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(57) ABSTRACT 

This invention provides a method of treating or preventing a 
disease in an animal associated With one or more self-protein 
(s), -polypeptide(s), or -peptide(s) that is present or involved 
in a non-physiologic process in the animal comprising admin 
istering to the animal a self-vector comprising a polynucle 
otide encoding the self-protein(s), -polypeptide(s) or -peptide 
(s) associated With the disease. Administration of the self 
vector comprising a polynucleotide encoding the self-protein 
(s), -polypeptide(s) or -peptide(s) modulates an immune 
response to the self-protein(s), -polypeptide(s) or -peptide(s) 
expressed from administration of the self-vector. The inven 
tion also provides a composition comprising a polynucleotide 
encoding one or more self-protein(s), -polypeptide(s), or 
-peptide(s) that is present non-physiologically in a treated 
animal useful in treating or preventing a disease associated 
With the self-protein(s), -polypeptide(s), or -peptide(s) 
present in and/or the target of a non-physiologic process in the 
animal. 



Patent Application Publication Nov. 12, 2009 Sheet 1 0f 10 US 2009/0281170 A1 

100000 _ A 100000 

75000 _ 75000 

50000 _ 50000. 

CPM 25000 — 25000 

I I I | 

0 0 I-§‘.'._. 

0 0.005 0.01 0.015 0.02 

peptide concentration (mglml) 

FIG. 1A 



Patent Application Publication Nov. 12, 2009 Sheet 2 0f 10 US 2009/0281170 A1 

4 _ 

E 
“6: 
£ 3 — 
C 
.9 
‘a? 

C 
o 
O 

2 
‘.7. 1 A 
0 
Si 
O 

0 -N, ‘1 
'PLP 139-151 PTargeT 

Plasmid DNA 

FIG. 1B 



Patent Application Publication Nov. 12, 2009 Sheet 3 0f 10 US 2009/0281170 A1 

‘pTarget PLP 139-151 
"PLP139-151 (|_ > R) 

lL4- 

FIG. 1C 



Patent Application Publication 

incidence of diabetes (%) 

Nov. 12, 2009 Sheet 4 0f 10 

EU 

age in weeks 

FIG. 2 

40 

US 2009/0281170 A1 

+ insulin B 

-—0— insulin A 

———-i—- untreated 



Patent Application Publication Nov. 12, 2009 Sheet 5 0f 10 US 2009/0281170 A1 

Reduction of insuiin B (9-23) specific IFN- 7 and 
11.410 mRNA in DNA Vaccinated NOD Mice 

IFN—g 

U’InsB-PcDNA 
IPcDNA (reference) 

IL-lO 

0 0:2 0.4 0.5 o. 1 

mean fold reduction 

FIG. 3 



Patent Application Publication 

ngl'ml 

201 
181 

16 

14 

12. 

10 

ELISA 1:32 dilution 

5 Prelmmune 

Nov. 12, 2009 Sheet 6 0f 10 

. Postimmune 

FIG. 4 

US 2009/0281170 A1 

Animal 



Patent Application Publication Nov. 12, 2009 Sheet 7 0f 10 US 2009/0281170 A1 

OPN DNA Vaccination in SJLIJ mice 

3.5 

3 J 

25 - 

+ FAE only 
2 ‘ —I— Has Treated . 

+||Tnget Treated 
‘1'5 — +0»: Treated 

l .. 

0.5 H 

0 I l l' 

FIG. 5 



Patent Application Publication Nov. 12, 2009 Sheet 8 0f 10 US 2009/0281170 A1 

Untreated 
3-5 * +i|v|s 

"4;?" DNA Polynucleotide Therapy + lL-4 
3.0 7 - -—A—— DNA Polynucleotide Therapy + lL-4 + IMS 

% 2.5 i 
E 
Q 

g 2.0 7 
d, 
.9 
o 

3, 1.5 7 

E 
G) 
> 

‘I 1.0 

0.5 i 

FIG. 6 



Patent Application Publication Nov. 12, 2009 Sheet 9 0f 10 US 2009/0281170 A1 

A lFN-gamma 

Untreated 1M5 DNAl-IL4 DNA 4 IL‘ 4- IMS 

lL-4 

pglml 

Untreated IMS DNA +|Ll DNA + IL‘ + IMS 

lL-10 

2500 — 

2000‘ 

1500 

pglml 
1000* 

500 7 

Untreated IMS DNA +ILA 

FIG. 7 

DNA i-1L4 + IMS 



Patent Application Publication Nov. 12, 2009 Sheet 10 0f 10 US 2009/0281170 A1 

% Diabetic 50 5f: 

Preproinsulin Preproinsulin 
1&2 + |L4 1&2 + lL4 + IMS 

U ntreated IMS pVAX1 

Treatment Groups 
(at 24 wee ks of age) 

FIG. 8 



US 2009/0281170 A1 

POLYNUCLEOTIDE THERAPY 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of allowed 
U.S. patent application Ser. No. 10/302,098, ?led on Nov. 21, 
2002 Which claims the bene?t of priority from Us. Provi 
sional Patent Application No. 60/332,070, ?led Nov. 21, 
2002; the disclosures of each are herein incorporated by ref 
erence in their entirety for all purposes. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to methods and com 
positions for treating diseases in a subject associatedWith one 
or more self-protein(s), -polypeptide(s) or -peptide(s) that are 
present in the subject and involved in a non-physiological 
state. The present invention also relates to methods and com 
positions for preventing diseases in a subject associated With 
one or more self-protein(s), -polypeptide(s) or -peptide(s) 
that are present in the subject and involved in a non-physi 
ological state. The invention further relates to the identi?ca 
tion of a self-protein(s), -polypeptide(s) or -peptide(s) present 
in a non-physiological state and associated With a disease. 
The invention also relates to the administration of a poly 
nucleotide encoding a self-protein(s), -polypeptide(s) or 
-peptide(s) present in a non-physiological state and associ 
ated With a disease. The invention also relates to modulating 
an immune response to a self-protein(s), -polypeptide(s) or 
-peptide(s) present in an animal and involved in a non-physi 
ological state and associated With a disease. The invention is 
more particularly related to the methods and compositions for 
treating or preventing autoimmune diseases associated With 
one or more self-protein(s), -polypeptide(s) or -peptide(s) 
present in the animal in a non-physiological state such as in 
multiple sclerosis, rheumatoid arthritis, insulin dependent 
diabetes mellitus, autoimmune uveitis, primary biliary cir 
rhosis, myasthenia gravis, Sjogren’s syndrome, pemphigus 
vulgaris, scleroderma, pernicious anemia, systemic lupus 
erythematosus (SLE) and Grave’s disease. The invention is 
also particularly related to the methods and compositions for 
treating or preventing neurodegenerative diseases associated 
With one or more self-protein(s), -polypeptide(s) or -peptide 
(s) present in the animal in a non-physiological state such as 
AlZheimer’s disease, Parkinson’s disease, Huntington’s dis 
ease, and transmissable spongiform encephalopathy (prion 
disease With the most common form referred to as 
CreutZfeldt-Jakob disease). The invention is further particu 
larly related to other diseases associated With one or more 
self-protein(s), -polypeptide(s) or -peptide(s) present in the 
animal in a non-physiological state such as osteoarthritis, 
spinal cord injury, obesity, hypertension, peptic ulcer disease, 
depression, gout, migraine headaches, hyperlipidemia and 
coronary artery disease. The invention is further particularly 
related to disease(s) such as disseminated encephalomyelitis 
associated With one or more self-proteins(s), -polypeptides 
arising out of the administration of, for example, smallpox 
vaccine. The invention is also related to the means and meth 
ods for treating or preventing disease associated With self 
protein(s), -polypeptide(s), or -peptide(s) that are present in 
an animal that is in a non-physiological state. The invention is 
further related to the treatment of animals comprising the 
administration of a polynucleotide encoding self-protein(s), 
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-polypeptide(s), or -peptide(s) that are present non-physi 
ologically or involved in a non-physiologic process in the 
animal. 

[0004] 2. Autoimmune Disease and Modulation of the 
Immune Response 
[0005] Autoimmune disease is any disease caused by adap 
tive immunity that becomes misdirected at healthy cells and/ 
or tissues of the body. Autoimmune disease affects 3% of the 
Us. population and likely a similar percentage of the indus 
trialiZed World population (Jacobson et al., Clin Immunol 
Immunopathol 84, 223-43, 1997). Autoimmune diseases are 
characterized by T and B lymphocytes that aberrantly target 
self-proteins, -polypeptides, -peptides, and/or other self-mol 
ecules causing injury and or malfunction of an organ, tissue, 
or cell-type Within the body (for example, pancreas, brain, 
thyroid or gastrointestinal tract) to cause the clinical mani 
festations of the disease (Marrack et al., Nat Med 7, 899-905, 
2001). Autoimmune diseases include diseases that affect spe 
ci?c tissues as Well as diseases that can affect multiple tissues. 
This may, in part, for some diseases depend on Whether the 
autoimmune responses are directed to an antigen con?ned to 
a particular tissue or to an antigen that is Widely distributed in 
the body. The characteristic feature of tissue-speci?c autoim 
munity is the selective targeting of a single tissue or indi 
vidual cell type. Nevertheless, certain autoimmune diseases 
that target ubiquitous self-proteins can also affect speci?c 
tissues. For example, in polymyositis the autoimmune 
response targets the ubiquitous protein histidyl-tRNA syn 
thetase, yet the clinical manifestations primarily involved are 
autoimmune destruction of muscle. 

[0006] The immune system employs a highly complex 
mechanism designed to generate responses to protect mam 
mals against a variety of foreign pathogens While at the same 
time preventing responses against self-antigens. In addition 
to deciding Whether to respond (antigen speci?city), the 
immune system must also choose appropriate effector func 
tions to deal With each pathogen (effector speci?city). A cell 
critical in mediating and regulating these effector functions is 
the CD4+ T cell. Furthermore, it is the elaboration of speci?c 
cytokines from CD4+ T cells that appears to be the major 
mechanism by Which T cells mediate their functions. Thus, 
characterizing the types of cytokines made by CD4+ T cells as 
Well as hoW their secretion is controlled is extremely impor 
tant in understanding hoW the immune response is regulated. 
[0007] The characterization of cytokine production from 
long-term mouse CD4+ T cell clones Was ?rst published more 
than 10 years ago (Mosmann et al., J. Immunol. 136:2348 
2357, 1986). In these studies, it Was shoWn that CD4+ T cells 
produced tWo distinct patterns of cytokine production, Which 
Were designated T helper 1 (Th1) and T helper 2 (Th2). Th1 
cells Were found to predominantly produce interleukin-2 (IL 
2), interferon-y (IFN-y) and lymphotoxin (LT), While Th2 
clones predominantly produced IL-4, IL-5, IL-6, and IL-13 
(CherWinski et al., J. Exp. Med. 169:1229-1244, 1987). 
SomeWhat later, additional cytokines, IL-9 and IL-10, Were 
isolated from Th2 clones (Van Snick et al:, J. Exp: Med. 
169:363-368, 1989) (Fiorentino et al., J. Exp. Med. 170: 
2081-2095, 1989). Finally, additional cytokines, such as IL-3, 
granulocyte macrophage colony-stimulating factor (GM 
CSF), and tumor necrosis factor-0t (TNF-ot) Were found to be 
secreted by both Th1 and Th2 cells. 

[0008] Autoimmune disease encompasses a Wide spectrum 
of diseases that can affect many different organs and tissues 
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Within the body as outlined in the table above. (See eg Paul, 
W. E. (1999) Fundamental Immunology, Fourth Edition, Lip 
pincott-Raven, NeW York.) 

TABLE I 

Primary Organ(s) Targeted Disease 

thyroid Hashimoto’s Disease 
thyroid Primary myxodaema 
thyroid Thyrotoxicosis 
stomach Pemicious anemia 
stomach Atrophic gastritis 
adrenal glands 
pancreatic islets 

Addison’s disease 
Insulin dependent diabetes mellitus 

kidneys Goodpasture’s syndrome 
neuromuscular junction Myasthenia gravis 
leydig cells Male infertility 
skin Pemphigus vulgaris 
skin Pemphioid 
eyes Sympathetic ophthalmia 
eyes Phacogenic uveitis 
brain Multiple sclerosis 
red blood cells Hemolytic anemia 
platelets Idiopathic thrombocytopenic purpura 
White blood cells Idiopathic leucopenia 
biliary tree Primary biliary cirrhosis 
bowel Ulcerative colitis 
arteries Atherosclerosis 
salivary and lacrimal glands Sjogren’s syndrome 
synovial joints Rheumatoid arthritis 
muscle Polymyositis 
muscle and skin Dermatomyositis 
skin Scleroderma 
skin, joints, muscle, blood cells Mixed connective tissue disease 
clotting factors Anti-phospholipid disease 
skin Discoid lupus erythematosus 
skin, joints, kidneys, brain, Systemic lupus erythematosus (SLE) 
blood cells 

[0009] Current therapies for human autoimmune disease, 
include glucocorticoids, cytotoxic agents, and recently devel 
oped biological therapeutics. In general, the management of 
human systemic autoimmune disease is empirical and unsat 
isfactory. For the most part, broadly immunosuppressive 
drugs, such as corticosteroids, are used in a Wide variety of 
severe autoimmune and in?ammatory disorders. In addition 
to corticosteroids, other immunosuppressive agents are used 
in management of the systemic autoimmune diseases. Cyclo 
phosphamide is an alkylating agent that causes profound 
depletion of both T- and B-lymphocytes and impairment of 
cell-mediated immunity. Cyclosporine, tacrolimus, and 
mycophenolate mofetil are natural products With speci?c 
properties of T-lymphocyte suppression, and they have been 
used to treat SLE, RA and, to a limited extent, in vasculitis 
and myositis. These drugs are associated With signi?cant 
renal toxicity. Methotrexate is also used as a “second line” 
agent in RA, With the goal of reducing disease progression. It 
is also used in polymyositis and other connective-tissue dis 
eases. Other approaches that have been tried include mono 
clonal antibodies intended to block the action of cytokines or 
to deplete lymphocytes. (Fox, D. A. Am. J. Med; 99:82-88 
1995). Treatments for multiple sclerosis (MS) include inter 
feron [3 and copolymer 1, Which reduce relapse rate by 
20-30% and only have a modest impact on disease progres 
sion. MS is also treated With immunosuppressive agents 
including methylprednisolone, other steroids, methotrexate, 
cladribine and cyclophosphamide. These immunosuppres 
sive agents have minimal ef?cacy in treating MS. Current 
therapy for rheumatoid arthritis (RA) utiliZes agents that non 
speci?cally suppress or modulate immune function such as 
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methotrexate, sulfasalaZine, hydroxychloroquine, leu?ona 
mide, prednisone, as Well as the recently developed TNFO. 
antagonists etanercept and in?iximab (Moreland et al., J 
Rheumatol 28, 1431-52., 2001). Etanercept and in?iximab 
globally block TNFot, making patients more susceptible to 
death from sepsis, aggravation of chronic mycobacterial 
infections, and development of demyelinating events. 
[0010] In the case of organ-speci?c autoimmunity, a num 
ber of different therapeutic approaches have been tried. 
Soluble protein antigens have been administered systemi 
cally to inhibit the subsequent immune response to that anti 
gen. Such therapies include delivery of myelin basic protein, 
its dominant peptide, or a mixture of myelin proteins to ani 
mals With experimental autoimmune encephalomyelitis and 
humans With multiple sclerosis (Brocke et al., Nature 379, 
343-6, 1996; Critch?eld et al., Science 263, 1139-43., 1994; 
Weiner et al., Annu Rev Immunol 12, 809-37, 1994), admin 
istration of type II collagen or a mixture of collagen proteins 
to animals With collagen-induced arthritis and humans With 
rheumatoid arthritis (Gumanovskaya et al., Immunology 97, 
466-73 ., 1999); (McKoWn et al., Arthritis Rheum 42, 1204-8., 
1999); (Trentham et al., Science 261, 1727-30., 1993), deliv 
ery of insulin to animals and humans With autoimmune dia 
betes (PoZZilli and Gisella Cavallo, Diabetes Metab Res Rev 
16, 306-7., 2000), and delivery of S-antigen to animals and 
humans With autoimmune uveitis (Nussenblatt et al., Am J 
Opthalmol 123, 583-92., 1997). A problem associated With 
this approach is T-cell unresponsiveness induced by systemic 
injection of antigen. 
[0011] Another approach is the attempt to design rational 
therapeutic strategies for the systemic administration of a 
peptide antigen based on the speci?c interaction betWeen the 
T-cell receptors and peptides bound to MHC molecules. One 
study using the peptide approach in an animal model of dia 
betes, resulted in the development of antibody production to 
the peptide (Hurtenbach, U et al. J. Exp. Med. 177:1499, 
1993). Another approach is the administration of T cell recep 
tor (TCR) peptide immuniZation. See for example (Vanden 
barkAA et al., Nature 341 :541, 1989). Still another approach 
is the induction of oral tolerance by ingestion of peptide or 
protein antigens. See for example (Weiner H L, Immunol 
Today, 18:335 1997). 
[0012] Immune responses are currently altered by deliver 
ing proteins, polypeptides, or peptides, alone or in combina 
tion With adjuvants (immunostimulatory agents). For 
example, the hepatitis B virus vaccine contains recombinant 
hepatitis B virus surface antigen, a non-self antigen, formu 
lated in aluminum hydroxide, Which serves as an adjuvant. 
This vaccine induces an immune response against hepatitis B 
virus surface antigen to protect against infection. An altema 
tive approach involves delivery of an attenuated, replication 
de?cient, and/or non-pathogenic form of, a virus or bacte 
rium, each non-self antigens, to elicit a host protective 
immune response against the pathogen. For example, the oral 
polio vaccine is composed of a live attenuated virus, a non 
self antigen, Which infects cells and replicates in the vacci 
nated individual to induce effective immunity against polio 
virus, a foreign or non-self antigen, Without causing clinical 
disease. Alternatively, the inactivated polio vaccine contains 
an inactivated or killed virus that is incapable of infecting or 
replicating and is administered subcutaneously to induce pro 
tective immunity against polio virus. 
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[0013] 
[0014] Neurodegenerative diseases are a broad category of 
diseases of the central nervous system Which are all charac 
terized by a slowly progressive destruction or degeneration of 
nerve cells (Temlett, Curr Opin Neurol 9, 303-7, 1996); 
(Dickson, Curr Opin Neurol 14, 423-32, 2001); (Kaye, Neu 
rology 51, S45-52; discussion S65-7, 1998); (Prusiner, Proc 
Natl Acad Sci USA 95, 13363-83, 1998); (Cummings et al., 
Neurology 51, S2-17; discussion S65-7, 1998); (Lin et al., 
Neuron 24, 499-502, 1999); (Chesebro, Neuron 24, 503-6., 
1999); (Ross, Neuron 19, 1147-50., 1997); (Yankner, Neuron 
16, 921-32., 1996); (Selkoe, Neuron 6, 487-98., 1991). The 
degeneration of neurons in the brain or spinal cord leads to 
devastating permanent clinical symptoms including in some 
cases profound dementia, abnormal movements, tremor, gait 
ataxia, or epileptiform activity. Common to nearly all of the 
neurodegenerative diseases is the progressive dementia 
Which can manifest itself as a complete inability to care for 
oneself and a total lack of recognition of friends and family. 

[0015] Another common feature of these diseases is the 
lack of an effective therapy for any of them. Most of the 
treatments available today focus on supportive care of the late 
symptoms and none are directed at the underlying patho 
physiologic causes of these diseases. For example, for Par 
kinson’s disease medications are directed at and are usually 
effective in temporarily controlling the tremor associated 
With the disease, but no medications are effective in halting 
the progressive dementia and destruction of neurons Within 
the substantia nigra of the brain (Jankovic, Neurology 55, 
S2-6, 2000). As another example, inAlzheimer’s disease until 
recently no treatments Were available for the progressive 
dementia that characterizes this disease. Several cholinest 
erase inhibitors have noW been approved for use in Alzhe 
imer’s disease (FarloW and Evans, Neurology 51, S36-44; 
discussion S65-7, 1998) (Hake, Cleve Clin J Med 68, 608-9, 
613-4, 616, 2001). These drugs presumably increase the 
amount of the neurotransmitter acetylcholine available in the 
brain, leading to improved function of those particular neu 
rons that use acetylcholine as a transmitter. All of these drugs, 
as a Whole, shoW only miniscule e?icacy in clinical trials With 
the primary endpoint being improvement in cognitive testing. 
These drugs are also not directed at the primary pathophysi 
ology of Alzheimer’s disease, namely the destruction of the 
cholinergic neurons Within the brain. Therefore, no current 
therapy aimed at the primary pathologic cause exists for any 
of the neurodegenerative diseases. 
[0016] The majority of neurodegenerative disease also 
have in common the ?nding of aggregated or accumulated 
substances Within the areas of the central nervous system that 
are most affected by the degenerative process. These abnor 
mal accumulations, that can be found either extra- or intra 
cellularly, may contribute to the death and destruction of the 
relevant neurons. Furthermore, the features and composition 
of the accumulations are speci?c for a particular disease. For 
example, the aggregates in Alzheimer’s disease consist of a 
protein called amyloid beta (AB), Whereas for Parkinson’s 
disease they are composed of a protein called alpha-synuclein 
(Dickson, Curr Opin Neurol 14:423-432, 2001); (Cummings 
et al., Neurology 51, S2-17; discussion S65-7, 1998). The 
neurodegenerative diseases characterized by the develop 
ment and accumulation of such aggregates include Alzhe 
imer’s disease, Parkinson’s disease, Huntington’s disease, 
and prion disease (Yankner, Neuron 16:921-32, 1996); (Ross, 
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Neuron 19:1147-50, 1997) (Chesebro, Neuron 24:503-506, 
1999); (Dickson, Curr Opin Neurol 14:423-32, 2001). 
[0017] 4. Polynucleotide Therapy 
[0018] Gene Therapy. Polynucleotide therapeutics, includ 
ing naked DNA encoding peptides and/ or polypeptides, DNA 
formulated in precipitation- and transfection-facilitating 
agents, and viral vectors have been used for “gene therapy.” 
Gene therapy is the delivery of a polynucleotide to provide 
expression of a protein or peptide, to replace a defective or 
absent protein or peptide in the host and/or to augment a 
desired physiologic function. Gene therapy includes methods 
that result in the integration of DNA into the genome of an 
individual for therapeutic purposes. Examples of gene 
therapy include the delivery of DNA encoding clotting factors 
for hemophilia, adenosine deaminase for severe combined 
immunode?ciency, loW-density lipoprotein receptor for 
familial hypercholesterolemia, glucocerebrosidase for Gau 
cher’s disease, al-antitrypsin for al-antitrypsin de?ciency, 
ot- or [3-globin genes for hemoglobinopathies, and chloride 
channels for cystic ?brosis (Verma and Somia, Nature 389, 
239-42, 1997). 
[0019] DNA immunization to treat infection. In DNA 
immunization a non-replicating transcription unit can pro 
vide the template for the synthesis of proteins or protein 
segments that induce or provide speci?c immune responses in 
the host. Injection of naked DNA promotes vaccination 
against a variety of microbes and tumors (Robinson and 
Torres, Semin Immunol 9, 271-83., 1997). DNA vaccines 
encoding speci?c proteins, present in viruses (hepatitis B 
virus, human immunode?ciency virus, rotavirus, and in?u 
enza virus), bacteria (mycobaclerium tuberculosis), and para 
sites (Malaria), all non-self antigens, are being developed to 
prevent and treat these infections (Le et al., Vaccine 18, 1893 
901., 2000); (Robinson and Pertmer, Adv Virus Res 55, 1-74, 
2000). 
[0020] DNA to treat neoplasia. DNA vaccines encoding 
major histocompatibility antigen class 1, cytokines (IL-2, 
IL-12 and IFN-y), and tumor antigens are being developed to 
treat neoplasia (Wlazlo and Ertl, Arch Immunol Ther Exp 
49: 1-1 1, 2001). For example, viral DNA encoding the B cell 
immunoglobulin idiotype (antigen binding region) has been 
administered to eliminate and protect against B cell-lympho 
mas (Timmerrnan et al., Blood 97:1370-1377, 2001). 
[0021] DNA immunization to treat autoimmune disease. 
Others have described DNA therapies encoding immune mol 
ecules to treat autoimmune diseases. Such DNA therapies 
include DNA encoding the antigen-binding regions of the T 
cell receptor to alter levels of autoreactive T cells driving the 
autoimmune response (Waisman et al., Nat Med 2:899-905, 
1996) (US. Pat. No. 5,939,400). DNA encoding autoantigens 
Were attached to particles and delivered by gene gun to the 
skin to prevent multiple sclerosis and collagen induced arthri 
tis. (Patent WO 97/46253; RamshaW et al. Immunol. and Cell 
Bio. 75:409-413, 1997). DNA encoding adhesion molecules, 
cytokines (TNFot), chemokines (C4C chemokines), and 
other immune molecules (Fas-ligand) have been used in ani 
mal models of autoimmune disease (Youssef et al., J Clin 
Invest 106:361-371, 2000); (Wildbaum et al., J Clin Invest 
106:671-679, 2000); (Wildbaum et al, J Immunol 165:5860 
5866, 2000); (Wildbaum et al., J Immunol 161:6368-7634, 
1998); (Youssefet al., J Autoimmun 13:21-9, 1999). 
[0022] It is an object of the present invention to provide a 
method of treating or preventing a disease associated With 
self-protein(s), -polypeptide(s), or -peptide(s) that are present 
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and involved in a non-physiological process in an animal. 
Another object of this invention is to provide a speci?c 
method for treating or preventing autoimmune diseases that 
does not impair the immune system generally. Still another 
object of the present invention is to provide a speci?c method 
for treating or preventing neurodegenerative diseases. Yet 
another object of the present invention is to provide a com 
position for treating or preventing a disease associated With 
self-protein(s), -polypeptide(s), or -peptide(s) that is present 
non-physiologically in an animal. Still another object of this 
invention is to identify self-protein(s), -polypeptide(s), or 
-peptide(s) that are present non-physiologically and associ 
ated With a disease. These and other objects of this invention 
Will be apparent from the speci?cation as a Whole. 

BRIEF SUMMARY OF THE INVENTION 

[0023] Objects of the present invention are accomplished 
by a novel method of treating or preventing a disease in an 
animal associated With one or more self-protein(s), -polypep 
tide(s), or -peptide(s) that is present in the animal nonphysi 
ologically, comprising administering to the animal a self 
vector comprising a polynucleotide encoding the self-protein 
(s), -polypeptide(s) or -peptide(s) associated With the disease. 
Administration of the self-vector comprising a polynucle 
otide encoding the self-protein(s), -polypeptide(s) or -peptide 
(s) modulates an immune response to the self-protein(s), 
-polypeptide(s) or -peptide(s) that is expressed by the self 
vector. A composition comprising a polynucleotide encoding 
one or more self-protein(s), -polypeptide(s), or -peptide(s) 
that is present non-physiologically in a treated animal is use 
ful in treating a disease associated With the self-protein(s), 
-polypeptide(s), or -peptide(s) present in and/or the target of 
a non-physiologic process in the animal. It Was the discovery 
of this invention that administration of a polynucleotide 
encoding a self-protein(s), -polypeptide(s), or -peptide(s) that 
is present non-physiologically or targeted by a non-physi 
ologic process modulates an immune response to the self 
protein(s), -polypeptide(s), or -peptide(s) to treat the disease 
associated With the self-protein(s), -polypeptide(s), or pep 
tide(s) involved non-physiologically in the animal. 
[0024] In one aspect of the invention there is provided a 
method for treating or preventing autoimmune diseases such 
as multiple sclerosis, rheumatoid arthritis, insulin dependent 
diabetes mellitus, autoimmune uveitis, primary biliary cir 
rhosis, myasthenia gravis, Sjogren’s syndrome, pemphigus 
vulgaris, scleroderma, pernicious anemia, systemic lupus 
erythematosus (SLE) and Grave’s disease comprising admin 
istering to the animal a self-vector comprising a polynucle 
otide encoding a self-protein(s), -polypeptide(s) or -peptide 
(s) associated With the autoimmune disease. Administration 
of the self-vector comprising a polynucleotide encoding the 
self-protein(s), -polypeptide(s), or -peptide(s) modulates an 
immune response to the self-protein(s), -polypeptide(s) or 
-peptide(s) expressed by the self-vector. In one aspect of the 
invention the route of administration of self-vector compris 
ing a polynucleotide encoding a self-protein(s), -polypeptide 
(s) or -peptide(s) for prevention of an autoimmune disease is 
other than particle mediated gene gun delivery to the skin. 
[0025] In one aspect of the invention there is provided a 
method for treating neurodegenerative diseases such as 
AlZheimer’s disease, Parkinson’s disease, Huntington’s dis 
ease, and transmissable spongiform encephalopathy (prion 
disease With the most common form referred to as 

CreutZfeldt-Jakob disease) comprising administering to the 

Nov. 12, 2009 

animal a self-vector comprising a polynucleotide encoding a 
self-protein(s), -polypeptide(s) or -peptide(s) associated With 
the neurodegenerative disease. Administration of the self 
vector comprising a polynucleotide encoding the self-protein 
(s), -polypeptide(s) or -peptide(s) modulates an immune 
response to the self-protein(s), -polypeptide(s) or -peptide(s) 
expressed by the self-vector. 
[0026] This invention also provides the means and methods 
for identi?cation of self-protein(s), -polypeptide(s) or -pep 
tide(s) associated With a disease and for modulating an 
immune response to the self-protein(s), -polypeptide(s) or 
-peptide(s). 
[0027] The invention also provides the means and methods 
for diagnosing and monitoring disease associated With self 
protein(s), -polypeptide(s), or -peptide(s) that are present 
non-physiologically in an animal. 
[0028] The invention also provides the means and methods 
for monitoring therapy comprising the administration of a 
polynucleotide encoding self-protein(s), -polypeptide(s), or 
-peptide(s) that are present non-physiologically in the animal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1A. DNA encoding a peptide from the self 
protein proteolipid protein (PLP) reduces T cell proliferative 
responses. Lymph node cell (LNC) proliferative responses to 
PLP139-151 Were reduced in DNA vaccinated mice. After 
recovery from the acute phase of disease animals injected 
either With DNA coding for PLP 139-151 (A) or control 
vector, pTarget (B) Were sacri?ed and, draining LNC Were 
isolated. Cells Were tested in vitro by stimulation With differ 
ent concentrations of the peptide PLP139-151 (squares) or 
the control peptide PLP178-191 (triangles). Proliferative 
responses from pooled LNC of groups of ?ve animals are 
shoWn as mean CPMISD of triplicate Wells. CPM of Con 
canavalinA (0.001 mg/ml) stimulated LNC Were 102401 for 
group A and 76702 for group B. 
[0030] FIG. 1B. Cytokine levels are reduced in LNC from 
DNA immuniZed animals based on ELISA analysis. After the 
acute phase of EAE, LNC from groups of ?ve animals vac 
cinated With either plasmid DNA coding for the PLP 139-151 
or vector alone (pTarget), Were stimulated in vitro With the 
immunizing peptide PLP139-151. Levels of y-interferon 
(striped bars) or IL-2 (dotted bars) Were tested by ELISA in 
supematants and compared to knoWn standard controls. 
Results are expressed in ng/ml. 
[0031] FIG. 1C. Cytokine levels are reduced in LNC from 
DNA immuniZed animals based on RNase ProtectionAssays. 
For cytokine mRNA detection, RNA samples from brains of 
experimental animals Were tested using the Multi-Probe 
RNase Protection Assay and reactions Were analyZed by 5% 
polyacrylamide gel electrophoresis. The gel Was dried at the 
end of the run and exposed to x-ray ?lm. 
[0032] FIG. 2. DNA encoding a peptide of the self-protein 
insulin prevents development of diabetes in NOD mice. 
Groups of 4 Week-old pre-diabetic NOD mice Were treated 
With a DNA self-vector encoding the immunodominant pep 
tide of the insulin B chain (residues 9-23) (insulin B), an 
insulinA chain peptide (insulin A), vector alone (pcDNA), or 
no treatment. 

[0033] FIG. 3. Quantitative PCR measurement of cytokine 
expression in LNC from NOD mice. Quantitative PCR mea 
surement of cytokine expression by pancreatic LNC from 
vaccinated NOD mice cultured With 10 ug/ml insulin B (9-23) 
peptide. Pancreatic LNC from NOD mice vaccinated tWice at 
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a ten-day interval With either pcDNA or InsB-pcDNA Were 
harvested 5 days after the second injection. Cells Were cul 
tured in the presence of insulin B (9-23) peptide for 72 hours, 
then pelleted for quantitative PCR analysis of cytokine 
mRNA levels. pcDNA control vaccinated levels (solid bars) 
Were used as a standard against Which the insB-pcDNA vac 
cinated values (hatched bars) Were compared. 
[0034] FIG. 4. DNA encoding amyloid beta induces pro 
tective anti-amyloid beta antibody titers. Mice Were immu 
niZed With DNA encoding amyloid beta (AB) amino acids 
I-42, and boosted 2 Weeks later. Pre-treatment and four 
Weeks after the second immunization, serum Were obtained 
and ELISA analysis performed to determine anti-amyloid 
beta titers. The left bar for each animal represents pre-treat 
ment titers, and the right bar represents post-treatment titers. 
Bl-B4 Were animals treated With phosphate buffered saline 
(containing 0.9 mM Ca++) With immunostimulatory CpG 
sequences. Animals B5, A1 and A2 Were treated With DNA 
encoding amyloid beta in tris EDTA (containing no Ca++) 
With immunostimulatory CpG sequences. A3-A5 Were 
treated With self vector only DNA (pTARGET) in tris EDTA 
(containing no Ca++) With immunostimulatory CpG 
sequences. 
[0035] FIG. 5. Treatment With DNA encoding the self 
protein osteopontin reduces the incidence and severity of 
EAE. C57B6 mice Were treated With DNA encoding 
osteopontin prior to induction of EAE With MOGp35-55 in 
complete Freund’s adjuvant. Clinical scores for EAE are indi 
cated on the vertical axis. 

[0036] FIG. 6. Polynucleotide therapy With Inhibitory IMS 
suppresses PLPl39_151 mediated EAE. On day 0, seven-Week 
old female SJL/J mice Were immunized subcutaneously With 
100 pg PLPl39_151 in PBS emulsi?ed in CFA, consisting of 
IPA and 0.5 mg heat-inactivated Mycobaclerium tuberculo 
sis. Animals Were clinically scored daily beginning on day 7. 
On day 12, mice Were injected in both quadriceps With a total 
of 0 ml 0.25% Bupivacaine-HCL in PBS. TWo days later, 
selected mice Were injected intramuscularly in both quadri 
ceps With DNA polynucleotide encoding full-length murine 
PLP, MAG, MOG, and MBP each on a separate pTARGET 
plasmid (25 pg of each) plus 50 pg pTARGET plasmid encod 
ing full-length murine IL-4 in a total volume of 0.2 ml TE. 
DNA injections Were given at Weekly intervals for six Weeks. 
At the same time as initial DNA treatment, 50 pg IMS in a 
volume of 200 pl PBS Was administered intraperitoneally 
alone or With DNA polynucleotide treatment. IMS Was given 
every other Week for six Weeks. 

[0037] FIG. 7. Cytokine pro?le EAE treated groups. Fifty 
seven days after EAE disease induction, mice Were sacri?ced 
and inguinal and axillary lymph nodes from each mouse Were 
extracted and pooled according to the respective groups. Cells 
Were isolated and stimulated With 10 ug/ml in PLPl39_151 in 
enriched RPMI media and 10% FCS. Three days later, cells 
Were restimulated With human-rIL2 for three more days. 
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Supematants Were collected and tested for cytokine pro?le by 
sandWich ELISA using standard murine (A) IFN-gamma, (B) 
IL-4 and (C) IL-l0 ELISA kits from BD Pharmingen. 
[0038] FIG. 8. DNA Polynucleotide Therapy and IMS 
treats diabetes in NOD mice. NOD/Lt female mice Were 
obtained at 7 Weeks of age and housed in a restricted access 
room. Mice Were tested Weekly for elevated blood glucose 
levels (BGL) beginning at 10 Weeks of age using the One 
Touch Ultra Blood Glucose Monitoring System. Treatment 
Was initiated When the BGL Was betWeen 200 to 250 mg/dl. 
Mice Were added sequentially to each group as they became 
available, beginning at the age of 15 Weeks. Mice Were 
injected in both quadriceps With a total of 0.2 ml 0.25% 
Bupivacaine-HCL in PBS. TWo days later, mice Were injected 
intramuscularly in both quadriceps either With: 1) DNA poly 
nucleotide encoding full-length murine preproinsulin-l and 
preproinsulin-2 each on a separate pVAXl vector at 50 
ug/dose; or, 2) DNA polynucleotide encoding full-length 
murine preproinsulin-l and preproinsulin-2 each on a sepa 
rate pVAXl vector at 50 [Lg/dose plus a pVAXl plasmid 
encoding IL4 in a total volume of 0.2 ml PBS. Injections Were 
given at Weekly intervals for four Weeks. At the same time as 
initial DNA treatment, 50 pg IMS in a volume of 200 pl PBS 
Was administered intraperitoneally alone or With DNA poly 
nucleotide treatment. IMS Was given at Weekly intervals for 
four Weeks. Percent diabetic is de?ned as mice With a sus 
tained BGL of over 250 mg/dl. 

DETAILED DESCRIPTION OF THE INVENTION 

[0039] In order that the invention described herein may be 
more fully understood, the folloWing description is set forth. 
[0040] The present invention provides a method of treating 
or preventing a disease in an animal associated With one or 

more self-protein(s), -polypeptide(s) or -peptide(s) present in 
the animal non-physiologically or involved in a non-physi 
ologic state comprising administering to the animal a self 
vector comprising a polynucleotide encoding the self-protein 
(s), -polypeptide(s) or -peptide(s) associated With the disease. 
Administration of the self-vector comprising a polynucle 
otide encoding the self-protein(s), -polypeptide(s) or -peptide 
(s) modulates an immune response to the self-protein(s), 
-polypeptide(s) or -peptide(s) expressed from the self-vector. 
[0041] The method of treatment or prevention of this inven 
tion can be used for any disease associated With a self-protein 
(s), -polypeptide(s) or -peptide(s) that is present non-physi 
ologically and/ or involved in a non-physiologic process 
Within the animal. 

Autoimmune Diseases 

[0042] Several examples of autoimmune diseases associ 
ated With self-protein(s), -polypeptide(s) or -peptide(s) 
present in the animal non-physiologically is set forth in the 
table beloW and is described beloW. 

TABLE 2 

Autoimmune Disease 
Self-Protein(s) Associated With An 

Tissue Targeted Autoimmune Disease 

Multiple sclerosis central nervous system myelin basic protein, proteolipid protein, 
myelin associated glycoprotein, cyclic 
nucleotide phosphodiesterase, myelin 
associated glycoprotein, myelin-associated 
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TABLE 2-continued 

Autoimmune Disease Tissue Targeted 
Self-Protein(s) Associated With An 
Autoimmune Disease 

Guillian Barre Syndrome 
Insulin Dependent 
Diabetes Mellitus 

Rheumatoid Arthritis 

Autoimmune Uveitis 

Primary Biliary Cirrhosis 

Autoimmune Hepatitis 
Pemphigus vulgaris 
Myasthenia Gravis 
Autoimmune gastritis 
Pernicious Anemia 
Polymyositis 

Autoimmune Thyroiditis 
Graves ’s Disease 
Psoriasis 
Vitiligo 
Systemic Lupus Eryth. 

Celiac Disease 

peripheral nerv. sys. 
[5 cells in islets of 
pancreas 

synovial joints 

eye, uvea 

biliary tree ofliver 

Liver 
Skin 
nerve-muscle junct. 
stomach/parietal cells 
Stomach 
Muscle 

Thyroid 
Thyroid 
Skin 
Skin 
Systemic 

Small bowel 

oligodendrocytic basic protein, myelin 
oligodendrocyte glycoprotein, alpha-B 
crystalin 
peripheral myelin protein I and others 
tyrosine phosphatase IA2, IA—2[5; glutamic acid 
decarboxylase (65 and 67 kDa forms), 
carboxypeptidase H, insulin, proinsulin, pre 
proinsulin, heat shock proteins, glima 38, islet 
cell antigen 69 KDa, p52, islet cell glucose 
transporter GLUT-2 
Immunoglobulin, ?brin, ?laggrin, type I, II, III, 
IV, V, IX, and XI collagens, GP-39, hnRNPs 
S-antigen, interphotoreceptor retinoid binding 
protein (IRBP), rhodopsin, recoverin 
pyruvate dehydrogenase complexes (2-oxoacid 
dehydrogenase) 
Hepatocyte antigens, cytochrome P450 
Desmoglein-1, —3, and others 
acetylcholine receptor 
H+/K* ATPase, intrinsic factor 
intrinsic factor 
histidyl tRNA synthetase, other synthetases, 
other nuclear antigens 
Thyroglobulin, thyroid peroxidase 
Thyroid-stimulating hormone receptor 
Unknown 
Tyrosinase, tyrosinase-related protein-2 
nuclear antigens: DNA, histones, 
ribonucleoproteins 
Transglutaminase 

[0043] Multiple Sclerosis Multiple sclerosis (MS) is the myelin oligodendrocyte glycoprotein (MOG); cyclic nucle 
most common demyelinating disorder of the CNS and affects 
350,000 Americans and one million people worldwide. Onset 
of symptoms typically occurs between 20 and 40 years of age 
and manifests as an acute or sub-acute attack of unilateral 

visual impairment, muscle weakness, paresthesias, ataxia, 
vertigo, urinary incontinence, dysar'thria, or mental distur 
bance (in order of decreasing frequency). Such symptoms 
result from focal lesions of demyelination which cause both 
negative conduction abnormalities due to slowed axonal con 
duction, and positive conduction abnormalities due to ectopic 
impulse generation (e. g. Lher'mitte’s symptom). Diagnosis of 
MS is based upon a history including at least two distinct 
attacks of neurologic dysfunction that are separated in time, 
produce objective clinical evidence of neurologic dysfunc 
tion, and involve separate areas of the CNS white matter. 
Laboratory studies providing additional objective evidence 
supporting the diagnosis of MS include magnetic resonance 
imaging (MRI) of CNS white matter lesions, cerebral spinal 
?uid (CSF) oligoclonal banding of IgG, and abnormal evoked 
responses. Although most patients experience a gradually 
progressive relapsing remitting disease course, the clinical 
course of MS varies greatly between individuals and can 
range from being limited to several mild attacks over a life 
time to fulminant chronic progressive disease. A quantitative 
increase in myelin-autoreactive T cells with the capacity to 
secrete IFN-gamma is associated with the pathogenesis of 
MS and EAE. 
[0044] The self-protein, -polypeptide or -peptide targets of 
the autoimmune response in autoimmune demyelinating dis 
eases, such as multiple sclerosis and experimental autoim 
mune encephalomyelitis (EAE), may comprise epitopes from 
proteolipid protein (PLP); myelin basic protein (MBP); 

otide phosphodiesterase (CNPase); myelin-associated glyco 
protein (MAG), and myelin-associated oligodendrocytic 
basic protein (MBOP); alpha-B-crystallin (a heat shock pro 
tein); viral and bacterial mimicry peptides, eg. in?uenza, 
herpes viruses, hepatitis B virus, etc.; OSP (oligodendrocyte 
speci?c-protein); citrulline-modi?ed MBP (the C8 isoforrn 
of MBP in which 6 arginines have been de-imminated to 
citrulline); etc. The integral membrane protein PLP is a domi 
nant autoanti gen of myelin. Determinants of PLP antigenicity 
have been identi?ed in several mouse strains, and include 
residues 139-151, 103-116, 215-232, 43-64 and 178-191. At 
least 26 MBP epitopes have been reported (Meinl et al., J Clin 
Invest 92, 2633-43, 1993). Notable are residues 1-11, 59-76 
and 87-99. Immunodominant MOG epitopes that have been 
identi?ed in several mouse strains include residues 1-22, 
35-55, 64-96.As used herein the term “epitope” is understood 
to mean a portion of a self-protein, -polypeptide, or -peptide 
having a particular shape or structure that is recognized by 
either B-cells or T-cells of the animal’s immune system. 
[0045] In human MS patients the following myelin proteins 
and epitopes were identi?ed as targets of the autoimmune T 
and B cell response. Antibody eluted from MS brain plaques 
recognized myelin basic protein (MBP) peptide 83-97 
(Wucherpfennig et al., J Clin Invest 100:1114-1122, 1997). 
Another study found approximately 50% of MS patients hav 
ing peripheral blood lymphocyte (PBL) T cell reactivity 
against myelin oligodendrocyte glycoprotein (MOG) (6-10% 
control), 20% reactive against MBP (8-12% control), 8% 
reactive against PLP (0% control), 0% reactive MAG (0% 
control). In this study 7 of 10 MOG reactive patients had T 
cell proliferative responses focused on one of 3 peptide 
epitopes, including MOG 1-22, MOG 34-56, MOG 64-96 
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(Kerlero de Rosbo et al., Eur J Immunol 27, 3059-69, 1997). 
T and B cell (brain lesion-eluted Ab) response focused on 
MBP 87-99 (Oksenberg et al., Nature 362, 68-70, 1993). In 
MBP 87-99, the amino acid motif HFFK (SEQ ID NO:6) is a 
dominant target of both the T and B cell response 
(Wucherpfennig et al., J Clin Invest 100, 1114-22, 1997). 
Another study observed lymphocyte reactivity against 
myelin-associated oligodendrocytic basic protein (MOBP), 
including residues MOBP 21-39 and MOBP 37-60 (HolZ et 
al., J Immunol 164, 1103-9, 2000). Using immunogold con 
jugates of MOG and MBP peptides to stain MS and control 
brains both MBP and MOG peptides Were recogniZed by MS 
plaque-bound Abs (Genain and Hauser, Methods 10, 420-34, 
1 996). 
[0046] RheumatoidArthritis Rheumatoid arthritis (RA) is a 
chronic autoimmune in?ammatory synovitis affecting 0.8% 
of the World population. It is characterized by chronic in?am 
matory synovitis that causes erosive joint destruction. RA is 
mediated by T cells, B cells and macrophages. 
[0047] Evidence that T cells play a critical role in RA 
includes the (1) predominance of CD4+ T cells in?ltrating the 
synovium, (2) clinical improvement associated With suppres 
sion of T cell function With drugs such as cyclosporine, and 
(3) the association of RA With certain HLA-DR alleles. The 
HLA-DR alleles associated With RA contain a similar 
sequence of amino acids at positions 67-74 in the third hyper 
variable region of the [3 chain that are involved in peptide 
binding and presentation to T cells. RA is mediated by autore 
active T cells that recogniZe a self-protein, or modi?ed self 
protein, present in synovial joints. Self-protein(s), -polypep 
tide(s) or -peptides of this invention also referred to as 
autoantigens are targeted in RA and comprise epitopes from 
type II collagen; hnRNP; A2/RA33; Sa; ?laggrin; keratin; 
citrulline; cartilage proteins including gp39; collagens type I, 
III, IV, V, IX, XI; HSP-65/ 60; IgM (rheumatoid factor); RNA 
polymerase; hnRNP-Bl; hnRNP-D; cardiolipin; aldolase A; 
citrulline-modi?ed ?laggrin and ?brin. Autoantibodies that 
recogniZe ?laggrin peptides containing a modi?ed arginine 
residue (de-iminated to form citrulline) have been identi?ed 
in the serum of a high proportion of RA patients. Autoreactive 
T and B cell responses are both directed against the same 
immunodominant type II collagen (CII) peptide 257-270 in 
some patients. 

[0048] Insulin Dependent Diabetes Mellitus Human type I 
or insulin-dependent diabetes mellitus (IDDM) is character 
iZed by autoimmune destruction of the [3 cells in the pancre 
atic islets of Langerhans. The depletion of [3 cells results in an 
inability to regulate levels of glucose in the blood. Overt 
diabetes occurs When the level of glucose in the blood rises 
above a speci?c level, usually about 250 mg/dl. In humans a 
long presymptomatic period precedes the onset of diabetes. 
During this period there is a gradual loss of pancreatic beta 
cell function. The development of disease is implicated by the 
presence of autoantibodies against insulin, glutamic acid 
decarboxylase, and the tyrosine phosphatase IA2 (IA2), each 
an example of a self-protein, -polypeptide or -peptide accord 
ing to this invention. 

[0049] Markers that may be evaluated during the presymp 
tomatic stage are the presence of insulitis in the pancreas, the 
level and frequency of islet cell antibodies, islet cell surface 
antibodies, aberrant expression of Class II MHC molecules 
on pancreatic beta cells, glucose concentration in the blood, 
and the plasma concentration of insulin. An increase in the 
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number of T lymphocytes in the pancreas, islet cell antibodies 
and blood glucose is indicative of the disease, as is a decrease 
in insulin concentration. 
[0050] The Non-Obese Diabetic (NOD) mouse is an animal 
model With many clinical, immunological, and histopatho 
logical features in common With human IDDM. NOD mice 
spontaneously develop in?ammation of the islets and 
destruction of the [3 cells; Which leads to hyperglycemia and 
overt diabetes. Both CD4+ and CD8+ T cells are required for 
diabetes to develop, although the roles of each remain 
unclear. It has been shoWn that administration of insulin or 
GAD, as proteins, under toleriZing conditions to NOD mice 
prevents disease and doWn-regulates responses to the other 
self-antigens. 
[0051] The presence of combinations of autoantibodies 
With various speci?cities in serum are highly sensitive and 
speci?c for human type I diabetes mellitus. For example, the 
presence of autoantibodies against GAD and/or IA-2 is 
approximately 98% sensitive and 99% speci?c for identifying 
type I diabetes mellitus from control serum. In non-diabetic 
?rst degree relatives of type I diabetes patients, the presence 
of autoantibodies speci?c for tWo of the three autoantigens 
including GAD, insulin and IA-2 conveys a positive predic 
tive value of >90% for development of type I DM Within 5 
years. 
[0052] Autoantigens targeted in human insulin dependent 
diabetes mellitus may include the self-protein(s), -polypep 
tide(s) or -peptide(s) tyrosine phosphatase IA-2; IA-20; 
glutamic acid decarboxylase (GAD) both the 65 kDa and 67 
kDa forms; carboxypeptidase H; insulin; proinsulin; heat 
shock proteins (HSP); glima 38; islet cell antigen 69 KDa 
(ICA69); p52; tWo ganglioside antigens (GT3 and GM2-1); 
and an islet cell glucose transporter (GLUT 2). 
[0053] Human IDDM is currently treated by monitoring 
blood glucose levels to guide injection, or pump-based deliv 
ery, of recombinant insulin. Diet and exercise regimens con 
tribute to achieving adequate blood glucose control. 
[0054] Autoimmune Uveitis Autoimmune uveitis is an 
autoimmune disease of the eye that is estimated to affect 
400,000 people, With an incidence of 43,000 neW cases per 
year in the US. Autoimmune uveitis is currently treated With 
steroids, immunosuppressive agents such as methotrexate 
and cyclosporin, intravenous immunoglobulin, and TNFot 
antagonists. 
[0055] Experimental autoimmune uveitis (EAU) is a T cell 
mediated autoimmune disease that targets neural retina, uvea, 
and related tissues in the eye. EAU shares many clinical and 
immunological features With human autoimmune uveitis, and 
is induced by peripheral administration of uveitogenic pep 
tide emulsi?ed in Complete Freund’s Adjuvant (CPA). 
[0056] Self-proteins targeted by the autoimmune response 
in human autoimmune uveitis may include S-antigen, inter 
photoreceptor retinoid binding protein (IRBP), rhodopsin, 
and recoverin. 
[0057] Primary Billiary Cirrhosis Primary Biliary Cirrho 
sis (PBC) is an organ-speci?c autoimmune disease that pre 
dominantly affects Women betWeen 40-60 years of age. The 
prevalence reported among this group approaches 1 per 
1,000. PBC is characteriZed by progressive destruction of 
intrahepatic biliary epithelial cells (IBEC) lining the small 
intrahepatic bile ducts. This leads to obstruction and interfer 
ence With bile secretion, causing eventual cirrhosis. Associa 
tion With other autoimmune diseases characterized by epithe 
lium lining/secretory system damage has been reported, 
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including Sjogren’s Syndrome, CREST Syndrome, Autoim 
mune Thyroid Disease and Rheumatoid Arthritis. Attention 
regarding the driving antigen(s) has focused on the mitochon 
dria for over 50 years, leading to the discovery of the antimi 
tochondrial antibody (AMA) (Gershwin et al., Immunol Rev 
174:210-225, 2000); (Mackay et al., Immunol Rev 174:226 
237, 2000). AMA soon became a cornerstone for laboratory 
diagnosis of PBC, present in serum of 90-95% patients long 
before clinical symptoms appear. Autoantigenic reactivities 
in the mitochondria Were designated as M1 and M2. M2 
reactivity is directed against a family of components of 48-74 
kDa. M2 represents multiple autoantigenic subunits of 
enZymes of the 2-oxoacid dehydrogenase complex 
(2-OADC) and is another example of the self-protein, 
-polypeptide, or -peptide of the instant invention. Studies 
identifying the role of pyruvate dehydrogenase complex 
(PDC) antigens in the etiopathogenesis of PBC support the 
concept that PDC plays a central role in the induction of the 
disease (Gershwin et al., Immunol Rev 174:210-225, 2000); 
(Mackay et al., Immunol Rev 174:226-237, 2000). The most 
frequent reactivity in 95% of cases of PBC is the E2 74 kDa 
subunit, belonging to the PDC-E2. There exist related but 
distinct complexes including: 2-oxoglutarate dehydrogenase 
complex (OGDC) and branched-chain (BC) 2-OADC. Three 
constituent enZymes (E1,2,3) contribute to the catalytic func 
tion Which is to transform the 2-oxoacid substrate to acyl 
co-enZyme A CoA), With reduction of NAD+ to NADH. 
Mammalian PDC contains an additional component, termed 
protein X or E-3 Binding protein (E3BP). In PBC patients; the 
major antigenic response is directed against PDC-E2 and 
E3BP. The E2 polypeptide contains tWo tandemly repeated 
lipoyl domains, While E3BP has a single lipoyl domain. The 
lipoyl domain is found in a number of autoantigen targets of 
PBC and is referred to herein as the “PBC lipoyl domain.” 
PBC is treated With glucocorticoids and immunosuppressive 
agents including methotrexate and cyclosporin A. 
[0058] A murine model of experimental autoimmune cho 
langitis (EAC) uses intraperitoneal (ip) sensitiZation With 
mammalian PDC in female SJL/J mice, inducing non-suppu 
rative destructive cholangitis (N SDC) and production of 
AMA (Jones, J Clin Pathol 53:813-21, 2000). 
[0059] Other Autoimmune Diseases And Associated Self 
Protein(s), -Polypeptide(s) Or -Peptide(s). Autoantigens for 
myasthenia gravis may include epitopes Within the acetylcho 
line receptor. Autoantigens targeted in pemphigus vulgaris 
may include desmoglein-3. Sjogren’s syndrome antigens 
may include SSA (Ro); SSB (La); and fodrin. The dominant 
autoanti gen for pemphigus vulgaris may include desmoglein 
3. Panels for myositis may include tRNA synthetases (e.g., 
threonyl, histidyl, alanyl, isoleucyl, and glycyl); Ku; Scl; 
SSA; U1 Sn ribonuclear protein; Mi-1; Mi-1; Jo-l; Ku; and 
SRP. Panels for scleroderma may include Scl-70; centromere; 
U1 ribonuclear proteins; and ?brillarin. Panels for pernicious 
anemia may include intrinsic factor; and glycoprotein beta 
subunit of gastric H/KATPase. EpitopeAntigens for systemic 
lupus erythematosus (SLE) may include DNA; phospholip 
ids; nuclear antigens; Ro; La; U1 ribonucleoprotein; Ro60 
(SS-A); Ro52 (SS-A); La (SS-B); calreticulin; Grp78; Scl 
70; histone; Sm protein; and chromatin, etc. For Grave’s 
disease epitopes may include the Na+/1-symporter; thyrotro 
pin receptor; Tg; and TPO. 

Neurodegenerative Diseases 
[0060] Several examples of neurodegenerative diseases 
associated With self-protein(s), -polypeptide(s) or -peptide(s) 
present in the animal non-physiologically is shoWn in the 
table and described beloW. 
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TABLE 3 

Self-Protein(S), 
-Polypepetide Or 

Neurodegenerative -Peptide Present Non 
Disease Pathologic Deformity Physiologically 

Alzheimer’s disease 
Parkinson’s disease 
Huntington’s disease 
Prion disease 

senile plaques 
LeWy bodies 
intranuclear inclusions 
Prion protein inclusions 

amyloid [5 protein 
ot-synuclein 
Huntingtin protein 
Prion protein 

[0061] AlZheimer’s Disease AlZheimer’s disease (AD) is 
the most common neurodegenerative disease in the popula 
tion (Cummings et al., Neurology 51, S2-17; discussion S65 
7, 1998). AD affects approximately 10% of people over age 
65 and almost 50% of people over age 85. It is estimated that 
by the year 2025, about 22 million individuals Will be af?icted 
WithAD. AD is characterized by a sloWly progressive demen 
tia. The de?nitive diagnosis of AD is made if the triad of 
dementia, neuro?brillary tangles, and senile plaques are 
foundpost-mortem. Senile plaques are invariably found in the 
brains of patients With AlZheimer disease. The principal con 
stituent of senile plaques is amyloid beta protein (AB) (lWat 
subo et al., Neuron 13:45-53, 1994) (Lippa et al., Lancet 
352:1117-1118, 1998) another example of a self-protein, 
-polypeptide or -peptide of this invention. AB is a 42 amino 
acid peptide that is derived from the amyloid precursor pro 
tein (APP), Which is a transmembrane glycoprotein With a 
variety of physiologic roles, including cell proliferation, 
adhesion, cell signaling, and neurite outgroWth (Sinha et al., 
AnnNYAcad Sci 920:206-8, 2000).APP is normally cleaved 
Within the AB domain to generate a secreted fragment. HoW 
ever, alternative processing leads to the cleavage of APP to 
generate soluble AB that can accumulate Within senile 
plaques. 
[0062] The current therapies for AD are limited in e?icacy 
and are not targeted to the AB accumulation. The available 
drugs are central cholinesterase inhibitors aimed at increasing 
the concentration of postsynaptic acetylcholine in the brain 
(FarloW and Evans, Neurology 51, S36-44; discussion S65-7, 
1998); (Hake, Cleve Clin] Med 68, 608-9:613-4, 616, 2001). 
These drugs provide minimal clinical bene?t in only a feW 
cognitive parameters. A mouse transgenic for human AB has 
been shoWn to have many features in common With human 

AD (Games et al., Nature 373:523-527, 1995); (Hsiao et al., 
Science 274:99-102, 1996). In these transgenic mice, immu 
niZation With; the AB peptide has demonstrated ef?cacy in 
terms of cognitive improvement and reduced histopathology 
(Morgan et al., Nature 408:982-985, 2000); (Schenk et al., 
Nature 400:173-177, 1999). Studies have also shoWn that 
creating an antibody response against A6 with a peptide vac 
cine in animal models of AlZheimer disease can reverse the 
abnormal histopathology as Well as the behavioral changes 
observed in these models (Bard et al., Nat Med 6:916-19, 
2000); (DeMattos et al., Proc Natl Acad Sci USA 98:8850 
8855, 2001). 
[0063] Parkinson’s Disease Parkinson’s disease is a neuro 
degenerative disease of the extrapyramidal motor system that 
has a very high prevelance of 128-168 per 100,000 (Schrag et 
al., Bmj 321:21-22, 2000). The cardinal clinical features are 
resting tremor, bradykinesia, rigidity, and postural instability. 
Dementia also occurs in the majority of cases in its late stages. 
The pathophysiologic hallmark is the loss of neurons Within 
the extrapyramidal system of the brain and especially Within 
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the substantia nigra. Many neurons Within the brains of [0066] Prion Disease Prion disease, also knoWn as trans 
patients With Parkinson’s disease have an intracellular inclu- missible spongiform encephalopathy, is a potentially infec 
siOIl kIlOWIl as a LeWy body (FOI'IIIO and N01'Vi11e,AeIa Nell- tious disease Which affects animals and humans and is char 
ropathol (Berl) 1 It has been found that the aeteriZed a Sponge-like degeneration of the brain 
major Constituent OfLeWy bodies is a Protein known as (X-Sy- (Prusiner, Proc Natl Acad Sci USA 95, 13363-83, 1998). The 
nuclem’ another example of a self'protem’ -P°1YI?ePt1de or most common form of this disorder is also termed 
'pepnde of thls lnvemlon (Dlckeon’ Curr Op1n_NeurO1 CreutZfeldt-Jakob disease.Another form of the disease called 
141423-432, 2001). The accumulation of LeWy bod1es con- _ . f ldpl k b d. h . b1. 
taining ot-synuclein has been correlated With the disease phe- new ‘72.1mm? Creutz e a. 0. lsease as maJ or Pu .10 
notypa Current therapies for parkinson,s disease are directed health rmpl1cat1ons because 1t is felt to occur by cross-specles 
at managing the resultant symptoms of the disease but not the transmlsslon’ for example from Cattle to man" The Chmcal 
underlying cause (Jankovic, Neurology 551S2-6, 2000). The features Ofthis group of disorders ineludes a rapidly Progres 
available drugs for Parkinson’s disease are Classi?ed as sive dementia, myoclonus, Weakness, and ataxia. Pathophysi 
dopaminergic agents (e.g., carbidopa/levodopa and sel- ologically, it has been reported in the literature that a confor 
egilinc), dopamine agonists (c-g, pergolide and ropinirole), mational change in the normal prion protein, a self-protein, 
and eateehel'e'methyl'transferase or COMT lnhibitere (egw polypeptide or peptide of this invention, causes the accumu 
entacapone and tolcapone).All of these therapies are d1rected lation of the prion protein into a beta Sheet type Structure’ 
at mcreasmg the amount Ofdopamme evellable 1n the affected leading to the degeneration seen Within the central nervous 
neurons.As a Whole, these drugs are 1mt1ally effect1ve1n most 1 th t t t .1 M f . 
patients at reducing some of the motor symptoms such as SYS‘em' Presemy, ere are no, rea men av?“ a _ e or pnon 
tremor and rigiditiy’ but are not effective in attenuating the d1sease. cl1n1cal course~1s rapid W1th 1nev1table death 
progression of the neurodegenerative process that leads to usually wlthm two years of dlagnosls and no lmervemlon has 
destruction of the neurons of the substantia nigra. been able to alter this Course 

[0064] Huntington’s Disease Huntington’s disease is a 
genetic disorder inherited in an autosomal dominant fashion 
and linked to an abnormal expansion in the length of a CAG other Diseases 
trinucleotide repeat contained Within a gene called huntingtin _ _ _ 
(Cell 72’ 971983 1993) The predominant Clinical features [0067] Several examples of other d1seases associated W1th 
consist of an abnormal uncontrollable movement called cho- Self-Pr Ore-111(5), 'PO1yPePtide(S) er 'PePtide(S) Present in the 
rea and a progressive dementia. Pathophysiologically there is animal non-physiologically are set forth in the table and 
selective neuronal death and degeneration Within the corpus described beloW. 

TABLE 4 

Self-Protein(s), Polypeptide(s) or Peptide(s) 
Associated With Disease And Present Non 

Disease Abnormality Physiologically 

Obesity Weight gain due to energy syndecan-3, perilipin, Orexin, Galanin, 
intake >expenditure glucogon-like peptide receptor, 

Osteoarthritis cartilage degeneration cathepsins, plasmin, collagenases, 

Spinal cord injury 
Hypertension 
Peptic ulcer disease 
Aging 
Depression 

Gout 
Migraine headaches 
Hyperlipidemia 

Coronary artery 
disease 

metalloproteinases 
inhibition of regeneration Nogo-l 
persistent high blood pressure angiotensin-converting enzyme 
excess stomach acid H+/K* ATPase, gastrin 

superoxide disrnutase 
serotonin 5HT2 receptor, otl-adrenergic 
receptor 
Xanthine oxidase 
serotonin SHTIB and SHTID receptors 
HMG CoA-reductase, apolipoproteins A, B 
100 
Angiotensin-converting enzyme, 
apolipoproteins A, B-lOO 

excessive serotonin 

Excess uric acid 
vasospasrn 
elevated lipids 

obstruction of coronary 
arteries restricting blood flow 

striatum and cerebral cortex. The neurons Within these 
regions have been shoWn to accumulate intracellular aggre 
gates of mutant protein, huntingtin, another self-protein, 
-polypeptide or -peptide of this invention and this accumula 
tion is correlated With disease phenotype (DiFiglia et al., 
Science 277: 1990-1993, 1997); (ScherZinger et al., Cell 
901549-558, 1997); (Davies et al., Cell 901537-548, 1997). 
[0065] There are currently no available treatments for 
either the symptoms of or the etiologic cause of Huntington’s 
disease. As a result, these patients sloWly progress to inevi 
table death on average 17 years after the ?rst onset of symp 
toms. 

[0068] Osteoarthritis and Degenerative Joint Diseases 
Osteoarthritis (OA) affects 30% of people over 60 years of 
age, and is the most common joint disease of humans. 
Osteoarthritis represents the degeneration and failure of syn 
ovial joints, and involves breakdown of the articular cartilage. 

[0069] Cartilage is composed primarily of proteoglycans, 
Which provide stiffness and ability to Withstand load, and 
collagens that provide tensile and resistance to sheer strength. 
Chondrocytes turnover and remodel normal cartilage by pro 
ducing and secreting latent collagenases, latent stromelysin, 
latent gelatinase, tissue plasminogen activator and other asso 




















































