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Abstract: Background: Cardiomyocytes derived from human embryonic stem cells (hESCs) are regulated by complex

and stringent gene networks during differentiation. Long non-coding RNAs (lncRNAs) exert critical epigenetic

regulatory functions in multiple differentiation processes. However, the involvement of lncRNAs in the differentiation

of hESCs into cardiomyocytes has not yet been fully elucidated. Here, we identified the key roles of ZFAS1 (lncRNA

zinc finger antisense 1) in the differentiation of cardiomyocytes from hESCs. Methods: A model of cardiomyocyte

differentiation from stem cells was established using the monolayer differentiation method, and the number of beating

hESCs-derived cardiomyocytes was calculated. Gene expression was analyzed by quantitative real-time PCR (qRT-

PCR). Immunofluorescence assays were performed to assess the expression of cardiac troponin T (cTnT) and α-

actinin protein in cardiomyocytes. Results: qRT-PCR showed that ZFAS1 expression in the mesoderm was

significantly higher than that in embryonic stem cells, cardiac progenitor cells, and cardiomyocytes. Knockdown of

ZFAS1 inhibited cardiomyocyte differentiation from hESCs, which was characterized by reduced expression of the

cardiac-specific markers cTnT, α-actinin, myosin heavy chain 6 (MYH6), and myosin heavy chain 7 (MYH7). In

contrast, ZFAS1 overexpression remarkably increased the percentage of spontaneously beating cardiomyocytes. In

terms of the mechanism, we found that ZFAS1 is an antisense lncRNA at the 5′ end of the protein-coding gene

ZNFX1. Knockdown of ZFAS1 could increase the mRNA expression level of ZNFX1. Furthermore, qRT-PCR

demonstrated that the silencing of ZNFX1 led to an increase in cardiac-specific markers that predicted the promotion

of cardiomyocyte differentiation. Conclusion: Altogether, these data suggest that lncRNA-ZFAS1 is required for

cardiac differentiation by functionally inhibiting the expression of ZNFX1, which may provide a reference for the

treatment of heart disease to a certain extent.

Introduction

Cardiovascular disease, particularly myocardial infarction
(MI), remains the leading cause of death worldwide
(Andersson and Vasan, 2018; Benjamin et al., 2019).
Mammalian cardiomyocytes (CMs) exit the cell cycle shortly
after birth, which limits the regenerative potential of the
adult heart and results in poor replacement of lost tissue
after acute ischemic injury, ultimately leading to heart

failure (Laflamme and Murry, 2011; Chen et al., 2021).
Therefore, how to deal with the inactivated myocardium has
become an urgent medical problem. Currently, several
avenues to promote cardiac regeneration after acute
ischemic injury have been evaluated (Li et al., 2020; Bae et
al., 2021; Han et al., 2021). In addition to promoting the
endogenous cardiomyocyte proliferation and
reprogramming of non-cardiomyocytes to cardiomyocytes,
stem cell therapy for the treatment of inactivated
myocardium in fatal cardiovascular disease has been
extensively studied (Song et al., 2012; Protze et al., 2019;
Dhahri et al., 2022).

Human embryonic stem cells (hESCs) have the potential
to proliferate indefinitely, self-renew, and differentiate into a
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variety of cell lineages including CMs in vitro (Wang, 2006;
Mummery et al., 2012; Frame et al., 2020). Ideally,
mesoderm-derived CMs are highly similar to the primitive
cardiomyocyte in terms of cell morphology,
electrophysiology, and energy metabolism, which not only
provide an adequate source of cardiomyocytes for cell
replacement therapy but also serve as an important model
for exploring human heart development (Abu-Issa and
Kirby, 2007; Caspi et al., 2007; Chong et al., 2014).
Cardiomyocytes derived from hESCs (hESC-CMs) are
regulated by complex gene networks and despite substantial
progress in inducing cardiomyocyte differentiation in vitro,
the potential application of hESC-CMs is limited due to the
low purity and yield. Therefore, it is of great significance to
uncover the underlying mechanisms of cardiomyocyte
differentiation to address this issue.

Long non-coding RNAs (LncRNAs) are defined as
transcripts longer than 200 nucleotides and do not code for
any transcripts. They have emerged as key regulators of
diverse biological and pathophysiology processes, including
cell metabolism, epigenetic regulation, cell proliferation, and
apoptosis (Ni et al., 2019; Palazzo and Koonin, 2020; Zhao
et al., 2020; Park et al., 2021). Functionally, lncRNAs can
regulate gene expression through a variety of mechanisms
such as histone modification, chromatin remodeling,
interaction with transcription factors, and competition with
endogenous mRNA or microRNAs (miRNAs) (Zhu et al.,
2013; Beermann et al., 2016; Qian et al., 2019; Tan et al.,
2021). Notably, accumulated evidence has suggested that
lncRNAs play critical roles in the differentiation fate of
hESCs. For instance, cardiac mesoderm enhancer-associated
noncoding RNA (CARMEN) and Braveheart (Bvht) are
lncRNAs located on the opposite strands adjacent to each
other, which are essential for cardiac mesoderm
specification and cardiomyocyte differentiation (Klattenhoff
et al., 2013; Ounzain et al., 2015). Furthermore,
downregulation of cardiomyocyte maturation-associated
lncRNA (CARMA) levels in differentiating ESCs promote
cardiogenic commitment and cardiomyocyte differentiation
in mice (Kay et al., 2022). The identification of such
lncRNAs that play a significant role in regulating
cardiomyocyte terminal differentiation will facilitate the
development of therapeutic strategies for cardiac repair.

LncRNA zinc finger antisense 1 (ZFAS1) is the antisense
strand of the encoded gene ZNFX1 and has emerged as a key
molecule in governing multiple biological processes. In breast
cancer, ZFAS1 knockout significantly increased the

proliferation and differentiation ability of breast cancer cells,
suggesting that ZFAS1 may be a new target for breast cancer
therapy as a tumor suppressor gene (Fan et al., 2018).
Moreover, recent studies found that ZFAS1 is involved in
the regulation of cardiomyocyte apoptosis, intracellular
calcium overload, and cardiac dysfunction after MI (Zhang
et al., 2018; Jiao et al., 2019). However, the specific function
of ZFAS1 in cardiomyocyte differentiation is still lacking in
adequate research evidence. In this study, we showed that
ZFAS1 is required for cardiac differentiation by functionally
inhibiting the expression of ZNFX1. This finding may
provide a reference for the treatment of heart disease to a
certain extent.

Materials and Methods

Cell culture
The hESCs line H9 was routinely maintained in PSCeasy� II
medium (Cellapy, Beijing, China) on Matrix-coated plates
(Cellapy, Beijing, China) and passaged every 3 days using
0.5 mM ethylenediaminetetraacetic acid (EDTA) (Cellapy,
Beijing, China). The cells were cultured under the condition
of 37°C with 5% CO2, and the medium was changed every
day. In addition, MycoBlue™ mycoplasma kits (Vazyme,
Nanjing, China) were used to periodically detect
mycoplasma infection.

Cell transfection
The small interfering RNA siRNA-ZFAS1, siRNA-ZNFX1,
and negative control (siNC) were synthesized from
GenePharma Co., Ltd. (Shanghai, China), which were
transfected into hESCs using RNAiMAX reagent
(Invitrogen, Carlsbad, USA) according to the manufacturer’s
instructions. 100 μL of Opti-MEM containing 6 μL
RNAiMAX reagent and 100 μL of Opti-MEM containing
2 μL siRNA were mixed thoroughly for 5 min and then
incubated into a 12-well plate with 80% stem cell fusion.
The target sequences are listed in Table 1.

The plasmid pcDNA3.1(+)-ZFAS1 was purchased from
OBiO Technology Co., Ltd. (Shanghai, China), which were
transfected into hESCs using ViaFect Transfection Reagent
(Promega, Madison, Wisconsin, USA). DNA was diluted to
2 μg per 200 μL of Opti-MEM, and 8 μL ViaFect
Transfection Reagent was added to achieve the proper ratio
of reagent to DNA. Transfection was performed when
hESCs fusion reached about 80%, and samples were
collected after 48 h for subsequent experimental studies.

TABLE 1

Target sequences

Sense (5′-3′) Antisense (5′-3′)

siNC UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT

siZNFX1-1 CGACGAAGCUAGAGACCAA UUGGUCUCUAGCUUCGUCG

siZFAS1-1 CAUUCGUUCUUUCGCGUCUTT AGACGCGAAAGAACGAAUGTT

siZFAS1-2 GAUUCAGUCUGCCUUGUAATT UUACAAGGCAGACUGAAUCTT
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Cardiac differentiation from human embryonic stem cells
Cardiac differentiation was induced from hESCs according to
a previous report (Han et al., 2019). Briefly, at the onset of
differentiation, hESCs were cultured in RPMI 1640 medium
containing B27 supplement minus insulin (Thermo Fisher,
Waltham, USA). On days 0–1, 6 μm CHIR (MCE, New
Jersey, USA) was added to the medium. On days 3–5, 2 μm
wnt-C59 (MCE, New Jersey, USA) was added into the
medium. On day 7 of differentiation, the medium was
replaced with RPMI 1640 plus B27 supplement (Thermo
Fisher, Waltham, USA), and the medium was changed every
48 h until pulsing cardiomyocytes were observed.

RNA extraction and quantitative real-time PCR
Total RNA extractions from hESCs and CMs were performed
using TRIzol reagent (Invitrogen, Carlsbad, USA) and
reverse-transcribed into single-strand cDNA using the High-
Capacity cDNA Reverse Transcription Kit (Applied
Biosystems, Carlsbad, USA). SYBR Green Master mix
(Roche, Basel, Switzerland) and 7500 Fast Real-Time PCR
System (Applied Biosystems, Foster City, CA, USA) were
used for the relative quantification of RNA. The reaction
conditions were: 95°C for 10 min, 95°C for 15 s, 60°C for
30 s, and 72°C for 30 s, a total of 40 cycles. The relative
expression levels of mRNA were calculated and analyzed by
the 2–ΔΔCT method (Livak and Schmittgen, 2001). GAPDH
was used as the internal control. The corresponding primer
sequences are listed in Table 2.

Immunofluorescence assays
HESC-CMs of each group were fixed with 4%
paraformaldehyde (Solarbio, Beijing, China) for 20 min
before being permeabilized with 0.4% Triton X-100
(Beyotime, Shanghai, China) for 10 min at room
temperature. After blocking with goat serum (BOSTER,
Wuhan, China) for 30 min at 37°C to reduce nonspecific
binding, the samples were incubated with primary
antibodies against α-actinin (GeneTex, San Antonio, USA)
and cTnT (Invitrogen, Carlsbad, USA) overnight at 4°C.
Then, the cells were incubated with Alexa Fluor-488
(Abcam, Cambridge, UK) and Alexa Fluor-594 (Abcam,

Cambridge, UK) secondary antibodies for 1 h at room
temperature in darkness. Images were acquired by a live cell
imaging system (Olympus Fluoview 10i) and analyzed by
Image-Pro Plus (Media Cybernetics, USA).

Statistical analysis
The Two-tailed Student’s t-test was performed for
comparisons between two groups, and ANOVA was used to
compare the differences among multiple groups. Statistical
significance was defined as a p value less than 0.05. The data
are presented as mean ± SEM (standard error of mean). All
statistical analyses were carried out using GraphPad Prism
8.2.1 (Graph Pad Software, Inc., USA).

Results

LncRNA ZFAS1 was significantly upregulated during
cardiomyocyte differentiation
In order to define the implication of ZFAS1 in the process of
cardiomyocyte differentiation, we induced the differentiation
of hESCs into cardiomyocytes in vitro, which was consistent
with the previous procedure (Fig. 1A). The differentiation of
hESCs into cardiomyocytes was divided into the following
stages based on the gene expression pattern: hESCs (human
embryonic cells, day 0), MES (mesoderm, day 2), CPCs
(cardiac progenitor cells, day 5) and CMs (cardiomyocytes,
day 8). Firstly, we performed the qRT-PCR analysis for
ZFAS1 at different stages of differentiation and found that
the expression level of ZFAS1 increased significantly during
the hESCs to MES phase (Fig. 1B). This elevated expression
of ZFAS1 suggests that it may be involved in the
differentiation of hESCs into CMs.

Knockdown of ZFAS1 inhibited cardiac differentiation from
hESCs
Based on the above findings, we further explored whether the
alteration of ZFAS1 is related to the differentiation of CMs.
The hESCs were differentiated into CMs in the presence or
absence of siRNA targeting lncRNA ZFAS1. A significant
decrease in ZFAS1 expression was observed following siRNA
administration (Fig. 2A). Silencing of ZFAS1 did not affect

TABLE 2

Primer details

Gene Forward primer Reverse primer

MYH6 5′-GCTGGTCACCAACAATCCCTA-3′ 5′-CGTCAAAGGCACTATCGGTGG-3′

cTnT 5′-TTCACCAAAGATCTGCTCCTCGCT-3′ 5′-TTATTACTGGTGTGGAGTGGGTGTGG-3′

BRACHYURY 5′-GCAGGTAGGCAGTTAGAA-3′ 5′-CCTCGTTCTGATAAGCAGTCAC-3′

TBX-5 5′-GGAGCTGCACAGAATGTCAA-3′ 5′-TGCTGAAAGGACTGTGGTTG-3′

α-actinin 5′-ACATCTGGAGCTCGAGGAAA-3′ 5′-TTCCTATGGGGTCATCCTTG-3′

MYH7 5′-GGAGTTCAAAGAAGCCTTCAGC-3′ 5′-AAAGAGCGTGAGGAAGACGG-3′

GAPDH 5′-TCGACAGTCAGCCGCATCTTCTTT-3′ 5′-ACCAAATCCGTTGACTCCGACCTT-3′

OCT4 5′-GTTGAATCCCGAATGGAAAGGG-3′ 5′-GTGTATATCCCAGGGTGATCCTC-3′

ZFAS1 5′-CCGGAGTGTGGTACTTCTCC-3′ 5′-CCAGAGGTCTCCAACGAAGA-3′

ZNFX1 5′-CCAGTTCCACAAGGTTAC-3′ 5′-GCAGGTAGGCAGTTAGAA-3′
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the pluripotency of hESCs, as no significant change was
detected in the stem cell marker OCT4 from day 0 to day 8
after differentiation compared with the control group
(Fig. 2B). Notably, the levels of BRACHYURY as the
mesodermal marker and T-box transcription factor 5 (TBX-
5) as the cardiac progenitor cells marker, were significantly
reduced from day 2 to day 5 as compared to the control cells
treated with scrambled siRNAs (Figs. 2C and 2D). As
expected, after the transfection of siZFAS1 in hESCs, we
found an inhibition of cardiomyocyte differentiation, which
was characterized by reduced mRNA expression of cardiac-
specific markers cTnT, α-actinin, MYH6, and MYH7 (Figs.
2E–2H). Similarly, the cTnT and α-actinin protein expression
in CMs of the siZFAS1 group was decreased compared with
the control group observed by immunofluorescence
technique (Figs. 2I and 2J). In addition, the percentage of
spontaneously beating CMs decreased with the knockdown
of ZFAS1 as observed under the microscope (Fig. 3C).

Overexpression of ZFAS1 promoted cardiac differentiation in
hESCs
We next characterized the role of ZFAS1 in cardiac
differentiation by overexpressing this lncRNA in hESCs. As
shown in Figs. 3A and 3B, with the effective overexpression
of ZFAS1 by plasmid transfection at the initiation of
differentiation, the percentage of spontaneously beating
CMs was obviously increased. Consistently, overexpression
of ZFAS1 markedly elevated the mRNA expression levels of
cTnT, α-actinin, MYH6, and MYH7 compared with the
control group (Figs. 3D–3G). The immunofluorescence
analysis further revealed that the α-actinin protein
expression was also increased in CMs of ZFAS1
overexpression group (Fig. 3H). Together, these results
indicated that lncRNA-ZFAS1 could promote cardiac
differentiation in hESCs.

ZNFX1 was the target of ZFAS1 that regulates the cardiac
differentiation in hESCs
Increasing evidence had shown that antisense lncRNAs could
form sense-antisense pairs by pairing with protein-coding

gene mRNAs on the opposite strand to regulate
transcription, variable splicing, and mRNA stability. Given
that ZFAS1 is the antisense lncRNA at the 5′ end of protein-
coding gene ZNFX1 (Fig. 4A), we hypothesized that the
regulatory role of antisense ZFAS1 in hESC differentiation
may be linked to the regulation of ZNFX1. Firstly, we
examined the expression of ZNFX1 in hESCs and found that
the knockdown of ZFAS1 could increase the mRNA
expression level of ZNFX1 (Fig. 4B). To further investigate
whether ZNFX1 is directly involved in regulating
cardiomyocyte differentiation, we then utilized siRNAs to
knockdown the expression of ZNFX1 in differentiating
hESCs, and the efficiency was verified by qRT-PCR
(Fig. 4C). As shown in Figs. 4D–4H, compared with the
control group, the expression of cardiac cell markers cTnT,
α-actinin, MYH6, and MYH7 were upregulated upon
ZNFX1 knockdown. Notably, in the presence of siZNFX1,
the knockdown of ZFAS1 failed to inhibit the cardiac
differentiation in hESCs (Figs. 4I–4L). Overall, these results
suggest that ZFAS1 is required for cardiac differentiation by
functionally inhibiting the expression of ZNFX1.

Discussion

In recent years, it has been found that the combined
transplantation of pluripotent stem cell-derived
cardiomyocytes and stem cells can significantly increase the
retention of transplanted cardiomyocytes, improve the
survival rate, promote the formation of new blood vessels
and anti-inflammatory effects through the paracrine
pathway (Khan et al., 2015; Liu et al., 2018; Lima Correa et
al., 2021), thus repairing the damaged heart and improving
the heart function. Accumulated evidence has suggested that
multiple signaling pathways like Wnt, Notch, Fibroblast
growth factor 2 (FGF2), and the Bone morphogenetic
protein-4 (BMP4) pathway can be involved in regulating the
efficiency of inducing differentiation of pluripotent stem
cells to cardiomyocytes (Willems et al., 2011; Tung et al.,
2014; Pallotta et al., 2017; Rajabi et al., 2018; Wu et al.,
2021). Notably, lncRNAs also play a critical role in the

FIGURE 1. LncRNA ZFAS1 was upregulated during hESCs toMES. (A) Schematic diagram of the differentiation system of hESC-CMs. hESCs:
human embryonic stem cells (day 0). MES: mesoderm (day 2). CPCs: cardiac progenitor cells (day 5). CMs: cardiomyocytes (day 8). (B) The
mRNA expressions of ZFAS1 in hESCs (day 0), MES (day 2), CPCs (day 5) and CMs (day 8) were analyzed by quantitative real-time PCR
(qRT-PCR). Two-tailed Student’s t-test was used to compare the differences between the two experimental groups. Error bars represent
mean ± SEM. ***p < 0.001. n = 4.
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differentiation fate of hESCs. Improving the differentiation
efficiency and maturation of cardiomyocytes by lncRNAs is
expected to be a new therapeutic strategy for myocardial
repair after myocardial infarction (Fico et al., 2019; Hunkler
et al., 2022).

ZFAS1 (zinc finger antisense 1) is a splicing and
polyadenylated lncRNA transcribed from the 5′ end of
ZNFX1. It is derived from chromosome 20q13.13 and is

involved in different types of malignancies including gastric
cancer, colorectal cancer, and hepatocellular carcinoma
(Zhou et al., 2019; Lin et al., 2021; Zhu et al., 2021; Zhuo et
al., 2022). Previous studies have reported that ZFAS1 was an
endogenous sarcoplasmic/endoplasmic reticulum Ca2+

ATPase 2a (SERCA2a) inhibitor. It was involved in the
regulation of the Wnt/β-Catenin signal pathway, which was
linked to the pathogenesis of acute myocardial infarction

FIGURE 2. Knockdown of ZFAS1 inhibited cardiac differentiation from human embryonic stem cells (hESCs). (A) qRT-qPCR was performed
to evaluate the expression of ZFAS1 in siNC and siZFAS1 cells at day 3 of cardiomyocyte (CM) differentiation. At least three independent
batches of cells for each group were done. *p < 0.05 vs. siNC. (B–D) The mRNA expression of OCT4, BRACHYURY and T-box
transcription factor 5 (TBX-5) at day 0 to day 8 of CM differentiation. n = 3. (E–H) The mRNA expression of cardiac troponin T (cTnT),
α-actinin, myosin heavy chain 6 (MYH6), and myosin heavy chain 7 (MYH7) at day 8 of CM differentiation. *p < 0.05, **p < 0.01, ***p <
0.001. n = 4. (I–J) Immunofluorescence staining for cardiac troponin T (cTnT) (red) and α-actinin (green) in hESCs-induced CMs at day
8. Nuclei were stained in blue with 4′,6-diamidino-2-phenylindole (DAPI). The scale bar indicates 100 μm/200 μm. Two-tailed Student’s t-
test was used to compare the differences between the two experimental groups. Error bars represent mean ± SEM. **p < 0.01, ***p < 0.001.
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(Ying et al., 2018). However, the specific function of ZFAS1 in
cardiomyocyte differentiation is still lacking in adequate
research evidence.

In this study, we investigated the regulatory role of
lncRNA-ZFAS1 in the differentiation of hESCs into CMs.
We found for the first time that ZFAS1 is highly expressed
in the mesoderm during cardiomyocyte differentiation. The
downregulation or overexpression of ZFAS1 during
differentiation revealed that ZFAS1 regulated the process of
cardiac differentiation from hESCs. Mechanistically, there
was a negative feedback relationship between lncRNA-
ZFAS1 and its host gene ZNFX1, and ZNFX1 could be
directly involved in the cardiac differentiation process.

Previous studies reported that ZNFX1 localizes to germ
granules (P granules) of C. elegans in early germline
blastomeres. Furthermore, the biological function of ZNFX1
was to interact with silencing RNAs in the C. elegans
germline to direct transgenerational epigenetic inheritance
(TEI) (Wan et al., 2018). In addition, human ZNFX1 was
also associated with stress granules and was essential for
both monocyte homeostasis and protective immunity
against mycobacteria (Le Voyer et al., 2021). In this study,
we found that inhibition of ZNFX1 not only promoted
cardiac differentiation efficiency but also reversed the altered
differentiation caused by ZFAS1 silencing. However, the
underlying mechanism by which ZFAS1 and ZNFX1

FIGURE 3. Overexpression of ZFAS1 promoted cardiac differentiation in human embryonic stem cells (hESCs). (A) Quantitative real-time
PCR (qRT-qPCR) was performed to evaluate the mRNA expression of ZFAS1 in NC and ZFAS1-OE cells at day 3 of CM differentiation.
**p < 0.01. n = 4. (B and C) Percentage of spontaneously contracting CMs on the days of differentiation following ZFAS1 overexpression
and knockdown. **p < 0.01, ***p < 0.001. n = 4. (D–G) The mRNA level of cardiac troponin T (cTnT), α-actinin, myosin heavy chain 6
(MYH6), and myosin heavy chain 7 (MYH7) in NC and ZFAS1-OE CMs at day 8 of CM differentiation. (H) Immunofluorescence
staining for α-actinin (green) in hESC-induced CMs on day 8. Nuclei were stained in blue with 4′,6-diamidino-2-phenylindole (DAPI).
The scale bar indicates 200 μm. Error bars represent mean ± SEM. *p < 0.05. n = 3.

1412 YANG CAO et al.



FIGURE 4. ZNFX1 was the target of ZFAS1 that regulates cardiac differentiation in human embryonic stem cells (hESCs). (A) Genomic
organization of the human ZNFX1 gene cluster. (B) The mRNA expression level of ZNFX1 after knockdown of ZFAS1 at day 0 of
cardiomyocyte (CM) differentiation. *p < 0.05. n = 4. (C) Quantitative real-time PCR (qRT-PCR) analysis of ZNFX1 in siNC and
siZNFX1-transfected cells at the beginning of differentiation. **p < 0.05. n = 4. (D–G) The expression levels of cardiac troponin T (cTnT),
α-actinin, myosin heavy chain (MYH6), and myosin heavy chain (MYH7) mRNA in siNC and siZNFX1-transfected cells on day 8 of
differentiation. **p < 0.01. n = 3–4. (H) Immunofluorescence staining for cTnT (red) in hESCs-induced CMs at day 8. Nuclei were stained
in blue with 4′,6-diamidino-2-phenylindole (DAPI). The scale bar indicates 200 μm. **p < 0.01. n = 3–4. (I–L) The mRNA expression levels of
cTnT, α-actinin, MYH6, andMYH7 in siNC, siZFAS1 and siZFAS1+siZNFX1-transfected cells on day 8 of differentiation. *p < 0.05, **p < 0.01,
***p < 0.001. n = 4.
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mediate cardiac differentiation is still not well understood and
needs to be defined in our future studies.

To summarize, in this study, we found that lncRNA-
ZFAS1 is required for cardiac differentiation by functionally
inhibiting the expression of ZNFX1, which will expand our
understanding of the role of lncRNAs in cardiac lineage
commitment.
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