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Abstract. Community-acquired pneumonia (CAP) is a severe 
type of pneumonia in adults, with a high mortality rate. 
Macrophages have been reported to mediate severe CAP 
(SCAP) in vitro following administration of LPS. Therefore, the 
present study established a SCAP model in Ana-1 macrophages 
by lipopolysaccharide (LPS) induction, and aimed to explore 
the function of microRNA (miR)-124-3p in the LPS-induced 
SCAP. The effect of LPS on Ana-1 cell viability was evaluated 
by an MTT assay. In addition, the protein and mRNA levels 
of interleukin (IL)-1β and tumor necrosis factor (TNF)-α 
were determined by enzyme-linked immunosorbent assay and 
reverse transcription-quantitative polymerase chain reaction, 
respectively. The nuclear factor (NF)-κB activity and phos-
phorylation of p38 mitogen-activated protein kinase (MAPK) 
were also evaluated by western blotting. The results demon-
strated that exposure to 0.1 µg/ml LPS displayed no evident 
toxicity on macrophages. Compared with the control group, 
higher TNF receptor-associated factor 6 (TRAF6) mRNA 
and protein levels were observed subsequent to induction by 
LPS (0.1 µg/ml), suggesting the promoting role of TRAF6 
in SCAP. Furthermore, miR-124-3p was proven to target the 
3'-untranslated region (3'UTR) of TRAF6. The miR-124-3p 
mimic effectively inhibited the LPS-induced upregulation 
of IL-1β and TNF-α secretion, and mRNA expression levels 
in macrophages, which may be mediated by the p38 MAPK 
and NF-κB signaling pathway. Taken together, these results 
strongly indicated that miR-124-3p targeted the 3'UTR of 
TRAF6, while it attenuated SCAP by reducing LPS-induced 
inflammatory cytokine production and inhibiting the activa-
tion of p38 MAPK and NF-κB signaling pathways. These 
findings indicate the immunoregulatory role of miR‑124‑3p 
against macrophage-mediated SCAP.

Introduction

Lower respiratory tract infections, including pneumonia, 
are primary causes of patient mortality caused by infec-
tion. The World Health Organization has estimated that 
~3,500,000 mortalities worldwide result from this type of 
infection annually (1). Community-acquired pneumonia 
(CAP), a severe type of pneumonia, commonly needs hospi-
talization. CAP is an important factor for adult mortality, 
and even patients who successfully survive present a high 
mortality rate in the following years (2,3). In addition, pneu- (2,3). In addition, pneu-(2,3). In addition, pneu-
monia is estimated to account for ~15% of mortality cases 
among adolescents worldwide (4). Although the occurrence 
of childhood pneumonia has decreased, this decrease is not 
marked. In 2013, ~950,000 individuals younger than 5 years 
old succumbed to pneumonia (5). Vaccines against viruses, 
such as Haemophilus influenzae type b and Streptococcus 
pneumoniae, have been introduced in several countries; 
however, obtaining sufficient protection against these viruses 
remains a big challenge in developing countries (5). Therefore, 
it is of great importance to identify novel treatments for 
patients suffering from pneumonia.

Lipopolysaccharide (LPS) is a strong stimulant for the 
production of pro‑inflammatory cytokines, including tumor 
necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6 and type I 
interferon, by Toll-like receptor (TLR)4 responses, resulting 
in systemic inflammatory response syndrome (SIRS) (6). 
Toll-IL-1-resistance (TIR) domain, which mediates the 
recruitment of myeloid differentiation factor 88 (MyD88), is 
a critical adaptor used by all TLRs and indispensable for Toll 
signaling (7). The recruitment of MyD88 to proximal TIR 
domains of activated TLRs activates IL-1 receptor-associated 
kinase (IRAK) family members and TNF receptor-associated 
factor 6 (TRAF6) (8). TRAF6 has been reported to participate 
in the inflammation of lupus nephritis ���, regulating infl am‑ ���, regulating infl am‑���, regulating inflam-
matory cytokines of bovine mammary epithelial cells (10) and 
ischemia/reperfusion injury (11). TRAF6 may participate in 
the progression of severe CAP (SCAP).

MicroRNAs (miRNAs) are a group of small, non-coding 
RNAs that primarily regulate gene expression at the tran-
scriptional or post-transcriptional levels through targeting 
and binding to the 3'-untranslated region (3'UTR) of their 
target mRNAs (12). Therefore, miRNAs affect cellular activi- (12). Therefore, miRNAs affect cellular activi-(12). Therefore, miRNAs affect cellular activi-
ties and disease processes (13). A large number of diseases, 
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including pulmonary diseases, may be attributed to the 
dysfunction of miRNAs (14). Certain miRNAs have been 
verified to be involved in the pathogenesis of pneumonia, such 
as miR-155, miR-21 and miR-197, which have been reported 
to be significantly increased in patients with lung cancer or 
pneumonia (15).

In the present study, the aim was to investigate whether 
specific miRNAs are able to target TRAF6 and regulate the 
progression of SCAP in Ana-1 macrophages.

Materials and methods

Cell culture. The murine macrophage Ana-1 cell line was 
obtained from the Institute of Biochemistry and Cell Biology 
(Chinese Academy of Sciences, Shanghai, China). Cells were 
cultured in RPMI 1640 medium (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 
10% low endotoxin fetal calf serum (Hyclone; GE Healthcare 
Life Sciences, Logan, UT, USA), 2 mM glutamine, 100 U/ml 
penicillin and 100 µg/ml streptomycin in an incubator at 37˚C 
in a humidified atmosphere with 5% CO2. Additionally 
293 cells were obtained from the American Type Culture 
Collection (Manassas, MA, USA) and cultured in Dulbecco's 
modified Eagle medium �Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) supplemented with 10% fetal 
bovine serum (Hyclone; GE Healthcare Life Sciences, Logan, 
UT, USA), 100 U/ml penicillin and 100 µg/ml streptomycin in 
an incubator at 37˚C in a humidified atmosphere with 5% CO2.

Assessment of cell viability. Ana-1 murine macrophages (100 µl) 
were seeded into 96-well plates at the density of 5x104 cells/ml 
and treated with different concentrations of LPS (0.01, 0.1 and 
1 µg/ml) for the establishment of an SCAP in vitro model (16). 
After 24 h of incubation at 37˚C in a humidified atmosphere 
with 5% CO2, 10 µl (5 mg/ml) MTT solution (Sigma-Aldrich; 
Merck KGaA, Darmstadt, Germany) was added to each well 
and incubated for 4 h at 37˚C in a humidified atmosphere with 
5% CO2. Subsequently, the formazan crystals in each well were 
dissolved by the addition of DMSO, and the absorbance of 
each well at 490 nm was read with a microplate reader. Wells 
with RPMI 1640 served as the blank, and cell culture medium 
(without LPS) served as the control.

Assessment of TNF‑α and IL‑1β secretion. Ana-1 macrophages 
were plated into 24-well plates at a density of 5x105 cells/well, 
stimulated with LPS (0.1 µg/ml) and incubated overnight 
at 37˚C in a humidified atmosphere with 5% CO2. On the 
following day, the expression levels of TNF-α and IL-1β in the 
culture supernatants of Ana-1 macrophages were evaluated by 
commercially available enzyme-linked immunosorbent assay 
(ELISA) kits for mouse TNF-α (cat. no. EK0527) and IL-1β 
(cat. no. EK0394; Wuhan Boster Biological Technology, Ltd., 
Wuhan, China) according to the manufacturer's protocols.

Detection of mRNA levels by reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). In total, 1x106 Ana-1 
macrophages were plated into a 6-well culture plate and 
incubated for 24 h at 37˚C in a humidified atmosphere with 
5% CO2. RNA were isolated by TRIzol reagent (Thermo 
Fisher Scientific, Inc.) and then the amount of RNA was 

measured by NanoDrop �Thermo Fisher Scientific, Inc.� prior 
to reverse transcribed into cDNA by the RevertAid First 
Strand cDNA Synthesis kit �Thermo Fisher Scientific, Inc.�, 
according to the protocols provided by the manufacturer, the 
protocol was as follows: 25˚C for 5 min followed by at 42˚C 
for 60 min. Terminate by heating at 70˚C for 5 min. PCR 
was then conducted with a TaKaRa PrimeScript™ One Step 
RT-PCR kit PCR kit purchased from Takara Biotechnology 
Co., Ltd. (Dalian, China). mRNA was amplified from the 
cDNA templates for 35 cycles with the following primers: 
TNF-α forward, 5'-AAA TTC GAG TGA CAA GCC TGT AG-3', 
and reverse, 5'-GAG AAC CTG GGA GTA GAC AAG GT-3'; 
IL-1β forward, 5'-CAA GTG TCT GAA GCA GCT ATG G-3', 
and reverse, 5'-GAG ATT TGA AGC TGG ATG CTC T-3'; and 
GAPDH forward, 5'-GAG GAC CAG GTT GTC TCC TG-3', and 
reverse, 5'-GGA TGG AAT TGT GAG GGA GA-3'. The thermo 
cycling conditions were: denaturation at 95˚C (5 min), 40 cycles 
of amplification and quantification at �5˚C (25 sec) and 62˚C 
(40 sec), and the melting curve at 60˚C for 1 min. The amounts 
of TNF-α and IL-1β were determined by and normalized to 
the amount of GAPDH cDNA, serving as the internal control. 
The 2-ΔΔCq method was used for the quantification of mRNA 
levels (17).

Detection of miRNAs by RT‑qPCR. For the detection of 
miRNA levels, total RNA was isolated from the cells using 
the mirVana kit �Thermo Fisher Scientific, Inc.�. The amount 
of RNA was measured by NanoDrop (Thermo Fisher 
Scientific, Inc.�. RNA �10 ng) was converted into cDNA by 
TaqMan® MicroRNA Reverse Transcription kit (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). Subsequently, 
qPCR reactions were conducted by specific primers �TaqMan® 
MicroRNA Assay) and TaqMan® Universal PCR Master Mix 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) on a 
Bio-Rad PCR system (Bio-Rad Laboratories, Inc., Hercules, 
CA, USA). The PCR conditions for miRNA detection were 
conducted according to the standard protocol, as follows: 50˚C 
pre-incubation for 2 min, 95˚C incubation for 10 min, followed 
by 40 cycles of 95˚C for 15 sec, and 60˚C for 1 min. Primers 
were: miR124-3p, 5'-TGC GGT AAG GCA CGC GGG AAT-3'. 
U6 5'-CTC GCT TCG GCA GCA CA-3'. U6 small nuclear RNA 
served as an endogenous control (17). The 2-ΔΔCq method was 
used for the quantification of miRNA levels.

Western blot analysis. A total of 1x106 Ana-1 macrophages/well 
were plated into a 6-well culture plate and incubated for 24 h 
at 37˚C in a humidified atmosphere with 5% CO2. The Ana-1 
macrophages were then lysed by a dissociation solution RIPA 
(Roche Diagnostics, Basel, Switzerland) with phosphatase, 
protease inhibitors and phenylmethane sulfonyl fluoride. The 
proteins extracted from the macrophages were measured by 
BCA kit (Beyotime Institue of Biotechnology, Haimen, China), 
then electrophoresed on SDS-polyacrylamide gels (10%) and 
transferred to nitrocellulose membranes. Next, the membranes 
were incubated with 5% blocking buffer at room temperature 
for 1 h, and then incubated with primary antibodies against 
phosphorylated (p)-p38 mitogen-activated protein kinase 
(MAPK; mAb 4511; 1:1,000), TRAF6 (mAb 8028; 1:1,000) 
and nuclear factor (NF)-κB (mAb 8242; 1:1,000; all purchased 
from Cell Signaling Technology, Inc., Boston, MA, USA) 
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at 4˚C overnight. On the following day, the membranes were 
incubated with a horseradish peroxidase peroxidase-conjugated 
secondary antibody (cat. no. BM2006; 1:1,000; Wuhan Boster 
Biological Technology, Ltd.). The membranes were visualized 
using a super-enhanced chemiluminescence detection 
system (Beyotime Institute of Biotechnology). Densitometric 
analysis was then performed by Quantity One 4.62 (Bio-Rad 
Laboratories, Inc.) to determine the protein levels by 
normalizing the band density to internal control antibody 
GAPDH (cat. no. sc-32233; 1:1,000; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA).

TargetScan. Using the online tool TargetScan version 7.1 
(http://www.targetscan.org/vert_71/), the interaction between 
miR-124-3p and TRAF6 was predicted. miR-124-3p was 
predicted to target the position 42-48 of TRAF6 3'UTR with 
the context ++ score percentile as high as 95.

Construction and transfection of plasmids. The wild-type 
(WT) 3'UTR plasmids of TRAF6 were cloned by primers (XhoI 
site forward, 5'-CGCTCGAGttgtgttcaaaaactaggaaccata-3', and 
NotI site reverse, 5'-GCG CGG CCG Ctg gga aca ggg cag gtc aga-3') 
and inserted into the 3'UTR of the Renilla luciferase gene of 
the psiCHECK2 vector (Promega Corporation, Madison, MI, 
USA). The mutant type (Mut) 3'UTR plasmids of TRAF6 were 
produced by site-directed mutagenesis. The putative promoters 
of miR-124-3p on genome loci were cloned by primers (KpnI 
site forward, 5'-CGG GTA CCG GTG CAG GGG TTC GAA 
ACT G-3', and BglII site reverse, 5'-GCA GAT CTA ATC GGG 
GAG CCA GAG TTC C-3') and inserted into upstream of lucif-
erase gene in the pGL3-Basic vector (Promega Corporation), 
resulting in the pGL3-124 vector. Subsequently, 293 cells were 
transfected with these plasmids using Lipofectamine 2000™ 
�Thermo Fisher Scientific, Inc.� at 0.5‑1.5 µg/ml.

Dual‑luciferase reporter assay. Validation of miR-124-3p 
binding to the 3'UTR of TRAF6 was conducted by a 
dual‑luciferase reporter assay. Briefly, miR‑124‑3p mimics 
or miR-NC mimics were co-transfected with TRAF6 WT or 
Mut 3'UTR plasmids into the 293 cells for 48 h. Luciferase 
assay was then performed by the Modulus™ microplate 

micromode reader (Turner Biosystems; Promega Corporation) 
with a Dual-Luciferase Reporter Assay system (Promega 
Corporation). The relative luciferase activity was evaluated by 
calculating the ratio of Renilla over Firefly luciferase activity.

Statistical analysis. Quantitative data are presented as the 
mean ± standard error of the mean. Statistical analysis was 
performed by SPSS version 13.0 software (version 13.0; SPSS, 
Inc., Chicago, IL, USA). Student's t-test was performed for 
comparisons between two subgroups. One-way analysis of 
variance followed by Bonferroni's post hoc test was performed 
for analysis of experiments with more than two subgroups. 
Graphs were obtained by GraphPad Prism software 
(version 5.04; GraphPad Software, Inc., San Diego, CA, USA). 
Experiments were repeated at least three times. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Effect of LPS on the viability of Ana‑1 macrophages. In order 
to determine a non-cytotoxic concentration of LPS for estab-
lishing the SCAP model in vitro, Ana-1 murine macrophages 
were treated with different concentrations of LPS (0.01, 0.1 
and 1 µg/ml). After 24 h of incubation, an MTT assay was 
used for the detection of the effects of LPS on the viability of 
Ana-1 macrophages. The results of the MTT assay indicated 
that, compared with cells in the control group, there was no 
significant difference in the viability of cells treated with 0.01 
or 0.1 µg/ml LPS (P>0.05). However, the viability of cells 
that were treated with 1 µg/ml LPS was significantly lower 
compared with that in the control group (P<0.05; Fig. 1). 
Therefore, the LPS concentration of 0.1 µg/ml was used in 
subsequent experiments.

LPS induces elevation of TRAF6 in SCAP. Following stimula-
tion of Ana-1 macrophages with LPS (0.1 µg/ml) and incubation 
at 37˚C for 24 h to establish an SCAP model (16), the effects 
of LPS on TRAF6 expression were explored by RT-qPCR and 
western blot analyses. The results of RT-qPCR revealed that 
TRAF6 mRNA level was significantly upregulated by LPS 
induction (0.1 µg/ml) when compared with that in the control 
group (P<0.01; Fig. 2A). In addition, the western blot analysis 
results demonstrated that, compared with the control group, 
TRAF6 protein level was markedly higher following expo-
sure to LPS (0.1 µg/ml; P<0.01; Fig. 2B and C). These data 
suggested the promoting role of TRAF6 in the in vitro model 
of SCAP. Subsequently, the current study aimed to identify the 
miRNAs that target the 3'UTR of TRAF6 and investigate the 
effect on TRAF6 expression.

TRAF6 is targeted by miR‑124‑3p in Ana‑1 macrophages. 
Using the online tool TargetScan version 7.1 (http://www.
targetscan.org/vert_71/), miR-124-3p was predicted to target 
the position 42-48 of TRAF6 3'UTR with the context ++ score 
percentile as high as 95 (Fig. 3A). Next, using a dual-luciferase 
reporter assay, significantly decreased luciferase activity was 
detected in the miR-124-3p mimic group as compared with 
that in the miR-NC mimic group in cells transfected with 
TRAF6 WT �P<0.01; Fig. 3B�. However, there was no signifi-
cant difference in luciferase activity between the miR-124-3p 

Figure 1. Effects of various concentrations of LPS on the viability of Ana-1 
macrophages. Compared with the cell viability in the control group, there 
was no significant difference in the 0.01 or 0.1 µg/ml LPS groups; however, 
in the 1 µg/ml LPS group, cell viability was significantly lower. *P<0.05. LPS, 
lipopolysaccharide; n.s., non‑significant.
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mimic and miR-NC mimic groups in cells transfected with 
TRAF6 Mut (P>0.05; Fig. 3B), indicating that miR-124-3p 
targeted TRAF6 in the established in vitro model of SCAP.

LPS induces reduction of miR‑124‑3p expression in SCAP 
cell model. Following stimulation of Ana-1 macrophages with 
LPS (0.1 µg/ml� and incubation at 37˚C for 24 h, the effects 
of LPS on miR-124-3p expression were explored. The results 
of RT-qPCR demonstrated that, compared with the control 
group, there was a significantly lower miR‑124‑3p expression 
subsequent to LPS (0.1 µg/ml) stimulation in Ana-1 macro-
phages (P<0.01; Fig. 4A). This suggested the suppressing 
role of miR-124-3p in the SCAP cell model. Furthermore, 
the effects of miR-124-3p mimic and miR-NC mimic on the 
expression of miR-124-3p were assessed in LPS-treated Ana-1 
macrophages. It was observed that, compared with cells in 
the miR-NC mimic group, the administration of miR-124-3p 
mimic significantly upregulated the expression of miR‑124‑3p 
(P<0.01; Fig. 4B).

miR‑124‑3p inhibits the expression of TRAF6 in the SCAP cell 
model. Next, the effects of miR-124-3p mimic and miR-NC 
mimic on the expression of TRAF6 in LPS-treated Ana-1 
macrophages were assessed. The results revealed that, compared 
with cells in the miR-NC mimic group, administration of 

miR‑124‑3p mimic significantly downregulated the mRNA 
level of TRAF6 (P<0.001; Fig. 5A). In addition, the effects of 

Figure 2. LPS induced elevation of TRAF6 expression. �A� Reverse transcription‑quantitative polymerase chain reaction, �B� western blots and �C� quantified 
protein levels are displayed. TRAF6 mRNA and protein levels were significantly upregulated by LPS induction �0.1 µg/ml� when compared with those in the 
control group. **P<0.01 and ***P<0.001, vs. control group. LPS, lipopolysaccharide; TRAF6, tumor necrosis factor receptor-associated factor 6.

Figure 3. TRAF6 is targeted by miR-124-3p. (A) miR-124-3p was predicted to 
target the position 42-48 of TRAF6 3'UTR. (B) Dual-luciferase reported assay 
verified that miR‑124‑3p targeted TRAF6 3'UTR‑WT. **P<0.01 vs. miR-NC 
group. TRAF6, tumor necrosis factor receptor-associated factor 6; 
miR, microRNA; NC, negative control; 3'UTR, 3'-untranslated region; 
WT, wild-type; Mut, mutant.
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miR-124-3p mimic on TRAF6 protein level were detected by 
western blot assay, and the protein level exhibited the similar 
change pattern as mRNA level (P<0.01; Fig. 5B and C). Taken 
together, the results indicated that miR-124-3p inhibited the 
expression of TRAF6 in the SCAP cell model, suggesting the 
significant roles of miR‑124‑3p and TRAF6 in SCAP.

miR‑124‑3p attenuates SCAP. To further investigate the effects 
of miR-124-3p in SCAP, RT-qPCR and ELISA were performed 
to determine the changes in the expression levels of inflamma-
tory cytokines. Ana-1 cells were randomly divided into four 
groups, including the control, LPS, LPS + miR-NC mimic 
and LPS + miR-124-3p mimic groups. Initially, RT-qPCR 

Figure 5. miR-124-3p inhibited the expression of TRAF6 in SCAP cell model. Cells were transfected with miR-NC mimic or miR-124-3p mimic with the 
treatment of LPS for the verification of miR‑124‑3p in the regulation of TRAF6. Compared with cells in the miR‑NC group, miR‑124‑3p mimic significantly 
downregulated the mRNA and protein levels of TRAF6, as observed by (A) reverse transcription-quantitative polymerase chain reaction, (B) western blot 
analysis and �C� quantified protein levels. **P<0.01 and ***P<0.001 vs. miR-NC mimic. miR, microRNA; NC, negative control; TRAF6, tumor necrosis factor 
receptor-associated factor 6.

Figure 4. LPS induced a reduction in miR‑124‑3p expression in SCAP cell model. �A� As compared with the control group, a significantly lower miR‑124‑3p 
expression was observed following LPS (0.1 µg/ml) stimulation in Ana-1 macrophages. (B) Cells were transfected with miR-NC mimic or miR-124-3p mimic 
with the treatment of LPS for the verification of the successful transfection of miR‑124‑3p. As compared with Ana‑1 cells in the miR‑NC group, miR‑124‑3p 
mimic significantly upregulated the expression of miR‑124‑3p. **P<0.01 and ***P<0.001, vs. corresponding control group. LPS, lipopolysaccharide; miR, 
microRNA; NC, negative control.
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was used to determine the mRNA levels of TNF-α and IL-1β 
produced by Ana-1 cells. It was observed that, compared with 
cells in the control group, there were significantly higher 
mRNA levels of TNF-α (4-fold) and IL-1β (5-fold) in the LPS 
group (P<0.01), while pre-treatment with miR-124-3p mimic 
significantly reduced the LPS‑induced upregulation of TNF‑α 
(2.5-fold) and IL-1β (3-fold) mRNA levels (P<0.01; Fig. 6). By 
contrast, miR‑NC mimic exhibited no significant effect on the 
LPS-induced changes in the cytokine levels (P>0.05).

ELISA was subsequently performed for the detection of 
the protein levels of TNF-α and IL-1β released from Ana-1 
cells. The results indicated that, compared with cells in the 
control group, significantly higher protein levels of TNF‑α 
(0.8±0.1 µg/ml) and IL-1β (2.5±0.2 µg/ml) were observed in 
the LPS-induced group (P<0.01), whereas pre-treatment with 
miR-124-3p mimic significantly reduced the LPS-induced 
upregulation of the protein levels of TNF-α (0.4±0.2 µg/ml) 
and IL-1β (1.9±0.3 µg/ml; P<0.01; Table I). miR-NC mimic, 
however, had no significant influence on these LPS‑induced 
changes (P>0.05). Taken together, these results suggested 

that miR-124-3p attenuated SCAP, which is evidenced by the 
reduction of LPS-induced cytokine release from Ana-1 cells 
following the administration of miR-124-3p mimics. However, 
the molecules that are responsible for the aforementioned 
changes need to be further investigated.

miR‑124‑3p attenuates SCAP by inhibiting LPS‑induced p38 
MAPK phosphorylation and NF‑κB activation. Studies have 
indicated that NF-κB activation and MAPK phosphorylation, 
particularly p38 MAPK, are prerequisites for the production 
of inflammatory cytokines in stimulated macrophages �18,1��. 
To investigate the effects of miR-124-3p in LPS-induced 
NF-κB activation and p38 MAPK phosphorylation, Ana-1 
cells were randomly divided into four groups, including the 
control, LPS, LPS + miR-NC mimic and LPS + miR-124-3p 
mimic groups. The effects of miR-124-3p on LPS-induced 
p38 MAPK phosphorylation and NF-κB activation were then 
examined in Ana-1 macrophages of the SCAP model in vitro. 
As presented in Fig. 7A and B, compared with cells in the 
control group, treatment of Ana-1 macrophages with LPS 

Figure 7. miR-124-3p attenuated the LPS-induced p38 MAPK phosphorylation and NF-κB activation. �A� Western blots and �B� quantified protein levels are 
shown. Compared with cells in the control group, LPS significantly increased p‑p38 MAPK protein expression and NF‑κB activity, which were markedly 
attenuated by pretreatment with miR‑124‑3p mimic. miR‑NC mimic had no significant influence on LPS‑induced changes. **P<0.01 and ***P<0.001. LPS, 
lipopolysaccharide; miR, microRNA; NC, negative control; TRAF6, tumor necrosis factor receptor-associated factor 6; MAPK, mitogen-activated protein 
kinase; NF-κB, nuclear factor-κB.

Figure 6. miR-124-3p attenuated severe community-acquired pneumonia by regulating TRAF6 in the cell model. Compared with cells in the control group, 
significantly higher mRNA levels of TNF‑α and IL-1β were observed in the LPS group, while miR‑124‑3p mimic transfection significantly reduced the 
LPS‑induced upregulation of these mRNA levels. miR‑NC exhibited no significant influence on LPS‑induced changes. **P<0.01 and ***P<0.001. LPS, lipopoly-
saccharide; miR, microRNA; NC, negative control; TRAF6, TNF receptor-associated factor 6; TNF, tumor necrosis factor; IL, interleukin.
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significantly increased p‑p38 MAPK protein expression and 
NF-κB activity (P<0.01), which were markedly attenuated 
upon pretreatment with miR-124-3p mimic (P<0.01). miR-NC 
mimic exhibited no significant effect on the LPS‑induced 
changes (P>0.05). These results suggested that miR-124-3p 
suppressed SCAP by inhibiting LPS-induced activation of p38 
MAPK and the NF-κB signaling pathway in macrophages.

Discussion

TRAF6 has been reported to be involved in the process of 
inflammation during lupus nephritis ���, regulation of inflam-
matory cytokines of bovine mammary epithelial cells (10) 
and ischemia/reperfusion injury (11). In addition, recent 
studies have reported that miRNAs serve important roles 
in regulating genes that are correlated with the immune 
system (20), including macrophages, microglia, dendritic cells 
and T cells (21). For instance, miR-146 negatively regulated 
MyD88-NF-κB following bacterial infection by targeting 
IRAK-1 and TRAF6 in THP-1 macrophage cells (22), while 
miRNA-200a-3p functioned in severe pneumonia by targeting 
SOCS6 (23). Furthermore, miR-146a-5p is a negative regulator 
of TRAF6, negatively limiting the immune response (24). 
Recently, miR-124 was also reported to regulate TRAF6 in 
osteosarcoma (25) and microglial immunosuppression (26). 
To the best of our knowledge, the present study revealed for 
the first time that miR‑124‑3p targeted the 3'UTR of TRAF6 
and negatively regulated TRAF6 in an in vitro SCAP model 
in Ana‑1 cells, indicating the significant roles of miR‑124‑3p 
and TRAF6 in SCAP. However, the molecular mechanisms 
by which LPS mediates the activation of immune cells are not 
completely understood. Therefore, the present study subse-
quently investigated the molecules that may respond to LPS 
induction and may be regulated by miR-124-3p.

It has previously been reported that LPS treatment resulted 
in an evident elevated expression of proinflammatory cytokines, 
such as TNF-α in mice (27). As the major effector cells of the 
immune-associated response, activated macrophages produce 
a wide spectrum of inflammatory cytokines, including TNF‑α 
and IL-1β, to augment the inflammatory response �28�. TNF‑α 
is considered as an early cytokine, which is associated with 
the early stage of inflammatory response and serves a crucial 
role in the establishment of inflammatory response �2��, while 
IL-1β is considered as a late cytokine, which is associated with 
the late stage of inflammatory response and serves a crucial 

role in the enhancement of inflammatory response (30). 
Consequently, TNF-α and IL-1β were investigated in the 
present SCAP in vitro model.

NF-κB serves an important role in the expression of 
LPS‑induced proinflammatory cytokines �2��. Furthermore, 
LPS functions by activating NF-κB and p38 MAPK signaling 
pathways in mouse macrophages (31). A previous study 
revealed that treatment of monocytes with LPS led to a signifi-
cant increase in TNF-α and IL-1β levels (22). Consistent with 
these previous findings, the present study demonstrated LPS 
treatment resulted in increased levels of inflammatory cyto-
kines TNF-α and IL-1β, as well as enhanced NF-κB activity 
and phosphorylation of p38 MAPK. These LPS-induced 
increases were attenuated by miR-124-3p overexpression, 
suggesting the protective role of this miRNA in SCAP by 
attenuating inflammation.

In conclusion, the present study demonstrated that LPS 
increased levels of TNF-α, IL-1β, enhanced NF-κB activity 
and p-p38, which were attenuated by miR-124-3p overexpres-
sion, suggesting that miR-124-3p may serve as a therapeutic 
target for SCAP.
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