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Abstract. The present study aimed to verify the expression and 
investigate the role of microRNA (miR)-148a in intervertebral 
disc degeneration (IDD) and explore the associated underlying 
mechanisms. Reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR) was performed to investigate 
levels of miR-148a in the peripheral blood mononuclear cells 
(PBMCs) of patients with IDD. To investigate the role of 
miR-148a in IDD, a stable miR-148a-overexpression/underex-
pression human nucleus pulposus (NP) cell line was generated 
by transfection with miR-148a mimic/inhibitor. Then, NP cells 
were treated with LPS (10 µM) to induce inflammation. The 
mRNA expression level of miR-148a in NP cells was deter-
mined by RT-qPCR and the expression levels of p38 and p-p38 
were measured using western blotting. The mRNA expression 
and supernatant level of pro‑inflammatory cytokines, tumor 
necrosis factor (TNF-α), interleukin (IL)‑1β and IL-6, was 
evaluated by RT-qPCR and ELISA, respectively. The results 
indicated that miR‑148a was significantly downregulated in 
the PBMCs of IDD patients compared with healthy controls. 
In vitro upregulation of miR-148a in LPS-stimulated NP cells, 
by transfection with miR-148a mimic, resulted in inhibi-
tion of p-p38 expression; however, inhibition of miR-148a 
led to overexpression of p-p38. Meanwhile, the production 
of pro‑inflammatory cytokines (TNF‑α, IL-1β and IL-6) 
was significantly reduced in miR-148a-overexpressing 
LPS-stimulated NP cells and significantly increased in 
miR-148a-underexpressing NP cells. In conclusion, miR-148a 
inhibits pro‑inflammatory cytokines released by intervertebral 
disc cells via regulation of the p38/mitogen-activated protein 
kinase pathway.

Introduction

Intervertebral disc degeneration (IDD) is a major risk factor for 
lower back pain that is a worldwide problem. It badly affects 
human life and causes a serious socioeconomic burden (1-4). 
An imbalance between anabolic and catabolic genes expressed 
by chondrocytes that belong to the nucleus pulposus (NP) 
result in IDD. The etiology of IDD is very complicated. 
Numerous cellular events, including cell apoptosis, inflam-
mation, autophagy and increased matrix catabolism, have 
been confirmed to be involved in the progress of IDD (5,6). 
It has previously been reported that NP cells, which share 
the common features of chondrocytes, play critical roles in 
maintaining integrity of intervertebral discs (IVDs) (7,8). 
One of the major features of IDD is the loss of proteoglycan 
(PG) content from IVDs. Lipopolysaccharide (LPS), a strong 
promoter of inflammation, can reduce PG content and cause 
the occurrence of IDD (9,10). Furthermore, pro‑inflammatory 
factors such as interleukin (IL)‑1β, IL-6 and tumor necrosis 
factor (TNF)-α also serve critical functions in IDD. However, 
the underlying molecular and cellular mechanisms of IDD 
remain unclear.

MicroRNAs (miRs) are small (20-22 nucleotides in 
length), non-coding, single-stranded RNAs that serve 
important functions in post-transcriptionally regulating gene 
expression (11,12). Previous studies have demonstrated that 
miRs are critical in cancer progress, as well as in inflamma-
tory, neurodegenerative and most degenerative disorders (7,8). 
Previous reports have demonstrated that miRs serve important 
functions in degenerative disc diseases, such as IDD (13-16). 
It has also been indicated that miR-148a is downregulated in 
IDD compared with spinal cord injury (17), but the underlying 
mechanisms are still unknown.

Thus, the aim of the present study was to verify the expres-
sion and investigate the role of miR-148a in IDD and explore 
the underlying mechanisms.

Materials and methods

Materials. LPS was purchased from Sigma‑Aldrich (Merck 
KGaA, Darmstadt, Germany). ELISA kits for TNF‑α (cat 
no. E-CL-M0047c), IL-1β (cat no. E-EL-M0037c) and IL-6 
(cat no. E-EL-M0044c) were obtained from Elabscience 
Biotechnology Co., Ltd. (Wuhan, China). Antibodies 
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against p38 (cat no. 9212)/p-p38 (cat no. 4631) and GAPDH 
(cat no. 97166) and secondary antibodies (anti-rabbit IgG, 
horseradish peroxidase (HRP)‑linked antibody; cat no. 7074; 
anti‑mouse IgG HRP‑linked antibody; cat no. 7076) were 
supplied by Cell Signaling Technology, Inc. (Danvers, MA, 
USA). miR-148a mimic (cat no. miR10000243-1-5)/inhibitor 
(cat no. miR20000243-1-5) were purchased from Guangzhou 
Ribobio Co., Ltd. (Guangzhou, China); all other chemicals and 
reagents were purchased from Sinopharm Chemical Reagent 
Co., Ltd. (Shanghai, China).

Patients. The study was approved by the Human Ethics 
Committees Review Board at the Affiliated Hospital of 
Xuzhou Medical College (Xuzhou, China) and written 
informed consent was obtained from each patient prior to 
enrollment. A total of 30 patients with IDD and 30 healthy 
volunteers were enrolled from the Department of Spinal 
Surgery at the Affiliated Hospital of Xuzhou Medical 
College (Xuzhou, China) from January 2014 to January 2015. 
Peripheral blood mononuclear cells (PBMCs) were obtained 
from the peripheral blood of patients and healthy volunteers 
as described previously (18). Peripheral blood was centrifuged 
at 650 x g for 25 min at room temperature. Middle phases 
containing Human PBMCs were further centrifuged (650 x g 
for 10 min at room temperature) by density using Lymphoprep 
(Stemcell Technologies, Inc., Beijing, China) (19).

Cell culture. Human NP cells were purchased from ScienCell 
Research Laboratories, Inc. (San Diego, CA, USA; cat. 
no. 4800) and cultured in Dulbecco's Modified Eagle's 
medium (DMEM; Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) containing 10% fetal bovine serum 
(Gibco), 1% L-glutamine (Gibco), 100 mg/ml streptomycin and 
100 U/ml penicillin and then incubated in a 5% CO2 incubator 
at 37˚C. The culture medium was changed every 2 days and 
cells were passaged until they reached 90% confluence.

Cell treatment. Human NP cells (5x104 cells per well) 
were added to a 6-well plate and transiently transfected 
with miR-148a mimic (50 nM)/inhibitor (100 nM) using 
Lipofectamine with Plus reagent (Thermo Fisher Scientific, 
Inc.) and control transfections were performed lacking 
miR-148a. The nucleotide sequences used were as follows: 
miR-148a mimic forward, 5'-UCA GUG CAU GAC AGA 
ACU UGG-3' and reverse, 5'-AAG TTC UGU CAU GCA CUG 
AUU-3'; NC forward, 5'-UUC UCC GAA CGU GUC ACG 
UTT-3' and reverse, 5'-ACG UGA CAC GUU CGG AGA ATT-3'; 
and miR-148a inhibitor, 5'-ACA AAG UUC UGU AGU GCA 
CUGA-3'. At 24 h following the transfection, 5x104 cells were 
stimulated with LPS (10 µM) in serum-free medium (DMEM) 
for 24 h at 37˚C under 5% CO2. The suspensions were then 
centrifuged at 1,000 x g for 10 min at 4˚C and collected 
24 h after the initiation of each treatment. Cells were then 
harvested for subsequent experimentation. The groups were 
divided into the following: A control group (NP cells without 
any treatment); an NC group (NP cells transfected with NC 
oligonucleotides and stimulated with LPS); a mimic group 
(NP cells transfected with miR148a mimic and then stimu-
lated with LPS) and an inhibitor group (NP cells transfected 
with miR148a inhibitor and then stimulated with LPS).

RNA isolation and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was extracted 
from human PBMCs and human NP cells using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol. Each sample (1 µg RNA) was then 
reverse-transcribed to cDNA using a reverse-transcription (RT) 
reagent kit (Takara Biotechnology Co., Ltd., Dalian, China). A 
7500 real-time PCR instrument (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) was used to quantify miR‑148a, TNF‑α, 
IL-1β and IL‑6 mRNA levels. Amplification conditions were 
as follows: 16˚C for 30 min, 42˚C for 30 min, 85˚C for 5 min 
and hold at 4˚C. qPCR was performed using the QuantiTect 
SYBR‑Green PCR kit (Takara Biotechnology Co., Ltd.). All 
reactions were performed in triplicate with the following 
conditions: 95˚C for 10 min, followed by 37 cycles at 95˚C for 
15 sec and 72˚C for 30 sec. All quantitative miRNA data were 
normalized to U6 expression and quantitative mRNA data 
were normalized to GAPDH. The comparative Cq method 
was used for the relative amounts of each transcript (20). The 
primers for qPCR were as presented in Table I.

Western blot analysis. In brief, total cellular protein from 
NP cells was extracted using RIPA buffer (Cell Signaling 
Technology, Inc.) and separated by SDS-PAGE analysis. 
Sample protein concentrations were determined using the BCA 
protein assay (Thermo Fisher Scientific, Inc.). Each lane was 
loaded with 25 µg protein and resolved using a 10% SDS-PAGE 
gel and transferred to a polyvinylidene fluoride membrane. 
Membranes were then blocked using Tris‑buffered saline with 
0.1% Tween‑20 (TBST) containing 5% non‑fat milk for 1 h at 
room temperature. Membranes were subsequently incubated 
overnight at 4˚C with primary antibodies against p‑p38 and 
p38 (1:1,000) or GAPDH (1:2,000). Membranes were incu-
bated with the correspondent secondary antibody (1:5,000) at 
room temperature for 2 h. Protein bands were observed with 
enhanced chemiluminescence and imaged.

ELISA assay. In order to determine levels of TNF-α, 
IL-1β and IL-6 in the NP cellular supernatant, ELISA was 
performed with ELISA kits, following the manufacturer's 
protocol.

Statistical analysis. Data are presented as the mean ± SD. All 
statistical analyses were performed using SPSS 17.0 statistical 
software (SPSS, Inc., Chicago, IL, USA). A t-test or one-way 
analysis of variance followed by Tukey's test was used to 
evaluate differences between groups. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Downregulation of miR‑148a in IDD. To investigate the 
potential role of miR-148a in IDD, the relative expression of 
miR-148a in PBMCs separated from IDD patients and control 
subjects was compared. miR-148a expression level was also 
detected in NP cells with or without LPS stimulation. As 
shown in Fig. 1A, the expression level of miR‑148a was signifi-
cantly decreased in PBMCs of patients with IDD compared 
with control subjects. Furthermore, miR-148a expression level 
in LPS‑stimulated NP cells was significantly lower compared 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  16:  2665-2669,  2018 2667

with the untreated NP cells (Fig. 1B). These data suggested 
that miR-148a is downregulated in IDD.

miR‑148a affects pro‑inflammatory cytokines levels in 
LPS‑stimulated NP cells. In order to evaluate the effects 
of miR-148a in IDD, miR-148a expression was induced in 
LPS-stimulated NP cells using miR-148a mimic and inhibited 
using miR-148a inhibitor, while negative control (NC) oligo-
nucleotides were used as the control. As shown in Fig. 1B, 
compared with the NP cells transfected with NC oligonucle-
otides, miR‑148a expression was significantly upregulated by 

miR‑148a mimic transfection and significantly inhibited by 
miR-148a inhibitor transfection. Then, the mRNA expression 
level and quantity of pro‑inflammatory cytokines TNF‑α, 
IL-1β and IL-6 was measured by RT-qPCR and ELISA, 
respectively. The results indicated that, compared with the 
NC group, the mRNA expression level of TNF-α, IL-1β and 
IL-6 significantly decreased in NP cells transfected with 
miR-148a mimic (Fig. 2A) and significantly increased in NP 
cells transfected with miR-148a inhibitor (Fig. 2B). In addi-
tion, the ELISA results indicated that, compared with the 
NC group, cellular supernatant TNF-α, IL-1β and IL-6 levels 
significantly decreased in NP cells transfected with miR‑148a 
mimic and significantly increased in NP cells transfected 
with miR-148a inhibitor (Fig. 3). These results indicated 

Table I. Primer sequences for polymerase chain reaction analysis.

Gene Forward primer (5'-3') Reverse primer (5'-3')

TNF-α CCTGTCTCTTCCTACCCAACC GCAGGAGTGTCCGTGTCTTC
IL-1β CTGTGACTCGTGGGATGATG AGGGATTTTGTCGTTGCTTG
IL-6 GTGCTCCTGGTATTGCTGGT GGCTCCTCGTTTTCCTTCTT
miR-148a ATGCTCAGTGCACTACAGAA GTGCAGGGTCCGAGGT
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
GAPDH CTTTGGTATCGTGGAAGGACTC GTAGAGGCAGGGATGATGTTCT

TNF, tumor necrosis factor; IL, interleukin; miR, microRNA.

Figure 1. miR-148a expression detection. miR-148a expression level was 
measured by reverse transcription-quantitative polymerase chain reac-
tion and data were normalized to U6 expression. (A) Expression level of 
miR-148a in peripheral blood mononuclear cells of patients with IDD 
and healthy controls. **P<0.01 vs. Con. (B) Expression level of miR-148a 
in LPS-stimulated NP cells. Experiments were performed in triplicate. 
*P<0.05 vs. Con; #P<0.05 vs. NC. Con, control (normal NP cells); NC, nega-
tive control (NP cells transfected with NC oligonucleotides and stimulated 
with LPS); mimic, NP cells transfected with miR-148a mimic and stimu-
lated with LPS; inhibitor, NP cells transfected with miR-148a inhibitor and 
stimulated with LPS; NP, nucleus pulposus; LPS, lipopolysaccharide; miR, 
microRNA; IDD, intervertebral disc degeneration.

Figure 2. mRNA expression level of pro‑inflammatory cytokines. The 
mRNA expression level of TNF-α, IL-1β and IL-6 was measured by reverse 
transcription-quantitative polymerase chain reaction and data were normalized 
to GAPDH expression. (A) mRNA expression level of TNF-α, IL-1β and 
IL-6 in NP cells transfected with miR-148a mimic and stimulated with LPS. 
(B) mRNA expression level of TNF-α, IL-1β and IL-6 in NP cells transfected 
with miR-148a inhibitor and stimulated with LPS. Experiments were performed 
in triplicate. *P<0.05 vs. NC. NC, negative control (NP cells transfected with 
NC oligonucleotides and stimulated with LPS); TNF, tumor necrosis factor; IL, 
interleukin; NP, nucleus pulposus; miR, microRNA; LPS, lipopolysaccharide.
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that miR‑148a inhibits pro‑inflammatory cytokine levels in 
LPS-stimulated NP cells. This suggests that miR-148a may 
inhibit pro‑inflammatory factors released by IVD cells.

miR‑148a affects activation of the p38/mitogen‑activated 
protein kinase (MAPK) pathway in LPS‑stimulated NP 
cells. To investigate the underlying mechanism by which 
miR-148a affects the inflammatory response, the involve-
ment of the p38/MAPK pathway was evaluated. As shown 
in Fig. 4, compared with the NC group, overexpression of 
miR‑148a markedly reduced the protein expression level of 
p-p38 in LPS-stimulated NP cells transfected with miR-148a 
mimic. Furthermore, transfection with miR-148a inhibitor 
resulted in a marked increase in the expression of p‑p38 
in LPS-stimulated NP cells compared with the NC group. 
These results indicated that miR-148a overexpression inhibits 
activation of the p38/MAPK pathway in LPS-stimulated NP 
cells.

Discussion

Numerous studies have indicated that miRs serve key func-
tions in the development of IDD (13,14,16,21). However the 
expression and role of miR‑148a in IDD remains unknown. 
In the present study, the role of miR-148a in IDD was investi-
gated and the pathological links between miR‑148a, IDD and 
inflammatory pathways were investigated.

In order to evaluate the role of miR-148a in IDD, the expression 
level of miR-148a was measured in PBMCs isolated from IDD 
patients and control subjects. miR-148a expression level was also 
detected in NP cells with or without LPS stimulation. The findings 
suggested that miR‑148a was significantly downregulated in IDD 
patients compared with the healthy controls, as well as in the 
LPS-stimulated NP cells compared with non-stimulated cells. 
Similar to these results, previous studies on miRNA expression 
in degenerative discs have reported that numerous miRNAs are 
abnormally expressed in IDD (22-25).

Figure 3. Levels of pro‑inflammatory cytokines in NP cellular supernatant. ELISA was performed to detect the expression level of TNF‑α, IL-1β and IL-6 
in the cellular supernatant of NP cells stimulated with LPS and transfected with miR-148a mimic or inhibitor. Experiments were performed in triplicate. 
*P<0.05 vs. NC. NC, negative control (NP cells transfected with NC oligonucleotides and stimulated with LPS); TNF, tumor necrosis factor; IL, interleukin; 
NP, nucleus pulposus; miR, microRNA; LPS, lipopolysaccharide.

Figure 4. Expression level of p38 and p-p38 in NP cells stimulated with LPS. NP cells were transfected with miR-148a mimic, miR-148a inhibitor or NC. At 
24 h after the transfection, the cells were stimulated with LPS for 24 h. Then, western blot analysis was performed to detect protein expression levels. NC, 
negative control (NP cells transfected with NC oligonucleotides and stimulated with LPS); NP, nucleus pulposus; miR, microRNA; LPS, lipopolysaccharide.
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To investigate the underlying mechanism of the role of 
miR-148a in IDD, a stable miR-148a-overexpression/underex-
pression human NP cell line was established by transfection 
with miR-148a mimic/inhibitor and an IDD cell model was 
established by LPS stimulation. A previous study confirmed 
that inflammation drives the degeneration of IVD (26). The 
increased expression level of pro‑inflammatory cytokines 
secreted by IVD cells is the major characteristic of IDD and these 
cytokines promote extracellular matrix degradation, chemo-
kine production and changes in IVD cell phenotype (27). Thus, 
in the present study, the mRNA expression level of pro‑inflam-
matory cytokines (TNF‑α, IL-1β and IL-6) was evaluated in 
NP cells. The results revealed that miR-148a mimic reduced 
the mRNA expression level of pro‑inflammatory cytokines in 
LPS-stimulated NP cells and miR-148a inhibitor presented the 
opposite effect. Furthermore, the cellular supernatant levels of 
TNF-α, IL-1β and IL-6 were detected by ELISA and the results 
indicated the same trends as mRNA expression levels.

Finally, in order to investigate whether the p38/MAPK 
pathway is involved in the regulation of inflammatory 
responses by miR-148a in IDD, activation of the p38/MAPK 
pathway was evaluated in the present study. It was identified 
that upregulation of miR-148a in LPS-stimulated NP cells 
decreased the phosphorylation of p38, while miR-148a inhibitor 
increased the phosphorylation of p38. These results indicated 
that activation of the p38/MAPK pathway is associated with 
the function of miR‑148a in regulating inflammatory response 
in LPS-stimulated NP cells.

In conclusion, the present findings suggest that miR‑148a 
serves a function in IDD progress and miR-148a overexpres-
sion suppresses pro‑inflammatory factors released by IVD cells 
though regulating the p38/MAPK pathway. Thus, miR-148a may 
have potential therapeutic applications in the treatment of IDD.
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