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Abstract
Accumulating evidence indicates that miRNAs, a class of small non-coding RNAs, are implicated in the pathogenesis of various

diseases such as cancer and intervertebral disc degeneration. The aim of this study was to investigate the expression and the

biological function of microRNA-34a in intervertebral disc degeneration. In this study, microRNA-34a expression was assessed in

nucleus pulposus specimens and in IL-1b-stimulated nucleus pulposus cells by real-time polymerase chain reaction. microRNA-

34a functions were investigated by using gain and loss of function experiments in nucleus pulposus cells and a dual luciferase

reporter assay in 293T cells. microRNA-34a was dramatically up-regulated in degenerative nucleus pulposus tissues and in IL-1b-

stimulated nucleus pulposus cells when compared with controls. Furthermore, growth differentiation factor 5 was identified as a

target of microRNA-34a. Aberrant expression of microRNA-34a inhibited growth differentiation factor 5 expression by direct

binding to its 30-untranslated region. This inhibition was abolished by mutation of the microRNA-34a binding sites. In addition,

microRNA-34a silencing reversed IL-1b-induced decrease in type II collagen and aggrecan expression in nucleus pulposus cells.

This effect was substantially suppressed by growth differentiation factor 5 silencing. Our results suggested that microRNA-34a

inhibition prevents IL-1b-induced extracellular matrix degradation in human nucleus pulposus by increasing growth differentiation

factor 5 expression. microRNA-34a inhibition may be a novel molecular target for intervertebral disc degeneration treatment

through the prevention of nucleus pulposus extracellular matrix degradation.
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Introduction

Currently, lower back pain is a common medical problem
and epidemiologic studies show that its incidence is increas-
ing every year.1 Lower back pain seriously influences
human health and results in enormous socioeconomic bur-
dens.2 Although complex and multiple factors are involved
in triggering lower back pain, it is generally believed to be
associated with intervertebral disc degeneration (IDD).
Numerous studies indicate that the etiology and pathogen-
esis of IDD involve various factors, including age, gene,
smoking, trauma, hyper-physiological loading, or over-
load.3–7 However, the underlying mechanisms of IDD
remain unknown. Recently, there has been accumulating
evidence showing that the predominant changes in IDD

correlate with intervertebral disc (IVD) and extracellular
matrix (ECM) degeneration.8,9 It is well established that col-
lagens and proteoglycans (PGs) such as type II collagen and
aggrecan are crucial for proper disc function, particularly in
the nucleus pulposus (NP), and the loss of type II collagen
and aggrecan plays a pivotal role in the development of disc
degeneration.10,11 During IDD, NP cells function abnor-
mally with decreased synthesis of normal IVD matrix com-
ponents and increased production of ECM degradative
enzymes, thereby leading to the degeneration of the ECM
and the loss of the normal homeostatic metabolism in the
IVD.12,13 There is accumulating evidence indicating that
inflammatory cytokines such as IL-1b are increased in
IDD and can mediate ECM degradation in the IVD.14–16
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Therefore, the use of biological agents that protect NP cells
from inflammatory cytokine-induced ECM degradation
might become one of the therapeutic strategies for IDD
treatment.

Recent evidence shows that growth differentiation factor
5 (GDF5) plays an essential role in suppressing the ECM
degeneration in IVD cells. GDF5 is expressed in normal,
moderate, and severe degeneration of IVD, particularly in
cells of the NP.17 However, a small decrease in the number
of GDF5 is observed during degeneration.18 In GDF5-
deficient mice, type II collagen and aggrecan expression is
down-regulated in IVD cells and the PGs content in discs is
decreased. Treatment of disc cells from the GDF5-deficient
mice with recombinant GDF5 resulted in the up-regulation
of the type II collagen and aggrecan genes.19 Moreover,
GDF5 treatment up-regulated the expression of type II col-
lagen and aggrecan in NP cells derived from degenerative
IVDs and induced greater production of PGs.18 In addition,
IL-1b down-regulates GDF-5 expression in human disc cells
and the suppression of GDF-5 expression might down-
regulate ECM anabolism in the IVD to accelerate the
process of IL-1b-induced ECM degeneration.20 Therefore,
GDF5 overexpression in human NP cells may block IL-1b-
induced ECM degeneration in IDD.

Accumulating evidence shows that multiple cellular pro-
cesses, including cell proliferation, differentiation, and apop-
tosis, are regulated by the newly defined small non-coding
RNAs, miRNAs.21–23 miRNAs control gene expression pri-
marily by binding to their target mRNAs 30-untranslated
regions (30-UTRs) and triggering either translation repres-
sion or RNA degradation.21 Several miRNAs exhibit a
tissue-specific or developmental stage-specific expression
pattern and have been implicated in diverse pathological
conditions such as cancer, osteoarthritis, neurodegenera-
tion, and cardiovascular disease.23–26 Currently, accumulat-
ing evidence indicates that miRNAs might play a role in
IDD pathogenesis. The aberrant expression of miRNAs is
involved in proliferation, apoptosis, and ECM degradation
in human NP cells.27–29

MiRNA-34a (miR-34a), a tumor suppressor miRNA tran-
scriptionally activated by p53, is associated with a variety of
diseases.30,31 Current evidence indicates that miR-34a plays
a role in the regulation of cartilage degradation. Moreover,
miR-34a silencing significantly prevented IL-1-induced
down-regulation of type II collagen as well as IL-1-induced
up-regulation of iNOS in chondrocytes.23 Additionally,
miR-34a silencing could reduce the cartilage endplate chon-
drocyte apoptosis induced by Fas, reversed Fas-induced
decrease of type II collagen and aggrecan mRNA levels,
and increased MMP-3 and MMP-13 mRNA levels.28

Given that miR-34a is crucially involved in ECM degrad-
ation, we hypothesized that miR-34a might play a role in
the process of IDD. However, to date, there is no report
regarding the functional activity of miR-34a in NP cells.

In this report, we demonstrated that miR-34a is highly
expressed in human degenerative NP tissues and in IL-1b-
stimulated NP cells. Moreover, we validated GDF5 as a
direct target of miR-34a and miR-34a negatively regulated
GDF5 by binding to its 30-UTR, leading to the inhibition of
GDF5 expression. In addition, our results suggest that

miR-34a acts as a novel regulator of NP ECM homeostasis
and silencing miR-34a expression might significantly pre-
vents IL-1b-induced ECM degradation in human NP via
increasing GDF5 expression.

Materials and methods
Ethics statement, patients, and sample collection

This study was approved by the Clinical Research Ethics
Committee of Tongji Medical College, Huazhong
University of Science and Technology. The written informed
consents were obtained from all patients or their parents (on
behalf of their children).

Eight normal lumbar NP specimens were obtained from
four patients with idiopathic scoliosis (average age 17.8,
range 16–20 years) who had no history of IDD. Ten degen-
erated lumbar NP specimens were obtained from 10 IDD
patients (average age 48.5, range 34–65 years) undergoing
discectomy. The surgical inclusion criteria were as follows:
(1) conservative treatment fail and (2) progressive neuro-
logic deficits such as progressive motor weakness or
cauda equine syndrome. The exclusion criteria were as fol-
lows: (1) lumbar stenosis; (2) ankylosing spondylitis; (3)
degenerative scoliosis; and (4) degenerative or spondyloly-
sis spondylolisthesis. The degree of disc degeneration was
determined according to a modified Pfirrmann classifica-
tion.32 All normal disc specimens from idiopathic scoliosis
patients were classified as grade II. Of them, four NP spe-
cimens were used as controls for real-time quantitative
polymerase chain reaction (qRT-PCR) to examine miRNA
expression levels. The others were used for NP cell isolation
and culture. Five degenerated disc specimens from IDD
patients were classified as grade IV and the others were
grade V. All these degenerated specimens were used for
qRT-PCR to examine miRNA expression levels.

Isolation and culture of human NP cells

NP cells were isolated as previously described.33,34 Four
normal tissue specimens were obtained from four patients
with idiopathic scoliosis (average age 17.8, range 16–20
years) and washed twice in phosphate-buffered saline
(PBS) and cut into pieces (2–3 mm3). The NP cells, which
were chondrocyte-like cells, were isolated by enzymatic
digestion for 8 h at 37�C in Dulbecco’s modified Eagle
medium (DMEM; Gibco, Grand Island, NY, USA) with
0.25 mg/mL type II collagenase (Invitrogen, Carlsbad, CA,
USA). After isolation, the NP cells were plated and
expanded for three weeks in DMEM containing 15% fetal
bovine serum (FBS; Gibco), and 1% penicillin/streptomycin
(Invitrogen) at 37�C in a 5% CO2 incubator. The culture
medium was replaced twice a week with the exception
that the primary cells were allowed more time (6.7� 1.4
days) to adhere prior to the first change. The second pas-
sage cells were used for subsequent experiments.

Cell transfection

The miR-34a (mimic), anti-miR-34a (inhibitor), GDF5
siRNA, and their negative controls were synthesized by
GenePharma (Shanghai, China). Human NP cells
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(1.5� 105 cells/well) were seeded in 24-well plates in 250mL
of culture medium. When cultured NP cells were grown to
80% confluence, all transfections were performed using the
Lipofectamine 2000 (Invitrogen) according to the manufac-
turer’s instructions. After 24 h of transfection, cells were
cultured in serum-free medium for 12 h and then stimu-
lated with IL-1b (10 ng/mL) (Sino Biological Inc., North
Wales, PA, USA) for 24 h at 37�C under 5% CO2. Cells
were harvested for RNA isolation and Western blot. To
knock down miR-34a, anti-miR-34a (150 nM) or its negative
control was transfected into NP cells. GDF5 knockdown in
cultured NP cells was achieved by transfection of a selective
GDF5 siRNA (150 nM) after validation of its inhibition effi-
cacy. For each cell transfection, three replicate experiments
were performed.

qRT-PCR

Total RNA was extracted from the NP tissues and cells with
TRIzol reagent (Invitrogen) following the manufacturer’s
instructions. After determination of RNA concentration
using spectrophotometry, RNA was reverse transcribed
with a PrimeScriptTM RT Master Mix (TakaRa, Dalian,
China) according to manufacturer’s instructions. Real-
time PCR was performed to quantify the miR-34a, GDF5,
collagen type II, and aggrecan expression levels. Real-time
PCR was conducted using One Step SYBR� PrimeScriptTM

RT-PCR Kit (TakaRa, China). U6 served as the reference
gene to normalize the expression of miR-34a and b-actin
served as the reference gene to normalize the expression
of GDF5, collagen type II, and aggrecan. PCR was per-
formed with the following primers: hsa-miR-34a Forward
primer (F) 5-TGC GCT GGC AGT GTC TTA GCT-3, Reverse
primer(R) 5-CCA GTG CAG GGT CCG AGG TAT T-3;
GDF5 F: 5-CGA TAA GAC CGT GTA TGA GT-3, R: 5-CTC
GCA GTG GAA AGC CTC GT-3; Collagen F: 5-TCC AGA
TGA CCT TCC TAC GC-3, R: 5-GGT ATG TTT CGT GCA
GCC AT-3; Aggrecan F: 5-TGA GCG GCA GCA CTT TGA
C-3, R: 5-TGA GTA CAG GAG GCT TGA G-3; U6 F: 5-CGC
TTC GGC AGC ACA TAT AC-3, R: 5-AAA TAT GGA ACG
CTT CAC GA-3; b-actin F:5-AGC GAG CAT CCC CCA
AAG TT-3,R:5-GGG CAC GAA GGC TCA TCA TT-3.The
expression levels of mRNA and miRNA were calculated
by the 2���Ct method relative to b-actin or U6.35 All experi-
ments were carried out at least in triplicate.

Plasmid constructs

The wild-type pmiR-GDF5 plasmid was generated using
the following primers: sense 50-GCG CTC GAGTGC CAA
CAA CGT GGT GTA T-30, antisense 50-AAT GCG GCC GCC
ACA GTT TTA GGC ACA GTT-30. The amplified sequences
were inserted into pmiR-RB-Report vector (RiboBio Co.,
Guangzhou, China) within the XhoI and NotI restriction
sites. With wild-type pmiR-GDF5 as a template, the muta-
tion on miR-34a binding sites in human GDF5 30-UTR was
generated by performing site-directed mutagenesis (pri-
mers: Forward: ACA GGT GCG TGA CGG TCC TCA
AAT CAC ATT TGT and Reverse: TTT GAG GAC CGT
CAC GCA CCT GTG GCT CTC CTG). All constructs were
verified by sequencing.

Dual luciferase assays

Human embryonic kidney (HEK) 293 cells were used for
luciferase activity analysis. HEK293 cells are a specific cell
line originally derived from human embryonic kidney cells
grown in tissue culture. They are very easy to grow and
transfect. They have been widely used in dual luciferase
assays for many years.36,37 HEK293 cells were cultured in
48-well plates, and co-transfected with wild-type pmiR-
GDF5 plasmid or mutant-type pmiR-GDF5 plasmid (WT
and Mut, respectively) and miR-34a or control mimic with
Lipofectamine 2000. Twenty-four hours later, cells were har-
vested and luciferase activity was examined by Dual-
Luciferase Reporter Assay Kit (Promega, Madison, WI,
USA) according to the manufacturer’s instructions. Firefly
luciferase activity was normalized to Renilla luciferase
activity. All experiments were carried out three times.

Western blot

Western blot analysis was performed in some experiments
in this study. The type of cells used for Western blot analysis
varied depending on the experiment. In brief, untransfected
NP cells and IL-1b-stimulated transfected or untransfected
NP cells were used for Western blot analysis in the first set
of experiments. Normal NP cells transfected with miR-34a/
miR-NC or anti-miR-34a/anti-miR-NC were used for
Western blot analysis in the second set of experiments. IL-
1b-stimulated NP cells untransfected or co-transfected with
the miRNA inhibitor along with siRNA and their negative
controls were used for Western blot analysis in the third set
of experiments. Western blot analysis was performed fol-
lowing standard methods. The culture supernatants were
collected and the cells were lysed for 20 min in cold radio-
immunoprecipitation (RIPA) lysis buffer (Beyotime, Beijing,
China), and protein concentrations were measured by the
Enhanced BCA Protein Assay Kit (Beyotime, China). Equal
amounts of proteins were separated by using 10% SDS-
PAGE and transferred to polyvinylidene fluoride (PVDF)
membranes (Millipore, Billerica, MA, USA). After blocking
with TBSTcontaining 5% non-fat milk, the membranes were
incubated with primary antibodies against anti-GDF5
(ab93855, Abcam, Cambridge, UK), anti-aggrecan (ab3778,
Abcam), anti-collagen type II (ab34712, Abcam), and anti-b-
actin (ab8227, Abcam) overnight at 4�C. After washes in
TBST, the immobilized primary antibodies were detected
using a horseradish peroxidase (HRP)-conjugated second-
ary goat anti-rabbit IgG antibody and were visualized with
an ECL Chemiluminescence kit (Thermo, Waltham, MA,
USA). The experiment was performed at least in triplicate.

Immunofluorescence staining

Cultured cells were rinsed three times in PBS, fixed with 4%
paraformaldehyde for 15 min at room temperature, and
blocked with 3% BSA for 1 h. Subsequently, cells were incu-
bated overnight at 4�C with an anti-type II collagen
(Abcam; 1:200 dilution). After three washes with PBS,
cells were treated for 1 h with a Cy3-conjugated goat anti-
rabbit IgG antibody (fluorescently labeled; GE Healthcare,
UK; 1:100 dilution) at room temperature. The samples were
then incubated with 0.1 g/mL DAPI for 3 min. After the
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final round of washes, fluorescence images were acquired
using a laser-scanning confocal microscope (LSM 710, Carl
Zeiss, Oberkochen, Germany).

Statistical analysis

All data are expressed as the mean� standard deviation
(SD). The statistical analysis was performed using the
GraphPad Prism 6.0 (San Diego, CA, USA) with the
Student’s t-test or one-way ANOVA. The level of signifi-
cance was set at P< 0.05.

Results
miR-34a expression levels in NP tissues of patients with
IDD and in IL-1b-stimulated NP cells

To investigate the regulatory effect of miR-34a in IDD
pathogenesis, qRT-PCR was used to examine its expression
levels. As shown in Figure 1(a), miR-34a was significantly
up-regulated in degenerative NP tissues (n¼ 10) from
patients with IDD compared to non-degenerative NP tis-
sues (n¼ 4) from patients with idiopathic scoliosis. Non-
degenerative NP tissues were used as controls.
Subsequently, miR-34a expression in human NP cells sti-
mulated by IL-1b and in un-stimulated NP cells was also
analyzed by real-time PCR. Our results demonstrated that
miR-34a was significantly up-regulated in IL-1b-stimulated
NP cells when compared with non-stimulated NP cells.
Non-stimulated NP cells were used as controls.
(Figure 1(b)).

Effect of miR-34a silencing on type II collagen and
aggrecan expression in IL-1b-stimulated NP cells

To elucidate the effect of miR-34a silencing in NP cells, NP
cells were transfected with miR-34a inhibitor or negative
control and then treated with IL-1b 24 h post-miRNA trans-
fection. After IL-1b treatment for 24 h, real-time PCR and
Western blot were used to quantify the mRNA and protein
expression of type II collagen and aggrecan. IL-1b signifi-
cantly inhibited the mRNA and protein expression of type II
collagen and aggrecan in NP cells (Figure 2(a) to (d)).
Conversely, the anti-miR-34a significantly reversed the IL-
1b-induced inhibition of type II collagen and aggrecan

mRNA expression (Figure 2(a) and (c)). Similarly, miR-34a
silencing abrogated the effects of IL-1b and resulted in the
preservation of type II collagen and aggrecan content
(Figure 2(b) and (d)).

In addition, the immunofluorescence experiments
showed that type II collagen protein was significantly
increased by treatment with the miR-34a inhibitor
(Figure 2(e)).

GDF5 is a target of miR-34a

Data mining predicted that GDF5 was a miR-34a target
(Figure 3(a)). To validate the functional interaction between
miR-34a and GDF5 generated by the target prediction algo-
rithms, we performed luciferase reporter assays with either
the wild-type pmiR-GDF5 plasmid or the mutated pmiR-
GDF5 plasmid. Luciferase activity assay showed that miR-
34a significantly suppressed the luciferase activity of the
wild type GDF5 30-UTR reporter plasmid, but not that of
the mutated GDF5 30-UTR reporter plasmid in HEK293 cells
(Figure 3(b)). Furthermore, to further examine whether
GDF5 is a target of miR-34a in NP cells, the NP cells were
transfected with the miR-34a mimic and anti-miR-34a and
their negative controls. miR-34a overexpression significantly
suppressed GDF5 mRNA and protein levels, while miR-34a
inhibition had the opposite effects (Figure 3(c) and (d))

miR-34a silencing induces type II collagen and
aggrecan up-regulation in NP cells, probably
by targeting GDF5

Our studies indicated that miR-34a silencing increases the
level of ECM gene expression as well as type II collagen and
aggrecan synthesis. Whether GDF5 is involved in the func-
tion of miR-34a in NP cells remains unknown. To determine
whether the effects of miR-34a silencing involved GDF5, we
co-transfected human NP cells with the miR-34a inhibitor
along with a GDF5 siRNA and their negative controls and
then treated the cells with IL-1b 24 h post-miRNA transfec-
tion. After IL-1b treatment for 24 h, real-time PCR and
Western blot were performed to quantify the mRNA and
protein expression of GDF5, type II collagen, and aggrecan.
GDF5 mRNA and protein expression was significantly sup-
pressed by siGDF5. Furthermore, the increased GDF5 level

Figure 1 miR-34a expression levels in NP tissues of patients with IDD and in IL-1b-stimulated NP cells. (a) miR-34a was significantly increased in NP tissues from

patients with IDD compared to NP tissues from the control group.(b) miR-34a was significantly increased in IL-1b-stimulated NP cells compared to IL-1b unstimulated

NP cells. U6 was used as an internal control. Data are presented as mean�SD. *P<0.05
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post-miR-34a inhibitor transfection was reduced by
co-transfection with siGDF5 (Figure 4(a) and (b)). In add-
ition, comparison of the anti-miR-34a and GDF5 siRNA
co-transfection with the transfection with the anti-miR-34a

alone demonstrated that the up-regulation of type II
collagen and aggrecan mRNA and protein expression,
upon silencing of miR-34a, was significantly attenuated
by GDF5 silencing. (Figure 4(b) to (d)).

Figure 2 Effect of miR-34a silencing on type II collagen and aggrecan expression in IL-1b-stimulated NP cells. NP cells were transfected with miR-34a inhibitor or

negative control and then treated with IL-1b 24 h post-miRNA transfection. Type II collagen (a, b) and aggrecan (c, d) expression levels were quantified by qRT-PCR and

Western blot. The relative mRNA expression levels in untransfected and non-stimulated NP cells were set to one and used as controls. b-actin was used as an internal

control. Data are presented as mean�SD. *P<0.05. (e) Type II collagen protein levels were detected by immunofluorescence. Scale bars¼40mm
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Discussion

Increasing evidence suggests that miRNAs play a crucial
role in the pathogenesis of IDD and can be promising thera-
peutic targets.29,36,37 As a tumor suppressor gene, miR-34a
targets many oncogenes related to proliferation, apoptosis,
and invasion.30 In addition, miR-34a deregulation plays
pivotal roles in cartilage endplate chondrocyte apoptosis
and ECM degradation.28 Moreover, miR-34a expression is
induced by IL-1b and miR-34a silencing can prevent type II
collagen down-regulation induced by IL-1b in chondro-
cytes.23 However, miR-34a roles in the pathogenesis of
IDD, particularly in the NP cell homeostasis, remain largely
unknown. In this study, we found that miR-34a was mark-
edly elevated in human degenerated NP tissues and miR-
34a expression was significantly up-regulated by IL-1b.
Therefore, we hypothesized that miR-34a plays a key role
in IL-1b-induced NP ECM degradation.

Consistent with this hypothesis, we first validated
miR-34a role in the pathogenesis of IL-1b-induced NP
ECM degradation. Our results provide evidence that
mir-34a silencing can up-regulate type II collagen and aggrecan
expression levels. During disc degeneration, a number of
changes are observed within the ECM of the IVD. Many of
these are simply due to breakdown of type II collagen and
aggrecan components.9 In addition, previous studies indi-
cated that IL-1b can induce a decrease in the gene expres-
sion of IVD matrix genes and inhibiting IL-1b could be an
important therapeutic target for preventing and reversing
disc degeneration.14,15 Thus, our results revealed that

miR-34a silencing prevents NP cells from IL-1b-induced

ECM degradation and that miR-34a inhibition may repre-

sent a novel intervention for IDD treatment through the

prevention of NP cells degradation.
We further verified that GDF5 was a direct target of

miR-34a in NP cells, as predicted by bioinformatics ana-
lysis. A luciferase activity assay was used to explore the
relationship between miR-34a and GDF5. Our results
show that miR-34a is a repressor of GDF5. In addition,
our results indicate that miR-34a negatively regulates
GDF5 expression in NP cells, confirming that GDF5 is
indeed a target of miR-34a.

GDF5, as a key regulator of chondrogenesis, plays an
essential role in IDD pathogenesis. GDF5 (�/�) mice pre-
sented with significantly lower T2-weighted signal inten-
sity in the central region of their lumbar discs, and disc
histology revealed the loss of the normal lamellar architec-
ture of the annulus fibrosus and a shrunken, disorganized
NP. GDF5 deficiency significantly reduced type II collagen
and aggrecan mRNA expression and PG content.19 GDF5
gene mutation not only changed the growth and differenti-
ation of NP cells, reduced the synthesis of ECM, and
induced disc degeneration, but also affected the disc verte-
bral height or length of the long bones, causing the height
variation.38 GDF5 overexpression can significantly enhance
cells proliferation and increase the expression of genes
encoding ECM proteins such as type II collagen and aggre-
can in IVD cells, whereas GDF5 down-regulation attenuates
these processes.39,40 Thus, GDF5 gene deficiency, mutation,
or abnormal expression can cause variable changes in cell

Figure 3 GDF5 is a target of miR-34a. (a) Computational analysis showed that miR-34a potentially targeted GDF5. (b) Luciferase reporter assay was used to validate

the relationship between miR-34a and GDF5. (c) GDF5 mRNA expression was detected by qRT-PCR in NP cells transfected with miR-34a/miR-NC or anti-miR-34a/

anti-miR-NC. (d) Protein level was detected by Western blot in NP cells transfected with miR-34a/miR-NC or anti-miR-34a/anti-miR-NC. b-actin was used as an internal

control. Data are presented as mean�SD. *P< 0.05
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growth and ECM synthesis and promote the development
of IDD. Increasing evidence suggests that GDF5 aids in
maintaining the structural integrity of the IVD and effect-
ively restores disc physiological function, thereby delay-
ing or even reversing IDD.39,41 In some GDF5-injected
discs, the expansion of inner annular fibrochondrocyte
populations into the nucleus and an increase in the syn-
thesis of ECM were observed.41 Moreover, recombinant
GDF5 treatment of disc cells, isolated from the GDF5-defi-
cient mice, actively expressed aggrecan and type II colla-
gen mRNA.19 In our study, the inhibition of IL-1b-induced
down-regulation of aggrecan and type II collagen by miR-
34a silencing was attenuated by GDF5 silencing. This
experimental evidence suggests that miR-34a inhibition
reverses IL-1b-induced NP ECM degradation by increas-
ing GDF5 expression.

In conclusion, this study provides the first evidence
that miR-34a expression is up-regulated in NP tissues

from patients with IDD and can be induced by IL-1b in
human NP cells and that GDF5 is a direct target of
miR-34a. Finally, miR-34a silencing contributes to reversing
ECM degradation in human NP via increasing GDF5
expression. Our findings shed new light on the role of
miR-34a in the pathogenesis of IDD and provide new thera-
peutic targets for inhibiting ECM degradation in IDD.
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Figure 4 Silencing of miR-34a induces type II collagen and aggrecan up-regulation in NP cells, probably by targeting GDF5. The NP cells were co-transfected with

the miR-34a inhibitor along with GDF5 siRNA and their negative controls and then treated with IL-1b 24 h post-miRNA transfection. mRNA levels of GDF5 (a), type II

collagen (c), and aggrecan (d) were analyzed by real-time PCR. (b) Protein levels of GDF5, type II collagen, and aggrecan were analyzed by Western blot. The relative

expression levels of mRNA in untransfected NP cells were set to one, as control. b-actin was used as an internal control. Data are presented as mean�SD. * P<0.05
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