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 Background: Intervertebral disc degeneration (IDD) has been widely recognized as a major contributor to low back pain. 
Accumulating evidence suggests that IDD is linked to various pro-inflammatory cytokines and metabolites. 
Recently, numerous studies have demonstrated that microRNAs (miRNAs) play a pivotal role in the develop-
ment of most disorders, including degenerative disc diseases. Previous reports have revealed that miRNA-146a 
(miR-146a) could attenuate neuropathic pain in the spinal cord. The aim of this study was to investigate the 
role of miR-146a in the inflammatory response of IDD.

 Material/Methods: Quantitative real-time (RT)-PCR was performed to investigate the levels of miR-146a in the PBMCs (peripher-
al blood mononuclear cells) of patients with IDD. Human nucleus pulposus (NP) cells were transiently trans-
fected with miR-146a mimic; control NP cell transfections lacked miR-146a. Then all NP cells were treated with 
LPS (10 μM) to induce inflammation. The mRNA levels of miR-146a in NP cells were determined by RT-PCR. In 
addition, the mRNA and protein expression levels of tumor necrosis factor (TNF), receptor-associated factor 6 
(TRAF6), and nuclear factor (NF)-kB in NP cells were evaluated by quantitative RT-PCR and Western blot anal-
ysis, respectively.

 Results: We found that miR-146a was significantly downregulated in the PBMCs of patients. Moreover, overexpression 
of miR-146a significantly decreased the levels of pro-inflammatory cytokines in LPS-stimulated NP cells. The 
mRNA and protein levels of TRAF6 and NF-kB were downregulated by miR-146a overexpression.

 Conclusions: These results suggest that overexpression of miR-146a could promote IDD through the TRAF/NF-kB pathway. 
Our findings also highlight miR-146a as a novel possible therapeutic target for IDD.
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Background

Low back pain (LBP) is the sixth leading cause of disability 
worldwide and one of the most costly musculoskeletal pain syn-
dromes of modern society [1]; 84% of all people suffer from LBP 
at some time in their life [2]. The absolute number of people 
with low back pain is likely to increase substantially over the 
coming decades as the population ages [3]. Intervertebral disc 
degeneration (IDD) plays a central role in the pathogenesis of 
discogenic pain, disc herniation, and spinal instability and ste-
nosis, and is widely recognized as a contributor to low back pain 
[4,5]. Numerous investigations have proven that IDD is linked to 
various pro-inflammatory cytokines and metabolites, including 
interleukin (IL)-1b, IL-6, and tumor necrosis factor-a (TNF-a).

MicroRNAs (miRNAs) are a type of small non-coding RNA mol-
ecule of 20-22 nucleotides in length [6]. Increasing evidence 
suggests these newly defined gene regulators, miRNAs, play 
a pivotal role in the development of most disorders [7,8], in-
cluding degenerative disc diseases [9]. MicroRNA-146a (miR-
146a), one of the earliest miRNAs identified in cartilage, has 
been implicated in some degenerative diseases, including os-
teoarthritis [10,11]. Moreover, it has been suggested that miR-
146a functions as a negative feedback regulator of inflamma-
tion response by targeting TRAF6 [12], a member of the tumor 
necrosis factor (TNF) receptor-associated factors (TRAFs) fam-
ily [13]. TRAF6 participates in signal transduction of both the 
TNF receptor (TNFR) and interleukin (IL)-1 receptor/Toll-like re-
ceptor (IL-1R/TLR) superfamily [14]; it triggers the IkB kinase, 
and in turn, the downstream nuclear factor (NF)-kB transcrip-
tion factors, and results in overexpression of pro-inflamma-
tory cytokine secretion. Recently, miR-146a was demonstrat-
ed to attenuate neuropathic pain in the spinal cord partially 
through the suppression of inflammation [15], which suggests 
a potential role for miR-146a in inhibiting inflammation in IDD.

Thus, the aim of the present study was to investigate the ex-
pression and role of miR-146a in IDD and explore the patho-
logical links between miR-146a, IDD, and inflammatory path-
ways associated with IDD. In this study, we found miR-146a 
expression was significantly downregulated in patients with 
IDD versus healthy controls. Subsequently, we investigated 
the role of miR-146a in a series of experiments performed in 
LPS-stimulated human nucleus pulposus (NP) cells using miR-
146a mimics.

Material and Methods

Materials and reagents

Lipopolysaccharides (LPS) were purchased from Sigma (St. Louis, 
MO, USA). ELISA kits for TNF-a, IL-1b, and IL-6 were obtained 

from Dakewe Biotech Co., Ltd. (Shenzhen, P. R. China). Antibodies 
against TRAF6, NF-kB, and b-actin and horseradish peroxidase 
(HRP)-linked anti-rabbit IgG antibody were obtained from Cell 
Signaling Technology (Danvers, MA, USA). All of the other chem-
icals and reagents were of analytical grade and purchased from 
Sinopharm Chemical Reagent (Shanghai, P. R. China).

Patients and control participants

Between May 2013 and March 2014, a total of 21 patients 
with degenerative disc disease (IDD) and 21 healthy human 
volunteers were enrolled in the study. Routine MRI scans of 
the lumbar spine were taken of these patients, the degree of 
disc degeneration was graded from T2-weighted images us-
ing a modified Pfirrmann classification [16]. According to the 
modified classification system of the International Society for 
the Study of the Lumbar Spine [17], 12 samples were protru-
sions, five were sequestration, and four were subligamen-
tous extrusion. PBMCs (peripheral blood mononuclear cells) 
were isolated from the peripheral blood of IDD patients and 
from healthy human volunteers as described previously and 
collected in heparinized tubes. Separation of human PBMCs 
was performed using density centrifugation with Lymphoprep 
(Fresenius Kabi Norge AS, Oslo, Norway). The study protocol 
were approved by the Ethics Committee of Shandong Provincial 
Hospital Affiliated to Shandong University, and informed writ-
ten consents were obtained from all participants.

Culture of human NP cells

Human NP cells were purchased from ScienCell Research 
Laboratories (Carlsbad, CA, USA) and cultured in NP cell me-
dium containing 10% fetal bovine serum (FBS) (GIBCO, NY, 
USA), 100 mg/mL streptomycin, 100 U/mL penicillin, and 1% 
NP cell growth supplement, and then incubated at 37°C in a 
humidified atmosphere with 95% (v/v) air and 5% (v/v) CO2. 
The medium was changed every two days.

Treatment of human NP cells

Human NP cells were transiently transfected with miR-146a 
mimic (pre-microRNA mimics, Applied Biosystems) using 
Lipofectamine plus (Invitrogen, Carlsbad, CA, USA), with control 
transfections lacking miR-146a. After 24 hours, cells were stim-
ulated with LPS (10 ng/mL) in serum-free medium for 24 hours 
at 37°C under 5% CO2. Supernatants were collected 24 hours af-
ter the initiation of each treatment and prepared for either cell 
lysates or total RNA extraction followed by qRT-PCR analyses.

miR-146a quantitative RT-PCR

Total RNA was isolated from human PBMCs and human 
NP cells using the total RNA isolation system according to 
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manufacturer recommendations. RT reactions were performed 
using the TaqMan microRNA Reverse Transcription Kit (Applied 
Biosystems, Foster City, CA, USA) according to the manufac-
turer’s instructions. All miRNA quantification data were nor-
malized to 5S rRNA expression and mRNA quantification data 
were normalized to glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH). Relative amounts of transcript were calculat-
ed using the comparative Ct method.

ELISA kits

Cellular supernatant IL-1b, IL-6, and TNF-a levels were deter-
mined by ELISA kits following the manufacturer’s instructions.

Real-time PCR

RT-PCR was performed using standard procedures with the 
QuantiTect SYBR Green PCR kit (Qiagen) in ABI PRISM 7900HT 
detection systems (Applied Biosystems). Sequences of prim-
ers used for qPCR are presented in Table 1. Expression levels 
of each gene were normalized to GAPDH and expressed as a 
fold of control.

Western blot analysis

Western bolt analysis was performed as previously described [18]. 
In general, the cell lysates were centrifuged at 12,000 rpm for 15 
minutes at 4°C, and the supernatants were collected to obtain 
the total proteins. A BCA protein assay kit (Pierce Biotechnology, 
Inc., Rockford, IL, USA) was used to determine the protein con-
centration. Then, the proteins were resolved by 10% SDS-PAGE 
(10% (v/v) gel and transferred to PVDF membrane (Millipore, 
Billerica, MA, USA). The membrane was incubated with primary 
antibodies against TRAF6 (1:1,000), NF-kB (1:1,000), and b-actin 
(1:10,000) overnight at 4°C, and Western blot bands were visual-
ized using Super Signal West Pico Chemiluminescent Substrate 
(Thermo Scientific, Rockford, IL, USA).

Statistical analysis

The data were expressed as the means ±SEM. The number of 
independent experiments was represented by “n.” Multiple 
comparisons were performed using one-way ANOVA followed 

by Tukey’s multiple-comparison test, where p<0.05 was con-
sidered significant.

Results

Downregulation of miR-146a in the PBMCs

To investigate the potential role of miRNA-146 in IDD, we 
first measured the relative mRNA expression of miR-146a in 
PBMCs separated from IDD patients and control participants. 
As shown in Figure 1, obviously decreased mRNA levels of miR-
146a were observed in PBMCs of patients with IDD in compar-
ison to those in control participants.

Overexpression of miR-146a decreased pro-inflammatory 
cytokine levels in LPS-stimulated NP cells

In order to evaluate the effects of miR-146a in IDD, we induced 
miR-146a expression using miR-146a mimic, while NC oligonu-
cleotides were used as the control. NP cells were transfected 
with miR-146a mimic and NC oligonucleotides. Then miR-146a 

Gene name Forward primer Reverse primer

miRNA-146a 5’-GGGTGAGAACTGAATTCCA-3’ 5’-CAGTGCGTGTCGTGGAGT-3’

TRAF6 5’-GAGTTTGACCCACCTCTGGA-3’ 5’-TTTCATTGTCAACTGGGCACT-3’

NF-kB 5’-GAGGTGTATTTCACGGGACC-3’ 5’-GAAGTCCATGTCCGCAATGG-3’

GAPDH 5’-GCACCGTCAAGGCTGAGAAC-3’ 5’-TGGTGAAGACGCCAGTGGA-3’

Table 1. Sequences of primers.

Figure 1.  Quantitative reverse transcription polymerase chain 
reaction analysis of expression of miR-146a in 
PBMCs separated from patients with IDD and control 
participants. Values are the mean ±SD, n=21 for each 
group. * p<0.05, patients with IDD compared to control 
participants (non-IDD).
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expression was analyzed using RT-PCR. As shown in Figure 2A, 
miR-146a expression was upregulated efficiently. Compared 
with the LPS group, the overexpression of miR-146a signifi-
cantly decreased the levels of pro-inflammatory cytokines, in-
cluding IL-1b, TNF-a, and IL-6 (Figure 2B–2D).

Overexpression of miR-146a suppressed the activation of 
TRAF6/NF-kB in LPS-stimulated NP cells

We next investigated whether miR-146a could regulate inflam-
mation via the TRAF6/NF-kB pathway. As shown in Figure 3, 
overexpression of miR-146a significantly reduced the mRNA 
levels of TRAF6 and its downstream effector, NF-kB in LPS-
stimulated NP cells, while NC oligonucleotides showed no 
significant effect on the expression of TRAF6/NF-kB in LPS-
stimulated NP cells.

Discussion

Increasing evidence shows that miRNAs play an important role 
in many normal physiological processes and in the develop-
ment of most diseases. In the present study, we found that 
miR-146a was significantly downregulated in PBMCs separated 

from patients and control subjects. Furthermore, overexpression 
of miR-146a greatly increased the levels of pro-inflammatory 
cytokines, including IL-1b, TNF-a and IL-6, in LPS-stimulated 
NP cells. In addition, miR-146a could regulate LPS-induced in-
flammation via the TRAF6/NF-kB pathway in NP cells.

MiR-146a has been reported to be implicated in multiple dis-
eases, including age-related macular degeneration [19], sep-
sis [20], atherosclerosis [21], Alzheimer’s disease [22], and os-
teoarthritis [10]. However, expression of miR-146a and its role 
in IDD are still not clear. In this study, miR-146a levels were sig-
nificantly decreased in PBMCs in patients with IDD. Decreased 
levels of miR-146a may be associated with the inflammation in 
intervertebral discs. Previous studies have shown that inflam-
matory processes exacerbated by cytokines TNF-a, IL-1b, and 
IL-6 are believed to be key mediators of disc degeneration and 
low back pain [23–25]. In the present study, we found that the 
overexpression of miR-146a markedly decreased pro-inflam-
matory cytokines levels in NP cells. These data suggest that in-
creased pro-inflammatory cytokines levels induced by downreg-
ulation of miR-146a might participate in the development of IDD.

TRAF6, an essential factor that mediates receptor signaling in 
response to ligands of the TNFa superfamily, has been identified 
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Figure 2.  Effects of miR-146a on pro-inflammatory cytokine levels in NP cells. (A) miR-146a mRNA expression was increased after 
mimic treatment. (B, C) Overexpression of miR-146a decreased IL-1b, IL-6, and TNF-a in LPS-stimulated NP cells. Values are 
the mean ±SD, n=4 for each group. * p<0.05, compared to LPS treated group.
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as the target of miR-146a. In the present study, overexpres-
sion of miR-146a led to the decrease of TRAF6 and its down-
stream NF-kB expression both in mRNA and in protein levels. 
It has been demonstrated that overexpression of miR-146 con-
trols cytokine signaling through a negative feedback regula-
tion loop by inhibiting TRAF6 expression and impairing NF-kB 
activity [12,26]. These findings are in agreement with previous 
work that showed that miR-146a negatively regulates TRAF6 
activity and the inflammatory pathway in the spinal cord [15]. 
Therefore, these data indicate that overexpression of miR-146a 
might play an important role in IDD development, in part by 
suppressing TRAF6/NF-kB expression.

Conclusions

The results in the present study showed that miR-146a was 
decreased in the PBMCs of IDD patients compared to healthy 
controls. Moreover, overexpression of miR-146a significantly 
decreased the levels of pro-inflammatory cytokines by target-
ing the TARF6/NF-kB pathway, indicating a role for miR-146a 
in IDD. Furthermore, our findings suggest that overexpression 
of miR-146a might potentially be a therapeutic target in IDD.
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Figure 3.  Effects of miR-146a on mRNA (A, B) and protein (C) expression of TRAF6 and NF-kB in NP cells. Values are the mean ±SD, 
n=4 for each group. * p<0.05, compared to LPS treated group.
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