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SDF-1 {23 BMSCs [a I & A B2 48 A1 5344

& Ay, R (400038 HEPK, 55 — 42 PR R4 DU g R Be O L N L)

[FBZE] HM  EITA R4z -1 (stromal cell-derived factor-1,SDF-1 ) Xt A &% 16] 55 5t T 40 il ( bone marrow
mesenchymal stem cells, BMSCs) [] .5 P fz 41 i3 ( vascular endothelial cells, VECs) /2 bLI1ER . Ji#:  BMSCs 43 h4s 40
(A 41) ;52841 :10.25 .50 ng/ml, SDF-1 41 (BI.B2.B3 41),25 ng/ml. VEGF + 25 ng/mL SDF-1 41 (B4 21 ) ; & I8 41.25
50 ng/ml. VEGF 4 (C1.C2 A1) , 7EASINAH R AR A ¥ TC VS 35 37 A b5 5 12 do SR 24U A I 355 /5 BMSCs 1Y
1f/N P 2 40 I 5 BfE 737 ( platelet endothelial cell adhesion molecules, PECAM-1 Bl CD31) . Ifil & 4 1fiL 2 955 IRl T ( von Wille-
brand Factor, vWF) FEiR1E ML, SEHY oG i PCR /&I vWEF CD31 | Ifil 45 4 i %6 [ 43 F-1 ( vascular cell adhesion molecule,
VCAM-1) il % N Bz A2 K R+ 3% 42 (vascular endothelial growth factor receptor-2, KDR) | Ifil. & N Kz 45 %4 & H ( VE-cadherin ,
VE) 235, 4558 B4 41 KDR,VE vWF CD31,VCAM-1 33k & CD31 .vWF BHM: 43 5% B1 B2 B3 B EFHE (P <
0.01) ;B4 41 VE vWF £ ik# C1 418 FTF#5 (P <0.01), H vWF P54 C1 414 58 3 Jh = (P <0.01) ; B4 41 KDR,
CD31 ,VCAM-1 33A K& CD31 FPE#EL C2 4R THE (P <0.01) , H CD31 B4 C2 AW R FHm (P <0.01) . &5

SDF-1 % BMSCs |1} VEC 43k &2 74 , W6 & 8 F SDF-1 F1 VEGF 1] LIBE 474 {2 iF BMSCs Ju) VECs 434k,
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[REESHES] R322.12:R329.21;R329.26 [EtiREm] A

Effect of SDF-1 on mesenchymal stem cells differentiating into vascular endothelial cells
Feng Liu, Chi Luxiang ( Department of Cardiology, Southwest Hospital, Third Military Medical University, Chongqing, 400038, China)

[ Abstract | Objective To study the effect of stromal cell-derived factor-1 (SDF-1) on human bone
marrow mesenchymal stem cells (BMSCs) differentiating into vascular endothelial cells ( VECs). Methods
Group of experiments: a blank group ( A); experimental groups: groups of 10, 25 and 50 ng/ml SDF-1
(B1/B2/B3), and group of 25 ng/mL VEGF +25 ng/mL SDF-1 (B4); and control groups: group of 25 and
50 ng/mL. VEGF (C1/C2). The BMSCs of different groups were cultured in serum-free media with the
corresponding cytokines for 12 d. Immunohistochemistry was applied to detect positive rates of CD31 and von
Willebrand Factor( vWF) on the BMSCs. qPCR was applied to measure the mRNA levels of vWF, vascular cell
adhesion molecule( VCAM-1) , vascular endothelial growth factor receptor-2 ( KDR ), VE-cadherin( VE) and
CD31. Results The mRNA levels of KDR, VE, vWF, CD31 and VCAM-1 and positive rates of CD31 and
vWF in the B4 group were significantly higher than those in the B1, B2 and B3 groups (P <0.01). The
mRNA levels of VE and vWF and positive rate of vWF in the B4 group were significantly higher than those in
the C1 group (P <0.01). The mRNA levels of KDR, CD31 and VCAM-1 and positive rate of CD31 in the B4
group were significantly higher than those in the C2 group (P <0.01). Conclusion SDF-1 can promote
BMSCs differentiating into VECs, and SDF-1 combined with VEGF is more effective than single use of VEGF or
SDF-1.

[ Key words | stromal cell-derived factor-1; vascular endothelial growth factor a; bone marrow mesen-

chymal stem cells; vascular endothelial cells
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K& RS ZEALR NSRRI AR Z — , 7 BRI
PR L% (Ischemic heart disease, THD) F14h ] sh ik ik
Aseh A MRS R R T R gtan . S T
LB 5T TR, N B 8] 38 5T 40 g (bone marrow
mesenchymal stem cells, BMSCs) il 5 T Il & 165 M &
7 A FOS R AR . I P A 1 T (vascular
endothelial growth factor, VEGF) J2&35 il il % 2 & & A=
Y E R« N R R R A A S 2 D I Y A A S
INERTT EE VEGF 2 5 KL 5t 40 417 25 X -1 ( stromal
cell-derived factor-1, SDF-1) X} £ Ff T 40 jtg 32 #4 1k 1E
H BoRrrgE " Y W] SDF-1 34 AT 520843+ 40 g
AR R 20 Wb o INLAE° PN K2 48 i ( vascular endothelial
cells, VECs) J& Ifil 4 45 14 1) 35 S 20 L #8 0, B Hr g xF
SDF-1 [ ff 58 £ 2 AL b T H @k AE T, i SDF-1 X
BMSCs [1] VECs 43I E I i AR A RARE . AL
WA IR &%) SDF-1 84 VEGE T3, 485%
SDF-1 %} BMSCs [r] VECs 43bBI520

1 #REFE

1.1 ##

A BMSCs JE A 40 1 11 5% [ Sciencell 23] ; a-MEM 3537
#£,04 A HyClone AW HHE R R AW, WA B KA T,
Recombinant Human VEGFA 165, Recombinant Human SDF-1a,
W H R&D Systems A &l ; bt A vWF FLiE Ghi A CD31 Hifk
W H Abcam 23 5] 5 & 1 FHT A TeG A A a0 & . DAB (]
& H A S A2\ W) 5 Total RNA $2 B 57| RNAiso Plus .
PrimerScript RT Master Mix Perfect Real Time i | Takara 2\ 7 ;
SsoFast EvaGreen Supermix ¢ F Bio-Rad 2\ ] ; Oligo 5|46 i i
AN ERRIER A A 5E M.

1.2 @i

JF AL BMSCs & 75 J5 LA 5 x 10°/cm® (0 %5 Ji FhfH, 52 &
80% Rl A 1244, A0 RE IR 226 3 AA(P3) I T3,

1.3 BSMCs ) VECs #9345 1L B 5 36 54

i f8 SDF-1 F1/88 VEGF SN & /20 : 25 4 (A 41) 55
I5¢H .10 ng/mL SDF-1 £ (B1 4H) .25 ng/mL SDF-1 0 (B2 4) |
50 ng/mL SDF-1 41 (B3 41) .25 ng/mL VEGF +25 ng/mL SDF-1
ZH(B4 #H); % BB 4H: 25 ng/mL VEGF 4 (Cl #4) .50 ng/mL
VEGF ZH(C2 ),

WS W TE 1% TR R 1Y o-MEM B3R5, 4243
537 m SDF-1 F1/8f, VEGF, 28 AR I M X 7. #%
BMSCs(P3) L 2 x 10*/cm® 8 B R AR RS S0 R, U I ol R 5
WEEFR 12 d, R 2 R 1 RS IR, W0 T WLEE
1.4 S Jz AALAE M 5 3 )5 48 el do /s AR R R 48 el b TR

2~-F (platelet endothelial cell adhesion molecules,
PECAM-1 Bp CD31) ., o % M 2 & 5% B F (von
Willebrand Factor, vWF) [P %

BMSCs Y3455 , R & 1% HHEHE R o-MEM

P ANMEE BE R 1 x 10°/mL BERh T & IO B #Y 24 FLAR e

h, AT 4% 20 3R WP [ ; S H SV F e B R 2 IR A e
R G ] A5, 45 ST - DL B BT AR e Sy BH P, B AL
s ARG (x40) BUEFrb BRI T 0%
1.5 5Bt B2 % PCR & vWF | e 5 29 fe 55 T 45
-1 ( vascular cell adhesion molecule, VCAM-1) |
f 8 A R A Kk B F 2 4R-2 (vascular endothelial
growth factor receptor-2, KDR) | sz & P & 45 b &
& ( VE-cadherin, VE) .CD31 %i%
T A5 TS 5, SR BUAL RNA, 10 5% S ¢DNA,
AL RNA (42 HL cDNA (14 L B Q-PCR [ j 14 78 ¥4 4% IR
R BRI B IEAT . 51975 : vWF L% :5'-AGCCCATTT-
GCTGAGCCTTG-3", F Ji#: 5'-CCTGGCACCATGCATTTCTG-3';
KDR | Ji#: 5'-TCCTGTATGGAGGAGGAGGA-3", F ¥jif: 5'-CG-
GCTCTTTCGCTTACTGTT-3"; VE FJji#:5’-GGCTCAGACATCCAC-
ATAACC-3', [ iji#:5'-CTTACCAGG-GCGTTCAGGGAC-3'; VCAM-1
¥ 5'-CAAAGGCAGAGTACGCAAACA-3", T Jif: 5'-GGAT-
TTTCGGAGCAGGAAAG-3';CD31 k.5 -TGTTGACATGAAGA-
GCCTGC-3', Fi#:5'-ACAGTTGACCCTCACGATCC-3',
1.6 it 54
N FH SPSS 13. 0 Geit 3k (i 47 G 3125 43 Bt , Bl Lhx = 3%
N, A MIBEECR R 2 7 22504

2 HR

2.1 BMSCs #$aEHE
BMSCs i T e ML A2 B (K 1), 55 5501 BMSCs £
KARIEMMEHER , 75 T 05 9 K Ak 240 i 558 5K 434k BMSCs 4% 5 [t

&

El1 BMSCsiSR(A) J5(B)BRIBETRHE ( x200)

2.2 RIRALAFAEN TS w e CD31 vWE kA

B 5 20 BUAK 2 K I 4% 20 CD31  vWF [H PR L& 2 ~ 5.
50 ng/mL SDF-1 #H (B3 41) CD31 [ % 45 25 ng/mL VEGF 4
(C1 2H) .50 ng/mL VEGF 4 (C2 ) 22 7 BA WEE (P <
0.01) ;B3 2 vWF PHH:Z4: C2 41.Cl & F B2 (P <0.01),
B3 41 CD31 J% vWF Pl 1245 10 ng/mL SDF-1 41 (Bl 41) 2% 5%
TeHiit2# 2 X (P >0.05), 18] 10 ng/mL Fl 50 ng/mL iX #4~
F Y SDF-1 XF+ BMSCs [n] VECs 4L AR #EVE FA BR

25 ng/mL VEGF +25 ng/mL SDF-1 41 (B4 #1) CD31 fHTE
245 10 ng/mLSDF-1 41 ( B1 £) .25 ng/mL SDF-1 41 (B2 41) .
50 ng/mLSDF-1 41 (B3 #H) .50 ng/mL VEGF 20 (C2 #4H) % 74
2 (P <0.01) ;B4 4] vWF [A1E:%%s B1 B2 B3 41.25 ng/mL
VEGF 21 (C1 41) 2R HAGI2#E X (P <0.01), )i SDF-1
64 VEGF fi ik BMSCs [7] VECs /bR BT,
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100
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SHE 60
2
= 40
o
a
o

20

A Bl B2 B3 B4 CI (2
415
a; P<0.01, 5 B3 2atk#;b: P<0.01, 5 B4 2a1b %
E4 £ CD31 REALLFAMEZR

2.3 Far# k% PCR %M KDR,VE vWF CD31 .
VCAM-1 %345

K6 ~10 75 : D50 ng/mL SDF-1 41 (B3 41) KDR. VE,
vWF.CD31,VCAM-1 [#j % ik %% 25 ng/mL VEGF 41 (C1 41) .
50 ng/mL VEGF 20 (C2 #) 2 R B % (P <0.01), 754}, B3 41
CD31 . VCAM-1 [R5 A AERAFFHIFEE X (P<0.01);
10 ng/mL SDF-1 41 ( B1 #) KDR ., VE vWF (/) 3 ik %25 [1 41
(AdH)HEF B (P <0.01), ¥LH 10 ng/mL # 50 ng/mL

5 4 4 EBA 40 FCL45GiC2 4
ST S E2 KA D3 RBEALKEE
L B (S-P)

"y A » o > &
\ 1\ o ¥ R |
[ G . q
< 3 > N 4 ﬁ ’
4 _,
- L) - L) 4 < A
# £ N A 2 D )
- 1 v ‘,‘ ) - o) i Be i 1
4 ; N - ¥ {‘ oL o 5 s * . %
L 4 f ‘.\ : o oo 0
A L 7 3 - -

200 ping 5 200 il | ’
H R = "™ ~ D
! g . 3 _ NERY
- P TF “WE ey
- 5/ \ 4

A: XFR&ZE;B: B1 48 ;C:B2 48 ;D:B3

S \ S ¢ Z0;E:B4 28;F:Cl 28;G:C2 4

“ 1 LS 2 P g p e
VO N ms s v eeasesne

\ | & N ML (S-P)

80 F ab

2= a0}

20

A Bl B2 B3 B4 Cl (2
ZH 5
a: P<0.01, 5 B3 z0bk#;b: P<0.01, 5 B4 401k
B 5 &4 vWF g Aaay TR

SDF-1 %} Ffi ik MSCs 1] EC 43 4bA — & 20, (H 2 AE A BR .
@ 25 ng/mL VEGF +25 ng/mLSDF-1 4 (B4 #4])KDR.VE .vWF
CD31,VCAM-1 )% 35%¢ 10 ng/mL SDF-1 4 ( Bl 41) .25 ng/mL
SDF-1 20 (B2 #H) .50 ng/mL SDF-1 4 (B3 #4H) Z R B & (P <
0.01), B4 # VE vWF [{3555%5 25 ng/mLVEGF 41 (Cl 4) 25
53 (P<0.01),B4 41 KDR,CD31 ,VCAM-1 f{ 5% 50 ng/mL
VEGF 4H(C2 1) £ R 52 (P <0.01), DL 45 EI SDF-1
X4y VEGF REHE 4T Hbfi i/F BMSCs [1] VECs 43k
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iz 5L ab X« l4r
«] ® ab
K 12 | ac
+— 4r ab ) =Y
= abc m 10 F ac
oz ac &=
- 3+ s st
z Z
= 2f & a g 61 a
— = g4t
E‘ 1 L E | (&
o &) 2
-
0

a: P<0.01, 5
5 B4 sarbdx

A Bl B2 B3 B4 (C1I C(C2
2H5

A 2a1b3;b: P<0.01,%5 B3 404 ;c: P<0.01,

6 %% CD31 mRNA ¥t E*S

121

Rk

vWF mRNA AHXf

A Bl B2 B3 B4 Cl (2

215
a; P<0.01,5 Anrei;h: P<0.01,%5 B3 4atkd;c: P<0.01,
5 B4 stk

E7 %% vWF mRNA 13 RKiES

14

KDR mRNA Fixf ikt

ab

ab

ac  abe abc

A Bl B2 B3 B4 C1 (2

215
a; P<0.01,5 A 403t%;b: P<0.01,%5 B3 4k4i;c: P<0.01,
5 B4 Atk

El8 %2 KDR mRNA HxRizE

201
I
15k
K
=
=
= 10f
=
Z
a1
g 5t
=
-

ab

ab

abc

ac

A Bl B2 B3 B4 C1I C(C2

215
a: P<0.01,5 A4ki;h, P<0.01,5 B3 421k ;¢: P<0.01,
5 B4 a4

B9 %4 VE mRNA i &RiES

A Bl B2 B3 B4 CI (2
20571
a; P<0.01,%5 A Z11k3;b; P<0.01,%5 B3 Zaiksk;c; P<0.01,
5 B4 iz
10 #%&%H VCAM-1 mRNA 3 Rk 2

3 g

Aok BMSCs PR H: 22 ] Ak 5 RE L A1 B 928 i 1
TCAS B P04 34 n g T 40 AT ) B 9 B, D
THD 8 00 IV 0 e 24 A Th 3006 B8 238 e e () 956 0
Z—o I, BMSCs BA T O L9 B B R TG 97 44
TR A,

CD31 J2Ur A JIE3 A 4 B0 5 B 14 PN 2 200 i 85 40
T, AR U PN R 40 1] 3% 15 i Fa 2 7  VECs R vWF [
WP /M AEREL, FlIE CD31 5 vWF 225 VECs 1)
ZMbREY . KDR J& NI R4k i F b d e i b
W VE AT UE T 40 5] VECs 434k, 2 35 A0 45
VECs &4 1 fese M ; VCAM-1 &35 FI6 1kl VECs I,
5 VECs BZh AT A 6. R, A 55 oK FH 4o 2
HAUE2ARIC vWEF R CD31 % 5 40 i P 5z Ak 1 B
#;Q-PCR & &Kz 734k J5 BMSCs (1) vWF, VCAM-1 |
KDR.VE .CD31 [k,

SDF-1 ph & R4 o0 b, EBARMREHE ST
ik, SDF-1/CXCR4 %1l i ¥ % MSCs 3h 51 L%
R 5 e R R 0 40 R 1) 2H B9 403 3R A A 0 B i
Tl 7l ARG & BN AR TR I SDF-1 18 Al LL7E — 5
FLRE FAEE BMSCs ] VECs 434k, Pasha 25" i K K
IHD # ARk SDF-1 FiAb ¥ 3 i) BMSCs 7 , & PLHiAb
FH Y BMSCs #5358 BMSCs () VEGF 43I i 2 e
Oswald 25 3F S ARk B8 10035 57F ,50 ng/mL VEGF
A% 5 BMSCs 43k VECs, i oo 4% 52 56 45 51 o
BMSCsAN[A] ()40 AL 2%, #E) SDF-1 ml GE7F — 2 2 % I
et T VEGF 43 b, M52 1 BMSCs 1] VECs 44k,
Chen %% 3 14 Boyden /N2 i:iE 52 SDF-1 1 b #a1k
P SDF-1 Hk ok 50 ng/mL B4k VR H 35 2 &
Wy I E 10 ng/mL F1 50 ng/mL SDF-1 22 Fr DA Xt
{2t MSCs [1] VECs 23 kA5 5 i, {H 2 1 FH A FR B 5
TR R AT E TR A, 5 & e ) £k
T BEER .
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40 M e AR IOE P (%) e B [ R T ] i 40 B 42235
I7 T oAk, DR I BR A 3 4 T 20 0 Ak i £ 50l i
X F . Guiducei 2 Tang 212 S S 5T R PR
BMSCs 7Ef& N 2 i 8L SDF-1 5 VEGF & 2 M fig i 43
WEL G, X A SDF-1 5 VEGF n] RE7E{5F 51 % 2
[ A7 AE 3 — S A R AR AR o AR S0 i e I v
R A AR E R AT, B
25 ng/mL VEGF Bt 25 ng/mL SDF-1 %5 HoAh 57 5
SDF-1 5 #l VEGF , A] K ME £ 5 MSCs Hy /b0, X
— R IAT 2L, YA P B AR A B R
P SDF-1 43 Wb, 5 8 MSCs [n] Sk 1L 5 5 41 8L i 75,
SDF-11 VEGF A8 & ¥ [a] , D1 412 i 22 48 )5 1) BMSCs
R AL 1) VECs 434k .

28 FRrdk, T SDF-1 5 VEGF BYAHE 520 , A1
SDF-1 %t BMSCs [a] VECs b 2] T2 E/E T, Bk
i/ SDF-1 #1 VEGF 1] DL 3 it — 2 A9 $2 = BMSCs [1]
VECs B4 %
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