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Abstract: In a general wound healing process, foreign bodies and tissue detritus are broken down 
and then a new tissue is produced. However, the new tissue formation sometimes fails to proceed 

under the impaired conditions. The endogenous levels of growth factors are reduced in some chronic 

wounds. To improve these wound conditions, several types of tissue-engineered products composed 
of cell, growth factor, and/or biomaterial have been developed. This review includes the practical 

design of tissue-engineered products capable of enhancing wound healing. The first product is a 

cultured dermal substitute composed of cell and biomaterial. The cultured dermal substitute is 
prepared by seeding allogeneic fibroblasts into a hyaluronic acid and collagen spongy sheet. 

Although allogeneic fibroblasts are rejected gradually in immune system, they are able to release 

some types of growth factors, and thereby regenerate a damaged tissue. The second products are a 
wound dressing and a skin care product composed of growth factor and biomaterial. These products 

are prepared by freeze-drying an aqueous solution of hyaluronic acid and collagen containing 

epidermal growth factor. Epidermal growth factor is beneficial for wound healing because of its 
effects on proliferation of keratinocytes and fibroblasts, thus capable of facilitating granulation tissue 

formation and re-epithelialization. In addition, epidermal growth factor can stimulate fibroblasts to 

synthesize an increased amount of vascular endothelial growth factor and hepatocyte growth factor 
that are essential for angiogenesis. The third product is an anti-adhesive product composed of growth 

factor and biomaterial. This product is prepared by freeze-drying an aqueous solution of hyaluronic 

acid and collagen containing epidermal growth factor. Wound dressings are applied to external 
wounds, while anti-adhesive products are applied to internal wounds. However, both products should 
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be designed to have a common function that facilitates wound healing.  

Keywords: wound healing; tissue-engineering; skin regenerative medicine; cultured dermal 
substitute; wound dressing; skin care product; anti-adhesive product 

Abbreviations 

EGF    epidermal growth factor 
VEGF   vascular endothelial growth factor 

HGF   hepatocyte growth factor 

bFGF   basic fibroblast growth factor 
TGF    transforming growth factor 

ECM   extracellular matrix 

CDS    cultured dermal substitute 
HA    hyarulonic acid 

Col    collagen 

Arg    arginin 
VC    vitamin C 

PGA   poly-γ-glutamic acid 

GC    glucosyl ceramide  

 

1. Introduction  

The creation of tissue-engineered product needs the basic knowledge on wound healing, 
especially the functions of cell, growth factor, and biomaterial in wound healing process. Tissue 

response to injury has been divided into three overlapping phases: inflammation, proliferation, and 

remodeling (Figure 1). Immediately following injury, platelets aggregate and release coagulation 
factors and growth factors that are essential for a normal wound healing process to proceed. During 

the inflammation phase for a period of 2 weeks, neutrophils, monocytes, and macrophages are able to 

kill and digest bacteria and detritus of damaged tissues. Macrophages also serve as an important 
source of growth factors that are essential for wound healing. During the proliferation phase, 

endothelial cells and fibroblasts are predominant cell types. The neovascularization process requires 

migration and proliferation of endothelial cells in order to form new functioning blood vessels. The 
granulation process requires migration and proliferation of fibroblasts. At this stage, fibroblasts 

release stimulatory and inhibitory cytokines, thereby regulating the synthesis and deposition of ECM 

components such as fibronectin, laminin, glycosaminoglycans, and collagen. The epithelialization 
process requires migration, proliferation, and differentiation of keratinocytes found in the residual 

epidermis and skin appendages. This process is facilitated by growth factors secreted from 

fibroblasts and keratinocytes. During the remodeling phase, collagen degradation is regulated by a 
complex counterbalance of stimulatory and inhibitory cytokines [1].  
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Figure 1. Normal wound healing response through a series of overlapping phases: 
inflammation, proliferation, and remodeling. Several cells at coagulation phase and 
following phases release growth factors that are essential for a normal wound healing 

process to proceed [1]. 

The normal wound healing process is a coordinated and predictable series of cellular and 

biochemical events. Various cytokines are present in acute wound fluid. These cytokines are essentia 

for a normal wound healing to proceed. However, some chronic wounds fail to proceed through an 
orderly and timely healing process, because certain pathophysiologic conditions and metabolic 

factors involved in these chronic wounds can alter cellular functions. These chronic wounds result 

from deficiency of growth factors. Such a deficiency may be partly the result of elevated levels of 
proteinases that degrade growth factors and ECM components at the wound site [2–6]. To improve 

these wound conditions, several types of tissue-engineered products have been developed. 

In general, the prime constituents of the tissue-engineered products are cell, growth factor, and 
biomaterial (often referred to as scaffold). In the first approach, the procedure entails the proliferation 

of isolated cells from own tissue or a donor’s tissue. These cells are seeded on or within a scaffold 

such as biodegradable materials. As well as delivering the cells, the scaffold both creates and 
maintains a space for the formation of new tissue. In this approach, the patient receives autologous 

cells that have been harvested previously and proliferated. The entire structure of autologous cells 

combined with a scaffold is transplanted into the lost area of tissue, where the cells proliferate and 
form new tissue. According to this technique, allogeneic cells also can be combined with a scaffold. 

Although allogeneic cells are rejected gradually in immune system, they are able to release some 

types of growth factors, and thereby regenerate a damaged tissue. In the second approach, the growth 
factor is incorporated into biodegradable materials, followed by transplanting into a site of damaged 

tissues. The growth factor allows patient’s own cells to migrate into a desired area and regenerate a 

lost tissue. 
This review includes the design of fibroblasts-incorporting dermal substitute, 
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EGF-incorporating wound dressing, EGF-incorporating skin care product, and also the design of 

EGF-incorporating anti-adhesive product. During surgical opperation, incision is necessary for an 
excision of target tissues or organs. Incision wounds result in an undesirable tissue-adhesion among 

incision wound, surgically excised wound, and surrounding organ. Wound dressings are applied to 

external wounds, while anti-adhesive products are applied to internal wounds. However, both 
products should be designed to have a common function that facilitates wound healing process.  

2. Tissue-engineered Product Using Cell and Biomaterial 

2.1. Design of Skin Substitute 

A number of skin substitutes with autologous or allogeneic cells have been produced by some 

culture techniques. Cultured epidermal substitute is composed of stratified keratinocytes. Cultured 

dermal substitute is composed of fibroblasts combined with a scaffold. Cultured skin substitute is 
composed of fibroblasts combined with a scaffold bearing stratified keratinocytes (Figure 2). There 

are two categories depending on the origin of cells; autologous cells or allogeneic cells. The 

pioneering work of Green and co-workers has demonstrated that it is possible to grow keratinocytes 
as a stratified sheet from a single cell suspension in the culture system using 3T3 feeder layer [7,8]. 

Autologous cultured epidermal substitute has been evaluated in many hospitals and proved very 

effective [9–15]. On the other hand, Bell and co-workers developed a cultured skin substitute 
composed of fibroblasts combined with a collagen gel sheet bearing stratified        

keratinocytes [16,17,18]. Allogeneic cultured skin substitute has been evaluated in many hospitals 

and proved very effective [19]. 

 

Figure 2. Structure of skin substitutes: Cultured Epidermal Substitute using keratinocyte, 
Cultured Dermal Substitute using fibroblast and biomaterial, and Cultured Skin 

Substitute using keratinocyte, fibroblast, and biomaterial [20]. 
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2.2. Preparation of Allogeneic CDS  

Cell banking was established by the procedure described in our article [20]. Briefly, a small 

piece of skin was obtained from patients younger than one year-old during surgical excision of 

excrescence. This patient was free from infectious viruses such as HBV, HCV, HIV and HTLV, and 
also negative on the treponema pallidum hemagglutination test. Fibroblasts isolated by enzymatic 

treatment were cultivated successively in culture medium to establish cell banking. The cultured 

fibroblasts were suspended in a cryopreserved medium and then cryopreserved at −152 C according 
to a conventional procedure. The allogeneic CDS (10 cm × 10 cm) was prepared using these 

fibroblasts. The fibroblasts obtained from successive cultivation of the cryopreserved cells were 

seeded onto the 2-layered sponge of HA and Col. Cryopreservation and thawing of CDS was 
performed according to the method described in the article [20].  

It is well known that fibroblasts have a potential to release some types of cytokines, but the 

amount of cytokine is dependent on the culturing conditions. We measured the amounts of cytokines 
including VEGF, bFGF, and HGF [21,22]. The results demonstrate that the cryopreserved CDS can 

keep the potential to release VEGF, bFGF, and HGF at appreciable levels (Figure 3).  

 

Figure 3. Design and function of allogeneic CDS composed of fibroblasts combined with 
a spongy sheet of HA and Col. Fibroblasts release several types of growth factors that are 

essential for wound healing. HA is capable of promoting cell migration. Col-derived 

peptide has a potential as chemotactic function for fibroblast [20].  

2.3. Clinical Study Using Allogeneic CDS 

A multi-center clinical study of this allogeneic CDS was conducted at 31 hospitals across Japan 

began in April 2000 and concluded in March 2005, as part of the Regenerating Medical Millennium 

Projects of the Ministry of Health, Labor and Welfare. For this clinical study, 4700 sheets of CDS 
were prepared at the R & D Center for Artificial Skin, School of Allied Health Sciences, Kitasato 
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University, and were delivered to the participating hospitals. The clinical study was conducted in 

compliance with the ethical guidelines of the participating hospitals. Wound surface was debrided as 
necessary and rinsed with physiological saline solution. CDS was then applied to the wound site, on 

which a conventional ointment-gauze dressing was used as a top dressing. CDS was applied 

repeatedly at an interval of 5 to 7 days for a period of 6 weeks, or longer if necessary. Clinical results 
were obtained for 404 cases, including severe burns and intractable skin ulcers. Excellent result was 

obtained in 62.6%, good result was obtained in 30.0%, fair result was obtained in 6.7%, and poor 

result was obtained in 0.7% of the cases. Some of these results have been reported in the     
articles [23–26]. The representative clinical results are shown here. An 81-year-old woman who 

sustained a third-degree burn on the left leg was treated with a 6-fold extended mesh split-thickness 

auto-skin graft and allogeneic CDS (Figure 4). In this case, a 6-fold extended mesh split-thickness 
auto-skin graft was applied and then covered with allogeneic CDS. This extended mesh graft took 

successfully 15 days later, and showed excellent epithelialization, despite poor wound     

conditions [23].  

 

Figure 4. An 81-year-old woman sustained a third-degree burn on the left leg. The 
debrided wound surface was grafted with 6-fold extended mesh auto-skin, and covered 

with allogeneic CDS. The grafted skin took successfully 15 days later [23]. 

A 65-year-old man who developed a necrotic lesion on the right foot was treated with allogeneic 

CDS, and then with a split-thickness auto-skin graft (Figure 5). Thirty-nine days after application of 

allogeneic CDS, a wound bed appeared favorable, allowing split-thickness auto-skin graft to be 
performed. Eighty-three days after the graft procedure, the condition of grafted skin was    

excellent [24].  
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Figure 5. A 65-year-old man developed a necrotic lesion on the right foot. The debrided 
wound surface was covered with allogeneic CDS. The wound bed was formed 39 days 
later. The grafted skin showed an excellent condition 83 days later [24]. 

3. Tissue-engineered Product Using Growth Factor and Biomaterial 

3.1. Potential of Biomaterial for Wound Healing 

HA has been identified as a major ECM component. HA is an essential biological material for 

wound healing, as it possesses various biological activities [27–31]. Because of its unique 

hygroscopic, rheologic and viscoelastic properties, HA creates an excellent wound healing 
environment. Moreover, it stimulates cell migration and angiogenesis. It is generally accepted that 

the benefits of exogeneously applied HA lead to the development of tissue repair products. High 

molecular weight HA provides an excellent wound healing environment, while low molecular weight 
HA induces angiogenesis.  

Col molecule (Type I collagen) had a triple helical structure that has non-helical molecular 

chain called “telo-peptide” on both end of molecule. This telo-peptide is recognized as a different 
type of protein because of own amino acid-sequence derived from the species, and thereby gives rise 

to immune rejection. Col prepared by cleavage of telo-peptide can decrease a risk of immune 

rejection, and thereby is used as a medical-grade material. Polypeptide derived from biodegradation 
of Col molecule is capable of enhancing fibroblasts migration from normal area to wound area, 

thereby promoting wound healing. In practice use, Col molecules having a triple helical structure are 

dissolved under acidic conditions below pH = 4. However, these rod-like molecules aggregate and 
partially precipitate at neutral pH, as the ionic groups on Col molecules are neutralized and fail to 

bind with surrounding water molecules. When an aqueous Col solution was warmed at more than 

50 °C, Col molecules undergo a conformational change from a triple helical structure to a random 
coil structure, and consequently maintain a clear solution at neutral pH. This heat-denatured Col 

aqueous solution can be mixed with an HA aqueous solution at a neutral pH without causing any 

precipitation. Col plays a pivotal role in wound healing. Col-derived peptides act as a 
chemoattractant for fibroblasts in vitro and may have a similar activity in vivo [32].  
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EGF is beneficial for wound healing because of its effects on proliferation of keratinocytes, 

fibroblasts and vascular endothelial cells, thus facilitating granulation tissue formation and 

epithelialization [33,34]. Excessive collagen formation is caused by aid of TGF-1. This is one of the 
reasons for scar formation. Such an excessive collagen formation is reduced indirectly by using EGF, 

because EGF serves to decrease TGF-1 production. This efficacy suggests that EGF may be useful 
in anti-scarring therapy [35]. In addition, EGF can stimulate fibroblasts to synthesize an increased 

amount of VEGF and HGF that promote angiogenesis. Recent research has demonstrated that 

simultaneous administration of VEGF and HGF synergistically promotes new blood vessel formation 
compared with administration of each factor alone [36]. In addition, EGF is considered to be one of 

the key cytokines involved in epithelialization in addition to angiogenesis [37]. Thus, EGF is a 

promising factor for wound healing. 

3.2. Preparation of EGF-incorporating Wound Dressing Composed of HA and Col  

The efficacy of tissue-engineered product using growth factor and biomaterial is dependent on 

the potential of biomaterial. It is critical to use excellent biomaterials capable of facilitating wound 

healing. Taking into account these properties of each ingredient, EGF-incorprating wound dressing 
was prepared by freeze-drying an aqueous solution of high molecular weight HA, low molecular 

weight HA, and Col containing EGF (Figure 6). This wound dressing (5 cm × 8 cm) was designed to 

contain EGF at a concentration of 2.0 μg/cm2. Each side of spongy sheet was irradiated with a 15 W 
ultraviolet lamp at a distance of 20 cm for 15 min in order to induce intermolecular cross-linking of 

Col molecules [38,39,40].  

 

Figure 6. Design and function of EGF-incorporating wound dressing composed of 
spongy sheet of HA and Col containing EGF. HA is capable of promoting cell migration. 
Col-derived peptide has a potential as chemotactic function for fibroblast. EGF has a 

potential of wound healing. 

3.3. Evaluation of EGF-incorporating Wound Dressing Composed of HA and Col  
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The animal study using rats was conducted [38]. Briefly, under intraperitoneal pentobarbital 

sodium anesthesia, an area with a diameter of 3.5 mm in the abdominal region of rats was contacted 
with boiling water for 3 seconds in order to result in a third-degree burn. Necrotic skin was removed 

under anesthesia 3 days after burn injury. The wound area was covered with each wound dressing 

with or without EGF. In control group the wound was covered with a commercially available alginate 
spongy wound dressing. Both wound dressings with or without EGF significantly promote 

epithelialization and angiogenesis when compared with the control group. Particularly 

EGF-incorporating wound dressing promoted epithelialization and angiogenesis. HA and Col has a 
potential to stimulate cell migration. These findings indicate that EGF-incorporating wound dressing 

has a desired effect on wound healing associated with epithelialization and angiogenesis. EGF is 

capable of enhancing fibroblasts proliferation and stimulating fibroblasts to produce VEGF and HGF 
that are esssentail for granulation tissue formation. In addition, EGF is capable of enhancing 

keratinocytes proliferation for epithelialization on resulting granulation tissue (Figure 7). 

 

Figure 7. Function of EGF: 1) enhancing keratinocyte and fibrblast proliferation.      
2) stimulating fibroblasts to produce vascular growth facto (VEGF) and hepatocyte 
growth factor (HGF) production that are essential for angiogenesis. 

3.4. Clinical Study Using EGF-incorporating Wound Dressing 

On the basis of excellent results in the fundamental study, EGF-incorporating wound dressing 

was evaluated in 16 clinical cases, incuding burns, donor sites, traumatic skin defects, and intractable 
skin ulcers. Wound surface was debrided as necessary and rinsed with physiological saline solution. 

EGF-incorporating wound dressing was then applied to the wound site, on which a commercially 

available polyurethane film dressing was used as a top dressing. In the case of wounds associated 
with excess amounts of exudate, a conventional ointment-gauze dressing was used as a top dressing. 
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EGF-wound dressing was applied repeatedly at an interval of 3 to 5 days for a period of 6 weeks, or 

longer if necessary. For outcome, 93.7% of various wounds were evaluated as achieving good or 
excellent results [40]. A representative clinical result is shown. A 74-year-old woman who was 

developed a traumatic ulcer on the left leg. EGF-incorporating wound dressing was applied every 

twice a week. Wound size decreased significantly at 6 weeks. The wound healed mostly at        
3 months (Figure 8). EGF-incorporating wound dressing was proved quite effective for the 

management of a skin ulcer. 

 

Figure 8. A 74-year-old woman developed a traumatic ulcer on the left leg. After      
1 month conventional therapy, EGF-incorporating wound dressing was applied every 

twice a week. Wound size decreased significantly at 6 weeks. The wound healed mostly 
at 3 months [40]. 

4. Application of EGF-incorporating Product for Aesthetic Medicine 

4.1. Novel Concept of Skin Care Product 

Moving from surface to interior, there are five layers of epidermis: horny layer, clear layer, 

granular layer, prickle cell layer, and basal layer. The two lowest cell layers consist of living cells 

that replenish the cells shed from horny layer. The dermis is composed of two different regions: 
papillary dermis and reticular dermis. Fine vascular loops that provide nutrient supply to epidermis 

are interspersed in papillary dermis. Collagen fibers are interspersed in reticular layer. Many different 

types of injury result in damage to the skin. However, a partially damaged skin is capable of 
restoring the original protective covering by using repair mechanisms in the individual layers. Based 

on this regenerative potential of the skin, chemical peel using a chemical agent has been widely used 

in the field of aesthetic dermatology and aesthetic reconstructive surgery [41–45]. This procedure 
involves the application of a chemical agent that results in exfoliation of the skin followed by 
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regrowth of new skin. This leads to skin rejuvenation. The treatment is classified into superficial, 

medium and deep peels. A superficial peel causes damage to the epidermis and the epidermal-dermal 
interface. A medium peel causes damage to the papillary dermis. A deep peel causes damage to the 

reticular dermis. When strong acids come into contact with the skin, a deep corrosive wound is 

caused. The wound conditions vary depending on the concentration of the acid and the duration of 
exposure. Since this skin damage is due to the destruction of proteins, they resemble thermal burns. 

This type of injury is referred to as a superficial chemical burn.  

Chemical peel can improve the skin condition when used properly but there is a risk of 
complications. Therefore, the benefit-to-risk ratio must be considered in the selection of chemical 

peel. Although chemical peels result in chemical burns, most physicians did not focus on the 

importance of skin care products after chemical peels. In addition to choosing the appropriate peeling 
agent and their application period, the physician must choose the appropriate skin care product after 

chemical peels to obtain a satisfactory clinical result. The most critical issue is how to facilitate 

wound healing after chemical peels. Successful management of a corrosive wound caused by 
chemical peels requires the use of excellent skin care products that are capable of facilitating wound 

healing.  

4.2. Potential of Ingredients in Skin Care Product  

Arg has some unique biological properties. It has been demonstrated that an Arg-supplemented 
diet decreases tissue inflammatory cytokine expression and improves survival in burned rats [46]. 

Another report demonstrated that Arg is essential for T lymphocyte maturation [47]. In addition, Arg 

is a major substrate for the production of nitric oxide, which is toxic to tumors and infected cells. It 
has been reported that nitric oxide enhances collagen production and increases wound breaking 

strength. These reports indicate that Arg and Arg-derived nitric oxide are useful for wound     

healing [48–52].  
It is well known that VC is known to accelerate deposition of several basement membrane 

proteins, such as type IV and VII collagens at dermal-epidermal junction [53]. VC has a potential to 

enhance tissue repair [54]. In addition, VC has a potential to synergistically enhance HGF secretion 
by fibroblasts, when VC is applied together with growth factors such as EGF [54]. Thus the 

combination use of EGF and VC has a higher potential to stimulate fibroblasts to release an 

increased amount of VEGF and HGF [55]. VC-derivative (magnesium ascorbyl-phosphate) is 
converted into VC by enzyme reaction in a body. The derivatization of VC is able to increase the 

external stability and the internal absorption. Water-soluble VC-derivative is capable of controlling 

the occurrence of redness and pigmentation left by acne.  
PGA has a potential to enhance production of natural moisturizing factors. It is capable of 

maintaining skin homeostasis and keeping moisture conditions. In additiion, PGA is capable of 

keeping moisture conditions by coating a skin surface, as it possesses a superior film-forming 
property. GC is one of glycolipids that are prepared by combining a ceramide and a glucose. GC is 

capable of connecting epidermal keratinocytes themselves, and enhancing moisture-keeping 

environment by controlling water evaporation from skin. In addition, it can keep a barrier function 
and prevent an invasion of allergen causing skin trouble.  
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Taking into account these properties of each ingredient, EGF-incorprating skin care product was 

prepared by freeze-drying an aqueous solution of HA, Col, Arg, VC-derivative, GC, PGA, and EGF. 
This skin care product (5 cm × 8 cm) was designed to contain EGF at a concentration of        

1.0 μg/cm2 [56]. 

4.3. Evaluation of EGF-incorporating Skin Care Product  

In order to demonstrate the efficacy of EGF in this skin care product, the amount of VEGF and 
HGF produced by fibroblasts was assessed in a wound surface model (Figure 9). Briefly, a 

fibroblast-incorporating collagen gel sheet was elevated to the air-medium interface, onto which a 

spongy sheet of EGF-incorporating skin care product was placed (＋EGF group) and cultured for   
7 days. In control group, no skin care product was placed (−EGF group). Fibroblasts in collagen gel 

sheet released 3.7-times more VEGF and 25-times more HGF in ＋EGF group compared with 

−EGF group (Figure 10). These findings demonstrate that EGF-incorporating skin care product more 
effectively stimulated fibroblast to synthesize an increased amount of VEGF and HGF [57]. In 

addition, the efficacy of EGF was evaluated using the aqueous solution of EGF-incorporating skin 

care product. After preserving this aqueous solution at 4 ℃ or 37 ℃ for 1 day, 2 weeks, and 4 weeks, 
the efficacy of EGF was evaluated in the culture experiment using a wound surface model. There 

was no significant difference in VEGF production among conditions of 1 day, 2 weeks, and 4 weeks 

preservation at 37 ℃. There was no significant difference in HGF production among conditions of  
1 day, 2 weeks, and 4 weeks preservation at 37 ℃ (Figure 11). These findings indicate that the 

efficacy of EGF was maintained even after preservation at 37 ℃ for 4 weeks.  

 

Figure 9. Measurement of VEGF and HGF production : a piece of sheet or a portion of 
solution of EGF-incorporating skin care product is placed on fibroblasts-incorporating 

collagen gel sheet, elevated to air-medium interface (wound surface model) [57]. 
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Figure 10. Results on quantitative analysis of HGF production by fibroblast in collagen 
gel sheet, covered with or without EGF-incorporating skin care product; (+) EGF or   

(−) EGF [57]. *p < 0.01 vs. (−) EGF [Student’s test]. 

 

Figure 11. Results on quantitative analysis of HGF production by fibroblast in collagen 
gel sheet, coated with aqueous solution of EGF-incorporating skin care product, 
preserved at 37 ℃ for 1 day, 2 weeks, and 4 weeks [57]. 

The enhancement of keratinocyte proliferation is essential for the treatment of superficial 
wound. In addition, the enhancement of fibroblasts proliferation and vascularization is essential for 

the treatment of deeper wound. The application of EGF is promising, because EGF has both 

functions to enhance the keratinocyte and fibroblasts proliferation and also stimulate fibroblasts to 
release vascularization factors such as VEGF and HGF. Thus EGF-incorporating skin care product is 

useful for the management of damaged skin after chemical peel. These findings indicate that this skin 

care product is promising for the management of damaged skin after laser therapy, since the resulting 
skin damage resembles thermal burns. 
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5. Application of EGF-incorporating Product for General Surgery 

5.1. Novel Concept of Anti-adhesive Product 

During surgical opperation, incision is necessary for the excision of target tissues or organs. 
Incision wounds result in an undesirable tissu-adhesion among incision wound, surgically excised 

wound, and surrounding organ. To prevent tissue-adhesion, a biodegradable anti-adhesive product is 

applied among these wounds and surrounding organ. Researchers have focused on preventing 
adhesion among these wounds and surrounding organ using various types of mechanical      

barrier [58–67]. In more successful strategy, two main events must proceed simultaneously: 

facilitating wound healing of surgically excised wound and preventing adhesion among these 
wounds and surrounding organ. Wound dressings are applied to external wounds, while anti-adhesive 

products are applied to internal wounds. However, both products should be designed to have a 

common function that facilitates wound healing. 

5.2. Evaluation of 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  

(5 cm × 8 cm) was designed to contain EGF at a concentration of 1.0 μg/cm2. Each side of spongy 
sheet was irradiated with a 15 W ultraviolet lamp at a distance of 20 cm for 0, 1, 2 or 5 min in order 

to induce intermolecular cross-linkage of Col molecules [68].  

 

Figure 12. Measurement of VEGF and HGF production: a piece of EGF-incorporating 
anti-adhesive product is placed between upper and lower fibroblasts-incorporating 
collagen gel sheets, elevated to air/medium interface (inter-tissue model). 

The potential of this anti-adhesive product was evaluated using an inter-tissue model like a 
wound surface model. Briefly, in order to create an inter-tissue model, a fibroblast-incorporating 
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collagen gel sheet was placed on a stainless mesh in a dish containing conventional culture medium. 

A piece of anti-adhesive product was placed on the fibroblast-incorporating collagen gel sheet, on 
which another fibroblast-incorporating collagen gel sheet was placed (Figure 12). In control, no 

product was placed. Production of VEGF and HGF by fibroblasts was measured in a similar manner 

as the wound surface model. These findings demonstrate that EGF-incorporating anti-adhesive 
product effectively stimulates fibroblasts to release an increased amount of VEGF and HGF. 

 

Figure 13. Anti-adhesive performance evaluated in animal study using rats: a midline 
incision through abdominal wall was made, and a surface of cecum was abraded and a 

surface of peritoneum was superficially excised (a), and then a piece of anti-adhesive product 

was placed on the peritoneal defect (b), and followed by suturing the    incision [68].  

In addition, the anti-adhesive performance was evaluated in animal study using rats. Briefly, a 

midline incision through the abdominal wall was made under intraperitoneal 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 10 min in order to induce additional tissue damage by dehydration. A piece of EGF-incorporating 
anti-adhesive product was placed on the peritoneal defect (Figure 13). In control, no product was 

placed on the peritoneal defect. For comparative study, a commercially available anti-adhesive 

membrane, Seprafilm (Genzyme Cop, MA, USA) was placed on the peritoneal defect. The incision 
was closed by suturing and then fixed with conventional elastic tape. Peritoneal condition after     

1 week was evaluated based on macroscopic appearance under anesthesia. Macroscopic appearance 

of peritoneal conditions is shown in Figure 14. These findings suggest that EGF-incorporating 
anti-adhesive product is capable of facilitating wound healing of surgically excised wound and 

preventing surgically excised wound from adhering to surrounding organ. Table 1 shows the results 

of macroscopic evaluation of peritoneal conditions after 1 week. The rate of adhesion formation was 
100% (4/4) in Control, 40% (2/5) in group using Seprafilm, and 0% (0/6) in group using 
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EGF-incorporating anti-adhesive product (Goup-1 and Group-2). These results demonstrated that 

EGF-incorporating anti-adhesive products had a potential to prevent an undesirable adhesion 
formation, showing 0% adhesion rate. Ultraviolet irradiation is useful for inducing intermolecular 

cross-linking among Col molecules. The residual spongy sheet rate was dependent on duration of 

ultraviolet irradiation. The biodegradation rate appeared to be dependent on the surgically excised 
wound area and wound condition. In clinical use, it shoud be designed to induce some cross-linking 

among Col molecules by ultraviolet irradiation. As wound healing is completed, the residual spongy 

sheet should be biodegraded as soon as possible. These results in animal study provide the 
information for practical design of anti-adhesive product in clinical use. 

 

Figure 14. Macroscopic appearances of peritoneal conditions after 1 week: Control using 
no anti-adhesive product (a) and Group-2 using anti-adhesive product with ultraviolet 

irradiation for 2 min (b). Adhesion formation between abraded cecum and excised 
peritoneum was found in only control [68].  

Table 1. Adhesion rate: 100% (4/4) in Control, 40% (2/5) in Seprafilm, 0% (0/5) in 
Group-0, 0% (0/6) in Group-1, 0% (0/6) in Group-2, 17% (1/6) in Group-5. Residual 

spongy sheet rate: 0% (0/5) in Group-0, 0% (0/6) in Group-1, 50% (3/6) in Group-2, 100% 

(6/6) in Group-5. EGF-incorporating anti-adhesive products had a potential to prevent 
adhesion formation, showing 0% of adhesion rate. A part of residual spongy sheet was 

found in Group-2 and Group-5, depending on duration of ultraviolet  irradiation [68].  

 adhesion rate Residual spongy sheet rate 

Control 4/4 - 

Seprafilm 2/5 0/5 

Group-0 0/5 0/5 

Group-1 0/6 0/6 

Group-2 0/6 3/6 

Group-5 1/6 6/6 
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6. Conclusion 

A wound is generally defined as a pathological state in which tissues are separated from one 

another and/or destroyed with a loss of substance. Wounds heal by the same biochemical mechanism 

in all tissues. Understanding the wound healing processe provides useful information for the design 
of tissue engineered products. The clinical study demonstrated that CDS and EGF-incorporating 

wound dressing are useful for the treatment of burn injury and intractable skin ulcer. The study using 

a wound surface model demonstrated that EGF-incorporating skin care product can enhance the 
VEGF and HGF production by fibroblast. This skin care product is promissing for aesthetic medicine. 

The animal study using rats demonstrated that EGF-incorporating anti-adhesive product is able to 

facilitate wound healing of surgically excised wound and to prevente an undesirable adhesion among 
incision wound, excised wound, and surrounding organ. This product is promissing for general 

surgery. In conclusion, the efficacy of tissue-engineered product using cell, growth factor, and 

biomaterial is dependent on the potential of biomaterial to facilitate wound healing.  
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