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Epigenetics refers specifically to the study of heritable

changes in gene expression that occur without changes in

the DNA sequence. Epigenetic mechanisms confer herita-

ble, but potentially reversible, status of gene activity,

mainly through chromatin structure and covalent modifi-

cations of DNA and histones. Cellular homeostasis is

maintained through epigenetic regulation of gene expres-

sion and disruption of such regulation underlies a wide

variety of pathological states. Epigenetics is one of the

most promising and rapidly growing fields in the post-

genome era. Most of the enzymes involved in the covalent

modifications of DNA and histones have been identified in

the past decade.

Role of epigenetic gene regulation has been extensively

analyzed in hematopoiesis, particularly hematopoietic stem

cells (HSCs) [1]. An array of genes encoding enzymes for

DNA and histone modifications have been characterized,

mainly through the study of knockout mice. In contrast,

recent genome-wide comprehensive analyses have identi-

fied mutations in epigenetic regulator genes in hemato-

logical malignancies [2]. Focused on current advances in

epigenetics of hematopoiesis and hematological malig-

nancies, the present progress in hematology series reviews

the epigenetic mechanisms that maintain the hematopoietic

homeostasis and the consequence of epigenetic deregula-

tion caused by somatic gene mutations emerging in

hematological malignancies.

Drs. Goro Sashida and I at the Graduate School of

Medicine, Chiba University provide an overview of

epigenetic regulation of normal hematopoiesis with an

emphasis on the role of polycomb-group histone modifi-

cation complexes and DNA-methylation modulators in

HSCs and their progeny. Accumulating evidence suggests

that epigenetic machineries regulate growth and differen-

tiation of hematopoietic cells in both a positive and a

negative manner. Such bimodal functions of epigenetic

machineries fine-tune the hematopoietic homeostasis.

Genetic alterations are not the only causative event in

the development of tumors. During tumorigenesis, epige-

netic status changes profoundly, as exemplified by the

progression of global CpG hypomethylation and appear-

ance of aberrant hypermethylation at the promoters of

tumor suppressor genes [3]. Of note, extensive sequencing

of cancer genomes revealed that genomic mutations often

target genes involved in the epigenetic regulation. Many

epigenetic regulator genes appeared to be mutated in

hematological malignancies. Dr. Omar Abdel-Wahab at

Memorial Sloan-Kettering Cancer Center introduces the

latest findings, including his own, on such mutations and

describes how these affect epigenetic status and disrupt

hematopoietic homeostasis.

Classical leukemic fusion genes derived from chromo-

somal translocations also target epigenetic regulator genes.

Dr. Gang Huang at Cincinnati Children’s Hospital Medi-

cal Center focuses on such fusion genes. MLL1 is a his-

tone methyltransferase for H3K4. The N-terminal portion

of MLL is fused to the C terminus of more than 70

translocation partners. The MLL-fusions activate tran-

scription of target genes by modulating epigenetic status.

The recent advances in understanding the epigenetic

alterations in MLL-related leukemia have promoted

development of inhibitors targeting these epigenetic

alterations, providing a promise for the treatment of MLL-

fusion leukemia.
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Various types of RNA, such as non-coding RNAs and

microRNAs, are involved in epigenetic gene regulation.

Alternative splicing is also a form of epigenetic mechanism

that enables a single gene to give rise to multiple, differ-

entially spliced versions of a protein, increasing complexity

without a change in the genome. Dr. Seishi Ogawa at

Graduate School of Medicine, The University of Tokyo,

has made the unexpected finding that RNA splicing

machineries are major targets for genetic alterations in

hematopoietic malignancies such as myelodysplastic syn-

drome. These findings highlighted the involvement of

deregulated alternative splicing in tumorigenesis. He pro-

vides the latest information on splicing abnormalities in

hematological malignancies.

All of the authors are experts in the epigenetics of

hematopoiesis and hematological malignancies, and the

reviews include the latest information from these important

and exciting areas of research. I hope that readers will find

these articles useful and informative.
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