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Human aging is a universal process of loss of viability and 
increase in vulnerability. Although so far the underlying 
mechanisms of aging remain largely a mystery, it is reason-
able to expect that we will eventually understand the human 
aging process. Possibly during this century, we will know 
what changes occur in a human being from ages 30 to 70 to 
increase the chance of dying by roughly 32-fold. Yet even if 
researchers detail those changes, even if researchers identify 
the causal molecular and cellular mechanisms responsible for 
human aging, this will not necessarily lead to a cure for aging.  
So to delay aging, not to mention to stop or reverse the 
human aging process, will be a monumental task. It is true 
that we still do not know in detail what changes occur as 
human beings age, but it is equally true that the most 
important question in studying aging is not why we age but 
how can we fix it. 
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THERAPY AS INFORMATION 

A disease, any type of disease, is a time-dependent change 
in the body that leads to discomfort, pain, or even death. 
Therapies aim to delay, stop, or reverse those changes from 
occurring either by large-scale interventions, such as surgery, 
or by transmitting the necessary information to the body. For 
example, a bacterial infection may be reversed by penicillin, 
which is an information vector that ‘tells’ the bacterial wall to 
‘open’, thus killing the bacteria and reversing the disease state. 
Most pharmaceutical interventions are, in essence, informa-
tion vectors transmitting instructions that are intended to 
delay, stop, or reverse the time-dependent changes related to 
a given pathology. Antibiotics, pain-killers, corticosteroids, 
anti-depressants, and many more products fit this description. 
Yet present therapies transmit relatively simple instructions: 
a pain-killer ‘tells’ neurons to stop transmitting pain signals 
and corticosteroids ‘tell’ the immune system to diminish its 
response. Curing aging will most likely require the transmis-
sion of much larger amounts of information. 

Aging is a sexually transmitted terminal disease that can be 
defined as a number of time-dependent changes in the body 
that lead to discomfort, pain, and eventually death. In order 
to cure aging we will need to target multiple types of cells 
and address different types of molecular damage and malfunc-
tion. That is why organ transplants and surgery will not be the 
solution for aging, at least not a definitive cure. The future of 
medicine is not in large-scale interventions but in smaller, less 
invasive but more precise therapies. The solution to aging is 
not in addressing individual age-related pathologies but rather 
in tiny structures that are able to instruct our body to become 
young again. 

Thanks to the enzyme telomerase, it is possible to prevent 
cells in culture from certain forms of aging. [2] It is equally 
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possible to reverse the genetic program of adult cells back to 
youthfulness by cloning techniques. [3] There is no law of 
nature to prevent us from instructing the cells of an adult 
human being to avoid aging by, for example, changing the 
genetic program at a DNA or epigenetic level. Since, like any 
disease, aging results from disrupted or unbalanced molecules 
it is also theoretically possible to reverse age-related changes 
by precise molecular and cellular therapies. [4;5] 

To slow, stop, and reverse human aging we will likely 
require three steps: (1) remove damaged or inactive molecules 
and cells; (2) restore function to several molecules and cells 
by repair or replacement; (3) modify the genetic program to 
prevent the aging process from repeating itself. These inter-
ventions are what we will most likely need to balance the 
body’s chemical reactions and molecular structural changes 
that become disrupted as we age. Yet how can we transmit 
such massive amounts of information to our body? 

 

INSTRUCTING THE HUMAN BODY 

Most pharmaceutical interventions are composed of chem-
icals or biomolecules usually transmitting a single signal to 
the body: acetyl-salicylic acid, also known as aspirin, the anti-
depressant fluxetine, hormones, etc. Novel findings in chemical 
genetics may allow the development of small molecules that 
target specific genes and pathways. [6] Yet the simple instruc-
tions these deliver to our cells are unlikely to be enough to cure 
aging. Assuming that aging is, to a large degree, programmed 
in our genes [7], curing aging will require technologies that 
are not yet available. To give an example, there are dozens of 
inherited diseases originating in single genes for which there 
is no cure simply because we lack the technologies to turn 
on and off human genes. Since curing aging will require us 
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to transmit large amounts of information to the body, new 
technologies will be necessary. Herein, I will first give a brief 
overview of the most promising technologies to address this 
problem: gene therapy and single-gene interventions, cell 
therapy and stem cells, and nanotechnology. Afterwards, 
I will attempt to foresee how we can cure aging based on 
these technologies and what breakthroughs will be 
necessary. 

 

GENE THERAPY 

Gene therapy has been hailed as a major tool to deliver infor-
mation, genes in this case, to the human body. [8] Although 
genes can be injected directly [9], most gene therapy methods 
involve the use of a vector for the specific purpose of 
inserting DNA into cells. Viruses are the most widely used 
vector and several experiments have already shown the power 
of this tech-nology. In one exciting discovery, virus-induced 
expression of IGF-1, a growth factor, reversed age-related 
changes in the skeletal muscle of mice. Increases of almost 
30% in strength were witnessed in treated old animals when 
compared to con-trols. [10] If aging may be reversed by the 
expression of key genes, then gene therapy holds great 
promise. Neuronal death has also been delayed by the 
introduction of a single gene using the herpes virus [11] and 
reversal of age-associated neural atro-phy was achieved in 
monkeys by gene therapy. [12] 

Gene therapy is promising but limited in scope due to the 
inherited ‘bandwidth’ constrains of the technique. Large-scale 
genetic engineering is already possible in embryos [13] and 
maybe our grandchildren will be born without aging. But 
present-day gene therapy does not provide a technology to 
cure aging in adults. The main reason is that viruses cannot 
‘transport’ much genetic information. A typical virus carries 
up to a few hundred thousand base pairs, which is mean- 
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ingless when compared to the three billion base pairs of the 
human genome. Maybe it is possible to use a combination of 
viruses but there are other problems. Viral vectors can stably 
integrate the desired gene into the target cell’s genome but the 
gene’s integration may occur at oncogenes (cancer-inducing 
genes), causing cancer. An immune response against viruses 
or transgenes may also occur and could be fatal as in the 
famous case of Jesse Gelsinger. [14] Virus-based gene 
therapy does not appear adequate to cure aging for not only 
is its safety dubious but the amount of genetic information 
viruses can carry is insufficient. 

In addition to viruses, it has also been proposed that cer-
tain bacteria can act as vectors in gene therapy – the major 
advantage being that bacteria can transport larger amounts 
of information and still be able to change the genome. [15] 
As with viral-induced gene therapy, the immune response is 
a major problem. Some promising results have emerged from 
cancer treatments [16] but it is dubious bacterial-based vec-
tors can become a solution to aging within a near future due 
to safety concerns. 

If gene therapy can be used to express certain genes, RNA 
interference or RNAi can be used to inactivate them. Tiny 
double-stranded molecules of RNA can be designed to block 
a given target gene. [17] For example, it has been proposed 
that blocking the action of the gene responsible for 
Huntington’s disease may prevent the onset of this disease. 
RNAi can be seen as another type of information vector 
used to transmit information to the body. Of course there 
are limitations, but if specific genes have to be turned off at 
specific times to cure aging, RNAi appears a viable solution. 
For instance, onco-genes appear to be activated during 
aging. For these, RNAi and ‘classical’ single-molecule-based 
pharmaceutical interven-tions [18] appear a viable solution. 
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CELL THERAPY 

Gene therapy and RNAi are limited in the number of genes 
they can affect in cells. One way to overcome this limitation 
is by replacing the cells themselves, a process known as ‘cell 
therapy’. Since there are few theoretical restrictions as to the 
number of genetic modifications cells can endure, cell ther-
apy has a greater ‘bandwidth’. For example, in an experiment 
aimed at treating the immunodeficiency disease SCID-X1, 
cells from the immune system were extracted from a patient, 
genetically engineered, and inserted back again with encour-
aging results. [19] 

One growing area involves stem cells. A stem cell is a sort 
of ‘unprogrammed’ cell that has the potential to become 
any type of cell in the adult body. Aging has been linked 
to an age-related inability of stem cells to replenish mature 
cells and so therapeutic interventions that enhance stem cell 
functional capacity might ameliorate the age-associated atro-
phies of several organ systems. [20] More importantly, with 
nuclear transfer experiments such as Dolly [3], it is now pos-
sible to ‘turn back the clock’ and generate embryonic stem 
cells from an adult. [21;22] In theory, it is possible to geneti-
cally modify these cells according to needs, differentiate them 
into the necessary tissue or organ and then implant them to 
treat age-related diseases, a procedure called ‘therapeutic clon-
ing’. [23;24] Since these cells are genetically identical to the 
patient’s there are few or no problems of immune rejection. 

The ability of stem cells to regenerate virtually all types of 
tissues holds great promise. [25] In theory, it is possible to 
create practically all components of a human being in the lab 
and then replace the patient’s organs and tissues one by one. 
Stem cells have been used with success against heart 
disease, 

[26] or to repair damage to the brain [27] and spinal cord. 

[28] Also, stem cells are incredibly versatile: transplantation of 
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mesenchymal stem cells into the bone marrow has shown that 
they can travel through the body and become bone or muscle 
cells where needed. [29] These experiments demonstrate how 
a few cells can impact on whole organs by fostering 
regenera-tion, how a few tiny cells can transmit massive 
amounts of information to the human body. 

Although much research is necessary and stem cells are 
still too expensive for widespread use, the basics for using 
these techniques are known and we can expect more practical 
appli-cations to emerge in a near future. The ability stem cells 
have to sprout regeneration and repair tissues makes them an 
excel-lent candidate for anti-aging therapies. 

 

NANOTECHNOLOGY 

An adult human, once a tiny cell, is a self-assembling machine 
made of trillions of microscopic components. Roughly, 
a human being consists of ~7x1027 atoms and ~105 different 
molecular species, mostly proteins [30]. Genes and proteins 
are organic nanostructures working with molecular precision 
to form complex components such as human cells. The con-
cept of nanotechnology, first proposed by Richard Feynman 
and later developed by the pioneering work of Eric Drexler, 
is our ability to manipulate matter and energy at smaller 
scales (one billionth of a specified unit is called a ‘nano’). This 
capac-ity will increase until we reach and surpass our own 
biological nanostructures [4;31]. One key concept in 
nanotechnology is the molecular assembler, a machine 
capable of assembling other molecules given a set of 
instructions and the necessary resources. Ribosomes, the 
sites where proteins are built based on the instructions of the 
genes, are known molecular assem-blers. A man-made 
molecular assembler capable of building molecule-scale 
machines to guide specific chemical reactions 
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would allow the construction of devices with atomic precision 
capable of a myriad of functions. 

In theory, nanostructures can be built to drive chemical 
reactions capable of reversing aging by reversing chemical 
reactions and damage that occur as we age. The goal would 
be to build the necessary nanostructures to reverse age-
related changes with minimal perturbation. For example, 
damage to DNA increases with age. Even though it is 
debatable whether this is a result or a cause of aging, it 
appears likely that if we could build nanostructures to 
reverse these changes it could reverse at least some aspects 
of age-related disease. The body already features several of 
these nanostructures as part of the DNA repair machinery. 
Enhancing it with novel nanostruc-tures could help turn the 
balance of DNA damage versus repair in our favor and thus 
reverse this form of damage. The appli-cations of 
nanotechnology are manifold and it is not possible to 
describe them all, but one possible application would be to 
design bacteria, viruses, or even stem cells to perform large-
scale gene therapy without being attacked by the immune 
system. For example, by taking the viral nanostructures for 
integrating foreign DNA into host cells and apply them to 
stem cells. [32] 

Nanotechnology holds great expectations and promises. 
The greatest problem is that, so far, nanotechnology is almost 
exclusively theoretical without any clinical or medical trials. 
Even so, nanomachines aimed at correcting molecular 
defects for which there is no ‘natural’ tool – e.g., removal of 
lipofus-cin, also called age-pigment – may be necessary. [33] 
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CHANGING THE SOUL OF MAN 

The ultimate aim of research on aging is to create what 
medieval alchemists called ‘Elixir Vitae’, what science-fiction 
writer David Zindell called ‘Godseed’ [34] an entity capable 
of reversing the molecular and cellular changes that occur as 
we age and changing the genome of our cells to prevent aging 
from happening again. Initially, the Elixir will need to trans-
mit a signal to drive regeneration, as happens in apparently 
non-aging animals such as lobsters [35] and turtles. [36] It 
may even be the case that tissue regeneration will eliminate 
damaged molecules and quiescent cells while at the same time 
restoring function. Otherwise the Elixir will have to incorpo-
rate ways to eliminate nonfunctional nanostructures and cells 
while at the same time restoring youthful vigor. Afterwards, 
the regenerated tissue will need to be prevented from aging 
again, probably by including the necessary instructions 
together with the instructions ordering regeneration. [37]. 

From a technological perspective, the Elixir will likely be a 
combination of the techniques presented previously: a mix of 
RNAi, gene therapy, and stem cells. The goal is to instruct the 
body’s cells to regenerate while suppressing undesired genes. 
In addition, even if we do not know in detail how to reverse all 
age-related changes and pathologies, we may address specific 
pathologies through conventional therapies. For instance, to 
rejuvenate the immune system we will need to prevent the 
thymus from degenerating and so specific interventions will 
be necessary. Eventually, novel nanostructures may allow us to 
reverse specific age-related degenerative changes. [32] Yet 
we will not need mature nanotechnology for building the 
Elixir. It is impossible to say if man-made molecular 
assemblers will emerge in 10, 50, or 500 years from now, so 
we should not, and need not, depend upon nanotechnology 
to cure aging. As such, the core of the Elixir will likely be 
stem cells. 
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One specific case is the brain, the source of our 

consciousness. Again, the primary strategy should be to 
foster regeneration. It appears dangerous to use viruses and 
bacteria as vectors for gene therapy in the brain, so again 
stem cells hold the greatest promise. Non-invasive methods 
to express exogenous genes in the brain already exist and may 
serve to express specific critical genes. [38] 

In addition, several species such as reptiles, lobsters and 
birds feature advanced regenerative capacities and appear 
not to age. Deriving information from these species to 
engineer how to rebuild the human genome to avoid aging is 
also within our reach. [39] In another example, work is being 
con-ducted to attempt to implement the advanced 
regenerative capacity of amphibians to mammals. [40] 
Synthetic biology and information systems will be the ‘glue’ 
that binds all these fields together and allow us to design, 
regulate, and apply the Elixir. 

 

CONCLUSION 

Elixir Vitae needs not be anything besides present technolo-
gies combined with some engineering feats. Importantly, the 
theoretical basis for these technologies already exists. What 
remains is the engineering problem of making them work 
according to our needs. Namely, we must (1) develop thera-
pies based on stem cells for tissue regeneration; (2) implement 
synthetic biology to control stem cells; (3) test and develop 
the safety and accuracy of RNAi, gene therapy, and molecular 
therapies; (4) learn more about regeneration and the signals 
involved in each type of tissue; (5) apply whole genome engi-
neering to aging. Lastly, we need to know, of course, where 
to act. That is, what causes aging in humans, what makes us 
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gradually weaker and more vulnerable – but that is not the 
subject of this article. 

It remains that Elixir Vitae is not just a utopia but also an 
achievable goal that we can build, hopefully within a reason-
able time span. 
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