HOW SENESCENCE CAN DRIVE AGING-RELATED PROCESSES:

THE INTERPLAY OF CELL
SENESCENCE AND AGING

Chronic inflammation and the exhaustion of stem cells are thought to be the most significant
consequences of senescence in aging tissues, although other effects are being explored. The
importance of these processes may differ depending on the condition in question.

A double-edged sword

Senescent cells accumulate with age. This may result in higher levels of certain senescence-associated secretory
phenotype (SASP) proteins, which researchers believe drive aging-related processes and promote aging-related
diseases. And senescence, scientists are coming to understand, is itself mediated by cellular
processes associated with aging.
CHRONIC INFLAMMATION
Senescent cells secrete proinflammatory
cytokines, which trigger chronic immune
reactions that may drive many agingrelated diseases.
TELOMERE DYSFUNCTION
This can occur when protective
pieces of DNA at the ends of
chromosomes grow shorter with
successive cell divisions, or when
their internal structure unfolds,
a process called “telomere
uncapping.” Both have been shown
to trigger senescence in vitro.

SASP proteins

STEM CELL EXHAUSTION
With age, stem cells throughout the body
likely undergo senescence, limiting the
body’s ability to regenerate tissue and
ultimately compromising tissue function.

POTENTIALLY ONCOGENIC
MUTATIONS
As DNA repair mechanisms erode
with age, cells can acquire certain
mutations, particularly those that
activate oncogenes, that push cells
into senescence.

Senescent cell

HOW AGING-RELATED CELLULAR
PROCESSES DRIVE SENESCENCE:
Untangling which cellular processes drive
senescence is a major challenge to researchers, in
part because those pathways are interrelated. In
addition, there may well be multiple factors that
contribute to the accumulation of senescent cells,
including the tissue or organ in question, a person’s
genetic makeup, and environmental stressors she
is exposed to.
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OTHER PROCESSES
Several other mechanisms may
drive senescence. For example,
mechanical stress might lead to
senescence of cells in joints, and
the epigenetic machinery that
governs gene expression is thought
to become dysregulated with
age, which may somehow induce
senescence.

SENESCENCE IN
NEIGHBORING CELLS
Senescent cells can prompt other cells
around them to undergo senescence
through the secretion of particular
signaling proteins, a process termed
“paracrine senescence.”
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REACTIVE METABOLITES
Several cellular organelles,
especially mitochondria, can
generate reactive oxygen
species (ROS) that damage
both mitochondrial and nuclear
genomes and thereby drive
senescence. The production of ROS
is thought to increase with age.

University of Exeter in the UK who
studies cell senescence. “It may be the
theory of the month, but to my mind, it’s
one of the most persuasive.”

OTHER PROCESSES. Some studies
suggest that the secretions of senescent
cells can induce mitochondrial dysfunction
in neighboring cells, generating ROS that
drive tissue damage and cell senescence
in surrounding tissues. Senescent cells
have also been implicated in the formation
of misfolded proteins such as tau and
amyloid-β, aggregations of which are
associated with neurodegenerative
disease and have been suggested to drive
senescence themselves.

It was not lost on a young Leonard
Hayflick that, while cancer cells seem
to multiply into eternity in culture,
healthy human fibroblasts do not. At
some point after 50 cell divisions, fibroblasts become enlarged and flattened,
and they refuse to proliferate. When
Hayflick, then at the Wistar Institute
in Philadelphia, first made this observation in the late 1950s, most researchers
blamed inadequate culture conditions
for cells’ apparent lack of growth. 2 But
through a series of experiments with
cytogeneticist Paul Moorhead, Hayflick
demonstrated that the cells entered
a state he called senescence due to an
intrinsic cell phenomenon, seemingly
a response to prolonged replicative
stress. Still, the concept was initially
dismissed by the scientific community,
and even as cellular senescence in cell
culture became gradually accepted over
the next decade, researchers continued
to assume that the phenomenon wasn’t
relevant for living organisms.
One of the first hints that they were
wrong came in the 1990s from the
work of Manuel Serrano, then a postdoc in cell biologist David Beach’s lab
at Cold Spring Harbor Laboratory in
New York. Serrano observed the same
enlarged, flattened morphology Hayflick had described decades earlier—
this time in response to overexpression
of an oncogenic form of the cell growth
regulator gene Ras in murine fibroblasts. 3 Perhaps the cells were senescing as a way to prevent themselves from
becoming malignant, Serrano hypothesized. When cells are exposed to forms
of stress that would normally trigger
cancer—such as DNA damage due to
prolonged replication or other cellular
injuries that occur with old age—they
could undergo senescence as a way of
avoiding passing on damage to daughter cells.
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