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Abstract

Recent reports on amyloid § peptide (AB) binding-
alcohol dehydrogenase (ABAD) have revealed the link
of AB with oxidative stress derived from mitochondria
in the pathogenesis of Alzheimer’s disease (AD). As
a novel function of ABAD, we speculate that ABAD
may detoxify aldehydes, such as 4-hydroxy-2-nonenal
(4-HNE). To verify this speculation, we transfected
cDNA encoding ABAD into cultured cells, where
ABAD was localized to mitochondria. ABAD-
transfectants decreased the levels of externally added
4-HNE in cultured medium as detected by TLC and
became resistant against external 4-HNE. WMoreover,
ABAD suppressed the cytotoxic effects of cellular 4-
HNE, which were produced through inducing excess
reactive oxygen species (ROS) by treatment with an
inhibitor of mitochondrial respiration, antimycin A.
Catabolism of 4-HNE by ABAD was inhibited by AB,
resulting in the abolishment of the cytoprotective
function by ABAD against ROS. These results
propose a novel role of ABAD in neural cell death in
AD: ABAD detoxifies aldehydes, such as 4-HNE,
derived from lipid peroxides in healthy brains, and is
inhibited by Af in the development of AD.

Keywords: alcohol dehydrogenase; Alzheimer's disease;
Amyloid ( peptide; pB-oxidation; oxidative stress; 4-
hydroxy-2-nonenal; mitochondria

1. Introduction

Accumulation of amyloid B peptide (AB) has been
widely accepted as a central event for the development of
Alzheimer's disease (AD). On the other hand, many
reports support the contribution of the decrease in energy
production and the increase in oxidative stress, both of
which are due to mitochondrial dysfunction [23, 25];
however, the between  mitochondrial
dysfunction and AB has remained unclear for a long time.
Recently, it has been revealed that some Ap localizes to
mitochondria and inhibits the activity of cytochrome ¢
oxidase, a terminal enzyme of the mitochondrial electron
transport chain [16, 18]. In particular, reports on the
binding of AB to mitochondrial Ap-binding alcohol
dehydrogenase (ABAD) highlighted the molecular link of
AB with the role of mitochondria. AP interacts with ABAD
with high specificity and inhibits its enzymatic activity,
leading to the generation of reactive oxygen species
(ROS) [15].

4-hydroxy-2-nonenal (4-HNE) is widely used as a
marker of excess oxidative stress, because it is an end-
product derived from lipid peroxides (LPO) [13, 17]. 4-
HNE is highly toxic by readily binding with lysine, histidine,
The accumulation of

relationship

serine, and cysteine residues [38].
LPO and 4-HNE has been reported in neurodegenerative
disorders including AD [20, 31, 43].

We have previously proposed that ALDH2 is involved
in the detoxification of 4-HNE generated by oxidative
stress of mitochondria and that defects in ALDH2 activity
cause neuronal death by stimulating the accumulation of
4-HNE due to oxidative stress [22, 26].



Alcohols [-CH,OH] are reversibly converted into
aldehydes [-CH=OQ] by alcohol dehydrogenases in the
presence of NAD*, while aldehydes are irreversibly
[-C(-OH)=0] by aldehyde
dehydrogenases in the presence of NAD*. As the first
reaction is reversible, alcohol dehydrogenases would

converted into acids

catalyze the reaction from aldehydes to alcohols in the
presence of NADH [35]. Thus, we speculate that ABAD
may function as a detoxifier of cytotoxic aldehydes and
that Ap may disturb the function leading to the
accumulation of aldehydes that accelerate neuronal death.
In this study, we tried to verify the working hypothesis.
Here we show that AR inhibits the activity of ABAD to
catabolize 4-HNE and abolishes the cytoprotective role of
ABAD.

2. Materials and Methods

2.1. Plasmid construction,

Full-length human HADHZ2 cDNA encoding ABAD
was cloned from a human brain cDNA library (Gibco,
Grand Island, NY, USA), which is composed of the
cytomegalovirus (CMV) immediate early promoter, SV40
early mRNA polyadenylation signal, and a neomycin
resistance cassette.  Nucleotide sequence of ABAD

¢DNA was confirmed by direct sequencing.

2.1. Cell culture and constitutive transfection

HelLa cells were maintained in medium mixed with
Dulbecco’s modified Eagle’'s medium and Fam-12
(DMEM/F-12) containing 10% fetal bovine serum (FBS).
ADAD cDNA was transfected into Hela cells with
PolyFect® Transfection Reagent (Qiagen, Valencia, CA,
USA) after digestion of Apa L/ for linearization. The cells
were selected using 400 ug/mL of Geneticin® (Gibco) to
obtain constitutive transfectants.

2.2. Immunostaining

Cultured cells were placed on 4-well plastic plates
(SonicSeal slide; Nalge Nunc, Rochester, NY, USA) at 4 x
10* cells/mL (Hela cells) or 1 x 10° cells/mL (SHSY-5Y
cells), and continued to culture for 24 hr. When ABAD
was imaged, Hel.a or SHSY-5Y transfectants were first
treated with a fluorescent indicator for mitochondria,
MitoTrackerRed (Molecular Probes, Eurogene, OR, USA)
(100 nM or 500 nM) for 10 min, followed by

immunostaining with anti~ABAD  antibody. When
peptides conjugated with 4-HNE were imaged, cells were
cultured with antimycin A for 24 h in medium containing
1% FBS instead of 10% as described previously [22],
followed by immunostaining. For immunostaining, cells
were rinsed with phosphate buffered saline (PBS), fixed in
4% paraformaldehyde in PBS for 30 min and incubated
for 30 min in 0.2% Triton-X 100, and then cells were
soaked for 30 min at room temperature in a biocking
buffer (3% bovine serum albumin and 3% goat serum in
PBS), and incubated for 1 hr at 37 °C in a blocking buffer
containing monoclonal anti-ABAD antibody (ERAB; 1:250,
BD Transduction Laboratories, Franklin Lakes, NJ, USA)
or overnight at 4 °C with monoclonal anti-4-HNE antibody
(HNEJ-2; 10 ug/mL, Japan Institute for Control of Aging,
Shizuoka, Japan). After incubation and another wash
with PBS, cells were incubated in blocking buffer
containing BODIPY FL goat anti-mouse IgG (1:500,
Molecular Probes) for 1 hr. Anti-ABAD was imaged by
confocal scanning microscopy using excitation and
emission filters of 488 nm and 520 nm, respectively.
Cells stained with MitoTrackerRed were imaged using
excitation and emission filters of 543 nm and 565 nm,
respectively. Average pixel intensity stained with anti-4-
HNE antibody was measured in each cell and expressed
in relative units of fluorescence.

2.3. Immunoblotting

Hela cells was harvested, washed with PBS twice,
disrupted with lysis buffer (60 mM Tris-HCI, pH 7.4, 150
mM NaCl, TImM EDTA, and 0.2% sodium dodecy! sulfate
and protease inhibitor cocktail tablets (Roche, Mannheim,
Germany)) and centrifuged at 10,000 x g for 10min. The
protein concentration was determined by Bio-Rad
bicinchoninic protein assay (Bio-Rad, Hercules, CA, USA),
and then samples (10 ug protein) were subjected to SDS-
polyacrylamide  gel followed by
electrophoretical transfer to a polyvinylidene difluoride
membrane. The membrane was incubated for 1 hrin a
blocking buffer (5% dry-fat skim milk and 0.1% Triton X-
100 in Tris-buffered saline), and overnight at 4 °C in a
blocking buffer containing monoclonal anti-ABAD antibody
(ERAB; 1:1000) or anti-actin antibody (Sigma). After
several washes with TBST, the membrane was incubated
in a blocking buffer containing AP-conjugated sheep
affinity-purified F(ab’)2 fragment to mouse IgG (1:10000,
ICN, CA, USA) for 1 hr.

electrophoresis,

After several washes, the



membrane was incubated with AttoPhos Substrate Set
(Boehringer Ingelheim, Ingelheim, Germany) with imaging
by BAS-200011 (Fuji Photo Film, Kanagawa, Japan) using
excitation and emission filters of 420 nm and 560 nm,
respectively.

2.4. 4-HNE treatments

4-HNE (Calbiochem, San Diego, CA, USA) was
dissolved in DMSO as a stock solution and, just before
use, diluted with Kreb-Henseleit buffer supplemented with
11.5 mM Hepes-Na, pH 7.2. Transfectants were placed
on a 9 cm dish at a density of 2 x 10* cells/cm? and the
medium was exchanged with 1 mL of Kreb-Henseleit
buffer containing 250 uM 4-HNE. After incubation at 37
°C for 15 or 30 min, external 4-HNE was exiracted three
times from the supernatant with 5-fold dichloromethane,
dried, and resuspended in dichloromethane.
extract was spotted onto a silica thin layer
chromatography (TLC) plate (Analtec, inc. Newark, DE,
USA) and developed with acetone/hexane (30:70, v/v).
4-HNE was detected after heating with methanol/sulfuric
acid (1:1, v/v) and identified according to the migration
with standard 4-HNE (Rf = 0.49). When AR-pretreatment
is necessary, the A peptide (AB,... (human), Biosource,
Camarillo, CA, USA) was incubated for 4 days at 37 °C to
be aggregated in PBS and added to cell culture to 1
ug/mL in DMEM/F12 containing 1% FBS for 14 hr at 37
°C.

To examine cell viability, cells were placed in 24-well

The whole

plates at a density of 2 x 10* cells/cm?, treated with 10
ug/mL 4-HNE in DMEM/F-12 medium containing 1% FBS
for 24 hr, followed by staining with 10 uM propidium iodide
(PI; to detect nuclei of dead celis) and 10 uM Hoechst
33342 (for nuclei of total cells). Dead and living cells
were enumerated from over 100 cells under a
When

pretreatment with aggregated AB was

fluorescence microscope in a blinded fashion.
necessary,
performed as above.

2.5. Antimycin A or H,0, treatment

Transfectants were plated on 24-well plates at a
density of 2 x 10* cells/cm?.  Antimycin A was dissolved in
DMSO to adjust to the desired concentration, and just
before use, diluted 1,000-fold with DMEM/F-12 containing

1% FBS. H,O,-treatment was performed for 24 hr. Cell
viability was examined as described above.

2.6. Resistance of transient transfectants against 4-HNE-
treatment

SHSY-5Y cells were maintained in Dulbecco’s
modified Eagle’s medium containing 15% FBS. One day
before transfection, SHSY-5Y cells were plated in a 60-
mm dish at density of 1 x 10° cells/cm® in 15% FBS in
DMEM. Cells were co-transfected with 4 ug of pEGFP-
N1 (Clontech) as an EGFP marker for transfected cells
and 12 ug of cDNA constructs (ABAD or vector) using
Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s protocol.  Under this condition, most
transfectants expressing EGFP should express ABAD.
The transient transfected cells were trypsinized and re-
plated at density of 5 x 10* cells/cm? After incubated
overnight, the cells were washed with Hank’s at once, and
treated with 4-HNE in 1% FBS in DMEM for 24 hr.
EGFP-positive living cells were enumerated under a
fluorescence microscope from 40 randomly selected fields
(x200).

2.7. Statistical analysis

Statistical analyses were performed using StatView
software (SAS Institute). Unpaired two-tailed Student #
test and ANOVA followed by Fisher’s exact test were used
respectively.
Experiments for quantification were performed in a
blinded fashion.

for single and multiple comparisons,

3. RESULTS

3.1. ABAD localizes to mitochondria

To reveal the role of ABAD in living cells, we
transfected human ABAD cDNA under a CMV promoter
into Hela cells to overexpress ABAD. ABAD is
ubiquitously expressed to function in the third step of p-
oxidation in most cells as will be noted in Discussion;
however, HelLa cells are poor in B-oxidation [24]. Thus,
Hela cells were chosen as a first target because, even

when the enzyme involved in p-oxidation is
overexpressed, energy metabolism would not be
disturbed.



After the expression of ABAD was tested by Western
blotting (Fig. 1A), two control clones (clones V1 and V2)
and two ABAD-positive clones (clones A1 and A2) were
used throughout this study. We detected ABAD with its
specific antibody by confocal laser scanning microscopy:
the majority of ABAD localized to mitochondria (Fig. 1B),
which is in good agreement with previous reports [7, 15],
whereas transfectants with empty plasmid exhibited less
ABAD (Fig. 1C).
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Fig. 1. ABAD localizes to mitochondria. (A) Western blot of
control and ABAD-transfectants. Samples of 10 ug protein
were subjected to Western blotting stained with anti-ABAD or
anti-actin antibody as an internal control. Lanes V1 and V2
indicate control-transfectants with an empty vector; and lanes A1
and A2, ABAD-transfectants. (B) Representative images of an
ABAD-transfectant (A1) costained with MitoTrackerRed (left
panels) anti-ABAD (middle panels) and superimposed (right
panels). Scale bar: 10 um (upper panels) and in 5 um
(magnification shown in lower panels). (C) Representative
images of a control-transfectant (V1) costained with
MitoTrackerRed (left panels) anti-ABAD (middle panels) and
superimposed (right panels). Scale bar: 10 um

3.2. ABAD decreases externally added 4-HNE

First, we examined whether ABAD-transfectants
catabolize external 4-HNE (250 uM), the amount of which
can be detected by TLC. ABAD-transfectants and
control cells were exposed to external 4-HNE in a limited
volume of culture medium for the indicated periods, then
4-HNE was extracted from the media with

15 min 30 min
St V1 V2 A1 A2 St V1 V2 Al A2

-HNE
cells)
W
o

&
8

(nmol/1x1
>

VIV2ATA2 | ViV2A1A2
HNE 15 min  HNE 30 min

~ Amounts of

W

HNE 0 uM
Hoechst + Pl Pl

HNE 10 M
Hoechst + Pl Pl

b4
Vi
A1 ". ---
©

100

L %W:EL

VIV2A1A2 VIV2A1A2 VIV2A1A
0 5 10

HNE (M)

Percentage of Pl positive cells (%

(D)

Fig. 2. ABAD decreases amounts of externally added 4-HNE.
(A) Representative patterns of TLC for quantifying 4-HNE. Each
transfectant was treated externally with 4-HNE (250 uM) for the
indicated periods, extracted from the supernatant medium,
spotted onto TLC, and visualized as described in Materials and
Methods. Lanes indicate control- (V1 and V2) and ABAD-
transfectant (A1 and A2). St indicates a spot of standard 4-HNE
(12.5 nmol). (B) Intensities of spots with Rf = 0.49 quantified
with NIH image to calculate the amounts of 4-HNE. Lanes
indicate clones shown in (A). Data are shown as the mean + SD
from four independent experiments. *p<0.05 in Student’s t-test.
(C) Representative fluorescent pictures of nuclei of each
transfectant stained with Hoechst33342 (blue: dead and living
cells) and PI (pink: dead cells) after treatment with or without 10
uM 4-HNE for 24 hr as described in Materials and Methods.
Scale bar: 50 um. (D) Percentage of dead cells of each
transfectant after treatment with the indicated concentration of 4-
HNE. Total and dead cells were enumerated under a
fluorescent microscope. Lanes indicate vector control (V1 and
V2) and ABAD transfectant (A1 and A2). Data are the mean =
SD of 4 independent experiments and *p<0.05 in Student’s t-test.
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Fig. 3. ABAD catabolizes 4-HNE generated through ROS. (A) Representative images of immunostaining to 4-HNE conjugated with
protein after treatment with antimycin A. Control- (V1 and V2) and ABAD- (A1 and A2) transfectants were treated with the indicated
concentrations of antimycin A for 24 h and imaged by confocal laser scanning fiuorescent microscopy. After fixation, cells were stained
with anti4-HNE antibody. Scale bar: 200 um. (B) 4-HNE-protein conjugates quantified from pixel intensity in cells stained with anti-4-
HNE antibody. Pixel intensity was measured with NIH image. Lanes indicate V1 and V2 (control-transfectant) and A1 and A2 (ABAD-
transfectant). Data are the mean + SD and * p<0.05 in Student’s t-test. (C) 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 12.5
ug/mL antimycin A for 24 hr as described in Materials and Methods. Scale bar: 50 um. (D) Percentage of dead cells of each
transfectant after treatment with the indicated concentrations of 4-HNE. 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.
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dichloromethane and subjected to TLC, followed by 3.3. ABAD catabolizes 4-HNE induced through ROS

visualization by heating. Thirty minutes after exposure, Since 4-HNE rapidly modifies proteins, the possibility
external levels of 4-HNE in the media were significantly may not be ruled out that the decrease in 4-HNE in the
decreased only in ABAD-transfectants (Fig. 2A, B). media may be due to only the acceleration of

Next, the cytoprotective effects of ABAD were incorporation of 4-HNE. As 4-HNE is produced from lipid
examined against 4-HNE. One day after treatment with peroxides in a non-enzymatic manner, we were forced to
10 uM 4-HNE, ABAD- and control-transfectants were generate superoxide radicals by treatment with a

stained with 10 uM PI (pink for dead cells) and/or 10 uM mitochondrial respiratory inhibitor, antimycin A [33], and
Hoechst 33342 (blue for dead and living cells) to then conjugated proteins with 4-HNE were detected by

distinguish dead and living cells. Considerable dead immunostaining using a specific antibody. The amount
cells were found in control-transfectants in a dose- of conjugated proteins with 4-HNE increased after
dependent manner, whereas fewer dead cells were seen treatment with antimycin A in controls (Fig. 3A, B), while it

in ABAD-transfectants (Fig. 2C, D). Thus, these did not increase in ABAD-transfectants (Fig. 3A, B);
experiments suggest that ABAD catabolizes 4-HNE to therefore, it is concluded that ABAD catabolizes 4-HNE.
protect cells against the cytotoxicity of 4-HNE. The protective ability against cell death was examined
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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
Similarly to 4-HNE-
and antimycin A-treatments, ABAD-transfectants were

effects by hydrogen peroxide (H,O,).

more cytoprotective to the oxidative stress than controls
(Fig. 4A, B).

3.4. Cytoprotective role of ABAD is suppressed by AB
When cell cultures are exposed t0 ARy, APy binds

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

inhibits ABAD activity in the detoxification of 4-HNE.
When cells were treated with AR, it inhibited the
decrease in external 4-HNE only in ABAD-transfectants
(Fig. 5A, B). Moreover, AR, inhibited the cytoprotective
role by ABAD against the exposure to ROS induced
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
ApB without treatment with antimycin A (Fig. 5C). Only
when cells were co-treated with A and antimycin A, the

In contrast to this report [40],

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. EGFP-positive cells were
enumerated under fluorescence microscope after 4-HNE-
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 Ill, and
induced the production of superoxides. Superoxides
may be converted into hydrogen peroxide, which is a
source of the most reactive radical, hydroxy! radical [33].
ROS modifies unsaturated fatty acids to form



Fig. 5. ABAD activity for cytoprotection is inhibited by AB.  (A) Representative patterns of TLC for quantifying 4-HNE. Transfectants
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were pretreated with 1 ng/mL AR 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 Ap. 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 amounts of 4-HNE
remaining in the supernatant. Lanes 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 A for 14 hr, followed by treatment
with antimycin A for 24 hr.  After treatment, cells ware stained with PI (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 t-test.
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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 Ap
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 (MCI) 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 treatment 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) AR 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

with A 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

pathological feature characteristic of AD, and oxidative
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 (Ap)-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 g-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 Ap
production [37], Ap would in turn enhance to increase by
4-HNE. This vicious cycle could increase Ap as well as
4-HNE, both of which should contribute to the
pathogenesis of AD. Further study will be required to
reveal the relationship between AD and ABAD.
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EDOMEMEREFZE I ONLEML, Zha54l
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EENTw3, 2OEWEF &I $EEKER
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~90% OBEN T ANF - Hvo NS,
LU, #OBEBCIECETORNNEL, *
DBETF Lo THFRIETL SN CESBRER
(ROS) &40, HilACE{LA MV AR5 2 3,
FDk, T PrarFIUTORNTIORBIEA -
VA BRE T A REEE L, Bl & b5
LTwb, ZOPHBEEIEYET 5 LB
HEEND, e, AD o ¥ OMHEA R B0 TE
ET REMELATZ 2 e FiaN 5,
KRGTl, 7ra—-nREHcBboTws &
ENTELI IV FYTO7 AT & Rk
BESE 2 (ALDH2) #, B{bA b 2z &k 3088
DMBEBIETIRET 2 BEOB T LT & NEE
brETH2BRTHL Z L2 HEIL, ALDH? B
HIE M AE R F O RFE S AD O &R
THH3EREAFLRATHLSL, &5
ALDH2 \EHEEIRILI b o0 AP 22y 7 -
U A TR £E S MRS & 2B RE
TR TFTBED SN0 T, FO—EIZOWT
BT 5.



TNI A == FORERETF TH SBHEE AL T V7 b FOKERR 2 BET

1. BIEFZ2HIZL->-TELS
R b o 2HF 078 ALDH2

TATE FRKEERITE MoBnTdil
EHIMHORRZBEFNOERIRERT 7
Y —RBELTEY, OB EEEE
RE» o, FRLEFANEEL T LI—N, T
Fe FRBRCHEHAAEFN TV S (Vasiliou &
Pappa, 2000), Z T, ALDH2 BEGFii
ik 12q24.2 FwwdhHh, s hary Y7o~ b
Dy 7 ARIET B R E 4 Bk Sk bR
a2—F§ 5%, ALDH2 i i3 iEH8 o ALDH2*1
EARNEER O ALDH2*2 BTEEL, mEOfhE
g id LIEERIC L > T R/7TEHO 7V
FRUVENY) I CEERboATH S
(Yoshida, et al, 1984), ALDH2*1 » &% 5k
T4REDSI b —2TH ALDH2*2 [ & 2
b bk, MEEIC L - THiEEETH 5 NADY
EDFBEBEVWET L THEEEWEDNLS
(Larson, et al, 2005), ¥7%&bH, ALDH2*2 i
FEFhend7 4 702MHE, Kic ALDH2*

A

480 490

-GEYGLQAYTEVKTVTVKVPQKNS - COCH
....-COOH
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1 & ALDH2*2 BRI CEI& TEET L, Bk
EMR /16 £ 2 (F 1), 20 ALDH2 &4
BEOT7E2 s 7AMT e REHEBET LT
5, BT BWT Y/ — 72—
HFEREFE (ADH) k- T#fbahs LTk
U7 b 7N7 K% ALDH2 8 & 512/
BLTHEERE L, TAANF—JEIELI LI LM
T& %, 0%, ALDH2 iy & IR
T MTUTE FBERL, A8, L, 50
Eno7znbi s “BIIKTEON ISR L
EREET 5, NEER O ALDH2*2 7 v L%
BEIT20EE7YT7RAHIBRES N, HAE
ANDGERRT 409% 55 ALDHZ2*2 7 Vv v E—D
PLERBEL, €518 10% » ALDH2*2 R
TALDH2EMHE ®* o < FH ik w
(Takeshita, et al, 1994).

2. ALDH2*2 7 L JL|IReEBFAERY
T IV A 7 —fEDIEIREF

65 LA L THAE L 72 AD 3 472 & &R
WL U CIERAIES 472 44D ALDH2 ¥z T

ALDH2*1
ALDH2*2

| ALDH2*2

active

1. ALDH2 BIEF%H
A: ALDH2 o C K7 = /BEECH.

inactive

ALDH2 BIZF 0 1 BEEBRIZL Y, EME (ALDH2”

1) &FEMER (ALDH2%2) 24053, B: ALDH2 3B—H 71w b ALAS 4 BEETER
T3, Y722y bD5H 1 DTHREMEI A D CBEEFMHIIRET 5728, ALDH2*2

BRI Fb s 2HTF 2 7L
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R 1. AD B£E L 1fBBED ALDH2 BIETFRUER

Subjects Number of genotype [frequency]
1/1 1/2 2/2 1/2 & 2/2

Patients (n=447) 32 [0.519] 183 [0.409] 32 [0.072] 215 [0.481]*
Controls (n=447) 280 [0.626] 138 [0.309] 29 [0.065] 167 [0.374]
ALDH2*1 7 v v & ALDH2*2 7 v v OB i AD B3 0.724 & 0.276
Td ol L, WHE T 0.781 £ 0219 TH -7 (p=0.008). *p =0.001,

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

280 % [k U7 (Kamino, et al, 2000) . ALDH?
MRS A THEDSK S 8 325, H ]
KENT b MDD 5. $7, BEFICMD 30-
HMETFHROMBEE I EEIC 2 5 e o+
LT ELTFHENG, 2T, wHBRE, B
H, ERoszsPilic->wtb e s 3
AT U/, FOF5E#3€ 1 1oRd. AD i
TPl b —2L F ALDH2*2 7 v L %
WET 2 HEOEIEM 48.1% ThHote DL, — -
JERHMEFE TIE 374% Wil E -7, O :
@A/ZLtil6pmﬂiOMIvaﬂuﬂ””
5. BRI L T HEREDORER L 0,
%#uwmén@ﬁok

Odds Ratio
N
e

—
S

0 = .
ALDH2 11 2 11 2 11 2
ENDT &UmEEEUW&DkomT%ML APOE-¢4 - +/- +/+

feb T3, APOE ed 7 Vv AD FERESE 1 M2 MEETFLYNST—HEIZET S
KB A v A 3 T o7z, 20 APOE iz ALDA2"2 & APOE e4 ORFEIRIELIZT:

THME ALDH2 BETFEMEMAEDET ngﬁ?ﬁﬁﬂmummw7v»&$
W URERR2H 2R, ZOBE»S, TTHRIGT2E% (2L ALDH2*2 7L JL
APOE ed ¥ ALDH2*2 O 7 v N % k2 {5 j‘r,%? Dfof ‘ﬁiﬁ?ﬁfﬁf 5%%? 1,3;3
ﬁ?ﬂé%ﬁ“&iAD FERE ST S AR TR 1 1 < u%%f(+k)m«;m?,bw+im%
BT EDHHILS, £ APOE ¢4 hET TRET2HEEXNENET, ALDH2*2
N b 1 Lok o = o 7L , APOE ¢4 7 LILASRE
JE S EOT DML ALDHZZT L kR T g
BT 5HE, E65 8HFL THRwH TN, AD RED F v XEAS 31 175

DHIBHAADK 1% LS, §HEE, 1F

HESRIC AD B JEAES 3 S et b, &7, m%ﬁﬂf@mtﬁ&sz%%mﬂW*
APOE &4 & ALDH2*2 QRS w L 0 % ALDH2*2 7 v 93 AD O R+ T %
EER D BEICR L oo Tz, &, APOE ed & & BHHESIENH B

IS ORRE, FHEBENCHEZN LB WTHIBESHEE AN TWw 3 (Tamaoka, et al,
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2003 EAfIARSEE), —F, WETOLADOfE  (LPO) SN ERECTED Sl  OfRR

fRRF & LT ALDH2 i{ifﬁ?‘%ﬂﬁ§%ﬁﬁ 2h
TN Th iz 28, FRAIREST & ALDH it
DRI AR 2 v & R éh’(u% (Kim, et
al, 2004), UL»L, ZOWMETITAD BFEbLT
260 ZIT D W THHT L e BSIREHIN 2 B B E= 8
BHonpolt e LTBY, +ontes
L7cEIEEZ R,

3. ALDH2*2 7L )L LB
2 b L RDEX

ALDHZ B{ZFEBE TV a—-NVicdd 3
B ERELELBI NS, ALDH2*2 7
VAV ERREET A ATV IV REESR TV

I — VTR EOWBEED TV 3 — VABRIC &
BEBICHBL TWAZRIZEY (Goedde, et al,
1992). —FH, ALDH2*2 7 v )V IiX BERR TR, IEE,
EIE, OHEEOGMETTHS 2 &bk
XN Tw3a (Suzuki, et al, 1996; Yokoyama,
et al, 1998 ; Takagi, et al, 2001 ; Amamoto,
et al, 2002). L»L, ALDHZ O#EF%EII
RBEEWIEFEFRHEBRICHEL W0
T, BETFEHOEE O, BETFLHICE
BI NIRRT L 2R D»RAIT S 2L’
HEL W, ORI ANABETH S, T
EWSEBENS, REEHDZRENE I DI
Bb->TL5mheThHd, £IT, 7NWa—
TR & BRI LG ALDH2*2

TVUNERET B NSRS OEL B B v

ifﬁ%bléﬁ§T5 e LT, EHFERPE

VBRI L A REEEERAE
(Shimokata, et al, 2000) T, HUEERM S
TERIRH Uz 40 R0 6 70 R OEE ER
2,300 #4142 D W TIMIEMRE, BR, 71 a— i
MEZE0LEE - BEFAELEDA T+ AN
Fxv 7 BEML, ALDH2 &EF4E L0
B xS~ ZOFR, ALDH2*2 7 v ivie—
DTHHEET LML, 7o —VIBROZE
ERALLCGECOMBETITOBRBAE

N
ELE:

‘i‘

=

&, ALDH2 {HHEOETA7 v a -V EHRE &
MERIRICEBLA b v A 2Bk & Y, ALDH2*2
vwﬂm%kﬁ7%<wr$fﬂuﬂ%tﬁ
AR R L T3 (Ohsawa, et al,
?0034) BHTHFEEENR» 01278, :n
BYHOHFEIE T V3 —VEINC L 5 LPO EH
BAOHENRTELAETH D LT h%b
T, AD Tld ALDH2 BTN ED LD
BT OMNEEE 5,

4. ALDH2*212& B 7 IV I 7—¥F
RIEREND FHAS

2 &, ALDH2*2 7 v L DRAEIF, Bt
APVAERBMASETAD OBERET &% 5
CEZEMNEERARCEIVESMER ST L
BT &, BIEX PV ADBRIEIT VI —
VI IR E LA 2 s, ALDH2
7 M7 AT e FLUAOEE 2 H+ 5
THALA PV AR L TW2 13 TH 5. i
7z ALDH'? bii FIAYRYTRZHBL I EMD,

S haF ’C;I;L/é71l/'fl.l*iﬁ75’f\ufb
T aéi?"@fb%. Tk, ZO7 N7 NI
fAITH5HI»?

I oy N TR SN BT IS
BA—NR=FFYF e TF4ANETE, 2
e, EROFSOINEEOEEOE Y
ROS #3UkEEL, CNDSANTFT 4 AV EV R ED
TEFEHE &S 2 2 L TLPOMAED
5, ZOLPO oM, BILA ML AD—1—
LB urYTATE FPHEEOM: 4~k
FOoFxy-2-/ 4257 —VUE-HNE) 2 ¥O7 V7
E NESERMICELC D, BRI 4-HNEIZ Y ¥
Y, EAFVY, BV UBLIUY AT A R
KEZEESELTEOOEE 25| g2 ¢
(Uchida & Stadtman, 1992), %[, 4-HNE &
Na*, K*~ATPase DM £{ET & ¥ (Siems, et
al, 1996), in vitro =B\ T HEEHIESE & (Tt
T5ZEbRENTWS (Kruman & Mattson,
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1999), &5 W AD R/ —F vV VFELE EOMH
BREMFEBICBWT 4-HNE OERirsiE s h
T3 (Yoritaka, et al, 1996 ; Sayre, et al,
1997), —7, WL /- ALDH?2 % 4-HNE %%
BHELTBLT2 2 ENTE, #Migic 4-HNE
ZWMT B ET VT E FBIKRREESEC L > T
fbahnsZ ek LU 2B 4-hydroxy-2-
nonenoic acid (4-HNA) S 2 h 72
(Hartley, et al, 1995),

BT, EEHE, T haRYTELEAR
VAR Lo THEL D 4-HNEDREI S by
RUTEETHD ALDH2 S5 LB, #
DFEWESRIET 2 EBEA ML AL 2 4-
HNE OFRIC & o THREMIETES RS LS
B THBEWSREEIL T, IRERIEY
LEW, U ATy VM ALDH2*2 MR+ %
fEL, Ch%F v b PCI2MIIICEA LYz, #
DFgHR, ALDH2*2 5T %A UME TR
ALDHZ i ME &, 4-HNER Lo TH&
ZCHINEFEM T E S vl (B 3), £/, 3 bz
R TIHESEOEER I HERTH BT >
FRAY A WXL>TROS LU 3 W4
&b ALDH2 3& A0 GUAHBE o #1107 55 {5 &
Nz, ZOW, ALDH2 dEMMIHIMIE T 4-
HNE WEBEICEREL Tz (4. LR
W ERORBZIHT 2 bDTHD, 2 bar
FUTEEA b v ABRERBSIC 810 %5 ALDH2
OBREPHBEL RVTHL » L Ko

il TS e

3. 4-HNEICH U THEES & -7z ALDH2* 2 5B{E38 A PC12 #ifa

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

5. ALDH2 JZMHIE] F 5 R
STy e RIRICEITS
ChAR TR RO INES 121 S 2

ARy~ TEEA b v ARG B 5B %
WEFOBEES I DL TIT T 2101, #EFE
B, /vl 77 rH50NGHEFEALEDE
FNEERRREROFEO—>TH 5, EE
WM A="N—F F ¥ F YA LY—¥ (Mn-
SOD) Xi~o A TREE{EA b v AMERL,
S hay )T OBRERSE &g < Mast
HEES NS (Melov, et al, 1998), = DOis5HE
i, Ay~ Mn-SOD S8 A + LA
FrREMEIC B TR b EELSHEL R LTV
BEHD—DTHDIEERLTWAEY, Z0D
vV AL AER 1 BMRE TEATL £V, IO
WEED AL BRI T 5 2 L IATHRETH 5. &
i, ShAVRVTOY -5y NEAIRAIIL
fod & —XWMEFELA L7 ATk
WIEV A Z L3 &z (Schriner, et al,
2005)., ZOERE, BB 2BEA P LR
D BB R HEREIC AR LT B,

CZTALDH2 CDWTEELTH LS, |
WD L 5w ALDH2 37 v 7 & Rk
DRERT77IEV—WET S, £/, HilaT
ALDH2 K EDlEEasN S 4&-HNERZ YO T

PC12 #BRaIZ ALDH2*2 SBIZF#EA L TR I F 2 b « 24T ¢ 7z ALDH2 B A% L
7-#E (K6, K11) T, ALDH2 jEMA{RET 284 (PC12), ROy —HEAM(V), ALDH2*
1T EEFEAM (B) TEIELLWEBE®D 4-HNE T, FELEEENE ST,
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4. ALDH2 BZMOHIENC L 5 4-HNE OEHBEE
IPIRSEBAERI 7 o F v > A &RINL T ROS R4 &+, 24 BEOMEAR 4-HNE fa;
FOFENTATHRE U, ALDH2 5B AIE) L 13 TlL, 58574 4-HNE OEFHASED

ha, ffedkiconTiE, B35,

7 N L T, ALDH2 iz <z vy
FF vz ¥ OBEROMRE Y A 7 oSl G
T2, 25 LI#EETFOEEE, loEEi s
RRATZ2IECED, /o277 NLTHK
bR S L T REE A E v, B,
ALDH2 Vw2 7o b« =7 AT ANFVT
T TF e FORBHE TR STV 228,
FABBEL BRI DLW TORERE s
v (Kitagawa, et al, 2000), —77, AlcBWT
ik ALDH2*2 7 v v 52313 AD O RAES
B e L, ALDH2*2 i & 5 ALDH2 7%
HEOMGENE, BLA b L ADTOEN—FE & ¥ 2
SNHBROEBORRAL RS, 22T, ®F
VI BT S ALDH2*2 MnF 58 A L,
B>« 287 4 70 ALDH2 i & 30
T5IET, £DAGEVIREED € 7 VB
BFHTE2 D LFanT:,

£9, PCZHMIETRAWE D ERUS 7 A
B ALDH2*2 M{EF 52 NHA 05 —-TdH

2 EF 7Yax—7—-TifHAL, IhE~vv R
C57TBL/GWHATAI LTI YAV 22y
ZeR AR LS, R L~y 2k DAL
(Dominant negative of ALDH2) =~V A ki
%Lt.l@?ﬁldﬁ%?%ﬁbf@%iﬂ
BToREEIEL LT, Hicouwiloadtk
Jr Bl g crEnRon, BEomh
KTFPTH o5 5), T 24, AT
HEEFT-4%, CO5TBL/6 &Lk L T BT R
WHEHC RS WD oz podz, 22T, PCI2
il & [ERR I 4-HNE b4 2 1E38tEs i o
HRHMfE T By o b R LIz BE 16 H
D~ AERE D & R 2T D H LRI Us s
LT, ZhiC4-HNE #8%HMLUA & 25 DAL
< r‘/Z’C(i{fﬁm JEgErs s (K 6), i
THBILA PV ATTHEOT R A TR E N
f:.
2N T, DAL = A O TR E AT 5N
H5THHI? BT CSTBL/6 & DEHFED
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B 5 DALwHX
64+ BEs DAL w7 R i, FEIZHENER
S#, BEAEITTVWSEEATHE), CTL
I$EB o C57BL/6 1,

R 7. DAL RIRICETHBROER S HIFM
iRloks
4-HNE (M) DAL ™ () Tld, 184 B TEEE”

BEOER & SMBRO T AR 5h
0 03 5. HE %, A CAL SEE ATEA L
g X)R

SNEBHEICDWTT T -7, £7, 64 H
o= 2 DW T oS E R AL,
C57BL/6 O i idiednodz, Linl, 18+
A0 DAL =7 A TRHEE OZH & i
5 $ERAIIE O Da‘&;&bﬁ THIOEEE L v

e ORISR s (”T)., 2L
~Mimuvﬁmfﬂ%én7 S0, I
e Ny 5, UL, JEEIHRE VB
: : = W DWW T DAL =7 X &£ C57BL/6 &£ O fH]
6. 4-HNE 23 L THESB & 2~ DAL ¥ WG E R h o T, 72T, GRS

AN KRR BRI, % JepHER =S SR > 4K
BT ALDH2*2 HREHLTWB DALY i{‘j“f” e R £ Lf’ﬂié“ﬂ Bk
ABRRREE S UK SRR AR O THOREERA L. TORRO—HER
AL, ZHIZA-HNE #3/mL T 2485 SiRY. DAL v A 64 A#TlE, 86N
BEomEEE, SEMISRIONET e F e o ks, 18, BT,
5 B4 TUI-1 I & ¢ S 7eiEiERn & e W’Eﬁ el
w@lf, ar ba—A(CTL @ Cc578L)  WTARSNL, 9 LIIMOZEN & #E8E
6 & 1) BB L 7o AREHRARIC EE, DAL 2 DIET I, ?ﬂftiﬁﬁfﬁﬁm laniE & Rk B
AHEMI TIHERED 4-HNE THIEE (b x | L 2oy 24T OE T L 2 b &

PFRELHND,
R #2505, B, IS 4-HNE 2 80O

CTL




TS A v —FORERET T b 5 BEREE KRR 7 4 7 & N KRR 2 #HET

Age (months)

8. INERICHES DAL v RDEEEEHET

5 A KERFEERIZT Zv b 74—
LEBREL, 0B O—T7FR b EE
BLiz& 2Dk ERT, DAL v X (lif)
[E6-BBTIETTy N T x—LbH -1
fIE (BH) 2RBELTXOAEEEXL
1=h% 124 BETIRT Sy P74 —LOfL
BICBBEAS T —ILREXEE -1, O
FoO—Jv (CTL) %, C57BL/6 .

EA PV R v —d—DFEIC DB TIERTT
BB, EEE, BHIFEMIC ALDH2*2 25| & ¥
7RO DAL v 7 AT, BEFEOFRREZ
NS rar Y 7EERU4-HNE O
B s T3 (Ohsawa, et al, HFaHEf;
).

6. ALDH2 2L »T8i&a 5 4-HNE
ETIYINA T ~—TF

SETORERNS, ALDH2*2 7V vIisT v
YA T —ROEMRETF & 25 D, e
SEEA b v ADEMTRIC 4-HNE % ¥ OF%
HOEWT LT FEWERT 24, ek
ETBEBED—DTH D ALDH2 OFE A4
HEaNBZETADDFREZEEL TWiE
THd, LERBEPUTTWA(EIBR), 22
T, ZODRMPELC S, HE—iz AD OFELL
BIIZ4-HNE 2 EDRER T 5D THA I 0 ?
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Il, BEERRAIEEREESE (MCD) 8 L U9 AD
BEDEEChEEEEIC BT, #EHICEL
THZL4-HNEOHE N E S 1k
(Williams, et al, 2005). Z#i3d, LPO Ofifir
% B TTT o 12855 (Pratico, et al, 2002) &
b—HL, 4-HNEicRENSEILA LV A
DEBPAD RELFICHE I > T 5B &L
55, B 4-HNE & EO¥RIE AD 10§
B RELBEBITTHAIM? 4-
HNE ik ffiase x5l &L - 4720 ¢ <,
Na*, K* ATPase {EMZ{ET &84 5 2 EDH
WDy r 7 20BEETE2LLS L

(Pedersen, et al, 1999), B/NETBAEL & HikgsiE
R HES 2 (Neely, et al, 1999), &
5102 AD O 75 BB 9 FE 8 15 1 R 7 PR I
Wiftze b (NFT) &R v R EDBb DI
DVTREE L Q&ML SN TV 5 (Zarkovic,
et al, 2003), B 4-HNE L TiE, V ik
b v 2EMi+T5 2 TR Es &R
L, 7% NFT CHEET 28T
HEINTEY (Takeda, et al, 2000 ; Liu, et
al, 2005), NFT OEREIC 4-HNE S E T 5E]
EHoTWwR D EEFEZONT WS, —F, &
A0 Tid, g7 3a4 R (AB) Kk 2/
{EA SV ADTLECET 25E T Z KD 2,
4-HNE & ABEARF L 0bDic>w» Tk
BEAERENEro7, UL, Flilizo
T4-HNE W & % R b v AIGERBOHEELT
BACEl OFREN L T2 & £ E S 1,
Ap BELEBEHINS T A AEEE RIS I
Tw3 (Tamagno, et al, 2005), £/, Ag ik
BETITNDRMNTI AV 22y 7 « 27 AT,
AB OEHFEIC LPO OERMMB LI NS L]
ExhTwsd (Pratico, et al, 2001).

e oBEEREN S, ALDH2*2 7 V)V &
APOE &4 7 vV & ORI THENIC AD OFHE
DR 7 BERK LTz, 20 APOE & 4-HNE
EDREIC DWW T, AD BEMEH 4-HNE
TR TRE O Uiz & 2 A B8 540
IBETOBMARNN APOE ed 7V Vb DF





