· mL−1, 16 h), n= 5–7; e protein levels of ICAM-1, VCAM-1 and β-actin in total extracts of NC- and 17-3p-
transfected HUVECs stimulated with or without LPS (10 ng· mL−1, 16 h), n= 5; f amounts of MCP-1 protein released from miR-17-3p antagomir
(Anti-17-3p)- or its negative control (Anti-NC)-transfected HUVECs stimulated with or without LPS (10 ng· mL−1, 16 h), n= 4; g protein levels of
ICAM-1, VCAM-1 and β-actin in total extracts of Anti-NC- and Anti-17-3p-transfected HUVECs stimulated with or without LPS (10 ng· mL−1, 16
h), n= 3–4. Data are shown as means ± SD; unpaired Student’s t-test, Mann–Whitney test or two-way ANOVA followed by the Bonferroni post
hoc test was performed. *P < 0.05 between vehicle and LPS, #P < 0.05 between NC and 17-3p or between Anti-NC and Anti-17-3p
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and degradation of IκBα and phosphorylation of p65 in NC- and
17-3p-transfected HUVECs, stimulated with LPS for 16 h, were
examined with immunoblotting using antibodies against IκBα,
phosphorylated IκBα, p65 or phosphorylated p65. The over-
expression of miR-17-3p did not affect the expression of total p65,
but significantly reduced the expression of phosphorylated IκBα
and phosphorylated p65 in both vehicle and the LPS treatment
group, as compared to NC-transfected HUVECs (Fig. 3a). In line
with this, the overexpression of miR-17-3p significantly reduced
the degradation of IκBα (Fig. 3a). NF-κB activity was further
confirmed by p65 nuclear accumulation. A nearly 45% ± 4%
reduction in p65 nuclear staining was observed in HUVECs
transfected with 17-3p as compared with the cells transfected
with NC (Fig. 3b). To consolidate the effect of miR-17-3p on NF-κB
signaling, Anti-17-3p was transfected in HUVECs. Inhibition of miR-
17-3p significantly increased the phosphorylation of IκBα (S32/36)
and facilitated the degradation of IκBα in both vehicle and the LPS
treatment group, as compared to Anti-NC-transfected HUVECs
(Fig. 3c). Taken together, these results suggested that miR-17-3p
can prevent NF-κB activation, by reducing the phosphorylation of
IκBα and p65, thus preventing IκBα degradation and p65 nuclear
translocation, and hence result in inhibition of NF-κB transcrip-
tional activity.

miR-17-3p directly targets expression of NIK and IKKβ binding
protein
To predict the potential targets of miR-17-3p, the computer
program MicroCosm was used to estimate the binding energy
between miRNA-17-3p and 35864 different mRNAs (Homo sapiens)
in the database. ATPase family gene 3-like protein 1 (AFG3L1) and
NIBP were ranked the first and second, respectively, in the order
from low to high amount of the energy required for binding to
miRNA-17-3p (Table 2). AFG3L1 encodes an ATP-dependent zinc
metalloprotease that is target to the mitochondria in mammals
[30] and there is no evidence suggesting the involvement of
AFG3L1 in the regulation of inflammatory responses. However,
NIBP has been reported to enhance NF-κB activity through
interaction with both NIK and IKKβ [31]. Given the observation

that miR-17-3p may interfere with the upstream mediators of IκBα
and p65, NIBP may be the direct target of miR-17-3p for the
regulation of the NF-κB signaling pathway. From the results of
RNA22 program prediction, NIBP mRNA had four binding sites for
miRNA-17-3p and two of them were located on the 3′UTR region
(Table 3). The binding site of miRNA-17-3p was located on the
positions from 75 to 92 on the 3′UTR of human NIBP mRNA
(predicted by miRanda, MicroCosm and RNA22) and there were 17
pairs of Watson-Crick match (A-U pair or G-C pair) and one GU
wobble (G pairing with U; Fig. 4a). For the mouse NIBP mRNA
(predicted by miRanda and RNA22), the complementary sequence
for miRNA-17-3p was located on the positions from 145 to 164 on
the 3′UTR, with 15 pairs of Watson-Crick match and one GU
wobble (Fig. 4a).
To verify that miR-17-3p directly targets NIBP, AGO2 micro-

ribonucleoprotein immunoprecipitation study was performed to
examine whether NIBP mRNA is enriched in the RNA-induced
silencing complex following miR-17-3p overexpression. An
approximately 2.5-fold increase of NIBP was observed after
AGO2 micro-ribonucleoprotein immunoprecipitation in the pre-
sence of overexpression of miR-17-3p, as compared to HUVECs
transfected with NC (Fig. 4b), suggesting that NIBP is the direct
target of miR-17-3p. Luciferase reporter assay further confirmed
the direct interaction between miR-17-3p and NIBP, as evidenced
by the significant reduction in luciferase activity for the co-
transfection with wild-type NIBP plasmid and miR-17-3p when
compared with the control group. However, such reduction of
luciferase activity was absent, and the luciferase activity was even
significantly increased by 30% ± 2% when the binding site was
mutated, indicating that NIBP is a direct target gene of miR-17-3p
(Fig. 4c). Furthermore, although the mRNA level of NIBP was not
altered by miR-17-3p overexpression (Fig. 4d), the protein level of
NIBP was significantly reduced in 17-3p-transfected HUVECs when
compared with NC-transfected HUVECs (Fig. 4e); the results thus
suggest that miR-17-3p targets NIBP through translation inhibition
but not mRNA degradation. To further confirm whether knock-
down of NIBP mimics the inhibitory effect of miR-17-3p on NF-κB
signaling, siRNA was employed to reduce endogenous NIBP levels

Fig. 2 miR-17-3p inhibits monocytes adhesion to activated endothelial cell monolayers. a Representative field of view and quantification
of THP-1 monocytes adhesion to HUVECs transfected with miR-17-3p agomir (17-3p) or its negative control (NC) and stimulated with or
without LPS (10 ng· mL−1, 16 h); b representative field of view and quantification of THP-1 monocytes adhesion to miR-17-3p antagomir (Anti-
17-3p)- or its negative control (Anti-NC)-transfected HUVECs stimulated with or without LPS (10 ng· mL−1, 16 h); magnification×40, scale bars:
100 μm; n= 4. Data are shown as means ± SD; two-way ANOVA followed by the Bonferroni post hoc test was performed. *P < 0.05 between
vehicle and LPS, #P < 0.05 between NC and 17-3p or between Anti-NC and Anti-17-3p
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Fig. 3 miR-17-3p inhibits phosphorylation of IκBα and p65 in endothelial cells. a Protein levels of p-IκBα, IκBα, p-p65, p65 and β-actin in
total extracts of HUVECs transfected with miR-17-3p agomir (17-3p) or its negative control (NC) and stimulated with or without LPS (10 ng·
mL−1, 16 h), n= 4–7; b representative field of view and quantification of p65 translocation in NC- and 17-3p-transfected HUVECs stimulated
with or without LPS (10 ng· mL−1, 2 h); magnification×400, scale bars: 50 μm, n= 3; c protein levels of p-IκBα, IκBα and β-actin in total extracts
of miR-17-3p antagomir (Anti-17-3p)- or its negative control (Anti-NC)-transfected HUVECs stimulated with or without LPS (10 ng ·mL−1, 16 h),
n= 3. Data are shown as means ± SD; two-way ANOVA followed by the Bonferroni post hoc test was performed. *P < 0.05 between vehicle and
LPS, #P < 0.05 between NC and 17-3p or between Anti-NC and Anti-17-3p

Table 2. Online target prediction results by MicroCosm.

Gene name Description Binding energy
(kcal/mol)

P-value Length

AFG3L1 AFG3-like protein 1 (EC 3.4.24.-) (Fragment).[Source:Uniprot/SWISSPROT;Acc:O43931] −33.54 0.01 1000

NP_113654.3 NIK and IKK (beta) binding protein [Source:RefSeq_peptide;Acc:NP_113654] −32.82 0.01 1000

ZNF200 Zinc finger protein 200. [Source:Uniprot/SWISSPROT;Acc:P98182] −30.91 0.03 1542

FAM101B Protein FAM101B. [Source:Uniprot/SWISSPROT;Acc:Q8N5W9] −30.6 0.02 1000

UNC84B Sad1/unc-84-like protein 2 (Rab5-interacting protein) (Rab5IP). [Source:Uniprot/SWISSPROT;
Acc:Q9UH99]

−30.59 0.05 1529

VIM Vimentin. [Source:Uniprot/SWISSPROT;Acc:P08670] −30.57 0.00 322

CDC16 Cell division cycle protein 16 homolog (CDC16Hs) (Anaphase-promoting complex subunit 6)
(APC6) (Cyclosome subunit 6). [Source:Uniprot/SWISSPROT;Acc:Q13042]

−30.47 0.04 1000

LOC131691 NOT ANNOTATED −29.87 0.01 1000

TENC1 tensin like C1 domain containing phosphatase isoform 1 [Source:RefSeq_peptide;Acc:
NP_056134]

−29.81 0.03 489

Hsa-miR-17-3p was input as a candidate to predict the potential mRNA targets.
Results are shown in the order of the binding energy (from low to high).
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in HUVECs. A significant reduction of 57% ± 1% and 74% ± 8% in
NIBP mRNA and protein level, respectively, was achieved in
HUVECs transfected with NIBP siRNA as compared to mock-
transfected cells (Fig. 4f, g). The knockdown of NIBP significantly
reduced LPS-stimulated phosphorylation of IκBα and p65 and
degradation of IκBα (Fig. 4h), and suppressed the mRNA and
protein levels of NF-κB-mediated ICAM-1 in LPS-treated HUVECs
(Fig. 4h, i). To strengthen the notion that reduction of NIBP
accounts for the anti-inflammatory effect of miR-17-3p, the effects
of LPS on NF-κB signaling were examined in HUVECs transfected
with miR-17-3p antagomir without and with co-transfection with
NIBP siRNA. Transfection of miR-17-3p antagomir significantly
enhanced LPS-stimulated phosphorylation of p65; the enhance-
ment was prevented by co-transfection with NIBP siRNA (Fig. 4j).
Collectively, these data indicate that miR-17-3p inhibits the NF-κB
signaling pathway by directly targeting NIBP expression.

miR-17-3p suppresses LPS-induced NF-κB activation and its
mediated expression of adhesion molecules in vivo
Activation of endothelial cells plays a crucial role in releasing pro-
inflammatory cytokines and adhesion molecules and the subse-
quent recruitment of neutrophils and macrophages on the
endothelial surface during disease states, such as sepsis and
atherosclerosis [5–7]. Inflammatory responses can be induced in
mice with an intraperitoneal injection with LPS [32]. To evaluate
the role of miR-17-3p in inflammatory responses in vivo, the level
of this miRNA in the lung and the effect of overexpression of this
miRNA on the recruitment of monocytes to the lungs were
determined in the LPS-treated mice. In line with the in vitro
findings, the expression of miR-17-3p in the lung tissue was
significantly increased by 97% ± 21% after LPS treatment, and was
further increased by systemic administration of 17-3p by ~20 fold
as compared to NC-treated mice (Fig. 5a). In addition, LPS injection
significantly increased the protein expression of NIBP, whilst
overexpression of miR-17-3p significantly attenuated the NIBP
level in the lung tissue (Fig. 5b). At 4 h after LPS injection, the
mRNA levels of ICAM-1, VCAM-1 and E-selectin in the lung were
significantly increased; such induction was significantly sup-
pressed in the lungs of mice treated with 17-3p by 33% ± 9%,
46% ± 10% and 37% ± 17%, respectively (Fig. 5c). To determine
whether these mRNA expression changes are translated to the
protein level, expression of ICAM-1, VCAM-1 and E-selectin in lung
tissues was quantified by Western analyses. LPS treatment
significantly increased the protein levels of the adhesion
molecules, and the systemic administration of 17-3p significantly
reduced the LPS-induced protein expression of ICAM-1 and E-
selectin by 21% ± 6% and 32% ± 7%, respectively, but not the
VCAM-1 level (Fig. 5d). Analysis of lung sections taken from mice
treated with 17-3p revealed a significant reduction of the numbers
of F4/80-positive (monocyte/macrophage-specific marker) cells
adherent to the lung endothelium (CD31 staining, endothelial cell-
specific marker) in response to LPS treatment (by 46% ± 6%,
Fig. 5e), thus suggesting that miR-17-3p attenuates monocyte
adherence to the endothelium in vivo. Moreover, in mice

challenged with LPS, there was significantly increased expression
of phosphorylated IκBα and reduced expression of IκBα in the
lung tissue when compared with vehicle-treated mice (Fig. 5d).
Systemic administration of miR-17-3p significantly augmented the
protein level of IκBα in LPS-treated mice (by 47% ± 17%, Fig. 5d).
Taken together, these results demonstrate that miR-17-3p plays a
critical role in LPS-induced endothelial inflammation and sup-
presses NF-κB-mediated expression of adhesion molecules and
the subsequent monocyte adherence in vivo.

DISCUSSION
Sustained endothelial inflammation has a detrimental effect on
vascular function, and contributes to the pathogenesis of both
acute (such as sepsis) and chronic inflammatory diseases (such as
atherosclerosis) [33, 34]. The present study demonstrated that,
both in cultured human endothelial cells and in mice, miR-17-3p
was upregulated by the inflammatory stimulus, the bacterial
endotoxin LPS, and the upregulation was associated with reduced
LPS-induced production of pro-inflammatory cytokine (IL-6),
chemokines (IL-8 and MCP-1) and adhesion molecules (ICAM-1,
VCAM-1 and E-selectin), and recruitment of monocytes/macro-
phages to endothelial cells (Fig. 6). The anti-inflammatory effect of
miR-17-3p involves the inhibition of NF-κB signaling pathway
activation (as demonstrated by reduced p65 nuclear translocation
and phosphorylation of IκBα and p65) via directly targeting NIBP
(Fig. 6). Taken in conjunction, the findings suggest that miR-17-3p
is an important regulator in endothelial cells to produce self-
limiting effects on inflammatory responses to pathological stimuli.
Indeed, inhibition of miR-17-3p results in greater inflammatory
responses (greater release of MCP-1 and expressions of ICAM-1
and VCAM-1, and enhanced phosphorylation of p65; the latter was
reversed by NIBP silencing) of endothelial cells in response to LPS.
In the cytoplasm, precursor miRNA is cleaved by Dicer, an

RNase-III enzyme, into a small, imperfect dsRNA that contains both
the mature miRNA (“guide” or miRNA-5p) strand and its
complementary (“passenger” or miRNA-3p) strand [35–37]. It was
originally thought that the passenger miRNAs are subject to rapid
degradation [36, 38, 39]. However, recent studies demonstrated
that these strands could also be loaded on the Argonaute and
directed the repression of the target mRNAs [40, 41]. ICAM-1 has
been reported to be a direct target of miRNA-17-3p in endothelial
cells [28], but this cannot explain the inhibition of NF-κB
activation, the reduced release of IL-8, IL-6 or MCP-1, or the
downregulation of VCAM-1 or E-selectin expression by miR-17-3p,
since these effects are upstream or independent of ICAM-1
expression. Therefore, online algorithms (miRanda, MicroCosm
and RNA22) were used to identify other potential mRNA target(s)
that can account for the anti-inflammatory effects of miR-17-3p in
LPS-stimulated endothelial cells.
Based on the bioinformatics analysis, NIBP was predicted as a

direct target gene of miR-17-3p. NIBP is highly conserved across
evolution (protein sequence identity between human and mouse,
92%; chicken, 87%; zebrafish, 85%; pufferfish, 75%; sea urchin,

Table 3. Online target prediction results by RNA22.

miRNA identifier Predicted target site cDNA region Folding energy
(kcal/mol)

Predicted target sequence P-value

Hsa-miR-17-3p 1490 CDS −17.6 GCACAGAGGCTGGGCTGCGGT 0.06

Hsa-miR-17-3p 2012 CDS −15.3 GTTCGAGTCTCTCCCTGCGGC 0.30

Hsa-miR-17-3p 3588 3′UTR −15.1 CTACTTCCGTCCCTCTTTCTGCAGG 0.16

Hsa-miR-17-3p 3654 3′UTR −30.7 GAGCAAGGCCTTCACTGCAGC 0.00

NIBP 3′UTR sequence was input as a candidate to predict the potential miR-17-3p binding site.
CDS coding DNA sequence.
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42%; bee, 35%) [31, 42]. Through interacting with NIK and IKKβ,
the upstream regulating proteins of NF-κB signaling, NIBP
enhances cytokine-induced NF-κB activation in different cell lines,
such as rat pheochromocytoma PC12 cells [31], human embryonic
kidney HEK 293 cells [43] and human colon tumor HCT116 cells
[44]. In the present study, miR-17-3p inhibited phosphorylation of
p65 and IκBα, and prevented p65 translocation and IκBα

degradation, thus indicating that it interferes with the activation
of NF-κB pathway and is in line with NIBP being the direct target
of miR-17-3p. Moreover, the sequence complementary analysis
between the seed sequences of miR-17-3p and the 3′UTR of the
human and mouse NIBP demonstrates, respectively, a perfect
Watson-Crick match between nt 2 and 8 of the miRNA seed region
(the 7mer-m8 principle) [45] and the same perfect Watson-Crick

Fig. 4 miR-17-3p directly targets expression of NIBP protein in endothelial cells. a Potential target sites for miR-17-3p binding in the 3′UTR
of NIBP mRNA (human, upper; mouse, lower), as predicted by the MicroCosm, miRanda and RNA22; b mRNA level of NIBP in HUVECs co-
transfected with Ago2 plasmid and miR-17-3p agomir (17-3p) or its negative control (NC), n= 3; c luciferase assay identified NIBP as a direct
target gene of miR-17-3p, n= 4; d mRNA and; e protein levels of NIBP in total extracts of NC- and 17-3p-transfected HUVECs, n= 4–5; f mRNA
and; g protein levels of NIBP in scramble siRNA- or NIBP siRNA (siNIBP)-transfected HUVECs, n= 4; h protein levels of p-IκBα, IκBα, p-p65, p65,
ICAM-1 and β-actin in total extracts of scramble- and siNIBP-transfected HUVECs stimulated with or without LPS (10 ng· mL−1, 16 h), n= 3;
imRNA level of ICAM-1 in scramble- and siNIBP-transfected HUVECs stimulated with or without LPS (10 ng· mL−1, 4 h), n= 3; j protein levels of
p-p65, p65 and GAPDH in total extracts of HUVECs transfected with Anti-17-3p without or with siNIBP and stimulated with or without LPS (10
ng· mL−1, 16 h), n= 4; data are shown as means ± SD; unpaired Student’s t-test, Mann–Whitney test, one-way or two-way ANOVA followed by
the Bonferroni post hoc test was performed. *P < 0.05 between vehicle and LPS, #P < 0.05 between NC and 17-3p or between scramble and
siNIBP or between Anti-NC and Anti-17-3p, $P < 0.05 between NIBP-WT+NC and NIBP-WT+miR-17-3p, &P <0.05 between NIBP-WT+miR-17-
3p and NIBP-Mut+miR-17-3p, †P < 0.05 between Anti-17-3p+ scramble and Anti-17-3p+ siNIBP
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match together with an adenine-base opposite the position one at
the 5′ end of miRNA (the 8mer principle) [46]; these seed
sequence matching principles are considered to provide miRNA
target prediction with the greatest accuracy since they have been
validated with measurements of the predicted mRNA target and
protein levels [46–48]. Further evidence supporting NIBP being the
target of miR-17-3p in endothelial cells comes from the findings
that (1) miR-17-3p overexpression suppressed NIBP expression at
the post-transcriptional (protein) level and increased NIBP mRNA
in the RNA-induced silencing complex; (2) reduced luciferase
activity for the co-transfection with wildtype NIBP plasmid and
miR-17-3p agomir, but had no effect when the binding site was
mutated; and (3) knockdown of NIBP mRNA reproduced the anti-

inflammatory effects of miR-17-3p overexpression in endothelial
cells, such as reduced LPS-stimulated phosphorylation of p65 and
suppressed mRNA and protein levels of ICAM-1. Taken together,
these findings collectively suggested that miR-17-3p directly
targets NIBP, and therefore suppresses LPS-induced activation of
NF-κB signaling pathway in endothelial cells.
In addition to miR-17-3p, many miRNA networks act on NF-κB

signaling pathway to inhibit inflammatory responses in endothe-
lial cells [15, 49, 50]. For example, miR-155, which is upregulated
by TNFα, directly targets p65 to suppress the NF-κB signaling
pathway and reduces the adhesion of monocytes to the
endothelium [49], whereas miR-181b, which is downregulated
by TNFα, targets importin-α3, a protein critical for NF-κB nuclear

Fig. 5 miR-17-3p suppresses LPS-induced NF-κB activation and expression of adhesion molecules in mice. a Expression of miR-17-3p
in the lung tissue of mice treated without (Vehicle) or with miR-17-3p agomir (17-3p) or its negative control (NC) and with LPS treatment
(i.p. 40 mg·kg−1), n= 6–7; b protein levels of NIBP and GAPDH in total extracts of lung tissue of mice treated with NC or 17-3p with LPS
treatment, n= 4; cmRNA levels of ICAM-1, VCAM-1 and E-selectin in the lung tissue of mice treated with NC or 17-3p with LPS treatment, n=
6–7; d protein levels of ICAM-1, VCAM-1, E-selectin, p-IκBα, IκBα and β-actin in total extracts of lung tissue of mice treated with NC or 17-3p
with LPS treatment, n= 6–7; e representative field of view and quantification of immunofluorescent staining of macrophage (F4/80),
endothelial cell (CD31) and nucleus (DAPI) in adjacent sections of lung tissue of mice treated with NC or 17-3p with LPS treatment,
magnification×400, scale bars: 60 μm; n= 5. Data are shown as means ± SD; one-way ANOVA followed by the Bonferroni post hoc test was
performed. *P < 0.05 between vehicle and LPS, #P < 0.05 between NC and 17-3p

miRNA-17-3p suppresses inflammations
Y Cai et al.

2054

Acta Pharmacologica Sinica (2021) 42:2046 – 2057



translocation, to suppress the expression of NF-κB-regulated pro-
inflammatory cytokines and adhesion molecules in vitro and
in vivo [15, 51, 52]. In endothelial cells stimulated with IL-1β, the
activation of the signaling pathways of NF-κB, as well as other pro-
inflammatory transcriptional factors AP-1 and MAPK/EGR, is
inhibited by miR-146a and miR-146b through targeting the IL-1β
signaling pathway adapter proteins (such as TRAF6 and IRAK1/2)
[50]. The findings confirm that a miRNA network exists to regulate
the NF-κB signaling pathway at multiple levels confirms the
importance of limiting the activation of this nodal transcription
factor family for the maintenance of vascular homeostasis during
inflammatory insults. NIBP, the target of miR-17-3p, interacts with
both NIK [31] (the kinase responsible for initiating the alternative
pathway for NF-κB activation involving the nuclear translocation
of the NF-κB dimer RelB/p50) [15–17] and IKKβ [31] (the kinase
responsible for initiating the classical pathway for NF-κB activation
involving the nuclear translocation of mainly the NF-κB dimer p65/
p52) [13, 14, 29]. The data therefore suggest that miR-17-3p can
serve as an effective therapeutic agent to prevent exacerbated
inflammation and the resultant tissue injury in pathological
conditions involving the activation of NF-κB.
During the course of our study, Yan et al. [53] demonstrated

that miR-17-3p significantly activates NF-κB pathways in human
keratinocyte cell line (HaCaT), in contrast to the present finding
that miR-17-3p suppresses LPS-induced activation of NF-κB
pathways in HUVECs. The seemingly contradictory results may
be attributed to the discrepancies between the experimental
design of the two studies: (1) Different cell types were used
(keratinocytes in their versus endothelial cells in the present work),
and the regulatory role of miR-17-3p in NF-κB signaling pathway
may be different in different cell types. Indeed, a cell-specific
effect on NF-κB signaling is reported for miR-181b, which
suppresses NF-κB activity in endothelial cells but not in other cell
types, such as peripheral blood mononuclear cells, bone marrow-
derived macrophages and peritoneal macrophages, and not in the
liver [10, 51, 52]. The cell-specific effects of microRNA are likely
related to the differences in the relative protein expressions in

different cells; (2) Cells were exposed to different treatments. In
the study of Yan et al. [53], the effect of transfecting miR-17-3p
mimic to HaCaT cells, and hence the overexpression of miR-17-3p
(the degree of upregulation was not indicated), on NF-κB activity
under basal condition was examined. By contrast, in the present
study, the effect of hsa-miR-17-3p agomir (chemically-modified
double-stranded microRNA) transfection, leading to an approxi-
mately 500-fold increase of miR-17-3p level, in HUVECs on the LPS-
induced activation of NF-κB was determined.
Besides regulating NF-κB activity and hence inflammatory

responses, Shi et al. [25] showed that miR-17-3p controls
cardiomyocyte proliferation and hypertrophy in vitro by directly
targeting metallopeptidase inhibitor 3 (TIMP3) and acting
upstream of the PTEN-AKT pathway, respectively. Furthermore,
miR-17-3p contributes to exercise-induced cardiac growth and
protects against adverse remodeling after myocardial ischemia/
reperfusion injury (I/RI) [25]. However, whether miR-17-3p impacts
on myocardial I/RI via TIMP3 or PTEN-AKT pathway in vivo remains
unknown. Of note, during cardiac I/RI, inflammatory cells,
including neutrophils and macrophages, infiltrate to the infarcted
myocardium and produce an array of pro-inflammatory cytokines
and chemokines via activation of NF-κB, which further exacerbate
cardiomyocytes death and myocardial I/RI [54]. NF-κB activation
has also been demonstrated in various models of experimental
myocardial ischemia and reperfusion [55]. Moreover, miR-17-3p
appears to be implicated in the inhibition by dexmedetomidine of
NF-κB activation in H9C2 rat cardiomyocytes during hypoxia/
reoxygenation treatment [56]. Thus, it is likely that miR-17-3p
produces the beneficial effect against myocardial I/RI, at least in
part, through inhibition of the NF-κB activation.
In the present study, the level of miR-17-3p was upregulated

upon LPS stimulation. LPS is a major component of the outer
membrane of Gram-negative bacteria [57]. It activates Toll-like
receptor 4 (TLR4) in the cell membrane to initiate inflammatory
responses via two major intracellular signaling pathways: one
depending on the recruitment of the adapter molecule myeloid
differentiation factor (MyD) and the other on that of the adapter

Fig. 6 Schematic summary. In cultured human endothelial cells, miR-17-3p was upregulated by the bacterial endotoxin LPS, and the
upregulation was associated with reduced LPS-induced production of pro-inflammatory cytokine (IL-6), chemokines (IL-8 and MCP-1) and
adhesion molecules (ICAM-1, VCAM-1, and E-selectin), and recruitment of monocytes/macrophages to endothelial cells. The anti-inflammatory
effect of miR-17-3p involves the inhibition of NF-κB signaling pathway activation (as demonstrated by reduced p65 nucleus translocation and
phosphorylation of IκBα and p65) via directly targeting NIBP
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molecule Toll/interleukin-1 receptor domain-containing adapter
inducing interferon-beta (TRIF) [58]. Both MyD and TRIF recruit-
ments to TLR4 result in the formation of a signaling complex
involving different kinases and ubiquitin ligases, and subsequently
lead to the upregulation of transcription of genes encoding the
inflammatory mediators [58]. It is therefore logical to propose that
miR-17-3p level is upregulated by LPS through the MyD or TRIF
signaling complex, which modulates the activity of the key
enzymes involved in the biogenesis of miR-17-3p (related to
miRNA transcription, nuclear processing and maturation). The
present study does not permit further speculation of the
mechanism by which LPS regulates miR-17-3p expression. It
appears that LPS is not the only stimulator for miR-17-3p
upregulation in endothelial cells, since TNFα also increased the
level of miR-17-3p in HUVEC [28].
In conclusion, the present study demonstrates that the inflam-

matory stimulus bacterial endotoxin can induce the expression of
miR-17-3p, and that miR-17-3p has a therapeutic effect on acute
inflammatory diseases, as systemic delivery of miR-17-3p in mice
attenuated the inflammatory responses to a septic dose of LPS.
Through binding to the 3′UTR of NIBP mRNA, miR-17-3p inhibited
the activation of NF-κB signaling pathway, resulting in reduced
expression of pro-inflammatory cytokines, chemokines, and cell
adhesion molecules and reduced recruitment of leukocytes to the
vascular endothelium. Since NF-κB activation is a major mechanism
underlying chronic vascular inflammation, which contributes to the
development of cardiovascular complications, including athero-
sclerosis and diabetes, miR-17-3p also has a therapeutic potential in
the management of chronic inflammatory diseases.
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