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[Abstract] Objectives: To investigate the isolation, culture and identification of rat stem cells derived from
potential stem cell niches of the intervertebral disc(ISN-SCs). Methods: Sprague Dawley rats(male, 10 weeks
old) were used as the experimental animals in this study. Tissues of potential stem cell niches of the
intervertebral disc (ISN) were separated from the anatomical regions (the perichondrium areas outside of the
epiphyseal plate) before being digested by type I collagenase. After being harvested, the cells were cultured
and expanded in vitro, and passage 4 populations were used for further analysis. The flow cytometry was used
to detect the cell cycle and immunophenotypes of ISN-SCs. The MTT method was used to determine
proliferation curve of the cells. qPCR analysis was used to determine the relative mRNA expression level of
stem cell-related genes. After being cultured in the differentiation medium, the cells were stained by alizarin
red and calcium cobalt for osteogenesis, alcian blue for chondrogenesis, and oil red O for adipogenesis. Also,
the relative expression of multipotential differentiation—related genes were determined by qPCR. Results: Rat
ISN-SCs were fibroblast-like cells with multi-tentacles forming vortexes partially. They were slow—cycling cells
with the ability of adherence to plastic. Meanwhile, high expression levels of stem cell-related positive antigen
molecules(CD29, CD90, CD44) and low expression levels of negative antigen molecules(CD34, CD45, CD19,

EE W HE A AP ARSI H (45 :81272035)
F—EEE NP (1986-)  FE LIS A WF5E 07 1] HE MRl 5 1 R
HL95 . (025)83262331  E—mail : shiruiseu@163.com

WIRAEE . %/N%  E—mail ; wuxiaotao@medmail.com.cn



b [ A2 7 2015 AR5 25 &5 11 W)

Chinese Journal of Spine and Spinal Cord,2015,V0l.25,No.11

1019

CD11b) were observed. Besides, positive results were detected in alizarin red and calcium cobalt staining for
osteogenesis, Also, the
differentiation—related gene(osteogenesis: Runx2, OPN and OCN; chondrogenesis: SOX-9, COL2al and ACAN;
PPARy and C/EBPw)
group compared with the controls. Moreover, ISN-SCs expressed comparable stem cell-related genes(NANOG,
SOX-2, OCT-4) with bone marrow mesenchymal stem cells(BMSCs). Conclusions: ISN-SCs belong to the

alcian blue staining for chondrogenesis, and oil red O staining for adipogenesis.

adipogenesis: expression levels significantly increased in the corresponding induction

MSC family and possess multipotent differentiation capacities. These findings will contribute to further studies

on the migration of ISN-SCs into intervertebral disc (IVD) and its self-repair effect. ~Meanwhile, a new
perspective on biological strategy for IVD self-regeneration is proposed.
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munophenotype
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Figure 1
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Intervertebral disc tissues were carefully detached from the
functional spinal unit to expose the stem cell niches of intervertebral disc
(ISN),  which is indicated by the blue arc area. The horizontal arrow

indicates vertebral body, and the vertical arrow indicates spinal cord
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Table 1 Detailed information of the primers for gPCR

LR 519 FE
arget  Size Primers sequences
Gene  (bp) TS seq

FIRSIH 51 GGeeTTCCGTOTTCCTACC3!
sense

GAPDH 103
FUESIP 1 GoCTGCTTCACCACCTTC-3"

Antisense

LU

Sense

5'“TGGTTGAAGACTAGCAACGG-3'
NANOG 76
IS 51 AATAGCTGCAATGGATGCTG-3'
ntisense
LB 5 AGCAAGTACTGGCAAGACCA-3'
sox2 117 >
TEEIY

Antisense

5'-CGATATCAACCTGCATGGAC-3’

LffriL% 5'-GAGGAAGCTGACAACAACGA-3'
ocr-4 104

PSS CACCTCACACGGTTCTCAAT-3'

ntisense

IS 51 GOGTCCTATCAGTTCCCAAT-3"
Runx2 138 NV

U S ATCAGCGTCAACACCATCAT-3'

ntisense

ngﬂi'e% 5'-TCCAGGAGTTTCCCTGTTTC3'
opN 103

TSIV 5 1GACCTTGATAGCCTCATCG=3"

Antisense

RIS S 0oTAGCAGACACCATGAGGA=3'

OCN 70 Sense
TUETI

Antisense
LUET

Sense
ACAN 74 o
FUESIU 50 A CCOTTCTGGAGAAGCAAG=3'

Antisense

5'-GTCAGAGAGGCAGAATGCAG-3’

5'-GGAGAAGAGACCCAAACAGC-3'

LU 516 GAAGAGCGGAGACTACTGG3'

Sense

TUEEIY

Antisense

COL2al1 70
5'-TTGCAGAAGACTTTCATGGC-3’

LIS S GeCTGGACTGTATGTGGATG-3"
sox-9 110 "

FUS S CIGTCCCATGTCTCTCTGE-3'

FUSIH 51 1CTCACAATGCCATCAGGTT-3"
PPARy 99 N

RS 51 A GACTCTGGGTTCAGCTGGT=-3'

Antisense

LIS 51 CCAGAAGGCTGAGTTGTGAA-3'

C/EBPa 101~
FUESI 5 GGTCCCAGTGTCTTCATCCT-3!

Antisense
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CD44, A% 2 35 T 4i J A8 5C B M 2 1 40 B o
CD34 .CD45 .CD19 Al CD11b(I& 5 .% 2),
23 = FR5AKAR ) Ko AR DGR R i Rk

BB S PE R A Y nT W R K
5251 T B, o HR oA DL B 5 4515 (18] 6a6b) 5
5 3 A B A L P 1l e il A B e 6 )2
PR G €0 X 38, % REZE A DL B 3 PHAME e (51X (1]
6c.6d) ; 6 FE LY 0 5 45 R WoR 5 S AL R IR
A AE 562nm 4 OD fH & 3 P 34 i ; qPCR 45 2R &
TN AL CE A E I ) Runx2 . OPN ,OCN mRNA
FER K0T HR 4 B P s (% 3. 4), AUERCE
5T o3 S BT R T A G o m] UL A0 ) Y G
X HEZHAAT 70 B8 L % (81 6e (6 ) 5 4 (0 T 445
BRI AR A AE 595nm 4k OD {8 1 3%
PEHE N qPCR 45 S 7 75 3 4 B 40015 4 96 2 [
(SOX-9,COL2al ,ACAN)mRNA % ik 7K - 45 %if I
MW FEER R (R 3.4), BURITE S )54
O Ye ot o i BRI i, X BEZH A U B 2 A
(Kl 6g.6h) ; e 45 5 o |, i T 4L 50 i 4l
7 520nm 4k OD 18 1 3 M3 ;qPCR 45 8 WoR
75 5 41 B BE Wi #H 5 2 [F] (PPARYy, C/EBPa)mRNA
PRIV 0t IR ZH B S RS v (3 4).
24 TUUMILRE M FRE

qPCR 253 7 ISN=SCs 5 BMSCs H-A )
1) T 20 B AH G I R 2R3k 7K F-, Hirh NANOG 2
IR B 635 /K SEAE ISN-SCs i F P (£ 5),



1022 o A AR A A2 2015 R4S 25 85 11 Chinese Journal of Spine and Spinal Cord,2015,V0l.25,No.11

A —

- T |

fi] %2 &4 1 ( Isotype Control) CD20-PE

.

CD19-FITC CD11b-FITC

B 2 P4fUISN-SCs HIBZSFFm . LP4ERE, 2 . R ik B3 Ui 2 7R ISN-SCs L H 4 B 4
ISN-SCs A= K R I (MTT 343072 ) B 5 ISN-SCs H i 4 B i > AN i ] e 3 5 () B0) B 200 % LU 33 PR PR e (o 4 i

oyt
Figure 2 Morphological characteristics of P4 ISN-SCs:

fibroblast -like,

with multi—tentacles, and forming vortexes

partially Figure 3 Representative flow cytometry figure of ISN-SCs cell cycle Figure 4 Growth curve of ISN-SCs

(MTT method)

cells was calculated relative to the isotype control

%2 ISN-SCs REMESD FRIEER

Table 2 The cell surface antigens expression

of ISN-SCs
RS T YIfE (%) FRIEZE (%)

Antigen Mean value(%) Standard deviation(%)
CD29 99.42 0.30
CD90 98.80 0.60
CDh44 86.47 3.71
CD34 1.37 0.15
CDh45 0.82 0.17
CDh19 1.68 0.10
CD11b 1.40 0.08

3 itig

IVDD™ & 520 5 AT H # A1 . B Al R
X HARYT AT 9K B R AR SEIG T AR
IT BT E R AT E R BIMIARR 5 & WAk

Figure 5 Flow cytometry figure of ISN-SCs immunophenotypes. The percentage of positively stained

SE U P A [R) 3k 20 2R 45 0 5 BT AR AR OGO e
FAREERIAIEE, 2T IVDD Y2287 (Ot
HOE T MR AR T ) BOAR IS TR ny ik i |, 1)
ATHSRAEAE — e L 3k A 1) 5k o7 8 2 B AR Pk )
H M Schofield 2505 1978 4F 75 Yk #E H 4
JiL SRS LK R 2 A S A R T AN i 1
Wl R B, L AnE I R G THAL R G MA RS O
JUIE T2 B B RE IR AL T AR
§08 R A AR 3 4 R RN 4 B 2 3 5T ) B 2
TR EE R IS PR A TR AT Y
Jyuo- R Ak 2 biE 9 4 S A B A 0 9 YR
S N B T AR RS R AL L SN iR BB R
BOR RA LN IE TS A — A EZHLRT, B
F ISN 1Y RIS FLAE A PN G HE ] 5 1) 26 9 24 A
B2 2B, A BRI GERHE R] A
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ol 4 2 6, K AL S B e 6 I
A R 4T B R 0 T L
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Figure 6 Multilineage differentiation capacities of ISN-SCs(x200) a For alizarin red staining, no obvious calcium nodes

were observed in the control groups b clumpy large calcium nodes were observed in the osteogenesis groups ¢ For
calcium cobalt staining of alkaline phosphatase, negative staining were observed in the control groups d extensive areas
of positive staining were observed in the osteogenesis groups e For alcian blue staining of aggrecan, only small number
of cells were stained in the control groups f large number of cells were stained in the chondrogenesis groups g For oil
red O staining, no obvious lipid droplets were observed in the control groups h crowds of lipid droplets were observed

in the adipogenesis groups

R BETT 11 A] RE A ¥4 45 T BRI B — 20 BB B, RS ) 2 RO mr ME ] £ 8 4 T
MBS 5255 T ISN-SCs I IE M i B A7 B THE BB AN A, B2 al DU ISN X 38 e M (1] £
IF] 5% 75 4= 59 B0 [5] i BT T ISN-SCs #Y 1L 78
AR, fy ISN 1T F% %2 21 2 2R FAE ] £ N 7, it

%3 ISN-SCs ZEZFSHPULBEENHT  (vxs,0DfH)

Table 3 Quantitative staining analysis of multilineage

& A b gEis 3 iy s PRAE 2R 9 B BMSCs 1] L4 differentiation of ISN-SCs

R AER LRI RS AR ] B A AR, (i TARARZ AR oo L R

1 J7% WA T, A 2 1R FI - 5041 B 17 ISN-SCs 19 o O
oz . B s oapgs Ostonconsi 0.119+0.014 0.437+0.031"
AL A% W AT Gt AR 28 Al R, 308 2o 5O A Y £F steogenesis

Y B4 2505 S 1 5 0 3, 145 < T RS~ i R 0.073:0005  0.22740.009"
R A P BE o Sasaki S84 LML Y B0 BEHR AT LA LR 4 0.056:0002  0.15450.0130

Adipogenesis
(D5 X I AL L P<0.05
Note: Compared with control group, P<0.05

i K B ISN=SCs ] HE 8] 455 4 3051 7% | IF ] DU
M T 25 PN 300 200 B %) 184 A 5 XIS A 41200 3 3 Bh )
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%4 ISN-SCs = ®#iE S5 U HXEE mRNA RixKFE
(x£s)
Table 4 The mRNA expression levels of multilineage
differentiation of ISN-SCs

X R 2H
Control Group

FE il

Induction Group

i 434k Osteogenesis

Runx2 1.0000.035 3.063+0.365"

OPN 1.0000.045 14.917+1.653%

OCN 1.0000.039 92.182+11.526%
4k 531k Chondrogenesis

SOX-9 1.00020.045 1.776+0.073%

COlL.2al 1.00020.011 13.545+2.1857

ACAN 1.000+0.019 5.537+0.377%
AR 23 f6 Adipogenesis

PPARy 1.004+0.116 19.143+0.8562

C/EBPa 1.004£0.111 9.019+0.451%

T 5 B4 8 DP<0.05, @2P<0.001
Note: Compared with control group, (DP<0.05; @P<0.001

x5 AERIETFHEEXEE mRNA RikKkFE
(xs)
Table 5 The mRNA expression levels of the stem

cell-related genes

NANOG SOX-2 OCT-4

A 18] 58 5T T 24 M

BMSCs 1.024+0.277  1.001+0.060

1.001+0.063

FEFT G B IREE PAIIE ) 41050.1657 1.398£0.096  1.59120.362
N —_ S

7 D5 BB 755 411 L3R P<0.05
Note: @Compared with BMSCs, P<0.05

P A0 g T R R R AR M R . ik
WF B4/~ ISN=SCs P4 U5 P 15 B 28 (] 2 P9 356
A AE SR AE ] 4 7 R AE &2 R A 0 — A T AL
R, A2 i ISN-SCs PN I8 M 2 3% 18 52 A 1] 25 4H 21
W IVDD (4 20 s A ) 20 T 7 S A4 1 5B R %
i, 5&T ISN-SCs FRIMIFF I AL
FHLIE 7 X R B 5 " HLl m ik — R . %
T AR BN AAHE [ 25 40 i 5 IR 21, AR AT
TR BAE RS G, ey, BRT
ISN=SCs, Jf- x5 Fe kAT 1 T 200 I AH OG5 M 1 4 2
Fbr 4 Bl 36 97 P3 2% (International Society for
Cellular Therapy, ISCT) &1 i) 2 fig W] 7t J5T -+ 44 i
A LA FEA R AR, (1) BT G BERE TT ; (2) BA
FROR AT A0 S e R A (3) BAT Zmafeie s,
ARBFFELE R TR ISN-SCs M 2T 4 hE . 2 fil £/ 40
JiL, LA W RE (4 RE 7 A =X A0 A T ISCTR R
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