Stem Cell Applications:

An Overview

Sandro Eridani

1.1  Introduction

The earliest definition of stem cells was of
“ancestral cells of the germ line” [1]. It was soon
realized that such kind of primitive cell was not
confined to the germ line, but included progeni-
tors of many types of somatic cells. It, however,
took a very long time before somatic stem cells
were demonstrated, when in the early 1960s, Till
and McCulloch [2], while studying radiation
effects on mouse embryos, found the so-called
“colony-forming units — spleen” or CFU-S. By
their admission they were not looking for such
things, but they “stumbled upon them”: a brilliant
case of serendipity.

A classic statement by Lajtha [3] defined stem
cells as “cells which have the capacity to divide
symmetrically to expand their number and asym-
metrically to self-renew and give rise to a differ-
entiated progeny.” There is a controversy
concerning the way stem cells take to decide
whether to maintain them in staminal condition
or proceed along a differentiation pathway, con-
sidering the heterogeneity of CFU-S in different
new colonies. A simple theory, still debated, held

S. Eridani, M.D.

Department of Biomedical Science and Technology,
University of Milano, Via Fratelli Cervi 93,
Milano-Segrate 20090, Italy

Department of Medico-Biological Fisiopathology
and of Transplants, University of Milano,

Via Fratelli Cervi 93, Milano-Segrate 20090, Italy
e-mail: eridani @itba.mi.cnr.it, seridani @ gmail.com

that a so-called stochastic process takes place,
signifying in fact that the cell decision is uncer-
tain and unpredictable [4, 5]. Further research
has actually shown that, at least for embryonic
stem cells, a series of transcription factors holds
the key to the balance between undifferentiated
and committed progenitors [6]. A quite recent
evidence, based on studies of hair follicle regen-
eration, has highlighted a new molecule, called
TBX1, which acts as a “gatekeeper” governing
the transition between stem cell quiescence and
proliferation [7].

1.2  Stem Cell Types

A great amount of work has always been devoted
to classify various types of stem cells and their
characterization, differentiation capacity, versa-
tility, and, ultimately, possible use as a form of
cell therapy [8—11]; it has been even claimed that
the identification of many specific genetic or
molecular markers allows to obtain a kind of
“signature” of a pluripotent stem cell [12]. It is
thus necessary to briefly examine the different
types of stem cells with regard to their main
characters.

1.2.1 Germ Cells

There are variable opinions about the most
primitive cells of the body, namely, those derived
from the blastocyst inner mass, which are truly
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pluripotent as they can give rise to identical cells
but can also be modulated to produce differenti-
ated cell lines, like blood islands, neurons, and so
on. However, they display only transient self-
renewal capability.

Primordial germ cells (PGC) are the embry-
onic precursors of gametes among germ stem
cells; however, only male spermatogonial cells
are present in mammals over the entire life span,
while oocytes are made in a limited amount at the
time of birth, and should not be considered true
stem cells; nonetheless, this dogma has been
challenged by some experiments in female mice,
showing oocyte and follicular production in the
postnatal mammalian ovary and raising an inter-
esting debate about future perspectives [13].

It becomes therefore a question of semantics to
accept or not the definition of “true stem cells” only
for those which can self-renew both in vitro and in
vivo and are produced for an indefinite period of
time. It is altogether probably wise to follow the
suggestion that a real defining feature of stem cells
should be their function, despite the availability of
so many genetic and molecular markers [14].

A special subtype of germ cell is represented
by embryonic germ cells (EGCs), pluripotent
stem cells derived from primordial germ cells,
and progenitors of adult gametes [15]. EGCs
demonstrate long-term self-renewal via clonal
expansion in an undifferentiated state but can dif-
ferentiate in vitro to form so-called embryoid
bodies and then all three germ lineages, ecto-
derm, endoderm, and mesoderm [16]. EGCs
demonstrate normal and stable karyotypes as
well as normal patterns of genomic imprinting,
including X-inactivation. These features have
prompted transplantation studies in a variety of
models, e.g., to restore spermatogenesis [17].

1.2.2 Embryonic Stem (ES) Cells

The cells of the inner mass of the blastocyst that
give rise to the fetus is called pluripotent embry-
onic stem cells commonly abbreviated as ES
cells (Fig. 1.1). ES cell lines can be isolated and
propagated for a long time in serum-free, prop-
erly supplemented media without a change in the

karyotype [18], a prerequisite for possible clini-
cal use. When human ES cells are induced to dif-
ferentiate, they give rise, like the EGC cells, to
embryoid bodies that can evolve into various
types of cells. The study of this process allows
clarification of the regulation of lineage commit-
ment and differentiation. ES cells have been pro-
posed as a way of treatment in a wide range of
human disorders, ranging from neurological con-
ditions to blood disorders, immune deficiencies,
and others, caused by a lack or a deficient number
of certain cell types.

Caution is obviously necessary under many
aspects, first of all the need for an extensive ani-
mal experimentation before any clinical trial, in
order to evaluate potential untoward effects;
strategies have also been devised in order to avoid
immunological rejection of transplanted cells
[19]. A special case of production of undifferen-
tiated ES cell lines is the so-called somatic cell
nuclear transfer (SCNT). This is performed by
replacing the nucleus of an unfertilized egg with
a nucleus of a somatic cell of another subject.
The egg is then stimulated to undergo embryonic
development to the blastocyst stage; the inner
mass is removed and embryonic stem cells are
thus obtained and established as cell lines, which
may undergo the process of differentiation [20].

It has to be noted that while the chromosomes
of such ES cells are those from the donor, the egg
retains a portion of DNA, the mitochondrial
DNA, which resides in the cytoplasm. Therefore
the developing embryo is not completely identi-
cal to the donor, unless the same person is donat-
ing both the egg and the nucleus.

A startling result was announced recently,
namely, that it has been possible to form by SCNT
early human embryos that can give rise to ES cells.
The resulting stem cells are not normal, as they
carry the genomes of both the adult cell and the
oocyte: they have three copies of each chromo-
some instead of the usual two, and they do not sur-
vive beyond 4 weeks [21]. This result has raised a
heated debate, because it involves creating
a human embryo and then destroying it. Less cred-
ible is the fear that, if human nuclear transfer
works in the lab, someone could eventually use it
to clone a human being [22].
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Fig. 1.1 Formation of embryonic stem cells within the inner mass of the blastocyst, days 0-6

1.2.3 Induced Pluripotent

Stem Cells (IPSCs)

In 2006, a team at Kyoto University in Japan
reported that by adding a handful of genes to a skin
cell, they could turn it into an induced pluripotent
stem cell (IPSC), thus restoring the potential to
develop new differentiated cells [23]. This was
obtained by retroviral-mediated transduction of
adult cells with four transcription factors, highly
expressed in ES cells. After that report a remark-
able progress followed, showing that IPSCs can be
obtained by human adult cells and from a variety of
tissues [24]. Besides the demonstration of a num-
ber of core transcription factors (OCT4, Mango,
and Sox2), necessary to maintain pluripotency of
ES cells, other factors have been identified, which
can be used to induce reprogramming of the cell
destiny in a number of somatic cells [25, 26].

IPSCs can be developed from patients
affected by a number of disorders: the possibil-
ity therefore arises to produce by a combination
of transcription factors patient-specific human
induced stem cells, which can be used for in
vitro disease modeling and regenerative medi-
cine [27]. However, a number of problems have
arisen about possible applications of human
IPSCs in cell engineering and regenerative
medicine: it is indeed demonstrated that a
reprogramming process is not a genetic trans-
formation but an epigenetic change, involving
persistent somatic memory and aberrant DNA
methylation [28]. It was actually shown that
IPSCs derived by factor-based reprogramming
of adult murine tissues still harbor residual
DNA methylation signatures characteristic of
their somatic tissue of origin, an epigenetic
memory which favors their differentiation
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along lineages related to the donor cell, while
restricting alternative cell fates [29]. Such
memory of the donor tissue could be corrected
by differentiation and serial reprogramming
[30]. In addition, there is the possibility of a
reactivation of the female inactivated X chro-
mosome, an event observed in mouse fibro-
blasts, but apparently not in human IPSCs [31].

Another problem may arise from reprogram-
ming genes, which may still be active in host
cells so that foreign DNA remains in the host
genome. It is thus necessary to avoid the integra-
tion of foreign sequences; to this aim, new tech-
niques have been developed to remove the
integrated DNA from the genome of IPSCs, mak-
ing them safer for clinical use [32, 33].

An important development has been reported
recently, namely, a way to obtain fast reprogram-
ming of adult cells, using a potent transcriptional
activator (MyoD), which can convert one cell
type to another. Fusion of a MyoD fragment to
one of the early transcription factors, full-length
Oct4, might add to the powerful transactivation
capacity of MyoD the target specificity of Oct4
[34]. This novel approach may produce a radical
acceleration of IPSC generation.

From all such considerations, however, it
appears that human IPSCs are not entirely com-
parable to embryonic stem (ES) cells as far as
developmental capacity and genetic stability are
concerned; it is therefore suggested that ES and
IPSCs, due to their distinct features, may just
complement each other for a variety of research
and therapeutic applications [27].

1.2.4 Alternative Stem Cell Sources

It has been known for many years that the skin
contains a rather vast variety of stem cells, includ-
ing epidermal and mesenchymal stem cells
(MSCs), melanocytic stem cells derived from the
embryonic neural crest, as well as hematopoietic
and endothelial precursors [35]. MSCs are of par-
ticular interest, as they exhibit a wide differentia-
tion potential and, when transplanted in animals,
show migratory capacity, being able to move to
injury sites [36].

A distinct population of skin-derived progeni-
tors has been isolated and characterized. These
cells, named “skin-derived precursors (SKP),” can
produce mesodermal and neural progeny [37].
More recent research has shown that SKP are neu-
ral crest precursors, located in a specific dermal
niche and possessing a wide differentiation poten-
tial, which make them suitable for therapeutic use
[38]. A latest example of how skin fibroblast-
derived stem cells may be used in different areas
is supplied by a report from a team at the Mayo
Clinic, which has obtained induced pluripotent
stem cells (IPSCs) from the skin of patients in
end-stage kidney diseases. Such IPSCs may be
used not only for the study of renal disease patho-
genesis but also as autologous elements, for a trial
of new kidney replacement therapy [39].

Among the adult cells which have been shown
capable of reverting to a condition of IPSCs by
appropriate in vitro treatment, a very interesting
place is occupied by mature adipose cells [40].
Their advantage is that they can be obtained in
large amounts with minimal effort and can appar-
ently maintain a kind of “staminal” characteris-
tics during passage in culture, so that they may be
eventually employed in attempts of tissue regen-
eration [41]. It has been shown indeed that puri-
fied adipose stem cells express high level of
markers of staminality like CD49d, CD44, CD90,
CD105, CD13, and CD71 and that these markers
are maintained at high level for at least 3 months
and 7 passages of in vitro culture [42]. Progenitor,
endothelial, and mesenchymal stem cells derived
from adipose tissues are receiving great attention
in view of reconstructive surgery applications;
they also may be considered for cell therapy in a
number of disease conditions, including those
affecting the bone, cartilage, muscle, liver, kid-
ney, cardiac, neural, and pancreatic tissues [43].

An interesting source of stem cells has received
attention recently, namely, the amniotic fluid.
Amniotic fluid-derived stem (AFS) cells are eas-
ily collected, have a high renewal capacity, and
can differentiate into all tissues derived from all
embryonic layers [44]. Of special interest is their
application in orthopedic surgery, where they can
be used in combination with titanium plates and
screws to obtain satisfactory osteosynthesis [45].
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It has been recently confirmed that AFS cells
can be maintained for over 250 population dou-
blings while preserving their telomere length and
a normal karyotype. Therefore, many more uses
for AFS cells are now considered in regenerative
medicine [46].

Another source, connected to the amniotic
fluid, is represented by placental stem cells,
which are also available in considerable amount
and show differentiation potential toward all
three layers of germ cells [47]. Their possible
clinical applications are being investigated.

1.3  Stem Cell Treatment

The last decade has seen a tremendous increase
in both the fields and types of stem cell appli-
cations for the treatment of a wide variety of
pathological conditions. The author shall, there-
fore, give in this survey a general outline of an
ever-expanding area. It is anyway proper to start
mentioning the field of the earliest and now
historical trials of stem cell therapy, namely,
hematopoietic cell transplantation (HST). This
was successfully studied and performed by a
pioneering team in Seattle [48], but a number of
scientists in many countries have contributed to
the development of such technique, particularly
in identifying all types of blood stem cells and
their different sources. For instance, it has been
obtained a successful use of stem cells from
peripheral blood, with the added bonus of their
mobilization before collection [49].

Stem cells from the umbilical vein, or cord
blood (CB) stem cells, have also been found in
considerable amount and successfully used for
transplantation. It was found that CB stem cells
can be amplified in culture, where they are capa-
ble of extensive self-renewal [50, 51].

Cord blood banks have been set up, and strict
rules have been established for a correct collec-
tion and preservation of samples [52]. Storage
can be either in private banks, where CB stem
cells can be used as autologous or allogeneic
transplants for the infant donor or related family
members, or in public institution, where samples
are not available to the public; these banks how-

ever are now part of registries for a general search
of donor sources [53].

The advantages of cord blood stem cell ther-
apy are of course the access to cord blood banks
all over the world, a low risk of transmitting
infections, good tolerance of human leukocyte
antigen (HLA) disparity, lower incidence of
severe graft-versus-host disease (GVHD), and
lasting immune recovery. It has also been stressed
that, besides hematopoietic stem cells, cord blood
contains endothelial cells, mesenchymal stromal
cells, T-regulatory cells, dendritic cells, and natu-
ral killer cells and that these cell types are becom-
ing an important field of investigation, aiming at
new treatment options [54].

The applications of HST in clinical hematol-
ogy have actually increased enormously from the
primitive area of blood malignancies to red cell
anomalies like severe hemoglobinopathies and a
number of other disorders [55]. The process of
HST involves of course a wide range of ques-
tions, like the choice of the donor, who can be
either the patient (autologous HST) or a related
or unrelated person (allogeneic HST). Of primary
importance are also the conditioning regimens to
ablate the unwanted marrow population.

As far as Hbpathies are concerned, HST has
been mainly practiced in conditions like
p-thalassemia (p-Thal) and sickle-cell disease
(SCD), which are presently the most common
inherited diseases worldwide. Such disorders can
occur in a different variety of forms, most of
which can be usually treated in a conservative
manner. However, p-Thal major and severe SCD
are life-threatening conditions, and for them HST
offers the only chance of a cure. A general con-
sensus considers suitable for transplant thalasse-
mic patients under 17 years of age, who are lucky
to have an HLA-identical sibling donor, while for
SCD patients transplantation is generally delayed
until evidence of a very severe disease, as in the
occurrence of a stroke [56].

As for conditioning regimens, there has been
some favor for minimally toxic and nonabla-
tive treatments, which however may produce
only a transient engraftment. At present, con-
ditioning regimens include eradication of the
hematopoietic system by administration of a
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high dose of busulfan and suppression of the
immune system by administration of cyclophos-
phamide [57]. To give an idea of the incredible
potential of hematopoietic transplants, it is
sufficient to remember a repopulation experi-
ment of multi-lineage engraftment in mice from
just a single bone marrow transplanted cell, as
reported by Krause et al. [58].

A new promising approach has been recently
the attempt to combine cell and gene therapy by
globin gene transfer for both thalassemia and
SCD. The therapeutic efficacy of this procedure
has been established in several mouse models of
p-Thal and Sickle Cell Disease; safety could be
obtained using lentiviral vectors, which provide
therapeutic transgene expression, restricted to
late stages of differentiation within the erythroid
lineage [59]. Of great interest was the report
of an adult patient with severe f-thalassemia,
dependent on monthly transfusions since
early childhood, who has become transfusion-
independent following lentiviral p-globin gene
transfer, although a potentially oncogenic clone
had appeared [60].

Hematopoietic stem cell transplantation has
also been performed in a very severe group of
anomalies, namely, primary immune deficien-
cies, ranging from severe combined immune
deficiency (SCID) to other related conditions.
Survival in both SCID and non-SCID syndromes
was of course better with geno-identical donors,
around 90 %, than in mismatched or unrelated
donors, around 66 % [61]. HST using autologous
stem cells, in conjunction with gene therapy, has
been employed in amino-deaminase deficiency
(ADA), a fatal disorder, obtaining significant
benefits, with immune reconstitution in some
patients and no more requirement for enzyme
replacement therapy [62].

Recent research has shown that the use of
patient-derived induced pluripotent stem cells
(IPSCs) may overcome some of the inherent lim-
itations of the previous procedures. New
approaches have also been adopted to avoid the
risk of leukemic induction due to insertional
mutagenesis: target-specific enzymes are thus
introduced to facilitate gene correction or gene

insertion into secure gene locations, or “safe
harbors” [63].

An interesting application has been transplan-
tation in utero (IUHST), taking advantage of fetal
immunological immaturity, which allows to omit
conditioning regimens before transplantation:
this procedure has been performed with good
success in diverse conditions like Hbpathies and
immune deficiencies [64]. Moreover, experimen-
tal progress has been made using IUHST to
induce donor-specific tolerance and thus facili-
tate a relatively nontoxic postnatal HST: a strat-
egy which promises a vast field of clinical
application of TUHST [65]. In an interesting
development, it was found that engraftment may
be hampered in mice by maternal T cells, and it is
therefore suggested that the clinical success of
IUHST may be improved by transplanting cells
matched to the mother [66].

As far as other blood disorders treated with
HST, mention has to be made of Fanconi anemia
(FA), a severe congenital form of pediatric aplas-
tic anemia, with frequent evolution into myelo-
dysplasia syndrome (MDS) and/or acute myeloid
leukemia (AML) with a specific pattern of
somatic chromosomal lesions. However, a rele-
vant proportion of FA patients can now be suc-
cessfully cured by HST, even in the absence of an
HLA-identical sibling, especially if the condi-
tioning regimen includes fludarabine [67].

1.3.1 Neurological Disorders
Neural stem cells (NSCs) can be isolated and
grown in culture as clusters called “micro-
spheres,” following stimulation by appropriate
factors. They also show a broad differentiation
potential, which may act not only along the neu-
ral lineage to produce adult neurons but also
along other so far unsuspected directions [68]. It
was also found in early investigation not only that
such property may be used as a replacement of
lost cells but that NSCs can promote proliferation
and reorganization of endogenous stem cells and
tissues [69].

The advent of induced pluripotent stem
cells (IPSCs) has prompted of course new
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experimentation in order to transform them into
neural progenitors, insert missing genes, and pro-
ceed to various forms of gene therapy. The thera-
peutic potential of stem cell treatment in
neurology is so wide that we can only mention
some items. Disease-specific IPSCs were derived
from patients of several neurodegenerative dis-
eases, including Parkinson’s disease, Alzheimer’s
disease, amyotrophic lateral sclerosis, and spinal
muscular atrophy: neurons differentiated from
these IPSCs reproduce the actual pathological
picture and thus allow in the first place a test for
drug activity, but they could also be used as a
model for cell replacement [70].

A good example is the case of Parkinson’s dis-
ease (PD), where gene therapy is aiming to pro-
vide the missing chemical, dopamine, and others
to the affected cells of PD patients. Clinical trials
include the attempts to insert useful genes for pro-
duction, storage, and uptake of dopamine by the
dopaminergic pathways of the basal ganglia in the
brain [71]. Researchers using human IPSCs
derived from PD patients determined indeed that
transplanted differentiated cells were able to sur-
vive, engraft, and differentiate into dopaminergic
neurons while favorable functional effects were
also noted. Long-term survival of the transplanted
cells was also detected, and no evidence of PD
pathology, such as inclusion body formation, was
observed in the transplanted neurons [72].

A special case is a rare disease, X-linked adre-
noleukodystrophy (ALD), in which gene therapy
using autologous transplanted hematopoietic
cells has actually been performed with success.
This is a fatal, congenital, demyelinating disease
of the nervous system, caused by a gene mutation
of the ALD protein that protects the nerve myelin
envelope. Two patients receiving lentivirus-
transduced stem cells obtained an arrest of pro-
gressive cerebral damage and a significant
clinical benefit [73].

Important developments have been recently
the successful attempts to generate autologous
neurons directly from dermal fibroblasts using
cellular extracts, without the need of passing
through a stage of pluripotency. This procedure,
which has the great advantage of avoiding genetic
manipulation with the relative risks, is also

presently applied to other cell types, like cardio-
myocytes [74].

1.3.2 CardiacFailure

The presently available remedy for severe heart
failure, namely, heart transplantation, still has
limited application, due to donor scarcity and
problems of rejection. Therefore, an increasing
amount of research is directed to the possibility
of cardiac tissue regeneration, trying a wide vari-
ety of sources from embryonic stem cells to bone
marrow mononuclears and even adipose tissue
stem cells [75]. Some direct progenitors of car-
diac tissue were actually found in the epicardium
itself, where multipotent stem cells have been
shown capable of giving rise to all three lineages
of the heart, namely, cardiomyocytes, smooth
muscle, and endothelium [76].

Numerous experiments were performed using
a variety of these progenitor cells in animal mod-
els and also in a few clinical trials, with some
encouraging but short-term results [77]. However,
recent efforts to promote cardiomyocyte regen-
eration have recorded a remarkable progress,
with the demonstration that cardiac fibroblasts
can be reprogrammed in vitro to new differenti-
ated cells, like cardiomyocytes, by appropriate
cocktails of transcription factors involved in heart
development [78]. Two teams (from San
Francisco and Dallas), after inducing myocardial
infarction in experimental mice, inserted by ret-
roviral transduction [79] the genes encoding four
transcription factors (GATA4, MEF2C, TbxS5,
and HAND?) into the injured area, in order to
produce cardiomyocyte-like cells (it is actually
known that retroviruses can only insert genes into
dividing cells, like scar-forming fibroblasts, but
not into cardiomyocytes, which do not divide).
After a few weeks, the projected goal was bril-
liantly achieved, as the new cells were actively
proliferating and helping to improve the cardiac
function [80, 81]. It is however likely that origi-
nal cardiomyocyte progenitors (stemlike cells)
may have a higher proliferation rate and would
therefore be more effective in obtaining cardio-
myocyte regeneration, an open question so far.
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1.3.3 Cell Therapy for Diabetes

When pancreatic f3-cells are destroyed via an auto-
immune reaction in type 1 diabetes (T1D), islet
transplantation has been widely tried with variable
success. However, this is a rather impractical pro-
cedure, due to the limited number of cadaveric
islet donors and immunological problems [82].
An obvious alternative is the use of pluripotent
stem cells, which provide an unlimited cell source
to generate new f-cells; furthermore, the advent
of induced pluripotent stem cells (IPSCs) from
patients has produced a powerful tool for autolo-
gous cell replacement therapy, disease modeling,
and drug screening for both types of diabetes [83].
In order to generate functional insulin-
producing cells, embryonic stem cells must first
differentiate to endoderm and pancreatic endo-
crine progenitors. In this process, activin A (a
member of the transforming growth factor beta
superfamily) has shown a remarkable activity,
given the proper concentration, culture conditions,
and time of application; other factors like serum
components or contamination by feeder cells as
well as differentiation and proliferation factors
play a critical role in such sequence of events [84].
An interesting protocol, carried out in a serum-
free system, has been described, by which human
embryonic (ES) cells are induced to differentiate
into functional insulin-producing cells: activin A
is used in the initial stage to induce definitive
endoderm lineage differentiation from human ES
cells, while all-trans retinoic acid (RA) is then uti-
lized to promote pancreatic differentiation. Final
maturation is induced by fibroblast growth factors
and nicotinamide, so that the differentiated cells
express islet specific markers [85]. Further inves-
tigation is anyway necessary to implement strate-
gies for cell therapy in the different clinical types
of diabetes mellitus: in particular, more protocols
are required to obtain a reproducible generation of
insulin-making cells in culture [82].

1.3.4 Diseases of the Skin and
Its Appendages

Skin transplants have a rather long history, if we
believe an illustrious character like Winston

Churchill, who, as an officer during the war in
Sudan in 1898, donated a portion of his skin to a
wounded friend and described the operation as
very successful [86]. There is indeed a population
of stem cells in the epidermis, which is capable of
self-renewal and differentiation and thus capable
of providing a fast renewal of that tissue [87].

It has thus been possible in the past to apply
different types of skin grafts in order to treat a
variety of conditions, like skin wounds, venous
ulcers, and burns. In recent years, however, grow-
ing attention has been devoted to various forms
of engineered stem cells, to obtain repair of dis-
rupted skin and appropriate regeneration [88].
Stem cell-based skin engineering in conjunction
with gene recombination, in which the stem cells
act as both the seed cells and the vehicle for gene
delivery to the wound site, represents the most
attractive model for a regenerative strategy of
wound therapy [89].

In addition to the indications mentioned
before, severe inherited skin disorders represent a
very challenging area for stem cell replacement,
combined with gene therapy. An example of a
clearly identifiable candidate genetic disease is
epidermolysis bullosa, which is a group of heri-
table devastating disorders, characterized by fra-
gility of the skin and mucous membranes. A
successful transplant with genetically corrected
autologous stem cell was first performed in 2006
[90], but it was pointed out that its effects were
limited to the area of application and still with
risks of gene augmentation due to traditional ret-
roviral constructs: all this prompts a search for a
systemic and safer approach [91].

A most innovative attempt to combine stem
cell lines with a suitable material has been
recently introduced, utilizing native spider silk
woven on steel frames, which can provide a good
matrix for 3-dimensional skin cell culturing.
Fibroblasts and keratinocytes cell lines, guided
by the silk fibers, proliferate and reach conflu-
ence in a few days, initiating rapid skin regenera-
tion [92].

A remarkable body of investigation has tried
to obtain a successful method to regenerate hair
using the potential of embryonic follicle epithe-
lial and mesenchymal cells. It is indeed known
that ectodermal organs, such as the teeth, salivary
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glands, or hair follicles, may be formed in experi-
mental systems by reproducing the developmen-
tal processes that occur during organogenesis,
and it has been, for instance, reported that a bio-
engineered hair follicle germ can generate a bio-
engineered hair follicle and shaft [93]. Recent
findings suggest that the transplantation of a bio-
engineered hair follicle germ can restore natural
hair function and reestablish the cooperation
between the follicle and the surrounding recipi-
ent muscles and nerve fibers [94].

As far as other ectodermal organs are con-
cerned, it has been proposed that bioengineered
teeth can restore oral and physiological function
through the transplantation of a bioengineered
tooth germ and a bioengineered mature tooth
unit. Actually, a bioengineered tooth unit com-
prising a mature tooth, a periodontal ligament,
and an alveolar bone was successfully trans-
planted recently into a properly sized bony hole
in the alveolar bone through bone integration by
recipient bone remodeling in a murine transplan-
tation system: an example of mature organ
replacement and regenerative treatment [95].

Another interesting application for stem cell
therapy is the repair of cornea lesions, particu-
larly after burns. For example, autologous limbal
stem cells cultivated on fibrin were employed to
treat 112 patients with corneal damage, most of
whom had burn-dependent deficiency of the rel-
evant stem cells. Permanent restoration of a
transparent, renewing corneal epithelium was
obtained in 76.6 % of cases, and regenerated cor-
nea remained stable over time, with up to 10
years of follow-up [96]. An important role for
corneal epithelium regeneration is apparently
played by microRNA, showing how epigenetic
factors may intervene in self-renewal and differ-
entiation of stem cells [97].

1.3.5 Bone and Joint Defects

There is a good number of bone diseases or
structural bone defects in which conventional
therapies, including surgery, do not promote, in
the end, sufficient bone healing. In these situa-
tions stem cells of different origin have been of
great value. Quantitatively relevant amounts of

mesenchymal, multipotent progenitor cells
(MSC) are found not only in human bone mar-
row but also in the periosteum and in adipose tis-
sue. In lesser amounts they are found in other
tissues, such as the muscle, umbilical cord blood,
placenta, skin, cartilage, and synovium [98].

Osteoblastic differentiation of MSCs passes
through numerous intermediary stages, whereby
it is the local environment with correspondingly
different stimuli which is influencing the kinetics,
gene expression, and protein synthesis of the cell
much more than the original MSC tissue [99].

Among skeletal disorders treated with cell
therapy, we may mention osteogenesis imper-
fecta, with good results obtained after transplant
of MSCs [100], and osteopetrosis, in which
autologous bone marrow transplantation has
been performed successfully [101].

Cases of osteonecrosis have also been treated
with cell therapy. A good example is avascular
osteonecrosis (AVN) caused by osteoblast
exhaustion in which good results have been for a
long time obtained by the combined use of stem
cells and growth factors [102, 103]. Patients with
sickle-cell anemia-related AVN, in particular,
show considerable benefit from a local injection
of mononuclear bone marrow cells [102].

Cartilage defects have also been treated for
some time with cell therapy. In this case autolo-
gous chondrocyte transplantation (ACT), a cell-
based orthopedic technology, has been used, for
instance, in the treatment of chondral defects of
the knee since 1987 and has been performed on
great numbers of patients [104]. With ACT, good
to excellent clinical results were seen in isolated
posttraumatic lesions of the knee joint in the
younger patient, with the formation of hyaline-
type tissue, while more recently a new generation
of ACT techniques has been employed, where
cells are combined with resorbable biomaterials,
like suspended cultured chondrocytes with a col-
lagen type I/IIl membrane has been employed
[105]. Presently, following demand for transar-
throscopic procedures, third-generation cell ther-
apies have been developed, with delivery of
autologous cultured chondrocytes by cell carriers
or cell-seeded scaffolds [106].

It may be added that a long search for
molecules that may promote the selective
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differentiation of multipotent mesenchymal
stem cells into chondrocytes has finally allowed
to identify (out of 22,000 tested) a compound
called “kartogenin,” which actually stimulates
chondrocyte differentiation, is active in animal
models of cartilage defects, and will surely be
tested in human trials [107].

Conclusions

It appears from the present study, which
includes only a limited area of clinical medi-
cine, that stem cell treatment is an ever-
expanding area of research, as more
technological devices are being used to utilize
progenitor cells of different type as well as to
transform somatic differentiated cells into
pluripotent progenitors; there is therefore a
great potential for wide applications in clinical
and regenerative medicine.
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