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[# ZE] HH F miR-21 AR F# PTEN/Akt 42 5@ 55 /2 & 3 F Bt K B 8B M A & 48 40 f6 (EPC) 4R
SMREER S PR, ik RAFEMESCES B KRR @AM EAML L 3R T4 10% i 4 f ik 89
EGM-2MV %43 A FiF F 21L& EPC, 8 JA 3 ~5 K8 EPC, @ % # # (20 pmol/L) F7 12 h &, X A
Matrigel &) EPC 849 4K 51 a8, o % & 77 ; 55 B8 3¢ K€ & PCR A2 miR-21 & PTEN A& B 69 % 5 H 0L ; F48 miR-21 &
%G EPC 494k Sh s B 88 77 5 A K B AR % AL B A2 miR-21 A PTEN 44 ¥e 5798 4% ; Western blot 42 PTEN
B RE AR Akt BEBRALKTF R G 3 £ B2(20 wmol/L) ¥ BAT 3 EPC #94k 51k, 2 % Ak /1 (P<0.05) , 47
# 7 miR-21(P<0.01) #9 & ik, R i/t T miR-21 Fi#¥eh B PTEN 694 F (P<0.01) &% & &3k (P<0.05) ,i#
M #p4) PTEN T #4355 4 Akt 69 BEBR ALK B, W38 K Bk 5 K B AN 25 R 27, miR-21 T %5 PTEN mRNA #9
3'UTR #8254 (P<0.01) , £5i miR-21 A3 T G 3 F 8% EPC A4k 9F R % 4 A, AU4) 7T 482 38 i& PTEN/
Akt 455834 R K AR ZAT R RB R T G 3P BA4E EPC 20 86— #3769 0 I 1 15 5 AUl

[RESFES] R453;R543.5 [ XEtkRiRAE] A

Effects of miR-21/PTEN/Akt signal pathway on the angiogenesis of EPC promoted
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[ ABSTRACT] Aim To investigate the role of miR-21/PTEN/ Akt signal pathway in resveratrol promoting angiogen-
esis of endothelial progenitor cells(EPC) isolated from rat bone marrow. Methods Mononuclear cells were isolated
by density gradient centrifugation from rat bone marrow and then cultured with EGM-2MV containing 10% fetal bovine ser-
um. 3 ~5 generations of EPC were used in the experiments. EPC were treated with resveratrol (20 pmol/L) for 12 h.
And then matrigel, real-time PCR and Western blot were used to detect the angiogenesis, the expression of miR-21 and
PTEN mRNA , and the PTEN protein and Akt phosphorylation level of EPC in vitro separately.  The dual luciferase re-
porter system was employed to detect the binding of miR-21 and PTEN mRNA. Results  Resveratrol (20 pmol/L)
significantly promoted the angiogenesis of EPC in vitro (P<0.05). In the meantime, resveratrol inhibited the expression
of miR-21 which promoted the gene and protein expression of PTEN.  PTEN furtherly inhibited the phosphorylation level
of Akt.  The results of the double luciferase reporter system showed that miR-21 bound to the 3'UTR of PTEN mRNA.
Conclusion miR-21 regulated the angiogenesis ability of EPC promoted by resveratrol. ~ The present study indicated that

miR-21/PTEN/ Akt signaling pathway may play an important role in EPC angiogenesis promoted by resveratrol in vitro.
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N Bz #5241 {9 ( endothelial progenitor cells, EPC)
AYSE A Ak R U A R A 2 S B N 4B
LR | DT AE 7 6 0 PR s 1“8 0 & ik | 3l ok oks A
fififk, ( atherosclerosis , As ) P40 b 1ML 5 <9 Hh & 4%
BRI R, A2 B TR i EPC
[r] DAL R 2 L O3 A 0 25 0 B Ak 5, DA S G i i 4 H
A PRAP DI BE . 3 AF I 58 UE 52, 1 22 P I ( res-
veratrol , Res ) REAE ¥E EPC 19 3% 5 1 434k, I ok 3%
EPC WYLIRE , T X O i 48 58 487 A R PE T
{RIELHTIEFPLEI AN TE R, 50 RNA (microRNA,
miRNA ) 75 22 T 1) & A8 R Ji it B v e #5821
Y 6E, H b miR-21 2EEMR & ZN
miRNA Z—  HAEN B AT EPC Hhiakik, JF 5
O IR I & A e s I 5 B T
R, miR-21 VT EPC Ay 19 5 AR i 45 g 1,
AW B 7EMEE miR-21 £ FAZE P EEfE it EPC {5
RIS BB ST v 4 F B T RE ML, hy i PR 0 FH 11 2
PR BIG B Ik R Ak o i I A5 e 4 A P e
PES LIS/

1 #EFTE

1.1 FE#HE

SD( Sprague-Dawley ) A & (¥ 4 f R, & JT &
150 ~200 g, # E A R E % 89 [E bt 25 o 4
) ;EGM-2MV 8 4 35 75 28 (Lonza, % &), fis 4 i
7 (Hyclone, % [E ) ; & 2 2 B  # £ 4 % & ( His-
topaque-1083 ) #1 4F 4 3% % & A (fibronectin, FN)
¥ B % & Sigma /A & ; Matrigel £ 70 % (BD, % E ) ;
miR-21 U6 PTEN % GAPDH 3| 4 #n%% ¢ & & PCR
RAB(REFTENTRARANG); WK F B )
4 FE A 3K ] & ( Promega, % [E ) ; PTEN — 4t p-
Akt/Akt — 303 W B % E CST /A 7 5 B-actin — L &
HRP-LFH AR EZ T RENEAFTRAE,
1.2 KRBBEEMEEPC OB EXRETE

WALHERTIH T E WAL B ARN K
B, B PBS ik F I, "k 7 ¥ 4 J& , Histopaque-
1083 # F B o 4 8 BN 40 jE, Al EGM-2MV % &
BAEEEE,%2x10° MNem® ¥ 5T WA # 4 4%
HHEEAWNFESRM,4 KRG PBS Ik & & WA 40 0 5F
FEE TR A3 ~5 /W EPC # v X\ Dil-ac-
LDL & 37 CI## & 4 h,4% % % ¥ B [E € 30 min J&
J| PBS ¥4 3 3k, B m )\ FITC-UEA-1 T 37 CiH g
lh, BLEREEMAETHE, B ot 2o fnsk

8,7 St 1y 40 i B Y 5230 A EPC,
1.3 BFEAEX EPC &8k RS 0h

S35 L DMSO 4 B EPC = & T F 41,20
pwmol/L & 3 5 B F 1 EPC % & 2L F B 41 (71
HREREF, ARFET AR ERBEF XN
TNF-o 38 EPC St 457 B b AL K A &
HE B MR E N 20 wmol/L), & A Am 70 pL
Matrigel IR £ 96 LW, & T E KRBT HF £
Matrigel REE, BREEFETHI2h EHMAMEA
EPC #it#, &3 mA2x10* M4 jff,6 h 56 &
DHENER R G LA
1.4 BEAEI EPC B miR-21 & PTEN EEFx
ey b1

K Ji & # Trizol 7 4% W& 41 40 0 & RNA, K %
TR & R4 F R cDNA &, 7% & 2 & PCR A U6
K WA miR-21 By & 35 ; DL GAPDH % 1 %,
& PTEN # [H #y % 3, miR-21/U6 K B 4 f X
95 °C 30 s;95 °C 5 5,60 C 34 s, 3£ 40 /15 3,
PTEN/GAPDH & R 4 % 95 C 30 5;95 C 5 s,
60 °C 30 5,80 °C 10 s, 3£ 40 /MEIF ; 6 /N FE & S 30
FA3IR2VCT R EEE N RAE,
1.5 #0#l miR-21 B FRIEXF EPC Y I & & 1 B9
A

# EPC #MT 6 LR A, Fa 42 70% ~
80% J& Jfl Lipo3000 ¥ miR-21 4 %] | ( miR-21 inhib-
itor) Xt 57 By A 4 3t B (negative control, NC) %% %
Z EPC, 24 h &, 7€ Matrigel & b, 8 3 46 1| 45 3k 45
1t K B EPC B9 F o 4 68 7
1.6 XEHZREREERKR

Hj# PTEN 2 4 # (PTEN-WT) #1 PTEN % &
A (PTEN-MUT)3'UTR # k # 7% Jt & B 4f 4 2 B R
k- pMIR-REPORT, # Jf Lipo3000 # miR-21 4L 41
(miR-21 mimics) & %t 5 By A M 4t B PTEN % K s
% St % B iUk pMIR-REPORT #0116 Jy %t 78 thy o | ¢
b £ B T K pRL-TK Vector #£ # % X\ 293T 41 #,
e A8 h g, B B AR PR I Ok kR B R
g R R R OLE W AR R R,
1.7 B#EAEEX EPC B PTEN EARIZER Akt i
i A

W B & 4 40 M, B RIPA 2 4% i 25 0 40 i, 4R B
BB G BCA EI & E &R, dn B R
R R M VB Bk JE $#E4T SDS-PAGE W 3k, Uk
Z PVDF f£,5%BSA # 4] 1 h,PTEN —47(1 : 1 000) .
B-actin — 47 (1 : 1 500) .p-Akt/Akt —#i(1 : 1 000)
4 CHHERE, —PEF %R JE TBST E % 10 minx
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5 K, m N TBST #i Bty — 41 (1 : 2 000) & 37 C &
EHEH 1 h, TBST E % 10 minx3 &, F % K R %
RAEHAT KL B €, 2 4 PTEN/B-actin 7 p-Akt/
Akt AR X R L &,
1.8 SitEHZE

RN EL 3 R, EhBEEXA vxs X
7~,SPSS13.0 Zuit S4TSR AT, 4l = Rt
BREARBEZ T Z04, R LR XA LSD-t £ 5,
P<0.05 kTR A AITFE X,

2 # R

2.1 EPCHIERE

BRI AL EGM-2MV SE 2R
HiET 4 Ra MR RIGEEA K 7 RAEA SR
TUREERIES, L2 3 RN BN K

RIS B A AP UL (B 1A XU 45 2R
SR R SR 40 AT 52 B Dil-ac-LDL (8 £ (5,58 (K
1B) Fl FITC-UEA-1 B¢ 2550 (Bl 1C) BRI Yy
@ (B 1D) R4l stk ) EPC,
2.2 BEFEAEN EPC K ILEEE SN
30 A 22 P UL 45 SR 7, B P i T
12 h J& ,EPC BYMRSME R 54 B B (8 35 25 (vt
MRZ (P<0. 05,18 2) , $&/5 (22 P BERT A2 i EPC 1Y
AP RE ST .
2.3 AZEAEX EPC miR-21 RiZA N
Dt i PCR 45 WoR, 575 (I A1 L
2L miR-21 (R IA B R (P<0.01) (&
3A) M A miR-21 #5RA &m il miR-21 Rk
(P<0.01, 3B) J& ,EPC HyRSMILAE T WA BE BH i
HN(P<0.05, & 3C) , $#& 7 (37 B ] 38 i 90 il
miR-21 FEERALHE EPC ARSI BE T .

1. BBEIREY EPC WEE
A AR R AL Bl A RFIE RS B S Dil-ac-LDL ML 5,
C A FITC-UEA-1 & (56, D ISR AR EPC,
Figure 1. Characterization of EPC derived from bone marrow
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Figure 2. The effects of Res on the tube formation ability of EPC
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ZEXRA miR-21##5 42 FEAXMEA miR-21HIFIFIH

B 3. AFEAEEST EPC miR-21 Rix K miR-21 3 EPC A M8 B8 71 B9 %20
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a i P<0.05,b 2y P<0. 01, 545 (% HELIAHLE
Figure 3. The effects of Res on the expression of miR-21 and the effects of miR-21 on
the tube formation ability of EPC
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a}j P<0.05,b 2 P<0. 01,525 (A% BREZAAA L
Figure 4. The effects of Res on the mRNA and

protein expression of PTEN

2.5 WEHAEEMmRSEERKGN

5 miR-21-NC + PTEN-WT £H #H k., miR-21 #iI
PTEN-WT 3% Yt 211 5 % R g i 1 o & PR AR (P <
0.01), 1M miR-21 F1 PTEN-MUT :45 v 4 9% &
RGPS A B AR (P>0.05, & 5) , /8 miR-21
fEf% 5 PTEN mRNA f4 3/ UTR Z54, DA T 2 1] 98 425
PTEN JE[H i35

-
o

W EREEE
o
o

5. WA REREEE TN miR-21 0
PTEN mRNA #1 3'UTR & &
a } P<0.01, 5 miR-21-NC+PTEN-WT ZHAH [t
Figure 5. Luciferase assay of miR-21 binds to the
3'UTR of PTEN mRNA
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2.6 BABEATENS EPC Akt BIBEERL KT

HZE M B+ 1 EPC AR (1.3.6.12 h) J&
#J Western blot 453 B~ , 525 XA ML, HZE
P 3 h 5, Akt BBEIR LK - TF LR AR (P<
0.05),12 h J5 Akt A8 R Tk 7K - B AR A (P<
0.01,&6),

BEAEERAREH
o 1 3 6 12

I

Akt (60 kDa)

S ¢ <ci (1200

0 1 3 6 12

B AER(EFARE/h
B 6. A AE:ST EPC Akt & BBEER L7k ERIS M
a}j P<0.05,b 24 P<0. 01,525 A% IRZL(0 h) # L,
Figure 6. The effects of Res on the phosphorylation
level of Akt

CHVELC A4S 4 4 2018 Y WEBEFE H | o FEL.0» Ifi
PRI ABON 2.9 12, 15 REIRIET M
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fil, T PN B R BB 2 A TA Y As B AR R IR Bl X
o UG, OB P9 B A0 25 F RN T B A S8 Bk 1
Bl O I A5 98 0 T b F 2 G B B L, Bl
EPC & B, HAE As LAY E B 815 225 &
MTAYINTR] A P9 Bz 40 M B9 AT AR 4 i, EPC mT 43k
SR PN 20 0 405 002 P B AB A B R A Y
AT I, R T A BB ¥R As BIFER™) . DRI, I R
AR IE EPC 1) P9 B2 40 o AL I 250 Kk BT iR As
AR R —TFhA 55 B SR

PP I — PP ORI T2 (Lo i) %
T SRR 0 K SR AR SRR 2K Z b A
Y, BAPUR P2 MO i As rrE I, g2
FHFeEAR 3 Jok A A 1 o0 B0 25 05 1 B 36 .
FLPTREAE TS EPC TIRE P AR B 45 2 A SC A
FERITESE , FATTRT AT 5% 25 SR R 3¢ BH (1 38 7 et ) o

@E*ﬁ@ﬂﬁ? THW@%%% OL( tumor necrosis factor-
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A% 3 b 6 B R Y mRNA R4 T 5% 5 TR i
MR PR 20 AR W 2V 5 4 T4 200 L ) 431
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BLAREEDIRE

miR-21 56 (4 Az 4 2 5500 2 L 5 TR 32 4 o)
(45 50 AEAE S () 1 40 0, miR-21 4 FH A 40 366 IR 2%
RUTT BEAN [, RIS 7 ] — 2 40 i, AS () o038 2% 1 F
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FI , e —MEA R PI3K/ Akt 15558 B 7 P
PRI, FRATTE FH XL 25 s 2 4 5 ik A1 Az 0 5 36k
52 miR-21 65 PTEN mRNA fi% 3'UTR 454, #E1M
JA4E PTEN (93835, A 098 & 30, 76 BR3E 161497 1l &
AR AR o i 3R I8 A miR-21 3@ i 0] PTEN
R, FBEON S BE R A s 6] miR-21 BIRIBE,
PTEN 13 35 K7 Tt i, #0405 N B2 1918 52 g g 1
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