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Abstract. The current study aimed to investigate the role 
of miR‑27a in intervertebral disc degeneration (IDD) and to 
examine the underlying mechanisms. Quantitative polymerase 
chain reaction (qPCR) was performed to detect the expres-
sion level of miR‑27a in the nucleus pulposus (NP) tissues 
of patients with IDD, and the results revealed an increasing 
expression of miR‑27a in IDD compared with the control. To 
further investigate the role of miR‑27a in IDD, a stable human 
NP cell line with low miR‑27a expression was generated by 
transfecting cells with a lentiviral antigomiR‑27a inhibitor. In 
addition, a human NP cell inflammation model was established 
by lipopolysaccharide (LPS; 10 µM) stimulation. The miR‑27a 
expression in NP cells was determined by qPCR, while the 
expression of its target proteins; p‑p38 and nuclear factor 
(NF‑κB) was measured by western blot analysis. Furthermore, 
the mRNA and protein expression levels of proinflammatory 
factors, including interleukin (IL)‑1β, IL‑6 and tumor necrosis 
factor‑α (TNF‑α), were also evaluated by qPCR and ELISA, 
respectively. The current results confirmed that miR‑27a 
was significantly upregulated in IDD. In vitro, downregula-
tion of miR‑27a in LPS‑stimulated NP cells by transfection 
with the miR‑27a inhibitor resulted in suppression of p‑p38 
and NF‑κB expression levels. Furthermore, the production 
of the proinflammatory factors IL‑1β, IL‑6 and TNF‑α was 
significantly reduced in LPS‑stimulated NP cells with down-
regulated miR‑27a. In conclusion, miR‑27a may function as 
a promoter in IDD development, while inhibition of miR‑27a 
may suppress proinflammatory factors released by interverte-
bral disc cells by regulating the p38/mitogen‑activated protein 
kinase (MAPK) signaling pathway.

Introduction

As one of the major causes of lower back pain, intervertebral 
disc degeneration (IDD) remains an important global problem, 
severely affecting the quality of life and leading to a serious 
socioeconomic burden (1‑3). Multiple risk factors can cause 
IDD, including genetic predisposition, lifestyle and aging 
among others (4,5). The incidence of IDD is higher in devel-
oping countries, particularly in China. It has been indicated 
that various cellular events, ranging from matrix synthesis to 
cytokine expression, are involved in the progression of human 
IDD (6). Increasing evidence supports the observation that 
nucleus pulposus (NP) cells, which produce type II collagen, 
aggrecan and other components of the extracellular matrix 
(ECM), serve a critical role in maintaining the integrity of inter-
vertebral discs (IVDs) (7,8). In addition, excessive apoptosis of 
IVD cells and of the components of ECM occurs during the 
IDD progress. Loss of the proteoglycan (PG) content of IVDs 
is one of the main features of IDD; thus, as a strong promoter 
of inflammation, lipopolysaccharide (LPS) can reduce the PG 
content and cause the occurrence of IDD (9,10). Furthermore, 
proinflammatory factors, including interleukin‑1β (IL‑1β), 
IL‑6 and tumor necrosis factor‑α (TNF‑α), also serve impor-
tant roles in IDD. However, the underlying molecular and 
cellular mechanisms of IDD remain largely unknown.

MicroRNAs (miRNAs or miRs) are a class of small 
non‑coding RNA molecules with a length of 20‑22 nucleo-
tides that serve key roles in post‑transcriptional regulation of 
gene expression (11,12). miRNAs have a central role in the 
development of cancer, as well as in inflammatory, neurode-
generative and the majority of degenerative disorders (13,14). 
Recently, multiple studies have demonstrated that miRNAs 
serve an important role in degenerative disc diseases, such 
as IDD (15‑19). As a multifunctional miRNA, miR‑27a is 
expressed in various tissues, and abnormal expression of 
miR‑27a has been detected in various diseases  (20‑22). 
Previously, miR‑27a has been reported to be upregulated in 
human degenerative NP cells when compared with the control 
NP cells (19); however, the underlying mechanisms remain 
unknown.

Thus, the present study aimed to verify the expression and 
to investigate the role of miR‑27a in IDD, as well as to examine 
the underlying mechanisms involved.
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Materials and methods

Materials. ELISA kits for the detection of IL‑1β  
(Cat no.  E‑EL‑H0149c), IL‑6 (Cat no.  E‑EL‑H0102c) and 
TNF‑α (Cat no. E‑EL‑H0109c) protein levels were obtained 
from Elabscience Biotechnology Co., Ltd (Wuhan, China). 
Antibodies against p‑p38 (Cat no. 1170), NF‑κB (Cat no. 8214) 
and β‑actin (Cat no. 12620), as well as the secondary antibodies, 
were supplied by Cell Signaling Technology, Inc. (Danvers, 
MA, USA). LPS was purchased from Sigma‑Aldrich (Merck, 
Darmstadt, Germany). The miR‑27a inhibitor (lentiviral 
antigomiR‑27a) and the cell transfection kit (Cat no. sc‑36868) 
were purchased from Santa Cruz Biotechnology, Inc. (Dallas, 
TX, USA). All other chemicals and reagents were purchased 
from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, 
China).

Specimens. The study was approved by the Human Ethics 
Committee Review Board at the First Affiliated Hospital of 
Soochow University (Suzhou, China), and written informed 
consent was obtained from each patient. In total, 20 patients 
with degenerative disc disease, presenting with lumbar inter-
vertebral disc herniation (LIDH), a medical condition that is 
representative of IDD (IDD group) and 20 spinal cord injury 
patients (control group) were enrolled into the present study. 
The inclusion and exclusion criteria of the patients were as 
previously described by Zhao et al  (23). The degenerative 
condition of IDD and IVDs (control patients who were suffering 
from a lower grade of IDD) was assessed by magnetic reso-
nance imaging (MRI) according to the Pfirrmann's grading 
system (24). Samples graded as 4 from patients were identified 
as the IDD group, samples graded 1 from cadaveric donors 
were classified as the control group. The NP tissues were 
carefully dissected during the disc excision surgery following 
a protocol approved by the Institutional Review Board at the 
First Affiliated Hospital of Soochow University, and then 
subjected to various methods of analysis, according to the 
corresponding procedures. Briefly, NP tissues were separated 
from the annulus using a stereotaxic microscope; herniation 
tissues and granulation tissues were excluded. Subsequently, 
as described previously (23), the whole tissue specimens were 
washed with phosphate‑buffered saline (pH 7.2) and then 
divided into two sections of equal size. One of the sections 
was fixed with 4% paraformaldehyde at 4˚C for 30 min and 
used in subsequent studies, while the remaining section was 
snap‑frozen and stored in liquid nitrogen within 30 min of 
removal from the patients, with subsequent storage at ‑80˚C, 
and used in RT‑qPCR analysis.

Cell culture. Primary human NP cells (Cat no. #4800) were 
purchased from the ScienCell Research Laboratories, Inc. 
(Carlsbad, CA, USA). Cells were cultured in Dulbecco's 
modified Eagle's medium (DMEM; Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 10% 
fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.), 
1% L‑glutamine (Gibco; Thermo Fisher Scientific, Inc.), 
100 mg/ml streptomycin and 100 U/ml penicillin were added, 
and cells were incubated in a 5% CO2 incubator at 37˚C. Cell 
culture medium was changed every 2 days and the cells were 
passaged until they reached 90% confluence.

Cell transfection and LPS treatment. Human NP cells were 
plated in a 6‑well plate (5x104 cells/well) the day prior to trans-
fection. NP cells were transiently transfected with an miR‑27a 
inhibitor (lentiviral antigomiR‑27a; GenScript, Piscataway, NJ, 
USA) or its negative control (lentiviral vector control; GenScript) 
with 30 µl Lipofectamine 2000 transfection reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) following the manufacturer's 
instructions. At 24 h after the transfection, cells were stimulated 
with LPS (10 ng/ml) in serum‑free medium for 24 h at 37˚C under 
5% CO2. Next, the supernatants were collected by centrifugation 
(1,000 x g at 4˚C for 10 min) 24 h after the initiation of treatment 
for each group. The treatment for each groups is as follows: Con 
group, cells without any treatment; LPS group, cells treated with 
LPS; NC/LPS group, cells transfected with negative control and 
then treated with LPS; 27a/LPS group, cells transfected with 
miR‑27a inhibitor and then treated with LPS. Then cells were 
harvested for use in subsequent experiments. The NP cells in the 
control group did not undergo any treatment.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA from NP tissues or NP cells was 
isolated using TRIzol reagent (Takara Bio, Inc., Shiga, Japan) 
and a mirVana PARIS kit (Ambion; Thermo Fisher Scientific, 
Inc.) following the manufacturer's instructions. The RNA 
concentration was then quantified using a Nanodrop spec-
trophotometer (Thermo Fisher Scientific, Inc.) at 260 nm. 
Next, qPCR was performed for miR‑27a expression detection. 
Briefly, total RNA was reverse transcribed into cDNA using 
the TaqMan microRNA Reverse Transcription kit (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the instructions 
provided by the manufacturer. Subsequently, qPCR was 
performed to analyze the synthesized cDNA. The 20 µl master 
mix contained 2  µl 10x reverse transcription buffer, 1  µl 
dNTPs (100 mM; with dTTP), 3.75 µl nuclease‑free water, 
0.25 µl 2 µM forward and reverse primer, 3.5 µl distilled H2O, 
and 5 µl 1 ng/µl cDNA. The conditions used for amplification 
were as follows: 40 cycles of denaturation at 95˚C for 10 sec, 
followed by 60˚C for 60 sec to allow annealing and extension. 
The primers used are listed in Table I. The levels of miR‑27a 
were normalized to the level of the GAPDH, which served 
as an internal control, by using the 2‑ΔΔCq method (25). The 
experiment was performed three times in triplicate.

Western blot analysis. Western blot analysis was performed 
using the transfected cell samples using standard methods. 
Total cellular protein was extracted using radio immuno-
precipitation assay buffer (RIPA buffer, Cell Signaling 
Technology, Danvers, MA, USA). Briefly, cells were washed 
with cold PBS 3 times for 5 min, then 200 µl RIPA buffer 
was added and incubated for 40 min (on ice), the superna-
tants were collected by centrifugation (1,000 x g at 4˚C for 
15 min). A BCA protein assay kit (Thermo Fisher Scientific, 
Inc.) was used to detect the protein concentration of samples 
according to the instructions provided by the manufacturer. 
Next, proteins (25 µg each sample) were resolved by 10% 
SDS‑PAGE and then transferred to a polyvinylidene fluoride 
membrane (EMD Millipore, Billerica, MA, USA). Subsequent 
to blocking in 5% nonfat dried milk in Tris‑buffered 
saline‑Tween 20 for 2 h, the blots were incubated overnight 
at 4˚C with a primary antibody against p‑p38 (1:1,000), 
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NF‑κB (1:1,000) or β‑actin (1:2,000), and then incubated 
with a HRP‑conjugated secondary antibody (Anti‑rabbit 
IgG; 1:5,000; Cat no. 7074; Cell signaling Technology, Inc., 
Danvers, MA, USA) at room temperature for 1 h. Protein 
bands were observed using enhanced chemiluminescence 
using Super Signal West Pico Chemiluminescent Substrate 
(Thermo Fisher Scientific, Inc.), and the ImageTool version 
3.0 gray‑scale scanning software (Microsoft Corporation, 
Redmond, WA, USA) was applied to quantify the band 
density. The mean normalized optical density (OD) of the 
p38 phosphorylation band relative to the OD of the β‑actin 
band from the same sample was calculated using ImageTool 
version 3.0 gray‑scale scanning software. The expression 
levels of p38 phosphorylation were expressed as fold changes 
compared with the control group.

ELISA for IL‑1β, IL‑6 and TNF‑α level determination. Cells 
were stimulated with LPS (10 ng/ml) in serum‑free medium 
24 h after transfection and incubated for a further 24 h at 
37˚C under 5% CO2. Then, the supernatants were collected 
by centrifugation (1,000 x g at 4˚C for 10 min). To investigate 
the expression levels of proinflammatory factors IL‑1β, IL‑6 
and TNF‑α in the cellular supernatant of the transfected cells 
following 24 h of treatment, ELISA was performed, following 
the manufacturer's instructions of each kit. Each experiment 
was independently performed three times.

Statistical analysis. Data are displayed as the mean ± standard 
deviation. Statistical comparisons between two groups were 
analyzed with the Student's t‑test and between multiple groups 
with one‑way analysis of variance. A difference with a value of 
P<0.05 was considered as statistically significant.

Results

Basic patient information. A total of 20 patients with IDD 
were selected as the IDD group, including 12  males and 
8 females, with an age range of 39‑69 years and a mean age 
of 54.9±7.5 years. The degenerative IVDs of these patients 
were the L3‑L5 segments, and according to the magnetic 
resonance imaging (MRI) results, all patients with IDD were 
classified as grade IV. In addition, 20 patients with spinal cord 
injury were selected as the control group, including 13 males 
and 7 females, with an age of 25‑56 years and an average age 
of 42.2±8.9 years. The degenerative IVDs of all the control 
patients (who were suffering from a lower grade of IDD) were 
the L2‑L5 segment, and were classified as grade I based on 
MRI examination (Table II).

Upregulation of miR‑27a expression in IDD. To verify the 
expression of miR‑27a in IDD, RT‑qPCR was performed. As 
shown in Fig. 1, the miR‑27a expression level was significantly 
higher in IDD patients when compared with the control 

Table I. Primer sequences for polymerase chain reaction. 

Gene	 Forward sequence (5'‑3')	 Reverse sequence (5'‑3')

IL‑1β	 CTGTGACTCGTGGGATGATG	 AGGGATTTTGTCGTTGCTTG
IL‑6	 GTGCTCCTGGTATTGCTGGT	 GGCTCCTCGTTTTCCTTCTT
TNF‑α	 CCTGTCTCTTCCTACCCAACC	 GCAGGAGTGTCCGTGTCTTC
miR‑27a	 ACAGGCTAGCGCCGCCTAAC	 CCTTAAGGCCCAAGATTACG
NF‑kB	 ACACCTCTGCATATAGCGGC	 GGTACCCCCAGAGACCTCAT
GAPDH	 CTTTGGTATCGTGGAAGGACTC	 GTAGAGGCAGGGATGATGTTCT

IL, interleukin; TNF, tumor necrosis factor; miR, microRNA; NF, nuclear factor; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase.

Figure 1. miR‑27a expression in (A) tissues of IDD and spinal cord injury patients (control), and (B) NP cells stimulated with LPS to establish an IDD cell 
model. The relative expression of miR‑27a was measured by reverse transcription‑quantitative polymerase chain reaction and normalized to GAPDH. miR‑27a 
was upregulated in IDD patients and LPS‑stimulated NP cells. *P<0.05 vs. Con group. All results presented as the mean ± standard deviation of three indepen-
dent experiments. miR, microRNA; IDD, intervertebral disc degeneration; LPS, lipopolysaccharide; NP, nucleus pulposus; Con, control.
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subjects (P<0.05). Simultaneously, the miR‑27a expression 
level in NP cells after stimulation with LPS was evidently 
increased compared with the untreated control cells (P<0.05). 
These data indicated that miR‑27a was upregulated in IDD 
patients, as well as in LPS‑stimulated NP cells, suggesting that 
miR‑27a may be involved in the development of IDD.

Downregulation of miR‑27a decreases proinflammatory 
cytokine levels in LPS‑stimulated NP cells. In order to 
investigate the role of miR‑27a in IDD, a stable NP cell line 
exhibiting reduced miR‑27a expression was generated by 
transfection of NP cells with an miR‑27a inhibitor, while nega-
tive control oligonucleotides was used as the negative control 
group. Subsequently, the cells were stimulated with LPS. At 
24 h after the stimulation, miR‑27a expression was analyzed 

by RT‑qPCR, while the mRNA and protein levels of proin-
flammatory cytokines were detected by RT‑qPCR and ELISA, 
respectively. The results suggested that, following transfection 
with the miR‑27a inhibitor, miR‑27a expression was effi-
ciently downregulated (Fig. 2A; P<0.05). Compared with the 
LPS‑stimulated only group, the downregulation of miR‑27a 
resulted in a significant decrease in the mRNA (Fig. 2B‑D) 
and protein (Fig. 3) expression levels of proinflammatory 
cytokines IL‑1β, IL‑6 and TNF‑α (P<0.05). By contrast, nega-
tive control oligonucleotides presented no significant effect 
on the production of IL‑1β, TNF‑α and IL‑6 (Figs. 2 and 3). 
The data indicated that downregulation of miR‑27a signifi-
cantly decreased the proinflammatory cytokine expression in 
LPS‑stimulated NP cells.

Downregulation of miR‑27a suppresses the activation 
of p38/mitogen activated protein kinases (MAPK) in 
LPS‑stimulated NP cells. The present study further investi-
gated whether miR‑27a was able to regulate inflammation 
via the MAPK signaling pathway using western blot analysis. 
Following stimulation with LPS for 24 h, p38 phosphorylation 
and NF‑κB protein expression were detected using western 
blot analysis (Fig. 4A). As presented in Fig. 4B and C, down-
regulation of the miR‑27a expression in LPS‑stimulated NP 
cells significantly reduced the protein expression levels of 
p‑p38 and NF‑κB when compared with the LPS‑simulated NP 
cells without miR‑27a inhibitor (P<0.05). However, negative 
control oligonucleotides exhibited no significant effect on 
the expression levels of p‑p38 and NF‑κB in LPS‑stimulated 
NP cells. In addition, RT‑qPCR was further performed to 

Figure 2. (A) Relative miR‑27a expression, and mRNA expression levels of the proinflammatory factors (B) IL‑1β, (C) IL‑6 and (D) TNF‑α. Human nucleus 
pulposus cells were transfected with miR‑27a mimic or NC (sham transfection without miR‑27a, serving as the control group). Next, cells were treated with or 
without LPS (10 ng/ml) for 24 h, and expression levels were detected by reverse transcription‑quantitative polymerase chain reaction. The relative expression of 
miRNA/mRNA was normalized to GAPDH. *P<0.05 vs. Con group. All results presented as the mean ± standard deviation of three independent experiments. 
miR, microRNA; LPS, lipopolysaccharide; Con, control; NC, negative control vector; IL, interleukin; TNF, tumor necrosis factor; Con, control group, cells 
without any treatment; LPS group, cells treated with LPS; NC+LPS, cells transfected with negative control and then treated with LPS; LPS+miR‑27a, cells 
transfected with miR‑27a inhibitor and then treated with LPS.

Table II. Basic patient information (n=20 in each group). 

		  Spinal cord 
Parameter	 IDD patients	 injury (control)

Mean age (years)	 54.9±7.5	 42.2±8.9
Gender	 12 M, 8 F	 13 M, 7 F
Segment	 L3‑L5	 L2‑L5
MRI grade	 IV	 I

IDD, intervertebral disc degeneration patients in the experimental 
group; MRI, magnetic resonance imaging; F, female; M, male.
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measure the mRNA expression level of NF‑κB, which is 
presented in Fig. 4D (P<0.05). Changes in the NF‑κB mRNA 

level were consistent with those in the protein levels. These 
results suggested that downregulation of miR‑27a was able to 

Figure 3. Expression levels of proinflammatory factors (A) IL‑1β, (B) IL‑6 and (C) TNF‑α in the cellular supernatant, as determined by ELISA. *P<0.05 vs. 
Con group. All results presented as the mean ± standard deviation of three independent experiments. miR, microRNA; LPS, lipopolysaccharide; Con, control; 
NC, negative control vector; IL, interleukin; TNF, tumor necrosis factor; Con, control group, cells without any treatment; LPS group, cells treated with LPS; 
NC+LPS, cells transfected with negative control and then treated with LPS; LPS+miR‑27a, cells transfected with miR‑27a inhibitor and then treated with LPS.

Figure 4. Effect of miR‑27a on p38/MAPK pathway in LPS‑stimulated human nucleus pulposus cells. (A) Western blots of NF‑κB and p‑p38 protein expression 
levels. (B) p38 phosphorylation detected using western blot analysis. (C) Quantified NF‑κB protein level. (D) Relative mRNA expression of NF‑κB, measured 
using reverse transcription‑quantitative polymerase chain reaction. GAPDH was used as an internal control. *P<0.05 vs. Con group. All results presented as 
the mean ± standard deviation of three independent experiments. miR, microRNA; LPS, lipopolysaccharide; Con, control; NC, negative control vector; NF, 
nuclear factor; MAPK, mitogen‑activated protein kinase; Con, control group, cells without any treatment; LPS group, cells treated with LPS; NC+LPS, cells 
transfected with negative control and then treated with LPS; LPS+miR‑27a, cells transfected with miR‑27a inhibitor and then treated with LPS.
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suppress the activation of the p38/MAPK in LPS‑stimulated 
NP cells. All these data suggest that miR‑27a may function as 
a promoter in IDD development, and that inhibition of miR‑27a 
may ameliorate inflammation via the p38/MAPK‑signaling 
pathway in IVD cells.

Discussion

Increasing evidence has indicated that miRNAs serve critical 
roles in a number of normal biological and pathological 
processes, including embryogenesis, lineage determination, as 
well as in the regulation of cell differentiation, proliferation and 
apoptosis (26). However, knowledge of the aberrant expression 
and roles of miRNAs in IDD remain largely uncharacterized. 
Therefore, identification of IDD‑associated miRNAs and 
exploration of their roles in IDD may be important for devel-
oping novel targets for IDD therapy. In the present study, 
the role of miR‑27a in IDD, as well as the pathological links 
between miR‑27a, IDD and inflammatory pathways associated 
with IDD, were investigated.

Studies have been suggested that an abnormal expression 
of miR‑27a was associated with various diseases, and that the 
expression of miR‑27a was upregulated in degenerative NP 
cells (19,27‑29). However, the role of miR‑27a in IDD remains 
to be investigated. In present study, the expression level of 
miR‑27a in IDD was first verified using RT‑qPCR, and the 
results confirmed that upregulation of miR‑27a was observed 
in IDD.

Inflammation serves a critical role in disc degeneration. 
Endogenous factors, including crystal deposits in the annulus 
of human intervertebral discs and ECM breakdown products, 
can trigger the IVD inflammatory response (30,31). Various 
proinflammatory cytokines, including IL‑1β, IL‑6, IL‑12 and 
TNF‑α, were significantly increased due to immunoreactivity 
in herniated and generative IVD tissues (32,33). To investigate 
the role of miR‑27a in IDD, a stable miR‑27a‑knockdown NP 
cell line was generated by transfection with an miR‑27a inhib-
itor, and an IDD cell model was established by LPS stimulation 
of cells. RT‑qPCR and ELISA assay were then performed for 
the detection of proinflammatory cytokine expression levels 
in the cells. The results demonstrated that downregulation of 
miR‑27a significantly reduced the levels of proinflammatory 
cytokines, including IL‑1β, TNF‑α and IL‑6. This indicated 
that inhibition of miR‑27a was able to suppress inflammatory 
response in IVD cells.

MAPK signaling pathways are responsible for regulating 
a variety of cellular activities, including proliferation, differ-
entiation, and apoptosis, in response to certain environmental 
stimuli. Three major MAPK pathways have been identified 
in mammals: MAPK/ERK, SAPK/JNK and p38 MAPK. p38 
MAPK is activated by external stress, inflammatorycytokines 
or UV radiation. A previous study reported that the p38 MAPK 
pathway is involved in development of IDD (34). Therefore, the 
present study aimed to further investigate the underlying mecha-
nism of the regulation of cell immunoreactivity by miR‑27a and 
the p38/MAPK pathway was also assessed in the current study. 
As a result of miR‑27a downregulation, the p38 phosphoryla-
tion was notably decreased. Furthermore, the mRNA and 
protein expression levels of NF‑κB were significantly reduced 
in the LPS‑stimulated NP cells. These results suggested that 

downregulation of miR‑27a was able to suppress the activation 
of the p38/MAPK pathway in LPS‑stimulated NP cells.

In conclusion, the present study revealed that miR‑27a may 
function as a promoter in the development of IDD. Inhibition of 
miR‑27a may suppress inflammatory factors released by IVD 
cells by regulating the MAPK signaling pathway. To the best of 
our knowledge, this is the first study addressing the underlying 
mechanisms of miR‑27a in IDD, and these findings also high-
light miR‑27a as a novel potential therapeutic target for IDD.
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