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Abstract

This review examines some of the reasons why we don’t have a vaccine against autoimmune 

diseases and highlights the progress that has been made. Many autoimmune diseases, such as 

rheumatoid arthritis (RA), multiple sclerosis (MS) and type 1 diabetes (T1D), are driven by 

autoimmune T cell responses. Unlike vaccines for most infectious diseases, which elicit antibody 

responses, are intended for immuno-naive individuals and considered preventative, a vaccine for 

an autoimmune disease must be therapeutic and resolve or control the on-going autoimmune 

response and condition in the diseased host. Despite these differences, many of the same 

considerations for infectious disease vaccines must also be addressed to develop a therapeutic 

vaccine for autoimmune diseases. The disease initiator/triggers, antigens and autoantigens, nature 

of the immunopathogenic and protective/therapeutic immune response will be compared for 

infectious and autoimmune diseases as will approaches for developing vaccines including 

formulations, animal models and indicators of success. The rationale for a therapeutic vaccine for 

RA will be discussed in greater detail with a relatively limited discussion of T1D, MS and other 

autoimmune diseases.
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Introduction

The Institute of Medicine report, “Vaccines for the 21st century” [1], released over 18 years 

ago highlighted a list of the seven most favorable vaccine targets based on medical and 

economic need and benefit to society. These included cytomegalovirus (CMV), broad 

spectrum influenza, group B streptococcus, S. pneumoniae (for infants and adults) and 
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therapeutic vaccines for type 1 diabetes (T1D), multiple sclerosis (MS), and rheumatoid 

arthritis (RA). Of almost 30 candidates under examination, these vaccines would improve 

quality of life and reduce health care costs to the greatest extent. The only vaccine from the 

list to be currently available is the conjugated vaccine for S. pneumonia for infants and 

adults. Previous reviews have asked the question, “Why don’t we have a vaccine against?” 

common and problematic pathogenic bacteria and viruses [2–4] and it is appropriate to 

propose this same question for autoimmune conditions. This review will examine some of 

the reasons why we don’t have a vaccine against autoimmune diseases focusing on the three 

that were mentioned highlighting the progress that has been made.

Just as for infectious diseases, such as encephalitis or pneumonia, autoimmune diseases are 

defined by the affected organ system and symptomatology and can be caused by different 

triggers or agents. Unlike vaccines for most infectious diseases, which are intended for 

immuno-naive individuals and therefore considered preventative, a vaccine for an 

autoimmune disease must be therapeutic and resolve or control an on-going inflammatory 

immune response and condition in the diseased individual. Design of a therapeutic vaccine is 

even more difficult for autoimmune diseases because the initiating trigger, the specific auto 

antigen and immunopathogenic response driving the disease may be different and are very 

individualistic. In addition, most antimicrobial vaccines induce protective antibody whereas 

antibody and the antigen specific B cells are likely to exacerbate autoimmune diseases. Both 

the autoimmune antigen and the inflammatory immune response, including the T cells and 

cytokines, that are driving the immunopathology and disease must be addressed for each 

patient.

Despite the differences in the immunological nature of infectious and autoimmune diseases, 

many of the same parameters must be addressed to develop a therapeutic vaccine for 

autoimmune diseases (Table 1) and these parameters will be discussed herein. The issues for 

a therapeutic vaccine for RA will be discussed in greater detail with a more limited 

discussion of T1D, MS and other autoimmune diseases.

Literature Review

Understanding the disease related immune responses

A. Infectious diseases are identified by the microbial agent causing the disease as well as by 

the symptoms. Some diseases, like pneumonia, can be caused by different microbes and 

others, like rabies, by only one microbe. Vaccines have been developed against several of the 

most common causes of serious infectious disease.

Using a military analogy, dendritic cells (DCs) are critical to identify the microbe as the 

enemy and provide direction and permission to T cells to initiate a response. The nature of 

the immune response depends upon the type of immunogen and the route of presentation. 

The T cells then tell the troops what needs to be done unless regulated by a higher authority 

such as regulatory T cells (Tregs). T cell responses are especially important for protection 

against intracellular and chronic infections. T cell specialists initiate appropriate responses 

directed by the cytokine signaling provided by the DCs [5–7]. The Th17 cells provide 

antimicrobial and inflammatory epithelial and polymorphonuclear leukocyte responses and 
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the Th1 cells provide a longer term macrophage response and antigen specific IgG and 

cytolytic CD8 T cell responses while the Th2 cells reinforce humoral responses (Th2). The 

T cell responses are defined by the cytokines that they produce. Regulation and control is 

provided by Treg and Tr1 cells. B cells and plasma cells produce antibody to block 

pathogenic microbial functions and facilitate their clearance. B cells are also powerful 

specialists in presentation of the epitopes from a single antigen to reinforce antigen specific 

CD4 T cell commands.

B. Autoimmune diseases are identified by their symptoms and also characterized by the 

affected tissues or organs and the type of immune response driving the disease, antibody, 

Th17 or Th1. These diseases are distinguished from auto inflammatory diseases which are 

due to excessive innate responses. Unlike an infectious disease, an autoimmune disease is 

directed against a self-antigen and follows the loss of immunotolerance towards this or other 

antigens.

Immunotolerance is controlled by regulatory T cells (Treg and Tr1 cells). They regulate 

innate and immune responses and suppress inflammation with cytokines such as 

transforming growth factor beta (TGF-β) and Interleukin 10 (IL10) [8]. Treg cells are 

generated in the thymus and express high levels of the FoxP3 transcription factor. Tregs 

suppress by cell contact and regulatory cytokine production. Tr1 cells are Tregs generated in 

the periphery in response to high levels of IL10 and IL2 and produce high quantities of IL10 

and TGF-β. These cells are also considered to be plastic and can morph from, and into, Th17 

cells [5,7].

Responses to tissue specific antigens will result in organ-specific diseases while responses to 

more ubiquitous proteins would yield systemic or multi-organ autoimmune diseases (Table 

2). The antigen(s) and autoimmune responses that trigger and maintain the disease may not 

be the same and are most likely to be different for each individual.

Normally, the discrimination between self and non-self is provided by central and peripheral 

immunotolerance. Many self-reactive B and T lymphocytes are deleted in the bone marrow 

and thymus and others are controlled by regulatory T cells (Treg and Tr1), as facilitated by 

DCs, myeloid derived suppressor cells (MDSC) [9], macrophages and regulatory B cells 

(Breg) [10,11]. These antigen presenting cells (APCs) can promote T cell tolerance by 

antigen presentation in the absence of inflammatory cytokines or by production of the 

regulatory cytokines, IL10 and TGFβ [12].

Using another military analogy, discrimination of friend (self) from foe (non-self and 

pathogen) is lost during autoimmunity. Autoimmunity is initiated when DCs give permission 

to attack targets in error resulting in attack on self and allies. Only certain major 

histocompatibility complex (MHC) molecules can present selfantigens to elicit friendly fire 

casualties, hence risk of disease is limited to certain MHC types. The autoimmune attack on 

self requires appropriate peptide target acquisition by MHC molecules, which is genetically 

determined, and target recognition by T-cell receptors (TCRs), which is also genetically and 

both are experientially determined. Once triggered, cell disruption by the inflammatory
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Viral and other infections can disrupt tolerance by presenting an antigen that resembles 

regions of an auto antigen (molecular mimicry) [13–17] or by triggering a cytokine storm 

that dysregulates tolerance. Cytokine storms, induced by viral infections, sepsis, super-

antigens or other triggers, can be enablers of autoimmune responses by stimulating abundant 

activating cytokines that override the regulatory signals to DCs. This allows the DCs and 

perhaps other antigen presenting cells (APC) to inappropriately process and present peptides 

from self-proteins and promote autoimmune Th1 or Th17 pro-inflammatory responses [18]. 

The cytokine storm can also promote MHC II expression on epithelial cells of the thyroid or 

elsewhere and inappropriate antigen presentation to CD4 T cells, as suggested for Graves’ 

disease [19].

Autoantibody responses are often elicited to self-nuclear, cytoplasmic and extracellular 

molecules released upon tissue damage. These auto antigens include intracellular molecules 

such as DNA, ribonucleoprotein (RNP), thyroglobulin, retinol binding protein (RBP), 

myelin basic protein (MBP), proteolipid peptide (PLP), collagen, proteoglycan (PG), acetyl-

cholinesterase (ACH) and hormones, such as insulin beta chain peptide epitopes. Many 

proteins become autoantigens after post translational modification (PTM), such as 

citrullination. Conversion of arginine to citrulline is catalyzed by the enzyme peptidyl-

arginine deiminase (PADI) [20,21]. Citrullinated proteins elicit antibodies and reactive T 

cells in RA patients as well as patients with uveitis, MS and other autoimmune diseases. 

Other types of PTM involve conversion of lysine in collagen to homocitrulline and 

galactosylation of serine or threonine residues in these or other autoantigens.

Autoantibodies may cause or contribute to the disease process, help define the disease and 

are also good monitors of disease progression [22]. Goodpasture syndrome and myasthenia 

gravis are examples of autoimmune diseases driven by antibody and subsequent complement 

mediated cell disruption and inflammation. As will be described later, antibody mediated 

autoimmune diseases would be difficult to modulate with a vaccine.

Autoantibodies are not always the primary cause of immunopathology but their presence 

indicates a preponderance of B cells and plasma cells making these antibodies. The B cell is 

also a potent APC to CD4 T cells with a repertoire focused on the autoantigenic peptides 

derived from the antigen. The B cells express the autoantibody on their cell surface as an 

antigen receptor (sIG). The sIG binds and promotes internalization of the autoantigen for 

processing and presentation of its peptides on MHC II molecules to CD4 T cells and this 

will amplify the autoimmune response.

Autoimmune diseases driven by T cells include RA, MS, and T1D. Th17 and Th1 T cell 

responses promote inflammatory pathology through cytokine production and activation of 

neutrophils, macrophages, B cells and CD8 T cells. Presentation of autoantigenic peptides 

on MHC I molecules can elicit and promote localization of CD8 T cells and CD8 memory T 

cells to specific tissue sites. CD8 T cells can promote localized inflammation by producing 

inflammatory cytokines and cytotoxicity [23,24]. For Hashimoto’s thyroiditis, antibodies 

may be present to the thyroid peroxidase, but it is the cytolytic CD8 T cells recognizing 

peptides on MHC I molecules of the thyroid cells that cause the autoimmune disease [25]. In 
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some mouse models of RA, depletion of T cells alleviates disease [25] and in other models, 

T cells can transfer the disease from symptomatic to naive mice [26,27].

In addition to immune attack on the infecting microbial enemy, the fog of this immune war 

can make discrimination of host cells and proteins difficult and allow permission to initiate 

friendly fire. For RA, MS and T1D, an infection or other event can cause release of specific 

tissue antigens and promote cytokine induced dysregulatory confusion to initiate disease. 

Once initiated, attack on these regional target cells or proteins (e.g. those that reside in 

joints, neurons or beta cells) become very difficult to resolve and the confusion and the 

attacks reinforce themselves and continue.

Vaccines for immunotherapy

For many infectious diseases, the vaccine immunogen that elicits protection is readily 

identified as an inactivated microbe, component of the microbe or a live attenuated microbe. 

The latter will elicit cell mediated Th1, Th2, Th17 and Treg as well as antibody responses 

and better memory responses while other components and inactivated microbes other than 

PAMPs primarily elicit a Th2 immune response sufficient to elicit protective antibody. 

Newer protocols using adjuvants, such as for the Shingrix vaccine for zoster [28] or the 

Fluad vaccine [29] for influenza, promote cell mediated as well as antibody responses to 

protein subunit immunogens. Although not yet licensed for humans, DNA [30] and RNA 

[31] vaccines provide the opportunity to rapidly produce vaccines by genetic engineering to 

elicit T cell responses to defined immunogens. These genomic vaccines may require a 

subsequent immunization with a protein booster to elicit antibody. Immunogenic peptides, 

usually weak immunogens by themselves, can be converted into stronger immunogens by 

attachment to large carrier proteins or by use of the “helper activities” such as LEAPS 

(Ligand Epitope Antigen Presentation System), PaDRe (pan DR epitope), Ii-Key (MHC II 

binding tetrapeptide), or other technologies [32]. Adoptive transfer of antigen loaded DCs 

[33,34] or antigen specific T cells [35] that elicit antigen specific responses have been 

utilized for treatment of cancer and is also appropriate for other applications.

Current therapy for autoimmune diseases ablate a proinflammatory cytokine or T or B cell 

function and leaves the patient immunocompromised with respect to those immune 

functions. Therapies have been proposed to generically activate Treg and 

immunosuppressive cells but this would still have effects on the entire immune system and 

all specificities.

Rather than eliminate or limit helpful responses, an immunotherapeutic vaccine for an 

autoimmune disease should suppress or modify the disease driving inflammatory immune 

response and focus the response to the relevant autoantigen(s). The vaccine could stimulate 

antigen specific Treg cells or initiate a cytokine response to modulate the antigen specific 

pro-inflammatory Th1 or Th17 responses that are driving the disease.

For Th2 driven allergies, immunization with the offending antigen is the approach used for 

treatment. Repeated immunization with low doses of allergen (antigen) promotes a shift in 

the immunoglobulin response away from an allergic disease promoting IgE, to an IgG 

response, rather than promoting immunotolerance [36]. This approach usually has not been 
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effective for autoimmune diseases for which antibody and expansion of B cell numbers can 

be detrimental.

Most immunotherapies focus on the aberrant T cell and its cytokine response (Table 3). 

Antigen specific stimulation of Tregs and tolerance has been attempted by co-administration 

of antigen and an immunosuppressive treatment, such as IL4, IL10, or a DNA plasmid 

encoding these cytokines [37]. The suppressive action of intravenous immunoglobulin 

(IVIG) treatments can be utilized with a set of peptides from IgG called Tregitopes which 

stimulate Treg cells and induce tolerance when co-administered with autoantigen [38,39]. 

The antigen and the adjuvant-like treatment can be co-administered as separate components 

but co-delivery by covalently linking the molecules, encoding them within the same DNA 

plasmid or embedding them within a nanoparticle, ensures that the relevant cells are affected 

simultaneously by all of the components. Intravenous administration of apoptotic antigen-

expressing cells or particles from these cells can also promote tolerance [40]. Apoptotic cells 

expose tolerizing structures that suppress responses to covalently affixed peptide or protein 

autoantigens [41]. Similarly, IV infusion of an autoantigenic peptide coupled to 

biodegradable poly (lactic-coglycolic acid) nanoparticles can elicit tolerizing responses [42], 

as shown for the relapsing-remitting experimental autoimmune encephalomyelitis model for 

multiple sclerosis [43].

Of the different vaccine approaches that have been suggested, the LEAPS approach is 

unique in that the vaccine can be designed to deliver either a Th1 or a Th2/Treg immune 

response to an immunogenic peptide depending upon the attached immune cell binding 

ligand (ICBL). The ICBL attached to the antigenic peptide in a LEAPS vaccine acts like an 

adjuvant to activate and direct the subsequent immune response. Its uniqueness is also seen 

by the up and down regulation of different elements such as cytokines. Still to be determined 

is whether this is a direct effect of the LEAPS immunogen on T cells or indirect perhaps 

elicited by the cytokines from the activated cell (like a bystander effect). Attachment of the 

J-ICBL, a peptide from the beta-2-microglobulin component of the MHC I molecule 

(DLLKNGERIEKVE, aa 38–50) [44–47] converts a peptide containing a CD8 T cell epitope 

as small as 8 amino acids into an immunogen that elicits interferon γ (IFNγ) directed Th1 

immune responses. The J-LEAPS vaccines promote the maturation of mouse and human 

precursors into DC1s that produce IL12p70, present antigen to CD4 and CD8 T cells and are 

sufficient to elicit protection from lethal herpes simplex virus type 1 (HSV-1) infection [48] 

and therapy to influenza infection (49). Attachment of the G-ICBL, or the more stable DerG 

(DGQEEKAGVVSTGLI) ICBL, peptides from the beta chain of the MHC II molecule 

(NGQEEKAGVVSTGLI, aa 135–149, [44–46,49–54] promotes Th2 and Treg responses. 

The G and DerG ICBLs bind directly to the CD4 molecule to affect the function of CD4 T 

cells. J-LEAPS vaccines have demonstrated protection or therapy in mouse models for 

HSV-1, influenza, breast cancer, collagen- induced arthritis (CIA) mouse model for RA and 

autoimmune myocarditis (46,52,55–58), and a G-LEAPS vaccine demonstrated therapeutic 

efficacy for the PGIA/GIA mouse models of RA [32,55–60].
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Animal models

The first step in developing a therapeutic agent, including a vaccine, is to test it in an animal 

model (Table 3). Appropriate animal models for infectious diseases are often available since 

most, but not all, human pathogens infect animals causing disease signs similar to that of 

humans. The efficacy of an antimicrobial drug or vaccine can be surmised by protection 

from morbidity and mortality and reduction in microbial load following challenge in the 

animal model. Mice are often the animal model because they are relatively inexpensive, their 

immune systems are well characterized and there is a large library of immunological 

reagents to facilitate the analysis of the response. In addition, inbred and or transgenic (for 

MHC or other human immune system genes) strains are available to enhance reproducibility 

and minimize histocompatibility issues. Ultimately, however, a mouse, ferret, cotton rat, 

mini-pig, dog, cat, rabbit or even a non-human primate (NHP) are not a human. Subtle 

differences in the optimal microbial strain that can infect the mouse, the course of disease 

and the immune response in the highly inbred laboratory mouse and the comparatively very 

short life span of the mouse limit the translation of findings to humans.

Animal models are even more difficult to develop for autoimmune human diseases than for 

infections. By definition, an autoimmune human disease involves human proteins and 

human immune components and these can differ from that of animals. Although the animal 

models may express similar disease signs as for humans, the initiators, immune responses, 

disease markers, time course for initiation, rate of progression, and severity that is elicited in 

the model may differ substantially from human disease.

Autoimmune disease in animal models can occur spontaneously in genetically manipulated 

models, be induced by immunization with an autoantigenic protein or by other treatments.

The models, described for the different diseases, are mostly in specific mouse or rat strains. 

The spontaneous models may resemble human disease in that they are chronic and 

progressive with much defined genetic backgrounds but compared to other models, they are 

less predictable regarding age of initiation and severity of disease course. The inducible 

models utilize known initiators, usually autoantigens, and have a relatively reproducible time 

course for initiation and disease progression. The autoantigens are usually administered with 

a strong adjuvant, such as complete Freund’s adjuvant or endotoxin, to activate 

inflammatory responses. Some models require multiple inoculations over an extended period 

of time to induce disease and others have a rapid onset following a single incident. These 

and other factors could diminish the resemblance of the animal model to human disease.

The route of administration of auto-antigen is an important consideration in determining 

how the antigen will be presented and plays a key role in determining whether the disease is 

driven by a Th1 or Th17 immune response. This has been demonstrated for the experimental 

autoimmune encephalitis (EAE) model for MS [59], the experimental autoimmune uveitis 

(EAU) model for uveitis [60], and for RA, in the cartilage proteoglycan PGIA and PG Gl-

domain- induced arthritis (GIA) models for RA [61]. Similarly, each individual may 

experience the autoimmune trigger in a different way and experience a different 

immunopathogenic response.
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The nature of the inflammatory disease-promoting immune response in the animal model 

must be reproducible, definable and resemble as closely as possible immune responses in 

humans. Onset of human autoimmune diseases often occurs later in life whereas many 

animal models utilize sequestered, inbred, male or female and younger animals and disease 

develops more aggressively than in man and studies tend to focus on early stages and not 

late stage disease where clinical presentation often occurs.

To mimic a chronic disease in humans and allow time to elicit therapeutic immune responses 

by a vaccine, the autoimmune disease in the animal model must progress sufficiently slowly 

and the animals must survive long enough to allow monitoring of the consequences of the 

treatment.

Some rat models for RA progress so quickly that there is inadequate time to induce a 

response to a therapeutic vaccine immunotherapy. For example, the streptococcal wall 

induced arthritis (SCWIA) or collagen antibody induced arthritis models (CAIA) progress to 

aggressive disease in less than two weeks [62]. In contrast, RA disease progression for the 

collagen induced arthritis DBA mouse model (CIA) is 3–4 weeks and for the PGIA or GIA 

models in the Balb/c strain is 6–8 weeks, sufficient time for immunotherapy [32,54].

To approach a human immune response in a mouse model, immunodeficient mice can be 

reconstituted with human hematopoietic stem cells that develop into functional human 

immune systems and even human tissues [63–65]. For T cell driven diseases such as RA, 

T1D and MS, these models provide opportunity to manipulate the immune response. 

However, the engrafted immune system must be of the appropriate MHC background and 

capable of appropriate autoimmune responses.

Use of the animal model can provide insight into the efficacy and immunological response 

of a therapeutic vaccine but other considerations must be considered for translation to 

humans. Studies with NHP, although a desired step in the Food and Drug Administration 

(FDA) approval process of a therapeutic vaccine, still does not deal with the species 

differences in disease initiation, presentation, disease driving autoantigen and immune 

response.

Ultimately, each person may have to be their own experimental model for testing 

personalized immunotherapies that address their specific autoantigen and disease generating 

pro-inflammatory T cell immune response [66]. Human cell culture systems may be a way 

to help find the answer(s). Like an allergen patch test, the cytokine response of the 

individual’s buffy coat white blood cells to a panel of autoantigens could be used to indicate 

reactivity and the generated cytokines would indicate the nature of the predominant response 

for each individual patient. Such an assay was used to identify the antigen specific T cell 

response, Th1 or Th17, driving the disease in the PGIA animal model [54].

Rheumatoid arthritis

RA is a T cell driven disease and animal studies suggest that within an individual either a 

Th1 or a Th17 proinflammatory response predominates to drive the disease [61] but disease 

and pathological presentation may result from a combination of these pro-inflammatory 
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responses. The cytokine repertoire induced by these T cells promotes tissue disruptive 

inflammatory neutrophil and macrophages responses and the proliferation of synoviocytes 

(pannus formation) that degrade and compromise joint structure and function [62].

The autoantigens suggested to be associated with RA include collagen II, IX and XI, 

proteoglycan (PG or aggrecan), vimentin, filaggrin, fibrinogen, heat shock proteins (HSP), 

nuclear proteins and citrullinated and other modified versions of these and other proteins 

[67]. Many of the citrullinated proteins are present in joints that can be affected by RA. 

These antigens, other antigens or a combination of antigens could be the inducers of RA in 

humans. Prime candidates are collagen II and proteoglycan [20,57,62,66–71] which can 

induce RA-like disease in mice, are prone to citrullination and elicit potent T cell responses.

For RA disease, the characteristics of an ideal animal model include: age and gender of the 

susceptible individual; disease signs; the inflammatory T cell response driving the disease; 

expression of autoantibodies, including those against citrullinated proteins; and presence of 

rheumatoid factor (Rf). Models for RA include: collagen induced arthritis (CIA) in young 

male DBA/1j mice, cartilage proteoglycan (PG)-induced arthritis (PGIA) and PG Gl-

domain-induced arthritis (GIA) models in adult older (retired breeder) female BALB/c mice, 

antibody (anti-collagen) induced collagen arthritis (CAIA), pristane induced arthritis (PIA), 

adjuvant induced arthritis (AA), methylated BSA induced arthritis (often inoculated in a 

joint cavity), and streptococcal wall induced arthritis (SCWIA) (for references on these 

various models see review [32]).

Disease progression in the CIA model mimics human disease in terms of joint pathology, 

inflammation, bone erosion, bone remodeling, cartilage alterations and pannus formation 

(57,72–78). Disease is initiated by immunization with bovine or human collagen in complete 

Freund’s adjuvant and then repeated in incomplete Freund’s adjuvant. Initial signs of disease 

are noticeable approximately 14–35 days after the second injection and progress over time. 

This is sufficient time to initiate and test a vaccine induced immunotherapy. The disease in 

this model is driven by Th17 immune responses, as indicated by the generation of IL17 (57) 

and that disease does not occur in mice lacking the IL23 gene, a key cytokine that promotes 

the Th17 response [72–80].

The PGIA and GIA models in adult (retired breeder) female BALB/c mice are 

predominantly driven by Th1 responses producing IFNy [81–84] but the mice also generate 

Th17 and other pro-inflammatory cytokine responses. The PGIA [85,86] and GIA [81] 

models resemble human RA more than other animal models in that disease is induced in 

older females, and anti-citrullinated protein, autoantibody to anti-citrulline peptide (ACPA) 

and Rf are produced. This combination is not commonly seen in other models such as the 

CIA, PIA, or AA models in mice, rabbits or rats [32].

A J-LEAPS vaccine, CEL-2000, incorporating a peptide from human collagen (huCII254–

273) was effective in the Th17 driven CIA model of RA as therapy to block the progression 

of disease after disease initiation. Neither a mixture of the unconjugated J-ICBL and the 

huCII254–273 peptide nor the DerG version of this vaccine was effective. Mice immunized 

with CEL-2000 had greatly reduced levels of IL17 and Tumour Necrosis Factor alpha 
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(TNFα) and increased levels of IFNγ and IL10, a regulatory cytokine. TGFβ, another 

regulatory cytokine, was not assayed. The therapeutic and serum cytokine results following 

biweekly CEL-2000 treatments were comparable to those for mice treated every other day 

with the TNFα antagonist, etanercept [57]. It can be suggested that the IFNy generated by 

CEL-2000 immunization converts the antigen specific Th17 cells into Tr1 cells. 

Interestingly, Tr1 cells produce low levels of IFNγ in addition to IL10 and TGFβ [87]. The 

antigen specific Tr1 cells would then modulate the proinflammatory condition.

CEL-4000, consisting of a heteroconjugate of the derG-ICBL and the 

ATEGRVRVNSAYQDK (PG70) peptide from human proteoglycan, stopped progression of 

disease and reduced Th1 as well as Th17 related cytokine and inflammatory responses in the 

Th1 driven PGIA and GIA mouse models of RA [54]. The J-LEAPS version of this vaccine 

was not effective in this model. The importance of a vaccine’s ability to modulate the 

specific disease-driving proinflammatory immune response within an individual is 

demonstrated by the difference in efficacy of the J-ICBL (Th1 promoting) and G-ICBL 

(Th2/ Treg promoting) versions of the CEL-2000 and CEL-4000 LEAPS vaccines in the 

CIA and PGIA/GIA mouse models.

With both CEL-4000 and CEL-2000, single epitope LEAPS vaccines appear to evoke 

therapeutic immune responses against a multiple epitope driven disease in their respective 

animal models for at least 35 days ((PGIA/GIA) or more (CIA) days. Therapy was tailored 

to modulate the disease driving immune response.

As alternatives to immunization with a peptide, autologous cells that are activated and 

expanded ex vivo can be used to deliver antigen specific vaccine-like therapy. DCs generated 

with LEAPS J-influenza peptides rapidly modulated the inflammatory immune responses 

and also limited influenza A virus production and promoted survival of mice when 

administered up to 2 days after lethal infection [49]. Also observed was a reduction in 

proinflammatory cytokines and IL4 and increase in Th1 cytokines. As mentioned earlier it 

was not possible to determine which were primary and which were secondary because of 

bystander effect. Rapid modulation of Th17 inflammatory responses in RA might also be 

possible with autologous DCs activated ex vivo with CEL-2000, also a J-LEAPS vaccine. In 

addition to the LEAPS DCs, tolerogenic autologous DCs can be activated ex vivo [88–91] 

and then loaded with the relevant autoantigen prior to reinfusing into the patient. This 

approach has been examined in animal models of RA, T1D, atherosclerosis, inflammatory 

bowel disease and MS; and human phase 1 trials have been performed for RA and T1D. 

Preliminary findings indicate safety but it is premature to determine efficacy. 

Immunomodulatory antigen specific autologous T cells can be activated and expanded ex 
vivo and have been tested in animal models for RA as well as MS, SLE and T1D [92].

Multiple sclerosis

Multiple sclerosis (MS) is believed to be mediated primarily by Th17, Th1 and CD8 T cell 

anti-myelin inflammatory responses. The trigger for MS is not known but MS may follow a 

virus infection with Epstein Barr virus (EBV), influenza A virus, herpes simplex virus, 

human papilloma virus, or human herpesvirus-6 [93,94]. In addition to inducing responses to 

virus induced tissue damage, these viruses express proteins with peptides that mimic 

Rosenthal et al. Page 10

J Clin Cell Immunol. Author manuscript; available in PMC 2019 July 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



peptides from myelin that might induce autoimmune responses [93,94]. Peptides from 

proteolipid protein (PLP) or myelin oligodendrocyte glycoprotein (MOG) induce an 

autoimmune condition in the experimental autoimmune encephalitis (EAE) mouse model for 

MS and either a Th1 or Th17 signature phenotype may occur depending on how the disease 

is induced [59].

For multiple sclerosis (MS), the three most popular models are the Theiler’s murine 

encephalomyelitis (TME) virally induced chronic demyelinating; experimental autoimmune/

allergic encephalomyelitis (EAE); and the toxin-induced demyelination models [95]. Models 

that utilize adoptive transfer of MBP specific activated T cells are also useful for analyzing 

the disease process [96]. The importance of CD8 T cells to the pathophysiology is shown in 

this model. As for the animal models for RA, each MS model has its advantages and 

disadvantages. The EAE model is initiated by injection of myelin containing material with 

complete Freund’s adjuvant and pertussis toxin into SJL/J mice. Disease is initiated against a 

peptide from the proteolipid protein of myelin basic protein and induces a relapsing and 

remitting paralysis. Unlike MS in which lesions are primarily in the brain, in some cases 

EAE primarily affects spinal cord white matter. Although several viral infections have been 

implicated as providing the triggers for MS, there is no clear cause and effect relationship 

for human disease. For the MS- like disease induced by TME virus, the virus triggers 

immune responses secondary to the infection. For demyelination induced by the toxic 

actions of cuprizone or lysolecithin treatments, MS-like disease occurs due to the death of 

oligodendrocytes or dissolution of myelin, neither of which are initiated by immune 

mechanisms. The EAE model is the most favored of the three.

For MS, immune responses against myelin associated proteins, including myelin basic 

protein (MBP), myelin oligodendrocyte glycoprotein (MOG), and proteolipid protein (PLP), 

appear to drive the disease. Therapeutic vaccine preparations of these proteins and CD4 T 

and CD8 T cell antigenic peptides from these proteins have been evaluated in human trials 

with little efficacy. Continued oral exposure to a protein can elicit T cell tolerance, as it does 

for food and intestinal flora. This approach was attempted with myelin for MS and other 

antigens for T1D but with very limited success [97–99].

Type 1 diabetes

Type 1 diabetes (T1D) appears to be a CD8 T cell mediated cytolytic disease with CD4 

helper influence. The autoimmunity can be initiated by infection with coxsackie B4 virus 

with a genetic predilection towards individuals with specific MHC II genotypes [100]. The 

CD8 T cells are directed towards peptides from insulin, preproinsulin, islet- specific 

glucose-6-phosphatase catalytic subunit related protein, tyrosine phosphatase like protein, 

glutamic acid decarboxylase (GAD65) and human islet amyloid polypeptide precursor 

protein [100]. For more recent findings and other details, see the following articles [101–

103]. Autoantibodies are also generated against the insulin beta chain epitope and other 

proteins during T1D.

For type 1 diabetes (T1D), CD8 T cell mediated inflammatory destruction of the islets of 

Langerhans results in spontaneous development of diabetes in the nonobese diabetic (NOD) 

mouse model [104]. The NOD model is the most used model [105]. Various transgenic mice 
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are used for other models. For example, lymphocytic choriomeningitis virus (LCMV) 

infection of genetically modified mice that express the LCMV glycoprotein under control of 

the insulin promotor elicits CD8 T cell mediated beta cell cytolysis mimicking the coxsackie 

virus induced diabetes that occurs in humans [106,107]. Humanized NOD-scid mice grafted 

with human lymphoid cells allows evaluation of the role of human CD8 T cells in diabetes 

[108]. Although driven by CD8 cytolytic T cells, as for humans, the autoantigenic peptides 

are not necessarily the same as for humans which limits the translatability to an effective 

vaccine for human usage.

For T1D, pancreatic proteins, including insulin, proinsulin, pancreatic glutamic acid 

hydrolase and 60kD heat shock protein are possible sources of tolerogenic peptides 

[109,110]. Tolerogenic peptides from insulin and proinsulin have been identified and tested 

as therapeutic vaccines in mice and humans [111–114]. Specific peptides from insulin/

proinsulin promote FoxP3 Treg and antigen specific IL-10 producing T cells. As peptides, 

their action is MHC specific which would limit their use to only those who express that 

MHC. Although well tolerated in a Phase 1 trial, there is still the potential for induction of 

undesired autoimmune responses against the peptide. This possibility could be minimized by 

conjugating the peptide to an immunomodulating carrier, such as a derG LEAPS peptide, or 

coadministration with a regulatory cytokine.

Discussion and Conclusion

Why don’t we have a vaccine for autoimmune diseases?

Although the challenge set forth in the Institute of Medicine (IOM) report for development 

of a therapeutic vaccine for autoimmune diseases has not been met, there has been some 

substantial progress towards identifying the disease driving antigens and immune responses, 

developing appropriate models for disease induction and vaccine testing, markers for 

monitoring disease progression, the disease causing immune responses and the efficacy of 

therapy. Probably the most important realization is that each autoimmune condition is 

actually a collection of immunological diseases that are initiated and maintained by different 

autoantigen(s) and maintained by different proinflammatory immune responses. This will 

likely to require that the antigens and immune responses for a therapeutic vaccine will be 

different for different patients. To reach the same expectations as for antimicrobial vaccines, 

vaccines for autoimmune diseases will most likely have to be customized for each patient so 

that they modulate the individual’s disease driving immune response to the relevant 

autoantigen.

These vaccines will have to take into consideration the diversity of MHC backgrounds of 

humans and its importance in driving the disease. Development of effective therapies, 

whether by current means or vaccine, will need to take advantage of recent advances in 

personalized medicine that determine the disease directing immune response and antigen.

Analysis of the patient’s serum for signature cytokines and evaluation of the cytokine 

responses of their T cells ex vivo to panels of auto-antigens can allow intelligent choice of 

appropriate vaccine therapy. Vaccines, such as the LEAPS vaccines, that can direct and 
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specifically modulate the subsequent antigen specific immune response, can then provide the 

necessary personalized therapy for the human patient.
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