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Breast Cancer

Breast cancer is the most common cancer in the UK 

In 2007 in the UK almost 45,700 women were diagnosed with breast 
cancer (125 women/day)

8 in 10 breast cancers are diagnosed in women aged 50 and over.



Breast Cancer

Almost 2 out of 3 women with breast cancer now survive their 
disease beyond 20 yearsdisease beyond 20 years

In the 1970s around 5 out of 10 breast cancer patients survived the 
disease beyond five years. Now it's 8 out of 10

9 out of 10 of women diagnosed with stage I breast cancer survive g g
the disease beyond five years. 

This drops to around 1 out of 10 diagnosed with stage IVThis drops to around 1 out of 10 diagnosed with stage IV 



Breast Cancer

Breast cancer subtypes

• ER‐, HER2‐, PR‐ (triple negative)
• ER‐, HER2+ tumors,
• ER+, HER2+ tumors
• ER+, HER2‐, PR+ tumors; ductal‐type
• ER+ HER2 PR tumors; ductal type• ER+, HER2‐, PR‐ tumors; ductal‐type
• Invasive lobular carcinoma
• “Rare” histological special types



International Cancer Genome Consortium 
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International Cancer Genome Consortium 
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Variants under investigation

b b tit tibase substitutions
insertions, deletions
copy number changes
Translocations
other chromosomal rearrangements



Intragenic Variants

Sanger sequencing
Candidate genes small nos of samplesCandidate genes, small nos. of samples



Intragenic Variants

Illumina exome sequencing
All genes large nos of samples (recurrence)All genes, large nos. of samples (recurrence)
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Intragenic Variants

Illumina exome sequencing
All genes large nos of samplesAll genes, large nos. of samples
Higher sensitivity
Acquire all variants simultaneouslyAcquire all variants simultaneously
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Samples screened

Sporadic breast cancer

28 breast cancer primary tumours [SOMATIC] [GERMLINE]

3 breast cancer cell lines [SOMATIC]



Exome Resequencing

SureSelect
Solution Capture



Sanger SureSelect Exome

Reference Genome
120 bp ‘baits’

Gene

21,416 Protein Coding Genes, g
1664 miRNA’s

50 3 Mb target50.3 Mb target



SureSelect Protocol



Genomic DNA
5ug

Fragment
(C i )

5ug

(Covaris)

1.5 ug

Ligate adapters
(Library)

0.5 ug

Hybridise

PCR

Elute and amplify

PCR

14 cyclesp y y



Paired‐end sequencing

ACCCCCATTACTAGCCGTTT

TACTCTATCTCGCTAGCTAC

76bp

76bp



Performance Metrics



Sanger SureSelect Exome

Gene
Reference Genome

120 bp ‘baits’

Gene

unmapped
duplicate
uniquely map (off target)
uniquely map (on target)



Performance Metrics

Gene
Reference Genome

120 bp ‘baits’

Gene

1.32 

0.98 unmapped
duplicate

1.46 uniquely map (off target)

i l   (  t t)5.41 

PD3999a_3

uniquely map (on target)



Sequence Metrics
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Coverage Metrics
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Gbrowse:PIK3CA

GC EffectGC Effect



GC Effect
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Variant Detection

Caveman: Substitutions

Pindel: Insetions/Deletions



Variant Detection: Specificity



Caveman: Specificity
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Caveman: Specificity

CTTAGCGGTAGCCCCTTGGTTTCCGTGGCAACGGAAAATTGCGCGGGAGCGGTAGCCCCTTAAATTAGCGGTAGCCCCTTAAACTGCGGCGGGCATTAGCATAGCATGATAGCCCCT

CTTAGCGGTAGCCCCTTGGTTTCCGTGGCAACGGAAAATGGCGCGGGAGCGGTAGCCCCTTAAATTAGCGGTAGCCCCTTAAACTGCGGCGGTAGCCCCTCTTAGCGGTAGCCCCTTGGTTTCCGTGGCAACGGAAAATGGCGCGGGAGCGGTAGCCCCTTAAATTAGCGGTAGCCCCTTAAACTGCGGCGGTAGCCCCT

CTTAGCGGTAGCCCCTTGGTTTCCGTGGCAACGGAAAATGGCGCGGGAGCGGTAGCCCCTTAAATTAGCGGTAGCCCCTTAAACTGCGGCGGTAGCCCCT

CTTAGCGGTAGCCCCTTGGTTTCCGTGGCAACGGAAAATGGCGCGGGAGCGGTAGCCCCTTAAATTAGCGGTAGCCCCTTAAACTGCGGCGGTAGCCCCT

CTTAGCGGTAGCCCCTTGGTTTCCGTGGCAACGGAAAATTGCGCGGGAGCGGTAGCCCCTTAAATTAGCGGTAGCCCCTTAAACTGCGGCGGTAGCCCCT

CTTAGCGGTAGCCCCTTGGTTTCCGTGGCAACGGAAAATTGCGCGGGAGCGGTAGCCCCTTAAATTAGCGGTAGCCCCTTAAACTGCGGCGGTAGCCCCT

CTTAGCGGTAGCCCCTTGGTTTCCGTGGCAACGGAAAATGGCGCGGGAGCGGTAGCCCCTTAAATTAGCGGTAGCCCCTTAAACTGCGGCGGTAGCCCCT

CTTAGCGGTAGCCCCTTGGTTTCCGTGGCAACGGAAAATGGCGCGGGAGCGGTAGCCCCTTAAATTAGCGGTAGCCCCTTAAACTGCGGCGGTAGCCCCT

CTTAGCGGTAGCCCCTTGGTTTCCGTGGCAACGGAAAATGGCGCGGGAGCGGTAGCCCCTTAAATTAGCGGTAGCCCCTTAAACTGCGGCGGTAGCCCCT

CTTAGCGGTAGCCCCTTGGTTTCCGTGGCAACGGAAAATTGCGCGGGAGCGGTAGCCCCTTAAATTAGCGGTAGCCCCTTAAACTGCGGCGGTAGCCCCT

CTTAGCGGTAGCCCCTTGGTTTCCGTGGCAACGGAAAATGGCGCGGGAGCGGTAGCCCCTTAAATTAGCGGTAGCCCCTTAAACTGCGGCGGTAGCCCCT

CTTAGCGGTAGCCCCTTGGTTTCCGTGGCAACGGAAAATTGCGCGGGAGCGGTAGCCCCTTAAATTAGCGGTAGCCCCTTAAACTGCGGCGGTAGCCCCT

•Quality score of variant bases

•Position of variant bases within 76bp read

•Representation of variant bases on both strands



Post‐Processing: Base q Score
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Caveman: Specificity
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Caveman: Specificity
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Variant Detection: Sensitivity

Normal

Tumour
HCC38

HCC1187

HCC1599
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Variant Detection: Sensitivity
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Novel Substituions
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Germline Variants in Known 
Cancer Genes

28 Sporadic breast cancer cases
CHEK2: W411X
BRCA2: del4bp
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Somatic Variants in Known
Cancer Genes



Sample PIK3CA TP53 Other
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Novel Somatic Variants

638 Confirmed Somatic Subs

38 Confirmed Somatic InDels



Novel Somatic Variants
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Summary

Exome resequencing has proven to be robust and effective for 
somatic variant detectionsomatic variant detection

Candidate genes are being followed up in additional breast cancer 
cases

Many additional breast cancer whole exomes are being processedMany additional breast cancer whole exomes are being processed

Applying protocol to additional cancer types
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