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August 2010 China National Highway 110 traffic jam, China,  world’s worst traffic jam 
ever….

more than 100 kilometres  from August 14 ‐ 26, inc. at least 11 days of total gridlock.

We are heading for the biggest traffic jam in history

Human Genomics Strategy Group 2011‐12

• Government response 
December 2012December 2012
– 100,000 diagnostic whole 
genomes

– £100 million investment
– NHS Genomics Strategy 
Board
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Functional classification of JDW SNPs

SNP Type Known SNPs Novel SNPs

Missense 8967 2421

Nonsense 44 5

Synonymous 9121 2261Synonymous 9121 2261

UTR 18517 7102

Intron 922048 381924

BRCA1 Amino‐terminal alignment 

Human M - D L S A L R V E E V Q N V I N A M Q K I L E C P I C L E L
Chimp M - D L S A L R V E E V Q N V I N A M Q K I L E C P I C L E Lp Q Q
Gorilla M - D L S A L R V E E V Q N V I N A M Q K I L E C P I C L E L
Orangutan M - D L S A V R V E E V Q N V I N A M Q K I L E C P I C L E L
Rhesus M - D L S A V R V E E V Q N V I N A M Q K I L E C P I C L E L
Mouse M - D L S A V Q I Q E V Q N V L H A M Q K I L E C P I C L E L
Dog M - D L S A D R V E E V Q N V L N A M Q K I L E C P I C L E L
Cow M - D L S A D H V E E V Q N V L N A M Q K I L E C P I C L E L
Opossum M - D L P T V T I E E V K N V L I G M Q K I L E C P I C L E L
Chicken M - D L S V I A I G D V Q N V L S A M Q K N L E C P V C L D V
Frog M - T C S R M D I E G I C S V I S V M Q K N L E C P I C L E L
Pufferfish M - E - - A P T A T D V K K R I S L L W E T L Q C P I C L D L
Sea urchin M A E - - V R L K K I T D S I G L M Q K N L E C S I C L D L
Tunicate M - D - - - - - - N S V L H C L Q Q L Q K V V E C S I C L E T
C elegans M A D - - - V A L R - I T E T V A R L Q K E L K C G I C C S T
Arabidopsis M A D T S H L E R M G R E L K C P I C L S LArabidopsis M A D - - - - - - - - - T S H L E R M G R E L K C P I C L S L

Courtesy of Sean Tavtigian
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Nucleus
Telomere

1. What are telomeres?

Nucleus

Chromosome

An End Is An End
if it´s marked by a 

telomere

TTAGGG

3´

5´

TTAGGG

1‐100kb 6‐15kb 0.2kb

"single 
copy"

sub‐
telomeric

telomeric

Dr Elizabeth Blackburn
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Telomerase counteracts telomere shortening in immortal cells

Telomerase protein
(catalytic subunit)

RNA matrix

( y )

Telomere

ttaggg

Needham BL, Fernandez JR, Lin J, Epel ES, Blackburn EH.
Soc Sci Med. 2012 Jun;74:1948‐51. Epub 2012 Mar 17.

Socioeconomic status and cell aging in children.

70 white and black US children aged 7‐13 from 
community‐based AMERICO (Admixture Mapping
for Ethnic and Racial Insulin Complex Outcomes) 
study.

Compared to children with at least one college‐ed.  
t hild h t tt d dparent, children whose parents never attended

college had telomeres shorter by 1,178 base pairs, 
which is roughly equivalent to 6 years of 
additional aging. 
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Often bump Always bump

How useful is a genetic test?

Your head
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How useful is a genetic test?

Always bump Often bump
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DNA repair
BRCA1

BRCA2 RAD51 Failed DNA repair
BRCA1

DNA pathway repair

BRCA2 BRCA2 RAD51

p53‐p53+

Checkpoint activation

p53 p53

p21 p21
Cell cycle arrest

Unregulated growth
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‘hereditary’ tumour

predisposed tumourpredisposed               tumour

Knudsen’s hypothesis:  tumour develops when both copies of a 
tumour suppressor gene are lost. If one faulty copy is inherited,
any susceptible cell can become malignant with a single allele loss

Lifetime risks of cancer for 
BRCA1/2 carriers

BRCA1: BRCA2:BRCA1:

Breast cancer:   80%

Ovarian cancer:   50%

Fallopian tube cancer

BRCA2:

Breast cancer:    70%

Ovarian cancer:   25%

Bilateral breast cancer

Male breast cancer

Bilateral breast cancer Prostate, pancreatic, 
thyroid, laryngeal, 
gastrointestinal ca
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551 cases of BRCA1 & 2

Women who carry a pathological BRCA 1 or 2 variant 
need to consider prophylactic oophorectomy

when family is complete

259 had oophorectomy versus 292 controls

6 (2.3%) had stage 1 ovarian cancer at operation
2 (0.8%) at 3.8 and 8.6 yrs

56/292 t l (19 9%) d i 8 8 f ll56/292 controls (19.9%) during 8.8 years follow up

Breast cancer rate halved in oophorectomy cases

Rebbeck et al 2002 New England Journal of Medicine

“sporadic” breast cancer

73

II:1 II:2

52

I:1 I:2

II:3

45 For individual: III:1

Heterozygote risk:  1.8%

III:1

30

10 year risk:           0.8%

20 year risk:           2.5%

30 year risk:           4.7%
Lifetime risk (85):  11.0%
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55

familial breast cancer

Individual III 1 at 20
I:1 I:2

II:2

49

II:1 II:3

45

Heterozygote 19%
10 year risk    0.9%
20 year risk    4.4%
30 year risk    9.7%
Lifetime risk    24%

For individual: III:1
Calculated risk of cancer (20
Heterozygote risk:  19.0%

10 year risk:  0.9%
20 year risk:  4.4%
30 year risk:  9.7%

Lifetime risk (85):  24.3%

PARP inhibitors (Invented in Newcastle!)

DNA SSB

DNA replication

BER
PARP

XRCC1

Pol Lig III
You need PARP to
fix DNA breaks

DNA DSB

ATM/R

NBS1MRE11

Rad50BRCA1

H2AX

p

FA core 
complexFANC

D2

fix DNA breaks

If you block it, the cell
Uses a more complicated
Method called Homologous
Recombination

ERCC1
XRCC3

HR repairRad 52/4 RPA

Rad 51 BRCA2

Cells that have lost both copies
Of BRCA1 or BRCA2 can’t do this
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Evidence of activity of an oral PARP inhibitor in 
patient likely to be BRCA mutation carrier

CA125

200

250

300

Young patient, strong 
family Hx breast and 
ovarian cancer

Baseline  Post Cycle 2  Post Cycle 4  Post Cycle 6
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CA125 ovarian cancer

Data Courtesy of Johann de Bono 
and Stan Kaye, Royal Marsden 
Hospital

– Microsatellites are lengths of short repeated 
sequences usually

Microsatellites

sequences usually 

– mononucleotides eg BAT25

tgttttgtttttttgatttttttttttttttttttttttttgagaacagagca

– or dinucleotides eg D5S346

aatttacacacacacacacacacacacacacacagagta



04/07/2013

13

MSS

MSS

BAT26 NR21 BAT25 NR24
MONO27 Normal

pattern

MSI testing with quasimonomorphic 5 marker panel

Normal
MSS

MSS

MSI‐H

pattern

MSI‐H

Genetically

Targeted Trials

1990

•Highly motivated

•Homogeneous

•Under surveillance

•Few needed

Concerted Action Polyp Prevention

Colorectal Adenoma/carcinoma Prevention Programme
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Cancer IncidenceCancer IncidenceCancer Incidence
Kune ‘88Kune ‘88

Rosenberg ‘91Rosenberg ‘91
Suh ‘93 Suh ‘93 –– MalesMales

S h ‘93 F l

0.6

0.5

0.24

0.54 RetrospectiveRetrospective
ProspectiveProspective••

••

NSAIDs Reduce 
Colorectal Carcinogenesis –
Observational Data

Gabriel Kune of Melbourne first reported the association 
of NSAIDs with reduced colorectal cancer risk in 1988

Suh ‘93 Suh ‘93 –– FemalesFemales
Peleg ‘94Peleg ‘94

Schreinemachers ‘94Schreinemachers ‘94
Giovannucci ‘94Giovannucci ‘94
Giovannucci ‘95Giovannucci ‘95

PaganiniPaganini--Hill ‘89, ‘91, ‘95Hill ‘89, ‘91, ‘95
LaVecchia ‘97LaVecchia ‘97

Sturmer ‘98Sturmer ‘98
NeugutNeugut ‘98‘98
Bucher ‘99Bucher ‘99

Garcia Rodriguez ‘01Garcia Rodriguez ‘01
Peleg ‘96Peleg ‘96

Muscat ‘94 Muscat ‘94 –– FemalesFemales
Muscat ‘94 Muscat ‘94 –– MalesMales

Müller ‘94Müller ‘94
Pinczowski ‘94Pinczowski ‘94

Bansal ‘96Bansal ‘96
Reeves ‘96Reeves ‘96

0.25

0.50

0.38

0.65

0.32 

0.84

0.64

0.45

0.54

0.08

0.7

0.32

0.74

0.68

0.56

1.5

1.07

RetrospectiveRetrospective••

Reeves 96Reeves 96
Rosenberg ‘98Rosenberg ‘98

Smalley ‘99Smalley ‘99
Collett Collett ‘99‘99

Langham Langham ‘00‘00
00 11 22

Estimated Relative RiskEstimated Relative Risk

0.70

0.49

0.57

0.76

Hawk, et al. Epidemiology & Hawk, et al. Epidemiology & 
Prevention of Colorectal Prevention of Colorectal 
Cancer, 2001Cancer, 2001

UK
Aberdeen, Edinburgh, Glasgow, Newcastle, Leeds

Sheffield, Manchester, Liverpool, Birmingham, Cardiff, 
Belfast,Oxford, Bristol, St Marks, St Georges, Guys-London

Rest of Europe
Finland, Sweden, Denmark, Germany,
Belgium, Poland, Netherlands, France, 

H S i l d P l S i I l

43 CAPP2 recruiting centres

Toronto

Hong Kong

Belfast,Oxford, Bristol, St Marks, St Georges, Guys London
Southampton, Exeter, Guildford, Worthing, 

Hungary, Switzerland,Portugal, Spain, Italy

Sao Paulo
Cape Town

Australia
Melbourne
Brisbane
Newcastle

Perth
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December 11th

2008;359:2567‐2578
CAPP2: 1009 Lynch 
syndrome recruits

Gail
Barker

Anne‐Marie
Gerdes

Julie
Coaker

Lynn
Reed

Tim                  John
Bishop         Mathers

600mg aspirin for up to 4 yrs had no effect

People who took part in the early cardiovascular 
aspirin trials had fewer colorectal cancers 10 

years later

10%UK‐TIA 
Aspirin Trial

Log rank p=0.003

2%

4%

6%

8%

No treatment

Aspirin

Aspirin Trial
1979 ‐ 1985
Charles Warlow

British Doctors 

0 5 10 15 20 25 30

0%

Length of follow‐up (years)

Flossman and Rothwell  Lancet 2007

Aspirin Trial
1978 – 1984
Richard Doll 
& Richard Peto
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Intention to treat analysis of colorectal cancers 
in CAPP2 follow‐up

Small nos.
Wide CI

(HR) of 0.63 (95% CI 0∙35‐1∙13 p=0∙12). 
Poisson regression  Incidence Rate Ratio 
(IRR) of 0∙56 (CI 0∙32‐0∙99 p=0∙05).

CAPP2 primary endpoint

“ The number, size and stage of colorectal 
ft i i f 2cancers after a minimum of 2 years 

treatment”
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CAPP2: Per protocol analysis (primary endpoint CRC after 2 years 
treatment)  significantly fewer colorectal cancers [Burn et al Lancet 

2011 pub online 27th Oct]

HR 0.41 (0.19‐0.86) p = 0.02
IRR 0.37 (0.18‐0.78) p= 0.008

A i i / l b kAspirin/placebo taken..

CAPP2 per protocol analysis
All Lynch syndrome cancers

HR  0.45 (0.26‐0.79)p= 0.005
IRR 0.42 (0.25‐0.72)p=0.001

/ l b kAspirin/placebo taken..
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600mg aspirin/day for 2 yrs reduced
Lynch syndrome cancers at 5 yrs

by over 60%

Lancet volume 378  December 11th 2011

CAPP2 follow up data May 2013

40

45/434

30

10

20

25/427No.

6yrs 12 yrsrandomised

Primary colorectal cancers
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Aspirin prevents cancer: proving the obvious
• The cost of DNA sequencing has 

fallen 100,000 fold in a decade
• Achieving clinical utility remains a 

challenge
– Telomeres and repeats
– Variants of uncertain significance
– Gene gene and gene environment 

interactioninteraction

• BRCA1 and 2 and tp53 predispose 
to very early breast cancer. PARP 
inhibitors promise specific therapy

• Mismatch repair gene defects 
predispose to colorectal and 
endometrial cancers.  

• 600mg aspirin/day for 2 yrs 
reduced hereditary colon cancers reduced hereditary colon cancers
at 5 yrs by 63%

• All people with familial cancer 
should be advised to consider 
aspirin.  CAPP3 will compare 
different doses of aspirin in Lynch 
syndrome

• AND THE TREE HOUSE?


