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Biomarker Type Source Assay Clinical Use

ER and PR Protein
Breast 
Tumour

IHC
Prognosis and 
selection of therapy

HER2/NEU Glycoprotein
Breast 
Tumour

IHC
Prognosis and 
selection of therapy

HER2/NEU Glycoprotein Serum ELISA Monitoring

HER2/NEU DNA
Breast 
Tumour

FISH
Prognosis and 
selection of therapy

Cytokeratins Protein
Breast 
Tumour

IHC Prognosis

CA15-3 Glycoprotein Serum ELISA Monitoring

CA27-29 Glycoprotein Serum ELISA Monitoring

MammaPrint DNA microarray
Fresh 
frozen 
tissue

DNA 
microarray

Prognosis

Oncotype DX DNA  microarray
FFPE 
tissue

RT PCR Prognosis

Biomarkers in Breast Cancer
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Carey et al. JAMA (2006)

Sorlie et al. PNAS (2002)

IHC Surrogate of Gene 
Expression Profiles

Nielsen et al. Clin. Cancer Res. (2004)
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1.  Biomarker discovery using DNA microarray 
datasets 

2.  Specificity assessment

3.  IHC optimization

4.  Optimisation on TMA

6. Image 
analysis 

years
s
u
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a
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5. Validation
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253 genes 
submitted

40 genes DCIS-Invasive 
(Ma et al., 2003; 

Wulfkuhle et al., 2002)
30 genes van’t Veer 
re-analysis 
(O'Brien et al., 2007)

70 genes invasion-
associated 
(Hughes et al., 2007)

87 genes 
identified by 

microarray 
(van’t Veer et 

al., 2002)

23 genes meta-
analysis of multiple 

microarrays 
(Shen et al., 2004)
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From DNA to Tissue Arrays

O’Brien SL et al. Int J Cancer, 120(7), 1426-1435 (2007)
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Human Protein Atlas webshot
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Swedish Human Proteome Resource 
Antibody Production
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253 genes 
submitted

40 genes DCIS-Invasive 
(Ma et al., 2003; 

Wulfkuhle et al., 2002)
30 genes van’t Veer 
re-analysis 
(O'Brien et al., 2007)

70 genes invasion-
associated 
(Hughes et al., 2007)137 genes in 

production

137 genes in 
production

87 genes 
identified by 

microarray 
(van’t Veer et 

al., 2002)

23 genes meta-
analysis of multiple 

microarrays 
(Shen et al., 2004)

32 antibodies 
undergoing 
validation
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• Breast tumours were collected and the TMA generated 
at Malmo University Hospital, Sweden

• Tumours come with extensive clinicopathological data, 
e.g. response to tamoxifen treatment

Breast Cancer TMAs

1.6mm

Duplicate Cores

O’Brien SL et al. Int J Cancer, 120(7), 1426-1435 (2007) 

Brennan DJ et al. Clin Cancer Res., 12(21), 6421-6431 (2006)
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Work in Progress
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PDZK1 Staining Correlates with ER Positivity
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POSITIVE NEGATIVE

PDZK1

ESTROGEN
RECEPTOR

P=0.041
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Biology of PDZK1

• Estrogen-responsive gene

• BGA “Good Prognosis” list 

• Signal transduction, cell 
polarity, ion channel gating

• Role in breast cancer? 

• Physiological response to 
estrogen

Ghosh M et al. Cancer Research (2000)
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??????Association between PDZK1 expression and breast 
cancer specific survival

3+ 2+ 1+ 0

PDZK1 Expression Associated with 
improved breast cancer specific survival
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Summary

• Biomarker validation continues to lag behind 
discovery

• Re-analysis of publicly available DNA microarray 
datasets can be cost-effective method for 
candidate biomarker selection/prioritisation

• Good quality TMAs can be used to validate both 
prognostic and predictive biomarkers

• Digital slide scanning/TMA technology will help to 
accelerate the validation process
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