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Copper/zinc-superoxide dismutase (Cu/Zn-SOD, SOD1) plays a protective role in cells by catalyzing the
conversion of the superoxide anions into molecular oxygen and hydrogen peroxide. Although SOD1
knockout (KO) mice exhibit a decreased life span and an elevated incidence of dysfunctions in old age,
young SOD1 KO mice grow normally and exhibit no abnormalities. This fact leads to the hypothesis
that other antioxidative proteins prevent oxidative stress, compensating for SOD1. Differently
expressed genes in 3-week-old SOD1 KO and littermate wild-type mice were explored. The gene
remarkably elevated in SOD1 KO mice kidneys was identified as the glutathione S-transferase alpha 4
gene (Gsta4), which encodes the GSTA4 subunit. The GSTA4 mRNA, protein level and activity were
significantly increased in SOD1 KO mice kidneys. The administration of an iron complex, a free
radical generator, induced GSTA4 mRNA and protein expression in wild-type mice kidneys. In
addition, overexpression of mouse GSTA4 cDNA in human embryonic kidney cells led to a protective
effect against cell death caused by both 4-hydroxynonenal and superoxide. These findings suggest that
compensatory induced GSTA4 plays a protective role against oxidative stress in young SOD1 KO mice

kidneys.



Rt
=
S
rh
i

(GAEHAT : 1)

[ERESES kRS =i
2008 FHEZ 1,300,000 390,000 1,690,000
2009 1,200,000 360,000 1,560,000
2010 1,100,000 330,000 1,430,000
FHE
FIE
ik 3,600,000 1,080,000 4,680,000

WFSE5YBF © 5 HIR Y-
FIBFEE 57 RE - MIE RIS

F—U—F: 2= =FF L FURLZ—F, SODI, SOD1 / v 27TV h~T A Bl IVEFHS

NG AT 2T —E, B{EA LR

1. WFIEBHAE S O 5

BRI, P & RN O BRI TG MERR 3R D%
AR E 2D MERTOREYEICRES LT
L0, FFEFITEEA L AICRBEINCT
Wi CTh 5, TEMEREE 1T < ORBHRE

DIERK « EATICEGT 52 Mmoo TR,

BHREEEEET LT TR T —F
¥ A IVIES ST KD R IR o R B A R (L
ERHET D EEZ LN TS, BRIEA B LA
MO ESFHT-OI, Fx OERIZITZ L D
P LR R b E N FET D, T TH
Cu/Zn A—"—FF L R AL H—F (SOD1)
TAERICE > THFERA—RN—=FF T N%
BHEOTHWEEFE LR L KB I BR T D
FT, BRILA DLV ANDERESED EE K
R RZLTWD, LML, SODL &/ v o7
7 KO L7z~ Ax—RIEFICAEEFE L, H
BRI 2R & 72, A OE ) SOD1KO
~ U A TIIEBSCIRIT, &M E0NlE S
NTWDEN, EHli~ 7 ATITIHMY. > T2 B EIT

RoMmo TRy, FRHCERIZmiEN K& <,

it A b L RIS R0 E#R T SODIKO
<~ U A TIHERMFERIC LY, BHEREREEN
HOFT W EngEsnTtnd, TN THHE
N7 o T2 B BTG S 22 01X, B D SOD1KO
<~ 7 AT SOD1 2B T D & 9 ZeBhEissE
DHEETDZ ENTPREINZ, LarL, SOD
DT A VP A LTH D S0D2 X S0D3 DA E /R
EHRITHRESNTE LT, NMEMEIIRHT
ol

2. WMEOHEHM

E D SOD1KO = 7 2 TlX SOD1 2R &4 %
X O PR v EE R £ kbR L X XU
ZRWE L, ZOREMREEMMIAT5Z &%
By & L7z,

3. MFED ik
1) T4 77 VLY VT A AT VLA 1EE

FAWT, 3#ESDSD1K0 v A & Bppfl<
7 A DB A W THBLO #7228 m1 0
AP == T E{To7,

Q) INEF I -S-bT AT 2T7—F M
(GSTA4) % 22— K9 5 3&{5 773 SOD 1KO =
TADBBTHBEICLELFE LTS Z & &%
U772, GSTA4 IZRF M e ik 2 ERL L |
TIZRAZ T a sy MR R
1T-o7,

(3) GSTA4 OAIRBLIAEAE Z T~ D7Dz,
t hESHIN T d % HEK293 Ml < 7 &
GSTA4cDNA AL, flix OFRELA N LA %
DT CHERRIE IR T 2 B Z R L T2,

4. WFFEAR

TNEFFH-S-hTFT o AT72T—F M
(GSTA4) % a— K9 5&E{ETH SOD1KO =
TAOBFBTABEICEA LTS Z L A%
RL7,

< 7 A GSTA4 23838+ 2R Y 7 v —F 4t
K% H T2 S Rk Ge (2 L - T SOD1KO <+
U A REBRO VAL IR ANE T GSTA4 23 BRI FEBL L
TWAZELERWELE (K1), F-5&kE
EEB|XEZT Fe-F L— MIE 1T 2T
TF oAy R ZEERNE G L L
A, GSTM B TFAEEICHEEIN,
72 SOD1KO ~ v A B D AT AL R 121X Fe 23
ERELTWAZLEEZRWELE (M2),

WEE el T TS

et p L je
. o ¥

S soum ‘ 50
X 1.GSTA4 HiiRiz & 2 BIBAHEZL F D&
BRSYE (A R)



é‘n‘[.? so,:m‘
2. _VY 7 —iz &3 BB
Fogge (A R)

vt MM TdH D HEK293 MRz~ 7 &
GSTA4cDNA %38 A U 7= GSTA4 18 el 3¢ BB
TITERBIEAEZERB L O Xy ) 2 —
b (HNE) (2%t 3 BMEEEMME T L TR
0. MR & R B OBBILIEE T & 7 b
LD LT (13),

X 3. GSTA4 i % % M fg 12 %F 9~ 5 HNE D
g

MTT assay Detection of 4-HNE-Protein adducts

control mGSTA4

100 4-HNE 0 40 60 0 40 60 (uM)
g 80 .
2
>
2 60| [-o mGSTA4
© -+ control v - A
(&) :
0 20 40 60 80 [ ————--|mGSTA4
4-HNE (uM)

GSTA4 IX HNE 72 E ol E itz xt4 2
BAMERE L . MO GST 74 VA L EITE
ol WERF RN A AT HOBETHD, UE
DOFER X, SODIKO = 7 ATk SOD1 KT &
LI LA B L AT GSTAD NFHE S v, mfeb
ME»OEMEE O EEER-L VD
TEERBEL TS, BiEOERIZITMRIEA
L ARBRA A OB ERRESINTET
W5, GSTA4 DBFEITERITA # OB IR IBIEHR
DOBRFIZHBRTE D A[REMED B 5,

5. FrpREimLE
(FF7EEH . BF5E
X FHR)

SyRAE S ONEHERT JEH (1

CMERERR SO (BF 10 1)

O Sakiyama H., Fujiwara N., Noguchi T,
Eguchi H., Yoshihara D., Suzuki K.: The
role of O-linked GIcNAc modification on the
glucose response of ChREBP, Biochem.
Biophys. Res. Commun. 402, 784-789, 2010

(E7A)

@ Takeuchi S., Fujiwara N., Ido A., Ono M.,
Takeuchi Y., Tateno M., Suzuki K.,
Takahashi R., Tooyama I., Taniguchi N.,

Julien JP, Urushitani M.:
protective immunity by vaccination with
wild-type apo SODI1 in the mutant SODI1
transgenic mice, J. Neuropathol.
Neurol., 69, 1044-1056, 2010 (#=7EH)

Induction of

Exp.

@ Yoshihara D., Fujiwara N., Suzuki K.:
Benefits and risks of antioxidants for health,
Maturitas, 67, 375-376,2010 (7 5t %)

@ Yoshihara D., Fujiwara N.,
Antioxidants:

Suzuki K.:
risks  for
Maturitas, 67, 103-107,

benefits and
long-term health,

2010 (FEHEA)

® Yoshihara D., Fujiwara N., Ookawara T.,
Kato S., Sakiyama H., Yokoe S., Eguchi H.,
Suzuki K.: Protective role of glutathione
S-transferase A4 induced in

copper/zinc-superoxide dismutase knockout

mice, Free Radic. Biol. Med. 47, 559-567,

2009 (EFEH)

® Suzuki K, Anti-oxidants for therapeutic use:
why are only a few drugs in clinical use?
Adv. Drug Deliv. Rev. 61, 287-289, 2009 (£

=
e )

@ BEE# T AT, SBAB B, A0
EZALS ITH T Db A b L 2B LU
b SOD1 DB -, FEBRE S (ET)) [k
R DTSR E Y 7T v bR K
VA (ROEZERE), ELth, Vol. 27,
No. 15, 140-144, 2009 (#HiLE)

® Lo, BEIEE T, KRR, A
WA R AEZ BB A b LA E R,
[ & RS54 ) Vol. 32, No. 4, 247-256
2009 (i)

© JFEJF#IF : MEDICAL TOPICS %5 28 A, b
k Cu, Zn=SOD (SOD1) D AT A L FRIEED
et HERT & £ O R EBURDBRFE, THE
LUNG perspectives, AT 4 W)L E 22—
t1. Vol.16, No.3, p90-95, 2008 (£t
i)

(k) (Grisih)

O FHEKME, BEFE - WIIEE, TO8m




i, $5AHEL—EE (2009) SOD1 / w7 7 7 bk
~ U ADBRICB T DB R T &2 D
o 1REAE . 5 83 Bl A RALFER KA, 12.
7-10, fE

EKRME, BREE. BFIUEEZ . JLO8%
i $5ARHEL—EE (2009) SOD1 / w7 7 7 bk
~ U ZADBFIEIZ T HEACH R E . F 63
B H AL A b L RS EEES . 6. 24,
)1

Fujiwara N., Nakano M., Kato S., Yoshihara
D., Eguchi H., Sakiyama H., Taniguchi N.
and Suzuki K. (2009) Oxidative modification
of Cyslll residue in human Copper/zinc
superoxide dismutase and its immuno-probe,
The 5th Joint Meeting of The Societies For
Free Radical Research Australasia and Japan,
12. 1-4, Sydney, Australia

BRI T O RES, #HHET, a0
B2, SARM—ER (2009) bilR{VRE% S
L7z 2-AN BT b ¥ ) — &l
Cu, Zn—SOD DOAEEFRYT, 25 82 [Fl H A4 AL
FARE 10,0 21-24, PRF
DHEGERER, BRIEE . EABI. &
M. ROEZ, EAH—RR (2009)
2ME {k SOD1 i s & fEHT 25 26 [A]
PF BRI A 3. 24-25 oL |F

RIS, O ZHRF KIREIK, &
JERAME, BRILE— MEEE. ROEZ,
SSAM—EL (2008) B b Cu/Zn-A—/%—
FXT R ALZ—F (SOD1) O Cyslll
DOERAL & el SOD1 K B PR D IERL, 55
61 [Bl A AREE LA b L A ZERFINEES 6.
19-20, 5UHB, (#bdk. p66)

ERKE, BEEET-. RIR AR, A
LE—. WL E, SR (2008)
Cu/Zn-S0D / > 7 77 k<17 AIZBIT
% GSTA4 OABEEFE, & 61 [0l H KWE
bR b L RAFRPEES, 6. 19-20, K
#B

EEKRAE, BREE - KWK, I
W2, BT —, L0, 8RR
—HF (2008) SOD1 / v 7 7 7 b~ A
\ZBIT D GSTA4 OFFE & AFEF.

% 31 BIAARSFEMFESES - F 81
mAEARENRLFEERE HRKES
(BMB2008) 12. 9-12, o=

(Late-Breaking Abstracts. pl4)

Yoshihara D.

Fujiwara N., Ookawara T.,

(
)

6
1

i

(2
%

%5

R

==
=

HH

3
K

Yokoe S., Suzuki K.: GSTA4-4 as a
biomarker of oxidative stress in renal tubular
cells, BOSHD2008 Biomarkers of Oxidative
Stress in Health and Diseases, Osaka, 2008

Fujiwara N., Nakano M., Yoshihara D.
Ookawara T., Eguchi H., Taniguchi N. and
Suzuki K. (2008) Cyslll in human
copper-zinc-superoxide dismutase is a
primary target for peroxidation to cysteine
sulfonic acid, The Gordon Research
conference on Thiol-based Redox Regulation
and Signaling, 5. 25-30, Lucca, Italy

K#E) GF14R)

EEAHR — AR BRITEL -, KK
CHAPTER 3, AROFiE L A7 A (1)
A= N—F XL RO LZ—FP %, Bt
A ML ADES (HINE—EE) ., 2 e
TBEAE. 23-30, 2008

. WIFTERE Rk

YRR R E

A #—EF (SUZUKI KEIICHIRO)

T ERNK S - ERE - %
e &R 70221322

R g e

5 #iF (FUJIWARA NORIKO)

FEERRT: - B - HEER

WIEEE R 1 10368532

I F5Z (SAKTYAMA HARUHIKO)

FEERRT - EFE - B3

WIEEFE R 1 30508958

A #{fh (EGUCHI HIRONOBU)

FEERRT - EFE - B3

WIEEFE R 1 60351798

JE. KRAE (YOSHIHARA DAISAKU)

FEERRT - EFE - B3

WIEEFE R 00567266

7L £— (YOKOE SYUNICHI)

KIRERFRAE « B - B

WIEEFE R 40454756
(H20-21 : HHERFZE3)

) ELEERF ST

TR %7K (OOKAWARA TOMOMI)
LRI KT« B - IR
WIEEFE R 1 50330452



