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Abstract

Purpose: To investigate the action of miR-483-3p in pediatric pneumonia and identify potential
biomarkers.

Methods: Bronchoalveolar lavage was collected from 38 pneumonia patients and 25 healthy children.
The expression of miR-483-3p in the lavage was determined using qRT-PCR. Alveolar macrophages
collected from lavage of healthy children were cultured and used for functional assays. Transwell assay
was conducted to evaluate macrophage cell migration. Cell viability and apoptosis were evaluated in
lipopolysaccharide (LPS)-induced human pulmonary alveolar epithelial cells (HPAEpiCs) by CCK8 (cell
counting kit - 8) or flow cytometry, respectively.

Results: MiR-483-3p was significantly elevated in bronchoalveolar lavage of pneumonia patients, when
compared to healthy children (p < 0.001). MiR-483-3p, which targets insulin-like growth factor 1 (IGF1),
decreased the mRNA and protein expression of IGF1 in alveolar macrophages collected from the
lavage of healthy children. MiR-483-3p reduced motility of macrophages. IGF1 counteracted the LPS-
induced decrease in cell viability and the increase in apoptosis of HPAEpiCs. Conditioned medium from
macrophages transfected with miR-483-3p inhibitor increased cell viability and reduced cellular
apoptosis of LPS-induced HPAEpiCs. However, conditioned medium from macrophages transfected
with miR-483-3p mimics decreased cell viability and increased apoptosis.

Conclusion: MiR-483-3p negatively regulates IGF1 to promote progression of pediatric pneumonia,
providing a potential therapeutic target in pediatric pneumonia.

Keywords: MiR-483-3p, Insulin-like growth factor (IGF1), TNBC, Alveolar macrophage, Pediatric
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INTRODUCTION pneumonia often leads to poor prognosis and
numerous severe complications, due to its high

Pneumonia, a common respiratory disease rate of recurrence [1]. Therefore, an effective
caused by pathogens or viral infection, is the therapeutic strategy for pediatric pneumonia
leading cause of mortality and morbidity in  would facilitate treatment.

children [1]. Although pneumonia is preventable

via surgical and medical treatment, pediatric
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Alveolar macrophages, located at the interface
between lung tissue and air, are the first line of
defense against microorganisms [2]. Inhibition of
apoptosis of alveolar macrophages contributes to
the survival of mice and rats with Pneumocystis
pneumonia [3]. Therefore, alveolar macrophages
play an important role in the development of
pediatric pneumonia. Research has shown that
macrophages secrete cytokines to participate in
alveolar epithelial cell injury during pneumonia
[4]. Insulin-like growth factor 1, secreted by
macrophages, regulates immunometabolic
challenge [4], and promotes neurogenesis and

nerve sensitization during endometriosis-
associated pain [5]. Recently, macrophage-
derived IGF1 has been shown to mediate

phagocytosis in response to inflammation [6].
Suppression of IGF1 made newborn mice more
susceptible to pneumonia [7]. Thus, alveolar
macrophage-derived IGF1 may be an effective
target for the treatment of pediatric pneumonia.

A recent study suggested the dysregulation of
miRNA expression in pneumonia [8], and the
miRNA-mRNA network may be a potential
therapeutic strategy for pediatric pneumonia [8].
For example, miR-155 was involved in the
immune response during pneumonia [9].
Previous studies have shown that influenza virus
infection leads to upregulation of miR-483-3p in
pulmonary exosomes, and promotes the
inflammatory response [10]. Because miR-483
has been shown to be upregulated in peripheral
blood of patients with pneumonia [11], the
present study was conducted to investigate the
potential role and mechanism of miR-483-3p in
pediatric pneumonia, thus shedding light on a
potential therapeutic benefit for pediatric
pneumonia.

EXPERIMENTAL
Study population and bronchoalveolar lavage

Thirty-eight pneumonia patients and 25 healthy
children were recruited at the People's Hospital
of Fenghua Ningbo. Written parental informed
consent was acquired from all the volunteers.
The current study was approved by the Ethics
Committee of the People's Hospital of Fenghua
Ningbo (approval no. 2018112), and conducted
in accordance with the 1964 Helsinki Declaration
and its later amendments for ethical research
involving human subjects [12]. For the collection
of bronchoalveolar lavage, 100 mL sterile
isotonic saline, in 20 mL aliquots, was instilled
into the right middle lobe via fiberoptic
bronchoscope. Bronchoalveolar lavage fluid was
aspirated with gentle suction, and then filtered
through sterile gauze. After centrifugation at 500

x g for 15 min, the cells were harvested for
further analysis.
of alveolar

Collection and transfection

macrophages

Bronchoalveolar lavage cells of healthy children
were suspended in RPMI-1640 medium (Lonza,
Basel, Switzerland) containing 10 % fetal bovine
serum (Gibco, Waltham, MA, USA). The cells (5
x 10%well) were seeded into plates and cultured
at 37 °C with 5 % COz for 1 h. After removing
non-adherent cells, the adherent alveolar
macrophages were identified via esterase
staining. The isolated alveolar macrophages
were transfected with miR-418-3p mimics,
inhibitor, or the corresponding negative controls
(NC mimic and NC inhibitor), via Lipofectamine
3000 (Invitrogen, Carlsbad, CA, USA).

Determination of IGF1

Insulin-like growth factor 1 levels in alveolar
macrophage culture medium were determined
via IGF1 antibody DuoSet (R&D Systems,
Minneapolis, MN, USA), following the
manufacturer’ s instructions.

Luciferase reporter assay

The sequence of IGF1 3'-UTR, or the mutant
sequence, was subcloned into psiCHECK2
(Promega, Madison, WI, USA). Alveolar
macrophages were co-transfected with miR-483-
3p mimics or NC mimic (GenePharma, Suzhou,
China) and psiCHECK2-wt-IGF1 or psiCHECK2-
mut-IGF1. Forty-eight hours later, luciferase
activities were measured with the Dual
Luciferase Assay Kit (Promega).

Transwell assay

Alveolar macrophages suspended in RPMI 1640
medium were placed in the upper compartment
of vitronectin-coated chambers (BD Biosciences,
Bedford, MA, USA). RPMI 1640 medium with no
addition, or with 100 ng/mL M-CSF, 100 ng/mL
MCP-1, or 100 ng/mL fMLP, was added to the
lower chamber. Three hours later, numbers of
macrophages per high-power field that had
migrated into the lower compartment were
determined.

Quantitative reverse transcription PCR (qRT-
PCR)

Total RNA from bronchoalveolar lavage cells or
macrophages was extracted via Trizol, and
reverse-transcribed into cDNA. TB Green Premix
Ex Taq (Takara, Dalian, China) was used to
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perform the gRT-PCR analysis. GAPDH and U6
were used as endogenous controls. The primer
sequences are shown in Table 1.

Cell culture and treatment

HPAEpIC, purchased from ScienCell Research
Laboratories (San Diego, CA, USA), were
cultured in RPMI 1640 medium containing 10 %
fetal bovine serum at 37 °C with 5 % COz. Cells
were incubated for 24 h with RPMI-1640 medium
with or without LPS (10 mg/L) or recombinant
human IGF1 (1 ng/mL), prior to other assays.

Samples of conditioned medium from
macrophages transfected with miR-483-3p
mimics or inhibitor were collected via

centrifugation at 2500 rpm for 30 min. The LPS-
induced HPAEpIC cells were incubated with a
1:1 mixture of the conditioned medium and RPMI
1640. Cell viability and apoptosis were
determined as below.

Cell counting

After different treatments, HPAEpiC were seeded
into plates for 24 h, and then incubated with
CCK8 solution (Cell Counting Kit-8, Dojindo,
Tokyo, Japan) at 37 °C for 1 h. Absorbance at
450 nm was measured with a Microplate
Autoreader (Thermo Fisher, Waltham, MA, USA).

Cellular apoptosis

HPAEpIiC cells suspended in 150 pL binding
buffer were incubated with 5 yL Pl (100 pg/mL)
and 1 U/ml ribonuclease (KeyGEN BioTech,
Jiangning, Nanjing, China). Cells were then
incubated with 5 L fluorescein isothiocyanate-
conjugated annexin V. Cells were analyzed by
FACS flow cytometry (Attune, Life Technologies,
Darmstadt, Germany).

Statistical analysis

Data are expressed as mean =+ standard
deviation. Statistical analyses were performed

Student’s t-test, as appropriate. Values of p <
0.05 were considered statistically significant.

RESULTS

Up-regulation of
bronchoalveolar
pneumonia patients

miR-483-3p in
lavage of pediatric

To investigate the relationship between miR-483-
3p and pneumonia, expression of miR-483-3p in
bronchoalveolar lavage was evaluated by qRT-
PCR. Results showed higher expression of miR-
483-3p in bronchoalveolar lavage of pediatric
pneumonia patients than in healthy children
(Figure 1), suggesting that miR-483-3p might
regulate pediatric pneumonia.
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Figure 1: Up-regulation of miR-483-3p in

bronchoalveolar lavage of pediatric pneumonia
patients. Expression of miR-483-3p in bronchoalveolar
lavage fluid of pneumonia patients and healthy
children was evaluated by qRT-PCR; *** p < 0.001

Validation of miR-483-3p target binding

To further investigate the role of miR-483-3p in
pediatric pneumonia, the target gene of miR-483-
3p was determined in isolated alveolar
macrophages. Insulin-like growth factor 1 mRNA
contains a potential binding site for miR-483-3p
(Figure 2A). To validate the ability of miR-483-3p
to bind IGF1, a luciferase reporter assay was
conducted.

using one-way analysis of variance and
Table 1: Primer sequences for PCR

ID Sequence (5'- 3')
U6 F CTCGCTTCGGCAGCACA
U6 R AACGCTTCACGAATTTGCGT
miR-418-3p F ACACTCCAGCTGGGTCCAACATTGTCTTTAG
miR-418-3p R TGGTGTCGTGGAGTCG
IGF1F GCTCTTCAGTTCGTGTGTGG
IGF1 R CGCAATACATGTCCAGCCTC
GAPDH F ACCACAGTCCATGCCATCAC
GAPDH R TCCACCACCCTGTTGCTGTA
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The result showed that miR-483-3p mimics
decreased luciferase activity of cells expressing
psiCHECK2-wt-IGF1 (Figure 2 B), while not
significantly  affecting the expression of
psiCHECK2-mut-IGF1 (Figure 2 B), in which the
site of miR-483-3p binding in /IGF1 was mutated
(Figure 2 A).

Alveolar macrophages were transfected with
either miR-483-3p mimics or inhibitor to assess
the regulation of IGF1 expression by miR-483-3p
(Figure 2 C). The mRNA expression of IGF1 was
decreased in macrophages transfected with miR-
483-3p mimics (Figure 2 D) and increased by
miR-483-3p inhibitor (Figure 2D). Moreover,
considering that macrophages secrete IGF1, the
levels of IGF1 protein were then evaluated in
culture medium from macrophages transfected
with miR-483-3p mimics or inhibitor. Results
showed that levels of IGF1 secretion by
macrophages were also enhanced by miR-483-
3p inhibitor and reduced by miR-483-3p mimics
(Figure 2 E), confirming that miR-483-3p could

target and inhibit expression of IGF1 in
macrophages.
A
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Figure 2: Validation of miR-483-3p target binding. (A)
Potential binding site of miR-418-3p in 3'UTR of IGF1.
(B) Effect of miR-483-3p mimic on luciferase activity of
psiCHECK2-wt-IGF1 or psiCHECK2-mut-IGF1. (C)
Transfection efficiency of miR-483-3p mimics or
inhibitor in alveolar macrophages. (D) Effect of miR-
483-3p on mRNA expression of IGF1 in alveolar
macrophages. (E) Effect of miR-483-3p on protein
expression of IGF1 in alveolar macrophage culture
medium; **p < 0.01

MiR-483-3p regulated motility of
macrophages
A transwell assay utilizing vitronectin-coated

filters was conducted to assess the ability of miR-
483-3p to regulate macrophage motility. The
results demonstrated that over-expression of
miR-483-3p reduced the motility of macrophages

in response to the chemotactic factors M-CSF,
MCP-1, and fMLP (Figure 3), while knockdown of
miR-483-3p promoted macrophage motility
(Figure 3).
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Figure 3: MiR-483-3p regulated motility of
macrophages. Effects of miR-483-3p on migration of
alveolar macrophages in response to chemotactic
factors M-CSF, MCP-1, or fMLP, evaluated by

transwell assay; **##p < 0.01

MiR-483-3p promoted apoptosis of LPS-
induced HPAEpiC

A cell-based model of LPS-induced lung injury
was established to investigate the role of miR-
483-3p in pediatric pneumonia. Treatment of
HPAEDpIC cells with 10 mg/L LPS decreased cell
viability (Figure 4 A) and promoted apoptosis
(Figure 4 B). Conditioned medium from
macrophages transfected with miR-483-3p
inhibitor increased cell viability (Figure 4 A) and
suppressed apoptosis (Figure 4 B) of LPS-
treated HPAEPpIC cells. However, cell viability of
LPS-treated HPAEpiC was reduced by
conditioned medium  from  macrophages
transfected with miR-483-3p mimics (Figure 4 A),
and apoptosis was promoted (Figure 4 B). In
addition, recombinant human IGF1 treatment
counteracted the LPS-dependent loss of cell
viability in HPAEpIC (Figure 4 A), and attenuated
LPS-induced apoptosis (Figure 4 B), suggesting
that miR-483-3p promoted apoptosis of LPS-
induced HPAEpIC through regulation of IGF1.

DISCUSSION

MiRNAs are regarded as critical regulators in
lung diseases, including pneumonia [8]. They
also function as candidate diagnostic biomarkers
of pneumonia [8]. MiR-483 may be implicated in
pulmonary hypertension [13], and demonstrates
a protective effect against chronic obstructive
pulmonary disease [14]. Moreover, miR-483-3p
was highly expressed in lungs during viral
infection [15], and increased in peripheral blood
plasma of pneumonia patients [11]. The present
study was therefore conducted to investigate the
role and mechanism of miR-483-3p in pediatric
pneumonia.
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Figure 4: MiR-483-3p promoted apoptosis of LPS-
treated HPAEpIC cells. (A) Effect of miR-483-3p and
IGF1 on cell viability of LPS-induced HPAEpiC. (B)
Effect of miR-483-3p and IGF1 on apoptosis of LPS-
induced HPAEDpIC; @#&p < 0.05. **, ##&&p < 0.01

Bronchoalveolar lavage fluid evaluation has been
widely regarded as a powerful method for the
identification of pathogens of pneumonia [16].
MiRNAs, when delivered into  alveolar
macrophages, regulate inflammasome activation
and macrophage polarization in response to
pneumonia [17]. In line with a previous study
showing that miR-483-3p was highly expressed
in bronchoalveolar lavage fluid exosomes during
viral infection [18], the present study
demonstrated that miR-483-3p was enhanced in
bronchoalveolar lavage of pediatric pneumonia
patients.

Alveolar macrophages have chemotactic ability,
and play a role in pulmonary host defense,
including against pneumonia [3]. Inflammation-
induced alteration of alveolar macrophages
contributes to lung immunoparalysis, and
remodeling of alveolar macrophages contributes
to recovery from pneumonia [19]. The present
study indicated that miR-483-3p suppressed
macrophage motility, contributing to pediatric
pneumonia, while miR-483-3p inhibition
attenuated  pediatric  pneumonia  through
promotion of macrophage motility. Moreover,
LPS induces breakdown and hyperpermeability
of the pulmonary epithelial barrier [20]; the same
study used LPS-induced HPAEpIC as an in vitro
cell model of acute lung injury. In our cell model
of pneumonia, LPS also induced cell injury of

HPAEpIiC, causing loss of cell viability and
increased apoptosis. In addition, conditioned
medium from macrophages transfected with miR-
483-3p mimics aggravated LPS-induced cell
injury of HPAEpIC, confirming that miR-483-3p
might contribute to pediatric pneumonia. In light
of the phagocytic [21] or apoptotic [22] capacities
of alveolar macrophages to mitigate pneumonia,
the roles of miR-483-3p in phagocytosis and
apoptosis of alveolar macrophages should be
investigated further. In addition, alveolar
macrophages are the predominant
proinflammatory cells during lung injury initiation,
but also participate in resolving the inflammation
[23]. Modification of inflammatory responses of
alveolar macrophages could help to ameliorate
pneumonia [23]. The role of miR-483-3p in
macrophage inflammatory responses during
pneumonia should also be investigated further.

MIiRNA controls pneumonia through binding to
the target gene. IGF1 was validated as a target
of miR-483-3p, and miR-483-3p inhibits
expression of IGF1 in alveolar macrophages.
Previous studies have shown that IGF1 is
associated with miR-483-3p-mediated polycystic
ovarian syndrome [24]. Functional assays
showed that IGF1 treatment counteracted the
effect of LPS on cell viability of HPAEpIC, and
attenuated LPS-induced cell apoptosis,
suggesting IGF1 has ameliorative effects in
pneumonia. Moreover, conditioned medium from
macrophages transfected with miR-483-3p
inhibitor attenuated cell injury, with increased cell
viability and decreased apoptosis, revealing that
miR-483-3p might contribute to pediatric
pneumonia through down-regulation of IGF1 in
alveolar macrophages.

Low expression of IGF1 contributes to
dysfunction of alveolar macrophages [25], and
high expression of alveolar macrophage-derived
IGF1 results in enhanced phagocytosis of
alveolar epithelial cells to control inflammation in
asthmatic mice [26]. Since IGF1 decreases
inflammatory responses and redirects phagocytic
activity of macrophages [6], and IGF1 in alveolar
macrophages exerts an antiapoptotic effect in
interstitial lung diseases [27], miR-483-3p might
contribute to pediatric pneumonia by regulation
of alveolar macrophage-derived IGF1-mediated
inflammation, apoptosis, and phagocytosis.

CONCLUSION

MiR-438-3p decreases macrophage motility but
promotes LPS-induced cell injury by targeting
IGF1, thus providing a potential therapeutic
target in pediatric pneumonia.
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