AGING LIFESPAN
&

Lore, Legends, and Theories

Understanding the hallmarks of aging and deploying stem cell therapies and
parabiosis techniques to promote rejuvenation in the battle for youth.

THEORIES ABOUT AGING
“Wear and tear outpaces repair”

There are well over 300 theories about aging,
but this is one of the most universal. Just by living, we constantly cause wear and tear on our bodies and
DNA. Fortunately, our cells have mechanisms to repair and reverse the damage.

IN YOUTH: Our cells quickly heal our bodies. | IN OLD AGE: The ability to heal slows to a crawl.
The tipping point towards aging, could be when we start accumulating irreversible damage.

The “Free Radical” Aging Theory

Currently, perhaps the most popular theory is that
damage due to free radicals is the principal cause of aging. This is reflected in today’s marketing trend of
promoting foods and supplements for their high-antioxidant content.
Free Radicals: highly reactive molecules produced
regularly in the body both as a natural byproduct
of metabolism (oxidation) and also by exposure to
toxins in the environment such as tobacco smoke
and ultraviolet light.
Because free radicals contain an unpaired
electron, they constantly search for another
electron with which to bind and stabilize
themselves - a process that can damage DNA and
other parts of human cells. This damage may play
a role in the development of cancer and other
diseases, and accelerate the aging process.1

Antioxidants: substances that protect DNA and
other structural components or macromolecules
that comprise cells (such as proteins and lipids)
from free radical-induced damage by inhibiting
oxidation, which is one of the chemical reactions
that produces these highly reactive chemicals.
Free radicals are produced regularly in our bodies
as by-products of natural metabolic processes.
As damage to cells caused by free radicals can
lead to cancer, the inclusion of antioxidants in
one’s diet may reduce the risk of developing
cancer.1
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http://protivea.com/blog/?p=14

THEORIES ABOUT AGING
More about Antioxidants, Free Radicals, and Aging
Antioxidants are molecules that inhibits the oxidation of other molecules.
Oxidation is a chemical reaction involving the loss of electrons which can produce free radicals.
Free Radicals can then start chain reactions that damage or kill cells.
The Role of Antioxidants: Antioxidants terminate these chain reactions by removing free radical intermediates,
and inhibit other oxidation reactions. They do this by being oxidized themselves.1
The way antioxidants benefit the body is by neutralizing and removing the free radicals from the bloodstream.
Ongoing Need: The human body naturally produces
antioxidants to counteract the damaging effects of free
radicals. However, in most cases, free radicals far outnumber
the naturally occurring antioxidants. This creates the need
for external antioxidant sources in order to keep pace with
the damage being done to the body.2
How Deep do Benefits Go? Although studies demonstrate
that higher levels of antioxidants and other free-radical
neutralizing compounds like superoxide dismutase (SOD)
and catalase can inhibit cellular damage, evidence that
these protective effects also extend the human lifespan is
lacking. To the contrary, studies of the longest-lived rodent
species, the naked mole rat, have shown the opposite
correlation between reactive oxygen species (ROS, a.k.a.
free radicals) and increased lifespan.3

https://en.wikipedia.org/wiki/Antioxidant
http://www.nutrex-hawaii.com/benefits-of-antioxidants
3
Guarente LP, et al (eds) (2008) Molecular Biology of Aging. Cold Spring Harbor Laboratory Press, New York
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THEORIES ABOUT AGING
The “Stem Cell” Aging Theory

This theory can be illustrated by the image below. Like of grains of sand passing through an hourglass,
viable stem cells (represented below as the purple area) could diminish in number and function as we age.
The characteristic
regenerative properties of
stem cells that allow them
to instigate repair are key
to combating age-related
wear and tear within our
bodies.

Like sands through
the hourglass,
so are the stem cells
of our lives… depleted
Stem Cell Image: Knoepfler P (2013) Stem Cells: an insider’s guide. World Scientific Publishing Company, Hackensack, NJ.
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THE AGE-OLD STORY OF TITHONUS

In the Greek myth... Eos (equivalent to the Roman goddess

Aurora) abducted handsome young men, including Tithonus. She asked Zeus for
Tithonus to receive eternal life, BUT she neglected to also request ETERNAL YOUTH.
Thus, Zeus doomed Tithonus to grow older and wither away over the years without
ever dying.1

Moral:

If we are to draw a moral from the
story of Tithonus, we should ask ourselves:
“Are we, as a species, destined to continually age,
or can we develop the technology to intervene?
This also begs the question: “What are we really
trying to accomplish?”
Is it more important to seek an increased life
span?
... OR is it more important to do everything we can
to increase our “health span”?
The science behind studying aging and longevity
is complex and nuanced, but may bear fruit
now that we have entered the age of stem cell
technology.
https://en.wikipedia.org/wiki/Eos
Image: “Aurora Greek Goddess” by Francesco de Mura - English Wikipedia, Sharadtriyama, 2007-02-11.
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BIOLOGICAL AGING

In our cells and in ourselves

Senescence (from the Latin word, senescere, meaning “to grow old“), also known as “biological
aging” is the gradual deterioration of function which is characteristic of most complex lifeforms. This term is
also used to describe both organismal and cellular aging.
In the case of human beings, the biology of aging can be divided into six stages of the life cycle:
1. Developing
4. Sageing
2. Maturing
5. Senescing
3
3. Reproducing
6. Dying
In the case of cellular aging, cellular senescence is the
phenomenon by which individual cells cease to divide. This
does not necessarily imply cellular death is imminent.
Cellular senescence can be thought of as a program that
is purposefully executed in certain cell types as part of the
normal maintenance of the health of the whole organism maybe even protecting us from developing cancer.
Collectively, cells comprise different tissues. This is consistent
with the notion that different parts of the body may age at
different rates. Thus, it is necessary to distinguish between
chronological and biological aging. Whether senescence
as a biological process, itself, can be slowed down, halted
or even reversed, is currently a subject of much scientific
speculation and research.
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Source: https://en.wikipedia.org/wiki/Senescence
Image: Martin GM (1997) Genetics and the pathobiology of ageing. Philos Trans R Soc Lond B Biol Sci 352: 1773-1780.
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STUDYING AGING

Short lifespan organisms

Brewer’s Yeast: A seemingly unlikely candidate for aging studies

is Brewer’s yeast, Saccharomyces cerevisiae. One might not expect that
aging in human beings could be approximated by a lowly fungus that
excretes alcohol, burps CO2, and dies in its own waste products (which,
interestingly enough, we humans happily lap up as beer).
However, because of yeast’s short lifespan and similarity between our
genetically hardwired metabolic pathways, there is great potential to
learn about human life (and death) from this yeast.
Age ain’t nothing but a number. When yeast cells divide (cytokinesis),
cellular bud scars are formed on the “old mother” cell at the site where
newly emerged daughter cells separate from the original cell.

What have we learned?

Through an exhaustive, ten-year effort,
scientists at the Buck Institute for Research
on Aging and the University of Washington
have identified 238 genes that - when
removed - increased the replicative
lifespan of S. cerevisiae yeast cells.
This is the first time 189 of these genes have
been linked to aging. These results provide
new genomic targets that could eventually
be used to improve human health.1
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Like counting the rings
in the cross-section
of a tree’s trunk
(dendrochronology),
you can deduce
yeast age by counting
the number of
accumulated bud
scars on “old mother”
cells.
1

http://www.sciencedaily.com/releases/2015/10/151008142230.htm
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Image: López-Otín C, et al. (2013)
The hallmarks of aging. Cell 153: 1194-1217
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THE HALLMARKS OF AGING
Epigenetics:

The term, “epigenetic alterations” refers to chemical modifications
to the DNA (called DNA methylation) that can occur due to
environmental influences.

3

Epigenetic Alterations

Unlike genetics-based changes to the DNA sequence (the
genotype), epigenetic changes in gene expression or cellular
phenotype occur due to other causes, as indicated by the prefix
epi- (from the Greek: επί- meaning over, outside of, or around).2
As cells age, the pattern of epigenetic alterations shifts. Some
of the changes seem to mark the passing of time. Decoding this
pattern has resulted in the development of a “cellular clock”
algorithm for measuring age.

The biological clock:

“Also known as the epigenetic clock, DNA clock, Horvath’s clock
or DNA methylation age, this biological aging clock is an ‘age
predictor’ that can be used to measure the age of most human
tissues, cell types, or organs.”1
The epigenetic clock is highly accurate and applies to a broad
spectrum of tissues and cell types. As such, it allows the comparison of different tissues from the same subject.
The presentation of discrepancies between a person’s epigenetic and chronological ages across different
parts of their body can be a strong indicator of diseases that provokes “age acceleration” (such as in
cancerous tissues).2
Image: http://www.nature.com/news/chemical-clock-tracks-ageing-more-precisely-than-ever-before-1.13981
1
https://en.wikipedia.org/wiki/Biological_clock_(aging)
2
http://www.nature.com/news/biomarkers-and-ageing-the-clock-watcher-1.15014
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THE HALLMARKS OF AGING
5

Deregulated
Nutrient Sensing

Nutrient sensing:

“Nutrient sensing is a cell’s ability to recognize and respond to fuel
substrates such as glucose... In order to conserve resources a cell
will only produce molecules that it needs at the time.”1

Regulated nutrient sensing:

“Cell growth is regulated by coordination of both extracellular
nutrients and intracellular metabolite concentrations.
A rapid and efficient response to disturbances in nutrient levels
is crucial for the survival of organisms... Cells have therefore
evolved a host of molecular pathways that can sense nutrient
concentrations and quickly regulate gene expression and protein
modification to respond to any changes.”1
Caenorhabditis elegans roundworm

Deregulated nutrient sensing... & near starvation:

Experiments made famous using the roundworm C. elegans
showed that limiting caloric intake resulted in increased lifespan.
The same was found to be true in yeast, flies, and rats.
Genetic studies seem to implicate the insulin-responsive IGF-1
pathway and the mTOR protein synthesis signaling cascade, which
seems to support the idea that decreasing the flux through certain
metabolic pathways is the key to slowing down the aging process.
However, experiments in Rhesus monkeys (the Rhesus macaque),
our near-human cousins, have produced contradictory results.2
https://en.wikipedia.org/wiki/Nutrient_sensing
http://healthland.time.com/2012/08/29/want-to-live-longer-dont-try-caloric-restriction
1
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Rhesus macaque
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THE HALLMARKS OF AGING
Stem cell exhaustion:

Stem cell exhaustion could be defined as the inability of stem
cells to “keep-up” with their designated task of regenerating
tissue cells. This could be due to abnormal functioning of stem
cells, or depletion of stem cells coincident with age.

8

Stem Cell Exhaustion

Evidence for this phenomena has been documented in the
elderly1 and those suffering from accelerated aging diseases
such as progeria2.

“In 2005, a 115-year old woman died and became
the oldest person ever to donate her body to science.
Now, researchers who analyzed the healthy blood cells
in her body say they have identified over 400 genetic
mutations, suggesting such lesions are mostly harmless in
our bodies over a lifetime.”3
However, heterochronic approaches, where young stem cells
are transplanted into an older individual, show that in the case of
hematopeietic (blood progenitor) cells, environment significantly
affects stem cell aging, and a young environment can actually
rejuvenate the old stem cells.4
“Tests on world’s oldest woman reveal ‘stem cell exhaustion’ and hundreds of genetic mutations”; http://www.bionews.
org.uk/page_414245.asp
2
“Progeria of Stem Cells: Stem Cell Exhaustion in Hutchinson-Gilford Progeria Syndrome”; http://biomedgerontology.oxfordjournals.org/content/62/1/3
3
http://www.medicalnewstoday.com/articles/275859.php
4
Smith JA and Daniel R (2012) Stem cells and aging: a chicken-or-the-egg issue? Aging and Disease 3: 260-268
1
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REVIVAL OF YOUTH
“By splicing animals together, scientists have shown that young blood
rejuvenates old tissues. Now, they are testing whether it works for humans.”
Parabiosis, the 150-year old surgical technique that joins the circulatory systems of two living animals, “mimics
natural instances of shared blood supply, such as in conjoined twins or animals that share a placenta in
the womb.” The technique whose names comes from the Greek, para, meaning ‘alongside,’ and bios,
meaning ‘life,’ has varied in popularity throughout the years and recently been re-deployed to study aging
and stem cell rejuvenation.
Recent studies have used heterochronic (denoting
subjects at different ages or stages of development)
parabiosis to join the circulatory systems of young and
old mice. The effects of young blood circulating in old
mice included restored muscle and liver cells, which
was attributed to re-activation of aged stem cells,
which presumably escaped senescence and began
dividing again. A previously under-appreciated
protein identified in the blood, GDF11, could be a key
candidate for understanding this reversal of aging.
“In the heart, brain, muscles and almost every other tissue
examined, the blood of young mice seems to bring new
life to ageing organs, making old mice stronger, smarter
and healthier. It even makes their fur shinier.”
Researchers describe the process as “rejuvenation,”
“restarting the ageing clock,” and helping old tissues
repair damage. “We’re restoring function to tissues.”
Clinical trials have now begun testing the benefits of
young blood in older people with Alzheimer’s disease.
11
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Image: Nik Spencer/Nature; Chart Data: A. Eggel & T. Wyss-Coray
http://www.nature.com/news/ageing-research-blood-to-blood-1.16762

REJUVENATION OF STEM CELLS
Making Progress on the Task Ahead:

Harnessing stem cell rejuvenation to address the consequences of
aging and restore a youthful, regenerative state is a highly soughtafter goal. However, achieving effective implementation of such
technology is a daunting task.
This undertaking will likely involve combinatorial approaches
that include the following:

Lattice Biologics stands at the
crossroads of regenerative
medicine, with an eye towards
developing the necessary stem
cell technologies to promote
optimal healing.

1. Defining the microenvironment that minimizes
senescence.
2. Optimizing the nutrient composition of the stem cell milieu.
3. Stimulating the metabolic pathways of stem cells
that promote stem cell replication (self-renewal) and
division (to generate tissue-destined cells).
4. Containing the damaging influence of the
environment, such as oxidation.
5. Reprogramming and preserving the epigenetic status
of stem cells to maintain a youthful state.
“In summary, new stem cell findings provide new perspectives
and should stimulate new research on stem cells and aging,
which can potentially result in breakthrough treatments and
lifespan extension.”1
1
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Image: https://www.emdmillipore.com/US/en/20150204_201441
Smith JA and Daniel R (2012) Stem cells and aging: a chicken-or-the-egg issue? Aging and Disease 3: 260-268.
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