“I don’t want to achieve immortality through my work. I want to achieve it through not dying.” ~
Woody Allen
The timeline from the first flight to supersonic transport and the first rocket to a manned mission to the
moon have been breathtakingly brief. The first theory that a chemical means of transmission of genetic
information, to the identification of DNA, took a few years. The progress since then leading to new fields
of genomics, epigenetics, gene sequencing, gene correction, and transfer has been nothing short of
revolutionary. The life span of various rodents is remarkably varied, and even more varied are the
lifespans of different animals. Some life forms have been identified that have lifespans measured in the
thousands of years, others appear to be immortal.
The Nobel Prize in Medicine or Physiology was awarded to Dr. Sydney Brenner for his work on the
genetics of the roundworm, which has parallels to the genomics of man. Modifying one single gene led to
a near ten-fold increase in its lifespan, the human equivalent of reaching an age one thousand years. The
single cell at fertilization, through replication and cell division, becomes over 37 trillion specialized cells
in the adult. Each cell carries a duplicate of the DNA of its parent cells unless a mutation occurs. The
power of exponential or logarithmic growth is often vastly underestimated. Human life expectancy has
increased, predominantly through reductions in infant mortality.
Free radicals, oxidation, and inflammation and are the biological equivalent of rust and aging. Genes are
not destiny; epigenetic influences from the environment modify genes as well as turning them on and off.
Telomeres, the ends of the chromosomes that act as the equivalent of shoelace caplets, prevent the
unraveling of DNA and cell death. The enzyme telomerase prevents the shortening of telomeres and
enhances cell longevity. Cancer cells use telomerase to maintain cancer cell viability and propagation,
making some cancer cell lines virtually immortal. Genetic mutations that trigger accelerated aging, such
as progeria, are providing important insight into the mechanisms of aging that offers potential therapy to
control the aging process. One of the control genes of aging found in the roundworm is also present in
mouse and man. A metabolite of a microbe found in the soil of Easter Island influences this gene and
leads to extended lifespan in the roundworm, and evidence of age reversal in mice. This compound is FDA

approved for treating post organ transplant patients to prevent rejection, and human trials to assess its
effect on aging are ongoing. Laboratory advances in roundworms and mice are providing important
insights, but applications in humans require extensive study, even if the sane genes are shared between
species. The advent of new technology, such as CRISPR (Clustered Regularly Interspaced Short
Palindromic Repeats) has brought gene transfer and correction of genetic mutations from the world of
science fiction to present day reality.
On occasion, the result of a new scientific advance meets or exceeds the initial hype. Stem cells are one
example where the advances have rapidly moved from the laboratory to clinical applications. Stem cell
therapy has moved from the laboratory to clinical applications relatively rapidly. The first stem cell
transplant took place over fifty years ago with bone marrow transplants. The condition amenable to new
approaches with stem cells is expanding rapidly. Organ regeneration and replacement, as well as cloning
for organ retrieval, are no longer science fiction but on the horizon. Limb and organ regeneration from
stem cells and gene transfers to correct mutations or provide new properties are within technological
reach. Advances in technology have made prosthetics that have similar or superior properties to the
human original possible. Further advances will accelerate advances over the natural features, and even
today the Olympics disallow blade runners who have a speeds advantage over normal limbs. Many of the
diseases that result in death today, such as myocardial infarction and heart failure, are theoretically
curable with a mechanical prosthetic heart or one regenerated from stem cells.
Nanotechnology is rapidly advancing, and an entirely new field of technology and medicine will offer
remarkable diagnostic and therapeutic advances. Hormones were the original focus of aging and vitality
research and continued to have an important role to play. Testosterone and growth hormone
supplements are not without risks, and the science of longevity and age management is rapidly advancing
beyond hormone therapy. Lifestyle, diet, stress, inflammation, and a variety of factors have been
identified by studying centenarians, those who have lived a century or more, in ‘blue zone’ communities
around the world where they are found in sizeable number. Caloric restriction extends lifespan in mice
and other organisms. Some humans are adapting this approach, with the results unknown as yet.
Laboratory research has identified compounds that mimic the effect of caloric restriction, so it is possible
that in the future you can literally have your cake and eat it too!
Diet plays an important role in inflammation and its management. Many people believe inflammation
should be referred to as inflamed-aging because of its profound effect on the aging process. Red wine and
resveratrol have received a lot of publicity for anti-aging effects, but to date the results of resveratrol
compounds have been disappointing. One of the lessons learned from the concept of systems biology is
that individual components may require other factors to achieve results. So even though resveratrol by
itself may not have proven benefits, perhaps when taken with other key components in the elixir of red
wine, it is beneficial. The Mediterranean diet, as well as the red wine industry, suggests this is the correct
path to take, in moderation of course.
Without a doubt, exercise appears to have the greatest anti-aging effects known to date. Perhaps one day
the benefit will be available in pill form, but even then you should take the pill for a long walk each day
before swallowing it! The diet we consume undoubtedly is another key to our health and longevity. It
may have a direct influence by its components, or indirect via changes in epigenetics and the microbiome.
Even when the diet appeared to play a direct role, such as fat content and cardiovascular risk, the truth
was much more complicated. For example, phosphatidylcholine is a vital phospholipid substance found in
every cell of the human body. As it was first identified in eggs it was given the name lecithin derived from
the Greek word lekithos (λεκιθος, egg yolk).
The Western diet is rich in lecithin, which the gut microbes use to create trimethylamine, which is then
absorbed by the gut and converted by the liver to TMAO. Choline, betaine, and trimethylamine N-oxide
(TMAO) are metabolites of lecithin and are associated with cardiovascular risk in humans. TMAO has

been associated with accelerated atherosclerosis, enhanced playlet hyper-reactivity, and thrombosis risk.
Vegetarian, vegan, and Mediterranean diets (dairy, eggs, legumes, vegetables, seafood) are associated
with lower TMAO levels. Gut microbial suppression with antibiotics reduces plasma levels of TMAO. Who
would have imagined that the food was influenced by the microbiome, and then metabolized by the liver,
and then could affect the cardiovascular system?
The human microbiome and its genes have a profound influence on human health. We are constantly
exposed to new organisms, and the microbiome is always adapting. The use of probiotics, antibiotics,
prebiotics, dietary supplements, nutraceuticals, prescription and over the counter drugs can affect the
microbiome in so many ways that the consequences cannot be predicted with certainty. What can be
predicted is that they will be heavily marketed and promoted because there is a huge profit to be made,
and safety and efficacy are secondary afterthoughts. Sometimes the wisdom of sages past cannot be
improved upon, this is one of them. Some cancers, such as breast and colon, can be identified early when
highly curable. Surveillance for those at higher risk is suggested. Further advances in genomics may
identify populations at risk, and blood tests may replace the screening tests we use today. Colon cancer
screening is suggested for those over fifty years of age, and for younger individuals who have a history or
family history of colon cancer, colon polyps, inflammatory bowel disease, and specific genetic markers.
Colonoscopy has been the ‘gold standard’, but new options include capsule colonoscopy, a high-tech
image transmitter that is swallowed and sends images for review. The latest FDA-approved test was a
fecal (stool) DNA test for markers of colon cancer and polyps. Technology and approaches are changing,
but getting screened may well be a lifesaver, as these cancers often do not exhibit signs or symptoms
until they are no longer curable. Freezing the whole body, or just the head, for hopeful revitalization has a
market and a rationale, but a whole host of obstacles make the technological feasibility of returning in the
future uncertain. Personalized medicine, utilizing genomics and other technology, is the future of
medicine. The ‘one size fits all’ approach to population-based medicine has been a disaster that the public
is, for the most part, unaware of.
The cover of Time magazine prophesizing 2045 as the year man becomes immortal is based on the
concept of singularity, downloading your consciousness and brain onto a computer cyborg equivalent.
This will probably become an option, to have a virtual life and existence, with equally complex moral and
social choices. The possibility of becoming an electronic mind reminds me of a cartoon image of a janitor
unplugging a complex life support technology to plug in his floor polisher.
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CME Questions
1. Longevity research efforts include which of the following areas of inquiry?
A.
B.
C.
D.
E.

Caloric restriction
Exercise
Pharmaceuticals
Stem cells
All of the above*

2. Human longevity may be enhanced by advances in biotechnology and nanotechnology.
A. True*
B. False
3. Life span is synonymous with health span.
A. True
B. False*
4. Factors in aging include:
A.
B.
C.
D.
E.

Glycation
Cellular autophagy
Oxidative stress
Telomere shortening
All of the above*

5. Benefits of intermittent fasting include:
A.
B.
C.
D.
E.

Increase in cellular autophagy
Stimulation of brain function
Enhancement of immune system
Improved cardiovascular function
All of the above*

6. Human health and longevity may be improved with increasing adoption of which of the following?
A.
B.
C.
D.
E.

Precision medicine
Personalized medicine
Artificial intelligence
Enhanced safety efforts to avoid medical errors
All of the above*

7. While human lifespan is currently limited, there are remarkable examples of regenerative
capacity, longevity, and even immortality that are being actively investigated by science.
A. True*
B. False

