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Dysregulated miR-98-5p contributes to excessive apoptosis of nucleus
pulposus cells by BMP2 in human intervertebral disc degeneration.
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Abstract

Background: Dysregulation of microRNAs (miRNAs) has been reported to be associated with
Intervertebral Disc Degeneration (IDD), and accumulating evidence suggested that miR-98-5p was
involved in pathogenesis of IDD, but the underlying molecular mechanisms remains elusive.

Method: MTT assay and flow cytometry were conducted to examine the viability and apoptosis of
pressure-damaged cells, respectively. Computational analysis and luciferase assay were performed to
identify the target of miR-98-5p. Western-blot and real-time PCR were utilized to detect miR-98-5p and
BMP2 levels in the culture cells.

Results: Compression caused a time-dependent suppression of the growth of Nucleus Pulposus Cells
(NPCs), and significant apoptosis was induced in the damaged cells in a time-dependent pattern
compared with normal control. Bioinformatics analysis was used to validate Bone Morphogenetic
Proteins 2 (BMP2) as a potential target of miR-98-5p, which was further confirmed by luciferase assay
results. Experimental cells exhibited a lower level of miR-98-5p, and a higher level of BMP2. The
viability of the cultured cells transfected with miR-98-5p were lower than the control, while and cells
transfected with miR-98-5p antisense was found to grow faster than the negative control. The increased
expression level of miR-98-5p inhibited the expression of BMP2, and knockdown miR-98-5p increased
the expression of BMP2.

Conclusion: Taken together, our studies provided evidence that miR-98-5p may serve as a novel

therapeutic target for IDD via modulating expression of BMP2.
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Introduction

Intervertebral Disc Degeneration (IDD) is one of the major
causes of Low Back Pain (LBP). Approximately 80% of
people in the world develop LBP at certain stage in their entire
lives, causing a large economical and medical pressure to
society [1]. IDD is featured by Extracellular Matrix (ECM)
degradation and associated with elevated expression of pro-
inflammatory cytokines [2]. It is known that these
inflammation triggers suppress matrix protein synthesis and
promote expression and activity of matrix degrading enzymes,
such as integrin, metalloprotease with thrombospondin motifs
(ADAMTS) and Matrix Metalloproteinases (MMPs), hence
worsening the process of IDD [3,4]. The study by Won et al.
revealed that the IDDs exhibited elevated fraction of apoptotic
NPCs in rats with diabetes [5]. The reduction in the viable cell
count may be one of the mediators that initiate disc
degeneration [6]. Remarkably, the senescence and apoptosis of
IDD cells can cause reduction in viable cell count. Moreover, a
lot of studies demonstrated that cell senescence and apoptosis
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was worsened in the IDD degeneration and correlated to the
elevated catabolism of NPCs [7].

IDD can trigger pain of low back. Association and interaction
between Bone Morphogenetic Protein (BMP)/Transforming
Growth Factor-b (TGF-b) signalling pathway and Wnt/b-
catenin pathway have been identified, which are believed to
play an important role in the development of IDD [8]. It has
been shown that higher expression of b-catenin can be
activated by the Wnt/b-catenin activator, Lithium Chloride
(LiCl), in NPCs, and the stimulation of the Wnt/b-catenin
signals via the inhibition of cyclin-D1 and c-myc suppressed
cell proliferation [9]. Representing a member of the
Transforming Growth Factor-p (TGF-B) superfamily, Bone
Morphogenetic ~ Protein-2  (BMP2) signals via the
heterotetrameric complex of receptors of type I and type II
serine-threonine kinases [10]. In development of chickens,
apoptosis induced by BMP2 has been observed in vivo as well
as in vitro, for example, in rhombomeres 3 or 5 and the
interdigit field of the limb [11,12]. Moreover, a previous report
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described that the apoptosis in incubated mouse hybridoma
HS-72 cells, the growth of which is independent of /L-6, could
be triggered by BMP2 [13].

MicroRNAs (miRNAs) is a new class of small (19-25
nucleotides (nt)) noncoding RNA molecules, that completely
or partially bind to the 3‘-untranslated region (3’UTR) of target
mRNAs to regulate biological functions by modulating the
expression of the target gene [14]. Moreover, miRNAs are
pivotal in the modulation of stress responses, cell proliferation,
differentiation, migration, apoptosis and developmental
processes. Moreover, deregulated expression of miRNA
directly links to the development and pathophysiologic
progression of various human diseases [15]. What should be
noted is that miRNAs have been associated with collagen loss,
and the control of proliferation and apoptosis of NPCs [16].
Earlier study showed that dysregulation of miR-98-5p and
some other miRNAs have been detected in NPCs from IDD
patients compared with the controls. In addition, BMP2,
known as a tumor suppressor, might be a virtual target of
miR-98-5p, and has been demonstrated to enhance the
apoptosis of NPCs, thereby possibly involved in the pathology
of IDD [17-19]. In this study, we investigated the association
between the BMP2 and miR-98-5p and also explored the
mechanism that underlies the occurrence of IDD on molecular
level.

Materials and Methods

Isolation and primary culture of human nucleus
pulposus cells

The NPCs were isolated from tissue samples derived from
subject (Male, 59 years old, height: 169 cm, and weight: 65
kg), forceps were utilized to mince the tissue samples, and 4
mg/ml dispase (Sigma-Aldrich, St Louis, MO) was utilized to
digest the tissue pieces firstly for 30 min at 37°C, and subjected
to an additional incubation for another 5 h. 40 um cell strainer
(BD Falcon, Bedford, MA, USA) was utilized to filter the cell
suspension dissociated. And we conducted a centrifugation for
15 min at 800 rpm to yield the cells. RPMI-1640 medium
(Gibco, Grand Island, NY, USA) with 10% FBS (Fetal Bovine
Serum) (Sijiqing, Hangzhou, China) and 1% streptomycin-
penicillin was utilized to culture the cells with 5% CO, at
37°C. We changed the medium at 2-day intervals until the cells
cloned. The cells at passage 3 were used in our research. The
research protocol was approved by the research ethnic
committee in Shandong Provincial Hospital affiliated to
Shandong University.

Establishment of a model of compression induced
apoptosis in nucleus pulposus cells

Primary NPCs were subdivided into two groups, the control
group was maintained under an atmosphere with 1.0 MPa, and
while the experimental group was maintained in pressurized
cabin with artificial compressed air (99.5% compressed air
+0.5% COy).
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RNA isolation and real-time PCR

To analyse the expression levels of miR-98-5p and BMP2
mRNA, TRIzol reagent (Invitrogen, CA, US) was utilized to
isolate total RNA from NPCs in accordance with the
manufacturer’s recommendation. AMV First-Strand ¢cDNA
Synthesis kit (Fermentas, Pittsburgh, PA, USA) with a random
primer for BMP2 mRNA and a specific stem loop primer for
miR-98-5p was utilized to reverse transcribe 1 pg total RNA
following the instruction by the suppler. ABI SYBR-Green
PCR Master mix (Applied Biosystems, Bedford, MA, USA) on
a Light Cycler 480 (Roche, Indianapolis, IN, USA) was
utilized to carry out the real-time PCR after RT reaction. The
small nuclear RNA U6 and B-actin were chosen as internal
control. The 2-Delta Delta Ct (cycle threshold) value shown as
the relative expression level was utilized to analyze the RT-
gqPCR results. Three tests were performed.

Cell proliferation assay

NPCs were maintained into 48-well plates at a final
concentration of 2 x 103 cells/well in 120 pL medium for 1, 2,
3,4,5,6,and 7 days. 20 uL MTT were added in each well at a
final concentration of 0.5 mg/ml for another 4 h at 37°C, then
medium were removed, and DMSO was utilized to dissolve
precipitated formazan, and shook for 15 min, and Quant
Universal Microplate Spectrophotometer (Biotek Instruments)
was utilized to detect the cell viability based on the absorbance
at 570 nm following the instruction by the supplier. Three
independent tests were carried out.

Luciferase assay

The 3’-UTR (untranslated region) of BMP2 containing the
binding site of miR-98-5p was amplified through PCR and
cloned into the firefly luciferase reporter vector (Promega,
Madison, WI, USA). Meanwhile, the mutagenesis was
performed for the same site and introduced to the control
vector (Ambion, Cambridgeshire, UK). Using Lipofecamine
2000 (Invitrogen, CA, USA), the cells transfected miR-98-5p
mimics encoding plasmid , NC (negative control) and firefly
luciferase reporter vector with wild-type or mutant 3’UTR of
BMP2, respectively following standard protocol from supplier.
And pRL-TK plasmid (Promega, Madison, WI, USA)
expressing Renilla luciferase was introduced to each group to
monitor transfection efficiency. The cells were washed twice
48 hours post-transfection, and 1xPassive lysis buffer
(Promega, Madison, WI, USA) was utilized to suspend the
cells, Dual-Luciferase Reporter Assay System (Promega,
Madison, WI, USA) with a GloMax 40/40 luminomete r
(Promega, Madison, WI, USA) were utilized to measure the
luciferase activity of firefly and Renilla in accordance with
manufacturer’s instruction. All data are presented as the mean
+SD, and each experiment was performed at least three times.

Western blot analysis

The NPCs were harvested 48 h after transfection, and pre-
chilled PBS was utilized to wash the cell, and whole-cell ice-
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cold lysis buffer (1% NP-40, 0.1% SDS (Sodium Dodecyl
Sulfate), 10 ml/tablet supplemented with proteinase inhibitor
(Roche, Indianapolis, IN, USA), 150 mmol/L NaCl and 50
mmol/L Tris-HCI, pH 7.4) was utilized to lyse the cells in
accordance with the manufacturer’s protocol. DC protein assay
kit (Bio-Rad Laboratories, Hercules, CA, USA) was utilized to
quantify the concentration of proteins extracted from NPCs and
tissue samples, and hypotonic buffer was utilized to dilute the
protein sample to an equal concentration. 4-20% SDS-PAGE
was utilized to isolate the protein, and then followed by
transbloting electrically on to nitrocellulose membranes
(Invitrogen, CA, USA). TBST containing 5% non-fat dry milk
was utilized to block the membranes for 60 min. The primary
antibody against BMP2 at a dilution of 1:5000 (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) and B-actin (1:15,000;
Abcam, Shanghai, China) were utilized to hybridize the
membrane at 4°C for 12 hours. TBST was utilized to wash the
membranes and HRP (horseradish peroxidase)-conjugated anti-
rabbit or mouse secondary antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) was utilized to treat the
membrane for at 37°C for 2 hours. TBST was utilized to wash
the membrane, an enhanced chemiluminescence reagents,
Pierce ECL Western Blotting Substrate (Thermo Fisher
Scientific, Waltham, MA, USA) was utilized to detect the
specific protein in accordance with manufacturer’s instruction.
Quantity One software (Bio-Rad Laboratories, Hercules, CA,
USA) was utilized to quantify the optical density of the
immunoblots. All tests were performed three times.

Apoptosis analysis

NPCs were harvested after transfection, and PBS was utilized
to wash the cells. FITC-Annexin V/propidium iodide
Apoptosis Detection Kit (BestBio, Shanghai, China) was
utilized to double stain the cells following standard protocol by
supplier, and flow cytometry (BD FACSCanto II, BD
Biosciences, San Jose, USA) was utilized to analyze the cell
stained. All experiments were carried out three times.

Statistical analysis

SPSS 16.0 software (IBM, Chicago, US) was utilized to
conduct all statistical analyses. All Results were shown as
mean + Standard Deviation (SD). Student’s t-test was utilized
to compare the variable, and paired t-test was utilized to
compare data from different transfections, and others were
utilized two-group-test. Pearson’s correlation coefficient was
utilized to determine the correlations. The value of P less than
0.05 was considered significant.

Results

Compression induces apoptosis of NPCs

To explore the impact of compression on cell proliferation,
MTT assay was conducted to examine cell survival under
normal and high pressure. As shown in Figure 1A,
compression caused a time-dependent suppression of NPCs
viability in the pressure groups compared with the control. To
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further study whether the inhibited cell proliferation was
caused by apoptosis, Annexin V/PI assay was performed to
detect apoptosis. As shown in Figure 1B, apoptosis was
evidently induced in the damaged cells in a time-dependent
pattern, indicating that compression reduced cells viability
though induce apoptosis.
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Figure 1. The injury model exhibited an increased apoptosis. A:
Proliferation of cell in pressure and control were detected using MTT
assay. B: Apoptosis between damaged and normal cells were detected
using annexin V/PI assay.

A

BMP2 5°-UUUGUGUUUUACCUUUACCUCA-3’

BMP2 Mut  5°-UUUGUGUUUUACCUUCCAUAUU- 3’

——AC-CUIACC-UC AUC-TUG AGAGCTICT-TT-—
——CC-CUCUACC-UUGUC-GGGAAGCUCT-CU-—

— BAC-TTIUACC-UC ACC-UGGCAGCC——Uk
—=4E= UACH C-UGGGAGCUCU-UT-~
——AC— UACC-UCAUC-UGGAAGCTICU-UT——

CAUC-UGGGAGCUCT-UT-—
—————— - UCAUC-UGGGACCUCU=AT-———~
~UUACA-UGGGAGCUCA-UU-————

fe=————==== —————UU-CCUCACC-UCAG A-GGAGAGCUCA-CUUCUGUGGAGU-GU—1
=== ——————————JI-CCUCACC-UGAG G-UGG G AGCUCA-CUTCUGUG G AGU-CU-—,

GC—CUTT U-UTF GU-UT——1
let-7-5p/98-5p/miR-4458/4500
...................... AC. wIUTACC, UCAuC. USGGAGCUCY, UL, . . .. ... AL GC. .1

[ NC
59 @ miR-98-5p mimics
Il miR-98-5p antisense

Relative luciferase activity

=}

1rel (e

Wild type Mutant

Figure 2. A: Schematic comparison of the “seed sequence” in 3’ UTR
of BMP2 and miR-98-5p. B. MiR-98-5p could suppress and
miR-98-5p antisense could enhanced the luciferase activity of WT1
BMP2 3’UTR, but not mutant BMP2 3 ’UTR.

BMP2 was direct downstream target of miR-98-5p

To understand further explore the role of miR-98-5p in IDD;
we performed computational analysis to identify the target of
the miRNA. As predicted by miRTarG (http://
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mirtar.mbc.nctu.edu.tw), miRanda (http://www.microrna.org/),
TargetScan (http://www.targetscan.org/), there is a potential
binding site in 3’-UTR of BMP2 (Figure 2A). To confirm the
bioinformatics prediction, luciferase reporter assays were
conducted. Briefly, NPCs introduction of vectors contained
wild-type BMP2 3°’UTR with putative binding sites of
miR-98-5p or mutant BMP2 3’UTR. Furthermore, introduction
NPCs with miR-98-5p mimic achieved up-regulated of
miR-98-5p, while introduction NPCs with miR-98-5p antisense
achieved knockdown of miR-98. As shown in Figure 2B, over-
expressed of miR-98-5p remarkably diminished luciferase
activity of wild-type BMP2 3°UTR, and miR-98-5p antisense
strikingly enhanced the luciferase activity of wild-type BMP2
3’UTR compared with control, while mutation with binding
site. miR-98-5p in BMP2 3°’UTR notably abrogated the
suppression and improvement of miR-98-5p and miR-98-5p
antisense, respectively. The results demonstrated that
miR-98-5p directly regulated the expression of BMP2 via
binding to the 3°UTR of BMP2.

Differential expression of miR-98-5p and BMP2
between damaged and normal cells

To further identify that miR-98-5p was involved in IDD via
targeting BMP2, the expression level of miR-98-5p and BMP2
between damaged and normal cells were determined using
real-time qPCR and western-blot. As shown in Figure 3,
miR-98-5p level (Figure 3A) of damaged cells was apparently
down-regulated than normal control, and both mRNA (Figure
3B) and protein (Figure 3C) levels of BMP2 in damaged cells
was apparently up-regulated compared with normal control,
validated that down-regulated of miR-98-5p induced IDD via
improved expression of BMP2.

>
=
(o

of BMP2 mRNA
% -3 ¢ =
4, “
",

BMP2 -

s
7

PTEN -

Expression of miR-98-5p
b

Booctin s —

s
H
Expression

s

P-AKT -
e y‘ 2 i AKT  m—

Cleaved-Caspase 3 —

Figure 3. A: Damaged cells displayed a lower level of miR-98-5p. B:
Damaged cells displayed a higher level of BMP2 mRNA. C:
Damaged cells displayed a higher level of BMP2 protein.

Up-regulated of miR-98-5p promoted NPCs apoptosis

To understand the biological function of miR-98-5p in NPCs,
miR-98-5p was up-regulated and down-regulate by transfecting
miR-98-5p mimics or antisense in NPCs. As shown in Figure 4,
cells introduction of miR-98-5p were explored to grow more
rapidly three days post-transfection, and cells introduction of
miR-98-5p antisense were explored to grow more slowly three
days after transfection compared to that in the negative control,
indicated that miR-98-5p reduced cell proliferation via induced
apoptosis.
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Figure 4. Comparison of cell viability among cells introduction of
miR-98-5p, miR-98-5p antisense and control.
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Figure 5. A: MRNA of BMP2 in cell introduction of miR-98-5p. B:
BMP2, PTEN, cleaved-caspase 3 and p-AKT protein levels cell
introduction of miR-98-5p.
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Figure 6. A: MRNA of BMP2 in cell introduction of miR-98-5p
antisense. B: BMP2, PTEN, cleaved-caspase 3 and p-AKT protein
levels cell introduction of miR-98-5p antisense.

MiR-98-3p down-regulated endogenous BMP2
expression in NPCs via destabilizing BMP2 mRNA

To explore the regulatory relationship between miR-98-5p and
BMP2 in vitro, we also investigated the expression levels of
BMP2 mRNA and protein under miR-98-5p and miR-98-5p
antisense treatments. Compared with the scramble controls,
substantial under-expression of BMP2 mRNA (Figure 5A) and
protein (Figure 5B), PTEN (Figure 5B) and cleaved-caspase 3
(Figure 5B) expression levels was detected in cells introduction
of miR-98-5p mimics, while evident over-expression of p-Akt
protein (Figure 5B). Subsequently, knockdown miR-98-5p
significantly up-regulated the expression of BMP2 mRNA
(Figure 6A) and protein (Figure 6A), PTEN (Figure 6B) and
cleaved-caspase 3 (Figure 6B), while p-Akt protein level was
down-regulated than control, demonstrated that miR-98-5p
negatively regulated BMP2 expression.

Biomed Res- India 2017 Volume 28 Issue 9

Discussion

The serum miRNAs obtained from 50 IDD patients and 50 NC
subjects were used in a variant small RNA-Seq study carried
out on HiSeq 2000, revealing that IDD has lower expressions
of miR-885-5p, miR-483-3p, miR-342-3p, miR-191-5p,
miR-98-5p and let-7d-5p compared with NC [20].
Downregulated let-7g-5p and miR-98-5p and upregulated
miR-26b-3p have been confirmed in AD blood [21]. Growing
data indicate that miRNAs are related to the progression and
prognosis of an array of disorders and may be targeted by gene
therapy [22]. Studies have started to investigate the function of
miRNA in human degenerative disorder, and few studies have
identified the role of miRNA in degeneration of disc. It has
been identified that degenerative NP tissues had substantially
reduced expression of miR-98, which was closely correlated
with the grade of degenerative disc disease [23]. The clear
biochemical characteristic of IDD is degradative ECM due to
the loss of collagens and proteoglycans caused by an
imbalance in homeostasis between catabolism and anabolism.
Available data indicate that lack of type II collagen is regarded
as an indicator of early stage of IDD [24]. Over-expressed level
of miR-98 substantially elevated expression of aggrecan and
type II collagen in NPCs, while suppression of miR-98
elevated type I collagen and reduced type II collagen level
[23,25]. Moreover, NPCs proliferation and apoptosis can be
impacted by the miR-98 analogue and suppressor [23]. These
results showed that the development of IDD might be
associated with the downregulated expression of miR-98 [23].
In this study, we performed bioinformatics target prediction,
finding that BMP2 was the direct target of miR-98-5p, and
luciferase activity were detected, and revealed that miR-98-5p
can inhibited wild-type BMP2 3’UTR luciferase activity, but
not mutant BMP2 3’UTR, whereas miR-98-5p antisense
enhanced wild-type BMP2 3’UTR luciferase activity, but not
mutant BMP2 3°’UTR.

In the present study, we found that compression caused a time-
related inhibition the NPCs proliferation in pressure groups,
and increase in apoptosis of cell in damaged groups was
observed. Furthermore, found that miR-98-5p was evidently
up-regulated in damaged cells, and BMP2 was substantially
down-regulated in damaged cells compared with normal
control. BMPs modulate developmental and adult processes
such as cell differentiation and growth, and apoptosis, and they
trigger formation of cartilage and bone either during embryonic
development or post-natally [26-28]. Regulation of apoptosis
during development assures appropriate morphogenesis of
tissue. For instance, BMP2 triggers apoptosis in the apical
ectodermal ridge by regulation of signalling of fibroblast
growth factor during limb formation [29]. There are
expressions of BMP2 and BMP4 in the anterior, interdigital
and posterior necrotic zones before the onset of apoptosis in
the chick limb bud [12].

Jang et al. demonstrated that BMP2 enhanced transcription of
Activating Transcription Factor 6 (ATF6) by promotion of the
direct binding of RUNX2 to the osteoblast-specific cis-acting
element 2 (OSE2) motif of the region of ATF6 promoter [30].
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It has been demonstrated that BMP2 activates the IREla-
XBP1 pathway and triggers ER stress during chondrocyte
differentiation. BMP2 has multiple significant effects in
various cellular functions including embryogenesis, cell
differentiation and growth, bone development and bone
fracture repair [31]. BMP2 has been known to induce
activation of UPR signalling molecules, including PKR-like
ER-resistant Kinase (PERK), BiP and IREla [32]. Murakami
et al. showed that stimulation of BMP2 upregulated the
expression levels of the ER stress markers and the UPR of ER
stress triggered another BMP2 signalling pathway in
osteoblasts [33]. Despite of promising results observed in
single-gene transfection of intervertebral disc cells, a large
number of viral vectors is required, which elevates the risk of
the mediation of an immune response and cytotoxicity [34].
Wallach et al. integrated insulin-like growth factor 1, Bone
Morphogenetic Protein (BMP)-2, and TGF-bl, to transfect
intervertebral disc cells [35]. It has been shown AAV-mediated
SOX9-double gene and BMP-2 for in vitro co-transfection of
nucleus pulposus cells of the human intervertebral disc
degeneration applying BMP-2 to increase the expression
function of SOX9 and promote the synthesis of marrow stromal
cell components and SOX9 to enhance matrix expression
function [36]. Hunziker and Shintani investigated the
modulatory role of BMP-2 on chondrogenesis and discovered
that BMP-2 had dose-dependently positive regulatory role in
the expression of the major type II collagen gene and
chondrogenesis factor SOXY in intervertebral disc cells [37].
Similar with our study, Ji et al. reported a similar role of
miR-98-5p in the disc degeneration disease by showing that
miR-98 is abnormally suppressed, and elevation of il-6/STAT3
expression which is physiologically inhibited by miR-98. In
the study by Ji et al. a rescue test was performed, and even
though introduction of IL6 significantly “rescued” the effect of
miR-98, but it is not a 100% restore, indicating there are some
other factors possibly involved in this process, and the data
from our study provided one explanation for the observation by
Jietal. [23].

Conclusion

Taken together, our studies provided evidence that miR-98-5p
may serve as a novel therapeutic target for IDD via mediating
expression of BMP2.
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