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Composition and Method for Prevention and Treatment of Type I Diabetes

Field of the Invention

The invention provides a composition and method for prevention and treatment of
type I diabetes. In particular, the invention provides a composition and method for the
treatment of type I diabetes in mammals where the composition comprises GLP-1 or Ex4
fusion proteins and a plasmid encoding one or more proteins that promote islet beta-cell

regeneration and decrease islet beta-cell autoimmunity.

Background of the Invention
Diabetes is one of the leading causes of death by disease worldwide. Type I diabetes,

is a major form of the disease that typically develops at a young age and results from
autoimmune destruction of islet beta-cells with consequent insulin deficiency and
dependence on exogenous insulin treatment. Insulin therapy is the major intervention for
the treatment of type I diabetes, however, insulin not a cure as it is not always possible to
maintain blood glucose levels within a narrow physiological range using insulin and it does
not prevent the progression of the disease and severe diabetic complications that eventually
arise. Pancreatic islet transplantation is also an effective therapy (29) but is limited largely
by the limited resources of human islets. In addition, immune-suppressors need to be used
for life in the islets-transplanted patients.

Apoptosis is the main cause of the death of beta-cells in type I diabetes. Under
normal conditions, maintenance of beta-cell mass is a dynamic process, undergoing both
increases and decreases to maintain glucose levels within a narrow physiological range
(1;2). In subjects with obesity and insulin resistance associated diabetes, diabetes occurs
only when the beta-cells lose their compensatory capacity. Diabetes does not occur even in
the presence of insulin resistance if the beta-cell mass is maintained or enhanced. In type I
diabetes, beta-cell apoptosis occurs as a result of autoimmune destruction involving T cell
infiltration of the islets of Langerhans (5-7). The progressive destruction of the pancreatic
beta-cells is largely due to lymphocytic infiltration of the islet, resulting in insulin deficiency.

IL-1beta, TNF-alpha and IFN-gamma are released by macrophages and T celis during this
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autoimmune response and are important mediators of beta-cell destruction (5;23;24) via a
mechanism that involves apoptosis and necrosis (24).

GLP-1 is a major physiological insulinotropic hormone which is secreted from the
enteroendocrine L cells of the intestinal tract in response to nutrient ingestion (12-14).
GLP-1 enhances pancreatic islet beta-cell neogenesis/proliferation and inhibits beta-cell
apoptosis; in a glucose-dependent fashion (15;16). GLP-1 also augments insulin secretion
and lowers blood glucose in rodents as well as in humans in both type I diabetes (17;18)
and type II diabetes (19;20). Recent studies have demonstrated that in insulin-secreting
beta-cells, the apoptosis and necrosis induced by cytokines could be significantly blocked by
glucagon-like peptide-1 (GLP-1) or exendin-4 (Ex4), a long-acting potent agonist of the
GLP-1 receptor (24;25). In vivo studies have shown that treatment with GLP-1/Ex4,
stimulated beta-cell neogenesis in streptozotocin (STZ)-treated newborn rats resulting in
persistently improved glucose homeostasis at an adult age (26). In type I diabetes
patients, treatment with Ex4 normalized postcibal glycemic excursions (18). It is believed
that the mechanism by which GLP-1 modulates beta-cell mass involves primarily 1)
enhancement of B-cell proliferation, 2) inhibition of apoptosis of B-cells and 3) beta-cell
neogenesis (13;27;28).

The GLP-1 receptor (GLP-1R) is a G-protein coupled receptor (GPCR) that is
expressed mainly by pancreatic beta-cells and to some extent by cells of other tissues
(lungs, heart, kidney, GI tract and brain), and is coupled to the cyclic AMP (CAMP) second
messenger pathway (13;21). Activation of other protein kinases including Akt (protein
kinase B) (3;13;22) is found to be important in mediating GLP-1 action in promoting beta-
cell growth and inhibiting apoptosis. In animals models of type II diabetes, it has been
recently demonstrated that treatment of GLP-1 or exendin-4 (Ex4) prevented onset of
diabetes (3;4) by enhancing beta-cell growth and inhibiting apoptosis (3;22). GLP-1 has
many attractive biological actions, and demonstrated clinical efficacy in type II diabetes (9).
Beta-cell replication and neogenesis are predominant mechanisms underlying beta-cell mass
expansion. In addition, prevention of beta-cell apoptosis is important. GLP-1 has been
found useful in the treatment of type II diabetes, which is consistent with its beneficial
effects on beta-cell survival, function and growth. It has been demonstrated that expansion
of beta-cell mass by treatment with glucagon-like peptide-1 (GLP-1) prevented the onset of
diabetes in animal models predisposed to type II diabetes (3;4). U.S. 6,899,883 and U.S.
6,989,148 disclose methods of treating type I diabetes using insulin and glucagon-like
peptide 1(7-37) or glucagon-like peptide 1(7-36) amide.
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The major obstacle in treating patients with native GLP-1 is its short circulating half-
life (12 <2 min) that results mainly from rapid enzymatic inactivation by dipeptidyl-
peptidase IV (DPP-1V) (30;31), and/or renal clearance (32). Therefore, continuous
subcutaneous infusion by pump is necessary to maintain GLP-1 action in vivo (33). Though
DPPIV inhibitor can also increase the half-life of GLP-1 and are being tested in clinical trials.
However, this approach lacks specificity, as DPPIV also inactivates several other peptide
hormones and some chemokines (9), and its inhibition may lead to adverse reactions. In
this respect, significant efforts have been made to develop pharmaceutical long-acting
degradation-resistant GLP-1 mimetic peptides. Human GLP-1 analogues with amino acid
substitutions (34-36) and/or N-terminal modifications including fatty acylated (37;38) and
N-acetylated (38) modifications exhibit significantly prolonged circulating t;,;, and potently
reduce glycemic excursion in diabetic subjects (37). Ex4, a reptilian peptide with high
sequence homology to mammalian GLP-1 is a potent GLP-1R agonist (39). Furthermore,
albumin protein-conjugated GLP-1 also has the anti-diabetic and other beneficial activities of
GLP-1 along with a prolonged half-life (40).

It is likely, however, that in some patients derivatives of GLP-1 will eventually be
recognized and neutralized by humoral immunity, as observed with various peptides such as
human growth hormone or insulin (41;42) and, indeed, also Ex4 (39). This can occur either
because the protein is foreign (i.e. Ex4), or because it is administered with a vehicle or by a
route that promotes immunity. This is initiated when B lymphocytes that have a reactive
immunoglobulin receptor (B-cell receptor [BCR]) bind to the hormone. However, there is
evidence that B-cell stimulation can be prevented by co-ligating inhibitory receptors. B-cell
stimulation is blocked when the BCR is cross-linked with FcyRIIB receptors that bear
cytoplasmic immunoreceptor tyrosine-based inhibitory motifs (ITIM) (43-47). It is thought
that B cell reactivity to GLP-1 will be prevented or diminished when this peptide is fused to
an Fc segment, through binding of this Fc segment to the FcyRIIB receptor. This is
consistent with the tolerogenic effects of IgG carrier proteins, as demonstrated extensively
in many studies (48). A second important consideration is that peptide drugs can give rise
to dangerous anaphylactic reactions. For instance, fatal anaphylaxis in nonobese diabetic
(NOD) mice has been described after repeated subcutaneous insulin peptide B:9-23
immunizations (49). These anaphylactic reactions result from the production of IgE
antibodies against the therapeutic peptide, resulting in classic type I hypersensitivity
reactions. A recent study (50) suggests that this anaphylactic response can be blocked by
fusing the allergen with IgG-Fc that bind to FcyRIIB of mast cells or basophils and prevents
degranulation. Furthermore, administration of GLP-1/Ex4, combined with
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immunosuppression by polyclonal anti-T cell antibody, induced complete remission in 88%
of overtly diabetic NOD mice (8). However, limitations of this strategy are 1) immunity to
Ex4 which has >45% variation of amino acid sequence compared to native GLP-1 (9) and 2)
systemic suppression of immunological responses by an anti-T-cell antibody that may lead
to adverse immunologic effects (10). Because autoimmunity is persistent in type I diabetes
subjects, control of autoimmunity with immunosuppression (preferably specifically directed
against the autoaggressive T cells) is necessary for the replacement of islet cells and
definitive treatment of this disease.

Gene therapy has been attempted in animal models of diabetes. For example, gene
therapy has been directed at the systemic delivery of regulatory cytokines (e.g., IL-4, IL-10,
TGF-beta-1) (54;55), or at modification of islet cells ex vivo with some of these genes prior
to transplantation (56). Alternatively, investigators have transfected islet cells ex vivo with
genes such as bcl-2 that prevent apoptosis (56-58). The introduction of genes into
transplanted islets has been limited by incomplete protection against anti-islet immunity,
and the relatively short period of expression of some vectors (59). In addition, gene therapy
to deliver insulin (or insulin analogues) in liver, muscle or other tissues has been
accomplished, although physiological regulation of blood glucose levels has not been
achieved and is a major limitation (62;63). An alternative involves delivery of a gene(s)
(e.g., PDX-1) in vivo to induce islet-cell differentiation of liver cells (64), but initial reports
of success have been difficult to duplicate. Another important factor is that current proposed
therapies fail to control autoimmunity effectively and as long as the autoimmune response
of type I diabetic subjects is not controlled, new islets whether transplanted or produced by
regeneration will be rejected. Indeed, many potential gene-based approaches have been
proposed over the years, but none appears readily applicable to humans. These therapies
have almost all been based on viral-vectored gene transfer which has limitations,
particularly in terms of pathogenicity and immunogenicity and thus do not provide an
effective and safe therapeutic method. For example, U.S. 6,991,792 discloses a method for
delaying onset of type 1 diabetes mellitus using a vaccine comprising a recombinant
vaccinia virus incorporated with a gene for coding glutamic acid decarboxylase.

Many forms of immunotherapy ameliorate diabetes in NOD mice (53), although most
are effective only if initiated prior to the onset of the disease. Unfortunately, most patients
initially present with diabetes. More recently, CD3 monoclonal antibody (mAb) therapy was
found effective after the onset of disease in NOD mice, and acts by inducing regulatory T
cells (Tr) (67). However, recent clinical trials suggest that CD3 mAb therapy by itself delays
beta-cell loss, but cannot return patients to normoglycemia (10;68). This is presumably
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because newly diabetic patients have a limited number of residual islet beta-cells, which are
not sufficiently protected or replenished by this treatment. Another limitation is that most
forms of immunotherapy (as in the case of CD3) are not specific to the autoaggressive T
cells, and affect many other immune responses, possibly causing undesirable effects.
Notably, administration of ChAglyCD3 (a humanized CD3 mAb) was frequently associated
with a cytokine release syndrome and transient Epstein-Barr viral mononucleosis (10). The
long-term effects and safety of this method needs to be further assessed. ’
Thus, there is a need to develop effective treatment strategies that target the

molecular mechanisms underlying type I diabetes rather than its consequences.

Summary of the Invention

The present invention is a composition and method for the prevention or treatment
of type I diabetes. The composition and method of the invention promote beta-cell growth
and inhibit apoptosis, induce immunological tolerance and block autoimmunity. The
composition of the invention comprises a fusion protein and an autoimmune suppressor.
These are provided together in a single composition for the effective prevention or
treatment of type I diabetes in mammals.

In aspects, the fusion protein comprises a GLP-1 molecule or its variant or fragments
thereof fused with IgG heavy chain constant (Fc¢) regions. The autoimmune suppressor
comprises at least one target antigenic epitope that effectively decrease autoimmunity, such
that the pancreatic islet cells are not destroyed. In aspects, the at least one target
antigenic epitope comprises at ieast one of pre-proinsulin and GAD65. The autoimmune
suppressor may further comprise a mutant B7-1 peptide (CD80).

According to an aspect of the present invention is composition to promote IgG-Fc
receptor-dependent immune inhibition, the composition comprising a GLP-1 fusion protein
and an autoimmune suppressor.

According to another aspect of the invention is a composition comprising a fusion
protein selected from GLP-1/I1gG and Ex4/IgG; and a vector encoding preproinsulin and
GADG65.

In aspects of the invention the composition additionally comprises a sequence
encoding a mutant B7-1 peptide.

According to an aspect of the present invention is a method of preventing or treating
type I diabetes in a subject in need thereof, comprising administering to the subject an
effective amount of a composition that increases beta-cell proliferation and/or reduces beta-

cell apoptosis in the subject.
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According to an aspect of the present invention is the use of the composition of the
invention for the preparation of a medicament for the prevention or treatment of type I
diabetes in a subject.

According to an aspect of the present invention is a method of isolating a Tr cell, said
method comprising:

-administering to a subject the composition of the invention;

-collecting the spleen cells of said subject;

-preparing a suspension of said spleen cells;

-separating the CD4+ cells from said suspension; and

-further separating the CD4+ cells using markers selected from the group
consisting of B7.1+, Nrp1+, Foxp3 and LAP-TGFbeta cells.

According to an aspect of the present invention is a composition wherein the
increased proliferation and/or reduced apoptosis and suppressed beta-cell autoimmunity
which provide increased beta-cell mass and function.

According to an aspect of the present invention is composition for the prevention or
treatment of type I diabetes in a subject, said composition comprising a fusion protein
selected from the group consisting of GLP-1/IgG or variant or fragment thereof and an
Ex4/1gG or variant or fragment thereof; and an autoimmune suppressor for silencing an
autoimmune response against islet beta cells.

Other features and advantages of the present invention will become apparent from
the following detailed description. It should be understood, however, that the detailed
description and the specific examples while indicating embodiments of the invention are
given by way of illustration only, since various changes and modifications within the spirit
and scope of the invention will become apparent to those skilled in the art from said

detailed description.

Description of the Figures
The present invention will be further understood from the following description with

reference to the Figures, in which: _

Figure 1 shows the construction of GLP-1/IgG-Fc-encoding plasmid. 1A, a cDNA
encoding a GLP-1/mIgG1-Fc fusion protein was inserted between the Bam HI and Eco RV
sites of the vector. P1 to P4 represent the vectors used for amplifying the cDNA. A
schematic representation of the secreted GLP-1/1gG-Fc fusion protein consisting of the
active GLP-1 molecule (7-37) and the IgG-Fc encompassing the mouse IgG1 constant
heavy-chain (part of CH1, hinge, CH2 and CH3) is shown in 1B. 1C, the cDNA encoding the
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fusion protein hGHRH/hGLP-1was chemically synthesized, ligated to a PCR-amplified cDNA
fragment encoding human IgG2 FC (hinge-ch2-ch3) and inserted into the Ncol and Hind III
sites of the pAV0243 vector to generate GLP-1/hIgG-Fc/pAV0243. A schematic
representation of the secretable GLP-1/hIgG-Fc fusion protein consisting of the active GLP-1
molecule (7-37) and the IgG-Fc encompassing the human IgG2 constant heavy-chain
(hinge, CH2 and CH3) is shown in 1D.These proteins are secreted as homodimers upon
expression. The cDNAs encoding a GLP-1A8G-1gG-Fc or Ex4/1gG-Fc fusion proteins were
generated using site-directed mutagenesis. Similar strategy was used to generate a
Ex4/1gG-Fc cDNA and cloned into pAvV0243.

Figure 2 shows the expression and detection of IgG-Fc fusion protein in COS-7 cells.
COS-7 cells were transfected with the IgG-Fc fusion constructs and total RNA was isolated
48-h post transfection. 2A shows the RT-PCR products on a 1% agarose gel and visualized
using ethidium bromide. 2B shows the fusion proteins purified using Protein G sepharose
and resolved by SDS-PAGE and transferred to a nitrocellulose membrane. The membrane
was probed with anti-mouse antibody (1:5000) and visualized by ECL.

Figure 3 is a graph showing the secretion of GLP-1 from transfected COS-7 cells.
COS-7 cells were plated in 12-well plates and transfected with varying amounts of GLP-
1/1gG-Fc or 1IgG-Fc only plasmids. The medium was collected 48-h post transfection and 150
pL of the medium was used to detect GLP-1 by RIA.

Figure 4A shows large scale expression of IgG-Fc fusion proteins in COS-7 cells.
COS-7 cells were plated in 150 mm dishes and transfected with 80 pg of DNA the following
day. Forty-eight hours after transfection, the medium was collected and fusion proteins
purified by incubating with 1 mL of Protein G Sepharose overnight. The beads were washed
and the purified proteins were eluted by adding 1 mL of 0.1M glycine (pH 2.7). The elution
was repeated and the fractions were pooled. 30 pL fractions were analyzed by SDS-PAGE
under reducing or non-reducing conditions as indicated and staining with Coomassie Blue.

Figure 4B shows GLP-1 expression in mammalian and bacterial cells. IgG-Fc fusion
proteins expressed in COS-7 cells or bacteria (Rosetta gami 2) were purified using protein G
sepharose. Varying amounts of purified protein were used for detection of GLP-1 protein
using a total GLP-1 RIA kit.

Figure 5 shows the expression of GLP-1 in stably transfected COS-7 cells. COS-7
cells were transfected with GLP-1/1gG-Fc or 1gG-Fc linearized plasmids and selected with
500 pg/mL of G418. After isolating potentially positive clones, the cells were grown in 12-
well plates and medium was collected 48-h post-plating. The medium was used in total GLP-

1 RIA assays to detect GLP-1 protein.
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Figure 6 shows the effect of GLP-1/IgG-Fc fusion treatment on insulin secretion in
INS-1 cells. INS-1 cells were plated in 24-well plates and grown overnight. The cells were
glucose- and serum-starved and treated with purified GLP-1/1gG fusion proteins for 1 h in
KRB buffer with 0, 5 or 20 mM glucose. The medium was analyzed for insulin secretion
using the insulin radioimmunoassay.

Figure 7 is a graph demonstrating that GLP-1/1gG-FC exhibits similar efficacy as Ex-4
in generating cAMP in INS-1 cells. INS-1 cells were plated in 24-well plates and grown
overnight. The cells were glucose- and serum-starved and treated with purified GLP-1/I1gG-
Fc fusion protein (IgG-Fc- and Ex4 as the negative and positive controls) for 10 min in
serum-free RPMI medium with 0 or 5 mM glucose. cAMP levels in lyophilized aliquots of cell
extracts were measured by radioimmunoassay.

Figures 8A-D shows the effects of in vivo expression of GLP-1/IgG-Fc in type II
diabetes model db/db mice. Db/db mice were intramuscularly injected with GLP-1/1gG-Fc
and/or Ex4/1gG-Fc or IgG-Fc vectors at 4 and/or 6 weeks of age local electroporation was
applied. Serum was collected before injection and 2, 12 and 16 weeks after injection. Active
GLP-1 levels were determined using a GLP-1 Elisa kit (8A). Fasting blood glucose levels in
the two groups of mice were measured 12-week after first injection (n=5-6, p<0.001) (8B).
Their blood insulin (8C) and glucagon (8D) levels were measured using RIA at 12 weeks
after overnight starvation.

Figures 9A and 9B shows the effects of in vivo expression of GLP-1/1gG-Fc in insulin
deficient type I diabetes model induced by streptozotocin. (9A) Vectors encoding GLP-
1/1gG-Fc, Ex4/1gG-Fc or IgG-Fc (50 pg/mice) were intramuscularly injected into CD1 mice
and gene transfer was enhanced by a local electroporation. Seven days after DNA injection,
the mice were received a booster injection and on the same day received a daily injection of
STZ (55 mg/kg, i.p.) for consecutive 5 days. The blood glucose of the IgG-Fc-control mice
rose markedly, reaching diabetic levels (> 17 mM) a few days after STZ injection, but the
GLP-1/I1gG-Fc (or Ex4/1gG-Fc) mice were protected and displayed a low incidence of overt
diabetes. (9B) Pancreatic histology studies were performed in pancreatic sections prepared
as previously reported (Wang et al., Mol Biol Cell. 1998;9(11):3057-3069). The beta-cells
were immunostained for overnight incubation at 4°C using guinea pig anti-insulin IgG
(1:1,000, Dako). After incubated with biotinylated mouse anti-guinea pig IgG (1:1,100) for
60 min at room temperature, Cy3-conjugated avidin (1:1,1000, Jackson Labs) was added
for additional 45 min incubation. The images were taken using a Ziess Laser Scanning
Microscope (Model 510). Total beta-cell mass per pancreas was determined as the product

of the total cross-sectional insulin positive-beta-cell area/total tissue area and the weight of
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the pancreas before fixation. As shown the destruction of islet beta-cells occurred in all
groups of mice treated with STZ, but the extent of damage was found to be lower in GLP-
1/1gG-Fc (or Ex4-1gG-Fc) mice. Infiltration of the islets by mononuclear cells (lymphocytes
and/or macrophages) was observed in these mice (not shown). Interestingly, Ex4/1gG-Fc
treatment yielded a resuit similar to GLP-1/IgG-Fc, even though Ex4/1gG-Fc is expected to
resist DPPIV degradation. These findings indicate that expression of GLP-1/1gG-Fc (or
Ex4/1gG-Fc) protected agavinst the STZ-induced beta-cell damage in spite of the presence of
islet inflammation (insulitis).

Figures 10 shows the in vivo expression of GLP-1/IgG-Fc and its effect on blood
glucose in pigs. GLP-1/IgG-Fc or control IgG-Fc vectors (4mg/pig) were injected
intramuscularly into male Yorkshire pigs (23kg) followed by electroporation using the
ADVISYS electroporator. To induce hyperglycemia, three days after the GLP-1/IgG-Fc
vector injection, Alloxan monohydrate (Sigma/80mg/kg) was administered in 25 ml saline
intravenously under general Flurothane-induced anesthesia. Initially, the acidic Alloxan
solution was neutralized before injections. However, neutralized solution did not effectively
cause hyperglycemia and thus subsequent injections were performed without neutralization,
which resulted in moderate hyperglycemia in the blank IgG-Fc injected pigs, but not in the
pigs injected with GLP-1/IgG-Fc vectors. The fasting blood glucose was tested twice a week
in ketamine-sedated pigs when blood samples were withdrawn using a glucometer (A) and
the expression of the Fc proteins was determined using ELISA (B).

Figure 11 shows that co-vaccination with PPI/GAD and B7.1-wa prevented
autoimmune diabetes more efficiently than each of the components separately. Incidence of
diabetes in all groups is compared to the incidence in the blank-injected group. The data is
representative of two independent experiments.

Figure 12 shows the adoptive transfer of pre-sorted subsets of spleen cells from the
co-vaccinated mice prevented autoimmune disease induced by transfer of diabetogenic
spleen cells (D) in NOD scid mice. Spleen cells from co-vaccinated mice were sorted into
CD4+ and CD8+ fractions by negative sorting as described above. CD4+ cells were further
sorted into CD25+ and CD25- fractions. Diabetogenic cells were mixed with either
CD4+CD25+ or CD4+4+CD25- cells in a ratio 200:1, and with CD8+ cells in a ratio 70:1.
Incidence of diabetes in all groups is compared to the incidence in the group, which received
only diabetogenic cellis.

Figure 13 shows that antigen-stimulated IFNy release by diabetogenic cells (D) was
suppressed in vitro by spleen cells from the co-vaccinated mice (V). Only CD4+ but not

CD8+ subset suppressed the response of the diabetogenic cells.
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Figure 14 shows that antigen-stimulated proliferation of diabetogenic cells (D) was
suppressed by CD4+B7.1+ fraction of total spleen cell suspension from the co-vaccinated
mice; depleted of CD25+, B7.1+, Nrpl+, or LAP-TGF+ cells, the CD4+ fraction lost its
suppressive power. Proliferation was evaluated by MTT test. The data, mean+/-SEM, are
representative of minimum three independent experiments.

Figure 15 shows that suppression of the antigen-stimulated release of IFNy by
diabetogenic spleen cells, caused by spleen cells from the co-vaccinated mice, was reversed
by neutralizing anti-TGFB, but not anti-IL-10 antibodies. The data, mean+/-SEM, are
representative of minimum three independent experiments.

Figure 16 is a graph that shows phenotype of the suppressor cells. CD4+ fraction of
spleen cells from the co-vaccinated and non-vaccinated diabetic mice was purified by
negative magnetic sorting to 95% purity and subjected to multicolor Flow Cytometry
analysis. The bars represent the mean +/- SEM of the amount of the CD4+ cells expressing
CD25, CD80 (B7.1), and CD152 (CTLA-4) below as found in the six to ten independent
experiments. Dot plots were gated on the appropriate isotype controls.

Figure 17 shows the effects of in vivo expression of GLP-1/1gG-Fc and pre-
proinsulin(PPI)-GADG65 vaccine on the onset of diabetes in NOD mice. NOD mice at age
between 15 to 25 weeks were muscularly injected with plasmid(s) followed by
electroporation. The injection was repeated twice with one-week interval. Blood glucose was
monitored on weekly basis using glucometer. The vectors used were: PPI/GAD65, GLP-
1/1gG-Fc, or the combination of the two. The amount of DNA injected were (50 pg individual
DNA/mouse per injection. To equilibrate the amount of DNA when single vectors were
injected, they were mixed with equal amount of the blank VRnew vector. The mice
responding to the vector injection decreased the level of their blood glucose. The shown
represents the blood glucose levels of the mice at three weeks after the injections. Similar

results were obtained at ten weeks after the injections.

Detailed Description of the Invention

The invention provides for a composition and method of preventing and/or treating
type I diabetes in a subject. The composition is administered to a subject in need thereof
and increases beta-cell proliferation, reduces beta-cell apoptosis and controls immunity
specifically with the endpoint of enhancement of beta-cell mass/function and insulin
secretion. The composition comprises a GLP-1/1gG-Fc fusion protein or exendin-4-1gG-Fc
fusion protein and a specific autoimmune suppressor. The autoimmune suppressor

comprises at least one target antigenic epitope that effectively decrease autoimmunity, such
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that the pancreatic islet cells are not destroyed. In aspects, the at least one target
antigenic epitope comprises at least one of pre-proinsulin and GAD65. The autoimmune
suppressor may further comprise a negative regulatory protein such as for example a
mutant B7-1 peptide (CD80).

The composition can be made to contain the various components thereof as the
peptides/proteins or combination of peptides/proteins with a vector encoding for the
remainder of the components. In other aspects, the components of the composition all are
provided within suitable vectors as nucleic acid sequences.

In an embodiment, the autoimmune suppre4ssor that targets an antigenic epitope
may be encoded by a nucleotide sequence and may be provided in the composition as a
DNA vaccine. The DNA vaccine comprises at least one plasmid having a nucleotide
sequence which is expressed by the celiular machinery of the subject to be vaccinated. The
nucleotide sequence of the plasmid encodes one or more antigenic peptides capable of
inducing tolerance and decreasing autoimmune recognition. According to the invention, the
plasmid encodes islet cell antigens and optionaily a ligand for a negative regulatory protein.
In aspects of the invention, the islet cell antigens are pre-proinsulin and GAD65. The
negative regulatory protein is a ligand for a negative T cell regulatory protein is a B7-1wa
peptide that binds to CTLA-4. The composition effectively increases beta cell proliferation or
neogenesis, reduces beta cell apoptosis and decreases islet autoimmunity thereby providing
prevention, remission and general treatment of type I diabetes in a subject.

In one embodiment, the fusion protein of the composition comprises active GLP-1
and IgG heavy chain constant regions (GLP-1/1gG-Fc). The construction of fusion proteins
combining GLP-1 with an IgG-Fc molecule forms a new molecule that possess enhanced
GLP-1 actions and advantages of the IgG-Fc molecule i.e. increased ligand avidity and
immunological tolerance. The GLP-1 peptide in aspects is native or is DPP-IV (Dipeptidyl
Peptidase 1V) resistant. The IgG may be mouse or human. In aspects, a mouse IgG may
be 1gG,. A human IgG may be selected from 1gG,, 1gG;, 1gG; and 1gG4. The GLP-1
polypeptide may be human or mouse sequence as they are identical. The GLP-1
polypeptide may be a variant or fragment of the native sequence. The GLP-1 polypeptide
may be GLP-1(7-37)OH or GLP-1(7-36)amide.

This invention also provides plasmid construction of a vector encoding a fusion
protein consisting of the human GLP-1 (7-37) and mouse IgG-Fc using overlap PCR
(Polymerase Chain Reaction) as illustrated (Figure 1). The IgG-Fc region contains the 1gG,
constant heavy-chain (part of CH1, hinge, CH2 and CH3). Also demonstrated is a method to

incorporate a leading sequence into a vector that allows the fusion protein to be expressed
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and secreted to an extracellular medium environment. As shown, an IgK secretion leader
peptide sequence is fused with the GLP-1 sequence that directs the secretion of the
synthesized peptide into the medium. This strategy ensures the generation of a GLP-1
fusion with an active histidine residue at the N-terminus of the fusion protein after cleavage
of the secretion leader sequence peptide during the process of secretion. A schematic
representation of the secreted GLP-1/IgG-Fc fusion protein is shown in Figure 1. This
approach is expected to 1) circumvent the short circulating half-life of GLP-1 since IgG-Fc
fusion proteins are secreted as homodimers that possess longer circulating half-life and
higher efficacy due to higher ligand avidity (78-80); 2) enhance the peptide potency since
most GPCRs are pre-formed as dimers on the cell surface (81;82); and 3) facilitate the
purification, which can be achieved by one-step purification using Protein G sepharose (83).

Expression of the novel vectors of the fusion protein was demonstrated using a
mammalian expression system. To assess the capacity of the vectors in terms of expression
and secretion of the GLP-1/IgG-Fc fusion proteins, constructs were transiently transfected
into COS-7 cells. Forty-eight hours after transfection, to evaluate the expression of the
fusion constructs, total RNA from the transfected cells was prepared and expression was
analyzed using RT-PCR. Transcripts for the GLP-1/IgG-Fc fusion constructs and IgG-Fc
control constructs were detected using the gene specific primers (Figure. 2a). No transcripts
were detected in non-transfected samples.

The lysates and medium from the transfected COS-7 cells were also analyzed for
expression of the fusion proteins by Western blotting using anti-mouse antibodies. As shown
in Figure. 2b, IgG-Fc fusion proteins were detected in both the medium and cell lysates. The
fusion proteins could can be detected by RT-PCR (Reverse Transcription Polymerase Chain
Reaction), western blotting, or and GLP-1 radio-immunoassay (RIA). Detection of the fusion
proteins both in the conditioned media and the cell lysates indicates that the fusion proteins
were synthesized and secreted from the mammalian cells.

The identity of the GLP-1 fusion protein was further confirmed by a GLP-1
radioimmunoassay (RIA), which allows for detection of all forms of GLP-1. COS-7 cells were
transiently transfected with increasing amounts of GLP-1/1gG-Fc or IgG-Fc-only plasmids
and media were collected 48 hours following transfection. The medium was used in GLP-1
RIAs to detect total GLP-1. While no GLP-1 was detected in medium from non-transfected or
IgG-Fc-only transfected COS-7 cells, GLP-1 was detected in a DNA-dose dependent manner
in the medium collected from GLP-1/1gG-Fc-tranfected cells (Figure. 3). One-step
purification (83) from 50 ml culture medium (2-day static culture when seeding at ~1.25 x

10° cells/ml) using Protein G sepharose could yield ~300 microgram fusion as estimated by
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Coomassie Blue-stained SDS-PAGE of which detected a ~35 kDa or ~70 kDa (Figure 4)
band under reducing or non-reducing conditions respectively, indicating that bivalent GLP-
1/1gG-Fc fusion protein exists in native conditions. The fusion proteins displayed capacity to
stimulate insulin secretion in a glucose-dependent manner (Figure 1D) and cAMP generation
(Figure 1E) in INS-1 cells.

Expression of the novel vectors of the fusion protein was demonstrated in a
mammalian expression system or using a bacterial strain. The procedures for generation of
mammalian cell clones and bacterial cell clones to generate the GLP-1/IgG-Fc fusion protein
and its derivates are described in the examples below. The purification procedures are also
disclosed and provide for an easy and fast one-step purification technique for purification
GLP-1/1gG-Fc fusion protein and its derivates described in a practical scale of laboratory
scale. This technique may also applies to purification of GLP-1/1gG-Fc fusion protein and its
derivates described in a large scale such that for pharmaceutical purpose.

Using assay methods disclosed, the efficacy of fusion proteins GLP-1/1gG-Fc (its
DPPIV resistant mutant form and Ex4-1gG-Fc) were tested and demonstrated. Examples are
given including receptor binding assay, cAMP (Adenosine 3’,5'-cyclic monophosphate) assay
and insulin stimulation assay using beta-cells that have capacity to secret insulin under
proper stimulatory conditions. Other assays may be also applied to study the beta-celi
proliferation by the fusion proteins or to determine signaling cascade after activation of GLP-
1 receptor by GLP-1/1gG-Fc fusion proteins its derivates described. These assays are
proliferation assay (®*H-thymidine incorporation), Akt kinase activity assay, MAPK assay and
apoptotic assay using caspase-3 or other caspase-family members.

The techniques for in vivo expression of GLP-1/IgG-Fc molecules are also described.
An example is given that the fusion proteins can be persistently expressed in vivo via
intramuscular injection. The local electroporation technique is used because it greatly
increases gene transfer that might be required in large animals and humans. However, one
skilled in the art would understand the types of methods available to express the GLP/IgG-Fc
molecules. In this study, the animals were monitored for bodyweight and fasting blood
glucose weekly, and saphenous vein bleedings were collected prior to injection at 2 weeks
and 12 weeks after the first injection, for measurement of fasting insulin and glucagon
levels. Expression of the GLP-1/1gG-Fc protein was evaluated by measuring plasma levels of
active GLP-1 using a GLP-1 Elisa kit (Linco). As shown, 2 weeks after the first injection, the
plasma GLP-1 levels were significantly elevated in mice injected with GLP-1/1gG-Fc
compared to those mice injected with IgG-Fc vectors. These elevated levels declined by 16

weeks post-injection, but were still higher than that of control mice (Figure 8A).
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As an example of using GLP-1/1gG-Fc for prevention and treatment of type I
diabetes, GLP-1/1gG-Fc and/or Ex4/1gG-Fc were delivered into the CD1 mice through gene
transfer and enhanced by local electroporation. Seven days after DNA injection, the mice
were received a booster injection and meanwhile received STZ (55 mg/kg, i.p.) daily for
consecutive 5 days. The blood glucose of the IgG-Fc-control mice rose markedly, reaching
diabetic levels (> 17 mM) within a few days, but the GLP-1/IgG-Fc (or Ex4-Fc) mice were
protected and displayed a low incidence of overt diabetes (Figure 9). Pancreatic histological
studies demonstrated that destruction of islet beta-cells occurred in both group mice, but
the extent of damage was found to be lower in GLP-1/IgG-Fc (or Ex4-Fc) mice (Figure 9),
indicating the beta-cell protective effect of GLP-1/1gG-Fc (or Ex4/1gG-Fc). Infiltration of the
islets by mononuclear cells (lymphocytes and/or macrophages) was observed in both groups
of mice (not shown). Interestingly, Ex4-Fc treatment yielded a result similar to GLP-1/1gG-
Fc, even though EX4-Fc is expected to resist DPPIV degradation. These findings indicate
that expression of GLP-1/IgG-Fc (or Ex4-Fc) protected against the STZ-induced beta-cell
damage in spite of the presence of islet inflammation (insulitis). The treatment of GLP-
1/1gG-Fc or Ex-4/1gG-Fc most likely protected against streptozotocin-induced beta-cells
damage via increased beta-cell proliferation, neogenesis and decreased beta-cell apoptosis
(3).

GLP-1/1gG-Fc (or its derivatives or Ex4-1gG-Fc) improves insulin secretion by
enhancing beta-cell mass and beta-cell function. Direct evidence of enhancement of beta-
cell function and insulin secretion by treatment with GLP-1/IgG-Fc is demonstrated through
administering the non-viral vectors encoding GLP-1/IgG-Fc molecule via gene transfer and a
local electroporation to CD1 mice (a second injection is administered 2 weeks after the first
injection). Diabetes occurred in those mice transfected with empty vector after induction of
STZ, but the induction of diabetes by STZ was largely reduced in the mice treated with GLP-
1/1gG-Fc or Ex4/IgG-Fc. Beta cell mass was found to be increased in the GLP-1/IgG-
Fc/Ex4/1gG-Fc treated mice compared to the mice with mock treatment. GLP-1/1gG-Fc
enhancement of beta-cell mass was also evident in db/db mice, when GLP-1/IgG-Fc was
administered via gene therapy as described above to db/db mice (4 weeks of age, and a
second injection is administered 2 weeks after the first injection). The db/db mouse
genetically lacking leptin receptors, is a severe rodent model for type II diabetes (84). As
shown, age-matched db/db mice treated with a GLP-1/1gG-Fc via the gene therapy
approach exhibited normoglycemia at age of 16 weeks (12 weeks after injection). The
control mice, however were hyperglycemic as determined by their fasting blood glucose

(FBG) levels (Figure 8). The GLP-1/IgG-Fc treated mice showed enhanced fasting insulin
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and reduced fasting glucagon (Figure 8) levels. That enhancement of beta-cell mass and
beta-cell function by treatment of GLP-1/IgG-Fc prevented the onset of diabetes in db/db
mice expressing GLP-1/IgG-Fc is in a good agreement with our previous findings that daily
Ex4 injection (i.p.) for two weeks prevented development of diabetes in db/db mice (3). The
significance of the current therapeutic strategy is that two intramuscular injections of GLP-
1/1gG-Fc vectors achieved similar effects to that of two weeks of daily intraperitoneal
injections of Ex4. Enhancement of functional beta-cell mass by treatment of GLP-1/IgG-Fc is
directly evident (Figure 9).

Functional beta-cell mass is dynamic and is controlled by the balance between beta-
cell survival and beta-cell death (1;27;85). The increased beta-cell mass demonstrated in
GLP-1/Ex4 treated mice occurred through both increased beta-cell proliferation/neogenesis
and decreased beta-cell apoptosis, and these changes were associated with elevated
expression of the protein kinases Aktl and MAPK (3). Ex4 treatment of db/db mice
significantly elevated Aktl protein expression level in association with increased beta-cell
proliferation and decreased beta-cell apoptosis, showing a role of Aktl in mediating GLP-1-
induced proliferation and anti-apoptotic effects (3). In INS-1 cells that GLP-1 induces Akt
phosphorylation in parallel with the PI3-K-dependent incorporation of 3H-thymidine. The role
for Aktl in the GLP-1 induced stimulation of beta-cell mass is described previously (3;22).
Of significance, when compared with some other antidiabetic agents including
sulphonylureas and insulin, is the absence of associated weight gain (86;87). Through its
ability to enhance satiety, GLP-1 reduces food intake, thereby limiting weight gain, and may
cause weight loss (21,;88). These features render GLP-1 highly desirable as an antidiabetic
agent. However, while GLP-1 is most effective when administered continuously, single
subcutaneous injections have short-lasting effects. The short half-life of native GLP-1 from
N-terminal cleavage by dipeptidy! peptidase IV (DPP-IV) and the consequent requirement
for constant GLP-1 infusion in clinical trials has been a serious drawback. DPP-1V inhibitors
have been generated and assessed using mouse models and in clinical trials with some
success (34).

Strategies for enhancing the therapeutic potential of GLP-1 have been the focus of
intense research in both academia and the pharmaceutical industry (89). This includes the
use of modified GLP-1 DPP-IV-resistance peptides with mutations in His” (36) and Ala®
residues (35). However, while some of the GLP-1 derived agonists are evidently DPP-IV
resistant, they are rapidly cleared from the plasma by other mechanisms, i.e. by renal
clearance. A Gila monster-derived GLP-1R agonist, Ex4, is DPP-IV resistant and possesses a
longer half-life which is partly attributed to the Glu® residue. Although extremely promising
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in animal models, daily administration of Ex4 and/or combination therapy with oral anti-
diabetic agents was required in clinical studies to normalize blood glucose levels. The need
for daily injection of these peptides has motivated efforts toward development of longer-
acting molecules that retain the native GLP-1 actions.

Several strategies have been developed which focus on reducing enzymatic
degradation by DPP-IV and simultaneously decreasing its circulating clearance. In particular,
in the case of NN2211 (90), acylation of GLP-1 with a fatty acid chain promotes binding of
the peptide to serum albumin /in vivo. This provides the peptide with the dual benefits of
being DPP-1V resistant and having reduced renal filtration (91). CJC-1131 (40) is a DPP-IV-
resistant GLP-1 analog where the native L-Ala8 is substituted with a D-Ala. In addition, the
GLP-1 molecule is coupled to a reactive chemical linker that can form a covalent bond with
serum albumin (40). Albugon (92) is a recombinant DPP-IV-resistant GLP-1 molecule that is
generated in frame with the human serum albumin sequence. Consequently, this GLP-1R
agonist has decreased clearance and prolonged half-life (40;92). Resisting enzymatic
degradation and reducing renal clearance are desirable characteristics and the rationales
behind these pharmaceutical agents. All three compounds are at a different stage of clinical
study (Ex4 has been approved by FDA on April 29, 2005).

The GLP-1 derived fusion protein is provided by the fusion of the GLP-1 and IgG1-Fc
cDNA sequences (Figure 1). An IgG-Fc based drug provides a numbers of advantages
(93;94). Since the IgG fusion molecules are produced as homodimers of 70 kilodaltons
(Figure 4), they are not rapidly cleared by the kidneys, and they have a substantially longer
half-life (93;94). Thus, the larger GLP-1/1gG-Fc homodimeric fusion molecule will have
increased circulating half-life compared to native GLP-1. The GLP-1/IgG-Fc fusion protein
would have reduced susceptibility to degradation since some degrading enzymes have a
preference for smaller peptides (95). Furthermore, the dimeric GLP-1 is expected to
increase the ligand avidity since homodimerized GLP-1 can potentially recruit additional
GLP-1Rs and amplify intracellular signaling via preformed GPCR dimers/oligomers (81).

cAMP and insulin secretion assays suggest that the fusion protein of the present
invention is able to activate GLP-1Rs in clonal INS-1 cells. The ability of the fusion protein to
stimulate insulin secretion in INS-1 cells in a glucose-dependent manner further suggests
that the GLP-1 fusion protein retains the biological function of the native GLP-1.

The in vivo expression of GLP-1/1gG-Fc fusion proteins by an intramuscular gene
transfer approach has the advantage of continuously releasing fusion protein into the
circulation over a period of many weeks. The circulating GLP-1 fusion proteins were

detectable in the db/db mice (Figure 8) and CD1 mice (not shown) two weeks after
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intramuscular injection of GLP-1/1gG-Fc vectors but not in the mice injected with control
IgG-only plasmids. The elevated blood levels of GLP-1 fusion proteins (as determined by
GLP-1 RIA) lasted for 12 weeks after the first injection. The reduced fasting blood glucose
levels in the GLP-1/1gG-Fc expressing db/db mice were associated with increased fasting
insulin levels and decreased fasting glucagon levels suggesting that the normalization of the
fasting blood glucose was contributed by enhanced insulin secretion and suppressed
glucagon release.

The db/db mice are a severe type II diabetes model because of a deficiency in leptin
signaling (96;97). Initially, the glucose levels in both the groups continued to rise perhaps
as a result of progressive, unabated diabetes in the db/db mice. We have previously
provided evidence that enhancement of beta-cell mass/function via increased beta-cell
proliferation and decreased beta-cell apoptosis is important in preventing onset of diabetes
in a subject with insulin resistance (3). Action of GLP-1 on enhancement of beta-cell
mass/function is mediated by activation of intracellular protein kinases including Akt and
MAPK and deactivation of caspases including caspase-3 (3;22). It is conceivable that this
mechanism is predominant in preventing and treating type I diabetes subjects.

An effect of GLP-1/1gG-Fc on body weight was not currently observed which is seen
in some cases of native GLP-1 treatment in rodent models (98). However, anorectic effects
have not been observed in several GLP-1 analogues in spite of clear insulinotrophic glucose
lowering effects (40). Treatment with the long-acting and potent GLP-1R agonist Ex4
improved fasting blood glucose in the db/db mice associated with enhanced beta-cells mass
and function (3). However, the body weight as well as the peripheral insulin sensitivities
remained unchanged (3). These findings further support the notion that the onset of
diabetes only occurs when the beta-cell dysfunction appears (99;100). The anorexic effects
of GLP-1 have been linked to its action on multiple brain regions in the central nervous
system (101). Other mouse diabetic models currently available are nonobese diabetic (NOD)
mice which is an excellent model of autoimmune diabetes (type I diabetes), islet-antigen
reactive T cells infiltrate islets of Langerhans and kill islet cells, and/or initiate an
inflammatory process that results in islet cell death (53).

GLP-1/1gG;-Fc or control I1gG;-Fc vectors (4mg/pig) were muscularly injected into
‘male Yorkshire pigs (23kg) followed by electroporation using ADViSYS electroporator (figure
10). Three days after injection, Alloxan monohydrate (80mg/kg, Sigma) was administered
in 25 ml saline intravenously under general anesthesia by Flurothane. As shown in figure
10, injections of the Alloxan in pigs with treated with the blank IgG-Fc vectors induced
moderate hyperglycemia, but not in the pigs treated with GLP-1/1gG-Fc vectors. The fasting
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blood glucose was tested twice a week in ketamine-sedated pigs when blood samples were
withdrawn using a glucometer (figure 10A) and the expression of the Fc proteins were
determined using ELISA (figure 10B).

The fusion proteins of the composition can be provided as peptides or alternatively
as cDNA sequences within vectors encoding secretable fusion proteins of the invention
including but not limited to: active GLP-1 and mouse 1gG;-Fc cDNAs or GLP-1 human IgG,-
Fc cDNAs for mammalian expression of bivalent GLP-1 peptide; and active Ex4-1gG cDNAs,
One of skill in the art could readily prepare any desired GLP-1 or Ex4 sequence in a vector
as is described herein in the examples or similar methods. The biological properties and
effectiveness of the recombinant human chimeric GLP-1 fusion protein, GLP-1/1gG-Fc, was
demonstrated using a combination of in vitro cell line studies and by a gene therapy
approach by intramuscular gene transfer expression of the fusion proteins to type I and
type II diabetic mouse models in vivo. This gene therapy approach proved effective in a
murine model of severe type I and type II diabetes. EIectroporatibn was used because it
increased gene transfer and may prove useful in large animals and humans, where
intramuscular gene transfer is less efficient than in rodents. Together, this invention provides
a novel approaches for the treatment and prevention of type I and type II diabetes using
protein and gene therapy techniques in mammalian subjects.

The fusion protein of the invention may be a GLP-1 or Ex4 fragment having a
sequence that shares at least 60% sequence identity or more to a GLP-1 polypeptide or at
least 60% or more sequence identity to an Ex4 polypeptide. In aspects, the sequence
identity may be at least 70%, 80%, 90% or 95% or more sequence identity to known forms
of GLP-1, and this includes analogues, derivatives thereof and fragments thereof. Such
sequences are disclosed for example in U.S. Patent No. 6,268,343 (the disclosure of which
is incorporated herein by reference in its entirety). The invention includes the use of all the
aforementioned compounds for prevention and treatment of diabetes, such as type I and
type II diabetes patients. The invention also includes use of all the aforementioned
compounds for preparation of a medicament for prevention and treatment of diabetes, such
as type I and type II diabetes. The invention also includes a pharmaceutical composition,
such as a prophylactic composition, for all the aforementioned uses.

Changes which result in production of a chemically equivalent or chemically similar
amino acid sequence are included within the scope of the invention. IgG-Fc-fused
polypeptides sharing sequence identity to GLP-1 or Ex4 are within the scope of the present
invention and may be readily tested to ensure that they are suitable for use in the methods

of the invention. U.S. Patent No. 6,268,343 (incorporated by reference in its entirety),
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describes a number of GLP-1 derivatives and variants. Variants of the polypeptides of the
invention may occur naturally, for example, by mutation, or may be made, for example,
with polypeptide engineering techniques such as site directed mutagenesis, which are well
known in the art for substitution of amino acids. For example, a hydrophobic residue, such
as glycine can be substituted for another hydrophobic residue such as alanine. An alanine
residue may be substituted with a more hydrophobic residue such as leucine, valine or
isoleucine. A negatively charged amino acid such as aspartic acid may be substituted for
glutamic acid. A positively charged amino acid such as lysine may be substituted for
another positively charged amino acid such as arginine. The invention provides fusion
proteins combining derivatives of GLP-1 molecule including a DPP-1V resistant form such as
GLP-1A8G with an IgG-Fc molecule to form a new molecule that possess enhanced GLP-1
actions and advantages of IgG-Fc molecule as described.

Therefore, the invention encompasses IgG-Fc-fused polypeptides having
conservative changes or substitutions in amino acid sequences. Conservative substitutions
insert one or more amino acids, which have similar chemical properties as the replaced
amino acids. The invention includes sequences where conservative substitutions are made
that do not destroy compound activity. IgG-Fc-fused polypeptides comprising one or more
D-amino acids are contemplated within the invention. Also contemplated are polypeptides
where one or more amino acids are acetylated at the N-terminus. Those with skill in the art
recognize that a variety of techniques are available for constructing polypeptide mimetics
with the same or similar desired compound activity as the corresponding polypeptide
compound of the invention but with more favorable activity than the polypeptide with
respect to solubility, stability, and/or susceptibility to hydrolysis and proteolysis. See, for
example, Morgan and Gainor, Ann. Rep. Med. Chem., 24:243-252 (1989). Examples of
polypeptide mimetics are described in U.S. Patent Nos. 5,643,873. Other patents describing
how to make and use mimetics include, for example in, 5,786,322, 5,767,075, 5,763,571,
5,753,226, 5,683,983, 5,677,280, 5,672,584, 5,668,110, 5,654,276, 5,643,873 are all
incorporated herein by reference in their entirety. Mimetics of the polypeptides of the
invention may also be made according to other techniques known in the art. For example,
by treating an IgG-Fc-fused polypeptide of the invention with an agent that chemically
alters a side group by converting a hydrogen group to another group such as a hydroxyl or
amino group. Mimetics preferably include sequences that are either entirely made of amino
acids or sequences that are hybrids including amino acids and modified amino acids or other
organic molecules. The invention also includes hybrid and 1gG-Fc-fused polypeptides, for

example where a nucleotide sequence is combined with a second sequence.
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The invention also includes IgG-Fc-fused polypeptide fragments of the IgG-Fc-fused
polypeptides of the invention that may be used to confer compound activity if the fragments
retain activity. The invention also includes 1gG-Fc-fused polypeptides fragments of the 1gG-
Fc-fused polypeptides of the invention which may be used as a research tool to characterize
the polypeptide or its activity. Such polypeptides preferably consist of at least 5 amino
acids. In embodiments, they may consist of 6 to 10, 11 to 15, 16 to 25, 26 to 50, 51 to 75,
76 to 100 or 101 to 250 amino acids. Fragments may include sequences with one or more
amino acids removed, for example, C-terminus amino acids in a compound sequence.,

The activity of the fusion protein is increased or decreased by carrying out selective
site-directed mutagenesis. A DNA plasmid or expression vector containing the nucleic acid
molecule or a nucleic acid molecule having sequence identity is preferably used for these
studies using the U.S.E. (Unique site elimination) mutagenesis kit from Pharmacia Biotech
or other mutagenesis kits that are commercially available, or using PCR. Once the mutation
is created and confirmed by DNA sequence analysis, the mutant fusion protein is expressed
using an expression system and its activity is monitored.

The invention also includes fusion proteins which have sequence identity at least
about: >20%, >25%, >28%, >30%, >35%, >40%, >50%, >60%, >70%, >80% or >90%
more preferably at least about >95%, >99% or >99.5%, to a sequence of the invention (or
a partial sequence thereof). Modified fusion protein molecules are discussed below.
Preferably about: 1, 2, 3, 4, 5, 6 to 10, 10 to 25, 26 to 50 or 51 to 100, or 101 to 250
nucleotides or amino acids are modified. Identity is calculated according to methods known
in the art. Sequence identity is most preferably assessed by the BLAST version 2.1 program
advanced search (parameters as above). BLAST is a series of programs that are available
online at http://www.ncbi.nlm.nih.qov/BLAST. The advanced blast search

(http://www.ncbi.nlm.nih.gov/blast/blast.cgi?Jform=1) is set to default parameters. (ie
Matrix BLOSUM62; Gap existence cost 11; Per residue gap cost 1; Lambda ratio 0.85

default). References to BLAST searches are: Altschul, S.F., Gish, W., Miller, W., Myers, E.W.
& Lipman, D.J. (1990) "Basic local alignment search tool." J. Mol. Biol. 215:403_410; Gish,
W. & States, D.J. (1993) "Identification of protein coding regions by database similarity
search." Nature Genet. 3:266_272; Madden, T.L., Tatusov, R.L. & Zhang, J. (1996)
"Applications of network BLAST server" Meth. Enzymol. 266:131_141; Altschul, S.F.,
Madden, T.L., Schéffer, 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; and Zhang, J. & Madden, T.L. (1997) "PowerBLAST: A
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new network BLAST application for interactive or automated sequence analysis and
annotation."” Genome Res. 7:649_656.

The invention encompasses fusion proteins with mutations that cause an amino acid
change in a portion of the fusion protein not involved in providing activity or an amino acid
change in a portion of the fusion protein involved in providing activity so that the mutation
increases or decreases the activity of the fusion protein. In aspects of the invention, the
IgG-Fc portion of the fusion protein may also be modified by techniques well known to those
skilled in the art to alter (increase or decrease) the level of immunogenicity and effector
function as disclosed in WO 05/000892 (incorporated herein by reference in its entirety).

In addition to the GLP-1/1gG-Fc fusion protein portion of the composition of the present
invention, the composition further comprises an autoimmune suppressor. The autoimmune
suppressor comprises at least one target antigenic epitope that effectively decrease
autoimmunity, such that the pancreatic islet cells are not destroyed. In an embodiment,
the target antigenic epitope may be encoded by a nucleotide sequence as in a DNA vaccine.
The DNA vaccine portion of the composition comprises one or more plasmids encoding at
least one target islet antigen. In aspects, the target islet antigen(s) has for its purpose to
silence autoimmune response to islet beta cells. In an embodiment, the plasmid may
encode pre-proinsulin and/or GAD. The DNA vaccine portion of the composition may
optionally contain a negative T cell regulator that downregulates the T-cell mediated
response against the pancreatic insulin-secreting beta cells. In an embodiment, the
negative T cell regulator is B7-1wa.

Pre-proinsulin is a 110-amino acid single-chain polypeptide that is the precursor of
insulin. Pre-proinsulin is proteolytically converted to proinsulin, which consists of the A
chain, B chain, and C peptide. Proinsulin is homologous with IGF-I and -II and can bind to
the insulin receptor with approximately 10% of the affinity of insulin (Shuldiner AR, Barbetti
F, Raben N, Scavo L, Serrano J 1998 Insulin. In: LeRoith D (ed) Insulin-like Growth Factors:
Molecular and Cellular Aspects. CRC Press, Boca Raton, FL, pp 181-219). Proinsulin is
normally expressed in beta cell and has been identified as a possible autoantigen (Rudy G et
al. Mol Med 1995; 1:625)

Glutamic acid decarboxylase (GAD65) is an enzyme that is produced primarily by
pancreatic islet cells. In mammals, GAD exists in two isoforms encoded by two different
genes - Gadl and Gad2. These isoforms are GAD67and GAD65 with molecular weights of
67 and 65 kDa, respectively (Erlander MG, Tillakaratne NJK, Feldblum S, Patel N, Tobin AJ
(1991) Two genes encode distinct glutamate decarboxylases. Neuron 7:91-100). Itis
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believed that GAD is one the best known targets of autoreactive T cells during the early
phase of the autoimmune response (Kaufman et al. Nature 1993; 366:69).

B7-1wa is a mutant of the B7-1 ligand that binds specifically to the CTLA-4 antigen
on activated T cells. The CTLA-4 molecule, together with CD28 (another costimulatory
molecule expressed on the surface of both resting and activated T cells), plays a critical role
in the T-cell response to antigen presentation. T-cell activation is initiated when the
antigen-specific cell-surface T-cell receptor (TCR; CD3 complex) engages the antigen, which
is bound to an MHC class II molecule on the surface of an antigen-presenting cell. However,
to complete this activation, leading to T-cell proliferation and cytokine production, a second
signal (co-stimulatory signal) is required. In the absence of a positive co-stimulatory signal,
the antigen-TCR engagement is ineffective, and causes the T cell to be refractory to further
stimuli (anergy) or induces apoptosis of the cell. This positive co-stimulatory signal is
provided mainly by the interaction of CD28 with its ligands, B7-1 (CD80) and B7-2 (CD86)
on antigen-presenting cells. CTLA-4 also binds to the same B7 ligands but, in contrast to
CD28, it delivers inhibitory sighals to T-cell activation (Vaidya B et al. European Journal of
Endocrinology (2004) 150 619-626).

In general, the DNA vaccine portion of the composition of the invention typically
comprises a plasmid vector into which is inserted a strong promoter, the gene(s) of interest
(i.e. nucleic acid sequences encoding various forms of pre-proinsulin, GAD65 and optionally
B7-1wa) and a polyadenylation/transcriptional termination sequence. The DNA vaccine
includes regulatory elements necessary for gene expression of the nucleic acid molecule.
The elements include: a promoter, an initiation codon, a stop codon, and a polyadenylation
signal. In addition, enhancers are often required for gene expression of the sequence that
encodes the immunogenic target protein. It is necessary that these elements be operably
linked to the sequence that encodes the desired proteins and that the regulatory elements
are operable in the subject to whom they are administered. Initiation codons and stop
codons are generally considered to be part of a nucleotide sequence that encodes the
immunogenic target protein. However, it is necessary that these elements are functional in
the individual to whom the gene construct is administered. The initiation and termination
codons must be in frame with the coding sequence. The gene(s) of interest may encode a
full protein or simply an antigenic peptide sequence. The plasmid can be grown in bacteria,
such as for example E. coli and then isolated and prepared in an appropriate medium,
depending upon the intended route of administration, before being administered to the host,
Following administration the plasmid is taken up by cells of the host where the encoded
peptide is produced. The plasmid vector will preferably be made without an origin of
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replication which is functional in eukaryotic cells, in order to prevent plasmid replication in
the mammalian host and integration within chromosomal DNA of the animal concerned.
Suitable methods for preparing the DNA vaccine of the composition of the invention for the
treatment of type I diabetes are disclosed for example in U.S. Patent Nos. 6,846,808,
7,078,388, 7,084,249 and 7,067,138 (the disclosures of which are incorporated herein by
reference).

The composition of the invention may also be a DNA vaccine containing nucleic acid
sequences with at least 60% sequence identity to a nucleotide sequence of pre-proinsuiin
and GAD65 and/or at least 60% sequence identity to a ligand (B7-1 mutant, B7-1wa) of the
negative T-cell regulatory protein CTLA-4. The wild-type (wt) B7-1 is also called CD80. The
B7-1wa used the composition of the present invention has a substitution of Trp88 for Ala
and was first described by Guo Y, Wu Y, Kong X, and Liu Y. and published in Mol. Immunol.,
35, 215-225 (1998). It is also understood by one of skill in the art that the invention may
encompass a composition where the fusion proteins and autoimmune suppressors are
provided in separate vectors.

In the present invention, Tr cells were generated by the administration of the
composition of the invention when delivery of the composition containing the antigen gene
was combined with a CTLA-4 (CD152) ligand (Figures 11-16). This approach was protective
against type I diabetes in NOD mice. CTLA-4 is a powerful negative regulator of T cells and
it appears important for the activity of some Tr cells (107-109). No natural ligand
discriminates between CTLA-4 and the positive co-stimulatory molecule CD28, since both
bind B7-1 and B7-2 (expressed primarily by antigen presenting cells [APCs]). To solve this
problem, a mutated B7-1 molecule (B7-1wa) was utilized which has a single amino acid
substitution (W88 to A), and binds CTLA-4 but not CD28 (110-112).

A PPIns/GADG65 fusion (Ins-GAD) construct was used as the target antigen to
introduce a larger number of autoantigenic target epitopes. The addition of the DNA
encoding for B7-1wa allowed the linkage of antigen recognition by the T cell receptor (TCR)
with delivery of a negative regulatory signal. This consistently generated Tr cells that
inhibited responses to insulin or GAD65 peptide, and protected against spontaneous
development of disease, or adoptive transfer disease in NOD scid mice (Figures 11-16). The
T cells included CD4+ cells of both CD25+ and CD25- phenotype, and expressed B7-1 and
markers associated with Tr function, i.e., CTLA-4, neuropilin-1 (Nrp1) and membrane-
associated TGF-B1. This is the first study demonstrating that induction of this type of Tr
cells by DNA vaccination. Importantly, suppression appeared to be specific to the

immunizing islet antigens, and not to unrelated antigens. Moreover, vaccination of newly
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diabetic mice induced remission in some mice demonstrating prevention and treatment of
type I diabetes.

The pancreatic beta-cell-associated antigens may be used as the autoimmune
suppressors in the composition of the present invention. These antigens are believed to be
antigenic target epitopes in type I diabetes. These antigens include but are not limited to
pre-proinsulin, heat shock protein 65 (hsp65; see U.S. Pat. No. 5,114,844), insulin B-chain,
carboxypeptidase H, peripherin, GAD65, GAD67 and other pancreatic beta-cell-associated
antigens and autoantigens which are known in the art.

The autoimmune suppressors of the present invention may also comprise other
negative regulatory molecules, more specifically negative regulators of T cells. The
numerous types of negative regulators of T cell function are known to those of skill in the
art and are also contemplated for use in the composition of the present invention.

The composition of the present invention may also be provided with facilitating
agents. In embodiments, these facilitating agents may be adjuvants as disclosed in U.S.
6,207,159 (herein incorporated by reference in its entirety) and commonly known by those
skilled in the art. Furthermore, in embodiments, the composition of the present invention
may also be provided with cell stimulating agents as disclosed in U.S. 6,884,785 (herein
incorporated by reference in its entirety) and commonly known by those skilled in the art to
facilitate nucleic acid uptake. In additional embodiments, the composition of the present
invention may also be provided with cytokines as disclosed in U.S. 7,078,388 (herein
incorporated by reference in its entirety) but not limited chemokine, interferon, interleukins
and others well known by those skilled in the art to modify an immune response.

The composition of the present invention provides also describes autoimmune
suppressors which may be encoded by DNA vaccines, where the DNA vaccines have
sequence identity at least about: >20%, >25%, >28%, >30%, >35%, >40%, >50%,
>60%, >70%, >80% or >90% more preferably at least about >95%, >99% or >99.5%, to
a sequence of the invention (or a partial sequence thereof). Modified cDNA sequences are
discussed below. Preferably about: 1, 2, 3, 4, 5, 6 to 10, 10 to 25, 26 to 50 or 51 to 100,
or 101 to 250 nucleotides or amino acids are modified.

The composition of the present invention in an embodiment provides for the
expression of the fusion proteins and the incorporated DNA sequences (as a vaccine) with
mutations that cause an amino acid change in a portion of the nucleotide vaccine sequence
of which is not involved in providing activity or an amino acid change in a portion of the
DNA vaccine involved in providing activity so that the mutation increases or decreases the

activity of the DNA vaccination. The activity of the DNA vaccine is increased or decreased

24



WO 2007/016764 PCT/CA2006/001263

by carrying out selective site-directed mutagenesis. A DNA plasmid or expression vector
containing the nucleic acid molecule or a nucleic acid molecule having sequence identity is
preferably used for these studies using the U.S.E. (Unique site elimination) mutagenesis kit
from Pharmacia Biotech or other mutagenesis kits that are commercially available, or using
PCR. Once the mutation is created and confirmed by DNA sequence analysis, the mutant
fusion protein is expressed using an expression system and its activity is monitored.

This application also includes use of all the aforementioned compounds for
preparation of a medicament for prevention and treatment of type I diabetes. The invention
also includes a pharmaceutical composition, such as a prophylactic composition, for all the
aforementioned uses. The pharmaceutical compositions of the invention are formulated to
contain the described fusion peptides and DNA vaccine portion and can be administered to
humans or animals by a variety of methods including, but not restricted to topical
administration, oral administration, aerosol administration, intratracheal instillation,
intraperitoneal injection, intravenous injection, intramuscular injection and gene therapy
approach. Dosages to be administered depend on patient needs, on the desired effect and
on the chosen route of administration. An example of a dosage of the fusion protein for
humans would be 2 nmol/kg of body weight or between about 0.02 to 100 nmol/kg of body
weight. Suitable concentrations of the DNA encoding the fusion protein for use may be
about 1 pg/kg of body weight to 10 pg/kg of body or between 0.1 to 100 pg/kg of body
weight. Suitable concentrations of the DNA vaccine for use comprises 0.1 to about 1000
microgram of DNA. In some preferred embodiments, the vaccines contain about 1 to about
500 micrograms of DNA. In some preferred embodiments the vaccines contain about 25 to
250 micrograms of DNA. The composition may also be introduced into cells using in vivo
liposome or viral delivery vehicles. The numerous types of delivery vehicles suitable for use
with the invention are well known to those skilled in the art. The compositions may be
administered daily, weekly or as advised by a physician for as long as is required.

The composition of the fusion proteins and an autoimmune suppressors of the
invention are useful alone, but may also be combined with other components such as a
carrier or adjuvants in a pharmaceutical composition. The pharmaceutical compositions can
be prepared by known methods for the preparation of pharmaceutically acceptable
compositions which can be administered to patients, and such that an effective quantity of
the nucleic acid or polypeptide molecule is combined in a mixture with a pharmaceutically
acceptable vehicle. Suitable vehicles are described, for example in Remington’s.
Pharmaceutical Sciences (Remington’s Pharmaceutical Sciences, Mack Publishing Company,

Easton, Pa., USA). On this basis, the pharmaceutical compositions could include an active
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compound or substance, such as a compound nucleic acid, polypeptide molecule or fusion
protein, in association with one or more pharmaceutically acceptable vehicles or diluents,
and contained in buffered solutions with a suitable pH and isocosmotic with the physiological
fluids. The methods of combining the active molecules with the vehicles or combining them
with diluents is well known to those skilled in the art. The composition could include a
targeting agent for the transport of the active compound to specified sites within tissue.

Proteins having sequence identity to the receptor for GLP-1 (or Ex4) may be tested
to demonstrate that they are suitable for use in the methods of the invention. Small
organic molecules are also tested. The invention includes compounds which are identified
with the screening methods of the invention and which are suitable for methods and uses of
the invention and in pharmaceutical compositions of the invention. In a preferred
embodiment, the invention includes an assay for evaluating whether a candidate compound
is capable of increasing cAMP generation, Akt-1 or MAPK expression or activity or decreasing
caspase-3 expression or activity, by culturing cells (preferably beta-celis) in the presence of
at least one compound whose ability to modulate (inhibit or activate) expression activity is
sought to be determined and thereafter monitoring the celis for either an increase or
decrease in the level of Akt-1 or MAPK expression or activity or decreasing caspase-3
expression or activity.

A receptor binding assay is the preferred method to evaluate the specificity of a
compound for the cell membrane receptor, as all signaling transducing events are initiated
from this ligand-receptor binding. If a candidate compound binds to the receptor (for
example, as identified with a gel-shift mobility assay using cross-linking technique, or a
competitive receptor binding assay), this binding indicates that the compound is suitable for
use in the subsequent steps of the invention. Receptor activation assays are used to further
determine the suitability of a candidate compound for the methods of the invention. For
example, cAMP determination can be used to evaluate the receptor activation (GLP-1
receptor is GPCR). In addition, an Akt kinase assay can further show the activation of Akt.
In the initial screens, when there are large numbers of compound candidates, a receptor
binding assay can be used. Compounds that bind to the receptor are preferably subjected to
cAMP determination, and finally an Akt kinase assay. Small organic molecules may also be
tested as candidate compounds for their suitability for use in the methods of the invention.
To this end, cAMP determination is optionally used to screen for GPCR binding and
activation. As per the rationale described above, Akt kinase assay, or MAPK assay is

optionally used to evaluate the cellular effectivity of the compounds.
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To validate both screened peptide and organic molecule compounds, beta-cell mass
analysis can be performed in the pre-diabetic animal models after treatment of the animal
with the compounds for a longer period (i.e. 2-12 weeks). To this end, an additional insulin-
release assay can also performed using an insulin radioimmunoassay kit (Linco Research,
St. Louis, MO). These experimental approaches confirm the growth effects of the screened
compounds on the beta-cells. To validate both screened peptide and organic molecule
compounds, beta-cell mass analysis can be performed in the pre-diabetic animal model
after treatment of the animal with the compounds for a longer period (i.e. 2-12 weeks). To
this end, an additional Insulin-release assay can also performed using an insulin
radioimmunoassay kit (Linco Research, St. Louis, MO). These experimental approaches
confirm the growth effects of the screened compounds on the beta-cells. To validate
screened vectors, the DNA plasmids can be administered to pre-diabetic animal modeis
through gene transfer. The administration can be repeated every two months or six months
or every year or as deemed necessary.

The compositions of the invention may be used in conjunction with any other known
agents for treatment for type I and/or type II diabetes, such as for example with the use of
diabetes medicaments and insulins. Diabetic medicaments may include for example Actos,
Amaryl, avandia, DiaBeta, Diabinese, Dymelor, Glucophage, Glucophage XR, Glucotrol,
Glucotrol XL, Glucovance, glynase, PresTab, Glyset, Micronase, Orinase, Pandin, Precose,
Starlix and Tolinase. Suitable insulins include for example Aspart, Insulin Glargine
(Lantus), Lente, Lispro (Humalog), NPH and Ultralente.

A subject for which the present invention is suitable is any subject in need of such
treatment which is one that is at risk for developing diabetes, a subject newly diagnosed
with diabetes or a subject already diagnosed with diabetes. The invention is relevant
towards the treatment and/or prevention of type I diabetes as described herein. For
example, such subjects may be a person with a genetic history of diabetes who has not yet
developed diabetes or, who has newly diagnosed or diagnosed as diabetes. The subject may
also be a person whose blood glucose is higher than average for that person's age and
weight (normal blood glucose may be routinely determined from medical reference
sources), although not high enough that the person is diagnosed diabetic. The subject may
also be a person with a genetic history of diabetes who has not yet developed diabetes.
Diabetes is diagnosed when the blood sugar levels are higher than an accepted normal
range. According to ADA (American Diabetes Association) and CDA (Canadian Diabetes
Association) standards, diabetes onset occurs when a subject has a fasting blood glucose

level over 7.0 mmol/L, or a random (anytime of day) sugar that is greater than 11.1
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mmol/L. Once diagnosed, any effort/means made to the patient, in order to combat the
hyperglycemia, is treatment, rather than prevention. Some people, although not diabetic,
(e.g. obese people, whose excess weight is usually associated with insulin resistance) have
poor health and a higher risk of development of type II diabetes. The compositions of the
invention are administered to prevent and/or treat a subject with type I diabetes. Type I
diabetes patient refers to a subject who usually has genetic predisposition or, who has
insulitis beta-cell injury or, who has “pre”-diabetes with loss of first phase of insulin
response, or a person who has been newly diagnosed diabetes. In newly diagnosed type I
diabetes patients, as a result of the immune system attacking and destroying the insulin-
producing islet beta-cells, their pancreas produce little or no insulin.

The transfer of naked plasmid DNA following needle injection occurs more readily in
skeletal muscle than in most other tissues (117;118). Moreover, transgene expression is
generally much more prolonged than in other tissues, probably because striated myocytes
are nondividing, long-lived cells. While gene transfection by naked DNA injection is not
efficient, this is greatly improved (50 to 1000 fold) by in vivo electroporation (72;119).
Electric pulses are thought to increase DNA entry into cells by creating transient pores in the
cell membrane, and by promoting DNA motility (electrophoretic effect). We apply low field
strength (100-200 V/cm), relatively long (20-50 milliseconds) square-wave electric pulses,
6-8 times in quick succession. These low-voltage electrical pulses cause muscle damage,
but it is usually mild and transient. In previous studies, the majority of surviving fibers
expressed a reporter gene after vector delivery and electroporation (120). Two weeks after
electroporation the muscles appeared grossly normal (120).

Intramuscular delivery of plasmid vectors has proven to be an efficient and safe
method of gene transfer when combined with in vivo electroporation. This method is
versatile, and has been applied to the delivery of cytokines, peptide hormones, solubie
receptors, as well as many membrane-bound or cytoplasmic proteins. Indeed, it is
particularly useful for the systemic delivery of protein mediators, such as GLP-1/1gG-Fc.

It is conceivably effective when administration of GLP-1/IgG-Fc protein by direct injection of
the fusion proteins. To this regard, the IgG fusion approach has the advantage of a simple
one-step procedure for the production of a GLP-1 fusion peptide on a laboratory scale. GLP-
1 RIAs showed that the production efficiency is lower in a bacterial expression system than
a mammalian expression system. This could be attributed to misfolded proteins in £. Coli
compared to COS-7 cells, although the use of Rosetta gami 2 bacterial cells was intended to

enhance properly folded and functional proteins, which is achieved by increasing the
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formation of disulfide bonds in the E. Coli cytoplasm (121) and providing rare codon tRNAs
compensating for insufficient levels in the E. Coli system (122).

The bivalent GLP-1/I1gG-Fc fusion protein exists in native conditions. The fusion
proteins displayed capacity to stimulate insulin secretion in a glucose-dependent manner
and cAMP generation in INS-1 cells. In in vivo studies using mice models, the fusion protein
may be delivered through a nonviral gene therapy approach, resulting in long-term
expression of the fusion protein. This proved protective against streptozotocin (STZ)-
induced diabetes (a model of beta-cell injury), and in db/db mice (type 1I diabetes model)
involving a mechanism of expansion of beta-cell mass.

The method and of the invention comprises administering to a subject in need of
treatment of type I diabetes, an effective amount of a composition that increases beta-cell
proliferation or neogenesis and also reduces beta-cell apoptosis in the subject.” The
effective amount of the compound increases insulin release, glucose tolerance and
decreases pancreatic cell autoimmunity in the subject.

The composition comprises a fusion protein and an autoimmune suppressor. The
fusion protein generated has many advantages for the therapy of type I diabetes including
long-acting, higher ligand avidity and associated with immunological tolerance. At the same
time, the autoimmune suppressor possesses high specificity (only to the immunizing islet
antigens) and decreases islet cell autoimmunity while not suppressing the systemic immune
system. The invention discloses that direct administration of the composition of the present
invention can be expressed in vivo using a novel gene therapy approach that does not
require any type of virus for the vector delivery. These vectors have no infectious potential,
provoke only mild local inflammatory reactions, and do not cause insertional mutagenesis.
This prevents many of the drawbacks of viral gene therapy. This non-viral gene therapy is
simpler and less expensive, and could be applied outside of a hospital setting by any
physician. Non-viral gene therapy and/or DNA vaccination are effective in large mammals
especially when enhanced by electroporation (reviewed in (69-76). Therefore, there is no
obvious contra-indication for the use of these techniques in patients with autoimmune
diseases, such as type I diabetes.

The above disclosure generally describes the present invention. A more complete
understanding can be obtained by reference to the following specific Examples. These
Examples are described solely for purposes of illustration and are not intended to limit the
scope of the invention. Changes in form and substitution of equivalents are contemplated

as circumstances may suggest or render expedient. Although specific terms have been
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employed herein, such terms are intended in a descriptive sense and not for purposes of

limitation.

Examples

Example 1- Plasmid construction
A vector encoding a fusion protein consisting of the human GLP-1 (7-37) and mouse

1gG;-Fc using overlap PCR was constructed to generate a long-acting, high efficacy and
potent peptidergic agonist of biological GLP-1 (Fig 1). The IgG;-Fc region contains the 1gG,
constant heavy-chain (part of CH1, hinge, CH2 and CH3). An IgK secretion leader peptide
sequence was fused with the GLP-1 sequence that directs the secretion of the synthesized
peptide into the medium. The cDNA encoding the fusion protein hGHRH/hGLP-1 was
chemically synthesized, ligated to a PCR-amplified cDNA fragment encoding human IgG, FC
(hinge-ch2-ch3) and inserted into the Ncol and Hind III sites of the pAV0243 vector to
generate GLP-1/hIgG-Fc/pAV0243. The secretable GLP-1/h1gG-Fc fusion protein contains
the IgG; constant heavy-chain (hinge, CH2 and CH3). A GHRH secretion leader peptide
sequence was fused with the GLP-1 sequence that directs the secretion of the synthesized
peptide into the medium. This strategy ensures the generation of a GLP-1 fusion with an
active histidine residue at the N-terminus of the fusion protein after cleavage of the
secretion leader sequence peptide during the process of secretion. A schematic
representation of the secreted GLP-1/1gG-Fc fusion protein is shown in Figure 1, This
approach is expected to 1) circumvent the short circulating haif-life of GLP-1 since Fc fusion
proteins are secreted as homodimers that possess longer circulating half-life and higher
efficacy due to higher ligand avidity (78-80); 2) enhance the peptide potency since most
GPCR are pre-formed in dimers at the cell surface (81); and 3) facilitate the purification,
which can be achieved by one-step purification using Protein G sepharose (83).

Full length GLP-1 and mouse IgG-Fc cDNAs were amplified from GLP-1/PCR2.1 (kind
gift from Dr. X Huang) and IgG plasmids using gene specific primers and overlap PCR. For
the first overlap PCR, 5'-
CCGGATATCGCCACCATGGAGACAGACACACTCCTGCTATGGGTACTGCTGCTCTGGGTTCCAGGTT
CCACTGGTGACCA-3’ (SEQ ID No:17) and 5'-TGCTGAAGGGACCTTTACCAGTG-3' (SEQ ID
No:18) were used. The PCR products were used in a second overlap PCR to produce a
contingent GLP-1/IgG-Fc cDNA. The amplification products were sub-cloned into the Bam HI
and Eco RV sites of the vector. For the control vector that encodes 1gG-Fc, 1gG cDNA alone
was amplified by PCR using 5’'-
CCGGATATCGCCACCATGGAGACAGACACACTCCTGCTATGGGTACTGCTGCTCTGGGTTCCAGGTT
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CCACTGGTGACCCCAGCGAGACCGTCACC-3' (SEQ ID No:19) and 5'-
CGCGGATCCCTATCATTTACCAGGAGAGTGGGAGAGG-3' (SEQ ID No:20) and cloned into the
Bam HI and Eco RV sites of the vector.

The primers used for PCR-amplification of cDNA fragment encoding human IgG, FC
(hinge-ch2-ch3) were: 5'-AAGGATATCGATCGCAAATGTTGTGTCGAGTGCCCA-3’ (SEQ ID No:
25) and 5-CGTAAGCTTCATTTACCCGGAGACAGGGAGAG-3' (SEQ ID No: 26).

The vector contains a CMV immediate-early enhancer-promoter, a single eukaryotic
transcription unit, and minimal rabbit beta globin polyadenylation and transcription
termination sequences (129). The vector is a derivative of the VR1255 vector (129), which
has been modified by deleting the luciferase reporter gene and adding enzyme restriction
sites. To permit secretion, the Igk-chain signal peptide sequence was introduced 5’ to the
GLP-1 or Ex4 sequence by PCR. To express GLP-1/IgG-Fc fusion proteins in bacteria, the
fusion cDNA sequences were amplified by PCR from the plasmids and sub-cloned into the

pET-28a (Novagen, EMD Bioscience, San Diego, CA) vector.

Example 2- Mammalian _expression of GLP-1/IgG-Fc fusion proteins.

To assess the capacity of the vectors in terms of expression and secretion of the
GLP-1/1gG-Fc fusion proteins, constructs were transiently transfected into COS-7 cells.
Forty-eight hours after transfection, to evaluate the expression of the fusion constructs,
total RNA from the transfected cells was prepared and expression was analyzed using RT-
PCR. Transcripts for the GLP-1/I1gG-Fc fusion constructs and 1gG-Fc control constructs were
detected using the gene specific primers (Fig. 2a). No transcripts were detected in non-
transfected samples.

The lysates and medium from the transfected COS-7 cells were also analyzed for
expression of the fusion proteins by Western blotting using anti-mouse antibodies. As shown
in Fig. 2b, Fc fusion proteins were detected in both the medium and cell lysates. The fusion
proteins migrated at 35 kDa, the size of the fusion protein monomers under the SDS-PAGE
reducing conditions. Detection of the fusion proteins both in the conditioned media and the
cell lysates shows that the fusion proteins were synthesized and secreted from the
mammalian cells.

The identity of the GLP-1 fusion protein was further confirmed by a GLP-1
radioimmunoassay (RIA), which allows for detection of all forms of GLP-1. COS-7 cells were
transiently transfected with increasing amounts of GLP-1/1gG-Fc/VRnew or Fc-only/VRnew
plasmids and media were collected 48 hours following transfection. The medium was used in
GLP-1 RIAs to detect total GLP-1. While no GLP-1 was detected in medium from non-
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transfected or Fc-only/VRnew transfected COS-7 cells, GLP-1 was detected in a DNA-dose
dependent manner in the medium collected from GLP-1/IgG-Fc/VRnew-tranfected cells (Fig.
3). Up to 100 micromole of total GLP-1 was purified from 50 mL of COS-7 medium after
transfection with 0.8 microliter of DNA/1.25 x 10° cells/ml.

For mammalian expression, GLP-1/1gG-Fc or IgG-Fc ¢cDNA was transfected into COS-
7 cells using Lipofectamine2000 (Invitrogen, Carlsbad, CA) according to manufacture’s
instructions. Briefly, cells grown in 6-well plates (2.5x10° cells/well) were incubated with 4
ug of DNA IgG-Fc cDNAs using 10 microliter of transfection agents in serum- and antibiotic-
free DMEM (Invitrogen). Six hours after transfection, the cultures were placed in the
complete culture medium. The medium and the cells were separately harvested 48 hours
after transfection. For large-scale expression of GLP-1/IgG-Fc fusion proteins, COS-7 cells
grown in 150 mm dishes were transfected with 80 ug of relevant cDNA using cationic
transfection reagent, Poly(ethyleneimine) (PEI, 25 kDa). Briefly, DNA and PEI were
separately diluted in 150 mM NaCl, mixed and incubated for 20 min. The DNA/PEI
complexes were added to cells and incubated for 6 h in serum- and antibiotic-free medium.
The medium was replaced with DMEM, 10% FBS and 1% P/S. This method produces ~85%
transfection efficiency.

To establish stable COS-7 cells expressing GLP-1/1gG-Fc, the cells grown in 6-well
plates (2.5 x10° cells/well) were transfected with 4 pg of linearized GLP-1/IgG-Fc or IgG-Fc.
Twenty four hours after transfection, the cells were split and cultured in DMEM containing
G418 (500 pg/mL) for selection of those cells that had stably integrated the recombinant
plasmid into their genome. Culture medium was replaced every 3 days until colonies were
formed. Individual colonies were isolated and expanded to stable cell lines and tissue culture
supernatant from these cell lines grown in 24-well plates were tested for fusion protein
using a rat GLP-1 RIA kit (see below). The cells capable of secreting fusion protein were

chosen for further characterization.

Example 3- Purification of GLP-1/1gG-Fc fusion proteins from mammalian cell culture

medium.

For mini-purification, the medium collected from the transfected cells (typically 2.5
mL from each well of a 6-well plate) was added to 70 pL (packed volume) pre-washed
Protein G Sepharose 4 Fast flow resin (Amersham-Pharmacia, Piscataway, NJ) in buffer
containing 100 mM Tris pH 8.0 and 150 mM NaCl. After overnight incubation at 4°C and
extensive washing with the Tris buffer, proteins were eluted directly from the resin by 30 pL
of SDS sample buffer.
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To acquire larger quantities of the fusion proteins, midi-scale purifications using
Protein G sepharose columns employed 50 mL of conditioned culture media of COS-7 cells
transfected with GLP-1/1gG-Fc-fusion vectors and grown in 15 cm dishes. Briefly, 50 mL of
DMEM medium collected 48 hours post-transfection or from the cells stably expressing the
fusion proteins were incubated with Protein G sepharose (1 mL packed volume, Amersham-
Pharmacia). The incubations were performed overnight at 4°C in the presence of 1% Triton
X-100. After extensive washing with PBS containing 0.1% Triton X-100, and a final wash
with 150 mM NacCl, proteins were eluted from the resin using 1mL of 0.1 M glycine (pH 2.7).
The elutions were immediately neutralized with Tris pH 9.0 buffer and the purified proteins
were desalted using PD-10 columns (Amersham-Pharmacia) and eluted in PBS. As shown
(Fig 4A), a two-step elution approach allows removal of most of the fusion proteins from the
sepharose column. A fraction of the samples were resolved by SDS PAGE and visualized by
Coomassie Blue staining allowing for an estimation of production and purification yield (~6

pg/mi fusion protein in 2-day static culture when seeding at ~1.25 x 10° cells/ml).

Example 4- Bacterial expression of GLP-1/I1qG-Fc fusion proteins.

GLP-1/1gG-Fc fusion protein in E. Coli cells. In order to compensate for the codon
bias in E. Coli BL21 cells, Rosetta gami 2 cells (Novagen, EMD biosciences, San Diego, CA)
were used which allow enhanced disulphide bond formation and additionally harbor a
plasmid for expression of seven rare tRNAs. After cells were transformed with GLP-1/IgG-
Fc/pET28a or 1gG-Fc/pET28a vectors (Novagen), several individual colonies were selected
and screened for optimal expression of the fusion proteins. For protein expression, a single
colony of bacteria was used to inoculate 50 mL of 2X YT (with kanamycin) medium and
grown overnight at 37°C. The culture was then diluted into fresh medium (1:50) and grown
to 0.Dggo 0.6. The expression was induced with 1 mM IPTG (EMD) for 3 hr. The bacteria
were harvested and the pellet was stored at -80°C for further processing. To extract
bacterial proteins, the pellets were resuspended in ice-cold PBS containing a protease
inhibitor cocktail (Sigma, St. Louis, MO) and the cells were lysed by sonication. Proteins
were solubilized using 1% Triton X-100 in PBS for 30 minutes. The centrifugation-clarified
(12,000g, 10 min) supernatant containing the fusion proteins was collected. The expressed
proteins were purified using Protein G sepharose and analyzed using SDS-PAGE and
Coomassie Blue staining (data not shown). About 120 microliter of GLP-1/IgG-Fc and Fc-
only fusion proteins were purified from 4 Liters of bacteria culture.

Purified fusion proteins from mammalian and bacterial sources were further

evaluated in a total GLP-1 RIA to confirm GLP-1 expression. A peptide dose-dependent
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increase in GLP-1 levels was observed with both mammalian and bacterial expressed GLP-1
fusion proteins. However, the expression levels of total GLP-1 were found to be lower in the

bacteria than in the mammalian cells (Fig. 4B).

Example 5- Stable COS-7 cells secreting GLP-1/1gG-Fc fusion proteins.

Stable COS-7 cells expressing GLP-1/1gG-Fc fusion proteins were established after
selecting for G418 resistance and tested for GLP-1 secretion using a RIA. Total GLP-1 levels
in the medium used to grow stable cells were used as a baseline to evaluate the expression
levels in cells secreting GLP-1/1gG-Fc. As shown (Fig. 5), all the Fc-only stable cells secreted
levels of GLP-1 lower than the medium baseline. We were able to isolate several clones
expressing GLP-1/IgG-Fc fusion proteins which secreted GLP-1 at levels higher than the
baseline (Fig. 5). However, the levels of secretion were low with less than a two-fold

increase over baseline.

Example 5- In vitro characterization of GLP-1/1gG-Fc¢ fusion proteins

Native GLP-1 stimulates insulin secretion from beta-cells in a glucose-dependent
manner (100). To evaluate whether the purified GLP-1/1gG-Fc fusion proteins from
mammalian cells were functional, their effect on insulin secretion from clonal insulin-
secreting INS-1 cells was determined. INS-1 cells were serum- and glucose-starved and
were then treated with varying amounts of purified GLP-1/1gG-Fc fusion protein in the
presence of 0, 5 or 20 mM glucose as indicated. As shown (Fig. 6), GLP-1/1gG-Fc did not
stimulate insulin secretion from the beta-cells in the absence of glucose. However, in the
presence of 5mM or 20mM glucose, the GLP-1/1gG-Fc stimulated insulin secretion from the
beta-cells in a dose-dependent manner. The data indicates that the GLP-1/IgG-Fc fusion
proteins are biologically active and are capable of stimulating insulin secretion in INS-1 celis

in a glucose-dependent manner.

Example 8- cAMP induction by GLP-1/IgG-Fc fusion peptides

In the absence of glucose, cAMP levels from the INS-1 cells treated with GLP-1/1gG-
Fc (120 nM) were at basal levels (Fig. 7). However, in the presence of 5 mM glucose, the
cAMP levels of GLP-1/1gG-Fc treated cells were significantly increased to a level that is
comparable to that of cells treated with Ex4 (Fig. 7). The results indicate that GLP-1/1gG-Fc-

stimulated cAMP generation in INS-1 cells is glucose concentration dependent.
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Example 8 - GLP-1/1gG-Fc treatment prevents the onset of diabetes in db/db mice (type II

diabetes model

4-week old female db/db mice (BKS.Cg-m+/+Lepr®®, stock number 000642) were
purchased from Jackson Laboratories (Bar Harbor, ME, USA). Mice were housed under
controlled light (12 hours light/12 hours dark) and temperature conditions, and had free
access to food (normal rodent chow) and water. All procedures were conducted in
accordance with the guidelines of the Canadian Council on Animal Care and were approved
by the University of Toronto Animal Care Committee.

The diabetic db/db mice were treated by DNA injection/electroporation as previously
described (Prud'homme and Chang, Gene Ther. 1999;6(5):771-777) to enhance gene
transfer. Briefly, anesthetized mice were injected in the tibialis anterior muscles with 50 pg
of either GLP-1/1gG-Fc or IgG-Fc plasmids in PBS using a 27-gauge needle fitted with a
plastic collar limiting muscle penetration to approximately 5 mm. The muscles were
electroporated using electrodes fitted to a pair of calipers with three 100V square wave
pulses (1 sec apart). In all mice, a second injection was administered 2 weeks after the
first injection. The animals were monitored for bodyweight and fasting blood glucose
weekly, and saphenous vein bleedings were collected prior to injection and 2 weeks and 12
weeks after the first injection for measurement of fasting insulin and glucagon levels. Blood
was taken from the saphenous vein under fasting conditions at 4, 6 and 32 weeks after the
DNA injection. The fasting blood glucose levels were measured using One Touch Basic
glucose meter (Lifescan Canada, Burnaby, British Columbia, Canada), and the GLP-1, insulin
and glucagon levels were measured as described below.

Expression of the GLP-1/IgG-Fc fusion protein was evaluated by measuring plasma
levels of active GLP-1 using a GLP-1 Elisa kit (Linco). As shown, 2 weeks after the first
injection the plasma GLP-1 levels were significantly elevated in mice injected with GLP-
1/1gG-Fc compared to those mice injected with 1gG-Fc vectors. The plasma GLP-1 levels
returned to near basal levels 16 weeks after the first injection (Fig 8A).

During the course of treatment, the bodyweight of mice in the two groups was not
found to be significantly different (not shown). During the first month after injection, the
fasting blood glucose levels were not significantly different between the two groups of mice
(not shown). However, 12 weeks post-injection, the fasting blood glucose levels of the GLP-
1/1gG-Fc producing mice were significantly lower (P<0.001) than the control mice (Fig. 8B).
Furthermore, while the fasting insulin levels were found to be significantly elevated in the
GLP-1/1gG-Fc producing mice compared with the IgG-Fc control mice (P<0.05) (Fig. 8C),

the fasting glucagon levels were lower in the GLP-1 group mice compared to the control
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mice (P<0.05) (Fig. 8D). In vivo expression of GLP-1/1gG-Fc had glucose lowering effects in
the db/db mice, likely due to the enhanced insulin secretion and the reduced basal glucagon

release.

Exambple 9- GLP-1/1qG-Fc treatment prevents the onset of diabetes in STZ-induced insulin

deficient mice (type I diabetes model

Background control mice (C57BLKS/J) and CD1 mice were obtained from Charles
River Canada (Montreal, QC, Canada) at the same age. Mice were housed under controlled
light (12 hours light/12 hours dark), temperature AND specific pathogen-free conditions,
and had free access to food (normal rodent chow) and water. Female NOD mice were
purchased from Taconic Farms (Germantown, NY). NOD mice were fed ad libitum with a
regular chow, i.e., Charles River #5075 autoclaved chow. All procedures were conducted in
accordance with the guidelines of the Canadian Council on Animal Care and were approved
by the University of Toronto Animal Care Committee. The blood sugar levels of the mice
were monitored weekly with Advantage Comfort™ strips and with an AccuSoft Advantage™
monitor (Roche Diagnostics, Laval, Quebec, Canada). Diabetes was diagnosed when the
blood glucose level exceeded 17.0 mmol/L on two consecutive readings.

Recent studies suggest that the incretin function may be important in glycemic
regulation in remission phase of type I diabetes (18). To address the effectiveness of our
GLP-1/1gG gene therapy in a model of beta islet-cell injury, we studied its effects in
streptozotocin (STZ)-induced diabetes in CD1 mice. Vectors encoding GLP-1/1gG-Fc, Ex4-Fc
or Fc (50 microliter/mice) were intramuscularly injected into CD1 mice and gene transfer
was enhanced by local electroporation as previously described (116). Seven days after DNA
injection, the mice were received STZ (55 mg/kg, i.p.) daily for consecutive 5 days. Blood
was taken from the saphenous vein under fasting conditions at 4, 6 and 32 weeks after the
DNA injection. The fasting blood glucose levels were measured using One Touch Basic
glucose meter (Lifescan Canada, Burnaby, British Columbia, Canada), and the GLP-1, insulin
and glucagon levels were measured as described below.

The blood glucose of the Fc-control mice rose markedly, reaching diabetic levels (>
17 mM) with a few days, but the GLP-1/IgG-Fc (or Ex4-Fc) mice were protected and
displayed a low incidence of overt diabetes (Fig 9). Pancreatic histological studies
demonstrated that destruction of islet beta-cells occurred in both group mice, but the extent
of damage was found to be lower in GLP-1/1gG-Fc (or Ex4-Fc) mice (Fig 9). Infiltration of
the islets by mononuclear cells (lymphocytes and/or macrophages) was observed in both

groups mice (not shown). Interestingly, Ex4-Fc treatment yielded a result similar to GLP-
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1/1gG-Fc, even though EX4-Fc is expected to resist DPPIV degradation. These findings
indicate that expression of GLP-1/1gG-Fc (or Ex4-Fc) protected against the STZ-induced

beta-cell damage in spite of the presence of islet inflammation (insulitis).

Example 10 - In vivo expression of GLP1/IgG-Fc and its effect on blood glucose in pigs.

GLP-1/1gG;-Fc or control IgG;-Fc vectors (4mg/pig) were muscularly injected into
male Yorkshire pigs (23kg) followed by electroporation using ADVIiSYS electroporator. Three
days after injection, Alloxan monohydrate (80mg/kg, Sigma) was administered in 25 ml
saline intravenously under general anesthesia by Flurotan. Initially, the acidic Alloxan
solution was neutralized before injections, Alloxan causes hyperglycemia. However,
neutralized solution did not effectively cause hyperglycemia and thus subsequent injections
were performed without neutralization which induced moderate hyperglycemia in the blank
IgG-Fc injected pigs but not in the pigs injected with GLP—1/IgG-Fc vectors. The fasting
blood glucose was tested twice a week in ketamine-sedated pigs when blood samples were
withdrawn using a glucometer (Fig. 10A) and the expression of the Fc proteins were
determined using ELISA (Fig. 10B).

Example 11- DNA covaccination with PPI/GAD65 and B7.1-wa to induce tolerance to islet-cell
antigens with or without administration of GLP-1/IgG-Fc

To assess whether the regenerative effects of the GLP-1/1gG-Fc fusion protein will
induce remission and result in the induction of regulatory T-cell activity in vaccinated mice
that are already diabetic, combination therapy of a GLP-1/1gG-Fc gene transfer and
PPI/GAD65 DNA was used to treat NOD mice. NOD mice were treated with combination
gene therapy of a DNA vaccine to induce tolerance and a GLP-1/IgG-Fc fusion construct to
ameliorate autoimmune diabetes. In these studies an Ins-GAD DNA vaccine (pIns-GAD
plasmid) was a source of the antigen. The properties of this vaccine are described in a
review (131). This vaccine has produced highly encouraging results in previous DNA
vaccination experiments (131). The DNA vaccine encodes all the antigenic determinants of
two key target molecules in type I diabetes, i.e., preproinsulin and GAD65. The vaccine was
coadministered with a second plasmid, pB7-1wa, encoding a selective CTLA-4 ligand (B7-
iwa, a mutated B7-1 molecule), as previously described. Gene transfer was enhanced by in
vivo electroporation. Electroporation is used because it greatly increases gene transfer and
might be required in humans and large animals, where i.m. gene transfer is less efficient than
in rodents (53).
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DNA was administered using a method previously described (130). NOD mice were
purchased from Taconic Farms (Germantown) or bred in our facility as required. Studies
were performed only with female NOD mice. NOD scid mice were obtained from Jackson
Laboratory. Naked plasmids were injected i.m., followed by local electroporation as
previously disclosed (113). Briefly, anesthetized mice were injected with 25 microgram of
DNA in each tibialis anterior muscle (total of 50 microgram DNA). Immediately after the
injection of DNA, local electroporation was performed by applying eight pulses at 200 V/cm
and 20 msec duration, with an Electro Square Porator model ECM830, using a caliper-type
electrode (Genetronics Inc., San Diego, CA) applied to the overlying skin coated with
conductive gel. The injections were repeated four more times with a three to four weeks
interval.

Female NOD mice (prediabetic or diabetic, see below) were subdivided into groups (n

> 20) treated with the following VR1255-derived plasmids (covaccination with two

plasmids):

a. pIns-GAD + pB7-1wa DNA covaccine (coinjection at same muscle site);

b. pGLP-1/1gG-Fc (or mutated DPPIV-resistant GLP-1/IgG-Fc variant pGLP-1A8G-Fc)
C. pIns-GAD + pB7-1wa DNA covaccine (as above in a.), and either pGLP-1/IgG-Fc or
pGLP-1A8G-Fc (different muscle site)

d. Control groups will include mice receiving no vector, blank vectors, or either pB7-

iwa, pIns-GAD, or pFc alone.

Unless stated otherwise, the mice received two cycles of 'injection, i.e., the initial
vaccine and a booster injection (exactly the same as the first injection) applied 3 to 4 weeks
later. The properties of VR1255 (optimized for i.m. gene delivery) are described in previous
publications. All mice received the same amount of plasmid DNA to control for CpG-related
effects, and this was done by adding empty plasmid as required.

In all experiments, NOD mice were followed for 15-30 weeks after the initiation of
treatment (DNA covaccination £ GLP-1/IgG-Fc gene therapy), and responses to treatment
tested as follows: 1) Glucose homeostasis (oral glucose tolerance test, every 4 weeks) and
incidence of overt diabetes (blood glucose level exceeding 17 mM on three consecutive tests
over a 7 day period). 2) After killing the mice: histological grade of insulitis; analysis of
beta-cell mass, pancreatic insulin content, apoptotic/necrotic islet cell numbers and islet cell
proliferation (from prior BrdU labeling). Severity of insulitis was scored as described (130).
3) In vitro response to islet antigens of T cells from the spleen, lymph nodes draining
inoculated muscles, or peri-pancreatic lymph nodes: a) Antigens included insulin (porcine or
bovine), GAD65 peptides as disclosed previously (130), HSP60, chicken OVA, or whole islet
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cells. b) Cultures and assays (including source and amount of antigen) were performed as
described (113;130) to determine proliferation by 3H-thymidine incorporation and cytokine
secretion (IL-4, IL-10, IFNy, TGF-B1). This establishes the level of responsiveness as well as
the possible bias to a: Thl type (high IFNy, low IL-4); Th2 type (low IFNy, high IL-4); Th3 type
(high TGF-B1); or Trl type (high IL-10, low IL-4) pattern of cytokine production. Cytokines
were measured in culture supernatants with ELISA assays as previously discussed. Our
experience, in accord with a workshop report (132), is that cytokine secretion (particularly
IFNy) is a more sensitive indicator of anti-insulin or anti-GAD responses than proliferation.

A representative experiment showing the effects of in vivo expression of Glp-1/1gG-Fc
and pre-proinsulin(PPI)-GAD65 vaccine on the onset of diabetes in NOD mice is shown in
figure 17. NOD mice at age between 15 to 25 weeks were muscularly injected with
plasmid(s) followed by electroporation. The injection was repeated twice with one-week
interval. Blood glucose was monitored on weekly basis using glucometer. The vectors used
were: PPI/GAD65, GLP-1/1gG-Fc, or the combination of the two. The amount of DNA
injected were (50 pg individual DNA/mouse per injection. To equilibrate the amount of DNA
when single vectors were injected, they were mixed with equal amount of the blank VRnew
vector. The mice responding to the vector injection decreased the level of their blood
glucose. The shown represents the blood glucose levels of the mice at three weeks after the
injections.

Wild-type murine GAD65 cDNA, provided in the Bluescript KS+ vector, was a
generous gift of Dr. H. McDevitt (Stanford University, Stanford, CA). Fuli-length PPIns I,
generated as previously described (113) but without a stop codon, and full-length GAD&5
were fused by overlapping PCR, performed as we have described (116;128). This produced
a cDNA segment in the order 5-PPIns-GAD65-3", denoted Ins-GAD, which was inserted into
compatible restriction sites of the VR1255 expression plasmid (129) (Vical Inc., San Diego,
CA), from which the original cDNA luciferase segment had been deleted. The resulting
plasmid is denoted VR-Ins-GAD. Transient transfection of COS-7 cell with VR-Ins-GAD
resulted in the secretion of an Ins-GAD hybrid molecule in culture medium, as determined
by immunoblotting performed as we have described (130). Similarly, i.m. injection of this
vector, with electroporation, resulted in the production of Ins-GAD by local muscle cells, as
determined by both immunoblotting and ELISA assay of extracted proteins (not shown),
which were obtained from transfected muscle as we have previously described (128). The
empty VR1255-derived plasmid (denoted VR) was used as a control in these experiments.
We have previously described the properties of VR-B7-1wa (112;113), which encodes a B7-
1 molecule with a single tryptophan to alanine substitution at position 88 (110;111). These
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VR1255-derived plasmids have human cytomegalovirus (CMV) immediate-early
enhancer/promoter (IE-EP) elements, CMV intron A, and a rabbit B-globin terminator
sequence.

As can been seen from figure 11, covaccination with a DNA vaccine in newly diabetic
NOD mice improved glucose homeostasis, and induced complete remission in approximately
32% of the mice, compared to <5% remission in all other control groups (p< 0.01 versus

mice receiving control vectors).

Example 12- Adoptive transfer of diabetes in NOD-scid mice

To determine if suppressive regulatory cells are generated by DNA co-vaccination
with PPI-GAD65 and B7-1wa, adoptive transfer experiments were performed using NOD-scid
mice. In this experiment, adoptive cotransfer of diabetogenic effector T cells from diabetic
NOD mice with regulatory cells from DNA vaccinated NOD mice into NOD-scid/scid mice was
performed. Spleen cells from co-vaccinated mice were sorted into CD4+ and CD8+
fractions by negative magnetic sorting as discussed below. CD4+ cells were further sorted
into CD25+ and CD25- fractions as discussed below. Diabetogenic cells were mixed with
either CD4+CD25+ or CD4+CD25- cells in a ratio 200:1, and with CD8+ cells in a ratio
70:1. As can be seen in figure 12, the adoptive transfer of pre-sorted subsets of spleen
cells from co-vaccinated mice prevented the autoimmune diabetes induced by the transfer

of diabetogenic spleen cells into the NOD-scid mice.

Example 13- Antigen mediated IFN-y release by diabetogenic cells

To determine whether antigens could mediate IFN-y release, in vitro spleen cell
stimulation experiments were performed. Spleen cell suspensions from individual DNA-
immunized mice, after lysis of the red blood cells, were plated in serum-free chemically
defined medium AIM V (Invitrogen Canada, Burlington, ON), supplemented with 0.05 mM 2-
mercaptoethanol. Antigens were added to the culture medium at a final concentration of
0.05 mg/ml. An equimolar mixture of three GAD65 synthetic peptides (Sheldon
Biotechnology Centre, McGill University) were prepared. These peptides were:
TYEIAPVFVLLEYVTLKKMREIIGWPGGSGD (amino acids 206-236) (SEQ ID NO£9);
AALGIGTDSVILIKCDERGK (amino acids 290-309) (SEQ ID NO:10); and
VPPSLRTLEDNEERMSRLSKVAPVIKARMMEYGTT (amino acids 509-543) (SEQ ID NO:11).
These peptide fragments cover most of the antigen determinants recognized by T cells, as
summarized in the ref. 19. As can be seen in figure 13, antigen-stimulated IFNy release by

diabetogenic cells (D) was suppressed in vitro by spleen cells from the co-vaccinated mice
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(V). Only CD4+ but not CD8+ subset cells suppressed the response of the diabetogenic

cells.

Example 14- Antigen mediated IFN-y release by diabetogenic cells

Proliferation of diabetogenic cells was determined with the MTT assay as described
(30). In brief, MTT solution was added to the cells in 96 well plate after 72 h of antigen
stimulation in a final concentration of 1 mg/ml. The assay was performed in quadruplicates.
After 4 h, the reaction was stopped with isopropanol, acidified with 0.04 M HCI. Dissolved
product of MTT reduction was measured at 540 nm. Proliferation was evaluated as an
increase in optical density of reduced MTT in the antigen-stimulated cells over the optical
density in the non-stimulated cells, which was considered 100%.

As can be seen in figure 14 antigen-stimulated proliferation of diabetogenic cells (D)
was suppressed by CD4+B7.1+ fraction of total spleen cell suspension from the co-
vaccinated mice. When the suspension was depleted of CD25+, B7.1+, Nrp1+, or LAP-

TGF+ cells, the CD4+ fraction lost its suppressive effect on diabetogenic cell proliferation.

Example 15- Suppression of antigen mediated IFN-y release by diabetogenic cells

To determine if antigen mediated suppression of IFN-y release by diabetogenic cells
caused by spleen cells isolated from co-vaccinated mice could be reversed, diabetogenic
cells were treated with neutralizing anti-IL-10 or anti-TGFb antibodies. As can be seen in
figure 15, the suppression of the antigen-stimulated release of IFNy by diabetogenic spleen

cells was reversed by neutralizing anti-TGFb, but not anti-IL-10 antibodies.

Example 16- Phenotyping of suppressor cells
CD4+ fraction of spleen cells from the co-vaccinated and non-vaccinated diabetic

mice were purified by negative magnetic sorting to 95% purity and subjected to multicolor
Flow Cytometry analysis. The bars represent the mean +/- SEM of the amount of the CD4+
cells expressing CD25, CD80 (B7.1), and CD152 (CTLA-4) as found in the six to ten

independent experiments. Dot plots were gated on the appropriate isotype controls.

Example 17- Treatment of pre-diabetic versus diabetic mice

It is much easier to induce tolerance in young NOD mice compared to older mice. For
instance, it has been found that gene-based i.m. administration of regulatory cytokines or
IFNYR/IgG1-Fc was more protective when begun at 3 weeks versus 6 weeks of age (105).
Recent studies suggest that this may be due to either a decrease in Tr cell numbers (133)
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or a resistance of effector T cells to Tr-mediated suppression (104). Indeed, it is not unlikely
that both factors are important. In the examples mentioned above, it was found that Tr cells
could be induced by DNA vaccination of diabetic NOD mice and, furthermore, this was
associated with remission in about 30% of mice, but only when mice were treated less than
2 weeks after the onset of disease. That the majority of mice remain diabetic is not
surprising, since there may have been too much beta-cell loss prior to the initiation of this
treatment.

Female NOD mice were inoculated with Ins-GAD/B7-1wa DNA covaccine, with or
without pGLP-1/IgG-Fc, and include groups inoculated with control plasmids, as described
above, beginning at 12 weeks of age in prediabetic mice and within one week of the
diagnosis of diabetes (hyperglycemia > 17 mM on 3 consecutive readings in 7 days) in
diabetic mice. We will analyze the response as described above. The goal is to determine
whether DNA covaccination and/or GLP-1/1gG-Fc gene therapy will protect NOD mice at

stages where insulitis is already prominent or sufficiently advanced to cause overt diabetes.

Example 18- Adoptive transfer experiments to detect requlatory T cells

If suppressive regulatory cells are generated by DNA vaccination, then adoptive
transfer of diabetes should be blocked. To analyze this question, we will perform adoptive
cotransfer of diabetogenic effector T cells (from diabetic NOD mice) with putative regulatory
cells (from DNA vaccinated NOD mice), as described by Balasa et al. (134) in NOD-scid/scid
recipient mice. Splenic T cells (or defined subpopulations) from mice treated with Ins-GAD +
B7-1wa protective plasmids, or control plasmids, will be injected alone, or mixed at various
ratios with diabetogenic T cells, i.v. into NOD-scid/scid mice (n= 15-20). It is expected that
> 90% of recipient mice of diabetogenic T cells (alone) will develop diabetes, as in our
previous studies (Figure 10-15), unless the disease transfer is prevented or ameliorated by
co-transferring Tr cells. Prior to adoptive transfer, to identify Tr cells subpopulations, the
cells will be fractionated into CD4+CD25+, CD4+CD25-, or CD8+ subtypes (magnetic
sorting), followed by adoptive transfer of only one subpopulation of putative Tr cells with
diabetogenic T cells. We have previously identified Tr cells in vaccinated NOD mice by this
method (Figures 11-16). Thus, if the incidence of diabetes is depressed in these cotransfer
experiments this will indicate that regulatory cells are present, and whether they belong to

one of the 3 fractioned subtypes of cells.

Example 19- Analysis of Requlatory T cell (Tr) numbers and function
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Adoptive transfer experiments confirm the presence of Tr cells and provide an
indication of their phenotype, but we will also examine the activity of specific subpopulations
in vitro. Indeed, DNA vaccination may alter the numbers of Tr cells with recognizable
phenotypes. Our previous studies show that vaccination produces Tr cells, of either CD25+
or CD25- phenotype, that frequently express CTLA-4, B7-1, LAP-TGF-beta, and Nrp-1, and
we will examine these markers in the current proposal. Vaccination was also associated with
an increase in Foxp3 (a Tr-associated marker), as determined by quantitative PCR. In future
studies we will detect this nuclear antigen by immunostaining with a newly available mAb
(eBioscience). Other relevant markers of Tr cells that we will examine include
glucocorticoid-induced TNF receptor (GITR) and CD27 (135). We will determine the
numbers of these cells by multi-color flow cytometry in the spleen and lymph nodes of NOD
mice vaccinated with Ins-GAD + B7-1wa, or control vectors. GLP-1/IgG-Fc is not expected
to directly influence T cell responses, because to our knowledge T cells do not express
receptors for GLP-1. Nevertheless, we will include GLP-1/1gG-Fc therapy as an additional
control in these experiments. To perform these studies, the mice will be terminated 3 weeks
after 2 cycles of immunization (initial vaccination and 1 boost 3 weeks later). Tr cells will be
enriched and tested in vitro for their ability to suppress islet antigen-stimulated T cells (see
below). This will allow us to determine if the DNA vaccination procedure is increasing the

number of phenotypic and functional Tr celis.

Example 20- In vitro Requlatory T cell (Tr) assay

T cells of vaccinated or control mice were added in graded numbers in cuiture with
spleen cells of newly diabetic NOD mice (diabetogenic T cells). The T cells of vaccinated or
control mice were fractionated by FACS into populations that have a regulatory phenotype
(e.g., CD4+CD25+, CD4+Nrp-1+, or CD4+LAP-TGF-beta+), as previously done. Antigens
will include insulin (porcine or bovine), GAD65 peptides as we described (130), HSP60,
chicken ovalbumin (OVA), or whole islet cells. CD3 monoclonal antibody stimulation will also
be included for assaying Tr activity. Suppressive effects on proliferation and IFNy secretion
were recorded and, in some wells, anti-cytokine antibodies were added to cultures to see if
suppression is dependent on IL-4, IL-10 or TGF-B1.

To determine the persistence of Tr cells induced by DNA covaccination, in some
experiments vaccinated mice were killed at various time points after the last DNA injection,
i.e., 2, 4, and 6 months, and examined for Tr numbers and activity as described previously.
The prolonged presence of Tr cells is of interest even in mice that become diabetic or

remain diabetic, because Tr cells may be induced without fully protecting against
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autoimmune disease. For example, effector T cells may resist suppression, as suggested by

some studies (136). These experiments establish whether Tr generation is long lasting.

Example 21- Cytokine secretion assays

For the cytokine secretion assays, the cells were plated into 96 well plates, 5x10° cell
per well. After 72 h in culture, the supernatants were pooled and frozen in single aliquots
for the evaluation of IL-10, IFNy, and TGF- B1 release. TGF-f1 was assayed after acidic
activation of the conditioned medium (10 pL of 1 N HCI per 100 pl of the medium). ELISA
kits from BD Biosciences (Mississauga, ON, Canada) were use to determine cytokine levels,

as per the manufacturer’s instructions.

Example 22- Cell subpopulation separation assays

To separate cell subpopulations and regulatory T cell assays, CD4+ and CD8+ cellis
were purified from the total spleen cell suspension depleted of red blood cells, by negative
magnetic sorting using Mouse CD4+ and CD8+ EasySep kits from StemCell Technology, Inc.
(Toronto) as per manufacturer’s instructions. The purity accessed by flow cytometry was
92-95 9%. CD4+ cells were further separated into CD25+ and CD25- subsets using Mouse
Biotin Selection EasySep kit from the same company and biotinylated rat anti-mouse CD25
antibody (BD Pharmingen) according to the manufacturer’s instruction with minor
modifications. Similarly, biotinylated rat anti-mouse B7.1 (BD Pharmingen), biotinylated
mouse anti-human/mouse LAP-TGFB, and rabbit anti-rat/mouse Nrp1, conjugated with
biotinylated goat anti-rabbit IgG (BD Pharmingen) were used with the same positive
selection kit as above to deplete total CD4+ lymphocytes of the B7.1+, Nrpl+, or LAP-
TGFB cells. The separation was performed according to the manufacturer’s instruction
without modification. The purity of the product was accessed by flow cytometry as

discussed below.

Example 23- Flow cytometry analysis
FITC- or PE-labeled rat anti-mouse CD4, CD25, CD 86 (B7.1), CD152 (CTLA-4), and

isotype 1gG were from BD Pharmingen. Non-labeled and biotinylated mouse anti-

human/mouse LAP-TGFB were from R&D Systems. Rabbit anti-rat/mouse neuropilinl (Nrp1)
polyclonal IgG was purchased from Oncogene. Anti-LAP-TGFB and mouse isotype I1gG were
labeled with Alexa Fluor 488 (Molecular Probes) according to the manufacturer’s protocol.
Anti-Nrp1 IgG and rabbit normal IgG were labeled with Alexa Fluor 647. Because anti-Nrp1
antibodies contain 0.2% gelatin, swine gelatin was also labeled with Alexa Fluor 647, and
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this preparation was added to the isotype antibodies to the final 0.2% to correct for possible

binding of labeled gelatin, a modified extracellular matrix protein, to lymphocytes.

Example 24- Detection of GLP-1/1gG-Fc fusion proteins by RT-PCR

Expression of IgG fusion transcripts were examined by using a one-step RT-PCR kit
(Qiagen, Valencia, CA) using the gene specific primers. To detect GLP-1 fusion transcripts,
100 ng of total RNA from transfected COS-7 cells, and 0.6 micro-M of primers (5'-
CCGGATATCGCCACCATGGAGACAGACACACTCCTGCTATGGGTACTGCTGCTCTGGGTTCCAGGTT
CCACTGGTGACCATGCTGAAGGGACCTTTACCAGTG-3' (SEQ ID No: 21) and 5'-
CGCGGATCCCTATCATTTACCAGGAGAGTGGGAGAGG-3') (SEQ ID No: 22) were used, while
5'_
CCGGATATCGCCACCATGGAGACAGACACACTCCTGCTATGGGTACTGCTGCTCTGGGTTCCAGGTT
CCACTGGTGACCCCAGCGAGACCGTCACC-3' (SEQ ID No:19) and 5'-
CGCGGATCCCTATCATTTACCAGGAGAGTGGGAGAGG-3' (SEQ ID No:20) were used to detect
1gG-Fc transcripts. The one-step RT-PCR conditions were 50°C for 30 min, 95°C for 15 min,
40 cycles of 94°C for 30 sec, 55°C for 30 sec and 72°C for 60 sec followed by a 10 min
extension at 72°C. The RT-PCR products were analyzed on a 1% agarose gel and visualized

using ethidium bromide.

Example 25- Detection of GLP-1/1gG-Fc fusion proteins by SDS PAGE and/or Western

blotting.
Mini-scaled purified fusion proteins (30 microliter in SDS sample buffer) were

resolved by 10% SDS-PAGE and transferred to a nitrocellulose membrane. The membrane
was probed with anti-mouse antibody (1:5000, Amersham-Pharmacia) and visualized by
ECL (Amersham-Pharmacia). An aliquot (30 microliter) of Midi-scale purified fusion proteins

were separated by 10% SDS-PAGE and visualized by Coomassie Blue staining.

Example 26- GLP-1 secretion assay
Using the total (all forms) GLP-1 RIA kit (Linco), GLP-1 levels were determined from

medium (150 pL) collected from COS-7 cells transiently or stably expressing GLP-1/1gG-Fc
or 1gG-Fc fusion proteins or from the lysates of bacteria expressing the fusion bproteins. For
in vivo detection, GLP-1 levels in serum from db/db mice were determined using an active

GLP-1 ELISA kit (Linco).

Example 27 - Insulin and glucagon secretion assays
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INS-1 cells were plated in 24-well plates at a density of 2.5 x10° cells/well in RPMI
1640 medium containing 10% FBS. The following day the medium was replaced with fresh
KRB buffer devoid of glucose for 2x30 min. The cells were then treated with 0, 5 or 20 mM
glucose and various concentrations of purified GLP-1/1gG fusion proteins in KRB buffer for 1
hr. The insulin levels in conditioned KRB buffer (25 pL) were measured usiﬁg a rat insulin
RIA kit (Linco, St. Charles, MO). Plasma samples from db/db mice fasted for 16h were
measured for insulin and glucagon levels using a rat insulin RIA kit or rat glucagon RIA kit
(Linco), according to the manufacturers instructions.
Measurement of cAMP: INS-1 cells were plated at 62,500 cells/well in 24-well plates. The

cells were serum starved in SF-RPMI containing 100 yM IBMX for 5 h prior to treatment the
following day. The cells were subsequently incubated with purified GLP-1/IgG-Fc- fusion
peptides (120 nM) or Ex4 (100 nM) for 10 min in 450 pL of SF-RPMI medium. The assay
was terminated by the addition of 1 mL of ice-cold ethanol. The extracts were incubated at -
20°C for 3h to overnight following which 200 pL of the extracts were aliquoted and
lyophilized. The lyophilized extracts were resuspended in 50 pL of sodium acetate assay
buffer and used in cCAMP RIAs (Biomedical Technologies, Stoughton, MA).

Example 28-Sample protocols for testing fusion proteins

Beta-cell mass analysis: Pancreatic sections (4 mm) were processed as previously
described (Finegood et al., Diabetes. 2001;50(5):1021-1029). Briefly, following dewaxing,

dehydration and antigen retrieval (by boiling in citrate buffer), sections were incubated
overnight at 4°C with guinea pig anti-insulin antibody (Dako Diagnostics, Mississauga, ON,
Canada). The samples were then incubated for 1 h with biotinylated anti-guinea pig
antibody (Vector Laboratories, Burlington, ON, Canada), and subsequently treated for 1 h
with avidin/biotin complex (Vectastain Elite ABC Kit; Vector Laboratories, Burlingame, CA.).
Sections were then stained with 3,3'-diaminobenzidine tetrahydrochioride (DAB; Sigma-
Aldrich) for 10 min. After DAB staining, the sections are washed with tap water and
counterstained with hematoxylin. Beta-cell mass from the insulin antibody-stained sections
is measured using a Nikon (ECLIPSE-E1000) microscope connected to a video camera
equipped with a color monitor and ImagePlus software, and the cross-sectional area
occupied by all of the beta-cells and the cross-sectional area of all pancreatic tissue was
quantified. Total beta-cell area and total pancreas mass for each animal were calculated as
the sum of the determinations from each of the 8-10 segments of pancreas. A total of

1000-1500 beta-cells were counted per pancreas. Total beta-cell mass per pancreas was
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determined as the product of the total cross-sectional beta-cell area/total tissue area and

the weight of the pancreas before fixation.
Islet beta-cell mass analysis. Islet cell mass, in particular the beta-cell mass, is used

as an important criteria to evaluate islet beta-cell function (1;3;27). To examine the islet-
mass from the GLP-1/IgG-Fc (or Ex4/IgG-Fc, or GLP-1A8G/I1gG-Fc) mice or IgG-Fc mice
(control) and untreated mice (as the second control), a modified protocol is used as we
reported previously (3), in which the alpha-, beta- and delta-celis are sequentially stained
using insulin, glucagon or somatostatin antibodies (1: 1,000; DAKO) and relevant
fluorescent secondary antibodies (DAKO). The cross-sectional area of all triple stained islet
cells and the pancreatic tissue will be quantified using a fluorescent microscope equipped
with a digital camera and ImagePlus software (NIH). Total islet mass per pancreas is
determined as the product of the total cross-sectional triple stained islet cell area /total
tissue area and the weight of the pancreas before fixation. Similarly, total beta-cell (or
alpha) mass per pancreas was determined as the product of the total cross-sectional insulin
positive-beta-cell (or alpha-cell) area /total tissue area and the weight of the pancreas
before fixation.

Islet cell neogenesis: Islet cell neogenesis is evaluated as the product of the cross-
sectional total numbers of small islet (including a single beta-cell or a cluster of 3-5 beta-
cells)/total cross-sectional insulin positive-cell numbers as described previously (3).

Beta-cell proliferation and apoptosis is determined using BrdU and Tunel staining
techniques as described (3). Briefly, pancreatic sections were dual stained for insulin and
BrdU (anti-BrdU mouse IgG; Sigma) or Tunel (ApopTag Kit; Intergen). The BrdU* or Tunel*
beta-cells is counted using a Nikon microscope (x1000) to obtain the percentage of BrdU™ or
Tunel* beta-cells. Since cytokine-induced beta-cell destruction is associated with necrosis,
beta-cell necrosis is also determined using DAPI /propidium iodide staining as described
previously.

Apoptosis assay: After treatment with the composition of the invention (0.5 to 24
hours), the apoptotic rate of isolated islet cells and/or insulin-secreting cell line (eg INS-1
cells and beta TC cells) was determined using APOPercentage Assay Kit (Biocolor Ltd.
Ireland) according to manufacturers instructions. From the in vivo animal models, pancreas
sections were obtained from subjects treated with or without the composition of the
invention were double immunostained for insulin, as described above, and for fragmented
DNA by Tunel assay, which detects fragmented nuclei characteristic of apoptotic cells. Tunel
staining was performed using ApopTag Kit (Intergen, Purchas, NY) according to

manufacture’s instruction. The islet tissue was identified as a red field for insulin staining
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(chromagen: New Fuchsin Substrate, DAKO), and apoptotic cells were identified by dark
brown staining of nuclei (chromagen: 3,3’-Diaminobenzidine, Sigma). The results are
expressed as the percentage of Tunel* beta-cells.

Oral Glucose Tolerance Test: Oral Glucose Tolerance Test was performed as

described previously (3) to determine whether GLP-1/IgG-Fc treated mice improved insulin

secretion and glucose utilization in vivo (3).
Pancreatic insulin content: Pancreatic insulin content was measured in pancreatic

extractions using insulin RIA as previously described (3), in order to evaluate and compare
the insulin storage of GLP-1/1gG-Fc (or Ex4-Fc, or GLP-1A8G-Fc) mice with control Fc-mice
and untreated mice.

Pancreas perfusion: Pancreas perfusion was performed as we have previously
described (3) to examine the insulin secretion from the islets of GLP-1/IgG-Fc (or Ex4/IgG-
Fc, or GLP-1A8G-Fc) mice or IgG-Fc mice and untreated mice.

Receptor binding assay: The composition of the invention was iodinated by a
classical Chloramines-T method (HUNTER and GREENWOOD, Nature. 1962;194:495-496).
The receptor binding assay is performed as described previously (Wang et al., Cell Physiol
Biochem. 1998;8(6):304-313): isolated islet cells and insulin secreting cells were suspended
in PBS and centrifuged at 600 G for 10 min, and the cell pellets were resuspended in
aliquots of PBS. The binding of the iodinated composition of the invention to the intact cells
was carried out in 7 x 35 mm polystyrene tubes at 4°C in 300 ml assay buffer (PBS
containing 0.2% BSA) with the labeled compound (20,000 cpm) in the presence or absence
of unlabelled composition of the invention. After 4.5 hours of incubation, when the assay
system reaches an equilibrium state, cold PBS was added, and the samples were
centrifuged for 10 min at 600 g at 4°C. The supernatant was discarded. After washing the
cell pellets with cold PBS, the radioactivity was measured in a gamma counter.

CAMP determination: cAMP determination is a method that can evaluate the G-
protein coupled receptor (GPCR) activation (Lee et al., Biochim Biophys Acta.
2000;1490(3):311-323). Intracellular cAMP levels were determined in isolated islet cells or
cultured insulin-secreting cells cultured in 35 mm? dishes. They were preincubated in the
buffer containing 130 mM NacCl, 5 mM KCI, 1 mM sodium phosphate,1 mM MgS04, 2 mM
CaCl,, 20 mM HEPES buffer (pH 7.4), 6 mm glucose, and 0.1% BSA (RIA grade, Sigma) for
1 h. The PKA inhibitors were added for 20 min, and isobutyl methylxanthine (100 uM) for 10
min before addition of the compound for 20 min. Cells were washed three times in ice-cold
PBS, cAMP extracted with hydrochloric acid (0.1M, 300 pl) and measured as per the CAMP
RIAs (Biomedical Technologies, Stoughton, MA).
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PI 3-kinase activity assay: P13-kinase is upstream of Akt (Wang et al., Mol Cell Biol.

1999;19(6):4008-4018). Whole cell lysates were obtained from isolated islet cells and
insulin-secreting cell line (eg INS-1 cells and beta TC cells) pre-treated with the composition
of the invention for 20 min, and PI 3-kinase was immunoprecipitated using an antibody
against the p85-regulatory subunit of PI 3-kinase (Santa Cruz Biotechnology). Activity was
detected and quantified by measuring the formation of [**P]PI 3-phosphate (Wang et al.,
Biochem J. 1998:331(Pt 3):917-928). Briefly, after overnight incubation with the antibody-
coated beads, the bound protein was washed three times with buffer I (PBS containing 1%
Nonidet P-40 and 100 uM NasVO,), three times with buffer II (100 mM Tris-HCl (pH 7.5),
500 mM LiCl, and 100 uM NasV0O,), and finally three times with buffer III (Tris-HCI (pH 7.5),
100 mM NaCl, 1 mM EDTA and 100 pM Na3VQ,). After washing, immunoprecipitates are
resuspended in 50 pl buffer III with the addition of 10 pl 100 mM MgCl; and 10 pl PI (2
pg/ml). The samples sat at room temperature for 5 min before the addition of 10 pl ATP
(ATP 440 puM with 30 pCi/10 yl [**P]JATP). The samples were then shaken at room
temperature for 10 min. The reaction was stopped by the addition of 20 pl 8 N HCl and 160
pl chloroform-methanol (1:1). The lipids were extracted by standard methods, dried down,
resuspended in 20 pl chloroform-methanol (1:1), were separated on thin layer silica gel
plates (pretreated with 10% w/v potassium oxalate) in a solvent system of chloroform-
methanol-water-NH,OH (60:47:11:2.2, vol/vol/vol/vol). Incorporation of 32p into PI 3-
phosphate is detected by autoradiography, and activity was quantified using a Molecular
Dynamics Phosphorlmager System (Sunnyvale, CA).

Akt kinase assays: After treatment with the composition of the invention for 10 min,
whole cell lysates were obtained from isolated islet cells and insulin-secreting cell line (eg
INS-1 cells and beta TC cells), using lysis buffer containing 50 mM HEPES (pH 7.6), 150 mM
NaCl, 10% (vol/vol) glycerol, 1% (vol/vol) Triton X-100, 30 mM sodium pyrophosphate, 10
mM NaF, 1mM EDTA, 1 mM phenylmethylsulfonyl fluoride, 1 mM benzamidine, 1 mM
Na;VO,, 1 mM dithiothreitol [DTT], and 100 nM okadaic acid (Wang et al., Mol Cell Biol.
1999;19(6):4008-4018). Akt antibody is precoupled (16 hours) to a mixture of protein A-
and protein G-Sepharose beads. These antibody-bead complexes are washed twice with
phosphate-buffered saline (PBS) and once with lysis buffer (4°C). Akt is
immunoprecipitated by incubating 200 pg of total cellular protein with the anti-Akt-bead
complexes for 2 to 3 h with constant rotation (4°C). Akt immunocomplexes were washed
four times with 1 ml of wash buffer (25 mM HEPES [pH 7.8], 10% [vol/vol] glycerol, 1%
[vol/vol] Triton X-100, 0.1% [wt/vol] bovine serum albumin, 1 M NaCl, 1mM DTT, 1mM
phenylmethylsulfony! fluoride, 1 mM microcystin, and 100nM okadaic acid) and twice with
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1ml of kinase buffer (50 mM Tris-HCI [pH 7.5], 10mM MgCl,, and 1mM DTT). The
immunocomplexes were incubated with constant agitation for 30 minutes at 30°C with 30
uL of reaction mixture (kinase buffer containing 5 pM ATP, 2 pCi of [y-*’P]JATP, and 100 uM
Crosstide). Following the reaction, 30 pl of the supernatant was transferred onto Whatman
p81 filter paper and washed four times for 10 minutes each time with 3 mi of 175 mM
phosphoric acid and once with distilled water for 5 min. The filters were air dried and then
subjected to liquid scintillation counting.

MAP kinase assay: After 20 min treatment with the composition of the invention,
beta-cells were labeled with 1.25 microcurie 32Pi/group (NEN Life Science Products, Boston,
MA) in phosphate-free RPMI medium without serum for 3 h at 37°C. The cells were
harvested and placed in RPMI with 100 ng/ml LBP (PS-binding protein) and treated with the
compositions of the invention for 30 min. After the incubation with the composition of the
invention, the cells were stimulated with LPS for 15 min at 37°C. The cells were harvested,
resuspended in lysis buffer (1% Nonidet P-40, 1% sodium deoxycholate, 0.1% SDS, 0.15 M
NaCl, 0.01 M Na3PO4 (pH 7.2), 2 mM NasVO,, 1 pM okadaic acid, 100 ug/ml PMSF, 50
pg/ml aprotinin, 10 pg/mi leupeptin, and 50 pg/ml pepstatin, all from Boehringer
Mannheim), and sonicated. MEK was immunoprecipitated from the lysate, and the sample
separated on a 10% SDS-PAGE discontinuous gel, and immuo-blotting was performed using
anti-phosphor-MEK antibody (Oncogene Research Products, San Diego, CA).

Statistical analysis: All data are presented as mean * SEM. Statistic analysis was
performed using Student’s t-test or analysis of variance (ANOVA) with 'n-1’ post hoc custom
hypotheses tests, as appropriate, with the SAS software (Statistical Analysis Systems, Cary,
NC) or the GraphPad Prism 3.0 program (GraphPad Software Inc., San Diego, CA). The
incidence of diabetes was plotted using the Kaplan-Meier method and statistical
comparisons made with the log-rank test. The significance of differences in insulitis scores
was determined with the Chi-squared test. The differences between groups in the in vitro
proliferation and cytokine release assays were determined by analysis of variance (ANOVA).
Significance was assumed at p < 0.05.

Taken together, we developed a new method using beta-cell regeneration and DNA
vaccination for control of immunity at same time for the prevention and treatment of type I
diabetes. To this end, we developed specific GLP-1 analogue by fusing human GLP-1 (mouse
and human GLP-1 are identical (12;14) to a mouse IgG1-Fc derivative (forming GLP-1/1gG-
Fc) to increase half-life, improve in vivo activity and reduce immunogenicity. The bivalent
GLP-1/1gG-Fc fusion protein exists in native conditions. The fusion proteins displayed

capacity to stimulate insulin secretion in a glucose-dependent manner and cAMP generation
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in Ins-1 cells. In in vivo studies using mice models, we were able to deliver this protein
through a nonviral gene therapy approach, resulting in long-term expression of the fusion
protein. This fusion protein has advantages including long-acting, potent and high ligand
avidity, and immunological tolerance. This protocol has been partially proved by our in vivo
studies in streptozotocin (STZ)-induced diabetes CD1 mice (a model of beta-cell injury)
using GLP-1/1gG-Fc by gene therapy and in newly diabetic NOD mice by DNA vaccination of
proinsulin, GAD65 and CTLA-4. The partial remission has been achieved respectively in
each approach. It is expected that when using combination of two approaches a complete
remission may be achieved.

In our studies of DNA vaccination, we found that Tr cells can be generated by DNA
vaccination when delivery of the antigen gene is combined with a CTLA-4 (CD152) ligand.
This covaccination approach was strongly protective against type I diabetes in NOD mice. It
is conceivable that when combining this DNA vaccination with the gene therapy using GLP-
1/1gG-Fc or its derivatives, a complete remission of diabetes in these NOD mice might have
been seen.

It will be appreciated that the description above relates to the preferred
embodiments by way of example only. Many variations on the computer system and
methods for delivering the invention will be obvious to those knowledgeable in the field, and
such obvious variations are within the scope of the invention as described and claimed,
whether or not expressly described.

All references, including journal articles, patents and patent applications, in this

application are incorporated by reference herein in their entirety.

Table one
The sequences of IgG-Fc, GLP-1 and/or Ex4, IgK, proinsulin and GAD65, B7-1 and its
mutant form B7-1wa and its counterpart CTLA-4 (CD152) are as follows:
GLP-1 HAEGTFTSDV SSYLEGQAAK EFIAWLVKGR-NH;
(SEQ ID NO:1)

Ex4  HGEGTFTSDL SKQMEEEAVR LFIEWLKNGG PSSGAPPPS-NH,
(SEQ ID NO:2)

IgG-Fc PSETVTCNVA HPASSTKVDK KIVPRDCGCK PCICTVPEVS SVFIFPPKPK

DVLTITLTPK VTCVVVDISK DDPEVQFSWF VDDVEVHTAQ TQPREEQFNS TFRSVSELPI
MHQDWLNGKE FKCRVNSAAF PAPIEKTISK TKGRPKAPQV YTIPPPKEQM AKDKVSLTCM
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ITDFFPEDIT VEWQWNGQPA ENYKNTQPIM NTNGSYFVYS KLNVQKSNWE AGNTFTCSVL
HEGLHNHHTE KSLSHSPGK
(SEQ ID NO:3)

Human IgG,-Fc (788-1689) - cDNA:
788 gag cgcaaatgtt gtgtcgagtg cccaccgtge ccaggtaage cagcccagge
841 ctegeectee agctcaaggce gggacaggtg ccctagagta gectgeatee agggacaggce
901 cccagctggg tgctgacacg tccaccteca tetcttecte agcaccacct gtggcaggac
961 cgtcagtctt cctcttccce ccaaaaccca aggacaccct catgatctcc cggaccectg
1021 aggtcacgtg cgtggtggtg gacgtgagcc acgaagaccc cgaggtccag ttcaactggt
1081 acgtggacgg cgtggaggtg cataatgcca agacaaagcc acgggaggag cagttcaaca
1141 gcacgttccg tgtggtcage gtcctcaccg ttgtgcacca ggactggcetg aacggcaagg
1201 agtacaagtg caaggtctcc aacaaaggcc tcccagccce catcgagaaa accatcteca
1261 aaaccaaagg tgggacccge ggggtatgag ggccacatgg acagaggcecg gcteggecca
1321 ccctetgece tgggagtgac cgetgtgeca acctetgtee ctacagggca geccccgagaa
1381 ccacaggtgt acaccctgec cccatcccgg gaggagatga ccaagaacca ggtcagcectg
1441 acctgectgg tcaaaggctt ctaccccagce gacatcgeeg tggagtggga gagcaatggg
1501 cagccggaga acaactacaa gaccacacct cccatgctgg actccgacgg ctecttctte
1561 ctctacagca agctcaccgt ggacaagagc aggtggcagc aggggaacgt cttctcatge
1621 tccgtgatgce atgaggctct gcacaaccac tacacgcaga agagcectcte cctgteteeg
1681 ggtaaatga (SEQ ID NO: 4)

Human IgG,-Fc (788-1689) - amino acid:
ERKCCVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTK
PREEQFNSTFRVVSVLTVWHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKN
QVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHE
ALHNHYTQKSLSLSPGK (SEQ ID NO: 5)

IgK METDTLLLWV LLLWVPGSTG D
(SEQ ID NO:6)

Human Growth Hormone Reseasing Hormone (GHRH) leader sequence:

gtg ctc tgg gtg ttc tte ttt gtg atc ctc acc ctc age aac agce tce cac tge tee (SEQ ID No: 7)
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Proinsulin MALLVHFLPL LALLALWEPK PTQAFVKQHL CGPHLVEALY LVCGERGFFY
TPKSRREVED PQVEQLELGG SPGDLQTLAL EVARQKRGIV DQCCTSICSL YQLENYCN
(SEQ ID NO:8)

GADG65
1) TYEIAPVFVL LEYVTLKKMR EIIGWPGGSG D (amino acids 206-236); (SEQ ID NO:9)

2) AALGIGTDSV ILIKCDERGK (amino acids 290-309); (SEQ ID NO:10)

3)  VPPSLRTLED NEERMSRLSK VAPVIKARMM EYGTT (amino acids 509-543). (SEQ ID
NO:11)

B7-1 (CD80)

MACNCQLMQD TPLLKFPCPR LILLFVLLIR LSQVSSDVDE QLSKSVKDKV LLPCRYNSPH
EDESEDRIYW QKHDKVVLSV IAGKLKVWPE YKNRTLYDNT TYSLIILGLV LSDRGTYSCV
VQKKERGTYE VKHLALVKLS IKADFSTPNI TESGNPSADT KRITCFASGG FPKPRFSWLE
NGRELPGINT TISQDPESEL YTISSQLDFN TTRNHTIKCL IKYGDAHVSE DFTWEKPPED
PPDSKNTLVL FGAGFGAVIT VWVIVVIIKC FCKHRSCFRR NEASRETNNS LTFGPEEALA EQTVFL
(SEQ ID NO:12)

CTLA-4 (CD152)

MACLGLRRYK AQLQLPSRTW PFVALLTLLF IPVFSEAIQV TQPSVVLASS HGVASFPCEY
SPSHNTDEVR VTVLRQTNDQ MTEVCATTFT EKNTVGFLDY PFCSGTFNES RVNLTIQGLR
AVDTGLYLCK VELMYPPPYF VGMGNGTQIY VIDPEPCPDS DFLLWILVAV SLGLFFYSFL
VTAVSLSKM LKKRSPLTTG VYVKMPPTEP ECEKQFQPYF IPIN

(SEQ ID NO:13)

Human Akt/Protein kinase B:

1 mkterprpnt fiirclgwtt viertfhvet peereewtta igtvadglkk geeeemdfrs

61 gspsdnsgae emevslakpk hrvtmnefey Ikligkgtfg kvilvkekat ayyamkilkk
121 evivakdeva htltenrvqq nsrhpfltrl kysfqthdrl cfvmeyangg elffhisrer

181 vfaedrarfy gaeivsaldy Ihseknvvyr dlklenimid kdghikitdf glckegikdg

241  atmktfcgtp eylapevled ndygravdww gigvvmyemm cgripfynqd heklfelilm
301 eeirfprtlg peakslisgl Ikkdpkarlg ggsedakeim ghrfftgivw ghvyekkisp

361 pfkpqvtset dtryfdeeft agmititppd qddsmecvds errphfpgfs yspsata
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(SEQ ID NO:14)

Human MAP kinase:

1 msdskcdsqf ysvqvadstf tvikryqqlk pigsgaqgiv caafdtvigi nvavkkisrp

61 fgnqthakra yrelvilkcv nhkniislin vftpgktiee fqdvylvmel mdanlcqvih

121  meldhermsy llygmlcgik hihsagiihr dlkpsnivvk sdctlkildf glartactnf

181 mmtpyvvtry yrapevilgm gykenvdiws vgcimgelvk gcvifqgtdh idqwnkvieq
241 Igtpsaefmk kigptvrnyv enrpkypgik feelfpdwif pseserdkik tsqardlisk

301 mlvidpdkri svdealrhpy itvwydpaea eapppqiyda gleerehaie ewkeliykev
361 mdweerskng vvkdgpsdaa vssnatpsgs ssindissms teqtlasdtd ssldastgpl
421 egcr (SEQ ID NO:15)

Human caspase-3:

1 mentensvds ksiknlepki ihgsesmdsg mswdtgykmd ypemgiciii nnknfhkstg
61 mtsrsgtdvd aanlretfrn Ikyevrnknd Itreeivelm rdvskedhsk rssfvcvlis

121  hgeegiifgt ngpvdlkkit nffrgdrcrs Itgkpklfii qacrgteldc gietdsgvdd

181 dmachkipvd adflyaysta pgyyswrnsk dgswfigsic amikqyadkl efmhiltrvn
241 rkvatefesf sfdatfhakk gipcivsmit kelyfyhl (SEQ ID NO:16)

PCR primers:

5’-
CCGGATATCGCCACCATGGAGACAGACACACTCCTGCTATGGGTACTGCTGCTCTGGGTTCCAGGTT
CCACTGGTGACCA-3' (SEQ ID No:17)

5'-TGCTGAAGGGACCTTTACCAGTG-3’ (SEQ ID No:18)

5'-
CCGGATATCGCCACCATGGAGACAGACACACTCCTGCTATGGGTACTGCTGCTCTGGGTTCCAGGTT
CCACTGGTGACCCCAGCGAGACCGTCACC-3' (SEQ ID No:19)

5'- CGCGGATCCCTATCATTTACCAGGAGAGTGGGAGAGG-3' (SEQ ID No:20)

5"
CCGGATATCGCCACCATGGAGACAGACACACTCCTGCTATGGGTACTGCTGCTCTGGGTTCCAGGTT
' CCACTGGTGACCATGCTGAAGGGACCTTTACCAGTG-3' (SEQ ID No: 21)
5'-CGCGGATCCCTATCATTTACCAGGAGAGTGGGAGAGG-3' (SEQ ID No: 22)

5'_
CCGGATATCGCCACCATGGAGACAGACACACTCCTGCTATGGGTACTGCTGCTCTGGGTTCCAGGTT
CCACTGGTGACCCCAGCGAGACCGTCACC-3' (SEQ ID No: 23)
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5'-CGCGGATCCCTATCATTTACCAGGAGAGTGGGAGAGG-3' (SEQ ID No: 24)
5’-AAGGATATCGATCGCAAATGTTGTGTCGAGTGCCCA-3’ (SEQ ID No: 25)
5'-CGTAAGCTTCATTTACCCGGAGACAGGGAGAG-3’ (SEQ ID No: 26)
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Claims

A composition for the prevention or treatment of type I diabetes in a subject, said
composition comprising a fusion protein selected from the group consisting of
GLP-1/1gG or variant or fragment thereof and an Ex4/1gG or variant or fragment
thereof; and an autoimmune suppressor for silencing an autoimmune response

against islet beta cells.

The composition of claim 1, wherein said 1gG is mouse 1gG

The composition of claim 1, wherein said IgG is human IgG.

The composition of any one of claims 1 to 3, wherein said GLP-1 polypeptide is
selected from the group consisting of GLP-1(7-37)OH, GLP-1(7-36)amide-1, a
DPPIV resistant GLP-1 and fragments and variants thereof.

The composition of claim 4, wherein said DPPIV resistant GLP-1 is GLP-1A8G.
The composition of claim 4, wherein said variant comprises a polypeptide having
from about 70% to about 95% amino acid sequence identity with GLP-1 of

Sequence ID NO.1.

The composition of claim 4, wherein said fragment comprises from at least 5
amino acids up to about 250 amino acids of said GLP-1 polypeptide.

The composition of any one of claims 1 to 7, wherein said IgG comprises an Fc

portion of the IgG or a fragment or variant of the Fc portion.

The composition of claim 1, wherein said autoimmune suppressor comprises at
least one antigenic target epitope, said epitope is selected from the group
consisting of pre-proinsulin or a variant or fragment thereof and GAD65S or a

variant or fragment thereof.
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10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

The composition of claim 9, wherein said autoimmune suppressor comprises pre-
proinsulin or a variant or fragment thereof and GAD65 or a variant or fragment

thereof.

The composition of any one of claims 1 to 10, wherein said autoimmune

suppressor further comprises a negative regulatory molecule.

The composition of claim 11, wherein said negative regulatory molecuie is a

negative regulator of T cells.

The composition of claim 12, wherein said negative regulator of T cells is a ligand
for CTLA-4.

The composition of claim 13, wherein said ligand for CTLA-4 is a B7-1wa

molecule

The composition of any one of claims 1 to 14, further comprising a facilitating

agent.

The composition of claim 15, wherein said facilitating agent is an adjuvant.

A pharmaceutical composition comprising the composition of any one of claims 1

to 16 in a pharmaceutically acceptable carrier.

The pharmaceutical composition of claim 17, for the treatment of type I diabetes.
The pharmaceutical composition of claim 18, wherein said composition is
administered by a method selected from the group consisting of topical
administration, oral administration, aerosol administration, intraperitoneal

injection, intravenous injection and intramuscular injection.

The pharmaceutical composition of claim 17-19, wherein said composition is

administered by intramuscular injection.
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21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

A method of preventing or treating type I diabetes in a subject, the method
comprising the administering to the subject a therapeutically effective amount of
the composition of any one of claims 1 to 16, or the pharmaceutical composition

of any one of claims 17 to 20.

The method of claim 21, wherein the effective amount of the composition is a
concentration of about 0.02 to 100 nmol/kg of body weight of said subject.

Use of the composition of any one of claims 1 to 16 or the pharmaceutical
composition of claims 17-20 for the prevention or treatment of type I diabetes in

a subject.

Use of the composition of any one of claims 1 to 16 or the pharmaceutical
composition of claims 17-20 for the preparation of a medicament for the
prevention or treatment of type I diabetes in a subject.

A nucleic acid composition, said composition comprising a nucleic acid construct
operably encoding a GLP-1/1gG fusion protein and a nucleic acid vaccine for

silencing an autoimmune response against islet beta cells.

The nucleic acid composition of claim 25, wherein said nucleic acid vaccine

operably encodes at least one target antigen epitope

The nucleic acid composition of claim 26, wherein said at least one target epitope

is pre-proinsulin.

The nucleic acid composition of any of claims 26-27, wherein said nucleic acid

vaccine further comprises a negative regulator of T cells.

The nucleic acid composition of claim 28, wherein said negative regulator of T

cells is a mutant B7-1 molecule.

Use of an effective amount of the nucleic composition of any one of claims 25-29
for the prevention and treatment of type I diabetes in a subject in need thereof.
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31.

32.

33.

The use of claim 30, wherein the effective amount is between 0.1 to 1000

micrograms of nucleic acid.

Use of an effective amount of the nucleic composition of any one of claims 25-29
for the preparation of a medicament for the prevention or treatment of type I
diabetes in a subject in need thereof.

A method of isolating a Tr cell, said method comprising:

-Vaccinating a subject with the composition of claim 11;

-Collecting the spleen cells of said subject;

-Preparing a suspension of said spleen cells;

-Separating the CD4+ cells from said suspension;

-Further separating the CD4+ cells using markers selected from the group
consisting of B7.1+, Nrpi+, Foxp3 and LAP-TGFbeta cells.
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