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Role and mechanism of miR-144-5p in LPS-induced macrophages
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Abstract. The aim of the present study was to explore
the possible role of microRNA-144-5p (miR-144-5p) in
rheumatoid arthritis (RA) and the associated mechanism.
Following the induction of THP-1 cell differentiation into
macrophages by phorbol ester (100 ng/ml) treatment, an
in vitro inflammatory model of RA was established by treating
the THP-1 macrophages with 1 ug/ml lipopolysaccharide
(LPS). The level of miR-144-5p was subsequently measured
using reverse transcription-quantitative PCR, which found
that the expression of miR-144-5p was significantly reduced
in LPS-treated THP-1 macrophages. Bioinformatics analysis
and a dual-luciferase reporter assay were used to predict and
confirm TLR2 as a direct target of miR-144-5p, respectively.
Toll-like receptor 2 (TLR2) was then validated as a target gene
of miR-144-5p. The effects of miR-144-5p upregulation and
TLR2 silencing on LPS-treated THP-1 macrophages were
then determined by transfection with miR-144-5p mimic and
TLR2-siRNA, respectively. Cell viability was subsequently
measured using a Cell Counting Kit-8 assay, whilst the
expression of tumor necrosis factor-a (TNF-a), interleukin
(IL)-6 and IL-8 secreted by THP-1 macrophages was
measured using ELISA. Western blotting was performed to
measure p65 phosphorylation (p-p65) in the NK-«kB signaling
pathway. It was found that miR-144-5p overexpression reduced
macrophage cell viability, reduced the expression of TNF-a,
IL-6 and IL-8, and reduced the expression of TLR2 and p-p65
compared with the control group. Likewise, TLR2 silencing
also reduced macrophage cell viability and reduced the
expression of TNF-a, IL-6 and IL-8 in THP-1 macrophages.
In conclusion, the data from the present study suggested that
miR-144-5p overexpression reduced THP-1 macrophage cell
viability and inhibited the expression of TNF-a, IL-6 and
IL-8 in cells, possibly by inhibiting the expression of TLR2
and suppressing the activation of NK-kB signaling. Therefore,
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miR-144-5p may serve as a novel therapeutic target for the
treatment of RA.

Introduction

Rheumatoid arthritis (RA) is an autoimmune disease caused
by systemic inflammation affecting bones and joints. The
pathogenesis of RA involves a number of different mechanistic
pathways in both the innate and adaptive immune systems (1).

Macrophages are a class of heterogeneous, plastic immune
cells (2). To effectively adapt to the microenvironment, macro-
phages form sub-populations with different morphological
functions by altering their phenotype, namely classically
activated (also known as M1 macrophages) and alternatively
activated macrophages (also known as M2 macrophages). M1
macrophages mainly express and secrete proinflammatory
cytokines, including interleukin (IL)-6 and tumor necrosis
factor-a (TNF-a), whereas M2 macrophages are character-
ized by the production of anti-inflammatory cytokines such
as IL-10, which serve a role in promoting angiogenesis
and tissue repair (3,4). It has been previously reported that
macrophages serve a key role in the development of inflam-
mation and joint damage in patients with RA (5), where the
number of macrophages in the synovial layer and substratum
has been reported to associate with disease progression (6).
Additionally, proinflammatory factors secreted by M1 macro-
phages and/or anti-inflammatory cytokines produced by M2
macrophages have been reported to serve important roles in
RA development (7).

Lipopolysaccharide (LPS) is a major constituent of the
gram-negative bacterial cell wall. LPS is also one of the
ligands of toll-like receptor 4 (TLR4), the triggering of which
can lead to downstream signal transduction (8). Activation of
this pathway results in NF-kB activation, in turn activating the
extensive transcription of genes associated with inflammation
and finally promoting the production of factors associated with
the inflammatory response (9,10). LPS has been widely impli-
cated in the development of various inflammatory diseases,
such that its application to cell cultures in vitro has often been
used as a model for simulating inflammatory responses.

MicroRNAs (miRNAs) are endogenous, single-stranded
RNA molecules that are ~22 nucleotides in length and regulate
the expression of target genes by binding to the 3'-untranslated
regions (3'-UTR) of target mRNAs (11). Previous studies have
demonstrated that miRNAs are involved in the regulation of
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a large number of physiological and biochemical processes,
including cell proliferation, differentiation and apop-
tosis (12,13). In particular, miR-144-5p has been reported to
serve important roles in cancer development and chronic peri-
odontitis (14-16). However, the role of miR-144-5p in RA has
not been previously studied. Therefore, in the present study,
LPS-treated THP-1 macrophages was used as the model cell
line to investigate the role of miR-144-5p in the pathophysi-
ology of RA and associated mechanism.

Materials and methods

Induction of THP-1 cells into macrophages. The THP-1 cells
used for the present study were obtained from the Type Culture
Collection of the Chinese Academy of Sciences. THP-1 cells
were cultured in RPMI 1640 medium (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% fetal bovine serum
(Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin
and 100 mg/ml streptomycin (Gibco; Thermo Fisher Scientific,
Inc.) at 37°C incubator under 5% CO,.

For the differentiation of THP-1 cells into adherent
growing macrophages, THP-1 cells were first incubated
for 72 h in 100 ng/ml phorbol ester dissolved in serum-free
RPMI-1640 medium. Following confirmation of successful
differentiation by measuring the expression of markers CD14
and CDI1 using flow cytometry assay (17), fresh medium was
replaced 6 h before each experiment and the cell density was
then adjusted to 1x10° cells/ml before subsequent experiments
were performed.

LPS-induced inflammation model. Macrophages were seeded
in 24-well plates at 1x10° cells/well. The cells were then
divided into two groups, an LPS (1 pg/ml, Sigma-Aldrich;
Merck KGaA) treatment and control group, following which
they were either treated with LPS (1 pzg/ml) or an equal amount
of ultrapure water for 24 h. Each experiment was performed in
triplicate and repeated three times.

Cell transfection. In total, 100 nM miR-144-5p mimics or the
negative control of miR-144-5p mimics (NC) (Guangzhou
RiboBio Co., Ltd.), 50 nM control-siRNA (sense, 5'-UUC
UCCGAACGUGUCACGUTT-3' and antisense, 5'-ACGUGA
CACGUUCGGAGAATT-3") or TLR2-siRNA (sense, 5'-GGA
ACAGAGUGGCAACAGUTT-3" and antisense, 5'-ACU
GUUGCCACUCUGUUCCTT-3") (Shanghai GenePharma
Co., Ltd.). were transfected into THP-1 macrophages using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. Transfection
efficiency was subsequently evaluated using reverse transcrip-
tion-quantitative PCR (RT-qPCR) 48 h after transfection.

Cell Counting Kit-8 (CCK-8) assay. THP-1 macrophages were
first transfected with miR-144-5p mimics, NC, control-siRNA
or TLR2-siRNA for 48 h, following which they were treated
with LPS (1 ug/ml) for a further 24 h before cell viability was
measured using the CCK-8 kit. The cell concentration was
adjusted to 1x10*/ml, and 100 pl cell suspension were added
to each well of the 96-well plates then cultured for 12, 24 or
48 h. Subsequently, 10 ul CCK-8 reagent (Sigma-Aldrich;
Merck KGaA) was added to each well followed by a further
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2 h incubation. Absorbance values at the wavelength of
450 nm was then measured for each well using an ELISA plate
reader (Thermo Fisher Scientific, Inc.). Each experiment was
repeated three times.

ELISA. THP-1 macrophages (1x10° cells/well) were cultured
in a 12-well culture plates and transfected with miR-144-5p
mimics, NC, control-siRNA or TLR2-siRNA for 48 h before
the cells were treated with LPS (1 zzg/ml) for 24 h. Subsequently,
the levels of TNF-a, IL-6 and IL-8 in the culture superna-
tant was analyzed using single ELISA kits (Qiagen GmbH),
according to the manufacturer's protocols.

Western blot analysis. THP-1 macrophages were transfected
with miR-144-5p mimics or NC for 48 h before the cells
were treated with LPS (1 pg/ml) for 24 h. Cells were then
washed twice with PBS and lysed in RIPA buffer (Gibco;
Thermo Fisher Scientific, Inc.). Bicinchoninic Acid Protein
Assay kit (Thermo Fisher Scientific, Inc.) was used to quan-
tify protein concentrations. The protein samples (20 ug per
lane) were separated using 10% SDS-PAGE and transferred
to PVDF membranes (Bio-Rad laboratories, Inc.). After
blocking nonspecific binding with TBS containing 0.1%
Tween-20 supplemented with 5% non-fat milk for 1 h at room
temperature, the membranes were then incubated with the
respective primary antibodies at 4°C overnight. The next day,
the membranes were incubated with horseradish peroxidase
(HRP)-conjugated goat anti-rabbit secondary antibody for 2 h
at room temperature. The protein bands were detected and
visualized using ECL Western Blotting Detection Reagent
(EMD Millipore). The bands were semi-quantitively analyzed
using Image J (version 4.0; National Institutes of Health). All
primary and secondary antibodies, including toll-like receptor
2 (TLR2; cat. no. 12276; 1:1,000), phosphorylated (p-)p65
(cat. no. 3033; 1:1,000), p65 (cat. no. 8242; 1:1,000), GAPDH
(cat. no. 5174; 1:1,000) and HRP-conjugated goat anti-rabbit
secondary antibody (cat. no. 7074; 1:1,000) were purchased
from Cell Signaling Technology, Inc.

RT-gPCR. Total RNA was isolated from THP-1 macrophages
using TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. RNA was reverse
transcribed into cDNA using a Transcriptor First Strand cDNA
Synthesis kit (Roche Molecular Systems, Inc.), according to
manufacturer's protocol. The temperature protocol for reverse
transcription was 5 min at 25°C followed by 60 min at 42°C.
gPCR was performed in a LightCycler® 480 system (Roche
Molecular Systems, Inc.) using Fast SYBR® Green Master Mix
(Thermo Fisher Scientific, Inc.), according to the manufactur-
er's protocols. The thermocycling conditions were as follows:
Initial denaturation at 95°C for 5 min, followed by 38 cycles
of denaturation at 95°C for 15 sec and annealing/elongation at
60°C for 30 sec. GAPDH or U6 was used as the internal control
for mRNA and miRNA expression, respectively. Relative gene
expression was quantified using the 224 method (18). Primer
sequences used for RT-qPCR were as follows: U6 forward,
5-GCTTCGGCAGCACATATACTAAAAT-3' and reverse,
5-CGCTTCACGAATTTGCGTGTCAT-3'; GAPDH forward,
5-CTTTGGTATCGTGGAAGGACTC-3' and reverse, 5'-GTA
GAGGCAGGGATGATGTTCT-3"; and TLR2 forward,
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5"-AGCTTCATTGTTCCCTGTGTTAC-3' and reverse,
5'-AGTTCACAGGAGCAGATGAAATG-3'.

Dual luciferase reporter assay. TargetScan bioinformatics
software (www.targetscan.org/vert_71) (19) was used to
predict the potential target genes of miR-144-5p, using which
TLR2 was found. To confirm the prediction, the wild-type
(WT-TLR2, 5'-UCAUAAGUCUAUUACUGAUAUCU-3") and
mutant (MUT-TLR2, 3'GAAUGUCAUAUACUACUAUAG
G-5') 3'UTR of TLR2, containing the miR-144-5p-binding
elements, were generated by reverse transcription using a
Transcriptor First Strand cDNA Synthesis Kit (temperature
protocol, 5 min at 25°C followed by 60 min at 42°C; Roche
Molecular Systems, Inc.) from total RNA preps extracted
from THP-1 macrophages, and were cloned via BamHI and
Ascl sites of the pMIR-RB-Report™ dual luciferase reporter
plasmid vector (Guangzhou RiboBio Co., Ltd.). THP-1 macro-
phages were then co-transfected with 500 ng each reporter
construct (WT-TLR2 or MUT-TLR?2) and miR-144-5p mimic
or NC (100 nM) using Lipofectamine® 3000 (Invitrogen;
Thermo Fisher Scientific, Inc.), according to the manufactur-
er's protocol. Luciferase activity was subsequently measured
using a Dual-Luciferase® Reporter Assay system (Promega
Corporation) 48 h after transfection, according to the manu-
facturer's protocol. All luciferase activities were normalized
to that of Renilla luciferase.

Statistical analysis. Statistical analysis was performed using
the SPSS 16.0 statistical package (SPSS, Inc.). Quantitative
data area expressed as the mean + SD. Student's t-test or
one-way analysis of variance followed by Tukey's post-hoc
test was performed for comparison. P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression of miR-144-5p in THP-1 macrophages treated
with LPS is significantly lower compared with that in the
control group. THP-1 macrophages were treated with LPS or
ultrapure water for 24 h, following which RT-qPCR was used
to measure the expression of miR-144-5p. miR-144-5p expres-
sion was found to be significantly lower in the cells treated
with LPS compared with water-treated cells (Fig. 1).

Prediction of binding sites between TLR2 and miR-144-5p.
Analysis via Targetscan revealed potential miR-144-5p binding
sites in the TLR2 3'UTR (Fig. 2A). THP-1 macrophages were
then transfected with miR-144-5p mimics or NC, followed by
RT-qPCR analysis of miR-144-5p expression. Transfection
with miR-144-5p mimics significantly increased miR-144-5p
expression compared with the NC group (Fig. 2B).

Overexpression of miR-144-5p reduces the proliferation of
macrophages. Previous studies have reported that miR-144
directly targets TLR2 (20,21). In the present study, a dual
luciferase reporter assay was used to confirm the relation-
ship between TLR2 and miR-144-5p in THP-1 macrophages.
In cells transfected with the wt-TLR2 3'-UTR luciferase
reporter vector, luciferase activity in the miR-144-5p mimics
group was significantly lower compared with that in the NC
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Figure 1. Expression of miR-144-5p in THP-1 macrophages treated with
LPS. THP-1 macrophages were treated with LPS or ultrapure water for 24 h.
Reverse transcription-quantitative PCR was subsequently used to detect the
expression of miR-144-5p. Data are presented as the mean + SD. “P<0.01 vs.
Control. miR, microRNA; LPS, lipopolysaccharide.
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Figure 2. Binding sites between miR-144-5p and TLR2. (A) TargetScan was
used to predict the binding sites between miR-144-5p and TLR2. (B) THP-1
macrophages were transfected with miR-144-5p mimics or mimic controls
for 48 h. Reverse transcription-quantitative PCR was used to measure the
expression of miR-144-5p in the Control, NC and miR-144-5p groups. Data
are presented as the mean = SD. “P<0.01 vs. NC group. miR, microRNA;
LPS, lipopolysaccharide; NC, mimic negative control; TLR2, toll-like
receptor 2; 3'UTR, 3'untranslated region.

group (Fig. 3A), whilst no significant difference was observed
in the miR-144-5p mimics group transfected with the
mut-TLR2 3'-UTR luciferase reporter vector.

Cell viability was then measured by CCK-8 assay.
miR-144-5p overexpression significantly reduced THP-1
macrophage viability compared with the NC group (Fig. 3B).

Overexpression of miR-144-5p reduces the secretion of
TNF-a, IL-6 and IL-8. THP-1 macrophages were transfected
with miR-144-5p mimics or NC for 48 h prior to treatment with
LPS (1 ug/ml) for 24 h. The levels of TNF-a, IL-6 and IL-8 in
the cell culture supernatant were subsequently measured using
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Figure 3. Effect of miR-144-5p overexpression on THP-1 macrophage viability. (A) A dual-luciferase reporter gene assay was used to confirm the interaction
between miR-144-5p and TLR2. “P<0.01 vs. NC. (B) Cell Counting Kit-8 assay was used to measure the cell viability of THP-1 macrophages. "P<0.05 and
“P<0.01 vs. NC group. Data are presented as the mean = SD. miR, microRNA; LPS, lipopolysaccharide; NC, mimic negative control; OD, optical density;

TLR2, toll-like receptor 2; WT, wild-type.
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Figure 4. Effect of miR-144-5p overexpression on TNF-a, IL-6 and IL-8 levels in the THP-1 macrophage cell culture supernatant. (A) Cells transfected with
miR144-5p mimic or mimic control were treated with LPS for 24 h, following which ELISA was used to measure the secretion of TNF-a, (B) IL-6 and (C) IL-8
in THP-1 macrophages. Data are presented as the mean + SD. “"P<0.01 vs. NC group. miR, microRNA; IL, interleukin; TNF-c., tumor necrosis factor-a; NC,

mimic negative control; LPS, lipopolysaccharide.

ELISA. miR-144-5p overexpression reduced the expression of
TNF-a (Fig. 4A), IL-6 (Fig. 4B) and IL-8 (Fig. 4C) compared
with the NC group.

Effect of miR-144-5p overexpression on the NF-xB signaling
pathway. The effect of miR-144-5p overexpression on the
NF-«kB pathway was investigated. THP-1 macrophages were
first transfected with miR-144-5p mimics or NC for 48 h before
the cells were stimulated with LPS (1 xg/ml) for a further 24 h.
It was found that the overexpression of miR-144-5p reduced
the protein (Fig. SA and B) and mRNA (Fig. 5C) expression of
TLR2 in addition to p65 phosphorylation compared with the
NC group (Fig. 5A and B).

Effect of TLR2 silencing on LPS-induced macrophages.
The effect of TLR2 knockdown on LPS-treated THP-1
macrophages was next determined. TLR2-siRNA transfec-
tion significantly reduced TLR2 mRNA expression in THP-1
macrophages (Fig. 6A). TLR2 knockdown significantly
reduced THP-1 macrophage cell viability (Fig. 6B), in addi-
tion to significantly reducing the levels of TNF-a (Fig. 6C),
IL-6 (Fig. 6D) and IL-8 (Fig. 6E) in the culture supernatant of
THP-1 macrophages.

Discussion

Macrophages are inflammatory cells that can be activated
by a large number of cytokines or intercellular interactions.
Following activation, macrophages have the ability to produce
high levels of cytokines and chemokines, including IL-1,
TNF-a, IL-8 and monocyte chemoattractant protein-1 (22),
some of which can aggravate the progression of chronic
inflammation. In particular, TNF-a serves a pivotal role
in inflammation associated with RA (23). TNF-a is mainly
produced by macrophages, neutrophils, natural killer cells
and endothelial cells, whilst activated lymphocytes can also
produce small levels of TNF-a (24). The presence of TNF-a can
also induce the production of other proinflammatory factors,
including IL-1, IL-8, IL-6 and matrix metalloproteinases (25).
Previous studies have demonstrated that serum TNF-a expres-
sion is elevated in patients with RA, which is associated with
inflammatory disease and joint damage (26). Of interest, a
number of biological agents exploiting this concept have been
applied for the treatment of RA clinically (27), where the use
of anti-TNF-a antibodies or soluble pseudo receptors have
been reported to successfully reduce the degree of inflamma-
tion in RA (28).
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Figure 5. Effect of miR-144-5p overexpression on NK-«B activation. Cells transfected with miR144-5p mimic or mimic control were stimulated with LPS for
24 h, following which western blotting was performed to measure the protein levels of TLR2, p-p65, and p65. (A) Representative western blot images of TLR2
expression and p65 phosphorylation. (B) Quantified densitometry results. (C) The mRNA level of TLR2 was detected using reverse transcription-quantitative
PCR. Data are presented as the mean = SD. “P<0.01 vs. NC group. miR, microRNA; LPS, lipopolysaccharide; NC, mimic negative control; TLR2, toll-like

receptor 2; p-p65, phosphorylated p65.
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Figure 6. Effect of TLR2 silencing on THP-1 macrophages. (A) THP-1 macrophages were transfected with control-siRNA or TLR2-siRNA for 48 h, following
which the mRNA levels of TLR2 in THP-1 macrophages were measured using reverse transcription-quantitative PCR. THP-1 macrophages were transfected
with control-siRNA or TLR2-siRNA for 48 h before treatment with LPS for a further 24 h. (B) A Cell Counting Kit-8 assay was subsequently used to measure
the cell viability of THP-1 macrophages. (C) ELISA was performed to measure the secretion of TNF-a., (D) IL-6 and (E) IL-8 in the THP-1 macrophage cul-
ture supernatant. Data are presented as the mean + SD. "P<0.05, ““P<0.01 vs. Control-siRNA group. miR, microRNA; IL, interleukin; TNF-o., tumor necrosis
factor-a; LPS, lipopolysaccharide; siRNA, small interfering RNA; TLR2, toll-like receptor 2.

miRNA has attracted widespread attention over the past
decade (11), due to reports of a large quantity of aberrantly
expressed miRNAs associated with the pathogenesis of
RA (29-32). Studying the abnormal expression of these
miRNAs in RA can potentially facilitate the understanding of
RA pathogenesis. In the present study, the relative expression
levels of miR-144-5p were measured in LPS-treated THP-1
macrophages, which found that miR-144-5p expression was
significantly reduced by LPS treatment, indicating the impor-
tant role of miR-144-5p in RA.

To explore the role of miR-144-5p LPS-treated THP-1
macrophages further, the potential targets of miR-144-5p
were predicted using the Targetscan software, the binding
sites on the TLR2 3'UTR were identified. This interaction
between TLR2 and miR-144-5p was subsequently confirmed
using a dual-luciferase reporter assay. Previous studies have

reported that TLR2 serves important roles in the inflamma-
tory response during RA pathogenesis (33-35), wherein TLR2
activation induces migratory and invasive mechanisms (36).
Therefore, it was hypothesized in the present study that
miR-144-5p may be involved in the development and progres-
sion of Rheumatoid arthritis by regulating TLR2 expression.
To test this, the effects of miR-144-5p on LPS-treated THP-1
macrophages were then investigated. Consistent with previous
studies (37,38), LPS-treated THP-1 macrophages had high
levels of inflammatory factors, including TNF-a., IL-6, IL-13
and IL-8. In addition, the overexpression of miR-144-5p
reduced cell viability and reduced the levels of TNF-a, IL-6
and IL-8 in the cell culture supernatants. NF-kB is a predomi-
nant transcription factor in amplifying the inflammatory
response, such that the NF-kB inflammatory cascade in RA
highlights the crucial role of the inhibition of the activity of
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NF-«B in RA development (39-41). Therefore, in the present
study, the effect of miR-144-5p overexpression on NF-xB
signaling was examined in LPS-treated THP-1 macrophages,
specifically by measuring the phosphorylation status of p65, a
subunit of NF-kB. Overexpression of miR-144-5p significantly
reduced p65 phosphorylation, suggesting suppression of the
NK-kB pathway. Additionally, silencing of TLR2 expression
by siRNA transfection significantly reduced the viability of
LPS-treated THP-1 macrophages and reduced the levels of
TNF-a, IL-6 and IL-8 in the cell culture supernatants.

However, it should be noted that the present study is a
preliminary study of the role of miR-144-5p and TLR2 in RA.
To verify these findings, further in-depth studies are required.
For example, the expression levels of CD14 and TLR4, which
may influence the extent of the LPS response (42), should be
measured following miR-144-5p overexpression. In addition,
the role of miR-144-5p and TLR2 in an in vivo model of RA
and the correlation of miR-144-5p expression with the clinico-
pathological characteristics of patients with RA will also need
to be studied in the future.

In conclusion, miR-144-5p overexpression inhibited the
secretion of TNF-a, IL-6 and IL-8 in LPS-treated THP-1
macrophages by suppressing TLR2 expression, in turn
reducing NK-kB activation whilst also reducing cell viability.
This may serve as a potential mechanism through which the
development of RA can be inhibited. Therefore, miR-144-5p
may serve as an important target for the development of novel
therapeutic interventions for RA.
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