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Preface

This volume contains viewpoints of investigators studying the aging process in
species ranging from yeast to man. The effort to compile these viewpoints has been
driven by recent, remarkable discoveries about the underlying mechanisms important
to aging. Single mutations that extend life span have been identified in yeast, worms,
flies, and mice. Studies in humans have identified potentially important markers for
successful aging. The genes and pathways identified in these studies involve a
surprisingly small set of conserved functions, most of which have been the focus of
aging research for some time. For example, recent genome-wide analyses of genes
involved in life-span extension that are common to yeast and Caenorhabditis
elegans identified a regulator of protein synthesis, the mTOR pathway, which leads
to transcriptional control as a common longevity pathway in these two
organisms. In mammals, this pathway intersects with neuroendocrine pathways and
with the insulin/insulin-like growth factor (IGF) pathways, which have been
identified as major modulators of life span and aging in both invertebrates and mice.
Interestingly, both these pathways interact with stress responses to alter activity in
response to environmental conditions. Thus, the emerging technologies and wide
variety of systems that are now used to study aging and the mechanisms of aging
provide enormous opportunities for the identification of common pathways that
modulate longevity. It is these common pathways that are the focus of this volume.

Christian Sell Philadelphia, PA
Antonello Lorenzini Philadelphia, PA
Holly M. Brown-Borg Grand Forks, ND
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Introduction

Christian Sell

Keywords Aging ¢ life span * evolution * nutrient ® stress

Abbreviations DMBA: Dimethylbenzanthracene; IGF: Insulin-like growth factor
mTOR: Mammalian target of rapamycin

1 Introduction

The chapters presented in this book deal with a variety of species and approaches
to research into the basic mechanisms of aging. Placing such a broad collection into
perspective can be difficult for those who are new to the area. This introduction
provides background and perspective on the aging process. First, two terms that are
widely used in aging research, aging and life span, are discussed because the usage
and implications of these two terms are important to understanding research related
to aging. Next, a conceptual framework is discussed that may provide a useful
approach to organizing the information presented in the various chapters regarding
multiple influences on longevity.

2 Aging vs. Life Span

In considering the impact of gene mutations on aging and life span, it is important
to clarify the difference between these two terms. Considerable confusion exists in
the general public and, to some degree, in the scientific community regarding the
precise usage of the terms aging and life span (/). A potentially useful distinction
may be made if one considers that aging occurs within a given population. The term
aging refers to the constellation of changes that occurs during the later stages of the
life span of any species. Although broad, one potentially useful description of the
phenotypic effects of these changes is that an aging organism shows a reduced
capacity to maintain homeostasis. This description encompasses most if not all of
the characteristics associated with aging such as reduced functional capacity,
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increased vulnerability to multiple diseases, and a reduction in the ability to
respond to stress or injury. Thus, gene mutations or environmental factors such as
caloric restriction that have been found to delay the aging process provide improve-
ments in a specific set of cellular or physiologic parameters late in life relative to
control populations.

The term life span can be used in several contexts. It can refer either to the life
span of a given population under study or to the species life span. Changes in the
rate of aging can affect the life span of the study population but may not influence
species life span. Species life span remains fixed within a certain limit, although
what this limit may be is a matter of some debate (2, 3). For example, caloric
restriction will increase the life span of a given population but has not been shown
to affect the life span of the species. Thus, there are two key questions concerning
life span: (1) What mechanisms influence population life span and (2) what mecha-
nisms determine the life-span characteristic of a species. These are two different
questions. Most of the chapters in this volume deal with population life span. Only
those that deal with the comparative biology of aging address the issue of differ-
ences between species.

A discussion of aging and its manifestations is provided by Dr. Arking in his
chapter, “Overview of the Genetic Architecture of Aging.” Dr. Arking provides a
detailed analysis of differing life-span curves, indicating that multiple mechanisms
underlie changes in life span. It seems to be the complex relationship between
environmental influences and the response of the organism to these influences that
culminate in the life-span characteristic of a given population. Given the complex-
ity of interactions that dictate life span, it is surprising that common mechanisms
would be apparent between divergent species. Recent evidence demonstrates com-
monalities in the functional pathways (at the level of both the cell and the organism)
that respond to environmental influences that are ultimately responsible for life-
span changes. Both targeted interventions, such as caloric restriction and gene
manipulation, have identified what appear to be general pathways with the ability
to modulate life span.

When discussing pathways that modulate aging and life span, one framework
that might be useful for the layperson would be to group these pathways into gen-
eral categories based on the timing of their response to environmental changes. The
first category would be rapidly responding pathways. These pathways are involved
in the response of the organism to acute stress (such as oxidation), toxicity, and
damage; the second category of pathways would be moderately responding path-
ways, such as those that react more slowly to changes in environmental factors such
as nutrient availability; the third category would be slowly responding pathways.
This third category includes pathways critical for genomic integrity and other basic
functions that would not be expected to undergo rapid alterations. Pathways in all
three categories are essential for the organism and may respond to evolutionary
pressures to produce a given phenotype.

Examples of rapidly responding pathways are discussed by Dr. Le Bourg.
Multiple forms of mild stress such as hypergravity can increase life span in
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Drosophila melanogaster. Although the mechanisms are not well understood, they
include heat shock factors such as hsp70. The response to mild stress is rapid, yet
it serves to produce an extension in life span that is a secondary outcome of the
primary response.

One could also include the oxygen scavenging enzymes central to free radical
theories of aging [see Muller et al. (4) for review] and the phase 1 detoxification
enzymes in the first category of pathways. The phase 1 enzymes include the heme-
containing cytochrome P450 family of enzymes, a large family of enzymes
involved in the removal of hydrophobic chemicals from the organism as well as
several biosynthetic pathways including cholesterol and bile acid synthesis (5).
The expression of the P450 enzymes is affected by exposure to toxins, and altered
expression of a subset of the cytochrome P450 enzymes has been described in
long-lived, growth hormone-deficient mouse strains (6). It must be borne in mind,
however, that the cytochrome P450 enzymes act not only to remove xenobiotics
but also to activate carcinogens such as DMBA, creating reactive intermediates.
Increased production of such reactive intermediates may increase cancer incidence
and contribute to tissue damage. Thus the involvement of this system in modulat-
ing life span is likely to be complex [see Nebert and Dalton (5) for a discussion of
this area].

The second category of pathways includes the neuroendocrine axis (growth
hormone, IGF) and the mTOR pathway. These pathways have been the subject of
considerable interest in the aging community in recent years. The chapters contrib-
uted by Drs. Brown-Borg et al., Matzko et al., and Longo consider this second
category of pathways. Acting through mechanisms that are not yet completely
clear, it seems that nutrient intake interacts with an organism’s developmental pro-
gram to accelerate or delay development, depending on the relative abundance of
food. The highly conserved natures of the pathways that respond to changes in
nutrient status reflect the basic need of all organisms for energy input.

The chapter by Dr. Tavernarakis and colleague explores the conserved nature in
nematodes of the relationship between energy utilization, cell signaling, and life
span. The suggestion that a shift in metabolic pathways that can be triggered by
several cues, such as caloric restriction and nutrient sensing, is intriguing when
considered alongside the chapters dealing with longevity in mammals. Do such
metabolic shifts underlie the hormetic response that is suggested by Drs. Matzko
and company and are they at play in the long-lived animals described by Brown—
Borg et al.? In a larger context, the balance that is struck between energy intake and
fecundity is consistent with evolutionary theories of aging (7, §).

Examples of the third category of pathways that appear to modulate changes in
life span/aging include those involved in DNA damage repair, cell cycle check-
points, senescence, and apoptosis. These fundamental cellular mechanisms would
not be predicted to vary greatly in response to immediate environmental influences,
yet they are widely believed to be important in aging. The evidence that genomic
integrity is important to aging and life span depends primarily on the reduction in
life span and rapid senescence phenotypes that result from mutations in proteins
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involved in genomic maintenance. Werner’s syndrome is an excellent example of a
mutation, in this case a DNA helicase, involved with DNA damage response and
genome stability, and ultimately important for life span (9). Other examples include
the accelerated aging caused by a reduction in the levels of Ku 80, a protein critical
to nonhomologous end joining (/0) or increased activity of p53 (/7). This third
category of pathways may be less responsive to environmental influences than are
the first two categories and is part of the cellular maintenance mechanism that is
required for normal life span.

3 Environmental Pressures That Modulate Life Span

The external triggers that induce the responses outlined above are numerous.
Experimentally, stresses such as low nutrient availability and mild stresses such as
heat shock or low-level radiation in D. melanogaster are paradigms for extending
life span. Dr. Longo shows that blunting the intracellular pathways central to nutrient
sensing can lead to life-span extension in yeast that are in a stable, growth-arrested
state. Similar pathways seem to be involved in the response of mice to caloric restric-
tion but, as would be expected in a multicellular organism, the response is multifac-
eted. The complexity of the response to caloric restriction in rodents and its
relationship to response to stress are explored in the chapter by Matzko, McCarter,
and Masoro. The overall picture that seems to emerge is that population life span is
influenced by stress responses that can be influenced by a number of external signals
and act through a set of conserved intracellular pathways. One intriguing question is
the nature of the relationship of these responses, if any, to species life span. We
would predict that species life span is molded by response to environmental influ-
ences resulting in the establishment of an aging trajectory that is characteristic for a
given species. The mechanisms that drive this process and their relationship to the
interventional studies that modulate life span in a specific species and experimental
setting are, however, unclear. The chapters contributed by Dr. Buffenstein deal with
a comparative approach to aging that seeks to address these questions. Specifically,
what are the fundamental mechanisms that lead to species-specific differences in life
span? The difficult task of identifying these mechanisms requires the type of com-
parative analysis involving animals such as the extraordinary naked mole-rat. These
models, combined with the advent of more advanced techniques for comparative
analysis, will provide information regarding these mechanisms.

In summary, the field of aging is expanding exponentially with extraordinary
advances coming from multiple approaches. We hope that the collection of view-
points assembled here will provide insight and food for thought to those interested
in this area.
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