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What is Aging?

• Aging is associated with the gradual g g g
decline in performance and reserve 
capacity in organ systems.

• Aging of organ systems is often 
associated with a decrease in the number
and/or function of cells.

• Old cells do not maintain and repair
tissues as well as young cells, leading to 
decreased overall vitalitydecreased overall vitality.



Normal human fibroblasts have a set, finite replicative
lifespan

60-80 PDs60 80 PDs



Understanding cellular aging

Early passage Late passage



Telomeres cap the ends of all mammalian chromosomes



Most normal human somatic cells Human germ and stem cells



Telomeres are maintained by the enzyme telomerase
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Mean human telomere length decreases with increasing age



Mean human telomere length decreases with increasing age

Canela et al., PNAS 2007



Telomere FISH reveals multiple chromosomal fusions in mouse 
tumors without telomerase

Chang et al., Genes and Dev 2002



Telomere binding proteins are also essential for telomere 
maintenance
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Short telomeres are found in almost all human preneoplastic
lesions



Critical telomere shortening in breast DCIS



Short telomeres correlate with early onset of hereditary 
breast cancers

Martinez-Delgado et al., Plos Gen 2011



Short telomeres correlate with increased cancer incidence 
and mortality
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Multiple non-reciprocal chromosomal translocations
are present in carcinomas from mice with short telomeres
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Artandi et al., Nature 2000



Mice engineered with short telomeres develop cancer 

Artandi et al., Nature 2000



Dysfunctional telomeres promote genome instability and
cancer



Telomere binding proteins are also essential for telomere 
maintenance
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Mice engineered with short telomeres display features of 
premature aging

stunted 
growth

cataract
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alopecia &
hair greying

kyphosis
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Progressive stem cell failure in mice with telomere dysfunction
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Increased telomere shortening and chromosome fusions in 
mice with short telomeres
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Telomere length: biomarker of cellular aging

di i kdisease risk
30 70



Mutations in genes involved in telomere maintenance results
in very short telomeres that can be measured



Dyskeratosis congenita-inherited telomere disease

BM failure AMLBM failure AML

Calado et al., NEJM 2009; Anderson et al., Nat Gen 2012

Pulmonary fibrosis Critically short telomeres



Inherited human telomere diseases disrupt telomere
maintenance pathways

Shelterin complex

Telomerase complex

Savage, Nature Genetics 2012



What about “normal” individuals without mutations in telomere 
maintenance genes? 

disease risk
30 70



Telomere shortening correlates with decreased overall survival

Patients with short 
telomeres have a mortality 
rate twice that of those 
with longer telomereswith longer telomeres.

Heart disease mortality 
increased 3X.

Infectious disease mortality 
increased 8X.

Cawthon et al., Lancet 2002



Stress, diet, and inflammation  results in oxidative stress that 
can accelerate telomere shortening



Diet and nutrition can modify telomere length



In this era of personalized medicine, should we use telomere 
length as a diagnostic tool?

Whole genome sequencing Telomere length determination

disease gene identification

potential for tailored therapeutic intervention

identify inherited telomere disorders

therapeutic intervention-BM transplantation

still expensive-bioinformatics

too much information!

identify “healthy” individuals with accelerated
biological aging

potential to enable early intervention-lifestyle 
modifications to reduce cellular stressmodifications to reduce cellular stress

inexpensive



Common methods to determine telomere length
Telomere Flow-FISH •Intensity of fluorescence signals correlate directly with 

t l  l thtelomere length

•Ability to process large sample volumes

•Only gives telomere length of a population of cells-y g g p p
cannot examine length of individual telomeres

•Cannot inform on spatial distribution of cells with the 
shortest telomeres in a tissue sample

•Does not work well on solid tissues

Quantitative telomere-PCR •Quantity of telomere PCR product correlates directly with 
telomere length

•Ability to process large sample volumes

•Only gives telomere length of a population of cells-cannot 
examine length of individual telomeres

•Cannot inform on spatial distribution of cells with the 
h  l     l

Telome Health

shortest telomeres in a tissue sample



Quantitative telomere-FISH

Telomeric peptide nucleic acid (PNA)-FISH
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•Intensity of signals correlate directly with telomere length
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Intensity of signals correlate directly with telomere length.

•Only method that could detect the critically shortest telomeres in a cell. 

M  t l  l th  t h  h   l i•Measures telomere length on metaphase chromosomes or nuclei.

•Measures telomere length on clinical tissue samples-valuable spatial information 
intact.ntact.

•Automated microscopic imaging techniques enable processing of large sample 
volumes.



Telomere length measurements: need to determine length of 
shortest telomeres

•Only a few critically short telomeres needed to push human cells into senescence.

•% shortest telomeres detect more differences between individuals than average •% shortest telomeres detect more differences between individuals than average 
length.

•% shortest telomeres show higher dispersion with increasing age.g p g g

•% shortest telomeres could be a marker for environmentally induced damage.



The percentage of short telomeres, not average telomere 
length, determines biological age



Will telomere length modification delay cellular aging in 
healthy individuals?y



Possible effects of transient telomerase activation in 
patient cellspatient cells



Why use telomere length determinations in your 
clinical practice?



Conclusions

Inherited factors

mutations in telomere maintenance genes

Environmental factors

carcinogensg
certain inherited cancer syndromes
mutations in DNA repair pathways

g
ROS

other stressors?

Accelerated telomere shortening/dysfunction

increased DNA damageincreased DNA damage

p53 Loss of p53

Stem cell exhaustion
Premature aging

Increased cancer incidence

Telomere length measurements as a predictor of increased cellular risk arising 
from short telomeres.
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