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BHE T 4RSS B N B 4 R 7

R SNRR P RIFE E 1

g M Ok F* BEE F F K K BREF
G BERER AR RR 200 =, F3 2K FE 050017)

WE R FHABR K AE (fluorescein isothiocyanate, FITC)47i24) CD34 (FITC-CD34).
R e F BaE A AR L % 1 K 4 K B F (vascular endothelial growth factor, VEGF)i% 5
Sprague-Dawley (SD) X & % i8] 7L/t T 48 /2. (bone marrow mesenchymal stem cells, BM-MSCs)%*
T ARG W) B SR 40). B = 4L g ie B K 2R (acellular dermal matrix, ADM) X 2R 2847, 4
i SR R N L Al AT SD X kA A K 14 X, & R A R4 VEGF ¢ DMEM (DMEM
40)F EGM-242 £ (EGM-248), Ak o1& 5k S A 84 1 K e f. 14 K, BTk %9 & M 50 % (enzyme-
linked immunosorbent assay, ELISA)4&| &-48 4m fit,_E 7 /& + M A % (endothelin-1, ET-1)#= VIII B F
A8 % 4L/ (VIII factor related antigen, F-VIIIAg) &%, #4743t F 4 H, KELRLH, VEGFi#F
BM-MSCs 37 14 X, /0 2 “4h385” HHEF|, FITC-CD34 24 & % K, & safeib 34 CD31
F2 CD34 £ A FAt, 4afe/f ¥4 Weibel-Palade Mk, B8 A K @feeh4die. £SD KRR AEKT
RFa14 R, A E IR G HA4F4E, #H4L CD31 A= CD34 RiAfatk, AR m@mieEARSE R4 VEGF &
DMEM 32 73k fn EGM-2 3 ik ¥ &332 5% 14 R &, e £ 2|35 59K A, FITC-CD34 B A .
ELISA # % DMEM %842 EGM-2 41 % ET-1 #= F-VIIIAg 4% 9 21& T 5 $41(P<0.05). MIRALERE
7, BM-MSCs -5/ &89 i B e, RN IR £ ARG 45 1E; {2842 VEGF #F-5644K

http://www.cjcb.org

SRIERAP A K, Rk AE.
KA

‘B fiifi (5] 78 J5{ 141 A (bone marrow mesenchymal
stem cells, BM-MSCs) A £ [a] 434k AE A1 B B35l
BeJ), BE B RN ARE MM, (Vi L4
M. B4R, RRRidife, BEZMELqmme-s, 76
HAWEE P RARKM4 7. Fe
BB 4 A 1 A A4k, R TSR ERAR AR TR
TR EZERIE. L8 AN R EHAR TR
EWEEAREG . IO ANEHK, EEN
HhEFEFIIABE N AR, Ao IR B SLRFAE A i R 3
MM EHL TEMFHM, Hirf CRERD.
A 525K A VEGF % % 4 SD K il BM-MSCs 734k
FSCA A Z 40 L, BRTHEAR 40 255 T IR AR
NEA R R E .

1 #Ri55A%*
1.1 MSCs BRI ER

B2 A SD KB, iEvEgk, #EME, 150 g (ALER}
RELE Y FO5RE, SHIESRS: 906019), 4

HRET MM, AN, BT, I N R AERKET

HAM TSR, BE, RREFHE. FERELL
% DMEM 8% 3578 (HyClone 22 &)y Hi B 88, 203 L
B MAFEME 5B Percoll, ELRERAE
HZAMZE, A&E 10% lREmE. 10° UL EE
#. 100 mg/L #% F MK DMEM £ 7=#(pH 7.2)
FEFET 50 ml S5 IR, 40 MO FE 852k 3x 1054 /ml,
#HET 37 C. 5% CO, B MM . B4 R¥W 1K,
2 9~11 R41Emh A K4 80% LA_L, LA 0.25% fEE
FEEH A, 103 440, BB BT WL M
wEEW.
1.2 PRI 4R

¥4 —(P2) BM-MSCs H4LJG, 1% 2x10°5 4~/
ml ({40 35 BEBeRh T 50 ml 3530, &% 4l 5t
B4, FFAHMEEFRT & 10% FBS (Gibco 2 7).
10 pg/LILE A B 41 Bl F (vascular endothelial growth

Weks H #9: 2009-08-19 33 H #H: 2009-11-12
LA AR E S % BT H (No.C2008001030)
* W@IAEH . Tel: 0311-86266719, E-mail: zhanglei@hebmu.edu.cn
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W -

factor, VEGF) (Prospec A &)« 4 pg/L Bk er 44
K [F ¥ (basic fibroblast growth factor, bFGF)(Prospec
2\ RICHE DMEM 55353 X B 20 40 B4t LB it
) 10% FBS A& VEGF /X8 DMEM 15379 .
1.3 (AR 2R EZmBatEST

F5 = 4k ki 41 o B F7 3L i (acellular dermal matrix,
ADM) (bRUEHR A AR LR LRERHEFRA )R
HZEARPE ) DMEM 85889, HIRAIBE R “iF
47 R, MBS S AN 14 RAM, 1% 3x107
AN fml 4 B B, #FF T 5 mmx5 mmx3 mm ) ADM
FH L, ARTHAUREEIRE FRRET R,
14 ARMEHEE
141 %REREAFL A A 5 RA R FF 14
K {4 e, PR IE 2, Wh0 1 : 50 FITC-CD34 (ICO115:
sc-7324) % T PitA(Santa Cruz A 7)), 37 CECIRE
30 min, 50 pg/ml DAPI (Roche 2 7)) & He 41 fut%, {3l
B BB T W IETHE CD34 FItERIEER.
142 #HLHR WEBESHASMNEA 14K
40, BT 2.5% 1% 8, HEZERBK, 1%
kMRS % 5, Epon 812 A1HE, M), FREmEAI
BEER O B Gy, H 3L H-7500 i3 51 BT %2,
1.43 SRR (L)L F I S MBS A
S5t 14 RNAKRIE S, 95% LB €; BEFH
G4 553 IR 4L 4 ) ADM S B840 2 SE F 10% 48 D
A, EHBK. BW. AREAE, VRFEES pm.
A HNE Fr (R YINAKG, HO, 8 HAMNE SR, 1L
*#Hi K CD31 (1 : 50) [(PECAM-1 (M-20): sc-1506)]
(Santa Cruz 2 ") 1L ZEHT K CD34 (15 pg/ml) (R&D
AFNE 37 CIRE 2 h, L2EH PV-9003 RAF &L
EPEREMEARFR AR 1. RAH 24
F 37 CIEE 20 min, DAB B, HFAREEY, B
K BH. HE.
1.5 AR 40 AEES RE 1A
1.5.1 HRsER BUESFEEE N B AT
IR L AN, 43 B4 3x107 4> /ml A 40 BRI, b T3
SEALEREF ) S mmx5 mmx3 mm ] ADM 248 (5%
ML), #5353 K. 12 2 SD KREHEEH, #HE, 150
g, WALERIKZE LK Y LR, AIERS:
906160)BHHL 5 4 4, FFUEXTRAZ 2 4, 15413
H, 0.5 ml 10% K& F BN R . K
M ADMSZ 3 R 8 Ja, 4l T 12 2 SD
KB ALAHER R . 55T R 7 KA 14
K, BREES 1.0 ml 10% K& R BEASESY), braidt
4T HE (0157 CD31. CD34 i H L3 tn, i

b 1
1.52 4RIhEE HY 5 5 %55 Ja I W B2 41 B, 43
MBI T A& VEGF ) DMEM 335 3:(DMEM 41) Al
N 7 40 a1 5 3 EGM-2 (Lonza A ) (EGM-2 41)
14 K; PAMKEERE IR E SAMX EAMM 14 K, W
RE N MM AL, K FITC-CD34 bricd 4, 77
v AT
1.5.3  BHBE S 2 W B0l 52 755 (enzyme-linked immunosorbent
assay, ELISA) 43 # 1x105/™ /ml 40 R i, B0
WL S 4. DMEM 41. EGM-2 44t fe 40 55 3¢
14 REIARA, A 5 AT 1) RIPA S48 28 ph i (XA
KHERAFEAREGRAR), ki, &%, BHOKE LE
W, -80 Cixfr. W¥FHiM ET-1 (rat endothelin 1,
E062-80) ELISA i 51 & (GBD 2 &)l 1L 2EHT L VI
FAHISHT I (rat associated factor VIII antigen, F-VIIIAg,
F059-80) ELISA k7| &(GBD A &), 7+ Al & hr#EfL
2 EX ALY AR BRE L, BOLFI9ME, #R1ETL
YA HEAT . BEARIX 450 nm P BREUAFLG R 1
(A 1H), SRNEHE, 15 20brAE 2 M & FF 5 I A8 .
1.6 FKitFESH

K F SPSS10.0 e it 4y Hrik fh, $HE UL X+5 TR,
KH K Z 07 22500, SUNEYS:, Kr30 K #EA 0=0.05.

2 £ R
2.1 FESHMAMMTESETL

SD X BM-MSCs JRUH 3% 3 KJ5, 4G
WiEE, BM-MSCs 41l £ARTE, bEA& B F=6T [ 35 hn,
AR K, MRIEZEK. VEGF #SEHRE,
MM R, MABEH%E DN, HIRER., 55
B 14 K, AREEEN, 2I=MAF, Sk 2
“ERN” FEAR(E 1A). RZ VEGF SRR
HAlfR MR, EREKTAMU, Hpl <

E” (B 1B).
2.2 BFEEMBNEMREE
221 REKAAF B TU R P 2 40 e P 2k

X} FITC-CD34 Jiitk BRI A58 % R N.(B 24), 5
Fric I PE P40 B 5 90% DA b ; Xof R 20 48 fig X FITC-
CD34 Hutk i N A (E 2B).

222 EHBEIR FERERMHNEARER
2510~15 um, MIFTHRE. M/ KGR, K
TP EAERA. REMI(E3A). BORKM 2
FIVEEAE P o 5 6, 2 11 5 A R 45 #—— Weibel-Palade
/ME(E 3B).

223 S%EmieiLFE

e B R R N
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(A) (B)

Fig.1 Differentiation of the endothelial cells which derived from BM-MSCs induced by VEGF for 14 d
A: the endothelial cells differentiated from BM-MSCs were cultured in DMEM with VEGF medium for 14 d (induced group, 200x); B: BM-MSCs

were cultured in DMEM without VEGF medium (control group, 200x).

(A)

(B)

Fig.2 The endothelial cells identificated by FITC-CD34 green fluorescence
A: the endothelial cells which were differentiated from BM-MSCs induced by VEGF showed green fluorescence in the cytoplasms (induced group,
400x); B: BM-MSCs cultured in DMEM without VEGF medium did not show green fluorescence (control group, 400x).

Fig.3 Observation by transmission electron microscope (TEM) of the endothelial cells which were differentiated from BM-

MSCs induced by VEGF

A: the endothelial cell which were differentiated from BM-MSCs induced by VEGF showed cytoplasmic process and plasmalemmal vesiculae
in the cytoplasm (12 000x); B: the endothelial cell which were differentiated from BM-MSCs induced by VEGF showed Weibel-Palade (W-

P) body in the cytoplasm (arrow) (38 000x)

B2 =Ml 2, My EiEEmh A
Re dZIEE, AEMK L5 CD31. CD34 [
YRR B BRI 4A . K 4B); I L5 4l
M 2 ZA, 5raHEsl, MMM HCD31.

CD34 RMNFIPE(E 4C. K 4D).

224 RBEMLAF £ ADM YA FAK
7 KH PR 4 i S B TR B R, K, MR =5, A
faxtHi CD31. CD34 JufaFiAfHYE, M2k Py al BAR
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(A) (B)

Fig.4 Observation of immunocytochemistry against CD31 and CD34 of the endothelial cells induced by VEGF
A, B: the endothelial cells which were differentiated from BM-MSCs induced by VEGF showed positive for CD31 (A, 1 000x) and CD34 (B,

1 000x); C, D: BM-MSCs of the control group cultured in DMEM without VEGF medium showed negative for CD31 (C, 1 000x) and CD34
(D, 1 000x).

@A) , (B)

Fig.5 Observation of immunohistochemistry against CD31 and CD34 of the endothelial cells cultured on ADM scaffold for 7 d
A, B: the endothelial cells which were differentiated from BM-MSCs induced by VEGF and cultured on ADM scaffold for 7 d showed positive
for CD31 (A, 1 000x) and CD34 (B, 1 000x); C, D: BM-MSCs of the control group cultured in DMEM without VEGF medium on ADM scaffold
for 7 d showed negative for CD31 (C, 1 000x) and CD34 (D, 1 000x).
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Fig.6 Observation of immunohistochemistry against CD31 and CD34 of the endothelial cells differentiated from BM-MSCs
on ADM scaffold in vivo for 7 d and 14 d

A: the endothelial cells which were differentiated from BM-MSCs survived for 7 d on ADM scaffold in vivo and showed positive for CD31 (A,
1 000x), positive for CD34 (A-1, 1 000x); B: the endothelial cells which were differentiated from BM-MSCs survived for 14 d on ADM scaffold
in vivo and showed positive for CD34 (1 000x); C: BM-MSCs of the control group on ADM scaffold in vivo for 7 d showed negative for CD31
(1 000x); D: BM-MSCs of the control group on ADM scaffold in vivo for 14 d showed negative for CD34 (1 000x).

Fig.7 The endothelial cells cultured in the medium without VEGF in vitro for 14 d
A, B: the endothelial cells differentiated from BM-MSCs were cultured in EGM-2 medium (EGM-2 group) for 14 d (A, 200x) and did not show
FITC-CD34 green fluorescence (B, 400x); C, D: the endothelial cells differentiated from BM-MSCs were cultured in DMEM without VEGF
medium (DMEM group) for 14 d (C, 200x) and did not show FITC-CD34 green fluorescence (D, 400x).
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BRI -

HEPH(E 5A. & 5B); WIRAM M E LUK, &
#iA CD31. CD34, i MR WA R N (E 5C. E
5D).

2.3 NEMARAEFRE BYES E TR

23.1 A EE  ESDRKBUIAALANEKTR
(¥ ADM > 340 2R S /D B e B RIBOBCRT 4T 4 4
2 A, 14 RET ADM X3RRI B, fEH 414
HAMZE. 77 K5 14 K ADM SRR X
B, PN B4 B BT R, AR TR B E, R
FE, i CD31 1 CD34 K NFHME(E 6A. K 6B).
T ETE ADM X3RN LGN KA 2RI, SFAT
HEFI(E 6A-1). XA MEMEAL. =ABERR
¥, 41Xt Pt CD31 A1 CD34 Jx S FAME, MMk I
PR AERL(E 6C. E6D).

232 RIhEB BEF R A B 4l il 7E EGM-
2 BE R R SR 14 R, A Gits, B2 4K
SR, AL Uk B, 41 HX FITC-CD34 & M
(B 7A. K 7B); ZEA VEGF KK DMEM 357
BHEFE 14 KRG, A ER A Z U2 R, KU
REFHIXTRA “BE” F4M, FITC-CD34 frid
KRGEHRIG(E 7C. B TD). GLLRFF 14 RIiE
SHSXRA, MREE K FITC-CD34 tric kA &
2.3.3 ELISA ##] SRR, FHIUAHMM LFE
W ET-1 % #(0.86+0.02) ng/ml & F DMEM #{
(0.42+0.12) ng/ml. EGM-2 #1(0.25+0.06) ng/ml
%t #8201 (0.29+0.06) ng/ml (P<0.05); 1fi DMEM #1f
EGM-2 A 5XRALE, ZHLEBEMEP>0.05).
%S LiE W P-VIIIAg 5 £(0.74+0.1) ng/ml

0.97 , O ET-I
0.8f W F-VIlIAg
= 07}
g 0.6F
= 05f
g oaf
S 03f
0.2}k
0.1}
. - I
Group
Fig.8 The contents of ET-1 and F-VIIIAg in the different
groups detected by ELISA

1: induced group, the endothelial cells differentiated from BM-MSCs
were cultured in DMEM with VEGF medium; 2: DMEM group, the
endothelial cells were cultured in DMEM without VEGF medium; 3:
EGM-2 group, the endothelial cells were cultured in EGM-2 medium;
4: control group, BM-MSCs were cultured in DMEM without VEGF.

& T DMEM 41(0.48+0.12) ng/ml. EGM-2 41(0.50+
0.08) ng/ml X HE41(0.36+0.05) ng/ml (P<0.05).
DMEM 41 EGM-2 Al 5x A I, EHLEE
H:(P>0.05) (&1 8).

3 itit

VEGF 72 I & 4 M i # 70 38 5 () 25 22 ) 3 1A
F. EN4EN, BM-MSCs BANE X VEGF %1%, {H
VEGF ] Rl /M5 R 95 ) A2 A X 7 (platelet-derived
growth factor receptors, PDGFRs) i 7 BM-MSCs 1
¥, i it VEGF/PDGFRs {5 538 4%, 7655 A2 21
A R AR L A RS SRR FERE RN
% #1229 (diabetic polyneuropathy, DPN) A AL A A
¥ BM-MSCs, J\ VEGF, f& 8 B o B A AL
EAMERESVAEWLLLRE, RHFAEXH
VEGF 5 X [ BM-MSCs 76T B A 52 40 ffig, i
FLA M R P B7 40 PO R 1 5 W 0 G 0% A P Ak 2 4
fE. 755 S5eRUE, W 405 AIRE R T A& VEGF
(] DMEM 55 77 &A1 ) B2 401 i 55 57 45 EGM-2 1 14 K,
0 R T 2K 2 PN B A IRLRRAE, Kk R B R 5 S (O FR 4
FC) 200 L TS 25 R0 B 2 0 MR AK P AE, X P 52 4 B b
189 FITC-CD34 RN AYE. ET-1 5 F-VIIIAg &
K, DMEM 415 EGM-2 A Bk Ti% -S4,
mExt RAZENEEEY. RY VEGF SN
PN R Al L AE AR A R 7R, R MAS 2 A BT VEGF
I S

BM-MSCs 84 K75 = 4 (3% B R )35 32 48
_EP1E PDO/PVA [polydioxanone/poly (vinyl alcohol)]
T, R R BRI, WAl KA =Y
X A=Y A et IR =g = o AT 2t i U
AHFFRG T T T R N B 40 e Fh 21 ADM = 4 S 3¢
b, 7ERSMEH VEGF ) DMEM 35753 P 5597 7 K, 40
MaAEK: R 4F, HE& ik CD31 f1CD34. Chen &2
b6 B i 5 5% 77 ) MSCs, 7E Matrigel JEREF7 1 ML
A SER R I RE TR T A N AR AE, TE B4 I
M. SR, HIMEF L4 B RS ES 7E R I IR
AR R A A A7 R L 2R T AR 1 40 BRI 50 B S5 T 1
FE 5. De Bari 5K, EARIMFRIE LT 5
FHIME BRI MSCs B HE MR, (HIE/A N
AREFE R ECE - Mirza 250406 BM-MSCs Fi i 2
K ZBEE4 A (polyurethane patch) I+, 78 K BAA N 4K
PR, &L BM-MSCs 7E4h v B4 R TR, TE R
FHkEED Z RIS, FREFRENER, EiiAh
BN REE S TRILEARR. BSEROANE
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MMAEAEA R K RAF? B SCIRER D .
A58 SD K BM-MSCs % 5K 5 A S 4 e,
BeAp B = 4E) ADM X% &, B#hF SD KRALRA
LN, BT HRAMEIEHR ZE R SR HF R
Ri. ABRFRRIL, 355 R A B2 41 Bl 7E & 2 VEGF
FESHARTETAK 14 R, MHEE TR, HER
HIEASFFER A 40 RG22 RE I, X P R 4l bR i)
CD31 #1 CD34 3 e N FATE . IF 3244 P9 IR 5% RE 88 38 B
B3 TE R N B2 40 BRI (A AR 77, XA R TRE4L
MENEFRFHARMECRBET EEEHE.
Lozito SFUS SRR IR, PR K2 40 M7= A= B A B 5 o i
753 BM-MSCs MU ECA P9 B2 40 ffl, AN 75 2 VEGF 8¢
IV BB R Je 41 4 &5 & Z (fibronectin) FIFF7E . BEAb,
M E5KE 1 (Angl) el i 40 fIAME 5 V815 8RR 12
(extracellular signal-regulated kinase 1/2, ERK1/2)%:i%
29 BM-MSCs & VEGF U7, 7EHI4AMA, BRI,
2. B R, BRI SS T R4 K T DL
A FIZR 1% VEGF U829 HlL4k N TR B R
A PRI ) VEGF, BB 0 4l A Frig gt b F5 &tk 18
RTEARINE S TR A R 40 B, Ref8 70K 2 VEGF %
SHERNREREETR, HREHARE. MER
HMEFREF AR SR A LM, B TREN
JEMEVEGF R lt, TE R B HEFREP M VEGFZ G, H
P9 B2 4 B AR A (R 0 DA R T 25

2 FRTR, ARSI BM-MSCs % ST B N
B4 A, FEAR P Ah 235 IR b, HRBMESE .
SRR, F IR N B A TR A RS e A
kR, RFHRMATEE M, MEAKIEFEDE
K, H#T VEGF 4.
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Phenotypical Stability of Endothelial Cells Differentiated from
Bone Marrow Mesenchymal Stem Cell in Vitro and in Vivo

Yue Dong, Lei Zhang*, Su-Xia Shao, Qing Yin, Wei Chen, Chun-Fang Zhao
(Department of Histology and Embryology, Hebei Medical University, Shijiazhuang 050017, China)

Abstract The endothelial cells which were differentiated from bone marrow mesenchymal stem cells
(BM-MSCs) of Sprague-Dawley (SD) rats induced by vascular endothelial growth factor (VEGF) (induced group)
were identified by fluorescein isothiocyanate (FITC) labelled CD34 (FITC-CD34), and assayed by immunocy-
tochemistry against CD31 and CD34. The ultrastructures of the endothelial cells were observed by transmission
electron microscope (TEM). After then the endothelial cells were seeded onto a three-dimensional acellular dermal
matrix (ADM) scaffold, and transplanted into skeletal muscles of SD rats in vivo for 7 d and 14 d. DMEM without
VEGF medium (DMEM group) and EGM-2 medium (EGM-2 group) was used respectively to culture the endothelial
cells for 14 d in vitro, and the contents of both endothelin-1 (ET-1) and VIII factor related antigen (F-VIIIAg) in
different groups were detected by the method of enzyme-linked immunosorbent assay (ELISA). The results showed
that after being induced by VEGF for 14 d, BM-MSCs were arranged like “paver”, which showed green fluores-
cence of TITC-CD34 and were positive immunocytochemical reactions for CD31 and CD34. TEM observation
found that there was typical Weibel-Palade body in the cytoplasm of these cells showed the endothelial features. The
endothelial cells survived and kept the endothelial features in vivo of SD rat for 7 d and 14 d after transplantation,
these cells were positive reactions for CD31 and CD34. In contrast, after being cultured respectively in DMEM
without VEGF medium and EGM-2 medium for 14 d, the endothelial cells did not show green fluorescence of
TITC-CD34. ELISA results displayed the significantly lower contents of both ET-1 and F-VIIIAg of DMEM group
and EGM-2 group than those of induced group (P<0.05). This study demonstrated that the endothelial cells which
derived from BM-MSCs induced by VEGF could keep the phenotypical stability in vivo, but could not maintain the
stability in the culture medium without VEGF.

Key words  bone marrow mesenchymal stem cell; endothelial cell; inducement; vascular endothelial growth

factor
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