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Abstract

BACKGROUND: Currently, cellular composition and the features of the nucleus pulposus are still not to be
clarified.

OBJECTIVE: To establish the in vitro culture system of rat nucleus pulposus-derived mesenchymal stem cells
and to identify their multi-lineage differentiation potential.

METHODS: Mesenchymal stem cells from the nucleus pulposus tissues of Sprague-Dawley rats were cultured in
vitro. Then, cells at passage 3 were induced to differentiate into osteoblasts, adipocytes and chondrocytes as
experimental group. Cells cultured with basic culture medium served as controls.

RESULTS AND CONCLUSION: Cells isolated from rat nucleus pulposus could form the sunflower-like colonies
and exhibit clone-like growth when they cultured at a low density. Cells at passage 3 became homogeneous and
exhibited fibroblast-like morphology. After 28 days of osteogenic induction, arizarin red positive signals were
detected in the experimental group. The mRNA expressions of RunX2, osteopontin and osteocalcin were
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significantly increased in the experimental group, compared to the control group (P < 0.05). After 21 days of adipogenic
induction, oil red-O positive cells were detected in the experimental group. The mRNA expressions of C/EBPa and
PPARYy2 were significantly increased in the experimental group, compared to the control group (P < 0.05). After 21 days
of chondrogenic induction, safranin O/fast green staining was positive in the experimental group. The mRNA expressions
of aggrecan and Col2a1 were significantly increased in the experimental group, compared to the control group (P < 0.05).
Our findings in this study suggested that nucleus pulposus-derived mesenchymal stem cells could be isolated from the
Sprague-Dawley rat nucleus pulposus and exhibited clonal-like growth when they were cultured in vitro. These cells were
confirmed to have the potential to differentiate into adipocytes, osteoblasts and chondrocytes in vitro.

Subject headings: mesenchymal stem cells; intervertebral disk; osteoblasts; adipocytes; chondrocytes
Funding: the National Natural Science Foundation of China, No. 81201422%*; the Natural Science Foundation of Jiangsu
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Table 1 Primer sequences in the quantitative real-time PCR

analysis
) PR IRKIRE
FH Elkvl 2l .
(bp) ()
Runx2 5-CCG ATG GGACCG TGG 74 60
TT-3'(forward)

5-CAG CAG AGG CAT TTC GTA
GCT-3'(reverse)
5'-TCC AAG GAG TAT AAG CAG 200 55
CGG GCC A-3'(forward)
5'-CTC TTAGGG TCTAGG ACT
AGC TTC T-3'(reverse)
5'-GGT GCAAAG CCCAGC 199 60
GAC TCT-3'(forward)
5-GGAAGC CAATGT GGT
CCG CTA-3'(reverse)
5'-AAG GCC AAG AAG TCG 189 55
GTG GA-3'(forward)
5'-CAG TTC GCG GCT CAG
CTG TT-3'(reverse)
PPARyY 5'-CGG CGATCT TGA CAG 174 59
GAA AG-3'(forward)
5'-GCT TCC ACG GAT CGAAAC
TG-3'(reverse)
5'-ATGACAATCTGGCTCCCAA 364 55
CACTGC-3'(forward)
5'-GACCGGCCCTATGTCCACA
CCGAAT-3'(reverse)
5'-CTT GGG CAG AAG AAA GAT 158 58
CG-3'(forward)
5-GTG CTT GTAGGT GTT
GGG GT-3'(reverse)
B-Actin 5-ATC GTG GGC CGC CCT 243 52
AGG CA-3'(forward)
5-TGG CCT TAG GGT TCA
GAG GGG-3'(reverse)

osteopontin

osteocalcin

C/EBPa

COL2a1

aggrecan
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Figure 1 Morphology of primary rat nucleus pulposus-derived
stem cells observed under inverted microscope
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Figure 2 Morphology of passaged rat nucleus pulposus-

derived stem cells observed under inverted
microscope
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Figure 3 Alizarin red staining of nucleus pulposus-derived

mesenchymal stem cells from adult rats with
osteogenic induction (x200)
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Figure 4  Alizarin red staining of nucleus pulposus-derived
mesenchymal stem cells from adult rats without
osteogenic induction (x200)
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Figure 5 Comparison of Runx2, osteopontin and osteocalcin
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Figure 7 Oil red-O staining of nucleus pulposus-derived

mesenchymal stem cells from adult rats without
adipogenic induction (x200)
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Oil red O staining of nucleus pulposus-derived
mesenchymal stem cells from adult rats with
adipogenic induction (x200)
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Figure 8 Comparison of C/EBPa and PPARy mRNA
expression between the osteogenic group and the
control group

3 14 Discussion
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Figure 9 Type II collagen immunohistochemical staining and
safranin O fast green staining after chondrogenic
induction of at bone marrow mesenchymal stem cells
(x400)

0.8
0.7
0.6
0.5
0.4
0.3
0.2

Col2a1 %[

Chandrogenic condition Control condition

A BRI SEERIRT A (R 15 S) Col2at EERIFIEHI AR

*p=0.004
1
0.08
# 0.06
c
(0]
3
S 0.04
()]
<
0.02 =

Chandrogenic conditon Control condition

B: BUKCE S UM A (R 5 )aggrecan X F A HLik

KBRS 0 21 d lRARE 15 S 41T Col2at i aggrecan
(IR BN TR BB S (P < 0.05), 1t U BE R RE i 7¢ R T
YA AR AN T LRRCECE A A
10 BB TS AR S K U BEIZ SRR 7 7o 1 40 H
Col2a1 i aggrecan % [RFRiA 45 R H 4L
Figure 10 Comparison of Col2a1 and aggrecan mRNA

expression between the chondrogenic group and
the control group
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