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Abstract

Background: Delayed burn wound healing leads to increased morbidity, painful and unsightly scars. It is attributed to
prolonged systemic and wound inflammation, vascular damage and hypoxia. Among current therapies, semi-occlusive
dressings provide a moist environment, and cultured keratinocytes moderately hasten epithelization; however neither
can control the pro-inflammatory response. Stem cells, in particular mesenchymal, accelerate the healing process. They
promote local cell proliferation, tissue regeneration and angiogenesis. Their immuno-modulatory and anti-inflammatory
properties allow for transplantation without histocompatibility matching. There are no pre-fabricated stem cell patches
commercially available. We experimented with a tissue-engineered patch that delivers allogenic mesenchymal stem-cells-
derived from the human endometrium— nested on a collagen scaffold; we assessed its effects on reeptithelization rates
on burn wounds compared to semi-occlusive dressings and keratinocyte patches.

Methods: In a swine model burn wounds were made with a hot plate. Each was covered with either a semi-occlusive
dressing, a cultured keratinocyte patch, or stem-cell patch. A grading scale was developed for histologic findings for
stratum corneum, epidermis and dermis.

Results: There was no significant difference between semi-occlusive and keratinocyte patches. There was significant
difference between stem-cell patches and semi-occlusive patches on all layers. Stem-cell patches were superior to
keratinocytes only on the dermal layer.

Conclusions: Endometrium derived mesenchymal stem-cells are abundant and easy to harvest for prefabrication of live

cellular dressings. They promote a faster and more organized wound healing, even in cross-species grafting.
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Introduction

Delayed epithelization of burns and chronic wounds
leads to higher risk of infection, chronic pain, increased
number of surgical procedures, and prolonged hospital
stays. It also results in hypertrophic and painful scars, and
an overall worse cosmetic result. Prolonged epithelization
periods are attributable to inflammatory conditions in the
wound. Immediately after injury, the hypoxic state of the
wound attracts circulating inflammatory cells; in order for
these inflammatory phase to resolve, revascularization
and cell proliferation are necessary [1]. However, due to
vascular damage on burnt tissues and chronic wounds,
this process takes more than usual.

Different therapies attempt to speed-up the wound
healing process and control local inflammatory
conditions. Among them, semi-occlusive dressings
provide a moist environment for faster re-epithelization,
however this effect is no different than traditional gauze
dressings. Ointments and topical immuno-modulators are
useful adjuvants.

Autologous or allogenic cell grafts have been proposed
as a method to accelerate the healing process.
Prefabricated cell cultures, mostly keratinocytes, are
available either as suspensions or sheets to be applied
over the wounds. Although they do provide faster
recovery times, they lack the ability to inhibit the
inflammatory process, which leads to high rates of graft
loss and has little impact on the overall inflammatory
state of the patient. They have the advantage of being
readily available, but they are costly and difficult to store.

Stem cells are beneficial in accelerating the healing
process of burns and chronic wounds [2]. In particular,
mesenchymal stem-cells (MSCs) are the most promising
because of their ability to differentiate into ectodermal,
mesodermal or endodermal cells [3]. Furthermore, while
wound fibroblasts have a pro-inflammatory cytokine
profile, MSCs tends to secrete cytokines that promote
local cell proliferation, tissue regeneration and
angiogenesis. The microenvironment created by MSCs
promotes keratinocyte and endothelial cell proliferation
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in vitro, and wounds treated with MSCs grow more skin
appendages than fibroblasts alone [4].

There are over 400 FDA-approved clinical trials
involving mesenchymal stem-cell grafting (either adult or
embryonic, autologous or allogenic). MSC express HLA
class [ surface molecules, and even though they do
express HLA class II molecules intracellularly, less than
10% express them on the surface after stimulation.
Furthermore, MSC have strong immuno-modulatory,
immuno-tolerant and anti-inflammatory properties,
effectively inhibiting alloreactive lymphocyte reactions.
All of these characteristics allow for successful
transplantation with minimal incompatibility issues
between individuals [5].

Until today there is no bio-technological product that
effectively delivers live stem cells other than custom,
prefabricated autologous grafts made from stem-cells
previously harvested from the patient. This in turn limits
production and availability. The optimal source and
method for stem cell therapy in burns and chronic
wounds has yet to be determined.

We experimented with a novel tissue-engineered
patch that delivers allogenic mesenchymal stem-cells
derived from the human endometrium nested a collagen
scaffold; we assessed its effects on reeptithelization on
burn wounds, and compared it with traditional semi-
occlusive dressings and cultured keratinocyte patches.

Materials and Methods

Animals

Approval from Hospital Central Sur de Alta
Especialidad de Petrdleos Mexicanos’ Animal Care and
Experimental Surgery Department was obtained for the
protocol. Ten Yorkshire-Landrace pigs (Bioinvert, Mexico
City.) weighing 10 to 16 kg were used for this study.

We chose a swine model for the experiment because
pig and human skin are genetically compatible up to a
78%, furthermore, many commercially available products
for temporary wound coverage are made from pig skin.
The skin characteristics and hair pattern of the pigs is also
similar to that of humans: not too thick and hairy like
dogs, nor to thin like rabbits and rats.
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Skin burns

Pigs were anesthetized with Tiletamine/Zolazepam
(Zoletil®, Virbac, Mex.), 3.5 mg IM; Xilazine (Procin®
equus, Pisa, Mexico) 1.32 mg, IM; Tramadol (Tradol®,
Griienthal, Mexico) 50 mg IM. IV penicillin prophilaxis
was administered 30 minutes prior to the procedure.

Under sterile conditions, 3 partial-thickness, 5cm
burns were made on each of the pigs back using a hot
plate held in place for 10 seconds (Figure 1). Each of the
wounds was immediately covered with either a semi-
occlusive dressing (Tegaderm®, 3M), a cultured
keratinocyte patch (Epifast®, Bioskinco, Mex.), or stem-
cell bioscaffold patch (Bioandamio®, Centro
Biotecnolégico de Terapias Avanzadas, Mex.) (Figure 2).
Wounds were appropriately marked. The cultured
keratinocyte are human derived, commercially available
cryopreserved patches commonly used for burn wounds
or skin graft donor sites. The stem-cell bioscaffold is a
prefabricated patch  containing human derived
endometrial stem cells nested on an absorbable collagen
scaffold that can be applied directly over the injured skin.

Bioandamio® is manufactured by Alternativas
Biomédicas y Regenerativas in Mexico City. The
bioscaffold stem-cell patches are manufactured on-
demand for each specific case. After evaluation of the
donor and screening for particular diseases, mesenchymal
stem-cells are isolated from endometrial or placental
tissue. Once harvested, cells are expanded in vitro until
they reach a number high enough to be able to produce
the patches, which usually have a 2-3 million cells/kg
dose.

Figure 1: Burn wound with a hot plate on the
specimen back.
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Figure 2: Dressings in place. (Top) Stem-cell patch,
(Middle) Cultured keratinocytes, (Bottom) Semi-
occlusive dressing.

Postoperative care

Penicillin treatment was continued and metamizole
added for the first 2 days. Animals were followed for 15
days. Bandages and bioscaffold patches were changed on
day 8 and the new ones kept until day 15; cultured
keratinocytes and semi occlusive patches remained until
day 15. Pigs were kept on individual cages, at room
temperature and fed ad libitum.

Biopsies and histologic study

On postoperative day 15, subjects were anesthetized
as previously, a 0.5 cm punch biopsy was taken from each
wound and fixed in a 10% formalin solution. The
pathologist was blinded to each of the samples studied.
Histologic analysis samples were stained with H-E; the
stratum corneum, epidermis and dermis were studied
under conventional light microscopy. A grading scale was
developed for findings on each of the layers (Table 1).
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Score Findings
Stratum Corneum Epidermis Dermis
1 Absent Absent Mildly inflamed and
congested
2 Thinned Dettached Moderately inflamed and granulated
3 Inflamed/Thickenned Eroded Abundant granulation tissue and vascularization
4 Normal Normal Normal scar

*Scores were given according to the closest matching findings.

Table 1: Scoring scale for histologic analysis.

Data Collection and Statistical Analysis

Data for each group (semi-occlusive, keratinocytes,
stem-cell) and variable were recorded on a spreadsheet
(Microsoft Excel). Statistical analysis for group
comparison was performed with a Mann-Whitney U test.
AKruskal-Wallis test with post-hoc Dunn testing was also
performed to further validate our findings. Values of p<
0.05 were considered statistically significant. All
statistical analyses were performed using SPSS 19 (IBM).

Results

We analyzed 10 wounds in each group. Mean
histologic scores for each group are shown in Table 2. On
statistical analysis, keratinocyte patches showed no
significant difference over semi-occlusive patches for any
of the skin layers. Stem-cell patches did show a
statistically significant difference over semi-occlusive
patches on all skin layers studied. When keratinocytes
and stem-cell patches were compared, a difference was
found only on the dermal layer in favor of the stem-cell
patch (Figures 3 & 4, Table 3).

. Group
Skin Layer Semi-occlusive patch Culutred Keratinocytes Stem-cell patch
Stratum Corneum 1.4 1.9 2.8
Epidermis 3.1 3.5 3.7
Dermis 2 1.7 2.9

Table 2: Mean histologic scores by skin layer and group.

Stratum Corneum

Groups p value
Semi-occlusive Keratinocyte 0.171
Semi-occlusive Stem-cell patch 0.021*
Keratinocytes Stem-cell patch 0.133

Epidermis

Groups p value
Semi-occlusive Keratinocyte 0.154
Semi-occlusive Stem-cell patch 0.032*
Keratinocytes Stem-cell patch 0.302

Dermis

Groups p value
Semi-occlusive Keratinocyte 0.504
Semi-occlusive Stem-cell patch 0.049*
Keratinocytes Stem-cell patch 0.014*

*Statistically significant difference found.
Table 3: Group comparison by skin layer.
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Figure 3: (Left) Cultured Keratinocytes. Note irregular epithelization with epidermis detachment. (Right) Stem-cells.

Complete epithelization, epidermal hyperplasia.
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Discussion

Wound re-epithelization is a top-most priority in the
burnt patient. Over the years, many strategies have been
developed in order to hasten the healing process while
reducing the consequences of chronic inflammation, such
as hypertrophic, painful or retractile scars. Occlusive
dressings along with ointments and topical
immunomodulators are the mainstay of treatment today.
Results are still far from ideal.

Grafting of the wound at a cellular level has been
attempted for years. Cultured keratinocytes were
postulated as a potential method for faster re-
epithelization as far back as the 1950’s, however, only
recently laboratory technology made them commercially
available [6]. Cultured keratinocytes are widely used in
burn centers around the world [7,8]. They have shown to
be beneficial in providing early coverage and a functional
result. A review of keratinocyte delivery to the wound bed
[7], however, they are hard to obtain, difficult to culture,
expensive, and need special care for transportation,
management and storage [9]. Keratinocyte grafts have a
rather low ‘take’ rate, and proper preparation of the
recipient bed is fundamental for their success. They are
fully mature differentiated cells that don’t modify much of
the wound inflammatory environment. Most keratinocyte
culture preparations include some epithelial stem cells
(EpSC), usually derived from hair follicles or skin glands
during harvesting. Preservation of these EpSC is
fundamental for a successful and long term survival of the
graft, since they possess the greatest proliferative
capacity. It has been suggested that loss of a graft after a
successful initial take arises from depletion of EpSC [10].

There has been interest in using stem cells for burns
and other acute and chronic wounds. Stem cells close
wounds faster, prevent scar contracture and potentially
restore skin appendages [11-15]. Stem-cells promise to
aid in wound healing in 2 ways: stimulating faster cell
proliferation and decreasing the inflammatory response.
The latter anti-inflammatory effect may even extend to a
systemic level resulting in better outcomes and survival
for the severely burned.

The therapeutic power of stem-cells resides in their
clonogenicity and potency [2]. They are classified
according to their potential to differentiate into other
cells: totipotent or omnipotent stem-cells can turn into
any embryonic or extra embryonic cell; pluripotent stem-
cells are usually embryonic in origin and can differentiate
into any cell of the three germinal layers; multipoint,
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oligopotent and unipotent stem-cells have fewer

differentiation capacity [16].

Allogenic topical multipotent mesenchymal stem-cells
(MSC) significantly accelerate wound healing in mice
models, achieving higher percentages of re-
repithelization, cellularity and angiogenesis [5,17,18].

Mesenchymal stem cells can be harvested from
various adult tissues [3] and are relatively easy to expand
in vitro, hence they are considered as a potential source of
stem cells for building dermal substitutes [4,5,19]. They
secrete many growth factors that stimulate wound
healing-particularly IGF-1, which has recently shown to
be crucial for tissue repair-but produce only low IL-6
levels as compared to fibroblasts. The most common
sources of mesenchymal stem-cells are bone marrow and
umbilical cord, however each one poses some drawbacks
of its own.

Immediately after burn injuries MSCs in the bone
marrow multiply and migrate to the injured sites [2],
contributing to autolysis of necrotic tissue and neo-
vascularizacion. Bone marrow MSC successfully close
non-healing diabetic ulcers when applied topically and
injected into the edge of the wound [20-23]. Furthermore,
when administered systemically MSC migrate and deposit
directly on chronic wounds. The problem with bone
marrow stem cells is that they are hard to obtain, usually
need to be harvested from the same patient and their
availability is scarce. On top of that, there is a well known
bone marrow depletion phenomenon in the severely
burnt. Because of these disadvantages, other sources of
MSC are needed.

Umbilical cord stem-cells are multi potential
mesenchymal cells that can differentiate into
endothelium, chondrocytes, osteocytes, adipocytes,

fibroblasts and myocytes. They have been succesfully
used in the burnt patients, but harvesting of umbilical
stem cells is difficult, they are expensive to maintain, need
to be prepared specifically for the patient and cannot be
produced on demand.

Endometrial stem cells (ESC) harvested from
menstrual blood have a stable karyotype after laboratory
manipulation. They represent and abundant source for
mesenchymal stem-cells that raises little ethical issues.
ESC have a great angiogenic potential and are especially
useful in ischemic tissues [24].

It’s clear and widely known that stem-cells contribute
to faster and better wound healing, however the optimal
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source and method for delivery are still to be determined.
Manufacturing of a readily available stem-cell derived
dermal substitute wound represents a leap forward in the
treatment of burnt patients, and even if there is no
definitive evidence to favor systemic over local use of
stem cells, there are some studies that suggest that
acellular matrices or scaffolds increase cell homing,
differentiation, mobilization and adhesion [25].

We experimented with ESC nested on a collagen
bioscaffold. Our study found that the stem-cell bioscaffold
effectively promotes healing and epithelization on acute
burn wounds in all three layers studied: corner, epidermis
and dermis. The stem-cell bioscaffold is as opposed to
cultured keratinocytes composed of bioactive molecules
and live troncal endometrial cells which allow for an
organized orchestration and effective regenerative

process. The particular product we used can be
manufactured on demand and be available in only 4
hours, which can prove very useful for treating massive
burn casualties. The fact that human stem-cells were
viable in a pig wound further demonstrates the
immunotolerance mechanisms of such celular grafts.

Additionally, we compared the stem-cell bioscaffold
patches to other commonly used topical wound dressings.
It proved to be more effective than semi-occlusive
dressings for healing in all three layers analyzed. It also
proved to be more effective than cultured keratinocytes in
the dermal layer. Interestingly, cultured keratinocytes did
not show to be more effective than semi-occlusive
dressings in any of the layers studied. Clinical findings
were in tune with pathological analysis (Figure 5).

Figure 5: Clinical findings. (A) Stem-cell patch. (B) Semi-occlusive dressing. (C) Cultured Keratinocytes.

An additional difference between the patches used is
the presence of collagen in the stem-cell bioscaffold.
Collagen was chosen as a substrate for the scaffold
because it is a fundamental component of skin that in
theory should not elicit inflammatory effects on the
surrounding tissues. Although collagen is intended to
function only as a carrier for the stem-cells, we did not
study if - by itself- collagen has any beneficial effects on
wound healing, which could also account for the
improved epithelization.

While long-term skin quality is hard to be predicted at
15 days, our goal was to measure time to early
epithelization since it represents the restitution of the
dermal barrier. At 15 days, the inflammatory phase
should be mostly resolved. After that, skin quality can be
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dependent on many factors such as compression garment
therapy or immunomodulating topical agents.

It is worth mentioning that although we tried to
objectivize our histologic findings as much as possible, the
scoring scale we used was devised post hoc based on the
results of histologic results, and the scale we used was not
validated, all of which of course is a potential bias for our
results. However, we wanted to try and be as objective as
possible measuring dermal cells and components, and
compare results between the groups. We also want to
mention that although we initially intended to determine
the presence of dermal appendages, we could not find
them in any of the samples studied; perhaps there was
not enough time for them to develop.
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Conclusions

Endometrium derived mesenchymal stem-cells are an
abundant and easy to harvest source for prefabrication of
live cellular dressings. They are effective in attaining a
faster and more organized wound healing, even in cross-
species grafting.
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