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Abstract: Objective
(MSC) and inducing their differentiation toward nucleus pulposus-like cells. Methods

To investigate lentivirus vector containing SOX9 gene infecting rabbit marrow mesenchymal stem cells
Lentivirus vectors containing SOX9 gene
were constructed and were used to infect MSC. MSC were divided into none transduction group,blank transduction group and SOX9
transduction group. Flow cytometry was employed to detect the infection rate and apoptotic rate of MSC, MTT was adopted to
measure the MSC proliferation. RT-PCR, Western blot and immunofluorescent staining were applied to detect the mRNA or protein
expression of SOX9,Collagen type Il and Aggrecan in MSC. Results Lentivirus vector containing SOX9 gene was successfully
constructed and infected MSC with infection rate of 100%. There was no significant impact of lentivirus vector infection on
proliferation and apoptosis of MSC. After 2 weeks infection.mRNA and protein expression levels of SOX9 and Collagen type Il in
MSC in SOX9 transduction group were markedly higher than those in none transduction group and blank transduction group(P<C
0. 01) ,while mRNA or protein expression of Aggrecan only existed in MSC in SOX9 transduction group. Collagen type [[ - and Ag-
grecan- positive fluorescent staining were found in MSC in SOX9 transduction group, while those in none transduction group and
blank transduction group showed negative. Conclusion SOX9 lentiviral vector infected MSC can be induced to differentiate into nu-
cleus pulposus-like cells.
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6 8] 3¢ 5 T 48 e (Cmarrow mesenchymal stem cells,
MSC) B Z msr kg e L M B R 6E ), 02 4 I RS Al VR T
HE M) #L IR AR P A BT R AR P40 . (HE , el i 3 MSC i
WAL AR A0 43 A TR 4 e 2R I A E — 0 1 i
SOX9 He[H J& W #52 MSC ] #& 25 40 )8 7 16 9 — 4> ¢ B [
T SOX9 KR A A Al 24k 35 1 41 it 26 B L 38 w38 i 11 2 fig
JE B BB 4E 7R 1 BB (Aggrecan) 2 K 1) A KEN . AT 53
A EE SOX9 18 95 B 4K 1 R U S MSC., B £ 175 5 I 1l 1 %
48 0 43, g TR AR AME I A% 3R A8 19 2E 10 2 1R 9T B Sk
1 #R57FE
L1 F2EG 50 FZEN R H Y8 BamH T |
EcoR 1 W3 H A TaKaRa 2% w] ; 6% 40 fifd T, & # §§ . KOD-
Plus W R B A H A& TOYOBO 2 &l s RNA Hli #2171 & .
DNA HE 52 B0 & B 36 B Axygen 2 R 5 B30 E. coli
DHS5 8632 25 40 i 0 18 b o 19K 28 o A= 0 B IR R A BR 52 AR A
Al s Trizol JR A4 I R O BEW B B E T AW TRARL

EEB N VP (1977 ~) IR BRI . BN SF HE MR AR .

A 9 CD44, CD29 #i & iy B 3£ [ Millipore 2\ & ; BT CD45,
CD34 $ii& H 22 & Santa Cruz 24 8] s H1 SOX9., [ T 5 Ag-
grecan PLAFI 4 F AR 96 R 1L FE iR 1eG W H Abcam 2y
Ao 150 T AR R IR N R A R A — R B R S IR w A
18 55 9 4 1K & 48 2 th kr pRsv-REV, pMDlg-pRRE, pMD2G
L Pwpxl-MOD2 41 58 ) 25 3 AC1% i 2 28 14, L op 38004 ORE
Pwpxl-MOD2 fig %15 4%t (0, 9¢ Y6 [ (green fluorescent protein,
GFP), FZU A 5 & B8 (H A Olympus 28 7)) . #L 3k A
(3£ [H Bio-Rad 2 w]) . I H M H Uk 26 & (3£ [# Bio-Rad 24 7)),
Chemidox 142 k& 6 B 4% 1L (£ E Bio-Rad 23 7)) . 9¢ % & i B3
(HZA Olympus A #]) PCRAL(EEH PE 2w KRR RS
(£ [E Alpha Innotech A ],

1.2 SOX9 e [K18 5 75 8 1 by o ™

1.2.1 HARYHER R BB LN HepG2 AT % 40 Ml /Y
cDNAG AR A BFVIAL 5 1) SOX9 FE A B ies| 4,
KA RT-PCR ¥ 84 th H 09 5 8, 2 Bt i W 5 i A K 43 55 . [l
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WL 38 SOX9 L A B,

1.2.2 1895 2k Pwpxl-MOD2/SOX9 (it s R % w18
R FE 2 K PwpxI-MOD2 5 PCR 4 B W 7= #9543 5 ] BamH
1 #0 EcoR T # 47 XCEEY) , FFFH T 3% 2 WEke 0L B 2% 44 R B 19
BN R BEEAT A O . B 5 pl SRR DHS B2 S
YH L 7E & SN T AR B AR T 37 CHsgRaik. & PCR
K BamH T Fil EcoR T XUt U % 22 J& 0 3 4 1E 1 /% BH M 52 B
K SR BUTCR, F Ty R G 225 .

1.2.3 B4R AL LHERT  HARmEal R
W 4 B SR DNA 3 0 W R 45 05 B e 293T 4. 4
JE&YL 72 h i 293T 41l E3E W .4 'C .4 000X g B.0» 10 min; Ff
B EERLL 0. 45 pm JEAF LI, F 4 C,72 000 X g B L
120 min; Ll 500 (L PBS 580 2 DU JE Hl W 47 8. 4 C ¥ i
TR —70 CHEAE . FF 1 BE 1 18 095 3 T 4 VR 2 293T 4fl i
S o R FH Ot X A ARG 9 B U L R A T 1) O v e 2 S R
B .

1.3 MSCHsssr5%E W1 H 2 H#Hmh 2 ke i KR
w 1.5~2.0 kg, RS - 76 TC R B AE T i B B 4 ~6 mL (4
INE 3000 U/mL JFZ 0.2 mL) 5 5 mL DMEM ;3 3 %
PR A . R Percoll ¥4 858 #8542 41 Ml . 0. 01 mol/L
PBS VR4 2 WA 5 mL & 10 %1448 13 . 100 U/mL
HEZ.100 pg/ml 55 Z 1 DMEM £ 335, L)L 2.0 X 107/
em’® Y20 5% BE AN T 40 mL BRSO . 22 SR AR B 5% AN
Hik T0%~80% 4 1 ¢ 3 LB IEAT B AR K 3% B B AR
SN I8 A R A KRS IR R BCER 3 A8 MISC il A 5 200 ifd
B R TS ML UAT CD29.,CD34 ,CD44 il CDA5 %58 ,
1.4 A 5%S BUE3RAEKRESRIFM MSC, 4y K5
TS B AAR S G T AD T SOXO 18 9% i 2 ik
S (SOX9 # S 4. MANHikF] 70 % ~80 Y6 gt A iF (LA 41
5% BE 20 55X 107 /em) , T e 40 i 85 95 0 i . SOX9 5% &
20 e = e AN SOX9 18 993 7 20 1A B 25 118 93 73 2 A L e e
42 (multiplicity of infection, MOD K 30, %R 5 . B T 5%
CO: 95 % 2 R,.37 C ML AT B ARG 3744, 48 h J5 76 W il Bk
WML GFP pyFik ., WL G IS0 2 &0 T 9%,
B2 R 1R .2 EEKM S bR . KL SA/E R BT,
1.5 Kbk

1.5.1 MTT M s 3Bk x ok K A KRS RIFD
341 MSC, F 4 M B 57 56 1 B 5 40 M B, F LB Fh 7. 0 X
10° A 4IH . SAL5E 8 AT L. A BITESS 2~6 KR MTT
S AN A A S B . BRI 1T HeRE SRR, 1) AL ALK 8 i
Y MTT # (5 mg/mL)20 pL, k2535 4 h, /N0 3L N
B SRk B LA W BETF IR 150 L. ¥R % 10 min, 545 &9
TR S AERRE S BE A AL F 570 nm P 4 4D A T 2
JF Coptical density, OD){H , LA [i] 4 %l , OD {8 A 20 %l 22 4
AR,

15,2 Jagn iR il lodE 3 A B IF 4T 10 mL
B P K R AL AN RO 5. 0X10° /mL, B0 R . H
100 pL FRICH B E B4, EIR T 6 E 10~15 min, T &
OB, MATIE(SA-FLOUSER T 4 C TR E
20 min, i 240 AR I B R 6 K O 488 nm, A K R
515 nm [ U A A DI AR R FEOL R L K KT 560 nm /Y
K AR I AL T RE

1.5.3 RT-PCR AW &Y 48 h J5 U £ 4, A U 3 41 40 iy
SOX9 ARy H M RR O . 4 M= 2 2 A S 2 5
SOX9. Il BV g . Aggrecan mRNA [ ik, F| 81483t
4 Primier 5. 0 Wit 519 (£ 1 B46 B4 T ARG R A

A A M. B3 4415 RNAL 1T RT-PCR. Bactin N Z,
PCR 79y 2 6 BB e e Uk HEAT 2502 . SEIRI A 3 Ik

RIS AR F2 58 AR AT IR I BE 1 it R AT 45 R 43 #T
*x1 RT-PCR 5| 1
| 5191751 J1 BRI (bp)
SOX9 5-TTCATGAAGATGACCGACGAGCAG -3’ 502
5- ACTTGTAATCCGGGTGGTCCTTCT -3'
MR 5-TCTGAACAGCCAAAGGACCCAAGT-3' 297
5-GTGTTTGACACGGAGTAGCACCAT -3’
Aggrecan  5-TCTGTGGAATTCAGTGGCTTCCCT-3' 227
5-AGTCCACTGCTGTCAAACACTCCT-3'
Bactin 5~ AGATGTGGATCAGCAAGCAGGAGT -3' 133

5-TCTCGTTTCTGCGCCGTTAGGTTT-3'

1.5.4 Western blot £ B YL 48 h J5 19 MSC 41 g , 4 il
SOX9 #H F M FEKY. 4 PBS FHE 5 A& H 2 f )
PRIEE D . HEARES 95 CORIEATESG . 1020 5 P9 I Ik i ot
JBE HL Dk 8K i K i Y AR 1 H R RS R D I M (polyvinyli-
dene fluoride, PVDF) i, Jii fig 43 4% 21 FT . Jn AS — B ffc . 4 C it
B, &k JR-20 9 Tris 2% o ¥ ( Tris-buffered saline with
Tween-20, TBST) JEfiE . IN A S —hifk . ZilMEE 1 h, TBST fif
W, PVDF EAE Odyssey Infrared Imaging System A
5. #XJ5 M Image-Pro Plus 5. 1 43 87 JK BEAE . +F 5 K JE &R 8L
Hoo Y 2 JEJE A SOX9 . I Y i i . Aggrecan (1) 3 ik K,
AR R I AT .

1.5.5 #SuuEyoede@mil 3 41 MSC #57 2 A5 47 % M
F A% 2 B S [E E 0. 5% TritonX-100 5 L 4L B 10 % i) 2F
L3 6L 47 1T 28 8 I . Aggrecan f % 9% 6 4t 40, 3¢ )6 B i 4
ARG R,

1.6 Giitsehb s JiFH SPSS13. 0 8k k47 48 it 2% 20 7, 3t
R s KR AR HLBOR 7 25 40 17 . L P<<0. 05 22
A GRS

2 % R

2.1 SOX9 H[F g 2 2014 ) gt I 3

2.1.1 HER B A RT-PCR = # i 5 pl BF
A7 R R BE R I B VK L 25 2R R B UK AR R/NZY S 1 560 bp. &
S HUE —B WK 1.

2000 bp

1 000 bp

M:Marker;1.2:SOX9 57 Bt
B 1 SOX9 £ [F B9 37 A 18 5 i B ik

2.1.2 18955 A& Pwpxl-MOD2/SOX9 B K% E ¥
1 218 75 5 21K PwpxI-MOD2/SOX9 i BamH 1 /EcoR 1
XUEGY] B 10 p L f V) P= Wy i A7 2 5 . DU 45 SR lE — 25 E 5
B 14 )7 1 5€ 42 1E

2.1.3 EHIRHE MR LR 18R R
293T 40 12 h )5, e 45 5 B 6008 T U040 i BH B 34 K BRI
I M A% AR K AR [ 5 200 O BE R T R, B B TE L T R G B
W AR MR Y 293 40 i 5 o =X i Al AR I o B E R
6.0X10" TU/mL, J&Y48 h)5, 76 B B 2¢ 6 B fl 58 T W 4%,
SOX9 18 %% 55 8 AR YL i) 293 T 4w WL GFP i kik,
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B2 EBEEZHEERH MSCERERE X50)

B 3 SOX9 187 F ;AR LM MSC(R A BMIE X50)

2.2 MSCHmE Higr e AR 2 dE. M
2 Jfa 0055 BE 2 T 25 8 L U IE L A O 2w R 5 7
d J5 . W BE 20 M K B B B £ A TR 25 2 O KIRTE . i 51 52 i
PORBRE AR ; B0 J5 A0 M AR R 2 BB R s 12~ 14 d
HR AN A WU . 48 MSC £ 1 d PG BE , S 25 MR L e
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¥I5) 454 .10 d 2247 KO RS . 9 =X 40 B {S0RE T 41 il CD44
CD29 FiEBHM: . i CD45.CD34 ik M CBUIE R B77) .

2.3 ZERHERERYM MSCIER  #Y 5 48 h e 5 5
T MSC 2 RTE .2 MY , 40 M 5t 5 0 2 B A R, A .58 4
26 B HEE T MSC 2 2 /1 . 40 Mg 44 3% K L 40 M 5 i 7 4
HATEE AN R N S Sk e e R LA 2.3, IR 48 h ),
T =X 20 S 22 5 S A0 A M ) GFP BHPE SR 100 %%

2.0 -
1.6 F
a 1.2
#y
‘Eiﬁ 0.8
® o 5
- TS
0:4 — SOX9¥E SR
00 1 g 1 i J
1 2 3 4 5 (d
B1 kESHE.ZESHER SOX)ESH
MSC B9 EK £ (MTT)

2.4 MBI TEE AR YT MSC #3 5H T- i sE . MTT 45
HRIR R S A5 5 G 2 K SOXO 55 S 21 40 J iy A= il 2%
FEAR WA 4, Gt BT IR 3 2 40 M B A Y 25 R OB SR
X (P>0.05), J 40 SCR 3 40 MSC 1 8 1= 2643 51
H72.3%.3.4% %3.1% 3 4 MSC JAT-RM M LLEE . 2 7 4
T2 8 SL(P>0.05), WL 5.

B 5 AESA(L) ZHSA(F) R SOX) # A (H)MSC WETR(RXAMMK)

2.5 1SR EEMEL S MSC  SOX9. T # ik 5 . Aggrecan
mRNA g £KFH RT-PCR KRR 5 Y5 48 h, 55755 4%
G4l ARG 4 MSC M, SOX9 # 541 MSC 5 SOX9 3% ik
BRI 652 )5 .3 AL A il SOX9 B 41 I AL
mRNA B &g 35, 1] Aggrecan {L1E SOX9 ¥ G H A &4

B AE R P N2 5 2 P R IS LA 7
M 1 2 3

500 bp o

100bp P aas W Jrr

M: Marker; 1. R G205 2. 25 5 2033 SOX9 e 32 .
Bo6 IBEFHERERE MSCH SOX9 K&RIE(RT-PCR)

2.6 189 AR 5 MSC Hr SOX9, 1T % it J& . Aggrecan
EHMFEXEOH  Western blot K 7R , 12 55 8 48 M40 8k 4
48 WG, K5t B4l .25 B 4] . SOX9 ¥ S 4141 fig SOX9 78 [ 11

AH X F2 3k 5 4> B h 0. 156 £0. 019,0. 1610, 023 &% 0. 361+
0.023;2 JAJG . ik 3 414 Ml SOX9 2 [ 1 AH X 2% ik 3t 43 i Ay
0.166240.014.,0.173+£0. 019 /% 0.41840. 033, 7 ik 2 4
Bif ] 5, SOXO9 % SR 4 i SOXO & [ B £ AW B & T A
Bl Hasi B4 (P<<0.01) ;5 48 h # 1,2 Ji J§ SOX9 #; &
ZH 40 L SOX9 25 111 AH X 3= 35 o B B F s (P<C0. 05), 89K
MY 2 G, R S4 S5 54 .S0X9 5 541 40 11
FU S 5 04 A 6 23K 4 B A 0. 15440, 022,0. 166 0. 019 K&
0.42020. 038, SOX9 #% 41 40 Ma 11 %Y Jt i) 3= 35 W Wb i T oK
o Hoas kR4 (P<<0.01) ; Aggrecan 25 [ X AE SOX9 # &
A RE MERESHURSESHAMBPYLEREL, K
Y 55355 4] MSC H# 7 SOX9, [T B JFE K Aggrecan
EHFRB T EZER LG E L (P>0.05), WE 8.9,

2.7 1B ARG E MSC s [T B 5 Aggrecan [ %6
el Y 2 5 . SOX9 % G20 MSC H I B i Ji & Ag-
grecan % Y (0 12 P, DL IE] 10, 1M 28 i S 21 SOk i S 40 MSC
5 PE CRERAR R .
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Aggrecan

F-actin

LRHE 4152 B 5 541:3.50X9 541,
7 EBRESHEBE MSCHh [ BEKRE,
Aggrecan mRNA By R i& (RT-PCR)

1 2 3

SOX9

B-actin

LR B U 2. 28 Fe 253 SOX9 e 4 .
8 MSC & SOX9 HyFKiA (Western blot, B 48 h)

[
(o]
]
o

AR

o=
;
&

B-actin

—
(3%
(0

TeRHE U2 5 55 21 53. SOX9 #5240 .
9 MSC  SOX9, Il B R B Aggrecan B R iE
(Western blot, Bt 2 )

10 MSC [l B R (£ ) Aggrecan( T ) HY
RIXFER (RAEERE X<200)

11

3 9 it

MSC B —R 1A T 88, HA 2 w4 1w 68 0 240 i .
TE— BT 51T MSC -S4 4k > 7K IR 1) 40 Jif 2 784, 0 35 A
I¥) 385 v 2B A M B A AR A T i HLE A B IR E B
S B RUHE R B AR T R R R O T R T 4. R A
MSC 6 47 i 18] 2538 4% 1) O i ] 12 4 faf g MSC i 5 434k
BER R M R IE LB EVE A . PRAMFE S MSC [ 56 4% 41 it 43
A J7 2 R EA - R IR ER A0 DR o 3 L 3 R A B = 4
PR FRDY . Risbud 5015 Fl = 2 K B0 8% 75 1R &R 1E AR
FORE T A AR E T B kT Heok: KB MSC m B 4% K 41
M S . Richardson 8™ & B, K A MSC 5 56 8 41 il 3% 5%
I i 37 1) MSC W] 3Rk #0E e S M B R X 7R MISC RE 8 1)
BEREAI 43 b . Richardson 2514 A MSC R i 7 7¢ 8 4
PR H K BE I 3G 5%t ml 5 5 MSC 1) B8 A% AR 40 o ik . b
W ARSMA S0 7 ik AR B 15 A R I MSC ) #5841 i 2% 7Y
A3k ARCK HE F B Y T & AR AE B AR B IR e £
o] AL, 0 = A % 5 A R 2 BT A0 R B T R e A 4
JHL B AR IA 7 s X 200 B A 5 oK s MSC S B MR SR Ok 2 )5
28 it 1) B8 B AR B R R M DA AR 5 45 R SR AR A N
PR URGIARIOR- A TR ST S S Sl i\ SOl o = ¥
JHL 53 Ak B AR VI ) R 38 R 43 0 R A s RS T O RN E
FFEG L,

SOX9 KB o L W 75 5 S N T R R s R T
BRI . BRSE B . 1k 3Rk SOX9 K A 1 388 - A 5 IR
Eh B IR 5L P 2 B8 R B L O 2 BCE Al W T 4y k. Sive
0T % BB N ) 45 6 % AR P SOX9 HE [H 3k i X 26
Fik SOX9 e [H] ( 4t it 52 0B B 2 T, AR 403X — R 5 &5 Rt
A0 R SOX9 HH A MSC H By 2 3% K ] A g 5 5
MSC [ B A% B 40 i 2 R 4 4k . b A () 48 40 B R A 4 SR 1Y
FETE 43 5 7 o 0 H M () 25 40 A AR A B RE AN AR Bk ME )
FEREANILT . R HE B 5 40 A RN T A0 i = e A AR R B X
1H 3 B9y 18] 30 5 f 5 40 A L 5 0 3 R AE AR R0 L SOX9
EHIESS R M R E AT, T KRS Ag-
grecan & BB 4 Jf 04 Ry AE 22 TE AR AR B b, A S5 3k A
SOX9, Il B ) Bz Aggrecan {2 MSC [n] i 4% 4 40 Jfd 53 1k 19
FEAEFE AR .

125 15 TR YL o R 5 AR oy R AN N LA R RS AN H
ML R Be g A i ok, B R ek K R 5 i & 1 =
G 58 SN 2 A A5 TR A BT 9 B 0 B A O B Ak, g
RT-PCR £ A\ SOX9  [H 4 X F B B % A BE v B A kL
Pwpxl-MOD2 #1318 Pwpx-MOD2/SOX9, Fl B B2 5 Ui I
¥ JF B PwpxI-MOD2/SOX9. pRsv-REV. pMDlg-pRRE,
pMD2G L YL & 293 T 41 i, 3R A3 #7417 H A& H SOX9 iy &
20 1895 B 34 . R F§ RT-PCR ., Western blot il H f) 2 & F1 2
P 5 1 2% 3K L 48 5 2 2R 1A L 28 3 4% MISC iy I E 4R 30,
L9 BB MER ] GEP 1 223k, I 20 40 g {50 ) gk g 2% 3k
100% . MTT 575 5 Sk e ot 41 A K A 5% 370 =X 40 A%
i 22 B 3 4140 A 08 T2 3R 10 22 S TSR T4 R S0, U 18 5 7 4K
Xt MSC 9 4= Wy 2447 R JCIH B2 .

ARSI UE S 18 95 T B AR R YL 55 3 AL MSC, JG 3 76 L2 1S
FeRM T ARFE T AR e Iy . & 48 h 5.4 RT-PCR
J& Western blot £ 2] H g9 3£ K SOX9 fyFEik;2 JH )5 . SOX9
e S AN SOX9 25 FH B35 B 8 18 & L 97 740 B0 ad 3238 5%
N SOX9 6 5 41 48 i 11 7Y J5g Jit & Aggrecan 7625 [1 )2 mRNA
KFMESNE R TERSAREE T, FE,SOX9 % 5
ZH AN B TTHY s TR J,. Aggrecan [ G & 96 6 Yo (o BH: L i 25 % S 4l
BRI FAY R AYE . DL Sem gl R R 4 SOX9 2 M Y
MSC B2 431 A B SOX9 . [1 5 Ji¢ Jit 2 Aggrecan, B A T HE[R] £
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