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Abstract


Three types of tissue-engineered products were developed using cell, growth factor, and biomaterial. The first product is a CDS composed of allogeneic fibroblasts combined with a HA and Col spongy sheet. Fibroblast can release various growth factors that are essential for wound healing. HA and Col have a potential to enhance wound healing. This CDS can be cryopreserved for a long period of up to clinical use. The clinical study demonstrated that allogeneic CDS is a useful product. The second product is a wound dressing composed of HA and Col containing EGF. EGF has a potential to enhance wound healing. This wound dressing is a freeze-dried spongy sheet, thereby the efficacy of EGF can be kept for a long period of up to clinical use. The clinical study showed that EGF-incorporating wound dressing is a practical product. The third product is an anti-adhesive spongy sheet composed of HA and Col containing EGF. This is also a freeze-dried spongy sheet. The animal study indicated that EGF-incorporating anti-adhesive spongy sheet is a promissing product.



Abbreviations: CES: Cultured Epidermal Substitute, CDS: Cultured Dermal Substitute, CSS: Cultured Skin Substitute, HA: Hyarulonic Acid, Col: Collagen, EGF: Epidermal Growth Factor, VEGF: Vascular Endothelial Growth Factor, HGF: Hepatocyte Growth Factor, bFGF: basic Fibroblast Growth Factor







Introduction



The tissue-engineered products include three prime constituents, namely cell, growth factor, and biomaterial. Understanding the wound healing processe provides useful information for the design concept of tissue-engineered products [1-3]. Various types of tissue- engieered products using cells with or without biomaterial have been developed for the treatment of burn injury. CES is composed of stratified keratinocytes. CDS is composed of fibroblasts combined with a scaffold of biomaterial. CSS is composed of fibroblasts combined with a scaffold of biomaterial bearing stratified keratinocytes. They are classified into two categories depending on the use of autologous cells or allogeneic cells.Autologous CES has been proved very useful [4-6]. Allogeneic CSS also has been proved very useful [7]. We developed CDS composed of fibroblasts combined with a HA and Col spongy sheet [8]. Fibroblast can release various growth factors such as VEGF, HGF, and bFGF that are essential for wound healing [9,10].activities [11,12]. HA is able to create an excellent wound healing environment. HA also stimulates cell migration and angiogenesis. Col is also a useful biomaterial for wound healing. Col-derived peptides are able to act as a chmo-attractant for fibroblasts in vitro and may have a similar activity in vivo [13]. The clinical study demonstrated that allogeneic CDS is a useful product [14].



Based on the design concept of CDS, we developed EGF- incorporating wound dressing [15,16]. EGF has a potential to enhance proliferation of keratinocyte and fibroblast, and also to stimulate fibroblast to synthesize an increased amount of VEGF and HGF that are essential for angiogenesis [17,18]. This freeze-dried wound dressing is very practical for the treatment of burn injury. The clinical study showed that EGF-incorporating wound dressing is a practical product [19]. Based on the design concept of EGF- incorporating wound dressing, we developed EGF-incorporating anti-adhesive product [20]. During surgical opperation, incision is necessary for the excision of target tissues or organs. Incision wounds result in a tissue-adhesion among incision wound, surgically excised wound, and surrounding organs. To prevent undesirable tissue-adhesion, some biodegradable anti-adhesive products are applied among these wounds and surrounding organs. The animal study using rats indicated that EGF-incorporating antiadhesive spongy sheet is a promissing product.

Wound dressing is applied to external wounds, while antiadhesive product is applied to internal wounds. Both products should be designed to have a common function that facilitates wound healing. In more successful strategy for anti-adhesive products, two main events must proceed simultaneously: facilitating wound healing of surgically excised wound and preventing adhesion among these wounds and surrounding organs (Figure 1). 
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Figure 1:  Design concept of wound dressing and anti-adhesive product: wound dressing is applied to external wounds, while anti-adhesive product is applied to internal wounds. Both products should be designed to have a common function that facil-itates wound healing. In more successful strategy for anti-adhesive products, two main events must proceed simultaneously: facilitating wound healing of surgically excised wound and also preventing adhesion among these wounds and surrounding organs.

 


Allogeneic Cultured Dermal Substitue

Allogeneic CDS is manufactured by seeding fibroblasts on the Col layer of two-layered spogny sheet of HA and Col, followed by culturing for 1 week. This spongy sheet has an intermolecular crosslinking among HA and Col molecules, and therefore this CDS is able to be cryopreserved for a long period and then thawed prior to clinical application. The cryopreserved CDS is able to keep the potential to release VEGF, HGF, and bFGF at appreciable levels. In practice, allogeneic CDS is manufactured and cryopreserved at -80oC below. The cryopreserved CDS is delivered to other hospitals using a box filled with dry ice and then continuingly cryopresereved at -80oC below. The efficacy of CDS was assessed in 415 cases, including severe burns and intractable skin ulcers. Excellent and good results were assessed in 92.6% of the all cases in total clinical evaluation [3].

EGF-Incorporating-Wound Dressing


EGF has some useful effects for wound healing. HA and Col have also some useful effects for wound healing. EGF-incorprating wound dressing was manufactured by freeze-drying an aqueous solution of high molecular weight HA, low molecular weight HA, and Col containing EGF. Both side of spongy sheet was irradiated with an ultraviolet lamp in order to induce intermolecular cross linking among Col molecules. This wound dressing is designed to contain EGF at a concentration of 2.0 ng/cm2. The efficacy of EGF- incorporating wound dressing was assessed in 16 clinical cases, incuding burns, donor sites, traumatic skin defects, and intractable skin ulcers. This treatment using EGF-wound dressing was applied repeatedly at an interval of 3 to 5 days for a period of 6 weeks, or longer if necessary. Excellent and good results were assessed in 93.7% of the all cases in total clinical evaluation [19].

EGF-Incorporating Anti-Adhesive Product

EGF-incorprating anti-adhesinve product was prepared by freeze-drying an aqueous solution of high molecular weight HA, low molecular weight HA, Col, and EGF. This anti-adhesinve product is designed to contain EGF at a concentration of 1.0 ng/ cm2. The potential of this anti-adhesive product was evaluated using an inter-tissue model. Briefly, in order to create an inter-tissue model, a fibroblast-incorporating collagen gel sheet was placed on a stainless mesh in a dish containing conventional culture medium. A piece of anti-adhesive spongy sheet was placed on the fibroblast-incorporating collagen gel sheet, on which another fibroblast-incorporating collagen gel sheet was placed. Production of VEGF and HGF by fibroblasts was measured. This experiment demonstrated that EGF-incorporating anti-adhesive product effectively stimulates fibroblasts to release an increased amount of VEGF and HGF. The anti-adhesive performance was evaluated in animal study using rats. Briefly, a midline incision through the abdominal wall was made under intraperitonal pentobarbital sodium anesthesia. A surface of cecum was abraded by scraping with a scalpel blade. A surface of peritoneum was superficially excised. Both cecum defect and peritoneal defect were exposed to air for 10min in order to induce additional tissue damage by dehydration. A piece of EGF-incorporating anti-adhesive spongy sheet was placed on the peritoneal defect. In control, no product was placed on the peritoneal defect. The findings in this animal test indicated that EGF-incorporating anti-adhesive spongy sheet is capable of facilitating wound healing of surgically excised wound and preventing surgically excised wound from adhering to surrounding organs [20].

Conclusion

Autologous CES needs manufacturing time more than 3 weeks, therefore it is not practical for use in emergency and critical medicine. Allogeneic CSS manufactured by using a collagen gel sheet is not able to be cryopreserved, because of its handling unstability in the freezing and thawing process. Therefore, it is not practical for use in emergency and critical medicine. On the contrary, allogeneic CDS manufactured by using a HA and Col spongy sheet with intermorecular cross linking is able to be cryopreserved, because of its sufficient handling stability in the freezing and thawing process. This CDS is able to be cryopreserved for a long period up to clinical use and then thawed prior to clinical application. Therefore, it is practical for use in emergency and critical medicine. In addition, freeze-dried products such as EGF-incorprating wound dressing and EGF-incorporating anti-adhesinve product are more practical for use in emergency and critical medicine, because of simple operation of only removed from the sterile bag. In conclusion, the efficacy of tissue-engineered product using allogeneic cell, growth factor, and biomaterial is dependent on the potential of growth factor and biomaterial to facilitate wound healing.
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