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Bone marrow mesenchymal stem cells co-culture and in 
vivo transplantation inhibit degeneration of  
intervertebral disc in rabbits
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Abstract: Intervertebral disc degeneration (IDD) is featured with decreased content of proteoglycan and type II col-
lagen in disc nucleus and dehydration. Recent progress of tissue engineer provides novel measures for treating 
IDD. Bone marrow mesenchymal stem cells (MSCs) are a family of pluripotent cells with differentiation, replication 
and proliferation abilities. Under certain conditions, MSCs can differentiate into osteoblasts, chondrocytes and en-
dothelial cells. This study explored the co-culture and transplantation of MSCs and notochord cells, on a rabbit IDD 
model. New Zealand rabbits were collected for notochord cells and MSCs, both of which were co-cultured at differ-
ent ratios. CCK8 assay was used to detect the cell proliferation, while real-time fluorescent PCR and Western blotting 
were used to describe phenotypes of MSCs. Transplantation of co-cultured cells were then performed to detect the 
change of IDD. Under 50:50 ratio, co-cultured cells had higher proliferation and elevated type II collagen expression 
than singly cultured cell. Those rabbits received co-cultured cell transplantation had significantly elevated expres-
sion of type II collagen compared to notochord cells, whilst singly transplanted MSCs had no significant effects. 
50:50 co-culture of notochord cells and MSCs causes strongest cell proliferation ability. The transplantation of co-
cultured cells may inhibit the progression of IDD in rabbit models.
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Introduction

Intervertebral disc is composed of central 
nucleus and peripheral fibrous rings, whose 
thickness is decreased at the dorsal side. 
Therefore the nucleus is predisposed to expand 
toward the dorsal side for compressing spinal 
cord and related nerves, causing symptoms 
such as waist/leg pains [1, 2]. Under multiple 
factors including aging and compression, 
degeneration of intervertebral disc tissues may 
occur [3]. Intervertebral disc degeneration 
(IDD) is featured with decreased content of pro-
teoglycan and type II collagen in disc nucleus 
and dehydration [4], but with unclear mecha-
nisms so far. Artificial intervertebral disc 
replacement can relieve pains in a short term 
[5], but may have adverse effects and long-
term reoccurrence [6]. Recent advancement of 
tissue engineering using stem cell transplanta-
tion to repair disc nucleus provide novel ap- 

proach for treating IDD [7]. Bone marrow mes-
enchymal stem cells (MSCs) are a family of plu-
ripotent cells with differentiation, replication 
and proliferation abilities [8]. Under certain con-
ditions, MSCs can differentiate into osteo-
blasts, chondrocytes, adipocytes and vascular 
endothelial cells even after generations of pas-
sage, making them important seeding cells in 
tissue engineering [9]. Study has suggested the 
potency of MSC to differentiate into nucleus 
cells for the repair and regeneration of interver-
tebral disc under certain conditions [10]. Inside 
disc nucleus, there were chondrocyte-like cells 
and notochord cells, both of which participate 
in synthesizing extracellular matrix. Chondro- 
cyte-like cells are mostly existed in adults with 
lower differentiation potency, while notochord 
cells are more common in immature animals 
with higher differentiation ability, and can trans-
form into chondrocyte-like cells [11]. This study 
thus co-cultured notochord cells and MSCs, to 
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observe the phenotype alternation of MSC, and 
investigate the co-transplantation of those two 
cells in IDD in rabbit models.

Materials and methods

Reagents and equipment

DMEM culture medium, fetal bovine serum 
(FBS) and type II collagenase were purchased 
from Gibco (US). CCK8 test kit was a product of 
Ddjindo (China). Reverse-transcription kit and 
SYBR green fluorescent dyes were provided by 
Toyobo Life Science (Japan). Anti-proteoglycan 
antibody and anti-type II collagen antibody were 
purchased from Abcam (US). Cell culture cham-
ber, PCR cycler and vertical electrophoresis 
equipment were obtained from Thermo (US), 
ABI (US) and Liuyi Instrument (China).

Animals

A total of 16 New-Zealand rabbits (males and 
females, 4~6 weeks old) were provided by 
Laboratory Animal Center (Shanghai, China) 
and were singly housed in a facility with fixed 
temperature (25°C ± 2°C) and humidity (50%). 
Animals were randomly divided into MSC group, 
notochord group, co-culture group and control 
group (N=4).

MSC and notochord cell isolation

Rabbits were sacrificed and collected for nucle-
us tissues from spines and femoral bones. 
After homogenization, tissues were incubated 
with type II collagenase at 37°C water-bath for 
30 min. Cells were precipitated by 1000 g cen-
trifugation for 5 min, and were rinsed in PBS. 
Cell suspensions (1 × 105 per mL) were laid on 
Percoll solution with different density gradients 
(20%, 15%, 10% and 5%). After centrifugation 
for 30 min at 1000 g, supernatants were col-
lected as notochord cells. Meanwhile, bone 
marrow tissues were collected from femoral 
bones to mix with Ficoll solution. After centrifu-
gation for 30 min, the middle layer was collect-
ed as MSCs. All cells were then cultured in 

pared for single-cell suspension (1 × 107 per 
mL) using trypsin digestion and centrifugation 
(1000 g for 5 min, with discarding superna-
tants). A total of 16 New Zealand rabbits were 
randomly divided into MSC group, notochord 
group, co-culture group and control group. 
During surgery, lumbar segment V-VI (L5-6) was 
exposed for collecting nuclear tissues. 2 weeks 
later, 0.1 mL cell suspensions were injected 
into L5-6 intervertebral disc by micro-syringe, 
including singly culture MSCs, notochord cells, 
co-cultured MSCs and notochord cells (50:50), 
or blank control. Two weeks after cell transplan-
tation, the progression of IDD in all animals was 
checked.

CCK8 assay

MSCs and notochord cells at different ratios 
(75:26, 50:50 and 25:75) were seeded into 
96-well plate, along with MSCs as the control. 
Cells were cultured in a humidified chamber at 
37°C with 5% CO2. At different time points (24 
hour, 36 hour, 48 hour, 60 hour, 72 hour, 84 
hour and 96 hour), culture medium was 
removed from each well, which was added with 
0.1 mL CCK8 solutions for 4-hour continuous 
incubation at 37°C. The absorbance value at 
each well was measured for plotting growth 
curve in each group.

Real-time florescent quantitative PCR

RNA reverse transcription was performed using 
test kit following manual instruction. In brief, 1 
μg RNA was incubated at 65°C for 5 min, fol-
lowed by iced cooling for 4 min. Denatured RNA 
was then mixed with 2 × reverse transcription 
mix, primers and RNAase-free water for 37°C 
incubation (15 min), followed by 98°C denature 
(5 min). cDNA solution was then mixed with 
specific primers (Table 1), water and SYBR 
Green mix in a 20 μL system. Using VIIA7 cycler, 
quantitative PCR was performed under the fol-
lowing conditions: 95°C denature for 5 min, fol-
lowed by 40 cycles each containing 95°C dena-
ture for 15 sec, 60°C annealing for 45 sec and 
72°C elongation for 15 sec.

Table 1. Specific primer for qPCR
Target gene Forward primer (5’-3’) Reverse primer (5’-3’)
β-actin GAGGGAAATCGTGCGTGAC CTGGAAGGTGGACAGTGAG
Proteoglycan CTGAGTTGTGGATGGAACAA ACTCACCAACCGCGATGCGA
Type II collagen GGCCATCACGACAGAACAAA AAGCTATCCGCTGCGATTA

DMEM medium with 10% 
FBS in a humidified cham-
ber at 37°C with 5% CO2.

Cell transplantation

MSCs, notochord cells or 
co-culture cells were pre-
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Western blotting

Collected cells were lysed in RIPA lysis buffer 
with cocktail proteinase inhibitor. Lysed cells 
were incubated on ice for 30 min, intermitted 
with vortex every 10 min. After centrifugation at 
10000 g for 10 min, supernatants were col-
lected for quantification of total protein concen-
tration using BCA method. Protein samples 
were adjusted to 2 g/L concentration with 5 × 
SDS solution, and were denatured for 10 min 
before loading onto SDS-PAGE for separation. 
After electrophoresis, proteins were transferred 
to NC membrane under 300 mA electrical field 
for 1.5 hours. The membrane was firstly 

blocked in defatted milk powder for 2 min, and 
was then incubated with primary antibody for 
4°C overnight incubation. After PBST washing, 
secondary antibody was added for 1-hour incu-
bation and ECL development. Protein bands 
were recorded and analyzed for optical density 
using GIS-2020D system to compared protein 
expression levels.

Statistical analysis

SPSS 19.0 software was used to process all 
collected data, of which measurement data 
were presented as mean ± standard deviation 
(SD) and were tested by student t-test or analy-
sis of variance (ANOVA). While enumeration 
data were presented as percentage and com-
pared as chi-square test. A statistical signifi-
cance was defined when P<0.05.

Results

Cell morphology

Using density gradient centrifugation method, 
both notochord cells and MSCs were extracted 
from spinal nucleus and femoral bone mar-
rows. Under high-magnification light-field micro-
scope (400 ×), notochord cells with oval or 
round shapes containing vesicles displayed 
attached growth pattern (Figure 1A). Whilst 
MSCs had spindle or polygon shapes with irreg-
ular sizes, showing attachment against culture 
dish (Figure 1B).

Figure 1. Notochord cells (A) and MSCs (B) growth. 

Figure 2. Growth curves of MSCs and notochord 
cells. Group A, 75:25 ratio of MSCs and notochord 
cells; Group B, 50:50 ratio of MSCs and notochord 
cells; Group C, 25:75 ratio of MSCs and notochord 
cells.
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Cell proliferation after co-culture

We divide co-cultured cells into three sub-
types: group A (75:25), group B (50:50) and 
group C (25:75) with different MSCs: notochord 
cells ratios. At different time points, CCK8 
assay was used to test cell proliferation ability. 
As shown in Figure 2, all cells had S-shape 
growth curves, on which smooth growth 
occurred within 36 hours, followed by acceler-
ated growth after 48 hours, and reaching a 
peak at 84 hour and growth inhibition onwards. 
Although having similar shapes of growth 
curves, the proliferation potency of all cells 
were somehow different, as group B cells had 
most potent cell proliferation compared to 
group A or C (P<0.05).

Expression of proteoglycan and type II collagen

We further screened the expression of proteo-
glycan and type II collagen in all co-cultured 
cells. As shown in Figure 3, group B cells had 
2.57-fold increase of proteoglycan mRNA levels 
and 2.25-fold increase of type II collagen mRNA 
levels as compared to group A (Figure 3A and 
3B). Group C cells had slightly increase of pro-
tein expression but without statistical signifi-
cance (P>0.05). Protein levels of proteoglycan 
and type II collagen were consistent with mRNA 
levels (Figure 3).

Expression of proteoglycan and type II collagen 
after cell transplantation

To study the effect of co-cultured MSCs and 
notochord cells in transplantation on rabbit 
IDD, we studied the expression of proteoglycan 
and type II collagen in rabbit intervertebral disc 
after transplantation. As shown in Figure 4, 
MSCs transplantation did not significantly 
change expression of proteoglycan and type II 
collagen (P>0.05). The transplantation of noto-
chord cells increased the expression of proteo-
glycan and type II collagen by 1.41-fold and 
0.82-fold, respectively (P<0.05). The co-cul-
tured cell transplantation increased the expres-
sion of proteoglycan and type II collagen by 
5.58-fold and 5.36-fold, respectively (P<0.05).

Discussion

As one major disease causing waist/leg pains 
in clinics, IDD is featured with decreased con-
tent of proteoglycan and type II collagen in disc 
nucleus and dehydration [12]. Current methods 
for treating IDD include non-surgery and surgi-
cal methods, in which artificial intervertebral 
replacement is the major approach [13]. 
Although current methods may relieve pains in 
short time-span, the existence of long-term 
complication impede the radical cure of IDD 
[14]. Recent progresses in tissue engineering 

Figure 3. Expression of proteoglycan and type 
II collagen in co-cultured cells. A. mRNA level of 
proteoglycan; B. mRNA level of type II collagen; 
C. Protein levels of proteoglycan and type II col-
lagen. Group A, 75:25 ratio of MSCs and noto-
chord cells; Group B, 50:50 ratio of MSCs and 
notochord cells; Group C, 25:75 ratio of MSCs 
and notochord cells. *, P<0.05.
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especially the stem cell transplantation have 
brought new methods for curing IDD [15]. As 
one pluripotent stem cell, MSC exists in multi-
ple tissues including bone marrow, and is one 
important target stem cell in cell transplanta-
tion [16]. Early study has indicated the poten-
tial effect of chondrocyte-like cells in spinal 
nucleus for affecting MSC differentiation and 
function [17]. As spinal nucleus mainly consists 
of chondrocyte-like cells and notochord cells, 
this study co-cultured those notochord cells 
with MSCs, to investigate the potential effect of 
transplantation of co-cultured cells on rabbit 
IDD.

In this study, notochord cells and MSCs were 
isolated from rabbit spinal nucleus and femoral 
bones by density gradient centrifugation. After 
culture, CCK8 assay showed significantly ele-
vated cell proliferation activity of co-cultured 
notochord cells and MSCs as compared to sin-
gly cultured MSCs, suggesting the potentiating 
effect of notochord cells on proliferation of 
MSCs. We also discovered different prolifera-
tion ability when applying various ratios of noto-
chord cells and MCSs, as 50:50 ratio co-cul-
tured had the most potent cell proliferation as 
compared to 75:25 and 25:75 co-cultures. To 

further elucidate the optimal co-cultured ratio, 
we further tested the expression of proteogly-
can and type II collagen, and found significantly 
elevated expression of those two proteins as 
compared to other two groups. We then com-
pared the 50:50 co-culture cells with singly cul-
tured notochord cells or MSCs regarding the 
expression of proteoglycan and type II collagen. 
Our results showed the highest protein expres-
sion and mRNA levels in co-cultured group, fol-
lowed by notochord cells and MSCs. These 
results collectively suggested the facilitation 
on expression of proteoglycan and type II col-
lagen by the co-culture of notochord cells and 
MSCs via modulating cellular biological 
functions.

Previous study has demonstrated the degener-
ation of intervertebral disc of rabbit after 
removal of spinal nucleus contents [18]. In this 
study, we established a rabbit IDD model based 
on previous reports [19, 20]. We then injected 
co-cultured cells (or singly cultured notochord 
cells or MSCs) into L5-6 spine of model rabbits, 
along with parallel blank control group (with 
removal of spinal nucleus tissues only). Two 
weeks after transplantation, intervertebral disc 
tissues were removed to isolate nucleus to 

Figure 4. Expression of proteoglycan and type II collagen in rabbit intervertebral cells after transplantation of co-
cultured cells. A. mRNA level of proteoglycan; B. mRNA level of type II collagen; C. Protein levels of proteoglycan and 
type II collagen. Group A, control; Group B, MSCs transplantation; Group C, notochord cells transplantation; Group 
D, co-cultured (50:50) cell transplantation. *, P<0.05.
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detect the expression of proteoglycan and type 
II collagen. Our results showed significantly ele-
vated expression of those two proteins in co-
cultured transplanted group as compared to 
notochord cells group, which had higher levels 
than MSCs group or control group. No signifi-
cant difference has been identified in MSCs 
group. These results collectively suggested the 
effective inhibition of IDD by notochord cell-
MSCs co-culture transplantation.

In summary, at an optimal ratio of 50:50, co-
cultured notochord cells and MSCs transplan-
tation can effectively raise expression of pro-
teoglycan and type II collagen in rabbit 
intervertebral disc tissues, suggesting the inhi-
bition of IDD by transplanting co-cultured cells.
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