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Abstract. In the present study, the main focus was investigating 
the role of microRNA (miRNA)-302e in infantile pneumonia 
(IP) and exploring the potential protective mechanisms. Briefly, 
the expression of miRNA-302e was reduced in a mouse model 
of IP. In addition, the administration of anti-miRNA-302e 
increased inflammation and induced the protein expression 
of RelA, bromodomain-containing protein 4 (BRd4) and 
nuclear factor (NF)-κB in the in vitro model of IP. In contrast, 
over‑expression of miRNA‑302e reduced inflammation and 
suppressed the protein expression of RelA, BRd4 and NF-κB 
in an in vitro model of IP. Small interfering (si)-RelA attenu-
ated the effects of miRNA‑302e on inflammation in an in vitro 
model of IP. consistently, si-BRd4 or si-NF-κB attenuated 
the effects of miRNA‑302e on inflammation in an in vitro 
model of IP. Taken together, the results of the present study 
demonstrated that miRNA‑302e attenuated inflammation in IP 
through the RelA/ BRd4/ NF-κB signaling pathway.

Introduction

Infantile pneumonia (IP) is pulmonary infection induced by 
mycoplasma pneumoniae, which is also called primary atypical 
pneumonia that is commonly seen in infants, school-age 
children and adolescents (1). In recent years, mycoplasma pneu‑
moniae pneumonia (MPP) accounts for a gradually increasing 
proportion in community acquired pneumonia (cAP), which 
may occur all year round and is more frequently seen in winter 
and spring. Its incubation period is as long as 2-3 weeks and can 
spread through droplet transmission (2). Typically, most cases 
have good a prognosis, but this disease is highly recurrent and 

severe lung lesion may develop in certain rare cases (2). In addi-
tion, it may be accompanied by severe complications, including 
encephalitis, myelitis and nephritis (2). Lipopolysaccharide 
(LPS)-induced A549 cells is a common IP model used to 
research pulmonary inflammation and injury (3‑5). 

Inflammation is the defense reaction to the damage of 
living tissues in the vascular system, and inflammation can 
eliminate hazardous substances that enter the body, but it may 
also induce injury to the body (6). IP has become a common and 
frequently-occurring disease in children, which has attracted 
increasing attention due to its long course, severe symptoms 
and possibility of inducing multiple extrapulmonary complica-
tions (7). IP is known to be caused by mycoplasma infection; 
nonetheless, the pathogenesis of IP-induced inflammatory 
response remains incompletely understood (6). It is currently 
suggested that MPP is a systemic disease involving the immune 
system and cytokines serve a leading role in IP-induced immune 
injury, which is supported in a number of recent studies (7,8). 
Particularly, cytokines and inflammatory mediators, including 
tumor necrosis factor (TNF)-α and interleukin (IL)-6, are directly 
involved in this process. TNF-α is a dominant cytokine produced 
by monocytes and macrophages and is an inflammatory mediator 
with important bioactivity (8). It can induce neutrophil chemo-
taxis, local infiltration, phagocytosis and the killing of pathogens, 
therefore initiating the inflammatory response (9). IL-6 is 
produced by monocytes and macrophages and lymphocytes 
spontaneously or under the stimulation of various factors, and it is 
an important cytokine in the inflammatory response and the vital 
mediator synthesized during the acute phase (9).

MicroRNA (miRNA) is non-coding RNA that serves a 
post-transcriptional regulatory role in gene transcription and trans-
lation (10). It can regulate post-transcriptional expression of target 
genes, therefore serving a vital role in biological development, 
reproduction, cell differentiation, apoptosis and pathogenesis. 
A number of diseases are recognized to be associated with the 
inflammatory response; therefore, it is of crucial importance to 
study the pathogenesis of inflammation (11). Recent studies iden-
tified that miRNA can regulate multiple body activities, including 
regulation of inflammatory responses and multiple miRNAs have 
been demonstrated to be involved in regulating the inflammatory 
response and inflammatory diseases (3,11).

RelA is an important member of the NF-κB family, which 
can regulate target genes to participate in vital life activi-
ties, including cell proliferation, transformation, apoptosis, 
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inflammation and immune response (12). In addition, these 
functions are regulated by multiple post‑translational modifi-
cations, like phosphorylation, acetylation and methylation (12).

Nuclear factor κB (NF-κB), first discovered in B cells in 
1986, is a nuclear protein factor that can specifically bind 
with immunoglobulin (Ig)Gκ light chain gene enhancer κB 
sequence (GGG AcT TTc) (13). It is extensively distributed 
in eukaryocytes and participates in vital pathophysiological 
processes, like cell proliferation, transformation, apoptosis, 
inflammation and immune responses. Therefore, it has 
attracted extensive attention from scholars. At present, there 
are 5 members in the NF-κB family, including RelA, RelB, 
c-Rel, p105/p50 (NF-κB1) and p100/p52 (NF-κB2) (14). Among 
them, RelA can regulate the transcription activity of multiple 
downstream target genes due to its special transactivation 
domain and participate in multiple vital cellular activities, 
therefore it has become the research focus of the NF-κB 
family (14). Xiao et al (15) and Peng et al (16), demonstrated 
that the miRNA-302 cluster downregulates the enterovirus 
71‑induced innate immune response and inflammation. The 
present study investigated the role of miRNA-302e in IP and 
the potential protective mechanisms.

Materials and methods

IP model. A total of 1 week old c57BL/6 mice (male, 4-5 g, 
n=20) mice was purchased from the Animal laboratory of 
Shandong University (Shandong, china). c57BL/6 mice were 
randomly assigned to one of two groups: Sham (n=10) and IP 
group (n=10). c57BL/6 mice of the sham group were injected 
with normal saline for 8 h under 50 mg/kg pentobarbital 
sodium pentobarbital sodium. c57BL/6 mice with IP were 
injected with 2 mg/kg of LPS (Sigma-Aldrich Merck KGaA) 
under 50 mg/kg pentobarbital sodium (intraperitoneal) (17,18). 
A total of 8 h later, peripheral blood (100 µl) was collected 
from a leg vein under 50 mg/kg pentobarbital sodium and 
serum was centrifuged at 1,000 x g for 10 min at 4˚C. Mice 
were sacrificed using decollation under 50 mg/kg pentobar-
bital sodium following induction for IP.

Lung tissue samples were collected and fixed with 4% para-
formaldehyde for 24 h at room temperature or preserved at ‑80˚C. 
All experiments have been approved by the Ethics committee of 
The People's Hospital of dongying (dongying, china).

Hematoxylin and eosin (H&E) staining. Lung tissue samples 
fixed with paraformaldehyde were paraffin-embedded and 
stored at 4˚C. The lung tissue samples were cut into 10 µm 
sections using a paraffin slicing machine (RM2235; Leica 
Microsystems GmbH, Wetzlar, Germany), stained with hema-
toxylin and eosin for 10 min at room temperature and observed 
under light microscopy (magnification, x100; BH3-MJL; 
Olympus corporation, Tokyo, Japan).

ELISA assay kits. Serum samples and transfected cell samples 
after induction of infantile pneumonia were collected at 
1,000 x g for 10 min at 4˚C. Serum samples were used to 
measure TNF-α, IL-1β, IL‑6 and IL‑18 levels using ELISA 
kits. cell samples was lysed using radioimmunoprecipitation 
assay (RIPA) buffer (Beyotime Institute of Biotechnology, 
Haimen, china) and used to measure TNF-α (cat. no. H052), 

IL-1β (cat. no. H002), IL‑6 (cat. no. H007) and IL‑18 
(cat. no. H015) levels using ELISA kits (Nanjing Jiancheng 
Institute of Biological Engineering). The optical density value 
was detected using a microplate reader (BioTek Instruments, 
Inc., Winooski, VT, USA) at 450 nm.

Immunofluorescent staining. Cells were fixed with 4% para-
formaldehyde for at room temperature 15 min, permeabilized 
using 0.1% Triton X‑100 for 15 min and blocked with 5% bovine 
serum albumin (BSA; Beyotime Institute of Biotechnology) in 
PBS for 1 h at 37˚C. Cells were labeled with rabbit‑anti‑RelA 
(1:100) antibody (cat. no. ab76228; Abcam Cambridge, UK) 
at 4˚C overnight. Cells was washed three times with PBS 
and incubated with goat anti-rabbit IgG-cFL 555 antibody 
(cat. no. sc-362272; 1:100; Santa cruz Biotechnology, Inc., 
dallas, TX, USA) for 1 h at room temperature. cells were 
stained with dAPI for 15 min and washed with PBS for 15 min. 
Cell images were obtained using a Zeiss Axioplan 2 fluores-
cent microscope (carl Zeiss AG, Oberkochen, Germany).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) and Gene microarray hybridization. Total RNA 
was extracted from lung tissue samples or cell using TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) and cdNA production was carried out using a 
RevertAid First Strand cdNA Synthesis kit (Thermo Fisher 
Scientific, Inc.) at 37˚C for 60 min and 82˚C for 10 sec. qPCR 
was performed with Power SYBR-Green Master Mix (Toyobo 
Life Science, Osaka, Japan) on a Prism 7000 Real-Time PcR 
System (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
Relative gene expression was calculated with the 2-ΔΔcq method. 
The PCR cycling conditions were as follows: 94˚C pre‑degener-
ation for 5 min, 94˚C degeneration for 30 sec, 60˚C annealing 
for 30 sec, 72˚C extension for 1 min, for 40 cycles. miRNA‑302e 
forward, 5'-TTG GGT AAG TGc TTc cAT GA-3' and reverse, 
5'-GTA ATA GcA ccT Acc TTA TAG A-3'; U6 forward, 5'-GcT 
TcG GcA GcA cAT ATA cTA AAA T-3', 5'-cTT cGG cAG cAc 
ATA 5-ccG cTT cAc GAA TTT GcG TGT cAT-3'. The relative 
expression was analyzed using the 2-ΔΔcq method (19).

Total RNA was labelled using cyanine-5-cTP and hybrid-
ized to the SurePrint and G3 Mouse Whole Genome GE 8x60 K 
Microarray G4852A platform (NEL474001EA; PerkinElmer, 
Inc., Waltham, MA, USA) with an equimolar concentration of 
cyanine-3-cTP-labelled universal mouse (Stratagene; Agilent 
Technologies, Inc., Santa clara, cA, USA). Images were quan-
tified and feature‑extracted using Agilent Feature Extraction 
Software (v.A.10.7.3.1; Agilent Technologies, Inc.).

In vitro model. A549 cell was purchased from the Type culture 
collection of the chinese Academy of Sciences (Shanghai, 
China) and was maintained in Dulbecco's modified Eagle's 
medium (Gibco; Thermo Fisher Scientific, Inc.) supplemented 
with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, 
Inc.) in a humidified incubator at 37˚C and 5% CO2. Small 
interfering (si)-RelA (cat. no. s11917; Ambion; Thermo Fisher 
Scientific, Inc.), si‑BRD4 (cat. no. sc‑43639) and si‑NF‑κB (cat. 
no. sc-44212) were purchased from Santa cruz Biotechnology, 
Inc. miRNA-302e (5'-UAA GUG cUU ccA UGU UUU GG 
U GA-3'), anti-miRNA-302e (5'-AUU cAc GAA GGU AcA 
AAA ccA cU-3') and negative control mimics (5'-UcA cAA 
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ccU ccU AGA AAG AGU AGA-3') were purchased from 
Sangon Biotech (Shanghai) co., Ltd. (Shanghai, china). 
A total of 100 ng of si‑RelA (cat. no. sc‑61876; Santa Cruz 
Biotechnology, Inc.), 100 ng of si-BRd4 (cat. no. sc-43639; 
Santa cruz Biotechnology, Inc.), 100 ng of si-NF-κB (cat. 
no. sc-29410; Santa cruz Biotechnology, Inc.), 100 ng of 
miRNA-302e, 100 ng of anti-miRNA-302e and 100 ng of 
negative mimics were transfected into cells (1x105 cell/ml) 
using Lipofectamine 2000 (Thermo Fisher Scientific, Inc.) for 
48 h. Following 48 h, cells were treated with 100 ng/ml of LPS 
for 6 h (3,6,17) and used for western blotting or RT-qPcR.

Luciferase reporter assay. pGL3-RelA-3' untranslated region 
(UTR) plasmids were obtained from Shanghai Genechem 
co., Ltd. (Shanghai, china). pGL3-RelA-3'UTR plasmid 
and anti-miRNA-302e were co-transfected into cells using 
Lipofectamine‑2000 for 48 h. Reporter activity was quanti-
fied at 48 h following transfection using a Dual‑Luciferase 
Reporter Assay kit (Beyotime Institute of Biotechnology). 
Readings were taken with a Lumat LB 9507 instrument 
(Berthold Technologies, Bad Wildbad, Germany). pRL-TK 
(Promega corporation, Madison, WI, USA) was transfected as 
a normalization control. comparison with Renilla luciferase 
activity was performed.

Western blot analysis. Total protein extracts were obtained 
from transfected cells at 48 h using cold RIPA buffer 
(Beyotime Institute of Biotechnology) and protein concentra-
tion was measured using bicinchoninic acid assay (Beyotime 

Institute of Biotechnology). Total protein (50 µg) was loaded 
on 10% SDS‑PAGE gels, electrophoresed and transferred 
onto a polyvinylidene difluoride membrane. Membranes were 
blocked with 5% non‑fat milk in TBS with 0.1% Tween 20 for 
1 h at 37˚C and probed for RelA (1:1,000; cat. no. sc‑81622), 
BRD4 (1:1,000; cat. no. sc‑518021), NF‑κB (1:1,000; cat. 
no. sc-71675) and GAPdH (1:5,000; cat. no. sc-293335) 
overnight at 4˚C. The membranes were incubated at room 
temperature for 1 h with appropriate horseradish peroxidase 
(HRP)‑conjugated secondary antibodies (cat. no. sc‑2004; 
1:5,000; Santa cruz Biotechnology, Inc., dallas, TX, USA) 
visualized with enhanced chemiluminescence (Beyotime 
Institute of Biotechnology) and analyzed using Image Lab 3.0 
(Bio-Rad Laboratories, Inc., Hercules, cA, USA).

Statistical analysis. All data are presented as the mean ± stan-
dard deviation (n=3) using SPSS 17.0 (SPSS, Inc., chicago, 
IL, USA). Student's t-test or one-way analysis of variance and 
Tukey's post-hoc test were used carried out statistical analysis. 
P<0.05 was considered to indicate a statically significant 
difference.

Results

Expression of miRNA‑302e in mouse model of IP. To investi-
gate the roles of miRNAs in a mouse model of IP, the changes 
of miRNAs in were analyzed. The levels of TNF-α, IL-1β, 
IL‑6 and IL‑18 were significantly increased in the mouse 
model of IP compared with the sham mice (P<0.01; Fig. 1A-d). 

Figure 1. miRNA-302e expression in IP model mice. (A) TNF-α, (B) IL-1β, (C) IL‑6 and (D) IL‑18 levels, lung tissue using (E) hematoxylin an eosin assay, 
(F) gene chip for miR expression and (G) quantitative polymerase chain reaction for miRNA-302e expression in a mouse IP model. **P<0.01 vs. the sham 
control group. Sham, sham control group; IP, infantile pneumonia; IL, interleukin; TNF, tumor necrosis factor; miR, microRNA.
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Figure 2. miRNA-302e expression in an in vitro model of IP. (A) TNF-α, (B) IL-1β, (C) IL‑6 and (D) IL‑18 levels and (E) quantitative polymerase chain reac-
tion for miRNA-302e expression in a mouse IP model. control, control group; LPS, 100 ng/ml of LPS group. **P<0.01 vs. the control group. IL, interleukin; 
LPS, lipopolysaccharide; miRNA, microRNA; TNF, tumor necrosis factor; IP, infantile pneumonia.

Figure 3. Downregulation of miRNA‑302a regulates inflammation in an in vitro model of infantile pneumonia. (A) quantitative polymerase chain reaction 
for miRNA-302e expression, (B) TNF-α, (c) IL-1β, (D) IL‑6 and (E) IL‑18 levels, (F) gene chip, qPCR for (G) RelA, (H) BRD4 and (I) NF‑κB expression. 
**P<0.01 vs. the negative control group. Negative, negative control group; anti-302a, downregulation of miRNA-302a group; qPcR, quantitative polymerase 
chain reaction; TNF, tumor necrosis factor; IL, interleukin; NF, nuclear factor; BRd4, bromodomain-containing protein 4; miRNA, microRNA.
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H&E staining demonstrated that the pulmonary alveoli were 
shrunken in the mouse model of IP, in comparison to sham mice 
(Fig. 1E). These results of H&E staining, TNF-α, IL-1β, IL-6 
and IL‑18 levels indicated that the in vivo model was success-
fully established. Moreover, the expression of miRNA-302e was 
significantly decreased in a mouse model of IP compared with 
the sham group (P<0.01; Fig. 1F-G). Therefore, miRNA-302e 
may be involved in inflammation in IP.

Expression of miRNA‑302e in an in vitro model of IP. Then, 
it was demonstrated that the levels of TNF-α, IL-1β, IL-6 
and IL‑18 were significantly promoted in LPS‑induced A549 

cells, compared with the control group (P<0.01; Fig. 2A-d). 
As expected, the expression of miRNA-302e was signifi-
cantly decreased in the LPS-induced group compared with 
the control group (P<0.01; Fig. 2E). Therefore, these results 
demonstrated that miRNA‑302e served a role in the inflam-
mation of IP in vitro.

Downregulation of miRNA‑302a regulates inflammation in 
an in vitro model of IP by the RelA/BRD4/NF‑κB signaling 
pathway. In addition, the expression of miRNA-302e was 
significantly downregulated in in vitro model of IP (P<0.01; 
Fig. 3A). The levels of TNF-α, IL-1β, IL‑6 and IL‑18 were 

Figure 4. downregulation of miRNA-302a regulates RelA/BRd4/NF-κB signaling pathway in an in vitro model of infantile pneumonia. (A) miRNA-302a 
matches to the sequence in the 3-UTR of RelA, (B) luciferase reporter, (c) RelA, (d) BRd4 and (E) NF-κB protein expression by statistical analysis, and 
(F) western blotting analysis, (G) RelA protein expression by immunofluorescence. **P<0.01 vs. the negative control group. Negative, negative control group; 
anti-302a, downregulation of miRNA-302a group; NF, nuclear factor; BRd4, bromodomain-containing protein 4; miRNA, microRNA.
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significantly increased in an in vitro model of IP by down-
regulation of miRNA-302a compared with the control 
group (P<0.01; Fig. 3B-E). Then, a gene chip was utilized to 
analyze the expression of inflammatory signaling pathways, 
which revealed that the expression of RelA, BRd4 and 
NF-κB was significantly induced in the in vitro model of IP 
following downregulation of miRNA-302a, in comparison 
with the control group (P<0.01; Fig. 3F-I). As presented in 
Fig. 4A and B, the 3-UTR of RelA was complementary to the 
miRNA-302e seed sequence and luciferase activity levels also 
were increased in the in vitro model of IP following downregu-
lation of miRNA-302a, compared with the negative group. The 
protein expression of RelA, BRd4 and NF-κB was induced in 
the in vitro model of IP by downregulation of miRNA-302a, in 
comparison to the negative group (Fig. 4c-F). IF demonstrated 
that the protein expression of RelA was increased in the in vitro 

model of IP by downregulation of miRNA-302a compared 
with the negative group (Fig. 4G). These data indicated that 
miRNA-302a regulated RelA expression in IP in vitro.

miRNA‑302e regulates the RelA/BRD4/NF‑κB signaling 
pathway in an in vitro model of IP. Next, the function and 
mechanism of miRNA-302e in IP was analyzed in vitro. 
MiRNA-302e mimics were used to significantly increase 
the expression of miRNA-302e in the in vitro model of IP, 
compared with the negative group (P<0.01; Fig. 5A). The levels 
of TNF-α, IL-1β, IL‑6 and IL‑18 were significantly reduced 
in the in vitro model of IP following over-expression of 
miRNA-302e, in comparison with the negative group (P<0.01; 
Fig. 5B-E). Over-expression of miRNA-302e significantly 
suppressed the protein expression of RelA, BRd4 and NF-κB 
in IP in vitro, compared with the negative group (P<0.01; 

Figure 5. miRNA-302e regulates the RelA/ BRd4/ NF-κB signaling pathway in an in vitro model of infantile pneumonia. (A) quantitative polymerase chain 
reaction for miRNA-302e expression, (B) TNF-α, (c) IL-1β, (D) IL‑6 and (E) IL‑18, (F) RelA, (G) BRD4 and (H) NF‑κB protein expression by statistical 
analysis, and (I) western blotting analysis. **P<0.01 vs. the negative control group. Negative, negative control group; miR-302a, upregulation of miRNA-302a 
group; TNF, tumor necrosis factor; IL, interleukin; NF, nuclear factor; BRd4, bromodomain-containing protein 4; miRNA, microRNA.
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Fig. 5F-I). These results demonstrated that miRNA-302e could 
decrease inflammation by regulating the RelA/BRd4/NF-κB 
signaling pathway in IP in vitro.

si‑RelA attenuates the effects of miRNA‑302e on inflammation 
in the in vitro model of IP. To further confirm the role of RelA 
on the effects of miRNA‑302e on inflammation in IP in vitro, 
si-RelA and 302e inhibitor were transfected in the in vitro 
model of IP. The activation of RelA, BRd4 and NF-κB protein 
expression were suppressed by si-RelA and the downregula-
tion of miRNA-302e in the in vitro model of IP, compared 
with the downregulation of miRNA-302e group (Fig. 6A-d). 
The promotion of TNF-α, IL-1β, IL‑6 and IL‑18 levels were 
also reduced in the in vitro model of IP by downregulation 
of miRNA-302e in the si-RelA group, in comparison with the 
miRNA-302e group (Fig. 6E-H).

si‑BRD4 attenuates the effects of miRNA‑302e on inflam‑
mation in an in vitro model of IP. To evaluate the function 
of BRD4 in the effects of miRNA‑302e on inflammation in 

an in vitro model of IP, si-BRd4 was administered to reduce 
the protein expression of BRd4 following downregulation of 
miRNA-302e in an in vitro model of IP, compared with the 
downregulation of the miRNA-302e group. The induction 
of BRd4 and NF-κB protein expression were suppressed in 
the si-BRd4 and downregulation of miRNA-302e group, 
compared with downregulation of miRNA-302e alone 
group (Fig. 7A-c). The promotion of TNF-α, IL-1β, IL-6 
and IL‑18 levels were also decreased in the in vitro model 
of IP by downregulation of miRNA-302e and si-BRd4, in 
comparison with downregulation of miRNA-302e group 
(Fig. 7d-G).

si‑NF‑κB attenuates the effects of miRNA‑302e on inflamma‑
tion in an in vitro model of IP. Finally, si-NF-κB was used to 
reduce the protein expression of NF-κB in an in vitro model of 
IP following downregulation of miRNA-302e, in comparison 
with downregulation of miRNA-302e group. The activation of 
NF-κB protein expression was reduced in the si-NF-κB and 
downregulation of miRNA-302e group, compared with the 

Figure 6. si‑RelA reduces the effects of miRNA‑302e on inflammation in an in vitro model of infantile pneumonia. (A) RelA, (B) BRd4 and (c) NF-κB 
protein expression by statistical analysis and (d) western blotting analysis, (E) TNF-α, (F) IL-1β, (G) IL‑6 and (H) IL‑18. **P<0.01 vs. the negative 
control group; ##P<0.01 vs. downregulation of miRNA-302e group. Negative, negative control group; anti-302e, downregulation of miRNA-302e group; 
anti-302e+si-RelA, si-RelA and downregulation of miRNA-302a group; Si, small interfering; IL, interleukin; TNF, tumor necrosis factor; NF, nuclear factor; 
BRd4, bromodomain-containing protein 4; miRNA, microRNA.
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downregulation of miRNA‑302e alone group (Fig. 8A‑B). 
The levels of TNF-α, IL-1β, IL‑6 and IL‑18 were reduced 
in the si-NF-κB and downregulation of miRNA-302e group, 
compared with the downregulation of miRNA-302e alone 
group (Fig. 8C‑F). Collectively, these results demonstrated 
that miRNA‑302e may serve a critical role in inflammation 
IP in vitro.

Discussion

IP is one of the major pathogens of CAP in children and MPP 
is suggested to account for 10‑40% of CAP in children (1). 
IP infection will induce respiratory tract symptoms, but also 
induce intrapulmonary complications and extrapulmonary 
systemic impairment, therefore severely reducing the quality 
of life for the children. An increasing number of studies 
indicate that immune factors are involved in IP genesis, 
particularly, certain cytokine levels are abnormal (19,20). 
miRNAs are a class of non‑coding small RNA ~18‑24 nucleo-
tides in length, which participate in regulating multiple vital 
processes, including cell proliferation, differentiation and 
apoptosis (20). A recent study discovered that miRNA serve 

a vital regulatory role in inflammation; for instance, miR‑155, 
miR-146a, miR-221 and miR-192 are involved in the genesis 
and development of numerous inflammatory diseases (21). 
The present study demonstrated that miRNA-302e expression 
in mice of IP model was reduced, compared with the sham 
group. Xiao et al (15) and Peng et al (16) demonstrated that the 
microRNA-302 cluster downregulates enterovirus 71-induced 
innate immune responses and inflammation. The present study 
only used one lung adenocarcinoma cell A549 cell and this 
is insufficient. The authors of the present study plan to use 
non-cancerous cell line in future studies.

At the acute phase of pneumonia, the action of pathogenic 
microorganisms and gas exchange area are reduced, which 
will thereby induce hypoxia and infectious poisoning symp-
toms to various degrees (22). The non‑specific and specific 
immune functions in the pediatric respiratory tract are poor, 
the respiratory tract can be easily infected and pulmonary 
tissue is subjected to inflammation (22). Moreover, cells suffer 
from degeneration or necrosis, along with inflammatory cell 
infiltration, which will produce a large amount of reactive 
oxygen species (ROS) (23). Furthermore, the antioxidant 
capacity of the lung is insufficient and cannot eliminate these 

Figure 7. Si‑BRD4 reduces the effects of miRNA‑302e on inflammation in an in vitro model of infantile pneumonia. (A) BRd4 and (B) NF-κB protein expres-
sion by statistical analysis and (c) western blotting analysis, (d) TNF-α, (E) IL-1β, (F) IL‑6 and (G) IL‑18. **P<0.01 vs. the negative control group; ##P<0.01 vs. 
the downregulation of miRNA-302e group. Negative, negative control group; anti-302e, downregulation of miRNA-302e group; anti-302e+si-BRd4, Si-BRd4 
and downregulation of miRNA-302a group; TNF, tumor necrosis factor; IL, interleukin; NF, nuclear factor; BRd4, bromodomain-containing protein 4; 
miRNA, microRNA; si, small interfering.
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ROS in a timely fashion, so a large amount of lipid peroxides 
will damage the tissue and cell membrane, and increase its 
permeability, leading to lysosome rupture and tissue necrosis. 
Therefore, it will affect the lung function. Therefore, how to 
rapidly and accurately diagnose IP at acute phase is of vital 
significance to the treatment and rehabilitation of children. 
In this study, it was demonstrated that downregulation of 
miRNA-302e promoted TNF-α, IL-1β, IL‑6 and IL‑18 
levels in vitro model of IP. Xiao et al (15) demonstrated that 

miRNA‑302e attenuates allergic inflammation in vitro model 
by targeting RelA/NF-κB activation.

Multiple intracellular regulatory factors can activate 
transcription, therefore resulting in reduced apoptosis and 
enhanced proliferation (24). Therefore, it is regarded as an 
important link during the genesis and development of gastric 
cancer. NF-κB is one of these factors, which can regulate 
expression of multiple genes and is closely associated with 
tumor genesis and development (25). RelA(p65) is one of 
the NF-κB(Rel) family members. In the absence of signal 
stimulation, the inactive RelA can bind with inhibitor (I)κB 
and exist in cytoplasm in the form of a complex. In contrast, 
IκB will be phosphorylated by the IκB kinase complex in 
the presence of a foreign stimulation signal (13). Therefore, 
the RelA/IkB complex will be activated and isolated, and the 
free RelA will enter the nucleus to regulate associated gene 
expression. The present study demonstrated that downregula-
tion of miRNA-302e induced RelA, BRd4 and NF-κB protein 
expression in the in vitro model of IP. Si-RelA, si-BRd4 or 
si-NF-κB reduced the effects of miRNA‑302e on inflammation 
in the in vitro model of IP. Xiao et al (15) demonstrated that 
miRNA‑302e attenuates allergic inflammation in an in vitro 
model by targeting RelA/NF-κB activation.

In conclusion, the present study demonstrates that 
miRNA-302e expression in mice IP models was reduced. 
miRNA-302e attenuates inflammation in IP though the 
RelA/BRd4/NF-κB signaling pathway (Fig. 9). These results 
reveal a novel anti‑inflammatory role of miRNA‑302e in acti-
vated mast cells, suggesting that miR-302e may be a promising 
therapeutic target for the treatment of IP.

Figure 8. Si‑NF‑κB reduces the effects of miRNA‑302e on inflammation in an in vitro model of infantile pneumonia. (A) NF-κB protein expression by statis-
tical analysis and (B) western blotting, (c) TNF-α, (d) IL-1β, (E) IL‑6 and (F) IL‑18 protein expression. **P<0.01 vs. downregulation of miRNA-302e group; 
##P<0.01 vs. downregulation of miRNA-302e group. Negative, negative control group; anti-302e, downregulation of miRNA-302e group; anti-302e+si-NF-κB, 
si-NF-κB and downregulation of miRNA-302a group; TNF, tumor necrosis factor; IL, interleukin; NF, nuclear factor; BRd4, bromodomain-containing 
protein 4; miRNA, microRNA.

Figure 9. miRNA‑302e attenuates inflammation in infantile pneumonia though 
the RelA signaling pathway. BRd4, bromodomain-containing protein 4; 
miRNA, microRNA.
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