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Anti-inflammatory effects of miR-150 are associated
with the downregulation of STAT1 in macrophages
following lipopolysaccharide treatment
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Abstract. Sepsis is a condition that is associated with high rates
of mortality. It is characterized by serious systemic inflam-
matory responses induced by pathogenic invasion. Although
microRNA-150 (miR-150) has been previously reported
to be involved in the modulation of sepsis, the underlying
molecular mechanism in sepsis remains poorly understood. In
the present study, the human monocytic cell line THP-1 was
treated with LPS to mimic sepsis in vitro, following which
miR-150 and STAT1 expression were measured using reverse
transcription-quantitative PCR or western blotting. Secretion
of inflammatory cytokines interleukin (IL)-1p, IL-6 and tumor
necrosis factor-a (TNF-a) into the medium were measured
by ELISA. The potential relationship between STAT1 and
miR-150 was determined using dual-luciferase reporter and
RNA immunoprecipitation assays. miR-150 expression was
found to be was downregulated by LPS treatment in THP-1
cells in both dose- and time-dependent manners. LPS treat-
ment also induced IL-1f3, IL-6 and TNF-a secretion in a
manner that could be inhibited by miR-150 overexpression
and enhanced by transfection with the miR-150 inhibitor.
miR-150 was revealed to directly target STAT1 by negatively
regulating its expression. In addition, STAT1 expression was
demonstrated to be upregulated by LPS treatment. STAT1
overexpression reversed the inhibitory effects of miR-150
overexpression on IL-1f, IL-6 and TNF-a secretion whilst
STATI1 knockdown attenuated IL-1f3, IL-6 and TNF-a secre-
tion induced by miR-150 inhibitor transfection. In conclusion,
the present study suggested that miR-150 regulates the inflam-
matory response in macrophages following LPS challenge by
regulating the expression of STATI.
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Introduction

Sepsis is a systemic inflammatory response syndrome that is
caused by pathogenic infection (1). Sepsis is one of the leading
causes of mortality in patients in intensive care units, with a
rate of 30-50% worldwide (2). Pathogenic invasion triggers the
release of substantial amounts of inflammatory factors that
results in a systemic inflammatory response (3,4). In particular,
macrophages have been previously reported to serve as a cell
type of the innate immune response that is indispensable for
the process of sepsis (5).

Lipopolysaccharide (LPS) is a major component of the
outer membrane of pathogenic Gram-negative bacteria that
can induce cytotoxicity by activating the innate immune
system, leading to the production of inflammatory mediators
associated with septic shock (6-8). LPS is recognized by
toll-like receptor 4 on macrophages which induces the trig-
gering of downstream signaling cascades and the production
of cytokines, including tumor necrosis factor (TNF)-f and
interleukin (IL)-10 (9,10). These cytokines in turn bind to their
respective receptors and promote the constitutive activation
of the Janus kinase (JAK)/STAT pathway during inflamma-
tion and sepsis (11,12). However, the detailed mechanism
underlying inflammation following LPS exposure remain to
be fully elucidated.

MicroRNAs (miRNA or miR) are noncoding,
single-stranded RNA molecules that participate in the regu-
lation of gene expression by reducing mRNA stability and
inhibiting mRNA translation (13). miRNAs serve as key
regulators in a variety of biological processes, including
development, differentiation, homeostasis and elements
during immune responses (14,15). Although previous studies
have demonstrated associations of a large number of miRNAs
with the inflammatory response mediated by macrophages,
including miR-709 (16), miR-1224 (17), miR-203 (18),
miR-125b (19) and miR-149 (20), functional studies in the
potential relationship between miR-150 and LPS challenge in
macrophages remain insufficient.

In the present study, an LPS-treated macrophage cell line
THP-1 was used to mimic sepsis in vitro, where the relationship
between miR-150 and the secretion of inflammatory cytokines
IL-1B, IL-6 and TNF-a in LPS-treated THP-1 cells was
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subsequently examined. Dual-luciferase assays revealed that
miR-150 could regulate STAT1 expression by direct binding,
whilst functional studies demonstrated that miR-150/STAT1
was involved in the sepsis progression in vitro.

Materials and methods

Cell culture. Human monocytic cell line THP-1 was
purchased from American Type Culture Collection. The
cells were maintained in DMEM (Invitrogen; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS (Invitrogen;
Thermo Fisher Scientific, Inc.) in a humidified incubator under
37°C and 5% CO,.

To establish the sepsis model in vitro, THP-1 cells were
treated with LPS (Sigma-Aldrich; Merck KGaA) at concen-
trations of 0, 0.5, 1 or 2 pg/ml for 0, 12, 24 or 48 h at 37°C.
The untreated THP-1 cells were considered as the control. In
transfected cells, after 24 h, 1 yg/ml LPS were used to treat the
cells for another 24 h, following which the levels of cytokines
in the medium were measured by ELISA.

RNA isolation and reverse transcription-quantitative PCR
(RT-qPCR). Total mRNA was isolated using an RNAiso
Plus kit (cat. no. 9109; Takara Bio, Inc.) according to
manufacturer's protocol. In total, 5 ug RNA was used to
synthesize cDNA using the PrimeScript™ RT reagent kit
according to manufacturer's protocol (Takara Bio, Inc.).
Briefly, the transcription was conducted in a 10 ul reac-
tion mixture, including polyadenylated RNA (100 ng),
5X PrimeScript buffer (2 ul), PrimeScript RT Enzyme
Mix I (0.5 ul), RT primer mixure (1 ul) and RNase-free
water. Then, total reaction mixture was incubated at 50°C
for 15 min and 85°C for 5 sec. qPCR was performed using
SYBR® Premix Ex Taq™ kit (Takara Bio, Inc.) in 15 ul
final volume containing 1.5 ul template cDNA mixed with
7.5 ul 2X SYBR Green PCR master mix and 3 pl of each
forward and reverse primers. The amplification parameters
were as follows: Denaturation at 95°C for 10 min, followed
by 40 cycles of denaturation at 95°C for 30 sec, annealing
at 60°C for 30 sec and extension at 72°C for 1 min.

miRNA was isolated from cells using the miRCURY™
RNA Isolation kit (cat. no. 300110; Exiqon; Qiagen China
Co., Ltd.) according to the manufacturer's protocols, which
was reverse transcribed in cDNA using Reverse Transcriptase
M-MLV (RNase H; cat. no. 2641A; Takara Bio, Inc.). First,
5 pl of RNA, 2 ul miR39-specific primer (10 uM), 2 ul
miR150-specific primer (10 M) and 1 ul of 10 mM dNTP mix,
were heated to 65°C for 5 min and incubated on ice for 2 min.
Next, 2 ul 10X first-strand buffer, 4 yl 25 mM MgCl,, 2 ul
0.1 M DTT, 1 1l RNaseOUT™ Recombinant RNase Inhibitor,
and 1 ul of SuperScript™ III RT (200 U/ul) are added to the
mixture. The 10 ul mixtures were incubated in a thermocycler
for 30 min at 16°C, 30°C for 30 sec, 42°C for 30 sec, and 50°C
for 1 sec and finally heated at 70°C for 15 min. The 20 pul
PCR included 2.0 pl RT product, 1X Premix ExTaq buffer
for gPCR, 0.2 uM TagMan probe, 0.02 M forward primer 1,
0.6 uM forward primer 2 and 0.4 uM reverse primer. The reac-
tion mixtures were incubated in a 96-well plate at 95°C for
30 sec, followed by 55 cycles of 95°C for 15 sec and 60°C for
30 sec.

Quantity and quality of the RNA obtained were deter-
mined using a Quant-iT™ RNA Assay kit according to
manufacturer's protocol (Invitrogen; Thermo Fisher Scientific,
Inc.). U6 was used as the reference gene for miR-150 expres-
sion whilst -actin was used as the reference gene for STAT1
mRNA expression. Relative quantification of target genes was
performed using the 2244 method (21). The primer sequences
were as follows: [-actin forward, 5"AGAGCTACGAGCTGC
CTGAC-3' and reverse, 5“"AGCACTGTGTTGGCGTAC
AG-3"; miR-150 forward, 5-GGGTCTCCCAACCCTTGTA-3'
and reverse, 5'-CAGTGCGTGTCGTGGAGT-3' (22); STAT1
forward, 5'-GTGAAGTTGAGAGATGTGAATGAG-3' and
reverse, 5'-GATCACCACAACGGGCAGA-3"and U6 forward,
5-AACGCTTCACGAATTTGCGT-3' and reverse, 5'-CTC
GCTTCGGCAGCACA-3".

Cell transfection. STAT1 overexpression vector was obtained
by cloning the sequences of STAT1 (Shanghai GenePharma
Co., Ltd.) into pcDNA3.1 (Invitrogen; Thermo Fisher
Scientific, Inc.) and termed pcDNA3.1-STAT1 (STAT1).
Before transfection, THP-1 cells (4x10° cells per well) were
seeded into 12-well plate. After incubation for 24 h, 0.2 ug
of STAT1 overexpression vector (STAT1) and the control
pcDNA were transfected into THP-1 cells using 0.5 ul of
Lipofectamine 3000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). Furthermore, the oligonucleotide sequences
were as follows: miR-150 mimic (5'-UCUCCCAACCCUUGU
ACCAGUG-3") and negative control (miR-NC: 5-GCCUCC
GUACCGAUCCUACUUA-3"); miR-150 inhibitor (5-CAC
UGGUACAAGGGUUGGGAGA-3") and the negative control
(anti-miR-NC: 5-GGACAGGAUGGUCGAAACUGGU-3");
and small interfering RNA for STAT1 (si-STAT1: 5'-CCG
GCTGGAAGATTTACAAGATGAACTCGAGTTCATCTT
GTAAATCTTCCAGTTTTTG-3') and the negative control
(si-NC: 5'-CCGGTTCTCCGAACGTGTCACGTTTCAAGA
GAACGTGACACGTTCGGAGAATTTTTG-3'). These were
purchased from Guangzhou RiboBio Co., Ltd. THP-1 cells
were transfected with 0.5 ug of the aforementioned oligo-
nucleotides using 0.6 ul of Lipofectamine 3000 (Invitrogen;
Thermo Fisher Scientific, Inc.). After 24 h, THP-1 cells treated
with 1 pg/ml LPS and untreated cells were incubated for a
further 24 h at 37°C prior to further experimentation.

ELISA. THP-1 cells (2x10° cells/well) were grown in 12-well
plates, and supernatants were collected by centrifuging at
4,000 x g for 10 min at room temperature. ELISA assay kits
for IL-1p (cat. no. 437004), IL-6 (cat. no. 430501) and TNF-a
(cat. no. 430201) were obtained from Biolegend, Inc. The
levels of these cytokines were measured using their respective
ELISA Kkits, according to the manufacturer's protocol.

Western blotting. Total proteins were isolated from
THP-1 cells using RIPA buffer (Pierce; Thermo Fisher
Scientific, Inc.). In total, 20 ug proteins were separated by
10% SDS-PAGE and subsequently transferred onto PVDF
membranes (EMD Millipore). After blocking with 5% dried
skimmed milk at room temperature for 2 h, the membranes
were incubated with anti-STAT1 (1:1,000; cat. no. sc-464,
Santa Cruz Biotechnology Inc.) or anti-B-actin (1:5,000;
cat. no. sc-47778, Santa Cruz Biotechnology Inc.) primary
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Figure 1. miR-150 expression is downregulated by LPS treatment in THP-1 cells. (A) miR-150 expression was measured in THP-1 cells treated with
0,0.5, 1 and 2 yg/ml LPS for 48 h. (B) miR-150 expression was measured in THP-1 cells treated with 1 yg/ml LPS for 0, 12,24 and 48 h. "P<0.05, “P<0.01 and

“*P<0.001 vs. 0 pg/ml or 0 h. LPS, lipopolysaccaharide; miR, microRNA.

antibodies overnight at 4°C. After washing in TBS supple-
mented with 1.5% Tween-20, the membranes were incubated
with horseradish peroxidase-conjugated secondary antibodies
(1:1,000, cat. no. sc-516102, Santa Cruz Biotechnology Inc.) at
room temperature for 1.5 h. The blots were visualized using the
ECL detection kit (Thermo Fisher Scientific, Inc.) and imaged
using the ChemiDoc XRS System (Bio-Rad Laboratories,
Inc.). Protein bands were analyzed by ImageJ v1.8.0 software
(National Institutes of Health).

Dual-luciferase reporter assay. StarBase v2.0 (http://star-
base.sysu.edu.cn/starbase2/) (23) predicted that STAT1 was
a target gene of miR-150. Based on these prediction results,
wild-type (WT) or mutant-type (with a mutation in the
region of the predicted miR-150 binding site) STAT1 3'UTR
sequence was amplified from DNA prepared from THP-1 cells
using PCR. Then, these wild-type (WT) or mutant (MUT)
3'-unstranslated regions (3'-UTR) of STAT1 (STATI-WTI,
STAT1-MUTI, STAT1-WT2 or STAT1-MUT2) were
synthesized and cloned into the pmirGLO vector (Promega
Corporation). The vectors were then co-transfected into 293T
cells alongside the miR-150 mimic or corresponding nega-
tive control (miR-NC). DNA sequencing was used to detect
the reporters. Then, 400 ng of the constructed plasmids,
50 ng of renilla luciferase reporter plasmid (pRL-TK) and
50 nM of miR-NC or miR-150 were transfected into THP-1
cells using Lipofectamine 3000 (Invitrogen; Thermo Fisher
Scientific, Inc.). Relative luciferase activities were measured
using the Dual-Luciferase® Reporter Assay kit, according to
manufacturer's protocols (Promega Corporation), 48 h after
transfection. Renilla luciferase activity was regarded as the
internal control for the normalization of firefly luciferase
activity.

RNA immunoprecipitation (RIP) assay. THP-1 cells were
transfected with either miR-NC or miR-150 mimics, which
were used for RIP assays 48 h following transfection. RIP
assay was performed using the Magna RIP™ RNA-Binding
Protein Immunoprecipitation kit (EMD Millipore) according
to manufacturer's protocols. 2x10° THP-1 cells were lysed
by RIPA buffer. The samples (200 ul) were incubated with
5 pug anti-Ago2 antibody (cat. no. 04-642, EMD Millipore)
or negative control IgG (cat. no. AC111J, EMD Millipore).

Magnetic beads conjugated to protein A/G were then used to
pull down the Ago2-Ab complexes. Then, these complexes
were then digested, following which the RNA sequences were
isolated for RT-qPCR.

Statistical analysis.Data were presented as the means + standard
deviation. Every assay was repeated independently at least
three times. Unpaired student's t-test and one-way ANOVA
followed by Tukey's test were applied to assess the data between
two groups and among multiple groups, respectively. The
results were analyzed using the GraphPad Prism 7.0 software
(GraphPad Software, Inc.). P<0.05 was considered to indicate a
statistically significant difference.

Results

miR-150 expression is downregulated in THP-1 cells
following LPS treatment. LPS was first used to treat THP-1
cells to mimic sepsis in vitro. THP-1 cells were first treated
with 0, 0.5, 1 and 2 ug/ml LPS for 48 h, where it was found
that miR-150 expression reduced in a dose-dependent manner
(Fig. 1A). To optimize treatment time, a dose of 1 ug/ml LPS
was used to treat THP-1 cells for 0, 12, 24 and 48 h. The
expression of miR-150 was found to be downregulated by
LPS treatment in a time-dependent manner from O to 48 h
(Fig. 1B). A dose of 1 ug/ml LPS and treatment time of 24 h
was determined to be has the optimal treatment strategy for
subsequent experiments. These data indicate that miR-150
expression in THP-1 cells was reduced by LPS treatment in
dose- and time-dependent manners.

miR-150 negatively regulates the secretion of inflammatory
factors in LPS-treated THP-1 cells. Sepsis is an inflammatory
syndrome that is typically characterized by the secretion of
cytokines including IL-1, IL-6 and TNF-a (24,25). To inves-
tigate the role of miR-150 in sepsis, miR-150 mimics were
transfected into THP-1 cells for 24 h before treatment with
1 ug/ml LPS for a further 24 h. Transfection efficiency of
miR-150 mimics and miR-150 inhibitors into THP-1 cells were
first confirmed in comparison with their respective negative
controls (Fig. S1A and B), following which cytokine secretion
into the cell supernatant was measured by ELISA after LPS
challenge. The levels of IL-1§, IL-6 and TNF-a secretion were
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Figure 2. miR-150 regulate the secretion of inflammatory cytokines in LPS-treated THP-1 cells. THP-1 cells transfected with miR-150 mimics were treated
with 1 pg/ml LPS for 24 h, following which (A) IL-1f, (B) IL-6 and (C) TNF-a levels in the cell supernatant were measured by ELISA. THP-1 cells transfected
with the miR-150 inhibitor were treated with 1 gg/ml LPS for 24 h, following which (D) IL-1f (E) IL-6 and (F) TNF-a levels in the cell supernatant were
measured by ELISA. ""P<0.001. miR, microRNA, LPS, lipopolysaccharide; IL, interleukin; TNF-a, tumor necrosis factor-o; miR-NC, negative control;
anti-miR-NC, miR inhibitor negative control.

A

Target site 1: chr2:191847120-191847127[-] of STAT1 3' UTR Target site 2: chr2:191834997-191835018[-] of STAT1 3' UTR
STAT1-WT1 5'... accagcugaacauGUUGGGAGA...3' STAT1-WT2 5'... aacgguaaauuucugUGGGAGA...3'
miR-150 3' gugaccauguuccC AACCCUCU 5' miR-150 3' gugaccauguucccaACCCUCU 5'
STAT1-MUT2 5'... accagcugaacauUGGUAAGAC...3' STAT1-MUT2 5"... aacgguaaauuucugGUUUCAG...3'

m

THP-1

B C D staT1 [
293T 293T _ B-actin .&

@ 157 E3 miR-NC @ 15723 miR-NC o RIP-Ago2 _ c_ i)
8 == miR150 S == miR-150 w & ] E mRNc 2 32
%3.1,0 P %3.1_0 L6 EE miR-150 o @

2 2 €1
N ERT g £e -
2T PR g4 & X0
.; ® 0.5 kgl 2 ® 05 *k % EQ &, O O »
g | g | e e
€ 00 . . € 00 . . £ 0 . : € &S

STAT1-WT1 STAT1-MUT1 STAT1-WT2 STATI-MUT2 W STAT1 STAT1 LS

Figure 3. STAT1 is a direct target of miR-150. (A) Two complementary miR-150 binding sites on the 3'-UTR of STAT1 as predicted using the Starbase 2.0
software. (B) Overexpression of miR-150 reduced the luciferase activity of STAT1-WTI, but not that of STATI-MUT]I in 293T cells. (C) Overexpression of
miR-150 reduced the luciferase activity of STAT1-WT2 in 293T cells, but not that of STAT1-MUT?2 in 293T cells. (D) Anti-Ago2 RIP assays were performed
in THP-1 cells transfected with the miR-150 mimic or miR mimic NC. STAT1 mRNA levels in the precipitates were measured by reverse transcription-
quantitative PCR. (E) Protein expression of STAT1 was measured by western blotting in THP-1 cells following transfection with miR-mimic NC, miR-150
mimic, miR-inhibitor NC or miR-150 inhibitor. ““P<0.001. miR, microRNA; 3'UTR, 3'untranslated region; WT, wild-type; MUT, mutant; Ago2, protein
argonaute 2; miR-NC, miR mimic negative control; anti-miR-NC, miR inhibitor negative control; RIP, RNA immunoprecipitation assay.

revealed to be significantly higher in the media of THP-1 cells  secretion compared with THP-1 cells transfected with miR-NC
treated with LPS compared with control THP-1 cells (Fig. 2).  (Fig. 2A-C). By contrast, transfection of THP-1 cells with the
In the presence of LPS, miR-150 overexpression in THP-1 cells ~ miR-150 inhibitor lead to significantly higher IL-1f3, IL-6 and
resulted in significant reductions in IL-1f3, IL-6 and TNF-o.  TNF-a secretion compared with cells transfected with the
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Figure 4. STAT1 expression is upregulated by LPS treatment in THP-1 cells. (A) THP-1 cells were treated with 0, 0.5, 1 and 2 yg/ml LPS for 48 h, following
which STAT1 mRNA expression was measured by reverse transcription-quantitative PCR. (B) THP-1 cells were treated with 1 2g/m1 LPS for 0, 12,24 and 48 h,
following which STAT1 mRNA expression was measured by reverse transcription-quantitative PCR. (C) THP-1 cells were treated with 0,0.5, 1 and 2 yg/m1 LPS
for 48 h, following which STAT] protein expression was measured by western blotting. (D) THP-1 cells were treated with 1 yg/ml LPS for 0, 12,24 and 48 h,
following which STAT1 protein expression was measured by western blotting. Significant differences between groups were shown as “P<0.01 and ““P<0.001

vs. 0 ug/ml. LPS, lipopolysaccharide.

corresponding miR inhibitor negative control (Fig. 2D-F).
These findings suggest that in THP-1 cells, LPS can stimulate
the secretion of IL-13, IL-6 and TNF-a in a manner that can
be reversed by miR-150 overexpression but enhanced by trans-
fection with the miR-150 inhibitor. Therefore, miR-150 may
function as a negative regulator of the macrophage-mediated
inflammatory response by suppressing the production of
pro-inflammatory cytokines IL-1f, IL-6 and TNF-a.

STAT1I is a target of miR-150. A number of studies have previ-
ously demonstrated miRNA to be involved in sepsis by regulating
the transcription of a number of genes downstream (26,27).
Therefore, the potential downstream targets of miR-150 were
investigated using Starbase2.0 software. It was found that the
3'UTR of STATI shared two complementary binding sites with
miR-150 (Fig. 3A). To verify the predicted result, dual-luciferase
reporter assay was performed in 293T cells. Co-transfection
with the miR-150 mimic significantly inhibited the luciferase
activities of STAT1-WT plasmids in 293T cells but did not
affect those of STATI-MUT plasmids (Fig. 3B and C). In
addition, overexpression of miR-150 significantly increased the
association between Ago2 and STAT1 in THP-1 cells compared
with cells transfected with the miR mimic control, supporting
the notion of a direct interaction between STAT1 and miR-150
(Fig. 3D). miR-150 overexpression significantly reduced STAT1
protein expression in THP-1 cells, whilst transfection with the
miR-150 inhibitor significantly increased STAT1 expression
(Fig. 3E). In conclusion, these results suggest that STAT1 is a
downstream target of miR-150.

STATI expression is upregulated in LPS-treated THP-1 cells.
To investigate the relationship between STAT1 and sepsis,

THP-1 cells were stimulated with 0, 0.5, 1 and 2 pg/ml LPS
for 24 h. LPS treatment increased STAT1 mRNA expression
in a dose-dependent manner (Fig. 4A). In addition, stimula-
tion with 1 yg/ml LPS upregulated the expression of STAT1
mRNA in a time-dependent manner from O to 48 h (Fig. 4B).
This was subsequently confirmed on a protein level, which
exhibited a similar trend compared with the data obtained
using RT-qPCR (Fig. 4C and D). Collectively, these observa-
tions suggest that STAT1 expression is upregulated by LPS
treatment in THP-1 cells.

miR-150 is involved in LPS-induced inflammatory cytokine
secretion by regulating STATI. miR-150 overexpression
inhibited the secretion of inflammatory cytokines induced by
LPS whilst transfection with the miR-150 inhibitor promoted
secretion as aforementioned. To investigate whether STAT] is
involved in this inflammatory process and explore the func-
tional relationship between miR-150 and STAT1, THP-1 cells
were treated with LPS following co-transfection with both
miR-150 mimics and plasmids encoding STAT1. Western blot
analysis data showed that transfection with the pcDNA-STAT1
plasmid significantly increased STATI1 expression in THP-1
cells compared with cells transfected with the blank plasmid
(Fig. S1C). In the presence of LPS and miR-150 overexpression,
the levels of IL-1f3, IL-6 and TNF-a secretion were revealed
to be significantly increased following transfection with the
pcDNA-STATI plasmid compared with those following
transfection with the blank pcDNA plasmid (Fig. 5A-C).
Following confirmation that transfection of THP-1 cells with
the si-STAT]1 significantly reduced the expression of STAT1
compared with cells transfected with the (Fig. SID). STAT1
knockdown was found to significantly suppress IL-1p, IL-6
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Figure 5. miR-150 regulates the secretion of inflammatory cytokines by modulating STAT1 expression. (A-C) THP-1 cells were first transfected with either
miR-NC or miR-150 mimics alone, or co-transfected with miR-NC or miR-150 mimics and pcDNA or pcDNA-STAT1 before being treated with 1 yg/ml LPS
for 24 h. THP-1 cells in the con and LPS groups were not transfected whilst cells in the con group were not treated with LPS. (A) IL-1f, (B) IL-6 and (C) and
TNF-a secretion into the media supernatant by THP-1 cells were measured by ELISA. (D-F) THP-1 cells were first transfected with either miR inhibitor NC or
miR-150 inhibitor alone, or co-transfected with miR inhibitor NC or miR-150 inhibitor and pcDNA or pcDNA-STAT!1 before being treated with 1 yg/ml LPS
for 24 h. THP-1 cells in the con and LPS groups were not transfected whilst cells in the con group were not treated with LPS. (D) IL-1§, (E) IL-6 and (F) and
TNF-a secretion into the media supernatant by THP-1 cells were measured by ELISA. “P<0.01 and ““P<0.001. miR, microRNA; LPS, lipopolysaccharide;
miR-NC, miR mimic negative control; anti-miR-NC, miR inhibitor control; IL, interleukin; TNF-a, tumor necrosis factor-a; si, small interfering RNA; si-NC,

si-negative control.

and TNF-a secretion compared with corresponding siRNA
control in the presence of LPS and miR-150 overexpression
(Fig. 5D-F). These results suggest that miR-150 modulated the
inflammatory response following LPS exposure by regulating
STAT]I expression in THP-1 cells.

Discussion

The STAT family of proteins are major downstream signaling
proteins of growth factors and cytokines in mammalian
cells (28). STATs serve important roles in regulating immune
cell homeostasis, differentiation and function (29). Significant
progress has been made over the last number of decades in the
characterization of the JAK/STAT signaling cascade, including
the identification of multiple STATs and associated regula-
tory proteins (30). Seven STAT proteins, including STATI,
STAT?2, STAT3, STAT4, STAT6 and the STATSa and STATSb
isoforms, have been identified in mammals, each with their
own distinct established roles in the immune response (31).
The predominant mode of STAT regulation is by phosphory-
lation, mainly by JAKs (32). STAT1 and STAT2 have been

demonstrated to promote gene transcription downstream of
interferon stimulation and anti-viral immunity (33), whereas
STAT3 responds to factors including IL-6, IL-10 and vascular
endothelial growth factor and has been previously associated
with tumorigenesis, T helper cell (Th)17 and regulatory T
cell development (34). STAT4 and STAT6 regulate Thl and
Th2 cell differentiation in response to IL-12 and IL-4/13 (35),
respectively. As a result, stringent regulation of cellular STAT
activity is of great importance due to their involvement in such
a wide variety of physiological processes.

Sepsis is a systemic inflammatory response and remains
to be a major cause of morbidity and mortality in patients that
are critically ill (36), which is associated with tissue damage
and organ failure (37). In particular, following the failure of
one organ as a result of sepsis, others typically follow, in a
process known as organ failure amplification (38). Therefore,
clinical intervention of sepsis remains to be a great challenge.
The pathophysiological process of sepsis involves a series of
complex reactions, one of which is the activation of numerous
inflammatory responses. A number of studies have demon-
strated that the inflammatory response can be regulated via the



EXPERIMENTAL AND THERAPEUTIC MEDICINE 22: 1049, 2021 7

JAK/STAT pathway. Chitnis et al (35) found that STAT4 and
STAT6 genes exerted a vital role in regulating the autoimmune
response in experimental autoimmune encephalomyelitis.
Wang et al (11) demonstrated that miR-30a could inhibit MD-2
expression by targeting STAT1 in human monocytes of sepsis,
whilst Song et al (39) revealed that IL-4-induced activation of
the STAT®6 signaling pathway contributes to the suppression of
cell-mediated immunity and death in sepsis.

miRNAs are endogenous, non-coding single-stranded
RNAs s that are typically 19-23 nucleotides in length (40). They
have been previously demonstrated to serve an important
role in sepsis. Wu et al (41) previously showed that miR-23b
serves a significant role in the pathogenesis and progression
of sepsis by inhibiting the expression of inflammatory factors.
Gao and Dong (42) demonstrated that miR-146 regulates the
expression of inflammatory cytokines in vascular endothelial
cells during sepsis. Wang et al (43) previously found miR-27a
expression to be upregulated, which promotes inflammatory
responses in sepsis, whereas another study previously demon-
strated elevated miR-15a/16 levels in the serum of patients
with neonatal sepsis, which inhibited the LPS-induced
inflammatory pathway (44). These aforementioned studies
suggest that miRNAs serve key regulatory roles in the inflam-
matory response during sepsis. Although miR-150 has been
previously revealed to serve key roles in diabetes and other
autoimmune diseases (45), the role of this miRNA in sepsis
remains unclear. In the present study, it was confirmed that
miR-150 expression was downregulated in LPS-stimulated
THP-1 cells, consistent with the reduced miR-150 expres-
sion observed in patients with sepsis (46). Results from the
present study also demonstrated that miR-150 functioned
as a negative regulator of the macrophage inflammatory
response by suppressing the production of pro-inflammatory
cytokines IL-1f, IL-6 and TNF-a. miR-150 was found to
share two complementary binding sites with the 3'-UTR of
STATI by Bioinformatics analysis, which was confirmed
by dual-luciferase reporter assay. In accordance with this
finding, the expression levels of STAT1 in THP-1 cells was
measured in the present study, which revealed that STAT1
was upregulated in LPS-treated THP-1 cells. It was also found
that the secretion of IL-1p, IL-6 and TNF-a were increased
by STAT1 overexpression, whilst STAT1 knockdown resulted
in the opposite effect.

In conclusion, the present study demonstrated that miR-150
inhibits the LPS-induced THP-1 inflammatory response and
revealed a direct regulatory relationship between miR-150
and STATI in LPS-induced THP-1 cells. These results high-
light the association of miRNAs with sepsis and specifically
suggest that miR-150 may serve as a potential target for the
development of future treatment of sepsis.
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