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Myheart hits the core of chromatin

1,34%

Pei Han' and Ching-Pin Chang

"Krannert Institute of Cardiology and Division of Cardiology; Department of Medicine; *Division of Cardiovascular Medicine; Stanford University School of Medicine; Stanford, CA
USA; *Department of Biochemistry and Molecular Biology; Indiana University School of Medicine; Indianapolis, IN USA; “Department of Medical and Molecular Genetics; Indiana

The DNA is tightly packed by chroma-
tin, which controls the expression of
genetic information encoded by the DNA
sequence.  The scaffold
responds dynamically to physiological and

chromatin

pathological signals and can be altered by
histone modification, DNA methylation,
and nucleosome remodeling.1 Histone
and DNA modifications include covalent
modifications of histone side chains and
DNA bases, whereas nucleosome remodel-
ing involves non-covalent changes of the
composition or positioning of nucleo-
somes along the genomic DNA. Remodel-
ing of nucleosomes is executed by
ATP-dependent
complexes; largely
unknown how these chromatin remodel-

chromatin-remodeling
however, it is

ers target specific genomic sites to con-
Our

recent work revealed that a long non-

trol local nucleosome dynamics.

coding RNA sequesters the core subunit
of a chromatin-remodeling complex
from its genomic targets to inhibit
gene reprogramming in pathologically
stressed hearts.? This sheds new light on
the pathogenesis of heart failure and the
targeting mechanism  of
remodeling complexes.
Long non-coding RNAs (LncRNA)

can partner with a variety of histone- and

chromatin-

DNA-modifying enzymes, such as Poly-
comb Repressive Complex, MLL/TrxG
complex, histone demethylase LSD1 and
DNA methyltransferase DNMT1, to con-
trol covalent modifications of chromatin.?
In contrast, there were no known roles of
IncRNAs in nucleosome remodeling; nei-
ther were there known functions of
IncRNAs during the development of heart
failure. The recent discovery of Mybeart
(Mbre)  provides

new paradigms for
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IncRNA—chromatin interaction and car-
diac biology. Mhrt is the first kind of
IncRNA known to protect the heart from
stress-induced hypertrophy and heart fail-
ure.” Mbrt maintains the heart function
by inhibiting the chromatin activity of
Brgl, an essential subunit of the SWI/
SNF-like BAF
complex that reprograms cardiac gene
expression to induce pathological hyper-

chromatin-remodeling

trophy.* Brgl contains an evolutionarily
conserved ATPase/helicase domain that
belongs to the Superfamily 2 helicases.’
This helicase domain doesn’t bind to
naked DNA but recognizes chromati-
nized or nucleosomal DNA. By binding
to the chromatinized promoter DNA,
the helicase domain tethers Brgl/BAF
to its genomic DNA target sites where
it remodels nucleosomes to control gene
expression2 (Fig. 1). The helicase
domain also binds to Mhrt with high
affinity, enabling a competitive inhibi-
tion mechanism by which Mbrt seques-
ters Brgl from its chromatinized DNA
target52 (Fig. 1). Therefore, Mbrt can
modulate how Brgl/BAF targets to

genomic loci to control nucleosome

remodeling. This mechanism of Mprz
action provides a new model of
IncRNA—chromatin regulation.

The BAF complex occupies regulatory
elements that are essential for transcrip-
tion and is located near genomic regions
critical for chromosome organization or
DNA replication.6 How BAF recognizes
these specific genomic sites, however,
remains elusive. The studies of Mhrt and
Brgl suggest that Brgl/BAF can recognize
and bind favorably to certain nucleosome
conformation constituted by DNA
sequence,” which is critical for determin-
ing nucleosome positions.” The targeting
specificity also requires other domains of
Brgl and subunits of the BAF complex.
For instance, the bromodomain of Brgl
and Baf45 subunit of BAF can recognize
acetylated and/or methylated histone sig-
natures of chromatin. Accordingly, the
DNA sequence and modified histones can
formulate specific nucleosome conforma-
tions that Brgl/BAF recognizes to excise
its nucleosome remodeling function. This
targeting mechanism and Mprt regulation
of the SWI/SNF-like Brgl/BAF complex

are likely applicable to the other families

chromatinized DNA

other BAF — [

/ subunits

nucleosome

chromatinized DNA

Figure 1. Brg1 (orange) recognizes and binds to the chromatinized/nucleosomal DNA, which wraps
around the histone core (left panel). The long noncoding RNA Myheart (emerald) binds to Brg1 and
sequesters it from its genomic DNA target locus (right panel).
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of ATP-dependent chromatin-remodeling
complexes (CHD, ISWI, and INOS0),
which share a conserved Brgl-like
ATPase/helicase  component.  Further
studies will be crucial to elucidate how
Mpbrt interacts with the other chromatin
remodelers to control chromatin and gene
expression.

In the heart, Mbrt seizes the helicase
domain and prevents Brgl from recogniz-
ing its chromatin targets and executing
remodeling function, whereas Brgl inhib-
its the transcription of Mbrt by directly
repressing its promoter2 This MhreBrgl
feedback circuit is critical for maintaining
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