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Editorial

Telomeres, TTAGGG tandem repeats at the ends of chromosomes,
become progressively shortened with each replication of cultured
human somatic cells [1-4] until a critical length is achieved. Once this
length is reached, the cell enters replicative senescence. Telomere
shortening has been implicated as a mechanism explaining variations
in life expectancy and aging-related diseases. It has been demonstrated
in cross-sectional analyses that age affects attrition of telomere length
in white blood cells [2,3]. Telomere length reflects the cumulative
burden of oxidative stress and repeated cell replication [1,5,6], and
such oxidative stress may represent the link between telomeres and
aging-related diseases in humans.

Probands and their offspring had significantly longer telomeres than
offspring’s age and gender matched controls. In addition, a possible
genetic link for this observance which tied variants of the telomerase
gene to telomere length was demonstrated. Furthermore, shorter
telomeres were found in subjects with metabolic syndrome, diabetes,
hypertension, and impaired cognitive function, while longer telomeres
were associated with an improved lipid profile [7].

Living to 100 is a rare phenotype, with prevalence in the general
population of 1 in 5,000 individuals [8]. Previous cross-sectional
studies have demonstrated that adult telomeres become shorter with
age at a relatively constant rate, however those analyses contained
relatively few subjects with exceptional longevity [2,4]. A similar age-
related decline in telomere length until age 85 was observed, after
which telomere length increased significantly [7]. How might we
explain the increase in telomere length observed in subjects older than
85 years old? One possibility is that telomere attrition may limit
survival in the general population, and that a lack of telomere
shortening may have enabled certain people to achieve very old age.
These rare individuals may have had longer initial telomere length
when they were younger (as reflected in the long telomeres in their
offspring [7]), may have had a slower rate of telomere shortening, or
both. Another feasible mechanism for this finding is that mechanisms
resulting in longer telomeres are activated only at increased age.
Increased telomerase activity resulting with increased telomere length
might be related to the observation of high HDL levels in offspring
compared to control [9]. As speculated by Nofer et al. [10], HDL levels
can modulate telomerase activity, resulting in telomere elongation. In
addition telomere length was associated with HDL levels [5,7]. We
hypothesized that a certain range of HDL levels would activate or
deactivate telomerase activity; At higher HDL levels telomerase would
be activated, and would be deactivated in lower HDL levels. Since HDL
levels decline with age, and the observed HDL levels in centenarians

are the same as the controls who are 30 years younger [9], we
speculated that centenarians had much higher HDL levels when they
were in their 70 - a trait which might be manifested in their offspring.
Therefore, telomerase was activated during this period (i.e. 30 years
previously) in those who eventually achieved very old age. In contrast,
telomerase might have been deactivated in the control group, who has
low HDL levels.

Further support for this theory is the observation that among
individuals who possessed any of three genotypes (CETP, APOC3 and
adiponectin) known to be associated with longevity, telomere length
increased with age, whereas those lacking these genotypes showed the
opposite trend [11]. It is theoretically possible that heightened
telomerase activity in individuals with this favorable genotype resulted
not only in a slower rate of telomere attrition, but in increasing
telomere length with age. This phenomenon of increasing telomere
length with age was previously demonstrated in a small number of
subjects in a prospective study of younger adults [12].
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Figure 1: Concept for Telomere length trends according to age. a)
Expected attrition rate b) slower attrition rate c) expected attrition
rate at higher starting point

Because each of these genes are involved in lipid metabolism, it
might also be the case that interaction between telomere attrition and
lipid profile affects an individual’s potential to survive to very old age.

We propose the following three hypothesizes as possible
explanations as to how centenarians might have achieved long
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telomeres (Figure 1): (1) their telomere attrition rate may be slower, (2)
the centenarian's attrition rate is “normal” yet they began life with
exceptionally long telomeres (as demonstrated by their offspring), (3)
the centenarian's attrition rate is “normal” however at a certain age
telomerase activity, regulated by HDL levels, becomes activated. That
said, it is also possible that a combination of two or more of these
processes accounts for the centenarian's long telomeres.
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