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Telomeres: what are they?
éand why do we care?

Impacts of unbalanced
telomere maintenance in humans

Influences on telomere maintenance In
humans



Fi rst , a framewor K E€

NON-GENETIC GENETIC
Environmental Life events/behavior

Agingrelated diseases
often go handin-hand (cemorbidity):
Poor immune function Diabetes Cardiovascular disease Cance
Mental/cognitive disorders/depression



AnThe World Health Organization (
cardiovascular disease (CVD) and major depressive
di sorder (MDD) generate the

adjusted | ife yearso in 2030. 0

van Marwijk BMC Cardiovascular Disorders 2015, 15:40

Agingrelated diseases
often go handin-hand (cemorbidity):
Cardiovascular diseasé
depression



éand why do we care?

Impacts of unbalanced telomere maintenance
In humans

Influences on telomere maintenance In
humans



Telomeres
cap ends of
chromosomes
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Telomeric DNA Structure

Simple repeated DNA ) |
sequence € and i n yeast

d Blackburn 1984




TheTelomere
0 the protective cap at every chromosonand

Protective proteins



Predicted, if DNA replication alone acts on DNA:
Loss of DNA from the chromosome end

cell divisions

S

Eventual senescence \yuson, 1972, olovnikov, 1971



DISCOVERY OF TELOMERASE

SYNTHETIC TELOMERE IN TEST TUBE
36 OH

Tetrahymena cell extract

Mg++
dGTP + TTP

- Carol Greider,
) UC Berkeley
ca.1985

Greider and Blackburn, 1985



The solution to telomere attrition
Telomerase: a

telomert 3sizing reverse transcriptase
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Cellsikeep dividing

With sufficient
telomerase:
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Human cells: insufficient telomerase
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cell divisions
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Human cells: insufficient telomerase
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Senescence
Cell malfunctions

- Mitochondrial malfunction
- pro-inflammatory, tumorigenic factors

Genomic instability




Telomere damage:
A Vicious Cycle

Secreted
Inflammatory
factors
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Cell Image:
Harvard Medical School OMX SIM microscope


http://omx.hms.harvard.edu/

Telomeric
repeat
tracts

gradually

shorten
over human
lifetimes



Many normal human cells have limiting or no
telomerase and their telomeres shorten with age
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WHAT CAN SAVE THE CELLS? Telomerase action:
- Active: stem cells, germ cell lineages
- Low/none: many normal adult cell types




Unique genetics of autosomal dominant

(haploinsufficiency) telomere syndromes

Repeated
Telomeric DNA

Sequence Mutant hTR or
hTERT gene
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Unique genetics of autosomal dominant

(haploinsufficiency) telomere syndromes

Repeated
Telomeric DNA

/ Sequence Mutant hTR or
| hTERT gene

WT*: Telomere length is NOT
reset/restored in the next
generation, despite restoring
WT genotype
WT*
SSul WT * Inherited telomere shortness ALONE causes disease




éand why do we care?

Impacts of unbalanced telomere maintenance
In humans



From much research we now know:
NON-GENETIC GENETIC

YTelomere
Attrition

Risks for agingelated diseases
- and mortality
Poor immune function Cancers Cardiovascular disease Dié
Mental/cognitive disorders/depression



Measure telomere length j

-e.g., in 100,000 peopl;/
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The Kaiser Permanente Research Program
on Genes, Environment, and Health (RPGEH)
Biospecimens: GERA cohort

Genetic (GWAS) and biomarker - TELOMERE LENGTH
data - saliva and DNA collected 2008 i 9

Comprehensive clinical data from KPNC Electronic Medical Records
(outpatient, inpatient, laboratory, pharmacy, imaging, pathology)

A Complete since 1995 -- Continuously updated

Participant survey and interview data
A Sociodemographic factors -- Family history
A Behavior

Environmental exposure data geographic etc
Environmental exposures

Cathy Schaefer, PhD, Director. Neil Risch Elizabeth Blackburn
Kaiser-Permanente University of California, San Francisco



Cross sectional relationship of mean telomere length
with age: Nicoya Exceptional Longevity Blue Zone vs.
Costa Rica population
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Cross sectional relationship of mean human telomere length
with age: males and females.

Mean saliva Telomere Length (cells in saliva). Error bars are 1 s.e. of m
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GERA cohort: Odds of all-causes mortality
within 3 yrs of telomere measure
(N=100,000; ages 20 - 95)
Year 2009 2012
time

4

Compare to
Mean Baseline Telomere Length

Schaefer et, Unpublished



Copenhagen study: Odds of all-causes mortality
Mean follow-up time after
leukocyte telomere measure = 7 yrs.

Year O = baseline _
time
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4 t114

Compare to
Mean Baseline Telomere Length

Rode et al, 2015
. Copenhagen study




Numbers qf Deaths by Telomere Length Decile (unadjusted)
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Any cancer
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Rode et al,
2015
Copenhagen
study



Leukocyte Telomere Length Independently Predicts All-cause Mortality
N = 64,637 (7,604 deaths) (Mean Follbip time = 7 years)

Multivariate-Adjusted AHcause Mortality Hazard

1.5 - Ratios vs. Baseline | eukocyte Telomere Length

Decilel0 =
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. ml wX
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Telomere Length Rode et al, 2015
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Telomerase: Dr. Jekyll AND Mr. Hyde
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Telomere/ase impacts vary

according o cancer type

Less Over-active
Telomerase; telomere
Telomere Shortness maintenance
(genetic and observed) (genetic)
\ ”
WORSE 1‘ '
CANCER \
RISKS \

eg, Hematological, eg, brain,

squamous cell,
gastrointestinal

melanoma, lung



Effect on melanoma risk of telomere length score
(= Alleles predicting longer telomeres)

Q1 i 1.00 Ql=
Shortest
Q .
2 - 97 telomeres
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Q4 B 1.29
1 1...‘25 115

OR for melanoma risk

Supplementary Figure 3Plot showing effect of telomere score on melanoma risk.
Here the telomere score is divided into quartiles and melanoma casentrol status
regressed on the resulting categorical variable with the lowest quartile (by telomere

length) as the baseline.

Mark M. lles et al. INCI J Natl Cancer Inst 2014;106:dju267



Forest plot of estimated effect size (with a 95% confidence interval indicated by horizontal
bars) for telomere score (= Alleles predicting longer telomeres) on melanoma risk in nine
geographic regjons (and combined result).
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Mark M. lles et al. INCI J Natl Cancer Inst 2014;106:dju267



Genetic variants associated with longer telomere length
are associated with increased lung cancer risk among
never-smoking women in Asia



