H202 0 UM
Hoechst + Pl Pl

H202 100 M
Hoechst + Pl Pl

<
=

<
N

i

A2
(A)
100
&
»
3
o}
2 50
8
Q.
a
5
% Ty [ . 4
E V1V2A1A2 VIV2A1A2 V1V2A1A2
S 0 30 100
{0
(B) H2O02 (M)

Fig. 4. ABAD-transfectants are resistant to oxidative stress
induced by H,0,. (A) Representative fluorescent pictures of
nuclei of each transfectant stained with Hoechst33342 (blue:
dead and living cells) and PI (pink: dead cells) after treatment for
24 hr with or without 100 uM H,O, for 24 hr as described in
Materials and Methods. Scale bar: 50 um. (B) Percentage of
dead cells of each transfectant after treatment with the indicated
concentrations of H,0,. Total and dead cells were enumerated
under a fluorescent microscope. Lanes indicate V1 and V2
(control-transfectant) and A1 and A2 (ABAD-transfectant). Data
are the mean + SD of 4 independent experiments and *p<0.05 in
Student’s t-test.

by treatment with antimycin A. Considerable dead cells
in controls were seen after antimycin A treatment, while
ABAD-transfectants were resistant to the treatment (Fig.
3C, D).

As an alternative oxidative stress, we examined
effects by hydrogen peroxide (H,0O,). Similarly to 4-HNE-
and antimycin A-treatments, ABAD-transfectants were
more cytoprotective to the oxidative stress than controls
(Fig. 4A, B).

3.4. Cytoprotective role of ABAD is suppressed by Ap
When cell cultures are exposed to AR, APi.4 binds

to ABAD [40]. Thus, we examined whether Af actually

inhibits ABAD activity in the detoxification of 4-HNE.
When cells were treated with AP, it inhibited the
decrease in external 4-HNE only in ABAD-transfectants
(Fig. 5A, B).
role by ABAD against the exposure to ROS induced

Moreover, AB,._4, inhibited the cytoprotective
through treatment with antimycin A (Fig. 5C). It was
reported that co-overexpression of ABAD and mutant APP
induced cytotoxicity [40].
no cytotoxic effect was observed even in the presence of

In contrast to this report [40],

AB without treatment with antimycin A (Fig. 5C). Only
when cells were co-treated with AB and antimycin A, the
difference between ABAD- and control-transfectants was
evident. This result suggests that ABAD protects cells by
detoxifying 4-HNE.

3.5 ABAD is cytoprotective against 4-HNE in
neuroblastoma cells

Finally, we examined the cytoprotective role of ABAD
against 4-HNE in neuroblastomas. SHSY-5Y cells were
transiently transfected with ABAD cDNA and imaged with
with Mitotraker red and anti-ABAD antibody (Fig. 6A),
confirming that ABAD localizes to mitochondria. Then ,
SHSY-5Y cells were co-transfected with the ABAD and
EGFP genes and treated with 4-HNE as described in
Materials and Methods.
enumerated under fluorescence microscope after 4-HNE-

EGFP-positive cells were

treatment for 24 hr. The 4-HNE-treatment decreased the
EGFP-positive cells due to cell death (Fig. 6B, C).
Apparently, vector/EGFP co-transfectants were less than
ABAD/EGFP (Fig. 6B, C), indicating ABAD-transfectants
were more resistant against the 4-HNE-treatment.
These results suggested that ABAD catabolizes 4-HNE
and protected from cell death in neuroblastoma cells.

4. Discussion

Oxidative stress is widely accepted as one of the
causes of neurodegenerative disorders including AD.
Oxidative stress arises from the strong cellular oxidizing
potential of excess ROS. The majority of superoxide
anion radicals is generated in mitochondria by electron
leakage from the electron transport chain [25].  Antimycin
A inhibited smooth electron transport at complex lll, and
induced the production of superoxides. Superoxides
may be converted into hydrogen peroxide, which is a
source of the most reactive radical, hydroxyl radical [33].
ROS modifies unsaturated fatty acids to form
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were pretreated with 1 pg/mlL Ap for 14 hr and exposed to external 4-HNE (250 uM) for 30 min. External 4-HNE was extracted from the

supernatant medium, spotted onto TLC and visualized as described in Materials and Methods. Lanes indicate control (V1 and V2) and
ABAD transfectants (A1 and A2). A + and — indicate with and without preincubation with aggregated AB. St indicates a spot of
standard 4-HNE (12.5 nmol). (B) Intensities of spots with Rf = 0.4 quantified with NIH image to calculate the amounis of 4-HNE
remaining in the supernatant. lLanes are shown as in (A). Data are shown as the mean + SD of four independent experiments.
*p<0.05 in Student’s t-test. (C) Percentage of dead cells of each transfectant after pretreatment with Ag for 14 hr, followed by treatment
with antimycin A for 24 hr.  After treatment, cells ware stained with Pl (red) and/or Hoechst33342 (blue). Total (blue) and dead cells
(pink) were enumerated under a fluorescent microscope. Lanes are shown as in (A). Data are the mean = SD of 4 independent
experiments and *p<0.05 in Student’s {-test.

peroxides, from which  aldehydes such  as 36], so that 4-HNE is considered to play an important role
marondialdehyde (MDA), and highly toxic 4-HNE are non- in NFT formation. In a transgenic mouse model of AB
enzymatically produced. In particular, 4-HNE denatures deposition, LPO accumulation was reported to precede
proteins by modifying lysine, histidine, serine, and AP accumulation [30].

cysteine residues [38]. It has also been shown in vitro to Many enzymes may catabolize 4-HNE for
promote neuronal death [11]. Recently, marked detoxification as follows: aldo-keto oxidoreductases;
increases in 4-HNE were reported in the hippocampus ALDH; aldosereductase; aldehyde reductase; and alcohol
and superior and middle temporal gyrus of patients with dehydrogenase  (ADH)  [29]. ALDH2-deficient
mild cognitive impairment (MCl) and those with early AD transfectants were vulnerable to exogenous 4-HNE and
compared with healthy individuals [39]. 4-HNE not only accumulated endogenous 4-HNE by ftreatment with
induces neuronal death but also causes synapse antimycin A [22, 25, 26], which supports our epidemiologic
dysfunction due to mechanisms such as reducing Na*,K*- case-control study that mitochondrial ALDH2 deficiency is
ATPase activity [27] and markedly inhibits microtubule a risk for late-onset AD [8].

formation and neurite outgrowth [21]. Furthermore, there (A) AB has recently been shown to exist inside
have been a number of reports on the relationship mitochondria, and inhibits the activity of cytochrome ¢
between neurofibrillary tangle (NFT), which is a oxidase [1, 4, 34]. Moreover, the link of mitochondria
pathological feature characteristic of AD, and oxidative with Ap was revealed by attractive findings that Ap binds

to ABAD to inhibit its activity, resulting in the excess
generation of ROS. A mutant APP gene and the ABAD
gene were introduced into transgenic mice to enhance Ap

stress [44]. Concerning 4-HNE in particular, it has been
reported to induce structural changes in phosphorylated
tau by modifying it and to make tau a structure in NFT [12,
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Fig. 6. Neuroblastomas expressing ABAD were resistant against 4-HNE.

(A) SHSY-5Y cells were transiently transfected with ABAD cDNA. Representative images of a transfectant co-stained with
MitoTrackerRed (left panel) anti-ABAD (middle panel) and superimposed (right panel) are shown. Scale bar: 10 um  (B) SHSY-5Y cells
were transiently co-transfectioned with EGFP/vector or EGFP/ABAD, treated with the indicated concentration of 4-HNE for 24 hr and
observed with a fluorescent microscope. Scale bar: 200 um. (C) Living cells expressing EGFP were enumerated after 24h treatment
with 4-HNE under a fluorescent microscope. Data are the mean = SD of 4 independent experiments. **p<0.01 in Student’s t-test.

production. In transgenic mice, an increase in oxidative
stress in neurons was accompanied with memory loss
[15].

ABAD was initially reported as endoplasmic reticulum-
associated amyloid B-peptide (AB)-binding protein (ERAB)
[40]. Although there was discrepancy about the location
of ABAD in the early stage, this enzyme was accepted to
be located in mitochondria [7]. This study confirmed that
ABAD localizes to mitochondria.

In this study, we hypothesized that ABAD may have an
additional function that catabolizes 4-HNE. Indeed, we
verified this hypothesis at least at cultured cell level,
although it remains unclear whether ABAD actually
functions to detoxify cytotoxic aldehydes in the brain.

ABAD has several functions: in the third step of
mitochondrial fatty acid p-oxidation, cycles comprised four
sequential reactions, as short chain 3-hydroxyacyl-CoA
dehydrogenase (SCHAD) [5, 10, 14]: additionally, ABAD
catalyzed a wide spectrum of substrates, including
steroids [6, 7, 41, 42], cholic acids [6, 42], and fatty acid.
Thus, if this multifunctional enzyme would have an
additional function, it might be reasonable. When we
pay attention on mitochondrial fatty acid p-oxidation [32],
the p-oxidation is not available in energy metabolism in
the brain [2, 3,19, 28]; however, ABAD, an enzyme
involved in the B-oxidation, expresses in the brain [42].

Thus, it suggests that ABAD plays an alternative role in
the brain instead of energy metabolism.

ABAD can detoxify 4-HNE only in the presence
of NADH as a cofactor in the healthy brain according to
our model. Thus, when energy metabolism to generate
NADH is declined, the detoxification system by ABAD
would not be functional, leading to amplify toxic aldehydes.
Since it is known that energy metabolism is poor in the
brain of AD, NADH must be not abundant in AD brains.
Additionally, activation of poly(ADP-ribose) polymerase-1
has been recently found in AD [9], which consumes NAD*
to form branched polymers of ADP-ribose on target
proteins.  Thus, NAD* as well as NADH must be
exhausted in the brain with AD, which leads to dysfunction
of ABAD for detoxifying aldehydes.

In our model, AP plays a role towards the
accumulation of 4-HNE by inhibiting the ABAD activity in
the development of AD. Since 4-HNE stimulates the Af
production [37], Ap would in turn enhance to increase by
4-HNE. This vicious cycle could increase AB as well as
4-HNE, both of which
pathogenesis of AD. Further study will be required to
reveal the relationship between AD and ABAD.
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g1 AD BEEXIBRED ALDH2 B{RFEUERE

Subjects

Number of genotype [frequency]

1/1

1/2 2/2

172 & 2/2

Patients (n=447) 232 [0.519]
Controls (n=447) 280 [0.626]

183 [0.409]
138 [0.309]

215 [0.481]*
167 [0.374]

32 [0.072]
29 [0.065]

ALDH2*1 7 v vk ALDH2*2 7

TV IVOBAE G AD B T 0.724 £ 0276

TH Tz DI L, HHZE T 0.781 £ 0219 TH -7z (p=0.005). *p=0.001,

OR=1.6 (95% C.[.=1.19-2.03).

%1 % A U 7 (Kamino, et al, 2000) . ALDHZ
HETFLHRIGBE THHRIKAE B 558, H
FKEANTHHIEEND 5. £/, BEHCHD
LM F LI OB R EER I 2 5 i onEh+
bl LY FHENG, #IT, wEEE, B
e, Egosns PO WIS e S
AT LTz, 2 DR E% 1 wRY, AD ¥
TPl Eb—20lE ALDH2*2 7 v L %
WHT2HDEED 48.1% TH-Te DTt L,
JERRMMER Tld 374% B E oz, & O
ODA v A 1.6, p i 0.001 CHoicEET

LB T L T b R ORE L D,
HE WD BNE»-Tr,

B S IASEL AD OREMEAF L L TH
S5 7R REHE (ApoE) oW T L
fek T3, APOE ed 7 v d AD FeRESEE 10
T B4y A 3 TH -7, 2o APOE #fz
T4 B & ALDH2 R FEHE R 2HAGHLE T
U R PR 2R, ZORELS,
APOE ed & ALDH2*2 O 7 v L % 4k 10 5
B H8E 1003 AD FEHE BRI E <
25 EDMBIL:, &< APOE ¢4 RET
Bile b —2L 0 ALDH2*2 7 v L % {5
B 5HE, E65 HEFL TuRwEFITn,
31156 AD FEME D E W, O —8
LHEBHAANDN 1Y% EHEES R, FHELE, 3
IEMEEWCAD 2 FET 5 2 Lok b, £,
APOE &4 & ALDH2*2 OMIFERE I L bH %
FEER L EBR R B T,

IS ORI, FHESACTEERE L%

30§

Odds Ratio
S

10+

ALDH2 1A
APOE-¢4 - +/- +/+

Bz MBEHETFTILYNASAZ—FEIZE TS
ALDH2*2 ¥ APOE =4 ORIERIRIMEIZT-
W SHEEDR
ALDH2 o (1/1) (£ ALDH2*1 7 L L%k
ETHRIFETDEE (2)1Z ALDH2*2 7L
EATOERIIRECRISETIELSET
APOE ¢4 @ (<) 13 ed PLIILEEELY
W%, (+/-)d3~F707T, (+/+)KE
TREBET2HEEENFENET, ALDH2*2
T LI &L, APOE ¢4 FLIILARED
ETIE, B0 6FEBLAVLEIINLT,
AD RIEDA v XA 31 1275,

DBFEBEE O IEROER o 0w Ty
ALDH2*2 7 v WIS AD OEMHERFTH 5 =
&, APOE ed W & 2R D 5 Z LoD
W THBMESHEE & LT 3 (Tamaoka, et al,



TN NA = —fEOERETF T A BEREL R 7
2003 HAFRYE), —F, BETH AD O
T & LT ALDH2 ufx%%gb““a =R (0

TIFFT DT Lz 28, RGeS & ALDH 3
O IFHEE 2w EHE AN TV 3 (Kim, et
al, 2004). Lo L, ZoOHETIE AD BEHLT
P 60 ZUZ D W TR Ll BSEREH i B S
FHhohmholee LTEY, +oklveis
LIz lE AR,

3. ALDH2#*2 7L JL Bt
Z L RDHEK

ALDHZ BEFEHE 7V Ia—INT 5
B ERELEZDLI NS, ALDH2*2 7
VLV EREFT A AR TV I - RFESR TV

2 — R EOBED T V2 — VAR &
LEBICHAL T AER{E Y (Goedde, et al,
1992), —7, ALDHZ2*2 7 v ViP5, Ei5,
BINE, LIEEORRATTH S I L bikRE
ShTwb (Suzuki, et al, 1996 ; Yokoyama,
et al, 1998 ; Takagi, et al, 2001 ; Amamoto,
etal, 2002). L#s» L, ALDHZ O#EEFHRIE
e W EFEHEEFEBREEEL TH L0
T, BEFLHOEE O, BETFEHEICE
RN & 2R DOPERT 25 i

L, ORI WAABETHS, T
EWHEANS, REEREFIDHENEPE I DI

BboTL 2056 THS, 22T, TAI—I
B & B RERS L& ALDH2*2
TUNBRET B ANCIA o hOEA D D
P IET B ZEic L, REEEWSEx
v —EEWERC LA REEEEHE
(Shimokata, et al, 2000) T, Husi{EEH 5
PEE I U7z 40 50 & 70 RO BEF &N
2,300 I D TR, IR, 7V 3 — %
WEFESUEE - BEREZEDX T+ A0
F w7 EBERL, ALDH2 SEF4E & O
Brs~s. FOMRE, ALDH2*2 7 v ivie—
STHHEET M, 7T - VEBROFE

FRALALBETOMBEYTOBBLIEER

'1

VT FBOREESE 2 MG
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(LPO) M HECR» SN, JORKE
i, ALDH2 {EHOE TR 70 3 — VIR & i
fERAGRICTBIEA NV A RIERE Y, ALDH2*2
7vwﬂm%mﬁ5/<®ﬁ$ﬁﬁﬁm?k&

AREME 2R LT 5 (Ohsawa, et al,
?003a) BYTEEEEN G208, Zhik
HBHOSESE 7 v - VIERKE &5 LPO R
BAOBBPBTELILETHD ETHENS,
T3, AD T3 ALDHZ2 SBEFHRBED LS
R DO DEEE R B,

4. ALDH2*2(2& BT YA 7—iK
RAE(REN D FHAE

ZZET, ALDH2*2 7V VOB, Bk
APVARBMRESETAD DERET L2
eI EMWNEHEFETICLVHEShER
BT &, LA b v ADEAIZT V-
VAR SRR D 2 e 6, ALDH2
W72 b 7T e FUAOER 2T 52 &
THALA PV ARIHL TWAIETTHE,
7z ALDH2 | ii POV DTRIHBI EMD,

SPav DT TECAETALTE FERRBL
’(bﬂ’;ti‘?”@i’o%. TlE, FO7 VT RfEE
ﬁf% 9#?

> B T IERGE D S R T T RS
%X—A—ﬁ%/b-7?4ﬁwz?%.ll
e, ERFOFYIIINREDEEDEWL
ROS MSURAL, ST AU EYRED
Tfaffgl s ®mE+ % 2 e TLPO &L
5. ZOLPO»oiE, BRIEA L ADT—4—
EhBEROYYTIUTFE FRBMHOMEW 4-&
Foafy-2-/3F—nE-HNE) 2 EDOT VT
ENENEHCEL D, B 4d-HNE @Y &
Y, EXAFVy, ¥V VYBIUYVAT A UEE
KEBCREESELTEAOEE 23 &R T
(Uchida & Stadtman, 1992). E, 4-HNE i3
Na*, K*-ATPase O #{ET & ¥ (Siems, et
al, 1996), in vitro 18 W T HRHIIBIE & (2
FT5ZEbmENTw3 (Kruman & Mattson,
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1999). &SI ADR/S—F YV VLR EOM
REERBICB W T 4-HNE OERinRE s h
T3 (Yoritaka, et al, 1996; Sayre, et al,
1997), —7, FH¥ L 7- ALDH2 i3 4-HNE %%
HEUTEBLT 22 &08TE, Ml 4-HNE
EWMT A ET VT e FRKERRZIC L - TR
fbahsZ kiU % 4-hydroxy-2-
nonenoic acid (4-HNA) #S#H & 1172
(Hartley, et al, 1995).

FIT, EHESE, T har P TEEX S
VAL o THELS 4-UHNE DfgEw s o>
FUTERTHD ALDH2 5L THY, #
DWEWEBRIBT 2 EBLA DL AWK & 2 4-
HNE OFRIC L - THRHIEERREE B
BFTHDEOIERELTR, INEREET
L5, vUATy N ALDH2*2 BEF %
ERIL, 2he oy b PCI2MIRICEEA LT, #
DGR, ALDH2*2 {ET %A L7z I8 TiE
ALDH? {HiEIIH &, 4-HNEWC L->TH
GcilasersimE s i (®3), £/, 3 b2
P TR OE SR I HERTH LT >~
FvA A WKLo TROS 24X
&b ALDHZ dE MG O Mgz s gtk &
N, Z ok, ALDH2 iEMHIGIIE T 4-
HNE " EEIWEBEL Twiz (B4), Lok
B EERDRREZTHT25DTHY, S hav
FUT7EEA NV ABREEISIZ B 5 ALDH2
DFRE ML NV TH S »E Aol

X 3.

Dementia Japan Vol. 19 No.3 December 2005
(Ohsawa, et al, 2003h),

5. ALDH2 &S 5> X
PIZws - TIRIZEITD
RARIE R DINES (1 D 2o

A&~ TR A bV AR BT 54558
BEF OIS DWTHF T 5113, BETFE
8B, /o770 NHL5OEHETFEALEDE
TNIYBEPRR DA ED—~DTH D, EE
WMn A—8—F 2 F IR AY—¥ (Mn-
SOD) RiE~ o A TIRE{EA b AMERL,
oy R T OBEETRS L F I IR
B a5 (Melov, et al, 1998). ZmH5E
i, L ~OrTd Mn-SOD MSE8{LA b L &
A B L TR BEAHEE LR LTO
ABRO—DOTHAL I ERRLTWED, IO
v AR LEMBETIEATL £v,
WEED BRI 56 Z L BAARETH 5.
W, TPAVRVTOY—5 v NES AL
feh § 7 —VRETFEEA LY A TldEd
DHETN D &k s & iz (Schriner, et al,
2005), Z OFERIE, B BT AEIEA LR
O EEE & IR L T 5.

ZIZTALDHZ DLW TEELTALS. B
WD & DI ALDHZ B 7 A7 & Rk #pEs
DKEZT77IV—EBT S, £/, #lac
ALDH2 it X D IFES L 4-HNERZ YD 7L

PCL2 }ERZIC ALDHZ2* 2 BZF%#EAL TR I+ b » RA T 4712 ALDH2 SEM A DS L
7o#E (K6, K11) T, ALDH2 jEM AR5 T B8 (PC12), ~No &y —@AR(V), ALDH2*
I BEFEAY (E) THEELRVEBED 4-HNE T, SBEABIEAE S,
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PC12

TN oA

Vv

Antimycin A (ug/ml)
3

4-HNE 10
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4. ALDH2 FHOHENIC & 5 4-HNE OEH{EE
IRIRSERRERI 7 o F T A o A BRINL T ROS #R4& &4, 24 BFIEOMBIN 4-HNE %
EORFENIRAETRE Uz, ALDH2 &AL f-#% T3, EEE4 4-HNE OEHEH RO S

ha, fMiakicHOVWTIE, X3 B8,

7 N LT, ALDH2 wimz o7 vy
fﬁ/QKWQﬁQMMVXTA#ﬂkaE

T2, 235 ULIEEFOESE, oy
PRATAIEICED, /vy 279 LTHK

xR THEE SR WATREE A E v, BE,
ALDH2 /o o7 N« ®TOATEANFTT
TN TFER OM‘VZ?}HRT@“??S T W25,
FeAREP S HERBIC DL TOREIER S
v (Kitagawa, et al, 900)) -7, AIBWT
iz ALDH2*2 7 v V52 # 13 AD OFESE
[k Y, ALDH2*2 12 &£ % ALDH2 ¥
#@HMM,%mxkvxmﬁtﬁ~Bt%i
SNAE2ZDE-BORRER S, 22T, €7
W BT b ALDH2*2 EFREA L,
F 39>« 247 4 7 ALDH2 15 &40
T52ET, & D ASEWIREED & 7 L lihs
BFET 0 W E R,

9, PC2HifECAwWIbDERIL~YY R
B ALDH2*2 #if5F 270 ®—58 —ThH

EF 7o —% —TFIfAL, IhevoA
CoTBL/GWHATHIETrZ Vv AY 22y
7oy AR LT, R L7~ A3 DAL
(Dominant negative of ALDH2) <7 A Ly
H LT, ZOvy A ARE CHERF L T HIRAR
BTORBREDSNY, HHc o> TosER
3y BlRUIC 25 TRES RS 1, BIKOEH I
ETrED e (ES5), MTk2dy AlET
MRE2 & 52 7208, C5TBL/6 & Hoig U T Bk R,
KR RERRED o hzho7z, 22T, PCI2
NS & ERRC 4-HNE x5 2 5513 b il o
MR T LD s 2 EET U7z T 16 H
D=7 Afgh 5 KIMECE 2D 1 LIRS
LT, ZNI4-HNE #FEmLiz & 25 DAL
v 7 AT HEIETE M EE S N (J6), B
B AEA N ATEOTREMN: £ RE S
AR

FRTWE, DAL = 7 A THRESRD SN
BTHAI,? i C37TBL/6 & DM
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5 DAL¥™YX
64 Bty DAL =0 i, FEIZHEHNR
b5h, BEAKITTWBEEASR). CTL
I$EEs o C57BL/6 i,

4-HNE (M)
0 | 0.3

CTL

6. 4-HNEZH L Tl & >/ DAL=
AR Erigimha,
BT ALDH2*2 A°%3H L TWW 3% DAL =
RRRIBAINEE S, > PR EESERR %
SHEIL, ZhIZ4-HNE &5FmL T24 8
BRI % EE, RS EaET
HDPTUI-1HEIC L ) EFS RS
FmlLt, I boO—L{(CTL) C57BL/
6 & 1) ERSE L f-tiRimARICEE~, DAL =7
AFEHRRS TIHMEIBE @ 4-HNE THERI5E
IN=RY R
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7. DAL I RIZBITZBEDER & #iEiR
itk kA
DAL =7 & () T,
BBOER L HINBROTEARED LN
%, HE %, BARIG CAL {Ed Akl
=Hm,

184 A TEREY

S DWW TIT 21T o7, 27, 64 F
B Y 20w T OS2 B A s,
C57BL/6 DM &8 x5 dp o 7. waL 184
ﬂleALVWZTim SO & AL B
FAHlaopES o mm@ﬁ%mam?
tW&%%@%I#Wbbuh(ﬂm 9L
TERRRE 12 ABTERE S L2540,
Mhedtwind 4, L, JHEEEAE0 TR
BEIC D W TIE DAL v 2 & C57BL/6 & O [H]
k%?@ém&mat.%'T Ty iN A
ZEHIFREREI OB E L THRA SN T v BK
J/K;b"'w””@w?“i BAte, ZOREO—E %X
8IWiRY, DAL~ A 65 B Tlx, FHHEH
DETRHED sz v, 18, A TIEEE 2
ETDBR NI, 29 LMot &858
DR, WU 0% E & A i
LA M AT 2P OETIREL D &
HZSHND.BAE, IENCtE S 4-HNE &2 Z 0



T oA = —fROEMEF T b 2 BESEEKIRE 7 Vv 7 o FIRIRSRERR 2 BT

Age (months)

R 8. hnEsicfEd DAL T 7 ADFEEEHET
SHEOKEBRFEBRIZT v 71—
LEREL,OWEO/O—TFRA AR
MLI-E Z20kEERT. DAL w7 R (i)
26+BBTIETS vy b 74—LhHo1:
AIfE (BH) #EELTroREEEKL
1oh, 125 ABTIETS Y b7+ —ADMAL
BB T—ILRAERER -/, O¥
b E—JL (CTL) &, C57BL/6 I,

{62 b LR =t —OEGI DU THEHTRT
BB, EEE, BERANC ALDH2*2 2HE & ¢
TS0 DAL = 7 AT, HBEMOFRL 2
TUZHED $ b 3> R ) 7REKRU 4-HNE 0%
B 5T b (Ohsawa, et al, I&FHHER
H).

6. ALDH2 24 »THRHBI& N5 4-HNE
ETIVYINA T —IR

S TOERM»S, ALDHZ*2 7 VAT IV
VoA v —IROERET & e 2 0, I
SR bV ADEINTIE 4-HNE 2 XD
HDEFE ST VT e FEWERET 525, IhEk
FI BEFZEDO—DTH S ALDH2 O iF M0
FlEnBZETADDRERREL THDEE
Thb, LEFEITTHZFHIZBR), 22
T, ZODRMNELC S, H—iz AD OFELL
A 4&-HNE R EDXEBRT2DOTHA I »?
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Ialt, RERRAIEEREE (MCD & X U AD
BHOWFECPAFEEIC B WT, BEHFICLL

THEFEZIS-HNEO B MmN & & i
(Williams, et al, 2005), Zivid, LPO O
% BERE TIT - 7o 8 (Pratico, et al, 2002) &
b—EL, S HNERFEENIBELA LA
DEFBMPADREUMCR I > T3 EE L
55, BT 4-HNE % Y OERIL AD 125
MW REZIEB T THAI »? 4
HNE g ifase 25| &2 - 4720 Tix <,
Na*, K* ATPase IFME# BT a2 2 L O#
WielyyF 7 208BETELLS L
(Pedersen, et al, 1999), #UNETEE & gt
HERE L HEYT 3 (Neely, et al, 1999), &
512 AD O 75 BR 22 AR ARG 1 TRy 7 plg TR
HHEZAL (NFT) EBEA PV AL DHb DI
DWTIE L DEENE ENTWS (Zarkovic,
et al, 2003). ¥nz 4-HNE LTI, VU
sy 2 EBMiT 52 L TSR ETISRS
L, 7% NFT KHEETHEE T2 8208
XN TED (Takeda, et al, 2000 ; Liu, et
al, 2005), NFT DI 4-HNE »SHEIE 2% 54
EH-TWEbDEEZSNTWS, —H, #
ABC2WT, A7 304F (AB) K& 28
{EA MV ADTTECHET 328G 3L - D 527,
4-HNE & ABBEABR DL YK >WTI
IFEAEIRENEN ST, UL, Rifick-
T4-HNE W X 3 A vV ARSERBROEELT
BACEl OFHENW LA T4 2 L E XN,
AB FEEB NS T AT REME s h
Tv 5% (Tamagno, et al, 2005), %7/, ABL
HFEETNDPI T VAV Ly « T AT,
Ap OEFEHETIC LPO DEBENTTHEE N D LR
ExhTwb (Pratico, et al, 2001),

Fx DEFXHFEE» S, ALDH2*2 7 Vv vk
APOE &4 7 v v & OETHEENC AD DOFIE
DA 7 HEERKLTwiz, 2O APOE & 4~-HNE
EDOREIC DWW TIE, AD BEM A 4-IINE
PR THREREG L & I A M 51 54
BB TOBMEG? APOE 4 7Ly Vi b D
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Tau

4
Oxidc;ﬁve S’rressf‘ <\
ABAD Q +

LPO

Injury to
mitochondria

\

4-HNE-protein
4-HNE-DNA

addition

9. ALDH2FEMOHISHC L 2 4-HNE OB L OEEIZ>WTOETFIL
IPAEYTIZENT, ALDH2 SEHOAE T 3B EX R L RICL - TH U B 4-HNE BRE %
{BEL, TNHEBXDNAICEETEZETI bV P PEEAS AT, toE=IC
SUBMER PLAETEENARIEIZCES, Co7o0EXAMEBIcE Y InEa D=8,
ALDHZ JEMET IS AD R EMBEEMESRN | R0 £ /85, 4-HNE 2 EOBM{ER P L XIS
TN B EEETIbE L5 U NFT B 28T 5, £/, 4-HNE (2 BACELl %I
A FREETAL NERBARET S, E5ICABIEABAD ISIAL T POV R PAES
15, —7, APOE | 4-HNE OfsRIZE <.

KHBEsRALZERREINLTW S
(Montine, et al, 1997). & &2 APOE & 4-
HNE & O# A& 13 e2>e3>ed DIE I <,
APOE @ 4-HNE w233 2 i faseimfizh 4 &
—HT B EBWE XN TS (Pedersen, et
al, 2000), RLEO#AEE, EAERT APOE 57
Y—0D 4-HNE #rE T 2% 2H-TH Y,
FREHES DLy APOE T5H % APOE ¢4 D%
Bl co -HNEEBR EBLA ML 2
DEREFBLbDEEFELIO>N S, D,
ALDH2 iJEMSMET L T3 & 4-HNE O
WETEIHAL, TOBRELTADRED
BN EE20THS S,

7. %87 4-HNE Ofshissg

4-HNE & EOHBHEOE W7 V7 £ FEIZIE
HOWMBK Lo TEFRCEL S 2 &5,
ZF OEREEREZE ALDH2 72 B & a8k, 7
R — X EITTEER T S & A %TE (Rittner, et
al, 1999), X5 7N ¥ F4 > £ DS (White
and Rees, 1984) 7t ¥ D& 4 FRERED S &
NTWw5, &ilt, B2 13 ADH O % B »SufFEZED
BMEFTHEZ 2R LU (Suzuki, et al,
2004), HFHUBR % A v/ Wfge T2 ADH b 4-
HNE 0BT BEE L T w3 ARk HRE s
THD (Hartley, et al, 1995), fi{E3% TOWIL
ERPDETHD, i, BHEOTLT e R



T A v —FDRERAT TH 5 BEREERBE T V7 £ FIUKRERR 2 #RT

REREED 4-HNE 2B{ELTWwb E L6560
273, ALDH2 LEEEICS har Y 7L
% ALDHSA 23X #ifE R IC B W T 4-HNE
DI EERRE PRI LTH0D 2 ESHRE
2N TB D EBREEY (Murphy, et al, 2003).

8. bz

DAL =7 R KR ZBE TH o, £
WRAZICHIREEREC S, O~ A BT
22T, AD KRR LB A P Y
AL OBESEELV AL THLMIZTE 2 S
TELLOELEHFLTWS, i, COTTX
THEL 2EEERIE T 282 Ak ElRETE
niE, AD 2 Sl w5 FRh - IBEERFEO R
B i35,
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