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Abstract. 
The histocytochemical and molecular analysis of cells that constitute the aortic valve (AV) of the rat heart was done in this study. We have focussed on the identity of cells in the spongiosal layer of the valve by immunofluorescence studies using lineage specific markers and cytochemical staining. We have established two-dimensional (2D) cultures of cells from isolated rat AV leaflets and maintained endothelial and interstitial valvular cells (IVC) over a period of six to eight weeks. Using “passage 0” cells from 2D valvular cultures, we could reconstruct the three-dimensional (3D) valvular tissue in collagen gels that showed very similar cellular organization and marker expression profile, as that of the native tissue. Lineage specific markers in the native tissue and cell cultures were studied by Reverse Transcriptase-PCR and immunofluorescence for VCAM-I, α-SMA, collagen I, CD71, collagen II, and E-cadherin markers. This is the first report on the identification of cell lineages in the spongiosal layer of AV and the successful reconstruction of 3D valvular tissue from primary cell cultures of AV.



1. Introduction
Human and murine hearts comprise four valves (aortic, pulmonary, mitral, and tricuspid valve) that are located on a single valvular plate (Figure 1(a)(i)). Our interest was to study the cellular architecture of aortic valve (AV) in rat hearts which is located between the left and right atrioventricular annuli and connects the left ventricle and the ascending aorta [1]. AV is one of the semilunar valves and it comprises three leaflets attached to a common annular ring; each leaflet is composed of three different layers, namely, the fibrosa (F), spongiosa (S), and ventricularis (V) (Figure 1(a)(iv)). The F layer is situated away from the blood flow and constituted by dense collagen fibres; V layer, located adjacent to the blood flow, is elastic in nature and it contains thin collagen fibres; S layer is situated between the F and V layer and it has high proteoglycan and elastin content that facilitates the valve to absorb high pressure and allow flexible movement. Each layer in the valve leaflet exhibits their specific functions due to the composition and organization of the cells in the extracellular matrix. Considering the F layer, it provides immense strength to the valve during blood flow. The S layer enhances the movement between the layers and acts as a shock absorber during closing of the valves. Due to the elastic nature of V layer, the extracellular matrix on the surface of the valve leaflet is stretched and retracted during the cardiac cycle. The mechanical properties of the three layers of leaflets provided by the collagen and elastin fibres help in proper function of heart during the cardiac cycle [2–5]. So far, the cellular composition of S layer has not been studied in detail and this layer is considered to have very few cells, the identity of which is not clear.
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Figure 1: (a) (i) Layout of all valves in the rat valvular plate: AV: aortic valve, PV: pulmonary valve, BV: bicuspid valve, TV: tricuspid valve (scale bar represents 3 mm); (ii) schematic representation of the anatomy of AV; (iii) arrangement of leaflets in the AV in its closed form (scale bar represents 2 mm); and (iv) arrangement of leaflets in the AV in its open form (scale bar represents 2 mm). (b) Orientation of AV leaflets for serial sectioning.


Due to various disorders and malfunctions associated with heart valves, ex vivo reconstruction of valves, using tissue engineering approaches, has been attempted in many labs [6–13]. However, as most of these methods have used nonbiological or acellular materials, the identity of cells in the reconstructed valves remains unclear.
Here, we have attempted to identify cells in the S layer of rat AV by studying lineage specific marker expression and doing cytochemical analysis of the primary tissue and cultured cells. The specific location and orientation of rat AV leaflets and isolation of primary tissue from the S layer have been illustrated in Figures 1(a) and 1(b). We have adopted tissue engineering methodologies for establishing 2D and 3D cultures of rat AV cells and characterized the cultured cell types by immunocytochemistry and molecular analysis. These 3D cultures allow the cells to grow with their neighboring conditions in all three dimensions. These cultures are mainly used for in vivo cells and models. 3D cultures help in cell-cell or cell-matrix interactions at higher rates, especially during the presence of a biological material, like that of collagen.
2. Materials and Methods
2.1. Collection of Wistar Rat Aortic Valve
All studies were performed on the hearts of healthy Wistar rats (8–12 weeks old) after fulfilling the requirements of Institutional Animal Ethics Committee (registration number: CPCSEA 20/1999). The area around the junction of the aorta with the right ventricle was dissected and the entire valvular plate containing the four heart valves was isolated. The AV was separated and cut open to expose the leaflets (see Figures 1(a)(i), 1(a)(iii), and 1(a)(iv)). Figure 1(a)(ii) describes the layout of the S layer in the leaflet. The valvular tissue was made free from all the surrounding muscle and the three valvular leaflets, with an average wet weight 0.2 g, were isolated and processed for further studies.
2.2. Tissue Fixation and Embedding
2.2.1. Histocytochemical Methods
The AV tissue (measuring about 0.25 cm2) is longitudinally opened, fixed in 10% buffered formalin for 7 days, processed sequentially in grades of 70%, 80%, 95%, and 100% isopropyl alcohol and chloroform (each step of processing with different grades of alcohol was done for 25 minutes), and finally embedded into wax blocks (Figure 1(b)). The procedure was followed as per the protocol described elsewhere [14]. 4 μm thick serial sections of the tissue (Figure 1(b)) were cut using a Leica RM 2135 microtome and stained using Hematoxylin and Eosin (H and E), Toluidine Blue (TB) for total proteoglycan [14], and Masson’s trichrome (MT) for total collagen (procedure number HT15, Sigma-Aldrich, India).
2.2.2. Tissue Processing
Primary valvular cells from AV were prepared according to a standardized protocol described in literature elsewhere [15, 16]. Description of experiments and methodology of both 2D and 3D cultures are given below.
Two-Dimensional (2D) Cultures. Four normal AV leaflets, devoid of any extra muscular tissue and the aortic wall, 