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First, a frameworkéé

Aging-related diseases
often go hand-in-hand (co-morbidity):

Poor immune function  Diabetes  Cardiovascular disease  Cancers 
Mental/cognitive disorders/depression       
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ñThe World Health Organization (WHO) projects that both 

cardiovascular disease (CVD) and major depressive 

disorder (MDD) generate the greatest loss of ódisability-

adjusted life yearsô in 2030.ò

van Marwijk BMC Cardiovascular Disorders 2015, 15:40
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cap ends of 

chromosomes
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Telomeric DNA Structure

5õ
3õ 5õ

Telomere

Chromosome

Simple repeated DNA 

sequence

Blackburn and Gall, 1978

é and in yeast too

Blackburn and Szostak, 1982; 

Shampay, Szostak and Blackburn 1984               

Tetrahymena thermophila
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The Telomere

ðthe protective cap at every chromosome end 

TTAGGGTTAGGGTTAGGGTTAGGGTTAGG

GAATCCCAATCCC

Protective proteins
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Eventual senescence 

Predicted, if DNA replication alone acts on DNA:

Loss of DNA from the chromosome end

Watson, 1972, Olovnikov, 1971
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DISCOVERY  OF TELOMERASE

Tetrahymena cell extract

Mg++

dGTP + TTP

5ô 3ô OH

SYNTHETIC  TELOMERE  IN  TEST TUBE

T TG T GTGG G GG GT GTGG G G T GTGG G G G

Greider and Blackburn, 1985

Carol Greider, 

UC Berkeley 

ca.1985
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The solution to telomere attrition

Telomerase: a 

telomere-synthesizing reverse transcriptase

Chromosome
Terminus

GGGTTG

protein RNA

Greider and Blackburn, 1985, 1987, 1989

5'
3'
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Cells keep dividing

Most human cancers

With sufficient 

telomerase:

Addition and shortening 

stay balanced
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After a delaySTOP

Human cells: insufficient telomerase
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Human cells: insufficient telomerase

Senescence

Cell malfunctions
- Mitochondrial malfunction 

- pro-inflammatory, tumorigenic factors 

Genomic instability

STOP



mitochondria

TelomereUncapped Telomere!

Telomere damage:

A Vicious Cycle

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

Harvard Medical School OMX SIM microscope

Secreted 

Inflammatory

factors

DNA

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

Senescence Death ?

WHAT CAN SAVE THE CELLS? Telomerase action: 

- Active:  stem cells, germ cell lineages

- Low/none: many normal adult cell types



Genetic 

anticipation
Change in

disease type

Pulm. Fibrosis

Aplastic anemia/Dyskeratosis

congenita

Unique genetics of autosomal dominant 

(haploinsufficiency) telomere syndromes
Repeated

Telomeric DNA

Sequence Mutant hTR or 

hTERT gene



Unique genetics of autosomal dominant 

(haploinsufficiency) telomere syndromes
Repeated

Telomeric DNA

Sequence Mutant hTR or 

hTERT gene

WT*

WT*: Telomere length is NOT 

reset/restored in the next 

generation, despite restoring 

WT genotype

WT * Inherited telomere shortness ALONE causes disease



éand why do we care? 

Impacts of unbalanced telomere maintenance 

in humans



NON-GENETIC GENETIC
Environmental Life events/behavior

Telomere

Attrition

Risks for aging-related diseases
- and mortality

Poor immune function    Cancers     Cardiovascular disease        Diabetes       
Mental/cognitive disorders/depression       

From much research we now know:  



Telomeric DNA Structure

Telomere

Chromosome

Simple repeated DNA 

sequence

Measure telomere length
- e.g., in 100,000 people



The Kaiser Permanente Research Program 

on Genes, Environment, and Health (RPGEH)

GERA cohortï Biospecimens:

Genetic (GWAS) and biomarker  - TELOMERE LENGTH  
data - saliva and DNA collected 2008 ï9   N=100,000

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

ÅComplete since 1995            -- Continuously updated

ï Participant survey and interview data

ÅSociodemographic factors    -- Family history

ÅBehavior

ï Environmental exposure data geographic etc

Environmental exposures 

Cathy Schaefer, PhD, Director.         Neil Risch              Elizabeth Blackburn

Kaiser-Permanente                            University of California, San Francisco
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Cross sectional relationship of mean telomere length 

with age: Nicoya Exceptional Longevity Blue Zone vs. 

Costa Rica population

Rehkopf et al 2013

Nicoya Blue Zone

Costa Rica
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GERA Cohort 

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 mean  

Lapham, Kvale et al, 2015.



Schaefer et, Unpublished 

GERA cohort: Odds of all-causes mortality 

within 3 yrs of telomere measure 

(N=100,000; ages 20 - 95)

Telomere length at this time

was measured

(N= 100,000)

Who had died

within the 3 years

since telomere length

measure

(N= ~ 2,500)

2009 2012

Compare to

Mean Baseline Telomere Length 

Year

time



Copenhagen study: Odds of all-causes mortality 

Mean follow-up time after 

leukocyte telomere measure = 7 yrs.

Telomere length at this time

was measured

(N= 64,637)

Who had died

~ 7 years (mean time)

after telomere length

measure

(N= ~ 7,604)
Compare to

Mean Baseline Telomere Length 

Year 0 = baseline 

time

Rode et al, 2015

Copenhagen study
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Telomere Length decile: 

1 = longest     10 = shortest 



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

Mortality 

Hazard 

Ratio

Multivariate

Adjusted

Decile10 = 
Shortest 

telomeres 
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Multivariate-Adjusted All-cause Mortality Hazard 
Ratios vs. Baseline Leukocyte Telomere Length 
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Rode et al, 2015

Copenhagen 

study

1 = Reference

Telomere  Length 

decile; 

1 = longest         10 = shortest 



Telomerase: Dr. Jekyll AND Mr. Hyde

unlimited
replicative
capacity

finite
replicative
capacity

telomerase
Rb-/ p16-

telomerase /ALT
p53-

other changes



Less

Telomerase;

Telomere Shortness

(genetic and observed)

WORSE

CANCER

RISKS

Over-active 

telomere 

maintenance

(genetic)

eg, Hematological,

squamous cell, 

gastrointestinal

eg, brain, 
melanoma, lung



Supplementary Figure 3.Plot showing effect of telomere score on melanoma risk. 

Here the telomere score is divided into quartiles and melanoma case-control status 

regressed on the resulting categorical variable with the lowest quartile (by telomere 

length) as the baseline. 

Effect on melanoma risk of telomere length score

(= Alleles predicting longer telomeres)

Q1 = 
Shortest

telomeres  

Q4 = 
Longest

telomeres  

Mark M. Iles et al. JNCI 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 regions (and combined result). 

Mark M. Iles et al. JNCI 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


