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Homotypic and heterotypic tissue recombinants from dermal and oral mucosa-derived fibroblasts and keratinocytes for skin replacement therapy
A. Scientific background
A crucial need existsThe cost of treatments for both safe and effective therapeutic options for wound coverage and tissue repair in diverse clinical settings, such as indermal lesions like acute skin wounds, thermal burns, and diabetic skin ulcers, which represent a major burden on world health care costs remains high [1-3]. 
While numerous approaches, and alternative wound coverage and tissue repair methods that are both safe and effective are needed. Different therapeutic strategies and skin substitutes have been developed, the current “gold standard,” which comprises skin autografts or skin flap can be used to cover wounds and promote healing, but skin autographs or transplantations, is still considered to be the safest,  remain the most cost-effective, and most economically viable method achieving permanent wound coverage and healing [4,1]. However, it should be noted that for skin injuries involving extended surface areas, limited donor sites are available from which to harvest autografts. For  are available in cases of skin injuries involving extended surface areas. While cultured epidermal autografts have been used for nearly three decades Cultured Epidermal Autografts have been used for the treatment ofto treat extensive burn wounds [5,6]. However,, epithelial sheets, without lack supporting substructures, are fragile, difficult to handle, and prone to contractcontractions [7]. One of the main disadvantages of the Cultured Epidermal Autograftscultured epidermal autograft technology is theits lack of consistency in consistent successful outcomes, with engraftment, with poor “take” failures reported mainly on wounds devoid of dermal elements, even within the presence of properly cultured keratinocytes [8]. Furthermore, skin autografts are prone to scar formation [9]. This disfigurement has, and the resulting disfigurements may have functional and cosmetic consequences, which reduce the quality of life of the treated patients [10,11]. These complications are indicative ofhighlight the need for alternative wound-coverage materials.
Engineering of biologic skin substitutes has progressed over time from individual applications of Engineered combinations of skin cells, or and biopolymer scaffolds, (or tissue recombinants) are available to combinations of cells and scaffolds for treatment, healing,treat and closure ofhelp heal acute andor chronic skindermal wounds [1]. EngineeredThese skin substitutes are developedmade from acellularsynthetic materials or can be synthesized from autologous, allograft, xenogenic, or synthetic sources [3]. Each; and, each of these engineered skin substitutesthem has theircharacteristic advantages and disadvantages. However, to this date, a completeresearchers are still trying to develop a fully functional skin substitute is not available, and research is continuing to develop a competentthat can replace full-thickness skin substitute productfragments [12].
Acute wound healing involves a complex series of events including chemotaxis, cell division, neovascularization, synthesis of new extracellular matrix, and the formation and remodelling of the scar tissue . In acute wounds, these processes (which are triggered by tissue injury) involve the four overlapping (but well-defined) phases of Tissue injuries initiate the processes (haemostasis, inflammation, proliferation, and remodelling [14]) that underlie the cascade of events needed for wound healing including chemotaxis, cell proliferation, neovascularization, extracellular matrix deposition, and scar formation [13]. In contrast to this. However, some wounds fail to heal in a timely and orderly manner, resulting in chronic non-healing wounds, such as diabetic foot ulcers, do not follow this pattern and become chronic [15].	Comment by Editor: Please note that after the edit, the order of these references  13 and 14 was changed, please correct this using your reference manager.
The healing of oralOral mucosal wounds proceeds throughfollow a process similar stages asto that of skin wounds [16]. However, wound, but their healing in the oral mucosa is clinically distinguished from skin healing in terms of both its rapidityfaster and relativelyleads to minimal to no scar formationor absent scars [17]. One obvious explanation for this difference is the environmental variation of two sites, such asThis may be due to local oral differences involving temperature, salivary flow, and/or microflora. However, studies have shownmicrobiota, although skin segments transposed into the oral cavity maintains itsmaintain their morphologic characteristicfeatures [18], and transposed skin may result in anlead to intraoral keloid formation [19]. These findings imply that the repair in oral mucosa is likely to involve intrinsic characteristics of mucosal tissue and is not simply due to environmental factors. Oral mucosa also has the advantage that its harvestingThus, tissue specific factors of the oral mucosa are probably involved in wound repair mechanisms. The harvesting of oral mucosa specimens for wound repair produces less disability than skin harvesting [20], and oral mucosa sheets have been used to repair wounds in the cornea, urinary tract, and intraoral mucosa [21,22]. Moreover, a few studies with oral mucosa specimens have suggested that this tissue source may help achieve rapid and scarless cutaneous wound repair [23-25].
Oral mucosal cell sheets have previously been applied to restore specific body surface injuries, such as those of the cornea and urinary tract, as well as intraoral mucosal defects . Although rarely studied, oral mucosa equivalents may also contribute to rapid, scarless cutaneous wound healing .
There are two types of tissueTissue recombinants: are classified into homotypic and heterotypic [26]. Homotypic tissue recombinants are composed oftaken from the same organ contain both epithelium and mesenchyme derived from the same organ. The expectation for these recombinants ismesenchymal tissues that the epithelium and mesenchyme will continueare expected to function as such in their normal developmentnew location [26,27]. HeterotypicBy contrast, heterotypic tissue recombinants, however, are composed ofderived from epithelium and mesenchyme derived from mesenchymal tissues with different organ rudiments, with the expectation that the mesenchyme may reprogramembryological origins and are expected to achieve epithelial development reprogramming in the target organ [28].
The onlyWhile a study by Chinnathambi et al [27]we found showed that evaluated the heterotypic skin / /oral mucosa recombinations in the organotypic culture was that carried out by Chinnathambi et al . While these authors were able to establish that heterotypic cultures ofof cultured oral fibroblasts and skin keratinocytes resulted inled to the formation of an epithelium similar to that ofwith oral mucosa, little is known about features, the mesenchymal-epithelial interactions of organotypic cultures remain unclear. However, these interactions are probably important during such organotypic cultures. However, mesenchymal-epithelial interactions may play a central role in wound healing clinics, and could represent a novel target for therapeutic interventionsthorough understanding of their mechanisms may result in the development of novel treatment strategies [29,30]. Furthermore, to the best of our knowledge, We found no data exist regardingstudies on skin wound healing using heterotypic tissue-engineered oral mucosa / dermal recombinants. Heterotypic of oral mucosa / skin recombinants may lead to accelerated and scarless wound healing, sincedermal tissues. However, mesenchymal-epithelial interactions are known to involve reciprocal signals [26]signaling of mesenchyme that may lead to epitheliuma scarless and vice versa . Furthermore, fast repair process. In addition, the benefits from each of these tissues may be combined in heterotypic oral mucosa/skin recombinant grafts may possess advantages pertaining to both these tissues.
We recently established a reliable method to generate full-thickness tissue engineered mucosal / dermal recombinants onWe used a 3D collagen scaffold in vitro, based on the RAFT™ 3D Cell Culture System (Lonza) to generate full-thickness tissue engineered mucosal/dermal recombinants (Fig. 1). This model allowsOur method can be used to produce homotypic as well asor heterotypic tissue recombinations recombinants and to study the mesenchymal-epithelial cell interactions in vitro and in vivo.
The goal of Our aims with this proposal isare to assess the effecteffects of the tissue originorigins of fibroblasts and epithelial cells on the epithelial-mesenchymal cell interactions inof homotypic and heterotypic oral mucosa / /skin recombinants and to evaluate the contributionperformance of these tissue recombinants toward a rapid and scarless wound healing forduring the in vivo treatment of cutaneous burns and diabetic wounds in vivo.

B. Research objectives & expected significance
Aim 1: To evaluategenerate and characterize in vitro generation and characterization of homotypic and heterotypic dermal and oral tissue recombinants.
Transplantation The results of transplantation studies using whole tissues or combinations of epithelial sheets of tissue withepithelia and of connective tissues from different sources have demonstratedsuggest that the wholecell proliferation and differentiation are mostly directed by connective tissue rather directs epithelial morphogenesis and cytodifferentiationsignals [31] but that the phenotype of adult epithelia may be somewhat intrinsically determined; however, epithelial intrinsic features are needed for expression of the full adult phenotype [32]. SuchInterpreting results from studies that recombine sheets of epithelia with sheets of connectiveon recombinant tissues are difficultis hard due to fully interpret because they include the many different cell types and various unknown factors that could influence the outcome. The use ofconfounding variables at play; but a defined more controlled organotypic culture could overcome some ofthat restricts cellular and other exogenous in vivo factors may minimize these problems and allow a controlled researchers to study of specific interactions between two cell types without extraneous in vivo factors or. Moreover, organotypic co-culture analyses can help elucidate the influence of other cell types. Furthermore, analysis ofmechanisms by which epithelial-mesenchymal cell interaction using organotypic co-cultures is essential because it apparently shows how the cells cooperate with one another to produce a tissueinteractions shape different tissues [26].
Therefore, the Thus, we will generate in vitro homotypic (dermal and oral,) and heterotypic (dermal fibroblasts with oral keratinocytes /or oral fibroblasts with dermal keratinocytes) tissue recombinants will be generated in vitro and growngrowing them under air-liquid interface culture conditions. SimilarityWe will histologically confirm the similarity of the generated tissue recombinants to the natural dermis and oral mucosa will be assessed by histological examination and comprehensive and compare their gene expression analysis. This profiles. The results from this aim will enable a better understanding ofhelp to identify the mesenchymal-epithelial interactions that underlie the generation of tissue-engineered dermal and oral mucosa equivalents, as well as to understand their role in wound healing and scar formation.
[bookmark: _Hlk50799783]Aim 2: To evaluate the performance in vivo the efficacy of homotypic and heterotypic dermal and oral tissue recombinants for the treatment of cutaneous burn wounds in a rat model.  Severe thermal and chemical burn wounds are characterized by destruction of skin structure, and functionality, and more importantly,specifically by the loss of skinthe skin’s regeneration ability [33]. To date, no satisfactorySatisfactory coverage material exists to promotematerials promoting rapid and appropriate healing of burn wounds sincedo not exists because the current materials are either ineffective, cause immunologic rejectionimmunological rejections, take too long to producebe filled with a sufficient number of cells, or are too expensive [33]. We proposewant to test homotypic or heterotypic dermal and oral tissue recombinants as potential skin substitutes to promoteproduce a full-thickness skin dressing for the treatment of severe cutaneous burns. Therefore, we will inflict third-degree burn wounds will be formed on the back of rats and coveredcover the wounds with either homotypic or heterotypic dermal and oral tissue recombinants. Cultured Epidermal Autografts, or with cultured epidermal autografts as controls. We will serve as a control. Both macroscopicperform both gross and microscopic examinationexaminations of the post-surgical skin wounds and will measure scar sizes will be performed.. To understand the molecular mechanismmechanisms of wound healing after grafting, we will assess expression levels of those genes that were involved in the inflammatory responseinflammation, fibrosis, and tissue remodeling will be assessed, and comparedwe will compare them among the different treatment groups. ThisThe results from this aim will allow us to compare between the burn wound healing of cutaneous burns followingcharacteristics between the treatmentanimals treated with the proposedour tissue recombinants and those treated with the well-studied Cultured Epidermal Autograftscultured epidermal autografts.
Aim 3: To evaluate in vivo the homotypic and heterotypic tissue recombinants in vivo for the treatment of excisional wounds in a diabetic rat model. Diabetes mellitus (DM) is a group of metabolic diseases characterized by hyperglycemia resulting from defects in insulin secretion, insulin action, or both [34]. As of 2014, 422 million people had DM worldwide, 4a number four times higher than the recorded casesnumber in 1980 [35]. Impaired wound healing is a frequent complication in diabeticof patients with DM that often results in unhealedchronic wounds which requirerequiring skin replacement therapy [36]. Therefore,Thus, we will generate soft tissue wounds with exposed bone will be created on the heads of the diabetic rats and coveredcover them with homotypic or heterotypic dermal or oral tissue recombinants. WoundWe will assess wound healing will be assessed by both macroscopicgross and microscopic examinationexaminations, and will evaluate the underlying molecular mechanisms will be evaluated by estimating thedetermining gene expression profile. Thisprofiles of the different wounds. The results of this aim will allow us to testdetermine the feasibility and efficacy of the proposed tissue recombinants for the treatment of full thickness skin defects under diabetic conditions.

C. Detailed description of the proposed research
1. Working hypothesis
Wounds in the oral cavity heal faster and display minimal scar formation compared towith cutaneous wounds [37]. The current findings suggestevidence suggests that the superior repair inby the oral mucosa is supported bydue to intrinsic characteristics of both, oral keratinocytes,  (characterized by enhanced proliferation and migration,) and oral fibroblasts,  (which possess a fetal-like phenotype) [37,28]. Therefore, we assume that due to intrinsic differences between oral mucosa and skin,hypothesized that tissue recombinants consisting of oral mucosal fibroblasts and / /or keratinocytes will leadcombine the intrinsic properties of the oral mucosa and the skin to accelerated andproduce a scarless skin wound healing compared tothat is faster than that achieved by pure dermal tissue recombinants. Moreover, since the inherentthe heterotypic oral mucosa/dermal recombinants may generate a graft that overcomes the skin tissue engineering impediment caused by the epigenetic memory within oral mucosal cells precludes their use for skin tissue engineering [28], the heterotypic oral mucosa / dermal recombinations may overcome this drawback by generating advantageous grafts.. In addition, theour proposed detailed examination of genetic elements and factors that are responsible for the accelerated and scarless oral wound healing might suggestmay identify candidate molecules that could be used to enhance skin wound healing.

2. Research design & methods
Aim 1: InTo generate and characterize in vitro generation and characterization of homotypic and heterotypic dermal and oral tissue recombinants.
Over the last years we We have gained extensive knowledge and experience with oral mucosa and skin derived fibroblasts and keratinocytes in 2D cell cultures [38-41]. Recently weWe recently established a reliable and highly reproducible method to generate full-thickness tissue-engineered oral mucosalmucosa and / /or dermal recombinants on 3D collagen scaffoldscaffolds in vitro, based on the RAFT™ 3D Cell Culture System (Lonza).
In theAs a first step of thefor our proposed project, we will produce and characterize the homotypic (dermal and oral,) and heterotypic (dermal fibroblasts with oral keratinocytes /and oral fibroblasts with dermal keratinocytes) tissue recombinants.
Cell isolation and culture- RatWe will harvest rat palatal mucosa and dorsal skin specimens and will be harvested and subjectedsubject them to enzymatic treatment to allow separation of separate the epithelial and connective tissue compartments. The We will then cut the connective tissue will be cut into fragments and placedplace them in culture medium to allow cell outgrowth. Epithelial tissue will be dissociated into single cells withWe will apply a trypsin solution andto the epithelial tissues to dissociate single cells and will be seeded onseed those onto a feeder layer of lethally irradiated 3T3-J2 fibroblasts. CellWe will confirm the presence of the right cell types will be confirmed using Real-Timeby real-time PCR analysis of the specific cell markers [37].
Construction of a homotypic and heterotypic tissue recombinants- We will construct tissue recombinants will be constructed based on using the RAFT™ 3D Cell Culture System (Lonza), according to) following the manufacturer's protocol with slight modifications. Briefly, we will suspend oral mucosal / /dermal fibroblasts will be dispensed in the into a pre-chilled mixed collagen solution of the RAFT™ kit and incubatedincubate the suspension at 37°C to form a hydrogel. Then the , we will place RAFT™ absorbers will be placed on theon top of the hydrogel in a laminar flow hood at room temperature (RT) for 15 min. After removing the absorbers, the hydrogels we will be immediately loaded load the hydrogels with medium containing oral mucosal / /dermal keratinocytes. The and will allow the recombinants will be grownto grow under air-liquid interface culture conditions for 10 days.
[bookmark: _GoBack]Assessment of epithelial-mesenchymal interactions- GeneralWe will visualize general morphological features will be visualizedof the recombinants by histological examination and comparedwill compare the features to thethose of native tissues. TheWe will assess the phenotype of the recombinants, the expression of epithelial differentiation, and the basement membrane markers will be assessed through immunohistochemical analysis. DifferentialWe will evaluate differential gene expression will be evaluatedprofiles by the whole-transcriptome analysis with total RNA sequencing (RNA-seq). 
Ideally, an engineered tissue equivalent should approximate the properties of the skin but possess the advantages of the oral mucosa, such as lower levels of TGF-beta1, a proinflammatory, pro-fibrotic cytokine implicated in the etiology of hypertrophic scars [42].
Aim 2: InTo evaluate the performance in vivo testing of the efficacy of the homotypic and heterotypic dermal and oral tissue recombinants for the treatment of cutaneous burn wounds in a rat model. In the second step of the proposed project we will inflict cutaneous burn wounds in a rat model and evaluate the efficacy of treatment with homotypic and heterotypic dermal and oral tissue recombinants in vivo comparing the outcomes to those of cultured epidermal autografts.
In the second step of the proposed project we will produce cutaneous burn wounds in a rat model and evaluate in vivo the efficacy of treatment with homotypic and heterotypic dermal and oral tissue recombinants compared to Cultured Epidermal Autografts.
Isogenic colonies of inbred animals show histocompatibility between donordonors and recipient whenrecipients after skin grafts are transplantedgraft transplantations [43]. Subsequently, we will use Therefore, in our experiments, we will use inbred Lewis rats (Envigo, Israel) as an isogenic donor donors (for harvesting palatal mucosa and dorsal skin, specimens) and additional animals of the same strain as a burn model recipientrecipients.
Burn wound creation- We will inflict a round-shaped, third-degree cutaneous burn wound will be created on the rateach rat’s dorsum as described by Lee atet al. [23]. Briefly, we will shave a patch of dorsal skin hair will be shaved and generate a thermal wound will be created on the ratrat’s dorsum by softly applying a round-bottom stainless steel rod pre-heated in boiling water (100°C) for 20 seconds, without pressure.
Keratinocyte cell sheets- For nearly three decades Cultured Epidermal Autograftsepidermal autografts have been used for the treatment of extensive burn wounds for nearly three decades [5,6]. To compare burn treatment outcomes of burns withthis widespread technique to those of oral mucosa / /dermal recombinants to this widespread technique, we will grow rat keratinocyte cell sheets according to the method implemented at the Division of Plastic & Reconstructive Surgery at the Sheba Medical Center,  (Tel Hashomer Hospital.). Briefly, we will seed oral mucosa / /dermal keratinocytes will be seeded in ainto cell culture dishes with a feeder layer of lethally irradiated 3T3-J2 fibroblasts and incubatedincubate them for approximately 10 days until confluence. Before placement placing the sheets on the burn wounds, we will separate the keratinocyte cell sheets will be separated from the culture dishes bydish using an enzymatic Dispase treatment with a dispase solution.
In vivo testing of recombinants- Dermal / We will detach the dermal/oral mucosa recombinants will be detached from the culture dishes and placedplace them on the burn wounds. The recombinant grafts will be fixed into the wound, fixing them with 5-0 absorbable sutures and then overlaidoverlaying them with a medical adhesive film. In another group,  of rats, we will cover the wounds will be covered with keratinocyte cell sheets.
Gross and microscopic examinations of postsurgical wounds- GrossWe will regularly capture gross photographs of each wound will be regularly captured in a standardized manner at 1 day 1 and twice a week post-surgery, and we will measure the wound size and scar formation sizes. We will be measured. Animals will be sacrificedeuthanize animals at different days after wounding. Tissues from the wound will be subjected to histological processing and observedwe will observe them under a microscope. The to evaluate the amount of reepithelization, inflammatory reactions, and fibrosis in them. We will be evaluated. Theassess the characteristics of the healed connective tissue and epithelium will be measured and compared them between the different treatment modalities. Assessment ofIn addition, we will assess tissue vascularization will be performed using immunohistochemical techniques.
Gene expression profiling- Whole-TranscriptomeWe will perform whole-transcriptome profiling of the healing tissues will be performed at different time points using RNA-seq.	Comment by Editor: Please consider an expression like this here, or add another expression to clarify the timing of the profiling.
Aim 3: In vivo evaluation of the feasibility and efficacy of To evaluate the homotypic and heterotypic tissue recombinants in vivo for the treatment of excisional wounds in a diabetic rat model.
In During the third step of theour proposed project, we will induce diabetesDM conditions in a rat model and create a soft tissue excisional woundswound with exposed bone in the ratrats’ cranium. TheWe will cover the wounds will be covered with homotypic or heterotypic dermal or oral tissue recombinants and we will assess wound healing will be assessed.
Rodents’The rodents’ skin is unique in havingthat it has a panniculus carnosus layer (a thin muscle layer that is only found in the platysma of the neck in humans), which produces rapid wound contraction following injury [44]. In contrast, human wounds heal via re-epithelialization and granulation tissue formation. We will create a soft tissue woundswound on the head of rats, since itbecause the head is devoid of the panniculus carnosus layer, thus better resembling and should reflect human wound healing characteristics better than other areas.
Induction of diabetes- Over the last years weWe have gained extensive knowledge and experience with a streptozotocin (STZ)‐induced diabetes conditions in a rat model [45-47]. We will induce diabetes in rats withusing a single intra-peritoneal administration of STZ. Blood glucose levelWe will be evaluatedevaluate blood glucose levels using a glucometer and use diabetic rats with blood glucose levellevels >250 mg/dL will be considered diabeticfor the relevant experiments.
Creation of soft tissue excisional wounds- We will generate circular soft tissue defects with exposed bone will be created on the head of normoglycemic or hyperglycemic rats by removing the cutaneous tissue and the periosteum of the cranium and then either leftleave the wounds to heal spontaneously without treatment or graftedgraft them with different dermal / /oral mucosa recombinants.
Wound healing analysis- GrossWe will perform gross and microscopic examinations of postsurgical wounds and gene expression profiling will be performed as described previously. Epidermal. We will assess epidermal regeneration, fibroblast proliferation, granulation tissue thickness, presence of inflammatory cells, and angiogenesis. We will be evaluated. Thealso measure the production of pro-inflammatory cytokines such as IL-1β, IL-6, and TNF-α and that of growth factors such as VEGF and TGF-1β will be measured.
Applying The application of tissue-engineered oral mucosa / /dermal recombinants in the improvement of to improve wound closure
may promote tissue repair and regeneration. The results of this investigation may provideidentify new therapeutic opportunities for the treatment of extensive cutaneous wounds associated with diabetesDM.

3. Preliminary results	Comment by Editor: Please consider focusing on the preliminary "proof-of-concept" results  you have obtained rather than repeating the protocol methods in here.
In -vitro culture of dermal / /oral mucosa fibroblasts and keratinocytes- RatWe successfully harvested rat dorsal skin and palatal tissue fragments were harvested from Lewis rats (Envigo, Israel). Skin) and oral mucosa fragments were separated them into connective tissue and epithelium specimens using dispase and . We then cut the connective tissue was cut into smaller fragments, which were and placed them in culture medium to allow forpromote fibroblast outgrowth. Epithelial tissue wasWe dissociated the epithelial tissues into single cells withusing trypsin. Keratinocytes wereWe seeded onkeratinocytes onto a feeder layer of lethally irradiated 3T3-J2 fibroblasts in a Keratinocyte Growth Medium (Lonza).
Construction of a tissue recombinants- We constructed tissue recombinants were constructed based on the RAFT™ 3D Cell Culture System (Lonza),) according to the manufacturer's protocol with slight modifications. Briefly, we dispensed fibroblasts were dispensed in the into a pre-chilled mixed collagen solution of the RAFT™ kit and incubated them at 37°C to form a hydrogel. Then the, we placed RAFT™ absorbers will be placed on theon top of the hydrogel in a laminar flow hood at RT for 15 min. After removing the absorbers, the hydrogels werewe immediately loaded the hydrogels with medium containing keratinocytes. The  and allowed the recombinants were grownto grow under air-liquid interface culture conditions for up to 10 days.
4. Resources
As part of the Faculty of Medicine, Theour School of Dental Medicine is located on the main campus of Tel Aviv University, in Israel. ItThe school aims to provide an exceptional research environment for both basic (pre-clinical) and clinical researchersinvestigations. Researchers have access to state-of-the-art instrumentation and service centers, including the service centers of the School of Medicine and of the Faculty of Life Science. TheseSciences. The service centers provide common resources for biochemical, biomedical, and molecular biology experiments, as well as dedicated proteomics and deep-sequencing equipment. Additional available resources include a dedicated microscopy core facility and two animal facilities including a Specific Pathogen Free rodent unitRodent Unit.
TheAt the Weinberg laboratory, the partone of the research laboratories of the Goldschleger School of Dental Medicine, is focusedwe focus on oral cell biology and tissue engineering. TheOur laboratory is fully equipped to complete this project, includingit includes tissue culture facilities, bright field and fluorescence microscopy tools, and all the necessary equipment to perform a molecular analysisanalyses.

4. Potential pitfalls
We do not anticipate major challenges induring cell culture andor construction of a homotypic and heterotypic tissue recombinants since homotypic recombinants because we have been reliably produced bythem in our lab. One of the challenges we foresee will be during the in vivo testing of our recombinants for cutaneous burn and diabetic wound healing sincebecause we know that skin grafting is a delicate technique sensitive. To overcome this challenge, we will collaborate with Prof.Professor Josef Haik, a plastic surgeon, and the director of the Division of Plastic & Reconstructive Surgery at the Sheba Medical Center,  (Tel Hashomer Hospital. Another challenge). We are aware that we may be tonot find the our skin recombinant treatment technique to be superior recombinationto the standard technique for cutaneous burn and diabetic wound healing. WhileHowever, while we cannot guarantee thethat heterotypic recombinations recombinants have superior properties overthan homotypic dermal or gingival recombination, therecombinants, our results will allow us to extend the evidence in the field of tissue engineering and will help to identify the leadingbest treatment modality for clinical applications and further analysisfuture studies.
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