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La cromatina telomerica



Telomeres also bind to nucleosomes,
which are rich in modified histones.

Major histone modifications found in

telomeres are
-H3K9 and H4K20 trimethylation

-low abundance of acetylated H3 and
H4
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SIRT6 is a histone H3 lysine 9 deacetylase that
modulates telomeric chromatin

The Sir2 deacetylase regulates chromatin silencing and lifespan in Saccharomyces
cerevisiael,?2.

Inmice, deficiency for the Sir2 family member SIRT6 leads to a shortened lifespan and a
premature ageing-like phenotype.

SIRT6 is a chromatin-associated NAD+-dependent, histone H3 lysine 9 (H3K9)
deacetylase that modulates telomeric chromatin.

SIRT6 associates specifically with telomeres, and SIRT6 depletion leads totelomere
dysfunction with end-to-end chromosomal fusions and premature cellular senescence.
Moreover, SIRT6-depleted cells exhibit abnormal telomere structures

We propose that SIRT6 contributes to the propagation of a specialized chromatin state at
mammalian telomeres, which in turn is required for proper telomere metabolism and
function. Our findings constitute the first identification of a physiological enzymatic
activity of SIRT6, and link chromatin regulation by SIRT6 to telomere maintenance and a
human premature ageing syndrome



SIRT6 (sir 2) deacetylates lysine 9 of histone H3 at telomeric chromatin
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SIRT6 knockdown (S6KD) cells

Sister telomere loss
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d, Representative S6KD metaphases showing aberrant telomere signals. Red arrows, sister
telomere loss; blue arrows, telomere doublets. e, Quantification of sister telomere loss



Telomeres shorten as cells divide
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Telomere shortening leads to cell death
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Telomerase allows telomere length equilibrium
maintenance
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Telomere shortening in cellular
senescence
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Telomeres shorten with age
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EMBO Mol Med. 2012 Aug;4(8):691-704. doi: 10.1002/emmm.201200245. Epub 2012 May 15.

Telomerase gene therapy in adult and old mice delays aging and increases longevity without increasing
cancer.

Bernardes de Jesus B, Vera E, Schneeberger K, Tejera AM, Ayuso E, Bosch F, Blasco MA.
Source
Telomeres and Telomerase Group, Molecular Oncology Program, Spanish National Cancer Centre (CNIO),

Madrid, Spain.

Abstract

A major goal in aging research is to improve health during aging. In the
case of mice, genetic manipulations that shorten or lengthen telomeres
result, respectively, in decreased or increased longevity. Based on this, we
have tested the effects of a telomerase gene therapy in adult (1 year of
age) and old (2 years of age) mice.




EMBO Mol Med. 2012 Aug;4(8):691-704. doi: 10.1002/emmm.201200245. Epub 2012 May 15.

Telomerase gene therapy in adult and old mice delays aging and increases longevity without increasing
cancer.

Abstract 2

Treatment of 1- and 2-year old mice with an adeno associated virus (AAV)
of wide tropism expressing mouse TERT had remarkable beneficial effects
on health and fitness, including insulin sensitivity, osteoporosis,
neuromuscular coordination and several molecular biomarkers of aging.
Importantly, telomerase-treated mice did not develop more cancer than
their control littermates, suggesting that the known tumorigenic activity of
telomerase is severely decreased when expressed in adult or old
organisms using AAV vectors.

Finally, telomerase-treated mice, both at 1-year and at 2-year of age, had
an increase in median lifespan of 24 and 13%, respectively. These
beneficial effects were not observed with a catalytically inactive TERT,
demonstrating that they require telomerase activity. Together, these
results constitute a proof-of-principle of a role of TERT in delaying
physiological aging and extending longevity in normal mice through a
telomerase-based treatment, and demonstrate the feasibility of anti-aging
gene therapy.
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The RNA component of telomerase is
mutated in autosomal dominant
dyskeratosis congenita

Tom Vulliamy*, Anna Marrone*, Frederick Goldmant, Andrew Dearlove:,
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Dyskeratosis congentia causes bone
marrow failure
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Figure 3. Telomere length according to age in dyskeratosis congenita and non-dyskeratosis congenita patients. The veriical axis represents felomere length ir
90th, and 99th percentiles of results from 400 normal control subjects. Symbols represent subjects: 26 patients with
dyskerat$sis congenita (red solid circle), 46 non—dyskeratosis congenita patients (black solid triangle).

kilobyies. Lines in the figures indicate the first, tenth, 50th




Short telomeres In lung disease

The NEW ENGLAND JOURNAL of MERICINE

[ ORIGINAL ARTICLE l

Telomerase Mutations in Families
with Idiopathic Pulmonary Fibrosis

Mary ¥. Armanios, M.D., Julian J.-L. Chen, Ph.D., Joy D. Cogan, Fh.D.,
Jonathan K. Alder, B.A., Roxann G. Ingersoll, B.5., Cheryl Markin, B.5.,
William E. Lawson, M.D., Mingyi Xie, B.S., Irma Vulto, B.5., Jehn A. Phillips 111, M.D.,
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Table 1 Mutations in telomerase and telomere genes lead to a broad clinical spectrum of

syndromes of telomere shortening

Gene Name Diagnosis Typical age of onset in years
hTR and hTERT | Sporadic IPF 1-3% Broad range
Familial IPF* 8-15% 5-77

Sporadic and familial aplastic anemia ~3-5%
Autosomal dominant DCP

DKC1 X-linked DC Less than 30
Hoyeraal-Hreiderasson Less than §

TINF? Sporadic DC Less than 10
Autosomal dominant DC -
Hoyeraal-Hreiderasson Less than §

NOP10 Autosomal recessive DC -

NHP2 Autosomal recessive DC -

*IPF refers to idiopathic pulmonary fibrosis.
bDC refers to dyskeratosis congenita.

www.annialveviews.org * Syndromes of Telomere Shortening



Table 2 Spectrum of bone marrow, lung, and liver disease seen in individuals with syndromes of

telomere shortening

Hematologic features
Macrocytosis
Elevated hemoglobin F
Isolated cytopenias (most commonly thrombocytopenia)
Aplastic anemia
Myelodysplasia
Acute myeloid leukemia

Pulmonary fibrosis
Asymptomatic restrictive defects on pulmonary functdon studies
Idiopathic pulmonary fibrosis/usual interstitial pneumonia
Nonspecific interstitial pneumonia
Idiopathic interstitial pneumonia nonclassifiable on biopsy

Liver disease
Normal or mildly elevated transaminases
Atrophic nodular liver on imaging studies
Splenomegaly
Cryptogenic liver fibrosis/cirrhosis




a [ = b LS e

o ® .

Pluripotent stem cell Pluripotent stem cell

©

O (@
vV v ¥
" (@

Q+
O
©
0
@+
0
0

o
Q-
®

T cells Polymorpho Platelets Erythrocyte B cell T cell

Polymorpho Platelets Erythrocytes
-nuclear -nuclear
leukocytes leukocyte

Figure 5

Short telomeres lead to stem cell failure in the bone marrow. (#) Normal hematopoiesis is hierarchical and
relies on the intact capacity of a pleuripotent stem cell to self-renew and differentiate. When telomeres are
short (b), stem cell function is impaired and the impairment leads to a progressive decline in the production
of mature blood lineages in aplastic anemia.



SUMMARY POINTS
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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 suthcient to cause common, age-related disease with its most common manifestation
in the lung.

. Syndromes of telomere shortening are unique among progeroid disorders in that they

phenocopy a process that occurs in humans as they age.



