FOCUS ON AGING

If you’re like most people, thoughts like this probably filter through your head several
times a week:
• I probably should pass up that late-night snack
• A hot bath would feel good right now
• I should exercise after work

While you may think you’re talking to yourself, Aric Rogers, Ph.D., who studies aging at
the MDI Biological Laboratory, says that at a molecular level you are “talking with your
genes.” While popular wisdom holds that lifestyle choices such as limiting calories, hot
baths and exercise promote health, scientists such as Rogers now know that such
measures trigger changes in genetic expression in animal systems that promote
longevity by tapping into nature’s survival mechanisms.
TO UNDERSTAND WHY, WE HAVE TO GO BACK TO DARWIN...

LEFT: C. elegans is a favorite animal model in aging research because of its well understood genetics; its two- to three-week lifespan, which allows scientists to quickly
assess the effect of anti-aging interventions; and because its fundamental molecular and cellular characteristics are similar to ours. Many important discoveries about
the biology of aging have been made in this tiny nematode.
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In his famous notebooks, Charles Darwin pondered
what he called the “grand questions”
1.

Why is sex so important?

2.

Why is life so short?

We now know these questions are connected.

Sex is important to perpetuate the species.
As Darwin put it: “If an individual cannot
procreate, he has no issue. So with species.”
And life is short because once an organism
has reproduced, its influence on the survival
of the species diminishes. Generally
speaking, as far as nature is concerned, the
organism has fulilled its function.
But here’s the twist. What happens when
environmental circumstances are so
adverse that the organism’s life is
threatened before it can reproduce – for
instance, if there’s not enough to eat?
Nature now has a stake in the survival of
the organism. If the organism dies of
starvation before it can reproduce, it won’t
perpetuate the species.
With its mission altered, nature steps up
its eforts to promote survival: it puts the
brakes on cellular activities related to
growth and reproduction, and ramps up
the cellular machinery responsible for
promoting health and longevity.
For an organism facing an existential
threat, it’s not the time to go forth
and multiply. Staying alive becomes
the imperative.
he staying alive brigade moves into action.
he engineers of the cell make sure proteins
are produced according to speciications,
the quality control inspectors cull shoddy
products, the recycling team ensures that
castof materials are eiciently reused and
the maintenance crew keeps everything
neat and tidy.
Rogers calls this “feng shui-ing” the cell
to optimize its function – a reference to
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the ancient Chinese practice of
maximizing energy flow.
In other words, in the face of food
scarcity – which scientists refer to as
dietary restriction – nature redirects its
eforts to the goal of making sure the
organism’s cells are working at peak
eiciency so that it can survive to
reproduce when conditions improve.
he result: increased lifespan and a delay or
reduction in age-related health problems.

he use of such drugs would allow
people to experience the beneicial
efects of DR without the need to
severely restrict their diets.
hough a number of DR mimetics are
now under development, it isn’t
necessary to wait for a pill to trigger the
changes in gene expression that
promote healthy lifespan. Animal
studies and epidemiological studies of
human populations indicate that
lifestyle choices play a role in extending
healthy human lifespan as well.

In fact, every organism ever tested – from
single-celled yeasts to primates – has
demonstrated these responses to dietary
restriction, or DR, which is the focus of
Rogers’ research and a major focus of
aging research in general.

“Science is showing that you may be
able to slow the aging clock by tricking
your cells to respond as though there is
a resource shortage crisis,” Rogers says.

What if we could tap into these
programs for survival?

‘What doesn’t kill you makes
you stronger’

he shift in cellular activity that occurs
when an organism is faced with an
existential threat has led scientists who
study aging to pose an intriguing
question: what if we could tap into the
programs for survival triggered by DR
and other environmental stressors?

At right are some non-pharmacological
health practices that tap into a cell’s
survival mechanisms. Not surprisingly,
these and other longevity-promoting
strategies accord with popular wisdom
about good health practices.

Sophisticated new genetics tools are
allowing scientists such as Rogers to peer
into the inner workings of the cell to
study the genetic pathways for survival
that kick in under conditions of DR.
Indeed, new insights into the role of
DR in prolonging healthy lifespan have
set science on a quest to identify drugs
called “DR mimetics” that imitate the
efects of DR on health and longevity.

he secret to triggering these programs
is to expose the body to brief episodes
of environmental stress. “It’s like the
expression, ‘What doesn’t kill you
makes you stronger,’” Rogers explains.
“By subjecting single cells or whole
animals to acute, intermittent stress
from which they can fully recover, the
resiliency and robustness of their
cellular machinery is reinforced.” *

SPOTLIGHT ON RESEARCH

Here’s a secret about healthy
aging that your grandparents
probably knew: eating fermented
foods such as sauerkraut or

“The biggest thing that will

yogurt may promote a healthy

happen in this century is

gut microbiome, and a healthy

our ability to control biology,”

gut microbiome is associated

said David Sinclair, Ph.D.,

with long life.

of Harvard Medical School

What your grandparents
probably didn’t know, however,
is that it may be possible to
improve health and extend

H. pylori is a pathological bacterium that lives in
the digestive tract. Scientists are studying how
disease-causing microbes in the gut increase
with age. They are extending lifespan and delaying
age-related behavioral decline by recolonizing
the guts of middle-aged killifish with bacteria
from young donors.

lifespan by transferring gut
bacteria from young organisms
into middle-aged organisms.
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Such gut bacteria transfers were the
subject of a lecture by Dario Riccardo
Valenzano, Ph.D., a group leader at the
Max Planck Institute for Biology of
Ageing in Cologne, Germany, delivered
at the MDI Biological Laboratory’s
2018 recent aging course, “Comparative
and Experimental Approaches to Aging
Biology Research.”
Valenzano’s lecture was among the more
than 50 lectures and hands-on laboratory
sessions held during the intensive, twoweek course. Students from scientiic
institutions all over the world were
introduced to the tools and techniques of
aging biology research with an emphasis
on the comparative advantages of a
range of animal models.

Whether gut microbiota transfers from
young donors will join the arsenal of antiaging therapies now under development
remains to be seen. But what was clear
from lectures delivered during the course
is that such transfers are only one of many
fascinating areas of research that could
lead to new anti-aging therapies.
“he biggest thing that will happen in this
century is our ability to control biology,”
said David Sinclair, Ph.D., a professor of
genetics at Harvard Medical School (see
page 11). “It’s happening so fast that even
I cannot believe it. I am regularly learning
about advances that even as recently as
two years ago were considered – if not
impossible – then far-in-the-future
technologies.”
Here’s a sampler of some of the other
research presented during the course:

Valenzano described the increase
in disease-causing microbes in
the gut that occurs in old age as a
“‘Game of Thrones’-type contest in
which the bad bugs take over.”

Valenzano is the irst to show that
manipulating the composition of the
gut microbiome can prolong lifespan in
model animals, speciically the African
turquoise killiish.
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• Rochelle Buffenstein, Ph.D., of Google’s
Calico Life Sciences spoke about the
secrets of exceptional longevity in the
naked mole rat, an African species
that has been described as looking like
a hot dog with two toothpicks (its
front teeth) inserted at one end. he
naked mole rat lives for more than 30
years – 10 times longer than a mouse
– and shows no signs of aging. Which
prompts the question, What do they
die of in the wild? he answer, said
Bufenstein: gum disease. heir gums
become infected as a result of digging
subterranean burrows with their teeth.

• Matt R. Kaeberlein, Ph.D., of the
University of Washington spoke about
his “Dog Aging Project,” whose goal is
to increase the lifespan of pet dogs and
provide insight into aging in humans,
who share the same environment.
Middle-aged dogs will be treated
with an anti-aging drug candidate,
rapamycin, which could soon be used to
prolong healthy lifespan in humans as
well. Rapamycin has been demonstrated
to increase healthy lifespan in mice even
when treatment is started in middle age.
Kaeberlein will try to show the same is
true for dogs.
• Dudley W. Lamming, Ph.D., of the
University of Wisconsin reported on
research in mice showing that speciic
dietary macronutrients play a role in
extending healthy lifespan. Proteinrestricted (PR) diets have been shown by
Lamming and others to increase lifespan
and metabolic health in mice and
humans, but Lamming takes the PR idea
a step further. His research shows that
the culprit may be speciic amino acids
(the building blocks of protein) called
branched-chain amino acids (BCAAs).
A low-BCAA diet, he said, can promote
longevity and reduce frailty.
As inspiring as the program was, however,
the students’ enthusiasm was even more so.
Many would be returning to their home
laboratories with plans to work with
new animal models such as the African
turquoise killiish. he killiish model

Aging Course Lecturer
David Sinclair, Ph.D.:

Hacking the
Biological Code
for Aging

The credibility gap between the public’s perception of what’s going on in aging

is ideal for aging research because its short
lifespan (it has the shortest lifespan of any
vertebrate raised in the lab) allows scientists
to quickly assess the efect of anti-aging
interventions.

research and its actual state is a favorite topic of David Sinclair, Ph.D.
In a talk for the public during the MDI Biological Laboratory’s recent aging
course, Sinclair, a professor of genetics at Harvard Medical School and a
leading researcher in the field of aging, cited the Wright brothers as an
example. Before a major advance in science or technology such as manned

Quoc Duy Tran, a student at the Australian
Regenerative Medicine Institute at Monash
University in Clayton, Australia, for example,
plans to use the techniques he learned from
Valenzano for working with the African
turquoise killiish in his doctoral research on
muscle regeneration. His goal is to gain new
insights into how muscle ages and develop
therapies to prevent sarcopenia, or the muscle
wasting that typically occurs in old age.

flight, he said, no one believes it is possible. But once it takes place, such
breakthroughs seem obvious.
Just so with extending healthy lifespan. He predicted a time in the near future
when age-related illness will be compressed to a short period at the end of a
long, healthy life. Indeed, he anticipated that future generations will look back
at the current state of old age, in which many live for years with multiple
disabilities, with the same pity we view an era in which a child could die from
a common cold or an infection from a splinter.
The advances in extending healthy lifespan are coming so quickly, he said, that
even he, as someone who has worked in the field for decades, cannot believe it.

“I’ve never experienced anything like this
course,” Tran said. “he students are all so
engaged and the lecturers are all so friendly
and approachable. It’s very exciting: the
lecturers deliver a lecture for an hour and
the questions go on for twice as long.”

In an impromptu conversation after the lecture, Sinclair noted the dichotomy
between the reception to the idea of healthy lifespan extension among the
older members of the audience and among the students. While the older
participants tended to be skeptical, the students couldn’t wait to get back to
their labs to work on decoding the cellular signals for aging.
“That’s why I enjoy working with millennials and Generation Z’s,” he said. “They
think anything is possible. They know a computer can be hacked – they don’t
see why it isn’t possible to hack the body’s biological code for aging too.”
In addition to conducting research on aging, Sinclair is the co-founder of
several biotech companies, including Life Biosciences, which is developing
drugs and treatments to promote longer, healthier lives and which was the lead

ABOVE: Participants in the MDI Biological Laboratory’s
2018 aging course (left to right): Dario Valenzano, Ph.D.,
of the Max Planck Institute for Biology of Ageing (center)
with Quoc Duy Tran (left) of the Australian Regenerative
Medicine Institute and Xu Zhang, Ph.D. (right) of the Mayo
Clinic; Doreen Lugano of the University of South Florida;
Xu Zhang, Ph.D., of the Mayo Clinic; Garik Mkrtchian, Ph.D.,
of the University of Copenhagen; and David Sinclair, Ph.D.,
of Harvard Medical School.

sponsor of the 2018 aging course.

To view a video of Sinclair’s lecture, entitled “Why Reversing Aging is Easier
Than Reversing Baldness,” or other public lectures in the “Live Longer, Live
Better” lecture series that was a part of the MDI Biological Laboratory’s
recent aging course, please visit mdibl.org/videos.
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THIS IS WHY YOUR SUPPORT MATTERS

Donors like you
support the research
of young investigators
and accelerate the pace
of discovery
Jarod Rollins, Ph.D., is working to develop new therapies
that tap into the genetic mechanisms that are activated
by life-extending interventions like dietary restriction.
Rollins is unique in studying the role played by specialized
ribosomes in enhancing longevity. He uses the tiny
roundworm, C. elegans, as a model for studying healthy
aging in humans.

BREAKING THROUGH FALL 2018 › 13

ABOUT US

We are developing new approaches to
regenerative medicine by developing
drugs that slow age-related degenerative
diseases and activate our natural ability
to heal. Our unique approach has identified
potential therapies that could revolutionize
the treatment of heart disease, muscular
dystrophy and more. Through the Maine
Center for Biomedical Innovation we are
preparing students for 21st century careers
and equipping entrepreneurs with the
knowledge and skills to turn discoveries
into applications that improve human
health and well-being.
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Research at the MDI Biological Laboratory would
not be possible without the generous support
provided by members of the Star Point Society.
Dedicated to the discovery of new knowledge,
Star Point Society members foster the
fundamental research that leads to significant
breakthroughs.
They also believe that science is best when it
is shared.
Whether at A Taste for Science – a unique culinary
experience that pairs our scientists with local
chefs to explore the science behind each delicious
bite – or a lively Science Café, Star Point Society
events make science accessible.
If you are not yet a Star Point Society member, we
invite you to learn more at mdibl.org/star-pointsociety or by calling Jeri Bowers at 207-288-3605.
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