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Modulation of NFKB Signaling Cascade in the Aging Process by Calorie Restriction

Hae Young Chung
College of Pharmacy, Pusan National University, Busan 609-735, Korea

Experimental evidence consistently show that increased oxidative stress causes a shift of the cellular redox
balance toward to a high oxidative status in aged organisms during aging. Analogous to the acid-base imbal-
ance, subtle changes in the redox status is expected to cause serious consequences on the cellular metabolic
activity because the cell's survival depends on the proper coupling of reduction/oxidation reactions. A recent
proposal of molecular inflammation hypothesis of the aging highlights this redox derangement as a plausi-
ble link between the normal aging process and age-related diseases. The hypothesis focused on the experi-
mental observations revealing the dysregulated gene expression and transcription factors under the age-
related oxidative stress. Recent works have produced clear proofs that transcription factor NFKB and its
DNA-binding in various signal transduction pathways are exquisitely sensitive to the redox changes. Re-
search provides consistent evidence that calorie restriction (CR) reduces age-related oxidative stress and has
anti-inflammatory properties. In this presentation, the biochemical and molecular bases of the inflammatory
process will be delineated as the possible molecular mechanism for the aging and the age-related
diseases. The key players involved in the proposed mechanism are the age-related upregulation of NFkB, IL-
18, IL-6, TNFa, cyclooxygenase-2(COX-2), and inducible NO synthase(iNOS), all of which are attenuated by
CR. Furthermore, data will be presented to describe molecular events leading to the age-related NFkB sig-
naling cascade with phosphorylation by IkB kinase/NIK and MAPKs. while CR blunted these cascade
process. Furthermore, recent interest in reactive aldehydes (RA) as possible oxidative inflammatory media-
tors revealed their new roles. RA from lipid peroxidation induced endothelial cell apoptosis by ONOO- de-
rived from COX-2 and iNOS was elicited by NF&B activation, which was induced by IKK/NIK pathway
and/or p38 MAPK and ERK activation. This new proposal is in a full support of the current findings on the
genomic, proteomic, and bioinformatic evidence about involvement of inflammation in the aging process.
Further experimental substantiations for the our proposal come from the the anti- inflammatory action of
the most potent anti-aging calorie restriction which maintain proper redox balance by suppressing oxida-

tive stress during aging.
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Aging and Amyloidosis
Keiichi Higuchi and Xiaoying Fu
Department of Aging Biology, Institute on Aging and Adaptation,

Shinshu University Graduate School of Medicine

Summary

Amyloidosis refers to a group of protein folding diseases. Various innocuous and soluble proteins in physio-
logical conditions polymerize to insoluble amyloid fibrils in several serious diseascs, including Alzheimer's
disease (AD), type II diabetes, and prion diseases. In addition, senile amyloidosis is a form of amyloidosis
in which the incidence and severity of amyloid deposition increases with age without any apparent predis-
posing conditions and it was thought that the amyloidosis was related to some physiological changes which
accompany ageing. Although the etiology and pathogenesis of amyloid disease are not fully understood, dras-
tic structural changes of the amyloid proteins from the normal forms to the unique B-sheet fibrils is the
most important event in amyloid diseases. The present article introduces the major senile amyloidosis includ-
ing systemic senile amyloidosis, AD., mouse senile amyloidosis and so on. We discuss the nucleation depend-
ent polymerization model as a model that explains the kinetics of fibrillization of these amyloid proteins.
Exogenous amyloid fibrils may act as templates (nuclei) and change the conformation of endogenous amy-

loid protein to polymerize into amyloid fibrils.

Key Words
Amyloidosis, Aging. Fibril formation, Alzheimer Disease, Apolipoprotein, Transthyretin, 82-microglobulin. A8
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aging based on the anti-aging mechanism of

Altered Energy Metabolism in Anti-aging and Lifespan Extension
by Caloric Restriction

Yoshikazu Higami

Department of Pathology & Gerontology, Nagasaki University Graduate School of Biomedical
Sciences, 1-12-4 Sakamoto, Nagasaki 852-8523, JAPAN

For nearly 70 years, caloric restriction has been applied as a powerful tool in aging research. Caloric restric-
tion is accepted as a robust, reproducible and simple experimental manipulation known to extend median
and maximum lifespans, and to retard and suppress a broad spectrum of pathophysiological changes in a va-
riety of short-lived mammals, mostly rodents. In general, caloric restriction delays skeletal and sexual matu-
ration, reduces body size with less adiposity, modulates hyperglycemia and insulinemia, alters lipid and
energy metabolisms, lowers body temperature and protects against internal oxidative and environmental
stresses. Based on the adaptive response hypothesis. I propose that metabolic alterations against food short-
age and protection against steatosis might play an important role in the anti-aging and lifespan extension
by caloric restriction.

Key words: caloric restriction, aging, lipid metabolism, steatosis, adipokine
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Mitochondrial metabolism and mechanisms of aging and longevity in C. elegans.

Nanami Senoo-Matsuda, Ph.D.

Department of Genetics, Graduate School of Pharmaceutical Sciences, University of Tokyo7-3-1 Hongo,
Bunkyo-ku, Tokyo 113-0033, Japan

Summary

The mev-1(knl) mutation of Caenorhabditis elegans is in Cyt-1, which encodes a subunit of succinate-coenzyme
Q oxidoreductase (complex II) in the mitochondrial electron transport chain, gas-1 encodes the 49-kDa iron
protein subunit (Gas-1) of NADH-coenzyme Q oxidoreductase (complex I). Both mutants are hypersensitive
to oxidative stress and age precociously in part because of increased superoxide anion production. We show
that mev-1 and gas-1 mutants are defective in complex II and complex I, respectively, an overproduction of
superoxide anion from mitochondria, and contain ced-3-and ced-4-dependent supernumerary apoptotic cells.
These defects likely explain the failure of mev-1 and gas-1 to complete embryonic development under hyper-
oxia as well as its reduced life span. Moreover, We show that CoQ. and Vitamin E extended the life span
of wild type. Conversely, only CoQ:. recovered the life shortening effects seen in mev-1. We also show that
CoQ:.o but not Vitamin E reduced superoxide anion levels and suppressed supernumerary apoptoses in mev-1.
These data suggest that exogenously supplied CoQ. can play a significant anti-aging function due to activa-

tion of dysfunctional mitochondria.

Keywords: mitochondria, energy metabolism, reactive oxygen species, apoptosis, aging
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Anti-aging action of SMP30

Yoshitaka Kondo" ?, Akihito Ishigami”, Kentaro Shimokado?, and Naoki Maruyama"

"Department of Molecular Pathology, Tokyo Metropolitan Institute of Gerontology. 35-2 Sakae-cho, Itabashi-
ku. Tokyo 173-0015, Japan

?Geriatrics and Vascular Medicine, Tokyo Medical and Dental University, 1-5-45 Yushima, Bunkyo-ku, Tokyo
113-8510, Japan

Senescence Marker Protein-30 (SMP30) is an age-associated protein that decreases with aging in an
androgen-independent manner. SMP30 is expressed in almost whole body except blood system. The align-
ment of SMP30's amino acid sequences revealed a highly conserved structure among vertebrate. To clarify
the relationships between SMP30's decrease and age-associated organ disorders, we established SMP30
knockout mice. These knockout mice are viable and fertile but lower in body weight and shorter in life
span than the wild-type. Throughout our experiments in vitro and in vivo, the livers of these knockout ani-
mals were far more susceptible to TNF- @- and Fas-mediated apoptosis than those from the wild-type.
Moreover, histological and biochemical analyses of livers from SMP30 knockout mice showed abnormal accu-
mulations of neutral lipids and phospholipids and deposition of lipofuscin and the presence of senescence as-
sociated B -galactosidase in their proximal tubular epithelia. This abnormal lipid metabolism must increase
the tissue's susceptibility. From analysis of molecular function of SMP30, SMP30 exclusively hydrolyzed dii-
sopropyl phosphorofluoridate (DFP), which is an analog of poison gas such as sarin and soman. As DFP is
an artificial compound, there must be an another physiological substrate in vivo. Recently. we found that
the amino acid sequence of SMP30 show sequence homology with gluconolactonase from bacteria. Therefore,
SMP30 might be a gluconolactonase itself in higher animals. Collectively. these results strongly suggested
that SMP30 act as an anti-aging molecule and prevention of SMP30 decrease with aging bring the anti-ag-
ing actions.

Keywords: anti-aging, DFPase, gluconolactonase, lipofuscin. SA- 8-GAL, SMP30
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Apoptosis and Amyloid beta-protein in Alzheimer's disease brain

Kazuya Takeda

Department of Vascular Dementia Research, National Institute for Longevity Sciences, NCGG

It has been suggested that apoptosis is involved in neuronal death in Alzheimer's disease (AD) brain since
activated caspases were detected in patient's brain tissues. Previous study showed amyloid precursor protein
(APP) is cleaved by caspase in cells undergo apoptosis and its products are detected in AD brain. Because
amyloid beta-protein (Abeta) seems to play an important role in AD pathology, it is required to clarify the
effects of apoptosis on APP metabolism and Abeta generation.

To elucidate the effect of caspase-mediated cleavage of APP on Abeta production, we established neuroblas-
toma cell lines expressing caspase-cleaved form of APP and demonstrated that these cell lines secreted in-
creased level of N-terminally truncated Abeta (Abeta5-40/42) species in conditioned media. Our experiments
using protease inhibitors demonstrated that alpha-secretase-like protcase(s) are implicated in the mecha-
nism of Abeta5-40/42 generation. Moreover, we also showed that these molecules deposited in vascular le-
sions and neurofibrillary tangles (NFTs) in AD brain.

Abeta5-40/42 may be involved in NFT and vascular amyloid angiopathy formation. Further research about

these Abeta species will provide new insights into mechanisms of AD pathology.

Keywords: Alzheimer's Disease, Amylod B -protein, Apoptosis, Caspase
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