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The diverse cell types of the body exhibit distinct morphol-
ogies and functions, despite the fact that (with the excep-
tion of antigen receptor genes in lymphocytes) the genome
sequence is essentially identical among all cell types in an
individual. The molecular basis for this diversity is that
among the approximately 22,000 genes encoded by the
human genome, only a specific set is expressed in a given
cell type. The differentiation of stem or progenitor cells
to mature cells is a sequential process of activation, inac-
tivation, or maintenance of the selected genes—i.e., tran-
scriptional control—that ultimately determines cell fate.
Numerous studies have shown that transcription factors and
epigenetic regulators play essential roles in cell differentia-
tion. Dysregulation of these processes can result in various
diseases, including cancers, such as leukemias in the case
of hematopoiesis.

Myeloid cells, e.g., granulocytes, monocytes/mac-
rophages, dendritic cells, and mast cells, are generated
from hematopoietic stem cells in the bone marrow via
multipotent progenitors, common myeloid progenitors,
granulocyte—_monocyte progenitors, and more commit-
ted progenitors. Multiple factors have been identified as
essential for the regulation of myelopoiesis. These include
the transcription factors runt-related transcription factor 1
(RUNX1), PU.1, CCAAT/enhancer binding proteins (C/
EBPs), and interferon regulatory factor-8 (IRFS8), and the
chromatin regulator mixed-lineage leukemia (MLL). In this
issue of International Journal of Hematology, we present
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four review articles focusing on the biology of these impor-
tant transcriptional regulators.

Rapid advances in recent years in high-throughput
experimental techniques, including microarrays, next-gen-
eration sequencing (such as chromatin immunoprecipita-
tion sequencing and RNA sequencing), and high-sensitivity
mass spectrometry, as well as developments in bioinformat-
ics, have ushered in a new era in the study of transcriptional
control. Comprehensive gene expression profiles and even
the precise locations of transcription regulator binding and
chromatin modifications throughout the genome can now
be obtained. Systematic identification of the components of
large protein complexes is also now achievable. Using such
techniques, research into transcriptional control in myeloid
cell development and related diseases has produced major
advances in recent years.

In the first of the four reviews, Bonifer and colleagues
provide an update on the developmental stage-specific
function of RUNX1 and its important target, PU.1, during
myelopoiesis from both cellular and molecular aspects.
They also describe the close relationship between these
two critical factors, which show reciprocal regulation of
gene expression and synergistic function. Moreover, these
authors summarize the known mutations and translocations
involving RUNXI or PU.I, as well as the ‘addiction’ to
naive RUNX1 and PU.1 in the development of acute mye-
loid leukemia (AML) [1].

Friedman describes the molecular basis of how C/
EBPa activates transcription as a homodimer and through
its interactions with other bZIP transcription factors, such
as AP-1, during myelopoiesis. The role of C/EBPa in the
development of myeloid cells, particularly granulocytes
and monocytes, and in the regulation of the cell cycle,
survival, and quiescence, is highlighted. Moreover, Fried-
man summarizes the known mutations in CEBPA, the
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suppression of CEBPA expression, and the reduction of C/
EBPuq activity in AML cases [2].

My colleagues and I review the role of IRFS in regulat-
ing the development of myeloid cells, such as monocytes,
dendritic cells, and granulocytes. We summarize its mode
of action, including its cooperation with PU.1, inhibition of
C/EBPa activity, and its involvement in transcription fac-
tor cascades. We further describe the antagonistic relation-
ship between IRF8 and BCR-ABL in the pathogenesis of
chronic myeloid leukemia [3].

Last, Yokoyama provides an update on the role of MLL
in normal hematopoiesis and that of MLL fusion genes
in AML and acute lymphoid leukemias. In particular, the
molecular mechanisms of MLL fusion-dependent leuke-
mogenesis are described in detail through categorization
of MLL fusion proteins into four groups: MLL-AEP (AF4
family/ENL family/P-TEFb complex) fusion, MLL-AF10
family fusion, MLL active form mimicry, and MLL-dimer-
ization domain fusion. The identification of various pro-
tein—protein interactions has contributed to depict distinct
transcription mechanisms employed by each group [4].

@ Springer

These “Progress in Hematology” review articles high-
light the most fundamental recent advances in our under-
standing of the critical transcriptional regulators, and the
transcriptional networks centered on them, which under-
pin the regulation of myelopoiesis and the pathogenesis of
leukemias.
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