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Abstract 
 

Diabetes mellitus is a common disease in dogs and cats. It consists of a group of metabolic diseases characterized 
by hyperglycemia resulting from defects in secretion and/or insulin activity. The islets of Langerhans from donor pancreas 
may be an alternative for the cure of diabetes, however, this approach is limited because the donation is scarce and 
complications occur due to the concurrent use of immunosuppressive drugs. For many decades researchers have sought 
ways to replace pancreatic islets in diabetic individuals. Current studies in progress with stem cell culture for production of 
pancreatic islet cells are promising, despite the difficulties in their production. This review reports several aspects 
concerning the use of stem cells in diabetes cell therapy. Recent studies in mice have shown that embryonic stem cells can 
be induced to differentiate into insulin-producing β-cells. In parallel with this study, a new class of stem cells has emerged, 
i.e. induced pluripotent stem cells (iPSCs) aimed at clinical and therapeutic use. Adult stem cells may circumvent the ethical 
issues surrounding embryonic stem cells and allow auto-transplantation. 
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Introduction 
 

Diabetes mellitus (DM) is an ubiquitous 
endocrine disease associated with absolute or relative 
insulin deficiency. This disease can affect dogs and cats 
and if it is not diagnosed and properly treated can be fatal 
(21, 26, 40). In dogs, DM can be classified into three types 
according to the secretory capacity of pancreatic β-cells. 
Group I or insulin dependent, caused by the destruction of 
β-cells with progressive cellular loss up to complete 
failure of insulin secretion. Group II or non-insulin 
dependent, is characterized by insulin resistance and/or 
dysfunctional β-cells. Insulin secretion can be high or just 
below normal, but is insufficient to overcome the insulin 
resistance in tissues. And Group III has been characterized 
in dogs which have a slightly elevated blood glucose 

concentration and some glucose intolerance but a basal 
concentration of insulin (27, 28). Diabetic animals can be 
considered as a model of human diabetes although animal 
diabetes has a wide variety of pathophysiological factors 
and occasionally does not correspond to human diabetes.  
Nonetheless, these animal models are useful for the study 
of acute and chronic complications of the disease (25). 

In 1869 it was demonstrated the presence of 
Langerhans islets supplied by blood vessels, independent 
of the exocrine pancreas (20, 37). Lagues (1893) reported 
that two different groups of cells were responsible for the 
internal secretion of the endocrine pancreas, within the 
islets of Langerhans (41, 50). Diabetes in dogs was first 
described in 1889, when Merin and Minkowski reported 
this disease in pancreatectomized dogs (5, 40). According 
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to Nogueira (28) the insulin secreted by β-cells is the main 
hormone involved in the syndrome of DM. 

Several factors predispose to the development of 
DM: among the most important are the immune-mediated 
insulitis, pancreatitis, obesity, hormonal antagonism, use 
of certain drugs such as glucocorticoids, oral 
contraceptives, phenytoin, and injections of progesterone; 
genetic predisposition, infections, intercurrent illnesses 
(renal failure, heart disease) chronic relapsing pancreatitis, 
pancreatic trauma, idiopathic reduction of the number of 
functional β-cells, Cushing's syndrome, hyperreactive 
anterior pituitary or  adrenal cortex, or some other factor 
that causes degeneration of the islets of Langerhans (10, 
16, 28).  

The human body is dependent on progenitor stem 
cells which frequently repair the specific cellular 
populations of the organs. Recently, several studies have 
shown the ability of endogenous stem cells from ischemic 
tissues to perform restorative functions that are decreased 
in patients with diabetes, and also in cardiovascular 
diseases in patients with DM type I, since   β-cell 
destruction leads to dependence on insulin for glucose 
homeostasis (9, 11). 

It is the aim of this paper to review the state of 
the art on diabetes and diabetes cell therapy. 
 
Stem cells and diabetes 
 

 The pancreas, an organ composed of 
many cell types, consists of exocrine tissue containing 
cells which secrete enzymes into the intestine to assist in 
the digestion of food. Distributed throughout this exocrine 
tissue are thousands of islets of Langerhans, clusters of 
endocrine cells that produce and secrete hormones into the 
blood to maintain homeostasis. The insulin-producing β-
cell is one type of endocrine cell in the islet; other types 
include alpha cells (α-cells), which produce glucagon, PP 
cells (γ-cells), which produce pancreatic polypeptide, and 
delta cells (δ-cells), which produce somatostatin (12). The 
embryonic origin of these pancreatic cells is controversial. 
According to Dor and Melton (7) during the embryonic 
development of the pancreas, β cells are generated from a 
transient population of endocrine progenitor cells 
expressing the transcription factor neurogenin3 (ngn3). 
Nevertheless, during the postnatal life, ngn3-positive 
progenitor cells disappear, and β cell expansion and 
maintenance relies on the proliferation of terminally 
differentiated β cells. Studies have indicated that human 
and rodent pancreatic duct cells, islet derived cells, and 
exocrine tissue have precursor cells that can differentiate 
toward β-cells (8). 

DM is a group of metabolic diseases 
characterized by hyperglycemia resulting from defects in 
secretion and/or insulin action. According to the 
physiological and pathological changes that affect β-cells 
it receives a specific classification, but in some rare cases, 
β-cells are normal and diabetes results from suppression of 

insulin activity. When the pancreas is involved and has 
been primarily affected β-cells lose their ability to produce 
insulin; when the pancreas is secondarily affected by high 
blood glucose levels, histologically β-cells are 
hyperplastic (10, 28).   

DM is classified into three types: type 1, type 2 
and gestational diabetes in dogs and mice. Type 1 diabetes 
is an autoimmune syndrome, it is the most common in 
dogs and it is characterized by selective destruction of 
insulin-producing β-cells in pancreatic islets, mediated by 
T lymphocytes and macrophages, with progressive and 
eventually complete loss of insulin secretion. Therefore, 
patients that have this diabetes type are insulin-dependent. 
The etiologic and pathogenic bases of type 1 DM are 
dependent on genetic and environmental factors with more 
than twenty genes involved in the development of the 
disease (33). 

DM type 2 is characterized by resistance to 
insulin action and is considered non-insulin dependent or 
from dysfunctional β-cells. Insulin secretion may be high, 
low or normal, but it is insufficient to overcome insulin 
resistance in tissues. This form of diabetes is difficult to 
identify clinically in dogs (4) and frequently is observed in 
middle-aged and older dogs (23). The strong polygenic 
inheritance associated with environmental factors such as 
obesity and physical inactivity are determinants in the 
genesis of type 2 DM (45). 

Some of the most common complications 
associated with diabetes in dogs are neuropathies, 
glomerulopathy, retinopathy, and gastrointestinal 
disorders. Skin lesions associated with diabetes in dogs are 
uncommon but, when present, are associated with 
pyoderma, seborrheic syndrome, thinning and 
hyperpigmentation of the skin, and alopecia in several 
degrees (2). 

The development of cataract is a common 
secondary complication of diabetes in dogs and is directly 
related to the severity and time of duration of 
hyperglycemia. During persistent hyperglycemia, glucose 
does not require insulin to enter the cells of the lens, 
overcoming the usual facilitated transport (34, 52). Other 
changes as oxidative stress within the organ are also 
involved (30). Cystitis is also a common complication in 
diabetes, for glucose in urine promotes growth of bacteria 
such as Escherichia coli and Proteus sp (34).  

In cats, diabetes is also a relatively common 
endocrine disease. The incidence of type 2 DM may be as 
high as 50-70% in this species. Several risk factors were 
identified, like obesity, age, and sex and neutering process 
(31, 38). More than 50% of diabetic cats are older than 10 
years; therefore, the age was identified as the most 
important risk factor. Obesity increases the risk of 
developing diabetes in 3 to 5 times. Neutered cats have 
almost as twice the risk, and males 1.5 times the risk of 
developing diabetes. Diabetes in young cats is extremely 
rare (35, 55).  
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Cats develop  type 2 DM with the majority of 
diabetic cats developing islet amyloid (34), which is 
characteristic of this kind of diabetes in humans (48, 54). 
Two other findings support the notion that type 1 diabetes 
is probably rare in cats: antibodies against β-cells have not 
yet been documented (15) and lymphocytic infiltration of 
β-cell areas are extremely rare in diabetic cats (13).  

Among treatment strategies for diabetes, we can 
mention pancreas transplantation, islet transplantation and, 
more recently, cell therapy using stem cells, to achieve 
insulin-independence for diabetes type 1 (8).  

The transplantation of cells, tissues, and organs to 
restore physiological responses and/or anatomical 
structures has been the aim of medical studies.  Thus, 
diabetes, in which the damage is localized to a specific cell 
type, seems to be a good candidate for cell therapy (4). In 
this way, studies with stem cells have increased in the last 
years in order to obtain different sources of cells which 
can be used for cell therapy.  By definition stem cells are 
self-renewable progenitor cells that can be differentiated 
into one or more cell types. In addition, stem cells have an 
unlimited capacity of replication and, if properly treated, 
can differentiate in all cell types of the adult body. 
Basically, two types of stem cells are being investigated: 
embryonic (embryonic stem cells) and adult stem cells 
(22). 

Parallel to the study of embryonic stem cells 
which show several ethical and religious problems in 
relation to their laboratory use, new classes of stem cells 
have emerged, aiming a clinical and therapeutic use: adult 
stem cells and induced pluripotent stem cells (iPSC). 
Adult stem cell is an indigenous undifferentiated cell 
found in specialized tissues in which it can replace 
damaged cells as required and ensure organ maintenance. 
In addition, in 2006  other type of pluripotent stem cells, 
i.e. the iPSC have been generated from mouse and human 
somatic cells by introducing Oct ¾ and Sox 2 with either 
Klf4 and cMyc or Nanog and Lin28 using retroviruses or 
lentiviruses (42). So, iPSCs are an artificial type of stem 
cells derived from a non-pluripotent cell, typically an adult 
somatic cell by inducing the expression of specific genes 
(30). These researches result from the constant search for 
new sources more efficient and acceptable for therapeutic 
use in  regenerative medicine.    

Adult stem cells are typically committed to the 
mature cells of the tissue in which they are located. Under 
specific conditions they present certain plasticity, 
according to the signals from the extracellular 
environment, property known as transdifferentiation. 
Adult stem cells can be maintained in culture for long 
periods of time, although this capacity is more limited 
compared to that of embryonic stem cells (22). 

Adult stem cells from the bone marrow were the 
most studied. Currently, they are used clinically to restore 
various components of the blood and immune system. 
There are two types of stem cells in the bone marrow: 1. 
the progenitor hematopoietic cells that form blood and 

immune system, and 2. stromal mesenchymal stem cells 
(MSCs), which form bone, cartilage and fat. Normally, 
these cells are recruited for tissue replacement after injury 
and / or angiogenesis of several organs because they are 
able to differentiate into several cell types, including 
cardiomyocytes, vascular endothelial cells, neurons, 
hepatocytes, epithelial cells, and adipocytes. This 
multipotent ability for differentiation coupled with their 
ability for both self-renewal and regulation of the immune 
response, place the MSCs as  potentially new therapeutic 
agents for the treatment of DM complications (12, 44). Xie 
et al. (51) described a therapeutic effect of pluripotent 
stem cells in diabetic animals. These authors induced 
insulin release in response to glucose stimulation in vitro. 
In diabetic mice they retained regulated secretion of 
insulin and decrease blood glucose levels.   

According to Voltarelli et al. (47), hematopoietic 
stem cells transplantation in DM-1 has a potential to 
prevent total destruction of insulin-producing pancreatic 
cells as well as to induce significant clinical responses. 
The study by Voltarelli et al. (46) reported that high-dose 
immunosuppression followed by autologous non-
myeloablative hematopoietic stem cell transplantation has 
shown good results in patients with early onset of the 
disease, reducing mortality and allowing insulin 
independence in most patients. Haller et al. (14) reported 
that the liver shares endodermal embryonic origin with the 
pancreas. It has been shown that hepatic oval cells can be 
manipulated to induce co-expression of insulin and 
glucagon and are considered liver stem cells due to the 
ability to differentiate into hepatocytes and bile duct cells. 
In the study by Yang et al. (52), with hepatic oval cells in 
vitro there were obtained clusters of cells similar to 
pancreatic islets cells that expressed various hormones of 
the endocrine pancreas, such as glucagon, pancreatic 
polypeptide and insulin. Preliminary results showed that 
the oval cell-derived islet cell-like clusters displayed the 
ability to reserve hyperglycemia in a diabetic NOD-scid 
mouse. 

Some studies induced the generation of insulin-
producing cells from embryonic stem cells,  as well as 
showed that the introduction of the β-cell transcription 
factor Pax4 (3), improved the efficiency of generating 
insulin-producing cells. However , these cells produce low 
amounts of insulin, compared to  β-cells. A number of 
researches in order to understand the development of stem 
cells culture to produce islets of Langerhans are promising 
and despite the difficulties of producing cells, previous 
results showed that future is not distant. Thus, it is 
possible to obtain viable cells to produce insulin to replace 
cells damaged by the immune system in type 1 diabetes. 
This cell therapy must be associated with blocking of the 
host immune reaction which may harm new and native 
cells (6, 8). 

The main difficulty in these procedures is to 
induce differentiation of stem cells giving rise to cells able 
to produce insulin in amounts equivalent to those 
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produced by β-cells, and also differentiated stem cells that 
respond to the stimulation of glucose by releasing insulin 
(8).  According to Goldthwaite (12) there is a possibility 
that  β-cells can be regenerated by differentiation of 
endogenous stem cells, from the proliferation of available 
β-cells, or a combination of both mechanisms. β-cells 
appear during embryonic development, suggesting that 
their presence involves the temporal control of a number 
of genes. 

Thomson et al. (43) described a method to isolate 
and cultivate human embryonic stem cells to treat type 1 
diabetes. In theory, embryonic stem cells are able to 
differentiate into pancreatic β-cells to produce insulin. 
According to these authors, after being grown  in vitro the 
necessary amount of insulin-producing cells for 
transplantation can be obtained. Thus cell therapy could be 
applied widely in diabetic patients. In addition, these cells 
can be manipulated to avoid immune rejection, even 
before transplantation: they could be packaged/wrapped in 
non-immunogenic and not rejected, freeing  the patient 
from the devastating effects of immunosuppressive drugs. 
However there are some remaining problems concerning  
the use of  embryonic cells, mainly related to  ethical 
approaches and teratoma formation (32).   

Most of the studies on regeneration analysis of β-
cell have been conducted in animals. Rosenberg et al. (36) 
induced the regeneration of pancreatic islets, including β-
cells by cellophane wrapping of the pancreas in hamsters.  
In this autoradiographic study, the regenerated β-cells 
showed insulin secretory capacity in vitro. According to 
Andersson et al. (1) when  β-cells of pancreatic islets were 
cultured in a specific medium with high glucose 
concentration they showed extensive degranulation and 
increased amounts of rough-surfaced endoplasmic 
reticulum. The immunoreactive insulin content of islets 
cultured at 28 mM glucose was markedly decreased and 
the insulin secretion during culturing was much higher 
than with the islets cultured at 3.3 mM of glucose. These 
results showed that the biosynthesis of insulin proceeded 
at a high rate and remained regulated by glucose. 
Mesenchymal stem cells (MSC), also known as 
multipotent mesenchymal stromal cells, have been 
reported to secrete several cytokines, such as basic 
fibroblast growth factor (bFGF), vascular endothelial 
growth factor (VEGF), monocyte chemoattractant protein-
1, and stem cell-derived factor-1, that exhibit angiogenic 
and neurosupportive effects (17, 18, 19). Since diabetic 
polyneuropathy is the most common complication of 
diabetes (49), Shibata et al. (39) demonstrated that 
transplantation of MSC in rats improved the hypoalgesia, 
delayed motor nerve conduction velocity, reduced sciatic 
nerve blood flow, and decreased axonal caliber in diabetic 
nerves of the treated limbs. The immunohistological study 
revealed that the capillary number–to–muscle fiber ratio 
was increased when MSCs were injected in the hind limbs 
and skeletal muscles. Four weeks after the transplantation, 

MSC maintained their viability and secreted angiogenic 
factors such as VEGF and bFGF at the injected sites. 

Mature β-cell itself has been studied as having an 
important role in proliferation. It is known that cyclin D2 
is a protein involved in the process of replicating mature 
β-cells in the postnatal period (24). To test the role of this 
protein, Georgia and Bhushan (11) created genetically 
modified rats that did not express the gene for cyclin D2. 
Rats which do not express this gene, showed a lower rate 
of β-cell replication when compared to lower controls and 
all became glucose intolerant. 

Regardless the severity of coronary artery 
disease, diabetic patients are at increased risk of 
developing heart failure. Diabetic cardiomyopathy (DCM) 
is characterized by microvascular pathology and 
interstitial fibrosis. Results showed that transplantation of 
mesenchymal stem cells improved cardiac function in a rat 
model for DCM, possibly through angiogenesis and 
attenuation of cardiac remodeling. Since MSCs are able to 
differentiate into cardiomyocytes and vascular endothelial 
cells, studies have shown that the transplantation of MSCs 
may inhibit apoptosis in the ischemic heart through 
upregulation of Akt (Protein Kinase B) and eNOS 
(Endothelial Nitric Oxide Synthase) and inhibit 
myocardial fibrosis in dilated cardiomyopathy, decreasing 
the expression of matrix metalloproteinases (MMP) in rat 
models (55). 

Diabetic retinopathy is another common 
complication of diabetes, which is caused by injury to 
retinal microvasculature and neurons. The results of a 
current study suggested that adult MSCs may improve the 
integrity of the blood-retinal barrier in diabetic rats by 
differentiating into photoreceptor and glial-like cells in the 
retina and by reducing blood glucose levels (53). 

 
Concluding remarks 
 

Currently ongoing studies on stem cells for the 
production of pancreatic islet cells show promising results. 
It is still necessary to improve all protocols; there is strong 
evidence that stem cells are a potential source for tissue 
regenerative therapy. The differentiation of β-cells from 
stem cells is driven by non-completely known 
determinants, which include cell-cell interactions, 
extracellular matrix signals and the presence of a 
combination of growth factors, hormones, cytokines and 
nutrients. The main challenge is to obtain a cellular 
product able to mimic as closely as possible the basic 
features of a pancreatic β-cell to obtain a final cell product 
capable of restoring the loss of function in the pancreas. 
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