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Introduction
Humans among other animals are made of tissue cells and the 

fragility of the organism reveals the need of healing when wounded. 
Since the beginning of Tissue Engineering (TE) very well described by 
Meyer et al.,1 there have been many attempts to replace, reconstruct, 
regenerate and heal body tissues, organs and members which were 
lost provoked by surgery, burns, infection and birth defect. Tissue lack 
or dysfunction may turn out to be life threatening and a serious health 
problem due to shortage of tissues and organ donors.

TE applies different methods to rebuild a new functioning tissue for 
replacement of its lost body part. Advantages on this approach are the 
utilization of patient’s own tissues, reducing rejection, corticoids and 
immunosuppressors administration. Animal work may not be needed 
as human cells and scaffolds of human or biomaterials are utilized. 
The drawbacks are still long-term patient´s tissue lab production and, 
sterilization of tissues ready for implantation. For new-engineered 
tissues, vascularization is still a challenge although some body tissues 
are not vascularised such as cartilage and epithelium. Other difficulties 
are neuron connection and control of cell metabolic activity.

Although there are still some challenges in solving tissue 
engineered skin problems such as vascularisation and porous size 
for cell attachment, new techniques and methodologies are created in 
order to address these counteracting challenges. The development of 
smart scaffolds used for seeding cells to proliferate and differentiate 
making a new tissue turns out a feasible building of a biological 
structure showing similar morphology and efficiency in function.

Regenerative Medicine (RM) emerged as a result of TE in which 
stem cells are used with the same aim to replace lost tissues or organs. 
Regenerative Medicine shows some difficulties as cell differentiation 
may be unpredictable, the reduced similarities to original tissue organ 
morphology and, the most serious problem of neoplasic turning over 

of stem cells resulting in a complex health problem making it difficult 
to find treatment and resolution for a clinical patient.

Based on the need of stem cells for wound healing, mesenchymal 
stem cells can be used as mode of action during regenerative medicine 
and healing process as well as their application in chronic wounds 
treatment.2 In respect to chronic wounds as depleted region of stem 
cells, indicates a prospectus field for studying better therapies and 
strategies to be developed utilizing epidermal stem cells and other 
adult stem cells as tools for cells and scaffolds based therapies for 
non-healing wounds and other skin disorders.3–5 

The aim of this mini review was to find out which scaffold 
constructs together with cells lines have been used in in vitro studies 
to project new and better skin substitutes to be introduced in clinical 
approaches and improve human skin when tegument replacement is 
mandatory in health.

Method
It was searched in the literature articles during a period of 

approximately last two years to verify what has been done in Tissue 
Engineering and Regenerative Medicine of skin considering in 
vitro studies with clinical perspectives. Using a literature search 
of MEDLINE/PubMed databases, research studies were limited 
to those published in the period of 1st January 2015 to 17th April 
2017 and limited to humans and in vitro work. Review articles were 
excluded from our quest. Searching for the term “tissue engineering-
regenerative medicine - skin wound healing”, it was found 27 articles 
which only 9 were selected as matched to the aim of the review.

From these 9 articles, only 6 reported tissue engineering or 
regenerative medicine in human skin wound healing, considering the 
composition of the scaffold, cell lines used and the purpose of its use 
in healing and/or regeneration.
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Abstract

Many approaches in Tissue Engineering and Regenerative Medicine for skin 
alternatives have developed models using skin cells and biomaterial scaffolds. 
There are still many counteracting factors to produce skin alternatives for clinical 
applications and this mini review shows some human skin models recently developed 
and the perspective for future use.
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Results and discussion
Table 1 shows many types of scaffolds and cells used in vitro with 

the same general objective of skin wound healing and regeneration. 
With one exception, mouse embryonic fibroblasts cells were used 
whilst other studies seeded human cells on scaffolds. Scaffolds 

fabrication varied from common biomaterials such as collagen, 
cryogels generated from acrylated hyaluronan and, autologous skin 
micro-graft to hybrid scaffolds such as human amniotic membrane 
together with silk fibroin nanofibers. In just one article some scaffold 
types were used such as chitosan, fibrin, bovine collagen and 
decellularized porcine dermis.

Table 1 Scaffolds and cells used in TE and RM for skin wound healing.

References Biomaterial/scaffold Cell type Objective

6
Cryogels generated from acrylated hyaluronan 
(polymerization initiated by accelerated electrons) Human dermal fibroblasts Wound healing skin

7 Autologous micro-grafts from cutaneous tissue- and collagens 
sponges

Skin cells and, mesenchymal stem cells 
(from other tissues)

Acute and chronic skin 
lesions

8 Collagen (careful process of collagen scaffolds) Myofibroblasts Skin wounds and

9 Chitosan, fibrin, bovine collagen, decellularized porcine dermis
Human adipose-derived mesenchymal 
stem cells Dermal wounds

10 Combined human amniotic membrane (HAM) and silk fibroin 
nano-fibers to produce a bilayer construct

Mouse embryonic fibroblasts Skin regeneration

11 Platelet lysate incorporated in collagen as gel beads Human adipose-derived stem cells Skin ulcers treatment

According to present reviewed studies, cell seeding were performed 
as expected adding dermal fibroblasts, skin cells, mesenchymal stem 
cells, myofibroblasts and human adipose-derived stem cells to a 
variety of described scaffolds.

Each study demonstrated a great potential in developing 
methodologies and strategies to produce the most appropriated tissue 
engineered construct for future clinical use. There are still some 
parameters to be defined for a better standardization of skin tissue 
engineered construct according to the clinical aspect of the wound, 
tissue/organ and patient profile.

The remaining articles included studies utilizing biomaterials 
implants for skin and mucosa reconstruction in help for healing and 
repair. One study12 mentioned human amniotic membrane (HAM) 
revealed a stable wound healing matrix and demonstrated as a useful 
biomaterial for oral mucosa reconstruction.

A study using mice13 demonstrated alternative therapies of human 
adipose-derived stem cell spheroids in a stem cell-depleted condition 
such as diabetic chronic skin ulcer. Another interesting study14 
suggested dextran-based hydrogels as treatment for third degree burn 
wound healing for rapid wound closure, re-epithelialization, enhanced 
extracellular matrix remodelling and even nerve reinnervation. If 
this could be transferred to humans, it could improve extensive 
burn care and improve healing reducing pain and risk of infection. 
Other engineered substitutes added adipose-derived stromal cells to 
temporary wound dressings as potential therapy to promote cutaneous 
healing in a murine model.15

There are some concerns related to in vitro wound healing studies 
in which the wound dimension such as size and depth of wounds that 
are not always standardised. Making a pattern of wounds therefore 
may have a better result in controlled wound healing investigations. 
The development of an automated wounding device, which generated 
standardised wounds for healing process measurement under 
controlled conditions, was described by Rossi et al.16 As this method 
makes possible its use for in vitro studies, it is also carried out under 

sterilised conditions, ensuring better reproducibility.

There are two articles that could be included in this discussion 
considering the utilization of biomaterials in TE with the purpose 
of tissue regeneration and skin wound healing. One17 reported the 
importance of extracellular matrix as a promising approach for 
tissue engineering. Extracellular matrix scaffolds are able to create 
a regenerative microenvironment to repair and functioning as a 
template for various tissues such as skin, bone, nerve, heart, liver and 
other tissues. Another18 was a survey study on application of natural, 
synthetic and composite polymers to produce electrospun scaffolds as 
skin substitutes and dressings that demonstrated a promising pathway 
of skin wound healing and regeneration.

The beauty of TE and RM altogether is not only the production of 
biological tissues and organs with a good internal control but also in 
the painstaking methods developed to obtain new replacement options 
presenting similar morphology and function to the original tissue as 
well as its esthetical appearance of internal and external body parts 
replacements.

Conclusion and future prospects
A variety of scaffolds made of biomaterials and human skin 

and stem cells have been developed for skin wound healing and 
regeneration. Despite of many challenges faced by scientists, better 
approaches in developing tissue engineered skin substitutes and 
production of new functioning skin tissues by the regenerative 
medicine are progressively suggesting their clinical application to 
humans in solving health problems.
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