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ABSTRACT:   Regenerative medicine is focusing on searching for stem cells, which can be efficiently and safely used for regenera-
tion of damaged tissues and organs. Pluripotent stem cells would be ideal for this purpose. It is because they have the 
ability to differentiate into cells of all three germ layers (ecto-, meso- and endoderm). One of the sources of their iso-
lation are embryos. For many years, they are made unsuccessful attempts to use of very controversial embryonic stem 
cells that are isolated from embryos. So strong ethical controversy forced scientists to look for other, undoubted ethi-
cally, sources of pluripotent stem cells. Induced pluripotent stem cells are proposed, as a more promising alternative 
to cells isolated from embryos. Unfortunately, both embryonic stem cells and induced pluripotent stem cells tend to 
genetic instability leading to the formation of teratomas. In parallel studies scientists try to use of stem cells isolated 
from adult tissues (e.g. bone marrow cells or adipose tissue) in the regeneration of parenchymal organs. Unfortunate-
ly, there is no convincing evidence for most of these cells that can regenerate damaged parenchymal organs. Regen-
erative medicine more frequently is employed in the otorhinolaryngological therapies. More and more researchers’ 
efforts are put into the development of an effective method of stimulation (in vitro) of pluripotent stem cells isolat-
ed from adult tissue for differentiation of the renewable progenitor stem cells which can keep their potential after 
transplantation into the recipient (e.g. in the treatment of imbalances or hearing loss). Moreover, there are promising 
methods for employing of the stem cells potential in tissue engineering as they are more effectively introduced as a 
clinical therapies.
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STRESZCZENIE:    Obiektem badań medycyny regeneracyjnej jest poszukiwanie komórek macierzystych dających możliwość ich 
bezpiecznego i efektywnego wykorzystania do regeneracji uszkodzonych tkanek i narządów. Pluripotencjalne 
komórki macierzyste wydają się być idealne do tego celu. Posiadają one bowiem zdolność do różnicowania się w 
komórki wszystkich trzech listków zarodkowych (ekto-, mezo- i endodermy). Jednym ze źródeł ich pozyskiwan-
ia są zarodki. Od wielu lat podejmowane są – bezowocne – próby zastosowania embrionalnych komórek macier-
zystych izolowanych z zarodków. Duże kontrowersje etyczne wokół tej metody zmusiły jednak naukowców do po-
szukiwania innych, nie wzbudzających wątpliwości etycznych, źródeł pluripotencjalnych komórek macierzystych. 
Zaproponowaną, bardziej obiecującą alternatywą dla komórek izolowanych z zarodków, są indukowane pluri-
potencjalne komórki macierzyste. Niestety, zarówno embrionalne komórki macierzyste, jak i indukowane pluri-
potencjalne komórki macierzyste, wykazują skłonność do niestabilności genetycznej, która prowadzi do tworze-
nia potworniaków. Równolegle w badaniach klinicznych podejmowane są próby wykorzystania w regeneracji 
narządów miąższowych komórek macierzystych izolowanych z dojrzałych tkanek, np. szpiku kostnego czy tkanki 
tłuszczowej. Niestety dla większości z tych komórek brakuje przekonujących dowodów, że mogą odtwarzać usz-
kodzone narządy miąższowe. Medycyna regeneracyjna coraz większym zainteresowaniem cieszy się w terapiach 
otorynolaryngologicznych. Wysiłek naukowców wkładany jest w opracowanie skutecznej metody stymulacji (w 
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ABBREVIATIONS

PSC – pluripotent stem cell 
MSC – multipotent stem cell
ESC – embryonic stem cell 
iPSC – induced pluripotent stem cell
VSELs – very small embryonic like stem cell 

INTRODUCTION 

Currently, stem cell treatments are used only as hemato-
poietic transplants. However, recent scientific advances 
will hopefully lead to the emergence of effective therapies 
based on stem cells. It is thought that regenerative medicine 
– a field in which technologies that optimize clinical use of 
stem cells are developed, will prolong life expectancy and 
improve quality of life [1].  

Moreover, regenerative medicine has two primary goals. The 
first goal is to use stem cells for effective and safe treatments 
aimed at regenerating damaged tissues and organs. In future, 
it is suspected that transplantation of solid organs will be re-
placed by transplantation of stem cell suspensions into par-
ticular organs. Because stem cells continuously regenerate our 
tissues and replace aging somatic cells, regenerative medicine 
has a second goal. This goal is to develop strategies that can 
extend life expectancy and improve quality of life by increas-
ing the regenerative potential of stem cells residing in individ-
ual body organs [1-3].  

As regards the first goal, we need to find a population of 
stem cells that can differentiate into any type of mature 
cell, and we also need to design effective ways of recon-
structing three-dimensional structures of damaged tissues 
or even to culture whole organs. Moreover, we should un-
ravel the mechanisms that maintain stem cell populations 
throughout life span by preventing their aging and pre-
mature removal from mature tissues. Body tissues can-
not regenerate themselves, if stem cells do not function 
properly [1, 3, 4]. 

SOURCE OF SELECTED STEM CELLS 

From the standpoint of regenerative medicine, pluripotent 
stem cells (PSC) or multipotent stem cells (MSC) would be 
ideal types of stem cells. PSC have an ability to differentiate 
into cells of all primary germ layers, i.e., mesoderm, ectoderm, 
and endoderm, whereas MSC can only differentiate into cells 
of two primary germ layers. Based on animal studies, we can 
hope that several types of stem cells derived from embryos or 
mature tissues could be used in clinical practice. Therefore, 
we will discuss advantages and disadvantages of using par-
ticular types of stem cells such as embryonic stem cells (ESC), 
induced pluripotent stem cells (iPSC), and stem cell isolated 
from mature tissues [1, 3]. 

There are two ways of harvesting embryonic pluripotent stem 
cells. These cells can be isolated from embryos that have not 
been used for implantation in the uterus or from embryos that 
have been obtained in the process of therapeutic cloning, i.e., 
transferring somatic cell nuclei into egg cells [1, 4-7].

Embryonic stem cells are isolated from embryos, as early em-
bryonic tissues contain pluripotent stem cells; thus, such cells 
can be harvested from morulas or blastocysts that are cryo-
preserved after in vitro fertilization. In this way, several lines 
of human ESCs have been developed. Unfortunately, harvest-
ing pluripotent stem cells from cryopreserved human embry-
os for therapeutic purposes is a matter of controversy. More-
over, pluripotent stem cells harvested in such a way will not be 
histologically compatible with the cells of recipients, mostly 
due to differences in inherited HLA antigens. Embryonic stem 
cells that develop into mature cells will have different HLA 
antigens than those found on the cells of the recipient, which 
can induce an immunological reaction of rejection. Notably, 
the above-mentioned embryonic stem cell lines change their 
characteristics as they grow in vitro, and in animal studies, 
embryonic stem cells have a tendency to develop into terato-
mas [1, 6, 8, 9]. 

Because of the above-described difficulties in using human 
embryonic stem cells, including ethical issues, technical prob-

warunkach in vitro) pluripotencjalnych komórek macierzystych izolowanych z dojrzałych tkanek w taki sposób, 
by mogły różnicować się w samoodnawialne progenitorowe komórki macierzyste, które zachowywałyby swój 
potencjał po przeszczepie do biorcy (np. w leczeniu zaburzeń równowagi czy utraty słuchu). Ponadto obiecujące 
wydają się metody wykorzystania potencjału komórek macierzystych w inżynierii tkankowej, coraz efektywniej 
wprowadzanej jako terapie kliniczne. 

SŁOWA KLUCZOWE:   medycyna regeneracyjna, pluripotencjalne komórki macierzyste, embrionalne komórki macierzyste, bardzo małe ko-
mórki przypominające komórki embrionalne, inżynieria tkankowa
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lems in harvesting these cells, and histological incompatibility 
with recipients, a new method of obtaining stem cells that are 
compatible with recipient cells has been developed, and it is 
referred to as therapeutic cloning. This method is based on 
creating a clonote, i.e., a cell that has an equal developmen-
tal potential as the zygote. Clonotes are created by replac-
ing an oocytic nucleus with a nucleus derived from a mature 
somatic cell (e.g., lymphocytes or fibroblasts). In contrast 
to physiological fertilization in which the nucleus is formed 
by fusion of haploid cells from the mother and father, thera-
peutic cloning is based on transferring a diploid cell nucleus 
from a somatic cell of the recipient, which results in complete 
tissue compatibility. This technique is now studied in animal 
models [1, 6, 10-12].

Therapeutic cloning also raises ethical issues, as the clo-
note, similarly to the zygote, can give raise to a new indi-
vidual, if implanted in the uterus. Thus, it could be used 
for reproductive cloning. This technique was utilized for 
cloning Dolly (sheep). In addition to ethical issues, there is 
a need to harvest human oocytes, and animal studies have 
shown that clonotes can develop, similarly to ESC, into ter-
atomas [1, 6, 13]. 

Ethical issues surrounding human embryonic stem research 
have urged scientists to look for alternative sources of pluri-
potent stem cells. One of such sources are induced pluripo-
tent stem cells (iPSC) that are obtained from mature somat-
ic cells by in vitro transformation of  the Oct-4, Nanog, Klf4, 
and c-Myc genes that code transcription factors essential to 
the development of embryonic stem cells. These genes are in-
troduced into somatic cells with the use of retroviral vectors. 
This method allows for harvesting cells that have features of 
pluripotent stem cells, i.e., they can differentiate into cells of 
all primary germ cell layers [1, 6, 14].

The technique of producing induced pluripotent stem cells is 
not very efficient, as only one in a few thousand cells is trans-
formed by the employed genetic manipulations and develops 
into a clone of iPSCs. However, similarly to ESCs, iPSCs also 
are genetically unstable and can develop into teratomas. This 
is due to disrupting and disorganizing DNA structure as a re-
sult of introducing genes that transform somatic cells into iP-
SCs [6, 14, 15].  

It is assumed that induced pluripotent stem cells can be an al-
ternative for embryonic stem cells. However, one should bear 
in mind that induced pluripotent stem cells have substantial 
genetic instability with numerous chromosomal aberrations 
that lead to cancer formation and rejections of transplants by 
recipients [6, 14, 16, 17]. 

Based on substantial body of research, cells with features of 
pluripotent stem cells or multipotent stem cells (MSC) can be 
found in mature tissues. These cells have an ability to differ-
entiate into cells of one, two, or three germ cell layers [18-26].  

Among such early developmental cells that reside inside ma-
ture tissues very small embryonic-like stem cells (VSELs) have 
been identified. VSELs express typical markers of pluripotent 
epiblastic cells that during the early phases of embryogene-
sis (gastrulation) take part in the process of generating germ 
cell layers and giving rise to various cell lines. Based on recent 
findings, VSELs that reside in developing tissues play an im-
portant role in homeostasis of tissue specific stem cells. These 
cells survive in mature tissues and constitute a source of tis-
sue specific stem cells, and for that reason they are regarded 
as a primary source of all cells in developing organisms. VSELs 
can be mobilized, in response to tissue or organ damage, and 
circulate in peripheral blood. An important feature of VSELs 
is modification of methylation of selected genes that take part 
in generic imprinting, which protects from uncontrolled cell 
divisions, thus from teratoma formation [1, 6, 27-32].

VSELs can be an alternative for stem cells derived by thera-
peutic cloning or for induced pluripotent stem cells. Because 
therapeutic use of VSELs is limited by their low numbers in 
mature bone marrow (1 VSEL cell in 104– 105 of mononuclear 
bone marrow cells), it is very important to develop effective 
protocols that will help expand VSELs. Moreover, the num-
ber of VSELs decreases with age. Importantly, potential use of 
VSELs does not raise ethical concerns, which is the case with 
regard to embryonic stem cells. This is another reason to look 
for effective applications of mature tissue derived VSELs in 
clinical practice [1, 4, 6, 18].

STEM CELLS IN OTORHINOLARYNGOLOGY 

Otorhinolaryngology is one of the medical fields in which the 
regenerative potential of stem cells is of interest. Due to an abil-
ity of stem cells to self-regenerate and differentiate into various 
cell types, studies have focused on directing differentiation of 
these cells into particular cell types. This is especially important 
for organs with low numbers of stem cells, which is associated 
with a low regenerative potential. One of such organs is the in-
ner ear, in which pluripotent and progenitor stem cells are lo-
calized mainly in the cochlear epithelium, utrical epithelium, 
saccular epithelium, and in the semicircular canals.  Pluripotent 
stem cells of the inner ear can differentiate into cells of all the 
three types of germ cell layers, both in vitro and in vivo. Research 
has shown that these cells can differentiate into hair cells, thus 
replacing damaged hearing receptors of the inner ear [33-37]. 
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In mammals (including over 250 million people), hearing loss 
cannot be reversed mostly due to the inability of replacing dam-
aged mechanoreceptors (hair cells). Therefore, generating hair 
cells from a renewable source of progenitor stem cells is crucial 
for developing efficient therapies for the disease of the inner ear. 
Currently, scientists attempt to isolate and culture progenitor hair 
cells derived from the inner ear in animals. However, despite suc-
cessful isolation and in vitro preservation of progenitor hair cells 
derived from mature tissues, researchers have not been able to 
effectively transplant these cells back into recipients [35, 38, 39]. 

Generation of hair cells has also been attempted from embry-
onic stem cells and induced pluripotent stem cells. In such 
studies, cells that resembled hair cells were generated in vitro 
(cultured in normal and three-dimensional conditions), but 
these cells were not identical with hair cells, structurally and 
functionally, that are observed in vivo. To date, no such meth-
od has been adopted in clinical practice [39, 40].  

Cells of the vestibular ganglion, that transmit information from 
the vestibular hair cells to the brainstem, degenerate with age. 
Thus, there is a need to regenerate these cells in people with 
disorders of balance. There was an attempt to isolate human 
neuronal stem cells from induced pluripotent stem cells cul-
tured in vitro and to transplant them into the inner ear of the 
mouse. It was observed that the transplanted cells were mor-
phologically mature and were able to connect denervated hair 
cells, but they were not completely mature physiologically [41]. 

  In people, replacement of damaged tissues or organs is often 
attempted in order to restore and/or improve quality of life. 
However, transplantations are limited by a low number of do-
nors and rejection reactions. Currently, some artificial pros-
theses are used to replace the function of certain body parts, 
such as the joints; however, they do not take over all functions 
of human tissues, which limits their long-term effectiveness. 
Moreover, artificial tissues do not always integrate with the 
tissues of the recipient [42, 43]. 

In the head and neck area, cancers of the trachea are not fre-
quent, but they are associated with a high mortality rate. The 
mainstay of treatment is such cases in surgical resection with 

subsequent basic reconstruction. In 2008, Macchiarini and 
co-workers performed the first transplantation of the trachea 
that was completely engineered from mesenchymal stem cells 
and cells of the respiratory system [42, 44, 45]. 

Regenerative medicine in the form of tissue engineering is regarded 
as a promising and relatively straightforward method that can be 
used in vivo. This method is based on intraoperative replacement 
of natural airways with artificial scaffold that serves as a natural 
bioreactor for proliferation and migration of stem cells of the re-
cipient that can colonize the implanted biopolymer [42, 46, 47]. 

Stem cells derived from the adipose tissue are another source 
of cells that can colonize scaffolds replacing the trachea. For in-
stance, when stem cells harvested from the adipose tissue were 
transplanted together with gingival fibroblasts, they formed a 
pseudo-multilayer ciliary epithelium that resembled, struc-
turally and functionally, the normal epithelium that lines the 
trachea. Thus, stem cells derived from the adipose tissue can 
be a good source for autologous transplants for regenerating 
the trachea. Moreover, they can be easily isolated, are relative-
ly numerous, eagerly expand, and are multipotent [42, 48-51]. 

CONCLUSION 

Regenerative medicine creates an enormous opportunity for uti-
lizing stem cells in various therapies, including otorhinolaryngo-
logical therapies. Stem cells can be used for cell transplants and 
for tissue engineering. However, further research is needed to 
evaluate possible threats that can be associated with their use, 
because in addition to ethical concerns surrounding the use of 
embryonic stem cells, one should remember that embryonic 
stem cells and induced pluripotent stem cells are genetically 
unstable, which may lead to formation of teratomas. 

Due to the above-mentioned difficulties, there are attempts 
to isolate stem cells from mature tissues and to employ them, 
alone or in combination with organic scaffold, for the replace-
ment of damaged tissues and organs. Among such cells, VSELs 
are a promising cell population that have a wide spectrum of 
differentiation. 
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