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Spontaneous endothelial cells differentiation from rat bone marrow-derived mesenchymal

stem cells in vitro
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[Abstract] Obijective:To investigate whether rat bone marrow-derived mesenchymal stem cells (BMSCs) could spontaneously
differentiate into endothelial cells in normal culture condition. Methods: Primary rat BMSCs were separated and cultured to passage
7. The passage 3 and passage 7 BMSCs were prepared for this experiment. The expression of endothelial cell markers CD31, tyrosine
kinase with immunoglobulin-like and EGF-like domains 2 (Tie-2) and von Willebrand factor (vWF) in passage 3 and passage 7
BMSCs were determined by Real-time PCR,and the ability of angiogenesis were determined by an in wvitro angiogenesis kit
(Matrigel ). Futhermore,the expression of vWF protein in BMSCs were detected using immunofluorescence staining. Results: After
normal cultured to passage 7,BMSCs partly formed an oval shape. Real-time PCR and immunofluorescence showed that the
expression of endothelial cell markers were significantly higher in passage 7 BMSCs than in passage 3 BMSCs. In vitro angiogenesis
experiments showed that passage 7 BMSCs could form a mesh structure in matrigel. Conclusion:BMSCs in normal culture condition
changed their phenotypes,and could partially differentiate into endothelial cells spontaneously.
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FLAE O LA 53k | 1) PN B2 2 3 Ak 55 3 W80
S U LA 1] 43 A ) D7 B A A 50 LA 2
BigR S-EARMUE . 2 AN R (suberoy-
lanilide hydroxamic acid) k223508 m] N EE
L T] 53 A0 Y 5 1 2 A 5 N B A s 5 |
FARAMTT IS A B AE KT (VEGE ) 55 855070
For SR INT VEGE (50 Bl i 272 4 A=
K5 (bFGF) 1Y P B 0 g A= 4 3 5 BE A7 1 5
SR

A AT R RN 52 5T 4 (BM-
SCs) ] H AL A AT ARZEML, 1 107 5 Y ] 5
J 4T H & 530 A0 LA BEL 3140 1 K B BM-
SCs BETS A &40 0 N 7 A A WA S, R AR
SRR B BMSCs 7E1E 5 35 55 454 (RS INE:
A A7) BEAR E A oA A N B2 A

1 #RFsEE

L1 A

B TSR AFHEME SD(Sprague-Dauley) K5 (80 +
10)g[ F st BERLRF g sh Y bl s & MRS
SCXK (7)2002-0031], {ik DMEM (L-DMEM)
JEE FI I (1:250, Gibeo 22 W], SEIE ) 5 Jifi 4+ IfiL 75 (Hy-
clone 23 A}, FE[EH ) ;Percoll Wk B 40 L 43 B % (GE
Pharmacia 2\ A , 32 [# ) ;FastStart Universal SYBR
Green Master (ROX,Roche 2% A, Fi:);Matrigel
(Growth Factor Reduced,BD 2y #], EH) ; vWF Hifk
(Abcam A, FE[E);FITC bRidiEHi st —ht
(Bioworld 2AH], EH)
12 7&*
1.2.1 BMSCs B % & A3

R SD KB, TETCIE %A T Uk
1, F L-DMEM Mgt Bl 8 o i i B RS RS A
e B A ST 1,131 g/ml Percoll 4 g 4355 W A9
B, L2 000 r/min B0 25 min, Y A2
I Z AN, FH L-DMEM PE% 2 3k, ZJ5 LA 1.0 x
10°4>/ml WK EEHEERD TREFN, SRR 4L
10% FBS [ L-DMEM 7£ 37°C 5% CO, i %14+ T il
13597536 h Ja R 22 AR RE A, T 40 e 355 57
MRYEAMEARNE O, B 3 d il 1R, &2z
WAEEE H AL S ARG O, R 4l M 2E K
ZEFHIRIY 80%~90%0t , FH 2.5 ¢/L (B2 11 it}
THAL Rt 20 B SRR R 3 1y, ol e T 3
SO AT IR, B 3 d 2B 1 IR
2 IGEEAN A RS TS, PR AT R

e

THEAR, Gt A SR I, 55 32 4L MSCs 55 83k
HZRTELIR CD29 FHYEZ KT 97%., ASL5 BT 4
M A5 3 ARHIES 748 MSCs, MR 3 AL RS 748
21 14 d,
122 M EARISfE A R A S

H0.25% B AL A i, 250, 5 B H
DMEM i, PHEIREE 2 x 10° /em? T
TACHTI Matrigel BEHL AT 96 FLAR A , 0 B 4110 15 77
FEWN. 12 h JEUIERES 3 AR5 7 48 MSCs REATEBE
JE 1 JE B RAR ZE A
1.2.3 Real-time PCR BR_&

% TRIzol 77| & (Invitrogen Life Technologies 7y
A, 55 D UL IR 7 A SR BN, RNA, F-80°C &
f#. SYBR Green Master f2Ud P . 514975,
CD31: b if 5'-CTCCTAAGAGCAAAGAGCAACTTC-
3", Rt 5-TACACTGGTATTCCATGTCTCTGG-3' ; Tie-
2. % 5-GCTGAGAACAACATAGGAT-3', FifE5'-
CTGAGTTGAACTGAACAGC3' ;vWF. [ iif 5'-CC-
CACCGGATGGCTAGGTATT-3', Filf 5'-GAGGCG-
GATCTGTTTGAGGTT-3" ; B-actin: [ {i# 5'-CTATCG-
GCAATGAGCGGTTCC-3', Fiif 5'-TGTGTTGGCAT-
AGAGGTCTTTACG-3',
1.2.4 R R

BrFR AN 25155535 PBS Uk 2 Yk, K 5 min,
4% 1) Z2 B¢ W 35 IR AL [ 2 15 min, PBS PE¥ 3
W, K 5 min;0.1%Triton % 10 min; PBS WikiR
0 5 min; SPEGLE IR (BT = KA ) EH] 60
min; {5 5B N vWEF —$1(1:100) , & TR &
4°Cik e, BAYEXTRE A PBS 1UE—Pit ; 4°Cid i , T
H FITC ZEHRICH —HT (1:100)37°CHEH 60 min;
PBS Pk 3 YK, £FUK 5 min; DAPI(FUIH 2 = KA ]
YW a BTt BAMEE T IEHI IR,
13 %itss

K SPSS13.0 GEit 4R AT Bk T, £ 4t
PR + ARUEZE (X £ 5)% 7R, ANOVA J5k
WEATALRIAE S E AT, PP ELBCR ¢ KiG, P<
0.05 AEFAGIEE L, BHERER 3 X,

2 5 R

2.1 BMSCs % &5 6 Tk

BMSCs JRARHRBUEFIE ,3 d 2247 RIAT 76 1873
BN ERIANREANN, 6 d I RAETRIRAK (K
1A), HIH G AR, i 2T TR A (B 1B)
125 7 AT MIE A Bk As 85 AR A
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A:6 d BFAYJAY BMSCs; B 45 3 {8 BMSCs; G 45 7 fU BMSCs. BEF UL I, BMSCs YIRS H AL A #e 1 AUIE AT T .
K1 A BMSCs B2 B R SR M AL AR 255 1 A2 4 (x40)
Figurel Morphological changes after the primary BMSCs were isolated and passaged (x40)

RNl 2SN NG R (D
2.2 ARSM A R S

W45 340 58 7 48 BMSCs 43 A A T Matrigel
BN 1,12 h JE A5 R WR 5 3 /8 BMSCs ANfig
TEBERE FIE IR S5+ (] 2A) , T2 R A8 il A1
AR 557 1 BMSCs WIE % T 38 L AR S5 44 (]
2B), LERFHIE 710 BMSCs B4 B4 T N 40
PR R

"f“" ; . rd
\ - r
Y%
J.:"- - J‘
..*1-;5 v B

A5 318 BMSCs; B 45 7 X, BMSCs,,
P2 58 3 ARG 718 BMSCs HUPRSMIAE A LA J1 (x100)
Figure 2 In vitro angiogenesis of passage 3 and passage 7 BM-

SCs (x100)

2.3 Real-time PCR # | CD31 Tie-2 & vWF # &
ik

TSI F R IR AR T AR B S Bz Ay
FESEERR IR AR AL, o3 B AE 3 AAFEE 7 18 BM-
SCs # RNA 43 Real-time PCR #6455 L3 A5 7
X BMSCs 4 CD31 . Tie-2 & vWF mRNA 52357k
TREE 3 4% BMSCs &1 (P < 0.05, 8 3),

2.5 [ % 3 18 BMSCs
55 7 1 BMSCs
2.0
i\’ 15F
=
210}
£
0.5
0.0 —l ' !
CD31 Tie-2 VWF

555 3 1% BMSCs Mk, *P < 0.05(n = 3).,
P35 3 ACRIEE 7 1% BMSCs 19 N B2 401 57 52 Ve AR IR 9
mRNA F)IEKF-
Figure 3 mRNA expression levels of endothelial cell specific

markers in passage 3 and passage 7 BMSCs
2.4 SRR RAM VWF & &6 kA
B PE DN L5 B E 3 18 BMSCs JLF-JE vWF
Bk, s 718 BMSCs WA 8 S vWF A
Fik(E 4),

RIS =

ABIEFE R B B BMSCs FEAE AL AT 15
SR B AR R R, (EIE R IR A T 4l
MRS KA, FFRER T A A B
giliiog

MSCs N —Fp ZURE LA, FEiR) T B E
O WL 7 THT AR 132 B AL, AR 2 W 5T 3 T s
MSCs TEASNBEAT— REVALBE 55 JLHi IR |
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vWF

FFIPEX H

55348
BMSCs

55748
BMSCs

%5 3% BMSCs JLF-JC vWF & W&k,

DAPI Merge

TMi2E 7 1% BMSCs AT 4507 S/ vWF 2R 1 %A,
K4 535 718 BMSCs

VW 2 F HI#5 (x200)

Figure 4 vWF protein expression in passage 3 and passage 7 BMSCs (x200)

YU SRR S R A PR A I R A S 7 1T
A U o B o S L 5 B g n A
FEEBAL A B E S, 3 A —SEAI o K AR R 1Y)
MSCs 7E IE % 55 32 BB 50 T 3 & 431k R0 L4
Jif, K BLAG BMSCs 7E K530 25 4 R oMb 2
HIARZNM, [RIAs, MSCs 1PN B2 20 B A JET ARG &
B HAR PR BT BMSCs AT AT BB H &
I3k R N B 2L

5 HAE S SE IR AN R A2 , AR R IESE 0 B 5 5
R R P B AR R R SR L BN 5 MSCs 1] N JZ
YR S VEGF, T UEFE I DMEM 1 10%/i5
A IV P A TR R G5 AR I BMSCs Bl R
s, v sdA ARl R BMSCs 2RIE,
LYK MBS BMSCs BV BE IR A K TEA
L% 318 BMSCs {32 RIE . 4k2tZ10)5 , BMSCs )

AW A AR, MBS AN |, 255 7
mﬁ BMSCs A REmRAERK, BHFEES 2K
1“8 477 4K . Real-time PCR 2559 BoR%s 7 1409
BMSCs 5% 3 fUAH LL, A2 40 HEAR R4 CD31 \Tie-2

K vWF 3638 B30 E . %5 7 18 BMSCs fETE Ma-
trigel #EHE_ T S A A IR S5 44, 56 3 1€
BMSCs HAERAERIA, To M AE A= g J) ; R, 26 7
1% BMSCs B8 vWF E A3k,

BMSCs [1) [ & 58 oA 75, 2% b AR A
%%%ﬂélﬂﬂﬁwiﬁl%%é?éd%fémo SEM AR SR
HWRBZ, BT —EiESHHN, YUK B iE xf
BMSCs Eﬁﬁ%ﬂ:&ﬁﬁﬁﬂ’ﬁ Wi, Shi 5514 E 14 LE
JHIAMERLI F1303808 3 RhoA—ERK1/2-Runx2 i i
AT AR 52 0] MSCs B9 BB 34k 3E #5719 MSCs
FERIIIE 5 5 FT 2R 35 N R 4 A S M i % VEG
FR2 Tie-2 .CD31, HA i & 09 1L 45 A= WL 5E 7115 [\
FE ML B 10% 8648 38 1935 A0 T, Te i i 15 5
A JRRE i MSCs AL LA SME 27 Song
SR AN VEGF ZER T MSCs .o LA L
oA EEAE ] A TE KARIE T BMSCs 7EIK
HMER ISR A AT LL A &b N B 4, i H
i BLIMAE K R 2R 1 (AT ) BHIIF losartan 1T LA
R BMSCs H & b3 (Bl AR5 ) 475 BMSCs
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