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Abstract

Cardiovascular disease is dramatically increased across the entire spectrum of patients with
chronic kidney disease. Angiotensin II has a role in renal damage - induced acceleration of athero -
sclerosis with hypertension in apolipoprotein E deficient ( apoe =/~ ) mice. Losartan, an All
receptor antagonist (ARB), reduces uninephrectomy (UNx) - induced acceleration of atheroscle -
rosis in apoe ~/~ mice. Losartan also modurates macrophage chemotaxis, cholesterol efflux and
inflammation in vitro.

We examined if peroxisome proliferator activated receptor ¥ (PPAR y ) agonist benefits
UNX - induced acceleration of atherosclerosis and the possibility of a synergistic interaction with
ARB. UNx mice were treated with pioglitazone (a PPAR y agonist), losartan (an ARB), or both.
UNx significantly increased atherosclerosis in proximal aorta which was lessened by pioglitazon
and losartan, but especially by the combination which was significantly less than pioglitazone or
losartan alone. Assessment of the plaque lesions revealed significantly less necrotic plaque area in
the lesion with pioglitazon and losartan treatment. Notably, the macrophage area of combination
treatment with pioglitazon and losartan had lesser number of pro - inflammatory M1 phenotype
and greater number of alternatively anti - inflammatory M2 phenotype.

Those results suggest that ARB especially together with PPAR y agonist modurates macro -
phage functions in renal - injury - induced acceleration of atherosclerotic lesion. Therapeutic inter -
ventions for hypertension should be considered to modulate progressive atherosclerosis, especial -
ly macrophage function.

Key words: Hypertension, atherosclerosis, chronic kidney disease, angiotensin II receptor antag -
onist, peroxisome proliferator activated receptor y agonist, macrophage

L &I

BYIRIEC SO A RBB DO HAM & & BIET H
0, ZTOAHZZXLDMBY], BERTEORENZ
BThb. LMERERD) X2 T 708 —iFH
MUICE T, BEhm, TRE REE, B, Fk,
M EnEFonTnsdy, B4, BUERE
(CKD) 201/ A XY FOMS LR LY
20770 2= LTI T3, T4bb,
DERANRY P HBDNBFETED Y 2 2 13 EH
HEISWHI U AR IS R 2 E T SRR L i
CILE LT 30-40f5 8 DRAEY 22 &RV, &
5IZIMTEEN (HD) BHIZHL A 2 F v iddirh
® LDL, HDL L XL #HFE L -8 D00, LIE R
ARy FOWHENZSHRAE R ah 5722 LEd
5, CKD &, FIRHITF AR E TIE—ARm Y

A7 708 —DE», FEIEAD X H =X Lt
BE LT3 uEEMEAE LN S, KT,
MIEHD T v 47 v ¥ v I ZEKIEHEE (ARB),
HBHWEA R VB OWEERNIRD B B per -
oxisome proliferator activated receptor y (PPAR
y) TI=ZZ FOBYIRMEIRZE I RITTHEIZD
WTERREH & M o BRI+ o 2 EFLOWR
FHLITHH T 5.

ToXFATFI I RBHEMERICELD
B)ARIE{L MR R

FREEL> ZEFALELTTRY REAGE
J 27U (apoe ™/7) v REEIAIL AT O—
U IRAE % Hiie X 8, BRI % (24 5 99, Z
DIIAETFAIZBVWTTVEXT VOV 1 &4



FalLE ##ED Up - to - date 591

B MY A L e & 2 & SEIRE A A (e
TAHIEAHMER TS,

Z®apoe /Ty ZIZ LAY &, 2

TF_ )T I ATAHRLEEERSIELL,
etﬁ,k%M®MMMW#M%Lf“ éw
REE LR ND 7 2 a7 7 — 2 OFEHEA EE
htz, ZoORREETHET S vy ZJ’JJJIF:{I{IH‘:T
JLIZARB O T HIL & v @ 503 AL 245
WOLFITTY AN U TIIRMERZE I KIE
AR Eh Y, gk b3 Y
VIR 2 Y ZOMIE F TR ST & 27
MW, OLTFY )T T v A THRLGERED %
fLu.W)tdp 7o, VAR CHYIE U 2z R (ke

Al L SITRRLTED, E5129Y
u/-—/@&Mﬁm*L FOHYEIEF T T
CUyMIHTHO a5V, DLE2 S, ARB IR
Nhs CRUES A MR LR ZE LR~ 20 7 7 =20
ARG A Z Elnk DEGET A 2 EAURNE &
7.

Z 0 ARB OB IRMLIENIZH TS~ 2 07
7 = P AOENZ in vitro DL T X 6526
IZE&hThD, T 2R LN ANz BT 5
vy a7y =IO NFE YL (cholesterol
efflux) 23 KEMES 5 /20, fRHNONET % T4
DAz D, S A RIERISE T AT L
PHISEN TS, ITTL 72 apoe /v A To
g v EGH Lz e hzEEr 20T 7
— DI EA ML LY, vea’jw_xlfmf(ﬁi’-l;fl: alcy
ANFeBHBWAL TS, W20 7 57—
127 RV KREEH AL ZFEM L, cholesterol efflux
#Mmtft A, ay g Alifllvra7y

UTHEEL T O, DL A S ARB GO
BHITIZB 5~ 07 v — YO 4% L IETECH
W OUCEIER L, TIIRII A28 507
WA L IR AT T H B L & hre.

[

PPARy POZZ RETLEAF Lo L [ SAK
HEAEOGHRIC & 5 BRI E

8 M fin TH Y A 17 - 72 apoe /T X UC
PPARy 7 T= 2 O » Y 2/ v &ML T

TIRREAL 1263 2 b Sz 2 TRrEF L 7=, 20 180
TR & R RS Y 20l s LT
BLTFZy )T Ty ATHRL N EEOZE
P 72, Ofl red O G400 T A 7= TR (b 90§ 28
w&mmtﬁwaywywnmwnwL»yamm
DR ER L, EolzEdr ) 2y yaii
4 ‘/O)f'i?-ﬁ'll’c-'%@x))#&liﬂ&%'}ci <Hh (E1).

E 406 C A2 IR L 28 N2 85 F D BESERIL A
(F5—2) ZEW LA a7 7 —OENE

E: UNx with Pio/Los

07 A B C D E
- - Pio
Sham UNx

Los Pio/Los

& 40017 %
g Kl
"é 300 1 *k * & *%
X

& 2007

w

@

-

© 100

=

@

[&]

(7]

o

[0}

=

<

Bl 7HRVKEAQAE /9279 b~V R2EH
AP K AR oL 2 v
Y o) 20 QU

THEYFKERAE /9279 Fvo 2% MG TH

i (UNx) ZRiEfr L, 10 Mg 5 a4 L 2 & (Los),

EA o) %y (Pio) & 50kl (Pio/Los)

AL 7=, 20 M5 C Ol red O H5612C LA

WfIZ 3507 A O RRME (L #1528 A 52 Lt L 7=, A: Sham: §f

FHEEUHEELL, BiUNx B L U2 L, C

UNx # & U Pio ifi#if, D: UNx &5 & U° Los ififié, E

UNx # L U Pio/Los &, *P< 0.05vs A, **P <

0.05vs B, *P< 005vs Cand E. Hi{ (BX E) @

JEERRIL 250 pom AR



592 Pk E et M126% F115 P24 % (2012) 11

ZZ6hT03a, WHHRTT 7 -2 30KL,
A7) ey vbsnizod sy 3z0MKk%E
Rz RICEHIRE{EWENIC TS0 7
F=YDTx ) AL THENNR, vo2uT 77—V
EHAEOE, M I A ML 72 2 2 4
T e HRNE, Mg hNTAaM2 72/ 24
FIZHFohb ZEMER TS D, ) FiED
BIRF{LIHZENTIE M1 7 =/ 2 4 7 CCR7 it
22077y —CODHLARIMLLES, XY 2
JgvkugLa v FOMMERNEILL. 612
BEmiIM27/ 847 Ym-14E~s o7
7=V DREERVLEN, EAXZ )2/ k0
a2 OEHIEZORPENRILL. LEArS
ARB & PPARy 7 I = Z M ZBIREE{LIRENIZE
A7 ru77—-C&M27x/ 84T #E
L. BRIt S 2O ENICBTST 7 -2 %
HWATBIENTREINL.

PPARg YA FET U X¥F TV 1 REH
EREOT /07 7— I ADOEA

PLEOKRIZARB & PPARy 7T =R b 23 %
hZhWRM(ERENIC BT S27 20T 7 - DI
fEH U T b & B WIRMITL o ENE 2 JII L 7=
AR X htz. $44H5 ARB & PPARy 7
T=Z MIZhFhoflricksnwlvrsoz
7= ERIGL, ZOERT 07 7 -V DiEE
g, REARMONE, Pk, £ LT M2EL
DT x84 TOERIZING L ZOY. M2
Tx /84 TBND7 IO T -VIETHRE-
Z, B Eh, 73— 0RAYE LTk
LEROIEIfENT 2 L Sx bh i,

¥ & 8

EMUA RS AR i3 Y) & i
Ty ba—-nEkESICuEBRELE D bIT.OME
FIRBOBIELE S IZ PHITH 5. BRMITZ
DL K BRETHD, FiIMHEE )R T 7
o8- LB IERELORIIEBEHANIL,

GRMLERD A =X b, HlovsraT 7=
DR FH L EE L BRI IEIZ L 5
Lilhhs.,

5l A X #&

1) Go AS, Chertow GM, Fan D, McCulloch CE and
Hsu CY: Chronic kidney disease and the risks of
death, cardiovascular events, and hospitalization.
N Engl ] Med 351: 1296 - 1305, 2004.

Fellstrom BC, Jardine AG, Schmieder RE,
Holdaas H, Bannister K, Beutler J, Chae DW,
Chevaile A, Cobbe SM, Gronhagen - Riska C, De
Lima JJ, Lins R, Mayer G, McMahon AW, Parving
HH, Remuzzi G, Samuelsson O, Sonkodi S, Sci D,
Suleymanlar G, Tsakiris D, Tesar V, Todorov V,
Wiecek A, Wuthrich RP, Gottlow M, Johnsson E
and Zannad F: Rosuvastatin and cardiovascular

2

~

events in patients undergoing hemodialysis. N
Engl ] Med 360: 1395 - 1407, 2009.

3) Yamamoto S and Kon V: Mechanisms for
increased cardiovascular disease in chronic kid -
ney dysfunction. Curr Opin Nephrol Hypertens
18: 181 - 188, 2009.

4) Suganuma E, Zuo Y, Ayabe N, Ma ], Babaev VR,
Linton MF, Fazio S, Ichikawa I, Fogo AB and Kon
V: Antiatherogenic effects of angiotensin receptor
antagonism in mild renal dysfunction. ] Am Soc
Nephrol 17: 433 - 441, 2006.

5) Nobuhiko A, Suganuma E, Babaev VR, Fogo A,
Swift LL, Linton MF, Fazio S, Ichikawa I and Kon
V: Angiotensin Il amplifies macrophage - driven
atherosclerosis. Arterioscler Thromb Vasc Biol
24: 2143 - 2148, 2004,

6) Zuo Y, Yancey P, Castro I, Khan WN, Motojima

M, Ichikawa I, Fogo AB, Linton MF, Fazio S and

Kon V: Renal dysfunction potentiates foam cell

formation by repressing ABCAL. Arterioscler

Thromb Vasc Biol 29: 1277 - 1282, 2009.

Mantovani A, Garlanda C and Locati M: Macro -

phage diversity and polarization in atherosclero -

~

7

sis: a question of balance. Arterioscler Thromb
Vasc Biol 29: 1419 - 1423, 2009.




