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Telomere structure: an overview
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The Telomere End Replication Problem
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Genetics

Aetiology of CAD

Acquired risk factors

CAD

Early life experiences

e Low birth weight
e Catch-up growth

Smoking
Diabetes
Hypertension
Cholesterol



Biological ageing and cardiovascular disease

Genetic determination Normal age-related Coronary artery
(variation in telomere attrition of disease

length at birth) telomeres

Oxidative stress

- lomere 0ss (|-+{ Shorter telomeres |+ sanescen
(increased telomere loss Shorter telomeres senescence

per cell division)

Other age-
Replicative stress related
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Samani NJ & van der Harst P Heart 2008



Measurement of telomere length
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Hypothesis

Coronary artery disease is
a disease of premature
ageing

Olovnikov AM "“Biological clock” 1973



Telomere shortening in atherosclerosis

o Normal

—_
Q0
=
LL
@
-
o
©
=

Samani et al. Lancet 2001




Telomere shortening in premature MI
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* Controls
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Risk of MI increases with progressive
shortening
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Brouilette et al., ATVB, 2002 & 2003.



Prospective association of telomere
length with CHD

West of Scotland Prevention Study (WOSCOPS)

6595 males, age 45-65 years, with a mean baseline
total cholesterol of 7.0 mmol/l and no history of MI
were randomised to pravastatin (20 mqg) or placebo

Over a mean follow-up of 4.2 years, 580 subjects
developed CHD end-points



Benefit of statin treatment in WOSCOPS
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Baseline mean telomere length and
risk of CAD in WOSCOPS

Tertile of telomere length

Brouilette et al. Lancet, 2007



Telomere length, CHD events and
benefits from statin treatment

BlPlacebo
Tertile Placebo Statin Bl Statin
1 62 61
P 118 638 $
3 109 68 :

Tertile of Telomere Length

Brouilette et al. Lancet 2007



The coronary heart disease paradox
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Cumulative risk for CHD

CAD is an age-associated disease
but not an inevitable consequence
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Lloyd-Jones et al. Lancet 1999



Telomere length and mortality

Association between telomere length in blocd and mertality in pecple aged
B0 years or older

Both sexes
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Shorter telomeres and cause-specific mortality in normal
subjects 60 years or older

Number of Mortality rate
individuals/ ratio* (95% CI)
number of deceased

All-cause mortalityT

Both sexes 143/101 1-86 (1-22-2-83)
Women 71/46 2:16 (1-07-4-39)
Men 72/55 1-94 (1-01-3-74)

Age at blood draw
Younger than 75 years 93/53 1-96 (1-11-3:48)
Age 75 years or older 50/48 1-73 (0-93-3-24)

Cause-specific mortality:

Heartf 124/30 3-18 ( )

Cerebrovascular§ 124/15 1-35 (0-36-5-13)

Cancer§ 124/12 1-43 (0-34-6-03)

Infectious§ 124/8 8:54 (1-52-47-9)
( )
( )

1-36-7-45

Other known§ 124/16 2:15 (0-71-6-50
All known causes 124/43 1-70 (0-82-3-53
apart from heart
and infectious§

Cawthon et al. Lancet 2003



Regulation of telomere length

Genetics — what you start with
Replicative stress — more cell divisions

Oxidative stress — more loss per division



Telomere length is heritable

* Linkage
* No Linkage

Shared Frequency

Alleles

O alleles 0.25

1 allele 0.5

2 alleles 0.25 Shared Alleles

o If marker & QTL (telomere length) are not linked, siblings will not differ
significantly in length, regardless of the number of shared alleles (red
line).

e However, if the marker is in linkage, the difference in telomere length
between
siblings will decrease as they share more alleles (blue line).



Mean TRF length (KB), Sib 2

Telomere length is heritable
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A locus on chromosome 12 determines mean
telomere length in humans
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The American Journal of
Human Genetics

Vasa-Nicotera et al. Am J Hum Genet 2005.
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Comnn VB.I‘iﬂIl’[S near ’I‘ERC are te human chromosomes 3p26.1, 10926.13, 12g12.22 and 14q23.2

[refs. 3-5). A recent genome-wide association study (GWAS) iden-
assnciated Wiﬂl mean telnmere lmgﬂl tified associations of two 5NPs on chromosome 18q12.2 with telo-

mere length, although the associations were not at a genome-wide
Veryan Codd'!!, Massimo Mangino®!!, Pim van der Harst! 311, significant level®. To identify additional variants that affect telomere
Peter § Braund', Michael Kaiser!, Alan ] Beveridge!, Suzanne Rafelt!, length, we undertook genome-wide association analyses in two large
Jashir Moore!, Chris Nelson!, Nicole Soranzo®?, Guangju Zhai?, European cohorts followed by replication of promising signals in
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Wellcome Trust Case Control Consortium!®, Alison H Goodall!, artery disease from the British Heart Foundation Family Heart Study
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John R Thompson®, Tim Spector®!? & Nilesh | Samani'+!! generated using the Affymetrix 500K array as part of the Wellcome

Trust Case-Control Consortium (WTCCC) study®. Further details of
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Potential implications of the telomere
hypothesis

Individuals with shorter telomeres have an increased risk of CHD

*CHD risk associated with shorter telomeres is AT LEAST AS GREAT
as that with conventional risk factors

*Global structural property of DNA that is inherited i.e. telomere
length, may at least partly explain the familial basis

Variation in telomere length, may explain, in part, the variable
age of onset of CHD



Novel mechanisms in modulation of
cellular senescence

CAUSES MECHANISMS OUTCOMES

miRNA
Chromatin Expression
Modifications Changes

Telomere = X

Attrition _m Pathways for Senescence

Oncogene
expression
Senescence
DNA
damage
Signalling

Gene
Expression
Changes

Protein
Modifications
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» Short (19-22nt) endogenous non-
coding RNA molecules.

! ji
Pri_-miR_NA
Pre-miRNAE

Nucleus CM'

Cytoplasm l

I
MiRNA duplex

Ribosome

» Transcribed from RNA polymerase Il
promoters.

» Regulate protein expression through
interaction with the 3’'UTR of target
MRNA

« Repression of protein expression or

promotion of target mMRNA

degradation

Translational repression



T/S ratio

Model of in vitro EC senescence
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MIRNA arrays

Extract RNA
(Tri Reagent,
Sigma)

Label RNA
(flashTag™ Kits, Increasec

\/\/\/\/\—. Genisphere) expression

Decreased
l Hybridise on

arrays printed exPr,eS:‘?f'on
n-house No crizrnge
(MiIRCURY™

LNA probes, :
Exiqfn) Example of a miRNA array




Potential miRNA targets
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Unpublished data



Validation of selected miRNA
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Potential Target Proteins

Potential | Express in Function
Tar ets
hds-mlR-Hm o

has-miR-181a _ HUVEC{Abcam): 3T3- cells, MEFs Development & Cells Aging

has-miR-181z T\‘IA PKI1 Cell proliferation & apoptosis
has-miR-221 MORF4L.1 Hela cells Cell senescence ‘es. Check the expess in HUVEC
has-miR-262 - HEK293 HDFs Cell Senescence ‘es. Check the expess in HUVEC




Initial expression profile of target
proteins
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“Every man desires to live long,
but no man wishes to be old.”

Jonathan Swift, author & satirist, 1667-1745.
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