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Inhibitory effects of miR-25 targeting HMGB1 on
macrophage secretion of inflammatory cytokines in sepsis
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Abstract. High mobility group box 1 (HMGBI) can promote
the migration of macrophages and the release of inflammatory
cytokines, functions associated with the occurrence of sepsis.
The role of microRNA (miR)-25 in the targeted regulation of
HMGBI expression and the release of macrophage inflamma-
tory cytokines remains uncharacterized. The present study
investigated the association between miR-25, HMGBI1 and
sepsis by analyzing the expression of miR-25 and HMGBI1
in patients with sepsis. The present study also investigated
whether miR-25 serves a role in targeting the regulation of
HMGBI expression and macrophage inflammatory factor
release. Patients with sepsis were selected from the Intensive
Care Unit, and serum levels of HMGBI. The expression of
miR-25 and HMGBI in serum and peripheral blood mono-
nuclear cells (PBMCs) was compared. Macrophages were
cultured in vitro and divided into 5 groups following treat-
ment with lipopolysaccharide (LPS). The expression levels
of miR-25, HMGBI, phosphorylated (p-)p65, tumor necrosis
factor-a (TNF-a), interleukin-6 (IL-6) and HMGB-1 were
compared, and the migration ability of cells was investigated
by Transwell assays. Compared with the healthy controls,
patients with sepsis exhibited elevated expression of HMGBI1
and decreased expression of miR-25 in serum and PBMCs.
Following treatment with LPS, the expression of HMGBI1
and p-p65 was elevated, and the expression of miR-25 was
decreased in macrophages compared with untreated cells.
Following transfection with miR-25 mimics and/or short
interfering RNA-HMGBI, the expression of HMGBI1 in
macrophages decreased significantly, the expression of p-p65,
HMGB-1, TNF-a and IL-6 in the culture solution were also
decreased, and the migration ability of macrophages was
attenuated. The present study suggests that miR-25 attenuated
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the induction of HMGBI by LPS, decreased the activity
of nuclear factor-kB and the transcriptional activation of
TNF-a and IL-6, and suppressed the migration of macro-
phages. Inhibiting expression of miR-25 may serve a role in
upregulating HMGBI expression, promoting the secretion of
inflammatory cytokines and resulting in sepsis.

Introduction

Sepsis is a systemic inflammatory response syndrome (SIRS)
caused by a variety of pathogenic microorganisms and endo-
toxin release; it is also a serious complication for severe patients
with acute and severe trauma and shock (1). HMGBI serves a
key role in the occurrence and progression of sepsis, and its
production is induced by secretions of immune cells, including
mononuclear cells, dendritic cells, macrophages stimulated by
endotoxins, and inflammatory cytokines (2). It is one of the
most important inflammatory mediators for the lethal effect of
sepsis (3). The interaction of HMGBI with other inflammatory
mediators serves an important role in mediating the signaling
pathways of the inflammatory response (4). A previous study
demonstrated that HMGBI1 could promote the migration of
macrophages and the release of various inflammatory cyto-
kines, causing aggregation of a variety of immune cells and
inducing the inflammatory responses of sepsis (3). Another
study also demonstrated that the elevated expression of HMGBI
is closely associated with the occurrence of sepsis (5). miRs
are highly conserved, endogenous, non-coding small RNAs,
which can regulate the expression of target genes by complete
or incomplete complementary pairing with the 3'-untranslated
region (3'-UTR) of the mRNA, serving an important role in
immune cell activation, inflammatory cytokine release and
the immune response (6,7). Previous research has revealed
that miR-25 was involved in the occurrence and progression of
sepsis and has potential as a diagnostic marker of sepsis (8,9).
miR-25 expression in peripheral blood in patients with sepsis
is abnormal, suggesting that miR-25 abnormalities may be
associated with the pathogenesis of sepsis (1,2). Bioinformatics
analysis revealed that a target binding site existed between
miR-25 and the HMGBI1 3'-UTR. However, the specific role
of miR-25 in the regulation of HMGBI and sepsis remains
unclear. In the present study, by analyzing the expression of
miR-25 and HMGBI in patients with sepsis, the association
between miR-25, HMGBI and sepsis was investigated.
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Materials and methods

Reagents and materials. The Ficoll-Paque Plus was purchased
from GE Healthcare (Chicago, IL, USA; cat. no. 17-1440-02).
o-MEM was from Hyclone (GE Healthcare) and fetal bovine
serum was from Gibco (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA; cat. no. 10099141). Streptomycin was
from Lonza Group, Ltd. (Basel, Switzerland; cat. no. 17-602E).
Lipopolysaccharide (LPS) was from Sigma-Aldrich
(Merck KGaA, Darmstadt, Germany; cat. no. L6529).
TRIzol (cat. no. 15596018), and Lipofectamine® 2000
(cat.no. 11668019) were from Thermo Fisher Scientific,Inc. The
PrimeScript™ RT reagent kit was from Takara Biotechnology
Co., Ltd. (Dalian, China; cat. no. RR037A) and the SYBR
Green Real-Time PCR Master mix was from Thermo Fisher
Scientific, Inc., (cat. no.4309155). miR-25 nucleotide fragments
and primers were synthesized by Guangzhou RiboBio Co.,Ltd.,
Guangzhou, China. The mouse anti-human HMGB-1 antibody
was purchased from Cell Signaling Technology, Europe, B.V.
(Leiden, The Netherlands; cat. no. 6893). Mouse anti-p-NF-kxB
p65 was purchased from Santa Cruz Biotechnology, Inc.
(Dallas, TX, USA; cat. no. sc-166748). Rabbit anti-GAPDH
(cat. no. ab181602) and Lamin B1 (cat. no. ab133741) were
purchased from Abcam (Cambridge, UK). Horseradish perox-
idase-labeled anti-mouse (cat. no. 115-035-206) and anti-rabbit
(cat. no. 323-005-021) secondary antibodies were purchased
from Jackson ImmunoResearch Laboratories, Inc. (West
Grove, PA, USA). Transwell chambers were purchased from
EMD Millipore (Billerica, MA, USA; cat. no. PSETO010R1).
The pLUC Luciferase vector was purchased from Ambion;
Thermo Fisher Scientific, Inc. The Dual-Luciferase® Reporter
Assay system was purchased from Promega Corporation
(Madison, WI, USA; cat. no. E1910). The tumor necrosis
factor a (TNF-a; cat. no. ELH-TNFa-1), interleukin 6 (IL-6;
cat. no. ELH-IL6-1) and HMGB-1 (cat. no. ELH-HMGBI-1)
ELISA detection kits were purchased from RayBiotech
(Norcross, GA USA). Human recombinant M-CSF was
purchased from R&D Systems, Inc. (Minneapolis, MN,
USA; cat. no. 216-MC-025). Mouse anti-human CD68 was
purchased from BD Pharmingen (BD Biosciences, Biosciences,
Franklin Lakes, NJ, USA; cat. no. 562117). The BCA protein
quantification kit was purchased from Beyotime Institute of
Biotechnology (Haimen, China; cat. no. P0010).

Clinical data. A total of 39 patients with sepsis were
admitted to the ICU of our hospital between July 2015 and
April 2016. All patients met the American College of Chest
Physicians/Society of Critical Care Medicine diagnostic
criteria for sepsis (1992) (10). These criteria include definite or
suspected infection, and (i) Body temperature >38°C or <36°C;
(ii) Heart rate >90 beats/min; (iii) Breathing >20 times/min
or pCO, <32 mmHg; (iii) White blood cell count >12x10%/1
or <4x10%1, or a proportion of immature rod-shaped cells
>10%. Among the 39 cases of sepsis, 22 were male and 17
were female, aged 33-65 years (mean age 43.9+12.6 years).
A total of 32 healthy subjects without signs of infection
included 19 males and 13 females, aged 35-64 years (mean
age, 44.6+11.8 years). There was no significant difference in
age or sex ratio between the healthy and septic patients. All
specimens were collected with the informed consent of all
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participants. The present study was reviewed and approved by
Hefei Second People's Hospital Biomedical Ethics Committee
(Hefei, China).

A total of 4 ml peripheral venous blood was collected
from patients with sepsis after admission, or from healthy
subjects in a fasting state, of which 2 ml was used to isolate
peripheral blood mononuclear cells (PBMCs), and 2 ml was
used to isolate serum. For serum isolation, blood was kept
at room temperature for 1 h, then centrifuged for 10 min at
800 x g (21°C). The separated upper layer was then collected
and stored at -80°C until further use.

Isolation of PBMCs. A total of 2 ml blood was diluted in 2 ml
PBS, and slowly dripped onto the surface of 5 ml Ficoll-Paque
Plus. The mixture was centrifuged for 30 min at 300 x g at
room temperature, then the cells in the upper white layer were
transferred into another 15 ml centrifuge tube. PBS was added
at a volume of 3:1 (PBS: cell solution) and mixed gently. The
mixture was centrifuged for 5 min at 200 x g, the supernatant
was discarded, and the cell pellet was resuspended in 1 ml
ice-cold 1X PBS to obtain a PMBC cell precipitate.

Induced differentiation of macrophages. PBMCs were placed
in o-MEM medium containing 10% FBS and 1% streptomycin
and cultured at 37°C in 5% CO,. After 24 h, the culture super-
natant was collected and non-adherent cells were removed.
Medium containing 30 ng/ml M-CSF, 10% FBS and 1%
streptomycin was replenished every 72 h for 1 week prior to
detection of the macrophage marker, cluster of differentia-
tion 68 (CD68).

Flow cytometry analysis. Samples were prepared using a
PrimeScript™ RT reagent kit according to the manufac-
tures' instructions, (Takara Biotechnology Co., Ltd). The
phenotype of macrophages was analyzed using an intracel-
lular CD68 assay (cat. no. Y1/82A; BD Biosciences). Cells
were fixed with 4% paraformaldehyde (room temperature,
20 min), permeabilized by FACS permeabilizing solution
(BD PharMingen, San Diego, CA) and then stained with
the aforementioned reagents for 30 min at room tempera-
ture. Flow cytometry analysis was performed using a
FACS Aria II flow cytometer (BD Biosciences). Data were
analyzed with FlowJo software (version 7.6.1; FlowJo LLC,
Ashland, OR, USA).

Construction of luciferase reporter gene vector and
dual-luciferase reporter gene assay. The 293 cell genome was
used as a template to amplify the HMGBI 3'-UTR full length
fragment, or mutation-containing fragments, then cloned into
the pLUC vector to transform DH5a competent cells (Thermo
Fisher Scientific, Inc.). The efficient plasmids were sequenced,
screened and named pLUC-HMGBI-3'-UTR-wt and
pLUC-HMGBI1-3-UTR-mut. The pLUC-HMGBI1-3'-UTR-wt
or pLUC-HMGBI1-3'-UTR-mut and miR-25 mimics were
co-transfected into 293 cells (Thermo Fisher Scientific, Inc.)
using Lipofectamine® 2000, according to the manufacturer's
instructions. Luciferase activity was detected after 48 h.
Firefly and Renilla luciferase activities were measured for each
sample using the Dual-Luciferase® Reporter Assay System
(cat. no. E1960; Promega Corporation).
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Macrophage transfection and LPS treatment. The microRNA.
org online target gene prediction tool was used to predict
the relation between miR-25 and the 3'-UTR of HMGBI1
mRNA (11). Therefore, the successfully differentiated macro-
phages were divided into 5 groups: miR-negative control (NC)
transfection group, miR-25 mimic transfection group, short
interfering RNA (si)-NC transfection group, si-HMGBI group,
and miR-25 mimic+si-HMGBI group. The siRNA sequences
are as follows: si-HMGBI1 sense strand, 5'-CGGCCUCUG
UUUGAUUUCUTT-3, si-HMGBI antisense strand, 5'-AGA
AAUCAAACAGAGGCCGTT-3"; si-NC sense strand, 5'-UUC
UCCGAACGUGUCACGUTT-3', si-NC antisense strand,
5-ACGUGACACGUUCGGAGAATT-3"; miR-25 mimic sense
strand, 5'-CAUUGCACUUGUCUCGGUCUGA-3"; miR-25
mimic antisense strand, 5'-UUCAAGUAAUCCAGGAUA
GGCU-3"; control sense strand, 5'-UCACAAGUCAGGCUC
UUGGGAC-3, control antisense strand, 5-ACGGGUUAG
GCUCUUGGGAGCU-3". Lipofectamine® 2000 was used to
transfect the cells (5x10* cell/well, 50 nM si-HMGBI or si-NC
in each well) according to the manufacturer's protocol. A total
of 72 h after the transfection, cells were sequenced to confirm
transfection and used for subsequent experiments. Cells in all
transfection groups were treated with 100 ng/ml LPS for 48 h
prior to collection of cells and culture supernatants.

Detection of gene expression by reverse transcription-
quantitative polymerase chain reaction (RT-gPCR). Total
RNA was isolated using TRIzol, according to the manufac-
turer's instructions, following extraction with 99% chloroform
for 2 min at room temperature, precipitation with 95% isopro-
panol for 10 min at room temperature, and washing with
75% ethanol followed by centrifuging at 7,500 x g for 5 min
at 4°C, then hydrolysis with RNAse free H,O. cDNA was
obtained using the PrimeScript™ RT reagent kit, according
to the manufacturer's instructions, and the resulting cDNAs
were stored in a -20°C refrigerator. PCR was performed using
Taq DNA polymerase from the SYBR Green Real-Time PCR
Master mix and the following primers: miR-25, forward,
5'-CGGCGGCATTGCACTTGGTCTC-3', reverse, 5'-GTG
CAGGGTCCGAGGT-3'; U6, forward, 5-ATTGGAACGATA
CAGAGAAGATT-3, reverse, 5-GGAACGCTTCACGAA
TTTG-3'; HMGBI, forward, 5-"TATGGCAAAAGCGGA
CAAGG-3, reverse, 5-CTTCGCAACATCACCAATGGA-3';
GAPDH, forward, 5-ACAACTTTGGTATCGTGGAAGG-3,
reverse, 5'-GCCATCACGCCACAGTTTC-3'". The PCR reac-
tion contained 5.0 ul1 2X SYBR Green Mixture, 0.5 u1 2.5 pm/1
forward primer, 0.5 y of 2.5 ym/l reverse primer, 1 ul cDNA
and ddH,0 to make the volume up to 10 xl. The thermocycling
conditions were as follows: 40 cycles of 95°C for 15 sec, 60°C
for 30 sec and 74°C for 30 sec in an ABI 7500-type fluores-
cence quantitative PCR system (Thermo Fisher Scientific, Inc.).
Results were expressed by using the 224% method (12), where
the number of cycles (Ct) at which the fluorescence signal
exceeded a defined threshold for GAPDH was subtracted from
Ct values for target genes (Ct e Ctoappn=ACP), and values
were calculated as 24P and normalized to each other.

Western blotting. Protein was extracted using radioimmuno-
precipitation assay buffer (Thermo Fisher Scientific, Inc.). The
protein concentration was determined using a BCA protein
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quantification kit, according to the manufacturer's protocol.
A total of 50 ug of protein was loaded for separation by 8%
SDS-PAGE, then transferred into polyvinylidene difluoride
membranes by electroporation for 60 min. The membranes
were blocked with 5% skimmed milk for 60 min at room
temperature, followed by incubation with the primary anti-
bodies (HMGBI, phosphorylated (p-)p65, GAPDH and Lamin
B1 antibodies were used at dilutions of were 1:100, 1:100,
1:800 and 1:300, respectively) overnight at 4°C, then washed
3 times PBS-Tween (PBST) prior to incubation with the
HRP-labeled anti-mouse or anti-rabbit secondary antibodies
(dilution, 1:8,000 dilution) for 60 min at room temperature.
The membranes were washed 3 times in PBST, and visualized
using an enhanced chemiluminescent system (Thermo Fisher
Scientific, Inc.).

Detection of inflammatory cytokine content by ELISA assay.
All ELISA procedures strictly followed the protocols provided
by the ELISA kit manufacturer.

Detection of macrophage migration ability by Transwell
assay. Collagen IV added to the upper chamber of Transwell
inserts with 8-um pore size (Corning Incorporated, Corning,
NY, USA). Macrophages were plated into the upper chamber
(5x10°) and medium (a-MEM without FBS) containing
100 ng/ml LPS was added to the lower chamber. After 48 h of
culture, the culture solution was discarded, and the insert was
washed twice with PBS, and fixed with methanol for 30 min at
room temperature, stained by 0.1% crystal violet for 20 min at
room temperature. The number of migratory cells was counted
under a light microscope at x400 magnification.

Statistical analysis. All statistical analysis was performed
using SPSS ver. 18.0 (SPSS, Inc., Chicago, IL, USA). Data are
expressed as mean + standard deviation. Differences between 2
groups were compared using Student's t-test. One-way analysis
of variance was used to compare differences between multiple
groups, followed by Bonferroni correction. Pearson correlation
coefficient analysis was used to observe the relation between
miR-25 level in serum and sepsis. P<0.05 was considered to
indicate a statistically significant difference.

Results

The expression of HMGBI is elevated and the expression
of miR-25 is decreased significantly in patients with sepsis.
ELISA assay results demonstrated that the level of HMGBI1
in the serum of peripheral blood in patients with sepsis was
significantly increased compared with the healthy control
group (Table I). Western blotting results revealed that the
expression level of HMGBI protein the PBMCs of patients
with sepsis was significantly increased compared with that
of healthy controls (Fig. 1A). RT-qPCR demonstrated that the
expression of miR-25 in the serum and PBMCs of patients
with sepsis was significantly decreased compared with that of
healthy controls (Fig. 1B). Pearson correlation coefficient anal-
ysis demonstrated that the expression of miR-25 in serum of
patients with sepsis was negatively correlated that of HMGBI
(r=-0.591, P=0.041). A significant positive correlation was
identified between serum HMGBI levels and HMGBI protein
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Table I. HMGBI1 content of serum in the two groups.

Group Number HMGBI (ng/ml)
Healthy controls 32 2.17+0.23
Patients with sepsis 39 29.61+4.52*

“P<0.05 vs. control. HMGB1, high mobility group box-1.

expression in PBMCs (r=0.537, P<0.001), and a significant
negative correlation was identified between serum miR-25
expression and HMGBI protein content (r=-0.622, P<0.001),
as presented in Fig. 1C and D.

miR-25 inhibits HMGBI expression. MicroRNA.org online
target gene prediction results indicated that there was a
targeted binding site between miR-25 and the 3'-UTR of
HMGBI mRNA (Fig. 2A). Transfection of miR-25 mimics
significantly reduced the relative luciferase activity, suggesting
that miR-25 could target the 3'-UTR region of HMGBI and
inhibit its expression (Fig. 2B).

LPS induces macrophages to secrete HMGBI and inhibit
miR-25 expression. The results of flow cytometry demonstrated
that the macrophage-specific marker, CD68, was increased by
>80% following a 7-day induction with M-CSF, indicating that
the differentiation of macrophages was induced successfully,
allowing subsequent experiments to be performed (Fig. 3A).
ELISA assays demonstrated that, following treatment with
100 ng/ml LPS for 48 h, the protein levels of HMGB-1, TNF-a
and IL-6 in the culture supernatant were significantly increased
(Fig. 3B). The results of RT-qPCR demonstrated that LPS
treatment significantly upregulated the expression of HMGBI1
mRNA and significantly decreased the expression of miR-25
in macrophages (Fig. 3C). Western blotting results revealed
that LPS treatment significantly enhanced the transcriptional
activity of NF-«B and upregulated the expression of HMGBI1
protein in the nucleus and cytoplasm of macrophages (Fig. 3D).

Elevated miR-25 could inhibit HMGBI expression and
migration in macrophages. The transfection of miR-25
mimics and/or si-HMGBI significantly reduced HMGBI1
mRNA expression (Fig. 4A) and attenuated protein expres-
sion in macrophages (Fig. 4B), resulting in a reduction in
p-p65 protein expression (Fig. 4B). In addition, the levels of
inflammatory cytokines, HMGBI1, TNF-a and IL-6, were
significantly decreased in culture supernatant (Fig. 4C), and
the migration ability of macrophages was also significantly
attenuated (Fig. 4D) in cells transfected with si-HMGBI1 or
miR-25 mimic + si-HMGBI compared with control.

Discussion

The causes of sepsis are diverse, the disease has a complicated
pathology and manifests as an acute and critical condi-
tion (13). A large number of pathogenic toxins activate the
human immune system to produce cytokines and inflamma-
tory responses, leading to irreversible and serious damage
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to cells, tissues and organs, and the immune system (14). If
sepsis is not treated in a timely and effective manner, it is
likely to develop into septic shock, acute respiratory distress
syndrome and multiple organ dysfunction syndrome (15).
Although modern medical techniques have greatly improved,
the mortality rate of patients with sepsis remains high, and is
the leading cause of mortality in intensive care (16). Therefore,
it is of great importance to be able to diagnose sepsis early,
and make timely and effective interventions, so as to delay the
progression of disease and reduce the mortality rate of patients
with sepsis.

HMG (high mobility group protein) is a non-histone
chromatin-associated protein family, comprising HMGBI,
HMGB2 and HMGB3 (17). HMGBI is the most abundant and
highly conserved HMG protein (18). It functions in a variety of
biological processes, including DNA replication, DNA damage
repair, transcription and translation (19). It has been revealed
that HMGBI is an important inflammatory cytokine, with an
important role in mediation of inflammatory responses (20).
A number of studies have demonstrated that HMGBI serves
a critical role in the initiation of an inflammatory signaling
cascade in sepsis, and that it is the most important pro-inflam-
matory cytokine of the lethal effect of sepsis (21). Compared
with inflammatory cytokines involved in early sepsis, including
TNF-a, HMGBI is characterized by late elevated expression
for a prolonged duration, providing a wide window of time for
the clinical treatment of sepsis (22). As an innate immune cell,
macrophages serve a crucial role in fighting against patho-
genic microorganisms and initiating an immune response (23).
During sepsis, macrophages synthesize and secrete HMGBI,
which can promote the induction and amplification of inflam-
matory cytokines through positive feedback, and exacerbate
and prolong the body inflammatory response process (24).
As important epigenetic regulatory molecules, miRs serve an
important role in immune cell proliferation, differentiation,
activation, release of inflammatory cytokines and regulation
of immune responses. The abnormal expression of various
miRs has been associated with the occurrence of sepsis, and
may be used as an important diagnostic and prognostic marker
of sepsis (25). Studies have demonstrated that patients with
sepsis exhibit abnormal expression of miR-25 in their periph-
eral blood (1,2). In the present study, bioinformatics analysis
revealed a target binding site between miR-25 and HMGBI
3-UTR. It was also investigated whether miR-25 serves a role
in the targeted regulation of HMGBI expression and release of
macrophage inflammatory cytokines.

In the present study, it was demonstrated that the serum
HMGBI content and the expression of HMGBI1 protein in
PBMCs of patients with sepsis were significantly increased
compared with those of healthy controls. RT-qPCR demon-
strated that the expression of miR-25 in the serum and PBMCs
of patients with sepsis was significantly decreased compared
with that of healthy controls. These results suggest that the
decreased expression of miR-25 may be associated with the
increased expression of HMGBI and the occurrence of sepsis.
Studies by Huang et al (3) also indicated that the serum level
of HMGBI in patients with sepsis was significantly elevated.
Karlsson et al (26) demonstrated that increased HMGBI1 of
patients with sepsis was higher than that of healthy controls
by over 6 times. Yao et al (25) demonstrated that expression
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Figure 1. HMGBI expression is increased and miR-25 expression is decreased in patients with sepsis. (A) Detection of HMGBI protein expression by western
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levels and HMGBI protein expression level in peripheral blood mononuclear cells. (D) The correlation between serum miR-25 levels and HMGBI protein
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Figure 2. miR-25 inhibits HMGBI1 expression. (A) The miR-25 binding site on the 3'-UTR of HMGB1 mRNA. (B) Dual luciferase reporter assay results,
demonstrating the activity of the miR-25 mimics relative to miR-NC suggesting miR-25 may target the 3'-UTR region of HMGBI and inhibit its expression.
“P<0.05 vs. miR-NC. miR-25, microRNA-25; HMGBI, high mobility group box 1; 3'-UTR, 3' untranslated region; NC, negative control; wt, wild type; mut,

mutated.

of miR-25 in the peripheral blood of patients with sepsis was
significantly decreased compared with healthy controls, and
that the lower the expression of miR-25, the lower the 28-day
survival rate of patients. Dual luciferase reporter assays
demonstrated that transfection of miR-25 mimics significantly
reduced the relative luciferase activity in 293 cells, indicating
that miR-25 could target the 3'-UTR region of HMGBI and
inhibit its expression.

The NF-«kB signal transduction serves a key role in the initi-
ation of the immune response and the release of inflammatory
cytokines, as well as the occurrence of sepsis. Toll-like recep-
tors (TLRs) are an important family of receptors of HMGBI.
Toll-like receptors such as TLR2 and 4, which are expressed on
the surface of macrophages, interact with HMGBI and activate
the NF-xB signaling pathway, to promote the transcription,
synthesis and secretion of inflammatory cytokines, including

TNF-a, IL-1, IL-6, and chemokines (27,28). In the present
study, LPS treatment significantly upregulated the expression
of HMGBI1 in macrophages, enhanced the transcriptional
activity of NF-kB and the release of TNF-a and IL-6, and
inhibited the expression of miR-25. Zhang (24) indicated that
LPS treatment significantly induced the synthesis and secre-
tion of HMGBI by macrophages. Furthermore, Zhou et al (8)
demonstrated that LPS treatment significantly increased the
HMGBI expression in macrophages. In consistence with these
results, the present study also demonstrated that LPS treatment
significantly upregulated the expression of HMGBI in macro-
phages. Transfection with miR-25 mimics and/or si-HMGBI
significantly decreased the expression of HMGBI in macro-
phages, reduced the transcriptional activity of the NF-kB
signaling pathway, and reduced the HMGBI, TNF-a and
IL-6 levels in the culture supernatant. Decreased expression
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Figure 4. Elevated miR-25 expression inhibits HMGBI expression and migration in macrophages. (A) Reverse transcription-quantitative polymerase chain
reaction detection of miR-25 and HMGBI gene expression. (B) Western blotting detection of HMGBI and p-p65 protein expression. (C) Detection of inflam-
matory cytokine content by ELISA. (D) Detection of macrophage migration by Transwell assay. ‘'miR-25 mimic vs. miR-NC, P<0.05; ““si-HMGBI vs. si-NC,
P<0.05; ““miR-25 mimic + si-HMGBI1 vs. miR-NC, P<0.05; “““miR-25 mimic + si-HMGBI vs. si-NC, P<0.05. miR-25, microRNA-25; HMGBI1, high mobility
group box 1; p-, phosphorylated; NC, negative control; si, short interfering RNA.

of miR-25 was associated with the abnormal expression of miR-25 weakened the induction effect of LPS on HMGBI,
HMGBI following LPS treatment. Elevated expression of and attenuated the transcriptional activity of NF-xB and



the transcriptional activation of downstream inflammatory
cytokines, TNF-a and IL-6. Transfection with miR-25 mimics
and/or si-HMGBI also attenuated the migratory ability
of macrophages, which may be associated with decreased
activation of the NF-«B signaling pathway following reduc-
tion of HMGBI expression. Furthermore, HMGB1 may bind
C-X-C motif chemokine ligand 12 and activate chemokine
receptor C-X-C motif chemokine receptor 4 to induce the
proliferation and migration of immune cells, thus amplifying
the inflammatory response. However, this hypothesis requires
further investigation.

To conclude, the present study demonstrated that miR-25
attenuated the induction of HMGBI1 via LPS, decreased the
transcriptional activity of NF-xB and the transcriptional
activation of downstream inflammatory cytokines, TNF-o and
IL-6, and also suppressed macrophage migration.
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