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Introduction

Vocal fold scarring occurs following wound, inflammation, or surgery.  Scarring causes a severe disturbance of vocal fold vibration resulting in considerable dysphonia.  Fibroblasts are considered to play an important role in wound healing of the vocal fold.  The most important function of fibroblasts is to produce various extracellular matrix (ECM) components including collagen, elastin, glycosaminoglycan, and proteoglycans.  Appropriate combination of these components is important to maintain viscoelastic shear property of the vocal fold.  Once the vocal fold is scarred, the layer structure of the lamina propria is disrupted and the mucosal vibratory properties are changed.  It has been difficult thus far to treat the scarred vocal fold.

Collagen type I (CI) is normally distributed in the deep layer of the lamina propria creating the vocal ligament with the intermediate layer.  In general CI accumulates in scar tissue, forms thick bundles and crosslinks, and thus is thought to be responsible for tissue tensile strength.  Excessive CI deposition seems to be a negative event for the vocal fold as a vibratory property.  Hyaluronic acid (HA) is widely distributed in the superficial layer of the lamina propria.  HA is thought to be a key molecule in maintaining viscosity of the vocal fold, and also contributes to scarless healing.  Therapeutic potential of HA for scarred vocal folds has recently been suggested.  

In tissue engineering how to control cells is one of the most important aspects.  Growth factors are one of the most potent factors that affect cell function.  Our goal is to treat scarred vocal folds by modifying the function of fibroblasts using growth factors to stimulate HA production and suppress CI production.

Study 1

To clarify how to stimulate HA production from vocal fold fibroblasts, fibroblasts in the lamina propria were collected from five beagles and then cultured.   They were subcultured with or without hepatocyte growth factor (HGF), transforming growth factor (TGFβ1), epidermal growth factor (EGF), or basic fibroblast growth factor (bFGF).  Production of HA was examined using enzyme-linked immunosorbent assay (ELISA).  HA production turned out to be promoted by all of the growth factors employed under appropriate conditions.  Single administration of each growth factor appeared to maintain HA level at least for 1 week in vitro.  

Study 2

How to suppress CI production from canine vocal fold fibroblasts was examined using the identical set-up used in study 1.  CI production was examined using ELISA.  HGF significantly suppressed CI production, while TGFβ1 significantly increase CI production.  The effects of EGF and bFGF to suppress CI appeared to be limited.

Study 3

From the results of study 1 and 2, HGF was considered to be the most appropriate factor in the treatment of vocal fold scarring.  In consideration of use of HGF, the receptor c-Met is crucial for the activity of HGF, because HGF is activated only when it is coupled with c-Met.  In this study we attempted to confirm actual existence and localization of c-Met in the vocal fold using rat tissues by immunohistochemistry.  Then the activities of HGF during wound healing of vocal folds were examined in rabbit models using immunohistochemistry.  The c-Met was confirmed to exist in epithelial and gland cells of rat vocal folds.  In wound healing study eleven rabbits’ vocal folds were injured unilaterally, and sacrificed 1, 3, 5, 10 and 15 days after the injury.  The expression of HGF was barely evident on any of the samples until day 5, reached a peak by day 10, and continued to be prominent at day 15.   The degree of   reepithelization was in parallel with HGF activity.
Discussion

There are various growth factors that affect wound healing.  Transforming growth factor β1 (TGFβ1) is well recognized to induce fibrosis by stimulating ECM synthesis, and to play an etiological role in chronic fibrotic disorders.  In contrast, hepatocyte growth factor (HGF) has considerable anti-fibrotic bioactivity for preventing scar formation.  Recently HGF has drawn extensive attention as a therapeutic potential in prevention of fibrosis, having many therapeutic effects on fibrotic diseases in other organs such as liver, kidney, and lung.  Systemic or local application of HGF in animal models has shown HGF to be effective in prevention and treatment of fibrosis in such organs.  The main function of HGF during wound healing has been considered to stimulate the protease activity responsible for degradation of ECM, and to regenerate epithelial or endothelial cells through stromal epithelial interaction.  Our results indicate that HGF significantly increases HA production and consistently suppresses CI production from canine vocal fold fibroblasts.  These effects are thought to be most appropriate in preventing or treating vocal fold scarring.  The results also show the positive contribution of HGF during wound healing of the vocal fold.  In conclusion therapeutic potential of HGF in treating scarred vocal folds is suggested.
