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Human voice production (phonation) involves nearly periodic oscillation of the vocal folds induced by controlled expiratory airflow.  For optimal sound generation, the vocal fold lamina propria, primarily an extracellular matrix (ECM) designed for tissue vibration, must exhibit the appropriate rheological properties in response to a unique micromechanical environment, including oscillation with high magnitudes of acceleration (rms up to 200-300 g) and at high frequencies (~100-300 Hz for speech).  To this end, vocal fold fibroblasts regulate the gene expressions of key matrix proteins, such as collagen, elastin, decorin, hyaluronan, and fibronectin.  Their altered regulation leads to various laryngeal pathologies like scarring, polyps and other lesions that disrupt tissue viscoelasticity.  To engineer an implantable tissue replacement for the surgical reconstruction of such ECM deficiencies, we have developed a three-dimensional, biodegradable, acellular scaffold derived from xenogenic sources that can be repopulated with native human fibroblasts with minimal host tissue immunologic reaction.  A novel enzyme-free, detergent-free saline based protocol was developed to decellularize the bovine vocal fold lamina propria into an acellular ECM.  Histological examination demonstrated that the native animal cells were removed with the tissue morphology well preserved, including an intact basement membrane structure.  Human vocal fold fibroblasts from primary culture were cultivated on the xenogenic scaffold in vitro, and the levels of matrix protein products were monitored with ELISA assays.  Proliferation and penetration of the human cells into the acellular scaffold was observed, with evidence of new ECM protein synthesis in the tissue culture constructs.  These findings supported the biocompatibility of the xenogenic scaffold and its potential for host tissue growth, and its promise for soft tissue reconstruction and vocal fold tissue engineering applications.
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