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CHAPTER 2

Cellular Responses to Stress and Toxic Insults: Adaptation, Injury, and Death

that are distributed in different cellular compartments
and have nonredundant functions designed to adapt
bodily functions to various environmental stresses,
including food deprivation and DNA damage. Sirtuins
are thought to promote the expression of several genes
whose products increase longevity. These include proteins that inhibit metabolic activity, reduce apoptosis,
stimulate protein folding, and inhibit the harmful effects
of oxygen free radicals. Sirtuins also increase insulin
sensitivity and glucose metabolism, and may be targets
for the treatment of diabetes.
It is thought that caloric restriction increases longevity
both by reducing the signaling intensity of the IGF-1
pathway and by increasing sirtuins. Attenuation of IGF-1
signaling leads to lower rates of cell growth and metabolism and possibly reduced cellular damage. This effect
can be mimicked by rapamycin. An increase in sirtuins,
particularly sirtuin-6, serves dual functions: the sirtuins (1)
contribute to metabolic adaptations of caloric restriction
and (2) promote genomic integrity by activating DNA
repair enzymes through deacylation. Although the antiaging effects of sirtuins have been widely publicized, much
remains to be known before sirtuin-activating pills will
be available to increase longevity. Nevertheless, optimistic
wine-lovers have been delighted to hear that a constituent
of red wine may activate sirtuins and thus increase life
span!
The various forms of cellular derangements and adaptations described in this chapter cover a wide spectrum,
ranging from adaptations in cell size, growth, and function;
to the reversible and irreversible forms of acute cell injury;
to the regulated type of cell death represented by apoptosis; to the pathologic alterations in cell organelles; to the
less ominous forms of intracellular accumulations, including pigmentations. Reference is made to all these alterations throughout this book, because all organ injury and
ultimately all clinical disease arise from derangements in
cell structure and function.

KEY CONCEPTS
Cellular Aging
■

Cellular aging results from a combination of accumulating
cellular damage (e.g., by free radicals), reduced capacity
to divide (replicative senescence), reduced ability to repair
damaged DNA, and defective protein homeostasis
■ Accumulation of DNA damage: Defective DNA repair
mechanisms; conversely, caloric restriction activates
DNA repair and is known to prolong aging in model
organisms
■ Replicative senescence: Reduced capacity of cells to
divide secondary to progressive shortening of chromosomal ends (telomeres)
■ Defective
protein homeostasis: Resulting from
impaired chaperone and proteasome functions.
■ Nutrient sensing system: Caloric restriction increases
longevity. Mediators may be reduced IGF-1 signaling
and increases in sirtuins.
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