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Introduction: Unsung Heroes in the Battle Against Diabetes.  227-230

Summary:  This is an overview article summarizing the advances in the realms of human medical science and animal based research towards the elucidation, diagnosis, treatment and control of diabetes. Due to the highly complex nature of this disease, this volume focuses primarily on type 1 (insulin dependent) diabetes mellitus, with mention of type 2 (non insulin dependent) diabetes in the context of an important emerging disease, and the search for appropriate animal models.   

As early as 1500 BC, maladies related to polyuria were described. Hindu medicine coined the term “honey urine” sometime between 100 to 700 AD. Two major milestones were made in the 17th century, the discovery of the sweet taste of diabetic urine, and the genetic link of the disease. In 1772 “saccharine matter” in diabetic blood and urine was recognized, and by the early 19th century the chemical identification of glucose was made. In 1869, Langerhans discovered panceatic cells other than previously described acinar cells, and later the term “ilots de Langerhans“ was born. 

In 1920 a groundbreaking discovery was made in the world of medicine, insulin. Canadian scientists (Banting, Best and Macleod) were responsible for this breakthrough, and in 1923 Banting and Macleod were awarded the Nobel Prize in Medicine. Banting’s animal model of choice was the dog, in which procedures such as pancreatic duct ligation, pancreatectomy and insulin treatment were performed. Macloed used islet tissue extracts from teleost fish to demonstrate the origin of insulin. Falta, in 1931, determined the existence of two distinct forms of the disease, insulin sensitive and insulin resistant, and by the 1950’s the link to immune system dysfunction was determined. Coxsackie virus infected mice were used to prove the link between viral infection and the onset of diabetes.  

Today the American Diabetes Association recognizes two types of diabetes. Type 1 (insulin dependent diabetes mellitus, IDDM) is further subdivided into 1A (immune mediated) and 1B 9 non immune mediated). Type 2 is non insulin dependent (NIDDM). Disease susceptibility has been clearly demonstrated by several species, with domestic dogs and cats showing a higher than usual propensity for its development.   

Globally, diabetes continues to be a significant disease. Thus animal based research must forge onward, with hopes of unravelling the complexities of the dieases via today’s preeminent diabetic animal model, the nonobese diabetic (NOD) mouse.  

Questions: 

1. What new non mammalian diabetic animal model was described in 2004 ? 

2. What is the estimated incidence of diabetes in dogs ? cats ? 

Answers:

1. Tilapia, a teleost fish.  

2. one in 200 dogs, one in 800 cats.   
The Challenge of Type 1 Diabetes Mellitus.  pp. 231-236

Summary:  This report discusses the new advances in the study, diagnosis and therapy of Type 1 diabetes.  The authors cites that by the year 2025, Diabetes mellitus will have affect 300 million individuals.  Type 1 diabetes (previously termed insulin-dependent diabetes mellitus) is a T cell mediated autoimmune disease which destroys beta cells in the islets of Langenhans.

Clinical Features and Pathogenesis:  Clinical signs include hyperglycemia, hyperlipidemia, ketosis, polyuria, thirst weight loss, neurotoxicity and ketoacidosis.  The authors summarizes several studies  on how the immune system may be  triggered to produce an auto reactive T cell response:
        1.a  tissue specific reaction occurring which causes antibodies to recognize self,
        2. viral damage to beta cells followed by an auto immune reaction, or
        3. the presence of an endogenous retroviral genome within damaged beta cells.
As a result of these trigger reactions, a chronic hyperglycemia leads to severe complications stemming from micro and macro vascular changes.
        1. Nonenzymatic glycosylation
        2. Intracellular hyperglycemia
        3. Activation of protein kinase C
        4. Increased hexosamine pathway flux

Diagnosis:  Based on the presence of one of the following:
        1. thirst, polyuria, weight loss, blurred vision, plasma glucose conc. of > 200mg/dL
        2. fasting plasma glucose of >126 mg/dL
        3. two hour post load plasma glucose of >200mg/dL during a tolerance test
Other diagnostics discussed include screening for glycosylated hemoglobin, insulin or C peptide levels, and presence of islet cell antibodies.

Therapy: Insulin
Preventive strategies: Nonobese diabetic mice and the bio-breeding rat are animal models for auto immune diabetes. Development of a nonhuman primate model for diabetes are encouraging.  Treatment with anti CD3 antibodies and short term CD3 specific antibody therapy have been producing favorable results in clinical studies.  Other immune interventions discussed include use of nicotinamide or pancreas and islet cell transplantation.
Questions:
1. What term is currently used to classify insulin dependent diabetes mellitus?
2.How does nonenzymatic glycosylation contribute to heart disease in the diabetic patient?
3.What is the honeymoon period in a diabetic patient?
4. T or F Complications of heart and kidney disease are the most common causes of death in type 1 diabetes
Answers:
1.type 1 diabetes
2.By advanced glycation endproducts (AGEs) formation.  AGEs induce an alteration in the function of glycosylated products and causes receptors  activation on endothelial cells, monocytes, macrophages. lymphocytes and mesangial cells.  Ultimately, foam cells may be formed leading to fatty streaks (atherosclerosis development).
3.time between the clinical diagnosis and the destruction of beta cells.  The beta cells experience a temporary recovery and start producing insulin.
4.True
Neuroendocrine Immuno-otogeny of the Pathogenesis of Autoimmune Disease in the Nonobese Diabetic (NOD) Mouse.  pp. 237-258

The Nonobese diabetic (NOD) mouse is a model for the study of prediabetic pancreatic events that lead to type 1 diabetes (T1D). The etiology in both animal models and humans is unknown, but both genetic and environmental factors are involved.  Autoantigens and a defective immune system have been implicated, but this does not explain the Beta cell specificity or how diverse environmental factors (sexual dimorphisms, stress, infections, diet) are involved.  The author hypothesizes that altered regulation of islets of Langerhorns through environmentally induced insulin resistance might be involved.  Also the pathogensis might be linked to abnormal pancreas development due to disturbances in glutamic acid decarboxylase (GAD) innervation phagocytosis.
 
In NOD mice, macrophages and dendritic cells, also called antigen presenting cells, accumulate around pancreatic islets and ducts at 3 weeks of age.  T cells follow along with scavenger macrophages which all lead to beta-cell destruction and overt symptoms of T1D.  Females become diabetic earlier (around 3 months) than males (around 6 months) and at a higher frequency (80% and 40%).  The disease can be altered by the addition of sex hormones and by castration/ovariectomy.  Increase of stress leads to higher rates of disease, and there exists a link to stressful events and the onset of disease.  Melatonin has been shown to prevent diabetes while neonatal pinealectomy enhances.  Pathogen free mice have a higher incidence and earlier onset of diabetes than conventional mice.  But there are up to 13 different viruses that have been implicated as triggers for disease, especially encephalomyelitis virus.  Low temperatures lead to increased rate.  Feeding of wheat flour and soybean proteins also increases the incidence of disease.  Adding carbohydrates post weaning does not increase disease.  
 
The clinical _expression of T1D might be programmed as early as intrauterine life.  NOD mice have a high number of large and irregularly shaped islets at birth and enhanced _expression of prepoinsulin I and II.  Postweaning, during the prediabetic phase, The beta cells are hyperactive leading to higher levels of insulin in the blood and decrease in glucose.  Because glucose has been shown to protect beta cells, this low glycemia might lower their resistance to the various inflammatory factors.  Mice born from diabetic mothers (high in utero glucose) have greater insulin secretion at weaning because of the so-called “glucose priming effect”.  Because the beta cells have been previously stimulated, they respond with higher insulin levels.  
 
Specific genes or alleles unique to diabetes have not been found in either human or NOD mice.  The risk of disease development is determined by a combination of permissive alleles, that can also be found in the genomes of non-diabetes prone individuals, along with environmental factors.  
 
Questions:
 
1.  NOD mice are a  model of:
a) Type 1 diabetes
b) Type 2 diabetes
c) Obesity
 
2.  With each of the following environmental factors, is the risk of T1D increased or decreased?
a)  female
b)  low temperature
c)  high stress
d)  feeding wheat flour
e)  injections of melatonin
f)  high health
 
3. T or F  Specific genes have been found in the NOD mouse genome, but not in humans.
 
Answers:
1.a
2.a) increased
b)  increased
c)  increased
d)  increased
e)  decreased
f)  increased
3. F 

Animal Models to Study Adult Stem Cell-derived, in Vitro-generated Islet Implantation.  pp. 259-267

Type I insulin-dependent diabetes mellitus occurs when autoimmunedestruction of the beta cells of the pancreatic islets of Langerhans. The loss of these insulin producing cells can be cured by replacement of the beta cell mass via pancreas transplantation, islet implantation, or implantation of non-endocrine cells capable of producing insulin. Currently, only pancreas transplantation and islet implantation are available.  Islet implantation is considered superior since it may be performed under local anesthesia and can be encapsulated to protect the transplanted cells from immune – mediate destruction.  While theoretically, the islet cells could be manipulated in vitro to resist the immune mediated destruction, current technology depends upon immunosuppression of the recipient.  The use of stem cells (embryonic, adult pancreatic stem cells, adult nonpancreatic stem cells) to replace the destroyed beta cells has been demonstrated with mouse and human embryonic stem cells forming insulin secreting cells.  The progenitor cells/stem cells can be induced into cultured beta cells by the following method:  1) Islet producing stem cells (IPSCs) are isolated from pancreas and enriched in culture.  2) Islet progenitor cells (IPCs) are induced to bud from the monolayers. 3)In specialized media, the IPCs are forced to proliferate and form endocrine cells that exhibit regulated insulin response to glucose challenge  4)Islet structures are implanted in vivo to promote final maturation.  This method has been used with human cadaver pancreatic tissues and the NOD mouse model of Type I Diabetes.  Subcutaneous transplantation into NOD female diabetic mice of in vitro grown IPC/IPSCs isolated from NOD mice produced stable insulin levels within 2-4 weeks, the time required for vascularization and establishment of glucose sensing machinery.  These mice were able to be weaned off exogenous insulin and no immune cells were noted in implantation sites in contrast to allogenic implants of IPC/IPSCs.  

Porcine islets have been used in xenotransplantation experiments into both mice and non-human primates.  Prior to routine human therapeutic use, immune rejection must be overcome.  The human rejection to porcine tissue results from the hyperacute rejection, the acute humoral xenograft rejection, and the acute cellular xenograft rejection.  The hyperacute rejection occurs within 24 hours of transplantation from xenoreactive antibodies to cellular oligosaccharide motifs in combination with complement.  The hyperacute rejection is not a great problem because the grafts are avascular.  The immune mediated rejection

of porcine islets occurs days after implantation and consists of T cells, B cells, natural killer cells, and macrophages.  In the future, transgenic pigs that lack the galactose epitope (Gal alpha 1,3 Gal terminal oligosaccharides)  in islets cells may avoid the hyperacute rejection.  However, there will still remain the concern of porcine endogenous retroviral (PERV) infection.  While PERV is able to infect human cells in vitro, studies of human recipients of  porcine tissues have not shown viremia although there was a persistent microchimerism.  Future studies are directed towards understanding the development of islet cells, development of autologous/allogenic/xenogenic islet transplantation, development of animal models (NOD, miniature swine) for use in safety and efficacy trials prior to human clincial trails, and further development of nonpancreatic stem cells.

Questions:

1.  What is xenotransplantation?

2.  List several concerns of xenotransplantation

3.  Why were female and not male NOD mice used in the studies?

Answers

1.  Xenotransplantation is the transplantation of organs, tissues, or cells between individuals of different species.

2.  physiologic incompatibility between species, tissue rejection, zoonotic agents being carried over during the transplanation, and ethical and societal attitudes to xenotransplantation

3.  NOD females were used since they develop disease earlier and at a higher incidence than male NOD mice.
Mouse Models of Type 1 and Type 2 Diabetes Derived from the Same Closed Colony: Genetic Susceptibility Shared Between Two Types of Diabetes.  pp. 268-277

Review:  The authors summarize the characteristics and genetic basis of type 1 diabetes in the Nod mouse and type 2 diabetes in the NYS mouse as models for the corresponding human diseases. The possibility of a common genetic factor between type 1 and type 2 diabetes is also discussed. There are many illustrations that should be viewed to help understand the complex genetic relationships.

Both type 1 and type 2 diabetes are multi-factorial diseases. Both genetic and environmental factors play a role in the disease. Inbred mouse models have been developed in which the genetic background is homogeneous and environmental factors can be control. There are excellent models of both type 1 (the non-obese diabetic NOD mouse)and type 2 diabetes (Nagoya-Shibata-Yasuda NSY mouse) available. Both mice were derived from the same closed colony of mice (Jcl:ICR) and therefore have common ancestry.

In both cases the susceptibility to disease has been linked to multiple components on the same chromosomes as well as on more than one chromosome. Some of the susceptibility factors for both diseases can be mapped to the same chromosomes. This indicates that the factor may have a common ancestor gene or genes originating in the closed colony.

The authors concentrate on the better understood form of type1 diabetes (Type 1a). This is an autoimmune destruction of insulin producing bets cells of the pancreas, leading to an absolute loss of endogenous insulin. (insulin dependent). They also discuss type 2 diabetes caused by an impaired production or action of insulin which does meet the patients demand for hyperglycemic control. Patients may or may not require exogenous insulin to maintain better metabolic control and avoid chronic complications. (insulin independent)

The NOD mouse was established in 1980 as a model of type1 diabetes initially derived from a mouse colony with cataracts and small eyes (CTS). The breeding scheme to develop the CTS mouse was split into hyperglycemic and normoglycemic lines, with the idea that the normoglycemic mice would be control animals. The NOD mouse was found in the normoglycemic line and inbred. None of the slightly hyperglycemic mice in the original line were diabetic this line was continued to act as the control line for the NOD mouse (non-obese, non-diabetic – NON mice.) At about the same time mice from the same colony that produced the NOD mice was used to produce a line of glucose intolerant mice (NSY) This colony has the following characteristic in common with human type 2 diabetics. Development of disease is age dependent, impaired insulin secretion and action contribute to the disease, mild obesity with increased visceral fat is associated with disease and high fat or sucrose diets accelerate the development of the disease.

Inheritance of type 1 diabetes in NOD is polygenic with at least 20 loci identified. The Idd loci have been mapped to 7 different chromosomes. Studies using congenic transfer have validated at least 6 of these loci as necessary for disease susceptibility. Many of these loci are strongly linked genes on the same chromosome. The multiple components in each Idd locus and the large number of Idd loci mapped to date indicate that the total number of susceptibility genes is large. Such genes may contribute to type 1 diabetes at different steps in the disease pathway. The larger the number of susceptibility genes the better the prospect for disease prevention and intervention. With small adjustments in environmental factor and introgression of chromosomal segment from control strains investigators are able to protect NOD mice from developing diabetes

Introgression of Idd loci from a NOD mouse into a control mouse will not produce a diabetic mouse. However introgression of control genes into the NOD mouse can prevent type 1 diabetes.

There is significant evidence that Type 2 diabetes is linked to 3 gene loci (Nidd) on 3 chromosomes 11, 14 and 6. Two of these genes 11 and 6 are also linked to type 1 diabetes. To study type 2 diabetes researchers have used a consomic approach where whole chromosomes are introgressed into the genetic background of another strain. Once a significant affect of a chromosome id linked to the disease the chromosome can be further dissected using congenic (transferring chromosome segments with the gene of interest) approaches.

In the case of NSY mice a chromosome form the diseased animal is inserted into the normal control animal and quantitative changes in blood glucose levels, obesity, and basal insulin levels are measured. A change in one of these indicates the chromosomes involvement in the disease process. Type 2 diabetes results from a change in insulin secretion or action and these functional changes can easily be measured by looking at blood glucose and insulin levels during glucose tolerance testing.

The fact that both model of diabetes were derived from the same ancestral line and that  the Long-Evans Tokushima lean rat ( LETL -model of type 1 diabetes) and the Long Even Tokushima fatty rat ( OLETF-model of type 2 diabetes) were also derived from a common ancestry, as well as familial relationships between human with type1 and type2 diabetes; is circumstantial evidence that both type 1 and type 2 diabetes may have a common ancestral gene linkage 

Questions

1.  What in the difference between congenic and consomic animals?

2.  What is the difference between type 1a and type 2 diabetes?

3.  Name 2 models of each type of diabetes discussed in this paper.

4.  Which 7 chromosomes are implicated in type1 diabetes and which 2 are also common to type 2 diabetes?

Answers 

1.  Congenic animals have received a portion of a chromosome containing a gene of interest from the donor line. A consomic animal has received an entire chromosome from the donor line.

2.  Type 1a diabetes is an autoimmune disease which attacks the beta cells in the pancreatic islet cell destroying their ability to produce insulin. Therefore patient are dependent on exogenous insulin. Type 2 diabetes often occurs later in life to overweight people and is related to a insufficient release of insulin to meet metabolic needs or a lack of functionality of the insulin at its receptor. The patient may or may not require exogenous insulin. They can sometimes mange the disease through diet and exercise or other medication.

3.  Type1 diabetes NOD mouse, LETL rat

Type2 diabetes SNY mouse , OLETF rat

4.  Chromosomes 17,3,11,1,6,4,and 2

Chromosomes 11and 6
Rat Models of Type 1 Diabetes: Genetics, Environment, and Autoimmunity.  pp. 278-291

Questions

1.  Identify the most widely used model of spontaneous human type I diabetes.

2.  State two reasons why the NOD mouse is a "disappointing model".

3.  List the principal animal models of spontaneous type 1-like diabetes in the rat.

4.  Discuss the most obvious and problematic immunopathology in all spontaneously diabetic BB rats.

5.  Discuss ART2.

6.Describe the classic method for ameliorating incipient type 1 diabetes.

7.  True or False.  Nicotinamide prevents diabetes in NOD and diabetic prone BB/Mol rats.

8.  True or False.  LETL and KDP rat strains are induced models of diabetes. 

9.  Describe diabetic induction in the BBDR rat.

Answers

1.  Nonobese diabetic (NOD) mouse

2.  Immunomodulatory interventions (other than systemic 

immunosuppression) that prevent diabetes in thses mice have proven inefficacious in humans.  The majority of perturbants reduce the frequence of diabetes and often prevent it entirely.

3.  The diabetes-prone BB rat, the LETL rat, the KDP rat, and the congenic LEW rat

4.  Profound lymphopenia characterized by a severe reduction in the number of CD4 T cells and nearly complete absence of CD8 T cells

5.  ART2 is a rat maturational T cell alloantigen with nicotinamide adenine dinucleotide glycohydrolase activity that appears to identify cells with immunoregulatory properties.

6.  Use of cyclosporine to induce generalized immunosuppression.

7.  False

8.  False

9.  ART2 Treg depletion, TRL ligation, Kilham rat virus; combination treatment.

The BBZDR/Wor Rat Model for Investigating the Complications of Type 2 Diabetes Mellitus  pp 292-302

The relatively new rat strain, the Bio-Breeding Zucker diabetic rat (BBZDR/Wor rat), is an emerging model of type 2 diabetes. The BBZDR/Wor rat model system fully encompasses the ability to study the complications that affect human type 2 diabetic patients. 

 

The hyperglycemic state in diabetes mellitus (DB) can result form the destruction of pancreatic insulin-producing beta cells, the inadequate action of insulin due to faulty insulin secretion and/or peripheral resistance to the action of insulin. Although hyperglycemia can be controlled through diet and/or exogenous insulin, diabetics suffer both acute and chronic metabolic complications. Type 2 diabetes includes a number of health disorders such as obesity, polycystic ovary disease, and syndrome X (also known as metabolic syndrome). It is recognized as the culmination of genetic and environmental risk factors. The frequent genetic risk factors include insulin resistance, decreased insulin secretion, and postreceptor defects. Environmental risk factors comprise of obesity, poor diet, and lack of exercise, smoking, and stress. Diabetes type 2 is reaching epidemic proportions in the U.S. and its pathogenesis is not well understood. Therapies are limited and include behavioral changes (weight loss, specific diets, exercise) and drugs that reduce the overall blood glucose level. Thiazolidinediones (TZDs) can act as adjunct therapy to increase the effectiveness of glucose-lowering drugs, but recent evidence also suggests that TZDs alone may rejuvenate beta cells.

Microvascular complications of DM type 2 are retinopathy, neuropathy, nephropathy and macrovascular complications are characterized by CAD (coronary artery disease).

 

The following described rat strains are animal models for type 2 diabetes.

 

A. OLETF rat = Otsuka Long-Evans Tokushima fatty 

-          Characteristics: PD/PU, slight obesity, hyperphagia, insulin resistance at 12-24 wk, hyperglycemia, hyperinsulinemia at 20-28 wk, defects in insulin secretion by 40 wk of age, hyperphagia due to loss of cholecystokinin-A receptors, develop microvascular as well as macrovascular complications  

-          Gender effect: Male = 86%, Female = 0%

-          Age of onset: 12-24 wk

-          Useful model for: study of effects of exercise and diet on development of DM 2, test of efficacy of antidiabetic agents, complications of diabetes

-          Disadvantage: lack of availability outside of Japan

 

B. GK rat = Goto-Kakizaki rat 

-          Characteristics: non-obese!, created by selective breeding of Wistar rats for oral glucose intolerance and >35 generations inbred, hyperglycemia due to an overall inherent lack of normal beta cell mass, impaired secretion of insulin in response to glucose, hepatic and peripheral insulin resistance, late onset complications

-          Gender effect: Male = Female

-          Age of onset: about 12 wk

-          Useful model for: introgression of genes from the Fawn-hooded hypertensive (FHH) rat to generate a more appropriate nephropathy model was recently attempted

-          Disadvantage: non-obese , therefore doesn’t accurately mimic all features of human DM2

 

C. ZDF rat = Zucker diabetic fatty rat 

-          Characteristics: homozygous mutation (fa/fa) of the leptin hormone receptor leads to DM 2 in male rats when fed a high-energy rodent diet, triglyceride and cholesterol levels of obese rats higher than those of lean rats, hyperlipidemia inducible by high saturated fat and sucrose-containing diets

-          Gender effect: Male = 100%, F = 0% unless induced

-          Age of onset: about 7 wk

-          Disadvantage: obese male infertility hampers research in these rats, no spontaneous development of hypertension, cardiovascular disease, retinopathy

 

The development of a model for type 2 diabetes that encompassed all of the human features and could be used to study associated complications was targeted on the BB rat (Bio-Breeding Rat) strain background. The BB rat has been utilized as an animal model for human type 1 diabetes and has been extremely useful for studying both spontaneous diabetic-prone (BBDP) and induced diabetic-resistant (BBDR) diabetes.

The following strains are based on the BB rat stain background.

 

D. BBZDP/Wor rat 
-          Characteristics: carries the Iddm2 type 1 diatetes-associated genetic locus in addition to encoding the Leprfa mutation, diabetes manifested by lymphopenia, obesity, hyperinsulinemia, and autoimmune diabetes, islets from obese rats reveal beta-cell hyperplasia, diabetes due to combination of insulin resistance and autoimmune insulitis

-          Useful model for: potentially important model of type 2 diabetes

-          Disadvantage: interpretation of data often complicated by the presence of both type 1 and type 2 diabetes characteristics

 

E. BBZDR/Wor rat = Bio-Breeding Zucker Diabetic Rat, substrain Worcester MA 

-          Characteristics: recessive Iddm2 gene removed, Leprfa mutation retained by crossing BBZDP/Wor with lean, nondiabetic BBDR/Wor; develop dyslipidemia, hyperglycemia, insulin resistance, hypertension, decreased levels of the beta cell-specific glucose transporter type-2 (GLUT-2), beta-cell hyperplasia and mild fibrosis with later decrease in beta-cell mass and disorganization of islet architecture; obese female rats have impaired glucose tolerance but rarely (<3%) develop hyperglycemia

-          Gender effect: M = 100%, F= <3%

-          Age of onset:10 wk

-          Useful model for: inbred (>40 generations), most applicable model of type 2 diabetes complications, heterozygous lean rats of either sex don’t develop glycosuria or hyperglycemia and are used as age-matched controls

-          Disadvantage: both male and female obese BBZDR/Wor rats are infertile, strain lines maintained through mating of heterozygous (lean) littermates

 

Microvascular complications in DM are induced by dyslipidemia and hyperglycemia. Glucose-mediated vascular damage is directly caused by flux within four molecular pathways that include increased polyol flux (with increases in sorbitol and fructose), increased hexosamine pathway flux, activation of various protein kinase C isoforms, and increase in the formation of advance glycation end products.

Diabetic neuropathy affects motor, sensory, and autonomic nerves. Peripheral nerve dysfunction in diabetic polyneuropathy (DPN) - symptoms ranging from peripheral sensory deficits to autonomic neuropathy – results from the additive effects of nerve damage accompanied by impaired nerve regeneration. In BBZDR/Wor and BBDP/Wor rats, DPN is characterized by a progressive slowing of nerve conduction velocity, axonal atrophy, and degeneration. Primary changes in the neurons result in decreased Na+/K+-ATPase, inactivation of Na+-channels, and intra-axonal Na+ accumulation at the node resulting in paranodal swelling and eventual nerve degeneration.

The frequency of diabetic retinopathy increases proportionally to the duration of diabetes and blood glucose control and progresses in three stages, all primarily due to retinal hypoxia. The characteristics of the three stages are:

-          background retinopathy: microvascular abnormalities such as microaneurysms followed by retinal hemorrhages, focal leakage of proteins, capillary nonperfusion with subsequent retinal edema

-          preproliferative retinopathy: additional microvascular abnormalities result from significant vascular occlusion, 50% of patients in this stage will progress to third stage within 15 mo

-          proliferative retinopathy: more severe retinal ischemia, new blood vessels arising from retina or optical disc, overgrowth of these vessels eventually lead to hemorrhage, retinal tears, and retinal detachment.

Studies in the BBZDR/Wor rat model documented the initial sequence of events leading to early stage of diabetic retinopathy with upregulation of VEGF and increased reactive oxygen species. This rat strain progresses to the late stages of preproliferative retinopathy but not to the third stage proliferative retinopathy.

Diabetic nephropathy develops in 10-21% of both type 1 and type 2 human diabetic patients and is the most common cause of end-stage renal disease in the United States. Structural changes in the diabetic kidney include overall increase in kidney size and glomerular volume, mesangial cell proliferation, accumulation of glomerular extracellular matrix, glomerular sclerosis, and tubular fibrosis. The early stages result in increased urinary albumin excretion whereas fulminant kidney disease in the diabetic is characterized by proteinuria, hypertension, and progressive renal failure. It is related with faulty activity of transforming growth factor-beta (TGF-â) family members and upregulation of tissue transglutaminase (TGase) that leads to increased deposition of extracellular matrix proteins and subsequent basement membrane thickening. Changes in the kidney of the diabetic BBZDR/Wor rat are similar to the ones reported in humans and proof that this rat strain will be a valuable model for the study of diabetic nephropathy.

Macrovascular complications of diabetes include atherosclerosis in the carotid, cerebral, and large arteries of the lower limbs. Diabetes is also a leading risk factor (2-4 times higher) for coronary artery disease (CAD) through exacerbation of several risk factors associated with atherosclerosis including hypertension, dyslipidemia, hyperinsulinemia, and insulin resistance. Dyslipidemia is associated with atherogenesis independent of hyperglycemia. Hyperglycemia-induced changes in vascular permeability, platelet metabolism, and adhesion furthermore increase the risk of thrombosis. In addition, microangiopathy in diabetics is associated with cardiac dysfunction, subendocardial fibrosis, and glycoprotein deposits.

The current major intervention used to treat CAD is percutaneous coronary artery angioplasty (PTCA) with the placement of stents. However, PTCA is only temporarily successful because restenosis or neointimal hyperplasia limits the long-term benefits and may eventually progress to complete blockage of the artery. The placement of stents reduces the rate of restenosis by 20-35 % in nondiabetics but remains particularly robust in patients with diabetes. Preliminary results in studies with the BBZDR/Wor rat suggest that this strain would be a good model for the study of PTCA and stent placement. Obese rats of both sexes develop hypercholesterolemia and hypertriglycerolemia within 60 days of age. Dyslipidemia is one of the most important risk factors for atherosclerosis and arterial restenosis after PTCA and stenting procedure. The model can be induced by balloon injury and neointima formation was observed in all BBZDR/Wor rats including obese diabetic male, obese female, and lean nondiabetic rats and was pronounced 4 weeks after injury. However, in obese male type 2 diabetic BBZDR/Wor rats the neointima tissue featured beside newly proliferated smooth muscle cells and some inflammatory cells seen in all groups of rats also necrotic centers, fatty depositions, cholesterol crystals, foam cells , and infiltration of inflammatory cells. These morphologic characteristics are similar to those in human atherosclerotic plaques.  

 

Questions:
 
1. What means syndrome X or metabolic syndrome in regards to DM? 

2. Describe the pathway of action of TZDs! 

3. What does OLETF stand for? 

4. What are disadvantages of the GK rat? 

5. What hampers the research in ZDF rats? 

6. Name two rat strains utilized in studies of DM type 1! 

7. T/F The following rat strains are all inbreed strains: GK, ZDF, BBZDR/Wor, OLETF, BBDR/Wor, BBDP. 

8. The Iddm2 gene is responsible for ___________ and _______ _________ in DM type 1. 

9. What does the acronym VEGF mean? 

10. List the macrovascular complications in DM! 

11. Describe the procedure of PTCA! 

12. Define introgression! 

 

 

Answers: 
 
1. Features such as dyslipidemia – elevated triglycerides and decreased high-density lipoprotein (HDL) levels -, hypertension, and insulin resistance. 

Dorland’s Illustration Medical Dictionary for metabolic syndrome: a combination including at least three of the following: abdominal obesity, hypertriglyceridemia, low level of high-density lipoproteins, hypertension, and high fasting plasma glucose level. It is associated with an increased risk for development of DM and cardiovascular disease.

2. TZDs can act through the adipocyte nuclear peroxisome proliferators-activated receptor-gamma (PPARgamma) to enhance insulin sensitization, but may also work through PPARgamma independent pathways through direct interaction with muscle and liver. 

3. Otsuka Long-Evans Tokushima fatty rat 

4. The Goto-Kakizaki rat lacks the feature of obesity (hyperleptinemia) and has a late onset of complications such as retinopathy, microangiopathy, neuropathy, and peripheral nephropathy. 

5. Infertility of obese male rats hampers research and has been addressed by the use of testosterone propionate that depending on the amount and duration of administration increases the probability of ejaculation and sexual activity. 

6. Bio-Breeding Diabetes Prone rat and Bio-Breeding Diabetes Resistant rat 

7. False. All strains are inbreed except ZDF which is an outbreed strain. 

8. The Iddm2 gene is responsible for lymphopenia and spontaneous autoimmunity in DM type 1. 

9. VEGF = Vascular Endothelial Growth Factor 

10. Atherosclerosis in the carotid, cerebral, and large arteries of the lower limbs; CAD due to exacerbation of risk factors such as hypertension, dyslipidemia, hyperinsulinemia, insulin resistance; thrombosis due to changes in vascular permeability, platelet metabolism, and adhesion; microangiopathy associated with cardiac dysfunction, subendocardial fibrosis, and glycoprotein deposits 

11. During PTCA an expandable balloon catheter will be inserted and expanded against a primary atherosclerotic plaque or secondary restenosed lesion to increase vessel patency and blood flow. 

12. Introgression is the incorporation of a gene from one complex into another as a result of hybridization. 

Use of the Gottingen Minipig as a Model of Diabetes, with Special Focus on Type 1 Diabetes Research.  pp 303-313

Summary: 

Characteristics that make the Gottingen a good model and similarities of the Gottingen Minipig to humans: 

· inherent small size at maturity at 2 years of age and ease of handling (easy to train) 

· high degree of similarity of skin & SQ tissues & similar serum albumin concentration, results in similar kinetics to humans after SQ administration of drugs 

· phase I metabolism involving the P-450 enzyme system is similar to humans. 

· true omnivore 

· similar nutritional requirements & similar physiology of digestion to humans 

· depend on dietary quality like humans, only minor role of symbiotic microorganisms in digestion 

· pig pancreas resembles humans, both have a retroperitoneal portion 

· pig and human insulin differ by only one amino acid 

· islets of adult pigs more similar to human adults; typically have similar distribution of endocrine cells in the pancreas, except for pancreatic polypeptide population 

· Beta cell content of endocrine tissue ~ to humans, however, pigs have a beta cell mass, relative to body wgt, twice that of humans (possibly leads to greater insulin secretory reserve vs humans) 

Differences between the Gottingen minipig and humans: 

· pigs generally rely on glucoronidation and acetylation for liver metabolism during Phase II, whereas other species rely on sulfation of most drugs during Phase II 

· pig has a pancreatic duct that enters the duodenum separately from the common bile duct 

· sequence of islet amyloid polypeptide (IAPP) is different, pigs NOT prone to pancreatic amyloid as humans are 

· pigs have greater glucose tolerance 

· pig RBC's have small amt of intracellular glucose; pig hemoglobin has few glycosylated components, therefore, measurement of HbA1C not an indicator of glycemia in pigs; use fructosamine for intermediate term marker of glucose control 

Diabetes and the pig 

· only one reported case of spontaneous diabetes 

· surgical model: 

             pancreatectomy; 80% results in significant hyperglycemia, total pancreatectomy results in severe hyperglycemia 
             and removes exocrine pancreas as well, not seen in human Type I 

Chemical Induction 
Chemical induction of diabetes result in reduced insulin secretion & beta-cell mass, 2 major characteristics of Type I 
                diabetes, but none result in autoantibodies as seen in humans 

· Streptozoticin (STZ): 

                - mechanism of action:  transported to beta-cells by GLUT2 receptor; induces DNA strand breaks & activates 
                repair mechanisms that result in a reduction in cellular NAD and ATP levels below physiological levels, this in turn 
                leads to cell death 
                - 100 - 150 mg/kg reported to induce insulin dependent diabetes 
                - 2 low doses ~ 8 days apart also reported to induce insulin dependent diabetes 

· Nicotinamide (NIA) 

                - prevents acute decrease in NAD & ATP levels by inhibiting DNA repair mechanism ass'd w/ STZ; combo of NIA 
                + STZ gives moderate hyperglycemia w/ residual insulin secretory capacity; stable 2 months 

· Alloxan (ALX) 

                - similar action to STZ 
                - 100-200 mg/kg = severe diabetes 

· Transplantation: 

    Consideration of xenotransplantation of islets to humans;  isolation and culture of islets difficult 
    Autotransplantation has been successful w/ intraportal administration giving best results 
    Transplantation of pig islets into dogs and mice has been successful with reversal of hyperglycemia for weeks to months 
    Transplantation into NHP's short lived unless splenectomy and irradiation are added 
    For human xenotransplantation, the HLA (human leukocyte antigen) & SLA (swine leukocyte antigen) systems must be 
        considered 
    Major concern is risk of infectious agents, especially by porcine endogenous retroviruses (PERV) 

· Complications of Diabetes 

    Atherosclerosis, cataracts and increased thickness of capillary basement membranes in renal capillaries & muscle tissue 
Questions: 
    1.  True or False:  HbA1C is a indicator of glucose regulation in the Gottingen minipig. 
    2.  What is the major concern in xenotransplantation of pig islets into humans? 
    3.  True or False:  The pig has separate openings in the duodenum for the pancreatic duct and the bile duct. 

Answers: 
    1.  False; use fructosamine 
    2.  PERV 
    3.  True 

Piscine Islet Xenotransplantation.  pp314-323

Introduction


Beta cells are located in the islet cells of the pancreas and comprise 1-2% of the entire pancreas in humans.  Beta cells monitor glucose levels in the blood and respond by secreting insulin when glucose levels are rising.  In type 1 diabetes, the islet cells are nonfunctional and the body is unable to modulate glucose levels.  Treatment of this condition is accomplished by injecting insulin, carefully managing the diet, and maintaining  a regular exercise schedule.   This treatment helps patients maintain a quality of life but, there are still very pronounced glucose fluctuations over a 24 hour period and , after a period of years, complications of type 1 will likely develop.  In theory transplantation of islet cells from other people would  regulate glucose levels in a more normal manner but  it takes 2 donors to get enough islet cells for a transplant.   Xenotransplantation (transplantation of animal islets) may provide an alternative but the following factors must be considered:  1) selection of an appropriate donor species, 2) graft rejection, 3) risk of zoonotic disease transmission, 4) animal welfare issues, 5) ethical issues, 6) institutional, national, and international regulatory issues,  and  7) costs.

EXPERIMENTAL ISLET XENOTRANSPLANTATION:  LARGE ANIMAL DONORS


Large animal donors encompasses pigs, cows, dogs, nonhuman primates, and humans.  Pigs are considered the most promising species and most of the islet tissue is now harvested from neonatal or fetal pigs.


Islet cell clusters are digested from the pancreas of the baby pigs.  The islet cell clusters contain primitive ductal and islet cell precursors which may then be implanted into streptozocin-diabetic nude or severe combined inmmunodeficient mice.  Initially there are not very many beta cells but the cells proliferate and a significant  amount of insulin will be available after 1 month.  If the cells are transplanted into euthymic mice, the cells will be rejected within 1 week.  Microencapsulation of the islet cells may be a viable option by placing the cells within a semipermeable barrier that allows small molecules (glucose, insulin, oxygen, and nutrients) to enter but restricts large molecules (immunoglobulins, complement components, and cells of the immune system).  The cost of buying and housing large animals combined with the high cost of isolating the islets make this option very expensive.

EXPERIMENTAL ISLET XENOTRANSPLANTATION:  TILIPIA AS DONORS

Advantages of the System


Isolated islet cells from tilapia (large tropical teleost or bony fish) were transplanted into euthymic mice.  The cells were rejected in 6.7-8 days and the cells were infiltrated with macrophages, eosinophils, and T cells (CD4+ and CD8+) and thus were similar to the porcine rejection.  With tilapia and pigs islet cells, all immunomodulation methods directed at decreasing graft immunogenicity before transplantation have been ineffective.  CD4 depletion of recipients is the only effective treatment to prolong survival of nonencapsulated tilapia islets.  CD4 is the critical cell involved in rejection of tilapia islet cells.

Brockmann Bodies


The exocrine pancreas is anatomically distinct from the islet tissue in teleost fish. The islet tissue in contained in discreet organs called Brockmann bodies which can be easily dissected.  The Brockmann body regions can be harvested from multiple fish, placed in a type 2 collagenase solutions, and placed on a shaker bath at 37 degrees C for 10 minutes.  Digestion is stopped by adding cold Hanks' balanced salt solution.  The adipocytes in the digested tissue will float and the islet cells will sink and form a pellet.  The islets can then be maintained in tissue culture in a similar fashion to mammalian islet cells.  A "transplantable unit" of fragmented Brockmann bodies (sufficient to assure long-term normoglycemia after transplantation under the renal capsule of a 30 g STZ-diabetic nude mouse) is equal to 1.5 million islet cells that was harvested from a 800g donor.  The number of islet cells can extrapolated from the weight of the donor.   These cells will function immediately after transplantation, unlike fetal or neonatal pig cells.

A MODEL TO STUDY CROSS-SPECIES PHYSIOLOGICAL INCOMPATIBILITY IN XENOTRANSPLANTATION


A very important question in xenotransplantation is whether physiological differences between donor and recipient will prevent adequate graft function-especially if the xenotransplant is expected to maintain homeostasis through peptide hormones.  Somatostatin (STT)-28 is a product of the preproSST-II gene which is not present or expressed in mammals but is present in tilapia.  After implanting the tilapia islet cells in to the diabetic nude mice, SST-28 is rapidly lost and the cellular composition of the remainder of the graft becomes more like the recipient.


Mammals produce 2 glucagon-like peptides(GLP's): GLP- which is made in the L cells of the intestine and GLP-2.  Fish only produce GLP-1 which is made in the pancreatic islets.  Pancreatic islets from the tilapia producing GLP-1 and inserted into the diabetic nude mouse are abundant for several months which suggests that a feedback mechanism exists to maintain GLP-1 expression.

POSSIBLE SUITABILITY OF TILAPIA ISLETS FOR CLINICAL ISLET XENOTRANSPLANTATION


Several studies proved that tilapia islets are as glucose responsive as rodent islets which makes them several-fold more responsive than human or porcine islets.

"Ideal Islet Tissue


So far, encapsulation offers the best chance at avoiding graft rejection.  The ideal tissue for encapsulation would have a high insulation output, can be correctly regulated by glucose and other secretagogues, have a low metabolic demand, and can function for an extended period of time without replacement.  Large numbers of cells must be available at a reasonable cost.  Tilapia islet cells meet these requirements in addition to functioning well when exposed to low oxygen tensions.  This is important since many graft failures are due to hypoxia and mammalian islet cells do not get enough oxygen when encapsulated.

GENETICALLY MODIFIED TILAPIA AS DONORS


Unfortunately tilapia insulin differs from human insulin by 17 amino acids and is only 30-50% as bioactive as human insulin.  This means that 2-3 fold more cells would need to be harvested for each transplant and that there is a possibility that antibodies would be produced against the tilapia insulin.  Transgenic tilapia were produced that express a tilapia insulin gene that codes for human insulin.  These fish now produce both tilapia and human insulin so more genetic manipulations will be required to raise fish that will only produce human insulin.

COST ANALYSIS


If 1.4 million islet equivalents are necessary to transplant a patient weighing 70kg, 10 pigs would be needed for each human transplant.


The pigs would need to be housed for 1 year and the cost of isolating the islets are expensive.  Seven hundred nontransgenic tilapia would be required to harvest enough islet cells to transplant a 70kg patient and fewer than that if transgenic tilapia are used.  Tilapia are 2.5-fold more efficient at converting food into body mass, have a shorter generation time (6 months), have more babies per conception, have a shorter period between litters, and have minimal space requirement for housing.  In short, production costs should at least 100-fold less expensive than porcine islets on a per clinical transplant basis.
Nonhuman Primate Models for Islet Transplantation in Type 1 Diabetes Research.  pp. 324-333

Type 1 diabetes mellitus (also known as insulin-dependent diabetes and juvenile-onset diabetes) is an autoimmune disease. The specific mechanisms of its destruction of pancreatic beta cells are still unclear. Treatment with insulin is a control, but disease cure will require replacement of affected islet cells with transplantation. The chronic immunosuppression required to avoid rejection of islet transplants appears to be toxic to islets.  Therefore, the current goal of non-human primate research is to develop an islet friendly immunosuppressive regimen and /or develop methods to induce donor-specific tolerance and improve islet isolation and transplantation protocols. 
 
Very few spontaneous diabetic models exist. Controlled experiments in nonhuman primates rely on induction of the diabetic state through chemical or surgical means including streptozotocin, alloxan, hypothalamic lesions and pancreatectomy. Of these, streptozotocin (STZ) is the least invasive and most efficient. There are species differences in response to STZ so it is important to establish an effective dose in the proposed species before initiating treatment strategies.
 
Nonhuman primate models are being used in drug studies to find appropriate immunosuppressive regimes post islet transplant. Nonhuman primates remain the most reliable model for human drug therapies. Primates are also being utilized in developing donor specific tolerance protocols including total body irradiation followed by bone marrow transplantation, UV light treatment, co-stimulation blockade, and development of microchimerism.
 
Allogeneic adult islets were reported to survive greater than 100 days with total body irradiation and donor bone marrow in rats, but these experiments in nonhuman primates have shown conflicting results. 
UV light treatment of islet cells prior to transplantation in rodents has been shown to facilitate long-term graft survival. 

Co-stimulation blockade is essentially the blockade of T cell functions which can result in clonal anergy. This has been shown to prolong allograft survival in different transplant models. These include blockade of the CD40-CD40 ligand was expected to potentiate the capacity of donor-derived dendritic cells progenitors to induce long-term allograft tolerance. Investigators have successfully prolonged islet allografts in two different genera of nonhuman primates without immunosuppression using tolerance induction with anti-CD154. These animals maintained tolerance long term with monthly treatments. B7-CD28 and B7-CD152 blockade show excellent tolerance induction in rodents but only modestly prolonged allograft survival in primates. Tolerance induction using anti-CD3 immunotoxin has shown very promising results in nonhuman primates.

Development of microchimerism as a mechanism of tolerance induction has been demonstrated in liver transplant recipients and was therefore subject of development for islet transplants. However, development of stable hematopoietic chimerism traditionally requires severe and often fatal myeloablation. Some investigators are now researching the injection of CD34+ cells into the thymus as a mechanism to stimulate microchimerism. This technique has been somewhat successful in baboons and pigtail macaques. 
Questions:
1. Which of the following mechanisms of diabetes induction is the least toxic and most efficient in nonhuman primates?
a.       Alloxin administration
b.      Pancreatecomy
c.       Streptozotocin administration
d.      Hypothalamic lesion
2. Tolerance induction by microchimerism is a safe and easy process.  T or F
Answers:
1.      c
2.      F
Nonhuman Primate Models in Type 1 Diabetes Research.  pp. 334-342

Diabetes is the 5th deadliest disease in the United States.  There are two forms.  Type I diabetes is due primarily to autoimmune-mediated destruction of pancreatic beta-cells, resulting in insulin deficiency; this form requires exogenous insulin.  Type II diabetes (90% of cases) is characterized by insulin resistance and/or abnormal insulin secretion; most cases can be controlled by diet or oral hypoglycemic drugs.  As a treatment for diabetes, pancreatic islet transplantation (PIT) is becoming a  viable option.  There are however, three major obstacles to PIT becoming a routine therapeutic procedure.  These are: the need for chronic immunosuppression, the vulnerability of pancreatic islets to peritransplant cell death and the shortage of human organs for transplantation.

Chronic immunosuppression:
Nonhuman primates are the "gold-standard" for preclinical studies. NHP's have been deemed the "gold-standard" for the following reasons:  NHP's have evolutionary proximity to humans, alloimmune response patterns are similar in humans and rhesus macaques, polyclonal and monoclonal anti-T cell antibodies are similar in effecting immunosuppression in humans & NHP's, and the organization and molecular sequences of alleles of the major histocompatibility complex of NHP's are well known. Because of late failures from chronic graft rejection or adverse complications of lifelong immunosuppressive therapy, only tolerance induction can enable indefinite allograft acceptance.  There are two types of tolerance.  Prope tolerance or "almost" tolerance where immunosuppressive therapy can be reduced, but not eliminated and operational tolerance in which immunosuppressive therapy can be eliminated.  Currently three tolerance-induction protocols appear promising:  costimulatory molecule blockade combined w/ immunosuppressive therapy, donor bone marrow infusion to induce chimerism combined w/ nonmyeloablative treatment to deplete T-cells and STEALTH (Specific Tolerance by Early evasion of Antigen-presenting cells-Lymphocyte interactions with T-Helper-2 cytokine deviation).  STEALTH has induced indefinite tolerance to MHC-incompatible islets after transplantation without chronic immunosuppressive therapy.

Vulnerability of the pancreatic islets after transplantation:
There are many factors that result in islet dysfunction and death post transplantation including factors such as:  islet damage during procurement, islet isolation, and hypothermic preservation, just to name a few.  The common unifying pathophysiological process for all factors is the trigger for apoptosis.  As a result, gene therapy is being investigated.  Currently, the adenoviral vector is used for gene transfer, however there is a dose-dependent toxicity and inflammation associated with its use.   Currently,  it is the only vector that is able to infect the majority of islet cells, especially insulin-producing cells, which is imperative.  Recently, a more targeted approach to modify this vector's tropism has been taken which has resulted in reduced cytotoxicity and results in a higher capacity to release insulin, compared with the nontargeted adenoviral vectors (see figures 2 & 3).  The gene of interest to be delivered has focused on Bcl-2.  This gene controls apoptosis.  Overexpression of this gene has been shown to exert a major cytoprotective effect and confers long-term stable functional islet mass after transplantation.  

Shortage of cadaveric organs:
Pigs are an attractive source of islet cells because they are easily bred, there is a history of porcine insulin use in humans and the potential for genetic engineering.  Xenograft rejection is caused by complement activation after antibodies attack the foreign tissue.  However, when anti-donor antibodies and complement-mediated immune responses are inhibited for a few days, grafts can survive indefinitely despite the return of anti-donor antibodies and complement, process known as accommodation.  When antiapoptotic genes are expressed, the graft is resistant to antibodies and complement-mediated rejection.  Therefore, using islet cells infected w/ adenovirus encoding genes such as Bcl-2 to overexpress, the graft can be protected from immediate graft rejection.  This has been demonstrated both in vivo and in vitro.

Questions:
1.  What vector, despite its dose-related toxicity, is the most efficacious in infecting the majority of cells, thereby introducing genes of interest into the majority of cells?
2.  What gene has shown promise in gene therapy treatment to increase survival of cells peritransplant and for what does it code?

Answers:
1.  Adenovirus vectors
2.  Bcl-2; this gene is an anti-apoptosis gene - protects cells from the apoptotic pathway

Viruses in Type 1 Diabetes: Brief Review.  pp. 343-348

Summary:  The precise etiology of type 1 diabetes is unknown and believed to be multifactorial. While a genetic predisposition to the disease exists, the concordance rate among identical twins is only 40% for the development of the disease. Viruses have been proposed as a contributing factor, and over 10 viruses have been reported to be linked with the onset of diabetes in human patients. The purpose of this paper was to review the pathogenesis of disease from two most thoroughly studied diobetogenic viruses in animal models. This paper focuses on encephalomyocarditis virus (EMC) in mice and Kilham rat virus (KRV) in rats. There are two strains of ECM, a small RNA virus. ECM-D produces diabetes in over 90% of inoculated mice from susceptible strains (SJL/J), and ECM-B does not produce disease. These two strains are antigenically identical. ECM-D produces disease by replicating in the pancreatic beta cells. This replication results in the recruitment of macrophages to the pancreatic islets, and destruction of the beta cells by macrophage mediators such as IL-B, TNF-a and NO, which causes apotosis of the beta cells. 

KRV, a DNA parvovirus, can induce diabetes in 30% of diabetes resistant bio-breeding rats (DR-BB) inoculated at 3 wks of age. An additional 30% of the animals show insulinitis without diabetes. KRV does not enter the beta cells, rather the virus activates CD8 T cells resulting in T cell mediated destruction of beta cells. Rats treated with anti-CD8 monoclonal antibody do not develop diabetes when infected with KRV.

Questions:

1. Name one virus associated with the onset of type 1 diabetes in animals?

2. (Tor F) Different viral agents have a similar pathogenesis for the development of type 1 diabetes?

3. Name one strain of mice susceptible to the development of type -1 diabetes when infected with ECM-D?

Answers:

1. ECM-D or KRV

2. False

3. SJL/J

A New Look at Viruses in Type 1 Diabetes (Reprint).  pp. 349-374

            Type 1 diabetes mellitus (TIDM) is known as insulin-dependent or juvenile onset diabetes and is the result of the destruction of pancreatic beta cells through autoimmune mediated process.  TIDM is largely thought of as having a genetic component (those developing the disease have a genetic predisposition for it) but studies on the risk of developing TIDM in identical twins have shown that the concordance rate for the disease reaches only 40%.  Therefore, other factors such as viruses, diet, and beta cell toxins may be involved with the initiation and/or progression of beta cell destruction leading to TIDM.
            Viruses have been suspected of causing diabetes for quite some time and recent studies have demonstrated the presence of virus-specific IgM antibodies in recent-onset TIDM patients.  Additionally, viruses isolated from the pancreases from TIDM patients that died acutely have caused diabetes in animals by the destruction of beta cells.
            Coxsackie B virus, rubella virus, mumps virus, cytomegalovirus, Epstein-Barr virus, varicella zostar virus, retrovirus, and rotavirus have been associated with the development of TIDM in humans.  Encephalomyocarditis (EMC) virus, mengo virus, reovirus, and retrovirus have been associated with the development of TIDM in mice.  Coxsackie B virus has been associated with TIDM in mice and non-human primates.  Foot and mouth virus has been associated with TIDM in swine and cattle, Rub3lla virus has been associated with TIDM in hamsters and rabbits.  Bovine viral diarrhea (BVD) virus has been associated with TIDM in cattle.  Kilham rat virus (KRV) has been associated with TIDM in rats.  
            Lymphocytic choriomeningitis virus and mouse hepatitis virus may protect against the development of TIDM in the BioBreeding (BB) rat and non-obese diabetic (NOD) mouse.
            Viruses may trigger beta cell specific autoimmunity leading to TIDM with or without infection of the beta cells or virus may directly infect and destroy beta cells (cytolytic action).
            Viruses may alter the tissue of the host such that the tissue is recognized as foreign by the hosts immune system.  This could come from modifications of cell surface antigens or induction of new antigens.  The virus could also alter the immune system of the host resulting in an autoimmune attack of the beta cells.  Also, antigenic epitopes on the virus could be similar to molecules on the host tissue thus causing the generation of antigen-specific T effector cells that then recognize the host tissue.
            Since retroviruses are incorporated into host DNA, the presentation of retroviral antigens on beta cells may be the initial step in autoimmune destruction of those cells.  Infection with reovirus in animals has demonstrated direct infection of the beta cells as swell as transient diabetes during viral infection.  KRV has been shown to cause diabetes in BB rats by provoking an autoimmune response against beta cells.
            Bovine viral diarrhea-mucosal disease virus has been associated with TIDM in cattle.  Not all cattle infected with BVD develop T1DM reflecting different viral variants of genetic differences in the hosts.  It appears that the virus induces an autoimmune response to the beta cells.
            Mumps virus was one of the first viruses identified that causes T1DM in humans by inducing autoimmunity against beta cells.  Rubella virus is also associated with T1DM in humans.  People with congenital rubella syndrome (CRS) have a higher incidence of TIDM.  Cytomegalovirus (CMV) infection is associated with TIDM in humans most likely through beta cell autoimmune antibody production and molecular mimicry may be involved.  Similar epitopes shared by CMV and islet-cell specific proteins may induce the autoimmune response.   There are a few instances of Epstein-Barr virus being associated with TIDM development and molecular mimicry may again be involved.
            Mice transgenic for LCMV and influenza viral proteins as well as the Epstein-Barr viral receptor have been used to study viral-induced autoimmune TIDM.  Three picornoviruses have been associated with direct cytolytic infection and destruction of beta cells and the development of TIDM.  These viruses are EMC, mengovirus, and the Coxsackie viruses.  
            EMC viral variants cause diabetes in animals, but there is little evidence for this association in humans.  Beta cell destruction in transgenic animals experimentally infected with EMC is dependent on the viral variant and the genetic makeup of the host.  Two viral variants that have been highly studied are the highly diabetogenic EMC-D strain and the nondiabetogenic EMC-B strain.  The viruses are virtually indistinguishable except for 14 nucleotide differences.  It is only one amino acid, alanine, which is critical for the diabetogenicity of the EMC virus.  Mice infected with EMC develop extreme hyperglycemia and long-term complications such as glomerulosclerosis, retinopathies, and osteopathys similar to humans.
            Mengoviruses are picornoviruses that like EMC produce a fatal encephalitis in mice.  Pancreases from infected mice show beta cell necrosis, severe inflammatory inflammation of the islets and decreased insulin content without evidence of an autoimmune response.
            Coxsackie-B viral infections have been associated with recent-onset T1DM in people.  Mice infected with diabetogenic strains of Coxsackie B4 virus demonstrated lymphocytic infiltration of the islets and beta cell destruction.  SJL/L and SWR/J strains are susceptible to both EMC and Coxsackie B4 virus induced TIDM. Most mouse strains resistant to EMC are also resistant to Coxsackie B4 except DBA/2J and DBA/1 which are susceptible to only EMC.  Rhesus, cynomologus, and cebus monkeys show no response when experimentally infected with the Coxsackie B-4 virus, while infected patas monkeys will show an elevation of the glucose tolerance curve and marked depression of the insulin secretion curve.    EMC-D virus did not induce diabetes in any NHPs tested.  Other factors such as genetic predisposition and ongoing beta cell destruction may play a role in the development of diabetes when mice, humans, and NHPs are infected with Coxsackie B-4 virus.
            Under some circumstances, viral infections can prevent the development of TIDM.  Proposed mechanisms include the production of neutralizing antibodies and induction of immunoregulatory cells.  Viruses such as EMC-B in mice, EMC-D in NOD mice, C-type retrovirus in NOD mice, A-type retrovirus in NOD mice, MHV in NOD mice and LCMV in NOD mice and BB rats.
 
Questions

1.  What is another name for TIDM?
A. Adult-onset diabetes 
B. Juvenile-onset diabetes 
C. Non-insulin dependent diabetes 

2.  Other than genetic predisposition, what are other factors that may play a role in the development of TIDM? 
A.  Substance abuse
B.  Diagnosis of schizophrenia 
C.  Chemotherapy 
D.  Viral infections 

3.  Name three viral infections that have been associated with the development of TIDM in humans or animals. 

4.  What does the "BB" in the BB rat stand for? 
A.  BioBreeding 
B.  BlueBelly 
C.  BioBridge 
D.  BioBubble 

 5.  What does the NODin the NOD mouse stand for? 
A.  Non-obese determinant 
B.  Non-obese diabetogenic 
C.  Non-obese diabetic 
D.  Non-obese non-diabetic 

6.  T or F.  Kilham rat virus has not been associated with the development of TIDM in rats. 

7.  T or F.  Some viruses may directly infect and destroy beta cells, contributing to the development of TIDM. 

8.  What viral disease has been associated with the development of TIDM in cattle?
A.  Bovine leukemia virus 
B.  Parainfluenza virus 
C.  Bovine adenovirus 
D.  Bovine viral diarrhea 

9.  Name three viruses that have been associated with the development of TIDM in humans. 

10.  Which strain of the encephalomyocarditis virus is known to be diabetogenic?
A. EMC-D 
B. EMC-B 
C. EMC-A 
D. EMC-C 

11. Which type of NHP has developed pre-diabetic clinical signs when experimentally infected with the Coxsackie B-4 virus? 
A. Cebus 
B.  Rhesus 
C.  Cynomologus 
D.  Patas 

12.  Name two viruses in mice which have been shown to help prevent the development of TIDM in certain circumstances. 

Answers
1.  B 
2.  D 
3.  Coxsackie B virus, rubella, mumps, cytomegalovirus, Epstein-Barr, varicella zostar, retrovirus, rotavirus, encephalomyocarditis virus, mengo virus, reovirus, food and mouth virus, bovine viral diarrhea, Kilham rat virus
4.  A 
5.  C 
6.  F 
7.  T 
8.  D 
9.  Coxsackie-B virus, rubella, mumps, cytomegalovirus, Epstein-Barr virus, varicella zostar, retrovirus, rotavirus 
10.  A 
11. D 
12.  EMC-B, EMC-D, C and A type retroviruses, MHV, and LCMV
