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2, F L AR EE Y TGF-B3 A1 BMP-7 41 Jf 95 5 X BMSCs $E47T 55 Yt | 5¢ ) b 1 8 WL 58 FLFG YL s 3R |
9% 14d 5 , 7 Lh Western—Blot 774l A .C D \E 4408 TGF-B3 F1 BMP-7 % [ 43 W% 3L, L Realtime PCR
O R 45 4B 1 R (ACAN) | T AU 5T (Collagen T ), I BU K J5t (Collagen 1) . X A i J51 (Collagen X ) .
SOX9 J [H 3K 7K, BH A B 75 % Y ) i B 18] 78 BT 40 f Ak i 0l . 45 88 . DL TGF—-B3 fil BMP-7 T 41 if
5 75 5% Yt S BMSCs Jo % ML DMEM 5 352 3605 3% 14d, A0S BUE B84k, [ RO 150 0 40 M 0 g 3 &2
Western blot 77 A, 4% Ye 41 TGF-B3 Fl BMP-7 2 A /K P W35 . K737 14d B, Realtime PCR #2l
ACAN Collagen I .Collagen II .SOX9 3& K (1) ik K F 5 Y 41 (C D E 41 ) B X B4l (A B 41) 8 &8 7 & (P<
0.05), H: i Collagen 1 F1 SOX9 Fik st Ye 2 (C.D 4 ) 54 e 4l (E 41) t A 25 5 6 B & M (P>0.05) ,
Collagen T %3k He 5 e 2] 4 ol 7 e 241 BH 9. 394 55 (P<0.05) . TGF-B3 B % e 4 R AL 55 YL 41 11 Collagen X 3
[H ¢ 3h 38 BMP=7 Pl e e 28 st BE 20 W 858 A% (P<0.05) , 4518 e S B R 4 TGF—-B3 Al BMP-7 M 75 1
I Yt f BMSCs, 35159 TGF—B3 Fl BMP-7 2 [ 1) %35, TGF-B3 Al BMP-7 M 8 34 e fe BMSCs Je , 1l A
A5 RS BMSCs [ 28 6 A% 41 i 7 1] 534k
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Differentiation of rabbit bone marrow mesenchyme stem cells co—transfected by TGF-3 and BMP-7
adenoviral vectors into nucleus pulposus—like cellsyKANG Jian, HOU Yang, ZHOU Xuhui, et al//Chi-
nese Journal of Spine and Spinal Cord, 2014, 24(2): 157-163

[Abstract] Objectives: To induce rabbit bone marrow mesenchyme stem cells (BMSCs) differentiating into
nucleus pulposus—like cells(NPCs) by co—transfecting with TGF-33 and BMP-7 adenoviral vectors. Methods:
BMSCs were divided into five groups: A, blank control group; B, transfected by blank GFP adenoviral vector
group; C, transfected by TGF-B3 adenoviral vector group; D, transfected by BMP-7 adenoviral vector group;
E, co-transfected by TGF-B3 and BMP-7 adenoviral vectors group. The transfection result was observed by
fluorescence microscope. After 14 days’ cultivation, the expressions of TGF-B3 and BMP-7 protein(group A,
C, D, E) and ACAN, Collagen I, Collagen II, Collagen X and SOX9(all group) in mRNA level were
measured by Western blot and Realtime PCR respcetively. Results: 14 days after culture of co—transfected
BMSCs, the shape of most cells changed obviously. Western blot showed higher expression of TGF-B3 and
BMP-7 proteins in group E. The expressions of ACAN, Collagen I, Collagen I and SOX9 gene were much
higher than those control group (group A, B)(P<0.05), and the expression of Collagen II in co—transfected
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group was higher compared with single—transfected groups(P<0.05). The expression of Collagen X in TGF-B3

transfected group and co-transfected group was obviously lower than that of BMP-7 transfected group and

control group(P<0.05). Conclusions: The rabbit BMSCs are able to express TGF-B3 and BMP-7 proteins and

differentiate into NPCs after co—transfected by TGF-B3 and BMP-7 adenoviral vectors.
[Key words] BMSCs; Adenovirus; TGF-B3; BMP-7; Seed cell
[Author’s address] Department of Spine Surgery, Changzheng Hospital, Second Military Medical University,
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TGF-B3) MHEERKEHEMH T (bone morpho-
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J6 B 3t (GE Healthcare) PCR ¥ (BIO-RAD) | i
UK & 48 (BIO-RAD) A5 A (BIO-RAD) | /4 >4
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L MOI {8 90 317 BMP-7 il TGF-B3 & 41 I 5
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Strand ¢cDNA Synthesis Kit % H:3% 5% 55 ¢cDNA,
SRJG LA cDNA MBiH, #E1T Realtime PCR RN,
¥ U ACAN Collagen [ Collagen 1II .Collagen
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Table 1 Sequences of Primers in Real time PCR

S R
LA (Gene) 51475 (Sequences of primers) (The%nﬁzj ﬁﬁgene)
- 1E X 4% (sense strand) : CACCCCGAGAATCAAATGG
B FURHE (ACAN) J2 S (antisense strand) : GTTGGGCAGCGAGACCTT XM_002723376
Collagen I 1F X 4% (sense strand) : CTACCCAACTTGCCTTCATGC NM_001195668

Collagen 1[I
Collagen X

SOX9

R B-actin
(LOC100348739)

J2 X i (antisense strand ) : TGTCTTTCCCCATTCATTTGTC
1E X %% (sense strand) : GGCTCCCAGAACATCACCTAC
J %% (antisense strand ) : CAGTCTTGCCCCACTTACCG

1FE %% (sense strand ) : ACTCCCATTCCATTTGATAAG
JZ 4% (antisense strand) : TACAGGCGTGCCATTCTT

1E 4% (sense strand) : CCAGGTGCTCAAGGGCTACG
R 4 (antisense strand ) : CGGGTGGTCTTTCTTGTGCTG

1E X4 (sense strand ) : CATCCACGAGACCACCTTCA

JZ X 4% (antisense strand ) : CGTGCTCCTGCTTGCTGA

NM_001195671

XM_002714724

XM_002719499

XR_085044
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e [N 7, A0k 1D B 1 BMP-7 fl TGF-B3 T £ F % 7 5% U % BMSCs Ji7
- | LT3 50k 48h 1Y) GFP 2 HHE F (x40) a GFP Xf HE AL, Mgk 5 R YL 54
RESH b FE Y BMP-7 #) BMSCs , IR 2 e 2% R 5 % B

— A — < A PTYH, 36K
HMERK ¢ 54 TGF-B3 B BMSCs, M 75 i YL 5 R

& rw‘-—.'{‘ &.-ﬁ; ﬂ;_.,ﬁ"? SRTAL AR d PR IEN IEAL Y 19 BMSCs, B
.:5-'- ‘:j_ qf-. TR R AT AR 2 XFHE4 BMP-7 # g4 |
& T & TGF-B3 % Ye 2 1% &% e 4 BMP-7 1 TCF-B3 76 1 % 3k
= KOE (SAE 494 BMP-7 % 11445 1 3 TGF-B3 #%

Yoy K G YL A TGF-B3 & M1 45 1h Bl . BMP-7 41 &
TGF-B3 # 11 571 , 4} B4l ToAT ] 25 11 4kt )

Figure 1 GFP fluorescence photos of BMSCs transfected by adenoviral vectors with TGF-3 and BMP-7 48 hours after
transfection( x40) a Control group, a high transfection efficiency of adenovirus had been observed b BMSCs transfected
by adenoviral vectors with BMP-7 group, a similar transfection efficiency of control group had been observed ¢ BMSCs
transfected by adenoviral vectors with TGF-B3 group, a similar transfection efficiency of previous two groups had been
observed d BMSCs co-transfected by adenoviral vectors with TGF-33 and BMP-7 group, a higher transfection efficiency
than previous three groups had been observed Figure 2 Expression level of BMP-7 and TGF-B3 proteins in four
groups (Three transfected groups express BMP-7 protein, TGF-B3 group and co—transfected group express TGF—33

protein, control group express none of these two proteins)

3 it FErp A R A R R e 4 o AR s S R R

BB (] 70 0T T 20 L (BMSCs) [ 28 BEAZ AR W A IR AN RE Tt A2 142 P9 PR | I8 ffe sk B3 o Bk
B bl R ELZMARAEFNSYE, FEF  F SR AR, XA AR SRR 5 e LA
PG ENHOME R A RS T, DAEMISERAH . Ja MG RN o 32 BIAR KA 29, A S0 ok HI %L
FEK 20 R o A 380 200 5% % VR AT R (R A R A YL F A, B TGF-B3 F1 BMP-7 3 5 A %
TN o1k AEAEAR 2 B ik sME S BMSCs o, i HAE4% 5 i TGF-B3 A1 BMP-7 4
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%2 % BMSCs ##/5 BMP-7 5 TGF-B3 8 ki
R EEE
Table 2 Immunofluorescence intensity of BMP-7 and

TGF-B3 protein in four groups

Il (G
10D roup)
(10D value)
A C D E
BMP7/GAPDH 1.0000 20.7661%  20.9967%  21.9782"

TGF-B3/GAPDH  1.0000 0.9286  79.3991%2 71943792

D4 A 4 HE P<0.05,2%5 C 4 HE P<0.05
Note: (DCompared with group A, P<0.05, @Compared with group
C, P<0.05

FRLDH 7, e 0 PR T BB 8 SR A K sk AR e 1Y
Feik, DA JHL 7 290 it ] PRl B 5% % i 3 v 4k e fa
SE VR B, 2 3k PR AR 40 i 8% 5% 15 % BMSCs 431k
EBERZ AR, DT A H 21 T AR BEAZ B H R AL
A 38 1 ol 4

AR S 50 R I TR R A, DR R AR
BEHAREA LR OC AT, (1) 18 EVE T, 6 AEK
o PEAIG , 709%~80% 11 G A P8 A7 Bt 25 v ATt
TRAE IR 5 — A S = AR R 0 B E R e 5
WRIEYT A AL, EA S i FH % e Sk A ke s 7R
B B VE MR, S KRR BERRAR T 35 W 7E 18

£ 3 4L BMP-7 IRFES N TGF-B3 IR S 14d FHEXERENRIE

Table 3 Expression level of relative genes 14 days after transfection in five groups

T4 (G
SEI 43241 (Group)
(Gene) A4l B4l c4l D4l E4l
Group A Group B Group C Group D Group E
HE 1R (ACAN) 1.0000 0.8266 28246772 20.2706"2 22754972
1 #1J5 )5 (Collagen 1) 1.0000 0.9548 57.1924%2 45.573312 92.195412
11 %115 J5 (Collagen 11) 1.0000 0.9633 65.744072 147.268412% 255.594102%
X #1557 (Collagen X)) 1.0000 0.9048 1.6960"2 0.029812% 02190729
SOX9 1.0000 1.5631 23.0444%2 24.2791%2 24.1407%2

D45 A A HE P<0.05,25 B 4 H B P<0.05,3)5 C 41 H8 P<0.05,
Note: MCompared with group A, P<0.05, @Compared with group B, P<0.05, @ Compared with group C, P<0.05

F L ONKE R sl A R B0 DA R E— 2B Il AR
B ERAL T HEA (2) B i AR PR T — LE B iR
BE %Y 1) I L 980 40 M A 1) LT A 2 B 4
T AN 5 (1 40 A T 45 S 1 35 3 BECIRAS L (3) IR 27
T Y 3G B SOR AT T T B R AR A S v A
i B i Y DO IR T DU R B i e O A
U XIS T AT o (4) B EE IR B T O
ML LLSM LT A il fs , AR SEE A
ML SEI v, sk T AR AR R BT R
S AR | H B DR R 76 DA B 98 3 RIS A5 KUK
(5) M 2 AT LA A BR AR B B A AN 5 =
R M5 85 1T = 3k 35kb, (6) B & AT LAFE W] — 41
bk sl 4 F ORI R IE 2 A1 R B R
Gt BRI TN RS B Y A i H R SR
o N R L BRI T H Y S R Sk e ] R
J& BMSCs 5 3 73 1k S B 58 1) B ) — e &0 7 6 S
DALY B0 G S 2ok i 75 B R IR A 3Rk
(), PR O P 6 B 3 A 5 i A 3 56 9 H 9 3[R
XoF 248 L PR 5 A3 AR A 2

I B 55 Gt J5 BMP-7 #l TGF-B3 i i
k& ,BMP-7 # gL 4] H A7 1 BMP-7 H 1 [
Ik T TGF-B3 3k M A6 FEZH TE I Bk 22 5
ULAH BMP-7 B 88 5% Ye 5 T % ik BMP-7 & [
Hoik 2 AR K S, 1 TGF-B3 %% Yy 21 W 77 #¢
BMP-7 1 TGF-B3 Wi #h H i 8 (1 19 = & 1k, 3 A1
S3AT AT BEAFTE LA R AN 7 A JEL I (1) TGF-B3
& E 0 A B A T LA S BMSCs ) 25 5508 41 i
KEEZ AN L BN 7, AR E TR
B R R A A PRI, TE You MY BIFSE
Hr, ] MSCs 20 it 5 552 W o A S B TGF -
B3,7d JEainl &8t [ BRI rY 23k, M7E 21d 5
SR RL ARG I H T 7R g R 1 SR A R B T )
Aok Fe ik, TTE TGF-B3 75 S 40 i 434k by 25 6
U )E, JEBEA% A0 Mt ol 7 — @ F2 L3RR
BMP-7 A K H 7, I H B TGF-B3 41/ BMP-7
HHWERFHRIBRE, (2)BMP A & J&§ T TGF-
B H AW, 1F TGF-B3 WIVEA Tl fE2 {2t BMP
RIEM A HF o,
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XoF T UL DR ARG I e B, 5k o A R
5L J5 () 92 BMSCs, ACAN (Collagen [ Collagen
I 71 SOX9 F PH i) 2 1k e it B 41 1 8 34 o, i
Collagen X [ AE X AW WFEAL, T
Collagen X 7EAME ] 5 P 32 28 e 1R A48 o 8 vt B
JIES K r A i 2 3k, T A ) R AR g 3, —
SRR T A ] 28R AR 0 R ST AE TGF—
B3 Fikmf, WA — & BJE L FR#l TGF-p1 Al
TGF-B2 W R IR, i 3 Z M e i), By 1k i 2F
O 240 J6 Ao B AR 10 DT By Lk A T 45 A 4 41
B MR R Y4l Collagen X R 323K FEAIG,
—ERREE LR LA R R e fS R T SR
BMSCs [ Ak [7] 2518 722 200 b 77 1) 19 434k, 22 e 2]
(%) Collagen I Ik , 10 W] HLf% Y 2 b BMP-7
I TGF-B3 KK 7E 15 T % BMSCs [n] 25 % 4% 4 Jfd
it B AR —E WP RVE . BMP AR R
TGF-B MAEEM L, BA TCF-B K% M bt 11
ZFEYSAAE R, W5 BMP FEIR iR & & 1Y
AT, AR B e 5 B I g R
PA A5 VE FHUS 7R LAAE  BMP 5% 2 4E 17 5 6] 78
40 60 1 e 0 A ) A R PR TR R AR
fFgE 102 HAE MSCs WU 436 v 2 A B i B AR
JH . Knippenberg SEUH T 58 K B, BMP-7 it RE {2
#E AT-MSCs [7] 4% & i ifl 734t . Nishihara 2521% 3
thBMP-7 YEAE T B, Al LE B 28 ey
PO AR 0 N MR LR R 1 1&
2. FETH%9% hBMSCs 16 TGF-B3 Al BMP-7
FEFAERIAEE N BT 5, KA FR A
HHXF T2k TGF-B3 M BMP-7 K5 3% 41 fig 0% 3k
T e e 1 1Y R SR RN B R, UL A
A1 LA W] BB BMP 5 515 1% i 42 RE#E T
] SOX9 445 i IR 2 1 3B R 40 ) H TGF -
B3 £ smad {555 1% 538 B i A 40 MO AZ I i e
o BT T SOX9 AR T SOX9 N2 1T Y JiE Jit
R (RS R % S SCE 7, A BMP Al
TGF-B 155 S i P 8] 7 My A6, AT A
HET A PR B R R A AR N, 534 BMP
14175V FH o 0 o) % R 32 5 40 G T )38 15 BT
BEL BT 5 7] BE & BMP F1 TGF—B & 4 B3 [A] £
MWK EZ —, FEFRATE & oI5 e 21
Collagen I #ik# TCF-B3 4% Y4l W i 4% 55 , 2
ZOHEXE R E ) R 4 2 R O T B
25,3 Collagen T 3235 22 5 19 I I FRATIN R

TG LR P - (1)BMP K% £ Fh A4 K A
T2 F Ik BA — i W3 UM T BMP K
Han BMP-2 HLAg B 0 i Al 1 4 2K 40 i 39 A )
AN T3 fie Ji 2 38 A A ), (2) MR8 Z miT FeA T Y
HEWT , W SR AE TGF-B3 % YL 21155 7 BMSCs [n] 2
e o4k J5 # ik BMP=7 78 4 % 21 411 ig BMP-7
o 32 I T B[] 28 22 A e 2 2 R L 1Y) A
I Collagen I (3% 35 f AR AT REAFFE 25 5 .

i o A S5 a] DL U ] 7E BMP-7 Fil TGF-B3
PR DR AL G YL B LT | BB 8545 2005 5 BMSCs 1]
KREZ A Mok, B 3 Z A B S i) B R AR 2
VER ez Bl e e 20 A2 3 ARV FH B R 15 5 Sy AR
S DL KK SR 0 4 20 T AR R TR T —
LG A AR, X T DA (] 2R A D K 2R
ZUT PR REAZ A A 1 S g BT SR 48 T A Bl
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