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tosis of nucleus pulposus (NP) cells. NLRX1 (nucleotide-binding, leucine-rich repeat containing X1) is different 
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reporter assay showed that miR-423-5p could bind to the 3’UTR of NLRX1. Besides, miR-423-5p significantly 
affected NLRX1 levels detected by qRT-qPCR.

	 Results:	 The miR-423-5p overexpression markedly, and negatively regulated the protective effects of NLRX1 on IL-1b in-
duced NP cells. Thus, our results suggested that miR-423-5p mediated the regulation of NLRX1 to affect apop-
tosis and ECM levels in IL-1b induced NP cells.
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Background

Lower back pain is the most common condition seen in ortho-
pedics departments, and it causes mental pain and tremen-
dous economic burden for patients [1]. It has been reported 
that lower back pain, in about 40% of patients, is due to disc 
degeneration that is the pathological basis of a series of de-
generative spinal diseases [2]. Interleukin (IL)-1b and tumor ne-
crosis factor (TNF)-a are considered important factors leading 
to disc degeneration [3]. These factors promoted the degrada-
tion of extracellular matrix (ECM) and further aggravated disc 
degeneration [4]. However, IL-1 knockdown was also shown 
to aggravate disc degeneration instead of delaying ageing [5].

Disc degeneration is characterized partly by the degradation in 
ECM and excess apoptosis of nucleus pulposus (NP) cells [6]. 
The main components in ECM are type II collagen and proteo-
glycan. In healthy discs, the synthesis and decomposition of 
ECM is kept in balance. Whereas in disc degeneration, cells 
synthesize increased levels of matrix decomposing enzymes, 
such as MMPs (matrix metalloproteinases) and ADAMTSs 
(a disintegrin and metalloproteinase with thrombospondin 
motifs), while anti-catabolism matrix protease inhibitors pre-
sented no balanced increase. Thus, disc degeneration occurs 
when the decomposition is the priority process. The collage-
nase MMP-13 mainly acts on fibrous collagen. And matrix lysin 
protease MMP-3 can hydrolyze a variety of substrates including 
proteoglycan, gelatin, collagen, and so on. Pro-inflammatory 
factors can induce the production of MMPs and ADAMTSs to 
contribute to disc degeneration [7].

NLRX1 (nucleotide-binding, leucine-rich repeat containing X1) 
is a member of the pattern recognition receptor NLR (nucle-
otide-binding oligomerization domain [NOD]-like receptor) 
family, which broadly exists in various animals. NLRX1 plays 
an important role in inflammatory disease and can trigger re-
lated signal pathways to regulate immune inflammatory re-
sponses and apoptosis pathways through identifying endog-
enous and exogenous danger signals [8]. For instance, NLRX1 
has been shown to inhibit the activation of NF-kB to reduce 
apoptosis and inflammation in LPS-induced chondrocytes [9]. 
In addition, NLRX1 loss was found to increase apoptosis and 
oxidative stress in metabolic and innate immunity causing tis-
sue impairment and was also found to be a negative regulator 
of nuclear factor kappa B (NF-kB) signals [10,11]. Thus, NLRX1 
may produce effects partly through inflammation and apoptosis 
pathways. NLRX1 has also been shown to regulate apoptosis 
via sterile alpha and Toll/interleukin-1 receptor motif contain-
ing protein 1 [12]. Moreover, a recent study showed that NLRX1 
mediates mitophagy through its LC3-interacting region motif 
binding to LC3 in cells induced by bacterial pathogens [13].

MicroRNA-423-5p (miR-423-5p) presents differential expres-
sions in some disease types, such as type 2 diabetes, can-
cer, and brain metastasis, and regulates cell viability, senes-
cence, and Treg-mediated immune escape [14–19]. In addition, 
miR-423-5p overexpression promotes inflammation and apop-
tosis of cardiomyocytes exposed to hypoxia [20]. However, it is 
still unclear how it may work in disc degeneration diseases. 
Thus, this study aimed to investigate the roles of miR-423-5p 
and NLRX1 in human NP cells and to investigate how NLRX1 
is regulated.
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Material and Methods

Cells

Human NP cells (ScienCell, USA) was cultured at specific medi-
um containing 10% fetal bovine serum (FBS), 1% NP cell growth 
supplement and 1% penicillin/streptomycin in 5% CO2 at 37°C 
(ScienCell, USA). When cells adhered to the wall up to 80%, 
IL-1b (Reprotech, USA) was added into the medium to induce 
degeneration of NP cells for 24 hours, the concentration of 
which was 10 ng/mL as described in previous studies [7,21,22].

Western blot

Cell lysate was prepared using radioimmunoprecipitation assay 
(RIPA) lysis buffer (Beyotime Biotechnology, Nanjing, China), and 
cells were centrifuged at 12 000 rpm for 5 minutes to collect 
supernatant. Protein concentration was measured with bicin-
choninic acid (BCA) assay (Beyotime Biotechnology, Nanjing, 
China). The proteins (50 µg/each sample) were separated us-
ing sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred to polyvinylidene fluoride (PVDF) 

membrane. Afterwards, the bands were blocked using 5% 
skim milk and then washed by TBST (tris-buffered saline and 
Tween 20) for 3 times. The appropriate primary antibody (Bcl-2, 
Bax, cleaved caspase-3, cleaved caspase-9, MMPS at 1: 1000 
[Abcam, USA]; type II collagen at 1: 1000, aggrecan at 1: 1000, 
[Herford, Germany], ADAMTS-4 at 1: 500, ADAMTS-5 at 1: 1000 
[Sigma-Aldrich, USA], GADPH at 1: 1000 [Santa Cruz, CA, USA]) 
was added and incubated with the bands at 4°C overnight. 
The second antibody (1: 10 000, Cell Signaling Technology) was 
used to bind to the primary antibody after TBST washing the 
bands for 3 times. Electrochemiluminescence (ECL) was used 
to develop color (Millipore, USA).

Plasmid transfection

The NLRX1 overexpression plasmids (overexpression-NLRX1) 
and its negative control (NLRX1-NC) were transfected into cells 
using Lipofectamine 2000 separately (RiboBio, Guangzhou, 
China). miR-423-5p mimic was used to mimic its high ex-
pression levels in cells. Simultaneously, its negative control 
(miR-NC), eliminating the influence of the sequence itself on 
experimental results, was also used. miR-423-5p inhibitor and 

Figure 1. �(A) NLRX1 expression was detected in IL-b induced NP cells by qRT-PCR and WB. *** P<0.001 versus NP cells. (B) NLRX1 
expression was significantly increased by transfecting plasmids overexpressing NLRX1. ** P<0.01; versus Ov-NC. (C) Flow 
cytometry was used to detect the apoptosis levels of NP cells. (D) Apoptosis-related proteins were measured by WB. 
(E, F) Related type II EMC (collagen and aggrecan) and matrix decomposing enzymes (MMP-3, MMP-13, ADAMTS-4 and 
ADAMTS-5) were detected by WB. IL-1b+Ov-NLRX1: the NP cells were treated with IL-1b and plasmids overexpressing 
NLRX1. IL-1b+Ov-NC: the NP cells were treated with IL-1b and empty plasmids. ** P<0.01 or *** P<0.001; versus NP cells. 
### P<0.001, ## P<0.01 or # P<0.05; versus IL-1b+Ov-NC. Data shown as mean±SD. NLRX1 – nucleotide-binding, leucine-rich 
repeat containing X1; NP – nucleus pulposus; qRT-PCR – quantitative real-time polymerase chain reaction; WB – western 
blot; ECM – extracellular matrix; MMP – matrix metalloproteinase; ADAMTS – a disintegrin and metalloproteinase with 
thrombospondin motifs; IL – interleukin; SD – standard deviation.
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Figure 2. �(A) miR-423-5p levels were detected by qRT-PCR in IL-b induced NP cells. *** P<0.001; versus NP cells. (B) miR-423-5p 
mimic significantly affected NLRX1 expression. (C) The binding sites of miR-423-5p and NLRX1 were predicted by StarBase. 
(D) luciferase reporter assay analyzed whether miR-423-5p bound to the 3’UTR of NLRX1. Data shown as mean±SD. 
qRT-PCR – quantitative real-time polymerase chain reaction; IL – interleukin; NP – nucleus pulposus; NLRX1 – nucleotide-
binding, leucine-rich repeat containing X1; SD – standard deviation.

its negative control (miR-423-5p-inhibitor-NC) were transfect-
ed into the cells separately, the final concentration of which 
was 50 nM. After being transfected by plasmids or miRNAs, 
the cells were cultured for 24 hours.

Quantitative real-time polymerase chain reaction 
(qRT-PCR)

After cell was treated by experimental factors, the total RNA 
was extracted by TRIzol kit (Invitrogen, America). RNA was re-
versed transcripted into cDNA. miRNA levels were quantified 
by Hairpin-it™ miRNAs qPCR Quantitation kits (GenePharma, 
China) and RNU6B was used as a reference. Simultaneously, 
mRNA levels were detected by the SYBR green PCR Master Mix 
according to the manufacturer’s instructions (TaKaRa, Japan). 
GADPH was used as a reference. The relative RNA levels were 
calculated using 2–DDCt method.

Dual luciferase reporter

The reporter gene plasmid expressing firefly lucif-
erase was used to construct 3’UTR wild-type and 

luciferase reporter plasmids containing NLRX1 mutant sites 
(5’ GUAUGAUGGCUUGGUACGGGGAGG 3’) separately (NLRX1-
MUT, NLRX1-WT). Luciferase reporter plasmids and miRNA were 
co-transfected into the cells through different grouping ways, 
which were cultured for 48 hours at 37°C at 5% CO2. The flu-
orescence intensity was measured by microplate reader.

Flow cytometry

NP cells were treated with 0.25% trypsin containing no EDTA. 
Then, the cells were centrifuged at 2000 rpm for 5 minutes 
and were washed using phosphate-buffered saline (PBS) for 
2 times. The cells (1–5×105) were resuspended. The superna-
tant was discarded by centrifugation for 5 minutes. Annexin 
V was added to suspended cells. Afterwards, 5 μL Annexin 
V-FITC was used to bind to phosphatidylserine to detect early 
apoptotic cells (Beyotime, Shanghai, China). After that, prop-
idium iodide (PI) solution (10 μL) was used to stain dead cells. 
Flow cytometry (Becton Dickinson, USA) was used to detect 
cell apoptosis rate.
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Figure 3. �(A, B) miR-423-5p regulated the influence NLRX1 on cell apoptosis in IL-1b induced NP cells. * P<0.05, ** P<0.01 or 
*** P<0.001; versus IL-1b+Ov-NLRX1+miR-NC. Data shown as mean±SD. NLRX1 – nucleotide-binding, leucine-rich repeat 
containing X1; IL – interleukin; NP – nucleus pulposus; SD – standard deviation.

Statistical analysis

The data were analyzed by Prism software and shown as 
mean±standard deviation (SD). Statistical method analyz-
ing the effects of treatment factors used one-way ANOVA, 
accompanied by Dunnett’s t-test. P<0.05 was considered sta-
tistically significant.

Results

NLRX1 overexpression decreased cell apoptosis and ECM 
degradation in IL-1b induced NP cells

IL-1b was used to establish a disc degeneration cell model. We 
found that NLRX1 presented decreased levels in IL-1b induced 
NP cells (Figure 1A). Plasmids overexpressing NLRX1 signifi-
cantly increased NLRX1 mRNA levels and expression of NLRX1 
(Figure 1B). Moreover, apoptosis levels were notably reduced 
by flow cytometry after transfection (Figure 1C). Furthermore, 
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Figure 4. �(A, B) NLRX1 significantly increased ECM and reduced the matrix degradation enzyme levels. * P<0.05, ** P<0.01 or 
*** P<0.001; versus IL-1b+Ov-NLRX1+miR-NC. Data shown as mean±SD. NLRX1 – nucleotide-binding, leucine-rich repeat 
containing X1; ECM – extracellular matrix; IL – interleukin; NP – nucleus pulposus; SD – standard deviation.
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anti-apoptosis protein Bcl-2 and pro-apoptosis proteins, Bax, 
cleaved caspase-3, and cleaved caspase-9 levels showed signif-
icant changes (Figure 1D). The results suggested that increased 
NLRX1 inhibited cells apoptosis. Simultaneously, ECM (type II 
collagen and aggrecan) was increased and matrix decompos-
ing enzymes (MMP-3, MMP-13, ADAMTS-4, and ADAMTS-5) 
were decreased (Figure 1E, 1F).

miR-423-5p binds to NLRX1 3’UTR

The result showed that IL-1b induced the upregulation of 
miR-423-5p in NP cells (Figure 2A). In addition, we found that 
NLRX1 levels are significantly decreased by miR-423-5p mimic 
treatment (Figure 2B). Then, StarBase database was used to 
estimate whether there was a targeted connection between 
miR-423-5p and NLRX1. Bioinformatics predicted the targeted 

relationship of miR-423-5p and NLRX1 (Figure 2C). Besides, 
luciferase activities were significantly decreased when plas-
mids that contains wild type 3’UTR of NLRX1 and miR-423-5p 
mimic were co-transfected. This suggests that miR-423-5p 
could bind to NLRX1 mRNA (Figure 2D).

miR-423-5p overexpression reversed the inhibitory effects 
of NLRX1 on apoptosis in IL-1b induced NP cells

After NLRX1 and miR-423-5p were all overexpressed in IL-1b 
induced NP cells, the apoptosis levels were significantly re-
duced compared to overexpressing NLRX1 alone. These results 
implied that miR-423-5p overexpression decreased the inhib-
itory effects of NLRX1 on cell apoptosis, which was increased 
by IL-1b (Figure 3A, 3B).
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