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In the clinic, partial to full-thickness skin defects are generally treated through
debridement and patching with autologous skin grafts. Autologous skin grafts are in
severely limited supply, especially for ill patients lacking healthy tissue to donate to
themselves. Stem cells have come into interest as a novel, viable way to heal skin
wounds. Mesenchymal stem cells (MSCs) are of particular interest due to its common
mesoderm germ layer origins as skin tissue. Mesenchymal stem cells are primarily
derived from bone marrow, adipose tissue and umbilical cord. Bone marrow MSCs
have been widely applied to chronic wounds in non-diabetic and diabetic subjects with
positive results for wound healing and closure. Adipose-derived stem cells (ASCs) are
a more recent application to skin healing. It has been found that ASCs secrete growth
factors positive for augmenting wound healing, such as TGF-β. ASCs are also a more
attractive cell source for clinical use due their great abundance and ease of procurement
from discarded tissues from cosmetic surgery procedures. Most recently, umbilical
cord MSCs have been tested for its effects on wound healing, showing that the cells’
paracrine effects can accelerate skin wound healing. Overall, mesenchymal stem cells
show great promise to progress skin wound treatments, especially for chronic wounds.
However, more clinical research is needed prior to patient application.

Mai Lam T
Department of Biomedical Engineering, Wayne State University,
USA
Correspondence: Mai T Lam, Wayne State University, 818 W.
Hancock St., Detroit, MI, USA, Tel (313) 577-0118, (313) 5778333, Email mtlamdo@gmail.com
Received: June 20, 2017 | Published: August 29, 2017

Keywords: skin, regeneration, repair, mesenchymal stem cell, bone marrow,
adipose, umbilical cord

Introduction
Skin damage from partial to full-thickness defects has limited
treatment strategies in the clinic. Skin wounds are generally treated
by debridement followed by patching with autologous skin grafts.
However, supply of autologous skin grafts is limited, especially
for larger wound coverage such as with burns.1 The field of tissue
engineering has provided various biomaterial solutions to support
wound healing.2–7 Biomaterial approaches have included natural
materials such as chitosan, collagen, degradable hydrogels, and
protein glue;2–4 and synthetic materials such as polymer nanofibers,
bioactive glass, and electrospun fibers.4–7 Biomaterials have had
success in supporting wound healing as scaffolding materials for
endogenous fibroblasts and keratinocytes as they infiltrate the wound
and repair the skin. However, biomaterials are limited in their ability
to stimulate the wound healing process wound repair.
Stem cell strategies have gained much popularity in recent years,
encompassingnovel techniques to promote and accelerate wound
healing. Mesenchymal stem cells (MSCs) are of particular interest, due
to their availability and multipotent nature. In addition, mesenchymal
stem cells originate from the mesoderm germ layer, sharing origins
with skin. Stem cells from lineages similar to the tissue into which
they are transplanted respond better to the analogous paracrine factors.
Hence, mesenchymal stem cells are an ideal treatment strategy to
repair and regenerate skin.

Discussion
Bone marrow MSCs
MSCs derive from two major sources: the bone marrow and adipose
tissue. Bone marrow MSCs are isolated from bone marrow aspirates,

Submit Manuscript | http://medcraveonline.com

J Dermat Cosmetol. 2017;1(3):62‒64.

involving a painful process where bone marrow is syringe extracted
from the back of the pelvic bone. Only about 0.001% of bone marrow
mononuclear cells in the aspirate are MSCs,8 and efforts to increase
cell number through cell culture expansion are complicated to apply
to the clinic given the time needed and difficulty in maintaining stem
cell phenotype in the lab. Clearly, supply of bone marrow is finite but
is more readily available than pluripotent cells like embryonic stem
cells. Bone marrow MSCs have been known to differentiate into a
wide variety of mesenchymal cell types, including bone, cartilage and
fat cells9–11 and even into cells beyond its originating phenotype, such
as cardiomyocytes and neurons.12,13 In applications to the skin, bone
marrow aspirate, bone marrow mononuclear cells, and a combination
of cells and biomaterial have been used.14–17 In a study utilizing
autologous bone marrow aspirate,14 75 patients with chronic wounds
were enrolled. Inclusion criteria included wounds that did not respond
to traditional treatment for at least 6weeks, and sized 100cm2 or less.
Three study groups were formed based on treatment application to the
wound: 1) fresh bone marrow aspirate, 2) cultured bone marrow, and
3) controls of saline. There was a significant change in wounds size
at day 7 and week 4. In a follow-up post week 4, 60% of patients in
group 1 and 76% of patients in group 2 did not need further wound
care. In contrast, 80% of patients in the saline control group required
surgical intervention. In a 16 month follow-up with group 2, the
wound was completely healed with no signs of contracture.
Chronic wounds are a notorious complication for diabetic patients.
Bone marrow MSCs have been explored as a treatment option.15–17 In
one study, allogeneic MSCs were compared to the MSCs’ acellular
derivatives in a non-obese diabetic (NOD) mouse model.15 The cells
or acellular derivatives were intradermally injected around the wound
site. Mice treated with the acellular derivative displayed significantly
higher percentages of wound closure on days 4, 6, and 8 compared
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to wounds that received cells or control vehicles. Acellular products
produced less pronounced inflammatory response, more granulation
tissue, and a higher density of collagen fibers. This study suggests
that growth factors present in bone marrow MSCs require time for
cell release, whereas during the decellularization process these growth
factors are released and readily available to stimulate the wound
healing process.

Adipose-derived MSCs
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MMP-2, MMP-9, TGF-β1, granulocyte-colony stimulating factor,
FGF2, and IL-6.

Conclusion
Mesenchymal stem cells from bone marrow, adipose and umbilical
cord sources are effective in accelerating wound healing. Paracrine
factors expressed by these cells facilitate the stages of wound healing
and have been found to allow for chronic wounds to heal. For
mesenchymal stem cells to ubiquitously reach the clinic, methods to
scale up supply of these stem cells and more cost-effective techniques
for long term cell storage while maintaining stemness are needed.
Further progression of this research to the manufacturing stages is
needed in order to develop viable treatments applicable to the patient.

While bone marrow MSCs can be difficult to obtain, adiposederived stem cells (ASCs) are much more abundant and are easily
isolated from subcutaneous fat tissue and lipoaspirates. In addition,
these adipose tissues are generally discarded from plastic surgery
clinics, making excellent use of otherwise disposed tissue. ASCs
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