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 Background: Long non-coding RNAs (lncRNAs) play key roles in the development and progression of diseases, including sep-
sis. Therefore, this study aimed to clarify the role and underlying molecular mechanisms of lncRNA NEAT1 in 
sepsis.

 Material/Methods: We used real-time quantitative polymerase chain reaction (RT-qPCR) to analyze the expression of lncRNA nu-
clear paraspeckle assembly transcript 1 (NEAT1), let-7b-5p, and tumor necrosis factor receptor-associated fac-
tor 6 (TRAF6). Western blot assay was used to measure the protein expression levels. After treatment with 
lipopolysaccharide (LPS), the biological behaviors of human renal tubular epithelial cells (HK-2), such as pro-
liferation and apoptosis, were determined using 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-2H-tetrazol-3-ium 
bromide (MTT) and flow cytometry assays, respectively. The interaction relationship among NEAT1, TRAF6, and 
let-7b-5p was analyzed by the bioinformatics starBase database and dual-luciferase reporter assay.

 Results: lncRNA NEAT1 was expressed at higher levels in kidney tissues from sepsis patients than in healthy kidney tis-
sues. Interestingly, LPS induced high expression of lncRNA NEAT1 in HK-2 cells in a time- and dose-dependent 
manner. Furthermore, silencing of NEAT1 weakened LPS-induced apoptosis, inflammation, and inhibition of 
proliferation, which was overturned by silencing of let-7b-5p. In addition, overexpression of TRAF6 abolished 
the overexpression of let-7b-5p-induced effects on apoptosis, inflammation, and growth of HK-2 cells exposed 
to LPS. In summary, NEAT1 regulated TRAF6 expression by sponging let-7b-5p in HK-2 cells, which promotes 
LPS-induced injury and inflammation in HK-2 cells.

 Conclusions: Our data show that the lower expression of NEAT1 impeded sepsis development and LPS-induced injury in-
flammation by targeting let-7b-5p/TRAF6 axis, and NEAT1 may be a target for treatment of sepsis patients.
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Background

Sepsis is a systemic inflammatory response syndrome induced 
by the dysfunctional response to infection, resulting in injury, 
inflammation, and organ dysfunction [1]. Kidney injury and dys-
function are common complications in sepsis patients, leading 
to high mortality rates [2]. In addition, podocytes are an impor-
tant part of the glomerular filtration barrier. Lipopolysaccharide 
(LPS) was reported to induce podocyte injury and then pro-
moted the release of inflammatory factors [3].

Previous studies found that long non-coding RNAs (lncRNAs) 
were involved in sepsis. Exploring the regulatory mechanism 
of these lncRNAs in sepsis may help to understand the patho-
genesis and development of sepsis [4,5]. For instance, lncRNA 
metastasis-associated lung adenocarcinoma transcript 1 plays 
a key role in LPS-induced kidney injury by regulating the nu-
clear factor kappa-B (NFkB) pathway [6]. Importantly, NEAT1 
is upregulated in sepsis-induced myocardial injury tissues of 
mice [7]. However, the underlying mechanism of NEAT1 in sep-
sis has not been defined.

There have been extensive studies of let-7b-5p in the con-
text of cancer, suggesting that let-7b-5p is a tumor-suppres-
sor miRNA and potential diagnostic biomarker [8,9]. Moreover, 
Yu et al. revealed that let-7b-5p was upregulated in neona-
tal leukocytes with LPS stimulation derived from cord blood 
of infants [10]. Furthermore, the cellular expression level of 
let-7b-5p is a specific diagnostic target in sepsis [11]. These 
reports show that let-7b-5p may be involved in inflammation 
of kidney diseases.

Importantly, Giriwono et al. recently found that geranylgera-
niol prevented excessive activation of NFkB in numerous dis-
eases by inhibiting tumor necrosis factor receptor-associated 
factor 6 (TRAF6) expression [12]. Consistently, Liu et al. report-
ed that TRAF6 is involved in inflammatory arthritis by mediat-
ing NFkB activation [13]. Moreover, Fang et al. and Yang et al. 
reported that an in vitro sepsis model was successfully con-
structed in HK-2 cells exposed to LPS [14,15]. Hence, in the 
present study, an in vitro sepsis cell model was established by 
treatment with LPS. We first measured the expression level 
of NEAT1 in sepsis-kidney tissues and the cell model in vitro. 
Functionally, NEAT1 knockdown weakened LPS-induced apop-
tosis, inflammation, and inhibition of proliferation by regu-
lating let-7b-5p. Our bioinformatics analysis discovered that 
TRAF6 is a potential target of let-7b-5p. This study investigat-
ed whether lncRNA NEAT1 regulates sepsis-induced inflamma-
tion and apoptosis via the let-7b-5p/TRAF6 axis.

Material and Methods

Patient specimens

This study was conducted with approval by the Human Ethics 
Committee of Jingzhou Central Hospital, the Second Clinical 
Medical College of Yangtze University. Kidney tissues were col-
lected from 30 sepsis patients and 30 healthy volunteers at 
Jingzhou Central Hospital, the Second Clinical Medical College 
of Yangtze University. The inclusion criteria were: all patients 
with clear evidence of infection or highly suspected infection 
accompanied by at least 2 signs of SIRS and complete and re-
liable clinical data. The exclusion criteria were: drugs previ-
ously taken had renal toxicity; previous history of glomerulo-
nephritis, nephrotic syndrome, end-stage nephropathy, renal 
cancer, or renal transplantation; and a lactating or pregnant 
woman. None of the patients or volunteers had received any 
preoperative treatments. Moreover, written informed con-
sent was signed from each participant. All kidney tissues were 
promptly snap-frozen and then transferred to a –80°C freez-
er for long-term preservation. In addition, venous blood was 
collected and stored at –80°C after centrifugation to assess 
renal function indicators – blood urea nitrogen (BUN) and se-
rum creatinine – with a Urea Nitrogen Colorimetric Detection 
Kit (Invitrogen, Carlsbad, CA, USA) and Creatinine Urinary 
Detection Kit (Invitrogen).

Cell lines and cell culture

Human renal tubular epithelial cells (HK-2) were obtained from 
the American Type Culture Collection (Rockville, MD, USA). 
Dulbecco’s modified Eagle’s medium (Wisent, Shanghai, China) 
containing 10% (v/v) fetal bovine serum (FBS; Hyclone, South 
Logan, UT, USA) and 1% penicillin/streptomycin (GIBCO BRL, 
Grand Island, NY, USA) was used to culture HK-2 cells in a hu-
midified atmosphere containing 5% CO2 at 37°C. To establish 
an LPS (L4516-1MG; Sigma-Aldrich, Merck KGaA, Darmstadt, 
Germany) stimulation for cell culture, HK-2 cells were incu-
bated with increasing concentrations (0 mg, 0.1 mg, 1.0 mg, 
10 mg, and 20 mg) of LPS for 24 h or treated with 1.0 mg LPS 
for 0 h, 6 h, 12 h, 18 h, and 24 h).

Real-time quantitative polymerase chain reaction 
(RT-qPCR)

The extraction of total RNA from tissues and cells was imple-
mented using Trizol reagent (Takara, Dalian, China) in accor-
dance with the operation manual. Reverse transcription of 
lncRNA/mRNA and miRNA were conducted using a SuperScript 
Reverse Transcriptase Kit (Vazyme, Nanjing, China) and Poly 
(A) Tailing Kit (Thermo Fisher Scientific, Waltham, MA, USA), 
respectively. Quantification of RNA was performed using SYBR 
Fast qPCR Mix (Thermo Fisher Scientific) in the Thermal Cycler 
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CFX6 System (Bio-Rad, Hercules, CA, USA). The internal expres-
sion of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
and endogenous small nuclear RNA U6 was used for the nor-
malization of detected RNA using the 2–DDCt method, and the 
PCR program was: at 95°C for 10 min, followed by 95°C for 
15 s and 60°C for 1 min for 40 cycles.

The sequences of primers were:
NEAT1 (F, 5’-CTTCCTCCCTTTAACTTATCCATTCAC-3’;
R, 5’-CTCTTCCTCCACCATTACCAACAATAC-3’);
let-7b-5p (F, 5’-GCCGAGTGAGGTAGTAGGTT-3’;
R, 5’-CTCAACTGGTGTCGTGGA-3’);
TRAF6 (F, 5’-ATGCGGCCATAGGTTCTGC-3’;
R, 5’-TCCTCAAGATGTCTCAGTTCCAT-3’);
GAPDH (F, 5’-TCCCATCACCATCTTCCAGG-3’;
R, 5’-GATGACCCTTTTGGCTCCC-3’);
U6 (F, 5’-AACGCTTCACGAATTTGCGT-3’;
R, 5’-CTCGCTTCGGCAGCACA-3’).

Western blot assay

Briefly, the cells and tissues were lysed in ice-cold radio-immu-
noprecipitation assay (RIPA) buffer (Thermo Fisher Scientific) 
supplemented with 1% proteinase/phosphatase inhibitors, 

and then incubated on ice for 30 min. After that, the lysate 
was centrifuged for 10 min (12 000×g, 4°C), and then super-
natant was collected for denaturation at 98°C for 5 min. Next, 
total protein was fractionated by 10% sodium dodecyl sulfate 
polyacrylamide gel electrophoresis and then electrophoretically 
transferred to polyvinylidene fluoride membranes (Millipore, 
Billerica, MA, USA). After being blocked with 5% skim milk solu-
tion, the membranes were incubated with appropriate primary 
antibodies overnight at 4°C. After being washed, membranes 
were reacted with Goat polyclonal Secondary Antibody to Rabbit 
IgG-H&L (ab150077; 1: 2000 dilution; Abcam, Cambridge, MA, 
USA) for 2 h. Finally, the Western blot protein bands were vi-
sualized with the ECL Western Blotting Detection Kit (Solarbio, 
Beijing, China). The antibodies used were: GAPDH (ab181602; 
1: 2000 dilution; Abcam), tumor necrosis factor-a (TNF-a; 
ab6671; 1: 1000 dilution; Abcam), interleukin 6 (IL-6; ab6672; 
1: 1000 dilution; Abcam), interleukin 1b (IL-1b; ab2105; 1: 1000 
dilution; Abcam, Cambridge, MA, USA), and TRAF6 (ab33915; 
1: 1000 dilution; Abcam).

Transfection assay

Specific small interfering RNA (siRNA) against NEAT1 (si-NEAT1) 
and siRNA scrambled control (si-NC), let-7b-5p mimic (let-7b-5p) 
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Figure 1.  The expression level of NEAT1 in sepsis patients and healthy volunteers. (A) The relative expression level of NEAT1 in kidney 
tissues from sepsis patients and healthy kidney tissues was assessed with RT-qPCR assay. (B, C) BUN and serum creatinine 
were analyzed in kidney tissues from sepsis patients. (D–F) Western blot analysis was used to detect TNF-a, IL-6, and IL-1b 
levels in sepsis patients and healthy kidney tissues. * P<0.05.
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and its negative control (let-NC), and let-7b-5p inhibitor (anti-
let-7b-5p) and its negative control (anti-let-NC) were generat-
ed by RiboBio (Guangzhou, China). TRAF6-overexpression vec-
tor (TRAF6), NEAT1-overexpression vector (NEAT1), and their 
negative control (pcDNA) were purchased from Genomeditech 
(Shanghai, China). All transient transfections were conducted 
with lipofectamine 3000 reagent (Invitrogen) in compliance 
with the producer’s directions. At 48 h after transfection, cells 
were collected for the next analysis.

3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-2H-tetrazol-3-
ium bromide (MTT) assay

HK-2 cells were seeded into each well of a 96-well plate. After 
incubation for indicated times, HK-2 cells were treated with 
20 μL of MTT (Sigma-Aldrich, St. Louis, MO, USA) and further 
cultured for 4 h. After discarding the supernatant, 150 μL of 
dimethyl sulfoxide (DMSO) was used to dissolve formazan 

crystals and the oscillation reaction lasted for 10 min. The cell 
proliferation curves of HK-2 cells were plotted using absor-
bance at wavelength of 490 nm in each well on a microplate 
reader (Bio-Rad, Hercules, CA, USA).

Cell apoptosis assay

The Annexin V-fluorescein isothiocyanate (FITC) Apoptosis 
Detection Kit (TransGen Biotech, Beijing, China) was applied to 
assess cell apoptosis. Briefly, cells were harvested and rinsed 
with cold phosphate-buffered saline to remove the residu-
al medium. The single-cell suspension (1×106/mL) was incu-
bated with 5 μL of Annexin V-labeled FITC and 5 μL of prop-
idium iodide (PI) in the dark. Finally, the apoptotic rate was 
measured using an Attune NxT flow cytometer (Thermo Fisher 
Scientific). Cell Quest software was used for data analysis. 
Apoptosis rate=(Annexin V+PI+ cell numbers+Annexin V+PI– cell 
numbers)/106×100%).
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Figure 2.  Effects of NEAT1 silencing on proliferation, apoptosis, and inflammation of LPS-treated HK-2 cells. (A) NEAT1 level was 
assessed in HK-2 cells treated with different concentrations LPS (0, 0.1, 1.0, 10, and 20 mg/L) for 24 h by RT-qPCR assay. 
(B) NEAT1 level was detected in HK-2 cells stimulated with 1.0 mg/L LPS at various time points (0, 6, 12, 18, and 24 h) 
by RT-qPCR assay. (C–F) HK-2 cells were separated into 4 groups: control, LPS, LPS+si-NC, and LPS+si-NEAT1 groups. 
(C) The relative expression level of NEAT1 was quantified with RT-qPCR analysis in HK-2 cells. (D) The growth curves of HK-2 
cells were drawn using MTT assay. (E) Flow cytometry was used to measure the apoptosis rate of HK-2 cells. (F) The protein 
expression levels of TNF-a, IL-6, and IL-1b were assessed with Western blot analysis. * P<0.05.
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Dual-luciferase reporter assay

We predicted the let-7b-5p binding sites withNEAT1 or 3’untrans-
lated region (UTR) of TRAF6 using the bioinformatics database 
starBase (http://starbase.sysu.edu.cn/). The wild-type and mutant 
fragments in NEAT1 or 3’ UTR of TRAF6 associated with the let-
7b-5p binding site were designed and inserted into pGL3 vec-
tors (Realgene, Nanjing, China) to generate matched luciferase 
reporters. Subsequently, 10 ng of the indicated luciferase reporter 
and 96 nM of let-7b-5p mimic or let-NC were co-transfected into 
HK-2 cells. Luciferase activity was measured at 24 h after transfec-
tion using the Dual-Luciferase Reporter Assay System (Promega, 
Madison, WI, USA) following the producer’s instructions. Firefly 
luciferase activity was normalized to Renilla luciferase activity.

Statistical analysis

All data are described as mean±standard deviation from at least 
3 independent experiments, and statistical analyses were con-
ducted using GraphPad Prism 7 (GraphPad, La Jolla, CA, USA). 
Statistical analysis of differences between groups was per-
formed using the t test or one-way analysis of variance, and 
statistical differences were regarded as significant at P<0.05. 
The relationship among NEAT1, let-7b-5p, and TRAF6 was an-
alyzed using Pearson’s correlation analysis.

Results

NEAT1 was upregulated in kidney tissues of patients with 
sepsis

By using RT-qPCR analysis, we found that kidney tissues of 
patients with sepsis had higher NEAT1 levels than in healthy 
kidney tissues (Figure 1A). Then, we assessed levels of BUN 
and serum creatinine in sepsis patients, finding that they were 
both higher in serum from sepsis patients when compared with 
the control group (Figure 1B, 1C). Furthermore, the results of 
Western blot analysis indicated that TNF-a, IL-6, and IL-1b lev-
els were higher in kidney tissues of patients with sepsis than 
in healthy kidney tissues (Figure 1D–1F). Therefore, our data 
suggest that NEAT1 plays important roles in sepsis.

Knockdown of NEAT1 inhibited LPS-induced effects on 
proliferation, apoptosis, and inflammation of HK-2 cells

The expression level of NEAT1 was dramatically upregulated in 
HK-2 cells exposed to LPS in time- and dose-dependent manners 
(Figure 2A, 2B). HK-2 cells were incubated with 1 mg/L of LPS 
for 24 h for subsequence experiments. The results of RT-qPCR 
assay showed a notable increase of NEAT1 in HK-2 cells exposed 
to LPS, which was reversed by silencing of NEAT1 (Figure 2C). 
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Figure 3.  Let-7b-5p was a direct target of NEAT1. (A) The complementary sequence between let-7b-5p and NEAT1 along with mutant 
sites were shown. (B) The luciferase activity was analyzed by dual-luciferase reporter assay. (C) RT-qPCR assay was used 
to test the expression level of let-7b-5p in kidney tissues in sepsis patients and healthy kidney tissues. (D, E) Let-7b-5p 
expression was analyzed by RT-qPCR assay in HK-2 cells. (F) RT-qPCR analysis was used to analyze let-7b-5p expression in 
HK-2 cells treated with LPS+si-NC, LPS+si-NEAT1, LPS+pcDNA, or LPS+NEAT1. * P<0.05.
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Importantly, silencing of NEAT1 mitigated the inhibition effect 
on cell proliferation caused by LPS (Figure 2D). LPS induced 
cell apoptosis of HK-2 cells, whereas this reaction was abat-
ed by knockdown of NEAT1 (Figure 2E). We also observed that 
knockdown of NEAT1 could alleviate LPS-induced inflamma-
tion of HK-2 cells by decreasing TNF-a, IL-6, and IL-1b expres-
sion (Figure 2F). These results revealed that downregulation 
of NEAT1 weakens LPS-induced apoptosis and inflammation, 
as well as inhibition of proliferation in HK-2 cells.

Let-7b-5p was a target of NEAT1 and let-7b-5p was 
decreased in HK-2 cells exposed to LPS

The binding sites of let-7b-5p with WT-NEAT1 or MUT-NEAT1 
are indicated in Figure 3A. Next, the analysis results of dual-
luciferase reporter assay indicated that let-7b-5p decreased 
the luciferase activity of WT-NEAT1 in HK-2 cells, but had no 
effects on the luciferase activity of MUT-NEAT1 in compari-
son with the let-NC group (Figure 3B). Additionally, let-7b-5p 
was lower in kidney tissues in sepsis patients compared to 
healthy kidney tissues (Figure 3C). Interestingly, let-7b-5p 
was inhibited by LPS in time- and dose-dependent manners 
(Figure 3D, 3E). Knockdown of NEAT1 significantly increased 
let-7b-5p expression in HK-2 cells treated with LPS, while 
overexpression of NEAT1 aggravated LPS-induced let-7b-5p 

underexpression (Figure 3F). Collectively, our findings show 
that let-7b-5p is downregulated in HK-2 cells exposed to LPS 
and is a target of NEAT1.

Silencing of NEAT1 attenuated LPS-induced apoptosis, 
inflammation, and inhibition of proliferation by regulating 
let-7b-5p

As presented in Figure 4A, the expression of NEAT1 was nega-
tively correlated with let-7b-5p in kidney tissues of sepsis pa-
tients. The upregulation of let-7b-5p could be seen in HK-2 
cells treated with LPS and si-NEAT1, but the promotion ef-
fect was reversed by anti-let-7b-5p (Figure 4B). When com-
pared with HK-2 cells treated with LPS, proliferation was en-
hanced, but apoptosis was repressed in HK-2 cells treated 
with LPS and si-NEAT1, which was reversed by silencing of 
let-7b-5p (Figure 4C, 4D). si-NEAT1 obviously weakened in-
flammation in HK-2 cells exposed to LPS by decreasing TNF-a, 
IL4, and IL-1b expression, which was reversed by knockdown 
of let-7b-5p (Figure 4E). All data suggested that NEAT1 regu-
lates LPS-induced apoptosis, inflammation, and suppression 
of proliferation by targeting let-7b-5p expression.
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Figure 4.  Knockdown of NEAT1-mediated effects on proliferation, apoptosis, and inflammation in LPS-induced HK-2 cells was 
abolished by silencing of let-7b-5p. (A) Relationship between the expression levels of NEAT1 and let-7b-5p was analyzed 
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TRAF6 is a target gene of let-7b-5p and is associated with 
sepsis

Bioinformatics analysis in starBase database showed that 
let-7b-5p has a complementary sequence to 3’UTR of TRAF6 
(Figure 5A). Dual-luciferase reporter assay revealed that let-
7b-5p remarkably decreased the luciferase activity in HK-2 
cells transfected with the reporter vector TRAF6 3’UTR-WT, but 
not in HK-2 cells transfected with TRAF6 3’UTR-WT, suggesting 

let-7b-5p targets 3’UTR of TRAF6 m RNA (Figure 5B). Moreover, 
TRAF6 levels in kidney tissues of sepsis patients were nota-
bly higher than in healthy kidney tissues (Figure 5C, 5D). More 
importantly, LPS induced overexpression of TRAF6 in time- 
and dose-dependent manners, including mRNA and protein 
(Figure 5E–5H). We also observed that the expression of let-
7b-5p was increased in HK-2 cells transfected with let-7b-5p 
compared with the let-NC group, while let-7b-5p was decreased 
in HK-2 cells transfected with anti-let-7b-5p (Figure 5I, 5J). 
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Figure 6.  Overexpression of TRAF6 reversed let-7b-5p-induced the effect on proliferation, apoptosis, and inflammation in LPS-induced 
HK-2 cells. (A–F) HK-2 cells were treated with LPS+let-NC, LPS+let-7b-5p, LPS+let-7b-5p+pcDNA, or LPS+let-7b-5p+TRAF6. 
(A, B) The level of TRAF6 in HK-2 cells was measured by using RT-qPCR and Western blot assays. (C) Pearson’s correlation 
analysis revealed a negative correlation between the levels of TRAF6 mRNA and let-7b-5p. (D) Cell proliferation capability 
was examined in HK-2 with MTT analysis. (E) The apoptosis of HK-2 cells was performed using flow cytometry assay. 
(F) The expression levels of TNF-a, IL-6, and IL-1b were shown in HK-2 cells with Western blot analysis. * P<0.05.

After treatment with LPS (1 mg/L, 24 h), TRAF6 was downreg-
ulated in HK-2 cells transfected with let-7b-5p compared to 
those transfected with let-NC, and anti-let-7b-5p had the op-
posite results (Figure 5K, 5L). Synthetically, let-7b-5p nega-
tively regulated the expression of TRAF6, which plays impor-
tant roles in sepsis.

Let-7b-5p regulated proliferation, apoptosis, and 
inflammation of HK-2 cells treated with LPS by affecting 
TRAF6 expression

After LPS treatment, TRAF6 was significantly downregulated 
in HK-2 cells transfected with let-7b-5p compared with the 
let-NC group, which was rescued by transfection with TRAF6 
(Figure 6A, 6B). As indicated in Figure 6C, results of Pearson 

correlation analysis showed that let-7b-5p was negatively cor-
related with TRAF6. Furthermore, overexpression of let-7b-5p 
enhanced proliferation of HK-2 cells treated with LPS, which 
was weakened by overexpression of TRAF6 (Figure 6D). We 
performed flow cytometry analysis in HK-2 cells, showing that 
upregulation of let-7b-5p partly decreased the cell apoptosis, 
which was promoted by LPS, while the reintroduction of TRAF6 
counteracted this effect (Figure 6E). Consistently, transfection 
of let-7b-5p into HK-2 cells canceled the LPS-induced inflam-
mation by decreasing TNF-a, IL-6, and IL-1b expression, which 
was attenuated by overexpression of TRAF6 (Figure 6F). In sum-
mary, the let-7b-5p/TRAF6 axis regulates proliferation, apopto-
sis, and inflammation in HK-2 cells exposed to LPS.
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NEAT1 regulated TRAF6 expression by sponging let-7b-5p

As shown in Figure 7A, NEAT1 was positively correlated with 
let-7b-5p expression. Results of RT-qPCR and Western blot as-
says showed that TRAF6 level was significantly lower in HK-2 
cells treated with LPS+si-NEAT1 than in the LPS+si-NC group, 
but it was rescued by knockdown of let-7b-5p (Figure 7B, 7C). 
These data suggest that NEAT1 binds to let-7b-5p, thereby 
promoting TRAF6 expression.

Discussion

Currently, the unknown function of most lncRNAs in organ injury 
caused sepsis is a major challenge for the application of lncRNAs 
in the diagnosis and treatment of sepsis. The important finding of 
the present study is that lncRNA NEAT1 was increased in kidney 
tissue of sepsis patients, and could serve as an underlying thera-
peutic target in sepsis-triggered kidney injury by boosting apop-
tosis and inflammation by regulating the let-7b-5p/TRAF6 axis.

LPS stimulation leads to a severe inflammatory response, 
thus producing a large number of inflammatory factors such 

as TNF-a, and further inducing apoptosis of cells and renal in-
jury [16]. Acute kidney injury can be diagnosed with BUN and 
serum creatinine [17]. Consistently, BUN and serum creatinine 
were higher in serum from sepsis patients than in healthy vol-
unteers. We also found that lncRNA NEAT1 expression in sur-
gically obtained septic kidney tissues was higher than that in 
surgically obtained healthy kidney tissues. Interestingly, our 
study also found that protein levels of TNF-a, IL-1b, and IL-6 
were increased in LPS-induced HK-2 cells, while NEAT1 knock-
down obviously decreased their levels.

It was reported that lncRNAs are important regulators in the de-
velopment of many biological events [18]. In addition, lncRNAs 
are involved in the occurrence and development of many dis-
eases, including kidney diseases [19,20]. Zhang et al. [21] ex-
amined the expression level of NEAT1 in liver tissue of with 
sepsis-induced liver injury and verified that NEAT1 was over-
expressed, and silencing of NEAT1 mitigated LPS-induced high 
expression of TNF-a, IL-6, and IL-1b in vitro, which was similar 
to our results. Analogously, lncRNA NEAT1 was strongly associ-
ated with the LPS-induced mesangial cell injury by regulating 
inflammatory response by targeting miR-204 [22].

1.5

1.0

0.5

0.0

Re
lat

ive
 TR

AF
6 m

RN
A e

xp
re

ssi
on

 

4

3

2

1

Re
lat

ive
 TR

AF
6 m

RN
A e

xp
re

ssi
on

 

*
*

1.5

1.0

0.5

0.0

Re
lat

ive
 TR

AF
6 p

ro
te

in 
ex

pr
es

sio
n 

*
*

LPS+si-NC
LPS+si-NEAT1
LPS+si-NEAT1+anti-let-NC
LPS+si-NCLPS+si-NEAT1+anti-let-7b-5p

TRAF6

GAPDH

LPS+si-N
C

LPS+si-N
EAT1

LPS+si-N
EAT1+anti-l

et-N
C

LPS+si-N
CLPS+si-N

EAT

+anti-l
et-7

b-5p

r=0.7537
p<0.0001

21 3
Relative NEAT1TRAF6 mRNA expression

54

A

C

B

Figure 7.  NEAT1 regulated let-7b-5p/TRAF6 axis inHK-2 cells. (A) The relationship between NEAT1 and TRAF6 was shown by Pearson’s 
correlation analysis. (B, C) The expression level ofTRAF6 was estimated with RT-qPCR and Western blot assays in HK-2 cells 
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Moreover, lncRNA NEAT1 interacted with let-7b-5p and nega-
tively regulated let-7b-5p expression. It has been reported that 
several miRNAs play important roles in sepsis-induced kidney 
injury and are potential biomarkers for sepsis [23,24]. In addi-
tion, cell apoptosis is regarded as a key part of septic acute kid-
ney injury [25]. Recently, let-7b-5p expression was found to be 
significantly downregulated in the LPS-induced sepsis model, 
while let-7b-5p was highly expressed under LPS stimulation 
in neonatal leukocytes [10]. Furthermore, overexpression of 
let-7b-5p relieved LPS-derived injury and inflammation in HK-2 
cells. Let-7b-5p overexpression and NEAT1 silencing had simi-
lar results on sepsis, and further study revealed that downreg-
ulation of NEAT1 weakened LPS-induced apoptosis, inflamma-
tion, and suppression of proliferation by regulating let-7b-5p.

In this study, let-7b-5p and TRAF6 were inversely expressed in 
the sepsis cell model. TRAF6 has crucial regulatory functions in 
inflammatory response and is a vital adapter molecule in the 
NFkB pathway [26]. NFkB is a common translation factor in-
volved in expression of many genes, such as TNF-a, IL-1b, and 
IL-6 [27]. Wang et al. reported that miR-125b impeded NFkB 
activation by targeting TRAF6 in myocardium injury [28]. In 
the present study, the suppression effects on inflammatory re-
sponse and TNF-a, IL-1b and IL-6 expression in HK-2 cells ex-
posed to LPS induced by let-7b-5p overexpression were abol-
ished by upregulation of TRAF6. We also proved that TRAF6 

was connected with the regulation of the HK-2 cell apoptosis 
caused by treatment with LPS. Given the interaction between 
TRAF6 and let-7b-5p, we confirmed in functional experiments 
that let-7b-5p can restrain LPS-induced HK-2 cell apoptosis 
and repression of proliferation via TRAF6.

NEAT1 was upregulated in kidney tissue of sepsis patients 
and in LPS-induced HK-2 cells. Functionally, NEAT1 triggered 
HK-2 cell apoptosis and aggravated inflammatory response via 
targeting the let-7b-5p/TRAF6 signaling pathway, which pro-
vides new understanding and diagnostic markers for sepsis-
induced kidney injury.

Conclusions

In summary, NEAT1 was overexpressed in sepsis-induced kid-
ney injury tissues and LPS-induced HK-2 cells. Mechanistically, 
NEAT1 increased apoptosis and inflammatory but impeded 
proliferation by regulating the let-7b-5p/TRAF6 pathway in 
HK-2 cells, which may be a new therapeutic target for sepsis-
induced kidney injury.
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