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Abstract
Recent studies indicated that cell-based therapy could be a promising approach to treat intervertebral disc degeneration.

Though the harsh microenvironment in disc is still challenging to implanted cells, it could be overcome by pre-conditioning

graft cells before transplantation, suggested by previous literatures. Therefore, we designed this study to identify the potential

effect of chondrogenic pre-differentiation on adipose-derived mesenchymal stem cells in intervertebral disc-like microenviron-

ment, characterized by limited nutrition, acidic, and high osmosis in vitro. Adipose-derived mesenchymal stem cells of rat were

divided into five groups, embedded in type II collagen scaffold, and cultured in chondrogenic differentiation medium for 0, 3, 7, 10,

and 14 days. Then, the adipose-derived mesenchymal stem cells were implanted and cultured in intervertebral disc-like condition.

The proliferation and differentiation of adipose-derived mesenchymal stem cells were evaluated by cell counting kit-8 test, real-

time quantitative polymerase chain reaction, and Western blotting and immunofluorescence analysis. Analyzed by the first week in

intervertebral disc-like condition, the results showed relatively greater proliferative capability and extracellular matrix synthesis

ability of the adipose-derived mesenchymal stem cells pre-differentiated for 7 and 10 days than the control. We concluded that

pre-differentiation of rat adipose-derived mesenchymal stem cells in chondrogenic culture medium for 7 to 10 days could promote

the regeneration effect of adipose-derived mesenchymal stem cells in intervertebral disc-like condition, and the pre-differentiated

cells could be a promising cell source for disc regeneration medicine.
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Introduction

Low back pain (LBP) is a major health concern worldwide.
Between 70% and 85% of people would suffer from LBP at
some time of their life, which may induce varying degrees
of disability. The etiology of LBP is complex and multifac-
torial, and the intervertebral disc (IVD) degeneration is one
of its major causes.1 Current therapy strategies mainly
include physical therapy, pain medication, and invasive
surgical methods, which would alleviate symptom in
short term. Since these treatments do not address the under-
lying causes, high rate of recurrent pain in long-term out-
come occurs.2,3

The IVD is a fibrocartilaginous articulation. It provides
flexibility to daily activities and absorbs load from body
weight and muscular activities. The mechanical functions
of the disc are achieved by the extracellular matrix (ECM),

mainly aggrecan and type II collagen, which maintains
tissue hydration and provides tensile strength to the disc
respectively.1 The process of degeneration is involved with
the loss of nucleus pulposus (NP) cells and the breakdown
of the balance between the synthesis and degradation of
ECM. The degenerated disc is characterized as reduction
in cell viability, loss of NP cells, loss of proteoglycan, devel-
opment of NP dehydration, and accumulation of waste
products.4,5

To repair the disc degeneration, researchers have been
utilizing cell-based therapies, which turn out to be a pos-
sible approach from animal trials and clinical reports.
Researchers found increased magnetic resonance imaging
(MRI) T2 signal and preservation of disc height in discs
received cell therapy. And in histological assessment,
there was increased matrix restoration in the discs received
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cell treatment, including proteoglycan and collagen, when
compared to controls.5–8

Many attempts have been made to achieve disc regener-
ation by cell-based therapy, especially on candidate cell
sources. NP cells of adult humans could produce abundant
ECM, rich in aggrecan and type II collagen. However, the
population itself is sparse and any procedure to obtain cells
from the disc necessitates the damage to the structure of
annulus fibrosus, which would lead to degeneration in
healthy discs. Due to the relative ease of access, compara-
tive abundance, and the multi-lineage differential potential,
mesenchymal stem cells (MSCs) present an attractive cell
source for disc cell therapies. MSCs can be isolated from
numerous tissues derived from mesodermal tissues and
organs including bone marrow (BMSC) and adipose
tissue (ADSC).2,6,8 An in vivo study of a rat model reported
restoration of disc height and MRI signal intensity after
treated with ADSC, indicating the regeneration effect of
ADSC.8 Evaluated at two years after surgery, two patients
with LBP who received autologous BMSC transplantation
reported alleviated symptom and favorable radiological
results.9 However, MSCs were observed with poor ability
to survive and function in vivo of a porcine model, indicat-
ing inferior property of undifferentiated MSCs for tissue
engineering in IVD repair.10 And the potential of osteophyte
formation caused by leakage into spinal canal or inappro-
priate differentiation was a realistic concern in tissue engin-
eering application.11

To regenerate degenerated IVDs, it is essential to guar-
antee the survival of implanted cells and their ability to
function normally amidst the disc microenvironment. The
condition in degenerated disc is characterized by low
oxygen tension, limited nutrition, acidic pH, and high
osmolarity, which may negatively influence the function
or even survival of any implanted cells.4,6,12–14

To overcome harsh condition in disc, previous literatures
proposed pre-conditioning cells before implantation6 and
appropriately differentiated cells could survive and synthe-
size matrix in situ.10 With this in mind, we designed this
study to investigate the potential effect of chondrogenic
pre-differentiation on the regeneration of adipose-derived
mesenchymal stem cells (ADSCs) in a harsh IVD-like con-
dition. And to our knowledge, it is the first in vitro study to
investigate the response of pre-conditioned cells to the IVD-
like condition with limited nutrition, acidity, and high
osmosis. In this study, ADSCs embedded in type II collagen
microsphere were cultured in chondrogenic differentiation
medium for 0, 3, 7, 10, and 14 days and then maintained in
IVD-like condition of low nutrition, acidity, and hyperos-
mosis. The proliferation and ECM synthesis of all groups
including the control were evaluated after one week culture
in IVD-like condition.

Material and methods
Cell culture

Rat adipose-derived stem cells (ADSC) were purchased
from Cyagen Biosciences (Guangzhou, China). And the
basic culture medium (Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal bovine

serum (FBS), 1% penicillin-streptomycin solution, and 1%
glutamine) bought from Cyagen Biosciences was used for
MSC cultivation. Type II collagen (Sigma, St Louis, MO,
USA) was dissolved in 0.05 M acetic acid at a final concen-
tration of 6 mg/ml and stored at 4�C.

The ADSCs were planted into 25-cm2 cell culture flasks
supplemented with basic culture medium and maintained
in a humidified incubator at 37�C and 5% CO2. ADSCs were
expanded to passage 4, then detached with 0.25% Trypsin
ethylenediaminetetraacetic acid, and resuspended with
basic culture medium. The type II collagen scaffold was
prepared according to the introduction of type II collagen.
With the addition of 1 M sodium hydroxide aqueous solu-
tion, type II collagen solution of 6 mg/ml, phosphate-
buffered saline 10� (PBS), and ADSCs suspension at cell
density of 2.5� 106/ml, the mixture solution was adjusted
to isotonic and pH 7.4, at the final concentration of type II
collagen solution of 3 mg/ml. Each 100 ml of the mixture
solution aforesaid was removed into 15-ml polypropylene
conical centrifuge tubes. The centrifuge tube was incubated
at 37�C with 5% CO2, and the cap of the tube was loosened
to allow air exchanging. After 2 h incubation, the collagen
solution was gelated into micro-masses at the button of
tubes. The micro-masses were maintained in 1 ml of basic
culture medium overnight and then in chondrogenic differ-
entiation medium (high glucose DMEM (Gibco, Carlsbad,
CA, USA) supplemented with 5 mg/ml insulin, 1.25 mg/ml
bovine serum albumin, 50 ng/ml ascorbic acid, and 10mg/ml
transforming growth factor-b3). We divided the experiment
into five groups (D0, D3, D7, D10, and D14), pre-cultured
in chondrogenic differentiation culture medium for 0, 3, 7,
10, and 14 days, respectively, and then were maintained
in IVD-like culture medium, which was low glucose
DMEM (Gibco) supplemented with 5mg/ml insulin,
1.25 mg/ml bovine serum albumin, and 10mg/ml trans-
forming growth factor-b3, with an addition of mixed solu-
tion of 5 M sodium chloride and 0.4 M potassium chloride
to increase the osmolality of the medium to 485 mOsm, and
1 M hydrochloric acid to adjust the pH of the medium to 6.8.
The cells of all groups were cultured for one week in IVD-
like condition above with medium changed twice a week.

Cell proliferation assay

Cell proliferation was assessed by cell counting kit-8
(CCK-8, Dojindo Molecular Technologies, Kumamoto,
Japan) after pre-differentiation (Day 0), and at the third
day (Day 3) and seventh day (Day 7) after transplantation
as well, at three time points in each group. The supernatant
was discarded, 500ml of 5% CCK-8 solution in high glucose
DMEM was added into each tube, and then ADSCs were
incubated for 2 h at 37�C with 5% CO2. The absorbance of
each group was quantified at 450 nm by removing super-
natant into 96-well plate 100 ml per well. All data were
calculated from triplicate samples.

Real-time quantitative polymerase chain reaction

RNA was extracted from micro-masses of five groups using
TRIzol reagent (TAKARA, Dalian, China) after complete
grinding after one week differentiation in IVD-like
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condition. Total RNA was reversely transcripted to cDNA
utilizing a Double-Strand cDNA Synthesis Kit (TAKARA)
according to the manufacturer’s instructions. SYBR Green
PCR assays (TAKARA) were used to perform real-time PCR
in StepOnePlus (Applied Biosystem, USA), and three inde-
pendent samples were set to ensure validity. 18S rRNA was
used as internal control, and four target genes were
detected (Table 1). Primers were synthesized by Sangon
Biotech (Shanghai, China), and quantitative real-time PCR
data were calculated by the 2���Ct method.

Immunocytochemical staining evaluation

ADSCs were divided into five groups, cultured in chondro-
genic differentiation medium for 0, 3, 7, 10, and 14 days,
respectively, in a 24-well cell culture plate, and then were
maintained in IVD-like culture medium. Cells of all groups
were fixed with 4% paraformaldehyde for 10 minutes
at room temperature after differentiation. The cells were
washed three times with PBS and then blocked with TBS
containing 5% bovine serum albumin and 0.1% Triton X-100
for 10 minutes at room temperature. After incubating with
primary antibody at 4�C overnight, the samples were
washed three times with PBS and incubated with fluores-
cent-conjugated secondary antibody (1:200; Abcam, UK) for
2 h. Then, the samples were washed three times with PBS
and incubated with 40,6-diamidino-2-phenylindole (DAPI)
staining for 10 minutes. Polyclonal antibodies against anti-
aggrecan (1:200; Abcam, UK) and collagenase type II (1:200;
Abcam, UK) were used as primary antibodies. Stained
cells were observed under a fluorescence microscope
(Leica, Germany).

Western blot analysis

Cells were washed three times with ice-cold PBS, and total
proteins were extracted with RIPA buffer containing 1%
PMSF after completely grinded. Protein concentrations
were measured using a BCA Protein Quantification Kit
(Takara). Proteins were electrophoresed by 10% sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and then transferred onto poly-vinylidene fluoride
(PVDF) membranes (Millipore, Massachusetts, MA, USA).
After blocked with 5% skim milk in Tris-buffered saline
with 0.1% Tween-20 (TBST) at room temperature for 1 h,
membranes were maintained overnight at 4�C in TBST
with the appropriate primary antibody: anti-Sox-9 anti-
body (1:1000; Santa Cruz) and anti-GAPDH antibody
(1:1000; Santa Cruz). Membranes were then incubated
with horseradish peroxidase (HRP)-labeled secondary

Immunoglobulin G (1:1000, Santa Cruz) for 1 h at room tem-
perature. After the membrane was washed three times with
TBST, the immunoreactivity was detected with enhanced
chemiluminescence (ECL, Millipore) substrate, and densi-
tometry was performed using Quantity One Software (Bio-
Rad Laboratories Inc., Munich, Germany). GAPDH served
as a loading control.

Statistical analysis

ADSCs without pre-conditioning served as a control group.
A one-way analysis of variance following post-hoc with
Bonferroni comparisons was used to analyze. Statistical
analyses were performed with SPSS 17.0 for Windows.
Results were expressed as mean� standard deviation
(SD). Statistical significance was set at P< 0.05.

Results
The proliferation of ADSCs

ADSCs were maintained in IVD-like condition for one week
culture after chondrogenic differentiation. The relative cell
numbers of five groups were close before but varied after
the pre-differentiation (Day 0), measured by CCK-8. The
cell number in the control was close to D10 group, more
than D3 group (P< 0.01) and D7 group (P< 0.001), less
than D14 group (P< 0.01) at Day 0. The range among
these groups was less than twofolds (D14 group was 1.85
folds to D7, P< 0.001).

The results in IVD-like condition cultivation were pre-
sented using the proliferation ratios instead of the CCK-8
values (Figure 1), which were the ratios of the CCK-8 values
at Day 3 and Day 7 to Day 0 of each group, respectively.
And it showed a slight decrease in the cell number of
the control group (D0) at Day 7 (P< 0.05). Compared
to the control group, D7, D10, and D14 group showed sig-
nificant increase until Day 7 (P< 0.001), but D3 group
at Day 7 (P< 0.001). The cell number of D7 group and
D10 group increased gradually till Day 7 (P< 0.001) but
other groups did not. In addition, the relative cell number
of D7, D10, and D14 group showed no significant difference
on Day 3, but D3 group was less (P< 0.05), while on Day 7,
the D7 group showed a significant increase compared
to D10 group (P< 0.05) and D14 group (P< 0.001).
Therefore, the D7 group showed the best proliferation cap-
ability among these groups (2.412� 0.0315-fold to D0
group, P< 0.001) during the culture period.

Table 1 Primers used in quantitative RT-PCR

Gene Forward primer (50 to 30) Reverse primer (50 to 30)

SOX-9 AGGAAGCTGGCAGACCAGTACC GGGTCTCTTCTCGCTCTCGTTCA

Collagen-II CTGGTGGAGCAGCAAGAGC GTGGACAGTAGACGGAGGAAAG

Aggrecan CTAGCTGCTTAGCAGGGATAACG GATGACCCGCAGAGTCACAAAG

Rn18S GAATTCCCAGTAAGTGCGGGTCATA CGAGGGCCTCACTAAACCATC

F: forward; R: reverse.
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The mRNA expression of ECM

The mRNA expression of type II collagen in D7 group
(3.189� 0.511-fold, P< 0.001) and D10 group (3.546�
0.0103-fold, P< 0.001) was significantly higher than the
control (Figure 2(b)), and the D3 and D14 group showed
no significant difference with the control. D7 group
showed higher mRNA expression of aggrecan than the con-
trol (2.185� 0.128-fold, P< 0.001; Figure 2(c)), but the
mRNA expression in D3 and D10 groups was lower than
the control (P< 0.05). Compared to the control, the mRNA
expression of collagen I in other four groups showed no
significant difference, except a bit higher expression in D7
group compared to D10 group (P< 0.01; Figure 2(a)). No
significant difference on the mRNA expression of SOX-9
between five groups (Figure 2(d)).

Immunofluorescence of ECM

The ECM protein expression in monolayer culture was
detected by immunofluorescence staining (40�). Positive
staining of type II collagen and aggrecan in each group
was observed under a fluorescence microscope (Figures 3
and 4). Weak staining for aggrecan was observed in D0
group. The D3 group showed stronger positive staining
for aggrecan than the control. The D7, D10, and D14
group showed remarkably positive staining for aggrecan
compared to the control (Figure 3).

As for the Type II collagen staining (Figure 4), weak
green-stained type II collagen was observed in the control
group. Pre-differentiation slightly increased the protein
expression in type II collagen in ADSCs of four experimen-
tal groups. Notably, D10 group showed relatively stronger
positive than the control. Identical settings were used for
the images to ensure that the subtle differences noted were
not because of different exposure times.

Western blotting analysis of Sox-9 expression

Western blotting was performed to analyze the expres-
sion of Sox-9, a transcription factor for chondrogenesis
(Figure 5). There was no significant difference on the pro-
tein expression of Sox-9 in D3 and D7 group compared to
the control. A slight increase in Sox-9 expression in D10 and
D14 group compared with the control (P< 0.01).

Discussion

Recent studies have been emphasized on the cell-based
therapy to regenerate disc by replenishing cells in site and
correcting the deficiencies of ECM and disc structure.2,5

In vitro and in vivo studies have showed that stem cells
have the capacity to regenerate degenerative discs by

Figure 2 The mRNA expression of type I collagen (a), type II collagen (b), aggrecan (c), and Sox9 (d). Statistically significant differences were indicated with asterisks,

**P<0.01 and ***P< 0.001

Figure 1 The relative cell number of each group after transplantation was

presented with the proliferation ratios on Days 3 and 7 compared to Day 0. Data

were presented as mean�SD (n¼3). Statistically significant differences were

indicated with asterisks, *P<0.05, **P<0.01, and ***P<0.001
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differentiating toward chondrocyte-like cells, capable of
producing proteoglycans and type II collagen.8,15,16

However, the microenvironment condition in degenerated
disc is characterized of hypoxia, low nutrition, acidic pH,
high mechanical loading, high osmolarity, and a compli-
cated protease and cytokine network.1,4,6,12 It is quite differ-
ent from normal disc and may have negative impact to graft
cells. It is reported that 60% of bovine BM-MSCs survived
after initial injection in to a cryopreserved IVD tissue
in vitro, but only 20% of cells remained alive after seven
days.12,17 Besides, the state of disc cells was found affected
by the degeneration process that NP cells from degenera-
tive disc displayed decreased synthesis of matrix compo-
nents and increased expression of matrix catabolic and
degrading enzymes.18 Consistently, researchers have

reported inhibited cell viability and proliferation and
decreased expression of aggrecan and collagen-I in IVD-
like pH and high osmosis condition. Despite the IVD-like
glucose condition was found a positive factor for ADSCs-
based IVD regeneration, the cell viability and proliferation
and the matrix biosynthesis capability were inhibited in
combined IVD condition.4,19,20 From this respect, the IVD
condition is still an obstacle for the application of cell-based
therapy to treat degenerative diseases.

Type II collagen has been found to improve the cell
attachment and distribution in the constructs via integrins
and affect the chondrogenic differentiation by interaction
with TGF-b1 as well. Appropriate content of type II collagen
together with aggrecan might facilitate the chondrogenic
differentiation, while the ECM scaffold rich in type II

Figure 3 The matrix staining for aggrecan: Photomicrographs (40�) of DAPI staining for cell nucleus and immunofluorescence for aggrecan of ADSCs

pre-differentiated for 0, 3, 7, 10, and 14 days. (A color version of this figure is available in the online journal.)

Figure 4 The matrix staining of type II collagen: Photomicrographs (40�) of DAPI staining for cell nucleus and immunofluorescence for type II collagen of ADSCs

pre-differentiated for 0, 3, 7, 10, and 14 days. (A color version of this figure is available in the online journal.)
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collagen and aggrecan inhibited the chondrogenesis of
MSCs. Our previous study found great biocompatibility
of type II collagen scaffold by inducing ADSC proliferation
and differentiation toward a NP-like phenotype, consistent
with previous literatures. Therefore, we established a type
II collagen constructs for ADSCs culture.21–23

In this study, we found a reduction in cell density after
one week culture in IVD-like condition in control group,
which consistent with previous studies of the effect of chem-
ical environment to ADSCs.4,13,19 In contrast, a significant
increase of cell density after implantation was observed in
pre-differentiated ADSCs, especially in D7 and D10 groups,
which supported the opinion that pre-differentiated cells
might function better than undifferentiated cells. This
result suggested that chondrogenic pre-differentiation
could enhance the viability of ADSCs in IVD-like condi-
tion, and the optimum time of pre-differentiation was
seven days.

Sox-9 is a chondrocyte marker and a key transcription
factor for chondrogenesis that positively controls type II
collagen synthesis.24 The result of RT-PCR showed no sig-
nificant trend of Sox-9 expression among five groups, indi-
cating the similar chondrocytic phenotype of ADSCs after
differentiation. The result of Western blotting was partially
inconsistent with RT-PCR with a slight increase in Sox-9
expression in D10 and D14 group compared with the con-
trol. So far, there were rare researches that had investigated
the effect of IVD-like condition to the expression of Sox-9.
Previous studies found increased expression of Sox-9
of MSCs when cultured in hypoxic condition.14,25,26

Therefore, we speculate hypoxia may be one of the major
factors in IVD condition affecting the expression of Sox-9.
And it may promote the expression of Sox-9 of ADSCs
when chondrogenic pre-differentiated for 10 to 14 days.

Aggrecan is the major type of proteoglycan, which is
responsible for the maintaining of tissue hydration.1 In con-
trast to the downregulation of aggrecan in previous study,19

we found a significant increase in mRNA expression of

aggrecan by ADSCs in IVD-like condition in D7 group
when compared with the control. The immunofluorescence
showed relatively stronger positive in aggrecan staining in
pre-differentiated ADSCs, remarkably in D7, D10, and D14
group when compared to the control. The results of this
study suggested that it could enhance the aggrecan expres-
sion of ADSCs in IVD-like condition when chondrogenic
pre-differentiated before implantation for seven days, or
10 to 14 days. Since the most significant biochemical
change to occur in degenerated disc is the loss of proteo-
glycan, and it results in a fall of osmotic pressure and the
dehydration of NP tissue. Therefore, it is important for disc
regeneration with increased synthesis of aggrecan after
implantation by graft cells.

Type II collagen is an important member of collagen
fibrils in discs. Increased amount of type II collagen was
denatured and ruptured with degeneration, which resulted
in an alteration in the type and distribution of collagen.1

The gene analysis showed significant up-regulation in the
mRNA expression of type II collagen in D7 and D10 group.
The immunofluorescence staining for collagen was weak in
five groups and showed no significant promotion in type II
collagen expression. Importantly, to eliminate the interfer-
ence signal from the type II collagen scaffold, the immuno-
fluorescence analysis was performed on monolayer cultured
ADSCs in this study. And previous studies have confirmed
that type II collagen hydrogel could direct on the cartilage/
NP lineage differentiation of ADSCs efficiently.27,28 Besides,
it is reported that the expression of chondrogenic markers
increased when grown in three-dimensional (3D) structure
compared to monolayer.29 Type I collagen is another compo-
nent of collagen fibril in discs. The result of RT-PCR showed
similar expression between the control and pre-differen-
tiated ADSCs, partially consistent with previous studies.16

The similar expression to the control reflected positively on
disc health, because the increased expression of type I colla-
gen had been linked to a decrease in aggrecan and a resulting
assessment of disc degeneration.30 The results indicated
that chondrogenic pre-differentiation for 7 to 10 days could
up-regulate type II collagen expression, meanwhile did
not regulate type I collagen expression of ADSCs. Though
the inner mechanism was unclear, we speculated that the
up-regulation of disialoganglioside 2 (GD2) downstream
the differentiation of stem cells could primarily lead to the
promotion of matrix expression in this study. GD2 was
the marker relevant to the capability to form spherical cell
colonies, which were strongly positive for type II collagen
and aggrecan.31

There are several limitations for this study. The micro-
environment condition in disc is highly complicated. The
IVD-like low nutrition, acidity, and hyperosmosis were
achieved in this study, but the mechanical loading, hypoxia,
and protease and cytokine network could have played
essential roles in the proliferation and differentiation of
ADSCs. Immunofluorescence staining was performed on
monolayer cultured cells, which could result in relatively
lower expression of type II collagen and aggrecan. The 3D
nucleus-like type II collagen hydrogel microspheres were
relatively simplified scaffold for graft cells with poor mech-
anical properties and stability, which could be promoted

Figure 5 Sox-9 expression of ADSCs of five groups by western blotting (a).

GAPDH served as the loading control. Statistically significant differences were

indicated with asterisks (b), **P<0.01

Wang et al. Regeneration of pre-differentiated ADSC in IVD condition 2109
. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . .



in further study. Though a significant promotion was
observed in the viability and matrix synthesis ability of
pre-differentiated ADSCs in IVD-like condition in this
study, long-term outcome as well as the inner mechanism
of pre-differentiation remained our further investigation.

So far, there has been a dramatic improvement in the
understanding of the cell-based therapy to treat degener-
ated disc diseases, while it is still at an early stage to the
translation into clinical application. In this study, the pro-
cess of pre-differentiation presented positive effects on the
regeneration of ADSCs in IVD harsh environment, which
could provide clues to the development of stem cell therapy
for disc degenerative diseases. However, the present study
is still preliminary. To develop a new kind of cell candidates
for cell-based regenerative medicine and tissue engineer-
ing, further investigations are absolutely necessary both
in vitro and in vivo in this field.

Conclusion

We concluded that chondrogenic pre-differentiation for 7 to
10 days before implantation could enhance the regeneration
effect of ADSCs in IVD harsh environment, by promoting
the proliferation ability and chondrogenic differentiation.
Besides, the pre-differentiated ADSCs could be a potential
candidate for disc regeneration medicine.
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