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            Key Points

                	
                  Post-translational modifications of histones introduce meaningful variations into chromatin and provide a regulatory platform for controlling and/or fine-tuning many important DNA-templated processes, including gene transcription, the repair of DNA damage and DNA replication.

                
	
                  Histone modifications, together with factors responsible for adding ('writing'), interpreting ('reading') and removing ('erasing') histone modifications, regulate specific and distinct functional outputs of our genomes, which constitute the basis of the 'histone code hypothesis'.

                
	
                  As recent evidence starts to link the miswriting, misinterpretation and mis-erasing of histone modifications to oncogenesis, we further propose that misregulation of the histone code leads to deregulated gene expression and perturbation of cellular identity, and is therefore a major contributor to cancer initiation, progression and/or metastasis.

                
	
                  Mixed lineage leukaemia (MLL) and enhancer of zeste 2 (EZH2) catalyse the addition of methylation of histone H3 lysine 4 (H3K4) and H3 lysine 27 (H3K27), respectively, which are arguably two of the most important histone methylation marks. MLL rearrangement and deregulation of EZH2 are among the most common mutations in leukaemia and solid tumours, respectively.

                
	
                  Several plant homoedomain (PHD) finger-containing proteins have recently been identified as reading factors of trimethylation of H3K4 (H3K4me3). Misinterpretation of H3K4me3 by leukaemia-associated translocations of PHD finger factors (NUP98–JARID1A or NUP98–PHF23) is crucial for the induction of myeloid leukaemia; somatic mutations of ING1, a PHD finger factor, interfere with the reading of H3K4me3 and associate with the development of oesophageal squamous cell carcinoma, head and neck squamous cell carcinoma and melanoma.

                
	
                  Deregulation or mutations of the recently identified H3K4- or H3K27-specific histone demethylases have been observed in solid tumours. However, their involvement in cancer development and underlying mechanisms are largely unclear.

                


              

Abstract
Post-translational modification of histones provides an important regulatory platform for processes such as gene transcription and DNA damage repair. It has become increasingly apparent that the misregulation of histone modification, which is caused by the deregulation of factors that mediate the modification installation, removal and/or interpretation, actively contributes to human cancer. In this Review, we summarize recent advances in understanding the interpretation of certain histone methylations by plant homeodomain finger-containing proteins, and how misreading, miswriting and mis-erasing of histone methylation marks can be associated with oncogenesis and progression. These observations provide us with a greater mechanistic understanding of epigenetic alterations in human cancers and might also help direct new therapeutic interventions in the future.
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                    Figure 1: Miswriting of histone methylation is associated with cancer initiation and/or progression.[image: ]


Figure 2: Reading or mis-reading the H3K4me3 marks by PHD finger-containing factors in normal cellular processes and during cancer development.[image: ]


Figure 3: Mis-erasing of histone methylation is associated with cancer development.[image: ]
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Glossary
	Chromatin
	
                  The composition of DNA and proteins (mainly histones) that form chromosomes. It is organized as repeating subunits of nucleosomal core particles that comprise approximately 147 base pairs of DNA wrapped around a histone octamer containing two copies each of histones H2A, H2B, H3 and H4.

                
	Epigenetic
	
                  Refers to the study of mechanisms underlying inheritable phenotypic variations caused by DNA sequence-independent alterations. This term has been more loosely used to describe alterations caused by a change of chromatin structure, which often have unclear heritability.

                
	DNA methylation
	
                  A type of chemical modification of DNA that involves the addition of a methyl group to the number 5 carbon of the cytosine pyrimidine ring.

                
	Histone methylation
	
                  A chemical modification involving the addition of one, two or three methyl groups on the lysine or arginine residues in a histone protein.

                
	General transcription machinery
	
                  A large protein complex including RNA polymerase II and general transcription factors such as TFIIA, TFIIB, TFIID, TFIIE, TFIIF and TFIIH.

                
	V(D)J recombinase
	
                  An enzyme that carries out V(D)J recombination, a specialized DNA rearrangement that randomly selects and assembles the Variable (V), Diversity (D) and Joining (J) gene fragments of immunoglobulin (Ig)- or T cell receptor (TCR)-encoding loci, thus generating a repertoire of Ig or TCR molecules in lymphocytes and a diverse immune response.

                
	Gene rearrangement
	
                  Alteration of chromosomes such as a chromosomal translocation that causes changes in gene structural composition or organization. It can occur as a normal developmental event such as during V(D)J recombination, but is more commonly found in cancer cells as chromosomal abnormalities.

                
	Transcription elongation
	
                  Efficient transcription and productive RNA processing after RNA polymerase II (Pol II) and associated factors have escaped from abortive initiation, a phenomenon in which Pol II and transcription are halted at promoter-proximal pause sites.

                
	Chromatin dynamics
	
                  A fine-tuning mechanism that introduces meaningful variations to chromatin and/or modulate chromatin structure, which includes DNA methylation, covalent histone modification, ATP-dependent chromatin remodelling and the use of histone variants.

                
	Chromatin boundary factor
	
                  A factor that interacts with chromatin boundary elements to ensure the appropriate physical separation of chromatin regions that have distinct properties such as regions of active versus silenced transcription. One example is CTCF, a protein that binds to insulator cis-elements.

                
	Multiple osteochondroma
	
                  A skeletal disease characterized by the development of benign cartilage-capped bone tumours growing outwards from the bone surface, resulting in various orthopaedic deformities.

                
	Syngeneic tumour transplantation model
	
                  A model of tumorigenesis produced by inoculating mouse or rat tumour cells into a corresponding immunocompetent mouse or rat. Syngeneic tumour models have a normal host immune response and tumour microenvironment, and therefore more closely resemble a biologically relevant situation than xenograft models that use immunodeficient mice.

                
	Next-generation sequencing
	
                  A still-developing technology to sequence DNA in a massively parallel fashion, therefore sequencing is achieved at a much faster speed and lower cost than traditional gel-based methods. This technology makes direct sequencing of large numbers of human patient samples possible, including those from cancers.
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