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Abstract. Intervertebral disc degeneration (IDD) is a chronic 
skeletal muscle degeneration disease. Previous studies have 
demonstrated that long non‑coding RNAs (lncRNAs) exert 
significant roles in serious illnesses. Prostate androgen‑regulated 
transcript 1 (PART1) is an identified lncRNA that has been 
reported to be a regulator in a number of diseases. However, 
the potential effects of PART1 in IDD have yet to be fully 
elucidated. The present study aimed to investigate the roles 
of lncRNA PART1 in IDD and identify a possible underlying 
mechanism. Human nucleus pulposus (NP) cells were first 
exposed to lipopolysaccharide (LPS) to construct in vitro IDD 
models. Reverse transcription‑quantitative PCR (RT‑qPCR) 
was performed to measure lncRNA PART1 expression levels in 
10 ng/ml LPS‑stimulated NP cells and normal cells (untreated 
cells). Dual‑luciferase reporter assays were conducted to verify 
the possible binding sites of microRNA (miR)‑190a‑3p on 
lncRNA PART1. In addition, NP cell viability and apoptosis were 
measured by performing MTT and flow cytometry, respectively. 
Expression and secretion of inflammatory factors (TNF‑α, IL‑1β 
and IL‑6) and extracellular matrix (ECM) degradation‑related 
proteins (aggrecan and collagen type II) were measured using 
ELISA, RT‑qPCR and western blotting. Expression levels of 
lncRNA PART1 in LPS‑treated NP cells were found to be higher 
compared with those in the control groups. miR‑190a‑3p directly 
targeted lncRNA PART1. PART1 knockdown enhanced cell 
viability, reduced cell apoptosis, inhibited inflammatory factor 
secretion and promoted ECM degradation in LPS‑stimulated 
NP cells. However, transfection with the miR‑190a‑3p inhibitor 

reversed the aforementioned PART1 knockdown‑induced 
alterations in cell viability, apoptosis, inflammatory cytokine 
and ECM degradation. Collectively, these results suggest that 
PART1 accelerates the progression of IDD by directly targeting 
miR‑190a‑3p, which provides a novel target for IDD diagnosis 
and treatment.

Introduction

Intervertebral disc degeneration (IDD) is considered to be an 
important contributor to low back pain. In 2010, the lifetime 
prevalence of low back pain worldwide has been reported to 
be >80% and low back pain associated long‑term sick leave 
or unemployment ensues an enormous economic burden (1‑4). 
Recent reports have demonstrated that several risk factors 
are associated with IDD progression, including ageing and 
obesity (5,6). The primary aim of clinical treatment for IDD 
is primarily associated with alleviating symptoms (7), though 
the specific mechanism of IDD pathogenesis and aetiology is 
not completely understood. There are three types of cells that 
have been reported to be involved in IDD, namely endplate 
chondrocytes cells, inner and outer annulus fibrosus cells and 
the internal nucleus pulposus (NP) cells (8‑10). During IDD 
progression, a variety of inflammatory factors and extracel‑
lular matrix (ECM) degradation products accumulate in NP 
tissues, which affect NP cell physiology and function (11).

Long non‑coding RNAs (lncRNAs) are a group of 
RNAs with a length of 200 nucleotides that do not encode 
proteins  (12). Recently, lncRNAs have been reported to 
be abnormally expressed in multiple diseases, where they 
participate in pathophysiological processes, including cell 
proliferation, apoptosis and migration (13,14). In particular, 
Pei  et al  (14) previously demonstrated that lncRNA small 
nucleolar RNA host gene 14 promoted colorectal cancer cell 
proliferation, migration and invasion whilst reducing apop‑
tosis through the PI3K/AKT signaling pathway. Accumulating 
evidence has suggested that lncRNA prostate androgen‑ 
regulated transcript 1 (PART1) functions as a carcinogen 
pyrene in various diseases, including non‑small cell lung (15) 
and colorectal (16) cancer. Cui et al (8) previously demonstrated 
that lncRNA MAGI2 antisense RNA 3 is downregulated in 
IDD, which is associated with the reduced mediation of Fas 
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ligand expression levels in NP cells  (8). lncRNA PART1 
has been reported to be upregulated in the central nucleus 
pulposus tissue of patients with IDD (17). In addition, a recent 
study reported that lncRNA PART1 promotes IDD by down‑
regulating the miR‑93/MMP2 pathway in nucleus pulposus 
cells (18). However, the specific mechanism underlying the 
role of PART1 in IDD is not completely understood.

MicroRNAs (miRNAs/miRs) represent a family of highly 
conserved RNAs that are ~22 nucleotides in length. A number 
of studies have demonstrated that miRNAs regulate gene 
expression by pairing with the 3'‑untranslated regions (UTR) of 
target mRNAs (19‑21). miRNAs serve vital roles in numerous 
diseases by regulating gene expression, cell proliferation, 
inflammation, apoptosis and invasion  (22‑24), such that 
miRNA dysregulation has been previously associated with a 
number of human diseases (25). A recent study also revealed 
that miR‑190a‑3p is involved in glioma (26), where it was indi‑
cated that lncRNA PART1 exerts tumor suppressive effects 
by sponging miR‑190a‑3p, suggesting a regulatory effect of 
lncRNA PART1 on miR‑190a‑3p function (26). However, the 
role of miR‑190a‑3p in IDD progression is not completely 
understood and whether lncRNA PART1 can affect IDD by 
regulating miR‑190a‑3p remains unclear.

Therefore, present study aimed to investigate the roles of 
lncRNA PART1 in in vitro IDD models. In vitro IDD models 
were constructed by stimulating NP cells with 10 ng/ml LPS 
for 24  h, after which the effects of PART1‑short hairpin 
(sh)RNA on cell viability, cell apoptosis, the inflammatory 
response and ECM degradation were determined.

Materials and methods

Cell culture and LPS stimulation. Human NP cells 
(cat no. CP‑H097; Procell Life Science & Technology Co., 
Ltd.) were cultured in DMEM/F12 (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% FBS (Gibco; Thermo 
Fisher Scientific, Inc.) and 1% penicillin/streptomycin at 37˚C 
in an incubator with 5% CO2. Human NP cells were stimulated 
with 10 ng/ml LPS (Sigma‑Aldrich; Merck KGaA) at 37˚C for 
24 h to construct in vitro IDD models.

Dual luciferase reporter assay. A previous study 
has identified a binding site on lncRNA PART1 for 
miR‑190a‑3p (26). Therefore, in the present study, Starbase 
version 2.0 (http://starbase.sysu.edu.cn/) was used to verify 
the potential interaction between lncRNA PART1 and 
miR‑190a‑3p, which was confirmed using Dual‑luciferase 
reporter assay. The lncRNA PART1 3'‑UTR containing the 
potential miR‑190a‑3p binding site and the mutated version of 
the target site were synthesized through reverse transcription 
with a Transcriptor First Strand cDNA Synthesis kit (Roche 
Molecular Systems). The conditions were as follows: 5 min 
at 25˚C followed by 60  min at 42˚C. and cloned into the 
pGL‑luciferase reporter control vector (Promega Corporation) 
to generate the wild‑type PART1 plasmid (PART1‑wt) or 
PART1 mutated plasmid (PART1‑mut). Subsequently, NP cells 
(5x104 per well) were co‑transfected with 100 nM mimic control 
(5'‑UCA​CAA​CCU​CCU​AGA​AAG​AGU​AGA​‑3') or 100 nM 
miR‑190a‑3p mimic (5'‑UGA​UAU​GUU​UGA​UAU​AUU​
AGG​U‑3'; Guangzhou RiboBio Co., Ltd.) and 1 ng PART1‑wt 

or 1 ng PART1‑mut using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). At 48 h post‑transfection, 
luciferase activity was measured using the Dual‑Luciferase 
Reporter Assay System (Promega Corporation) following 
the manufacturer's protocols. Firefly luciferase activity was 
normalized to that of Renilla luciferase activity.

Cell transfection. Silencing of PART1 was performed by 
cloning short hairpin RNA (shRNA) oligonucleotides 
into the pCMV vector (Shanghai GenePharma Co., Ltd.). 
Control‑shRNA (5'‑AAG​GCU​AUG​AAG​AGA​UAC​‑3'; 
Shanghai GenePharma Co., Ltd.; 1  µg), PART1‑shRNA 
(5'‑ GAA​AAC​GCA​GCT​ACA​CCT​GG‑3';  Shangha i 
GenePharma Co., Ltd.; 1  µg), 50  nM inhibitor control 
(5'‑UCA​CAA​CCU​CCU​AGA​AAG​AGU​AGA​‑3') and 50 nM 
miR‑190a‑3p inhibitor (5'‑ACC​UAA​UAU​AUC​AAA​CAU​
AUC​A‑3') were all synthesized by Guangzhou RiboBio Co., 
Ltd. NP cells (5x104 cells per well) were transfected using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. Subsequent 
experiments were performed 24 h after transfection.

ELISA. NP cells (5x104  cells per well) were cultured at 
37˚C and transfected with control‑shRNA, PART1‑shRNA, 
inhibitor control or miR‑190a‑3p inhibitor for 24 h. Following 
stimulation with 10 ng/ml LPS at 37˚C for 24 h, the levels 
of TNF‑α (cat. no PT518), IL‑1β (cat. no. PI305) and IL‑6 
(cat. no. PI330) in the cell culture supernatant (centrifugation: 
500 x g; 5 min; 4˚C) were quantitatively detected using ELISA 
kits (Beyotime Institute of Biotechnology) according to the 
manufacturer's protocol. Cells were divided into the following 
six groups: i) Control; ii) LPS; iii) LPS + control‑shRNA; 
iv) LPS + PART1‑shRNA; v) LPS + PART1‑shRNA + inhibitor 
control; and vi)  LPS + PART1‑shRNA + miR‑190a‑3p 
inhibitor. The optical density (OD) value of each well at was 
measured at a wavelength of 450 nm using a Multiskan™ 
Spectrum spectrophotometer (Thermo Fisher Scientific, Inc.).

MTT assay. Cell viability was assessed by performing an MTT 
assay. NP cells (5x104 cells per well) were cultured at 37˚C and 
transfected with control‑shRNA, PART1‑shRNA, inhibitor 
control or miR‑190a‑3p inhibitor for 24 h. Subsequently, cells 
were stimulated with 10 ng/ml LPS at 37˚C for 24 h. Following 
treatment, cells were incubated with 10  µl MTT solution 
(5 mg/ml; Beyotime Institute of Biotechnology) at 37˚C for 4 h. 
DMSO was used to dissolve the formazan crystals. OD values 
were measured at a wavelength of 570 nm using a microplate 
reader (BioTek Instruments, Inc.).

Flow cytometry analysis. NP cell apoptosis was evaluated by 
performing flow cytometry. Following transfection and LPS 
stimulation, cells were assessed using an Annexin V‑FITC/PI 
Apoptosis Detection kit (BD Biosciences) according to the 
manufacturer's protocol. Brifely, a total of 1x106 NP cells 
were harvested and stained with 5 µl Annexin V‑FITC and 
5 µl propidium iodide at room temperature for 15 min in the 
dark. Apoptotic cells (early + late apoptosis: Quadrants 2 and 
3) were analyzed using a BD FACSCalibur™ flow cytometer 
(Becton‑Dickinson and Company) with the CellQuest 
software (version 5.1; BD Biosciences).
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Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was isolated from NP cells using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. Total RNA was reverse transcribed 
into cDNA using the PrimeScript™ RT reagent kit (Takara Bio, 
Inc.) according to the manufacturer's protocol. Temperature 
protocol used for RT were 25˚C for 5 min, 42˚C for 60 min 
and 80˚C for 2  min. Subsequently, qPCR was performed 
using using SYBR Premix Ex Taq™ II (TliRNaseH Plus) kit 
(Takara Bio, Inc.) according to the manufacturer's protocol. 
The thermocycling conditions were as follows: Initial denatur‑
ation for 5 min at 95˚C; followed by 37 cycles of denaturation 
at 94˚C for 1 min, annealing at 60˚C for 1 min and extension 
at 72˚C for 1 min, followed by a final extension step at 72˚C 
for 10 min. mRNA and miRNA expression levels were quan‑
tified using the 2‑ΔΔCq method (27) and normalized to those 
of the internal reference genes GAPDH and U6, respectively. 
Primer sequences were listed as following: lncRNA PART1 
forward, 5'‑AAG​GCC​GTG​TCA​GAA​CTC​AA‑3' and reverse, 
5'‑GTT​TTC​CAT​CTC​AGC​CTG​GA‑3'; miR‑190a‑3p forward, 
5'‑ACA​CTC​CAA​CAA​ACT​ATA​TAT​CGG​GTC​TC‑3' and 
reverse, 5'‑TGG​TGA​TCT​GCA​GTC​‑3'; aggrecan forward, 
5'‑CTA​CCA​GTG​GAT​CGG​CCT​GAA​‑3' and reverse, 5'‑CGT​
GCC​AGA​TCA​TCA​CCA​CA‑3'; collagen type  II forward, 
5'‑GGC​AAT​AGC​AGG​TTC​ACG​TAC​A‑3' and reverse, 
5'‑CGA​TAA​CAG​TCT​TGC​CCC​ACT​T‑3'; GAPDH forward, 
5'‑GTC​TCC​TCT​GAC​TTC​AAC​AGC​G‑3' and reverse, 5'‑ACC​
ACC​CTG​TTG​CTG​TAG​CCA​A‑3' and U6 forward, 5'‑CTC​
GCT​TCG​GCA​GCA​CAT​ATA​CT‑3' and reverse, 5'‑ACG​CTT​
CAC​GAA​TTT​GCG​TGT​C‑3'.

Western blotting. Total protein was extracted from cells using 
RIPA lysis buffer (Beyotime Institute of Biotechnology). 
The bicinchoninic acid protein assay kit (cat. no. BCA1‑1KT; 
Sigma‑Aldrich; Merck KGaA) was used to determine protein 
concentration. Proteins (30 mg per lane) were then separated by 
10% SDS‑PAGE and transferred onto PVDF membranes, which 
were blocked with 5% skim milk in PBS with 0.1% Tween‑20 

at room temperature for 1.5 h. The membranes were incu‑
bated with primary antibodies targeted against the following 
proteins overnight at 4˚C: Cleaved caspase‑3 (cat. no. ab32042; 
1:1,000; Abcam), pro‑caspase‑3 (cat. no. ab32499; 1:1,000; 
Abcam), aggrecan (cat. no. ab36861; 1:1,000; Abcam), collagen 
type  II (cat. no.  ab188570; 1:1,000; Abcam) and GAPDH 
(cat. no. ab9485; 1:1,000; Abcam). Following washing four times 
with TBST (0.1% Tween‑20), the membranes were incubated 
with horseradish peroxidase‑conjugated secondary antibodies 
(cat. no. ab7090; 1:2,000; Abcam) at room temperature for 1 h. 
Proteins were visualized using Pierce™ ECL Western Blotting 
Substrate (Pierce; Thermo Fisher Scientific, Inc.). Band densi‑
ties were quantified using the Gel‑Pro Analyzer densitometry 
software (version 6.3; Media Cybernetics, Inc.).

Statistical analysis. Statistical analyzes were performed 
using SPSS software (version 20.0; IBM Corp.). Data are 
presented as the mean ± SD from three independent experi‑
ments. Comparisons among groups were analyzed using 
one‑way ANOVA with Tukey's post hoc test and the unpaired 
Student's t‑test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

lncRNA PART1 is upregulated in LPS‑stimulated human 
NP cells. Previous studies have revealed that LPS promoted 
inflammatory factor production and ECM degeneration by NP 
cells (28,29). Therefore, LPS was used as a stimulating factor to 
generate in vitro IDD models in the present study. To determine 
the biological roles of lncRNA PART1 in IDD, lncRNA PART1 
expression was assessed via RT‑qPCR in NP cells. lncRNA 
PART1 expression levels in LPS‑stimulated human NP cells 
were significantly higher compared those in the untreated cells 
of the control group (Fig. 1). The results suggest that lncRNA 
PART1 participates in the development of IDD.

miR‑190a‑3p is a target of lncRNA PART1 that is down‑
regulated in LPS‑stimulated human NP cells. To identify 
the mechanism underlying the role of lncRNA PART1 in 
IDD development, potential targets of PART1 were predicted 
using bioinformatics analysis. Starbase version 2.0 analysis 
results indicated that miR‑190a‑3p was a candidate interaction 
partner for lncRNA PART1 (Fig. 2A). The dual luciferase 
reporter assay was performed to verify if miR‑190a‑3p directly 
targeted lncRNA PART1. The results indicated that PART1‑wt 
luciferase activity was significantly decreased compared with 
that in the control group, whereas the luciferase activity of 
PART1‑mut was not significantly altered (Fig. 2B), suggesting 
that miR‑190a‑3p was directly targeted by lncRNA PART1. 
To further clarify the association between miR‑190a‑3p and 
lncRNA PART1, miR‑190a‑3p expression levels were assessed 
using RT‑qPCR. The results indicated that miR‑190a‑3p 
expression was significantly decreased in NP cells following 
LPS treatment (Fig. 2C).

PART1‑shRNA promotes NP cell viability and decreases 
apoptosis by regulating miR‑190a‑3p expression. To explore 
whether miR‑190a‑3p affected the effects of PART1‑shRNA 
on NP cell functions, NP cells were first transfected with 

Figure 1. lncRNA PART1 is upregulated in LPS‑stimulated NP cells. 
Human NP cells were stimulated with 10 ng/ml LPS for 24 h. Subsequently, 
reverse transcription‑quantitative PCR was performed to measure lncRNA 
PART1 expression levels in LPS‑stimulated NP cells and normal NP cells. 
Data are presented as the mean ± SD. **P<0.01 vs. control. lncRNA, long 
non‑coding RNA; PART1, prostate androgen‑regulated transcript  1; 
LPS, lipopolysaccharide; NP, nucleus pulposus. 
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control‑shRNA, PART1‑shRNA, inhibitor control or 
miR‑190a‑3p inhibitor for 24 h. The RT‑qPCR results indi‑
cated that PART1 expression was significantly downregulated 
in NP cells following PART1‑shRNA transfection compared 
with those transfected with control‑shRNA (Fig. 3A). In addi‑
tion, the expression of miR‑190a‑3p was significantly reduced 
in NP cells transfected with miR‑190a‑3p inhibitor compared 
with those transfected with the inhibitor control (Fig. 3B). 
PART1 knockdown significantly increased miR‑190a‑3p 
expression, which was significantly reversed by transfection 
with the miR‑190a‑3p inhibitor (Fig. 3C). The results suggest 

that lncRNA PART1 negatively regulated miR‑190a‑3p in 
NP cells.

To further investigate if PART1 directly regulated miR‑190a‑3p 
expression, NP cells were transfected with control‑shRNA, 
PART1‑shRNA, inhibitor control or miR‑190a‑3p inhibitor 
for 24 h, followed by stimulation with 10 ng/ml LPS. MTT 
assay and flow cytometry were performed to determine cell 
viability and apoptosis, respectively. The results indicated that 
PART1‑shRNA transfection significantly increased cell viability 
in LPS‑stimulated NP cells, which was significantly reversed 
in cells in the LPS + PART1‑shRNA + miR‑190a‑3p inhibitor 

Figure 2. miR‑190a‑3p is a target of lncRNA PART1 that is downregulated in LPS‑stimulated NP cells. (A) Predicted binding sites between PART1 WT 
and miR‑190a‑3p. (B) Dual‑luciferase reporter assay revealed the interaction between PART1 and miR‑190a‑3p in NP cells. (C) miR‑190a‑3p expres‑
sion in LPS‑stimulated NP cells and control NP cells was measured using reverse transcription‑quantitative PCR. Data are presented as the mean ± SD. 
**P<0.01 vs. mimic control; ##P<0.01 vs. Control. miR, microRNA; WT, wild‑type; MUT, mutant; lncRNA, long non‑coding RNA; PART1, prostate 
androgen‑regulated transcript 1; LPS, lipopolysaccharide; NP, nucleus pulposus. 

Figure 3. lncRNA PART1 negatively regulates miR‑190a‑3p expression in NP cells. NP cells were transfected with control‑shRNA, PART1‑shRNA, inhibitor 
control or miR‑190a‑3p inhibitor for 24 h. (A) PART1 expression was measured via RT‑qPCR after transfection with control‑shRNA or PART1‑shRNA. 
(B) miR‑190a‑3p expression were detected via RT‑qPCR after transfection with inhibitor control or miR‑190a‑3p inhibitors. (C) miR‑190a‑3p expression were 
detected by RT‑qPCR after transfection with control‑shRNA or PART1‑shRNA and/or inhibitor control or miR‑190a‑3p inhibitor. **P<0.01 vs. control‑shRNA; 
##P<0.01 vs. inhibitor control; &&P<0.01 vs. PART1‑shRNA + inhibitor control. lncRNA, long non‑coding RNA; PART1, prostate androgen‑regulated 
transcript 1; miR, microRNA; NP, nucleus pulposus; shRNA, short hairpin RNA; RT‑qPCR, reverse transcription‑quantitative PCR.
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Figure 4. miR‑190a‑3p inhibitor reverses the effects of PART1‑shRNA on NP cell viability and apoptosis. NP cells were transfected with control‑shRNA, 
PART1‑shRNA, inhibitor control or miR‑190a‑3p inhibitor for 24 h before being treated with 10 ng/ml LPS. (A) MTT assay was performed to measure 
NP cell viability. (B) NP cell apoptosis was assessed using flow cytometry (C) and quantified. (D) Expression levels of apoptosis‑related proteins cleaved 
caspase‑3 (molecular weight, 17 kDa) and pro‑caspase‑3 (molecular weight, 35 kDa), and the loading control GAPDH (molecular weight, 37 kDa) in NP 
cells were measured by western blotting. (E) The ratio of cleaved caspase‑3/pro‑caspase‑3 was quantified. Data are presented as the mean ± SD. **P<0.01 vs. 
control; ##P<0.01 vs. LPS + control‑shRNA; &&P<0.01 vs. LPS + PART1‑shRNA + inhibitor control. miR, microRNA; PART1, prostate androgen‑regulated 
transcript 1; shRNA, short hairpin RNA; NP, nucleus pulposus; LPS, lipopolysaccharide. 
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group  (Fig.  4A). Additionally, PART1‑shRNA transfection 
significantly inhibited LPS‑induced cell apoptosis, which was 
significantly reversed in cells in the LPS + PART1‑shRNA + 
miR‑190a‑3p inhibitor group (Fig. 4B and C). Subsequently, 
expression levels of apoptotic‑related proteins were 
measured using western blotting. The results indicated that 
cleaved‑caspase‑3 expression levels were markedly decreased 
whereas pro‑caspase‑3 expression levels were enhanced, 
such that the cleaved‑Caspase‑3/pro‑Caspase‑3 ratio was 
significantly reduced in cells in the LPS + PART1‑shRNA group 
compared with that in cells in the LPS + control‑shRNA group 
(Fig. 4D and E). By contrast, in the PART1‑shRNA + miR‑190a‑3p 
inhibitor co‑transfected cells that were treated with LPS, the 
cleaved‑Caspase‑3/pro‑Caspase‑3 were significantly higher 
compared with those in cells in the LPS + PART‑shRNA + inhib‑
itor control group (Fig. 4D and E). These results suggest that 
miR‑190a‑3p inhibitor reversed PART1‑shRNA‑mediated 
regulation of cell viability and apoptosis induced in 
LPS‑stimulated NP cells.

miR‑190a‑3p inhibitor reverses the effects of PART1‑shRNA 
on inf lammatory factor secretion in LPS‑stimulated 
NP cells. The possible role of PART1 in inflammatory 
factor secretion was next investigated by knocking down 
PART1 expression in LPS‑stimulated NP cells. The 
results indicated that PART1‑shRNA transfection reduced 
TNF‑α, IL‑1β and IL‑6 secretion compared with cells in 
LPS + control‑shRNA group (Fig. 5). However, miR‑190a‑3p 
inhibitor co‑transfection significantly increased TNF‑α, 
IL‑1β and IL‑6 secretion compared with that in cells in the 
LPS + PART1‑shRNA + inhibitor control group (Fig. 5). This 
suggest that LPS and PART1‑mediated inflammatory response 
may be associated with the development of IDD.

miR‑190a‑3p inhibitor reverses the effects of PART1‑shRNA 
on ECM degradation in LPS‑stimulated NP cells. ECM 
degradation is also considered to be a vital element in 

regulating NP cell functions (30). Therefore, the levels of key 
ECM components in LPS‑stimulated NP cells were subse‑
quently assessed. The western blotting results suggested that 
PART1‑shRNA transfection significantly increased aggrecan 
and collagen type II expression in LPS‑stimulated NP cells, 
which was significantly reversed following miR‑190a‑3p 
inhibitor co‑transfection alongside PART‑shRNA (Fig. 6). 
Similarly, RT‑qPCR data indicated that aggrecan and collagen 
type II expression levels in cells in the LPS + PART1‑shRNA 
group were also significantly increased, which were signifi‑
cantly reversed by miR‑190a‑3p knockdown (Fig. 6A‑E). In 
conclusion, these observations suggest that PART1 regulates 
ECM degradation by regulating miR‑190a‑3p.

Discussion

IDD is a musculoskeletal degeneration disease that is character‑
ized by prolonged low back pain, chronic inflammation and 
lumbar dysfunction (1). IDD seriously reduces the quality of life 
of patients, where effective therapeutic strategies for IDD remain 
limited (31). Therefore, in the present study, a novel target and its 
underlying mechanisms in IDD pathogenesis were investigated. 
LPS has been widely applied to induce inflammation in in vitro 
diseases models (32‑34). Previous studies have revealed that LPS 
could significantly stimulate inflammatory in NP cells (29,35). 
Zhang et al previously (35) demonstrated that downregulation of 
miR‑222 suppressed LPS‑induced inflammation and apoptosis in 
human NP cells. Therefore, LPS was used to induce IDD in vitro 
using a NP cell model in the present study and to investigate the 
underlying physiological effects of LPS.

lncRNAs have been documented to exert important roles in 
the progression of various diseases (36). In particular, lncRNA 
PART1 is a newly discovered lncRNA that has been previously 
reported to serve as either an oncogene or suppressor gene in 
tumors (14,26,37). Accumulating studies have suggested that 
aberrantly expressed lncRNA PART1 is associated with the 
progression of various diseases, including IDD (36,17,18). 

Figure 5. Transfection with miR‑190a‑3p inhibitor enhances inflammatory cytokine secretion in NP cells. NP cells were transfected with control‑shRNA, 
PART1‑shRNA, inhibitor control or miR‑190a‑3p inhibitor for 24 h before being treated with 10 ng/ml LPS. Cells were divided into the following six 
groups: i) Control; ii) LPS; iii) LPS + control‑shRNA; iv) LPS + PART1‑shRNA; v) LPS + PART1‑shRNA + inhibitor control; and vi) LPS + PART1‑shRNA 
+ miR‑190a‑3p inhibitor. Concentrations of inflammatory factors (A) TNF‑α, (B) IL‑1β and (C) IL‑6 were measured in the cell culture supernatants by 
performing ELISA. Data are presented as the mean ± SD. **P<0.01 vs. control; ##P<0.01 vs. LPS + control‑shRNA; &&P<0.01 vs. LPS + PART1‑shRNA 
+ inhibitor control. miR, microRNA; NP, nucleus pulposus; shRNA, short hairpin RNA; LPS, lipopolysaccharide; PART1, prostate androgen‑regulated 
transcript 1; IL, interleukin; TNF‑α, tumor necrosis factor‑α. 
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Lou et al  (38) revealed that lncRNA PART1 promoted the 
development of colorectal cancer via the miR‑150‑5p/leucine 
rich α2‑glycoprotein 1 axis. However, the specific mecha‑
nism underlying lncRNA PART1 in IDD is not completely 
understood. In the present study, the level of lncRNA PART1 
expression was detected in 10 ng/ml LPS‑stimulated NP cells. 
Previous reports have demonstrated that PART1 expression 
was upregulated in patients with IDD (17,18). In line with 
previous studies, the results of the present study indicated that 
the level of lncRNA PART1 was higher in LPS‑stimulated NP 
cells compared with that in normal untreated cells.

lncRNAs regulate gene transcription activity by targeting 
miRNAs and have been reported to regulate physiological 
processes downstream, including cell viability, differentiation, 
apoptosis and carcinogenesis  (39,40). As another type of 
non‑coding RNA, miRNAs regulate the translation of target 
mRNAs by interacting with their 3'UTR (19‑21). Numerous 
reports have confirmed that lncRNAs are miRNA sponges 
that indirectly affect the functions of mRNAs in multiple 
diseases (41,42). Bioinformatics databases and dual‑luciferase 

reporter assays were performed in the present study to predict 
any potential lncRNA PART1 target genes. Results from the 
present study indicated that lncRNA PART1 directly targeted 
miR‑190a‑3p to negatively regulate miR‑190a‑3p expression. 
In addition, miR‑190a‑3p levels in LPS‑stimulated NP cells 
were lower compared with those in control cells, suggesting 
that miR‑190a‑3p was involved in IDD progression.

Previous studies have indicated that the aberrant regula‑
tion of lncRNAs was closely associated with the pathological 
processes of IDD (17,43). Mi et al (43) previously reported that 
lncRNA Fas associated factor 1 promotes IDD by targeting 
the ERK signaling pathway. NP cell apoptosis is an important 
cause of IDD (44). Therefore, the present study analyzed the 
effect of lncRNA PART1 on NP cell viability and apoptosis, 
in addition to determining the levels of ECM components 
aggrecan and collagen type II in LPS‑stimulated NP cells 
by western blotting and RT‑qPCR. The results suggested 
that LPS suppressed NP cell viability and induced cell apop‑
tosis. Caspase‑3, one of the most important members of the 
caspase family, serves an important role in the enzymatic 

Figure 6. miR‑190a‑3p inhibitor reverses the effects of PART1‑shRNA on extracellular matrix degradation in LPS‑stimulated NP cells. NP cells were 
transfected with control‑shRNA, PART1‑shRNA, inhibitor control or miR‑190a‑3p inhibitor for 24 h before being treated with 10 ng/ml LPS. Cells were 
divided into the following six groups: i) Control; ii) LPS; iii) LPS + control‑shRNA; iv) LPS + PART1‑shRNA; v) LPS + PART1‑shRNA + inhibitor 
control; and vi) LPS + PART1‑shRNA + miR‑190a‑3p inhibitor. (A) Collagen type II and aggrecan protein expression levels were measured via western 
blotting. (B) Collagen type II and (C) aggrecan expression were calculated and quantified. Reverse transcription‑quantitative PCR was performed to 
measure (D) collagen type II and (E) aggrecan mRNA levels. Data are presented as the mean ± SD. **P<0.01 vs. control; ##P<0.01 vs. LPS + control‑shRNA; 
&&P<0.01 vs. LPS + PART1‑shRNA + inhibitor control. miR, microRNA; PART1, prostate androgen‑regulated transcript 1; shRNA, short hairpin RNA; 
LPS, lipopolysaccharide; NP, nucleus pulposus. 
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cleavage of various important substrates to activate cell death 
programs (45). Cleaved caspase‑3 has been widely applied as 
a marker of apoptotic cells (46). Therefore, cleaved caspase‑3 
and pro‑caspase‑3 levels were determined to measure cell 
apoptosis. The results suggested that after LPS‑stimulaton, the 
expression levels of cleaved caspase‑3 were increased whereas 
those of pro‑caspase‑3 were decreased in NP cells. However, 
lncRNA PART1 transfection promoted cell proliferation and 
reduced the number of apoptotic cells, which was in turn 
reversed by co‑transfection with the miR‑190a‑3p inhibitor.

A number of reports have previously revealed that the 
inflammatory response and ECM degradation are the main 
characteristics of IDD, which are associated with the develop‑
ment of IDD (11‑13). Inflammation is the leading cause of IDD 
development, with various inflammatory factors, including IL‑6, 
TNF‑α and IL‑1β, being found to be upregulated in patients with 
IDD (47). Therefore, to explore whether lncRNA PART1 could 
affect IDD by regulating the inflammatory response and ECM 
degradation, the secretion of inflammatory factors and ECM 
degradation by NP cells were measured in the present study. 
The results of the present study were consistent with previous 
studies (29,35), suggesting that LPS induced inflammatory factor 
release from NP cells. By contrast, PART1‑shRNA transfec‑
tion alleviated LPS‑induced inflammatory cytokine secretion, 
in a manner that could be reversed by co‑transfection with the 
miR‑190a‑3p inhibitor. Aggrecan and collagen type II levels were 
also significantly increased in those in the LPS + PART1‑shRNA 
group compared with those in the LPS + control‑shRNA group, 
which were also reversed by co‑transfection with the miR‑190a‑3p 
inhibitor. In conclusion, these results indicated that PART1 knock‑
down inhibited ECM degradation, reduced inflammatory factor 
secretion and inhibited cell apoptosis in NP cells by regulating 
miR‑190a‑3p. However, in the present study, the expression of 
aggrecan and collagen type II was determined using only western 
blot assay and RT‑qPCR, whilst the levels of inflammatory factors 
was assessed using only ELISA. Immunofluorescence staining 
of these indicators would drastically support these observations, 
which serves as a limitation of the present study.

To the best of our knowledge, the present study revealed 
the protective effects of PART1‑shRNA on LPS‑stimulated 
NP cells for the first time, as demonstrated by the increased 
cell viability, reduced cell apoptosis, inhibition of the inflam‑
matory response and reduced ECM degradation. In addition, 
all of the aforementioned effects downstream of PART‑shRNA 
were mediated in manners that were at least in part dependent 
on miR‑190a‑3p. The results of the present study suggest a 
potential therapeutic target for IDD treatment.
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