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Editorial

Molecular pathogenesis of aging and cancer: are telomeres and
telomerase the connection?

Aging and cancer research appear to be completely
separate fields of scientific study, the only connection being
that the incidence of cancer generally increases with age.
Aging is a complex process and it is unlikely that any single
mechanism will explain all or even most of the molecular
and physiological changes that occur as we age. Cancer is
also a complex process and while it is equally unlikely that
a single mechanism will explain all the biochemical and
molecular changes that occur during the development of
cancer, a major goal has been the search for common path-
ways for the origin of most cancers.
A major tenet of the disposable soma theory of aging' is

that the amount of energy invested in maintaining the
somatic tissues of an organism is limited to that required to
live long enough to reproduce successfully. Thus, for each
species there is a trade offbetween investment in the main-
tenance of somatic cells and investment in reproduction. In
evolutionary terms, it is generally believed that the earliest
metazoan cells became mortal via some gain of function. If
this is correct then mortal cells should have additional
function(s) with respect to immortal cells, and revert to
immortality when they lose those functions. Thus a funda-
mental difference between germ and somatic cells is that
somatic cells have acquired mortality by gaining new func-
tions. The idea that germ cells are immortal and somatic
cells are mortal is generally accepted. For example, mouse
embryonic stem cells have an unlimited capacity for
division. When injected into another embryo the cells can
integrate into the germ line, so their progeny passes to the
next generation. Cell mortality becomes established in
somatic cells later in embryonic development. The dispos-
able soma theory can also be considered an example of
antagonistic pleiotropy,2 3 as optimisation of health in
young animals during the period of reproductive fitness
could produce unselected late consequences in the
post-reproductive individual who escapes an early death
from disease, accidents, etc. In addition to a decline in
physiological functions with age, perhaps an indirect
consequence of a limit to somatic cell growth in long lived
species, is that the finite cellular growth potential (replica-
tive senescence) may also be a temporary barrier against
uncontrolled proliferation of potential tumour cells.4
There is substantial experimental support for the theory

that cellular aging is dependent on cell division, and total
cellular lifespan is measured by the number of population
doublings or cell generations, not by chronological time.6
This means there is an intrinsic process(es) occurring dur-
ing cell growth that culminates in the cessation of cell divi-
sion. If age is determined by a programme or some kind of
counting mechanism that controls the number of cell divi-
sions before proliferation ceases, then it is important to
determine and understand what this mechanism is in
molecular terms.7 During the past few years, there has been
mounting evidence for the progressive loss of the telomeric
ends of chromosomes during the aging process both in cell
culture and in vivo.'-" It is thought that the loss of telo-

meres eventually induces antiproliferative signals that
result in cellular senescence. 12-4 A hypothesis gaining
prominence is that the activation of telomerase, a
ribonucleoprotein enzyme that is important in maintaining
telomere length stability, is necessary for the sustained
growth of most tumours. '5-' While studies of this area are
still in their infancy, the relations between telomere short-
ening and aging, and how activation of telomerase may be
necessary for cells to become immortal and progress to
malignant cancer, has had much recent experimental sup-
port.

Overall, the telomere/telomerase hypothesis of aging and
cancer can be summarised as follows:
* progressive telomere loss in cells is normal and may be

the "clock" or timing mechanism that regulates cellular
senescence

* cellular senescence occurs when telomeres are short,
although the mechanism for this phenomenon has not
been elucidated

* mutations occur in the telomerase repression pathway
that cause the enzyme to upregulate or reactivate

* telomerase activity in cancer cells correlates with the
stabilisation of telomere length and cellular immortali-
sation

* telomerase activity is necessary for the continued prolif-
eration of cells and is a critical, perhaps rate limiting,
step in cancer progression.

The pathways connecting telomere shortening, cellular
senescence, telomerase expression, and cancer are certain
to be subjects of intense investigation in the near future,
and there are likely to be exceptions and refinements to the
hypothesis. However, many recent advances such as the
cloning of human telomerase RNA,'` it's catalytic protein
subunit,'9 20 a telomerase associated protein,2' 22 as well as
the identification of telomere binding proteins,23 and the
development of telomerase activity assays24 have provided
molecular reagents to test some aspects of the hypothesis.
The possibility that manipulating telomere length could
change the rate of cellular senescence and affect the
degenerative diseases of aging, or that inhibition of telo-
merase could provide a novel approach to cancer
treatment, are exciting possibilities.
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