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Stem Cell Applications in Plastic Surgery

Biisra Candan Balkan'

The medical specialty of plastic surgery, also
known as plastic, reconstructive, and aesthetic
surgery, deals with the reconstruction and shaping of
various body structures on the face, the removal of this
issue following significant tissue loss, and aesthetic
interventions like hand surgery, craniofacial surgery,
microsurgery, and burn treatment."! Essentially, it
is split into two parts. Reconstructive surgery is a
discipline that includes all surgeries to replace any
missing skin, subcutaneous tissue, or bones on the
entire body’s surface. It is the first major portion of
the book. This procedure is mostly done to make sure
that any lost tissue is replaced with tissues that are
fairly comparable to it. For instance, this field of study
includes conditions like cleft lip and palate caused
by womb deformity, conjoined fingers (syndactyly),
burns following trauma, facial injuries from serious
car accidents, various incisions and limb ruptures, and
chronic wounds. Plastic surgery makes up the second
major category.”?

This field includes many disciplines. It can present
diseases that are not always accompanied by aesthetic
perceptions and medical problems that do not only
aim for beauty. In addition, a person with large breasts
can be corrected or reduced after gigantomastia
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ABSTRACT

In the realm of medicine today, plastic surgery stands
out among all internal and surgical fields. This priority
stems from the fact that the procedures have their own
conceptual and scientific underpinnings. However, the
procedures applied must be artistically and technically
detailed. An effective and current model shift in plastic
and reconstructive surgery applications is made possible
by the efficient use of stem cell therapies and applications
utilized for the repair and regeneration of the same or
other tissues and organs. In the last seven to ten years, stem
cell-assisted therapies have become a widely preferred
method due to their ability to self-renew and multi-potential
differentiation. According to the findings of the studies,
adult mesenchymal stem cells provide the ideal stem cell
population for practical regenerative medicine, even though
the use of embryonic stem cells or induced pluripotent
stem cells is very important in clinical studies. However,
adipose-derived stem cells (ASCs), which are among the
easily accessible cells, have been shown to have the potential
to distinguish between mesenchymal, ectodermal, and
endodermal lineages. Since ASCs are a plentiful source,
diverse across several lineages, simple to collect, and easy
to obtain, they might be thought of as a good option in
the field of plastic surgery and aesthetics. Adipose tissue
is also easier to obtain and propagate as it yields a high
number of ASCs per tissue volume. Stem cells have grown
more desirable for plastic surgery due to their usage in a
variety of aesthetic procedures, such as the treatment of
burn scars, breast augmentation methods, defining facial
contours, and postponing the onset of indications of aging,
particularly on the hands and face. This situation has given
promising results in the current preclinical and clinical
studies on the use of stem cells in the field of aesthetics.
However, prospectively, there is a limited investigation into
the efficacy and potential of stem cell-based therapy for
use in aesthetic and plastic surgery. This chapter focuses on
the state-of-the-art and most recent advancements in stem
cell therapies for cosmetic and plastic surgery, as well as the
possibilities for tissue engineering and cell-free therapy in
this area. Applications in research and medicine, as well as
their benefits and drawbacks, are also covered.

Keywords: Adipose-derived stem cells, bone marrow mesenchymal
stem cells, embryonic stem cells, mesenchymal stem cells, stem cell,
plastic surgery.
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(breast reduction) plastic surgery as a result of weight
gain. At the same time, nose surgery (rhinoplasty),
which is also performed for aesthetic perceptions,
can also occur in breathing problems.® It can be seen
from the term’s origin that it comes from the Greek
word “plastikos.” Through reshaping, the required
shape is achieved. Following this surgical procedure,
it is intended to help the patient feel more confident
about their new body image. Recent years have seen
considerable advancements in the use of stem cells in
plastic surgery and regenerative medicine.

Clinical applications have led to a great deal of
interest as a result of studies aimed at increasing
the use of stem cells in many different disciplines.
Therefore, it is becoming the main focus of modern
therapeutic treatment approaches. One of the most
important factors in the studies is the use of adult
stem cells, well-characterized, well-defined cell lines
in patients safely and with a standardized treatment
approach.® The fact that stem cell therapies provide
“patient-specific” care is their most crucial quality.
In the near future, there will be more certified cell
products available due to the growing significance
of stem cell research, which will improve their
effectiveness and usefulness and lead to a larger
distribution of the technology.® Plastic surgeons
have used human tissues to repair defects caused by
unwanted injuries and discovered that a single cell
line can be used for tissue regeneration.”! For stem
cell-based tissue coating, it is necessary to consider
the types of cells utilized (embryonic stem cells
and adult stem cells), the cell sources (autologous
and allogeneic), and the source of the tissues (bone
marrow, muscle, fat, cartilage, or blood).’*

STEM CELL APPLICATIONS IN PLASTIC
SURGERY

The deoxyribonucleic acid (DNA) molecules in cells
contain the full biological life program. Unfortunately,
it is still unknown what exactly makes such encoded
information visible to others. From the development
of a fertilized egg to trillions of cells that differentiate
and gain new traits simultaneously, the programming
in cell division has drawn attention.['®

Our body’s aged and dying cells are replaced by
newly formed cells. Yet, the body also makes unique
defense cells to combat outside antigens. For vision,
secretion, and respiration, cells in the pancreas, eyes,
and lungs undergo differentiation. A “stem cell” is
the earliest mother cell of all cells in a live organism.
These cells have the capacity to develop into several
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cell types.'"! Stem cells are cells that have the ability
to multiply indefinitely, self-renew, differentiate into
other cells, and repair damaged tissue. Stem cells
can be obtained from undifferentiated cells that can
self-renew by continuing to divide in an organism
for a long time, forming undifferentiated cells. In
other words, cells with the potential to differentiate
into different cell types and self-renew are called
stem cells. The cells in our body such as muscle cells,
liver cells, skin cells, etc. have a specific purpose
and when these cells divide, they form a cell just
like themselves.'” However, unlike these cells, stem
cells do not have a defined function. Therefore, they
can transform into different cell types according
to the signals they receive. The most important
factors in determining this seem to be genes and
external stimuli. When death or damage occurs in
any cell population in our body, stem cells transform
into the cells needed.' Since they are plentiful
and easily accessible, multiply by differentiating
into a variety of cell types, and can be safely and
efficiently transplanted into both autologous and
allogeneic recipients, they are chosen in regenerative
medicine applications. According to their capacity for
differentiation, stem cells are classified as totipotent,
pluripotent, multipotent, oligopotent, and unipotent.
Theoretically able to develop into a creature are
totipotent stem cells. The first totipotent cell that
has the capacity to differentiate into every type of
cell that makes up an organism is the zygote. Via the
creation of the placenta, extra-embryonic umbilical
cord, amniotic sac, Wharton’s gel, and multipotent,
pluripotent, and unipotent cells, respectively.
Pluripotent cells can develop into any type of germ
tissue (endoderm, ectoderm, mesoderm). They can
form fetal and adult cell types, but not organisms.!"

Pluripotent stem cells can differentiate only to a
lesser extent. Throughout the body, they can only
differentiate into a few different cell types. When
the right conditions and signals are present, they
have the capacity to differentiate in the lab into a
considerably greater diversity of cell types. In higher
organisms, unipotent cells are cells with the capacity
to differentiate into a single cell type. They assist
in tissue regeneration as well, but in order to repair
severe tissue damage, pluripotent stem cells are
needed.ls!

Stem Cell-Assisted Wound Recovery Process

The intricate process of wound healing involves
several interactions between cells, cytokines,
and extracellular matrix. Several stem cell-based
wound healing methods have been developed
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over the past few decades, some of which have
been used in clinical settings. Both fibroblasts and
bone marrow mesenchymal stem cells (BMSCs)
have demonstrated outstanding wound-healing
effects with significant collagen and growth factor
production. Adipose-derived stem cells (ASCs) may
be helpful in critical limb ischemia wounds due
to their angiogenic characteristics. By encouraging
the secretion of various cytokines that promote
macrophage recruitment, fibroblast chemotaxis,
collagen production, granulation tissue formation,
and improved angiogenesis, ASCs play a significant
role in the wound recovery process.!'®™

Enhancing Burn Healing and Reducing
Scarring through Stem Cell Therapy

Mammalian skin does not regenerate
spontaneously and the final outcome of mammalian
wound healing results in scarring. Scars are
morphologically characterized by irregular collagen
deposits. Recently, various scar reduction techniques
have been developed. Therapeutic amounts of cells
can be applied directly to the target wound, which
has an effect on wound healing.?® The duration
of inflammation during wound healing is closely
related to the degree of scarring. Adipose-derived
stem cells may be a potential therapeutic tool for
extreme scarring due to their anti-inflammatory
and immunosuppressive effects. This approach may
provide a more complete and useful regenerative
process, similar to scarless wound healing. In the
near future, this ASC-based treatment could become
a new therapeutic option in wound management
to ensure complete healing without any visible scar
formation.?"

Stem Cell Applications in Tissue Engineering

In biotechnology-based research, there have
been many integrated clinical studies and research
betweentissue engineeringand plastic surgery.Plastic
surgeons can nowadays obtain stem cell sources from
various tissues in the body. Circulating stem cells, i.e.
hematopoietic stem cells, have a potentially unlimited
bank of cells with great differentiation potential,
obtained through minimally invasive procedures.??

Mesenchymal stem cells (MSCs) derived from bone
marrow and adipose tissue are another useful source.
Autologous mesenchymal stem cells with scaffolds
show improved wound healing. Adipose-derived
stem cells can be easily removed from the patient/
human body using various liposuction techniques.
Providing a sufficient number of stem cells to the
defect can trigger local regeneration and healing
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processes. It can be difficult to find scaffolds suitable
for these cell lines. The scaffold must have multiple
functional roles such as cell adhesion, promoting
the desired proliferation, and differentiation, and
preventing the migration of the implanted cell in
order to achieve good results.”*!

Rejuvenation with Stem Cell Application with
Fat Graft Technique

Degenerative pathways play a large role in the
aging process, specifically the loss of soft tissue
volume. Due to the aging population, the desire to
seem young, and the availability of minimally invasive
procedures, there is a rising demand for cosmetic
procedures. One of the most often utilized anti-aging
procedures in plastic surgery is the fat injection
method.?¥ It can help repair defects and strengthen
soft tissues. Specific side effects caused by immune
responses have not been reported with the use of
autologous tissue. However, simply injected fat can be
absorbed at any time and the degree of absorption is
difficult to predict. For liposuction to work well, it can
be improved by using cell-assisted lipotransfer (CAL).
CAL is a technique that combines concentrated ASC
with aspirated fat to create an ASC-enriched fat graft.
This approach significantly improves the survival of
the fat graft.” Thus reducing the adverse effects
of fibrosis and cyst formation. BSCs can promote
fat graft survival through neovascular sprouting.
Bone marrow MSCs and circulating progenitor cells
upregulate the production of angiogenic growth
factors and increase the number of new blood vessels
formed in the grafted fat, improving graft survival.2®!

Stem Cell Applications Prevent
Allotransplantation Rejection

For replacing various tissue defects, composite
tissue allografts can be a perfect option for
reconstruction following trauma, tumor removal,
congenital malformation correction, etc. Yet, it
has been demonstrated that immunosuppressants
might have negative side effects on composite tissue
allografts. In order to minimize the systemic toxicity of
immunosuppressants, stem cells may therefore aid to
create lifetime tolerance following transplantation.”

It has been demonstrated thatimmunosuppressive
regimens used in conjunction with bone marrow
transplantation (BMT) increase transplant survival.
Multipotent progenitor cells that can develop into
several mesenchymal cell types can be found in
the bone marrow.”® Bone marrow stromal cells,
bone marrow progenitor cells, or bone marrow MSCs
are the names given to these cells.” These stem
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cells have the capacity to control the production of
T cell subsets and anti-inflammatory cytokines.2”
Combining temporary immunosuppression with MSC
or ASC infusion can increase long-term transplant
acceptance, prolong allograft survival, and induce
immunological tolerance.?"

In conclusion, clinical advances using various stem
cells have shown great promise for opening up
new cell therapy strategies in plastic surgery. More
clinical research is needed for stem cell therapy to
become a more established standard of care, but
more research is also needed to determine the fate
of transplanted cells and to sort the cells needed to
determine clinical impact. In addition, the potential
for tumor growth and the long-term consequences
of these cells, which are considered side effects of
cell transplantation, should also be demonstrated. A
Good Manufacturing Practices facility is essential for
the safe collection, testing and cryopreservation of
cells. The fundamental benefit of stem cell therapy
is that it does not require potentially risky surgical
procedures or result in long-term morbidity at the
donor site. In particular for elderly individuals, it can
lower surgical risks. Skin grafting and flap surgery,
which include removing any kind of tissue from the
donor site and replacing it at the recipient site with
an unbroken blood supply, can be quite taxing on
the patient or necessitated by their overall health.
Several plastic surgeons continue to conduct more
research with diverse stem cells. In the future, when
many techniques are used in maxillofacial surgery,
MSCs will play a critical role in preventing tissue loss
due to infection, trauma, tumors, and congenital
diseases. Their immunomodulatory, differentiation,
and migratory abilities for the treatment of diseases
make MSCs particularly suitable for clinical use. There
is a risk of morbidity at the donor site when significant
volumes of autologous tissue are transplanted to
restore function and appearance. Mesenchymal stem
cells could eventually have a wide range of uses
in the maxillofacial area. To produce strong proof,
more preclinical and clinical trials are required. Adult
pluripotent stem cells must be easily accessible and
thoroughly described in order for their plasticity
to be of meaningful clinical benefit. To increase
the frequency and precision of these events, it is
necessary to identify the molecular pathways driving
cell line modifications if pluripotent qualities are
to be attained by ex vivo manipulations leading to
differentiation. Whether the process of divergence
and division will always take place in the absence of
unfavorable genetic modifications that could cause
aberrant differentiation and even carcinogenesis is
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a risk that has to be understood. If pluripotent stem
cells are found in vivo, their surroundings, behavior
during proliferation and/or differentiation, and
capacity to gather at damage sites will be crucial
factors in determining how they are used in medicine.
Additionally, it motivates medical professionals
and researchers to stimulate supposedly dormant
pluripotent stem cells through in vitro or in vivo
manipulation. This should motivate researchers
to investigate whether this triggers unchecked
proliferation and/or differentiation processes akin to
those seen when embryonic stem cells are implanted
in vivo. Adult stem cells can be taken from the patient,
preventing an undesirable immune reaction, which
is perhaps one of their most significant benefits. The
fact that many degenerative diseases have poorly
understood underlying mechanisms, however,
complicates the situation. It is unclear whether stem
cells or other cell lines derived from them have
comparable flaws. Despite the fact that numerous
centersacrossthe world are conducting various clinical
trials, many practical and scientific concerns still need
to be resolved before large-scale clinical trials can
be logically organized. Finding the bare minimum
of cells necessary for an organ or tissue to perform
better is crucial in the beginning. Next, the question
of how many stem cells are required to restore a tissue
or organ arises. How long are the replacement cells
functional? Second, it will be crucial to determine the
chemoattractants that injured tissues or organs emit
in order to draw BMSCs to the area. So, it is essential
to have a solid grasp of stem cell biology. To address
the issues and concerns that have developed or may
arise in human stem cell therapy, more research and
studies are required. Despite all of these concerns,
the method of removing stem cells from each patient,
increasing their number, and then reinjecting them
back into the patient appears to have much greater
benefits when the drawbacks of treatments like
organ transplantation and immunosuppressive
medications are taken into account. The hope that
stem cell therapy can treat diseases for which there is
now no efficient and effective therapeutic approach
is the basis of research. Future stem cell therapies aim
to treat and permanently cure diseases that currently
seem “incurable,” that is, treatable.

Declaration of conflicting interests

The authors declared no conflicts of interest with
respect to the authorship and/or publication of this article.

Funding

The authors received no financial support for the
research and/or authorship of this article.



Stem Cell Applications in Plastic Surgery

10.

11.

12.

13.

14.

15.

16.

17.

REFERENCES

Shahbazi Z, Ardalani H, Maleki M. Aesthetics of Numerical
Proportions in Human Cosmetic Surgery. World J Plast
Surg. 2019 Jan;8:78-84.

Harrison CJ, Tyler MPH, Rodrigues JN. Value-based
plastic surgery. J Plast Reconstr Aesthet Surg. 2020
Dec;73:2106-10.

Maniglia AJ. Reconstructive rhinoplasty. Laryngoscope.
1989 Aug;99:865-7.

Macionis V. History of plastic surgery: Art, philosophy,
and rhinoplasty. J Plast Reconstr Aesthet Surg. 2018
Jul;71:1086-92.

Yamanaka S. Pluripotent Stem Cell-Based Cell
Therapy-Promise and Challenges. Cell Stem Cell. 2020
Oct 1;27:523-31.

Coalson E, Bishop E, Liu W, Feng Y, Spezia M, Liu B, et al.
Stem cell therapy for chronic skin wounds in the era of
personalized medicine: From bench to bedside. Genes
Dis. 2019 Dec;6:342-58.

Krause DS, Theise ND, Collector MI, Henegariu O,
Hwang S, Gardner R, et al. Multi-organ, multi-lineage
engraftment by a single bone marrow-derived stem cell.
Cell. 2001 May 4;105:369-77.

Lagasse E, Connors H, Al-Dhalimy M, Reitsma M, Dohse
M, Osborne L, et al. Purified hematopoietic stem cells
can differentiate into hepatocytes in vivo. Nat Med. 2000
Nov;6:1229-34.

Orlic D, Kajstura J, Chimenti S, Bodine DM, Leri A,
Anversa P. Transplanted adult bone marrow cells repair
myocardial infarcts in mice. Ann N Y Acad Sci. 2001
Jun;938:221-9; discussion 229-30.

Bulgin D, Hodzic E, Komljenovic-Blitva D. Advanced and
prospective technologies for potential use in craniofacial
tissues regeneration by stem cells and growth factors. J
Craniofac Surg. 2011 Jan;22:342-8.

Kaufman MH, Robertson EJ, Handyside AH, Evans
MJ. Establishment of pluripotential cell lines from
haploid mouse embryos. J Embryol Exp Morphol. 1983
Feb;73:249-61.

Clarke DL, Johansson CB, Wilbertz J, Veress B, Nilsson E,
Karlstrom H, et al. Generalized potential of adult neural
stem cells. Science. 2000 Jun 2;288:1660-3.

Pala HG, Pala EE, Artunc Ulkumen B, Aktug H, Yavasoglu
A, Korkmaz HA, et al. The protective effect of granulocyte
colony-stimulating factor on endometrium and ovary in
a rat model of diabetes mellitus. Gynecol Obstet Invest.
2014;78:94-100.

Martin GR. Isolation of a pluripotent cell line from early
mouse embryos cultured in medium conditioned by
teratocarcinoma stem cells. Proc Natl Acad Sci U S A.
1981 Dec;78(12):7634-7638.

Weissman IL. Translating stem and progenitor cell
biology to the clinic: barriers and opportunities. Science.
2000 Feb 25;287:1442-6.

Verfaillie CM. Adult stem cells: assessing the case for
pluripotency. Trends Cell Biol. 2002 Nov;12:502-8.

Brink TC, Sudheer S, Janke D, Jagodzinska J, Jung

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

3.

133

M, Adjaye J. The origins of human embryonic stem
cells: a biological conundrum. Cells Tissues Organs.
2008;188:9-22.

Durankus F, Senkal E, Stinnetci E, Albayrak Y, Beyazyiiz
M, Atasoy O, et al. Beneficial Effects of Ibuprofen on
Pentylenetetrazol-induced Convulsion. Neurochem Res.
2020 Oct;45:2409-16.

Kolluri VR, Reddy DR, Reddy PK, Naidu MR, Kumari
CS. Subdural hematoma secondary to immune
thrombocytopenic purpura: case report. Neurosurgery.
1986 Oct;19:635-6.

Cherubino M, Rubin JP, Miljkovic N, Kelmendi-Doko A,
Marra KG. Adipose-derived stem cells for wound healing
applications. Ann Plast Surg. 2011 Feb;66:210-5.

Choi J, Minn KW, Chang H. The efficacy and safety of
platelet-rich plasma and adipose-derived stem cells: an
update. Arch Plast Surg. 2012 Nov;39:585-92.

Lorenz HP, Hedrick MH, Chang J, Mehrara BJ, Longaker
MT. The impact of biomolecular medicine and tissue
engineering on plastic surgery in the 21st century. Plast
Reconstr Surg. 2000 Jun;105:2467-81.

Sterodimas A, De Faria J, Correa WE, Pitanguy |. Tissue
engineering in plastic surgery: an up-to-date review of
the current literature. Ann Plast Surg. 2009 Jan;62:97-103.
Butala P, Hazen A, Szpalski C, Sultan SM, Coleman SR,
Warren SM. Endogenous stem cell therapy enhances fat
graft survival. Plast Reconstr Surg. 2012 Aug;130:293-306.
Yoshimura K, Sato K, Aoi N, Kurita M, Hirohi T, Harii
K. Cell-assisted lipotransfer for cosmetic breast
augmentation: supportive use of adipose-derived stem/
stromal cells. Aesthetic Plast Surg. 2008 Jan;32:48-55;
discussion 56-7.

Lee SK, Kim DW, Dhong ES, Park SH, Yoon ES. Facial
Soft Tissue Augmentation using Autologous Fat Mixed
with Stromal Vascular Fraction. Arch Plast Surg. 2012
Sep;39:534-9.

Eun SC. Stem cell and research in plastic surgery. J
Korean Med Sci. 2014 Nov;29 Suppl 3:5167-9.

Cendales L, Hardy MA. Immunologic considerations
in composite tissue transplantation: overview.
Microsurgery. 2000;20:412-9.

Kuo YR, Chen CC, Goto S, Lee IT, Huang CW, Tsai CC, et al.
Modulation of immune response and T-cell regulation
by donor adipose-derived stem cells in a rodent
hind-limb allotransplant model. Plast Reconstr Surg.
2011 Dec;128:661e-72e.

Eun SC. Composite tissue allotransplantation
immunology. Arch Plast Surg. 2013 Mar;40:141-53.

West CC, Murray IR, Gonzélez ZN, Hindle P, Hay DC,
Stewart KJ, et al. Ethical, legal and practical issues of
establishing an adipose stem cell bank for research. J
Plast Reconstr Aesthet Surg. 2014 Jun;67:745-51.



