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Abstract: MicroRNA-223 plays an important role in the inflammatory response of macrophages. Recent studies
have identified that miR-223 was highly expressed in H. pylori infection macrophages, the significance of the eleva-
tion, however, has not yet been investigated. In this study, we analyzed the impact of elevated miR-233 to macro-
phage inflammatory response and possible mechanisms. We found that miR-223 not only could inhibit the expres-
sion of inflammatory cytokines including IL-6, IL-8, IL.-12 and TNF-«, but also was able to decrease the expression of
CD40, CD68, CD80, and CD163. Furthermore, proteins relating to inflammatory signal pathways, such as IRAK-1,
NF-kB and MAPK, in H. pylori infected macrophages were down-regulated. Taken together, these results indicated
that miR-223 may act as an inflammatory inhibitory factor in H. pylori infected macrophages by IRAK-1, NF-kB or
MAPK signal pathways. These findings contribute to the understanding of miR-223 in macrophages inflammatory
responses induced by H. pylori.
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Introduction

Helicobacter pylori (H. pylori) is a gram-nega-
tive microaerophilic bacterium causing a life-
long infection worldwide. It could inhabit in the
stomach and cause gastritis, peptic ulcer, and
gastric cancer [1]. In acute or chronic H. Pylori
infection, inflammation is thought to be a major
determinant of both peptic ulceration and gas-
tric malignancy [2]. However, the regulatory
mechanisms of H. pylori-induced inflammation
are still not well understood.

In response to infection, the host launches a
vigorous immune response, including the
mucosal infiltration of neutrophils, lympho-
cytes, and macrophages. Host defense against
pathogens requires the induction of appropri-
ate innate immune responses, while excessive
or inappropriate activation of the immune sys-
tem can be deleterious to the host itself.
Therefore, various immune regulators, includ-
ing microRNAs (miRNA), also are involved in the
immune responses [3].

MicroRNAs (miRNAs) are non-coding 20~22
nucleotide small RNAs that regulate gene
expression by inducing translational repression
or degradation of their mRNA targets [4]. Recent
studies showed that a range of miRNAs, such
as miR-155, miR-146a, miR-223 have critical
functions in the regulation of inflammatory
responses in macrophages or monocytes [5-8].
Changes in miRNA expression in response to
bacterial infection have been reported, includ-
ing H. pylori infection in the gastric mucosa,
gastric epithelial cells and immune cells e.g.
macrophages, dendritic cells (DCs) [9-12].
Among the reported miRNAs, miRNA-223 (miR-
223) is a potent regulator of some inflammatory
responses [13, 14]. At present, studies have
found that miR-223 over-expression inhibited
the production of IL-1B from inflammasome
[15]. Interestingly, miR-223 was critical for the
control of tuberculosis and potentially other
chronic inflammatory diseases by regulating
leukocyte chemotaxis via chemoattractants
[16]. Moreover, miR-223 can suppress the pro-
inflammatory activation of macrophages [17],
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while the specific regulation mechanisms of
miRNA-223 for cellular inflammation remain
largely unknown.

Here, we investigated the functions of miR-223
in the inflammatory response of H. pylori infect-
ed macrophages, and its signal regulation
pathways.

Materials and methods
Macrophage culture

The human acute monocytic leukemia cell line
THP-1 was purchased from the Cell Resource
Center of Shanghai Academy of Sciences,
Chinese Academy of Sciences. Cells were cul-
tured in wells or flasks at 37°C with 5% CO,, in
RPMI 1640-GlutaMAX™ (HyClone Laboratories,
GE Healthcare Lifesciences, Logan, UT, USA)
containing 10% (v/v) fetal bovine serum
(HyClone), 100 U/ml penicillin, 0.1 mg/ml strep-
tomycin and 0.25 upg/ml amphotericin B.
Differentiation of THP1 cells into macrophage-
like cells was induced by stimulation with 0.1
mmol/L phorbol 12-myristate 13-acetate, PMA
(Sigma, St Louis, MO, USA) for 24 h.

H. pylori culture

The wild-type H. pylori strain 26695 obtained
from the Cell Resource Center of Shanghai
Academy of Sciences, Chinese Academy of
Sciences was cultivated for 48 h at 37°C under
microaerobic conditions (5% O,) on selective
agar containing 21.5 g Wilkins Chalgren agar,
50 ml human blood, 10 yg/ml vancomycin, 10
ug/ml cefsulodin, 5 pg/ml trimethoprim, and
10 pg/ml amphotericin B.

Co-culture of macrophages and H. pylori

Immature macrophages were washed once in
PBS and plated onto 24-well plastic plates at a
density of 5x10° cells per well in 1 ml RPMI-
1640. H. pylori were recovered from the agar
plates using a swab and resuspended in RPMI-
1640 at an optical density of 0.6 at 600 nm,
which corresponds to 3x107 CFU/ml. The bac-
teria were added to macrophages at the indi-
cated multiplicity of infection (MOI) 10:1 and
the co-cultures were further incubated at 37°C
in a 5% CO, incubator for 24 h.
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Quantitative reverse transcription PCR (qRT-
PCR)

Small RNA and total RNA were purified by RNA
purification kit according to the manufacturer’s
instructions (RNAiso for Small RNA isolation,
TaKaRa, China or TRIzol reagent for total RNA
isolation, Invitrogen, USA). High quality RNA
was used for first-strand cDNA synthesis by
reverse transcription using M-MLV reverse tran-
scriptase (TaKaRa, China). The quantitative
real-time RT-PCR was performed in the Roche
lightcycler (LightCycler 2.0) using TakaRa SYBR
Green | kit. The thermal cycling condition for
PCR was 95°C for 30 s, 40 cycles of 95°C for 5
s, 60°C for 20 s and 72°C for 20 s, followed by
40°C for 20 min. The specificity of PCR was
determined by sequencing. The following prim-
ers were used: miR-223 RT primers 5-GTCGT-
ATCCAGTGCAGGGTCCGAGGTATTCGCACTGG-
ATACGACGACACTCACC-3', Forward: 5'-GCCGAA
ACAUUCAACGCUGUC-3’, Reverse: 5-CAGTGCA-
GGGTCCGAGGT-3’; U6, RT primers 5-GTCG-
TATCCAGTGCAGGGTCCGAGGTATTCGCAC-
TGGATACGACAAAATATGGAAC-3’, Forward: 5-
TGCGGGTGCTCCGCTTCGG CAGC-3’, Reverse:
5-CAGTGCAGGGTCCGAGGT-3'. All primers were
synthetized by Invitrogen (New York, US).

Luciferase assay

Firefly luciferase reporter vectors with or with-
out the intact putative miR-223 recognition
sequence from the 3-UTR of IRAK-1 were con-
structed using pMIR-REPORT miRNA Expre-
ssion Reporter Vector (Applied Biosystems). All
constructs were confirmed by sequencing. For
the 3'UTR-luciferase assays, cells were co-
transfected with 0.5 mg pMIR-REPORT or no-
3-UTR construct, 0.5 mg miR-223 mimics, miR-
223 inhibitors, negative siRNA and 0.1 mg
luciferase TransLipid Transfection Reagent.
Twenty-four hours post transfection, luciferase
assays were performed by the Dual Luciferase
Reporter Assay system (TianGen, Beijing).
Relative luciferase activity was normalized with
Renilla luciferase activity

SiRNA transfection
THP-1 cells were first cultured in a 12-well plate
for 24 h, and then were washed with PBS and

resuspended in 500 uyL OpitMEM (Naomi
Biotech, WuXi, China). Then, 20 pmol miR-223
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Table 1. MicroRNA expression profile in Helicobacter pylori infected macrophages

Changes of miRNA expression over control

Control (non-infection)

miRNAs

4 h 8h 12 h 24 h 1
miR-21 3.21+£0.025* 5.12+0.031* 7.55 + 0.028* 9.86 £ 0.24* 1
miR-155  5.12 +0.033* 11.21 £0.030*  16.5 + 0.027* 21.2 £ 0.029* 1
miR-223  4.44 £0.019*  5.89 + 0.032* 10.8 + 0.35* 16.72 + 0.27* 1
miR-26b  0.08 + 0.002*  0.07 £ 0.001* 0.12 + 0.014* 0.78 £ 0.002 1
miR-202  0.60 £ 0.015*  0.45 + 0.023* 0.56 £ 0.022* 0.86 £ 0.025 1
miR-205  0.24 + 0.002* 0.17 £ 0.021*  0.009 £ 0.018* 0.015 + 0.013* 1

*P<0.05 compared with mock controls. Results are from three independent triplicated experiments (N=8).

mimics, miR-223 inhibitors, negative siRNA, or
a blank control were mixed with 5 uL IR in
100pL OpitMEM and heat shocked for 10 s at
37°C. Subsequently, the mixed solutions were
added to the cells. After 6 h, the medium was
replaced and the cells were continued to cul-
ture for 24 h. The transfected cells were
observed by fluorescence microscopy. Diff-
erentiation of these cells into macrophage-like
cells was induced with 0.1 mmol/L Phorbol
12-myristate 13-acetate, PMA (Sigma, St Louis,
MO, USA) for 24 h.

Analysis of inflammatory cytokine genes

QPCR assays were performed with the Roche
lightcycler (LightCycler 2.0). For gPCR, 2 ul
cDNA, 0.5 ul forward primer (10 pymol/L), 0.5 pl
reverse primer (10 uymol/L), 8 yl SYBR Premix
ExTaq (TaKaRa, China) and 9 ul ddH,0 were
mixed and incubated for 35 cycles under the
following cycling conditions: 95°C for 15 s,
52°C for 35 s, 72°C for 20 s. Dissociation
curves were used to ensure specific amplifica-
tion. Relative expression differences were cal-
culated wusing the 2%t formula: AACt
=ACt -ACt Each condition was per-

reference sample”

formed in duplicates.
Flow cytometry analysis

H. pylori infected macrophages (MOI of 10:1;
circles) were first transfected with siRNAs in six
well plates for 24 h, and then cells were har-
vested and washed twice with PBS containing
0.2% BSA. After washes, cells were stained
with fluorescein isothiocyanate (FITC)- or phyco-
erythrin (PE)-labeled monoclonal antibodies
(BD, Franklin Lakes, NJ, USA)) to CD40, CD68
and CD80, CD163 respectively , or the appro-
priate isotype controls. Macrophages were
washed and fixed in 10% (v/v) formaldehyde-
PBS. Finally, cell sorting and analysis were per-
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formed on a flow cytometry platform (Beckman
MOFLO XDP, USA). Median fluorescence inten-
sities (MFI) and the percentages of positive
expression cells were analyzed.

Western blotting analysis

Macrophages with or without H. pylori infection
were first transfected with siRNAs and then
cells were harvested and lysed for western blot-
ting. Equal amount of proteins from cell lysates
were loaded and separated by 10% SDS-PAGE
gels, and transferred onto a polyvinylidene
difluoride membrane (PVDF, Milipore, Bedford,
MA). The membrane was blocked with 5% non-
fat milk and incubated with antibodies against
IRAK-1 (R&D Systems, Minneapolis, MN, USA,
1:400 dilution), NF-kB (R&D Systems, Minne-
apolis, MN, USA, 1:600 dilution) and MAPK
(R&D Systems, Minneapolis, MN, USA, 1:800
dilution). After incubation, membrane was
washed and incubated with HRP conjugated
secondary antibodies. Immune-detected pro-
tein bands were quantified with Image J.

Statistical analysis

All data were expressed as mean + SEM.
Comparisons were performed with One-way
ANOVA with SNK post hoc. P<0.05 was consid-
ered statistically significant. All analyses were
performed using SPSS16.0 (SPSS).

Results

H. pylori influences the expression profile of
miRNAs in macrophages

In order to investigate the potential function of
miRNAs in response to H. pylori infection, the
expression profile of six miRNAs known to be
related to innate immunity in macrophages
with H. pylori infection was determined by qRT-
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A Hum IRAK-1 3’'UTR WT: 5" ..AAGUUCGGUCUUUGAAACUGACA...3’

The expression of miR-223 in
macrophages with H. pylori
| I | infection and siRNA treat-

Mmu-miR-223 3’ ...CCCCAUAAACUGUUUGACUGU...5’

Hum IRAK-1 3’UTR mutated: 5 ..AAGUUCGGUCUUUGAAGCTGTCA...3’

B
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n
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The expression levels of miR-
223 were measured in H.
pylori infected macrophages
with treatment of miR-223
mimics, miR-223 inhibitors, or
negative siRNA (Figure 2). Our
results showed that miR-223
expression was significantly
higher in H. pylori infected
macrophages with miR-223
mimic treatment, while oppo-
site results were observed in
miR-223 inhibitors treated
macrophages.

l WT
B Mut

MicroiRNA-223 down-regu-
lates expression of IL-6, IL-8,
IL-12, TNF-a

Figure 1. Validation of IRAK-1 mRNA as a target of miR-223. A: Sequence

of potential binding site of miR-223 in the 3’UTR of IRAK-1 mRNA (top se-
quence), mutations were introduced into the binding site for generation of
mutated IRAK-1 3'UTR (bottom sequence). B: Validation of miR-223 target
using IRAK-1 3'UTR luciferase reporter. Data shown are mean + SEM of 6

independent experiments (*P<0.05).

PCR (Table 1). After H. pylori infection, three
miRNAs (miR-21, miR-155, miR-223) were sig-
nificantly increased (P<0.05). Moreover, miR-
223 expression was significantly elevated at all
tested time point (P<0.05) (Table 1). These
results implied that miRNAs might play an
important regulatory role in macrophages
against H. pylori infection.

IRAK-1 mRNA is a target of miR-223

To validate whether IRAK-1 is a potential target
of miR-223 in macrophage, a luciferase report-
er vector containing a 3'UTR of IRAK-1 mRNA
(PMIR-Report/IRAK-1 3’'UTR), as well as a
reporter containing a mutated 3'UTR (pMIR-
Report/Mut-IRAK-1 3’UTR) were constructed
(Figure 1A). Cells transfected with pMIRRe-
port/IRAK-1 3’'UTR were treated with either
miR-223mimics or miR-223 inhibitor. Our
results showed that miR-223 mimics reduced
luciferase production by 1.8-fold reduced while
miR-223 inhibitor increased the luciferase
activity by 1.9-fold (Figure 1B). These data indi-
cated that IRAK-1 might be a potential target
for miR-223 in macrophage.
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To study the function of miR-
223 in inflammatory regula-
tion, the expression of inflam-
matory cytokines IL-6, IL-8,
IL-12 and TNF-a were detect-
ed by gPCR (Figure 3). As
expected, the expression levels of IL-6, IL-8,
IL-12 and TNF-a were down-regulated in macro-
phages without H. pylori infection or H. pylori
infected macrophages with miR-223 mimic
treatment in comparison with control group
(P<0.05). Contrarily, H. pylori infected macro-
phages with miR-223 inhibitor treatment
increased the expression of IL-6, IL-8, IL.-12 and
TNF-a (P<0.05). These results suggested that
miR-223 may play negative role in the inflam-
matory pathway in part by targeting some sig-
nal pathways, thus down-regulating the expres-
sion of its downstream pro-inflammatory
mediators.

Expression of CD40, CD68, CD80 ,CD163 in H.
pylori infection macrophages interferenced by
SiRNA (flow cytometry)

In order to confirm the expression of CD40,
CD68, CD80, CD163 proteins in H. pylori infec-
tion macrophages interferenced by miR-223
mimics, miR-223 inhibitors and negative miRNA
to study the role of miR-223 on molecular sig-
naling proteins in cell surface, we quantified
CD40, CD68, CD80, CD163 levels by flow

Am J Transl Res 2016;8(2):615-622



MicroRNA-223 regulates proinflammatory responses in H. pylori infection macrophages

medium negative miR-223 miR-223
miRNA inhibitors

Figure 2. The expression of miR-223 in macrophages. A:
The expression of miR-223 in macrophages transfected
with negative miRNA, miR-223 mimics or miR-223 inhibi-
tors was determined by qRT-PCR assay. B: The fold chang-
es of miR-223 expression relative to the non-transfected

cells were used for analysis. Data shown are mean + SEM
of three independent experiments (*P<0.05).
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Figure 3. The impact of miR-223 on the expression of IL-6, IL-8, IL-12 and TNF-a. H. pylori infected macrophages
were transfected with miR-223 mimics or miR-223 inhibitors. The total RNA was harvested at 12 h post infection.
The expression of IL-6, IL-8, I.-12 and TNF-a were determined by qRT-PCR. Data shown are mean + SEM of 6 inde-

pendent experiments (*P<0.05).

cytometry. H. pylori non-infection or infection
macrophages were interferenced by miR-223
mimics, miR-223 inhibitors and negative miRNA
for 24 h, then subjected to flow cytometry for
the detection of CD40, CD68, CD80, CD163
(Figure 4). The results show that CD40, CDGS,
CD80, CD163 levels decreased in H. pylori
infection macrophages transfected with miR-
223mimics (*P<0.05), but increased in miR-
223 inhibitors transfected macrophages
(*P<0.05). Meanwhile, the expression of CD40,
CD68, CD80 decreased in macrophages trans-
fected with miR-223mimics (*P<0.05), but only
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CD40, CD80 was enhanced in macrophages
interfered by miR-223inhibitors (*P<0.05).

MicroiRNA-223 down-regulates IRAK-1 in mac-
rophages in response to H. pylori infection

To explore whether miR-223 is capable of regu-
lating IRAK-1 expression in macrophages with
H. pylori infection, macrophages with or with-
out H. pylori infection were treated by miR-223
mimics, miR-223 inhibitors or negative miRNAs
and IRAK-1, NF-kB and MAPK expression was
determined by Western blotting (Figure 5).
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Figure 4. Analysis of surface CD40, CD68, CD80 and CD163 on H. pylori infected macrophages with siRNA treat-
ment. H. pylori infected macrophages were first treated with negative miRNA, miR-223 mimics or miR-223 inhibi-
tors, and then 10° cells were analyzed by flow cytometry. Bar graphs show the mean fluorescence intensities (MFI)
of CD40, CD68, CD80 and CD163. Data shown are mean + SEM of 3 independent experiments (*P<0.05).
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Figure 5. Analysis of the expression of IRAK-1, NF-kB and MAPK proteins by Western blotting. A: Analysis of IRAK-
1, NF-kB and MAPK proteins in H. pylori free macrophages with miR-223 mimics, miR-223 inhibitors or negative
miRNA treatment. B: Analysis of IRAK-1, NF-kB and MAPK proteins in H. pylori infected macrophages with miR-223
mimics, miR-223 inhibitors or negative miRNA treatment. Data shown are mean + SEM of 3 independent experi-
ments (*P<0.045).
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Interestingly, miR-223 could down-regulate the
expression of IRAK-1, NF-kB and MAPK in mac-
rophages with and without H. pylori infection
(P<0.05). Unlike miR-223 mimics, miR-223
inhibitors increased the expression of IRAK-1,
NF-kB and MAPK in cells with both treatments
(P<0.05). These data indicated that miR-223
was able to regulate the immune response in
macrophages against H. pylori infection possi-
bly through down-regulation of IRAK-1, NF-kB
and MAPK expression.

Discussion

In this study, an alteration of several immunity-
related miRNAs was observed in macrophages
infected with H. pylori, with decreased expres-
sion of miR-205 and increased expression of
miR-26b, miR-202, miR-21, miR-155 and miR-
223. More importantly, miR-223 demonstrated
a capacity to play a negative role in the regula-
tion of immune response to H. pylori infection,
which was in part through a mechanism by tar-
geting IRAK-1 and post-transcriptionally down-
regulating IRAK-1 expression and sequentially
inhibiting the production of inflammatory medi-
ators, such as IL-6, IL-8, IL-12, and TNF-a. These
results strongly suggest that miR-223 plays a
critical role in macrophage-mediated immune
response against H. pylori infection.

It has been recognized that miRNAs are
involved in host immunity, not only by governing
the maturation, proliferation, differentiation
and activation of immune cells, but also by reg-
ulating the immune responses through many
pathways [18]. Increasingly evidence have sug-
gested that miR-223 plays multiple roles in the
organogenesis, as well as pathogenesis of a
variety of diseases, including tumors, immune
diseases, and infectious diseases [16]. When
challenged by endotoxin, miR-223 deficient
mice exhibited increased inflammatory lung
lesions [19], During monocytes differentiation
into macrophages, miR-223 is down-regulated
[14]. However, the role of miR-223 in regulating
processes such as macrophage activation,
subsequent adipose tissue inflammation and
systemic insulin resistance is still unknown.
The present study provides evidence to support
a novel role of miR-223 in modulating macro-
phage polarization.

Macrophages are the first line of host immune

cells to encounter H. pylori in gastric tissue.
MicroRNAs have been demonstrated to play a
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regulatory role in the macrophage immune
response towards eradication of H. pylori infec-
tion while avoiding excessive damage [13]. For
example, miR-155 was shown to be a negative
regulator of TLR signaling SOCS1 and SHIP1
during the macrophage inflammatory response,
while repression of miR-223 expression
seemed to affect downstream of TLR signaling
molecules such as IRAK-1 and IRAK-2 or TRAF-
6, and lead to an elevated inflammatory
response [20]. Consistent with these findings,
miR-223 in the current study showed an ability
to negatively regulate the production of pro-
inflammatory mediators IL-6, IL-8, IL-12 and
TNF-a in macrophage by targeting IRAK-1 and
post-transcriptionally down-regulating IRAK-1,
IRAK-1, NF-kB and MAPK proteins expression.

Upon H. pylori infection, microphages could be
activated and produce IL-6, IL.-10 and IL-23 and
express CD40 and CD80 [21]. CD68 and
CD163 are associated with a large range of
inflammatory diseases including macrophage
activation syndrome, HIV infection, rheumatoid
arthritis [22]. The expression of CD40, CD68,
CD80 and CD163 was enhanced in H. pylori
infected macrophages with miR-223 inhibitors
treatment, but decreased in miR-223 mimics
treated macrophages.

Taken together, our findings provide a new
explanation characterizing the molecular mech-
anism underlying the regulation of miR-223 in
H. pylori infected macrophage. this may provide
useful information for further understanding of
molecular mechanisms by which the miR-223/
NF-kB pathway controls the inflammatory
response and promotes the pathogenesis of
inflammatory diseases.
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