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87.1 Introduction
The cells that have the potential to regenerate themselves
and differentiation capacity are named as “stem cells.”
Regenerative medicine allows engineering the damaged tis-
sues and organs by stimulating human’s own repair mecha-
nisms usually by using differentiated stem cells and scaffolds
[1]. Regenerative medicine, using stem cells with or without
scaffolds, allows surgeons to treat congenital or acquired
defects with normal structure and functions. Although stem
cell and regenerative medicine are nowadays used quite
often in some areas of medicine, it is obvious that they are in
their crawling stage in reconstructive surgery and in rhinol-
ogy. However, it is not difficult to predict that it will become
popular in the next few decades and will be among the treat-
ment regimens in the guidelines. The various developments
in isolation, duplication, and differentiation of stem cells and
three-dimensional scaffolds suggest that some of the more
frequently applied therapies may be shelved in the close
future. The purpose of this section is to provide information
on stem cell applications and regenerative medicine in rhi-
nology at present and in close future.

Stem cells have been named accordingly to the origins
they are obtained:

e Embryonic stem cells (ESC).
e Induced pluripotent stem cells (IPSC).
e Adult stem cells (ASC) [2].

The regeneration potential of ESC is quite high. They have
the ability to transform into three different germinal cells as
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ectodermal-, endodermal-, and mesodermal-originated cells
[3]. The risk of malignancy development and low compli-
ance with the immune system are the two disadvantages of
the ESC [4]. Clinical use of ESC has severely been limited
due to ethical problems [5]. IPSC can be generated from
adult cells via reprogramming [6]. Their differentiation
capacities are similar to ESC and can be differentiated into
three different types of germinal cells [7]. Reprogramming
of the cells can be done by viral vectors or nonviral factors
[8, 9]. IPSC are used in the pharmaceutical industry, model-
ing of diseases, and regenerative medicine [10].

Adult stem cells are used for regenerative medicine fre-
quently and derived from adult cells. The negative features
of ASC are their limited differentiation capacities and traces
from the origins of their textures. Isolation, differentiation,
and autologous transplantation of ASC are easy, and the rel-
atively small number of ethical considerations made it very
popular in clinical practice [11, 12]. Mesenchymal stem cells
(MSC) - akind of ASC - are the most frequently used stem cell
group in rhinology. MSC can be obtained from the tissues of
adipose, bone marrow, muscle, or skin and generally referred
to by their tissue origin as adipose-derived mesenchymal stem
cells, bone marrow-derived mesenchymal stem cells, etc. [13—
16] Adipose-derived mesenchymal stem cells (ADMSC) are
preferably used because of their ease of harvesting and limited
morbidity in donor site [17]. ADMSC are not only the precur-
sors of adipocytes but also multipotent progenitors of different
type of cells. The presence of different progenitor cells allows
differentiation ADMSC to osteoblast, chondrocyte, myocyte,
epithelial cells, and neuronal cells [18, 19].

Studies about regenerative medicine in rhinology are
still in their early stage, are growing at a rapid pace, and
remain popular. Regenerative medicine consists of 3 parts:
cells, scaffold, and adequate stimulus. There are 4 steps in
development of tissue engineering: step 1, tissue growing
in scaffold; step 2, tissue growing around the separation
construction; step 3, lamination of 100 p thick tissue layers
grown in a special bioreactor; and step 4, tissue growing with
blood vessels [20].
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From a surgical point of view, the nose consists three dif-
ferent main layers: mucosa (epithelium), cartilage, and skin.
Multiple- or single-layer tissues can be formed according to
defects or surgeon’s desire. The next part of this chapter is
to review the literature related of regenerative medicine in
rhinology and present future perspectives.

87.2 Nasal Epithelium

Nasal epithelium is a complex structure that has many func-
tions such as cleaning, unspecific defense (mucociliary
clearance), humoral and cellular immune defense, cellular
nasal cycle, microbiological colonization, and regeneration
[21]. The defense mechanism of nasal mucosa includes cili-
ary epithelial cells, mucus glands, and production of various
cytokines, chemokines and mediators. The mucosa needs to
work in harmony with other nasal structures and components
in order to obtain optimally effective nasal functions [19].
Any problem in these components or structures may result
in mucosal inflammation leading to chronic nasal diseases.
Nasal mucosa contains some differences compared to other
respiratory tracts’ mucosa such as ciliary beat frequency
and number of goblet cells. In vitro epithelial culture meth-
ods (air-liquid interface, ALI culture) have been developed
to objectively evaluate the nasal mucosa functions or dys-
functions. ALI cultures mimic the nasal mucosa behaviors
and allow the assessment of nasal mucosa functions such as
nasociliary beat frequency, levels of cytokine, and media-
tors without any independent external factors. Nasal mucosa
functions against possible pathogens and responses to phar-
macological and/or toxic agents could be evaluated with
these ALI cultures [22]. It is possible to show the effects of
drugs on nasociliary beat frequency and pathophysiology of
infection in the virus-infected ALI cultures [22, 23].

The treatment of septal perforation is a difficult and com-
plex surgical procedure. Although the regenerative poten-
tial of nasal mucosa is high, local or free flaps are needed
if the diameter of the perforation is greater than 2 cm. It is
obvious that these flaps may also affect nasal functions in a
negative manner. Therefore, regenerative medicine offering
the same tissue properties may be an option while repair-
ing septal perforation. There are studies in the literature with
promising results showing that cultured nasal epithelial cells
in tissue scaffolds may be used as nasal mucosal grafts in
the future [24]. Nasal epithelial cells cultured on chitosan (a
bioscaffold) may be used for treatment of septal perforation
or CSF leaks [24]. In addition, acellular dermis (AlloDerm,
LifeCell, NJ, USA), a bioscaffold, is shown to be an alterna-
tive when used as a interposition graft and induces the recov-
ery of defect via secondary wound healing [25]. Scaffolds
are the important components of the regenerative medicine
and provide the opportunity for the cells to live and have

desired mechanical properties. Therefore, bioscaffolds may
be reinforced with other materials as collagen sponges with
polypropylene. Fibroblasts and ADSC were seeded on these
scaffold to build artificial tracheal tissue and transplanted
into rats successfully [26]. Reinforced collagen sponge with
crystalline polypropylene and high-density polyethylene was
used to repair a tracheal defect, and after transplantation of
2 months, graft was surrounded with respiratory epithelium
[27]. In 2008, Macchiarini et al. cultured respiratory mucosa
and implanted it into cadaveric trachea. This artificial tra-
chea was transplanted to a patient with advanced stenosis in
the left main bronchus due to tuberculosis [28]. No major
complications except for a necessity of dilatation were seen
during a 5-year follow-up, and it was observed that it turned
into a normally functioning trachea [29].

87.3 Cartilage

Cartilage is probably the most commonly used autograft
in rhinology. Septal cartilage is usually preferred as a first-
line graft because of its minimal donor site morbidity and
mechanical properties. On the other hand, it may be diffi-
cult to obtain sufficient amount of septal cartilage in revision
cases. Auricular and/or rib cartilage may be used, but the
surgeons do not prefer them due to their mechanical proper-
ties or warping problems. Therefore, regenerative medicine
is thought to be a common graft option for the treatment
of nasal defects in the future. Three components are very
important for the artificial cartilage: chondrocytes, scaffold,
and growth factors.

Chondrocytes can be multiplied or differentiated from
mesenchymal adult stem cells. In a recent study, auricu-
lar chondrocytes were harvested and cultured and then
implanted for augmentation into subcutaneous pocket of the
nasal dorsum [30]. This procedure was successfully applied
to 75 cases with a 6-year follow-up period. Two cases with
septal perforation in which ADMSC seeded on chronOS
Strip (Synthes Inc., USA) as a supportive material and bilat-
eral mucosal flaps were used to close the defect [31]. In one
patient, no perforation was seen in 28 months after surgery;
on the other hand, the other patient continued the nasal pick-
ing and the scaffold was removed 12 months after surgery
[31]. ADMSC are frequently used in stem cell-differentiated
chondrogenesis due to low donor site morbidity and ease
of isolation and differentiation stages. Isolation and differ-
entiation stages could be made with readily avaliable cul-
ture media [49]. In a previous study, ADMSC was isolated
and differentiated into chondrocytes with abovementioned
culture media, then ADMSC derived chondrocytes were
implanted on a bioactive glass scaffold and transplanted into
the rat’s ear [32]. After a month, rats were sacrificed, and
presence of chondrocytes was shown immunohistochemi-
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cally in transplantation areas [32]. For the clinical application
of chondrocytes derived from ADMSC, they were implanted
into cadaveric trachea and transplanted into patients with
advanced stage of left main bronchus malacia successfully,
and long-term result was good [29].

For promoting mature cartilage, cells are induced with
growth factors as transforming growth factors p1, 2, or B3
(B2 and p3 more potent than 1), bone morphogenic proteins,
and fibroblast growth factors [33]. Growth factors are neces-
sary to maintain cell phenotype and induce tissue growing.

In bioengineering of cartilage, the most important expec-
tation in the future is to make cartilage with enough rigidity
and easy shaping. Therefore, scaffold technology needs to be
further developed and evaluated. Several scaffolds are used
in regenerative medicine, but there is no consensus about the
scaffold. In addition, the ideal scaffold should be biocompat-
ible, biodegradable, non-immunogenic and non-toxigenic.
Hydrogels have good chondrogenic features and, on the other
hand, have not good mechanical properties. Also, cell viabil-
ity problems may have been seen in some synthetic fiber scaf-
folds [34]. Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) is
a biodegradable and biocompatible scaffold and has good
features for mechanical properties and chondrogenesis [35].
On the other hand, fragility and costing problems are the dis-
advantages of this scaffold. Cartilage growth was promoted
by some scaffolds as collagen sponges and polyvinyl alco-
hol [36]. New skeleton designs are developing rapidly using
the abovementioned materials by electrospinning and three-
dimensional printing. Studies that evaluated the scaffold usu-
ally show short-term outcomes, but long-term outcomes are
also very important and further investigations that show long-
term outcomes of scaffold are needed.

87.4 Skin

Nose is in the most important location of the human face.
Therefore, nasal defects should be repaired to achieve aes-
thetically acceptable results in accordance with the physi-
ology and histology. Nasal skin defects usually occur as a
result of tumor excision or trauma. Reconstruction can be
difficult due to the size of defect area and aesthetic concerns.
Paramedian forehead flaps are frequently used when repair-
ing large defects, while most surgeons worry about the aes-
thetic outcomes (poor color matches, bulky, hair follicles)
in these patients. Both dermis and epidermis must be recon-
structed simultaneously.

Dermic templates that provide dermis regeneration are
generally used in reconstructive surgery. Integra™ (Integra
LifeSciences Corp., NJ, USA) was used for nasal dorsal aug-
mentation and completely resorbed and displacement with
autologous tissues [37]. This component is supposed to be
superior to cadaveric acellular dermis.

It is thought that ADMSC will be very popular in skin
repair in the future because it allows the differentiation
of fibrovascular, endothelial, and epithelial tissues [38].
ADSMC have shown positive effects on the formation of
new epidermis, prevention of skin aging, acceleration of
angiogenesis, and proliferation of fibroblasts [39, 40]. In a
rat model, mesenchymal stromal cell-seeded scaffolds sig-
nificantly induced the epithelial thickness and hair follicle
counts and reduced deposition of collagen compared to non-
seeded cells on scaffolds in skin defects [41]. With today’s
technology, it is not possible to create bioengineered skin
that is fully functioning and color matched yet.

87.5 Olfaction

The olfactory epithelium is a specialized sensory area and
responsible for olfaction in the nasal cavity. Olfactory epi-
thelium consists of olfactory ensheathing cells (OEC), olfac-
tory stem cells, olfactory sensory neurons, olfactory glands,
supporting cells, and other cells. Olfactory system is quite
different than the other sensory mechanism and could be
regenerated its neurons by OEC. Releasing growth factor
from OEC is very important for regeneration of olfactory
epithelium [42]. Precursor cells were harvested from olfac-
tory epithelium and could induce the regeneration of degen-
erated olfactory epithelium following implantation [43].
In vitro three-dimensional olfactory epithelial cultures can
be created and then could be transplanted into degenerate
epithelium [44]. In the future, olfaction disorders could be
treated with development of the modification and cultivation
of the olfactory epithelium cells.

Olfactory ensheathing cells have the potential to regen-
erate not only olfactory neurons but also other neurons in
the other parts of body [45]. OEC are used for experimen-
tal treatment method in spinal cord lesions, peripheral nerve
injuries, stroke, Parkinson’s disease, and amyotrophic lateral
sclerosis due to its regenerative effects on neurons [42]. It
is stated that the results of these studies are satisfactory and
promising. Olfactory epithelial cells can be used not only for
the treatment but also for diagnosis of schizophrenia, bipo-
lar disorder, Alzheimer’s disease, and Parkinson’s disease
[46-48].

87.6 Conclusion

Stem cells offer promising improvements in the treatment of
diseases and malformations, especially in the reconstruction
of tissue defects. Unfortunately, there is not enough scien-
tific data available today to comment on clinical practice. For
regenerative medicine, source of stem cells, efficacy of trans-
plantation, integration with microenvironment, long-term
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results of transplanted cells, and effects of scaffolds on stem
cells and target tissues will be one of the most emphasized
topics in clinical practice in the near future.
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