Am J Stem Cell 2012;1(3):225-238
www.AJSC.us /ISSN:2160-4150/AJSC1209002

Review Article
Current applications of mesenchymal stem cells for
tissue replacement in otolaryngology -- head and
neck surgery
Suzanne N King1, Summer E Hanson2, Peiman Hematti 3,4, Susan L Thibeault1,4
1
Division of Otolaryngology – Head and Neck Surgery, University of Wisconsin-Madison; 2Plastic Surgery Department, MD Anderson Cancer Center; 3Department of Medicine, University of Wisconsin-Madison, School of Medicine and Public Health; 4University of Wisconsin Carbone Cancer Center, Madison, Wisconsin, USA

Received September 17, 2012; Accepted October 23, 2012; Epub November 30, 2012; Published December 10,
2012
Abstract: Cellular therapy utilizing adult mesenchymal stromal/stem cells (MSCs) may very well revolutionize the
treatment of a variety of head and neck diseases through the restoration of normal structure and function. Transplanting allogeneic or autologous MSCs into damaged tissues can serve multiple regenerative functions through
their self-renewal, differentiation capacity, immune modulation and secretion of bioactive molecules. Further, trophic factors expressed by MSCs have been shown to influence their microenvironment through the promotion of
extracellular matrix remodeling, angiogenesis and wound healing needed to regenerate or replace injured tissues.
Although clinical applications of MSC based therapies in Otolaryngology – Head and Neck Surgery are still in their
infancy, efforts are being made to understand and exploit MSCs for tissue repair as well as engineering strategies.
In this review, we highlight pre clinical and clinical investigations employing MSC based therapies for the reconstruction of bone, cartilage, soft tissue and vocal fold defects.
Keywords: Mesenchymal stem cells, tissue engineering, otolaryngology – head and neck surgery

Introduction
Mesenchymal stromal/stem cells (MSCs) provide numerous possibilities for “off the shelf”
clinical application, because of their ease of
production via ex vivo expansion, ability to selfrenew with high proliferative capacity, and ability for multilineage differentiation [1]. MSCs are
also an attractive cell choice as they produce
numerous bioactive molecules that can suppress inflammatory responses and influence
regeneration in injured tissues [2-5]. Moreover,
one of MSCs most beneficial therapeutic
effects is their immunomodulatory capacity
that appears to facilitate their use for allogeneic transplantation [6]. MSCs can be transplanted into the body directly from freshly isolated tissues or after culture expansion, through
degradable scaffolds or as complete threedimensional tissues for organ replacement
(Figure 1). MSCs can secrete various tropic factors, including molecules that regulate cell
growth, proliferation, fibrosis, angiogenesis and

immune suppression [7]. However, their longterm engraftment and differentiation capacity
into damaged tissues are still not well understood. MSCs can be directly delivered to the
site to treat inflammatory injuries or to provide
potent bioactive molecules that can suppress
the immune response during periods of inflammation. Lastly, combination of MSCs with biomaterial scaffolds or decellularized allografts
could extend their long-term engraftment and
differentiation in tissue, which can be clinically
beneficial for the treatment of non-healing
wounds, scarring or functional replacement of
tissue [8-10]. There are diverse therapeutic
applications utilizing MSC in Otolaryngology –
Head and Neck Surgery including plastic reconstruction, tissue regeneration and revascularization of ischemic tissues (Table 1).
MSCs are most commonly isolated from bone
marrow (BM), but can be derived from other tissue sources, including adipose tissue (AT) [11],
umbilical cord [12], vocal fold tissue [13] , den-
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Figure 1. Schematic of the potential therapeutic applications utilizing mesenchymal stem cells in Otolaryngology–
Head and Neck Surgery.

tal [14] or periodontal ligaments [15]. MSCs are
defined by standards proposed by the
International Society for Cellular Therapy (ISCT)
[16]. Due to the number of MSC sources and
variation in cell culture methods, there is a lack
of consensus on their phenotypic and functional properties. Minimum criteria set by the ISCT
for characterization of MSCs requires adherence to tissue culture plastic, reproducible
expression of stem cell markers and multipotent differentiation [16]. MSCs are distinguished from hematopoietic cells through presence of a combination of cell surface markers,
positive for CD29, CD44, CD73, CD90, and
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CD105 and lack of CD11b, CD14, CD34, HLADR and CD45. MSCs must also be able to differentiate into osteogenic, adipogenic, and
chondrogenic lineages under standard in vitro
differentiating conditions. Ex vivo culture
expansion of MSCs results in a heterogeneous
population of MSCs exhibiting a broad range of
functional properties. Many factors can influence the yield and function of MSCs, such as
surgical procedure, harvested anatomical
region, isolation methods, culturing conditions
(i.e. media, cell density, polystyrene dish) and
cell cryopreservation [12, 17]. Recent research
has indicated MSCs from different tissue sourcAm J Stem Cell 2012;1(3):225-238
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Table 1. Mesenchymal Stem Cell Based Therapies in Otolaryngology -Head and Neck Surgery
Disorder

MSC Source

Differentiation

TE Approach

Biomaterials

Study

Outcome

Ref #

Vocal fold scar

Allogenic, Mouse BM

undifferentiated

cells + scaffold

Carbylan-GSX (HA

In vivo

Promote ECM production and degradation, sup-

[8]

hydrogel)
Vocal fold scar

Allogenic, human AT/BM

undifferentiated

cells + scaffold

Carbylan-GSX

pressed myofibroblast differentiation; no cytotoxicity
In vitro

MSCs suppressed inflammatory response against

[47]

hydrogels
Vocal fold scar

Human AT

undifferentiated

cells + scaffold

Hydrogel (HA, collagen,

In vitro

fibrin, or co-gels)
Vocal fold scar

Mice BM

undifferentiated

cells + scaffold

1% HCL atelocollagen

Human AT

differentiation induced

cells + scaffold

Fibrin hydrogels

In vitro

Rabbit AT

undifferentiated

MSCs maintained undifferentiated state; however,

[51]

there was low cell survival on matrix (20%)
In vitro

in gel
Vocal fold scar

[44]

tion, differentiation and elastin expression

gel from calf dermis
Vocal fold scar

Fibrin co-gels + HA or Col had enhanced prolifera-

Created bi-layer construct to replace vocal fold

[48, 49]

cover
cells + scaffold

Collagen or HA gel

In vitro

Safe stable engraftment, by 12 months lamina

[52]

propria appeared to be normally distributed
Vocal fold scar

Autologous, Dog BM

undifferentiated

cells + scaffold

Atelocollagen sponge

in vivo

Histologic evaluations showed increased HA distri-

[53]

bution and decreased dense collagen deposition
Injured vocal folds

Autologous, Dog BM

undifferentiated

cells + carrier

1% HCL atelocollagen

In vivo

gel from porcine skin
Vocal fold scar

Human BM

undifferentiated

cells

Saline

Histology showed MSC engraftment at 2 months

[54]

post-surgery.
In vivo

Histology at 3 months showed reduced lamina

[42]

propria thickness and collagen content. Improved
viscoelastic properties.
Injured vocal folds

Allogenic, murine BM

undifferentiated

cells

N/A

In vivo

MSCs appeared to differentiate into multiple

[55]

lineages in vivo
Vocal fold scar

Human BM

undifferentiated

cells

Saline

In vivo

Improved viscoelasticity, but engraftment was poor

[41]

(0.18%) at 4 weeks post-surgery
Tracheal

Autologous Rabbit AT

undifferentiated

cells + graft

stenosis

Porcine small intestinal In vivo

Reduced inflammatory cell infiltration and granula-

submucosa

tion; promoted pseudostratified columnar epithe-

[56]

lium; detected MSCs12 weeks post
Tracheal

Rat AT

undifferentiated

stenosis
Tracheal stenosis

MSC + gingival fibro-

Collagen scaffold

In vivo

blasts + scaffold
Autologous, Human BM

chondrocytes

cells + graft

Rat AT

chondrocytes

cells + scaffold

[57]

epithelial regeneration
Decellularized donor

In situ

trachea
Tracheal stenosis

Both cells together had greatest effect on tracheal
MSCs differentiated into chondrocytes and seeded

[10]

onto the matrix with bioreactor

Collagen gel and

In vitro/

Pseudostratified columnar epithelium with

sponge

in vivo

well-differentiated ciliated and goblet cells and

Collagen I hydrogel

In vivo

[30]

neovascularization
Tracheal stenosis

Allogenic, Rat BM

osteogeneic

cells + scaffold

tubes

Ring shaped tissue with MSCs reinforced tubular

[31]

construct and enhanced stiffness of construct
preventing tissue collapse

Tracheal stenosis

Allogenic, Rat BM

undifferentiated

cells

Systemic

In vivo

Labeled MSCs found at implant site with pseudos-

[32]

triated ciliated columnar epithelium covering lumen
and increased VEGF levels at 8 weeks post-surgery.
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Congenital high airway

Autologous, Lamb

obstruction syndrome

amniotic

Long-segment airway

Autologous, Pig BM

chondrocytes

cells + graft

Xenologous decellular-

in vivo

ized tracheas
chondrocytes

stenosis

MSC + mucosal epithe- Decellularized 12 cm
lial cells + graft

trachea

MSC + patches of

Acellular allogeneic

MSC grafts enhanced remodeling by promoting

[58]

epithelialization and increases in elastin levels
in vivo

Decellularized matrix with both cell types showed

[29]

no signs of airway collapse or ischemia 60 days
post

Long-segment congeni-

Autologous, Human BM

seeded undifferentiated,

induced chondrocyte diff. autologous epithelium

tal tracheal stenosis

intraoperatively

+ graft

undifferentiated

cell + carrier

in situ

trachea

Reepithelialization and proximal rigidity took ~2yrs,

[59]

regular bronchoscopy to remove secretions and
balloon dilations performed. No development of
anti-donor antibodies or rejection.

Cleft lip/palate

Dog, BM from iliac bone

Carbonated hydroxy-

in vivo

apatite particles
Craniofacial abnormali-

human BM

osteogeneic

cell + scaffold

ties

Calcium phosphate

in vitro

cells + carrier

necrosis

Hydroxyapatite/

MSC had elevated alkaline phosphatase activity

[61]

and mineralization. Improving the strength of the
scaffold

scaffold
undifferentiated

[60]

increase in capillary vessels and particle absorption

cements-chitosan

Mandibular osteoradio- Autologous, mini pig BM

MSCs contributed to new bone formation and

in vivo

Bone and vessel regeneration, substantial recon-

[52]

struction 6 months post

tricalcium phosphate
particles

Bone distraction surgery Autologous, dog BM
Craniofacial bony

Allogeniec, rat BM

transduced with adenovi- cells + vector + matrix

Demineralized human

in vitro/

Improved mandible remodeling and bone matura-

rus BMP-2

bone matrix

in vivo

tion

cells + growth factor +

Chitosan from crab

in vivo

MSC and growth factors together enhanced bone

scaffold

shells and BMP-2

cells + carrier

Titanium cage filled

osteogeneic

defects
Hemimaxillectomy-large Autologous, human AT

osteogeneic

keratocyst

[62]
[63]

growth in defects
In situ

Created custom-made ectopic bone implant inside

[64]

rectus abdominis muscle free flap

with beta-tricalcium
phosphate

Maxillary Bone Defects

miniature swine BM

recombinant adenovirus

cell + scaffold

Collagen type I gel

in vivo

BMP-2

White solid bone formation with mineralized mature [65]
woven bone and similar biomechanics as normal
bone

Maxillary Bone Defects

human BM

undifferentiated

cells + OP-1 DNA plas-

Chitosan-alginate gel & in vitro/

MSC + scaffold maintained volumetric shape of

mid + scaffold

polyethylenimine

gel in vivo; microscopic bone formation was found

in vivo

[66]

after 8 wks
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es exhibit distinct phenotypes associated with
their tissue microenvironment, which could
potentially limit their range of application [1821]. As a result, pre-clinical studies are needed
to determine the optimal MSCs tissue source
and processing technique necessary for individual therapeutic uses prior to clinical
application.
MSCs based therapies for tissue replacement
Bone replacement
Bone replacement for clinical diseases treated
by Otolaryngology – Head and Neck Surgeons
are usually highly complex, requiring extensive
skeletal reconstruction due to trauma, tumor
resection or congenital abnormalities. Autologous bone graft or vascularized flap reconstruction are commonly used procedures to address
large bone deficits as the procedures can provide all the biological prerequisites for healing,
such as growth factors needed for osteoinduction, osteoprogenitor cells and an osteoconductive support scaffold [22]. However, these
are highly invasive surgical procedures with the
addition of a donor site and potential complications or morbidity at both the donor and recipient reconstructions. Recently cell based tissue
engineering strategies have been explored in
select clinical scenarios to avoid complications
associated with harvesting of the bone.
Biomaterial scaffolds can be osteoconductive,
such as hydroxyapatite or other ceramics,
which can further be enhanced by the addition
of osteogenic cell lineages. Alone, bone marrow
aspirates have been added to fracture sites for
decades to promote healing or treat fracture
non-union repair [23, 24]. Engineered bone
constructs are gaining support in maxillofacial
applications, as an alternative to bone grafting
for treatment of small defects or cysts, fracture
support, or congenital anomalies. The combination of genetically engineered MSCs or those
differentiated into osteocytes with synthetic
bone substitutes could enhance the mechanical stability of the bone graft during formation
by stimulating the secretion of bone morphogenetic proteins (BMP) and regenerating the ECM
[25].
Perhaps most promising is the cellular augmentation of deficient bone stock for dental
implants. The use of dental implants is limited
by the volume of viable bone in the posterior
229

maxillary floor and often an autologous bone
graft or synthetic bone mineral is used to supplement the maxillary ridge for future implantation. The addition of MSCs to any implants may
improve clinical outcomes. To this end, one
study compared 12 consecutive patients
undergoing sinus floor augmentation with each
patient serving as their own control [26]. Both
sides of the patients’ mouth were augmented
with a hydroxyapatite based scaffold with one
side receiving “standard therapy” of the scaffold combined with autologous bone graft,
while the other received the scaffold combined
with autologous BM MSCs (at passage 0). It
was demonstrated that there was significantly
more new bone formation in the area treated
with MSCs compared to standard bone graft
and no differences in overall healing, complication rate, or ability to place dental implants
between either groups. In another investigation, Shayesteh and colleagues demonstrated
similar success in six consecutive patients
treated with hydroxyapatite - β tricalcium phosphate ceramic loaded with culture expanded
autologous BM MSCs for maxillary sinus elevation (at passage 2-3) [27]. In both examples
MSCs were differentiated into osteogenic lineages prior to seeding in the graft.
Demineralized bone matrix with calcium sulphate loaded with culture expanded MSCs has
also been used clinically for reconstruction of
alveolar defects in two patients with unilateral
cleft palates [28]. There were no acute complications in the two patients reported. MSCs
were added to osteoinductive scaffolds and
implanted into defects in their undifferentiated
state, demonstrating new bone formation as
the grafts were incorporated.
An alternative strategy from those described
above is to culture MSCs on scaffolds in osteogenic media to induce bone development de
novo and then implant the constructs. Meijer
and colleagues harvested BM MSCs via bone
marrow aspirate from the iliac crest, expanded
these to P3, seeded the MSCs onto hydroxyapatite particles, and cultured the composite for
an additional seven days in osteogenic culture
media [9]. The bone substitutes were placed
directly into the defect site and covered with a
local periosteal flap. Four months post-implantation, patients had dental implants placed and
biopsies taken. There was bone formation
observed in three of six patients with the
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remaining three patients failing to show new
bone formation. Interestingly, constructs from
each of the patients were implanted in a subcutaneous pocket on the backs of athymic mice
at the time of their original surgery as well. At
six weeks, all of the constructs in the mice
exhibited new bone formation on histological
analysis, although this was not observed in
each of the clinical correlates. This investigation is noteworthy as it illustrates the inconsistent nature of translational research when
developing complex tissue engineered constructs, particularly when using rodents as preclinical models.
Cartilage replacement
MSCs can be utilized in various capacities for
cartilage replacement involving local engraftment into decellularized allografts or artificial
scaffolds, as well as drug delivery methods to
prevent allograft rejection. Most promising
approaches in Otolaryngology – Head and Neck
Surgery are in the generation of functional trachea replacements after extensive resection or
reconstruction due to damage from intubation
or malignancies obstructing the airway.
Macciarini and colleagues were the first group
to perform a human transplantation of a tissue
engineered trachea using a decellularized
donor trachea seeded with BM MSCs differentiated into chondrocytes on the external surface
and epithelial cells in the lumen [10]. They
designed a novel bioreactor with separate
outer and inner surface compartments and
rotated the three-dimensional tubular matrix
between liquid and gas phases exposing cells
to hydrodynamic shear stress. Animal studies
confirming the applicability of this approach
have demonstrated that both cell lines work
synergistically to prevent graft failure by controlling the rate of bacterial/fungal contamination, preventing stenosis, and retaining functional strength needed to maintain a competent
airway [29] (Figure 2). Although this approach
was clinically successful providing a functional
airway to the recipient, the shortages in donor
tracheas limit its wide spread application.
Development of artificial tracheas using cell
and tissue engineered products would allow
scaffolds to be fabricated to the patient, easily
reproduced in the clinic and have high survival
rate.
MSCs can greatly improve the long-term survival and efficiency of synthetic scaffolds
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designed for trachea replacement [30]. For
example, Suzuki et al created a fabricated trachea graft from a collagen sponge with polypropylene mesh stratified with AT MSCs embedded
in a collagen gel [30]. After transplantation into
tracheal defects of rats they found that addition of AT MSCs helped to promote proliferation, migration, differentiation, and vascularization of subepithelial cells. Fourteen days after
implantation the luminal surface of the trachea
constructs embedded with AT MSCs had pseudostratified columnar, ciliated epithelium and
goblet cells growing similar to normal tracheas.
It was concluded that AT MSCs can accelerate
tissue regeneration and improve survival of bioengineered scaffolds for trachea replacement.
Mechanical factors may influence the long-term
survival of functional airway replacements,
especially after extensive tracheal resections.
Naito el al developed a bioartificial trachea that
is strong enough to handle the pressure differences that occur during respiration without collapsing [31]. The novel tube-shaped construct
is enclosed by a ring shaped cartilage derived
from BM MSCs embedded in a collagen matrix
to provide reinforcement to the multi-layer tube
composed of fibroblasts embedded in a collagen hydrogel. To enhance the strength of the
ring shaped cartilages researchers differentiated BM MSCs into osteogenic lineages prior to
seeding into the scaffold. Results from in vitro
biomechanical testing demonstrated that the
rings around the tube improved the stiffness of
the tissue and in vivo implantation into the rat
showed that the artificial trachea was able to
tolerate negative pressures during inspiration
for at least twenty-four hours. However, the
implanted bioartificial trachea failed to adequately transport secretions, resulting in
mucous adhering to the anastomotic site.
These finding demonstrate the need for multiple tissue layers to provide scaffold strength
and epithelial cell growth on the luminal surface of the tube to improve survival and efficiency of an artificial trachea.
More recently, researchers have investigated
the use of MSCs as drug delivery vehicles in an
effort to reduce the antigenicity of tracheal
allografts. Han et al investigated the use of
intravenous injection of BM MSCs with cryopreserved allograft trachea transplantation in rat
animal models [32]. Histologic observations 4
and 8 weeks post-surgery showed the greatest
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Figure 2. First column demonstrates formalin-embedded macroscopic views (transversal sections, group specific).
The second (1003) and third (2003) columns display a microscopic view of hematoxylin and eosin histologic transversal sections (group specific). For group I (decellularized matrix only), both stenosis and the inflammatory process
are visible. For group II (decellularized matrix with external, autologous mesenchymal stem cell–derived chondrocytes), less stenosis but a high grade of bacterial/fungal contamination is shown. For group III (decellularized matrix with internal, autologous epithelial cells), less inflammatory signs and no bacterial/fungal contamination are
shown (high stenosis caused by weakness). For group IV (decellularized matrix with both cell types), no stenosis or
contamination is shown. (Reprinted from Go T., Jungebluth P., Baiguero S., et al (2010). Both epithelial cells and
mesenchymal stem cell-derived chondrocytes contribute to the survival of tissue-engineered airway transplants in
pigs. J Thorac Cardiovasc Surg 139: p441 with permission).

fluorescence at the anastomosis region, suggesting that the labeled BM MSCs migrated
from the tail vein to the transplanted trachea
and localized at the implant site. Additionally,
BM MSC compared to saline conditions had
greater pseudostriated ciliated columnar epithelium growth covering the tracheal lumen
and higher VEGF expression levels, a marker
for angiogenesis. These results suggest that
MSCs can help reduce allograft rejection and
enhance tracheal transplant survival by promoting epithelium regeneration and revascularization.
Adipose and dermal matrix replacement
Free tissue transfers and regional flaps are
commonly employed for reconstruction of oral
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cavity and oropharynx defects, often requiring
skin grafts to cover the large soft tissue defects
at the donor site. A number of factors including
age, radiation effects, donor site, cardiac disease, diabetes can affect the success of these
procedures and may cause delayed wound
healing, flap perfusion, hypercoagulation and/
or infection. MSC therapies may be a viable
clinical approach for enhancing flap or graft
survival and recovery of damaged tissues.
Local delivery of MSCs into cutaneous wounds
followed by staged reconstruction could help
enhance tissue reperfusion through their secretion of trophic factors that can inhibit T-cell
function and promote neovascularization [33].
Alternatively, MSCs can be embedded in biomaterial constructs and used as an adjunct
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therapy or reconstruction. Off the shelf soft tissue constructs, though not clinically available
at this time, offer the desired shape and volume of a given defect while reducing the need
for additional tissue transfer.
Much of the interest in MSCs for Otolaryngology—
Head & Neck surgery focuses on wound healing and the paracrine effects of these cells,
including stimulation of extracellular matrix
(ECM) deposition, angiogenesis, and native cell
recruitment. To date, MSC are most frequently
used for soft tissue augmentation or filler as
part of a fat graft due to the relative ease of the
procedure and possible anti-inflammatory
effects of adipose tissue transfer [34]. However,
there is a paucity of clinical studies indicating
problems associated with long-term safety and
efficacy of autologous fat grafts. Nevertheless,
clinical research has been focused on enhancing their results through the addition of adipose-derived stem cells to improve graft survival. Matsumoto and colleagues developed a
novel method of concurrent transfer of lipoaspirated fat with adipose derived progenitor cells
termed cell-assisted lipotransfer (CAL) [35]. In
this technique, a portion of the lipoaspirated fat
is processed to isolate the heterogeneous mixture of cells (i.e. vascular endothelial cells, pericytes, blood cells and MSCs) from the stromal
vascular fraction (SVF); the remaining lipoaspirate is processed for fat grafting, serving as a
biological scaffold for the cells. The foundation
of this technology is that the enrichment of SVF
containing AT MSC to lipoaspirate will improve
graft survival and reduce postoperative atrophy
or resorption through enhanced angiogenesis
and cell self-renewal.
Cell-assisted lipotransfer has been used for
augmentation or facial contouring [36]. In a
small study, groups of patients with facial
lipoatrophy from lupus erythematosus profundus or Parry-Romberg syndrome (idiopathic
hemifacial lipoatrophy) were treated with fat
injections, with or without additional SVF containing AT MSC or CAL (n=3 per group). The
average volume of lipoinjection was 100 ml
with cell processing taking 90 minutes. The
CAL-treatment group had a better clinical
improvement scores, however this was not statistically significant given the small study size.
One patient in the non-CAL group was treated
for fat necrosis. Here, the authors established
safety of the technique in soft tissue augmen232

tation, though larger, structured clinical trials
are necessary to make further conclusions.
Purified lipoaspirate has also been used to
treat wounds in 20 patients resulting from radiation therapy to the supraclavicular region [37].
In this study, lipoaspirate was centrifuged, the
oil/liquid layer discarded, and remaining cellaugmented adipose tissue was injected into
the wounded tissue; patients received from
one to six injections, based on the severity of
their wound. Outcomes measured included
clinical healing, symptom improvement, and
recurrence. In only one case was there no sign
of improvements.
While the majority of wounds treated clinically
with cell based therapies have been chronic in
nature, there are reports’ of severe radiation
burn injuries successfully treated with a combination of serial debridements, split thickness
skin graft and MSCs injection [38]. Cells were
cultured from autologous BM aspirate, and
injected directly into the wound following a twostep expansion process. Cells administered
were positive for surface markers characteristic of MSCs, and pluripotency confirmed with
differentiation assays. Complete healing was
observed within six months with no functional
impairments noted. Although encouraging, the
single case report nature of this study and combined use of other modalities to treat this case
should be considered.
Taken together, this literature shows that the
addition of MSCs to soft tissue or wounds is
associated with dermal rebuilding (in addition
to remodeling), an increase in vascularity, and
reduced fibrosis or scarring. While these
reports demonstrate the heterogeneity of the
type of wounds treated with MSCs, they also
illustrate the variations in culture and application techniques that limit the current body of
evidence in support of MSC therapy.
Vocal fold replacement
The application of cell-scaffold tissue engineering methods may revolutionize the management of a variety of vocal fold disorders that
preclude normal structure and function. Not
only can the physical and chemical components of the biomaterial be augmented to have
favorable viscous and elastic properties, but
the addition of MSC can provide growth factors
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and additional ECM proteins that are needed to
enhance the long-term tissue regeneration and
improve the pliability of the vocal fold lamina
propria.
Although BM MSCs administered alone have
been shown to provide antifibrotic benefits for
treatment of vocal fold scarring, their long-term
engraftment and differentiation capacity in vivo
is unclear. AT MSCs can directly modulate scar
vocal fold fibroblasts phenotype by increasing
their expression of hyaluronic acid (HA) and
hepatocyte growth factor (HGF) and decreasing
their α- smooth muscle actin (SMA) expression,
collagen secretion and proliferation [39, 40].
Consistent with in vitro studies, BM MSCs have
been shown to decrease the collagen type I
expression in injured rabbit vocal folds, lowering their viscoelastic properties one month
after treatment [41]. By three months the viscoelastic properties and thickness of the lamina
propria were similar to unscarred rabbit vocal
folds [42]. However, results showed that MSCs
failed to engraft into the tissue as no MSCs
were found after three months. These studies
demonstrate that MSCs alone can provide
functional short-term benefits to the injured
vocal fold, which were most likely due to the
variety of bioactive molecules MSCs secrete.
However, this method does not provide longterm engraftment or differentiation needed for
therapeutic benefit throughout the wound healing process, which typically takes 5 to 6 months
in humans.
Extensive research has been conducted in the
last decade to establish an appropriate composite which resembles the biomechanical
properties of the vocal fold and can regenerate
a damaged tissue. Several cell-scaffold composites have been suggested using various
sources of MSCs encapsulated into hydrogels
composed of collagen, fibrin, hyaluronic acid
(HA), or a combination [43, 44]. Tissue engineered HA hydrogels, such as Carbylan-GSX
have been previously shown in animal models
to produce optimal biomechanical properties
for the superficial layer of the lamina propria
and are biocompatible and non-toxic [45].
Unlike other HA based biomaterials, the semisynthetic HA derivative in Carbylan-GSX is
cross-linked to gelatin using a poly (ethylene
glycol) diacrylate (PEGDA), which can increase
the bioactivity of the HA material alone and cre-
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ate a surface that promotes cellular attachment, migration, and proliferation [46]. Previous
animal studies have shown that HA based
hydrogels in combination with BM MSCs can
enhance tissue regeneration compared to the
biomaterial alone [8]. These studies found that
BM MSCs embedded in Carbylan-GSX
expressed high levels of CD44 a hyaluronan
receptor and increased ECM gene expression,
such as HA, hyaluronidase, fibronectin, collagen, and TGF-β without increasing myofibroblast differentiation. Results suggest that the
addition of BM MSCs to the hydrogel construct
may facilitate ECM production and remodeling
which could improve the regeneration of injured
vocal folds. Further studies have also supported these findings, demonstrating that higher
concentrations of HA in hydrogel scaffolds can
control the differentiation of MSCs resulting in
high expression of CD44 and CD105 [44].
Hanson et al, also investigated MSCs pleiotropic functions while embedded in Carbylan-GSX
to compare the effects of MSCs derived from
multiple tissue sources on macrophages immunophenotype [47]. They reported that macrophages in the presence of MSCs derived from
BM, AT or VF tissue embedded in Carbylan-GSX
displayed a more anti-inflammatory phenotype
including decreased expression of CD16 and
human leukocyte antigen (HLA) – DR and
increase expression of CD 206 [47]. Therefore,
MSCs from multiple tissue sources maintain
their immunosuppressive responses while
embedded in the HA hydrogel construct that
could potentially expand the long-term regeneration of tissue by reducing the inflammatory
response associated with the biomaterial and
directly promoting tissue repair. These studies
demonstrate that the inclusion of MSCs into a
HA hydrogel construct may provide an optimal
treatment approach for vocal fold scarring by
accelerating the wound healing process
through the production of bioactive molecules
and restoring volume to the superficial lamina
propria.
In cases where surgical damage or fibrosis
affects the vocal fold cover i.e. epithelium,
basement membrane and superficial lamina
propria, there has been one novel approach
tested in vitro as a means of replacing the
entire vocal fold cover. Long et al, created a gelliquid interface bilayer by encapsulating AT
MSCs in a fibrin gel and submerged it in media

Am J Stem Cell 2012;1(3):225-238

Mesenchymal stem cells in otolaryngology

Figure 3. Schematic of developed bioreactor. A: Bioreactor including T-flask, substrate, voice-coil actuator, linear
stepper motors, rotary stepper motors, and scissor bars. B: Experimental setup, with static attachment in place of
stepper motors. Non-vibrated controls can also be seen. C: Bioreactor within incubator. Wave-form generator is next
to the incubator, sitting on top of the power amplifier. (Reprinted from Gaston J., Rios B.Q., Bartlett R., et al (2011).
The response of vocal fold fibroblasts and mesenchymal stromal cells to vibration. PLoS ONE 7(2): p2).

supplemented with epidermal growth factor
(EGF) [48]. To replicate the epithelial layer AT
MSCs were seeded directly on top of the gel.
Preliminary findings found that AT MSCs seeded on the surface of the gel differentiated into
simple epithelial phenotype expressing E-cadherin and keratin 8. However, AT MSCs inside
the gel did not appear to differentiate by
expressing vimentin, signifying a mesenchymal
phenotype [48]. Functional preliminary studies
by this group showed that the AT MSCs-fibrin
construct produced similar elastic properties
as the vocal fold cover from a cadaveric larynx
[49]. However, it should be noted that the stiffness of the construct would not adequately represent the superficial lamina propria and could
potential effect the biomechanical properties
of the tissue. This work is highly innovative, but
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findings are incomplete and the current
approach may not be ideal for clinical application as it lacks many of the unique attributes
specific to the vocal fold cover. Further work is
necessary in this area.
Taken together these studies collectively suggest that MSC based therapies hold great
promise for prophylactic treatment of vocal fold
scar or atrophy. Preclinical in vitro and in vivo
studies have shown no adverse risks with MSCs
transplantation into the vocal fold [8, 43, 45].
Interestingly, a newly developed bioreactor
capable of mimicking vocal fold vibration
showed that BM MSCs do not increase their
production of ECM genes after eight hours of
200Hz vibration [50] (Figure 3). Therefore,
MSCs transplantation into the vocal fold should
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be able to withstand short-periods of vibration
without modulating their expression of fibrous
proteins. However, further risk assessments
are needed to determine the differentiation
and proliferation capacity of MSCs under longterm vibratory conditions.

[2]

[3]

Conclusions
Studies presented in this review clearly support
further investigation of MSC based therapies in
combination with biomaterial scaffolds or
decellularized allografts to repair or replace
injured tissue of the head and neck. Significant
obstacles have been shown with locally injected MSCs alone for treatment of long-term
regeneration, such as vocal fold scarring as
cells can die or migrate away from the site prior
to tissue healing. MSC only approaches may be
more advantageous for suppressing the
immune response caused by inflammatory diseases, allograft rejection, or autoimmune
disorders.

[4]

Restoration of normal structure and function is
the primary goal after head and neck surgery.
Despite the numerous pre-clinical studies that
have been conducted with MSCs, many of the
published evidence in Otolaryngology—Head
and Neck Surgery is based on animal research.
As a result, the true impact of MSCs for clinical
treatment of head and neck disorders will not
be known until human clinical studies provide
evidence of functional outcomes.
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