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[BE] HY  WEK IR Z 5= Y (advanced glycation end products, AGEs) ¥l 2 g E £-ME XK KRS
(renin-angiotensin system, RAS) (00 B M AL, J7ik R M 9 AGEs F HU/M BURL 41 24 b, 5 Ko 1 %¢
(renin) . Il 45 Z 5K & J5i (renin-angiotensin system, AGT) I Eik & 11 1 B 2 BIZ{K(ATIR AT2R) (3%, I Bk K5k
i1 ( angiotensin-converting enzyme, ACE) F7G MEFI M Z 5K & 1 (angiotensin 11, Ang 11 ) AU JE , WAL 14 EF B (Akt)
FBERAL S5 SIS ULIE 3 W6 50 ) LY294002 losartan  captopril I chymastatin, UL 58 A2 4116 K5 HHE 175 f
LEML ST IRZIAE LY, AGEs(80 pg/mL) BB il AGT H1 ATIR (335 (183.0£19.0)% wvs 100% ,(179.0 £17.0) % wvs
100% , P <0.05 ] , 24 ACE % MEB SR (142.8 £10.3) U/ pg vs (85.0£9.2) U/ pg, P <0.05 ], 41 135 Ang 11
PV i B B3 [ (11.2 £0.8) pg/mL s (7.0 £0.7) pg/mL,P <0.05] ; Akt [BsR1L_ 78 100% (P <0.05) , Tiii LY294002
AT AGEs S0 A1LPS RAS 93077 5 55 AGEs AUHIH,  LY294002 ] e AGEs 4501 K& 4 HURK -1t T Wl (82 =
13)% vs (40 £12) % ; (78 £14) % vs(42 +13)% ,P <0.05] . &5 AGEs W REil i B LA 3 WA iR 12 W00 2 40 i Y
9 RAS, BRI A2 20 RS BEHA:

[RIR ] WRIIREIE AL ) s BRI LS 3 Vs s L0 B R -1 B R R RS

[FREES%S] R331; R587.1; R335.6 [ THARRAG] A

Effect of advanced glycation end products on renin-angiotensin system in podocytes

Cheng Cailian, Zheng Zhenda, Shi Chenggang, Ye Zengchun, Liu Xun, Lou Tanqi ( Department of Hephrology, Third Affili-
ated Hospital, Sun Yat-sen University, Guangzhou, Guangdong Province, 510630, China)

[ Abstract | Objective  To investigate the effect and mechanism of advanced glycation end products
(AGEs) on the components of renin-angiotensin system ( RAS) in the podocytes. Methods Immortalized
mouse podocytes were exposed to various concentrations of AGEs for 24 h. The expression levels of renin,
angiotensinogen ( AGT) and angiotensin [l type 1 and 2 receptors ( AT1R and AT2R) , the level of angiotensin
I (Ang 11 ), and the activity of angiotensin-converting enzyme ( ACE) were assayed. The levels of Akt and
phosphorylated Akt were examined by Western blotting. Cell adhesion was measured in the podocytes pretreated
with phosphoinositide 3-kinase (PI3-K) inhibitor 1L.Y294002, losartan, captopril and chymostatin, respectively.
Results Treatment with AGEs resulted in significant increase in the expression of AGT and AT1R. Moreover,
ACE activity and Ang [I level increased significantly. However, there was no significant change in renin and
AT2R expression. AGEs increased the phosphorylation of Akt by 100% . When the podocytes were pretreated
with 1.Y294002 (10 pmol/L) , the AGEs-induced increase in AGT and AT1R expression reduced remarkably.
Likewise, ACE activity and Ang I level decreased significantly, and the reduced podocyte adhesive capacity
induced by AGEs was improved significantly. Conclusions AGEs activate the RAS via PI3-K/ Akt-dependent
pathway, and lead to a decrease in podocyte adhesion.
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A 30 A L AL 2L 7= ) (advanced glycation end prod-
ucts, AGEs) Em LT WEZ Y I 2 50 R W%
B (diabetic nephropathy, DN) (% A K i 240 i)
A BB /ISR U B ) B S — 5, N BR R A R G
Ty BSOS TR AR 1 PRI A BB /N ERRE A 1
R O PR . BRI U /N B 4
ML NFFEAE B -1 & 7k & R 4 (renin-angiotensin sys-
tem,RAS) 35 5 /L 40 B 43007 A= 9 148 Rk R
(angiotensin Il ,Ang Il ) AJ/E T 241/ B & , 23—
RO . ASWEIE I AR SE B WL E AGEs X
/NERE AL PN RAS (5200 TR0 B R LI 3 Y/ 48
F1 4 % B ( phosphoinositide 3-kinase /protein kinase B,
PI3-K/ Akt) {5 53 e H a9 fEH

1 #REFE

1.1 ##

AGEs (f#[E Merck) , #3529 4 3% F 2 F1 [ (bovine ser-
um albumin, BSA) , 3% [E MP Biomedicals |, Ang I £ 35 &
(2% Ray Biotech) , Ifil & % 7K & %% #: fiff ( angiotensin converting
enzyme , ACE ) J& PR IR0 & (LB G B B ) , b il Bk %
Ji (angiotensinogen, AGT) ZTE {4k ( Abcam, UK) , faii'§ &
(renin) Z @ BEHAR M RPN AE EIKE T 1 5 2 B2 4k (angio-
tensin I[ type 1,type 2 receptor, ATIR, AT2R) Z T Hiik (£
Santa Cruz Biotechnology ) , % i ¥ Fig 1k -Akt ( phosphorylated
Akt,P-Akt) FlI/N R4 Akt ( 3E[H Cell Signaling Technology ) , Chy-
mastatin , captopril \.Y294002 | { FE 1 % Jit J& Fil P-nitrophenyl-N-
acetyl-D-glycosamide ( Sigma, St louis, Mo) ,

1.2 7k
L2.1 ZfglesR escseirdl /NRUR AR MPCS i ik
PR SR — B P N B i R B . B 1 AR ) S ) X R

2 A ) Wk BE A9 AGEs (20,40, 80, 160 pg/mL) 2 Fl BSA
(80 mg/mL) 2H, T i J& 40 ff 24 h, # ] AGT, ATIR, AT2R
renin  ACE | Ang II 1) 235 FIEE PG B (Akt) ABERR 1k 45 2 &1
73 SE5 T PI3-K i 551 1Y294002 (10 pumol/ L) Tkt B e 441 iy
JEWEE AGEs /Sy 41 AGT ATIR ACE Ang Il 97254k ; 55
3 T4 4 T PI3-K 413 LY294002 (10 wmol/LL) . Losar-
tan( 100 pwmol/L) ,captopril (50 wmol/L) F & Bl 7 77 chymas-
tatin(100 pumol/L) TiAbHE 1 h Ji5 , LA A M 14503 Fn Wl i 16 73
HrikMgg AGEs -3 (1 & 240 MRS B 9 22 1k

1.2.2  Western blot £l 2 [ 4RI S e N 4 ] 43
T o LI BT U S BT BRAGT (1:2 000) \renin(1:200) |

ATIR(1:200) AT2R(1:200) .Akt(1:2 000) .P-Akt(1:2 000)
4 C WELK,RIGHAEE P B E . Quantity One
PG TR AT E bR 2 TN 2SO0 M, HAR &/ NS
FiZ B R B AR E i
1.2.3 SR RGRSE R U e B T R A R4
228 nm U 5E B PRER 1 , SIS R BE(E D(228) ], thi Dy
PR 5t AT T4 S5 AR i b I A7 5 T 2 B 400 g 10 R X 0 P /KT
WRLME 3 AMPRAER D(228) 1,3 45 D(228) F-341{A/ 5 bR R
(pmol/L) = H JR & pe, ACE 7§ £ = [ D (228 ) sy -
D(228) oy ] X3.0/(2.64 x TR pe) ,MEMLL U FRR
1.2.4  JiEe G0 o5 W B 55 3 & ELISA 327 &5 136 I R 17 45
VB, FIBEARAAE 450 nm {52 6% BE ([ D (450) ], Sigma Plot 4k
PHUAREILR , T SR AR TR B
1.2.5 2 RS B e 5390 F 240 11500 TN b R
ARSI AT A I G B R B 36 = (S 2Rl 4 (B %o
TR 6% () x 100%
1.3 Geit ot

Bk 3 WEE LR, M v +s £R. KA SPSS
16. 0 i |2k AR PE 7 255 R IR 2 2 AR L BCR R R
ZAT, AR E A LSD-e G536, R A EL SR T 22047 -

2 HR

2.1 AGEs st @mpo i §F2-nd Sk EZ AL TR

AGEs (80 pg/mL) il W8 [ R 4L AGT il ATIR )3k
(¥4 P <0.05, [ 1A) ,{H5} renin I AT2R (#3535 %45 B 2 5
(P>0.05,[8 1B) , @itsE ACE B3& 1 ELISA #:30 Ang 11
{9V FE % B, AGESs (80 pg/mL) 7T B 58 71 g5 2 48 i 24 fift 4
ACE HYHE (P <0.05) A e Ang T A9 [t W) 5 3
(P<0.05), W1,

1 2 3 4 5 6

AGT(53x10°)— . S

ATIRUAZXI0T) > i— . s s — e

GAPDH( 37x10‘>ﬁ_®
T —

AT2R(50x10°)— [ ———————
AP E———
1: 218483220 pg/mL;3:40 pg/mL;4:80 pg/ml;5:160 pe/mL;

6. BSA

A BERRFRALEFRED | 2B F iAo RRED

2 W ZAR

B 1 Western blot #& il 7~ [5% & AGEs 3¢ renin AGT AT1R %1
AT2R K350

®1 ETENSWAERE AGEs X 24 A RAS EFSHIFM(n =3, X £5)

e iz AGT/GAPDH(% )  ATIR/GAPDH(%)  renin/GAPDH(% )  AT2R/GAPDH(% ) ACE (U/pg) Ang I (pg/mL)

Xof B EL 100.0 100.0 100. 0 100. 0 85.0+9.2 7.0+0.7
20 pg/mlL 112.0 £17.0 109.0 +18.0 108.0 +16.0 107.0 £17.0 99.8+9.6 8.4£0.8
40 pg/mL 132.0+17.0 130.0 +16.0 109.0 +15.0 110.0 +18.0 124.1+8.9 9.6+0.7
80 pg/mL 183.0 £19.0° 179.0 +17.0% 117.0+18.0 107.0+19.0 142.8 £10.3% 11.2£0.82
160 pg/mL 165.0 = 18.0° 159.0 =19.0° 108.0 +20.0 107.0 = 18.0 133.4 £7.9% 10.4 £0.72

BSA 105.0 +21.0 103.0 +18.0 108.0 +17.0 106.0 +19.0 88.5+9.4 7.2+0.8

a:P <0.05, 5 2} B0 pb 4%
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2.2 AGEs %} PI3-K/ Akt 1% i@ %469 % v

5% B ZH AR [, AGEs B S 35 Akt (4 B R 1k, & Wk T

AGEs(20.40 .80 160 pg/mL) %} Akt By @B 4k k Hy (120 +

15)% . (145 + 18)% . (200 = 21)% . (185 +20)% , i H: ¢

AGEs ¥ i 4 80 pg/mL B i B 5 (P <0.05) , ifii BSA %} Akt i
IR I A W W [ (106 £17)% , P>0.05] ., TLE 2,
1 2 3 4 5 6

p-AKL(60x10°) > — e o SN
1-aki(60x10°)— D S S S

o)

1.5 20;2.:20 wg/mL;3:40 pg/ml;4.80 pg/ml;5:160 pg/mlL ;
6:BSA
B2 ARERE AGEs 3t Akt BEES L B9800
2.3 LY294002 %} AGEs /~5-#49 2 2a i, 1] RAS 9% &
AGEs (80 pg/mL) 1] 37 2 41 i P9 19 RAS, LY294002 i ik

FREAHML 1 b J5, &I AGEs 43 0 & 4 TN A9 RAS 005 W it
W%, EIRZRIAN AGT F1 ATIR IR A TFE(P <0.05) , 41
MR ACE R G MR RN L35 b Ang I1 ¥k Bt A7 B it
TFRE(P<0.05), WE3,%2,

AGT(53x10°)—

1 2 3 4
IR0 T

GAPDH(37x10°)—

1. 5F 88202 . AGEs;3 : AGEs + LY294002 ;4 . BSA
B3 LY294002 3} AGEs /' SR E A A AGT #1 ATIR B840

Fz2 LY294002 3f AGEs 1 SR Z A RAS MM (n =3, x =5 )

a3 AGT/GAPDH ATIR/GAPDH ACE Ang 11
(%) (%) (Upg)  (pg/mL)
popilskiE] 100.0 100.0 85.0+9.2 7.0+0.7
AGEs 183.0 £19.0* 179.0 £17.0* 142.8 £10.3* 11.2 +0.8*
AGEs +1.Y294002 129.0 +18.0%" 123.0+19.02" 102.5+9.7%> 8.9 +0.8a
BSA 105.0 £21.0 103.0 £18.0 88.5+9.4 7.2+0.8

a :P<0.05, 53 HALHLEL; b:P <0.05, 5 AGEs 4114¢

2.4 AGEs Z LB RAS j& xt 2 20 ks Wt 69 % vf)

AGEs 7] W]t} [ AR A2 20 B 9 RS B P (P < 0. 05 ), 1
LY294002 Tkt PEAE] W% AGEs A5 12 40 i Kb B 19 T B
FREE (P <0.05) , 7 captopril Y losartan FHET Ang 1T J5 X REV 2
AGEs 453 /2 4IRS B4 R B B2 (P < 005 ), i J5& At 41 7]
) chymastatin X AGEs -3 (1 2 4H Ak BE 4 T B B8 B 1y
B (P>0.05), W3,

&3 AGEs KT RAS 3 BRI (n =3, x£5 )

Eibill ARk (%) SR BTk (%)
X AR 100 100
AGEs 40 127 42 +132
AGEs + LY294002 60 + 122 59 112
AGEs + captopril 70 +1312b 68 £ 112
AGEs + chymastatin 43 +10? 45 9
AGEs + losartan 82 =13 78 = 144
BSA 99 +11 98 +9

a:P<0.05,5 x4k %; b:P<0.05 , 5 AGEs 201b4g

3 i

AGEs 7E DN K HAWBE IR (018 13 0 2k &
JE A T H 25 32 B0 EAL, BELIT RAS i 80w/ — &
S I A 1 O AVBIE 5 1 %% S i 5 1 B 56 T AGEs
X} AL RAS (9500 K AF FIDLRI B SE R 2, A s
st 5 % B AGEs A{H 13 AGT 923k, i H. L i
ATIR 123k, AGT 13k L Ang I A9 2R AR AL
TR . BRI % B2 L BB 40 i 32 32 3 ik ATIR
(5 75% ), AT2R MK 7R A (5 25% ), H ATIR
& Ang TR FEZK, A5G Ang TR P 234
;i Hoffmann 25 % P07 (R B B 4141+ ATIR
(IS T IE %, 1 5k ATIR fo%5 5 H K R
LR R, B /KBRS M8 L, TR ATIR DU
T I S I ) 0 S 3k e SRR W] AGEs 4351
M Ang TEEASR IR Ang 11 1E FH 32 1 5% 72 80T J2 40
FEL P B RAS, AT BEXT T 12 40 i (4450405 L5 Ik S 114 0
JEEAEEMIER ., A FER KD T RAS 4 H Al
FEAL T B R A AT2R (K, 45 R & B AGEs X} 2
A E R AT2R (9 F A %A W R, BT T
DN B2 41 1 2 F Rk DR SE A R — . Singh 25
K BAAE DN AU B Z FhThi , {8 Price 207 & 31
7E DN 214U 15 26 4605 S T W, 3 se 2% S i 7R ol
RE EEA T RIS TR . AT2R & Ang 11 H9 55—
SZAR, Velez 25 % I 77 013540 A2 40 6 70T Q3% o 400 Y
¥ RAS (X} AT2R (9335354 1 B m ., HAT AT2R
(A F R e 2T 28 . A FIE O 0 AT2R f4380 AT
TP ATIR (25057, B9 1 L, /N U AT2R 5 8
ZHZV A B g A R 3, BLER R L T RE
B BETR N (B A 2% 3 & B Ang 11 38 & $035
AT2R LA AGEs Z A5 AGEs Z k1
b A SR FE 2 ML N B RAS AT T T P 97 3R
e 40 AR 1

MBIk E 1 nJ45d ACE FIBEES ( chymase ) 578
A Ang 11, TBFZEIA N ACE JZ2E i Ang 11 9 322555
7N RBEF &I, AGEs 1] LIS ACE (% 4k, 7
i E3E S Ang T HRSE, Ang 11 J& RAS rh 335
U5 9 5 8 % 11 32 BRI 0 R, A L N 7 A Y
Ang T AT Az [ A3 A0S, A 4 0% 20 M b g
ATIR, /M3 Ang T AESEANE A Ang TR, Hagh
(¥ Ang T AJ 33— 845 5 R %% 3%, 31038 AGT mRNA
(Fik, EAUIEA RAS (93805 A ] R T2
2R, 3 AT T B /NBR A 1 A [ A 20, 0 A
PIRIIHERE . Ang I AALAT A5 08 40 M 8 7, 14 7T 38
i ATIR A5 485 20, B 32 3 TGF-B1 7= A=
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MAPK \PI3K {553 % , 5 B0 ML K Ly 5Kk A
INERREAL

PI3-K Je HR e Ak 78 41 i A K AR A7 A%
PEMRE I R AR b A M AE . PI3-K/Akt {5
S5 RAS Z B & &R, HAT M A i, Martin
SR A T B s BT i 2T 4 40
PI3-K i@ f% L8 ATIR (33K, A28 E A
HRIAESE & B Ang I AT 38 o 006 PI3-K/ Akt {5 5
B, SPECE IR K R 5K A NERRE AL . A B
FERIN, AGEs REVLIE & 240 Ml P PI3-K/ Akt {5553 [#
fift Akt FBERR LI N, i — 2 WLER & 3 LY294002 A]
[ AGEs 4 S:1 AGT 1 ATIR ) bif, F#A% ACE 1)
TEPEF Ang 1T AOME B, X 2L 25 2R, AGEs 1] figs
i PI3-K/ Akt {5530 BV R 40 N 9 RAS, 2 41 i
W AE ) Ang T SCRT 0 /R 40 ML N 1Y) PI3-K/ Akt {55
K, HUL A0 B HE— 2045, B8 R 1IN RAS
55 PI3-K/ Akt Z ] A] GEFFTE cross-talk , Jil 8 B JUE 5% i
ML

R T LS R AR LN RAS B0 X R 4 A
B 7 AL RN, FRAT TR 2 240 FRURS B rry i 2%, 445
Rk B AGEs ] W i [ {1 J2 240 B i Rl B 4, 158 1)
LY294002 #l ] RAS Y3 ol B H2 il V0 L R 4B
FIBELIT RAS J5, AT UL A 240 B R B 1 B9 S e . A
7% "R3B , AGEs figifi ¥ RAGE-ERK/MAPK %43 i
T LM chymase ZRIRIG T, DA 573 UL 240 16 PN 149
Ang I 7 A= 8 i, (EBIF 5 438 /N B 410 S 77 78
chymase 178, B # 4 chymase 4= i) Ang IT 9E% 7
AW FE K PR chymase 14| 57] chymastatin 7§ AN G 2 3%
AGEs 413/ 2 41 MRS B 9 R B, 38R AGEs ] R 32
FE i ACE 4244/ Ang 11 #94: . Bondeva %'
K AGEs i il i 25 B -1 AR 20 A
Mo ARBFFE & BLE YD AT LR AGEs /510 2 4 i
KB T [, 11 Han 252 BF5% & B0 Ang 11 A] 5@ 5 1
R 20 R 2R 0% i TR 179 22 58 A ATORG B 4, T DL
VO IEE T I 2R 3% U R A AT VRS A 2 A
P51 ke gk AR IR AGEs W] A8 i ST AL 40 I Y 19
RAS, {5 A2 40 MRS B 4. Macconi 2510 F 5% % B
Ang 11 5200 J2 40 M 5 9% % 2 8 11 20-1 1 5 43 A Fl
F-actin [T, BEIR L AN £, FREAIK, X
SEZ RN, AN RAS SIS 2E 1 Ang 1T RJ AZ
5 T 45145 K 40, T B AR 1 E e

25 L ik , AGEs Wl i) PI3-K/ Akt {553 BT
SEZRME P RAS -3 250 40 6L 4 Rk B 14 T B . A Bt
FEMIm IR L T RAS BH T 3697 DN &S HILH -
PRAL T SIS  H T EAEAR N IR i — 2R
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