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Introduction

Cardiac fibroblasts (CFs) comprise approximately 11% of cells in the healthy adult heart. [START_REF] Pinto | Revisiting Cardiac Cellular Composition[END_REF] Quiescent CFs reside in healthy ventricles and maintain homeostasis through low-level extracellular matrix (ECM) turnover and organization. [START_REF] Valiente-Alandi | Inhibiting Fibronectin Attenuates Fibrosis and Improves Cardiac Function in a Model of Heart Failure[END_REF][START_REF] Nagaraju | Global fibroblast activation throughout the left ventricle but localized fibrosis after myocardial infarction[END_REF] Injurious environmental stimuli, such as hypoxia, altered tissue mechanics, and cytokines like TGF-β, signal the phenotypic switch of CFs to a more proliferative, hypercontractile, and hypersecretory state. [START_REF] Schroer | Cadherin-11 blockade reduces inflammation-driven fibrotic remodeling and improves outcomes after myocardial infarction[END_REF] In the case of myocardial infarction (MI), Tcf21 lineage-traced resident CFs transdifferentiate into myofibroblasts, which can then be traced through their expression of the marker periostina secreted matricellular protein produced in adults exclusively following injury. [START_REF] Snider | Origin of cardiac fibroblasts and the role of periostin[END_REF][START_REF] Kanisicak | Genetic lineage tracing defines myofibroblast origin and function in the injured heart[END_REF][START_REF] Acharya | The bHLH transcription factor Tcf21 is required for lineage-specific EMT of cardiac fibroblast progenitors[END_REF] Myofibroblasts localize to both infarcted tissue and the surrounding border zone (BZ) to potentiate the reparative fibrotic injury response due to the lack of intrinsic regenerative capacity of the myocardium. [START_REF] Chistiakov | The role of cardiac fibroblasts in postmyocardial heart tissue repair[END_REF][START_REF] Prabhu | The Biological Basis for Cardiac Repair After Myocardial Infarction: From Inflammation to Fibrosis[END_REF][START_REF] Paik | Wnt10b gain-offunction improves cardiac repair by arteriole formation and attenuation of fibrosis[END_REF] Following MI, myofibroblasts play the indispensable role of stabilizing and reinforcing the left ventricle (LV) via formation of a collagen-dominated scar. [START_REF] Schroer | Cadherin-11 blockade reduces inflammation-driven fibrotic remodeling and improves outcomes after myocardial infarction[END_REF] Insufficient ECM deposition can lead to LV rupture or aneurysm, while excessive ECM deposition leads to tissue stiffening, scar expansion, and arrhythmias. [START_REF] Daseke | Cardiac fibroblast activation during myocardial infarction wound healing[END_REF] Furthermore, replacement of contractile myocardium with a collagenous scar creates a local increase in mechanical strain at the BZ of surviving myocardium and scar tissue. To compensate for biomechanical alterations, connective tissue often expands beyond the original injury, creating a subsequent decline in tissue compliance and cardiac output. [START_REF] Talman | Cardiac fibrosis in myocardial infarction-from repair and remodeling to regeneration[END_REF][START_REF] Jackson | Border zone geometry increases wall stress after myocardial infarction: contrast echocardiographic assessment[END_REF] Most chronic myocardial conditions are associated with excessive deposition of fibrotic tissue, making the myofibroblast a desirable therapeutic target to limit fibrotic overactivity. [START_REF] Humeres | Fibroblasts in the Infarcted, Remodeling, and Failing Heart[END_REF][START_REF] Van Putten | Mechanical control of cardiac myofibroblasts[END_REF] Serotonergic dysfunction has long been understood to contribute to a myriad of cardiopulmonary pathologies. Specifically, signaling through the serotonin 2B receptor (5-HT 2B ) is particularly involved in valvular heart disease and pulmonary hypertension. [START_REF] Rothman | Evidence for Possible Involvement of 5-HT 2B Receptors in the Cardiac Valvulopathy Associated With Fenfluramine and Other Serotonergic Medications[END_REF][START_REF] Launay | Function of the serotonin 5-hydroxytryptamine 2B receptor in pulmonary hypertension[END_REF] In response to TGF-β, fibroblast-like valve interstitial cells undergo myofibroblast transformation, which can be prevented with 5-HT 2B antagonism. [START_REF] Hutcheson | 5-HT(2B) antagonism arrests non-canonical TGF-β1-induced valvular myofibroblast differentiation[END_REF] In a murine model of experimental pulmonary hypertension, it has been shown that 5-HT 2B in the myeloid compartment is necessary to develop disease and instigate the stiffening of arterioles. [START_REF] Launay | Serotonin 5-HT2B receptors are required for bone-marrow contribution to pulmonary arterial hypertension[END_REF][START_REF] Bloodworth | Bone Marrow-Derived Proangiogenic Cells Mediate Pulmonary Arteriole Stiffening via Serotonin 2B Receptor Dependent Mechanism[END_REF] 5-HT 2B has also been shown to play an integral role in mediating isoproterenol-induced cardiac hypertrophy through modulating the inflammatory milieu in a CF-dependent manner. [START_REF] Jaffré | Serotonin and angiotensin receptors in cardiac fibroblasts coregulate adrenergic-dependent cardiac hypertrophy[END_REF] There are multiple downstream 5-HT 2B signaling pathways, but the mitogen-activated protein kinase effector p38 and the tyrosine kinase Src are two of the most commonly observed. Both of which are known regulators of cell contractility, ECM deposition, and ECM stiffness. [START_REF] He | Preexisting endothelial cells mediate cardiac neovascularization after injury[END_REF][START_REF] West | Serotonin 2B Receptor Antagonism Prevents Heritable Pulmonary Arterial Hypertension[END_REF] Here, we hypothesized that 5-HT 2B antagonism could hinder excessive fibrotic remodeling after MI and create a post-MI scar that preserved cardiac function. We successfully limited adverse remodeling following MI using two independent 5-HT 2B antagonists. Using newly developed, tamoxifen-inducible Cre recombinase mouse models for either resident fibroblast-or myofibroblast-targeted ablation of 5-HT 2B , we illustrate that CFs have a 5-HT 2Bmediated deleterious effect on cardiac structure and function after infarct. We show that targeted ablation of 5-HT 2B only from myofibroblasts after injury is sufficient to improve cardiac outcomes. These results are attributed to decreased scar thickness, limited BZ expansion into healthy myocardium, and reduced stiffness of scar tissue. RNA sequencing pointed to a limited proliferative and remodeling capacity in myofibroblasts lacking 5-HT 2B driven by an increased expression of Dnajb4, which encodes a heat shock protein with known anti-proliferative and anti-invasive properties, and decreased activation of the tyrosine kinase Src.

Methods

The data that support the reported findings and code used for analyses in this study are available from the corresponding author upon reasonable request. All mouse experiments were approved by the Vanderbilt Institutional Animal Care and Use Committee before their commencement. MI was induced via permanent coronary artery occlusion as previously described with consistent infarct size confirmed via TTC staining (Supplemental Figure 1A) [START_REF] Gao | A Novel and Efficient Model of Coronary Artery Ligation and Myocardial Infarction in the Mouse[END_REF][START_REF] Wu | IL-10-producing B cells are enriched in murine pericardial adipose tissues and ameliorate the outcome of acute myocardial infarction[END_REF][START_REF] Lal | Cardiac fibroblast glycogen synthase kinase-3β regulates ventricular remodeling and dysfunction in ischemic heart[END_REF] .

Serial echocardiography (example image in Supplemental Figure 1B) was used to assess cardiac structure and function on mice receiving a 5-HT 2B antagonist or mice with cell-specific 5-HT 2B ablation. Htr2b fl/fl Tcf21 MCM/+ and Htr2b fl/fl Postn MCM/+ mice (inducible resident fibroblast-and myofibroblast-specific 5-HT 2B knockouts, respectively) were generated to compare with Htr2b fl/fl littermate controls; all mice were crossed with Rosa26-stop-tdTomato reporter mice to visually verify Cre activation. Tissue was collected for analysis to determine properties of the scar, BZ, and uninjured myocardium. Picrosirius red staining was used to identify ECM deposition and associated fibrotic measurements (scar thickness, BZ area, and interstitial fibrosis). Polarized light imaging was used to determine collagen fiber thickness and second-harmonic generation imaging to quantify fiber orientation. Atomic force microscopy (AFM) was used to acquire mechanical properties of the tissue and wheat germ agglutinin to identify cardiomyocyte borders for cross-sectional area measurements. CFs (PDGFRα+) were isolated one week after MI from Htr2b fl/fl and Htr2b fl/fl Postn MCM/+ animals to perform bulk RNA sequencing. CFs were isolated from adult WT and 5-HT 2B knockout mice for in vitro studies. An expanded methods section is available in the Online Data Supplement.

Results

5-HT 2B antagonism preserves cardiac structure and function following MI

To test our hypothesis that 5-HT 2B regulates scar formation following MI, we first confirmed there was a marked increase in Htr2b expression three days after injury which was sustained into the fibrotic healing phase seven days after infarction (Supplemental Figure 2). Htr2a, which encodes the only other member of the 5-HT 2 receptor subfamily expressed in the cardiovascular system, [START_REF] Maroteaux | New therapeutic opportunities for 5-HT2 receptor ligands[END_REF] is not upregulated until seven days post-MI, and it is still only induced to a fraction of Htr2b levels. These findings motivated our exploration into 5-HT 2B signaling. To determine if 5-HT 2B signaling influences ventricular remodeling after MI, wild-type (WT) mice underwent permanent coronary artery ligation and were administered either vehicle control (dimethyl sulfoxide, DMSO) or the 5-HT 2B antagonist SB204741 (SB) at the time of injury (Figure 1A). Interestingly, female mice showed no response to SB treatment (Supplemental Figure 3A-C) which may be due to sex-specific differences of 5-HT 2B governed cardiac activity, so subsequent antagonist studies were conducted in male mice. We observed a preservation of cardiac function indicated by decreased reduction in ejection fraction (EF) and fractional shortening (FS) one week after injury in mice treated with 5-HT 2B antagonist, highlighting a slowed LV impairment following MI. This effect was maintained for the six-week period after injury, even with the removal of the antagonist three weeks post-MI (Figure 1B-C). The observed effects were due to the improved systolic inner dimension and volume of the LV (Figure 1D-G). We employed a speckle-tracking algorithm to obtain the global longitudinal strain (GLS) of the LV as another sensitive measure of LV function. While GLS was identically reduced in both groups the first week after injury, cardiac contractility of SB-treated animals stabilized, while the contractility of DMSO-treated control animals continued to deteriorate over the duration of the experiment (Figure 1H). In order to confirm these results, the experiment was repeated using another selective, high affinity 5-HT 2B antagonist RS127445 (RS) which provided a comparable effect (Supplemental figure 4A-H). Heart rate was not affected by inhibition of 5-HT 2B signaling (Supplemental Table 1). These data suggest increased 5-HT 2B signaling following ischemic injury plays a detrimental role in tissue healing.

Fibrotic injury response is altered by 5-HT 2B antagonism

Using a custom-built image processing pipeline, 4 short-axis tissue sections were analyzed six weeks following MI (unless otherwise noted) to identify the role of 5-HT 2B signaling in the healing process post-MI. Tissue thickness was calculated and picrosirius red staining demarcated the viable myocardium (yellow) from collagenous scar tissue (red; Figure 2A-B). The BZ (green dots; Figure 2B) was defined as the transition region between collagen-dominated scar tissue (stained >85% red) and myocardium-dominated tissue (stained >85% yellow) (Figure 2C). In SB-treated mice, the deposition of fibrotic tissue was diminished as indicated by the formation of a thinner scar than control mice (Figure 2D). Scars in the SB-treated group appear to form thinner in the first week after injury and retain this thinness from week one to week six. This composition did not compromise scar integrity as there was no difference in mortality between the two groups (Supplemental Figure 5).

We then calculated the BZ transition rate (indicated by the slope of the green dot region plotted in Figure 2C) to quantify the area of material mismatch between the contractile myocardium and stiff, collagenous scar. We observed an increased rate of change from collagen to myocardium (i.e. a shorter BZ region) with 5-HT 2B antagonism revealing decreased BZ infiltration and scar disruption of viable myocardium (Figure 2E). There were no differences in the area fraction of collagen in the remote uninjured myocardium to indicate tissue-wide fibrosis (Figure 2F).

Since we observed differences in fibrotic response in both the scar and BZ of SB-treated animals, picrosirius red staining was imaged under polarized light to observe collagen fiber thickness. While there was no shift in the distribution of collagen fiber thickness in the scar, a higher percentage of thin collagen fibers was observed in response to 5-HT 2B antagonism within the BZ (Figure 2G-H). We also used second-harmonic generation (SHG) imaging to analyze collagen fiber orientation (Supplemental Figure 6). SB-treated mice had a higher fraction of fields of view (FOV) dominated by strongly aligned, anisotropic collagen fibers in the BZ, which would impart an improved contractility (Figure 2I). Mice treated with RS also demonstrated similar alterations in the scar formation process (Supplemental Figure 7A-C). Histological analyses indicate that treatment with a 5-HT 2B antagonist is capable of controlling scar formation after MI and limiting BZ expansion through alterations in collagen fiber formation and organization.

Microstructural changes in response to impaired 5-HT 2B signaling

We next explored how alterations in the fibrotic healing process affects tissue stiffness.

AFM was used to investigate mechanical changes of the fibrotic tissue area to determine if tissue compliance could play a role in preserving cardiac function in response to SB treatment. While there were no differences in tissue stiffness in the early stages of scar formation, antagonist-treated groups showed a decreased tissue stiffness in both the scar and BZ at six weeks following injury (Figure 3A-B, Supplemental Figure 7D). There were no changes in the myocardial stiffness in uninjured myocardium (Supplemental Figure 8).

Since increased tissue stiffening can lead to a hypertrophic response in cardiomyocytes, [START_REF] Schelbert | Why Clinicians Should Care About the Cardiac Interstitium[END_REF] we quantified the expression of the gene encoding the cardiomyocyte injury marker natriuretic peptide B (Nppb). Six weeks after MI, there was a significant reduction in Nppb in the SB group (Figure 3C). To further characterize the cardiomyocyte response to diminished fibrotic remodeling, short-axis cross-sectional area of cardiomyocytes distant to the infarcted tissue was quantified. We observed a significant increase in cardiomyocyte area six weeks after MI in vehicle treated animals compared to SB-treated animals (Figure 3D-E); these results again held with RS treatment (Supplemental Figure 7E). There was also a significant increase in cardiomyocyte area of vehicle-treated animals over their sham counterparts which was prevented with SB treatment (Figure 3E). These results indicate a biophysical alteration in cardiac composition downstream of the scar formation process influences remote cardiomyocyte hypertrophy after MI.

Deletion of 5-HT 2B in resident fibroblasts improves cardiac response to MI

We next examined potential cell populations responsible for the effects seen following systemic administration of a 5-HT 2B antagonist. While it is known 5-HT 2B influences cardiomyocyte development and mitogenesis, [START_REF] Nebigil | Serotonin 2B receptor is required for heart development[END_REF][START_REF] Nebigil | Ablation of serotonin 5-HT(2B) receptors in mice leads to abnormal cardiac structure and function[END_REF] we did not observe alterations in cardiac structure or function in sham-operated animals given antagonist (Supplemental Figure 9A-C).

Therefore, we ruled out that 5-HT 2B antagonism in the absence of injury affects the resident cell populations (primarily cardiomyocytes) with regards to LV dimensions or output. In the context of MI, we investigated Htr2b expression via quantitative polymerase chain reaction (qPCR) in three cell populations. First, adult cardiomyocytes were isolated from infarcted LVs seven days after injury. Compared to sham operation, there was approximately a 5-fold increase in Htr2b expression (Supplemental Figure 10A). However, since we observed an 17-fold increase in bulk tissue at this time point (Supplemental Figure 2), we sought other contributing cell types. The next cell population investigated was endothelial cells. WT mice were subjected to MI, and CD31-expressing cells were isolated via fluorescence-activated cell sorting (FACS). qPCR revealed that CD31+ cells had a negligible contribution to the 17-fold induction of Htr2b following MI (Supplemental Figure 10B-C). Furthermore, there was not an alteration in the expression for the gene encoding E-selectin (Sele) in scar tissue of mice treated with a 5-HT 2B antagonist, indicating blocking 5-HT 2B signaling does not mediate endothelial cell activation (Supplemental Figure 10E). While there was no increase in Htr2b expression in CD45+ cells seven days after MI compared to sham operation (Supplemental Figure 10B,D), there was the possibility that the immune cells, which infiltrate early after injury, had already been cleared from the injury. To test this hypothesis, we used a bone marrow transplant model based on previous findings showing that mice lacking 5-HT 2B in the bone marrow compartment exhibit decreased tissue remodeling and arteriole stiffness in an experimental model of pulmonary hypertension. [START_REF] Launay | Serotonin 5-HT2B receptors are required for bone-marrow contribution to pulmonary arterial hypertension[END_REF][START_REF] Bloodworth | Bone Marrow-Derived Proangiogenic Cells Mediate Pulmonary Arteriole Stiffening via Serotonin 2B Receptor Dependent Mechanism[END_REF] Age-and sex-matched donors (WT or Htr2b -/-) were transplanted into WT mice with engraftment success of approximately 95% (Supplemental Figure 11A-B). We observed no differences in cardiac structure or function between the transplant groups after MI, indicating a cell type of non-hematopoietic origin mediated the results observed in the 5-HT 2B antagonist studies (Supplemental Figure 12A-D).

To determine if 5-HT 2B signaling in the remaining major cardiac cell population, resident CFs, impacts healing after MI, we deleted the gene encoding 5-HT 2B in resident CFs using a tamoxifen-inducible, Tcf21 MerCreMer (Tcf21 MCM ) transgene [START_REF] Acharya | The bHLH transcription factor Tcf21 is required for lineage-specific EMT of cardiac fibroblast progenitors[END_REF][START_REF] Acharya | Efficient inducible Cremediated recombination in Tcf21cell lineages in the heart and kidney[END_REF] (Figure 4A). The tdTomato fluorescent reporter was observed in all Htr2b fl/fl Tcf21 MCM/+ mice indicating successful recombination in the CFs without affecting survival (Supplemental Figure 13A-B, Supplemental Figure 14A). Following MI, Htr2b fl/fl Tcf21 MCM/+ mice exhibited significantly improved EF and FS (Figure 4B-C). These mice also had preserved LV inner dimension and volume in both diastole and systole six weeks post-MI (Figure 4D-G). GLS steadily decreased over time in Htr2b fl/fl mice lacking the Tcf21 MCM transgene and was significantly lower than the stabilized contractility of mice harboring the Tcf21 MCM transgene (Figure 4H). Six weeks after MI, morphometric analysis revealed increased heart weight to tibia length in Htr2b fl/fl mice indicative of cardiac hypertrophy (Figure 4I). These results show that ablation of the 5-HT 2B receptor from resident CFs is effective in improving cardiac outcomes after MI in a manner similar to that achieved with 5-HT 2B antagonism.

Myofibroblast-specific deletion of 5-HT 2B improves cardiac response to MI

Tcf21 MCM driven ablation of 5-HT 2B targets residential CFs present even in the absence of injury. We wanted to assess the functionality of ablating 5-HT 2B after the induction of an MI. We utilized a mouse model which expressed the MCM cDNA driven by the periostin promoter (Postn MCM ) (Figure 5A). This mouse model has been well-characterized to demonstrate the marking of nearly all newly activated fibroblasts (myofibroblasts) following an injury, without induction prior to injury. [START_REF] Kanisicak | Genetic lineage tracing defines myofibroblast origin and function in the injured heart[END_REF][START_REF] Molkentin | Fibroblast-Specific Genetic Manipulation of p38 Mitogen-Activated Protein Kinase In Vivo Reveals Its Central Regulatory Role in Fibrosis[END_REF] Following MI, all Htr2b fl/fl Postn MCM/+ hearts exhibited signal from the tdTomato reporter, indicating successful recombination without affecting survival (Supplemental Figure 14B, Supplemental Figure 15). Htr2b fl/fl Postn MCM/+ mice demonstrated a significant improvement in the functional metrics of EF and FS one week after MI compared to Htr2b fl/fl animals which were maintained six weeks following the injury (Figure 5B-C).

Myofibroblast-specific 5-HT 2B ablation resulted in improved LV inner dimension and volume in both diastole and systole six weeks after MI, indicating a preserved cardiac structure (Figure 5D-G). Ventricular deformation measured by GLS was preserved in the Htr2b fl/fl Postn MCM/+ group while the control group continued to deteriorate over the six-week experiment (Figure 5H).

Finally, morphometric analyses revealed a decreased heart weight with 5-HT 2B ablation (Figure 5I). As it has been shown that tissue-resident fibroblasts of the Tcf21 lineage are the primary source of subsequent injury-activated, periostin-expressing myofibroblasts 6 , these results confirm 5-HT 2B expression in the CF population worsens the injury response to MI and that blocking 5-HT 2B signaling after injury is sufficient to improve cardiac outcomes.

5-HT 2B knockout decreases CF proliferative and remodeling capacity

In order to investigate how periostin-driven ablation of 5-HT 2B imparts beneficial outcomes following MI, we performed RNA sequencing on PDGFRα+ cells isolated via FACS from the scar tissue of infarcted hearts seven days after MI (Supplemental Figure 16A-B).

Despite only about 20% of PDGFRα+ cells being tdTomato+ in the Htr2b fl/fl Postn MCM/+ group (indicating 5-HT 2B knockout), we observed differential expression of 63 genes which, following Gene Ontology (GO) analysis, were overwhelmingly associated with biological processes linked to the control of cell cycle and mitosis as well as individual genes (i.e. Nexn, Robo4, Fgf23, and Arhgap5) governing cell migration and remodeling (Figure 6A, Supplemental Table 2). One such gene of interest that was upregulated in the Htr2b fl/fl Postn MCM/+ group was the tumor suppressor Dnajb4 which reduces the invasive and metastatic behavior cellular phenotype in lung cancer. [START_REF] Chen | HLJ1 is an endogenous Src inhibitor suppressing cancer progression through dual mechanisms[END_REF][START_REF] Wang | Synergistic activation of the tumor suppressor, HLJ1, by the transcription factors YY1 and activator protein 1[END_REF] In isolated 5-HT 2B -/-CFs, it was observed that loss of 5-HT 2B resulted in an increased expression of Dnajb4 (Figure 6B). As previous reports have shown Dnajb4 controls the activation of Src 33 , we probed Src phosphorylation in CFs and observed a decreased phosphorylation of Src in 5-HT 2B -/-CFs (Figure 6C, Supplemental Figure 17). The decrease in these molecular mediators of cell proliferation and invasion led us to investigate the capabilities of CFs to populate the wounded tissue after MI. We observed a decreased area fraction of periostin staining in the infarct of SB-treated mice one week after injury, indicative of decreased myofibroblast proliferation and infiltration (Figure 6D). Similarly, in vitro analysis of 5-HT 2B -/-CFs revealed a decreased proliferative capacity as seen by fewer cells incorporating BrdU (Figure 6E). CFs lacking 5-HT 2B demonstrated an approximate 50% decrease in migratory capacity in an in vitro wound healing assay (Figure 6F). Finally, CFs were seeded into freefloating collagen gels in order to test their ability to remodel a collagen matrix. In gels seeded with 5-HT 2B -/-CFs, gel contraction after 72 hours was significantly hindered (Figure 6G). These results point to a mechanism of 5-HT 2B -mediated myofibroblast proliferation and matrix remodeling leading to adverse scar formation following MI.

Discussion

Experimental MI induced by permanent coronary artery occlusion triggers the expansion and activation of resident CFs from their quiescent, homeostatic state. CFs transdifferentiate into highly active myofibroblasts following injury, migrating to and proliferating at the site of tissue damage to secrete ECM and contract scar tissue. [START_REF] Driesen | Reversible and irreversible differentiation of cardiac fibroblasts[END_REF][START_REF] Herum | Mechanical regulation of[END_REF] The quality of initial scar formation has lasting effects on cardiac outcomes. A structurally sufficient scar is necessary to reinforce the LV wall, but persistent fibrotic activity leads to chronic cardiac deterioration. [START_REF] Daseke | Cardiac fibroblast activation during myocardial infarction wound healing[END_REF]37 Therefore, it is desirable to properly tune the fibrotic response following MI such that a functional scar is able to form but is dampened before the activity of myofibroblasts becomes deleterious.

Prior studies have shown anti-fibrotic effects of 5-HT 2B disruption in various cardiopulmonary pathologies. [START_REF] Launay | Serotonin 5-HT2B receptors are required for bone-marrow contribution to pulmonary arterial hypertension[END_REF][START_REF] Bloodworth | Bone Marrow-Derived Proangiogenic Cells Mediate Pulmonary Arteriole Stiffening via Serotonin 2B Receptor Dependent Mechanism[END_REF][START_REF] Jaffré | Serotonin and angiotensin receptors in cardiac fibroblasts coregulate adrenergic-dependent cardiac hypertrophy[END_REF]38,39 To our knowledge, this study is the first investigation to report the direct contribution of 5-HT 2B signaling in wound healing after MI. Through the implementation of two pharmacological inhibitors and two models of genetically targeted ablation, we have shown that the 5-HT 2B receptor is an effective target to limit fibrosis following MI injury in mice. Due to advances in identification of genetic markers for CFs, we were able to isolate myofibroblasts as the cell population responsible for the improved recovery after MI seen in animals treated with a 5-HT 2B antagonist.

In the present study, echocardiographic analysis revealed global 5-HT 2B antagonism improves cardiac structure and function one week after MI versus vehicle treatment. While there were not significant changes in these metrics between one and six weeks after injury, GLS deteriorated from week one to six in the control groups whereas 5-HT 2B inhibition stabilized this measure of cardiac contractility. GLS has been shown to be an independent predictor of adverse remodeling after ST-elevated MI in humans and can be a more sensitive functional output than the traditionally used EF. 40 We further explored changes to tissue architecture which led to an improvement in cardiac function and alterations in scar formation. A heavier collagen burden increases passive tissue stiffness, heightening afterload and hindering systolic function. 41 5-HT 2B blockade successfully decreased collagen burden, indicated by decreased scar thickness, without negatively affecting survival rate. The BZ is a vulnerable region of tissue which experiences heightened wall stress and where scar expansion occurs, further damaging cardiomyocytes not directly affected by the initial ischemic event. [START_REF] Jackson | Border zone geometry increases wall stress after myocardial infarction: contrast echocardiographic assessment[END_REF]42 We found that targeting 5-HT 2B resulted in an increased transition rate from scar tissue to surviving myocardium (i.e. less BZ region), revealing decreased intrusion of collagen fibers from the scar into uninjured myocardium. The prevention of scar expansion can minimize the disruption of the cardiac syncytium, providing a more coordinated systolic cycle. 43 Similar to reports linking 5-HT 2B to collagen content and composition through activation of lung and valve fibroblasts, 38, [START_REF] Fabre | Modulation of bleomycin-induced lung fibrosis by serotonin receptor antagonists in mice[END_REF] our results show a redistribution of collagen fiber thickness in the BZ, favoring less mature, more compliant collagen fibers. This difference was not seen in the scar, further suggesting the formation of a mechanically sound scar with limited capacity to expand beyond the BZ. The collagen fibers in BZs of SB-treated animals exhibited more frequent regions of anisotropic collagen fiber distributions which are able to undergo elastic deformation along with cardiomyocyte contraction and increase LV contraction. [START_REF] Holmes | Making Better Scar: Emerging Approaches for Modifying Mechanical and Electrical Properties Following Infarction and Ablation HHS Public Access[END_REF] This effect is enhanced by the softer scar and BZ.

Since these effects prevented early hypertrophic signs observed in control animals, 5-HT 2B antagonism reveals a desirable mechanical and biophysical outcome after MI achieved by a muted initial fibrotic response that provides adequate scar formation without hindering the systolic capabilities of the heart.

It is clear that the translational approach of pharmacological inhibition of 5-HT 2B signaling is effective to establish a therapeutic effect on scar formation and gives insight into the mechanistic alterations of collagen deposition and remodeling, but the lack of specificity renders it insufficient to identify the cell population which mediates the observed effect. Therefore, we implemented several models to manipulate 5-HT 2B in different cell populations. Cardiomyocytes express 5-HT 2B , and blockade of this receptor can partially mitigate noradrenaline overloadinduced hypertrophy. [START_REF] Bai | Role of 5-HT2B receptors in cardiomyocyte apoptosis in noradrenaline-induced cardiomyopathy in rats[END_REF] Cardiomyocytes isolated seven days after infarct do show an increase in Htr2b expression, but only to a fraction of the degree to which expression is increased in bulk tissue. CD31+ cells neither exhibited increased Htr2b gene expression after infarct nor altered gene expression for the marker of endothelial activation, E-selectin. Similarly, Htr2b expression in CD45+ cells did not change after MI, and bone-marrow transplants from 5-HT 2B -knockout mice did not recapitulate the results from antagonist studies, pointing to a mechanism different from previous reports exploring fibrotic remodeling in pulmonary disease. [START_REF] Launay | Serotonin 5-HT2B receptors are required for bone-marrow contribution to pulmonary arterial hypertension[END_REF][START_REF] Bloodworth | Bone Marrow-Derived Proangiogenic Cells Mediate Pulmonary Arteriole Stiffening via Serotonin 2B Receptor Dependent Mechanism[END_REF] Therefore, we developed a novel model of CF-specific 5-HT 2B ablation using Tcf21-driven Cre expression.

This approach circumvented developmental defects seen with gestational ablation of 5-HT 2B ; 30 however, it could also have imparted benefits prior to MI. Regardless, eliminating 5-HT 2B from resident, Tcf21-expressing CFs resulted in a vastly improved cardiac phenotype compared to control animals. Similar improvements as the antagonist studies were achieved with even more pronounced structural benefits observed in the improvement in both LV systolic and diastolic metrics, as well as a decreased heart weight. The enhanced effects of the genetic approach over the pharmacological approach are most likely due to a sufficient recombination of the Htr2b gene locus to convey a stronger effect than what is achieved by transient binding of the antagonist which is subject to metabolic processing and removal from the system.

To implement an approach which more closely replicates the pharmacological strategy, we utilized a Postn-driven model of 5-HT 2B ablation. Myofibroblasts, which are overwhelmingly derived from a Tcf21 lineage, [START_REF] Kanisicak | Genetic lineage tracing defines myofibroblast origin and function in the injured heart[END_REF] are absent in healthy tissue and populate the infarct zone 2-4 days after injury. [START_REF] Humeres | Fibroblasts in the Infarcted, Remodeling, and Failing Heart[END_REF] Targeting this specialized cell type achieved nearly identical results as the Tcf21-driven model and further hones in on the population affected by 5-HT 2B antagonism. Knowing that myofibroblasts are derived from resident fibroblasts, the overlapping results importantly demonstrate that targeting injury-responsive myofibroblasts without affecting their progenitor cells is sufficient to affect scar formation after MI. The mechanistic implication of this result is that 5-HT 2B -dependent infiltration and scar remodeling occurs after the transdifferentiation of resident CFs. Furthermore, it demonstrates the redundancy in the two genetic models where targeting either resident CFs in the absence of injury or myofibroblasts derived from resident CFs achieves the same result.

While only the contribution of bone marrow-derived populations was explicitly eliminated, initial evidence reveals that the contribution of cardiomyocyte or endothelial expression of 5-HT 2B plays a negligible role in improving scar formation after MI. We reported a dramatic increase in Htr2b expression after MI which cannot be accounted for by cardiomyocytes, CD31+, and/or CD45+ cells. Considering the utility of the CF-specific genetic ablation of 5-HT 2B , we are confident that this increase is due to CFs. Pericytes cannot be excluded as potential contributors as these cells express Tcf21 and function in a multiplicity of roles involved in MI healing. [START_REF] Acharya | The bHLH transcription factor Tcf21 is required for lineage-specific EMT of cardiac fibroblast progenitors[END_REF][START_REF] Prabhu | The Biological Basis for Cardiac Repair After Myocardial Infarction: From Inflammation to Fibrosis[END_REF][START_REF] Lee | Pericytes in the heart[END_REF] The periostin-driven model of 5-HT 2B ablation in myofibroblasts should circumvent pericyte contribution, and so we are confident that cells which produce and organize collagen are the primary effector cells. While cardiomyocyte expression of Htr2b is increased after MI, it accounts for a small fraction of the total increase. In healthy hearts, cardiomyocytes are bountiful with CFs making up a small portion of cells. [START_REF] Pinto | Revisiting Cardiac Cellular Composition[END_REF] While these populations shift after injury, it is still conceivable that the contribution of cardiomyocyte 5-HT 2B is minimal since a more abundant cell population is a minor contributor with mesenchymal cells accounting for the vast majority of Htr2b expression. In addition, reports show blocking 5-HT 2B signaling after injury may reduce cardiomyocyte hypertrophy, [START_REF] Bai | Role of 5-HT2B receptors in cardiomyocyte apoptosis in noradrenaline-induced cardiomyopathy in rats[END_REF][START_REF] Jaffré | Involvement of the serotonin 5-HT2B receptor in cardiac hypertrophy linked to sympathetic stimulation: control of interleukin-6, interleukin-1beta, and tumor necrosis factor-alpha cytokine production by ventricular fibroblasts[END_REF] providing additional protection in the antagonist studies. Regardless, cardiomyocyte expression of 5-HT 2B is intact with the Tcf21-and Postn-driven 5-HT 2B ablation models, further supporting that the alteration in scar formation and cardiac outcomes is mediated by a fibroblast cell population. Because of this evidence, utilization of 5-HT 2B antagonists provides an approach to further investigate the mechanism behind improved cardiac outcomes. Since myofibroblasts are not immediately present after MI, it may not be necessary to begin treatment instantly after injury. Furthermore, since echocardiographic readouts were improved as early as seven days after injury, it is possible that 5-HT 2B inhibition during the acute healing phase of initial scar formation is sufficient to preserve cardiac performance.

It is interesting that 5-HT 2B antagonism was ineffective in females. It has been shown that global knockout of 5-HT 2B results in more severe histopathological lesions and a stronger systolic dysfunction in adult male mice compared to females as a result of impaired cardiac development. [START_REF] Nebigil | Ablation of serotonin 5-HT(2B) receptors in mice leads to abnormal cardiac structure and function[END_REF] Furthermore, sex-specific differences in hepatocellular carcinoma has been attributed to increased serotonin production in males compared to females, resulting in a 5-HT 2Bmediated increase of fibrogenic hepatic stellate cells density. [START_REF] Yang | Serotonin Activated Hepatic Stellate Cells Contribute to Sex Disparity in Hepatocellular Carcinoma[END_REF] It must be noted that both males and females were included in both genetic models, and both sexes responded similarly to 5-HT 2B ablation. While genetic manipulation is sufficient to improve outcomes in females, these observations indicate that there is a biological difference in the way that female mice respond to 5-HT 2B antagonism, potentially through metabolic processing of the molecule or ligand/receptor interactions.

RNA sequencing revealed 5-HT 2B as a regulator of proliferation and matrix remodeling in CFs. We employed a surrogate CF marker PDGFRα 50 to select for CFs, and despite only 20% of these cells displaying the tdTomato fluorescent reporter in the Htr2b fl/fl Postn MCM/+ group, we still observed differential regulation of multiple genes in myofibroblasts with 5-HT 2B ablation.

Supported by differences in associated GO terms, we primarily investigated CF proliferation as well as ECM remodeling. We saw upregulation of genes such as Plagl1 which inhibits cell growth and proliferation, potentially through PPARγ, [START_REF] Vega-Benedetti | PLAGL1 gene function during hepatoma cells proliferation[END_REF] and Nexn whose loss is associated with dilated cardiomyopathy. [START_REF] Hassel | Nexilin mutations destabilize cardiac Z-disks and lead to dilated cardiomyopathy[END_REF] Several interesting transcripts were also downregulated: Lrp2 which increases proliferation of epicardial cells (CF precursors), [START_REF] Baardman | Common arterial trunk and ventricular non-compaction in Lrp2 knockout mice indicate a crucial role of LRP2 in cardiac development[END_REF] Fgf23 which demonstrates broad mitogenic and cell survival actions specifically in the heart, [START_REF] Faul | Cardiac actions of fibroblast growth factor 23[END_REF] and Robo4 which is associated with increased matrix metalloproteinase expression and predisposition for aortic valve disease. [START_REF] Gould | ROBO4 variants predispose individuals to bicuspid aortic valve and thoracic aortic aneurysm[END_REF] Of note, we have shown that in CFs lacking 5-HT 2B , Dnajb4 is upregulated. It is known that the heat shock protein encoded by this gene is highly expressed in human CFs. [START_REF] Uhlen | Tissue-based map of the human proteome[END_REF] There is a direct link to increased expression of this protein and the inhibition of Src, [START_REF] Chen | HLJ1 is an endogenous Src inhibitor suppressing cancer progression through dual mechanisms[END_REF] and consistent with this prior report, we found decreased phosphorylation of Src in 5-HT 2B -/-CFs. Dnajb4 is known to control cell proliferation and migration, supporting our observations in which myofibroblasts were sparser in damaged tissue of SB-treated animals and 5-HT 2B knockout decreasing proliferation, migration, and collagen matrix remodeling. The known link between Dnajb4, Src phosphorylation, and cell proliferation and remodeling capacity provides a mechanistic insight into the improved phenotype observed with 5-HT 2B inhibition. Blocking 5-HT 2B signal transduction in the beginning stages of scar formation hinders the proliferation and migration of myofibroblasts into the infarct zone through increasing Dnajb4 expression, which, in turn, inhibits endogenous activation of Src. This approach allowed myofibroblasts to form a functional scar while avoiding a mechanical environment that predisposes the tissue to scar expansion and hypertrophy.

Due to the complexities associated with the intricate coordination involved in the inflammatory response post-MI, we set out to target the effector cells of fibrosis (i.e. CFs) to control the initial reparative response and limit adverse fibrotic remodeling. Targeting 5-HT 2B on CFs can control scar mechanics and limit fibrosis without affecting scar stability. [START_REF] Kaur | Targeted Ablation of Periostin-Expressing Activated Fibroblasts Prevents Adverse Cardiac Remodeling in Mice[END_REF] Further, inhibiting the activity of 5-HT 2B has an acute benefit that is sustained well beyond the initial healing phase and demonstrates that cardiac hypertrophy subsequent to an ischemic event can be curtailed. Taken together, this work has identified 5-HT 2B as a potential therapeutic target for muting the over activity of myofibroblasts following MI to preserve cardiac phenotype and prevent the initiation and progression of cardiac fibrosis and heart failure.
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This work was supported by the National Institutes of Health: R35-HL135790 (WDM), R01-HL115103 (WDM), R01-HL133290 (HL), R01-HL143074 (HL), R01-HL138519 (AKH), K99-HL146951 (MRB), F32-HL154596 (LAR), T32-HL007411 (MRB), T32-EB021937 (LAR); American Heart Association: 18PRE34060078 (JCS); and a grant from the Fondation Leducq. superior and inferior to the heart, the heart was popped out of the chest. A 6-0 silk suture was used to ligate the left main descending coronary artery approximately 2 mm from its origin. The heart was immediately placed back into the chest cavity, air was manually evacuated, the muscle was replaced, and the skin sutured. For antagonist studies, male mice (except for the specific study done in females) were administered 1 mg/kg/day of either the 5-HT 2B antagonist SB204741 (SB; Tocris, Cat. No. 1372) or RS127445 hydrochloride (RS; Tocris, Cat. No. 2993)

both dissolved in a 50:50 mixture of PEG400 (Fisher Scientific, P167-1) and dimethyl sulfoxide (DMSO; Sigma D8418). Control mice were administered 50:50 PEG400:DMSO. SB was administered subcutaneously via micro-osmotic pumps (Alzet Corp, 1004). RS was administered through twice-daily intraperitoneal injections of 0.5 mg/kg separated by 7-9 hours due to the limited half-life of the compound in vivo. [START_REF] Bonhaus | RS-127445: a selective, high affinity, orally bioavailable 5-HT 2B receptor antagonist[END_REF] Htr2b fl/fl Tcf21 MCM/+ , Htr2b fl/fl Postn MCM/+ , and Htr2b fl/fl control mice (including male and females as indicated in Supplemental Figures 10-11) were administered tamoxifen chow (Envigo, TD. 130860) exclusively one week prior to surgery and maintained throughout the remainder of the study. The perioperative phase was defined as the 4-6 hours following surgery as mice were monitored until ambulatory again.

Mortality in this window was attributed to surgical errors and no data from animals in this window was included.

For bone marrow transplantation studies, 6-to 8-week-old male mice carrying the CD45.1 hematopoietic marker were given a split 12 Gy dose of radiation from a Cs 137 source.

Twenty-four hours following, 1 -2.5x10 6 bone marrow cells isolated from age-and sex-matched cogenic WT or Htr2b -/-donors (carrying the CD45. prior to surgery (Day 0), as well as one, three, and six weeks post-surgery. Exclusion criteria were employed for animals without a 15% decrease or more than an 85% decrease in ejection fraction at day seven compared to day zero to ensure that surgery was successful.

Histology

Upon euthanasia, hearts were perfused with PBS-/-, excised, and submerged in 3 M potassium chloride to arrest hearts in diastole. Hearts were then bisected along the transverse plane just above where the suture was tied to occlude the left main descending coronary artery, embedded in OCT media (Fisher Scientific, 23-730-571), and snap frozen. Frozen tissue was cryosectioned at 7 µm, mounted onto glass slides, then stored at -20°C. Picrosirius red staining was used to identify ECM (red) and cytoplasm (yellow). Prior to staining, slides were brought to room temperature, OCT was removed via PBS-/-wash, and sections were fixed for one hour in Bouin's solution (Sigma-Aldrich, HT10132) at 55°C. Slides were stained in picrosirius red (Electron Microscopy Sciences, 26357) for one hour at room temperature, dehydrated in ethanol, and cleared in xylenes. Images were analyzed using a semiautomated image-processing pipeline that was developed based on local ventricular thickness measurements and color segmentation. [START_REF] Yezzi | An Eulerian PDE Approach for Computing Tissue Thickness[END_REF][START_REF] Bersi | Differential cell-matrix mechanoadaptations and inflammation drive regional propensities to aortic fibrosis, aneurysm or dissection in hypertension[END_REF] This process extracted regional area fractions of myocardium and fibrosis as well as local thickness values used to quantify tissue properties. The border zone (BZ) was defined by the change in collagen area fraction per circumferential degree in the transition region lying between tissues comprised of 85% collagen (scar) to 15% collagen (uninjured myocardium). Picrosirius red-stained sections were imaged under polarized light to study collagen fiber thickness distributions and analyzed using a color segmentation algorithm as previously described. [START_REF] Bersi | Differential cell-matrix mechanoadaptations and inflammation drive regional propensities to aortic fibrosis, aneurysm or dissection in hypertension[END_REF] Infarct area was determined as previously described, one millimeter thick sections of infarcted LV were obtained 24 hours after infarct. Tissue was incubated in 2% 2,3,5-Triphenyltetrazolium chloride (TTC) in PBS for 30 minutes at 37°C to differentiate between infarcted and viable tissue. ImageJ was used to quantify total and infarcted LV area.

Second Harmonic Generation

SHG produces images with a diffraction-limited resolution (<300 nm), is intrinsic to specific structures allowing for quantification of collagen without staining or background noise, and can be used to classify the anisotropic properties of collagen fibers. [START_REF] Cox | 3-Dimensional imaging of collagen using second harmonic generation[END_REF][START_REF] Watson | Comparison of Aortic Collagen Fiber Angle Distribution in Mouse Models of Atherosclerosis Using Second-Harmonic Generation (SHG) Microscopy[END_REF] Second harmonic generation (SHG) images were acquired using home built multimodal imaging platform equipped with a photomultiplier tube (GaAsP Amplified PMT, Thorlabs, USA) on the epidetection port. [START_REF] Adams | Multimodal Nonlinear Optical and Thermal Imaging Platform for Label-Free Characterization of Biological Tissue[END_REF] Each image was integrated for 7 microseconds/pixel and recorded using a 20x

water immersion objective (Olympus XLUMPLFLN, 1.0NA) with a high spatial sampling density (401 nm/pixel) covering 1024x1024 pixels per image. SHG signals were generated using 798 nm picosecond laser operates with a pulse repetition rate of 80MHz (power ~30mW on the sample) and collected at using 400/±40nm filter (Semrock, Brattleboro, VT, USA). Scanning and detection for imaging is controlled through ThorImageLS version 2.1 (Thorlabs Imaging

Research, Sterling, VA, USA).

The OrientationJ plugin was used in ImageJ (NIH) to obtain the distribution of fiber angles from each image. [START_REF] Chen | Second harmonic generation[END_REF] Each distribution was smoothed using a centered moving average with a five degree window, followed by calculation of the cumulative distribution function (CDF),

𝐹(𝛷) = ∑ 𝐼(𝛷 𝑖 ) 𝑥 𝛷 𝑖 =-89.5°
where I(Φ) is the amplitude of the distribution at angle Φ. The CDF of an isotropic distribution is a straight line. Therefore, we a fit a first-degree polynomial to the distribution and calculated the correlation coefficient (R 2 ) as a goodness of fit. Supplemental Figure 5 shows a range of obtained R 2 value from accompanying SHG images and fiber angle distributions. If the R 2 was above a threshold of 0.98 (below which dominant orientations in fiber orientation started to peak), the distribution was considered isotropic, otherwise, the distribution was considered anisotropic. 66 Atomic Force Microscopy (AFM) Tissue sections which had been arrested in diastole using 3 M potassium chloride upon dissection were brought to room temperature and cleared of OCT in PBS-/-. A Biocatalyst AFM (Bruker, CA) was used to measure tissue topology and stiffness. The AFM was operated in peak force quantitative nanomechanical mapping scanning mode (Peak Force QNM) using probes constituted of blunted pyramidal tips designed for biological samples (MLCT-Bio). The system was calibrated to obtain the spring constant and deflection sensitivity of each probe then confirmed on standard polyacrylamide gels of known stiffness (2, 20, and 40 kPa).

Measurements were made in PBS for the scar, BZ, and remote myocardium by scanning three to six regions of 36 -100 µm 2 each. Mean elastic modulus was calculated for each scan, then averaged for each mouse.

Adult Cardiomyocyte Isolation

Adult cardiomyocytes were isolated as previously described. Cat#4331182).

WGA and Immunofluorescent Staining

For wheat germ agglutinin (WGA) analysis, tissue sections which had been arrested in diastole upon dissection were brought to room temperature and OCT was removed via HBSS wash. The tissue was fixed in 4% paraformaldehyde for 15 min at 37°C then stained in 50 µg/mL WGA (Invitrogen, Cat# W11262) for 30 minutes at room temperature. Three, 20x images of short-axis cardiomyocytes were taken in the uninjured myocardium. Cardiomyocyte area was calculated using a custom pipeline in CellProfiler. 68 A minimum of 580 cells were quantified per animal.

For periostin area fraction analysis, 7 µm tissue sections were brought to room temperature and OCT was removed with a PBS-/-wash. After fixation/permeabilization (4% paraformaldehyde and 0.1% Triton X-100), cells were blocked in 5% bovine serum albumin in PBS-/-for one hour. Cells were stained with primary antibody against periostin (1:50; abcam, ab215199) overnight. Tissue was rinsed, stained with Alexa Fluor 647 secondary antibody (1:200; Invitrogen, A-21245) for one hour, then mounted in ProLong Gold with DAPI (Thermo-Fisher Scientific, P36941). Three fields of view in the infarcted area were taken per sample on an Olympus BX53 microscope equipped with a high resolution Qimaging Retiga 3000 camera at 20x magnification. Consistent imaging parameters were used, and no-stain and secondary-only stained controls can be seen in Supplemental Figure 18. Quantitative image analysis was performed to extract area fractions using a previously described, custom MATLAB script. [START_REF] Bersi | Differential cell-matrix mechanoadaptations and inflammation drive regional propensities to aortic fibrosis, aneurysm or dissection in hypertension[END_REF]69 Flow Cytometry and Fluorescence-activated Cell Sorting (FACS)

Engraftment of bone marrow transplantation was tested using flow cytometry. Peripheral 

RNA Sequencing

Cells were isolated via FACS from infarcted tissue one week after MI from Htr2b fl/fl Postn MCM/+ (N=4) and Htr2b fl/fl (N=2) mice. Cells were homogenized in TRIzol reagent then RNA was isolated using the Zymo Direct-zol RNA Microprep kit (Zymo, R2060). RNA integrity was measured with an Agilent Bioanalyzer prior to library preparations (Supplemental Figure 12).

The Vanderbilt Technologies for Advanced Genomics (VANTAGE) center performed library preparation, sequencing, and read alignment. Briefly, cDNA libraries were generated using NEBNext Ultra II Directional RNA Library Prep kits (New England BioLabs, E7760) then sequenced on an Illumina NovaSeq 6000 to an average depth of 84.7± 3.5 M reads per sample using 150bp paired-end chemistry. Sequencing quality was assessed using FastQC v. 1.0.0.

Reads were aligned to mouse genome mm10 v. GRCm38.99 using a STAR based aligner and gene counts were quantified, both using Illumina's DRAGEN RNA Pipeline v. 3.6.3. Gene count data was imported to R using tximport for further analysis.

Differential gene expression analysis was performed using the R package DEseq2 using Cook's outliers to filter low gene counts (mean count < 7) and false discovery rate < 0.05. All analysis was limited to protein coding genes. We did not use a fold-change cutoff when defining significantly different genes, but only 2 of the 63 differentially expressed genes had a fold change of less than 50% (H2-Q6 and Rps3a1). GO and KEGG over-representation analysis was performed on all differentially expressed, protein-coding genes with the R package clusterProfiler using the respective enrich function with default parameters. Gene sets were considered over-represented if p adj < 0.05. Visualizations were generated using a combination of enrichplot and ggplot2 in R. RNA sequencing data generated in this manuscript have been deposited in GEO (Gene Expression Ominbus) of NCBI under accession code GSE157520.

qPCR

A cohort of animals was set aside exclusively for qPCR and dissected under RNase-free conditions and immediately snap frozen. Samples were subsequently thawed, and scar tissue was isolated and homogenized using a bead beater and lysis matrix tubes (MP Biomedicals, 116923050). RNA was isolated using the RNeasy Mini Kit (Qiagen, 74104) and cDNA was synthesized using the Superscript IV system (Invitrogen, 18091050). Real time qPCR was performed using SYBR Green PCR Supermix (Bio-Rad, 1708882), the primers listed in Supplemental Table 3, and a Bio-Rad CFX96 C100 thermocycler. Gapdh and Hprt1 were used as housekeeping genes. Statistical analysis was run on delta Ct values.

were mounted in ProLong Gold with DAPI (Thermo-Fisher Scientific, P36941) in order to count total and BrdU+ nuclei.

Cell migration was quantified by first plating 15,000 cells/cm 2 in a 12-well dish and allowing them to adhere overnight and form a confluent monolayer. A 200 uL micropipette tip was dulled on the lid of the dish then used to create an artificial wound by dragging the tip down the center of the well. The center of the well was marked on the bottom of the dish to ensure imaging of a consistent area. Images were acquired at time of injury, and two, four, and six hours after injury. The cell front was measured and % closure was calculated over time using the ImageJ (NIH) software.

For both assays, three independent cell lines were used for each genotype and performed in triplicates.

Recombination Confirmation

To test recombination efficiency, Htr2b fl/fl Tcf21 MCM/+ animals harboring the Rosa26stop-tdTomato reporter were fed tamoxifen chow for two weeks. Hearts were digested as previously described for flow cytometry, and viable, single, tdTomato-expressing cells were collected. Genetic DNA was isolated using the DNeasy Blood and Tissue Kit (Qiagen, 69504).

PCR was conducted to identify three targets: floxed allele before recombination with reverse primer sitting within DNA that is excised upon recombination, recombined allele with primers outside the targeted exon which will only amplify under our cycling conditions if recombination has occurred, and the WT, non-floxed allele as a positive control.

Statistical Analysis

Statistical analysis was performed using SigmaPlot version 

Figure 1 .

 1 Figure 1. Antagonism of 5-HT 2B preserves cardiac structure and function following myocardial infarction (MI) and prevents deterioration of myocardial contractile capability. A, Experimental approach. 12-week-old mice were subjected to MI surgery and coincidentally treated with dimethyl sulfoxide (DMSO) control or the 5-HT 2B antagonist, SB204741 (SB). Treatment was ceased three weeks following injury, and serial echocardiography was performed at times shown. B, Left ventricular ejection fraction (LV EF). C, Left ventricular fractional shortening (LV FS). D,E, Left ventricular internal dimension at end-diastole (LVID;d) and endsystole (LVID;s). F,G, Left ventricular volume at end-diastole (LV Vol;d) and end-systole (LV Vol;s). H, Vector diagram showing magnitude and direction of myocardial deformation in systole and quantified global longitudinal strain (GLS). B-H, Mean ± SEM, *P<0.05, **P<0.01, ***P<0.001 between DMSO and SB treatments, #P<0.05 between timepoints within treatment group following 2-way ANOVA and Holm-Sidak post hoc test. Number of mice denoted in B applies to subsequent groups except H where explicitly labeled.

Figure 2 .

 2 Figure 2. Diminished 5-HT 2B signaling decreases fibrotic scar formation and border zone (BZ) expansion after myocardial infarction (MI) through alterations in collagen composition. A-C, Analytical approach of calculating tissue thickness (A), demarcation of scar vs. healthy myocardium (B), and (C) mathematical definition of BZ as the transition region between scar dominated (>85% collagen stained red with picrosirius red; PSR) and myocardium dominated (>85% myocardium stained yellow) with inset illustrating a representative curve from each treatment. D, Thickness of the formed scar is decreased with SB204741 (SB) treatment but does not thin over time (N=3-10). E, Decreased BZ infiltration with 5-HT 2B antagonism as indicated by the rapid transition from scar to myocardium (N=8-10). F, No difference in interstitial fibrosis was observed (N=8-10). G-H, PSR stain imaged under polarized light in the

Figure 3 .

 3 Figure 3. Tissue stiffening and concomitant increase in cardiomyocyte size are prevented with 5-HT 2B blockade. Atomic force microscopy (AFM) was employed to analyze scar and BZ stiffness after MI. Each heart was arrested in diastole via submersion in 3M potassium chloride upon dissection. A, Each row illustrates the distribution of stiffness values within an individual mouse with representative histogram in the middle. B, Mean tissue stiffness of scar and BZ (N=3-9). C, qPCR analysis of Nppb, the gene encoding the heart failure marker natriuretic peptide B (N=4). D-E, Wheat germ agglutinin (WGA) staining of short-axis cardiomyocytes reveals increased cross-sectional area in control treated animals after MI compared to sham operation is prevented with 5-HT 2B antagonism (N=3-12). B-C, E, Mean ± SEM, *P<0.05, **P<0.01 (B,E) 2-way ANOVA and Holm-Sidak post hoc test or (C) 2-tailed Student t test.

Figure 4 .

 4 Figure 4. Htr2b deletion in resident cardiac fibroblasts (CFs) abates impact of myocardial infarction (MI). A, Left Schematic illustrating the Tcf21 locus harboring a tamoxifen-inducible MerCreMer (MCM) cDNA, tdTomato reporter in the Rosa26 locus preceded by a loxP-flanked stop codon, and a loxP-flanked Htr2b target allele. Middle Experimental timeline for 16-17week-old mice. Right Key. B, Left ventricular ejection fraction (LV EF). C, Left ventricular fractional shortening (LV FS). D,E, Left ventricular internal dimension at end-diastole (LVID;d) and end-systole (LVID;s). F,G, Left ventricular volume at end-diastole (LV Vol;d) and endsystole (LV Vol;s). H, Global longitudinal strain (GLS). I, Heart weight (HW) normalized to tibia length (TL). B-I, Mean ± SEM, *P<0.05, **P<0.01, ***P<0.001 between Htr2b fl/fl and Htr2b fl/fl Tcf21 MCM/+ animals, #P<0.05, ##P<0.01 between timepoints within genotype following (B-H) 2-way ANOVA and Holm-Sidak post hoc test or (I) 2-tailed Student t test. Number of mice analyzed denoted in B applies to all subsequent data.

Figure 5 .

 5 Figure 5. Htr2b deletion in activated myofibroblasts abates impact of myocardial infarction (MI). A, Left Schematic illustrating the Postn locus harboring a tamoxifen-inducible MerCreMer (MCM) cDNA, tdTomato reporter in the Rosa26 locus preceded by a loxP-flanked stop codon, and a loxP-flanked Htr2b target allele. Middle Experimental timeline for 11-14week-old mice. Right Key. B, left ventricular ejection fraction (LV EF). C, left ventricular fractional shortening (LV FS). D,E, Left ventricular internal dimension at end-diastole (LVID;d) and end-systole (LVID;s). F,G, Left ventricular volume at end-diastole (LV Vol;d) and endsystole (LV Vol;s). H, Global longitudinal strain (GLS). I, Heart weight (HW) normalized to tibia length (TL). B-I, Mean ± SEM, *P<0.05, **P<0.01, ***P<0.001 between Htr2b fl/fl and Htr2b fl/fl Postn MCM/+ , #P<0.05, between timepoints within genotype following (B-H) 2-way ANOVA and Holm-Sidak post hoc test or (I) 2-tailed Student t test. Number of mice analyzed denoted in B applies to all subsequent data.

Figure 6 .

 6 Figure 6. Htr2b deletion impairs proliferative and remodeling capabilities of cardiac fibroblasts (CFs). A, Volcano plot highlighting differentially regulated genes in PDGFRα+ cells isolated from Htr2b fl/fl Postn MCM/+ (N=4) compared to Htr2b fl/fl animals (N=2). B, Increased expression of Dnajb in 5-HT 2B -knockout CFs (N=3). C, Phosphorylated Src is decreased in isolated CFs lacking 5-HT 2B (normalized to total Src and loading control α-tubulin, N=4). D, Periostin immunostaining reveals a decrease in myofibroblast presence in damaged tissue one
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  2 allele) were transplanted via retro-orbital injection.[START_REF] Bloodworth | Bone Marrow-Derived Proangiogenic Cells Mediate Pulmonary Arteriole Stiffening via Serotonin 2B Receptor Dependent Mechanism[END_REF] Six weeks were given for reconstitution, then permanent occlusion MI was performed. Transplant efficiency was confirmed by flow cytometry of isolated bone marrow by observing the engraftment of donor cells expressing the CD45.2 allele with concomitant absence of the native CD45.1 allele.At the end of each study, mice were euthanized through CO 2 inhalation in accordance with Vanderbilt University Medical Center's Division of Animal Care guidelines.EchocardiographyBlinded echocardiographic measurements were taken from short-axis cardiac M-mode images captured at mid-papillary level of non-anesthetized mice on a Vevo2100 small-animal ultrasound system (VisualSonics). A minimum of 9 independent measurements of ventricle diameters were used to calculate metrics of cardiac structure and function for each mouse at each time point [EF = (LV Vol;d -LV Vol;s)/LV Vol;d; FS = (LVID;d -LVID;s)/LVID;s]. Global longitudinal strain (GLS) measurements were acquired using the VevoStrain software package to measure long-axis B-mode images (VisualSonics) at the initiation of contraction. Two independent images were analyzed for each mouse at each time point. Measurements were taken

  blood was obtained via cardiac puncture into a K-EDTA-loaded syringe. Red blood cells were immediately lysed (BioLegend, 420301), and the solution was centrifuged, resuspended in FACS buffer (PBS + 3% FBS), and filtered. Cells were labeled with DAPI (1:100,000; Thermo-Fisher Scientific) to identify dead cells then stained with conjugated antibodies: Ter-119 (1:100; violetFluor ™ 450 clone; Tonbo Biosciences), CD45.1 (1:100; PE clone A20; BD Biosciences), and CD45.2 (1:100; PErCP-Cy5.5 clone 104; Tonbo Biosciences). Cells were analyzed using a BD LSRFortessa. The percentage of CD45.2+ donor cells was used as the metric of engraftment.Isolation of CD31+ and CD45+ cells for qPCR and CFs for RNA sequencing was performed via FACS. Hearts were excised, and the atria and greater vessels were removed. The heart was cut transversely at the suture to isolate scar tissue which was then finely minced.Hearts were placed in > 175 units/mL collagenase type 2 (Worthington Biochemical, LS004202) at 37°C for 30 minutes, triturated, and replaced at 37°C for 15 minutes. Tissue was filtered through a 70 µm cell strainer, centrifuged at 350g at 4°C, and resuspended in 1x red blood cell lysis buffer for 10 minutes at room temperature. Tissue was filtered through a 40 µm cell strainer, centrifuged, and resuspended in FACS buffer with Fc block (1 µl/ 1 x 10 6 cells; BD Biosciences 553141) for 10 minutes on ice. Cells were then stained at 4°C for 30 minutes with DAPI (1:500,000), Ter-119 (1:400; violetFluor ™ 450 clone; Tonbo Biosciences), CD45.2 (1:100; PErCP-Cy5.5 clone 104; Tonbo Biosciences), CD31 (1:100; PE-Cy7; eBioscience ) and CD140a to identify CFs (PDGF Receptor α; 1:400; APC clone APA5; Invitrogen). Cells were analyzed using a BD LSRFortessa. DAPI-Ter119-PDGFRα+ cells were collected for RNA sequencing.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  NaHCO 3 , 10 mmol/L HEPES, 50 µmol/L CaCl 2 , 10 mmol/L 2,3-butanedione monoxime, and 5 mmol/L taurine] and subsequently digested for 13 minutes with collagenase II (1.5 mg/mL,

	Worthington Biochemical) in isolation buffer. Following digestion, hearts were removed and
	cardiomyocytes suspended in isolation buffer. Serial centrifugation and resuspension were
	performed 4 times to reintroduce Ca 2+ in a stepwise manner from 50 µmol/L to 1.0 mmol/L.
	Total RNA was extracted using the RNeasy Mini kit (Qiagen, 74104). cDNA synthesis was
	performed using iScript cDNA synthesis kit (Bio-Rad, 170-8891). qPCR was performed using
	TaqMan Gene Expression Master Mix (Applied Biosystems, 4369016) and the TaqMan gene
	expression assays (Eukaryotic 18S rRNA Endogenous Control Cat#4319413E and Htr2b
	67 Mice were treated
	with 50 U heparin and anesthetized by intraperitoneal Avertin injection. The heart was excised
	and cannulated for retrograde perfusion in a Langendorff apparatus at a constant flow rate of 3
	mL/min at 37°C. The heart was perfused for 5 minutes with isolation buffer [120 mmol/L NaCl,

5.4 mmol/" KCl, 1.2 mmol/L MgSO 4 , 1.2 mmol/L NaH 2 PO 4 , 5.6 mmol/L glucose, 5 mmol/L 50

  11. Shapiro-Wilk test was used to test for data normality. Subsequent statistical analyses used either a 2-way ANOVA with Holm-Sidak post hoc or a Kruskal-Wallis rank-sum test with Conover-Iman post hoc test for nonparametric data. A two-tailed Student t test was used for comparisons of two normally distributed groups. Applicable tests and significance are labeled in figure captions with P<0.05 as the cutoff for data to be considered significantly different. brightness/contrast adjustments made in ImageJ. B, PCR validating recombination efficiency. tdTomato+ cells were isolated and PCR was run to identify the recombined allele (second lane) compared with a control reaction which would amplify the non-recombined floxed allele (first lane) if present.
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week after MI (N=4). E, 5-HT 2B -knockout CFs exhibit decreased proliferation measured by BrdU incorporation (N=3). F, 5-HT 2B -knockout CFs are less migratory than WT counterparts (N=3). G, Free-floating collagen gel contraction assay reveals a decrease in collagen matrix remodeling by 5-HT 2B -knockout CFs (N=6). B-G, Mean ± SEM, *P<0.05, following (B-E) 2tailed Student t test or (F,G) 2-way ANOVA and Holm-Sidak post hoc test.
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Mice

Mice used in this study were wild type (WT) C57BL/6 (Jackson Laboratory, Stock No. 000664), floxed Htr2b mice (Htr2b fl/fl ) [START_REF] Belmer | Positive regulation of raphe serotonin neurons by serotonin 2B receptors[END_REF] , Postn MCM provided by Dr. Jeffery Molkentin (Cincinnati Children's Hospital Medical Center) [START_REF] Kanisicak | Genetic lineage tracing defines myofibroblast origin and function in the injured heart[END_REF] , Tcf21 MCM provided by Dr. Michelle Tallquist (University of Hawaii) [START_REF] Acharya | Efficient inducible Cremediated recombination in Tcf21cell lineages in the heart and kidney[END_REF] , Htr2b mutant mice [START_REF] Nebigil | Serotonin 2B receptor is required for heart development[END_REF] , WT mice expressing the CD45.1 allele for bone marrow transplantation studies (Jackson Laboratory, Stock No. 002014), and Rosa26-stop-tdTomato reporter mice (Jackson Laboratory, Stock No. 007914).

Cell-specific 5-HT 2B knockout animals were generated by mating Htr2b fl/fl ;R26tdTomato +/+ females with either Htr2b fl/fl Postn MCM/+ or Htr2b fl/fl Tcf21 MCM/+ males to ensure progeny had either zero (littermate control) or one (experimental) copy of MCM cDNA, 1 copy of the reporter gene, and were homozygous Htr2b fl/fl .

Animal Studies

Myocardial infarction (MI) was induced in 11-to 17-week-old mice by permanent coronary artery ligation, as previously described. [START_REF] Gao | A Novel and Efficient Model of Coronary Artery Ligation and Myocardial Infarction in the Mouse[END_REF][START_REF] Wu | IL-10-producing B cells are enriched in murine pericardial adipose tissues and ameliorate the outcome of acute myocardial infarction[END_REF][START_REF] Lal | Cardiac fibroblast glycogen synthase kinase-3β regulates ventricular remodeling and dysfunction in ischemic heart[END_REF] Briefly, mice were anesthetized with 2% isoflurane inhalation. A small incision was made over the left chest and dissection and retraction of the pectoral major and minor muscle was performed. A small whole was punctured in the fourth intercostal space and gently held open with a mosquito clamp. Using gentle pressure

Cell isolation and Culture

WT and Htr2b -/-animals were mated with mice harboring the Immorto gene to allow for serial cell-culture of littermate WT and Htr2b -/-knockout cell lines. Cardiac fibroblasts (CFs) were isolated from eight-week-old mice. Hearts were excised, minced, and digested in > 175 units/mL collagenase type 2 (Worthington Biochemical, LS004202) at 37° with mixing for 45 minutes.

Digested tissue was centrifuged, filtered through a 40 µm filter, and cells were plated on gelatincoated dishes. Cells were cultured at 33°C in DMEM supplemented with 10% FBS, 1% penicillin/streptomycin, and 10 µg/mL recombinant murine interferon γ to induce activation of the simian virus 40 T antigen. Prior to experiments (overnight), cells were incubated at 37°C in the same media lacking interferon γ (complete media) to deactivate the T antigen that confers immortalization.

Western Blot

CFs were cultured in DMEM (without interferon γ) and low serum (0.1%) for 3 hours.

Cells were then lysed with RIPA buffer and frozen at -80°C. Protein lysate was linearized via βmercaptoethanol and heating for five minutes at 100°C. Electrophoresis was conducted in a 10% polyacrylamide gel, and proteins were transferred to nitrocellulose membrane (LI-COR, 926) and blocked with Odyssey Blocking Buffer (LI-COR, 927). Membranes were incubated serially overnight at 4°C with primary antibody against phosphorylated Src (1:500; Cell Signaling Technologies, 2101S), total Src (1:1,000; Cell Signaling Technologies, 2110S), and α-tubulin (1:1000; Vanderbilt MCBR Core) followed by secondary antibodies conjugated to fluorescent tags (1:15,000; IRDye 800CW and IRDye 680RD, LI-COR, 926-32211 and 926-68070).

Membranes were scanned on a LI-COR Odyssey fluorescent scanner, quantified with densitometry (Image Studio Lite), and phospho-Src normalized to total Src and α-tubulin.

Collagen Gel Contraction

CFs suspended in complete media were used to create a 50:50 mixture with a bovine collagen solution (Advanced Biomatrix, 5005) for a final collagen concentration of 1.5 mg/mL collagen and 200,000 cells/mL. 250 µL of solution was pipetted unto a Teflon ring within a suspension cell culture plate. Following 1.5 hours of polymerization, complete media was added, and the collagen gel was released from both the Teflon mold and bottom of the plate. Gels were imaged immediately after release as well as six, 24, 48, and 72 hours following. Gel area was measured at each time point using ImageJ (NIH) and normalized to original gel area.

Cell Proliferation and Migration Assay

To measure cell proliferation, 5,000 cells/cm 2 were plated in a six-well dish for 24 hours. Cells were labeled with 5-bromo-2-deoxyuridine (BrdU; 1:1,000; GE Healthcare, RPN201) for two hours then fixed in 4% paraformaldehyde for 20 minutes at room temperature. Cell membranes were permeabilized using 0.05% Triton X-100 (Sigma-Aldrich, T8787) for 10 minutes followed by nuclear permeabilization using 2N HCl for 20 minutes. Cells were stained with anti-BrdU antibody (1:200; Santa Cruz Biotechnology, SC-32323) overnight. Coverslips
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Supplemental Figure 1 Supplemental Table 1. Heart rate ± SEM. Supplemental Table 2. Significantly altered GO terms from RNA sequencing (BP = biological process, CC = cellular component). Supplemental Table 3. Primer sets used for qPCR. 
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