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Abstract

Context: Skin damage is one of the most common injuries that occur daily for millions around the world. Considering this high
prevalence, developing new methods of cells and stem cell administration for healing injured skin is necessary. We discuss different
new methods of stem cell and cell administration for repairing injured skin, such as skin stem cell gun, scaffolds, hydrogels, and
autologous keratinocytes sheets.
Evidence Acquisition: Many approaches are available in injured skin healing, such as traditional therapy, transplanting, cell ther-
apy, and stem cell therapy. Skin grafting is still a standard solution to treat patients; however, there are a lot of limitations in this
procedure, for example, patients with severe burns have an insufficient skin area for grafting, which is a painful procedure.
Results: Although cell therapy approaches dissolve scarring and reduce healing time, considering its high cost, they are not used
in everyday society. This article discusses different regenerative dermatology products and compares them with each other.
Conclusions: Herein, we introduced several examples of skin cell products in the pharmaceutics market. Although these products
are not well known and even some of them didn’t reach clinical trials, comparing different kinds of skin engineered products reveals
appropriate guidelines for their use and entrance to dermatology market.
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1. Context

Skin is an essential organ in the first line of a defense
system. It is formed of two layers: outer epidermis and in-
ner dermis; each layer has specific functions, such as pre-
vention of dehydration, a barrier to avoid trauma, vitamin
D synthesis, and immune control (1). Wound healing and
thereby repairing of the skin tissue is a very complicated
process and depends on several factors, such as wound
type, tissue damage by burning: first, second, and third de-
gree, or physical trauma, inflammation, and secondary in-
fections (2). As a healing process, the first step is to avoid
excessive blood loss and prevent microbial infection. More
importantly, it is necessary to restore the function of the
damaged tissue or cell through healing (2).

Wound treatment is an essential part of the health care
system. The treatment of wounds and associated com-
plications have expensive costs. Chronic and non-healing
wounds are especially costly since they require repetitive
treatments (3, 4).

Cell therapy is the transplantation of autologous or al-
logeneic cells through local or systemic routes of admin-
istration to restore the ability or function of damaged tis-
sues. Stem cells are the best selection for cell therapy due
to their potential for self-renewal, differentiation, and elas-
ticity (5).

Due to its enormous size and ease of accessibility, the
skin is a natural target for stem cell research. Subcuta-
neous tissue has the capacity for multi-potential differen-
tiation. Although skin grafting is still commonly used to
treat patients with cutaneous wounds, there are some lim-
itations and deficiencies associated with these standard
procedures. For instance, in patients with severe burns,
there are insufficient skin areas to be harvested for skin
grafting and the patient can be in critical conditions sec-
ondary to sepsis or fluid loss (6). Moreover, skin grafting
is a painful procedure and creates an additional wound at
the donor site. The transplanted skin is unable to grow
with the patient and can cause restricted joint movement.
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Stem cell and cell therapy dissolves scarring and signifi-
cantly reduces healing time (7).

In this review, we discuss different methods of stem cell
and cell administration for repairing injured skin.

2. Evidence Acquisition

In order to design a suitable regenerative skin product,
we should have a brief view of its components. Different
kind of cells and their route of administration is discussed
here.

3. Different Type of Cells in Skin Repair and Regenera-
tion

3.1. Pluripotent Stem Cells

The Pluripotent stem cell is the most powerful type of
stem cell.

They are essential due to their self-renewal and differ-
entiation into any of the three germ layers, ectoderm, en-
doderm, and mesoderm. These three germ layers can dif-
ferentiate to make all human organs and tissues.

There are several types of pluripotent stem cells.
Embryonic stem cells are the best example of natural

pluripotent stem cells. In addition, a type of human-made
pluripotent stem cell also exists, which is called an induced
pluripotent stem cell (IPS) (8). IPS cells were first produced
from mice cells in 2006 and human cells in 2007; they are
functionally similar to embryonic stem cells.

They can differentiate in an extended diversity of tis-
sues and their non-controversial nature; pluripotent stem
cells are well-suited for use in cellular therapy and regener-
ative medicine. iPSCs are used in personalized drug discov-
ery efforts and understanding the patient-specific basis of
disease (9).

3.2. Fetal Cells

These cells are derived from the fetal tissue, such as fe-
tal bone marrow, blood, kidney, and liver. As their name
was proposed, fetal cells derived from the fetus. The grow-
ing baby is considered a fetus from almost 10 weeks of preg-
nancy. Most fetus tissues include pluripotent stem cells,
which cause the progress and rapid growth of the organs.
Fetal blood is an excellent source of hematopoietic stem
cells that generate blood cells faster than those in adult
bone marrow or cord blood. These stem cells, as adult cells,
are commonly tissue-specific and create the mature cell
type in the specific organ or tissue which they exist. Fe-
tal cell classification stands doubtful (10). Fetal fibroblasts
and keratinocytes are valuable sources in skin regenerative
medicine as they have the pattern of scarless wound heal-
ing.

3.3. Mesenchymal Stem Cell

The cells that derived from the stroma, the connec-
tive tissue that enclosed other organs and tissues, have
occasionally been referred to as a mesenchymal stem cell
or MSC. Many scientists correctly named them as stromal
cells. The first MSCs were detected in bone marrow and
showed the ability to create bone, chondrocytes, myocytes
and adipocytes, umbilical cord, and dental pulp (11); as
long as the mesenchymal stem cell has been developed
from other tissues, such as cord blood and adipose. Varied
MSCs are imagined to have stem cell; in addition, the abil-
ity of immune modulatory are being examined as a cure
for various disorders; however, there are a few documents
that are useful. Scientists do not have enough information
regarding the type of cells that they can produce; these
cells, in reality, are the stem cell. While they do concur that
all MSCs are not the same, their properties depend on how
they are derived, enlarged, and also the part of the body
that they belonged to (12).

3.4. Umbilical Cord Blood Stem Cell

The blood of the umbilical cord gathered at birth is an
excellent source of stem cells, which can be utilized in the
clinic and research to cure the disease of the immune sys-
tem and blood. Right after birth, with the consent of par-
ents, the blood of the umbilical cord of newborn baby can
be gathered. The transplantation of umbilical cord blood
is highly used for various benign and malignant hemato-
logical diseases and other complications (13). Umbilical
cord blood mesenchymal stem cells are the most potent
stem cells that can be used in allografts due to their low im-
munogenicity.

3.5. Keratinocytes

Keratinocytes reside in the epithelial layer of the skin.
They are differentiated epidermal stem cells that move up-
wards in the epidermis and produce proteins such as ker-
atin, which are critical to the integrity of the outer layer
of the skin (2). Keratin has two main functions: forms
a protective layer on the outside of the skin and adheres
cells to each other. Keratinocytes have critical roles in the
wound healing process. They increase fibroblast prolifera-
tion, however, by secreting mmp1, abnormal collagen bun-
dles will be reduced, and a normal re-epithelialization oc-
curs.

3.6. Fibroblast

Fibroblasts are the most abundant cells in the dermis,
which play a critical role in wound healing. Fibroblasts
involve in critical processes such as creating extracellular
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matrix, collagen, elastin, and breaking down the fibrin clot
(14).

Fibroblasts appear in the wound area after two or three
days. Fibroblasts exert traction force like a treadmill on
the collagen fibrils in the extracellular matrix, which rear-
range and compact the size of injured skin (2).

4. Routes of Stem Cells Administration to the Skin

4.1. Spraying Cells

4.1.1. Skin Stem Cell Gun

History: An exciting discovery arose for burn victims.
In 2008 the skin cell gun was developed. Joerg C. Gerlach, at
the Department of Surgery at the University of Pittsburgh’s
McGowan Institute for Regenerative Medicine, developed
a new method to treat burn victims by harvesting the pa-
tients healthy, undamaged skin cells, and spraying them
on the damaged burn site using a skin stem cell gun (15,
16).

Methods of Application: The skin cell gun works like
a complicated paint gun. The gun uses an electroni-
cally pneumatic system that does not injure the skin cells
(3). When a patient has second-degree burns, they take a
biopsy from the patient’s healthy cells. The healthy cells
in the biopsy isolated and sprayed an aqueous solution of
the skin cells onto the damaged skin. The new layer of
skin is covered with new dressings that have tubes that run
through end to end. One acts as an artery and the other
acts as a vein; then, they are connected to an artificial vas-
cular system. The new cover keeps the wound sterile and
arranges electrolytes, amino acids, glucose, and antibiotics
to the wound (17).

Advantages:

• Drastically cuts healing time (16).

• The patient is less likely to get an infection, unlike
scaffolds that will increase the risk of infection.

• Painless (16).

• Quick (16).

• Regenerated skin looks very natural (16, 18).

• Skin cells will grow into fully functional cells (dermis,
epidermis, and blood vessels).

• Minimal scarring (16, 17).

Disadvantages:

• This method is limited to second-degree burns for
now (15).

• In 2011, only several dozen patients were treated with
this treatment, and it is still experimental (15).

• Was only successful immediately after the burn or
within the first week (15).

4.2. Scaffold

4.2.1. Scaffold (Artificial Skin)

History: During the 1970s, the first artificial skin was
developed by Burke and Yannas. Burke, treated many burn
victims that felt the need for artificial skin. Today’s meth-
ods for cure burn victims are effective; however, many pa-
tients continue to die since their bodies are unable to make
enough healthy skin to heal the injured area, or due to the
fact that they reject the received graft skin. After years of
research, they finally developed a polymer that is suitable
for an artificial skin (19-21).

Methods of Application: Yannas-Burke team called the
artificial skin Silastic. Silastic is a bi-layer polymer with
repeating molecular structures. It can be natural or syn-
thetic. The artificial skin had two layers of polymers, one
of the layers is synthetic, and the other is organic. The top
layer of Silastic protected the skin from infection and de-
hydration and composed of a thin silicone sheet. The bot-
tom layer of Silastic acted as a seedbed for healthy skin cells
taken from the victim’s body; it was a kind of scaffolding
made from the material in cow tendons and shark carti-
lage. To use Silastic, a doctor would place the film over the
burned skin of the victims (19-21).

Advantages:
• It looks real.
• It can help people lead normal lives that have had se-

vere skin trauma (21, 22).
• This method can be used several weeks after injury,

unlike the stem cells gun.
Disadvantages:
• It can be quite expensive.
• Your skin may develop allergies to artificial materials

(21, 22).
Many products had been produced with this method,

which will be discussed in the following:
• Dermagraft
• TransCyte
• AlloDerm
• Integra (23).

4.3. Hydrogels

4.3.1. Hydrogel

History: Hydrogels are cross-linked polymers network,
which is made of up to 90% water. These polymers were de-
veloped in the 1960s; however, they were earlier discovered
by du Pont (du Pont de Nemours, 1936) (24).

Methods of Application: Hydrogels are applied onto or
into injured areas and are covered with a secondary dress-
ing such as film or foam. Hydrogels can remain in the area
for up to three days. Hydrogels are used in dry, sloughy
wounds, as well as partial thickness wounds (25).
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Figure 1. Method of using skin cell gun

Hydrogel sheets do not conform well to the area of the
hands; however, they will conform to the arm area. Gels
and impregnated gauze can easily be kept in place on the
hand with a secondary dressing. Hydrogels are usually re-
placed every 24 to 72 hours, however, depending on how
much exudates, if any is being secreted by the wound (26).

Advantages:

• Exhibited better dermal matrix deposition (27).

• Less wound contraction (27).

• Treat large surface area burns (27).

• Act fast to help cool down a wound (26).

• Candidate for tissue engineering (28).

• Hydrogels are useful for dry wounds to mildly exude
(29).

• Ability to easy incorporate antimicrobial agents for
controlled release (24).

• Reduced scarring unlike scaffold (30).

Disadvantages:

• Not recommended for heavily exuding wounds (31).

• Require a secondary dressing (31).

• May dry out and adhere to wound bed (31).

• May macerate surrounding skin (31).

Many products had been produced this way we discuss
these products:

(1) P-DERM®

(2) DuoDERM®

(3) Skin-on-Skin Hydrogel Pads®
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4.4. Keratinocytes Sheet

4.4.1. Autologous Keratinocytes Sheet

History: Cultured keratinocytes have been used for 20
years to treat burns and other cutaneous wounds (32). In
1975, Rheinwald and Green described a method of cultur-
ing human epidermal cells and cultured epidermal sheet
autografts to complement autologous split-thickness skin
grafts to treat severe burns or other large wounds (33).

Methods of Application: By using different techniques,
human primary keratinocytes were transplanted in vitro
in a standard manner. Keratinocytes were counted before
and after transplantation, on days four, eight, and 14 by vi-
tal staining. Cell survival varied, ranging from 47% to >
90%, depending on the method. However, the proliferation
assays showed that the differences in numbers diminished
after eight days of culture (34).

Well-dispersed cell suspension was aspirated into one
mL syringes, and then the cells were sprayed into individ-
ual 100 mm Petri dishes from a distance of 10 cm. 1 drop
of the cell suspension was dropped on to the surface, aim-
ing for an even distribution of the cells and using as much
pressure as needed to obtain a steady flow or drip of sus-
pension (34).

Advantages:
• The reduced time required for culture (34).
• In suspension can be easily transported from the lab-

oratory to the patient in small vials (35).
• Vast expansion from the small donor site (36).
• Use of allografts as biologically active dressings (36).
• Low risk of viral disease transmission (36).
Disadvantages:
• Use of potentially immunogenic materials in graft

production (36).
• Widely varying graft take (36).
• Wound contraction (36).
• Time-consuming Preparation of the grafts (36).
• Expensive (37).
• They are hard to handle the cause of their 8 - 10 cells

thickness (37).
Many products had been produced this way, and we

want to discuss these products:
• Epicel®

• Epidex®

• My skin®

5. Results

Appropriate combination of different routes of admin-
istration and desired cells results in emerging skin prod-
ucts that are briefly discussed and compared with each
other in this article.

5.1. Dermagraft®

Company: Dremagraft, which is produced by Organo-
genesis Inc., Canton, MA, USA is sterile and derived from hu-
man dermal fibroblasts generated by the culture of neona-
tal dermal fibroblasts onto a polyglactin mesh scaffold (38-
40).

This product was FDA approved for the treatment of di-
abetic foot ulcers (DFU). This treatment has been proven
safe and effective in a large and randomized clinical trial
(41).

History: Shire Regenerative Medicine, Inc. San Diego,
CA, USA (2001).

Company: Dermagraft is currently in a clinical trial,
and it is being developed to cure Venous leg ulceration
(VLU). They compared Dermagraft in conjunction with
four-layer compression bandaging therapy versus four-
layer compression bandaging therapy alone (40).

Methods of Producing: During the manufacturing pro-
cess, the human fibroblasts lead to fill the scaffold and
secrete collagen, some extracellular matrix proteins, cy-
tokines, and growth factors, creating a three-layer human-
derived dermal substitute containing metabolically active
cells. Dermagraft contains human dermal fibroblasts and
their secreted products. The polyglactin mesh has been
tested and approved for use in humans and is commonly
used as suture material (38, 39).

Application:
• Clean the ulcer with a sterile saline solution. This is

to make sure their surface for application of Dermagraft is
clean (41).

• Dermagraft will be thawed and cut to the size of your
ulcer (41).

• Placed Dermagraft on your ulcer and cover it with an-
other dressing to keep it protected (41).

• There is instruction on how to use, how to care the ul-
cer, how to change the dressing, and how to keep pressure
off the ulcer (41).

Advantages:
• Compared to the allograft it is easier to remove and

have higher patient satisfaction (42).
• Better than allograft for graft take, wound healing

time, and infection (43).
• No adverse effect and no evidence of rejection (43).
Disadvantages:
• Used for temporary coverage (42).
• Six-month shelf life (42).
• It causes pain, unlike the stem cell gun.

5.2. TransCyte® (TranCyte®)

Company: TranCyte, which is produced by Shire Regen-
erative Medicine, Inc. San Diego, CA, USA; Smith & Nephew,
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Inc., Largo, FL, USA (1997), is human allogeneic fibroblast
from neonatal foreskin seeded onto silicone covered bio-
absorbable nylon mesh scaffold, secreting components of
the extracellular matrix, and many local growth factors
(44). Temporary dressing deep partial thickness and full
thickness burn wounds like chronic leg ulcers as well as di-
abetic foot ulcers lasting more than six weeks (45).

History: Advanced Tissue Sciences, developed Derma-
graft and TransCyte, a company founded in 1987. TransCyte
received a pre-market approval (PMA) from the FDA for the
treatment of certain types of burns in 1997 (46).

Methods of Producing: Fibroblasts are seeded onto a
nylon mesh. They lead to produce human dermal collagen,
matrix proteins, and growth factors. No cellular metabolic
activity remains by freezing; however, the tissue matrix
and bound growth factors are left intact (47).

Application:
• TransCyte was applied at the patient’s injured area us-

ing adhesive strips. TransCyte may be stapled in place (47).
• Thoroughly cover the wound bed with TransCyte, up

to and including the edges of non-burned skin.
• Avoid contact with moist burn creams or treatments

(47).
• For multiple piece application, overlap each piece ap-

proximately ½ inch (1.3 cm) (47).
• Wrap a dry, non-adherent dressing over TransCyte af-

ter it has been secured. The dressing should be wrapped
snugly over the TransCyte (47).

• After 24 hours, remove the dressing and observe Tran-
sCyte (47).

• Monitor wound routinely and intervene if fluid or ex-
udate appears under the TransCyte. Fluid may be removed
by cutting a slit in the TransCyte by using a syringe to aspi-
rate or by windowing (47).

• When TransCyte is adherent, the dry bandage is re-
moved, and TransCyte left open to air (47).

Advantages:
• Compared to the allograft it is easier to remove (48).
• Used for partial thickness burns; however, the stem

cell gun is only used for second-degree burns.
• Improved healing rate.
• 1.5-year shelf life that is more than Dermagraft (48).
Disadvantages:
• Expensive (48).

5.3. AlloDerm®

Company: LifeCell Corporation Branchburg, NJ, USA
(1992).

Skin substitute Living Cell Therapy Human skin allo-
graft derived from the donated human cadaver (49).

FDA approval for Burns and full thickness wounds (50).

History: AlloDerm was the first product for sale, and
the company grew very fast. AlloDerm was developed in
1994 by the biotechnology company LifeCell. LifeCell expe-
rienced a 55% overall revenue growth between 2003 and
2004, and the trend has continued in more recent years,
despite the company’s voluntary recalls of their product
due to the controversy surrounding their tissue collection
methods (51).

Methods of Producing: Cutting sheets of dry acellular
tissue matrix into strips, at cryogenic temperatures, cry-
ofracture the dry acellular tissue matrix, separating the
particles by size at cryogenic temperatures; freeze drying
the fraction of particles desired size to remove any mois-
ture that may have been absorbed to give a dry particulate
acellular tissue matrix, and rehydrating the dry tissue ma-
trix (52).

Application:

• Open and remove the foil pouch (53).

• Remove the plastic holder with the aseptic technique.
The plastic holder is sterile and placed directly into the
sterile field (53).

• Aseptically remove the tissue. Always use sterile
gloved hands when handling AlloDerm (53).

• Soak the tissue for a minimum of two minutes. Use a
sterile basin, and room temperature sterile saline or room
temperature sterile lactated Ringer’s solution to cover the
tissue (53).

• Until ready for implantation store the tissue in the
room temperature sterile solution. The tissue can be
stored in a sterile solution for a maximum of four hours
(53).

• AlloDerm has two layers, a basement membrane, and
a dermal surface. When applied as an implant, it is recom-
mended that the dermal side is placed against the most
vascular tissue (53).

• If any hair is visible, remove before implantation (53).

• AlloDerm should be hydrated and open the package.
Do not use when AlloDerm is dry (53).

• AlloDerm is limited to use by specific health profes-
sionals (e.g., physicians, dentists, and/or podiatrists) (53).

Advantages:

• Immediate useful wound coverage (48).

• Can vascularize over exposed bone and tendon (48).

• Allows grafting of ultra-thin STSG as one-stage proce-
dure (48).

• Immunologically inert since the cells responsible for
immune response and graft rejection are removed during
the processing (48).

• Reduced scarring (48).

• The injectable micronized form is also available
(Cymetra®) (48).
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• Two-year shelf life, which is more than Dermagraft
and TransCyte.

Disadvantages:
• Risk of transmission of infectious diseases, although

no cases of viral transmission have been reported, unlike
stem cell gun that causes no infection.

• No viral or prion screening (48).
• Collection fluid risk (48).
• The possibility of donor rejection (48).
• Requires two procedures that are more difficult than

Dermagraft and TransCyte.
• Expensive (48).
• Inability to replace both dermal and epidermal com-

ponents simultaneously (48).

5.4. Integra®

Company: Integra, which is produced by LifeSciences
Corporation, Plainsboro, NJ, USA (1996), is a bovine colla-
gen type I and shark chondroitin-6-sulfate annexed to sil-
icone membrane. FDA approval for pressure ulcers, dia-
betic ulcers, venous ulcers, chronic vascular ulcers, surgi-
cal wounds, trauma wounds, and draining wounds (48).

History: In 1996, the FDA approved the first product
of the company, Integra® dermal regeneration template,
a collagen matrix designed as a skin replacement for the
treatment of third-degree burn victims. Integra® dermal
regeneration template was the first product approved with
a claim of regeneration of dermal tissue (54).

Methods of Producing: Integra®, available in meshed
and non-meshed form (Integra® template), is a bi-layer
membrane system for skin replacement. The dermal re-
placement layer is made of a porous matrix of fibers of
bovine tendon collagen and glycosaminoglycan that is
produced with controlled porosity and defined degrada-
tion rate. The epidermal layer is made of a thin silicone
layer to control moisture loss from the wound (54).

Application:
• The wound is cleaned, and the damaged tissue or

contracture scar is completely removed to viable tissue in
preparation for the application of the Integra® (54).

• Integra® Template is applied to the removed wound
bed. Fluids invade the matrix within minutes of applica-
tion, adhering it to the wound (54).

• Dermal cells begin migrating into the matrix and es-
tablish a new vascular network (54).

• Collagen (protein) in the Integra® template is re-
placed by collagen organically produced by new dermal
skin cells (54).

• Upon formation of a new dermal layer, the Integra
silicone layer is removed. The Integra collagen template
biodegrades and is absorbed into the body, leaving new
dermal skin (54).

• A thin 0.004 - 0.006 in. (0.1016 - 0.1524 mm) epider-
mal autograft is applied over the new dermal skin (54).

• Successful engraftment completes the procedure
yielding a permanent and lasting wound closure (54).

Advantages:

• Median take of 85% (36).

• One of the most accepted artificial skin substitutes
(55).

• More aesthetic compared to autograft.

• A two-stage procedure requires a minimum of three
weeks between the application of Integra® and STSG (55).

• Safe and effective for burn reconstruction.

• Integra Wound Matrix® approved through the 510 (k)
process in 2007 (56, 57).

Disadvantages:

• High risk of infection and graft loss since it is avascu-
lar, unlike the stem cell gun that causes no infection (58).

• Complete wound excision (58).

• It causes scarring, unlike the Hydrogel and stem cell
gun that causes no scars.

5.5. P-DERM®

History: P-DERM, which is produced by polymer sci-
ence is a custom coated material for the electronics indus-
try and medical device worldwide. ISO 13485 and polymer
science is ISO 9001 and registered with the FDA (59).

Methods of Using: P-DERM® hydrogels have hy-
drophilic polymer matrix and high water, which helps
control fluid exchange from a wound’s area. All of the
hydrogels are manufactured in the USA and display good
cooling and adhesion properties (59).

Application:

• Device fixation: In the first step, fix the hydrogel onto
the injured area (59).

• Transdermal drug delivery: After two weeks drug de-
livers into damage cells and skin (59).

• Burn care (59).

• Advanced wound care (59).

• Blister care (59).

Advantages:

• Good converting properties (59).

• Compatible with multiple (59).

• Methods of sterilization are easy (59).

• Lower minimum order quantity (59).

• Excellent instantaneous tack (59).

• Reliable stability (59).

• Customization of width to minimize waste (59).
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5.6. DuoDERM®

DuoDERM® is a sterile gel, which is clear, preservative-
free, and a viscous hydrogel that incorporates a unique
ConvaTec hydrocolloid formulation that separates it from
other hydrocolloid dressings. It is useful for partial and
full-thickness wounds as well as a filler for dry cavity
wounds to provide moisture for dry wounds (60).

Company: ConvaTec is a global medical and technolo-
gies company that is focused on therapies for the chronic
conditions, with leading market positions in advanced
wound care, continence, critical care, and infusion devices
(60).

Methods of Producing: Hydrocolloid dressings are de-
scribed as powders, wafers, or pastes composed of mate-
rials such as pectin, gelatin, and carboxymethyl cellulose.
They provide a moist environment favorable for wound
healing and a barrier against exogenous bacteria. (61).

Application:

• Wash hands then dry the surrounding damage area
(61).

• To select the appropriate dressing size measure the
wound, allowing a 3.0 cm overlap on the intact skin around
the whole wound (61).

• Warm the dressing between your hands (61).

• Remove the top white release paper, being careful to
minimize finger contact with the adhesive surface (61).

• Hold the adhesive side over the wound (61).

• Align the dressing with the center of the wound (61).

• Apply the center part of the dressing (61).

• Remove the bottom white release paper while rolling
the dressing in place but do not stretch it (61).

• Repeat the above procedure on the other side and re-
move the clear release paper (61).

• Gently mold the dressing into place for 30 - 60 sec-
onds (61).

• Lift one corner of the dressing (61).

• Roll it away from the wound while holding the skin
away (61).

• Gently lift the corners and pull upwards until the
dressing completely peels off (61).

Advantages:

• Easy to use and are suitable for different stages of
wound healing and multiple wound types (61).

• Reduce the risk of further skin breakdown due to fric-
tion (61).

• It is effective in the treatment of small partial thick-
ness burns and is especially useful in the healing of minor
burns (61).

Disadvantages:

• They may initially increase the wound size (62).

5.7. Skin on Skin Hydrogel Pads®

Hydrogel Skin Pads combines gel with a support mesh
and vitamin E to help provide protection against blisters,
rubbing, and rips. This combination cools and soothes as
well as irritated and damaged the skin. This combination
includes 200 hydro gel skin pads (63).

Company: Medi-Dyne Healthcare Products is a global
company dedicated to providing innovations in preven-
tive health care. Medi-Dyne’s contributions have over 60
patented foot care, knee, stretching, and strengthening in-
novations.

Methods of Using: Hydrogels are permeable to water
vapors, gases, and small protein molecules; however, it
is the barrier for bacteria. The research has shown that
the cooling element of the dressing provides a moist en-
vironment at the surface of the wound reduces pain in the
wound. The reduction of pain has a direct impact on im-
proving the quality of life (63).

Application:
• Remove the film and apply the hydrogel side of the

pad to the desired area (63).
• Keep unused portions of skin-on-skin pads inside a

sealed bag to prevent drying (63).
• Skin-on-Skin non-sterile hydrogel pads should not be

used on open wounds. Please consult the physician imme-
diately, if open wounds, chronic skin problems, or if infec-
tion occurs (63).

Advantages:
• Effective under compression therapy (64).
• By cooling tissue wound, pain is reduced and bathing

nerve endings (64).
• Pain is managed throughout wear time not just at

dressing change (64).
• Removing devitalized tissue by donating moisture to

dry wounds and absorbing exudate from wet wounds (64).
• Gentle even on the most fragile skin (64).
Disadvantages:
• Should not use on open wounds, unlike scaffold and

stem cell gun.
• See your physician or medical professional for these

conditions, continued irritation, or injuries that may be a
result of diabetes (65).

5.8. Epicel®

Company: Epicel produced by Genzyme Corp, Cam-
bridge, MA, USA.

Patients who have deep dermal or full thickness burns
comprising a total body surface area greater than or equal
to 30% can use cultured epidermal autografts. Cultured
epidermal autografts, may be useful in severity and extent
burns (37).
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History: Junggren, in 1898, succeeded in keeping skin
for long periods for the first time then transplanting them
back into the area. Karasek (1968) performed transplants
of autologous keratinocytes from primary cultures in rab-
bits. He proved that these cultures are useful and rise to an
epidermis (66).

In the 1980s, scientists already developed methods
to produce in vitro human keratinocyte with fibroblast
feeder cells (67).

Methods of Producing: Epicel is made by isolating and
expanding keratinocytes obtained from a small biopsy of
a patient’s healthy skin. Epicel is an important treatment
method for patients with severe burns due to the fact
that these patients are understood to need a keratinocyte-
based epithelium and there isn’t enough healthy skin area,
which is the only other source of keratinocyte-based ep-
ithelium available for autografts for these patients.

Epicel is a cell-based product and regulated by the Cen-
ter for Biologics Evaluation and Research (CBER) (68).

Application:

• Apply Epicel grafts topically to the prepared wound
bed and attach Epicel in place with sutures or staples. Open
the graft dishes only one time just during the grafting pro-
cedure. Do not allow the grafts to dry before application to
the wound bed.

• Before treatment, obtain 0.5 mL of citrated or EDTA
plasma and ≥ 2 aliquots of viable, cryopreserved leuko-
cytes blood samples for archival purposes. If a xenogeneic
infectious disease is suspected, baseline patient plasma
and cells may be critical to determining etiology.

• When the wound bed is fully prepared, open the first
graft dish. The Epicel graft will be lying in nutrient trans-
port medium with the growing cells facing up.

• Gently lift the graft by its backing using two forceps.
A small silver orientation tag will be attached to the back
of the graft.

• Apply the graft to the wound bed with the growing
cells against the wound and the supporting petrolatum
gauze on the outside. The silver orientation tag should be
facing up. Keep the handling of the graft to a minimum.
Minimize handling of the graft and do not move the graft
once applied.

• Repeat the application procedure until all of the
grafts are in place on the wound. Place the grafts closely,
however, don’t overlap.

• Once all of the grafts are applied, use a sufficient num-
ber of staples or sutures to attach the grafts to the wound
bed.

• Apply a single layer of sterile nylon net over the sup-
porting petrolatum gauze of the grafts. Staple the sterile
nylon net and do not remove it for seven to 10 days.

• Apply four to five layers of absorbent gauze as a sec-
ond outer covering (37).

Advantages:
• Epicel may assist in establishing a more rapid wound

closure using the patient’s skin (37).
• By using a patient’s multi-layer skin, Epicel can pro-

vide the patient with functional tissue (37).
• Epicel was shown to lower the rate of postoperative

infection by helping to facilitate early wound closure (37).
• Epicel can be used individually unlike My Skin.
• Epicel is cheaper than Epidex.
• Epicel is safer than Cryoskin.
Disadvantages:
• Sepsis (3.7%) (69).
• Death (9%) (69).
• The effectiveness of Epicel has not been proven in

clinical studies (69).
• Multi-organ failure (3.3%) and skin graft failure/graft

complication (1.3%) unlike Cryoskin (69).
Contraindication:
• Epicel® should not be used in patients history of ana-

phylaxis to vancomycin and amikacin (69).
• Epicel® should not be used in patients with sensitivi-

ties to materials of bovine or murine origin (69).

5.9. Epidex®

Company: EpiDex, which is produced by Modex Ther-
apeutics, Lausanne, Switzerland, had the most significant
field trial in chronic wounds, especially vascular leg ulcers,
which are hard to heal. The results are in line with the first
and only randomized controlled trial of the German-Swiss
study group (70).

EpiDex® is an epidermis-equivalent sheet tissue-
engineered from autologous outer root sheath (ORS)
keratinocytes, which is indicated for the treatment of
chronic wounds (71).

History: Thomas Hunziker developed EpiDex and
owned the patent, which was spun off and transferred to
Mondex SA in 2003 (70).

Methods of Producing:EpiDex disks are attached to a
silicone membrane placed on culture medium fixed with
1% agarose, after detachment from the microporous mem-
brane. EpiDex disks are applied in the clinic within 48
hours following detachment. If required for a second ap-
plication, thawed ORS cells were used 21 days after the first
batch (71).

Application: A total of 50 - 200 plucked hairs per pa-
tient are cultured onto microporous membranes on the
undersurface inserts carrying a feeder layer of growth-
arrested human dermal fibroblasts. After 14 days, ORS
keratinocytes expand and reach confluence in a culture
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medium supplemented with human serum (10%) from
type AB blood. Cells are detached with trypsin and cry-
opreserved in liquid nitrogen. Then, on their undersur-
face cells are plated on microporous membranes of cell
culture inserts carrying the fibroblast feeder layer. After
36 - 48 hours, the cells rose to the air-liquid interface and
grown for another 14 - 16 days, with three medium changes
per week. After detachment from the microporous mem-
brane, Epidex® discs are attached to a silicone membrane,
which is placed on culture medium fixed with 1% agarose
in a shipment vessel (71).

Advantages:
• Repair hard-to-heal chronic wounds unlike My Skin

(70).
• Suitable for small to medium sized chronic wounds

(70).
• Full-thickness wound (70).
• Burn wounds.
Disadvantages:
• Infection (70).
• Dermatitis (70).
• High cost unlike Cryoskin (72).

5.10. My Skin®

Company: Altrika Ltd, Sheffield, UK
Under the Medicines and Healthcare Products Regula-

tory Authority (MHRA) ‘Specials’ route MySkin® is recom-
mended as part of a specialist care package for burn vic-
tims and is made available as an unlicensed medicine (73).

MySkin® is the autologous preparation of ker-
atinocytes from patients for use on burns. MySkin®

can be applied directly to the patient’s burn area to pro-
mote re-epithelialization. This is a wound-healing product
that uses viable cultured skin cells and is delivered as a
spray. MySkin® spray can also be used for chronic wounds
or ulcers (73).

History: MySkin is now produced by the Regenerys Ltd
Company. It has been available in the UK since 2004 for Na-
tional Health Service (NHS) patients that suffer from severe
burns and chronic non-healing wounds (74).

Methods of Producing: An area of approximately 100
cm squared can be covered by The MySkin® spray, which
contains two mL of keratinocytes in suspension. There can
be significant variation in cell numbers available, which
can be attributed to a number of factors, for example, pa-
tient age, biopsy thickness, microbial agents, and contam-
ination (73).

Application: Patch applied (75).
Advantages:
• Partial-thickness wounds (76).
• Burn wounds (76).

• Chronic wounds (76).
• My skin is safer than Cryoskin.
Disadvantages:
• Cannot be used individually for deep wounds (77).
• My Skin shouldn’t be used alone unlike Epicel.

6. Conclusions

To date, the clinical studies on applying stem cells
in dermatology are accelerating. In the field of regener-
ative medicine, skin products reach the milestone very
soon since their beneficial and adverse effects can be mon-
itored easily in clinical trials. Nevertheless, our current
knowledge regarding stem cells and their complex sig-
naling pathways in their intrinsic niche still needs to be
improved. Furthermore, standardized guidelines for the
use of cell-based products in dermatology should be doc-
umented.
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