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), ¥ 2 TGF-B1 Fe 4 I i) BMMSCs 75 3 2 55 5E i sk o9 85 3% s LI ) A 4R 20 R 41 (C 41) , K BMMSCs
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[Abstract] Objective:To observe the differentiation of bone marrow mesenchymal stem cells (BMMSCs) to
nucleus —like pulposus phenotype transfected by TGF-f1 and cultured in the mimic microgravity in vitro.
Method : Bone marrow mesenchymal stem cells (BMMSCs)  obtained from adult rabbit were cultured and
proliferated to the third generation,which were assigned into 3 groups as followers:micro—gravity inducing
group (group A),BMMSCs transfected by TGF-B1 were cultured in calcium alginate gel beads and rotary cell
culture system;inducing group (group B),BMMSCs transfected by TGF-B1 were cultured in calcium alginate
gel beads;microgravity differentiation group (group C),BMMSCs were cultured in calcium alginate gel beads
and rotary cell culture system.At 3,7,14,21d,the content of TGF—-B1 in BMMSCs and the proliferation
potency of BMMSCs were detected in all groups respectively,collagen type II was detected by
immunohistochemical and Toluidine blue staining,the expression of mRNA of proteoglycan and collagen type
Il protein was detected by RT -PCR.Result:At the 14th day,the polygonal nucleus —like pulposus was
observed in group A and B,and abnormal cells were observed in group C.From the 3rd day,the content of
TGF-B1 in supernate and its DNA in BMMSCs in group A were higher than those in group B and C,and
also increased gradually with time.Immunohistochemistry staining of collagen type II protein in BMMSCs

climbing film showed positive in group A,weak positive in group B,and negative in group C.RT-PCR results
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showed expression of proteoglycan and collagen type Il mRNA in group A and B.Conclusion:BMMSCs

transfected by TGF -1 and cultured in the mimic microgravity can increase the synthesis potential of

proeoglycan and collagen type II.
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g iR Ak, BEAZ LK A R SR 112 e 5t iR
FRE 10k 55 . H8EM 7l T 418 (bone marrow
mesenchymal stem cells, BMMSCs) /& 21 41 T #2
BN AR B P T A i 2 — , BMMSCs B A7 5 % F
W HHRE I M Z ) AW RE, TEMRSIE Y 1y 5%
AT AT LA )RR R AN A AT R A AN R
R AN, A BT AR 5 A 4 - B (trans-
forming growth factor-B1,TGF-B1)F A BMMSCs
FENH = 4EH 2L B ERE 55 72 R AL (votary cell-
culture system , RCCS) B4l il J7 K5 77 , W2 HL 2
3 n] 755 BMMSCs [ 1% A 40 it 04, I 38 i 25
OB I B St A i & i, DT S A ] 48R
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1 #R5H%E
1.1 S5 shi ket okl

2 AIEHPE 2 KA 8 H MR, &R
i 2.5~3.0kg (M /R BB K24 M E 56 — R B s W
TR A A IE S R S5 P00102008) . USA
e i =4 i 55 92 R 48 (RCCS, Synthecon ) \PTC -
200 % PCR 1X(MJ Research) RF-5000 %5636
T (HARREAF); Bk peDNA3.1-TGF-
B1.TrizolReagent } LipofectamineTM2000 (Invit-
rogen) ,DMEM #% 5% 3¢ A7 Ui 25 L3 (Hyclone ),
Percoll 43 & ¥ (Pharmacia), Il Y & J& B |
Hoechst33258 Fl1 Calf Thymus DNA % i 7] \D -
Hanks ¥ (Gibeo) , /)N BRAT S 1 289 e B b 44 | SR 4R
VR NEZ ST o BT SR B2 R h | e i
FIRG . % AkAs K7 B1 . ELISA i 5 & (Sigma) ,
BT s e PR (Neomaker), AJNER [ (E.
Merck) .
1.2 BMMSCs #4385 3% M 4y 41

3% 3 T EU 22 4w JOORR IR 11 A, 2 il il BBUIR
HHBEIN (FF %), 5 Hanks & 1:1 1R %),
800r/min #§.0» Smin 2 /5., 1] DMEM #is, Sie &2 JL

U, I v R V2212 A& A percoll (5 BE 1.073)
) 10ml 25 .0:% 1, 1500r/min 250> 15min , B 16
4L, H DMEM S 5 P65 20 M 2 Wk, 20 WO 4 4
M, & 10%)16 4= 103 19 DMEM PR T 20 Bl 5l 2
Y IT AP T 50ml 15520 ,37°C 5% CO,. fEFI
MERERR SR, T2h Jo TR AR 6 SR, A U R 24
SR R VR IE L, A A= K 2 85%
Al A G AL ALARKE SRR A 0.25% [ 15 1k , 4
2 WA RS K I BMMSCs 28 8, {6 25 31 1k
W, AR IR JE AT il At i, A oot
B, UL 1x10° A4~ /ml %5 BE3EFN T 50ml (935 320/
BT A e AR P1,P3 A b A% 40 41 T REFh + 4i
Ji 80 OB H LSRN T A O BRI SR
2 B B K 90% LA IR, 0.25% 4 1 1
AL, 3% 12 eBie R 35 e 258 =i X
S MASC o, I L A AR, 3 3 75ml B
& (R BERLE P 4300 I T B 5 AR 2 147N BR T S B
i BT AR . CD29-FITC,CD44—-FITC ,CD45-FITC,
[] 750 B 1 % B /N B BT A TgG1-FITC/1gG2a~FITC
% 20, B I A I B 100w, VR AT, il T
KR 20min, BAFHIIA 1.5ml PBS, {4, 1800r/min
B0 Smin J5 5 BIHW, BE A 500n] PBS, i
AANMLACAS T, BMMSCs 4385 15 77 5 #2573 M55
FR A 15 R R IR A (A ) B TGF-B1 #% 4
i T T T 5 R S T 1R B e B =X At B 3% 3 R e N
IR E & TS8R, BSR4 B
)% TCGF-B1 ¥ 44 J5 i) BMMSCs 7E 5 iR 55 ¢ I
R N KE 7% 5 TCEE T F AR Ar A4l (C 41) ¥ BMM-
SCs 7F R85 56 e Tk 9 8 T i A = 4 i 15 77 &
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B 1 g JOORE 5 A6 R FF T RS2 25 At AR
o A bk HCRR T A A0 PR R R /N TR | il U S
FEM T R R B BUTRL, (R A T -20°C# H
BB ) 7T R T 40 1 x10° ~/ml % JE AL ST
100ml Kz =ML H,5% CO,, 18 AN B 3% 5% 2 40 i
fill 5 2 90%~95% I HEATi% Yy 3% e 7 vk KoL B4k
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MR 2% [ Invitrogen 24 #) 4E 7 Y Lipofectamine —
TM2000 #& 4t /Ui B A5 2617 . 24h J5 5 5% e 4 T
EFERTE Y -

1.4 &3 NE %

BMMSCs £ =& BmF s L, B0, Lk
K TS A A B 12¢/L B R SN W R B
JISCERL A8 L5 YA 5 10m I 114 3 S 4% L 200 e Y vk o
T 35¢/L 19 CaCl, % W&, 3= ¥ 10min, B i 15 42
A 1 B () 70 0T T 0 L ) TR M B A Tk (AR
3.0~4.0mm, ¥ T35 5%, #i B = T 100mPa) |, 48
T W5 T T N R B TBRAE 0.5/ Y 22 B R R
PR 10min, i 22 5 06 2 IR ok g A0 B T) sf
B B OER T 8 Ca, 4403 B BE IR T R
T 20 I £ 95 R A BBk B R e B Il Bk b Y
HRER FTR AN, FH 22¢/L BRI R 4N 7 K
TRV A RO WT
1.5 B RS R SR A

fii FH RCCS Hh 50ml 25 B w2 A 1 A% b 2%
#% (high aspect ratio vessel, HARV)#F17155%, 4f
LB R, K 25 A BT A A A TR P M R i
B Th, B2 I BEIT 2 i 5 1, J 8T 4 2%, 100%
PR 24h , WZE KR 24h i8R 2875 K T#, TE
MG TR ARG, ¥ A4 B4 CH
(1) BMMSCs/ 3 i 44 58 2 i 3K B F 50ml HARV %¥
e A N VB S B R O | W U I i B
SN # TR i 2 e TN 0 B R SR A L T
37°C 5% CO, 216 F, DL 25r/min A9 5 B K 5 5%
SR O A . TEIERE i 57 BMMSCs #1122 1)
P9 It 37 Wl Ut o I RV 0 & o B O
FERGE IR LI HEZS S, 48h i G IR, 5
HFBR 3d.7d ., 14d 21d B4 51 847 45 TG )

1.6 K ilF5 s

1.6.1 TGF-B1 &&EME ELISA & A 41 B
2 CZHAEA [R] B ) A 25 FL PN 4 B 8 3 10 W
TGF-B1 M &,

1.6.2 DNA # &M% K Hoechst33258 %,
WSO S92 38 v 45 A AS [) B T 25 FLAR L, AR IR 1
W Ak, DL /N2 B i DNA 22 i bR vfis il 28, 99564
G EETHRE I 25 FE S ROGEE  IFAR PR AR fE i 2t
A FEA A DNA &4,

1.6.3 HZUFKGI FORBE Y6, o5 TiE S
M55 3.7.14 21 RT3 R, @A H 10%
P S 1, K6, 19 W R e i == R 4 €2 30min,

TN 95% 0K , Ve 2 e, 3. 1T e iR
o ALY AP, 40 5 Fif TR % 3.7.14 .21 K
At A B5 B8 F, 4% e 4 AR R G U R 1
1.6.4 RESE AR B E S mRNA &
I B RT-PCR 2 il 45 41 20 fi 3R 4R 25 11 3R
W5 TR IR 8 1 A mRNA #6350l 440
N Tw] B[] S5 4R, LA Trizol 3207 24/t 40 0 . Frh42 40
B RNA, 2 RNA W, RNA 5%
cDNA K5 #47 PCR 3% . BT 51934 i L g
BREYARE B, BT ST K ELR 1, ’
H I & L RT-PCR 2 B 2% {4 :94°C T AF H
Smin, B J5 94°CZE 1 30s,60°CiE & 30s,72°C 4E fif
45s, AT 32 DEIR, FE 72°CHEMH 10min, R
HH B M AggrecanRT-PCR [ I 2% {4 1 94°C T A8
PE Smin, B J5 94°CAE 1 30s,60°CiE *k 45s,72°CHE
i 40s, L1647 32 DEH, 1 72°CLEH 10min, B-
actin RT-PCR SN 5514 : 94°C A PE Smin, B/
94°CAE 1 30s,55°CiE k 30s,72°CHEM 30s, I 4T
28 MIEIN, 1 72°CHEfH 10min, PCR F=# £ Lk |
DNA WOGEH R ; W 500 KR R 4
(Launch sensiansys & ¢ BU5 £ 40 ) A6 I H AR 43 1
JEEEME, 52 B-actin £ AU HLMH O mRNA 3
KIKEZEL
1.7 SGuilbe#ab 3

SR SPSS 11.5 Geit2# kb, i
P (as ) FRoR o 2220 1) B 7 2540 B, 4 18] G 7
FLH A ¢ K56, 45 29 EL R ¢ K236, P<0.05
RESBGHIFEE L,

2 R
2.1 RIS AR B K

BMMSCs 4355 55 3% 48h J&i /> 2 40 o s BE | 5
YiERIE , 7d J5vT UL A A0 AR VETE A, 14d H B
OB WG RE 2 OIS AZ IR I S 1 S — Bk R
¥ ,24~48h 1 ILAH M sw B, HES K% 2 iR
7d HBECRE W EE AR R O, S O HE
G 22 37 3 40 M ARG I ko L 55 3 X BMMSCs
3k CD44 K F 35 CD14, 754 BMMSCs Y45 5,
K259 14 X, TCGF-B1 ¥ J+19 A B 4irp & nl i
B T 2 ML R RE A, C 2 AR
W, Z5 21 K, A 2 A 16 R 6 R 7 i 35 TR
5 S TS TR S A R R B RS 5 WACHR A i, R %
2 348 7 T K, Al MR S RTE L 2 MBS B
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BB L B A MR 2 M RIE R
FRIUIE | C 252 7 R0 000 I8 0l 3 O R
2.2 4 P O R

AHNE 3 KL, BT TCR-B1 B & &t
BB, A EET C 4 (P<0.05), FiEH+
TGF-B1 By 7 2 A5 £ B % 77 B[R] (14 22 < 177 328 ¥ 1
L5 21 Rikfem . £ 0IREER AR ER
X (P<0.05,%2),
2.3 DNA &5 25 1

BERA 3 K A 400 DNA & & Fifi i 7] 48
Mz B4, A B C 47t & (P<0.05),
BT S 22 R A ST L (P<0.05,7% 3),
2.4 s A gt R

2 e 5 e o A 4 BMMSCs 15 548 14 K,
BMMSCs 2 K 25 E A, HIE 21
K ,BMMSCs 72 i 2 8 s B JE | M3 52 ) i i) 55
W S e G MR T BT, BT DA% A (18] 2a) 5B
20 BMMSCs 73755 21 KR Rk L, 7

1 a A QRN 21 RN AL IG IR, A0 MR 5 0 B 2 IR A HLDE Bl 822 (x100) b B 21 BMMSCs 1557 55
21 KIS 4N 52 2 M8 MRIE A (x100) ¢ C A IEFR 21 KA AMNIE NG HIMEE B2 a A HIFRE
21 X BMMSCs 78 1% 2 T8 sl IR | N2 2 W1t 58 1 €, S e T A, AW O, P A A (TR ORI E e (4 x100) b B 4
Fi9%%5 21 KX BMMSCs 2 S ik S0 e 0, S e R U1, A A, T LR (R R BE 3 5 x100) ¢ C HHi 3R 55 21 K

BMMSCs KA, A WL B 58 ) 5 G (H 2R e i 2 2 x100)

3 a AARFREE 21 K BMMSCs & Z i | Mo 4% 35 W ,

T 2 mT LA A A4 0 TR (I R SR e R A e (2 x100) b B ZHIEFRER 21 K BMMSCs M Al LA (3% 48 (0 0L, i
R T (I BB R S e 2 AL B 6 x100) ¢ C G375 21 K BMMSCs 4 K 2 B0 KARTE | LA 0 I i e |, I o DL A4 €2

Ok (11 2L It B e A e 65 x100)
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SRONE S, MAZ VG O, o] DL AZ A (&1 2b) s C 435 5%
5521 KAl W BMMSCs 40 2 KM%, A WL B
(5 et (B 2¢), TRV IR s ik e o . A 41
BMMSCs #5545 7 K ,BMMSCs £ Z e | i i
W, BELEERT LR R CUBORL; 155 14 K,
BMMSCs & B ¥ sk Z #h I ; S8 21 KA
BMMSCs [F]i5 555 14 K1) BMMSCs (/& 3a) . B 41
BMMSCs 157255 21 K3 0T W25 €6 7 46 6 ok,
MIAZ TG (Bl 3b), C 4% 21 KHEF BMMSCs 4K
ZRCRRKMIY | MAZ I U 5 e, MR R DA 4 a0
ki (K 3e) s
2.5 RT-PCR £l 25 5
SAHMMEEEARES 1A KEER
mRNA Y551k M RT-PCR Kl 25 5 0 3% 3, AR
14 KIF4E,A 41 BMMSCs B R B 1R R
Fotr 5 B A1 b 2= BB i, LR 8 3R I R] AE 4K

WG 5 5 AL RO RE (E B 28 S A R R (P<
0.05), C £H70 ] 748 Al 45 1) 0] s L-F- JC £ 1 2R
Lo T B IR IR (K 4) o

x1 SIUFINSTBKE

A Bk
mRNA 514 F# 5] SERTE
(bp)
IRES L ACGCCACGCTCAAGTCCCTCAA
B T TGTCTTTCCTGCAGCCATCCTG P
HFURB LU GAACCTACGGCATCCGGGACA
Aggrecan T CCTCACCGCCCACTCCAAAGA P
b acti i TCACCATGGATGATGATATCGE
AU R CGTGCTCGATGGGGTACTTCA P
3 itie

3.1 TGF-B1 %% YLy BMMSCs [1] 8 1% FF 240 i (1
I3k
HE ] SR AR — 2K R R R g, R

®2 ARMBAZHEBEEFR EFRS TGF-B1 71 DNA 2 2E (wxs,n=6,pg/ml)
c4l B4 A4
TGFR1 & it DNA & i TGFBI & i DNA & it TGFBI & it DNAF i
3d 101.13+7.16 0.255+0.025 203.62+12.33 0.319+0.011 313.82+15.8192 0.337+0.016%2
7d 114.24+5.32 0.261+0.036 264.26+13.35 0.277+0.05 425.93+17.1072 0.447+0.015%2
14d 145.12+6.27 0.311+0.055 268.35+14.61 0.365+0.013 515.81+20.69%2 0.5500.016%2
21d 173.53+10.45 0.245+0.065 252.91+18.26 0.438+0.016 616.75+21.37%2 0.618+0.030%2

7.5 B 41K C 4114 P<0.05, @Il 241454 I 18] 15 7% B bk 8¢ P<0.05

£3 AEAMEZHEAMREEARMER TEKREER mRNA HRIZE

(xs, pg/ml)

c4l B4l A4

Aggrecan 10 280 J5 46 14 Aggrecan 10 7 e S5 2 11 Aggrecan 0 75 e S5 4 11
3d 0 0 0 0 0 0
7d 0 0 0 0 0.907+0.013% 0.706+0.026"
14d 0.01620.011 0 0.51620.026 0.706+0.031 0.990+0.011% 0.800+0.039"
21d 0.13420.017 0 0.706+0.031 0.706+0.031 1.1130.02472 0.883+0.03772

D5 B 4K C Al H 4 P<0.05, QIR 4145 4~ i 1] 20 P 1 L 8¢ P<0.05
T T i 2

LIRL T T

11 FLRR I

B

Hibg s

biglep |1 TR

ZHm xin

by Agprocs

Ii"E w11 VEE
@I' L =iy e
B4 A E AT B mRNA 3K 3A (a

JTAAALH b ESITRH ¢ BUREIIE S RA)
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FHNBERZ A AN AL T, T AR e i ) 44
T, 2 SRR TT R i S 2D | L A% A0 K0k
/> H AW LR 2 A A TS 3 K A R BRI
HE 0] £ T R 2 20 A% 40 i R S B0 4, K
210 B 2 TR ) AR A T SRR R R L ALK
PR AR K B 7 S A0 A0 R 8 Y AR {1
1M A= K IR F Fl BMMSCs 1 i 442 &1 15 9% M (1] 23
) 48 B 0434612 BFSE 2 B BMMSCs 45 R 15 F7 1T
RFRACM SRR, T I T2 i el o
PR T 3 M 2 1 A0 R A 33 0 R R P R R e
F AN 2 A 3 P DR 1 32 PR g 4 2 TR Y
T AN BRGNP 40 M b RS e M R
Sy AE R F-, DT A 2 28 440 54 5 Fn o3k
4 B, Risbud S HFFEIESE ,BMMSCs BE43- 1t
BUEERZAE AN, HAEARE IR K TCF-B1 fAAE R
AT, REfH BMMSCs #4115 6 4% % 8 — 3y oy
] 434k s B 5 55 (19 BMMSCs I T4 455 e 3B 2
HE 0] 2 sh P RS R rp | BB aF AR AR A 2R A
Steck ZE15H 1 7E TGF-B1 A 1 85 5% 3 b 5 5%
LA BMMSCs, iiF 52 25175 3 J5 i) BMMSCs 2[5 %
T 55 B A% A M AR R A S 6 25 S R B 9% 21d )
TGF-B1 4Ly A B AN ST & Kk £ W B K
3 NIRHI K RIE  JiiRIEAS h 2 M FL AP
O T g anie, FRATHE 40 i 1 2% 11 W
H TGFB1 B #ik 1 i BMMSCs 55 s 550 07 11 45
br, @R BREEFES 3 KX ,A 4 BMMSCs
TGFR1 M & &4 B A, Hig C AW W & (P<
0.05) , Ff: i Hsf [1] fy 0E < 777 328 37 38 /5, 205 21 Rk i
o (AR DNA A3 5 A0 4 o BMMSCs 3 78
IHPER bR, BSR4 3 K A 441 DNA & &

Ak () ZE K T i T B4, 8 C A B TH R (P<
0.05), UiBH A #Hrh BMMSCs H A 5 5 (1) A4 Y17
P DR LRG58 K A B A M A R T BE T T A A
ZH7E BMMSCs 11 4 Jf 1€ - % 928 20 Ak 4% €5, A] I
1T 70 e Ji % €6 B BMMSCs A 5 (5, 52 30 gl
TR ) S B AZ 20 2 Y 5 nT B4 5 55 BE M A K
AfE s R AR 5 C 4R WU B e e | X3k
Bl BMMSCs fafirp g I B S8R 5 i, 3.
ITKF BMMSCs 2 11 5008 2 1T B i )5 mRNA Y
B 1 AR Ay OB AR A0 I S A A% 45 A5, RT-PCR
G0 A 2 PR 7K SF-IE 52 T 78058 i 2 P FD SR AR 3 23R
B mRNA 7E A B # 40 BMMSCs i /& F 7778 | iX
S8 2 FIAEAE T BE AL 40 M P () 4 5 AE BMMSCs

B W E A 8 TCF-B1 # YY) BMMSCs E
] A% A0 B oAk, L IE 5 15 T F) B K 3 b b e
e LR

3.2 BERIGLE J) =48 R X BMMSCs & i M
T K T 78 fig J5 2 14 A8 2 i)

Bl A =4 B AR AT SR KRR B M 5 40 ML )
fit, & BMMSCs H 1 &b 15 558 4241 7 — Fh 42 5 B
. Sikavitsas!'2% FH 3l 25 U ER S 1) = 4E 5 321K &
M H A, R BLBh A = 4] B A RE Y2 B
BMMSCs 7E 34 58 431k F1 = 4E 20 i 35 73 14 2 rh R 6%
AR PR AR I B ) Al M O T S A M R A =
A0 M35 FAR R A S oK BMMSCs £ 28 T3
PR e I R 2 h b AT 8 5%, X B T LA R MR A B
FRH) BMMSCs $245—Fh = 4E 30 5%, O T H
Az RO 5y — 5 i, 9% 1 A28 K R (NASA) &
HH 1 15 e AN B 1% 3% 2 B8 (RCCS) 1T LAFE 1 T A5 40
IR BT, X R 25 A R AR K
) BMMSCs i#F 17 B 006 5 g = 4 15 3R 4241t 1738
R PR A U Ak TR I IR AR R IR RS T
KB 3 T U S, Al K 2 8 Fsk
B U0 7000, FLAS Wk 2% J 1) (4 5 ) 1] o 0T g
LS LR SR Gk B R4 42 HE 40 Y A 4y
WA/55 4 W A R T A B ) 15 5 A s, DTG 42 /5
20 oAb ST R AR S G 25 S R 7R AR UL G R
SRR SR AT TGF-B1 % Yt il BMMSCs
TGF-B1 7t & RT-PCR AR I & 1 2R s & 1T
U JE mRNA (92635 3 B 1 = T A Wi 4, 38R
BB 5 7 25 1F R A 1E BMMSCs 45 1 2 1 3
Ml R 11 A9 fi J5 2 14 1 g
3.3 BMMSCs & 52 MEa] 218 22 1Y e 22

R B % BMMSCs 175 -5 19 52 Wil #L ] 2 42 2%
), AT 45 R LR B E ) 444 TGF-B1
14 3] 2 BMMSCs 22 [ 43 14 A 16 A% 200 Jifd 1) 0 22
PR 22 LI S fl 8 an 2 46 B P 194055 30 B
WA R B BF IR A | 38 2 AR A
OUHE 1] % GO () RS RDE A B TR T 4t M 43k
I BERZ AL R A5, OF HLE S BT S AR R
fifi )R 0] E £ 9 BMMSCs 431k Ay 86 2 240 gk )
TR AR BERZ AN, N I PRI )
1R AR 25 5 S
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