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MOLECULES AND METHODS FOR TREATMENT AND DETECTION OF DIABETES

This application claims the benefit of U.S. provisional patent application number 80/870,409,
filed Seplember 6, 2007, the entire contents of which are incorporated herain by reference,

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

This invention was made with govemment support under grant number DK26190, DK53004
and F30DKO17047 awarded by the National Institutes of Health (NIHYNIDDK. The
government has certain rights in the invention,

TECHNICAL FIELD OF THE INVENTION

The invention provides compositions and methods for early detection of mdividuals who will
develop Type 1 diabetes, and for treatment and prevention of Type 1 diabetes.

BACKGROUND QF THE INVENTION

Type 1 diabetes {T1D) is an autoimmune disease that is characterized by the presence of
serologically detectable autoantibodies to mulliple islet cell autoantigens. Autcantibodies to
GADBS (CADSSAD) can be detected in the majority of new onset T1D patients, in patients
with latent autoimmune disbetes in adults (LADA), diabetes-related polyendocrine diseases,
and in some rare neurclogic diseases notably Stff Person Syndrome (SPS) . GADB5HAD are
only rarely detected in healthy individuals {(~1%} , and since they often herald onset of T1D
by months or years, they are used to predict disease together with other islet autoantibodies.

The function of {hese autoantibodies in the pathogenesis of T1D is poorly defined. While
GADBEAD are mainly recognized as an epiphenomenon resulling from the autoimmune
destruction of the pancreatic beta cells, some studies suggest that the autoantibodies may
be involved in antigen processing and presentation and thus modulate the immune

respaonse.

GADBSAD persist for years after the onset of diabetes, with a remarkably stable epitope
pattern. This is intriguing because the beta cells as the antigen source decline rapidly after
anset of disease. | has been proposed that continuous beta cell regeneration or pratein
mimicry may explain this phenomenan of Ab persistence . it is also possible that an antigen-
independent memory could be generated by the interaction of GADS5Ab-specific B cells with

complementary B cells that produce anti-idiotypic antibodies (anti-Id}.
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Tolerization against the beta cell autoantigens GADGS and insudin has been attempted as a
method for the prevention of the disease. GADSS administration prevents beta cell
destruction and the resulting diabetes in the NOD mouse, stressing the importance of
GADBS5 as an autoantigen in the disease progression of the NOD mouse; even though
GADBS is present only in very limited amounts in murine beta celis. Recently, alum-
formutated GADGS has been used in phase H clinical trials in GADS5 antibody posifive
diabetes patients. While there ware no adverse events immunomodulation with GADSS
resulted in a reduced loss of endogencus insulin production. GADGS administration in
preciinical NOD mouse and clinical phase It trials has been suggested to result in
{olerization of the T cell-mediated immune response. Mowsever, these results need

confirmation in larger clinical trials.

While autoantibodies to GADES (GADSSBAL) can be detected in the majority of new cnsst
T1D patients, the presence of GADS5AD in the NOD mouse remains confroversial,
Moreover, as in human T1D, the role of GADSSAD in the pathogenesis is poorly defined.
While it is established that these antibodies are valuable markers for the disease
progression, they are mainly viewed as innocent bystanders, resulting from the destruction
of the pancreatic beta cells. However, recent studies suggest that GADB5ADb are involved in
(GADES processing and presentation and thus may modutate the immune response. The
effect of GADSSAL on the disease prograssion in NOD mice was first studied by
administering GADBS-specific monocional antibody GAD-8. The observed delayed onset of
T1D in response to this treatment was atiribuied to possible impaired recognition of GADSS

by antigen-specific T cells.

Thera remains 3 need for methods of identifying subjects at greatest risk for developing
T1D, and also for treating T1D. The invention described herein addresses these needs and
cthers by providing compositions and methods for early detection and effective treatment of
T10.

SUMMARY OF THE INVENTION

The invention provides molecules that specifically recognize and bind the epitope of
glutamate decarboxylase (GADSE} that is bound by antibody b86.11. This epitope is located
within amino acid residues 308-365 of GADSS. Such molecules are referred to herein as
antibodies. The invention additionally provides molecules that specifically recognize and
bind antibody b96.11. These molecules are capable of competing with GADESS for binding
with b98.11, and competitively inhibit such binding. These latter molecules are referred o

herein as anti-idiotypic antibodies (anti-ld).
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These antibodies can be provided in the form of a pharmaceutical composition comprising
{he antibody and, optionally, a pharmaceutically acceptable camier. Such antibodies can be
monoclonal or polyclonal and include chimernic antibodies, recombinant molecules, fusion
proteins and antibody fragments, so long as they retain the atdlity to specifically recognize
and bind the spitope of GADSS that is bound by antibody b06.11, or in the case of anti-
idiotypic antibodies, so long as they retain the ability to compete with GADSS for binding to
bE6.11. Also contempiated by the invention are nucleic acid molecules that encode an
antibody or anti-idiotypic antibody of the invention.

The antibodies and anti-idiotypic antibodies of the invention can be used in methods for
delaying the onset of Type 1 diabetes and for inhibiting insulitis and other diabetic
symptoms. The methods comprise administering to a subject a compostition of the invention.
The composition comprises an antibody {or anti-idiotypic antibody) of the invention or a
nucleic acid molecule encoding an antibody {or anti-idictypic antibody)} of the invention.

The invention further provides methods for detecting a susceptibiity to Type 1 diabetes in a
subject and for detecting the presence of anti-idiotypic antibodies to GADSS. The method
comprises confacting a specimen with a molecule (such as an antibody} that specifically
recognizes and binds the epitope of glutamate decarboxylase {(GADBS} that is bound by
antibody b85.11. The method further comprises detecting binding of the molecide to the
spacimen. The absence {or relative absence) of binding is indicative of susceptibility to
Type 1 diabetes and of the absence of anti-idiotypic antibodies. In a typical embaodiment,
the molecule is an antibody. The antibody or other molecule can, optionally, be labeled with
a detectable marker.

BRIEF DESCRIPTION OF THE FIGURES

Figures 1A-18: Alignment of light (1A; SEQ 1D NO: 1, 2) and heavy (B; SEQ ID NO: 3 4)
chains of monodional antibodies b26.11 and b78 {accession numbers 917308 and §17304,
respectively). Complementarity determining regions {CDR) used for homology comparison
are boxed. Amine acid substitutions between the two antibodies are identified in bold font.

Figure 2: Line graph showing cumulative incidence rate of diabetes development. Controf
animats were injected with PBS or human polyclonal antibody {while circles). Animals
injected with 100 and 50 ug b78 1gG showed no difference in disease progression and were
grouped together {(white squares). Animals injected with 10, &0, and 100 pg of b88.11 are
presented as black inverted triangles, diamonds and circles, respectively. Animals were
monitored weekly for diabetes development.
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Figures 3A-3F. Photomicrographs showing the histopathology of pancreatic istets at onset of
diabetes or at 35 weeks of age. Representative images of pancreatic islets from animails
injected with 100 pg (A), 50 ug (B), and 10 ug (C) h86.11 igG, 100 pg b78 1gG (D), 100 ug
human polycional IgG (E), and PBS (F). Pancreatic tissues were sectioned and stained with

hematoxylin and eosin.

Figures 4A-4B: Effect of mouse sera on GADBBAD reactivity with GADSS, BS8 .11 (4A) and
b78 {4B) were incubaled at their half-maximal hinding concentration with sera of animals
injected with 100 ug b8, 11 (black circles), b78 (white squares), human polyclonal igG
{whife circles), or PBS {white diamonds}. The binding capacity was determined in a

competitive RBA and is presented as percent binding (non-competead binding equals 100%).

Figure 5A; Scaterplots showing that sera of healthy individuals and FDR contain
GADBSAR/inhibitor complexes, while T1D patients and SPS patients lack inhibitors to
diseasae-specific GADRGEAD. Sera of healthy individuals (pane! A) and First Degree Relatives
{FDR) (panel B) that fested negative for GADBSAD in conventional RIA, and sera from
GADBSAb-positive T1D patients {C) and SPS patients (D) were absorbed on immobilized
b86.11-PAS and b78-PAS. The serum samples and the flow-through of beads were tested
for the presence of GADBSADL in a RIA. Binding 0 GADSS before (circles) and after
ahsorpiion {o b86. 11 (friangles) or b78 (squares} is shown in cpm. 8PS patients that are also
diagnosed with T1D are represented by the black symbols. Median binding is indicated,

Figure 5B; Graph showing resulis of an ELISA of isolated inhibitor from a healthy individual,
Binding of inhibifor isclated from b08.11-PAS or b78-PAS after absorption with serum from a
healthy individual {o b98.11-HRP (triangles} and b78-HRP (squares) was analyzed in the
presence of the indicated concentrations of human recombinant GADSS. Binding is shown
as percent binding with binding in the absence of GADSS set as 100%

Figure 6A: Scatterplot showing that the inhibitor is specific to GADBBAD. GADEBS binding by
unmasked sera is competed by recombinant human GADSS and not by BSA. Sera of FDR
absorbed by b98.11-PAS were tested for binding to PYS-GADSS in the presence of
recombinant human GADSS {150 mM) (open circles), or BSA {150 nM} (open diamands).
Median binding is indicated.

Figure 88: Scatterplot showing that absorption of inhibitors that reduce GADB5AD binding is
specific to GADBSAD and cannot be achieved by an irrelevant human monoclonal antibody.
Sera of heaithy individuals {(n=15) and FDR {n=15} were absorbed to immobilized HAAT.
The flow-through was tested for binding to GADBS. GADBSAD titer before {open circles) and
after {black circles) absorption is shown in cpm. Meadian binding is indicated.
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Figure 7A: Bar graph showing that GADB5AD and inhibitors are present in the sera's Ig-
fraction only. Furified 1g and depleted serum were prepared from four FOR (A B, C, D).
Absorbed sera (white), purified Ig before {grey) and after absorption (black), ig-depleted sera
before (horizontal) and after absorption {vertical) were tested for binding to GADSB5. The data
show that affinity purification of GADBSAb-negative sera on b6 11-PAS leads to the
dissociation of the immune complexes {o reveal the presence of hitherfo undetectable
GADBSAD.

Figure 78 Western blot from analysis of serum fractions described in Figure YA, The fg-
depleted serum fractions (left of the molecular weight markers) and purified ig fractions (right
of the molecular weight markers) were tested with goat-anti human kappa chain. Molecular

weight markers are shown.

Figure 8A: Bar graph showing percent GADGSAD binding. Anti-ld are cross-inhibitory
between healthy individuals and FDR and inhibit GADSS binding by T1D patients’ sera.
Anti-ld was isolated from a FDR as described and added {o the un-masked serum at the
incicated concentrations. GADSS binding is shown as percent binding {(binding of absorbed,
uninhibited serum is set fo 100%). A dose-dependent inhibition of GADBSS binding was
ohserved.

Figure 8B: Bar graph showing GADSSADb binding reparted in cpm.  Anti-id was isolated from
a heailthy individual as described. Anti-Id {20 b} from the healthy individual {black) and the
FOR {horizontal) were added to unmasked sera of a healthy individual (A}, FOR (B}, and

unabsorbed sera of four T1D patients (Cy.4).

Figure §. Bar graph showing that individuals that later progress to T1D have less bo8.11-
specific anti-ld as compared 1o non-progressors. Sera of GADS5Ab-negative non-
progressors {n=33) and progressors {n=8} were absorbed to immobilized b86.11-PAS. The
GADBSADL of the run-through was then tested.

DETAILED DESCRIPTION OF THE INVENTION

The invention is based on the surprising discovery that the lack of anti-idiotypic antibodies to
the b96.11 monocional antibody specificity, rather than GADS5AD per se, is a characteristic
of Type 1 diabetes (T1D). T1D is an autoimmune disease characterized by the presence of
serciogically detectable autcantibodies to mulliple islet cell autoantigens. Autoantibodies to
GADBS (CADBSAD) can be detected in the majority of new onset T1D patients, but rarely in
the general population. GADS5AD often herald the onset of T1D by months or years and are
used to predict disease {ogether with other islet cell autoantibodies. The studies described
herein show that (1) healthy individuals and first-degree relalives (FOR) of T1D patients

§
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that tested GADGSAL-negative in conventional scresning assays presented GADSSAD after
preabsorplion with GADES-reactive monocional antibodies (mAbs), suggesting that these
GADB5AD are present, but masked by epitope-specific anfi-ld; (2} GADS5Ab-positive T1D
patients show a specific lack of anti-id to disease-associaled GADSSAD, b98. 11, possibly
releasing these epitope GADBBAD specificities to the circulation; and {3) GADB5SAb-negative
individuais that iater progressed {¢ T1D show significantly lower levels of b88. 11-specific
anti-Id as compared {0 the non-prograssors.  Accordingly, itis the absence of these anti-Id,
rather than the presence of GADB5AbD, that is characteristic for T1D. Individuals that
progress to T10 may have an early fack of anti-Id suggesting a predictive value. Screening
of sera for anti-ld specific to disease-associated GADBSAD provides a valuable tool in the
charactenzation and risk assessment for T10. The invention provides matenals and
methods that can be used 10 modulate diabeles and to detect the susceptibility of individuals
{0 the development of diabetes.

Definitions

All scieptific and technical terms used in this application have meanings commonly used in
the art unless otharwise specified. As used in this application, the following words or
phrases have the meanings specified.

As used herein, "absence” of, for example, anti-idiotypic antibodies, means significantly

fower levels in a test sample as compared o normal samples.

As used herein, "polypeplide” includes proteins, fragments of proteins, and peptides,
whether isolated from natural sowrces, produced by recombinant techniques or chemically
synthesized. Peptides of the invention typically comprise at least about 6 amino acids.

As used herein, "vector” means a construct, which is capable of delivering, and preferably
expressing, one or more gene(s) or sequencea(s) of interest in a host cell. Examples of
veciors include, but are not limited to, viral vectors, naked DNA or RNA expression vectors,
plasmid, cosmid or phage vectors, DNA or RNA expression vectors associated with cationic
condensing agents, DNA or RNA expression vectors encapsulated in liposomes, and certain

aukaryotic cells, such as producer cells.

As used herein, "expression control sequence” means a nucleic acid sequence that directs
franscription of a nucieic actd. An expression control sequence can be a promoter, such as
a constitutive or an inductble promoter, or an enhancer. The expression control sequence is

operably linked to the nucleic acid sequence to be transcribed.
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The term "nucleic acid” or "polynuciectide” refers to a deoxyribonucieotide or ribonucleotide
polymer in either single- ¢r double-stranded form, and unless otherwise limited,
encompasses known analogs of natural nucleotides that hybridize o nucleic acids in a

manner similar to naturally-occurring nucleotides.

An "immunogenic peptide.” as used herein is a portion of a protein that is recognized {i.e.,
specifically bound) by a B-cell and/or T-cell surface antigen receptor. Such immunogenic
peptides generally comprise at least & aming acid residues, more preferably at least 10
aming acid residues of a protein associated with cancer. Typically, an immunogenic peptide
comprises 15 to 18 amino acid residues. In some embodiments, immunogenic peptides
include peptides in which an N-terminal leader sequence and/or transmembrane domain
have been deleted. Cther immunogenic peplides may contain a smait N- andfor C-terminal
deletion {e.g., 1-30 amino gdids, preferably 5-15 amino acids), relative fo the mature protein.

As used herein, "pharmaceutically acceptable carrier” includes any material which, when
combined with an aclive ingredient, allows the ingredient to retain biclogical activity and is
non-reactive with the subject’s immune system. Examples inciude, but are not imited to,
any of the standard pharmaceutical carriers such as a phosphate buffered saline solution,
water, emulsions such as oifwater emulsion, and various types of welling agents. Preferred
diluents for aerosol or parenteral administration are phosphate buffered saline or normal
{0.8%) saline.

Compositions comprising such carners are formulated by well known conventional methods
{see, for example, Reminglon's Pharmaceutical Sciences, 18th edition, A, Gennaro, ed.,
Mack Publishing Co., Easton, PA, 1990}

As used herein, "adjuvant” includes those adjuvants commeonly used in the art {o facilitate an
immune response.

As used herein, "a" or "an” means at least one, unless clearly indicated otherwise.

FPolynuclectides of the Invention

The invention provides polynucieotides that encode one or more antibodies of the invention
or portions thereof. Preferred polynucleotides comprise at least 15 consecutive nucleotides,
prefevably at least 30 consecutive nucleotides. Polynucieotides that are fully complementary
to any such sequences are also encompassed by the present invention. Polynucleotides
may be single-stranded {coding or antisense} or double-stranded, and may be DNA
{genomic, cONA or synthetic) or RNA molecules. RNA molecides include siRNA {discussed

below}, HNRNA molecules, which contain introns and correspond to a DNA molecule in a
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one-to-one manner, and mMRNA molecules, which do not contain introns.  Additional coding
or nor-soding sequences may, but need not, be present within a polynucieotide of the
present invention, and a polynucieotide may, but need not, be linked to other molectiles
and/or support materials. Fortions of polynuciectides can be useful as primers and probes
for the amplification and detection of related molecules in tissue specimens.

Palynucieotides may comprise a nalive sequence or may comprise a variant of such a
sequence. Polynudlestide variants contain ane or more substitutions, additions, deletions
andfor insertions such that the immunogenicity of the encoded polypeptide is not diminished,
relative to a native protein. Varianis preferably exhibit at least about 70% identity, more
praferably at least about B0% identity and most preferably at least about 80% identity to a
polynuclectide sequence that encodes a native protein or a portion thereof.

Two polynucteoctide or polypeptide sequences are said 1o be "identical” if the sequence of
nucleotides or aming acids in the two sequences is the same when aligned for maximum
correspondance as described below. Comparisons between two sequences are typically
performed by comparing the sequences over a comparison window to identify and compare
local regions of sequence similanity. A “"comparison window" as used herein, refers fo a
segment of at least about 20 contiguous positions, usually 30 to about 75, ar 40 1o about 5Q,
in which a sequence may be compared 1o a reference sequence of the same number of
contiguous positions after the two sequences are optimally aligned.

Optimal alignment of sequences for comparison may be conducted using the Megalign
program in the Lasergene suile of bioinformatics software (DNASTAR, Inc., Madison, Wi,
using default parameters. This program embodies several alignment schemes described in
the following references: Dayhoff, M.O. {1978} A model of evolutionary change in protains -
Mairices for detecting distant relationships. In Dayhoff, M.C. {ed.) Atlas of Protein Sequence
and Structure, National Biomedical Research Foundation, Washington DC Vol. 5, Suppl. 3,
pp. 345-358; Hein J. (1990) Unified Approach to Alignment and Phylogenes pp. 626-845
Methods in Enzymaology vol. 183, Academic Press, Inc., San Diego, CA; Higgins, D.G. and
Sharp, P.M. (1989) CABIOS 5:151-153; Myers, EW, and Mullter W, (1988} CABIOS 4:11-17,
Robinson, E.D. (1971) Comb. Theor. 11105, Santou, N., Nes, M. {1987) Mol. Biol, Evol.
4:406-425; Sneath, P.H A and Sokal, R.R. (1973} Numerical Taxonomy the Principles and
Practice of Numerical Taxonomy, Freeman Press, San Francisco, CA; Wilbur, W.J. and
Lipman, D.J. (1983} Proc. Natll. Acad. Sci. USA 80,726-730.

Preferably, the "percentage of sequence identity” is determinegd by comparing two optimally
aligned sequences over a windaow of comparison of at least 20 positions, wherein the portion
of the polynucleotide or polypeptide sequence in the comparison window may comprise

3
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additions or deletions (L.e. gaps) of 20 percent or fess, usually 5 to 15 percent, or 10 to 12
percemt, as compared to the reference segquences (which does not comprise additions or
deletions} for optimal alignment of the two seguences. The perceniage is calculated by
determining the number of posilions at which the identical nucleic acid bases or amino acid
residue occurs in both sequences {o vield the number of matched positions, dividing the
number of matched positions by the total number of positions in the reference sequence {i.e.
the window size) and multiplying the results by 100 to vield the percentage of sequence
identity.

Vartants may also, or alternatively, be substantially homologous to a native gene, or a
portion or complement thereo!.  Such polynucieotide variants are capable of hybridizing
under moderately stringent conditions to a naturally occurring DNA sequence encoding a
native IGF-related protein {or a complementary seguence).

Suitable "moderately stringent conditions” include prewashing in a solulion of 5 X 88C, 0.5%
SDS, 1.0 mM EDTA (pH 8.0); hybridizing at 50°C-857C, 5 X 88C, overnight; followed by
washing twice at 65°C for 20 minutes with each of 2X, 0.6X and 0.2X S8C containing 0. 1 %
SOS.

As used herein, "highly stringent conditions” or "high stringency conditions” are those that:
{1} employ iow onic strength and high temperature for washing, for example 0015 M
sodium chioride/Q.0015 M sodium citrate/C. 1% sodium dodecy! sulfate at 50°C; (2) employ
during hybridization a denaturing agent, such as formamide, for example, 50% {(v/iv}
formamide with 0.1% bovine serum albumin/0. 1% Ficoll/0.1% polyvinyipyrrolidone/S0mi
sodium phosphate buffer at pH 6.5 with 750 miM sodium chioride, 75 mM sodium citrate at
42°C, or (3) employ 50% formamide, 5 x SSC (0.75 M NaCl, 0.075 M sodium citrate}, 50 mM
sodium phosphate {pH 6.8}, 0.1% sodium pyrophosphate, 5 x Denhardt’'s solution, sonicated
satmon sperm DNA (50 ug/mi), 0.1% SDS, and 10% dextran sulfate at 42°C, with washes at
42°C in 0.2 x S5C {sodium chloride/sodium citrate) and 50% formamide at 55°C, followed by
a high-stringency wash consisting of 0.1 x $8C containing EDTA at 55°C. The skilled
artisan will recognize how o adjust the temperature, ionic strength, efc. as necessary {o

accommodate factors such as probe length and the like.

it will be appreciated by those of ordinary skill in the art that, as a resuit of the degeneracy of
the genetic code, there are many nucleotide sequences that encode a polypeptide as
described herein. Some of these polynucleotides bear minimal homology to the nucleotide
sequence of any native gene. Nonetheless, polynucleotides that vary due to differences in
codon usage are specifically contemplated by the present invention. Further, alleles of the
geneas comprising the polynucieotide sequences provided herein are within the scope of the

g
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present invention. Alleles are endogenous genes that are altered as a resulf of one or more
mutations, such as delstions, additions andfor substitutions of nucieotides, The resulling
mRNA and protein may, but need not, have an altered structure or function. Alleles may be
identified using standard techniques (such as hybridization, amplification and/or database

sequence comparison).

Palynucieotides may be prepared using any of a vanety of techniques known in the art.

DNA enceding an antibady or portion thereof may be oblained fron a cDNA library prepared
from tissue expressing a corresponding protein mRNA. Libraries can be screened with
probes {such as antibodies or cligonucieotides of at least about 20-80 bases) designed to
identify the gene of interest or the protein encoded by it. Screening the ¢DNA or genomic
library with the selected probe may be conducted using standard procedures, such as those
described in Sambrook et gl., Molecular Cloning. A Laboratory Manual (New York: Cold
Spring Harbor Laboratory Press, 1989). An alternative means {o isolate the gene encoding
an IGF-related protein is o use PCR methodology {Sambrook et al., supra; Dieffenbach et
al., PCR Primer: A Laboratory Manual (Cold Spring Harbor Laboratory Press, 1885)).

The oligonucleotide sequences selected as probes should be sufficiently long and
sufficiently unambiguois that false positives are minimized. The oligonucieotide is
preferably labeled such that it can be detected upon hybridization to DNA in the library being
screened. Methods of labeling are well known in the art, and include the use of radiolabels,
such as “P-labeled ATP, biotinylation or enzyme labeling. Hybridization conditions,

including moderate stringency and high stringency, are provided in Sambrook et al., supra.

Polynucleotide variants may generally be prepared by any method known in the art,
including chemical synthesis by, for example, solid phase phosphoramidite chemical
synthesis. Modifications in a polynuclectide sequence may also be infroduced using
standard mutagenesis techniques, such as oligonuciectide-directed site-specific
mutagenesis {see Adelman et al.,, DNA 2:183, 1883). Alternatively, RNA molecules may be
generated by in witro or in vivo transcription of DNA sequences encoding an iGF-related
profein, or portion thereof, provided that the DNA is incorporated into a vector with a suitable
RNA polymerase promoter (such as T7 or SP6). Certain portions may be used {o prepare
an encoded polypeptide, as described herein. in addition, or altermatively, a portion may be
administered to a patient such that the encoded polypeptide is generated in vivo (e.g., by
fransfecting antigen-presenting cells, such as dendritic cells, with a cDNA construct
encoding an {GF-related polypeptide, and administering the transfected cells to the patient).

Any palynucleotide may be further modified to increase stability i1 wvo, Possible
modifications include, but are not limited 1o, the addition of flanking segquences atthe &
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and/or 3’ ends; the use of phosphorothioate or 2' C-methyl rather than phosphodiesterase
linkages in the backbone; and/or the inclusion of nontraditional bases such as inosine,
queosing and wybutosine, as well as acetyl- methyl-, thic- and other modified forms of

adenine, cylidine, guanine, thymine and undine.

Nucleotide sequences can be joined (o a variety of other nucleotide sequences using
established recombinant DNA techniques. For example, a polynucleotide may be cloned
inia any of a variety of cloning veclors, including plasmids, phagemids, lambda phage
derivatives and cosmids. Vectors of parficular interest include expression vectors,
replication vectors, probe generation vectors and sequencing vectors. In general, a vector
will contain an origin of replication functional in at least one organism, convenient restriction
endonuciease sites and one or more selectable markers. Other elements will depend upon
the desired use, and will be apparent to those of ordinary skill in the art,

Within certain embodiments, polynucleotides may be formulated so as to permit entry into a
cell of a mammal, and to permit expression therein. Such formulations are particularly
useful for therapeutic purposes, as described below. Those of ordinary skill in the art will
appreciate that there are many ways to achieve expression of a polynucieotide in a target
cell, and any siuitable method may he employed. For example, a polynuciectide may he
incorporated inte a viral vector such as, but not limited {o, adenovirus, adeno-associated
virus, retrovirus, or vaccinia or other pox virus {e.g., avian pox virus). Technigues for
incorporating DNA into such vectors are well known to those of ordinary skil in the art. A
retroviral vector may additionally transfer or incorporate a gene for a selectable marker {to
aid in the identification or selection of transduced celis) and/or a targeting moiety, such as a
gene that encodes a ligand for a receptor on a specific target cell, 1o render the vector target
specific. Targeting may also be accomplished using an antibody, by methods known to
those of ardinary skill in the art.

COther formulations for therapeutic purposes include colloidal dispersion systems, such as
macromolecule complexes, nanocapsules, microspheres, beads, and lipid-based systems
including oil-in-water emulsions, micelles, mixed micelles, and liposomes. A preferred
colloidal system for use as a delivery vehicle in wvitro and in vivo is a liposome {(i.e., an
artificial mambrane vesicle}. The preparation and use of such systems is well known in the
art.

Proteins and Peptides

Proteins and peptides as described herein may be of any length suitable for the intended
use. For example, additional sequences derived from the native protein and/or heterologous
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sequences may be present, and such sequences may, but need not, possess further ligand
binding, immunogenic or antigenic propseriies.

Preferred peptides comprise the sequences of amino acid residuss set forth in the tables
and figures hersin. Adiacent native sequence is not necessary, but small portions (less than
15 additional amino acid residues, preferably less than 10 additional amino acid residues) of
adjacent sequence can be used without interfering with the immunogenicity of the peptide or
its ease of delivery. Those skilled in the art will appreciate that other portions or variants
thereof will be useful. Fragments consisting of about 10, 12, 15, 20, 25, 30, 40, 50, 80, 75 or
up to 100 contiguous amino acids of the original sequence are contemplated by the
invention. in atypical embodimant, a fragment of the invention comprises an antigen

binding region.

nmunocgenic peptides may generally be identified using well known techniques, such as
those summarized in Paul, Fundamental immunoiogy, 4th ed., 663-885 {Lippincott-Raven
Publishers, 1988 and references cited therein. Such techniques include screening peptides
for the ability to react with antigen-specific antibodies, antisera and/or T-cell lines or clones.
As used herein, antisera and antibodies are antigen-specific if they specifically bind to an
antigen {i.e., they react with the protein in an ELISA or other immunoassay, and do not react
detectably with unrelated proteing). Such antisera and antibodies may be prepared using
well known techniques. An immunogenic peptide can be a porlion of & native protein that
reacts with such antisera andfor T-cells at a level that is not substantially less than the
reactivity of the full fength polypeptide (e.g., in a radivimmunoprecipitation assay, an ELISA
and/or T-cell reactivity assay). Such immunogenic portions may react within such assays at
a level that is similar to or greater than the reactivity of the full length polypeptide. Such
screens may generally be performed using methods well knows to those of ordinary skill in
the art, such as those described in Harlow and Lane, Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory, 1988, For example, a peptlide may be immobilized on a solid
support and contacted with patient sera to allow binding of antibodies within the serato the
immobilized peptide. Unbound sera may then be removed and bound antibodies detected

using, for example, *°l-labeled Protein A.

A polypeptide "variant’, as used herein, is a polypeptide that differs from a native protein in
one or mare substitutions, deletions, additions andfor insertions, such that the
immunogenicity of the polypeplide is not substantially diminished. In other words, the ability
of a variant {o react with antigen-specific antisera may be enhanced or unchanged, relative
to the native protein, or may be diminished by less than 50%, and preferably less than 20%,
relative 1o the native protein. Such vanants may generally be identified by modifying one of
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the above polypeptide sequences and evaluating the reactivity of the modified polypeptide
with antigen-specific antibodies or antisera as described herein,  Preferred vatants include
those in which ong or more portions, such as an N-terminal leader sequence, have been
removed. Other preferred variants include variants in which a small portion {e.g., 1-30
amino acids, preferably 5-15 amino acids) has been removed from the N- and/or CAerminal
of the mature protein. Polypeptide variants preferably exhibit at least about 70%, more
prefevably at legst about 80% and most preferably at least about 95% identity {determined
as described above) to the identified polypeptides.

Preferably, a variant contains conservative substitutions. A "conservative substitution” is
one in which an amino acid is substituted for another amino acid that has similar properties,
such that one skifled in the art of peptide chemistry would expect the secondary structure
and hydropathic nature of the polypeptide {0 be substantially unchanged. Amino acid
substifutions may generally be made on the basis of similarity in polarity, charge, solubility,
hydrophobicity, hydrophilicity and/or the amphipathic nature of the residues. For example,
negatively charged amino acids include aspartic acid and glutamic acid; positively charged
amino acids include lysine and arginine; and amino acids with uncharged polar head groups
having similar hydrophilicity values include leucine, isoleucine and valine; glycine and
alanine; asparagine and glutamine; and serine, threonine, phenvialanine and tyrosine.
Other groups of aming acids that may represent conservative changes include: (1) ala, pro,
gly, glu, asp, gin, asn, ser, thr; (2} cys, ser, tyr, thr; (3} val, de, leu, met, ala, phe; (4} lys, arg,
his; and {5) phe, tyr, rp, his. A variant may also, or altermatively, contain nonconservative
changes. in a preferred embodiment, vaniant polypeptides differ from a native sequence by
substitition, deletion or addition of five amino acids or fewer, Variants may also {or
alternatively) he modified by, for example, the deletion or addition of aming acids that have
minimal influence on the immunogenicity, secondary structure and hydropathic nature of the
polypeptide.

Polypeptides may comprise a signal {or leader) sequence at the N-terminal end of the
protein that co-transtationally or postdransiationally directs transfer of the protein. The
polypeptide may also be conjugated to a linker or other sequence far ease of synthesis,
purification or identification of the palypeptide {(e.g., poly-FEs}, or {0 enhance binding of the
polypeptide to & solid support. For exampile, a polypeptide may be conjugated {o an
immunogltobulin Fc region.

Recombinant peptlides encoded by DNA sequences as described above may be readdy
preparad from the DNA sequences using any of a variety of expression vectors known to
those of ardinary skill in the art.  Expression may be achieved in any appropriate host cell
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that has been transformed or transfected with an expression vector containing a DNA
motecule that encodes a recombinant polypeptide. Suitable host cells include prokaryotes,
yeast and higher eukaryolic cells. Preferably, the host cells employed are E. coli, yeast,
insect cells or a mammalian cell line such as CO8 or CHO. Supernatants from suitable
host/ivector systems that secrete recombinant protein or polypeptide into culture media may
be first concentrated using a commerciatly available filter. Following concentration, the
concenirate may be applied 1o a sui{able purification matrix such as an affinity matrix or an
ion exchange resin, Finally, one or more reverse phase HPLC steps can be employed fo
further purify a recombinant polypeptids.

Portions and other variants having fewer than about 100 amino acids, and generally fewer
than about 50 amino acids, may also be generated by synthetic means, using technigues
well known to those of ordinary skill in the art. For example, such peptides may be
synthesized using any of the commercially available solid-phase {echniques, such as the
Merrifield solid-phase synthesis method, where amino acids are sequentially added to a
growing amino acid chain. See Merrifield, J. Am. Chem. Soc. 85:2149-2146, 1963,
Equipment for automated synthesis of peptides is commercially available from suppliers
such as Perkin Elmer/Applied BioSystems Division (Foster City, CA}, and may be operated
according fo the manufacturer's instructions.

Peptides can be synthesized on a Perkin Elmer/Applied Biosystems Division 430A peptide
syntheasizer using FMOC chemistry with HPTU {O-BenzotriazoleN N N' N~
tetramethyluronium hexafluorophosphate) activation. A Gly-Cys-Gly sequence may be
attached to the amino terminus of the peplide to provide a method of conjugation, binding o
an immobilized surface, or labeling of the peptide. Cleavage of the peptides from the solid
support may be carried out using the following cleavage mixture: trifluoroacetic
acid.sthanedithiol thioanisole:water phenot (40:1:2:2:3). After cleaving for 2 hours, the
peptides may be precipifalted in cold methyi-t-hutyb-ether. The peptide pellets may then be
dissolved in water containing 0.1% triflucroacetic acid {TFA) and lyophilized prior to
purification by C18 reverse phase HPLC. A gradient of 0%-60% acetonitrile {containing
0.1% TFA} in water may be used {0 eluie the peptides. Following iyophilization of the pure
fractions, the peptides may be characterized using electrospray or other types of mass
spectrometry and by amino acid analysis.

Fusion Proteins

in some embodiments, the polypeptide is a fusion protein that comprises mudtiple peptides
as described herein, or that comprises at least one peptide as described herein and an
unrelated seguence.
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Additional fusion pariners can be added. A fusion partner may, for example, serve as an
immunological fusion partner by assisting in the provision of T helper epitopes, preferably T
helper epitopes recognized by humans. As another example, a fusion pariner may serve as
an expression enhancer, assisting in expressing the protein at higher yields than the native
recombinant protein. Certain preferred fusion pariners are both immunological and
exprassion enhancing fusion pariners. Other fusion parthers may be selected so as to
increase the solubilily of the protein or t0 enable the protsin o be largeted to desired
infraceliutar compartments. Still further fusion partners include affinity tags, which facilitate
purification of the protein.

Fusion proteins may generally be prepared using standard techniques, including chemical
conjugation. Preferably, a fusion protein is expressed as a recombinant protein, allowing the
production of increased levels, relative to a non-fused protein, in an expression system.
Briefly, DNA sequences encoding the peplide components may be assembled separately,
and ligated into an appropriate expression vector. The 3' end of the DNA sequence
encoding one peptide component is ligated, with or without a peptide linker, to the §' end of
a DNA sequence encoding the secand peplide component so that the reading frames of the
saguences are in phase. This permits fransiation into a single fusion protein that retains the
bictogical activity of both component peptides.

A peptide linker seguence may be employead to separate the first and the second peplide
components by a distance sufficient to ensure that each peptide folds info its secondary and
terliary structures. Such a peptide linker sequence is incorporated into the fusion protein
using standard techniques well known in the art. Suitable peptide linker sequences may be
chosen based on the following factors: (1) their ability t© adopt a flexible extendesd
conformation; (2} their inability 1o adopt a sscondary structure that could interact with
functional epitopes on the first and second peptides; and {3} the lack of hydrophobic or
charged residuas that might react with the peplide functional epitopes. Preferred peptide
linker sequences contain Gly, Asn and Ser residues. Other near neutral amino acids, such
as Thr and Ala may also be used in the linker sequence. Amino acid sequences which may
be usefully employed as linkers include those disclosed in Maraiea et al., Gene 40:39-46,
1085; Murphy et al.,, Proc. Natl Acad. Sci. USA 83:8258-8262, 1986; U.S. Patent No.
4,935,233 and U.S. Patent No. 4,751,180, The linker sequence may generally be from 1 {o
about 50 amino acids in length. Linker sequences are not required when the first and
second peptides have non-essential N-terminal amino acid regions that can be used to
separate the functional domains and prevent steric interference.
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The ligated DNA sequences are operably linked o suitable transcriptional or translational
regulatory elements. The reguiatory elements responsible for expression of DNA are
located &' to the DNA seguence encoding the first peptides. Similarly, stop codons required
{o end translation and franscription termination signals are present 3' to the DNA sequence
aencoding the second peptide.

Fusion proteins are also provided that comprise g peptide of the present invention together
with an unrelated immunogenic protein. Preferably the immunogenic protein is capable of
aliciting 2 memaory response. Examples of such proteins include tetanus, tuberculosis and
hepatitis proteins {see, for example, Stoute et al., New Engl. J. Med. 336:86-91, 1997).

in general, polypeptides (including fusion proteins) and polynuciectides as described herein
are isolated. An "isolated" polypeptide or polynucieotide is one that is removed from its
original envirenment. For example, a naturally occurring protein is isolated if it is separated
from some or all of the coexisting matenals in the natural system. Preferably, such
polypeptides are at least about 80% pure, more preferably at least about 95% pure and most
preferably at least about 98% pure. A polynuclectide is considered to be isolated if, for

example, it is cloned into a vecior that is not a part of the natural environment.
Antibodies

The term “antibody" in the following section includes single anti- GADBS or anti-bB6. 11
monoclonal antibodies (including anti-idiotypic antibodies) and anti- GADS5 or b88.11 antibody
compositions with polyepifopic specifiaty. The term "monocional antibody” (mAb) as used
herein refers to an antibody obtained fram a population of substantially homogensous
antibodies, Le. the antibodies comprising the individual population are identical except for
possible naturally-occurring mutations that may be present in minor amounts.

The invention provides antibodies that bind to GADES or b86.11 proteins and polypeptides.
The most preferred antibodies will specifically bind to a GADSS5 or b26.11 protein and will not
bind {or will bind weakly} to non- GADS5 or b¥6.11 proteins and polypeptides. Anti- GADSBS
or anti-b36. 11 antibodies that are particularly contemplated include monoclonal and
polyclonal antibodies as well as fragments containing the antigen binding domain andior one
or more complementanity determining regions of these antibodies. As used herein, an
antibody fragment is defined as at least a portion of the variable region of the
immunogiobulin molecule that binds to its farget, 1.e., the antigen binding region.

Various methods for the preparation of antibodies are well known in the art. For example,
antibodies may be prepared by immunizing a suitable mammalian host using a protein,
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peptide, or fragment of the invention, in isolated or immunoconjugated form (Antibodies: A
Laboratory Manual, CSH Press, Eds., Harlow, and Lane {18983}, Marlow, Antibodies, Cold
Spring Harbor Press, NY {198€}). in addition, fusion proteins may also be used. in another

embodiment, a peplide may be synthesized and used as an immunogen.

The antibodias or fragments may also be produced, using current technology, by
recombinant means. Regions that bind specifically to the desired regions of the target
profein can also be produced in the cortext of chimeric or CDR grafted antibodies of multiple
species ongin. Mumanized or human antibodies may also be produced and are preferred for
use in therapeutic contexts. Methods for humanizing murine and other non-human
antibodies by substituting one or more of the non-human antibody CDRs for corresponding
human antibody sequences are well known {see for example, Jones et al., 1886, Nature
321: 522-525; Riechmann et al,, 1988, Nature 332; 323-327; Verhoeyen et al., 1988,
Science 239 1534-1536). See also, Carter et al., 1893, Proc. Natl. Acad. Sci. USA 89: 4285
and Sims et al., 1983, J. Immunol. 151; 2288, Msthods for producing fully human
monoclonal antibodies include phage display and transgenic methods (for review, see
Vaughan et al., 1998, Nature Biotechnology 16, 535-538).

Fully human monocional antibodies may be generated using cloning technologies employing
large human ig gene combinatorial librartes (i.e., phage display) {Griffiths and Hoogenboom,
Building an in vitro immune system: human antibodies from phage display libraries. I
Protein Engineering of Antibody Molecules for Prophylactic and Therapeutic Applications in
Man. Clark, M. {Ed.}, Notlingham Academic, pp 45-64 (1993}); Burton and Barbas, Human
Antibodies from combinatorial libraries. Id., pp 65-82). Fully human monocional antibodies
may aiso be produced using transgenic mice engineerad to contain human immunoglobulin
gene loct as described in PCT Patent Application WQUB/24893, Kucherlapati and Jakobovits
et al., pubdished December 3, 1997 (see also, Jakobovits, 1998, Exp. Opin. Invest Drugs
7(4). 607-614). This method avoids the i wiro manipulation required with phage display

technology and efficiently produces high affinity authentic human antibodies.

Reactivity of aptibodies with a prolein may be established by a number of well known
means, including radicimmunocassay {(RIA), western blot, immunoprecipitation, ELISA, and
FACS analyses.

An antibody or fragment thereof of the invention may be labeled with a detectable marker or
conjugated to a second molecule. Suitable detectable markers include, but are not limited
o, a radicisotope, g fluorescent compound, a bioluminescent compound, chemiluminescent
compound, a metal chedator or an enzyme. A second molecule for conjugation to the
antibody can be selected in accordance with the intended use. For example, for therapeutic
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use, the second molecule can be a taxin or therapeutic agent. Further, bi-specific antibodies
specific for fwo or more epitopes may be generated using methods generally known in the
art. Homodimeric antibodies may also be generated by cross-linking technigues known in
the art (e.g., Wolff et al., Cancer Res. 53: 2560-2565).

Pharmaceutical Compositions and Vaccinas

The invention provides polypeptides, polynucleotides, T cells and/or antigen presenting cells
that are incorporated into pharmaceutical compositions, including immunogenic
compositions {i.e., vaccines), FPharmaceutical compositions comprise one or mora such
compounds and, optionally, a physiologically acceptable carrier. Vaccines may comprise
one or more such compounds and an adjuvant that serves as a non-specific immune

response anhancer.

The adjuvant may be any substance that enhances an immune response 10 an exogenous
antigen. Examples of adjuvants include conventional adjuvants, biodegradable
microspheres {(e.g., polylactic galactide), immunostimulatory oligonuciectides and liposomes
{into which the compound is incorporated; see e g., Fullerton, U.S. Patent No. 4,235,877).
Vaccine preparation is generally described in, for example, M.F. Powell and M.J. Newman,
eds., "Vaccine Design {the subunit and adjuvant approach).” Plenum Press {NY, 1085},
Pharmaceutical compaositions and vaccines within the scope of the present invention may
also contain other compounds that may be biclogically active or inactive. For example, one
or more immunogenic portions of other tumor antigens may be present, either incorporated

into a fusion polypeplide or as g separate compound, within the composition or vaccine.

A pharmaceutical composition or vaccing can contain DNA encoding one or more of the
peplides as described herein, such that the polypeptide is generated in sifu. As noted
above, the DNA may be present within any of a variety of delivery systems known {o those
of ordinary skilf in the art, including nucleic acid exprassion systems, bacteria and viral
expression systems. Numerous gene delivery fechniques are well known in the art, such as
those described by Rolland, Crit. Rev. Therap. Drug Carrier Systems 15:143-198, 1988, and
references cited therein. Appropriate nucleic acid expression systems contain the
necessary DNA segquences for expression in the patient (such as a suitable promoter and
terminating signal}. Baclenial delivery systems involve the administration of a bacterium
{such as Bacillus-Calmette-Guerrin) that expresses an immunogenic portion of the
polypeptide on its cell surface or secretes such an epitope.

in a preferred embodiment, the DNA may be introduced using a viral expression system
{e.q., vaccinia or other pox virus, refrovirus, or adenovirus), which may involve the use of a

18



10

15

20

25

30

35

WO 2009/033121 PCT/US2008/075524

non-pathagenic (defective), replication competent virus. Suitable systems are disclosed, for
example, in Fisher-Hoch et &l., Proc. Natl, Acad. Scl. UBA 86:317-321, 1898%9; Flexner et @i,
Ann. N.Y. Acad Sci. 569:86-103, 1989; Flexner et al., Vaccine 8:17-21, 1890; U.S. Patent
Nos. 4,603,112, 4,769,330, and 5,017 487, WQ 89/01973; U.8. Patent No. 4,777 127, GB
2,200,651; EP 0345242, WO 91/028085; Berkner-Biotechnigues 6:616-627, 1988, Rosenfeld
at al,, Science 252:431-434, 1991; Kolis et al,, Proc. Natl. Acad, Sci. USA 91.215-219, 1984,
Kass-Eisler et al., Proc, Natl. Acad. Sci. USA 90:11488-11502, 1993, Guzman et al.,
Circulation 88:2838-2848, 1883; and Guzman et al., Cir. Res, 73:1202-1207, 1983.
Tachniques for incorporating DNA into such expression systems are well known to those of
ordinary skill in the art. The DNA may also be "naked,"” as described, for example, in Ulmer
et al., Science 259:1745-1749, 1993 and reviewed by Cohen, Science 259:1681-1692,
1893, The upiake of naked DNA may be increased by coating the DNA onto bicdegradable
beads, which are efficiently transported into the cells, and other means known 1o those
skilled in the art.

While any suitable carrier known to those of ordinary skill in the art may be employed in the
pharmaceutical compositions of this invention, the type of carrier will vary depending on the
mode of administration. Compositions of the present invention may be formulated for any
appropriate manner of administration, including for example, topical, oral, nasal, intravenous,
intracranial, intraperiioneal, subcutaneous, infradermal or inframuscular administration. For
parenteral administration, such as subcutaneous injection, the carrier preferably comprises
water, saline, alcohol, a fat, a wax or a buffer. For oral administration, any of the above
carriers or a solid carrier, such as mannitol, lactose, starch, magnesium stearate, sodium
saccharing, talcum, celltdose, glucose, sucrose, and magnesium carbonate, may be
employed, Biodegradable microsphieres (e.q., poiviaciate polyglyoolate) may also be
employed as carriers for the pharmaceutical compositions of this invention, Suitable
biodegradable microspheres are disclosed, for example, in U.S. Patent Nos. 4,897 268 and
5075108

iy addition, the carrier may contain other pharmacologically-acceptable excipients for
modifying or maintaining the pH, osmolarity, viscosity, clarity, color, sterility, stability, rate of
dissolution, or odor of the formulation. Similarly, the carrier may contain stilf other
pharmacologically-accepiable excipients for modifying or maintaining the stability, rate of
dissolution, release, or absorption or penetration across the blood-brain barrier. Such
aexcipients are those substances usually and customarily employed to formulate dosages for
parenteral administration in sither unit dose or multi-dose form or for direct infusion info the
CSF by continuous or periodic infusion from an implanted pump.
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Such compasitions may also comprise buffers (.4., neutral buffered saline or phosphate
buffered saling), carbohydrates {e.9., glutose, mannose, sucrose or dextrans), mannitol,
proteins, peptides or amino acids such as glycine, antioxidants, chelating agents such as
EDTA or glutathione, adjuvants {e.g., aluminum hydroxide) and/or preservatives.
Alternatively, compositions of the present invention may be formulated as a lyophilizate.
Compounds may aisc be encapsulated within liposomes using well known technology.

The compositions described herein may be administered as part of a sustained release
formudation (1.e., a formulation such as a capsule or sponge that effects a slow release of
compound following administration). Such formulations may generally be prepared using
wall known technology and administered by, for example, oral, rectal or subcutaneous
implantation, or by implantation at the desired target site. Sustained-release formulations
may contain a polypeptide, polynucleotide or antibody dispersed in a carrier matrix andfor
contained within a reservoir surrounded by a rate confrolling membrane. Carriers for use
within such formulations are biocompatible, and may also be biodegradable; preferably the
formutation provides a relatively constant level of active component release. The amount of
active compound contained within a susiained release formulation depends upon the site of
implantation, the rate and expecied duration of release and the nature of the condition to be
treated or prevented.

Administration and Dosage

The compositions are administered in any suitable manner, often with pharmaceutically
acceptable carriers. Suilable methods of administering cells in the context of the present
invention to a subject are available, and, aithough more than one route can be used to
administer a particular composition, a particular route can often provide a more immediate
and more effective reaction than another route.

The dose administered {o a patient, in the context of the present invention, should be
sufficient to effect a beneficial therapeutic response in the patient over fime, or to inhibit
disease progression, Thus, the composition is administered (o a subjact in an amount
sufficient to elicit an effective immune response o the specific antigens and/or to alleviate,
reduce, cure or at teast partially arrest sympioms and/or complications fraom the disease. An
amount adequate to accomplish this 1s defined as a “therapeuticaily effective dose.”

Routes and frequency of administration of the therapeutic compositions disclosed herein, as
well as dosage, will vary from individual to individual, and may be readily established using
standard techniques. in general, the pharmaceutical compaositions and vaccines may be
administered, by injection {#.g., infracutaneous, intratumoral, intramuscular, intravenous or
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subcttaneous), intranasally (e.g., by aspiration} or orally, Preferably, between 1 and 10
doses may be administered over a 52 week pericd. Freferably, 8 doses are administered, at
intervals of 1 month, and booster vaccinations may be given periodically thereafter.
Alternate protocols may be appropriate for individual patients. In one embodiment, 2
intradermal injections of the composition are administered 10 days apart.

A suitable dose is an amount of a compound that, when administered as described above, is
capable of promoting an therapeutically relevant immune response, and is at least 10-50%
above the basal (i.e., untreated} level. Such response can be monitored, for example, by
measuring the anti-tumor antibodies in a patient or by vaccine-dependent generation of
cytolytic effector cells capable of killing the target cells in vitro.  Such vaccines should also
be capable of causing an immune response that leads to an improved clinical outcome {e.q.,
more frequent remissions, complete or partial or longer disease-fres survival} in vaccinated
patients as compared to nonvaccinated patients. in general, for pharmaceutical
compaositions and vaccines comprising one or more peptides, the amount of each peptide
present in a dose ranges from about 0.01 pgikg to about 100 mg/kg body weight wilt be
administered by infradermal, subcutaneous, or intravenous route. A preferred dosage is
ahout 1 ug/kg to abowt 1 mo/kg, with about 5 pg/ikg to about 200 pg/kg particularly preferred.

in general, an appropriate dosage and treatment regirmen provides the active compound(s}
in an amount sufficient to provide therapeutic and/or prophylactic benefit. Such a response
can be monitored by establishing an improved clinical cutcome {&.9., more frequent
remissions, compilete or partial, or longer disease-free survival) in treated patients as
compared to non-treated patients. Increases in preexisting immune responses {0 a protein
generally correlate with an improved clinical cutcome. Such immune responses may
generally be evaluated using standard proliferation, cytotoxicity or cytokine assays, which
may be performed using samples obtained from a patient before and after treatment.

The invention provides a method of delaving the onset of diabetes in a subject comprising
administering to the subject a composition of the invention. Also provided is a method of
inhibiting insulitis, or iInducing an ant-idiotypic Immune response, in a subject by
administering such a composition {o the subject. The subject can be a first degree relative of
a Type 1 diabstes patient or otherwise be considered at increased risk of developing T1D.

in another embodiment, the subject is a newborn.
There are several levels of risk which would justify treatment with the anti-Id:

» genelic risk: MLA typing at birth. The risk is increased from 0.5% in the general

population 1o 2% among those at genetic risk.
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« genelic risk among first degree relatives: the risk is increased from 0.5% to 3% if the
mother has T10, o 5% if the father has T1D, and {6 8% if there is a sibling with T1D.

s aperson with genetic risk who has developed any of the isiet autoantibodies against
GADSS, insulin, IA-2 or ZnT8. In subjects with GADB5ADb and two other
antibodies, more than 50% of the subjects have developed T1D within & years.

e @ person with genetic risk who has GADS5Ab and one other antibody: more than

25% develop T1D within 10 years.

s 7 person with genetic risk who has developed GADS5ADL only: more than 10%
develop T1D within 10 years.

Diagnhostic Methods

The invention provides diagnostic methods for detecting Type 1 diabstes (T10) and
susceptibility to 71D and for detecting the presence of anti-idiotypic antibodies to GADES in
a subject. The method comprises contacting a specimen with a molecule {such as an
antibody) that specifically recognizes and binds the epitope of glutamate decarboxylase
{GADGS) that is bound by antibody b88.11. The method further comprises detecting binding
of the molecule to the specimen. The absence {or relative absence) of binding is indicative
of susceptibility to Type 1 diabetes and of the absence of anti-idiotypic antibodies. Ina
typical embodiment, the molecule is an antibody. The antibody or other molecule can,
optionally, be labeled with a detectable marker. Typically the specimen is obtained from a
subject considered to be at increased risk for Type 1 diabetes, including a first degres
refative (FDR) of a subject known to have T1D. Only 15% of all newly diagnosed T1D
patients have a FDR with the disease. In one embodiment, the specimen is derived from a
newborn. About 20% of all newboms could potentially benefit fram being screened for
GADGBS anti-ld, and offered treatment if their anti-Id is too low.

Detection of binding can be performed using conventional technigues known in the art, such
as radioimmunocassay (RIA), western blot, immunoprecipifation, ELISBA, and FACS analyses,
Both competitive binding assays and direct detection assays can be used.

in one embodiment, the detection is by RiA. Details of an exemplary RIA of the invention are
as follows. Serum sampiles (100ul) are incubated with immobilized b986.11-Protein A
Sepharose {25 yl of 50% slumry) at 55°C for 10 min. The mixture is then incubated at 37°C for
30 min and at room femperature for @ final 10 min and analyzed for GADGSAR in RIA. The
supemnatant is separated from the beads by a two-step centrifugation. After the initial
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centrifugation step (& min, 14,000 rpm) the supernatant is transferred to a new tube and
cenirifuged as before. The resuftant supematant is assayed for GADBSAL in g RIA

Kits

For use in the diagnostic and therapeutic applications described herein, kits are also within
the scope of the invention. Such kits can comprise a carier, package or container that is
compartmentalized {0 receive one or more containers such as vials, iubes, and the tike,
each of the container(s) comprising one of the separate elements 1o be used in the method,
such as an antibody, anti-idiotypic antibody or composition of the invention.

The kit of the invention will typically comprise the container described above and one or more
other containers comprising materials desirable from a commercial and user standpoint,
inciuding buffers, diluents, fillers, needles, syringes, and package inserts with instructions for
use. in addition, a label can be provided on the container o indicate that the composition is
used for a specific therapeutic or non-therapeutic application, and can also indicate directions
for either in wivo or i vitro use, such as those described above. Directions and or other
information can also be included on an insert which is included with the kit.

in one embodiment, the kit comprises a container and at Ieast one further container comprising
antibody immobilized on a2 carrier, for example, using protein A-sepharose beads. The
antibody can be a radiolabeled b88.11 antibody.

EXAMPLES

The examples that follow are presented {o illustrate the present invention and to assist ong
of ordinary skill in making and using the same. The examples are not intended in any way 1o
otherwise fimit the scope of the invention.

Example 1: Modulation of diabetes in NOD mice by GADSS-specific monocional
antibodies is epitope specific and accompanied by anti-idiotypic antibodies

This example shows that adminisiration of a human monocional antibody specific to GADS5S
{b96. 11} to prediabetic NOD mice significantly delays the onset of autoimmune diabetes.
This effect is epitope-specific as only b86.11 showed this therapeutic property, while a
GADSS-specific human monacional control antibady (b78) derived from the same patient,
but specific to a different determinant of GADBS, had no significant effect on the progression
of disease. Administration of b26.11 or b78 to NOD mice was accompanied by the
generation of anti-idiotypic antibodies. iImportantly, the induced anti-idiotypic antibodies were
specific for the immunizing antibody and blocked the binding of GADSS by the respective
antibody. These findings suggest a potential role for the internal image of the GADGS
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determinant recognized by b98.11 in the anti-idiotypic antibody, supporting an
immunomodulatory role. This example uses the following abbrevigtions: 65kDa isoform of
glutamate decarboxylase: GADSS, autoantibodies to GADBS: GADSBSAD, Radioligand

binding assay: RBA, Type 1 diabetes: T1D, intravenous immune globulin: IVIG.

Materials and Methods

Antibodies

Both GADSS-specific human monocional antibodies used in this study were derived from a
patient with Autoimmune Polyendocrine Syndrome Type 2 . B98.11 recognizes an epitope
located at amino acid residues 308-365 ¥ while b78 recognizes an epitope located at the
C-terminus of GADBS (512-540) ¥ % Both antibodies are of the igG1 subtype and their light
chains are of the lambda subclass. The I1gG show 80% similarities in the heavy chain and
79% similarities i the light chain, with the majonity of differences located in the CORs
{Figure 1}). The antibodies were purified from supermatants of the respective B cell line using
Protein G Sepharose (invitrogen, Carishad, CA). Polycional human 1gG (The Binding Site,
Birmingham, UK) does not contain GADBS binding reactivity. All antibodies were dialyzed
against PBS and sterile-filtered. The final concentration of the antibodies was 1 mg/miin
PBS.

Radioligand binding assay {RBA)

Recombinant human P¥5-GADBS was produced in an in vitro coupled
transcriptionftransiation system with SR8 RNA polymerase and nuclease treated rabbit
reticulocyte lysate (Promega, Madison, W, USA) as described previously *°. Briefly, animal
sera (5ul) or 1gG were incubated with ¥9S-GADSS5. After an overnight incubation at 4°C,
antiboady-bound PUS-GADSS was separated from unbound antigen with Protein A Sepharose
(PAS) (Invitrogen) as a precipitating agent as previously described *°. The
immunoprecipitated radioactivity was counted on g Wallac Microbeta Liquid Scintiiation
Counter (Perkin Elmer Life and Analytical Sciences, Inc, Boston, MA}. In competition-RBA
GADBS-specific monocional antibody was incubated at its half-maximal binding
concentration with serum from the injected animals. All samples were analyzed in triplicate

determinaions.

Enzyme linked immunosorbent assay {ELISA)

Detection of human antibodies: Mouse sera were analyzed for the presence of human
antibodies as follows: 86-well MAXI-ZORF plates (Nalge Nunc Intermational, Rochester, NY)
were coated with goat anti-human antibodies (Bethyl Laboraionies, Montgomery, TX) (1:100}
overnight at 4°C. The plates were blocked with 1% BSA in PBS to reduce non-specific
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binding. Mouse serum was added to the wells and incubated for 2 hours at 37°C. Human
antibodies were detected by 50 yliwell peroxidase {abeled Goat anti-Human 1gG (Bethyl
Laboratories) {1:10,000) for 1 hour at 37°C. The plates were washed and incubated with the
peroxidase substrate o-phenylenediamine dihydrochloride OFD) (Sigma-Aldrich
Cooperation, St. Louis, MO}, The reaction was stopped with 1M SuffuricAcid solution and
the plates were read using a microplate reader at 450 nm. A standard curve consisting of
human 1gG dilutions was included on each assay.

Detection of anti-idiotypic antibodies: As above, but human recombinant Fab or human
igG at the indicated concentrations were used for the initial coating. Mouse serum were
added fo the wells and incubated for 2 hours at 37°C. Bound murine antibodies were
detected with 50 i {1:10,000) of peroxidase-conjugated goat anti-mouse 1gG (Bethyl
laboratories) per well. A standard curve for the determination of antibody levels (dilutions of
goat anti-human 1gG (Bethyl laboratories)) was generated for each assay. Negative controls
consisted of mouse serum obtained from mice injected with PBS only.

Mice

Femate NOD mice were purchased at 3-4 weeks of age {Jackson Laborafories, Bar Harbor,
ME). The mice were maintained in specific pathogen-free conditions in the animal facility at
the University of Washington, Seattle. All animal experimentation was approved by the
Animal Care and Use Committess of the University of Washington. The animals {groups of
8) were injecied 1P weekly with 10, 50, or 100 pg antibody or PBS. The injections started at
five weeks of age and continued until the animals reached 35 weeks of age or developed
diahetes. All animals were monitored for the development of diabetes. Hyperglycemia was
determined by weekly weighing and blood glucose level tests. Blood glucose levels were
measured with a Bayer Ascensia Elite meter and strips (Bayer HealthCare Diabetes Care,
Tarrytown, NY) when the animal experienced a loss of 5-10% of body weight. Diabetes was
defined by weight loss of 5-10% of body weight and blood glucose levels of »300 mg/dL for

two consectitive weeks.

Upon confirmation of diabetes, the animal was sedated with ketamine/xylazine and killed by
heart puncture, The pancreas was perfusion-fixed in 4% paraformaldehyde and embedded
in paraffin wax. Sections of 5-um were mounted on glass slides and stained with
hematoxylin and eosin for histological analysis.

Insulitis scoring

A minimum of 41 islefs/group were scored for insulitis. Scoring was performed under double-
blinded conditions. The degree of insulitis was graded according o the following: normal
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istet: {score 1), perivascular/periductal infiltration (score 2), peri-insulitis {score 3}, mild
insuliis {<25% of the islet infilirated; score 4}, and severe insulitis (more than 25% of the
isiet infilirated, score 5).

Statistical analysis

The conirol animals injected with PBS or polyclonal human 1gG were combined into one
group, because no difference in incidence rate, age at disease onset, or degree of insulitis
was detectable. Simitarly, groups injected with b78 {gG (50 and 100 ug) showed no
difference in incidence, age at disease onset, or degree of insulitis and were therefore
combined inio one group.

Weight gain in the different animal groups was compared using Mann-Whithey U.

Differences in the incidence rates in the different treatment groups were compared using
Chi-squared test with 1 degree of freedom, Fisher's exact test, two sided, and permutation
test, two sided. All analyses indicated a significant difference between the control group and
animals injected with 100 yg b86.11. Reporiad here are the results of the most conservative

analysis, namely chi-squared test with one degree of freedom.

Resulis
Injections with b96.11 delay the onset and reduce the incidence rate of diabetes

Animals were injected with GADS5-specific monocional Ab, human polyclonal antibody, or
PBS. The animals were monitored weekly for diabetes development. Animals injected with
PBS or human polyconal 1gG did not differ in their incidence rate of diabetes and the data
obtained from these animals was combined. The mice staried to develop disbetes at seven
weeks of age. Nineteen/24 (80%;) animals developed diabetes by week 28. Injections with
50 and 100 pg b78 1gG yielded & cumulative incidence rate of 50%, and 38%, respectively,
with no significant difference between the two dosage groups or from the controf animais.

Injections with 50 and 100 pg b96.11 resulied in a cumulative incidence rate of 25% (2/8}.
The two animals in the lower dose group developed diabetes at week 15, the first animal in
the 100 ug group developed diabetes at week 18 and the second animal at week 33 (Figure
2). Only injections with 100 ug be6.11 IgG resulted in significant reduction in incidence rate
and delay in onset, as compared to the conirol animais (p=0.006). Injections with b86.11 at
the lower dosage showed only a trend towards prevention, suggesting that the effect was
dose-dependent. Injections with 10 ug b86.11 induced no reduction iy incidence or delay in
onset. The injections with 100 ug b96.11 1gG were repeated once more with similar results.
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GADB5AL b96.11 reduces the severity of insulitis

The above effect was also reflected in the severity of insulitis. Insulitis was less severe in
animals treated with 100 and 50 ug b86.11 igG as compared to the control group and
animais injected with b78 1g(G {Table 1 and Figure 3). insulilis severity showed a dose
response to injected b86.11 igG.

Table 1: Degree of insulitis in NOD mice

Score 1 2 3 4 5
b86.11 100ug 84 28 9 0 0
b86. 11 50uy 54 28 15 2 {
b86.11 10ug 39 3¢ 13 ¢ @
b78 17 34 32 B 2
controls 22 18 15 24 18

{siets obtained from animals injected with b95.11 IgG (100, 54, and 10 ug), b78 igh, and
controls were scored as normal islets (score 1), perivascular/periductal infiltration {score 2),
peri-insulitis {(score 3}, mild insulitis {(<25% of the islet infiltrated; score 4), and severe
insulitis {more than 25% of the islet infiltrated, score 3). The mean score for each group was
calculated by dividing the total score by the number of islets scored.

Weight

The animals were weighed weekly to monitor their growth and potential weight loss as an
early sign of diabetes. The last two weight measurements before euthanasia were removed,
because the animals were terminated afler two weeks of consecutive hyperglvcemia and
weight loss. The fongitudinal weight measurements between groups were not significantly
different.

Presence of human IgG in mouse sera

Blood samples derived from the animals fwo weeks after the final injection were tested for
the presence of human IgG by ELISA. Significant presence of human 1gG was found in all
animals, except in mice injected with PBS only amino acid residues 308-365. The human
1gG titer in animals injected with 100 pg 19G was twice as high (median of 200 ug/mi) than
that observed in animals injected with 50 pg (median of 100 pg/ml) and 5-times higher than
in animals injected with 10 pg {gG (median of 40 pg/mi).

However, reactivity to GADSS could not be detected in the mouse sera, with the exception of

two sera, both obtained from animals injected with 10 ug of haB. 11,
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Presence of anti-idiotypic antibodies

Because the mice were injected with human 1gG, a human-specific immune response in the
animals was anticipated. ELISA analysis of the mouse sera revealed the presence of anti-
idiotypic antibodies specific to human Fab in alf animals injected with human 1IgG. The lavels
of the anti-idiotypic antibodies correlated with the dosage of injected igG. The median
conceniration of anti-idiotypic antibodies in animals injected with 50 or 100 ug 1gG was
significantly higher compared with animals injected with 10ug 1gG (p=0.0002}. No difference
in the anti-idiotypic antibody levels was found when comparing animals injected with
different IgG.

Anti-idiotypic antibodies prevent binding of GADS5-specific monoclonal antibodies to
GADSS

The hinding specificities of the anti-idiotypic antibodies was investigated by festing whether
they interfered with the binding of bS8, 11 and H78 10 GADSES. In competition-RBA the
respective GADBS-gpecific monoclonal antibody was incubated at its half-maximal binding
concentration with serum from the injected animals {Figure 4a). Sera from b96.11-injected
mice inhibited the binding of b96.11 IgG and Fab to GADSS, but not the binding of b78 1gG
or Fab. Likewise, sera from b78-injected animals specifically inhibited the binding of b78 1gG
and Fab to GADSS, but not that of b96.11 1gG or Fab (Figure 4b). Sera obtained from
animals injected with human polyclonal antibody, or PBS, had no effect on the binding
capacity of b86.11 or b78.

The level of anti-idiotypic antibodies specific to the antigen-binding site of the GADB5AbL
dependad on the dosage of injected IgG. Animals injected with 100 ug ©96.11 had
significantly higher levels of anti-idiotypic antibodies interfering with GADGS binding, than
animals in the 10 g group (p=0.04).

Discussion

T10-specific monocional GADEBAD 188,11 significantly reduced diabetes development in
NOD mice. This effect was both antigen-, epitope-, and dose- specific, since neither
adminisiration of polycional human IgG nor that of GADS5-specific monocional antibody b78
had an effect on the development of diabeles, and only the highest dosage of b86. 11

resulted in significant reduction.

Injections with human antibodies induced the formation of anti-idiotypic antibodies in the
animatls, some of which recognized the antigen-binding site of the manocional antibodies
and consequently interfered with the binding to GADB5, These anti-idiotypic antibodies fikely
present internal images of GADSS5 bound by b36.11 and thus may mimic GADSS.
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Alternatively, the internalized GADBS/HSE. 11 complexes could induce a modutation of
GADGS processing, thus modifying antigen presentation.

The two GADSS-specific monacional antibodies were generated from the same individuat
but recognize different epitopes. B9S.11 shares epitops specificities with GADS5AD present
in sera obtained from T1D patients *> ¥, and in a longitudinal study of healthy GADB5AD-
positive schoolchildren it was shown that the specificity to the b986.11-defined epitope
increases with time in high risk children only *. GADS5Ab with epitopes similar to that
recognized by b78 are not common in T1D patients, but may be observed in sera from Stff
Person Syndrome {SPS) patients, where this antibody specificity correlates with the ability of
the sera to inhibit GADSS enzymatic activity *°.

in mice, human monocional antibodies and their antigen complexes are most likely taken up
via pinocytosis, rather than via Fo-Receptor binding. Earlier reports showed that human IgG
injected 1P to mice was eliminated from the animals with a halflife of 2-3 days *'. It is
therefore surprising that human 1gG was detected in circulation after two weeks. Moreover,
the level of human igG in circulation exceeds that of the injected bolus, suggesting that the
1gG accumulates in the animals. The mechanism by which the antibodies are retained in the
animails and the location of the antibody other than in blood can be further investigated. The
initial efforts to focalize the antibady in the animals were restricled to the pancreas.
Significant amounts of human antibody were not found in the islet or elsewhere in the

pancreas.

The injection with human 1gG triggered the development of significant amounts of anti-
idiotypic antibodies in the animals, some of which inhibited the binding of GADBS by the
respeciive monocional antibody or its Fab. The data presented here suggests that the anti-
idiotypic antibodies recognize the GADSS-hinding domain of their respective monocional
antibodies, thus serving as an intermal-image antibody. The anti-idiotypic antibodies may
mimic GAD85-administration as the internal image binds to the idiotypic antibodies.
Monoaclonal anti-idiotypic antibodies specific to b98. 11 can be developed to confirm that
these ant-idiotypic antibodies interfere with the pathogenesis of T1D.

The injection of b98. 11 monocionatl antibodies may also affect the processing and
presentation of GADES, as was suggested in earlier studies. Antibody-induced modulation of
antigen processing may affect the presentation of the antigen to auto-reactive T celis.
Experiments {o test changes in GADSS-specific T cell responses in the NOD mice are

necessary 1o test this hypothesis.
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The role of anti-idiotypic antibodies in the regudation of the immune system was suggested
first in the network hypothesis by Jerme ¥ proposing that idio-types and anti-idiotypes create
a homeostasis of the adaptive immune response. The presence of anti-idiotypic antibodies
has been described for a number of autoantibodies * and autoimmune diseases (for review
see *). Anti-idiotypic antibodies may bind the antigen-binding site of the antibody and thus
represent the internal image of the antigen. Supporting this hypothesis is the finding that the
anti-idiotypic antibody serum levels correlate inversely with that of auioantibodies in several
autoimmune diseases 7. The presence of anti-idiotypic antibodies in healthy individuals
that successiully block the binding of pathogenic autoantibodies has been demonstrated
stggesting that these anti-idiotypic antibodies regulate potential pathogenic autoantibodies
#.9¢ Moreover, the successful treatment of autoimmune disorders with intravenous immune
globulin (IVIG) has partially been explained by the presence of anti-idiotypic antibodies {for

review seg °% ¥

3 IVIG treatment in T1D patients was administered with different results. in
new anset T10D patients the treatment showed improvement in regard to C-peplide levels
and two out of gight patients ceased to require insulin treatment IVIG treatment in T1D
patients was administered with different results. it new onset T1D patients the treatment
showed improvement in regard to C-peptide fevels and two out of eight patients ceased to
require insulin treatment **. In established T1D patients, {VIG did not show a change in
remission frequency or beta cell function ¥ Recent studies suggest that the successful
treatment of SPS patients with IVIG induces a reduction in GADBSAD titers **. Moreover,
insulin-mimicking anti-idiotypic antibodies have been described in the development of type 1
diabetes in another animal model of the disease, namely the BioBreeding rat (BB rat) %,
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autoantibodies fo glutamate decarboxylase, defines type 1 diabetss

This example investigates the presence of GADB5AD in healthy individuals (n=238), and first
degree relatives (FDR} of T1D patients {n=27) who tested negative for GADB5AD in
conventional RiAs. Sera were applied to affinity columns coated with GADS5-specific
monoclonal antibodies to absorb anti-idictypic antibodies {anti-ld). The absorbed sera were
analyzed for binding to GADBS by RiAs. Both healthy individuals and FDR present
GADB5AD that are inhibited by anii-ld, masking them in conventional detection methods.
The presence of GADGSAL-specific anti-id was confirmed by competitive ELISA.
Remarkably, T1D patients (n=54) and Stiff Person Syndrome (SPS) patients (n=8) show a
specific lack of anti-id to disease-associated GADE5AD epitopes. Purified anti-id from
heaithy individuals and FDR inhibited the binding of GADB5Ab from T1D patients to GADES,
This example shows that masked GADGSAD are present in the heaithy poputation and that a
lack of particular anti-id, rather than GADGSAL per se, is a characteristic of T1D. The lack of
these inhibitory antibodies may confribute to T cell activation by GADB5AD.

Materials and Methods
Serum samples

Heaalthy GADSSAb-negative FOR of T1D patients (n = 27) {mean age 39 vears, range 17—

61 years) were identified by screening individuals from families with at least two siblings with
diabetes to a total of 1170 probands with T1D enrolled in the Diabetes incidence Study in
Sweden and the Swedish Childhood Diabetes registry. The samples in this study were
chosen at random from the GADSSAD-negative sera. Sera of healthy individuals (n=238) {15-
34 years old} were randomly selected control samples matched to newly diaghosed T1D
patients. These samples were collected in 1992-1993 in the Diabetes incidence Study in
Sweden. All serum samples tested repeatediy negative for antibodies to GADSS in

conveniional RIA.

GADBBAb-positive T1D patients (n=54) were randomly selected from 15-35 year old newly
diagnosed Swedish T1D patients. These patients were registered in 1982-1893 in the
Diabetes Incidence Study in Sweden and were previously reported (o be positive for
GADGSAD.
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GADSSAb-positive SPS patients (=8} were collected in Seattle from 8 females and 1 male.
Ancther male SPS patient was evaluated at King's College Hospital {London, U.K). All
stibjects or their legal guardians gave informed consent.

Local institutional ethics committes approval and subjects’ consent was obtained prior {o

collection of all serum samples.

Antibodies

Human monoclonal antibodies H98.11 and b78 specific to GADSBS were derivad from a
patient with autoimmune polyendocnne syndrome type 2 (48). BYS.11 recognizes an epitope
that is specifically bound by patients with T1D {13). B78 recognizes an epitope that is
specifically bound by patients with SPS (14). The epitope specificities of these antibodies
are described in detall in a recent publication {36). Briefly, they recognize epitopes located at
independent clusters that are positioned on opposing faces of the molecule’s C-terminal
domain. HAA1 is a human monoclonal antibody (ATCC, Manassas, VA) specific to blood
group A antigen {47} and shows no binding to GADG5. The antibodies were purified from
supernatants of the respective B cell line using Protein G Sepharose (Invitrogen, Carlsbad,
CAj}.

Radioligand binding assay

GADBSAD were determinad using the RIA previously described {(48). Briefly, recombinant
[35]S-GADSES was produced in an in vitro coupled franscription and transiation system with
SP6 RNA polymerase and nuclease freated rabbit reticulocyte lysate (Promega, Madison,
Wi, Sera or 10 at the indicated concentrations were incubated with [35]5-GADBS (25,000
of TCA precipitable radicactivity). Sera were initially analyzed at 2.5ul. If the GADSS5AD titer
exceeded 9000 cpm, the sample was diluted and re-analyzed. The reported titer was
adjusted accordingly. After an overnight incubation at 4°C, antibody-bound [35]S-GADSS5
was separated from unbound antigen by precipitation with Protein A-Sepharose (PAS)
{invitrogen). The immunoprecipitated radioactivily was counted on a Wallac Microbeta Liguid
Scintillation Counter (Perkin Elmer Life and Analylical Sciences, Ing, Boston, MA).

Western blot analysis

Protein samples were electrophoresed on 15% SDS-PAGE under reducing conditions,
Proteins were electrotransferred from the gel {o Immobilon-F membranes (Millipore, Boston,
MA). Membranes were blocked in TBS buffer containing 1% BSA and incubated with goat
anti-human kappa light chain-HRP (AbD Serotec, Raleigh, NC), geat anti-human lambda
light chain-HRP (Seratec), goat anti human 1gG-HRP (Bethyl Laboratories, Montgomery,
TX), or mouse anti-human IgM-HRP {Invitrogen Corporation, Carisbad, CA) at the
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concentration recommended by the manufaciurer. The immunocomplexes were detected
with Enhanced Chemiluminescence Detection system (GE Healthcare, Piscataway, NJ).

ELISA

Binding of anti-ld to GADSSAL b86.11 and b78 was measured by ELISA foltowing standard
methods. Anti-id were isclated from a heaithy individual and absorbed to 95-well microtiter
plates {(Nunc Maxisorh, Roskilde, Denmark) {50uifwell). The antibodies were detected by
purified bB8.11 and b78 that had been labeled with HRP according to the manufacturer's
instructions (Fisrce Biotechnology, Rockiord, L), Binding was competed by recombinant
human GADSS (Diamyd Medical AB, Sweden) or BSA.

Crosslinking of antibody to PAS

Purified antibodies were crosslinked to PAS using the Dimethylpimelimidate method (49}
One mg of antibody was crasslinked to one mi of PAS heads (Invitrogen). The efficiency of
the coupling was 50% (0.5mg/mi}. There was no significant release of the coupled protein
from PAS as tested by RIA and Western blot analysis.

Absorption on antibody-coupled PAS beads.

Serum samples (100ul) were incubated with antibody-PAS beads (25 pi of 50% slurry) for 1
hour, The bead volume was previously titrated for optimal assay conditions. The bound
fraction was separated from the unbound serum by gravity flow. The flow-through of the
column was analyzed for GADBSAD in a RIA. Change in volume was accounted for.

Heat dissociation

To dissociate complexes of GADBSAD and their bound inhibitors in serum samples, the heat
dissociation method as described (15) was followed. Briefly, samples {(100ul) were heated to
55°C for 10 min in the absence or presence of antibody-PAS beads (25 yl of 50% sturry).
The mixture was then incubated at 37°C for 30 min and at room temperature for a final 10
min and analyzed for GADBBAD in RIA. in absorption experiments the flow-through was
assayed for GADB5Ab in a RIA.

Competition experiment

To evaluate the anfibody binding specificity, 150 nmolft uniabelled recombinant human
GADSS (Diamyd Medical AB, Sweden) was used o block the binding of ¥IS-GADSS to
GADBSAD. Unlabelled 150 nmol/l BSA was used as a control.
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Eiution of bound inhibitor

Bound protein was eluted from b88.11-PAS with 0.05M Glycine buffer {(pH 11}, One ml
fractions were collected and the pH was immediately adiustedto pH 7.

Preparation of Ig and lg-depleted fractions of sera.

ig was purified from sera by successive affinity chromatography on PAS and PGS
{invitrogen). Western blot analysis confirmed the presence of {g in the purified fraction, while
the Ig-depleted fraction contained no ig.

Statistical analysis

All samples were analyzed in duplicate determingtions. The mean intra-assay coefficient of
variation was 5% (13-0.04%). The assay for GADB5Ab showed good sensitivity {(86%) and
high specificity (93%;) in the 2007 Diabetes Antibody Standardization Program Workshop.
Fositive and hegative controls were included for each assay. Binding levels betwesn
different freatments within ane serum group were adjiusted to the untreated positive and
negative confrols to correct for inter-assay variations. Binding levels between different serum
groups were adjusted to the same serum derived from a healthy individual that was included
on each plate and underwent identical procedures with the other samples. Median
GADGEAD levels between groups were analyzed using the non-parametric analysis of
variance (Kruskall-Wallis test) followed by Dunn's multiple comparisons test. Significance
was defined by P<0.05.

Results

Sera from healthy individuals and FOR contain GADS5Ab that are masked, while T1D
patients and SPS patients lack inhibitors to disease-specific GADG5AD.

The presence of masked GADBSAb was investigated in human serum samples. Samples
were incubated at 55°C sither in the presence or absence of monocional GADSB5ADL
immaobilized to protein A Sepharose (PAS). After the reaction was allowed to cool to room
temperature the flow-through was tested in a RIA for binding to GADSS {Figure 1a). Sera of
healthy individuals (n=238) and FDR (n=27) that had tested negative for GADBSADL in
conventional RiAs, GADBSAb-positive T1D patients {(n=54) and GADS5Ab-positive SFS
patients {n=8) were analyzed.

For the healthy individuals. a significant increase in binding to GADSS5 was observed after
absorption to b8s.11-FPAS or b78-PAS {median binding before absorption: 292 {112-1065)
cpm, after absorption to b96.11-PAS: 1088 (401-8881) cpm, after absorption to b78-PAS:
6519 (2056-16278) cpm) {p<G.001}. The GADBSAD titer of all samples afier absorption to
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poth b88.11-PAS and b78-PAS was higher than the median before absorplion and 123/238
(52%) of the bS86, 11-absorbed samples had a GADBSAD fiter above the maximum GADBSAD
titer before absorption. All samples absorbed to b78-PAS {ested above the maximum
GADBSAD titer before absorption.

Similar results were obiained when absorbing the sera without previocus heat-dissociation.
However, the effect was less pronounced, indicating that the moderate temperature increase
catalyzed the dissociation of the GADGSAb/Inhibitor complexes and allowed the absorption
of the released inhibitor (o the immobilized GADEBADL. Dissociation of antibody complexes
by heat has been employed previously (15} and the results obtained confirmed that the
binding capacity of purified GADB5ADb remains stable under these conditions.

Binding of the isolated inhibifor {0 GADS5AbL was confirmed in an ELISA (Figure 5B). The
inhibitor was eluted from b98.11-PAS or b78-PAS after absorption of serum obtained from a
healthy individual and detected by HPR-labeled b88.11 or b78, respectively. Addition of
hurman recombinant GADES diminished the signal in a doss-dependent manner, suggesting
that the inhibitor binds to the antigen-binding site of GADB5AD. Addition of BSA had no
effect on the binding.

A significant increase in GADS5Ab levels after absorption to b88.11-PAS and b78-PAS was
also observed for FDR {p<0.001) (Figure 5A). In the analysis of the T1D patients, a
significant increase from 1094 to 8830 cpm in the level of GADB5Ab was observed after
absorption on b78-PAS (p<0.001), howeaver no difference was detected between the level of
GADB5AD in non-absorbed and b98.11-PAS absorbed sera. In the analysis of the SPS
patients no increase in the level of GADB5AD was found following absorption on either
596.11-PAS or b78-PAS.

The possible releass of GADBSAD from the GADBSADL-PAS was tested by analyzing the
fiow-through of GADBBADL-PAS that underwent the same procedure without incubation with
serum. No binding to GADSS5 could be detected under these conditions.

The observed binding was specific to GADBS, since compaetition with unlabeled human
recombinant GADSS, but not BSA reduced the binding to radiolabeled GADES {(p<0.001}
{Figure SA). Moreover, no increase in binding to the tyrosine phosphatase like protein {A-2

was ohserved when testing sera that had been heated and absorbed.

Whether the affect was specific fo GADESAD was investigated by absorbing serum samples
{0 an irrefevant human monoclonal antibody HAAT immobilized to PAS. This antibody
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recognizes blood group A antigen. Fourteen healthy individuals and 14 FDOR were tested. No
significant increase in GADSBAD binding was observed {Figure 6B},

Characterization of the inhibitor

The inhibitor was identified as human Ig by preparing purified Ig and lg-depleted fractions
from sera of four FDR. The purified ig and the ig-depleted sera were incubated with b98. 11-
PAS to identify the fraction that contained the inhibitor and GADS5AbL (Figure 7A). As
expacted, absorption of the purified Ig fraction on be6.11-PAS resulted in a significant
increase in binding to GADES, while absorption of the ig-deplated fraction on b8 11-PAS
had no effect on GADES binding. These daia suggest that 1) the immunoglobulin fraction
contains both GADE5Ab and the inhibitor, and 2) that the observed effect is not due to
release of b896.11 from b96.11-PAS by serum proteases.

The inhibiting lg was further analyzed by eluting the serum fraction absorbed {o b88 11-PAS
and testing the eluted fractions for the presence of human Ig by Western blot analysis
{Figure 78). in addition to both human kappa and lambda light chains, Western blot analysis
showed the inhibiting fractions to contain human lgG, while festing with human igM showed
no signal. As an additional control, no signal was found in Western blot analysis using
fractions eluted from bB8&. 11-PAS beads that had not been incubated with human serum,
ingicating that the coupled b36.11 was not released from the b86.11-PAS.

These resulls led to characterization of the inhibifor as anti-id.

Anti-ld show cross-reactivity to GADE65AD from different individuals

Anti-ld were eluted from b96.11-PAS after absorption with serum from a FDR as described
above. Dose-dependent inhibition of GADSS binding was observed when the anti-ld was
added to the absorbed sample (Figure 8A). Following the same protocol, anti-id was
prepared from g healthy individual and carried out cross-inhibition experiments betwesn the
groups using the optimat conditions (20ul) as determined above (Figure 88). The dafa
suggest that anti-id isolated from healthy individuals efficiently inhibit antigen binding by
absorbed sera fram FOR and vice versa. Moreover, anti-ld obtained fram a healthy
individual and a FOR also inhibited GADBSS binding by four T1D patients’ sera (Figure 88),
although this inhibition was weaker (74 and 79%, respectively) as compared to that in the
heaithy individual and the FOR {~90%.

Discussion

This example demonsirates for the first ime anti-ld specific to GADSB5AL. Iimmune depletion
of these anti-ld reveals the presence of masked GADB5AD in the majority of sera from
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heaithy individuals and FOR that otherwise test negative for GADS5AD in conventional
screening assays. Moreover, the data presented here show that GADEBAD-specific anti-Id
are severely reduced in T1D patients. In particular, anti-id reactive to mAb b96.11 that is
associated with progression to T1D (13) show a marked reduction in T1D patients. The
study suggests that GADBBAD are found in the majority of healthy, non-diabetic individuals,
but that their binding capacity is inhibited by GADS5ADb-specific anti-id. i is the absence of
these anti-id, rather than the presence of GADB5AD, that is characteristic for T1D. Screening
of sera for anti-Id specific to disease-associated GADS5SAD provides a valuable tool in the
characterization and risk assessment for T10.

Anti-id have been dascribed in the normal human immune response, where they are
beheved {o play a protective role, as they can block the binding of pathogenic autoantibodies
{18}, They have also been described in several autcimmune diseases (17-20),
Autoantibodies to ribosomal P proteins {anfi-F) are regarded as specific for patients with
systamic lupus erythematosus. Stafford and colleagues demonstrated that in healthy
individuais who tested negative for anti-P antibodies by conventional serologic screenings,
anti-P antibodies were in fact readily detectable sfter removal of the inhibitory antibodies
{21-23). Similarty, autcantibodies fo the E2 subunit of the pyruvate dehydrogenass complex,
thought to be specific to patients with primary biliary cirrhosis, are present but inhibited by
anti-ld in healthy individuals (24). in T1D, anti-ld to insulin autoantibodies have been
reported both in humans (25} and in the BB rat modetl (26}, These anti-id appear to resembie
insulin and may affect the utilization of insulin {27). A balance between autoantibodies and
anti-ld is propoesed to contribute to the homeostasis of the adaplive immune response in the
“Network Hypothesis™ (28}, A disturbance of this balance — by a decline in protective factors
of an increase in aulcimmune elements - could precipitate autoimmune disease. GADBSAD-
specific anti-Id are likely formed in the following cascade of events: death of pancreatic beta
cells leads fo the release of islet cell antigens, including GADSS. This beta cell death can be
the result of a beta cell injury or apoptosis during normal development (29, 30). The islet cell
antigens are presented in the pancreatic lymph nodes (31) and ead to the formation of
GADBS5AD. Indeed, the presence of a wide range of autoantibodies — including GADGSAD —
shortly after birth has been described (32). According to the Network Hypothesis antibody
idiotypes will induce the production of anti-ld {28, 33). These anti-id can than block the initisl
antibodies, preventing them from binding o the antigen.

However tha actual mechanisms involved in the fack of anti-ld in autoimmune diseases have
not been well studied, and most studies of anti-id address autoimmune diseases with a
major B cell component {o the immune response, whereas in T1D, although autoantibodies
are readily demonstrable, the pathogenssis is considered to be T cell mediated.
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i the light of recent evidence that autcantibodies may play a role in modulating the T cell
response (11}, i is notable that antibody specificily, rather than antibody tHer, is associated
with T1D and disease progression (13, 34, 35). The GADS5AD response in T1D patients is
characterized by GADGSAD specificities similar {o that of monocional antibody b86.11 {13},
white GADB5AD in patients with SPS often recognize GADSBSADL epitopes similar to that
bound by b78 (14). These two antibodies recognize epitopes located at independent clusters
{ctet and ctc2), positioned on opposing faces of the C-lerminal domain of the GADES
motecule {36}, Recognition of cic2 by b88.11-like GADB5Ab appears to be associated with
an aggressive islet ol autoimmune reaction leading t© T1D, while binding o the clct
epitope by b78-like GADGDAD appears to be characteristic of an islet cell autoimmunity
either unassociated with diabeles (e.g. SPS), or with a milder diabetes phenotype. Similarly,

it is a lack of anti-ld specific {0 b88.11, and not b78, that is associated with T1D.

The lack of anfi-Id specific to b88.11 in T1D patients may suggest that GADB5Ab are
functionally inhibited by epitope-specific anti-ld in the healthy immune system. in the
absence of these specific inhibitory anti-id, overt GADS5AD are exposed and consequently
are able fo modulate the immune response {8-10) and break T cell tolerance as recently
demonstrated {11). Perhaps antihodies to cle2 epitope(s) play a role in antibody-driven
effector T celf activation in T1D equivalent to the cooperative role played by antibodies to
ovalbumin in the development of dighetes by T cells in RIP-mOVA mice {11) and such
activation is blocked by the presence of anti-Id of appropriate specificity.

While anti-ld are used in the treatment of allergy {for review see (37)), they are currently not
used in the treatment of autoimmune diseases. However, the successiul treatment of
auteimmune disorders with intravenous immune globulin has partially been explained by the
presence of anti-id (for review see {38, 39}, and the potential of recombinant anti-id has
been suggested in the reatment of some autoimmune disesases {40). The rationale for using
GADBSAD-specific anti-id in treatment is {0 provide enough anti-Id immunoglobuding 1o
neutralize circudating GADB5AD of the be8. 11-idiotype.

The presence of anti-Id may provide a mechanism for some previously unexplained
phenomena. For example, these GADS5SAb-specific anti-ld may explain the persistence of
GADB5SAD for years after the onset of T1D (41, 42), despite the loss of beta cells as the
antigen source affer disease onset Continuous beta cell regeneration, protein mimicry,
incomplete destruction of the beta cells, release of GADSS from other sources, or
crossreactivity of GADS5AD with other proteins have also been proposed o explain this
phenomenon (43). An antigen-independent memory likely could be generated by the
interaction of GARBSAL-speacific B celis with complementary B cells that produce anti-id {for
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review see (44)). Moreover, the anti-ld explain previous evidence of a serum factor

preventing the binding of autoantibodias to GADSS observed by Brown & Christie (45).

i conclusion, the findings of this example demonstrate that GADEG5SAD are not confined to

T10, but are masked in hesithy individuals by specific anti-id that are absent in T10D. Andi-id

may play a protective role in the immune response, by preventing GADB5AD 10 bind to their

antigen and potentially modulate T cell responses to GADGS.
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Example 3: First degree relatives that later progress to T1D have less b96.11-specific

antidd

This exampie shows the analysis of GADSSAb-negative sera from six individuals that later
progressed to T1D and 33 sera from GADB5Ab-negative individuals that remained non-
diabetic. These samples were collected from first degree relatives of T1D patients in the
Children's Hospital of Pittsburgh Registry. The progressors had significantly lower levels of
b8 11-specific anti-Id as compared {o the non-progressors {p=0.04). These results show
that individuals that progress to T1D may have an early lack of anti-id suggesting a

praedictive value of a subject’s b96.11-specific anti-Id levels.

Throughout this application various publications are referenced. The disclosures of these
publications in their entireties are hereby incorporated by reference into this spplication in
order 1o describe more fully the state of the art to which this invention pertains.
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Those skilled in the art will appreciate that the conceptions and specific embodiments
disclosed in the foregoing description may be readily ulilized as a basis for modifying or
designing other embodiments for carrying out the same purposes of the present invention,
Those skilled in the arl will also appreciate that such equivalent embodiments do not depart

from the spirit and scope of the invention as set forth in the appended claims.
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What is claimed is:

1. A pharmaceutical composition comprising an antibody that specifically recognizes
and binds the epitope of glutamate decarboxylase (GADSE) that is bound by antibody
B96. 11 and, optionally, a pharmaceutically acceptable carder.

2. A pharmaceutical compaosifion comprising an anti-idiotypic antibody that specifically
recognizes and binds an gpitope of antibody b86. 11 and, optionally, a pharmaceutically

acceptable carrier, wherein the anti-idiotypic antibody competitively inhibits binding of b98.11
to GADSS.

3. A pharmaceutical composition comprising a nucleic acid molecule that encodes an

antibody of claim 1 or 2 and, optionally, a pharmaceutically acceptable carier.

4, A method of delaying the onset of diabetes in a subject comprising administering to
the subject the composition of claim 1, 2 or 3.

5. The method of claim 4, wherein the subject is a first degree relative of a Type 1

diabetes patient.

8. A method of inhibiting insuliis in a subject comprising administering to the subject
the composition of claim 1, Z or 3.

7 A method of inducing an anti-idiotypic immune response in a subject comprising
administering to the subject the composition of claim 1, 2 or 3.

8. A method of detecting susceptibility to Type 1 diabetes in a subject, the method
comprising:

{a) contacting a specimen obiained from the subject with an antibody that
specifically recognizes and binds the epitope of glutamate decarboxylase (GADBS) that is
bound by antibody b86.11; and

{b) detecting binding of the antibody with the specimen, wherein binding with the
specimen is indicative of susceptibility to Type 1 diabetes.

8. The method of claim 8, further comprising contacting the antibody with @ known
gquantity of a labeled GADSS antigen, and wherein the detecting comprises a competitive
radinimmunoassay.

10. The method of claim 8, wherein the detecting comprises ELISA
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11, The method of claim 8, wherein the specimen comprises blood, serum, wrine, saliva

or other bodily fluid,

12, The method of claim 8, wherein the subject is a first degree relative of a Type 1

diahetes patient.
13 A diagnostic kit comprising:

{@) an antibody that specifically recognizes and binds the epitope of glutamate
gecarboxylase (GADSS) that is bound by antibody b96. 11,

(b} acontainer that houses the antibody of (a); and
(¢} a package insert containing instructions for use.
14 The kit of claim 13, further comprising a labeled GADGS anligen.
18, The kit of claim 14, wherein the GADES is labeled with a radicactive marker.

16, The kit of claim 13, wherein the antibody is immobilized 1o a solid support.
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