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FeyRIIB-SPECIFIC ANTIBODIES AND METHODS OF USE THEREOF

1. FIELD OF THE INVENTION
The present invention relates to antibodies or fragments thereof that specifically bind

FcR1IB, particularly human FcyRIIB, with greater affinity than said antibodies or

fragments thereof bind FcyRIIA, particularly human FeyRIIA. The invention 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,

2, BACKGROUND OF THE INVENTION

21  FcRECEPTORS AND THEIR ROLES IN THE IMMUNE SYSTEM

The nteraction 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 cytotoxicity, mast cell degranulation, and phagocytosis to immunomodulatory
signals such as regulating lymphocyte proliferation and antibody secretion. All these
interactions are initiated through the binding of the Fc domain of antibodies or immune
complexes to speciahized 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.

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 FeyR, for
IgE as FceR, and for IgA as FecaR. 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): 161-1681; Ravetch J.V. et al.
2000, Science, 290: 84-89; Ravetch J.V. et al., 2001 Annu. Rev. Immunol. 19:275-90;

Ravetch 1.V, 1994, Cell, 78(4): 553-60). The different Fc receptors, the cells that express
1
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them, and their isotype specificity is summarized in Table 1 (adapted from Immunobiology:

The Immune System 1n Health and Disease, 4" ed. 1999, Elsevier Science Ltd/Garland
Publishing, New York).

FecyReceptors

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 FcRs, designated FcyRI(CD64), FcyRII(CD32), and FcyRIII(CD16). The
three receptors are encoded by distinct genes; however, the extensive homology between the
three family members suggest they arose from a common progenitor perhaps by gene

duplication. This invention specifically focuses on FcyRII(CD32).

FeyRII(CD32)

FcyRII proteins are 40KDa 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.

Distinct differences within the cytoplasmic domains of FcyRII-A and FcyRII-B
create two functionally heterogenous responses to receptor ligation. The fundamental
difference 1s that the A 1soform initiates intracellular signaling leading to cell activation
such as phagocytosis and respiratory burst, whereas the B 1soform initiates inhibitory

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

Signaling through FcyRs

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 (ITAMs) 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. 2
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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.

The FcyRIIB gene 1s expressed on B lymphocytes; its extracellular domain 1s 96%
identical to FcyRIIA and binds IgG complexes in an indistinguishable manner. The presence
of an ITIM 1n 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 1n FcyRIIB becomes phosphorylated and attracts the SH2
domain of the inosital 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

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.

More than 1.2 million Americans develop cancer each year. Cancer is the second
leading case of death in the United States and i1f current trends continue, cancer 1s 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 1n the United States will be diagnosed
with cancer at some time during his lifetime. One 1n 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 oftentimes either ineffective or present serious

side effects.

Cancer Therapy

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
1s 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 1s rarely given as a single agent and although can be effective, 1s often used to

prevent or delay recurrence of cancer after other treatments have removed the majority of
5
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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.

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, campathecins,
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
{freatment.

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
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 1n 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 1n the specific treatment; this phenomenon 1s termed pleiotropic drug or
multidrug resistance. Thus, because of drug resistance, many cancers prove refractory to
standard chemotherapeutic treatment protocols.

There 1s 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
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response, for example, hybridoma technology has enabled the development of tumor
selective monoclonal antibodies (See Green M.C. et 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 and Herceptin [anti-(c-erb-2/HER-2)] for
metastatic breast cancer (Suzanne A. Eccles, 2001, Breast Cancer Res., 3: 86-90).
However, the potency of antibody effector function, e.g., to mediate antibody dependent
cellular cytotoxicity (“ADCC”) 1s an obstacle to such treatment. Methods to improve the

efficacy of such immunotherapy are thus needed.

2.2.2 INFLAMMATORY DISEASES AND AUTOIMMUNE
DISEASES

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 1s
usually characterized by pain, swelling, warmth and redness of the affected area. Chemicals
known as cytokines and prostaglandins control this process, and are released 1n 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 1n the relevant area, work to the benefit of the body.

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 autoommune disorders which affect the body in
different ways. For example, the brain 1s affected in individuals with multiple sclerosis, the
gut 1s 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 1n 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, Addison’s disease, type 1 diabetes, rheumatoid arthritis,
systemic lupus erythematosus, dermatomyositis, Sjogren’s syndrome, dermatomyositis,

7
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lupus erythematosus, multiple sclerosis, autoimmune inner ear disease myasthenia gravis,
Reiter’s syndrome, Graves disease, autoimmune hepatitis, familial adenomatous polyposis
and ulcerative colitis.

Rheumatoid arthritis (RA) and juvenile rheumatoid arthritis are types of
inflammatory arthritis. Arthritis is a general term that describes inflammation 1n 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.

Rheumatoid arthritis affects about 1% of the world’s population and is potentially
disabling. There are approximately 2.9 million incidences of rheumatoid arthntis 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.

Rheumatoid arthritis 1s 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 1t 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 1n 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.

The diagnosis of rheumatoid arthritis i1s 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), 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
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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.

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 percentage 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 1s 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 1n healthcare expenses and lost wages. (See, for example, the
NIH website and the NIAID website).

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 1s 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 1n
combination with methotrexate in the treatment of arthritis. However, only about 50% of
the patients treated with a combination of methotrexate and anti-TNF-« agents such as
recombinant soluble receptors for TNF-a show clinically significant improvement. Many
patients remain refractory despite treatment. Difficult treatment 1ssues 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 1s no cure. Novel therapeutics are needed that more effectively treat rheumatoid

arthritis and other autoimmune disorders.
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2.2.3 ALLERGY

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 1n 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.

Two receptors with differing affinities for IgE have been 1dentified and
characterized. The high affinity receptor (FceRI) 1s expressed on the surface of mast cells
and basophils. The low affinity receptor (FceRII/CD23) 1s 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 1s involved 1n the binding of IgE, whereas the beta
and gamma chains (which are either transmembrane or cytoplasmic proteins) are required
for signal transduction events. The 1dentification of IgE structures required for IgE to bind
to the FceRI on mast cells and basophils 1s 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.

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, efc). Thus, other
methods for treating type I allergic reactions are needed.

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 from

binding to 1its receptor on mast cells and basophils, and do not bind to receptor-bound IgE

10
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(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).

One of the most promising treatments for IgE-mediated allergic reactions 1s 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 basophils and lead to production of mediators of anaphylaxis
(See, e.g., Stadler et al., 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.

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 1dentify 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.

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 i1s a need for
enhancing the effector function, particularly, the cytotoxic effect of therapeutic antibodies
used 1n treatment of cancer. The current state of the art 1s also lacking in treating or

preventing allergy disorders (e.g., either by antibody therapy or vaccine therapy).
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3. SUMMARY OF THE INVENTION
The extracellular domains of FcyRIIA and FcyRIIB are 95% 1dentical and thus they

share numerous epitopes. However, FcyRIIA and FcyRIIB exhibit very different activities.
The fundamental difference is that the FcyRIIA initiates intracellular signaling leading to
cell activation such as phagocytosis and respiratory burst, whereas the FcyRIIB mitiates
inhibitory signaling. Prior to this invention, to the knowledge of the inventors, antibodies
that distinguish between native human FcyRIIA and native human FcyRIIB expressed on
human cells have not been identified; in view of their distinctive activities and role 1n
modulating immune responses, such antibodies that recognize native human FcyRIIB, and
not native human FcyRIIA, are needed. The present invention 1s based, in part, on the
discovery of such native human FcyRIIB-specific antibodies.

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 FcyRIIB. As used herein, “native” means
FcyRIIB or FcyRIIA which 1s endogenously expressed on the cell or recombinantly
expressed in a mammalian cell but not expressed in a bacterial cell or 1solated and
denatured. 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 FcyRIIsA. 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 104, at least 10° , at least106, at least 107, 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 have similar binding characteristic). In one
embodiment the antibody of the invention is not the monoclonal antibody designated KB61,
as disclosed in Pulford et al, 1986 Immunology 57: 71-76 or the monoclonal antibody 1I8D2
disclosed in Weinrich et al, 1996, Hybridoma 15: 109-116. In another specific embodiment,
the antibody of the invention does not bind to the same epitope as and/or compete for
binding with KD61 or II8D2. Preferrably, the antibody of the invention does not bind the
amino sequence SDPNFSI corresponding to positions 135 to 141 of the FcyRIIB2 isoform.
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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 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 either a bacterial or mammalian system, with a greater affinity than
said antibody or a fragment thereof binds FcyRIIA, as determined 1n an ELISA assay.

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 1s FcyRIIIL.

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 IgGs 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 1n 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.

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.

The 1invention 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
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.
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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.

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

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 1s an
increase in antibody-dependent cellular response. In another specific embodiment, the anti-
FcyRIIB antibodies of the invention block crosshinking of FcyRIIB receptors to B cell
and/or Fc receptors, leading to B cell, mast cell, dendritic cell, or macrophage activation.

The present invention encompasses the production of novel monoclonal antibodies
with specificities for FcyRIIB relative to FcyRIIA. In particular, 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 one or
more FcyRIIA transgenic mice with purified FcyRIIB or an immunogenic fragment thereof;
(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
FcyRIIA. 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 one 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; (¢) 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 been mixed with
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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 1n the art (e.g., ELISA).

In a preferred embodiment, the invention provides a monoclonal antibody produced
by clone 2B6 or 3H7, having ATCC accession numbers PTA-4591 and PTA-4592,
respectively. In another embodiment, the invention provides an 1solated antibody or a
fragment thereof that competes for binding with the monoclonal antibody produced by
clone 2B6 or 3H7 and binds FcyRIIB with a greater affinity than said antibody or a
fragment thereof binds FcyRIIA, and/or binds to the same epitope of FcyRIIB as the
monoclonal antibody produced from clone 2B6 or 3H7 and binds FcyRIIB with a greater
affinity than said antibody or a fragment thereof binds FcyRIIA. Furthermore, the invention
provides hybridoma cell line 2B6 or 3H7, having ATCC accession numbers PTA-4591 and
PTA-4592, respectively.

The methods of 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
spectfic embodiment, said vector 1s 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 clones, having ATCC
accession numbers PTA-4591 and PTA-4592, respectively, or portions thereof, e.g., CDRs,
variable domains, etc.

The invention further provides methods for the production of antibodies of the
invention or fragments thereof. The antibodies of the invention or fragments thereof can be
produced by any method known 1n the art for the production of antibodies, in particular, by
secretion from cultured hybridoma cells, chemical synthesis or by recombinant expression
techniques known 1n the art. In one specific embodiment, the invention relates to a method

for recombinantly producing a FcyRIIB-specific antibody, said method comprising:
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(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

(i1) recovery of said antibody from said medium.

Preferably, the antibodies of the invention are monoclonal antibodies, and more
preferably, humanized or human antibodies. In one specific embodiment, the antibodies of
the invention bind to the extracellular domain of human FcyRIIB. In another specific
embodiment, the antibodies of the invention specifically or selectively recognize one or
more epitopes of 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 1dentify mutant antibodies
with increased avidity for FcyRIIB (e.g., ELISA). In another specific embodiment,
antibodies of the invention are screened using antibody screening assays well known in the
art (e.g., BIACORE assays) to 1dentify antibodies with K¢ rate less than 3x107 s7.

The invention encompasses the use of the antibodies of the invention to detect the
presence of FcYRIIB specifically (i.e., FcyYRIIB and not FcyRIIA) 1n a biological sample.

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

The antibodies of the invention are useful for prevention or treatment of cancer, for
example, in one embodiment, as a single agent therapy. In one 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. 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
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dependent cytotoxic cellular (“ADCC”) activity, complement dependent cytotoxic (“CDC”)
activity, 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 with greater affinity than said antibody
or a fragment thereof binds FcyRIIA, and the constant domain of which further has an
increased affinity for one or more Fc activation receptors, when the antibody 1s monomeric,
such as FcyRIIIA, and an antibody that specifically binds said cancer antigen and is
cytotoxic. In one particular embodiment, said Fc activation receptor 1s FCyRIIIA.

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

The invention further provides a pharmaceutical composition comprising (1) 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
(11) a pharmaceutically acceptable carrier. The invention additionally provides a
pharmaceutical composition comprising (1) 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; (11) a cytotoxic antibody that specifically
binds a cancer antigen; and (111) a pharmaceutically acceptable carrier.

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
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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”) 1n destruction of the targeted
tumor cells.

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 therapeutic apoptosis inducing ant<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>