19 DANMARK (10)

(91)

(49)

(80)

(86)
(86)
(87)
(30)
(62)

(84)

(73)

(72)

(74)

(94)

(96)

DK/EP 3284753 13

(12) Overseettelse af
europeeisk patentskrift

Patent- g

Varemeerkestyreisen

Int.Cl.: C 07K 16/28 (2006.01)

C 07 K 16/30 (2006.01)

A 61 K 39/39 (2006.01) A 61 P 37/06 (2006.01)

Oversaettelsen bekendtgjort den: 2021-07-05

Dato for Den Europaciske Patentmyndigheds
bekendtggorelse om meddelelse af patentet: 2019-06-05

Europaeisk ansggning nr.: 17179855.6
Europasisk indleveringsdag: 2003-10-17
Den europaeciske ansggnings publiceringsdag: 2018-02-21

Prioritet: 2002-10-17 US 419163 P 2003-04-02 US 460028 P

Stamansggningsnr: 10013085.5

Designerede stater: AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LI LU MC NL PT RO
SE S| SK TR

Patenthaver: Genmab A/S, Kalvebod Brygge 43, 1560 Kobenhavn V, Danmark

Opfinder: TEELING, Jessica, Woodmill Cottage, 299 Woodmill Lane, Swaithling, Southampton, Hampshire SO18
2JR, Storbritannien

Ruuls, Sigrid, Hessenweg 121B, 9731 JG De Bilt, Holland

GLENNIE, Martin, 1 Thornhill Road, Southampton, Hampshire SO16 7AU, Storbritannien

VAN DE WINKEL, Jan G J, Werlengde Slotlaan 80, 3707 CK Zeist, Holland

PARREN, Paul, Werdorperwaard 17, 3984 PR Odijk, Holland

Petersen, Jorgen, Solkrogen 6, 2960 Rungsted Kyst, Danmark

HUANG, Haichun, 4329 Crestwood Street, Fremont, CA 94538, USA

BAADSGAARD, Ole D M Sc., Lonborgsvej 4, 3220 Tisvildeleje, Danmark

Fuldmaegtig i Danmark: Plougmann Vingtoft A/S, Strandvejen 70, 2900 Hellerup, Danmark

Benasvnelse: HUMANE MONOKLONALE ANTISTOFFER MOD CD20 TIL ANVENDELSE | BEHANDLINGEN AF
MULTIPEL SCLEROSE

Fremdragne publikationer:

WO-A-02/22212

WO-A-94/11026

WO-A1-00/67796

US-A1- 2002 009 427

CARDARELLI PINA M ET AL: "Binding to CD20 by Anti-B1 Antibody or F(ab')2 is sufficient for induction of
apoptosis in B-cell lines”, CANCER IMMUNOLOGY, IMMUNOTHERAPY, SPRINGER, BERLIN/HEIDELBERG, vol.
51, no. 1, 1 March 2002 (2002-03-01), pages 15-24, XP002308043, ISSN: 0340-7004, DOI: 10.1007/500262-001-
0247-1

BARBARA BARUN ET AL: "Treatment of multiple sclerosis with Anti-CD20 antibodies", CLINICAL
IMMUNOLOGY, ACADEMIC PRESS, US, vol. 142, no. 1, 8 April 2011 (2011-04-08) , pages 31-37, XP028452149,
ISSN: 1521-6616, DOI: 10.1016/J.CLIM.2011.04.005 [retrieved on 2011-04-15]

Fortsaettes ...



DK/EP 3284753 13

TEELING JESSICA L ET AL: "The biological activity of human CD20 monoclonal antibodies is linked to unique
epitopes on CD20", THE JOURNAL OF IMMUNOLOGY, THE AMERICAN ASSOCIATION OF IMMUNOLOGISTS,
US, vol. 177, no. 1, 1 July 2006 (2006-07-01), pages 362-371, XP002453762, ISSN: 0022-1767



DK/EP 3284753 T3

DESCRIPTION

BACKGROUND OF THE INVENTION

[0001] The CD20 molecule (also called human B-lymphocyte-restricted differentiation antigen or Bp35) 1s a
hydrophobic transmembrane protein with a molecular weight of approximately 35 kD located on pre-B and mature B
lymphocytes (Valentine et al. (1989) J. Biol. Chem. 264(19):11282-11287; and Einfield et al. (1888) EMBO J. 7(3):711-
717). CD20 i1s found on the surface of greater than 90% of B cells from peripheral blood or lymphoid organs and is
expressed during early pre-B cell development and remains until plasma cell differentiation. CD20 is present on both
normal B cells as well as malignant B cells. In particular, CD20 is expressed on greater than 90% of B cell non-
Hodgkin's lymphomas (NHL) (Anderson et al. (1984) Blood 63(6):1424-1433), but is not found on hematopoietic stem
cells, pro-B cells, normal plasma cells, or other normal tissues (Tedder et al. (1985) J. Immunol. 135(2):973-979).

[0002] The 85 amino acid carboxyl-terminal region of the CD20 protein is located within the cytoplasm. The length of
this region contrasts with that of other B cell-specific surface structures such as IgM, IgD, and IgG heavy chains or
histocompatibility antigens class Il a or B chains, which have relatively short intracytoplasmic regions of 3, 3, 28, 15,
and 16 amino acids, respectively (Komaromy et al. (1983) NAR 11:6775-6785). Of the last 61 carboxyl-terminal amino
acids, 21 are acidic residues, whereas only 2 are basic, indicating that this region has a strong net negative charge.
The GenBank Accession No. i1Is NP_690605.

[0003] It i1s thought that CD20 might be involved in regulating an early step(s) in the activation and differentiation
process of B cells (Tedder et al. (1986) Eur.J. Immunol. 16:881-887) and could function as a calcium ion channel
(Tedder et al. (1990) J. Cell. Biochem. 14D:195).

[0004] Despite uncertainty about the actual function of CD20 in promoting proliferation and/or differentiation of B cells,
it provides an important target for antibody mediated therapy to control or kill B cells involved in cancers and
autoimmune disorders. In particular, the expression of CD20 on tumor cells, e.g., NHL, makes it an important target for
antibody mediated therapy to specifically target therapeutic agents against CD20-positive neoplastic cells. However,
while the results obtained to date clearly establish CD20 as a useful target for immunotherapy, they also show that
currently available murine and chimeric antibodies do not constitute ideal therapeutic agents.

[0005] WO 02/22212 discloses the use of an anti-CD20 antibody in the treatment of multiple sclerosis.

[0006] Accordingly, the need exists for improved therapeutic antibodies against CD20 which are effective in preventing
and/or treating a range of diseases involving cells expressing CD20.

SUMMARY OF THE INVENTION

[6007] The invention is defined in the appendant claims. The present invention uses improved antibody therapeutics
for treating and/or preventing multiple sclerosis. The antibodies used in the invention are improved in that they are fully
human and, thus, are potentially less immunogenic in patients.

[0008] As exemplified herein, the human antibodies of the disclosure mediate killing of B cells expressing CD20 by a
variety of mechanisms. In one embodiment, human antibodies of the disclosure induce complement dependent
cytotoxicity (CDC), e.g., at least about 20% CDC mediated lysis, preferably about 30% CDC mediated lysis, and more
preferably 40-50% mediated lysis in cells, such as chronic B-lymphocytic leukaemia (B-CLL) cells. In another
embodiment, human antibodies of the disclosure induce apoptosis of cells expressing CD20. In another embodiment,
human antibodies of the disclosure induce homotypic adhesion of cells expressing CD20. Furthermore, the human
antibodies of the disclosure may induce antibody dependent cellular cytotoxicity (ADCC) of cells expressing CD20 In
the presence of human effector cells (e.g., monocytes, mononuclear cells, NK cells and PMNs). Furthermore, human
antibodies of the disclosure may induce phagocytosis of cells expressing CD20 in the presence of macrophages. The
human monoclonal antibodies of the disclosure may work by one or more of these mechanisms. Examples of cells



DK/EP 3284753 T3

which can be killed by human antibodies of the present disclosure include, but are not limited to, B cells expressing
CD20, such as tumorigenic B cells and B cells involved in immune diseases. In a particular embodiment, the human
antibodies are used to mediate killing of B lymphocytes in the treatment of lymphoma, e.g., B cell non-Hodgkin's
lymphoma.

[0009] Human antibodies of the disclosure include IgG1 (e.q., 1gG1,k), IgG3 (e.qg., 1gG3,k) and IgG4 (e.g., 1gG4,k)
antibodies. However, other antibody isotypes are also encompassed by the disclosure including IgG2, IgM, IgAl, IgAZ2,
secretory IgA, IgD, and IgE. The antibodies can be whole antibodies or antigen-binding fragments thereof including, for
example, Fab, F(ab),, Fv, single chain Fv fragments or bispecific antibodies. Furthermore, the antigen-binding

fragments include binding-domain immunoglobulin fusion proteins comprising (i) a binding domain polypeptide (such
as a heavy chain variable region or a light chain variable region) that is fused to an immunoglobulin hinge region
polypeptide, (i) an immunoglobulin heavy chain CHZ2 constant region fused to the hinge region, and (i) an
immunoglobulin heavy chain CH3 constant region fused to the CHZ constant region. Such binding-domain
immunoglobulin fusion proteins are further disclosed in US 2003/0118592 and US 2003/0133939.

[0010] Particular human antibodies of the present disclosure include those referred to as 11B8, 2F2, and 7D8,
encoded by human heavy chain and human kappa light chain nucleic acids comprising nucleotide sequences in their
variable regions as set forth in SEQ ID NOs:1, 5, or 9 and SEQ ID NOs:3, 7, or 11, respectively, and conservative
sequence modifications thereof. In another embodiment, the human antibodies are characterized by having, human
heavy chain and human kappa light chain variable regions comprising the amino acid sequences as set forth in SEQ ID
NOs:2, 6, or 10 and SEQ ID NOs:4, 8, or 12, respectively, and conservative sequence modifications thereof.

[0011] In yet another embodiment, the human antibodies are characterized by having human heavy chain and human
kappa light chain variable regions which are at least 90% homologous, preferably at least 95% homologous, and more
preferably at least 98%, or at least 99% homologous to the amino acid sequences as set forth in SEQ ID NO:2 and
SEQ ID NO:4, respectively; SEQ ID NO:6 and SEQ ID NO:8, respectively; or SEQ ID NO:10 and SEQ ID NO: 12,

respectively.

[0012] Other particular human antibodies of the disclosure include those which comprise a CDR domain having a
human heavy and light chain CDR1 region, a human heavy and light chain CDR2 region, and a human heavy and light
chain CDR3 region, wherein

1. (a) the CDR1, CDR2, and CDR3 human heavy chain regions comprise an amino acid sequence selected from
the group consisting of the amino acid sequences CDR1, CDR2, and CDR3 shown in Figures 53, 55, or 57 (SEQ
ID NOs:13-15, 19-21, and 25-27), and conservative sequence modifications thereof, and

2. (b) the CDR1, CDR2, and CDR3 human light chain regions comprise an amino acid sequence selected from the
group consisting of the amino acid sequences CDR1, CDR2, and CDR3 shown in Figures 53, 55, or 57 (SEQ ID
NOs: 16-18, 22-24, and 28-30), and conservative sequence modifications thereof.

[0013] Also included within the present disclosure are antibodies which dissociate from CD20 with a dissociation
equilibrium constant (Kp) of approximately 1-10 nM or less. Such antibodies also include those which do not cross-

react with related cell-surface antigens and thus do not inhibit their function.

[0014] In another embodiment, human anti-CD20 antibodies of the present disclosure can be characterized by one or
more of the following properties:

1. a) specificity for human CD20;
2. b) a binding affinity to CD20 (Kp) of about 10 nM or less, preferably, about 5 nM or less and, more preferably,

about 1-3 nM or less as determined by the binding experiment disclosed in Example 5 (Figure 9) herein;

3. ¢) a dissociation rate constant (kq) from CD20 of about 104 sec™? or less, preferably, about 10 sec™ or less

and, more preferably, about 10 sec™! or less, as determined by the dissociation rate experiment disclosed in
Example 5 (Figure 9) herein;
4. d) the ability to mediate a high level of CDC on either CD55/59 negative or CD55/59 positive cells;
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5. e) the ability to translocate into lipid rafts upon binding to CD20;

6. f) the ability to inhibit the growth of cells which express CD20;

7. g) the ability to induce apoptosis of cells which express CD20;

3. h) the ability to induce homotypic adhesion of cells which express CD20;

9. 1) the ability to induce ADCC of cells which express CD20 in the presence of effector cells;
10. )) the ability to prolong survival of a subject having tumor cells which express CD20;
11. k) the ability to deplete cells which express CD20; and/or

12. 1) the ability to deplete cells which express low levels of CD20 (CD20!9% cells).

[0015] The human anti-CD20 antibodies of the present disclosure can be derivatized, linked to or co-expressed to
other binding specificities. In a particular embodiment, the disclosure provides a bispecific or multispecific molecule
comprising at least one first binding specificity for CD20 (e.g., a human anti-CD20 antibody or mimetic thereof), and a
second binding specificity for a human effector cell, such as a binding specificity for an Fc receptor (e.g., a human Fcy
receptor, such as FcyRI, or a human Fca receptor) or a T cell receptor, e.g., CD3.

[0016] Accordingly, the present disclosure includes bispecific and multispecific molecules that bind to both human
CD20 and to an Fc receptor or a T cell receptor, e.g., CD3. Examples of Fc receptors are, e.g., a human IgG receptor,
e.qg., an Fc-gamma receptor (FcyR), such as FcyRI (CD64), FcyRIl (CD32), and FcyRIll (CD16). Other Fc receptors,
such as human IgA receptors (e.g., FcaRl), also can be targeted. The Fc receptor is preferably located on the surface
of an effector cell, e.g., a monocyte, macrophage or an activated mononuclear cell. In a preferred embodiment, the
bispecific and multispecific molecules bind to an Fc receptor at a site which is distinct from the immunoglobulin Fc (e.g.,
IgG or IgA) binding site of the receptor. Therefore, the binding of the bispecific and multispecific molecules 1S not
blocked by physiological levels of immunoglobulins.

[0017] In yet another aspect, human anti-CD20 antibodies of the disclosure are derivatized, linked to or co-expressed
with another functional molecule, e.g., another peptide or protein (e.g., a Fab' fragment). For example, an antibody of
the disclosure can be functionally linked (e.g., by chemical coupling, genetic fusion, noncovalent association or
otherwise) to one or more other molecular entities, such as another antibody (e.q., to produce a bispecific or a
multispecific antibody), a cytotoxin, cellular ligand or antigen (e.g., to produce an immunoconjugate, such as an
immunotoxin). An antibody of the present disclosure can be linked to other therapeutic moieties, e.g., a radioisotope, a
small molecule anti-cancer drug, an anti-inflammatory agent, or an mmunosuppressive agent. Accordingly, the present
disclosure encompasses a large variety of antibody conjugates, bispecific and multispecific molecules, and fusion
proteins, all of which bind to CD20 expressing cells and which can be used to target other molecules to such cells.

[0018] In still another aspect, the disclosure provides compositions, e.qg., pharmaceutical and diagnostic
compositions/kits, comprising a pharmaceutically acceptable carrier formulated along with one or a combination of
human monoclonal antibodies of the 9disclosure. In a particular embodiment, the composition includes a combination
of antibodies which bind to distinct epitopes or which possess distinct functional characteristics, such as inducing CDC
and inducing apoptosis.

[0019] Human antibodies, immmunoconjugates, bispecific and multispecific molecules and compositions of the present
disclosure can be used in a variety of methods for inhibiting growth of cells expressing CD20 and/or killing cells
expressing CD20 by contacting the cells with an effective amount of the antibody, immunconjugate,
bispecific/multispecific molecule or composition, such that the growth of the cell i1s inhibited and/or the cell i1s killed. In
one embodiment, the method includes killing of the cell expressing CD20 in the presence of effector cells, for example,
by CDC, apoptosis, ADCC, phagocytosis, or by a combination of two or more of these mechanisms. The cells are
preferably killed or inhibited without killing or inhibiting the activity of cells which do not express CD20 but which may,
for example, express a structurally related cell-surface antigen (i.e., without cross-reactivity to related but functionally
distinct cell surface antigens). Cells expressing CD20 which can be inhibited or killed using the human antibodies of the
disclosure include, for example, tumorigenic B cells.

[0020] Accordingly, human antibodies of the present disclosure can be used to treat and/or prevent a variety of
diseases involving cells expressing CD20 by administering the antibodies to patients suffering from such diseases.
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Exemplary diseases that can be treated (e.g., ameliorated) or prevented include, but are not limited to, tumorigenic

diseases and immune diseases, e.g., autoimmune diseases. Examples of tumorigenic diseases which can be treated
and/or prevented include B cell lymphoma, e.q., NHL, including precursor B cell lymphoblastic leukemia/lymphoma and
mature B cell neoplasms, such as B cell chronic lymhocytic leukemia (CLL)/small lymphocytic lymphoma (SLL), B cell
prolymphocytic leukemia, lymphoplasmacytic lymphoma, mantle cell lymphoma (MCL), follicular lymphoma (FL),
iIncluding low-grade, intermediate-grade and high-grade FL, cutaneous follicle center lymphoma, marginal zone B cell
lymphoma (MALT type, nodal and splenic type), hairy cell leukemia, diffuse large B cell ymphoma, Burkitt's lymphoma,
plasmacytoma, plasma cell myeloma, post-transplant lymphoproliferative disorder, Waldenstrom's macroglobulinemia,
and anaplastic large-cell lymphoma (ALCL). Examples of immmune disorders in which CD20 expressing B cells are
involved which can be treated and/or prevented include psoriasis, psoriatic arthritis, dermatitis, systemic scleroderma
and sclerosis, inflammatory bowel disease (IBD), Crohn's disease, ulcerative colitis, respiratory distress syndrome,
meningitis, encephalitis, uveitis, glomerulonephritis, eczema, asthma, atherosclerosis, leukocyte adhesion deficiency,
Raynaud's syndrome, $jogren’'s syndrome, juvenile onset diabetes, Reiter's disease, Behcget's disease, immune
complex nephritis, IgA nephropathy, IgM polyneuropathies, immune-mediated thrombocytopenias, such as acute
idiopathic thrombocytopenic purpura and chronic idiopathic thrombocytopenic purpura, hemolytic anemia, myasthenia
gravis, lupus nephritis, systemic lupus erythematosus, rneumatoid arthritis (RA), atopic dermatitis, pemphigus, Graves'
disease, Hashimoto's thyroiditis, Wegener's granulomatosis, Omenn's syndrome, chronic renal failure, acute infectious
mononucleosis, HIV, and herpes virus associated diseases. Further examples are severe acute respiratory distress
syndrome and choreoretinitis. Yet further examples are diseases and disorders caused by infection of B-cells with
virus, such as Epstein-Barr virus (EBV).

[0021] The invention relates to a treatment of multiple sclerosis using an anti-CD20 antibody as disclosed.

[0022] In a particular embodiment of the 9disclosure, the subject being administered the antibody i1s additionally
treated with a chemotherapeutic agent, radiation, or an agent that modulates, e.g., enhances or inhibits, the
expression or activity of an Fc receptor, e.qg., an Fca receptor or an Fcy receptor, such as a cytokine. Typical cytokines
for administration during treatment include granulocyte colony-stimulating factor (G-CSF), granulocyte- macrophage
colony-stimulating factor (GM-CSF), interferon-y (IFN-y), and tumor necrosis factor (TNF). Typical therapeutic agents
iInclude, among others, anti-neoplastic agents such as doxorubicin, cisplatin, bleomycin, carmustine, chlorambucil, and
cyclophosphamide.

[0023] In yet another aspect, the present 9disclosure provides a method for detecting in vitro or in vivo the presence of
CD20 in a sample or individual, e.qg., for diagnosing a CD20-related disease, preferably at an early stage. This can also
be useful for monitoring the disease and effect of treatment and for determining and adjusting the dose of the antibody
to be administered. The in vivo method can be performed using imaging technique such as PET (positron emission

tomography) or SPECT (single photon emission computed tomography). In one embodiment, this is achieved by
contacting a sample to be tested, optionally along with a control sample, with a human monoclonal antibody of the
disclosure under conditions that allow for formation of a complex between the antibody and CD20. Complex formation
IS then detected (e.g., using an FACS analysis or Western blotting). When using a control sample along with the test
sample, complex is detected in both samples and any statistically significant difference in the formation of complexes
between the samples i1s indicative of the presence of CD20 in the test sample.

[0024] In yet another aspect, the disclosure provides a transgenic non-human animal, such as a transgenic mouse,
which express human monoclonal antibodies that « bind to CD20. In a particular embodiment, the transgenic non-
human animal i1s a transgenic mouse having a genome comprising a human heavy chain transgene and a human light
chain transgene encoding all or a portion of an antibody of the disclosure. The transgenic non-human animal can be
immunized with a purified or enriched preparation of CD20 antigen and/or cells expressing CD20. Preferably, the
transgenic non-human animal, e.q., the transgenic mouse, 1S capable of producing multiple 1sotypes of human
monoclonal antibodies to CD20 (e.qg., I1gG, IgA and/or IgM) by undergoing V-D-J recombination and isotype switching.
Isotype switching may occur by, e.g., classical or non-classical iIsotype switching.

[0025] Accordingly, in yet another aspect, the disclosure provides isolated B cells from a transgenic non-human animal
as described above, e.qg., a transgenic mouse, which expresses human anti-CD20 antibodies. The isolated B cells can
then be immortalized by fusion to an immortalized cell to provide a source (e.g., a hybridoma) of human anti-CD20
antibodies. Such hybridomas (i.e., which produce human anti-CD20 antibodies) are also included within the scope of



DK/EP 3284753 T3

the disclosure.

[0026] As exemplified herein, human antibodies of the disclosure can be obtained directly from hybridomas which
express the antibody, or can be cloned and recombinantly expressed in a host cell (e.g., a CHO cell, a NS/0 cell or a
lymphocytic cell). Further examples of host cells are microorganisms, such as E. coli, and fungi, such as yeast.
Alternatively, they can be produced recombinantly in a transgenic non-human animal or plant. Accordingly, in another
aspect, the present disclosure provides methods for producing human monoclonal antibodies which bind to human
CD20. In one embodiment, the method includes immunizing a transgenic non-human animal, e.g., a transgenic mouse,
as previously described (e.g., having a genome comprising a human heavy chain transgene and a human light chain
transgene encoding all or a portion of an anti-CD20 antibody), with a purified or enriched preparation of human CD20
antigen and/or cells expressing human CD20. B cells (e.qg., splenic B cells) of the animal are then obtained and fused
with myeloma cells to form immortal, hybridoma cells that secrete human monoclonal antibodies against CD20.

[0027] In yet another aspect, the disclosure provides nucleic acid molecules encoding human anti-CD20 antibodies
(e.g., variable regions thereof), as well as recombinant expression vectors which include the nucleic acids of the
disclosure, and host cells transfected with such vectors. Methods of producing the antibodies by culturing these host
cells are also encompassed by the disclosure. Particular nucleic acids provided by the disclosure comprise the
nucleotide sequences shown in SEQ ID NOs:1, 5, or 9 and SEQ ID NOs:3, 7, or 11, encoding the heavy and light
chains, respectively, of human anti-CD20 antibodies 2F2, 7D8, and 11B8.

[0028] Other features and advantages of the instant invention will be apparent from the following detailed description
and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

Figure 1 shows the pCONy1t/variable-heavy vector used for recombinant production of the human monoclonal
antibodies 2F2 and 11B8.

Figure 2 shows the pCONk/variable-light vector used for recombinant production of 2F2 and 11B8.
Figure 3 shows the double-gene cloning vector (pCONy11/k2F2) used for recombinant production of 2F2 and 11B8.

Figure 4 1s a graph comparing the binding of human monoclonal antibodies 2F2, /D8, and 11B8 to Raji, Daudi, and
CD20 transfected NS/Q cells and parental NS/O cells using flow cytometry.

Figures 5A and 5B show the binding of 2F2 to PBMCs from three human donors using flow cytometry.
Figure 6 is a graph comparing the binding affinity of 12°I-labeled 2F2 and 2°I-labeled 11B8 to Ramos-EHRB cells.

Figures 7A and 7B show the binding of 12l-labeled 2F2 and '%°l-labeled 11B8 compared to 123l-labeled rituximab
(chimeric anti-CD20 antibody, IDEC) and '2°I-labeled B1 (the term B1 corresponds to the unlabeled form of Bexxar™,

which is a ¥1l-labeled murine anti-human CD20 antibody, Coulter) to Ramos-EHRB cells (A) and Daudi cells (B).

Figure 8 is a graph comparing the dissociation rates of '%°l-labeled 11B8T, 12I-labeled 2F2, '2|-labeled rituximab
(RIT), and '%°I-labeled B1.

Figure 9 shows the dissociation rates of the F(ab')»> fragments of 2F2, 11B8T, and rituximab in Ramos-EHRB cells.

Figures 10A and 10B show the CDC by 2F2T, 11B8T, 7D8, rituximab, and an isotype control antibody (HuMab-KLH) of
Daudi cells (A) and SU-DHL-4 cells (B) at different time points (functional off-rate) using flow cytometry.

Figures 11A-E show the kinetics of CDC induced by 2F2 and rituximab in different cell lines using flow cytometry.

Figures 12A-D show CDC induced by 2F2 and rituximab in different cell lines as a function of the concentration of
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complement (normal human serum (NHS)) at two different antibody concentrations using flow cytometry.

Figures 13A-D show concentration-dependent induction of CDC by 2F2 and rituximab in different cell lines using flow
cytometry.

Figures 14A and 14B show concentration-dependent induction of CDC by 2F2, 2F2T, 11B8T, B1, and rituximab In
Daudi cells (A) and Raji cells (B).

Figures 15A and 15B are graphs comparing CDC of Daudi cells (cells expressing low levels of CD55/59) by human
monoclonal antibodies 2F2, 7D8, and 11B8 and rituximab; (A) shows percent lysis of unwashed cells and (B) shows

percent lysis of cells which were washed before the addition of serum.

Figures 16A and 16B are graphs comparing CDC of Raji cells (cells expressing high levels of CD55/59) by human
monoclonal antibodies 2F2, /D8, and 11B8 and rituximab; (A) shows percent lysis of cells not blocked with anti-CD35

and anti-CDS59 antibodies, and (B) shows percent lysis of cells blocked with anti-CD355 and anti-CD59 antibodies.

Figures 17A-C show the role of CD&5 and CD59 in CDC induced by 2F2 and rituximab in Raji cells. (A) shows the
percentage of lysed cells upon addition of anti-CD55 antibody, (B) shows the percentage of lysed cells upon addition of

anti-CDS9 antibody, and (C) shows the percentage of lysed cells upon addition of both anti-CD55 antibody and anti-
CDS9 antibody.

Figures 18A-D show the binding of complement factor C1q by 2F2 and rituximab in different cell lines as determined by
flow cytometry.

Figures 19A-D show the deposition of complement factor fragment C4c by 2F2 and rituximab in different cell lines as
determined by flow cytometry.

Figure 20 shows lysis of ARH-77 cells by 2F2, rituximab, and 11B8T in the presence of PMNs, MNCs, plasma or whole
blood.

Figure 21 shows lysis of B-CLL cells by 2F2, rituximab, and 11B8T in the presence of PMNs, MNCs, plasma or whole
blood.

Figure 22 shows lysis of HCL (hairy cell leukemia) cells by 2F2, rituximab, and 11B8T in the presence of PMNs, MNCs,
plasma or whole blood.

Figure 23 shows lysis of B-ALL cells by 2F2, and rituximab, in the presence of PMNs, MNCs, plasma or whole blood.

Figure 24 shows lysis of follicular lymphoma (FL) cells by 2F2, rituximab, and 11B8T in the presence of PMNs, MNCs,
plasma or whole blood.

Figure 25 shows lysis of mantle cell lymphoma cells by 2F2, rituximab, and 11B8T in the presence of PMNs, MNCs,
plasma or whole blood.

Figure 26 shows concentration dependent lysis of ARH-77 cells by 2F2 and rituximab in the presence of whole blood.
Figure 27 shows MNC-mediated lysis of ARH-77 cells by 2F2T, 11B&T, and rituximab.
Figure 28 shows MNC-mediated lysis of Raji cells by 2F2T, 11B8T, and rituximab.

Figures 29A, B, and C are graphs showing clustering of CD20 in the lipid rafts upon incubation with 2F2, 7D8, or 11B8
using FRET analysis and Triton-X insolubility assay.

Figure 30 shows clustering of CD20 in the lipid rafts upon incubation with 2F2, rituximab, or 11B8T using FRET
analysis.

Figure 31 shows the proportion of CD20 remaining in the insoluble raft fraction after treatment with Triton X-100 (TX)
and incubation with 2F2, rituximab, or 11B8T.

Figure 32 shows the distribution of CD20 between the raft and non-raft membrane fractions upon stimulating Daudi
cells with 2F 2, rituximab, or 11B8T.
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Figures 33A-G show apoptosis of Daudi cells by 2F2, 7D8, and 11B8 using flow cytometry.
Figure 34 shows induction of apoptosis of Raji cells by 2F2, 11B8T, rituximab, or B1 using flow cytometry.
Figure 35A shows induction of apoptosis of Daudi cells by 2F2T, 11B8T, rituximab, or B1 using flow cytometry.

Figure 35B shows early stage and late stage apoptosis of Daudi cells by human monoclonal antibodies 2F2T, 11B8T,
rituximab, and B1 using flow cytometry.

Figures 36A-E show homotypic adhesion of Ramos-EHRB cells by 2F2, 7D8, and 11B8 using light microscopy.
Figure 37 show homotypic adhesion of Daudi cells by 2F2, rituximab, and B1 using light microscopy.

Figure 38 1s a graph showing the percent survival of SCID mice injected with Daudi cells and treated with 2F2 or 7D8.
Figure 39 shows the percent survival of SCID mice injected with Tanoue cells and treated with 2F2, rituximab, or B1.

Figure 40 shows the percent survival of SCID mice injected with Daudi cells and treated with different concentrations of
2F 2 or rituximab.

Figure 41 shows the percent survival of SCID mice injected with Daudi cells and treated with 11B8T or B1.

Figure 42 shows bioluminescence imaging of tumor cells in SCID mice on day 39 (31 days after treatment with 10 ug of
B1, rituximab, 11B8T, 2F2T, or hulgG1). The bioluminescence is represented in red color (the dark areas in the mice)

(ight intensity > 50 photons per 5 min) as overlay on the black and white body image of the mice.

Figure 43 shows the tumor mass in each mouse quantified on day 25, 32, 39, and 46 following administration, on day
3, of 10 ug of B1, rituximab, 11B8T, 2F2T, or hulgG1 by integrating the light signals over the body surface.

Figures 44A-C show flow cytometric analysis of CD20™ cells in peripheral blood of cynomolgus monkeys following
iIntravenous administration of 2F2 or rituximab at different dosages, 4 x 1.25 mk/kg (A), 4 x 6.25 mg/kg (B), or 4 x
12.50 mg/kg (C).

Figures 45A-C show flow cytometric analysis of CD21" cells in peripheral blood of cynomolgus monkeys following
iIntravenous administration of 2F2 or rituximab at different dosages, 4 x 1.25 mk/kg (A), 4 x 6.25 mg/kg (B), or 4 x
12.50 mg/kg (C).

Figures 46A-C show flow cytometric analysis of CD20™ cells in lymph node of cynomolgus monkeys following
iIntravenous administration of 2F2 or rituximab at different dosages, 4 x 1.25 mk/kg (A), 4 x 6.25 mg/kg (B), or 4 x
12.50 mg/kg (C).

Figures 47A-C show flow cytometric analysis of CD20°“CD23*CD40M3" expressing cells in peripheral blood of
cynomolgus monkeys following intravenous administration of 2F2 or rituximab at different dosages, 4 x 1.25 mk/kg (A),
4 x6.25 mg/kg (B), or4 x12.50 mg/kg (C).

Figures 48A-E show binding of rituximab (A), 2F2 (B), 11B8 (C), B1 (D), or an isotype control antibody (E) to CHO cells
expressing wild type (WT) CD20, mutant CD20 (AxP), or both WT CD20 and mutant CD20 (AxP) as determined by flow

cytometry.

Figures 49A-F show percentage binding of 2F2, 11B8T, B1. or rituximab to mutant P172S vs. WT CD20 (A),
percentage binding of 2F2T, 11B38T, B1, CAT (CAT 13.6E12, a mouse monoclonal IgG2A anti-CD20 antibody,
Diatec.Com), a control isotype antibody (KLH) or rituximab to mutant CD20 (AxP) vs. WT CD20 (B), percentage binding
of 2F2, 11B8T, B1 or rituximab to mutant N166D vs. WT CD20 (C), percentage binding of 2F2T, CAT or rituximab to
mutant N166D vs. WT CD20 (D), percentage binding of 2F2T, 2F2, 11B8T, B1 or rituximab to mutant N163D vs. WT
CD20 (E), and percentage binding of 2F2T, CAT or rituximab to mutant N163D vs. WT CD20 (F).

Figure 50 shows binding of 2F2T, 7D8, and isotype control antibody, as determined by ELISA, to three anti-idiotypic
antibodies, anti-2F2 sab 1.1, anti-2F2 sab 1.2, and anti-2F2 sab 1.3, raised against 2F2.

Figure 51 shows binding of 11B&T, as determined by ELISA, to anti-idiotypic antibodies, anti-11B8T sab 2.2, anti-11B8T
sab 2.3, anti-11B8T sab 2.4, anti-11B38T sab 2.5, and anti-11B8T sab 2.6, raised against 11B8T, but no binding to the
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anti-idiotypic anti-2F2 antibodies.

Figures 52A-C show dose-dependent binding of 2F2T, as determined by ELISA, to three anti-idiotypic antibodies, anti-
2F2 sab 1.1 (A), anti-2F2 sab 1.2 (B), and anti-2F2 sab 1.3 (C), raised against 2F2.

Figure 53 shows the amino acid sequence (SEQ ID NO:2) of the heavy chain V region and the amino acid sequence
(SEQ ID NO:4) of the light (kappa) chain V region of human monoclonal antibody 2F2 with CDR regions designated.

Figure 54 shows the nucleotide sequence (SEQ ID NO:1) of the heavy chain V region and the nucleotide sequence
(SEQ ID NO:3) of the light (kappa) chain V region of human monoclonal antibody 2F2.

Figure 55 shows the amino acid sequence (SEQ ID NO:6) of the heavy chain V region and the amino acid sequence
(SEQ ID NO:8) of the light (kappa) chain V region of human monoclonal antibody 7D8 with CDR regions designated.

Figure 56 shows the nucleotide sequence (SEQ ID NO:5) of the heavy chain V region and the nucleotide sequence
(SEQ ID NO:7) of the light (kappa) chain V region of human monoclonal antibody 7D8.

Figure 57 shows the amino acid sequence (SEQ ID NO:10) of the heavy chain V region and the amino acid sequence
(SEQ ID NO:12) of the light (kappa) chain V region of human monoclonal antibody 11B8 with CDR regions designated.

Figure 58 shows the nucleotide sequence (SEQ ID NO:9) of the heavy chain V region and the nucleotide sequence
(SEQ ID NO:11) of the light (kappa) chain V region of human monoclonal antibody 11B8.

DETAILED DESCRIPTION OF THE INVENTION

[0030] The present disclosure provides improved antibody-based therapies for treating and diagnosing a variety of
disorders involving cells expressing CD20. Therapies of the disclosure employ isolated human monoclonal antibodies
which specifically bind to an epitope present on CD20. Isolated human monoclonal antibodies encompassed by the
present disclosure include IgA, 1gG1-4, IgE, IgM, and IgD antibodies.

[0031] In one embodiment the antibody Is an IgG1 antibody, more particularly an IgG1,k or IgG1,A isotype. In another
embodiment the antibody 1s an IgG3 antibody, more particularly an IgG3,k or IgG3,A isotype. In yet another
embodiment the antibody 18 an IgG4 antibody, more particularly an 1gG4.k or IgG4,A isotype. In still another
embodiment the antibody is an IgAl or IgA2 antibody.

[0032] In still another embodiment the antibody is an IgM antibody.

[0033] In one embodiment, the human antibodies are produced in a non-human transgenic animal, e.g., a transgenic
mouse, capable of producing multiple isotypes of human monoclonal antibodies to CD20 by undergoing V-D-J
recombination and isotype switching. Accordingly, aspects of the disclosure include not only antibodies, antibody
fragments, and pharmaceutical compositions thereof, but also non-human transgenic animals, B cells, host cell
transfectomas, and hybridomas which produce monoclonal antibodies. Such transgenic animal can also be a
transgenic rabbit for producing polyclonal antibodies such as disclosed in US 2003/0017534. Accordingly, the
disclosure also encompasses human polyclonal antibodies which specifically bind to CD20. In one embodiment the
disclosure relates to polyclonal antibodies which bind to an epitope on CD20 (1) which does not comprise or require the
amino acid residue proline at position 172; (i) which does not comprise or require the amino acid residues alanine at
position 170 or proline at position 172; (i) which comprises or requires the amino acid residues asparagine at position
163 and asparagine at position 166; (iv) which does not comprise or require the amino acid residue proline at position
172, but which comprises or requires the amino acid residues asparagine at position 163 and asparagine at position
166; or (v) which does not comprise or require the amino acid re<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>