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Aldosterone—induced Oxidative Stress Impairs Endothelial Progenitor Cells—mediated
Endothelial Repair Function
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Abstract: [Objective ] To determine the effect and molecular mechanisms of aldosterone on the endothelial repair ca-
pacity of endothelial progenitor cells (EPC) in peripheral blood. [Method] EPC were cultured from peripheral blood
mononuclear cells of healthy subjects. In vitro EPC function was assayed by migration and adhesion after treatment with
different concentration of aldosterone (0, 10, 100, 1000 nmol/L.)  In vivo endothelial repair capacity of EPC was evalu-
ated by transplantation into a nude mouse carotid endothelial denudation model. The reactive oxygen species (ROS) was
detected by 2”, 7’ —dichlorodihydrofluorescein diacetate (DCF)—fluorescent probe under fluorescence microscopy. [Re-
sult] Both the in vitro function and in vivo endothelial repair capacity of EPC were impaired obviously by aldosterone treat-
ment. ROS production was distinctly increased after aldosterone treatment as well. Co—treatment with mineralocorticoid re-
ceptor inhibitor spironolactone or NADPH oxidase blocker apocynin prevented aldosterone—induced ROS production and
recovered aldosterone—impaired EPC function. [ Conclusion] Aldosterone—induced oxidative stress impairs endothelial re-
pair capacity of EPC via MR—dependent activation of NADPH oxidase.
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1.4 #RRIBBKALBE IR R
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hydrofluorescein diacetate, DCF; 2 EH Alexis) [
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% JH Realtime RT—PCR 75 i o ) [ [ i (100
nmol/L) T 15 EPC " NADPH 41t il 45- SV 78 1 1
£ (NOX1, NOX2, NOX4, p22™, pd0™™, pd7™,
pO7") L R sk BT S TP 9Bt e
B Invitrogen 23 W] (38 ) 58 1. LA Trizol WK 241
YR, H L ICE RNA . 2 IR U8 B Invitrogen
/N F) (3£ ) #9 SYBR One-Step 5E & RT-PCR i 7|
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Table 1 Primer sequences
Gene Primer sequence (5'—3")
NOX1 forward primer: TTCCTCACTGGCTGGGATAG
reverse primer;: AGTCCGAGGGCCACATAAGA
NOX2 forward primer: TTTCAAGATGCGTGGAAACTAC
reverse primer : AATCCCTGCTCCCACTAACA
NOX4 forward primer: CAGGAGGGCTGCTGAAGTATCAA
reverse primer : TGACTGGCTTATTGCTCCGGATA
p22" forward primer : GATGGTGGCCAGCAGGAAG
reverse primer : CAGTGGGCCATGTGGG CCAACG
pdo forward primer : CGGATACCTGCCCTCAACGCCTAC
reverse primer : CATCCGACAGCAGCCGAACCA
pa7"™ forward primer : GCTCCCCACGGACAACCAGAC
reverse primer : TCTTCTCCACGACCTCCACCAC
po7™ forward primer: ACGAGGGATGCTCTACTACCA

reverse primer : CCTCTGGTTGGGTAGCCTCAT

forward primer: ACCACAGTCCATGCCATCAC
reverse primer ; TCCACCACCCTGTYGCTGT

GAPDH
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AE V3 pa7™" B H Rk K o & [ B (100 nmol/
L) T HUs 19 EPC £ Tl v 1) PBS YR U , JH 41 i 2
WY 4 CCRLAR 5 min, K54 20 M 2% 7 11 4 30
x 2 s M fF AT A ER . 20 pg A AT
SDS-PAGE JF-H% Bl R iR 4T 4E 2 i |, FH p47™ 4H
R A RE S THT(1: 1 000 ; 32 [E] Santa Cruz Biotech-
nology ) AT G o LAAHIL A2 1T HT A ECF 2
F ER 30 3 A ASCRS I L 1% 2 1 2R3k KK o



ol TG, A R RS ) SR LI A PN B AL A S 0 100 PN B B SR e 821

1.8 Zitath

e 3143 B % FH SPSS 19.0 #4445 B0 LA
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73S+ R T R T 0 £ e A B M ) EPC AR SR T
I BE (B [E i 0 nmol/L: 53 + 7.9, [ [# i 10
nmol/L: 46 + 6.3, ¥ [& [l 100 nmol/L:29 + 5.7, M
[E i 1 000 nmol/L: 19+6; 1% 1),
22 BEEEIEINE EPC kMR B AE
TE A DA B AN R S, FRATT A T AN R

EPC Migration

Ald 0 nmol/L Ald 10 nmol/L

Ald 100 nmol/L Ald 1 000 nmol/L.

JE B [ R (0, 10, 100, 1 000 nmol/L) -1 24 h J5 &
J&# EPC RSNt e . AT SR Es R
71N ¢ TS [ ) 52 S A B R 41 i EPC A4S A1 85 B
I HE (1 & 0 nmol/L: 40 + 5.6, J & 10 nmol/L:
35+4.5, EEE T 100 nmol/L: 21 + 4.7, EEE T 1 000
nmol/L:13 +3.6;1&2) .
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EPC 41 5 19 1 %8 15 N K2 18 &2 ) g (PBS 4. -
6.9%+1.2% ; EPC # Ht 41 : 46.3% + 6.7% ; & & i
T W5 9 EPC B AEA : 21.6% + 5.6% ;K1 3) .
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A S 6 85 TR s ¢ TR L ) 0 R R P M
EPC 4 ROS 7K °F- Ft i ([ [ Bd 0 nmol/L: 3.2 +
0.55, & [& i 10 nmol/L: 10.7 + 2.68, [ [& i 100
nmol/L: 25.4 + 5.64, [ [& i 1 000 nmol/L: 63.8 +
8.95;&14),
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Scale bar = 100 pm; Ald = aldosterone ; hpf = hish power field. ANOVA, F = 57.13,P < 0.001;1)P < 0.05; 2)P<0.01;3)P<0.01vs Ald O

nmol/L treatment group; n = 10 per groups.
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Fig.1 The effect of aldosterone treatment on the in vitro migration of EPC
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EPC Adhesion

Ald 0 nmol/L Ald 10 nmol/L

Ald 100 nmol/L Ald 1 000 nmol/L
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Scale bar = 100 pm; Ald = aldosterone ; hpf = hish power field. ANOVA,F =70.31,P <0.001;1) P <0.05;2) P <0.01;3) P <0.01 vs

Ald 0 nmol/L treatment group; n = 10 per groups.
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Fig.2 The effect of aldosterone treatment on the in vitro adhesion of EPC
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Ald = aldosterone. ANOVA, F = 153.26,P < 0.001;1)P < 0.01
vs PBS group; 2) P < 0.01 vs EPC without aldosterone treatment
group; n = 10 per groups.
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Fig.3 The effect of aldosterone treatment on the in vivo

endothelial repair capacity of EPC

2.5 [ E RS A4 7 - 42 P g BT R B AR i 5
) EPC Zh &5 {5 70 ROS 4 X

i MR 45577 -2 N R (1 wmol/L) BF (. 4171 il
P[5 1 ( 100 nmol/L) T F%F EPC RSN EFL  Zh Bt LA
FAEPRINLAE N R 18 e S i (B 5A-C) 0 F
G/ T [ 5 5 EPC Y ROS AE 72 (1€ 5D) |, ARk
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DCF fluorescence
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Ald 100 nmol/L, Ald 1000 nmol/L
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Scale bar = 100 wm; Ald = aldosterone. ANOVA, F =243.34,P < 0.001;1)P < 0.01;2)P < 0.01;3)P < 0.01 vs Ald O nmol/L. treatment

group; n = 10 per groups.
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Fig.4 The effect of aldosterone treatment on the ROS production of EPC
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B2 Tt , MR A 0318 52 N -F-i , f2 i 3l ik ok
FEREAE K A2 7 RIS [] £ 16 R 6 X EPC
DI RE A 52 ) - 58 AL, 8 2R BHL W £ B P 3% 4
15 EPC T RE B J7 1% , J2& Bl i 3l kooks R A A0 il 457
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A s I FEARRR BT B0 Kk P e b B A, 3
a1 R 39 %) EPC i v S0 S0 ik P R B4 4
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Ald = aldosterone ; Spi = spironolacton. For each of the parameter, significant interaction between the interventions was observed. Subsequent
ANOVA were separately computed for Ald () and Spi(+) conditions. A: 1) Interaction between Ald and Spi, F = 13.64, P = 0.001. 2) Without
Spi, Migration showed significant difference between treatment group and control group , F = 40.87, P < 0.001. 3) With Spi, the difference of Migra-
tion between treatment group and control group was not significant, ¥ = 1.37, P = 0.249. B: 1) Interaction between Ald and Spi, F = 21.02, P <
0.001. 2) Without Spi, Adhesion showed significant difference between treatment group and control group, F =49.71, P < 0.001. 3) With Spi, the
difference of Adhesion between treatment group and control group was not significant, ¥ = 0.32, P = 0.574. C: 1) Interaction between Ald and Spi,
F =21.02, P <0.001. 2) Without Spi, the Endothelial Repair Capacity showed significant difference between treatment group and control group,
F =7530, P <0.001. 3) With Spi, the difference of Endothelial Repair Capacity between treatment group and control group was not significant ,
F=0.09, P=0.762. D: 1) Interaction between Ald and Spi, F =141.66, P <0.001. 2) Without Spi, the DCF fluorescence showed significant dif-
ference belween treatment group and control group, F = 323.57, P < 0.001. 3) With Spi, the DCF fluorescence showed significant difference be-
tween treatment group and control group, F =5.28, P =0.028.

B 5 ENEEETEEERE S ROS {5 EPC Ik

Fig.5 Spironolactone prevented aldosterone—induced ROS production and recovered EPC function
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Ald = aldosterone ; Spi = spironolactone. A: 1) ANOVA, F = 148.33, P < 0.001 vs control group; n = 10 per groups. For each of the parame-
ter, significant interaction between the interventions was observed. Subsequent ANOVA were separately computed for Ald (=) and Spi(+) conditions.
B: 1) Interaction between Ald and Spi, F = 51.19, P < 0.001. 2) Without Spi, Relative P47/GAPDH ratio showed significant difference between
treatment group and control group, F = 136.39, P < 0.001. 3) With Spi, the difference of Relative P47/GAPDH ratio between treatment group and
control group was not significant, F = 2.44, P = 0.127. C: Interaction between Ald and Spi, F = 50.38, P < 0.001. 2) Without Spi, Relative P47/
GAPDH ratio showed significant difference between treatment group and control group, F = 118.90 P < 0.001. 3) With Spi, Relative P47/GAPDH ra-
tio showed significant difference between treatment group and control group, F =4.89 P = 0.033.
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Fig.6 The effect of aldosterone on NADPH oxidase expression and the inhibited effect of spironolactone
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