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FcyRIIB-SPECIFIC ANTIBODIES AND METHODS OF USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit of U.S. Provisional Patent Application Serial No.:

60/816,688, filed June 26, 2006, the contents of which are incorporated herein by reference for

all purposes.

1. FIELD OF THE INVENTION

[0002] The present invention relates to antibodies or fragments thereof that specifically

bind FcyRIIB, particularly human FcyRIIB, with greater affinity than said antibodies or
fragments thereof bind FcyRIIA, particularly human FcyRIIA. The present invention also
encompasses the use of an anti-FcyRIIB antibody or an antigen-binding fragment thereof, as a
single agent therapy for the treatment, prevention, management, or amelioration of a cancer,
preferably a B-cell malignancy, particularly, B-cell chronic lymphocytic leukemia or non-
Hodgkin’s lymphoma, an autoimmune disorder, an inflammatory disorder, an IgE-mediated
allergic disorder, or one or more symptoms thereof. The present invention also encompasses the
use of an anti-FcyRIIB antibody or an antigen-binding fragment thereof, in combination with
other cancer therapies. The present invention provides pharmaceutical compositions comprising
an anti-FcyRIIB antibody or an antigen-binding fragment thereof, in amounts effective to
prevent, treat, manage, or ameliorate a cancer, such as a B-cell malignancy, an autoimmune
disorder, an inflammatory disorder, an IgE-mediated allergic disorder, or one or more symptoms
thereof. The invention further provides methods of enhancing the therapeutic effect of
therapeutic antibodies by administering the antibodies of the invention to enhance the effector
function of the therapeutic antibodies. The invention also provides methods of enhancing
efficacy of a vaccine composition by administering the antibodies of the invention with a vaccine

composition.
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2. BACKGROUND OF THE INVENTION

2.1  Fc RECEPTORS AND THEIR ROLES IN THE IMMUNE SYSTEM

[0003] The interaction of antibody-antigen complexes with cells of the immune system

results in a wide array of responses, ranging from effector functions such as antibody-dependent
cell-mediated cytotoxicity, mast cell degranulation, and phagocytosis to immunomodulatory
signals such as regulating lymphocyte proliferation and antibody secretion. All these
interactions are initiated through the bihding of the Fc domain of antibodies or immune
complexes to specialized cell surface receptors on hematopoietic cells. The diversity of cellular
responses triggered by antibodies and immune complexes results from the structural
heterogeneity of Fc receptors. Fc receptors share structurally related ligand binding domains
which presumably mediate intracellular signaling.

[0004] The Fc receptors, members of the immunoglobulin gene superfamily of proteins,
are surface glycoproteins that can bind the Fc portion of immunoglobulin molecules. Each
member of the family recognizes immunoglobulins of one or more isotypes through a
recognition domain on the a chain of the Fc receptor. Fc receptors are defined by their
specificity for immunoglobulin subtypes. Fc receptors for IgG are referred to as FcyR, for IgE as
FceR, and for IgA as FcaR. Different accessory cells bear Fc receptors for antibodies of
different isotype, and the isotype of the antibody determines which accessory cells will be
engaged in a given response (reviewed by Ravetch J.V. et al. 1991, Annu. Rev. Immunol. 9;
457-92; Gerber J.S. et al. 2001 Microbes and Infection, 3: 131-139; Billadeau D.D. et al. 2002,
The Journal of Clinical Investigation, 2(109): 161-168l; Ravetch J.V. et al. 2000, Science, 290:
84-89; Ravetch J.V. et al., 2001 Annu. Rev. Immunol. 19:275-90; Ravetch J.V. 1994, Cell,
78(4): 553-60). The different Fc receptors, the cells that express them, and their isotype
specificity is summarized in Table 1 (adapted from Immunobiology: The Immune System in
Health and Disease, 4" ed. 1999, Elsevier Science Ltd/Garland Publishing, New York).

Fcy Receptors
[0005] Each member of this family is an integral membrane glycoprotein, possessing
extracellular domains related to a C2-set of immunoglobulin-related domains, a single membrane
spanning domain and an intracytoplasmic domain of variable length. There are three known
FcyRs, designated FcyRI(CD64), FcyR1I(CD32), and FcyRIII(CD16). The three receptors are

encoded by distinct genes; however, the extensive homology between the three family members

-2-
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suggest they arose from a common progenitor perhaps by gene duplication. This invention

specifically focuses on FcyRII(CD32).

FcyRII(CD32)
[0006] FcyRII proteins are 40 KDa integral membrane glycoproteins which bind only the
complexed IgG due to a low affinity for monomeric Ig (10°M™). This receptor is the most
widely expressed FcyR, present on all hematopoietic cells, including monocytes, macrophages,
B cells, NK cells, neutrophils, mast cells, and platelets. FcyRII has only two immunoglobulin-
like regions in its immunoglobulin binding chain and hence a much lower affinity for IgG than
FcyRI. There are three human FcyRII genes (FcyRII-A, FcyRII-B, FcyRII-C), all of which bind
IgG in aggregates or immune complexes.
[0007] Distinct differences within the cytoplasmic domains of FcyRII-A (CD32A) and
FcyRII-B (CD32B) create two functionally heterogeneous responses to receptor ligation. The
fundamental difference is that the A isoform initiates intracellular signaling leading to cell
activation such as phagocytosis and respiratory burst, whereas the B isoform initiates inhibitory

signals, e.g., inhibiting B-cell activation.

Signaling through FcyRs
[0008] Both activating and inhibitory signals are transduced through the FcyRs following
ligation. These diametrically opposing functions result from structural differences among the
different receptor isoforms. Two distinct domains within the cytoplasmic signaling domains of
the receptor called immunoreceptor tyrosine based activation motifs (ITAMSs) or
immunoreceptor tyrosine based inhibitory motifs (ITIMS) account for the different responses.
The recruitment of different cytoplasmic enzymes to these structures dictates the outcome of the
FcyR-mediated cellular responses. ITAM-containing FcyR complexes include FcyRI, FcyRIIA,
FcyRIIIA, whereas ITIM-containing complexes only include FcyRIIB.
[0009] Human neutrophils express the FcyRIIA gene. FcyRIIA clustering via immune
complexes or specific antibody cross-linking serves to aggregate ITAMs along with receptor-
associated kinases which facilitate ITAM phosphorylation. ITAM phosphorylation serves as a
docking site for Syk kinase, activation of which results in activation of downstream substrates
(e.g., PI3K). Cellular activation leads to release of proinflammatory mediators.
[0010] The FcyRIIB gene is expressed on B lymphocytes; its extracellular domain is 96%

identical to FcyRIIA and binds IgG complexes in an indistinguishable manner. The presence of
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an ITIM in the cytoplasmic domain of FcyRIIB defines this inhibitory subclass of FcyR.
Recently the molecular basis of this inhibition was established. When colligated along with an
activating FcyR, the ITIM in FcyRIIB becomes phosphorylated and attracts the SH2 domain of
the inositol polyphosphate 5’-phosphatase (SHIP), which hydrolyzes phosphoinositol
messengers released as a consequence of ITAM-containing FcyR- mediated tyrosine kinase
activation, consequently preventing the influx of intracellular Ca™. Thus, crosslinking of
FcyRIIB dampens the activating response to FcyR ligation and inhibits cellular responsiveness.

B cell activation, B cell proliferation and antibody secretion is thus aborted.
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2.2  DISEASES OF RELEVANCE
2.2.1 CANCER

[0011] A neoplasm, or tumor, is a neoplastic mass resulting from abnormal

uncontrolled cell growth which can be benign or malignant. Benign tumors generally remain
localized. Malignant tumors are collectively termed cancers. The term “malignant”
generally means that the tumor can invade and destroy neighboring body structures and
spread to distant sites to cause death (for review, see Robbins and Angell, 1976, Basic
Pathology, 2d Ed., W.B. Saunders Co., Philadelphia, pp. 68-122). Cancer can arise in many
sites of the body and behave differently depending upon its origin. Cancerous cells destroy
the part of the body in which they originate and then spread to other part(s) of the body where
they start new growth and cause more destruction.

[0012] More than 1.2 million Americans develop cancer each year. Cancer is the
second leading case of death in the United Statés and if current trends continue, cancer is
expected to be the leading cause of the death by the year 2010. Lung and prostate cancer are
the top cancer killers for men in the United States. Lung and breast cancer are the top cancer
killers for women in the United States. One in two men in the United States will be
diagnosed with cancer at some time during his lifetime. One in three women in the United
States will be diagnosed with cancer at some time during her lifetime. A cure for cancer has
yet to be found. Current treatment options, such as surgery, chemotherapy and radiation

treatment, are often times either ineffective or present serious side effects.

2.2.1.1 B-CELL MALIGNANCIES

[0013] B cell malignancies, including, but not limited to, B-cell lymphomas and

leukemias, are neoplastic diseases with significant incidence in the United States. There are
approximately 55,000 new lymphoma cases of per year in the U.S. (1998 data), with an
estimated 25,000 deaths per year. This represents 4% of cancer incidence and 4% of all
cancer-related deaths in the U.S. population. The revised European-American classification
of lymphoid neoplasms (1994 REAL classification, modified 1999) grouped lymphomas
based on their origin as either B cell lineage lymphoma, T cell lineage lymphoma, or
Hodgkin’s lymphoma. Lymphoma of the B cell lineage is the most common type of non-
Hodgkin’s lymphoma (NHL) diagnosed in the U.S. (Williams, Hematology 6" ed. (Beutler ez
al. Ed.), McGraw Hill 2001).

Chronic lymphocytic leukemia (CLL) is a neoplastic disease characterized by the

accumulation of small, mature-appearing lymphocytes in the blood, marrow, and lymphoid
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tissues. CLL has an incidence of 2.7 cases per 100,000 in the U.S. The risk increases
progressively with age, particularly in men. It accounts for 0.8% of all cancers and is the
most common adult leukemia, responsible for 30% of all leukemias. In nearly all cases
(>98%) the diseased cells belong to the B lymphocyte lineage. A non-leukemic variant,
small lymphocytic lymphoma, constitutes 5-10% of all lymphomas, has histological,
morphological and immunological features indistinguishable from that of involved lymph
nodes in patients with B-CLL (Williams, 2001).

[0014] The natural history of chronic lymphocytic leukemia falls into several phases.
In the early phase, chronic lymphocytic leukemia is an indolent disease, characterized by the
accumulation of small, mature, functionally-incompetent malignant B-cells having a
lengthened life span. Eventually, the doubling time of the malignant B-cells decreases and
patients become increasingly symptomatic. While treatment with chemotherapeutic agents
can provide symptomatic relief, the overall survival of the patients is only minimally
extended. The late stages of chronic lymphocytic leukemia are characterized by significant
anemia and/or thrombocytopenia. At this point, the median survival is less than two years
(Foon et al., 1990, Annals Int. Medicine 113:525). Due to the very low rate of cellular
prolifération, chronic lymphocytic leukemia is resistant to treatment with chemotherapeutic
agents.

[0015] Recently, gene expression studies have identified several genes that may be up
regulated in lymphoproliferative disorders. One molecule thought to be over-expressed in
patients with B-cell chronic lymphocytic leukemia (B-CLL) and in a large fraction of non-
Hodgkin lymphoma patients is CD32B (Alizadeh et al., 2000, Nature 403:503-511;
Rosenwald ez al., 2001, J. Exp. Med. 184:1639-1647). However, the role of CD32B is B-
CLL is unclear since one report demonstrates that CD32B was expressed on a low percentage
of B-CLL cells and at a low density (Damle ez al., 2002, Blood 99:4087-4093). CD32B is a
B cell lineage surface antigen, whose over-expression in B cell neoplasia makes it a suitable
target for therapeutic antibodies. In addition, CD32B belongs to the category of inhibitory
receptors, whose ligation delivers a negative signal. Therefore, antibodies directed against
CD32B could function to eliminate tumor cells by mechanisms that include complement
dependent cytotoxicity (CDC), antibody-dependent cell-mediated cytotoxicity (ADCC), but
also triggering an apoptotic signal. The high homology of CD32B with its counterpart,
CD32A, an activating Fcy receptor, has thus far hampered the generation of antibodies that

selectively recognize one but not the other form of the molecule.
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2.2.1.2 Cancer Therapy

[0016] Currently, cancer therapy may involve surgery, chemotherapy, hormonal

therapy and/or radiation treatment to eradicate neoplastic cells in a patient (See, for example,
Stockdale, 1998, “Principles of Cancer Patient Management”, in Scientific American:
Medicine, vol. 3, Rubenstein and Federman, eds., Chapter 12, Section IV). Recently, cancer
therapy could also involve biological therapy or immunotherapy. All of these approaches
pose significant drawbacks for the patient. Surgery, for example, may be contraindicated due
to the health of the patient or may be unacceptable to the patient. Additionally, surgery may
not completely remove the neoplastic tissue. Radiation therapy is only effective when the
neoplastic tissue exhibits a higher sensitivity to radiation than normal tissue, and radiation
therapy can also often elicit serious side effects. Hormonal therapy is rarely given as a single
agent and although can be effective, is often used to prevent or delay recurrence of cancer
after other treatments have removed the majority of the cancer cells. Biological
therapies/immunotherapies are limited in number and may produce side effects such as rashes
or swellings, flu-like symptoms, including fever, chills and fatigue, digestive tract problems
or allergic reactions.

[0017] With respect to chemotherapy, there are a variety of chemotherapeutic agents
available for treatment of cancer. A significant majority of cancer chemotherapeutics act by
inhibiting DNA synthesis, either directly, or indirectly by inhibiting the biosynthesis of the
deoxyribonucleotide triphosphate precursors, to prevent DNA replication and concomitant
cell division (See, for example,.Gilman et al., Goodman and Gilman’s: The Pharmacological
Basis of Therapeutics, Eighth Ed. (Pergamom Press, New York, 1990)). These agents, which
include alkylating agents, such as nitrosourea, anti-metabolites, such as methotrexate and
hydroxyurea, and other agents, such as etoposides, camptothecins, bleomycin, doxorubicin,
daunorubicin, etc., although not necessarily cell cycle specific, kill cells during S phase
because of their effect on DNA replication. Other agents, specifically colchicine and the
vinca alkaloids, such as vinblastine and vincristine, interfere with microtubule assembly
resulting in mitotic arrest. Chemotherapy protocols generally involve administration of a
combination of chemotherapeutic agents to increase the efficacy of treatment.

[0018] Despite the availability of a variety of chemotherapeutic agents, chemotherapy
has many drawbacks (See, for example, Stockdale, 1998, “Principles Of Cancer Patient
Management” in Scientific American Medicine, vol. 3, Rubenstein and Federman, eds., ch.
12, sect. 10). Almost all chemotherapeutic agents are toxic, and chemotherapy causes

significant, and often dangerous, side effects, including severe nausea, bone marrow
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depression, immunosuppression, etc. Additionally, even with administration of combinations
of chemotherapeutic agents, many tumor cells are resistant or develop resistance to the
chemotherapeutic agents. In fact, those cells resistant to the particular chemotherapeutic
agents used in the treatment protocol often prove to be resistant to other drugs, even those
agents that act by mechanisms different from the mechanisms of action of the drugs used in
the specific treatment; this phenomenon is termed pleiotropic drug or multidrug resistance.
Thus, because of drug resistance, many cancers prove refractory to standard
chemotherapeutic treatment protocols.

[0019] B cell malignancy is generally treated with single agent chemotherapy,
combination chemotherapy and/or radiation therapy. These treatments can reduce morbidity
and/or improve survival, albeit they carry significant side effects. The response of B-cell
malignancies to various forms of treatment is mixed. For example, in cases in which
adequate clinical staging of non-Hodgkin's lymphoma is possible, field radiation therapy can
provide satisfactory treatment. Certain patients, however, fail to respond and disease
recurrence with resistance to treatment ensues with time, particularly with the most
aggressive variants of the disease. About one-half of the patients die from the disease
(Devesa et al., 1987, J. Nat'l Cancer Inst. 79:701).

[0020] Investigational therapies for the treatment of refractory B cell neoplasia
include autologous and allogeneic bone marrow or stem cell transplantation and gene
therapies. Recently, immunotherapy using monoclonal antibodies to target B-cell specific
antigens has been introduced in the treatment of B cell neoplasia. The use of monoclonal
antibodies to direct radionuclides, toxins, or other therapeutic agents offers the possibility that
such agents can be delivered selectively to tumor sites, thus limiting toxicity to normal
tissues.

[0021] There is a significant need for alternative cancer treatments, particularly for
treatment of cancer that has proved refractory to standard cancer treatments, such as surgery,
radiation therapy, chemotherapy, and hormonal therapy. A promising alternative is
immunotherapy, in which cancer cells are specifically targeted by cancer antigen-specific
antibodies. Major efforts have been directed at harnessing the specificity of the immune
response, for example, hybridoma technology has enabled the development of tumor
selective monoclonal antibodies (See Green M.C. er al., 2000 Cancer Treat Rev., 26: 269-
286; Weiner LM, 1999 Semin Oncol. 26(suppl. 14):43-51), and in the past few years, the
Food and Drug Administration has approved the first MAbs for cancer therapy: Rituxin (anti-
CD20) for non-Hodgkin’s Lymphoma, Campath (anti-CD52) for B-cell chronic lymphocytic

-9.
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leukemia (B-CLL) and Herceptin [anti-(c-erb-2/HER-2)] for metastatic breast cancer
(Suzanne A. Eccles, 2001, Breast Cancer Res., 3: 86-90). NHL and B-CLL are two of the
most common forms of B cell neoplasia. These antibodies have demonstrated clinical
efficacy, but their use is not without side effects. The potency of antibody effector function,
e.g., to mediate antibody-dependent cell-mediated cytotoxicity (“ADCC”) is an obstacle to
such treatment. Furthermore, with Rituxan and Campath, at least half the patients fail to
respond and a fraction of responders may be refractory to subsequent treatments.

[0022] There is a need for alternative therapies for cancer, particularly, B-cell
malignancies, especially for patients that are refractory for standard cancer treatments and

new immunotherapies such as Rituxan.

2.2.2 INFLAMMATORY DISEASES AND AUTOIMMUNE
DISEASES

[0023] Inflammation is a process by which the body’s white blood cells and

chemicals protect our bodies from infection by foreign substances, such as bacteria and
viruses. It is usually characterized by pain, swelling, warmth and redness of the affected area.
Chemicals known as cytokines and prostaglandins control this process, and are released in an
ordered and self-limiting cascade into the blood or affected tissues. This release of chemicals
increases the blood flow to the area of injury or infection, and may result in the redness and
warmth. Some of the chemicals cause a leak of fluid into the tissues, resulting in swelling.
This protective process may stimulate nerves and cause pain. These changes, when occurring
for a limited period in the relevant area, work to the benefit of the body.

[0024] In autoimmune and/or inflammatory disorders, the immune system triggers an
inflammatory response when there are no foreign substances to fight and the body’s normally
protective immune system causes damage to its own tissues by mistakenly attacking self.
There are many different autoimmune disorders which affect the body in different ways. For
example, the brain is affected in individuals with multiple sclerosis, the gut is affected in
individuals with Crohn’s disease, and the synovium, bone and cartilage of various joints are
affected in individuals with rheumatoid arthritis. As autoimmune disorders progress
destruction of one or more types of body tissues, abnormal growth of an organ, or changes in
organ function may result. The autoimmune disorder may affect only one organ or tissue
type or may affect multiple organs and tissues. Organs and tissues commonly affected by
autoimmune disorders include red blood cells, blood vessels, connective tissues, endocrine
glands (e.g., the thyroid or pancreas), muscles, joints, and skin. Examples of autoimmune

disorders include, but are not limited to, Hashimoto’s thyroiditis, pernicious anemia,
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Addison’s disease, type 1 diabetes, rheumatoid arthritis, systemic lupus erythematosus,
dermatomyositis, Sjogren’s syndrome, dermatomyositis, lupus erythematosus, multiple
sclerosis, autoimmune inner ear disease myasthenia gravis, Reiter’s syndrome, Graves
disease, autoimmune hepatitis, familial adenomatous polyposis and ulcerative colitis.

[0025] Rheumatoid arthritis (RA) and juvenile rheumatoid arthritis are types of
inflammatory arthritis. Arthritis is a general term that describes inflammation in joints.
Some, but not all, types of arthritis are the result of misdirected inflammation. Besides
rheumatoid arthritis, other types of arthritis associated with inflammation include the
following: psoriatic arthritis, Reiter’s syndrome, ankylosing spondylitis arthritis, and gouty
arthritis. Rheumatoid arthritis is a type of chronic arthritis that occurs in joints on both sides
of the body (such as both hands, wrists or knees). This symmetry helps distinguish
rheumatoid arthritis from other types of arthritis. In addition to affecting the joints,
rheumatoid arthritis may occasionally affect the skin, eyes, lungs, heart, blood or nerves.
[0026] Rheumatoid arthritis affects about 1% of the world’s population and is
potentially disabling. There are approximately 2.9 million incidences of rheumatoid arthritis
in the United States. Two to three times more women are affected than men. The typical age
that rheumatoid arthritis occurs is between 25 and 50. Juvenile rheumatoid arthritis affects
71,000 young Americans (aged eighteen and under), affecting six times as many girls as
boys.

[0027] Rheumatoid arthritis is an autoimmune disorder where the body’s immune
system improperly identifies the synovial membranes that secrete the lubricating fluid in the
joints as foreign. Inflammation results, and the cartilage and tissues in and around the joints
are damaged or destroyed. In severe cases, this inflammation extends to other joint tissues
and surrounding cartilage, where it may erode or destroy bone and cartilage and lead to joint
deformities. The body replaces damaged tissue with scar tissue, causing the normal spaces
within the joints to become narrow and the bones to fuse together. Rheumatoid arthritis
creates stiffness, swelling, fatigue, anemia, weight loss, fever, and often, crippling pain. Some
common symptoms of rheumatoid arthritis include joint stiffness upon awakening that lasts
an hour or longer; swelling in a specific finger or wrist joints; swelling in the soft tissue
around the joints; and swelling on both sides of the joint. Swelling can occur with or without
pain, and can worsen progressively or remain the same for years before progressing.

[0028] The diagnosis of rheumatoid arthritis is based on a combination of factors,
including: the specific location and symmetry of painful joints, the presence of joint stiffness

in the morning, the presence of bumps and nodules under the skin (rheumatoid nodules),
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results of X-ray tests that suggest rheumatoid arthritis, and/or positive results of a blood test
called the rheumatoid factor. Many, but not all, people with rheumatoid arthritis have the
rheumatoid-factor antibody in their blood. The rheumatoid factor may be present in people
who do not have rheumatoid arthritis. Other diseases can also cause the rheumatoid factor to
be produced in the blood. That is why the diagnosis of rheumatoid arthritis is based on a
combination of several factors and not just the presence of the rheumatoid factor in the blood.
[0029] The typical course of the disease is one of persistent but fluctuating joint
symptoms, and after about 10 years, 90% of sufferers will show structural damage to bone
and cartilage. A small percehtage will have a short illness that clears up completely, and
another small percentage will have very severe disease with many joint deformities, and
occasionally other manifestations of the disease. The inflammatory process causes erosion or
destruction of bone and cartilage in the joints. In rheumatoid arthritis, there is an
autoimmune cycle of persistent antigen presentation, T-cell stimulation, cytokine secretion,
synovial cell activation, and joint destruction. The disease has a major impact on both the
individual and society, causing significant pain, impaired function and disability, as well as
costing millions of dollars in healthcare expenses and lost wages. (See, for example, the NIH
website and the NIAID website).

[0030] Currently available therapy for arthritis focuses on reducing inflammation of
the joints with anti-inflammatory or immunosuppressive medications. The first line of
treatment of any arthritis is usually anti-inflammatories, such as aspirin, ibuprofen and Cox-2
inhibitors such as celecoxib and rofecoxib. “Second line drugs” include gold, methotrexate
and steroids. Although these are well-established treatments for arthritis, very few patients
remit on these lines of treatment alone. Recent advances in the understanding of the
pathogenesis of rheumatoid arthritis have led to the use of methotrexate in combination with
antibodies to cytokines or recombinant soluble receptors. For example, recombinant soluble
receptors for tumor necrosis factor (TNF)-a have been used in combination with
methotrexate in the treatment of arthritis. However, only about 50% of the patients treated
with a combination of methotrexate and anti-TNF-o agents such as recombinant soluble
receptors for TNF-a show clinically significant improvement. Many patients remain
refractory despite treatment. Difficult treatment issues still remain for patients with
rheumatoid arthritis. Many current treatments have a high incidence of side effects or cannot
completely prevent disease progression. So far, no treatment is ideal, and there is no cure.
Novel therapeutics are needed that more effectively treat rheumatoid arthritis and other

autoimmune disorders.
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2.23 ALLERGY

[0031] Immune-mediated allergic (hypersensitivity) reactions are classified into four
types (I-IV) according to the underlying mechanisms leading to the expression of the allergic
symptoms. Type I allergic reactions are characterized by IgE-mediated release of vasoactive
substances such as histamine from mast cells and basophils. The release of these substances
and the subsequent manifestation of allergic symptoms are initiated by the cross-linking of
allergen-bound IgE to its receptor on the surface of mast cells and basophils. In individuals
suffering from type I allergic reactions, exposure to an allergen for a second time leads to the
production of high levels of IgE antibodies specific for the allergen as a result of the
involvement of memory B and T cells in the 3-cell interaction required for IgE production.
The high levels of IgE antibodies produced cause an increase in the cross-linking of IgE
receptors on mast cells and basophils by allergen-bound IgE, which in turn leads to the
activation of these cells and the release of the pharmacological mediators that are responsible
for the clinical manifestations of type I allergic diseases.

[0032] Two receptors with differing affinities for IgE have been identified and
characterized. The high affinity receptor (FceRI) is expressed on the surface of mast cells
and basophils. The low affinity receptor (FceRIVCD23) is expressed on many cell types
including B cells, T cells, macrophages, eosinophils and Langerhan cells. The high affinity
IgE receptor consists of three subunits (alpha, beta and gamma chains). Several studies
demonstrate that only the alpha chain is involved in the binding of IgE, whereas the beta and
gamma chains (which are either transmembrane or cytoplasmic proteins) are required for
signal transduction events. The identification of IgE structures required for IgE to bind to the
FceRI on mast cells and basophils is of utmost importance in devising strategies for treatment
or prevention of IgE-mediated allergies. For example, the elucidation of the IgE receptor-
binding site could lead to the identification of peptides or small molecules that block the
binding of IgE to receptor-bearing cells in vivo.

[0033] Currently, IgE-mediated allergic reactions are treated with drugs such as
antihistamines and corticosteroids which attempt to alleviate the symptoms associated with
allergic reactions by counteracting the effects of the vasoactive substances released from mast
cells and basophils. High doses of antihistamines and corticosteroids have deleterious side
effects (e.g., central nervous system disturbance, constipation, etc). Thus, other methods for
treating type I allergic reactions are needed.

[0034] One approach to the treatment of type I allergic disorders has been the

production of monoclonal antibodies which react with soluble (free) IgE in serum, block IgE
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from binding to its receptor on mast cells and basophils, and do not bind to receptor-bound
IgE (i.e., they are non-anaphylactogenic). Two such monoclonal antibodies are in advanced
stages of clinical development for treatment of IgE-mediated allergic reactions (see, e.g.,
Chang, T.W., 2000, Nature Biotechnology 18:157-62).

[0035] One of the most promising treatments for IgE-mediated allergic reactions is
the active immunization against appropriate non-anaphylactogenic epitopes on endogenous
IgE. Stanworth et al. (U.S. Patent No. 5,601,821) described a strategy involving the use of a
peptide derived from the CeH4 domain of the human IgE coupled to a heterologous carrier
protein as an allergy vaccine. However, this peptide has been shown not to induce the
production of antibodies that react with native soluble IgE. Further, Hellman (U.S. Patent
No. 5,653,980) proposed anti-IgE vaccine compositions based on fusion of full length CeH2-
CeH3 domains (approximately 220 amino acid long) to a foreign carrier protein. However,
the antibodies induced by the anti-IgE vaccine compositions proposed in Hellman will most
likely it result in anaphylaxis since antibodies against some portions of the CeH2 and CeH3
domains of the IgE molecule have been shown to cross-link the IgE receptor on the surface of
mast cell and basophiis and lead to production of mediators of anaphylaxis (See, e.g., Stadler
etal., 1993, Int. Arch. Allergy and Immunology 102:121-126). Therefore, a need remains for
treatment of IgE-mediated allergic reactions which do not induce anaphylactic antibodies.
[0036] The significant concern over induction of anaphylaxis has resulted in the
development of another approach to the treatment of type I allergic disorders consisting of
mimotopes that could induce the production of anti-IgE polyclonal antibodies when
administered to animals (See, e.g., Rudolf, ef al., 1998, Journal of Immunology 160:3315-
3321). Kricek et al. (International Publication No. WO 97/31948) screened phage-displayed
peptide libraries with the monoclonal antibody BSWI7 to identify peptide mimotopes that
could mimic the conformation of the IgE receptor binding. These mimotopes could
presumably be used to induce polyclonal antibodies that react with free native IgE, but not
with receptor-bound IgE as well as block IgE from binding to its receptor. Kriek et al.
disclosed peptide mimotopes that are not homologous to any part of the IgE molecule and are
thus different from peptides disclosed in the present invention.

[0037] As evidenced by a survey of the art, there remains a need for enhancing the
therapeutic efficacy of current methods of treating or preventing disorders such as cancer,
autoimmune disease, inflammatory disorder, or allergy. In particular, there is a need for

enhancing the effector function, particularly, the cytotoxic effect of therapeutic antibodies
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used in treatment of cancer. The current state of the art is also lacking in treating or

preventing allergy disorders (e.g., either by antibody therapy or vaccine therapy).

3. SUMMARY OF THE INVENTION
[0038] The extracellular domains of FcyRIIA and FcyRIIB are 95% identical and thus

they share numerous epitopes. However, FcyRIIA and FcyRIIB exhibit very diffcrent
activities. The fundamental difference is that the FcyRIIA initiates intracellular signaling
leading to cell activation such as phagocytosis and respiratory burst, whereas the FcyRIIB
initiates inhibitory signaling. In view of their distinctive activities and role in modulating
immune responses, such antibodies that recognize native FcyRIIB, and not native FcyRIIA,
are needed. The present invention is based, in part, on the discovery of such FcyRIIB-
specific antibodies.

[0039] The invention relates to an isolated antibody or a fragment thereof that
specifically binds FcyRIIB, particularly human FcyRIIB, more particularly native human
FcyRIIB, with a greater affinity than said antibody or a fragment thereof binds FcyRIIA,
particularly human FcyRIIA, more particularly native human FcyRIIA. Preferably the
aﬂtibodies of the invention bind the extracellular domain of native human FcyRIIB. In
certain embodiments of the invention, the antibody or a fragment thereof binds FcyRIIB with
at least 2 times greater affinity than said antibody or a fragment thereof binds FcyRIIA. In
other embodiments of the invention, the antibody or a fragment thereof binds FcyRIIB with at
least 4 times, at least 6 times, at least 8 times, at least 10 times, at least 100 times, at least
1000 times, at least 10, at least 10°, at least 10°, at least 10’, or at least 10® times greater
affinity than said antibody or a fragment thereof binds FcyRIIA. In a preferred embodiment,
said antibody or a fragment thereof binds FcyRIIB with 100 times, 1000 times, 10* times, 10°
times, 10°times, 10 times, or 10® times greater affinity than said antibody or a fragment
thereof binds FcyRIIA. Preferably, these binding affinities are determined with the
monomeric IgG, and not the aggregated IgG, and binding is via the variable domain (e.g., Fab
fragments of the antibodies have binding characteristic similar to the full immunoglobulin
molecule).

[0040] In one embodiment, the FcyRIIB-specific antibody in accordance with the
invention is not the monoclonal antibody designated KB61, as disclosed in Pulford ez al.,
1986 (Immunology, 57: 71-76) or the monoclonal antibody designated MAbII8D?2 as
disclosed in Weinrich et al., 1996, (Hybridoma, 15(2):109-6). In a specific embodiment, the

FcyRIIB-specific antibody of the invention does not bind to the same epitope and/or does not
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compete for binding with the monoclonal antibody KB61 or the monoclonal antibody
MADIISD2. Preferably, the FcyRIIB-specific antibody of the invention does not bind the
amino acid sequence Ser-Asp-Pro-Asn-Phe-Ser-Ile corresponding to amino acid positions
135-141 of FcyRIIb2 isoform.

[0041] The invention relates to an isolated antibody or a fragment thereof that
specifically binds FcyRIIB with a greater affinity than said antibody or a fragment thereof
binds FcyRIIA, as determined by any standard method known in the art for assessing
specificities. The invention relates to an isolated antibody or a fragment thereof that
specifically binds FcyRIIB with a greater affinity than said antibody or a fragment thereof
binds FcyRIIA, as determined, for example, by western blot, BIAcore or radioimmunoassay.
The invention relates to an isolated antibody or a fragment thereof that specifically binds
FcyRIIB with a greater affinity than said antibody or a fragment thereof binds FcyRIIA, as
determined in an ELISA assay, in the linear range for FcyRIIB binding. In one embodiment
of the invention, the invention relates to an isolated antibody, or a fragment thereof that
specifically binds FcyRIIB, produced in mammalian system, with a greater affinity than said
antibody or a fragment thereof binds FcyRIIA, as determined in an ELISA assay.

[0042] In a particular embodiment, the invention relates to an isolated antibody or a
fragment thereof that specifically binds FcyRIIB with a greater affinity than said antibody or
a fragment thereof binds FcyRIIA, and the constant domain of said antibody further has an
enhanced affinity for at least one or more Fc activation receptors. In yet another specific
embodiment, said Fc activation receptor is FcyRIII

[0043] In one embodiment of the invention said antibody or a fragment thereof blocks
the IgG binding site of FcyRIIB and blocks the binding of aggregated labeled 1gGs to
FcyRIIB in, for example, a blocking ELISA assay. In one particular embodiment, said
antibody or a fragment thereof blocks the binding of aggregated labeled IgGs in an ELISA
blocking assay by at least 50%, 60%, 70%, 80%, 90%, 95%, 99%, or 99.9%. In yet another
particular embodiment, the antibody or a fragment thereof completely blocks the binding of
said aggregated labeled IgG in said ELISA assay.

[0044] In another embodiment of the invention, said antibody or a fragment thereof
blocks the IgG binding site of FcyRIIB and blocks the binding of aggregated labeled IgG to
FcyRIIB, as determined by a double-staining FACS assay.

[0045] The invention encompasses the use of antibodies that modulate (i.e., agonize
or antagonize) the activity of FcyRIIB. In one embodiment of the invention, the antibodies

of the invention agonize at least one activity of FcyRIIB, i.e., elicit signaling. Although not
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intending to be bound by any mechanism of action, agonistic antibodies of the invention may
mimic clustering of FcyRIIB leading to dampening of the activating response to FcyR
ligation and inhibition of cellular responsiveness.

[0046] In another embodiment of the invention, the antibodies of the invention
antagonize at least one activity of FcyRIIB, i.e., block signaling. For example, the antibodies
of the invention block the binding of aggregated IgGs to FcyRIIB.

[0047] The invention provides antibodies that inhibit FceRI-induced mast cell
activation. The invention further provides anti-FcyRIIB antibodies that inhibit FCcyRIIA-
mediated macrophage activation in monocytic cells. The invention also provides anti-
FcyRIIB antibodies that inhibit B-cell receptor mediated signaling.

[0048] In one particular embodiment, the anti-FcyRIIB antibodies block the ligand
binding site of FcyRIIB. In a further specific embodiment, the blocking activity can block
the negative regulation of immune-complex-triggered activation and consequently enhance
the immune response. In a further specific embodiment, the enhanced immune response is an
increase in antibody-dependent cellular response. In another specific embodiment, the anti-
FcyRIIB antibodies of the invention block crosslinking of FcyRIIB receptors to B cell and/or
Fc receptors, leading to B cell, mast cell, dendritic cell, or macrophage activation.

[0049] The present invention encompasses methods for the production of antibodies
of the invention or fragments thereof, particularly for the production of novel monoclonal
antibodies (“MADb”) with higher specificities for FcyRIIB relative to FcyRIIA. The
antibodies of the invention or fragments thereof can be produced by any method known in the
art for the production of antibodies, in particular, by secretion from cultured hybridoma cells,
chemical synthesis or by recombinant expression techniques known in the art. In one specific
embodiment, the invention relates to a method for recombinantly producing a FcyRIIB-
specific antibody, said method comprising: (i) culturing under conditions suitable for the
expression of said antibody in a medium, a host cell containing a first nucleic acid molecule,
operably linked to a heterologous promoter and a second nucleic acid operably linked to the
same or a different heterologous promoter, said first nucleic acid and second nucleic acid
encoding a heavy chain and a light chain, respectively, of an antibody or a fragment thereof
that specifically binds FcyRIIB with greater affinity than said antibody or a fragment thereof
binds FcyRIIA; and (ii) recovery of said antibody from said medium. In another
embodiment, the invention provides a method for producing FcyRIIB monoclonal antibodies
that specifically bind FcyRIIB, particularly human FcyRIIB, with a greater affinity than said
monoclonal antibodies bind FcyRIIA, particularly human FcyRIIA, said method comprising:
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(a) immunizing one or more FcyRIIA transgenic mice with purified FcyRIIB or an
immunogenic fragment thercof; (b) producing hybridoma cells lines from spleen cells of said
one or more mice; (c) screening said hybridoma cell lines for one or more hybridoma cell
lines that produce antibodies that specifically bind FcyRIIB with a greater affinity than the
antibodies bind FcyRITA. The invention encompasses any antibody produced by said
method. In one specific embodiment, the invention provides a method for producing
FcyRIIB monoclonal antibodies that specifically bind FcyRIIB, particularly human FcyRIIB,
with a greater affinity than said monoclonal antibodies bind FcyRIIA, particularly human
FcyRIIA, said method comprising: (a) immunizing oné or more FcyRIIA transgenic mice
with purified FcyRIIB or an immunogenic fragment thereof; (b) booster immunizing said
mice for a time sufficient to elicit an immune response; (c) producing hybridoma cells lines
from spleen cells of said one or more mice; (d) screening said hybridoma cell lines for one or
more hybridoma cell lines that produce antibodies that specifically bind FcyRIIB with a
greater affinity than the antibodies bind FcyRIIA. In a preferred embodiment, said mice are
booster immunized at least four times over a period of four months. In one embodiment of
the invention, said mice are immunized with purified FcyRIIB, which has béen mixed with
adjuvants known in the art to enhance immune response in said mice. In one particular
embodiment of the invention, said immunogenic fragment is the soluble extracellular domain
of FcyRIIB. The hybridoma cell lines can be screened using standard techniques known in
the art (e.g., ELISA).

[0050] In certain embodiments of the invention, the anti-FcyRIIB antibodies are
monoclonal antibodies, synthetic antibodies, recombinantly produced antibodies,
multispecific antibodies, human antibodies, chimeric antibodies, camelized antibodies,
single-chain Fvs (scFv), single chain antibodies, Fab fragments, F(ab’) fragments, disulfide-
linked Fvs (sdFv), intrabodies, or epitope-binding fragments of any of the above.

[0051] Preferably, the antibodies of the invention are monoclonal antibodies, and
more preferably, humanized or human antibodies. In one specific preferred embodiment, the
antibodies of the invention bind to the extracellular domain of human FcyRIIB, particularly
native human FcyRIIB. In another specific embodiment, the antibodies of the invention
specifically or selectively recognize one or more epitopes of FcyRIIB, particularly native
human FcyRIIB. Another embodiment of the invention encompasses the use of phage
display technology to increase the affinity of the antibodies of the invention for FcyRIIB.
Any screening method known in the art can be used to identify mutant antibodies with

increased avidity for FcyRIIB (e.g., ELISA). In another specific embodiment, antibodies of
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the invention are screened using antibody screening assays well known in the art (e.g.,
BIACORE assays) to identify antibodies with K rate less than 3x107° s\

[0052] In a preferred embodiment, the invention provides a monoclonal antibody
produced by hybridoma clone 8B5.3.4, having ATCC accession number PTA-7610, or
chimeric, humanized or other engineered versions thereof. In another embodiment, the
invention provides a monoclonal antibody produced by clones 2B6, 3H7, 1DS, 2E1, 2H9,
2D11, and 1F2 having ATCC Accession numbers PTA-4591, PTA-4592, PTA-5958, PTA-
5961, PTA-5962, PTA-5960, and PTA-5959, respectively, or chimeric, humanized or other
engineered versions thereof. In another embodiment, the invention provides an isolated
antibody or a fragment thereof that competes for binding with the monoclonal antibody
produced by clone 8B5.3.4 and binds FcyRIIB, preferably native human FcyRIIB with a
greater affinity than said antibody or a fragment thereof binds FcyRIIA, preferably native
human FcyRIIA and/or binds to the same epitope of FcyRIIB as the monoclonal antibody
produced from clone 8B5.3.4 and binds FcyRIIB with a greater affinity than said antibody or
a fragment thereof binds FcyRIIA. Furthermore, the invention provides hybridoma cell line
8B5.3.4,2B6, 3H7, 1DS5, 2E1, 2H9, 2D11, or 1F2 having ATCC accession numbers PTA-
7610, PTA-4591, PTA-4592, PTA-5958, PTA-5961, PTA-5962, PTA-5960, and PTA-5959,
respectively. In one specific embodiment, the invention provides the use of a 8B5.3.4, 2B6,
3H7, 1DS, 2E1, 2H9, 2D11, or 1F2 antibody, or chimeric, humanized or other engineered
versions thereof, to prevent, treat, manage or ameliorate a B-cell malignancy, or one or more
symptoms thereof. In one particular embodiment, an engineered version comprises one or
more mutations in the Fc region. The one or more mutations in the Fc region may result in an
antibody with an altered antibody-mediated effector function, an altered binding to other Fc
receptors (e.g., Fc activation receptors), an altered ADCC activity, or an altered C1q binding
activity, or an altered complement dependent cytotoxicity activity, or any combination
thereof. In a preferred embodiment, a humanized 8BS5.3.4 antibody comprises a heavy chain
variable domain having the amino acid sequence of SEQ ID NO: 4 and a light chain variable
domain having the amino acid sequence of SEQ ID NO: 3. In another preferred embodiment,
the Fc domain of the heavy chain of the humanized 8B5.3.4 antibody is engineered to
comprise at least one amino acid substitution at position 240, 243, 247, 255, 270, 292, 300,
316, 370, 392, 396, 416, 419, or 421 with another amino acid at that position. In a more
preferred embodiment, the Fc domain of the heavy chain of the humanized 8B5.3.4 antibody
has a leucine at position 247, a lysine at position 421 and a glutamic acid at position 270; a

threonine at position 392, a leucine at position 396, and a glutamic acid at position 270; or a
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glutamic acid at position 270, an aspartic acid at position 316, and a glycine at position 416.
In certain embodiments of the invention, the antibody is not a monoclonal antibody produced
by hybridoma clone 8B5.3.4, or chimeric, humanized or other engineered versions thereof.
[0053] In certain embodiments of the invention, humanized 8B5.3.4 antibodies are
provided, said humanized 8B5.3.4 antibodies comprising a heavy chain variable domain
having the amino acid sequence of SEQ ID NO: 4 and a light chain variable domain having
the amino acid sequence of SEQ ID NO: 3, wherein the Fc domain of the heavy chain of the
humanized 8B5.3.4 antibody has a leucine at position 247, a lysine at position 421 and a
glutamic acid at position 270; or a glutamic acid at position 270, an aspartic acid at position
316, and a glycine at position 416.

[0054] The invention also encompass polynucleotides that encode the antibodies of
the invention. In one embodiment, the invention provides an isolated nucleic acid sequence
encoding a heavy chain or a light chain of an antibody or a fragment thereof that specifically
binds FcyRIIB with greater affinity than said antibody or a fragment thereof binds FcyRIIA.
The invention also relates to a vector comprising said nucleic acid. The invention further
provides a vector comprising a first nucleic acid molecule encoding a heavy chain and a
second nucleic acid molecule encoding a light chain, said heavy chain and light chain being
of an antibody or a fragment thereof that specifically binds FcyRIIB with greater affinity than
said antibody or a fragment thereof binds FcyRIIA. In one specific embodiment, said vector
is an expression vector. The invention further provides host cells containing the vectors of or
polynucleotides encoding the antibodies of the invention. Preferably, the invention
encompasses polynucleotides encoding heavy and light chains of the antibodies produced by
the deposited hybridoma clone 8B5.3.4, 2B6, 3H7, 1D5, 2E1, 2H9, 2D11, or 1F2 having
ATCC accession numbers PTA-7610, PTA-4591, PTA-4592, PTA-5958, PTA-5961, PTA-
5962, PTA-5960, and PTA-5959, respectively, or portions thereof, e.g., CDRs, variable
domains, etc. and humanized versions thereof.

[0055] Activating and inhibitory Fc receptors, e.g., FcyRIIA and FcyRIIB, are critical
for the balanced function of these receptors and proper cellular immune responses. The
invention encompasses the use of the antibodies of the invention for the treatment of any
disease related to loss of such balance and regulated control in the Fc receptor signaling
pathway. Thus, the FcyRIIB antibodies of the invention have uses in regulating the immune
response, e.g., in inhibiting immune response in connection with autoimmune or

inflammatory disease, or allergic response. The FcyRIIB antibodies of the invention can also
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be used to alter certain effector functions to enhance, for example, therapeutic antibody-
mediated cytotoxicity.

[0056] The antibodies of the invention are useful for prevention or treatment of
cancer, for example, in one embodiment, as a single agent therapy. In a preferred
embodiment, the antibodies of the invention are used for the treatment and/or prevention of
melanoma. In another embodiment, the antibodies are useful for prevention or treatment of
cancer, particularly in potentiating the cytotoxic activity of cancer antigen-specific
therapeutic antibodies with cytotoxic activity to enhance tumor cell killing and/or enhancing
antibody-dependent cell-mediated cytotoxicity (“ADCC”), complement-dependent
cytotoxicity (“CDC”), or phagocytosis of the therapeutic antibodies. The invention provides
a method of treating cancer in a patient having a cancer characterized by a cancer antigen,
said method comprising administering to said patient a therapeutically effective amount of a
first antibody or a fragment thereof that specifically binds FcyRIIB with greater affinity than
said antibody or a fragment thereof binds FcyRIIA, and a second antibody that specifically
binds said cancer antigen and is cytotoxic. The invention also provides a method of treating
cancer in a patient having a cancer characterized by a cancer antigen, said method comprising
administering to said patient a therapeutically effective amount of an antibody or a fragment
thereof that specifically binds FcyRIIB, particularly native human FcyRIIB with greater
affinity than said antibody or a fragment thereof binds FcyRIIA, preferably native human
FcyRIIA, and the constant domain of which further has an increased affinity for one or more
Fc activation receptors, such as FcyRIIIA, when the antibody is monomeric, and an antibody
that specifically binds said cancer antigen and is cytotoxic. In one particular embodiment,
said Fc activation receptor is FcyRIITA. In particular embodiments, the antibody of the
invention is administered at a dose such that the antibody does not detectably bind to
neutrophils.

[0057] In another preferred embodiment of the invention, the antibodies of the
invention are useful for prevention or treatment of B-cell malignancies, particularly non-
Hodgkin’s lymphoma or chronic lymphocytic leukemia. Accordingly, the present invention
provides methods of treating, managing, preventing, or ameliorating a B-cell malignancy by
administering, either alone or in combination with one or more other therapeutics, antibodies
that specifically bind FcyRIIB, and, preferably, do not specifically bind FcyRIIA, as well as
derivatives, analogs and antigen binding fragments of such antibodies. In particular
embodiments, the cancer of the subject is refractory to one or more standard or experimental

therapies, particularly, to Rituxan treatment. The methods of the invention may be used for
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the treatment, management, prevention, or amelioration of B-cell diseases, such as, B-cell
chronic lymphocytic leukemia (B-CLL), non-Hodgkin’s lymphoma, diffuse large B cell
lymphoma, follicular lymphoma with areas of diffuse large B cell lymphoma, small
lymphocytic lymphoma, mantle cell lymphoma, and diffuse small cleaved cell lymphoma.
[0058] In another embodiment, the invention provides for the use of a FcyRIIB-
specific antibody conjugated to a therapeutic agent or drug. Examples of therapeutic agents
which may be conjugated to an anti-FcyRIIB antibody or an antigen-binding fragment thereof
include, but are not limited to, cytokines, toxins, radioactive elements, and antimetabolites.
[0059] In one embodiment, the invention provides for the use of an FcyRIIB-specific
antibody in combination with a standard or experimental treatment regimen for B-cell
malignancies (e.g., chemotherapy, radioimmunotherapy, or radiotherapy). Such combination
therapy may enhance the efficacy of standard or experimental treatment. Examples of
therapeutic agents that are particularly useful in combination with a FcyRIIB-specific
antibody or an antigen-binding fragment thereof, for the prevention, treatment, management,
or amelioration of B-cell malignancies, include, but are not limited to, Rituxan, interferon-
alpha, and anti-cancer agents. Chemotherapeutic agents that can be used in combination with
a FcyRIIB-specific antibody or an antigen-binding fragment thereof, include, but are not
limited to alkylating agents, antimetabolites, natural products, and hormones. The
combination therapies of the invention enable lower dosages of an anti-FcyRIIB antibody or
an antigen-binding fragment thereof and/or less frequent administration of anti-FcyRIIB
antibody or an antigen-binding fragment thereof to a subject with a B-cell malignancy, to
achieve a therapeutic or prophylactic effect.

[0060] In another embodiment, the use of an anti-FcyRIIB antibody or an antigen-
binding fragment thereof prolongs the survival of a subject diagnosed with a B-cell
malignancy.

[0061] In another embodiment, the invention provides a method of enhancing an
antibody mediated cytotoxic effect in a subject being treated with a cytotoxic antibody, said
method comprising administering to said patient an antibody of the invention or a fragment
thereof, in an amount sufficient to enhance the cytotoxic effect of said cytotoxic antibody. In
yet another embodiment, the invention provides a method of enhancing an antibody-mediated
cytotoxic effect in a subject being treated with a cytotoxic antibody, said method comprising
administering to said patient an antibody of the invention or a fragment thereof, further
having an enhanced affinity for an Fc activation receptor, when monomeric, in an amount

sufficient to enhance the cytotoxic effect of said cytotoxic antibody. In yet another

-922-



WO 2008/019199 PCT/US2007/072153

embodiment, the invention provides a method further comprising the administration of one or
more additional cancer therapies.

[0062] The invention encompasses the use of the antibodies of the invention in
combination with any therapeutic antibody that mediates its therapeutic effect through cell
killing to potentiate the antibody’s therapeutic activity. In one particular embodiment, the
antibodies of the invention potentiate the antibody’s therapeutic activity by enhancing
antibody-mediated effector function. In another embodiment of the invention, the antibodies
of the invention potentiate the cytotoxic antibody’s therapeutic activity by enhancing
phagocytosis and opsonization of the targeted tumor cells. In yet another embodiment of the
invention, the antibodies of the invention potentiate the antibody’s therapeutic activity by
enhancing antibody-dependent cell-mediated cytotoxicity (“ADCC”) in destruction of the
targeted tumor cells. In certain embodiments, the antibodies of the invention are used in
combination with Fc fusion proteins to enhance ADCC.

[0063] In some embodiments, the invention encompasses use of the antibodies of the
invention in combination with a therapeutic antibody that does not mediate its therapeutic
effect through cell killing to potentiate the antibody’s therapeutic activity. In a specific
embodiment, the invention encompasses use of the antibodies of the invention in combination
with a therapeuntic apoptosis-inducing antibody with agonistic activity, e.g., anti-Fas antibody.
Therapeutic apoptosis-inducing antibodies may be specific for any death receptor known in
the art for the modulation of apoptotic pathway, e.g., TNFR receptor family member or a
TRAIL family member.

[0064] The invention encompasses using the antibodies of the invention to block
macrophage mediated tumor cell progression and metastasis. The antibodies of the invention
are particularly useful in the treatment of solid tumors, where macrophage infiltration occurs.
The antagonistic antibodies of the invention are particularly useful for controlling, e.g.,
reducing or eliminating, tumor cell metastasis, by reducing or eliminating the population of
macrophages that are localized at the tumor site. The invention further encompasses
antibodies that effectively deplete or eliminate immune effector cells other than macrophages
that express FcyRIIB, e.g., dendritic cells. Effective depletion or elimination of immune
effector cells using the antibodies of the invention may range from a reduction in population
of the effector cells by 50%, 60%, 70%, 80%, preferably 90%, and most preferably 99%. In
particular embodiments, the antibody of the invention is administered at a dose such that the

antibody does not detectably bind to neutrophils.

-23.



WO 2008/019199 PCT/US2007/072153

[0065] In some embodiments, the agonistic antibodies of the invention are
particularly useful for the treatment of tumors of non-hematopoietic origin, including tumors
of melanoma cells.

[0066] In some embodiments, the invention encompasses use of the antibodies of the
invention in combination with therapeutic antibodies that immunospecifically bind to tumor
antigens that are not expressed on the tumor cells themselves, but rather on the surrounding
reactive and tumor supporting, non-malignant cells comprising the tumor stroma. In a
preferred embodiment, an antibody of the invention is used in combination with an antibody
that immunospecifically binds a tumor antigen on a fibroblast cell, e.g., fibroblast activation
protein (FAP).

[0067] The invention provides a method of treating an autoimmune disorder in a
patient in need thereof, said method comprising administering to said patient a therapeutically
effective amount of one or more antibodies of the invention. The invention also provides a
method of treating an autoimmune disorder in a patient in need thereof, said method further
comprising administering to said patient a therapeutically effective amount of one or more
anti-inflammatory agents, and/or one or more immunomodulatory agents.

[0068] The invention also provides a method of treating an inflammatory disorder in a
patient in need thereof, said method comprising administering to said patient a therapeutically
effective amount of one or more antibodies of the invention. The invention also provides a
method of treating an inflammatory disorder in a patient in need thereof, said method further
comprising administering to said patient a therapeutically effective amount of one or more
anti-inflammatory agents, and/or one or more immunomodulatory agents.

[0069] The invention provides a method of enhancing an immune response to a
vaccine composition in a subject, said method comprising administering to said subject an
antibody or an antigen-binding fragment thereof that specifically binds FcyRIIB with greater
affinity than said antibody or a fragment thereof binds FcyRIIA, and a vaccine composition,
such that said antibody or a fragment thereof is administered in an amount effective to
enhance the immune response to said vaccine composition in said subject. The antibodies of
the invention may be used to enhance a humoral and/or cell mediated response against the
antigen(s) of the vaccine composition. The antibodies of the invention may be used in
combination with any vaccines known in the art. The invention encompasses the use of the
antibodies of the invention to either prevent or treat a particular disorder, where an enhanced
immune response against a particular antigen or antigens is effective to treat or prevent the

disease or disorder.
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[0070] The invention further provides a method for treating or preventing an IgE-
mediated allergic disorder in a patient in need thereof, comprising administering to said
patient a therapeutically effective amount of the agonistic antibodies of the invention. The
invention also provides a method for treating or preventing an IgE-mediated allergic disorder
in a patient in need thereof, comprising administering to said patient the antibodies of the
invention in combination with other therapeutic antibodies or vaccine compositions used for
the treatment or prevention of IgE-mediated allergic disorders.

[0071] The invention also provides a method for enhancing immune therapy for an
infectious agent wherein the antibodies of the invention are administered to a patient that is
already infected by a pathogen, such as HIV, HCV or HSV, to enhance opsonization and
phagocytosis of infected cells.

[0072] The invention provides a method of treating diseases with impaired apoptotic
mediated signaling, e.g., cancer, autoimmune disease. In a specific embodiment, the
invention encompasses a method of treating a disease with deficient Fas-mediated apoptosis,
said method comprising administering an antibody of the invention in combination with an
anti-Fas antibody.

[0073] The invention encompasses the use of the antibodies of the invention to detect
the presence of FcyRIIB specifically (i.e., FcyRIIB and not FcyRIIA) in a biological sample.
[0074] In another embodiment, the invention provides a method of diagnosis of an
autoimmune disease in a subject comprising: (i) contacting a biological sample from said
subject with an effective amount of an antibody of the invention; and (ii) detecting binding of
said antibody or a fragment thereof, wherein detection of said detectable marker above a
background or standard level indicates that said subject has an autoimmune disease.

[0075] The invention further provides a pharmaceutical composition comprising (i) a
therapeutically effective amount of the antibody or a fragment thereof that specifically binds
FcyRIIB with greater affinity than said antibody or a fragment thereof binds FcyRIIA; and (ii)
a pharmaceutically acceptable carrier. The invention additionally provides a pharmaceutical
composition comprising (i) a therapeutically effective amount of the antibody or fragment
thereof that specifically binds FcyRIIB with greater affinity than said antibody or fragment
thereof binds FcyRIIA; (ii) a cytotoxic antibody that specifically binds a cancer antigen; and
(iii) a pharmaceutically acceptable carrier.

[0076] In certain embodiments of the invention, pharmaceutical compositions are
provided for use in accordance with the methods of the invention, said pharmaceutical

compositions comprising an anti-FcyRIIB antibody or an antigen-binding fragment thereof,
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in an amount effective to prevent, treat, manage, or ameliorate a B-cell malignancy, or one or
more symptoms thereof, and a pharmaceutically acceptable carrier. The invention also
provides pharmaceutical compositions for use in accordance with the methods of the
invention, said pharmaceutical compositions comprising an anti-FcyRIIB antibody or an
antigen-binding fragment thereof, a prophylactic or therapeutic agent other than a FcyRIIB

antagonist, and a pharmaceutically acceptable carrier.

3.1 DEFINITIONS
[0077] As used herein, the term “specifically binds to FcyRIIB” and analogous terms

refer to antibodies or fragments thereof (or any other FcyRIIB binding molecules) that
specifically bind to FcyRIIB or a fragment thereof and do not specifically bind to other Fc
receptors, in particular to FcyRIIA. Further it is understood to one skilled in the art, that an
antibody that specifically binds to FcyRIIB, may bind through the variable domain or the
constant domain of the antibody. If the antibody that specifically binds to FcyRIIB binds
through its variable domain, it is understood to one skilled in the art that it is not aggregated,
i.e., is monomeric. An antibody that specifically binds to FcyRIIB may bind to other

. peptides or polypeptides with lower affinity as determined by, e.g., immunoassays, BIAcore,
or other assays known in the art. Preferably, antibodies or fragments that specifically bind to
FcyRIIB or a fragment thereof do not cross-react with other antigens. Antibodies or
fragments that specifically bind to FcyRIIB can be identified, for example, by immunoassays,
BIAcore, or other techniques known to those of skill in the art. An antibody or a fragment
thereof binds specifically to a FcyRIIB when it binds to FcyRIIB with higher affinity than to
any cross-reactive antigen as determined using experimental techniques, such as western
blots, radioimmunoassays (RIA) and enzyme-linked immunosorbent assays (ELISAs). See,
e.g., Paul, ed., 1989, Fundamental Immunology Second Edition, Raven Press, New York at
pages 332-336 for a discussion regarding antibody specificity. ‘

[0078] As used herein, the term “native FcyRIIB” refers to FcyRIIB which is
endogenously expressed and present on the surface of a cell. In some embodiments, “native
FcyRIIB” encompasses a protein that is recombinantly expressed in a mammalian cell.
Preferably, the native FcyRIIB is not expressed in a bacterial cell, i.e., E. coli. Most
preferably the native FcyRIIB is not denatured, i.e., it is in its biologically active
conformation.

[0079] As used herein, the term “native FcyRIIA” refers to FcyRIIA which is

endogenously expressed and present on the surface of a cell. In some embodiments, “native
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FcyRIIA” encompasses a protein that is recombinantly expressed in a mammalian cell.
Preferably, the native FcyRIIA is not expressed in a bacterial cell, i.e., E. coli. Most
preferably the native FcyRIIA is not denatured, i.e., it is in its biologically active
conformation.

[0080] As used herein, the term “endogenous” in the context of a cellular protein
refers to protein naturally occurring and/or expressed by the cell in the absence of
recombinant manipulation; accordingly, the terms “endogenously expressed protein” or
“endogenous protein” excludes cellular proteins expressed by means of recombinant
technology.

[0081] As used herein, the term “analog” in the context of proteinaceous agents (e.g.,
proteins, polypeptides, and antibodies) refers to a proteinaceous agent that possesses a similar
or identical function as a second proteinaceous agent but does not necessarily comprise a
similar or identical amino acid sequence of the second proteinaceous agent, or possess a
similar or identical structure of the second proteinaceous agent. A proteinaceous agent that
has a similar amino acid sequence refers to a second proteinaceous agent that satisfies at least
one of the following: (a) a proteinaceous agent 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 proteinaceous agent; (b) a
proteinaceous agent encoded by a nucleotide sequence that hybridizes under stringent
conditions to a nucleotide sequence encoding a second proteinaceous agent 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 proteinaceous agent
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 proteinaceous agent. A proteinaceous agent with similar
structure to a second proteinaceous agent refers to a proteinaceous agent that has a similar

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

[0082] 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.

[0083] 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 ez 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 software package. When
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utilizing the ALIGN program for comparing amino acid sequences, a PAM120 weight
residue table, a gap length pcnalty of 12, and a gap penalty of 4 can be used.

[0084] 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.

[0085] As used herein, the term “analog” in the context of a non-proteinaceous agent
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.

[0086] 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 a function, activity and/or expression
of another molecule, such as that of FcyRIIB. In various embodiments, an antagonist reduces
a 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).

[0087] As used herein, the terms “antibody” and “antibodies” refer to monoclonal
antibodies, multispecific antibodies, human antibodies, humanized antibodies, synthetic
antibodies, chimeric antibodies, camelized antibodies, single-chain Fvs (scFv), single chain
antibodies, Fab fragments, F(ab’) fragments, disulfide-linked Fvs (sdFv), intrabodies, and
anti-idiotypic (anti-Id) antibodies (including, e.g., anti-Id and anti-anti-Id 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., IgGy, IgGa, IgGs, IgGy, IgA 1 and IgA,) or subclass.

[0088] As used herein, the terms “B-cell malignancies” and “B-cell malignancy” refer
to any B-cell lymphoproliferative disorder. B-cell malignancies include tumors of B-cell
origin. B-cell malignancies include, but are not limited to, lymphomas, chronic lymphocytic
leukemias, acute lymphoblastic leukemias, multiple myeloma, Hodgkin’s and non-Hodgkin’s

disease, diffuse large B cell lymphoma, follicular lymphoma with areas of diffuse large B cell
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lymphoma, small lymphocytic lymphoma, mantle cell lymphoma, and diffuse small cleaved
cell lymphoma.

[0089] Unless otherwise indicated, when referring to antibodies (as broadly defined
herein), reference to antibody domains and/or amino acid positions within antibodies, or
fragments thereof, is in accordance with the definition and assignment of amino acids to each
domain in Kabat et al, SEQUENCES OF PROTEINS OF IMMUNOLOGICAL INTEREST,
5" Ed. Public Health Service (National Institutes of Health, Bethesda, Md., 1987 and 1991);
incorporated herein by reference in its entirety. Amino acids from the variable regions of the
mature heavy and light chains of immunoglobulins are designated by the position of an amino
acid in the chain. Kabat described numerous amino acid sequences for antibodies, identified
an amino acid consensus sequence for each subgroup, and assigned a residue number to each
amino acid. Kabat's numbering scheme is extendible to antibodies not included in his
compendium by aligning the antibody in question with one of the consensus sequences in
Kabat by reference to conserved amino acids. This method for assigning residue numbers has
become standard in the field and readily identifies amino acids at equivalent positions in
different antibodies, including chimeric or humanized variants. For example, an amino acid at
position 50 of a human antibody light chain occupies the equivalent position to an amino acid
at position 50 of a mouse antibody light chain. Thus, as used herein in the context of
humanized antibodies, a reference such as “at position 297 of the Fc region” refers to the
amino acid position in an immunoglobulin chain, region of an a immunoglobulin chain, or
region of a polypeptide derived from an immunoglobulin chain, that corresponds to position
297 of the corresponding human immunoglobulin.

[0090] As used herein, the term “cancer” refers to a neoplasm or tumor resulting from
abnormal uncontrolled growth of cells. As used herein, cancer explicitly includes, leukemias
and lymphomas. The term “cancer” refers to a disease involving cells that have the potential
to metastasize to distal sites and exhibit phenotypic traits that differ from those of non-cancer
cells, for example, formation of coldnies in a three-dimensional substrate such as soft agar or
the formation of tubular networks or weblike matrices in a three-dimensional basement
membrane or extracellular matrix preparation. Non-cancer cells do not form colonies in soft
agar and form distinct sphere-like structures in three-dimensional basement membrane or
extracellular matrix preparations. Cancer cells acquire a characteristic set of functional
capabilities during their development, albeit through various mechanisms. Such capabilities
include evading apoptosis, self-sufficiency in growth signals, insensitivity to anti-growth

signals, tissue invasion/metastasis, limitless explicative potential, and sustained angiogenesis.
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The term “cancer cell” is meant to encompass both pre-malignant and malignant cancer cells.
In some embodiments, cancer refers to a benign tumor, which has remained localized. In
other embodiments, cancer refers to a malignant tumor, which has invaded and destroyed
neighboring body structures and spread to distant sites. In yet other embodiments, the cancer
is associated with a specific cancer antigen.

[0091] As used herein, the term “derivative” in the context of polypeptides or
proteins, including antibodies, refers to a polypeptide or protein 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 or
protein which has been modified, i.e., by the covalent attachment of any type of molecule to
the polypeptide or protein. 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 or protein 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 or protein derivative possesses a similar
or identical function as the polypeptide or protein from which it was derived.

[0092] The term “derivative” as used herein in conjunction with FcyRIIB refers to a
polypeptide that comprises an amino acid sequence of a FcyRIIB polypeptide, a fragment of a
FcyRIIB polypeptide, an antibody that immunospecifically binds to a FcyRIIB polypeptide,
or an antibody fragment that immunospecifically binds to a FcyRIIB polypeptide, that has
been altered by the introduction of amino acid residue substitutions, deletions or additions
(i.e., mutations). In some embodiments, an antibody derivative or fragment thereof
comprises amino acid residue substitutions, deletions or additions in one or more CDRs. The
antibody derivative may have substantially the same binding, better binding, or worse binding
when compared to a non-derivative antibody. In specific embodiments, one, two, three, four,
or five amino acid residues of the CDR have been substituted, deleted or added (i.e.,
mutated). The term “derivative” as used herein in conjunction with FcyRIIB also refers to a
FcyRIIB polypeptide, a fragment of a FcyRIIB polypeptide, an antibody that
immunospecifically binds to a FcyRIIB polypeptide, or an antibody fragment that
immunospecifically binds to a FcyRIIB polypeptide which has been modified, i.e., by the

covalent attachment of any type of molecule to the polypeptide. For example, but not by way
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of limitation, a FcyRIIB polypeptide, a fragment of a FcyRIIB polypeptide, an antibody, or
antibody fragment 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 of a FcyRIIB
polypeptide, a fragment of a FcyRIIB polypeptide, an antibody, or antibody fragment may be
modified by chemical modifications using techniques known to those of skill in the art,
including, but not limited to, specific chemical cleavage, acetylation, formulation, metabolic
synthesis of tunicamycin, etc. Further, a derivative of a FcyRIIB polypeptide, a fragment of a
FcyRIIB polypeptide, an antibody, or antibody fragment may contain one or more non-
classical amino acids. In one embodiment, an antibody derivative possesses a similar or
identical function as the parent antibody. In another embodiment, a derivative of an
antibody, or antibody fragment has an altered activity when compared to an unaltered
antibody. For example, a derivative antibody or fragment thereof can bind to its epitope
more tightly or be more resistant to proteolysis.

[0093] 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. The term “inflammatory disease” is used
interchangeably with the term “inflammatory disorder” to refer to a condition in a subject
characterized by inflammation, preferably chronic inflammation. Autoimmune disorders
may or may not be associated with inflammation. Moreover, inflammation may or may not
be caused by an autoimmune disorder. Thus, certain disorders may be characterized as both
autoimmune and inflammatory disorders.

[0094] As used herein, the term “epitope” refers to a region on an antigen molecule to
which an antibody specifically binds.

[0095] 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
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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. Preferably, antibody fragments are epitope
binding fragments.

[0096] As used herein, the term “humanized antibody” refers to an immunoglobulin
comprising a human framework region and one or more CDR's from a non-human (usually a
mouse or rat) immunoglobulin. The non-human immunoglobulin providing the CDR's is
called the "donor" and the human immunoglobulin providing the framework is called the
"acceptor”. Constant regions need not be present, but if they are, they must be substantially
identical to human immunoglobulin constant regions, i.e., at least about 85-90%, preferably
about 95% or more identical. Hence, all parts of a humanized immunoglobulin, except
possibly the CDR's, are substantially identical to corresponding parts of natural human
immunoglobulin sequences. A "humanized antibody" is an antibody comprising a humanized
light chain and a humanized heavy chain immunoglbbulin. For example, a humanized
antibody would not encompass a typical chimeric antibody, because, e.g., the entire variable
region of a chimeric antibody is non-human. One says that the donor antibody has been
"humanized", by the process of "humanization", because the resultant humanized antibody is
expected to bind to the same antigen as the donor antibody that provides the CDR's. For the
most part, humanized antibodies are human immunoglobulins (recipient antibody) in which
hypervariable region residues of the recipient are replaced by hypervariable region residues
from a non-human species (donor antibody) such as mouse, rat, rabbit or non-human primate
having the desired specificity, affinity, and capacity. In some instances, Framework Region
(FR) residues of the human immunoglobulin are replaced by corresponding non-human
residues. Furthermore, humanized antibodies may comprise residues which are not found in
the recipient antibody or in the donor antibody. These modifications are made to further
refine antibody performance. In general, the humanized antibody will comprise substantially
all of at least one, and typically two, variable domains, in which all or substantially all of the
hypervariable regions correspond to those of a non-human immunoglobulin and all or
substantially all of the FRs are those of a human immunoglobulin sequence. The humanized
antibody optionally also will comprise at least a portion of an immunoglobulin constant

region (Fc), typically that of a human immunoglobulin that immunospecifically binds to a
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FcyRIIB polypeptide, that has been altered by the introduction of amino acid residue
substitutions, deletions or additions (i.e., mutations). In some embodiments, a humanized
antibody is a derivative. Such a humanized antibody comprises amino acid residue
substitutions, deletions or additions in one or more non-human CDRs. The humanized
antibody derivative may have substantially the same binding, better binding, or worse binding
when compared to a non-derivative humanized antibody. In specific embodiments, one, two,
three, four, or five. amino acid residues of the CDR have been substituted, deleted or added
(i.e., mutated). For further details in humanizing antibodies, see European Patent Nos. EP
239,400, EP 592,106, and EP 519,596; International Publication Nos. WO 91/09967 and WO
93/1710S; U.S. Patent Nos. 5,225,539, 5,530,101, 5,565,332, 5,585,089, 5,766,886, and
6,407,213; and Padlan, 1991, Molecular Immunology 28(4/5):489-498; Studnicka et al.,
1994, Protein Engineering 7(6):805-814; Roguska et al., 1994, Proc Natl Acad Sci USA
91:969-973; Tan et al., 2002, J. Immunol. 169:1119-25; Caldas et al., 2000, Protein Eng.
13:353-60; Morea et al., 2000, Methods 20:267-79; Baca et al., 1997, J. Biol. Chem.
272:10678-84; Roguska et al., 1996, Protein Eng. 9:895-904; Couto et al., 1995, Cancer Res.
55 (23 Supp):5973s-5977s; Couto et al., 1995, Cancer Res. 55:1717-22; Sandhu, 1994, Gene
150:409-10; Pedersen et al., 1994, J. Mol. Biol. 235:959-73; Jones et al., 1986, Nature
321:522-525; Reichmann et al., 1988, Nature 332:323-329; and Presta, 1992, Curr. Op.
Struct. Biol. 2:593-596.

[0097] As used herein, the term “hypervariable region” refers to the amino acid
residues of an antibody which are responsible for antigen binding. The hypervariable region
comprises amino acid residues from a “Complementarity Determining Region” or “CDR”
(i.e., residues 24-34 (L1), 50-56 (L2) and 89-97 (L3) in the light chain variable domain and
31-35 (H1), 50-65 (H2) and 95-102 (H3) in the heavy chain variable domain; Kabat e? al.,
Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, MD. (1991)) and/or those residues from a “hypervariable
loop” (i.e., residues 26-32 (L1), 50-52 (L2) and 91-96 (L3) in the light chain variable domain
and 26-32 (H1), 53-55 (H2) and 96-101 (H3) in the heavy chain variable domain; Chothia
and Lesk, 1987, J. Mol. Biol. 196:901-917). CDR residues for Eph099B-208.261 and
Eph099B-233.152 are listed in Table 1. “Framework Region” or “FR” residues are those
variable domain residues other than the hypervariable region residues as herein defined.
[0098] As used herein, the term “immunomodulatory agent” and variations thereof

including, but not limited to, immunomodulatory agents, refer to an agent that modulates a
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host’s immune system. In certain embodiments, an immunomodulatory agent is an
immunosuppressant agent. In certain other embodiments, an immunomodulatory agent is an
immunostimulatory agent. Immunomodulatory agents include, but are not limited to, small
molecules, peptides, polypeptides, fusion proteins, antibodies, inorganic molecules, mimetic
agents, and organic molecules.

39 <

[0099] As used herein, the terms “manage,” “managing” and “management” refer to
the beneficial effects that a subject derives from administration of a prophylactic or
therapeutic agent, which does not result in a cure of the disease. In certain embodiments, a
subject is administered one or more prophylactic or therapeutic agents to “manage” a disease
so as to prevent the progression or worsening of the disease.

[00100] As used herein, the terms “nucleic acids” and “nucleotide sequences”
include DNA molecules (e.g., cDNA or genomic DNA), RNA molecules (e.g., mRNA),
combinations of DNA and RNA molecules or hybrid DNA/RNA molecules, and analogs of
DNA or RNA molecules. Such analogs can be generated using, for example, nucleotide
analogs, which include, but are not limited to, inosine or tritylated bases. Such analogs can
also comprise DNA or RNA molecules comprising modified backbones that lend beneficial
attributes to the molecules such as, for example, nuclease resistance or an increased ability to
cross cellular membranes. The nucleic acids or nucleotide sequences can be single-stranded,
double-stranded, may contain both single-stranded and double-stranded portions, and may
contain triple-stranded portions, but preferably is double-stranded DNA.

[00101] As used herein, the terms “prevent”, “preventing” and “prevention”
refer to the prevention of the occurrence and/or recurrence or onset of one or more symptoms
of a disorder in a subject resulting from the administration of a prophylactic or therapeutic
agent.

[00102] As used herein, the terms “prophylactic agent” and “prophylactic
agents” refer to any agent(s) which can be used in the prevention of a disorder, or prevention
of recurrence or sprcad of a disorder. A prophylactically effective amount may refer to the
amount of prophylactic agent sufficient to prevent the recurrence or spread of
hyperproliferative disease, particularly cancer, or the occurrence of such in a patient,
including but not limited to those predisposed to hyperproliferative disease, for example
those genetically predisposed to cancer or previously exposed to carcinogens. A
prophylactically effective amount may also refer to the amount of the prophylactic agent that

provides a prophylactic benefit in the prevention of disease. Further, a prophylactically

effective amount with respect to a prophylactic agent of the invention means that amount of
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prophylactic agent alone, or in combination with other agents, that provides a prophylactic
benefit in the prevention of disease. Used in connection with an amount of an FcyRIIB
antibody of the invention, the term can encompass an amount that improves overall
prophylaxis or enhances the prophylactic efficacy of or synergies with another prophylactic
agent, such as but not limited to a therapeutic antibody. In certain embodiments, the term
"prophylactic agent" refers to an agonistic FcyRIIB-specific antibody. In other embodiments,
the term "prophylactic agent" refers to an antagonistic FcyRIIB-specific antibody. In certain
other embodiments, the term “prophylactic agent” refers to cancer chemotherapeutics,
radiation therapy, hormonal therapy, biological therapy (e.g., immunotherapy), and/or
FcyRIIB antibodies of the invention. In other embodiments, more than one prophylactic
agent may be administered in combination.

[00103] As used herein, the phrase “side effects” encompasses unwanted and adverse
effects of a prophylactic or therapeutic agent. Adverse effects are always unwanted, but
unwanted effects are not necessarily adverse. An adverse effect from a prophylactic or
therapeutic agent might be harmful or uncomfortable or risky. Side effects from
chemotherapy include, but are not limited to, gastrointestinal toxicity such as, but not limited
to, early and late-forming diarrhea and flatulence, nausea, vomiting, anorexia, leukopenia,
anemia, neutropenia, asthenia, abdominal cramping, fever, pain, loss of body weight,
dehydration, alopecia, dyspnea, insomnia, dizziness, mucositis, xerostomia, and kidney
failure, as well as constipation, nerve and muscle effects, temporary or permanent damage to
kidneys and bladder, flu-like symptoms, fluid retention, and temporary or permanent
infertility. Side effects from radiation therapy include but are not limited to fatigue, dry
mouth, and loss of appetite. Side effects from biological therapies/immunotherapies include
but are not limited to rashes or swellings at the site of administration, flu-like symptoms such
as fever, chills and fatigue, digestive tract problems and allergic reactions. Side effects from
hormonal therapies include but are not limited to nausea, fertility problems, depression, loss
of appetite, eye problems, headache, and weight fluctuation. Additional undesired effects
typically experienced by patients are numerous and known in the art, see, e.g., the
Physicians’ Desk Reference (56™ ed., 2002), which is incorporated herein by reference in its
entirety.

[00104] As used herein, the terms “single-chain Fv” or “scFv” refer to antibody
fragments comprise the VH and VL domains of antibody, wherein these domains are present

in a single polypeptide chain. Generally, the Fv polypeptide further comprises a polypeptide
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linker between the VH and VL domains which enables the scFv to form the desired structure
for antigen binding. For a review of sFv see Pluckthun in The Pharmacology of Monoclonal
Antibodies, vol. 113, Rosenburg and Moore eds. Springer-Verlag, New York, pp. 269-315
(1994). In specific embodiments, scFvs include bi-specific scFvs and humanized scFvs.
[00105] As used herein, the terms “subject” and “patient” are used interchangeably.
As used herein, a subject is preferably a mammal such as a non-primate (e.g., cows, pigs,
horses, cats, dogs, rats etc.) and a primate (e.g., monkey and human), most preferably a
human.

[00106] As used herein, a “therapeutically effective amount” refers to that amount of
the therapeutic agent sufficient to treat or manage a disease or disorder associated with
FcyRIIB and any disease related to the loss of regulation in the Fc receptor signaling pathway
or to enhance the therapeutic efficacy of another therapy, e.g., therapeutic antibody, vaccine
therapy or prophylaxis, etc. A therapeutically effective amount may refer to the amount of
therapeutic agent sufficient to delay or minimize the onset of disease, e.g., delay or minimize
the spread of cancer. A therapeutically effective amount may also refer to the amount of the
therapeutic agent that provides a therapeutic benefit in the treatment or management of a
disease. Further, a therapeutically effective amount with respect to a therapeutic agent of the
invention means that amount of therapeutic agent alone, or in combination with other
therapies, that provides a therapeutic benefit in the treatment or management of a disease,
e.g., sufficient to enhance the therapeutic efficacy of a therapeutic antibody sufficient to treat
or manage a disease. Used in connection with an amount of FcyRIIB antibody of the
invention, the term can encompass an amount that improves overall therapy, reduces or
avoids unwanted effects, or enhances the therapeutic efficacy of or synergies with another
therapeutic agent.

[00107] As used herein, the terms “treat,” “treating” and “treatment” refer to the
eradication, reduction or amelioration of symptoms of a disease or disorder related to the loss
of regulation in the Fc receptor signaling pathway or to enhance the therapeutic efficacy of
another therapy, e.g., a therapeutic antibody, vaccine therapy or prophylaxis. In some
embodiments,, treatment refers to the eradication, removal, modification, or control of
primary, regional, or metastatic cancer tissue that results from the administration of one or
more therapeutic agents. In certain embodiments, such terms refer to the minimizing or
delaying the spread of cancer resulting from the administration of one or more therapeutic
agents to a subject with such a disease. In other embodiments, such terms.refer to elimination

of disease causing cells.
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[00108] As used herein, the term “in combination” refers to the use of more than one
prophylactic and/or therapeutic agents. The use of the term “in combination” does not
restrict the order in which prophylactic and/or therapeutic agents are administered to a subject
with a disorder, e.g., hyperproliferative cell disorder, especially cancer. A first prophylactic
or therapeutic agent can be administered prior to (e.g., 1 minute, 5 minutes, 15 minutes, 30
minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72
hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks
before), concomitantly with, or subsequent to (e.g., 1 minute, S minutes, 15 minutes, 30
minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72
hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks
after) the administration of a second prophylactic or therapeutic agent to a subject which had,
has, or is susceptible to a disorder. The prophylactic or therapeutic agents are administered to
a subject in a sequence and within a time interval such that the agent of the invention can act
together with the other agent to provide an increased benefit than if they were administered
otherwise. Any additional prophylactic or therapeutic agent can be administered in any order

with the other additional prophylactic or therapeutic agents.

4. BRIEF DESCRIPTION OF THE DRAWINGS

[00109] FIG. 1: Immunoreactivity of 8B5.3.4 Antibody Against FcyRIIA and
FcyRIIB. The direct binding of the antibody produced by the 8B5.3.4 hybridoma cell line
clone (MAb 8B5.3.4) to FcyRIIB and FcyRIIA was tested (in duplicate) in an ELISA assay
using plates coated with the receptors FcyRIIA and FcyRIIB. The bound antibodies were
detected with a goat anti-mouse HRP conjugated antibody, and the absorbance was
monitored at 650 nm.

[00110] FIG. 2: Isotype Characterization of the MAb 8B5.3.4. The isotype of the
MAD 8B5.3.4 produced by hybridoma clone 8B5.3.4 was determined by ELISA assay.
Antibodies against the various isotypes were assayed, and the absorbance values are reported.
[00111] FIG. 3: The nucleotide (SEQ ID NO: 1) and amino acid (SEQ ID NO: 3)
sequences for the variable light chain of the monoclonal antibody produced by clone 8B5.3.4
are represented.

[00112] FIG. 4: The nucleotide (SEQ ID NO: 2) and amino acid (SEQ ID NO: 4)
sequences for the variable heavy chain of the monoclonal antibody produced by clone

8B5.3.4 are represented.
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S. DESCRIPTION OF THE PREFERRED EMBODIMENTS

5.1  FcyRIIB-SPECIFIC ANTIBODIES

[00113] The present invention encompasses antibodies (preferably monoclonal

antibodies) or fragments thereof that specifically bind FcyRIIB, preferably human FcyRIIB,
more preferably native human FcyRIIB with a greater affinity than said antibodies or
fragments thereof bind FcyRIIA, preferably human FcyRIIA, more preferably native human
FcyRIIA. Representive antibodies are disclosed in U.S. Patent Application Publication No.
2004/0185045, U.S. Provisional Application Serial No. 60/569,882, and U.S. Patent
Application No. 11/126,978, herein expressly incorporated by reference in their entireties.
The present invention encompasses the use of a FcyRIIB-specific antibody, an analog,
derivative or an antigen-binding fragment thereof (e.g., one or more complementarity
determining regions (“CDRs”) of a FcyRIIB-specific antibody) in the prevention, treatment,
management or amelioration of a disease, such as cancer, in particular, a B-cell malignancy,
or one or more symptoms thereof. Preferably, the antibodies of the invention bind the
extracellular domain of native human FcyRIIB. In certain embodiments, the antibodies or
fragments thereof bind to FcyRIIB with an affinity greater than two-fold, four fold, 6 fold, 10
fold, 20 fold, 50 fold, 100 fold, 1000 fold, 10* fold, 10° fold, 10° fold, 107 fold, or 10® fold
than said antibodies or fragments thereof bind FcyRIIA. In yet other embodiments, the
invention encompasses the use of FcyRIIB antibodies that bind exclusively to FcyRIIB and
have no affinity for FcyRIIA using standard methods known in the art and disclosed herein.
In a preferred embodiment, the antibodies are human or humanized.

[00114] In yet another preferred embodiment, the antibodies of the invention further do
not bind Fc activation receptors, e.g., FcyIIIA, FcyIIIB, etc. In one embodiment, the
FeyRIIB-specific antibody in accordance with the invention is not the monoclonal antibody
designated KB61, as disclosed in Pulford et al., 1986 (Immunology, 57: 71-76) or the
monoclonal antibody designated MAbII8D?2 as disclosed in Weinrich e al., 1996,
(Hybridoma, 15(2):109-6). In a specific embodiment, the FcyRIIB-specific antibody of the
invention does not bind to the same epitope and/or does not compete with binding with the
monoclonal antibody KB61 or II8D2. Preferably, the FcyRIIB-specific antibody of the
invention does not bind the amino acid sequence SDPNFSI corresponding to positions 135-
141 of FcyRIIb2 isoform.

[00115] In a particular embodiment, the antibodies of the invention, or fragments

thereof agonize at least one activity of FcyRIIB. In one embodiment of the invention, said
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activity is inhibition of B cell receptor-mediated signaling. In another embodiment, the
agonistic antibodies of the invention inhibit activation of B cells, B cell proliferation,
antibody production, intracellular calcium influx of B cells, cell cycle progression, or activity
of one or more downstream signaling molecules in the FcyRIIB signal transduction pathway.
In yet another embodiment, the agonistic antibodies of the invention enhance phosphorylation
of FcyRIIB or SHIP recruitment. In a further embodiment of the invention, the agonistic
antibodies inhibit MAP kinase activity or Akt recruitment in the B cell receptor-mediated
signaling pathway. In another embodiment, the agonistic antibodies of the invention agonize
FcyRI1IB-mediated inhibition of FceRlI signaling. In a particular embodiment, said antibodies
inhibit FceRI-induced mast cell activation, calcium mobilization, degranulation, cytokine
production, or serotonin release. In another embodiment, the agonistic antibodies of the
invention stimulate phosphorylation of FcyRIIB, stimulate recruitment of SHIP, stimulate
SHIP phosphorylation and its association with Shc, or inhibit activation of MAP kinase
family members (e.g., Erkl, Erk2, INK, p38, etc.). In yet another embodiment, the agonistic
antibodies of the invention enhance tyrosine phosphorylation of p62dok and its association
with SHIP and rasGAP. In another embodiment, the agonistic antibodies of the invention
inhibit FcyR-mediated phagocytosis in monocytes or macrophages.

[00116] In another embodiment, the antibodies of the invention, or fragments thereof
antagonize at least one activity of FcyRIIB. In one embodiment, said activity is activation of
B cell receptor-mediated signaling. In a particular embodiment, the antagonistic antibodies
of the invention enhance B cell activity, B cell proliferation, antibody production,
intracellular calcium influx, or activity of one or more downstream signaling molecules in the
FcyRIIB signal transduction pathway. In yet another particular embodiment, the antagonistic
antibodies of the invention decrease phosphorylation of FcyRIIB or SHIP recruitment. Ina
further embodiment of the invention, the antagonistic antibodies enhance MAP kinase
activity or Akt recruitment in the B cell receptor mediated signaling pathway. In another
embodiment, the antagonistic antibodies of the invention antagonize FcyRIIB-mediated
inhibition of FceRI signaling. In a particular embodiment, the antagonistic antibodies of the
invention enhance FceRI-induced mast cell activation, calcium mobilization, degranulation,
cytokine production, or serotonin release. In another embodiment, the antagonistic antibodies
of the invention inhibit phosphorylation of FcyRIIB, inhibit recruitment of SHIP, inhibit
SHIP phosphorylation and its association with Shc, enhance activation of MAP kinase family
members (e.g., Erkl, Erk2, JNK, p38, etc.). In yet another embodiment, the antagonistic

antibodies of the invention inhibit tyrosine phosphorylation of p62dok and its association
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with SHIP and rasGAP. In another embodiment, the antagonistic antibodies of the invention
enhance FcyR-mediated phagocytosis in monocytes or macrophages. In another embodiment,
the antagonistic antibodies of the invention prevent phagocytosis, clearance of opsonized
particles by splenic macrophages.

[00117] In other embodiments, the antibodies of the invention, or fragments thereof
can be used to target one population of cells, but not others. Without being bound by any
theory, the present inventors have discovered that FcyRIIB is not highly expressed on
neutrophils, as previously thought. High concentrations of an anti-FcyRIIB antibody react
with neutrophils. However, neutrophil reactivity rapidly disappears with decreasing
concentrations of anti-FcyRIIB. At low concentrations of anti-FcyRIIB antibody, reactivity
with CD20+ B cells was preserved. Thus, reactivity of an antibody of the invention with
neutrophils can be reduced so as to not affect irrelevant populations, such as neutrophils or
platelets. Accordingly, in certain embodiments of the invention, an antibody of the invention
is employed at levels that fully recognize its target populations, but not other cells.

[00118] Antibodies of the invention include, but are not limited to, monoclonal
antibodies, synthetic antibodies, recombinantly produced antibodies, multispecific antjbodies,
human antibodies, humanized antibodies, chimeric antibodies, camelized antibodies, single-
chain Fvs (scFv), single chain antibodies, Fab fragments, F(ab’) fragments, disulfide-linked
Fvs (sdFv), intrabodies, and epitope-binding fragments of any of the above. In particular,
antibodies used in the methods of the present invention include immunoglobulin molecules
and immunologically active portions of immunoglobulin molecules, i.e., molecules that
contain an antigen binding site that immunospecifically bind to FcyRIIB with greater affinity
than said immunoglobulin molecules bind FcyRIIA. Antibody analogs may also include
FcyRIIB-specific T-cell receptors, for example, chimeric T-cell receptors (see, e.g., U.S.
Patent Application Publication No. 2004/0043401), a single-chain T-cell receptor linked to a
single-chain antibody (see, e.g., U.S. Patent No. 6,534,633), and protein scaffolds (see, e.g.,
U.S. Patent No. 6,818,418). In certain embodiments, an antibody analog of the invention is
not a monoclonal antibody.

[00119] The antibodies used in the methods of the invention may be from any animal
origin including birds and mammals (e.g., human, non-human primate, murine, donkey,
sheep, rabbit, goat, guinea pig, camel, horse, or chicken). Preferably, the antibodies are
human or humanized monoclonal antibodies. As used herein, “human” antibodies include

antibodies having the amino acid sequence of a human immunoglobulin and include
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antibodies isolated from human immunoglobulin libraries or libraries of synthetic human
immunoglobulin coding sequences or from mice that express antibodies from human genes.
[00120] The antibodies used in the methods of the present invention may be
monospecific, bispecific, trispecific or of greater multispecificity. Multispecific antibodies
may immunospecifically bind to different epitopes of FcyRIIB or immunospecifically bind to
both an epitope of FcyRIIB as well a heterologous epitope, such as a heterologous
polypeptide or solid support material. See, e.g., International Publication Nos. WO
93/17715, WO 92/08802, WO 91/00360, and WO 92/05793; Tutt, et al., 1991, J. Immunol.
147:60-69; U.S. Patent Nos. 4,474,893, 4,714,681, 4,925,648, 5,573,920, and 5,601,819; and
Kostelny er al., 1992, J. Immunol. 148:1547-1553; Todorovska et al., 2001 Journal of
Immunological Methods, 248:47-66.

[00121] In particular embodiments, the antibodies of the invention are multi-specific
with specificities for FcyRIIB and for a cancer antigen or any other cell surface marker
specific for a cell (e.g., an immune cell such as a T-cell or B-cell) designed to be killed, e.g.,
in treating or preventing a particular disease or disorder, or for other Fc receptors, e.g.,
FcyRIIIA, FeyRIIIB, etc.

[00122] In one particular embodiment, the antibody is derived from a mouse
monoclonal antibody produced by hybridoma clone, having ATCC accession number PTA-
7610. Hybridomas producing antibodies 8B5.3.4 have been deposited with the American
Type Culture Collection (10801 University Blvd., Manassas, VA. 20110-2209) on May 23,
2006 under the provisions of the Budapest Treaty on the International Recognition of the
Deposit of Microorganisms for the Purposes of Patent Procedures, and assigned accession
number PTA-7610 (for hybridoma producing the 8B5.3.4 antibody), and are incorporated
herein by reference. In a specific embodiment, the invention encompasses an antibody with
the heavy chain variable region having the amino acid sequence of SEQ ID NO: 4 and the
light chain variable region having the amino acid sequence of SEQ ID NO: 3. In a preferred
embodiment, the antibodies of the invention are human or have been humanized, preferably a
humanized version of the antibody produced by hybridoma clone 8B5.3.4.

[00123] The invention also encompasses the use of other antibodies, preferably
monoclonal antibodies or fragments thereof that specifically bind FcyRIIB, preferably human
FcyRIIB, more preferably native human FcyRIIB, that are derived from clones including but
not limited to 2B6 and 3H7, 1D5, 2E1, 2H9, 2D11, and 1F2 having ATCC Accession
numbers, PTA-4591, PTA-4592, PTA-5958, PTA-5961, PTA-5962, PTA-5960, and PTA-
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5959, respectively. Hybridomas producing the 2B6 and 3H7 clones were deposited under the
provisions of the Budapest Treaty with the American Type Culture Collection (10801
University Blvd., Manassas, VA. 20110-2209) on August 13, 2002, and are incorporated
herein by reference. Hybridomas producing the 1D5, 2E1, 2H9, 2D11, and 1F2 clones were
deposited under the provisions of the Budapest Treaty with the American Type Culture
Collection (10801 University Blvd., Manassas, VA. 20110-2209) on May 7, 2004, and are
incorporated herein by reference. In preferred embodiments, the antibodies described above
are chimerized or humanized.

[00124] In a specific embodiment, an antibody used in the methods of the present
invention is an antibody or an antigen-binding fragment thereof (e.g., comprising one or more
complementarily determining regions (CDRs), preferably all 6 CDRs) of the antibody
produced by clone 8B5.3.4 with ATCC accession number PTA-7610 (e.g., the heavy chain
CDR3). In a specific embodiment, an antibody used in the methods of the present invention
is an antibody or an antigen-binding fragment thereof (e.g., comprising one or more
complementarily determining regions (CDRs), preferably all 6 CDRs) of the antibody
produced by clone 2B6, 3H7, 1DS, 2E1, 2H9, 2D11, and 1F2 having ATCC Accession
numbers, PTA-4591, PTA-4592, PTA-5958, PTA-5961, PTA-5962, PTA-5960, and PTA-
5959, respectively (e.g., the heavy chain CDR3). Antibodies or antigen-binding fragments
thereof comprising less than 6 CDRs with high affinity and specificity for a particular antigen
as well as methods for producing and identifying such antibodies are commonly known in the
art (see, e.g., Ward et al., 1989, Nature 341:544-546; Dumoulin ef al., 2002, Protein Sci.
11:500-515; Davies et al., 1995, Bio/Technol. 13:475-479; Van den Beucken et «l., 2001, J.
Mol. Biol. 310:591-601; and Pereira et al., 1998, Biochem. 37:1430-1437, all of which are
incorporated by reference herein in their entireties). Antibodies specific for a particular
antigen that were generated by combining one or two CDRs from an antibody known to
specifically bind to the antigen with other CDRs have been described and are commonly
known in the art (see, e.g., Marks et al., 1992, Bio/Technol. 10:779-783; Klimka et al., 2000,
Brit. J. Cancer 83(2):252-260; and Rader et al., 1998, Proc. Natl. Acad. Sci. USA 95:8910-
8915, all of which are incorporated by reference herein in their entireties). Thus, the
invention contemplates antibodies having one, two, three, four, or five of the CDRs of clone
8B5.3.4 that bind FcyRIIB specifically and which may be identified using the screening
methods disclosed herein.

[00125] In one embodiment, an antibody fragment of the invention is a polypeptide

comprising one more more CDRs of the antibody produced by clone 8B5.3.4 with ATCC
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accession number PTA-7610 (e.g., the heavy chain CDR3) that specifically binds the
extracellular domain of native human FcyRIIB with greater affinity than said polypeptide
binds native human FcyRIIA. The polypeptide of the invention may comprise an amino acid
sequence of SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9,
SEQ ID NO:10, or any combination thereof (see, e.g., Davies et al., 1995, Bio/Technol.
13:475-479; Pereira et al., 1998, Biochemistry 37:1430-1437; Tsumoto et al., 2002, FEBS
Letters 525:77-82; van den Beucken er al., 2001, J. Mol. Biol. 310:591-601; Ward et al.,
1989, Nature 341:544-546; and Dumoulin et al., 2002, Protein Sci. 11:500-515, all of which
are incorporated by reference in their entireties).

[00126] In another embodiment, an antibody used in the methods of the present
invention binds to the same epitope as the mouse monoclonal antibody produced by clone
8B5.3.4 with ATCC accession number PTA-7610, respectively and/or competes with the
mouse monoclonal antibody produced by clone 8B5.3.4 with ATCC accession number PTA-
7610, respectively as determined, e.g., in an ELISA assay or other appropriate competitive
immunoassay, and also binds FcyRIIB with a greater affinity than said antibody or a fragment
thereof binds FcyRIIA. In another embodiment, an antibody used in the methods of the
present invention binds to the same epitope as the mouse monoclonal antibody produced by
hybridoma clones 2B6, 3H7, 1DS, 2E1, 2H9, 2D11, and 1F2 having ATCC Accession
numbers PTA-4591, PTA-4592, PTA-5958, PTA-5961, PTA-5962, PTA-5960, and PTA-
5959, respectively, and/or competes with the mouse monoclonal antibody produced by clone
2B6, 3H7, 1D5, 2E1, 2H9, 2D11, and 1F2 having ATCC Accession numbers, PTA-4591,
PTA-4592, PTA-5958, PTA-5961, PTA-5962, PTA-5960, and PTA-5959, respectively, as
determined, e.g., in an ELISA assay or other appropriate competitive immunoassay, and also
binds FcyRIIB with a greater affinity than said antibody Qr' a fragment thereof binds FcyRIIA.
[00127] The present invention also encompasses antibodies or fragments thereof
compriéing an amino acid sequence of a variable heavy chain and/or variable light chain that
is 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 the variable heavy chain and/or light chain of the mouse monoclonal
antibody produced by clone 8B5.3.4, 2B6, 3H7, 1D5, 2E1, 2H9, 2D11, or 1F2 having ATCC
accession numbers PTA-7610, PTA-4591, PTA-4592, PTA-5958, PTA-5961, PTA-5962,
PTA-5960, and PTA-5959, respectively. The present invention further encompasses
antibodies or fragments thereof that specifically bind FcyRIIB with greater affinity than said

antibody or fragment thereof binds FcyRIIA, said antibodies or antibody fragments
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comprising an amino acid sequence of one or more CDRs that is 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 one or more
CDRs of the mouse monoclonal antibody produced by clone 8B5.3.4, 2B6, 3H7, 1D5, 2E1,
2H9, 2D11, or 1F2 having ATCC accession numbers PTA-7610, PTA-4591, PTA-4592,
PTA-5958, PTA-5961, PTA-5962, PTA-5960, and PTA-5959, respectively. The
determination of percent identity of two amino acid sequences can be determined by any
method known to one skilled in the art, including BLAST protein searches.

[00128] The present invention also encompasses the use of antibodies or antibody
fragments that specifically bind FcyRIIB with greater affinity than said antibodies or
fragments thereof binds FcyRIIA, wherein said antibodies or antibody fragments are encoded
by a nucleotide sequence that hybridizes to the nucleotide sequence of the mouse monoclonal
antibody produced by clone 8B5.3.4, 2B6, 3H7, 1DS5, 2E1, 2H9, 2D11, or 1F2 having ATCC
accession numbers PTA-4591, PTA-4592, PTA-5958, PTA-5961, PTA-5962, PTA-5960, and
PTA-5959, respectively, under stringent conditions. In a preferred embodiment, the
invention provides antibodies or fragments thereof that specifically bind FcyRIIB with
greater affinity than said antibodies or fragments thereof bind FcyRIIA, said antibodies or
antibody fragments comprising a variable light chain and/or variable heavy chain encoded by
a nucleotide sequence that hybridizes under stringent conditions to the nucleotide sequence of
the variable light chain and/or variable heavy chain of the mouse monoclonal antibody
produced by clone 8B5.3.4, 2B6, 3H7, 1DS, 2E1, 2H9, 2D11, or IF2 having ATCC accession
numbers PTA-7610, PTA-4591, PTA-4592, PTA-5958, PTA-5961, PTA-5962, PTA-5960,
and PTA-5959, respectively, under stringent conditions. In another preferred embodiment,
the invention provides antibodies or fragments thereof that specifically bind FcyRIIB with
greater affinity than said antibodies or fragments thereof bind FcyRIIA, said antibodies or
antibody fragments comprising one or more CDRs encoded by a nucleotide sequence that
hybridizes under stringent conditions to the nucleotide sequence of one or more CDRs of the
mouse monoclonal antibody produced by clone 8B5.3.4, 2B6, 3H7, 1D5, 2E1, 2H9, 2D11, or
1F2 having ATCC accession numbers PTA-7610, PTA-4591, PTA-4592, PTA-5958, PTA-
5961, PTA-5962, PTA-5960, and PTA-5959, respectively. Stringent hybridization conditions
include, but are not limited to, hybridization to filter-bound DNA in 6X sodium
chloride/sodium citrate (SSC) at about 45°C followed by one or more washes in 0.2X
SSC/0.1% SDS at about 50-65°C, highly stringent conditions such as hybridization to filter-
bound DNA in 6X SSC at about 45°C followed by one or more washes in 0.1X SSC/0.2%
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SDS at about 60°C, or any other stringent hybridization conditions known to those skilled in
the art (see, for example, Ausubel, F.M. et al., eds. 1989 Current Protocols in Molecular
Biology, vol. 1, Green Publishing Associates, Inc. and John Wiley and Sons, Inc., NY at
pages 6.3.1 to 6.3.6 and 2.10.3, incorporated herein by reference).

[00129] The constant domains of the antibodies may be selected with respect to the
proposed function of the antibody, in particular with regard to the effector function which
may be required. In some embodiments, the constant domains of the antibodies are human
IgA, IgE, IgG or IgM domains.

[00130] The antibodies used in the methods of the invention include derivatives that
are modified, i.e, by the covalent attachment of any type of molecule to the antibody. For
example, but not by way of limitation, the antibody derivatives include antibodies that have
been 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. Any of numerous chemical modifications may be carried
out by known techniques, including, but not limited to, specific chemical cleavage,
acetylation, formylation, metabolic synthesis of tunicamycin, etc. Additionally, the
derivative may contain one or more non-classical amino acids.

[00131] Further, the antibodies of the invention can, in turn, be utilized to generate
anti-idiotype antibodies using techniques well known to those skilled in the art. (See, e.g.,
Greenspan & Bona, 1989, FASEB J. 7:437-444; and Nissinoff, 1991, J. Immunol. 147:2429-
2438). The invention provides methods employing the use of polynucleotides comprising a
nucleotide sequence encoding an antibody of the invention or a fragment thereof.

[00132] The present invention encompasses single domain antibodies, including
camelized single domain antibodies (See e.g., Muyldermans et al., 2001, Trends Biochem.
Sci. 26:230; Nuttall et al., 2000, Cur. Pharm. Biotech. 1:253; Reichmann and Muyldermans,
1999, J. Immunol. Meth. 231:25; International Publication Nos. WO 94/04678 and WO
94/25591; U.S. Patent No. 6,005,079; which are incorporated herein by reference in their
entireties). In one embodiment, the present invention provides single domain antibodies
comprising two VH domains with modifications such that single domain antibodies are
formed.

[00133] The methods of the present invention also encompass the use of antibodies or
fragments thereof that have half-lives (e.g., serum half-lives) in a mammal, preferably a
human, of greater than 15 days, preferably greater than 20 days, greater than 25 days, greater
than 30 days, greater than 35 days, greater than 40 days, greater than 45 days, greater than 2
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months, greater than 3 months, greater than 4 months, or greater than 5 months. The
increased half-lives of the antibodies of the present invention or fragments thereof in a
mammal, preferably a human, results in a higher serum titer of said antibodies or antibody
fragments in the mammal, and thus, reduces the frequency of the administration of said
antibodies or antibody fragments and/or reduces the concentration of said antibodies or
antibody fragments to be administered. Antibodies or fragments thereof having increased in
vivo half-lives can be generated by techniques known to those of skill in the art. For
example, antibodies or fragments thereof with increased in vivo half-lives can be generated
by modifying (e.g., substituting, deleting or adding) amino acid residues identified as
involved in the interaction between the Fc domain and the FcRn receptor. The antibodies of
the invention may be engineered by methods described in Ward ef al. to increase biological
half-lives (See U.S. Patent No. 6,277,375 B1). For example, antibodies of the invention may
be engineered in the Fc-hinge domain to have increased in vivo or serum half-lives.

[00134] Antibodies or fragments thereof with increased in vivo half-lives can be
generated by attaching to said antibodies or antibody fragments polymer molecules such as
high molecular weight polyethyleneglycol (PEG). PEG can be attached to said antibodies or
antibody fragments with or without a multifunctional linker either through site-specific
conjugation of the PEG to the N— or C- terminus of said antibodies or antibody fragments or
via epsilon-amino groups present on lysine residues. Linear or branched polymer
derivatization that results in minimal loss of biological activity will be used. The degree of
conjugation will be closely monitored by SDS-PAGE and mass spectrometry to ensure proper
conjugation of PEG molecules to the antibodies. Unreacted PEG can be separated from
antibody-PEG conjugates by, e.g., size exclusion or ion-exchange chromatography.

[00135] The antibodies of the invention may also be modified by the methods and
coupling agents described by Davis et al. (See U.S. Patent No. 4,179,337) in order to provide
compositions that can be injected into the mammalian circulatory system with substantially
no immunogenic response.

[00136] The present invention also encompasses the use of antibodies or antibody
fragments comprising the amino acid sequence of any of the antibodies of the invention with
mutations (e.g., one or more amino acid substitutions) in the framework or CDR regions.
Preferably, mutations in these antibodies maintain or enhance the avidity and/or affinity of

the antibodies for FcyRIIIB to which they immunospecifically bind. Standard techniques
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known to those skilled in the art (e.g., immunoassays) can be used to assay the affinity of an
antibody for a particular antigen.

[00137] The invention further encompasses methods of modifying an effector function
of an antibody of the invention, wherein the method comprises modifying the carbohydrate
content of the antibody using the methods disclosed herein or known in the art.

[00138] Standard techniques known to those skilled in the art can be used to introduce
mutations in the nucleotide sequence encoding an antibody, or fragment thereof, including,
e.g., site-directed mutagenesis and PCR-mediated mutagenesis, which results in amino acid
substitutions. Preferably, the derivatives include less than 15 amino acid substitutions, less
than 10 amino acid substitutions, less than 5 amino acid substitutions, less than 4 amino acid
substitutions, less than 3 amino acid substitutions, or less than 2 amino acid substitutions
relative to the original antibody or fragment thereof. In a preferred embodiment, the
derivatives have conservative amino acid substitutions made at one or more predicted non-
essential amino acid residues.

[00139] For some uses, including in vivo use of antibodies in humans and in vitro
detection assays, it may be preferable to use human, chimeric or humanized antibodies.
Completely human antibodies are particularly desirable for therapeutic treatment of human
subjects. Human antibodies can be made by a variety of methods known in the art including
phage display methods described above using antibody libraries derived from human
immunoglobulin sequences. See also U.S. Patent Nos. 4,444,887 and 4,716,111; and
International Publication Nos. WO 98/46645, WO 98/50433, WO 98/24893, WO 98/16654,
WO 96/34096, WO 96/33735, and WO 91/10741; each of which is incorporated herein by

reference in its entirety.

5.1.1 Humanized antibodies

[00140] In preferred embodiments, the antibodies are humanized antibodies. A
humanized antibody is an antibody, a variant or a fragment thereof which is capable of
binding to a predetermined antigen and which comprises a framework region having
substantially the amino acid sequence of a human immunoglobulin and a CDR having
substantially the amino acid sequence of a non-human immunoglobulin. A humanized
FcyRIIB specific antibody may comprise substantially all of at least one, and typically two,

variable domains in which all or substantially all of the CDR regions correspond to those of a

non-human immunoglobulin (i.e., donor antibody) and all or substantially all of the

framework regions are those of a human immunoglobulin consensus sequence. Preferably, a
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humanized antibody of the invention also comprises at least a portion of an immunoglobulin
constant region (Fc), typically that of a human immunoglobulin. The constant domains of the
humanized antibodies of the invention may be selected with respect to the proposed function
of the antibody, in particular the effector function which may be required. In some
embodiments, the constant domains of the humanized antibodies of the invention are human
IgA, IgE, IgG or IgM domains. In a specific embodiment, human IgG constant domains,
especially of the IgG1 and IgG3 isotypes are used, when the humanized antibodies of the
invention is intended for therapeutic uses and antibody effector functions are needed. In
alternative embodiments, IgG2 and IgG4 isotypes are used when the humanized antibody of
the invention is intended for therapeutic purposes and antibody effector function is not
required. Humanized FcyRIIB specific antibodies are disclosed in U.S. Provisional
Application Serial Nos. 60/569,882 and 60/582,043, filed May 10, 2004 and June 21, 2004,
respectively, and U.S. Patent Application No. 11/126,978, filed May 10, 2005.

[00141] In some embodiments, the antibody contains both the light chain as well as at
least the variable domain of a heavy chain. In other embodiments, the antibody may further
comprise one or more of the CH1, hinge, CH2, CH3, and CH4 regions of the heavy chain.
The humanized antibody can be selected from any class of immunoglobulins, including IgM,
IgG, IgD, IgA and IgE, and any isotype, including IgG;, IgG,, IgG; and IgG,. In some
embodiments, the constant domain is a complement fixing constant domain where it is
desired that the humanized antibody exhibit cytotoxic activity, and the class is typically IgG;.
In other embodiments, where such cytotoxic activity is not desirable, the constant domain
may be of the IgG; class. The humanized antibody may comprise sequences from more than
one class or isotype, and selecting particular constant domains to optimize desired effector
functions is within the ordinary skill in the art.

[00142] The framework and CDR regions of a humanized antibody need not
correspond precisely to the parental sequences, e.g., the donor CDR or the consensus
framework may be mutagenized by substitution, insertion or deletion of at least one residue
so that the CDR or framework residue at that site does not correspond to either the consensus
or the donor antibody. Such mutations, however, are preferably not extensive. Usually, at
least 75% of the humanized antibody residues will correspond to those of the parental
framework region (FR) and CDR sequences, more often 90%, and most preferably greater
than 95%. Humanized antibodies can be produced using variety of techniques known in the
art, including but not limited to, CDR-grafting (European Patent No. EP 239,400;
International Publication No. WO 91/09967; and U.S. Patent Nos. 5,225,539, 5,530,101, and
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5,585,089), veneering or resurfacing (European Patent Nos. EP 592,106 and EP 519,596;
Padlan, 1991, Molecular Immunology 28(4/5):489-498; Studnicka et al., 1994, Protein
Engineering 7(6):805-814; and Roguska et al., 1994, Proc Natl Acad Sci USA 91:969-973),
chain shuffling (U.S. Patent No. 5,565,332), and techniques disclosed in, e.g., U.S. Patent
Nos. 6,407,213, 5,766,886, 5,585,089, International Publication No. WO 9317105, Tan et al.,
2002, J. Immunol. 169:1119-25, Caldas et al., 2000, Protein Eng. 13:353-60, Morea et al.,
2000, Methods 20:267-79, Baca et al., 1997, J. Biol. Chem. 272:10678-84, Roguska et al.,
1996, Protein Eng. 9:895-904, Couto et al., 1995, Cancer Res. 55 (23 Supp):5973s-5977s,
Couto et al., 1995, Cancer Res. 55:1717-22, Sandhu, 1994, Gene 150:409-10, Pedersen et al.,
1994, J. Mol. Biol. 235:959-73, Jones et al., 1986, Nature 321:522-525, Riechmann et al.,
1988, Nature 332:323, and Presta, 1992, Curr. Op. Struct. Biol. 2:593-596. Often, framework
residues in the framework regions will be substituted with the corresponding residue from the
CDR donor antibody to alter, preferably improve, antigen binding. These framework
substitutions are identified by methods well known in the art, e.g., by modeling of the
interactions of the CDR and framework residues to identify framework residues important for
antigen binding and sequence comparison to identify unusual framework residues at |
particular positions. (See, e.g., Queen et al., U.S. Patent No. 5,585,089; U.S. Publication
Nos. 2004/0049014 and 2003/0229208; U.S. Patent Nos. 6,350,861; 6,180,370; 5,693,762;
5,693,761:; 5,585,089; and 5,530,101 and Riechmann et al., 1988, Nature 332:323, all of
which are incorporated herein by reference in their entireties.)

[00143] The present invention provides for the use of humanized antibody molecules
specific for FcyRIIB in which one or more regions of one or more CDRs of the heavy and/or

- light chain variable regions of a human antibody (the recipient antibody) have been
substituted by analogoﬁs parts of one or more CDRs of a donor monoclonal antibody which
specifically binds FcyRIIB, with a greater affinity than FcyRIIA, e.g., a monoclonal antibody
produced by clone 8B5.3.4, having ATCC accession number PTA-7610, respectively. In
other embodiments, the humanized antibodies bind to the same epitope as the 8B5.3.4
antibody. In a most preferred embodiment, the humanized antibody specifically binds to the
same epitope as the donor murine antibody. It will be appreciated by one skilled in the art
that the invention encompasses CDR grafting of antibodies in general. Thus, the donor and
acceptor antibodies may be derived from animals of the same species and even same antibody

class or sub-class. More usually, however, the donor and acceptor antibodies are derived
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from animals of different species. Typically the donor antibody is a non-human antibody,
such as a rodent MAb, and the acceptor antibody is a human antibody.

[00144] In some embodiments, at least one CDR from the donor antibody is grafted
onto the human antibody. In other embodiments, at least two and preferably all three CDRs
of each of the heavy and/or light chain variable regions are grafted onto the human antibody.
The CDRs may comprise the Kabat CDRs, the structural loop CDRs or a combination
thereof. In some embodiments, the invention encompasses a humanized FcyRIIB antibody
comprising at least one CDR grafted heavy chain and at least one CDR-grafted light chain.
[00145] In a preferred embodiment, the CDR regions of the humanized FcyRIIB
specific antibody are derived from a murine antibody specific for FcyRIIB. In some
embodiments, the humanized antibodies described herein comprise alterations, including but
not limited to amino acid deletions, insertions, modifications, of the acceptor antibody, i.e.,
human, heavy and/or light chain variable domain framework regions that are necessary for
retaining binding specificity of the donor monoclonal antibody. In some embodiments, the
framework regions of the humanized antibodies described herein does not necessarily consist
of the precise amino acid sequence of the framework region of a natural occurring human
antibody variable region, but contains various alterations, including but not limited to amino
acid deletions, insertions, modifications that alter the property of the humanized antibody, for
example, improve the binding properties of a humanized antibody region that is specific for
the same target as the murine FcyRIIB specific antibody. In most preferred embodiments, a
minimal number of alterations are made to the framework region in order to avoid large-scale
introductions of non-human framework residues and to ensure minimal immunogenicity of
the humanized antibody in humans. The donor monoclonal antibody is preferably a
monoclonal antibody produced by clone 8B5.3.4 (having ATCC accession number PTA-
7610) which binds FcyRIIB.

[00146] In a specific embodiment, the invention encompasses the use of a CDR-
grafted antibody which specifically binds FcYRIIB with a greater affinity than said antibody
binds FcyRIIA, wherein the CDR-grafted antibody comprises a heavy chain variable region
domain comprising framework residues of the recipient antibody and residues from the donor
monoclonal antibody, which specifically binds FcyYRIIB with a greater affinity than said
antibody binds FcyRIIA, e.g., monoclonal antibody produced from clone 8B5.3.4. In another
specific embodiment, the invention encompasses the use of a CDR-grafted antibody which

specifically binds FcyRIIB with a greater affinity than said antibody binds FcyRIIA, wherein
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the CDR-grafted antibody comprises a light chain variable region domain comprising
framework residues of the recipient antibody and residues from the donor monoclonal
antibody, which specifically binds FcyRIIB with a greater affinity than said antibody binds
FcyRIIA, e.g., monoclonal antibody produced from clones 8B5.3.4, 2B6, 3H7, 1D5, 2El,
2H9, 2D11, or 1F2.

[00147] Preferably the humanized antibodies bind the extracellular domain of native
human FcyRIIB. The humanized anti- FcyRIIB antibodies of the invention may have a heavy
chain variable region comprising the amino acid sequence of CDR1 (SEQ ID NO: 8) and/or
CDR2 (SEQ ID NO: 9) and/or CDR3 (SEQ ID NO: 10) and/or a light chain variable region
comprising the amino acid sequence of CDR1 (SEQ ID NO: 5) and/or a CDR2 (SEQ ID NO:
6) and/or CDR3 (SEQ ID NO: 7).

[00148] In a specific embodiment, the invention encompasses the use of a humanized
antibody comprising the CDRs of the 8B5.3.4 antibody in the prevention, treatment,
management or amelioration of a B-cell malignancy, or one or more symptoms thereof. In
particular, an antibody with the heavy chain variable domain having the amino acid sequence
of SEQ ID NO: 4 and the light chain variable domain having the amino acid sequence of
SEQ ID NO: 3 is used in the prevention, treatment, management or amelioration of a B-cell
malignancy, or one or more symptoms thereof. In yet another preferred embodiment, the
humanized antibodies further do not bind Fc activation receptors, e.g., FcyllIA, FcyIIIB, etc.
[00149] In one specific embodiment, a humanized 8B5.3.4 antibody is provided,
wherein the VH region consists of the FR segments from the human germline VH segment
VHI1-18 (Matsuda et al., 1998, J. Exp. Med. 188:2151062) and JH6 (Ravetch et al., 1981,
Cell 27(3 Pt. 2): 583-91), and one or more VH CDR regions of the 8B5.3.4 antibody, having
the amino acid sequence of SED ID NO: 8, SED ID NO: 9, or SED ID NO: 10. In another
specific embodiment, the humanized 8B5.3.4 antibody further comprises a VL region, which
consists of the FR segments of the human germline VL segment VK-A26 (Lautner-Rieske et
al., 1992, Eur. J. Immunol. 22:1023-1029) and JK4 (Hieter et al., 1982, J. Biol. Chem.
257:1516-22), and one or more VL CDR regions of the 8B5.3.4 antibody, having the amino
acid sequence of SEQ ID NO: 5, SEQ ID NO: 6, or SEQ ID NO: 7.

[00150] In particular, a humanized antibody is provided that immunospecifically binds
to extracellular domain of native human FcyRIIB, said antibody comprising (or alternatively,
consisting of) CDR sequences of the 8B5.3.4 antibody, in any of the following combinations:
a VH CDR1 and a VL CDR1; a VH CDR1 and a VL CDR2; a VH CDRI1 and a VL CDR3; a
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VH CDR2 and a VL CDR1; VH CDR2 and VL CDR2; a VH CDR2 and a VL CDR3; a VH
CDR3 and a VH CDR1; a VH CDR3 and a VL CDR2; a VH CDR3 and a VL CDR3; a VHI
CDR1, a VH CDR2 and a VL CDR1; a VH CDR1, a VH CDR2 and a VL CDR2; a VH
CDRI1, a VH CDR2 and a VL CDR3; a VH CDR2, a VH CDR3 and a VL CDR1, a VH
CDR2, a VH CDR3 and a VL CDR2; a VH CDR2, a VH CDR2 and a VL CDR3; a VH
CDR1,a VL CDR1 and a VL CDR2; a VH CDR1, a VL CDR1 and a VL CDR3; a VH
CDR2, a VL CDR1 and a VL CDR2; a VH CDR2, a VL CDRI1 and a VL CDR3; a VH
CDR3, a VL CDR1 and a VL CDR2; a VH CDR3, a VL CDRI1 and a VL CDR3; a VH
CDR1, a VH CDR2, a VH CDR3 and a VL CDR1; a VH CDR1, a VH CDR2, a VH CDR3
and a VL CDR2; a VH CDRI, a VH CDR2, a VH CDR3 and a VL CDR3; a VH CDR1, a
VH CDR2, a VL CDR1 and a VL CDR2; a VH CDR1, a VH CDR2, a VL CDR1 and a VL
CDR3;a VH CDRI1, a VH CDR3, a VL CDR1 and a VL CDR2; a VH CDR1, a VH CDR3, a
VL CDR1 and a VL CDR3; a VH CDR2, a VH CDR3, a VL CDR1 and a VL CDR2; a VH
CDR2, a VH CDR3, a VL CDR1 and a VL CDR3; a VH CDR2, a VH CDR3, a VL CDR2
and a VL CDR3; a VH CDR1, a VH CDR2, a VH CDR3, a VL CDR1 and a VL CDR2; a
VH CDR1, a VH CDR2, a VH CDR3, a VL CDR1 and a VL CDR3; a VH CDR1, a VH
CDR2,a VL CDR1, a VL CDR2, and a VL CDR3; a VH CDR1, a VH CDR3, a VL CDR1, a
VL CDR2, and a VL CDR3; a VH CDR2, a VH CDR3, a VL CDR1, a VL CDR2, and a VL
CDR3; or any combination thereof of the VH CDRs and VL CDRs disclosed herein.

5.1.2 Human antibodies

[00151] Human antibodies can also be produced using transgenic mice which are
incapable of expressing functional endogenous immunoglobulins, but which can express
human immunoglobulin genes. For example, the human heavy and light chain
immunoglobulin gene complexes may be introduced randomly or by homologous
recombination into mouse embryonic stem cells. Alternatively, the human variable region,
constant region, and diversity region may be introduced into mouse embryonic stem cells in
addition to the human heavy and light chain genes. The mouse heavy and light chain
immunoglobulin genes may be rendered non-functional separately or simultaneously with the
introduction of human immunoglobulin loci by homologous recombination. In particular,
homozygous deletion of the Jy region prevents endogenous antibody production. The
modified embryonic stem cells are expanded and microinjected into blastocysts to produce
chimeric mice. The chimeric mice are then bred to produce homozygous offspring which

express human antibodies. The transgenic mice are immunized using conventional
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methodologies with a selected antigen, e.g., all or a portion of a polypeptide of the invention.
Monoclonal antibodies directed against the antigen can be obtained from the immunized,
transgenic mice using conventional hybridoma technology. The human immunoglobulin
transgenes harbored by the transgenic mice rearrange during B cell differentiation, and
subsequently undergo class switching and somatic mutation. Thus, using such a technique, it
is possible to produce therapeutically useful IgG, IgA, IgM and IgE antibodies. For an
overview of this technology for producing human antibodies, see Lonberg and Huszar (1995,
Int. Rev. Immunol. 13:65-93, which is incorporated herein by reference in its entirety). For a
detailed discussion of this technology for producing human antibodies and human
monoclonal antibodies and protocols for producing such antibodies, see, e.g., International
Publication Nos. WO 98/24893, WO 96/34096, and WO 96/33735; and U.S. Patent Nos.
5,413,923, 5,625,126, 5,633,425, 5,569,825, 5,661,016, 5,545,806, 5,814,318, and 5,939,598,
which are incorporated by reference herein in their entirety. In addition, companies such as
Abgenix, Inc. (Freemont, CA) and Medarex (Princeton, NJ) can be engaged to provide
human antibodies directed against a selected antigen using technology similar to that

described above.

5.1.3 Chimeric antibodies

[00152] A chimeric antibody is a molecule in which different portions of the antibody
are derived from different immunoglobulin molecules such as antibodies having a variable
region derived from a non-human antibody and a human immunoglobulin constant region.
The present invention provides chimeric antibodies derived from antibodies produced from
hybridoma clones 8B5.3.4, 2B6, 3H7, 1D5, 2E1, 2H9, 2D11, or 1F2 having ATCC accession
numbers PTA-7610, PTA-4591, PTA-4592, PTA-5958, PTA-5961, PTA-5962, PTA-5960,
and PTA-5959, respectively. Methods for producing chimeric antibodies are known in the
art. See e.g., Morrison, 1985, Science 229:1202; Oi et al., 1986, BioTechniques 4:214;
Gillies et al., 1989, J. Immunol. Methods 125:191-202; and U.S. Patent Nos. 6,311,415,
5,807,715, 4,816,567, and 4,816,397, which are incorporated herein by reference in their
entirety. Chimeric antibodies comprising one or mbre CDRs from a non-human species and
framework regions from a human immunoglobulin molecule can be produced using a variety
of techniques known in the art including, for example, CDR-grafting (EP 239,400;
International Publication No. WO 91/09967; and U.S. Patent Nos. 5,225,539, 5,530,101, and
5,585,089), veneering or resurfacing (EP 592,106; EP 519,596; Padlan, 1991, Molecular
Immunology 28(4/5):489-498; Studnicka et al., 1994, Protein Engineering 7:805; and
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Roguska et al., 1994, PNAS 91:969), and chain shuffling (U.S. Patent No. 5,565,332). Each
of the above-identified references is incorporated herein by reference in its entirety.

[00153] Often, framework residues in the framework regions will be substituted with
the corresponding residue from the CDR donor antibody to alter, preferably improve, antigen
binding. These framework substitutions are identified by methods well known in the art, e.g.,
by modeling of the interactions of the CDR and framework residues to identify framework
residues important for antigen binding and sequence comparison to identify unusual
framework residues at particular positions. (See, e.g., U.S. Patent No. 5,585,089; and
Riechmann et al., 1988, Nature 332:323, which are incorporated herein by reference in their

entireties.)

5.1.4 Fc Region Modifications

[00154] The invention encompasses antibodies with Fc constant domains comprising

one or more amino acid modifications which alter antibody effector functions such as those
disclosed in U.S. Patent Application Publication Nos. U.S. 2005/0037000 and U.S.
2005/0064514; U.S. Patent Nos. 5,624,821 and 5,648,260 and European Patent No. EP 0 307
434, all of which are incorporated herein by reference in their entireties. These antibodies
may exhibit improved ADCC activity (i.e., 2-fold, 10-fold, 100-fold, 500-fold, ctc.)
compared to comparable antibodies without amino acid modification.

[00155] The present invention encompasses antibodies comprising modifications
preferably, in the Fc region that modify the binding affinity of the antibody to one or more
FcyR. Methods for modifying antibodies with modified binding to one or more FcyR are
known in the art, see, e.g., PCT Publication Nos. WO 04/029207, WO 04/029092, WO
04/028564, WO 99/58572, WO 99/51642, WO 98/23289, WO 89/07142, WO 88/07089, and
U.S. Patent Nos. 5,843,597 and 5,642,821, each of which is incorporated herein by reference
in their entirety. In some embodiments, the invention encompasses antibodies that have
altered affinity for an activating FcyR, e.g., FcYRIIIA. Preferably such modifications also
have an altered Fc-mediated effector function. Modifications that affect Fc-mediated effector
function are known in the art (See U.S. Patent No. 6,194,551, which is incorporated herein by
reference in its entirety). The amino acids that can be modified in accordance with the
method of the invention include but are not limited to Proline 329, Proline 331, and Lysine
322. Proline 329, Proline 331 and Lysine 322 are preferably replaced with alanine, however,

substitution with any other amino acid is contemplated. See International Publication No.
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WO 00/42072 and U.S. Patent No. 6,194,551 which are incorporated herein by reference in
their entirety.

[00156] In one particular embodiment, the modification of the Fc region comprises one
or more mutations in the Fc region. The one or more mutations in the Fc region may result in
an antibody with an altered antibody-mediated effector function, an altered binding to other
Fc receptors (e.g., Fc activation receptors), an altered ADCC activity, or an altered Clq
binding activity, or an altered complement dependent cytotoxicity activity, or any
combination thereof.

[00157] In some embodiments, the invention encompasses molecules comprising a
variant Fc region having an amino acid modification at one or more of the following
positions: 119, 125, 132, 133, 141, 142, 147, 149, 162, 166, 185, 192, 202, 205, 210, 214,
215,216, 217, 218, 219, 221, 222, 223, 224, 225, 227, 229, 231, 232, 233, 235, 240, 241,
242,243, 244, 246, 247, 248, 250, 251, 252, 253, 254, 255, 256, 258, 261, 262, 263, 268,
269, 270, 272, 274, 275, 276, 279, 280, 281, 282, 284, 287, 288, 289, 290, 291, 292, 293,
295, 298, 301, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 315, 316, 317, 318,
319, 320, 323, 326, 327, 328, 330, 333, 334, 335, 337, 339, 340, 343, 344, 345, 347, 348,
352, 353, 354, 355, 358, 359, 360, 361, 362, 365, 366, 367, 369, 370, 371, 372, 375, 377,
378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 392, 393, 394, 395, 396,
397, 398, 399, 400, 401, 402, 404, 406, 407, 408, 409, 410, 411, 412, 414, 415, 416, 417,
419, 420, 421, 422, 423, 424, 427, 428, 431, 433, 435, 436, 438, 440, 441, 442, 443, 446, or
447. Preferably, engineering of the Fc portion results in increased cell-mediated killing
and/or complement mediated killing of the tumor cells.

[00158] The invention encompasses molecules comprising variant Fc regions

consisting of or comprising any of the mutations listed in the table below in Table 2.

TABLE 2. EXEMPLARY MUTATIONS
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[00160] In most preferred embodiments, an anti-FcyRIIB antibody of the invention has
a modified Fc region with altered affinity for activating and/or inhibitory receptors, wherein
the Fc domain has one or more amino acid modifications, wherein said one or more amino
acid modifications is a substitution at position 288 with asparagine, at position 330 with
serine and at position 396 with leucin (MgFc10) (see, Tables 2 and 3); or a substitution at
position 334 with glutamic acid, at position 359 with asparagine, and at position 366 with
serine (MgFc13); or a substitution at position 316 with aspartic acid, at position 378 with
valine, and at position 399 with glutamic acid (MgFc27); or a substitution at position 392
with threonine, and at position 396 with leucine (MgFc38); or a substitution at position 221
with glutamic acid, at position 270 with glutamic acid, at position 308 with alanine, at
position 311 with histidine, at position 396 with leucine, and at position 402 with aspanic
acid (MgFc42); or a substitution at position 240 with alanine, and at position 396 with leucine
(MgFc52); or a substitution at position 410 with histidine, and at position 396 with leucine
(MgFc53); or a substitution at position 243 with leucine, at position 305 with isoleucine, at
position 378 with aspartic acid, at position 404 with serine, and at position 396 with leucine
(MgFc54); or a substitution at position 255 with leucine, and at position 396 with leucine

(MgFc55); or a substitution at position 370 with glutamic acid and at position 396 with
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leucine (MgFc59); or a substitution at position 243 with leucine, at position 292 with proline,
at position 300 with leucine, at position 305 with isoleucine, and at position 396 with leucine
(MgFc88); or a substitution at position 243 with leucine, at position 292 with proline, at
position 300 with leucine, and at position 396 with leucine (MgFc88A); or a substitution at
position 243 with leucine, at position 292 with proline, and at position 300 with leucine
(MgFc155). (See, also, Tables 2, 3A and 3B of U.S. Patent Application Publication No.
2005/0064514 Al, to Stavenhagen et al., filed July 28, 2004, which is herein incorporated by
reference.)

[00161] In a preferred embodiment, the anti-FcyRIIB antibody, such as‘ the 8B5.3.4
antibody, has a modified Fc region with a leucine at position 243, a proline at position 292, a
leucine at position 300, an isoleucine at position 305 and a leucine at position 396.

[00162] In specific embodiments, the variant Fc region has a leucine at position 247, a
lysine at position 421 and a glutamic acid at position 270 (MgFc31/60); a threonine at
position 392, a leucine at position 396, and a glutamic acid at position 270 (MgFc38/60); a
threonine at position 392, a leucine at position 396, a glutamic acid at position 270, and a
leucine at position 243 (MgFc38/60/F243L); a histidine at position 419, a leucine at position
396, and a glutamic acid at position 270 (MGFc51/60); a histidine at position 419, a leucine
at position 396, a glutamic acid at position 270, and a leucine at position 243
(MGFc51/60/F243L); a lysine at position 255, a leucine at position 396, and a glutamic acid
at position 270 (MGFc55/60); a lysine at position 255, a leucine at position 396, a glutamic
acid at position 270, and a lysine at position 300 (MGFc55/60/Y300L); a lysine at position
255, aleucine at position 396, a glutamic acid at position 270, and a leucine at position 243
(MgFc55/60/F243L); a glutamic acid at position 370, a leucine at position 396, and a
glutamic acid at position 270 (MGFc59/60); a glutamic acid at position 270, an aspartic acid
at position 316, and a glycine at position 416 (MgFc71); a leucine at position 243, a proline at
position 292, an isoleucine at position 305, and a leucine at position 396 (MGFc74/P396L); a

glutamine at position 297, or any combination of the individual substitutions.

5.1.5 Carbohydrate Modifications

[00163] The invention also provides antibodies with altered oligosaccharide content.

Oligosaccharides as used herein refer to carbohydrates containing two or more simple sugars
and the two terms may be used interchangeably herein. Carbohydrate moieties of the instant
invention will be described with reference to commonly used nomenclature in the art. For a

review of carbohydrate chemistry, see, e.g., Hubbard ef al., 1981 Ann. Rev. Biochem., 50:
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555-583, which is incorporated herein by reference in its entirety. This nomenclature
includes for example, Man which represents mannose; GlcNAc which represents 2-N-
acetylglucosamine; Gal which represents galactose; Fuc for fucose and Glc for glucose. Sialic
acids are described by the shorthand notation NeuNAc for 5-N-acetylneuraminic acid, and
NeuNGc for 5-glycolneuraminic.

[00164] In general, antibodies contain carbohydrate moeities at conserved positions in
the constant region of the heavy chain, and up to 30% of human IgGs have a glycosylated
Fab region. IgG has a single N-linked biantennary carbohydrate structure at Asn 297 which
resides in the CH2 domain (Jefferis ef al., 1998, Immunol. Rev. 163: 59-76; Wright et al.,
1997, Trends Biotech 15: 26-32). Human IgG typically has a carbohydrate of the following
structure; GlcN Ac(Fucose)-GlcNAc-Man-(ManGIcNAc),. However variations among IgGs
in carbohydrate content does occur which leads to altered function, see, e.g., Jassal et al.,
2001 Biochem. Biophys. Res. Commun. 288: 243-9; Groenink ef al., 1996 J. Immunol. 26:
1404-7; Boyd et al., 1995 Mol. Immunol. 32: 1311-8; Kumpel e7 al., 1994, Human Antibody
Hybridomas, 5: 143-51. The invention encompasses antibodies comprising a variation in the
carbohydrate moiety that is attached to Asn 297. In one embodiment, the carbohydrate
moiety has a galactose and/or galactose-sialic acid at one or both of the terminal GlIcNAc
and/or a third GlcNac arm (bisecting GIcNAc).

[00165] In some embodiments, the antibodies of the invention are substantially free of
one or more selected sugar groups, e.g., one or more sialic acid residues, one or more
galactose residues, one or more fucose residues. An antibody that is substantially free of one
or more selected sugar groups may be prepared using common methods known to one skilled
in the art, including for example recombinantly producing an antibody of the invention in a
host cell that is defective in the addition of the selected sugar groups(s) to the carbohydrate
moiety of the antibody, such that about 90-100% of the antibody in the composition lacks the
selected sugar group(s) attached to the carbohydrate moiety. Alternative methods for
preparing such antibodies include for example, culturing cells under conditions which prevent
or reduce the addition of one or more selected sugar groups, or post-translational removal of
one or more selected sugar groups.

[00166] In a specific embodiment, the invention encompasses a method of producing a
substantially homogenous antibody preparation, wherein about 80-100% of the antibody in
the composition lacks a fucose on its carbohydrate moiety, e.g., the carbohydrate attachment
on Asn 297. The antibody may be prepared for example by (a) use of an engineered host cell

that is deficient in fucose metabolism such that it has a reduced ability to fucosylate proteins
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expressed therein; (b) culturing cells under conditions which prevent or reduce fusocylation;
(c) post-translational removal of fucose, e.g., with a fucosidase enzyme; or (d) purification of
the antibody so as to select for the product which is not fucosylated. Most preferably, nucleic
acid encoding the desired antibody is expressed in a host cell that has a reduced ability to
fucosylate the antibody expressed therein. Preferably the host cell is a dihydrofolate
reductase deficient chinese hamster ovary cell (CHO), e.g., a Lec 13 CHO cell (lectin
resistant CHO mutant cell line; Ribka & Stanley, 1986, Somatic Cell & Molec. Gen. 12(1):
51-62; Ripka et al., 1986 Arch. Biochem. Biophys. 249(2): 533-45), CHO-K1, DUX-B11,
CHO-DP12 or CHO-DG44, which has been modified so that the antibody is not substantially
fucosylated. Thus, the cell may display altered expression and/or activity for the
fucoysltransferase enzyme, or another enzyme or substrate involved in adding fucose to the
N-linked oligosaccharide so that the enzyme has a diminished activity and/or reduced
expression level in the cell. For methods to produce antibodies with altered fucose content,
see, e.g., WO 03/035835 and Shields et al., 2002, J. Biol. Chem. 277(30): 26733-40; both of
which are incorporated herein by reference in their entirety.

[00167] In some embodiments, the altered carbohydrate modifications modulate one or
more of the following: solubilization of the antibody, facilitation of subcellular transport and
secretion of the antibody, promotion of antibody assembly, conformational integrity, and
antibody-mediated effector function. In a specific embodiment the altered carbohydrate
modifications enhance antibody mediated effector function relative to the antibody lacking
the carbohydrate modification. Carbohydrate modifications that lead to altered antibody
mediated effector function are well known in the art (for e.g., see Shields R.L. et al., 2001, J.
Biol. Chem. 277(30): 26733-40; Davies J. er al., 2001, Biotechnology & Bioengineering,
74(4): 288-294). In another specific embodiment, the altered carbohydrate modifications
enhance the binding of antibodies of the invention to FcyRIIB receptor. Altering
carbohydrate modifications in accordance with the methods of the invention includes, for
example, increasing the carbohydrate content of the antibody or decreasing the carbohydrate
content of the antibody. Methods of altering carbohydrate contents are known to those
skilled in the art, see, e.g., Wallick ef al., 1988, Journal of Exp. Med. 168(3): 1099-1109; Tao
et al., 1989 Journal of Immunology, 143(8): 2595-2601; Routledge ez al., 1995
Transplantation, 60(8): 847-53; Elliott et al. 2003; Nature Biotechnology, 21: 414-21; Shields
et al. 2002 Journal of Biological Chemistry, 277(30): 26733-40; all of which are incorporated

herein by reference in their entirety.
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[00168] In some embodiments, the invention encompasses antibodies comprising one
or more glycosylation sites, so that one or more carbohydrate moieties are covalently attached
to the antibody. In other embodiments, the invention encompasses antibodies comprising one
or more glycosylation sites and one or more modifications in the Fc region, such as those
disclosed supra and those known to one skilled in the art. In preferred embodiments, the one
or more modifications in the Fc region enhance the affinity of the antibody for an activating
FcyR, e.g., FcyRIIA, relative to the antibody comprising the wild type Fc regions.
Antibodies of the invention with one or more glycosylation sites and/or one or more
modifications in the Fc region have an enhanced antibody mediated effector function, e.g.,
enhanced ADCC activity. In some embodiments, the invention further comprises antibodies
comprising one or more modifications of amino acids that are directly or indirectly known to
interact with a carbohydrate moiety of the antibody, including but not limited to amino acids
at positions 241, 243, 244, 245, 245, 249, 256, 258, 260, 262, 264, 265, 296, 299, and 301.
Amino acids that directly or indirectly interact with a carbohydrate moiety of an antibody are
known in the art, see, e.g., Jefferis et al., 1995 Immunology Letters, 44: 111-7, which is
incorporated herein by reference in its entirety.

[00169] The invention encompasses antibodies that have been modified by introducing
one or more glycosylation sites into one or more sites of the antibodies, preferably without
altering the functionality of the antibody, e.g., binding activity to FcyRIIB. Glycosylation
sites may be introduced into the variable and/or constant region of the antibodies of the
invention. As used herein, “glycosylation sites” include any specific amino acid sequence in
an antibody to which an oligosaccharide (i.e., carbohydrates containing two or more simple
sugars linked together) will specifically and covalently attach. Oligosaccharide side chains
are typically linked to the backbone of an antibody via either N-or O-linkages. N-linked
glycosylation refers to the attachment of an oligosaccharide moiety to the side chain of an
asparagine residue. O-linked glycosylation refers to the attachment of an oligosaccharide
moiety to a hydroxyamino acid, e.g., serine, threonine. The antibodies of the invention may
comprise one or more glycosylation sites, including N-linked and O-linked glycosylation
sites. Any glycosylation site for N-linked or O-linked glycosylation known in the art may be
used in accordance with the instant invention. An exemplary N-linked glycosylation site that
is useful in accordance with the methods of the present invention, is the amino acid sequence:
Asn-X-Thr/Ser, wherein X may be any amino acid and Thr/Ser indicates a threonine or a

serine. Such a site or sites may be introduced into an antibody of the invention using
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methods well known in the art to which this invention pertains. See, for example, "In vitro
Mutagenesis," Recombinant DNA: A Short Course, J. D. Watson, ef al. W.H. Freeman and
Company, New York, 1983, chapter 8, pp. 106-116, which is incorporated herein by
reference in its entirety. An exemplary method for introducing a glycosylation site into an
antibody of the invention may comprise: modifying or mutating an amino acid sequence of
the antibody so that the desired Asn-X-Thr/Ser sequence is obtained.

[00170] In some embodiments, the invention encompasses methods of modifying the
carbohydrate content of an antibody of the invention by adding or deleting a glycosylation
site. Methods for modifying the carbohydrate content of antibodies are well known in the art
and encompassed within the invention, see, e.g., U.S. Patent No. 6,218,149; EP 0 359 096
B1; U.S. Publication No. US 2002/0028486; WO 03/035835; U.S. Publication No.
2003/0115614; U.S. Patent No. 6,218,149; U.S. Patent No. 6,472,511; all of which are
incorporated herein by reference in their entirety. In other embodiments, the invention
encompasses methods of modifying the carbohydrate content of an antibody of the invention
by deleting one or more endogenous carbohydrate moieties of the antibody.

[00171] In some specific embodiments, the invention encompasses the use of modified
FcyRIIB antibodies wherein the N-glycosylation consensus site Asnso-Val-Ser of the CDR2
region has been modified, so that the glycosylation site at position 50 is eliminated.
Although not intending to be bound by a particular mechanism of action, removal of the
glycosylation site may limit potential variation in production of the antibody as well as
potential immunogenicity in a pharmaceutical application. In a specific embodiment, the
invention encompasses the use of a humanized FcyRIIB antibody wherein the amino acid at
position 50 has been modified, e.g., deleted or substituted. In another specific embodiment,
the invention further encompasses the use of an antibody with an amino acid modification,
e.g., deletion or substitution, at position 51. In one specific embodiment, the invention
encompasses the use of a humanized FcyRIIB antibody wherein the amino acid at position 50
has been replaced with tyrosine. In another more specific embodiment, the invention
encompasses the use of a FcyRIIB antibody wherein the amino acid at position 50 has been

replaced with tyrosine and the amino acid at position 51 has been replaced with alanine.

5.1.6 FcyRIIB AGONISTS AND ANTAGONISTS
[00172] In addition to the use of a FcyRIIB-specific antibody, an analog, derivative, or

an antigen-binding fragment thereof in the methods and compositions of the invention, other

FcyRIIB agonist and antagonists may be used in accordance with the methods of the
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invention. FcyRIIB agonists and antagonists include, but are not limited to, proteinaceous
molecules (e.g., proteins, polypeptides (e.g., soluble FcyRIIB polypeptides), peptides, fusion
proteins (e.g., soluble FcyRIIB polypeptides conjugated to a therapeutic moiety), nucleic acid
molecules (e.g., FcyRIIB antisense nucleic acid molecules, triple helices, dSRNA that
mediates RNAI, or nucleic acid molecules encoding proteinaceous molecules), organic
molecules, inorganic molecules, small organic molecules, drugs, and small inorganic
molecules that block, inhibit, reduce or neutralize a function, an activity and/or the expression
of a FcyRIIB polypeptide, expressed by an immune cell, preferably a B-cell. In some
embodiments, a FcyRIIB agonist or antagonist used in accordance with the methods of the
invention is not a small organic molecule, a drug or an antisense molecule. FcyRIIB agonists
and antagonists can be identified using techniques well-known in the art or described herein.
[00173] Prophylactic and therapeutic compounds of the invention include, but are not
limited to, proteinaceous molecules, including, but not limited to, peptides, polypeptides,
proteins, including post-translationally modified proteins, antibodies, etc.; small molecules
(Iess than 1000 daltons), inorganic or organic compounds; nucleic acid molecules including,
but not limited to, double-stranded or single-stranded DNA, double-stranded or single-
stranded RNA, as well as triple helix nucleic acid molecules. Prophylactic and therapeutic
compounds can be derived from any known organism (including, but not limited to, animals,
plants, bacteria, fungi, and protista, or viruses) or from a library of synthetic molecules.
[00174] In certain embodiments, FcyRIIB antagonists reduce a function, activity,
and/or expression of a FcyRIIB polypeptide in a subject with a B-cell malignancy. In other
embodiments, the FcyRIIB antagonists directly bind to a FcyRIIB polypeptide and directly or
indirectly modulate an activity and/or function of B-lymphocytes. In particular
embodiments, FcyRIIB antagonists inhibit or reduce B-cell proliferation in a subject with a
B-cell malignancy as determined by standard in vivo and/or in vitro assays described herein
or well-known to those skilled in the art. In a specific embodiment, FcyRIIB antagonists
mediate the depletion of lymphocytes, in particular peripheral blood B-cells, in a subject with
a B-cell malignancy as determined by standard in vivo and/or in vitro assays described herein
or well-known to those skilled in the art. In another embodiment, FcyRIIB antagonists
directly or indirectly modulate an activity and/or function of B-lymphocytes by utilizing
antibody-dependent cell-mediated cytotoxicity (ADCC).

[00175] In a preferred embodiment, proteins, polypeptides or peptides (including
antibodies and fusion proteins) that are utilized as FcyRIIB antagonists are derived from the

same species as the recipient of the proteins, polypeptides or peptides so as to reduce the
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likelihood of an immune response to those proteins, polypeptides or peptides. In another
preferred embodiment, when the subject is a human, the proteins, polypeptides, or peptides
that are utilized as FcyRIIB antagonists are human or humanized.

[00176] Nucleic acid molecules encoding proteins, polypeptides, or peptides that
function as FcyRIIB antagonists can be administered to a subject with a B-cell malignancy, in
accordance with the methods of the invention. Further, nucleic acid molecules encoding
derivatives, analogs, fragments or variants of proteins, polypeptides, or peptides that function
as FcyRIIB antagonists can be administered to a subject with a B-cell malignancy in
accordance with the methods of the invention. Preferably, such derivatives, analogs, variants
and fragments retain the FcyRIIB antagonist activity of the full-length wild-type protein,
polypeptide, or peptide.

5.2  ANTIBODY CONJUGATES

[00177] The present invention encompasses antibodies recombinantly fused or

chemically conjugated (including both covalently and non-covalently conjugations) to
heterologous polypeptides (i.e., an unrelated polypeptide; or portion thereof, preferably at
least 10, at least 20, at least 30, at least 40, at least 50, at least 60, at least 70, at least 80, at
least 90 or at least 100 amino acids of the polypeptide) to generate fusion proteins. The
fusion does not necessarily need to be direct, but may occur through linker sequences.
Antibodies may be used for example to target heterologous polypeptides to particular cell
types, either in vitro or in vivo, by fusing or conjugating the antibodies to antibodies specific
for particular cell surface receptors. Antibodies fused or conjugated to heterologous
polypeptides may also be used in in vitro immunoassays and purification methods using
methods known in the art. See e.g., PCT Publication No. WO 93/21232; EP 439,095;
Naramura et al., 1994, Immunol. Lett., 39:91-99; U.S. Patent No. 5,474,981; Gillies et al.,
1992, Proc Natl Acad Sci, 89:1428-1432; and Fell ez al., 1991, J. Immunol., 146:2446-2452,
each of which is incorporated herein by reference in their entireties.

[00178] Further, an antibody may be conjugated to a therapeutic agent or drug moiety
that modifies a given biological response. Therapeutic agents or drug moieties are not to be
construed as limited to classical chemical therapeutic agents. For example, the drug moiety
may be a protein or polypeptide possessing a desired biological activity. Such proteins may
include, for example, a toxin such as abrin, ricin A, pseudomonas exotoxin (i.e., PE-40), or
diphtheria toxin, ricin, gelonin, and pokeweed antiviral protein, a protein such as tumor

necrosis factor, interferons including, but not limited to, a-interferon (IFN-a), B-interferon
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(IFN-B), nerve growth factor (NGF), platelet derived growth factor (PDGF), tissue
plasminogen activator (TPA), an apoptotic agent (e.g., TNF-a, TNF-B, AIM I as discloscd in
PCT Publication No. WO 97/33899), AIM 1I (see, e.g., PCT Publication No. WO 97/34911),
Fas Ligand (Takahashi ef al., 1994 J. Immunol., 6:1567-1574), and VEGI (PCT Publication
No. WO 99/23105), a thrombotic agent or an anti-angiogenic agent (e.g., angiostatin or
endostatin), or a biological response modifier such as, for example, a lymphokine (e.g.,
interleukin-1 (“IL-17), interleukin-2 (“IL-2"), interleukin-6 (“IL-6), granulocyte macrophage
colony stimulating factor (“GM-CSF”), and granulocyte colony stimulating factor (“G-
CSF”)), macrophage colony stimulating factor, (“M-CSF”), or a growth factor (e.g., growth
hormone (“GH”); a protease, or a ribonuclease).

[00179] Antibodies can be fused to marker sequences, such as a peptide, to facilitate
purification. In preferred embodiments, the marker amino acid sequence is a hexa-histidine
peptide, such as the tag provided in a pQE vector (QIAGEN, Inc., 9259 Eton Avenue,
Chatsworth, CA, 91311), among others, many of which are commercially available. As
described in Gentz et al., 1989 Proc. Natl. Acad. Sci. USA, 86:821-824, for instance, hexa-
histidine provides for convenient purification of the fusion protein. Other peptide tags useful
for purification include, but are not limited to, the hemagglutinin “HA” tag, which
corresponds to an epitope derived from the influenza hemagglutinin protein (Wilson et al.,
1984 Cell, 37:767) and the “flag” tag (Knappik et al., 1994 Biotechniques, 17(4):754-761).
[00180] The present invention further includes the use of compositions comprising
heterologous polypeptides fused or conjugated to antibody fragments. For example, the
heterologous polypeptides may be fused or conjugated to a Fab fragment, Fd fragment, Fv
fragment, F(ab), fragment, or portion thereof. Methods for fusing or conjugating
polypeptides to antibody portions are known in the art. See, e.g., U.S. Patent Nos. 5,336,603,
5,622,929, 5,359,046, 5,349,053, 5,447,851, and 5,112,946; EP 307,434; EP 367,166;
International Publication Nos. WO 96/04388 and WO 91/06570; Ashkenazi et al., 1991,
Proc. Natl. Acad. Sci. USA 88: 10535-10539; Zheng et al., 1995, J. Immunol. 154:5590-
5600; and Vil et al., 1992, Proc. Natl. Acad. Sci. USA 89:11337- 11341 (said references
incorporated by reference in their entireties).

[00181] Additional fusion proteins may be generated through the techniques of gene-
shuffling, motif-shuffling, exon-shuffling, and/or codon-shuffling (collectively referred to as
“DNA shuffling”). DNA shuffling may be employed to alter the activities of antibodies of
the invention or fragments thereof (e.g., antibodies or fragments thereof with higher affinities

and lower dissociation rates). See, generally, U.S. Patent Nos. 5,605,793; 5,811,238;

- 68 -



WO 2008/019199 PCT/US2007/072153

5,830,721; 5,834,252; and 5,837,458, and Patten et al., 1997, Curr. Opinion Biotechnol.
8:724-33; Harayama, 1998, Trends Biotechnol. 16:76; Hansson, et al., 1999, J. Mol. Biol.
287:265; and Lorenzo and Blasco, 1998, BioTechniques 24:308 (each of these patents and
publications are hereby incorporated by reference in its entirety). Antibodies or fragments
thereof, or the encoded antibodies or fragments thereof, <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>