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Chronic kidney disease (CKD) not only may progress to end-stage kidney failure, CKD per se is an independ-
ent risk factor of cardiovascular events. The causes include disease-specific factors such as fluid retention, ane-
mia, abnormal calcium-phosphorus metabolism, and enhanced renin-angiotensin (RA) system.

In particular, the upregulated RA system induces a wide range of effects via hemodynamic actions, such as
glomerular hypertension leading to sclerosis, arteriolar vasoconstriction leading to tubulointerstitial fibrosis, salt
retention leading to hypertension, and activation of aldosterone production, which promote renal impairment.
The diverse non-hemodynamic actions and cascades of the RA system have been studied in detail, particularly
after 1990, and studies have reported the complex interactions between the RA system and various mediators
depending on the clinical state of CKD. Angiotensin II (Ang II) acts at two major receptors, angiotensin IT type 1
receptor (AT\R), and type 2 receptor (AT:R). Classic Ang II effects are mediated through AT.R. The role of AT:R
in organic injury is less defined than that of AT,R. AT:R counteracts the vasoconstrictor effects of AT.R, and in-
hibits cellular proliferation. However, whether the actions mediated through AT:R are always beneficial in vivo
remains controversial,

Tubulointerstitial injury is a result of such interactions, and epithelial mesenchymal transition (EMT) has at-
tracted attention as a mechanism causing the injury. We have also reported remarkable over-expressions of
EMT-associated metalloproteinase {(MMP) and its transcription modulating factor Ets-1 in renal tissues of a pro-
gressive renal disease model. Moreover, recent study has elucidated the cross-talk between the RA system and
the Ets system. The RA-Ets association may be involved in the progression of CKD, and future studies are antici-
pated.
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2002 4 National Kidney Foundation %> & 2 ¥ & CKD O#EFAIIZ 1300 FALLLE EhTEB )Y,
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Estimated GFR

260 mi/min/L73 mzi LOO
- 45-59 mifmin/1.73 m2
3044 ml/min/ LT3 m?

<15 mijmin/L73 m2

Any
Deathfrom  Cardiovascular
Any Gauze

adjusted herord ndio (95 percent confidence irkerval)

1.2 (1.1-1.2)
18 (1L.7-15)
' 15-20 mijmin/L73m? 3.2 3.1-3.4)
5.0 (5.4 6.5)

Evaﬁl-fnqﬂiuhu:

100 100
14 (L4&15)  L1(L1-L1)
20{L9-21) LS5 (1.5-15)
28(26-29) 21(20-22)
343138 31 (3.033)

* The analyses were adjusted for age, sex, Income, education, use or nonuse

of dialysis, and the presence

or absence of prior coronsry heart disease, prior

chronic heart fatlure, prior Ischerndc stroke or transient ischemic attack, prior
peripheral srterial dizease, diabetes medlitus, hypertension, dyslipidemia, can-
cer, a2 serum afbumin level of 3.5 g per dediliter or less, dementla, dirhosls or
chronic liver disease, chronic lung disease, documented proteimsia, and prior

hospitalzations.

F This group served as the reference group.

Fig. 1 An independent, graded association was observed between reduced e-GFR and

the risk of death, cardiovascular events?

Adjusted hazard ratio for death from any cause, cardiovascular events among 1120295
ambulatory adults, according to the estimated GFR.
Copyright (© 2004 Massachusetts Medical Society. All rights reserved.

O L 72EBRET TH B L AHLIREA S
N7zh6Th 5B (Fig 1), Bl 4728 A28 E
R TITb N BRABROY 7T T3 b 5 kR
FOFRTH CKD 2& b LMEA XY MZEBRT S
AFTHaEVHIREI R EN, ZORBEERR

EHICHELTA. CKD TlBRKFCEMIMER &D

BN 20 EREERERFICML, L=V 7 U ¥
%7 v V5% (renin angiotensin system : RA), &
M, ATy u-1) > (CaP) REEE, HHF b
Vo h (Na) P e CIRBERAORBRRFIHFEL
BIRTEAL 2 ES 5. AFTid, CKD OFEDOHT
BIFICRARICARY M2HT, BAVTHTER
BRI R THBT 5.

1. CKD £ERA %

CKD 2817 % RA RBIELOLEF L LT &
MEICLABEF 7 UV BAEI OVBH B, &
NAERAFR 70 VAT RARETHE S, RBRE
oy R ED AR AR\ & B AR IR ERE (SnGFR) TuiE
R PRAE CO Na BIRIGEM 242 = § 2 & CHERERE
ErMREL LI &3 2 MITHENZE B RBB#EX
BEBEZBY. L L RARLEIFITIE, REkE
BIMEC & 28, MBIRIUE 2 H ) RAE R E O
ARHETL, RO & AR R ERL T
VRATFOVEATEICE S LERREOBRAIRT
D, BEEZISOICERTLI LIRS,

CKD BT 5 RA RILHEIL, FHRBIIBVWT, £

B3 4 ORT L BHCHAG > T 5. HEOH
FEhh, ORI, BiiMkor ¥ ¥+70 ¥
J = VEEDHMNT 5. TEIHEEO RA Rt
XA YA VR RS T, ORRBRMEESE
B E Y, 2O BRLEAEEEZNL, L= VEADEM
T 5. #HIZ RA RIUEISER M A EL I8 &5
AR R T RIE{LT 2, R4 2BFEIEB SR
TE&RD,

2. RA RDFEMITHFERER

1990 FLABE, RA ROWRIZI S HIZHEE LIERD
MATHFR RERICNZ, Fig 2R T &9 %2%¥
% IEMATEN 2 EM 2SR E 7222, OfF 4 03 4
Mo 4 v, BERT, REEFENLZRIEERSR
MifatgsE, @NADPH oxidase M D LR ICH T %
B b 2 + L A ¥ K, @plasminogen activator
inhibitor-1 (PAL-1) W& bZ & &4 L2 BEEUES
MmEMNEZARKERE, @1 X)L e 7y —%
H 1 (insulin receptor substance-1 : IRS-1) OF 1 >
V) UEEBEIZ L B4 R VviBHiEoER, ©
transforming growth factor-p (TGF-B) %z &% AL 7=
MBS~ ™Y v 7 R (extracellular matrix :
ECM) REAERKA, ®metalloproteinase (MMP) &
BIZXBMEARN TS — 27 DOlessiks, MRLRA R%
L7 2 5Be I BT 3 BB kA LR S N7z,

FRAOERBICET AT, FAREREL
FARBOFIEEIT> T3 ) v MEEBOREES
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Fig. 2 Schematic illustration of important Effects of angiotensin II on mechanisms associ-

ated with atherosclerosis®

RAZRDVHELTWAILIHELRICENRDDOH
%. Angiotensin II (Ang IT) i Nephrin ®® 4% %
B LEMAICHERAT S CaF v ¥ PV transient
receptor potential channel C6 (TRPC6) DR E
2RITIEIMEEINTNEOY,

3. RAF L Ets 773 U—&® cross talking

Ets 773V —RQ M) FRFREZFIERITL T
O ANVZAE2OREENT: vets BB TFIC
HMEELZ D OBERFHTH D, Ets &) &t
E26 (E-twenty-six) \CHA%$ 5. ETS&EE&EF—7
(GGAA/T) AL, HYBEERTFOBREMNEH 21T
). ZDOT77 I =, HLOMBEIZEBEL, prote-
inase Bz FOEEEMAL, EEMEOBE, 1) >3
RO, MEMEDORER L, LHREWRRIC
B5 L T2 BHEIRICHB VT, 2000 S H 4 AF
ETHBREET N TZORE~NDOBAS2HET 2
TT, DIFrERE LT TR ol KA
27y PIMEBBEEELETVIZE W TEs]
mRNA, EHORBEIEBOMET & FHIHRIRIEK, B
HEBOBHONILEE TH S 212 up-regulate L,
MMP9, 3 EHREIR S Etsl HEH &AM L 2 ERT
R RHEEMT 22 & 2WME LY. X 5108
ET R ER A RME LEMfaIc BT, IL-1B
VHEET 2 MMPORBICH T 5 Ets-1 M5 %
BBYICFERR L 72" (Fig. 3).

MMP (3% ¥4 (angiogenesis) (ZABROWE T

HBY, TO—HBRENMHFETET T — 2 OfEEH
HRRENT A b A v OFEBICEET L. BESR
BWTI}, REKAS X RSB ERERO ECM
D remodelling [CH5 T2 & ENTED, KL%
OEREIREHATH o7, LIL, FEOHEIS
YA M HA VLo TRBFE SN/ MMP-2,9 12
& A REEEKREOWIED EMT (epithelial mesen-
chymal transition) % 1@ L, RHVE EIERMEIL DA
BIZHES T2 EBMBAINLY. b LEAIEE
7 6, MMP @ EFIZNE S % Ets-1 & EMT <1l
BERECMOPOMESZ LTV RN H 2.
EHIZHEE RA RAEts-l BEEFET L L0
EETREFEBEI L OFFTHEI R TW
27 Zhan 513 invivo 2B W T Ang 11 ik 5
WCEo TR 2EREEOEE, e HEORHMEL,
DHBIREA Ets-l /v 7 79 by A CEEICHR
ENBZLEWELRY. ZOWRTIE AngllDOTF
WINEBT 2 A7 14 —%—D9H PALL, mono-
cyte chemoattractant protein-l (MCP-1), cyclin-
dependent kinase inhibitor p21°* 13 Ets-1 IZ K F L
TWa L dhHEIN FEEAF YL
B WT, Angll2'Ets-1 #FE T3 2L, Ang
II A% E 3 5 fibronectin B4 12 Ets-l XL ETdH
2T EMMEINTWEY. ¥ RA R-Ets HEHAH
mMEMRER CKD ETHIZBET 2RBIZBVT, &
L7 0—XT7 v 7ENDEANELDN S LRV,
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NRK49F renal fibroblasts.

A IL1-8 stimulation + control ODN
1 6 12
Ets-1 :
(Western) |
MMP-9
(Zymo)

IL1-B stimulation + est-1 anti-sense ODN
1 6 12 hr

-55KD

_ LatentMMP9
_ ActiveMMP9

NRK52E Tubular epithelial cells

B IL1-§ stimulation + control ODN
1 6 12
Ets-1
(Western)
MMP-9
(Zymo)

IL1-B stimulation +est-1 anti-sense ODN
1 6 12 hr

-55KD

-50KD

—_ - LatentMMP9
<0,
p<001 _ ActiveMMP9

Fig. 3 Expression of matrix metallo-proteinase-9 associated with efs-1 proto-oncogene in

rat renal cell lines!¥

The effect of efs-1 antisense oligonucleotide (ODN) on IL-1p (10 ng/ml)-induced MMP-9

activity compared with control ODN,
A: In NRKA49F cells.

B: In NRK-52E cells. Shown are sequential changes in expression of Ets-l protein, and
gelatinolytic activity of MMP-9. The latent and active forms of MMPs were distinguished

by molecular weight.

Ets-1; Western blot, MMP-9: Gelatin Zymography

4. RA READFEE

Fig 4 1R BY, HERARDART — Fid
BB SN T &2 Mg RA RERLSEERE
TEERZY7IA M2 502013008 Y)TH
5. REOEEZ M v 7 A% HEICTRISRT.
Q7 v FFFv ¥4 7224k (ATR) 247
BYEAE LT, BRERELECHES T 5MBICHE
EIRVEH, MRRatasEinkl, Na FIRSOREFREER
BhHd, @002 FCRKRINL (F8) LVvER
WIS, mELZLEeHFBHFIHIATS o=

i (7e) Vo UvREKLEET AL, ZOIKHE
EXERILL, BEREHR BRI AZLICLY,
LoV L RSOBEGMEER TS 7T ¥t 7
VIV VERER (ACE) A0 Angll BEE 2T
BROBRTEICEHBRTELE SN —EPE
BTHA WOLRETEAVHMWL, FIOME
FMBTIXACELL Lo bHEHEIhTw2. @
ESICRL - BBRERZ R T ACE/Angll/T ¥
XAF U471 EEE (ATR) e 3R
W& MERRSERMBERENICH { ACE2/
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1-PA, Tonin, Cathepsin D

Angiotensin(1-10) (Ang )

% / ﬂ ACE, Chymase, cafhepst -

Neprilysin Angiotensin (1-8)(Ang II) —
Aminopeptidase A ’ 7
e
Ang|o+ensm(2 8)(Ang Iil) 4
Angiotensin(]-T) Aminopeptidase A, M

ACE, Aminopepftidase Anq|o+ensm (3-8)(Ang IV) — ..m
Endopeptidase

Inactive fragments ﬂ Aminopeptidase, Endopeptidase

Inactive fragments

Angiotensin(1-9)

ACE, Neprilysin

Fig. 4 Simplified overview of the proteins, peptides, enzymes, and receptors of the renin
angiotensin system?

Control 5/6 Nx

20 7
18 7
16 7]
14 7
12 7

% area PAI-1 mRNA signal

p<0.05: *

—_
ON PO O
1

Control ARB AT,RA Combined
5/6Nx

Fig. 5 PAI-l mRNA at 12 wk after 5/6 Nx24
Expression of plasminogen activator inhibitor-1 (PAI-1) mRNA in situ hybridization in
kidney cortex was quantitatively analyzed by SCION Image Software and expressed as
% area occupied by PAI-1 mRNA signal.
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Angiotensin-(1-7) /Mas 3 7% < 8l 5% 2000 £ 12 3¢ A
Eh, EFEEhTW5Y,

5. AT2 2R %E N T 5 RA READEHH

Angll DBEEEIECATRZATSHLDT
B> T ATR 2HT 5 EHIZ &R I RERN T
HHEEDLNTVWAEY. LaL, ZOERIFITIIMR
BV R D ORI 2 5 fA7E L T 5. JEBREF R T,
ATR 250 B RICEE$ %85 HF PLZF (pro-
myelocytic zinc finger protein) % #FHE 3 5 = L&D
WEENTWBE?, 72 AT.R BETER (A, Gal-
lele) A3 AE A R BB R B ICBI 53 5 Z & H3Fad
EhTwa?, [REEBTIZATR & ATR &3
AngITIC X 2 JREGRK, THEREELZHE) 2 LAVR
BENTWS., FERICBWTIEEIC5/6 BFRHPR
EREAEETIV(UUO) & W72 EBR I Thh?,
ATR 2N T 2 EREMCHORFIRELF R L
ToT&/ MRTH2MAERRL L TATRIZ
NF«p ®° RANTES % E@ERF, 4 bhAf D
FEAALTATR & HICERBETICEDLS LW
)b DNH DY,

F2125/6 BREFNVIIBITS ATR 2hT5F
PREEHICOWT E HICIRGEY 2 BIRCEREZ1T-
2% AR TIESD T v b2 5/6 B E MifTHE, R
RS HEAT L 72 8 B OB S THRIIE AR E 1T -
72, SRERKTEAL % KR BRI T 5 245 (0 : no lesion,
1+ : sclerosis of <25%, 2+ :25-50%, 3+ : 50—
75%, 4+ : >75%) L7234 % SRIRAREIL a2 (scle-
rosis index : SI) & LCEM&E L 7.

ZF®D LTSI, ZHMR, M, MiE Creatinine @ 4
ORIBEL L, 3% 45 (OMEiA#% (CONT) #,
@ARB T ¥ )V ¥ ~ 80mg/L in % E Ak$#% 5 (ARB)
B, OAT.R #PiKl PD123319 15mg/kg/day 2 TR
7 (AT.RA) B, @ARB+ AT:R Bt/ (Combined)
FEWCEIL, Dk 4 AMSEEEITV 12 HBICEF
fiL7-. ARB#ICH L AT.-RA HTREARRBL R
REERN R 1T 7 <, AR SIPH L NICHEL T
W7z, %72 Combined B Tid ARB B2 e~k
BICTHSEDMERRZ RO LD oz, BHETOS
FURVOMHTIL, BEILESR ECM LR L
Z 9 PALl O3B CONT BEICH L ARBE TSR
BEWEBEICIHI S N2, AT RABETIILLAH
fm, Combined Bz ZDHHTH -7z (Fig.5). <h
LORERMSIERTANE, ATRICED 5 BRE
TEREH S TH Y, 52 ARB DEFH O—E8I1Z AT
REZNLZMEHTSH S Z EPHN N T-2LHE

XD AnglI2"ATRZALTCEEN, BHEWNI
PALl #HEZHET L L FIEHINTE D, K
MREICELD AT RENTAMULLAZAAZZAALT
PATL-1 F83 % #0l L T\ 2 W REHEATRIE & 7.

invitro IZBWT, ATR IR E L7-ME oM
12 X - T heterogeneous ZfEH 2o Z & I
ENTVAE, SHREMERBICBVT, BKSH
EN T 5 EIRE AT:R agonist (compound21) %
W R AR EE B,

BhHYIC

CKD B ZTHEBIZHELHKTH Y, WEBIIRL
5. L L, TOHETICHT Z3@EO#F & LTRA
ROMENHRASNTE/. 518, Ets 77 IV —%
YR TF L OEBLEO D & 5 5 5EICH
FLzw,

I
HETROMIIY, CHEE WS § LI
Sk TR LT
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