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Aging has been a subject of human fascination and vexation since the dawn of consciousness. While many
theories about aging have emerged over the centuries, a systematic scientific study of the problem did not
occur until very recently. Over the past decade or so, we have learned that a few critical genes seem to
exert a disproportionate control over aging and life span in many organisms. Among these are the sirtuins,
a group of related genes homologous to the yeast SIR2 and shown to possess an anti-aging function in a
wide variety of organisms. In this review I will discuss sirtuin genes and how they might relate to aging
and diseases of aging in people. I will begin with a general introduction into aging and diseases, including
a discussion of the self-inflicted wound of metabolic syndrome induced by overeating. Metabolic
syndrome will be contrasted with calorie restriction (CR) and all of the benefits attributable to that dietary
regimen. Next, I will briefly review the role of sirtuins in organisms that range from yeast to mammals.
Finally, I will discuss the feasibility of sirtuins as therapeutic targets that might offer new therapies for the
major diseases of aging.

Dietary influences over aging and diseases.

It has been clear since the 1930s that CR diets extend the life spans of rats and mice in the laboratory (1).
Since then, the benefits of this dietary regimen have been extended to yeast, fruit flies and, likely, primates
(2). CR causes a variety of favorable metabolic adjustments, including improved glucose and lipid
homeostasis that lower blood glucose and LDL-cholesterol (bad cholesterol), and raise insulin sensitivity
and HDL-cholesterol (good cholesterol) (1). These changes alone presage benefits in fighting diseases.
Indeed, when tested in rodent models for specific diseases, CR has shown benefit for cancer, cardiovascular
disease, neurodegenerative diseases and diabetes (3, 4). In contrast, overeating results in opposite changes
in laboratory rodents and humans, triggering obesity, glucose intolerance, diabetes and a predisposition to
other diseases. All told, this metabolic syndrome is a new plague on the developed world and could roll
back years of medical progress, unless a remedy is found.

While it is perhaps not surprising that CR and metabolic syndrome are at opposite poles of the spectrum of
human health, there is a very important conclusion to be drawn from this fact. Genes and pathways that are
shown to be important in mediating the effects of CR may also be of benefit in treating the effects of
metabolic syndrome. This does not mean, however, that a pill that mimics CR would relieve humans from
worrying about maintaining a healthy life style. If we imagine a spectrum ranging from CR to metabolic
syndrome, one can imagine that a drug that mimics CR would move an individual a fixed distance

along that spectrum toward the CR, healthy end. Individual #1 already starting with a healthy life

style (in the middle of the spectrum) would be moved into the range of robust health. Individual #2 starting
with metabolic syndrome, however, while being moved down the spectrum and thereby experience some
benefit, but would never arrive at the same position of robust health as individual #1. Thus, a CR mimic
has the potential to provide some benefit to everyone, but will never dispense with the importance of
healthy living.

Genetics of aging and sirtuins.

In a search for anti-aging genes in yeast, a gene termed SIR2 was identified (5). This gene extends the life
span of yeast mother cells by mitigating an important cause of aging in this system — genomic instability in
the repeated ribosomal DNA and the generation of toxic DNA circles (6). In the roundworm C. elegans,
the SIR2 ortholog again emerged as a primary anti-aging gene (7). This finding is striking, because of the
evolutionary distance between yeast and worms. Moreover, worm bodies consist entirely of non-dividing
cells, so the aging of these animals appears to be mechanistically different from yeast, for example DNA
circles do not accumulate in this case. In worms, the sir-2.] gene works by activating the forkhead
transcription factor DAF-16 (8). Normally, DAF-16 is activated to move from the cytoplasm to the nucleus
by a reduction in signaling through the insulin/IGF1 pathway (eg. in daf~2 mutants), resultng in an
extension in the life span. However, SIR2 interacts wi.a4 DAF-16 only when it has been activated to move
into the nucleus by stress, such as heat and oxidative stress. Thus, SIR2 genes can extend life span in yeast
and worms by completely different mechanisms, and the mechanism in worms is different from and
parallel to the insulin/IGF] pathway. SIR2 also extends life span in fruit flies by an unknown mechanism,
and likely in higher organisms as well. In the latter case, examples of SIR2 activities in mammalian cells
will be described below.
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Why might a single gene exert an anti-aging function in such a broad range of organisms? An important
insight came from the discovery that the SIR2 gene product was a protein with a novel biochemical activity
— NAD-dependent deacetylase (9, 10). This deacetylase activity allows SIR2 to remove acetyl tags from
lysine residues along other proteins in cells, including key regulatory proteins. Thus, SIR2 can affect many
important pathways in cells. The NAD requirement of SIR2 inextricably links it to metabolism, for which
NAD and the reduced NADH are critical conduits. For this reason, it was proposed that sirtuins mediate
the lnown effects of metabolism and diet on aging, i.e. sirtuins may trigger the salutary effects of CR (11).

Where does the hypothesis that sirtuins mediate CR stand? In yeast, ample evidence has been provided that
effects of moderate CR require SIR2 (12, 13) and, in a certain strain, the SIR2 related sirtuins, HST1 and
HST?2 (14). In fruit flies, the effects of dietary restriction have been shown to require the fruit flies’ SIR2
gene (15). In mice, at least one of the effects of CR, increased physical activity, has been shown to require
the mammalian SIR2 gene, SIRT1 (16). Further, SIRT1 levels are controlled by nitric oxide, a small
molecule the synthesis of which is induced by CR and which is required for the resulting physiological
effects of this dietary regimen (17).

Indeed, SIRT] protein levels are increased in many tissues by CR (18), consistent with its candidacy as a
CR mediator. Moreover, SIRT1 has been shown to deacetylate many key transcriptional factors and
cofactors in the nucleus on mammalian cells. These include factors that mediate two of the most important
effects of CR, altered metebolism and stress resistance. In the case of stress resistence, SIRT1 targets
include p53 (19, 20), FOXO (21, 22), and Ku-Bax (23) — all involved in the cellular response to oxidative
and other stresses. In the case of metabolism, SIRT1 regulates fat storage in white adipocytes (24), insulin
secretion in beta cells (25, 26), and metabolism in muscle and liver (27). SIRT1 and its homologous
sirtuins offer a new strategy to approach diseases of aging, including diabetes and cardiovascular disease.
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