Avens Publishing Group

J Transplant Stem Cel Biol

June 2016 Vol.:3, Issue:1

© All rights are reserved by Ahmed, et al.

Stem Cell Therapies in
Regenerative Medicine and
Diabetes Mellitus: Advances,

Constraints and Future Prospects

Keywords: stem cells; Regenerative medicine; Diabetes meliitus;
Stem cell therapy

Abstract

Stem cell therapy is one of the most promising treatments for the
near future. This kind of therapy can ameliorate or even reverse some
diseases and have potential applications in regenerative and
replacement medicines and diabetes meliitus. The different types of
stem cells such as embryonic stem cells, induced pluripotent stem cells
and adulf stem cells have been proved to be operational in freating
diabetes mellitus with clear limitations. The prevalence of diabetes
mellitus type 1 and type 2 continues to rise and its complications are
serious and may lead to death. The current freatment methods, other
than stem cell therapy, do not treat the main causes of the disease
and have many limitations. Although insulin injection is the standard
therapy for type 1 diabetes mellitus, its exogenous injection cannot
mimic insulin secrefion from normal B-cells when blood glucose
changes all the time. Thus, how to generate new R-cellsis animportant
approach for the treatment of type 1 diabetes meliitus. Isolated islets
are fragile and susceptible to pro-apoptotic factors and poorly
proliferative. In confrast, mesenchymal stem cells (MSCs) are highly
proliferative, anti-apoptotic and pluripotent to differentiate toward
various cell types. The electrofusion between islets’ cells and MSCs
produced fusion islets’ cells that are more resistant to apoptosis and
are able to maintfain insulin secretfion for long periods. The stem cell
therapy is also used for tfreatment of type 2 diabetes mellitus as well
because the disease later progresses to p-cell dysfunction. Stem cell
therapies were clinically applied for improvement of insulin sensitivity
and metabolic confrol in long standing type 2 diabetes mellitus. In
addition to the applications of stem cells in the cell therapy of
diabetes mellitus, recent frends of studies tend to use the direct
reprogrammed adult somatic cells especially endoderm-derived
adult cells fransdifferentiated into insulin secretory pancreatic p-cells.
However, the use of stem cells especially human embryonic stem cells
in research and therapy is subjected to limitations and constraints in
many countries due to ethical and religious concerns. In this arficle,
the types of stem cells and their resources and to what extent stem
cell research can lead fo progresses in regenerative medicine and
diabetes mellitus therapies are reviewed. It also sheds light on ethical
concerns and future hopes of stem cell use in research and therapy.

Introduction

In the mid 1800, stem cell research history began with the
discovery of some cells that could produce other cells [1]. The first
stem cells, that are real, were discovered in the early of nineteenth
century when some cells were found to bring in to blood cells [1].
Since then, the use of stem cell in research and clinical application
began to be developed.

The history of stem cell research involves both animal and
human stem cells. In 1970, Friedenstein and his colleagues [1] first

isolated adherent stromal cells from whole basement membrane in
vitro culture; these cells were fibroblast-like, clonogenic cells  with
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multilineage potential to differentiate into various mesenchymal
tissues and hematopoietic-supporting stroma. Owen and Caplan
further refined isolation methods and identified mesenchymal stem
cell markers [2,3]. In 1998, Thomson et al. isolated cells from the inner
cell mass of early embryos and developed the first human embryonic
stem cell lines [4]. In the same year, Gearhart derived germ cells from
fetal gonad tissue [S].

Following the discovery of the methods for isolation and culture
of stem cells as well as their identification by flow cytometry and other
techniques, the research and clinical applications in stem cell therapy
in regenerative medicine and diabetes mellitus are greatly progressed
[6-8].

Diabetes mellitus, a metabolic disease characterized by
uncontrolled high blood glucose (BG) levels. It may be considered
as global epidemics with continuous increase in its prevalence and
incidence worldwide [9,10]. A current rating of 371 million cases is
found in 2012 and it is expected to reach 552 million by 2030 [11].
Also, it is estimated that 5% of all deaths in the world are caused by
diabetes and the number is increasing rapidly. The main forms of
this chronic disorder are type 1 diabetes mellitus (T1DM) and type
2 diabetes mellitus (T2DM). T2DM is far more prevalent (90-95%)
than T1DM, and it arises due to either insufficient insulin synthesis or
the body"s inability to respond secreted insulin and leading to glucose
build-up in the blood [12]. It emerges at mid age [10,13]. TIDM is
much less common (5-10%) than T2DM and commonly affecting the
pediatric/adolescent/young age, because immune complex mediated
attack on insulin producing B-cells of the pancreas [14].

The impairment control of glucose leads to both microvascular
and macrovascular complications that frequently result in the other
clinical conditions associated with diabetes. The treatments of
diabetes by the chemical methods do not treat the causes of the
disease and have side effects. Thus, there is an obvious search for the
suitable alternative treatment methods. Restoring f-cell function is
a goal for improved therapy of both diseases. This could be achieved
by two techniques the first is cell-replacement therapy, and the other
way is triggering intrinsic regenerative mechanisms of the pancreas.
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For T1DM, the only available curative therapy is the replacement
of the lost B-cell mass by islet transplantation from cadaveric donors
[15]. In vitro, the generation of B-cells from an unlimited source of
self-renewing stem cells, such as embryonic stem cells, might be an
alternative approach, due to the shortage of transplantable material
[16,17]. Studies analyzing the therapeutic effects of stem cells in
humans with type 1 diabetes began in 2003 in the Hospital das Clinicas
of the Faculty of Medicine of Ribeirdo Preto - SP USP, Brazil, and
since then other centers in different countries started to randomize
patients in their clinical trials [18]. In the regard, Couri et al. found
that after 29.8 months following autologous nonmyeloablative
hematopoietic stem cell transplantation in patients with newly
diagnosed type 1 DM, C-peptide levels increased significantly and
the majority of patients achieved a good glycemic control and insulin
independence [18]. Zhao et al. reported reversal of type 1 diabetes
via islet beta cell regeneration and/or preservation of beta cell mass
following immune modulation by cord blood-derived multipotent
stem cells [19]. As reported by Regeneration Center of Thailand cures
for T1D or gestational diabetes are very low probability [20]. There is
a genetic component of the disease that will require gene therapy to
reprogram the cells from reverting back to their compromised states
however these solutions are just in the clinical trials stage and have
not been approved for clinical applications.

For T2DM, the phase 1/phase 2 study of Zhao and his colleagues
[21] demonstrated that stem cell educator therapy can regulate the
immune dysfunctions and restore the immune balance through the
modulation of monocytes/macrophages and other immune cells,
both in peripheral blood and in tissues, leading to a long-lasting
reversal of insulin resistance, a significant improvement in insulin
sensitivity and metabolic control in long-standing T2D subjects. In
2015, Regeneration Center of Thailand announced that the center
can help to treat DM with enriched and expanded mesenchymal cells
treatment for diabetes safely and without any artificial medicines or
need for regular insulin dependency [20]. The diabetic patients are
treated by injecting enriched MSC stem cells in to the pancreatic area
via intravenous routes or directly (severe cases).

This review sheds light on types of stem cells that are broadly
classified into two main categories: embryonic stem cells (ESC) and
adult stem cells (ASC) and the progress of stem cell research in the
regenerative medicine in the field of treatment of diabetes mellitus.

Types of Stem Cells

Stem cells can be classified into four broad types based on their
origin, viz. stem cells from embryos; amniotic stem cells; stem cells
from the umbilical cord; and stem cells from adult. Amniotic, fetal
and adult stem cells are evolved from embryonic stem cells and the
few stem cells observed in adult organs are the remnants of original
embryonic stem cells that gave up in the race to differentiate into
developing organs or remained in cell niches in the organs which are
called upon for repair during tissue injury [22].

Embryonic stem cells

Embryonic stem cells (ESCs) are derived from embryos at a
developmental stage before the implantation time in the
from the inner cell mass of a 5-6 day-old blastocyst [22,23]. They are

uterus

pluripotent cells [24,25]. In embryogenesis, the inner cell mass (ICM)
develops into two layers of different cells, these layers are epiblast
and hypoblast. The hypoblast forms yolk sac, while the epiblast
differentiates into the three germ layers of the embryo; ectoderm,
mesoderm and endoderm having potential for forming any body
tissue [26].

Human embryonic stem cells are undifferentiated (primitive)
cells that can differentiate into all cell types found in adult human
body or self-renew. Approximately, the first differentiation event in
humans occurs at five days of development. The outer layer of cells
separate from ICM and committed to becoming part of the placenta
(trophectoderm). The ICM cells have the potential to give any cell
type of the body, but after implantation, they are depleted quickly
because they differentiate into other cell types with developmental
potential, which is more limited [27-30].

Embryonic stem cells have been shown to differentiate in vitro
into cells from all three embryonic germ layers (Figure 1). Neurons
and skin formed from ectodermal differentiation [31-34] while
blood, cartilage, endothelial cells, cardiac cells, and muscle formed
from mesodermal differentiation [35-37] and pancreatic cells from
endodermal differentiation [38]. So, ESCs might be used for the
treatment of several diseases, as diabetes [39], injuries of spinal cord
[40] and heart transplantation [41] and liver [42]. Recently, Guenou
et al. and Pelligrini and Luca reviewed that human embryonic stem
cells (hESCs) can differentiate into mature keratinocytes able on
immunodeficient mice to give a pluristratified epithelium [30,43].
Jukes et al. reported that mouse and human embryonic stem cells
(ESCs) can successfully differentiate into cartilage and boneeliciting
their potential in cartilage and engineering of bone tissue [44].
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Figure 1: Embryonic stem cell forms the cells of all there germ
lavers [45].

Sources of human ES cells: There are four sources of ES cells,

which can be derived from embryos in culture during their early
stages [46,47]:

1) In vitro fertilization (IVF) for treatments of the infertility,
embryos created and were not implanted because they were
no longer used.

2) Embryos created by IVF to be used for research purposes.
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3) Already existing embryonic stem cell lines.

4) Embryos created by means of somatic cell nuclear transfer
(SCNT) or from cloning techniques. The technique involves
replacing the DNA of an unfertilized egg cell with the DNA
from a patient's somatic cell, often a skin cell, and then allows
the egg to divide to form a blastocyst. The use of somatic cell
nuclear transfer into an oocyte has been considered as an
asexual or unnatural method of creating blastocyst to harvest
embryonic stem cell-like cells for research and therapeutic
purposes (Figure 2). If cells or tissues are generated from
these ES cells to be transplanted into a person, this tissue
type may avoid many of the problems that happened as tissue
rejection.

Single nucleus injected in enucleated cell
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Figure 2: Somatic cell nuclear transfer (SCNT) [48] with permission from
Rights Link.

Embryonic stem cells’ properties: Embryonic stem cells have
eleven properties as indicated by National Institutes of Health,
Nichols and Smith, Kawaharada et al. as follows [49-51]:

- They express the transcription factor octamer-binding
transcription factor 4 (Oct-4), which then inhibits or activates
a host of target genes and maintains ES cells in a proliferative,
non- differentiating state.

- They are induced to continue to proliferate or to differentiate.

- They do not require any external stimuli to initiate DNA
replication. They lack the G1 checkpoint in the cell cycle. ES
cells spend in the S phase of the cell cycle their most time,
during which they synthesize and form DNA. They unlike
differentiated somatic cells.

- They are derived from the inner cell mass/epiblast of the
blastocyst.

- They have the ability for undergoing an unlimited number of
symmetrical divisions without differentiating (long-term self-
renewal).

- They exhibit and maintain a stable, full (diploid), normal
complement of chromosomes (karyotype).

- They are pluripotent stem cells that can give rise to
differentiated cell types that are derived from all three primary
germ layers of the embryo (endoderm, mesoderm, and
ectoderm).

- They have the ability for integrating into all fetal tissues
during development.

- They have the ability for colonizing the germ line and giving
rise to egg or sperm cells.

- They are clonogenic i.e. a single ES cell can give a colony of
cells that are genetically identical having the same properties
as the original cell. In the somatic cell of a female mammal,
one of the two X sex chromosomes becomes permanently
inactivated. X inactivation does not occur in non-differentiated
embryonic stem cells.

- In the somatic cell of a female mammal, one of the two X sex
chromosomes becomes permanently inactivated. X
inactivation does not occur in non-differentiated embryonic
stem cells.

Derivation of human embryonic stem cells: The isolation of
embryonic stem cells from human blastocysts was in 1994 was the first
documentation [52]. Since then, techniques of deriving and culturing
human ES cells have been refined [50,53]. The isolation ability of
human ES cells from blastocysts and growing them in culture depend
on the integrity and condition of the blastocyst from which the cells
are derived. Generally, the yield of ES cultures is most efficiently in
case of blastocysts with a large and distinct inner cell mass [54].

After a fertilization of human oocyte by a sperm in vitro, some
events occur according to a fairly predictable timeline as showed in
Figure 3 [55,56]. At 18 to 24 hours after in vitro fertilization of the
oocyte is considered the first day. By the second day (24 to 25
hours), the fertilized egg (zygote) undergoes the first cleavage to
produce a two cell embryo. By the third day (72 hours), the embryo
progresses into 8-cell stage (morula), in which the genome of the
embryo starts controlling the morula development. By the fourth
day, the compaction process occur in where, the cells of the embryo
tightly adhere to each other. By the fifth day, the blastocyst cavity is
completed. The inner cell mass begins to separate from the outer
cells giving the trophectoderm which surrounds the blastocyst. This
represents the first observable sign of cell differentiation in the
embryo [57].
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Figure 3: Timeline of stages from zygote to blastocyst [57].

The fifth day blastocysts are used to derive ES cell cultures. The
normal human embryo in vitro on the fifth day is consists of 200
to 250 cells. Most of the cells comprise the trophectoderm. The
trophectoderm is removed for deriving ES cell cultures, either
through microsurgery or immune surgery in which the
trophectoderm break down by using antibodies against it, helping
free the inner cell mass, which consists of 30 to 34 cells only [58].

The conditions for growing a human embryo to the blastocyst
stage in vitro varyamong IVF laboratories, and are reviewed elsewhere
[59-63]. However, by obtaining the inner cell mass, the techniques for

growing ES cells are similar in case of mouse or human blastocysts
[64].
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Table 1: Reported differentiated cell types from mouse embryonic
stem cells in vitro.

Cell Type Reference
Pancreatic islets [65]
Endothelial cell [66,67]
Hepatocytes [68]
Dendritic cell [69]
Adipocyte [70]
Astrocyte [71]
Cardiomyocyte [72,73]
Chondrocyte [74]
Definitive hematopoietic [75,76,77]
Keratinocyte [78,67]
Lymphoid precursor [79]

Mast cell [80]
Oligodendrocyte [81,82]
Osteoblast [83]
Striated muscle [84]
Smooth muscle [67]
Neuron [85,86,87]
Primitive haematopoietic [72,75]
Yolk sac endoderm [72]

Yolk sac mesoderm [72]
Stomach tissue cells [88]

Human embryonic germ (EG) cells: EG cells are cells derived
from precursors of germ cells from early fetal tissue [89]. These cells
derived by separation of primordial germ cells that can give rise to EG
cells in culture as in Figure 4, that are capable of differentiating into
cells of multiple lineages [89] from the somatic cells [90]. Primordial
germ cells have a unique character, this character is that these cells
can make generations in a successive way, but the somatic cells lack
this ability because they start to differentiate [91].
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Figure 4: The embryonic germ cells derived by separation of
primordial germ cells [92] with permission from the Rights Link.

Human embryonic stem cells and embryonic germ cells
pluripotency: Pluripotent stem cell is a cell that is capable of self-
renewal and of differentiating into most all of the body cells, including
cells of all three germ layers ectoderm, mesoderm and endoderm.
Human ES and EG cells in vitro have the ability of long-term self-
renewal, while retaining a normal karyotype [4,53,93-95]. Human ES
cells can proliferate for two years through 300 population doublings
[96] or even 450 population doublings. Cultures have less capacity for
proliferation when derived from embryoid bodies generated by human
embryonic germ cells; most of them will proliferate for 40 population
doublings; the maximum is 70 to 80 population doublings [95].
Several laboratories have stated that human ES cells in vitro are
pluripotent; they can produce cell types derived from all three
embryonic germ layers [53,94,97-99]. The injection into immune
deficient mice was the only in vivo test of the pluripotency of human
ES cells they generate differentiated cells that are derived from all three
germ layers. These include lung, airway and gut epithelium as well as
hepatocytes which is derived from endoderm; smooth and striated
muscle derived from mesoderm; and neural epithelium, and stratified

squamous epithelium derived from ectoderm[4,53,97,100,101].

Amniotic epithelial cells

Stem cells isolated from amniotic fluid are pluripotent stem cells
like ESCs. The developing embryo is known to shed a variety of cells
into the surrounding amniotic fluid. From the amniotic membrane in
human placenta, amniotic epithelial cells (AECs) can be derived
(Figures 5a and 5b). These embryonic stem cell-like cells express the
markers that are present on pluripotent ESCs and EGCs, such as Oct-
4, Nanog, and alkaline phosphatase. AECs also express cell surface
antigens known to be expressed on other stem cells such as SSEA-3,
SSEA-4, TRA 1-60, and TRA 1-81. Some surface markers such as
CCR4- and CD117-positive cells are very rare while others such as
CD?9, integrin 06, and integrin B1 are expressed on virtually 100% of
the cells. They can also differentiate as ESCs and EGCs in the cell
lineages from three germ layers, including pancreatic endocrine cells
and hepatocytes (endoderm), cardiomyocytes (mesoderm), and neural
cells (ectoderm) in vitro [102-104].

Amniotic fluid stem cells were credited with being a safer
alternative to hESCs, because their proliferation rate is without loss
of pluripotency or teratogenic potential when transplanted in
immunodeficient animals [102,105,106]. Because AECs are
abundantly available without ethical concerns and because of the
advantages of pluripotency, low immunogenicity, and lack of
tumorigenicity, they may be an extremely useful cell source for
transplantation and organ and tissue regeneration in comparison with
ESCs and induced pluripotent adult cells [107]. Thus, these embryonic
stem cell-like cells could therefore provide an alternative source of
cells for regenerative medicine.

For isolation of amniotic epithelial cells according the procedure
of Miki and Strom [107], amnion is easily stripped from the
underlying chorion and deciduas at the coarse intermediate layer of
connective tissue (Figure 5a). The thin, nearly transparent amnion
membrane, which contains AE cells and mesenchymal fibroblasts is
obtained after several washing steps to remove blood. Amniotic
membrane is trypsinized, to release the AE cells from the supporting
connective tissue and the mesenchymal fibroblasts.
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Placenta, the source of AE cells, is abundantly available as a

discarded tissue and is free of the ethical concerns of other stem cells.
Banks of AE cells could be established which contained a precise

major histocompatibility complex that matches for every possible

transplant recipient without the need for extensive technical

manipulations such as somatic nuclear transfer. Thus, the amniotic

epithelium-derived stem cells may be an extremely useful cell source
for transplantation and organ and tissue regeneration [105-107].

Three major Before
compartments

P ST o s

Amniotic Epithelial cell

Figure 5a: Sections of normal human placenta [107]. In the left panel, the
three major components, amnion, chorion, and decidua, were observed.
The blue arrow refers to the coarse intermediate layer of connective tissue.
The right panel depicts photos of membrane before and after
trypsinization. Only amniotic epithelial cells (red arrows) were dissociated
by trypsinization. Subsequent collagenase digestion would release the
amniotic mesenchymal cells from the adjacent connective tissue [107]
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Figure 5b: Amniotic fluid stem cells isolations and their
applications.

Umbilical cord blood stem cells

Umbilical cord blood (ucb) (Figure 6) was recognized, in the
late 1980s, as an important clinical source of human stem cells
[108,109]. The umbilical cord and placental blood is a good source
of hematopoietic stem cells, and these cells are typically discarded
with the after birth with no morbidity or harmful effects on both new
born and mothers. Several approaches have been tested to
overwhelm the cell dose issue, including, with some success,
pooling of cord blood samples [109-112]. Cord blood stem cells
have been used in routine clinical practice for the past 20 years.
Cord blood stem cell technology has many advantages over
embryonic and other adult stem cells for several reasons [106,113-
115], including the following:

1. Cord blood represents a potentially unlimited source of stem
cells that can in theory be collected at every birth.

2.Cord blood is relatively simple to process and store using tried
and tested technology and, once frozen in liquid nitrogen, is
biologically stable.

3.The collection of cord blood is a non-invasive procedure
with no danger to either baby or mother. If cord blood is not
collected, it is discarded as biological waste.

4. Cord blood carries low risk of infection.

show low
localized

the cord stem cells
even  have

5. When transplanted,
immunogenicity and can
immunosuppressive functions.

McGuckin et al. reported the world"S first reproducible production
of cells expressing embryonic stem cell markers, cord-blood-derived
embryonic-like stem cells, which can be maintained for 6 weeks and
subcultured for a minimum 13 weeks [113].

Cord arteries

Endothelial
cells

Wharton's jelly
Mesenchymal

cells

Cord blood
cells

Cord veinand
cord blood

Figure 6: Umbilical cord blood stem cells [116].
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Adult stem cells

Adult stem cells is derived from developed tissues regardless of
the age of the organism at the time and they are also referred to as
adult stem cells (ASC), they are multipotent and have more limited
potential to differentiate into different types of cells [23]. Like all
stem cells, they have two characteristics at least. First, they can make
identical copies of themselves for long time periods; this proliferation
ability is referred to as long-term self-renewal. Second, they can
give rise to mature cell types that have morphological characteristic
(shapes) and the functions are specialized. Stem cells generate, an
intermediate cell type or types before their fully differentiation; these
intermediate cells are called precursor or progenitor cells which have
the ability to divide and give rise to differentiated cells. Their primary
functions are to maintain the steady state functioning of a cell called
homeostasis and, to replace cells that die with limitations [117-119].
Rather, adult stem cells are defined by their functional properties
including high proliferative potential, substantial self-renewal
capacity and ability to differentiate into at least one type of mature
functional progeny [112,119-121]. However, there are several reasons
that make ASCs are less attractive than ESCs as sources for research
and therapeutic application [47,106,122]. These reasons include:

1. It is difficult to isolate and derive stem cells from adult
tissues.

2. The cells are rare i.e. they are found in few numbers in tissues.
3. It is difficult to keep adult stem cells proliferating in culture.

4. To date, it appears that cultured adult stem cells give rise to
only a limited number of cell types —they cannot be
pluripotent like embryonic stem cells.

5. As they are found in adults, ASCs have been exposed to
a lifetime of environmental toxins and have also accumulated a
lifetime of genetic mutations.

Mesenchymal stem cells: Human adult mesenchymal stem
cells (MSCs) are non-embryonic, non-hematopoietic, adherent
fibroblast-like cells with intrinsic ability of self-renewal and potential
for multilineage differentiation [119]. MSCs represent a population
of multipotent adult stem cells that can be isolated from many
tissues; most commonly bone marrow, adipose tissue and skin
[123,124]. MSCs exhibit a number of properties that make them
ideal. The MSCs populations of are strongly adherent, therefore can
be isolated by culturing marrow on a specific substrate and washing
other cells off. MSCs can give many kinds of cells of the connective
tissue responsible for remodeling of cartilage, bone, fat, and vascular
tissue [125,126]. MSCs can take part in maintenance of the essential
microenvironment necessary to support the hematopoietic stem cells
in the bone marrow [127]. MSCs can be also isolated from circulating
blood [128], as well as from diverse non hematopoietic tissues such
as synovium [129], trabecular bone [130], adipose tissue [131], dental
pulp [132], dermis [133], and the lung [134]. MSCs, derived in vitro,
express a panel of characteristic surface markers such as SH-2/
endoglin (CD105), SH-3/4 (CD73), b-l-integrin (CD29), Thy-1
(CD90) and CD44; and are negative for hematopoietic markers such
as CD14, CD34 and CD45 [106].

Hematopoietic stem cells: Hematopoietic stem cells are the
early precursor cells that give rise to all cell types of the blood
including both the myeloid (macrophages and monocytes, basophils,
neutrophils, eosinophils, erythrocytes, megakaryocytes/platelets and
some dendritic cells) and lymphoid (B-cells, T-cells, NK cells, some
dendritic cells) (Figure 7). Hematopoietic stem cells have the ability
to generate all the blood cells and can restore the bone marrow after
depletion due to disease, chemotherapy or irradiation [106,135,136].
Hematopoietic stem cells have specific morphological appearances
and cell-surface markers that allow them to be labeled and tracked in
the blood flow and goal tissues or to be isolated and cultured in
laboratory. Hematopoietic stem cells represent less than 0.05% of
the whole bone marrow, but they have the potential to reconstitute
all blood forming lineages [105]. Because of their enormous clinical
implications of such ability, the hematopoietic stem cells have
historically been the best characterized stem cell niche [112].
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Figure 7: Hematopoietic stem cells [137].

Neural stem cells: Neuronal stem cells (NSCs) have beenisolated
from the brains of adults and embryos. Neural stem cells can be
identified as cells that can self-renew in continuous way and have
the ability to generate intermediate and mature cells of both glial and
neuronal lineages [138,139]. Adult neural stem cells have the ability
to differentiate into multiple cell types of the brain as mainly
astrocytes, oligodendrocytes, and neurons and used in transplants for
Parkinson‘s disease. In vitro, they are able to differentiate into the 3
major neuro ectodermal lineages (neurons, astrocytes, and
oligodendrocytes) [140]. These cells that have been produced have
major therapeutic advantages such as those used in transplants for
Parkinson‘s disease. Furthermore, these neural stem cells when
injected into blastocysts of mice, they contributed to form multiple
types of tissues in the embryos; so, they are multipotent stem cells
[141]. One study reported the generation of blood from neuronal
stem cells when transplanted into lethally irradiated recipients, but
this has not yet been reproduced [142]. When these neuronal stem
cells cultured with a cell line capable of differentiating into muscle or
when injected into regenerating muscle, they have also been observed
to grow into skeletal muscle [143]. In brain-injury models, NSCs
proliferate into cells of neurogenic regions and are able to migrate
and evenly directed toward the site of damage [106].
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Pancreatic stem cells: It is well known that the pancreas of
adult mammalians has three tissue types. The 1% is the endocrine
islets of Langerhans, composed of B-cells, which produce insulin
hormone, o-cells that produce glucagon hormone, od-cells that
produce somatostatin hormone, and pp-cells that produce pancreatic
polypeptide. The 2™ is the ductal tree and the 3™ is the exocrine
acini that produce the pancreatic juice containing digestive enzymes
(Figure 8). Furthermore, the progenitor cells which are multipotent
and have been identified within islets and the ducts in adult rodent
and human pancreas [144,145]. The multipotent pancreatic stem cells
(PSCs) that were isolated from the human fetal pancreas were able
to be express stem cell markers and form the islet like cell clusters
(ICCs) when cultured ex vivo [146]. They express stem cell markers,
such as nestin, ATP binding cassette transporter (ABCG2), and KIT,
as well as epidermal growth factor receptor (EGFR), hepatocyte
growth factor receptor (c-Met), and glucagon-like peptide receptor.
Type 1 diabetes results from destruction of cells in pancreatic islets,
can be reversed by transplantation of ICCs [147], because these cell
clusters can give rise to diverse pancreatic cell lineages, including
insulin-secreting cells [106,148].

NESC and IPSC acol
poy s Stem cells outside pancreas G ) coll
(8 (& ] > ¥
r'(:’n'.}"f}? y Q.-‘ £ ’ca] (e.g. from bone marrow)
aee =5
[ gef
hESC and ?
iPSC /

C’l‘v ol

s
Islet St

Figure 8: The use of stem cells for pancreatic regeneration
in diabetes mellitus [148] with permission from the Rights
Link.

Skin stem cells: The principal niche of multipotent stem cells
in the skin have revealed through numerous studies to be in the
upper region of hair follicles and the bulge area. The small clusters of
multipotent stem cells appear to reside near the basement membrane
of the epidermis and express specific markers, including K15 [149].
The skin stem cells are responsible for the growth of the hair follicles
for long-term and epidermis regeneration after injury [150-155].
More specifically, multipotent epithelial stem cells within the bulge
area are able to proliferate and give rise to the follicular epithelium, as
well as to new cells constituting IFE and sebaceous glands after severe
injury [156,157]. In adult mammalian hair follicle, the bulge area
also contains a pluripotent epidermal neural crest stem cell (eNCSC)
population that shows several properties similar to embryonic neural
crest stem cells [158]. The pluripotent eNCSCs in the bulge area have
the ability to self-renew and give rise to multiple cell lineages in vivo,
including melanocytes, neurons, Schwann cells, smooth muscle cells,
and chondrocytes [158].

Like eNCSCs and under well-defined conditions, it has been
observed that each individual multipotent cell from melanoma
spheres was able to differentiate into multiple cell types, including
melanocytes, adipocytes, osteocytes, and chondrocytes [159,160].
Furthermore, it was reported that multipotent cells derived from the
dermis proliferate and differentiate in culture to produce both neural
and mesodermal cells, including neurons, glia, smooth muscle and
adipocytes [106].

Fat tissue derived stem cells: Human adipose tissue is a source
of multipotent stem cells [161]. Fat tissue is abundant, having a large
number of cells, and can be obtained easily with low morbidity at the
harvest site [131]. The fat stem cells can be differentiated into various
cell lines in wvitro [106] including osteogenic [162], chondrogenic
[131,162,163] and neurogenic lineages [163-166]. Also, myocytes and
cardiomyocytes can be obtained from fat tissue derived stem cells
[167,168]. By using mouse adipose tissue derived stroma vascular
fraction, the haematopoietic cells can be derived [169,170]. Fat tissue
derived stem cells can be maintained in vitro for long periods of
time with stable doubling in population and low levels of senescence
[131]. The use of fat cells opens numerous and promising outlook in
regenerative medicine.

Monocytes: Under specific culture conditions, monocytes have
been shown to dedifferentiate into cells that can proliferate then
differentiate into different cells including epithelial, endothelial,
neuronal, islet like cells producing insulin, liver like cells producing
albumin, and fat cells or return back to monocytes [171]. The ability to
obtain and differentiate these monocytes which are pluripotent cells
from autologous peripheral blood makes them valuable candidates
for regenerative medicine.

Heart: Human heart in the adults has been shown to contain
resident adult stem cells having the ability to differentiate into
cardiomyocytes and coronary vessels in vivo [106,172,173]. As
precursors of cardiac muscle transplantation of autologous myoblast
cells and other cell types, for example, cardiomyocytes and BM-
derived cells have also been reported to be potential therapy for the
treatment of myocardial dysfunction [174].

Induced pluripotent stem cells: At Kyoto University in Japan
in 2006, the conditions that would allow specialized adult cells to
be genetically “reprogrammed” to assume a stem cell-like state were
identified by researchers. These reprogrammed adult cells, called
induced pluripotent stem cells (iPSCs). These cells represent the same
properties of ESCs [175,176] and can differentiate into cells formed
from any of the three germ layers endoderm, mesoderm and ectoderm
(Figure 9). Hence, it could replace the use of embryonic stem cells
(ESC), and may overcome the various ethical issues regarding the use
of embryos in research and clinics[177].

In 2006, it was demonstrated that stem cells with properties
similar to ESCs could be generated from fibroblasts of mouse by
introducing four genes simultaneously [178]. In 2007, it was reported
that human fibroblasts have a similar approach which was applicable
by introducing a group of factors, human iPSCs can be generated
[179]. The generation of human iPSC using a different combination
of factors [180] also reported by James Thomson®s group. Only four
transcription factors Oct4 (Octamer binding tran- scription factor-4),
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Sox2 (Sex determining region Y)-box 2, KIf4 (Kruppel Like Factor-4),
and c-Myc a was reported as required to reprogram mouse fibroblasts
(cells present in the skin and other connective tissues) to an embryonic
stem cell-like state by forcing them to express genes important for
maintaining the properties of defining ESCs [178]. These factors were
chosen because they were known to be involved in the maintenance
of pluripotency, which is the capability to generate all other cell types
of the body. The newly-created iPSCs were highly similar to ESCs and
after several weeks they could be established in culture [178,181]. In
2007, two different research groups use a new different combination
of genes either the original four genes to deriving iPSCs from human
cells [179]. This combination contains Oct4, Sox2, Nanog and Lin28
[180]. Since then, generating iPSCs from somatic tissues of the
monkey [182], rat [183,184] and humans [177] has been reported.
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Figure 9: Induced pluripotent stem cells.

Stem Cells and Regenerative Medicine

Stem cells have been identified as clonal cells that have the
capacity to self-renew as well as the ability to generate more than one
type of specialized cells [185-187]. So, stem cells have the ability to
create miracles. These properties make them very important in wound
healing and in the regenerative medicine. The aim of regenerative
medicine is repairing tissue or organs that loss their function due to
injury, disease or aging by restoring the function of cells, tissues and
organs faster and better. The advantage of that strategy is to obtain
an autologous source of cells, which when differentiated and/or
transplanted will not be rejected by the recipients. Despite the fact
that more and more research are showing evidence for the potential
use of stem cells in regenerative medicine [188], it is not clear which
type of stem cell provides the best approach for cell therapy. Zare
et al. reported that embryonic and adult stem cells can be used for
treating some degenerative diseases such as age-related functional
defects, hematopoietic and immune system disorders, heart failures,
chronic liver injuries, diabetes, Parkinson‘s and Alzheimers diseases,
arthritis and muscular, skin, lung, eye, and digestive disorders as well
as aggressive and regressive cancers [106].

Embryonic stem cells in regenerative medicine

Human embryonic stem cell (HESC) research offers much hope
for alleviating the human suffering brought on by the ravages of

disease and injury. Since the discovery of hESCs in 1998 by Thomson
et al. much has transpired, including ethical, political and scientific
debates, with an overall push to achieve the promise of human
therapies [4]. In 2014, Atala, director of the Wake Forest Institute for
Regenerative Medicine in Winston-Salem, US had followed-up
patients treated with hESC-derived stem cells, showing both safety
and apparent efficacy [189]. There is a recent evidence of benefit
following transplantation of human embryonic stem cell derived
neural progenitors and cardiomyocytes into animal models of
Parkinsons disease and myocardial injury respectively [119,182,190-
192]. In the mouse, there is argument of concept for the use of ES
cell-derived tissues to treat models of diabetes [193], Parkinsons
disease [192,194], myocardial infarction [195], spinal injury [196],
and a severe genetic immune disorder [112]. There are some
limitations in using ESCs as destruction of embryos to isolate human
embryonic stem cells (hESCs) is considered a major ethical concern
regarding the use of these cells [197]. Another limitation is the
allogenic resource of these cells; thus, when transplantation is carried
out, the immune rejection results and the risk of teratoma formation
and possible transmission of disease may occur [23]. It was reported in
the Guardian and by Schwartz and his colleagues, that nine patients
with dry atrophic age-related macular degeneration and nine with
Stargardts macular dystrophy had injections of 50,000 to 150,000
retinal pigment cells behind the retina of their worst-affected eye
[198,199]. The pigment cells were created in the lab by treating
human embryonic stem cells (hESCs) with chemicals that make them
transform into retinal cells. Schwartz and his colleagues also said that
patients had tolerated the implanted cells, derived from human
embryonic stem cells (hESC), for up to 37 months [199]. They found
no evidence of hyper-proliferation or rejection of the implanted cells
during a typical follow-up period of 22 months. Based on their results
and evidences, they suggested that hESC-derived cells could provide
a potentially safe new source of cells for the therapy of various unmet
medical disorders requiring tissue repair or replacement.

Adult stem cells in regenerative medicine

Adult stem cells include different types, some of them are
hematopoietic stem cells (HSCs), mesenchymal stem cells (MSCs),
adipose tissue-derived stem cells (ADSCs), cardiac stem cells (CSCs),
neural stem cells (NSCs), pancreatic stem cells (PSCs), hepatic oval
cells (HOCs) and bronchioalveolar stem cells (BASCs). Adult stem
cells are located within a stem cell niche and upon injury, proliferate to
maintain the stable stem cell number and generate differentiated cells
to replace damaged tissue cells. Adult stem cells applications in the
treatment of many diseases including nervous system disorders, heart
disorders, diabetes, muscular disorders, vascular disorders and
interstitial lung diseases have been established [124,200].

It has been become a straight and easy forward approach for
applying stem cells in the therapy and regenerative medicine by
injection or transplantation of adult stem cells or differentiated cells
into the targeted diseased or injured site [124,201].

Bone marrow (BM) contains at least three types of stem cells:
HSCs, MSCs and endothelial progenitor cells (EPCs) [202]. HSCs are
able to regenerate the hematopoietic system through its ability to
differentiate into all types of blood cells and MSCs are able to
differentiate into skeletal tissues [203]. Currently, BM or BM derived
stem cell transplantation is the best-known and well-established stem
cell-based therapy in regenerative medicine. HSC transplantation
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method has been established and has become a standard therapy for
the treatment of many hematopoietic diseases including Hodgkin®s
and non-Hodgkin“s lymphoma, acute and chronic myelogenous
leukemia and myelodysplastic syndromes [204,205]. A concept that
has brought much attention recently in the field of adult stem cell
research is plasticity, which describes the phenomenon that
restrictions in cell fates are flexible and the capacity of stem cells
to differentiate into various cell types, including those not of their
lineage of origin [206]. Recently, Abo Elkheir et al. stated autologous
bone marrow derived MSC therapy represent a safe therapeutic
measure in ischemic stroke and intrathecal route is an effective route
of stem cell administration, especially in early cases [124].

Induced pluripotent stem cells in regenerative medicine

The recent breakthrough discovery of induced pluripotent stem
cells (iPS) was performed by cellular reprogramming of mature/adult
cells [207]. With the discovery of induced pluripotent stem (iPS)
cells, it is now possible to convert differentiated somatic cells into
multipotent stem cells that have the capacity to generate all cell types
of adult tissues [208].Thus, there is a wide variety of applications
for this technology, including regenerative medicine.

In regenerative medicine, the degenerated or injured tissues are
repaired by the generation of those tissues with the help of iPSCs in
labs and then transplanting them to the site of injury or degeneration.
The use of iPSCs offers a good approach for these therapies as the
cells that will be transplanted to patient's body will be differentiated
from the repaired iPSCs generated from the somatic cells from
patient’s own body. The iPSCs have been used in treating a number
of injuries and degenerative diseases [177]. The RIKEN Center for
Developmental Biology in Kobe, Japan, announced the treatment of
the very first patient with induced pluripotent stem cells-the indication
was macular degeneration [209]. Different other injuries as a result of
human activities, accidents or natural calamities can also be treated
by the gene therapy utilizing iPSCs. The various conditions that can
be treated are hematopoietic disorders, musculoskeletal injury, spinal
cord injury, liver damage by the generation of specific cells with the
help of iPSCs [210-213]. There are various techniques by which iPSCs
can be used for the production of RBCs [214]. Furthermore, iPSCs
can also be used for the generation of various cells which can help in
the repairment of many tissues, for example, cardiovascular cells for
the repairment of heart valves, vessels and ischemic tissues [215,216].
However, much work remains to be done before induced pluripotent
stem cell therapies go beyond regulatory trials, but the path is now
set in motion.

Stem Cells and Diabetes Mellitus

The treatments of diabetes mellitus with exogenous insulin
and anti-diabetic conventional chemical drugs lead to temporary
improvement of the diabetic conditions [217]. Moreover, both
pancreas and islet transplantation require lifelong immune
suppression to prevent graft rejection and recurrence of the
autoimmune processes that might again destroy pancreatic islet- cells
[218]. Thus, intensive research is being conducted to look for
alternative therapies. There are extensive studies to develop long
acting therapies of this disease by transplantation and injection of
stem cells (Figure 10). Embryonic stem cells [219], adult stem cells
[201], stem cells electrofused with pancreatic islet's cells [7,220] and
adult somatic cells trasdifferentiated into pancreatic 3-cells by direct
reprogramming [221,222], all are applied in regenerative medicine of
diabetes mellitus.
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Figure 10: Different strategies for treatment of diabetes mellitus.

Embryonic stem cells and diabetes mellitus

The pluripotent ESCs are explored for their use in a number of
medical conditions, including diabetes [223]. The discovery of
methods to isolate and grow human embryonic stem cells in 1998
renewed the hopes of researchers, doctors, and diabetes patients and
their families that a cure for type 1 diabetes and perhaps type 2 diabetes
as well, may be within striking distance [219]. ESCs are noticed as an
excellent resource for insulin secreting islet cells generation [119]. It
is possible theoretically, despite the difficulties, that ESCs could be
directed to differentiate into pancreatic islet cells and these cells could
then be implanted in patients with diabetes, thus the B-cell deficit
could be repealed [201]. Over a decade ago, pancreatic islet cells were
produced from mouse ESCs [224]. The ESCs, derived from inner cell
mass of mouse blastula, were differentiated in vitro into pancreatic
islets™ cells that able to synthesize and secret insulin in response to an
increasing glucose concentration as depicted in Figure 11. These cells
were transplanted into diabetic mice and resulted in the amelioration
of hyperglycemia for few months [38]. A number of other groups of
researchers have also utilized both mouse [65,225-228] and human
[37,229]. ESCs, in these studies, have different degree of success in
producing islets. All these efforts have come across different issues
that include final cell homogeneity [65], low numbers of insulin-
producing cells [230], immaturity of the differentiated cells [229]
and a poor insulin response when the cells were exposed to glucose
[37,231]. In 2008, a robust and efficient method to establish mouse
ES cells was reported by Ying et al. which are also applicable to
establish rat ES cells [51,232].

Few groups of researchers also argued that as these cells could not
produce C-peptide and intracellular insulin once the cells were
cultured in insulin-free medium, they were not actually insulin
producing cells [233-235]. Despite, it was proving difficult to make
reliable insulin-producing B-cell phenotype from ESCs. Collectively,
all these issues make the researchers to stop and rethink their
differentiation strategies and a recipe to convert mouse ESCs into
definitive endoderm has been developed by Kubo et al. [236]. In
2005, D*Amour et al. redefined protocol to produce approximately
100% pure definitive endodermal cell population [237]. The same
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group had illustrated the production pancreatic endocrine cells that
secrete insulin and C-peptide by a five stage in vitro differentiation
process [238]. Later, Kroon et al. achieved this response as the
hyperglycemic responsiveness is a crucial characteristic that is
needed for any potential cellular diabetic therapy [239]. These
unique differentiated cells that resemble 6-9 week-old embryo have
been transplanted into the immune deficient mice and showed that
the insulin release was glucose dependent. This allowed the cells to
recover mice from STZ (streptozotocin)-induced diabetes as well as
to prevent it [239]. By modifying the differentiation protocols and
using genetically modified embryonic stem cells (mES), two groups
successfully generated insulin-producing cells [227,228]. Blyszczuk
et al. showed that constitutive expression of the pancreatic
developmental control gene Pax4 and histotypic differentiation were
essential for the formation of insulin expressing cells, which were
found to contain secretory granules typical of both adult and
embryonic B-cells [227]. Importantly, these cells coexpressed C-
peptide and improved blood glucose levels to normal levels after
transplantation into diabetic mice [227,240]. Similarly, lineage
selection using mES cells transfected with a plasmid containing the
Nkx6.1 promoter upstream of a neomycin- resistance gene could be
used to generate insulin-producing cells that normalized glycemic
state after transplantation into diabetic animals [228]. Also treatment
of mES cells with a phosphoinositide 3-kinase (PI 3-K) inhibitor
during terminal stages of differentiation generated ES cell progeny
expressing various f-cell specific markers. Following engraftment
into diabetic mice, these cells also alleviated the glycemic status and
enhanced animal survival [225].

More recently, hESCs can be induced to differentiate into fetal-
like pancreatic islet”s cells in vitro using a 33-day, 7-stage protocol
[241]. In this protocol, inducing hESCs into B-cells involves
activation of Wnt (Wingless-related integration site) and
transforming growth factor  (TGFP) signaling pathways [242-244].
Fibroblast growth factor (FGF) 10, activin and retinoic acid are used
to induce the differentiation of hESCs into Pdx1 (Pancreatic and
Duodenal Homeobox1 expressing cells) [245-247]. Other markers
used to identify definitive endoderm include Sry related HMG box-2
(SOX17), Fibroblast Growth Factor (FGF) 7, Forkhead Box Protein
A2 (FoXa2), brachyury protein, CXC- chemokine receptor (CXCr)
4 and Cerberus [248-252]. Definitive endoderm 1 and 2 (iDel and
iDe2) have been demonstrated to induce the construction of ultimate
endoderm from mouse and human ESCs with about 70-80%
efficiency, which is much higher than the differentiation induced by
nodal or activin [253,254]. The next in vitro step is to reproduce the
formation of the pancreatic dorsal anlage. This step is dependent on
simultaneous retinoic acid signaling and inhibition of Hedgehog
signaling, both of which have been effectively reproduced [255].
Activina in conjunction with Wnt3a, as well as iDel and iDe2 in
combination with FGF10 are capable of inducing development of
endoderm cells into pancreatic progenitors in vitro [256].
Indolactam V stimulates protein kinase C signaling after treatment
with Wnt3a, FGF10, activina, cyclopamine and retinoic acid and
results in induction of pancreatic progenitor cells expressing Pdx1
with about 50% efficiency [257-259]. The miR- 375 has a critical
role in early development since miR-375 is highly expressed in
definitive endoderm and regulates expression of Pdkl and
Myotrophin (Mtpn) genes. Thus, the controlling of the expression of
microRNAs (miR)-375 could assist mature hESCs-derived B-cells
[260,261]. As reported by Cai et al. hESCs have been differentiated
into cells capable of synthesizing insulin, glucagon, somatostation,
ghrelin and pancreatic polypeptide [262]. Therefore, hESCs

represent a novel alternative source for generative medicine and
targeted replacement therapies for diabetes mellitus. The hESC cell
line, PKU1.1, can be induced to differentiate into insulin-producing
cells (IPCs) [263] containing insulin similar to that of human islets,
but these derived cells lack the main function of glucose-stimulated
insulin secretion in vitro. However, hESCs have been shown to
secrete insulin in response to glucose after transplantation into
immune deficient mice [264]. The final stages of differentiation to
derive functionally mature B-cells from hESCs must occur in vivo
[265]. These discoveries may lead the way for ESCs to become a
strong applicant for cellular replacement therapy in TIDM and in type
2 diabetes mellitus (T2DM) with subsequent damage in -cells as a
result of persistent hyperglycemia and hyperlipidemia in the near
future. Although much progress has been made in this area, there are
still important issues to be addressed before this treatment is widely
applicable, including difficulties in maintaining insulin independence,
low success rates of islet isolation, multiple donor requirements, and
side effects associated with the use of immunosuppressants.
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Figure 11: Development of insulin-secreting pancreatic-like
cells from mouse embryonic stem cells [2231.

Adult stem cells and diabetes mellitus

Pancreatic stem cells: The pancreas is an organ of first choice to
be looking for the potential stem cells. The animal research has shown
that the availability of small amounts of pancreatic tissue would
restore the maximum pancreatic -cell mass [266]. This is due to the
replication of differentiated p-cells of pancreatic ducts and
dedifferentiation of these cells to pluripotent cells that in turn produce
more B-cells. In vitro, the population of ductal cells could be cultivated
and directed to form insulin producing clusters [267,268]. In 2004,
Seaberg et al. developed from ductal cells, a clonal population of adult
pancreatic precursor cells that can produce both C-peptide and insulin
[144]. Furthermore, it is believed that the pancreatic duct, acinus and
islet are derived from pancreatic duct epithelial cells after birth.
Therefore, pancreatic duct epithelial cells are assumed to represent the
main source of stem cells for pancreatic regeneration [201].

The islets of both rodent and human contain multipotent stem cells
[269,270]. In the past, many researchers raised their speculation about
the existence of pancreatic adult stem, despite the progress and
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promise of pancreatic stem cells [271]. In 2008, Xu et al. have provided
the existence of multipotent progenitor cells in the pancreatic ducts of
mice which can give new B-cells [272]. The research proves two facts,
the first one is the existence of pancreatic stem cell and the second is
that B-cells can be formed from non-B-cells.

Recently, it was reported that when the transcription factors MafA,
Pdx1, Paired Box Protein 4 (Pax6) and Neurogenic Differentiation
Factor 3 (Neurog3) were co-expressed through an adenovirus-
mediated transgenic system, CD133 plus cells cultured into spheres
and had greatly enhanced insulin gene expression [201]. Importantly,
when transplanted into NOD scid gamma mice, the progeny of the
CD133 plus cells showed insulin release in a glucose dependent
manner and circulating human insulin was detected in the serum of
host mice [273]. These results suggest that CD133 positive pancreatic
duct cells could potentially be used inhuman B-cell regeneration
therapy if new strategies for safer expansion and differentiation are
developed.

In future, further research needs to focus on finding and activating
pancreatic stem cells in diabetic patients to promote -cell formation.
More research strategies are required to develop suitable methods to
address the issue of isolation and ex vivo expansion of these stem cells
for transplantation.

Haemopoietic progenitor cells: Various groups of researchers
explored the multipotent differentiation of haemopoietic progenitors
to regenerate the f-cell population in TIDM. In vivo
experiment, the mouse bone marrow-derived cells were
differentiated into functionally competent B- cells [274]. Similar
experiments with mice showed that bone marrow-derived cells can be
targeted to the pancreas and that hyperglycemia can be altered [275].
Autologous HSCs studies that carried out showed improvement in
both type 1 [18] and type 2 diabetes mellitus [276]. Bone marrow-
derived stem cells (BMSCs) have the ability to differentiate into 3-cells
[201]. It was reported that when human BMSCs were transplanted
into NOD/scid mice with streptozotocin-induced pancreatic damage,
enhanced insulin secretion and reduced hyperglycemia was produced
[277]. Thus, these studies provide promising results for the use of
HSCs in the diabetes treatment.

Mesenchymal stem cells: Mesenchymal stem cells (MSCs)
can be isolated from bone marrow, umbilical cord blood, adipose
tissue, and other tissues and are easily procurable [278]. MSCs have
been reported to secrete factors that decrease inflammatory and
immune reactions [279,280]. MSCs derived from human bone
marrow have been shown to protect human islets from pro-
inflammatory cytokines [281], and enable to differentiate into
insulin producing cells in vitro. These cells have been shown to
improve hyperglycemia when transplanted into diabetic mice [282].

Human adipose tissue-derived MSCs help to improve glucose
levels and decrease levels of inflammatory cytokines and free fatty
acids in type 2 diabetic mice due to their ability to differentiate into
glucose-sensitive insulin-producing cells [283,284]. Vanikar et al.
and Thakkar et al. reported that adipose-derived insulin-secreting
mesenchymal stromal cells and bone marrow-derived hematopoietic
stem cell co-infusion offers safely and effectively long-term therapy
of diabetes mellitus in type 1 diabetic persons [285,286].

Easy and repeatable access of MSCs from subcutaneous
adipose tissue providesa clear advantage overisolation of MSC

from BM [285]. Similarly, Si et al. and Xi and Bu found that
autologous MSCs transplantation in a rat model of type 2 diabetes
resulted in enhanced insulin secretion increased islet numbers in
pancreas and ameliorated insulin sensitivity, suggesting functional
effects of autologous MSCs inoculum on insulin target tissues [7,201].

Electrofused mesenchymal stem cells: Electrofusion of MSCs
with pancreatic islets cells and transplantation of the resultant fusion
stem cells into pancreas to treat types 1 and 2 diabetes mellitus is
recently recommended by some investigators [7,220]. This evidence
was released in continuations with the findings of previous
publications. Park et al. found that MSCs co-cultured with islets
secrete higher levels of anti-apoptotic signaling molecules and
improve glucose-stimulated insulin secretion indexes [287]. It was
also revealed by Rackham et al. that co-transplantation of MSCs with
islets improved the capacity of islet grafts to reverse hyperglycemia
compared with islets alone [288]. This improvement may be attributed
to the promotion of anti-apoptotic gene expression as suggested by Lu
et al. Because of these favorable effects on islets, MSCs provide an
important approach for improvement of islet engraftment, thereby
decreasing the numbers of islets needed to achieve insulin
independence [289,290]. In the same way, Si et al. showed that
infusion of MSCs not only promoted B-cell function but also
ameliorated insulin resistance in type 2 diabetic rats [7]. Those authors
reported that infusion of MSCs resulted in an increase of
GLUT4expression and an elevation of phosphorylated insulin receptor
substrate 1 (IRS-1) and Akt (protein kinase B) in insulin target tissues.

Based on his experiment in streptozotocin-induced diabetic rats,
Yanai et al. hypothesized that electrofusion of islet cells with MSCs is
an efficient method to obtain potent and robust insulin-secreting cells
that can potentially have a clinical interest since it could help to reduce
the number of islet cells needed to achieve a therapeutic benefit in
diabetic patients [220].

Induced

pluripotent stem (iPSCs) cells have potential applications in
regenerative medicine for diabetes [201]. The iPSCs are adult somatic
cells which are reprogrammed back to the pluripotent state [291].
These iPSCs are preferred choices of cell based therapy for diabetes
management as they can be patient specific and eliminate the
possibility of rejection. Induced pluripotency is achieved by directed
expression of specific transcription factors [292]. The iPSCs exhibit
high telomerase activity similar to that of ESCs and possess
hypomethylated gene promoters [179,293]. The fibroblast cells are
induced to produce iPSCs and these cells are later converted to
pancreatic beta like cells by a three-stage differentiation process. The
transplantation of fibroblast derived beta like cells in diabetic mouse
model was effective in controlling hyperglycemia for long term [294].
The human ESCs and iPSCs were differentiated into mature pancreatic
cells that were capable of secreting both insulin and C-peptide [295].
The fibroblastic cells of type 1 diabetic patient were induced to
produce pluripotent stem cells and the produced cells are identified as
insulin secreting cells [296]. These research innovations and recent
progress in induced pluripotency field would allow the usage
patient-specific iPSCs for cell based therapies in diabetes. The safe
usage of iPSCs for diabetes management must be secured as these cells
exhibit irregular behavior and important variations in reprogramming
[297].

Induced pluripotent stem cells and diabetes:
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Other adult stem cells: Many other stem cell resources have been
explored for the production of insulin secreting B-cells and different
degrees of success have been achieved. The resources include the stem
cells of the small intestine [298,299], salivary glands [300] and adipose
tissue [301]. In the years to come, the hepatic production of insulin
has the potential to become a viable source for B-cell replacement.
This is possible after addressing the practical hurdles associated with
these cell lines, culture conditions, complete differentiation, and islet
structure formation.

Direct Reprogramming of Hepatocytes and other
Adult Somatic Cells to Pancreatic B-Cells for Cell
Therapy of Diabetes

The direct conversion of one cell type to another without an
intermediate pluripotent stage is recently considered as a potential
source of transplantable differentiated cells in regenerative therapies.
The ventral pancreas and liver share a common developmental origin
as they are derived from endoderm and have an edge over others
[221,222]. Different research groups have  successfully
transdifferentiated rodent hepatic cells into pancreatic p-cells,
insulin-producing cells, via multiple genetic approaches [301-305].
Improvement of hyperglycemia was achieved by these cells in the
mouse models [306]. It was also reported that intrahepatic biliary
epithelial cells (IHBECs) can be transdifferentiated through the use of
certain transcriptional factors into cells can express proteins
characteristic of B-cells and secrete insulin [201,239,257].

Lu et al. showed a new strategy to achieve the direct conversion of
human hepatocytes into 3 cells [222]. Hepatocytes were transfected
with microRNA-302 (miR-302) mimic and Ngn3, Pdx1 and MafA
expressed plasmids, followed by a chemical-defined culture system

for maturation of the resulting insulin-secreting cells. Co-transfection
of miR-302 mimic increased the transcription of pancreatic
development-related genes including Foxa2, Sox17 and endogenous
Pdx1. Furthermore, at the end of this treatment, hepatocytes became
insulin expressed cells that released the hormone in response to a
physiological glucose change in vitro. According to this previous
study, the authors showed that miR-302 participation may facilitate
the conversion of adult hepatocytes into pancreatic islets-like cells.

Nowadays, direct reprogramming of patients own adult somatic
cells into pancreatic -cells skipping the stem cell induction phase is
applied, therefore eliminating immune rejection and the  risk of
neoplastic formation. Previous studies indicated that the differentiated
somatic cells proximal to the pancreatic B-cells might be an ideal
starting material for pancreatic direct reprogramming [307-309].
However, most of transplanted pancreatic B-cells produced by direct
reprogramming could not respond to ambient glucose change, because
the reprogramming of input cell types is incomplete and the induced
cells do not form natural islets structure. It is worth mentioning that
the function units inside the pancreas are the islets of Langerhans
where insulin producing cells, i.e. B-cells, are found in the core and
surrounded by glucagon-, somatostatin-, ghrelin-producing and
pancreatic polypeptide-, cells. The glucose homeostasis and level of
insulin secretion are regulated by various cell types in a cooperative
manner. Therefore, further works are required to consider
reprogramming of all of the cell types inside the islet, at least the -
cells and a cells. In particular, the reprogrammed cells need to be
organized into a normal structure prior to clinical application [309].

In addition to hepatocytes, other adult somatic cells, including
pancreas ductal cells [310], endocrine o cells [309,311] and gall
bladder cells [311,312], have been successfully transformed by direct
reprogramming into insulin producing cells (Table 2).

Table 2: Generating pancreatic B-like cells from hepatocytes and other adult somatic cell types by direct reprogramming strategy [309].

Invivo Transduction
Adult somatic cells Race orin Factors Efficiency GS References
. methods
vitro
hepatocytes  Humans i Pdx1, Ngn3 nucleofection 50% transduction efficienc Yes [313]
patocyt In vitro » NG ° y partly
hepatocyt Rodent deltgssential for initial pancreatic
epatocytes odents specification and/or Neurogenin 3, :
Invitro | NeuroD, NKx6.1, Nkx6, Pax4, Paxg | 2denoviral vectors N/A N/A (221]
and Isletl
hepatocytes | Rodents  In vivo Pdx1, Ngn3 and MafA hydrodynamic gene N/A [314]
delivery
humarzissue fiver Humans | In vitro Exendin4 and Pdx1 recombinant adenovirus 10% insulin positive cells No [315]
~ 0, -
Endocrine cells alpha cells Rodents | Invivo  Pancreatic duct ligation and alloxan N/A 10% ofth;:sosrmal B-cell No | [316,317,318]
acinar cells Rodents | In vivo Pdx1, Ngn3 and MafA adenovirus induction high, > 20% Yes [319,320]
Exocrine cells In vivo and 70% transduction efficiency;
acinar cells Rodents . . TRa adenovirus vector ~35% c-peptide positive [321]
in vitro No
reprogrammed cells
o ) Lo o . .
duct epithelial Rodents  In vivo Ngn3, Mytl and 3-notch signaling adenovirus 6% of the gstlmated pancreatic [310]
cells modulator reprogramming path completed N/A
. Primary
billir:lg;tel;[i)t:ﬁéTial Rodents | In vitro Pdx1; NeuroD; Pdx1/vpl6 recombinant adenovirus 30-50% No [322]
cells
Gall bladder | primary mouse Ngn3, Pdx1, and MafA; addition of ) .
cells gall bladder | Rodents  In vitro retinoic acid and inhibition of El d?s&:;‘i ad:rs“)mms 50% No B311]
epithelial cells Notch signaling P
all bladder . . . ~40%-50% transduction efficiency; ~0.1%
& Rodents In vitro Hesl1, Pdx1 recombinant adenovirus insulin rc?nst e'::;g'; ne orl;l;ln i?llets Yes [323]

epithelial cells
N/A: Non-applicable or non-available; GS: Glucose Sensitivity

J Transplant Stem Cel Biol 3(1): 22 (2016)

Page - 12



Citation: Ahmed OM, Sayed HM. Stem Cell Therapies in Regenerative Medicine and Diabetes Mellitus: Advances, Constraints and Future Prospects. J

Transplant Stem Cel Biol. 2016;3(1): 22.

ISSN: 2374-9326

Ethical Considerations and Constraints

the tremendous of human

embryonic stem cells (HESCs) research, the research has met with

Despite therapeutic promise
heated opposition because the harvesting of HESCs involves the
destruction of the human embryo. The basis of most of the current
ethical concerns with HESCs is dependent on the need to derive the
cell type from developing blastocysts. Because the blastocyst could
potentially develop into an embryo if it was transferred to a suitably
prepared recipient, the argument can be made that the derivation of ES
cells interrupts normal development, which might have produced a
human life [107]. As the stem cells from the embryos are obtained by
destroying the embryo in most cases, this leads to release of
arguments and questions about the origin of life and ethical rights to
destroy the embryo. Thus, it is always advisable to follow the set of
rules that are laid by the governing bodies around the globe based on
the sentiments and beliefs of people from that particular geographical
location [324].

There is a dichotomy between the advocates of research on
HESCs and the advocates of the dignity of the embryos. Advocates of
research on HESCs claim that the act of abandoning the embryo and
the act of using it for research have the same moral status [325]. Many
who believe that human embryos have moral status are convinced that
their use in HESCs research can be morally justified as long as
embryos left over from fertility treatments are discarded [326].

Since most investigators engaged in HESCs research do not
participate in the derivation of HESCs but instead use cell lines that
researchers who performed the derivation have made available [327],
this would not suffice to show that all or even most HESC research is
impermissible.

The debate about stem cells is also a religious one. As Dajani
explained in her editorial, discussions in Jordan concluded that stem-
cell research is permissible in Islam providing it is carried out to
improve human health, since Muslim scholars consider life to start 40-
120 days after conception [328]. Denominations of the Christian faith,
including Roman Catholics and Orthodox Christians, believe that the
embryo has a status of a human individual from conception and
therefore any decisions/interventions not in favor of the embryo
violates the right of the embryo to life [176,329]. Thus, the availability
of any eventual embryonic stem cell therapies will pose a dilemma
and constraints in many countries and the stem cell research may be
unacceptable [330].

As induced pluripotent stem cells have the potential to develop
into a human embryo in effect producing a clone of the donor, their
use in research and therapy is opposed like ESCs. However, many
nations are already prepared for this, having legislation in place that
bans human cloning for various purposes, although there is no
consensus around the world on these policies [329].

Deriving embryonic stem cells from already existing embryonic
stem cell lines is a less controversial practice than deriving them from

spare embryos left from in vitro fertilization procedures. Stem cells
derived from embryos created for research by somatic cell nuclear
transfer technique raise major ethical objections and constraints from
certain parts of society, arguing from religious and other moral

perspectives [47,331].

Derivation of stem cells from placenta, amniotic fluid, blood as
well as from adult tissues and their use in research and clinical
applications would not be expected to raise the same objections [107].

Conclusion and Future Prospects

Scientific efforts have been done by many authors to produce insulin
secreting cells from stem cells at the past decade, and the future years
may come up with the solutions to use stem cells as a therapeutic agent
to cure diabetes. Thus, a further development for methods of
differentiation and selection of completely functional B-cells is required.
Obtaining B-cells from different types of stem cells can be improved by
managing and regulating several factors. Embryonic and adult stem cells
were applied for therapy of type 1 and type 2 diabetes mellitus due to
their ability to differentiate into glucose-sensitive insulin-producing
cells and their ability to improve the tissue insulin sensitivity and
glycemic state. Direct reprogramming of human‘s own somatic cells
into pancreatic B-cells by different gene delivery methods skipping
pluripotent stage to avoid immune rejection and the risk of neoplasia
formation will be important in clinical application for treatment of
diabetes mellitus type 1 and 2 in the near future. In another way, more
research strategies are required to activate pancreatic stem cells in
diabetic patients to promote B-cell formation as well as to develop
suitable methods of isolation and ex vivo expansion of pancreatic stem
cells for transplantation.

In the years to come, the hepatic production of insulin has the
potential to become a viable source for beta-cell replacement; this
elucidation is based on the embryological proximity of the liver and
pancreas. This is possible not before addressing the practical hurdles
associated with these cell lines, complete differentiation, culture
conditions and islet structure formation. The use of genetically modified
stem cells, that have been passaged in cultures and subcultures for long
periods of time, could deliver cell lines with genetic mutations for which
the quality control measures and screening procedures are yet to be
developed. Overall, the enhancement of understanding of the genes
involved in pancreatic differentiation, the control of insulin levels, and
profitable transplantation of islet cells developed from stem cells and
direct reprogrammed transdifferentiated adult cells to pancreatic B-cells,
will lead to the improvement of the care of patients with diabetes
mellitus type 1 and 2. Thus, the literatures in this review provide
promising approaches for use of HSCs and direct reprogrammed adult
cells transdifferentiated into pancreatic f-cells in the diabetes treatment
and invites collaborations to achieve future hopes of stem cell
applications in regenerative medicines and therapies of diabetes mellitus
as well as diseases that result from specific cell loss or damage.
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