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GUEST EDITORIAL

Regenerative Potential of Dental Pulp Stem
Cell ‘Secretome’

Dental stem cells, a type of mesenchymal stem
cells (MSCs), have been extensively studied over
the last decade and reported to hold a promising
therapeutic potential in regenerative medicine
and tissue engineering approaches. These cells
can be easily isolated from various tooth-related
soft tissues such as dental pulp of permanent
& deciduous teeth, apical papilla, periodontal
ligament and gingival tissue compared to many
other types of MSCs which require costly and
invasive techniques.

Dental pulp being highly saturated with stem
cells and readily available from third molars
or premolars extracted for iatrogenic purposes
bring a significant advantage. Human dental pulp
stem cells (DPSCs) possess the MSC properties
including the capacity of selective attachment
to solid surfaces, in vitro colony formation and
expression of mesenchymal markers and negative
expression for hematopoietic antigens (1). Human
DPSCs can be differentiated in to multiple cell
lineages including odontoblast, chondrocyte,
adipocyte, osteoblast, neuronal, hepatocyte
among many others. In addition to differentiation
potential, DPSCs also have demonstrated
neuroprotective and immunomodulatory abilities

(1).

Taken together, human DPSCs are highly
valued MSCs with fewer limitations in moral,
ethical or safety related concerns compared
to embryonic stem cells. Accordingly, human
DPSCs have exhibited success in dental pulp,



bone and periodontal tissue regeneration in
vivo. However, there are multiple limitations in
applying stem cell therapies clinically. Mostly,
these limitations are due to the absence of clinical
grade standard protocols for culture conditions
and cell expansion. Furthermore, optimal dosage
of MSC infusion for a given application is still
under debate.

In order for successful regeneration of the target
organs, stem cells should be able to migrate to
the tissue of interest, differentiate in to required
cell type and secrete broad-array of bioactive
factors via secretome (1). It has been evident that
transplanted MSCs do not commonly become part
of'the repaired tissue. Emerging evidence indicate
that most of the therapeutic effects of MSCs are
mediated exclusively by releasing of bioactive
molecules known as ‘secretome’.

Secretome can be divided into conditioned
medium and (CM) and extracellular vesicles
(EVs). The EVs are further categorized into
exosomes (EXs), microvesicles (MVs), and
apoptotic bodies by origin, size and composition
(2). Bioactive factors included in a secretome
could consist of various chemokines, cytokines,
growth factors, proteins, free nucleic acids
(miRNAs, mRNAs, IncRNAs), and lipids
(sphingolipid, cholesterol, ceramide). Although
secretome could be specific for a given cell type,
it could change with altered physiological and
pathological conditions. CM is usually produced
by culturing stem cells in serum-free medium until
60-80% confluency and collecting supernatant
and frozen to preserve biological properties. It
was recently demonstrated that CM obtained
from human DPSCs could induce cell survival
by releasing anti-apoptotic factors. Furthermore,
CM from dental MSCs contain angiogenic growth
factors including vascular endothelial growth
factor (VEGF)-A, fibroblast growth factor (FGF)-
2 and platelet derived growth factor (PDGF) (3).
These growth factors can promote angiogenesis
and play a fundamental role in formation of new
bone and repair/ regeneration of dental tissue.

For instance, VEGF secreted by DPSCs is one
of the critical factors necessary for repairing and
remodeling the vascular network (3).

Additionally, dental MSC-CM not only
contains multiple bioactive factors that initiate
differentiation of neuronal cells and enhance
neural growth but also is involved in reduction
of neurotoxicity. Hence there have been various
attempts to utilize dental MSC-CM in therapies
for diseases involving central nervous system (4).
For example, in an in vivo model of Alzheimer’s
disease, CM derived from dental MSCs has
shown neuroprotective effects, promoted anti-
apoptotic properties, and modulated neuro
inflammatory effects. Parkinson’s disease (PD)
is also a common neurodegenerative disease that
causes motor or non-motor disorders. As human
DPSCs and stem cells from human exfoliated
deciduous teeth (SHED) release neurotrophic
factors that stimulate neuroregenerative effects,
secretome obtained from these cells are currently
under investigation as a therapy for PD (4).
Similarly, secretome of hDPSCs and SHED is
recognized as a potential therapy in spinal cord
injury due to their ability to promote neurogenesis
by inducing recruitment of neuronal cells and
maturation. In addition, the secretome from
human DPSCs, generates neuroprotective
microenvironment that nurture the neurons by
enhancing neurogenesis, axonal growth, and re-
myelination. Also, by promoting cell metabolism,
it prevents degeneration and apoptosis. Moreover,
Schwann cells that play a key role in maintaining
neuronal health have shown inhibited apoptosis
and increased proliferation in the presence of
dental MSC-CM (4).

In addition to therapy for neurodegenerative
diseases, dental MSC-CM is commonly used
in tissue engineering applications, mostly in
bone regeneration. However, majority of these
approaches are still at the experimental status.
Dental MSC-CM enhances the migration
and proliferation of bone forming stem cells
by upregulation of osteogenic genes. It is



also reported that dental MSC-EXs improve
osteogenesis/angiogenesis while EVs derived
from dental MSCs promote healing of bone
defects by enhancing osteoblast differentiation,
and improving osteochondral regeneration (1).
New bone formation is highly dependent on blood
supply. Therefore, the potential of dental MSC
derived secretome to stimulate angiogenesis via
paracrine angiogenic factors is a key regulator of
bone formation.

Regenerative therapies are recently directed to
articular tissue repair, especially articular cartilage
of temporomandibular joint. In an animal model,
it has been demonstrated that SHED-CM could
promote the regeneration and repair of articular
cartilages when affected by osteoarthritis by
proliferation of the multipotent polymorphic
cell layer and production of cartilage matrix (5).
It was also found that SHED-CM can inhibit
the articular degradation cascade and reduce
further inflammatory damage. During therapy
for osteoarthritis using secretome, chondrocytes
have downregulated the inflammatory pathways
and produced inflammatory cytokines exhibiting
enhanced anti-inflammatory ability. Moreover,
in another study, when human DPSC-CM was
injected to joint cavity of rheumatoid arthritis
induced mice, joint symptoms were relieved with
reduction of synovial inflammation, cartilage
damage and bone erosion (5).

Combination of dental MSC-CM secretome with
scaffolds is one of the most popular approaches
in tissue engineering (6). These CM impregnated
3D scaffold-based cultures have been used to
stimulate the integration of stem cells into host
tissues. Scaffolds incorporated with secretome
can even be used as a cell-free mean of tissue
engineering. Number of in vivo experiments has
demonstrated that scaffolds loaded with dental
MSC secretome can be successfully used in
regeneration of dental pulp, bone, cartilage, or
spinal cord injury. However, selection of scaffolds
for regenerative purposes must be carefully
decided to match with the biological and physical
parameters of the host tissue (6).

Taken together, it is clear that the therapeutic
action of mesenchymal stem cells is largely
mediated by the paracrine action through
secreting soluble factors and EVs. This secretome
nurtures the surrounding environment and
provide a supportive microenvironment to
heal the damaged tissue and initiate intrinsic
regenerative process. Research conducted on
dental MSC secretome has identified its unique
ability to release biomolecules that mediate
cell-to-cell signaling for a longer duration in the
regenerative process following disease or injury.
This significant clinical potential could be utilized
as an alternative to cell-based therapy. Although,
further mechanisms and actions of dental MSC
secretome are yet to be fully explored, therapy
based on the secretome is one of the viable next
options in regenerative medicine.
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pH of some commercially available mouthwashes in Sri Lanka

BDSN Neris, MAMU Nethmini, HBY Perera, KNK Ranasinghe, MP Paranagama,
KSND Gunawardhana

Abstract

Objective: Out of the numerous properties of
mouthwashes, acidity of them can be potentially
erosive and harmful to oral tissues. Despite the
increased awareness and usage of mouthwashes,
studies on the pH of mouthwashes in Sri Lanka
are scarce. Hence, this study was conducted to
analyse the pH of several commercially available
mouthwashes in Sri Lanka regardless of their
efficacy as antimicrobial agents.

Materials and methods: Ten brands of commonly
used commercially available mouthwashes in Sri
Lanka were selected and the pH was analysed.
The experiments were performed in triplicates
using three different batches of each brand of
mouthwash.

Results: The pH of mouthwashes ranged from
2.69 to 6.09 and 80% of mouthwashes had a
pH less than 5.5, the critical pH for enamel
dissolution. None of the mouthwashes had pH
>7.00.

Conclusion: The present study revealed that
the majority of tested mouthwashes have low
pH values. It indicates that they are potentially
erosive if not used properly. These findings
may be useful in the selection of mouthwashes

and further studies are required to explore the
other properties essential for proper mouthwash
selection.

Keywords: pH, mouthwashes, Sri Lanka

Introduction

Oral health is an important and integral part of
general health, and good oral hygiene is essential
for oral health. To maintain good oral hygiene,
mechanical plaque removal by regular brushing
and interdental cleaning is necessary. When only
these methods alone are not sufficient to maintain
oral hygiene at an optimum level, mouthwashes
are used as adjuncts.

The use of mouthwashes was reported from
as far back in history as 2700 BC, even before
the invention of toothbrushes!. They are liquid
products that are used to rinse the mouth to
maintain oral health by preventing, relieving
and curing oral conditions such as dental caries,
dental erosion, halitosis, gingivitis, periodontitis
and mucositis®. They can be broadly categorised
into two main types as therapeutic and cosmetic
mouthwashes?®. Therapeutic mouthwashes are
those with active ingredients such as fluoride,
chlorhexidine, and cetylpyridinium chloride,
which help to control conditions like plaque,
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periodontal diseases, dental caries or halitosis
while cosmetic mouthwashes have mainly a
mouth freshening effect’. They have an added
advantage over other methods used in the
maintenance of daily oral hygiene measures since
they can reach many areas of the oral cavity which
cannot be reached during brushing and flossing.

Ahuge diversity of mouthwashes is commercially
available in Sri Lanka as prescription or over-
the-counter (OTC) products in pharmacies,
supermarkets and even grocery shops. From
these mouthwashes, patients and oral health
professionals have to select the most appropriate
one for a particular need. When selecting a
mouthwash, it is important to consider the
prevailing oral condition, the risk for occurrence
of other oral diseases in the patient and especially
its safety and efficacy®.

When considering the safety and efficacy of
mouthwash, one of the essential parameters to be
considered is its pH. It is because the deviation of
the oral pH from its optimum pH required for the
maintenance of healthy oral tissues is detrimental
to oral health. Generally, soft and hard tissues of
the oral cavity are coated with saliva maintaining
a neutral healthy environment. It has been found
that salivary pH of 7 creates a healthy dental
and periodontal environment with little or no
incidence of dental decay and calculi formation®.

It has been reported that a pH value equal to or
less than 5.5 is considered critical for enamel
dissolution’ while several studies have reported
that the critical pH for dissolution of dentin is to
be in the range of 6-6.9%1°. Therefore, when the
oral pH drops below 7 and continues for a longer
period, it can predispose to conditions such as
dental caries, dental erosion and halitosis''. In
contrast, when the oral pH value increases above
7.6 it creates an alkaline environment in the oral
cavity which facilitates the formation of dental
plaque crystals®.

Mouthwashes have their inherent pH and thus
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have the potential to affect the neutral environment
ofthe oral cavity. It has been reported that the pH
of mouthwashes is determined by their active
ingredients such as essential oils, antibacterial
peroxidases, sodium bicarbonate and flavours'.

Even though several studies have been carried
out to analyze the pH of commercially available
mouthwashes in other countries'?!', research
done on this topic in Sri Lanka is scarce.
Moreover, many manufacturers do not indicate
the pH of their products which causes a gap in
the knowledge about their pH values. Hence, it’s
essential to have sufficient knowledge of the pH
level of mouthwashes in the Sri Lankan market,
as this will help dental healthcare professionals
to select and prescribe the most appropriate
mouthwashes to patients as well as customers
to select mouthwashes based on their chemical
properties to get maximum benefits.

Therefore, this study aims to assess the pH of
ten commercially available, commonly used
mouthwashes in Sri Lanka and fill this knowledge
gap which existed for a long time.

Materials and Methods

Ten commercial brands of mouthwashes
comprising various active ingredients were
selected for this study and analysed in the
Biochemistry Laboratory of the Department
of Basic Sciences, Faculty of Dental Science,
University of Peradeniya. Three different batches
of each mouthwash were purchased from different
supermarkets and pharmacies in Sri Lanka as
over-the-counter products. All the information
about the composition, manufacturing date,
expiry date and other relevant information were
obtained from the packaging.

Determination of pH

A digital pH meter (Horiba, Japan) was used to
measure the pH of mouthwashes. The instrument
was calibrated using pH 4.01, pH 7.01, and
pH 10.01 buffer solutions before analyzing the
mouthwashes. The pH of each mouthwash was
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analysed immediately upon opening the bottle
and data were collected by a single examiner. To
measure the pH of mouthwashes, the electrode
of the pH meter was dipped in 10ml of each
mouthwash sample until the reader gives a stable
value. All the readings were triplicated. Since
there were three bottles from each brand, nine
readings were recorded for each brand and the
mean of the nine readings was considered as the
pH of the mouthwash.

Data analysis

The pH values of mouthwashes were entered into
Microsoft Excel and data were expressed as Mean
+ Standard Deviation (SD).

Ethical consideration

Ethical clearance for this study was obtained from
the Ethics Review Committee of the Faculty of
Dental Sciences, University of Peradeniya.

Results

The selected mouthwashes were coded from Ato J
(Figure 1). Out of the ten brands of mouthwashes,
five mouthwashes (A, B, C, H and J) have been
manufactured locally while D, E, F, G, and |
mouthwashes have been imported. The active
ingredients of selected brands of mouthwashes as
listed on the labels are shown in Table 1.

Table 2 shows the distribution of mean pH values

Figure 1. Selected ten brands of mouthwashes for the study with their codes

Table 1. Composition of the mouthwashes used in the study as mentioned on the label

Code Locally manufactured
or Imported

Active Ingredients

A Locally manufactured Sodium benzoate, Sodium fluoride, Thymol, Syzygium
aromaticum (clove) extract

B Locally manufactured Natural plant extracts

C Locally manufactured Castor oil, Bisabolol, Spearmint, Clove oil, Cinnamon oil

D Imported Benzoic acid, Eucalyptol, Methyl salicylate, Thymol, Sodium
benzoate, Menthol

E Imported Sodium fluoride (200ppm), Sodium phosphate, Phosphoric acid

F Imported 0.2% W/V chlorhexidine digluconate, Castor oil, Peppermint oil

G Imported Chlorhexidine gluconate 0.2% W/V

H Locally manufactured Thymol, Benzoic acid, Menthol, Eucalyptol , Methyl salicylate

I Imported Chlorhexidine gluconate 0.2% W/V

J Locally manufactured PEG-40 hydrogenate castor oil, Sodium fluoride,

Menthasachalinensis (Mint) extract
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Table 2. Distribution of mean pH values of
mouthwashes with their standard

deviation (SD)
Mouthwash Mean pH + SD
A 5.83+0.23
B 2.69+£0.12
C 4.82+0.27
D 4.20+0.05
E 4.09 £0.04
F 6.09 +0.02
G 4.40+0.10
H 3.68 £0.08
I 5.12+0.08
J 4,79 +£0.02

and standard deviation of mouthwashes analysed
in this study. The pH values ranged from 2.69 to
6.09 and a total of eight brands of mouthwashes
had pH values less than the critical value, 5.5.

According to the study findings, mouthwash B,
which consisted of natural plant extract showed
the lowest pH value (2.69) and mouthwash F,
which contained 0.2% chlorhexidine digluconate
showed the highest pH value (6.09). None of the
mouthwashes had a pH value around or above the
neutral pH of 7.00.

Discussion

Even though mouthwashes have been used for
many years, recently, there is a marked increment
of research activities to evaluate the properties
and active ingredients of them all over the
world. These mouthwashes consist of various
formulations where the acidity of the formulations
can vary according to the constituents and play a
major role in the outcome that is gained with the
usage of mouthwashes. Hence, the present study
evaluated the pH of ten brands of commonly
used commercially available mouthwashes in
Sri Lanka.

All 10 brands of mouthwashes tested in this
study showed pH values below 7, ranging from

106

2.69 (B) to 6.09 (F). According to the results, it
could be assumed that there is a higher chance for
the commercially available mouthwashes in Sri
Lanka to have an acidic pH. As salivary pH ranges
from 6.2 to 7.6 with 6.7 being the average in a
healthy individual ¢, mouthwashes in this range
are conducive to the oral environment. However,
non of the mouthwashes tested in the present
study has a pH value within that favourable range.

A similar study conducted using eleven brands
of mouthwashes in the Indian market has found
that the pH values of their mouthwashes were
in the range of 4.01 to 6.58 while 54.5% of
the mouthwashes had pH values lesser than the
critical value of 5.5,

Another in vitro study that evaluated the pH of
mouthwashes in Sulaimani/ Iraq Markets has
found that the pH range of their mouthwashes was
4.4 to 7.85. Among these mouthwashes, 26.7%
had a pH value lesser than 5.5 while 26.7% had
a pH value greater than 7.00",

A study conducted on the mouthwashes in the
Brazilian market has recorded the lowest and the
highest pH values as 3.56 and 7.43 respectively'.
Seventy percent of those mouthwashes were
reported to have a pH value above 5.5 while in
the present study it was only about 20%.

In contrast to the aforementioned international
studies, the present study had a higher percentage
of mouthwashes (80%) with a pH value lesser
than 5.5. Intriguingly, unlike in many other
studies, mouthwashes with a pH value above
7 were not found in the present study. When
compared with the results of other studies, the
present study had the mouthwash with the lowest
pH value of 2.69.

It has been shown that low pH values in
mouthwashes containing essential oils with
some concern for dental erosion despite their
beneficial properties like antibacterial and anti-
inflammatory effects®!¢. Clove oil, peppermint
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oil, thymol, eucalyptol, methyl salicylate and
bisabolol are such essential oils or compounds of
essential oils commonly found in mouthwashes>!”.
Accordingly, it can be assumed that low pH values
of the mouthwashes A, C, D, F, H and J are
due to their essential oil component. Similarly,
mouthwash B which shows the lowest pH also
possesses natural plant extracts rich in essential
oils while the low pH of mouthwash E could
be due to its phosphoric acid content. It has
been reported in the literature that the optimal
antimicrobial effect of chlorhexidine gluconate
was achieved within the pH ranges of 5.5 to 7'%.
Even though the mouthwash F, G, and I tested in
the present study contained chlorhexidine, only
the mouthwash F was within that pH range.

Use of mouthwashes with a pH below the critical
pH for enamel dissolution for longer durations
may cause harm to dental tissues and thereby
increasing the risk of developing dental caries'?. In
addition, they may cause corrosion of orthodontic
wires'*. Moreover, acidic mouthwashes were
found to affect dental materials such as resin
composites and GIC, by altering their chemical
properties and causing chemical degradation'.
As evidence suggests, mouthwashes like B
with an extremely low pH (2.69) may have a
higher potential of developing dental erosion,
dental caries and corrosion of dental materials
with prolonged use. Hence, it is better to avoid
prolonged usage of mouthwashes with such a low
pH, as much as possible.

However, it has been reported that the taste
of commercially available mouthwashes may
increase salivary flow preventing the chance of
enamel dissolution due to their low pH2. Such
findings suggest that the pH of mouthwashes
alone is not a good indicator to measure their
erosive potential as biological fluids like saliva
neutralise sudden pH changes®.

Further, in an acidic medium, the incorporation
of fluoride into calcium hydroxyapatite crystals
becomes more efficient and the resulting
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calcium fluorapatite is more acid-resistant. It
minimises demineralization and promotes the
remineralization of dental hard tissues. Therefore,
slightly acidic, fluoride-containing mouthwashes
are reported to be more beneficial over alkaline
fluoridated mouthwashes?'. Hence, out of the
fluoride-containing mouthwashes (A, E & J)
tested in the present study, mouthwash A could
be considered beneficial over the rest of the
mouthwashes due to its pH being above critical
pH and the presence of fluoride.

In contrast, mouthwashes containing sodium
bicarbonate have been reported to be beneficial
because of their alkaline pH and their ability
to increase reduced salivary pH through
their buffering action®. However, none of
the mouthwashes used in the current study
contained bicarbonates as an active ingredient
indicating another possible factor for their low
pH.

By considering most of the facts discussed and
evidenced in the literature, it is not justifiable
to declare that all the mouthwashes used in the
current study are harmful to dental tissues relying
only on their pH values. To select or recommend
a suitable mouthwash, a complete analysis of
their other chemical and physical properties,
antimicrobial activities, fluoride content and
toxicity studies is crucial. Hence, further studies
are recommended on the above-mentioned aspects
to provide a complete picture of commercially
available mouthwashes in Sri Lanka.

Conclusion

All the mouthwashes tested in this study have
pH values below 7. Among them, only two
mouthwashes exhibited pH values above the
critical pH (5.5) for tooth demineralization. Thus
these two mouthwashes may not be potentially
erosive. The rest of the mouthwashes are more
suitable to be used as short to medium-term
adjuncts and never to be used as pre-brushing
rinses due to their low pH. Further in vitro
and in vivo studies are crucial to have a better
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understanding of the beneficial and harmful
effects of commercially available mouthwashes.
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Tissue Repair and Immunomodulatory roles of Mesenchymal Stromal
Cells: An Overview

NS Soysa, D Thalakiriyawa, WL Dissanayaka, CNRA Alles

Abstract

Mesenchymal stromal cells (MSCs) are
multipotent, non-hematopoietic cells with
self-renewing capabilities and clonogenicity.
They are a heterogeneous cell population
characterized by plastic adherence, plasticity,
and cell surface markers which distinguish them
from hematopoietic stem cells(HSCs). Many
biological properties, including mobilization
and homing into the effete tissue, differentiation
into tissue-specific cells, secretion of trophic
factors, and tissue repair, make these cells an
attractive therapeutic strategy in ameliorating
a broad range of disease conditions including
bone diseases such as osteogenesis imperfecta,
stroke, myocardial infarction, diabetes to name
a few. Being immune privileged, MSCs exert
their effect on both innate and adaptive immunity.
Above all, the immunomodulatory effect of these
cells may overcome the problems of rejection
associated with conditions like Graft-Versus-Host
Disease (GVHD). Therefore, the rational use of
mesenchymal stromal cell-based therapy might
be the centerpiece in regenerative medicine in
the foreseeable future.

Key words: Mesenchymal stromal cells, tissue
repair, immunomodulation, paracrine activity.

1. Introduction

Mesenchymal stem/stromal cells (MSCs),initially
identified in the bone marrow (BM), are non-
hematopoietic, multipotent cells that are capable
of self-renewing and differentiating into various
cell lineages. Evidence for the existence of cells
with self-renewal ability and mesodermal lineage
differentiation was first revealed by Friedenstein
etal.,in 1970, The term mesenchymal stem cells
was coined by Caplan® for these cells because
of their potential to differentiate into cells of
the mesenchymal lineages. MSCs are harvested
from a multitude of adult tissues such as bone
marrow, peripheral blood, adipose tissue, dental
pulp, and periodontal tissues, as well as fetal
tissues such as the umbilical cord and placenta®.
Diverse procedures and different approaches
used to isolate MSCs from varying sources cause
ambiguity as to how to specifically identify
these cells as MSCs. Therefore, three criteria
were proposed by the International Society for
Cell Therapy (ISCT) to identify human cells as
MSCs*. The criteria include the ability of the
cells to adhere to plastic in culture, in vitro tri-
lineage differentiation into osteoblasts (bone),
adipocytes (fat), and chondroblasts (cartilage),
and the expression of certain surface markers
by flow cytometry. The cells should ideally
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express cell markers such as CD73, CD90, and
CDI105 in greater than 95% of the culture and
should not express hematopoietic cell markers
such as macrophage antigen CD11b, monocyte,
and macrophage antigen CD14, B-lymphocyte
antigens CD19 and CD79, leukocyte antigens
CD34 and CD45, and MHC class I antigen HLA-
DR in more than 2% of the culture.

The functional versatility of MSCs includes their
ability to mesodermal lineage differentiation into
osteoblasts, chondrocytes, and adipocytes®. In
addition, there is a plethora of reports to show
the ability of the MSCs to differentiate into
endodermal and ectodermal lineage cell types,
including vascular smooth muscle cells, nerves,
hepatocytes, lung parenchymal cells, epithelial
cells, etc. However, the in vitro differentiation of
MSCs largely depends on the culture conditions
and many factors including growth factors and
chemical as well as physical factors. Last two
decades have seen the employment of MSCs
in forming cartilage or bone to cure the related
conditions. Furthermore, the ability of the MSCs
to differentiate into vascular smooth muscle cells
and their secretion of ‘trophic’ factors has been
used to revascularize ischemic myocardium.
More interestingly, other functional and biological
features such as immunomodulation and tissue
repair have brought the MSCs to the forefront
of managing immunological disorders such as
graft-versus-host disease (GVHD). This review
is an attempt to address the biological properties
of MSCs including immunomodulation and tissue
repair effects.

2. Biological properties of MSCs

Biological and functional properties of MSCs
include their ability to proliferate, self-renew,
mediate intercellular communication, maintain
the hematopoietic niche, tissue repair, induce
mobilization and homing, differentiate and
trans-differentiate, secrete paracrine factors,
immunomodulate and so on.
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2.1 Clonogenicity and self-renewal capacity
The ability of a single cell to give rise to identifiable
offspring is known as clonogenicity. It can be one
type or several types of differentiated cells. MSCs
self-renew by asymmetric or symmetric cell
division giving rise to identical cells and daughter
cells, which invariably progenerate into various
types of mature cells with specific functions®. /n
vitro, MSCs can divide a finite number of times in
culture. It is estimated that the maximum number
of population doublings that MSCs can achieve
is around 30 to 40,”® depending on the donor.
And then, usually, the cells enter senescence or
‘Hayflick limit’.

2.2 Intercellular communications

Cell-to-cell communication or cellular crosstalk is
important for proper coordination among different
cells within their microenvironment. Similarly, in
response to various stimuli in the environment,
MSCs modulate the activity of neighboring cells.
One mechanism of MSCs employed in modulating
other cells is by secretion of soluble factors such
as cytokines, chemokines, and growth factors,
as well as by cell fusion’. Using a co-culture
system of human MSCs with heat-shocked human
small airway epithelial cells (SAECs), the latter
study showed that MSCs fused with epithelial
cells while some cells showed nuclear fusion
as well’. Besides the soluble factors and cell
fusion, another important mode of intercellular
communication is the exchange of microparticles
which are plasma membrane-derived vesicles/
exosomes that are <1 um in diameter and are
secreted by cells. By using MSCs derived from
human embryonic stem cells (hESCs) Chen et
al.,' showed that MSCs secrete microparticles
enriched in miRNA that were essentially a subset
of those in MSCs. Quesenberry and Aliotta'!
have shown that once microvesicles (MV) are
moved from lung to marrow cells, the MSCs
assume the characteristics of pulmonary epithelial
cells having their respective mRNA''. It seems
that the alteration of cells by transfer of MVs is
responsible for the conversion of bone marrow
stem cell phenotype by the cells of the liver, brain,
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and heart!!, suggesting that MV transfer among
cells causes a continuous genetic modulation
of MSCs (continuum model) and change their
plasticity. Thus, the preceding observations
show that MSCs exert multiple effects on their
neighboring cells by affecting their proliferation,
survival, matrix modeling, and so forth.

2.3 Maintenance of hematopoietic niche

The stem cell niche is referred to as the micro-
environment where stem cells reside and receive
stimuli that determine their fate. It is regarded
as the place where extrinsic signals interact and
integrate to influence stem cell behavior rather
than a physical location'?. The stem cell niche
consists of stromal cells, extracellular matrix,
stimuli in the form of soluble signaling which
comes from the adjacent support cells, neural
inputs, and blood vessels that provide nutritional
support and carry systemic signals'>'* (Figure
1) which are necessary for the self-renewal
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and differentiation. MSCs provide a supportive
environment for hematopoiesis by cell-to-cell
contact via direct contact with the hematopoietic
stem cells (HSC) and by secreting growth factors
as well as cytokines that are vital for HSC growth
and differentiation. Moreover, MSCs synthesize
several components of the extracellular matrix
including collagens, fibronectins, and other
glycosaminoglycans'>!®. Furthermore, MSCs are
important to maintain and conserve the network
of sinusoids (Figure 1).

According to earlier studies, it is believed, that
HSCs are in contact with MSCs and bone-lining
osteoblasts suggesting that MSCs provide the
support necessary for homeostasis of HSCs.
Furthermore, the growth factors secreted by
MSCs such as granulocyte colony-stimulating
factor (G-CSF), macrophage colony-stimulating
factor (M-CSF), granulocyte macrophage-colony
stimulating factor (GM-CSF), and lymphocyte
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Hematopoietic support provides by MSCs. Hematopoietic Stem Cells (HSCs) reside in two niches of

the bone marrow. HSCs in the endosteal niche are quiescent where Nestin® MSCs along with osteoblasts
maintain the quiescent state of HSCs through factors such as CXC chemokine ligand-12 (CXCL-12),
vascular cell adhesion molecule 1 (VCAM-1), Angiopoietin-1(Ang-1) and stem cell factor (SCF). In
addition, MSCs differentiate into tri-linage cells giving rise to osteoblasts, adipocytes, and chondrocytes.
Nestin® MSCs along with CAR cells and sinusoidal endothelial cells maintain HSC in perivascular

niche.
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inhibitory factor (LIF) are necessary to support
hematopoiesis, indicating that MSCs can be used
in ex vivo amplification of several hematopoietic
cells for therapy'’. Interestingly, studies have
revealed that only a small subpopulation of
HSCs resides in the endosteal niche (Figure 1)
whereas HSCs are abundantly associated with
the sinusoidal endothelium or perivascular niche.
Moreover, recent findings indicate that Nestin-
expressing mesenchymal cells which are located
both near the endosteum and towards the center
act as HSC niches'®".

Another mechanism of support provided by
MSCs on HSCs is the secretion of soluble factors
such as the stromal cell-derived factor-1(SDF-1 or
CXCL12) and stem cell factor (SCF). The Nestin*
MSCs have shown to express several HSC
maintenance markers like VCAM1, CXCL12 and
SCF prominently (Figure 1). The alliance between
Nestin® MSCs and HSCs is discernible when
depletion of MSCs causes enhanced mobilization
of HSCs whereas treatment with G-CSF decreases
the Nestin®™ MSC expression of aforementioned
HSC maintenance factors®.

2.4 Tissue repair

Because of the unique properties pertaining to
MSCs such as their ability to move from their
niche in the BM into the circulation and then
incorporate into the injured site (engraftment),
MSCs are extensively employed as therapeutic
agents in regenerative medicine. Though earlier
studies were based mainly on conditions which
are related to bone, at present, the center of interest
has moved to a multitude of other conditions
including GVHD, myocardial infarction, sepsis,
diabetes, stroke, etc. The dual functions, namely,
cell replacement and cell ‘empowerment’ served
by MSCs are important for the therapeutic effect
exerted by these cells?'. Further, a new therapeutic
modality has recently emerged using MSC-
derived exosomes and modified MSCs. Currently,
there is promising research evidence to show that
MSC-derived exosomes can render significant
therapeutic effects on disease models such as
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myocardial infarction?, hepatic fibrosis**** and
cancer®. The ability of MSCs to differentiate into
organ-specific cells enables the repair of the effete
tissue and restores the functions of the organ to an
acceptable level. The potential of MSCs to secrete
soluble paracrine factors, which are necessary for
the proliferation and survival of resident cells, and
for their immunomodulatory and repair factors,
stimulate a host repair response that is necessary
for cell empowerment.

2.5 Mobilization

The recruitment of MSCs to a site of injury
involves several sequential processes, beginning
with sensing of signals, movement from the site of
administration (storage niche) into the circulation
(mobilization), then homing from the circulation
to the injured tissue and in situ proliferation and
differentiation®® (Figure 2). Even though the
mechanisms behind the mobilization of MSCs
are yet to be delineated, one mechanism that is
implicated in the mobilization of MSCs from their
niches is thought to occur because of the release
of cytokines and chemokines to the circulation
from the remote injured tissues. SDF-1 and its
cognate receptor CXCR play a crucial role in the
mobilization of MSCs from their niche. Using a
rat myocardial infarction model, Zhang et al.,”
demonstrated that overexpression of MSCs with
CXCR4 and SDF-1 improved cardiac function,
promoted neo-myoangiogenesis, and prevented
left ventricular remodeling in the rodents.
Similar results were obtained when MSCs were
overexpressed with IGF-1, which increased SDF-
1 and stem cell migration, angiomyogenesis,
and improvement of cardiac functions of
infarcted rat hearts. A recent study revealed that
pretreatment with SDF-1 increased the migration
of Wharton’s jelly-derived mesenchymal stem
cells and embryonic stem cells, and augmented
the skeletal muscle regeneration”. Osteopontin,
a cytokine which is produced in increased
amounts in response to injury and inflammation
in various tissues, was also found to be involved
in increasing migration of mesenchymal stem
cells®. In addition, physical factors such as
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mechanical strain, shear stress, matrix stiffness,
and microgravity are also proven to affect
migration of mesenchymal stem cells?'.

2.6 Homing

Homing is the movement of marrow stem cells
from the administration site to a site of marrow
space or an injury site, depending on the tissue
condition. MSCs are attracted to the injury site
after they migrate out of the bone marrow and
then differentiate into organ-specific mature
cells and exert their trophic effects on the
injured tissue. Homing of cells to the injured
site from the circulation involves multi-step
processes, which include rolling of cells on
the endothelium, adhesion, transendothelial
migration, extravasation, and migration towards
the injured tissue,which is similar to that
employed by leukocytes migrating to sites of
inflammation (Figure 2).
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It has been substantiated by many studies that
once administered, MSCs are distributed to
many sites in animal bodies, including the lung
and liver. The injected MSCs can be detected
in the circulation within the first hour®? and
then engrafted into bone, marrow, and skin®,
suggesting that MSCs have the ability to home
to various tissues without specificity'>. However,
chronic inflammation seems to change the homing
of MSCs by directing them towards the immune
cells®. A number of studies have revealed that
basic fibroblast growth factor (bFGF), vascular
endothelial growth factor (VEGF), hepatocyte
growth factor (HGF), insulin-like growth factor-1
(IGF-1), platelet-derived growth factor (PDGF),
and transforming growth factor B1 (TGF-1), are
critical in the process of homing of mesenchymal
stem cells for the purpose of tissue regeneration®!.

Transendothelial

migration

|mmunomodu|auon
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A&B. Tissue damage causes release of cytokines and chemokines into the circulation. C. MSCs mobilize

from their bone marrow niche to the circulation to home to the injured tissue. In addition, MSCs can be
either directly administered to systemic circulation or be injected at the site of injury. D. Homing is a
multi-step process involving rolling of cells on the endothelium, adhesion, trans-endothelial migration,
and extravasation. E. MSCs act by direct cell-to-cell contact and through secretion of trophic factors
to regenerate the tissue back to its pervious condition before the injury. MSCs have the ability to
differentiate and transdifferentiate into the organ-specific cells as well.
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2.7 Paracrine activity

In the earlier days, the therapeutic action of
mesenchymal stem cells was known to be exerted
through migration to the target tissue, engraftment,
and infusion. However, recent studies have
elucidated that much of the therapeutic effects
of MSCs are orchestrated through their paracrine
activity; through the secretion of a wide array
of growth factors, cytokines, chemokines, etc.
Herein, the latest research focus has been on the
paracrine activity of MSCs, which is mediated
through various types of extracellular vesicles*.
The use of extracellular vesicles presents
many advantages over the use of their cellular
counterparts, such as lower immunogenicity, the
inability to form tumors directly, higher safety
profile as well as more efficient migration to the
target tissues following infusion®”.

MSCs secrete various paracrine factors, which
are also known as trophic factors, that influence
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the microenvironment necessary for tissue
regeneration (Figure 3). The tissue regenerative
potential of MSCs could be attributed to the ability
of MSCs to remodel the extracellular matrix
making it more receptive to the proliferation of
organ-specific stem cells and the synthesis of
factors that will act on inhabiting cells®. It has
been demonstrated that the synthesis of these
paracrine factors occurs under hypoxia brought
about by ischemia®’. MSCs have shown to exert
the following effects in tissue repair.

i.  increase migration of other cells towards the
site of repair by secreting SDF-1

release of growth factors, such as IGF and
EGF, to enhance the proliferation of resident

stem cells

iii. reduction of inflammatory cytokines,

such as IFN-y and TNF-a thus, reduce the

Paracrine activity

TIMP-1, TIMP-2, HGF, FGF &
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»
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Paracrine and immunomodulatory effects of MSCs on different immune cells. MSCs exert

immunomodulatory effects by way of suppressing the effects of T cells, B cells, dendritic cells (DCs),
neutrophils, and NK cells through the secretion of various cytokines. Nevertheless, MSCs promote the
proliferation and differentiation of Treg cells and promote macrophage polarization toward M2 type.
Paracrine activity of MSCs are by secreting factors which are necessary for certain cellular processes at
sites of injury such as chemoattraction, progenitor cell proliferation, angiogenesis, and differentiation

into lineage specific cells.
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inflammatory response

secretion of pro-survival factors and induce
anti-apoptotic effect

There is ample evidence to show that
MSCs prevent the apoptosis of neighboring
resident cells by secreting anti-apoptotic
factors (Figure 3). Efforts to evaluate the
mechanisms underlying this prevention of
cardiomyocyte apoptosis in ischemic heart
disease show that MSCs (ASCs) do so by
secreting, IGF-1 and VEGF?®. This paracrine
effect of MSCs was substantiated by the study
done by Mirotsu et al.,*’, who showed that
Akt-transfected MSCs enhance the survival
of cardiomyocytes by secreting, frizzled
protein-2. In addition, the studies done by
Wang et al.,*° demonstrated that MSCs
exert neuroprotection by secreting anti-
apoptotic SDF-1. It has been demonstrated
that hypoxic preconditioning of MSCs
increases the secretion of pro-angiogenic
and pro-survival factors such as hypoxia-
inducible factor-1, erythropoietin, VEGF,
angiopoietin-1, Bel-2, Bel-xL, and Flk-141.

Secretion of angiogenic factors/pro-
angiogenic effect

MSCs secrete many pro-angiogenic factors
such as VEGF, angiopoietin-1 (Ang-1),
FGF- 2, FGF-7, PDGF, and cytokines
including IL-6 and TNF-a***. By using
various heart disease models, it has been
shown that MSCs improve cardiac function
by secreting various soluble mediators.
Non-invasive intramuscular administration
of MSCs and MSC-conditioned media were
able to restore cardiac function in the hamster
heart failure model*. This is in accord with
the study by Kinnaird et al.,**, who showed
that MSCs augment the collateral blood
flow by secreting arteriogenic cytokines
such as VEGF and bFGF. Though MSCs
are capable of differentiating into smooth
muscle and endothelial cells, collateral
remodeling brought about by MSCs is
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mainly through paracrine mechanisms but
not through incorporating into the developing
collaterals®’. The mechanism by which MSCs
exert this pro-angiogenic effect is believed
to occur by activating the JAK-STAT3
pathway*. Furthermore, proteomic analysis
has shown that MSCs secrete cysteine-rich
protein 61 (Cyr61)/CCNI1, which causes
neovascularization in vivo*. In addition
to the enhancement of angiogenesis,
MSCs express junction proteins, including
occludin, thereby potentiating microvascular
integrity®.

Furthermore, a study conducted by Takeuchi
et al., in 2019 revealed that extracellular
vesicles from a conditioned medium of
bone marrow-derived MSCs promote bone
regeneration through angiogenesis mediated
mainly through the secretion of VEGF.

anti-fibrotic effects

Matrix metalloproteinases (MMPs) and
tissue inhibitors of MMPs (TIMPs) play
an important part in tissue remodeling and
fibrosis formation. MSCs secrete high levels
of both TIMP-1 and TIMP-2 and exert a net
inhibitory effect on the proteolysis of the
vascular environment by keeping the tissue
MMP activity under control and protecting
the vascular environment from outside
MMPs*#® as well. The studies by Dixon et
al.,” showed that lower concentrations of
MSCs reduce collagen content by enhancing
the collagen degradation in MI in the sheep
model. Furthermore, they showed that MSCs
change the dynamics of collagen, MMP, and
TIMP levels in a concentration-dependent
manner. This finding is substantiated by Mias
et al.,>®, who showed that MSCs modulate
cardiac fibroblasts and reduce the cardiac
fibrosis following MI. Also, MSCs are
shown to attenuate myocardial fibrosis by
secreting hepatocyte growth factors in the rat
model of heart failure’!. Further, it has been
demonstrated that MSCs secrete VEGF and



Soysa et al.

reduce renal fibrosis in rats’>33. Moreover,
a study done by Maria et al., in 2015
highlights that MSCs counteract the effects
of oxidation-induced damage and fibrotic
processes in HOCI-injected mice. These
effects were mainly found to be mediated
through the tissue modulation of ECM
remodeling, inflammation, and antioxidant
machinery.

vii. antioxidant effects

Growth factors and certain cytokines like [IGF
and IL-6 have shown to protect cells from
free radicals. The fact that MSCs also secrete
these factors is a clear indication that MSCs
also exert antioxidant effects. By secreting
superoxide dismutase 3 (SOD3), MSCs
directly exert antioxidant effects and cause
neuroprotection®. A study by Kim et al.,>®
has shown that adipocyte-derived MSCs
activate fibroblasts by paracrine mechanism
and protect them from oxidative stress.

2.8 Immunomodulation

MSCs interact with all types of immune cells
and exert their immunomodulatory effects
by several mechanisms (Figure 3). MSCs are
immune-privileged andthey express several
types of receptors, including MHC class I which
is necessary to communicate with T-cells (57).
Due to the absence of expression of T-cell co-
stimulatory surface antigens such as CD40,
CD80, and CD86 (MHC class II), T-cells do not
identify the transplanted MSCs as foreign (58).
Though HLA class II is not present on the cell
surface as determined by flow cytometry, analysis
of whole-cell lysates by western blot showed
that HLA class II is present intra-cellularly (59).
Furthermore, culturing MSCs in the presence of
IFN-y which mimics the inflammatory milieu, has
been shown to induce cell surface MHC class 11
molecules. However, the expression levels were
markedly reduced when cells were cultured
in a differentiation medium (59). The absence
of lympho proliferation, which was observed,
seems to be not due to the lack of co-stimulation
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(60). However, MSCs inhibit proliferation of
majority of immunologically competent cells
such as B cells which respond to antigens by
secreting immunoglobulins, and other cells such
as dendritic cells (DCs) and natural killer cells
(NKs) which cause cell-mediated immunity and
exert inhibitory effects on them directly (61) by
coming into contact with them and/or by releasing
soluble factors which inhibit their immunological
effects.

2.8.1T cells

It has been shown that MSCs prevent proliferation
and differentiation of T cells in response to
various stimuli such as mitogens and alloantigens
(CD3/CD28 etc.)*. Additionally, they prevent T
cell proliferation by halting cells in the cell cycle
G(0)/G(1) phase but not by apoptosis®***, MSCs
affect the proliferation of the T helper (CD4)
as well as cytotoxic T cells (CD8) and nullify
the ability of memory T cells to acknowledge
the antigen in a dose-dependent manner®. The
inhibitory effect on cytotoxic lymphocytes
by MSCs is believed to occur via paracrine
mechanisms and is found to be exerted by the
release of transforming growth factor beta
(TGF-B) and hepatocyte growth factor (HGF). In
addition, MSCs inhibit the cytotoxic lymphocyte-
mediated lysis when added at early time points
66. The MSC-induced immunosuppression is
believed to have been brought about by concerted
secretion of cytokines and chemokines such
as IFN-y and TNF-a®’, TGF-B, IL-10, HGF
(hepatic growth factors), PGE2 (prostaglandin
E2), NO%, to name a few. The secretion of
heme oxygenase-1% and nitric oxide synthase
(INOS)%% by MSCs are also supposed to bring
about the MSC-mediated immunosuppression
on T cells. Moreover, a study done by Meisel et
al.,”® demonstrated that when cultured with IFN-y
MSCs induce indolamine 2,3-dioxygenase (IDO)
by giving rise to the degradation of tryptophan,
which suggests that IDO-mediated tryptophan
metabolism is responsible for the prevention of
T cell proliferation mediated by MSCs.
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In addition, it has been demonstrated that MSCs
induce the production of anti-inflammatory
cytokines by T cells while down-regulating
the secretion of pro-inflammatory cytokines,
giving rise to a tolerant phenotype’. MSCs
induce the formation of CD4"CD25"FoxP3*
Treg cells, subsequent to the suppression of T
cell proliferation by secreting human leukocyte
antigen-G5(HLA-GS5) in IL-10 dependent
manner’?. MSCs also induce the proliferation of
CD4'CD25'FoxP3* Treg cells”™ while inhibiting
the differentiation of CD4" T cells into TH1 and
TH17 subset of T cells’. By using antibodies
against ligands of programmed death 1 (both
PD-L1 and PD-L2) and its cognate receptor PD-
1, it has been demonstrated that MSCs down-
regulate T cell proliferation™ through direct
communication with T cells and by secreting
TGF-f indirectly. GVHD is an example where
the inhibitory effects of MSCs on T cells translate
into their clinical use.

2.8.2 Dendritic cells (DCs)

MSCs prevent the differentiation and maturation
of dendritic cells (DCs) from monocytes (MCs).
This is believed to be brought about by arresting
the cell cycle at GO/G1 phase’. Substantiating this
observation, Zhang et al.,”” has shown that MSCs
prevent the upregulation of differentiation and
maturation markers such as CD1a, CD40, CD86,
and CD83. In addition, MSC-mediated secretion
of IL-6, M-CSF, and PGE2 has shown to cause
the downregulation of DC maturation markers’”.
This is important because the secretion of
cytokines like IL-12 by mature DCs and surface
expression of co-stimulatory molecules are
necessary for T cell immune response, whereas
immature DCs render T cells into an anergic
phenotype’®. In addition, MSCs can impair
the migration of DCs with downregulation
of molecules associated with DC migration,
such as CCR7 and CD49dp1.This would also
decrease their ability of antigen presentation and
inflammatory cytokine secretion and make them
less efficient in T cell activation (80). Besides
arresting DCs in immature phenotype, MSCs
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cause DCs to secrete more IL-10 and reduce the
secretion of inflammatory mediators like TNF-a.,
IFN-y and IL-12. This creates a suppressive
milieu, thereby preventing T cell activity and
allogeneic rejection (81). Using umbilical-
cord-derived MSCs (UC-MSCs), Deng et al.,*
reported that MSCs induce DCs to produce an
immunologic tolerant phenotype by upregulating
SOCSI1 via the secretion of IL-6 and activating
JAK-STAT pathway, which subsequently elicits
the generation of Treg cells®?. A newer study has
revealed that by secreting TNFo-stimulating gene
(TSG)-6, MSCs inhibit the DC maturation and
function as well®.

2.8.3 B cells

B cells are important effector cells in adaptive
immunity that play major roles in autoimmunity,
antibody secretion, and in activation of the
complement system. Research has shown that
MSCs can regulate B cell proliferation and
differentiation and inhibit B cell apoptosis. MSCs
are also capable of indirectly suppressing the
adaptive immune response by downregulating
dendritic cell-mediated antigens. Peripheral
blood-derived B cells co-cultured with MSCs
in the presence of various B cell stimuli have
shown that MSCs inhibit B cell proliferation
by forestalling the cell cycle at the GO/G1
phase. Furthermore, MSCs inhibit the B cell
mediated synthesis of immunoglobulin via
paracrine mechanisms (84). It has been further
delineated that depending on the type and dose
of stimuli and source of B cells, MSCs can
either exert inhibitory or stimulatory effects on
B cells (85). In addition to the above, MSCs
exert their immunomodulatory effects through
the induction of regulatory B cells (Bregs), the
major type of immunosuppressive B cells, and
promote the secretion of IL-10 and thereby
exert immunosuppressive effects,especially in
patients with autoimmune diseases or solid organ
transplantation. In a study done in 2017, Gupte et
al.,(86) reported that co-culture of adipose tissue-
derived MSCs from potential kidney donors with
peripheral blood PBMCs of donors induced IL-



Soysa et al.

10-secreting B cells, which shows the promise of
cell therapies following transplantation.

2.8.4 Natural Killer cells (NKs)

Natural killer cells play a vital role in innate
immunity. Their function is mainly exerted
through cytotoxic activity and the production of
cytokines such as IFN-y. Unlike pretreated NKs
with cytokines such as IL-2 and IL-15, the freshly
isolated NKs cannot kill MSCs. It is believed that
the cytolytic activity of NKs on MSCs occurs via
the cell surface expression of NK receptors such
as NKp30, NKG2D, and DNAM-1 which are
stimulated by their cognate ligands expressed on
the cell surface of MSCs*#. MSCs have been
shown to reduce I[FN-y secretion by NKs cultured
with IL-2 and the cytotoxicity effect of NKs
when it is cultured with IL-15. The latter effect
is believed to take place via paracrine activity of
MSC:s by secreting TGF-§ and PGE2, as well as
direct cell-to-cell communication®.

A novel mode of interaction between NKs and
MSC was reported in a recent study where
extracellular vesicles isolated from fetal liver-
derived MSCs diminished NK cell proliferation,
activation, and differentiation mostly via their
surface-associated TGF-f which downregulated
the NK cell surface stimulatory receptors NKG2D
and Nkp30%. Even though there is a great number
of studies supportive of the immunosuppressive
action of MSC on NKs, there are only a few
reports on the stimulatory effect of MSCs on NKs.
These findings can be attributed to variations in
the source of MSCs, different culture conditions
as well as the different ratios of MSCs to NKs
used in these studies’'.

2.8.5 Macrophages

Macrophages are immune cells that play a
vital role in inflammation, tissue repair, and
regeneration. MSCs induce the transformation
of macrophages into an anti-inflammatory type 2
(M2) cells from a proinflammatory type 1 (MO)
cells. This effect of MSCs is exploited in the
treatment of sepsis with MSCs®?. Furthermore,
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MSC-induced T cell apoptosis via coupling of
FASL and cognate receptor FAS leads to the
secretion of TGF-f§ by macrophages, resulting in
the induction of Treg cells®. A recent report shows
that through direct contact and in the presence of
M-CSF, MSCs enhance the survival of monocytes
which are able to differentiate into a novel type
of macrophages (MM5¢)**, The differentiation
into these functional macrophages has shown to
occur in a PGE-2-dependent manner. In addition,
these differentiated macrophages are able to
secrete IL-10, IL-1p and copious amounts of
TGF-B. Co-culture of these macrophages with
activated NKs was able to downregulate the NK
markers such as CD69, CD25, and NKp44 but not
NKG2D, NKp30, and NKp46. Moreover, NK-
mediated IFN-y secretion was markedly reduced
by these polarized macrophages through the
combined effect of IL-10 and TGF-f secretion,
showing the important mechanism how MSCs
regulate the adaptive immunity (94). MMSC
were also able to increase the number of Treg
cells while downregulating the CD8" T cells
highlighting the MSC-immunoregulatory effect
on adaptive immunity®*. Further, it was reported
in a recent study that bone marrow MSC-derived
extracellular vesicles attenuated myocardial
ischemia/reperfusion injury in mice via shuttling
miR-182,which modifies the polarization status
of macrophages®.

2.8.6 Neutrophils (PMNs)

Neutrophils are a type of short-lived leukocytes
that play a key role in innate immunity. They
will undergo programmed cell death after
engulfing and destroying pathogens, and thereby,
maintaining the balance of cellular homeostasis®.
MSCs have shown to prevent the apoptosis of
resting and stimulated neutrophils directly as
well as indirectly via the secretion of TL-6°". Toll-
like receptor activation (TLR-3 and TLR-4) by
their cognate ligands enhances the survival and
activity of PMNs by BM-MSCs as well MSCs
derived from other tissues, such as adipose
tissues®®. Using MSCs derived from parotid
glands (tissue-specific MSCs) and peripheral
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blood-derived neutrophils, Brandau et al.,*
demonstrated that MSCs, when challenged with
LPS, showed enhanced motility and expression
of a panel of chemokines. Moreover, LPS
stimulation increased the recruitment of PMNs
in an IL-8 and macrophage migration inhibitory
factor (MIF)-dependent manner and increased
their survival. The enhanced activity of recruited
PMN:s is believed to be via the secretion of MIF
by MSCs. They concluded that tissue-specific
MSCs are responsible for the initiation of local
immune response by recruiting PMNs before
immune cells invade the infected tissue®.

Conclusion

MSCs hold great promise in regenerative medicine
with their autologous/allogeneic transplantation
potential due to their immune-privilege properties
and immune modulation effects they exert on
other immune cells. The ability of MSCs to
transdifferentiate out of their exclusive lineage
and to assume a phenotype of resident cells in
repair of effete tissue is one of the most attractive
aspects of MSCs. In addition, they overcome
the moral and ethical issues involved in using
embryonic stem cells. However, depending on
the source of MSCs, the differentiation versatility
and functional equivalence of each type of cell
might differ; hence, there is no global stem cell
type that can be used in all disease conditions.
Therefore, depending on the disease condition,
the appropriate stem cell type should be carefully
selected before applying it to regenerative therapy.
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Carcinoma of breast metastatic to the mandible: Report of a case and
review of the literature

RP Ekanayaka, PS Atapattu, EDPM Hettiarachchi, DD Edirisinghe

Abstract

Tumours can metastasize to the oro facial region
and affect the jaw bones, soft tissue and salivary
glands. The oro facial region metastases are
rare and represent approximately 1% of all oral
malignancies. These metastatic lesions could be
the first evidence of an undiscovered malignancy
at a distant primary site, and early detection of
such metastases is a diagnostic challenge both
clinically and histopathologically. Here we report
a case of metastatic breast carcinoma in the
mandible in a 58 yearold female, in which the
presence of primary tumour was not known at
the time of diagnosis of the jaw lesion.

Introduction

Metastasis is the most formidable hallmark of
cancer that is responsible for the majority of
cancer related deaths'. Breast cancer is the most
commonly occurring cancer worldwide, with 2.26
million new cases in 2020, contributing 12.5% of
the total number of new cases diagnosed in 20202,
Breast cancer is the most common cancer among
females in Sri Lanka and the age standardized
incidence is 24.7 per 100,000 in 2010°.

The overall 5- year relative survival rate for breast
cancer is 90%. Despite this relatively high 5-year
survival rate, distant metastasis serves as the
principal cause of mortality among breast cancer
patients*. The most common site of distant breast

cancer metastases is bone, and around 70% of
individuals with metastatic breast cancer harbor
bone metastases*.

However overall metastases to the oro-facial
region are rare and comprise only 1% of all oral
malignancies®. The jawbones are more frequently
affected than the oral soft tissues, while metastases
to the mandible are more frequent than maxilla®.

And the breast is the most common primary site
for tumors that metastasize to the mandible’.

Jawbone metastases occasionally could be
the first evidence of an undiscovered primary
malignancy®¢. Early detection of such metastases
is challenging for both the clinician and the
pathologist, yet of great clinical significance as
the diagnosis of the relevant primary tumor site
will always follow the detection of the metastasis.

The present case illustrates the importance of
considering a metastatic lesion in differential
diagnosis of tumor arising in jaws, even though
the metastases to the oro-facial region are rare.

Case report

A 58 year old female presented to the Department
of Oral and Maxillofacial Surgery of District
General Hospital, Embilipitiya, Sri Lanka
with a progressive swelling in the right side
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mandible of five weeks duration. Furthermore,
the patient reported a three-day recent history
of pain associated with the jaw swelling. Her
past medical, dental and surgical histories were
unremarkable.

Extra-oral examination revealed a diffuse, non
tender, bony hard swelling involving mainly the
right side mandible and measuring about 6x4cm
in its greatest diameter. A significant facial
asymmetry was noted (Figure la and 1b). There
were no signs of neurological manifestations such
as lip or tongue paresthesia. Also, there was no
cervical lymphadenopathy and the mouth opening
was normal.

Intra orally a well-defined firm swelling was
noted in the right side posterior mandibular
buccal sulcus in relation 46, 47, and 48 region.
The swelling measured 5 x 3 c¢m in size with
no apparent mucosal changes (Figure 2). It was
hard in consistency and non tender on palpation.
Teeth 45,46,47 and 48 were missing, while
teeth 42,41,31 and 32 were mobile. Lateral
oblique radiograph of right mandible revealed
a multilocular radiolucent lesion with relatively
well defined margins (Figure 3).

Based on the history, clinical and radiological
findings a provisional diagnosis of ameloblastoma
in the right mandible was considered, along

Figure 1.

Figure 2. Intra oral view showing a swelling
located over the buccal sulcus of the
right side mandibular molar region

Figure 3. Lateral oblique radiograph showing
a multilocular radiolucent lesion
with relatively well defined margins
in right mandible.
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with the differential diagnosis of odontogenic
keratocyst.

An incisional biopsy was performed under
general anesthesia and the specimen was
submitted for histopathological analysis.In
intraoperative exploration of the lesion, it was
noticed that the gross appearance of the lesion
was not compatible with such of ameloblastoma
or odontogenic keratocyst.

On gross examination, the specimen consisted
of multiple fragments of cheesy looking friable

W

Figure 4. Characteristic tumour view
consisting of thin strands and small
nests of epithelial cells scattered
within prominent hyalinized tissue.
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tissues, white in color, together measuring
20x15x10 mm. On histology, H&E-stainedsections
revealed prominent hyalinized tissue with foci of
calcifications and bony trabeculae. Thin strands
and small nests of epithelial cells were present,
scattered within the hyalinized tissue (Figure 4,
S5a & 5b). Central comedo - type necrosis was
observed within the epithelial cell nests (Figure
6). Vague ductal differentiation was noted in
places (Figure 7). There was no evidence of
mitoses or significant cytological atypia in the
epithelial cells.

Immunohistochemically,the initial diagnostic
panel included cytokeratin 7 (CK7), cytokeratin 20
(CK20) and cytokeratin 19 (CK19). Tumor cells
showed a strong and diffuse cytoplasmic positivity
for CK7 (Figure 8a), whilst CK20and CK 19 were
negative. Once the CK7/CK20 expression profile
was established, additional organ specific markers
were performed. However, considering the limited
availability of immunohistochemical markers
currently, a minimal set of markers for carcinoma
identification were evaluated. Ascattered positive
nuclear staining for Estrogen Receptor (ER)
and Progesterone Receptor (PR) was observed
(Figure 8b and 8c). Thyroid transcription factor
1 (TTF-1) was negative. Furthermore,the tumor

.
g - [ N i -
el A A e A AN

Figure 5. (a) & (b) High power view highlighting the epithelial cells arranging into thin strands and

small nests (H & E x 100)
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was immunonegative for subsequently performed
HER2. The histopathological features and
immunoprofile of this case were most suggestive
of a metastatic adenocarcinoma of breast origin.
Further clinicopathological correlation, along
with systemic investigation and work up were
therefore recommended.

Subsequent to the diagnosis the patient was
referred to the General Surgery Unit of PGH
Embilipitiya, and an ultrasound scan of both
breasts and axillae was performed, followed
by CECT of Chest/Abdomen and Pelvis. The
ultrasound scan revealed a Birads category 5
lesion in R/S breast with suspicious right axillary
lymphadenopathy, and the CECT further reported
a lesion in the right breast extending to the nipple

Ex

Figure 6. Central comedo- type necrosis
within the epithelial cell nests (H &

and the skin measuring 3.5x2.7x1.9 cm with
enlarged lymph nodes in right axilla measuring
2x1.5 c¢m, both of which served to confirm the
initial histological assertion of presence of a
primary breast adenocarcinoma. No other distal
metastases were identified in the CECT of chest/
abdomen and pelvis. The subsequent ultrasound
guided FNAC reported a C4 lesion in the right
breast and the histopathological evaluation of
true cut biopsy from right breast tissue revealed
an invasive breast carcinoma of no special type
(NST). A prompt referral was arranged to the
oncology unit of PGH Badulla, and first cycle
of chemotherapy was completed without serious
complications. The patient is currently continuing
her chemotherapy treatment with simultaneous
close monitoring.
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Figure 7. High power view highlighting
the presence of vague ductal
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Figure 8. Immunostains showing strong diffuse cytoplasmic positivity with CK 7 (a) (x400) and
scattered nuclear positivity with ER (b) and PR (c)
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Discussion

Metastases to the oro-facial region are uncommon
and comprise approximately 1% of all oral
malignancies®. The jaw bones, particularly the
mandible, are more frequently affected than the
oral soft tissues, at a ratio of 2:1. The attached
gingiva is the most commonly affected soft tissue
site®. In accordance with the patient demographics
available in the literature, most metastatic tumors
to the oro-facial region are seen in patients
between the fifth and seventh decades of life®.

There is no sex predilection in jaw bone
metastases, while an average male to female ratio
of 2:1 is reported in oral soft tissues>¢. The case
presented herein is of a progressive swelling of
five weeks duration in the right side posterior
mandibular buccal sulcus of a 58-year-old female.
The demographic findings of the present case are
compatible with those in the literature.

The most common primary tumor sites for oro-
facial metastases are lung, kidney, liver and
prostate for males; and breast, genital organs,
kidney and colorectum for females. Lung is
the most common primary site for tumors that
metastasize to the oral soft tissues; and to the
jaw bone metastases breast is the commonest
primary site®’.

In majority of the patients, primary tumor is
known at the time of diagnosis of the metastatic
lesion®. However, in about 23% of cases the
metastatic lesion in the oro-facial region is the
first indication of an undiscovered tumor at a
distant primary site>®. In the present case, the
primary tumour site was not known at the time of
diagnosis of the metastatic lesion in the mandible.
With subsequent systemic investigations the
presence of a primary breast carcinoma was
identified, which is on par with the commonest
primary tumour site reported for jaw bone
metastases.

According to the literature, in total <1% of
mandibular malignancies are metastases of
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primary tumors elsewhere in the body. However,
the actual incidence of metastatic lesions in the
mandible may be higher, since radiographic
surveys of the jaws are not performed routinely
and also because the jaws are seldom examined
during autopsies®’. Within the skeleton, bones
with haematopoietically active marrow are
the preferred sites for metastatic deposits, and
jaw bones have relatively little active marrow
especially in the elderly. This paucity of active
marrow in the mandible together with its increased
bone density and poor vascularity, account for the
relative rarity of mandibular metastases'’.

Reviewing 114 cases retrospectively, D’ Silva
et al reported that the common primary sites of
metastases to the mandible are breasts (25%),
lungs (13%), prostate (10%), colon (7%), thyroid
gland (3%), and kidneys (3%)°. Jaw bones lack
lymphatic vessels;therefore, tumors metastasize
to the jaws via blood stream by embolization,
and these metastases prefer haematopoietically
active bone marrow'’. According to the literature
metastases to the mandible are more frequent
than maxilla, and comprise 80% of all jaw bone
metastatic lesions''. The most favored metastatic
sites within the mandible are the molar (55%)
and premolar (38%) regions, followed by the
mandibular angle, retromolar trigone area and
condyle in descending order!!. This mandibular
predilection may be related to the presence of
relatively larger amount of hematopoietic bone
marrow in the mandible rich with sinusoidal
vascular spaces, accompanied by branching of
the local blood vessels and slowing of the blood
flow'?. The patient discussed herein presented
with a metastatic lesion in the molar region
of right side mandible (in relation 46, 47, and
48). Hence with reference to the location of the
metastatic lesion within the mandible, the findings
of the present case were compatible with those
in the literature.

The clinical presentation of the metastatic lesions
in the mandible includes rapidly progressive bony
swelling with associated tenderness, pain, ulcer
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and bleeding. Sometimes tooth mobility, trismus
and even pathological fractures are present's.
Paresthesia of the lower lip and chin is considered
an important sign of mandibular metastasis.
It is described in the literature as Numb Chin
Syndrome (NCS) and the nerves associated
are the inferior alveolar nerve and its terminal
branch, the mental nerve. Numbness of the teeth
and mucosa may also occur'®>!*. However, in the
present case swelling and pain were the main
complaints and the patient did not describe of
any paresthesia.

It is reported that metastatic lesions in the mandible
may appear with a variety of symptoms, and the
clinical differential diagnosis of such lesions
include ameloblastoma, primary intraosseous
squamous cell carcinoma, osteosarcoma and
temporomandibular disorder. Nevertheless, in
patients with a history of malignancy metastatic
deposits must be considered high on the list of
differential diagnoses.

Due to its rarity and its highly varied clinical
presentation the definitive diagnosis of a
mandibular metastatic lesion, particularly
in the absence of a known primary tumor
elsewhere, is challenging for both the clinician
and pathologist'.

Radiographically, metastases to the mandible
may present as osteolytic radiolucent lesions
with irregular and ill-defined margins. While
metastases from kidney, lung, and breast cancers
are more often osteolytic, metastases from
prostate cancer mostly form osteoblastic lesions
with a radio-opaque or a mixed radio-opaque
radiolucent appearance®*'®. And according to
Hirshberg et al 5.4% of all jaw bone metastases
do not show any significant radiographic change”.
As per literature the radiological differential
diagnosis of metastatic lesions to the mandible
includes odontogenic cysts, osteomyelitis,
advanced periodontal bone loss and primary bone
or odontogenic malignancy*?.
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The present case also revealed a multilocular
radiolucent lesion in the right side mandible.
At the same time, on contrary to the common
presentation it showed relatively well defined
margins. However, the use of radiographic
findings in the diagnosis of metastatic lesions in
the mandible is limited, as they do not exhibit a
pathognomonic radiographic appearance.

As both clinical and radiological features of
metastatic lesions in the mandible are not
pathognomonic, the definitive diagnosis of such
lesions and their origin is based on histological
and immunophenotyphic examination of a biopsy
specimen from the lesion.

Histopathologically, the jaw metastases often
appear poorly differentiated and their site of
origin cannot be determined with certainty by
means of H & E staining alone, hence the use
of immunohistochemistry is imperative for
definitive diagnosis'’.

Immunoprofiling with CK7 and CK 20 facilitates
initial categorization of the tumor in terms of site
of origin. Breast carcinoma consistently shows
negativity for CK 20 whilst showing strong
positive immunoreactivity for CK 7'%.

CK 7 and CK 20 immunostains are best used
together in narrowing down the possible sites
of primary tumors. Additional site specific
immunohistochemical markers and molecular
markers are useful adjuncts for the determination
of the site of origin of the metastases'®. The strong
and diffuse nuclear positivity of the present tumor
for ER and PR prompted the definitive diagnosis
of metastatic adenocarcinoma of breast origin.

Breast cancer is the most commonly occurring
cancer in women both in the developed and less
developed world, and the world’s most prevalent
cancer overall. In 2020, there were more than 2.26
million women diagnosed with breast cancer and
685,000 deaths worldwide. And as of the end of
2020, there were 7.8 million women alive, who
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were diagnosed with breast cancer in the past 5
years?.

Breast cancer occurs in women of any age after
puberty. However, the risk of breast cancer
increases with certain factors including increasing
age, use of alcohol and tobacco, obesity, family
history of breast cancer, and postmenopausal
hormone therapy. Nevertheless, approximately
half of the breast cancers develop in women who
have no such identifiable risk factors> !°.

Breast cancer is the most common cancer among
females in Sri Lanka. The age standardized
incidence of female breast cancer in Sri Lanka is
24.7 per 100,000 in 2010 and highest incidence
is seen among women of 60 to 64year age group.
And the female breast cancer incidence in Sri
Lanka is gradually increasing by approximately
4% per year®.

Metastatic breast carcinoma is most often
reported in bone, lung, and liver. When affecting
the oral cavity, the metastatic deposits from breast
cancer preferentially spread to jaw bones. For
instance, in women, 40% of jaw bone metastases
originate from the breast, compared with 25%
of soft tissue metastases®. Metastasis to the jaw
bones is a late complication and frequently a part
of generalized spread with associated multiple
co-existent metastatic deposits®.

According to the literature, metastasis to the
mandible is usually associated with a poor overall
prognosis. The majority of patients diagnosed
with metastatic deposits in mandible die within a
year of detection of the metastases'’. And distant
metastasis is the principal cause of mortality
among breast cancer patients, despite their
relatively high 5-year survival rate*.

Since jaw bone metastases usually are evidence
of a widespread disease, the management of
metastatic breast carcinoma of the mandible
is primarily palliative, and may include
chemotherapy, radiotherapy, endocrinotherapy,
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targeted therapy and rarely surgical intervention at
both primary and metastatic tumor sites. Palliative
therapy is mainly aimed at reliving pain while
extending the survival time of the patient**?'.

In conclusion, though rare it is important to
consider distant metastases in the differential
diagnosis of a jaw lesion, even if the presence
of primary tumor is not known at the time of
detection of the jaw lesion.
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Plexiform Neurofibroma in Submandibular Salivary Gland;
a rare case report

KWIS Priyankara, Padma Silva, RLPR Liyanage

Abstract

A 21-year-old girl presented with a slow
growing painful swelling in the right-
sidesubmandibular region for three-year duration.
Magnetic Resonance Imaging (MRI) of the
neck showed a well-defined ovoid mass which
was non-metastasizing and locally aggressive
in submandibular region. Provisional diagnosis
was benign neural tumour. The histopathology
revealed a spindle cell tumour with wavy nuclei
with nerve fascicles, confirming a plexiform
neurofibroma within the submandibular salivary
gland. Plexiform neurofibromaswithin major
salivary glandsare considered as rare. However,
reported cases mostly were in the parotid gland.
In this report, a case of plexiform neurofibroma
in the submandibular salivary gland is presented
which is extremely rare.

Key words: Plexiform Neurofibroma,
Submandibular Salivary gland

Introduction

Plexiform neurofibroma is a non-metastasizing,
locally aggressive, invasive, benign peripheral
nerve sheath tumor which surrounds multiple
nervous fascicles'. It arises from multiple nerves
as bulging and deforming masses.Different
variants of neurofibromas such as plexiform
type, solitary type, may occur as a part of the
syndrome of Neurofibromatosis type I or Von
Recklinghausen’s disease (NF-1)>°. However

there are single or multiple neurofibromas with
no evidence of the syndrome. Neurofibroma
causes cosmetic and functional deformities in the
head and neck region. Plexiform neurofibromas
of the major salivary glands are extremely rare,
often presenting in the parotid gland*®. This
report presents even a rare case where the tumor
affected the submandibular gland. According to
the English literature only seven cases have been
reported® (Table 1).

Case report

A 21-year-old female presented to the oral and
maxillofacial clinic with a main complaint of a
painful swelling in the right-side submandibular
region. It was a slowly progressive for three-
year duration showing gradual increase of the
size.During the mealtime, there was no changes
in the size. There was no evidence of anesthesia,
paresthesia, loss of general or taste sensation.
It was found that she had no history of fever
episodes, no recent significant weight loss, no
headaches in the morning, no bone pain.

On examination, cardinal signs of the right-side
submandibular region were negative. It was non-
tender and non-pulsatile, firm in consistency,
oval shaped, 4 x 2 cm size lump, with a well-
defined border. This lump was not attached
to the mandible or to the overlying skin or to
the underlying tissues and structures. (Figures
1) It was bimanually palpable. There were no
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discharging sinuses intra orally or extra orally.

The base line investigation (Full Blood Count,
C- Reactive protein, Renal Function Test) values
were within normal range. The radio-opaque
shadow was suggestive of salivary calculi in
the region of the submandibular gland of the
plane radiographs (Lateral oblique right-side
mandible and Dento panoramic tomography
(DPT)).The provisional diagnosis was made as
chronic sialadenitis with sialolithiasis. Ultrasound
Scan (USS) guided Fine Needle Aspiration

Cytology (FNAC) of the lump reported it as an
inflammatory reactive lymph node. Therefore,
further radiological investigations were carried
out with a Magnetic Resonance Imaging (MRI)
and it revealed that there is no sialadenitis, but
suggestive of neurofibroma (Figures 2).

Further examination was carried out to exclude
the syndromes associated with neurofibromas and
found no café-au-lait spots on the skin and no
multiple freckles in the axillary or groin region.
She had no other lesions anywhere else in the

Table 1. Plexiform neurofibroma cases reported in the literature

Author Year Reference  Age of  Gender Symptoms Histological
patient Diagnosis
Weitzner S.(1980)° 3years F Submandibular mass with multiple Plexiform neurofibroma

neurofibromatosis

Tsutsumi T-A(1996)3 29 years F
Derekey S, (2000)’ 21 years

Submandibular mass

Plexiform neurofibroma

Submandibular mass with multiple Plexiform neurofibroma

neurofibromatosis

Bourgeois J-M, (2001)* 3 years M

Submandibular mass with multiple Plexiform neurofibroma

neurofibromatosis
Aribandi M, (2006)° 6years F Submandibular mass with multiple Plexiform neurofibroma
neurofibromatosis
Shekar TY, (2010)'° 15 years Submandibular mass Plexiform neurofibroma
Anjana A. (2014)" 20 years F Submandibular mass Plexiform neurofibroma

Figure 1. Clinical presentation showing a right
submandibular gland swelling.

Figure 2. Well-defined ovoid mass 35 x 15
X 15mm at the anterior aspect of
submandibular gland in T2 Head
and Neck MRI Coronal and Axial
sections
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body. Her parents and siblings were denied of
this kind of presentation. She had no learning
disabilities.

Surgical excision was done, and it was a
gelatinous nodule, attached to submandibular
salivary gland capsule with greyish white to
greyish yellow areas. Nocalculus was found
within the gland. (Figures 3)

Figure 3. Macroscopic specimen

Histopathology revealed a circumscribed well-
delineated, non-capsulated lesion comprising
spindle cells in a loose myxoid stroma. It
was composed of nerve cells, fibroblasts and
perineural cells arranged in fascicles. Cells
showing eosinophilic cytoplasm and centrally
placed, elongated serpentine nuclei with tapering
ends. There was no atypia. Immunohistochemical
studies with S-100 protein showed positive
expression. It was confirmed as Plexiform
neurofibroma. The submandibular gland was
normal in histology.

Discussion

Neurofibromas are benign peripheral nerve
sheath tumours which are developed from
non-myelinating Schwann cells’. It is also an
autosomal dominant and genetically inherited
disease. It can be presented in local discrete,
generalized neurofibromatosis, and plexiform
forms. The fifth cranial nerve and extremities
are the common sites of origin of plexiform
neurofibromas.
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Neurofibromas represent in only 0.4% of
all salivary gland neoplasms®. Plexiform
neurofibromas of the salivary glands are very
rare but usually presenting in the parotid gland.
Tumours of neurogenic origin are extremely rare
in submandibular gland.

The pathogenesis of neurofibroma is diffuse
enlargements of multiple fascicles of the nerves
and its branches which leads to thickening of
nerves. These fascicles grow along nerves and
extends into the surrounding tissue. Although they
are slow growing, they are also locally infiltrating
benign tumors. But they have a greater chance
of developing malignancy when they are located
deeply. When these lesions become large, they
may compress trachea and pharynx. Compression
of the spinal cord also can happen when it is
extending into the spinal canal. In pregnancy
and during puberty, these lesions grow rapidly®.

Plexiform neurofibromas associated with 5-15%
patients with neurofibromatosis-1°. They undergo
malignant changes in 2% of the cases. Local
somatic mutation can cause the tumour in
Type- I neurofibromatosis patients which may
not genetically transmit the disease to next
generation®.

Conclusion

Plexiform neurofibromas are painful, hypertrophic
benign lesions with a malignant transformation
rate of 2%. Diagnosis of Plexiform neurofibroma
can be narrowed down with relevant history
and examination with special investigations
like MRI. The definitive diagnosis is based on
histopathological examination. Neurofibromas
are neurogenic in origin and 5 - 15% of cases
are associated with Type - I neurofibromatosis.
Its occurrence in submandibular salivary gland
is very rare and can mimic other pathologies in
submandibular gland and submandibular lymph
nodes.
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Prosthetic rehabilitation of a patient with partial glossectomy due to
squamous cell carcinoma - A case report

EMKS Ekanayake, RM Jayasinghe, IP Thilakumara, D Leuke Banadara

Abstract

Treatment for oral carcinomas may cause loss
of anatomical structures and affects individual’s
mastication, speech, swallowing, esthetics, and
psychological wellbeing. Further, tongue has a
very important role in sensation of various stimuli
including taste and self-cleansing. Prosthetic
rehabilitation helps to minimize such concerns
and is important to improve the quality of life of
the patients.

Glossal defects can be classified as partial or total.
Factors influencing the rehabilitation of a glossal
defect are depend on volume of tongue excised
(lesser or more than 50%), presence or absence
of'teeth, type of surgical procedure (glossectomy
with mandibulectomy or maxillectomy), effects
of chemo radiation therapy and residual functions
of the tongue. Patients with partial glossectomy
(i.e., < 50% of tongue removed) suffer minimal
functional impairment and require no prosthesis.

Resection of the tongue usually needs an
immediate reconstruction with various types
of flaps and grafts. Prosthetic rehabilitation for
restoration of excised tissues and re-establishment
of oral functions of such patients are key
challenges. This task is even more challenging
when glossectomy together with segmental
mandibulectomy since retention and stability of
a mandibular prosthesis is greatly affected by the
position of the tongue. This report elaborate a case

of a 46-years-old male patient following partial
glossectomy due to squamous cell carcinoma
on lateral border of the tongue, radical neck
dissection and reconstruction with a pectoralis
major mucocutaneous flap, who was rehabilitated
with a lower metal partial denture with a modified
lingual flange.

Introduction

Oral squamous cell carcinoma (OSCC) is a
major oncological problem in many regions
of the world due to the risk factors such as
tobacco in forms of chewing or smoking, alcohol
consumption and Human Papiloma Virus. It
accounts for 16.5% of all cancers in Sri Lanka
with a male: female ratio of 4:1. Nearly a 5%
of OSCC are diagnosed in young pateients.!
Tongue is one of the five commonest sites of
OSCC.? Treatment for tongue SCC may vary from
surgical excision, chemotherapy, radiotherapy, to
palliative care. These treatments may cause loss
of anatomical structures, and affects individual’s
mastication, speech, swallowing, esthetics,
sensation of various stimuli including taste and
psychological wellbeing. With the limitation
of tongue movements self-cleansing ability
gets compromised leading to dental caries and
periodontal diseases. It also affects the denture
retention when the patients are rehabilitated with
a removable prosthesis.

Glossal defects can be classified as partial and
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total defects. Resection of the tongue is usually
reconstructed with various types of flaps such as
myocutaneous flaps which replace a bulk of tissues
lost and free flaps which preserve the flexibility
of the natural tongue. Prosthetic rehabilitation
is required to restore the excised tissues and to
re-establish oral functions. There are few factors
affecting the prognosis of rehabilitation. They are
volume of the tongue excised (less than 50% or
more than 50%), presence or absence of teeth,
other surgical procedures combined, such as
mandibulectomy, maxillectomy, effects of chemo
radiation therapy, and residual movements of the
tongue.

However, Removal of more than 50% of
tongue requires rehabilitation with either
palatal or lingual augmentation prosthesis. Total
glossectomy requires total glossal prosthesis®.
Glossal prosthesis can be attached to the
mandibular partial denture or the complete
denture®.

There are several types of prostheses, and they can
be classified depending on the number of pieces
it possesses. One such example is one-piece
tongue prosthesis. There is one-piece prosthesis
either for swallowing or speech depending on the
function which is compromised. Prosthesis for
swallowing has a middle trough to facilitate food
bolus passage. Anterior and posterior elevation
molded with lingulo-alveolar and lingulo-velar
articulation is used for speech prosthesis.The
two-piece prosthesis consists of two parts where
the base part is contact with the floor of the mouth
and a top part attached to the denture replacing
the tongue. The commonest prosthesis, that is
used is palatal augmentation prosthesis. It allows
modification of the space of Donder and reduces
the space in the oral cavity and allows contact
between palate and the remaining tongue. It
facilitates mainly speech followed by swallowing
to some extent. Palatal ramps are incorporated into
the prosthesis tominimize deviation. Mandibular
augmentation prosthesis with guidance flange is
also fabricated in certain instances to improve
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occlusal contacts minimizing deviation. The
materials used for this prosthesis are mainly
acrylic resins and silicon.

Case reports

A 46- years- old male referred from oral
maxillofacial team to the department of
Periodontology, Faculty of Dental Sciences,
University of Peradeniya, to improve oral
hygiene. Patient had undergone right side
hemiglossectomy with modified radical neck
dissection of the same side for OSCC in 2018.
Reconstruction have been done with pectoralis
major with mucocutenous flap. He had diabetes
mellitus and COPD. He had habits ofbetel
chewing and cigarett smoking.

On general examination, he was ill looking with
asymmetric face and competent lips. There was a
scar on right side of the lip and show a depression.
Intra orally the gingiva was moderately inflamed
with moderate gingival swelling on maxillary
arch and a generalized gingival recession (Figure
1). The mucocutaneous flap was intact with the
presence of hair follicles. About 50% of the
remained tongue was with satisfactory residual
tongue movements.

His hard tissue examination revealed full
complement of the maxillary teeth were intact
with lower partial dentate status.Teeth present
were 18, 17,16, 15,14, 13,12, 11,21, 22,23, 24,
25,26,27,28,32,33,34,35,36,37,and 38. There
were betel stains all over the dentition and plaque
and calculi were in abundance. A mild attrition
was visible all over the teeth. Assessment of the
occlusion showed that he had stable static contacts
in maximum inter-cuspation. No deviation
or rotation of the mandible was observed. An
adequate vertical space was present to replace
teeth in the mandible up to tooth 46.

Despite the claims made by the patient regarding
quitting the habits, it was revealed that he was
continuing betel chewing occasionally. He was
advised to stop betel chewing completely. Patient
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Figure 1. Extra oral view and Intra oral view before the prosthesis.

was also motivated and educated regarding
the oral hygiene practices following disclosing
plaque. His brushing technique was monitored
and corrected in each visit. Inter dental cleaning
aids were introduced for the lower teeth such
as end tufted brush. Diet counselling was done
following diet analysis and fluoride mouth rinse
was recommended on daily basis and varnish
application in 3 months’ intervals time.

Re-mineralizing agents such as tooth moose
was recommended, and fissure sealants of the
remaining molars was carried out. Prophylactic
scaling was done to remove plaque and calculi.
Following the detailed periodontal assessment,
root surface debridement was done for the areas
having deep pockets until they all were healed
completely. Even though root canal treatment
of 38, has been planned,it was extracted due to
a severe pain.

The restorative phase was started with the
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mandibular metal partial denture construction. As
the patient had almost 50% of tongue substances
and the tongue movements were preserved to
some extent, there was no need to replace the
tongue substances. However, as the patient had
difficulty in mastication, it was necessary to
replace the missing teeth with a prosthesis. Over
several treatment options, a removable metal
denture was decided to be the most appropriate
option to replace missing teeth. However, the
retention would be compromised with the lack
of lingual sulcus. Therefore, a modified lingual
flange was planned to obtain maximum retention
and stability.

Radiologically, there were generalized mild bone
loss and extensive dentinal caries in 38 (Figure 2)

Primary impression was taken of the mandibular
arch with a maxillary stock tray with irreversible
hydrocolloid. The definitive impression tray was
made with light cured acrylic. Border molding
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was done with green stick compound in the
edentulous saddle area. Definitive impression
was taken with regular body silicone following
tooth preparation for the metal denture (Figure 3).

The metal framework was consisted of distal
rests on 37, 36 and 35, Mesial rests on 37 and
34, occlusally approaching ring clasp on 37,

occlusally approaching C clasp on 35, gingivally
approaching I bar on 33, lingual plate was planned
to have more bracing action over lingual bar
major connector and the metal saddle extended
up to 46. A wax occlusal rim was attached to
the metal framework and occlusal records were
obtained (figure 4) and then thedenture was
finished with acrylic teeth and flanges (figure 5).

Figure 4. Metal framework (a,b) and wax record block (c)
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Finally, a functional impression was taken with
the tissue conditioner over the lingual flange
area while the denture was inside the mouth. A
pickup impression was taken with alginate and
a stock tray.

The denture with modified lingual flange was
processed with vulcanized silicone (Molloplast
B). The patient was highly satisfied with the new
prosthesis and the retention and stability were
acceptable. It restored the patient’s function and
the esthetics (figure 6).

Discussion

Mandibular denture with tongue prosthesisreduces
the size of oral cavity, there by improves
resonance of the speech and directs food into
esophagus. It also protects the underlying soft
tissues. Also,it furtherdevelops acontact between
residual tongue and palate during speech and
swallowing. It improves the appearance and

psychosocial wellbeing®.

For the success of a conventional denture,
properties such as retention, stability and support
will be essential and to be fulfilled. Retention
of the mandibular prosthesis was obtained with
gingivally and occlusallyapproaching clasps. The
support was optimized with widely distributed
rests. Stability was achieved with guide plates,
lingual plate, minor and major connectors.

Silicone was used over acrylic to modify
the lingual flange in the denture. It can be
polymerized simultaneously with acrylic. It also
withstands the influences of oral environment
without deterioration being non-irritant, odorless
and tasteless®.

The other treatment options are implant supported
fixed or removable prosthesis. As there was no
associated mandibulectomy, there was enough
bone substances to place implants. Retention,
support, and stability are achieved through the
implants. Therefore, implant supported prosthesis
will be a better choice of treatment. However,
cost, time and surgical morbidity limit the
treatment of choice.

Conclusion

Tongue prosthesis may not replace the internal
structure of the tongue, but it merges with the
residual anatomical structures and provides
certain degree of comfort and function which

Figure 6. Pickup impression (a) and the finalized denture with modified lingual flange (b)
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Figure 7. Intra oral view with the prosthesis and extra oral appearance

is called a ‘functional prosthesis”. In this case
report a removable partial denture with a modified
lingual flange has been provided to improve the
quality of life of the patient.
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