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Effect of different type of collagen scaffold for nucleus pulposusmesenchymal stem cell differentiation/
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541-548

[Abstract] Objectives: To investigate the cell viability, proliferation and differentiation-related gene and pro-
tein expression of nucleus pulposus mesenchymal stem cells(NPMSCs) in different types of collagen scaffolds.
Methods: Type I, type I/Il and type II collagen scaffolds were formed in vitro, and microstructure,
porosity and degradability were detected. NPMSCs isolated from coccygeal vertebra of healthy male rats were
cultured as micromass or in type I collagen (COL-1), type /Il collagen (COL-1/I), type I collagen
scaffold(COL-1II'), and micromass served as control. Cytotoxicity and cell proliferation were detected by lactate
dehydrogenase (LDH) and CCK-8 methods respectively. Differentiation related gene and protein expressions
were examined by real-time quantitative PCR and western Blotting respectively, including SOX9, aggrecan,
type I collagen and type I collagen. Alcian blue staining was used to investigate sulfate proteoglycan ex-
pression. Results: The porosity of each of collagen scaffolds was measured by more than 90%, and the
degradability of COL- 1, COL- I/l and COL-1II was detected as (10.30+0.66)%, (9.87+0.71)%, (10.40x
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0.53)% respectively in 21d. Collagen scaffolds showed great biocompatibility. There was no difference of LDH
among groups at the 7" day(12.24+0.65, 12.13£1.03, 12.67+1.15 and 12.50+1.32, P>0.05). Collagen scaffolds
enhanced proliferation of NPMSC after 5d and 7d culture (COL-1 0.67£0.04, 1.20+0.05; COL-I1/Il 0.62+
0.05, 1.20+0.07; COL-1I 0.69+0.02, 1.34+0.04) were much higher than those of control group(CTL 0.53+0.03,
1.02£0.02, P<0.05). After 21d culture, the mRNA expressions of SOX9, type I collagen, type I collagen
and aggrecan were increased significantly in collagen scaffold groups compared to control group. Among those,
COL-1I group was the highest one and there was significant differences compared to the other groups (P<
0.05). Moreover, the expression of protein in COL— I group was up-regulated in type 1 collagen and aggre-
can. SOX9, type I collagen, type I collagen and aggrecan were up-regulated in COL- /Il and COL-1I
COL-1II had the highest protein expression.

compared to control group, Alcian blue staining also

group,
showed that sulfate proteoglycan synthesis was up-regulated in COL—1I group. Conclusions: All of type I,
type I/Il and type I collagen scaffolds can promote NPMCs’ differentiation towards nucleus pulposus cell

type, and the effect of type Il collagen scaffolds is most significant. Type I collagen is the ideal biological

Chinese Journal of Spine and Spinal Cord,2015,Vo0l.25,No.6

material for nucleus pulposus tissue engineering.
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this work
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T 289 i Jit 1E 9] (Forward) ACCTCCGGCTCCTGCTCCTCTTA
Collagen— | JZ I} (Reverse) GACAGCACTCGCCCTCCCGTTTTT

11 7 5 Js 1E ] (Forward) CTGGTGGAGCAGCAAGAGC
Collagen— I J217] (Reverse) GTGGACAGTAGACGGAGGAAAG

RAEE R IE M (Forward) CTAGCTGCTTAGCAGGGATAACG
Aggrecan (Reverse) GATGACCCGCAGAGTCACAAAG

15
iE ﬁ (Forward) GAATTCCCAGTAAGTGCGGGTCATA
’i H

18sRNA (Reverse) CGAGGGCCTCACTAAACCATC
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Figure 1 Scanning electron micrograph of scaffolds ( x2000)(@a COL-1 b COL-1/Il ¢ COL-1I). COL-1 appeared
folded lamellar structure, and COL- 1 /I and COL-II rope-like structure
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x2 BIRIFEZZEARE R E S REEE (n=3,x%s)
Table 2 Collagen scaffolds’ degradability on 7d, 14d,
and 21d of 3 groups

I 2 st L7110 AR A s 11 79 gz )it

COL-1 COL-1/1I COL-1I
7d 1.93+0.40 1.97+0.50 1.93+0.47
14d 7.27+0.71 7.10£0.95 6.80+0.70
21d 10.30+0.66 9.87+0.71 10.40+0.53

=3 HRAEIR J/IREBEERIBERELZZEPES

N[5 B 1] Y Y S SR R (OD ff ,n=6,x%s)

Table 3 Effect of collagen type I and collagen type
Il on cell proliferation on days 1, 3, 5 and 7. The
error bars indicate the standard deviations of three

independent assays(OD value)

PR IR sa 1/ ANRA R 11789 )iz st 21
(CTL (COL- I JE4 (COL-1/11 (COL-1I
group) group) group ) group )
1d  0.18+0.01  0.19+0.01 0.18+0.01 0.19+0.01
3d  0.26£0.01  0.27+0.01 0.27+0.01 0.28+0.01
5d  0.53+0.03  0.67+0.04% 0.62+0.05Y 0.69+0.02%
7d  1.02+0.02  1.20+0.05" 1.20+0.07% 1.34+0.0472%

OS5 IHA L P<0.05;Q5 T 854 H 4 P<0.05;3)
5 T/ AR A s 4 L3 P<0.05

Note: (DCompared to CTL, P<0.05; @Compared to COL- 1,
P<0.05; ®Compared to COL-1/1l, P<0.05

x4 4HME LDH ML R
Table 4 The result of LDH test from each group

(xs ,n=6)

xF B2 Al T/MANRG R AR
(CTL ZH(COL-1  JHZH(COL-1/1 (COL-1II

group) group) group ) group )

Id  23.17£0.15 23.10«1.97 22.13+1.47 23.00+0.50
3d  12.50+1.80 12.83+0.76 12.80+0.35 12.65+0.97
7d  12.50+1.32  12.24+0.65 12.13+1.03 12.67+1.15
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Table 5 Relative gene expression of NPMSCs from each group on day 21

i B 4L 1 A0 4 1 /118 4 e e 1T 50 e J 2

CTL group COL-1 group COL-1/1l group COL-1I group

SOX9 1.0040.07 1,080,020 11120047 289009129

e 1.00£0.02 14120117 14640217 1.49+0.06"
ollagen

I LTS 1.000.04 1.7120.127 2.48+0.0202 4448126129
Collagen 1l

AT R 1.00£0.02 2.01:0.06" 1.99+0.22" 2.45:0.2072%
ggrecan

TE:SOXO . T AU I | I1 0 fig J52 1 3R 4R 2 1 SR A 6 R 3638 € 225 9 2 18SRNA #RifEA , IR B2 A IR 4 1, (D5 % R4 L ¢ P<0.05;

@45 1 BAE IS L4 P<0.05;345 1 /11 BV IR 4 I L4 e &% P<0.05

Note: Expression of classic markers SOX9, collagen I, collagen Il and aggrecan were normalized to 18sRNA and to control group.

@C()mpared to CTL, P<0.05; @C()mpal‘ed to COL-1, P<0.05; @C()mpared to COL-1/1, P<0.05
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Figure 2 Protein expression of SOX-9, collagen I,
aggrecan and 3 —actin from each group of NPMSCs on

day 21
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Table 6 Densitometric data of western blotting in sox-9, collagen I, collagen II and aggrecan were normalized to

B-actin and to the day 21 control group

X1 R 1 A Al /1A 4 e BT
CTL group COL-1 group COL-1/11 group COL-1I' group
SOX9 1.00+0.06 1.01+0.04 1.15+0.04%2 1.76+0.05%2%
o R 1.0020.04 1.2420.03" 1.25:0.06” 1.3240.04”
ollagen
R 1.000.05 1.000.03 1.02:0.07 1.59+0.0772%
ollagen
AR R 1.00+0.04 1.12£0.05” 1.13:0.06” 1.5420.0672%
ggrecan

L HRBC AT NS Boactin bRUEM I B2 AT AL 1, D5 %L L P<0.05,@45 T AU 41 4% P<0.05,35 T /11 #LE

AR L5 P<0.05

Note: MCompared to CTL, P<0.05; @Compared to COL- I, P<0.05; 3)Compared to COL-1/1, P<0.05
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Figure 3 Alcian blue staining( x200) a Control b COL-1 ¢ COL-1/I d COL-1II. Extracellular matrix was stained

remarkably by alcian blue in COL-1II group
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