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Abstract: Objective: In this study, we observed the difference in the ability of cartilage differentiation between
nucleus pulposus mesenchymal stem cells (NPMSC) and bone marrow mesenchymal stem cells (BMSC). Methods:
NPMSC and BMSC were isolated from SD rats. Their proliferation abilities were detected by CCK-8 methods, their
multilineage differentiation abilities were observed using Alizarin red staining, oil red O staining and Alcian Blue
staining methods. The expression levels of osteogenic, adipogenic, chondrogenic genes were detected with RT-PCR
and Western-blotting methods. Results: There was no obvious difference in the proliferation ability between NPMSC
and BMSC cells. NPMSC and BMSC cells expressed stem cell genes and the surface markers and showed osteo-
genic, adipogenic and chondrogenic multi-directional differentiation capability of cartilage under induction in vitro.
Conclusions: We confirmed that NPMSC with characteristics of stem cells can be isolated and cultured from nucleus
pulposus tissues of intervertebral disc of SD rats, the chondrogenic ability of NPMSC and BMSC was similar under
induction in vitro. This could provide a new seed cells for tissue engineering.
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Introduction

The incidence of low back pain increased these
years and the treatment of this disease has
become a medical and social problem [1, 2].
Low back pain is caused by many reasons
which including trauma, intervertebral disc
degeneration, herniated disk and spinal canal
stenosis [3-5], intervertebral disc degeneration
is considered the main cause. Intervertebral
disc degeneration showed reduction of nucleus
pulposus cells and extracellular matrix and disc
structure damage [6, 7]. Gene, bad habits,
heavy manual labor and other physical disor-
ders may lead to the degeneration of interver-
tebral disc [8].

Previous treatment methods of intervertebral
disc degeneration included medication, steroid
injection, physical therapy and operation.
However, these methods only can relieve the
clinical symptoms, but can not cure and pre-
vent the process of intervertebral disc degen-

eration. At present, many new treatment meth-
ods and reversing intervertebral disc degenera-
tion were developed such as molecular therapy
and cell therapy [9-14]. Blanco [15] reported
that some cells isolated from degenerative
intervertebral disc tissues expressed stem cell
markers CD44, CD29, CD90, CD73, CD105,
CD166 and CD106 and did not express hema-
topoietic stem cell marker CD34, CD45, CD14
and CD19, which was not significantly different
from that of bone marrow mesenchymal stem
cells. They had osteogenic and chondrogenic
differentiation ability but no adipogenic differ-
entiation ability. These were in full compliance
with the standards of multipotent mesenchy-
mal stem cells defined by the Mesenchymal
and Tissue Stem Cell Committee of the
International Society for Cellular Therapy [16].
In this study, we observed the difference in the
ability of cartilage differentiation between
nucleus pulposus mesenchymal stem cells
(NPMSC) and bone marrow mesenchymal stem
cells (MSC).
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Table 1. Primers used in the detection of gene

expression

Primers Sequences (5-3") IE)ergfiﬂ::tosf
R-B-actin-F CGTAAAGACCTCTATGCCAACA 163 bp
R-B-actin-R AGCCACCAATCCACACAGAG

R-NANOG-F AGGACGAGACAGAAGGATCACC 218 bp
R-NANOG-R ATAGAAGCCTCTTGGCGGAA

R-OCT-4-F GGTGGAGGAAGCTGACAACAA 396 bp
R-OCT-4-R GGAAAAGGGACCGAGTAGAGTG

R-SOX2-F TGTTCAATCCCACCCTTTTCA 177 bp
R-SOX2-R GGCAGCCTGGTTCCAATAA

R-CD44-F CAACGAAGATGCCTGGTACG 145 bp
R-CD44-R GCAATGGTGCTGGAGATAAAAT

R-CD105-F GTCGGTTGTGATCTACAGCGTG 197 bp
R-CD105-R CGAGTCTCAGTGCCATTTTGC

R-CD73-F CTCATCATCCTCAAGGCTCCA 314 bp
R-CD73-R TCCTCCCTCCCAAGTTCTGT

R-CD9O-F CCAAGCCACGGACTTCATT 297 bp
R-CD90-R ATCGGGTCTCCAGGACAAAC

R-CD45-Fn ACCTGCTCCTGAAACTTCGAC 264 bp
R-CD45-Rn CCCCAAATTGATTGTACTCCAC

R-CD34-Fn AACCACAGACTTACCCAACCG 313 bp
R-CD34-Rn AGCTCTTCTCCCCTTTCCTTC

R-CD14-F TTGTCAGGAACTTTGGCTTTG 355 bp
R-CD14-R TTGTGGGGTTGGGGATTTA

R-HLA-DR-Fn  CCTTGACCTCAGTGAAAGCAGT 226 bp
R-HLA-DR-Rn TGGGGCATTCCATAGCAGA

R-ALP-F GCCTGGACCTCATCAGCATT 420 bp
R-ALP-R TGTAGCCACCAAACGTGAAAAC

R-PPAR-2-F TTTCTGGGTGGATTGAAGTGG 362 bp
R-PPAR-2-R TTTGCATGGTTCTGAGTGCTAAG

R-LPP-F CGAGCCCTGCTACATCAATACG 288 bp
R-LPP-R TCACGGTCCAGAGCCACAAT

R-APP-F ACCCATCAGGGACCAAAACC 221 bp
R-APP-R GAGAAGGGCATCGCTTACAAA
R-COL2A1-F GGAATTTGGTGTGGACATAGGG 173 bp
R-COL2A1-R GGACTGTGAGGTTAGGATAGTTGAA

R-PG-Fn CTTCTGACTCCAAAAGCCCACT 140 bp
R-PG-Rn ACCTTCTTCCTCCTCTTCCTCC

R-SOX9-F AAACTTCAGTGGGAGCGACAA 110 bp
R-SOX9-R AGGAGGGAGGGAAAACAGAGA

Materials and methods

Experimental animals

6 healthy SD rats weight 250+10 g were sup-
plied by Animal Laboratory Center of Shanxi
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Medical University. The rats were placed in a
comfortable and quiet room for one week
before the initiation of the experimental pro-
cedure. This study was audited and approved
by Animal Ethics Committee of Shanxi
Medical University. All experimental proce-
dure and animal care were carried out under
the guidance of the Ethics Committee in
order to minimize the suffering of animals.

Isolation of NPMSC

The mice were killed and the mouse tails
were collected. The nucleus pulposus tis-
sues were separated from intervertebral
disk in tail of each rat under sterile condi-
tions with microscope. The nucleus pulposus
tissues were flushed with PBS and cut into
tissue fragments with size of 1x1x1. The tis-
sue fragments were digested with 0.2% type
Il collagenase at 37°C for 2 h. PBS was
added into them and they were centrifuged
at 1000 rpm for 5 min and washed for 2
times. Then they were digested with 0.25%
trypsase at 37°C for 10 min and PBS was
added into them and they were centrifuged
at 1000 rpm for 5 min and washed for 2
times. The isolated cells were cultured in
DMEM/F12 medium containing 20% fetal
bovine serum and penicillin and streptomy-
cin at 37°C with 5% CO,,

Isolation of BMSC

The long bone was taken from the hind legs
of SD rats under sterile conditions and both
ends of the long bones were cut. Bone mar-
row was flushed out with DMEM/Low glu-
cose medium containing 10% fetal bovine
serum and penicillin and streptomycin. They
were mixed and filtrated with 200 mesh
strainer to culture at 37°C with 5% CO,,.

Proliferation ability of NPMSC and BMSC

The proliferation ability of the third genera-

tion of NPMSC and BMSC cells was detected

with CCK-8 method. The cell density was

adjusted to 2x10* cells/ml and inoculated in
96 well plates with 100 ul/well. 10 pl CCK-8
reagents was added into each well and incu-
bated at 37°C with 5% CO, for 1 h. The OD val-
ues were determined with Microplate Reader
after culture for O, 1, 3, 5, 7 and 9 days at wave-
length of 450 nm.
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Expression of stem cell gene and its surface
markers, osteogenic gene, adipogenic gene
and chondrogenic gene

Total RNA was extracted from NPMSC and
BMSC cells using RNA extraction kit respective-
ly. Primers were designed according to the
sequences in GenBank using software prime
5.0. Sequences of primers were shown in Table
1. The PCR amplification conditions were 95°C
3 min; 94°C 30 s, 56°C 30 s, 72°C 90 s, 35
cycles and 72°C 8 min. The application prod-
ucts were detected using 1.5% agarose gel
electrophoresis and photos were taken.

Multilineage differentiation ability of NPMSC
and BMSC

Osteogenic induction: 1 ml 0.1% Gelatin
Solution was added into each well of 6 well
plates and shook gently to cover the bottom.
They were placed at room temperature for 30
min and then Gelatin Solution was discarded
and let the plates air-dry. The cells were cul-
tured in the coated 6 well plates at 37°C with
5% CO, for 24 h. The medium was discarded
gently and 2 ml OriCell TM Sprague-Dawley (SD)
Rat Mesenchymal Stem Cell Osteogenic
Differentiation Medium was added into them.
The inducing medium was changed for every 3
days and they were induced for 21 days. After
that the cells were fixed and stained with
Alizarin red. The cells were washed with PBS
and fixed with 4% formaldehyde for 30 min.
Then they were washed with PBS for 2 times
and stained with Alizarin red for 3-5 min at
room temperature. They were observed with
inverted microscope.

Adipogenic induction: The cells were cultured in
the 6 well plates at 37°C with 5% CO,. The
medium was discarded and OriCellTM Sprague-
Dawley (SD) Rat Mesenchymal Stem Cell
Adipogenic Differentiation Medium A was
added into each well and incubated for 3 days.
Then the medium A was changed to medium B
and incubated for 1 day and the medium B was
changed to medium A again and the changes
were done in the 3 cycles. When the lipid drop-
lets appeared more but relatively small the
cells can be maintained with medium B for 7
days and lipid droplets enlarged. After that the
cells were fixed with 4% formaldehyde for 30
min. Then the cells were washed with PBS for 2
times and stained with oil red O at 37°C for 30
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min. They were observed with inverted
microscope.

Chondrogenic induction: The cells were cul-
tured in the 6 well plates at 37°C with 5% CO,,.
The medium was discarded and OriCellTM
Sprague-Dawley (SD) Rat Mesenchymal Stem
Cell Chondrogenic Differentiation Medium was
added into each well and incubated for 21
days. The cells were embedded with paraffin
and cut into slices. Then the slices were stained
with Alcian Blue for 30 min and washed with
PBS for 3 times. They were observed with
inverted microscope.

RT-PCR detection

Total RNA was extracted from the cells using
RNA extraction kit. The expression levels of
type Il collagen, proteoglycan and SOX9 were
detected by RT-PCR using RT-PCR kit according
to the manufacturer’s instructions. The PCR
amplification conditions were 95°C 15 s and
60°C 40 s for 40 cycles.

Western blotting detection

The cells were lysed in RIPA lysis buffer, and the
lysates were harvested by centrifugation with
13,000 rpm at 4°C for 20 min. Protein samples
were quantified with BCA kit. Approximately 50
ug proteins were separated by electrophoresis
in a 10% sodium dodecyl sulfate polyacryl-
amide gel and were transferred onto PVDF
membrane. After blocking the nonspecific bind-
ing sites for 120 min with 5% nonfat milk, the
membranes were incubated with primary anti-
bodies collagen-1l (1:5000), SOX-9 (1:1000),
proteoglycan (1:1000) and B-actin (1:2000) at
4°C overnight. The membranes were then
washed three times with TBST buffer for 3
times and were probed with the horseradish
peroxidase (HRP)-conjugated goat anti-mouse
IgG antibody (1:5,000) at room temperature for
1 h. The membranes were developed using an
enhanced chemiluminescence system. The lev-
els of proteins were normalized to the level of
B-actin.

Statistical analysis

All statistical analyses were performed using
SPSS version 11.0 statistical software. Data
were expressed as means * standard devia-
tions (SD). Differences between the two groups
of mice were analyzed using one-way ANOVA.
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Figure 1. Morphology of primary NPMSC and BMSC. A: NPMSC; B: BMSC.
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Figure 2. Proliferation ability of NPMSC and BMSC
detected by CCK-8.

P<0.05 were considered statistically signi-
ficant.

Results
Morphology of NPMSC and BMSC

Primary NPMSC cells can be adherent growth
after isolation for 24 hours and most of them
are spindle, containing a small amount of tri-
angles and polygons. They reached 80%-90%
fusion after culture for about 4 weeks. The
growth of sub-cultured cells accelerated obvi-
ously and the morphology of the third genera-
tion almost remained spindle. Primary BMSC
cells have similar morphology with that of
NPMSC cells and like fibroblast morphology
(Figure 1).

Proliferation ability of NPMSC and BMSC

Proliferation ability of NPMSC and BMSC was
detected by CCK-8 methods. There was no
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Figure 3. NPMSC and BMSC cells expressed stem
cell genes and the surface markers of stem cell.

obvious difference in the proliferation ability
between NPMSC and BMSC cells. The ability
was strongest on 3-5 days and decreased after
culture for 7 days (Figure 2).

Gene expression

NPMSC and BMSC cells expressed stem cell
genes NANOG, OCT-4 and SOX2, surface mark-
ers of stem cell CD44, CD105, CD73 and CD9O0,
but they did not express hematopoietic stem
cell markers CD45, CD34, CD14 and HLA-DR
(Figure 3).

Int J Clin Exp Med 2015;8(4):4989-4996



Cartilage differentiation of NPMSC and BMSC

&w » .“'f-;‘ q oTer

ki

i

L v \
fatin ) Y NN
Pl er N iNe gy L

"

P
.'z
o

Figure 4. Osteogenic, adipogenic and chondrogenic multi-directional differentiation capability of NPMSC and BMSC.
A: A large number of calcium nodules after osteogenic induction for 21 days in NPMSC (Alizarin red stain); B: A large
number of calcium nodules after osteogenic induction for 21 days in BMSC (Alizarin red stain); C: The formation
of red dye lipid droplet vacuoles after induction for 21 days in NPMSC (oil red O stain); D: The formation of red dye
lipid droplet vacuoles after induction for 21 days in BMSC (oil red O stain); E: Aizen Proteoglycans presented after
induction for 21 days in NPMSC (Alcian Blue stain); F: Aizen Proteoglycans presented after induction for 21 days in
BMSC (Alcian Blue stain).

Multilineage differentiation ability of NPMSC differentiation capability of cartilage under
and BMSC induction in vitro. The results of Alizarin red

stain showed that there were a large number of
NPMSC and BMSC cells showed osteogenic, calcium nodules after osteogenic induction for
adipogenic and chondrogenic multi-directional 21 days. The formation of Red dye lipid droplet
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Figure 5. The expression of osteogenic, adipogenic,
chondrogenic genes in NPMSC and BMSC. A: Adipo-
genic genes; B: Chondrogenic genes; C: Osteogenic
gene.

vacuoles could be seen in oil red O staining
results. Aizen proteoglycans could be seen in
Alcian blue staining results (Figure 4).

Expression of osteogenic, adipogenic, chon-
drogenic genes

NPMSC and BMSC could express osteogenic
gene ALP, adipogenic genes PPAR-2, LPP and
APP, and chondrogenic genes type Il collagen,
proteoglycan and SOX9 after in vitro induction
(Figure 5).

RT-PCR results

The expression levels of type Il collagen, pro-
teoglycan and SOX9 were higher in NPMSC and
BMSC after in vitro induction than that before
induction (P<0.05). There was no significant dif-
ference between NPMSC and BMSC (P>0.05,
Figure 6).

Western blotting results

Western blotting results were consistent with
that of RT-PCR results. The expression levels of
type Il collagen, proteoglycan and SOX9 were
higher in NPMSC and BMSC after in vitro induc-
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tion than that before induction. There was no
significant difference between NPMSC and
BMSC (Figure 7).

Discussion

The center of disc is nucleus pulposus cells rich
in water and there is a solid flexible fiber ring
surrounding the nucleus pulposus cells, the
contact surface between the adjacent interver-
tebral discs formed by cartilage endplate [17].
The most prominent feature of intervertebral
disc tissues was that they contained a large
amount of extracellular matrix (ECM), which
attracting and storing water by large molecular
fine structure to maintain the survival of inter-
vertebral disc cells, and the large molecular
structure was composed of type Il collagen and
proteoglycan [18]. It relied on the balance of
synthesis and degradation of extracellular
matrix to keep intervertebral disc intact, the
more the extracellular matrix in the interverte-
bral disc, the more the rich content. The
reduced extracellular matrix caused the reduc-
tion of intradiscal moisture and lead to interver-
tebral disc degeneration [19]. Cell therapy pro-
vides a potential approach for the treatment of
intervertebral disc degeneration [20-22].
Yoshikawa used autologous BMSC to cure pro-
trusion of intervertebral disc and the low back
pain symptoms in patients significantly reduced
[23]. Orozco used autologous BMSC to cure
lumbar intervertebral disc degeneration and
the symptoms of 71% patients improved [24].
So cell therapy does have a reversing interver-
tebral disc degeneration effect in some extent.

In this study, we isolated and cultured NPMSC
and BMSC cells. These two kinds of cells are
very close in morphology and proliferation abil-
ity and both of them express stem cell genes
NANOG, OCT-4 and SOX2. The expression of
these genes confirmed the existence of stem
cells in the nucleus pulposus tissues [25]. They
expressed surface markers of stem cell CD44,
CD105, CD73 and CD9O, but they did not
express hematopoietic stem cell markers
CD45, CD34, CD14 and HLA-DR. They also
have osteogenic, adipogenic and chondrogenic
ability and accorded with international stan-
dard definition of stem cells (ISCT) [16]. The
expression levels of type Il collagen, proteogly-
can and SOX9 increased in these two kinds of
cells after induction in vitro. The micro environ-
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Figure 6. RT-PCR results of type Il collagen, proteoglycan and SOX9 expression. A: Type Il collagen; B: Proteoglycan;
C: SOX9; 1: Before induction; 2: After induction; *P<0.05 vs. 1 in NPMSC; #P<0.05 vs. 1 in BMSC.
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Figure 7. Western blotting results of type Il collagen,
proteoglycan and SOX9 expression. 1: Before induc-
tion in NPMSC; 2: After induction in NPMSC; 3: Be-
fore induction in BMSC; 4: After induction in BMSC.

ment in intervertebral disc is a hypertonic,
hypoxia and low nutritional environment [26].
The NPMSC cells originated from nucleus pulp-
osus of intervertebral disc, they may be more
adapted to the environment in intervertebral
disc than BMSC cell. Therefore, we thought that
NPMSC may repair intervertebral disc degen-
eration better than BMSC, but these need fur-
ther study.

Although cell therapy has a certain effect in the
treatment of intervertebral disc degeneration,
but it also has some risks. Vadala found that
BMSC injection in degenerated intervertebral
disc in rats could cause cell leakage and may
induce osteophyte formation [27]. Therefore,
how to control induction pathway of stem cells
better, avoid unexpected differentiation and
the risk of cancer need further study [28].

In a word, in this study we confirmed that
NPMSC with characteristics of stem cells can
be isolated and cultured form nucleus pulpo-
sus tissues of intervertebral disc of SD rats, the
chondrogenic ability of NPMSC and BMSC was
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similar under induction in vitro. This could pro-
vide a new seed cells for tissue engineering.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Xun Ma, Department
of Orthopaedics Surgery, Da Yi Hospital, Shanxi
Medical University, Taiyuan 030032, Shanxi, China.
Tel: 86-351-8379985; Fax: 86-351-8379987;
E-mail: xunmal@sina.com

References

[1] Andersson GB. Epidemiological features of
chronic low-back pain. Lancet 1999; 354:
581-585.

[2]  Frymoyer JW and Cats-Baril WL. An overview of
the incidences and costs of low back pain.
Orthop Clin North Am 1991, 22: 263-271.

[3] Deyo RA and Weinstein JN. Low back pain. N
Engl J Med 2001; 344: 363-370.

[4] Roh JS, Teng AL, Yoo JU, Davis J, Furey C and
Bohlman HH. Degenerative disorders of the
lumbar and cervical spine. Orthop Clin North
Am 2005; 36: 255-262.

[5] Larson JW 3rd, Levicoff EA, Gilbertson LG and
Kang JD. Biologic modification of animal mod-
els of intervertebral disc degeneration. J Bone
Joint Surg Am 2006; 88 Suppl 2: 83-87.

[6] Wang SZ, Rui YF, Lu J and Wang C. Cell and
molecular biology of intervertebral disc degen-
eration: current understanding and implica-
tions for potential therapeutic strategies. Cell
Prolif 2014; 47: 381-390.

[7]1  Schollmeier G, Lahr-Eigen R and Lewandrowski
KU. Observations on fiber-forming collagens in
the anulus fibrosus. Spine (Phila Pa 1976)
2000; 25: 2736-2741.

[8] Buckwalter JA. Aging and degeneration of the
human intervertebral disc. Spine (Phila Pa
1976) 1995; 20: 1307-1314.

Int J Clin Exp Med 2015;8(4):4989-4996



(9]

(10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

Cartilage differentiation of NPMSC and BMSC

Freemont AJ, Watkins A, Le Maitre C, Jeziorska
M and Hoyland JA. Current understanding of
cellular and molecular events in intervertebral
disc degeneration: implications for therapy. J
Pathol 2002; 196: 374-379.

Walsh AJ, Bradford DS and Lotz JC. In vivo
growth factor treatment of degenerated inter-
vertebral discs. Spine (Phila Pa 1976) 2004;
29: 156-163.

Masuda K, Imai Y, Okuma M, Muehleman C,
Nakagawa K, Akeda K, Thonar E, Andersson G
and An HS. Osteogenic protein-1 injection into
a degenerated disc induces the restoration of
disc height and structural changes in the rab-
bit anular puncture model. Spine (Phila Pa
1976) 2006; 31: 742-754.

Masuda K, Oegema TR Jr and An HS. Growth
factors and treatment of intervertebral disc de-
generation. Spine (Phila Pa 1976) 2004; 29:
2757-2769.

Anderson DG and Tannoury C. Molecular
pathogenic factors in symptomatic disc degen-
eration. Spine J 2005; 5: 260S-266S.

Leung VY, Chan D and Cheung KM.
Regeneration of intervertebral disc by mesen-
chymal stem cells: potentials, limitations, and
future direction. Eur Spine J 2006; 15 Suppl 3:
S406-413.

Blanco JF, Graciani IF, Sanchez-Guijo FM,
Muntion S, Hernandez-Campo P, Santamaria
C, Carrancio S, Barbado MV, Cruz G, Gutierrez-
Cosio S, Herrero C, San Miguel JF, Brinon JG
and del Canizo MC. Isolation and characteriza-
tion of mesenchymal stromal cells from hu-
man degenerated nucleus pulposus: compari-
son with bone marrow mesenchymal stromal
cells from the same subjects. Spine (Phila Pa
1976) 2010; 35: 2259-2265.

Dominici M, Le Blanc K, Mueller |, Slaper-
Cortenbach |, Marini F, Krause D, Deans R,
Keating A, Prockop D and Horwitz E. Minimal
criteria for defining multipotent mesenchymal
stromal cells. The International Society for
Cellular Therapy position statement. Cyto-
therapy 2006; 8: 315-317.

Humzah MD and Soames RW. Human interver-
tebral disc: structure and function. Anat Rec
1988; 220: 337-356.

Adams MA, Dolan P and McNally DS. The inter-
nal mechanical functioning of intervertebral
discs and articular cartilage, and its relevance
to matrix biology. Matrix Biol 2009; 28: 384-
389.

4996

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

Anderson DG and Tannoury C. Molecular
pathogenic factors in symptomatic disc degen-
eration. Spine J 2005; 5: 260S-266S.

Feng G, Zhao X, Liu H, Zhang H, Chen X, Shi R,
Liu X, Zhao X, Zhang W and Wang B.
Transplantation of mesenchymal stem cells
and nucleus pulposus cells in a degenerative
disc model in rabbits: a comparison of 2 cell
types as potential candidates for disc regener-
ation. J Neurosurg Spine 2011; 14: 322-329.
Chun HJ, Kim YS, Kim BK, Kim EH, Kim JH, Do
BR, Hwang SJ, Hwang JY and Lee YK.
Transplantation of human adipose-derived
stem cells in a rabbit model of traumatic de-
generation of lumbar discs. World Neurosurg
2012; 78: 364-371.

Sakai D, Mochida J, Iwashina T, Hiyama A, Omi
H, Imai M, Nakai T, Ando K and Hotta T.
Regenerative effects of transplanting mesen-
chymal stem cells embedded in atelocollagen
to the degenerated intervertebral disc.
Biomaterials 2006; 27: 335-345.

Yoshikawa T, Ueda Y, Miyazaki K, Koizumi M
and Takakura Y. Disc regeneration therapy us-
ing marrow mesenchymal cell transplantation:
a report of two case studies. Spine (Phila Pa
1976) 2010; 35: E475-480.

Orozco L, Soler R, Morera C, Alberca M,
Sanchez A and Garcia-Sancho J. Intervertebral
disc repair by autologous mesenchymal bone
marrow cells: a pilot study. Transplantation
2011; 92: 822-828.

Carlin R, Davis D, Weiss M, Schultz B and
Troyer D. Expression of early transcription fac-
tors Oct-4, Sox-2 and Nanog by porcine umbili-
cal cord (PUC) matrix cells. Reprod Biol
Endocrinol 2006; 4: 8.

Mwale F, Ciobanu I, Giannitsios D, Roughley P,
Steffen T and Antoniou J. Effect of oxygen lev-
els on proteoglycan synthesis by intervertebral
disc cells. Spine (Phila Pa 1976) 2011; 36:
E131-138.

Vadala G, Sowa G, Hubert M, Gilbertson LG,
Denaro V and Kang JD. Mesenchymal stem
cells injection in degenerated intervertebral
disc: cell leakage may induce osteophyte for-
mation. J Tissue Eng Regen Med 2012; 6: 348-
355.

Rubio D, Garcia-Castro J, Martin MC, de la
Fuente R, Cigudosa JC, Lloyd AC and Bernad A.
Spontaneous human adult stem cell transfor-
mation. Cancer Res 2005; 65: 3035-3039.

Int J Clin Exp Med 2015;8(4):4989-4996



