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Development of research in co—culture technology to promote the stem

cells to the nucleus pulposus—like cells differentiation

ENEE IV &I
(B ZEERFEERREFBEE R 100048 d65TH)

doi : 10.3969/j.issn.1004-406X.2013.09.18
RESEE.0813.1,R681.5  XEHRIAFG:A

HE ] 1R 7% (intervertebral disc degeneration,IDD) j&
— ZB R AT R 906 B A BEIE A O 0T FR O S0
) 48 58 MEAS A4S AR IR L B AR AT R AT AR ] R
PR 1 2 B IR 2 — o X T M ] 2 AR AR R A IR T, H
HI 2 PRSP IR T e T ARIBI T A 7 8 B8 N R
2 AR G A TR R S S A R T S LR ) T R
52 IR IR HME TR) R A AT AR SEE R ST BGOSRk BN
b2 T M 35 BORAR T 20 A 1m0 2 B8 A% 40 ML 2 4k D T IR
TR R BT 40 5 BE 4% 41 (nucleus pulpo-
sus cells, NPCs ) M 1% 5% 1 i 55 HF e 53R I F

1 HEFRARNRER A

B SR EOR T T 55 5 40 M 1w 55— b A i 4 Ak
W5 2 E B 000 Al 2 A0 A B AN 3 0 A i
AT VR RO AR A L BT, A R ) Y S R
J5 ik T A A L IR RN (R e R AR R0
P A & LD S oA L o 2 U R T R T N
I 01 20 2 ) e ) L 3R R 2 Ak 2 AL
R A S ) TS [R) 4 A L RS S T D A
TR HEFREREE o AN [ S 0 A A [ s R R R
A LR H M A SR A 28 o 5% 3% A0 M =2 1) A 1 R O il o
— il 48 1] P A5 e 43 s A K R N A i PR R D — el
A 43 AL 58 R R, SR AE SR B A SR SR ORI KR B &
MBI SIS Sy R W Ok LN =R e N B S (N 2
i 2 e s 3 Al 2 fih o B S AR A L B R A R 2k B
777 A HAR B R LR R BORAE H AL S iy iz & A
Wil Liu 45 @ F) B 860 78 T 9008 (bone marrow
mesenchymal stem cells, BMSCs) & J5 #9 1 B2 40 ig (bone
marrow derived endothelial progenitor cells, EPCs) 5 fk
I B OIR 40 L (hepatic stellate cells, HSCs) FIE 2 fiil X
Tanswell 3L 5 35 (40 Lk 1:1) , L3 558 2 KRRV &

FE—EE BN P (1988-)  FEE ML W5 A WF5E 7 1] SR
L35 . (010)66958224  E—mail : goshang2011@126.com
WIRAEH Bk 58 E-mail : ruandike@yahoo.com.cn

XEHS :1004-406X (2013)-09-0856-04

WL T 42 JR A 1 -9 (matrix metalloproteinase—9 , MMP-
9) 528 — Ak A A M (inducible nitric oxide synthase,
iNOS) . L% W A=K B F (vascular endothelial growth
factor, VEGF) | i i 4 4= & A F (hepatocyte growth factor,
HGF) K-t 35 F 8, R W] EPCs Al DA 235 £k HSCs 79 4
T H R G MR LT MERE U, 1 HGF 7R3X — i) FE R 4%
HEAE

2 BMSCs 5 NPCs £ 5

BMSCs HAT Z /- AL ik e, TEA i 460 T
o] o 2N R A U A A R UL R e 2 T 2
it A5 22 ol 200 B A5 43 Ak A7 AN B AR R B vh 2 AN T
A 25 Tl R DKL 0 5 i G g e e B (TZD) AT AR T
MSCs I B o 481 4 Bl AR 389 i R 1 Ak 32 1R (PPAR—y) , i
#E MSCs [ B8 [l 200 i 43 f i 410 61 JFG 1) i 4 L 2 A1, 4
SEBAE Wnt/B-catenin {5538 8%, W {2 i MSCs ) 5 40
JE 53k, T4 e SR KR s A A3 AR, MSCs 4 H
A AV S g5 S 1 (0 e, T L 30k R 2 FE T 4N B R NK 2
M A A VR T 35 B AT SR FE A . Mochida S0 B R 14
NPCs Hl [ f& MSCs #4133 32 7, NPCs 7T #0422
HMEE) 2R A4S S NPCs Fil MSCs 3 15 75 18 &2 #f [0] £ 1R A%
LT BRI

A7 SCHR AR E ), A0 R AR AR B B R L R SR BT i
5 BMSCs [n SRR 4 e Ak, AR ILRG S5 R gk H 2
Bk LA RIREE B JE R 20 . Niu SF0OF) FH 4 9 BMSCs
5 NPCs % 50:50 gEA7 £ X355 3%, HFJE 1T BMSCs X
NPCs IR, L1597 14d 5 kB, 925 40 NPCs 1Y ZE
A i L 0T R D S R T R R RO A T T i
JRLF4E ) mRNA Rk W e 2k 20 A 45 R e
FAE LR SR 55T BMSCs RE 2 #E NPCs Hh 2R 11 ZRBH A
IT 258 58 e 2T 2 4 2B ik, 4 2 NPCs HIRZE

Strassburg ZEU%F A BMSCs 1 [/ ¥ NPCs (50:50) i 17
Pl 202 LB 3% 4 NPCs A2 6 A7 18 43 iR AR 41 Al e iR
AL B SR Td JR kB, IR A 4] NPCs AR IR A5 20 NPCs 3
A5 BMSCs [0 28868 4 M 34k, IR IR A 78 L RE 9% A
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& NPCs 7T AR BMSCs 40 IR R B P &8 & A R -1
(cartilage —derived morphogenetic protein—1,CDMP-1) . %
A6z 7 F—B1 (transforming  growth factor-B1,TGF-B1) .
JoE 5 EREA K F~1 (insulin- like growth factor-IGF-
1), G442 4E KT (connective tissue growth factor,
CTGF) % 4= K ] 7 mRNA #y 2 ik , AT 3% & BMSCs [ 2¢
e A% 4 i 1 434k

Strassburg 4525 F§ BMSCs Hl NPCs #4712 fil 20 3 %
FEXF 20 S = 1) (VR AL EAT 1 5T, e B 8% 5 I 0 e
L R AR TG M 2 ) A TE X ) G A% | D e PR A B %
e, FHE R T B R (SEM) WS B 40 it 5% 7% W A7 A
M (B AR 30nm~1pwm), TAJy BMSCs #l NPCs 38 5 i 44
it 22 16 1 A B P AT R L R AL 5E B . Watanabe
SIS 3o BMSCs FT NPCs $ fih 20 1% 5% J 9, 452 fi 20 3% 5%
k2 2x W A2t BMSCs 18] NPCs ¥ 43 b ,NPCs B 42 2
2352 BMSCs [ NPCS 434k . Wu 554K BLLL 75%0) NPCs
H 25% 1) BMSCs 55 7% A 5 4 H  #% BMSCs 19 53 1k Al
NPCs " SOX=9, Il % i [ £F 4 Je 85 11 2 Ml 0 23k A oy 3
B % 1 20 0 L 9] 2 5 i BMSCs il NPCs AH B AE I —
ASHEE N K Ehlicke SFSH 05 & B, B 11298 5 TGF-
B3 LIS, IGF-1, HieF 4 40 fe 4= K I F  (fibroblast growth
factor—2, FGF=2) F IfiL /N B 47 A& A= 4 [ F (platelet—derived
growth factor-BB,PDGF-BB) %5 A4E ¥ K+ fig 7 &% 02 iF A
BMSCs [n] NPCs 434k . Stoyanov 1A Sy il 420 R A= K 431k
F =5 (growth and differentiation factor-5,GDF-5) 11 /&
755 BMSCs ] NPCs 7k iy FZ W R, BRILZ A0 WA X
ik ¢ B 0) 5 % 2% 0 1 WL B ) 38 B AT RUAE E BMSCs )
NPCs 973 fLH1 BMSCs 4 1 24 5 SOX-9 1y FRIAI,

3 R TF4AS NPCs #1535

NEWi T 408 (adipose—derived stem cells, ADSCs) #ll
BMSe HAT ML £ m oAk, H ATE 42U TR A A
[ 2 gl A Ry S AR AR R A B )R A T 2 i AR
e, ADSCs B A WM 5 8, $oi 58 2, B0 8/, 20 i 1 58
PR . AR B ADSCs R 38 2 7E F F LA Y
T SR A P e 4 S I VR, JF B2 ADSCs 5 5
PR] A1 Jid 1 200 i ) 5 2 R, S TR A A L A v
N, X W] ADSCs RE ™ £E T 2 1 32, 6 sk ik O 2 Jifd 7 25 )
fE . Dosier SEMF 5% % B, ADSCs 7E [ b K15 4H i 43 fh st
A L P L T A A TE R 2GR T R R ] A 22 5,
17 22 e 14 B S (1) ADSCs R B S 3% i 5 al B v g
Sugii SFPIRWFIE & B, ADSCs 1] PR 5 528 i 2 fE T 20 it
(induced pluripotent stem cell ,IPS), i ADSCs 43 #lb 1) 2
TIRE 7, W FGF [ TGFR , £F % & 11 M B 3% & 11 %) 1PS ##
HEE IR R, XS R SR ] ADSCs 7EHE R # R BB & iR
U7 b BT ORI L T e

) FH 240 i PR 2Nl 2 B 45 PR 3R 2 ADSCs T] 28 B 1%
20 I 53 Ak TR R A7 A8 RS 2 B A A ML A e 2 R BN

FEM LT . Lu %20 ADSCs 1 NPCs 43 3 £ 4T 51 )2 Tran-
swell FI43% 4] Transwell JE85 78 | X 8B 8 440047 TR, 3t
Bigw 2 G, K A Transwell K535 ~ NPCs F R & 1R
A L 78 e it B 1 PR Y 26K B B T, ADSCs o iR R
B iR . [ BRI 1 PPAR-B JEI M RIB A A2
S, $R ADSCs T H05 S: 2 1o S A% 240 L, NPCs 55
3 WA (1 VT 3 A PR X 3 A A A A T R T e
Fi G A XTI BN A3 Al 2 A T DB L Choi 4524 ADSCs FHIR
Ax al JE R AF NPCs 43 9 47 — 4k (2 dimensional ,2D) 1 =
7 (3 dimensional ,3D) Z fLIE L85 77 2 JH )& & B, ADSCs
5HAEIRAE NPCs 55 77 4 b a7 R A I B e St 2 iy 2
1) 22 35 WA 2 5 TR AR 40 5 3D B FR 41 NPCs Ml ZE N £k
AF 2D B SR IX S Wang SFPWHE A I, 5 & A 3D
285 LR SIS 1 ) 106

Yang 5520 H] Jif 5 25 #5 17 SOX -9 F K 4% %4 (1) ADSCs
5 NPCs f£ &4 TGF-B3 1y 3D Mg h 31 35, 453 BoR
ADSCs [n] 28 8 4% 48 it 53 4k, [ B WA 28 2] NPCs th 2 11 2R bl
VT 24 e Ji 28 1 A9 2R 3, by e ] L 20 R Gk iy SOX-9
A LU 3 ADSCs ] JE il % 240 i 434k . Tapp 55 B 58 &
W ALRE SRS NPCs 7T 55 ADSCs RIAHH ZHEAI
T Ji Jer A5 SRR AR R T RE IR T NPCs B 0 001 1 36 0 2
ik B m . a0, 3R &0 ADSCs i
NPCs Z [AJ&AH B2, Li G204 5 ADSCs H28 T 1 3
P = Y4k 1 6] NPCs #E47HE 2 Al e 1% 35 25 R &
ADSCs 7] B 155 5 S BEAZ 20 0, ik T80 e I Fl i 1 20
SECE AR R R EE I i NPCs B 19 B8 3% R W] W 4w, OF HL
WM B R B A L E N, XLt
TR W] NPCs %) ADSCs # A 5 3 43 AL 19 &L, [m) i
ADSCs X NPC HA — & 098 F- e e300 . 140 i = 1) 1)
YE B B A1 A7 7 4

B, g 5 NPC 385 5%, ADSCs fE# 5 5 731k
JEBEAZ AN M, 7 A ] 838 A7 58 s 1 A0 S AR 22 TR YT Th AR
W E R ).

4 HBEREFTRTFHEMS NPCs 155

A3 I (8] 78 0T 41 i (Wharton's jelly— derived mes-
enchymal stem cells, WIMSCs ) 5% 5 T I iy 42 38 e 41 41, 2
H Z 5 Ak IE e . Mitchell 55253 | AR X F LAl ] 78 5 1
L, WIMSCs HL A7 40 % it oz i 3% 1, H 43 fh e J) 510
GO T A i 1 R R TE A A% 255 7 1R
IRF, G20 B 4 300 A5, A7 SCHRHRIE Y, 70 B B R
FREE 1 {I% 480 45 11 e ) S A E WIMSCs RO 3 A g ), 12
BEH IR Z 404k, K U TNGE A 5 NPCs 2R 9%
i F WIMSCs KRBT i AHXE 3 A 5 H & AR DGR
(R, PR, N WIMSCs J2& — Bl A JAL 1) 20 2 T2
Tl 4N

Ruan %P4 WIMSCs 5 NPCs iff 1744 41 22 122 fl il
e XS B 3%, K 1 RS & B R 3t B g8 O K
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WIMSCsH R BB, T 205 i 27 4k R SOX9 45 4 K 11 3=
IR 4T St B R SR AL e g A R B 3R v DA
WIMSCs:NPCs 24 25:75 2138 i &5 Shy WA &t , WIMSCs 5 5 43
T BERZEANAE . WIMSCs [l 28 B8 A% 40 A3 43 1k 7T e 2 ol
NPCs 43 W (9 4 ¥ 3% ¥ ) 40 TGF -B . IGF -1 .EGF H
PDGF % () 75 5 JBVE T, 3 4 R -7 i 4ok i A2 B JE 3 iy
2 3 WIMSCs 19 538 16P3

H i 56 T WIMSCs 255 7= (A58 4240 . {H WIMSCs
B G BERR A  o BE T 22, BT 22 1) 43 A6 1 2 ) NV R
K, WIMSCs 75 52 R0 h 36 97 47 K P9 9 ) o 240 A 1 B

5 Hftt TS NPCs #iE5

BT LR E H T4 S NPCs b 25 0 5 5 1 40 e
i) A B A 20 B 43 A LA B TG T Al T 4 i 5 NPCs
R FRMESE W H 253 £ . Vadala 505 A NPCs 5 BULIA
VR T 41 (muscle—derived stem cells, MDSCs) i 47 )2
B fim 0 2L 3E 37 (NPCs:MDSCs 43 41 24 0:100,25:75,50:50,
75:25,100:0) ,2 J& 5 .75 35 57 20 L NPCs 5000 5 57 40 A
Hﬂ%%(glycosi aminoglyca good,GAG)/ﬁ\iEﬂEi% i
HAH GAG &= DNA & & [t MDSCs H 0l 15 F2 41 35 A
e, 3k BETT LR BE S MDSCs ) 2 A% 41 it 31k, AT f
B MDSCs % NPCs 4% Bf i) —Ff J 3 400, Murrell 250004
FRUI FELAE T 48 B2 (olfactory stem cells,0SCs) 5 NPCs #E4T
LB 37 ,4d i & B, 0SCs 22 3R 1Y 17 2 36 4% 400 M 43 1k 1
£, 0SCs 1 1T BB I T 4 25 1 204 & i 00 I B 8 71
B n 0SCs HoA 8 52 IR A AfE 1] B 1975 iE . Chen SFP71EY
WAHRE W BT 41 (synovium—derived stem cells,SDSCs)
A LA 2 A A0 A3 Ak o flfs A% (1 SDSCs FIRL A NPCs 14
50:50 TETC UL #5755 i AT fih s % DASE = 20
PR 3O X R, BRI Y TGF-B B = 43508 0
3.10.30ng/ml, 557 14d 5 &3 ,SDSCs 2 3 i ] NPCs 43
AR 55 3R 3 11 ARG R 2F 4 2R 11 2 05 SOX-9 ik K
ST BT 8 E  hyHE T A AR AT R 1 A iR T SR A TR Y
40 R R

6 EEMREE

UTAESR, i RSN IR KR 137 S o 20 1 2
A% AN RSP A BT 5 B PR, VR 2 T 50 & T e 5 TS T R
TR U T ROR B L R IR, T A M A
FE R BRI B 200 (A A0 B ) TR L R O, T A
R S T oA S S REAZ AR I ELR A 1 T I R 2 R AT
5 22 (M)A B, MR PR E 5 U N PR A ] 22 S
D AR ) 2 P AR IR pH RS B TR R N FRET il
L FRAF5 T 00 A 9 2 A% 20 1 R 5 7R MR N A7 1 R T
i, 2% 55 A0 L =2 ) S e A A A RN P
AL o oA B 1, 0 7% 5 ) IS A% 2 D O 5 A 3R K i
R AN S PR B S 2 R — R TS Y 5 1) 5 SRR TR A &
F Bi75 5 07 2 R A — BRI At 400 5 A A A

SEH R BT H 220 22, D B 7 20000 A9 SR BT 4 15T Y R
o MEREAE 5 T A TR R B R A B AR
K ke A7 b ) AT 30 A phe LA A e s R 1 O OR AR BT
H0 B 1) NPCs 24k, W 20745 36 7 ) 2 fil A2 20 L, A A 1)
SEIR AR AR W A B SR T SRR R

7 SEXk

1. Boni M, Denaro V. Cervical Spine I[M]. Pavia: Springer
Viena, 1986. 3-20.

2. Yamamoto Y, Mochida J, Sakai D, et al. Upregulation of the
viability of nucleus pulposus cells by bone marrow —derived
stromal cells: significance of direct cell-to—cell contact in co-
culture system[J]. Spine, 2004, 29(14): 1508-1514.

3. Caplan Al, Dennis JE. Mesenchymal stem cells as trophic
mediators[J]. J Cell Biochem, 2006, 98(5): 1076-1084.

4. Liu F, Liu ZD, Wu N, et al. In vitro interactions between rat
bone marrow—derived endothelial progenitor cells and hepatic
stellate cells: interaction between EPCs and HSCs[J]. In Vitro
Cell Dev Biol Anim, 2013, [Epub ahead of print].

5. Pittenger MF, Mackay AM, Beck SC, et al. Multilineage po-
tential of adult human mesenchymal stem cells [J]. Science,
1999, 284(5411): 143-147.

6. Wei W, Wang X, Yang M, et al. PGClbeta mediates PPARgam-
ma activation of osteoclastogenesis and rosiglitazone —induced
bone loss|J]. Cell Metabolism, 2010, 11(6): 503-516.

7. Hill TP, Spater D, Taketo MM, et al. Canonical Wnt/beta—
catenin signaling prevents osteoblasts from differentiating into
chondrocytes[J]. Developmental Cell, 2005, 8(5): 727-738.

8. Mochida J. New strategies of disc repair: novel preclinical tri-
als[J]. J Orthop Seci, 2005, 10(1): 112-118.

9. Cheng YH, Yang SH, Su WU, et al. Thermosensitive chi-
tosan—gelatin —glycerol phosphate hydrogels as a cell carrier
for nucleus pulposus regeneration [J]. Tissue Eng (Part A),
2010, 16(2): 695-703.

10. Niu CC, Yuan LJ, Lin SS, et al. Mesenchymal stem cell
and nucleus pulposus cell coculture modulates cell prole[J].
Clin Orthop Relat Res, 2009, 467(12): 3263-3272.

11. Strassburg S, Richardson SM, Freemont AJ, et al. Co—culture
induces mesenchymal stem cell differentiation and modula-
tion of the degenerate human nucleus pulposus cell pheno-
type[J]. Regen Med, 2010, 5(5): 701-711.

12. Strassburg S, Hodson NW, Hill PI, et al. Bi-directional ex-
change of membrane components occurs during co—culture of
mesenchymal stem cells and nucleus pulposus cells[J]. PLoS
One, 2012, 7(3): €33739.

13. Watanabe T, Sakai D, Yamamoto Y, et al. Human nucleus
pulposus cells significantly enhanced biological properties in
a coculture system with direct cell —to —cell contact with
autologous mesenchymal stem cells[J]. J Orthop Res, 2010,
28(5): 623-630.

14. Wu CC, Yang SH, Huang TL, et al. The interaction between



o [E A A 2 7S 2013 4E4 23 4855 9 1)

Chinese Journal of Spine and Spinal Cord,2013,Vo0l.23 ,No.9

859

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

co—cultured human nucleus pulposus cells and mesenchymal
stem cells in a bioactive scaffold [J].
2012, 47(6): 922-928.

Ehlicke F, Freimark D, Heil B, et al. Intervertebral disc re-

Process Biochemistry,

generation:  influence of growth factors on differentiation of
human mesenchymal stem cells(hMSC)[J]. Int J Artif Organs,
2010, 33(4): 244-252.

Stoyanov JV, Gantenbein-Ritter B, Bertolo A, et al. Role of
hypoxia and growth and differentiation factor-5 on differenti-
ation of human mesenchymal stem cells towards interverte-
bral nucleus pulposus-like cells[J]. Eur Cell Mater, 2011,
20(21): 533-547.

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.

J Biosci Bioeng,

Djouad F, Plence P, Bony C, et al. Immunosuppressive ef-
fect of mesenchymal stem cells favors tumor growth in allo-
geneic animals[J]. Blood, 2003, 102(10): 3837-3844.

Dosier CR, Erdman CP, Park JH, et al. Resveratrol effect

on osteogenic differentiation of rat and human adipose
derived stem cells in a 3-D culture environment[]J]. J Mech
Behav Biomed Mater, 2012, 7(11): 112-122.

Sugii S, Kida Y, Kawamura T, et al. Human and mouse
adipose —derived cells support feeder —independent induction
of pluripotent stem cells [J]. Proc Natl Acad Sci U S A,
2010, 107(8): 3558-3563.

Yang 7, Huang CY, Candiotti KA, et al. Sox-9 facilitates
differentiation of adipose tissue —derived stem cells into a
chondrocyte—like phenotype in vitro[J]. J Orthop Res, 2011,
29(8): 1291-1297.

Gruber HE, Deepe R, Hoelscher GL, et al. Human adipose—
derived mesenchymal stem cells:  direction to a phenotype
sharing similarities with the disc, gene expression profiling,
and coculture with human annulus cells[]J]. Tissue Eng(Part
A), 2010, 16(9): 2843-2860.

Lu ZF, Zandieh Doulabi B, Wuisman PI, et al. Differentia-
tion of adipose stem cells by nucleus pulposus cells: con
guration effect[]J]. Biochem Biophys Res Commun, 2007, 359
(4): 991-996.

Choi EH, Park H, Park KS, et al. Effect of nucleus pulpo-
sus cells having different phenotypes on chondrogenic differ-
entiation of adipose—derived stromal cells in a coculture sys-
tem using porous membranes[]J]. Tissue Eng(Part A), 2011,
17(19-20): 2445-2451.

Wang Y, Kim UJ, Blasioli DJ, et al. In vitro cartilage tissue
engineering with 3D  porousaqueous —derived silk scaffolds

and mesenchymal stem cells[J]. Biomaterials, 2005, 26(34):

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

7082-7094.
Yang 7, Huang CY, Candiotti KA, et al. Sox-9 facilitates
differentiation of adipose tissue —derived stem cells into a
chondrocyte-like phenotype in vitro[J]. J Orthop Res, 2011,
29(8): 1291-1297.
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-
late proteoglycan and collagen type I rich extracellular ma-
trix[J]. Arthritis Res Ther, 2008, 10(4): R89.
Li X, Lee JP, Balian G, et al. Modulation of chondrocytic
properties of fat —derived mesenchymal cells in cocultures
with nucleus pulposus[J]. Connect Tissue Res, 2005, 46(2):
75-82.
Mitchell KE, Weiss ML, Mitchell BM, et al. Matrix cells
from Wharton's jelly form neurons and glia [J]. Stem Cells,
2003, 21(1): 50-60.
Karahuseyinoglu S, Cinar O, Kilic E, et al. Biology of stem
cells in human umbilical cord stroma: in situ and in vitro
surveys[J]. Stem Cells, 2007, 25(2): 319-331.
Reppel L, Margossian T, Moreau P, et al. Impact of oxygen
content on characteristics of mesenchymal stem cells isolated
from Wharton's jelly[J]. Osteoarthritis and Cartilage, 2012,
20(1): S278.
Ruan D, Zhang Y, Wang D, et al. Differentiation of human
Wharton's jelly cells toward nucleus pulposus—like cells after
coculture with nucleus pulposus cells in vitro[J]. Tissue Eng
(Part A), 2012, 18(1-2): 167-175.
sk, RO, EREE, S AR S B SR Ok F O T
U T 200 L T S A AN M 3 A AR ()], A RS R
i, 2011, 9(4): 249-252.
Taghizadeh RR, Cetrulo KJ, Cetrulo CL. Wharton's jelly
stem cells: future clinical applications[]J]. Placenta, 2011, 32
(4): S311-315.
Vadala G, Sobajima S, Lee JY, et al. In vitro interaction
between muscle —derived stem cells and nucleus pulposus
cells[J]. Spine, 2008, 8(5): 804-809.
Murrell W, Sanford E, Anderberg L, et al. Olfactory stem
cells can be induced to express chondrogenic phenotype in
a rat intervertebral disc injury model[J]. Spine, 2009, 9(7):
585-594.
Chen S, Emery SE, Pei M. Coculture of synovium-—derived
stem cells and nucleus pulposus cells in serum—free defined
medium with supplementation of transforming growth factor—
betal: a potential application of tissue—specific stem cells in
disc regeneration|J]. Spine, 2009, 34(12): 1272-1280.

(Wi B #81.2013-04-26 & 11 H 11 .2013-07-03)

(X PR





