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Enhancer of zeste 2 (EZH2) governs gene reprogramming during cardiac hypertrophy
through epigenetic remodeling, a process regulated by numerous non-coding RNAs
(ncRNAs). However, the dynamic interaction between EZH2 and ncRNAs upon
hypertrophic stimulation remains elusive. Here we performed an unbiased profiling
for EZH2-associated NncRNAs in mouse hearts treated with Angiotensin Il (Angll)
at different time points (0, 4, and 24 h). The interactions between EZH2 and long
NncRNAs (IncRNAs), Chaer, Mirt1, Hotair, and H19, were validated by PCR. RIP-seq
analysis identified a total of 126 ncRNAs to be significantly associated with EZH2.
These ncRNAs covers all five categories including intergenic, antisense, intron-related,
promoter-related and both antisense and promoter-related. According to their changing
patterns after Angll treatment, these ncBRNAs were clustered into four groups, constantly
enhanced, transiently enhanced, constantly suppressed and transiently suppressed.
Structural prediction showed that EZH2 bound to hairpin motifs in ncRNAs including
snoRNAs. Interaction strength prediction and RNA pull-down assay confirmed the direct
interaction between EZH2 and Snora33. Interestingly, two antisense INcCRNAs of Malat1,
Gm20417, and Gm37376, displayed different binding patterns from their host gene after
Angll treatment, suggesting a crucial role of this genomic locus in modulating EZH2
behavior. Our findings reveal the profile of EZH2-associated ncRNAs upon hypertrophic
stimulation, and imply a dynamic regulation of EZH2 function in cardiac hypertrophy.

Keywords: epigenetics, EZH2, long non-coding RNAs, small nucleolar RNAs, RIP-Seq

INTRODUCTION

In mammalians, only 1-2% of the genome is responsible for protein coding though 70-90% is
transcriptionally active (1, 2). The vast majority of human DNA are transcribed into non-coding
RNAs (ncRNAs) including long non-coding RNAs (IncRNAs) (2, 3). LncRNAs differ from short
ncRNAs simply in length with 200-nt as the separatrix. Although once considered as junk
RNAs, ncRNAs have recently been recognized as crucial regulatory molecules involved in a
series of cellular processes, such as chromatin remodeling, genomic stability, transcription, post-
transcriptional modifications and signal transduction (4, 5). There is an increasing interest to
explore the role of ncRNAs in numerous human diseases including cardiovascular diseases.
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The function of ncRNAs largely depends on their subcellular
location (6). A number of nucleus-localizing IncRNAs have
been found directly interacting with epigenetic modifiers and
modulate gene expression in cis or frans manners (6-10).
Enhancer of zeste 2 (EZH2), a subunit of polycomb repressive
complex 2 (PRC2) catalyzing tri-methylation of histone H3 at
lysine 27 (H3K27me3) (11, 12), represents a major target of
IncRNAs inside nucleus (13-18). Some IncRNAs function as a
decoy by interacting with EZH2 to prevent PRC2 from binding
with chromatin or to interfere with the allosteric activation of
PRC2, without impeding its methylation catalytic activity (19,
20). Whereas, IncRNA-p21 has been proposed to disrupt the
PRC2 complex and promote the binding of EZH2 with genes
independent of the PRC2 complex, which triggers methylation
of targeted genes (21, 22).

Cardiac hypertrophy is a common pathological process
of many types of cardiovascular diseases (23). A number of
IncRNAs, such as maternally expressed 3 (Meg3), myosin
heavy-chain-associated RNA transcripts (Mbhrt), cardiac
hypertrophy-related factor (Chrf), Myocardial Infarction-
Associated Transcript (Miat) have been reported to be involved
in cardiac hypertrophy (24-27). We previously identified
a heart-enriched IncRNA cardiac hypertrophy associated
epigenetic regulator (Chaer), which transiently interacts with
EZH2 at early phase of cardiac hypertrophy induced by
transaortic constriction (TAC) surgery and prevents its targeting
to the promoter region of hypertrophic genes (28), implicating
a highly dynamic regulation of EZH2 by IncRNAs. However,
the molecular mechanism for this dynamic process has yet
been clarified.

In a previous study, we characterized the tissue-specificity
of EZH2-associated IncRNAs using RNA immuno-precipitation
coupled with sequencing (RIP-seq) (29). Here we performed an
unbiased profiling for EZH2-binding ncRNAs in mouse hearts
following Angiotensin II (AnglI) treatment. Our findings reveal
the landscape of EZH2-associated ncRNAs during early cardiac
hypertrophy and provide novel insights into the dynamics of
EZH2-mediated epigenetic remodeling.

MATERIALS AND METHODS

Animals

Male mice aged 10 weeks were housed in specific-pathogen-
free (SPF) conditions with controlled temperature, humidity, and
light and free access to food and water. Animal experiments
were performed conforming to the 8th Edition of the Guide
for the Care and Use of Laboratory Animals (Guide NRC,
2011) published by the US National Institutes of Health. Mice
were randomly assigned to Sham, Angiotensin II (AnglI) 4h
and AnglIl 24h groups with two mice for each group. An
osmotic minipump (Alzet, Cupertino, CA, USA) was implanted
subcutaneously to deliver AnglI (Sigma, St. Louis, MO) at a rate
of 1 mg/kg/min as previously described (30). After infusion for
4 or 24h, mice were sacrificed by dislocation of infra-cervical
spine. Left ventricles were the quickly separated, washed in PBS
and frozen in liquid nitrogen until use. Saline was infused instead
of AnglI for Sham groups.

Cell Culture and Plasmids

Mouse embryonic fibroblasts (MEFs) were maintained in DMEM
supplemented with 10% fetal bovine serum, 2 mM L-glutamine,
100 U/mL penicillin and 100 pg/ml streptomycin. Gm20417
and Gm37376 were clone from mouse heart cDNA library into
pcDNA3.1-CMV expression plasmid, and transfected into MEFs
using Lipofectamine 2000 (Invitrogen, Thermo Fisher Scientific
Inc.). Cells were harvested 24 h after transfection.

Western Blot

Frozen heart tissues or cells were homogenized in protein
lysis buffer (50 mM HEPES [pH7.4], 150 mM NaCl, 1% Triton
X-100, 1mM EDTA, 1mM EGTA, 1mM glycerophosphate,
2.5mM sodium pyrophosphate, 1 mM Na3VO4, 20 mM NaF,
1 mM phenylmethylsulfonyl fluoride, 1 mM DTT, 1 x complete
protease inhibitor tablet [Roche, Swiss]). Total lysates were
separated on 10 or 12% Bis-Tris gels and transferred onto
PVDF membranes (Millipore). The blots were probed with
antibodies for H3 (#12648), H3K27me3 (#9733), EZH2 (#5246),
and GAPDH (#5174) from Cell Signaling Technologies, Inc.
Protein signals were detected using HRP conjugated secondary
antibodies and enhanced chemiluminescence (ECL) western
blotting detection regents (Thermo Fisher Scientific, MA, USA).

RNA Immune-Precipitation

RNA immune-precipitation (RIP) was performed essentially
as previously described (28, 29, 31). Left ventricles weighting
~100mg from each group were homogenized in 500 pl
of polysome lysis buffer (10mM HEPES-KOH [pH 7.0],
100 mM KCl, 5mM MgCl,, 25 mM EDTA, 0.5% IGEPAL, 2 mM
dithiothreitol [DTT], 0.2 mg/mL Heparin, 50 U/mL RNase OUT
[Life Technologies], 50 U/mL Superase IN [Ambion] and 1 x
complete protease inhibitor tablet [Roche]). The suspension was
centrifuged at 14,000 g at 4°C for 10min to remove debris.
Lysates were incubated with 500 ng normal IgG (Cell Signaling
Technologies, MA, USA; #2729, 1:200) or anti-EZH2 (Cell
Signaling Technologies; #5246, 1:200) at 4°C overnight on an
inverse rotator. Protein A-sepharose beads (Life Technologies,
50 pl per tube) were first blocked in NT2 buffer (50 mM Tris-
HCI (pH 7.5), 150 mM NaCl, 1 mM MgCl,, and 0.05% IGEPAL)
supplemented with 5% BSA, 0.02% sodium azide and 0.02
mg/mL heparin at 4°C for 1 h, and then added into the lysates
followed by a 3-h incubation at 4°C on an inverse rotator. The
beads were subsequently washed five times in NT2 buffer. RNAs
were released by incubating in proteinase K buffer (50 mM Tris
(pH 8.0), 100 mM NaCl, 10mM EDTA, 1% SDS, and 1 U/mL
proteinase K) for 30 min at 65°C, pelleted by adding an equal
volume of isopropanol and centrifuged at 12,000 g at 4°C for
10 min. RNAs were washed once with 75% ethanol and stored at
—80°C until use.

RNA Pull-Down Assay

To validate the direct interaction between EZH2 and Snora33,
we employed the tagged RNA pull-down assay adjusted from
a previous report (32). Snora33 was obtained using an T7 in
vitro transcription kit (Merk Inc.), followed by biotin conjugation
using the Biotinylation Kit (Thermo Fisher Scientific Inc.).
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Biotinylated Snora33 was then incubated with MEF lysates in
SA-RNP lysis buffer (20 mM Tris-HCI [pH7.5], 150 mM NaCl,
1.5mM MgCl,, 2mM DTT, 50 U/ml RNase OUT [Invitrogen],
50 U/ml Superase IN [Ambion], 1 x complete protease inhibitor
tablet [Roche]) for 4 h at 4°C. Streptavidin sepharose beads were
blocked with 500 ng/jl yeast tRNA and 1 mg/ml BSA in SA-
RNP lysis buffer before added into cell lysates and incubated
at 4°C for 2h on a rotator. The beads were then pelleted and
washed for 5 times with SA-RNP washing buffer (20 mM Tris-
HCI [pH7.5], 300 mM NaCl, 5mM MgCl,, 2mM DTT, 50 U/ml
RNase OUT [Invitrogen], 50 U/ml Superase IN [Ambion], 1x
complete protease inhibitor tablet [Roche]). After the last wash,
RNA-bound proteins were eluted by addition of 5% RNase A
(NEB) in low salt buffer (20mM Tris-HCl [pH7.5], 30 mM
NaCl, 5mM MgCI2, 2mM DTT, 1x complete protease inhibitor
tablet [Roche]) for 30 min at 4°C. The eluted proteins, together
with the flow-through and input samples, were then boiled
in 4x LDS sample buffer (Life Technologies) and used for
immunoblot analysis.

RNA Sequencing

Two independent RIP products from each group were mixed
before reverse transcription into cDNA sequencing library using
KAPA Stranded RNA-Seq Library Preparation Kit. The libraries
were subjected to quality validation using the Agilent Bioanalyzer
2100, and sequenced using Illumina NextSeq 500 in DNA Link
USA Inc. The reads were mapped to mouse genome (mm1l0)
using TopHat2 (28), and visualized on the UCSC browser
(http://genome.ucsc.edu). LncRNAs were picked out according
to NONCODE database (33). Screening criteria was set as reads
>1.0; ratio of anti-EZH2 group relative to normal IgG group >2
in at least one tissue.

Real-Time PCR

Briefly, 1 pg RNA was reverse-transcribed into first-strand
cDNA using the Superscript III first-strand synthesis kit (Life
Technologies, NY, USA) with random primers. Real-time PCR
was performed using the CFX96 Real-Time PCR Detection
System (Bio-Rad, CA, USA) using the iQ SYBR Green Supermix
(Bio-Rad). Values were normalized to IgG controls. Primers are
listed below.

Chaer:  F-5-TCCAATGAGGGAAGCGAAGC-3/, R-5-
GTCCGATGCCAGTTCCAGTT-3';

Hotair:  F-5-CTTTCAAGGCCTGTCTCCTG-3, R-5-
CAACATTCTAGCTGCACGGA-3';

HI19: F-5-AGACTAGGCCAGGTCTCCAG-3/, R-5'-
TAGAGGCTTGGCTCCAGGAT-3;

Mirtl:  F-5-TGGGAGGCTGAGGCTAAGAT-3/, R-5-

ACCTACCCCTACTGCTGGAG-3'.

In Silicon RNA Secondary Structure

Prediction

RNA secondary structure was predicted by RNAfold WebServer
(http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi) ~ based  on
minimum free energy (MFE) and partition function. The
interaction strength between EZH2 and ncRNAs were predicted

by an online program using random RNA sequences as (http://s.
tartaglialab.com/page/catrapid_group) (34).

Statistics

Data were presented as mean + SEM for repeated analyses.
Statistical analysis was performed by one-way ANOVA and
Turkey HSD post hoc test using GraphPad Prism. Comparisons
between two groups were analyzed by student’s t-test. P < 0.05
was considered statistically significant. EZH2 RIP data were
presented as mean = s.d. from two independent RIP products.

RESULTS
Validation of the RIP Method
Though not reaching statistical significance, Angll

administration upregulated the protein expression of EZH2
after 4h but reduced it after 24 h (Figures 1A,B). This pattern
was inconsistent with the changes of global H3K27me3
(Figures 1A,C), suggesting a regulation of EZH2 activity by
other factors. To explore the EZH2-associated ncRNAs, we
then performed native RIP analysis followed by sequencing.
After pull-down using anti-EZH2 or normal IgG antibodies, we
firstly validated the RIP procedure with known EZH2-binding
IncRNAs, including cardiac hypertrophy associated epigenetics
regulator (Chaer), HOX transcript antisense RNA (Hotair),
myocardial infarction-associated transcript 1 (Mirtl), and H19
(28, 35-37) using real-time PCR. The results showed that Chaer-
EZH2 interaction was quickly enhanced after AnglI treatment,
whereas Hotair-EZH?2 interaction was repressed (Figures 1D,E),
which is consistent with our previous findings in cardiomyocyte
hypertrophy induced by phenylephrine (28). In addition, Mirtl
and H19 were also detected in the EZH2 interactome with the
former being enhanced while the latter being suppressed after
AnglI treatment (Figures 1E,G). These data verify the success
of our RIP procedure, as well as the pro-hypertrophic effect of
AnglI treatment.

Identification of EZH2-Associated ncRNAs

In the RIP-seq analysis, we identified a total of 126 ncRNAs
associated with EZH2 in all groups with no 0 reads in any
group and over 2-fold enrichment in anti-EZH2 relative to
normal IgG (Figure 2A). Separately, there were 76 ncRNAs
in the Sham group, 66 in the 4-h Angll group and 63 in
the 24-h AnglI group. Among these EZH2-associated ncRNAs,
25 (20%) were shared by all three groups (Figure2A and
Table 1). From their genomic locations, these ncRNAs covered
all five categories, including intergenic, antisense, intron-related,
promoter-related and both antisense- and promoter-related
(Figures 2B,C), suggesting a vast functional diversity of EZH2 in
both local and global epigenetic regulations. Clustering analysis
showed that EZH2-associated IncRNAs from AngIl 4h and
AngllI 24 h groups were clustered together, apart from that from
the Sham group (Figure 2D), suggesting a quick response of
EZH2-mediated epigenetic reprogramming to AnglI stimulation
whereby IncRNAs are functionally involved.
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FIGURE 1 | Validation of the RIP method to pull-down Ezh2-binding IncRNAs. (A) Representative immunoblots showing the expression of EZH2, GAPDH, H3K27me3,
and H3 in mouse hearts treated with Angiotensin Il (Angll) at O (Sham), 4 and 24 h. (B,C) Analyzed results of EZH2 expression in relative to GAPDH (B) and H3K27me3
expression in relative to H3 (C). Data are mean + SEM; *P < 0.05 vs. sham; n = 3. (D-G) Relative expression of known EZH2-binding IncRNAs including Chaer (D),
Hotair (E), Mirt1 (F), and H19 (G) in mouse hearts treated with Angiotensin Il (Angll) at O (Sham), 4 and 24 h. Data are mean + SD from two independent experiments.

Dynamic Association Between EZH2 and

ncRNAs During Angll Stimulation

We further analyzed the impact of Angll on EZH2-ncRNA
interaction. A total of 93 EZH2-associated ncRNAs were
altered >1.5-folds in all three comparisons. According to their
alteration pattern following Angll treatment, these ncRNAs
were classified into four groups; ie., constantly enhanced
(Figure 3A), transiently enhanced (Figure 3B), constantly
suppressed (Figure 3C) and transiently suppressed (Figure 3D).
Several known EZH2-interacting IncRNAs appeared in the list
(37-40); e.g., growth arrest specific 5 (Gas5) was dissociated from
EZH2 while maternally expressed 3 (Meg3) was recruited after
AnglI administration (Figures 3A,C). These results suggest that
the interaction between EZh2 and ncRNAs is a highly dynamic
process and may contribute to the epigenetic remodeling during
early cardiac hypertrophy.

Structural Characteristics of

EZH2-Associated ncRNAs

It has been reported that EZH2 tends to bind RNA motifs
with tandem tetra-loop hairpins (28). We then analyzed the
secondary structure of candidate ncRNAs using RNAfold (25).
In Gm15832, a constantly enhanced EZH2-associated IncRNA
during AnglI treatment, we identified a potential 60-mer motif
(100-159 nt) with a similar structure as that from Chaer
or Hotair (28) (Figure4A). Interestingly, EZH2 bound to a

number of small nucleolar RNAs (snoRNAs) containing the
H/ACA box, including Snora7a, Snora3l, Snora33, Snora47,
and Snora68 (Figure 4B), suggesting a role of EZH2 in rRNA
processing (41, 42). Moreover, snoRNAs containing the C/D
box, like Snordl5a and Snord104, were also detected in the
EZH2 interactome (Figure 4B). A number of uncharacterized
ncRNAs (e.g., Gm23639) displayed the typical structural feature
as snoRNAs (Figure 4B).

To validate the interactions, we performed an online
prediction for the interaction strength using catRAPID algorithm
(34). The results showed that Snora33 had the highest interaction
strength (97%) with EZH2 protein among others (Figure 5A).
RNA pull-down assay showed that the biotin-tagged Snora33
could strikingly pull down EZH2 compared with the EGFP
control, along with a decrease of endogenous EZH2 in the flow-
through sample (Figure 5B). These data further validate the
validity of the EZH2-binding ncRNAs.

Malat1 Genomic Locus Is Involved in

Angll-Induced Epigenetic Reprogramming

We previously identified two antisense IncRNAs, Gm20417,
and Gm37376, at the gene locus of Malatl displaying high
tissue specificity (29). Here we found that all of these
three IncRNAs significantly associated with EZH2; however,
whereas Malat1-EZH?2 interaction was transiently enhanced after
Angll treatment, Gm20417-EZH?2 interaction was transiently
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FIGURE 2 | Profiles of EZH2-binding ncRNAs in mouse hearts treated with Angll at different time points. (A) Venn diagram showing the number of overlapped
ncRNAs from three groups as indicated. (B) Pie chart showing the distribution of ncRNA categories according to their genomic features. (C) Representative ncRNA
for each category. (D) Heat map showing hierarchical clustering of changed EZH2-associated ncRNAs after Angll treatment at different time points. Up-regulated and

suppressed and Gm37376-EZH2 interaction was constantly
enhanced (Figures 6A-D), suggesting a complex regulation of
EZH2 function in AnglI-induced cardiac hypertrophy. We then
cloned Gm20417 and Gm37376, and expressed them in MEFs.
Western blot analysis showed that Gm37376 and Gm20417 did

not significantly alter the global level of H3K27me3 (Figure 6E),
suggesting a regional regulation rather than regulating the global
activity of EZH2 by these ncRNAs. These data also implicate
that the Malatl gene is a crucial locus to modify EZH2 function
under stress.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

February 2021 | Volume 8 | Article 585691


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Wang et al.

Angll Modifies EZH2-Binding ncRNAs

TABLE 1 | Shared EZH2-associated IncRNAs in all groups.

Gene name Tracking ID Ratio to IgG Category
Sham Angll 4 h Angll 24 h
Gasb XLOC_001290 916.469 20.043 6.252 Intergenic
2410002F23Rik XLOC_033560 78.164 835.468 1,041.137 Intergenic
Gm29055 XLOC_000696 17.072 7.540 8.856 Intron
Gm28268 XLOC_040459 12.568 3.984 2.580 Intergenic
Gm3052 XLOC_001918 10.709 2.320 4.242 Intergenic
Gm17131 XLOC_028763 9.803 4.295 2.793 Antisense
Gm9917 XLOC_039729 9.625 6.481 18.211 Promoter and antisense
Gm17132 XLOC_028762 9.357 9.789 6.614 Antisense
Gm37954 XLOC_002666 9.327 4.182 10.852 Intron
Gm26905 XLOC_036601 9.043 7.215 8.242 Antisense
Gm21897 XLOC_013754 7.216 4.441 3.814 Intergenic
Gm13722 XLOC_020816 5.984 4.678 2.653 Intergenic
Gm16793 XLOC_037281 5.346 2.848 16.772 Promoter
Gm37515 XLOC_023239 4.846 7.710 10.978 Intergenic
Gm20417 XLOC_017336 4.806 3.038 4.549 Antisense
C030037D09Rik XLOC_005812 3.961 3.766 2.246 Promoter
Gm37376 XLOC_017337 3.838 5.611 10.619 Antisense
Gm37086 XLOC_001530 3.393 5.279 4.102 Intergenic
Gm26869 XLOC_021846 2.920 2.364 3.833 Antisense
Gm16344 XLOC_016557 2.904 5.573 3.629 Antisense
Bvht XLOC_016764 2.851 2.056 2.034 Intergenic
Malat1 XLOC_017847 2.767 3.784 3.065 Intergenic
5330426P16Rik XLOC_014583 2.758 2.656 3.264 Uncharaterized
Gm15662 XLOC_003933 2.046 3.031 2.679 Antisense
Gm17690 XLOC_024078 2.004 9.052 2132 Promoter and antisense
DISCUSSION to mTOR (mechanistic target of rapamycin) inhibition (Data

Accumulating evidence highlights the crucial role of ncRNAs
in cardiac hypertrophy. In this study, we found that EZH2
serves as a major target for not only IncRNAs but also
snoRNAs. In addition to validating known EZH2-binding
ncRNAs (e.g., Gas5, Meg3, and Malatl), our findings reveal
a large panel of novel ncRNAs involved in the dynamic
regulation of the EZH2 function during Angll-induced
cardiac hypertrophy.

The dynamic interaction between EZH2 and ncRNAs
suggests a complex role of EZH2 in the pathogenesis of
cardiac hypertrophy. A huge change was observed as early
as 4h after Angll treatment. This is consistent with our
previous report that Chaer-EZH2 interaction was transiently
enhanced at the early phase of cardiac hypertrophy and that
overall H3K27me3 was quickly diminished upon hypertrophic
stimulation (28). The shift in binding property might rely on
certain post-translation modifications of the EZH2 protein,
since it can be modified by phosphorylation or glycosylation
(43, 44). However, we did not detect changes of known
EZH2 phosphorylation at T345 and T487 at the early phase
of cardiac hypertrophy, though they were indeed sensitive

not shown), implicating that other modifications or intrinsic
EZH2 gene heterogeneity might underlie its dynamic interaction
with ncRNAs. Further investigation is required to address this
question in more details.

The EZH2-associated ncRNAs display diverse genomic
features including intergenic, antisense, intron-related,
promoter-related and both antisense- and promoter-related,
suggesting diverse epigenetic regulations both in cis or in trans.
EZH2 has been reported to undergo specificity and dynamics
regulations in the context of heart development, whereby EZH2
is responsible for catalyzing H3K27me3 at the bivalent promoters
of developmental genes (45-47). In Ezh2-deficient adult hearts,
fetal genes are upregulated, giving rise to cardiac hypertrophy
(48, 49). Regulatory RNAs are essential for PRC2 chromatin
occupancy and function (50). Our previous study revealed that
IncRNA Chaer transiently interacted with EZH2 at the early
phase of cardiac hypertrophy. This interaction interfered with
the binding of PRC2 to the promoters of pathological genes,
thus allowing their activation by transcription factors (28). Here
we found more ncRNAs displaying similar changing pattern
during early hypertrophy, such as Gm24044, 2900076A07Rik,
and Snora33 (Figure 2B). This mechanism is different from
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previously reported scaffold or guide ncRNAs like Hotair and
Gtl2 (8, 37). Whether they also function like Chaer but not
other ncRNAs needs further functional investigation. Along
with the upregulated ncRNAs, the interaction between EZH2
and a number of ncRNAs, such as Gm7008 and Gm4604,

was transiently suppressed upon Angll stimulus. These data
suggest that ncRNAs compete for the access to the EZH2
binding site.

EZH2 does not contain a typical RNA-binding motif such
as RRM (RNA recognition motif). Previous studies reveal
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Snora33 and EZH2. Biotin was conjugated to the 3’ of Snora33 RNA in vitro, followed by streptavidin pull-down assay. Immunoblotting was performed with anti-EZH2

that the residues 342-368 in full-length EZH2 constitute a
RNA-binding domain (51). Long et al. (52) found that the
N-terminal helix of EZH2 is the major RNA-binding site
and has a preferential binding of G-quadruplex RNA. The
structural characteristics of EZH2-binding RNA have not been
fully elucidated so far. Our previously study has shown
that Chaer is capable of binding EZH2 through a tandem

tetra-loop motif, which shared with several other EZH2-
binding ncRNAs (28). Among the dynamic EZH2- binding
ncRNA after Angll treatment, we identified Gm15832 that
has a similar motif recognized by EZH2 (Figure4A). An
interesting finding is that EZH2 bind a series of snoRNAs
with a typical tandem stem-loop structure, which can be
classified into C/D-box (SNORD) and H/ACA-box (SNORA)
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subfamilies (Figures 4B,C). Considering that snoRNAs mediate
the rRNA acetylation and tRNA methylation modification (42),
our findings indicate a potential role of EZH2 in mediating
rRNA or tRNA maturation, as well as ribosome assembly
inside nucleolus.

Although EZH2 has once been thought to promiscuously
bind RNAs (53, 54), cumulating evidence including ours
indicates that EZH2-binding ncRNAs possess specific
structural commonness (28, 37). As found in RepA,
Hotair and Chaer, a conserved tandem tetra-loop hairpin
motif is responsible for the direct interaction between
ncRNAs and EZH2 (28, 55). In this study, we screened
the secondary structure for most of the identified ncRNAs.
However, similar motif did not exist in all EZH2-
associated ncRNAs except for Gml5832 (Figure 3A).
Interestingly, EZH2-binding snoRNAs showed similar
structural  features  (Figure 3B), suggesting  divergent
interaction patterns between EZH2 and ncRNAs possibly
derived from different binding sites on the surface of
EZH2 protein.

Compared with mRNAs, ncRNAs are less conserved among
species (56). Similarly, most of the ncRNAs revealed in this
study could not find their counterpart human homologs, but
this does not exclude the possibility for certain structurally
conserved counterparts to carry out the same function. One
conserved IncRNA Malatl was consistently detected in both the
current and our previous reports (29). The role of Malatl in
cardiac hypertrophy is still under debate (57). The fact that
three IncRNAs at this genomic locus could all bind to EZH2
and display diverse changing pattern after Angll treatment
might add another layer to the Malatl-mediated epigenetic
regulation. Moreover, novel function of EZH2 independent of
forming PRC2 complex and subsequent H3K27me3 modification
has been unveiled (58). It would be interesting to explore
whether non-epigenetic function of EZH2 can be also modified
by ncRNAs.

Taken together, our study provides direct evidence for the
complex role of EZH2 during early cardiac hypertrophy,
and unveils a novel access to modify EZH2 function
through ncRNAs.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

February 2021 | Volume 8 | Article 585691


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Wang et al.

Angll Modifies EZH2-Binding ncRNAs

DATA AVAILABILITY STATEMENT

The RIP-seq data can be accessed in the GEO Database with
accession number GSE167007.

ETHICS STATEMENT

The animal study was reviewed and approved by Ethical
Committee of Renmin Hospital of Wuhan University.

AUTHOR CONTRIBUTIONS

ZW designed and supervised the study. SW, NG, and SL
performed the experiments and analyzed the data with input
from YH, DZ, and LL. SL and ZW drafted the manuscript.

REFERENCES

1. Dhanoa JK, Sethi RS, Verma R, Arora JS, Mukhopadhyay CS. Long non-
coding RNA: its evolutionary relics and biological implications in mammals:
a review. ] Anim Sci Technol. (2018) 60:25. doi: 10.1186/s40781-018-0183-7
2. Djebali S, Davis CA, Merkel A, Dobin A, Lassmann T, Mortazavi A,
et al. Landscape of transcription in human cells. Nature. (2012) 489:101-8.
doi: 10.1038/nature11233
3. Rotini A, Martinez-Sarra E, Pozzo E, Sampaolesi M. Interactions between
microRNAs and long non-coding RNAs in cardiac development and repair.
Pharmacol Res. (2018) 127:58-66. doi: 10.1016/j.phrs.2017.05.029
4. Anastasiadou E, Jacob LS, Slack FJ. Non-coding RNA networks in cancer. Nat
Rev Cancer. (2018) 18:5-18. doi: 10.1038/nrc.2017.99
5. Matsui M, Corey DR. Non-coding RNAs as drug targets. Nat Rev Drug Discov.
(2017) 16:167-79. doi: 10.1038/nrd.2016.117
6. Devaux Y, Zangrando ], Schroen B, Creemers EE, Pedrazzini T, Chang CP,
et al. Long noncoding RNAs in cardiac development and ageing. Nat Rev
Cardiol. (2015) 12:415-25. doi: 10.1038/nrcardio.2015.55
7. Laugesen A, Hojfeldt JW, Helin K. Molecular mechanisms directing
PRC2 recruitment and H3K27 methylation. Mol Cell. (2019) 74:8-18.
doi: 10.1016/j.molcel.2019.03.011
8. Tsai MC, Manor O, Wan Y, Mosammaparast N, Wang JK, Lan E et al.
Long noncoding RNA as modular scaffold of histone modification
complexes.  Science.  (2010)  329:689-93.  doi:  10.1126/science.11
92002
9. Li Y, Ren Y, Wang Y, Tan Y, Wang Q, Cai J, et al. A compound
AC1Q3QWB selectively disrupts HOTAIR-mediated recruitment of PRC2
and enhances cancer therapy of DZNep. Theranostics. (2019) 9:4608-23.
doi: 10.7150/thno.35188
10. Khalil AM, Guttman M, Huarte M, Garber M, Raj A, Rivea Morales D, et al.
Many human large intergenic noncoding RNAs associate with chromatin-
modifying complexes and affect gene expression. Proc Natl Acad Sci USA.
(2009) 106:11667-72. doi: 10.1073/pnas.0904715106
11. Yu]JR, Lee CH, Oksuz O, Stafford JM, Reinberg D. PRC2 is high maintenance.
Genes Dev. (2019) 33:903-35. doi: 10.1101/gad.325050.119
12. Li H, Liefke R, Jiang J, Kurland JV, Tian W, Deng P, et al. Polycomb-like
proteins link the PRC2 complex to CpG Islands. Nature. (2017) 549:287-91.
doi: 10.1038/nature23881
13. Zylicz JJ, Bousard A, Zumer K, Dossin F, Mohammad E, da Rocha ST, et al.
The implication of early chromatin changes in X chromosome inactivation.
Cell. (2019) 176:182-97. doi: 10.1016/j.cell.2018.11.041
14. Portoso M, Ragazzini R, Brencic Z, Moiani A, Michaud A, Vassilev I, et al.
PRC2 is dispensable for HOTAIR-mediated transcriptional repression. EMBO
J. (2017) 36:981-94. doi: 10.15252/embj.201695335

All authors contributed to the article and approved the
submitted version.

FUNDING

This work was supported by National Natural
Science Foundation of China (No. 81722007 and No.
82070231) and National Health Commission of China
(No. 2017ZX10304402001-008).

ACKNOWLEDGMENTS

We would like to thank Jon Choi, Gun Eui Lee, and Anna
Sheydina from DNA Link USA Inc. for helping with the
RNA-seq and data analysis, and Shuxun Ren and Yibin Wang
from University of California at Los Angeles, USA for their
experimental assistance and insightful comments.

15. Sarma K, Cifuentes-Rojas C, Ergun A, Del Rosario A, Jeon Y, White F, et al.
ATRX directs binding of PRC2 to Xist RNA and polycomb targets. Cell. (2014)
159:869-83. doi: 10.1016/j.cell.2014.10.019

16. Pintacuda G, Wei GE Roustan C, Kirmizitas BA, Solcan N, Cerase A, et al.
hnRNPK Recruits PCGF3/5-PRC1 to the Xist RNA B-repeat to establish
polycomb-mediated chromosomal silencing. Molecular Cell. (2017) 68:955-
69. doi: 10.1016/j.molcel.2017.11.013

17. Colognori D, Sunwoo H, Kriz AJ, Wang CY, Lee JT. Xist deletional analysis
reveals an interdependency between Xist RNA and polycomb complexes
for spreading along the inactive X. Molecular Cell. (2019) 74:101-17.
doi: 10.1016/j.molcel.2019.01.015

18. Klattenhoff CA, Scheuermann JC, Surface LE, Bradley RK, Fields PA,
Steinhauser ML, et al. Brave heart, a long noncoding RNA required
for cardiovascular lineage (2013) 152:570-83.
doi: 10.1016/j.cell.2013.01.003

19. Wang X, Paucek RD, Gooding AR, Brown ZZ, Ge EJ, Muir TW,
et al. Molecular analysis of PRC2 recruitment to DNA in chromatin
and its inhibition by RNA. Nat Struct Mol Biol. (2017) 24:1028-38.
doi: 10.1038/nsmb.3487

20. Zhang Q, McKenzie NJ, Warneford-Thomson R, Gail EH, Flanigan SF,
Owen BM, et al. RNA exploits an exposed regulatory site to inhibit
the enzymatic activity of PRC2. Nat Struct Mol Biol. (2019) 26:237-47.
doi: 10.1038/541594-019-0197-y

21. Dimitrova N, Zamudio JR, Jong RM, Soukup D, Resnick R, Sarma K,
et al. LincRNA-p21 activates p21 in cis to promote Polycomb target gene
expression and to enforce the G1/S checkpoint. Mol Cell. (2014) 54:777-90.
doi: 10.1016/j.molcel.2014.04.025

22. Luo J, Wang K, Yeh S, Sun Y, Liang L, Xiao Y, et al. LncRNA-p21 alters
the antiandrogen enzalutamide-induced prostate cancer neuroendocrine
differentiation via modulating the EZH2/STAT3 signaling. Nat Commun.
(2019) 10:2571. doi: 10.1038/s41467-019-09784-9

23. Nakamura M, Sadoshima J. Mechanisms of physiological and
pathological cardiac hypertrophy. Nat Rev Cardiol. (2018) 15:387-407.
doi: 10.1038/541569-018-0007-y

24. Piccoli MT, Gupta SK, Viereck J, Foinquinos A, Samolovac S, Kramer FL,
et al. Inhibition of the cardiac fibroblast-enriched IncRNA Meg3 prevents
cardiac fibrosis and diastolic dysfunction. Circ Res. (2017) 121:575-83.
doi: 10.1161/CIRCRESAHA.117.310624

25. Han P, Li W, Lin CH, Yang ], Shang C, Nuernberg ST, et al. A long
noncoding RNA protects the heart from pathological hypertrophy. Nature.
(2014) 514:102-6. doi: 10.1038/nature13596

26. WangK, Liu F, Zhou LY, Long B, Yuan SM, Wang Y, et al. The long noncoding
RNA CHREF regulates cardiac hypertrophy by targeting miR-489. Circ Res.
(2014) 114:1377-88. doi: 10.1161/CIRCRESAHA.114.302476

commitment. Cell.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

February 2021 | Volume 8 | Article 585691


https://doi.org/10.1186/s40781-018-0183-7
https://doi.org/10.1038/nature11233
https://doi.org/10.1016/j.phrs.2017.05.029
https://doi.org/10.1038/nrc.2017.99
https://doi.org/10.1038/nrd.2016.117
https://doi.org/10.1038/nrcardio.2015.55
https://doi.org/10.1016/j.molcel.2019.03.011
https://doi.org/10.1126/science.1192002
https://doi.org/10.7150/thno.35188
https://doi.org/10.1073/pnas.0904715106
https://doi.org/10.1101/gad.325050.119
https://doi.org/10.1038/nature23881
https://doi.org/10.1016/j.cell.2018.11.041
https://doi.org/10.15252/embj.201695335
https://doi.org/10.1016/j.cell.2014.10.019
https://doi.org/10.1016/j.molcel.2017.11.013
https://doi.org/10.1016/j.molcel.2019.01.015
https://doi.org/10.1016/j.cell.2013.01.003
https://doi.org/10.1038/nsmb.3487
https://doi.org/10.1038/s41594-019-0197-y
https://doi.org/10.1016/j.molcel.2014.04.025
https://doi.org/10.1038/s41467-019-09784-9
https://doi.org/10.1038/s41569-018-0007-y
https://doi.org/10.1161/CIRCRESAHA.117.310624
https://doi.org/10.1038/nature13596
https://doi.org/10.1161/CIRCRESAHA.114.302476
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Wang et al.

Angll Modifies EZH2-Binding ncRNAs

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Zhu XH, Yuan YX, Rao SL, Wang P. LncRNA MIAT enhances cardiac
hypertrophy partly through sponging miR-150. Eur Rev Med Pharmaco.
(2016) 20:3653-60. Available online at: https://www.europeanreview.org/
wp/wp-content/uploads/3653-3660- LncRNA- MIAT-enhances- cardiac-
hypertrophy- partly- through-sponging- miR- 150.pdf

Wang 7, Zhang XJ, Ji YX, Zhang P, Deng KQ, Gong J, et al
The long noncoding RNA Chaer defines an epigenetic checkpoint in
cardiac hypertrophy. Nat Med. (2016) 22:1131-39. doi: 10.1038/nm.
4179

Wang Y, Xie Y, Li L, He Y, Zheng D, Yu P, et al. EZH2 RIP-seq identifies
tissue-specific long non-coding RNAs. Curr Gene Ther. (2018) 18:275-85.
doi: 10.2174/1566523218666181008125010

Francois H, Athirakul K, Mao L, Rockman H, Coffman TM. Role
for thromboxane receptors in angiotensin-II-induced hypertension.
Hypertension. (2004) 43:364-9. doi: 10.1161/01.HYP.0000112225.27560.24
Baroni TE, Chittur SV, George AD, Tenenbaum SA. Advances in RIP-chip
analysis : RNA-binding protein immunoprecipitation-microarray profiling.
Methods Mol Biol. (2008) 419:93-108. doi: 10.1007/978-1-59745-033-1_6
Leppek K, Stoecklin G. An optimized streptavidin-binding RNA aptamer
for purification of ribonucleoprotein complexes identifies novel ARE-binding
proteins. Nucleic Acids Res. (2013) 42:e13. doi: 10.1093/nar/gkt956

Zhao Y, Li H, Fang S, Kang Y, Wu W, Hao Y, et al. NONCODE 2016: an
informative and valuable data source of long non-coding RNAs. Nucleic Acids
Res. (2016) 44:D203-8. doi: 10.1093/nar/gkv1252

Livi CM, Klus P, Ponti RD, Tartaglia GG. catRAPID signature: identification of
ribonucleoproteins and RNA-binding regions. Bioinformatics. (2016) 32:773-
75. doi: 10.1093/bioinformatics/btv629

Battistelli C, Cicchini C, Santangelo L, Tramontano A, Grassi L, Gonzalez FJ,
et al. The Snail repressor recruits EZH2 to specific genomic sites through the
enrollment of the IncRNA HOTAIR in epithelial-to-mesenchymal transition.
Oncogene. (2017) 36:942-55. doi: 10.1038/0n¢.2016.260

Fazi B, Garbo S, Toschi N, Mangiola A, Lombari M, Sicari D, et al. The
IncRNA H19 positively affects the tumorigenic properties of glioblastoma cells
and contributes to NKD1 repression through the recruitment of EZH2 on its
promoter. Oncotarget. (2018) 9:15512-25. doi: 10.18632/oncotarget.24496
Zhao J, Ohsumi TK, Kung JT, Ogawa Y, Grau DJ, Sarma K, et al. Genome-wide
Identification of Polycomb-Associated RNAs by RIP-seq. Mol Cell. (2010)
40:939-53. doi: 10.1016/j.molcel.2010.12.011

Sun DY, Yu ZWW, Fang X, Liu MD, Pu YY, Shao Q, et al. LncRNA GAS5
inhibits microglial M2 polarization and exacerbates demyelination. Embo Rep.
(2017) 18:1801-16. doi: 10.15252/embr.201643668

Zhang X, Hamblin MH, Yin KJ. The long noncoding RNA Malatl: its
physiological and pathophysiological functions. RNA Biol. (2017) 14:1705-14.
doi: 10.1080/15476286.2017.1358347

Hirata H, Hinoda Y, Shahryari V, Deng G, Nakajima K, Tabatabai ZL, et al.
Long noncoding RNA MALAT1 promotes aggressive renal cell carcinoma
through Ezh2 and interacts with miR-205. Cancer Res. (2015) 75:1322-31.
doi: 10.1158/0008-5472.CAN-14-2931

Huang C, ShiJ, Guo Y, Huang W, Huang S, Ming S, et al. A snoRNA modulates
mRNA 3’ end processing and regulates the expression of a subset of mRNAs.
Nucleic Acids Res. (2017) 45:8647-60. doi: 10.1093/nar/gkx651

Bratkovic T, Bozic J, Rogelj B. Functional diversity of small nucleolar RNAs.
Nucleic Acids Res. (2020) 48:1627-51. doi: 10.1093/nar/gkz1140

Anwar T, Arellano-Garcia C, Ropa ], Chen YC, Kim HS, Yoon E,
et al. p38-mediated phosphorylation at T367 induces EZH2 cytoplasmic
localization to promote breast cancer metastasis. Nat Commun. (2018) 9:2801.
doi: 10.1038/s41467-018-05078-8

Lo PW, Shie JJ, Chen CH, Wu CY, Hsu TL, Wong CH. O-
GlcNAcylation regulates the stability and enzymatic activity of the histone
methyltransferase EZH2. Proc Natl Acad Sci USA. (2018) 115:7302-7.
doi: 10.1073/pnas.1801850115

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

modifications  in
(2012)  24:374-86.

histone
Biol.

Bivalent
Opin  Cell

Vastenhouw NL, Schier AF.
early embryogenesis. Curr
doi: 10.1016/j.ceb.2012.03.009
Shan Y, Liang Z, Xing Q, Zhang T, Wang B, Tian S, et al. PRC2 specifies
ectoderm lineages and maintains pluripotency in primed but not naive ESCs.
Nat Commun. (2017) 8:672. doi: 10.1038/s41467-017-00668-4

Mas G, Blanco E, Ballare C, Sanso M, Spill YG, Hu D, et al. Promoter bivalency
favors an open chromatin architecture in embryonic stem cells. Nat Genet.
(2018) 50:1452-62. doi: 10.1038/s41588-018-0218-5

Delgado-Olguin P, Huang Y, Li X, Christodoulou D, Seidman CE, Seidman
JG, et al. Epigenetic repression of cardiac progenitor gene expression by
Ezh2 is required for postnatal cardiac homeostasis. Nat Genet. (2012) 44:343.
doi: 10.1038/ng.1068

He AB, Ma Q, Cao J], von Gise A, Zhou PZ, Xie HE, et al. Polycomb repressive
complex 2 regulates normal development of the mouse heart. Circ Res. (2012)
110:406. doi: 10.1161/CIRCRESAHA.111.252205

Long YC, Hwang T, Gooding AR, Goodrich KJ, Rinn JL, Cech TR. RNA is
essential for PRC2 chromatin occupancy and function in human pluripotent
stem cells. Nature Genetics. (2020) 52:931-8. doi: 10.1038/s41588-020-0662-x
Kaneko S, Li G, Son J, Xu CE Margueron R, Neubert TA, et al.
Phosphorylation of the PRC2 component Ezh2 is cell cycle-regulated
and up-regulates its binding to ncRNA. Genes Dev. (2010) 24:2615-20.
doi: 10.1101/gad.1983810

Long Y, Bolanos B, Gong L, Liu W, Goodrich KJ, Yang X, et al
Conserved RNA-binding specificity of polycomb repressive complex 2 is
achieved by dispersed amino acid patches in EZH2. Elife. (2017) 6:€31558.
doi: 10.7554/eLife.31558

Davidovich C, Wang XY, Cifuentes-Rojas C, Goodrich KJ, Gooding AR, Lee
JT, et al. Toward a consensus on the binding specificity and promiscuity of
PRC2 for RNA. Mol Cell. (2015) 57:552-8. doi: 10.1016/j.molcel.2014.12.017
Davidovich C, Zheng L, Goodrich KJ, Cech TR. Promiscuous RNA binding
by Polycomb repressive complex 2. Nat Struct Mol Biol. (2013) 20:1250-7.
doi: 10.1038/nsmb.2679

Zhao J, Sun BK, Erwin JA, Song JJ, Lee JT. Polycomb proteins targeted by a
short repeat RNA to the mouse X chromosome. Science. (2008) 322:750-6.
doi: 10.1126/science.1163045

Lee JH, Gao C, Peng G, Greer C, Ren S, Wang Y, et al
Analysis of transcriptome complexity through RNA sequencing in
normal and failing murine hearts. Circ Res. (2011) 109:1332-41.
doi: 10.1161/CIRCRESAHA.111.249433

Peters T, Hermans-Beijnsberger S, Beqqali A, Bitsch N, Nakagawa S,
Prasanth KV, et al. Long non-coding RNA Malat-1 is dispensable
during pressure overload-induced cardiac remodeling and failure
in mice. PLoS ONE. (2016) 11:¢0150236. doi: 10.1371/journal.pone.
0150236

Koyen AE, Madden MZ, Park D, Minten EV, Kapoor-Vazirani P, Werner E,
et al. EZH2 has a non-catalytic and PRC2-independent role in stabilizing
DDB?2 to promote nucleotide excision repair. Oncogene. (2020) 39:4798-813.
doi: 10.1038/s41388-020-1332-2

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Wang, Guo, Li, He, Zheng, Li and Wang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

11

February 2021 | Volume 8 | Article 585691


https://www.europeanreview.org/wp/wp-content/uploads/3653-3660-LncRNA-MIAT-enhances-cardiac-hypertrophy-partly-through-sponging-miR-150.pdf
https://www.europeanreview.org/wp/wp-content/uploads/3653-3660-LncRNA-MIAT-enhances-cardiac-hypertrophy-partly-through-sponging-miR-150.pdf
https://www.europeanreview.org/wp/wp-content/uploads/3653-3660-LncRNA-MIAT-enhances-cardiac-hypertrophy-partly-through-sponging-miR-150.pdf
https://doi.org/10.1038/nm.4179
https://doi.org/10.2174/1566523218666181008125010
https://doi.org/10.1161/01.HYP.0000112225.27560.24
https://doi.org/10.1007/978-1-59745-033-1_6
https://doi.org/10.1093/nar/gkt956
https://doi.org/10.1093/nar/gkv1252
https://doi.org/10.1093/bioinformatics/btv629
https://doi.org/10.1038/onc.2016.260
https://doi.org/10.18632/oncotarget.24496
https://doi.org/10.1016/j.molcel.2010.12.011
https://doi.org/10.15252/embr.201643668
https://doi.org/10.1080/15476286.2017.1358347
https://doi.org/10.1158/0008-5472.CAN-14-2931
https://doi.org/10.1093/nar/gkx651
https://doi.org/10.1093/nar/gkz1140
https://doi.org/10.1038/s41467-018-05078-8
https://doi.org/10.1073/pnas.1801850115
https://doi.org/10.1016/j.ceb.2012.03.009
https://doi.org/10.1038/s41467-017-00668-4
https://doi.org/10.1038/s41588-018-0218-5
https://doi.org/10.1038/ng.1068
https://doi.org/10.1161/CIRCRESAHA.111.252205
https://doi.org/10.1038/s41588-020-0662-x
https://doi.org/10.1101/gad.1983810
https://doi.org/10.7554/eLife.31558
https://doi.org/10.1016/j.molcel.2014.12.017
https://doi.org/10.1038/nsmb.2679
https://doi.org/10.1126/science.1163045
https://doi.org/10.1161/CIRCRESAHA.111.249433
https://doi.org/10.1371/journal.pone.0150236
https://doi.org/10.1038/s41388-020-1332-2
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	EZH2 Dynamically Associates With Non-coding RNAs in Mouse Hearts After Acute Angiotensin II Treatment
	Introduction
	Materials and Methods
	Animals
	Cell Culture and Plasmids
	Western Blot
	RNA Immune-Precipitation
	RNA Pull-Down Assay
	RNA Sequencing
	Real-Time PCR
	In Silicon RNA Secondary Structure Prediction
	Statistics

	Results
	Validation of the RIP Method
	Identification of EZH2-Associated ncRNAs
	Dynamic Association Between EZH2 and ncRNAs During AngII Stimulation
	Structural Characteristics of EZH2-Associated ncRNAs
	Malat1 Genomic Locus Is Involved in AngII-Induced Epigenetic Reprogramming

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


