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82 SAREIHEFEDE, EHBREICLI > TERINIBUEA N XD 54 G RETINE
AT L%EHLTWS. Keapl (Kelch-like ECH-associated protein 1) -Nrf2 (NF-E2 related factor
2) PATLPCOIEEERBICSVWTEELETZRAT. BABITLANRBEEEFELT,
NQO1, HO-1% EDMBRLEETFHOREZFIHT 5.

EBHMEEICK 3 aMEREE (AKI: Acute Kidney Injury) O#FEEL T, B{EX ML AHR
HEREEICKZHAETS. Thil, ENHRABESREME AKI (CHWVWTH Nrf2/EHIEICK 2 BRF
ENRESEFIN D, ENHRFESREM AKI ICH (T2 Nf2SEHEOEREABAEENE L TOR
BEMEREF LA B MERREE LRMAE (hPTECs) % U hemin REICT§ 5 Nri2iEM{ED
E&EZ®REU . hemin ®IBIC & W) hPTECs ICH (1 2 Nrf2BERBMLEGFEHO LR, HisEE
%537 Nrf2-siRNA (L& 2 Nrf2/ v 757> (KD) %175 Z & T hemin RIEICX ¥ 2 EE1L
BIEFHORELFINH IO, HRESHFIEEICEELE. BEERYIX (WT), Nf2RIiE~YY
Z (Nrf2KO) 2R\, 7Y O — VB EIC & 2B EUHRAHE ET V&R L . (1)WT/Cont, (2)
WT/ & RERAE (RM), (3)Nrf2KO/Cont, (4)Nrf2KO/RM D 4 B THERE L 7=, BRI,
WT/Cont (CHEN WT/RM # CEBRERE, RHEEREE, v/O077—YRBEERO, Nrf2KO/
RM B CTEEICHEEL 2. MB{LEGETFEORIAIL Nf2KO/RM B TIETFL TV .

ERGRBESREME AKN ICEWVT, NM2ZEMEIrBREMNREZFISEIREIN L. HBiHR
FRAEIC L B AKI IS U T, Nri2iEM b #F-LAEENELYBI LA P ELE ST
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05 mlkg LN, OowFhhrzilizdmEs &
#sha,

AKT IZ ABEEFE D13-18% BT H L SN
THEY, BEPHROALLTHEGTRIZEGT 5
CEHBIL, £oTFh, REIIER B X ONEHE
BOREFEIRTHEY. LaL, AKLICH
THHEME T, BREIAEL 2.

R RLFAE  (Rhabdomyolysis: RM) 1 AKI
FREDIR D — M LFEHRDO—>TH Y, MG
EH R ETIHERI SR Y, ARICBVT
AR, RERE DL RIMGIT & 2 BREE D
ENTWw5S. RMIZEZEREEORF L LT,
RS, PIAEIC X BIRMIEIZE, 3470
Y T & B R 2 AR W B AE 2 & 28 i
HBENTWD T S Nl © B
3N b I 4 71 i Nitric Oxide @ Scavenger
ThY, #RELTHMREEZIRT S5, [Fk
W23 A7 u e CEEW S S B IGTERR R
M XD EEMICRMEREL 729, 2ok
DIRALA b L AHRAME MR EICEELTH S
EHEINTV DD, AR - GHREDH
BELEhTwRW Y,

AR EY, SRIERDF SIS BHE
THWE, SEHEBEERCL > TERSNDE®
LA ML ARS S Y87, JRHE, Bk - DNA
EIRETBINE VAT LAEHLTWA. Keapl
(Kelch-like ECH-associated protein 1) -Nrf2 (NF-
E2 related factor 2) ¥ AT AW T DI EHEREIC
BOTEELREHEZRZLTWS> Y Nrf2id
WHEIE KeapliC XY 28 FF b3 7w T
TV = MK BRI A T Y.
Ffl - BETHWRICHE SN D L& Keaplh
LffbR S, MANBAIT LG H T & LTIEN
L#ERF R0 ¥ 2 RN B AL IS & B 5
ARE (antioxidant response element) % A3 5 i
ETREDOFEBIATUHE S 2™, Nef2B 3% i {5 1
¥ & L T heme oxygenase-1 (HO-1), Glutamate
Cysteine Ligase Modifier (GCLM), NAD (P)H:
quinone oxidoreductase-1 (NQO1) 7 & DHifgft
BETFRPMONTRDY.

Bardoxolone methyl (CDDD-methyl ester)

Nef2iG AL 2 7R ¢ 2 3 S B
HE LTS ED S Twiz, KRB M
BCRIARERREZMRT 22 LRSI
EASRERE IR A AT A Z LIRSz 2
RUBEIRVERHE 2 xb 5 & UCAS TTAH, 45 THAHER R
RBRASENE S 1, BEBE O SGEERI 2SS S
TV BS W B9l i B E £ 7L
2BV TS EHRED R ST,
AKIIZBWTH BIMHFERET NS YA T T
F VBEE 7V T Nef20G PEAL o BB A A
WEShTWE™ " AKL TSN T
I b)) TEENESL, I bR T
HROMEVERE RS L, & ok
T D E R AT apoptosis % 75 LR AN H N 58
i e

RM #5861 AKI D3R BB I B 1T 5 Nrf2ih
PAL D 3%, BHRERN O R % BE L 22
Fi3 v, Nef2R#E~ 7 2 % v T RM #F581E
AKI ZIERS T 123813 5 Nif2O B3 I2DO W TR
HEfTo 7z

MR & i ik
By ER

10E ¥5 HEE CS7TBL/6T ~ 7 A (B AEHY: WT),
B X O Nrf2 knock out (KO) ¥ A (Nrf2 KO/
C57BL/6I) =AM L7, < A&, FERIIM
2 LCE22+ 2T, BE20~60%, MR
M 7~21n 7)) —>x) TEBEZTHEL,
BIEER (MF, V> 7 VEERE T3, H5)
LKEK % HEER S AR, TgE
BRZE M EEBR B &0 KRE % (No. 16-
045), JIIGER K FEIEEBRIGSN D X 1T -
7z. Nrf2KO ¥ v7 Z 13 AL K22 K 4 R i 28 8L
KHZHEADTIEZFICEIY, AL DEMAL
7= (Ml 2 DNA EBKRE 5 1 )113116-32).
RM IZBEHUCHI 0 % L 72", 50% 7V o —
V5 mlkg %72 RBRIZHE L TR, xFRREEC
FHEOABAEEKEHELE. Z)ku—)
B & O FLETIE K A 15 O il 52 2405 15 97D 13 A7k
L7 ERFHCIVUTO4E (0=8) I
7 ((1)WT/Cont #, (2)WT/RM &, (3)
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Nrf2KO/Cont #, (4 )Nrf2KO/RM Bt), i 3
H IR LIS 3 & OB % 374 L 7.

R L7z A0 L, Fvs) v
Bl5E - 8T 7 4 AWM L7zt%, 4 pm DY) R
T4 FERZER L7227, RS ML RSO
fifi %# 1T 9 7z ¥, Hematoxylin-Eosin (HE) %:ff
ZiTo 72, 1005 OB T 1 REEICSE T V5
25100 F#se L7z, IRMIERERE X7
TRAE BLE, RAE LRI, RAMEN
FE, HEA~OSEMIBRE ML, gL
ZNENORAT, O BELRL, 181
-25% DHEPIZFEFHRADH Y, 25 1 26-50% D
FPHICEEIT RS D, 3 51 51-75% D FEPH I
HERDY, 45 76-100% O HiFH 12 B F T
Ay, xa7lLz?. 2a7y v 7icy
L35 3 JEDTEMIYICEHE L 7.

SEIEZNIFIT

B L~y 2A0FEEHB L, sv=y v
B - 28574 VA L%, 4 um OFY A
T4 FERZE L7z BRI o)k
TR EZ O TT-727. k574 0Y)
Faxsy /) —nicThinsg 741, v4701
v = — TR L A PUERRE L 24T o 72, RN
NN FTF—EEEET Oy 7T 570,
3% MEEILAKEM A & 7 — V21555 R L 7.
10mM PBS (pH7.0) Tkiff%, 1 kifk% 4T
TS E 72, PBS IZCikidik, 2 kbulk
ELTY YT IVAT A ¥ MAX-PO (NICHIREI
BIOSCIENCES INC., Tokyo, JAPAN) %0 L,
25CICC 1 W RIS S 72, PBS TEH#4,
DAB ¥ (NICHIREI BIOSCIENCES INC.) %
WML25CIZTH Mt st g7z, —
WA & L T F4/805TL4& (AbD Serotec, CA,
USA), Kidney injury molecule-1 (Kim-1) #i1&
(R&Dsystems, MN, USA) & ZILZENAFH L 7-.
FEAM X, F4/8012 D\ T I3400f%, Kim-1122 W
TIZ100fE OB T LY RIZDE T V¥ A5
-102F#os L, BZ-TWH{EENT 7 7)) r—3 3

TRV H T VN ERITCIEVEERE TR L 72

v MEAMRAME LML (hPTECs) % #k
% % 6 -101C T f A L 72 (Lonza, USA).
fi 1d12-well 77 L — M I TH; % L, REGM™
BulletKit™ (Lonza) 12 5 % o JE 1k L 72
FBS, 100 IUmML X=3>Y ¥, JK U100 pug/mL
AMVT N A T ERMATRMT,37C, 5%
CO25: M F T E 272, £ 72 hemin (Sigma-
Aldrich, MO, USA) 100 mM (2 & % 3% 7| AL #f
IV, 6 R BOS S P LEE T HOR
BZFM L7 RMIZKE AEEEEZ in vitro T
mimic 35 72%, hemin ## % 47> 722 . &
72, hemin FFIZF 3 5 Nrf2o e % Biad 3 5
728, Nrf2-siRNA |2 T Nrf2% KD L, Control-
siRNA & JLIRES L7-.

DILXY S THy P

hPTECs O}5Hb% Bx7: L, Lysis Buffer (Tissue
Protein Extraction Reagent (Thermo Rockford, IL,
USA) 12 PhosSTOP EASYpack (Roche, Basel,
Swiss), ¥ TNy T 77— B-ANHT T
) —VriE) THilllsz b, B i
PCE D REDF A AL, WiEtEMR s %
HiH L 72, Blotting X EEH D ) 175 727, %
237 #10-30 pg HY O 2200 V, 605
THAKEL, Tok=tatiro—2xr7
LY ICEE L7z, ZO%, 5 % non-fat milk (2
TIRE 7 ey F 7L, FH—KHATA4TC,
—BR RO S8, B HIIE L 72 ZRBUAHIZ
J& &7z, ECL Prime Western Blotting Detection
Reagent (GE Healthcare Bio-sciences Co., Bucks,
UK) TR &4, Chemiluminescenese (2 T #x
# L7z, —IRPURITH Nef2PK (Cell Signaling,
Boston, MA, USA), #T GAPDH T & (Merck
Millipore, MA, USA) % il L, ZkPifkix
Anti-Mouse IgG, HRP-Linked Whole Ab Sheep

(GE Healthcare Bio-sciences Co.), Anti-Rabbit
IgG, HRP-Linked F (ab’ ), Fragment Donkey (GE
Healthcare Bio-sciences Co.) % Fi\27z.
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751 A RT-PCR BT
M B L OHLER 2 5 O RNA SlHHIZ LT @

WY A7 o 72%. Ml D Total RNA 1 TRIzol
Reagent (Life Technologies. Corp., Carlsbad,
CA) ZHWVTHMHL, 1 pug 2O mRNA %
ReverTraAce” qPCR RT Master Mix (Toyobo Life
Science, Osaka, Japan) 2 T IEE )b S 4,
cDNA Z fEH L 7z. 5] & #t &, Real-time PCR

(qPCR) % Tacman EX AV TIT-72. 794
< — 3B L 71— 713 GenBank ® nucleotides
25 % v yu— KL 72 mRNA sequence 2 &
D& Primer 304 54 YT b T Tix
L. blast ZE W T T 7/~ —B LT o—
T OMEEIZD W THER L 72, Mixuture (&
THUNDERBIRD® Probe qPCR Mix % i fil L,
AriaMx Real-Time PCR System (Agilent
Technologies, Inc. Tokyo, Japan) “T50% 4 7 V@
gqPCR % 1T > 72. PCR &fF1350C 245, 95T
1043, 95C 158, 60T 3B & L2, #InF3E
HEoERftozn, Wifa >y ta—ve LT
I8stRNA Z v, a ¥ b — VL DI T
APl L 7z

LDH 15 1EDME

LDH & % @ #ll % 12 & LDH Cytotoxicity
Detection Kit (TaKaRa BIO Inc., Shiga, Japan)
2 H L 72", hPTECs 21.0% 10’ cells/well T
12-well 7L — MZHRREL, 24FFR 212 ALA,
hemin LFE 217\, 6FFHI RS S €72, E D%,
WA RBILL, 200% g, 5L L, 96-well
7L — MI2100 uL $°240E L, LDH RS %
£ 2 V2100 pL FOWRML, L TEiR
T30 M e SE72. Zo%, 490 nm DO
W AWOLEEZME L. 3 ta—vE L
TRUBEREZ W, K¥F747arru—ne
L T Triton-X100TARLHE L 740 %2 v~ 7.

SIRNAFNZ >R 72223 >

hPTECs 1370% ~80% confluent {27 % X 9 |2
6-well 7L — MM L, Control-siRNA (Santa
Cruz Biotechnology, TX, USA) 3 & UF Nrf2-siRNA

(Santa Cruz Biotechnology) % 12.5 nM/well {2
C Lipofectamine RNAIMAX Transfection Reagent

(Life Technology, NY, USA) {2 & » siRNA ®
BAERIT-72. NIV AT v a vtk 24
R i) 12 L2 55 3 2 T 22 REBM BB IC5CHl L,
FFERN L % 4T - 72, Nrf2® FE 3 @ Knock down

(KD) OREEZYTAS v Tay T4 Y712
X0 FH L 7z

Al ZNIERT

ETOT— 7 3FHME £ HHERE (mean
* SEM) Tit L 7. %M o LI Turkey-
Kramer O —JCHCE 7 #U AT %2 v, p <0.05
EHEEDD & L7z MEMRE IR
Statcel Ver. 3% ffi ] L 72.

woOR
SRANE A 12 507 S hemin FZEIZ A 95 Niet2
DR

hPTECs T, hemin $J#IC & V) Nrf2& H 5§
HyLHA L, ZoTHONBILEZTHTH D
NQOI1, HO-1, GCLM D {x TS L
72. Nrf2KD L 72 hPTECs ClZ, hemin il #{12 X -
T Nf20 531 LA &3, NQO1, HO-1,
GCLM OB L AOBEEIRETH -7 (K
lae). F7z, M k&% V72 LDH assay T
HIHESE % S-A0 L 7. A5 2R1E hemin HIHIC & 1 AN
FaZBix 34 m U Nref2KD 23+ 9" % hemin H 34
TESHEHMLZ (K11,

EloZ & XY, hPTECs IZ 8\ T Nrf2id
NQOI1, HO-1, GCLM & o 7= HLiEL#E (5T
FEDZEBL 2 M L, hemin 023 U CHIAL AR
M B 2 EO 2 LASRE N,

In vivo 125178 RM F&7MHE AKT 12453 Nirf2
DEE

RM &% &M AKIIZ 0§ % Nef2o 2 8, B
FUOFORFORTEITI 20, WIBIUY
Nrf2KO ¥ 7 2% vy, 77V ko — L ofHiEc
X5 RMFBRMEAKLEFVEER L. WT/
Cont, WT/RM, Nrf2KO/Cont, Nrf2KO/RM @



PIH, At BSOS RUEE A S S S I B 1 & Nef2 {G P Lo Bk 85

a b
Control siRNA 2
%
Hemin Hemin
. 154
. : s L
- u
f c
s 1
< i
E
GAPDH 05
0
Control Control siRNA  siRNA
+Hemin +Hemin
c d e
5 4 20 - 5 *
* *
2 4 A 3 2 4
3 8 8
> 3 N *t 1o Cs
Z 217 s * 11
x 2 4 4 x 2
E ¥ € €
o + T o5 4 = *
% | H % T 8 ] r_l
. L Py : |
Control Control siRNA  siRNA Control Control siRNA  siRNA Control Control siRNA  siRNA
+Hemin +Hemin +Hemin +Hemin +Hemin +Hemin

f
* 11
20 A
% 15 A
Sz
2oy I t
, L 1
Control Control siRNA  siRNA
+Hemin +Hemin
1 b FEARANE LM 3B 5 hemin R 63 2 Nef2 oMl PRE#EVEH o 34

a. Nrf2® Western blot O W f&. b. Nrf2® & 5B &. c. NQOI® mRNA 5 ¥l &. d. HO-19d mRNA EH &, e.
GCLM @ mRNA 5 Bl &. f. LDH assay C O il g B % £ 57 fili Control # (white), Control+hemin # (black), Nrf2-

siRNA # (light grey), Nrf2-siRNA+hemin # (dark grey)
P<0.05 vs Nrf2-siRNA group

ABERNC X 2 A 24T - 72 R, W/
Cont (2L L WI/RM TIZ M CRN B £ O
BUN @ L7 %8, RMIZ X V) BiEfER &
B ZEIRENT. TOREIX, WI/RM

* : P <0.05vs control group  T: P <0.05vs hemin group  ¥:

W L Nif2KO/RM TH B ICHEL T
(B 2a,b). HEEEEEZBETT 5720 HE 44t

TIRAE OREEL B X U582 571l L 7-.

WT/RM TlI F I HEE 2 © SE S B IS 2



86 N E e &k

a

300 -

* 1 1

3 200 - *
N
)
E
=
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100

i
WT WT _ Nrf2KO Nrf2KO

/Cont /RM /Cont /RM

b
2 A
* 7 1
15 -
3
)
£
£ ]
g *
(@]
0.5 4
.{.
o ] ||

WT WT Nrf2KO  Nrf2KO
/Cont /RM /Cont /RM

B2 Nrf2KO %7 2 & 72 BB BURE X 2 BEBRAERE 55 o &
a. Ifili UN. b. IiLi% CRN WT/Cont # (white), WT/RM # (black), Nrf2KO/Cont # (light grey), Nrf2KO/RM #f  (dark
grey) % :P<0.05vs WT/Cont group T:P <0.05vs WI/RM group +: P<0.05 vs Nrf2KO/Cont group

T, ZIZETORME Tcast DB L
MG Ok Z RO (<), —HMTHRME LB
OB (<), BE~NOMBORERR SRS 7.
Z OFRAE M O B E O 2 B 1 Nif2KO/RM T
L DHETH -7 (K 3ac). FIRMERE
==L LT, BRERMRMEMRICHEA
T 5 Kim- 154 ta TOMR LT o 72. HE Jefa D
FER L EE, WI/RM CRZBESE R O s gtk
RO, RMERE DL I LARINT
Nrf2KO/RM T i WT/RM {2 kb <X Kim-1F5 P T
EAFZIHEML T (K3de). Zhboo
WD S RM FRTE AKLIZB W T, Nrf2kiE
RETIIRMEMREEOMEL X232 &t
RENT

Yo a7y =R BLIKEMTT
7>

BN~ s 7y —VRBEOMRE R
F4/80%: 5 T #EAl L 72. WT/RM T & WT/Cont
IR, WE~0< 717 7 —VREFEREIC
Bhn L Tw/72. Nrf2KO/RM Tl WI/RM (2 L
B L F4/80F ERIIB L D A B A g 2 58 72 (1M
4a, b). TEMMKICBIT S INFa, MCP-
I, IL-18 % EDKIEHEY A b £ >~ D mRNA

L NV % qPCR TaFfi L 7z. TNFa, MCP-1iZ
B4 L ClE WT/Cont IZ M L WT/RM TEIR T
BRI EHLTBY, Nrf2ZKO/RM TiE & 512
BEIZEALTWE (M4e, d). IL-1812EB
WL, WIRM CIIERELZ LA ZRBDLh o
72 %%, Nrf2KO/RM T 1 Nrf2KO/Cont {2 B L

BLeRH LA R0 (H4e). oz
A 5 Nrf2iGPEE 25 RM 58 ME AKT 2B 5 %
FEPET A ™A A R LRI HE LT
B ek AVRIE S 7z,

VBILEIR T HEDFEGL L FBER | L X
Nrf2(AF PR LR T CTH % NQO1, HO-1
@ mRNA L N\)Vid, Nrf2KO/RM TldZ D3EH
FHIZEO T WIRM I LIRETH - 72
(B 5a, b). BILA L 2O D720 R H
8-OHdG #ill%€ L 72. WT/RM TiZ WT/Cont IZ
HA_EMLTHBY, RMFBHEAKIIZBWT
EHBRAEHOMAKPEETH LI LIREN
7z. % 72 Nrf2KO/RM Tl WT/RM IZHE#E L &
SIEWICML Tz (M5¢). ZhH DR
S Nef2{F o L F I B #EHE o R
FREANALCHBILA ML ZZIPH L RM 2B
FABEEORRE &2 2 EAURIRE .
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RAEBEERDT (8)

:
— M

WT WT Nrf2KO  Nrf2KO
/Cont /RM /Cont /RM

Nrf2KO/RM

WT/RM Nrf2KO/RM
e
N ; '\
E * * T I
o
g 60 <
[ *
H
WT/Cont Nrf2KO/Cont #H 40 4
s
£
X 20 A
T

WT WT Nrf2KO Nrf2KO
/Cont /RM /Cont /RM

WT/RM Nrf2KO/RM

3 Nrf2KO %7 A % Fl\ 72 R B FPE 12 & 2 PR 5 o0 Rl

a. WIS O HE Jefs. Bar=100um. < : FIAES X ORME O, b, a TIRL72 WI/RM #, Nrf2KO/RM #E D H:Ef
OWKE R, < JRMELEOBE. ¢ RMEREEATT. d RHMEO Kim-14:(1. Bar=100um. e. Kim-1B57%
T 7 WT/Cont # (white), WI/RM %t (black), Nrf2KO/Cont # (light grey), Nrf2KO/RM % (dark grey) % : P <0.05
vs WT/Cont group T : P <0.05vs WI/RM group ¥ : P<0.05 vs Nrf2KO/Cont group
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a b
20 A
g 15 A
X3
& N
WT/Cont Nrf2KO/Cont g
_, o 10
) o
ks
5
v il 5
P & - b 0 |
. i wT NerKO Nrf2K0
fros s - j % /Cont /RM /Cont /RM
WT/RM Nrf2KO/RM
c d e
12 - * 1 1 40 - 4 -
* 1 1
B 9 E 30 H
J 5 ] 5 3
5 5 ¢ 5
o o
> * > >
] J < i
< 6 < 20 < 2
4 4 x
€ £ £
- «Q
NEER i 4 10 1 + - 11
= r_l g g
I ] 0 L 2 I 0
WT WT Nrf2KO  Nrf2KO WT WT Nrf2KO  Nrf2KO WT Nrf2KO  Nrf2KO
/Cont /RM /Cont /RM /Cont /RM /Cont /RM /Cont /RM /Cont /RM

4 Nrf2KO X7 R % i\ 7200 RURAE (2 X 5 93 O F T

a. RAIEE O F4/804%th. Bar=20um. b. F4/80RGME T V) 7. c¢. BHAKD INFa ® mRNA B &. d FH&ko
MCP-10 mRNA S B &, e. BHARD IL-18 ® mRNA B &E. WT/Cont # (white), WT/RM # (black), Nrf2KO/
Cont B (light grey) , Nrf2KO/RM ¥ (dark grey) % : P <0.05 vs WT/Cont group T : P <0.05 vs WI/RM group & : P<0.05
vs Nrf2KO/Cont group
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a
1.2 -
S
5 09 4
=y
o
o
>
< 0.6
g
£ *
o 03 A
<t %
S i
WT WT Nrf2KO  Nrf2KO
/Cont /RM /Cont /RM
Cc
6 - * T I
c
g 7] L
S~ 4 4 *
oo
% (&)
T w 3
O~ T
b 2
< 72
ey
©
£
51
0
WT WT Nrf2KO Nrf2KO

/Cont /RM /Cont  /RM

VEB RIS BT B Nef2 WP b o B S 89

o

=
0

HO-1 mRNA (/ control)
o
w” [N

s

WT Nrf2KO  Nrf2KO
/Cont /RM /Cont /RM

K5 Nrf2KO Vﬁx%ﬁiwt’l‘ﬁﬁﬁfﬁﬂﬁﬂh X BHURALEIRTFHE, BRILA b L 2 ORFli

a. BHLKED NQO1? mRNA FH & .
WT/RM # (black), Nrf2KO/Cont (hght grey),
0.05 vs WT/RM group ¥ : P<0.05 vs Nrf2KO/Cont group

% %

RM 51 AKI &7V %2 E% LIWRETRIC B
5 Nrf2iG L O BRI OV TIRET 2 1T 72
In vitro C hemin FJ#IC & » TH AL R AN E H L
B8 D il A5 L2 Nrf2BH PR L IR T O @) &
WHEETHLIEI/RENT. 72, siRNA IZ
IV Nif2% KD § 5 2 & CHBILEETHOR
BIAMET L, #AE L ORMEMROMIIEDS
iEﬂle]Té EREFE L7, Invivo TIEWT <

\ZH#E U Nrf2KO < 7 212 RM 2 JIE & &
é &me BT 2 KAEME (v707 7 —
V) BHEOFWH RN E RAERE D, &
RELCEREREOHEL XL 208K

T #L#k D HO-10 mRNA Z£Bl& .
Nrf2KO/RM #  (dark grey)

c. JRH18-OHAG #Eitk . WT/Cont #f (white),
% :P<0.05vs WT/Cont group T:P<

7 & L THRILE R RO BBUKT OB 5-AVR

X, %’Nmﬂ@wmﬁ%%ﬁﬁb He
EEDLNTWVD HO- 1D 5 XA TH B S
EARENT.

AKI HER L OHEIR IS B 2B EME O
L TRESAEVPHL. I bav

V) T HH R O U 1k R 35 A o) 36 1 A% apoptosis & 7
BLRMEMBREELZ ST HmESh

TWwa®. 72 HO-HEHEALHE X 0 VR %7
M2 S AKI ZEHE R R 2 POl % & & 2385

D AKI EFVTHES ATV choo
HEDPSEBRILA ML AHIHEAY AKI F5E 2 31D
FHNCEETH LI EDPHEMEINTWAER, £72



90 N E e &k

AR EHEIIRAR IR TR v, ZoMBE
L CTABEOTENMHERESD, BILA ML AL LT
DA% STHENY 7 F MmEWE L LTH
RELCTHY, —HIIHIHT 2 Z & 2NEHRIRIC
OB VOTIE RV LHENING. Nif2
DIEHALIZS { OB F RIS L
TH ) PUERLEEDO IR IC X 2 BRI R e
na.
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The role of Nrf2 activation in mouse rhabdomyolysis-induced
acute kidney injury model

Atsushi UCHIDA, Hajime NAGASU, Kengo KIDOKORO,
Yuji SOGAWA, Seiji ITANO, Yoshisuke HARUNA, Minoru SATOH,
Tamaki SASAKI, Naoki KASHIHARA

Department of Nephrology and Hypertension, Kawasaki Medical School

ABSTRACT Cells are equipped with cytoprotective systems against oxidative stress caused
by reactive oxygen species and electrophilic stress. The Keap1-Nrf2 pathway plays a central
role in such mechanisms against oxidative and xenobiotic damage. Nrf2, as a transcription
factor, activates a series of genes including NQO1 and HO-1.

As the mechanism of acute kidney injury (AKI) due to rhabdomyolysis, renal tubule injury
due to oxidative stress is the major component of the pathology. Therefore, in rhabdomyolysis-
induced AKI, reno-protective effect of Nrf2 activation is expected. In the present study, the role
of Nrf2 activation in rhabdomyolysis-induced AKI was investigated. In vitro, human proximal
tubular epithelial cells (hPTECs) were used to determine the significance of Nrf2 for hemin
stimulation. Hemin stimulation revealed elevation of Nrf2-related antioxidant gene group and
cytotoxicity. Nrf2 knockdown (KD) with Nrf2-siRNA suppressed the rise of the expression of the
antioxidant genes against hemin stimulation, and the cell damage was significantly exacerbated.
A model of rhabdomyolysis by glycerol intramuscular injection was also prepared in vivo using
wild type mice (WT) and Nrf2-deficient mice (Nrf2 KO). These mice were of the C57BL/6J
background. We divided them into four groups: (1) WT/Cont, (2) WT/rhabdomyolysis (RM), (3)
Nrf2 KO/Cont, and (4) Nrf2 KO/RM. Renal dysfunction and macrophage infiltration occurred
more often in the WT/RM than in the WT/Cont, and it significantly worsened in the Nrf2 KO/RM
group compared to the WT/RM. The expression of the antioxidant gene group was suppressed
more in the Nrf2 KO/RM group compared with the WT/RM.

These results indicate that Nrf2 activation exerts reno-protective effect in rhabdomyolysis-
induced AKI. Nrf2 activation may be a new therapeutic target for rhabdomyolysis-induced AKI.
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