
ΜΑΘΗΜΑ :ΚΛΙΝΙΚΗ ΧΗΜΕΙΑ

Molecular Oncology

A: introduction

Ε. Λιανίδου, Kαθηγήτρια, 

Εργαστήριο Αναλυτικής Χημείας, Τμήμα Χημείας, Πανεπιστήμιο Αθηνών



Evi S. Lianidou, PhD

Professor, University of Athens, Greece

lianidou@chem.uoa.gr



International Agency for 

Research on Cancer (IACR)

http://www.iarc.fr/en/publica

tions/books/wcr/index.php



Estimated cancer incidence, mortality and Prevalence worldwide, in 2012, 

source: http://globocan.iarc.fr/Pages/fact_sheets_population.aspx

http://globocan.iarc.fr/Pages/fact_sheets_population.aspx


Estimated cancer incidence, mortality and Prevalence worldwide, in 2012, 

source: http://globocan.iarc.fr/Pages/fact_sheets_population.aspx

Both sexes

http://globocan.iarc.fr/Pages/fact_sheets_population.aspx


Estimated cancer incidence, mortality and Prevalence worldwide, in 2012, 

source: http://globocan.iarc.fr/Pages/fact_sheets_population.aspx

http://globocan.iarc.fr/Pages/fact_sheets_population.aspx


Tumor biomarkers – FDA approved

Ludwig and Weinstein, Nature Rev Cancer, Nov 2005, pg 845-856



FDA approved tumor biomarkers



Prostate cancer: novel PSA assay, 

FDA cleared 2012



Prostate cancer: novel PAC3 assay, 

FDA cleared 2012



Prostate cancer: Circulating Tumor Cells



• Πολλές ομάδες χρησιμοποιούν διαφορετική στρατηγική για την ανακάλυψη νέων 

δεικτών καρκίνου

FDA cleared novel tumor biomarkers

Simply Google: 

FDA approved cancer diagnostic tests!!!!!!



• Πολλές ομάδες χρησιμοποιούν διαφορετική στρατηγική για την ανακάλυψη νέων 

δεικτών καρκίνου

But how are novel tumor biomarkers

Identified in our new genomics era???





The Hallmarks of Cancer, 

D. Hanahan, Bob Weinberg, 

Cell, 2000

The Hallmarks of Cancer, 

D. Hanahan, Bob Weinberg, 

Cell, 2011



The Hallmarks of Cancer, 10 years after!!!



The Hallmarks of Cancer, 10 years after!!! What is new???



The Hallmarks of Cancer, 10 years after!!! What is new???

The emerging role of the cells of the tumor microenviroment



Therapeutic targeting of the hallmarks of Cancer



Molecular tumor biomarkers



Tirgu Mures, 

















Ludwig and Weinstein, Nature Rev Cancer, Nov 2005, pg 845-856

Clinical applications of molecular tumor biomarkers: 
breast cancer



•Discovered in 1990 

(Hall J M, et al)

•Cloned and sequenced in 1994

• (Miki, et al)

17q21-q17

(Narod SA, et al 1991)

BRCA1

BRCA2

•Discovered in 1995 

(Wooster R, et al)

Cloned and 

sequenced in 1996  

(Wooster R, et al) 

13q12-q13

(Wooster R, et al)



BRCA1 mutations

breast and ovarian cancer



BRCA1 mutations

breast and ovarian cancer

Μεταλλάξεις σε όλη την περιοχή του  γονιδίου  BRCA1 έχουν βρεθεί σε οικογένειες  με  

ιστορικό κληρονομούμενου καρκίνο  μαστού.

Το γονίδιο έχει υψηλή  διεισδυτικότητα  και ευθύνεται  για   την   πλειοψηφία  των  

περιπτώσεων (45%)  κληρονομούμενου  καρκίνου  του  μαστού.



most recent Case of 

„personalized Medicine“

m.neumaier (ikc@umm.de)

A) regular Diagnosis for Carriers of a hereditary Breast Cancer Risk 

B) stratified Therapy on a Knowledge Basis





Causes of Hereditary Susceptibility to Breast Cancer
Contribution to

Gene Hereditary  Breast Cancer

BRCA1                                    20-40%

BRCA2                                    10-30%

TP53                                          <1%

PTEN                                         <1%

Undiscovered genes ????      30-70%



BUT!!! new genes are discovered!



Causes of Hereditary Susceptibility to Breast Cancer- new 

genes discovered!



The new era in tumor biomarkers 

• From one gene to thousands

• DNA microarrays technology

• Next Generation Sequencing (NGS)

technologies

• Molecular targeted therapy - Companion

Diagnostics

New FDA cleared tumor biomarker assays



Main steps towards tumor biomarker discoveries

Ludwig and Weinstein, 
Nature Rev Cancer, Nov 
2005, pg 845-856



Nature, 406, 747-752, 2000



luminal/ER

Erb-B2

overexpression 

cluster

basal 

cluster

basal 

cluster



Predicting disease outcome by using 

complex gene expression tests

L. Vant Veer et al, NATURE, 

Vol 452, 3 April 2008|



Gene expression profiling predicts clinical outcome  of breast cancer

L. Van’t Veer et al, Nature, 415, 530, 2002.



A gene expression signature as a predictor of survival in breast cancer.

M. Van de Vliver, L. Van’t Veer et al, NEJM, 347, 1999-2009, 2002.



A gene expression signature as a predictor of survival in breast cancer.

M. Van de Vliver, L. Van’t Veer et al, NEJM, 347, 1999-2009, 2002.



A gene expression signature as a predictor of survival in breast cancer.

M. Van de Vliver, L. Van’t Veer et al, NEJM, 347, 1999-2009, 2002.



FDA approved: Mammaprint assay



Mammaprint assay, FDA cleared





Oncotype assay, based on multiplex PCR from FFPEs tissues

Breast cancer, colorectal cancer



Nature. Aug 22, 2013; 500(7463): 415–421



The new era in tumor biomarkers: Signatures of mutational 

processes in human cancers 
• All cancers are caused by somatic mutations

• Understanding of the biological processes generating these mutations is limited.

• The catalogue of somatic mutations from a cancer genome bears the signatures of the

mutational processes that have been operative.

• M. Stratton’s group analyzed 4,938,362 mutations from 7,042 cancers and extracted more

than 20 distinct mutational signatures.

• Some are present in many cancer types, notably a signature attributed to the APOBEC family

of cytidine deaminases, whereas others are confined to a single class.

• Certain signatures are associated with age of the patient at cancer diagnosis, known

mutagenic exposures or defects in DNA maintenance, but many are of cryptic origin.

Nature. Aug 22, 2013; 500(7463): 415–421



The new era in tumor biomarkers: Signatures of mutational 

processes in human cancers 

• In addition to these genome-wide mutational signatures, hypermutation localized to small

genomic regions, “kataegis”(in Greek means: storm!!) is found in many cancer types.

• The results reveal the diversity of mutational processes underlying the development of cancer

with potential implications for understanding of cancer etiology, prevention and therapy.

Nature. Aug 22, 2013; 500(7463): 415–421



11 different signatures of mutational 

processes in human cancers 

Nature. Aug 22, 2013; 500(7463): 415–421



The new era in tumor biomarkers 
Nature. Aug 22, 2013; 500(7463): 415–421



The new era in tumor biomarkers 

Nature. 2013 May 2; 497(7447): 67–73



somatic copy alterations in endometrial carcinomas

Nature. 2013 May 2; 497(7447): 67–73



mRNA and protein expression heat maps in endometrial carcinomas

Nature. 2013 May 2; 497(7447): 67–73



pathway alterations in endometrial carcinomas

Nature. 2013 May 2; 497(7447): 67–73



the cancer genome atlas!!! 

http://cancergenome.nih.gov/
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Web links for TCGA:

• http://www.cbioportal.org/ (cBioPortal for cancer genomics)

• https://genome-cancer.ucsc.edu/proj/site/hgHeatmap/ (UCSC cancer 

genomics Browser)

• https://dcc.icgc.org/ (international cancer genome consortium data portal)

More data: 

 http://cancer.sanger.ac.uk/cosmic/browse/genome (catalogue of somatic 

mutations in cancer genome browser)

 http://www.intogen.org/search (integrative oncogenomics)

http://www.cbioportal.org/
https://genome-cancer.ucsc.edu/proj/site/hgHeatmap/
https://dcc.icgc.org/
http://cancer.sanger.ac.uk/cosmic/browse/genome
http://www.intogen.org/search

