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Abstract: In order to investigate the transfer and expression of Snail gene in human bone mesenchymal stem cells (MSCs) and to
study effects of Snail gene modification on the CXCR4 expression of human MSCs and their capacity of migration to SDF-1 in vitro,
the plasmid PCAGGSneo-Snail-HA or the control vector of PCAGGSneo was transferred into the cells. Fluorescence activated cell
sorting analysis, immunofluorescence staining and RT-PCR were used to study the expression of CXCR4 by MSCs. Chemotaxis
assays were performed to evaluate the migratory capacity of MSCs-Sna and MSCs-neo to SDF-1 in vitro. For the blocking assay,

Received: July 20, 2008; Accepted: December 24, 2008
Corresponding author: Jixiang Ni. E-mail: keamin77@163.com



5875 ¥£ % Snail JE R & X868 75 5 T 40 i CXCR4 357K K 17 SDF-1 #1k A 1 (5% i 243

CXCR4 blocking antibody was added into cell culture. CXCR4 expression was higher in MSCs-Sna than that in MSCs-neo (P<0.05).
Chemotaxis assays showed that SDF-la stimulated migratory activity of MSCs-Sna more than MSCs-neo in vitro (P<0.05).

Moreover, the SDF-lo-induced migratory activity of MSCs-Sna was inhibited in a concentration-dependent manner by a

CXCR4-blocking antibody. It was concluded that Snail enhanced expression of CXCR4 in MSCs, providing a plausible mechanism

for Snail-mediated MSCs transmigration to damaged tissues in vivo where SDF-1 has been shown to be up-regulated as part of injury

responses.
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Jeiy T I AR A B AT R 2k B 2 A5 5 LU (5 0 2 1
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1k.(Epithelial-mesenchymal transition, EMT)LA3K15 5
2B RV R ) A W) A R b, R4 R AR
F . Snail DULEHEEEH) 55 DNA AHC) 751 45
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TEATRFE D, 2 W% MSCs 7E Snail 5& K&
i i 200 L RSS2 TR AH R S P A2 4R CXCR4 Rk KOF,
K AR SN S BT A% 52 56 (Transwell SZ56)/3 47 MSCs
£ SDF-1 1 FHES TR RE 1, H Ho A4 e Snail
JECR RN Ye it B2 Tk () MSCs BB TR, &
TERRRIE R MSCs BAH )G n Z Hi s B A2k T
BRE Mkt

1 HRAT

11 FERAFFLER

H 24 N SDF-laly H Cytolab Ltd.Z\ ®], anti-
CXCR4-PE W H eBioscience A Hl, HL A CXCR4 #i
& R&D 77, Transwell 24 FLI% 374~ Corstar 2
H 5=, Tag DNA 2 4 [ (Fermentas) . dNTPs .
RevertAid™ first strand cDNA  Synthesis kit 30 %% 5%
18077 & (Fermentas) ¥ 4 [ R I i 26 A= W) A7 BR A Wl 5
Sl B e T A BRA A G B Trizol i
(Invitrogen 23y /), L-DMEM £%3E 3 (Gibco A ], F
—ZEKELH, VA% PH(EN 7.2 el IFRE, /45
—20°C fifife, FHATIE 4°C fRURE o B A AF i i
(Gibco 2 H), FRT 56°C. 30min #KIE, 4335
—20°C fif4£), G418(Sigma 2\ w)), JHEMEE(Trypsin)(3 [
AMRESCO A 1), Lipofectamine "™2000 Jig /5 {414 [
[ Invitrogen /A 7; CD29-PE #1 CD34-PE PATI[%
Puiklg B BD-PharMingen 23 7] (USA); it HA H5g
BEBUIAIE A Clonetech 23 F](USA); 2£HT Snail ¥ 7 [
PO YA EE B 42 P 11 2 FACSCalibu
A A LAY b 38 ] BD A vl AR 77
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1.2 YHARRSMN ERAifh. HigiER

JCRR SR T RAEE R N E S, PBS (1000 r/min,
10 min)/&5 % B3, FJCIL G RBE DMEM K 7 2L d
il A M A, R FEEE SN 1.073 g/mL Y
Percoll ik L4005 25 W ., 2000 r/min &5.0> 30 min,
AR Hp R] 2 BSR40, ] DMEM B8 I fSc 8 i 4
MOIFEE 2 W, 8L, IR TS 20% FBSOIAFHH) Y
DMEM R 53, AR 4% & A 5x10%/mL, #EFh
TR, T 37°C. 5% CO,. M ANE R 444
THEFR . 3 d JE EIREE IR 1 R BT A A SRRk sk
B35 T 2 A0 MO A RIS 80%~90%Ih), g A, 11 il 11 1k,
1A, Ak Sy 1 I 2 W 4l Ak MSCs.
1.3 f&4% MSCs =& CD34 #1 CD29 ik &7 4

£ 2~3 L MSCs(80%~90%IL4), 0.25%]H fiff
WHAESS, 1000 r/min #5.0> 5 min, 3 FWE, H& 2%
BSA K PBS Uk Sk B R 1x10%/mL A9 MSCs
AN, A 4 ANELLAE T, BRI 500 uL 4

JE, AR 145 A 0 IR 50 248 IR B,

JMA 1gG-PE 10 pL; 2( 2 F1 3 & N S28048, s mlinA
CD34-PE Fil CD29-PE H 5 fEHLIAA 10 uL, =i
H 20 min, PBS ¥t 2 1k, #EC4H{(BD Biosciences,
San Jose, CA)K M
14 RiEHFHRESREFEFER

EAZANHE R KA pCAGGSneo-Snail-HA (1
N2 Snail 2K cDNA JJL C R fil & HA ity
FEH B pCAGGSneo JFifi), B Kagoshima K2Z )
Ohkubo %z Ozawa ¥ #7 S ma sk e ook 3% T 1
IR A WA R vl e, JF4 0 17 41 5
pubmed i GenBank H £t i) A\ 2% Snail 4= K ¢cDNA
751 F X (Blast) 58 4 — B, 2 F RS 33 5 i 46 2
R MSCs, il R K ENEA K F] 70%~80%, TE
HHE K% Y . 28 Lipofectamine 2000
Jig B BE B 45, R F IR o I e e vk s Ok S A
HRKE SR MSCs M, 48 h J5 ] 500 pg/mL G418 #f
FroRe ik, &3 ~4 dH 1K, Ha e kser
A D5 R FE 0 AN AR I, B0 200 pg/mL
G418 HEFEivk (L 4EHs 12 ~14 d), 4000 FA ¥ v e
AR B —E FH R R AL, 3 A0 M R S
HEATAE A
1.5 %A ENTE(Western blotting) &)

WA A0 B, A = A0 A 2 A% R[50 mmol/L
Tris-HCl (pH 7.5), 100 mmol/L NaCL, 1 mmol/L
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EDTA, 1% TritonX-100, 0.1% SDS, 0.5 mmol/L DTT,
1 pg/mL Aprotinin, 100 pg/mL PMSF, 1 mmol/L
Na;VO,, 10 mmol/L NaF], vK¥& 30 min, E.0H &
W, Brandford ¥R FVKIE S, A EAEGE &
5 min, BOGE B UEIT SDS-PAGE HLJK, ¥
SDS-PAGE WIHLIK " W% # % PVDF B, 5%/ifE Y
Ky B, bt HA BRSO REHTIAR(1:1000 F B ) FIEHT
Snail B35 FEHLIA(1:1000)—F 43 HIIF & 1K 4°C i1,
HRP #5 i ) ¢ Fit R IgG(1:5000) 5% % b1
IgG(1:5000)(#% 5 /I —HUAHXT1)37°C HFE 45 min,
ECL {8 3 min, BEY M EZ B .
1.6 RT-PCR #iNZAAE MSCs-neo 1 MSCs-Sna
Y CXCR4 mRNA i EE 2

IS £E 5 x 10° 4R, Trizol i HEHUM RNA, ¥
5% cDNA,

bR 722k CXCR4A L [H (14 =1 K /N 273 bp)
PCR 519740 40k

FHE5I &S 5'-GGA CCT GTG GCC AAG

TTC TTA GTT- 3’
T 4F50: 5-ACT GTA GGT GCT GAA

ATC AAC CCA- 3’
GAPDH{ 3477 WK /Ny 985 bp)VERINS K,
19075
B 5-TGA AGG TCG GAG TCA ACG

GAT TTG GT -3
P4 5'-CAT GTG GGC CAT GAG GTC

CAC CAC -3’

PCR #" 14 5411 °F - 95°C FZASPE 5 min; 94°C 7%
£ 60 s, 60°C i K 60 s, 72°C FEAH 60 s, 35 MEFF; JH
WgE G T 72°C $EMH 10 min, K454 JFHL 5 uL
F N P TR B EE I HL Yk, PCR =4 Bk R 4
AR RETIFHE AT 2670 K BE 43 Fr, A CXCR4/GAPDH
) AR AR AR X 5 6
1.7 ®RERAEMBUFELE

4 MSCs-Sna, MSCs-neo 4 if1J& - (40 o A K
e 2 50%), FEPHR K JGK ZBEARREL 1:1)#r et fie
Tl AR A A EE R P [ E 10 min 5, FZEMKEE 2
W5, BAS 1% BSA () PBS &4 30 min, 2RJ5
hn—$Ht (bt CXCR4 1:100)4°C 3 1% . PBS ¥ 3 1K,
W 5 min, F-5 1:80 B FITC Arid B EPi M 1gG
Z 2 h, PBS ¥ 3 K5, TN DAPI(RE #E (A28 00) =
WBIEE 5 mine & 10%HIMA PBS A ERH
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Olympus Fluoview FV500 JOG4T 453t R 4 B U5
(Olympus Optical Co., Tokyo, Japan)W5<., [HMEX}
Mg, PBS AU — b LIHEBRARFr S 1k i —

EE e
1.8 AR MM CXCR4 BYFRiE

)3 ] CXCR4-PE H. 5 [ 470 438 3 I =X 240 i A0 AS:
I MSCs-neo Il MSCs-Sna #41k [ T3 & CXCR4 fy
FEHMRE, LRI FRAMEFRR)E, PBS ¥
%, 0.25%REEHE L 40, PBS PE¥, 1000 r/min 5.0
5 min, 7 3, FI4 2% BSA ) PBS MR i ik
&4 1 x 10°/mL A MSCs SL41 0 B3, A 4 5.0
B, BN 500 pL AAEE, HAPE 1 hEA
XA, LA PBS AU —4; 55 2 BN BE, A
IgG-PE 10 uL; %5 3 F1 4 44354 MSCs-neo FlI
MSCs-Sna, &I A CXCR4-PE B FEEHA 10 pL,
FIRMFE 20 min, PBS P 2 &, WAL BD
Biosciences, San Jose, CA)#:illl
1.9 MSCs ¥} SDF-1 By{RSM &1L 216

24 FLAz 1k (24-wells transwell corning costar,
US), 4R ALK/ R 8 um, K Matrigel
(Becton Dickinson, US)@lfb /5, FHIG I 55 % 2 DA
1:1 Bk, 78 B ERFLINA 60 uL, £ 37°C A0 ik
B 1 h il HEER .MSCs-Sna J2 MSCs-neo 7£ &4 10%
FCS ) DMEM 35 S i Fe b 1%, & 4R vk R
3x 10YmL, FZH 100 ul 1A E F2 %, T %
600 uL &4 SDF-1a(100 ng/mL)f# 10% FCS- DMEM
BRIk, BAEXTREZH T % 600 uL 4 10% FCS 1
DMEM K373, CXCR4 HURBHKIsLs4l: e 1~
10 ug/mL $T CXCR4 HH(MAB170/12G5 ) H R&D)
5 MSCs-Sna 1% MSCs-neo f& 5% CO,, 37°CYEf 2 h
S5, FAE IR Transwell IEF 355, DA 1gG FHPEXT HR
PUARVE AR BAPERT IR . 20d 37°C IRAHFE 12 h
o, VARRAS 8298 25 Matrigel M ffLIE b2 040 i,
AR E R ML T R, JooK & B &
20 min J&, Fi DAPI Jeft, FE2¢0% e M T4 &
HFEMEAT 3 AL, BALBEPLITE 5 LT (x 200)
T I 2 AL IR T Y 4 AR
1.10 #Hit=4iE

¥4 SPSS 11.5 for windows B Au b3, 22
St G EVER IR T LRI, P<0.05 A WA BES
25

2 %

2.1 MSCs By ¥ F4H1E
2.1.1 MSCs #IZlifk R 11

) E BB WSS, B B MSCs B 5%
24~48 h, TTANMNGEE, 72 h5, K040 M0 BE I T
GIGAE, MBS ERE . ZMAEKERIE . M
YA AT AR VR AR A K, T UL R KR ARIE, AT
SR AR AE K (B 1A).

2.1.2  MSCs a1 [ FFHEDEFE M2 00

WK 1B FR, AR 2 4k 3% 19 MSCs
2o U A R B A 2 R R m o> TE R
CD34(-). CD29(+).

2.2 % MSCs 4HAf Snail RIFEEE HA BIFRIE

K H o & BB 3 3 (Western  blotting) £ il
PCAGGsneo-Snail-HA #% 44 [¥) MSCs it 5 5[5l HA 119
Feik K HAYFEIA Snail B9k (LK 2),

2.3 REBRAMAILFHN I CXCRA 4 FFRik

CXCR4 7 MSCs-neo Fll MSCs-Sna A9 4t il i I
WA A, (HAE MSCs-neo ' M55 LR (A.0¢
Y, Ti7E MSCs-Sna H CXCR4 %i¢ Y5 25 1 i 14 55 (/&
3),

2.4 RNMAESCKKENLER

MSCs-neo Hl MSCs-Sna 41l ifi ¢ [fi¥J 45 CXCR4
ZARyFE, Hrp MSCs-Sna (19 FIPE R KR B 5
T MSCs-neo 1) BH 1 & ik %6 (64.25% + 7.22% vs.
7.45% + 0.91%, P<0.001) (/& 4).

2.5 CXCR4 mRNA 7£ MSCs-neo. MSCs-Sna ¢
BagyFRix

RT-PCR %53 /8, L GAPDH mRNA N3,
7£ MSCs-neo , MSCs-Sna 4 ig 11 #f47 CXCR4 mRNA
By ik, HAE MSCs-Sna 4Py REEF R T
MSCs-neo(0.916 +0.102 vs. 0.410 = 0.050, P<0.001)
(K 5).

2.6 SDF-1afr5 MSCs-neo & MSCs-Sna ZE{K4h
T

M SDF-1afy 5035 95 Fm 2 AL b 5 855
FREM T %, MSCs-Sna fEA BN FEITFRE T =,
HY T =4 MSCs-neo T EEBH W3,
Rl SDF-1aXf MSCs-Sna 4 {4 &1 £k 1 4 B I 5 X
MSCs-neo A0 TEPE - 4 BH W CXCR4 H.41(12G5)
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InFiALR B = 1) B = 5 0l B> SDF-10i% 5
f) MSCs-Sna #4ftiz s, H 10 pg/mL ) CXCR4
PUXT SDF-1ouifs 3 14 20 i #a £k 3z sl (4 41 il VF FH ik

1 pg/mL [ CXCR4 HAEMT UG . [, 1gG
A% B BT X SDF-10if5 71 MSCs-Sna #a4ki2 5l
BEAT O (E 6)

A
B
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Fig. 1 Biological characteristics of MSCs. (A) The morphologic features of MSCs in vitro studied by light microscopy (x200). (B) Expression of
cell surface antigens examined by flow cytometry: CD34 (=), CD29 (+). Results are representative of three separate experiments.

BMSC-Sna

HA b

BMSC-neo

A g - il

2 REEERAENIREER HA R EHER Snail
BIRIE

Fig. 2 Expression of the marker gene coding HA and
the destination gene coding Snail observed by Western
blotting. Results are representative of three separate
experiments.
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DAPI CXCR4

Neo

Sna

3 BERAMEUFRERAN MSCs-neo #0
MSCs-Sna 4Rl CXCR4 A i Fi% (X 400)

Fig. 3 Expression of CXCR4 on the surface of MSCs-Sna and
MSCs-neo examined by immunofluorescence staining. DAPI was
used to stain the nucleus of MSCs. Results are representative of
three separate experiments.
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Fig. 4 Positive rates of CXCR4 expression on MSCs studied by FACS analysis. The right panel shows 63.43% of positive rate on
MSCs-Sna, however, the left panel shows 7.36% on MSCs-neo. Results are representative of three separate experiments.

bp

2000
DAPDH 1000

750

500
CXCR4

250

100

5 CXCR4 mRNA 7£ MSCs-neo #1 MSCs-Sna 2R A1 B

Rik

Fig. 5 Expression of CXCR4 mRNA in MSCs examined by
RT-PCR. 1: MSCs-Sna; 2: MSCs-neo; M: DNA marker (DL
2000). Results are representative of three separate experiments.

3 ik

MSCs 4l L fE B AT B — 1 4 S M B b i,
I AR R DA TR 2% 0 JELAE o 43 B vk 45 MISCs 1 B — it I,
H Al 2R AL A, R — A 0 2 F A
RS> T2k %8 A MSCs.— A i # 4 K F i,
5t CD29. Kifff4>F CD44. CD166 K CD105 %2
MSCs 3435 A 43 AR 25 B 55 kg e 53 1 A 35 T s 7

*P<0.05 *P<0.05
40 I ‘

Migration cells

SDF-1 - + + +
ControlAb - - + — - - -+ -

CXCR4AD - - - _— - - -

6 SDF-1Xf MSCs B{R5M a1 3256 K it CXCR4 #i4
B BEL BT 1E A

Fig. 6 Chemotaxis of SDF-1 on MSCs and the blocking assay
with CXCR4 blocking antibody. SDF-1a, a ligand for CXCR4,
was used as a chemoattractive agent in the lower chamber, to
evaluate the migratory capacity of MSCs-Sna and MSCs-neo to
SDF-1 in vitro. For the blocking assay, CXCR4 bloking
antibody (1 pg/mL, 10 pg/mL) was added into cell culture. Bars
represent the mean( = SE) from three separate experiments
(*P<0.05, compared with the control group respectively).

1M H. MSCs ASJEis M4, AR i 40 i 3
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P, A0k i AR bR ST CD34, ARSI %
AR BE S . M RE S SRR T g AR 45 A 0 7 vk N
BN BB R A3 BT 3t T A I B 2T 2 AN PR O R A
K I 4 A, O = At A SR I PSR ik b Jt, CD34
2, T CD29 2FHME, A —PETE 90%LA I,
X BFRAT A 43 T B v DX i T A0 Y
— FEAD T R A3 AR S A S22 T 4 RE 0L Y T 20 A B
] o0 T4, HL o 2545 200 A0 i sl B A .

SDF-1 Zo(CXC)LHNFHKIEM b, B 5%
SiE S AL 2F /Ny . SDF-1 R HAZ K CXCR4 7E
B8 T A0 B 1 B0 53 R 1) B A A S RS R b AR Pl
LFEEAFVER 2 SDF-1 %1%k CXCR4 1y MSCs
HATSR R 5 | VEF, SN RPE IR S B i 2
B8] i) MSCs #% iz (8h bt FH SR iR AR, 45 Tk
21 g 75 1038 N 7 (G-CSF) i, 380iE 1w vk 40 g
Sk B T, S B R S T B T A L PR IR 1Y
SDF-1, % T X CXCR4 (IS, ik CXCR4 Y
T2 1 AN EAG IR S5 41, SDF-1 nl 3@ i | i3
J5 4 &8 2R B -O(MMP-9) i ik i c-Kit o Fc ¢4 (B
T4t it AE K R ) B 25 508 2 i ol i U A, aF
TAE c-Kit(+) Y T 40 i /4H 40 i 0E AR R R BRI i
SR IHER SDF-1 [ 2K e /K5 MSCs (193] 5t
HHE

E A W58 & B, Ja B o 4 4L ad B R Gk 1
SDF-1 RERG M AL E i 5E4E MSCs' D75 38 A= 1.
B &N T CXCR4 ik T MSCs U101 [y
Jr e i A5 493 X 1 98 45 A Y SDF-1 nlRE 54T
20 A ) BT AR AR SE o Stumm 2R SEAE i
B3l 5 5 9 R L 8UIE %34 SDF-1; 1M Shyu 1)
¥ 9 D) B0 AC i 2 Bk g B sk Iff. X CXCR4 ik 38 i,
X 2 B MR N Bz 441 (% SDF-1 1] B8 2 &0 & 1 200 B 1y

feErafe il
WEAb, s S A 5% 2 B SDF-1/CXCR4 £/ &
ihJRE an MR BB IR R AR . Bk N T

CXCL12(SDF-1) 5 HA 2k CXCR4 Pty i i
SDF-1/CXCR4 ‘£ ¥ % % (SDF-1-CXCR4 biological
axis)7E 2 Fl I Je (9 4% HBORD 25 B e MG RS vh R AR
HIE RN, CXCR4 5 SDF-1 Y454 0] 51 i 3L
PN A TR SRS S A A, BE S R 4 Y
BE IR . TERESUVL YR 4 &, SDF-1 7] 5 A
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24 0y B BOE VR R 1O pa2 B8 pdd OBERRAL, 20
Jfi4 7 (Locomotion), ZEMHEZRE . LFiEHE N
oL IR A 5 B sh, RN 22 R
RSN A B, R R 4 R A
-2(MMP-2) 1T} 98 /b 4 J@ £ 1 il 41 2340 36 DY 5 19 4
WSS AN, AR ED T PR IR, SDF-1/CXCR4
fig I~ 8 Ji g 240 B (DA B 53— (40 E-cadherin)o

AroL, #afkHF SDF-1 K32k CXCR4 ft
e 210 e A0 T 4 i e £ 2 RS AL v 1 S R o F
Snail 5 SDF-1/CXCR4 #4598 4 M if % 12 22 0L %
YIS, #RAAE X 4 B 2L B3R5 . fEdE MMPs f

S . HFEMF G S iR (W MAPK ., PI3K
FEVRIE AL . FEMP AT AR ZE ML R, Snail 5
SDF-1/CXCR4 1E AL AF A &4y, 80 A P
YERT . B3 Z 8] )2 5 AF7E B AR 5 AE ], Bk
PLI AT, Wi %t MSCs 8% J1 s m tufy, H
HI 4 B3l = 5T )

ARSLIGWEL T MSCs £ Snail FE K& 5 41 i
R ZAK CXCR4 FRik K-, 2R RSN B
LB S P MSCs [ SDF-1 [T F fig
P L e Snail JBORL AL Y Xf BEZS BURi Y MSCs EI’J
25 RPESN U ML F kI B R CXCR4 7E
MSCs-neo il MSCs-Sna BI4H AR 948 FH MR,
fH# MSCs-neo ™ h #5524 8 28 5k, 1 £
MSCs-Sna H1 CXCR4 »¢ 50 B BH 38 58 o I =X 40 i
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