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Long noncoding RNA SYISL: the crucial interaction with EZH2 in
skeletal muscle differentiation and disorders
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Epigenetics is a branch of genetics that studies the
heritable phenotype changes influencing gene expression,
cellular functions and fate, which do not occur through
altered DNA sequence of the genes. The investigation of
the underlying mechanisms of epigenetics and the deep
understanding of its functions in the biological process are
milestones for biology research.

The main systems that initiate and sustain epigenetics
changes include DNA methylation, histone modification and
non-coding RNA (ncRNA)-associated gene silencing. In the
last few years, the studies regarding the function of ncRNAs
have attracted remarkable interest (1,2), however, despite
significant progresses, the identification of the roles of
ncRINAs is still a great challenge for the scientific community.

The ncRNAs comprise a rich variety of regulatory and
functional non-coding regions, including transfer RNAs
(tRNAs) and ribosomal RNAs (rRNAs), as well as small
RNAs such as microRNAs, siRNAs, snRINAs, and the long
ncRNAs (IncRNAs).

The IncRNAs are a heterogeneous class of ncRNAs,
poorly characterized, including thousands of different
units. With the development of innovative technologies
dedicated to exploring the transcriptome, considerable
improvement in the identification and characterization of
IncRINAs has been made (3,4). New functions for IncRNNAs
are emerging, suggesting a key role of IncRNAs in the
epigenetic regulation of several biological process, including
cell proliferation and differentiation (5,6).
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Using high-throughput RNA sequencing (RNA-seq)
approaches, the expression level of IncRNAs has been
evaluated and it was found to be more tissue- and cell type-
specific compared to protein-coding genes (7,8). Several
IncRNAs have been linked to human diseases, such as
coronary artery diseases, autoimmune diseases, neurological
disorders and various cancers (6,9).

Jin et al. focused their study on the investigation of
IncRNAs function in the myogenesis process and in
the regulation of muscle mass, since this topic is still
unclear (10). The myogenesis is a complex process
controlled by several muscle-specific transcription factors
and epigenetics regulators (Figure 14). Recent studies
suggest a crucial role of IncRNAs in skeletal muscle cell
differentiation and muscle development (11,12). A IncRNA
region was recently found to be involved in promoting
myogenesis and enhancing muscle mass iz vivo (13).

Following this path, Jin et a/., through the characterization
of expression profiles of IncRNAs during C2C12 myoblast
differentiation, were able to identify an intronic IncRNA
named “SYISL” (SYNPO?2 intron sense-overlapping
IncRNA), involved in the repression of muscle
development (10). In order to identify target genes regulated
by SYISL, knockdown and genome-wide expression
approaches have been used and correlation between SYISL
region with muscle differentiation and disease associated
pathways have been recognized. After SYISL knockdown,
several genes were found to be significantly up-regulated,
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Figure 1 Myogenic differentiation and SYISL-EZH2 interaction. (A) Myoblasts originate from embryonic stem cells and change to an

elongated shape developing in myocytes. Myocytes fuse with neighboring cells into multinucleated myotubes. The mature form of myotubes

is turned to myofiber. This process is controlled by a series of muscle-specific transcription factors and epigenetic regulators; (B) SYISL

interacts with EZH2 and induces the repression of myogenic target genes through the tri-methylation of histone H3 lysine (H3K27me3).

With SYISL-KO, EZH?2 is not recruited to the promoters of target genes and the transcription of myogenic genes is able to take place.

such as MyoG, Myh1, Myh2, Myb4, Myb7, Tnnil, and Mybpc2.

Moreover, functional gain and loss analysis were used to
investigate the effects of SYISL on myoblast proliferation
and differentiation in C2C12 cells. Interestingly, SYISL
acted as a promoter of myoblast proliferation inducing
myoblast fusion into one myotube. However, at the
same time, it was noticed that SYISL was involved in an
impaired cell migration accompanied by a reduced cell
differentiation. The SYISL knockout (KO) significantly
increased the myogenic differentiation of C2C12 cells, as
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demonstrated by an overexpression of mRNA and protein
levels of the myogenic marker genes such as MyoG and
MyHC. On the other hand, the SYISL overexpression
significantly decreased the expression of these myogenic
genes, with repression of cell migration.

Surprisingly, analyzing SYISL-KO mice compared
to wild-type (WT) mice, a statistically significant
intensification of muscle density and mass was identified,
with an increased number of smaller muscle fibers. As
suggested by the authors, these conditions might be due
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to the elimination of myogenic gene silencing mediated by
SYISL. However, the mice SYISL-KO model revealed a
stimulation of muscle regeneration, correlated to an earlier
myogenic differentiation potential.

Based on these evidences, IncRNA, and, in this specific
case SYISL, can be considered fundamental for the
regulation of the muscle differentiation, pointing out the
need to better understand their mechanisms of action.

As revealed by recent studies, the myogenic process
is associated with global changing in chromatin,
especially correlated to polycomb repressive complex 2
(PRC2) (14,15). PRC2 is a protein-complex involved in
epigenetic gene silencing, required in many processes
including cell proliferation, differentiation, stem cell
maintenance, embryonic development and also myogenic
differentiation (16,17). An extremely interesting finding
reported by Jin ez al. is the direct interaction between
SYISL and PRC2 with the consequent inhibition of myogenic
differentiation (10) (Figure 1B). PRC2 is composed by enhancer
of zeste homolog 1 and 2 (EZH1/2), suppressor of zeste 12
(SUZ12), the embryonic ectoderm development (EED)
and retinoblastoma-binding protein 4/7 (RBBP4/7) (18).
EZH?2 is the catalytic subunits of this complex, which
is able to repress gene transcription through the tri-
methylation of histone H3 lysine (H3K27me3) (19). EZH?2
exerts a critical role in the regulation of skeletal muscle
development, inhibiting the transcription of muscle-specific
genes and cell-cycle genes, preventing the premature
differentiation (15,20).

Jin et al. confirmed that the overexpression of EZH2
gene stimulates the cell proliferation and induces a
decrease of myogenic differentiation (10). By using several
assays, the interaction between SYISL and EZH2 was
evaluated, observing the role of SYISL in the recruitment
of EZH2 to the promoters of its myogenic target genes
(Figure 1B). SYISL influences the binding capacity of EZH2
at MyoG, Myh4, and MCK gene promoters, increasing the
enrichment of EZH?2 at these sites. Indeed, with SYISL-
KO, a removal of EZH?2 from its targets has been shown.
Moreover, the full-length SYISL was found to be strictly
necessary to interact with EZH2 and, therefore, to repress
myogenic differentiation, suggesting the importance of
the higher-order structures of SYISL to fulfil its function.
Furthermore, the stimulation of myoblast proliferation
correlated to SYISL was supported by the inhibition of p21
gene expression mediated by recruiting EZH2. According
to these results, others IncRNAs were found capable
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to interact with PRC2 and to recruit it to the specific
regulatory regions, inducing epigenetics silencing (21,22).

The indispensable role of IncRNAs and, in particular,
of SYISL in the EZH2 activity is of extreme interest for
the study of the myogenic process and, therefore, for the
diseases correlated with it. Rhabdomyosarcoma (RMS),
a pediatric tumor arisen from muscle precursor cells, is a
relevant example of an aggressive myogenic disorder. In
RMS, the muscle cells show an abnormal proliferation and
altered differentiation program that leads to an incomplete
myogenesis (23). Several studies have already shown the
crucial role of EZH?2 in the impaired differentiation state
of muscle cells in RMS (15,24). The EZH2-knockdown in
RMS cells line promoted reactivation of myogenic genes
with a restore of myocyte phenotype (25).

As future prospective, the investigation of the role of
SYISL in myogenic diseases could be particularly relevant,
such as RMS, analyzing its expression and interactions
in pathological conditions. Among other things, it would
be interesting to understand if SYISL is correlated to the
altered muscle development associated with EZH2 in RMS,
especially because, SYISL, during myogenesis, regulates the
expression of some myogenic genes, particularly myocyte
fusion-associated genes, not related to EZH2. Therefore,
this suggests that SYISL could be acting through other
mechanisms, which need to be elucidated.

These fascinating outcomes highlight the importance
of IncRNAs in the epigenetic regulation of the myogenic
development and cell proliferation. In this context, SYISL
can be considered a relevant IncRNAs involved in the
control of myoblast differentiation mediated by PRC2 and,
in particular, EZH2. After analyzing in depth, through
various and innovative approaches, the localization,
interactions and the effects of SYLSL on myogenesis, Jin
et al. proposed an intriguing explanation of its function. In
any case, further analysis should be conducted, especially to
clarify how SYISL works on muscle mass and density and
to investigate the other mechanisms involved, which are
yet unknown. Nevertheless, these emerging finding pave
the way for new insights in the identification of the role of
IncRNAs in biological processes.
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