A 2R 2012 4EH5 22 B4 2 W] Chinese Journal of Spine and Spinal Cord ,2012,V0l.22,No.2 175
SRR

PAATIEFZMH FHRNARTR

Development of research in tissue—engineering nucleus seed cells

RO KR, T4 TG

(BZFE L ERE

doi : 10.3969/j.issn.1004-406X.2012.02.18
RESEE R681.5,0813.1  XEARIAG:A

Ui 9 0 T R AR A 2 ol g — I PR LR
WG TE N — A b i 50% A N 2>t IUIE S B o AR,
A ) 28 3R A7 4t 2 R R B DN T AR 1] A A AR 22 2 3 T
AR TRRZ ARG Iy i T AR AL A —Fh
T B B AR S 2 O i ) 2 0B 8 PR R T AR A TR SR
6, Mo R AR R S B B ER T A AR I B L A
RN RO A0 R K | 8] 5 5T AN L s
A R e T A0 A 2 28 TR R A R A0 I 5 R Y gk
JEAE— LRIk,

1 HBERZBRERS

FE ] 48 A IR A8 R — W ik B Ay AR, BERM N
A 1) 258 200 i 50 1 s 20 R BE B AR, S BOBE R K O &
2, I B TR B 1 22 0 45 200 D A0 B I3 45 B 2D 23, i 24
| M V) 98 15 4 A B A= ) ) R R AR O R LR
SRS RN T RIG YT O i R TR — 0 TR R b B Al RAE R
FHAREMARA LA 52 C B AR A MEAL 5, 3 13897 RORIE R
AR, B A U TR A ROR (0 R TR )l 20 2 T R B A A
S BB R M ] £ 1 2 2 B S, B H T Y AR
FE AP GUEIE fl BIF 50 1) T R R

2 FFAMAMMERESS

7yt 4 RO\ Sy # 7t 20 40 T R HE ) 4 N L 4 B AE Y
20 27 4 BB TR AIR T 105 AN/150 ] BRAE A 21 20 TR g
AZ 0 —F 40 BT 096 - (1) SBUM O R AT X LIRS 15
AN (2) G PESR | ZEAARS T 3 B % 35 B T T 1 B0 DA K 4
FF A R 5 (3) A AR PN B B AE B A2 (R 3R 8% B 5 F )
FREZEANML AL 5 (4) A W R PR, LU A M Ur | Sy i
PG, BUR AT
2.1 HRYM

HHES W B R T RE R, #m
T ) 5 0 VRORE S T, B BT B2 0%, B AZ O B

FE—EHEE N P (1986-)  FE M L5 A DF5E 7 1] HEA R
L35 (010)66958224  E—mail :zhangtao1986815@126.com
JWIRAER . BLdk 7 E-mail : ruandike@yahoo.com.cn

BE 100048 b niTT)

X EHS :1004-406X(2012)-02-0175-04

JE R NAINAF 2, B RN AR 8o
B>, NIERATE 10 % 2 A BRI 19 8 R AR BT %
SR FE AT BE Sl Wy An S Uk B R AN T & R A AR
Guehring 55 1) W 4% 40 0 14 25 K3 B LU 51 B i A 200 i
w2 2R, HE SR AT LB A AR i 22, X RT BE
EHRMMAES T, Le Maitre SFPHA Ry R I T
JVRJ2 018 5% 200 8 W U L e 2o TR T T IR 2 1 R R
20 B T AR o S e ) 93 A P R

Rastogia U8 ot B 5% 45 W Ak 2% 8 3R RS 3N
T IR ISR A% A0 LAY IR AR A R R A ] R
S5 AR LR A M) S A S Al O AR AE S B AIE TR 4R
% o Mollenhaue SF S H6 BIF 52 4E 52, 4% 41 L 43 Wb 119 45 4 21
LA R R ] A R R A AR 1 2 0 2 e A R R
% W B R G I A A DN Gk B RS A 2R 2R I T2
B G O AR E PR, F SR A 0 A T B R R
AN R RCRE AT DL R AU AR R R A A0
1A 550 A 25 08 28 00t A1 5 T 5 AR 4 AL o R 0 4 T P A g
PR T 2 M T TP 40 D 154 4l A T R g S 120
B A R AN B SR A S R AN B R A (1:1) 3
By IR MO HOIR B8 T 50, 25 SR 3R IR R 40 i A i a2 A% 2
R A0 MY 00 1 B e R AT R SO R R AN I T BETE B 1 A
[F] AR 78 v B B S, Moon SFUISE 48 WF 98 K BLAE
RAMF RPN FRNE ARG
(iNOS) IR 4 AL 2(COX-2) ) mRNA 7KV B 8 A% T %) i
4, Rk A A F A0 B0 R Tk T AR AE TR 9 Y 48 1
A BT R R R IR R 2 T AR A RTE R R K
14 i) 22 HOR R A FR
2.2 %A

AE Sy B A% 4 0 T AR ol A0 ) B R A B 4 3 1 A i
A% A LTS A 6 A A0 P 6 % A L 8 i g 2 20T R A )
WIFTE B HI A Rl 40 i 2 — ) TE 6 B A% 240 i 0 D g = 22
A AL R SR 1 24

Meisel 514 2L IR A28 e A (1] 285 i B0 6 2 0 AT 1 A1
PRERE TR IR A A A1 s 37 05 00 BB A% 40 1 30 3 ) o o
AR BOE ] B2, 2 4F SR #EAT A 812 R AR 20T 4
BT 2 B, 1A 8 A 20 M A 2 T R Y5 B 483 1~2 A4~ 15 Bt



176 o AR A 2% AR 2012 AR5 22 4556 2 )

Chinese Journal of Spine and Spinal Cord,2012,Vo0l.22 ,No.2

R 1] B2 A 5 7Kk B T oR RS AR, () i % A 2 A AR
W R AEL AR R A 10 R BROR XF A [ % 11— b A5
A AN AR SN B BE AR BT R A, MR IO 1Y
AR, BRI T Iz A . Kim SN AZ 41 R MSC
T RCT B = g L IR R R v L e AN EE 9
2:1 I} MSC o) 458 A% A 40 M 43 Ak de o W 0 (] I 2 A Kt
2 UE S BB A% 20 B TR = 4 S R R SR A5 1F T AN TG R
Zhang “FU0RE S B A% A0 5 2R LR - A £ R L R W ik Ak
EAAJE I 2 T e 2 A W R T B R 6 B AL
AREFR 4 TR G R e B0 S 36 2 1 2H 4R TR A L X B A
A JEE LK, T o fie SRk | IT 28 Do 45 A4 Y A/ ik B (1 7
T TN R 52 6 3R W 7 2 A ) S N i e 02 AR 1] 4 B
A AN T M Wi SR ) 5 B o3, A ) AR AR A A 2
HEUTAEBER . Minogue S5 UCR KL Rl #3519 5 15 K
WhoT N BEAZ A0 M 3R 20, Ok OB A A Bt B 1k IR R ik
PAX1 FOXF1 .HBB.CA12 ,0V0S2, AJ 7| 46 3% K b i
DA T A0 I ) AR 20 43 Ak
2.3 R AT

9CE 20 ML ) 9 28 N T G 4 200 I A1 R B 4 5 A%
JHLAR 28 8L, P kg U R R AN FR 2 R R A0 I
Gorensek %5 18D\ G T B [T A 5B 400 0 0k A 5 5% 18 58
o, AR BEAZ IR AR AR 2 b 6 AT R AT A 2
LU RGN | R SR R 18 S 200 D W A T 14 B T 4 0 ) i
B 1, 7 A BB A 2 A — s B BT DI B AL
4 L ) B A IR YT o Gomez—Camarillo S5 40 0 58 & 904K
2 0 7 35 TR S 0 T A R ik v 0 18 5 B ) A Bl B R
FEF R, W REJE TGFB—1 F IGF—1 X 515 40 Jitd i) 3 7 ke 3
TAEM . Arana SFPOU (A S0 AL H 10 B A% 2H 20 O AU
ZUAL G IR 2 JH 5 R 0 R AR 1 20 A R D s DR SR Gk P
i T RE AL AL SUBR R IR A, T R R AR A M T o i
TNFou 1497 A= S0 0B A% 20 B )7 25 B 22 00 48 11 22 0 RS Dt
SRHSE P AT ST R AR A0 B AT 3 A R R A i R 4
PO MR A BT, G 2 68 T 5tk 51 4 it Rr AR M 3R R T
JRE IR 11 22 M I Ra o, R Al AT oA S T LA SR 2 AR
LR CE 20 RS 3 A B R AR S H R 2E 2 R Y
TN SR A R A RSN B 2 s SR B T 5 kA R e
Z AR T HAR S D e 2 Al B2 H AT S B
2.4 EBERE TR T 41 (bone marrow derived mesenchy-
mal stem cells, BMSCs)

BMSCs & ‘B #f P4 35 1L T 2 i L &b i 3 i T 40
AT 22 0] 434k 185 8 A ik 1) 35 S AR 1, R 9 F 9T IE S
BMSCs 7EA [R5 5 45 A1 7 W1 34k S 325 1) 290 2 L 2 24
JiEL B U5 200 B BT A A T2 A0 T L PN R A AR
WA T e JEUMEAR | R S R ik BB O A R R R 2
LB B R g5 1R B DR b 2 2 2 TR A FRAR 1 T 4
Mz—,

Richardson 250 BMSCs 1L 0 78 F 72 B4 —H il
BEFRERBE AR AN & 1557 4 TR, 4% BMSCs 194710 2 A

5 2 R 5 Y R AT 4 s S R DR R B 2 B, BMSCs
1 e 80 55 % BRA Y R AUAR AR 8L, HL BMSCs 43 26 11 £
R R T (Y i 00T R A AN, PR O f R T LR
BMSCs 35 Hi K 5 0 M i) 455 K 200 i by 8 400 M <2 30 52 5 0
JH T PR YA T7HE ] SR AT PR R . Sobajima 5524 6 4% 44
Jitl 5 MSC e MRSk = 4E3p5E i He b 55 2 J& G — AL P Ak
W Y K BURE R 40 i MSC 7E 75:25 1 50:50 I i 4% 4 it
B BUEE 1 2 MRV i SROME (B A R B, K SRR MSC il
A SR AR (4 JEEAE (0] SN 24 RS, ME ) 8 41 2100 R U S A
A B MSC 735 H- 56 7 B 27 46 50 N 5 A MSC AT DL F 4
[a] 28 38 £7 P 9% B9 IR 9T o Richardson 2524 A BMSCs 57
M- I B TROK BE R R AN E A B SR, R IE R e T
20 i AT Ak A B A% RE AT, RT-PCR 5 AR5 I % L Sox—9
T 784 g J5 R 1 5 i PR 3 3k /KT 5 B A% 4N A L, ALP
Lo R ST w11 016 N I 11 O 1 1 o O
Maitre 552U N MSC R SF 52 8 55— 4t 5, B 2
A A% AL SV WLEE 28d, 78 B A HE ) 4 N R 2 0
IT 78 52 J R 43 T3 386, B A B4 MISC 1) 21 0B R 4 A% 4
Mo, 2 b R T 5T IR SE BMSCs 77 AE ] #5038 45 & &2
B AR 1 BTG 3%, W AR S AL TR A A A
2.5 fgWi T 40 M (Adipose—derived stem cells, ADSCs)

JIG W7 T 4B 2 A7 AE A I 4180 rh 4 ) 7S 5 T AN
BA Zm o iiae, m IS SER N2 fE7E B
A5 B BB 1 067 BR G B RE T 5RO AR S i B 45 A
St AN BRAT I A A K, IR JL AR R ADSCs (1 BIF 58 48
g[zﬁ‘ﬂjo

ADSCs 5 BMSCs 7£ £ [n] 43 fL W BE 2% T b i 45 7 T
A B LAY 22 51, 1 CD29 ,CD44 .CD105 ,.CD166 5 CD49e
T H P B % K ;CD31.,CD34,CD45 . HLA-DR .CD133 5
CD11b B ¥ K3k, H iy 22 i 7€ T ADSCs K ik
CD49d, A1k CD106; i BMSCs WM Z , Gaetani 25204
N ADSCs FIBERZ 4N HE AT AR A = 452 45 K5 95, 15d I i
Ak Y 0 AT Rt 2R L 2 AN i T A S = AR UE S
ADSCs 1 [n] # 4% FF 41 g 32 7 534k . Minogue 2558 R W
ADSCs 5 BMSCs 7 i) JE 5 4% 40 Mg oAbt | 1 3 1) 3 ik e
BiAric £ H PAX1 Ml FOXF1, [AAf ADSCs AS 35 5677 4K
B A0 A FRiC 2 IBSP A FBLNT, {H & BMSCs B AN %A
IBSP {H3K35 FBLN1,i8 A “% & & B ADSCs [ BMSCs T fig
Tiff 32 G ML 37 5176 A 9 T, FL R 4 RE ) B3R UL ADSCs
It BMSCs T3 A N T 41 20 TR M 18] 485 14 001 52 5 0
Jeonq %5 PO C¥g ADSCs #AE A R A8 (4 #E 8] &0 6 A S
MR & 7% 201 i3 B i 20 1 e ] 3 e AU 1% v 2 1 8 A1 o Rt
EINER SRV SRR S ST A SR RN S S E NG 2 /IR NN
11 AU S 26 1 2 (0 R 3k 1% 30 S 36 2 B ADSCs 1T i i
o ] 53R AT R B ITARYT o
2.6 LR T4 (embryonic dtem cells, ESCs)

JV G 440 ok R R B T R DT A Y A AT, R
I3k, B 2 RE /L T BE . Reubinoff ZEBIM A 4 iR o ) B



o A A 2 7 2012 4EAR 22 4555 2 1)

Chinese Journal of Spine and Spinal Cord,2012,Vo0l.22 ,No.2 177

WA — hESC MR & , 3 15 T 55 & L ESCs A2 401
AR YT 09 T ZE TR AN [ I O 20 2T AR B Y B T S
8 A 0 D 22— L PR A B 2 o R o AT 5 o AR
A, TR BN B IR IIG T AN A TR 4 5 7 S 2R AT T a3
A o e (] LA 20 M I £ A DA 4 4T R L A A A
it TSP FUL AR N Sk O AT b o P 9 Bk i 1k
MESCs 73 AL AR I b 23 e AR A4S, T i 45 DAY e 240 N 1R 3 T O
A MY G 35 AR AT 35008 A 2H 40T R OB A L i
WA —ER R L, BR ESCs il 2, B2 ESCs
WA A R XS RSP B 37 Z AR R B A %], 3L
TR R SR A AR AR R R AR A Ik 2 () R
—fi# e ESCs A HE BN AL ST AR UL T 1 2 e AN

3 BESERE

H Al A e LR TR IR B F 58 & 22 HUAT 1 45
KA, (ELJ2 A8 2H UL PR B A% 8 D) 0 T T 1 R ¥R 7 A ]
FABAT PR AL ZH, AT AR I 3 VR 2 WO S PR, )
AR 22 2 O AL U R AR 1 A0 L 0 ok D R B SR AT
TRERBETE, (X 2R R T 4000 R 5 PR R AN T
R PR h A — Pl RE o BE A% 4141 TR PR A e i R AR
ol A0 0 £ v AR BE A T AN B AR A TR e
L LA 5 B Y R, 31X — DALY A s g H Al 7
75 HMEEAZ DTG i A3, Bk =2 B SR A ) B ) X — AR BR A5
S ) 200 ML 9 434 5, G i ) D 356 PR 2 e R AR D 7 4 M
AEAGETT — B ST T 1] o AR HE 18] 28538 A 9 i PR 23300 0
SR FH 3 19 7 sCHEAT 2 AR TR RE A I R AL, LA DR IR s 2
1B 52 At F Fe A0 RO TG 1 O A P B A ) T BE M A W ) s
P A TR — R ST . Bl A IR 2 2 21T 2 KA SG
FERIAR TR A AR R 420 R B AZ I PR IO P 2 e Ok i ke
HE ] SR AT VRS A B Z —

4 SELH

1. McBeth J, Jones K. Epidemiology of chronic musculoskeletal
pain[J]. Best Pract Res Clin Rheumatol, 2007, 21(3): 403-
425.

2. Richardson SM, Mobasheri A, Freemont AJ, et al. Interverte-
bral disc biology, degeneration and novel tissue engineering
and regenerative medicine therapies [J].

2007, 22(9): 1033-1041.

Histol Histopathol,

3. Freemont AJ. The cellular pathobiology of the degenerate in-
tervertebral disc and discogenic back pain [J]. Rheumatology,
2009, 48(1): 5-10.

4. Putzier M, Schneider SV, Funk JF, et al. The surgical treat-
ment of the lumbar disc prolapsed: nucleotomy with additional
transpedicular dynamic stabilization versus nucleotomy alone
[J]. Spine, 2005, 30(5): 109-114.

5. O'Halloran DM, Pandit AS. Tissue—engineering approach to

regenerating the intervertebral disc[J]. Tissue Eng, 2007, 13

(8): 1927-1954.

6. “EHbZ, SR, DUk vE. AN IR 20 B 2 A 1 2H 21 TR A )
BB WEEEL)). T EAFHA B4R, 2008, 18(12): 925-928.

7. Alini M, Eisenstein SM, Tto K, et al. Are animal models
useful for studying human disc disorders/degeneration[]J]? Eur
Spine, 2008, 17(1): 2-19.

8. Guehring T, Wilde G, Sumner M, et al. Notochordal interver-
tebral disc cells: sensitivity to nutrient deprivation[]J]. Arthritis
Rheum, 2009, 60(4): 1026-1034.

9. Le Maitre CL, Freemont AJ, Hoyland JA. Accelerated cellu-
lar senescence in degenerate intervertebral discs: a possible
role in the pathogenesis of intervertebral disc degeneration[J].
Arthritis Res Ther, 2007, 9(3): R45.

10. Rastogi A, Thakore P, Leung A, et al. Environmental regu-
lation of notochordal gene expression in nucleus pulposus
cells[J]. Cell Physiol, 2009, 220(3): 698-705.

11. Mollenhauer JA. The notochord in the mammalian adult: a
paradox[]J]. Arthritis Rheum, 2006, 54(12): 3728-3729.

12, BAERIE, XIwh, 2T H, S AR AN MO 0 B A A O R AR
WOpE B R M AEFR)]. B A AR, 2008, 22(8):
939-943.

13. Moon HJ, Joe H, Kwon TH, et al. Notochordal cells influ-
ence gene expression of inflammatory mediators of annulus
fibrosus cells in proinflammatory cytokines stimulation [J].
Neurosurg, 2010, 48(1): 1-7.

14. Meisel HJ, Siodla V, Ganey T, et al. Clinical experience
in cell-based therapeutics: disc chondrocyte transplantation
A treatment for degenerated or damaged intervertebral disc
[J]. Biomol Eng, 2007, 24(1): 5-21.

15. Kim DH, Kim SH, Heo SJ, et al. Enhanced differentiation
of mesenchymal stem cells into NP-like cells via 3D co-
culturing with mechanical stimulation [J].
2009, 108(1): 63-67.

16. Zhang W], Zhang L, Zhao CM, et al. Effects of rotating cell

Biosci Bio eng,

culture system on constructing of tissue engineering
intervertebral nucleus pulposus [J].  Zhonghua Yixue Zazhi,
2010, 90(31): 2215-2218.

17. Minogue BM, Richardson SM, Zeef LA, et al. Characteriza-
tion of the human nucleus pulposus cell phenotype and e-
valuation of novel marker gene expression to define adult
stem cell differentiation[J]. Arthritis Rheum, 2010, 62(12):
3695-3705.

18. Gorensek M, Jaksimoic C, Kregarvelikonja N, et al. Nucleus
pulposus repair with cultured autologous elastic cartilage de-
rived chondrocytes[]J]. Cell Mol Biol Lett, 2004, 9(2): 363-
373.

19. Gomez—Camarillo MA, Almonte—Becerril M, Vasquez Tort M,
et al. Chondrocyte proliferation in a new culture system[]].
Cell Prolif, 2009, 42(2): 207-218.

20. Arana CJ, Diamandis EP, Kandel RA. Cartilage tissue en-

hances proteoglycan retention by nucleus pulposus cells in



178

ot [E R 2 R 2012 4EES 22 55 2 1)

Chinese Journal of Spine and Spinal Cord,2012,Vo0l.22 ,No.2

21.

22.

23.

24.

25.

26.

27.

vitro[J]. Arthritis Rheum, 2010, 62(11): 3395-3403

st Seid, B, . AR BCHCR AN RSN E B R
AL, AR SEER AR, 2003, 20(6): 497-498.

Kolf CM, Cho E, Tuan RS. Biology of adult mesenchymal
stem cells: regulation of niche, self-renewal and differentia-
tion[J]. Arthritis Res Ther, 2007, 9(1): 204-213.

Richardson SM, Hughes N, Hunt JA, et al. Human mes-
enchymal stem cell differentiation to NP-like cells in chi-
tosan—glycerophosphate hydrogels[J]. Biomaterials, 2008, 29
(1): 85-93.

Sobajima S, Vadala G, Shimer A, et al. Feasibility of a
stem cell therapy for intervertebral disc degeneration [J].
Spine, 2008, 8(6): 888-896.

Le Maitre CL, Baird P, Freemont AJ, et al. An in vitro
study investigating the survival and phenotype of mesenchy-
mal stem cells following injection into nucleus pulposus tis-
sue[J]. Arthritis Res Ther, 2009, 11(1): R20.

Gaetani P, Torre ML, Klinger M, et al. Adipose—derived
stem cell therapy for intervertebral disc regeneration: an in
vitro reconstructed tissue in alginate capsules[]J]. Tissue Eng
Part A, 2008, 14(8): 1415-1423.
Tapp H, Deepe R, Ingram JA, et al. Adipose—derived mes-
enchymal stem cells from the sand rat:

transforming growth

factor beta and 3D co—culture with human disc cells stimu-

28.

29.

30.

31.

32.

33.

late proteoglycan and collagen type I rich extracellular ma-
trix[J]. Arthr Res Ther, 2008, 10(4): R89.

Gaetani P, Torre ML, KlingerM, et al. Adipose —derived
stem cell therapy for intervertebral disc regeneration: an in
vitro reconstructed tissue in alginate capsules[J]. Tissue Eng
Part A, 2008, 14(8): 1415-1423.

Peng L, Jia Z, Yin X, et al.Comparative analysis of mes-
enchymal stem cells from bone marrow, and adi-

pose tissue[]]. Stem Cells Dev, 2008, 17(4): 761-773.

cartilage,

Jeong JH, Lee JH, Jin ES, et al.Regeneration of interverte-
bral discs in a rat disc degeneration model by implanted
adipose—tissue—derived stromal cells[J]. Acta Neurochir, 2010,
152(10): 1771-17717.
Reubinoff BE, Pera MF, Fong CY, et al. Embryonic stem
cell lines from human blastocysts: somatic differentiation in
vitro[J]. Nat Biotechnol, 2000, 18(4): 399-404.
Ahmed N, Stanford WL, Kandel RA. Mesenchymal stem and
progenitor cells for cartilage repair[]]. Skeletal Radiol, 2007,
36(10): 909-912.
A, AR, SROCAS. A ARV TG T 4n L rb o 3 a0 A A A
Bl 401 1 520 RFSE[D]. H TR S T A AR AR, 2011, 7
(1): 1-5.

(i B HA: 2011-08-16 &1 H #: 2011-10-02)

(KL B )



