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Type 2 diabetes mellitus (DM2) is associated with insulin resistance and secretory
dysfunction of the -cells. There is now experimental, epidemiological and clinical evidence
suggesting that the immune system and inflammatory mediators are involved in the
pathogenesis of DM2. The interest in regenerative therapeutics and cellular therapy for
DM2 is motivated by the importance of preserving -cell mass and function. Cellular
therapy with stem cells for glycemic control has been tested in experimental models for
some years however, there are only a few published studies using this approach in
humans. Although there are many obstacles to overcome before regenerative therapy
becomes a real option to treat DM2, it may be an important strategy to attain metabolic
control and prevent chronic complications in the future. Rev. Bras. Hematol. Hemoter.
2010;32 (4):329-334.
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Physiopathological aspects of Type-2 diabetes
mellitus

one of the environmental determinants of DM2. Adipose
tissue modulates the metabolism by releasing free fatty acids,
glycerol, pro-inflammatory cytokines, chemokines and
hormones, including leptin and adiponectin. The increase in
most of these factors affects the action of insulin in target
organs and causes insulin resistance, mainly by acting on its
signaling cascade.(3)
However, most obese individuals who have insulin
resistance do not evolve with hyperglycemia as, normally,
the pancreatic β-cell has great plasticity and adapts to a
reduction in insulin sensitivity by increasing both insulin
secretion and β-cell mass. The adaptive mechanisms of
β-cells to insulin resistance appear to involve an increase
in glucose metabolism, signaling by nonesterified fatty acids,
increased signaling by insulin/IGF-1 (insulin-like growth
factor) and the secretagogue and mitogen actions of incretin
GLP- 1 (glucagon-like peptide-1).( 4,5)
In patients with DM2, insulin resistance is associated
with pancreatic dysfunction as the β-cells do not have
this adaptive response. Thus, the adaptive abnormalities
of β-cells to insulin resistance are critical in the

Type-2 diabetes mellitus (DM2), the most common form
of diabetes (approximately 90% of cases), is caused basically
by two pathogenic mechanisms - resistance to insulin and
secretory dysfunction of pancreatic β-cells.
The etiopathogenesis and pathophysiology of DM2
are complex and involve genetic and environmental
components that are interrelated in ways that are still
unknown. Genetically, DM2 has monogenic and polygenic
forms. The former are rare, suffer minimal environmental
influence and the genes involved in insulin resistance and
insulin secretion defects have been characterized. However,
more commonly DM2 is polygenic and although potential
loci of susceptibility for DM2 have been identified in different
populations, numerous methodological difficulties must be
overcome until their participation in the genesis of the disease
is properly understood.(1,2)
Obesity, particularly with visceral fat accumulation,
whose metabolic behavior differs from subcutaneous fat, is
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development of DM2. Changes in pancreatic β-cells in
DM2 are both functional and quantitative; the β-cell mass
is reduced to approximately 50% of normal by increased
apoptosis and β-cells lose 75% of their functional
capacity.(6,7)
The factors involved in β-cell dysfunction are not well
established, but they fail to respond to secretagogue stimuli.
Many signaling routes can affect the growth and survival of
β-cells. Some of the many potential mechanisms involved in
this impairment are oxidative stress, mitochondrial
dysfunction, endoplasmic reticulum stress, inflammation and
amyloid deposition of material, associated with genetic
predisposition.(8-11) Hyperglycemia, resulting from this
process and the increased concentration of free fatty acids
that cause glucolipotoxicity are aggravating factors that
accelerate the decline in β-cells in DM2.(12-14)

proinflammatory proteins, especially MCP-1 by adipocytes,
endothelial cells and monocytes, increases the recruitment
of macrophages that feed the process.(23-26) Although by
different mechanisms, most inflammatory factors act
negatively in the process of insulin signaling by modifying
its intracellular substrates, in particular phosphorylation of
the protein family of insulin receptor substrates, with the
help of different transcription factors, including those of the
family of peroxisome proliferator-activated receptors. Thus,
the metabolic inflammatory and innate immunity pathways
seem to interact, leading to insulin resistance in a complex
yet still unclear manner despite of the many advances in this
area over the last decade. Endoplasmic reticulum stress and
mitochondrial dysfunction, caused, in part, by increased
metabolic demand, are considered important links between
the inflammatory and metabolic pathways involved in insulin
resistance associated with obesity and DM2.(16,27,28)
Although recognition that the immune system is
involved in β-cell dysfunction and death in DM2 is much
more recent, in vivo and in vitro clinical and experimental
data indicate that inflammation of islets of Langerhans
(insulitis) is a predominant feature in DM2, as well as in type
1 diabetes mellitus (DM1).(11,29) An increased number of
macrophages were observed in islets of mice submitted to a
high fat diet well before the onset of hyperglycemia. In
addition, the production of inflammatory factors, including
IL-6, IL-8, chemokine KC, G-CSF (granulocyte colonystimulating factor) and MIP-1α (macrophage inflammatory
protein 1α) has been identified in islets exposed to metabolic
stress (hyperglycemia and hyperlipemia) and in isolated islets
of mice submitted to a high fat diet. Some evidence suggests
that the local immune system may be involved in the
mechanism of apoptosis of β-cells that accompanies
metabolic disorders culminating in DM2. Among the
cytokines involved in this process, IL-1α is noteworthy as
its local production by β-cells under glucose stimulation has
been demonstrated as has its blockage in 70 patients with
DM2 by the injection of a recombinant IL-1 receptor
antagonist with a resulting increase in insulin secretion.(30-32)
T
he hypothesis put forward by the group of researchers who
produced most of these results is that metabolic stress
(hyperglycemia, dyslipidemia and adipokines) leads to the
production of IL-1α by islets, which controls their own
production and the production of other inflammatory
mediators and attracts macrophages, thereby perpetuating
the inflammatory process. This process culminates in
secretory failure and β-cell death. (33) Additionally, more than
a decade ago it was shown that IL-1α can induce the
expression of Fas, a cell surface receptor involved in β-cell
apoptosis.(34) However, the action of IL-1αon islets is dose
dependent as small concentrations may play a protective
role in β-cells.(35)
Thus, it is clear that, although a few years ago, the
pathophysiological differences between DM1 and DM2

Figure 1 – Mechanisms of β-cell failure in DM2

Inflammation and type-2 diabetes mellitus
Currently, there is much experimental, clinical and
epidemiological evidence of the involvement of immune and
inflammatory mediators in the basic mechanisms of DM2,
both insulin resistance and pancreatic β-cell failure.(15-20)
The increased release of TNF-α (tumor necrosis factor),
IL-6 (interleukin), MCP-1 (monocyte chemoattractant protein1) and soluble factors secreted by macrophages and other
cells residing in adipose tissue play a key role in the
development of insulin resistance.(21) TNF-α and IL-6
stimulate the c-Jun aminoterminal kinase (JNK) and IêB kinase
β (β-IΚΚ)/nuclear factor êB (NF-êB) pathways resulting in
increased production of inflammatory mediators and insulin
resistance. Phosphorylation of IêB by IΚΚ-β leads to the
degradation of IêB, releasing NF-êB that acts as a nuclear
transcription factor for several genes involved in inflammatory
response. (22) Pathways that involve the induction of
suppressor of cytokine signaling (SOCS) and nitric oxide
synthase (iNOS) may be involved in the mechanism of insulin
resistance mediated by cytokines. The secretion of these
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seemed so different, now they are considered fairly
comparable, implying the possibility of using similar
therapeutic approaches (immunological and reparative) for
both diseases.(12,15)

in the future. Among them are differentiation from embryonic
SC,(45) pluripotent SC reprogrammed using transcription
factors to a differentiated state known as iPS (induced
pluripotent SC) (46) and bone marrow mesenchymal SC.(47) The
authors of the last study reported in vitro differentiation of
bone marrow mesenchymal cells into insulin-producing cells,
which were transplanted into the duodenal mucosa and led
to a decrease in blood sugar levels in rats treated with
streptozotocin.
In humans, there are few reports of effects of SC
treatment on glycemic control in DM2 (Table 1). Novoa et
al.(48) recently reported lower concentrations of glucose and
the need of smaller doses of insulin in 126 diabetic patients
with severe peripheral arterial disease treated with autologous
infusions of bone marrow MNC in the gastrocnemius muscle.
Estrada et al.(49) submitted DM2 individuals to intrapancreatic
infusions of autologous bone marrow MNC and hyperbaric
oxygen therapy, and after one year of monitoring, they
observed a significant reduction in fasting glucose levels,
glycosylated hemoglobin, daily insulin doses and oral
hypoglycemic agents as well as increased plasma
concentrations of C-peptide. In a recent work, Viña et al.(50)
reported the beneficial effects of local intra-arterial infusions
of bone marrow MNC in 58 DM2 patients over a follow-up
period of 36 months. Although the authors of these reports
suggest beneficial effects of SC therapy on angiogenesis,
the mechanism of action involved has not been addressed
yet, primarily due to methodological difficulties of studies
involving humans. However, in an analysis of autopsies,
Butler et al.(51) evaluated the pancreas of 31 individuals, two
of who were DM2 patients submitted to allogeneic
hematopoietic SC transplantations and did not observe the
presence of β-cells from donor hematopoietic cells and
concluded that it was unlikely that these cells can
transdifferentiate into β-cells.

Stem cell therapy for type-2 diabetes mellitus
Clinical trials using cell therapy for the treatment of
DM1 are already at an advanced stage and the results, so far,
seem promising.(36,37)
The interest in regenerative therapy and the use of cell
therapy, more specifically, with pluripotent or multipotent stem
cells (SC) in the treatment of DM2, derives from the
aforementioned clinical evidence and the importance of
preserving the functional and quantitative integrity of
pancreatic β-cells whose destruction is involved in the
pathogenesis of DM2. Additionally, the difficulties
encountered with the use of other methods of β-cell
replacement, such as islet, pancreas and insulin-producing
cell line transplants(38,39) makes the possibility of using SC
very attractive.
The use of SC from different sources for glucose control
in experimental models of DM2 was described several years
ago (Table 1). Soria et al.(40) showed that insulin-secreting
cells derived from undifferentiated embryonic SC implanted
into the spleens of mice with diabetes induced by
streptozotocin were able to maintain normoglycemia. Kojima
et al.(41) found insulin-producing cells in extrapancreatic
tissues of hyperglycemic rats and mice treated with adult
bone marrow SC. Additionally, Ende et al.(42) showed a
reduction in glucose levels, improved survival and attenuation
of renal injury in obese mice with spontaneous development
of DM2 treated with human umbilical cord blood mononuclear
cells (MNC). Recently, Abraham et al. reported increased
glucose tolerance and plasma adiponectin concentrations in
obese mice after the intraosseous transplantation of bone
marrow SC, associated with the induction of heme oxygenase
(43)
and Chen et al. reported improved insulin sensitivity, and
vascular and renal function after the infusion of bone marrow
cells of non-diabetic mice in diabetic db/db mice.(44)
Different production strategies and sources of SC to
form insulin-producing cells are being intensively investigated
and could become an option in regenerative therapy for DM2

Barriers to cell therapy for type-2 diabetes
mellitus

There are several difficulties to be overcome before
regenerative therapy of the pancreas using SC to treat DM2
is a viable option. The first challenge may be to understand
the mechanisms that regulate insulin secretion stimulated
by glucose and those involved in the
adaptation of β-cells to constant
Table 1. Experimental and clinical use of cell therapy in DM2
metabolic changes.(52) In addition, our
Cell source
Type of study
1st Author, year (Reference)
knowledge has advanced only recently
Embryonic SC
Experimental (mice)
Soria, 200040
in respect to the mechanisms of
41
Bone marrow
Kojima, 2004
Experimental (rats/ mice)
differentiation, proliferation, regeneration
Human Umbilical Cord
Ende, 200442
Experimental (mice)
Bone marrow
Abraham, 200843
Experimental (mice)
and plasticity of β-cells.(53-58) It is not
Bone marrow
Chen, 200944
Experimental (mice)
known whether, in humans, there is a
Bone marrow
Zhang, 200947
Experimental (rats)
population of progenitor cells (ductal,
50
Bone marrow
Viña, 2008
Clinical
acinar and extrapancreatic) that
Bone marrow
Estrada, 200849
Clinical
Bone marrow
Novoa, 2009 48
Clinical
generate new β-cells (neogenesis) or if
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they self-renew. Similarly, little is known about mediators
involved in the processes of differentiation and/or
transdifferentiation to β-cells, although the Pdx1 (pancreatic
duodenal homeobox-1) and neurogenin-3 transcription factors
present in the embryonic period are being intensely
investigated.(59) Although it seems clear that numerical
integrity of the β-cell mass does not mean functional integrity
(60)
there are no noninvasive methods to measure the number
of β-cells in humans. The few data available come from
experimental studies and indirect evidence therefore they are
limited and imprecise.(61) However, many β-cell markers have
been tested in recent years(62) and there are descriptions of
potential noninvasive methods. Among these are the use of
VMAT2 (vesicular monoamine transporter type 2) that is
expressed in large amounts in human β-cells and when
associated to the radioligand, 11C-dihydrotetrabenazine is
detected by PET (positron emission tomography) as a
biomarker of β-cell mass.(63) Additionally, the application of
magnetic resonance has been investigated mainly after the
transplantation of islets previously labeled with
nanoparticles.(64,65)

We are currently initiating an experimental design to
test the systemic use of mesenchymal SC in DM2.
Resumo
A patogênese do diabetes mellitus tipo 2 (DM2) está associada,
basicamente, a dois mecanismos, resistência à ação da insulina e
disfunção secretória das células β pancreáticas. Atualmente, há
evidências experimentais, clínicas e epidemiológicas, da
participação do sistema imune e de mediadores inflamatórios
nesses mecanismos patogênicos. O interesse pelo tratamento
regenerativo e pela utilização da terapia celular para o tratamento
do DM2 deriva da importância da preservação da integridade
funcional e quantitativa das células β pancreáticas. A utilização
de células-tronco para obtenção de controle glicêmico em modelos
experimentais de DM2 tem sido descrita já há alguns anos.
Entretanto, em humanos, há poucos estudos publicados nesse
sentido. Embora haja várias dificuldades a serem transpostas até
que a terapia regenerativa do pâncreas para tratamento do DM2
seja uma opção viável, ela poderá vir a ser, no futuro, uma
ferramenta importante para o controle metabólico da doença e
redução de suas complicações crônicas. Rev. Bras. Hematol.
Hemoter. 2010;32(4):329-334.

Why develop new strategies for the treatment of
type 2 diabetes?

Palavras-chave: Diabetes mellitus; terapia celular; células-tronco.

The treatment of DM2 requires different professionals
and involves diet, exercise, various oral drugs and, often,
multiple daily insulin injections. Adherence to therapy is
usually low and more than 70% of patients have poor
metabolic control.(66-70) There is a high frequency of chronic
complications associated to poor metabolic control of DM2
and it is already well established that hyperglycemia is a
major factor responsible for the onset of these
complications.(71) These complications arise from micro- and
macrovascular changes that lead to dysfunction, damage
or failure of different organs including nephropathy with a
high rate of progression to renal failure, retinopathy, the
leading cause of blindness, neuropathy, the leading cause
of non-traumatic amputation of lower extremities, and
manifestations of autonomic nervous system dysfunction,
including sexual dysfunction. (72-75) Additionally, the
association between diabetes and cardiovascular diseases,
which include myocardial ischemia, peripheral arterial
obstruction and cerebrovascular disease, is well
established. DM2 increases the risk of cardiovascular
disease by two to four-fold with this being the main cause
of death in diabetics.(76,77) All of this involves high direct
and indirect costs for DM2 individuals, for the public
healthcare system and for society.
Therefore, the development of new therapeutic
strategies for DM2 is essential. Regenerative therapy of
the pancreas seems to be safe and effective in DM2 and
could be an important tool for metabolic control and
reduction of chronic complications.
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