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[Abstract] Objective:To explore the characteristics of mesenchymal stem cells (rMSCs) derived from rabbit
bone marrow which were cultured on three—dimensional scaffolds of chitosan,and discuss the feasibility of nu-
cleus pulposus (NP) tissue—engineering regeneration.Method:The rMSCs were isolated from the rabbit bone
marrow and then subcultured to the third passage.The rMSCs were seeded on the chitosan scaffolds and in-
duced into NP-like cells by adding transforming growth factor B1(TGF-B1),dexamethasone,ITS (insulin/trans—
ferring/sodiumselenite/ascorbic acid) into the medium.At the end of the every culture period(7d,14d,21d),the
compound of scaffolds and rMSCs were processed for histological study,and the expression of collagen type
Il was analyzed with immunohistochemical study,the contents of GAG and collagen type Il in culture medi-
um were detected as well.Then the glycosaminoglycan (GAG) content in the extracellular matrix (ECM) was
calculated.Result: The third passage cells grew well on the chitosan scaffolds.At the end of the every culture
period (7d,14d,21d),the GAG contents in the ECM were 55.8+4.6pg/cm?,86.7+5.8pg/em?,83.2+3.4pg/cm? in
induced culture group vs. 34.2+5.6pg/cm?,42.6+4.8pe/cm?,40.8+4.4pg/cm? in the control group.At each time
point, there was significant difference in the GAG content in the ECM between control group and induced
culture group (P<0.05).The differentiation of rMSCs towards NP-like cells on the scaffolds was verified by the
positive results of with sodium dodecyl sulfate polyacryl-amide gel electrophoresis (SDS-PAGE) and Western
blot.The content of collagen type II was higher in the induced group cultured for 21 days than 14 days.
While there was no expression of collagen type Il had been detected in the control group.Conclusion:Under
certain conditions,the TMSCs growing on the scaffolds of chitosan may differentiate towards the NP-like cells.
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fiff DRAR A [) 80, B A TR AFE ] Rl 5 AR 38 23 in 3 AH
SR BOME ] LAY IR AZ o dnef AARAS B BH 1R FvR 7
HE M) 28 18 A2 S H AT I PR B2 AR T i i PR . BB A=
W) T AR ) J S X AE ] BB RS, TFRAT B
HME ] £ BCBE A% 2540 5 DD RE MR AE Y, S BRI
TR SR AR AT R AL TR RE M . SCERRGE T
ZMHN TREREL R UM S g, R F
VR T B AR AW AR AT
5¢ M (Chitosan ) — 4k 37 200 A 455 W15 S IR ES
e B 18] 58 BT T 40 i (rMSCs ) , WL 5% H: 1] B 4%
FEANRL A1 O, BRI T HE ) A 4 40 T v
R AT, A HE ] R A8 0 A iR T SR L SR 5
AR .

1 #RS5H®
1.1 tMSCs B4 B 1 57

BAMNASFHEAR1TH CGEEERERSE
K B B sh 4 o0 $2 3L, Syxk 97 2002-0026) , 1A
i 2.5kg, JCIRHRAE T b OS] B B B8 2ml (P
£ 3000U/ml A AT X 0.2ml) I A TCH B 048 75 5
L H A 10ml DMEM/F12 15 3% % , 1500r/min
20 5~8min, 7% FVE W, FRIDA S 285 R W (%
10% Jifi 4 1L %5 . 1001U/ml 7 % & .1001U/ml 5 %
ZO)RIFAM , HEUS LI 2.0x10° 4~/ml 1) e B $%
FfF T-25 B3890, 76 37°C 5% CO,.100% 1 F1iE
FESAE R AT ISR A1 20 I B IR 29 90%
B, 0.25% 9 26 11 i Ah 0 B 200 e, 25 . A5 AR
B W SR TH G F2 7, I PBS ¥k 25 P9 2R A7 B9 15
FEW, HIA 0.25% JE B 2ml 3 1£ 3 ~5min,
800r/min &[> Smin, 7+ PG, & 0.1% FBS 1)
DMEM &M, 32 1:1.5 % g7,
1.2 Chitosan 3 2L #4 2

B i 190 VKBS R VS WL, PR B — 2 JoT 3k 1) 5
BB R B e RS C 2V T B IR W,
80 H By & A7 oL U8 J i i — BriF ) 0 B v v 1Y
S, LR E N 2% 1) FE TR B . B HS
REFRINL, B -80°C¥ % 30min, B AR THHLA
T 48h, il B A 2L AR B SRR Y AR
1.0x1.0cm K/, 75%70 K5 2 #0784 3 30min J&
FH PBS K& ppk 3 kR,
1.3 tMSCs 7E5C R WS B8 Bl S G 57

W 5E B S A 24 FLAR P, 5256 2H A6 R
2145 24 11.,0.25% BB AL IR 1% 3 LY rMSCs,

FH DMEM AR £ 55 8 il 5 48 M2, 34> S 4855
S N 5% 10° A4~ /ml 4 i B 3001, 4h )5, 555
ZHMA DMEM I3 720 e AR 2 C N R R 44 |
HFERKAS Fe b K T B1(TGF-B1) JITS-X (Ji%
5 Z A R N+ L R R H+ /L O R ) s X IR AHAY
25T % 10% FBS # DMEM {05 77 W, & 37°C.
5% CO, JFRffh R, B0 3~4d HW 11k, 5
B R 7R 7d 14d . 21d 5 4 (9 85 55 0, —20°C A
25K
1.4 4LZUEK

A3 BECRE IR 7d B S 4 R BE AL 4 3 A4
B BYIREAR, 4 4% Z W EEFE E 24h, A
WA PR, fTHARR - (HE) Q5 O T
WEE 5 A 3 A4 3% 7d IIARAR L BY AL 4x8mm,
FLAS WS4 e R W e R & L T ) 4
HUBE LS T IR PR IS B O ASR En S
A,
1.5 SR B SRR (GAG) & a1y

M= H B (dimethylmethylene blue,
DMB ) & 8,3 K 0 48 f 35 52 W GAG & i, Seil
£ DMB FrfE M2 . 43 i UK B 10,20 .30 .40,
50.60.70.80.90 . 100mg/L. #i R K B & fr #E H
100pl, JTA 2.5ml DMB & 4551357, ) i 15min
J&i, F 525nm PR AR et I W 25 ] GAG
S b2, 0 ) BCSE B A R BR A B 3R 7d
14d 21d B _EWE W Iml (BB R) A 4 L), 28
O JE B 100pl 4 A F3E W, A 2.5ml DMB 2
15min, [R50 2 1 38 VR A WG 32 0 s v i 2
RS I GAG W& (mg/L), 2R AN T
GAG i (pg/em?)= L35 W T #i IR GAG & &
(mg/L)x L35 B (ml)/35 FR R T AL (em?) .
1.6 SCHE 4 M A R A R

A3 B SR 14d 21d 1 52 56 21 R0 E 2 41 i
SRE AW, 2 PBS EEUE 2 R LA 50ml i
B, H CytoBuster £ 14 #2 i I $2 O 28 1Y
g A . B BOR R B 1oml 1Rk b,
14000r/min £§.0> 10min, #% £ L35, FH 90% & BE
EEVEUUTE B AT . 10M JR ZAL RS | B 100°C7K
W Smin, 8 85 (5 AR 8 2 5 A0 4 66 B AU
i, E 5 TN M TR B S h I A S R T 4%
~15% TN AR TR 8 e L LUk, FIVKES S 4k 2
W~ T DR LY fn ISR UK Akl 5 )
— 24T Western—blot Kzl , JCHE HL Uk 5 7% W ik
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B 15min, SR )5 80V #F4L 2h ML UK 5% 7% Z A IR 2F 4k
R L, DL 5% MRG0 % A8 Th, in BBt A [T A
JIE it B g B — 0 (AR EE 1:1000) , 3 3 T AL
90min, A TBST (Tris—buffered saline+1% Triton)
L R IR 5 EE VR AL AT E I 5 YK, B R 10min,
Hnil 29t B Pt (Santa—Cruz 2w A4E 75, TAEHE
1:2000) % i T W% 4k 90min, F TBST 2% wh i 4% 3%
VR 4 2 5 ), BIR 10min, %%
ChemiLucent ( T/E¥#& JE 1:1000) i4) 13 S5 4L & H K
o TR = K I AL AT 4 R SRS S
et R WSS HLTK 5541
1.7 SiteEotr

FRA TR DL xes 7R, 0 SPSS 10.0
B T Ge it A B, A ) e ¢ KR 5, P<
0.05 AZEFA B EE,

2 #R

rMSCs JRACE: 75 12h J5 A 40 40 i 0 B 52~
3d EAMMIES R E—-BMEZNIE RIE;3~5d 5
A DB S B B T T, e G R R B T 2 T A
AT, 10~12d 40 B AHRE A 35 80%~90% , 41 il
HEF B B 34— 1 I IR R R . A% 3 AR
rMSCs Wi BE TRGH | 2 3h 40 20 i 00 B | 40 Jfd 42
KARIE ¥ 515015 A 5]  Bi 3% 7d 41 90%
il A MBS EATHES 2 R R S i
RCE 1 JEHETTT ),

a1 7 SROME SR AE IR N 522 11 i A ik
JEBE T AT W AR LIRSS R, R T DS AR
LS FLZ B B A R T AL (&2, JEiE
).

rMSCs 7F Chitosan % 28 | 3% 3% 7d i HE 3
EALEL S A RS FEZH 1Y Chitosan 7 48 ¥ #k ¢
ALET (5, rMSCs Bt & 78 3 28 o e il o (& 3,
JEAd ot 1), WALl ok Ui e 22 5 F Rl A B N
£ tMSCs 7E7C R 8 FIE R FMAE K i 2
BRI, S 28 AT 0L B 3~5 A4S 40 T ik i 4R 7K (K
4 )5 1),

DLAR HEFEAS B R KB 3R & i o X, 0D B
HY HAELERIA, MEbRAEM L RN Y=
0.0033X+0.0127, #H % & %4 R>=0.9622, & Wi 1k
B R R WS TE 0~100mg/L L N, O 1 5
Fri i RAFR MO FR o AR bR o il e R ) R
AL 7,14 21d BHEEF R GAG &8I

F1, WAE 7d.14d 21d B0 AR LR B9 GAG
T R E T2 (P<0.05) , 555 24 40 it 2 3k 1)
GAG HE X%,

O s R, fERIE 14d A
21d i, SEES A WAy F KT 150kDa 19 55717
HiF 33595 21d B 1B i 45 7 5 B A 5k T 14d
b XFHEZ R DUAR R 25 (18] Sa, JEd@TT 1),
Western—blot &5 it —HiEL L0 L L FESW
tMSCs ik I B 5, 5 5 21d I A9 2R 1 3R A F
55 T 14d B, 0k R 2H A o 2 11 78 fie Ji ) R ik (&
5bh,JEd@vL L),

F1 MNMREAESZWHEFFRENEHEMESNER GAG

s (wglem?) (xts ,n=4)
7d 14d 21d
X 2l 34.2+5.6 42.6+4.8 40.8+4.4
S AL 55.8+4.6" 86.7+5.87 83.2+3.47

¥ (D45 %) B4 H % P<0.05

3 itig

Sakai S5 i K1 I 780 fg 5t e o iR S 40 1 4%
7t lacZ FEHRIC A MSCs, FEHUEATHLA 3] £
R AW 7 5 R IR AR Y St TR 3509, 8 RS 4T B-
BEH i e A, 25 R R IR AE 1 MSCs A 15 7,
HE I] 5 25 1 SR B sk 3G n . AT UL MSCs 76 11 7
JIE D B 5 TR S BR b B SR RE A 28 AE 1] B R AR
Risbud 5P WF 78R 52, 7038 B0 R B8 55000 T
MSCs RE /3 AL L RERZ AR AN A, JIFHIE S 78 1K S PR B8
KA A K I F—B  (transforming growth factor—
B.TGF-B)FFTERI Z&AF T, REAE MSCs & T 5 644
R —F 7 1) o34k 5 K5 IS 9 MSCs B HT T
Pt SR AR HER] S Al b, RE AR R IR AR 4 4
B , Steck 4 T 7 TGF-B AT 15 3 45 5%
B b3 SR BUR MSCs , 45 RAIESE 28775 5 )5 1) MSCs
BEP R A S REAZ AN AL, A T & MSCs 7EH
o R 7 A ) 25 4 i A7 5 B 5 B T ) TS A
Le Visage S#PV7p 5l JROIR 15 77 B8 4% 40 M | 21 4 26 410
J K MSCs,  [7] i 36 [A] B4R 55 37 MSCs 5 8 1% 2
Jfg MSCs S £FAEIR AN, KT GAG & & PFAf I
AU RS, 455 s MSCs 5 21 4k 50 20 g 3 [A] 15
TR B BE GAG B IR 5 o [ B AR
DUEPITE RN Bl T HABZE . S AF5E MSCs 1R
I HE T A 1R 78 0 0 78 AT RE MR SR A T — AR
Richardson 0L 4x10° 7 /ml 23k BEK: hMSCs Ff
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T TR e RO - R H oK BEI b, R Ak
hMSCs, % 7 DMEM fiC b8 55 3% W J2 FBS, & T
37°C 5% CO, ¥EFAih s 4 1, HFERE 5
TESE hMSCs 2895 5 40 fb 8 26 35 15 i AR 2% 4
HOAR L A, BTSN FR I MSCs HA 50 K
385 RE S, AT LAY 18 10° £, [A B MSCs 1R 4%
12 WG AT BB PR 45 1E 5 114 2 o {4 20 78 R i o iy
TPE ST HATIRAGE | ATy B M FIm] 22 ) 44k
T ,MSCs R /E N Fh 2 L,

PR TSR RO, NIRRT A B TR
KRNI GE I IR BE . AU T R S 2R RE s 2 A1k 4 i
M L5, JF B & S s FAR = M i 4
B, 5 T 57 20 B ) R B2 M7, R T TR 2 B 55 B
Be, —HR 20T SRR ) i 0 i e p LR
R AR ST AR 0 I R AR 2 AU Y B
B, TR SR e B ORI A8
FR S 5 QT e fife e 0 I foge o6 ] e s DT it
M @YER5E A R FP T 40 2 R 7 3k 40
FEL A 0 B 5 3 3, 75 S A ) 8 A O — LR
R O LU 12 F Pk RE O ME ) 8 20 20 T AR A 5T o
FLAT DL 1 AR 1 S 2R A 4 B ST AR S
PETR IR ST RO IR S RN SE MG SR A%

H i, % 70 OB S 2R A SR AR 42 22 | Nettles
SEOSN T R F e AR SCE AL 40T R PV Sl 4 i
SCHRRYATATE SR R TR R Y A 4 R T
O TR A A e RIS b, TR O 2
Br % 28d J5, WS 50 OB S AR NI DL E 20 A Y
BT REAE RPN RS, ANMEAE SC AR LT LA
BUAH AN FE T, 50 BRME R M — — P I AT ) B
PEZM LG5 R S ARL TR e SROBE 7 SROBE B M 7y B
BRI, A AR B il AR A I 4 4 A
FR s B BT - 2 SR, DA A R A ] 2 o
BRI YERE . Fe RS GAG 2 T4, A
R UF (9 2H SUR 251 o 7 TR ME SO A B Ab , —
i R 2 a1 RAR/NG) S HE R RO AR R,
STRMERT LM B @G, AT R 8 2 K e
2E 240 BEL 43 0h A A DR 48 L PR AR et i R 4
FL e 58, DT 0 S A A S 48 5 1 5 20 2Ll 310

BRI 3k BN AE LB RE 18 vMSCs 1) A (]
A0S S0 H B A0 S D tMSCs 5 44 R}
[F1] P9 Gl B [ AL L SR 240 R S B e D0 A T ik
AR ARG B, 8 5 S50 A B 3 2K T S 248 1 4
Bt SR SR PR O P A

5 SR ARG R RATAE B AP 4h 4 i
B IR e = 27 A B 115 5 tMSCs, 1T Y fi
JEAE LK M Western—blot #6300 43 #7724 5 BH 4 3¢
ik, BEWIAHIES R I 5 7 BR REAE = 4E R |
BRI 5 T MSCs [ B A% FE 20 I 73 46 5 T K hnids &
DAL B = 2 S0 i i i T 2 e it A e 4 Ak
Western—blot # & BH P, 600 =4k 228 L 2N
AR AL 7R A E], ARV AR R DGR
B8 215 S N 1 SORAR B AN RESE I tMSCs 19]
A 1) 255 40 1) 7€ 1) 23
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