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Effect of Endothelial Progenitor Cell on the Phenotype Transformation of Cultured

Rat Vascular Smooth Muscle Cells Induced by Angiotensin [I

FANG Li, CHEN Mei-Fang, YU Guo-Long, XIAO Zhi-Ling, and XIE Xiu-Mei

( Department of Cardiology, Xiangya Hospital, Central South University, Changsha 410008, China)

[KEY WORDS] Endothelial Progenitor Cell; Vascular Smooth Muscle Cells;  Phenotype Transformation; a-SM-
actin; Osteopontin

[ ABSTRACT] Aim To explore the effect of endothelial progenitor cells {EPC) on the phenotype transformation of
cultured rat vascular smooth muscle cells ( VSMC) stimulated by angiotensin I . Methods Mononuclear cells were i-
solated from fresh cord blood by 3% Gelatin and density gradient centrifugation. Isolated cells were cultured in EGM-2
medium supplemented with 20% FBS, VEGF, bFGF and other growth factors.  Biological features of EPC were observed
at different time points, and EPC was identified by morphology, fluorescence double-staining and flow cytometry. Indirect
immunofluorescence was performed to analyze expression of o-SM-actin, calponin of VSMC special antigen. RT-PCR and
Western blotting were performed to analyze the effect of endothelial progenitor cell conditional medium ( E-EPC-CM, L-
EPC-CM) and human umbilicus vein endothelial cell conditional medium (HUVEC-CM) on Ang Il -induced expression of
a-SM-actin and oéteopontin in VSMC. VSMC was divided into control group, Angll group, Angll + EGM-2 group, Ang
II +E-EPC-CM group, Angll +L-EPC-CM group and Angll + HUVEC-CM group. Results  After stimulation with
angiotensin II for 48 h, the expression of the a-SM-actin mRNA and protein significantly decreased and the osteopontin
mRNA and protein markerly increased compared with control group, suggesting that VSMC was changed from contractile to
synthesize type by angiotensin [[.  Treatments with E-EPC-CM, L-EPC-CM, HUVEC-CM, especially with E-EPC-CM,
could inhibit significantly the down- regulation of @:-SM-actin expression and the up-regulation of osteopontin expression by
Angll. Conclusion  EPC could inhibit the phenotype transformation of VSMC from contractile to synthesize type in-
duced by angiotensin II.
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1 #HEAE
1.1 ##

EPC % 3 T A4 du o, B 5K B B 7= 7t A
HELESRERFH; VSMC(LERELHRER
AR, ATCC £, % 5 CRL-1476™) ; Dil-
ac-LDL( Molecular Probes A5 ) ; i1 ¥ % % Il (Ang
I).FITC-UEA-1,6% £ L EER R AK L B4
# & Ficoll-Histopaque-1077(Sigma A & ) ; A4 4 &£
# & & (Chemicon /2 7 ) ; EGM-2 3% 5 # ( Cloneties
AR );DMEM fuft (W FEHREAR
NF);CD3M LESEBRAK. BERARET
(von willebrand factor, vWF) \J ¥ % % & #i K.
CD133 % % % & 34k . VE-cadherin (CD144) % % 7
i 4tk \Flk-1 (KDR/VEGFR-2) h B % 72 B Hi 4k &
CD146( MEL-CAM) /) B, # % & 04K (Santa Cruz
#0);BREERETEHAE(EE Abcam 21 7)) ;o
SM-actin MR 2 ERHAF CY3 FRRLERDR
EC(PERARBLENT);ERYEA RER
B 34k ( NeoMarkers /A & ) ; B-actin /) B # 3 & Hi 4K
(RINBEAEHTRANET);PCR I M LEERA
7] 4 B ; Hoechst33258 #n MMLV # % % B (TaKaRa
/A% ) ;Trizol .2 x PCR Master Mix ,SDS-PAGE BRI
#R A & Western & IP 4 i #% .BCA & W E
# £ X # £ BeyoECL Plus 4 Z X K XA L (EE R
EYBEARFRI) ;BB 4 %K B (£ E Minipore 2
) ;7 A 4 M FACS Calibur(F % A ¥ KR % =

ERYOERE),
1.2 AFmEMZAENSEEEF
XRAEEREBCELBEAFLENMN S
RE¥ ABHEFLA0~50 mL, WNEE 6% ET
ERBXARA, HBE30~60 mn FHRILELE
BB 9 %0 (2000 /min, 20 min), F k¥, D-
Hank's RER AR AKX R EWEAKECHR
48 #% Ficoll-Histopaque-1077 t, im A Bt 40 B & &
RESHEHERL BERRE—RE(HREHLER
5 Ficoll-Histopaque-1077 4k (. b 1: 1), 2000
/minEEELCIO min; FOEL N4 ELEAL
% .D-Hank’s B R ML M, R B AL e P R4 1,
FEAKEERSER, AERE LEXRHAMLE
RENKEEUBERET Y ENBAR KEOEE
WETREELE P, 5wl D-Hank’ s Kk %
2 % (2000 t/min F % 10 min)
1.3 AEBERNESSMLEIES
LRAFHENB MG B, FLE,
ANEGM-2 % 4% 5% (4 5%FBS 0.5 mL VEGF.0.
5 mL EGF.2 mL FGF.0.5 mL IGF-1.0.5 mL Hepa-
rin\0. 2 mL Hydrocortisone 0. 5 mL GA-1000.0.5 mL
Mascorbic ACID % % %100 ku/L.4% & £100 kuw/L,
KABESw/L)ERGH, L2 x10/7EH T 10
my/L AFBEEF AR 4h 86 LARERK;
E31CS5%CO, ARBHREER, B3 XL BEA
FHRREREERE K 4R R E R S
GREBEIMETARBREVARMHHE,
EFRHERKESRUEIBER,
1.4 HEBEAARB Dil-ac-LDL RELEE UEA-]
RgEARE
HRREREHR 4 RELWEPC, EHEKER
Fibronectin B W LW EH i 1 6 LA+, A K
%% 80% &, # R H¥ im A4 Dil #738 # ac-LDL
(5myL),37CBAXBE4h REAIL FRFE
=% 10 min,PBS Bt B, B 5 WA BRI R
4% A % FITC-UEA-1(10 mg/L) # %8 ¥ 1 h, Ho-
chest33258 % 20 min X E K L EHE TRE,
ERaO6HRNEMA ac-LDL |, B FRER K
W@y UBAl E ERX RSN ERE R
#,AH & EPC,
1.5 FRARULNAFAAREBREES
HUERRE S 14 R A4 W EPC, K £ 2 x10°4
WK, AC ¢y PBS 3% 4 M 1 % ,800 /min H& 5
min;4% % ¥ ¥ 8 B & %} 30 min,800 t/min F:L 5
min;PBS # % 41} )& 800 r/min &« 5.min;2% BSA
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kL # A 60 min,800 r/min w0 5 min, £ H & ;
48 N 1: 100 % % t4 CD34, CD133, FIK-1,
vWF .CD144 % CD146 ik 4 & 60 min, 38 R
FlkFEH AR NEEF & R IC 4 F & x
B .PBS & & 4,800 r/min &0 5 min, Sk E K E
& —H,EE — KRB MmN FITC AR 8 =40, %
F# % E 40 min 5,800 r/min 12 S min, £ %
60, EE K RAARVURMAAE, GF
1t # 10000 4™ 48 .
1.6 EEEREEALRIFEN c-actin FFTEAHE
BRRE

HUVSMC B, #HERERLHEHFIWO
LR KR A 80% 5, RAR B, A PBS %
#H3K, AN 1 mL4% % R FEE, BT 20 min;
PBS #% 3 %, % % 5 min, % & & #& ;0. 5% Triton X-
100 # & 10 min;PBS %% & 2% BSA % 3 H 60
min; £ HAR, A EEFH EwA L 100 FEE
a-SM-actin .45 ¥ & & 34K (50 pL) % A 60 min;
PBS k%3 K, HA S5 min, kR kL&A —F:RER
AN 1: 100 % B B FITC,Cy3 #7142 % X = # (50
pL) % A 60 min | PBS %% 3 %, % X 5 min, £ %
K& 4 4 ; ;w N\ Hochest33258 ¥§ & 20 min, 41 %
AEXBH HEXLERRETUENE,
1.7 HEREEAREEERE

AR HECERRER 14 X 28 XEAL W EPC R
A B # Bk A K 48 ML (HUVEC), B 10° A% /AL &
26 EMERME, wA 2 mL EGM2 £ 23
##,BITCS5%CO, GHEFERERF HFLEK
ZF80%EAMER N L MFE X4 K B FH EBM-2
BEAEGEERBh THABERAN BRI FRK,
2000 r/min 0 5 min 5,0.22 pm BB R, B4
B EPC %% # # (E-EPC-CM) , B #§ EPC 4 #
$ # # (L-EPC-CM) .HUVEC % 1 ¥ % 3% ( HUVEC-
CM), -20CHHFEA .
1.8 iR IBS4E

VSMC E% 4 K# 5 & 4 DMEM( &%) +10%
FBS, B R, W £k, B 37C 5%CO, &4
ToAEARER FHENL A CEARA.
Ang 1 4 Ang Il + EGM=2 4 . Ang I + E-EPC-CM
41 Ang Il + L-EPC-CM 4 % Ang Il + HUVEC-CM
M, LB AL 4 F m N\ EGM-2, E-EPC-CM, L-
EPC-CM .HUVEC-CM % 1 mL, ¥4 A DMEM #
E2mL, &40 FKEH K 10%FBS, Bl & fu X\ Ang
I(10°° mmol/L)#% 533 48 h & ik & VSMC # 47

1.9 GmEEaH

HREREFATEAT.6 AR AREHN
RBE % £ HH, A 4C PBS % 2 K5 100
pL2xSDS B RMAR AR U RBAEBE
Eppendorf %, # # 10 ~ 15 5, 12000 r/min B 5
min, ¥ - % H % % 2 5 — T % Eppendorf € ; /i
BCA M EZE ARE; ¥ 20 pg B 5 2%xSDS fv
BZ W H R4, 100C & ¥ 5 min; & & £ 10% SDS-
RAFBERERO K2 BE BB L EBEHER
AEFE L EETHA4hE, IANEHEA
(1: 1000) fr a-SM -actin(1: 500) 34k ,4C % ;
HE—NE, MARRLIE AN BERNHN ZH
(1: 1000) , KB 2h, A FRAAZEE . EH . EF,
HH#ER,
1.10 PHRESBHERRN

R4 B 8y & H mRNA ¥ 7], X F Primer 5.0 3|

AR AR AR BB 4, a-SM-sctin IE X4 K 5 -

ACT GGG ACG ACA TGG AAA AG3’ K X4 %5’ -
CAT CTC CAG AGT CCA GCA CA3’ ; BEHEHE
X4 % 5° -GAG GAG AAG GCG CAT TAC AG-3’ , K.
4 % 57 -ATG GCT TTC A TT GGA GTT GC-3’ ;-
actin JE X 4 % 5’ -CCT CGC CTT TGC CGA TCC-3’,
K X4 % 5°-GGA TCT TCA TGA GGT AGT CAG
TC-3" . }A Trizol ¥ $3% th 1 f & RNA R H AT
RT-PCR R 5, i MMLV ¥ # X84 %% -4,/ 1
pe BHFFHENER, HOTHR N F 4R
PCR ; -SM-actin 3 8 & 44 4 94C & {4 30 5,56 C R
K 30s,72°CHEM 30 s, 7 8 28 NEIR(198 bp) ; B
MEEY L5 H 94T %430 s,56C R K 30 s,
T2CHEAR 30 s, 3 H# 28 MEZR (324 bp) ; B-actin 3
B A H 94°C 30 5,60C i X 30 s,729C ZE f#
30 s, %4 26 ANE P (626 bp) , 3 LA B-actin 4 H B
XHB,PCR =M R 1.5% B EREKAN, R Z
Bt TESERNEL,
L1l &itEH®

KM SPSSI2.0 it # % U # AL K
Bblxts R7, REALEEF L4, U P<0.05
HERBHITFENL,

2 £ 8%

2.1 HNEBEMMPESFEEL
BEDMET, IS EREMERERE, A

MR/, B PR 7E 6 FLARABRTB (B 1A) ;3 ~4 R

J& , AR BE 3 IT 1R T2 AN 4R 9% (1 1B 0 1C)
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BISE 5 KA A, WhEE M AP R BRI I e R, AR
HEFTLBALL(CFU) , B AR AR .0,
BRFXMSMER B RS NHRE, AR L
KB 1D) ;55 10 X, A REH LK,
FHEPLESFANHAES MR A (A IE M IF);
14 K, ERFRRT B BARAR GO R EE R
MR (F 1G) , #7038 EPC, 55 28 XM 41 &
AKBEEFROEE, 2 HBARE" PR, F N8R
¥ EPC(1& 1H) ,JERE LB RERK P B R Ha (& 11) .

L IRy O

B 1. REEFRR AN AR SR T ( x400)

2.2 HNEEMEN Dil-ac-LDL 3 & & FITC-
UEA-1 th
EPC £ KE 14 X, KA BMBETRELH, &

Bt DiL-acLDL J5 4 i 2 £T {5 ( | 2A) , FITC-UEA-I
PSR S (H 2B) , Hoechst33258 4L 4% )5 40
REEEE(H20), MMM IEES LB
EPC(E2D), 2 #,98% LA b &40 i A WL 5, FH

PR

B2 HHXEWER TR Dil-ac-LDL F 4§ FITC-UEA-1
9P AR AR ( x 400)

2.3 HEEARERERE

RS 14 X, EPC 4ijam CD34,CD133 ,vWF,
FLK-1 ,VE-cadherin ; CD146 3 &A% EREF
FRIZN A (1gG 41) , KR MM 71 437.69% +
7.45% . 28. 94% = 6. 12% .50. 11% = 7. 05% ,
57.14% +3.95% .72.61% + 3. 74% .46. 01% +
3.85% ,IFSEREFRE 14 R4 0 51 EPC (B
3o

= ©D34 e o
2 21 2 WF
cD133 M
2] 24 =3
=2 2 8]
-
5o o o
8 100 10' 10t 10 10¢ 100 10 102 10 10¢ 100 10 102 100 10
.
=g g g
884 84 8]
8] FLK-1 3 . VE-cadherin | g . CD146 "
= l..—.—-—.—-' - } il - r 1
& 2 24
&1 gj 24
o o o}
10° 10! 1w 1w 10* 10° 10' 102 100 10t 1 10t 102 107 104
Fluor >

B 3. AR T CD34,CD133,vWF FLK-1,VE-cadherin % CD146 ZE R A MAEHAIRIE

RERRR 166 XM,

2.4 ARMETFENARESERERE
IR R AR A KRBT LR
Mg, 78 Cy3 FHIFIZ —HUERT o-SM -actin I

WL Tk O T A

ERVEARLG, TEMTHRRES , BERE
o, A% 7E Hoechst33258 fEFE F R B (& 4),
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Cy3

Contrast phrase

Hoechst33258

Merge

a-SM-actin

. o

B4 DEEREHRN o-SM -acin HEAFESEARDEFRINBRAPMRE( x400)

2.5 MEHEARYDERKE 1FSHOLE TR
IS «-SM -actin FIFHFEARENRM

Angll (10 ° mmol/L) #S VSMC %4 48 h
J5,VSMC Ui 48 £ 8 HE B R a-SM-actin mRNA Hi
EARAHERD, MEREMGSEREGHER
mRNA MIEARIAHA BN, UEL VSMC IR FE R
B A R EIFL 4L 5 Ang T 41 HL3%, E-EPC-CM L
EPC-CM % HUVEC-CM 05, Ang [ I -
SM-actin FRIAW /D F-EHFE QR ERL N Z BIAE
BEMME Sl E-EPC-CM MMEI SR &EHE,
sk EGM-2 X} Ang Il #5389 «-SM-actin J§ /> L
REHREAMEMBEAEZwW(ERT AAS),

5. NEAHMRZT Ang 1 FSHANEFBRUNEM o-SM-ac-
tin MIGHESREZGTE  LEN mRNA &5, FENEA
Rikil ~6 ARIAEHEIRE Ang I H, Ang I + EGM2 H  Ang Il
+E-EPC-CM ¢ . Ang I +L-EPC-CM 4{ & AngIl + HUVEC-CM 4,

& 1. NEFHEMM o-SM-actin HIFHEH mRNA REEMAEANRE(n=3)

- mRNA Y
a-SM-actin BHEA a-SM-actin BHEL
- pagcbi:l 1.791 £0.096 0.365 +0.087 1.908 +0. 189 0.206 +0.0437
Ang 1 41 0.113 +0.049° 2.116 £0.256* 0.279 £0. 109° 1.602 £0.244*
Ang Tl + EGM2 & 0.126 +0.052* 2.242 £0.105* 0.361 £0.039* 1.667 £0.379*
AngTl +E-EPC-CM # 1.423 £0.112% 0.947 +0.052° 1.553 £0. 109" 0.531 £0.089"
AngIl +L-EPC-CM 4 0.660 £0. 045" 1.201 £0.051% 1.252 £0.085% 1.001 £0, 187%
Ang1l + HUVEC-CM 41 0.532 +0.030% 1.435 £0.174% 0.729 +0.051% 1.228 £0.209'%

aj P<0.05, HEEEXTRALE ;b 5 P<0.05,55 Ang T 0 Ang I + ECM-2 4118 ;¢ 5 P<0.05,%5 Ang Il + E-EPC-CM 4 b £,

3 it

EPC |8 FT4Ufusd, BEvl B REH, LaEE M
SUIRBHNEEE. EAEEFELELT
EPC,EPC FE K5 MM E FA7 T KNG LA K EPC
AT AR A ac-LDL #4546 UEA-1 M4FtE T itfT
RRBERTNE . BESIFR L HEERRE EPC
5 I 40 Ffo S A2 I PR B AR 52 2 X A3 PG4
SMEEEFIC, FE EPC MEEFRERIIMKR

MR MR TEARID, — Ak R %3k CD34/CD133/
KDR( VEGFR-2) 4 E L EpPCL®! - EPC &4
BFEUHANBEHARER WARES, RS EPC
S EPC, BT EFE 2 ~3 A KK E g, 55 4
BT, FBEFREIRICE CDI133 ( LFR AC133) |
CD34 #1 VEGFR-2( X %% KDR &%, FLK-1) ; /552 ~4
AL, ERBATY, £ 4 ~8 FAERBER , THERE
12 i, 38R 3K TR WK RARiC 30 VE-cadherin , FLK-
1/KDR vWF [N B — F 1L B4 & (eNOS) ,CD31
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CD146 K CD105 &' AHRFF 6% BZLEE
o UL £T 400 MR B BE B0 35 0 BB I 2R %
MHafE , I EGM-2 sk 5= 2 (& EPC ML
EHEKEF) #THER, BRAMEN EPC, 2508
BHEMRSARA L EIEEHA EPC, I EEAR
REVMERIME , NBTE EPC XF VSMC R4k i m
TFTRE MER.

HAEKBEYRES EPC BHEERZ LR B
MERMESEAREEREENESFRRTLET
PR AT ER, ZF 00 E TR, M bk i,
FitighKBE 77 T B, Bl s BkRe AR, FR IR I B 055
1B P B B, T B S SR A AR S5 S 4R N I B
Fui EER AL [ VSMC ERIF LR VSMC
BENIENABERRSR, ROEHERER
BB R R 2 —, MEH BT EPC X £ 1)
BB A0 B TT BEFN ] VSMC RN M RBE RS
DRENRAE L, ATIAZNRT M EERERNE N,
R TESEX — R, A B 5T il 4 R W i i EPC %
PSR R LA B N JBE K 1 B AR R 3 3R WU, TR
B 1% Ang I R VSMC N HEWREEE o-
SM-actin & REBEGEERNEREARENY
e, SRR Ang [ 555 VSMC 75 48 h J5 (FTIH
FRZEREIR 10 ° mmol/L Ang Il 7£ 48 h FHEHAK
HEBE), a-SM-actin mRNA MIBEHMEEHEW
A, BHFEE mRNA &G R EH B, i E-
EPC-CM.L-EPC-CM J% HUVEC-CM &b 7% R % 41 i
Ang 1 R K o-SM-actin /P FEHEQM M, K
FLLRE EPC {40 HI 3R 581 8 ; T ¥ 45 EGM-2
SRREE TR HEXT Ang 11T A o-SM-actin I/ FI-& #f
BEHIMBRAZW, 5 T EBM-2 41 E 3 5L
BRTFHAEM. EALRE RS E-EPC-CM, L-
EPC-CM #1 HUVEC-CM ¥RE R R E #i 4] Ang I
PERH VSMC i dE R B[ & R B4k, L
B EPC RS RMMEIMRER R,

SR EPC 3 it f 4 B &Y% & 5 & VSMC
MFREEAL, HARMRIEE ., KEMNREH EPCF
ZAEYMENEFELSRELHFS W ETEHR
(9, 20 EPC ] @32 35 23 L 2000 1 8 R A K IR
F(VEGF) A4 K EF(HGF) S ERAK
HF 1(IGF-1) Bobr 4 f £ 7% #I 3 N + (G-CSF) %
{RFMEFE" , BF Santhanam £ TR,
EPC AJ3E 13 35405 8 A 55 2( COX-2) BE 4k 4 Y
BB, S W B 4 815130 E (PGL) , Aifi
S5EERDIRKLENED SR, AEWRIE
¢ EPC thA] LLE R B WAL E S 5 i A 4R

mAEER" . B, EPC KENWHLHRES 51
& VSMC BB RER AR 2 — A FRRE
3| EPC {3 Rt VSMC R B LN B AR
MEAER, RN HE WM —FIEK, W
BEdt— 25 BB EPC 2 3 el F 40 MU BB 7 40 46 VSMC
MRBPAC R T E S ER, MANEE T .00
BERMENGIT S, B iEEs EPC BT R ILE
S B YRR T B9 2 T UL, B 36 SR A3
BEMARLR, AMAA +2EENERRIER
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