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Therapeutic Compositions and Methods for the Prevention

of Autoimmune Diseases

FIELD OF THE INVENTION

The present invention is directed to therapeutic compositions and methods for the
prevention or treatment of autoimmune diseases, such as type 1 diabetes.

CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims the benefit of Provisional Application Ser. No.
61/184,106, filed on June 4, 2009, the entire contents of which are hereby incorporated by
reference.

GOVERNMENT SUPPORT

This invention was made with government support under NIH Grant No. ROI
DK55969 and UI9A1050864 awarded by the National Institutes of Health, and Children’s
Diabetes Foundation and Brehm Coalition. The government has certain rights in this
invention.

BACKGROUND

Autoimmune disorders are diseases caused by the body producing an inappropriate
immune response against its own tissues, in which the immune system creates T
lymphocytes and autoantibodies that attack one’s own cells, tissues, and/or organs.
Researchers have identified 80-100 different autoimmune diseases and suspect at least 40
additional diseases of having an autoimmune basis.

Autoimmune disorders are classified into two types, organ-specific (directed
mainly at one organ) and non-organ-specific (widely spread throughout the body).
Examples of organ-specific autoimmune disorders are insulin-dependent Type 1 diabetes
which affects the pancreas, Hashimoto's thyroiditis and Graves' disease which affects the
thyroid gland, pernicious anemia which affects the stomach, Addison's disecase which
affects the adrenal glands, chronic active hepatitis which affects the liver and myasthenia
gravis which affects the muscle. Examples of non-organ-specific autoimmune disorders
are theumatoid arthritis, multiple sclerosis and lupus.

Autoimmune diseases are often chronic, debilitating, and life-threatening. The
National Institutes of Health (NIH) estimates up to 23.5 million Americans suffer from
autoimmune discase and that the prevalence is rising. It has been estimated that
autoimmune diseases are among the ten leading causes of death among women in all age

groups up to 65 years. Most autoimmune diseases cannot yet be treated directly, but are
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treated to alleviate the symptoms associated with the condition. Some of the current
treatments include administration of corticosteroid drugs, non-steroidal anti-inflammatory
drugs (NSAIDs) or more powerful immunosuppressant drugs such as cyclophosphamide,
methotrexate and azathioprine that suppress the immune response and stop the progression
of the disease. Radiation of the lymph nodes and plasmapheresis (a procedure that
removes the diseased cells and harmful molecules from the blood circulation) are other
ways of treating an autoimmune disease. However, these treatments often have devastating
long-term side effects

Thus, there exists a need in the art for safer and more effective methods for
treatment and prevention of autoimmune diseases. The instant application addresses this
need by describing a novel method for treatment of autoimmune diseases.

SUMMARY OF THE INVENTION

In one embodiment, the present invention includes an isolated antibody having an
inhibitory or preventive activity on an autoimmune disease in an animal, wherein the
antibody specifically binds to a complex comprising a Class II MHC molecule and an
autonatigenic peptide implicated in the autoimmune disease.

In a further embodiment, the present invention includes a method for preventing or
treating an autoimmune disease comprising administering to a subject in need thereof an
effective amount of a therapeutic composition comprising an antibody that specifically
binds to a complex comprising a Class II MHC molecule and an autoantigenic peptide
implicated in the autoimmune disease.

In some embodiments, the antibody may specifically prevent or disrupt the
assembly of a trimolecular complex comprising a Class II MHC molecule, an autoantigen
and a T Cell receptor. In some embodiments, the peptide may comprise an autoantigenic
peptide modified to bind in a specific register so that it is reactive with a T cell receptor
specific for the autoantigenic peptide. In some embodiments, the autoimmune disease
may be type 1 diabetes, pre-diabetes of type 1A, and Latent Autoimmune Diabetes in
Adults (LADA). In some embodiments, the autoimmune disease may be type 1 diabetes.
In some embodiments, the autoantigen may be insulin. In some embodiments, the Class 11
MHC molecule may be I-A%” or a human class II MHC molecule. In some embodiments,
the TCR may contain a TRAV5D-4, TRAV5-1 or TRAVIO o chain. In some
embodiments, the autoantigenic peptide may be peptide B:9-23 comprising SEQ ID NO:1
(SHLVEALYLVCGERG), B:12-23 comprising SEQ ID NO:2 (VEALYLVCGERG),
B:12-22 comprising SEQ ID NO:3 (VEALYLVCGER), B:12-22 Reg.3 comprising SEQ
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ID NO:8 (VERLYLVAGEE), (RE)Reg.1 comprising SEQ ID NO:4 (LREALYLVAE),
(RE)Reg.2 comprising SEQ ID NO:5 (VRALYLVAGE), (RE)Reg.3 comprising SEQ ID
NO:6 (ERLYLVAGEE), (RE)Reg.4 comprising SEQ ID NO:7 (ARYLVAGERE), B:13-
22 comprising SEQ ID NO:9 (EALYLVCGER), or a homolog thereof.

In some embodiments, the antibody may be humanized. In some embodiments, the
antibody may be Fab, Fab', F(ab')2, or scFv fragment. In some embodiments, the
antibody may be monoclonal. In some embodiments, the antibody may be administered to
the animal by passive infusion. In some embodiments, the antibody may be administered
to the animal in an amount of 100 ug/kg to about 10,000 ng/kg.

In a further embodiment, the present invention includes a therapeutic composition
comprising a peptide attached to a class II MHC molecule for immunizing an animal in
order to produce an antibody having an inhibitory or preventive activity on an autoimmune
disease in the animal, wherein the peptide is an autoantigenic peptide implicated in the
autoimmune disease, and the antibody specifically binds to a complex comprising the
Class I MHC molecule and the peptide.

In another embodiment, the present invention includes a method for preventing or
treating an autoimmune disease comprising immunizing a subject with an effective
amount of a therapeutic composition comprising a peptide, wherein the peptide is an
autoantigenic peptide implicated in the autoimmune disease, and the immunization leads
to production of an antibody that specifically binds to a complex comprising a Class II
MHC molecule and the peptide.

In some embodiments, the antibody may specifically prevent or disrupt the
assembly of a trimolecular complex comprising a Class II MHC molecule, an autoantigen
and a T Cell receptor. In some embodiments, the peptide may comprise an autoantigenic
peptide modified to bind in a specific register so that it is reactive with a T cell receptor
specific for the autoantigenic peptide. In some embodiments, the autoimmune disease
may be type 1 diabetes, pre-diabetes of type 1A, and Latent Autoimmune Diabetes in
Adults (LADA). In some embodiments, the autoimmune disease may be type 1 diabetes.
In some embodiments, the autoantigen may be insulin. In some embodiments, the Class 11
MHC molecule may be I-A%” or a human class II MHC molecule. In some embodiments,
the TCR may contain a TRAV5D-4, TRAV5-1 or TRAVIO o chain. In some
embodiments, the autoantigenic peptide may be peptide B:9-23 comprising SEQ ID NO:1
(SHLVEALYLVCGERG), B:12-23 comprising SEQ ID NO:2 (VEALYLVCGERG),
B:12-22 comprising SEQ ID NO:3 (VEALYLVCGER), B:12-22 Reg.3 comprising SEQ
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ID NO:8 (VERLYLVAGEE), (RE)Reg.1 comprising SEQ ID NO:4 (LREALYLVAE),
(RE)Reg.2 comprising SEQ ID NO:5 (VRALYLVAGE), (RE)Reg.3 comprising SEQ ID
NO:6 (ERLYLVAGEE), (RE)Reg.4 comprising SEQ ID NO:7 (ARYLVAGERE), B:13-
22 comprising SEQ ID NO:9 (EALYLVCGER), or a homolog therecof. In some
embodiments, the Class Il MHC molecule is I-A%’.

In some embodiments, the therapeutic composition may be a vaccine. In some
embodiments, the therapeutic composition may further comprise an adjuvant. In some
embodiments, the route of administration of the composition may be parenteral,
intravenous, subcutancous, oral, nasal or transcutancous.

In some embodiments, the present invention may include a kit comprising the
therapeutic composition.

In a further embodiment, the present invention includes a production method of an
antibody having a therapeutic effect in an autoimmune disease, comprising an
immunization step of immunizing a non-human animal with an autoantigenic peptide
implicated in the autoimmune disease attached to a class II MHC molecule; a hybridoma
production step of fusing an antibody producing cell taken out from the immunized non-
human animal with an immortalized cell so as to obtain a hybridoma; a hybridoma
selection step of selecting a hybridoma producing an antibody having a binding property
to the said peptide; and an antibody separation step for separating an antibody expressed
by the selected hybridoma.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A shows a schematic diagram of the trimolecular complex involving MHC
class IT molecule (IA%” in mouse), Insulin B:9-23 peptide and T Cell Receptor comprising
TRAVS5D-4%04 Va chain. Figure 1B shows the mouse insulin B-chain, B:9-23 CD4" T
cell minimal peptide and its possible binding registers. Anchor residues are underlined; the
mutated anchor residues (RE) for preventing register shifting are in bold italics and are
underlined, while the remaining residues show the amino acids that can potentially
contact the T cell antigen receptor. Registers 1, 2, and 4 all use anchor residues that are
compatible with the TA®’ peptide binding motif, while register 3 is a nonpreferred binding
motif due to the arginine in the MHC P9 pocket. Figure 1C shows the computer modeling
of the 3-dimensional structure of IA%’- B: 9-23 in register 3 (abbreviated as B:12-22RE-
Reg3).
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Figure 2 graphically represents that IA®-B:12-22RE-Reg3 complex stimulates
both BDC12-4.1 and BDC12-4.4 hybridoma cells, but the control IA*-HEL11-23 does
not stimulate these cells.

Figure 3 graphically represents that IA®’-B:12-22RE-Reg3 complex stimulates
both BDC12-4.1 and BDC12-4.4 cells but not BDC2.5 cells.

Figure 4 is a schematic representation of the immunofluorometric anti-IA®’
antibody assay.

Figure 5 shows that NOD mice develop high titer antibodies after immunization
with TA®7-B:12-22RE-Reg3 or IA®-B1:2-23 complex, but much lower titer antibodies in
IA®-HEL11-23 treated mice. 2 weeks post immunization most mice developed antibodies
and at 4 weeks post-immunization higher titer antibodies were observed. Stronger titers
were observed post-boost immunization at 11 weeks old or 7 weeks post-immunization.

Figure 6 shows that IA*-B12-23 complex absorbed the antibodies completely but
the IA®-HEL11-23 complex did not which suggests that antibodies specific against the
IA®-B:12-23 complex recognized by T cells exist in the serum.

Figure 7 shows that IA®-B:12-22RE-Reg3 complex absorbed the antibodies
completely but the TA®-HEL11-23 complex did not which suggests that antibodies
specific against the IA®-B:12-22RE-Reg3 epitope recognized by T cells exist in the
serum.

Figure 8 shows that the sera obtained from different mice immunized with IA®'-
B:12-22RE-Reg3 complex or IA®-B:12-23 inhibited The BDC12-4.1 T cell response to
the insulin2:B9-23 peptide in a dose dependent manner.

Figure 9 shows that the sera from mice immunized with I-A2’-B:12-22RE-Reg3
complex or I-A27-B:12-23 complex inhibit the responses of both BDC12-4.1 and BDC12-
4.4 cells.

Figure 10 shows that the inhibition effect of the sera from mice immunized with I-
A¥_B:12-22RE-Reg3 complex or I-A¥’-B:12-23 complex is specific, as the sera inhibit the
responses of both BDC12-4.1 and BDC12-4.4 cells, but not that of BDC2.5 cells
stimulated with the mimotope.

Figure 11 shows the inhibition effect of the sera on BDCI12-4.1 cells vs. peak
insulin autoantibodies (IAA) in immunized mice. The sera which showed stronger

inhibition effect had a low or negative IAA value.



10

15

20

25

30

WO 2_010/141\6/518 PCT/US2010/037166

L0901 1VU-1

Figure 12 shows the production of anti-IA®’-B:12-22RE-Reg3 antibodies in
immunized and non-immunized mice, indicating that most mice developed antibodies
successfully post-immunization.

Figure 13 shows life tables of NOD mice that were immunized with either TA®'-
B:12-22RE-Reg3, IAY-B:12-23, IA®’-HEL11-23, or PBS and shows that the development
of diabetes was significantly delayed in mice that were immunized with the I-A%"-B:12-
22RE-Reg3 complex.

Figure 14 shows that immunized mice in which diabetes was prevented show
insulin islet retention at 52 weeks. Panels A, B and C show insulin staining from three
different mice that were immunized with I-A®’-B:12-22RE-Reg3. These mice have peri-
insulitis but show insulin islet retention. Panel D shows insulin staining from a diabetic
mouse and shows no insulin retention in islet.

Figure 15A shows the generation of monoclonal antibodies in NOD mice. Figure
15B shows that six hybridomas produced monoclonal anti IA®"-B:12-22RE-Reg3
antibodies. Figure 15C shows that the F2.24-1 anti-IA®’-B:12-22RE-Reg3 monoclonal
antibody specifically binds to IA%’-B:12-22-Reg3.

Figure 16 shows that the F2.24-1 monoclonal antibody inhibits B:9-23 responsive
T cells. Figures 16A and 16B show data related to stimulation of T cells by B:9-23
presented by APCs and by plate bound I-A%’-B:12-22RE-Reg3, respectively.

Figure 17 shows that the F2.24-1 monoclonal antibody inhibits B:9-23 responsive
T cells. Figures 17A and 17B show dose response data related to stimulation of T cells by
B:9-23 presented by APCs and by plate bound 1-Ag7-B:12-22RE-Reg3, respectively.

Figure 18 shows that the F2.24-1 monoclonal antibody inhibits development of
insulin auto-antibodies.

DETAILED DESCRIPTION OF THE INVENTION

The present invention describes a novel antigen-specific strategy for the prevention
or treatment of an autoimmune disease. Recognition of an autoantigenic peptide is
dependent upon presentation of the auto-antigenic peptide by a specific MHC molecule
present on an antigen presenting cell (APS) to a specific T cell receptor (TCR). Assembly
of a trimolecular complex comprising the auto-antigenic peptide, the MHC molecule and
the TCR is required to trigger the T cell immune response. Described herein is a novel
strategy to prevent or disrupt the assembly of the trimolecular complex and thus prevent
the triggering of the auto immune response. The strategy is based, in part, on generation

of molecules that specifically target the autoantigenic peptide-MHC class II molecule
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complex and disrupt or prevent the assembly of the primary autoimmune trimolecular
complex comprising the autoantigen, the Class I MHC molecule, and the T cell receptor
molecule implicated in the autoimmune disease. Accordingly, described herein are novel
therapeutic compositions and methods for the treatment or prevention of autoimmune
diseases, comprising molecules that specifically target the autoantigenic peptide-MHC
class II molecule complex and prevent or disrupt the assembly of autoantigenic peptide-
MHC class Il molecule-TCR trimolecular complex.

The present inventors have successfully tested this strategy in the treatment of type
1 diabetes. Type 1 diabetes, an organ-specific autoimmune disease, is characterized by the
production of autoantibodies that target the insulin-secreting pancreatic beta cells. The
destruction of the beta cells is mainly due to the action of T cells. In most cases T cells
can respond to an antigen only when the antigen is properly presented by an antigen
presenting cell expressing the appropriate major histocompatibility complex (MHC)
molecule. Thus, T cell immune response to an antigen requires recognition by the T cell
receptor of the antigen coupled to a MHC molecule, and requires assembly of a tri-
molecular complex comprising the antigen, the MHC molecule and the T cell receptor.

Data obtained from NOD (non-obese diabetic) mouse model indicate that insulin is
a key or primary auto-antigen in the development of type 1 diabetes (1-3). Initial cloning
of T cells from islets of NOD mice led to the discovery that the native insulin B chain
amino acids 9-23 having the sequence SHLVEALYLVCGERG (SEQ ID NO:1) (“B:9-23
peptide”) is the dominant antigenic peptide epitope presented by the class 11 MHC
molecule I-A. Mice lacking the native B:9-23 sequence fail to develop diabetes, and
development of insulin autoantibodies and insulitis are markedly decreased (4). Restoring
the native B:9-23 sequence with an islet transplant (but not bone marrow transplant) or
peptide injection or a native proinsulin transgene, restores anti-insulin autoimmunity and
generates CD4 T cells able to cause diabetes (5).

The major genetic determinant of islet autoimmunity and diabetes in man and
animal models are genes within the major histocompatibility complex (6;7), in particular
class I MHC alleles (8-10). The NODs unique sequence of the MHC class 1I allele I-A
(homologous to DQS (DQB1*0302) of man) and lack of expression of I-E (shared with
many standard mouse strains) are essential for the development of diabetes.

The crystal structure of I-A®” with a bound peptide is available allowing modeling
of binding of peptides to this molecule (11). There are multiple registers in which the B:9-
23 peptide can bind to I-A%’. Figure 1B shows four registers of the peptide, while Figure
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1C depicts the 1-A¥ molecule linked with the peptide B:12-22RE(Reg3) having the
sequence VERLYLVAGEE (SEQ ID NO:8).

There are alternative hypotheses as to why I-A%” (and DQBI1*0302 (12)) is
associated with islet autoimmunity. One hypothesis is that the molecule is a poor binder of
peptides and potentially unstable (13;14), and such instability or defective binding might
limit negative selection of autoimmune T cells within the thymus. Another hypothesis is
that I-A®¥ is critical for presentation of specific autoantigenic peptide(s) in the periphery
(2;15-17). The second hypothesis is supported by the observation that I-A alleles such as
I-A* prevent NOD diabetes but enhance alternative autoimmune disorders, suggesting that
class II alleles determine the specific organ targeted rather than general susceptibility to
autoimmunity (18;19).

Finally recognition of the B9:23 epitope is dependent upon targeting of B:9-23
bound to I-A%” by a conserved "non-stringent" T cell receptor with germline encoded
TRAV 5D-4*04 a chain sequence. Of the elements of a/f T cell receptors that vary (Va,
Na, Ja; VB, NB, DB, JB) our preliminary data indicates that the Vo TRAV 5D-4*04
sequence (within multiple T cell receptors) is sufficient to engender anti-B:9-23/anti-
insulin/anti-islet autoimmunity and diabetes, despite multiple different sequences of the
other TCR elements. The present inventors have demonstrated that the conserved
TRAV5D-4*04 containing o chain with endogenous TCRf chains is able to induce insulin
autoimmunity (20) and have produced T cell receptor hybridomas from such mice to study
the molecular determinants of targeting B:9-23.

Thus, to trigger the autoimmune response in NOD mice requires the assembly of a
trimolecular complex comprising I-A%" (Class I MHC molecule), B9:23 (insulin
autoantigenic peptide) and TRAVS5D-4*04 (or related TRAV5-1 and TRAV10) containing
T cell receptor (see Figure 1A), which requires recognition of I-A%-B9:23 complex by the
TRAV5D-4*04 (or related TRAV5-1 and TRAV10) containing TCR.

Accordingly, in some embodiments the present invention includes methods for
treatment or prevention of Type 1 diabetes comprising generation of antibodies that
specifically bind to the I-A®’-insulin B autoantigenic peptide such as B:9-23 covalently
linked complex and prevent or disrupt the assembly of I-A8"-B9:23-TCR complex or block
binding of the I-A®-B9:23 to the TCR. Also described herein are therapeutic
compositions for the prevention or treatment of type 1 diabetes.

While the data presented herein is related to the development of Type 1 diabetes,

one skilled in the art will readily appreciate that the overall strategy, as well as the
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methods and compositions described herein would apply to any autoimmune disecase that
involves a T cell response and recognition by the TCR of an autoantigenic peptide
implicated in that disease presented by the appropriate MHC molecule.

In one embodiment, the present invention includes a therapeutic composition
comprising a peptide linked to a class I MHC molecule for immunizing an animal so that
the animal produces an antibody that has an inhibitory or preventive activity on an
autoimmune disease in the animal. The peptide used in the present invention may be an
autoantigenic peptide that is implicated in the development of that autoimmune disease.
In some embodiments, the peptide may also include a modified version of the
autoantigenic peptide such that it binds in a specific register of the MHC class Il molecule
and is reactive with the specific T cell receptor implicated in that autoimmune disease.
Although the linkage between the peptide and the class II MHC molecule may be of any
nature, to ensure tight linkage, the peptide is preferably covalently attached to the MHC
molecule.

The therapeutic composition is administered to immunize the animal so that the
animal produces an antibody that has an inhibitory or preventive activity on an
autoimmune disease in the animal. The antibody produced in the animal selectively binds
to the complex comprising the Class II MHC molecule and the peptide. Without wishing
to be bound by theory, it is expected that the antibody prevents the association of or
disrupts the specific trimolecular complex implicated in the autoimmune disease
comprising the Class II MHC molecule, the auto-antigen and the T Cell receptor and thus
prevents the development of or inhibits the autoimmune disease.

The therapeutic composition of the present invention can be used in the treatment
of any autoimmune disease that involves a T cell response. Examples include, without
limitation, Hashimoto's thyroiditis, Graves' disease, pernicious anemia, Addison's discase,
chronic active hepatitis, myasthenia gravis, rheumatoid arthritis, multiple sclerosis and
lupus. In preferred embodiments the autoimmune disease is type 1 diabetes, pre-diabetes
of type 1A, and Latent Autoimmune Diabetes in Adults (LADA). In a particularly
preferred embodiment the autoimmune disease is type 1 diabetes.

In one aspect, the autoimmune disease is type 1 diabetes, the auto-antigen is
insulin, the Class I MHC molecule is I-A¥ (or its homolog), and the TCR is a TCR
containing an o chain selected from the group consisting of TRAV5D-4, TRAV5-1 and
TRAV10 (or its homolog). As explained above, B:9-23 peptide having the amino acid
sequence SHLVEALYLVCGERG (SEQ ID NO:1) is the dominant antigenic peptide
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epitope presented by the class I MHC molecule I-A¥ in the development of type 1
diabetes. Accordingly, in some embodiments the therapeutic composition may comprise
the peptide B:9-23 tethered to the I-A¥” molecule. In some embodiments, the therapeutic
composition may comprise truncated or modified versions of B:9-23, including without
limitation, peptides B:12-23 having the amino acid sequence VEALYLVCGERG (SEQ ID
NO:2), B:12-22 having the amino acid sequence VEALYLVCGER (SEQ ID NO:3), or
B:13-22 having the amino acid sequence EALYLVCGER (SEQ ID NO:9). In some
embodiments, A may be substituted for C in the native sequence. Additionally, the
therapeutic composition may comprise different registers of the peptide such as (RE)Regl
having the amino acid sequence LREALYLVAE (SEQ ID NO:4), (RE)Reg2 having the
amino acid sequence VRALYLVAGE (SEQ ID NO:5), (RE)Reg3 having the amino acid
sequence ERLYLVAGEE (SEQ ID NO:6) or (RE)Reg4 having the amino acid sequence
ARYLVAGERE (SEQ ID NO:7), or B:12-22RE Reg.3 comprising SEQ ID NO:8
(VERLYLVAGEE) that are capable of binding to I-A®’ and being recognized by the
specific TCR.

In some embodiments, the therapeutic composition is a vaccine. The therapeutic
composition or vaccine of the invention can further include any other compounds that are
useful for protecting a subject from a particular disease or condition, including an
infection by a pathogen, or any compounds that treat or ameliorate any symptom of such
an infection. The therapeutic compositions of the invention can further include a
pharmaceutically acceptable carrier. Such a carrier can include, but is not limited to, an
adjuvant, an excipient, or carrier. According to the present invention, adjuvants are
typically substances that generally enhance the immune response of an animal to a specific
antigen. Suitable adjuvants include, but are not limited to, incomplete Freund's adjuvant;
other bacterial cell wall components; aluminum-based salts; calcium-based salts; silica;
polynucleotides; toxoids; serum proteins; viral coat proteins; other bacterial-derived
preparations; gamma interferon; block copolymer adjuvants, such as Hunter's Titermax
adjuvant (CytRx™, Inc. Norcross, GA); Ribi adjuvants (available from Ribi
ImmunoChem Research, Inc., Hamilton, MT); and saponins and their derivatives, such as
Quil A (available from Superfos Biosector A/S, Denmark). Adjuvants are not required in
the present invention, but their use is not excluded. Carriers are typically compounds that
increase the half-life of a therapeutic composition in the treated animal. Suitable carriers
include, but are not limited to, polymeric controlled release formulations, biodegradable

implants, liposomes, oils, esters, and glycols. Compositions and vaccines of the present

10



10

15

20

25

30

WO 2_010/141\6/518 PCT/US2010/037166

L0901 1VU-1

invention can also contain one or more pharmaceutically acceptable excipients. As used
herein, a pharmaceutically acceptable excipient refers to any substance suitable for
delivering a composition useful in a method of the present invention to a suitable in vivo
or ex vivo site. Preferred pharmaceutically acceptable excipients are capable of
maintaining a composition in a form that, upon arrival of the composition at a target cell,
tissue, or site in the body, the composition is capable of eliciting an immune response at
the target site (noting that the target site can be systemic). Suitable excipients of the
present invention include excipients or formularies that transport, but do not specifically
target the vaccine to a site (also referred to herein as non-targeting carriers). Examples of
pharmaceutically acceptable excipients include, but are not limited to water, saline,
phosphate buffered saline, Ringer's solution, dextrose solution, serum-containing
solutions, Hank's solution, other aqueous physiologically balanced solutions, oils, esters
and glycols. Aqueous carriers can contain suitable auxiliary substances required to
approximate the physiological conditions of the recipient, for example, by enhancing
chemical stability and isotonicity. Auxiliary substances can also include preservatives.
Stabilizers, such as trehalose, glycine, sorbitol, lactose or monosodium glutamate (MSG),
can be added to stabilize the vaccine formulation against a variety of conditions, such as
temperature variations or a freeze-drying process. Compositions may also include a
suspending fluid such as sterile water or saline (preferably buffered).

In some embodiments of the present invention, the therapeutic composition or
vaccine can also include biological response modifier compounds, although such
modifiers are not necessary to achieve a robust immune response according to the
invention. For example, the vaccine or composition of the invention can be administered
in conjunction with at least one biological response modifier. Biological response
modifiers include compounds that can modulate immune responses, which may be
referred to as immunomodulatory compounds. Certain biological response modifiers can
stimulate a protective immune response whereas others can suppress a harmful immune
response. Suitable biological response modifiers include cytokines, hormones, lipidic
derivatives, small molecule drugs and other growth modulators, such as, but not limited to,
interleukin 2 (IL-2), interleukin 4 (IL-4), interleukin 10 (IL-10), interleukin 12 (IL-12),
interferon gamma (IFN-gamma) insulin-like growth factor I (IGF-I), transforming growth
factor beta (TGF-B) steroids, prostaglandins and leukotrienes. The ability of a yeast
vehicle to express (i.c., produce), and possibly secrete, 1L-2, IL-12 and/or IFN-gamma

preferentially enhances cell-mediated immunity, whereas the ability of a yeast vehicle to
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express, and possibly secrete, 1L-4, IL-5 and/or IL-10 preferentially enhances humoral
immunity. Other suitable biological response modifiers include, but are not limited to,
anti-CTLA-4 antibody (e.g., to release anergic T cells); T cell co-stimulators (e.g., anti-
CD137, anti-CD28, anti-CD40); alemtuzumab (e.g., CamPath®), denileukin diftitox (e.g.,
ONTAK®), anti-CD4, anti-CD25, anti-PD-1, anti-PD-L1, anti-PD-L2 or agents that block
FOXP3 (e.g., to abrogate the activity/kill CD4+/CD25+ T regulatory cells); FIt3 ligand,
imiquimod (AldaraTM), GM-CSF, sargramostim (Leukine®), Toll-like receptor (TLR)-7
agonists, or TLR-9 agonists (c.g., agents that increase the number of, or increase the
activation state, of dendritic cells, macrophages and other professional antigen-presenting
cells). Such biological response modifiers are well known in the art and are publicly
available.

The present invention includes the delivery of the therapeutic composition or
vaccine of the invention to an animal. The administration process can be performed ex
vivo or in vivo. Ex vivo administration refers to performing part of the regulatory step
outside of the patient, such as administering the therapeutic composition of the present
invention to a population of cells removed from a patient under conditions such that the
composition is administered to the cells, and returning the cells to the patient. The
therapeutic composition of the present invention can be returned to a patient, or
administered to a patient, by any suitable mode of administration.

The preferred routes of administration will be apparent to those of skill in the art.
Methods of administration include, but are not limited to, parenteral, intravenous
administration, intraperitoneal administration, intramuscular administration, intranodal
administration, intracoronary administration, intraarterial administration (e.g., into a
carotid artery), subcutaneous administration, transcutancous administration, transdermal
delivery, intratracheal administration, intraarticular administration, intraventricular
administration, inhalation (e.g., acrosol), intracranial, intraspinal, intraocular, aural,
intranasal, oral, pulmonary administration, impregnation of a catheter, and direct injection
into a tissue. Aural delivery can include ear drops, intranasal delivery can include nose
drops or intranasal injection, and intraocular delivery can include eye drops. Aecrosol
(inhalation) delivery can also be performed using methods standard in the art (see, for
example, Stribling et al., Proc. Natl. Acad. Sci. USA 189:11277-11281, 1992, which is
incorporated herein by reference in its entirety). For example, in one embodiment, a
composition or vaccine of the invention can be formulated into a composition suitable for

nebulized delivery using a suitable inhalation device or nebulizer. Oral delivery can
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include solids and liquids that can be taken through the mouth. Particularly preferred
routes of administration include: parenteral, intravenous, subcutaneous, oral and nasal and
transcutaneous.

According to the present invention, an effective administration protocol comprises
suitable dose parameters and modes of administration that result in elicitation of an
appropriate immune response in an animal. Effective dose parameters can be determined
using methods standard in the art for a particular disease. Such methods include, for
example, determination of survival rates, side effects (i.e., toxicity) and progression or
regression of disease.

The therapeutic composition of the present invention can be stored in a dried or
lyophilized form or in solution. Prior to administration, the composition may be re-
suspended or diluted in a suitable diluent such as sterile water, saline, isotonic buffered
saline (e.g. phosphate buffered to physiological pH), or other suitable diluent.

The present invention further contemplates kits comprising the therapeutic
composition or vaccine. In one aspect, this kit can additionally include preparations to be
used in a priming or boosting vaccine strategy, (to be administered concurrently or
sequentially, in prime/boost strategies, and the like, as described herein). Kits may also
include excipients, carriers and/or adjuvants as described herein. A set of instructions for
use can be included with any kit of the invention.

In one embodiment, the present invention comprises an isolated antibody having
an inhibitory or preventive activity on an autoimmune disease in an animal, wherein the
antibody specifically binds to a complex comprising a Class II MHC molecule and an
autonatigenic peptide implicated in that disease. This is often termed passive humoral
immunotherapy in contrast to vaccination. The isolated antibody of the present invention
specifically targets prevents or disrupts the assembly of a trimolecular complex
comprising a Class II MHC molecule, an autoantigen and a T Cell receptor. In preferred
embodiments, the autoimmune disease is type 1 diabetes and the Class I MHC molecule
is I-Ag7 and the peptide is selected from the group consisting of B9:23 comprising SEQ
ID NO:1 (SHLVEALYLVCGERG), B12:23  comprising SEQ ID NO:2
(VEALYLVCGERG), B12:22 comprising SEQ ID NO:3 (VEALYLVCGER), B:13-22
comprising SEQ ID NO:9 (EALYLVCGER), B12:22RE(Reg3) comprising SEQ ID NO:8
(VERLYLVAGEE), (RE)Reg.1 comprising SEQ ID NO:4 (LREALYLVAE), (RE)Reg.2
comprising SEQ ID NO:5 (VRALYLVAGE), (RE)Reg.3 comprising SEQ ID NO:6
(ERLYLVAGEE), (RE)Reg.4 comprising SEQ ID NO:7 (ARYLVAGERE), and a
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homolog thereof.. In some embodiments, the antibody is human or humanized. In some
embodiments, the antibody comprises a Fab, Fab', F(ab")2,or scFv fragment. In some
embodiments, the antibody is monoclonal.

In a further embodiment, the present invention includes a method for preventing or
treating an autoimmune disease comprising administering to a subject in need thereof an
effective amount of a therapeutic composition comprising an isolated antibody that
specifically binds to a complex comprising a Class II MHC molecule and an autonatigenic
peptide implicated in the autoimmune disease. In another embodiment, the present
invention includes a method for preventing or treating an autoimmune disease comprising
immunizing a subject with an effective amount of a therapeutic composition comprising a
peptide, wherein the peptide is an autoantigenic peptide implicated in the autoimmune
disease, and immunization leads to production of an antibody that specifically binds to a
complex comprising a Class I MHC molecule and the peptide.

In another embodiment, the present invention includes a production method of an
antibody having a therapeutic effect in an autoimmune disease, the method comprising: an
immunization step of immunizing a non-human animal with an autoantigenic peptide
implicated in the autoimmune disease attached to a class II MHC molecule; a hybridoma
production step of fusing an antibody producing cell taken out from the immunized non-
human animal with an immortalized cell so as to obtain a hybridoma; a hybridoma
selection step of selecting a hybridoma producing an antibody having a binding property
to the said peptide; and an antibody separation step for separating an antibody expressed
by the selected hybridoma.

Generally speaking, an antibody molecule comprises two types of chains. One
type of chain is referred to as the heavy or H chain and the other is referred to as the light
or L chain. The two chains are present in an equimolar ratio, with each antibody molecule
typically having two H chains and two L chains. The two H chains are linked together by
disulfide bonds and each H chain is linked to a L chain by a disulfide bond. There are
only two types of L chains referred to as lambda (L) and kappa (k) chains. In contrast,
there are five major H chain classes referred to as isotypes. The five classes include
immunoglobulin M (IgM or p), immunoglobulin D (IgD or 9), immunoglobulin G (IgG or
A), immunoglobulin A (IgA or ), and immunoglobulin E (IgE or ¢). The distinctive
characteristics between such isotypes are defined by the constant domain of the
immunoglobulin and are discussed in detail below. Human immunoglobulin molecules

comprise nine isotypes, IgM, IgD, IgE, four subclasses of IgG including IgG1 (y1), IgG2
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(v2), IgG3 (y3) and 1gG4 (y4), and two subclasses of IgA including IgAl (al) and IgA2
(a2). Each H or L chain of an immunoglobulin molecule comprises two regions referred
to as L chain variable domains (Vi domains) and L chain constant domains (C;, domains),
and H chain variable domains (Vg domains) and H chain constant domains (Cy domains).
A complete Cy domain comprises three sub-domains (Cyj, Ciz, Cus) and a hinge region.
Together, one H chain and one L chain can form an arm of an immunoglobulin molecule
having an immunoglobulin variable region. A complete immunoglobulin molecule
comprises two associated (e.g., di-sulfide linked) arms. Thus, each arm of a whole
immunoglobulin comprises a Vg1, region, and a Cyyp, region. As used herein, the term
"variable region" or "V region" refers to a Vi, region (also known as an Fv fragment), a
V1, region or a Vi region. Also as used herein, the term "constant region" or "C region”
refers to a Cyyp, region, a Cp, region or a Cyg region. Single chain antibodies binding to the
same complex are not excluded.

Limited digestion of an immunoglobulin with a protease may produce two
fragments. An antigen binding fragment is referred to as an Fab, an Fab', or an F(ab'),
fragment. A fragment lacking the ability to bind to antigen is referred to as an Fc
fragment. A Fab fragment comprises one arm of an immunoglobulin molecule containing
a L chain (Vp, + C;, domains) paired with the Vi region and a portion of the Cy region
(CH1 domain). A Fab' fragment corresponds to a Fab fragment with part of the hinge
region attached to the CH1 domain. A F(ab')2 fragment corresponds to two Fab'
fragments that are normally covalently linked to each other through a di-sulfide bond,
typically in the hinge regions. The CH domain defines the isotype of an immunoglobulin
and confers different functional characteristics depending upon the isotype. For example,
1 constant regions enable the formation of pentameric aggregates of IgM molecules and o
constant regions enable the formation of dimers.

The antigen specificity of an immunoglobulin molecule is conferred by the amino
acid sequence of a variable, or V, region. As such, V regions of different immunoglobulin
molecules can vary significantly depending upon their antigen specificity. Certain
portions of a V region are more conserved than others and are referred to as framework
regions (FW regions). In contrast, certain portions of a V region are highly variable and
are designated hypervariable regions. When the Vi and Vy domains pair in an
immunoglobulin molecule, the hypervariable regions from each domain associate and
create hypervariable loops that form the antigen binding sites. Thus, the hypervariable

loops determine the specificity of an immunoglobulin and are termed complementarity-
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determining regions (CDRs) because their surfaces are complementary to antigens. Further
variability of V regions is conferred by combinatorial variability of gene segments that
encode an immunoglobulin V region. Immunoglobulin genes comprise multiple germline
gene segments which somatically rearrange to form a rearranged immunoglobulin gene
that encodes an immunoglobulin molecule. Vi, regions are encoded by a L chain V gene
segment and J gene segment (joining segment). Vy regions are encoded by a H chain V
gene segment, D gene segment (diversity segment) and J gene segment (joining segment).

Both a L chain and H chain V gene segment contain three regions of substantial
amino acid sequence variability. Such regions are referred to as L chain CDR1, CDR2
and CDR3, and H chain CDR1, CDR2 and CDR3, respectively. The length of an L chain
CDRI1 can vary substantially between different Vi, regions. For example, the length of
CDRI1 can vary from about 7 amino acids to about 17 amino acids. In contrast, the lengths
of L chain CDR2 and CDR3 typically do not vary between different Vi regions. The
length of a H chain CDR3 can vary substantially between different Vi regions. For
example, the length of CDR3 can vary from about 1 amino acid to about 20 amino acids.
Each H and L chain CDR region is flanked by FW regions.

In one embodiment, the antibodies of the present invention that are particularly
useful in human patients are humanized antibodies. Humanized antibodies are molecules
having an antigen binding site derived from an immunoglobulin from a non-human
species, the remaining immunoglobulin-derived parts of the molecule being derived from
a human immunoglobulin. The antigen binding site may comprise either complete
variable regions fused onto human constant domains or only the complementarity
determining regions (CDRs) grafted onto appropriate human framework regions in the
variable domains. Humanized antibodies can be produced, for example, by modeling the
antibody variable domains, and producing the antibodies using genetic engineering
techniques, such as CDR grafting (described below). A description of various techniques
for the production of humanized antibodies is found, for example, in Morrison et al.
(1984) Proc. Natl. Acad. Sci. USA 81:6851-55; Whittle et al. (1987) Prot. Eng. 1:499-505;
Co et al. (1990) J. Immunol. 148:1149-1154; Co et al. (1992) Proc. Natl. Acad. Sci. USA
88:2869-2873; Carter et al. (1992) Proc. Natl. Acad. Sci. 89:4285-4289; Routledge et al.
(1991) Eur. J. Immunol. 21:2717-2725 and PCT Patent Publication Nos. WO 91/09967;
WO 91/09968 and WO 92/113831.

In some embodiments, the antibody of the present invention comprises an Fab,

Fab', F(ab')2, or scFv fragment. The terms Fab, Fab', F(ab')2 have been described above.
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A single chain variable fragment (scFv) is a fusion of the variable regions of the heavy and
light chains of immunoglobulins, linked together with a short linker, usually serine or
glycine. This chimeric molecule retains the specificity of the original immunoglobulin,
despite removal of the constant regions and the introduction of a linker peptide. A scFv
fragment can be created directly from subcloned heavy and light chains derived from a
hybridoma.

Isolated antibodies of the present invention can include serum containing such
antibodies, or antibodies that have been purified to varying degrees. Whole antibodies of
the present invention can be polyclonal or monoclonal. Alternatively, functional
equivalents of whole antibodies, such as antigen binding fragments in which one or more
antibody domains are truncated or absent (e.g., Fv, Fab, Fab', or F(ab)2 fragments), as well
as genetically-engineered antibodies or antigen binding fragments thereof, including single
chain antibodies, humanized antibodies (discussed above), antibodies that can bind to
more than one epitope (e.g., bi-specific antibodies), or antibodies that can bind to one or
more different antigens (e.g., bi- or multi-specific antibodies), may also be employed in
the invention.

Generally, in the production of an antibody, a suitable experimental animal, such
as, for example, but not limited to, a rabbit, a sheep, a hamster, a guinea pig, a mouse, a
rat, or a chicken, is exposed to an antigen against which an antibody is desired. Typically,
an animal is immunized with an effective amount of antigen that is injected into the
animal. An effective amount of antigen refers to an amount needed to induce antibody
production by the animal. The animal's immune system is then allowed to respond over a
pre-determined period of time. The immunization process can be repeated until the
immune system is found to be producing antibodies to the antigen. In order to obtain
polyclonal antibodies specific for the antigen, serum is collected from the animal that
contains the desired antibodies. Such serum is useful as a reagent. Polyclonal antibodies
can be further purified from the serum by, for example, treating the serum with
ammonium sulfate.

In some embodiments, the antibody of the present invention is monoclonal.
Monoclonal antibodies may be produced according to the methodology of Kohler and
Milstein (Nature 256:495-497, 1975). For example, B lymphocytes are recovered from
the spleen (or any suitable tissue) of an immunized animal and then fused with myeloma

cells to obtain a population of hybridoma cells capable of continual growth in suitable
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culture medium. Hybridomas producing the desired antibody are selected by testing the
ability of the antibody produced by the hybridoma to bind to the desired antigen.

A preferred method to produce antibodies of the present invention includes (a)
administering to an animal an effective amount of a protein or peptide (e.g., an
autoantigenic peptide linked to a class I MHC molrcule) to produce the antibodies and (b)
recovering the antibodies. In another method, antibodies of the present invention are
produced recombinantly. For example, once a cell line, for example a hybridoma,
expressing an antibody according to the invention has been obtained, it is possible to clone
therefrom the ¢cDNA and to identify the variable region genes encoding the desired
antibody, including the sequences encoding the CDRs. From here, antibodies and antigen
binding fragments according to the invention may be obtained by preparing one or more
replicable expression vectors containing at least the DNA sequence encoding the variable
domain of the antibody heavy or light chain and optionally other DNA sequences
encoding remaining portions of the heavy and/or light chains as desired, and
transforming/transfecting an appropriate host cell, in which production of the antibody
will occur. Suitable expression hosts include bacteria, (for example, an E. coli strain),
fungi, (in particular yeasts, ¢.g. members of the genera Pichia, Saccharomyces, or
Kluyveromyces,) and mammalian cell lines, ¢.g. a non-producing myeloma cell line, such
as a mouse NSO line, or CHO cells. In order to obtain efficient transcription and
translation, the DNA sequence in each vector should include appropriate regulatory
sequences, particularly a promoter and leader sequence operably linked to the variable
domain sequence. Particular methods for producing antibodies in this way are generally
well known and routinely used. For example, basic molecular biology procedures are
described by Maniatis et al. (Molecular Cloning, Cold Spring Harbor Laboratory, New
York, 1989); DNA sequencing can be performed as described in Sanger et al. (PNAS 74,
5463, (1977)) and the Amersham International plc sequencing handbook; and site directed
mutagenesis can be carried out according to the method of Kramer et al. (Nucl. Acids Res.
12, 9441, (1984)) and the Anglian Biotechnology Ltd. handbook. Additionally, there are
numerous publications, including patent specifications, detailing techniques suitable for
the preparation of antibodies by manipulation of DNA, creation of expression vectors and
transformation of appropriate cells, for example as reviewed by Mountain A and Adair, J
R in Biotechnology and Genetic Engineering Reviews (ed. Tombs, M P, 10, Chapter 1,
1992, Intercept, Andover, UK) and in the aforementioned European Patent Applications.
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In some embodiments the antibody of the present invention is administered to the
animal by passive infusion. The antibody may be administered along with a
pharmaceutically acceptable carrier. Preferred pharmaceutically acceptable carriers are
capable of maintaining the antibody in a form that, upon arrival of the antibody at the cell
target in a patient, the antibody is capable of selectively binding to the target and prvent
the assembly of or disrupt the trimolecular complex. Suitable excipients of the present
invention include excipients or formularies that transport or help transport, but do not
specifically target a composition to a cell (also referred to herein as non-targeting carriers).
Examples of pharmaceutically acceptable excipients include, but are not limited to water,
phosphate buffered saline, Ringer's solution, dextrose solution, serum-containing
solutions, Hank's solution, other aqueous physiologically balanced solutions, oils, esters
and glycols. Aqueous carriers can contain suitable auxiliary substances required to
approximate the physiological conditions of the recipient, for example, by enhancing
chemical stability and isotonicity. Suitable auxiliary substances include, for example,
sodium acetate, sodium chloride, sodium lactate, potassium chloride, calcium chloride,
and other substances used to produce phosphate buffer, Tris buffer, and bicarbonate
buffer. Auxiliary substances can also include preservatives, such as thimerosal, m- or o-
cresol, formalin and benzol alcohol. Formulations of the present invention can be
sterilized by conventional methods and/or lyophilized.

One type of pharmaceutically acceptable carrier includes a controlled release
formulation that is capable of slowly releasing a formulation of the present invention into
the animal. As used herein, a controlled release formulation comprises an antibody of the
present invention in a controlled release vehicle. Suitable controlled release vehicles
include, but are not limited to, biocompatible polymers, other polymeric matrices,
microcapsules, microparticles, liposomes, or lipospheres. Other suitable carriers include
any carrier that can be bound to or incorporated with the antibody that extends that half-
life of the antibody to be delivered. Such a carrier can include any suitable protein carrier
or even a fusion segment that extends the half-life of an antibody when delivered in vivo.

According to the present invention, an effective administration protocol (i.e.,
administering the isolated antibody in an effective manner) comprises suitable dose
parameters and modes of administration that result in elicitation of the appropriate
response in the animal having the autoimmune disease, or that is at risk of contracting
such autoimmune disease, preferably so that the animal is protected from the disease.

Effective dose amounts depend upon successful blocking of T cell responses to the auto-
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antigen implicated in the disease and can be determined using methods standard in the art
for the particular disease. Such methods include, for example, determination of survival
rates, side effects (i.c., toxicity) and progression or regression of the disease. In various
embodiments, the antibody of the present invention may be administered to the animal in
an amount ranging from about 1 pg/kg to about 500,000 ug/kg, 10 ug/kg to about 100,000
ng/kg and from about 50 ug/kg to about 50,000 ug/kg weight of the animal. In preferred
embodiments, the antibody of the present invention may be administered to the animal in
an amount ranging from about 100 pg/kg to about 10,000 pg/kg weight of the animal.

General Techniques

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of molecular biology (including recombinant techniques),
microbiology, cell biology, biochemistry, nucleic acid chemistry, and immunology, which
are well known to those skilled in the art. Such techniques are explained fully in the
literature, such as, Methods of Enzymology, Vol. 194, Guthrie et al., eds., Cold Spring
Harbor Laboratory Press (1990); Biology and activities of yeasts, Skinner, et al., eds.,
Academic Press (1980); Methods in yeast genetics : a laboratory course manual, Rose et
al., Cold Spring Harbor Laboratory Press (1990); The Yeast Saccharomyces: Cell Cycle
and Cell Biology, Pringle et al., eds., Cold Spring Harbor Laboratory Press (1997); The
Yeast Saccharomyces: Gene Expression, Jones et al., eds., Cold Spring Harbor Laboratory
Press (1993); The Yeast Saccharomyces: Genome Dynamics, Protein Synthesis, and
Energetics, Broach et al., eds., Cold Spring Harbor Laboratory Press (1992); Molecular
Cloning: A Laboratory Manual, second edition (Sambrook et al., 1989) and Molecular
Cloning: A Laboratory Manual, third edition (Sambrook and Russel, 2001), (jointly
referred to herein as “Sambrook™); Current Protocols in Molecular Biology (F.M. Ausubel
et al., eds., 1987, including supplements through 2001); PCR: The Polymerase Chain
Reaction, (Mullis et al., eds., 1994); Harlow and Lane (1988) Antibodies, A Laboratory
Manual, Cold Spring Harbor Publications, New York; Harlow and Lane (1999) Using
Antibodies: A Laboratory Manual Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY (jointly referred to herein as “Harlow and Lane”), Beaucage et al. eds.,
Current Protocols in Nucleic Acid Chemistry John Wiley & Sons, Inc., New York, 2000);
Casarett and Doull’s Toxicology The Basic Science of Poisons, C. Klaassen, ed., 6th
edition (2001), and Vaccines, S. Plotkin and W. Orenstein, eds., 3" edition (1999).

General Definitions
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“Immunization” or “Vaccination” refers to the elicitation (induction) of an immune
response against an antigen or immunogenic portion thereof, as a result of administration
of the antigen, alone or together with an adjuvant. Vaccination preferably results in a
protective or therapeutic effect, wherein subsequent exposure to the antigen (or a source of
the antigen) elicits an immune response against the antigen (or source) that reduces or
prevents a disease or condition in the animal. The concept of vaccination is well known in
the art. The immune response that is elicited by administration of a composition (vaccine)
of the present invention can be any detectable change in any facet of the immune response
(e.g., cell-mediated response, humoral response, cytokine production), as compared to in
the absence of the administration of the composition.

A “humoral immune response” refers generally to antibody production, and to all
of the processes that accompany antibody production, including, but not limited to, B
lymphocyte (B cell) activation, affinitiy maturation, differentiation into plasma cells, and
memory B cell generation, germinal center formation and isotype switching, and T helper
cell activation, signaling, and cytokine production, as well as effector functions of
antibodies, which include neutralization, classical complement activation, and
opsonization.

A “cell-mediated” immune response (which may be used interchangeably
anywhere herein with the term "cellular" immune response) refers generally to the
response to an antigen of immune cells including T lymphocytes (including cytotoxic T
lymphocytes (CTL)), dendritic cells, macrophages, and natural killer cells, and to all of the
processes that accompany such responses, including, but not limited to, activation and
proliferation of these cells, CTL effector functions, cytokine production that influences the
function of other cells involved in adaptive immune responses and innate immune
responses, and memory T cell generation.

According to the present invention, the general use herein of the term "antigen”
refers: to any portion of a protein (peptide, partial protein, full-length protein), wherein
the protein is naturally occurring or synthetically derived, to a cellular composition (whole
cell, cell lysate or disrupted cells), to an organism (whole organism, lysate or disrupted
cells) or to a carbohydrate (such as those expressed on cancer cells), or other molecule, or
a portion thereof. An antigen elicits an antigen-specific immune response (e.g., a humoral
and/or a cell-mediated immune response) against the same or similar antigens that are
encountered within the cells and tissues of an individual to which the antigen is

administered.
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An epitope is defined herein as a single immunogenic site within a given antigen
that is sufficient to elicit an immune response. Epitopes can be linear sequence or
conformational epitopes (conserved binding regions). An antigen can be as small as a
single epitope, or larger, and can include multiple epitopes. As such, the size of an antigen
can be as small as about 5-12 amino acids (e.g., a peptide) and as large as: a full length
protein, including a multimer and fusion proteins, chimeric proteins, whole cells, whole
microorganisms, or portions thercof (e.g., lysates of whole cells or extracts of
microorganisms).

According to the present invention, the phrase "selectively binds to" refers to the
ability of an antibody, antigen-binding fragment or binding partner of the present
invention to preferentially bind to specified proteins. More specifically, the phrase
"selectively binds" refers to the specific binding of one protein to another (e.g., an
antibody, fragment thereof, or binding partner to an antigen), wherein the level of binding,
as measured by any standard assay (e.g., an immunoassay), is statistically significantly
higher than the background control for the assay. For example, when performing an
immunoassay, controls typically include a reaction well/tube that contain antibody or
antigen binding fragment alone (i.c., in the absence of antigen), wherein an amount of
reactivity (e.g., non-specific binding to the well) by the antibody or antigen-binding
fragment thereof in the absence of the antigen is considered to be background. Binding
can be measured using a variety of methods standard in the art including enzyme
immunoassays (¢.g., ELISA), immunoblot assays, etc.).

An “animal” is a vertebrate, preferably a mammal, more preferably a human.
Mammals include, but are not limited to, farm animals, sport animals, pets, primates, mice
and rats. The term “animal” can be used interchangeably with the term “subject” or
“patient.”

The phrase "selectively binds to" refers to the ability of an antibody to
preferentially bind to specified proteins, wherein the level of binding, as measured by any
standard assay (e.g., an immunoassay), is statistically significantly higher than the
background control for the assay. Binding can be measured using a variety of methods
standard in the art including enzyme immunoassays (e.g., ELISA), immunoblot assays,
etc.).

Reference to an isolated protein or peptide in the present invention includes full-
length proteins, fusion proteins, or any fragment, domain, or homolog of such proteins.

An isolated protein, according to the present invention, is a protein (including a
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polypeptide or peptide) that has been removed from its natural milieu (i.e., that has been
subject to human manipulation) and can include purified proteins, partially purified
proteins, recombinantly produced proteins, and synthetically produced proteins, for
example. As such, "isolated" does not reflect the extent to which the protein has been
purified.

As used herein, the term "homolog" is used to refer to a protein or peptide which
differs from the protein or peptide (i.c., the "prototype" protein) by one or more minor
modifications or mutations to the protein or peptide, but which maintains the overall basic
protein and side chain structure of the protein or peptide form (i.e., such that the homolog
is identifiable as being related to the protein peptide). Such changes include, but are not
limited to: changes in one or a few amino acid side chains; changes one or a few amino
acids, including deletions (e.g., a truncated version of the protein or peptide) insertions
and/or substitutions; changes in stereochemistry of one or a few atoms; and/or minor
derivatizations, including but not limited to: methylation, farnesylation, geranyl
geranylation,  glycosylation,  carboxymethylation, phosphorylation, acetylation,
myristoylation, prenylation, palmitation, and/or amidation. It is noted that homologs can
include synthetically produced homologs, naturally occurring allelic variants of a given
protein or domain, or homologous sequences from organisms other than the organism
from which the reference sequence was derived. Homologs can be the result of natural
allelic variation or natural mutation. Homologs can be produced using techniques known
in the art for the production of proteins including, but not limited to, direct modifications
to the isolated, or synthesized naturally occurring protein, direct protein synthesis, or
modifications to the nucleic acid sequence encoding the protein using, for example, classic
or recombinant DNA techniques to effect random or targeted mutagenesis.

A homolog of a given protein may comprise, consist essentially of, or consist of,
an amino acid sequence that is at least about 45%, or at least about 50%, or at least about
55%, or at least about 60%, or at least about 65%, or at least about 70%, or at least about
75%, or at least about 80%, or at least about 85%, or at least about 90%, or at least about
95% identical, or at least about 95% identical, or at least about 96% identical, or at least
about 97% identical, or at least about 98% identical, or at least about 99% identical (or any
percent identity between 45% and 99%, in whole integer increments), to the amino acid
sequence of the reference protein. In one embodiment, the homolog comprises, consists
essentially of, or consists of, an amino acid sequence that is less than 100% identical, less

than about 99% identical, less than about 98% identical, less than about 97% identical, less
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than about 96% identical, less than about 95% identical, and so on, in increments of 1%, to
less than about 70% identical to the naturally occurring amino acid sequence of the
reference protein.

As used herein, unless otherwise specified, reference to a percent (%) identity
refers to an evaluation of homology which is performed using: (1) a BLAST 2.0 Basic
BLAST homology search using blastp for amino acid searches and blastn for nucleic acid
searches with standard default parameters, wherein the query sequence is filtered for low
complexity regions by default (described in Altschul, S.F., Madden, T.L., Schaéffer, A.A.,
Zhang, J., Zhang, Z., Miller, W. & Lipman, D.J. (1997) "Gapped BLAST and PSI-
BLAST: a new generation of protein database search programs." Nucleic Acids Res.
25:3389-3402, incorporated herein by reference in its entirety); (2) a BLAST 2 alignment
(using the parameters described below); (3) and/or PSI-BLAST with the standard default
parameters (Position-Specific Iterated BLAST. It is noted that due to some differences in
the standard parameters between BLAST 2.0 Basic BLAST and BLAST 2, two specific
sequences might be recognized as having significant homology using the BLAST 2
program, whereas a search performed in BLAST 2.0 Basic BLAST using one of the
sequences as the query sequence may not identify the second sequence in the top matches.
In addition, PSI-BLAST provides an automated, easy-to-use version of a "profile" search,
which is a sensitive way to look for sequence homologues. The program first performs a
gapped BLAST database search. The PSI-BLAST program uses the information from any
significant alignments returned to construct a position-specific score matrix, which
replaces the query sequence for the next round of database searching. Therefore, it is to be
understood that percent identity can be determined by using any one of these programs.

Two specific sequences can be aligned to one another using BLAST 2 sequence as
described in Tatusova and Madden, (1999), "Blast 2 sequences - a new tool for comparing
protein and nucleotide sequences”, FEMS Microbiol Lett. 174:247-250, incorporated
herein by reference in its entirety. BLAST 2 sequence alignment is performed in blastp or
blastn using the BLAST 2.0 algorithm to perform a Gapped BLAST search (BLAST 2.0)
between the two sequences allowing for the introduction of gaps (deletions and insertions)
in the resulting alignment. For purposes of clarity herein, a BLAST 2 sequence alignment
is performed using the standard default parameters as follows.

For blastn, using 0 BLOSUM®62 matrix:

Reward for match = 1

Penalty for mismatch = -2
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Open gap (5) and extension gap (2) penalties
gap x_dropoff (50) expect (10) word size (11) filter (on)

For blastp, using 0 BLOSUM®62 matrix:

Open gap (11) and extension gap (1) penalties
gap x_dropoff (50) expect (10) word size (3) filter (on).

Conservative substitutions typically include substitutions within the following
groups: glycine and alanine; valine, isoleucine and leucine; aspartic acid, glutamic acid,
asparagine, and glutamine; serine and threonine; lysine and arginine; and phenylalanine
and tyrosine. Substitutions may also be made on the basis of conserved hydrophobicity or
hydrophilicity (Kyte and Doolittle, J. Mol. Biol. 157:105 (1982)), or on the basis of the
ability to assume similar polypeptide secondary structure (Chou and Fasman, Adv.
Enzymol. 47: 45 (1978)), or tertiary or quaternary structures.

The following examples are provided for illustrative purposes, and are not intended
to limit the scope of the invention as claimed herein. Any variations which occur to the
skilled artisan are intended to fall within the scope of the present invention. All references
cited in the present application are incorporated by reference herein to the extent that th

EXAMPLES
Example 1

This example illustrates that the I-A¥-insulin autoantigenic peptide complex is
able to stimulate a T cell immune response in vitro.

The autoantigenic peptide B:12-22RE(Reg3) having an amino acid sequence
VERLYLVCGEE (SEQ ID NO:8) (also referred to as B:12-22RE or B:12-22Reg3) was
covalently tethered to the beta chain of 1-A%” and fixed in the specific register of I-A%’ to
be targeted by the pathogenic T cell receptor. Similarly, Hen Egg Lysozymel1-23 having
an amino acid sequence MKRHGLDNYRGYG (SEQ ID NO:10) (“HEL 11-23) was
covalently attached to the I-A%” to provide the I-A®’-HEL11-23 control complex.

Taking advantage of NFAT regulation of both LacZ and IL-2 genes, MHC-
antigenic peptide complex-induced IL-2 production can be estimated by measuring LacZ
activity in BWZ.36 derived T cell hybridomas by using chlorophenol red-P-D-
galactopyranoside (CPRG) as the LacZ substrate. 96-well plates (flat bottom) were coated
with I-A®"-B:12-22RE-Reg3 complex or the control I-A®’-HEL11-23 at 4°C for overnight.
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The plates were washed three times with 200 ul PBS, after which 20,000 cells (BDC12-
4.1 or BDC12-4.4 hybridomas) were loaded into each plate. The BDC12-4.1 and BDC12-
4.4 clones were isolated from pancreatic lymph node cells of non-diabetic NOD mice;
both of these cells recognize the B:9-23 peptide. After overnight incubation, cells were
washed with PBS to remove the media which may interfere with absorbance reading and
100 wl of CPRG reagent (91 mg/L. CPRG, 0.125% NP-40, 1 mM MgCl, in 10mM
phosphate buffer) was added. This causes cell lysis and intracellular LacZ is released into
the supernatant. Cleavage of CPRG by LacZ resulted in production of chlorophenol red.
The cells were lysed (4 hours at 37 °C) and absorbance was recorded in duplicate for one
second per well at 575 nm and the reference wavelength of 655 nm.

As shown in Figure 2, the plate bound I-A%"-B:12-22RE-Reg3 complex stimulated both
BDC12-4.1 and BDC12-4 .4 hybridoma cells. However, I-A®’-HEL11-23 did not
stimulate the same cells.

Example 2

This example illustrates that the I-A%-insulin autoantigenic peptide complex
specifically stimulates an immune response in cells expressing TRAV5D-4*04 TCR.

As explained above in Example 1, 96-well plates were coated with the I-A%’- B:12-
22RE-Reg3 complex or I-A®-HEL11-23 as control at 4°C for overnight; plates were
washed three times with PBS; and 20,000 cells (BDC12-4.1 or BDC12-4.4 or BDC2.5
hybridoma cells) were loaded into coated plates. BDC12-4.1 and BDC12-4.4 cells express
the TRAV5D-4*04 containing TCR and recognize the B:9-23 peptide, whereas the
BDC2.5 hybridoma cells do not express this TCR and recognize the non-insulin islet
antigen HRPI-RM, not the insulin B:9-23 peptide. After overnight incubation, cells were
washed and lysed and absorbance recorded in duplicate wells as described in Example 1.

As shown in Figure 3, plate bound I-A®-B:12-22RE-Reg3 complex stimulated
both BDC12-4.1 and BDC12-4.4 hybridoma cells, but did not stimulate the BDC2.5
hybridoma cells. Similarly, 1-A¥’-B:12-23 complex stimulated both BDC12-4.1 and
BDC12-4.4 hybridoma cells (data not shown.)

Example 3

This example illustrates that wild type NOD mice and DKO mice (NOD mice with
both wild-type insulin genes knocked out) develop high titer antibodies to the I-A% -insulin
autoantigenic peptide complex after immunization with the complex.

Animals: NOD mice in which both native insulin sequences have been knocked

out (Double Knock Out or DKO), but that contain a mutated proinsulin transgene (insulin
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B:Y16A substitution) were used for immunization (4). These mice were chosen because
they recognize the native insulin Peptide B:9-23 as foreign and develop higher titers of
antibodies against the I-A27-B:9-23 complex. In addition, these mice do not spontancously
develop insulin autoantibodies (IAA's). Young (3-4 weeks old) wild type NOD mice were
also immunized to test if antibodies that block presentation of B:9-23 to T cell receptors
can be generated in the non-mutated mice.

Target molecules for antibody production: The MHC class II molecule with

covalently linked peptide provided a target for antibody generation. Generation of MHC
class II with covalently linked peptide has been previously described (21). In the instant
case, two insulin antigenic peptides, Insulin B:12-22RE(Reg3) having the amino acid
sequence VERLYLVAGEE (SEQ ID NO:8) and insulin B:12-23 having the amino acid
sequence VEALYLVCGERG (SEQ ID NO:2) were covalently linked to the 1-A%” beta
chain with a flexible linker sequence (QAGGGSLVPRGSGGGGS (SEQ ID NO:11) and
GGGSLVPRGSGGGGS (SEQ ID NO:12), respectively). Baculoviral vectors containing
constructs encoding the complexes I-A¥-linker-insulin B:12-22RE(Reg3) and I-A¥-
linker-insulin B12-23 and control complex I-A¥’-linker-HEL11-23 were prepared. Hi5
cells were infected with the baculovirus to express each complex. The complexes were
purified using affinity columns.

Wild type NOD mice and insulin B:Y16A DKO NOD mice were immunized with
purified target I-A®-insulin B:12-22RE(Reg3) or I-A%'-insulin B12-23 complex with or
without Complete Freund's Adjuvant (CFA). Sera were harvested and processed at 2 and 4
weeks post immunization.

At 2 weeks post immunization, multiple clonal antibodies reactive to I-A%'- B
insulin peptide developed. The specific antibodies which recognize I-A%’-B insulin peptide
but not I-A¥-HEL11-23 are assumed to be the specific antibodies that would block T cell
recognition. Presence of antibodies in the sera that are specific for a given I-A®¥'-
autoantigenic peptide complex was confirmed by performing solid-phase Europium based
ELISA-type assay utilizing a sensitive Streptavidin-Europium detection system with time-
resolved fluorescence. The Europium based ELISA assay for anti-I-A®" antibodies was sct
up based on the specific antigen-antibody reaction. Figure 4 shows the schematic of the
immunofluorometric anti-I-A%"-peptide antibody assay. 96 well plates were coated with
the complex that was used in immunization (e.g. I-A®’-B:12-22RE-Reg3), blocked with
2% bovine serum album to reduce nonspecific binding and washed. After washing, diluted

serum was added into the plate to allow binding between the anti-I-A%” antibody in the
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serum and the plate bound I-A® peptide complex. Next, anti-mouse-IgG1-biotin was
added to allow binding with the antibodies from serum. Next, Europium labeled
streptavidin (DELFIA: 1244-360 from PerkinElmer Life and Analytical Sciences, Bsoton,
MA diluted 1:2000 in assay buffer) was added. After washing with 300 pl washing buffer
for 3 times, 200 pl of enhancement solution (DELFIA: 1244-105 from PerkinElmer Life
and Analytical Sciences, Bsoton, MA) was added to plates and incubated for 25 min to
achieve complete reaction. Finally, fluorescence was detected with a Wallac fluorimeter
(Victor V 1420 Multilabel counter, Turku, Finland).

As shown in figure 5 immunized mice developed antibodies to the I-A%’-peptide
complexes. Figure 5 shows results obtained from NOD mice that were immunized and
were followed for up to 52 weeks of age.. Four week old mice were immunized with I-
A¥_B:12-22RE(Reg3), IA®-B:12-23, IA¥-HEL11-23, or PBS. Two wecks after
immunization, anti-IA%-peptide complex antibodies were detected in the sera. Antibody
reactivity persisted and increased at 4 weeks post immunization in most mice. All the mice
were boosted with 100ug complex at 11 weeks of age. Higher titer antibodies developed
and persisted (but not in the PBS immunized group). 1-A%’-B:12-22RE(Reg3) appeared
to be the most pathogenic.

To test specificity of the general antibodies, the antibodies were analyzed with I-
A¥-peptide complex in a fluid phase incubation prior to addition of antibodies to wells in
the assay described above. Either the I-A¥-B:12-23 complex or I-A%’- B:12-22RE(Reg3)
complex or I-A¥-HEL11-23 were coated onto the plates; the sera were competed with I-
A¥-B:12-23 complex or I-A?-B:12-22RE-Reg3 complex or I-A®-HEL11-23 for one
hour at room temperature before performing the antibody binding assay as described
before. Figures 6 and 7 respectively show that the antibodies were effectively absorbed
with 1-A%2"-B:12-23 complex or I-A®’-B:12-22RE(Reg3) complex but not with I-A®'-
HEL11-23 complex, indicating the presence of the specific antibodies against I-A®’-B:12-
23 or against I-A¥’- B:12-22RE(Reg3) in the serum. The data shown in the figures is with
serum taken from the I-A®’-B:12-22RE(Reg3) immunized mice, diluted 1:4800 and with
serum from [-A%-B:12-23 immunized mice, diluted 1:3600 from 10 weeks old mice.
Example 4

This Example illustrates that the generated antibodies are able to specifically
inhibit stimulation of the BDC12-4.1 T cell hybridoma cells by the B:9-23 peptide loaded
antigen presenting cells (APC).
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Figure 8 shows that the serum obtained from the mice inhibited the BDC12-4.1 T
cell response to the insulin B:9-23 peptide in a dose dependent manner. Mice were
immunized with I-A¥-B:12-23 complex or I-A®-HEL11-23 complex. NOD spleen cells
(I x 10° cells/100 pl/well) were used as antigen presenting cells. Insulin2 B:9-23 peptide
was used as stimulating peptide. NOD splenocytes were incubated in PBS with insulin
B:9-23 peptide for 2 hours at 37°C to permit the APCs to bind to the peptide. 20,000
BDC12-4.1 T-cell hybridoma cells and varying volumes of serum were added. Sera from
pre-immunization NOD mice were used as control. As shown in Figure 8, B:9-23 peptide
induced 100% response to hybridomas, the stimulation index (SI) was calculated by
comparing the response to peptide to background without stimulation.

The BDC2.5 hybridoma was used as control cells to illustrate the specificity of the
inhibition effect. Both BDC12-4.1 and BDC12-4.4 hybridomas recognize insulin B:9-23
peptide (including different registers). BDC2.5 cells, which were also isolated from
pancreatic lymph node cells of non-diabetic NOD (same as BDC12-4.1 and BDC12-4.4
cells), recognize a peptide mimotope (HRPI-RM), instead of B:9-23 peptide. Figure 9
shows that antibodies obtained from mice immunized with I-A%®-B12:22RE-Reg3
complex or I-A®’-B12:23 complex inhibited the responses of both BDCI2-4.1 and
BDC12-4.4 cells, both of which express the TRAV5D-4*04 containing TCR and
recognize the B:9-23 peptide. However, as can be seen in Figure 10, the sera did not
inhibit the response of BDC 2.5 hybridoma cells to its mimotope peptide.

Example 5

This Example illustrates that the antibodies from Example 2 are able to specifically
inhibit peak insulin autoantibodies (IAA), a predictor of diabetes in mice.

Figure 11 is a graphical representation of the inhibition effect on BDC12-4.1 cells
versus peak insulin autoantibodies (IAA) in mice immunized with the anti I-A®-B12:23
complex. As shown in the figure, the sera which showed stronger inhibition effects (sera
having higher than 40% inhibition effect) are associated with a low or negative IAA value.
The three sera which have high IAA exhibit low inhibition (27%) or no inhibition at all.
Thus, presence of high titer antibodies correlates with low IAA, an index used for
predicting diabetes, suggesting that the anti-complex antibodies would be effective in
treating or preventing diabetes.

Example 6
This example illustrates that immunization of mice with the I-A®’-B12:23 or the I-

A¥_-B12:22RE-Reg3 suppresses diabetes in wild type NOD mice.
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Figure 12 illustrates the anti-I-A®’ titer difference between immunized mice and
non-immunized mice. Non-immunized mice were all NOD mice. Most immunized mice
developed high titer antibodies after immunization, but two out of 22 immunized mice did
not develop antibodies. 1200 CPS (approximately the mean + 3SD of normal control’s
anti-I-A®") was used as cut-off to divide immunized mice as anti-I-A®’ antibody positive
group and negative group. Blood glucose was monitored and diabetes was diagnosed with
repeated blood glucose higher than 250mg/ml. Consistent with the lack of development of
antibodies, the two antibody-negative mice developed diabetes at around 18 weeks old.
None of the mice that received immunization with I-A¥ -peptide and expressed antibodies
developed diabetes.

Figure 13 shows about 50% long term prevention of diabetes in I-A®’-B:12-22RE -
Reg 3 complex immunized mice (P =0.0005 vs. PBS treated mice; P=0.0002 vs. I-A®'-
HEL11-23 treated mice). Around 50% of the immunized mice maintained normal blood
glucose levels even at 52 weeks of age but almost all I-A®-HEL11-23 complex
immunized and PBS treated mice developed diabetes much earlier. I-A2’-B:12-23 complex
immunized mice showed the same trend but not significantly delayed diabetes (P =0.0518
vs. PBS treated mice).

Further, all the mice in which diabetes was prevented were sacrificed at 52 weeks
of age and the pancreas were stained for insulin to evaluate insulin retention. The results
are shown in Figure 14. Figure 14A, B and C shows islets from three different mice that
were immunized with 1-A®"-B:12-22RE-Reg3 and that did not develop diabetes; these
mice show significant islet insulin retention. In contrast, Figure 14D shows islets from a
diabetic control mouse (immunized with PBS) at 30 weeks old; the mouse shows complete
insulitis and does not show insulin islet retention.

Example 7

This example illustrates the generation of anti-I-A*-B12:22RE-Reg3 monoclonal
antibodies.

FKO#2 mouse was immunized with IA®-B:12-22RE-Reg3 complex and boosted
twice with two weeks interval. As can seen in figure 15A, the serum was absorbed by I-
A¥_B:12-22RE-Reg3 but not by I-A®’-HEL11-23, which indicating the presence of the I-
A¥_B:12-22RE-Reg3 specific antibodies in the sera. Three days later after the last
immunization, the spleen was removed and the spleen cells were fused with SP2/0 —Agl14

cells to create various hybridoma clones.
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400 hybridoma clones were tested. Out of these only 6 produced antibodies that
bound to only TA%"-B:12-22RE-Reg3, but not to IA®-HEL11-23. See Figure 15B. The
remaining 394 hybridomas produced antibodies that recognize epitope not specific for
register 3, but epitopes common in I-A2’-B:12-22RE-Reg3 and I-A®"-HEL11-23 such as
epitope on 1-A%". After sub-cloning of the IA¥-B:12-22RE-Reg3 binding cell lines, the
monoclonal antibody to IA®-B:12-22RE-Reg3, named F2.24-1, was identified. The
specificity of F2.24-1 was tested with competition assay. F2.24-1 was diluted to 1 pg/ml
(which gave anti-I-A®’-B:12-22RE-Reg3 signal of 22000 cps) for the absorption assay. As
expected, F2.24-1 was not absorbed by I-A*-HEL11-23 and I-A¥-B:12-23 ( see figure
15C). The monoclonal antibody F2.24-1 was used in the subsequent experiments.
Example 8

This example illustrates that the monoclonal antibody F2.24-1 inhibits B:9-23
responsive T cells.

The B:9-23 peptide induced response of BDC12-4.1 hybridomas with or without
F2.24-1 monoclonal antibodies was compared. As shown in Figure 16A, the F2.24-1
monoclonal antibodies inhibited response to B:9-23 presented by APCs. Similarly, F2.24-
1 inhibited response to plate bound TA®"-B:12-22RE-Reg3. (See Figure 16B). Figure 17
shows that F2.24-1 inhibits BDC12-4.1 hybridomas in a dose dependent manner.

Example 9

This example illustrates that the monoclonal antibody F2.24-1 inhibits
development of insulin autoantibodies.

Insulin autoantibodies are used as a predictor of insulitis and diabetes. Insulin
autoantibodies were monitored every two weeks and the maximum value was analyzed in
cach mouse. As shown in the Figure 18, the mice treated with F2.24-1 monoclonal
antibodies all have lower insulin autoantibodies value than isotype IgG treated mice and
PBS treated mice, suggesting that the F2.24-1 monoclonal antibodies inhibit the onset of
diabetes.

The foregoing description of the present invention has been presented for purposes
of illustration and description. Furthermore, the description is not intended to limit the
invention to the form disclosed herein. Consequently, variations and modifications
commensurate with the above teachings, and the skill or knowledge of the relevant art, are
within the scope of the present invention. The embodiment described hereinabove is
further intended to explain the best mode known for practicing the invention and to enable

others skilled in the art to utilize the invention in such, or other, embodiments and with
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various modifications required by the particular applications or uses of the present
invention. It is intended that the appended claims be construed to include alternative

embodiments to the extent permitted by the prior art.
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LISTING OF CLAIMS

What is claimed is:

1.

10.

11.

An isolated antibody having an inhibitory or preventive activity on an
autoimmune disease in an animal, wherein the antibody specifically binds to a
complex comprising a Class II MHC molecule and an autonatigenic peptide
implicated in the autoimmune disease.

The isolated antibody of claim 1, wherein the antibody specifically prevents or
disrupts the assembly of a trimolecular complex comprising a Class I MHC
molecule, an autoantigen and a T Cell receptor.

The isolated antibody of claim 1, wherein the autoimmune disease is selected
from the group consisting of type 1 diabetes, pre-diabetes of type 1A, and
Latent Autoimmune Diabetes in Adults (LADA).

The isolated antibody of claim 1, wherein the autoimmune disease is type 1
diabetes.

The isolated antibody of claim 4, wherein the autoantigen is insulin.

The therapeutic composition of claim 4, wherein the Class I MHC molecule is
1-A¥ or a human class I MHC molecule.

The therapeutic composition of claim 4, wherein the TCR contains an o chain
selected from the group consisting of TRAV5D-4, TRAVS5-1 and TRAV10.
The isolated antibody of claim 1, wherein the autoimmune disease is type 1
diabetes and the Class II MHC molecule is I-A%” and the autoantigenic peptide
is selected from the group consisting of B:9-23 comprising SEQ ID NO:1
(SHLVEALYLVCGERG), B:12-23  comprising SEQ ID NO:2
(VEALYLVCGERG), B:12-22 comprising SEQ ID NO:3 (VEALYLVCGER),
B:12-22 Reg.3 comprising SEQ ID NO:8 (VERLYLVAGEE), (RE)Reg.1
comprising SEQ ID NO:4 (LREALYLVAE), (RE)Reg.2 comprising SEQ ID
NO:5 (VRALYLVAGE), (RE)Reg.3 comprising SEQ ID NO:6
(ERLYLVAGEE), (RE)Reg.4 comprising SEQ ID NO:7 (ARYLVAGERE),
B:13-22 comprising SEQ ID NO:9 (EALYLVCGER), and a homolog thereof.
The isolated antibody of claim 1, wherein the antibody is humanized.

The isolated antibody of claim 1, wherein the antibody is Fab, Fab', F(ab')2, or
scFv fragment.

The isolated antibody of claim 1, wherein the antibody is monoclonal.
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12.

13.

14.

15.

16.

17.

18.

11uU-1

The isolated antibody of claim 1, wherein the antibody is administered to the
animal by passive infusion.
The isolated antibody of claim 1, wherein the antibody is administered to the
animal in an amount of 100 pg/kg to about 10,000 ug/kg.
A method for preventing or treating an autoimmune disecase comprising
administering to a subject in need thereof an effective amount of a therapeutic
composition comprising an antibody that specifically binds to a complex
comprising a Class I MHC molecule and an autonatigenic peptide implicated
in the autoimmune disease.
The method of claim 14, wherein the antibody disrupts or prevents the
assembly of a trimolecular complex comprising a Class I MHC molecule, an
autoantigen implicated in the autoimmune disease and a T Cell receptor.
The method of claim 14, wherein the autoimmune disease is type 1 diabetes
and the antibody specifically binds to a complex comprising the Class I MHC
molecule I-A%” and the peptide is selected from the group consisting of B:9-23
comprising SEQ ID NO:1 (SHLVEALYLVCGERG), B:12-23 comprising
SEQ ID NO:2 (VEALYLVCGERG), B:12-22 comprising SEQ ID NO:3
(VEALYLVCGER), B:12-22 Reg.3 comprising SEQ ID NO:8
(VERLYLVAGEE), (RE)Reg.1 comprising SEQ ID NO:4 (LREALYLVAE),
(RE)Reg.2 comprising SEQ ID NO:5 (VRALYLVAGE), (RE)Reg.3
comprising SEQ ID NO:6 (ERLYLVAGEE), (RE)Reg.4 comprising SEQ ID
NO:7 (ARYLVAGERE), B:13-22 comprising SEQ ID NO:9
(EALYLVCGER), and a homolog thereof..
The method of claim 14, wherein the composition is provided in an amount of
100 pg/kg to about 10,000 ng/kg.
A therapeutic composition comprising a peptide attached to a class II MHC
molecule for immunizing an animal in order to produce an antibody having an
inhibitory or preventive activity on an autoimmune disease in the animal,
a. wherein the peptide is an autoantigenic peptide implicated in the
autoimmune disease, and
b. the antibody specifically binds to a complex comprising the Class I MHC

molecule and the peptide.
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19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.
30.

11uU-1

The therapeutic composition of claim 18, wherein the peptide comprises an
autoantigenic peptide modified to bind in a specific register so that it is reactive
with a T cell receptor specific for the autoantigenic peptide.

The therapeutic composition of claim 18, wherein the antibody specifically
prevents the association of or disrupts a trimolecular complex implicated in the
autoimmune disease comprising the Class II MHC molecule, an autoantigen
and a T Cell receptor.

The therapeutic composition of claim 18, wherein the autoimmune disease is
type 1 diabetes, pre-diabetes of type 1A, and Latent Autoimmune Diabetes in
Adults (LADA).

The therapeutic composition of claim 18, wherein the autoimmune disease is
type 1 diabetes.

The therapeutic composition of claim 22, wherein the autoantigen is insulin.
The therapeutic composition of claim 22, wherein the Class II MHC molecule
is I-A%" or a human class IT MHC molecule.

The therapeutic composition of claim 22, wherein the TCR contains an o chain
selected from the group consisting of TRAV5D-4, TRAVS5-1 and TRAV10.
The therapeutic composition of claim 18, wherein the peptide is selected from
the group consisting of B:9-23 comprising SEQ ID NO:l
(SHLVEALYLVCGERG), B:12-23  comprising SEQ ID NO:2
(VEALYLVCGERG), B:12-22 comprising SEQ ID NO:3 (VEALYLVCGER),
B:12-22 Reg.3 comprising SEQ ID NO:8 (VERLYLVAGEE), (RE)Reg.1
comprising SEQ ID NO:4 (LREALYLVAE), (RE)Reg.2 comprising SEQ ID
NO:5 (VRALYLVAGE), (RE)Reg.3 comprising SEQ ID NO:6
(ERLYLVAGEE), (RE)Reg.4 comprising SEQ ID NO:7 (ARYLVAGERE),
B:13-22 comprising SEQ ID NO:9 (EALYLVCGER), and a homolog thereof..
The therapeutic composition of claim 26, wherein the Class II MHC molecule
is LAY,

The therapeutic composition of claim 18, wherein the therapeutic composition
1S a vaccine.

The therapeutic composition of claim 18, further comprising an adjuvant.

The therapeutic composition of claim 18, wherein the route of administration
of the composition is selected from the group consisting of parenteral,

intravenous, subcutancous, oral and nasal and transcutancous.
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31.
32.

33.

11uU-1

A kit comprising the therapeutic composition of claim 18.

A method for preventing or treating an autoimmune disecase comprising
immunizing a subject with an effective amount of a therapeutic composition
comprising a peptide,

a. wherein the peptide is an autoantigenic peptide implicated in the
autoimmune disease, and

b. immunization leads to production of an antibody that specifically
binds to a complex comprising a Class Il MHC molecule and the peptide.

A production method of an antibody having a therapeutic effect in an
autoimmune disease, the method comprising:

an immunization step of immunizing a non-human animal with an
autoantigenic peptide implicated in the autoimmune disease attached to a class
II MHC molecule;

a hybridoma production step of fusing an antibody producing cell taken
out from the immunized non-human animal with an immortalized cell so as to
obtain a hybridoma;

a hybridoma seclection step of selecting a hybridoma producing an
antibody having a binding property to the said peptide;

and an antibody separation step for separating an antibody expressed by

the selected hybridoma.
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 10/37166

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61K 39/395; C12P 21/08 (2010.01)
USPC - 424/141.1; 530/388.15

According to International Patent Classiﬁcation_(lPC) or to bqth national classiﬁcatiop and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by ¢
USPC: 424/141.1; 530/388.15

lassification symbols)

USPC- 435/6, 69.1 (keywords below)

Documentation searched other than minimum documentation to the exterit that such documents are included in the fields searched

Electronic data base consulted during the intemational search (name of

SHLVEALYLVCGERG, TRAV5D-4, |-Ag7, autoimmune
GenCore 6.3: SEQ ID NO:1

data base and, where practicable, search terms used)

PubWEST (PGPB,USPT,USOC,EPAB,JPAB), Google; PubMed: antibody, peptide, MHC, complex, anti, trimolecular, class ll, diabetes,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2002/0150914 A1 (ANDERSEN et al.} 17 October 2002 (17.10.2002) abstract; para [0008], | 1-2,9-13
- [0028]-[0032], [0058], [0060), [0062), [0071) | e
Y 3-8
Y PIETROPAOLO et al. Primer: immunity and autoimmunity. Diabetes 2008, 57(11):2872-2882; 3-8
pg 2876, para 4; pg 2875, para 7; Fig. 5; Table 1
A US 5,594,100 A (WEGMANN) 14 January 1997 (14.01.1997) 1-13
A US 2007/0196369 A1 (HOOGENBOOM et al.) 23 August 2007 (23.08.2007) 1-13
A US 2004/0137514 A1 (STEENBAKKERS) 15 July 2004 (15.07.2004) 1-13
A CHUNG et al. Competitive inhibition in vivo and skewing of the T cell repertoire of antigen- 1-13
specific CTL priming by an anti-peptide-MHC monoclonal antibody. J. immunol. 2001,
167(2):699-707
A MAREEVA et al. Antibody specific for the peptide.major histocompatibility complex. Is it T cell 1-13
receptor-like? J. Biol. Chem. 2004, 279(43):44234-44249
ZHONG et al. Production, specificity, and functionality of monoclonal antibodies to specific
A peptide-major histocompatibility complex class Il complexés formed by processing of 1-13
exogenous protein. Proc. Natl. Acad. Sci. USA. 1997, 94(25):13856-13861

D Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

e

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

12 October 2010 (12.10.2020)

Date of mailing of the international search report

25 0CT 2010

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commiissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)
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Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carricd out on the basis of a sequence listing filed or furnished:

a. (means)

D on paper

7| . .
M in electronic form

b. (time)
D in the international application as filed
Ve
together with the international application in electronic form
D subsequently to this Authority for the purposes of search
2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
GenCore 6.3: SEQ ID NO:1

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US 10/37166

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Group I+: claims 1-13, drawn to an isolated antibody having an inhibitory or preventive activity on an autoimmune disease in an animal,
wherein the antibody specifically binds to a complex comprising a Class Il MHC molecule and an autoantigénic peptide implicated in the
autoimmune disease. The first invention is restricted to the autoantigenic peptide of SEQ ID NO:1. Should an additional fee(s) be paid,
Applicant is invited to elect an additional SEQ ID NO(s) to be searched.

{Continued in Supplemental Sheet)

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. & No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
claims 1-13, restricted to SEQ ID NO:1

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 10/37166

Supplemental Box
Continuation of Box Ill - Observations where unity is lacking:

Group i+, claims 14-17, drawn to a method for preventing or treating an autoimmune disease by admiinistering to a subject a therapeutic
composition comprising an antibody that specifically binds to a complex comprising a Class It MHC molecule and an autonatigenic
peptide implicated in the autoimmune disease. The first invention is restricted to the autoantigenic peptide of SEQ ID NO:1. Should an
additional fee(s) be paid, Applicant is invited to elect an additional SEQ ID NO(s) to be searched.

Group Ili+, claims 18-32, drawn to a therapeutic composition comprising a peptide attached to a class 1l MHC molecule a. wherein the
peptide is an autoantigenic peptide implicated in the autoimmune disease, and b. the antibody specifically binds to a complex comprising
the Class Il MHC molecule and the peptide. The first invention is restricted to the autoantigenic peptide of SEQ ID NO:1. Should an
additional fee(s) be paid, Applicant is invited to elect an additional SEQ ID NO(s) to be searched.

Group IV, claim 33, drawn to a production method of an antibody having a therapeutic effect in an autoimmune disease.

The inventions listed as Groups I+ through IV do not relate to a single general inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

The inventions of Groups |+ through lll+ do not include the inventive concept of producing an antibody, as required by Group IV.

The inventions of Groups I+ and I+ do not include the inventivé concept of a peptide attached to a ¢lass Il MHC, as required by Groups
i+ and V.

The inventions of Group I+ and Il+ share the technical feature of an isolated antibody that specifically binds to a complex comprising a
Class Il MHC molecule and an autonatigenic peptide implicated in the autoimmune disease. However, this shared technical feature does
not represent a contribution over prior art. Specifically, US 2002/0150914 A1 to ANDERSEN et al. (hereinafter *Andersen®) teaches an
isolated antibody having an inhibitory or preventive activity on an autoimmune disease in an animal (abstract), wherein the antibody
specifically binds to a complex comprising a Class 1l MHC molecule and an autoantigenic peptide implicated in the autoimmune disease
(abstract; para [0058], [0062]). As said antibody was known at the time of the invention, this cannot be considered a special technical
feature that would otherwise unify the groups.

Another special technical feature of the inventions listed as Group I+ is the specific amino acid sequence recited therein. The inventions
do not share a special technical feature, because 1) no significant structural similarities can readily be ascertained among the amino
acid sequences, 2) SEQ ID NO: 1 was known in the art at the time of the invention, as evidenced by US 5,594,100 A (WEGMANN) that
discloses an epitope useful for prevention of type | diabetes (Abstract), wherein said epitope is 100% identical to the claimed SEQID
NO:1 (WEGMANN, SEQ ID NO: 1). Without a shared special technical feature, the inventions lack unity with one another.

The inventions of Group Il+ share the technical feature of administering to a subject a therapeutic composition comprising an antibody
that specifically binds to a complex comprising a Class Il MHC molecule and an autoantigenic peptide implicated in the autoimmune
disease. However, this shared technical feature does not represent a contribution over prior art, because Andersen teaches teaches
said method (abstract; para [0058], [0062]). As said method was known at the time of the invention, this cannot be considered a special
technical feature that would otherwise unify the groups.

The inventions of Group Ill+ and IV share the technical feature of a therapeutic composition comprising a peptide attached to a class il
MHC molecule, a. wherein the peptide is an autoantigenic peptide implicated in the autoimmune disease, and b. the antibody specifically
binds to a complex comprising the Class It MHC molecule and the peptide. However, this shared technical feature would have been
obvious to one of ordinary skill in the art because Andersen teaches a therapeutic composition comprising a peptide attached to a class
Il MHC molecule for immunizing an animal in order to produce an antibody having an inhibitory or preventive activity on an autoimmune
disease in the animal (abstract; para [0058], [0062], [0085]-[[0091]),

a. wherein the peptide is an autoantigenic peptide implicated in the autoimmune disease (abstract; para [0058), [0062]), and

b. the antibody specifically binds to a complex comprising the Class | MHC molecule and a peptide from an infectious agent (abstract,
para [0058], [0062]).

Andersen does not specifically disclose a complex comprising Class )l MHC and an autoantigen. However, it would have been obvious
to one of ordinary skill in the art how to prepare the claimed complex comprising Class Il MHC an an autoantigen, because said
complex is within the scope of Andersen’s disclosure (para [0048]). One would have been motivated to prepare said complex, because
Andersen further discloses that "susceptibility to a wide variety of diseases is preferentially increased in individuals of particular HLA
genotypes. ... The HLA class | and |l molecules function by binding antigenic peptides and presenting them to CD8+ and CD4+ T cells,
respectively. It is therefore very likely that certain HLA alleles confer susceptibility to autoimmune diseases at the molecular level by
binding specific antigenic peptides that other alleles do not bind...* (para [0057]) and further discloses that *[a]lternatively, anti-peptide-
MHC antibodies may block inappropriate immune T cells responses such as those leading to auto immunity (Aharoni et al., 1991). MHC
being a significant risk factor in many autoimmune diseases indicates the existence of a single or a few diseases initiating self-MHC
restricted autoantigen. If so, antibody fragments directed against such ligands could prove powerful inhibitors of in vivo autoimmune T
cell responses"® (para [0058)).

Another special technical feature of the inventions listed as Group Il+ and ili+ is the specific amino acid sequence recited therein. The
inventions of Group lll+ lack unitys because 1) no significant structural similarities can readily be ascertained among the amino acid
sequences, 2) an autogenic peptide of SEQ ID NO: 1 was known in the art at the time of the invention.

Groups I+ through IV therefore lack unity under PCT Rule 13 because they do not share the same or corresponding special technical
feature.

Form PCT/ISA/210 (extra sheet) (July 2009)
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