
Oral cavity-derived exosomes as promising tool in 
chronic wound healing

Abstract
Wound healing is an important physiological process aimed at maintaining the integrity of the skin after in-
jury, accidentally or intentionally. Physiological wound healing involves three consecutive but overlapping 
phases, including hemostasis, proliferation and remodeling. Wound healing abnormalities, such as excessi-
ve wound healing (e.g. keloid) or chronic wounds (e.g. ulcers) impair normal physiological function. Many 
experimental studies have provided insight into wound healing. There are numerous methods that support 
wound healing, including popular hydrogels, vegetable oils, ultrasound and even treatment with maggots. 
Stem cell therapies are also very popular, but they are not safe in all cases due to having specific antibodies. 
In the following article, in addition to a brief overview of current healing therapies we will examine exo-
somal therapy, which, although new, seems to be very promising if only because of the high safety of use.
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Introduction
Wound healing is an indispensable, as well as 

challenging process occurring in humans and ani-
mals. Its complexity is based on steps, sequentially 
occurring one after another [1]. During the whole 
process phases like hemostasis, inflammation, 
proliferation and regeneration take place. These 
cell-matrix and cell-cell interactions proceed in 
three overlapping phases: inflammation (0-3 days), 
cellular proliferation (3-12 days) and remodeling 
(3-6 months) [2]. Successful outcome of this mech-
anism requires complex interactions between dif-
ferent types of cells, cytokines, growth factors and 
extracellular matrix elements [3]. That is why, al-
though highly controlled, wound healing is an anom-
aly-prone process. Wounds caused by burns, chron-
ic diseases and postoperative injuries can be fatal 
in many cases because they can easily be colonized 
by bacteria and microbes which can be highly resis-
tant [2]. Thus, 96% of the 300,000 recorded burn 
incidents, can be life-threatening or even mortal to 
patients due to frequent complications [4]. Factors 
such as obesity or congenital diseases raise the risk 
of wound infections and particularly of wound sep-
sis [5]. Healed wounds often turn into deep, hard 
to remove scars or, in the case of incorrect inflam-
matory reactions, chronic non-healing wounds [6]. 
The latter especially are a clinically and esthetically 
challenging problem. Frequency of chronic wounds 
correlates with age of patients and thus increasing 
average length of life in Western countries [7]. This 
brings a need to better characterize the process of 
wound healing in order to optimize methods of its 
treatment with the use of innovative bio-tools.

Current wound healing approaches
Currently, there are few known products applied 

in chronic wound healing. Among them we can men-
tion: specialized wound dressings, including hydro-
gels and hydrocolloids, living skin substitutes, like 
allogenic bi-layered skin graft, composed of dermal 
fibroblasts enriched with bovine collagen type I and 
epidermal keratinocytes, growth factors and final-
ly controversial hyperbaric oxygen therapies [8]. 
Hydrogels are three-dimensional polymeric net-
works. They are evaluated as highly biodegradable 
and biocompatible, applied effectively as wound 
healing systems and controlled drug transfer. The 
ideal material should mimic as many properties 
of human skin as possible. Hydrogels present high 
oxygen and molecular permeability, low interfacial 
tension, proper moisturizing and mechanical prop-
erties which resemble physiological soft tissue en-
vironment. Calcium ion-crosslinked nanofibrillated 
cellulose (NFC) hydrogels deserve special attention. 
The material´s potential to maintain an appropriate 
moist environment for different types of wounds 
was shown in water retention tests. Also, the inert 
nature of hydrogels in conditions of cytokine se-

cretion and free oxygen radicals was revealed by 
inflammatory response studies. Results highlight 
the great potential of ion-crosslinked NFC hydro-
gels for the development of advanced wound dress-
ings, where further functionalization of the mate-
rial could lead to improved properties towards the 
healing of specific wound types. The results clearly 
point to hydrogels as one of the best ways to heal 
wounds today, however they are not suitable for ex-
udative wounds, where dressings must be changed 
frequently [9]. Since hydrogels are not absorbent, 
they may even prolong the healing process.

There are also natural products in traditional 
medicine, whose beneficial effects were discovered 
hundreds of years ago, but are also used nowadays. 
For instance, Rosmarinus officinalis oil reduces in-
flammation, enhances wound contraction, regener-
ation of granulation tissue, re-epithelialization, col-
lagen deposition and even angiogenesis. The latter 
one and collagen deposition were detected in the 
treated wounds [10].

Innovative wound healing therapies
Therapy with a use of stem cells

Stem cell therapies are also widely used. It is 
known that they can accelerate healing rate through 
reduction of scar contractures and inflammation. 
They also increase speed and quality of wounds’ 
closure. Among their numerous advantages is ease 
of isolation and characterization. It is simple to ex-
tract them from their source, e.g. bone marrow or 
adipose tissue. Cell delivery methods are constant-
ly being established, and additionally, very small 
amounts of them are required to start the cell cul-
ture of high survival rate. Unfortunately, stem cell 
application can elicit uncontrolled immunologic 
reaction to the treated patient. First of all, mecha-
nisms of action should be identified, since they are 
still not well understood. The long-term safety pro-
file should be investigated as there are currently no 
sources suggesting long-term stem cell treatment. 
Differentiation into many types of cells is somewhat 
limited, which means that they can only be applied 
to designated types of wounds [11].

Therapy with the use of exosomes
The solution to the problem above seems to be 

the use of molecules presenting high therapeutic 
safety, which are exosomes. They are shed by many 
cell types, both to extracellular matrix and biologi-
cal fluids. They belong to the group of extracellular 
vesicles (EVs) and, similarly to the microvesicles 
located in this group, are separated from the sur-
rounding environment by a lipid bilayer. Exosomes 
are vesicles of heterogeneous size (from 40 to 120 
nm), released by many types of cells, both into ex-
tracellular space and biological fluids [12]. When 
exosomes in reticulocytes were identified more 
than 30 years ago, it was believed that their main 
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role was to selectively remove unwanted compo-
nents from cells [13]. In recent years, however, they 
have gained great interest from researchers in the 
fields of medicine and biological sciences, which has 
led to the broadening of knowledge in this field. It is 
now known that they have the ability to transport 
biological molecules in an intact, active form, in-
cluding proteins and nucleic acids, also to cells [14]. 
Thus, exosomes are seen as carrier elements that 
are part of the still unknown intercellular signaling 
pathways.

Although mechanisms of intercellular communi-
cation involving exosomes are not yet understood 
in detail, vesicles are already used in regenerative 
medicine and related sciences. Their regenerative 
potential has been used so far in repairing myocardi-
al damage [15], parts of the brain affected by stroke 
[16], kidney defects caused by acute inflammation 
[17] or in removing liver fibrosis [18]. Regulation 
of cell growth by exosomes was used in turn to in-
hibit the growth of breast cancer cells in the mouse 
model [19] and in neurite proliferation in in vitro 
cultured rat neurons [20]. Furthermore, co-culture 
of mesenchymal stem cells (MSCs), secreting exo-
somes, with cancer cells initiated functional chang-
es of both cell types, described as mutual cellular 
adaptation [21]. It is worth emphasizing that re-
cently the relationship between exosomes and the 
process described above, which is wound regenera-
tion and healing, has also been described. Literature 
sources state that this phenomenon is based on the 
ability of exosomes to initiate the process of angio-
genesis, cell migration, their proliferation, as well 
as the process of epithelial reconstruction through 
the activation of certain signal pathways (AKT, ERK, 
STAT3, Wnt/β-catenin), leading to an increase ex-
pression of growth factors [22,23].

Unquestionable advantage of exosomes is their 
high therapeutic safety. They are unable to divide, 
thus there is no risk of uncontrolled proliferation, 
target cells and tissue outgrowth and predominately 
carcinogenesis. Similarly, there is no danger of un-
wanted immunological interactions, on the assump-
tion that exosomes are derived from host’s cells [24]. 
Additionally, taking into account bilayered structure 
of vesicles and capability of active particles’ trans-
port, there is a possibility to modify their composi-
tion with a use of biological engineering [25].

Oral cavity as a promising source of 
therapeutic exosomes

Thus, tissues with high potential for regeneration 
and self-renewal seem to be promising source of 
exosomes, favoring wound healing. Unquestionably, 
one of them is mucosa lining oral cavity. Physiolog-
ically, this region is constantly exposed to injury, 
however renewal and healing are very prompt. Oral 
cavity is easily accessible and displays unique char-
acteristics such as fetal-like wound healing [26] and 

antibacterial properties [27,28]. The oral cavity has 
antibacterial properties as a part of the native im-
munity. Epithelial antimicrobial peptides (β-defen-
sin coming from oral epithelium) have been iden-
tified and examined [29]. Also osteoprotegerin and 
haptoglobin – peptides secreted by progenitor cells 
of lamina propria, reduce growth of several patho-
gens [27]. It is easy to notice that wounds appearing 
in this region are healed much faster than those af-
fecting skin, carrying low risk of scars formation. It 
can be assumed that it is caused by smaller amount 
of blood vessels and immunological and profibro-
genic mediators, comparing to skin. On the other 
hand, mucosa can be characterized by highly effec-
tive epithelial renewal and fast-rate proliferation of 
underlying fibroblasts [30]. All this can be attribut-
ed to the presence of cells with stemness features, 
enabling continuous restoration of tissues from the 
oral cavity [31]. Furthermore, salivary exosomes 
have been identified as highly informative nanove-
sicles. They have shown a pathway and machinery 
by which cancer-derived biomarkers can be ferried 
through the systemic circulation into the oral cavity 
[32]. This provides the basis for studies of interac-
tion between saliva and oral mucosa and indicates a 
close relationship between these two elements.

Future perspectives
Several innovative wound care therapies are cur-

rently known. Negative pressure wound therapy 
(NPWT) uses controlled vacuum produced on the 
wound surface to improve healing. By moving gas 
molecules using suction, generated by vacuum sys-
tem, an underpressure is created. This provides a 
semi-occlusive environment that promotes wound 
healing. Next, biosurgery is a therapeutic method 
of cleansing and stimulating the wound healing 
process, which uses the phenomenon of external 
digestion occurring in the larvae of the flies - Lucil-
ia (Phaenicia) sericata. The post-embryonic stages 
of Phaenicia sericata fly are facultative parasites of 
birds and mammals, feeding on their living tissues 
in a process called myiasis. The development of the 
larvae lasts about 20 days, so the wounds in which 
flies lay their eggs must heal quickly [33,34]. As it 
turns out, sounds can also be used to heal wounds. 
Sonotherapy is a selective, but at the same time 
very effective method of cleaning acute and chron-
ic wounds (ultrasonic-assisted wound debride-
ment - UAW). Low-frequency ultrasound produces 
non-thermal effects in tissues - cavitation and acous-
tic flux. The acoustic stream in turn initiates uni-
directional fluid movement in the ultrasonic field, 
stimulating the activity and migration of phagocytic 
cells, supporting the natural mechanisms of wound 
cleansing and proliferation [35]. Fluid mechanics 
can also be useful. Hydrosurgical wound cleansing 
(Versajet system) is a method combining aggres-
sive and highly selective wound development with 
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pulsed rinsing. It uses a small stream of fluid under 
high pressure and enormous speed (the so-called 
water knife), which cuts and removes tissues. This 
is possible thanks to the vacuum created simulta-
neously in the head of the tip, which sucks and re-
moves cut tissue and impurities [36].

The above-mentioned methods are certainly 
effective, but there is often a number of contrain-
dications for each of them. The idea of mucosal 
exosomes usage in wound healing seems to be 
promisingly safe, but obviously needs further lab-
oratory studies. The knowledge describing how the 
parental cell produces exosomes and blend the po-
tentially therapeutic ingredients, such as miRNA, 
into the exosome is crucial to optimize the produc-
tion of effective therapeutic exosomes. In addition, 
a thorough understanding of the internalization of 
exosome by recipient cells is key to increasing the 
therapeutic efficacy of exosomes in gene therapy 
and drug delivery [37].

Based on information already presented iso-
lation of exosomes derived from oral cavity cells 
could have beneficial influence on regeneration of 
chronic wounds. For this purpose in vitro culture of 
mucosal cells is necessary in order to isolate exo-
somes from their culture medium. The problem 
of poor availability of human tissues can be easily 
solved by, in fact, unlimited access to recovered at 
slaughter animal tissues. The best option seems to 
be working on pig (Sus scrofa f. domestica) model, 
greatly resembling human in the aspect of genome 
length, dentition, physiology of cardiovascular and 
digestive tract, anatomy and lastly morphology [38]. 
The most important step, before clinical testing, re-
quires in-depth analysis of transcriptomic and pro-
teomic profile of oral cavity-derived exosomes in 
reference to regeneration. This knowledge would 
reveal the intercellular mechanisms of action and 
determine exosomal elements playing a vital role in 
the process of healing. 

Conclusions
Although there are many wound healing tech-

niques that have been used for a long time, scien-
tists continually improve them or search for inno-
vative solutions. The superior aim of the studies in 
the field of chronic wound healing is finding new 
cellular markers assuring effective regeneration. 
Secretome of stem-like mucosal cells, in the form 
of exosomes, seems to be very promising tool for 
regenerative medicine, excluding problems related 
to live cell therapy. Using of animal models closely 
related to human may be helpful in understanding 
yet undiscovered mechanisms of wound healing. 
Revealing the physiological role of an entirely new 
exosome-mediated cell-cell communication can fur-
ther improve clinical wound care therapy. However, 
it is of predominant importance to describe role and 
significance of exosomal components in the process 

of wound healing, what would estimate their pro-
spective share in innovative regenerative medicine.
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