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Our main research goal is to better understand the
molecular mechanisms underlying these two devastating
diseases, familial ALS or familial PD, an understanding
which should eventually lead to the development of inno-
vative therapies. Although these diseases are relatively
rare, they provide invaluable insights into the molecular
mechanism of neurodegeneration. Our current research is
focused on the functional analysis of superoxide dismutase
1 (SOD1) and Parkin, which are the genes responsible for
familial autosomal dominant ALS and autosomal recessive
juvenile parkinsonism (AR-JP), respectively. Another im-
portant research topic for our laboratory is the molecular
mechanism of neuronal apoptosis. We are exploring the
involvement of apoptosis in neurodegeneration and exam-
ining the possibility of whether cell death inhibitors are
applicable to the therapy of neurodegenerative diseases.

1. Molecular Mechanisms of Selective Motor
Neuronal Death in Familial ALS

Approximately 5-10% of ALS cases are familial and
usually autosomal dominantly inherited. More than 100
kinds of mutations (mostly missense mutations) in Cu/Zn
superoxide dismutase-1 (SOD1) have been identified in
about 20% of patients with familial autosomal dominant
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ALS (FALS). Mutant SOD1 induces motor neuron death
as a result of the gain of a new adverse function, not the
loss of enzymatic activity. We are in the process of identi-
fying pharmacological and genetic manipulations that af-
fect mutant SOD1-related toxicity in cellular and in vivo
models of ALS in an effort to uncover the molecular mech-
anisms underlying selective motor neuronal degeneration.

(1) The role of calcium permeable AMPA receptors in
selective motor neuronal degeneration in the ALS mouse
model

Misfolding and subsequent aggregation of mutant
SOD1 proteins have been suggested to be responsi-
ble for selective death of spinal motoneurons in SOD1-
related familial amyotrophic lateral sclerosis (ALS), al-
though the factors mediating such conversion are almost
unknown. Focusing on motoneuron-specific expression
of Ca®T-permeable (GluR2 subunit-lacking) a-amino-3-
hydroxy-5-methyl-4-isoxazole propionic acid (AMPA)-type
glutamate receptors, we generated chat-GluR2 transgenic
mice with significantly reduced Ca?'-permeability of the
receptors. Crossbreeding of the hSOD1%%A transgenic
mouse model of ALS with chat-GluR2 mice led to markedly
delayed disease onset (by 19.3%) and mortality (by 14.3%),
with concomitantly delayed release of cytochorome ¢ from
mitochondria, induction of cox2, and conversion of SOD1
proteins into abnormal forms in cytoplasm and mitochon-
dria. Moreover, levels of protein oxidation, which causes
conformational changes to SOD1 in witro, were reduced
in double transgenic mice. These results indicate that
Ca?T-influx through atypical AMPA receptors thus pro-
motes misfolding of mutant SOD1 protein, probably by
enhancing cellular oxidative stress, contributing to selec-
tive motoneuron degeneration in ALS (Tateno, et al., Hum.
Mol. Genet., 2004).

(2) The role of unsaturated fatty acid in the promotion
of mutant SOD1 aggregate formation

Superoxide dismutase 1 (SOD1) immunoreactive ag-
gregates have been found in the spinal cord of ALS an-
imal models and patients, implicating that SOD1 aggre-
gates are closely involved in ALS pathogenesis. We ex-
amined the molecular mechanism of fibril formation of
ALS-related SOD1 mutants. We found that long-chain
unsaturated fatty acids (FA) induced fibril formation of
SOD1 mutants in both a dose- and time-dependent man-
ner. Metal-deficient, apo-SOD1 was highly oligomerized
compared to holo-SOD1 by incubation in the presence of
unsaturated FAs. High molecular weight aggregates of
SOD1 have protofibrillar morphology and were observed
by transmission electron microscopy. These fibrils have
an amyloid-like structure that was characterized by bind-
ing Congo red, amyloid-binding dye. SOD1 oligomeriza-
tion is closely associated with their structural instability.
Heat-treated holo-SOD1 mutants were readily oligomer-
ized by the addition of FAs, while the wild type was
not. Mono-unsaturated FA, oleic acid, directly bound
to SOD1 was characterized by solid-phase FA-binding as-
say using oleate-sepharose. The FA-binding characteris-
tics were closely correlated with oligomerization propensity
of SOD1 proteins, which indicate FA-binding may change
SOD1 conformation to easily form fibrils. These findings
suggest SOD1 mutants gain FA-binding abilities depen-
dant on their structural instability and form amyloid-like
fibrils (Kim, et al., J. Biol. Chem, 2005)

2. Functional analysis of parkin, the gene re-
sponsible for autosomal recessive juvenile Parkin-
sonism (AR-JP)

BRI 724 4

Autosomal recessive juvenile parkinsonism (AR-JP) is
a distinct clinical entity characterized by typical parkin-
sonism, dystonia and superb dopa responsiveness. Neu-
ropathological hallmarks are selective degeneration of the
pigmented neurons in the substantia nigra (SN) and lo-
cus ceruleus without Lewy body formation. In 1998, a
Japanese collaborative research group led by Dr. Yoshikuni
Mizuno (Juntendo University) and Dr. Nobuyoshi Shimizu
(Keio University) identified a novel parkin gene as a
causative gene for AR-JP. Parkin protein is an ubiqui-
tously expressed 465 amino-acid protein with an ubiquitin-
homology domain at its NH2-terminus and a RING finger-
like motif near its COOH-terminus. We have shown that
Parkin is a RING-type E3 ubiquitin ligase and identified
misfolded Pael receptor (Pael-R) as its substrate. When
overexpressed in cells, Pael-R tends to become misfolded,
insoluble, and ubiquitinated. The insoluble Pael recep-
tor leads to ER stress-induced cell death. Parkin specifi-
cally promotes ubiquitination and subsequent degradation
of misfolded Pael-R, resulting in suppression of the cell
death induced by the accumulation of misfolded Pael-R in
the ER. Moreover, the insoluble form of Pael-R accumu-
lates in the brains of AR-JP patients. We are investigating
the pathological and physiological roles of Pael-R using cel-
lular and animal model systems

(1) Analysis of Parkin-KO mouse and Pael-R transgenic
as murine models for AR-JP

We have generated and analyzed Pael-R-deficient (KO)
and Pael-R-transgenic (Tg) mice. The striatal dopamine
(DA) level of Pael-R KO mice was only 60% of that in
normal mice, while in Pael-R Tg mice, striatal DOPAC
as well as vesicular DA content increased. Moreover, the
vulnerability of the nigrostriatal dopaminergic neurons to
Parkinson’s disease-related neurotoxins was well correlated
with the levels of Pael-R expression. These results strongly
suggest that the Pael-R signal regulates the amount of
DA in the dopaminergic neurons and that excessive Pael-
R expression renders dopaminergic neurons susceptible to
chronic DA toxicity (Imai, et al., submitted).

3. Elucidation of the mechanisms of action of
XIAP and its inhibitor, Omi/HtrA2

The inhibitor of apoptosis (IAP) family of proteins has
an evolutionarily conserved role in regulating programmed
cell death in animals ranging from insects to humans. Most
of the TAPs of various species have been shown to block
apoptosis when overexpressed in cultured cells and all con-
tain at least one baculovirus IAP repeat (BIR) domain. We
have shown that X-linked IAP (XIAP), c-IAP1 and c-IAP2
are direct inhibitors of active 3, 7 and 9, which play critical
roles in the execution of apoptosis. A structure-function
analysis of XIAP revealed that BIR2 is the minimal essen-
tial domain of XTAP required for inhibition of caspase-3
and -7, whereas BIR3 and its surrounding sequences are re-
sponsible for caspase-9 inhibiton. We found that caspase-3
and caspase-7 were inhibited by XIAP in distinct modes.
On the other hand, IAPs with strong apoptotis-inhibitory
activities including XIAP, c-TAP1 and ¢-TAP2 carry RING-
finger motif at their COOH-termini. We have shown that
that XIAP is an E3 ubiquitin ligase for caspase-3 in vivo
and the E3 activity contributes to anti-apoptotic activity
of XIAP. Moreover, we have identified HtrA2/Omi serine
protease as an inhibitor of IAPs.

(1) Molecular cloning of the substrates of HtrA2

Using expression cloning, we have isolated several can-
didate molecules that are cleaved by HtrA2 in vitro.
Among these candidate molecules, we are focusing on
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a newly identified prosurvival protein with RNA bind-
ing motifs. We named this protein AMOR (Apoptosis
Modulator with RNA binding motifs). AMOR specifically
suppresses DNA damage-induced cell death and RNAi-
mediated knockdown of AMOR leads to pro-cell death
propensities. HtrA2-induced cell death could at least par-
tially be mediated by cleavage and inactivation of AMOR
(Suzuki, et al. in preparation)
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