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Abstract

For years, researchers have painstakingly dissettedcomplicated disease ‘Diabetes’ caused
by the destruction of insulin producing islet cetl§ the pancreas. Despite progress in
understanding the underlying disease mechanismdidyetes, there is still a paucity of effective
therapies.Mesenchymal stem cells (MSCs) are pluripotent satarells that have the potential
to give rise to cells of diverse lineages. Intarggy, MSCs can be found in virtually all
postnatal tissues. The main criteria currently usedharacterize and identify these cells are the
capacity for self-renewal and differentiation irttesues of mesodermal origin, combined with a
lack in expression of certain hematopoietic molesuBecause of their developmental plasticity,
the notion of MSC-based therapeutic interventios bacome an emerging strategy for the
replacement of injured tissuekvestigators have been making slow, but steadygrpss on
experimental strategies for pancreatic transplammat and islet cell replacement. Now,
researchers have turned their attention to adwdtrstcells that appear to be precursors to islet
cells and embryonic stem cells that produce insullms review article describes the possible
way to use stem cells in treatment of ‘Diabetes’.
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INTRODUCTION

Diabetes mellitus, often simply referred to as dtab, is a condition in which a person has a
high blood sugar (glucose) level as a result ofltbdy either not producing enough insulin, or
because body cells do not properly respond tortbelin that is produced. Insulin is a hormone
produced in the pancreas which enables body aebids$orb glucose, to turn into energy. If the
body cells do not absorb the glucose, the glucaseraulates in the blood (hyperglycemia),
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leading to various potential medical complicatiofis2] There are many types of diabetes the
most common of which are [2] type 1 diabetes; tssfubm the body's failure to produce insulin,
and presently requires the person to inject instjfjipe 2 diabetes; results from insulin resistance,
a condition in which cells fail to use insulin pssly, sometimes combined with an absolute
insulin deficiency, gestational diabetes; is wheegpant women, who have never had diabetes
before, have a high blood glucose level during paegy. It may precede development of type 2
diabetes. Other forms of diabetes mellitus includegenital diabetes, which is due to genetic
defects of insulin secretion, cystic fibrosis-rethtdiabetes, steroid diabetes induced by high
doses of glucocorticoids, and several forms of ngena: diabetes. All forms of diabetes have
been treatable since insulin became medically abiglin 1921, and type 2 diabetes can be
controlled with tablets, but it is chronic conditidhat usually cannot be cured. Pancreas
transplants have been tried with limited succest/pe 1 diabetes; gastric bypass surgery has
been successful in many with morbid obesity an@ 8/pliabetes and gestational diabetes usually
resolves after delivery. Diabetes without propeatments can cause many complications. Acute
complications include hypoglycemia, diabetic ketdasis, or nonketotic hyperosmolar coma.
Serious long-term complications include cardiovémcuisease, chronic renal failure, retinal
damage. Adequate treatment of diabetes is thusrtamipas well as blood pressure control and
lifestyle factors such as smoking cesation and taeimg a healthy body weight. [2] As of 2000
at least 171 million people worldwide suffer fromalgetes, or 2.8% of the population. [3] Type 2
diabetes is by far the most common, affecting 995% of the U.S. diabetes population. [4]

Several groups of researchers are investigatingsbeof fetal tissue as a potential source of islet
progenitor cells. For example, using mice, reseaithave compared the insulin content of
implants from several sources of stem cells—fragidm fetal pancreatic tissue, purified human
islets, and cultured islet tissue. They found thatlin content was initially higher in the fresh
tissue and purified islets. However, with time uins concentration decreased in the whole tissue
grafts, while it remained the same in the purifistet grafts. When cultured islets were
implanted, however, their insulin content increasmer the course of three months. The
researchers concluded that precursor cells withen dultured islets were able to proliferate
(continue to replicate) and differentiate (speem)iinto functioning islet tissue, but that the
purified islet cells (already differentiated) couldot further proliferate when grafted.
Importantly, the researchers found, however, thats also difficult to expand cultures of fetal
islet progenitor cells in culture. [5]

Patients with diabetes can show vast improvemetdr akceiving transplants of insulin-
producing islets from cadavers. Though they must thugs to stall rejection of the transplanted
cells, several hundred patients with the most setyge of diabetes have benefited from the
procedure since it first became established in 2800 the effects don't last. After two years,
islet function begins to decline, and unless malis @re transplanted, patients eventually return
to full insulin dependency. [6-8]

Stem Cells

Stem cells are cells found in most, if not all, thakllular organisms. They are characterized by
the ability to renew themselves through mitoticl c#ision and differentiating into a diverse
range of specialized cell types. Research in the stell field grew out of findings by Canadian
scientists Ernest A. McCulloch and James E. tilthe 1960s. [9-10] The two broad types of
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mammalian stem cells are, embryonic stem cells dhatisolated from the inner cell mass of
blastocysts, and adustem cells that are found in adult tissues. In \&elbping embryo, stem
cells can differentiate into all of the specializzdbryonic tissues. In adult organisms, stem cells
and progenitor cells act as a repair system foibthdy, replenishing specialized cells, but also
maintain the normal turnover of regenerative orgaunsh as blood, skin, or intestinal tissues.

Stem cells can now be grown and transformed intecigpzed cells with characteristics

consistent with cells of various tissues such asates or nerves through cell culture. Highly
plastic adult stem cells from a variety of sourcesjuding umbilical cord blood and bone

marrow, are routinely used in medical therapiesbEanic cell lines and autologous embryonic
stem cells generated through therapeutic cloninge halso been proposed as promising
candidates for future therapies. [11]

The classical definition of a stem cell requireatth possess two properties, self-renewal- the
ability to go through numerous cycles of cell diors while maintaining the undifferentiated
state and potency- the capacity to differentiate specialized cell types. In the strictest sense,
this requires stem cells to be either totipotenplaripotent- to be able to give rise to any mature
cell type, although multipotent or unipotent proig@ncells are sometimes referred to as stem
cells. Potency specifies the differentiation patdnithe potential to differentiate into different
cell types) of the stem cells. Totipotent stem scathn differentiate into embryonic and
extraembryonic cell types. Such cells can constaucomplete, viable, organism. [12] These
cells are produced from the fusion of an egg arefrspcell. Cells produced by the first few
divisions of the fertilized egg are also totipotgdB] Pluripotent stem cells are the descendants
of totipotent cells and can differentiate into reall cells, that is cells derived from any of the
three germ layers. [14]

Figure 1 Development of different typesof stem cells
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Multipotent stem cells can differentiate into a raenof cells, but only those of a closely related
family of cells. Oligopotent stem cells can diffetiate into only a few cells, such as lymphoid or
myeloid stem cells. Unipotent cells can producey amte cell type, their own, but have the
property of self-renewal which distinguishes theont non-stem cells (e.g. muscle stem cells).
[12]

Embryonic stem cell lines (ES cell lines) are adtuof cells derived from the epiblast tissue of
the inner cell mass of a blastocyst or earlier Heostage embryos. [15] A blastocyst is an early
stage embryo, approximately four to five days oldhiumans and consisting of 50-150 cells. ES
cells are pluripotent and give rise during develeptto all derivatives of the three primary
germ layers: ectoderm, endoderm and mesodermhér etords, they can develop into each of
the more than 200 cell types of the adult body whieen sufficient and necessary stimulation
for a specific cell type. They do not contribute ttee extra-embryonic membranes or the
placenta. Nearly all research to date has takereplaing mouse embryonic stem cells (MES) or
human embryonic stem cells (hES). Both have thentisd stem cell characteristics, yet they
require very different environments in order to mtain an undifferentiated state. Mouse ES
cells are grown on a layer of gelatin and requheefresence of leukemia inhibitory factor (LIF).
[16] Human ES cells are grown on a feeder layemotise embryonic fibroblasts (MEFs) and
require the presence of basic fibroblast growthoia(FGF or FGF-2). [17] Without optimal
culture conditions or genetic manipulation, [18]kegonic stem cells will rapidly differentiate.
A human embryonic stem cell is also defined byptesence of several transcription factors and
cell surface proteins. The transcription factorg-@d\Nanog, and Sox2 form the core regulatory
network that ensures the suppression of geneseth@to differentiation and the maintenance of
pluripotency. [19] The cell surface antigens masthmonly used to identify hES cells are the
glycolipids SSEA3 and SSEA4 and the keratan sulfatttgens Tra-1-60 and Tra-1-81. The
molecular definition of a stem cell includes mangrenproteins and continues to be a topic of
research. [20] After nearly ten years of reseaj2h] there are no approved treatments using
embryonic stem cells. The first human trial was rappd by the US Food & Drug
Administration in January 2009. [22] ES cells, lgepturipotent cells, require specific signals for
correct differentiation, if injected directly inemother body ES cells will differentiate into many
different types of cells, causing a teratoma. Défaiating ES cells into usable cells while
avoiding transplant rejection are just a few of tluedles that embryonic stem cell researchers
still face. [23] Many nations currently have mor&éoon either ES cell research or the
production of new ES cell lines. Because of theimbined abilities of unlimited expansion and
pluripotency, embryonic stem cells remain a theca#y potential source for regenerative
medicine and tissue replacement after injury ceake.

Fetal stem cells are primitive cell types foundha organs of fetuses. [24] The classification of
fetal stem cells remains unclear and this typderhscell is currently often grouped into an adult
stem cell. However, a more clear distinction betwid® two cell types appears necessary. Adult
stem cell refers to any cell which is found in a@leped organism that has two properties: the
ability to divide and create another cell like itsand also divide and create a cell more
differentiated than itself. Also known as somatins cells and germline stem cells, they can be
found in children, as well as adults. [25] Plurgrut adult stem cells are rare and generally small
in number but can be found in a number of tissnelkiding umbilical cord blood. [26] A great
deal of adult stem cell research has focused aifyatey their capacity to divide or self-renew
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indefinitely and their differentiation potentiaRq] In mice, pluripotent stem cells are directly
generated from adult fibroblast cultures. Unfortehg many mice don't live long with stem cell

organs. [28] Most adult stem cells are lineagericst (multipotent) and are generally referred
to by their tissue origin (mesenchymal stem celipase-derived stem cell, endothelial stem cell,
etc.). [29-30] Adult stem cell treatments have beancessfully used for many years to treat
leukemia and related bone/blood cancers througlke bmarrow transplants. [31] Adult stem cells
are also used in veterinary medicine to treat taradal ligament injuries in horses. [32] The use
of adult stem cells in research and therapy is asotontroversial as embryonic stem cells,
because the production of adult stem cells doesrequire the destruction of an embryo.
Additionally, because in some instances adult steffs can be obtained from the intended
recipient, (an autograft) the risk of rejection d@ssentially non-existent in these situations.
Consequently, more US government funding is bemogiged for adult stem cell research. [33]

Mesenchymal stem cells (M SC) in diabetes

Although regenerative capabilities of MSCs haventedriving force in launching initial studies
testing their therapeutic effectiveness, the imnmodulatory properties of MSCs have recently
become equally exciting for investigators in termigxamining their potential implications in a
variety of disease models. MSCs have been testeddent animal models to treat diseases
where immunomodulation is thought to be the maiarapve mechanism. However, it is also
important to note that even in the studies focusinghe plasticity of MSCs, the benefit effects
observed could also have been due to the immunodatody capacities of MSCs. [34-35]

Notably, the MSC literature is lacking in reports the use of MSCs in animal models of
diabetes. Leeet al. used immunodeficient recipient mice (NOD.SCID)ewctically rendered
diabetic by streptozotocin injections, to study #ffect of human MSCs in the development of
diabetes. Infusion of hMSCs reduced glycemic lewad increased peripheral insulin levels.
Human DNA infused as hMSCs was detected in the rpascas well as in the kidney. [36]
Among early reports responsible for stirring tmgerest was a study by Bartholometal. [37]

in which the investigators demonstrated that ddl&C administered intravenously to MHC-
mismatched recipient baboons before placement @dngeand third party skin grafts led to
prolonged allograft survival.

Researchers in Spain reported using mouse embrgtanc cells that were engineered to allow
researchers to select for cells that were difféaéing into insulin-producing cells. [38] Bernat
Soria and his colleagues at the Universidad Middetnandez in San Juan, Alicante, Spain,
added DNA containing part of the insulin gene tdgyanic cells from mice. The insulin gene
was linked to another gene that rendered the naisistant to an antibiotic drug. By growing the
cells in the presence of an antibiotic, only thoslls that were activating the insulin promoter
were able to survive. The cells were cloned and thdtured under varying conditions. Cells
cultured in the presence of low concentrationslotase differentiated and were able to respond
to changes in glucose concentration by increasimgylin secretion nearly sevenfold. The
researchers then implanted the cells into the spleédiabetic mice and found that symptoms of
diabetes were reversed.

Ron McKay and his colleagues described a seriexpériments in which they induced mouse
embryonic cells to differentiate into insulin-seang structures that resembled pancreatic islets.
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[39] McKay and his colleagues started with embrgostem cells and let them form embryoid
bodies—an aggregate of cells containing all thmaérgonic germ layers. They then selected a
population of cells from the embryoid bodies thapressed the neural marker nestin (Mouse
embryonic stem cells). Using a sophisticated fitzgs culturing technique, the researchers were
able to induce the cells to form islet-like clusténat resembled those found in native pancreatic
islets. The cells responded to normal glucose curaons by secreting insulin, although
insulin amounts were lower than those secreteddognal islet cells (Figure 3). When the cells
were injected into diabetic mice, they survivedhailigh they did not reverse the symptoms of
diabetes.

Figure 2 Development of insulin secreting pancreatic-like cells from mouse embryonic stem
cells
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Mouse embryonic stem cells were derived from theeincell mass of the early embryo
(blastocyst) and cultured under specific conditidifttee embryonic stem cells (in blue) were then
expanded and differentiated. Cells with markerssistant with islet cells were selected for
further differentiation and characterization. Wtiaase cells (in purple) were grown in culture,
they spontaneously formed three-dimentional clgssémilar in structure to normal pancreatic
islets. The cells produced and secreted insulindéysicted in figure 2, the pancreatic islet-like
cells showed an increase in release of insulihaglucose concentration of the culture media
was increased. When the pancreatic islet-like cgise implanted in the shoulder of diabetic
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mice, the cells became vascularized, synthesizadiim and maintained physical characteristics
similar to pancreatic islets.

Melton, Nissim Benvinisty of the Hebrew University Jerusalem, and Josef Itskovitz-Eldor of
the Technion in Haifa, Israel, reported that huraarbryonic stem cells could be manipulated in
culture to express the PDX-1 gene, a gene thatraeninsulin transcription. [40] In these
experiments, researchers cultured human embryotem scells and allowed them to
spontaneously form embryoid bodies (clumps of emhig/ stem cells composed of many types
of cells from all three germ layers). The embrybatiies were then treated with various growth
factors, including nerve growth factor. The reskars found that both untreated embryoid
bodies and those treated with nerve growth factpressed PDX-1.

Table 1 Mesenchymal stem cells (M SC) in various animal models of diseases

S. Therapy Outcome Refer
No. ence

1 Kidney ischemia | Syngeneic murine-MSCs are helpful in the restoratib | [35]
reperfusion injury | tubular epithelial cells with an anti-inflammataffect

2 STZ diabetes Human-MSC grafted kidney and pancreas in STZ | [36]
NOD.SCID mice ameliorating diabetes and kidney abse

3 Multiple sclerosis | Syngeneic murine-MSCs are home to inflamed lymphoid38]

model (EAE) tissues reducing disease progression
4 Arthritis Allogenic murine-MSCs reduce joint inflammation and [39]
increase Treg generation
5 Heart Allogenic rat-MSCs injected intravenously migratedhe | [41]
transplantation heart during chronic rejection
6 Myocardial Syngeneic rat-MSCs showed an anti-inflammation irole [43]
infarction ischemic heart disease

7 Acute lung injury Syngeneic intrapulmonary murine-MSCs decrease the[44]
severity of endotoxin-induced acute lung injury and
improve survival in mice

8 | Chronic lung injury Syngeneic murine-MSCs protect lung tissue from | [45]
bleomycin-induced injury with anti-inflammatory eft
9 Acute hepatic Human-MSCs protect against hepatocyte death and [46]
failure increase survival in mice after the injectionshad t
hepatotoxin D-galactosamine
10 Heart Allogenic rat-MSCs co-injected with cyclosporine | [46]
transplantation accelerate rejection

11 GHVD Allogenic rat-MSCs prevent lethal GVHD [48]
12 GVHD Allogenic murine-MSCs did not improve GVHD [48]
13 | BM transplantationt Donor-MSCs increase rejection of allogeneic dormveb | [49]

marrow cells

Futuretrends

Type 1 diabetes may prove to be especially diffital cure, because the cells are destroyed
when the body's own immune system attacks andayssthem. This autoimmunity must be
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overcome if researchers hope to use transplantksl toereplace the damaged ones. Many
researchers believe that at least initially, imnmauppressive therapy similar to that used in the
Edmonton protocol will be beneficial. A potentigvantage of embryonic cells is that, in theory,
they could be engineered to express the appropyetes that would allow them to escape or
reduce detection by the immune system. Others Baggested that a technology should be
developed to encapsulate or embed islet cells elgrfxom islet stem or progenitor cells in a
material that would allow small molecules suchresiiin to pass through freely, but would not
allow interactions between the islet cells andsceli the immune system. Such encapsulated
cells could secrete insulin into the blood strebat,remain inaccessible to the immune system.
Before any cell-based therapy to treat diabetesesako the clinic, many safety issues must be
addressed. A major consideration is whether angupser or stem-like cells transplanted into
the body might revert to a more pluripotent statte mduce the formation of tumors. These risks
would seemingly be lessened if fully differentiatells are used in transplantation. But before
any kind of human islet-precursor cells can be ubethpeutically, a renewable source of human
stem cells must be developed. Although many pragemiells have been identified in adult
tissue, few of these cells can be cultured for ipleltgenerations. Embryonic stem cells show the
greatest promise for generating cell lines that b free of contaminants and that can self
renew. However, most researchers agree that utitérapeutically useful source of human islet
cells is developed, all avenues of research shbeléxhaustively investigated, including both
adult and embryonic sources of tissue.

CONCLUSION

For human stem cell-based therapy to become atydali patients with diabetes, several
important steps must be accomplished. Legislatiahe United States must be changed to allow
generation of new human stem cell lines that hastebeen compromised by co-culture with
mouse cells and that offer distinct cell phenotyjgeacilitate graft acceptance. The molecular
mechanisms of cellular self-renewal must be undetsimore deeply so that we can efficiently
maintain human stem cell lines in their pluripotstdate. In addition, present culture methods
must be improved to generate sufficient cells fonical use: After stem cells enter the
differentiation pathway, their time clock startslahey begin to lose telomerase activity and the
capacity to replicate indefinitely. We must thereféearn how to maintain the stem cells in their
pluripotent state for clinical use and to induce tifferentiation process when needed for
transplantation. Efficient, safe protocols mustdesigned for inducing b cell differentiation so
that these clinically differentiated cells can natize blood glucose levels the same way
spontaneously differentiated b cells normalize 8igtucose levels.
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