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Differentiation of bone marrow-derived mesenchymal stem cells (MSCs) into a nucleus pulposus-like
phenotype under hypoxia has been proposed as a potential therapeutic approach for intervertebral disc
degeneration. However, limited cell viability under hypoxic conditions has restricted MSC differentiation
capacity and thus restricted its clinical application. In this study, we genetically modified MSCs with an
anti-apoptotic GFP-Bcl-2 gene and evaluated cell survival and functional improvement under hypoxia
in vitro. Rat bone marrow MSCs were transfected by lentiviral vectors with the GFP-Bcl-2 gene (GFP-
Bcl-2-MSCs). Cell proliferation and apoptosis were assessed, and semi-quantitative reverse transcription
polymerase chain reaction (RT-PCR) was carried out to evaluate phenotypic and biosynthetic activities. In
addition, Alcian blue staining was used to detect the formation of sulfated glycosaminoglycans (GAGs) in
the differentiated cells. We found that the Bcl-2 gene protected MSCs against apoptosis. We also observed
that Bcl-2 over-expression reduced apoptosis by 40.61% in non-transfected MSCs and 38.43% in vector-
MSCs to 18.33% in Bcl-2-MSCs. At 3 days, the number of viable Bcl-2-MSCs was approximately two times
higher than the number of MSCs or vector-MSCs under hypoxic conditions. RT-PCR showed higher
expression of chondrocyte-related genes (Sox-9, aggrecan and type II collagen) in GFP-Bcl-2-MSCs cul-
tured under hypoxia. The accumulation of proteoglycans in the pellet was 86% higher in GFP-Bcl-2-MSCs
than in the control groups. Furthermore, the ratio of proteoglycans/collagen II in GFP-Bcl-2-MSCs was
6.2-fold higher compared to the MSC and vector-MSC groups, which denoted a nucleus pulposus-like dif-
ferentiation phenotype. Our findings support the hypothesis that anti-apoptotic gene-modified MSCs can
differentiate into cells with a nucleus pulposus-like phenotype in vitro, which may have value for the
regeneration of intervertebral discs using cell transplantation therapy.
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1. Introduction

Diseases related to intervertebral disc degeneration (IDD) are
common in the clinic, and morbidity is increasing as a consequence
of population aging [1]. Degeneration of the intervertebral disc is
caused by a decrease in nucleus pulposus cells and a subsequent
decrease in proteoglycans in the extracellular matrix (ECM) [2,3].
Current invasive and non-invasive treatments aim for relief of
symptoms by temporarily decreasing the axial load of interverte-
bral discs or by removing the degenerated intervertebral discs
and stabilizing the spine. Ideally, treatment of disc degeneration
would accomplish full functional recovery [4]. For instance, treat-
ment may repair (or regenerate) the nucleus pulposus (NP), pro-
ducing a matrix with similar or improved biological and
biomechanical properties compared with the original. Prior re-
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search has found that rat bone marrow mesenchymal stem cells
(MSCs) can be differentiated into nucleus pulposus (NP)-like cells
under hypoxic conditions [5].

Hypoxia is a key factor for in vitro differentiation and in vivo
transplantation, but the high rate of cell apoptosis under hypoxia
restricts MSC differentiation capacity and thus has hindered clini-
cal application [6,7]. Therefore, it is necessary to reinforce MSCs
against the arduous microenvironment associated with ischemia,
the inflammatory response, and pro-apoptotic factors in order to
improve the efficacy of stem cell therapy. The 26-kDa anti-apopto-
tic protein Bcl-2 belongs to the Bcl-2 family, which serves as a crit-
ical regulator of pathways involved in apoptosis [8]. Previous
studies have demonstrated that Bcl-2 regulates the metabolic func-
tions of mitochondria during ischemic conditions, which can con-
tribute to both cardiac and neuronal protection under various
stresses [6,9]. Over-expression of Bcl-2 can delay the onset of cell
death and modestly augment viable cell growth in the first 48 h
following hypoxia [10].
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In this study, adult rat bone marrow-derived MSCs were genet-
ically modified to over-express GFP-Bcl-2 in order to increase stem
cell viability and enhance their resistance to ischemic conditions.
We hypothesized that genetic modification of stem cells with
GFP-Bcl-2 would protect stem cells placed in a deteriorative ische-
mic microenvironment and improve viability in the early differen-
tiation period, thereby enhancing their functional transformation
in the later differentiation period.

2. Materials and methods

Fetal bovine serum (FBS), penicillin G, and -glutamine TGF-p1
were purchased from Sigma Chemical, USA. Trypsin, Dulbecco’s
modified Eagle’s medium (DMEM) and Lipofectamine 2000 were
procured from Invitrogen, USA. PCR primers, Taq DNA polymerase,
DNA ladder and Oligo dT were obtained from Sangon, China. The
Agel, EcoRI, and restriction enzyme HindIll were provided by
NEB. The Plasmid DNA Extraction (Mini) Kit was provided by QIA-
GEN, UK. The Escherichia coli strain DH5a, the lentiviral vector pGC-
SIL-GFP, packaging system pHelper1l.0 and pHelper2.0 were
provided by GeneChem, China. HEK293T cells (ATCC#: CRL-
11268) were used to generate lentiviral particles. Sprague-Dawley
rats were obtained from the Experimental Animal Center of Tongji
Medical College and were used following protocols approved by
the Animal Care and Use Committee of Tongji Medical College of
Huazhong University of Science and Technology (Permit number:
20051007).

2.1. Construction of plasmid vectors and lentiviral particles

To construct the eukaryotic expression vector, we used a clone
containing the Bcl-2 gene (NM_005631) provided by Life Science
College (Wuhan University, Wuhan, China). We designed the prim-
ers Bcl2-HindIll and Bcl2-Agel. A full-length sequence of the Bcl-2
gene, obtained by PCR, and pGCSIL-GFP were double digested with
HindIll and Agel, respectively. After purification, the products of the
enzyme digestions were connected directionally and transformed
into DH5a-competent E. coli cells. A colony was selected for PCR,
and the recombinant plasmids were extracted for sequence detec-
tion. Lastly, the endotoxin was removed from the recombinant
eukaryotic expression vector (pGCSIL-GFP-Bcl2), and the plasmid
was extracted.

We packaged the recombinant lentiviral vector for GFP-Bcl-2
with the highest interfering efficiency. After removing the endo-
toxins from the GFP-Bcl-2 lentiviral expression vectors and the
packaging vectors (pHelper1.0 and pHelper2.0, respectively), we
co-transfected the three types of vectors in 293T cell lines accord-
ing to the instructions for Lipofectamine 2000. At 8 h after co-
transfection, the cells were transferred to a complete medium.
After 48 h, the lentiviral supernatant was harvested and concen-
trated. The virus titer was determined and calibrated in the 293T
cell lines. The 293T cell culture medium was then centrifuged
and concentrated to obtain the Bcl-2 lentivirus solution, which
was named Lv-SIL-GFP-Bcl2 and kept in a collection cup at
—80 °C. The concentrated virus stock was diluted 10x and then
used to transfect 293T cells. To obtain the titer of the virus stock,
we multiplied the number of fluorescent cells in 10% of the well
and used the corresponding dilution.

2.2. Isolation, culture and genetic modification of MSCs

The isolation and cell culture of rats MSCs were described
previously [11]. To achieve high rates of viral infection, we used
a protocol involving two centrifugation steps. Cells from sub-con-
fluent cultures were harvested by treatment with 0.05% (w/v)

EDTA in phosphate-buffered saline (PBS) containing MgCl,, CaCl,
and 0.25% (w/v) trypsin. Cells were seeded at a density of
100,000 cells/cm? and centrifuged at 1000g at 37 °C for 10 min.
The concentrated virus preparation was diluted 1:1.5 with DMEM
medium and applied to the pre-centrifuged cells, which were then
incubated at 37 °C for 40 min before a second centrifugation step
for 60 min was performed. The infected cells were incubated under
standard conditions overnight, followed by a media change. Bcl2-
GFP reporter gene expression was analyzed after an incubation
period of 24, 48 and 72 h. Viral titers were determined by flow
cytometry [12]. Non-transfected MSCs and those transfected with
Lv-SIL-GFP-Bcl2 or Lv-SIL-GFP are termed “MSCs,” “Bcl-2-MSCs,”
and “vector-MSCs,” respectively. All experiments and cell number
determinations were performed in triplicate.

2.3. Differentiation of MSCs towards an NP-like phenotype under
hypoxia

MSCs of the third passage were rinsed three times with PBS and
harvested with 0.25% trypsin. Suspensions containing 5 x 10° cells
were centrifuged at 20g for 5 min in 5 mL of growth medium in
15 mL polypropylene conical tubes to form an aggregated cell pel-
let [13]. To induce the differentiation of MSCs towards an NP-like
phenotype, the pellets were cultured in differentiating medium
(DMEM/HG supplemented with 10 ng/ml TGF-p1, 100 nmol/L
dexamethasone, 50 pg/ml 1-ascorbic acid 2-phosphate, 100 pg/ml
sodium pyruvate, 40 pig/ml proline and 100x ITS-liquid media sup-
plement). The pellets were cultured at 37 °C in a triphasic mini-
incubator (Labnet International, USA) with 2% O, and 5% carbon
dioxide. The pellets were harvested at days 7 and 14 for evaluation.
The retrieved cells were then washed with PBS and used for RNA
isolation. All cultures were conducted in triplicate.

2.4. Cell apoptosis assay

For the indicated times, cells were harvested using trypsin/
EDTA, counted, and collected by centrifugation in PBS. Phosphati-
dylserine (PS) exposure on the outer leaflet of the plasma mem-
brane was detected using the fluorescent dye Annexin V-FITC
Apoptosis Detection Kit (BD Biosciences, USA) according to the
manufacturer’s instructions. Similarly, TUNEL staining was per-
formed with the Apo-BrdU Apoptosis Detection kit (BD Biosci-
ences, USA) according to the manufacturer’s instructions. All data
were collected and analyzed by Lysis II software (BD Biosciences,
USA). The experiments were repeated three times, and the results
are presented as the mean + SD.

2.5. DNA synthesis

For the indicated times, the cells were harvested, and the re-
trieved cells were exposed to 2 pCi/mL [*H] thymidine for 2 h.
After the cells were treated with trichloroacetic acid, they were
dissolved with 0.1 mol/L NaOH, and the incorporated radioactivity
was counted and normalized to the concentration of total cell pro-
tein, which was measured in parallel samples according to the
method of Lowry [14].

2.6. Histology

Randomly selected pellets (n=3 per data point) were fixed
overnight at 4°C in 4% paraformaldehyde, paraffin-embedded,
and sectioned to 5 pm. Consecutive sections were stained with tri-
chromate stain (hematoxylin, Alcian blue, picrosirius) for collagen
(red) and proteoglycans (blue) as described by HE Grube [15].
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Table 1
Design of primers and probes.
Gene Gene primers: 5'-3'
Bax F: tcc-ccc-cga-gag-gte-ttt-t
R: cgg-ccc-cag-ttg-aag-ttg
Bcl-2 F: aga-acc-ttg-tgt-gac-aaa-tga-gaa
R: tac-cca-tta-gac-ata-tcc-agc-ttg-a
PBGD F: ctg-gta-acg-gca-atg-cgg-ct
R: gca-gat-ggc-tcc-gat-ggt-ga
Sox9 F: gac-ttc-cgc- gac-gtg-gac-
R: cag-tac-ctg-ccg-ccc-aac
Collagen II F: ggc-aat-agc-agg-ttc-acg-tac-a
R: cga-taa-cag-tct-tgc-ccc-act
Aggrecan F: cgc-gag-acc-tgg-gtg-gat-gc
R: gaa-ggg-gca-gge-tgg-ata-ttg-c

Abbreviations: F, forward; R, reverse.

2.7. Measurement of proteoglycan synthesis

To assess proteoglycan (PG) accumulation, the amount of sul-
fated glycosaminoglycan content in each of the pellets was quanti-
fied by dimethylmethylene blue dye assay (DMMB, Sigma, USA).
Briefly, randomly selected pellets (n =3 per data point) were di-
gested using 10 times concentrated papain solution (200 mg/mL
in 50 mmol/L EDTA, 5 mmol/L L-cysteine) for 24 h at 55 °C. Di-
gested samples were mixed with DMMB buffer solution, and the
absorption of these samples was measured with a spectrophotom-
eter. DMMB dye reagent (200 pl) with 40 pl papain digested sam-
ples was added to the wells of a 96-well plate. The plate was read
on an absorbance plate reader at 525 nm with the purified nasal
septum D1 PG (Sigma, USA) to create a standard curve. An aliquot
of papain digests was also used to measure DNA content by uptake
of [®H]-thymidine in order to obtain PG/per ng DNA data.

2.8. RT-PCR analysis

The total RNA was extracted from different samples using Trizol
reagent to detect the expression of apoptosis-related genes (Bcl-2
and Bax) and chondrocyte marker genes (Sox-9, aggrecan and type
II collagen). Porphobilinogen dehydrogenase gene (PBGD) served
as an endogenous control. The PCR procedure was carried out with
the primers indicated in Table 1. The samples were preheated for
10 min at 95 °C, followed by 40 cycles of 15s at 95 °C and 1 min
at 60 °C (Bcl-2 and Bax), then 1 cycle at 94 °C for 1 min, 30 cycles
at 94 °C for 30 s, 55 °C for 10's, 72 °C for 40 s and 1 cycle at 72 °C
for 5 min (Sox-9, aggrecan and type II collagen). Finally, the PCR
product was visualized by a Bio-Imaging System (Bio-Rad Co,
USA), and the ratio of target genes/PBGD was calculated and used
as an indicator of relative expression levels.

2.9. Statistical analysis

The experiments were repeated three times. All data are repre-
sented as the mean + SD, and statistical analyses were carried out
using the SPSS software package (Version 12.0). The data were ana-
lyzed using the independent-samples t test or a paired t test. Bax/
Bcl-2 data were not normally distributed and were therefore tested
using the Wilcoxon signed-rank test. p < 0.05 was considered sta-
tistically significant.

3. Results
3.1. Over-expression of Bcl-2 in genetically modified MSCs

The transfection efficiency for genetically modified MSCs was
evaluated by the expression of GFP using fluorescence microscopy
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Fig. 1. Over-expression of Bcl-2 in genetically modified MSCs. Determination of transfection efficiency was performed by fluorescence microscopy after transfection (24 h (1),
48 h (2), 72 h (3), 200-fold magnification). (4) Bcl-2 and Bax gene transfection efficiency for genetically modified MSCs was detected on day 3. *p < 0.05, Bcl-2-MSCs vs

controls.
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(Fig. 1-1-3). At 3 days, the transfection efficiency peaked at almost
83%. To evaluate the expression of the Bcl-2 gene in the genetically
modified MSCs in vitro, RT-PCR was performed on cell samples at
various time points post-transfection (24, 48, and 72 h). Compared
with MSCs and Vector-MSCs, significant expression of Bcl-2 was
observed in Bcl-2-MSCs as early as 24 h and remained detectable
on day 3 (p<0.05; Fig. 1-4). In addition, significantly reduced
expression of Bax was detected in Bcl-2-MSCs compared with the
other two groups on day 3 (p < 0.05; Fig. 1-4).

3.2. Bcl-2 modified MSCs protect against apoptosis in vitro

To test the ability of Bcl-2-MSCs to protect against apoptosis
in vitro, the modified MSCs were treated under hypoxic conditions
for 3 days. Under these conditions, the rate of cell apoptosis in
MSCs and vector-MSCs exceeded that of Bcl-2-MSCs by 2.2-fold,
as determined by the detection of Annexin V/PI staining. Thus,
Bcl-2 genetic modification significantly reduced the apoptotic cell
number (Fig. 2-1). Quantitative analysis showed that the percent-
age of TUNEL-positive cells was decreased in Bcl-2-MSCs
(1833 £1.1%) compared to the percentage found in MSCs
(40.61 £ 2.2%) or vector MSCs (38.43 +1.9%; p <0.005; Fig. 2-2).
Additionally, the number of cells in Bcl-2-MSC cultures was
79.0 x 10°, approximately two times higher than that of MSC cul-
tures (37.94 x 10°) or vector-MSC cultures (43.4 x 10°; Fig. 2-3).
These findings demonstrated that the Bcl-2 modified MSCs could
protect against apoptosis under hypoxic conditions.

3.3. Bcl-2 modified MSCs differentiated towards an NP-like phenotype
under hypoxia

To identify the potential of Bcl-2-MSCs for differentiation to-
wards an NP-like phenotype under hypoxia, we examined the

A 22004

secretion of proteoglycan (PG) with DMMB dye and the accumu-
lation of collagen and proteoglycans using histology. We also
measured chondrocyte-related (Sox-9, aggrecan and type Il colla-
gen) mRNA expression. MSCs, vector-MSCs, and Bcl-2-MSCs were
maintained under hypoxic conditions in pellet culture for up to
14 days. PG accumulation, evaluated by measurement of
S-GAG content, was significantly increased in the pellets seeded
under hypoxia after 7 days in culture (MSCs: 28.5 £ 2.7 mg/mL;
vector-MSCs: 31.4+1.6 mg/mL; and Bcl-2-MSCs: 58.3 + 3.4 mg/
mL, p<0.001; Fig. 3-1). More than an 86% increase in PG
accumulation was detected in Bcl-2-MSCs compared with MSCs
and vector-MSCs when the cells were cultured under hypoxic
conditions. S-GAG/DNA in Bcl-2-MSCs was also significantly
higher than in MSCs and vector-MSCs (MSCs: 1.6+0.11,
vector-MSCs: 2.4+0.15, Bcl-2-MSCs: 7.8+0.30, p<0.001,
Fig. 3-2).

Even though all pellets initially contained the same number of
cells (5 x 10°), the 14-day Bcl-2-MSC pellets were significantly
greater in size than MSC and vector-MSC pellets. Collagen was
stained red, and sulfated and carboxylated acid mucosubstances
(proteoglycans) were stained blue. The concentrations of proteo-
glycans (blue) were readily discerned, and individual proteoglycan
bundles could be observed in areas of lower proteoglycan density.
Accumulation of collagen (red) was also readily observed. As
shown in Fig. 3-3, there was a significant difference in staining be-
tween the pellets in different groups. Dense regions of proteogly-
cans were distinguishable from those with a sparser matrix. The
focal matrix concentrations that were stained with red/blue were
markedly reduced.

Semi-quantitative RT-PCR was employed to study the
changes in gene expression between control and transfected sam-
ples. Under hypoxia, the relative mRNA expression levels of Sox-9,
aggrecan, and type II collagen were significantly increased in
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Fig. 2. Bcl-2 modified MSCs protect against apoptosis in vitro. (1) Apoptosis was quantified by FACS analysis after staining with Annexin V and PI. The Annexin V*/PI" cells are
early in the apoptotic process. Viable cells are Annexin V~/PI". (2) Quantitative analysis showed that the number of TUNEL-positive cells in Bcl-2-MSCs was significantly
decreased compared with MSCs and vector-MSCs. (3) The number of cells in Bcl-2-MSCs was significantly more than the number of MSCs and vector-MSCs. *p < 0.05, Bcl-2-

MSCs vs controls.
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Fig. 3. Biochemical analysis of differentiated Bcl-2-MSCs. (1) Chondrogenic differentiation (S-GAG content) of the pellets from three groups. (2) Chondrogenic differentiation
index was shown as the ratio of S-GAG to DNA. (3-3) Histology of pellet specimens from each group. Collagen was stained red, and proteoglycans were stained blue. Scale,
bar = 100 pum. *p < 0.001 Bcl-2-MSCs vs controls. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Bcl-2-MSC cultures and reached peak expression on the 7th day
(p<0.01, Fig. 4-1 and 2). Furthermore, Bcl-2 gene transfection
changed the expression of chondrocyte-regulating genes towards
an NP-like phenotype, as indicated by a higher aggrecan/collagen
Il ratio (Fig. 4-3). The ratio of aggrecan/collagen II in Bcl-2-MSCs
was 6.2-fold higher than in MSCs or vector-MSCs (p < 0.01).

4. Discussion

Tissue engineering of the nucleus pulposus has consistently
been the goal of stem cell regeneration with regard to degenerated
intervertebral discs. MSCs derived from adult bone marrow have
been proposed as a promising cell source [4-7,13]. Research has
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Fig. 4. Bcl-2 modified MSCs differentiated towards an NP-like phenotype under hypoxia. Fig. (4-1 and -2) Relative gene expression of chondrogenic differentiation marker in
each group (7 days). (4-3) The ratio of aggrecan/collagen Il gene expression in each group. *p < 0.01 Bcl-2-MSCs vs controls.
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revealed two main factors that are important for the differentiation
of MSCs towards a nucleus pulposus-like phenotype [16]. First, the
three-dimensional culture environment of MSCs is a viable method
for generating and transplanting differentiated cells. Various mate-
rials have been suggested for three-dimensional culturing includ-
ing alginate, agarose, collagen gel, collagen sponges, fibrin gels,
pellet culture, and microgravity environments [4,11,17,18]. Addi-
tionally, like chondrocytes, intervertebral disc cells maintained
their native morphology and phenotype more readily when seeded
in a three-dimensional culture system. The second factor is cultur-
ing under hypoxic conditions. Risbud et al. and others have shown
that hypoxia (2% O,) could drive MSC differentiation towards a
phenotype consistent with that of the nucleus pulposus. Our ear-
lier studies confirmed these data [5,6].

Hypoxia is a key factor for in vitro differentiation and in vivo
transplantation; however, the high cell apoptosis rate under hyp-
oxic conditions restricts differentiation capacity and thus hinders
its clinical application [6,7,9,10]. Thus, it is necessary to reinforce
MSCs against the arduous microenvironment incurred from ische-
mia, the inflammatory response, and pro-apoptotic factors in order
to improve the efficacy of cell therapy. In this study, we identified
key roles for Bcl-2 in protecting MSC survival under hypoxia-
ischemia in vitro. Over-expression of Bcl-2 reduces MSC death
and apoptosis under hypoxic conditions. In addition, Bcl-2-MSCs
retained their proliferation capacity and could give rise to different
lineages under hypoxic conditions, particularly the NP-like cell.

Previous studies [13,19-21] showed that genes for collagen II,
Sox-9 and aggrecan were chondrocyte-specific. In this study, Bcl-
2-MSCs in pellet culture, treated with differentiating medium un-
der hypoxic conditions, displayed a significant increase in chondro-
cyte-specific gene expression compared with control groups
(Fig. 4). Correspondingly, the Alcian blue staining was more intense
in Bcl-2-MSCs. Thus, the Bcl-2-MSCs demonstrated the primary
phenotype of chondrocyte-like cells in the proper differentiating
medium under hypoxic conditions. Furthermore, the ratio of pro-
teoglycan/collagen II can be used to differentiate the NP from car-
tilage [22]. A 27:1 ratio was found in the NP, but the ratio was only
2:1 in cartilage, demonstrating the importance of proteoglycans,
particularly aggrecan, in the structure and function of the interver-
tebral disc [23]. The ratio of proteoglycan/collagen II after 7 days in
Bcl-2-MSCs was 6.2 times higher than in the other groups (Fig. 4).
Therefore, our study found that rat Bcl-2-MSCs could differentiate
into functional NP-like cells under hypoxia.

In this study, three-dimensional pellets were used to imitate
the micro-environment of the nucleus pulposus cells and to
facilitate the detection of GAGs in the extracellular matrix. The
pellet allows for appropriate three-dimensional interactions be-
tween neighboring cells, leading to synthesis of the extracellular
matrix in a manner similar to that observed under in vivo condi-
tions; the high density of cells in pellet culture allows easy cell-
to-cell interaction [6,20,21]. The condensed culture condition is
the initial stimulus required for inducing further autocrine/para-
crine cytokine secretion on a cellular level. Because intervertebral
discs are avascular tissues with low local oxygen tension, 2% O,
was applied in our study. The differentiation-inducing medium
containing TGF-B1 was used to ensure that MSCs differentiated
along a chondrogenic direction to form NP-like cells. However,
the differentiation mechanism is unclear; whether an associated
change occurs at the protein level requires further research.
According to Risbud et al., the MAPK signaling pathway plays an
important role in the differentiation of MSCs towards NP-like cells
[5]. Further studies are necessary to elucidate the underlying
mechanism.

In summary, we have confirmed that genetic modification of
MSCs with the anti-apoptotic Bcl-2 gene resulted in NP-like cell
differentiation in response to hypoxic conditions. Genetically

engineering cells to express Bcl-2 using a lentiviral vector could
be an effective strategy for increasing cell survival while minimiz-
ing the risk of tumorigenesis. Finally, we demonstrated that a
three-dimensional culture environment combined with hypoxia
is able to induce differentiation of Bcl-2-MSCs towards an NP-like
phenotype. These results suggest new avenues for cell-based tissue
engineering treatments of intervertebral disc degeneration.
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