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BE B bR Bk it B 4L & (hydrogen peroxide, HO,) 3t A $1 8 £ sk R 49 7 j 78 4m i (endothelial progenitor cells, EPCs) %
BRAGHERI SR THRE G RRGH 0, ik RN EEM LS ik de £ 3% 15 B AN A #hkan P 5 3 32 3% 1 4840
B, R BAERJE 5 3 X EPCs 4E A B R 3T %, AL E 4 %) 1 50 wmol/L 100 pmol/L, 150 wmol/L,200 wmol/L.300 wmol/L F= 400
umol/L 441 B R ALFL 1 K AL 40 A0 12 h, R B 3% 2 B3 P23 B4, CCK-8 kAl &40 N A A8 40 B 4 7548 1 69 £ 5 ; Western
blot 57 &40 /M AR 4m i A 48 % & & Bax.Bcl-2 #= p33 #4F G AR HE L. HER: SrBamik, £KEH 50 wmol/L, 100
wmol/L F= 150 wmol/L it B AL S 4L 22 20 ¥ 20 oL 75 76 A 1 3B 3738 3% 1R A T4 & Bax.p53 M Fifl, #LA & & Bel-2 W 2% LiA;
FERSE H 200 pmol/L 300 wmol/L #= 400 wmol/L it BAL S AL FLLH W 4 feL & 4% H) A3t T A 5 % B8 203% #7033 , 72 ) = &% @ Bax,
P53 AR KPR HTE A, LA & G Bel-2 ZAAKF T B, G0 i B AT A B M ILG E R ) A2 T 48 X & & Bax Bcl-2,p53
Ry 2 AR E A,
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ABSTRACT Objective: To investigate the effects of different concentrations of hydrogen peroxide on viability and the level of
apoptosis-related proteins in endothelial progenitor cells derived from human peripheral blood. Methods: Endothelial progenitor cells
were isolated from human peripheral blood by density gradient centrifugation method and differential velocity adherent method. After
passage, the third generation EPCs were treated by the final concentrations of 50 wmol/L, 100 pmol/L, 150 wmol/L, 200 pmol/L, 300
pmol/L and 400 ymol/L H,O, for 12 h, respectively; meanwhile, the control group was established. Cell viability was detected by CCK-8
assay. The expression changes of apoptosis-related proteins Bax, Bcl-2 and p53 in endothelial progenitor cells were assessed by Western
blot. Results: Exposure to low concentrations (< 150 pmol/L) of hydrogen peroxide not only promoted EPCs viability, but also caused
decrease of proteins Bax, p53 expression and increases of the protein Bcl-2 expression. High concentrations (2 200 pmol/L) of hydrogen
peroxide resulted in endothelial progenitor cell death; moreover, the level of proteins Bax, p53 expression was up-regulated while the level
of protein Bcl-2 expression was down-regulated as concentrations of hydrogen peroxide increased. Conclusion: Treated by different con-
centrations of hydrogen peroxide, endothelial progenitor cell viability and the level of apoptosis-related proteins Bax, Bcl-2 and p53 ex-

hibited biphasic response.
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TRTT BT R MG B A S0 A FH T 1 42 ) o (reactive oxygen
species, ROS )-- i34 fL A (hydrogen peroxide, H,0,) LAAS [G] e i
SR ER SN SR P B AEL 2, RS Tl e B e 4 Ak 0
F FEL A PTG RE T B AR K X PR T AR DGR I B BRI

1 MR 575

1.1 SEEe#r#d

HOEH AR 7 AN bk M 50 mL,  An A PisE,
WA B BEBERR oy , RATZETTRIE R 2 F 3 th B B e B 22
TS
1.2 FERFNENEE

N EF 4k 3% 4% 75 4 Fibronectin(Fn,Gibco /3] ) ; iF 2 Hep-
arin(_F ¥ {425\ AN 7] ) ; 3555 EGM-2MV BulletKit( Lon-
za /Nl ) G4 I Fetal Bovine Serum (FBS,Gibco 2\ 7] );
0.25%Ji 75 A fif Typsin (Gibco 2\ &) ) ;3% %k A (hydrogen
peroxide, H,O,) .JH L 4084325 & Histopaque 1077 .FITC-UEA-I
(Sigma /A7) ) ; Dil-AcLDL  (Molecular Probes 23 ) ) ; CCK-8 i
#l& (Dojindo W] ); YR A5/ FHbriE (Fermentas 2%
Al ); BCA & e B I 5] & BT Tubulin H{A& (V175 Be-
yotime 28 2 KAV FE AR ) ; BITA p53 BTEHEPIIAR(sig-
ma A ) s BB Bax BLGEREHUIA Bel-2 HTEREHTA(Cell Sig-
naling Technology ¥ 7] ); ECL JIK ¥4k 24 % Y6 ik 7 & (Immo-
bilon Western Chemiluminescent HRP Substrate, Millipore ) ; ft.2%
KERU% Y ChemiDoc XRS (Bio-Rad, Canada ),
1.3 AN5MEI SRR EPCs B4 B FniE s

J 10 wg/mL A £F 4k % 3245 [ (fibronectin, Fn)500 wL £
R m 6 FLANMLIEFRARAUE 75 5% CO, fE RIS 37°C fHik 15
FEAATICE 2 h LA B AN AR ER B 2848 N A [E]
B IE A R AT B IR e B R A HAILHE . TCRSREESD
JEIf 50 mL, JFRBrEEABIREE S i (phosphate buffer solu-
tion, PBS)¥ FL I = , A L 40 A3 25K Histopaque 1077
AT B B B0 WRBUh )R 2Y 1~2 mm A (8 )2 AR 1R
AL (mononuclear cells, MNCs ) . 25 PBS YRI5, Br 4 T
&% EGM-2MV BulletKit 45555k , il T BUc kA 21 4k %
1235 M (fibronectin, Fn) A JCTH 6 AL FRHH, BT 5% CO, By
FEFE T 37C BigR, HeAh 3 KJg, #H T kB S 3
KA —IK, I MITE S SARARSL . A TR
R REAN A K 258 80% 2 A IHEAT 21K, 128 3 14 A
FIaLLs5 .
1.4 KN HERGWAE

SYLHTET 3% HO, I PBS BLii ik B2 20 mmol/L (T
YERAFHCT 4°C & H o B KRS A AL T X0 B S i 4
JH K 2 3% 10° AN AR 20y 4 mL EGM-2MV 235 5%
WFEMRSUSERNT 54 6 FLATMUIE IR P HEFR 256 16 K
BF, MEREANA 5 IR AR LR T AR 80 %6( 2y 5% 10° 4l )5
BT AL B BENLRE A0 A BERL S BN T 4], B4 6 fL. IEH
YR (40 1) :EGM-2MV BulletKit 41 32w ¥k 35 , ASinab
K 25 H0, A FZH (41 2~6) . 1 EGM-2MV BulletKit 4> 45 3¢
WOMA—ERF i A, AR 2 705 2 50 pmol/L
100 pmol/L 150 umol/L 200 pmol/L 300 wmol/L F1 400

pmol/L, 4S8 5% 12 h, Kide 12 h 5, & T80 5] 8 W T
WA AMTEZS
1.5 CCK-8 iE#&ill H,O, Xt I K2 B 40 B 753 BE 1 89 =2 i

BEIUE KRS . A T XA EOG I A BV E N AT X 42,
oA 5% 100 A EAHA IR 100 L EGM-2MV 255 78
SHRAEHFNT 96 LA EE SRR i T AL b, Frai i EEfS |, 1E
ot B ZH T i EGM-2MV 415 352§ 100 wL, H,0, kb3
20 v 43 5 B R A AT AR S 50 wmol/L 100 pwmol/L, 150
pwmol/L. 200 pumol/L.300 wmol/L Fl 400 pwmol/L H,O, ¥ fif
EGM-2MV 415758 100 wL, &4 6 N EFL, BT 37C .5 %
CO, B Ak 35 12 h 5 B FR i 4t LA
%4 10 wL CCK-8 TR A 100 wL H et EGM-2MV BulletKit
SRR EAW, SIIMAT 6 M LA RIFRR A B
F37CHFE 3 h, WA WS, (RGN E , LA xR
HPHE U E S ALAEPE K R 450 nm T AIMOEEE(E(A), ik 4s
o AMMIIEFEIN R RFAB T

a4 M B oA W Hl & (% )=

IR L - AbBRALE ORI | 000,
X R O (i ’

1.6 & A FRENEF3ELE( western blot ) iR MERATHEXEARNE
*

b HO, (B A B 323, BHPIMASH 1%
PMSF 1 20 fd 24 4% W 100 wL, F£F 4°C ,14000 g/min B> 10
min, BTSN3 = KA R B SE Frd B A e vk it
7 BCA WA M 2 vk B I o Wi (o 2 7 i e oA Pk, 2
BUE 1x FARZEmBRRY SO pg 85 1 BRI SDS-PAGE Hijk . #]
FHMR I 6 B 1 % 7% 22 8 A — 9 & 4 (polyvinylidene fluoride,
PVDF) )5 , ¥ PVDF B T &A1 (R 3 5 % BEfIg 05 85 1 1
x TBST Z& v il i) h &= @3t 1 h, TBST WG 4351 A
Gbi A Bax HifA Bel-2 Hufh AT p53 HrfAk Ll K Tubulin 3t
(1 : 1000 FRe)4CIFF L. R HYRBYS , S by
fiff (horseradish peroxidase, HRP)#riC 1 FHi e — Pt (1:1000
BRI EIRIFE B b A Bax Hifk Bel-2 $i{& ) PVDF JiX
1 h; FHBAR 3 AL ¥ i ( horseradish peroxidase, HRP ) #ric i) =F
PR P (1:1000 5 B¢ ) 45 = HIFE & A BILA p53 FLik L
J% Tubulin HT{& Y PVDF i 1 h, TBST pEiE 3 ¥k, i i ECL Ji§
P4k & 6 57 & (Immobilon Western Chemiluminescent HRP
Substrate , Millipore ) i €&, , i# 5 Ak 2% & Y% 4% ChemiDoc XRS
(Bio-Rad, Canada) {4 , FIH H B E FAN & & / WS EEM
Xof B LU0 HT Bax Bel-2 1 p53 R IIFRA K
1.7 Srit 4

FIT R SRR RS B 3 K. SR SPSS 17.0 it 44
PR B BT TR ORI A B b2 (x+ s) R, 45
MM Ge it 22 5 R FHEL K 2 5 22 5347 (one way ANOVA )R i1T
i FGEEE R P < 0.05 FREFALIHE L.

2 #R

2.1 BIERRIETRRASNEM IR EPCs B SR EE
80 B I BT T LA R B, NSRRI 23 5 45 31 Y
AN TR AN TR 1 K5, TFAR NG EE , 29Tt
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PRI RE IR 8 K, M BUAR VAR K, T At I A [
JEANAEL H 34 2 s EHER ISR 16 K AN E T i md K, k3
HAR RPN , USRI A FETE A, BLAT 40 I BE
BH Tk B UK AR 80% 44T , HEAT 58 — IR AEAR . ARSI
ZH E I PN B2 A A T e

2.2 CCK-8 il R BT S S AN BIE EPCs BZEBITRE
&R

1 EREEFSE 16d Bl EBRIET EPCs EHMBIEMARRS(AX 50,
Bx 100)
Fig.l A cobble-stone morphology of endothelial progenitor cells (EPCs)
cultured in 16th day under an inverted microscope (A: x 50, B: x 100)

AR SEH H CCK-8 352K 4 M AS Rk B HLO, X6 N i #1400 il
HEFFRE SIS o 255 N, ASRIVREE 1 HLO, X P iz AH 41 i A=
TEAE TR I 2 U A (B 2) o

I A SR EETE 150 mol/L i Bl LA N IR, Bt v BE 34
PR Bz AL AT A v A o BE i b, AT A ) HE 3 S %, B4 R ) iR
WK AT TR, EWE R 50 wmol/L. 100 wmol/L £l
150 wmol/L 37 4 £k & b B 41w 40 B 1) SF- 24 38 51 R 43 0
3.98%.7.01%F01 12.22%(P<0.05 ).

TEAL AL SR E T 150pmol/L )b BHEH v, P e AH 200 i
HBUBERE B G, A KR 1S, ZE A7 T B HLO, W BE RS T 1%
T2 BN 5 AEXT X RR L, FEHR B2 R 200 wmol/L 300 pmol/L
A1 400 pmol/L e %1k 0 A BEAH FF 41 i A S 247 40 1 3R 43 Ky
8.65% .14.26%7i1 25.69%(P< 0.05)

1.0+

0.5

Cell proliferation activity(OD)
*

0.0- concentration

(umol/L)
JFM (n=6; * X1 5

Q 0 \QQ ,\60 ,LQQ 'BQQ &QQ

2 CCK-8 M ARERE H0, 3t EPCs 77i&
FFERZA4ALE , P<0.05)
Fig.2 Effects of the different concentrations of hydrogen peroxide on the
proliferation of EPCs via CCK-8 assay (n=6; * P<0.05)

2.3 FERET SN ST EPCs BTIHXEARILNZMN
Western blot Kzl A [a] v B i S fb Z AL 3 12 h J5 EPCs
PTG 1 Bax Bel-2 il p53 (Y REAKT, 450K 3 &
AN, i AR EEAE 150 wmol/L S5 LA I, Bax \p53 (14K
[ 223K 7K B it 4R S W B B I i B A1, Bel-2 2 (1 /K7 WU B
5 FoH B RGO AR R TFURIE 150 wmol/L () Ab B

Bax .pS3 I P B IL Ak ER TR, T Bel-2
45 Bax ,p53 55K .

A 0 50 100 150 200 300 400
Bax WD MR S e S S
Bcl-2 - — — D — — —

p53 _—— A==

Tubulin /S — S S S c— —

0 50 100 150 200 300 400
3ARERE S S S A0E N RS Bax Bel-2 #1 p53 EA R
k7K F
3A 2 western blot 24 & RGNS ;
3B AZBEFITATENERENEE/ ASEOENSEILE
Fifg(n=3; * R E3RAMELE, P<0.05)
Fig.3 The level of the proteins Bax, Bcl-2 and p53 expression in EPCs

treated by different concentrations of hydrogen peroxide
Fig.3A. The protein bands were detected by chemiluminescence imaging;
Fig.3B. Bar graph was obtained from quantification and statistical analysis.

(n=3; * P<0.05)

3 ik

IEAERE , NIRRT 52 PN 2 AH 4 0 AR A7 e T R T e
PR 2B R R FALE DO 0 A 2 B B 2 A iy
%o AW A, 20 HZ W] SBON B AH A (endothe-
lial progenitor cells, EPCs )R I8 ST, w0 fi vl 3
MAEA BB h EPCs Uik /b DL B T B [ 519 3 2 1T R
SIS PN B2 AELE L A 30 1, L R M T e R AR AT S ot
SIRT1 Fkyb . MG VERI AT L Bt L FOXO1 Ty 5 | i
EPCs % H sk / 8 ; w55 ] 28 Jie e Tl 25 P AT o o i 28 LA
Je Akt BEBRAL I NINGE EPCs 534 , AR HAM FH I PEE),

5 A0 i DT 5 | 4t G 473 60 4 L 00 A — > L R AR
AALNI, BRATE T —MIEHAZEY L (reactive oxygen
species, ROS) 4148, 1 H1 3 . 13 &L & (hydrogen peroxide, H,0,)
85, X2 o A sk 22 1 A L NPT AR AR B RS IR AN
RZS o ARG A RO P B AL LA 15 i 7 A5 T, A 52 36
it FHAS [ o 3 0ot 4R S A S A/ A5 P 1A B RELE L, ez 24
JLAE T 8 7 A3, EPCs TEBARMR B i AL A 5 1 MG e T
TR TR e TR B S A T At T
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i3t 21 ROS T 5 20 M M5 A ik i 1 I BokH B4 T L 3
TR A, IR e, BB, BR itk 2 A, 3B AT
5 BRI A AL 545 DL K DNA 287282 20, 3o 464k %0 7T
i# i cAMP/PKA/CREB {555 [ 5 | 2 A i i ik i o4 52 240 g
(human umbilical vein endothelial cells, HUVECs) NI &5k
Z i (angiotensin converting enzyme, ACE )35 &2, - fF
A TR, NIMEANMEIRT ™, pesh, EBEME SRR b
EPCs 342, 1M N IR M AUk U 22 m] 35 IO 21 EPCs 1)
K03

HHT, KT EE HO, X A SN E IR 5 i P Bz AH 4
FAGRE ST AT b AR AL AN 43 W . R
1R MR BE H,O, X EPCs TR, A SEI07E & Wk B i AL =
(2 200 wmol/L)AbFH )5 , 4 western blot 43 #7 /s , FE A T- 2 1
p53 Bax Fifiz5 H,0, Ve FERE i Fe ik LA, Pid = A Bel-2 %
KRR, SCYREE SRR, SN T p53-Bax iR 5]
EPCs 98 T-. JHALHI W #E 2 HO, 4t p53 #ud R T H +
Bax , i HAG G U 1 18 B AR, B 3R ¢ fid & 200 M
PATZ RN, Bel-2 2R A ZHUE AL T AL sh Wy 2 SRR S e,
55 Bax [AlJ@ F Bel-2 505, H & BA R & Y RIJEME , 2BPIZ
KRR RE A A (& #5 5 Bax A AFE oBel-2 5 Bax 454
JERUE AW, ME LAY RS R T8, FH A (38 ¢ IERRLIR 1Y
TR, A0 AL yR T 07,

JUE L) ROS W S840 e D RE R AS , 5 1S T, i A= 31
JKETF ) ROS St 54 55 PR F-3800G 81 241 R D e 38 4 RN 434k 55
75 T EL A T S, fF 5 R B, A A A T R e A
AL HO,, 24 N Bz A 38 5, AH SO A VE R AT Bl o Ak &
fit 1™, Dernbach PIHFFY T ASME MLk IR EPCs i ik
I 0 47 R S R 4 A0 ) BURR PR S &k B, 5 HUVECSs i
CD14" LA U AH L ,EPCs P A A H:fill ROS ik K5
i, x4 Ak N R AR B AR BT RE 77, EPCs X HLO, 75 5 I 4
JiL Y T FEBAS AR A ORI HL EPCs (14945 b 48 Jfa P 4 48 1L il
Fek K B T HUVECs MU M40, 3T
S IR, FRATTAT LA , P Bz HEL A0 L A L P R 20 B R 1Y
VAL B R 2 X fdi45 EPCs 7£ ROS & (B ERESE
RN A A . RZ, MBS IR R Z i) EPCs 3t &
XS A R A U R i, T RS A R T L R e g R
Sy T AR B8 HL,O, X EPCs BB AR AL, A SCiia o
western blot #IUJ T-AHJCHE IR IR R I, fE—E VLI (< 150
pmol/L) A J2 I T2 1 p53 . Bax k7K VB HO, ¥ HE 44 iy
B> PR TR A Bel-2 R L. X R AR E
H,0, 4% T ,EPCs 171 B J1 #58 ] G855 p53-Bax {5538 F i
PR TR 5o

R ARSI UE ST, ik A X P R A A A7 3 RE 7 AN
TOAHOGHR 1 Bax (Bel-2,p53 3Rk 1Y MR S BUHMEAE (L . #AI
e (< 150 pumol/L) H,O, W358 A &M il >k I P Bz #H 200 A 1)
TR ARy, B BE (= 200 wmol/L)H,0 NIfi¢ it EPCs (i f T,
X—1EH 5 p53-Bax {55 IR T AHC, BB EPCs 7
EBE RO LY LUS IR A A 5Y EPCs I8 8T AR 3 AL BRI
Hhih o
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