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Embryonic Stem Cell-Derived Cardiomyocyte
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Adult mammalian cardiomyocytes (CMs) retain a limited
proliferative ability, which is insufficient for the repair of
CM loss in ischemic cardiac injury. Regulation of the Hippo
signaling pathway to promote endogenous CM proliferation
has emerged as a promising strategy for heart regeneration.
Previous studies have shown that the microRNA cluster
miR302–367 negatively regulates the Hippo pathway, pro-
moting CM proliferation. In this study, we identified
another microRNA, miR-10b, that regulates the Hippo
pathway and promotes cell proliferation in human embry-
onic stem cell-derived CMs (hESC-CMs). We observed that
miR-10b expression was enriched in the early stage of
CMs, but its expression was reduced over time. Overexpres-
sion of miR-10b promoted CM proliferation, while
knockdown of miR-10b suppressed CM proliferation. More-
over, miR-10b protected CMs against apoptosis. miR-10b
functions, in part, by directly targeting LATS1, which is a
major component of the Hippo pathway. Our study suggests
that miR-10b has promising potential for heart regenera-
tion.
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INTRODUCTION
Heart failure due to cardiomyocyte (CM) loss after ischemic heart dis-
ease is the leading cause of death in developed countries.1,2 Adult
mammalian CMs retain a limited endogenous renewal capacity,3,4

which is insufficient for the replacement of acute or chronic CM
loss in ischemic cardiac injury.4,5 One attractive strategy to improve
the outcome in heart failure is to regenerate damaged myocardium
by producing more functional CMs. Several signaling pathways
have been demonstrated to regulate CM proliferation, such as
IGF1,6 perisotin,7 neuregulin,8 fibroblast growth factor, the Wnt/
b-catenin signaling pathway,9 and Hippo signaling pathways.10,11

Among these signaling pathways, the Hippo signaling pathway plays
a crucial role in the progression of heart failure by regulating the
growth and death of CMs.12,13
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The Hippo pathway is an evolutionarily conserved signaling pathway
that controls organ size by regulating cell proliferation and
apoptosis.14 In mammals, the main members of the Hippo pathway
include MST1/2, Sav1, Lats1/2, and Mob1, which form a kinase
cascade that phosphorylates and inhibits the downstream effector
YAP, thereby preventing its nuclear entry.14 Several studies have
shown that inactivation of Sav or Lats kinases or activation of Yap
in mouse models induces CM renewal.10,11,15,16 Leach et al.15 treated
mice with adeno-associated virus 9 (AAV9), which encodes a short
hairpin RNA (shRNA) against Salv; the treatment recovered heart
function and led to CM cell cycle re-entry, highlighting the promising
potential of the Hippo pathway as a therapeutic target for the treat-
ment of heart failure.

Interestingly, microRNAs (miRNAs) play a crucial role in the regula-
tion of the Hippo pathway in the heart. miRNAs are a class of small
noncoding single-stranded RNAs (�22 nt) that regulate gene expres-
sion at the posttranscriptional level mainly through binding to the 30

untranslated regions (UTRs) of their targets.17,18 It has been reported
that the miRNA cluster miR302–367 negatively regulates the Hippo
pathway, promoting CM proliferation and dedifferentiation.19 Here,
we identified another miRNA, miR-10b, that regulates the Hippo
pathway and promotes cell proliferation in human embryonic stem
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Figure 1. Proliferation of hESC-CMsDecreases during

the Maturation Process

(A) Schematic of the CM differentiation protocol using small

molecules. (B) Relative expression levels of the marker

genes, including OCT4, MIXL1, NKX2.5, and a-actinin,

during CM differentiation as revealed by quantitative real-

time PCR. GAPDH was used as an internal reference to

calculate the relative mRNA level. (C) Evaluation of hESC-

CM proliferation by EdU (green), a-actinin (red), and DAPI

(blue) staining at day 15 and day 35. (D) Percentage of EdU+

hESC-CMs at day 15 and day 35 (n = 3). (E) Evaluation of

hESC-CM proliferation by Ki67 (green), a-actinin (red), and

DAPI (blue) staining at day 15 and day 35. (F) Percentage of

Ki67+ hESC-CMs at day 15 and day 35 (n = 3). Statistical

significance was calculated using Student’s t test for paired

samples. Data are shown as the means ± SEM. *p < 0.05,

**p < 0.01.
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cell-derived CMs (hESC-CMs). We found that miR-10b expression
was reduced as the CM proliferation decreased. Overexpression of
miR-10b promoted CM proliferation. Furthermore, we showed that
miR-10b functioned, at least in part, by targeting LATS1. Our study
suggests that miR-10b is a promising molecule for heart regeneration.

RESULTS
Proliferation of hESC-CMs Decreased Over Time

In this study, hESC-CMs were used to investigate the molecular
mechanism of proliferation. We differentiated hESCs into CMs using
a small molecule-based monolayer stepwise system (Figure 1A).20

Beating CMs were observed 8–10 days after induction. hECS-CMs
438 Molecular Therapy: Nucleic Acids Vol. 19 March 2020
were further purified with glucose-depleted cul-
ture medium containing abundant lactate.21

There are four major stages of CM differentiation
in vitro: stem cells, mesodermal progenitor cells,
cardiac progenitor cells, and CMs.22 Consistent
with these four major stages, quantitative real-
time PCR analysis revealed that the stem cell
marker OCT4 significantly decreased over time,
the mesodermal marker MIXL1 was transiently
upregulated at days 1–3, and the cardiac markers
NKX2.5 and a-actinin remarkably increased at
day 7 (Figure 1B). We investigated the prolifera-
tion ability of CMs at days 15 and 35. EdU+ and
Ki67+ staining revealed that hESC-CM prolifera-
tion dramatically decreased at day 35 (Figures
1C–1F), consistent with previous reports.23,24

These hESC-CMs provide us with a good oppor-
tunity to study how miRNAs regulate CM
proliferation.

Overexpression of miR-10b Promotes hESC-

CM Proliferation

We investigated the abundance of each miRNA at
the early stage of hESC-CMs (7 days after CM dif-
ferentiation) by profiling miRNA expression at the genome-wide
level, and the results revealed that there are 17 relatively abundant
miRNAs at this stage (Figure 2A). Among these miRNAs, miR-
92a/b, miR-302a/d, miR-222, miR-16, and miR-133a have been re-
ported to play important roles in regulating CM proliferation.19,25–28

Thus, we investigated the proliferative effect of the remaining
miRNAs with primary immunofluorescence screening. We trans-
fected 26-day-old hESC-CMs with either negative control (NC)
mimics or miRNA mimics (Figure 2B). The results revealed that
only miR-10b promoted CM proliferation (Figures 2C–2F; Figures
S1A and S1B). Consistent with CM proliferation, qRT-PCR revealed
that expression of a variety of cell cycle-related genes, including



(legend on next page)
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Figure 3. miR-10b Overexpression Decreases hESC-CM Apoptosis

(A) Apoptosis of hESC-CMs transfected with NC mimics or miR-10b mimics

followed by H2O2 treatment was analyzed by flow cytometry. The annexin V-APC

(x axis)-positive area represents the early stage of apoptotic cells, and the PI (y axis)-

positive area represents the late stage of apoptotic cells. (B) Percentage of total

apoptotic hESC-CMs transfected with NC mimics or miR-10b mimics (n = 3). (C)

Relative expression levels of genes related to apoptosis (BAX, DAPK1, STK17B) in

hESC-CMs transfected with NC mimics or miR-10b mimics. GAPDH was used as

an internal reference to calculate the relative mRNA levels (n = 3). Statistical sig-

nificance was calculated using Student’s t test for paired samples. Data are shown

as the means ± SEM. *p < 0.05, **p < 0.01.
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CDKN2A, CCNB, CCND, CDK1, NUSAP1, and PCNA, was changed
after miR-10b transfection (Figure S1C). miR-10b overexpression
affected the nucleation of hESC-CMs, as the percentage of mononu-
cleated CMs increased and the percentage of binucleated CMs
decreased after transfection (Figure S1D).

We further investigated the effects of miR-10b knockdown on
hESC-CM proliferation. Transfection of miR-10b inhibitors (anti-
miR-10b) in CMs decreased miR-10b expression, as revealed by
Figure 2. miR-10b Overexpression Promotes hESC-CM Proliferation

(A) miRNA sequencing (miRNA-seq) analysis of cardiac progenitor cells identified a sub

design. (C) miRNA mimic screening for hESC-CM proliferation. Percentage of EdU+, a-

mimic (n = 3). (D) miR-10b expression in hESC-CMs transfected with NC mimics or m

liferation after transfection with NCmimics or miR-10bmimics by EdU (green), a-actinin (

mimics or miR-10b mimics (n = 3). (G) Evaluation of hESC-CM proliferation after transfe

staining. (H) Percentage of EdU+ CMs after transfection with anti-NC or anti-miR-10b (n

Data are shown as the means ± SEM. *p < 0.05, **p < 0.01.
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qRT-PCR (Figure S2A), and decreased the proliferation capacity of
hESC-CMs, as revealed by both EdU and Ki67 staining (Figures 2G
and 2H; Figures S2B and S2C). After transfection with miR-10b
mimic or anti-miR-10b, the size of hESC-CMs was not influenced
(Figures S2D and S2E). Next, we investigated miR-10b expression
during CMmaturation. We performed qRT-PCR at four time points,
day 7, day 15, day 25, and day 35, and the results revealed that miR-
10b was downregulated over time (Figure S3A). Since miR-10a is
homologous to miR-10b, we also investigated whether miR-10a can
promote CM proliferation. The miR-10a expression did not change
during CM differentiation (Figure S3B). Immunostaining results
showed that miR-10a could not promote CM proliferation (Figures
S3C–S3F).

Several studies have shown that mature adult CMs can reenter the cell
cycle and form new CMs through dedifferentiation, proliferation, and
redifferentiation.29,30 We investigated whether this was the case in
hESC-CMs. We transfected hESC-CMs with either NC mimics or
miR-10b mimics. Immunostaining of sarcomeric a-actinin revealed
that miR-10b transfection resulted in a higher percentage of CMs
with disorganized sarcomeric structures compared to control CMs
(Figures S4A and S4B). qRT-PCR revealed that miR-10b transfection
increased expression of the cardiac-progenitor-associated marker
NKX2.5 (Figure S4C),which is the earliest detectable precardiacmarker
during heart regeneration.31 Collectively, these data suggest that miR-
10b may induce hESC-CM dedifferentiation and proliferation.

miR-10b Protects hESC-CMs against Apoptosis

In addition to proliferation, we also investigated the effects of
miR-10b on CM apoptosis. CMs were transfected with miR-10b or
NC mimics followed by H2O2 treatment and annexin V-allophyco-
cyanin (APC)/propidium iodide (PI) staining. Flow cytometry anal-
ysis showed that miR-10b transfection significantly reduced cell
apoptosis compared to NC (Figures 3A and 3B). We further tested
the expression of several apoptosis-related genes by qRT-PCR. The
results showed that overexpression of miR-10b led to downregulation
of apoptosis-inducing genes, including BAX, DAPK, and STK17B
(Figure 3C). Taken together, these results indicate that overexpression
of miR-10b protects hESC-CMs against apoptosis.

miR-10b Enhances hESC-CM Proliferation by Targeting LATS1

To investigate the molecular mechanism by which miR-10b regu-
lates hESC-CM proliferation, we searched for miR-10b targets
that were predicted by the miRNA target prediction tool miRanda
or had been reported to promote cell proliferation and got a list of
set of highly expressed miRNAs. (B) Schematic diagram depicting the experimental

actinin+ cells were calculated for each miRNA mimic transfection compared to NC

iR-10b mimics was analyzed by qRT-PCR (n = 3). (E) Evaluation of hESC-CM pro-

red), and DAPI (blue) staining. (F) Percentage of EdU+ CMs after transfection with NC

ction with anti-NC or anti-miR-10b by EdU (green), a-actinin (red), and DAPI (blue)

= 3). Statistical significance was calculated using Student’s t test for paired samples.



Figure 4. LATS1 is the Target of miR-10b

(A) Western blot analysis of LATS1 expression in hESC-CMs

transfected with NC ormiR-10b mimics. (B) The predicted miR-

10b binding site in the 30 UTR of LATS1 mRNA (target 1). (C)

Binding of miR-10b to the LATS1 30 UTR was determined by a

luciferase reporter assay (n = 3). (D) Biotin-labeled NC or miR-

10b mimics were transfected into hESC-CMs. The 30 UTR of

LATS1 was pulled down by NC or miR-10b and quantified by

qRT-PCR (n = 3). (E) Western blot analysis of LATS1 expression

in hESC-CMs transfected with si-NC or si-LATS1. (F) Evalua-

tion of hESC-CM proliferation after transfection with si-NC or si-

LATS1 by EdU (green), a-actinin (red), and DAPI (blue) staining.

(G) Percentage of EdU+ CMs transfected with si-NC or si-

LATS1 (n = 3). Statistical significance was calculated using

Student’s t test for paired samples. Data are shown as the

means ± SEM. *p < 0.05, **p < 0.01.
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13 potential targets. qRT-PCR analysis showed that overexpression
of miR-10b decreased the mRNA level of CSMD1, TIP30, BABAM1,
BCAR1, PTEN, MIB1, ZC3HC1, and LATS1 in hESC-CMs (Fig-
ure S5A).32–36 The targets were further narrowed down by using
the dual-luciferase assay. We constructed luciferase reporter vectors
containing wild-type (WT) 30 UTR of potential targets. Overexpres-
sion of miR-10b led to decreased luciferase activity of the reporter
with WT LATS1-30 UTR, indicating that LATS1 could be the direct
target of miR-10b (Figure S5B). Notably, two potential binding sites
for miR-10b were predicted on LATS1, but only one site could
decrease luciferase activity (Figure S5B). Western blot analysis
further showed that overexpression of miR-10b decreased LATS1
expression at the protein level (Figure 4A). Thus, we hypothesized
that miR-10b partly promotes human CM proliferation by inhibit-
ing LATS1. To further test whether miR-10b directly regulates
LATS1 expression, we constructed a luciferase reporter vector con-
taining LATS1-30 UTR with a mutated miR-10b binding site. The
mutated binding site abolished the repression effects of miR-10b
(Figures 4B and 4C). In addition, a biotin-avidin pull-down assay
confirmed that miR-10b could directly bind to LATS1-30 UTR
(Figure 4D). Taken together, we identified LATS1 as a novel target
for miR-10b.
Molecul
To determine whether reduced LATS1 expression
promotes hESC-CM proliferation, a loss-of-function
study was performed using small interfering RNA
(siRNA) against LATS1. LATS1 knockdown was
confirmed by qRT-PCR (Figure S6A) and western
blot analyses (Figure 4E). Direct inhibition of LATS1
by siRNA promoted CM proliferation, as indicated
by the significant increase in Ki67+ and EdU+ CMs
(Figures 4F and 4G; Figures S6B and S6C). Further-
more, when miR-10b was overexpressed together
with LATS1 in hESC-CMs, it blocked the effect of
miR-10b overexpression, as indicated by the decrease
in the number EdU+ CMs (Figures 5A and 5B). In
contrast, knockdown of LATS1 with si-LATS1
reversed the reduction of hESC-CM regeneration
induced by inhibiting miR-10b (Figures 5C and 5D). Taken together,
these results suggest that LATS1 is a direct functional target of
miR10b and that miR-10b promotes hESC-CM proliferation, at least
in part, by downregulating LATS1.

miR-10b Promotes hESC-CM Proliferation by Inhibiting the

Hippo Pathway

LATS1 is an essential component in the Hippo pathway that regulates
cell proliferation.11 To determine whether miR-10b promotes
hESC-CM proliferation through the Hippo pathway, we tested the
subcellular localization of YAP in hESC-CMs after transfection of
miR-10b mimics or si-LATS1. The immunostaining results showed
that transfection of miR-10b mimics or si-LATS1 increased the ratio
of nuclear- to cytoplasmic-localized YAP (Figures 6A and 6B). There-
fore, we propose a model in which the overexpression of miR-10b
promotes hESC-CM proliferation in part through regulation of the
Hippo pathway via targeting LATS1 (Figure 6C).

DISCUSSION
The adult mammalian heart exhibits a limited regenerative capacity af-
ter myocardial injury. Uncovering the genetic mechanisms underlying
CMproliferation is a critical step in developing new strategies to repair
ar Therapy: Nucleic Acids Vol. 19 March 2020 441
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Figure 5. miR-10b Promotes hESC-CM Proliferation

by Targeting LATS1

(A) Evaluation of hESC-CM proliferation after transfection

with NC mimics, miR-10b mimics, miR-10b mimics + con-

trol (Ctr) (empty control plasmid), and miR-10b mimics +

LATS1 (LATS1 expressing plasmid) by EdU staining. The

white arrows indicate proliferative CMs. (B) Percentage of

EdU+ CMs transfected with NC mimics, miR-10b mimics,

miR-10b mimics + Ctr and miR-10b mimics + LATS1 (n=3).

(C) Evaluation of hESC-CM proliferation after transfection

with anti-NC, anti-miR-10b, anti-miR-10b + si-NC, and anti-

miR-10b + si-LATS1 by EdU staining. The white

arrows indicate proliferative CMs. (D) Percentage of

EdU+ CMs transfected with anti-NC, anti-miR-10b, anti-

miR-10b + si-NC, and anti-miR-10b + si-LATS1 (n=3).

Statistical significance was calculated using Student’s t test

for paired samples. Data are shown as the means ± SEM.

*p < 0.05, **p < 0.01.
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the heart. In this study, we demonstrate that miR-10b can promote
hESC-CM proliferation. miR-10b was enriched in the early stage of
hESC-CMs, but its expression decreased over time. Consistent with
the expression pattern of miR-10b, the proliferation capacity of
hESC-CMs also decreased over time. Importantly, overexpression of
miR-10b increased the proliferation capacity of hESC-CMs, indicating
that miR-10b plays a crucial role in regulating hESC-CM proliferation.

miR-10b has been studied in angiogenesis, cancer, cell differentiation,
and embryonic development. Hassel et al.32 and Wang et al.37

described the role of miR-10b in modulating the angiogenic behavior
during development through targeting FLT1 andMIB1. miR-10b was
implicated in mediating cancer metastasis and invasion by targeting,
for example, CSMD1, TIP30, PTEN, and HOXB3.33–36 miR-10b
could also directly regulate Hox genes during Nile tilapia embryonic
development.38 However, its role in CM regeneration still remains
unknown. Our study first established the link between miR-10b and
CM proliferation.

Several studies have shown that inhibition of the Hippo pathway is suf-
ficient to promote the proliferation of endogenous CMs,11,15,16 indi-
442 Molecular Therapy: Nucleic Acids Vol. 19 March 2020
cating that manipulation of the Hippo pathway
in the heartmay be a promising treatment for heart
failure. The miRNA cluster miR302–367 has been
reported to regulate the Hippo pathway by target-
ing Mst1, Lats2, and Mob1b, the core components
of the Hippo pathway.19 Overexpression of
miR302–367 inhibits the Hippo pathway, resulting
in reactivation of the CM cell cycle and increased
regeneration of CMs. However, persistent reex-
pression of miR302–367 in the postnatal heart
causes prolonged induction of an immature dedif-
ferentiated state of CMs and heart failure.19

In contrast, transient treatment of mice with
miR302–367 mimics promotes mouse cardiac
regeneration without adverse effects on physiological function.19

Although a list of miRNAs has the capacity to promote CM prolifera-
tion,19,25,39 only the miR302–367 cluster has been shown to function by
targeting the Hippo pathway in the heart.19 We demonstrated that
miR-10b also targeted the Hippo pathway.

We used hESC-CMs to study the function of miR-10b. The results
obtained from human CMs can be easily translated to clinical appli-
cations. However, the function of miR-10b at the organ level should
also be investigated in future studies. In addition to the miR302–367
cluster and miR-10b, a recent large-scale screen using human CMs
identified a list of miRNAs that potentially target the Hippo pathway
to promote CM proliferation.40 Further studies of these miRNAs will
provide a better understanding of the mechanisms underlying CM
proliferation and allow this knowledge to finally be translated into
clinical applications.

MATERIALS AND METHODS
Cells Lines

hESCs were obtained from the human ESC line H9 (WA09 line,
WiCell institute, NIH registry 0046). H9 cells were seeded onMatrigel



Figure 6. miR-10b Promotes hESC-CM Proliferation

by Inhibiting the Hippo Pathway

(A) Immunofluorescence images of YAP (red) subcellular

localization in hESC-CMs transfected with si-NC/si-LATS1

and NC/miR-10b mimics. Nuclei were stained with DAPI

(blue). (B) Quantification of YAP subcellular localization. C,

cytoplasm; N, nucleus. More than 100 cells were randomly

selected in each calculation. Statistical significance was

calculated using Student’s t test for paired samples. Data

are shown as the means ± SEM. *p < 0.05, **p < 0.01. (C)

Proposed model of miR-10b promotion of hESC-CM pro-

liferation through inhibiting the Hippo pathway.
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(354277, Corning, NY, USA)-coated plates and were cultured with
mTeSR1 medium (catalog no. 05850, STEMCELL Technologies,
Canada) at 37�C, 5% CO2. The medium was changed every 24 h.
hESC-CMs were cultured in RPMI 1640/B27 (with insulin), and the
medium was changed every 48 h. HEK293T cells were maintained
with DMEM containing 10% fetal bovine serum (FBS) and 1� peni-
cillin/streptomycin.

Differentiation from hESCs to CMs

When the confluence of hESCs was approximately 80%–90%, we
started differentiation into CMs and named this day D0. Cells were
treated with 10 mM CHIR99021 (Sl263, Selleck, USA) in RPMI
1640/B27 (without insulin) for 24 h. At D1, the medium was replaced
with RPMI 1640/B27 (without insulin), and 5 mM IWP-2 (686770-
61-6, Sigma, Germany) in RPMI 1640/B27 (without insulin) was
added to the plates at D3. After 2 days of culture, we replaced the me-
dium with fresh medium for another 2 days. Cells were maintained
with RPMI 1640/B27 (with insulin) from D7, and for 8–10 days after
induction, beating cells could be observed.

Transfection

All of the miR-10bmimics, anti-miR-10b, si-LATS1, and their respec-
tive NCs were purchased from Shanghai GenePharma (China) and
Molecular T
transfected into CMs using Lipofectamine
RNAiMAX (13778-150, Life Technologies,
USA) following the manufacturer’s instructions
at a final concentration of 50 mM. All of the oligo-
nucleotide sequences are listed in Table S1. Lipo-
fectamine 3000 was used to transfect an empty
control plasmid and human LATS1-expressing
plasmid, which was a gift from Prof. Wufan Tao.

RNA Extraction and Quantitative Reverse

Transcriptase PCR (qRT-PCR)

Total RNA was extracted from CMs at 48 h after
transfection using the RNAsimple Total RNA kit
(DP419, Tiangen, China) according to the manu-
facturer’s instructions. RNA was reverse tran-
scribed into cDNA with a FastQuant RT kit
including gDNase (KR106-02, Tiangen, China).
Quantitative Reverse Transcriptase PCR (qRT-
PCR) was performed to quantitatively detect mRNA levels using Su-
perReal Premix Plus-SYBR Green (FP205-02, Tiangen, China) on a
LightCycler96 qPCR system, and the level of GAPDH was used as
an internal control to normalize the gene-specific expression levels.
The primers used for qRT-PCR are listed in Table S2. For quantitative
detection of miRNA expression, the miScript reverse transcription kit
(218061, QIAGEN, Germany) and miScript SYBR Green PCR kit
(218073, QIAGEN, Germany) were used according to the manufac-
turer’s instructions. The U6 primers were used as an NC for normal-
ization. The primer sequences are listed in Table S2.

Immunofluorescence

CMs were washed with PBS three times 72 h after transfection and
then fixed with 4% paraformaldehyde (PFA) for 20 min at room tem-
perature. After washing with PBS again, CMs were permeabilized
with 0.3% Triton X-100 for 20 min. Next, CMs were blocked with
3% BSA in PBS for 1 h and then incubated with the following primary
antibodies overnight at 4�C: a-actinin (mouse monoclonal, A7732,
Sigma, USA; 1:500), Ki67 (rabbit monoclonal, 11882S, CST, USA;
1:300), and Yap (mouse monoclonal, sc-101199, Santa Cruz, CA,
USA; 1:500). The next day, after washing with PBS, CMs were incu-
bated with Alexa fluorogenic secondary antibodies (Alexa Fluor 568,
ab175473, Abcam, UK; 1:1,000) for 1 h in the dark, and the cells were
herapy: Nucleic Acids Vol. 19 March 2020 443
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further stained with DAPI (D9542, Sigma, Germany; 1:1,000) to visu-
alize nuclei. For EdU staining, 5 mM 5-ethynyl-20-deoxyuridine
(C10338, Life Technologies, USA) was added to the medium for
48 h before immunofluorescence. After incubation with secondary
antibodies, the cells were further processed using the Click-IT EdU
555 imaging kit (C10338, Life Technologies, USA) according to the
manufacturer’s instructions.

Luciferase Assay

We constructed a psi-check plasmid by inserting a fragment contain-
ing the binding site, miR-10b with the 30 UTR of the target gene, into
the psi-check vector. The fragment was amplified from the human
genome using the designed primers (F/R) presented in Table S3.
The fragment was cut with XhoI and NotI and then inserted into
the psi-check vector. The mutant vector was constructed using the
specific primers (F/R) presented in Table S3.

HEK293T cells were seeded into 12-well plates 24 h before transfec-
tion with the vectors and mimics or their controls. Transfection was
performed using Lipofectamine 2000 (Life Technologies, USA) in the
following groups: the psi-check vector (approximately 100 ng per
well) and mimics (approximately 1.45 mL per well), psi-check vector
and NC, mutant vector and mimics, and mutant vector and NC. Each
group included four wells. At 48 h after transfection, the luciferase ac-
tivities were measured using the Dual-Luciferase assay system from
Promega according to the provided protocol.

Western Blot Analysis

Forty-eight hours after transfection, CMs were washed with cold PBS
and lysed in cold lysis buffer (1% Triton X-100, 150 mM NaCl,
50 mM Tris-Cl [pH 7.4], 1 mM EDTA) with a protease inhibitor
(04693132001, Roche, Switzerland). Protein samples were then loaded
onto 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE). The separated proteins were transferred to polyvinyli-
dene fluoride (PVDF) membranes (Millipore, USA) for approximately
2 h. Next, the membranes were blocked with 5% BSA in Tris-buffered
saline with Tween 20 (TBST) at room temperature for 1 h, followed
by incubation with the following primary antibodies at 4�C overnight:
GAPDH (5174S, CST, USA) and LATS1 (C66B5, CST, USA). The
next day, themembraneswere incubatedwith anti-rabbit secondary an-
tibodies (Abcam, ab6721) for 1 h after washing with TBST three times
for 10min each time. Images were acquired using a Tanon 5200 chemi-
luminescent imaging system after another three washes with TBST.

RNA Pull-Down Assay

Biotinylated miR-10b and its NCmiRNA (both of which were biotin-
labeled at the 30 end) were purchased from GenePharma (Shanghai,
China). hESC-CMs were transfected with NC miRNA and miR-10b
using Lipofectamine RNAiMAX. Twenty-four hours after transfec-
tion, the cells were lysed with lysis buffer (20 mM Tris-HCl
[pH 7.5], 100 mM KCl, 5 mM MgCl, 0.3% IGEPAL CA-630), and
the lysate (approximately 500 mL) was mixed with prewashed strepta-
vidin beads overnight at 4�C. The remaining lysate was stored at
�80�C as an input. The next day, the mixture was washed with lysis
444 Molecular Therapy: Nucleic Acids Vol. 19 March 2020
buffer, and RNA was extracted with TRIzol reagent (Invitrogen).
Then, quantitative real-time PCR was performed according to the
standard protocol.

Cellular Apoptosis Assay

200 mM 30% H2O2 was added to the fresh medium to induce CM
apoptosis, and the samples were collected 2 h later. Flow cytometry
was used to detect the apoptosis rate using an annexin V-APC stain-
ing kit (eBioscience, China). CMs were digested using 0.25% trypsin
(Gibco, USA) at 37�C for approximately 10 min after washing with
PBS and collected; they were then centrifuged at 900 rpm for
3 min. Then, the samples were washed with cold PBS and 1� binding
buffer (eBioscience, China), followed by resuspending in 200 mL of
1� binding buffer, staining with 10 mL of annexin V-APC, and incu-
bation in the dark at room temperature for 10–15 min. After washing
with the binding buffer again, the sample was stained with PI and kept
in the dark at 4�C

Quantification and Statistical Analysis

Statistics and graphs were prepared using GraphPad Prism 7. Arith-
metic means for each experiment are plotted, and error bars represent
the standard error of the mean (SEM). The numbers of replicates (n)
for each experiment are listed in the figure legend and refer to biolog-
ical replicates. Statistical significance was calculated using Student’s
t test for paired samples. Data are shown as the means ± SEM; *p <
0.05, **p < 0.01.
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