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a b s t r a c t

Skeletal muscle formation in vertebrates is derived from the paraxial mesoderm, which develops into
myogenic precursor cells and finally differentiates into mature myofibers. This myogenic program involves
temporal-spatial molecular events performed by transcription regulators (such as members of the Pax, MRFs
and Six families) and signaling pathways (such as Wnts, BMP and Shh signaling). Epigenetic regulation,
including histone post-translational modifications is crucial for controlling gene expression through re-
cruitment of various chromatin-modifying enzymes that alter chromatin dynamics during myogenesis. The
chromatin modifying enzymes are also recruited at regions of muscle gene regulation, coordinating tran-
scription regulators to influence gene expression. In particular, the reversible methylation status of histone
N-terminal tails provides the important regulatory mechanisms in either activation or repression of muscle
genes. In this report, we review the recent literatures to deduce mechanisms underlying the epigenetic
regulation of gene expression with a focus on histone methylation modification during embryo myogenesis
and adult muscle regeneration. Recent results from different histone methylation/demethylation mod-
ifications have increased our understanding about the highly intricate layers of epigenetic regulations in-
volved in myogenesis and cross-talk of histone enzymes with the muscle-specific transcriptional machinery.
& 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Embryo myogenesis or adult muscle regeneration is the pro-
gramming of a population of muscle progenitors, embryonic or
fetal myoblasts and satellite cells (SCs) into committing to the
myogenic lineages and of myoblasts into differentiating into ma-
ture myofibers. The formation of skeletal muscles involves both
genetic and epigenetic changes that culminate in alterations in
gene expression [1]. Chromatin-modifying enzymes and re-
modeling complexes orchestrate the pattern of gene expression
and reprogram the myogenic lineage toward terminal differ-
entiation [1,2]. The transcriptional regulation of muscle specifica-
tion has been well characterized, and the role of histone acetyla-
tion modification in control of muscle-specific gene expression has
been studied extensively, however, less is known about the role of
histone methylation modification in this process [3]. Here, we
review the potential roles of histone modifications during myo-
genesis with a focus on H3 lysine 27 tri-methylation (H3K27me3),
H3 lysine 4 tri-methylation (H3K4me3) and H3 lysine 9 di/tri-
methylation (H3K9me2/3) markers at myogenic gene regulatory
regions in myoblasts and satellite cells.

2. Myogenesis: gene regulatory networks and transcriptional
mechanisms

2.1. Development of embryo myogenesis

Skeletal muscle is initiated in the somite (epithelial spheres along
the anterior–posterior axis of the embryo) which derives from
paraxial mesoderm adjacent to the neural tube and notochord [2,4,5].

The newly formed dorsal somites rapidly differentiate into dermo-
myotomes, which are the source of muscle precursor cells. Cells from
the dorsomedial part of the somites adjacent to the neural tubes
migrate under the dermomyotomes to form the myotomes [6]. The
myotomes are committed and differentiate into myoblasts, and final
maturation of myotubes fuse into myofibers (Fig. 1). The epaxial
(dorso-medial) part of the dermomyotomes and myotomes generate
the back muscles while the hypaxial (ventro-lateral) somites gen-
erate the rest of the trunk and limb muscles [7–9].

2.2. Genetic regulatory networks in myogenesis

2.2.1. Regulation of transcription regulators in myogenesis
The paired-homeobox family of transcription factors Pax3 and

Pax7 are important upstream regulators of the myogenic process
in the embryo myogenesis. In Splotch mice, because of mutation of
Pax3, cells fail to develop the hypaxial domain of the somite and
thus lack limb musculature and other muscle masses in the body.
However, epaxial-derived muscles are less affected [6,10–12]. In
the chick embryo, Pax3:Pax7-positive cells are maintained as
proliferating cells and do not express myogenic regulatory factors
or muscle proteins. However, they can give rise to skeletal muscle
cells leading to subsequent skeletal muscle differentiation and
producing muscle satellite cells [13]. Pax3:Pax7 double mutants die
at early fetal stages. In the absence of both Pax3 and Pax7 proteins,
muscle progenitor cells do not activate the myogenic determina-
tion genes to enter the myogenic program [14].

The myogenic regulatory factors (MRFs) of MyoD, Myf5, myo-
genin and Mrf4 genes have highly conserved basic helix-loop-helix
domain (bHLH) structure and are expressed in the skeletal muscle

Fig. 1. A schematic representation of developmental myogenesis. It shows that the somites give rise to muscle progenitor cells, progenitor cells determinate and proliferate
as myoblasts, and myoblasts differentiate into myotubes. During this process, the action of both positive and negative signals control the spatio-temporal expression of
muscle genes. And gene regulatory networks are performed by myogenic transcriptional factors.
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