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mice were significantly attenuated in mice carrying the heterozy-
gous alleles of Ag4 (Figure 8D). Accordingly. heterozygous
knockout of Atf4 attenuated the oxidative stress—resistant phe-
notype observed in Aldh2*2 Tg hearts (Figure 8E).

Activation of ATF4 Is Crucial for the Oxidative
Stress—Resistant Phenotype

Adenovirus-mediated expression of Aldh2*2 in cultured car-
diomyocytes increased immunoreactivity for 4-HNE adducts
(Online Figure VIII. A). induced expression of Agf and
Phgdh (Online Figure VIII, B), and increased intracellular
levels of reduced GSH (Online Figure VIH. C). The short
interference (si)RNA-mediated knockdown of Atf4 abolished
the induction of Phgdh and the increase in intracellular GSH
in Aldh2*2-expressing cardiomyocytes.

Consistent with the oxidative stress-tolerant phenotype
observed for Aldh2#2 Tg hearts. Aldh2*2-expressing cardio-
myocytes exhibited enhanced tolerance to oxidative stress
induced by glucose-free anoxia—reoxygenation or high-dose
4-HNE or antimycin A (Online Figure VI D: data not

shown). The siRNA-mediated knockdown of Atf4 rendered
the LacZ-expressing control cardiomyocytes vulnerable to
oxidative stress and abrogated the oxidative stress—resistant
phenotype of the Aldh2*2-expressing cardiomyocytes.

Discussion
The present study has demonstrated. for the first time. that the
heart has an intrinsic capacity to change the metabolic
pathways to counteract life-long mitochondrial oxidative
damage. Mitochondrial aldehyde stress triggers phosphoryla-
tion of e[F2«a and the combined transcriptional and transla-
tional activation of Atf4 upregulates the gene expression of
enzymes involved in amino acid biosynthesis and transport
that ultimately provide precursor amino acids for GSH
biosynthesis. thereby increasing intracellular GSH levels.
Surprisingly. hearts with chronic mitochondrial aldehyde
stress exhibited improved tolerance to I/R injury despite the
presence of substantial mitochondrial oxidative damages.
Heterozygous knockout of Arf4 blunted the increase in
intracellular GSH levels in mitochondrial Aldh-deficient
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hearts and attenuated the oxidative stress—resistant pheno-
type. These findings indicate that Atf4-dependent activation
of amino acid metabolism and GSH biosynthesis are causally
involved in the oxidative stress—resistant phenotype observed
in mitochondrial Aldh-deficient hearts. Enhanced supply of
NADPH via the pentose phosphate pathway concomitantly
helps in the recycling of oxidized GSH (GSH disulfide
[GSSGI).

Here. we showed that the forced expression of Aldh2*2 in
the heart impairs Aldh activity against aliphatic aldehydes.
including 4-HNE. Several lines of evidence suggest that
ALDH2#2 inactivates not only ALDH?2 but also other ALDH
subfamilies by forming heterotetramers.>2* For example.
alignment of ALDH2 and ALDHIB! amino acid sequences
reveals a high degree of conservation between the regions
required for dimer formation (ie, the a-helix G residues 247

[=]

*
5 =
9
5 Figure 6. Metabolome analysis of Aldh2+2 Tg
hearts. A, Intracellular reduced GSH levels were
measured using BIOXYTECH GSH/GSSG-412
Wt Tg based on Tietze methods. B through G,

6-Phosphogluconate, ribose-5-phosphate,
NADPH/NADP * ratio, glycine, homocysteine, and
cystathionine levels measured by CE-MS. Data are
the means*=SEM (n=6 to 8). *P<0.05 (unpaired
Student’s ¢t test).

to 259. B-sheet 18 residues 450 to 453, B-sheet 19 residues
486 to 495. and the “oligomerization domain™ residues 140 to
158 and 486 to 495). Notably. there is 100% conservation of
residues involved in tetramer formation (ie, B-sheet 3 resi-
dues 141 to 144). These findings suggest that ALDHIBI is
one of the targets of ALDH2*2. We are currently investigat-
ing other enzymes that are inactivated by Aldh2%*2.
However. kinetic assays may not address overall metabolic
function or changes in other metabolic pathways. and in-
creases in Gstal/2 levels seen in the Aldh2*2 Tg hearts may
compensate for defects in mitochondrial Aldh activity. A cell
fractionation study revealed Aldh2*2 protein in the mito-
chondria. Consistent with this. we found that some 4-HNE
adduct proteins were also increased in the mitochondrial
fraction of Aldh2*2 Tg hearts. Furthermore, 4-HNE immu-
noreactivity was increased following adenovirus-mediated

pentose phosphate pathway
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Mitochondrial Protection and the Reversal
of Left Ventricular Remodeling

Motoaki Sano, MD -

sources, including the Nox family of NADPH

oxidases, xanthine oxidase, and mitochondria, in
which superoxide radicals are the byproducts of oxidative
energy production. Superoxide radicals are dismutated by
superoxide dismutase (SOD), to produce hydrogen per-
oxides, which in turn are degraded into water and molecu-
lar oxygen by glutathione peroxidase and peroxiredoxin.
Hydroxyl radicals (OHe), which are the most potent ROS,
are formed from hydrogen peroxides through the Fenton
reaction. There are no endogenous enzymes to eliminate
these radicals. In healthy mitochondria, mitochondrial ROS
are adequately scavenged by antioxidant enzymes, but in
damaged mitochondria, energy production is decreased and
ROS production is disproportionally increased, surpassing
the endogenous antioxidant capacity. Mitochondrial oxida-
tive stress is implicated in the pathogenesis of a variety of
heart diseases.! The acute production of excess ROS during
ischemia—reperfusion injury triggers myocardial cell death.
In addition, the continuous increase in ROS production and
impaired energy production contribute to the development
and progression of maladaptive cardiac remodeling and
heart failure.? Furthermore, lifelong exposure of mitochon-
dria to oxidative stress leads to cardiac senescence. Thus,
mitochondrion-protective antioxidants are powerful agents
for the prevention and treatment of oxidative siress-asso-
ciated heart diseases.

Reactive oxygen species (ROS) originate from many

Article p 2125

EUK-8, which is a synthetic SOD/catalase mimetic,
accesses the mitochondrial matrix and effectively scavenges
mitochondrial ROS.3 Previous studies have shown that
EUK-8 prevents IR injury* and post-ischemic reperfusion
arrythmias,’ attenuates pathologic hypertrophic growth,$
and ameliorates pressure-overload-induced heart failure.”

In the present issue of the Journal, Kawakami et al® dem-
onstrate that EUK-8 blunts the development of dilated car-
diomyopathy (DCM), and also potently reverses established
DCM in the hearts of muscle-specific SOD2 knockout
(H/M-Sod2-"-) mice. In this transgenic mouse, the lack of
cardiac mitochondrial SOD activity induces excessive gen-
eration of mitochondrial ROS, resulting in the accumulation
of oxidative macromolecular damage, including oxidative

damage to nuclear DNA. As a consequence, systolic dys-
function becomes apparent in these mice as early as 4 weeks
of age, and maladaptive left ventricular (LV) remodeling
(ie, chamber dilatation and increased heart weight to body
weight ratio) is progressively exacerbated.

The authors treated the H/M-Sod2~- mice with EUK-8
using 2 different protocols (Figure). When EUK-8 was
administered before the onset of obvious pathologic remod-
eling (ie, preventive administration), LV dilatation and the
decline in LV fractional shortening were significantly sup-
pressed, as compared with saline-treated H/M-Sod2-"- mice.
These outcomes were associated with the suppression of
excessive ROS generation and oxidative DNA damage, and
the restoration of cardiac ATP levels. When EUK-8 was
administered to mice with already established DCM (ie,
therapeutic administration), established LV remodeling
was reversed. Notably, 2 weeks of EUK-8 administration
reduced the LV dimensions and restored LV fractional
shortening, as compared with the same mice prior to EUK-8
administration. This process was associated with recovery
of connexin43 (Cx43) protein expression.

Maladaptive LV remiodeling is a major problem in
patients with DCM. However, accumulating evidence indi-
cates that remodeling can be reversed once it has developed.
In addition to neurchormonal blockade therapy with angio-
tensin-converting enzyme inhibitors, angiotensin type 1
receptor blockers, mineralocorticoid receptor blockers, and
the more potent f-blockers, mechanical unloading of the
failing ventricles by LV assist devices and cardiac resyn-
chronization therapy have recently been demonstrated to
induce reverse remodeling of the LV, thereby potentially
improving the quality of life, physical activity index, and
mortality rate of these patients.

In their report, Kawakami et al® demonstrate that the
mitochondrion-protective antioxidant, EUK-8, reverses
pathologic LV remodeling in H/M-Sod2-~ mice. In addi-
tion to the favorable changes in LV geometry, EUK-8 may
reverse arrythmogenic gap junction remodeling. Gap junc-
tions are clusters of transmembrane channels that form
conduits for direct intercellular communication.® Cx43,
which is the predominant connexin expressed in ventricular
myocytes, is essential for normal propagation of the action
potential. Gap junction remodeling, which includes a het-
erogeneous reduction in Cx43 expression and disordering
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of the gap junction distribution, represents the arrhythmic
basis for heart failure.!0 The authors demonstrate that Cx43
protein expression is downregulated in established DCM
in H/M-Sod2-- mice. This reduction in the Cx43 level is
assumed to result in slowing of conduction, thereby render-
ing the ventricle more susceptible to re-entry arrhythmia,
Notably, EUK-8 treatment of the H/M-Sod2-~ mice signifi-
cantly restored Cx43 protein expression, as compared with
saline treatment.

This study raises the possibility that protection of the
mitochondria against oxidative stress will be a new thera-
peutic strategy to reverse maladaptive LV remodeling and
dysfunction. These findings would be strengthened if it
could be shown that mitochondrial dysfunction, fetal gene
activation, and altered calcium handling in the failing myo-
cardium can be reversed by therapeutic administration of
EUK-8. Moreover, it remains unknown whether EUK-8
can induce LV reverse remodeling in other models of heart
disease, including post-myocardial infarction, and other
genetic models of DCM.

An important challenge for translating these observa-
tions from preclinical studies into clinical therapeutics is
that antioxidant supplements for the prevention of cardio-
vascular events have been found to lack efficacy, and may
even be harmful.!! This discrepancy may be attributable to
the dual role of ROS. ROS are not simply toxic byproducts,
because they also play important roles in the cell signaling
that regulates nuclear gene expression, known as “mito-
chondrial retrograde signaling”. ROS trigger a cascade of
stress-resistant pathways and counteract oxidative stress-
induced damage, thereby re-establishing homeostasis, in a
phenomenon referred to as “stress-response hormesis™.12.13
In addition, mitochondrial ROS generation appears to trigger
mitochondrial biogenesis.!* The intense contractile activity
of muscles during exercise results in excessive production
of ROS. Interestingly, excessive consumption of vitamin C
supplements (antioxidants) decreases training efficiency
through a reduction in the exercise-induced expression of
transcriptional regulators of mitochondrial biogenesis, such
as PPAR gamma coactivator 1, nuclear respiratory factor 1,
and mitochondrial transcription factor A.!5 An improved
understanding of the dual role of ROS will facilitate the
design of novel strategies for cardioprotection against oxi-
dative stress.

EUK-8

‘Raverse remodeling’

41

[

(=1

W

Figure. Preventive and therapeutic effects
of EUK-8 on pathological cardiac remodel-
ing.
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FPary FYTPHEGSHTEEL T, BEEICMEERES 2
LEROHMRERITTL LI CDOTHE, LE->Tw
fiEnt:, 20O, BAMRO OO Pav
VTHROTF 7=y 2H 2 b av P TIHOMRE
WISHTEZ KA L v ) 2 ENEZLS N, Y,
HERBAEICO S 5 L e o P RERHREKX
Kb os Lok KHASEE & HICRFEIIRE X ¢
Tl lZE&F L b EMY LI A, KY
ICFRICRA T, B—ROWREZIETHLL AL
tb»”‘;,‘&'\mumi‘;ﬁfﬁic’cé‘iLf‘(%
EMTFTRENAL Yy Y —Ilb oz TcT
ﬁh&ibijUTIWAW%%iW%L
BES L mot, Z2RARZTELDIE, F
NizBoT L LTasTH, LLMTA
L IEHHREYS DA A D EE T AT, DA
Mh#%&%T%&?K%%Téwan&w

73,

TY, FALZEWHDARGELANEEL,
Lo, #2e®EL L9 BT 20Hild
THE#E L6, I bar K7 DNAOE
EHSHYEICIHR L Tk (N, o, 729 B
SH), ZHBERICKELBEREOLOTY,

2R3y FY 7 DNA DA RIS HEEIS Warburg

45

BHE | TRIVRUTEROUBND ERE
WA EEI L, BERE L2 286H50
TEA, FFRHISEERZ L EME T 5. Hig, -
DIEHEBED L) BEEOER ¢, IH %lw
FwFELAD, fESEEZIZ S 28T, MAMIED
B BRI O o T, BifE, bbbt
LOBERBPH LTI ARDL HDTHARNT £
T, LL, TNEH ETLYITADIERDT,
EFCRHIC &) RERNEOREL B0, 5
WENLITERL TO50h, BEBIZHLANLA
RIREARHEOT, HEZLW00HH--5, Z
DILED B LA Fay B 7 DNA DK
BODEVIDIE, VERESLL YN A
Vo SR, 2o ARSI Ak T X
fmakEoTowET,
AKH MG EHEE X 172 Warburg BT T 43,
Warburg 2SR LIZ U H DL 80 EHHED T &
ShavRYTRELSVB VAL TH
INTEFE LA, Warburg 28/ —_NVHAZZTH X
treBbIbary FYTICHEET AR TSET
TR —_UVEBESNTOETOT, 56
Thary P PIIELT . —XVEAHI AT
RO EEL TV abUTY,

bbb o{RTT e, T hay Y 7HEAR
DT NSRS L k) EA =5 7L T
Y. JOMKREEIBRT 2B, Tk
AR TPEWEAT I 7B DR
h, Zhs 2 bary FY7ToOMESL TOEAR

{HoTEELR, FRHGE, BAVALRE
BOPRIZEbONTHE L) BW®R T, 45
DIENE L 72 BFRBRFDOHIBIC D RDI > T 5
DEEROET,

-
<

—
—
—

RdY RU7DNAEEERBDURY
—BLFERETETNELES

KB O EFcUl o JuWY L Mg B L -
ADTTH, T haryFY 7ol ¥—%fin
M s & g 2 817 & ) Blaign o, BERAR,
RIIF s o i B2 2 2L ¥ -8 e D
BRI ST ETRY, £ F% Y U
PG EME R Eo migR R L LR L Ty
BN TETOET, 4D
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AHEBE 8k LUS
AAREHARAERERRREMBRPARI MR
SMFESY 2, RAEENRMRER 2. 1974
38 HERAFEPEHRZ, 1979 F 3 A RA¥
RREYAMERHSTHIRGET, 1979548 BB
KHEFIBHFE, 1980 £6 A [FHA, 1981 & 12
B A4 ZXBNS-HELKPNT A b2 —HEMRR
BB, 1985 £2 B BAERAREA, 1991 £ 11
B FEBhR, 1994 F 10 BL W EB(HKRERKX
S ARIEARERR), 2003 £4 B LYW RXAERE
SHERMBHPRETAREDFEST BB (R
).

BionL T, T haryPy7REOCLWEEE
FIEFLTwBnTL kD, ARBORSKIIERIC
BIMEC TSI 1 D0 TR AL, %L ol
bz rEIoNET, EICHATY, HEE
AR O S 5\ IFREE IR T 2 O,
PR E I AREEALODRENLEZ RO
EEBVLEEILE->TLESIZLLHBTL £
L, $2LIERELTLEIZELHLL LN
FHA, ZO&, HBEELPSRTIbarFY)
FIEDC S, WALAREEIIBBRLTHA
EEZEZTL LD,

Afh K 23 FXEARWEBTHIIHEETE S
koo, MR T 3,000 AD4IEEEROLE
SAENBIIMEEZSHTORLEEE LA 20
FPHIbaryFU7DNADY AT, ~n70ay
N— 7R3N LT, B O BIESZ VI BIR T
2450, ARy 7R TE L0, O
fRlgE, WEEICIIL T, 2NZFNAERN T
FALMIBIIR I B 94 TERDOG B I ENTE
FL7-. 2hFhoOFSERb oL LLEY
A, 1 AR 2 R CH Vil Tw D
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ANBHAAD 5% 05 v K 574D & EGEH
TERLEE-oTLET,

Fr, A—X UV UHERTAYANA 2 —HIC

WL TREEMEATORLDTTA, LD
AT TIEHY 30 454TD S IR OIEZIZ U & Tu
F LA B, 897,500 flE RIS T, Mgk
7 7 4 UMY EMLTE Fbar Y
PDNADSIA Y b HELEL, AL
P R AT E G L Tw At
WA ER, I oMEITES LWL TuE
5
AKH HMOBEBFO%H, 7o & 28 MHIE B
WIRO 5 h 2§ 3 EEET 2 ERPHE ST
¥9. 205 EHBL TEiL TukZidaug, TC
ABIZ) AZDRE L), TN LMY RZ EL TR
Euddy b, HehoeduiilugEzdss, uh
MWTL k9,
B G, KHIBBBERRNT S Ctibit, o
BET-% %oy common disease (2T 2 94 L3
HroTETHETH, ROPLT I v ZH)
W13 EAECTIS s LhHh 4
A, TPV FY7 DNA DSRIZRHET L,
FNFNDOERUI-—RROERT 40% % 20%, K
BLDILAEDBE 5% ED 10% LPHIENZVO
T, ZNEHRTHEH2D» o TL 25D, 4 v
AHAH 3 EfEfE, 2ED YA I7H3 73D 1
- h, 38ickhoh T340 L B
20T 5, BOBEFOER LY S L ok
BEHA RO EBEENETCI LD TT A
3,000 BHIERHE T L A v RELDFE O L DM
PoLEODBRHNIT N> T bbbl
TTih,

B % L BLAHE common BB TIE 22, M
BEOE LD 2L T Lo ARSI TE T
WBEDTTA, I hary Y T7oEEETTICH
VEEH R SR OB EITON TV EDT, K
ITLTWBDTH RV EEZTOET,

# T harFY7DNARBEOVLSS DS
AP TOEMOET BogHiEH 4 Aok

BIZKELOT, NREH LEEDRLEAICHIE
THILIAD ET. B LIFRBE, MET
YT EBID, B ARSI 2B E Y



L HBHDITTEHRELDTIE?
B HOBSREHMEN SBUFTH S L0
"R L2 EPHIBEZRITITOET, £/,
77 LD ORBTS 5 & HMRIIEC L 7 AT
LihcECuhntllviEd haryFy7o
SUHHAADSRETXTHRETE T 50
T, MO EHFE—BIagMT AL LI AT A
TR-HTWET,
M OBERHETAEEIC, S22 FY 7 DNA
I EPEHEICHRONENDT, HERLEALA
WA TOEET, ), ROB&EEHIRFTOH
BOBEF2RTHLDTTA, AEOFEREE
TREETENHIZ LD TL 9D,
A BEFOE—RFv 7hETEICHRSN
5% REBEI3HEI 1 A #1100 Ji AHTO SNP &
A -HEMERL LW boPEHLENTH
£9. Lal, 2NTLEMNLE 2 2 TR O
bt 1~3 kb TF. FEMAMEERSIZIRET 5 7
R — 72 v —LBlEEHF X THEAZN
TOETH, HEOBE, Z2OMHELZIENLYIS
EFUOTYTHTESLE ) AHER LEVE
T, L,000 A% /7 LEHHI 72 EiE, HARAD DNA £
ao TS THIT bR TOET.
AL, I hary R PRYR— AL
B> TOUBANERZ3DTTS, 9% Th
hot&@ETE, I ravy Py 7EETOSHD
YA ELTOHREBEEIZEIDLRKEVLEV)DN
Bl e eET,

G = b3V FUJDNALZDNA
§ —HRENAERRYIVADNVFYT

KB “E, IbarFI7L0AGHREEELE
DEFRERRZMHRNECDL IATINTET
WEY, TraviFITE% <d)}\ﬁszHL’C<
NADIEHOUDHIUZE > TS Y BT L TT
, Bl s I bas i ')7’75*15%@&:(}&&)’)&)‘(
Li, B LA TAL LRER A, BB
BT -2 3 rar Y 7 DNA DRFIZ 2O THL
BRI ENTELDITTTA, 2 havr Ny
PR TIE, 2IWVIEIAEEEAELEEZ LY
Fuifhunltuo s £3TL M

47

EHE | TRIVRUTESOVIND SRR
M bhavFUY7ZDNA LI Lary R 7ol
REUIDEEL TEA LS T AV ERLE
IhavyFY7ZDNABIbayFY PO
%c%@LTmékuﬂONﬁELw?f LHL,
SharFY7OEBIIESHEL &9 T, % DNA
B L T aHEaE 2 b ary FY 7 DNA »
HMLTOEEFLHAEGOZ>TERRA LI %
TEDICHDTVET, EIW6EZEFTHI b
Y EU7 DNA b TnT, st
¥ THL DNA B3l > T DA, i A
LTwseElArbdbATLEIL, kbl A
LhHbERIDTYES, KilE235E L TY,
ShavEFITEEOANT R I EBET L0
ETHLTERODT e
AHB TH, MEESTELDS-0#LTE.
VeI kil TLEVET(E),
MouR, 2RTRVALAEELLAVWERN
HHFETH, FFEIbay FY 7 DNA ZiHi
BELT, ZIWERMBEI~AoEMBASREL
TED L) BB 5 2 WBCAN, 2
kol EHLIS, D 2L DNA OHELE L
FEICbhhET,

FDHOICE, RROEFCEDEF LY
A& HENH D ET, FEEAELS Tl L
BHRAYERIC b D0 E I hlzhhh £4A4
DT, RENEETHEeTATELDIavy
)7 DNA DEBOEE LR TR Y FHA
BB FCUHARBEFAEAT S 2 L AAfE

<

TEhH, THELDEAHZ, ATICIbav Y
7 DNAIWCERAEZHSCY, T hay FY PICARL
TRLIEMGDEZATEEHA, WAL

IATIDFREEMAL L) EHEIN T
THRD LT EHA, S hay Y7 DNA L
S —Thh, TrarFYTHEL E
TEbHTWE b L LHEYA, LA T,
FrE oL oh s 2 a2 FY 7 DNA £
AL OEEEMAAE AL LKL THUHHL T
FDIbav Py 7aE ESHMCANT, b2
YFU7DNADOERE LT RA 25k
WA MFRPRDEI > TEET, WAHVBLEY
PANLeIRAERL 7L TLDI R
T 25D,

2

T, FDTIAHNI b ay ) PRI
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A uvbbwhﬁé
WRAFAFRESRANFREMERENHFE
BB 1977 £ 3B RRMEAFALRELH

%

TR RRSMPENET, RE6 A WERY
At -HEHRELFEMER (2 DME, 1985~
1986 £ T EY AAPREMNFL LI IR
HER), 1988 £ 4 B REEHMRA.1993 £ 4 B
FRAF ML RMER, 1998 F£ 11 ALHERE
(Z DR, 2002 & 4 B~2005 £ 3 B TiEK¥E
WFMER, 2005 &£ 4 A~2008 £ 3 A FURKEE
ZHHE, EORESHER).

BB B 0h, HHEBLEIEThrbo
\é@#zw%#mféa,ﬁﬁmm%%®§

HILL B BEAHERVET,

AB #9TTh, ADEIAICHVAEVLAR
RWEEINTLEAPSHFENLDL>TBHDTT
2, kW T rav Ry 7oy 7 EHMWEL
L7, #0BERETIE L Wy 0 X)) k6
HHHLOTT, LI2ADI Py FYTIR 2
ML 2T VLo, BIRHAon, #Us
D ECI DR EL L, SLD5HIEE
Wl THiRLDTY,

*T NAC (N-acethyl cysteine) : it % % f (ROS) % B J:

T2 Lok L RIS STV 2 BEAL
Y reY s T4y 75 ay bu—n BIEEEE
Mg, ©F O MIEFORMEE T ORKERE(EL T

IZR SO D L) o ERC (2 v Pe - L) 34
TE %G, b AR DERIRELT O
Wi DI/ L A, ZAICHNLY AT vy 24
L bOo— L O&IL, HECOBERERIC X - TG
THBM L (0)%‘3»,!:%%)?‘!2 L. Ay iR
HIER
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& = M3 B 7DNAREE & ZDNAT
ZEM-— HADEMEICES?

B Hedopni s itbary FY7ERET
TH, QDL H» T -WHI T A9 —DH—D
AT by FUTTHD, BERITIEI b2
YEYU7DNADIE—HERS T LER- Ky
SAY—PTERL Y ET, TOKE, Fhi
BEET AT/ AOBEZROBENE LS L
VA EBEEEINTVET, BRTAREL L
T, ~UH =L EEEICEERL, 77
{2—EIZDNA DT X F#HEERT DI Hh
rhhET,

M BB rOBESTELRCTEBATLE) &,
B 24, SharyRUT7OBEIE( LS E
LOH(~T o EAUHER)BINTET, wAanahk
B TMEECE R A HIRENRI b T
T, MARET, EAZEIFary FY 7 DNA
DEEHED e (e B EENIR I B 2 L0, #oO
139 OEBYGEIC Db > TV ED TR LD,
EVIRFTT. DAHIROBEEIEAE E 5 5K
12, RIS bary FY T, kA DNA
DHEDEDO A LER 2 FO TV B &) gl
BHBEERIDTTH, LhHTL & DD,

MR LORIITHENT, ok X AXTEMRERE
(ROS) % {11 L T & RS DA A M NAC
(N-acethyl cysteine) *'Z2 M A T ROS ZfRET 5
CHEBUENTEL DL VLI HDT, WbWwAIYE
SrrTF4vskarrua—LOTIcHh Tl
ERAERTREVEE-,TVET. bivbho
REBREH ETilnhA Tta,

Th, 7 LOREEEIZDAOKERKFHT
TL, 3 harFY 7 DNA OB Y, BN
RO OMEN AL EEEZFEEL Cwd v
EEHHH Ltk Tdi,
Hh 74U ADREED,
b2 KU 7 DNA Kig#il) =
AATAH N a2 (FAB»SD2(BLET /7 A
DEALEABL T, Z0LTHL I rav Y

T AR AT EOBBNALEEEE 2 TS
b, Lyl EEHEoTWET L pY

ok 2 E p RlilE
HelLa ffifi & 2,

2 A



F—réLThibiUi LS EHREZIT->TW5D
T, HREHFTTOCE, b EOMKTDIRGE
EELTLED.

AHB brLofggTL, 29T,

M EOREFOEA p oy, 3k
ayFU7PRARELLEZICEND REE 42 <
BHENWHIETTD,
TWBDTL kD,
B ik @Et % FISH(fluorescence in
situ hybridization) TR T, Z{tAtbkE s L0n9 C
EREBVWET, u—X7 2= 2 AR
DHRENREZHE ERL TV LI TT
XH -%bh, ShasFY 7 DNADBKOY/
LADEEWEBELCVLBE LW ZETTR #
A<, p'CEAEMo I Fav FY 7 DNA
EAND L, SEEICEIDPTORDET LA,
WARED S iR lE b e R BDFH R -
Tz bbbk,

M 20T, £0OFICHATVE?
Lot .

AHB z0ud, 7 CEbvi itk (5)),
TOURARNCL>TWT, BRATHL LMD
BoTwEL,

2

EBINCIEE IR TEH

ZiFe

= OV RUZDNAZRRDEREEIL
@ —ERIFIVRUPONARU X S5—
By DEARER

B b9 19, Lzt arFY7DNAD
EHROFMEDHERBAE LFEL LB D TT
ta., & ZITKRIEMEE 2 N X ¢ A% DNA R
AT —¥y BETFE2EALL27 A, T+
¥ FU 7 DNA WCERDERT 272240324 My
BBEALEAWD 3 H5

W 7RE—2RAT?

B 2z ZiTHhuhtIbhcuiEdk
h, UL, HEORMLAPLZIZE 4, ROS
WHEL TRV EY T, &L ARSI,
RIS Dl s SHETE A AH T3, 3 b
ay U 7OBENET T % & LSRRI O HER
MTERL o> TEBIEIRDEZ 5, L) K3
BHEINTVWET ki,
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S | SNIVRUTESOUANDERE

L 2@ ABTc#E<3 L, 2 bar iy
7 DNA Z#UEHEDEZ L R0TTh, £H-PE
RIL -8l BRI T w3, b L L MAERE
BERET s/TBIbIuE, BEEzLES
TS,

DX BRFTHEEDOREI bav FY
7 DNA 25208 EFL(I =9 ) ET
i3, HHBOLEZONETTL LI N?

M b7 AEBORAMENL FXA. £
FRDBIDVBAEBBRESNIERE b 27
7 AL ROS M EE DL TR EHEASN,
DRI AERERIETALVEMEL VAL EY
A, RELEEFNTL5DTEFHTIE LV EV)
ZEEbD D E L Germ line(BHIAR) 2 BT
BEWH) LW, BEEMETIERWTT Kk,

AKH L& 2a8#EORSI AL TT i,
EFEFN o oK RO RVHTENLS, &
BEFELELAKIIC, ZRLBREKREFERMSEDL
SROMEVIBBETTR., 2L A bLDIER
AlznbiITihs, LEZXE k{Ebhsrn
W, TAvng 2—mDizRsE7R =3 2
BRAG, Lhl, 7RF=—v 2220
LA TR 2T EDTTALRZI AT
W, ok bniEnwtE-TYH, HE
WHolhEI e ) i iahifHT R