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                    Abstract
Introduction
Recellularization of organ decellularized extracellular matrix (dECM) offers a potential solution for organ shortage in allograft transplantation. Cell retention rates have ranged from 10 to 54% in varying approaches for reseeding cells in whole organ dECM scaffolds. We aimed to improve recellularization by using soluble gelatin as a cell carrier to deliver endothelial cells to the coronary vasculature and cardiomyocytes to the parenchyma in a whole decellularized rat heart.
Methods
Rat aortic endothelial cells (RAECs) were perfused over decellularized porcine aorta in low (1%) and high (5%) concentrations of gelatin to assess attachment to a vascular dECM model. After establishing cell viability and proliferation in 1% gelatin, we used 1% gelatin as a carrier to deliver RAECs and neonatal rat cardiomyocytes (NRCMs) to decellularized adult rat hearts. Immediate cell retention in the matrix was quantified, and recellularized hearts were evaluated for visible contractions up to 35 days after recellularization.
Results
We demonstrated that gelatin increased RAEC attachment to decellularized porcine aorta; blocking integrin receptors reversed this effect. In the whole rat heart gelatin (1%) increased retention of both RAECs and NRCMs respectively, compared with the control group (no gelatin). Gelatin was associated with visible contractions of NRCMs within hearts (87% with gelatin vs. 13% control).
Conclusions
Gelatin was an effective cell carrier for increasing cell retention and contraction in dECM. The gelatin-cell-ECM interactions likely mediated by integrin.
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	dECM:
	
                    Decellularized extracellular matrix

                  
	ECM:
	
                    Extracellular matrix

                  
	NRCM:
	
                    Neonatal rat cardiomyocyte

                  
	PBS:
	
                    Phosphate-buffered saline

                  
	RAEC:
	
                    Rat aortic endothelial cell

                  
	SDS:
	
                    Sodium dodecyl sulfate
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 1. Decellularization of rat hearts and characterization. Remaining DNA (a), GAG (b), and SDS (c) in cadaveric (n = 4) and decellularized (n = 8) hearts. Data are mean ± S.D. Supplementary Fig. 2: Experimental design show type of cells used, type of solution used, and substrate for cell attachment under given temperature conditions. (a) RAEC attachment to tissue culture plate in vitro at 37°C; (b) RAEC attachment to tissue culture plate in vitro at room temperature; (c) Attachment of RAECs to decellularized aorta surface under laminar flow; (d) RAEC attachment to decellularized rat heart at room temperature; (e) NRCM attachment to re-endothelialized rat heart at room temperature. Supplementary Fig. 3:  Gelatin delays attachment of RAECs to cell culture plate. (a) Quantification of cell attachment over 120 min for medium only (Control), medium plus 0.1%, 0.5%, 1%, 3%, and 5% gelatin at 37 °C. (b) DAPI staining (white) of cells in 1% gelatin attached to the cell culture plate at 37 °C over 2 h. (c) Quantification of cell attachment over 60 min for medium only (Control), medium plus 0.1%, 0.5%, 1%, 3%, and 5% gelatin at room temperature. (d) DAPI staining of cells in 1% gelatin attached to the bottom of a cell culture plate at room temperature over 1 h. *p < 0.05, **p < 0.01, ***p < 0.001, vs. Control. Scale bar: 250 µm. Supplementary Fig. 3: RAEC distribution in the vascular tree of decellularized rat heart. (a) Live CMFDA (green) and Hoechst (blue) staining of RAECs in whole heart at day 7 after re-endothelialization with gelatin. (b) Representative images of paraffin-embedded sections showing nuclei (DAPI, blue) and matrix (autofluorescence, green) in dECM after 7 days post-re-endothelialization with gelatin (left) and in control without gelatin (right). Scale bar: 250 µm. Supplementary Fig. 4: Expression of integrin on the membranes of RAECs in decellularized rat hearts re-endothelialized with gelatin. Immunofluorescent staining of integrin β1 on NRCMs in rat hearts recellularized with 1% Gelatin. (PPTX 31880 kb)




Supplementary Video 1: Contractile NRCMs in whole heart recellularized and re-endothelialized with gelatin used as a cell carrier. Video of beating rat heart with pacing leads at the apex and base. (MOV 25,449 kb)
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