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Epigenetic alterations in 

Prostate cancer: overview

ÅEpigenetic mechanisms and Cancer

ïDNA methylation

ïHistone modifications / chromatin remodeling

ïmicroRNAs

ÅEpigenetic alterations in Prostate cancer

ÅCrosstalk between genetic and epigenetic 

mechanism in Prostate cancer

ÅEpigenetic biomarkers for Prostate cancer 

management



Epigenetic mechanisms and Cancer

Epigenetics: heritable changes in gene expression and chromatin

organization that are not encoded in the genomic DNA itself.



GONZALGO et al. J UROL, 2003

Cytosine methylation in CpG: Cytosine phosphate Guanine

DNA methylation



CpG islands

ÅCluster of CpG dinucleotides in small stretches of DNA 

(0.5- 4 kb in length), usually > 60% GC content.

Å80 % of CpG in genome are not associated with CpG 

islands

ÅAccording to computer prediction by bioinformatics, there 

are at least 20,000 CpG islands: 

~ 60 % in promoter region, 

~ 30 % in coding sequences, 

~ 10 % in other region.

DNA methylation



GONZALGO et al. J UROL, 2003

DNA methylation and Cancer



The list of genes that are found to be

inactivated by DNA methylation events is 

growing rapidly

Esteller, 2007

DNA methylation and Cancer
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Histone Modifications

ñThe histone code,òacts as a layer of epigenetic 

regulation of gene expression affecting chromatin 

structure and remodeling



Histone Modifications

Herranz & Esteller, 2007
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McCabe et al., 2009

DNA methylation & histone 

modification patterns are 

altered in Cancer



Ivorio et al., 2009

ÅMicroRNAs (miRNAs)

are a family of 21ï25

nucleotide non-coding

RNAs

ÅThey negatively regulate

gene expression at the

post-transcriptional level

in a sequence-specific

manner:

ïTranslational repression

ïmRNA cleavage

microRNAs (miRs)



microRNAs (miRs)

Å~ 700 miR discovered in humans 

ÅmiRNA may be located either within the introns or 

exons of protein-coding genes (70%) or in 

intergenic areas (30%)

Å~ 30% of human genes are regulated by miRNA

ÅA single miRNA can regulate dozens of transcripts 

ÅA transcript may be a target of several miR



microRNAs & Cancer

ÅRole of miRNAs in carcinogenesis 

Calin et al., 2007



microRNAs & Cancer

Garzon et al., 2006

ÅMechanisms of miRNAs deregulation 



Genetics and Epigenetics



GONZALGO et al. J UROL, 2003

The clonal genetic model of cancer

The epigenetic progenitor model of cancer

Genetics and Epigenetics



Epigenetic alterations in Prostate 

cancer: DNA methylation

Li and Dahiya, 2007



Advantages of DNA methylation as a Cancer 

biomarker:

ÅEasy to screen, because it is localized in a particular 

region of the gene

ÅIt is a positive signal that is less likely to be masked

through contaminant normal DNA 

ÅMore stable and more easily manipulated than RNA

ÅRequires very small amounts of DNA

ÅIt requires low amounts of DNA, suitable for several types 

of biological fluids and biopsy samples as serum/plasma, 

urine, bronchoalveolar lavage fluid, saliva, sputum, ductal 

lavage fluid and fine-needle aspirates

DNA methylation as a 

Prostate cancer biomarker



DNA methylation as a 

Prostate cancer biomarker



DNA methylation as a 

Prostate cancer biomarker



DNA methylation as a 

Prostate cancer biomarker



To be useful for prostate 

cancer screening, testing for 

GSTP1 hypermethylation 

must be feasible in body 

fluids (urine & plasma/serum)



Multigene methylation analysis enhances the rate of cancer detection, 

maintaining high specificity and positive predictive value, and increases the 

negative predictive value of the assay



Disease-free survival 

- Clinical stage

- Serum PSA levels

- Gleason score

-High-methylation levels 

of APC, GSTP1, and 

RASSF1A

Disease-specific 

survival 

- Clinical stage

- High-methylation levels 

of APC

DNA methylation as a 

Prostate cancer biomarker



Clinical stage and APC high-methylation levels 

are independent predictors of outcome

DNA methylation as a 

Prostate cancer biomarker



Epigenetic alterations in Prostate 

cancer: Histone modifications

ÅOverexpression of enzymes involved in 
the modification of histone tails:

ïHDAC1 (histone deacetylase 1)
ÅGlobal deacetylation

ïEZH2 (enhancer of zeste homolog 2)
ÅHistone-lysine N-methyltransferase (H3K27me3)

ÅMember of the Polycomb group family

ïLSD1(lysine-specific demethylase 1)
ÅRemoves methyl groups from H3K4

Associated with aggressive forms of Prostate cancer



ÅH3K18Ac was associated with relapse-free 

survival

ÅH3K18Ac levels were independent predictors 

of PSA relapse

ÅPrognostic value of histone modifications, 

especially H3K18Ac, were largely confined to less-

aggressive or early-stage cancers, including low 

Gleason score prostate cancer

Epigenetic alterations in Prostate 

cancer: Histone modifications



ÅEZH2 mRNA and protein are

increased in metastatic prostate

cancer

ÅClinically localized prostate cancers

that express higher levels of EZH2

have a poorer prognosis

n = 1023 

Epigenetic alterations in Prostate 

cancer: Histone modifications



Epigenetic alterations in Prostate 

cancer: Histone modifications

ÅIncreased EZH2 was significantly

associated with a higher Gleason

score and a shorter progression-free

survival

ÅEZH2 is a potential prognostic

biomarker in PCa patients submitted

to radical prostatectomy



Epigenetic alterations in Prostate 

cancer: miRNAs

Catto et al., 2011


