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WFZERR R O (Fn30) @ A BRI LV ER L7 CKD €7 v 7 v h O KRB/ CTIX, B
FEREOAX FIZHAERE L T, iiH ADMA = & RERAEAIZ 31T 2 ACE 1EVEN A L, N iRE
IRF & RIESS DO TLEDRD B, B IMAE N EGIZ ADMA 4 % & superoxide
AEREEINT 228, ACE FHEFFHIC L v flsh, OEEEOMFO—>I12, ADMA LHIC
X % renin-angiotensin &2 % /1" L 7= superoxide PFEAEN T H L TW\WD I EWRE Tz, iz, &
I % S 72 VWK H O erythropoietin Z4ERJF 7 »~ F<° CKD €7 /v 7 v MII@HRET 5 &
RENIRFE 25 B0 S v, 2 OBFIIE Akt BB 2 AT L7z NO PEANEHE R ZE 2H > Tng =
EWTRE I T, & HIZNO GEERILEAIZ AN L7727 v MZEBWTH erythropoietin (X1l
BIRHES R AL, FOFIZIE Cu/Zn-SOD <° heme oxygenase-1 73 & OHFR{LEESE D3
BUBKMNEEG LT e, 5129 —20F L LT, JAK2/STATS fBREKIGMHELIZ L 0 PEA S
=Bl Z > 27 8 SOCS-1 78 NADPH oxidase 7514 % /1 L 7= superoxide FEA= % il L C
WD ZEDRE ST, AWFEIE CKD OJRRERFZIS T 2 LEEBEDO T O —H A L,
S OLEH B O M 2 &8 L7z CKD 15% 3K & LT erythropoietin OH HtEZ T HDTH
Do

WFFEm RO () : CKD was induced by five-sixths or seventeen-eighteenths
nephrectomy. Proteinuria and CCr were aggravated and plasma ADMA level was increased
in accordance with the degree of nephrectomy. Endothelial-dependent vasodilation was
blunted and macrophage infiltration, osteopontin expression, NADPH oxidase-derived
superoxide production and ACE activity were increased in nephrectomized rat aortas.
These changes are correlated with the degree of renal dysfunction. ADMA enhanced the
NADPH oxidase activity in endothelial cells, which was inhibited by cotreatment with ACE
inhibitor, captopril. ADMA induced vascular injury not only by inhibiting NOS but also by
inducing oxidative stress via ACE activation in CKD. On the other hand, low dose of
erythropoietin inhibits endothelial dysfunction and inflammation in CKD and diabetic rat
aorta beyond hematopoiesis. Erythropoietin reversed the levels of phospho-Akt and eNOS
protein and plasma NOx, which were reduced in 5/6Nx. Furthermore, erythropoietin was
administered to NO synthase inhibitor (L-NAME, 0.7 mg/ml)-treated rats. Erythropoietin
improved  endothelium-dependent vasodilatation. @ Macrophage infiltration in
L-NAME-treated rats was reduced by erythropoietin. Erythropoietin enhanced the levels of
phospho-Akt, HO-1 and Cu/Zn-SOD protein. The increased NADPH oxidase-derived
superoxide production in L-NAME-treated rat was suppressed by erythropoietin.
Erythropoietin also induced SOCS1 overexpression. Cotreatment with STAT5 inhibitor
cancelled erythropoietin-induced suppression in NADPH oxidase-derived superoxide
production in angiotensinll-treated endothelial cells. In conclusion, erythropoietin
exhibited vasoprotective effects via NO production through Akt pathway. In addition,
erythropoietin improved vascular injury in L-NAME-treated rats by antioxidative




properties. SOCS-1 overexpression would play an important role in suppressing NADPH
oxidase activation as its mechanisms. In conclusion, erythropoietin exerts vasoprotective

effects in CKD rats beyond hematopoiesis.
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1. AFZEBAE Y FI D 5
(1) 8¢ % g% (chronic kidney disease:
CKD) ABFH O IR O -5 53 0 1M 7= B

(cardiovascular disease: CVD) TH D Z &,

ETWMET VT I UPRORERED S CVD JIE
U A7 PNEEINT %2 &ERHE S, CKD 28
CVD OIS L7 fERIF 1+ Th D Z &% <
DIEZFHFZRTH LM EN TS (GoASet
al. N Engl J Med. 2004; 351: 1296) , Z D [.0»
BEER ) 1Nz, REASBHER L, KN
EHROIGEY A7 ICHHBERH 5 Z LN
FEfE & (Klausen KP et al. J Intern Med.
2006; 260: 231), [MEER) OM&HIEH
EHEDTND,

(2) Bigit. EimALrELyTHEHTY 2K
A4 =F > (erythropoietin: EPO) % PEA LT
WA=, CKD A7 —Y 30l ki b L,
EPO AR T X 2 B I 2 3 GET 5,
EPO (37~ MERATERAAE o> EPO & 2RI
AL, RIMERE O - MERFICIER 2 28,
WA, M, Dk, BBR, M e & o i fH
iZFB1T 5 EPO XA ROREE PR SN D
L & 11T (Khoshdel et al. Diabetes Obes
Metab. 2007; 10(1): 1), 215 OIEERFIZI
T, EPO 23 i/ FREpRbEE 283 5 2 &
NG & (Chatterjee PK et al. Lancet
2005; 365(9474): 1890) ., EPO (2 X 2 £
IelfsnRESI RN RE S ND L ) IThkeo T,
ZivETO EPO DLy 7w trizh R 1
SONTIE, AR EBRH LI LORE -
7o, WFFRARERF L, S AR S VR &
D EPO #18ME# 5325 & FERPFMERED
B INDZ Ea@E LTS (Toba Het
al. Eur J Pharmacol. 2009; 612 (1-3):
106-14),

2. WHEORK

(1) #BBEICL Y CKD BiaE L, &
P (2R R U 72 i 8RR AR L2 3 1 B N i fE
RN RIESG ZMET L, BRI T RF o I
EREZIESEZTRRWEEZFREL, 0
B2 D\ T in vitro THEH 3%,

(2) CKD @iz i 2 & 22 W K & o
EPO & L <M S E2WEPO 7)1 7/ %
¥5 1L, EPO 7 CKD OJREEFRFIZEB VT, il
REN R ERE T D20 EIT OV TR
T 5,

3. WFFED ik

(1) 7> MZ1/2, 3/4, 5/6, 17/18 BEHaii
Zhi L CKD BT VW EERRT 5, BfORRE &
ERERE (JREHA. GFR, CCr) OBIfRZFEAM L
7o b, BkEE & mEREEOMBRERIZ oW
TR Uiz, KENIRGLZ V., st s )
HNEHEREZ RIS 5 & & bic, M IcE
WTHRHT 5, BN TE6, KK
e (b L<IFRE & 722 29608) (2o
TOMFZ, AT 2% ADMA 72 &, =
NE CHEMRMN TR I TV LD

HAZ ELTSA %6 CRIE% . FHRE D &H - 728
IR MENEMIICAT L, MEE2 8 0R
L7,

(2) iz X2V EO EPO & L < IE
EPO 77w 7% CKD 7 » MzEMie 5 L., CKD
7 v MBI B RN R IO\ TRET
L7, BE58 TS EPO 238 3 1], 2 TF#%
LTz, BRI, RARIREDPHEREET
VT N TN AR S TRE R 2 IH3 5
Z L HEIEH L% 5B (150 U/kg ; Toba H et
al. Eur J Pharmacol. 2009; 612(1-3):
106-14) 7B BHAGE Lz, fEHIN « M (kO
YR - BREYUR— b0 YU LA Akt
eNOS D3 L% Western blotting & THSTL .
EPO # 57 T PI3K/Akt/eNOS & N EMEAL L
TWDZ &R LIz, NO & Rkili%sE B 5K
(L-NAME) % ff FIBFIC EPO D flgi2afi #4h /3
WA D0 mE L,

4. WrIERLE

(1) #oyBHEMTc Lo 1/2 BHE, 3/4 B,
5/6 B, 17/18 BHlli 21772, 1/2 B4,
/4 BTy hTIE /) —~vT vy MEREA
WXL, 2 VT F =07 )T T URICHEZEIZ
7Rino T, 5/6 B, 17/18 BHiT v h T



I RORREEIZHBE L TRIZAIELS, 7T
F=r 72U T T ADQENE~NY NI
MEDIK TR bz, — 5., METER
MICEBZIIRD N oT-, 7=, 5/6
B, 17/18 BT v b TIEKEIIRICEBIT 5
NEZHEREDIR T & A — " —F % 1 REA
DO, VCAM-1 oA AT AR F o, w71
77— DR E ORIERK SO TLEN R
O HIT=2 (TobaHetal., Eur J Pharmacol.
2012; in press). Z#UHI1% 5/6 BHEEEL Y
17/18 B CL V< BO LNz, Fiz,

BRI LICHBI LT, IR NO &Rkl
FILEME TH D ADMA O EEN 5 L
T2, S 51T, ADMA (T & 2 i & [ 2 FiE A
H= AL DOWTHFI LT, CKD =TT v
N CIEEHERIK T &k ADMA JRE D L5
N REIRIZE T D ACE iEME & superoxide
PEAEMNHR LTV, S 52, ADMA & B33 1M
ENEAAEIZ ADMA 2B fafd 5 & superoxide
FEAENEEAN L, Z UL ACE PHZEZK captopril
ZOFRAT 5 Z & T &z,

(2) Erythropoietin DI E{RFHEL IOV T
BT 27201k 7 RABEEL X
2720z, 5/6 BT v MIREA AN
L@ EE0E5/6 BT v M &afERk L= (&
i+ CKD 7 » ), Erythropoietin |&mifiE
CKD 7 v bDRIZAELS EZ VT F=0 2
T T AOENA R LI, 2.
erythropoietin I KEIRIZCKIT A~/ o~
7R B, NEMEREIR T 2 d5GE LT,
F 72 erythropoietin #E5HETY U R{k Akt
RBE KR Sz (Toba H et al., Eur
J Pharmacol. 2011; 10;656(1-3):81 ), &
Hlo, E - MEREFORERERGERETTHD
FERFBOET VT v MZEBWTH REEORE
2157 (Pharmacology, 2013; 91, 48-58),
NO LASH @ EPO O 1L 5 PR FEME 12DV TR 5
AL NO B RREERBLER AN 7 v MTBIT D
KEWRFEE IS D358 & dE P Iz o0
THET L7z, NO SR ILE TIZB N TH
EPO 13 KENIR DN EAEREAR T o 0E 2 #ifil L |
Z OFEFFIZIE SOD =2 HO-1 5 D Hifs g%
S K> NADPH oxidase 7& £ % 4 L 7=
superoxide FEEADOIHIZ N L TWVWABZ L %
BH 5202 L7z, F72. EPO 512 L v il
BRI BT %D S0CS-1 FEE DS KEhIRA %
THEANIL T /=, Angiotensinll EfiEgE .
BN EPO #5395 & superoxide
PEADME T L7243, 2T STATS BREH & OF
L S0CS-1 PEAEZ 4|95 & EPO I X ¥t
ALER RN v v ani (Bur. J
Pharmacol., 2012; 691(1-3): 190-197),
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