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[#EZE] BB Paxillin X F 8 7] 78 5% T 40 M2 (BMSCs ) 11 2 B8 4% 4 4 fL B9 52 . 75 3% L B 3 JE i fit B SD
KECEBE, R4 B 860 R 5 5% BMSCs, fE &5 3 4%, FH 40 A0 H e i bR i 4y F AT % . A
peDNA3.1(-)/Myc—His B JJURi 4 8 HAZ 238 84K pcDNA3.1-Paxillin, B 3 1% BMSCs 434 3 41 540 4l ¥ e
pcDNA3. 1-Paxillin; B X B, 5% % pcDNA3.1(-)/Myc-His B; %8 FX M4, AR ok, 435 K 3% 36h ) , 56
6 20 B X B 28 G418 T ik, B 3 41 BMSCs R FI S B 28 06 5 & PCR J7 ¥ (qQRT-PCR) K1 4% 41 Paxillin £ [
Z B (Aggrecan) | [l B aul (collagen type Il al,COL2al) PEIPeFE X Y HEZ 1 9(sex determining region
Y box protein 9,S0X9) . ffi & [1 19 (keratin19,KRT19) . Fil X} & 1 (paired box 1,PAX1) #1 X 3k & [ (forkhead
box F1,FOXF1)/ mRNA %35 & ; %)% EI % (Western blot) K3 Paxillin . KRT19 . PAX1 1 FOXF1 & 11 £k 7K
F 5 R BMSCs JACE: I8 255 3 AN ML 38 Rk — 30, 2 KR A1 % 12 B % 0355150 46 ,CD44 .CD90 2
R =5 363K (95.6%F1 96.8%) ,CD45 .CD11 M| 2 B 3K (1.82% M 2.16%) ., 325 40 7 Paxillin A mRNA FlE [ %
TR A B X B 2H R =S (0 IR T 25 5 BLAT B 3 R (P<0.05) s 4 G418 i B J5 i) BMSCs i A% 4 it JE 25 AH
I, SLE 4 COL2al ,\SOX9  Aggrecan . KRT19 ,PAX1 FOXF1 ) mRNA 235 1 55 BH M BEZL R 25 (o 4
FPETE R (P<0.05) 5 5255 41 KRT19 ,PAX1 Fl FOXF1 Y 2K 1 35 ik 1t 1 35 P 8 1 99 1 0 20 R 25 3 ¢ B A (P<
0.05), £ : Paxillin T A i#F BMSCs [a] 28 A% 41 A 431k , A7 M ) 485 12 725 92 05 1) 40 6 S A7 3 7 $ (AL J
[SS58R ) B 1) 75 3R 1 4000 s Paxillin ; ZE 8% 4010 5 BOR% 3k 3k 1A
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Effect of Paxillin gene on the differentiation of bone marrow mesenchymal stem cells to nucleus pul-
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[Abstract] Objectives: To investigate the effect of Paxillin on the differentiation of bone marrow mesenchy-
mal stem cells(BMSCs) to nucleus pulposus—like cells. Methods: BMSCs from 3-week-old rat bone marrow
were cultured by whole bone marrow adherent method until the third generation. Then, BMSCs surface mark-
ers were identified by flow cytometry. The eukaryotic expression vector pcDNA3.1-Paxillin was constructed by
using pcDNA3.1(-)/Myc—His B vector. The third generation BMSCs were divided into three groups: experimen-
tal group, transfected with pcDNA3.1-Paxillin; the negative control group, transfected with peDNA3.1(-)/Myc—
His B; the control group, no transfection. The experimental group and negative control group were screened
by using G418 following cultured for 36h. The mRNA expression levels of Paxillin, aggrecan, collagen type
I «l(COL2al), sex determining region Y box protein 9(SOX9), keratinl9(KRT19), paired box 1(PAXI) and
forkhead box F1 (FOXF1) in the three BMSCs groups and NP group were detected by quantitative real-time
polymerase chain reaction(qRT-PCR). The protein expression levels of Paxillin, KRT19, PAX1 and FOXF1
were measured by Western blot. Results: The 3rd generation of primary culturing BMSCs was fusiform, con-
nected tightly, evenly distributed with high expressions of CD44(95.6%) and CD90(96.8%), and distributed
with low expressions of CD11(2.16%) and CD45(1.82%). The mRNA and protein expressions of Paxillin in the
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experimental group were higher than those in the negative control group and the control group, the difference

was significant(P<0.05). The morphologies of the BMSCs selected for 18d by G418 was similar to the nucleus
pulposus cells. The mRNA expression levels of COL2al, SOX9, Aggrecan, KRT19, PAX1 and FOXFI1 in the

experiemental were significantly up-regulated compared with negative control group and control group (P<0.05).

The protein levels of KRT19, PAXI1 and FOXF1 were also obviously increased contrasted with negative con-

trol group and control group(P<0.05). Conclusions: Paxillin can promote the differentiation of BMSCs to nu-

cleus pulposus—like cells, providing a novel reference for the treatment by using cell transplantation therapy in

degenerative disc degeneration disease.
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BRHIE A3k A K AT 569 Paxillin 5 20 28 B 5 i 1A
g I ) R s e i R R e
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U968 20 JH AR, SR 1T, Paxillin J2: 75 2 5 2 B6A% 4N
JEL R 3 A i TCAH DG 8 40 . AR oE 0L i A
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G- ML . B S (Trypsin) . G5 &R
(G418) .DMEM FI DMEM/F12 (3 Gibco 2AH ) ;
Xho I.EcoR 1, Turbofect FlJZ % 55385 & (2K K
R BEH A )5 BRI R R & TRIZOL AN
SYBR Premix Ex Taq Il (KA TR KR
7y 1) ) ;CD11/CD44 H. 58 FE Hit 1k F e X & 1
(PAX1) Paxillin, fi & 4 19 (KRT19) , X 3k H H
(FOXF1) | H v i -3 -k 2 i & B (GAPDH) fe 2
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SLREDUAR (Lt R AR A B ARG R A A ) s 55w
LR CDA45 .CD90 FIAR 1o 42 £k P g b i 1 2
Yot — Pt (£ Santa Cruz A7) ; St KB I Y
Jie i 22 e BEPU IR, B Aggrecan Ff T [ T A (9% [
Abcam 2y F] )

1.2 SRk

1.2.1 BMSCs W97 & . 9% H 3% L Z 4l
(30mg/kg) ki SR SD KR, SAJERET
75% BT RS oI 20min, TG FREE TR 44
Iy, WUH RE RUR R, BV B B,
DMEM/F12 15 5% 35 gk - s, Wi B B . >R
G H B WG BE VL 43 B 1 9 BMSCs : 15015 B8 VP DT
U, I & 10%06 4 1% (FBS) B9 DMEM/F12 1%
FI 20 16 AT B 2 B B A, F 5% €O, . 37°CHY
TE R G SR A6 D R 9% . ARl G A B 80% )5 ,
T 0.25% Trypsin 0975 A0 H A 40 M oE 17 1% A 15
I, ARG AR S — A A A G ik B
80%JE 1L A%, BI5E 3 ARAEAT T —25 55,

1.2.2 BMSCs W% & 48 34 57 =
90% 11 il A BE B, T A 40 M, PBS T3k 3 3k, I LU
1.0x10%L 1) % Ji T 5 BMSCs, /03 &4 EP &b,
HAEH N AT FE SR CD11,CD44 .CD45 .CD90
(B B LL B 1:100) , 45 48 8 7 A R BH P X B oK 1
%5 40min, PBS Y2 K454 PR, H PBS H &
2, 378 X A A SR

1.2.3  pcDNA3.1-Paxillin B % & 1k 48 1A i 44 8
R T 1 b 2E KRS R 47 ) BMSCs, TRIZOL 2 2
B 6% 109 440 i Y 5 RNA, LU HCA AR, &% 2
i PR B R U WK LU % i ¢cDNA . PCR 97
B Paxillin 414, 5149 i RINAE K EE KB A
BRA AR, Hs%w T P15 -CGTACCTC-
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GAGGC -CATGGACGACCTCGACGC -3' ( F &l £
o Xho I B Y i A );P2:5 -
GGAATTCATTTGTCGTCGTCG  -TCC  -TTG-
TAGTCGCAGAAGAGCTTGAGGAAGC-3' (T %Il £k
H EcoR 1 WV &), PCR ¥ 34 I i £ 14 : 94°C
5min,94°C 30s,56°C 30s,72°C 1min,35 & ;
72°C Smin, 53] PCR 975 724 25wl hn#) ik
&R 19% 0 B B WEBE e v Lk, BT DNA\Xhol Fil
EcoR T XUV M i) 7 ) F1 peDNA3.1(-)/Myc—
His B oA, Jf B i U1 J5 09 DNA Jr BRI R 1%
B W% B WAk 2= DHSa 40 A, Bk P 5
W 8 5 5 5, i BB FORE DNA /M a4k 770 80156
BHRBUTOR EH. Xho 1Al EcoR 1 AUEEYI %52, % 5E
TE A Y oA 8 TR I A8 R 5 DR BB A R 2 W] 65 il
JPUEE

1.2.4 G418 Ptk sc o A e 241 ki iy 56 4 2k
KR A B 419 BMSCs 14 b il 25 Al 20 i 2, LA
1.0x10° A~/L B R0 F 24 fLrf, BigRdkhy
£ 10% FBS () DMEM/F12, F 37°C .5%CO, 54
FAA T R R 36h, T ARHT EE G 3 IR S AL A
e 43 53124 300,400,500 ,600 ,700mg/L ) G418,
2d T A A R VR B G418 R fif 4 R
FLES T R AAE Td IR FE A0 4 M i) S5 (1K v
G418 & 7 A 41 M 07 e s A0 e B8 IR S R4 0
BMSCs ## T 6 Ltk 1 ,37°C 5%CO, A T
9% 24h, ARG A E) T0%0, 2 BREG Yl 7]
Turbofect f 45 AE LW, # # 41 i b pcDNA3.1-
Paxillin (4pg) 1 pcDNA3.1 (- )/Myc-His B (4pg)
95 & H 6pl Turbofect 1 200wl A & IfiL 1 19
DMEM/F12 184, 43 7 i A S 56 28 994 % B2
ey 24h J5, W& 10% FBS 138 fif DMEM/F12
Pedmi IH R 72 3L, 12h JE A 400mg/L 1) G418 4k 4k
Bi3%,7d J5 GAL8 W 4 il 200mg/L 4k 445 i & | Wifi
TE 18d J5 40 H TR 22505

1.2.5  SEHFPEE R 2 PCR (qRT-PCR) A ik
IR AN, Trizol 177 24 ff: 20 M I $2 I EL RNA,
MR A S R0 U B A5 R L cDNA, BEAT
qRT-PCR JZ Vi , GAPDH b N 2% BRIE B | i g 7
J¥:94°C 2min, 22 JE 94°C 30s, 1B k 61°C(KRT19 .,
PAX1 il COL2al).62°C (GAPDH SOX9 FI Ag-
grecan) 5 63°C (FOXF1) Imin, ZEf# 72°C  1min, 35
> (GAPDH ,SOX9 Aggrecan I COL2al) 5% 39 4~
(KRT19,PAX1 Al FOXF1) ¥, #Eff 72°C .

10min, 20wl B9 52 B 1A & &4 10l SYBR Pre-
mix Ex Taq [, FEPAIXSEB R 22 11
B, B—-RERMEE3ANEE, SIYNEL,
1.2.6 HEHREEETIC (Western Blot) # il i3k
AL AN, 2L AN, 4°C . 13000r/min B0 15min,
B L3, 5 LA buffer TR21 W5 Smin, I 25ug FF
i T 10%19 SDS-PAGE | ik , B3 7k 23 55 5 ¥ &
I HL 5 2 I TR 2T 4 25 IS, 5% W JR W3 4% 4 4] 2h,
PBS¥E 25 & 13, il PAX1/Paxillin/KRT19/FOXF1/
GAPDH %2 s BT (7 B L 134 1:500) ,4°C
R, PBS Uk 3 Wk, & I A AR i A Ak P AR I
(4 2P0 % 4T (1:1000) 20, F1) 35 M 115 52 52 0L
L4 . GAPDH N2t AL, A Tmage—
Pro Plus 6.0 %% {4 W & 454 JK BEAE , 5 X N
GAPDH K B2 fH AH bR TH AR X R R ik i
AT 3 IRE R S5
1.3 Git2Eair
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Table 1 The primers of qRT-PCR

SEIA 319751
Gene Primer sequences
g“ﬂ . 5'-GGAGCAGAACGACAAGCC-3'
oense prlmer
Paxillin
e 1 . 5'-GCACAGAGCCCAGGAGA-3'
nti—sense prlmer
r R 5'-AGGAAGCTGGCAGACCAGTA-3'
ense prlmer
SOX9
e fi . 5'_-CGGCAGGTATTGGTCAAACT-3'
nti—sense prlmer
£ o 5'-AGCCGGAGACGACAGAAGTA-3'
oense pllmer
Aggrecan
[ . 5'_AGTCTCCCACTCCAGAAGCA-3’
nti—sense prlmer
£ L 5'-CGAGGTGACAAAGGAGAAGC—3'
ense prlmer
COL2al .
fel . 5'_CTGGTTGTTCAGCGACTTGA-3'
nti—sense primer
rme 5'-GACTTCCGGACCAAGTTTGA-3'
sense prlmer
KRT19
[ - 5'_GTGTCAGCACGCACGTTACT-3"
nti—sense prlmer
gﬁ e 5'~AGGAGCTGTTGAGGCTGGTA-3'
Sense primer
FOXF1
I  5'_CGCTAGTCTCCCCTCTCCTT=3'
nti—sense primer
g“ﬂ . 5'-GACTCGAGAAACCTGCCTTG-3
ense prlmer
PAXI
i 5'_CTGGGGTGTTTGAAGGTCAT-3
nti—sense prlmer
r L 5'-CGTCTTCACCACCATGGAGA-3’
ense prlmt‘,r
GAPDH

B 1 5'-CGGCCATCACGCCACAGTTT-3’

Anti-sense primer
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T ORI Y B bR o 22 R AL Z 8] R ¢ K
5, ZHZBRH B HE R I 2081, P<0.05 h 2%
SHEGI R,

2 #R
2.1 BMSCs B85 77 S8 ¢

SD KB BMSCs JFAC K 57 4d Ji5 4H Jf s BE
AR EEA— (Kl 1a) . BEE B B HERS | 400 1%
ZEmAERKRIEMARNIE, G RER
3R, AT SRR —3, R KRTE 400 % 45 5%
HHEYE) A (B b)), ik i =X 248 AR
BMSCs MR Hidr &40+, 45 3 s CD44 Fil CD90
FikE N 95.6%F1 96.8% , 1fii CD45 F1 CD11 £ A%
F3K 4000 1.82%F1 2.16%,
2.2 Paxillin 7£ BMSCs " () 35

SC 0 2H (peDNA3.1-Paxillin) H' Paxillin mR-
NA VAR [ B 23k f 0 G w3 T BA P o B2 RN 25 1
X B2 (P<0.05) , B4 X B 20 5 25 1 % BE4H T i
FEVEZE S (P>0.05) (£ 2), BEHTERIRM H R, I
FUST e Ye bk A4, Paxillin B33 2635
2.3 BMSCs [7] ZEff % 4H f 53 fh 45 2R

A 400~700mg/L. G418 ) DMEM/F12 55 5%
FEYRTAE 7d N R SE A ER AN, Ptk G418 1Y frid
W FE N 400mg/L, % G433 1) BMSCs £ G418
i 18d J5 , A MRIE A & AE ARk, B Rk I K AR B
R Z G ERDE M3 Fa A% T 40 e v
g HVEM (8 2),

i i qRT-PCR £ I , 52 5 20 Aggrecan
COI2al.SOX9 FOXF1 .PAX1 .KRT19 #J mRNA

(i) (1)
B 1 B BMSCs JEAEFME( x100) a JFELEFE 4d JF 1Y BMSCs JEAAR — b 28 3 f8 BMSCs 2 KARIE 41 7% 45 B % B
B2y oA 2 BMSCs [ & BEAZ AN ML 7346 , 40 i AR B A48 2 IR B RDE (- x100)

Figure 1 Morphology observation of rat BMSCs(x100) a represents BMSCs primary cultured for 4 days, and the cells

ek i M T B X R ZE A 2 A R A (P<
0.05, £ 3)., Western blot ¥l 4% F 3¢ B 52 46 2H
FOXF1 ,PAX1 1 KRT19 7& 2 {1 /K - ik i i 3
P 5 BA e B2 s 0 BR 4 (P<0.05, 35 4)

% 2 =% BMSCs B Paxillin 3% 7k F

Table 2 Detections of Paxillin expression

mRNA & El

protemn

45 AR B4 1.02+0.21 1.13+0.62
Control group
Sl 571+1.12% 5.12+1.31%
Experimental group
Fﬁ % B AL 1.50+0.49 1.25+0.51
Negative control group
PfE 0.004 0.009

P Value
D5 B0 B4 A2 70 BEZH H &S P<0.01

Note: (D Compared with negative control group or control

group, P<0.01

% 3 ERiX Paxillin 18d X EEH mRNA RiEXSH
Table 3 The mRNA expression parameters of related

genes in 18 days after up-regulation of Paxillin

5 AL St N
Control group Experimental group egative control
group

SOX9 0.12+0.05 2.10+0.377 0.13+0.04
Aggrecan  0.22+0.01 4.67+0.30% 0.33+0.18
COL2al 0.83+0.05 3.17+0.38% 1.27+0.27
KRT19 0.03+0.001 0.13+0.03® 0.03+0.01
FOXF1 0.02+0.001 0.08+0.02% 0.04+0.01
PAX1 0.03+0.003 0.17+0.04% 0.04+0.01

T - (D575 1108 B AT 1 B L e P<0.05
Note: (D Compared with control group and negative control
group, P<0.05

(2)

appeared different forms b The third generation of BMSCs cultured for 3 days, the cells were fusiform, connecting tightly
and evenly distributing Figure 2 The morphology observation of the differentiation of BMSCs to nucleus pulposus—like

cells became polygonal or circular( x100)
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F 4 FFRZ Paxillin 18d FHEHXEENEBAREE
Table 4 The protein expression of related genes in

18 days after up—regulation of Paxillin

[ XF i 2

e =PopiEil B!

Control group Experimental group Negatig\;zu;nntrol
KRT19  0.04+0.002 0.08+0.02% 0.02+0.001
FOXF1  0.03+0.002 0.07+0.02% 0.02+0.01
PAX1 0.02+0.003 0.23+0.05% 0.04+0.01

T < (D45 75 1108 LA Bk X R L 42 P<0.05
Note: (D Compared with control group and negative control

group, P<0.05
Ui Paxillin A3 F k(2 T BMSCs [0 2 BEA% 20
il 25

3 it

HE 8] 452 HRE AR 2 9 AL BE = 22 J2 M 1) 45 AR
TrMEARS R AR S5 1 M 1] 485 8 A% 7K 43020 OF HL A
B 25 B A% 20 B A% O T 00 BRI I A Sk B R AN A
LI 2R 1 2R T AR e et Bt 2 sk >, A ]
FE R D REI 55 I & AR TR A 0 AR Ak, 5] R TR
S AT TE AR R AR R A X A 18] 2 10 1R
TP, AR —Fh AR 218 52 5 1k ) 4t M A A
TRIT F AR T, A SR AT AR AR IR
7 R TR I O TR R S

BMSCsHyI s e 158, J&— 2K HA Z 1531k
Re 10T 4ufe, T Ao Ak A A 17 4 i . 0 UL
JHL SR A LR A R 2 A A DS Ak B T
AR5 8 HA S AR A R PR ) A B gE R
W] ,GDF-5 Ik A Hb ZE K #A 7T 15 5 BMSCs 1] 2
AR Mo e, 5540, Bl SOX9 #1 TGF-B1 1)
FoR R L UE BMSCs [0 2886 4% 41 g 43k 19,
I, BMSCs 1 Ay A (Y ) 25 18 4% 240 Jd 25 16 1% 20
JiL, TR B | 5 ) A% A M 43k Sk A T A )
B B RS A BIESE b FRATT SR 4 0 M R
4385 BMSCs, I3 i 27 3 10 40 g 72 25 W00 22 i 40 it
F 0 bR & 43 F CD44 .CD90.CD11 F1 CD45 A9 i
AN ARG, %8 2 BMSCs 4385 M 855 72 i 2l

Z MM E AR 5 2 ME S E B S
R ESESININTIE I PO EREE:AE ¥ IR E R (YA E LS
Paxillin 1) 22 2 R /7 2 R W% FR fb FIl FAK &2 Sre K
AT B B R PR R LA B TS Z R E
456 ANE AR SRR P 5 Paxillin 2 5 £
Tl 2400 i A A0 3% 21y, £ 5 200 RS BRE 20 i 2 fk L
AR (U 28 4 Bl 28 A2 4 ) | 20 A (ot T

JHL) | 4 B S B SIS0 AG SCER I, Paxillin 75 #1248
YR i s SRk i BT, 1B S ki 22 A i
W AEA S, Br S5 s 2 40 (40 NCS) 1) 534k
12, Paxillin i85 08 /U5 40 A6 . 9K B3 B 240 B P02 48
i S OR 20 PR ) A3 A GRS TG T Paxillin & A
AT RAXT BMSCs [1) 288 6 4% 4 i 431k 1) i R e VE H
A AR HE . FATHIH] peDNA3.T (-)
/Myc-His B Jit K.t & T peDNA-3.1-Paxillin K
BB A, T LT #; Y BMSCs, 18 235 Paxillin,
Kl BMSCs 2 75 ] 2 B A% A i 31k, S5 R R M,
RS AH 22 BB T, A0 MR A SR A Al e
qRT-PCR #0145 5 2 W7 | 5256 26 b 5 6 4% 20 g A
F MR Aggrecan .COL2al .SOX9 PAX1 KRT19
1 FOXF1 1Y) mRNA ik & T 5 ; Western blot £
MAESE, S840 % PAXT KRT19 . FOXF1 (1) A
Tk B FEETH R . Zhang SRV BF 5T R 0 BE
SOX9 i £ #F BMSCs [ 4% 41 ig 534k, 3 8 ]
5E COL2al \SOX9 # ik it I 15 B BMSCs 1] i
AN s> Ak, ASBIF ST AL T = A% 40 i A B
PEREN PAX1 KRT19 FOXF1 & mRNA Fl1#E (%
ikl BMSCs 7] 6 4% 40 i 43 Ak 1 285 5% 58 A 0k
Hs

ZE LTk, BATHHE Paxillin () 204 41 g i
PR BRI B g 15 % 1 R AR BMSCs, 1 & ik
Paxillin 7] LA {2 3 {2 #F BMSCs [ 2 58 1% 41 i 53
b, A MRS R VA T ME B) 4% 28 S SR AL TR 1y Hhe
HeHs
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