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Abstract

Objectives: Myocardial infarction (MI) commonly occurs in patients with coronary

artery disease and have high mortality. Current clinical strategies for MI still limited to

reducing the death of myocardial cells but failed to replace these cells. This study

aimed to investigate the role of fibroblast growth factor 6 (FGF6) in enhancing the

proliferative potential of cardiomyocytes (CMs) after ischemic injury via the Hippo

pathway.

Materials and Methods: Expression of FGF6 protein was analysed in mice with MI

induced by ligation of the left anterior descending coronary artery. Activation of the

Hippo pathway and the proliferation potential were examined in ischemic CMs,

treated with FGF6 protein or transfected with an adeno-virus carrying FGF6 sh-RNA.

Immunofluorescence staining and western blotting were performed to assess the

relationship between FGF6 and the Hippo pathway.

Results: We found that FGF6 expression was significantly increased in the MI mouse

model. Knockdown of FGF6 synthesis resulted in poorer heart function after MI. By

contrast, treatment with recombinant human FGF6 protein improved heart function,

reduced infarct size, and promoted cardiac repair. Additionally, FGF6 restrains the

activation of the Hippo pathway and subsequently promotes nuclear accumulation of

YAP. This was largely counteracted by treatment with extracellular signal-regulated

kinase 1/2 (ERK1/2) inhibitor U0126.
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Conclusion: FGF6 inhibits the Hippo pathway via ERK1/2, and facilitates nuclear

translocation of YAP, and thereby promotes cardiac repair after MI.

1 | INTRODUCTION

MI is one of the most common cardiac vascular diseases worldwide.

Due to that MI causes loss of many CMs, consequently, morbidity and

mortality rates following MI remain high.1 Interventional therapy is

the most common and standard care for patients with MI. Although

the number of patients with fatal MI has declined, interventional ther-

apy cannot replace cell death upon MI.2,3 As a results, the loss of CMs

eventually leads to a decline in left ventricular (LV) function and con-

tributes to an increase in the prevalence of heart failure.4,5 The inabil-

ity to replace lost CMs is the largest obstacle in the treatment of

MI. To overcome this, tremendous interest in strategies that increase

the number of CMs by stimulating re-entry of CMs into the cell cycle,

survival of CMs via inhibition of apoptosis, and differentiation of CMs

from stem cells have been explored.6,7 Nevertheless, current clinical

strategies for MI reduce the death of myocardial cells, but fail to

replace these cells.7 Therefore, novel strategies to promote cell cycle

re-entry in CMs must be developed.

Regenerative therapies are conceptually different, because they

aim to rebuild the myocardium rather than salvage tissue.8 In contrast

to organs such as the liver and skin, the heart possesses only a mini-

mal regenerative capacity.9–11 It lacks a progenitor cell population,

and CMs exit the cell cycle shortly after birth and few of these cells

re-enter the cell cycle after injury.12,13 Thus, any loss of CMs is essen-

tially irreversible and can lead to or exaggerate heart failure, which is

a major public health problem.14,15 New therapeutic options are

urgently needed; however, regenerative therapies in cardiovascular

medicine are only in their infancy.

The fibroblast growth factor (FGF) family consists of 23 members,

which can promote cell proliferation.16 For example, FGF6 is a critical

component of the muscle regeneration process in mammals.17 It

belongs to a family of cytokines that controls cell proliferation, cell dif-

ferentiation, and morphogenetic events. Several lines of evidence

demonstrate that FGF6 exhibits a restricted expression profile and is

predominantly expressed in the myogenic lineage.18,19 Floss et al.

found that FGF6 can completely restore experimentally damaged

skeletal muscle,20 leading us to speculate that it may elicit similar in

the heart, which is a muscle tissue too. To investigate the effect of

FGF6 on MI, we first examined its expression in the heart after per-

manent ligation of the left anterior descending coronary artery and

confirmed that FGF6 expression was increased in mice with MI. Then,

we investigated the therapeutic effect of FGF6 on MI and found that

FGF6 alleviated MI by promoting cardiac repair.

Acting as a major downstream effector of the Hippo signalling path-

way, YAP plays a critical role in controlling organ size.21 Accumulating evi-

dence demonstrates the detrimental role of the Hippo/YAP pathway in

regulating the division of CMs and the regeneration of damaged myocar-

dium through multiple transcriptional mechanisms.22,23

Accordingly, in this study, we demonstrated that the cardi-

oprotective effect of FGF6 is mainly mediated by the Hippo/YAP

pathway and that FGF6 triggers cell cycle re-entry of CMs and pro-

motes myocardial repair via this pathway. Our observations raise the

possibility that targeting FGF6 can facilitate CMs cell cycle re-entry

and promote cardiac repair after injury in mammals.

2 | METHOD

2.1 | Animals and procedures

For animal models of MI, male C57BL/6 mice at the age of 6–7 weeks

were purchased from Wenzhou Medical University, Licence

No. SCXK[ZJ]2005-0019. All experimental procedures for animal

studies were approved by the ethics committee of Wenzhou Medical

University and performed in accordance with the Guide for the Care

and Use of Laboratory Animals. Animals were housed at 23 ± 2�C

with humidity of 50 ± 5%. Mice were randomly divided into five

groups (n >5 for each group): sham group, MI group, MI + FGF6

group, MI+ Ad-cTNT-sh-FGF6 group, and MI + FGF6 + verteporfin

(VP) group. MI was established in male mice. The adult mice received

tracheal intubation and were ventilated with 3% isoflurane for induc-

tion and 2% isoflurane for maintenance of anaesthesia. Then, the left

anterior descending coronary artery was ligated with 7–0 prolene

suture, and 25 μL Ad-cTNT-sh-FGF6 (8.69 � 1010 PFU/mL) or Ad-

cTNT-sh-Con was injected into the myocardium following MI. After

completion of the surgery, the chest was closed. Mice were then

warmed for several minutes until recovery. The mice in the recombi-

nant human FGF6 protein (10 μg/kg/day, R&D, 238-F6-025) treated-

group were intraperitoneally administered into mice once a day for

2 weeks, while mice in the PBS group were injected with PBS buffer.

VP (20 mg/kg/day, MCE, 129497-78-5) was intraperitoneally admin-

istered into mice once a day for 1 week, other groups was injected

corn oil once a day for 1 week before sacrifice. After 2 weeks of MI,

the mice were anaesthetized and sacrificed for collection of heart tis-

sues and follow-up examinations.

2.2 | Neonatal rat cardiomyocytes (NRCMs)
isolation, culture and transfection

Neonatal rat cardiomyocytes (NRCMs) was isolated from 1 to 3-day-old

Sprague–Dawley rats. NRCMs was seeded in six-well plates coated with

gelatin at a density of 5 � 105 cells per well and cultured in DMEM

(Gibco, C11995500BT) medium supplemented with 10% foetal bovine

serum (Gibco, 16000-044) and 1% penicillin/streptomycin at 37�C with

5% CO2. For OGD model, structure NRCMs was cultured in no glucose
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DMEM (Gibco, 11966-025) medium 6 h at 37�C with 1% O2, 94% N2,

5% CO2. For RNA interference, transient transfection of small interfering

RNA targeting FGF6 (Si-FGF6) (ORIGENE, SR507934) or a control scram-

ble (Si-Scr) (ORIGENE, SR507934) in NRCMs was performed using

Lipofectamine™ 2000 Transfection Reagent (Thermo Fisher Scientific,

11668019) according to the manufacturer's instructions. NRCMs was

infected with Si-FGF6 (10 nM) or Si-Scr (10 nM) in a Opti-MEM™

(Thermo Fisher Scientific, 31985-070) medium for 24 h then treatment

with OGD 6 h. For FGF6 protein treatment group, NRCMs was per-

formed using recombinant human FGF6 protein (10 ng/mL, R&D,

238-F6-025) to the DMEM (Gibco, 11966-025) medium without glucose

then treatment with OGD 6 h. For inhibitors use, NRCMs was performed

using recombinant human FGF6 protein (10 ng/mL, R&D, 238-F6-025)

and U0126 (30 μM, MCE, HY-12031) or VP (1 μM, MCE, HY-B0146) to

the no glucose DMEM (Gibco, 11966-025) medium then treatment with

OGD 6 h.

2.3 | Western blot and antibodies

The equal amounts (30 μg) of protein lysed from heart tissue and

cardiomyocytes, were separated by SDS-PAGE and then transferred onto

polyvinylidene fluoride (PVDF) membranes (Merck Millipore, IPVH00010).

Next, membranes were blocked with 5% BSA in Tris-buffered saline con-

taining 0.1% (vol./vol.) Tween 20 (TBST) for 1 h at room temperature and

probed with primary antibodies against corresponding antigens overnight

at 4�C. Then, membranes were incubated with appropriate secondary

antibodies, HRP-goat-anti-mouse (Abcam, ab6789) or HRP-goat-anti-

rabbit (Abcam, ab6721), to bind the primary antibodies for 1 h at room

temperature. The proteins were visualized by exposure machine (GE,

Amersham Imager 680) using Pierce™ ECL Plus Western Blotting Sub-

strate (Thermo Fisher Scientific, 32132) and the protein bands were

quantitatively analysed with ImageJ software.

The primary antibodies used are as follows: FGF6 (Santa Cruz, sc-

373,927), YAP (CST, 14074), p-YAP (CST, 13008), p-ERK1/2 (CST,

9101), ERK1/2 (CST, 9102), p-LATS1 (CST, 4668), LATS1 (Abcam,

ab243656), p-MST1 (CST, 49332), MST1 (CST, 14946), Cyclin D1

(CST, 55506), Cyclin E1 (CST, 20808), PCNA (CST, 13110), CTGF

(Abcam, ab6992), and CYR61 (CST, 39382, Abcam, ab228592).

β-Actin (CST, 4970) was used as the internal reference to normalized

protein expression levels.

2.4 | TTC stain

After MI, the animals were anaesthetized and intubated, and the

chest was opened. Hearts were excised, and LVs were sliced into

1-mm-thick cross sections. The heart sections were then incubated

with a 1% TTC (Aladdin, T130066-5 g) solution at 37�C for 15 min.

The infarct area (white), and total LV area from both sides of each

section were measured using ImageJ software (NIH), and the

values obtained were averaged. The percentages of each

section infarct area were multiplied by the weight of the

section and then totalled from all sections. Infarct area/LV were

expressed as percentages.

2.5 | Echocardiographic analysis

Echocardiographic examination was performed after MI or Sham sur-

gery for 2 weeks. The mice were firstly anaesthetized with isoflurane

(1–1.5% for maintenance) mixed in 1 L/min O2 via a facemask, and

meanwhile maintained normal breathing. Next, the parameters of car-

diac function were evaluated by long-axis M-mode echocardiography

using small animal ultrasound system (Vevo 2100, Canada) with a lin-

ear 30-MHz transducer as described in detail. The LV ejection fraction

(EF) and fractional shortening (FS), the indicators of cardiac function,

were calculated and averaged from at least three consecutive cardiac

cycles. All of these measurements were performed by a single experi-

enced technician in a blinded manner.

2.6 | Immunofluorescence

Heart section (5 μm) were subject to deparaffinization and rehydra-

tion followed by antigen retrieval by heating the slides in 10 mM

Citrate buffer (pH 6.0) at 95�C for 10 min. For cardiomyocytes,

NRCMs cultured on glass coverslips were fixed in paraformaldehyde

for 15 min at room temperature. After washing for three times with

PBS each for 5 min, cardiomyocytes and heart sections were perme-

abilized with 0.5% (vol./vol.) Triton X-100 for 15 min and washing for

three times with PBS each for 5 min then blocked with 5% (vol./vol.)

bovine serum albumin (BSA, Sigma-Aldrich, B2064) for 1 h at room

temperature. Next, the samples were incubated primary antibodies at

4�C overnight. After washing, samples incubated secondary anti-

bodies. Finally, DAPI was used to label the cell nuclei. Images were

acquired with a Leica SP8 confocal microscopy (Leica TCS SP8,

Wetzlar, Germany).

The primary antibodies used are as follows: FGF6 (Santa Cruz,

sc-373927), c-TNT (ABclonal, A4914), Ki-67 (D3B5) Rabbit mAb

(Alexa Fluor® 647 Conjugate) (CST, 12075), YAP (CST, 14074), Aurora

B (Abcam, ab2254).

The secondary antibodies used are as follows: Goat Anti-Mouse

IgG H&L (Alexa Fluor® 488) (Abcam, ab150113), Goat Anti-Mouse

IgG H&L (Alexa Fluor® 647) (Abcam, ab150115), Goat Anti-Rabbit IgG

H&L (Alexa Fluor® 488) (Abcam, ab150077), Donkey Anti-Rabbit

IgG H&L (Alexa Fluor® 647) (Abcam, ab150075).

2.7 | EdU assay

For NRCMs, the no glucose medium was replaced with no glucose

medium containing 10 μM EdU (Beyotime, C0075) 3 h after OGD, and

cells were fixed 3 h later. For EdU assay adult mice cardiomyocytes, a

dose of EdU (50 mg/kg/day, Beyotime, ST067) per animal was injected

intraperitoneally once a day for 3 days. For EdU staining, the heart
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sections and cells were incubated with Click™ EdU 555 Imaging Kit

reagents (Beyotime, C0075) to reveal EdU incorporation according to the

manufacturer's instructions.

2.8 | Histological analysis

Heart tissue was fixed in 4% paraformaldehyde solution for 24 h and

embedded in paraffin after dehydration using 70%–100% ethanol.

The heart paraffin blocks were cut transversely into 5 μm sections.

After deparaffinization, the heart sections subjected to Masson's

trichrome staining were performed according to instruction book. To

determined myocyte cross-sectional area, heart sections were stained

with Alexa Fluor 488 conjugated wheat germ agglutinin (WGA)

(WGA-Alexa488, Thermo Fisher Scientific, W11261) for 1 h to demar-

cate the cell boundaries. After staining, images were acquired with a

confocal laser scanning microscope (Leica TCS SP8, Wetzlar,

Germany). The myocyte cross-sectional area and LV collagen volume

were quantitatively measured by ImagePro Plus software version 7.0

(Media Cybernetics, Rockville, MD).

2.9 | Real-time quantitative PCR

Total RNA was extracted from heart tissue and cardiomyocytes using

TRIzol reagent (Takara Bro Inc, 9108), as described by the manufacturer's

instructions. The RNA samples (1 ng) was reversely transcribed to cDNA

by the Hiscript® III Reverse Transcriptase kit (Vazyme, R223-01).

RT-qPCR analysis was performed on a QuantStudio™ 3 Real-Time PCR

Detection System using ChamQ Universal SYBR qPCR Master Mix

(Vazyme, Q711-02) with specific primers. The relative expression levels

of each gene were quantitated using the 2�ΔΔCT method and normalized

to the amount of endogenous glyceraldehyde-3-phosphate dehydroge-

nase (GAPDH). The sequences of specific primers used for RT-PCR in this

study are listed in Table S1.

2.10 | Statistical analysis

Data were analysed by GraphPad Prism 8.0 and results were presented

as mean ± standard error of the mean (S.E.M.). Differences of each sam-

ple were evaluated using the unpaired Student's two-tailed t test or analy-

sis of variance (ANOVA). If p value ≤0.05, the result was considered

significant different. All experiments were repeated at least three times.

3 | RESULTS

3.1 | FGF6 expression is increased after MI

To explore the change in FGF6 expression after MI, we first examined

the level of FGF6 in hearts of mice subjected to permanent ligation of the

left anterior descending coronary artery for 2 weeks or to a sham

operation. Western blotting showed that FGF6 expression was signifi-

cantly increased after MI (Figure 1A), especially, FGF6 was mainly

expressed at infarct area (IA) rather than border zone (BZ) or remote area

(RA) (Figure S1A). Meanwhile, RT-PCR analysis demonstrated that MI sig-

nificantly increased the mRNA level of FGF6 (Figure 1B). Consistently

immunofluorescence staining showed that FGF6 expression was

upregulated in hearts after MI and from CMs (Figure 1C), and this results

was further confirmed it (Figure S1B). Similarly, in vitro immunofluores-

cence staining of cardiac troponin T (c-TNT) the CMs marker, and FGF6

demonstrated that OGD mainly elevated expression of FGF6 in primary

neonatal rat cardiac myocytes (NRCMs), but not in other cell type

(Figure 1D). At the same time we found FGF6 was markedly up-regulated

in NRCMs after 6 h of oxygen–glucose deprivation (OGD) treatment as

well (Figure 1E). In addition, immunofluorescence results and western

blotting demonstrated that OGD mainly elevated expression of FGF6 in

NRCMs, not in cardiac fibroblasts. Nevertheless, the expression of FGF6

was pretty low in both cells under normal conditions (Figure 1F). In paral-

lel, the mRNA level of FGF6 significantly increased after OGD treatment

(Figure 1G). Thus, FGF6 was specifically upregulated in CMs after MI.

3.2 | FGF6 alleviates heart injury in the MI mouse
model

FGF6 reportedly plays a vital role in muscle regeneration. However,

its function in cardiac disease is unclear. To investigate this, MI mice

were intraperitoneally injected with recombinant human FGF6 protein

(10 μg/kg) daily for 2 weeks. The other groups were injected with an

adeno-virus carrying FGF6 sh-RNA (Ad-sh-FGF6) or control sh-RNA

(Ad-sh-Con) driven by the CM- specific cTNT promoter into the ische-

mic area of the heart after ligation of the left anterior descending

artery. Echocardiography was performed to investigate cardiac func-

tion after 2 weeks treatment (Figure 2A), and the knockdown effi-

ciency of Ad-sh-FGF6 was analysed by western blotting (Figure 2B).

As expected, echocardiography showed that 2 weeks FGF6 treatment

improved cardiac function, as reflected by increases of the ejection

fraction (EF) and fractional shortening (FS) in comparison with control

MI mice (Figure 2C,D). On the contrary, echocardiography demon-

strated that Ad-sh-FGF6 worsened cardiac function (Figure 2C,D).

To further verify the important role of FGF6 in MI, Masson's and

TTC staining were performed. This revealed that mice injected with FGF6

protein had a smaller infarct size and fibrotic area, while mice injected

with AD-sh-FGF6 exhibited more scarring and increased fibrotic deposi-

tion (Figure 2E–H). Together, these results suggest that recombinant

human FGF6 protein alleviates heart injury in the MI mouse model, while

knockdown of FGF6 aggravates heart dysfunction.

3.3 | FGF6 promotes the cardiomyocytes cell cycle
re-entry after ischemic injury

To confirm the stimulatory effects of FGF6 on cardiac repair, 8-week-

old mice were intraperitoneally injected with recombinant human
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FGF6 protein, and the cardiac reparative potential was examined

2 weeks after coronary artery ligation. FGF6 treatment greatly

increased the numbers of Ki-67-, EdU- and Aurora B positive cells

relative to MI mice (Figure 3A–C,E). Meanwhile, FGF6 treatment

decreased the cross-sectional area of CMs (Figure 3D,E) which

reflects their proliferative potential. These results indicate that

FGF6 treatment triggers the CMs cell cycle re-entry and promotes

cardiac repair in adult mice after MI. Furthermore, the levels of cell

cycle-related proteins, including Cyclin D1 and Cyclin E1, which

promote progression from G1 to S phase, and of proliferating cell

nuclear antigen (PCNA), a maker of proliferating cells, were

decreased in hearts of MI mice, and these decreases were largely

reversed by FGF6 treatment (Figure 3F). In addition, to evaluate

the contribution of FGF6, the infarction area was infected with

Ad-sh-FGF6 in MI mice. Knockdown of FGF6 by Ad-sh-FGF6

decreased the numbers of Ki-67-, EdU- and Aurora B positive cells

in comparison with Ad-sh-Con infected MI mice (Figure 3A–E).

These results suggest that injection of human recombinant FGF6

protein promotes cardiac repair after MI and contributes CMs cell

cycle re-entry. By contrast, silencing of FGF6 inhibits CMs cell

cycle re-entry and therefore obstructs cardiac repair in mice

after MI.

Furthermore, to obtain in vitro evidence for the beneficial role

of FGF6 in cardiac repair, NRCMs were subjected to OGD in order

to mimic ischemic injury of CMs in vitro. Immunofluorescence

staining showed that after OGD for 6 h, proliferation potential was

decreased, as reflected by decreased EdU and Ki-67 staining

(Figure 4A,B). Notably, immunofluorescence staining of c-TNT

showed that OGD obviously increased the number of binucleated

cells (Figure 4C,D), which further confirmed their relatively low

proliferative capacity. Immunoblot analysis demonstrated that

OGD decreased the levels of Cyclin D1, Cyclin E1, and PCNA

(Figure 4E,F). As expected, co-treatment with FGF6 increased the

numbers of Ki-67- and EdU-positive cells (Figure 4A,B), decreased

the number of binucleated cells, and increased the protein levels

of Cyclin D1, Cyclin E1, and PCNA (Figure 4C,E).

To further investigate the stimulatory effect of FGF6 on contribu-

tion to CMs cell cycle re-entry, FGF6 was conditionally silenced in

NRCMs by FGF6-targeting siRNA (si-FGF6) transfection. OGD had a

greater detrimental effect on cell cycle re-entry of these cells, as

reflected by the more serious reduced numbers of Ki-67- and EdU-

positive cells (Figure 4A,B), and by the more significant decreased

levels of Cyclin D1, Cyclin E1, and PCNA (Figure 4E,F).

3.4 | FGF6 contributes NRCMs cell cycle re-entry
by inhibiting the Hippo pathway

The Hippo/YAP pathway plays a critical role in cardiac repair. Thus, we

investigated whether the cardioprotective effect of FGF6 is dependent

on Hippo signalling. Immunoblotting showed that OGD decreased the

protein level of YAP and increased phosphorylation of YAP (Figure 5A).

Meanwhile, OGD also elevated the phosphorylation levels of MST1 and

LATS1, other components of the Hippo pathway. By contrast, FGF6

treatment largely counteracted OGD induced activation of Hippo signal-

ling, as reflected by decreased phosphorylation of YAP and its upstream

kinases LATS1 and MST1. In addition, the elevated level of p-YAP under

OGD conditions was further increased by si-FGF6 treatment, and the

total YAP protein level was the lowest between all the groups

(Figure 5A). To our interesting, the mRNA level of YAP did not signifi-

cantly differ between the groups (Figure 5D), indicating that FGF6 affects

the level of YAP by blocking its degradation. Overall, these results indicate

that FGF6 increases the level of YAP protein in CMs by inhibiting OGD

induced activation of the Hippo pathway.

To investigate the role of YAP in ischemic heart repair, the level

of YAP was measured in the nuclear fraction. The nuclear level of YAP

was lower in the OGD treated group than in the control group and

was further decreased by si-FGF6 treatment, while FGF6 treatment

significantly counteracted the negative effect of OGD on nuclear

accumulation of YAP (Figure 5B). Moreover, immunofluorescence

staining showed that FGF6 treatment promoted nuclear translocation

of YAP (Figure 5C). Next, we analysed the CTGF, a target gene of

YAP, by RT-PCR to confirm the transcriptional regulatory effect of

YAP. As expected the mRNA level of CTGF correlated with nuclear

accumulation of YAP (Figure 5D). In addition, western blotting pro-

vided evidence that FGF6 treatment promoted expression of CTGF

and CYR61 via YAP (Figure 5A).

In summary, these results suggest that FGF6 inhibits the Hippo

pathway and subsequently facilitates nuclear accumulation of YAP to

activate downstream effector, and thereby promotes CMs cell cycle

re-entry under ischemic conditions.

3.5 | FGF6 promotes cardiac repair by inhibiting
the Hippo pathway in vivo

To confirm the influence of FGF6 on myocardial injury in vivo,

wild-type mice were subjected to MI by permanently ligating the

F IGURE 1 FGF6 expression is increased after MI. (A) Western blot was performed and quantitatively analysed to determine the protein
levels of FGF6 in the hearts from MI (2 weeks) or sham-operated controls. n = 4 per group. (B) RT-PCR analysis of the mRNA levels of FGF6 in

the hearts of MI (2 weeks) or sham. n = 5 per group. (C) Representative immunofluorescence staining analysis of FGF6 proteins in the heart
tissues from MI (2 weeks) or sham. Scale bar =40 μm. (D) Representative immunofluorescence and quantitative analysis of FGF6 proteins in
NRCMs with or without OGD (no glucose, 1% O2) for 6 h, white arrow indicates CMs, red arrow indicates CFs. n = 5 per group. Scale bar
=40 μm. (E) Western blot was performed and quantitatively analysed to determine the protein levels of FGF6 in NRCMs with or without OGD
(no glucose, 1% O2) for 6 h. n = 4 per group. (F) Western blot was performed and quantitatively analysed to determine the protein levels of FGF6
in NRCMs and NRCFs. n = 4 per group. (G) RT-PCR analysis of the mRNA levels of FGF6 in NRCMs with or without OGD (no glucose, 1% O2) for
6 h. n = 3 per group. Data represent means ±SEM. Two-tailed Student's t test. ***p <0.001
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left descending coronary artery. Whole ventricle analysis showed

that phosphorylation of MST1, LATS1, and YAP were higher in MI

than in sham-operated mice, consistent with our in vitro finding

that MST1 and LATS1 were activated after MI, along with elevated

phosphorylation and subsequent nuclear exclusion of YAP and

downregulation of CTGF and CYR61. Meanwhile, activation of the

Hippo pathway in MI mice was aggravated by Ad-sh-FGF6

mediated knockdown of FGF6, but was largely counteracted by

administration of FGF6 (Figure 6A). Next, we sought to determine

the subcellular distribution of YAP in response to different treat-

ments after MI. Western blot analysis of fractionated CMs protein

samples (Figure 6B). Immunofluorescence staining showed that

nuclear YAP accumulation was decreased in MI mice and further

reduced by knockdown of FGF6, but was remarkably elevated by

F IGURE 2 FGF6 ameliorates MI-induced cardiac dysfunction. (A) Schematic diagram demonstrates the animal experiment design.
(B) Western blot was performed and quantitatively analysed to determine the protein levels of FGF6 in the hearts of different group mice.
(C) Representative M-mode echocardiographic recording obtained from different groups mice. n >5 per group. (D) Quantitative analysis of LV
ejection fraction (EF), fractional shortening (FS). (E) Masson trichrome staining was performed to detect cardiac fibrosis area of different group
mice. Scale bar = 2 mm. n = 4 per group. (F) TTC staining was performed to detect cardiac ischemic area of different group mice. Scale
bar = 2 mm. n = 4 per group. (G) Quantitative analysis of cardiac ischemic area in (F). (H) Quantitative analysis of cardiac fibrosis area in (E).
Data represent means ± SEM. Two-tailed Student's t test. *p <0.05, **p <0.01, ***p <0.001
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F IGURE 3 FGF6 promotes CMs cell cycle re-entry in vivo. (A) Representative immunofluorescence (green for Ki-67, red for cTNT, blue for DAPI)
and quantitative analysis the number of Ki-67 positive cardiomyocytes in different group mice heart sections, white arrow indicates positive cell. Scale
bar =40 μm. n = 5 per group. (B) Representative immunofluorescence (green for EdU, red for cTNT, blue for DAPI) and quantitative analysis the number
of EdU positive cardiomyocytes in different group mice heart sections, white arrow indicates positive cell. Scale bar =40 μm. n = 5 per group.
(C) Representative immunofluorescence (green for Aurora B, red for cTNT, blue for DAPI) and quantitative analysis the number of Aurora B positive
cardiomyocytes in different group mice heart sections, white arrow indicates positive cell. Scale bar = 40 μm. n = 4 per group. (D) WGA staining was
performed to detect cardiomyocytes cross sectional areas in different group mice heart sections. Scale bar = 40 μm. n = 5 per group. (E) Quantitative
analysis the number of Ki-67 positive cardiomyocytes in (A), the number of EdU positive cardiomyocytes in (B), the number of Aurora B positive
cardiomyocytes in (C) and the cardiomyocytes cross sectional areas in (D). (F) Western blot was performed to determine the protein levels of Cyclin D1,
Cyclin E1 and PCNA in the heart of different group mice. n >4 per group. (G) Quantitative analysis the expressions of Cyclin D1, Cyclin E1 and PCNA in
(E). Data represent means ± SEM. Two-tailed Student's t test. *p <0.05, **p <0.01, ***p <0.001
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FGF6 administration (Figure 6C). The mRNA level of CTGF showed

a similar trend to the protein level of CTGF observed by western

blotting, while the mRNA level of YAP did not differ between the

groups (Figure 6D). Overall, these results imply that FGF6 blocks

MI induced the activation of the Hippo pathway and subsequent

nuclear exclusion of YAP.

F IGURE 4 FGF6 promotes NRCMs cell cycle re-entry in vitro. (A) Representative immunofluorescence (green for Ki-67, red for cTNT, blue
for DAPI) analysis the number of Ki-67 positive NRCMs in different group. n = 5 per group. (B) Representative immunofluorescence (green for
EdU, red for cTNT, blue for DAPI) analysis the number of EdU positive NRCMs in different group. Scale bar = 40 μm. n = 6 per group.
(C) Representative immunofluorescence (red for cTNT, blue for DAPI) and quantitative analysis the number of binucleated NRCMs in different
group. Scale bar = 40 μm. n = 4 per group. (D) Quantitative analysis the number of Ki-67 positive NRCMs in (A), the number of EdU positive
NRCMs in (B) and the number of binucleated NRCMs in (C). (E) Western blot was performed to determine the protein levels of Cyclin D1, Cyclin
E1 and PCNA in NRCMs. n = 5 per group. (F) Quantitative analysis the expressions of Cyclin D1, Cyclin E1 and PCNA in (E). Data represent
means ± SEM. Two-tailed Student's t test. *p <0.05, **p <0.01, ***p <0.001
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3.6 | FGF6 promotes cardiac repair through YAP

To clarify whether FGF6 promotes proliferation of CMs by

inhibiting the Hippo pathway, YAP activity was blocked by treat-

ment with VP which blocks binding of YAP to TEAD. Inhibition of

YAP activity by VP largely counteracted the FGF6 induced eleva-

tion of CTGF and CYR61 expression (Figure 7A,B). Meanwhile, VP

treatment blocked the cardioprotective effect of FGF6, as

assessed by measuring EF and FS (Figure 7C,D). VP treatment

largely abolished the FGF6 induced decreases in the area of car-

diac fibrosis and infarct size measured by Masson's and TTC

staining (Figure 7E–H). In addition, VP treatment abrogated the

FGF6 induced restoration of the levels of Cyclin D1, Cyclin E1, and

PCNA (Figures S2A and S3A) and the numbers of Ki-67- and EdU-

positive CMs (Figures S2B–D and S3B–D) in vitro and in vivo.

Together, these data suggest that the effects of FGF6 on CMs cell

cycle re-entry and cardiac repair under ischemic conditions are

partially mediated by YAP.

F IGURE 5 FGF6 inhibits activation of the Hippo pathway in NRCMs after OGD. (A) Western blot was performed to determine the protein
levels of p-MST1, MST1, p-LATS1, LATS1, p-YAP, YAP, CTGF and CYR61 in NRCMs in different group. n >4 per group. (B) Western blot analysis
the subcellular localization of YAP in NRCMs in different group. Quantitative analysis of expressions of p-MST1, MST1, p-LATS1, LATS1, p-YAP,
YAP, CTGF and CYR61 in (A), quantitative analysis of expressions of YAP in nuclear extracts. (C) Representative immunofluorescence (green for
YAP, blue for DAPI) analysis subcellular localization of YAP in NRCMs in different group. n = 5 per group. (D) RT-PCR analysis of the mRNA
levels of YAP and CTGF in NRCMs in different group. n = 3 per group. Data represent means ± SEM. Two-tailed Student's t test. *p <0.05,
**p <0.01, ***p <0.001
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3.7 | FGF6 regulates the Hippo pathway via
ERK1/2

Extracellular signal regulated kinase 1/2 (ERK1/2) is widely reported

to regulate the Hippo signalling pathway. To clarify the role of

ERK1/2 in FGF6-mediated cardioprotection and its relationship with

the Hippo pathway, we blocked activation of ERK1/2 using 30 μΜ

U0126 (Figure 8A). The suppression effect of FGF6 on OGD induced

activation of Hippo signalling, as reflected by decreased

phosphorylation of MST1, LATS1, and YAP, and by subsequent

nuclear accumulation of YAP, was largely abolished in the presence of

U0126 (Figure 8A,B). Meanwhile, immunofluorescence staining fur-

ther confirmed that inhibition of ERK1/2 decreased FGF6-mediated

nuclear localization of YAP (Figure 8C). Also, FGF6 facilitated eleva-

tion cell cycle protein Cyclin D1 Cyclin E1 and PCNA were reversed

by U0126 treatment. (Figure S4A) Over all these results confirm that

FGF6 elicits cardioprotective effects by reducing MI-triggered activa-

tion of the Hippo pathway via activating ERK1/2.

F IGURE 6 FGF6 inhibits activation of the Hippo pathway in CMs after MI. (A) Western blot was performed to determine the protein levels of
p-MST1, MST1, p-LATS1, LATS1, p-YAP, YAP, CTGF and CYR61 in the heart from different group mice. n >3 per group. (B) Western blot analysis
the subcellular localization of YAP in the heart from different group mice. n = 3 per group. Quantitative analysis of expressions of p-MST1, MST1,
p-LATS1, LATS1, p-YAP, YAP, CTGF, and CYR61 in (A), quantitative analysis of expressions of YAP in nuclear extracts. (C) Representative
immunofluorescence (green for YAP, blue for DAPI) analysis subcellular localization of YAP in the heart section from different group mice.
(D) RT-PCR analysis of the mRNA levels of YAP and CTGF in the heart from different group. n >3 per group; n = 5 per group. Data represent
means ± SEM. Two-tailed Student's t test. *p <0.05, **p <0.01, ***p <0.001
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4 | DISCUSSION

In this study, we revealed that FGF6 protects against MI injury by

inhibiting the Hippo pathway. FGF6 promotes nuclear accumulation

of YAP and thereby, facilitates CMs cell cycle re-entry and cardiac

repair (Figure 9). These findings provide new clues and ideas for

developing potential methods to treat MI and for promoting myocar-

dial repair.

During MI, many CMs die after oxygen deprivation, resulting in

progression of life-threatening heart failure.24 Although CMs could

proliferate to generate new CMs in the adult heart, their slow turn-

over rate is insufficient to compensate for the significant cell loss after

MI.25,26 Accordingly, we are exploring ways to improve the efficiency

of CMs proliferation. Several lines of evidence indicate that CMs are

not all equivalent and their proliferation is not randomly distributed.

For instance, mononucleated CMs were reported to have a greater

proliferative potential than multinucleated CMs, while pathological

enlargement of cells reduces the likelihood of cell proliferation.27,28 In

this study, we found that FGF6 increased expression of Cyclin D1 and

Cyclin E1, which are important to promote the transition from G1 to S

phase in CMs.29–31

FGF6 expression is stimulated after skeletal muscle injury and can

promote skeletal muscle regeneration, whereas interference of FGF6

can induce a severe regeneration defect with enhanced fibrosis and

myotube degeneration.32–34 FGF6 plays a similar role in repair follow-

ing myocardial injury. In this study, we revealed that FGF6 expression

was elevated in ischemic CMs and cardiac tissues. FGF6 treatment

significantly improved cardiac function by promoting cardiac repair in

F IGURE 7 FGF6 protects
cardiac function via YAP.
(A) Schematic diagram
demonstrates the animal
experiment design. (B) Western
blot was performed and
quantitatively analysed to
determine the protein levels of
CTGF, CYR61 in the hearts of

different group mice. n = 4 per
group. (C) Representative
M-mode echocardiographic
recording obtained from different
group mice. n >7 per group.
(D) Quantitative analysis of LV
ejection fraction (EF), fractional
shortening (FS). (E) Masson
trichrome staining was
performed to detect cardiac
fibrosis area of different group
mice. Scale bar = 2 mm. n = 5
per group. (F) TTC staining was
performed to detect cardiac
ischemic area of different group
mice. Scale bar = 2 mm. n = 5
per group. (G) Quantitative
analysis of cardiac fibrosis area in
(E). (H) Quantitative analysis of
cardiac ischemic area in (F). Data
represent means ± SEM. Two-
tailed Student's t test. *p <0.05,
**p <0.01, ***p <0.001

12 of 15 HU ET AL.



mice with cardiac ischemia. To the best of our knowledge, this is the

first study to explore the molecular mechanisms by which FGF6 func-

tions in myocardial repair.

There is emerging evidence that the Hippo pathway is a key

player in a wide range of biological processes during growth and

development of tissues and organs.12 Elevated expression of YAP,

which is negatively regulated by the Hippo pathway, contributes to

cardiac repair. Under normal conditions, YAP is phosphorylated and

thus sequestered in the cytoplasm by 14-3-3 and inhibited. When the

Hippo pathway is inactivated, YAP is dephosphorylated and

F IGURE 8 FGF6 inhibits the Hippo
pathway via ERK1/2. (A) Western blot
was performed to determine the protein
levels of p-ERK1/2, ERK1/2, p-MST1,
MST1, p-LATS1, LATS1, p-YAP and YAP
in NRCMs in different group. Quantitative
analysis of expressions of p-MST1, MST1,
p-LATS1, LATS1, p-YAP, YAP, CTGF and
CYR61. n >3 per group. (B) Western blot

analysis the subcellular localization of
YAP in NRCMs in different group. n = 3
per group. Quantitative analysis of
expressions of YAP in nuclear extracts.
(C) Representative immunofluorescence
(green for YAP, blue for DAPI) analysis
subcellular localization of YAP in NRCMs
in different group. n = 5 per group. Data
represent means ± SEM. Two-tailed
Student's t test. *p <0.05, **p <0.01,
***p <0.001

F IGURE 9 Schematic illustration of the protective effects of FGF6 on cardiomyocytes under ischemic conditions. Myocardial infarction
would cause the loss of a huge number of cardiomyocytes. In this study, we revealed that FGF6 restrains the Hippo pathway via ERK, and
promotes YAP nuclear translocation then increase cardiomyocytes cell cycle re-entry and cardiac repair
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translocates into the nucleus, where it binds to TEAD transcriptional

co-activators and thereby stimulates gene expression, which contrib-

utes to cell survival, migration, and proliferation.21,35 In this study, we

demonstrated that FGF6 treatment elevated expression and nuclear

accumulation of YAP in ischemic CMs, without altering the YAP

mRNA level, suggesting that degradation of YAP was restrained.

We noticed that FGF6 could activate the mitogen-activated pro-

tein kinase signalling pathway and promote activation of ERK1/2.

ERK1/2 is one of the mitogen-activated protein kinases27,34 the key

components of the reperfusion injury salvage kinase pathway, and

plays an important role in protecting the myocardium from lethal

ischemia–reperfusion injury. Constitutive activation of mitogen-

activated protein kinase 1 (CaMEK) promotes ERK1/2 expression,

which is expected to protect the heart against ischemia–reperfusion

injury.25,27 The relationship between ERK1/2 and the Hippo pathway

has been reported in tumour diseases.36 By using U0126, a specific

ERK1/2 inhibitor, we showed that the cardioprotective effect of

FGF6 via blockade of the Hippo pathway was primarily mediated by

ERK1/2. Considering that treatment with VP, a specific YAP inhibitor,

did not significantly change ERK1/2 activity in vitro or in vivo, we

speculated that ERK1/2 functions upstream of the Hippo pathway.

However, further exploration are still needed.

MI causes loss of a huge number of CMs. It is clinically treated

mainly using interventional therapy, which cannot prevent cell death.

Exploration of alternative drugs or strategies would be extremely

valuable for management of MI patients. Meanwhile a growing num-

ber of results suggest that a strategy to promote CMs proliferation is

most favourable to protect the heart during the process of regenera-

tion.37–40 Our study suggests that FGF6 is a powerful regulator to

promote CMs cell cycle re-entry and improve cardiac function after

MI. And this study also demonstrates that FGF6 attenuates activation

of the Hippo pathway via ERK1/2 and progression of cardiac ischemic

injury. Although the effect of FGF6 on MI injury requires further

investigation and subsequent clinical translation our study presents

novel evidence that FGF6 is an effective candidate drug to treat MI.

ACKNOWLEDGEMENTS

This work was supported by grants from the National Natural Science

Foundation of China (81870209, 82070507, 81773346 and

81770498), Natural Science Foundation of Zhejiang Province

(LY21H020009, LZ21H020002 and Y19H020042), Zhejiang Province

Medical and Health Science Program (2019KY099), Basic scientific

research project of Wenzhou Key Laboratory (H2020013), Ningbo

Public Welfare Research Project (2019C50065) and Zhejiang Provin-

cial Public Welfare Research Project (LGF20C090002).

CONFLICT OF INTEREST

The authors declare no competing interests.

AUTHOR CONTRIBUTION

Zhicheng Hu, Linlin Wang, Gen Chen, Yang Wang and Xueqiang Guan

conceived, designed and supervised the study. Peng Chen, Yu Zhu,

Zhicheng Hu, Zhenyu Hu researched the data. Yunjie Chen, Weijing

You, Gen Chen, Lin Mei and Zhicheng Hu contributed to the discus-

sion and design of the project. Zhicheng Hu, Yu Zhu, Xu Wang, Litai

Jin, and Weitao Cong wrote the paper. Zhicheng Hu and Peng Chen

are the guarantor of this work and, as such, had full access to all the

data in the study and takes responsibility for the integrity of the data

and the accuracy of the data analysis. All authors read and approved

the final manuscript.

DATA AVAILABILITY STATEMENT

Data supporting the findings of this study are available from the

corresponding author upon reasonable request

ORCID

Weitao Cong https://orcid.org/0000-0002-1033-291X

REFERENCES

1. Sutton MG, Sharpe N. Left ventricular remodeling after myocardial

infarction: pathophysiology and therapy. Circulation. 2000;101(25):

2981-2988.

2. Haberman D, Estévez-Loureiro R, Benito-Gonzalez T, et al. Conservative,

surgical, and percutaneous treatment for mitral regurgitation shortly

after acute myocardial infarction. Eur Heart J. 2022;43(7):641-650.

3. Jena AB, Olenski A, Blumenthal DM, Yeh RW, Goldman DP,

Romley J. Acute myocardial infarction mortality during dates of

National Interventional Cardiology Meetings. J Am Heart Assoc. 2018;

7(6):e008230.

4. Martínez-Lagunas K, Yamaguchi Y, Becker C, et al. In vivo detection

of programmed cell death during mouse heart development. Cell

Death Differ. 2020;27(4):1398-1414.

5. Pfeffer MA, Braunwald E. Ventricular remodeling after myocardial

infarction. Experimental observations and clinical implications. Circula-

tion. 1990;81(4):1161-1172. https://doi.org/10.1161/01.cir.81.4.

1161.

6. Mohamed TMA, Ang YS, Radzinsky E, Zhou P, Huang Y, Elfenbein A,

Foley A, Magnitsky S, Srivastava D Regulation of cell cycle to stimu-

late adult Cardiomyocyte proliferation and cardiac regeneration. Cell

2018; 173(1): 104–116. e12, 116.e12.
7. Weinberger F, Eschenhagen T. Cardiac regeneration: new hope for an

old dream. Annu Rev Physiol. 2021;83:59-81.

8. Song K, Nam YJ, Luo X, et al. Heart repair by reprogramming non-

myocytes with cardiac transcription factors. Nature. 2012;485(7400):

599-604.

9. Funakoshi S, Fernandes I, Mastikhina O, et al. Generation of mature

compact ventricular cardiomyocytes from human pluripotent stem

cells. Nat Commun. 2021;12(1):3155.

10. Nam YJ, Song K, Luo X, et al. Reprogramming of human fibroblasts

toward a cardiac fate. Proc Natl Acad Sci U S A. 2013;110(14):5588-

5593.

11. Mahmoudi S, Mancini E, Xu L, et al. Heterogeneity in old fibroblasts is

linked to variability in reprogramming and wound healing. Nature.

2019;574(7779):553-558.

12. Zhou Q, Li L, Zhao B, Guan KL. The hippo pathway in heart develop-

ment, regeneration, and diseases. Circ Res. 2015;116(8):1431-1447.

13. Heallen T, Morikawa Y, Leach J, et al. Hippo signaling impedes adult

heart regeneration. Development. 2013;140(23):4683-4690.

14. Shiba Y, Fernandes S, Zhu WZ, et al. Human ES-cell-derived

cardiomyocytes electrically couple and suppress arrhythmias in

injured hearts. Nature. 2012;489(7415):322-325.

15. Kassner A, Oezpeker C, Gummert J, et al. Mechanical circulatory sup-

port does not reduce advanced myocardial fibrosis in patients with

end-stage heart failure. Eur J Heart Fail. 2021;23(2):324-334.

14 of 15 HU ET AL.

https://orcid.org/0000-0002-1033-291X
https://orcid.org/0000-0002-1033-291X
https://doi.org/10.1161/01.cir.81.4.1161
https://doi.org/10.1161/01.cir.81.4.1161


16. Ornitz DM, Itoh N. Fibroblast growth factors. Genome Biol. 2001;2(3):

3005-3012.

17. Armand AS, Launay T, Pariset C, Della Gaspera B, Charbonnier F,

Chanoine C. Injection of FGF6 accelerates regeneration of the soleus

muscle in adult mice. Biochim Biophys Acta. 2003;1642(1–2):97-105.
18. Pizette S, Coulier F, Birnbaum D, DeLapeyrière O. FGF6 modulates

the expression of fibroblast growth factor receptors and myogenic

genes in muscle cells. Exp Cell Res. 1996;224(1):143-151.

19. Nie Y, Cai S, Yuan R，, Ding S, Zhang X, Chen L, Chen Y, Mo D

Zfp422 promotes skeletal muscle differentiation by regulating EphA7

to induce appropriate myoblast apoptosis. Cell Death Differ 2020;

27(5):1644–1659.
20. Floss T, Arnold HH, Braun T. A role for FGF6 in skeletal muscle

regeneration. Genes Dev. 1997;11(16):2040-2051. https://doi.org/10.

1101/gad.11.16.2040.

21. von Gise A, Lin Z, Schlegelmilch K, et al. YAP1, the nuclear target of

Hippo signaling, stimulates heart growth through cardiomyocyte pro-

liferation but not hypertrophy. Proc Natl Acad Sci U S A. 2012;109(7):

2394-2399.

22. Heallen T, Zhang M, Wang J, et al. Hippo pathway inhibits Wnt sig-

naling to restrain cardiomyocyte proliferation and heart size. Science.

2011;332(6028):458-461.

23. Lin Z, von Gise A, Zhou P, et al. Cardiac-specific YAP activation

improves cardiac function and survival in an experimental murine MI

model. Circ Res. 2014;115(3):354-363.

24. Sharma S, Bhattarai S, Ara H, et al. SOD2 deficiency in

cardiomyocytes defines defective mitochondrial bioenergetics as a

cause of lethal dilated cardiomyopathy. Redox Biol. 2020;37:101740.

25. Bassat E, Mutlak YE, Genzelinakh A, et al. The extracellular matrix

protein agrin promotes heart regeneration in mice. Nature. 2017;

547(7662):179-184.

26. Broughton KM, Wang BJ, Firouzi F, et al. Mechanisms of cardiac

repair and regeneration. Circ Res. 2018;122(8):1151-1163.

27. Chen Y, Li X, Li B, et al. Long non-coding RNA ECRAR triggers post-

natal myocardial regeneration by activating ERK1/2 signaling. Mol

Ther. 2019;27(1):29-45.

28. Cai B, Ma W, Wang X, et al. Targeting LncDACH1 promotes cardiac

repair and regeneration after myocardium infarction. Cell Death Differ.

2020;27(7):2158-2175.

29. Tamamori-Adachi M, Takagi H, Hashimoto K, et al. Cardiomyocyte

proliferation and protection against post-myocardial infarction heart

failure by cyclin D1 and Skp2 ubiquitin ligase. Cardiovasc Res. 2008;

80(2):181-190.

30. Pasumarthi KB, Nakajima H, Nakajima HO, Soonpaa MH, Field LJ.

Targeted expression of cyclin D2 results in cardiomyocyte DNA

synthesis and infarct regression in transgenic mice. Circ Res. 2005;

96(1):110-118.

31. Puente BN, Kimura W, Muralidhar SA, et al. The oxygen-rich postna-

tal environment induces cardiomyocyte cell-cycle arrest through

DNA damage response. Cell. 2014;157(3):565-579.

32. Sheehan SM, Allen RE. Skeletal muscle satellite cell proliferation in

response to members of the fibroblast growth factor family and hepa-

tocyte growth factor. J Cell Physiol. 1999;181(3):499-506.

33. deLapeyrière O, Ollendorff V, Planche J, et al. Expression of the Fgf6

gene is restricted to developing skeletal muscle in the mouse embryo.

Development. 1993;118(2):601-611.

34. Cai Q, Wu G, Zhu M, et al. FGF6 enhances muscle regeneration after

nerve injury by relying on ERK1/2 mechanism. Life Sci. 2020;248:

11746.

35. Meng C, Tian G, Xu C, et al. Hippo kinases MST1 and MST2 control

the differentiation of the epididymal initial segment via the MEK-ERK

pathway. Cell Death Differ. 2020;27(10):2797-2809.

36. Vališ K, Novák P. Targeting ERK-Hippo interplay in cancer therapy.

Int J Mol Sci. 2020;21(9):3236.

37. Trachtenberg BH, Kamble RT, Rice L, et al. Delayed autologous stem cell

transplantation following cardiac transplantation experience in patients

with cardiac amyloidosis. Am J Transplant. 2019;19(10):2900-2909.

38. Wang L, Liu Z, Yin C, et al. Stoichiometry of Gata4, Mef2c, and Tbx5

influences the efficiency and quality of induced cardiac myocyte

reprogramming. Circ Res. 2015;116(2):237-244.

39. Ieda M, Fu JD, Delgado-Olguin P, et al. Direct reprogramming of

fibroblasts into functional cardiomyocytes by defined factors. Cell.

2010;142(3):375-386.

40. Romagnuolo R, Masoudpour H, Porta-Sánchez A, et al. Human

embryonic stem cell-derived cardiomyocytes regenerate the infarcted

pig heart but induce ventricular tachyarrhythmias. Stem Cell Reports.

2019;12(5):967-981.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher's website.

How to cite this article: Hu Z, Chen P, Wang L, et al. FGF6

promotes cardiac repair after myocardial infarction by

inhibiting the Hippo pathway. Cell Prolif. 2022;55(5):e13221.

doi:10.1111/cpr.13221

HU ET AL. 15 of 15

https://doi.org/10.1101/gad.11.16.2040
https://doi.org/10.1101/gad.11.16.2040
info:doi/10.1111/cpr.13221

	FGF6 promotes cardiac repair after myocardial infarction by inhibiting the Hippo pathway
	1  INTRODUCTION
	2  METHOD
	2.1  Animals and procedures
	2.2  Neonatal rat cardiomyocytes (NRCMs) isolation, culture and transfection
	2.3  Western blot and antibodies
	2.4  TTC stain
	2.5  Echocardiographic analysis
	2.6  Immunofluorescence
	2.7  EdU assay
	2.8  Histological analysis
	2.9  Real-time quantitative PCR
	2.10  Statistical analysis

	3  RESULTS
	3.1  FGF6 expression is increased after MI
	3.2  FGF6 alleviates heart injury in the MI mouse model
	3.3  FGF6 promotes the cardiomyocytes cell cycle re-entry after ischemic injury
	3.4  FGF6 contributes NRCMs cell cycle re-entry by inhibiting the Hippo pathway
	3.5  FGF6 promotes cardiac repair by inhibiting the Hippo pathway in vivo
	3.6  FGF6 promotes cardiac repair through YAP
	3.7  FGF6 regulates the Hippo pathway via ERK1/2

	4  DISCUSSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTION
	DATA AVAILABILITY STATEMENT

	REFERENCES


