Telomeres shorten as cells divide
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Telomere shortening leads to cell death
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Telomeres shorten with age
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Telomere shortening in cellular
senescence
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Telomerase allows telomere length equilibrium
maintenance
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In somatic cells, telomeres shorten with each division (a
phenomenon termed the end-replication problem) to a
minimal threshold of telomere length known as the Hayflick
Limit.

Once this threshold is breached, telomeres lose their
protective capacity resulting in two critical outcomes [1].
Either the cell detects the threat posed by such shortened
telomeres, resulting in the initiation of a p53 dependent
signaling cascade that induces replicative senescence, a
state of permanent cell growth arrest

If the cell continues to proliferate, telomere shortening will
eventually kill the cell at crisis



Different inputs to telomere maintenance have disease-specific consequences.

OO L

Observed
GenetiC —p longer telomeres = Nongenetic

: : :

Greater risk of Lower risk of Lower risk of
some cancers and CAD and AD incident diseases and mortality
all-cancers mortality (all-causes, CVD, Alzheimer's disease,

and combined cancers)

Elizabeth H. Blackburn et al. Science 2015;350:1193-1198

AYAAAS

Published by AAAS



Relationship of telomere attrition to human aging-related diseases.
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Fig 1. Mortality by decile of 5-year change in telomere length (p for trend &It;0.001).
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Distribution of telomere length by exclusive breastfeeding status at 4—6 wk of age
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The RNA component of telomerase is
mutated in autosomal dominant
dyskeratosis congenita
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Dyskeratosis congentia causes bone
marrow failure

« Skin and nail problems ’\‘)
— Skin hyperpigmentation
— Rashes
— Abnormal nail growth

* Mortality
—Bone marrow failure
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Figure 3. Telomere length according to age in dyskeratosis congenita and non—-dyskeratosis congenita patients. The vertical axis represents telomere length ir
kilobytes. Lines in the figures indicate the first, tenth, 50th, 90th, and 99th percentiles of results from 400 normal control subjects. Symbols represent subjects: 26 patients witt

dyskeratosis congenita (red solid circle), 46 non—dyskeratosis congenita patients (black solid triangle).




Short telomeres in lung disease

The NEW ENGLAND JOURMAL of MEDICINE
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SUMMARY POINTS

1.

b

Mutations in telomerase and telomere components lead to a broad spectrum of disease
that has clinical presentations in children and adults. The extent of telomere shortening
determines the onset and severity of these disorders.

. The study of families with mutations in telomerase components allows the identification

of a distinct disease entity marked by organ failure in the bone marrow and a clustering
of pulmonary and liver fibrosis. This syndrome frequently appears in adulthood and is
distinct from DC, though it falls on the same spectrum.

. IPF is the most common manifestation of a syndrome of telomere shortening. The

causal role implicating short telomeres in IPF provides evidence that short telomeres
are sutficient to cause common, age-related disease with its most common manifestation
in the lung.

Svndromes of telomere shortenine are unique among proeeroid disorders in that they
o o c o
phenocopy a process that occurs in humans as they age.



Mutations in TERT and TR cause familial pulmonary fibrosis
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Mutations in TERT and TR cause familial pulmonary fibrosis
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Shelterin Complex Telomerase Complex

Telomerase regulation Telomere elongation
Telomere protection
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Mutations creating Ets/TCF binding motifs were found in familial and in
sporadic metastatic melanoma next to the transcription start site

The TERT core promoter

Familial melanoma
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Alternative lengthening of telomeres
(ALT)



Telomerase directed
Telomere elongation
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ALT telomeres are distinct in that they contain
variant C-type TCAGGG repeats and sumoylated
TRF2.

These features of ALT telomeres may lead to
displacement of TRF2

A small but significant number of cancers do so via
the exchange of telomeric DNA between
chromosomes by alternative lengthening of
telomeres - ALT



