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Abstract. Intervertebral disc degeneration (IDD) is a degenera-
tive disease of the spine originating from the intervertebral disc. 
MicroRNAs (miRNAs or miRs) are a group of endogenous small 
non‑coding RNAs that act on target genes and play a critical 
role in numerous biological processes. However, the underlying 
mechanism of miR‑25‑3p in IDD remains unclear. Therefore, 
the present study aimed to explore the role of miR‑25‑3p in the 
pathogenesis of IDD. The results demonstrated that miR‑25‑3p 
was downregulated in rat degenerative nucleus pulposus (NP) 
cells and that Bcl‑2 interacting mediator of cell death (Bim) was 
a direct target of miR‑25‑3p. Next, to investigate the effect of 
miR‑25‑3p on normal NP cell proliferation and apoptosis, NP 
cells were transfected with an miR‑25‑3p inhibitor, a nega-
tive control of miR‑25‑3p inhibitor, miR‑25‑3p inhibitor + 
control‑small interference RNA (siRNA) or miR‑25‑3p inhibitor 
+ Bim‑siRNA for 48 h and cell proliferation and apoptosis were 
then analyzed. The results demonstrated that the miR‑25‑3p 
inhibitor could decrease NP cell proliferation and induce cell 
apoptosis, and these effects were reversed by Bim‑siRNA. In addi-
tion, an in vitro cell model of IDD was established by subjecting 
NP cells to 10 ng/ml interleukin (IL)‑1β for 24 h. Further experi-
ments suggested that IL‑1β treatment induced a reduction in NP 
cell proliferation and an increase in cell apoptosis, which were 
prevented by the miR‑25‑3p mimic. All the effects of miR‑25‑3p 
mimic on IL‑1β‑treated NP cells were significantly reversed by 
Bim upregulation. These findings suggested that miR‑25‑3p may 
be a novel therapeutic target for IDD prevention.

Introduction

Intervertebral disc degeneration (IDD) is a degenerative disease 
of the spine originating from the intervertebral disc, leading 

to instability of the spine, disc herniation, spinal stenosis and 
cervical spondylosis. IDD is one of the most important causes 
of musculoskeletal disability and leads to the wide presence of 
motor dysfunction in the population worldwide (1).

Since the pathogenesis of IDD is not fully understood, 
current treatments are limited and tend to focus on pain 
relief rather than inhibiting disease progression. The main 
pathological changes in IDD are nucleus pulpocyte apoptosis 
and excessive degradation of extracellular matrix (ECM) (2). 
The expression of type II collagen and proteoglycan, which 
are originally expressed in normal nucleus pulposus tissue, 
is upregulated, while the expression of type I  collagen is 
increased, during intervertebral disc degeneration (3). Type I 
collagen was significantly different due to its biomechanical 
characteristics  (4). The increase in content of ECM leads 
to changes in the biomechanical properties of the disc, which 
can cause the development of IDD (5).

A number of studies have been conducted on the role of 
microRNAs (miRNAs or miRs) in various diseases  (6‑8). 
miRNAs are a general term for a class of small‑molecule 
non‑coding RNAs that are 20‑22 nucleotides in length, as 
opposed to mRNA‑transcribed proteins. miRNAs do not 
encode proteins, but inhibit the expression of multiple target 
genes by binding to the 3'‑untranslated region (3'‑UTR) 
of target mRNAs (9‑11). There is increasing evidence that 
miRNAs may be involved in the development and progression 
of various diseases, such as cardiovascular disease, cancer and 
autoimmune diseases (6‑8). Previous study has demonstrated 
that miR‑25‑3p can regulate the proliferation and apoptosis 
of cancer cells in a variety of cancer types and is closely 
associated with the degradation of human nucleus pulposus 
cells (12).

Bcl‑2 interacting mediator of cell death (Bim) is a member 
of the BH3 subfamily of the Bcl‑2 family (13). It is an important 
regulatory protein of apoptosis and is stable in the homeostasis 
of hematopoietic cells, preventing autoimmunity and tumori-
genesis (14). Bim is widely expressed in normal cells and exists 
in a variety of isomers (15). Certain apoptotic stimuli can acti-
vate Bim molecules through various signaling pathways (16). 
Activated Bim molecules activate Bax through interaction 
with Bcl‑2/Bax, causing apoptosis via the mitochondrial 
pathway (17). Bim is closely associated with the development 
and treatment of autoimmune diseases, degenerative diseases 
and tumors (18). Therefore, basic research into the role of Bim 
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in apoptosis should provide the theoretical basis and insights 
for clinical treatment.

The present study aimed to investigate the role of 
miR‑25‑3p in the pathogenesis of IDD and to explore the 
underlying mechanism.

Materials and methods

IDD rat model establishment. According to a previous 
study, a total of 20 healthy male Wistar rats (300‑350 g; 
aged 14‑16  weeks; Model Animal Research Center Of 
Nanjing University, Nanjing, China) were selected. All rats 
were housed under standard conditions at room temperature 
(22‑24˚C) and humidity (60‑65%) on a 12‑h light/dark cycle 
with ad libitum supply of food and water. A rat IDD model 
was established by puncture method (19). First, the rats were 
anesthetized with an intraperitoneal injection of 3% sodium 
pentobarbital (40 mg/kg). Following anesthesia, the limbs 
were fixed and placed on the operating table. X‑ray angiog-
raphy of the rats was performed using a Faxitron instrument 
(Faxitron X‑ray Corporation) to identify the segments of 
the lumbar vertebrae. Then, according to the angiographic 
results, the 3‑4 lumbar intervertebral discs of the rats were 
selected. After determining the position, the needle of the 
lumbar vertebra (coccygeal intervertebral levels Co6‑7 and 
Co8‑9) was pierced with a 20‑ml needle to cause degenera-
tion of the intervertebral disc by mechanical damage. After 
2 weeks, the extent of disc degeneration in the experimental 
rats was determined using magnetic resonance imaging. The 
health and behavior of all rats were monitored every 2 days. 
No rats died during the experiments. Experiment was ended 
when the rats lost >15% of their body weight. Rats were anes-
thetized with pentobarbital (40 mg/kg) and then sacrificed 
by cervical dislocation, with death defined as the lack of 
heartbeat and breathing. All experimental procedures were 
performed in accordance with the Recommended Guideline 
for the Care and Use of Laboratory Animals issued by the 
Chinese Council on Animal Research  (20). The current 
study was approved by the Animal Ethics Committee of 
the No. 903 Hospital of People's Liberation Army (approval 
no. IRB SOP/01.03/01.1).

Isolation and culture of primary degenerative nucleus 
pulposus (NP) cells. After the IDD model was established 
successfully, the model and control rats were anesthetized 
with pentobarbital by intraperitoneal injection, their limbs 
were fixed and the prosthesis was placed on the operating 
table. The skin and lumbar vertebrae were cut, the cells were 
separated from NP tissue and medium was added to prepare 
a single cell suspension. Then, the cells were purified by 
differential adherent culture to obtain primary degenerative 
NP cells. Following successful primary culture in Dulbecco's 
modified Eagle's medium (DMEM, Invitrogen; Thermo Fisher 
Scientific, Inc.) containing 10% fetal bovine serum (FBS, 
Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C for 24 h, 
the cells were stained with hematoxylin and eosin at room 
temperature for 15 min and morphological identification of 
NP cells was carried out by observing the morphology and 
aggregation of the cells under an inverted phase contrast 
microscope (IX51; Olympus Corporation).

IDD in vitro cell model establishment. To establish the IDD 
in vitro cell model, normal NP cells were treated with 10 ng/ml 
interleukin (IL)‑1β for 24 h. Untreated NP cells were used as 
control cells.

Cell transfection. Normal NP cells were transfected with a 
miR‑25‑3p inhibitor (5'‑UCA​GAC​CGA​GAC​AAG​UGC​AAU​
G‑3'; Guangzhou RiboBio Co., Ltd.), the negative control (NC) 
of miR‑25‑3p inhibitor (5'‑CAG​UAC​UUU​UGU​GUA​GUA​
CAA‑3'; Guangzhou RiboBio Co., Ltd.), miR‑25‑3p inhibitor 
+ control‑small interference (siRNA) (cat no. sc‑36869; Santa 
Cruz Biotechnology, Inc.), miR‑25‑3p inhibitor + Bim‑siRNA 
(cat no. sc‑29802; Santa Cruz Biotechnology, Inc.), miR‑25‑3p 
mimic (sense, 5'‑CAU​UGC​ACU​UGU​CUC​GGU​CUG​A‑3' and 
anti‑sense, 5'‑UCA​GAC​CGA​GAC​AAG​UGC​AAU​G‑3'; Santa 
Cruz Biotechnology, Inc.), mimic control (sense, 5'‑UUU​GUA​
CUA​CAC​AAA​AGU​ACU​G‑3' and anti‑sense, 5'‑CAG​UAC​
UUU​UGU​GUA​GUA​CAA​A‑3'; Guangzhou RiboBio Co., Ltd.), 
miR‑25‑3p mimic + control‑plasmid (cat no. sc‑437275; Santa 
Cruz Biotechnology, Inc.) or miR‑25‑3p mimic + Bim‑plasmid 
(cat no.  sc‑419332‑ACT; Santa Cruz Biotechnology, Inc.) 
using Lipofectamine 2000® reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) for 48 h following the manufacturer's 
protocol. At 48 h post‑transfection, the transfection efficiency 
was detected using reverse transcription‑quantitative PCR 
(RT‑qPCR).

RT‑qPCR. Cell total RNA (5x106 cells) was extracted using 
the TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. The total RNA 
concentration was detected by NanoDrop 2000 spectropho-
tometer (NanoDrop Technologies; Thermo Fisher Scientific, 
Inc.). Total RNA was stored at ‑80˚C for further use. The 
synthesis of cDNA was carried out with the RevertAid™ First 
Strand cDNA Synthesis kit (Thermo Fisher Scientific, Inc.). 
qPCR was performed using the cDNA by SYBR RT‑PCR kit 
(Takara Bio, Inc.) according to the manufacturer's protocol. 
qPCR was performed as follows: 10 min at 95˚C, followed by 
35 cycles of 15 sec at 95˚C and 40 sec at 55˚C. The primer 
sequences used for RT‑qPCR were: miR‑25‑3p, forward, 
5'‑CAT​TGC​ACT​TGT​CTC​GGT​CTG​A‑3' and reverse, 5'‑GCT​
GTC​AAC​GAT​ACG​CTA​CGT​AAC​G‑3'; U6, forward, 5'‑CTC​
GCT​TCG​GCA​GCA​CA‑3' and reverse, 5'‑AAC​GCT​TCA​
CGA​ATT​TGC​GT‑3'; Bim, forward, 5'‑CAC​AAA​CCC​CAA​
GTC​CTC​CT‑3' and reverse, 5'‑ACA​CCA​GGC​GGA​CAA​TGT​
AA‑3'; caspase‑3, forward, 5'‑TGT​CGA​TGC​AGC​AAA​CCT​
CA‑3' and reverse, 5'‑GAC​TTC​TAC​AAC​GAT​CCC​CTC‑3'; 
Bax, forward, 5'‑CGT​CCA​CCA​AGA​AGC​TGA​GCG‑3' and 
reverse, 5'‑CGT​CCA​CCA​AAG​CTG​AGC​G‑3'; Bcl‑2, forward, 
5'‑TTG​GAT​CAG​GGA​GTT​GGA​AG‑3' and reverse, 5'‑TGT​
CCC​TAC​CAA​CCA​GAA​GG‑3'; SOX‑9, forward, 5'‑GTA​CCC​
GCA​CTT​GCA​CAAC‑3' and reverse, 5'‑TCG​CTC​TCG​TTC​
AGA​AGT​CTC‑3'; proteoglycan (ACAN), forward, 5'‑TTG​
TGA​CTC​TGC​GGG​TCA​TC‑3' and	 reverse, 5'‑GTC​CCT​AGG​
AGG​GCC​TTC​AG‑3'; collagen I, forward, 5'‑GGC​GGC​CAG​
GGC​TCC​GAC​CC‑3' and reverse, 5'‑AAT​TCC​TCG​TCT​GGG​
GCA​CC‑3'; collagen II, forward, 5'‑ATG​GCG​GCT​TCC​ACT​
TCA​G‑3' and reverse, 5'‑CGG​TGG​CTT​CAT​CCA​GGT​AG‑3'; 
and GAPDH, forward, 5'‑TGC​ACC​ACC​AAC​TGC​TTA​GC‑3' 
and reverse, 5'‑GGC​ATG​GAC​TGT​GGT​CAT​GAG‑3'. Relative 
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expression levels were calculated using the 2‑ΔΔCq method (21) 
following normalization to the expression of GAPDH or U6. 
All experiments were performed in triplicate.

Western blot assay. NP cells were washed 3  times with 
pre‑cooled PBS and total cellular protein was extracted using 
a modified RIPA buffer (Beyotime Institute of Biotechnology) 
containing 1 mM PMSF for 30 min. A BCA protein quan-
titative kit (Thermo Fisher Scientific, Inc.) was applied to 
detect protein concentration. The proteins (40 µg per lane) 
were separated by 10% SDS‑PAGE and transferred to PVDF 
membranes. The membranes were blocked with 5% non‑fat 
milk at room temperature for 2 h, followed by incubation with 
primary antibodies against Bcl‑2 (cat no. 4223; 1:1,000; Cell 
Signaling Technology, Inc.), Bax (cat no. 5023; 1:1,000; Cell 
Signaling Technology, Inc.), Bim (cat no. 2933; 1:1,000; Cell 
Signaling Technology, Inc.), cleaved caspase‑3 (cat no. 9661; 
1:1,000; Cell Signaling Technology, Inc.), pro‑caspase‑3 
(cat no. ab183179; 1:1,000; Abcam), caspase‑3 (cat no. 9662; 
1:1,000; Cell Signaling Technology, Inc.), SOX‑9 (cat 
no.  ab185230; 1:1,000; Abcam), ACAN (cat no.  ab36861; 
1:1,000; Abcam), collagen I (cat no. ab34710; 1:1,000; Abcam), 
collagen II (cat no. ab239007; 1:1,000; Abcam) and GAPDH 
(cat no. 5174; 1:1,000; Cell Signaling Technology, Inc.) over-
night for 4˚C. The membrane was then incubated for 2 h at 
room temperature with a secondary antibody (horseradish 
peroxidase‑conjugated anti‑rabbit immunoglobulin G; cat 
no. 7074; 1:2,000; Cell Signaling Technology, Inc.). Proteins 
were detected using SignalFire™ enhanced chemilumines-
cence reagent (cat. no. 6883; Cell Signaling Technology, Inc.) 
and imaged. GAPDH was used as an internal control. Band 
densities were quantified using Gel‑Pro Analyzer densitom-
etry software (version 6.3; Media Cybernetics, Inc.).

MTT assay. MTT assay was performed to detect cell prolifera-
tion. Following treatment, the cells were inoculated in a 96‑well 
plate with 1x104 cells per well and incubated in a 37˚C, 5% CO2 
incubator. Then, 20 µl 5 mg/ml MTT agent (Sigma‑Aldrich; 
Merck KGaA) was added to cells. Following incubation for 
4 h, the formazan crystals were dissolved in 150 µl DMSO 
(Sigma‑Aldrich; Merck KGaA). The absorbance was measured 
at a wavelength of 490 nm using a microplate reader.

Flow cytometry assay. The cells were collected in logarithmic 
growth phase by trypsinization, washed 3 times with PBS and 
trypsinized into single cell suspensions. Apoptotic cells were 
detected using the Annexin V FITC/PI apoptosis detection kit 
(BD Biosciences; Becton, Dickinson and Company) according 
to the manufacturer's protocol. The cells were stained with 
Annexin V‑FITC and propidium iodide (PI) for 15 min in 
the dark at room temperature. Finally, flow cytometry (BD 
Biosciences; Becton, Dickinson and Company) was used to 
detect cell apoptosis and the data were analyzed using FlowJo 
software (version 7.6.1; FlowJo LLC).

Dual luciferase reporter assay. Bioinformatics software 
(TargetScan 7.2, http://www.targetscan.org/vert_72/) was used 
to predict the target gene of miR‑25‑3p. The results revealed 
the binding sites between the 3'‑UTR of Bim and miR‑25‑3p. 
To confirm the association between miR‑25‑3p and Bim, a 

luciferase reporter containing the 3'‑UTR sequence of Bim 
was constructed using pmiR‑RB‑Report™ Dual‑Luciferase 
reporter gene plasmid vector (Guangzhou RiboBio Co., Ltd.) 
according to the manufacturer's protocol. Cells seeded in 
24‑well plates were cotransfected with miR‑25‑3p mimic or 
mimic control and the mutant (MUT) or wild type (WT) 3'‑UTR 
of Bim using Lipofectamine 2000® (Invitrogen; Thermo 
Fisher Scientific, Inc.) for 48 h, together with Renilla luciferase 
pRL‑TK vector as a control. Following transfection for 48 h, 
the cells were lysed with RIPA buffer (Beyotime Institute of 
Biotechnology). The relative luciferase activity was detected 
using the Dual‑Luciferase Reporter Assay System (Promega 
Corporation) according to the manufacturer's protocol.

Statistical analysis. Every experiment was performed ≥3 times. 
All data are shown as the mean ± standard deviation. The 
significance of differences between two groups was measured 
using the Student's t‑test. Differences between multiple groups 
were detected using one‑way ANOVA followed by Tukey's 
test. Data analyses were performed using GraphPad Prism 6.0 
(GraphPad Software, Inc.). P<0.05 was considered to indicate 
a statistically significant difference.

Results

Expression of miR‑25‑3p and IDD markers in rat NP 
cells. In order to detect the expression of IDD markers and 
miR‑25‑3p in rat NP cells, RT‑qPCR and/or western blotting 
were performed to compare the expression levels of ACAN, 
collagen  I, collagen  II, SOX‑9 and miR‑25‑3p in degen-
erative and non‑degenerated NP cells. The RT‑qPCR results 
demonstrated that miR‑25‑3p was expressed reduced in rat 
degenerative NP cells compared with that in normal NP cells 
(Fig. 1A). In addition, IDD‑associated markers, including 
ACAN, collagen  I, collagen  II and SOX‑9 were highly 
expressed in rat degenerative NP cells (Fig. 1B‑F).

Bim is a direct target of miR‑25‑3p. Next, to determine the 
targets of miR‑25‑3p, TargetScan analysis was performed. 
TargetScan revealed that the 3'‑UTR of Bim mRNA contains 
a putative site that is partially complementary to miR‑25‑3p 
(Fig.  2A). Furthermore, a luciferase reporter assay was 
performed to examine whether miR‑25‑3p interacted directly 
with the target gene Bim. The luciferase activity in NP cells 
transfected with Bim‑WT and miR‑25‑3p mimic was decreased 
compared with that in NP cells transfected with Bim‑WT 
and mimic control. However, no significant difference was 
observed in the luciferase activity of NP cells transfected with 
Bim‑MUT and miR‑25‑3p mimic and that of NP cells trans-
fected with Bim‑MUT and mimic control (Fig. 2B). Taken 
together, these results demonstrated that Bim was the direct 
target gene of miR‑25‑3p.

Effect of miR‑25‑3p downregulation on the proliferation and 
apoptosis of normal NP cells. In order to evaluate the role of 
miR‑25‑3p downregulation in normal NP cells, NP cells were 
transfected with the miR‑25‑3p inhibitor, miR‑25‑3p inhibitor 
NC, inhibitor + control‑siRNA or inhibitor + Bim‑siRNA. 
The results revealed that the miR‑25‑3p inhibitor significantly 
decreased the level of miR‑25‑3p in NP cells (Fig. 3A), while 
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Bim‑siRNA significantly reduced the mRNA level of Bim 
in NP cells (Fig. 3B). Then, the effect of miR‑25‑3p on the 
proliferation of NP cells was explored. An MTT assay indi-
cated that when the cells were transfected with miR‑25‑3p 
inhibitor, the cell viability was decreased compared with the 
control (Fig. 3C). To further determine the apoptotic effect 
of miR‑25‑3p, flow cytometry was performed to detect cell 
apoptosis. Flow cytometry analysis demonstrated that trans-
fection with the miR‑25‑3p inhibitor significantly induced NP 
cell apoptosis (Fig. 3D and E). All the effects of miR‑25‑3p 
inhibitor on NP cells were reversed by Bim‑siRNA.

Effect of miR‑25‑3p downregulation on the expression level of 
Bim and apoptosis‑associated molecules in normal NP cells. 
To further verify the role of miR‑25‑3p on NP cell apoptosis, 
western blot assay and RT‑qPCR were performed to detect 
the expression of Bim and apoptosis‑associated proteins 
(Bax, Bcl‑2, caspase‑3, cleaved caspase‑3 and pro‑caspase‑3). 
The results demonstrated that miR‑25‑3p inhibitor signifi-
cantly enhanced the protein expression of Bim, Bax, cleaved 
caspase‑3 and caspase‑3, while Bcl‑2 and pro‑caspase‑3 
protein expression was downregulated (Fig.  4A). Similar 
results were obtained with RT‑qPCR (Fig. 4B‑E). All the 
effects of miR‑25‑3p inhibitor on NP cells were reversed by 
Bim‑siRNA.

miR‑25‑3p upregulation inhibits the ef fects of IL‑1β 
stimulation on normal NP cells. The effect of miR‑25‑3p 
on IL‑1β‑stimulated NP cells was explored. The results 
indicated that miR‑25‑3p mimic significantly increased the 
level of miR‑25‑3p in NP cells (Fig. 5A) and Bim‑plasmid 
significantly enhanced the mRNA level of Bim in NP 
cells (Fig.  5B). miR‑25‑3p upregulation significantly 
enhanced the viability of NP cells, which IL‑1β‑reduced 
(Fig.  5C) and reduced IL‑1β‑induced NP cell apoptosis 
(Fig.  5D  and E ), These changes were reversed by the 
Bim‑plasmid. miR‑25‑3p upregulation markedly decreased 
IL‑1β‑enhanced expression of Bim, Bax, cleaved caspase‑3 
and caspase‑3, and increased IL‑1β‑reduced expression 
of Bcl‑2 and pro‑caspase‑3 (Fig. 6). These changes were 
reversed by Bim‑plasmid.

Discussion

IDD is the main cause of lower back pain and is a medical 
condition that constitutes a heavy burden on the global medical 

Figure 1. Expression of miR‑25‑3p and IDD markers in rat NP cells. (A) RT‑qPCR assay detected the relative expression of miR‑25‑3p. (B) Western blot 
assay detected the protein expression of ACAN, collagen I, collagen Ⅱ and SOX‑9. (C‑F) RT‑qPCR assay detected the relative mRNA expression of ACAN, 
collagen I, SOX‑9 and collagen II. Control, NP cells from control rats; IDD, NP cells from rats with IDD. **P<0.01 vs. control. miR, microRNA; IDD, interver-
tebral disc degeneration; RT‑qPCR, reverse transcription‑quantitative PCR; NP, nucleus pulposus; ACAN, proteoglycan.

Figure 2. Bim is the direct gene of miR‑25‑3p. (A) TargetScan predicted 
Bim 3'‑UTR binding sites for miR‑25‑3p. (B) miR‑25‑3p mimics or mimic 
control and wild type or mutant Bim 3'‑UTR were co‑transfected into nucleus 
pulposus cells. Luciferase activity was detected by a dual luciferase reporter 
assay. **P<0.01 vs. mimic control. miR, microRNA; UTR, untranslated 
region; Bim, Bcl‑2 interacting mediator of cell death; WT, wild type.
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system, with serious socioeconomic consequences (22‑24). At 
present, due to work and family reasons (25), the incidence of 

IDD is increasing, particularly in China. There are numerous 
studies focusing on the etiology of IDD, such as genetics (26), 

Figure 3. Effect of miR‑25‑3p downregulation on the proliferation and apoptosis of NP cells. (A) The level of miR‑25‑3p in NP cells was detected using 
RT‑qPCR. (B) The mRNA level of Bim in NP cells was detected using RT‑qPCR; (C) MTT assay detected the cell viability of NP cells. (D) Flow cytometry 
assay and (E) analysis measured the apoptosis of NP cells. Control, NP cells without any treatment; NC, NP cells transfected with the NC of miR‑25‑3p 
inhibitor; miR‑25‑3p inhibitor/inhibitor, NP cells transfected with miR‑25‑3p inhibitor; control‑siRNA, NP cells transfected with control‑siRNA; Bim‑siRNA, 
NP cells transfected with Bim‑siRNA; inhibitor + si‑control, NP cells transfected with miR‑25‑3p inhibitor and control‑siRNA; inhibitor + siRNA, NP cells 
transfected with miR‑25‑3p inhibitor and Bim‑siRNA. *P<0.05 and **P<0.01 vs. control; ##P<0.01 vs. inhibitor + si‑control. miR, microRNA; NP, nucleus 
pulposus; RT‑qPCR, reverse transcription‑quantitative PCR; Bim, Bcl‑2 interacting mediator of cell death; NC, negative control; si, small interfering; OD, 
optical density.

Figure 4. Effect of miR‑25‑3p downregulation on the expression level of Bim and apoptosis‑associated molecules in NP cells. NP cells were transfected with 
inhibitor, NC, inhibitor + si‑control or miR‑25‑3p inhibitor + inhibitor + siRNA for 48 h. (A) A western blot assay was used to detect the protein expression of 
Bim and apoptosis‑associated molecules such as Bcl‑2, Bax, cleaved caspase‑3 and caspase‑3. Reverse transcription‑quantitative PCR was used to detect the 
relative mRNA expression of (B) Bax, (C) Bim, (D) Bcl‑2 and (E) caspase‑3. Control, NP cells without any treatment; NC, NP cells transfected with the NC of 
miR‑25‑3p inhibitor; inhibitor, NP cells transfected with miR‑25‑3p inhibitor; control‑siRNA, NP cells transfected with control‑siRNA; inhibitor + si‑control, 
NP cells transfected with miR‑25‑3p inhibitor and control‑siRNA; inhibitor + siRNA, NP cells transfected with miR‑25‑3p inhibitor and Bim‑siRNA. **P<0.01 
vs. control; #P<0.5, ##P<0.01 vs. inhibitor + si‑control. miR, microRNA; NP, nucleus pulposus; NC Bim, Bcl‑2 interacting mediator of cell death, negative 
control; si, small interfering.
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mechanical load (27) and environmental factors (28); however, 
the pathology of IDD is not fully understood.

A previous study demonstrated that abnormal expression 
of miRNA‑140 is associated with degenerative diseases such 
as osteoarthritis, which is characterized by similar patho-
logical changes to those in IDD (29). In addition, miRNAs 
have gained considerable attention as regulators of gene 
expression and play important roles in the prevention and 
treatment of IDD (30,31). It has been reported that TNF‑α is a 
key pro‑inflammatory cytokine, which not only has important 
roles in the inflammatory microenvironment of cancer and 
Mycobacterium tuberculosis infection (32), but also plays a 
critical role in IDD via its effects on NP cell apoptosis (33).

Previous research studies have demonstrated that several 
miRNAs are dysregulated in IDD, including miR‑21, miR‑10b, 
miR‑640 and miR‑27 (34‑37). miR‑200c is upregulated in 
degenerative NP tissues (38). In the present study, miR‑25‑3p 
was downregulated in degenerated NP cells. As expected, 
IDD‑associated markers such as ACAN, collagen I, collagen II 
and SOX‑9 were highly expressed in degenerated NP cells. 
A number of studies have shown that the great majority of 
miRNAs play an important role in their biological function by 
binding to their target gene (9‑11).

Bim is located in the outer mitochondrial membrane and 
belongs to the pro‑apoptotic Bcl‑2 family, which contributes 
to TNF‑α‑induced apoptotic signaling events  (39,40). Bim 
is closely associated with the development and treatment of 
autoimmune diseases, degenerative diseases and tumors. 
Previous studies have demonstrated that Bim is a target gene 

Figure 5. Effect of miR‑25‑3p on the proliferation and apoptosis of IL‑1β‑induced NP cells. NP cells were transfected with miR‑25‑3p mimic, mimic control, 
miR‑25‑3p mimic + control‑plasmid or miR‑25‑3p mimic + Bim‑plasmid for 48 h. Then, NP cells were treated with 10 ng/ml IL‑1β for 24 h. (A) The level of 
miR‑25‑3p in NP cells was detected using RT‑qPCR. (B) The mRNA level of Bim in NP cells was detected using RT‑qPCR. (C) Cell Counting Kit‑8 assay 
detected the viability of NP cells transfected with miR‑25‑3p mimic, mimic control, miR‑25‑3p mimic + control‑plasmid or miR‑25‑3p mimic + Bim‑plasmid 
for 48 h and treated with 10 ng/ml IL‑1β for 24 h. (D) Flow cytometry assay and (E) analysis measured the apoptosis of NP cells transfected with miR‑25‑3p 
mimic, mimic control, miR‑25‑3p mimic + control‑plasmid or miR‑25‑3p mimic + Bim‑plasmid for 48 h and treated with 10 ng/ml IL‑1β for 24 h. *P<0.05 and 
**P<0.01 vs. control; ##P<0.01 vs. IL‑1β; &P<0.05 and &&P<0.01 vs. IL‑1β + miR‑25 mimic. miR, microRNA; NP, nucleus pulposus; IL, interleukin; RT‑qPCR, 
reverse transcription‑quantitative PCR; Bim, Bcl‑2 interacting mediator of cell death.

Figure 6. Effect of miR‑25‑3p on the expression level of Bim and 
apoptosis‑associated molecules in IL‑1β‑induced NP cells. NP cells were 
transfected with miR‑25‑3p mimic, mimic control, miR‑25‑3p mimic + 
control‑plasmid or miR‑25‑3p mimic + Bim‑plasmid for 48 h. Then, NP cells 
were treated with 10 ng/ml IL‑1β for 24 h and a western blot assay was used 
to detect the protein expression of Bim and apoptosis‑associated molecules 
such as Bcl‑2, Bax, cleaved caspase‑3 and caspase‑3. miR, microRNA; 
NP, nucleus pulposus; IL, interleukin; Bim, Bcl‑2 interacting mediator of 
cell death.
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for multiple miRNAs (41,42). Previous studies have shown that 
Bim is a putative miR‑24 target (43,44). One study suggested 
that miR‑24 regulates hepatocyte apoptosis by suppressing 
Bim (43). In the present study, the dual luciferase reporter 
assay indicated that Bim was the target for miR‑25‑3p. Next, 
to investigate the effect of miR‑25‑3p on cell proliferation and 
apoptosis, normal NP cells were transfected with miR‑25‑3p 
inhibitor, NC, miR‑25‑3p inhibitor + si‑control or miR‑25‑3p 
inhibitor + siRNA. The results demonstrated that transfec-
tion of miR‑25‑3p inhibitor could decrease cell proliferation, 
induce cell apoptosis and increase the expression of Bim, 
Bax, cleaved caspase‑3 and caspase‑3 and reduce Bcl‑2 and 
pro‑caspase‑3 expression in NP cells.

Finally, an IDD in vitro cell model was established by 
treating normal NP cells with 10 ng/ml IL‑1β for 24 h. Then, 
the effects of miR‑25‑3p on IL‑1β‑treated NP cells were 
investigated. The results indicated that miR‑25‑3p upregula-
tion enhanced IL‑1β‑reduced NP cell viability and reduced 
IL‑1β‑induced NP cell apoptosis. miR‑25‑3p upregulation 
decreased IL‑1β‑enhanced expression of Bim, Bax, cleaved 
caspase‑3 and caspase‑3, and increased IL‑1β‑reduced expres-
sion of Bcl‑2 and pro‑caspase‑3. Notably, all the effects of 
miR‑25‑3p upregulation on NP cells were reversed by the 
Bim‑plasmid.

Taken together, these results indicated that miR‑25‑3p was 
downregulated in IDD and it was involved in the development 
of IDD through regulating NP cell proliferation, apoptosis and 
ECM deposition by targeting Bim. The current study may have 
provided new insights for the development of novel therapeutic 
strategies for IDD. However, this is a preliminary study on 
miR‑25 in IDD. In order to verify the role of miR‑25 in IDD, 
further experiments are needed. For example, the expression 
of miR‑25 in human IDD samples needs to be detected and the 
role of miR‑25/Bim in human NP cells should be investigated. 
The association between the expression of miR‑25/Bim and 
the clinicopathological features of patients with IDD needs 
to be explored. In addition, the effect of miR‑25 on IDD 
should be studied in vivo. These topics will be investigated in 
the future.
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