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-Diabetes type 1A is an autoimmune condition characterized by lymphocytic infiltration of islets and selective destruction of insulin-secreting beta-cells. 
It is also now possible to identify high-risk individuals even before the appearance of autoantibodies. 
-These advances have created the opportunity to design and begin human prevention trials. 
-Traditional vaccines consist of killed or attenuated organisms that prime the immune system and generate a protective immune response on subsequent exposure to the infectious agent. 
-Nevertheless, this association is far from clear for most forms of human autoimmune disease, including diabetes mellitus type 1A (1). As a result, a traditional vaccine to prevent most autoimmune diseases is not possible.
-In contrast, significant advances have been made in our understanding of the immunology of many autoimmune conditions. These advances have led to trials in animal models of immunologic "vaccines" that seek to modify the autoimmune response and prevent progression to disease. 
-There is no ideal single term to describe the variety of techniques used to modify the autoimmune process, the National Institute of Allergy and Infectious Diseases is sponsoring a conference on this topic and selected the term vaccination to describe different forms of autoantigen therapy to modify the autoimmune process.
-- Other terms used by authors include immunomodulation, immunotherapy, and tolerance induction.
-Although T-cells appear to be a critical component of this process, autoantibodies to specific islet antigens can be detected in the serum of prediabetic individuals. 
-Investigators have now characterized many of these autoantigens, including immunodominant epitopes of insulin and GAD. 
-The different areas to be reviewed include 
1. vaccination with "nonspecific" adjuvants; 
2. autoantigen administration by different routes (subcutaneous, oral, intravenous, nasal, inhaled); 
3. Whole T-cell vaccination; 
4. T-cell receptor (TCR) vaccination; 
5. DNA vaccination; 
-Potential benefits and dangers of autoimmunity vaccines; 
-Issues relevant to the design of "vaccine" trials for type 1 diabetes.

1. ADJUVANT" VACCINATION—
(1). Adjuvants, 
---(a). complete Freund's adjuvant,--- a single injection of Freund's adjuvant prevented the development of diabetes in NOD mice (8,9).
---(b).Administration of complete (containing mycobacteria) but not incomplete Freund's adjuvant protected from diabetes.
---did not prevent development of insulitis.
--- A shift in cytokine production of infiltrating lymphocytes correlates with protection 

(2).Bacillus Calmette-Guerin (BCG) vaccination--- to prevent diabetes in NOD mice (14). ---It is of interest that heat shock proteins are a component of both Freund's adjuvant and BCG and have been a focus of investigation in NOD mice (15). 
-A small, nonrandomized trial of BCG administration in new-onset diabetic patients was carried out in Israel, and BCG was reported to enhance remissions of overt diabetes (16). ---Unfortunately, this study was not a randomized placebo-controlled trial with a biochemical endpoint such as C-peptide secretion. 
-Klingensmith et al. (17) at the Barbara Davis Center have now analyzed a randomized placebo-controlled trial of BCG vaccination and found no protection.
---A comparison of nicotinamide or a combination of nicotinamide and BCG also failed to demonstrate a benefit of BCG in newly diagnosed patients (18).

2. AUTOANTIGENS AS IMMUNOLOGIC VACCINES—
Multiple autoantigens have been implicated in animal and or human autoimmune diabetes. --These include 
· Insulin (19) and Proinsulin, 
· GAD65 and GAD67 (20, 21), 
· Membrane granule proteins with homology to tyrosine phosphatases (termed ICA512 or IA-2), a related molecule (termed phogrin, ICA512, or IA2
· a 38-kD autoantigen (22),  a less well-characterized autoantigens, including an islet neuroendocrine ganglioside (23–26).
-Autoantigen characterization usually followed the detection of autoantibodies to these molecules. 
-Although an immune response to these autoantigens is a natural part of disease development, several of these molecules, when administered appropriately, can prevent or delay onset of diabetes.

(I). SUBCUTANEOUS AUTOANTIGENS— 
-Multiple reports document the efficacy of subcutaneous administration of islet autoantigens to delay or prevent diabetes in animal models. 
-Both insulin and GAD have been extensively studied, including characterization of specific peptides that confer dominant immunoprotection (6,27–32). 
-Indeed, a single subcutaneous injection of the insulin B-chain peptide B:9-23 prevents 90% of diabetes in NOD mice (Fig. 1) (27,28). 
---The importance of the insulin B-chain was discovered by an additional study where multiple injections of insulin and the insulin B-chain, but not the A-chain, protected NOD mice from diabetes (33). 
---These experiments were performed starting at 4 weeks of age, at a time when islet-infiltrating T-cells are first apparent. 
-Daily insulin therapy preceding adoptive transfer of diabetes in the NOD/scid also resulted in a significant delay but did not reduce the final incidence of diabetes (34).

-The mechanism is currently unknown.
---One hypothesis is that the therapy induces anergy of potentially autoreactive T-cells and results in tolerance to the specific autoantigen. Although this is certainly possible, the hypothesis does not explain how a single autoantigen such as GAD influences the other autoimmune T-cells directed at autoantigens such as insulin. 
---An alternate hypothesis is that the therapy induces regulatory T-cells, which then localize in the islets and downregulate the autoimmune response to all antigens. 
-Zekzer et al. (35) isolated a CD4+, T-cell clone from NOD mice that prevents the development of diabetes upon transfer into prediabetic mice (Fig. 2). 
---This clone secretes transforming growth factor B (TGFB) and was found to react with insulin peptide B:9-23. It is likely that recognition of peptide B:9-23 targets T-cells to islets, and the lymphokines produced determine whether a given T-cell clone is pathogenic or protective.

(II).ORAL THERAPY— 
-1.Oral feeding of autoantigens, although not a typical "vaccine" as the intervention must be continued for long periods, results in immunomodulation and decreased disease in different models of autoimmunity (36–39). 
-(1).Five-week-old female NOD mice were fed porcine insulin (1 mg) twice a week for 5 weeks and then once a week for up to a year (37). 
---This treatment both delayed the onset and reduced the incidence of diabetes. 
---Spleen cells from treated animals also reduced disease when transferred with diabetic NOD spleen cells, suggesting the presence of regulatory cells in the insulin-fed animals. ---Oral GAD (500 痢 twice weekly) was fed to NOD mice in a similar protocol and resulted in delayed diabetes onset (28). 
---(2).Spleen cells from these GAD-treated mice, however, were unable to prevent diabetes in the adult transfer model.
-An additional elegant model where oral insulin appears to protect from diabetes is a transgenic mouse where the nucleoprotein of the lymphocytic choriomeningitis virus is under control of the rat insulin promoter (40).
---Normally diabetes develops in >95% of animals after lymphocytic choriomeningitis viral infection in a CD8+ cytotoxic dependent manner. 
---Twice-weekly oral treatment with 1 mg of insulin for 2 months resulted in protection of >50% of the animals. Islets of the protected mice still had insulitis, but a majority of the lymphocytes produced interleukin (IL)-4, IL-10, and TGF-beta rather than predominantly alpha? -interferon, as seen in the diabetic transgenic mice. This finding supports a hypothesis that protection from regulatory T-cells is induced following oral insulin.

-Several studies suggest that the dose of the oral antigen is critical in the mechanism of the response. This was first demonstrated in the EAE model, where low doses of oral myelin basic protein resulted in transferable suppression associated with an increased secretion of TGF-beta and IL-4, whereas high doses led to anergy and an inability to transfer protection (41).
-Similar studies with oral insulin in the NOD mouse confirmed the importance of antigen dose: animals receiving 1 mg were protected, whereas those receiving the higher dose of 5 mg had an acceleration of disease (37). Similar studies have documented the presence of T-cells with a TH2-like pattern of cytokines (IL-4, IL-10, TGF-beta) in peri-islet infiltrates of NOD mice fed insulin (42).

-Most reports of oral tolerance suggest a need for antigen administration for an extended time period. 
---The exception has been a report of orally administered insulin linked to the cholera toxin B subunit, which protected NOD mice from diabetes after a single dose (43). 
Such approaches may hold potential for development of an oral diabetes vaccine. Initial human trials of orally administered antigen in patients with multiple sclerosis and rheumatoid arthritis suggested a possible benefit (44,45).
---Unfortunately, a double-blind, placebo-controlled, phase III multicenter trial of oral myelin in 515 relapsing-remitting multiple sclerosis patients failed to show a benefit. -Phase II clinical trials using type II collagen in rheumatoid arthritis and S-antigen in uveitis are in progress. 
-Individuals identified at moderate risk for type 1 diabetes are now being randomized for oral insulin or placebo as part of the Diabetes Prevention Trial (DPT-1).

(III).INTRAVENOUS SOLUBLE AUTOANTIGEN— 
-Intravenous injection of soluble insulin was initially shown to prevent subsequent immune responses to insulin in mouse strains not susceptible to type 1 diabetes (46,47). 
-Bovine and ovine insulin, when injected into NOD mice at 4 weeks of age, were effective at reducing but not preventing insulitis and diabetes (48). This study also demonstrated reduced insulin autoantibodies in the insulin-treated mice. 
-Intravenous injection of soluble GAD into 3-week-old female NOD mice also reduced insulitis and diabetes development and decreased T-cell proliferation responses to GAD (49).
---The mechanism of protection of parenteral soluble antigen remains unclear.
--- One hypothesis is that intravenous or subcutaneous insulin influences autoimmunity by decreasing beta-cell synthesis and secretion of autoantigens (beta-cell rest). 
---This hypothesis was first proposed in the BB rat model, where hypoglycemic insulin doses produced a protective effect (50). 
---Diazoxide, with inhibition of endogenous insulin and resulting hyperglycemia, also offered protection (51). In subsequent NOD studies, however, insulin peptides or forms of metabolically inactive insulin provided a degree of protection similar to that of intact insulin (27,52). 
---These results suggest that immunomodulation, rather than beta -cell rest, is an equal if not dominant mechanism of protection in the NOD.

(IV).NASAL AND INHALED AUTOANTIGENS— 
-The immunodominant insulin B:9-23 peptide can also be given to NOD mice by an intranasal route. This method of administration, when given monthly starting at 4 weeks of age, significantly delays the onset of diabetes and reduces the incidence of diabetes, although not as effectively as the single dose of subcutaneous peptide in incomplete Freund's adjuvant (27). 
-The mechanism of nasal protection has not been as extensively studied as oral tolerance, although a similar process is postulated. Insulin B:9-23 reactive, CD4+ T-cells with a Th2 phenotype can be isolated from the draining lymph nodes of B:9-23 nasally treated animals. 
---Surprisingly, these Th2 cells accelerate the development of diabetes in young NOD mice (53), suggesting that the Th1 (pathogenic) versus Th2 (protective) paradigm may be an oversimplification.

-Aerosolized insulin also appears to reduce the incidence of diabetes in NOD mice treated for 10 consecutive days and then weekly starting from 4 weeks of age. The treated mice had increased insulin autoantibodies, decreased splenocyte proliferation to B:9-23 peptide and GAD, and increased IL-4 and IL-10 secretion. 
-A similar reduction was also seen in animals who started treatment at 7 weeks of age, suggesting that initiation of therapy after the onset of autoimmunity can be effective. 
-A small population of CD8 T-cells appeared best able to suppress the adoptive transfer of diabetes in this system.

WHOLE T-CELL VACCINATION—
-Numerous experimental and spontaneous autoimmune conditions are now known to be T-cell mediated. 
-In the process of studying these conditions, antigen-specific T-cell lines and clones have been isolated and found to transfer disease. When these T-cells are administered under certain conditions, however, a protective effect is observed. 
-In general, the T-cell line or clone must first be activated and then attenuated, with irradiation for example, to prevent disease. This approach has successfully prevented disease in several different murine experimental autoimmune models, including EAE, (55) uveoretinitis (56), thyroiditis (57), and collagen-induced arthritis (58).

-Whole T-cell vaccination has also been used to treat the spontaneous autoimmune diabetes of the NOD mouse. A vaccination with T-cells recognizing a peptide of the 65-kDa heat shock protein significantly reduced the incidence of diabetes (59).
-Others have vaccinated NOD mice with lymphocytes from spleens of diabetic mice, which delayed the onset and possibly reduced the incidence of diabetes (60). 
-A second group used an anti-TCR V 8 monoclonal antibody to isolate and activate a subset of T-cells from diabetic spleens (61). These cells were able to suppress diabetes in an adoptive transfer model and completely prevent both insulitis and diabetes in young NOD female mice.

-The mechanism of T-cell vaccination was initially postulated to be due to a specific anti-idiotype T-cell response directed at the TCR of the clone used for vaccination. ---Examples of these "anti-TCR" T-cells have been isolated from animals vaccinated with myelin basic protein specific T-cells from the EAE model (62). 
---T-cell vaccination also results in a nonspecific, delayed type hypersensitivity response directed at shared antigens on activated T-cells (63). Recently, another group reported that T-cell vaccination for EAE also induces a humoral anti–T-cell response capable of inhibiting T-cell proliferation and improving disease (64). This autoantibody response was not idiotype specific, however, as vaccination with an unrelated T-cell clone produced sera equally effective in suppressing EAE.

DNA VACCINATION—
-The approach of DNA vaccination was an accidental discovery during attempts to insert DNA into muscle cells. 
-The proposed mechanism is that the injected DNA is taken up by cells, where it is transcribed into mRNA and expressed as protein. 
---Peptides from the protein can then be presented by class I and class II major histocompatibility complex molecules, which results in both cellular and humoral immune responses (88). 
-Although most studies have investigated DNA vaccination to treat infectious disease, two reports describe the use of DNA to modulate autoimmunity. 
(1).In one case, investigators injected DNA encoding the mycobacterial heat shock protein 65 into the muscle of Lewis rats susceptible to adjuvant-induced arthritis (89). They then documented the expression of hp65 within muscle cells, increased specific humoral and cellular immune responses, and a decrease in the severity of arthritis that generally correlated with hp65 antibody titers. 
(2).A second group immunized EAE-susceptible mice with DNA encoding the TCR variable region gene V 8.2 (90). This intramuscular vaccination also resulted in both cellular and humoral immune responses to the V 8.2 TCR. 
---In addition, immunized mice were protected from subsequent EAE induction. Data suggested that this protection was not due to a deletion of V 8.2 cells but rather to a shift in cytokine profiles of the target cells from a Th1 to a Th2 phenotype. 
---Such a response would be potentially beneficial for other autoimmune conditions, such as diabetes, that also appear to be mediated by T-cells with a Th1-like cytokine profile.

POTENTIAL BENEFITS AND DANGERS OF VACCINES FOR AUTOIMMUNE DISEASE— 
-As with diabetes, most autoimmune diseases do not have excellent treatments. Insulin replacement, for instance, is an imperfect art requiring significant lifestyle changes for the individual. 
-The personal and societal costs of treating chronic conditions of type 1 DM are tremendous. As a result, the development of a vaccine to modulate the immune process, even if it meant only delaying the diagnosis of the disease several years, would be worthwhile. 
-An obvious potential danger of immunologic "vaccines" for autoimmunity is the possibility of stimulating the immune system and worsening the process or initiating autoimmunity. 
-Approaches utilizing autoantigens or DNA constructs for autoantigens would be most likely to produce this result, as pathogenic autoimmune T-cells target these same autoantigens. 
-Neonatal injection of an ovarian peptide, for example, results in autoimmune ovarian disease and autoantibodies to the peptide in female mice (91). 
-Indeed, an early model of autoimmune diabetes in rabbits was induced by the injection of insulin preparations in complete Freund's adjuvant (92). In contrast, numerous attempts to induce diabetes with defined autoantigens in different strains of mice and rats have been unsuccessful. 
---there have been no reports of progression to autoimmune diabetes in nondiabetic patients treated with intravenous or subcutaneous insulin (e.g., insulin shock therapy),
-Preliminary evidence suggests that the administration of subcutaneous and intravenous insulin delays the development of diabetes in nondiabetic anti-islet autoantibody positive relatives (94).

CURRENT "ANTIGEN"-BASED TRIALS OF DIABETES PREVENTION— 
-The largest antigen based trial for the prevention of type 1 diabetes is the DPT-1, for which >58,000 first-degree relatives of patients with type 1 diabetes have been screened for expression of cytoplasmic islet cell autoantibodies (ICAs). 
-ICA-positive relatives are "staged" with determination of insulin autoantibodies, first-phase insulin secretion upon intravenous glucose tolerance testing, and HLA typing. 
-The presence of the protective HLA haplotype DQA1*0102, DQB1*0602 is an exclusion criterion. 
-High-risk relatives with low first-phase insulin secretion are randomized to intravenous and low-dose subcutaneous insulin therapy versus close observation, whereas relatives with normal first-phase insulin secretion but expressing anti-insulin autoantibodies are randomized to receive either oral insulin or oral placebo. 
-A total of 219 relatives have been randomized to the parenteral arm and 130 to the oral arm as of March 1998. 
-The study is based in part on a small pilot trial of combination intravenous and subcutaneous insulin. 
-To date, eight of eight nontreated relatives became diabetic within 3 years, whereas two of nine insulin-treated patients remain nondiabetic, with the longest follow-up at 9 years. -Two other small pilot trials, one performed in Germany (100) and the other in Israel, suggest a similar delay in onset to diabetes in very high-risk individuals.

DESIGN OF "VACCINATION" TRIALS FOR PREVENTION OF DIABETES OR AUTOIMMUNITY— 
-The development of quantitative autoantibody assays has contributed to the collection of significant "natural" history and pilot trial data. 
-To understand the benefits and disadvantages of these different trials, one must distinguish between 
1. individuals at genetic risk (based currently on HLA genes and insulin region polymorphisms) but with no evidence of autoimmunity (antibodies to islet proteins such as insulin, GAD, or ICA512),
2. individuals with signs of autoimmunity but with normal insulin secretion,
3. individuals with impaired insulin secretion (based on first-phase insulin release), or 
4. those with a new diagnosis of diabetes who still produce small amounts of insulin as measured by C-peptide.
-These individuals represent a spectrum of autoimmunity 
1. where those with only the high-risk genes have 100% of their original beta-cell mass, 
2. whereas individuals at diabetes diagnosis generally have <10% of functioning beta-cells. 
3. Other individuals, those who carry the protective HLA genes DQA1*0102 and DQB1*0602, may develop evidence of autoimmunity (such as a single autoantibody) but rarely progress to diabetes.

-A trial to prevent the appearance of autoantibodies, for example, would have to focus on a very high-risk group. 
-The Diabetes Autoimmunity Study in the Young (DAISY) from Denver suggests that
1. 40% of first-degree relatives of patients with type 1 diabetes who have the highest-risk HLA genotype DR3/4 (DQB1*0302) will develop persistent expression of biochemically determined autoantibodies by 2 years of age (101,102). 
2. A preliminary analysis suggests that 70% of these individuals will develop diabetes within 3 years. 
-Studies from Germany of offspring of parents with type 1 diabetes find a similar risk of conversion to autoantibody positivity (19). 
-A power calculation estimates a need for 182 individuals randomized to either therapy or placebo "immunization" to detect a 50% decrease in events. Assuming a 50% participation rate, one would need to screen 3,640 newborn first-degree relatives to identify the 364 (10%) high-risk individuals eligible for enrollment. 
-Other data suggests that a majority of the individuals positive for one antibody will eventually develop two or more antibodies prior to diagnosis. As a result, one might also consider a trial to prevent subsequent antibody development in a group positive initially for only a single antibody. Such an approach might limit the number of individuals needed for the study while still allowing an intervention early enough in the autoimmune process to improve chances for a positive result.

CONCLUSIONS— 
-Although many different therapies will prevent or delay diabetes in the NOD mouse, few will likely have the same impact on humans. 
-Small pilot trials suggest that human autoimmune diseases may be less likely to respond to interventions than animal models.
-Unfortunately, most of the human trials tested interventions at a very late stage of the autoimmune process, such as at diagnosis of new-onset diabetes. It seems reasonable that a therapy unsuccessful at this stage could have a very different result if initiated before the appearance of autoantibodies. 
-Although insulin peptide B:9-23 decreases the development of diabetes in NOD mice even late in the disease process (12- and 16-week NOD mice; P. Gottlieb, personal communication), the treatment is most effective if administered before detectable autoimmunity (4 weeks of age). 
-Although this suggests that it may be possible to test immunologic therapies late in the disease process, similar to the design of the current DPT-1 trial, administration of a "vaccine" before the appearance of autoantibodies may be more likely to produce positive results. As a result, one must be careful not to eliminate potentially useful treatments based only on the results of late-stage autoimmunity trials. Hopefully, early-stage intervention trials will be conducted in the near future.

-Many of the major decisions concerning trials of immunologic "vaccination" to prevent diabetes have already been addressed in current preventive trials and studies of the natural history of type 1 diabetes. We are rapidly approaching the point where it would be possible to design and implement a trial to treat individuals "before" the development of autoantibodies. 
-With HLA typing and family history of type 1 diabetes, one can identify individuals with a 40% risk of expressing autoantibodies. Improvements in genetic characterization and our understanding of early pathogenic events will likely increase predictability of activation of autoimmunity. Nevertheless, it is unlikely that 100% predictability will ever be achieved for any group lacking autoantibodies. As with any screening program, one must consider the risk of false positives and stigmatization. Until an effective treatment is available, genetic and antibody screening for diabetes should be performed for research purposes only.

-Critical factors in the design of future intervention trials will include the dose of antigens and adjuvants and the unknown safety of the proposed regimens. These issues will likely be addressed through the following series of seven stages: Stage 1, testing different vaccines, adjuvants, doses, and routes of immunization in animal models; Stage 2, phase I administration to normal individuals to assess of development of anti-islet autoantibodies or unexpected toxicity; Stage 3, evaluation in patients with new-onset type 1 diabetes, with the major outcome variable being loss of C-peptide secretion; Stage 4, trials in relatives of patients with type 1 diabetes who express anti-islet autoantibodies; Stage 5, trials in the highest genetic risk individuals—at present DR3/4 (DQB1*0302) relatives of patients with type 1 diabetes—who do not yet express anti-islet autoantibodies; Stage 6, trials in groups with a moderate genetic risk of type 1 diabetes; and Stage 7, true large-scale vaccination trials in the general population.

-Though a pathway to the testing of immunologic "vaccination" for prevention of type 1 diabetes is relatively clear, it is likely that the actual path to this goal will be altered as our knowledge increases. 
-Prior human trials utilizing incomplete Freund's adjuvant, and our own experience with insulin as an autoantigen in both the NOD mouse and humans, have contributed to this combination as a leading therapy for further evaluation at the Barbara Davis Center. 
-Other centers will likely choose different approaches to move toward the ultimate goals of developing an immunologic "vaccine" to prevent diabetes in susceptible individuals and halting recurrent autoimmunity after islet or pancreas transplantation.
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