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Abstract

Autoimmunity affects multiple glands in the endocrine system. Animal models and human studies
highlight the importance of alleles in HLA (human leukocyte antigen)-like molecules determining
tissue specific targeting that with the loss of tolerance leads to organ specific autoimmunity. Disorders
such as type 1A diabetes, Grave's disease, Hashimoto's thyroiditis, Addison's disease, and many
others result from autoimmune mediated tissue destruction. Each of these disorders can be divided
into stages beginning with genetic susceptibility, environmental triggers, active autoimmunity, and
finally metabolic derangements with overt symptoms of disease. With an increased understanding
of the immunogenetics and immunopathogenesis of endocrine autoimmune disorders,
immunotherapies are becoming prevalent, especially in type 1A diabetes. Immunotherapies are being
used more in multiple subspecialty fields to halt disease progression. While therapies for autoimmune
disorders stop the progress of an immune response, immunomodulatory therapies for cancer and
chronic infections can also provoke an unwanted immune response. As a result, there are now
iatrogenic autoimmune disorders arising from the treatment of chronic viral infections and
malignancies.
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Introduction

Multiple endocrine diseases are immune mediated and now predictable. Autoimmune disorders
can cluster in individuals and their relatives. A family history of autoimmunity and screening
for autoantibodies can identify at risk individuals. Knowledge of these disorders along with
disease associations can lead to earlier diagnosis and management resulting in less morbidity
and in some cases mortality. We will review endocrine organ specific autoimmune diseases,
autoimmune polyendocrine syndromes, and iatrogenic endocrine autoimmune disorders with
an emphasis on immunopathogenesis hopefully leading to immunotherapy for standard and
experimental clinical care.
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Diabetes Mellitus

Background

By the American Diabetes Association classification, type 1A diabetes is the immune mediated
form of diabetes, while type 1B represents non-immune mediated forms of diabetes with beta
cell destruction leading to absolute insulin deficiency (1). There are additional forms of insulin
dependent diabetes with defined etiologies. Type 2 diabetes is overall the most common form
of diabetes and is characterized by insulin resistance and less beta cell loss. In the United States
with a population of approximately 300 million people, there are about 1.5 million individuals
with type 1A diabetes and of these approximately 170,000 are less than age 20. Type 1A
diabetes incidence, similar to other immune mediated diseases such as asthma, is doubling
approximately every 20 years (2). Diabetes almost always develops in the setting of genetic
susceptibility best defined by polymorphisms of HLA alleles (3). Currently there is no known
cure for type 1A diabetes and treatment for the disease consists of lifelong insulin
administration. Immunotherapies aimed at preventing beta cell destruction at the time of
clinical onset are actively being studied.

Genetic Susceptibility

There are monogenic and polygenic forms of both immune and non-immune mediated diabetes.
Monogenic non-immune diabetes includes permanent neonatal diabetes mellitus (PND),
transient neonatal diabetes (TND), and maturity-onset diabetes of the young (MODY). In
general children with these disorders lack all anti-islet autoantibodies and therefore
autoantibody assays can aid in identifying children to consider for genetic analysis. It is
important to identify individuals who do not have type 1A diabetes with estimates that
approximately 1.5% of children presenting with diabetes have monogenic forms of diabetes.
Several monogenic forms of diabetes are reported to be better treated with sulfonylurea therapy
than insulin (e.g. mutations of the ATP-sensitive beta cell selective potassium channels and
HNF-1alpha mutations) (4) and diabetes due to glucokinase mutations require no therapy at
all. Approximately one half of permanent neonatal diabetes is due to mutations of the proinsulin
gene that leads to beta cell loss. Two monogenic syndromes with immune mediated diabetes
are APS-1 and IPEX syndromes that will be discussed subsequently. The rest of this section
will focus on the more common polygenic form of diabetes, type 1A diabetes.

Approximately 1/300 individuals from the general population develop type 1A diabetes
compared to 1/20 siblings of patients with type 1A diabetes. The concordance rate for
monozygotic twins with type 1A diabetes is greater than 60% (Figure 1), and a recent analysis
of long term twin data indicates that there is no age that an initially discordant monozygotic
twin is no longer at risk (5). Compared to monozygotic twins, initially discordant dizygotic
twins are less often positive for anti-islet autoantibodies than non-twin siblings (6). Offspring
of a father with type 1A diabetes have a greater risk compared to offspring of a mother (7).

The major determinant of genetic susceptibility to type 1A diabetes is conferred by genes in
the HLA complex, which is divided into three regions: class I, 11, and 111. Alleles of the class
Il genes, DQ and DR (and to a lesser extent DP), are the most important determinants of type
1A diabetes. These class Il molecules are expressed on antigen presenting cells (macrophages,
dendritic cells, and B cells) and present antigens to CD4* T lymphocytes. DR3 and DR4
haplotypes are strongly associated with type 1A diabetes with more than 90% of people with
type 1A diabetes possessing one or both of these haplotypes versus 40% of the US population
(8). Each unique amino acid sequence of DR and DQ is given a number. Since DRA does not
vary, haplotypes can be defined by specific DRB, DQA, and DQB alleles. The highest risk
DRA4 haplotypes vary at both DR and DQ with DRB1*0401, DRB1*0402, DRB1*0405 and
DQA1*0301, DQB1*0302. DR3 haplotypes are almost always conserved with DRB1*03
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combined with DQA1*0501, DQB1*0201. The highest risk genotype has both DR3
DQB1*0201/DR4 DQB1*0302. This genotype occurs in 30 to 50% of children developing
type 1A diabetes; approximately 50% of children developing type 1A diabetes before the age
of five are DR3/4 heterozygotes versus 30% of young adults presenting with type 1A diabetes
and 2.4% of the general population in Denver, Colorado. The excess risk for heterozygous
haplotypes may be related to the trans-encoded DQ molecule (DQA and DQB encoded by
different chromosomes) that can form in DR3/4 heterozygous individuals, namely
DQA1*0501/DQB1*0302 (3).

In addition to HLA genes, many genetic loci contributing to diabetes risk have been implicated
through genome wide association studies (Figure 2) (9), which involves analyzing thousands
of single nucleotide polymorphisms from large populations to find alleles associated with a
particular disease. These alleles can increase risk, i.e. high risk alleles, or protect against a
certain disease. While HLA alleles confer the highest risk, multiple non-HLA genetic
polymorphisms modify disease risk. The group of longer variable number of tandem nucleotide
repeats (VNTR) 5’ of the insulin gene protects against diabetes. The decreased diabetes risk is
associated with greater insulin message in the thymus and resultant deletion of autoreactive T
cells in the thymus (10). Alleles of other identified genes primarily influence immune function
such as the protein tyrosine phosphatase, non-receptor 22 (PTPN22) that regulates T cell
receptor signaling. The R620W single amino acid change of PTPN22 decreases T cell receptor
signaling (gain of function) and increases the risk of many autoimmune disorders including
type 1A diabetes, Addison's disease, Grave's disease, rheumatoid arthritis, and others (11).
Recently, a further GWAS analysis identified two additional loci, UBASH3A and BACH?2,
associated with type 1A diabetes; loci having OR = 1.16 and 1.13, respectively. Both of these
loci were validated from two separate populations, the Wellcome Trust Case-Control
Consortium and the Diabetes Control and Complications Trial/Epidemiology of Diabetes
Interventions and Complications cohort (12).

Environmental Factors

The incidence of type 1A diabetes is increasing dramatically at a rate of 3-5% per year for the
last 50 years and this rapid increase cannot be explained by genetics. There is no evidence that
the epidemic of type 1A diabetes has leveled off in Finland, one of the countries with the highest
incidence. The increase in incidence of diabetes is most marked in children less than 5 years
of age (13). These observations suggest that environmental factors increasing diabetes risk
have been introduced or factors decreasing risk have been removed. The Diabetes
Autoimmunity Study of the Young (DAISY) found no evidence that bovine milk products,
vaccinations, or enteroviral infections contribute to diabetes risk but has implicated decreased
omega-3 fatty acid intake (14) and early cereal introduction. There appears to be a window
from the ages of 4 to 6 months where initial cereal introduction is not associated with an
increased risk of islet autoimmunity, as children that received initial cereal exposure less than
3 months or after 7 months of age had a higher risk for developing islet autoantibodies (15).
Omega-3 fatty acid supplementation in children with an increased genetic risk of diabetes was
associated with a reduced risk of islet autoimmunity (16). There have been several studies
showing an association between vitamin D supplementation during the first year of life and a
reduced risk of diabetes. A large prospective study of islet autoimmunity failed to confirm an
association between type 1A diabetes risk and serum alpha and gamma-tocopherol
concentrations, the principal forms of vitamin E in the diet and human tissues (17). Epigenetic
influences are likely to be evaluated in future studies for diabetes risk. Hypermethylation has
been associated with dietary supplements (18), and there is discordance of methylation between
monozygotic twins increasing with age (19).
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Pathogenesis

Type 1A diabetes is a T cell mediated disease in which T cells infiltrate the islets causing
insulitis and ultimately B-cell death, decreased insulin production, and insulin dependent
diabetes. In a genetically susceptible individual the development of diabetes occurs in stages
(Figure 3). The presence of autoantibodies against islet cell antigens is the first indication for
the development of diabetes and individuals retain sufficient -cell mass initially for
euglycemia. There are currently four autoantibodies used to predict the development of type
1A diabetes: antibodies against glutamic acid decarboxylase (GAD65), a tyrosine phosphatase-
like protein (ICA512 also termed I A-2), insulin, and the recently discovered zinc T8 transporter
(ZnT8) (20). Following autoantibody development there is progressive loss of insulin release
as the autoimmune response progresses. During later stages patients progressively develop
subclinical hyperglycemia. In the final stages of development, decreased C-peptide levels cause
patients to present with overt signs of diabetes.

Much of what we know about the autoimmune process in diabetes comes from the study of
animal models. The nonobese diabetic (NOD) mouse is a model in which type 1A diabetes and
sialitis develop spontaneously and the biobreeding (BB) rat develops both diabetes and
thyroiditis. As in humans, both models have alleles of genes within the MHC complex that
influence antigen presentation to T lymphocytes and development of autoimmunity. One self
epitope in NOD mice has been shown to be a peptide of the insulin B chain, amino acids 9-23,
that is recognized by autoreactive T lymphocytes (21). During disease progression, activated
T cells invade the pancreas and destroy B-cells, resulting in insulin deficiency. Once B-cell
destruction is initiated, other antigens become targets for the immune response including islet
glucose-related phosphatase which is B-cell specific (22). Adoptive transfer of T cells from a
diabetic mouse to an unaffected mouse results in diabetes. These animal models highlight the
importance of having a genetic predisposition resulting in impaired immune regulation for
autoimmunity to develop.

In humans, a recent study examining post mortem pancreas specimens from recent onset type
1A diabetics showed a temporal pattern of immune cell infiltration. Initially the inflammatory
infiltrate consisted of CD8* cytotoxic T cells and macrophages (23). CD20* B cells were not
present in early insulitis but appeared in larger numbers as beta cell death progressed. CD4*
helper T cells were present throughout insulitis but not as prevalent as cytotoxic T cells and
macrophages. The exact mechanism of B-cell death remains to be elucidated but likely involves
cytokines, Fas-Fas ligand induced cell death, and CD8* T cell mediated cytotoxicity.

Diagnosis and Prediction

The hallmark of type 1A diabetes is the autoimmune destruction of the pancreatic p-cells by
T cells. However, diagnosis is not made with T cell assays as they are not as well developed
or standardized compared to autoantibody assays. The lack of dependable assays for
autoreactive T cells leads to the reliance of autoantibodies as the initial laboratory evaluation
to detect an immune response against pancreatic B-cells and distinguishing type 1 from type 2
diabetes. There are several clinical scenarios where the determination of autoantibodies is
relevant. Children with transient hyperglycemia and adults presenting with hyperglycemia can
present diagnostic dilemmas. Most children with transient hyperglycemia will remain normal
but a subset develop type 1A diabetes; those with autoantibodies almost always progress to
diabetes. Adults are much more likely to have type 2 diabetes; but 5-10% express islet
autoantibodies and these individuals progress more rapidly to insulin dependence. Independent
of autoantibodies, routine monitoring of blood glucose is important to prevent metabolic
decompensation that can occur with many forms of diabetes.
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Treatment

Type 1A diabetes is a predictable disease. Autoantibodies against GADG5, insulin, 1A-2, and
the recently identified ZnT8 are current markers for type 1A diabetes. Relatives of patients
with type 1A diabetes have been studied in detail. Expression of two or more autoantibodies
(insulin, GADG5, or IA-2) has a positive predictive value of greater than 90% among relatives
of patient with type 1 diabetes (Figure 4); this holds true for the general population as well
(24). A single autoantibody carries a risk of approximately 20% (25;26). With the addition of
a fourth autoantibody, ZnT8, prediction will only improve as 26% of patients with autoantibody
negative type 1A diabetes in the DAISY study were found to have the ZnT8 autoantibodies
(27).

The mainstay of type 1A diabetes treatment is insulin therapy. Over the last several years
multiple advances in insulin preparation, insulin delivery, and glucose monitoring have
considerably improved treatment. Multiple analog insulins provide either a faster onset of
action or longer duration and decrease the variability of insulin absorption. Insulin pumps allow
for a more physiologic administration of insulin throughout the day. Continuous glucose
monitoring systems (CGMS) have been developed and measure interstial fluid glucose levels.
CGMS assess blood glucose trends and provide alarms for high and low blood glucose levels.
There is still a need to both calibrate the monitors and confirm low blood glucose values with
fingerstick glucose determination. There is research underway with CGMS monitors
controlling insulin delivery from insulin pumps.

Despite treatment with insulin therapy long-term complications, including nephropathy,
retinopathy, neuropathy, and cardiovascular disease, can result. While the progress to complete
insulin dependence occurs quickly after clinical onset, initially after diagnosis the pancreas is
able to produce a significant amount of insulin (28); at this time immunologic intervention can
save beta cell function and reduce reliance on insulin. Two international networks conducting
immunotherapy trials, the Immune Tolerance Network and TrialNet, have been established.
Immunotherapies in type 1A diabetes are aimed at altering the underlying immune process that
results in beta cell loss. These therapies consist of agents that are non-antigen specific and those
that are antigen specific. Non-antigen specific therapies target various components of the
immune system and include those directed against T cells (anti-CD3 monoclonal antibodies,
anti-thymocyte globulin, and cyclosporine), B cells (anti-CD20 monoclonal antibodies), and
other components of the immune system (Table I). Antigen based therapies are believed to
mediate immune tolerance to antigens that result in autoimmunity to beta cells. These therapies
include vaccines with GAD, the B chain of insulin, and other insulin peptides (Table I1). Many
of these therapies have reversed hyperglycemia in the NOD mouse and several therapies show
promise in altering the underlying immune process in humans (29).

Insulin Autoimmune Syndrome

The insulin autoimmune syndrome, also known as Hirata disease, results from autoantibodies
reacting with insulin. The diagnostic criteria include fasting hypoglycemia without evidence
of exogenous insulin administration, high levels of serum immunoreactive insulin, and the
presence of high titer insulin autoantibodies. Patients have recurrent and spontaneous
hypoglycemia. The insulin autoantibodies can be monoclonal, from a B cell lymphoma, or
polyclonal. The polyclonal disorder is strongly associated with the DRB1*0406 haplotype and
usually follows therapy with a sulfhydryl-containing medication such as methimizole (an
antithyroid drug used to treat Grave's disease) (30).
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Autoimmune Thyroid Disease

Background

Autoimmune thyroid disease consists of Grave's disease and Hashimoto's thyroiditis. It is very
common, with a prevalence of 5-10% in the general population. Autoantibodies to various
enzymes and proteins in the thyroid gland, thyroid peroxidase (TPO) and thyroglobulin (Tg),
are the hallmark of autoimmune thyroid disease.

Grave's disease

Background—=Grave's disease was first described by Robert Graves in 1835 as being
associated with a goiter, palpitations, and exophthalamos. It is now know that the thyroid
hormone receptor (TSHR) is stimulated by autoantibodies, thyroid stimulating
immunoglobulins (TSI), and thyroid cells are activated resulting in signs and symptoms of
hyperthyroidism. The clinical manifestations of hyperthyroidism include a constellation of
symptoms comprised of palpitations, tremor, heat intolerance, sweating, anxiety, emotional
lability, and weight loss despite a normal to increased appetite. Extrathyroidal manifestations
of Grave's disease include Grave's ophthalmopathy and dermatopathy (pretibial myxedema)
with little understanding of the cause of these disease components.

Pathogenesis—Grave's disease occurs in genetically susceptible individuals with the HLA
alleles contributing the greatest increase in risk, similar to type 1A diabetes. In Caucasians,
HLA DR3 (HLA DRB1*03) and DQA1*0501 confer the highest risk (31), while HLA
DRB1*0701 is protective (32). For monozygotic twins, the concordance rate is 20% and much
lower for dizygotic twins, indicating other susceptibility factors for disease development.
Female sex is the main risk factor with smoking, lithium treatment, and low iodine consumption
also associated with disease.

Patient with Grave's disease have diffuse lymphocytic infiltration of the thyroid gland and lose
tolerance to multiple thyroid antigens, TSHR, thyroglobulin, TPO, and the sodium-iodine
cotransporter. Autoantibodies develop when T cells recognize multiple epitopes of the TSHR
(33) The autoantibodies can either stimulate or inhibit thyroid hormone secretion. It is a balance
of these autoantibodies towards thyroid cell activation that results in hyperthyroidism. Because
of these various autoantibodies with differing functions, autoantibody concentrations cannot
be correlated to thyroid hormone levels in Graves' patients. Fluctuating antibody titers can
resultin a Thyroid Yo-Yo syndrome with alternating hyper and hypothyroidism (34). Although
TSI cause Grave's disease, the serum antibody concentration can be low or undetectable in
some patients. This could be due to assay insensitivity, misdiagnosis of the cause of
hyperthyroidism, or intrathyroidal production of autoantibodies (35).

Grave's ophthalmopathy (GO) is associated with Grave's hyperthyroidism but the two diseases
can exist independent of one another. GO is clinically evident in 25-50% of patients with
hyperthyroidism, and of these patients 3-5% experience severe symptoms. GO results from
increased orbital fat and muscle volume within the orbit. Histological analysis of orbital tissue
reveals lymphocytic infiltration and inflammatory cytokines IL-4 and IL-10. Smoking is a
strong risk factor for GO and worsens the symptoms of eye disease.

The association between Grave's hyperthyroidism and ophthalmopathy suggests that the two
disorders result from an autoimmune process to one or more antigens from the thyroid and
orbit. Orbital fibroblasts are thought to be the antigenic target in GO. TSHR mRNA and protein
expression in orbital fibroblasts has been documented in both normal individuals and GO
patients (36). It is possible that a form of TSHR or similar protein is expressed in the orbit and
may serve as a cross reactive target for TSI.
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Diagnosis—Grave's disease is the most common cause of hyperthyroidism. Diagnosis is
made with clinical and biochemical manifestations of hyperthyroidism. Thyroid function tests
show a low to suppressed TSH and an elevated thyroxine and triiodothyronine levels. Diagnosis
is confirmed with a radioactive iodine uptake and scan (only tested in non-pregnant, non
breastfeeding patients) showing increased homogenous uptake. TSI levels aid in the diagnosis
but are not confirmatory as patients can have Grave's disease without autoantibodies present.
TSl autoantibodies measured in the third trimester of pregnancy are a good predictor of neonatal
Grave's disease. During pregnancy thyroid autoantibodies generally decrease, presumably due
to secretion of trophoblast factors which are immunosuppressive.

Treatment—Treatment of Grave's disease has changed little over the last 50 years. Treatment
options include antithyroid drugs, radioactive iodine, and surgery. Antithyroid drugs block
thyroid hormone synthesis but the majority of patients relapse with discontinuation of therapy.
Radioactive iodine ablation is the preferred treatment method in the United States. Ablation
generally results in iatrogenic hypothyroidism, requiring life long thyroid hormone
replacement. Anti-CD20 monoclonal antibody has been tried in a small number of Grave's
patients. 20 patients received methimazole for Grave's disease and were rendered euthyroid.
10 patients received anti-CD20 monoclonal antibody infusions during the final three weeks of
methimazole treatment. Fewer patients receiving anti-CD20 antibody treatment relapsed at one
month (6/10) than those who did not (8/10) (37).

Immunotherapy trials for GO show more promise than for Grave's disease alone. Agents such
as anti-CD20 monoclonal antibodies and anti-TNFa monoclonal antibodies have been used.
In a pilot study, anti-CD20 monoclonal antibodies improved proptosis, soft tissue changes, and
eye motility in 7 patients with moderate to severe GO. None of the treated patients followed
to one year had a relapse. This was compared to 15/20 patients responding to
methylprednisolone therapy; 10% had relapsed at the conclusion of the study (38). Larger
randomized control trials are needed to confirm these results.

Hashimoto's Thyroiditis

Background—Hashimoto's thyroiditis (HT) is the most common endocrine autoimmune
condition, affecting up to 10% of the general population. It is characterized by a gradual loss
of thyroid function, goiter, and T cell infiltration on histology. HT affects women more
frequently than men with a sex ratio of 7:1.

Pathogenesis—HT occurs in genetically susceptible populations but lacks a strong
association with HLA. Mutations in the thyroglobulin gene (39) and CTLA-4 are associated
with disease (40). T cells play a crucial role in disease pathogenesis by reacting with thyroid
antigens and secreting inflammatory cytokines. Autoantibodies develop in HT to thyroid
peroxidase, thyroglobulin, and to the TSHR. It is believed that these autoantibodies are
secondary to thyroid follicular cell damage induced by T cells. Thyroid peroxidase is the major
autoantigen and autoantibodies to TPO are closely associated with disease activity.

Diagnosis and treatment—The diagnosis and treatment of HT has changed very little over
the last several decades. Diagnosis is made with clinical (fatigue, weakness, cold intolerance,
weight gain, constipation, dry skin, depression, and growth failure or delayed puberty in
children) and biochemical manifestations of hypothyroidism. Thyroid function tests show an
elevated TSH and a low thyroxine and triiodothyronine levels. Other causes of thyroiditis
(postpartum, acute, subacute, and silent) need to be excluded. Treatment is with life long
thyroxine replacement with a goal to normalize the TSH. Continuous monitoring of thyroid
function is needed to avoid over replacement, which can lead to premature osteoporosis and
cardiac arrhythmias. Fine needle aspiration of thyroid nodules is recommended to rule out
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thyroid cancer, as differentiated thyroid cancer is associated with a favorable prognosis and
low recurrence once detected.

Addison's Disease

Background

Thomas Addison described a group of patients affected with anemia and diseased adrenal
glands in 1849. Addison's disease is a chronic disorder of the adrenal cortex resulting in
decreased production of glucocorticoids, mineralocorticoids, and androgens. There is increased
secretion of ACTH from the pituitary gland. Histological examination of adrenal glands from
patients with autoimmune adrenal insufficiency reveals fibrosis with a mononuclear cell
infiltrate, plasma cells, and rare germinal centers (41). The most common cause of primary
adrenal insufficiency in developed countries is autoimmunity (70 to 90%) with tuberculosis
the second most common cause (10 to 20%). Addison's disease can be present in three clinical
forms: part of syndromes termed APS-1 and APS-2, and as an isolated disease.

Pathogenesis and Genetics

Similar to type 1A diabetes Addison's disease also can be divided into stages of disease
progression. Genetically predisposed individuals develop autoantibodies to the 21-hydroxylase
enzyme and eventually lose the ability to produce cortisol (Figure 5) (42). Autoantibodies
against 21-hydroxylase are present in more than 90% of recent onset patients. Susceptibility
is conferred through the genes encoding the class Il MHC, and as is the case with type 1A
diabetes, there is a strong association with the DR3 haplotype. The highest risk genotype,
occurring in 30% of patients with Addison's disease, consists of DR3/4, DQ2/DQ8 (43) and
in this case the DRB1*0404 DR4 subtype, confers highest risk on DR4 haplotypes. The MIC-
A 5.1 allele, an atypical HLA molecule (MHC class I-related gene A), is also associated with
genetic risk (44). Polymorphisms of the MIC-A gene are based on the number of triplicate
GCT repeats in exon 5. The translated protein interacts with the NKG2D receptor, which is
important for thymic maturation of T cells (45). NKG2D can also regulate the priming of human
naive CD8" T cells (46). The allele, designated 5.1, is associated with the insertion of a base
pair, which results in a premature stop codon and loss of the membrane binding region of the
protein.

Diagnosis and Treatment

Diagnosis of Addison's disease is made in symptomatic patients with high levels of ACTH and
a deficiency of cortisol or when serum cortisol levels fail to rise after an ACTH stimulation
test in the presence of elevated basal ACTH levels; 21-hydroxylase autoantibodies are usually
(>90%) present. The clinical manifestations are subtle (weakness, fatigue, anorexia,
orthostasis, nausea, myalgias, and salt craving), and a high index of suspicion is necessary to
diagnose adrenal insufficiency before an adrenal crisis. We recommend screening patients with
type 1A diabetes, hypoparathyroidism, and polyendocrine autoimmunity for 21-hydroxylase
autoantibodies. If present, yearly monitoring with an ACTH stimulation test is performed to
allow early diagnosis and prevent an adrenal crisis. Treatment is with lifelong glucocorticoids
and mineralocorticoids with counseling about the need for stress dose steroids for illnesses and
prior to surgical procedures. Forty to 50% of individuals with Addison's disease will develop
another autoimmune disease, necessitating lifelong monitoring for associated autoimmune
conditions.
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Idiopathic

Background

Hypoparathyroidism

Idiopathic hypoparathyroidism (IH) results from deficiency of parathyroid hormone (PTH),
which regulates serum calcium concentration, and does not have an identifiable cause. This
disease is a common component of APS-1 in infants and young children. It also occurs
sporadically in adults, most often affecting females with Hashimoto's thyroiditis. An
autoimmune basis for IH has been suggested because of its association with other autoimmune
conditions.

Pathogenesis

Hypocalcemia results from parathyroid hormone deficiency. Recent work by Kampe and
colleagues identified a parathyroid autoantigen, NACHT leucine-rich-repeat protein 5
(NALPS), in individuals with APS-1 (47). NALPS5 autoantibodies were identified in APS-1
patients with hypoparathyroidism and not in healthy individuals or individuals with other
autoimmune disorders. Autoantibodies to the calcium sensing receptor on parathyroid glands
have been described as well and can activate the receptor thereby causing a decreased
production of PTH (48).

Diagnosis and treatment

Idiopathic hypoparathyroidism is diagnosed when no other causes of hypocalcemia and
hypoparathyroidism can be identified. Treatment is with calcium and magnesium
supplementation. To absorb calcium, active 1,25 dihydroxyvitamin D needs to be administered
with calcium, and frequent monitoring of serum calcium levels are required.

Premature Ovarian Failure

Background

Treatment

Premature ovarian failure (POF) is defined as amenorrhea, elevated gonadotropin levels, and
hypoestrogenism before age 40. POF can occur before or after puberty. Girls should begin
puberty by age 13 and menstruate within 5 years after the onset of puberty. Two distinct clinical
scenarios have been identified.

Idiopathic POF with adrenal autoimmunity—Approximately 10% of females with
Addison's disease will have POF. Steroid cell autoantibodies, directed against the enzymes 21
hydroxylase or 17 hydroxylase, cross react with theca interna/granulosa layers of ovarian
follicles. Presence of these autoantibodies correlates with the histological diagnosis of
autoimmune oophoritis (49). MHC class 1 is expressed on granulosa cells of patients with
POF and may potentiate a local T cell autoimmune response (50).

Idiopathic POF with exclusive manifestations of ovarian autoimmunity—The vast
majority (>90%) of women with POF do not have Addison's disease or steroid cell
autoantibodies, calling into question the autoimmune component to disease. Thyroid
autoimmunity is present in about 14% of these individuals. Approximately 10% of patients
with isolated POF and without Addison's disease will have numerous ovarian follicles intact.
These patients are categorized as having resistant ovary syndrome that is insensitive to
ovulation induction with exogenous gonadotropins.

Currently there is no treatment available to induce ovarian function or stop progression of
autoimmune ovarian destruction. Treatment is focused on treating symptoms of estrogen

J Allergy Clin Immunol. Author manuscript; available in PMC 2011 February 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Michels and Eisenbarth Page 10

deficiency and maintaining bone health to prevent osteoporosis. Infertility can be treated with
in vitro fertilization with donor eggs. However, there is a relapsing and remitting component
to the underlying autoimmunity and occasionally conceptions can be achieved. Screening for
associated autoimmune conditions (type 1A diabetes, Addison's disease, and thyroid
autoimmunity) should be considered in patients with idiopathic POF.

Lymphocytic Hypophysitis
Background

Lymphocytic hypophysitis is a rare inflammatory lesion of the pituitary gland. Approximately
500 cases have been reported in the literature since the initial report in 1962 (51). This condition
is more common in females and affects women during later pregnancy and the postpartum
period (e.g., postpartum hypophysitis). It is strongly associated with other autoimmune
disorders. Of note ipilimumab, a monoclonal antibody that blocks CTLA-4, is an immunologic
therapy used in oncology clinical trials and has induced hypophysitis (52).

Pathogenesis

The morphologic features of hypophysitis resemble those of other autoimmune
endocrinopathies. The absence of granulomas on histology distinguishes this condition from
glranulomatous hypophysitis seen in association with sarcoidosis, tuberculosis, and syphilis.
Antipituitary antibodies have been isolated in a minority of patients with disease.

Diagnosis and treatment

Presenting symptoms include fatigue, headache, and visual field deficits. Diagnosis is
confirmed by histological examination of a pituitary biopsy. Anterior pituitary hormone
deficits are common and hormone replacement is indicated. High dose glucocorticoid pulse
therapy has been used for treatment (53).

Autoimmune Polyendocrine Syndromes

Background

The autoimmune polyendocrine syndromes are a constellation of disorders characterized by
multiple autoimmune disorders including endocrine gland failure or hyperactivity (Grave's
disease). Some of the components of the syndromes have been described previously in the
review. The syndromes include: APS-1, APS-2, IPEX syndrome, POEMS syndrome, non-
organ specific autoimmunity (e.g., lupus erythematosus) associated with anti-insulin receptor
antibodies, thymic tumors with associated endocrinopathy, and Grave's disease associated with
insulin autoimmune syndrome. APS-1, APS-2, IPEX, POEMS syndrome, and diabetes
associated autoimmune disorders will be discussed in further detail.

Autoimmune Polyendocrine Syndrome type 1

Background—APS-1/APECED (Autoimmune Polyendocrinopathy-Candidiasis-
Ectodermal Dystrophy) is a rare disorder generally seen in infants and the diagnosis is made
when a child has two or three of the following: mucocutaneous candidiasis,
hypoparathyroidism, or Addison's disease. Mucocutaneous candidiasis involving the mouth
and nails is usually the first manifestation followed by the development of hypotension or
fatigue from Addison's disease or hypocalcemia from hypoparathyroidism. APS-1 is associated
with other autoimmune disorders (type 1A diabetes, vitiligo, alopecia, hepatitis, pernicious
anemia, and primary hypothyroidism) and asplenism.
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Pathogenesis/Genetics—APS-1 is due to a mutation in the Autolmmune REgulator
(AIRE) gene which is transmitted in an autosomal recessive manner. The AIRE gene encodes
a transcription factor needed for the expression and presentation of self antigens to developing
lymphocytes in the thymus (54). Over 40 mutations in AIRE have been described (55), and
when mutations are present, tolerance is lost to multiple self antigens. The resulting
autoreactive T cells that escape deletion in the thymus have the ability to destroy multiple
specific tissues, producing a phenotype of multiple autoimmune disorders. Animal models with
a knockout of the AIRE gene result in widespread autoimmunity, although the phenotype is
mild with lymphocytic infiltration of the liver and atrophy of the adrenal and thyroid glands.
The majority of mice also exhibit autoantibodies to the pancreas, adrenal glands, testes, and
liver (56). Human studies of isolated autoimmune disorders, such as Addison's disease
occurring without evidence of APS-1, have not found mutations in the AIRE gene (57).

Diagnosis—Diagnosis is based upon the presence of specific autoimmune disorders and
mucocutaneous candidiasis. The known AIRE gene mutations can now be screened. Meager
and coworkers recently reported patients with APS-1 have multiple anti-interferon antibodies,
with interferon omega reactive autoantibodies present in 100% of patients (58); assays for such
autoantibodies may aid in rapid diagnosis.

Treatment—Hormone replacement is the mainstay of treatment for the endocrinopathies
present in APS-1. Mucocutaneous candidiasis needs to be treated aggressively and monitored
for recurrence as it can occur anywhere along the gastrointestinal tract. Untreated disease can
lead to the development of epithelial cancers. Asplenism needs to be identified and vaccinations
against pneumococcus, menigococcus, and hemophilus influenza need to be administered.

A high clinical suspicion for other autoimmune disease needs to be maintained in individuals
with APS-1 and their relatives. Patients with APS-1 need to be followed at a center with
experience monitoring and caring for these patients. Siblings need to be followed closely and
consideration should be given to screening for anti-IFN omega autoantibodies.
Recommendations are to see these patients on six month intervals and screen for autoantibodies
(59). If autoantibodies are present without the associated disease, functional testing is indicated.
Patients with 21-hydroxylase antibodies are often followed with annual ACTH levels, 8am
cortisol levels, and cosyntropin stimulation testing, unless symptoms or signs warrants more
frequent monitoring. The presence of islet cell autoantibodies warrants glucose tolerance
testing to detect disease prior to overt clinical symptoms and education related to the symptoms
of diabetes along with home glucose monitoring.

Autoimmune Polyendocrine Syndrome type 2

Background—APS-2, also known as Schmidt's syndrome, is the most common autoimmune
polyendocrine syndrome. APS-2 has Addison's disease as its defining component with either
autoimmune thyroid disease or type 1A diabetes in conjunction. Women are typically affected
atahigher rate than males. Other diseases less commonly associated with APS-2 include: celiac
disease, vitiligo, pernicious anemia, myasthenia gravis, stiff man syndrome, and alopecia.
Familial aggregation was demonstrated by a study looking at 10 families with APS-2 and one
in seven relatives had an undiagnosed autoimmune disease, the most common being thyroid
disease (60). Diseases may develop years to decades apart, making knowledge of the
syndromes necessary to detect disease and treat prior to morbidity and mortality. Table I11
compares APS-1 and APS-2 (61).

Pathogenesis/Genetics—The genetics of APS-2 are governed by the HLA haplotypes

which confer disease risk to multiple autoimmune disorders. The DR3, DQA1*0501,
DQB1*0201 haplotype increases the risk for developing type 1A diabetes, Addison's disease,
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and celiac disease. The DR4 haplotype of patients with all three of these diseases is associated
with DQA1*0301, DQB1*0302. If a patient with type 1A diabetes has the DRB1*0404 allele
and express 21-hydroxylase antibodies, there is a 100 fold increase in the risk of developing
Addison's disease (62). Autoimmune diseases result from a failure to develop or maintain
tolerance along with a genetic predisposition, MHC alleles, controlling specific disease
development. Multiple autoimmune disorders develop when tolerance is lost to a number of
self antigens.

Diagnosis and treatment—Similar to APS-1, treatment of APS-2 focuses on identifying
and treating the underlying autoimmune conditions. Autoimmune thyroid disease is very
common. It is prudent to screen type 1A diabetics and Addison's disease patients with a yearly
TSH. We recommend screening individuals with type 1A diabetes for 21-hyroxylase and tissue
transglutaminase autoantibodies. The optimal screening interval is not defined; however,
autoantibodies may develop at any age and repeat testing is necessary upon negative test results.
Relatives of individuals with APS-2 need to be monitored closely.

IPEX Syndrome

Background—The rare IPEX syndrome (immune dysfunction, polyendocrinopathy,
enteropathy, X-linked) is caused by mutations in the forkhead box protein 3 (FOXP3) gene
resulting in absent or dysfunctional regulatory T cells (63). Clinically, it presents during the
first few months of life with dermatitis, growth retardation, multiple endocrinopathies, and
recurrent infections. Affected neonates have overwhelming autoimmunity including type 1A
diabetes developing as early as 2 days of age.

Pathogenesis/Genetics—To date, 20 mutations in FOXP3 have been identified in patients
with IPEX syndrome (64;65). Most of these mutations occur in the forkhead (winged-helix)
domain and leucine zipper region resulting in impaired DNA binding. The inability of FOXP3
to bind DNA in regulatory T cells impairs immune suppressor function. Dysregulated T cell
function leads to overwhelming autoimmunity and recurrent infections. The scurfy mouse
develops a disease very similar to IPEX and has a homologous gene, scurfin, to the human
FOXP3. The scurfy mouse model allows for understanding disease pathogenesis and provides
a model to evaluate treatment modalities (66;67). Neonatal thymectomy in male scurfy mice
ameliorates disease and increases lifespan. Transfer of peripheral CD4* T cells, but not
CD8™* T cells, from affected mice to homologous wild type mice result in disease, while bone
marrow transplantation does not induce disease. Peripheral CD4" T cells appear to be hyper-
responsive to antigens and have a decreased requirement for costimulation with CD28 (68).
The inability of CD4* T cells to regulate the immune response, from mutations in scurfin or
FOXP3, results in the IPEX syndrome.

Treatment—Children affected with IPEX usually die in the first 2 years of life due to sepsis
or failure to thrive. Supportive care and treatment of underlying disorders is necessary.
Immunosuppressive medications have been tried in case reports or small case series. High dose
glucocorticoids, tacrolimus, cyclosporine, methotrexate, sirolimus, infliximab, and rituximab
have been tried with varying degrees of success. The toxicity and infectious complications
limit their dosing and use. In the scurfy mouse, the disease can be cured with partial T cell
chimerism, and the same appears to be true in humans with normal T lymphocytes able to
regulate the abnormal immune system in a dominant fashion (69). Bone marrow transplantation
can reduce symptoms and prolong survival (70)}. Transplantation should be considered early
in the disease to limit the autoimmune destruction to endocrine organs and possibly reduce the
infectious complications from chronic immune suppression.
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POEMS Syndrome

POEMS syndrome has Polyneuropathy, Organomegaly, Endocrinopathies, M-protein, and
Skin manifestations (hyperpigmentation and hypertrichosis) as clinical features. The etiologic
factors of this constellation of diseases are not well defined. The syndrome is associated with
plasmacytomas and osteosclerotic lesions with radiation therapy to localized lesions being
beneficial. Autologous hematopoietic stem cell transplantation has improved symptoms (71).

Diabetes Associated Autoimmune Disorders

Multiple autoimmune disorders are associated with type 1A diabetes. Many of the disorders
have been discussed previously in the review, and this section will focus on their relationship
to type 1A diabetes.

Celiac disease is an autoimmune disorder that results in T cell infiltration of the mucosa of the
small intestine. Gliadin, a protein of wheat gluten, has been identified as the antigen responsible
for inducing the autoimmune process. Like type 1A diabetes, a genetic predisposition is
conferred through the HLA alleles DQ2 and DQ8. Symptoms of celiac disease can be mild but
can also include diarrhea, abdominal pain, iron deficiency anemia, pubertal delay, growth
failure, decreased bone mineralization, and vitamin D deficiency. Tissue transglutaminase
(TGA) IgA autoantibodies are a sensitive and specific marker for the autoimmune process,
more so than the older anti-endomesial antibody assay. TGA autoantibodies are present in up
to 16% of patients with type 1 diabetes (72). A definitive diagnosis is made with a small
intestine biopsy showing flattened villae and intraepithelial lymphocytic infiltrates. Treatment
iswith a gluten free diet, which results in reversal of the autoimmune process and normalization
of the intestinal villae (73). We recommend screening with TGA autoantibodies yearly in type
1 diabetics and performing a small intestine biopsy if a repeat TGA autoantibody is positive.
The biopsy should be obtained close to the time of antibody measurement as the half life of
IgA antibodies are short and the titer of TGA autoantibody fluctuates with the amount of gluten
in the diet. Those with a positive biopsy are counseled on a gluten free diet. These
recommendations are based upon the known risks of symptomatic Celiac disease (osteoporosis,
anemia, and gastrointestinal malignancy) and the rationale that the intestinal pathology is
reversible with gluten avoidance.

Addison's disease is present in 1/10,000 individuals in the general population compared to
1/200 in the type 1 diabetic population. One to 2% of type 1 diabetics have 21 hydroxylase
autoantibodies (74). Many patients with Addison's disease are adrenally insufficient for years
prior to diagnosis. It is advisable to screen patients with type 1 diabetes for 21 hydroxylase
autoantibodies and monitor those that are positive with cosyntropin (ACTH) stimulation
testing.

Autoimmune thyroid disease is common in patients with type 1 diabetes. Twenty to 30% of

patients with type 1 diabetes express TPO and/or Tg autoantibodies, twice that of the general
population. Long term follow up has shown 30% of patients with type 1 diabetes will develop
autoimmune thyroid disease (75). It is recommend that patients with type 1 diabetes be screened
for thyroid dysfunction annually with a serum thyroid stimulating hormone (TSH) level (76).

Pernicious anemia results in a macrocytic anemia from autoimmune destruction of parietal
cells in the fundus and body of the stomach. The frequency of pernicious anemia in type 1
diabetes has been reported to be up to 4%, with a rate of 0.12% in the general population
(77).

Vitiligo, the loss of melanocytes in the skin, is associated with many autoimmune conditions
including type 1A diabetes.
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latrogenic Endocrine Autoimmune Disorders

Background

Drug induced autoimmune diseases have been recognized for years and span multiple
disciplines. latrogenic autoimmunity is increasing in frequency as more therapies are being
designed to alter immune mechanisms in autoimmune conditions and cancer.

Pharmaceutical Agents

Interferon Alpha—The interferons are a group proteins characterized by antiviral activity,
growth regulatory properties, and a variety of immunomodulatory activities. IFNa is currently
used to treat patients with the hepatitis C virus. IFNa has been reported to cause Hashimoto's
thyroiditis and Grave's disease. It is also associated with non-autoimmune thyroiditis.
Approximately 5 to 10% of individuals treated with IFNa develop thyroid autoimmunity while
another 15% develop thyroid autoantibodies without clinical disease (78). The drug also
induces both islet autoantibodies and rapid progression to diabetes in a subset of patients with
islet autoantibodies (79). At a minimum glucose levels should be monitored in patients and if
abnormal the patient evaluated for islet autoantibodies, monitored for diabetes, and the risks/
benefits of therapy carefully considered.

Interleukin-2—IL-2 induces T cell proliferation, B cell growth, and natural killer cell and
monocyte activation. IL-2 has antitumor activity, and it has been used in the treatment of
metastatic melanoma, renal cell carcinoma, and HIV. Thyroiditis and Hashimoto's thyroiditis
have been described with IL-2 treatment either alone or in conjunction with IFNa in up to 16%
of patients (80).

Ipilimumab—Ipilimumab is a monoclonal antibody that blocks cytotoxic T lymphocyte
associated antigen 4 (CTLA-4), a receptor on T cells; blockade of CTLA-4 results in T cell
activation, proliferation, and differentiation. Ipilimumab has been used to treat patients with
metastatic renal cell cancer and melanoma. Endocrinopathies, hypophysitis and
hypothyroidism, as well as non-endocrine autoimmune disorders have been reported (81). Up
to 59% of participants in the National Institutes of Health (NIH) studies treated with anti-
CTLA-4 monoclonal antibodies have presented with autoimmune toxicities. Many of the
autoimmune events are transient and some can be successfully treated with high dose
glucocorticoids. Five percent (8/163) of patients treated with anti-CTLA-4 monoclonal
antibodies at the NIH have developed hypophysitis (82). In the case of hypophysitis, anterior
pituitary hormone deficiencies have been reported to be present for up to two years despite
discontinuation of therapy with ipilimumab.

Campath-1H—Campath-1H is a humanized anti-CD52 monoclonal antibody that suppresses
Th1 lymphocytes. Grave's disease has been associated with treatment in patients with multiple
sclerosis and new onset type 1A diabetes. In a study of 29 multiple sclerosis patients treated
with Campath-1H, 9 developed Grave's disease after 6-31 months of treatment (83).

Highly Active Antiretroviral Therapy (HAART)—HAART, used to treat HIV infection,
has been associated with Grave's disease. The prevalence is rare and occurs 16-19 months after
initiation of therapy. Following HAART, there is immune reconstitution and this is when
autoimmunity develops, likely resulting from changes to CD4* T cells (84).

Conclusions

Improved understanding of the immune pathogenesis of endocrine diseases has lead to the
initial development of therapies that target the underlying autoimmunity. Type 1A diabetes,
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one of the most well studied organ specific autoimmune diseases, is now predictable in humans
and therapies are emerging to augment the underlying autoimmune destruction of beta cells.
With continued basic understanding of the immunologic mechanisms causing autoimmunity,
better therapies can be designed to improve the quality of life for patients and their families
afflicted with these disorders.
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Figure 1.

Progression to diabetes of initially discordant monozygotic twin siblings of patients with type
1 diabetes, illustrating progressive conversion to diabetes. Approximately 80% become
concordant for expression of anti-islet autoantibodies. From Redondo et al Concordance for
Islet Autoimmunity among Monozygotic Twins, New England Journal of Medicine, December

25, 2008.
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Figure 2.

Summary of subsets of confirmed loci from whole genome screens associated with type 1A
diabetes and their odds ratio (from Teaching Slides at www.barbaradaviscenter.org). Modified
from Todd et al. Robust Association of four new chromosomes regions from genome-wide
analyses of type 1 diabetes, Nature Genetics, July 6, 2007. HLA = human leukocyte antigen;
INS = insulin, PTPN22 = protein tyrosine phosphatase non-receptor 22; CD 25 is also known
as interleukin-2 receptor alpha chain; ERBB3e = an unidentified gene at 12g; PTPN2 = protein
tyrosine phosphatase non-receptor 2; KIAA 0350 = a lectin-like gene; CTLA 4 = cytotoxic T
lymphocyte associated antigen 4.

J Allergy Clin Immunol. Author manuscript; available in PMC 2011 February 1.



http://www.barbaradaviscenter.org

1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Michels and Eisenbarth Page 24

“Stages” in Development of Type 1A Diabetes
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Figure 3.

Hypothetical stages and loss of beta cells in an individual progressing to type 1A diabetes (from
Teaching Slides at www.barbaradaviscenter.org). Reproduced with permission from
Eisenbarth, GS.
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Figure 4.

Progression to diabetes versus number of autoantibodies (GAD, ICA5112, Insulin). From
Verge, CF et al. Prediction of type 1 diabetes in first-degree relatives using a combination of

insulin, GAD, ICA512bdc/IA-2 autoantibodies, Diabetes, July 1996.
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“Stages” in Development of Addison’s Disease
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Figure 5.

Stages in the development of Addion's disease from Eisenbarth GS and Gottlieb PA,
Autoimmune Polyendocrine Syndromes, New England Journal of Medicine, May 13, 2004.
Adrenocortical function is lost over a period of years. In the first stage, genetic predisposition
is conferred by a patient's HLA genotype. In the second stage, events that precipitate anti-
adrenal autoimmunity occur, but are currently unknown. In the third stage, which involves
presymptomatic disease, 21-hydroxylase autoantibodies predict future disease. Finally, in the
fourth stage, overt Addison's disease develops. An increased plasma renin level is one of the
first metabolic abnormalities to occur and is followed by the sequential development of other
metabolic abnormalities (a decreased cortisol level after cosyntropin stimulation, an elevated
corticotropin level, and a decreased basal cortisol level). Finally, there are severe symptoms
of adrenal insufficiency, such as hypotension.
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Table 1

Non-antigen Specific Immunotherapy Trials for New Onset Type 1A Diabetes

Agent Stage of Development  Comments References and Links
Anti-CD3 Monoclonal Antibodies  Phase 11/111 Reduced (85;86)
insulin
requirements
out to 18
months
Anti-CD20 Monoclonal Antibody  Phase |1 Ongoing www.clinicaltrials.gov/ct2/show/NCT00279305
(Rituximab)
Anti-thymocyte globulin Phase /11 Ongoing www.clinicaltrials.gov/ct2/show/NCT00515099
Cyclosporine Multiple Trials Successful 87)
remission
but
unacceptable
side effects
Nicotinamide Pilot No effect (88)
Bacille Calmette-Guerin (BCG) Pilot No effect (89)
Anti-CD52 (Campath-1H) Phase | Withdrawn www.clinicaltrials.gov/ct2/show/NCT00214214
secondary to
adverse
events
CTLA-4 1g (Abatacept) Phase | Ongoing www.clinicaltrials.gov/ct2/show/NCT00505375
Mycophenolate and Daclizumab Phase | No effect www.clinicaltrials.gov/ct2/show/NCT00100178
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Table Il
Selected Antigen Specific Immunotherapy Trials for Type 1A Diabetes

Agent Stage of Development Comments References and Links
GAD65 Phase 11/111 C-peptide (90)
preserved at 18
months
Insulin B Chain  Phase | Ongoing www.clinicaltrials.gov/ct2/show/NCT00057499
in Incomplete
Freund's
Adjuvant
Proinsulin- Phase | C-peptide www.bayhilltx.com
based DNA preserved at 12
vaccine months
(BHT-3021)
Oral Insulin Prevention Trial Subset with www.clinicaltrials.gov/ct2/show/NCT00419562
insulin

autoantibodies
having a potential
response
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Table Il

APS-1

APS-2

Onset Infancy
Siblings

AIRE Gene Mutated
Not HLA Associated
Immunodeficiency

Asplenism

Mucocutaneous Candidiasis
18% Type 1A Diabetes
100% Anti-interferon Antibodies

. Older Onset

. Multiple Generations

. DR3/4 Associated

. No Defined Immunodeficiency

. 20% Type 1A Diabetes

*
Available from the teaching slides at www.barbaradaviscenter.org.
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