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This study was to evaluate the function of miR-483 in the development of intervertebral disc degeneration in
order to find a potential novel therapeutic target for intervertebral disc degeneration. MiR-483 expression
was determined in nucleus pulposus tissue, cells from patients with intervertebral disc degeneration
and controls using real-time PCR. Western blotting was performed to determine anticollagen II, matrix
metalloproteinase-2, matrix metallopeptidase-9, cyclin A, cyclin D1 and glyceraldehyde-3-phosphate
dehydrogenase expression. Nucleus pulposus cell growth was detected in a MTT assay. Cell cycle was
measured following flow cytometric detection. The expression level of miR-483 was downregulated
significantly in intervertebral disc degeneration nucleus pulposus samples. Besides, miR-483 expression
was negatively associated with the Pfirrmann grade. Furthermore, overexpression of miR-483 could
promote nucleus pulposus cell growth, enhance the anticollagen II expression as well as inhibit the matrix
metalloproteinase-2 and 9 expression. In addition, miR-483 caused an increase in the proportion of S-phase
of nucleus pulposus cells. Present study revealed a novel miRNA in the progression of intervertebral disc
degeneration, which could serve as a potential therapeutic approach for intervertebral disc degeneration.
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The high incidence of low back pain (LBP) leads
to severe disability, which increases medical and
economic costs over the world!l. Unfortunately, the
pathogenesis of LBP remains unclear, and intervertebral
disc degeneration (IDD) is considered to be the main
risk factor’?!. IDD is a pathological process that has is
affected by many factors such as, environment, aging,
genetics, vibration, mechanical load, immune response
and inflammatory response, but the specific molecular
pathogenesis is still unclear™). Recently, excessive
apoptosis of nucleus pulposus (NP) cells, followed
by loss of extracellular matrix (ECM) in the NP tissue
have attracted the attention during the development of
IDDI", Thus, it is of great significance to explore the
mechanism of ECM loss in order to find new treatments
for IDD.

MicroRNAs (miRNAs) are endogenous, non-coding
and small RNAs, which are involved in several cell
processes, including cell proliferation, apoptosis,
differentiation and participate in the development
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and progress of many diseases®.. Recently, miRNAs
have proven to play a vital role in IDDP!. In fact,
microarray analysis indicated that miR-483 is
downregulated in IDD compared to the control disks!'!l.
However, the expression and role of miR-483 in IDD
remains unknown. In the present study, an attempt was
made to investigate the function of miR-483 in the
development of IDD in order to search for a potential
novel therapeutic target for IDD.

NP tissue samples were collected from 18 IDD patients,
who underwent spinal fusion from June 2017 to March
2019 in the Zhejiang Chinese Medical University. NP
tissues collected from 18 patients with scoliosis served
as the control. Routine MRI was performed before
surgery on each patient. T2 weighted images helped to
determine the degree of disc degeneration according
to modified Pfirrmann classification. The study was
approved by the ethics committee of Zhejiang Chinese
Medical University. All patients participated in the study
have signed an informed consent form voluntarily.
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NP cells were isolated from patient disc surgical
specimens and cultured in Dulbecco’s modified eagle’s
medium (DMEM, Gibco, USA) containing 10 % fetal
bovine serum (FBS, Gibco), 100 U/ml penicillin, 100
mg/ml streptomycin and 1 % L-glutamine, and were
grown under 5 % CO, in a humidified atmosphere at
37°. MiR-483 mimic and mimic NC were obtained from
RiboBio (Guangzhou, China) and transfected to NP cells
according to the instructions using lipofectamine-2000.

The NP cells were homogenized and the protein
concentrations were determined using BCA protein
assay kit (Beyotime, China). Primary antibodies antiCol
11, antiMMP-2, antiMMP-9, anticyclin A, anticyclin D1
and antiGAPDH were purchased from Cell Signaling
Technology (Beverly, USA). GAPDH was used as a
loading control. Total RNA of NP samples and cells
were extracted with TRIzol (Invitrogen) and cDNAs
were synthesized using iScript ¢cDNA Synthesis
Kit (Bio-Rad, Hercules, CA, USA). The iQ5 Real-
Time PCR Detection System (Bio-Rad) was used
to perform real-time PCR (RT-PCR) reactions. The
sequences of primers were shown as following: miR-
483- forward 5-GGCACCAGGGTTTAAT-3" and
reverse 5-CTCCTGTTAGGGCTGT-3'; Ué6-forward
5'-GCTTCGGCAGCACATATACTAAAAT-3' and
reverse 5'-CGCTTCACGAATTTGCGTGTCAT-3'.

The NP cells were cultured in 96-well culture plate with
complete culture medium. After incubation for specified
time, 20 ul MTT was added to each well, incubation
was continued at 37° for 4 h, then the medium was
removed and the precipitated formazan was dissolved
in DMSO. Absorbance was measured at 450 nm on a
microplate spectrophotometer (Biotek Instruments).

Flow cytometry FACSDiva 6.1.1 (Becton Dickinson)
was used for measuring cell cycle. In brief, the cells

a
20

151
10

Relative miR-483
expression

o o

were collected and fixed with 70 % ethanol at -20°
overnight. The cells were mixed with 20 pg/ml RNaseA
(Sigma-Aldrich, USA) and cultured with 50 pg/ml
propidium iodide (Sigma-Aldrich, USA) at 37° for 30
min according to the instructions.

SPSS 19.0 software (SPSS Inc., USA) was used for
statistical analysis. The continuous variables were
expressed as (mean+SD). The t-test was used for
comparison between two groups, and p value <0.05
was considered statistically significant. To explore
the role of miR-483 in IDD, first its expression was
determined in 18 normal NP and 18 degenerated NP
samples using qRT-PCR. The results showed that the
expression was significantly downregulated in IDD
NP cases relative to normal subjects (fig. 1a). It was
confirmed that MiR-483 expression level in IDD
was negatively associated with the Pfirrmann grade.
(fig. 1b, r=0.68, p<0.05). To determine the effect of
miR-483 on NP cell growth, NP cells were transfected
with miR-483 mimic and its control mimic, which
showed the marked efficiency of miR-483 mimic on
NP cells (fig. 2a). As displayed in fig. 2b, MTT assay
showed that miR-483 overexpression promoted the
NP cell growth. In addition, miR-483 overexpression
enhanced the Col II expression level in NP cells
(fig. 2¢). It was subsequently confirmed that the MMP-2
and MMP-9 expression in the NP cells after transfected
with miR-483 mimic or mimic NC. The western blot
analysis demonstrated that overexpression of miR-483
inhibited the expression of MMP-2 and MMP-9 in NP
cells (fig. 3). To further clarify the effect of miR-483 on
NP cells, the effect of miR-483 on NP cell cycle was
tested. The results of flow cytometry showed that miR-
483 could increase the proportion of S and G2/M cells
(fig. 4a). It is suggested that miR-483 could promote
DNA synthesis and mitosis of NP cells. In addition,
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Fig. 1: MiR-483 expression level decreased significantly in IDD samples
a. The miR-483 expression in 36 human NP tissues was detected by qRT-PCR. U6 was used as the internal control. b.
miR-483 expression level was negatively related with the Pfirrmann scores. ***p<0.05.
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Fig. 2: MiR-483 improves the cell growth and inhibits the Col II expression

a. RT-PCR assay was used to determine the expression of miR-483. b. MTT assay was conducted to confirm the NP cell
growth between miR-483 mimic and mimic NC groups (==e=—=)miR-483 mimic, (==m=—)mimic NC. c-d. western blot
analysis was used to examine the expression of Col II. **, **¥*p<(.05
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Fig. 3: MiR-483 increases the MMP-2 and MMP-9 expression
a-c. Western blot analysis was used to determine the MMP-2 and MMP-9 between miR-483 mimic and mimic NC

groups. **p<0.05.

it was also found that miR-483 could promote the
expression of cyclin A and cyclin D1 (fig. 4).

In the present study, it was confirmed that the expression
of miR-483 was downregulated significantly in IDD NP
samples. Besides, miR-483 expression was negatively
associated with the Pfirrmann grade. Furthermore,
overexpression of miR-483 could promote NP cell
growth, enhance the Col II expression as well as inhibit
the MMP-2 and MMP-9 expression. In addition, miR-
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483 caused an increase in the proportion of NP cells
in the S-phase. These results indicated that miR-483
expression might play a vital role in the development
and progression of IDD.

IDD is the pathological basis of common degenerative
diseases in spinal surgery, which can increase patients’
psychological burden, cause disability, reduce quality
of life and increase economic burden!!?!. Many factors
have proven to be responsible for IDD, unfortunately,
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Fig. 4: MiR-483 regulates cell cycle and cyclin proteins
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a. Flow cytometry was conducted to detect the cell cycle information between miR-483 mimic and mimic NC groups.
b. Western blot analysis was used to determine the cyclin A and cyclin D1 expression. *, **, *¥* p<(.05

the specific mechanism remained unclear™. NP cells
exhibit changes in both phenotype and morphology
with aging-related IDD that might impact the onset and
progression of IDD pathology. The NP tissue, which
located in the centre of intervertebral disc is composed
of NP cells and ECM]. NP cells are involved in
the synthesis and catabolism of ECM and excessive
apoptosis of NP cells followed by the loss of ECM is
considered to related to the development of IDDI7,
MiRNAs are related to the progress of many diseases
and may become potential targets of treatment®,
Interestingly, previous studies have showed that
miRNAs play vital roles in the IDD™!Y, For example,
Ji et al. have indicated that microRNA-193a-3p was
downregulated significantly in IDD and might exert
its role by targeting MMP-14P), In fact, previous
microarray analysis showed that compared with control
discs, miR-483 was downregulated significantly in
IDD!!. However, whether miR-483 exerted biological
functions in IDD remained unknown. The present study
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demonstrated that miR-483 expression was indeed
downregulated in IDD NP samples and was negatively
associated with the Pfirrmann grade. Considering that
excessive apoptosis of NP cells was an important
cause of IDDI*"], while the loss of Col II was an early
indicator of IDD!+5" miR-483 mimic was used to
further investigate the specific role of miR-483 in IDD,
NP cell growth and on Col II expression in the present
study. The data showed that miR-483 overexpression
could promote NP cell growth and increase the Col II
expression level in NP cells. These results suggested
that excessive apoptosis of NP cells and reduced Col
II caused by the downregulation of miR-483 might
take part in the development of IDD. According to
substrate specificity, MMP-2 and MMP-9 belonged to
the gelatinises group of MMPs!'®!, Recently, MMP-2
and MMP-9 expressions have suggested to be involved
in the basement membrane collagen destruction and
increased in degenerative disc disease!'*!7). The present
study data showed overexpression of miR-483 could
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inhibit the expression of MMP-2 and MMP-9 in NP
cells, which suggested that downregulation of miR-483
might participate in the development of IDD through
MMP-2 and MMP-9 pathway.

As cyclin A reaches the highest level in S and G2
phases, it is considered to be a regulator of the
transition to mitosis'®l. Whereas cyclin D1 is one of the
most important mediators for cell transformation from
G1 to S phase!". Thus, the effect of miR-483 on NP
cells cycle was further investigated. Flow cytometry
showed that miR-483 could increase the proportion of
S, G2/M cells, while western blot indicated that miR-
483 could promote the expression of cyclin A and
cyclin D1. These results demonstrated that miR-483
could promote DNA synthesis and mitosis of NP cells.
In conclusion, it was found that miR-483 expression
was significantly downregulated in IDD NP cases and
negatively associated with the Pfirrmann grade. In
addition, overexpression of miR-665 promoted NP cell
growth, enhanced the Col II expression and inhibited
the MMP-2 and MMP-9 expression. In addition, miR-
483 exerted an increase in the proportion of S-phase of
NP cells. Taken together, this study revealed a novel
miRNA in the progression of IDD, which could become
a potential therapeutic approach for IDD.
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