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FGF10 promotes cardiac repair through a dual cellular mechanism increasing cardiomyocyte renewal and inhibiting fibrosis

Aims. Promoting cardiomyocyte renewal represents a major therapeutic approach for heart regeneration and repair. Our study aims to investigate the relevance of FGF10 as a potential target for heart regeneration. Methods and Results. Our results first reveal that Fgf10 levels are upregulated in the injured ventricle after MI. Adult mice with reduced Fgf10 expression subjected to MI display impaired cardiomyocyte proliferation and enhanced cardiac fibrosis, leading to a worsened cardiac function and remodeling post-MI. In contrast, conditional Fgf10 overexpression post-MI revealed that, by enhancing cardiomyocyte proliferation and preventing scar-promoting myofibroblast activation, FGF10 preserves cardiac remodeling and function. Moreover, FGF10 activates major regenerative pathways including the regulation of Meis1 expression levels, the Hippo signaling pathway and a pro-glycolytic metabolic switch. Finally, we demonstrate that elevated FGF10 levels in failing human hearts correlate with reduced fibrosis and enhanced cardiomyocyte proliferation.

Conclusions. Altogether, our study shows that FGF10 promotes cardiac regeneration and repair through two cellular mechanisms: elevating cardiomyocyte renewal and limiting fibrosis. This study thus identifies FGF10 as a clinically relevant target for heart regeneration and repair in man.

INTRODUCTION

Ischemic heart disease is the leading cause of cardiovascular disease death worldwide [START_REF] Benjamin | Heart Disease and Stroke Statistics-2018 Update: A Report From the American Heart Association[END_REF]. Myocardial infarction is characterized by dramatic cardiomyocyte loss associated with profound fibrotic scarring and leads to severe impairment of cardiac function and ultimately to congestive heart failure. The existence, in the adult mammalian heart, of low but detectable cardiomyocyte proliferative capacities [START_REF] Bergmann | Evidence for cardiomyocyte renewal in humans[END_REF] has oriented regenerative medicine toward new therapeutical strategies. Indeed, the stimulation of terminally differentiated cardiomyocyte proliferation currently represents the main therapeutic approach for heart regeneration (3). Increasing evidence demonstrating that the loss of mammalian cardiomyocyte renewal potential shortly after birth causes the loss of regenerative capacities, strongly support the hypothesis that a detailed understanding of the regulation of fetal cardiomyocyte proliferation is essential to identify targets for cardiac regeneration (4,5). Cardiac regeneration is a complex process in which, in addition to promoting cardiomyocyte proliferation, preventing mature scar formation is essential. Interestingly, recent evidence investigating endogenous regenerative capacities in lower vertebrates suggests that reducing the fibroblast to myofibroblast transition may result in a softer scar tissue, more compliant to cardiomyocyte renewal and favorable to regeneration (6).

We recently uncovered a role for Fibroblast Growth Factor FGF10 signaling in regulating fetal cardiomyocyte proliferation [START_REF] Rochais | FGF10 promotes regional foetal cardiomyocyte proliferation and adult cardiomyocyte cell-cycle re-entry[END_REF]. FGF10 is a paracrine FGF family member and is known to play essential roles in the development of multiple organs [START_REF] Itoh | Roles of FGF Signals in Heart Development, Health, and Disease[END_REF]. Fgf10 is expressed in second heart field (SHF) cardiac progenitor cells in the early embryo, however it is not essential for SHF deployment and subsequent heart tube elongation [START_REF] Hubert | FGF10 Signaling in Heart Development, Homeostasis, Disease and Repair[END_REF]. In contrast, in the fetal heart, FGF10 controls regionalized cardiomyocyte proliferation through a celltype autonomous CVR-2021-0222 mechanism involving FOXO3 transcription factor phosphorylation and subsequent downregulation of the cyclin dependent kinase inhibitor p27 kip1 expression. As a result, Fgf10null embryos, which die at birth due to lung aplasia, display altered heart morphology [START_REF] Rochais | FGF10 promotes regional foetal cardiomyocyte proliferation and adult cardiomyocyte cell-cycle re-entry[END_REF][START_REF] Marguerie | Congenital heart defects in Fgfr2-IIIb and Fgf10 mutant mice[END_REF].

Interestingly, forced Fgf10 expression in adult mice specifically promotes cardiomyocyte cell cycle reentry [START_REF] Rochais | FGF10 promotes regional foetal cardiomyocyte proliferation and adult cardiomyocyte cell-cycle re-entry[END_REF] suggesting that FGF10 may be a potential target to improve the limited innate regenerative capacities of the myocardium after injury. In this study, using an experimental mouse model of myocardial infarction (MI) together with Fgf10-gain and loss of function mouse models, we demonstrate that upregulation of Fgf10 promotes cardiac regeneration and repair post-MI. Our results reveal that this effect is mediated through the elevation of cardiomyocyte proliferation and reduction of fibrosis. Moreover, analysis of FGF10 expression in failing explanted human hearts revealed a strong correlation between elevated FGF10 levels, reduced fibrosis and enhanced cardiomyocyte proliferation. Together these experiments identify FGF10 as a potential clinical target to enhance cardiac repair and regeneration.

METHODS

Mice

Animal studies were performed according to the guidelines from Directive 2010/63/EU of the European Parliament on the protection of animals used for scientific purposes. Mouse care and procedures were approved by the Departmental Direction of Veterinary Services of the French Ministry of Agriculture and the local ethics committee (APAFIS#84 74-20170 II 009244646 v2). Fgf10 +/-, Fgf10-LacZ, Rosa-tdT, aMHC-MerCreMer, Rosa26-rtTA and Tet(O)-Fgf10 mice were maintained on mixed genetic backgrounds. Inducible expression of Fgf10 is achieved by feeding sequentially mice with food containing doxycycline (625 mg/kg DOX, Envigo). Floxed allele recombination in adult mice was achieved by intraperitoneal tamoxifen injection at a dose per day of 2 mg/30 g for 3 days. The Phire Animal Tissue Direct PCR Kit (Life Technologies) was used to genotype transgenic mice without prior DNA Purification. Extended genotyping procedure can be found in the Supplemental Data. For cardiac tissue collection, mice were euthanized by cervical dislocation.

Human heart samples

Human tissue samples were provided by the Cardio-Thoracic Surgery Department of La Timone Hospital Marseille, in accordance with the principles outlined in the Declaration of Helsinki and with human research protocol approved by the institution under which patient informed consent was obtained. Human heart tissues were obtained from failing explanted hearts. Patient clinical features are provided in Supplemental Table 2. All patients displayed initial myocardial infarction. Samples were collected in the right ventricle, the infarcted area, border zone and remote area of the freshly explanted heart and immediately processed. All included hearts were arising from patients displaying left ventricular ischemic cardiomyopathy with non-altered right ventricular function.

Myocardial infarction model

Adult mice (3 month-old) were sedated with a mixture of ketamine (100 mg/kg) and xylazine (10 mg/Kg) via intraperitoneal injection, and following endotracheal intubation, were artificially ventilated. If necessary 1-2% isoflurane was added as maintenance anesthetic. For analgesia, buprenorphine. (0.1 mg/kg) was injected subcutaneously 30 min prior surgery.

Following skin incision, lateral thoracotomy at the fourth intercostal space was performed by blunt dissection of the intercostal muscles. Under stereomicroscope control, the left anterior descending coronary artery was visualized and ligated (with 8.0 non-absorbable silk suture) 2.0 mm below the left atrium, just above the bifurcation of the left diagonal arteries. Effective ligation of the coronary artery was confirmed by whitening of the LV affected region below the ligation site. Out of 145 MI-mice, 30 were excluded due to malpositioning of the ligation.

The thoracic wall and skin incisions were then sutured with 6.0 non-absorbable and 4.0 absorbable silk sutures, respectively. Mice were then warmed for several minutes until recovery.

Echocardiography

Heart function was evaluated at the CERIMED-Marseille, by transthoracic echocardiography performed on isoflurane-sedated mice using a Vevo 2100 VisualSonics. Mice were anesthetized with isoflurane in oxygen (2% for induction and 1% for maintenance) and placed on a warm pad at the supine position. All echocardiography measurements were performed in a blinded manner.

Tissue processing

Mouse hearts were dissected and analyzed using a Zeiss Lumar stereo dissecting microscope.

For X-gal staining, hearts were collected and fixed for 3 hours in 4% paraformaldehyde (PFA), extensively washed in 1X PBS and stained for 12 hours at 37°C in a solution containing 4mg/ml of X-gal. After staining, the samples were washed in PBS, post-fixed in PFA 4% and observed under a Zeiss Lumar stereomicroscope. For immunostaining and sirius red staining, samples were fixed in 4% PFA for 3 hours and extensively washed in 1X PBS.

Paraffin embedding was performed following dehydration using a graded ethanol series (50, 70, 90 and 100%), two xylene washes and three paraffin washes (Paraplast X-tra, Sigma P3808). Cryopreservation was achieved by incubation of samples in a sucrose series (15 and 30%) and embedding in OCT (VWR, 361603E). Infarct size was estimated using ImageJ software on 6 sirius red stained sections containing the papillary muscle region and based on the ratio of the length of the left ventricular infarct area showing fibrosis by the total left ventricular length as described before [START_REF] Takagawa | Myocardial infarct size measurement in the mouse chronic infarction model: comparison of area-and length-based approaches[END_REF]. Extended immunostaining and sirius red staining procedures, including antibody list, can be found in the Supplemental Data.

Cardiomyocyte proliferation analysis was examined using Ki67, PH3 and AURKB immunofluorescence. The number of Ki67-, PH3-and AURKB-positive nuclei was counted from 8-10 sections per individual heart. Measurements are the average of 5-7 independent hearts for each indicated genotype and treatment.

Quantitative Real Time PCR

Total RNA was extracted using Trizol LS reagent (Life technologies). First strand cDNA was synthesized using Maxima Reverse Transcriptase (Life technologies). qRT-PCR was performed using the following primers and Luminaris qPCR SuperMix (Life technologies) and a Roche Light Cycler 480. Each experiment was performed in duplicate and normalized to housekeeping gene. Detailed quantitative RT-PCR primers can be found in the Supplemental Data. COBAS-8000 Roche®, TnT-hs was measured using an immunological sandwich method (detection threshold: 5 pg/ml, range: 5-50 ng, intra-assay variation < 10%; intra-assay range: between 2 and 4%). Circulating FGF10 levels were assessed using Elisa assay according to the manufacturer's protocols (mouse FGF10 ELISA kit, Abbexa, abx574964), and the absorbance values were detected at 450 nm using a microplate reader. Serum levels of cardiac troponin I were addressed using western blot analysis. Equal amount of protein were subjected to SDS-PAGE. After electrophoresis, proteins were transferred to PVDF membranes and immunoblotted with Troponin I antibody (MAB1691, 1/1000). Proteins were detected by chemiluminescence using a Bio-Rad ChemiDoc analyser. Amido Black staining (Sigma 1.01167) was performed to visualize total protein. Relative densities were quantified using the ImageJ software. All data were normalized by internal controls.

Biochemical

Cardiomyocyte isolation and culture

Ventricular cardiomyocytes were obtained from 10 week-old aMHC-MerCreMer/R26R- 

RESULTS

Fgf10 upregulation following MI

To study the role of FGF10 in ischemic heart disease, we first analyzed cardiac Fgf10 Consistent with cardiomyocyte dedifferentiation prior to cell cycle release [START_REF] Eulalio | Functional screening identifies miRNAs inducing cardiac regeneration[END_REF][START_REF] D'uva | ERBB2 triggers mammalian heart regeneration by promoting cardiomyocyte dedifferentiation and proliferation[END_REF][START_REF] Jopling | Zebrafish heart regeneration occurs by cardiomyocyte dedifferentiation and proliferation[END_REF][START_REF] Zhang | Foxp1 coordinates cardiomyocyte proliferation through both cell-autonomous and nonautonomous mechanisms[END_REF], our results thus suggest that reactivation of the transcriptional embryonic program may drive Fgf10 expression under pathological conditions.

Decreased Fgf10 dosage worsens cardiac function and remodeling following MI

In order to evaluate the role of upregulated Fgf10 levels under pathological conditions, mice with reduced Fgf10 expression (FC=0.56; p=0.006; WT, n=5; Fgf10 +/-, n=5) were subjected to MI (Figure 1A). Compared to WT-MI infarcted area, Fgf10 expression levels in Fgf10 +/--MI infarcted area 21 days post-MI were significantly reduced (FC=0.2; p=0.005; WT-MI, n=5;

Fgf10 +/--MI, n=6
). 21 days after MI, infarct size measurement (Fgf10 +/--MI: 30±8% over WT-MI, p=0.02), together with heart/body weight and heart weight/tibia length ratios (Figure 1B-C) revealed significant worsening of cardiac remodeling in Fgf10 +/--MI compare to WT-MI mice. In vivo heart function was investigated using echocardiography (Figure 1D). Compared to WT infarcted mice, Fgf10 +/-infarcted mice displayed worsened cardiac performance including a further decreased ejection fraction and fractional shortening and a further increased left ventricular volume (Figure 1E-G). Analysis of key heart failure marker expression using qRT-PCR experiments confirmed the worsened pathological remodeling in Fgf10 +/--MI compare to WT-MI mice (Figure 1H). Together, these results reveal that maximal FGF10 levels play a protective role in ischemic heart failure.

Decreased Fgf10 dosage impairs cardiomyocyte proliferation and worsens fibrosis following MI

To 

Fgf10 upregulation following MI preserves cardiac performance

In order to determine whether forced Fgf10 expression after MI would promote cardiac regeneration and repair, we took an inducible gain-of-function approach. As FGF10 is a secreted molecule, global and temporal conditional overexpression of Fgf10 was achieved 

Fgf10 upregulation following MI promotes cardiomyocyte renewal and prevents myocardial necrosis and fibrosis

To determine if endogenous Fgf10 upregulation post-MI promotes cardiomyocyte renewal, cardiac cell proliferation was analyzed in the BZ and IA of CTRL-and DOX-treated R26R-
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RTTA/Tet(O)-Fgf10-MI hearts 5 (MI-5d) and 21 (MI-21d) days after injury (Figure 4A).

Immunofluorescence analysis of the proliferative capacities using Ki67 (Figure 4B 4F). This observation is consistent with the presence of newly formed cardiomyocytes following upregulation of FGF10 post-MI.

Newly formed cardiomyocytes have been shown to arise from a rare proliferative subpopulation of mononucleated cardiomyocytes [START_REF] Patterson | Frequency of mononuclear diploid cardiomyocytes underlies natural variation in heart regeneration[END_REF][START_REF] Kimura | Hypoxia fate mapping identifies cycling cardiomyocytes in the adult heart[END_REF][START_REF] Bersell | Neuregulin1/ErbB4 signaling induces cardiomyocyte proliferation and repair of heart injury[END_REF]. We evaluated the impact of increased Fgf10 levels on cardiomyocyte nucleation in pathological conditions using isolated cardiomyocytes from CTRL-and DOX-treated R26R-RTTA/Tet(O)-Fgf10 hearts (Figure 4G-J). Our results demonstrated that after MI elevated FGF10 levels increased mononucleated cardiomyocyte numbers (Figure 4H-I). Immunofluorescence analysis of proliferative capacity using Ki67 revealed that FGF10 significantly enhances Ki67 + -mononucleated cardiomyocyte numbers post-MI (Figure 4J). Similar results

were observed in normal conditions (Supplemental Figure 5A-D). To a lesser extent, FGF10 also increases Ki67 + -binucleated cardiomyocyte numbers (Supplemental Figure 5E). (Supplemental Figure 6A). Our results revealed that both cTnT (Supplemental Figure 6B) and cTnI (Supplemental Figure 6C) serum levels were significantly reduced in DOX-compare to CTRL-treated MI mice suggesting that, in addition to promoting cardiomyocyte renewal, FGF10 prevents cardiomyocyte necrosis post-MI.

We then investigated the impact of Fgf10 upregulation post-MI on cardiac fibrosis. 

Histological analysis using

Molecular mechanisms underlying FGF10-induced cardiac regeneration and repair

To uncover the molecular mechanisms by which FGF10 promotes cardiac regeneration and repair following MI, genome wide transcriptomic analysis was performed by RNA-seq on IA from CTRL-and DOX-treated Rosa26-RTTA/Tet(O)-Fgf10 21 days post-injury (Figure 5).

Unsupervised clustering of the normalized expression values of the differentially expressed genes (DEG) strictly segregates DOX-from CTRL-treated Rosa26-RTTA/Tet(O)-Fgf10 IA (Figure 5A). Among the 2016 DEG (Log2FC>0.5; adjusted p-value<0.05), 831 were downregulated in DOX-Rosa26-RTTA/Tet(O)-Fgf10, and expression of 1185 genes was increased compared with CTRL-Rosa26-RTTA/Tet(O)-Fgf10 (Figure 5B, Supplemental Table 1). As an internal control, we detected significant upregulation of Fgf10 transcripts (Log2FC=5.4, adjusted p-value=6x10 -7 ).

Consistent with the activation of cardiac regenerative and repair processes, gene ontology enrichment analysis (Figure 5C) identified categories including heart process, developmental process, mitochondria, extracellular matrix and immune process. Myocardial infarction is associated with an early inflammatory response, which is a prerequisite for healing and scar KEGG pathway annotation analysis (Figure 5D) revealed critical signaling pathways overrepresented among selected DEG, including known downstream FGF10 signaling cascades such as the MAPK, PI3K and FOXO pathways. Consistent with the impact of FGF10 on the activation of cardiomyocyte cell cycle reentry, multiple genes related to cell cycle modulation, including downregulated expression of a gene that negatively regulates cardiomyocyte cell cycle, Meis1 [START_REF] Kimura | Hypoxia fate mapping identifies cycling cardiomyocytes in the adult heart[END_REF][START_REF] Mahmoud | Meis1 regulates postnatal cardiomyocyte cell cycle arrest[END_REF], were identified (Figure 5E).

Metabolic pathways were also identified as overrepresented. FGF10 is known to potentiate, through the activation of the PI3K/AKT/mTOR pathway, HIF1 translation [START_REF] Walker | Regulation of vascular signalling by nuclear Sprouty2 in fetal lung epithelial cells: Implications for co-ordinated airway and vascular branching in lung development[END_REF] which expression stabilization favors glycolytic metabolism [START_REF] Heber-Katz | Metabolism, and Regeneration: Lessons from Mice[END_REF]. We found that increased Fgf10 levels post-MI activate the PI3K pathway, including transcriptional upregulation of the mTOR gene, and significantly enhance HIF1 downstream target expression including glycolysis-related genes (Figure 5E). Our data thus demonstrate that Fgf10 upregulation post-MI favors a strong metabolic switch towards glycolysis. As described in other tissues [START_REF] Heber-Katz | Metabolism, and Regeneration: Lessons from Mice[END_REF], the observed upregulation of the AMPK/fatty acid signaling cascade is consistent with the completion of the regenerative process ensuring re-differentiation of newly formed contractile cardiomyocytes. The Hippo pathway has been recently described to be a critical determinant for promoting adult cardiomyocyte cell cycle reentry [START_REF] Wang | The Hippo pathway in the heart: pivotal roles in development, disease, and regeneration[END_REF]. Our data revealed that enhanced Fgf10 levels post-MI leads to the transcriptional activation of multiple key components of the Hippo pathway, including Park2, which has recently been shown to play an essential role in Hippo-induced heart repair and regeneration [START_REF] Leach | Hippo pathway deficiency reverses systolic heart failure after infarction[END_REF] (Figure 5E).

To confirm the crucial role of FGF10 in promoting the activation of signaling and cellular events required to promote cardiomyocyte cell cycle reentry, we evaluated the impact of decreased Fgf10 dosage on the expression of genes encoding key glycolytic enzymes (Pdk2 and Eno3), the transcription factor Meis1 and the Hippo pathway member Park2, 21 days after myocardial infarction. Our results demonstrate that, compared to WT-MI hearts, Fgf10 +/--MI hearts display significantly reduced Pdk2 and Eno3 and Park2 expression levels, whereas Meis1 expression is enhanced (Supplemental Figure 8).

Together these results suggest that FGF10 promotes cardiac regeneration by modulating major regenerative pathways including the regulation of Meis1 expression levels, the Hippo signaling pathway and a pro-glycolytic metabolic switch.

In failing human hearts, elevated FGF10 expression correlates with high levels of cardiomyocyte proliferation and reduced cardiac fibrosis

We then investigated FGF10 expression levels in failing explanted human heart samples (Supplemental Table 2). Transcript levels were quantified by qRT-PCR in different microdissected regions of explanted hearts. Our results revealed elevated FGF10 levels in the injured ventricles compared to right ventricular FGF10 levels. Indeed 4 out of 7 hearts displayed increased FGF10 expression in the BZ and 5 out of 7 hearts displayed enhanced FGF10 levels in the IA (Supplemental Figure 9A). We then evaluated whether human ventricular FGF10 levels may influence cardiomyocyte renewal.

Immunofluorescence experiments using Ki67 revealed that elevated FGF10 levels significantly correlate with enhanced Ki67 + cardiomyocyte numbers in the BZ (Figure 6A-B) and the IA (Supplemental Figure 9B-C). In the BZ, cardiomyocyte cross-sectional area measurement using WGA staining revealed that, except for heart sample B, elevated FGF10 levels correlate with decreased cardiomyocyte cell size (Figure 6E and Supplemental Figure 9D-E). In addition, the analysis of cardiomyocyte size frequency Supplemental Figure 9F) demonstrated that elevated FGF10 levels correlate with a high frequency of small cardiomyocytes (<600µm², Figure 6C) and with a low frequency of large cardiomyocytes (>800µm², Supplemental Figure 9G), suggesting that, consistent with our results in mice, higher FGF10 levels in human hearts favors cardiomyocyte CVR-2021-0222 20 renewal. Despite low FGF10 expression levels in the BZ of patient B, a high frequency of small cardiomyocytes are observed in that area. This unexpected result may be explained by the high level of FGF10 expression in the IA that may influence cardiomyocyte status in the adjacent BZ. Finally, to determine whether human myocardial FGF10 levels influence cardiac fibrosis, histological analysis using Sirius red staining was performed and fibrosis was quantified. Our results demonstrated that elevated FGF10 levels strongly correlate with reduced fibrosis in the IA (Figure 6D and F) and the BZ (Supplemental Figure 9H-I).

These results obtained in human heart samples reinforce the conclusions of our mouse experiments and support the relevance for FGF10 in promoting cardiomyocyte renewal and preventing fibrosis.

DISCUSSION

In this study, we demonstrated that Fgf10 expression post-MI promotes cardiac regeneration and repair through two cellular mechanisms: elevating cardiomyocyte renewal and limiting fibrosis. Our results suggest that FGF10 activates major regenerative pathways including the regulation of Meis1 expression levels, the Hippo signaling pathway and a pro-glycolytic metabolic switch as well as playing a direct role in preventing cardiac myofibroblast activation. Moreover, elevated FGF10 levels in failing explanted human heart samples strongly correlate with enhanced cardiomyocyte proliferation and reduced fibrosis. Together our study highlights the pro-regenerative capacities of FGF10 and supports FGF10 as a clinically relevant target for heart regeneration in man.

After birth, the vast majority of cardiomyocytes undergo maturation leading to multinucleation and metabolic switch toward oxidative phosphorylation [START_REF] Soonpaa | Cardiomyocyte DNA synthesis and binucleation during murine development[END_REF][START_REF] Piquereau | Maturation of Cardiac Energy Metabolism During Perinatal Development[END_REF]. Nevertheless, a rare population of resident adult mononucleated cardiomyocytes, generally smaller than binucleated cardiomyocytes, has been described to participate to cardiomyocyte renewal in normal aging [START_REF] Patterson | Frequency of mononuclear diploid cardiomyocytes underlies natural variation in heart regeneration[END_REF][START_REF] Bersell | Neuregulin1/ErbB4 signaling induces cardiomyocyte proliferation and repair of heart injury[END_REF][START_REF] Mahmoud | Meis1 regulates postnatal cardiomyocyte cell cycle arrest[END_REF][START_REF] Senyo | Mammalian heart renewal by pre-existing cardiomyocytes[END_REF]. We demonstrated that FGF10 enhances adult mononucleated cardiomyocyte numbers by promoting cell division of pre-existing adult mononucleated cardiomyocytes. However, since cytokinesis of binucleated cardiomyocytes is also possible ( 14), we cannot exclude that FGF10 may also promote binucleated cardiomyocyte cell division.

Cardiomyocyte metabolic reprogramming toward glycolysis, has been recently reported to be required for cardiac regeneration [START_REF] Honkoop | Single-cell analysis uncovers that metabolic reprogramming by ErbB2 signaling is essential for cardiomyocyte proliferation in the regenerating heart[END_REF]. Our data indicate that, through the activation of the mTOR/HIF1 pathway activation, FGF10 post-MI favors a glycolytic metabolic switch.

FGF-dependent control of c-MYC expression that, in turn, regulates expression of glycolytic enzymes may also participate in the glycolytic metabolic switch [START_REF] Yu | FGF-dependent metabolic control of vascular development[END_REF].

Our results suggest that signaling events downstream of FGF10 may negatively regulate Meis1, allowing the removal of a cell cycle block leading to cardiomyocyte cell cycle reentry and cardiac regeneration. The transcription factor MEIS1 participates in postnatal cardiomyocyte cell cycle exit through the activation of cyclin-dependent kinase inhibitor expression and Meis1 deletion in cardiomyocytes is sufficient to promote cardiomyocyte mitosis in the adult heart [START_REF] Mahmoud | Meis1 regulates postnatal cardiomyocyte cell cycle arrest[END_REF]. Interestingly, the rare proliferative adult cardiomyocyte population is highly hypoxic (Hif1-responsive) and displays decreased Meis family member gene expression [START_REF] Kimura | Hypoxia fate mapping identifies cycling cardiomyocytes in the adult heart[END_REF].

The release of the Hippo block operating in mature cardiomyocytes seems to be a crucial promoting mitophagy [START_REF] Gong | Parkin-mediated mitophagy directs perinatal cardiac metabolic maturation in mice[END_REF]. Park2 was also reported to play a critical role in the adaptive response after MI by promoting clearance of damaged mitochondria via autophagy [START_REF] Kubli | Parkin protein deficiency exacerbates cardiac injury and reduces survival following myocardial infarction[END_REF].

Recently, Leach et al., revealed that Park2 is essential for the Hippo-induced heart regeneration [START_REF] Leach | Hippo pathway deficiency reverses systolic heart failure after infarction[END_REF]. In our study, Park2 may thus also participate to the metabolic switch in response to forced Fgf10 expression.

Decreased cardiomyocyte cell size has been shown to be an indicator of enhanced cardiomyocyte proliferation [START_REF] Patterson | Frequency of mononuclear diploid cardiomyocytes underlies natural variation in heart regeneration[END_REF][START_REF] Bersell | Neuregulin1/ErbB4 signaling induces cardiomyocyte proliferation and repair of heart injury[END_REF][START_REF] Mahmoud | Meis1 regulates postnatal cardiomyocyte cell cycle arrest[END_REF][START_REF] Senyo | Mammalian heart renewal by pre-existing cardiomyocytes[END_REF]. Our results demonstrating that FGF10 significantly increases the number of small cardiomyocyte in the injured ventricle strongly supports FGF10-induced cardiomyocyte renewal. Cardiomyocyte cell size is nevertheless controlled by a balance between atrophic and hypertrophic signaling [START_REF] Razeghi | Hypertrophy and atrophy of the heart: the other side of remodeling[END_REF]. Here, a role of FGF10 on the modulation of atrophic gene expression cannot be excluded. Indeed, among diverse genes described to regulate cardiac atrophy, we identified that FGF10 overexpression 21 days post-MI significantly upregulates Murf1 transcript levels (Log2FC=2.7, adjusted p-value=0.003).

In addition to promoting cardiomyocyte renewal, our data suggest that FGF10 exposure significantly decreases cardiac myofibroblast activation. Of particular interest, Fgf10overexpression post-MI results in the significant downregulation of Smoc1 and Smoc2, silencing of which has been recently shown to be required to prevent myofibroblast transformation [START_REF] Gerarduzzi | Silencing SMOC2 ameliorates kidney fibrosis by inhibiting fibroblast to myofibroblast transformation[END_REF][START_REF] Wang | SMOC1 silencing suppresses the angiotensin II-induced myocardial fibrosis of mouse myocardial fibroblasts via affecting the BMP2/Smad pathway[END_REF]. Here, we cannot exclude a role for FGF10 in epicardial priming required for neovascularization [START_REF] Vega-Hernandez | FGF10/FGFR2b signaling is essential for cardiac fibroblast development and growth of the myocardium[END_REF] and the secretion of pro-regenerative signals in pathological conditions [START_REF] Cao | The epicardium as a hub for heart regeneration[END_REF]. Furthermore, FGF10 anti-inflammatory properties [START_REF] Li | Neuron-derived FGF10 ameliorates cerebral ischemia injury via inhibiting NF-kappaB-dependent neuroinflammation and activating PI3K/Akt survival signaling pathway in mice[END_REF][START_REF] Tan | FGF10 Protects Against Renal Ischemia/Reperfusion Injury by Regulating Autophagy and Inflammatory Signaling[END_REF] may potentially participate in the regenerative process induced by FGF10 treatment.

Alternatively, or in addition, the ability of FGF10 to promote functional cardiomyocyte differentiation during ESC/iPSC differentiation [START_REF] Chan | Fibroblast growth factor-10 promotes cardiomyocyte differentiation from embryonic and induced pluripotent stem cells[END_REF] and cardiac reprogramming [START_REF] Yamakawa | Fibroblast Growth Factors and Vascular Endothelial Growth Factor Promote Cardiac Reprogramming under Defined Conditions[END_REF], may also participate in the observed FGF10-induced cardioprotective effect.

In addition to ischemic-related pathologies, the therapeutic effect of FGF10 has been extensively studied in wound healing, venous ulcers, mucositis, or ulcerative colitis, leading to early human clinical studies clearly demonstrating FGF10 clinical safety and thus supporting its utilization in clinics [START_REF] Beenken | The FGF family: biology, pathophysiology and therapy[END_REF][START_REF] Plichta | Sugar-coating wound repair: a review of FGF-10 and dermatan sulfate in wound healing and their potential application in burn wounds[END_REF]. The fact that in human terminal heart failure, elevated myocardial FGF10 levels associate with enhanced cardiomyocyte proliferative capacities and reduced fibrosis reinforces our results obtained in mice. In contrast to mouse models, few experiments have addressed the capacity of human cardiomyocytes to respond to regenerative signals [START_REF] Polizzotti | Neuregulin stimulation of cardiomyocyte regeneration in mice and human myocardium reveals a therapeutic window[END_REF][START_REF] Canseco | Human ventricular unloading induces cardiomyocyte proliferation[END_REF]. Our results identify FGF10 as a potential regulator of cardiomyocyte cell cycle and fibrosis in the adult human heart.

Together, our results indicate that FGF10 preserves cardiac remodeling and performance of the injured heart, strongly supporting FGF10 as a clinical relevant target to promote cardiac regeneration and repair in human patients.

CVR-2021-0222 Statistical significance (p) was determined using Student's t-distribution.

separated using agarose gel electrophoresis to detect the specific amplified fragments.

Primers for genotyping are listed in Table 1.

Mouse line

Primer Sequence (5' -3') Immunofluorescence. Serial 13 µm paraffin sections were obtained and mounted on slides.

Fgf10 +/-
After dewaxing (xylene, 2 times) and rehydration in an ethanol series (100, 90, 70, 50% and H2O), antigen was retrieved by boiling samples in Vector Antigen Unmasking Solution (Vector Laboratories, H-3300) for 15 min. Slides were allowed to cool to room temperature for 20 min and washed in PBS-Tween 0.05% (PBST). For blocking, samples were incubated for at least 1 hour in TNB (0.1M Tris-HCl, 0.15M NaCl, 0.5% (w/v)) blocking reagent (PerkinElmer FP1020)

prior to incubation with antibodies in TNB overnight at 4°C. This was followed by 3 times PBS-T washes. Slides were then incubated with secondary antibody diluted in TNB for 1 hour at room temperature, followed by 3 washes in PBST and nuclei were counterstained with Hoescht (1/1000) and mounted using FluoroMount (Southern Biotech). Sections were imaged using a Zeiss AxioImager fluorescent microscope with an Apotome module.
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Serial 13 µm cryostat sections were obtained from OCT embedded hearts. Sections were kept at room temperature for 15 min to dry and then washed with PBS. Slides were incubated for at least one hour in blocking solution (3% BSA-0.05% Saponin) prior to incubation with primary antibodies in blocking solution overnight at 4°C. This was followed by 3 washes in PBST. Slides were then incubated with secondary antibody in blocking solution for 1 hour at room temperature, followed by 3 washes in PBST. Nuclei were counterstained with Hoescht

(1/1000) and mounted with FluoroMount (Southern Biotech). Sections were imaged using a Zeiss AxioImager fluorescent microscope with an Apotome module.

Cells attached onto coverslips were rinsed once in phosphate-buffered saline solution (PBS) for 5 min, fixed in paraformaldehyde 4% (5 min) and washed in PBS (3 times 5 min). The cells were then permeabilized in Triton X-100 0.5% (15 min), washed in PBS (2 times 5 min) and once in PBS-BSA 1% (5 min). Next, they were incubated 1 hour at 37°C with primary antibodies.

After three washes in PBS and one in PBS-BSA 1%, the cells were revealed incubated with secondary antibodies (30 min, 37 °C). After three additional washes in PBS, nuclei were counterstained with Hoescht (1/1000) and the coverslips were mounted with FluoroMount (Southern Biotech) and then imaged using a Zeiss AxioImager fluorescent microscope with an Apotome module. Primary and secondary antibodies are listed in Table 2. 3.

Primary antibodies

-actinin

Gene Species Primer

Sequence (5' -3') Data processing and differential gene expression (DGE) analysis.

Acta2 mouse human Acta2-F ACTCTCTTCCAGCCATCTTTCA Acta2-R ATAGGTGGTTTCGTGGATGC Angpt1 mouse Angpt1-F GGAAGATGGAAGCCTGGAT Angpt1-R ACCAGAGGGATTCCCAAAAC Ccnk mouse Ccnk-F GTTTGGAGATGACCCAAAGG Ccnk-R AAGTCAAACTTTATGGTCTGCAGTAA Cdkn2b mouse Cdkn2b-F AATAACTTCCTACGCATTTTCTGC Cdkn2b-R CCCTTGGCTTCAAGGTGAG Col1A1 mouse Col1A1-F CATGTTCAGCTTTGTGGACCT CVR-2021-0222 Col1A1-R GCAGCTGACTTCAGGGATGT Col3A1 mouse Col3A1-F TGGTCCTGCTGGAAAGGAT Col3A1-R GAGGTCCAGGCAGTCCAC Col6A5 mouse Col6A5-F CCTCCTGGTCGGAGAGGT Col6A5-R TTCACAGGGGGAATATATAGGTTG Crispld2 mouse Crispld2-F AGGTTGAGGCCAGAGTTCC Crispld2-R GCCTTCAGCCACAACTAAGAG Ddr2 mouse Ddr2-F ATGTTGGCAGGCAAGACAG Ddr2-R TCAGGTCGCTTGTAGATTTCC Efnb3 mouse Efnb3-F TGGAACTCGGCGAATAAGAG Efnb3-R CCCCGATCTGAGGATAAAGC Eno3 mouse Eno3-F ACACAGCCAAGGGTCGATT Eno3-R TCCACAGCCTTCAGCACTC Erbb3 
70 millions of reads (clusters) have been sequenced, on average, by sample. The quality of sequencing reads was assessed using fastQC 1 . Reads were mapped to the mouse reference genome (GRCm38/mm10) using STAR (v2.5.3a) 2 and bam files were indexed and sorted using Sambamba (v0.6.6) 3 . Number of read fragments per gene (GENCODE annotations) was determined after mapping using Stringtie (v1.3.1c) 4 . Differential gene expression analysis was performed using DESeq2 5 . p-values were adjusted for multiple testing using the method by Benjamini and Hochberg 6 and genes with an FDR (False Discovery Rate) adjusted p-value below 0.05 were considered as significantly differentially expressed. The heatmap of Differentially Expressed Genes using was generated using the Pheatmap R package, while the volcano plot representing the Log2FC (log2 of the expression fold change) and the adjusted pvalue of the Wald test has been prepared by using the EnhancedVolcano R package.

Enrichment (Gene set enrichment Analysis, GSEA) and overrepresentation (Singular Enrichment Analysis, SEA) in GO term analysis were performed using a Mann-Whitney test and hypergeometric test respectively, thanks to the Clusterprofiler R package. In the case of over-representation, the test was set on genes having a FDR adjusted p-value below 0.001, the value commonly accepted as threshold for significance. Results of GSEA and SEA, have been represented, for a set of selected genes, as Circos plot with GOplot R package. 

  Analysis of circulating protein levels DOX-treated Rosa26-RTTA/Tet(O)-Fgf10 were compared to CTRL-treated Rosa26-RTTA/Tet(O)-Fgf10 infarcted mice, 5 days post-injury. Blood sample was collected into serum separator tube and the serum was coagulated at room temperature for 2 hours. The homogenates were centrifuged at 1000 g for 20 min, and the resultant supernatant was collected and stored at -20°C. Highly sensitive troponin T (TnT-hs, Elecsys®) was measured on

  expression in mice subjected to myocardial infarction (MI) through ligation of the left anterior descending coronary artery. 21 days after ligation, mice were sacrificed, hearts were removed and qRT-PCR experiments revealed upregulated endogenous Fgf10 levels in the injured ventricle (Fold Change (FC)=3.5; Supplemental Figure1A). Analysis of cryostat sections from Fgf10-LacZ hearts 21 days post-MI showed that X-gal + nuclei are exclusively present in cardiomyocytes (data not shown), suggesting that Fgf10 expression is upregulated in cardiomyocytes under pathological conditions. Directly controlled by key developmental transcription factors including NKX2-5, TBX1 and ISL1, a cardiac enhancer, located in the first intron of Fgf10 gene, has been identified and described to be necessary and sufficient to direct Fgf10 expression in the developing heart. While ISL1 and TBX1 activate Fgf10 expression in cardiac progenitor cells, NKX2-5 mediates its repression[START_REF] Watanabe | Fibroblast growth factor 10 gene regulation in the second heart field by Tbx1, Nkx2-5, and Islet1 reveals a genetic switch for down-regulation in the myocardium[END_REF]. In order to address a potential involvement of NKX2-5, TBX1 and ISL1 in the upregulation of Fgf10 expression post-MI, we evaluated Nkx2-5, Tbx1 and Isl1 expression in the injured ventricle. Interestingly, while Nkx2-5 expression levels were downregulated (Supplemental Figure1B), strong upregulation of Tbx1 and Isl1 mRNA levels was observed 21 days post-MI (Supplemental Figure1C-D).

  determine whether upregulated Fgf10 levels in the injured ventricle could participate in cardiomyocyte renewal post-MI, cardiac cell proliferation was analyzed, in Fgf10 +/--MI compare to WT-MI mice, 5 and 21 days (Figure2A) post-MI. Immunofluorescence analysis of proliferative capacity in the border zone (BZ), using the pan-cell cycle marker Ki67 (Figure2B-D and supplemental Figure2A), the mitotic marker PH3 (Supplemental Figure2B-D) and the cytokinesis marker Aurora kinase B (AURKB, Figure2E), revealed a significant impairment of CVR-2021-0222 cardiomyocyte proliferation in Fgf10 +/--MI compare to WT-MI mice. Similar results were obtained when cardiomyocyte proliferation was measured in the infarcted area (IA; Supplemental Figure2E-F). No alteration in non-myocyte proliferation capacity was detected (Supplemental Figure2G-H). Measurement of cardiomyocyte cross-sectional area revealed that decreased Fgf10 dosage significantly worsens cardiomyocyte hypertrophy post-MI (Figure2F). To determine whether FGF10 haploinsufficiency impacts on the progression of cardiac fibrosis following MI, histological analysis using Sirius red staining was performed. At both 5 (Figure2G-I) and 21 days (Figure2J-L) post-MI, increased fibrosis was observed in Fgf10 +/--MI hearts compare to WT-MI hearts, correlating with upregulated collagen gene expression (Figure2I and L). Together, these results suggest that maximal Fgf10 levels promote cardiomyocyte renewal and prevent fibrosis post-MI, likely contributing to preserved cardiac function and decreased remodeling.

  using the Rosa26-RTTA/Tet(O)-Fgf10 mouse line treated with doxycycline-supplemented (DOX) food one day after MI during 21 days (Figure 3A). Rosa26-RTTA/Tet(O)-Fgf10 DOX-MI mice were compared with Rosa26-RTTA/Tet(O)-Fgf10 mice treated with control food (CTRL-MI) and qRT-PCR experiments on left ventricular tissues and biochemical analysis of serum post-MI confirmed that DOX-treated mice displayed significantly upregulated myocardial (FC=106, p=7x10 -6 , n=4 per group) and circulating Fgf10 levels (DOX-MI: 3.1±0.2 ng/ml versus CTRL-MI: 1.9±0.2 ng/ml; p=0.007, n=4 per group). Our results demonstrated that Fgf10 upregulation prevents cardiac remodeling 21 days after MI, as depicted by infarct size measurement (DOX-MI: 18±4% below CTRL-MI, p=0.03), heart/body weight and heart weight/tibia length ratios (Figure 3B-C). In vivo heart function was investigated using echocardiography (Figure 3D). Compared to CTRL-treated Rosa26-RTTA/Tet(O)-Fgf10 infarcted mice, DOX-treated Rosa26-RTTA/Tet(O)-Fgf10 infarcted mice displayed preserved cardiac function and remodeling parameters including ejection fraction, fractional shortening and left ventricular dilation (Figure 3E-G). Analysis of key heart failure markers using qRT-PCR experiments confirmed the reduction of pathological remodeling in DOX-treated Rosa26-RTTA/Tet(O)-Fgf10 infarcted mice compared to CTRL-treated Rosa26-RTTA/Tet(O)-Fgf10 infarcted mice (Figure 3H). To confirm the specificity of the protective effect of FGF10 post-MI, Rosa26-RTTA transgenic mice were subjected to MI and treated with DOX-supplemented or CTRL food one day after MI during 21 days (Supplemental Figure 3A). qRT-PCR experiments performed on left ventricular tissues 21 days post-MI confirmed that DOX-treatment has no impact on myocardial Fgf10 expression (FC=0.9±0.2, p=0.2, CTRL-Rosa26-RTTA-MI, DOX-Rosa26-RTTA-MI, n=4 per group). Similarly, no improvement in in vivo heart function was observed 21 days post-MI. Cardiac function and remodeling of the DOX-treated Rosa26-RTTA-MI mice were comparable to that of CTRL-treated Rosa26-RTTA-MI mice (Supplemental Figure 3), attesting to the positive effect of Fgf10 upregulation in preserving cardiac function and reducing remodeling post-MI.

  Figure4E) revealed that upregulated Fgf10 levels post-MI significantly enhances

  Figure 5A and F; 8159 counted cardiomyocytes, 100% MF20 + Tomato + , n=9).

  Sirius red staining and qRT-PCR analysis were performed. Decreased fibrosis was observed in DOX-treated R26R-RTTA/Tet(O)-Fgf10-MI hearts 21 days post-MI, compared to CTRL-treated R26R-RTTA/Tet(O)-Fgf10-MI hearts (Figure4K-L). This was accompanied by downregulated collagen gene expression (Figure4M). Finally, in vitro experiments using human cardiac fibroblasts demonstrated that FGF10 is able to significantly reduce TGF--induced cardiac fibroblast activation into -SMA (Acta2)-expressing myofibroblasts (Figure4N), suggesting that FGF10 may play an upstream role in preventing fibrosis post-MI.

formation ( 21 )

 21 Figure 7A-C) and in WT-and Fgf10 +/--MI hearts (Supplemental Figure 7D-F), nevertheless, no

  checkpoint to enable cardiomyocytes to reenter the cell cycle and the modulation of Hippo pathway components critically participates in cardiac regeneration (25). Our study demonstrated significantly upregulated levels of the Hippo pathway downstream target Park2 in Fgf10-overexpressing hearts. The ubiquitin ligase Parkin, encoded by the Park2 gene, plays an essential role in normal postnatal cardiac mitochondrial and metabolic maturation by

Figure 1 :

 1 Figure 1: Decreased Fgf10 dosage worsens cardiac function and remodeling
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 2 Figure 2: Decreased Fgf10 dosage impairs cardiomyocyte proliferation and worsens

Figure 3 :

 3 Figure 3: Upregulation of Fgf10 levels post-MI preserves cardiac function and remodeling.
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 4 Figure 4: Upregulation of Fgf10 levels post-MI promotes cardiomyocyte cell cycle reentry
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 5 Figure 5: RNA-seq analysis reveals FGF10-induced transcriptional regulation of major
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 6 Figure 6: Upregulation of FGF10 in human failing hearts correlates with increased

  

  

  

  

  

  

  

  

  

2.9 Cell culture and pharmacological stimulations

  

	for 3 days) and the fed with normal (CTRL) or doxycycline (DOX) supplemented food for 5 days. were treated with TGF-β1 (Miltenyi Biotec, 5μg/ml) and recombinant FGF10 (R&D Systems,
	Mice were anesthetized by intraperitoneal injection of a ketamine-xylazine cocktail (ketamine, 100ng/ml).
	93.75 mg/kg; xylazine, 12.5 mg/kg), and the chest was opened to expose the heart. The
	descending aorta and inferior vena cava were cut and the heart was rapidly flushed by 2.10 RNA sequencing
	injection of EDTA buffer (130 mM NaCl, 5 mM KCl, 0.5 mM NaH2PO4, 10 mM HEPES, 10 mM Sequencing and bioinformatics analysis were performed by the Genomics and Bioinformatics
	glucose, 10 mM BDM, 10 mM Taurine and 5 mM EDTA adjusted to pH 7.8) in the right facility (GBiM) from the U 1251/Marseille Medical Genetics. RNA-Seq was performed in
	ventricle. Ascending aorta was clamped and the heart was immediatly transferred to a 60-mm quadruplicate on DOX-treated Rosa26-RTTA/Tet(O)-Fgf10 infarcted area 21 days post-injury
	dish containing fresh EDTA buffer. Digestion was achieved by sequential injection of EDTA as compared to the same area from CTRL-treated Rosa26-RTTA/Tet(O)-Fgf10. Before
	buffer, perfusion buffer (130 mM NaCl, 5 mM KCl, 0.5 MgCl2 adjusted to pH 7.8), and finally sequencing, the quality of total RNA samples was assessed using a bioanalyzer (Agilent, Santa
	an enzymatic solution (perfusion buffer supplemented with collagenase 2 and 4 and protease Clara, California, USA). Only RNAs with RNA Integrity Numbers (RIN) above 8 were used. For
	XIV) into the left ventricle. The ventricles were separated from the atria, cut into small pieces, each sample, a library for poly(A)+ RNA was prepared from 1 µg of total RNA, using the TruSeq
	and triturated with a pipette to disperse cardiomyocytes. Ventricular cardiomyocytes were Stranded mRNA Library Prep kit (Illumina, San Diego, California, USA), following the
	filtered (100 μm pore size filter) and allowed to sediment by gravity for 20 minutes. The manufacturer's instructions. The 8 indexed libraries were pooled and sequenced on an
	supernatant was removed, and cells were suspended in three intermediate calcium Illumina NextSeq 500 platform, using paired-end mode (2*75 bp reads), in order to reach 50
	reintroduction buffers (0.34, 0.68 and 1.02 mmol/l Ca 2+ ) to gradually restore calcium million reads (clusters) for each library. Detailed data processing and differential gene
	concentration to physiological levels. At the end, ventricular cardiomyocytes were expression (DGE) analysis can be found in the Supplemental Data.
	resuspended in a culture medium and plated in culture dishes coated with laminin (Life
	Technologies, 10 μg/ml). 2.11 Statistics
	All experiments and data analysis were conducted blinded. The number of replicates (n) is
	indicated in the figure legends and refers to the number of experimental subjects
	Human cardiac fibroblast (HCF) cell line (Promocell®, C-12375) was cultured in Fibroblast independently treated in each experimental condition. Data are presented as means ± s.e.m.
	Growth Medium 3 (Promocell®, C-23025). Cells were maintained at 37°C in a 95% air-5% CO2 Statistical significance (p) was determined using unpaired Student's t-test, Student's t-
	humidified atmosphere, fed every 2-3 days, and sub-cultured when reaching 70-80%. HCF distribution and Fisher test, as indicated in each figure legend. Statistical significance was set
	Tomato/R26R-RTTA/Tet(O)-Fgf10 males intraperitoneally injected with tamoxifen (2 mg/30 g at *p < 0.05, 0.001<**p < 0.01, ***p < 0.001.

Table 1 : Genotyping PCR primer sequences.

 1 

		WT-FOR	CTTCCAGTATGTTCCTTCTGATGAGAC
		Mut-FOR	TACGGACAGTCTTCTTCTTGGTCCC
		REV	GAGCTTGCTGGGGGAAACTTCCTGACTAGG
		FOR	ATCCTCTGCATGGTCAGGTC
	Fgf10-LacZ		
		REV	CGTGGCCTGATTCATTCC
		WT-FOR	AAGTCGCTCTGAGTTGTTATCAG
	Rosa26-rtTA	WT-REV	GGAGCGGGAGAAATGGATATGA
		Mut-REV	CGGGTTGTTAAACCTTCGATTCCG
		FOR	GACGCCATCCACGCTGT
	Tet(O)-Fgf10		
		REV	TGCTGCCAGTTAAAAGATGC
		WT-FOR	AAGGGAGCTGCAGTGGAGTA
		WT-REV	CCGAAAATCTGTGGGAAGTC
	Rosa26-tdT		
		Mut-FOR	CTGTTCCTGTACGGCATGG
		Mut-REV	GGCATTAAAGCAGCGTATCC

medium (Entellan). Collagen and non-collagen components were red-and orange-stained, respectively.

Table 2 : Primary and secondary antibodies. Quantitative Real Time PCR

 2 

	Mouse 1/500	Sigma A7811

. Quantitative RT-PCR primers are listed in Table

Table 3 : Quantitative RT-PCR primer sequences.

 3 

	CVR-2021-0222
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