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Abstract
Background/Aims: microRNA-486-5p (miR-486-5p) and forkhead box protein O1 (FOXO1) 
play an important role in the development of intervertebral disc degeneration (IDD). However, 
their molecular mechanisms in IDD remain unknown. Methods: qRT-PCR assay was used to 
identify miR-486-5p expression in nucleus pulposus (NP) cells. In-vitro transfection, CCK-8, 
flow cytometry and luciferase reporter assay were used to validate the role and relationship 
of miR-486-5p and FOXO1 in lipopolysaccharides (LPS)-stimulated NP cells. qRT-PCR and 
Western blot were used to measure the expression levels of inflammatory cytokines, matrix 
degrading enzymes, and extracellular matrix (ECM)-related genes. Results: miR-486-5p 
expression was significantly down-regulated, while FOXO1 expression was up-regulated 
in LPS-treated NP cells (P<0.001). miR-486-5p over-expression repressed LPS-induced 
expressions of inflammatory cytokines (IL-1β, IL-6 and TNF-α) and matrix degrading enzymes 
(MMP-3, MMP-13, ADAMTS-4 and ADAMTS-5), and promoted the expressions of LPS-
inhibited ECM-related genes (Aggrecan and Collagen II) (all P<0.001). In addition, miR-486-
5p over-expression protected NP cells against LPS-induced apoptosis. However, inhibition of 
miR-486-5p led to the opposite effects. Mechanically, FOXO1 was a direct target gene of miR-
486-5p. Over-expressed FOXO1 aggravated LPS-induced injury, and antagonized protection 
effects of miR-486-5p. Conclusion: miR-486-5p can inhibit inflammatory response, ECM 
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degradation and apoptosis in NP cells by directly targeting FOXO1, which may contribute to 
the biological therapy of IDD.

Introduction

Intervertebral disc degeneration is one of the causes of lower back pain, which leads 
to disability and social burden [1-3]. Recently, therapies for IDD primarily aim to relieve 
pain symptoms, which offer only temporary benefits rather than a permanent cure [3]. The 
pathogenesis of IDD has been ascribed to some factors, including NP cell apoptosis, ECM 
loss and dysfunction of miRNAs [4-6]. Therefore, it is essential to elucidate the mechanisms 
underlying miRNAs-regulated IDD to develop novel and effective drugs.

MiRNAs are a kind of non-coding endogenous small RNAs with the length of 19 ~ 23 bp, 
and involved in regulating the expressions of complementary mRNA targets [7]. MiRNAs are 
not only involved in cell proliferation, apoptosis and differentiation [8], but also responsible 
for tissue degeneration and regeneration [9, 10]. Previous studies suggested up-regulated 
miR-27a targeted PI3K expression to initiate apoptosis of NP cells [11]. Liu et al. also 
found the over-expression of miR-21 could inhibit phosphatase and tensin homolog gene 
expression to promote NP cell proliferation [12]. Notably, Ji ML et al. found the level of miR-
486-5p was significantly lower in IDD samples compared with controls [13]. However, the 
molecular mechanisms of miR-486-5p in IDD have not been elucidated till now.

In this study, we hypothesized the miR-486-5p might participate in the development 
of IDD. Firstly, we identified the expressions of miR-486-5p and FOXO1 in parental and 
LPS-treated NP cells using qRT-PCR and Western blot. Furthermore, we systematically 
validated the role of miR-486-5p and FOXO1 in in-vitro LPS-induced NP cells using in-vitro 
transfection, CCK-8, luciferase reporter assay, etc. This study will lay a new foundation for 
biological therapy of IDD.

Materials and Methods

Cell culture
NP cells were isolated as previously described [11]. After isolation, NP cells were resuspended in 

DMEM containing 10 % FBS (GIBCO, NY, USA), 100 mg/ml streptomycin, 100 U/ml penicillin, and 1 % 
L-glutamine, and then incubated at 37 °C in a humidified atmosphere with 95 % (v/v) air and 5 % (v/v) 
CO2. The normal human embryonic kidney cell line HEK293 was obtained from the Shanghai Cell Collection 
(Shanghai, China). HEK293 cells were cultured with Dulbecco’s modified Eagle medium containing 10% 
fetal bovine serum and 4 mM glutamine in an incubator with 37°C and 5% CO2.

Transfection
The agomir-486-5p, agomir-486-5p control, antagomir-486-5p, and antagomir-486-5p control were 

designed and synthesized by RiboBio (Guangzhou, China) and transfected using Lipofectamine 2000 
(Invitrogen, Thermo Fisher Scientific, Inc.) into NP cells according to the manufacturer’s instructions. After 
24 h of transfection, cells were cultured in serum-free medium for 12 h, and then treated with LPS (10, 
100, 500, 1000 ng/ml) for 24 h with normal saline as control (LPS, 0 ng/ml). They were then harvested for 
subsequent experiments. For FOXO1 overexpression, pcDNA-FOXO1, and pcDNA-control were obtained from 
RiboBio (Guangzhou, China). These vectors were transfected to cells following manufacturer’s information.

CCK-8 assay
Cell proliferation was assessed by CCK-8 assay (Dojindo Laboratories, Japan). Cells (1 × 104) were 

seeded into 96-well plates and incubated at 37 °C for 24 h before transfection. CCK-8 solution (10 μl) was 
added to each well 48 h after transfection. After 2 h of incubation at 37 °C, the absorbance at 490 nM was 
measured using Spectra Max 250 spectrophotometer (Molecular Devices, USA).
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Cell apoptosis assay
Cell apoptosis was measured using an Annexin V-propidium iodide (PI) apoptosis detection kit (BD 

Biosciences, Franklin Lakes, USA). Following different treatment, cells were incubated with fluorescein 
isothiocyanate (FITC)-Annexin V (5 µl) for 15 min at room temperature in the dark, and then with PI (5 µl) 
for 5 min at 4°C in the dark prior to analysis by flow cytometry.

Quantitative real-time PCR (qRT-PCR)
Total RNA was extracted using Trizol reagent (Invitrogen, Carlsbad, CA, USA). Reverse transcription 

was performed using the First Strand cDNA Synthesis Kit (Takara, Shiga, Japan). Quantitative PCR (qPCR) 
was performed using an ABI Prism 7900HT Sequence Detection System (Applied Biosystems, Foster City, CA, 
USA) with SYBR Premix Ex Taq II (Takara, Shiga, Japan). To quantitate miR-486-5p expression, total RNA was 
polyadenylated and reverse transcribed using an All-in-One™ miRNA qRT-PCR Detection Kit (GeneCopoeia, 
Rockville, MD, USA), according to the protocol. The expression of each target gene was normalized to that of 
U6. Quantification was calculated using the 2−ΔΔCT method.

Western blotting
Total proteins were extracted and separated by 10% SDS-PAGE and transferred onto a PVDF membrane 

(Millipore, USA). To block nonspecific binding, the membranes were incubated with 5% skim milk powder at 
room temperature for one hour. The membrane was then incubated with primary antibody (1:1000, Abcam, 
USA), followed by HRP-labeled secondary antibody (Santa Cruz) and detected by chemiluminescence. An 
anti-GAPDH antibody (1:1000, Santa Cruz) was used as a protein loading control.

Luciferase reporter assay
The 3’-UTR of FOXO1 was found to possess a putative miR-486-5p binding site. The WT or MUT 3’-UTR 

segment containing the putative miR-486-5p-binding site was amplified and inserted into the pGL3 control 
vector (RiboBio, Guangzhou, China). For luciferase activity analysis, HEK293 cells were cotransfected with a 
combination of 200 ng pGL3 vector containing WT or MUT 3’-UTR and 90 nM agomir-486-5p or its negative 
control using Lipofectamine 2000 (Invitrogen, Thermo Fisher Scientific, Inc.). After 48 h, the cells were 
harvested and luciferase activity was subjected to the Dual Luciferase Reporter Assay System (Promega, 
Madison, WI, USA).

Statistical methods
SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. Measurement data 

were expressed as mean ± standard deviation (SD). Independent sample t-test was used for the intergroup 
comparison and one-way analysis of variance (ANOVA) was used for the comparison among multiple 
groups. Least significant difference (LSD) test was used for the paired comparisons P<0.05 indicated that 
the difference was statistically significant.

Results

LPS inhibits cell viability and miR-486-5p expression, and induces FOXO1, inflammatory 
cytokines and extracellular matrix degradation in NP cells
Firstly, NP cells were treated with the indicated concentrations of LPS, and analyzed 

by CCK-8. We found LPS inhibited the viability of NP cells in a time and dose-dependent 
manner (P<0.001) (Fig. 1A-B). The viability of NP cells was significantly decreased by a 
half after 24 h of incubation with 100 ng/ml of LPS (P<0.001). Subsequently, NP cells were 
stimulated by 100 ng/ml of LPS for 24 h, and then the expression levels of inflammatory 
cytokines, matrix degrading enzymes, and extracellular matrix (ECM)-related genes were 
followed by qRT-PCR and Western blot. Our findings showed that LPS significantly decreased 
the expression of miR-486-5p, but activated the expression of FOXO1 (p<0.001) (Fig. 1C-D). 
Then, LPS markedly increased the mRNA levels of inflammatory cytokines (IL-1β, IL-6 and 
TNF-α) and matrix-degrading enzymes (MMP-3, MMP-13, ADAMTS-4 and ADAMTS-5), while 
the expressions of ECM-related genes (Aggrecan and Collagen II) were markedly down-
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Fig. 1. LPS inhibits cell viability and miR-486-5p expression, and induces FOXO1 expression in NP cells. 
(A,B) After LPS (10, 100, 500, 1000 ng/ml) treatment, the viability of NP cells was measured by CCK-8 at 
6, 12, 24, 36, 48 h, respectively. Equal amounts of normal saline (LPS, 0 ng/ml) were used as control. (C) 
miR-486-5p expression level was analyzed by qRT-PCR after the treatment of LPS (100 ng/ml, 24 h). (D) The 
expression level of FOXO1 protein was detected by Western blot. Each experiment was assayed in triplicate 
independently. Values were presented as means ± SD. *P<0.001, v.s. control.
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Fig. 2. LPS induces inflammatory cytokines, extracellular matrix degradation and apoptosis in NP cells. 
(A) qRT-PCR was used to detect the mRNA expressions of inflammatory cytokines (IL-1β, IL-6 and TNF-α) 
in LPS-treated NP cells; GAPDH was used as an internal control. (B,C) qRT-PCR was used to detect the 
mRNA expressions of ECM genes (Aggrecan, Collagen II) and matrix degrading enzymes (MMP-3, MMP-
13, ADAMTS-4, and ADAMTS-5). (D) Western blot was used to detect the expressions of apoptosis-related 
proteins (Bcl-2, Bax and cleaved caspase 3) of NP cells. (E) Annexin/PI assay was used to measure the 
apoptosis rate of NP cells. Each experiment was assayed in triplicate independently. Values were presented 
as the means ± SD. *P<0.001, v.s. control.
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regulated by LPS (P<0.001) (Fig. 2A-C). Western blot further validated these effects above 
based on the protein level (P<0.001).

LPS induces NP cell apoptosis
To further investigate the mechanism underlying LPS-inhibited NP cell viability, we 

employed western blot and Annexin/PI assay to detect apoptosis of NP cells. The results 
showed that apoptosis-related protein cleaved caspase-3 and Bax were significantly 
up-regulated, but anti-apoptotic member Bcl-2 was observably down-regulated in LPS-
stimulated NP cells (P<0.001, Fig. 2D). The flow-cytometric examination showed that LPS 
significantly increased the apoptotic proportion of NP cells by approximately two-fold 
compared with the untreated control (P<0.001, Fig. 2E).

miR-486-5p attenuates LPS-inhibited NP cell viability and inhibits inflammatory cytokines 
in LPS-induced NP cells
To investigate the regulatory effects of miR-486-5p, we exogenously overexpressed miR-

486-5p in NP cells using in-vitro agomir-486-5p transfection, and endogeneously silenced 
miR-486-5p by transfecting antagomir-486-5p into NP cells. Then, NP cells were subjected to 
LPS treatment. We found miR-486-5p expression was increased by about 3.1-fold accompanied 
by decreased FOXO1 expression (Fig. 3A-B). However, antagomir-486-5p obviously reduced 
the level of miR-486-5p by approximately 60%, and obviously improved the viability of NP 
cells (Fig. 3A, 3C). On the other hand, miR-486-5p over-expression obviously inhibited LPS-
increased mRNA levels of IL-1β, IL-6 and TNF-α compared with controls (P<0.001, Fig. 3D), 
while miR-486-5p inhibition significantly enhanced LPS-increased expressions of IL-1β, IL-6 

Fig. 3. The effects of miR-486-5p on LPS-induced inflammation and ECM loss of NP cells. (A) NP cells 
were transfected by the agomir-486-5p or antagomir-486-5p, respectively, followed by LPS stimulation. 
Expression of miR-486-5p was measured by qRT-PCR. (B) The bands of FOXO1 protein were analyzed by 
Western blot, and measured by densitometry with Quantity One quantitation analysis software package. 
(C) The viability of NP cells was measured by CCK-8. (D) qRT-PCR validated the mRNA expressions of 
inflammatory cytokines in LPS-treated NP cells with agomir-486-5p or antagomir-486-5p; GAPDH was used 
as an internal control. (E,F) qRT-PCR validated the mRNA expressions of ECM genes and matrix degrading 
enzymes in LPS-treated NP cells with agomir-486-5p or antagomir-486-5p. Each experiment was assayed in 
triplicate independently. Data was represented as means ± SD. *P<0.001, v.s. control.
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and TNF-α mRNAs in contrast with those in the antagomir-486-5p control group (P<0.001, 
Fig. 3D). Western blot further identified these effects (P<0.001).

miR-486-5p promotes the expression of ECM genes and inhibits synthesis of ECM-degrading 
enzymes in LPS-induced NP cells
To further affirm the regulatory effects of miR-486-5p on the expression of ECM genes 

and ECM-degrading enzymes in NP cells, NP cells were transfected with agomir-486-
5p, antagomir-486-5p, or their respective controls. Then NP cells were subjected to LPS 
stimulation. We found that levels of Aggrecan and Collagen II in agomir-486-5p group were 
obviously higher than those in the agomir-486-5p control, while the levels of Aggrecan and 
Collagen II in the antagomir-486-5p group showed a significant decrease than those in the 
antagomir-486-5p control (P<0.001, Fig. 3E). Moreover, over-expression of miR-486-5p 
inhibited LPS-increased expressions of matrix degrading enzymes than control (P<0.001, 
Fig. 3F). However, miR-486-5p inhibition remarkably promoted the expressions of matrix 
degrading enzymes in NP cells stimulated by LPS, leading to the higher levels of matrix 
degrading enzymes than LPS treatment alone (P<0.001, Fig. 3F).

miR-486-5p protects NP cells against LPS-induced apoptosis
We found that the protein expressions of Bax and cleaved caspase-3 were markedly 

reduced by agomir-486-5p, whereas Bcl-2 was obviously elevated by agomir-486-5p in 
NP cells as compared with that in the agomir-486-5p control group (P<0.001, Fig. 4A). NP 
cells with antagomir-486-5p exhibited the opposite results. In addition, in comparison with 
the agomir-486-5p control group, the apoptosis rate of NP cells dramatically decreased 
following transfection with the agomir-486-5p (P<0.001, Fig. 4B). However, antagomir-486-
5p obviously exacerbated the apoptosis of NP cells compared with the antagomir-486-5p 
control group (P<0.001, Fig. 4B).

Fig. 4. The effects of miR-486-5p on LPS-induced apoptosis of NP cells. (A) Western blot was used to detect 
the expressions of apoptosis-related proteins. (B) The apoptosis rate of NP cells in each group was detected 
by flow cytometry. Each experiment was assayed in triplicate independently. Data was represented as 
means ± SD. *P<0.001, v.s. control.
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FOXO1 is a direct target of miR-486-5p
We found that the 3′-UTR of FOXO1 possesses sequences complementary to the miR-486-

5p seed sequences using TargetScan algorithms (Fig. 5A). Next, luciferase reporter vectors 
containing wild-type (Wt) or mutated (Mut) FOXO1 3′-UTR sequences were generated 
and transfected into HEK293 cells (Fig. 5B). Western blot analysis revealed the decreased 
expression of FOXO1 protein in HEK293 cells co-transfected with Wt FOXO1 3’-UTR and 
agomir-486-5p (P<0.001, Fig. 5C). The results revealed that over-expression of miR-486-
5p effectively reduced luciferase activity of the wild type reporter genes, instead of mutant 
reporter genes (Fig. 5D-E), indicating that miR-486-5p directly targets the 3′-UTR of FOXO1.

FOXO1 is involved in the regulatory effects of miR-486-5p in NP cells
Here, we explored whether FOXO1 was involved in miR-486-5p-induced biological 

effects in NP cells. The pcDNA-FOXO1 or pcDNA-control was transfected into miR-486-
5p-overexpressing NP cells. The results showed that over-expression of FOXO1 decreased 
agomir-486-5p-improved NP cell viability. Moreover, over-expression of FOXO1 antagonized 
the effect of agomir-486-5p on the mRNA expressions of inflammation cytokines (P<0.001, 

Fig. 5. FOXO1 is a direct target of miR-486-5p. (A) The prediction of the binding between miR-486-5p 
and FOXO1 was conducted by TargetScan. (B) Seed sequences of miR-486-5p in the Wt and Mut 3’-UTR of 
FOXO1. (C) The expression of FOXO1 was detected by Western blot in HEK293 cells after co-transfection 
of agomir-486-5p and/or 3’-UTR (Wt or Mut) of FOXO1. (D,E) Luciferase reporter assay was performed 
to verify the binding of miR-486-5p in the Wt or Mut 3’-UTR of FOXO1. Each experiment was assayed in 
triplicate independently. Data was represented as means ± SD. *P<0.001, v.s. control.
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Fig. 6A). Also, over-expression of FOXO1 inhibited miR-486-5p-recovered Aggrecan and 
Collagen II mRNA expressions, while FOXO1 promoted the mRNA expressions of miR-486-
5p-inhibited matrix degrading enzymes (P<0.001, Fig. 6B-C). Western blot further identified 
these effects (P<0.001).

In addition, the expression of Bax and cleaved caspase 3 were about two-fold higher 
in NP cells with FOXO1 over-expression, while miR-486-5p partially reversed these effects 
(P<0.001, Fig. 6D). Bcl-2 expression was descended to 48.9% in NP cells with FOXO1 over-
expression, and partially improved by miR-486-5p (P<0.001, Fig. 6D). At the same time, 
Annexin/PI assay showed FOXO1 over-expression aggravated LPS-induced apoptosis, and 
affected miR-486-5p-protected cell viability (P<0.01).

Discussion

It is well established that cell apoptosis, inflammatory response and ECM degradation 
contribute to the development of IDD [14-16]. Some miRNAs that regulate these processes 
have been linked to IDD [13, 17]. Therefore, identification of IDD-associated miRNAs and 
elucidation of their roles in IDD may be important for developing novel targets for IDD 
therapy. In this study, we demonstrated that LPS inhibited miR-486-5p expression, and 
induced inflammatory cytokines and apoptosis in NP cells. In-vitro assays revealed that miR-

Fig. 6. FOXO1 is involved in the regulatory effects of miR-486-5p in NP cells. (A) qRT-PCR was performed for 
the mRNA expressions of inflammatory cytokines. (B,C) qRT-PCR was performed for the mRNA expressions 
of ECM genes and matrix degrading enzymes. (D) Western blot was used to detect the expressions of 
apoptosis-related proteins. Bands were measured by densitometry with Quantity One quantitation analysis 
software package. Each experiment was assayed in triplicate independently. Data was represented as means 
± SD. *P<0.001, v.s. control.
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486-5p over-expression inhibited LPS-induced the expressions of inflammatory cytokines, 
and prevented cell apoptosis, indicating that miR-486-5p regulated inflammatory processes, 
and played a protective role in NP cells. As reported, some miRNAs also regulate matrix 
degradation and synthesis of ECM-degrading enzymes in NP cells. Liu et al. reported that 
miR-7 regulated IL-1β-induced ECM degeneration by targeting GDF5 in human nucleus 
pulposus cells [18]. In our work, LPS repressed the expressions of ECM genes and induced 
ECM-degrading enzymes. However, miR-486-5p antagonized LPS-induced ECM injury 
effects. These findings suggested miR-486-5p indeed participates in the development of IDD.

According to recent reports, the expressions of inflammatory cytokines and ECM-
degrading enzymes were regulated by FOXO1 [19, 20]. Under basal conditions, activated 
FOXO1 is translocated into the nucleus in response to different types of stresses [21, 22]. 
Further, FOXO1 targets the promoter of related cytokine gene locus to directly regulate the 
expressions of inflammatory cytokines [23]. Because Foxo transcription factors contain 
both DBD and protein interaction domain, they exert some effects in a DNA dependent or 
independent fashion. FOXO1 plays a vital role in the cell apoptosis, cell cycle, DNA damage 
repair, oxidative stress, and basic metabolisms. However, the detailed mechanisms underlying 
FOXO1-mediated development of IDD remain unknown. Here, we found FOXO1 activation 
by LPS or over-expression indeed promoted the expressions of inflammatory cytokines and 
extracellular matrix degradation in NP cells, which made us assume that FOXO1 may be a 
target of miR-486-5p.

Since miRNAs exert their biological effects through binding to the 3’-UTR of target 
mRNAs to negatively modulate the expressions of their target genes, including inhibition 
of translation or degradation of specific mRNAs. Here, we applied putative bioinformatics 
prediction databases, and predicted FOXO1 is a potential target of miR-486-5p. Previous 
studies reported FOXO1 can be targeted by many kinds of miRNAs. Jia X et al. demonstrated 
that miR-16 affected myoblast proliferation and apoptosis through directly repressing FOXO1 
activities [24]. He W et al. suggested that miR-374a promoted the proliferation capacity of 
human osteosarcoma via down-regulating FOXO1 expression [25]. Mao XP also found that 
miR-135a enhanced bladder cancer cell proliferation through regulating FOXO1 at a post-
transcriptional level [26]. Consistently, our luciferase reporter assay revealed that FOXO1 is 
indeed a direct target of miR-486-5p, by which miR-486-5p exerted its functions in NP cells.

Conclusion

In conclusion, miR-486-5p expression was down-regulated in LPS-induced NP cells. 
miR-486-5p improved NP cell viability, and inhibited inflammation cytokines and ECM 
degradation partly via inhibition of FOXO1 expression, which may contribute to the biological 
therapy of IDD.
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