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HEAD-TO-HEAD DEBATE: IS THERE A PROGRAM FOR AGING?

 

Is aging programed?
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Summary

 

Development and morphogenesis may easily be thought
of as programed, in the sense that they result from a
sequence of cellular and molecular events designed by
natural selection to produce a given adult phenotype. Aging,
except in exceptional cases such as the rapid decay and
death of Pacific salmon, is not design but decay. The decay
of senescence is not due to natural selection’s designing
hand, but to its absence. The empirical difference between
programed and nonprogramed senescence becomes
evident when comparing the stereotypical steps leading
to death in salmon contrasted with the lack of such
stereotypy in most organisms such as humans and mice.
Understanding the distinction between programed
development and nonprogramed senescence helps
focus attention on the phenotypic performance of adults,
which is the focus of natural selection, and therefore be
attentive to any unwanted pleiotropic side-effects of genetic
or environmental treatments which retard aging.
Key words: antagonistic pleiotropy; natural selection;
programed senescence.

 

Program – ‘a definite plan or scheme of any intended

proceedings.’

 

Oxford English Dictionary

 

If driven to the point at which each can no longer move, your

$60 000 Lexus is likely to last considerably longer than my

$10 000 Kia. Yet neither of us is likely to argue that a Lexus is

 

programed

 

 to last longer than a Kia. Why?

There are several reasons. For one thing, my Kia 

 

might

 

 last

longer. There is nothing inherent in the design or construction

of either car that guarantees how long it will last. That will

depend upon how it is driven, where it is driven, how well it is

maintained and the intervention of random events – luck, in

other words. A second reason we do not phrase our discussion

of whose car will last longer in terms of ‘programing’ has to

do with how we implicitly define that term. Most people are

likely to think of programing in the computer sense. That is,

we think of a program as a stereotyped sequence of specific

instructions or events leading to an intended outcome. In this

sense, the 

 

design and construction

 

 of our vehicles is indeed pro-

gramed, because each part, as well as the overall assembly, is

the product of such a sequence of events leading to an

intended outcome, the existence of a functional vehicle meeting

certain performance criteria. Neither vehicle is intended to fail

at some specific time. They are designed to survive a specific

period (the warranty period) at a certain performance level with

a certain degree of reliability. Lexuses will typically be designed

from higher quality materials with tighter tolerances in the manu-

facturing of parts, hence they cost more and are more reliable.

When each car happens to fail may be statistically related to the

warranty period reliability, but that was not what the designers

were striving for.

I think this automobile analogy captures fairly well why we

ought not to think of the aging of organisms as being pro-

gramed. It is easy to appreciate how development and mor-

phogenesis can be thought of as programed. They are

analogous to the design and construction of an automobile.

That is, development and morphogenesis 

 

are

 

 the outcome of

what can easily be thought of as a sequence of specific events

designed by natural selection, leading to a certain phenotype

by the end of the process in early adulthood. In this sense, nat-

ural selection designs an organism in the same sense that

engineers design cars. But aging is not design, it is decay. Decay

and design are fundamentally different unless the nature

and rate of decay are part of the design, which is very rarely

the case. Fruit ripen by a genetic program, they rot for other

reasons.

Evolutionary senescence theory, as originally outlined by Peter

Medawar and George Williams, and later quantified by others

(e.g. Charlesworth, 1994), illuminates the sense in which aging

is not the focus of natural selection, i.e. is not programed.

According to this broadly supported theory (Kirkwood &

Austad, 2000), extrinsic hazards lead to the waning of natural

selection’s power to favor beneficial alleles and disfavor detri-

mental ones as the impact of these alleles affects reproductive

fitness in later and later life. Accordingly, alleles with deleterious

effects only late in life can drift to fixation because there is vir-

tually no selection against them. By this process, late-acting dele-

terious mutations can accumulate in the genome. Additionally,

alleles with salubrious effects in early life when natural selection

is powerful, but deleterious effects later in life when it is weak,

can be actively favoured by selection. However, note that under
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such antagonistic pleiotropy, selection is favouring the early

effects without reference to and certainly not because of, the

later effects. In both cases, it is the lack of natural selection’s

guiding hand that is enabling senescence-enhancing alleles to

spread.

Perhaps the best way to demonstrate what I mean is to con-

sider specific organisms which seemingly 

 

have

 

 been programed

for decay, for example Pacific salmon of the genus 

 

Onchrhyn-
chus

 

. As we know, these salmon are semelparous. They die rap-

idly and invariably shortly after their first and only reproductive

episode. The sequence of events leading to death are: (1) an

extreme increase in circulating levels of the stress hormone

cortisol, leading to (2) degeneration of a number of glands and

organs, including the stomach, liver, spleen, thymus, thyroid,

gonads, pituitary, kidneys and cardiovascular system, which

(3) causes death by multiple organ failure (McQuillan 

 

et al

 

.,

2003). Experimentally, this series of events (degeneration of

multiple organs leading to death) can be induced in immature

fish by exogenous administration of cortisol. If I examine any

moribund salmon, I can guarantee it will have dramatically elev-

ated cortisol compared with a young salmon, as well as degen-

eration of multiple specific organs.

Contrast semelparous salmon with age-related decay in lab-

oratory mice. Mice are probably the organism in which we can

most cleanly determine the extent to which decay and death are

the consequence of a stereotyped sequence of events because

we can standardize so well both genes and environment and

also determine the range of pathologies each species exhibits.

The differences between salmon and mice are dramatic. Mice,

even those that are genetically identical and are raised in

identical circumstances, exhibit a wide variety of phenotypes as

they age. For instance, in a cohort of C57BL/6 mice raised on

a standard diet under specific pathogen-free conditions,

about 10% of the population developed ulcerative dermatitis,

the other 90% did not. In addition, about 40% of males

developed cardiomyopathy by 1000 days of age, leaving 60%

that did not (Turturro 

 

et al

 

., 2002). Similarly, some mice will

develop cognitive deficits or tumours, others will not, and so

on. Note that the key issue is not variation in length of life – even

salmon vary in the age at which they spawn – but variation in the

aging phenotype. The point is that there is no aging phenotype

as standard as the developmental phenotype which leads to a

young adult. If there were, the search for ‘biomarkers’ of aging

would not have been as difficult as it has proved to date.

 

Does it matter whether we think aging is 
programed or not?

 

Is this disagreement about programing or its lack a dispute

about semantics, or is there some real substance to the argument

as well? Admittedly, one could define the term ‘programed’

broadly enough that we could all agree that just about anything

in nature is programed. However, there are at least two reasons

to retain a narrow definition such as the above. One is to

emphasize that aging in the vast majority of instances is not

favoured, but rather is ignored by natural selection. Such an

interpretation is consistent with modern evolutionary theory

and models developed from that theory to explain the nature

of aging as described above. A second, probably more import-

ant reason to maintain this distinction is to keep researchers

focused on what is programed – the creation of an adult organ-

ism capable of meeting certain performance criteria with respect

to survival and reproduction in the environment to which it is

adapted. In particular, it helps researchers focus on possible

early life side-effects of treatments that retard decay.

Let me try to clarify this last point. The fact that it has proven

so easy to delay or slow the rate of aging by genetic or envir-

onmental manipulations in organisms from yeast to mice has

been adduced as evidence for programed aging. But I argue

that these observations are not really relevant. Consider again

your Lexus and my Kia. These cars have been designed to meet

certain reliability criteria with a certain type of use. If I simply

started their engines and allowed them to idle on a showroom

floor until they failed, it is not at all clear to me which car would

last longer. Moreover, if I did the same thing with an Indianap-

olis race car, which probably costs an order of magnitude more

than both our vehicles combined, it would not surprise me if

the Indy car performed worst of all either in the showroom

or in normal city driving. Nor would it surprise me if I could

re-tune the engine on any of the cars, perhaps even disable

certain systems, and increase performance on the showroom

floor. Of course, this would reduce their ability to perform the

functions they had been designed for in the first place. In fact,

it is likely that the Indy car might never perform as well in these

conditions as my Kia. If I did not appreciate the sort of perform-

ance each car had been designed for initially, I would not be

able to interpret my observations sensibly.

From this perspective, measuring aging in terms of longevity

in the laboratory is somewhat like assessing longevity of my cars

on the showroom floor. Improving longevity is easy, because

the performance criteria for which the organism has been

designed are largely irrelevant in laboratory experiments. This,

however, does not mean that performance criteria are irrelevant

in other conditions. Sometimes a decrement in performance is

obvious even in the laboratory. Most, but not all, laboratory

treatments that retard aging have a clear impact on fertility. But

some effects are not as obvious, which does not mean that they

do not exist. This has been wonderfully shown in the work of

Walker 

 

et al

 

. (2000), who investigated possible side-effects of

the life-extending mutant 

 

age-1

 

 in 

 

C. elegans

 

. Unlike most life-

extending mutants, 

 

age-1

 

 does not decrease fertility or exhibit

any other obvious negative effects under standard laboratory

conditions. However, when exposed to fluctuations in food

availability resembling the situation in the wild, the 

 

age-1

 

 mutant

was shown to be at a marked competitive disadvantage relative

to wild-type worms. It is this sort of subtle effect that a careful

examination of performance is likely to uncover. As we reach

the point at which we begin to think about designing age-

retarding treatments for humans, learning about these sort of

subtle side-effects is crucial.
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