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Attorney Docket No.: 13783.105002
METHODS FOR THE TREATMENT OF AUTOIMMUNE DISORDERS USING

IMMUNOSUPPRESSIVE MONOCLONAL ANTIBODIES WITH REDUCED
TOXICITY

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of U.S. Provisional Application Serial No.:
60/813,903, filed June 14, 2006 and U.S. Provisional Application Serial No.: 60/871,361, filed
December 21, 2006, the contents of each of which are incorporated herein by reference for all

purposes.

1. INTRODUCTION

[0002] The present invention provides methods of treating, preventing, slowing the
progression of, or ameliorating the symptoms of T cell mediated immunological diseases,
particularly autoimmune diseases (e.g., autoimmune diabetes (i.e. type 1 diabetes or insulin-
dependent diabetes mellitus (IDDM)) and multiple sclerosis) through the use of anti-human CD3
antibodies. The antibodies of the invention of the invention are preferably used in low dose
dosing regimens, chronic dosing regimens or regimens that involve redosing after a certain
period of time. The methods of the invention provide for administration of antibodies that
specifically bind the epsilon subunit within the human CD3 complex. Such antibodies modulate
the T cell receptor/alloantigen interaction and, thus, regulate the T cell mediated cytotoxicity
associated with autoimmune disorders. Additionally, the methods of the invention provide for
use of anti-human CD3 antibodies modified such that they exhibit reduced or eliminated effector

function and T cell activation as compared to non-modified anti-human CD3 antibodies.

2. BACKGROUND OF THE INVENTION

2.1 Autoimmune Diseases

[0003] Autoimmune diseases are caused when the body's immune system, which
normally defends the body against bacteria, viruses and other infective agents, attacks "self’
tissue, cells and organs. The mobilization of the immune system against such self targets is
termed autoimmunity. Although some autoimmunity is present in every individual, rigid control

systems suppress the self-recognizing cells of the immune system to an extent that the
-1-
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autoimmunity is normally asymptomatic. Disease states arise when there is some interruption in
the control system, allowing the autoimmune cells to escape suppression, or when there is some
change in a target tissue such that it is no longer recognized as self. The mechanisms underlying
these changes are not well understood, but have been theorized to be the result of aberrant
immune stimulation in genetically predisposed individuals.

[0004] Autoimmune diseases can be organ specific or systemic and are provoked by
differing pathogenic mechanisms. Organ specific autoimmunization is characterized by tolerance
and suppression within the T cell compartment, aberrant expression of major-histocompatibility
complex (MHC) antigens, antigenic mimicry and allelic variations in MHC genes. Systemic
autoimmune diseases usually involve polyclonal B cell activation and abnormalities of
immunoregulatory T cells, T cell receptors and MHC genes. Examples of organ specific
autoimmune diseases are diabetes, cutaneous psoriasis, ulcerative colitis, hyperthyroidism,
autoimmune adrenal insufficiency, hemolytic anemia, multiple sclerosis and rheumatic carditis.
Representative systemic autoimmune diseases include systemic lupus, erythematosus,
rheumatoid arthritis, psoriatic arthritis, Sjogren's syndrome polymyositis, dermatomyositis and
scleroderma.

[0005] Also, while not having an autoimmune disorder, organ transplant recipients often
experience similar symptoms and require similar therapies to autoimmune patients. Immune
system attacks on the transplanted organ(s) can lead to organ failure or more serious systemic
complications, e.g., graft-vs.-host disease (GVHD) in bone-marrow transplant recipients.

[0006] There is a clear need for improved strategies to treat autoimmune disorders and/or
to modulate immune response. Currently, immune system disorders are treated with
immunosuppressive agents such as cortisone, aspirin derivatives, hydroxychloroquine,
methotrexate, azathioprine ,cyclophsophamide and various biologics such as anti TNF
antibodies, and/or combinations of the foregoing. The treatments are varyingly successful,
dependent on the individual patient and disorder. However, a dilemma in the use of such general
immunosuppressive therapies arises in that the greater the immune-suppression, and thus the
increased potential for successful treatment of the autoimmune disorder, the more at-risk the
patient becomes for developing opportunistic infections. Further, due to the compromised nature

of the patient's immune system, even a minor infection can rapidly become of serious concern.
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2.1.1 Diabetes
[0007] Diabetes is typically classified as one of two types: type 1 or type 2 diabetes.
Type 2 diabetes is a non-autoimmune disease that is typically diagnosed in adults. Itis a
progressive disease that develops when the body does not produce sufficient insulin or fails to
efficiently use the insulin it produces (a phenomenon known as insulin resistance). Patients
diagnosed with type 2 diabetes are typically over age 45, overweight (BMI of 25 or higher) or
obese (BMI of 30 or higher), physically inactive, have hypertension (blood pressure of 140/90
mm Hg or higher in adults), and have HDL cholesterol of 35 mg/dL or lower and/or triglyceride
level of 250 mg/dL.
[0008] Type 1 diabetes, also known as juvenile diabetes or insulin-dependent diabetes
mellitus, is an autoimmune disease that is typically diagnosed in children (although Adult-Onset
type 1 diabetes may be present in adults). Insulin-dependent diabetes mellitus (IDDM) affects
15 million people in the United States with an estimated additional 12 million people who are
currently asymptomatic, and, thus, unaware that they have this disease. Risk factors for
developing type 1 diabetes include presumptive genetic factors, exposure to childhood viruses or
other environmental factors, and/or the presence of other autoimmune disorders. Although the
genetic factors associated with type 1 diabetes are not fully understood, risks for the
development of the disease have been linked to both family history and ethnicity. For example, a
child that has a parent or sibling with type 1 diabetes has a higher risk of developing type 1
diabetes than a child of non-diabetic parents or with non-diabetic siblings. Further, the genetic
factors associated with the risk for developing type 1 diabetes appear to be linked to a particular
HLA type: HLA-DR3 and DR4 are associated with a higher risk in Caucasians; HLA-DR7 is
associated with a higher risk in people of African decent; and HLA-DRO is associated with a
higher risk in people of Japanese descent.
[0009] Unknown factors, including childhood viruses or exposure to some other
environmental factor (e.g., exposure to certain foods or chemicals), are also theorized to
potentiate or activate an inherited genetic factor and cause the onset of type 1 diabetes. Viruses
that have been associated with type 1 diabetes include coxsackie B virus, enteroviruses,
adenoviruses, rubella, cytomegalovirus, and Epstein-Barr virus. Last, the presence of other
autoimmune disorders, such as thyroid disease and celiac disease, raises the risk of developing

type 1 diabetes.
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[0010] Type 1 Diabetes is caused by an autoimmune response in which the insulin
producing B-cells of the pancreas (also known as islet cells) are gradually destroyed. The early
stage of the disease, termed insulitis, is characterized by infiltration of leukocytes into the
pancreas and is associated with both pancreatic inflammation and the release of anti-f-cell
cytotoxic antibodies. As the disease progresses, the injured tissue may also attract lymphocytes,
causing yet further damage to the B-cells. Also, subsequent general activation of lymphocytes,
for example in response to a viral infection, food allergy, chemical, or stress, may result in yet
more islet cells being destroyed. Early stages of the disease are often overlooked or
misdiagnosed as clinical symptoms of diabetes typically manifest only after about 80 % of the B-
cells have been destroyed. Once symptoms occur, the type-1 diabetic is normally insulin
dependent for life. The dysregulation of blood-glucose levels associated with diabetes can lead
to blindness, kidney failure, nerve damage and is a major contributing factor in the etiology of

stroke, coronary heart disease and other blood vessel disorders.

2.1.2 Multiple Sclerosis
[0011] Multiple sclerosis (MS) is a chronic, often disabling inflammatory disease of the

central nervous system (CNS). MS is typified pathologically by multiple inflammatory foci,
plaques of demyelination, gliosis, and axonal pathology within the brain and spinal cord.
Although the causal events that precipitate the disease are unknown, converging lines of
evidence suggest that the disease is caused by a disturbance in immune function. This
disturbance permits cells of the immune system to attack myelin, the insulating sheath that
surrounds the axons located in the CNS (i.e., the brain and spinal cord). When observed
microscopically, plaques consist of inflammatory cells, astroglial cells, edema, and destroyed
myelin fragments. When myelin is damaged, electrical impulses cannot travel quickly along
nerve fiber pathways in the brain and spinal cord. Disruption of electrical conductivity results in
fatigue and disturbances of vision, strength, coordination, balance, sensations, and bladder and
bowel function. Thus, typical symptoms include one or more of weakness or paralysis in one or
more extremities, tremor in one or more extremities, muscle spasticity, muscle atropy,
dysfunctional movement, numbness or abnormal sensation in any area, tingling, facial pain,
extremity pain, loss of vision in one or both eyes, double vision, eye discomfort, uncontrollable
rapid eye movements, decreased coordination, loss of balance, decreased ability to control small

or intricate movements, walking or gait abnormalities, muscle spasms, dizziness, vertigo, urinary
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hesitancy, urinary urgency, increased urinary frequency, incontinence, decreased memory,
decreased spontaneity, decreased judgment, loss of ability to think abstractly, loss of ability to
generalize, depression, decreased attention span, slurred speech, difficulty speaking or
understanding speech, fatigue, constipation, hearing loss, and/or positive Babinski's reflex. The
symptoms recur periodically, last days to months, then reduce or disappear. With each
recurrence, the symptoms may vary or be completely different as new areas are affected.

[0012] Studies of the natural history of MS suggest that there are different patterns of
disease activity. Some patients have rare attacks, some have frequent attacks, and others
gradually but steadily worsen without experiencing attacks. Patients who have rare attacks and
are minimally disabled ten years after being diagnosed with MS are said to have benign MS.
This group constitutes only about 10-15% of the total MS patient population, although there is
some evidence suggesting that this course may be more common than is currently appreciated.
Patients who have attacks with full or partial recovery and are otherwise stable between attacks
are defined as having relapsing-remitting MS. Approximately 80-90% of patients with MS
initially experience a relapsing-remitting course. Of these, approximately 50% will have
difficulty walking 15 years after onset and 80% will ultimately (after about 25 years) experience
gradual progression of disability with or without attacks. Patients who first experience
exacerbations and later experience gradual progression of disability have secondary progressive
MS. Approximately 10-15% of MS patients do not experience an initial attack. Those patients
who gradually worsen after the appearance of the first symptom have primary progressive MS.
A few patients with primary progressive MS will later experience an exacerbation. These
patients have progressive-relapsing MS.

[0013] There is as yet no cure for MS. Many patients do well with no therapy at all,
especially since many medications have serious side effects and some carry significant risks.
However, three forms of beta interferon (AVONEX® (interferon beta-1a), BETASERON®
(interferon beta-1b), and REBIF® (interferon beta-1a)) have now been approved by the Food and
Drug Administration for treatment of relapsing-remitting MS. Beta interferon has been shown to
reduce the number of exacerbations and may slow the progression of physical disability. When
attacks do occur, they tend to be shorter and less severe. The FDA also has approved a synthetic
form of myelin basic protein copolymer I, COPAXONE® (glatiramer acetate), for the treatment

of relapsing-remitting MS. Copolymer I has few side effects, and studies indicate that the agent
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can reduce the relapse rate by almost one third. An immunosuppressant treatment,
NOVATRONE® (mitoxantrone), is also approved by the FDA for the treatment of advanced or
chronic MS.

2.2 T cell Functionality in Diabetes and other Autoimmune Disorders

[0014] Destruction of B-cells in diabetes, of myelin in multiple sclerosis, or of the target
cells of other autoimmune disorders is believed largely mediated by cytotoxic T-lymphocytes
(CTLs - also known as CD8+ T cells) that specifically recognize antigenic, target cell derived
peptides. CTLs, as well as other types of T cells, recognize these antigenic peptides through
their specific T cell receptor (TcR). Unlike antibodies which recognize soluble whole foreign
proteins as antigen, the TcR instead interacts with small peptidic antigens presented only in
complex with major histocompatibility complex (MHC) proteins.

[0015] Most cells of the body express MHC molecules of various classes on their surface
and, depending on the class of MHC expressed, will present either soluble antigens, those
dispersed within the lymph and/or circulatory systems, or fragments of their cytoplasmic
proteins. MHC molecules (called human leukocyte antigens or HLA in humans) and TcRs are
extremely polymorphic, each clonal variation recognizing and binding to a single peptidic
sequence, or set of similar peptidic analogs. Apart from cells specific to the immune system, i.e.
B cells and T cells, cells of the body express multiple variants of the MHC molecule, each
variant binding to a different peptide sequence. In contrast, during maturation, B and T cells
lose the ability to express multiple variants of MHC and TcR, respectively. Mature T cells,
therefore, will express only one of the possible variants of the TcR and will thus recognize/bind a
single MHC/antigen complex.

[0016] Binding of a TcR to a MHC/antigen complex elicits an intracellular signal
cascade within the T cell, termed activation, which results in clonal proliferation of the T cell and
class-specific T cell responses. For example, in CTLs the response to activation also includes

the release of cytotoxic enzymes that result in apoptosis/destruction of the target cell.

2.3 Modulation of T cell Activation by Monoclonal Antibodies

[0017] The finding that autoimmune diseases are at least partially caused by aberrant T
cell action has lead to the investigation of therapies that either eliminate problematic T cell
clones (those expressing TcRs against self antigens) or selectively reduce undesired T cell

activity/activation. T cell activation due to TcR binding is, however, an unexpectedly complex

-6-
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phenomenon due to the participation of a variety of cell surface molecules expressed on the
responding T cell population (Billadeau et al., 2002, J. Clin. Invest. 109:161-168; Weiss, 1990, J.
Clin. Invest. 86:1015-1022; Leo et al., 1987, PNAS 84:1374-1378; Weiss et al., 1984, PNAS
81:4169-4173; Hoffman et al., 1985, J. Immunol. 135:5-8).

[0018] Targeted therapies directed against general T cell activation were problematic in
that the TcR is composed of a disulfide-linked heterodimer, containing two clonally distributed,
integral membrane glycoprotein chains, o and 3, or y and 8. Most of the research in modulation
of T cell activation was done in connection with improving immune suppression in organ
transplant recipients. One of the first clinically successful methods of selectively reducing T cell
activation was the use of monoclonal antibodies. U.S. Pat. No. 4,658,019, describes a novel
hybridoma (designated OKT3, ATCC Accession No. CRL-8001) which produces a murine
monoclonal antibody against an antigen found on essentially all normal human peripheral T
cells. Binding of OKT3 to T cells in vivo produces pronounced, reversible immunosuppression.
OKT3 was found to recognize an epitope on the e-subunit within the human CD3 complex
(Salmeron et al., 1991, J. Immunol. 147:3047-3052; Transy et al., 1989, Eur. J. Immunol.
19:947-950; see also, U.S. Pat. No. 4,658,019). The CD3 complex (also known as T3) is
comprised of low molecular weight invariant proteins, which non-covalently associate with the
TcR (Samelson et al., 1985, Cell 43:223-231). The CD3 structures are thought to represent
accessory molecules that may be the transducing elements of activation signals initiated upon
binding of the TcR a-f to its ligand.

[0019] OKT3 possesses potent T cell activating and suppressive properties (Van
Seventer, 1987, J. Immunol. 139:2545-2550; Weiss, 1986, Ann. Rev. Immunol. 4:593-619). Fc
receptor-mediated cross-linking of TcR-bound anti-CD3 mAbD results in T cell activation marker
expression, and proliferation (Weiss et al., 1986, Ann. Rev. Immunol. 4:593-619). Similarly, in
vivo administration of OKT3 results in both T cell activation and suppression of immune
responses (Ellenhorn et al., 1990, Transplantation 50:608-12; Chatenoud, 1990, Transplantation
49:697). Repeated daily administration of OKT3 results in profound immunosuppression, and
provides effective treatment of rejection following renal transplantation (Thistlethwaite, 1984,
Transplantation 38:695).

[0020] The use of therapeutic mAbs, including, for example, OKT3, is limited by

problems of "first dose" side effects, ranging from mild flu-like symptoms to severe toxicity. The
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first dose side effects are believed to be caused by cytokine production stimulated by T cell
activation. It has been shown that the activating properties of Anti CD3 monoclonal antibodies
result from TcR cross-linking mediated by the antibodies bound to T cells (via its variable
domain) and to FcyR-bearing cells via its Fc domain) (Palacios et al., 1985, Eur. J. Immunol.
15:645-651; Ceuppens et al., 1985, J. Immunol. 134:1498-1502; Kan et al., 1986, Cell Immunol.
08:181-185). For example, the use of OKT3 was found to trigger activation of mAb-bound T
cells and FcyR-bearing cells prior to achieving immune suppression, resulting in a massive
systemic release of cytokines (Abramowicz, 1989, Transplantation 47:P606; Chatenoud, 1989,
N. Eng. J. Med. 25:1420-1421). Reported side effects of OKT3 therapy include flu-like
symptoms, respiratory distress, neurological symptoms, and acute tubular necrosis that may
follow the first and sometimes the second injection of the mAb (Abramowicz, 1989,
Transplantation 47:P606; Chatenoud, 1989, N. Eng. J. Med. 25:1420-1421; Toussaint, 1989,
Transplantation 48:524; Thistlethwaite, 1988, Am. J. Kid. Dis. 11:112; Goldman, 1990,
Transplantation 50:148).
[0021] Data obtained using experimental models in chimpanzees and mice have
suggested that preventing or neutralizing the cellular activation induced by anti-CD3 mAbs
reduces the toxicity of these agents (Parleviet, 1990, Transplantation 50:889; Rao, 1991,
Transplantation 52:691; Alegre, 1990, Eur. J. Immunol. 20:707; Alegre, 1990, Transplant Proc.
22:1920.; Alegre, 1991, Transplantation. 52:674; Alegre, 1991, J. Immun. 146:1184-1191;
Ferran, 1990, Transplantation 50:642). Previous results reported in mice using F(ab'), fragments
of 145-2C11, a hamster anti-mouse CD3 that shares many properties with OKT3, have suggested
that, in the absence of FcyR binding and cellular activation, anti-CD3 mAbs retain at least some
immunosuppressive properties in vivo (Hirsch, 1991, Transplant Proc. 23:270; Hirsch, 1991, J.
Immunol. 147:2088). In addition, administration of anti-CD3 antibodies with reduced binding to
FcyR to human patients resulted in generally only mild side effects and not the severe first class
effects associated with OKT3 administration (Herold et al., 2005, Diabetes 54:1763).

24  Immunosuppressive Monoclonal Antibodies Exhibiting Reduced T

cell Activation
[0022] U.S. Pat. No. 6,491,916, U.S. Pat. Application Pub. No. 2005/0064514 and U.S.
Pat. Application Pub. No. 2005/0037000 describe the modification of the Fc regions of

immunoglobulins such that the variant molecules exhibit enhanced or reduced binding to various
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Fc receptors when compared to immunoglobulins with wild type Fc domains. In particular the
patents/applications describe modifications to the Fc regions of IgG antibodies such that the
affinity for the FcyR is selectively enhanced or reduced. By tailoring the affinity for activating
or suppressive Fc receptors, the specific immune response elicited by the therapeutic mAb may
be more selectively controlled. For example, mutations in the CH; portion of a humanized
OKT3 IgG4 have been identified (P234A and L235A) that significantly reduced binding of the
mADb to human and murine FcyRI and II and lead to a markedly reduced activating phenotype in
vitro (Alegre et al., 1992, 8" International Congress of Immunology 23-28; Alegre et al., 1994,
Transplantation 57: 1537-1543; Xu et al., 2000, Cell Immunol. 200:16-26). Importantly, this
variant mAb retained the capacity to induce TcR modulation and immunosuppression (Xu et al.,
2000, Cell Immunol. 200:16-26). Other modifications to the Fc domain of anti-CD3 antibodies,
such as mutations to make the antibody aglycosylated or other mutations of the Fc domain
residues, to reduce binding to FcyR have been found to reduce toxicity while maintaining
immunosuppressive activity (see, e.g., U.S. Patent 6,491,916; U.S. Patent 5,834,597, Keymeulen
et al., 2005, N. Eng. J. Med. 325:2598, all of which are incorporated by reference herein in their

entireties).

3. SUMMARY OF THE INVENTION

[0023] The present invention provides methods of treating, preventing, slowing the
progression of and ameliorating the symptoms of T cell mediated immunological diseases,
particularly autoimmune diseases, in subjects diagnosed with such diseases (and/or in subjects
predisposed to developing such diseases or disorders), by administering to a subject in need
thereof a therapeutically or prophylactically effective amount of an anti-CD3 antibody. In
particular, the methods of the invention provide for administration of antibodies that specifically
bind the epsilon subunit within the human CD3 complex. For example, such antibodies may be
or may be derived from (e.g., humanized or chimerized versions of) one of the antibodies Leu-4,
500A2, CLB-T3/3,M291, YTH 12.5 or BMAO30, or compete with one of Leu-4, S00A2, CLB-
T3/3, M291, YTH 12.5 or BMAO3O0 for binding (e.g., in an ELISA or immunoprecipitation
assay). In a preferred embodiment, the antibody has the binding specificity of the murine
monoclonal antibody OKT3 (see, e.g., U.S. Patent Nos. 4,658,019 and 6,113,901, which are

incorporated by reference herein in their entireties), e.g., binds to the same epitope as OKT3

-9.
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and/or competes for binding (l.e., in an ELISA or immunoprecipitation assay) with OKT3,

such as a humanized version of the antibody OKT3, e.g., OKT3-7 (see the antibodies

disclosed in U.S. Patent No. 6,491,916, .which is incorporated herein by reference in its
entirety). In preferred embodiments, the anti-CD3 antibody of the invention has diminished
(such as, but not limited to, less than 50%, less than 40%, less than 30%, less than 20%, less
than 10%, less than 5% or less than 1% as compared to binding by an antibody having a wild-
type, glycosylated Fc domain) or, more preferably, no detectable binding to bne or more of
any FeyR (e.g., FeyRJ, FcyRII or FcyRI1D) via its Fc domain as determined by assays routine in
the art. In addition or alternatively, the anti-CD3 antibody of the invention has diminished
(such as, but not limited to, less than 50%, less than 40%, less than 30%, less than 20%, less
than 10%, less than 5% or less than 1% as compared to binding by an antibody having a wild-
type, glycosylated Fc domain) or, more preferably, no detectable binding to any complement
receptors, such as, CIq, as determined in routinely used assays. In particular embodiments, the
antibody is aglycosylated. In other embodiments, the antibody lacks an Fc domain (e.g., is a
Fab fragment, F(ab'); or single chain antibody). In other embodiments, the antibody has an Fc¢
domain having one or more amino acid modifications that reduce or abolish binding of the Fc
domain to one or more of an FcyR. In certain embodiments, the Fc domain has an amino acid
modification (i.e., insertion, substitution, deletion) at one or more of the residues 234, 235,
236, or 237, In preferred embddiments, the Fc domain has an alanine at position 234 of the Fc
region (CH2) and or an alanine at position 235 of the Fc region (CH2), in partioular having
alanine at 234 and 235 such as OKT3yl(ala-ala) In other embodiments, the Fc domain has a
glutamate at position 235. , ‘ _

[0023a) In one aspect, the present invention provxdes a method of treating, slowmg the
progression of, or ameliorating one or more symptoms of, an autoimmune disorder in a patient
diagnosed with said disorder, said method compriéing administering to said patient a course of
treatment with a therapeutically effective amount of an anti-human CD3 antibody that has at
least 50% reduced binding to at least one FcyR relative to an antibody with a wild type Fc
domain, wherein less than about 9000 pg/m? is administered parenterally in total during said
course of treatment; wherein said treatment comprises a dosage regimen comprising doses of
increasing amounts of said antibody on at least the initial 4 days of said course of treatment;
wherein said autonmmune disorder is rhe\umatoid arthritis or typc 1 dlabetes, and wherein said

patient is in early stages of the autmmmune dlsorder .
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!
[0023b] In a further aspect, the present irivention provides a method of preventing or delaying
the onset of an autoimmune disorder in a patient predisposed thereto but not diagnosed with
said disorder, said method comprising administering to said patient a therapeutically effective

amount of an anti-human CD3 antibody that has at least 50% reduced binding to at least one
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5  FcyR relative to an antibody with a wild type Fc domain, wherein less than about 9000 pg/m’
is administered parenterally in total during said course of treatment; wherein said treatment
comprises a dosage regimen comprising doses of increasing amounts of said antibody on at
least the initial 4 days of said course of treatment; wherein said autoimmune disorder is
rheumatoid arthritis or type 1 diabetes; and wherein said patient is in early stages of the

10  autoimmune disorder.
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[0023¢] Also described herein is a method of treating, slowing the progression of, or
ameliorating one or more symptoms of an autoimmune disorder in a patient diagnosed with
said autoimmune disorder, said method comprising chronically administering to said patient a
therapeutically effective amount of an anti-human CD3 antibody that has at least 50% reduced
15 binding to at least one FcyR than an antibody with a wild type Fc domain, wherein said
administration results in reduced symptoms of cytokine release relative to an equivalent
administration of murine OKT3. '
[0023d] Also described herein is a method of preventing or delaying the onset of an
autoimmune disorder in a patient predisposed thereto but not diagnosed with said autoimmune
20  disorder, said method comprising chronically administering to said a therapeutically effective
amount of an anti-human CD3 antibody that has at least 50% reduced binding to at least one
FcyR than an antibody with a wild type Fc domain, wherein said administration results in
reduced symptoms of cytokine release relative to an equivalent administration of murine
OKT3. | | | |
25  [0023e] Also described herein is a method of treating, slowing the vprogression of, or
ameliorating one or more symptoms of multiple sclerosis in a patient diagnosed with multiple
sclerosis, said method comprising administering to said patient a course of treatment with a
therapeutically effective amount of an anti-human CD3 antibody that has at least 50% reduced
binding to at least one FcyR relative to an antibody with a wild type Fc domain, wherein said
30  administration results in reduced symptoms of cytokine release relative to an equivalent
administration of murine OKT3. |
[0023f] Also described herein is a method of preventing or delaying the onset of multiple
sclerosis in a patient predisposed thereto but not diagnosed with multiple sclerosis, said
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method comprising administering to said patiént a thérapeutically effective amount of an anti-
human CD3 antibody that has at least 50% reduced binding to at least one FcyR relative to an
antibody with a wild type Fc domain, wherein said administration results in reduced symptoms
of cytokine release relative to an equivalent administration of murine OK T3,

[0024] The invention particularly provides methods of treating, preventing, slowing the
progression of and/or ameliorating the symptoms of autoimmune disease such as Type 1
Diabetes, multiples sclerosis, psoriasis, rheumatoid arthritis, lupus (particula;ly,'.cutaneous),
inflammatory bowel d,isease_(iBD'); Crohn's disease, 'ﬁ:lcératiVe'.cofiﬁs, effects from organ
transplantation, graft vs. host disease (GVHD), etc.-Partioularly, the meth.od_s. of éthc invention
are advantageous in subjects with early stage disease to slow or reduce the damage from the
autoimmunity and maintain a high level of function and/or reduce the need for ather therapy;
for example, in the treatment or prophylaxis of Type 1 diabetes, the methods of the invention
may reduce the need for exogenous insulin administration in the subject. In addition, the
methods of the invention advantageously reduce the incidence of or result in no incidence of

cytokine release.
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syndrome previously associated with administration of therapeutic antibodies, and, in particular,
anti-CD3 antibodies. Cytokine release syndrome is manifested by, for example, headache,
nausea, vomiting, fever, myalgias, arthralgias and shaking and may be caused by increased
serum levels of, for example, IL-2, IL-6, IL-10, TNFa, and IFNy. The methods also reduce the
incidence and severity of other adverse effects, such as, but not limited to, EBV activation,
immunogenicity (production of anti-idiotype antibodies, particularly IgE anti-idiotype
antibodies), lymphopenia, thrombocytopenia or neutropenia.

[0025] In preferred embodiments, the anti-human CD3 antibodies are administered are
administered at lower dosages or over shorter periods of time than prior dosing regimens. In
particular, the invention contemplates dosing regimens in which less than 9,000 pg/m?, and
preferably, less than 8,000 ug/m2, less than 7,500 ug/mz, less than 7,000 pg/mz, or less than
6,000 pg/m” total anti-human CD3 antibody is administered over the duration of the dosing,
particularly of OKT3y1 (ala-ala), or of another anti-human CD3 antibody, such as ChAglyCD3
(TRX4™) or HUM291 (visilizumab; NUVIONT). In certain embodiments, the antibodies of
the invention are administered to the subject in need thereof using a mode other than intravenous
administration that provides the pharmacological equivalent to the foregoing amounts of
OKT3yl(ala-ala) as administered intravenously. The invention further contemplates methods in
which the patient is chronically administered low doses of the anti-human CD3 antibody and
methods in which the patient is administered one or more additional rounds of the anti-human
CD3 antibody treatment regimen approximately 6 months, 9 months, 12 months, 18 months, 2
years, 3 years or 5 years after the initial treatment, optionally depending on clinical parameters,
or is administered another round of treatment with anti-human CD3 antibody every
approximately 6 months, 9 months, 12 months, 18 months, 2 years, 3 years or 5 years, optionally
depending on clinical parameters.

[0026] The invention particularly provides methods of treating, preventing, slowing the
progression of or ameliorating the symptoms of autoimmune diseases and disorders, e.g., type 1
diabetes, by administration of anti-human CD3 antibodies having reduced toxicity; e.g. having
reduced binding to FcyRs. Particularly, the methods of the invention are advantageous in
subjects with early stage disease in order to slow or reduce the damage from the autoimmunity
and maintain a high level of function. In certain embodiments, the methods of the invention may

also reduce the need for additional therapy for the autoimmune disease or disorder; for example,
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in the treatment or management of Type I diabetes, the methods of the invention may reduce or
eliminate the need for administration of exogenous insulin in the subject. In addition, the
methods of the invention advantageously reduce the incidence of or result in no incidence of
cytokine release syndrome previously associated with administration of anti-human CD3
antibodies such as OKT3. Cytokine release syndrome is manifested by, for example, headache,
nausea, vomiting, fever, myalgias, arthralgias and shaking and may be caused by increased
serum levels of, for example, IL-2, IL-6, IL-10, TNFa, and IFNy. The methods also reduce the
incidence and severity of other adverse effects, such as, but not limited to, EBV activation,
immunogenicity (production of anti-idiotype antibodies, particularly IgE anti-idiotype
antibodies), lymphopenia, thrombocytopenia or neutropenia.

[0027] In other embodiments, the invention provides methods of preventing or delaying
the onset of an autoimmune disease or disorder in a subject predisposed to developing said
disease or disorder, but which subject has yet to experience symptoms of or be diagnosed with
said disease or disorder according to criteria accepted in the art (e.g., in Type I diabetes, a
diagnosis according to criteria established by the American Diabetes Association: see, e.g.,
Mayfield et al., et al., 2006, Am. Fam. Physician 58:1355-1362, hereby incorporated by reference
herein in its entirety). In other embodiments, administration of an antibody of the invention prevents
onset and/or development of the disorder, prevents onset of symptoms of the disorder, and/or delays
the positive diagnosis of said disorder by 2 months, 4 months, 6 months, 8, months, 10 months, 12
months, 15 months, 18 months, 21 months, or 24 months relative to a subject with similar clinical
parameters who did not receive treatment.

[0028] According to the invention, the anti-human CD3 antibody is administered so as to
reduce adverse effects, such as the cytokine release associated with antibody administration,
EBV activation (as evidenced by EBV-induced lymphoproliferative diseases, e.g.,
mononucleosis) or lymphopenia (defined as<1000 lymphocytes/uL serum), associated with
administration of anti-human CD3 antibodies, and also reduce the number of doses and duration
of the administration. As used herein, “course of treatment” or “round of treatment” means
administration of anti-human CD3 antibodies every day, every other day or every 3 or 4 days for
a period of time, e.g. 1 to 30 days. In particular embodiments, the invention provides a treatment
regimen of administration of a dose of the anti-human CD3 antibody for 2 days, 3 days, 4 days, 5

days, 6 days, 7 days, 8 days, 9 days, 10 days, 11 days, 12 days, 13 days or 14 days. In preferred
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embodiments, the administration is carried out on consecutive days but may be carried out on
alternate days or on a schedule that alternates a number of consecutive days in which the anti-
human CD3 antibody is administered with a number of consecutive days in which there is no
antibody administered. In certain embodiments, the dose administered is the same each day of
the regimen. However, in preferred embodiments the dose administered escalates over the first
few days of the regimen (e.g., escalates over the first four days of the regimen) to reduce or
eliminate the incidence of cytokine release syndrome.

[0029] In specific embodiments, the dose administered is approximately 5-50 pug/kg/day,
preferably, 20-30 pg/kg/day, more preferably, approximately 22-28 ug/kg/day or approximately
25-26 pg/kg/day. In other specific embodiments, the dose on day 1 of the regimen is 1-3
ug/kg/day, preferably approximately 1.6 pg/kg/day and escalates to the daily dose by day 3, 4, 5,
6 or 7. For example, on day 1, the subject is administered a dose of approximately 1.6
ug/kg/day, on day 2 approximately 3.2 ug/kg/day, on day 3 approximately 6.5 pg/kg/day, on day
4 approximately 13 pg/kg/day and on subsequent days of the regimen 26 pg/kg/day. In another
example in accordance with this embodiment, on day 1, the subject may be administered a dose
of approximately 1.42 ug/kg/day, on day 2 approximately 5.7 ug/kg/day, on day 3 approximately
11 ug/kg/day, on day 4 approximately 22.6 pg/kg/day and on subsequent days of the regimen
45.4 ng/kg/day.

[0030] In specific embodiments, the dose administered is based on surface area. For
example the dose administered is 5-1200 pg/m?/day, preferably, 51-826 pg/m*day. In certain
embodiments, the dose on day 1 of the regimen is 5-100 ug/m2/day and escalates to the daily
dose that is approximately 2, 4, 5, 8, 10, 12, 15 or 20 times that of the first day dose, for example
a dosage as recited immediately above, by day 3, 4, 5, 6 or 7. For the first 2, 3, 4, or 5 days, the
dose may increase by 1.5-fold, 2-fold; 3-fold, or 4- fold on each subsequent day. For example,
on day 1, the subject is administered a dose of approximately 51 ug/m2/day, on day 2
approximately 103 ug/mzlday, on day 3 approximately 207 ug/mz/day, on day 4 approximately
413 ug/mz/day and on subsequent days of the regimen (e.g., days 5-14) 826 ug/mzlday. In
another embodiment, on day 1, the subject is administered a dose of approximately 227
ug/mz/day, on day 2 approximately 459 pug/m*/day, on day 3 and subsequent days, approximately

919 pg/m*day. In another embodiment, on day 1, the subject is administered a dose of
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approximately 284 pg/mzlday, on day 2 approximately 574 pg/mz/day, on day 3 and subsequent
days, approximately 1148 ug/mZ/day.

[0031] In specific embodiments, to reduce the possibility of cytokine release and other
adverse effects, the first 1, 2, 3, or 4 doses or all the doses in the regimen are administered more
slowly, relative to bolus injection, by intravenous administration. For example, a dose of 51
png/m?/day may be administered over about 5 minutes, about 15 minutes, about 30 minutes, about
45 minutes, about 1 hour, about 2 hours, about 4 hours, about 6 hours, about 8 hours, about 10
hours, about 12 hours, about 14 hours, about 16 hours, about 18 hours, about 20 hours, and about
22 hours. In certain embodiments, the dose is administered by slow infusion over a period of,
e.g., 20 to 24 hours. In specific embodiments, the dose is infused by a pump, preferably
increasing the concentration of antibody administered as the infusion progresses.

[0032] Alternatively, the total daily dose may be divided into two or more equal portions
and administered as bolus infusions over the day at intervals of 6, 8, 10 or 12 hours. For
example, a 13 pg/kg/day dose may be administered in four doses of 3-4 ug/kg at intervals of 6
hours to reduce the level of cytokine release caused by administration of the antibody.

[0033] In other embodiments, a set fraction of the doses for the 51 pg/m*/day to 826
pg/mzlday regimen described above is administered in escalating doses. In certain embodiments,
the fraction is 1/10, 1/4, 1/3, 1/2, 2/3 or 3/4 of the daily doses of the regimen(s) described above.
Accordingly, for example, when the fraction is 1/10, the daily doses will be 5.1 ug/m? on day 1,
10.3 ug/m2 on day 2, 20.7 p.g/m2 on day 3,41.3 ug/m2 on day 4 and 82.6 ug/m2 on days 5 to 14.
When the fraction is 1/4, the doses will be 12.75 ug/m2 on day 1, 25.5 ug/m?®on day 2, 51 p.g/m2
on day 3, 103 ug/m’on day 4, and 207 pg/m”on days 5 to 14. When the fraction is 1/3, the doses
will be 17 ug/m2 on day 1, 34.3 ug/m2 on day 2, 69 ug/m2 on day 3, 137.6 pg/m*on day 4, and
275.3 ug/m2 on days 5 to 14. When the fraction is 1/2, the doses will be 25.5 ug/m2 onday 1, 51
ug/m”on day 2, 103 ug/m’on day 3, 207 ug/m”on day 4, and 413 pg/m”on days S to 14. When
the fraction is 2/3, the doses will be 34 pg/m*on day 1, 69 u g/m2 on day 2, 137.6 u g/m2 on day 3,
275.3 ug/m2 on day 4, and 550.1 ug/m2 on days 5 tol4. When the fraction is 3/4, the doses will
be 38.3 ug/m”on day 1, 77.3ug/m*on day 2, 155.3 ug/m? on day 3, 309.8 ug/m*on day 4, and
620 wg/m”on days 5 to 14. In other embodiments, the regimen is identical to one of those

described above but only over days 1 to 4, days 1 to 5, or days 1 to 6. For example, in a
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particular embodiment, the doses will be 17 p,g/m2 on day 1, 34.3 ug/m2 on day 2, 69 pn g/m2 on
day 3, 137.6 ug/m2 on day 4, and 275.3 pLg/m2 on days 5 and 6.

[0034] In other embodiments, doses in the regimen are administered for a certain number
of consecutive days, followed by a certain number of days without any doses administered,
followed again by doses administered on a certain number of consecutive days and so on until,
for example, 14 (or, e.g., 6,7, 8,9, 10, 11, 12, 13, 15, 16, 17, 18, 19 or 20) doses are
administered in total. For example, the day 1, day 2, day 3 and day 4 doses of one of the
regimens described above may be administered over four consecutive days and then three days
without any doses and then the day 5, 6, 7 and 8 doses are administered, followed by another
three days without doses, and then the day 9, 10, 11, 12 day doses, with three days off, and
finally the day 13 and 14 doses.

[0035] In certain embodiments, the antibody administered according to these regimens is
OKT3yl(ala-ala). In other embodiments the antibody is not OKT?3y1(ala-ala) and is
administered so as to achieve one or more pharmacokinetic parameters achieved by the
administration of OKT3y1(ala-ala), preferably, intravenous administration of OKT3y1 (ala-ala),
such as the serum titer of the antibody administered at 1 day, 2 days, 3 days, 4 days, 5 days, 6
days, 7 days, 2 weeks, 3 weeks or 1 month after the last day of the dosing regime (i.e., is
administered to achieve a “pharmacologically equivalent” dose).

[0036] In certain embodiments, the anti-human CD3 antibody is administered so as to
achieve a certain level of combined coating and modulation of T cell receptor complexes on T
cells, as determined by methods well known in the art, see, e.g., Example 11 of U.S. patent
application publication US 2003/0108548, which is hereby incorporated by reference in its
entirety. In specific embodiments, the dosing regimen achieves a combined T cell receptor
coating and modulation of at least 50%, 60%, 70%, 80%, 90%, 95% or of 100% with, in specific
embodiments, little to no detectable free anti-human CD3 antibody (for example, less than 200
ng/mL the drug detected in the blood of the patient by standard methods known in the art).
[0037] In specific embodiments, the anti-human CD3 antibody is not administered by
daily doses over a number of days, but is rather administered by infusion in an uninterrupted
manner over 4 hours, 6 hours, 8 hours, 10 hours, 12 hours, 15 hours, 18 hours, 20 hours, 24
hours, 30 hours or 36 hours. The infusion may be constant or may start out at a lower dosage

for, for example, the first 1, 2, 3, 5, 6, or 8 hours of the infusion and then increase to a higher
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dosage thereafter. Over the course of the infusion, the patient receives a dose equal to the
amount administered, for example, in the 5 to 20 day regimens set forth above. For example, a
dose of approximately 150 pg/m?, 200 pg/m2, 250 pg/mz, 500 ug/mz, 750 pg/m?, 1000 ng/m?,
1500 pg/m?, 2000 pg/m?, 3000 pg/m>, 4000 pg/m?, 5000 pg/m2, 6000 pg/m>, 7000 pg/m>, 8000
pg/mz, or 9000 pg/m?. In particular, the speed and duration of the infusion is designed to
minimize the level of free anti-human CD3 antibody in the subject after administration. In
certain embodiments, the level of free anti-human CD3 antibody should not exceed 200 ng/ml
free antibody. In addition, the infusion is designed to achieve a combined T cell receptor coating
and modulation of at least 50%, 60%, 70%, 80%, 90%, 95% or of 100%.

[0038] In other embodiments, the anti-human CD3 antibody is administered chronically
to treat, manage, maintain, prevent, or slow the progression of or delay the onset of the
autoimmune disease or disorder. For example, in certain embodiments, a low dose of the anti-
human CD3 antibody is administered once a month, twice a month, three times per month, once
a week or even more frequently either as an alternative to the 6 to 14 day dosage regimen
discussed above or after administration of such a regimen to enhance or maintain its therapeutic
effect. Such a low dose may be anywhere from 1 pg/m? to 100 pg/mz, preferably, approximately
5 pg/m2, 10 pg/mz, 15 pg/m2, 20 ug/mz, 25 ug/m2, 30 ug/mz, 35 pg/mz, 40 pg/mz, 45 ug/mz, or
50 ug/m®. In certain embodiments, the anti-human CD3 antibody is administered chronically
subsequent to administration of a 1 to 30 day dosing regimen as described above, for example, to
maintain the therapeutic effect of the regimen.

[0039] In other embodiments, the subject may be re-dosed at some time subsequent to
administration of the anti-human CD3 antibody dosing regimen, preferably, based upon one or
more physiological parameters, but may be done as a matter of course. Such redosing may be
administered and/or the need for such redosing evaluated 6 months, 9 months, 1 year, 15 months,
18 months, 2 years, 30 months or 3 years after administration of a dosing regimen and may
include administering a course of treatment every 6 months, 9 months, 1 year, 15 months, 18
months, 2 years, 30 months or 3 years.

[0040] In specific embodiments, subjects are administered a subsequent round of anti-
human CD3 antibody treatment based upon one or a combination of the CD4/CD8 cell ratio,
CD8 cell count, CD4/CD3 inversion, CD4/CD25 cell ratio, CD4/FoxP3 cell ratio, CD4/CD40
cell ratio, CD4/IL-10 cell ratio, and/or CD4/TGF-B cell ratio. Other parameters for determining
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whether to administer a subsequent round of treatment include an appearance or worsening of
diagnostic indicators for the autoimmune disease or disorder as described herein and/or known in
the art. For example, with respect to Type I diabetes, an appearance or an increase in anti-islet
cell antibodies, such as GADAs, [A-2 antibodies, ICA antibodies or anti-insulin antibodies or an
appearance or increase in the levels of T cells specific for islet cell antigens. Further examples
with respect to Type I diabetes include subsequent doses where the number of B-cells or B-cell
activity or function decreases by 20%, 30%, 40%, 50%, 60%, 70%, 80% or 90% as compared to
the B-cell number or activity or function during administration of the preceding round of
treatment. B-cell function may be determined by any method know in the art, for example, the C
peptide response to MMTT, OGTT, IGTT, or two-phase glucose clamp, or the First Phase
Insulin Release (FPIR) test, as discussed herein or as is known in the art. Other parameters that
may be used to determine whether to redose during the treatment or management of Type I
diabetes include the HA1 or HAlc levels, the need for administration of exogenous insulin or
increase in the dosage of exogenous insulin by more than 0.2 U/kg/day, 0.5 U/kg/day, 1
U/kg/day, 2 U/kg/day, 5 U/kg/day, or 10.U/kg/day. In other embodiments, the further doses may
be administered based upon appearance of or increase in number (such as an increase by, on
average, 1, 2, 3,4, 5, 8, 10 15, or 20), duration and/or severity of hypoglycemic episodes or of
ketoacidosis episodes on a daily, weekly or monthly basis.

[0041] In preferred embodiments, the anti-human CD3 antibodies are administered
parenterally, for example, intravenously, intramuscularly or subcutaneously, or, alternatively, are
administered orally. The anti-human CD3 antibodies may also be administered as a sustained
release formulation.

[0042] Additionally, in certain embodiments, the invention provides methods and
regimens of administering anti-human CD3 antibodies that reduce the severity and/or incidence
of adverse effects such as, but not limited to, cytokine release, apoptosis, activation of EBV,
immune reaction against the anti-human CD3 antibody, lymphopenia, anemia, neutropenia,
thrombocytopenia or secondary infection.

[0043] In preferred embodiments of their invention, with respect to treating, slowing the
progression of, delaying the onset of or preventing type 1 diabetes or disorder, the subject has

retained at least 95%, 90%, 80%, 70%, 60%, 50%, 40%, 30% or 20% B-cell function prior to
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initiation of treatment and, in some embodiments, -cell function improves over pre-treatment
levels by at least 5%, 10%, 20%, 30% or 40%.

[0044] In certain embodiments, the predisposition for development of Type I diabetes
manifests as an impaired fasting glucose level, i.e., at least one determination of a glucose level
of 100-125 mg/dL after fasting (eight hours without food), or is an impaired glucose tolerance in
response to a 75 gram oral glucose tolerance test (OGTT), i.e., at least one determination of a 2-
hour glucose level of 140-199 mg/dL in response to a 75 OGTT. In other embodiments, the
subjects are positive for one or more autoantibodies reactive against islet cell antigens, such as,
GAD antibodies, such as GAD 65 and/or GAD 67, IA-2 or anti-insulin antibodies. In other
embodiments, the predisposition for development of type 1 diabetes is having a first or second
degree relative who is a diagnosed type 1 diabetic. In certain embodiments, the predisposition is
positive diagnosis in the patient or in a first or second degree relative according to art accepted
criteria of at least one other autoimmune disorder including, but not limited to, thyroid disease,
type 1 diabetes, rheumatoid arthritis, systemic lupus erythematosus, multiple endocrine
adenopathy, and celiac disease. In some embodiments, the autoimmune disorder is a MHC DR3-
and/or a DR4- related autoimmune disease.

[0045] With respect to treatment of type 1 diabetes in a diagnosed patient, and the
prevention/delay of symptoms thereof in a predisposed individual, the anti-human CD3 antibody
with reduced toxicity is administered to achieve, or maintain a level of glycosylated hemoglobin
(HA1 or HAlc) of less than 8%, less than 7.5%, less than 7%, less than 6.5% , less than 6%, less
than 5.5% or 5% or less. At the initiation of treatment, patients preferably, have a HA1 or HAlc
level of less than 8%, less than 7.5%, less than 7%, less than 6.5%, less than 6%, or, more
preferably, from 4%-6% (preferably, measured in the absence of other treatment for diabetes,
such as administration of exogenous insulin).

[0046] In certain embodiments, one or more CD3 binding molecules (e.g., one or more
anti-human CD3 antibodies) are administered to prevent a reduction of B-cell mass associated
with autoimmune diabetes. In some embodiments, after one or more courses of treatment with
an anti-human CD3 antibody according to the invention, the level of B-cell mass of the patient
decreases by less than 1%, less than 5%, less than 10%, less than 20%, less than 30%, less than
40%, less than 50%, less than 60%, or less than 70% of the pretreatment levels of at least 3

months, at least 6 months, at least 9 months, at least 1 year, at least 18 months, at least 2 years, at
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least 3 years, at least 5 years, at least 7 years or at least 10 years after initial treatment. In yet
another embodiment of the invention, after one or more courses of treatment with an anti-CD3
antibody according to the invention, the level of B-cell mass of the patient is maintained at least
99%, at least 95%, at least 90%, at least 80%, at least 70%, at least 60%, at least 50%, at least
40%, or at least 30% of pretreatment levels for at least 4 months, at least 6 months, at least 9
months, at least 12 months, at least 18 months, at least 24 months, at least 30 months, at least 3
years, at least 5 years, or at least 10 years after the first round of treatment.

[0047] In another embodiment of the invention, with respect to the treatment of type 1
diabetes, after one or more courses of treatment with an anti-CD3 antibody according to the
invention the level of B-cell function of the patient is maintained at least 99%, at least 95%, at
least 90%, at least 80%, at least 70%, at least 60%, or at least 50% of pretreatment levels for at
least 4 months, at least 6 months, at least 9 months, at least 12 months, at least 18 months, at
least 24 months, or at least 30 months after the end of treatment or after the first round of
treatment and the mean lymphocyte count of the patient is not less than 800 cells/ml, less than
750 cells/ml, less than 700 cells/ml, less than 650 cells/ml, less than 600 cells/ml, less than 550
cells/ml, less than 500 cells/ml, less than 400 cells/ml, less than 300 cells/ml or less than 200
cells/ml at the same time period. In another embodiment of the invention, after a course of
treatment with an anti-CD3 antibody according to the invention, the level of B-cell function of
the patient is maintained at at least 99%, at least 95%, at least 90%, at least 80%, at least 70%, at
least 60%, or at least 50% of pretreatment levels for at least 4 months, at least 6 months, at least
9 months, at least 12 months, at least 18 months, at least 24 months, or at least 30 months after
the end of treatment and the mean platelet count of the patient is not less than 100,000,000
platelets/ml, less than 75,000,000 platelets/ml, less than 50,000,000 platelets/ml, less than
25,000,000 platelets/ml, less than 1,000,000 platelets/ml, less than 750,000 platelets/ml, less than
500,000 platelets/ml, less than 250,000 platelets/ml, less than 150,000 platelets/ml or less than
100,000 platelets/ml.

[0048] The administration of the anti-CD3 antibodies prevents damage to islet cells,
thereby delaying onset of the disease or, once diagnosable disease occurs, disease progression,
reducing and/or delaying the need for insulin administration. In addition, the invention provides
methods of treatment such that a single round of treatment or round of treatment every 6 months,

every 9 months, every 12 months, every 15 months, every 18 months, or every 24 months with
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an anti-CD3 antibody (preferably, without any intervening treatment with anti-CD3 antibodies),
results in a level of HA1 or HAlc that is 7% or less, 6.5% or less, 6% or less, 5.5% or less, or
5% or less 6 months, 9 months, 12 months, 15 months, 18 months, or 24 months after the
previous round of treatment or the first round of treatment. Specifically, in such methods of the
invention a single round of treatment or round of treatment every 6 months, every 9 months,
every 12 months, every 15 months, every 18 months, or every 24 months with an anti-CD3
antibody (preferably, without any intervening treatment with anti-human CD3 antibodies),
decreases the average level of HA1 or HAlc in the patient by about 5%, about 10%, about 15%,
about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about 55%,
about 60%, about 65% or about 70% as compared to pre-treatment levels at 6 months, 9 months,
12 months, 15 months, 18 months, or 24 months after the previous round of treatment or first
round of treatment. In addition, after treatment with a CD3 antibody according to the invention
in a single round of treatment or a round of treatment repeated every 6 months, every 9 months,
every 12 months, every 15 months, every 18 months, or every 24 months (preferably, without
any intervening treatment with anti-human CD3 antibodies), the average level of HA1 or HAlc
in the patient only increases by about 0.5%, about 1%, about 2.5%, about 5%, about 10%, about
15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, or about 50% as
compared to pre-treatment levels at 6 months, 9 months, 12 months, 15 months, 18 months, or 24
months after the previous round of treatment or the first round of treatment. In other
embodiments, after a single round of treatment or rounds of treatment every 6 months, every 9
months, every 12 months, every 15 months, every 18 months, or every 24 months with an anti-
human CD3 antibody according to the methods of the invention (preferably, without any
intervening treatment with anti-human CD3 antibodies), the average level of HA1 or HAlc in
the patient is greater than about 10%, about 20%, about 30%, about 40%, about 50%, about 60%,
about 70% or greater than about 100% less than the levels in a patient that initiated conventional
treatment with similar clinical parameters and was administered conventional treatment after the
same amount of time, which levels were determined at 6 months, 9 months, 12 months, 15
months, 18 months, or 24 months after the previous round of treatment or the first round of
treatment.

[0049] In another embodiment, the anti-human CD3 antibody is administered to achieve,

or maintain the C-peptide response in a subject who has been diagnosed with autoimmune
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diabetes, or has a predisposition thereto, as determined by a mixed-meal tolerance test (MMTT),
oral glucose tolerance test (OGTT), intravenous tolerance test (IGTT) or two-phase glucose
clamp procedure. In preferred embodiments, the patients have a C-peptide response to MMTT,
OGTT, IGTT, or two-phase glucose clamp procedure (preferably MMTT) resulting in an area
under curve (AUC) of at least 80 pmol/ml/240 min., preferably, at least 90 pmol/m1/240 min.,
more preferably at least 100 pmol/ml/240 min., or even at least 110 pmol/ml/240 min. In
addition, the invention provides methods of treatment such that after a single round of treatment
or treatment every 6 months, every 9 months, every 12 months, every 15 months, every 18
months, or every 24 months with an anti-human CD3 antibody (preferably, without any
intervening treatment with anti-human CD3 antibodies), the level of C-peptide response in the
patient is at least 99%, at least 98%, at least 95%, at least 90%, at least 85%, at least 80%, at
least 75%, at least 70%, at least 65% or at least 60% of the pre-treatment response as determined
at 6 months, 9 months, 12 months, 15 months, 18 months, or 24 months after the previous round
of treatment or the first round of treatment. Specifically, in such methods of the invention, after
a single round of treatment or round of treatment every 6 months, every 9 months, every 12
months, every 15 months, every 18 months, or every 24 months with an anti-human CD3
antibody according to methods of the invention (preferably, without any intervening treatment
with anti-human CD3 antibodies), the average level of C-peptide response to a MMTT, OGTT,
IGTT, or two-phase glucose clamp procedure in the patient decreases by less than 1%, less than
5%, less than 10%, less than 20%, less than 30%, less than 40%, less than 50% of the pre-
treatment levels as determined at 6 months, 9 months, 12 months, 15 months, 18 months, or 24
months after the previous round of treatment or the first round of treatment. In addition, after a
single round of treatment or round of treatment every 6 months, every 9 months, every 12
months, every 15 months, every 18 months, or every 24 months with an anti-human CD3
antibody according to methods of the invention (preferably, without any intervening treatment
with anti-human CD3 antibodies), the average level of C-peptide response to a MMTT, OGTT,
IGTT or two-phase glucose clamp procedure in the patient is at least 10%, 20%, 30%, 40%,
50%, 70% or 100% greater than the levels in a patient who initiated conventional diabetes
therapy with similar clinical parameters and was administered conventional diabetes therapy

over the 6 month, 9 month, 12 month, 15 month or 18 month period or who did not receive any
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therapy, said peptide response being determined at 6 months, 9 months, 12 months, 15 months,
18 months, or 24 months after the previous treatment.

[0050] In specific embodiments, after a single round of treatment or round of treatment
every 6 months, every 9 months, every 12 months, every 15 months, every 18 months, or every
24 months with an anti-human CD3 antibody according to the methods of the invention
(preferably, without any intervening treatment with anti-human CD3 antibodies), the patients
diagnosed with autoimmune diabetes, or having a predisposition thereto, have a C-peptide
response to MMTT, OGTT, IGTT or two-phase glucose clamp procedure (preferably, MMTT)
resulting in an AUC of at least 40 pmol/ml/240 min., 50 pmol/ml/240 min, 60 pmol/ml/240 min,
70 pmol/ml/240 min., 80 pmol/ml/240 min., preferably, at least 90 pmol/ml/240 min., more
preferably at least 100 pmol/ml/240 min., or even at least 110 pmol/ml/240 min, said response
determined 6 months, 9 months, 12 months, 15 months, 18 months, or 24 months after the
previous round of treatment or after the previous round of treatment.

[0051] The determination of C-peptide response is a measure of B-cell function as is
known to one skilled in the art. In other embodiments, B-cell function or residual B-cell function
is determined by First-Phase Insulin Release (FPIR). In preferred embodiments, the patients
prior to treatment with an anti-human CD3 antibody according to the invention have a FPIR of at
least 300 pmol/l, at least 350 pmol/l ,at least 400 pmol/l, at least 450 pmol/], at least S00 pmol/l,
preferably, at least 550 pmol/l, more preferably at least 600 pmol/l, or even at least 700 pmol/l.
In addition, the invention provides methods of treatment such that after a single round of
treatment or a round of treatment every 6 months, every 9 months, every 12 months, every 15
months, every 18 months, or every 24 months with an anti-human CD3 antibody according to the
methods of the invention (preferably, without any intervening treatment with anti-human CD3
antibodies), the FPIR is at least 99%, at least 98%, at least 95%, at least 90%, at least 85%, at
least 80%, at least 75%, at least 70%, at least 65% or at least 60% of the pre-treatment response,
said FPIR determined 6 months, 9 months, 12 months, 15 months, 18 months, or 24 months after
the previous treatment or initial treatment. Specifically, in such methods of the invention, after a
single round of treatment or round of treatment every 6 months, every 9 months, every 12
months, every 15 months, every 18 months, or every 24 months with an anti-human CD3
antibody according to the methods of the invention (preferably, without any intervening

treatment with anti-human CD3 antibodies), the average FPIR in the patient decreases by less

-2



WO 2007/147090 PCT/US2007/071275

than 1%, less than 5%, less than 10%, less than 20%, less than 30%, less than 40%, less than
50% of the pre-treatment levels, said FPIR determined 6 months, 9 months, 12 months, 15
months, 18 months, or 24 months after the previous treatment. In addition, after a single round
of treatment or round of treatment every 6 months, every 9 months, every 12 months, every 15
months, every 18 months, or every 24 months with an anti-human CD3 antibody according to the
methods of the invention (preferably, without any intervening treatment with anti-human CD3
antibodies), the average FPIR in the patient is at least 10%, 20%, 30%, 40%, 50%, 70% or 100%
greater than the levels in a patient who initiated conventional diabetes therapy with similar
clinical parameters and was administered conventional diabetes therapy over the 6 month, 9
month, 12 month, 15 month or 18 month period, said FPIR determined 6 months, 9 months, 12
months, 15 months, 18 months, or 24 months after the previous treatment or initial round of
treatment. In specific embodiments, after a single round of treatment or round of treatment every
6 months, every 9 months, every 12 months, every 15 months, every 18 months, or every 24
months with an anti-human CD3 antibody according to the methods of the invention (preferably,
without any intervening treatment with anti-human CD3 antibodies), the patients have a FPIR of
at least 300 pmol/l, at least 400 pmol/l, preferably, at least 500 pmol/l, more preferably at least
600 pmol/l, or even at least 700 pmol/l, said FPIR determined at 6 months, 9 months, 12 months,
15 months, 18 months, or 24 months after the previous round of treatment or initial round of
treatment.

[0052] In other specific embodiments of the invention with respect to the treatment of
type 1 diabetes, at the initiation of treatment, the subject does not require administration of
insulin or requires less than 1 U/kg/day, preferably less than 0.5 u/kg/day, even more preferably
less than 0.25 U/kg/day, and even more preferably less than 0.1 U/kg/day. In certain
embodiments, a single treatment or round of treatment every 6 months, every 9 months, every 12
months, every 15 months, every 18 months, or every 24 months with an anti-human CD3
antibody according to the methods of the invention (preferably, without any intervening
treatment with anti-human CD3 antibodies), prevents the requirement for administration of
insulin or delays the need to administer insulin by at least 6 months, at least 1 year, at least 18
months, at least 2 years, at least 30 months, at least 3 years, at least 5 years, at least 7 years or at
least 10 years (on average for a population of type 1 diabetes patients). In other embodiments, a

single treatment or round of treatment every 6 months, every 9 months, every 12 months, every
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15 months, every 18 months, or every 24 months with an anti-human CD3 antibody according to
the methods of the invention (preferably, without any intervening tréatment with anti-human
CD3 antibodies), results in either a decrease (for example, of 10%, 20%, 30%, 40%, or 50%) in
the amount of insulin required on average per day, or no change in the average amount of insulin
required per day, or an increase of less than 1%, less than 5%, less than 10%, less than 20% or
less than 30% of insulin administered, on average, per day as compared to the pre-treatment
average dose of insulin per day. In certain embodiments, a single round of treatvment or round of
treatment every 6 months, every 9 months, every 12 months, every 15 months, every 18 months,
or every 24 months with an anti-human CD3 antibody according to the methods of the invention
(preferably, without any intervening treatment with anti-human CD3 antibodies), results in an
average daily dose of insulin that is 10%, 20%, 50%, 75%, 90%, 99% less than the average daily
dose of insulin required for a patient similarly situated (i.e., similar chemical parameters at the
beginning of the month or year period) that had not received the anti-human CD3 antibody
treatment.

[0053] In other embodiments, with respect to the treatment of a subject diagnosed with
autoimmune diabetes, or has a predisposition thereto, the methods of the invention result in a
reduction in hypoglycemic episodes by 1, 2, 3, 4, 5, 6 or more episodes in a one-day, two-day, 5-
day, 10-day or 15-day period as compared to similarly situated patients not having been
administered the anti-human CD3 antibody according to the invention.

[0054] In specific embodiments, the subject has received transplanted islet cells and is
administered a prophylactically or therapeutically effective amount of the anti-CD3 antibody
according to the methods of the invention. In a specific embodiment, the subject having received
transplanted islet cells is an adult. In other specific embodiments, the subject having received the
transplanted islet cells is younger than 21 years of age or is younger than 18 years of age.

[0055] With respect to the treatment of multiple sclerosis, the anti-CD3 antibody is
administered to achieve or maintain a disability score according to the Kurtzke Expanded
Disability Scale (EDSS) of 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5,
or 9.0. In addition, the invention provides methods such that after a single treatment or treatment
every 6 months, every 9 months, every 12 months, every 15 months, every 18 months, every 2
years, every 2.5 years or every 3 years with an anti-CD3 antibody according to the methods of

the invention (preferably, without any intervening treatment with anti-CD3 antibodies), the

-24 -



WO 2007/147090 PCT/US2007/071275

EDSS score is the same, not more than one-half step, not more than one step, not more than one
and one-half steps, not more than two steps, not more than two and one-half steps, not more than
three steps, not more than three and one-half steps, not more than four steps, not more than four
an one-half steps, not more than more than five steps, not more than five and one-half steps, not
more than six steps, not more than six and one-half steps, not more than seven steps, not more
than seven and one-half steps, not more than eight steps, or not more than eight and one-half
steps greater that the pretreatment EDSS score, said score determined 6 months, 9 months, 12
months, 15 months, 18 months, or 24 months after the previous treatment. Specifically, in such
methods of the invention, after a single treatment or treatment every 6 months, every 9 months,
every 12 months, every 15 months, every 18 months, every 2 years, every 2.5 years or every 3
years with an anti-CD3 antibody according to the methods of the invention (preferably, without
any intervening treatment with anti-CD3 antibodies), the average EDSS score of the patient
increases by no more than one-half step, one step, one and one-half steps, two steps, two and
one-half steps, three steps, three and one-half steps, four steps, four an one-half steps, five steps,
five and one-half steps, six steps, six and one-half steps, seven steps, seven and one-half steps,
eight steps, or eight and one-half steps relative to the pre-treatment score, said score determined
6 months, 9 months, 12 months, 15 months, 18 months, or 24 months after the previous
treatment. In addition, after a single treatment or treatment every 6 months, every 9 months,
every 12 months, every 15 months, every 18 months, every 2 years, every 2.5 years or every 3
years with an anti-CD3 antibody according to the methods of the invention (preferably, without
any intervening treatment with anti-CD3 antibodies), the average EDSS score in the patient is at
least one-half step, one step, one and one-half steps, two steps, two and one-half steps, three
steps, three and one-half steps, four steps, four an one-half steps, five steps, five and one-half
steps, six steps, six and one-half steps, seven steps, seven and one-half steps, eight steps, or eight
and one-half lower than the score in a patient who initiated conventional multiple sclerosis
therapy with similar clinical parameters and was administered conventional multiple sclerosis
therapy over the 6 months, 9 months, 12 months, 15 months, 18 months, 2 year, 2.5 year or 3
year period, said score determined 6 months, 9 months, 12 months, 15 months, 18 months, or 24
months after the previous treatment. In specific embodiments, 6 months, 9 months, 12 months,

15 months, 18 months, 2 years, 2.5 years or 3 years after treatment (preferably, without any
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intervening treatment with anti-CD3 antibodies), the patients have an EDSS score of at least 1.0,
1.5,2.0,25,3.0,3.5,4.0,4.5,5.0,5.5,6.0,6.5,7.0,7.5, 8.0, 8.5, or 9.0.

[0056] In specific embodiments of the invention, patients diagnosed with multiple
sclerosis (e.g., according to McDonald criteria), and prior to administration of the anti-CD3
antibody of the invention have an EDSS score of at least 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0,
5.5,6.0,6.5,7.0,7.5, 8.0,8.5,9.0 or 9.5.

[0057] In other embodiments with respect to the treatment of multiple sclerosis, the anti-
CD3 antibody is administered to achieve reduction in the frequency, duration and/or severity of
the MS attacks relative to the same patient prior to therapy. In addition, the invention provides
methods of treatment such that after a single treatment or treatment every 6 months, every 9
months, every 12 months, every 15 months, every 18 months, every 2 years, every 2.5 years or
every 3 years with an anti-CD3 antibody according to the methods of the invention (preferably,
without any intervening treatment with anti-CD3 antibodies), the frequency, duration and/or
severity of the MS attacks are reduced by 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or
90% relative to pretreatment levels, said determinations made 6 months, 9 months, 12 months,
15 months, 18 months, or 24 months after the previous treatment. Specifically, in such methods
of the invention, after a single treatment or treatment every 6 months, every 9 months, every 12
months, every 15 months, every 18 months, every 2 years, every 2.5 years or every 3 years with
an anti-CD3 antibody according to the methods of the invention (preferably, without any
intervening treatment with anti-CD3 antibodies), the frequency, severity and/or duration of the
MS attacks of the patient increase by no more than 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, or 90% relative to pretreatment conditions, said determinations made at 6 months, 9
months, 12 months, 15 months, 18 months, or 24 months after the previous treatment. In
addition, after a single treatment or treatment every 6 months, every 9 months, every 12 months,
every 15 months, every 18 months, every 2 years, every 2.5 years or every 3 years with an anti-
CD3 antibody according to the methods of the invention (preferably, without any intervening
treatment with anti-CD3 antibodies), the average frequency, severity and/or duration of the MS
attacks is reduced relative to a patient who initiated conventional multiple sclerosis therapy with
similar clinical parameters and was administered conventional multiple sclerosis therapy over the

6 months, 9 months, 12 months, 15 months, 18 months, 2 year, 2.5 year or 3 year period, said
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determination made at 6 months, 9 months, 12 months, 15 months, 18 months, or 24 months
after the previous treatment.

[0058] In other embodiments with respect to the treatment of psoriasis, the anti-CD3
antibody is administered to achieve a reduction in the subject’s Psoriasis Area and Severity Index
(PASI) score by at least 20%, at least 35%, at least 30%, at least 40%, at least 45%, at least 50%,
at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, or at least 85%
relative to pretreatment conditions, said determinations made at 6 months, 9 months, 12 months,
15 months, 18 months, or 24 months after the previous treatment.. Alternatively, the methods of
the invention improve the global assessment score of a subject by at least 25%, at least 35%, at
least 30%, at least 40%, at least 45%, at least S0%, at least S5%, at least 60%, at least 65%, at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, or at least 95% relative to
pretreatment conditions, said determinations made at 6 months, 9 months, 12 months, 15 months,
18 months, or 24 months after the previous treatment.

[0059] In other embodiments with respect to the treatment of rheumatoid arthritis, the
anti-CD3 antibody is administered to achieve an improvement in the subject’s condition as
assessed by any arthritis severity scale known in the art (e.g., rheumatoid arthritis severity scale
(RASS)) by at least 25%, at least 35%, at least 30%, at least 40%, at least 45%, at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, or at least 100% relative to pretreatment conditions, said determinations
made at 6 months, 9 months, 12 months, 15 months, 18 months, or 24 months after the previous
treatment.

[0060] In certain embodiments, diagnosis of an autoimmune disorder or manifestation of
a predisposition of an autoimmune disorder is based on the detection of cytotoxic T-lymphocytes
(“CTLs”) that recognize donor specific antigens (i.e., autoreactive CTLs) in the peripheral blood
of the subject and/or target tissue of the immune disorder. In certain embodiments, the anti-CD3
antibody of the invention is administered to achieve a reduction by at least 10%, at least 20%, at
least 35%, at least 30%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%, or at least 85% in absolute number, or
proportion, of the subject’s autoreactive CTLs as determined by immunospot assay (e.g.,
ELISPOT) relative to the pretreatment condition, said determinations made at 6 months, 9

months, 12 months, 15 months, 18 months, or 24 months after the previous treatment.
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[0061] In preferred embodiments, the patient is under 21 years of age, 18 years of age,
under 15 years of age, under 12 years of age, under 9 years of age, or under 5 years of age or
from infancy to 3 years of age, from 2 to 5 years of age, from 5 to 9 years of age, from 9 to 12
years of age, from 12 to 20 years of age. In other embodiments, the patient is an adult.

[0062] The invention also provides combination therapy methods. The methods of the
invention can be carried out in combination with any standard treatment for the particular
indication, such as standard immunosuppressant and/or anti-inflammatory treatments
administered for the treatment or amelioration of autoimmune diseases. For example, with
respect to the treatment of Type 1 diabetes, the anti-human CD3 antibody therapy of the
invention may be administered along with other therapies for diabetes, such as, but not limited
to, administration of insulin, exenatide, pramlintide or a combination thereof. With respect to the
treatment of multiple sclerosis, the anti-human CD3 antibody therapy of the invention may be
administered with other therapies known in the art for the treatment of multiple sclerosis, such
as, but not limited to, administration of beta interferon (e.g., AVONEX®, BETASERON®,
REBIF®), immunosuppressant (e.g., mitoxantrone), myelin basic protein copolymer 1 (e.g.,
COPAXONE®), or a combination thereof. The CD3 antibodies of the invention may further be
administered with other therapies such as anti IL-2 antibodies, cytokine antagonists, and steroidal
therapies (for example, but not limited to, glucocorticoids, dexamethasone, cortisone,
hydrocortisone, prednisone, prednisolone, triamcinolone, azulfidine, etc.), non-steroidal anti-
inflammatories (NSAIDS), such as, but not limited to aspirin, ibuprofen, diclofenac, etodolac,
fenoprofen, indomethacin, ketolorac, oxaprozin, nabumetone, sulindac, tolmentin, naproxen, or
ketoprofen, immunosuppressants, such as, methotrexate or cyclosporin, and TNF-a inhibitors
such as, but not limited to, etanercept and infliximab. In certain embodiments of the invention,
subjects which have become refractory to conventional treatments are treated using methods of
the invention. In certain embodiments, the anti-human CD3 antibody is administered in
combination with one or more islet cell antigens, such as GAD, IA-2 or other antigens which are
bound by autoantigens found in patients with type 1 diabetes.

[0063] The invention, in other embodiments, provides methods of producing anti-human
CD3 antibodies, particularly OKT3 derived antibodies, such as, but not limited to, humanized
OKTy1 (ala-ala), in CHO cells. In particular embodiments, the invention provides methods of

producing anti-human CD3 antibodies comprising (a) culturing CHO cells that have been
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transfected with the expression vector pMGX 1303, or progeny thereof, in media under
conditions suitable for expression of said anti-human CD3 antibody; and (b) recovering said anti-

human CD3 antibody from said media.

3.1 TERMINOLOGY

[0064] As used herein, the term “about” or “approximately,” when used in conjunction

with a number, refers to any number within 1, 5 or 10% of the referenced number or within
experimental error typical of methods used for measurement.

[0065] As used herein, the term “analog” in the context of polypeptides refers to a
polypeptide that possesses a similar or identical function as a second polypeptide but does not
necessarily comprise a similar or identical amino acid sequence of the second polypeptide, or
possess a similar or identical structure of the second polypeptide. A polypeptide that has a
similar amino acid sequence refers to a second polypeptide that satisfies at least one of the
following: (a) a polypeptide having an amino acid sequence that is at least 30%, at least 35%, at
least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95% or at least 99% identical to the
amino acid sequence of a second polypeptide; (b) a polypeptide encoded by a nucleotide
sequence that hybridizes under stringent conditions to a nucleotide sequence encoding a second
polypeptide of at least 5 contiguous amino acid residues, at least 10 contiguous amino acid
residues, at least 15 contiguous amino acid residues, at least 20 contiguous amino acid residues,
at least 25 contiguous amino acid residues, at least 40 contiguous amino acid residues, at least 50
contiguous amino acid residues, at least 60 contiguous amino residues, at least 70 contiguous
amino acid residues, at least 80 contiguous amino acid residues, at least 90 contiguous amino
acid residues, at least 100 contiguous amino acid residues, at least 125 contiguous amino acid
residues, or at least 150 contiguous amino acid residues; and (c) a polypeptide encoded by a
nucleotide sequence that is at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95% or at least 99% identical to the nucleotide sequence encoding a second
polypeptide. A polypeptide with similar structure to a second polypeptide refers to a polypeptide
that has a similar secondary, tertiary or quaternary structure to the second polypeptide. The

structure of a polypeptide can be determined by methods known to those skilled in the art,
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including but not limited to, peptide sequencing, X-ray crystallography, nuclear magnetic
resonance, circular dichroism, and crystallographic electron microscopy.

[0066] To determine the percent identity of two amino acid sequences or of two nucleic
acid sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps can be
introduced in the sequence of a first amino acid or nucleic acid sequence for optimal alignment
with a second amino acid or nucleic acid sequence). The amino acid residues or nucleotides at
corresponding amino acid positions or nucleotide positions are then compared. When a position
in the first sequence is occupied by the same amino acid residue or nucleotide as the
corresponding position in the second sequence, then the molecules are identical at that position.
The percent identity between the two sequences is a function of the number of identical positions
shared by the sequences (i.e., % identity = number of identical overlapping positions/total
number of positions x 100%). In one embodiment, the two sequences are the same length.
[0067] The determination of percent identity between two sequences can also be
accomplished using a mathematical algorithm. A preferred, non-limiting example of a
mathematical algorithm utilized for the comparison of two sequences is the algorithm of Karlin
and Altschul, 1990, Proc. Natl. Acad. Sci. U.S.A. 87:2264-2268, modified as in Karlin and
Altschul, 1993, Proc. Natl. Acad. Sci. U.S.A. 90:5873-5877. Such an algorithm is incorporated
into the NBLAST and XBLAST programs of Altschul et al., 1990, J. Mol. Biol. 215:403.
BLAST nucleotide searches can be performed with the NBLAST nucleotide program parameters
set, e.g., for score=100, wordlength=12 to obtain nucleotide sequences homologous to a nucleic
acid molecules of the present invention. BLAST protein searches can be performed with the
XBLAST program parameters set, e.g., to score-50, wordlength=3 to obtain amino acid
sequences homologous to a protein molecule of the present invention. To obtain gapped
alignments for comparison purposes, Gapped BLAST can be utilized as described in Altschul et
al., 1997, Nucleic Acids Res. 25:3389-3402. Alternatively, PSI-BLAST can be used to perform
an iterated search which detects distant relationships between molecules (Id.). When utilizing
BLAST, Gapped BLAST, and PSI-Blast programs, the default parameters of the respective
programs (e.g., of XBLAST and NBLAST) can be used (see, e.g., the NCBI website). Another
preferred, non-limiting example of a mathematical algorithm utilized for the comparison of
sequences is the algorithm of Myers and Miller, 1988, CABIOS 4:11-17. Such an algorithm is
incorporated in the ALIGN program (version 2.0) which is part of the GCG sequence alignment
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software package. When utilizing the ALIGN program for comparing amino acid sequences, a
PAM120 weight residue table, a gap length penalty of 12, and a gap penalty of 4 can be used.
[0068] The percent identity between two sequences can be determined using techniques
similar to those described above, with or without allowing gaps. In calculating percent identity,
typically only exact matches are counted.

[0069] As used herein, the term “analog” in the context of a non-proteinaceous analog
refers to a second organic or inorganic molecule which possess a similar or identical function as
a first organic or inorganic molecule and is structurally similar to the first organic or inorganic
molecule.

[0070] As used herein, the terms “antagonist” and “antagonists” refer to any protein,
polypeptide, peptide, antibody, antibody fragment, large molecule, or small molecule (less than
10 kD) that blocks, inhibits, reduces or neutralizes the function, activity and/or expression of
another molecule. In various embodiments, an antagonist reduces the function, activity and/or
expression of another molecule by at least 10%, at least 15%, at least 20%, at least 25%, at least
30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least
65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95% or at least
99% relative to a control such as phosphate buffered saline (PBS).

[0071] As used herein, the terms “antibody” and “antibodies” refer to monoclonal
antibodies, multispecific antibodies, human antibodies, humanized antibodies, chimeric
antibodies, single-chain Fvs (scFv), single chain antibodies, Fab fragments, F(ab’) fragments,
disulfide-linked Fvs (sdFv), and anti-idiotypic (anti-Id) antibodies (including, e.g., anti-1d
antibodies to antibodies of the invention), and epitope-binding fragments of any of the above. In
particular, antibodies include immunoglobulin molecules and immunologically active fragments
of immunoglobulin molecules, i.e., molecules that contain an antigen binding site.
Immunoglobulin molecules can be of any type (e.g., IgG, IgE, IgM, IgD, IgA and IgY), class
(e.g., 1gGy, 1gG,, IgGs, IgGy, IgA, and IgA») or subclass.

[0072] As used herein, the term “C-peptide” refers to a 31-amino acid peptide cleaved
from proinsulin as it is converted to insulin. Proinsulin consists of an A chain, a connecting
peptide (C-peptide), and a B chain. After proinsulin is cleaved, C-peptide remains in the

secretory granules of beta cells in the pancreas with insulin and is cosecreted with insulin in
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response to glucose stimulation. C-peptide is thus released from the pancreas in equi-molar
amounts with insulin and may be used as a marker of endogenous insulin production.

[0073] As used herein, the term “derivative” in the context of polypeptides refers to a
polypeptide that comprises an amino acid sequence which has been altered by the introduction of
amino acid residue substitutions, deletions or additions. The term “derivative” as used herein
also refers to a polypeptide that has been modified, i.e, by the covalent attachment of any type of
molecule to the polypeptide. For example, but not by way of limitation, an antibody may be
modified, e.g., by glycosylation, acetylation, pegylation, phosphorylation, amidation,
derivatization by known protecting/blocking groups, proteolytic cleavage, linkage to a cellular
ligand or other protein, etc. A derivative polypeptide may be produced by chemical
modifications using techniques known to those of skill in the art, including, but not limited to
specific chemical cleavage, acetylation, formylation, metabolic synthesis of tunicamycin, etc.
Further, a derivative polypeptide may contain one or more non-classical amino acids. A
polypeptide derivative possesses a similar or identical function as the polypeptide from which it
was derived.

[0074] As used herein, the terms “disorder” and “disease” are used interchangeably to
refer to a condition in a subject. In particular, the term “autoimmune disease” is used
interchangeably with the term “autoimmune disorder” to refer to a condition in a subject
characterized by cellular, tissue and/or organ injury caused by an immunologic reaction of the
subject to its own cells, tissues and/or organs.

[0075] As used herein, the term “epitopes” refers to fragments of a polypeptide or protein
having antigenic or immunogenic activity in an animal, preferably in a mammal, and most
preferably in a human. An epitope having immunogenic activity is a fragment of a polypeptide
or protein that elicits an antibody response in an animal. An epitope having antigenic activity is
a fragment of a polypeptide or protein to which an antibody i‘mmunospecifically binds as
determined by any method well-known to one of skill in the art, for example by immunoassays.
Antigenic epitopes need not necessarily be immunogenic.

[0076] As used herein, the term “Fc region” is used to define a C-terminal region of an
IgG heavy chain. Although the boundaries may vary slightly, the human IgG heavy chain Fc
region is defined to stretch from Cys226 to the carboxy terminus. The Fc region of an IgG

comprises two constant domains, CH2 and CH3. The CH2 domain of a human IgG Fc region
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usually extends from amino acids 231 to amino acid 341. The CH3 domain of a human IgG Fc
region usually extends from amino acids 342 to 447. The Fc region of an IgG comprises two
constant domains, CH2 and CH3. The CH2 domain of a human IgG Fc region (also referred to
as “Cy2” domain) usually extends from amino acid 231-340. The CH2 domain is unique in that
it is not closely paired with another domain. Rather, two N-linked branched carbohydrate chains
are interposed between the two CH2 domains of an intact native IgG.

[0077] Throughout the present specification, the numbering of the residues in an IgG
heavy chain is that of the EU index as in Kabat et al., Sequences of Proteins of Immunological
Interest, 5" Ed. Public Health Service, NH1, MD (1991), expressly incorporated herein by
references. The “EU index as in Kabat” refers to the numbering of the human IgG1 EU
antibody.

[0078] The “hinge region” is generally defined as stretching from Glu216 to Pro230 of
human IgG1. Hinge regions of other IgG isotypes may be aligned with the IgG1 sequence by
placing the first and last cysteine residues forming inter-heavy chain S-S binds in the same
positions.

[0079] As used herein, the term “fragment” refers to a peptide or polypeptide comprising
an amino acid sequence of at least 5 contiguous amino acid residues, at least 10 contiguous
amino acid residues, at least 15 contiguous amino acid residues, at least 20 contiguous amino
acid residues, at least 25 contiguous amino acid residues, at least 40 contiguous amino acid
residues, at least 50 contiguous amino acid residues, at least 60 contiguous amino residues, at
least 70 contiguous amino acid residues, at least contiguous 80 amino acid residues, at least
contiguous 90 amino acid residues, at least contiguous 100 amino acid residues, at least
contiguous 125 amino acid residues, at least 150 contiguous amino acid residues, at least
contiguous 175 amino acid residues, at least contiguous 200 amino acid residues, or at least
contiguous 250 amino acid residues of the amino acid sequence of another polypeptide. In a
specific embodiment, a fragment of a polypeptide retains at least one function of the polypeptide.
[0080] As used herein, the term “functional fragment” refers to a peptide or polypeptide
comprising an amino acid sequence of at least 5 contiguous amino acid residues, at least 10
contiguous amino acid residues, at least 15 contiguous amino acid residues, at least 20
contiguous amino acid residues, at least 25 contiguous amino acid residues, at least 40

contiguous amino acid residues, at least 50 contiguous amino acid residues, at least 60
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contiguous amino residues, at least 70 contiguous amino acid residues, at least contiguous 80
amino acid residues, at least contiguous 90 amino acid residues, at least contiguous 100 amino
acid residues, at least contiguous 125 amino acid residues, at least 150 contiguous amino acid
residues, at least contiguous 175 amino acid residues, at least contiguous 200 amino acid
residues, or at least contiguous 250 amino acid residues of the amino ac<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>