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Abstract. MicroRNAs (miRs) have been reported to be 
potential clinical biomarkers for sepsis. miR‑1184 is a multi‑
functional microRNA that exerts roles in the development of 
various diseases. However, the role of miR‑1184 in children 
with sepsis remain unknown. In the present study, THP‑1 cells 
were stimulated with 1 µg/ml lipopolysaccharide (LPS) for 
24 h to establish an in vitro sepsis model. Reverse transcrip‑
tion‑quantitative PCR was used to evaluate the expression of 
miR‑1184 in clinical specimens, and of IL‑6, TNF‑α, IL‑1β, 
miR‑1184 and TNF receptor type 1‑associated DEATH domain 
protein (TRADD) in cells with and without LPS treatment. 
Cell apoptosis was assessed using flow cytometry. Binding 
between miR‑1184 and TRADD was predicted using bioinfor‑
matics software, and a luciferase reporter assay was performed 
to verify the interaction between miR‑1184 and TRADD in 
LPS‑induced THP‑1 cells. In addition, western blot analysis 
was performed to detect TRADD and proteins associated 
with the NF‑κB pathway. The results showed that miR‑1184 
was downregulated in the blood of children with sepsis and 
LPS‑induced THP‑1 cells. Overexpression of miR‑1184 allevi‑
ated the LPS‑induced production of inflammatory cytokines 
and cell apoptosis. Moreover, TRADD was verified to be a 
direct target of miR‑1184. Upregulation of TRADD reversed 
the effects of miR‑1184 on the LPS‑induced inflammatory 
response and apoptosis of THP‑1 cells. Furthermore, the 
NF‑κB pathway was shown to be associated with the regula‑
tory role of miR‑1184 in sepsis. The present study provides 
evidence that miR‑1184 exerts inhibitory effects on inflamma‑
tory responses and apoptosis in sepsis by targeting TRADD, 
which suggests that miR‑1184 may be a novel potential target 
for the therapy of children with sepsis.

Introduction

Sepsis is an excessive systemic inflammatory reaction caused 
by infection or trauma and accompanied by organ dysfunction 
and respiratory failure (1‑3). Sepsis is one of the main causes of 
death of critically ill patients in intensive care units due to the 
lack of specific diagnostic markers and broad‑spectrum thera‑
pies that are restricted to antibiotics and supportive care (4,5). 
Currently, sepsis is a leading cause of morbidity and mortality 
in children worldwide (6). Due to the non‑specific clinical 
characteristics of sepsis, the difficulty in differentiating sepsis 
from non‑infectious etiologies and the low positivity rates of 
blood culture, the early diagnosis and treatment of children 
with sepsis is complicated and challenging (7,8). Thus, it is 
urgently necessary to discover novel and accurate biomarkers 
and therapeutic targets for sepsis at an earlier stage.

MicroRNAs (miRs/miRNAs) are small, single‑stranded 
endogenous RNA molecules that bind to target mRNAs to 
regulate gene expression and induce translational repression 
in eukaryotes, thereby serving vital roles in complicated 
human diseases (9‑11). There is evidence that aberrant 
miRNA expression is associated with various autoimmune 
and inf lammatory diseases, including sepsis (12). For 
example, in one study, miR‑15a and miR‑16 were reported 
to be upregulated in neonatal patients with sepsis, and to 
suppress lipopolysaccharide (LPS)‑induced toll‑like receptor 
(TLR)‑4/interleukin (IL)‑1 receptor‑associated kinase 1 
signaling in vitro, thereby inhibiting LPS‑induced inflamma‑
tion (13). In another study, it was observed that miR‑375 levels 
were downregulated and miR‑21 levels were upregulated in 
patients with sepsis, and a negative correlation was detected 
between the expression of these two miRNAs. Furthermore, 
the ectopic expression of miR‑375 reduced the number of 
marrow‑derived suppressor cells in a mouse model of sepsis, 
thus inhibiting sepsis development (14). Another miRNA, 
miR‑1184, has been shown to be significantly decreased in 
the blood of neonates with sepsis (15). However, the role of 
miR‑1184 and its underlying mechanism in children with 
sepsis remain to be elucidated.

The present study detected the downregulation of miR‑1184 
expression in the blood of children with sepsis and analyzed 
the effects of miR‑1184 on inflammation and apoptosis in an 
LPS‑induced cell model of sepsis. In addition, the present study 
investigated the target gene regulated by miR‑1184 in order to 
further understand the molecular mechanism of sepsis.
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Materials and methods

Clinical specimens. The peripheral blood samples of 30 chil‑
dren (13 female, 17 male) with sepsis and 30 healthy control 
children (13 female, 17 male) were obtained at the Guiyang 
Maternal and Child Health Care Hospital between January 
2017 and March 2019. The age range of control group was 8 to 
11 years and the age range of sepsis group was 8 to 12 years. 
The length of hospitalization of control group was 42.9±10.3 h 
and the length of hospitalization of sepsis group was 43.9±11.9. 
Experiments were approved by the Ethics Committee of 
Guiyang Maternal and Child Health Care Hospital and written 
informed consent was signed by the parents or guardians of 
all participants. Inclusion criteria: i) complete clinical data 
and ii) consent was obtained from the parents or guardians of 
the child and informed consent was signed. Exclusion criteria: 
i) children discharged from hospital within 24 h after admis‑
sion; ii) onset time exceeds 72 h; iii) children with any other 
health conditions complicated with major visceral lesions such 
as those affecting the heart, liver and/or kidney; iv) withdrawal 
from the study.

For the collection of peripheral blood serum, blood 
samples were centrifuged at 400 x g for 10 min at 4˚C. The 
supernatant was collected immediately and stored at ‑80˚C 
prior to further analysis. For the collection of peripheral blood 
mononuclear cells, blood samples with anti‑coagulation treat‑
ment (blood was stored in anticoagulant tubes, which contains 
sodium heparin) were added to an equal volume of lympho‑
cyte isolation buffer (Beijing Solarbio Science & Technology 
Co., Ltd.), and centrifuged at 800 x g for 18 min at 20˚C. 
The upper white layer was slowly transferred into a new tube 
with 10 ml serum‑free RPMI‑1640 medium (Sigma‑Aldrich; 
Merck KGaA), followed by centrifugation at 600 x g for 
15 min at 20˚C. Following removal of the supernatant, cell 
precipitates were resuspended in RPMI‑1640 medium and 
centrifuged at 400 x g for 8 min at 20˚C. The collected cells 
were mononuclear cells.

Cell culture and treatment. The THP‑1 human monocytic 
cell line was obtained from The Cell Bank of Type Culture 
Collection of the Chinese Academy of Sciences and main‑
tained in RPMI‑1640 medium supplemented with 10% FBS 
(HyClone; Cytiva), 100 µg/ml streptomycin and 100 U/ml 
penicillin at 37˚C in a humidified incubator with 5% CO2. To 
establish the in vitro sepsis model, THP‑1 cells were treated 
with l µg/ml LPS (Sigma‑Aldrich; Merck KGaA) for 24 h to 
simulate a septic environment at 37˚C (16,17).

Cell Counting Kit 8 (CCK8). Cell proliferation was assessed 
using CCK‑8 (Dojindo Molecular Technologies, Inc.) 
according to the instructions of the manufacturer. Cells were 
seeded at a density of 8,000 cells/well in a plate with 96 wells 
in complete medium overnight. The cells were treated accord‑
ingly a in 5% CO2 at 37˚C for 72 h. A 10 µl volume of CCK‑8 
solution was added to each well and the absorbance at 450 nm 
in 4 h was measured using a microplate reader (Thermo Fisher 
Scientific, Inc.).

Cell transfection. Cells were inoculated in a six‑well plate at 
a concentration of 1x105/well, and transfection experiments 

were conducted after the cells grew to 70‑80% confluence. A 
miR‑1184‑overexpression plasmid (miR‑1184 double‑stranded 
mimic: 5'‑AUU UCC CGC GGU UUC AAA CUC UCG GC‑3', 
forward; 5'‑UAA ACG CGC UUC AAC GCC UGC GUU AAA‑3', 
reverse), TRADD overexpression vector (pcDNA‑TRADD) 
and corresponding negative controls (miR‑NC and 
pcDNA‑NC) were designed and synthesized by Shanghai 
GenePharma Co., Ltd. The vectors or negative controls were 
transfected at a concentration of 20 nM into THP‑1 cells using 
Lipofectamine™ 2000 (cat. no. 11668027; Invitrogen; Thermo 
Fisher Scientific, Inc.) in accordance with the manufacturer's 
instructions. Follow‑up experiments were conducted 48 h 
after transfection.

Reverse transcription‑quantitative PCR (RT‑qPCR). 
Cells were inoculated in a 96‑well plate at a concentra‑
tion of 1x103/well. The cells were treated with or without 
LPS accordingly and then total RNA was extracted from 
THP‑1 cells and blood specimens using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's instructions. The extracted RNA was 
reverse transcribed into cDNA using the PrimeScript™ 
RT reagent kit (Takara Bio, Inc.) at about 65˚C for 10 min. 
cDNA amplification was performed via qPCR using the 
SYBR Premix Ex Taq™ II kit (Takara Bio, Inc.) on an 
ABI PRISM 7900 Real‑Time system (Applied Biosystems; 
Thermo Fisher Scientific, Inc). Amplification conditions 
were as follows: 95˚C for 10 min, followed by 40 cycles of 
95˚C for 10 sec and 60˚C for 60 sec. GAPDH and U6 served 
as the internal controls. The primer sequences were as 
follows, IL‑6 forward, 5'‑GGC CCT TGC TTT CTC TTC G‑3' 
and reverse, 5'‑ATA ATA AAG TTT TGA TTA TGT‑3'; TNF‑α 
forward, 5'‑CAG CCT CTT CTC CTT CCT GA‑3' and reverse, 
5'‑GGA AGA CCC CTC CCA GAT AGA‑3'; IL‑1β forward, 
5'‑GGC GAA TTC CTT CAT TGC CCA GGT TTC‑3' and 
reverse, 5'‑GGC GAA TTC CTT CAT TGC CCA GGT TTC‑3'; 
GAPDH forward, 5'‑TGG GTG TGA ACC ACG AGA A‑3' 
and reverse, 5'‑GGC ATG GAC TGT GGT CAT GA‑3'; U6 
forward 5'‑CTC GCT TCG GCA GCA CA‑3' and reverse, 
5'‑ACG CTT CAC GAA TTT GC‑3'. The relative expres‑
sion levels of target genes were calculated using the 2‑ΔΔCq 
method (18). Agarose gel electrophoresis (1%) was used to 
detect the PCR products. In brief, 8 µl PCR products and 
2 µl sample loading buffer were mixed for sample loading 
and a DNA Marker of appropriate size was used for elec‑
trophoresis separation with ethidium bromide staining. The 
results were analyzed by ImageQuant TL (version 7.0, GE 
Healthcare; Cytiva).

Cell apoptosis analysis. The cells were grown at a density of 
1x105 in a six‑well plate. Flow cytometry was performed to detect 
apoptosis of the cells using an FITC Annexin V/PI Apoptosis 
Detection kit I (Guangzhou RiboBio Co., Ltd.). Cells with or 
without prior LPS treatment were transfected with miR‑1184 
mimic or miR‑NC, alone or in combination with pcDNA‑NC 
or pcDNA‑TRADD for 48 h. Subsequently, cells were collected, 
resuspended and stained with Annexin V/PI reagent according to 
the manufacturer's instructions. FlowJo software (version 7.6.1; 
FlowJo LLC.) was used to analyze cells in the early and late 
stages of apoptosis. Each experiment was repeated three times.
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TargetScan analysis. The binding sites between miR‑1184 
and TRADD were predicted using TargetScan bioinformatics 
software (version 7.2; http://www.targetscan.org/vert_72/).

Luciferase reporter assay. An association between miR‑1184 
and TRADD was predicted using TargetScan software. A 
luciferase reporter assay was then performed to verify the 
putative binding sites. The DNA sequence of the TRADD 
3'‑untranslated region (3'‑UTR) containing wild‑type or 
mutant target sites for miR‑1184 was subcloned and inserted 
into a pGL3‑Control Vector (Promega Corporation) to create 
wild‑type TRADD (TRADD‑WT) or mutated‑TRADD 
(TRADD‑MUT) reporter vectors, respectively. Subsequently, 
THP‑1 cells were co‑transfected with a luciferase reporter 
vector and either miR‑1184 mimic or miR‑NC for 48 h using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). Relative luciferase activities were detected using a 
Dual‑Luciferase Reporter Assay kit (Promega Corporation), 
which was compared with Renilla luciferase activity according 
to the manufacturer's instructions.

Western blot analysis. Cells were inoculated in a 96‑well 
plate at a concentration of 1x103/well. The cells were treated 
with LPS, as previously described, and then total protein was 
extracted from the cells using RIPA buffer (Auragene; Hunan 
Aijia Biotechnology Co., Ltd.). Protein quantities were deter‑
mined using a BCA protein assay kit (Bio‑Rad Laboratories, 
Inc.). Samples containing 40 µg protein/lane were separated 
by 10% SDS‑PAGE and transferred onto PVDF membranes 
(EMD Millipore). Following blocking with 5% non‑fat 
milk for 1 h at room temperature, the membranes were 

incubated with primary antibodies targeting TRADD (1:1,000; 
cat. no. ab110644; Abcam), p65 (1:1,000; cat. no. ab16502; 
Abcam), phosphorylated (p)‑p65 (1:1,000; cat. no. ab183559; 
Abcam) and GAPDH (1:1,000; cat. no. ab9485; Abcam) over‑
night at 4˚C. Following washing with 0.1% PBS‑Tween‑20 
four times, the membranes were incubated with horseradish 
peroxidase‑conjugated secondary antibody (1:5,000; ab150113; 
Abcam) for 1 h at room temperature. Finally, the bands were 
visualized using an ECL detection system (Beyotime Institute 
of Biotechnology) and Image J software (version 146; National 
Institutes of Health) was used to analyze the fold‑changes of 
protein levels.

Statistical analysis. SPSS version 20.0 (IBM Corp.) and 
GraphPad Prism 6.0 (GraphPad Software, Inc.) were used to 
analyze the data. All results are presented as the mean ± SD 
from at least three independent experiments. The differences 
between and among groups were evaluated using Student's 
t‑test or one‑way ANOVA followed by Tukey's post hoc test, 
respectively. P<0.05 was considered to indicate a statistically 
significant difference.

Results

miR‑1184 expression is downregulated in clinical samples 
from children with sepsis. To assess the expression levels 
of miR‑1184 in the blood of children with sepsis, RT‑qPCR 
was performed. As shown in Fig. 1A, compared with healthy 
controls, miR‑1184 expression was significantly decreased in 
the blood mononuclear cells of patients with sepsis. Similar 
results were observed for the detection of miR‑1184 expression 

Figure 1. miR‑1184 expression is significantly decreased in clinical specimens from children with sepsis. Reverse transcription‑quantitative PCR was carried 
out to detect the expression level of miR‑1184 in (A) blood mononuclear cells and (B) serum samples. Data are expressed as mean ± SD (n=30). **P<0.01, 
***P<0.001 vs. healthy controls. miR, microRNA.
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in the serum (Fig. 1B). The data indicate that miR‑1184 may be 
associated with the occurrence of sepsis in children.

Levels of miR‑1184 and inflammatory factors are increased 
and decreased, respectively, in THP‑1 cells under LPS 
treatment. To assess whether the in vitro model of sepsis 
was successfully established, a CCK‑8 assay was conducted 
to detect the cell viability. LPS was shown to inhibit cell 
viability compared with that of the control group without LPS 
stimulation (Fig. 2A). The levels of representative inflam‑
matory mediators were then detected using RT‑qPCR. As 
presented in Fig. 2B‑D, the expression levels of IL‑6, TNF‑α 
and IL‑1β were significantly increased in the LPS‑induced 
THP‑1 cells compared with cells without LPS stimulation. In 
addition, miR‑1184 expression was significantly decreased in 
the LPS‑induced cells (Fig. 2E), which is consistent with the 
results shown in Fig. 1.

miR‑1184 overexpression inhibits the production of 
inflammatory cytokines and apoptosis induced by LPS. 
To investigate the role of miR‑1184 in LPS‑induced THP‑1 
cells, miR‑1184 was overexpressed by transfection with 
miR‑1184 mimic. RT‑qPCR results showed that miR‑1184 
expression was significantly increased following transfec‑
tion with miR‑1184 mimic compared with miR‑NC under 
conditions of LPS stimulation (Fig. 3A). The LPS‑induced 
levels of IL‑6, TNF‑α and IL‑1β were decreased by trans‑
fection with miR‑1184 mimic compared with those in 
the negative control (LPS + miR‑NC) group (Fig. 3B‑D). 
Furthermore, cell apoptosis rates in the LPS + miR‑NC 
group were significantly increased compared with those in 
the control + miR‑NC group, while the miR‑1184 mimic 
decreased the LPS‑induced cell apoptosis (Fig. 3E). These 
results indicate that the overexpression of miR‑1184 plays 

a suppressive role in the LPS‑induced inflammation and 
apoptosis of THP‑1 cells.

Direct interaction between miR‑1184 and TRADD. To verify 
the relationship between miR‑1184 and TRADD, wild‑type 
and mutant TRADD 3'‑UTR sequences containing predicted 
miR‑1184 binding sites were transfected into THP‑1 cells 
(Fig. 4A). The results from the dual‑luciferase reporter assay 
revealed that the luciferase activity significantly declined 
following co‑transfection with TRADD (WT) and miR‑1184 
mimic, whereas no obvious effect of miR‑1184 mimic was 
observed on the mutant TRADD 3'‑UTR (Fig. 4B). Additionally, 
the mRNA expression level of TRADD was reduced by the 
upregulation of miR‑1184 (Fig. 4C). Furthermore, LPS stimu‑
lation significantly induced TRADD expression in THP‑1 
cells (Fig. 4D). These results suggest that TRADD is a direct 
target of miR‑1184.

miR‑1184 attenuates inflammatory responses and apoptosis 
of THP‑1 cells induced by LPS by targeting TRADD. To assess 
the role of TRADD in sepsis, TRADD was overexpressed in 
THP‑1 cells. Western blotting results showed that the protein 
levels of TRADD were significantly increased following trans‑
fection with TRADD overexpression vector, and the increased 
levels were reduced by co‑transfection with miR‑1184 mimic 
(Fig. 5A). The effects of TRADD overexpression on the levels 
of inflammatory factors were then measured. As shown 
in Fig. 5B, compared with LPS‑induced cells transfected 
with miR‑1184 mimic, the expression levels of IL‑6, TNF‑α 
and IL‑1β were significantly increased in cells following 
co‑transfection with miR‑1184 mimic and pcDNA‑TRADD. 
In addition, the overexpression of TRADD attenuated the 
suppression of cell apoptosis induced by the miR‑1184 mimic 
(Fig. 5C). The results indicate that TRADD reverses the effects 

Figure 2. Effects of LPS on the viability, miR‑1184 expression and inflammatory factors of THP‑1 cells. (A) A Cell Counting Kit‑8 assay was used to 
detect cell viability. The expression levels of (B) IL‑6, (C) TNF‑α and (D) IL‑1β mRNAs were significantly promoted by stimulation with LPS. (E) The 
mRNA expression of miR‑1184 was reduced after LPS treatment. Data are expressed as mean ± SD (n=5). **P<0.01, ***P<0.001 vs. control. miR, microRNA; 
LPS, lipopolysaccharide; IL, interleukin; TNF, tumor necrosis factor.
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Figure 3. Overexpression of miR‑1184 suppresses the LPS‑induced expression of inflammatory cytokines and cell apoptosis. (A) miR‑1184 mimic increased 
the expression of miR‑1184 in LPS‑stimulated THP‑1 cells. The expression levels of (B) IL‑6, (C) TNF‑α and (D) IL‑1β mRNAs in LPS‑stimulated THP‑1 cells 
were significantly decreased after transfection with miR‑1184 mimic. (E) LPS‑stimulated THP‑1 cell apoptosis was inhibited by miR‑1184 overexpression. 
Data are expressed as mean ± SD (n=5). ***P<0.001 vs. control + miR‑NC; ##P<0.01, ###P<0.001 vs. LPS + miR‑NC. miR, microRNA; LPS, lipopolysaccharide; 
NC, negative control; IL, interleukin; TNF, tumor necrosis factor.

Figure 4. miR‑1184 directly targets TRADD. (A) Predicted binding sites between miR‑1184 and the TRADD 3'‑untranslated region. (B) Relative luciferase 
activity measured after co‑transfection with TRADD (WT)/(MUT) and miR‑1184 mimic/miR‑NC. (C) miR‑1184 overexpression inhibited TRADD expres‑
sion in THP‑1 cells. (D) TRADD expression was increased after LPS stimulation compared with the unstimulated control. Data are expressed as mean ± SD 
(n=3). ***P<0.001 vs. respective control. miR, microRNA; TRADD, TNF receptor type 1‑associated DEATH domain protein; WT, wild type; MUT, mutant; 
NC, negative control; LPS, lipopolysaccharide.
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Figure 5. Effects of TRADD overexpression on the LPS‑induced inflammatory responses and apoptosis of THP‑1 cells. (A) Protein expression of TRADD 
was assessed after transfection with TRADD overexpression vector with or without miR‑1184 mimic/miR‑NC. ***P<0.001 vs. pcDNA‑NC; ##P<0.01 
vs. pcDNA‑TRADD + miR‑NC. (B) The expression levels of IL‑6, TNF‑α and IL‑1β in the miR‑1184 mimic‑transfected cells were significantly elevated after 
transfection with TRADD overexpression vector. (C) Flow cytometry was performed to estimate cell apoptosis in THP‑1 cells transfected with miR‑1184 
mimic/miR‑NC with or without TRADD overexpression vector. Data are expressed as mean ± SD (n=3). ###P<0.001 vs. LPS + miR‑NC; ΔΔP<0.01, ΔΔΔP<0.001 
vs. LPS + miR‑1184 mimic+ pcDNA‑NC. TRADD, TNF receptor type 1‑associated DEATH domain protein; LPS, lipopolysaccharide; miR, microRNA; 
NC, negative control; IL, interleukin; TNF, tumor necrosis factor.
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of miR‑1184 on the inflammatory response and apoptosis of 
LPS‑induced THP‑1 cells.

miR‑1184/TRADD exerts biological functions in LPS‑induced 
THP‑1 cells via regulation of NF‑κB signaling. To further study 
the underlying mechanism of miR‑1184 in sepsis, the levels of 
proteins associated with the NF‑κB signaling pathway were 
detected. As shown in Fig. 6, the protein levels of TRADD 
and p‑p65 were significantly increased by LPS stimulation. 
miR‑1184 mimic repressed the LPS‑induced protein expres‑
sion of TRADD and p‑p65, while TRADD overexpression 
reversed these effects. The data indicate that miR‑1184 and 
TRADD exert biological functions in LPS‑induced THP‑1 
cells via the regulation of NF‑κB signaling.

Discussion

Sepsis is a blood infection mainly of bacterial, viral or fungal 
(yeast) origin that leads to substantial morbidity and mortality 
worldwide (19‑21). The present study compared the expres‑
sion of miR‑1184 between children with sepsis and healthy 
children and found that miR‑1184 expression was significantly 
decreased in the mononuclear cells and serum from the blood 
of the children with sepsis. A previous study revealed that the 
expression of numerous miRNAs were altered in neonatal 
patients with sepsis compared with uninfected neonates, 
among which miR‑1184 was reported to be significantly 
reduced in the blood samples of the neonates with sepsis (15). 
To further understand the role of miR‑1184 in childhood 
sepsis, an in vitro sepsis model was established in the present 
study by the LPS treatment of THP‑1 human monocytic 
leukemia cells. THP‑1 cells were treated with l µg/ml LPS 
for 24 h to simulate a septic environment (16,17). Following 
construction of the in vitro sepsis model, the expression levels 
of IL‑6, TNF‑α and IL‑1β were detected. miR‑1184 expression 
in THP‑1 cells was shown to decline under LPS stimulation. 
Following the overexpression of miR‑1184, the production of 
the pro‑inflammatory cytokines IL‑6, TNF‑α and IL‑1β was 

inhibited and cell apoptosis decreased in LPS‑induced cells. 
In the present study, a binding site between miR‑1184 and 
TRADD was predicted using bioinformatics analysis, and the 
predicted binding between miR‑1184 and TRADD was veri‑
fied through a dual‑luciferase reporter assay. Following the 
overexpression of miR‑1184, the expression of TRADD in the 
THP‑1 cells significantly decreased, indicating that miR‑1184 
can target and regulate TRADD. In addition, the overexpres‑
sion of TRADD was found to attenuate the inhibitory effect of 
miR‑1184 overexpression on apoptosis. Therefore, it may be 
concluded that miR‑1184 directly regulates cell proliferation 
and other functions by interacting with TRADD. Moreover, 
western blotting results indicated that the NF‑κB signaling 
pathway was inactivated in THP‑1 cells after transfection with 
miR‑1184 mimic.

miRNAs are small noncoding single‑stranded RNA 
molecules that modulate gene expression and are involved 
in cellular physiological activities, including proliferation, 
invasion, metabolism and apoptosis (22‑24). Alterations in 
miRNA expression play a crucial role in the regulation of the 
immune response (25). For example, Wu et al (26) reported 
that miR‑23b expression was downregulated in LPS‑induced 
vascular endothelial cells and miR‑23b mimic inhibited the 
expression of inflammatory factors during sepsis. miR‑1184 
has been found to have biological functions in several diseases. 
For instance, Yang et al (27) revealed that miR‑1184 was 
involved in the regulatory effect of circular RNA VANGL1 
silencing on the progression of bladder cancer. In addition, 
changes in miR‑1184 expression have been reported in breast 
cancer and prostatic benign hyperplasia (28,29). In the present 
study, miR‑1184 expression was observed to be reduced in the 
mononuclear cells and serum isolated from the blood samples 
of children with sepsis, as well as in LPS‑induced THP‑1 cells. 
Furthermore, overexpression of miR‑1184 decreased the levels 
of the LPS‑stimulated inflammatory cytokines TNF‑α, IL‑1β 
and IL‑6, and inhibited LPS‑induced apoptosis in THP‑1 cells. 
These results indicate that miR‑1184 plays an inhibitory role in 
the pathophysiology of sepsis.

Figure 6. NF‑κB signaling participates in the regulatory effect of miR‑1184/TRADD in LPS‑induced THP‑1 cells. The protein levels of TRADD, p65 and p‑p65 
were detected by western blot analysis under LPS treatment after transfection with miR‑1184 mimic/miR‑NC with or without pcDNA‑TRADD/pcDNA‑NC. 
Data are expressed as mean ± SD (n=3). ***P<0.001 vs. control + miR‑NC; ###P<0.001 vs. LPS + miR‑NC; ΔP<0.05, ΔΔΔP<0.01 vs. LPS + miR‑1184 
mimic + pcDNA‑NC. miR, microRNA; TRADD, TNF receptor type 1‑associated DEATH domain protein; LPS, lipopolysaccharide; NC, negative control; 
p, phosphorylated.
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Studies have demonstrated that miRNAs exert biological 
effects by binding to specific mRNA molecules and degrading 
mRNA (30). The present study showed that TRADD is a direct 
target of miR‑1184. In addition, the overexpression of miR‑1184 
reduced TRADD expression, while the expression of TRADD 
was elevated by LPS stimulation. TRADD is a multifunc‑
tional protein that is important in TNF receptor 1 (TNFR1) 
signaling and other signaling pathways involved in immune 
responses (31). TRADD serves a role in the TNF‑α‑induced 
pro‑inflammatory response by interacting with TNFR1 and 
regulates the TLR signaling pathway by participating in the 
formation of complexes with TLR4 under LPS induction (31). 
Consistent with previous studies, the present results showed 
that TRADD promoted LPS‑induced inflammatory cytokine 
production and cell apoptosis as it attenuated the inhibitory 
effects of miR‑1184 overexpression on inflammatory responses 
and apoptosis in sepsis.

A previous study demonstrated that the phosphoryla‑
tion level of p65 in TRADD‑deficient cells was reduced 
following LPS treatment (32). TRADD serves a vital role 
in TIR domain‑containing adapter‑inducing interferon‑β 
(TRIF) signaling by participating in TRIF‑dependent NF‑κB 
activation and regulating the production of inflammatory 
cytokines (33). Thus, we hypothesized that miR‑1184 may 
modulate NF‑κB signaling by directly targeting TRADD. The 
present study observed that the phosphorylation of p65 was 
upregulated upon LPS stimulation. miR‑1184 overexpression 
suppressed p65 phosphorylation and TRADD attenuated the 
effects of miR‑1184. These findings suggest that NF‑κB activa‑
tion may be associated with the regulatory role of miR‑1184 on 
TRADD expression.

In summary, the present study suggests that miR‑1184 may 
exert a therapeutic role in sepsis by repressing inflammatory 
cytokine production and cell apoptosis. Bioinformatics analysis 
and mechanistic investigations revealed that miR‑1184 bound 
to the 3'‑UTR of TRADD and mediated NF‑κB signaling in an 
in vitro model of sepsis. These findings may contribute to the 
understanding of the pathogenesis of sepsis and the develop‑
ment of efficient therapies for children with sepsis.
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