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Targeting Epigenetics in 
Hematological Malignancies



Heritable change in 
pattern of gene 

expression mediated by 
mechanisms other than 
alterations in primary 
nucleotide sequence 

Epigenetics

“The difference between genetics and epigenetics can probably be compared to the difference
between writing and reading a book. Once a book is written, the text (the genes or DNA:
stored information) will be the same. However, each individual reader of a given book may
interpret the story slightly differently. In a very similar manner, epigenetics would allow
different interpretations of a fixed template (the book or genetic code) and result in different
read‐outs, dependent upon the variable conditions under which this template is interrogated.”

Thomas Jenuwein (Vienna, Austria)



Epigenetics



Dysregulation of epigenetic processes ‐> Disease development
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Epigenome and Epigenetic Mechanisms

The epigenome regulates gene 
expression patterns, in other 
words, what genes need to be 
silenced or expressed in a cell
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Histone 
Modifications

Nucleosome
remodelling

Non coding RNAs



DNA Methylation

 Best characterized epigenetic event

 Methylation occurs in a cytosine‐containing nucleotides that are immediately followed 
by guanine‐containing nucleotides (CpG regions)

 CpG regions in 60% of promoters

 Usually associated to gene silencing 

 More frequent that tumor suppresor gene mutations



Esteller M, Nature Reviews Genetics 8, 286‐98 (2007) 

DNA Methylation and Normal Cell

 X chromosome inactivation

 Silencing of repetitive sequences

 Chromatin organization

 Tissue specific methylation

 Imprinting 



Esteller M, Nature Reviews Genetics 8, 286‐98 (2007) 

DNA Methylation and Cancer



Regulation of DNA Methylation

DNMT3L and DNMT2



Enzymes involved in DNA modification

Trends in Genetics 2014; 30:464‐474



Mutations in enzymes involved in DNA modification

Timp et al. Nat Rev Cancer. 2013;13:497‐510
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Mutations in regulators of the epigenome identified in cancer

Plass et al. Nat Rev Genet. 2013; 14:765‐80



 Epigenetic changes as prognostic factors
and biomarkers

 Development of therapeutic approaches

Role of epigenetics



DNA methylation as epigenetic marker: AML

344 pacientes LAM

DNA Methylation Captures Clinically Significant Differences among AML Patients

Cancer Cell. 2010; 17:13‐27
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DNA methylation as epigenetic marker: ALL

Vilas‐Zornoza et al. PLoS One. 2011; 6:e17012



Kulis M. Nature Genetics 2012

DNA methylation as epigenetic marker: CLL



Hypomethylating Agents: Mechanism of Action (MoA)

Navada et al. J Clin Invest. 2014; 124:40‐6

 Decitabine and 5‐Azacytidine are 
S‐phase specific

 Higher potency of Decitabine
versus 5‐Azacytidine (Decitabine
only binds to DNA)

 The majority (80–90%) of 5‐
azacitidine is incorporated into 
RNA 

 High‐dose causes DNA damage 
and DNA synthesis arrest, leading 
to cytotoxicity

 Low‐dose induces DNMT 
inhibition with minimal 
cytotoxicity



New Hypomethylating Agents



Hypomethylating Agents (Caveats)

 MoA: evidence for hypomethylation of 
specific genes is limited

 Biomarkers to predict response

 Combinations with other chemotherapy



Panobinostat/Vorinostat

HAT and HDACs
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Agirre X, Vilas‐Zornoza A. Leukemia 2012 

Rag2 + LAL humana

Mithraprabhu S, Br J Haematol, 2013

Multiple myeloma
Prostate cancer

Chuang MJ, Plos One, 2013

Lymphoma

Lemoine M, Blood, 2012

ALL

HDAC inhibitors (Panobinostat) in Cancer



Protein Methyltransferase and Demethlyase Inhibitors

Arrowsmith et al. Nat Rev Drug Discov. 2012; 11:384‐400



Selected novel drugs in preclinical or clinical development 
targeting components of the epigenetic machinery

Plass et al. Nat Rev Genet. 2013; 14:765‐80



Programa de Onologia (CIMA) 
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