EXPERIMENTAL AND THERAPEUTIC MEDICINE 15: 1616-1621, 2018

Role of miR-589-3p in human lumbar disc
degeneration and its potential mechanism
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Abstract. The present study aimed to investigate the role of
miR-589-3p in lumbar disc degeneration (LDD) and to explore
the underlying mechanisms. Nucleus pulposus (NP) cells were
stimulated with lipopolysaccharide (LPS) to simulate an in vitro
model of intervertebral disc degeneration. Reverse transcrip-
tion-quantitative polymerase chain reaction (RT-qPCR) was
used to detect the expression level of microRNA (miR)-589-3p
in the NP cells, and the results demonstrated that the increased
expression of miR-589-3p in LPS stimulated NP cells compared
with the control. To further investigate the role of miR-589-3p in
LDD, a human NP cell line with high/low miR-589-3p expres-
sion was generated using miR-589-3p mimics/inhibitors. In
addition, a human NP cell inflammation model was conducted
by LPS (10 uM) treatment. Western blot analysis and RT-qPCR
were performed for detection of associated genes and proteins.
Protein levels of pro-inflammatory factors, including tumor
necrosis factor-a (TNF-o), interleukin (IL)-1f and IL-6 were
evaluated by ELISA. Flow cytometry was used for cell apoptosis
determination. Furthermore, Targetscan was used to predict
potential targets of miR-589-3p, and a dual luciferase reporter
assay was used to verify the prediction. The findings verified
that miR-589-3p was significantly upregulated in LDD. In vitro,
miR-589-3p mimics/inhibitors significantly increased/reduced
the production of TNF-a, IL-1p and IL-6 in LPS stimulated
NP cells. Furthermore, miR-589-3p mimics/inhibitors signifi-
cantly promoted/inhibited LPS stimulated NP cell apoptosis.
MiR-589-3p mimics/inhibitors significantly repressed/enhanced
type II collagen and aggrecan expression in LPS stimulated
NP cells. In addition, it was demonstrated that mothers against
decapentaplegic homolog (Smad) 4 was a direct target gene of
miR-589-3p, and was negatively regulated by miR-589-3p in NP
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cells. In conclusion, miR-589-3p may function as a promoter in
LDD development via the regulation of Smad4.

Introduction

Lumbar disc degeneration (LDD) is the premise and pathological
basis of the degenerative lumbar diseases (1). As a common
clinical disease, related survey shows that about 80% of the LDD
patients will have different degree of back and leg pain symptoms,
and it may affect their daily work and life quality when the pain
is relatively serious. At present, the mechanism of intervertebral
disc degeneration (IDD) has not been fully understood. Various
factors, including lifestyle, age, genetic predisposition, etc, can
induce IDD (2,3). Evidence have indicated that a variety of
cellular events, ranging from matrix synthesis to cytokine expres-
sion, are participated in the development of human IDD (4). A
growing number of studies suggested that nucleus pulposus (NP)
cells, which can produce type II collagen, aggrecan and other
components of the extracellular matrix (ECM), play a major role
in maintaining the integrity of intervertebral discs (IVDs) (5,6).
Moreover, during the progression of IDD, excessive apoptosis of
IVD cells and excessive degradation of ECM are observed. In
addition, pro-inflammatory cytokines, such as tumor necrosis
factor-a (TNF-a), interleukin (IL)-1f and IL-6, also play critical
roles in IDD.

MicroRNAs (miRNAs), a class of short non-coding RNAs
(20-22 nucleotides), play critical roles in post-transcriptional
regulation of target gene expression (7,8). Increasing studies
have reported that miRNAs play an important role in a series
of pathological processes, such as neurodegenerative, inflam-
matory and degenerative disorders (9,10). In recent years, a
number of studies have revealed that miRNAs serve a major
role in degenerative disc diseases, such as IDD (11-15).

miR-589 has been reported over-expressed in IDD (16).
However, the expression and role of miR-589-3p in LDD
remains largely unclear. Therefore, the present study aimed
to investigate the expression and role of miR-589-3p in LDD,
as well as the underlying molecular mechanisms.

Materials and methods
Materials. Lipopolysaccharide (LPS) was obtained from

Sigma-Aldrich (Merck, Darmstadt, Germany); The cell trans-
fection kit was purchased from Santa Cruz Biotechnology, Inc.
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(Dallas, TX, USA); ELISA kits for TNF-a, IL-1p and IL-6 level
detection were purchased from Elabscience Biotechnology
(Wuhan, China); The primary antibodies (B-actin, Smad4,
type II collagen, aggrecan) and the secondary antibody were
obtained from Cell Signaling Technology (Danvers, MA,
USA); All other chemicals and reagents were supplied by
Sinopharm Chemical Reagent (Shanghai, China).

Cell culture. The primary human NP cells were obtained
from the ScienCell Research Laboratories (Santiago, CA,
USA). Cells were grown in DMEM (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) containing 10% fetal
bovine serum (FBS, Gibco; Thermo Fisher Scientific, Inc.),
1% streptomycin-penicillin solution, and 1% L-glutamine
(Gibco; Thermo Fisher Scientific, Inc.). The cells were main-
tained in a 5% CO, incubator at 37°C.

Cell transfection. Human NP cells were seeded in 6-well
plates (5x10* cells/well) the day before cell transfection.
miR-589-3p mimic (50 nM), miR-589-3p inhibitor (100 nM)
or its negative control (NC) (GenScript, Piscataway, NJ, USA)
were transfected in to NP cells by using Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions.

LPS treatment. 24 h after the cell transfection, cells were
treated with 10 ng/ml LPS for 24 h and incubated in a 5% CO,
incubator at 37°C. 24 h after treatment, the supernatants were
harvested by centrifugation (1,000 x g; 4°C; 15 min). Cells
were divided into following groups: Control group (Con):
Cells without any treatment; LPS treatment group (LPS): Cells
treated with LPS; NC/LPS group: Cells transfected with nega-
tive control and then stimulated with LPS; miR-589-3p/LPS
group: Cells transfected with miR-589-3p mimics and then
stimulated with LPS; inhibitor/LPS group: Cells transfected
with miR-589-3p inhibitor and then stimulated with LPS. Then
cells were collected for following analysis.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA from NP cells was extracted by using
TRIzol reagent (Takara Bio, Inc., Otsu, Japan) according to
the manufacturer's protocol. cDNAs were generated by using
the miScript Reverse Transcription kit (Qiagen GmbH, Hilden,
Germany) according to the instructions provided by the manu-
facturer. Subsequently, qPCR was performed using Maxima
SYBR-Green/ROX qPCR Master mix (Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
Primer sequences used were obtained from Genscript
(Nanjing, China). U6 or GAPDH was served as the internal
control of miRNA or mRNA expression. The 2444 method
was used to calculate the relative expression values (17). Every
experiment was repeated at least three times.

Western blot analysis. After certain treatment, NP cells were
collected and total cell proteins were extracted by using RIPA
buffer (Cell Signaling Technology, Inc., Danvers, MA, USA).
Then, bicinchoninic acid protein assay was used to detect the
concentration of proteins. Equal amount of protein samples
were resolved on 10% SDS-PAGE gels, and then transferred
onto the PVDF membranes (EMD Millipore, Billerica, MA,
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USA). The membranes were then blocked with 5% skim
milk, incubated with the primary antibodies (overnight at
4°C), and then incubated with a secondary antibody (room
temperature for 2 h). Finally, the Chemiluminescent ECL
reagent (EMD Millipore) was performed for protein blots
visualization.

ELISA assay. 24 h after cell transfection, NP cells were treated
with 10 ng/ml LPS. Then, the supernatants were harvested for
the detection of proinflammatory factors (TNF-a, IL-1f and
IL-6). To determined the level of TNF-a, IL-1§ and IL-6 of
different groups, ELISA assay was applied in line with the
manufacturer's instructions of each kit. Each experiment was
repeated at least three times.

Flow cytometry assay. Annexin V/propidium iodide double
staining method was performed to analyze cell apoptosis.
24 h after cell transfection, the cells were labeled with
Annexin V-FITC and propidium iodide (PI) for cell apoptotic
rate detection following the manufacturer's instructions. Flow
cytometry (BD Biosciences, Franklin Lakes, NJ, USA) was
performed to analyze the cells. Each experiment was indepen-
dently repeated at least for three times.

Dual luciferase reporter assay. TargetScan was carried
out to predict the potential targets of miR-589-3p. To
verify whether miR-589-3p directly targets the 3'UTRs
of SMAD4, the vectors named SMAD4-3'UTR-WT and
SMAD4-3'UTR-MUT with wild-type and mutated 3'UTR of
SMAD4 mRNA were constructed. NP cells were co-trans-
fected with SMAD4-3'UTR-WT or SMAD4-3'UTR-MUT
and miR-589-3p or its negative control (hsamiR-NC) vector
by using Lipofectamine® 2000 following the manufacturer's
instructions. 48 h after cell transfection, the Dual-Luciferase
Reporter Assay kit (Promega Corporation, Madison, WI,
USA) was used to assess the luciferase activity in line with the
instructions provided by the manufacturer.

Statistical analysis. Data are presented as the mean + standard
deviation. Comparisons between groups were analyzed by the
Student's t-test and one-way ANOVA. P<0.05 was considered
to indicate a statistically significant difference.

Results

Upregulation of miR-589-3p in LPS stimulated NP cells.
To determine the expression level of miR-589-3p in LDD,
LDD cell model was generated using LPS in the present
study. As shown in Fig. 1A, after stimulated with LPS,
the miR-589-3p expression level in NP cells significantly
increased compared with the control groups. The data
suggested that miR-589-3p was upregulated in LPS stimu-
lated NP cells, indicating that miR-589-3p may be involved
in the progression of LDD.

To investigate the role of miR-589-3p in LDD, miR-589-3p
was upregulated or downregulated in NP cells by transfection
with miR-589-3p mimic, miR-589-3p inhibitor or its nega-
tive control. Subsequently, the cells were treated with LPS.
24 h after the treatment, miR-589-3p expression was deter-
mined by RT-qPCR. The results suggested that miR-589-3p
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Figure 1. miR-589-3p expression detection. miR-589-3p expression level was measured by RT-qPCR, and data were normalized to U6 expression.
(A) miR-589-3p expression level in LPS stimulated NP cells; (B) miR-589-3p expression level in NP cells from different groups. Con, normal NP cells; LPS,
NP cells stimulated with LPS; NC, NP cells transfected with NC oligonucleotides and stimulated with LPS; mimic, NP cells transfected with miR-589-3p
mimic (50 nM) and stimulated with LPS; inhibitor, NP cells transfected with miR-589-3p inhibitor (100 nM) and stimulated with LPS. "P<0.01 vs. Con;

"P<0.01 vs. LPS. Experiments were performed in triplicate.
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Figure 2. Expression level of cellular supernatant TNF-a, IL-1$3 and IL-6. ELISA assay was performed to detect the expression level of cellular supernatant
(A) TNF-a, (B) IL-1f and (C) IL-6. Con, normal NP cells; LPS, NP cells stimulated with LPS; NC, NP cells transfected with NC oligonucleotides and
stimulated with LPS; mimic, NP cells transfected with miR-589-3p mimic (50 nM) and stimulated with LPS; inhibitor, NP cells transfected with miR-589-3p
inhibitor (100 nM) and stimulated with LPS. "P<0.01 vs. Con; “P<0.01 vs. LPS. Experiments were performed in triplicate.

mimic/miR-589-3p inhibitor significantly increased/decreased
the expression of miR-589-3p (Fig. 1B).

miR-589-3p inhibition decreased pro-inflammatory cytokines
levels in LPS-stimulated NP cells. 24 h after treatment, the
levels of TNF-a, IL-1p and IL-6 were detected by ELISA.
We found LPS notably increased the level of TNF-a, IL-1p
and IL-6. We also found that compared with the LPS stimu-
lated only group, miR-589-3p mimics significantly increased
the expression level of TNF-a, IL-1f and IL-6. In contrast,
miR-589-3p inhibitor markedly inhibited the production of
TNF-a, IL-1p and IL-6 (Fig. 2A-C). The data indicated that
miR-589-3p downregulation significantly prevented the proin-
flammatory cytokine expression in LPS treated NP cells.

miR-589-3p inhibition decreased LPS induced NP cell
apoptosis. The effect of miR-589-3p on NP cell apoptosis was
determined in our present study. The results suggested that
compared with the control group, LPS treatment significantly
enhanced NP cell apoptosis. Compared with the LPS stimu-
lated only group, miR-589-3p mimics significantly promoted
the NP cell apoptosis, while miR-589-3p inhibitor markedly
inhibited NP cell apoptosis (Fig. 3). The data indicated that
miR-589-3p downregulation significantly prevented cell apop-
tosis in LPS treated NP cells.

miR-589-3p inhibition enhanced type Il collagen,
aggrecan expression. Effect of miR-589-3p on type II
collagen (Col II), aggrecan expression in NP cells was also
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Figure 3. Effect of miR-589-3p on NP cell apoptosis. After specific treatment, NP cell apoptosis was analyzed by FCM. (A) Representative image and
(B) quantification. Q1, dead cells; Q2, late apoptosis cells; Q3, early apoptosis cells; Q4, surviving cells. Cell apoptosis=Q2+Q3. Con, normal NP cells; LPS,
NP cells stimulated with LPS; NC, NP cells transfected with NC oligonucleotides and stimulated with LPS; mimic, NP cells transfected with miR-589-3p
mimic (50 nM) and stimulated with LPS; inhibitor, NP cells transfected with miR-589-3p inhibitor (100 nM) and stimulated with LPS. "P<0.01 vs. Con;

"P<0.01 vs. LPS. Experiments were performed in triplicate.
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Figure 4. Effect of miR-589-3p on type II collagen, aggrecan expression in NP cells. (A) Protein level of type II collagen and aggrecan was detected by western
blotting; (B and C) mRNA level of type II collagen and aggrecan was detected by RT-qPCR. Con, normal NP cells; LPS, NP cells stimulated with LPS; NC, NP
cells transfected with NC oligonucleotides and stimulated with LPS; mimic, NP cells transfected with miR-589-3p mimic (50 nM) and stimulated with LPS;
inhibitor, NP cells transfected with miR-589-3p inhibitor (100 nM) and stimulated with LPS. "P<0.01 vs. Con; “P<0.01 vs. LPS. Experiments were performed

in triplicate.

investigated in the present study. The results indicated that
the level of type II collagen and aggrecan was significantly
lower in LPS treated NP cells than that in the control
NP cells. Compared with the LPS stimulated only group,
miR-589-3p mimics significantly inhibited type II collagen
and aggrecan expression in NP cells, while miR-589-3p
inhibitor markedly enhanced type II collagen and aggrecan
expression (Fig. 4).

miR-589-3p targets Smad4. To investigate how miR-589-3p
function its role in NP cells, we first predicted the potential
targets of miR-589-3p using TargetScan (Fig. 5A), and Dual
luciferase reporter Assay was applied to confirm our predic-
tion. The results showed that miR-589-3p effectively reduced
luciferase activity in NP cells transfected with the WT 3'UTR
of SMAD4 compared to the miR-Con groups, while the MUT
SMAD4 3'UTR eliminated the inhibition by miR-589-3p
(Fig. 5B). This results indicated that miR-589-3p targets
Smad4.
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Figure 5. Smad4 is a target gene of miR-589-3p. (A) Interaction between
miR-589-3p and 3'UTR of Smad4 was predicted using TargetScan;
(B) Luciferase activity of a reporter containing a wild-type Smad4 3'UTR
or a mutant Smad4 3'UTR are shown in the bar graph ("P<0.01 vs. control).
Here, ‘Smad4 Mut 3'UTR’ indicates the Smad4 3'UTR with a mutation in the
miR-589-3p binding site. UTR, untranslated region.
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Figure 6. Smad4 is negatively regulated by miR-589-3p in NP cells. (A) miR-589-3p expression level in NP cells from different groups; (B) protein level of
Smad4 in NP cells was detected by western blotting; (C) mRNA level of Smad4 in NP cells was detected by RT-qPCR. Con, normal NP cells; NC, NP cells
transfected with NC oligonucleotides; mimic, NP cells transfected with miR-589-3p mimic (50 nM); inhibitor, NP cells transfected with miR-589-3p inhibitor

(100 nM). "P<0.01 vs. Con. Experiments were performed in triplicate.

To further confirm miR-589-3p regulating Smad4 expres-
sion in NP cells, we transfected NP cells with miR-589-3p
mimics, miR-589-3p inhibitors, or its negative control respec-
tively. RT-qPCR was performed to detect the transfection
efficiency (Fig. 6A). miR-589-3p mimics significantly inhib-
ited the mRNA and protein expression of SMAD4 in NP cells,
while the miR-589-3p inhibitor increased SMAD4 mRNA
and protein levels (Fig. 6B and C). These results indicate that
miR-589-3p may function in LDD via regulating SMADA4.

Discussion

A growing number of studies have revealed that miRNAs play
important roles in a variety of pathological processes, as well
as in regulating cell proliferation, apoptosis and differentia-
tion (18). Extensive research has proved the important roles of
miRNAs in the development of IDD. For example, Hu ef al
reported that miR-194 and miR-515 can relieve the biosynthesis
of chondroitin sulfate during human IDD development (19).
Lv et al suggest that miR-146a over-expression can promote
IDD through regulating TRAF/NF-kB pathway (20). miR-15
has been found upregulated in IDD and it can promote IDD
by targeting MAP3K9 (21). miR-133a was downregulated in
IDD and it involves in IDD progression via regulating Type II
collagen by targeting MMP9 (22). A previous study suggested
that miR-589 was over-expressed in IDD. To date, the role of
miR-589-3p, ararely studied miRNA, in IDD remain unknown.
Therefore, this study we aimed to examined the expression of
miR-589-3p in IDD, as well as to study the role of miR-589-3p
in IDD and explore the underlying molecular mechanisms. We
hope to find a novel and effective therapeutic target for the
diagnosis and treatment of LDD.

The present study found that miR-589-3p was upregulated
in human LDD. One of the major features of IDD is decrease of
the proteoglycan (PG) content of IVDs (23). LPS, an admitted
strong promoter of inflammation, can reduce the PG content,
thus leading to IDD (24,25). Thus, in the present study, we

used LPS to establish the IDD cell model for further study
of miR-589-3p, and we found miR-589-3p was upregulated in
human NP cells by LPS stimulated.

Excessive apoptosis of IVD cells and undue degradation of
ECM involve in the development of IDD (26,27). Inflammation
also plays an important role in disc degeneration. A variety
of proinflammatory cytokines, including TNF-a., IL-1f, IL-6
and IL-12, were notably enhanced due to immunoreactivity in
the generative IVD tissues (28). Our findings suggested that
miR-589-3p inhibitors significantly reduced the production of
TNF-a, IL-1f and IL-6 in LPS stimulated NP cells. Moreover,
miR-589-3p inhibitors inhibited LPS stimulated NP cell apop-
tosis, and significantly enhanced type II collagen and aggrecan
expression in LPS stimulated NP cells.

As a critical pro-inflammatory factor, TGF-f§ has been
reported could enhance catabolic genes expression and repress
critical ECM genes expression through the NP cells and AF
cells in intervertebral disc tissue (29). Smad4, one of thousands
of the potential target genes of miR-589-3p, is a co-activator
and mediator of TGF-p signal pathway. Thus, we choose
Smad4 for further investigation, and our results showed that
miR-589-3p directly targets Smad4, and negatively regulate
Smad4 expression in NP cells. The result was consistent with
the previous reports (16). Therefore, these results suggested
that miRNA-589-3p may affect the ECM and inflammation by
targeting Smad4.

Taken together, our results indicated facilitate effect of
miR-589-3p on IDD progress. This is the first study clarifying
the underlying mechanisms of miR-589-3p in IDD. miR-589-3p
may serve as a novel therapeutic target for LDD.
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