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Cancer biomarkers  

¶ Tissue, single cells 

¶ Blood (plasma, serum)  

¶ Other biological fluids 

Important biological substances serving as biomarkers 

¶ Proteins, peptides (expression, function) 

¶ Lipids (expression, function) 

¶ Carbohydrates (expression, function) 

¶ DNA (mutation/deletion, methylation) 

¶ RNA (expression) 



Utility of cancer biomarkers 

¶ Screening for cancer 

¶ Diagnosis of cancer disease 

¶ Monitoring cancer disease 

¶ Prognosis of cancer disease 

¶ Therapy response prediction 

¶ Therapeutic target 

¶ Prediction of therapy side effects 

¶ Pharmacokinetics 

¶ Molecular imaging 



Cancer biomarkers are useful tools to 

identify low- versus high-risk breast 

cancer patients 
 



What tests are currently in clinical use to 

assess risk of breast cancer patients to  

 

 
× develop disease recurrence (metastasis) 

 

× to die earlier than  normal 

 

× to respond/fail to therapeutic cancer drugs ?  



Product Substance tested Provider Number of 
proteins/ 
genes tested 

Application for Complexity 

H&E-stain 
Immunohistochemistry 
FISH 

Protein, DNA 
Protein 
DNA 

Pathology 
institutes 

variable Grading, Prognosis low 
medium 
medium 

OncoType DX mRNA, FFPE 
 

GenomicHealth 21 Prognosis high 

MammaPrint mRNA, fresh 
 

Agendia 70 Prognosis high 

Rotterdam signature mRNA, fresh Veridex 76 Prognosis 

Genomic Grade 
(MapQuant) 

mRNA, fresh Ipsogen 
(Qiagen) 

97 Grading high 

Breast Cancer Index mRNA, fresh bioTheranostics 2 Prognosis high 

EndoPredict mRNA, FFPE Sividon 11 Prognosis 
 

high 

uPA/PAI-1 Protein, fresh American 
Diagnostica 

2 Prognosis medium 

PSA-T DNA, fresh, FFPE Not 
commercialized 
 

1 Prognosis 
Therapy response  
 

medium 

PITX2 DNA, fresh, FFPE Not 
commercialized 

1 Prognosis 
Therapy response  

medium 



The epigenetic code 

Chromosome 

Histones 

Histone tails 

Me 

Me 

Me 

Me 

Histone modification  

A combination of different molecules can attach to the 

tails of proteins called histones. These alter the 

activity of the DNA wrapped around them 

DNA-methylation  

Methyl marks added to DNA base cytosine in CpG 

islands repress gene activity 



Covalent modification of cytosine 
catalyzed by DNA-methyltransferases 

5-Methylcytosine: DNAós 5th base 

Cytosine 

CH3 

5-Methylcytosine 



Me 

Me 

Me 

Me 

Me 

Me 

1-500 ng DNA 

plus HSO3
- 

ωQIAamp DNA Mini Kit 
ωQIAamp DNA FFPE Tissue Kit 

Extraction of DNA from breast cancer tissue 

Workflow 



Personalized cancer medicine: Putting epigenetics into focus 

Next generation sequencing  

Illumina/Solexa ï Abi SOLID - Helicos  

Massively parallel sequencing 

454 / Roche 

Fixed tissue libraries 

 

EPIGENOMIC 

PROFILING 

Biological 

characterization, basic 

understanding of 

molecular mechanisms 
 
 
 
PERSONAL MEDICINE 

Tumor classification, 

outcome prediction,  

therapy response 

prediction 

acetylated  
or  
methylated 

RNA 
 
 
 
 
ChiP 
 
 
MeDIP 
 

CpG 
islands 

Regulatory 
 

DNA 

TMA 



Aim:  
 

Evaluation of the risk profile of a  

breast cancer patient to  

übe afflicted with metastases (prognosis) 

üRespond/ fail to treatment with anti-cancer drugs  

 (endocrine therapy and/or chemotherapy) 
 

Å In the adjuvant setting after primary surgery or  

Å In the palliative setting (after disease recurrence) 

DNA-methylation marker 
Different from mRNA or 
protein: very robust!!  

CH3 CH3 

CH3 CH3 CH3 CH3 

hypermethylated 

 

hypomethylated 

 

normal 



Palliative setting 

PSAT-1 
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Hypermethylated CpG dinucleotide 

 

 

Hypomethylated CpG dinucleotide 



Phosphoserine aminotransferases catalyze the conversion of O-phos-

pho-L-serine and oxoglutarate to 3-phosphono-oxypyruvate and L-

glutamate in the major phosphorylated serine biosynthesis pathway.. 

PSA-T1: Phosphoserine aminotransferase-1 



Progression-free survival curves as a function of PSA-T1 mRNA and DNA methylation status 
 
Kaplan-Meier PFS curves after start of tamoxifen treatment based on PSAT1 mRNA expression (A) or 
DNA methylation (B) are shown for patients in which PSAT1 mRNA levels were available (n = 111).  
 
The patients in this subgroup had a median age of 57 years, were mostly postmenopausal (66%), and 
showed in 49.6% of the cases clinical benefit to tamoxifen therapy.  
 
The patients are dichotomized using median mRNA and DNA methylation levels. Survival curves 
were generated and the significance between the subgroups calculated. The numbers below the x-
axis are the number of patients at risk in each group at the indicated time points of 0, 12, 24, and 36 
months. 

mRNA DNA 



Adjuvant setting 

PITX2 



DNA-methylation status of the homeodomain transcription factor PITX2 reliably 
predicts risk of distant disease recurrence in tamoxifen-treated, node-negative breast 
cancer patients - technical and clinical validation in a multicenter setting in 
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