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CD37-BINDING MOLECULES AND IMMUNOCONJUGATES THEREOF

Field of the Invention

[0001] The field of the invention generally relates to antibodies, antigen-binding fragments thereof,
polypeptides, and immunoconjugates that bind to CD37, as well as to methods of using such CD37-

binding molecules for the treatment of diseases, such as autoimmune diseases and inflammatory diseases.

Background of the Invention

[0002] Leukocyte antigen CD37 ("CD37"), also known as GP52-40, tetraspanin-26, or TSPAN26, is
a transmembrane protein of the tetraspanin superfamily (Maecker et al., 1997 FASEB J. 11:428-442). Itis
a heavily glycosylated protein with four transmembrane domains that is expressed on B cells during the
pre-B to peripheral mature B-cell stages, but is reportedly absent on terminal differentiation to plasma
cells. (Link et al., 1987, J Pathol. 152:12-21). The CD37 antigen is only weakly expressed on T-cells,
myeloid cells, and granulocytes (Schwartz-Albiez et al. 1988, J. Immunol., 140(3)905-914). However,
CD37 is also expressed on malignant B-cells such as those founding non-Hodgkin’s lymphoma (NHL)
and chronic lymphoid leukemia (CLL) (Moore et al. 1986, J Immunol. 137(9):3013-8).

[0003] While the exact physiological role of CD37 is unclear, studies in CD37-deficient mice suggest
an immunoregulatory function. Although mice deficient in CD37 expression have normal development
(Knobeloch et al. 2000, Mol Cell Biol., 20(15):5363-9), in the C57/B16 background, CD37-/- T cells are
hyper-proliferative (van Spriel et al., J Immunol. 172, 2953 (2004)), CD37-/- dendritic cells (DC) exhibit
an increased antigen presentation (Sheng et al., Eur J Immunol. 39, 50 (2009)), and CD37-/- macrophages
show increased dectin-1-induced IL-6 production (Meyer-Wentrup et al., J Immunol. 178, 154 (2007)).
CD37-deficient C57/Bl6 mice also contain significantly higher level of IgA than the wild-type mice (van
Spriel et al., PLoS Pathol. 5, 1000338 (2009) and Rops et al., Am J Pathol. 176, 2188 (2010)). All of
these results suggest a general regulatory role of CD37 in the immune system. Interestingly, crosslinking
of CD37 antigen by antibody on human T cells inhibits T cell proliferation induced by CD3 stimulation
(van Spriel et al., J Immunol. 172, 2953 (2004)).

[0004] Antibodies are emerging as a promising method to treat human diseases including
autoimmune diseases. Currently, an anti-CD20 antibody called rituximab has been approved for
rheumatoid arthritis (RA) treatment (Edwards JC et al. 2006, Nat Rev Immunol. 6: 119). Rituximab is
used in the United States in combination with methotrexate (MTX) to reduce signs and symptoms in adult
patients with moderately- to severely-active RA who have had an inadequate response to at least one TNF
antagonist. Many studies address the use of rituximab in a variety of non-malignant autoimmune or
inflammatory disorders, including RA, in which B-cells and autoantibodies appear to play a role in

disease pathophysiology. Edwards et al., Biochem Soc. Trans. 30:824-828 (2002). Targeting of CD20
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using anti-CD20 antibody has been reported to potentially relieve signs and symptoms of a number of
autoimmune or inflammatory diseases including, for example, RA (Leandro et al., Ann. Rheum. Dis.
61:883-888 (2002); Edwards et al., Arthritis Rheum., 46 (Suppl. 9): S46 (2002); Stahl et al., Ann. Rheum.
Dis., 62 (Suppl. 1): OP004 (2003); Emery et al., Arthritis Rheum. 48(9): S439 (2003)), lupus (Eisenberg,
Arthritis. Res. Ther. 5:157-159 (2003); Leandro et al. Arthritis Rheum. 46: 2673-2677 (2002); Gorman et
al., Lupus, 13: 312-316 (2004)), immune thrombocytopenic purpura (D'Arena et al., Leuk. Lymphoma
44:561-562 (2003); Stasi et al., Blood, 98: 952-957 (2001); Saleh et al., Semin. Oncol., 27 (Supp 12):99-
103 (2000); Zaja et al., Haematologica, 87:189-195 (2002); Ratanatharathorn et al., Ann. Int. Med,,
133:275-279 (2000)), pure red cell aplasia (Auner et al, Br. J. Haematol.,, 116:725-728 (2002));
autoimmune anemia (Zaja et al., supra (erratum appears in Haematologica 87:336 (2002)), cold agglutinin
disease (Layios et al., Leukemia, 15:187-8 (2001); Berentsen et al., Blood, 103: 2925-2928 (2004);
Berentsen et al., Br. J. Haematol., 115:79-83 (2001); Bauduer, Br. J. Haematol., 112:1083-1090 (2001);
Zaja et al., Br. J. Haematol., 115:232-233 (2001)), type B syndrome of severe insulin resistance (Coll et
al., N. Engl. J. Med., 350:310-311 (2004), mixed cryoglobulinermia (DeVita et al., Arthritis Rheum. 46
Suppl. 9:5206/S469 (2002)), myasthenia gravis (Zaja et al., Neurology, 55:1062-1063 (2000); Wylam et
al., J. Pediatr., 143:674-677 (2003)), Wegener's granulomatosis (Specks et al., Arthritis & Rheumatism
44:2836-2840 (2001)), microscopic polyangiitis (MPA), refractory pemphigus vulgaris (Dupuy et al.,
Arch Dermatol., 140:91-96 (2004)), dermatomyositis (Levine, Arthritis Rheum., 46 (Suppl. 9):5S1299
(2002)), Sjogren's syndrome (Somer et al., Arthritis & Rheumatism, 49:394-398 (2003)), active type-II
mixed cryoglobulinemia (Zaja et al., Blood, 101:3827-3834 (2003)), pemphigus vulgaris (Dupay et al.,
Arch. Dermatol., 140:91-95 (2004)), autoimmune neuropathy (Pestronk et al., J. Neurol. Neurosurg.
Psychiatry 74:485-489 (2003)), paraneoplastic opsoclonus-myoclonus syndrome (Pranzatelli et al.
Neurology 60 (Suppl. 1) PO5.128:A395 (2003)), and relapsing-remitting multiple sclerosis (RRMS).
Cross et al. (abstract) "Preliminary Results from a Phase II Trial of Rituximab in MS" Eighth Annual
Meeting of the Americas Committees for Research and Treatment in Multiple Sclerosis, 20-21 (2003).

[0005] In animal models, B-cell depletion using antibodies against B-cell antigens such as CD20 has
been shown to inhibit or ameliorate several autoimmune diseases including systemic lupus erythematosus
(SLE), experimental autoimmune encephalomyelitis (EAE; mouse model of multiple sclerosis), type-1
diabetes (T1D) and rheumatoid arthritis (RA). Rituximab has been shown to deplete both malignant and
normal B cells in vive in animal models as well as patients (Maloney DG et al, Blood.
1994;84(8):2457-66; Reff ME, et al. Blood. 1994;83(23:435-45; Schréder C, et al. Transp! Immumol.
2003;12(1):19-28). It can also deplete normal B-cells from human peripheral blood mononuciear cells
(PBMCs) in in vitro experiments (Vugmeyster Y, et al, Cytometry A. 2003;52(2):101-9; Vugmeyster Y

and Howell K.Int Immunopharmacol. 2004;4(8):1117-24).
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[0006] Campath-1H (alumtuzumab), an anti-CD52 chimeric IgG1, binds to the CD52 antigen, which
is highly expressed on all lymphocytes (Ginaldi L, et al,Leuk Res. 1998 Feb;22(2):185-91; Hale G, et al,
Tissue Antigens. 1990 Mar;35(3):118-27). It is used in patients to deplete malignant [ymphocytes and is
approved for treating chronic lymphocytic leukemia. It has also shown efficacy in treating multiple
sclerosis and is currently in Phase III clinical testing (N Engl J Med 2008; 359:1786-1801;
ClinicalTrials.gov NCT00530348 & NCT00548405). It has been shown to deplete normal lymphocytes
in vitro as well (Hale G, et al. Blood. 1983 Oct;62(4):873-82; Waldmann H and Hale G Philos Trans R
Soc Lond B Biol Sci. 2005 Sep 29;360(1461):1707-11).

[0007] CD37-binding agents are also being tested as potential therapeutics for B-cell malignancies.
Emergent Biosolutions (formerly Trubion Pharmaceuticals) developed the CD37-binding agents SMIP-
016 and TRU-016 (Zhao et al., 2007, Blood, 110:2569-2577). SMIP-016 is a single chain polypeptide
that includes variable regions from a hybridoma and engineered human constant regions. TRU-016 is a
humanized version of the anti-CD37 SMIP protein. See e.g. U.S. Published Application No.
2007/0059306. TRU-016 is being tested clinically for the treatment of chronic lymphocytic leukemia
(CLL). Boehringer Ingelheim has also disclosed a CD37 binding agent in International Published
Application No. WO 2009/019312. However, no CDC activity has been described for any of these
binding agents and no in vitro pro-apoptotic activity has been described in the absence of cross-linking
agents.

[0008] Radio-immunotherapy (RIT) has been attempted using a radio-labeled anti-CD37 antibody
MB-1 in two separate trials. Therapeutic doses of BI1MB-1 were administered to six relapsed NHL
patients (Press et al. 1989 J Clin Oncol. 7(8):1027-38; Press at el. 1993, N Engl J Med. 329(17):1219-24).
All six patients achieved a complete remission (CR) with a duration of four to thirty-one months. In
another trial, *'I-MB-1 was administered to ten relapsed NHL patients (Kaminski et al. 1992 J Clin
Oncol. 10(11):1696-711). A total of four patients had a response ranging in duration from two to six
months, although only one CR was reported. However, not all patients could be treated due to an
unfavorable biodistribution of the radio-label which raised concern for radiation exposure of vital non-
target organs. Indeed, RIT related toxicities were observed in these trials including severe
myelosupression and cardiopulmonary toxicity. While these clinical data suggest that anti-CD37 radio-
immunoconjugates may be effective, these therapies are cumbersome to administer, and at relapse post-
RIT patients cannot be retreated with RIT due to the risks associated with high doses of radiation.

[0009] To overcome the limitations of RIT, antibody-cytotoxic agent conjugates (ACC), also called
antibody-drug conjugates (ADC), have been developed. These are immunoconjugates that include a
cytotoxic agent covalently linked to an antibody through a chemical linker which can allow for specific
delivery of cytotoxic drugs to cells expressing a protein recognized by the antibody. However, proteins

that are poorly internalized are not considered to be favorable targets for such therapeutics. CD37 is
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structurally similar to CD20 as both antigens contain four transmembrane domains, although CD20 is not
part of the tetraspanin family (Tedder et al. 1989, J. Immun. 142: 2560-2568). Antibodies against several
B-cell antigens including CD37 and CD20 have been studied for their ability to undergo endocytosis and
degradation (Press et al. 1989, Cancer Res. 49(17):4906-12, and Press et al. 1994, Blood. 83(5):1390-7).
The anti-CD37 antibody MB-1 was retained on the cell surface and internalized slowly in Daudi
lymphoma cells in vitro. The MB-1 antibody also had a low rate of endocytosis and intracellular
metabolism in NHL patient cells in vitro. Similar results were obtained with the anti-CD20 antibody 1F5,
which was also retained mainly on the lymphoma cell surface and internalized poorly. ADCs of CD20
antibodies have been studied previously but have not demonstrated significantly strong potency,
especially when non-disulfide or acid stable linkers are used (see for example Polson et al., 2009, Cancer
Res., 69(6):2358-2364). In light of these observations, CD37 has not been considered a favorable target
for antibody-drug conjugates.

[0010] While their role in cancer treatment has been studied, the potential effect of CD37-directed
therapies such as antibodies, antibody derivatives or radio-immunoconjugates on cells involved in
autoimmune diseases, inflammatory diseases or other disorders of the immune system is not well
understood. Furthermore, none of the compounds described above have been demonstrated to induce
depletion of target cells involved in manifestation or progression of these types of diseases.

[0011] Therefore, there exists a need for CD37 binding agents including antibodies, antigen-binding
fragments thereof, and antibody-drug conjugates (immunoconjugates) as a means to treat autoimmune
diseases, inflammatory diseases, or other disorders of the immune system. The present invention

addresses that need.

BRIEF SUMMARY OF THE INVENTION

[0012] In one aspect, the present disclosure provides a method for depleting B-cells or treating a
disease associated with aberrant B-cell activity, comprising administering to a patient an effective amount
of a humanized CD37 targeting antibody or immunoconjugate provided herein. In some embodiments,
the B-cells are non-cancerous {-cells. In some embodiments, the B-cells do not overexpress CD37.

[0013] In certain embodiments, the disease associated with aberrant B-cell activity is a disease
associated with B-cell autoantibody production, and/or a disease associated with inappropriate T-cell
stimulation in connection with a B-cell pathway.

[0014] In certain embodiments, the disease characterized by autoantibody production is rheumatoid
arthritis, multiple sclerosis, type I diabetes mellitus, idiopathic inflammatory myopathy, systemic lupus
erythematosus (SLE), myasthenia gravis, Grave's disease, dermatomyositis, polymyositis, or other

autoimmune diseases.
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[0015] In certain embodiments, the present disclosure provides a method for depleting a B-cell
comprising contacting a B-cell (e.g., in a population of cells comprising a non-cancerous B-cell) with an
antibody or antigen binding fragment thereof that specifically binds to CD37, wherein the antibody or
fragment thereof is capable of inducing apoptosis in vitro in the absence of a cross-linking agent. In
certain embodiments, the present disclosure provides a method for treating a patient having an
autoimmune or inflammatory disease comprising administering to the patient a therapeutically effective
amount of an antibody or antigen-binding fragment thereof that specifically binds to CD37, wherein the
antibody or fragment thereof is capable of inducing apoptosis in vitro in the absence of a cross-linking
agent. In some embodiments, the antibody or antigen-binding fragment thereof is also capable of
inducing complement dependent cytotoxicity (CDC). In some embodiments, the antibody or antigen-
binding fragment thereof is also capable of inducing antibody dependent cell mediated cytotoxicity
(ADCC). In some embodiments, the antibody or antigen-binding fragment thereof has a long serum half-
life.

In certain embodiments, the present disclosure provides a method for depleting a B-cell
comprising contacting a B-cell (e.g., in a population of cells comprising a non-cancerous B-cell)
with an antibody or antigen binding fragment thereof that specifically binds to the same CD37
epitope as an antibody selected from the group consisting of: (a) an antibody comprising the
polypeptide of SEQ ID NO:55 and the polypeptide of SEQ ID NO:72; (b) an antibody comprising the
polypeptide of SEQ ID NO:56 and the polypeptide of SEQ ID NO:73; (c) an antibody comprising the
polypeptide of SEQ ID NO:57 and the polypeptide of SEQ ID NO:74; (d) an antibody comprising the
polypeptide of SEQ ID NO:58 and the polypeptide of SEQ ID NO:74; (e) an antibody comprising the
polypeptide of SEQ ID NO:59 and the polypeptide of SEQ ID NO:75; (f) an antibody comprising the
polypeptide of SEQ ID NO:60 and the polypeptide of SEQ ID NO:76; (g) an antibody comprising the
polypeptide of SEQ ID NO:61 and the polypeptide of SEQ ID NO:77; (h) an antibody comprising the
polypeptide of SEQ ID NO:62 and the polypeptide of SEQ ID NO:78; (i) an antibody comprising the
polypeptide of SEQ ID NO:63 and the polypeptide of SEQ ID NO:79; (j) an antibody comprising the
polypeptide of SEQ ID NO:64 and the polypeptide of SEQ ID NO:80; (k) an antibody comprising the
polypeptide of SEQ ID NO:65 and the polypeptide of SEQ ID NO:81; (1) an antibody comprising the
polypeptide of SEQ ID NO:66 and the polypeptide of SEQ ID NO:82; (m) an antibody comprising the
polypeptide of SEQ ID NO:67 and the polypeptide of SEQ ID NO:83; (n) an antibody comprising the
polypeptide of SEQ ID NO:68 and the polypeptide of SEQ ID NO:84; (o) an antibody comprising the
polypeptide of SEQ ID NO:69 and the polypeptide of SEQ ID NO:85; (p) an antibody comprising the
polypeptide of SEQ ID NO:70 and the polypeptide of SEQ ID NO:86; (q) an antibody comprising the
polypeptide of SEQ ID NO:71 and the polypeptide of SEQ ID NO:87; and (r) an antibody comprising the
polypeptide of SEQ ID NO:177 and the polypeptide of SEQ ID NO:178.
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[0016] In certain embodiments, the present disclosure provides a method for treating a patient
having an autoimmune or inflammatory disease comprising administering to the patient a therapeutically
effective amount of an antibody or antigen-binding fragment thereof that specifically binds to the same
CD37 epitope as an antibody selected from the group described above. In some embodiments, the
antibody or antigen-binding fragment thereof competitively inhibits an antibody selected from the group
described above.

[0017] In certain embodiments, the present disclosure provides a method for depleting a B-cell
comprising contacting a B-cell (e.g., in a population of cells comprising a non-cancerous B-cell) with an
antibody or antigen-binding fragment thereof that specifically binds to CD37 and specifically binds to the
polypeptide of SEQ ID NO: 184. In certain embodiments, the present disclosure provides a method for
treating a patient having an autoimmune or inflammatory disease comprising administering to the patient
a therapeutically effective amount of an antibody or antigen-binding fragment thereof that specifically
binds to CD37 and specifically binds to the polypeptide of SEQ ID NO: 184. In some embodiments, the
antibody or antigen-binding fragment thereof does not bind to the polypeptide of SEQ ID NO: 185.

{0018] In certain embodiments, the present disclosure provides a method for depleting a B-cell
comprising contacting a B-cell (e.g., in a population of cells comprising a non-cancerous B-cell) with an
antibody or antigen-binding fragment thereof that specifically binds to CD37 and does not specifically
bind to the polypeptide of SEQ ID NO: 185. In certain embodiments, the present disclosure provides a
method for treating a patient having an autoimmune or inflammatory disease comprising administering to
the patient a therapeutically effective amount of an antibody or antigen-binding fragment thereof that
specifically binds to CD37 and does not specifically bind to the polypeptide of SEQ ID NO: 185.

[0019] In certain embodiments, the present disclosure provides a method for depleting a B-cell
comprising contacting a B-cell (e.g., in a population of cells comprising a non-cancerous B-cell) with an
antibody or antigen-binding fragment thereof produced by a hybridoma selected from the group consisting
of ATCC Deposit Designation PTA-10664, deposited with the ATCC on February 18, 2010, ATCC
Deposit Designation PTA-10665, deposited with the ATCC on February 18, 2010, ATCC Deposit
Designation PTA-10666, deposited with the ATCC on February 18, 2010, ATCC Deposit Designation
PTA-10667, deposited with the ATCC on February 18, 2010, ATCC Deposit Designation PTA-10668,
deposited with the ATCC on February 18, 2010, ATCC Deposit Designation PTA-10669, deposited with
the ATCC on February 18, 2010, and ATCC Deposit Designation PTA-10670, deposited with the ATCC
on February 18, 2010. In certain embodiments, the present disclosure provides a method for treating a
patient having an autoimmune or inflammatory disease comprising administering to the patient a
therapeutically effective amount of an antibody or antigen-binding fragment thereof produced by a

hybridoma described above.
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[0020] In certain embodiments, the present disclosure provides a method for depleting a B-cell
comprising contacting a B-cell (e.g., in a population of cells comprising a non-cancerous B-cell) with an
antibody or antigen-binding fragment thereof that specifically binds to CD37, wherein the antibody
comprises polypeptide sequences selected from the group consisting of: (a) SEQ ID NOs: 4, 5, and 6 and
SEQ ID NOs: 28, 29, and 30; (b) SEQ ID NOs: 7, 8, and 9 and SEQ ID NOs: 31, 32, and 33; (¢) SEQ ID
NOs: 10, 11, and 12 and SEQ ID NOs: 34, 35, and 36; (d) SEQ ID NOs: 13, 14, and 15 and SEQ ID NOs:
37, 38, and 39; (e) SEQ ID NOs: 13, 14, and 15 and SEQ ID NOs: 37, 40, and 39; (f) SEQ ID NOs: 16,
17, and 18 and SEQ ID NOs: 41, 42, and 43; (g) SEQ ID NOs: 19, 20, and 21 and SEQ ID NOs: 44, 45,
and 46; (h) SEQ ID NOs: 19, 20, and 21 and SEQ ID NOs: 44, 47, and 46; (i) SEQ ID NOs: 22, 23, and
24 and SEQ ID NOs: 48, 49, and 50; (j) SEQ ID NOs: 22, 23, and 24 and SEQ ID NOs: 43, 51, and 50;
(k) SEQ ID NOs: 25, 26, and 27 and SEQ ID NOs: 52, 53, and 54; (1) SEQ ID NOs: 171, 172 or 181, and
173 and SEQ ID NOs: 174, 175, and 176; (m) variants of (a) to (1) comprising 1, 2, 3, or 4 conservative
amino acid substitutions. In certain embodiments, the present disclosure provides a method for treating a
patient having an autoimmune or inflammatory disease comprising administering to the patient a
therapeutically effective amount of an antibody or antigen-binding fragment thereof with an antibody or
antigen-binding fragment thereof that specifically binds to CD37, wherein the antibody comprises
polypeptide sequences selected from the group described above. In some embodiments, the antibody or
antigen-binding fragment thereof comprises polypeptide sequences that are at least 90% identical to
polypeptide sequences described above. In some embodiments, the polypeptide sequences are at least
95% identical to the polypeptide sequences. In some embodiments, the polypeptide sequences are at least
99% identical to the polypeptide sequences. In some embodiments, the antibody or antigen-binding
fragment thereof comprises polypeptide sequences that are at least 90% identical, at least 95% identical, at
least 99% identical, or idential to the polypeptide sequences of SEQ ID NO: 57 and SEQ ID NO:74. In
some embodiments, the antibody or antigen-binding fragment thereof comprises polypeptide sequences
that are at least 90% identical, at least 95% identical, at least 99% identical, or idential to the polypeptide
sequences of SEQ ID NO: 58 and SEQ ID NO:74. In some embodiments, the antibody or antigen-binding
fragment thereof comprises polypeptide sequences that are at least 90% identical, at least 95% identical, at
least 99% identical, or idential to the polypeptide sequences of SEQ ID NO: 63 and SEQ ID NO:79. In
some embodiments, the antibody or antigen-binding fragment thereof comprises polypeptide sequences
that are at least 90% identical, at least 95% identical, at least 99% identical, or idential to the polypeptide
sequences of SEQ ID NO: 65 and SEQ ID NO:81.

[0021] In some embodiments, the antibody or antigen binding fragment thereof is murine, non-
human, humanized, chimeric, resurfaced, or human.

[0022] In some embodiments, the antibody or antibody fragment is capable of inducing apoptosis of

a cell expressing CD37 in vitro in the absence of cross-linking agents. In some embodiments, the antibody
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or antigen binding fragment is capable of inducing complement dependent cytotoxicity (CDC). In some
embodiments, the antibody is capable of inducing antibody dependent cell mediated cytotoxicity (ADCC).
[0023] In certain embodiments, the present disclosure provides a method for depleting a B-cell
comprising contacting a B-cell (e.g., in a population of cells comprising a non-cancerous B-cell) with a
human or humanized antibody or antigen binding fragment thereof that specifically binds to CD37,
wherein the antibody or fragment thereof is capable of inducing apoptosis of a cell expressing CD37 in
vitro in the absence of cross-linking agents. In certain embodiments, the present disclosure provides a
method for treating a patient having an autoimmune or inflammatory disease comprising administering to
the patient a therapeutically effective amount of a human or humanized antibody or antigen binding
fragment thereof that specifically binds to CD37, wherein the antibody or fragment thereof is capable of
inducing apoptosis of a cell expressing CD37 in vitro in the absence of cross-linking agents. In some
embodiments, the human or humanized antibody or antigen binding fragment thereof is also capable of
inducing complement dependent cytotoxicity (CDC). In some embodiments, the human or humanized

antibody or antigen binding fragment thereof is also capable of inducing antibody dependent cell mediated

cytotoxicity (ADCC).

[0024] In some embodiments, the antibody or antigen-binding fragment binds to human CD37 and
macaque CD37.

[0025] In some embodiments, the antibody is a full length antibody. In some embodiments, an

antigen-binding fragment is used. In some embodiments, the antibody or antigen-binding fragment
thereof comprises a Fab, Fab', F(ab")2, Fd, single chain Fv or scFv, disulfide linked Fv, V-NAR domain,
IgNar, intrabody, IgGACH2, minibody, F(ab')3, tetrabody, triabody, diabody, single-domain antibody,
DVD-Ig, Fcab, mAb2, (scFv)2, or scFv-Fc.

[0026] In some embodiments, the antibody or antigen-binding fragment thereof is linked via a linker
(L) to a cytotoxic agent (C) to form an immunoconjugate.

[0027] In certain embodiments, the present disclosure provides a method for depleting a B-cell
comprising contacting a B-cell (e.g., in a population of cells comprising a non-cancerous B-cell) with a
composition comprising an immunoconjugate having the formula (A) - (L) - (C), wherein: (A) is an
antibody or antigen binding fragment that specifically binds to CD37; (L) is a non-cleavable linker; and
(C) is a cytotoxic agent; and wherein the linker (L) links (A) to (C). In certain embodiments, the present
disclosure provides a method for treating a patient having an autoimmune or inflammatory disease
comprising administering to the patient a therapeutically effective amount of a composition comprising an
immunoconjugate having the formula (A) - (L) - (C), wherein: (A) is an antibody or antigen binding
fragment that specifically binds to CD37; (L) is a non-cleavable linker; and (C) is a cytotoxic agent; and
wherein the linker (L) links (A) to (C). In some embodiments, the immunoconjugate has a serum half-life

that is comparable to that of the naked antibody.
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[0028] In certain embodiments, the present disclosure provides a method for depleting a B-cell
comprising contacting a B-cell (e.g., in a population of cells comprising a non-cancerous B-cell) with a
composition comprising an immunoconjugate having the formula (A) - (L) - (C), wherein: (A) is an
antibody or antigen binding fragment that specifically binds to CD37; (L) is a linker; and (C) is a
maytansinoid; and wherein the linker (L) links (A) to (C). In certain embodiments, the present disclosure
provides a method for treating a patient having an autoimmune or inflammatory disease comprising
administering to the patient a therapeutically effective amount of a composition comprising an
immunoconjugate having the formula (A) - (L) - (C), wherein: (A) is an antibody or antigen binding
fragment that specifically binds to CD37; (L) is a linker; and (C) is a maytansinoid; and wherein the linker
(L) links (A) to (C).

[0029] In some embodiments, the linker is a non-cleavable linker. In some embodiments, the
immunoconjugate further comprises a second (C). In some embodiments, the immunoconjugate further
comprises a third (C). In some embodiments, the immunoconjugate further comprises a fourth (C). In
some embodiments, the immunoconjugate comprises 2-6 (C). In some embodiments, the
immunoconjugate comprises 3-4 (C).

[0030] In some embodiments, the linker is selected from the group consisting of a cleavable linker, a
non-cleavable linker, a hydrophilic linker, and a dicarboxylic acid based linker. In some embodiments,
the linker is selected from the group consisting of: N-succinimidyl 4-(2-pyridyldithio)pentanoate (SPP);
N-succinimidyl ~ 4-(2-pyridyldithio)butanoate (SPDB) or N-succinimidyl 4-(2-pyridyldithio)-2-
sulfobutanoate (sulfo-SPDB); N-succinimidyl 4-(maleimidomethyl) cyclohexanecarboxylate (SMCC); N-
sulfosuccinimidyl ~4-(maleimidomethyl) cyclohexanecarboxylate (sulfoSMCC); N-succinimidyl-4-
(iodoacetyl)-aminobenzoate (SIAB); and N-succinimidyl-[(N-maleimidopropionamido)-
tetracthyleneglycol] ester (NHS-PEG4-maleimide). In some embodiments, the linker is N-succinimidyl-
[(N-maleimidopropionamido)-tetraethyleneglycol] ester (NHS-PEG4-maleimide).

[0031] In some embodiments, the cytotoxic agent is selected from the group consisting of a
maytansinoid, maytansinoid analog, doxorubicin, a modified doxorubicin, benzodiazepine, taxoid, CC-
1065, CC-1065 analog, duocarmycin, duocarmycin analog, calicheamicin, dolastatin, dolastatin analog,
aristatin, tomaymycin derivative, and leptomycin derivative or a prodrug of the agent. In some
embodiments, the cytotoxic agent is a maytansinoid. In some embodiments, the cytotoxic agent is N(2')-
deacetyl-N(2")-(3-mercapto- 1-oxopropyl)-maytansine (DM1) or N(2')-deacetyl-N2-(4-mercapto-4-methy|-
1-oxopentyl)-maytansine (DM4).

[0032] In some embodiments, the composition comprising an immunoconjugate comprises multiple
cytotoxic agents (C) with an average of about 3 to about 4 (C) per (A). In some embodiments, the
immunoconjugates have an average of about 3.5 (C)} per (A). In some embodiments, the

immunoconjugates have an average of about 3.5 £ 0.5 (C) per (A).
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[0033] In some embodiments, the composition comprising an immunoconjugate comprises an
antibody comprising SEQ ID NO:57 and SEQ ID NO:74 or SEQ ID NO:58 and SEQ ID NO:74, an
SMCC linker, and DM1. In some embodiments, the composition comprising an immunoconjugate
comprises an antibody comprising SEQ ID NO:63 and SEQ ID NO:79, an SMCC linker, and DM1. In
some embodiments, the composition comprising an immunoconjugate comprises an antibody comprising
SEQ ID NO:65 and SEQ ID NO:81, an SMCC linker, and DMI.

[0034] In some embodiments, the antibody or antigen-binding fragment is capable of depleting B-
cells. In some embodiments, the antibody or antigen-binding fragment is capable of inhibiting T-cell
responses.

[0035] In some embodiments, the B-cell is in a composition further comprising a T-cell. In some
embodiments, the B-cell is in a composition comprising peripheral blood mononuclear cells. In some
embodiments, the peripheral blood mononuclear cells were obtained from a human. In some
embodiments, the B-cell is in whole blood. In some embodiments, the whole blood was obtained from a
human. In some embodiments, the B-cell is in an organism. In some embodiments, the B-cell is in a
patient having an autoimmune or inflammatory disease.

[0036] In some embodiments, the B-cell is an autoreactive B-cell.

[0037] In some embodiments, at least about 30% of B-cells are depleted. In some embodiments, less
than about 5% of T-cells are depleted.

[0038] In some embodiments, a second therapeutic agent is administered. In some embodiments, the
second therapeutic is selected from the group consisting of methotrexate, an anti-CD20 therapeutic, an
anti-IL-6 receptor therapeutic, ar anti-IL-12/23p40 therapeutic, a chemotherapeutic, an
immunosuppressant, an anti-Interferon beta-la therapeutic, glatiramer acetate, an anti-a4-integrin
therapeutic, fingolimod, an anti-BLys therapeutic, CTLA-Fc, or an anti-TNF therapeutic. In some
embodiments, the second therapeutic is an antibody directed against an antigen selected from a group
consisting of CD3, CD14, CD19, CD20, CD22, CD25, CD28, CD30, CD33, CD36, CD38, CD40, CD44,
CD52, CD55, CD59, CD56, CD70, CD79, CD80, CD103, CD134, CD137, CD138, and CD152. In some
embodiments, the second therapeutic is an antibody directed against an antigen selected from the group
consisting of IL-2, IL-6, IL-12, IL-23, [L-12/23 p40, IL-17, IFNy, TNFa, IFNe, IL-15, IL-21, IL-1a, IL-
1b, IL-18, IL-8, IL-4, GM-CSF, IL-3, and IL-5.

[0039] In some embodiments, the autoimmune or inflammatory disease is selected from the group
consisting of rheumatoid arthritis, multiple sclerosis, type I diabetes mellitus, idiopathic inflammatory
myopathy, systemic lupus erythematosus (SLE), myasthenia gravis, Grave's disease, dermatomyositis,
polymyositis, Crohn’s diasease, ulcerative colitis, gastritis, Hashimoto’s thyroiditis, asthma, psoriasis,
psoriatic arthritis, dertmatitis, systemic sclerodema and sclerosis, inflammatory bowel disease (IBD),

respiratory ~ distress syndrome, meningitis, encephalitis, uveitis, glmerulonephritis, eczema,
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atherosclerosis, leukocyte adhesion deficiency, Raynaud’s syndrome, Sjogen’s syndrome, Reiter’s
disease, Beheet’s diasease, immune complex nephritis, IgA enphropathy, IgM polyneuropathies, immune-
mediated thrombocytopenias, acute idiopathic thrombocytopenic —purpura, chronic idiopathic
thembocytopenic purpura, hemolytic anemia, myasthenia gravis, lupus nephritis, atopic dermatitis,
pemphigus vulgaris, opsoclonus-myoclonus syndrome, pure red cell aplasia, mixed cryoglobulinermia,
ankylosing spondylitis, hepatitis C-associated cryoglobulinemic vasculitis, chronic focal encephalitis,
bullous pemphigoid, hemophilia A, membranoproliferative glomerulonephritis, adult and juvenile
dermatomyositis, adult polymyositis, chronic urticaria, primary biliary cirrhosis, neuromyelitis optica,
Graves® dysthyroid disease, bullous pemphigoid, membranoproliferative glomerulonephritis, Churg-
Strauss syndrome, juvenile onset diabetes, hemolytic anemia, atopic dermatitis, systemic sclerosis,
Sjogen’s syndrome and glomerulonephritis, dermatomyositis, ANCA, aplastic anemia, autoimmune
hemolytic anemia (AIHA), factor VIII deficiency, hemophilia A, autoimmune neutropenia, Castleinan's
syndrome, Goodpasture's syndrome, solid organ transplant rejection, graft versus host disease (GVHD),
autoimmune hepatitis, lymphoid interstitial pneumonitis, HIV, bronchiolitis obliterans (non-transplant),
Guillain-Barre Syndrome, large vessel vasculitis, giant cell (Takayasu's) arteritis, medium vessel
vasculitis, Kawasaki's Disease, polyarteritis nodosa. Wegener’s granulomatosis, microscopic polyangiitis
(MPA), Omenn’s syndrome, chronic renal failure, acute infectious mononucleosis, HIV and herpes virus

associated diseases.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0040) Figure 1 depicts an FL2-H (PE) histogram overlay for a flow cytometry experiment with
human B-cells. The following conditions are shown: antibody control (dark filled), isotype control stain
(light filled), anti-CD37 stain (thick black line), and anti-CD20 stain (dashed line) for CD19+ B-cells.
[0041] Figure 2 depicts the results of in vitro depletion experiments using purified human PBMC
samples treated with 10 pg/mL of huCD37-3, huCD37-3-SMCC-DM1, huCD37-50, huCD37-50-SMCC-
DM, rituximab, TRU-016, or alemtuzumab. Results from two different donors are shown in panel A and
[0042] Figure 3 depicts the results of in vitro depletion experiments using purified human PBMC
samples treated with varying concentrations of huCD37-3-SMCC-DM1. Results from two different
donors are shown in panels A and B. Figure 3 (C) shows the results using huCD37-3, huCD37-38,
huCD37-50 and huCD37-56.

[0043] Figure 4 depicts the results of in vitro depletion experiments using unpurified whole human
blood samples treated with 10 pg/mL of huCD37-3, huCD37-3-SMCC-DM1, huCD37-50, huCD37-50-
SMCC-DM]1, rituximab, TRU-016, or alemtuzumab.
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{8044} Figure 5 depicts the results of in virre depletion experiments using unpuritied whole human
blood samples treated with varying concentrations of {A) huCD37.3, huCD37-3-SMCC-DMI, and
rituximab and (8) huCD37-3, huCD37-3-SMCC-DM 1, huCD37-56, and rituximab.

[D045] Figure 6 depicts release of IFN«y (Imterferon), TNF-a (Tumor Necrosis Factor) and IL-6
{(Interleukin-6) measured by ELISpot as number of spots per SxI0ES peripheral blood mononuclear cells
(PBMUs) from one healthy human donor incubated for 18-20 hours with compounds at a concentration of
2.5 ng/mL to 250 ug/mk.

{0946} Figure 7 depicts release of IFN-y (Interferon), TNF-a (Tumor Necrosis Factor) and [L-6
{(Interfeukin-6) measured by ELISpot as pumber of spots per 5%10° peripheral blood mononuciear cells
(PBMCs) from a second healthy human donor incubated for 18-20 hours with compounds at a
concentration of 2.5 ng/mL to 250 pg/mL.

[0047] Figure 8 depicts the binding curve of anti-muCD37 monoclonal antibody clone 252-3.

[0048] Figure 9 shows the activity of the 252-3 antibody in depleting peripheral blood B cells (A)
and in inhibiting EAE (B) in C57BI/6 mice. In (A), each symbol represent one mouse; to compare the B
cell level in control vs. experimental mice, B cell level was normalized with T cell level and ratio of B/T
cell in control mice was considered 100%. In (B), open and closed symbols represent mean of EAE score
in control group (n=10) and 252-3 antibody treated group (n=10), respectively; arrow indicates day of
antibody injection.

[0049] Figure 10 shows the activity of the 252-3 antibody in depleting peripheral blood B cells (A)
and in inhibiting T1D (B) in NOD mice. In (A), each symbol represent one mouse; to compare the B cell
level in control vs. experimental mice, B cell level was normalized with T cell level and ratio of B/T cell
in control mice was considered 100%. In (B), open and closed symbols represent the diabetes incidence in
control group (n=6) and 252-3 antibody treated group (n=6), respectively.

[0050] Figure 11 shows the activity of the 252-3 antibody in depleting peripheral blood B cells (A)
and in inhibiting CIA (B) in DBA/1 mice. In (A), each symbol represent one mouse; to compare the B cell
level in control vs. experimental mice, B cell level was normalized with T cell level and ratio of B/T cell
in control mice was considered 100%. In (B), open and closed symbols represents mean of CIA score in
control group (n=12) and 252-3 antibody treated group (n=12), respectively; arrow indicates day of

antibody injection.

DETAILED DESCRIPTION OF THE INVENTION

{0051} The present invention provides methods of depleting B-cells and of treating diseases
associated with aberrant B-cell activity and/or aberrant T-cell stimulation in connection with a B-cell

pathway using CD37 binding molecules.
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L Definitions

[0052] To facilitate an understanding of the present invention, a number of terms and phrases are

defined below.

[0053] The term CD37 as used herein, refers to any native CD37, unless otherwise indicated. CD37

is also referred to as GP52-40, leukocyte antigen CD37, and Tetraspanin-26. The term "CD37"
encompasses "full-length," unprocessed CD37 as well as any form of CD37 that results from processing
in the cell. The term also encompasses naturally occurring variants of CD37, e.g., splice variants, allelic
variants, and isoforms. The CD37 polypeptides described herein can be isolated from a variety of sources,
such as from human tissue types or from another source, or prepared by recombinant or synthetic
methods.

[0054] The term "antibody" means an immunoglobulin molecule that recognizes and specifically
binds to a target, such as a protein, polypeptide, peptide, carbohydrate, polynucleotide, lipid, or
combinations of the foregoing through at least one antigen recognition site within the variable region of
the immunoglobulin molecule. As used herein, the term "antibody” encompasses intact polyclonal
antibodies, intact monoclonal antibodies, antibody fragments (such as Fab, Fab', F(ab')2, and Fv
fragments), single chain Fv (scFv) mutants, multispecific antibodies such as bispecific antibodies
generated from at least two intact antibodies, chimeric antibodies, humanized antibodies, human
antibodies, fusion proteins comprising an antigen determination portion of an antibody, and any other
modified immunoglobulin molecule comprising an antigen recognition site so long as the antibodies
exhibit the desired biological activity. An antibody can be of any the five major classes of
immunoglobulins: IgA, IgD, IgE, IgG, and IgM, or subclasses (isotypes) thereof (e.g. 1gG1, IgG2, 1gG3,
IgG4, IgA]l and IgA2), based on the identity of their heavy-chain constant domains referred to as alpha,
delta, epsilon, gamma, and mu, respectively. The different classes of immunoglobulins have different and
well known subunit structures and three-dimensional configurations. Antibodies can be naked or
conjugated to other molecules such as toxins, radioisotopes, etc.

[0055] A "blocking" antibody or an "antagonist" antibody is one which inhibits or reduces biological
activity of the antigen it binds, such as CD37. In some embodiments, blocking antibodies or antagonist
antibodies substantially or completely inhibit the biological activity of the antigen. The biological activity
can be reduced by 10%, 20%, 30%, 50%, 70%, 80%, 90%, 95%, or even 100%.

[0056] The term "anti-CD37 antibody" or "an antibody that binds to CD37" refers to an antibody that
is capable of binding CD37 with sufficient affinity such that the antibody is useful as a diagnostic and/or
therapeutic agent in targeting CD37. The extent of binding of an anti-CD37 antibody to an unrelated, non-
CD37 protein can be less than about 10% of the binding of the antibody to CD37 as measured, e.g., by a
radioimmunoassay (RIA). In certain embodiments, an antibody that binds to CD37 has a dissociation

constant (Kd) of <I pM, <100 nM, <10 nM, <1 nM, or <0.1 nM.
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[0057] The term "antibody fragment” refers to a portion of an intact antibody and refers to the
antigenic determining variable regions of an intact antibody. Examples of antibody fragments include, but
are not limited to Fab, Fab', F(ab")2, and Fv fragments, linear antibodies, single chain antibodies, and
multispecific antibodies formed from antibody fragments.

[0058] A "monoclonal antibody" refers to a homogeneous antibody population involved in the highly
specific recognition and binding of a single antigenic determinant, or epitope. This is in contrast to
polyclonal antibodies that typically include different antibodies directed against different antigenic
determinants. The term “monoclonal antibody” encompasses both intact and full-length monoclonal
antibodies as well as antibody fragments (such as Fab, Fab', F(ab')2, Fv), single chain (scFv) mutants,
fusion proteins comprising an antibody portion, and any other modified immunoglobulin molecule
comprising an antigen recognition site. Furthermore, “monoclonal antibody” refers to such antibodies
made in any number of manners including but not limited to by hybridoma, phage selection, recombinant
expression, and transgenic animals.

[0059] The term "humanized antibody” refers to forms of non-human (e.g. murine) antibodies that
are specific immunoglobulin chains, chimeric immunoglobulins, or fragments thereof that contain
minimal non-human (e.g., murine) sequences.  Typically, humanized antibodies are human
immunoglobulins in which residues from the complementary determining region (CDR) are replaced by
residues from the CDR of a non-human species (e.g. mouse, rat, rabbit, hamster) that have the desired
specificity, affinity, and capability (Jones et al., 1986, Nature, 321:522-525; Riechmann et al., 1988,
Nature, 332:323-327; Verhoeyen et al., 1988, Science, 239:1534-1536). In some instances, the Fv
framework region (FR) residues of a human immunoglobulin are replaced with the corresponding residues
in an antibody from a non-human species that has the desired specificity, affinity, and capability. The
humanized antibody can be further modified by the substitution of additional residues either in the Fv
framework region and/or within the replaced non-human residues to refine and optimize antibody
specificity, affinity, and/or capability. In general, the humanized antibody will comprise substantially all
of at least one, and typically two or three, variable domains containing all or substantially all of the CDR
regions that correspond to the non-human immunoglobulin whereas all or substantially all of the FR
regions are those of a human immunoglobulin consensus sequence. The humanized antibody can also
comprise at least a portion of an immunoglobulin constant region or domain (Fc), typically that of a
human immunoglobulin. Examples of methods used to generate humanized antibodies are described in
U.S. Pat. 5,225,539,

{0060] A "variable region” of an antibody refers to the variable region of the antibody light chain or
the variable region of the antibody heavy chain, either alone or in combination. The variable regions of
the heavy and light chain each couwsist of four framework regions (FR) connected by three

complementarity determining regions (CDRs) also known as hypervariable regions. The CDRs in each
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chain are held together in close proximity by the FRs and, with the CDRs from the other chain, contribute
to the formation of the antigen-binding site of antibodies. There are at least two techniques for
determining CDRs: (1) an approach based on cross-species sequence variability (i.e., Kabat et al.
Sequences of Proteins of Immunological Interest, (Sth ed., 1991, National Institutes of Health, Bethesda
Md.)); and (2) an approach based on crystallographic studies of antigen-antibody complexes (Al-lazikani
et al (1997) J. Molec. Biol. 273:927-948)). In addition, combinations of these two approaches are
sometimes used in the art to determine CDRs.

[0061] The Kabat numbering system is generally used when referring to a residue in the variable
domain (approximately residues 1-107 of the light chain and residues 1-113 of the heavy chain) (e.g,
Kabat et al., Sequences of Immunological Interest. 5th Ed. Public Health Service, National Institutes of
Health, Bethesda, Md. (1991)).

[0062] The amino acid position numbering as in Kabat, refers to the numbering system used for
heavy chain variable domains or light chain variable domains of the compilation of antibodies in Kabat et
al., Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service, National Institutes of
Health, Bethesda, Md. (1991). Using this numbering system, the actual linear amino acid sequence can
contain fewer or additional amino acids corresponding to a shortening of, or insertion into, a FR or CDR
of the variable domain. For example, a heavy chain variable domain can include a single amino acid insert
(residue 52a according to Kabat) after residue 52 of H2 and inserted residues (e.g. residues 82a, 82b, and
82c, etc according to Kabat) after heavy chain FR residue 82. The Kabat numbering of residues can be
determined for a given antibody by alignment at regions of homology of the sequence of the antibody
with a "standard" Kabat numbered sequence. Chothia refers instead to the location of the structural loops
(Chothia and Lesk J. Mol. Biol. 196:901-917 (1987)). The end of the Chothia CDR-H1 loop when
numbered using the Kabat numbering convention varies between H32 and H34 depending on the length of
the loop (this is because the Kabat numbering scheme places the insertions at H35A and H35B; if neither
35A nor 35B is present, the loop ends at 32; if only 35A is present, the loop ends at 33; if both 35A and
35B are present, the loop ends at 34). The AbM hypervariable regions represent a compromise between
the Kabat CDRs and Chothia structural loops, and are used by Oxford Molecular's AbM antibody

modeling software.
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Loop Kabat AbM Chothia
L1 124-1.34 L.24-1.34 1.24-1.34
L2 L50-1.56 L50-1.56 L50-1L56
L3 L89-1.97 189-197 1.89-1.97
Hl H31-#3358 H26-H35B  H26-H32..34
(Kabat Numbering)
H1 H31-H35 H26-H35 H26-H32
(Chothia Numbering)
H2 H50-H65 H30-FH58 H52-HS56
H3 H95-H102 [195-H102  H95-H102
[0063] The term "human antibody™ means an antibody produced by a human or an antibody having

an amino acid sequence corresponding to an antibody produced by a human made using any technique
known in the art. This definition of a human antibody includes intact or full-length antibodies, fragments
thereof, and/or antibodies comprising at least one human heavy and/or light chain polypeptide such as, for
example, an antibody comprising murine light chain and human heavy chain polypeptides.

[0064] The term "chimeric antibodies" refers to antibodies wherein the amino acid sequence of the
immunoglobulin molecule is derived from two or more species. Typically, the variable region of both
light and heavy chains corresponds to the variable region of antibodies derived from one species of
mammals (e.g. mouse, rat, rabbit, etc) with the desired specificity, affinity, and capability while the
constant regions are homologous to the sequences in antibodies derived from another (usually human) to
avoid eliciting an immune response in that species.

[0065] The term "epitope" or "antigenic determinant” are used interchangeably herein and refer to
that portion of an antigen capable of being recognized and specifically bound by a particular antibody.
When the antigen is a polypeptide, epitopes can be formed both from contiguous amino acids and
noncontiguous amino acids juxtaposed by tertiary folding of a protein. Epitopes formed from contiguous
amino acids are typically retained upon protein denaturing, whereas epitopes formed by tertiary folding
are typically lost upon protein denaturing. An epitope typically includes at least 3, and more usually, at
least 5 or 8-10 amino acids in a unique spatial conformation.

[0066] "Binding affinity" generally refers to the strength of the sum total of noncovalent interactions
between a single binding site of a molecule (e.g., an antibody) and its binding partner (e.g., an antigen).
Unless indicated otherwise, as used herein, "binding affinity" refers to intrinsic binding affinity which
reflects a 1:1 interaction between members of a binding pair (e.g., antibody and antigen). The affinity of a
molecule X for its partner Y can generally be represented by the dissociation constant (Kd). Affinity can
be measured by common methods known in the art, including those described herein. Low-affinity

antibodies generally bind antigen slowly and tend to dissociate readily, whereas high-affinity antibodies
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generally bind antigen faster and tend to remain bound longer. A variety of methods of measuring binding
affinity are known in the art, any of which can be used for purposes of the present invention. Specific
illustrative embodiments are described in the following.

[0067] "Or better" when used herein to refer to binding affinity refers to a stronger binding between a
molecule and its binding partner. "Or better" when used herein refers to a stronger binding, represented by
a smaller numerical Kd value. For example, an antibody which has an affinity for an antigen of "0.6 nM or
better", the antibody's affinity for the antigen is <0.6 nM, i.e. 0.59 nM, 0.58 nM, 0.57 nM etc. or any value
less than 0.6 nM.

[0068] By "specifically binds," it is generally meant that an antibody binds to an epitope via its
antigen binding domain, and that the binding entails some complementarity between the antigen binding
domain and the epitope. According to this definition, an antibody is said to "specifically bind" to an
epitope when it binds to that epitope, via its antigen binding domain more readily than it would bind to a
random, unrelated epitope. The term "specificity” is used herein to qualify the relative affinity by which a
certain antibody binds to a certain epitope. For example, antibody "A" may be deemed to have a higher
specificity for a given epitope than antibody "B," or antibody "A" may be said to bind to epitope "C" with
a higher specificity than it has for related epitope "D."

[0069) By "preferentially binds,” it is meant that the antibody specifically binds to an epitope more
readily than it would bind to a related, similar, homologous, or analogous epitope. Thus, an antibody
which "preferentially binds" to a given epitope would more likely bind to that epitope than to a related
epitope, even though such an antibody may cross-react with the related epitope.

[0070] An antibody is said to "competitively inhibit" binding of a reference antibody to a given
epitope if it preferentially binds to that epitope to the extent that it blocks, to some degree, binding of the
reference antibody to the epitope. Competitive inhibition may be determined by any method known in the
art, for example, competition ELISA assays. An antibody may be said to competitively inhibit binding of
the reference antibody to a given epitope by at least 90%, at least 80%, at least 70%, at least 60%, or at
least 50%.

[0071] The phrase "substantially similar," or "substantially the same", as used herein, denotes a
sufficiently high degree of similarity between two numeric values (generally one associated with an
antibody of the invention and the other associated with a reference/comparator antibody) such that one of
skill in the art would consider the difference between the two values to be of little or no biological and/or
statistical significance within the context of the biological characteristic measured by said values (e.g., Kd
values). The difference between said two values can be less than about 50%, less than about 40%, less
than about 30%, less than about 20%, or less than about 10% as a function of the value for the

reference/comparator antibody.
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[0072] A polypeptide, antibody, polynucleotide, vector, cell, or composition which is "isolated" is a
polypeptide, antibody, polynucleotide, vector, cell, or composition which is in a form not found in nature.
Isolated polypeptides, antibodies, polynucleotides, vectors, cell or compositions include those which have
been purified to a degree that they are no longer in a form in which they are found in nature. In some
embodiments, an antibody, polynucleotide, vector, cell, or composition which is isolated is substantially
pure.

[0073] As used herein, "substantially pure" refers to material which is at least 50% pure (i.e., free
from contaminants), at least 90% pure, at least 95% pure, at least 98% pure, or at least 99% pure.

[0074] The term "immunoconjugate” or "conjugate” as used herein refers to a compound or a
derivative thereof that is linked to a cell binding agent (i.e., an anti-CD37 antibody or fragment thereof)
and is defined by a generic formula: C-L-A, wherein C ~ cytotoxin, L = linker, and A = cell binding agent
or anti-CD37 antibody or antibody fragment. Immunoconjugates can also be defined by the generic
formula in reverse order: A-L-C.

[0075] A "linker" is any chemical moiety that is capable of linking a compound, usually a drug, such
as a maytansinoid, to a cell-binding agent such as an anti CD37 antibody or a fragment thereof in a stable,
covalent manner. Linkers can be susceptible to or be substantially resistant to acid-induced cleavage,
light-induced cleavage, peptidase-induced cleavage, esterase-induced cleavage, and disulfide bond
cleavage, at conditions under which the compound or the antibody remains active. Suitable linkers are
well known in the art and include, for example, disulfide groups, thioether groups, acid labile groups,
photolabile groups, peptidase labile groups and esterase labile groups. Linkers also include charged
linkers, and hydrophilic forms thereof as described herein and know in the art.

[0076] The terms "cancer” and "cancerous" refer to or describe the physiological condition in
mammals in which a population of cells are characterized by unregulated cell growth. Examples of cancer
include, but are not limited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia. "Tumor" and
"neoplasm" refer to one or more cells that result from excessive cell growth or proliferation, either benign
(noncancerous) or malignant (cancerous) including pre-cancerous lesions. Examples of "cancer" or
"tumorigenic" diseases which can be treated and/or prevented include B-cell lymphomas including NHL,
precursor B-cell lymphoblastic leukemia/lymphoma and mature B-cell neoplasms, such as B-cell chronic
lymphocytic leukemia (CLL)/small lymphocytic lymphoma (SLL), B-cell prolymphocytic leukemia,
lymphoplasmacytic lymphoma, mantle cell lymphoma (MCL), follicular lymphoma (FL), including 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 lymphoma,
Burkitt's lymphoma, plasmacytoma, plasma cell myeloma, post-transplant lymphoproliferative disorder,

and anaplastic large-cell lymphoma (ALCL). Non-cancerous cells are cells that do not result in the
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formation of tumors or neoplasms or the development of cancer. However, non-cancerous cells can
contribute to disease, e.g., autoimmune dsieases, and include, for example auto-reactive B-cells.

[0077) The terms "cancer cell," "tumor cell,” and grammatical equivalents refer to the total
population of cells derived from a tumor or a pre-cancerous lesion, including both non-tumorigenic cells,
which comprise the bulk of the tumor cell population, and tumorigenic stem cells (cancer stem cells). As
used herein, the term “tumor cell” will be modified by the term "non-tumorigenic" when referring solely
to those tumor cells lacking the capacity to renew and differentiate to distinguish those tumor cells from
cancer stem cells.

[0078] The term "autoreactive" refers to a cell, tissue, protein, antibody or other substance that
produces an immune response directed against an organism's own cells, tissues, proteins, antibodies, or
other substances.

[0079] The term "subject" refers to any animal (e.g., a mammal), including, but not limited to
humans, non-human primates, rodents, and the like, which is to be the recipient of a particular treatment.
Typically, the terms "subject" and "patient" are used interchangeably herein in reference to a human
subject.

[0080! Administration "in combination with" one or more further therapeutic agents includes
simultaneous (concurrent) and consecutive administration in any order.

[0081] The term "pharmaceutical formulation" refers to a preparation which is in such form as to
permit the biological activity of the active ingredient to be effective, and which contains no additional
components which are unacceptably toxic to a sabject to which the formulation would be administered.
The formulation can be sterile.

{0082} An "effective amount” of an antibody as disclosed herein is an amount sufficient to carry out
a specifically stated purpose. An "effective amount" can be determined empirically and in a routine
manner, in relation to the stated purpose.

[0083] The term "therapeutically effective amount" refers to an amount of an antibody or other drug
effective to "treat" a disease or disorder in a subject or mammal. In some embodiments, the
therapeutically effective amount of the drug can reduce the number of B-cells; reduce the number of
autoreactive B-cells; decrease the symptoms of disease; or slow the progression of disease. See the
definition herein of "treating”". A "prophylactically effective amount" refers to an amount effective, at
dosages and for periods of time necessary, to achieve the desired prophylactic result. Typically but not
necessarily, since a prophylactic dose is used in subjects prior to or at an earlier stage of disease, the
prophylactically effective amount will be less than the therapeutically effective amount.

[0084] The word "label"” when used herein refers to a detectable compound or composition which is

conjugated directly or indirectly to the antibody so as to generate a "labeled" antibody. The label can be



WO 2012/135740 PCT/US2012/031648
230 -

detectable by itself (e.g., radioisotope labels or fluorescent labels) or, in the case of an enzymatic label,
can catalyze chemical alteration of a substrate compound or composition which is detectable.

[0085] Terms such as "treating” or "treatment” or "to treat" or "alleviating" or "to alleviate” refer to
therapeutic measures that cure, slow down, lessen symptoms of, and/or halt progression of a diagnosed
pathologic condition or disorder. Thus, those in need of treatment include those already diagnosed with or
suspected of having the disorder. Prophylactic or preventative measures refer to therapeutic measures that
prevent and/or slow the development of a targeted pathologic condition or disorder. Thus, those in need
of prophylactic or preventative measures include those prone to have the disorder and those in whom the
disorder is to be prevented. In certain embodiments, a subject is successfully "treated”" if the patient
shows one or more of the following: decreased B-cells; decreased autoreactive B-cells; decreased B-cell
activity; decreased aberrant B-cell activity; decreased non-malignant B-cells, decreased non-cancerous B-
cells, reduced immunoglobulin level; reduced morbidity and mortality; improvement in quality of life; or
some combination of effects.

[0086] "Polynucleotide,” or "nucleic acid,” as used interchangeably herein, refer to polymers of
nucleotides of any length, and include DNA and RNA. The nucleotides can be deoxyribonucleotides,
ribonucleotides, madified nucleotides or bases, and/or their analogs, or any substrate that can be
incorporated into a polymer by DNA or RNA polymerase. A polynucleotide can comprise modified
nucleotides, such as methylated nucleotides and their analogs. If present, modification to the nucleotide
structure can be imparted before or after assembly of the polymer. The sequence of nucleotides can be
interrupted by non-nucleotide components. A polynucleotide can be further modified after
polymerization, such as by conjugation with a labeling component. Other types of modifications include,
for example, "caps", substitution of one or more of the naturally occurring nucleotides with an analog,
internucleotide modifications such as, for example, those with uncharged linkages (e.g., methyl
phosphonates, phosphotriesters, phosphoamidates, cabamates, etc.) and with charged linkages (e.g.,
phosphorothioates, phosphorodithioates, etc.), those containing pendant moieties, such as, for example,
proteins (e.g., nucleases, toxins, antibodies, signal peptides, ply-L-lysine, etc.), those with intercalators
(e.g., acridine, psoralen, etc.), those containing chelators (e.g., metals, radioactive metals, boron, oxidative
metals, etc.), those containing alkylators, those with modified linkages (e.g., alpha anomeric nucleic acids,
etc.), as well as unmodified forms of the polynucleotide(s). Further, any of the hydroxyl groups ordinarily
present in the sugars can be replaced, for example, by phosphonate groups, phosphate groups, protected
by standard protecting groups, or activated to prepare additional linkages to additional nucleotides, or can
be conjugated to solid supports. The 5° and 3' terminal OH can be phosphorylated or substituted with
amines or organic capping group moieties of from 1 to 20 carbon atoms. Other hydroxyls can also be
derivatized to standard protecting groups. Polynucleotides can also contain analogous forms of ribose or

deoxyribose sugars that are generally known in the art, including, for example, 2-O-methyl-, 2"-O-allyl,
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2'-fluoro- or 2'-azido-ribose, carbocyclic sugar analogs, .alpha.-anomeric sugars, epimeric sugars such as
arabinose, xyloses or lyxoses, pyranose sugars, furanose sugars, sedoheptuloses, acyclic analogs and
abasic nucleoside analogs such as methyl riboside. One or more phosphodiester linkages can be replaced
by alternative linking groups. These alternative linking groups include, but are not limited to,
embodiments wherein phosphate is replaced by P(O)S ("thioate"), P(S)S ("dithioate"), "(O)NR,
("amidate"), P(O)R, P(O)OR', CO or CH, ("formacetal"), in which each R or R' is independently H or
substituted or unsubstituted alkyl (1-20 C) optionally containing an ether (--O--) linkage, aryl, alkenyl,
cycloalkyl, cycloalkenyl or araldyl. Not all linkages in a polynucleotide need be identical. The preceding
description applies to all polynucleotides referred to herein, including RNA and DNA.

[0087] The term "vector" means a construct, which is capable of delivering, and optionally
expressing, one or more gene(s) or sequence(s) of interest in a host cell. Examples of vectors include, but
are not limited to, viral vectors, naked DNA or RNA expression vectors, plasmid, cosmid or phage
vectors, DNA or RNA expression vectors associated with cationic condensing agents, DNA or RNA
expression vectors encapsulated in liposomes, and certain eukaryotic cells, such as producer cells..

[0088] The terms "polypeptide,” "peptide," and "protein” are used interchangeably herein to refer to
polymers of amino acids of any length. The polymer can be linear or branched, it can comprise modified
amino acids, and it can be interrupted by non-amino acids. The terms also ¢ncompass an amino acid
polymer that has been modified naturally or by intervention; for example, disulfide bond formation,
glycosylation, lipidation, acetylation, phosphorylation, or any other manipulation or modification, such as
conjugation with a labeling component. Also included within the definition are, for example, polypeptides
containing one or more analogs of an amino acid (including, for example, unnatural amino acids, etc.), as
well as other modifications known in the art. It is understood that, because the polypeptides of this
invention are based upon antibodies, in certain embodiments, the polypeptides can occur as single chains
or associated chains.

[0089] The terms "identical" or percent "identity" in the context of two or more nucleic acids or
polypeptides, refer to two or more sequences or subsequences that are the same or have a specified
percentage of nucleotides or amino acid residues that are the same, when compared and aligned
(introducing gaps, if necessary) for maximum correspondence, not considering any conservative amino
acid substitutions as part of the sequence identity. The percent identity can be measured using sequence
comparison software or algorithms or by visual inspection. Various algorithms and software are known in
the art that can be used to obtain alignments of amino acid or nucleotide sequences. One such non-
limiting example of a sequence alignment algorithm is the algorithm described in Karlin et al, 1990,
Proc. Natl. Acad, Sci., 87:2264-2268, as modified in Karlin et al., 1993, Proc. Natl. Acad. Sci., 90:5873-
5877, and incorporated into the NBLAST and XBLAST programs (Altschul et al., 1991, Nucleic Acids
Res., 25:3389-3402). In certain embodiments, Gapped BLAST can be used as described in Altschul et al.,
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1997, Nucieic Acids Res. 25:3389-3402.  BLAST-2, WU-BLAST-Z {Altschul et al,, 1996, Methods in
Enzymology, 266:460-480), ALIGN, ALIGN-2 {Genentech, South San Francisco, California) or Megalign
{DNASTAR) are additional publicly available software programs that can be used to align sequences. In
certain embodiments, the percent identity between two nucleotide sequences is determined using the GAP
program in GCG software (e.g., using a NWSgapdna.CMP matrix and a gap weight of 40, 50, 60, 70, or
90 and a length weight of 1, 2, 3, 4, 5, or 6). In certain alternative embodiments, the GAP program in the
GCG software package, which incorporates the algorithm of Needleman and Wunsch (J. Mol. Biol.
(48):444-453 (1970)) can be used to determine the percent identity between two amino acid sequences
(e.g., using either a Blossum 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8,6, 0r 4
and a length weight of 1, 2, 3, 4, 5). Alternatively, in certain embodiments, the percent identity between
nucleotide or amino acid sequences is determined using the algorithm of Myers and Miller (CABIOS,
4:11-17 (1989)). For example, the percent identity can be determined using the ALIGN program (version
2.0) and using a PAM120 with residue table, a gap length penalty of 12 and a gap penalty of 4.
Appropriate parameters for maximal alignment by particular alignment software can be determined by
one skilled in the art. In certain embodiments, the default parameters of the alignment software are used.
In certain embodiments, the percentage identity “X” of a first amino acid sequence to a second sequence
amino acid is calculated as 100 x (Y/Z), where Y is the number of amino acid residues scored as identical
matches in the alignment of the first and second sequences (as aligned by visual inspection or a particular
sequence alignment program) and Z is the total number of residues in the second sequence. If the length
of a first sequence is longer than the second sequence, the percent identity of the first sequence to the
second sequence will be longer than the percent identity of the second sequence to the first sequence.
[0090] As a non-limiting example, whether any particular polynucleotide has a certain percentage
sequence identity (e.g., is at least 80% identical, at least 85% identical, at least 90% identical, and in some
embodiments, at least 95%, 96%, 97%, 98%, or 99% identical) to a reference sequence can, in certain
embodiments, be determined using the Bestfit program (Wisconsin Sequence Analysis Package, Version 8
for Unix, Genetics Computer Group, University Research Park, 575 Science Drive, Madison, WI 53711).
Bestfit uses the local homology algorithm of Smith and Waterman, Advances in Applied Mathematics 2.
482 489 (1981), to find the best segment of homology between two sequences. When using Bestfit or any
other sequence alignment program to determine whether a particular sequence is, for instance, 95%
identical to a reference sequence according to the present invention, the parameters are set such that the
percentage of identity is calculated over the full length of the reference nucleotide sequence and that gaps
in homology of up to 5% of the total number of nucleotides in the reference sequence are allowed.

[0091] In some embodiments, two nucleic acids or polypeptides of the invention are substantially
identical, meaning they have at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, and in

some embodiments at least 95%, 96%, 97%, 98%, 99% nucleotide or amino acid residue identity, when
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compared and aligned for maximum correspondence, as measured using a sequence comparison algorithm
or by visual inspection. Identity can exist over a region of the sequences that is at least about 10, about
20, about 40-60 residues in length or any integral value therebetween, and can be over a longer region
than 60-80 residues, for example, at least about 90-100 residues, and in some embodiments, the sequences
are substantially identical over the full length of the sequences being compared, such as the coding region
of a nucleotide sequence for example.

[0092] A "conservative amino acid substitution" is one in which one amino acid residue is replaced
with another amino acid residue having a similar side chain. Families of amino acid residues having
similar side chains have been defined in the art, including basic side chains (e.g., lysine, arginine,
histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine,
asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine,
leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g.,
threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan,
histidine). For example, substitution of a phenylalanine for a tyrosine is a conservative substitution. In
some embodiments, conservative substitutions in the sequences of the polypeptides and antibodies of the
invention do not abrogate the binding of the polypeptide or antibody containing the amino acid sequence,
to the antigen(s), i.e., the CD37 to which the polypeptide or antibody binds. Methods of identifying
nucleotide and amino acid conservative substitutions which do not eliminate antigen binding are well-
known in the art (see, e.g., Brummell et al., Biochem. 32: 1180-1 187 (1993); Kobayashi et al. Protein
Eng. 12(10):879-884 (1999); and Burks et al. Proc. Natl. Acad. Sci. US4 94:.412-417 (1997)).

[0093] As used in the present disclosure and claims, the singular forms "a," "an," and "the" include
plural forms unless the context clearly dictates otherwise.

[0094] It is understood that wherever embodiments are described herein with the language
“comprising,” otherwise analogous embodiments described in terms of “consisting of” and/or “consisting
essentially of” are also provided.

[0095] The term "and/or" as used in a phrase such as "A and/or B" herein is intended to include both
"A and B," "A or B," "A," and "B." Likewise, the term "and/or" as used in a phrase such as "A, B, and/or
C" is intended to encompass each of the following embodiments: A, B, and C; A, B, or C; A or C; A or
B; BorC; A and C; A and B; B and C; A (alone); B (alone); and C (alone).

II. CD37 binding agents

[0096] The present invention provides agents that specifically bind CD37. These agents are referred
to herein as "CD37 binding agents." Exemplary CD37-binding agents have been described mn U.S.
Published Application No. 2011/0256153, which is herein incorporated by reference in its entirety.

[0097] The full-length amino acid sequences for human, macaca, and murine CD37 are known in the

art and also provided herein as represented by SEQ ID NOs:1-3, respectively.
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[0098] Human CD37:

[0099] MSAQESCLSLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVL
AISGIFTMGIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRAQLERSLRDVVE{ T}
KYGTINPEETAAEESWDY VQFQLRCCGWHYPQDWFQVLILRGNGSEAHRVPCSCYNLSATNDSTI
LDKVILPQLSRLGHLARSRHSADICAVPAESHIYREGCAQGLQKWLHNNLISIVGICLGVGLLELG
FMTLSIFLCRNLDHVYNRLAYR (SEQ ID NO:1)

[00100] Macaca mulatta CD37:

[00101] MSAQESCLSLIKYFLFVFNLFFFVILGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKV
LAISGVFTMGLALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRAQLERSLQDIVEKTI
QRYHTNPEETAAEESWDY VQFQLRCCGWHSPQDWFQVLTLRGNGSEAHRVPCSCYNLSATNDS
TILDKVILPQLSRLGQLARSRHSTDICAVPANSHIYREGCARSLQKWLHNNLISIVGICLGVGLLEL
GFMTLSIFLCRNLDHVYNRLRYR (SEQ ID NO:2)

[00102] Murine CD37 (NP_031671):

[00103] MSAQESCLSLIKYFLFVFNLFFFVLGGLIFCFGTWILIDKTSFVSFVGLSFVPLQTWSKV
LAVSGVLTMALALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRVRLERRVQELVLR
TIQSYRTNPDETAAEESWDYAQFQLRCCGWQSPRDWNKAQMLKANESEEPFVPCSCYNSTATN
DSTVFDKLFFSQLSRLGPRAKLRQTADICALPAKAHIYREGCAQSLQKWLHNNIISIVGICLGVGL
LELGFMTLSIFLCRNLDHVYDRLARYR (SEQ ID NO:3)

[00104] In certain embodiments, the CD37 binding agents are antibodies, immunoconjugates or
polypeptides. In some embodiments, the CD37 binding agents are humanized antibodies.

[00105] In certain embodiments, the CD37-binding agents are capable of inducing complement
dependent cytotoxicity. Examples of CD37-binding agents that are capable of inducing complement
dependent cytotoxicy are disclosed, for example, in U.S. Published Application No. 2011/0256153, which
is herein incorporated by reference in its entirety. For example, treatment of cells with the CD37-binding
agents can result in CDC activity that reduces cell viability to less than about 80%, less than about 70%,
less than about 60%, less than about 50%, less than about 40% or less than about 35% of the cell viability
of untreated cells. Treatment of cells with the CD37-binding agents can also result in CDC activity that
reduces cell viability to about 70-80%, about 60-70%, about 50-60%, about 40-50%, or about 30-40% of
the cell viability of untreated cells. In some particular embodiments, the CD37-binding agents are capable
of inducing complement dependent cytotoxicity in Ramos cells.

[00106] In certain embodiments, the CD37-binding agents are capable of inducing antibody dependent
cell mediated cytotoxicity (ADCC). Examples of CD-37 binding agents that are capable of inducing
antibody dependent cell mediated cytotoxicity (ADCC) are disclosed, for example, in U.S. Published
Application No. 2011/0256153, which is herein incorporated by reference in its entirety. For example,
treatment of cells with the CD37-binding agents can result in ADCC activity that produces at least about
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15%, at least about 20%, at least about 25%, at least about 30%, at least about 35%, at least about 40%, at
least about 45%, at least about 50%, or at least about 60% cell lysis. Treatment of cells with the CD37-
binding agents can result in ADCC activity that produces about 10-20%, about 20-30%, about 30-40%, or
about 40-50% cell lysis. Treatment of cells with the CD37-binding agents can also result in ADCC
activity that produces about 10-50%, about 20-50%, about 30-50%, or about 40-50% cell lysis. In some
particular embodiments, the CD37-binding agents are capable of inducing ADCC in Daudi, Ramos,
and/or Granata-519 cells.

[00107] In some embodiments, the CD37-binding agents are capable of inducing apoptosis. In some
embodiment, the CD37-binding agents are capable of inducing apoptosis in the absence of cross-linking
agents. Examples of CD37-binding agents that are capable of inducing apoptosis in vitro in the absence
of a cross-linking agent are disclosed, for example, in U.S. Published Application No. 2011/0256153,
which is herein incorporated by reference in its entirety. For example, treatment of cells with the CD37-
binding agents can induce apoptosis in at least about 15%, at least about 20%, at least about 25%, at least
about 30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, or at least about
55% of cells. In some particular embodiments, the CD37-binding agents are capable of inducing
apoptosis in Ramos cells and/or Raji cells.

[00108] In some embodiments, the CD37-binding agents are capable of depleting B-cells. In some
embodiments, the B-cells are autoreactive B-cells. In some embodiments, the B-cells are not cancer cells.
In some embodiments, the B-cells are not tumor cells. In some embodiments, the B-cells are not
cancerous cells, In some embodiments, the B-cells oversxpress CI¥37.  In some embodiments, the B-
cells do not overexpress CD37.

[00109] Treatment of cells with CD37-binding agents can result in depletion of at least about 25%, at
least about 30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, at least
about 55%, at least about 60%, at least about 65%, at least about 70%, or least about 75% of B-cells.
[00110] In some embodiments, the CD37-binding agents do not deplete T-cells under the same
conditions in which B-cells are depleted. For example, treatment of cells with CD37-binding agents can
result in depletion of less than about 20%, less than about 15%, less than about 10%, or less than about
5% of T-cells. In certain embodiments, the CD37-binding agents deplete at least about 25% of B-cells
and deplete less than about 10% of T-cells. In certain embodiments, the CD37-binding agents deplete at
least about 30% of B-cells and deplete less than about 5% of T-cells.

[00111] In some embodiments, the CD37-binding agents do not deplete monocytes under the same
conditions in which B-cells are depleted. For example, treatment of cells with CD37-binding agents can
result in depletion of less than about 20%, less than about 15%, less than about 10%, or less than about

5% of monocytes. In certain embodiments, the CD37-binding agents deplete at least about 25% of B-cells
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and deplete less than about 10% of monocytes. In certain embodiments, the CD37-binding agents deplete
at least about 30% of B-cells and deplete less than about 5% of monocytes.

[00112] In certain embodiments, immunoconjugates or other agents that specifically bind human
CD37 trigger cell death via a cytotoxic agent. For example, in certain embodiments, an antibody to
human CD37 is conjugated to a maytansinoid that is activated in cells expressing the CD37 by protein
internalization. In certain alternative embodiments, the agent or antibody is not comjugated to a
maytansinoid or other cytotoxic molecule.

[00113] The CD37-binding agents include CD37 antibodies such as CD37-3, CD37-12, CD37-38,
CD37-50, CD37-51, CD37-56 and CD37-57 and fragments, variants and derivatives thereof. The CD37-
binding agents also include CD37-binding agents that specifically bind to the same CD37 epitope as an
antibody selected from the group consisting of CD37-3, CD37-12, CD37-38, CD37-50, CD37-51, CD37-
56 and CD37-57. The CD37-binding agents also include CD37-binding agents that competitively inhibit
an antibody selected from the group consisting of CD37-3, CD37-12, CD37-38, CD37-50, CD37-51,
CD37-56 and CD37-57.

[00114] In some particular embodiments, CD37-binding agents can be characterized by their ability to
bind chimeric CD37 polypeptides, including murine/human and macaca/human chimeric polypeptides

desribed in U.S. Published Application No. 2011/0256153, which is herein incorporated by reference in

its entirety, and provided in the table below.

Chimeric | Sequence
Poly-
peptide .
hCD37- MSAQESCLSLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKV
M1 LAISGIFTMGIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRVRLERRV
QELVLRTIQSYRTNPDETAAEESWDY VQFQLRCCGWHYPQDWFQVLILRGNGSEAH
RVPCSCYNLSATNDSTILDKVILPQLSRLGHLARSRHSADICAVPAESHIYREGCAQGL
QKWLHNNLISIVGICLGVGLLELGFMTLSIFLCRNLDHVYNRLARYR (SEQ ID
: NO:184) A
muCD37- | ISTQRVRLERRVQELVLRTIQSYRTNPDETAAEESWDYAQFQLRCCGWQSPRDWNK
R176 AQMLKANESEEPRVPCSCYNSTATNDSTVFDKLFFSQLSRLGPRAKLRQTADICALPA |
i KAHIYREGCAQSLQ (SEQ ID NO:1 85) 7 ?
hCD37- MSAQESCLSLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKV
M45 LAISGIFTMGIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRAQLERSLR
DVVEKTIQKYGTNPEETAAEESWDY VQFQLRCCGWHYPQDWFQVLILRGNGSEAH
; RVPCSCYNLSATNDSTILDKVILPQLSRLGPRAKLRQTADICALPAKAHIYREGCAQS
. LQKWLHNNLISIVGICLGVGLLELGFMTLSIFLCRNLDHVYNRLARYR (SEQ ID
NO:186)
hCD37m | MSAQESCLSLIKYFLFVFNLFFFVLGSLIF CFGIWILIDKTSFVSFVGLAFVPLQIWSKV
ECD- LAISGIFTMGIALLGCVGALKELECLLGLYFGMLLLLFATQITLGILISTQRVRLERRV
- H45 QELVLRTIQSYRTNPDETAAEESWDYAQFQLRCCGWQSPRDWNKAQMLKANESEEP
3 RVPCSCYNSTATNDSTVFDKLFFSQLSRLGHLARSRHSADICAVPAESHIYREGCAQG
LQKWLHNNLISIVGICLGVGLLELGFMTLSIFLCRNLDHVYNRLARYR (SEQ ID NO:
187) __ |
hCD37m | MSAQESCLSLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKV
 ECD-H5 LA_ISGIFTZVIGIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRVRLE?{E'\"V
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QELVLRTIQSYRTNPDETAAEESWDYAQFQLRCCGWQSPRDWNKAQMLKANESEEP
RVPCSCYNSTATNDSTVFDKLFFSQLSRLGPRAKLRQTADICAVPAESHIYREGCAQG
LOQKWLHNNLISIVGICLGVGLLELGFMTLSIFLCRNLDHVYNRLARYR (SEQ ID NO:
188

hCD37m T MSAQESCLSLIKYFLFVENLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKY
ECD-H4 | LAISGIFTMGIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRVRLERRV
QELVLRTIQSYRTNPDETAAEESWDY AQFQLRCCGWQSPRDWNKAQMLKANESEEP
RVPCSCYNSTATNDSTVFDKLFFSQLSRLGHLARSRHSADICALPAKAHIYREGCAQS
LQKWLHNNLISIVGICLGVGLLELGFMTLSIFLCRNLDHVYNRLARYR (SEQ ID NO:
189)

hCD37- | MSAQESCLSLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKV

Mac4 LAISGIFTMGIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRAQLERSLR
DVVEKTIQKYGTNPEETAAEESWDYVQFQLRCCGWHYPQDWFQVLILRGNGSEAH

. RVPCSCYNLSATNDSTILDKVILPQLSRLGQLARSRHSTDICAVPAESHIYREGCAQGL
QKWLHNNLISIVGICLGVGLLELGFMTLSIFLCRNLDHVYNRLARYR (SEQ ID NO:
190}

RCD37- MSAQESCLSLIKYFLFVF NLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKV
Mac45 | LAISGIFTMGIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRAQLERSLR
 DVVEKTIQKYGTNPEETAAEESWDYVQFQLRCCGWHYPQDWFQVLILRGNGSEAH
RVPC SCYNLSATNDSTILDKVILPQLSRLGQLARSRHSTDI CAVPAN SHIYREGCARSL

hCD37- MSAQEbCLSLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKV
Mac5 LAISGIFTMGIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRAQLERSL#
DVVEKTIQKYGTNPEETAAEESWDYVQFQLRCCGWHYPQDWFQVLILRGNGSEAH
RVPCSCYNLSATNDSTILDKVILPQLSRLGHLARSRHSADICAVPANSHIYREGCARSL
QKWLHNNLISIVGICLGVGLLELGFMTLSIFLCRNLDHVYNRLARYR (SEQ ID NO:
192)

[00115] In some particular embodiments, the binding of the CD37-binding agents to CD37 does not
require human CD37 amino acids 109-138. Thus, some CD37-binding agents bind to a polypeptide
comprising the amino acid sequence of SEQ ID NO:184. In other embodiments, the binding of the CD37-
binding agents to CD37 is disrupted by mutation of human CD37 amino acids 202-243. Thus, some
CD37-binding agents do not bind to a polypeptide comprising the amino acid sequence of SEQ ID
NO:185.

[00116] In some embodiments, the CD27-binding agents bind to a polypeptide of SEQ ID NO:184
and to a polypeptide of SEQ ID NO:186, but do not bind to a polypeptide of SEQ ID NO:185.

[00117] In some embodiments, the CD37-binding agents bind to a polypeptide of SEQ ID NO:187. In
some embodiments, the CD37-binding agents bind to a polypeptide of SEQ ID NO:187 and a polypeptide
of SEQ ID NO:188. In some embodiments, the CD37-binding agents bind to a polypeptide of SEQ ID
NO:187 and a polypeptide of SEQ ID NO:189.

[00118] In some embodiments, the CD37-binding agent binds to a polypeptide of SEQ ID NO:190,
but does not bind to a polypeptide of SEQ ID NO:191. In some embodiments, the CD37-binding agent
binds to a polypeptide of SEQ ID NO:192, but does not bind to a polypeptide of SEQ ID NO:191.
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{00119 CD37 peptide fragments to which certain CD37-binding agents bind to include, but are not
limited to, CD37 fragments comprising, consisting essentially of, or consisting of amino acids 206-243 of
SEQ D NO: 1, amino acids 202-220 or SEQ 1D N(C:1, or amino acids 221-243 of SHQ 1D NO:1. in
some embodiments, the CD37-binding agent is specifically binds to a human CD37 epitope comprising

1

amino acids 202-243 of SEQ 1D NO:1. In some embodiments, the binding of the CD37-binding agent to
CDR37 requires amino acids 202-243 of SEQ ID NO:1. In some embodiments, the binding of the CD37-
binding agent to CD37 requires amino acids 200-220 of SEQ ID NO:L. In some embodiments, the
binding of the CD37-binding agent to D37 requires amino acids 221-243 of SEQ ID NO: L.

[66126)

in U.S. Published Application No. 2011/0256153, which is herein incorporated by reference in ifs entirety.

Examples of CD37-binding agents with the aforementioned binding properties are described
80121} The CD37-binding agents also include CD37-binding agents that comprise the heavy and
light chain CDR sequences of CD37-3, CD37-12, CD337-38, C337-50, CD37-51, CD37-56 or CL37-57.
The heavy and light chain CDRs of CD37-38, CD37-50, CD37-31, CD37-56 and CD37-57 contain related
sequences. Therefore, the CD37-binding agents can also comprise heavy and light chain CDR sequences
that comprise a consensus sequence obtained by the alignment of CD37-38, CD37-36, CD37-51, CD37-
56 and C¥37-57. The COR sequences of CD37-3, CD37-12, CD37-38, CD37-50, CD37-51, CD37-36

and CI337-57, as well as the consensus sequence of C337-38, CD37-50, CD37-51, CD37-56 and CD37-

~J

57 are described in Tables 1 and 2 below.

Table 1: Variable heavy chain CDR amino acid sequences

__Antibody VH-CDRI A VH-CDR2 VH-CDR3
CD37-3 TSGVS (SEQ ID | VIWGDGSTN (SEQID | GGYSLAH (SEQ ID NO:6)
NO4y 7 NO:5)
CD37-12 KYGMN (SEQ D WINTNTGESR (SEQID | GTVVAD (SEQ ID NO:9)
NOTY NOSY
CD37-38 SGEGWH (SEQ ID YILYSGGTD (SEQ 1D GYYGYGAWEFVY (SEQ ID
NO:1) NO:silY NO:12)
CD37-50 SGFAWH (SEQ ID YILYSGSTV (SEQ 1D GYYGYGAWFAY (SEQ ID
NO:13) NO: 143 ,A ) NO:15) ,,
CD37-51 SGFAWH (SEQ 1D YIHYSGSTN (SEQ 1D GYYGFGAWFVY (SEQ ID
NO:16) NO:17) - NO:18)
- CD37-56 | SGFAWH (SEQ ID YIHYSGGTN (SEQID | GYYGFGAWFAY (SEQ ID
} NO:19) N:20) . NO:21)
- CD37-57  SGFAWH (SEQ ID YILYSGSTV (SEQID | GYYGYGAWFAY (SEQID
NO22) NO:23) NO:24)
CONSENSUS | SGF[A or G]WH YHE or HIYSG[G or GYYGIY or FJGAWF[V or
(SEQ D NO25) SITID,V,or NJ(SEQID | A]Y (SEQID NO:27)
N Y e
252-3 SYGMS (SEQ ID TISSGGSYTYSPDSVKG | HSYYDTSVDY
NO:171) (SEQ ID NO:1TY) (SEQIDNO:173)
252-3 SYGMS (SEQ ID TISSGGSYTY (SEQID | HSYYDTSVDY (SEQ ID
NO:171) _ INOushny NO:173)
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Table 2: Variable light chain CDR amino acid sequences
""" Antibody . _VL-CDRI VL-CDR2 VL-CDR3
CD37-3 RASENIRSNLA (SECQ | VATNLAD (SEG 1D QHYWGTTWT (SEQ ID
10 NO283 ANO2YY NO:30)
CD37-12 RASQSVSTSSYSYLY | YASNLAS (SEQ ID QHSWEIPYT (SEQ ID
{(SEQ 1D NO31; N{»32} NO:33)
CD37-38 SASSSYTYMH (SEQ | DTSKLAS (SEQ 1D QQWISNPPT (SEQ ID
1D NO:34) NG:35) NO:36)
CD37-50 SATSSVTYMH (SEQ | DISKLPY (SEQID QQWSDNPPT (SEQID
(D NO3TY NO:38) NO:39)
' Humanized
DTSNLPY {(SEQID
) NO:40) e
CD37-51 SATSSVIYMH (SEQ | DTSKLAS {(SEQ ID QQWSSNPPT (SEQ ID
1D NO4D - NCn42y NO:43)
CD37-56  SASSSVTYMH (SEQ | DTSKLAS (SEQ 1D QQWISDPPT (SEQ ID
1D NG44y i NG:45) NO:46)
Humanized
DTSNLAS (SEQ 1D
i NO4TY )
CD37-57  SATSSVTYMH (SEQ | DTSKLAS (SEQ 1D QQWSDNPPT (SEQ ID
D NOAR) N4 NO:50)
- - Humanized
DTSNLAS (SEQ D
A N5
CONSENSUS | SA[Tor SISSVTYMH | DTS{K or NIL{A or PI{S | QQWI[I or S{[S or D][N or
_ (SEQ ID NO:52} or YI{SEQ IDNO:53) D{PPT (SEQ ID NO:54}
252-3 RASQDISNYLN (SEQ { YTSKLHS {(SEQ D QQGNALPWT (SEQ ID
IDNO:174) NCei7s:y i NO:176)
[00122] The CD37 binding molecules can be antibodies or antigen binding fragments that specifically

bind to CD37 that comprise the CDRs of CD37-3, CD37-12, CD37-50, CD37-51, CD37-56, or CD37-57

with up to four (i.e., 0, 1, 2, 3, or 4) conservative amino acid substitutions per CDR.

[0G123]

variable heavy chains described herein. Antibodies and polypeptides can also comprise both a variable
light chain and a variable heavy chain. The variable light chain and variable heavy chain sequences of

murine, chimeric, and humanized CD37-3, CD37-12, CD37-50, CD37-51, CD37-56, and CD37-57

antibodies are provided in Tables 3 and 4 below.

Table 3: Variable heavy chain amino acid sequences

The CD37 binding molecules can comprise one of the individual variable light chains or

Antibody

VH Amino Acid Sequence { SEQ D NOY

“muCD37-3

QVOVKESGPGLYAPSQSLSITCTVSGFSLTTSGVSWVROPPGKGLEWLGVIW
GDGSTNYHSALKSRLSIKKDHSKSQVFLKENSLOTDDTATYYCARGGYSLA
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HWGQ{;ILV’{\/%A (SEQ ID NO:SS)

OVOVKESGFGLVAPSOSLAITCTVSGFSLTTIGVSWVRQPPGKGLEWLGVIW |
GDGSTNYHSALKSRLSIKKOHSKSQVFLKLNSLQTDDTATYYCAKGGYSLA |
HWGOGTLVTVSA (SEQIDNOSSy |

ThuCD37-3v1.0

OVGVOESGPGLVAPSQTLSITCTVSGFSLTTSGVSWVROPPGRKGLEWLGYIW |
GDGSTNYHPSLKSRLSIKKDHSKSQVFLKLNSLTAADTATY YCAKGGYSLA |
HWGOGTLVIVSS (SEQIDNOSTY

huCD37-3v1.1

GVOVOESGPGLVAPSOTLSTIC TVIGHSE TTSGVSWVRGPPORGLEWLGVIW |
GDGSTNYHSSLKSRLSIKKIHSKSQVFLKINSLTAADTATY YCAKGGYSLA
HWGQGTLVTVSS (SEQ ID NO:58)

muCD37-12

QIQLYVOSGPELKKPGETVKISCKASGY TFTKYGMNWVKQAQGKGLKWMG
WINTNTGESRNAEEFKGRFAFSLETSASTAYLQINNLKYEDTATYFCGRGTV
VADWGOQGTILTYSS(SEQIDNG:SY) |

chCD37-12

QIDLVOSGPELKKPGETVKISCKASGYTFTKYGMNWVKQAQGKGLKWMG
WINTNTGESRNAEEFKGRFAFSLETSASTAYLOINNLKYEDTATYFCGRGTY
VADWGOGTTILTVSS (SEQ 1D NO:60)

muCD37-38

DVOLOESGPDLVEPSQSLSLTCTVIGY SITSGFGWHWIROFPONKLEWMAY
ILYSGGTDYNPSLKSRISITRDTSKNQFFLRLSSYTTEDTATY YCARGYYGYG
AWFVYWGOGTLVIVSA (SEQIDNO:SL

chCD37-38

OVOLQESGPDLVKPSQSLSLTCTVTGYSITSGPGWHW IRQFPGNKLEWMAY
ILYSGGTDYNPSLKSRISITRDTSKNQFFLRLSSVTTEDTATYYCARGYYGYG
AWFVYWGOGTLVTVSA (SEQ TD NO:62)

huCD37-38

OVOLOESGPGLVKPSQSLSLTCTVSGYSIT SGFGW HWIRQFPGKGLEWMAY]
LYSGGTEYNFPSL RSRESE"E"RI)TSR\JQFFLRL%S\/ TAADTATYYCARGYYGYG
AWEVYWGOQGTLVTVYSS (SEQ ID NO63}

muCD37-50

DVQLOESGPDLLKPSQSLSLTCTVIGYSITSCE XWHWH\OP PGNKLEWMGY!
L Y‘SGST\'YQPBLK SRJ&)? H RD i SR\JHFFLQL\YSV ITEDTATYYCARGYYGYG

huCD37-50

0\' QLQEQGPGLLKFSQSK ‘3? i( 1 \:’ %GY bITS(ﬂ" AWHWIROHPGNKLEWMGY
H. \’S(JST\ YSP%LK‘%RI\;I T RDJ SKN H} H QI NSVTAADTATYYCARGYYGYG

muCD37-51

D\/ QLQE QL;PDLLi\P‘wQ%L 51 TCTVT (;‘x Q %SGT‘ AWHWIRQFPONKLEWMGY!
HYSGSTNYSPSLESRISITRDSSKNQFFLOLNSVTTEDTATYYCARGYYGEFGA

 WEVYWGQGTLVTVSA (SEQ ID KO:66)

huCD37-51

TRV QUVESGPEVLKPGESLSLTC TVSGYSISSGFAWHWIRQFPGKGLE WMGYT

HYSGSTNYSPSLOGRISITRDSSINQFFLQUNSVTASDTATYYCARGYYGEGA
WEVYWGQGTLVYTVSA (SEQ ID RO:6T)

muCD37-56

DVQLOESGPULVKPSQSLSLTCTV FGYSIT%CTAWHWIRQ} POGNEKLEWMGY

IHYSGGTNYNPSLEKSRVSITRDTSENGFFLOLNSVTTEDTATYYCARGYYGF
GAWFAYWGQGTLVPVSA (SEQ ID NO:68)

huCD37-56

Qv QLQE‘%QP(;LVKP&O‘«»{ SLTC 1\/Q&;YSIT%UFAWHWERQE PGKGLEWMGYT
HYSGGTNYNPSLKSRVSITRDTSKNOQFFLOLNSVTAADTATYYCARGYYGY
GAWFAYWGOGTLVPVSA (SEQ D KNO:69)

muCD37-57

DVOLOESGPDLEKPSOSLSLTCTVIGYSITSGFAWHWIRQFPGNKLEWMGYT
LYSGSTVYSPSLESRISITRDTSKNOFFLQLNSVTTEDTATY YCARGYYGYG
AWPAYWGQGTLVTIVSA (SEQIDNO:70)

huCD37-57

OVOLOESGPGLLKPSQSLSLTCTVSGY SITSGFAWHWIRQFPGKGLEWMGYI
LY‘SG‘ST\ Y “P‘%LK S}\}’%!'I"RDT‘%K\*QFFLQLNSV'Rl\AD’_E‘A’I‘Y‘T{CA RGYYGYG

252-3

VQVVLQ{ SGDLVE PUUM Ki S( AA‘Q( sFTFSSYb\’b‘W\/ ROTPDEKRLEWVATE
‘\QG( SSYTYSPRDSVEGRFTISEDNAKKTLY LOMSSLKSEDTAMY YCARHSYY
DISVDYWGQGTSYTVSS (SEQ ID NG 177}
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Table 4: Variable light chain amino acid sequences

» Antibody

Vi, Amino Acid Seguence (SEQ 1D NO}

“muCD37-3

DIOMTOSPASLSVSVGETVTITCRASENIRSNLAWY QOKQGKSPQLLVNVAT |
NLADGVPSRFSGSGSGTOYSLKINSLOSEDFGTY YCQHYWGTTWIFGGGTR. |
LEIKR (SEQ ID NO:72)

chCD37-3

DIQMTQSPASLEVEIVGE TVTITCRASENIRSNLAWYQOKQUGKSPOQLLYNVAT :
NLADGVPSRESGSGSGTQYSLKINSLQSEDFGTYYCQHYWGTTWIFGGGETR
LEIKR (SEQ 1D NO:733

huCD37-3
(1.0 and 1.1)

- DIOM ¥ ( )SP%‘%E \V ‘QVUTR’V TH CRA&;‘{ NERQNLAWYQQKPGKQPKU VN\I"A’I'

3 LEIKR (SI:Q ii) NQ iﬁ

muCD37-12

 DIVLTOSPASLAVSL (;QRAHESCRA&;()SVQ TSSYSYLYWFQOKPGOPPKL LK

Y ASNLASGVPARFSGSGSGTDFTLNIHPVEEEDTATYYCQHSWEIPY TFGGG
TKLEIKR (SEQ IDNO7S)

chCD37-12

DIVLTOSPASLAVSLGOQRATISCR ASQSVSTSSYSYLYWF QQi\F(}QPFKL‘{ IK
YASNLASGVPARFSGSGSGTDFTLNIHPVEEEDTATYYCOHSWEIPYTFGGG
TRLEIKR {(SEQ 1D NOT6)

muCD37-38

QE\' L TOSPAIMSASPOER VIMTCEASSSVTYMHWYQQKSGTSPRRWIYDTS
KLASGVPARFSGGGSGTSY SLTISSMEAEDAATYYCQOWISNPPTFGGGTKL
BIKR (SEQ D NOTTY

chCD37-38

OIVLTOSPAIMSASPGEKVTM TCSASSSVTYMHWYQOKSGTSPKRWIYDTS
KLASGVPARFSGGGSGTSYSLTISSMEAEDAATYYCQQWISNPPTFGGGTRL
EIKR (SEQ ID NG78)

huCD37-38

DIVLTOSPASMSA SPGERVTMTCSASSSVIVMHW YQQKPGTSPRRWIVDTS
KLASGVPARFSGSGSGTSYSLTISSMEAEDAATY YCQOWISNPPTFGGGTKL
FIKR (SEQ ID NO:79)

muCD37-50

OIVLTOSPAIMSASPOEK VIMICSATISVTYMHW YQQRSGTSPKRWIYDTS
KLPYGVPGRFSGSGSGTSYSLTISSMEAEDAATY YCQOWSDNPPTFGSGTKL
EIKR (SEQ ID NO:8{)

huCD37-50

EIKR {SEQ ID NO:81)

BIVLTQSPATMSASPGERVTMTCSATSSVIYM HWY QQRPGQ‘?PKR\VIY DTS
NLPYGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQOWSDNPPTFGOQGTKL |

muCD37-51

QI L i QSP A\i\fl‘\ ASPGTKVTMTC SA T ‘n‘\\f TY \iH‘v‘v YOQR‘%(;TbPKRWiY DI b

Ehx}x { SEQ 1) I\Q.i}?.} ,,,,,,,,

huCD37-51

EIVLTOSPATMSASPGERVIMTCSATSSVTYMHWYQQRPGOSPRKRWIYDTS
KLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQOWSSNPPTFGOQGTKL
2 iKR (‘SiQ iD \Q S) )

muCD37-56

KL ASGVPARFSGGGSGTSYSL TI%TMEAEZD AAT W(*QQWN}W} FGGGTKL
EIKR (SEQ 1D NO:84)

- huCD37-56

DIVLTQSPAFMSASPGER VIMTCSASSSVTYMHW YQOKPDQSPKRWIYDTS
NLASGVPSRFSGGGSGTDY SLTISSMEAEDAATYYCQQWISDPPTFGQGTKL
FIKR {SEQ 1D NO:8SY

ouaCD37-57

- QIVLTQSPAIMSASPG EKVTMTCSATSSVTYMHW YQUKSGTSPRRWIYDTS

KLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQQWSDNPPTFGSGTKL

BIKR {%FO 1D NO: ?36)

 huCD37-57
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7777777777 EIKR (SEQ ID NO:87}

252-3 DIOMTOTTSSLSASLGDRVTISCRASQDISNYLNWYQQKPDGTVKLLIYYTS
KLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNALPWTFGGGTKL
| ELKR (SEQ ID NO:178)

[00124] Also provided are polypeptides that comprise: (a) a polypeptide having at least about 90%
sequence identity to SEQ ID NOs:55-71 or 177; and/or (b) a polypeptide having at least about 90%
sequence identity to SEQ ID NOs:72-87 or 178. In certain embodiments, the polypeptide comprises a
polypeptide having at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at
least about 99% sequence identity to SEQ ID NOs:55-87, 177, or 178. Thus, in certain embodiments, the
polypeptide comprises (a) a polypeptide having at least about 95% sequence identity to SEQ ID NOs:55-
71 or 177, and/or (b) a polypeptide having at least about 95% sequence identity to SEQ [D NOs:72-87 or
178. In certain embodiments, the polypeptide comprises (a) a polypeptide having the amino acid
sequence of SEQ ID NOs:55-71 or 177; and/or (b) a polypeptide having the amino acid sequence of SEQ
ID NOs:72-87 or 178. In certain embodiments, the polypeptide is an antibody and/or the polypeptide
specifically binds CD37. In certain embodiments, the polypeptide is a murine, chimeric, or humanized
antibody that specifically binds CD37. In certain embodiments, the polypeptide having a certain
percentage of sequence identity to SEQ ID NOs:55-87, 177, or 178 differs from SEQ ID NOs:55-87 by
conservative amino acid substitutions only.

[00125] Polypeptides can comprise one of the individual light chains or heavy chains described herein.
Antibodies and polypeptides can also comprise both a light chain and a heavy chain. The light chain and
variable chain sequences of murine, chimeric, and humanized CD37-3, CD37-12, CD37-50, CD37-51,
CD37-56, and CD37-57 antibodies are provided in Tables 5 and 6 below.

Table 5: Full-length heavy chain amino acid sequences

"Antib'odj@:‘ l Full-Length Heavy Chain Amino Acid Sequéhce (SEQ ID NO)

muCD37-3 QVQVKESGPGLVAPSQSLSITCTVSGFSLTTSGVSWVRQPPGKGLEWLGVIW
GDGSTNYHSALKSRLSIKKDHSKSQVFLKLNSLQTDDTATYYCAKGGYSLA

HWGQGTLVTVSAAKTTAPSVYPLAPVCGDTTGSSVTLGCLVKGYFPEPVTL

TWNSGSLSSGVHTFPAVLQSDLYTLSSSVTVTSSTWPSQSITCNVAHPASSTK
VDKKIEPRGPTIKPCPPCKCPAPNLLGGPSVFIFPPKIKDVLMISLSPIVICVVV
DVSEDDPDVQISWFVNNVEVHTAQTQTHREDYNSTLRVVSALPIQHQDWM

SGKEFKCKVNNKDLPAPIERTISKPKGSVRAPQVYVLPPPEEEMTKKQVTLT

CMVTDFMPEDIYVEWTNNGKTELNYKNTEPVLDSDGSYFMY SKLRVEKKN
WVERNSYSCSVVHEGLHNHHTTKSFSRTPGK (SEQ ID NO:88)

chCD37-3 QVQVKESGPGLVAPSQSLSITCTVSGFSLTTSGVSWVRQPPGKGLEWLGVIW
- GDGSTNYHSALKSRLSIKKDHSKSQVFLKLNSLQTDDTATYYCAKGGYSLA
HWGQGTLVTVSAASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVS
. WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNT
KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCV
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j DWLNGKEYKCKVSNKAL PA‘PEFKT}SI\;\K(:QPRLPQ\"{ TLPPSRDEL TENQ
 VSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDK
 SRWOQOGNVFSCSVMHEALHNHY TQKSLSLSPGK (SEQ 1D NO:B9)

huCD37-3v1.0

QVQVv QE SGPGLVAPSQTLSITCTVSGFSLTTSGVSWVRQPPGKGLE WLGVIW

- GDGSTNYHPSLKSRLSIKKDHSKSQVFLKINSLTAADTATYYCAKGGYSLA
 HWGQGTLVTVSSASTKGPSVEFPLAPSSKSTSGGTAAL GCLVKDYFPEPVTVS
 WNSGALTSGVHTFPAVLOSSGLY SLSSVVTVESSSLGTQTYICNVNHKPSNT

KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFPPEPKDTLMISRTPEVTICY
VVDVSHEDPEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHO
DWINGKEYKCKVSNKALPAPIEKTISKAKGQOPREPQVYTLPPSRDELTKNQ
VSLTCLVKGFYPSDHAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDK
SRWCOOGNVYFSCSVMHIEALHNHY TOKSLSLSPG (SEQ 113 NOS0)

"huCD37-3v1.1

 QVOVOESGPGLVAPSQTLSITCTVSGFSLTTSGVSWVROPPGKGLEWLGVIW

GDGSTNYHSSLKSRLSIKKDHSKSQVFLEINSLTAADTATYYCAKGGYSLA
HWGQOGTLYTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVS

 WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTOTYICNVYNHEPSNT
 KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCY
 VYDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLEV LHQ
 DWLNGKEYKCEKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSRDELTENQ
 VSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDK
 SRWOOQGNVFSCSVMHEALHNHYTOKSLSLSPG (SEQ 1D NO:91)

muCD37-12

QIQL\/ QSGPELKKPGETVKISCKASGYTFTKYGMNWVYRKQAQGKGL KWMG
WINTNTGESRNABEFKGRFAFSLETSASTAYLOQINNLEKYEDTATYFCGRGTY
VADWGQGTTLTVSSAKTTAPSYVYPLAPVOGDTTGSSVILGCLVKGYFPERY

TETWNSGSLSSGVHTFPAVLQSDLY TLSSSVIVTSSTWPSQSITONVAHPASS
TKVDKKIEPRGPTIKPCPPCKCPAPNLLGGPSVEIFPPRIKDVEMISLSPIVICY

VVDVSEDDPDVCQISWEVNNVEVHTAQTOTHREDYNSTLRVVSALPIORQD
WMSGKEFKCKVNNKDLPAPIERTISKPKGSVRAPOQVYVLPPPEEEMTRKRKQVY
TLTCMVTDFMPEDIYVEWTNNGEKTELNYKNTEPVLDSDGSYFMYSKLRVE
KENWVERNSYSCSVVHEGLHNHHTTRSFSRTPGK (SEQ 1D NO:923

chCD37-12

QIQLVOSGPELKKPGETVKISCRASGYTFTKYGMNWVKQAQGKGLEK WM
WINTNTGESRNALEFKGRFAFSLETSASTAY LQINNLKYEDTATYFCGRGTY
VADWGOGTTLTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVT
SWNSGALTSGVHTFPAVLQSSGLYSLESVVTVESSSLGTQTYICNVNHKPS
MNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPIPRDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HODWEINGKEYKCKVSNKALPAPIEKTISKARGOPREPQVYTLPPSRDELTK
NOVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWOQGNVFSCSVMHEALHNHYTOKSLSLSPGK (SEQ 113 NOG3)

muCD37-38

Y QLOESGPDLVKPSOSLSLTCTVTGYSITSGE GWHWIRQFPGNKLEWMAY

ILYSGGTDYNPSLESRISITRDTSKNOQFFLRLSSVTITEDTATYYCARGYYGYG
AWFVYWGOGTLVIVSAAKTTIPPSVYPLAPGSAAQINSMVTLGCLVKGYFP
EPVIVIWNSGSLSSGVHTFPAVLESDLY TLSSSVTVPSSMRPSETVTCNVAH
PASSTKVDEKIVPRDCGCKPCICTVPEVSSVEIFPPRKPKDVLTITLTPRVICVY
VDISKDDPEVQFSWEVDDVEVHTAQTQPREEQFNSTFRSVSELPIMHOQDWL
NGKEFKCRYNSAAFPAPIEK TISKTKGRPKAPQVY TIPPPRKEQMAKDIVSLT

 CMITDFFPEDITVEWOQWNGQPAENYENTOPIMNTINGSYFVY SKINVQKSN

WEAGNTFTCSVLHEGLHNHHTEKSLSHSPGK (SEQ ID N(G:.94)

chCD37-38

QVQLOESGPDLVKPSQSLSLTCTVTGYSITSGFGWHWIRQFPGNKLEWMAY

LYSGGTDYNPSLKSRISITRDTSKNGFFLRLSSVTTEDTATYYCARGYYGYG |
AWEVYWGOGTLVTVSAASTKGPRVIPLAPSSKSTSGGTAALGCLVKIDYEPE
PYTVSWNSGALTSGVHTFPAVLQSSGLYSLSSYVTVPSSSLGTQTYICNVNH |
KPSNTKVDEKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPEPKDTLMISRTP |
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......

VLH QDWLI\ GKEY KCRV &\ KAL PAPRE RJ }%}\A ExGQPRF PQVY F E_ PP‘}RDL‘ ,‘i, T
KNQVSLTCLVEGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLT
VDEKSRWQOGNVEFSCSYMHEALHNHY TOKSLSLSPG (SEQ ID NO:95)

huCD37-38

QVOLQESGPGLVEPSQSLSLTCTVSGY SITSGFGWHWIRQFPGKGLEWMAYL
LYSGGTDYNPSLKSRISITROTSKNQFFLRLSSVTAADTATYYCARGYYGYG
AWFVYWGOOGTLYTYSSASTRGPSVFPLAPSSKSTSGGTAALGCLVEKDYFPE
PYTVSWNSGALTSGVHIFPAVLOSSGLY SLESVVIVERSSSLGTQTYICNVNH
KPSNTKVDEKKVEPKSCDK THTCPPCPAPELLGGPSVFLFPPKFKDTLMISRYY |
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT |
TLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELT |
KN QVSL I Ci ‘v’ K(i F‘:’P‘%’Di L\VE TWE bNGQPE\'\]YK"E"I'}PPV‘{ INDG ‘%TFLY SKLT |

' muCD37-50

Dy QLQ}* “suPi}i L RPSQQLbLTLTVI (J‘x ST S{JFAWHWERQFPU\IRLEWM{;‘X I
LYSGSTVYSPSLKSRISITRDTSKNHFFLOLNSVTTEDTATYYCARGYYGYG |
AWFAYWGOGTLYTVSAAKTTAPSVYPLAPVCGDTTGSSVTLGCLVKGYRR |
EPVTLTWNSGSLSSGVHTFPAVLQSDLYTLSSSVTIVTSSTWPSQSITCNVAHRP |
ASSTEVDKKIEFRGPTIKPCPPCKCPAPNLLGGPSVEIFPPKIKDVEMISLEPIV |
TCVYVVDVSEDDPDVOISWFVNNVEVHTAQTQTHREDYNSTLRVVSALPIQH |
QOWMSGKEFKCKVNNKDLPAPIERTISKPRKGSVRAPQVYVLPPPEEEMTKK |
OVILTCMYTDFMPEDIY VEWTRNNGK TELNYKNTEPVLDSDGSYFMYSKLR
VEKKNWVERNSYSCSVVHEGLHNHHTTKSFSRTPGK (SEQ ID NG.S7

huCD37-50

OVOLOESGPGLLKPSQSLSLTCTVSGY SITSGFAWHWIRQHPGNKLEWMGY
ILYSGSTVYSPSLEKSRISITRDTSKNHFFLQLNSVTAADTATYYCARGYYGYG
AWFAYWOQGTLYTVSAASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFFFE
PYTYSWNSGALTSGVHTFPAVLOSSGLY SLSSVVTVESSSLGTQTYICNVNH
KPSNTEVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFPPRPKOTLMISKTE
EVTCVVVDYSHEDPEVEKFNWY VDGVEVHNAKTKPREEQYNSTYRVVEVLT
VEHODWLNGEEYKCKVSNKALPAPIEK TISKAKGOQPREPQVY TLPPSRDELT
KNQVSLTCLYKGFYPSDIAVEWESNGOPENNYKTIPPVLDSDGSFFLYSKLT
VDKSRWOQQGNVESCSYMHEALHNHYTQKSLSLEPG (SEQ 1D NO:9g)

“muCD37-51

| DVOLOESGPDLLEPSQSLSLTCTVTGYRISSGFAWHWIRQF PGNKLEWMGYI

HYSGSTNYSPSLESRISITRDSSENQFFLOQLNSVTITEDTATYYCARGYYGFGA

 WERVYWGOGTLVTVSAAKTTAPSVYPLAPVCGDTTGSSVILGCLVRKGYFPEY

VTLTWNSGSLSSGVHTFPAVLOSDLY TLSSSVTVTSSTWESQSITCNYAHPAS
STKVDKKIEPRGPTIKPCPPCKCPAPNLLGGPSVEIFPPRIKDVLMISLSPIVTC
VVVDVSEDDPDRDVOISWEVNNVEVHTAQTOTHREDYNSTLRVVSALPIQHOD
WMSGKEFKCKVNNKDLPAPIERTISKPKGSVRAPOVYVLPPPEEEMTERQY
TLTCMVYTDFMPEDIYVEWTNNGK TELNYKNTEFVLDSDGSYFMYSKELRVE
KENWVERNSYSCSYVHEGLHNHHTTKSFSRTPGK {SEQ D NO:99)

huCD37-51

EVOLVESGPEVLKPGESLSLTCTYVSGYSISSGFAWHWIRQFPGKGLEWMGYT
HYSGSINYSPSLOQGRISITRDSSINQFFLOLNSVTASDTATYYCARGY YGFGA
WEFVYWGOQGTLVTVSAASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEP
VIVSWNSGALTSGVHTFPAVELOSSGLYSLSSVVTVPSSSLGTQTYICNVNEK
PINTKVDKKVEPKSCDEKTHTCPPCPAPELLGGPSVELFPPKPEDTLMISRTPE
VTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLET

VLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVY TLPPSRDELT
KNQV"&E TC L V KQFYPSDI AV ‘E\«VT SNGQP}“\‘\“YKTT“PVLDQDGSi"’FLY SKLT

muCD37-56

DV Q? QP Qi sPDE VKP‘SQbLSL I C 'i ‘v’ I(JYE:J T S( sF AWHWEROFPG\JKLLXK MGY |
IHYSGGTNYNPSLKSRVSITRDTSKNQFFLOLNSYTTEDTATYYCARGYYGF
GAWFAYWGQGTLVPVSAAKTTPPSVYPLAPGSAAQTINSMYVTLGCLVKGYY
PEPVTVIWNSGSLSSGVHTFPAVEESDLYTLESSVIVPSSMRPSETVICNVA
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THPASSTKVDKIKIVPROCGCKPCICTVPEVSSVEIFPPKPKDVLTITLTPRVTCY |
VVDISKDDPEVQFSWFVDDVEVHTAQTOPREEQFNSTFRSVSELFIMHODW
LNGKEFKCRVNSAAFPAPIEK TISKTKGRPKAPQVY TIPPPKEQMAKDKVSL

TCMITDFFFEDITVEWQWNGQPAENYRKNTOPIMNTNGSYFVY SKELNVQKSEN
WEAGNTFTCSYLHEGLHNHHTEKSLSHSPGK (SEQ ID NOi101)

huCD37-56

QVOLQESGPGLVKPSQSLSLTCTVSGYSITSGFAW HWIRQFPGKG SLEWMGY!
HYSGGTNYNPSLKSRVSITRDTSKNQFFLOLNSYVTAADTATYYCARGYYGF

GAWFAYWGQGTLVPVSAASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFP
EPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVN

HKPSNTRVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPRKPKDTLMISRT
PEVTCVVVDYSHEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVAVL
TVLHODWLNGKEYKCKVSNKALPAPIEK TISKAKGQPREPOVYTLPPSRDEL
TE\”\Q‘V SL ii, L’v i\( x?“x PQR)E A\' f WL SNGQPM\Z\ YE\ E T PP'\/ LT‘ASD(JQFFLY SKL

muCDé 7-57

D‘V QLQE SGPDLL }\PSQQL‘:)LTLTVI (x‘z SET b(x? A W HWERQFPU\IMEW MGYY
LYSGSTVYSPSLESRISITRDTSKNQFFLOLNSVTTEDTATYYCARGYYGY G

AWFAYWGOGTLYVTVSAAKTTAPSVYPLAPVCGEDTTGSSVTLGCLVKGYEP

EPVTLTWNSGSLSSGVHTFPAVLOQSDLYTLSSSVIVTISSTWPSQSITCNY AHP
ASSTKVDKKIEPRGFTIKPCPPCKCPAPNLLGGPSVFIFPPKIK DVEMISLSPIV

TCVYVDVSEDDPDVOISWRYNNVEVHTAQTQTHREDYNSTLRVVIALFIQH
ODWMSGKEFKCKVNNKDLPAPIERTISKPRGSVRAPQVY VLFPPEEEMTKK

OVILTCMYTDFMPEDIY VEWTINNGKTELNYEKNTEPVLDSDGSYFMYSKLR

VEKKNWYERNSYSCSVVHEGLHNHHTTKSFSRTPGK (SEQ ID NO:103}

buCD37-57

OVOLQESGPGLLKPSOSLSLTCTVSGYSIT SGFAWHWIRQFPGKGLEW MGY1

LYSGSTVYSPSLKSRISITRDTSKNQFFLQLNSVTAADTATYYCARGYYOYG
AWFAYWGQGTLVTVSAASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPE |
PYTVSWNSGALTSGVHTFPAVL.QSSGLY SESSVVTVESSSLGTQTYICNVNG |
KPSNTKVDKKVEPKSCDK THTCPPCPAPELLGGPSVFLFPPKPK D TLMISRTY |
EVICVYVDVSHEDPEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVAVLYT
VLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOQPFREPQVY TLPPSRDELT
}\J\QV SL TLL\ i\bb‘; P‘\DkA‘v? W FQ\EGQPE\IN Y 1\1 IPP‘\/? i)\l‘(;QF F L ‘X SKLT

252-3

FVQV VEbG(}DL\/ KPGGSL 3«3 %( AASGFTFBS‘X UMSW\'Rﬂ 1 PDRRI ‘f‘v’v VAT
SSGGSYTYSPDSVKGRFTISRDNAKKTLYLOMSSLKSEDTAMY YCARHSYY
DTSVDYWGQGTSVIVSSAKTTAPSVYPLAPVCGDTTGSSVTILGCLVRGYER
BPVTLTWNSGSLSSGVHTFPAVLQSDLYTLSSSVIVTSSTWPSQSITCNVAHY
ASSTEKVDKKIEPRGPTIKPCPPCKCPAPNLLGGPSVEIFPPRIKDVLMISLSPIY
TCYVVDVSEDDPDVOISWFVNNVEVHTAQTQTHREDYNSTLRVVSALPIOH
ODWMSGKEFKCKVNNKDLPAPIERTISKFKGSVRAPQVYVLPPPEEEMTKK
QVTLTCMVTDFMPEDTY VEWTNNGKTELNYKNTEPVLDSDGSYFMYSKLR
VEEKEKNWVERNSYSCSVYVHEGLHNHHTTKSFSRTPGK (SEQ ID NO:179)

Table 6: Full-length light chain amino acid sequences

Antibody

Full-length Light Chain Amine Acid Sequence {SEQ ID NO)

muCD37-3

DIOMTOSPASLSVSVGETVTITCRASENIRSNLAW YQQKUGKSFQLLVNVAT |
NLADGVPSRFSGSGSGTOYSLKINSLOSEDFGTYYCOHY WOTTWTFGGGTK |
LETKRADAAPTVSIFPPSSEQOLTSGGASVVCEFLNNFYPRDINVKWEKIDGSER)
NGVLNSWTDODSKDSTYSMSSTLILTKDEYERHNSY TCEATHK TSTSPIVKS
FNRNEC (SEQIDNOI0SY

DIQMTOSPASLSY SVGETVTITCRASENIRSNLAWY "QOKQGKSPOLLVY VAT

chCD37-3
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NLADGVPSRFSGSGSGTQYSLKINSLQSEDFGTYYCQHYWGTTWTFGGGTK
LEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQ
SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTK
SFNRGEC (SEQ ID NO:106)

huCD37-3
(1.0 and 1.1)

DIQMTQSPSSLSVSVGERVTITCRASENIRSNLAWYQQKPGKSPKLLVNVAT
NLADGVPSRFSGSGSGTDYSLKINSLQPEDFGTYYCQHYWGTTWTFGQGTK
LEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQ
SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTK |
SFNRGEC (SEQ ID NO:107)

muCD37-12

DIVI. TQSPASLAVSLGQRATISCRASQSVSTSSYSYLY WFQQKPGQPPKLLIK |
YASNLASGVPARFSGSGSGTDFTLNIHPVEEEDTATYYCQHSWEIPYTFGGG |
TKLEIKRADAAPTVSIFPPSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSE
RQNGVLNSWTDQDSKDSTYSMSSTLTLTKDEYERHNSY TCEATHKTSTSPI
VKSFNRNEC {SEQ IDNO:108)

chCD37-12°

DIVI TOSPASLAVSLGORATISCRASQSVSTSSYSYT Y WFQQKPGQPPKLLIK
YASNLASGVPARFSGSGSGTDFTLNIHPVEEEDTATYYCQHSWEIPY TFGGG
TKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNA
LQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPV
TKSFNRGEC {SEQ ID NO:109)

muCD37-38

OIVLTOSPAIMSASPGEKVTMTCSASSSVTYMHW YQQKSGTSPKRWIYDTS
KLASGVPARFSGGGSGTSYSLTISSMEAEDAATYYCQQWISNPPTFGGGTKL

EIKRADAAPTVSIFPPSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQN
GVLNSWTDQDSKDSTYSMSSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSF
NRNEC (SEQ ID NO:110)

chCD37-38

N QIVLTQSPAIMSASPGEKVTMTCSASSSVTYMHWYQQKSGTSPKRWIYDTS '

KLASGVPARFSGGGSGTSYSLTISSMEAEDAATY YCQQWISNPPTFGGGTKL
EIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQS
GNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKS
FNRGEC (SEQ IDNO:111)

huCD37-38

DIVL TQSPASMSASPGERVTMTCSASSSVTYMHWYQQKPGTSPKRWIYDTS
KLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQQWISNPPTFGGGTKL
EIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQS
GNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKS |
FNRGEC (SEQ ID NO:112)

‘muCD37-50

QIVLTQSPAIMSASPGEKVTMTCSATSSVTYMHWYQQKSGTSPKRWIYDTS
KLPYGVPGRFSGSGSGTSYSLTISSMEAEDAATYYCQQWSDNPPTFGSGTKL

. EIKRADAAPTVSIFPPSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSEREQN

GVLNSWTDQDSKDSTYSMSSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSF
NRNEC (SEQ ID NO:113)

huCD37-50

EIVLTOSPATMSA SPGERVTMTCSATSSVTYMHWYQQKPGQSPKRWIYDTS
NLPYGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQQWSDNPPTFGQGTKL
EIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQS
GNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKS
FNRGEC (SEQ ID NO:114)

muCD37-51

QIVLTQSPAIMSASPGEKVTMTCSATSSVTYMHWYQQKSGTSPKRWIYDTS
KLASGVPARFSGSGSGTSYSLTISNMEAEDAATYYCQQWSSNPPTFGSGTKL
EIKRADAAPTVSIFPPSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQN
GVLNSWTDQDSKDSTYSMSSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSF |

. NRNEC (SEQ ID NO:115)

huCD37-51

EIVLTQSPATMSASPGERVTMTCSATSSVTYMHWYQQKPGQSPKRWIYDTS |
KLASGVPARFSGSGSGT SYSLTISSMEAEDAATYYCQQWSSNPPTFGQGTKL
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“GNSOQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKS
FNRGEC ¢{SEQ ID NO:116}

muCD37-56 ' QIVLTQSPAFMSASPGDKVTMTCSASSSVTYMHWYQQKSGTSPKRWIYDTS
KLASGVPARFSGGGSGTSYSLTISTMEAEDAATYYCQQWISDPPTFGGGTKL
EIKRADAAPTVSIFPPSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQN
GVLNSWTDQDSKBSTYSMSSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSF

huCD37-56 . DIVLTQSPAFMSASPGEKVTMTCSASSSVTYMHWYQQKPDQSPKRWIYDTS
NLASGVPSRFSGGGSGTDYSLTISSMEAEDAATYYCQQWISDPPTFGQGTKL
EIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQS
GNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKS
FNRGEC (SEQ ID NO:118)

muCD37-57 Q [VLTQSPAIMSASPGEKVTMTCSATSSVTYMHWYQQKSGTSPKRWIYDTS
KLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQQWSDNPPTFGSGTKL
EIKRADAAPTVSIFPPSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSEROQN
GVLNSWTDQDSKDSTYSMSSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSF

huCD37-57 EIVLTQSPATMSASPGERVTMTCSATSSVTYMHWYQQKPGQSPRRWIYDTS

NLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQQWSDNPPTFGQGTKL
EIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQS
GNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKS
FNRGEC (SEQ ID NO:120)

- 252-3 DIQMTQTTSSLSASLGDRVTISCRASQDISNYLNWYQQKPDGTVKLLIYYTS

KLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNALPWTFGGGTKL

ELKRADAAPTVSIFPPSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQ

NGVLNSWTDQDSKDSTYSMSSTLTLTKDEYERHNSYTCEATHKTSTSPIVKS
FNRNEC (SEQ ID NO:180)

[00126] Also provided are polypeptides that comprise: (a) a polypeptide having at least about 90%
sequence identity to SEQ ID NOs:88-104 or 179; and/or (b) a polypeptide having at least about 90%
sequence identity to SEQ ID NOs:105-120 or 180. In certain embodiments, the polypeptide comprises a
polypeptide having at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at
least about 99% sequence identity to SEQ ID NOs:88-120, 179, or 180. Thus, in certain embodiments, the
polypeptide comprises (a) a polypeptide having at least about 95% sequence identity to SEQ ID NOs:88-
104 or 179, and/or (b) a polypeptide having at least about 95% sequence identity to SEQ ID NOs:105-120
or 180. In certain embodiments, the polypeptide comprises (a) a polypeptide having the amino acid
sequence of SEQ ID NOs:88-104 or 179; and/or (b) a polypeptide having the amino acid sequence of
SEQ ID NOs:105-120 or 180. In certain embodiments, the polypeptide is an antibody and/or the
polypeptide specifically binds CD37. In certain embodiments, the polypeptide is a murine, chimeric, or
humanized antibody that specifically binds CD37. In certain embodiments, the polypeptide having a
certain percentage of sequence identity to SEQ ID NOs:88-120, 179, or 180 differs from SEQ ID NOs:88-
120, 179, or 180 by conservative amino acid substitutions only.

[00127] In certain embodiments, the CD37 antibody can be the antibody produced from a hybridoma
selected from the group consisting of consisting of ATCC Deposit Designation PTA-10664, deposited
with the ATCC on February 18, 2010, ATCC Deposit Designation PTA-10665, deposited with the ATCC
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on February 18, 2010, ATCC Depasit Deisgnation PTA-10666, deposited with the ATCC on February 18,
2016, ATCC Deposit Designation PTA-10667 deposited with the ATCC on February 18, 2018, ATCC
Deposit Designation PTA-10668, deposited with the ATCC on February 18, 2010, ATCC Deposit
Designation PTA-10669, deposited with the ATCC on February 18, 2010, and ATCC Deposit
Desigoation PTA-10670, deposited with the ATCC on February 18, 2010 (American Type Cultore
Collection (ATCC) at 10801 University Boulevard, Manassas, Virginia 20110}, In certain embodiments,
the antibody comprises the VH-CDRs and the VL-CDRS of the antibody produced from a hydridoma
selected from the group consisting of PTA-10665, PTA-10666, PTA-10667, PTA-10668, PTA-1066Y, and
PTA-10670.

[00128] In certain embodiments, the CD37 antibody can comprise a light chain encoded by the
recombinant plasmid DNA phuCD37-3LC (ATCC Deposit Designation PTA-10722, deposited with the
ATCC on March 18, 2010). In certain embodiments, the CD37 antibody can comprise a heavy chain
encoded by the recombinant plasmid DNA phuCD37-3HCv.1.0 (ATCC Deposit Designation PTA-10723,
deposited with the ATCC on March 18, 2010). In certain embodiments, the CD37 antibody can comprise
a light chain encoded by the recombinant plasmid DNA phuCD37-3LC (PTA-10722) and a heavy chain
encoded by the recombinant plasmid DNA phuCD37-3HCv.1.0 (PTA-10723). In certain embodiments,
the CD37 antibody can comprise the VL-CDRs encoded by the recombinant plasmid DNA phuCD37-3LC
(PTA-10722) and the VH-CDRs encoded by the recombinant plasmid DNA phuCD37-3HCv.1.0 (PTA-
10723).

[00129] Monoclonal antibodies can be prepared using hybridoma methods, such as those described by
Kohler and Milstein (1975) Nature 256:495. Using the hybridoma method, a mouse, hamster, or other
appropriate host animal, is immunized as described above to elicit the production by lymphocytes of
antibodies that will specifically bind to an immunizing antigen. Lymphocytes can also be immunized in
vitro. Following immunization, the lymphocytes are isolated and fused with a suitable myeloma cell line
using, for example, polyethylene glycol, to form hybridoma cells that can then be selected away from
unfused lymphocytes and myeloma cells. Hybridomas that produce monoclonal antibodies directed
specifically against a chosen antigen as determined by immunoprecipitation, immunoblotting, or by an in
vitro binding assay (e.g. radioimmunoassay (RIA); enzyme-linked immunosorbent assay (ELISA)) can
then be propagated either in vitro culture using standard methods (Goding, Monoclonal Antibodies:
Principles and Practice, Academic Press, 1986) or in vivo as ascites tumors in an animal. The monoclonal
antibodies can then be purified from the culture medium or ascites fluid as described for polyclonal
antibodies above.

[00130] Alternatively monoclonal antibodies can also be made using recombinant DNA methods as
described in U.S. Patent 4,816,567. The polynucleotides encoding a monoclonal antibody are isolated

from mature B-cells or hybridoma cell, such as by RT-PCR using oligonucleotide primers that specifically
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amplify the genes encoding the heavy and light chains of the antibody, and their sequence is determined
using conventional procedures. The isolated polynucleotides encoding the heavy and light chains are then
cloned into suitable expression vectors, which when transfected into host cells such as E. coli cells, simian
COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not otherwise produce
immunoglobulin protein, monoclonal antibodies are generated by the host cells. Also, recombinant
monoclonal antibodies or fragments thereof of the desired species can be isolated from phage display
libraries expressing CDRs of the desired species as described (McCafferty et al., 1990, Nature, 348:552-
554 Clackson et al., 1991, Nature, 352:624-628; and Marks et al., 1991, J. Mol. Biol., 222:581-597).
[00131] The polynucleotide(s) encoding a monoclonal antibody can further be modified in a number
of different manners using recombinant DNA technology to generate alternative antibodies. In some
embodiments, the constant domains of the light and heavy chains of, for example, a mouse monoclonal
antibody can be substituted 1) for those regions of, for example, a human antibody to generate a chimeric
antibody or 2) for a non-immunoglobulin polypeptide to generate a fusion antibody. in some
embodiments, the constant regions are truncated or removed to generate the desired antibody fragment of
a monoclonal antibody. Site-directed or high-density mutagenesis of the variable region can be used to
optimize specificity, affinity, etc. of a monoclonal antibody.

[00132] In some embodiments, the monoclonal antibody against the human CD37 is a humanized
antibody. In certain embodiments, such antibodies are used therapeutically to reduce antigenicity and
HAMA (human anti-mouse antibody) responses when administered to a human subject. Humanized
antibodies can be produced using various techniques known in the art. In certain alternative
embodiments, the antibody to CD37is a human antibody.

[00133] Fuman antibodies can be directly prepared using various techniques known in the art.
Immortalized human B lymphocytes immunized in vitro or isolated from an immunized individual that
produce an antibody directed against a target antigen can be generated (See, ¢.g., Cole et al., Monoclonal
Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985); Boemer et al., 1991, J. Immunol., 147 (1):86-
95; and U.S. Patent 5,750,373). Also, the human antibody can be selected from a phage library, where
that phage library expresses human antibodies, as described, for example, in Vaughan et al., 1996, Nat.
Biotech., 14:309-314, Sheets et al., 1998, Proc. Nat’l. Acad. Sci., 95:6157-6162, Hoogenboom and
Winter, 1991, J. Mol. Biol., 227:381, and Marks et al., 1991, J. Mol. Biol., 222:581). Techniques for the
generation and use of antibody phage libraries are also described in U.S. Patent Nos. 5,969,108,
6,172,197, 5,885,793, 6,521,404; 6,544,731; 6,555,313; 6,582,915; 6,593,081; 6,300,064; 6,653,068;
6,706,484; and 7,264,963; and Rothe et al., 2007, J. Mol. Bio., 376:1182 (each of which is incorporated
by reference in its entirety). Affinity maturation strategies and chain shuftling strategies (Marks et al,,
1992, Bio/Technology 10:779-783, incorporated by reference in its entivety) are known in the art and can

be employed to generate high affinity human antibodies.
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[00134) Humanized antibodies can also be made in transgenic mice containing human
immunoglobulin loci that are capable upon immunization of producing the full repertoire of human
antibodies in the absence of endogenous immunoglobulin production. This approach is described in U.S.
Patents 5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; and 5,661,016.

[00135] This invention also encompasses bispecific antibodies that specifically recognize a CD37.
Bispecific antibodies are antibodies that are capable of specifically recognizing and binding at least two
different epitopes. The different epitopes can either be within the same molecule (e.g. the same CD37) or
on different molecules such that both, for example, the antibodies can specifically recognize and bind a
CD37 as well as, for example, 1) an effector molecule on a leukocyte such as a T-cell receptor (e.g. CD3)
or Fc receptor (e.g. CD64, CD32, or CD16) or 2) a cytotoxic agent as described in detail below.

[00136] Exemplary bispecific antibodies can bind to two different epitopes, at least one of which
originates in a polypeptide of the invention. Alternatively, an anti-antigenic arm of an immunoglobulin
molecule can be combined with an arm which binds to a triggering molecule on a leukocyte such as a T
cell receptor molecule (e.g. CD2, CD3, CD28, or B7), or Fc receptors for IgG so as to focus cellular
defense mechanisms to the cell expressing the particular antigen. Bispecific antibodies can also be used
to direct cytotoxic agents to cells which express a particular antigen. These antibodies possess an antigen-
binding arm and an arm which binds a cytotoxic agent or a radionuclide chelator, such as EOTUBE,
DPTA, DOTA, or TETA. Techniques for making bispecific antibodies are common in the art (Millstein
et al., 1983, Nature 305:537-539; Brennan et al., 1985, Science 229:81; Suresh et al, 1986, Methods in
Enzymol. 121:120; Traunecker et al., 1991, EMBO J. 10:3655-3639; Shalaby et al., 1992, J. Exp. Med.
175:217-225; Kostelny et al., 1992, J. Immunol. 148:1547-1553; Gruber et al., 1994, J. Immunol.
152:5368; and U.S. Patent 5,731,168). Antibodies with more than two valencies are also contemplated.
For example, trispecific antibodies can be prepared (Tutt et al., J. Immunol. 147:60 (1991)). Thus, in
certain embodiments the antibodies to CD37 are multispecific.

[00137] In certain embodiments are provided an antibody fragment to, for example, increase tissue
penetration. Various techniques are known for the production of antibody fragments. Traditionally, these
fragments are derived via proteolytic digestion of intact antibodies (for example Morimoto et al., 1993,
Journal of Biochemical and Biophysical Methods 24:107-117; Brennan et al., 1985, Science, 229:81). In
certain embodiments, antibody fragments are produced recombinantly. Fab, Fv, and scFv antibody
fragments can all be expressed in and secreted from E. coli or other host cells, thus allowing the
production of large amounts of these fragments. Such antibody fragments can also be isolated from the
antibody phage libraries discussed above. The antibody fragment can also be linear antibodies as
described in U.S. Patent 5,641,870, for example, and can be monospecific or bispecific. Other techniques

for the production of antibody fragments will be apparent to the skilled practitioner.
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[00138] According to the present invention, techniques can be adapted for the production of single-
chain antibodies specific to CD37 (see U.S. Pat. No. 4,946,778). In addition, methods can be adapted for
the construction of Fab expression libraries (Huse, et al., Science 246:1275-1281 (1989)) to allow rapid
and effective identification of monoclonal Fab fragments with the desired specificity for CD37, or
derivatives, fragments, analogs or homologs thereof. Antibody fragments can be produced by techniques
in the art including, but not limited to: (a) a F(ab')2 fragment produced by pepsin digestion of an antibody
molecule; (b) a Fab fragment generated by reducing the disulfide bridges of an F(ab")2 fragment, () a Fab
fragment generated by the treatment of the antibody molecule with papain and a reducing agent, and (d)
Fv fragments.

[00139] It can further be desirable, especially in the case of antibody fragments, to modify an antibody
in order to increase its serum half-life. This can be achieved, for example, by incorporation of a salvage
receptor binding epitope into the antibody fragment by mutation of the appropriate region in the antibody
fragment or by incorporating the epitope into a peptide tag that is then fused to the antibody fragment at
either end or in the middle (e.g., by DNA or peptide synthesis).

100140] Heteroconjugate antibodies are also within the scope of the present invention.
Heteroconjugate antibodies are composed of two covalently joined antibodies. Such antibodies have, for
example, been proposed to target immune cells to unwanted cells (U.S. Pat. No. 4,676,980). It is
contemplated that the antibodies can be prepared in vitro using known methods in synthetic protein
chemistry, including those involving crosslinking agents. For example, immunotoxins can be constructed
using a disulfide exchange reaction or by forming a thioether bond. Examples of suitable reagents for this
purpose include iminothiolate and methyl-4-mercaptobutyrimidate.

[00141] For the purposes of the present invention, it should be appreciated that modified antibodies
can comprise any type of variable region that provides for the association of the antibody with the
polypeptides of a human CD37. In this regard, the variable region can comprise or be derived from any
type of mammal that can be induced to mount a humoral response and generate immunoglobulins against
the desired antigen. As such, the variable region of the modified antibodies can be, for example, of
human, murine, non-human primate (e.g. cynomolgus monkeys, macaques, etc.) or lupine origin. In some
embodiments both the variable and constant regions of the modified immunoglobulins are human. In
other embodiments the variable regions of compatible antibodies (usually derived from a non-human
source) can be engineered or specifically tailored to improve the binding properties or reduce the
immunogenicity of the molecule. In this respect, variable regions useful in the present invention can be
humanized or otherwise altered through the inclusion of imported amino acid sequences.

186142 In certain embodiments, the variable domains in both the heavy and light chains are altered by
at least partial replacement of one or more CDRs and, if necessary, by partial framework region

replacement and sequence changing. Although the CDRs can be derived from an antibody of the same
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class or even subclass as the antibody from which the framework regions are derived, it is envisaged that
the CDRs will be derived from an antibody of different class and possibly from an antibody from a
different species. It is not alway necessary to replace all of the CDRs with the complete CDRs from the
donor variable region to transfer the antigen binding capacity of one variable domain to another. Rather,
in some cases it is only necessary to transfer those residues that are necessary to maintain the activity of
the antigen binding site. Given the explanations set forth in U.S. Pat. Nos. 5,585,089, 5,693,761 and
5,693,762, it will be well within the competence of those skilled in the art, either by carrying out routine
experimentation or by trial and error testing to obtain a functional antibody with reduced immunogenicity.
[00143] Alterations to the variable region notwithstanding, those skilled in the art will appreciate that
the modified antibodies of this invention will comprise antibodies (e.g., full-length antibodies or
immunoreactive fragments thereof) in which at least a fraction of one or more of the constant region
domains has been deleted or otherwise altered so as to provide desired biochemical characteristics such as
reduced serum half-life when compared with an antibody of approximately the same immunogenicity
comprising a native or unaltered constant region. In some embodiments, the constant region of the
modified antibodies will comprise a human constant region. Modifications to the constant region
compatible with this invention comprise additions, deletions or substitutions of one or more amino acids
in one or more domains. That is, the modified antibodies disclosed herein can comprise alterations or
modifications to one or more of the three heavy chain constant domains (CH1, CH2 or CH3) and/or to the
light chain constant domain (CL). In some embodiments, modified constant regions wherein one or more
domains are partially or entirely deleted are contemplated. In some embodiments, the modified antibodies
will comprise domain deleted constructs or variants wherein the entire CH2 domain has been removed
(ACH2 constructs). In some embodiments, the omitted constant region domain will be replaced by a short
amino acid spacer (e.g. 10 residues) that provides some of the molecular flexibility typically imparted by
the absent constant region.

[00144] Besides their configuration, it is known in the art that the constant region mediates several
effector functions. For example, binding of the C1 component of complement to antibodies activates the
complement system. Activation of complement is important in the opsonisation and lysis of cell
pathogens. The activation of complement also stimulates the inflammatory response and can also be
involved in autoimmune hypersensitivity. Further, antibodies bind to cells via the Fc region, with a Fc¢
receptor site on the antibody Fc region binding to a Fc receptor (FcR) on a cell. There are a number of Fc
receptors which are specific for different classes of antibody, including IgG (gamma receptors), IgE (eta
receptors), IgA (alpha receptors) and IgM (mu receptors). Binding of antibody to Fc receptors on cell
surfaces triggers a number of important and diverse biological responses including engulfment and

destruction of antibody-coated particles, clearance of immune complexes, lysis of antibody-coated target
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cells by killer cells (called antibody-dependent cell-mediated cytotoxicity, or ADCC), release of

inflaramatory mediators, placental transfer and control of immunoglobulin production.
{60145} in certain embodiments, the CD37-binding antibodies provide for altered effector functions

that, in turn, affect the biological profile of the administered antibody. For example, the deletion or
inactivation (through point nuutations or other means) of a constant region domain can reduce Fe receptor
binding of the circulating modified antibody. In other cases, it can be that constant region modifications,
consistent with this invention, moderate complement binding and thus reduce the serurn half life and
nonspecific association of a conjugated cytotoxin. Yet other modifications of the constant region can be
used to eliminate disulfide linkages or oligosaccharide moieties that allow for enhanced localization due
to increased antigen specificity or antibody flexibility. Similarly, modifications to the constant region in
accordance with this invention can easily be made using well known biochemical or molecular
engineering techniques well within the purview of the skilled artisan.

{80146} In certain embodiments, a CD37-binding agent that is an antibody does not have one or more
effector functions. For instance, in some embodiments, the antibody has no antibody-dependent cellular
cytotoxicity (ADCC) activity and/or no complement-dependent cytotoxicity (CDC) activity. In certain
embodiments, the antibody does not bind to an Fc receptor and/or complement factors. In certain
embodiments, the antibody has no effector function.

[00147] It will be noted that in certain embodiments, the modified antibodies can be engineered to
fuse the CH3 domain directly to the hinge region of the respective modified antibodies. In other
constructs it can be desirable to provide a peptide spacer between the hinge region and the modified CH2
and/or CH3 domains. For example, compatible constructs could be expressed wherein the CH2 domain
has been deleted and the remaining CH3 domain (modified or unmodified) is joined to the hinge region
with a 5-20 amino acid spacer. Such a spacer can be added, for instance, to ensure that the regulatory
elements of the constant domain remain free and accessible or that the hinge region remains flexible.
However, it should be noted that amino acid spacers can, in some cases, prove to be immunogenic and
elicit an unwanted immune response against the construct. Accordingly, in certain embodiments, any
spacer added to the construct will be relatively non-immunogenic, or even omitted altogether, so as to
maintain the desired biochemical qualities of the modified antibodies.

[00148] Besides the deletion of whole constant region domains, it will be appreciated that the
antibodies of the present invention can be provided by the partial deletion or substitution of a few or even
a single amino acid. For example, the mutation of a single amino acid in selected areas of the CH2
domain can be enough to substantially reduce Fc binding. Similarly, it can be desirable to simply delete
that part of one or more constant region domains that control the effector function (e.g. complement CLQ
binding) to be modulated. Such partial deletions of the constant regions can improve selected

characteristics of the antibody (serum half-life) while leaving other desirable functions associated with the
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subject constant region domain intact. Moreover, as alluded to above, the constant regions of the
disclosed antibodies can be modified through the mutation or substitution of one or more amino acids that
enhances the profile of the resulting construct. In this respect it can be possible to disrupt the activity
provided by a conserved binding site (e.g. Fc binding) while substantially maintaining the configuration
and immunogenic profile of the modified antibody. Certain embodiments can comprise the addition of
one or more amino acids to the constant region to enhance desirable characteristics such as decreasing or
increasing effector function or provide for more cytotoxin or carbohydrate attachment. In such
embodiments it can be desirable to insert or replicate specific sequences derived from selected constant
region domains.

[00149] The present invention further embraces variants and equivalents which are substantially
homologous to the chimeric, humanized and human antibodies, or antibody fragments thereof, set forth
herein. These can contain, for example, conservative substitution mutations, i.e. the substitution of one or
more amino acids by similar amino acids. For example, conservative substitution refers to the substitution
of an amino acid with another within the same general class such as, for example, one acidic amino acid
with another acidic amino acid, one basic amino acid with another basic amino acid or one neutral amino
acid by another neutral amino acid. What is intended by a conservative amino acid substitution is well
known in the art.

[00150] The polypeptides of the present invention can be recombinant polypeptides, natural
polypeptides, or synthetic polypeptides comprising an antibody, or fragment thereof, against a human
CD37. It will be recognized in the art that some amino acid sequences of the invention can be varied
without significant effect of the structure or function of the protein. Thus, the invention further includes
variations of the polypeptides which show substantial activity or which include regions of an antibody, or
fragment thereof, against CD37 protein. Such mutants include deletions, insertions, inversions, repeats,
and type substitutions.

[00151] The polypeptides and analogs can be further modified to contain additional chemical moieties
not normally part of the protein. Those derivatized moiceties can improve the solubility, the biological half
life or absorption of the protein. The moieties can also reduce or eliminate any desirable side effects of the
proteins and the like. An overview for those moieties can be found in REMINGTON'S
PHARMACEUTICAL SCIENCES, 20th ed., Mack Publishing Co., Easton, PA (2000).

[00152] The isolated polypeptides described herein can be produced by any suitable method known in
the art. Such methods range from direct protein synthetic methods to constructing a DNA sequence
encoding isolated polypeptide sequences and expressing those sequences in a suitable transformed host.
In some embodiments, a DNA sequence is constructed using recombinant technology by isolating or

synthesizing a DNA sequence encoding a wild-type protein of interest. Optionally, the sequence can be
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mutagenized by site-specific mutagenesis to provide functional analogs thereof. See, e.g. Zoeller et al,,
Proc. Nat’l. Acad. Sci. USA 81:5662-5066 (1984) and U.S. Pat. No. 4,588,585.

{00153] In some embodiments a DNA sequence encoding a polypeptide of interest would be
constructed by chemical synthesis using an oligonucleotide synthesizer. Such oligonucleotides can be
designed based on the amino acid sequence of the desired polypeptide and selecting those codons that are
favored in the host cell in which the recombinant polypeptide of interest will be produced. Standard
methods can be applied to synthesize an isolated polynucleotide sequence encoding an isolated
polypeptide of interest. For example, a complete amino acid sequence can be used to construct a back-
translated gene. Further, a DNA oligomer containing a nucleotide sequence coding for the particular
isolated polypeptide can be synthesized. For example, several small oligonucleotides coding for portions
of the desired polypeptide can be synthesized and then ligated. The individual oligonucleotides typically
contain 5' or 3' overhangs for complementary assembly.

[00154] Once assembled (by synthesis, site-directed mutagenesis or another method), the
polynucleotide sequences encoding a particular isolated polypeptide of interest will be inserted into an
expression vector and operatively linked to an expression control sequence appropriate for expression of
the protein in a desired host. Proper assembly can be confirmed by nucleotide sequencing, restriction
mapping, and expression of a biologically active polypeptide in a suitable host. As is well known in the
art, in order to obtain high expression levels of a transfected gene in a host, the gene must be operatively
linked to transcriptional and translational expression control sequences that are functional in the chosen
expression host.

[00155] In certain embodiments, recombinant expression vectors are used to amplify and express
DNA encoding antibodies, or fragments thereof, against human CD37. Recombinant expression vectors
are replicable DNA constructs which have synthetic or ¢cDNA-derived DNA fragments encoding a
polypeptide chain of an anti-CD37 antibody, or fragment thereof, operatively linked to suitable
transcriptional or translational regulatory elements derived from mammalian, microbial, viral or insect
genes. A transcriptional unit generally comprises an assembly of (1) a genetic element or elements having
a regulatory role in gene expression, for example, transcriptional promoters or enhancers, (2) a structural
or coding sequence which is transcribed into mRNA and translated into protein, and (3) appropriate
transcription and translation initiation and termination sequences, as described in detail below. Such
regulatory elements can include an operator sequence to control transcription. The ability to replicate in a
host, usually conferred by an origin of replication, and a selection gene to facilitate recognition of
transformants can additionally be incorporated. DNA regions are operatively linked when they are
functionally related to each other. For example, DNA for a signal peptide (secretory leader) is operatively
linked to DNA for a polypeptide if it is expressed as a precursor which participates in the secretion of the

polypeptide; a promoter is operatively linked to a coding sequence if it controls the transcription of the
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sequence; or a ribosome binding site is operatively linked to a coding sequence if it is positioned so as to
permit translation. Structural elements intended for use in yeast expression systems include a leader
sequence enabling extracellular secretion of translated protein by a host cell. Alternatively, where
recombinant protein is expressed without a leader or transport sequence, it can include an N-terminal
methionine residue. This residue can optionally be subsequently cleaved from the expressed recombinant
protein to provide a final product.

[00156] The choice of expression control sequence and expression vector will depend upon the choice
of host. A wide variety of expression host/vector combinations can be employed. Useful expression
vectors for eukaryotic hosts, include, for example, vectors comprising expression control sequences from
SV40, bovine papilloma virus, adenovirus and cytomegalovirus. Useful expression vectors for bacterial
hosts include known bacterial plasmids, such as plasmids from Esherichia coli, including pCR 1, pBR322,
pMB9 and their derivatives, wider host range plasmids, such as M13 and filamentous single-stranded
DNA phages.

[00157] Suitable host cells for expression of a CD37-binding polypeptide or antibody (or a CD37
protein to use as an antigen) include prokaryotes, yeast, insect or higher eukaryotic cells under the control
of appropriate promoters. Prokaryotes include gram negative or gram positive organisms, for example E.
coli or bacilli. Higher eukaryotic cells include established cell lines of mammalian origin as described
below. Cell-free translation systems could also be employed. Appropriate cloning and expression vectors
for use with bacterial, fungal, yeast, and mammalian cellular hosts are described by Pouwels et al.
(Cloning Vectors: A Laboratory Manual, Elsevier, N.Y., 1985), the relevant disclosure of which is hereby
incorporated by reference. Additional information regarding methods of protein production, including
antibody production, can be found, e.g., in U.S. Patent Publication No. 2008/0187954, U.S. Patent Nos.
6,413,746 and 6,660,501, and International Patent Publication No. WO 04009823, each of which is
hereby incorporated by reference herein in its entirety.

[00158] Various mammalian or insect cell culture systems are also advantageously employed to
express recombinant protein. Expression of recombinant proteins in mammalian cells can be performed
because such proteins are generally correctly folded, appropriately modified and completely functional.
Examples of suitable mammalian host cell lines include the COS-7 lines of monkey kidney cells,
described by Gluzman (Cell 23:175, 1981), and other cell lines capable of expressing an appropriate
vector including, for example, L cells, C127, 3T3, Chinese hamster ovary (CHO), HeLa and BHK cell
lines. Mammalian expression vectors can comprise nontranscribed elements such as an origin of
replication, a suitable promoter and enhancer linked to the gene to be expressed, and other 5' or 3' flanking
nontranscribed sequences, and 5' or 3' nontranslated sequences, such as necessary ribosome binding sites,

a polyadenylation site, splice donor and acceptor sites. and transcriptional termination sequences.
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Baculovirus systems for production of heterologous proteins in insect cells are reviewed by Luckow and
Summers, Bio/Technology 6:47 (1988).

[00159] The proteins produced by a transformed host can be purified according to any suitable
method. Such standard methods include chromatography (e.g., ion exchange, affinity and sizing column
chromatography), centrifugation, differential solubility, or by any other standard technique for protein
purification. Affinity tags such as hexahistidine, maltose binding domain, influenza coat sequence and
glutathione-S-transferase can be attached to the protein to allow easy purification by passage over an
appropriate affinity column. Isolated proteins can also be physically characterized using such techniques
as proteolysis, nuclear magnetic resonance and x-ray crystallography.

[00160] For example, supernatants from systems which secrete recombinant protein into culture media
can be first concentrated using a commercially available protein concentration filter, for example, an
Amicon or Millipore Pellicon uitrafiltration unit. Following the concentration step, the concentrate can be
applied to a suitable purification matrix. Alternatively, an anion exchange resin can be employed, for
example, a matrix or substrate having pendant diethylaminoethyl (DEAE) groups. The matrices can be
acrylamide, agarose, dextran, cellulose or other types commonly employed in protein purification.
Alternatively, a cation exchange step can be employed. Suitable cation exchangers include various
insoluble matrices comprising sulfopropyl or carboxymethyl groups. Finally, one or more reversed-phase
high performance liquid chromatography (RP-HPLC) steps employing hydrophobic RP-HPLC media,
e.g., silica gel having pendant methy! or other aliphatic groups, can be employed to further purify a CD37-
binding agent. Some or all of the foregoing purification steps, in various combinations, can also be
employed to provide a homogeneous recombinant protein.

[00161] Recombinant protein produced in bacterial culture can be isolated, for example, by initial
extraction from cell pellets, followed by one or more concentration, salting-out, aqueous ion exchange or
size exclusion chromatography steps. High performance liquid chromatography (HPLC) can be employed
for final purification steps. Microbial cells employed in expression of a recombinant protein can be
disrupted by any convenient method, including freeze-thaw cycling, sonication, mechanical disruption, or
use of cell lysing agents.

[00162] Methods known in the art for purifying antibodies and other proteins also include, for
example, those described in U.S. Patent Publication No. 2008/0312425, 2008/0177048, and
2009/0187005, each of which is hereby incorporated by reference herein in its entirety.

[00163] In certain embodiments, the CD37-binding agent is a polypeptide that is not an antibody. A
variety of methods for identifying and producing non-antibody polypeptides that bind with high affinity to
a protein target are known in the art. See, e.g., Skerra, Curr. Opin. Biotechnol., 18:295-304 (2007), Hosse
et al., Protein Science, 15:14-27 (2006), Gill et al., Curr. Opin. Biotechnol., 17:653-658 (2006), Nygren,
FEBS J., 275:2668-76 (2008), and Skerra, FEBS J., 275:2677-83 (2008), each of which is incorporated by
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reference herein in its entirety. In certain embodiments, phage display technology has been used to
identify/produce the CD37-binding polypeptide. In certain embodiments, the polypeptide comprises a
protein scaffold of a type selected from the group consisting of protein A, a lipocalin, a fibronectin
domain, an ankyrin consensus repeat domain, and thioredoxin.

[00164] In some embodiments, the agent is a non-protein molecule. In certain embodiments, the agent
is a small molecule. Combinatorial chemistry libraries and techniques useful in the identification of non-
protein CD37-binding agents are known to those skilled in the art. See, e.g., Kennedy et al., J. Comb.
Chem, 10:345-354 (2008), Dolle et al, J. Comb. Chem., 9:855-902 (2007), and Bhattacharyya, Curr. Med.
Chem., 8:1383-404 (2001), each of which is incorporated by reference herein in its entirety. In certain
further embodiments, the agent is a carbohydrate, a glycosaminoglycan, a glycoprotein, or a proteoglycan.
[00165] in certain embodiments, the agent is a nucleic acid aptamer. Aptamers are polynucleotide
molecules that have been selected (e.g., from random or mutagenized pools) on the basis of their ability to
bind to another molecule. In some embodiments, the aptamer comprises a DNA polynucleotide. In
certain alternative embodiments, the aptamer comprises an RNA polynucleotide. In certain embodiments,
the aptamer comprises one or more modified nucleic acid residues. Methods of generating and screening
nucleic acid aptamers for binding to proteins are well known in the art. See, e.g., U.S. Patent No.
5,270,163, U.S. Patent No. 5,683,867, U.S. Patent No. 5,763,595, U.S. Patent No. 6,344,321, U.S. Patent
No. 7,368,236, U.S. Patent No. 5,582,981, U.S. Patent No. 5,756,291, U.S. Patent No. 5,840,867, U.S.
Patent No. 7,312,325, U.S. Patent No. 7,329,742, International Patent Publication No. WO 02/077262,
International Patent Publication No. WO 03/070984, U.S. Patent Application Publication No.
2005/0239134, U.S. Patent Application Publication No. 2005/0124565, and U.S. Patent Application
Publication No. 2008/0227735, each of which is incorporated by reference herein in its entirety.

IIL Immunoconjugates

[00166) The present invention is also directed to conjugates (also referred to herein as
immunoconjugates), comprising the anti-CD37 antibodies, antibody fragments, and their functional
equivalents as disclosed herein, linked or conjugated to a drug or prodrug. Suitable drugs or prodrugs are
known in the art. The drugs or prodrugs can be cytotoxic agents. The cytotoxic agent used in the
cytotoxic conjugate of the present invention can be any compound that results in the death of a cell, or
induces cell death, or in some manner decreases cell viability, and includes, for example, maytansinoids
and maytansinoid analogs. Other suitable cytotoxic agents are for example benzodiazepines, taxoids, CC-
1065 and CC-1065 analogs, duocarmycins and duocarmycin analogs, enediynes, such as calicheamicins,
dolastatin and dolastatin analogs including auristatins, tomaymycin derivaties, leptomycin derivaties,
methotrexate, cisplatin, carboplatin, daunorubicin, doxorubicin, vincristine, vinblastine, melphalan,

mitomycin C, chlorambucil and morpholino doxorubicin.
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[00167] Such conjugates can be prepared by using a linking group in order to link a drug or prodrug to
the antibody or functional equivalent. Suitable linking groups are well known in the art and include, for
example, disulfide groups, thioether groups, acid labile groups, photolabile groups, peptidase labile
groups and esterase labile groups.
[00168] The drug or prodrug can, for example, be linked to the anti-CD37 antibody or fragment
thereof through a disulfide bond. The linker molecule or crosslinking agent comprises a reactive chemical
group that can react with the anti-CD37 antibody or fragment thereof. The reactive chemical groups for
reaction with the cell-binding agent can be N-succinimidyl esters and N-sulfosuccinimidyl esters.
Additionally the linker molecule comprises a reactive chemical group, which can be a dithiopyridy] group
that can react with the drug to form a disulfide bond. Linker molecules include, for example, N-
succinimidyl 3-(2-pyridyldithio) propionate (SPDP) (see, e.g., Carlsson et al., Biochem. J., 173: 723-737
(1978)), N-succinimidyl 4-(2-pyridyldithio)butanoate (SPDB) (see, e.g., U.S. Patent No. 4,563,304), N-
succinimidyl 4-(2-pyridyldithio)2-sulfobutanoate (sulfo-SPDB) (see US Publication No. 20090274713) ,
N-succinimidyl 4-(2-pyridyldithio) pentanoate (SPP) (see, e.g., CAS Registry number 341498-08-6), 2-
iminothiolane, or acetylsuccinic anhydride. For example, the antibody or cell binding agent can be
modified with crosslinking reagents and the antibody or cell binding agent containing free or protected
thiol groups thus derived is then reacted with a disulfide- or thiol-containing maytansinoid to produce
conjugates. The conjugates can be purified by chromatography, including but not limited to HPLC, size-
exclusion, adsorption, ion exchange and affinity capture, dialysis or tangential flow filtration.
[00169] In another aspect of the present invention, the anti-CD37 antibody is linked to cytotoxic drugs
via disulfide bonds and a polyethylene glycol spacer in enhancing the potency, solubility or the efficacy of
the immunoconjugate. Such cleavable hydrophilic linkers are described in W02009/0134976. The
additional benefit of this linker design is the desired high monomer ratio and the minimal aggregation of
the antibody-drug conjugate. Specifically contemplated in this aspect are conjugates of cell-binding
agents and drugs linked via disulfide group (-S-S-) bearing polyethylene glycol spacers ((CH,CHO)5=1.14)
with a narrow range of drug load of 2-8 are described that show relatively high potent biological activity
toward cells and have the desired biochemical properties of high conjugation yield and high monomer
ratio with minimal protein aggregation.
[00170] Specifically contemplated in this aspect is an anti-CD37 antibody drug conjugate of
formula (I) or a conjugate of formula (I'):

CB—[X—(~CHy—CHyO-)p~Y-D]n (I

[D-Y-(—-CH;~CH,0-),~Xi]m-CB )
wherein:

[00171] CB represents an anti-CD37 antibody or fragment;
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[00172] D represents a drug;
[00173] X represents an aliphatic, an aromatic or a heterocyclic unit attached to the cell-binding agent

via a thioether bond, an amide bond, a carbamate bond, or an ether bond;

[00174] Y represents an aliphatic, an aromatic or a heterocyclic unit attached to the drug via a
disulfide bond;

{80175} Tisforl;

{80176} m is an integer from 2 to 8; and

(801771 nis an integer from 1 to 24.

{08178] In some embodiments, m is an integer from 2 to 6.

{80179} In some embodiments, m is an integer from 3 to 5.

{80180} In some embodiments, n is an integer form 2 to 8. Alternatively, as disclosed in, for example,

U.S. Patent No. 6,441,163 and 7,368,565, the drug can be first modified to introduce a reactive ester
suitable to react with a cell-binding agent. Reaction of these drugs containing an activated linker moiety
with a cell-binding agent provides another method of producing a cell-binding agent drug conjugate.
Maytansinoids can also be linked to anti-CD37 antibody or fragment using PEG linking groups, as set
forth for example in U.S. Patent 6,716,821. These PEG non-cleavable linking groups are soluble both in
water and in non-aqueous solvents, and can be used to join one or more cytotoxic agents to a cell binding
agent. Exemplary PEG linking groups include heterobifunctional PEG linkers that react with cytotoxic
agents and cell binding agents at opposite ends of the linkers through a functional sulthydryl or disulfide
group at one end, and an active ester at the other end. As a general example of the synthesis of a cytotoxic
conjugate using a PEG linking group, reference is again made to US. Patent 6,716,821 which is
incorporated entirely by reference herein. Synthesis begins with the reaction of one or more eytotoxic
agents bearing a reactive PEG moiety with a cell-binding agent, resulting in displacement of the terminal
active ester of each reactive PEG moilety by an amino acid residue of the cell binding agent, to yvield a
cytotoxic conjugate comprising one or more cytotoxic agents covalently bonded to a cell binding agent
through a PEG linking group. Alternatively, the cell binding can be modified with the bifunctional PEG
crosslinker to introduce a reactive disulfide moiety (such as a pyridyldisulfide), which can then be treated
with a thiol-containing maytansinoid to provide a conjugate. In another method, the cell binding can be
modified with the bifunctional PEG crosslinker to introduce a thiol moiety which can then can be treated
with 4 reactive disulfide-containing maytansinoid (such as a pyridyldisulfide), to provide a conjugate.

[00181] Antibody-maytansinoid conjugates with non-cleavable links can also be prepared. Such
crosslinkers are described in the art (see US Publication No. 20050169933) and include but are not limited
to, N-succinimidyl 4-(maleimidomethyl) cyclohexanecarboxylate (SMCC). In some embodiments, the
antibody is modified with crosslinking reagents such as succinimidyl 4-(N-maleimidomethyl)-

cyclohexane-1-carboxylate (SMCC), sulfo-SMCC, maleimidobenzoyl-N-hydroxysuccinimide ester
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(MBS), sulfo-MBS or succinimidyl-iodoacetate, as described in the literature, to introduce 1-10 reactive
groups (Yoshitake et al, Eur. J. Biochem., 101:395-399 (1979); Hashida et al, J. Applied Biochem., 56-63
(1984); and Liu et al, Biochem., 18:690-697 (1979)). The modified antibody is then reacted with the thiol-
containing maytansinoid derivative to produce a conjugate. The conjugate can be purified by gel filtration
through a Sephadex G25 column or by dialysis or tangential flow filtration. The modified antibodies are
treated with the thiol-containing maytansinoid (1 to 2 molar equivalent/maleimido group) and antibody-
maytansinoid conjugates are purified by gel filtration through a Sephadex G-25 column, chromatography
on a ceramic hydroxyapatite column, dialysis or tangential flow filtration or a combination of methods
thereof. Typically, an average of 1-10 maytansinoids per antibody are linked. One method is to modify
antibodies with succinimidyl 4-(N-maleimidomethyl)-cyclohexane-1-carboxylate (SMCC) to introduce
maleimido groups followed by reaction of the modified antibody with a thiol-containing maytansinoid to
give a thioether-linked conjugate. Again conjugates with 1 to 10 drug molecules per antibody molecule
result. Maytansinoid conjugates of antibodies, antibody fragments, and other proteins are made in the
same way.
[00182] In another aspect of the invention, the CD37 antibody is linked to the drug via a non-
cleavable bond through the intermediacy of a PEG spacer. Suitable crosslinking reagents comprising
hydrophilic PEG chains that form linkers between a drug and the anti-CD37 antibody or fragment are
also well known in the art, or are commercially available (for example from Quanta Biodesign, Powell,
Ohio). Suitable PEG-containing crosslinkers can also be synthesized from commercially available PEGs
themselves using standard synthetic chemistry techniques known to one skilled in the art. The drugs can
be reacted with bifunctional PEG-containing cross linkers to give compounds of the following formula, Z
—X~(~CH,~CH,-O-),~Y,~D, by methods described in detail in US Patent Publication 20090274713 and
in W02009/0134976, which can then react with the cell ‘binding agent to provide a conjugate.
Alternatively, the cell binding can be modified with the bifunctional PEG crosslinker to introduce a thiol-
reactive group (such as a maleimide or haloacetamide) which can then be treated with a thiol-containing
maytansinoid to provide a conjugate. In another method, the cell binding can be modified with the
bifunctional PEG crosslinker to introduce a thiol moiety which can then be treated with a thiol-reactive
maytansinoid (such as a maytansinoid bearing a maleimide or haloacetamide), to provide a conjugate.
[00183] Accordingly, another aspect of the present invention is an anti-CD37 antibody drug conjugate
of formula (II) or of formula (II'):

CB-[X«(—CH,—CH;~O-)y—Y ;D] (I

[D-Y,~(—CH;—CH,-0-),~X]»-CB (I
wherein, CB represents an anti-CD37 antibody or fragment;

{00184} D represents a drug;
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[00185] X represents an aliphatic, an aromatic or a heterocyclic unit bonded to the cell-binding agent
via a thioether bond, an amide bond, a carbamate bond, or an ether bond;

[00186] Y represents an aliphatic, an aromatic, or a heterocyclic unit bonded to the drug via a covalent
bond selected from the group consisting of a thioether bond, an amide bond, a carbamate bond, an ether

bond, an amine bond, a carbon-carbon bond and a hydrazone bond,

[OD187] lisOorl;

[00188] pisOorl;

[00189] m is an integer from 2 to 15; and

{90190} n is an integer from 1 to 2000.

{80191} In some embodiments, m is an integer from 2 to 8; and

[00152] In some embodiments, n is an integer from 1 to 24.

[00193] In some embodiments, m is an integer from 2 to 6.

[00194] In some embodiments, m is an integer from 3 to 5.

[00195] In some embodiments, n is an integer from 2 to 8. Examples of suitable PEG-containing

linkers include linkers having an N-succinimidyl ester or N-sulfosuccinimidyl ester moiety for reaction
with the anti-CD37 antibody or fragment thereof, as well as a maleimido- or haloacetyl-based moiety for
reaction with the compound. A PEG spacer can be incorporated into any crosslinker known in the art by
the methods described herein.

[00196] Many of the linkers disclosed herein are described in detail in U.S. Patent Publication
Nos. 20050169933 and 20090274713, and in W0O2009/0134976; the contents of which are entirely
incorporated herein by reference.

[00197] The present invention includes aspects wherein about 2 to about 8 drug molecules ("drug
load"), for example, maytansinoid, are linked to an anti-CD37 antibody or fragment thereof. "Drug load",
as used herein, refers to the number of drug molecules (e.g., a maytansinoid) that can be attached to a cell
binding agent (e.g., an anti-CD37 antibody or fragment thereof). In one aspect, the number of drug
molecules that can be attached to a cell binding agent can average from about 2 to about 8 (e.g., 1.9, 2.4,
2.1,22,23,2.4,25,26,2.7,28,29,3.0,3.1,3.2,3.3,3.4,3.5,3.6,3.7,3.8,3.9,4.0,4.1,4.2,4.3, 4.4,
45,4.6,4.7,48,49,50,5.1,52,53,5.4,5.5,56,5.7,5.8,5.9,6.0,6.1,6.2, 63,64, 6.5, 6.6, 6.7, 6.8,
6.9,7.0,7.1,7.2,7.3, 7.4,7.5, 7.6, 7.7, 7.8, 7.9, 8.0, 8.1). N -deacetyl-N” -(3-mercapto-1-oxopropyl)-
maytansine (DM1) and N -deacetyl-N” -(4-mercapto-4-methyl-1-oxopentyl) maytansine (DM4) can be
used.

[00198] Thus, in one aspect, an immunocongugate comprises 1 maytansinoid per antibody. In
another aspect, an immunocongugate comprises 2 maytansinoids per antibody. In another aspect, an
immunocongugate comprises 3 maytansinoids per antibody. In another aspect, an immunocongugate

comprises 4 maytansinoids per antibody. In another aspect. an immunocongugate comprises 5
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maytansinoids per antibody. In another aspect, an immunocongugate comprises 6 maytansinoids per
antibody. In another aspect, an immunocongugate comprises 7 maytansinoids per antibody. In another
aspect, an immunocongugate comprises 8 maytansinoids per antibody.

[00199] In one aspect, an immunoconjugate comprises about 1 to about 8 maytansinoids per antibody.
In another aspect, an immunoconjugate comprises about 2 to about 7 maytansinoids per antibody. In
another aspect, an immunoconjugate comprises about 2 to about 6 maytansinoids per antibody. In another
aspect, an immunoconjugate comprises about 2 to about 5 maytansinoids per antibody. In another aspect,
an immunoconjugate comprises about 3 to about 5 maytansinoids per antibody. In another aspect, an
immunoconjugate comprises about 3 to about 4 maytansinoids per antibody.

[00200] In one aspect, a composition comprising immunoconjugates has an average of about 2 to
about 8 (e.g., 1.9,2.0,2.1,2.2,2.3,2.4,2.5,2.6,2.7,2.8,2.9,3.0,3.1,3.2,3.3,3.4,3.5,3.6,3.7,3.8, 3.9,
4.0,4.1,42,43,4.4,45,46,4.7,4.8,49,50,5.1,52,53,54,55,56,5.7,5.8,59,6.0,6.1,6.2, 6.3,
6.4, 6.5, 6.6, 6.7, 6.8, 69, 7.0, 7.1, 7.2, 7.3, 7.4, 7.5, 7.6, 7.7, 7.8, 7.9, 8.0, 8.1) drug molecules (e.g.,
maytansinoids) attached per antibody. In one aspect, a composition comprising immunoconjugates has an
average of about 1 to about 8 drug molecules (e.g., maytansinoids) per antibody. In one aspect, a
composition comprising immunoconjugates has an average of about 2 to about 7 drug molecules (e.g.,
maytansinoids) per antibody. In one aspect, a composition comprising immunoconjugates has an average
of about 2 to about 6 drug molecules (e.g., maytansinoids) per antibody. In one aspect, a composition
comprising immunoconjugates has an average of about 2 to about 5 drug molecules (e.g., maytansinoids)
per antibody. In one aspect, a composition comprising immunoconjugates has an average of about 3 to
about 5 drug molecules (e.g., maytansinoids) per antibody. In one aspect, a composition comprising

immunoconjugates has an average of about 3 to about 4 drug molecules (e.g., maytansinoids) per

antibody.
{66201} In one aspect, a composition comprising impunoconjugates has an average of about 2 £ 0.5,
about 3 & 0.5, about 4 & 0.5, about 5 £ 0.5, about 6 + 0.5, about 7 & (1.5, or about 8 + {.5 drug molecules

{¢.g., mayiansinoids) attached per antibody. In one aspect, a composition comprising inununoconjugates
has an average of about 3.5 + 0.5 drug melecules {o.g., maytansinoids}) per antibody.

(092021 The anti-CD¥37 antibody or fragment thereof can be modified by reacting a bifunctional
crosstinking reagent with the anti-C{337 antibody or fragment thereof, thereby resulting in the covalent
attachment of a linker molecule to the anti-CD37 antibody or fragment thereof. As used herein, a
"bifunctional crosslinking reagent" is any chemical moiety that covalently links a cell-binding agent to a
drug, such as the drugs described herein. In another method, a portion of the linking moiety is provided
by the drug. In this respect, the drug comprises a linking moiety that is part of a larger linker molecule
that is used to join the cell-binding agent to the drug. For example, to form the maytansinoid DM1, the
side chain at the C-3 hydroxyl group of maytansine is modified to have a free sulthydryl group (SH). This
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thiolated form of maytansine can react with a modified cell-binding agent to form a conjugate. Therefore,
the final linker is assembled from two components, one of which is provided by the crosslinking reagent,
while the other is provided by the side chain from DMI.

[00203] The drug molecules can also be linked to the antibody molecules through an intermediary
carrier molecule such as serum albumin.

[00204] As used herein, the expression "linked to a cell-binding agent” or "linked to an anti-CD37
antibody or fragment" refers to the conjugate molecule comprising at least one drug derivative bound to a
cell-binding agent anti-CD37 antibody or fragment via a suitable linking group, or a precursor thereof.
One linking group is SMCC.

100205] In certain embodiments, cytotoxic agents useful in the present invention are maytansinoids
and maytansinoid analogs. Examples of suitable maytansinoids include esters of maytansinol and
maytansinol analogs. Included are any drugs that inhibit microtubule formation and that are highly toxic
to mammalian cells, as are maytansinol and maytansinol analogs.

[00206] Examples of suitable maytansinol esters include those having a modified aromatic ring and
those having modifications at other positions. Such suitable maytansinoids are disclosed in U.S. Patent
Nos. 4,424,219; 4,256,746; 4,294,757; 4,307,016; 4,313,946; 4,315,929; 4,331,598; 4,361,650, 4,362,663;
4,364,866; 4,450,254; 4,322,348; 4,371,533; 5,208,020; 5,416,064; 5,475,092; 5,585,499; 5,846,545,
6,333,410; 7,276,497 and 7,473,796.

[00207] In a certain embodiment, the immunoconjugates of the invention utilize the thiol-containing
maytansinoid (DM1), formally termed N -deacetyl-N* -(3-mercapto-1- oxopropy1)-maytansine, as the
cytotoxic agent. DM is represented by the following structural formula (I1D):
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[00208] In another embodiment, the conjugates of the present invention utilize the thiol-containing

maytansinoid N?-deacetyl-N” (4-methy 1-4-mercapto-1-  oxopentyl)-maytansine (e.g., DM4) as the
cytotoxic agent. DM4 is represented by the following structural formula (IV):
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[00209] Another maytansinoid comprising a side chain that contains a sterically hindered thiol bond is

N*'-deacetyl-N-? (4-mercapto-1-oxopentyl)}-maytansine (termed DM3), represented by the following

structural formula (V):
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[00210] Each of the maytansinoids taught in US Patent No. 5,208,020 and 7,276,497, can also be used
in the conjugate of the present invention. In this regard, the entire disclosure of 5,208,020 and 7,276,697
is incorporated herein by reference.

[060211] Many positions on maytansinoids can serve as the position to chemically link the linking
moiety. For example, the C-3 position having a hydroxyl group, the C-14 position modified with
hydroxymethyl, the C-15 position modified with hydroxy and the C-20 position having a hydroxy group
are all expected to be useful. In some embodiments, the C-3 position serves as the position to chemically
link the linking moiety, and in some particular embodiments, the C-3 position of maytansinol serves as the
position to chemically link the linking moiety.

{00212 Structural representations of some conjugates are shown below:
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[00213] Several descriptions for producing such antibody-maytansinoid conjugates are provided in

U.S. Patent Nos. 6,333,410, 6,441,163, 6,716,821, and 7,368,565, each of which is incorporated herein in
its entirety.

[00214] In general, a solution of an antibody in aqueous buffer can be incubated with a molar excess
of maytansinoids having a disulfide moiety that bears a reactive group. The reaction mixture can be
quenched by addition of excess amine (such as ethanolamine, taurine, etc.). The maytansinoid-antibody
conjugate can then be purified by gel filtration.

[00215] The number of maytansinoid molecules bound per antibody molecule can be determined by
measuring spectrophotometrically the ratio of the absorbance at 252 nm and 280 nm. The average
number of maytansinoid molecules/antibody can be, for example, about 1-10, 2-5, 3-4, or about 3.5. In
one aspect, the average number of maytansinoid molecules/antibody is about 3.5 £ 0.5.

[00216] Anthracycline compounds, as well as derivatives, intermediates and modified versions
thereof, can also be used to prepare anti-CD37 immunoconjugates. For example, doxorubicin,
doxorubicin derivatives, doxorubicin intermediates, and modified doxorubicins can be used in anti-CD37
conjugates. Exemplary compounds are described in WO 2010/009124, which is herein incorporated by

reference in its entirety. Such compounds include, for example, compounds of the following formula:
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Rz
wherein R, is a hydrogen atom, hydroxy or methoxy group and R; is a C;-C, alkoxy group, or a
pharmaceutically acceptable salt thereof.
[00217] Conjugates of antibodies with maytansinoid or other drugs can be evaluated for their ability to
suppress proliferation of various unwanted cell lines in vitro. For example, cell lines such as the human
lymphoma cell line Daudi and the human lymphoma cell line Ramos, can easily be used for the
assessment of cytotoxicity of these compounds. Cells to be evaluated can be exposed to the compounds
for 4 to 5 days and the surviving fractions of cells measured in direct assays by known methods. 1Cso
values can then be calculated from the results of the assays.
[00218] The immunoconjugates can, according to some embodiments described herein, be internalized
into cells. The immunocongugate, therefore, can exert a therapeutic effect when it is taken up by, or
internalized, by a CD37-expressing cell. In some particular embodiments, the immunoconjugate
comprises an antibody, antibody fragment, or polypeptide, linked to a cytotoxic agent by a cleavable
linker, and the cytotoxic agent is cleaved from the antibody, antibody fragment, or polypeptide, wherein it
is internalized by a CD37-expressing cell.
[00219] In some embodiments, the immunoconjugates are capable of depleting B-cells, e.g.
autoreactive B-cells. For example, in some embodiments, treatment with an immunoconjugate results in a
depletion of at least about 25%, at least about 30%, at least about 35%, at least about 40%, at least about
45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%, or
at least about 75% of B-cells.
[00220] In another aspect of the invention siRNA molecules can be linked to the antibodies of the
present invention instead of a drug. siRNAs can be linked to the antibodies of the present invention by
methods commonly used for the modification of oligonucleotides (see, for example, US Patent
Publications 20050107325 and 20070213292). Thus the siRNA in its 3’ or 5’-phosphoromidite form can
be reacted with one end of the crosslinker bearing a hydroxyl functionality to give an ester bond between
the si®MA and the crosslinker. Similarly reaction of the siRNA phosphoramidite with a crosslinker
bearing a terminal amino group results in linkage of the crosslinker to the siRNA through an amine.

Alterpatively, the siRNA can be derivatized by standard chemical methods to introduce a thiol group.
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This thiol-containing siRNA can be reacted with an antibody, that has been modified to introduce an
active disulfide or maleimide moiety, to produce a cleavable or non cleavable conjugate. Between 1 - 20

siRNA molecules can be linked to an antibody by this method.

111 Polynucleotides

[00221] In certain embodiments, the invention encompasses polynucleotides comprising
polynucleotides that encode a polypeptide that specifically binds CD37 or a fragment of such a
polypeptide. For example, the invention provides a polynucleotide comprising a nucleic acid sequence
that encodes an antibody to a human CD37 or encodes a fragment of such zn antibody. The
polynucleotides of the invention can be in the form of RNA or in the form of DNA. DNA includes
cDNA, genomic DNA, and synthetic DNA; and can be double-stranded or single-stranded, and if single
stranded can be the coding strand or non-coding (anti-sense) strand.

[00222] In certain embodiments, the polynucleotides are isolated. In certain embodiments, the
polynucleotides are substantially pure.

[00223] The invention provides a polynucleotide comprising a polynucleotide encoding a polypeptide
comprising a sequence selected from the group consisting of SEQ ID NOs:4-120.

[00224] The invention further provides a polynucleotide comprising a sequence selected from those

shown in Tables 7-10 below.

Table 7: Variable heavy chain polynucleotide sequences

Antibody VH Polynucleotide Seguence (SEQ ID NO)
muCD37-3 ' caggtgcaggtgaaggagtcaggacctggectggtggegeectcacagagectgtecattacatgeactg
tctcagggttcteattaaccacctetggtgtaagetgggticgecagectecaggaaagggtotggagte
gctgggagtaatatgggetgacgggageacaaactatcattcagetctcaaatccagactgageatcaag
aaggatcactccaagagccaagttticttaaaactgaacagtctgeaaactgatgacacagecacgtact
actgtgccaaaggaggctactegttggetcactggggccaagggactetggteacagtetetgea (SEQ 1D
) NO:121) )
. chCD37-3 aagcttgccaccatggetgtectggeactgeteetctgeetggtgacatacceaagetgtgtectatcacaggtgeaggtg
aaggagtcaggacctggccetggtggegecctcacagagectgtecattacatgeactgtetcagggtteteattaaccac
ctctggtgtaagetgggticgecagectccaggaaagggtetggagtggctgggagtaatatggggteacgggageac
aaactatcattcagctctcaaatccagactgagcatcaagaaggatcactccaagagecaagttticttaaaactgaacagt
ctgcaaactgatgacacagecacgtactactgtgccaaaggaggetactegttggeteactggggecaagggactetgg
tcacagitetctgcagectetacgaagecee (SEQ ID NO:122)

huCD37-3v1.0 aagcttgccaccatgggttggagetgeattattetgtttctggtggecaccgecaccggtgtgeactcacaagtecaagte
caagaatctggtccaggtetggtggecccttcecaaactetgageatcacctgtaccgtttetggttttagecttaccaccte
tggtgtgagttgggtacgecaaccacecggtaagggtctegaatggetgggtataatetgggetgatggticcacaaatt
accatccttccctcaagteccgecttageatcaaaaaggatcacagcaaaagtcaagtittcctgaaactgaatagictgac
‘ agcagccgatacagecacctactattgegecaagggtggttatagtettgeacactggggteaaggtacectegttacegt
ctectcagetagtaccaagzgcee (SEQ ID NO:123 4 o
huCD37-3v1.1 aagcttgecaccatgggctggagcetgtateattctgtttctggtggegacagetactggggtecactcccaagtgeaggta
- caagagtccgggcectggattggtcgeaccaagecagacccetcetctateacttgtacegttagegggtictetetgacaace |

agtugastgagtiggelranscageeaccagganagogactaeagtgactggogtaatitagpacsacggeagea |
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gacegigteatcegeatcaacaaagggccc {SEQ ID NO:124)

s:aaa«:tzatcaitccagtcﬁaa’atdcggﬁvth cattnaz waaagaccatagiaaatcteaagtiticctgaaactcaatagect
gacagecgeagacactgetacgtattactgegecaaaggaggatacagictggetcactggepacaggggacceiggt

muCD37-12

cagatccagitgetgeagiotggaceigage Tgaagd'lgwiggdf*aadcamcaag itetectge aac:g
ctictgggtatacettcacaaagiatggaatgaactggetgaagcaggcicasgganagpetitasagly
gatgggetggataaacaceaacactggagagtcaagaaatgotgaagaaticaagggacggttigectic
tcmggaaacct{:tgccaﬂcactf—*cc‘ia‘&tigca;zatcaacaacctg.aaatatgaggacacgg,umcat
atitotgigeaaggggcacggtagiageggactggggceaaggeaccacteteacagtetectea (SEQ ID

NO:125)

chCD37-12

aagcettgecaccatgggategicatgeataatecteitictggtogetactgotaceggtatgoacicacagaticagetgy
ftcaaagt g,g ccagagetgaanaagecaggggaaacagigaaaatangitgcaaggratocggitacactticacaaa
gtacggcatgaacigggicaagoaggeccagggeaagggpcicaaatgatgpgtipoateaataceaacaciggeg
agtctaggaatgcigaggagtitaagggecggitigocticagectggagacaagtaceagracageitaccigeaaate
aacaatctgaagtatgageatacagcaacciatiictgeggoegeggeacigicgtigeagactgagpacaaggtacoa
tgactiiatccagigecagcactaagggeee (SEQ 1D NO:126)

muCD37-38

ga gtgcageticaggagicaggaccigace gﬁgaa&wﬁciww cactttcactcaccigeactg
teactggetactccatcaccagtggittiggetggeaciggatceggcagtiiccaggasacaageigga
atggatggectacataciclacagiggiggeactgaciacaacceatetcteaaaagicgaatoiotate

actcgagacacticcangaaccagiteticcigeggtigagticigtgactacigaggacacagecacat
attacigtzcasgaggciactalgg t'tacgg}gcctggtﬁgmactggggccaagggaatetggmaa
tgtctetgea (SEQ 1D NO2T)

chCD37-38

aagetige ‘“acLatcmgfuwatﬁtﬁem attct“mﬁggwoccmwwacimvagtccaﬁcccaaotgs:aaﬂt“c
aggaatciggeceigacetggtiaagecainicagagecicicocigaccigeactgitacaggatactcaatcacateay
0'"mg0ctgocacm%tcasauamtuug gaacaagtiggaatgeatggotiacaticigtalageggeoatacey

<

aftacaatecttecoicaagageegaatcictatcaccagggatacasgoaagaaccaatititicicegecteagoicligtg

h=d

aciaccgaagatacegetacitactatigigecaggagotactatggatatggtacatgpticgtotaligggaeeagega

huCix37-38

accctgpigactgtgagegetpectetaccaaggeecc (SEQ D NO: 128} )
wc*igcc&ccatoeﬁﬂooagctg afcatictiticctggicgctacigeaactggagtcoacicacaggiccagtge
aagagtecggicetgggetigteanacecageragicocicagtcteaccigtactgicteiggetacictatiaccagigg
gtteggoiggeatiggatiaggeagtitoceggtaageppctagagtopatgaeatatatecigtacageggagaaaco
gattacaacceaagicigaagageaggalcageattaccogggacacaagraaaaaccagititiceiteggoetgictagt
gitacagctgcagacacegotactiactatigigeicgges mcmﬁ;gcmt% spotigettigigialiogogacaag
scactctigtgacoptyagcagogectoaacaaagggece (SEQ D NO:129)

muCD37-50

tgtctetgea (SEQ 1D NO:130)

gaigtgcageticaggagtcaggaccigaceigtigaaacetictcagloactticacteaccigeactg
fcac hct&a fccaicaccagiggttttgectggeactggatecggeagittocaggaaacaaacigea
atggaiggzgcmcam‘,,&,tacagrggtagcactgtcm;:agcccat”t“tcaaaaotcgaa‘tctctam
actcgagacacatccaagaaccactictioctgeagtiganticigtgnctacigaggacacagecacat
attactgtgeaagaggglactatggilacgglgoo é,gvmocﬁactqgg- ceaagggactotggteac

huCD37-50

aagettgecaccaiggggipgtocigeataatecttiteciggtigetactgetaceggagtocattcacaggigeagetae
aggagtecggecceggeetgelcaagecitcteagagtoigagteigacttglacigitictggetacageataacoageg
gtttcgeitggeactggateagacageatecoggoaacaaactggagiggatggaatacatactgtacteaggetcaact
gictaticecocteectgaaatecoggateagtatiace "‘.g" gacacitctaagaaccattititictgeagctgaacagoegtt
accgeagetgacactgeaacctactacigtgecoggggatatatggatacggagottggticgoitacigeggecaagg
caccetogtaactgizagtsotgoticcaccaaggucc : (QEQ IDNO:193)

muCD37-51

oatvts;eagattcaggagaag,oauvcté,acctgﬁ raaacchici L&ﬁ*cactttcaotcaf‘ctgcactg
atkge« g 2C ia»stauax’mcaﬁ %iaguaume‘cmaagca carctc-*caauagtcgaa&ctctmc
actegagacicatecaagaaccaghictioctgeagtigaaticigipactacigaggacacagecacal
dﬁ&biﬁiﬁ"ddgydﬂU&Ee&fi&‘(bgmc gogectggtiigtitactgggeccaaggeactetggicac
totctotiea (SEQ D NO:13 1)

huCD37-51

Aagettgecaccatgggiigeiciigoateatce tgk‘&,ctggﬁwc»,au‘sgucacif*ﬂcgigcattcagaavtmagtigg
fagagiccggcecagaaghctyaaaccegacgaatcactgtecotgactiytaccaigicagatiatagoaicageagc

Redind




WO 2012/135740

PCT/US2012/031648
-62 -

gctttgcttggcactggdttcggcagtttccaggcaagggactogaatggatgggctacatccattacagtggctcaac ‘
caattacagccctagectgeagggecgaatctetattaccagggatagttcetattaaccagtttttcctgeagettaattecgt
gactgcctctgacacagcaacttactattgcgcccotggctactacoggttcogagcct ofttgtatactggggtcaggg !

muCD37-56

gatgtgcagcttcaggagtcaggacctgacctogtgaaaccttctcagtcactttcactcacctgcactg
tcactggctactccatcaccagtggttttgectggeactggatceggeagttteccaggaaacaaactgga
atggatgggoctacatacactacagtggtggceactaactacaacccatctctcaaaagtcgagtctctate
actcgagacacatccaagaaccagttcttcctgeagttgaattctgtgactactgaggacacagecacatattactgtgcaa
gaggctactatggtttcggggcctggtttgcttactggggecaagggactetggteee j
tatetetgea {SEQ ID NO:132)

huCD37-56

aagcttgccaccatggggteggagcetgceattateetgttcctegtegecacegeaaccggegtecacteecaggtgeaget |
gcaagaaagcgggecaggattggtaaaacctteceagtetetgagtcttacttgtacegtatcetggatacagtatcacatet
ggcttecgeetggeattggattegecagtttcceggeaaggggcttgagtggatgggotatatteattatictggaggtacca
actacaacccttccctgaagagtcgagtetcaattaccagggacacttccaagaaccaattctitttgeagcttaattcagtg
accgcetgecgacaccgcetacttactactgegeccggggctactatgggtttggtoectggticgectactggggecaggg

_gaccctgstacecgtatetgetgectecacaaagggcce (SEQ ID NO:133)

muCD37-57

gatgtgcagcttcaggagtcaggacctgacctgﬁgaaaccttctcaotcactttcactcacctgcactg

tcactggctactccatcaccagtggttttgectggeactggateeggeagtttccaggaaacaaactgga
atggatgggctacatactctacagtggtageactgtctacageccatctetcaaaagtcgaatetetate j
actcgagacacatccaagaaccagttcttcctgeagttgaattctgtgactactgaggacacagecacatattactgtgeaa ﬁ
gagggtactatggttacggcgectggtttgettactggggccaagggactetggteactgtctetgea (SEQ ID

| NO:134)

huCD37-57

ggggacactegtaaccgtticegeegectecacaaagrccee (SEQ ID NO:135)

aagcttgccaccatgggctg0agctgcatcattctgtttctggtggccacagcaactggc gttcacagtcaagtccaactg

caggagagcggccccggactcctgaaaccatctcagteactcagtctgacatgtactgtgageggctacageattacete
aggcttcgcettggcattggatcaggceagttceccggaaaaggtetggagtggatggogtacattctgtacageggeagta
cagtgtattcaccctccttgaaatctaggatatcaatcacacgtgatacaagcaaaaatcagticttcctecagetgaactee
gtcaccgecgeagacacageaacctattattgtgetcgeggatactacggatatggegeatggttegectattggggeca

95523

gaggtocaggtggtggagtetgggogagacttagtgaagectggagggtecctgaaactetectgtgeagecetetggat
teactttcagtagctatggceatgtettgggticgecagactccagacaagaggetggagtggotcgcaaccattagtagte
gtggtagttacacctactctccagacagtgtgaaggggcgattcaccatctccagagacaatgecaagaaaaccectgtac

- ctgcaaatgagcagtctgaagtctgaggacacagcecatgtattactgtgcaagacatagttactacgatactagegtegac
tactggggtcaaggaacctcagteaccgtetectea (SEQ ID NO:182)

Table 8: Variable light chain polynucleotide sequences

Antibody

VL Polynucleotide Sequence (SEQ IDVVNO)

muCD37-3

gacatccagatgactcagtctccagectecctttctgtatetgtgggagaaactgteaccateacatgte
gagcaagtgagaatattcgcagtaatttagcatggtatcagcagaaacagggaaaatctectcagetect
ggtcaatgttgcaacaaacttagcagatggtgtgccatcaaggttcagtggcagtggatcaggcacacag
tattccctcaagatcaacagcectgeagtctgaagattttgggacttattactgtcaacattattggggta
ctacgiggacgttcggtegagecaccaasctizzaaatcaaacyt (SEQ ID NO:136)

.chCD37-3

gaattcgccaccatgagtgtgcccactcaggtcctggggttgctgctgctgtggcttacagatgccagatgtgacatccag
atgactcagtctccagectccctttctgtatctgtgggagaaactgtcaccatcacatgtcgageaagtgagaatattegea
gtaatttagcatggtatcagcagaaacagggaaaatctcetcagetectggteaatgttgcaacaaacttagcagatggtgt
gccatcaaggttcagtggcagtggatcaggcacacagtattecctcaagatcaacagectgeagtetgaagatittggga
cttattactgtcaacattattggggtactacgtggacgticggtegaggeaccaagetggaaatcaaacgtacg (SEQ
1D NO:137)

huCD37-3
(1.0 and 1.1)

gaattcgccaccatgggttggtcctgoatcatcttgtttctcgtggccacagccaccggtgttcactctgatatacaaatgac
tcaaagcccttccagtttgagc gtaag’tgtgggtgaac gc gtaacaatcacctgtaoagctagtgaaaacatccgcagta
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cﬁczscgattctctggﬁcaggtt ggmccqaita‘;tcactmagamaactcactccaaccagaaga’riﬁcggtacaﬁatm
ctgtcascactactgggetacgacciggacaticggicaaggtactaageiggaaatcaagegtacg (SEQ 1D
NO:138)

muCD37-12

gacatigtgctaac aaas:rctc\,té,xttcgﬁaoctomntdgggqcaa agggccaccatcicatgea

gggoecagecasagigicagtacaictagetatagiiatitglaciggliccageagaaaccaggacagod
acceaaactcoieatcaagtatgeatecaacciageateiggggtocctgecaggticaglopcagtogs
totgggacagacticacecicaacatecatectgtpgaggageaggatacigeaacatattacigtoaac
acagtiggeagaticegtacacyttcggaggagagaccaraciggaaatanaacyg (SEQ 1D NG:139)

chCD37-12

(SEQ ID NO:140)

gaattc gc»a»caﬁgggit atectgtatastoctgtictiggiggecacegetactggegticatagtgatattgtactcact '
cagteaccagecagictggeagigicectgggeeagegipgeraccalcicetgocgggesteacagicegigageacia
getettaticotateictactggiticaacagaagecaggacagecocclaagotgotgateaagtacgeotocaacctege
cageggegticecgotagatictetggitecggtageggaactgatticactitgaacatccaccecgitzaggaagagea
{accgecacttaciatigicaacacteligggagaticettacacctiiggaggagpaacaaagcicgaaatiaagegiacy

muCD37-38

caaatigitcteacceagictocageaateatgicigeatetocaggggagaageteaccatgacceigea
gtgccagetoaagtptaactiacatgeactggtaccageagaagicaggoaccioceccaaaagaiggat
ttatgacacatccanactggcetictggagicectgetegeticagtggegptgppicigggacciciiac

tcteteacaateageageatggagectigaagatgotgeeactiattactigocageagtggattagtaace
caccoacgticyrageageeaccaagoigraaatiasacgg (SEQ ID NG 41y

chCD37-38

gaattcgocaccatgggcetggtocigtaicatecty tmkgtgmca cagetacaggtgticatictcagatigigeigac
ccaateaccagetattatgicogetagonceggegagaaagigacaatgacalgiapcgctageiclic ‘(g,foacttacat

<

geattggtatcaacagaagicaggtaceagicceaagogtiggatotacgacacalccanactggectocggagicoctg

| ccaggitcageggaggtggeiocy caucagttama«:*gawa‘fa&CLc‘('ztz_,m@LcigaaLai%ioctag tiatta
- tigtcaacaatggattictaaccoocceaccitiggtggoggaacasagliggagalcaagogtacy {(SEQID
 NO:142)

huCD37-38

f gdaﬁ%xcamat goa ggi ctgeattattetgtictiggicgecacigotactggegiicacicigacatigtgcicaca
cige

cagictecagectoaatgicigoticecceggigagegggtgaccatgacatgetctgocagticcicegigacatatalge
atiggtatcagcasaaaccoggtacciciccaaaaagatggatciacgacacticaaagetigeateaggegtiectgeea
gaititecgggtctgggictggcacticatacagictgaccattagiiceatggaageigasgatgeageeaccattactgt

cageagtggatticaaatoctectacciic ggcgg cggaaccaaactggagataaagegtacg (SEQ 1D
NO: 1433

muCD37-50

caaaﬁﬂmtuagcmgi H,Cdfm watcatgicigeatetecaggeoagaaggtcaccatgacctgea

gigecaccteaagigigactiacatgeaciggtacoageagaagicagecac c‘fcccgcaaaag&tgéamatg)ava"*
tocaaactgoctiatggagtecciggiogiitcagipglagipgptcigepgac ttuctctcLcaxam;abca.éca».cg,
aggctgaagatgcteccactiatiactgecageagtggagigataacceace cacg cgecteggggacaaagiigea

satagagege (SEQIDNO:44y

“haCD37-50

ga&ub& i catgﬁﬁ*ﬁm" ‘at‘TCdﬁd’LECiLti"‘iggtﬁggldu g Ca g; 19(}%&6@'0&0&”32}&&&&@

g'*ai‘tggmtca%mw 50 ctﬁ g cwaatucwtadaa.g, gt gbatutac z;&t&ctta mw gec atac g m‘ gtsccc gC
aaggtictcegggagtggeagiggeaccagitatagtetgaccateagitcaatggaageagaggatecageaacciatt

aﬁgtaagcagtg)gtcagataatwu,ctacmtggtcagggmcaaagckgg&gamaé;@ac (SEQID
NO:1453

muCD37-51

caaattgttctcacccagtctccagcaatcatgtctgcatctccaggggagaaggtcaccatgacctgca
gtgccacctcaagtgtgacttacatgeactggtaccagecagaagtcaggeaccteccccaaaagatggatttatgacaca
tccaaactggcettetggagteectgetegetticagtggeagtgggtetgggacctcttactetetcacaatcageaacatgg
aggctgaagatgetgecacttattactgecageagtggagtagtaacccacceacgttcggeteggggacaaagtigga
aataaagcgg (SEQ ID NO:146)

huCD37-51

gaattcgccaccatgggatggagctgtattattetgttecctggttgctactgetactggegtecattccgagatagtectcac
ccagagcccecgceaaccatgagtgecteecctggggagegagtgactatgacttgttecgecacttettcagttacctatat
geattggtatcagcagaaacctggacagtctccaaagegttggatttacgacacctecaacctggcettcaggagtteetge
taggttcagcggatctgggtctggeacaagttattcactcaccattagttecatggaggecgaagatgecegetacttactac
tgtcagcagtggageageaacceeectacattcgggeagggaactaagetggagateaaacgtacg (SEQ 1D

NO:147)
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“muCD37-56

caaattgttctcacccagtctccagcattcatgtctgcatctccaggggataaggtcaccatoacctoca
gtgccagttcaagtgitacttacatgeactggtatcagcagaagtcaggeacctececcaaaagatggatttatgacacat
ccaaactggcttctggagtcectgetegettcagtggeggtggetctgggacctcettac
tetctcacaatcagcaccatggaggetgaagatgetgecacttattactgecageagtggattagtgace
cacccacgttcapagvogugaccaagctggaaataaaacgs (SEQ 1D NO:148)

huCD37-56

' gaattcgccaccatgggctggtcctgtatcatcctgtttctggtggcaaccgctactggggttcactctgatattgtcctgac

acagagtccagecttcatgagtgcttctcccggagaaaaggteacaatgacttgttcagetteetecteegtcacatacatg
cattggtaccagcagaagcctgaccagagtcctaagaggtggatctatgatacaagcaatctggcttccggtgtccoctc
cegettttcaggeggeggaageggaactgactatagecttaccatetectcaatggaagecgaggacgetgetacatatt
actgccagcaatggatcagegaccctectactttcggacagggaacaaaattggaaattaagegtacg (SEQ ID
NO:149)

muCD37-57

caaattgttctcacccagtctccageaatcatgtetgeatetcecaggggagaaggtcaccatgacctgea
gtgccacctcaagtgtgacttacatgeactggtaccageagaagtecaggeacctcocccaaaagatggatttatgacaca
tccaaactggcetictggagtecctgetegettcagtggeagtgggtetgggacctcettactetetcacaatcageageatgg
aggctgaagatgctgccacttattactgeccageagtggagtgataacccacecacgtteggeteggggacaaagitgga
aataaagcgg {SEQ ID NO:150)

huCD37-57

gaattcgccaccatggggtggtcctgtattatcctgttcctggtcgcaaccgccacaggcgttcactcc gagatcgtgttga
ctcagagceccagecaccatgteegettcecccggggagagagtgacaatgacttgttcegecacaagttctgtaacctac
atgcattggtaccagcaaaaaccaggacagagtccecgtegttggatttatgatacctctaacctggettcaggegticetg
ceegettttctggtagtggatetgggacttectatagecttaccataagetctatggaageegaggacgeegetacatacta
ctgccagcagtggagtgataacccececaccttegggeagggaaccaaattggagatcaaacgtacg (SEQID
NO:151)

252-3

gatatccagatgacacagactacatcctccctgtctgcctctctgggagacagagtcaccatcagttocagggc
aagtcaggacattagcaattatttaaactggtatcagcagaaacccgatggaactgttaaactcetgatctactac
acatcaaaattacactcaggagtcccatcaaggttcagtggcagtgggtctggaacagattattetctcaceatt
agcaacctggagcaagaagatattgecacttacttttgecaacagggtaatgegettcegtggacgticggigg

aggcaccaagctigaactcaaacgg (SEQ ID NO:183)

Table 9: Full-length heavy chain polynucleotide sequences

Antibody

"Full-Length Heavy Chain Poi}fnucléotide Setjuence (SEQ ID NO¥

chCD37-3

' aagcttgccaccatggctgtcctggcactgctcctctgcctggtgacatacccaagctgtgtcctatcacaggtgcaggtg

aaggagtcaggacctggectggtggegecctcacagagectgtecattacatgeactgtetcagggticteattaaccac
ctetggtgtaagetgggttcgecagectccaggaaagggtetggagtggctgggagtaatatggggtoacgggageac
aaactatcattcagctctcaaatccagactgageatcaagaaggatcactccaagagecaagttttcttaaaactgaacagt
ctgcaaactgatgacacagcecacgtactactgtgecaaaggaggctactegttggetcactggggecaagggactetgg
tcacagtctctgeagectctacgaagggceccatcagttttceecttggetcecaagtictaaatccacaageggtggaacag
ctgcactgggatgectegttaaagattatttccctgagectgtgacagtgagetggaatageggageattgacticaggigt
gcacacttttccegetgtgttgeagtectecggtetgtactcactgtecagtgtegtaace gteecttctageagetigggaa
cccagacctacatctgtaacgtcaaccataaaccatccaacacaaaggtggataagaaggttgaaccaaagagetgtga
taagacacatacatgccctecttgtectgeaccagagcetecteggaggtccatetgtgttectgtttccceccaaacceaag
gacactcttatgatctctegtactccagaggtcacctgtgtigttgtcgacgtgagecatgaagatcecgaggttaadicaa

5 ctggtacgtggatggagtcgaggticacaatgecaagaccaageccagggaggageaatataattctacatategggta

gtgagcgttctgaccgtgctccaccaagattggctcaatggaaaagagtacaagtgcaaggtgtccaacaaggctcttcc
cgeteccattgagaaaactatctccaaagccaaggggeageeacgggaaccceaggtgtatacattgeececaictaga |
gacgagctgaccaagaaccaggtgagtetcacttgtctggtcaaggggttttacecttctgacattgetgtagagigggag |
tctaacggacagccagaaaacaactacaagacaactcecccagtgetggacagegacgggageticticetctactcea :
agttgactgtagacaagtctagatggcagcaaggaaacgttttctcctgctcagtaatgcatgaggctctgcacaatcacta ‘

huCD37-3v1.0
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caagaateiggtocaggictgaigec cecette sccaaacicigageatcacctglacegiticiggtittagecitaccacctc
igotgtaagtigogtacgcoaaccaccoggtaagaelc tc;}daia,ﬂctﬁggtgtaatctggggtoatﬂg‘rccacaaatt
accatecticocicaagicecgecttageateaaaaaggaicacagenasagicaagititoctgaaactgaatagiciga
ageageogatacagecacctactatigegecaagggigetiatagtetigeacaciggggicaagglaccoto gﬁaccg
cicete »}.“L‘Ecigidtciﬁz’“oﬁk catcagtificeccttggctccaagiictaaalccacaagoggiggaacageigeac
gogatgectogtianagatiatticectgageotgtgacagtgagetggaatageggageatigacticaggtgtgoaca
ftttecege gtgttc,a,agicdu%gutgiautcaagtcuagtgtcgtdawguyuci“u,.tanvagcﬁgggad»ccag&
cetacatcigtaacgteaaceataaaccatceaacacaanggtggataagaaggiigaaccanagagoigtgataagac
acatacaigeectoctigiectgeaccagageiccticggaggicoateigtgticeigiitccecccaaancoaagpacact
ciiatgaicictogtactceagaggtcaccigtgtigitgicgac cgtgagooatgaagatcccgaggtiaaaticanctggta
cgiggatgga t%aogﬁcacaatoc;aava*"aa ccoaggpaggageaatataatictacatatogg ftagtg,aw |

el

e~

gitctgacegtgctecaccaagattggeteaatggaaaagagtacaagtgeaaggtgtocaacaaggeteiiccogete
catiga gaaaacmiemcaaag ceaaggggeagecacgggaaccocaggigtatacattgoccecaictagagacga

- gotgaccaagaaccaggtgagicteacttgiciggtoaagggaittiacectictgacatigetgtagagtgggagictaac
- gpacagecagaaascaactacaagacaactoocccagtgetggacagegacgggagoticticototaciccaagiiga
- ctgtagacaagtctagatggeageaaggaaacgiiticicoigoicagtaatgeatgagactetgoacaateaciatacee
apasatcaciptocettageccagguteactegag (SEQ ID NO:153)

haCD37-3v1i aagcﬁgccaccaigggcwé,aociomuattgtomug,gtagggagagcmct 2%‘{ aagtgcag&:ta
caagagicegggectggatiggicgeaccaagoecagaceateietatcaciiglaccgiiage gg foigacaace
agtopagigagtigegtyaggcageoaccaggaaagggactggagtgactgpegetgatitgagacgacggragea
caaaciatcattecagictiaaatete ggﬁvtccatmaaaaagaa.catagfaaatctcaagttitcuga&au aatagect
gacagecgeagacactgetacgtattacigegeeaanggaggatacagictggeicactggggacaggggaccely
gacegtgteateogeate ‘.aa\,eaaa_gg,ggvcmtuag,ititcccctiggciccaagttcmaatccag'mgcga,tbgd oé
ctgeactgggatgectegtianagatiatticecigagocigtgacagtgageiggaatageggageatigacticaggl
gcaeacm{cwg«.-tgwﬂgaaﬂtcctccg’gmiommadgtwagigtcam cgtonct uagcaﬂcttgg, gaa
cccagacctacatctgtaag-@f?caa cataagcoatceaacacaaaggiozataagaaggitgaaccansagagoigt ;;
ta.agacacatacatgm cottgicct gc agag ccteggaggtecatetgigticcigiiicccoceaaaceoa
O'acac-fcttatgatc‘t cgtactecagaggtcacetgighight g-hrgacﬁaag,gcatoaagarcccgaggita'-ﬂa*tcaa
tggtacgiggaty gag&gaofftlcac&atOCs..aag ccaageccagggaggagoaatataatictacatatoggpta
oaff&o%mtgacgﬁgucaau_a gat ﬁgja_uadigg aaagagtacaagigeaaggigicoaacaaggetetics
cgoteccatigagaaaactatetccaaagecaaggggagecacgggaaceecaggigtatacatigeececalotaga
gacgagetgaccaagaaccaggigagicicactigicty i caaggggtitiacectictgacatigeiglagagiggrag
ictaacggacagetagaasacaaciacaagacaacice C" cagigelggacagegacgggageticttceiciacteca
awttgaf‘totagacaaﬁkmamU="r".fagcaaggaaacgmtctcctgcmagtaatgcatgaggctctgcacaatcae‘ra
tacccagaaatcactgtecctiageccaggglgacicgag (SEQ 1D NC: 1543

cm
[

')1 (ﬁ (m?

IO

e,

chCP37-12 ‘ aag“ttgc;auca.,gbggtg,sicatg\.,ataatcctcmctggtcgcmctgcwacggig.tocactca "m‘a,ag g
ticaaagiggoccagagetganaaagecagggganacagigaaaataagligeaaggeatoeggttacactticacaa
giacggcatgaactgggicaageaggoccagggeaagggpctcanatggatggatipaateaataceaacacigeg
agtctaggaatgctgaggagittaagggeeggtitgecttcagociggagacaagigecageacagettacetgeaaalc
aacaaictgaagtatgagoatacagascotatitolgogeregegre ?Wtonﬂtﬁcaﬁaatgwrfdaaag,,gmca
cotigactgtatecagtgecageactaagggoccateagititecoctiggetccaagtictaaatecacaagegglggaa
cagctgeactgggatgectogtiasagatiatticectgagectgtgacagtgagotggaatageggageatigacticag
gtgtgeacactiiteccegetgtgitgeagtectecggictigtacicactgicoagtgicgtaacegiecctictagea Eotigy
gaacceagacctacatetglaacgicaaccataaaccatocaac aL-adagéLo,g.,dtaagaa%itbag.gcaa.aga.getg
tgataagacacatacatgeectectigtecigeaceagagetcctoggaggtecatetgigticegiitecececaaacee
aaggacaciciiatgatcictogtactecagaggteacctgigtightgtogacgtgagecatgaagatecegaggitaaatt
caactggtacgiggatgeagtcgaggticacaatgecaagaceaageecagggaggagcaatataatictacatategy
gtagtgageetictgacogtgetecaccaagattggctcaatgganaagagtacaagigraaggtgiccaacaaggrtct
| teocgeteccatigagaaaactateiccaaagionaggggoagod cgggaaccecaggtgtatacatigeocecatet '
agagacgagetgaccaagaaccaggtgagtoteacttgiciggicaagggpttttacecitvtgacatigeigtagagigy
gagictaacggacagecagaaaacasciacaagacaactorcecagtyctggacagegacgggagetteticeiciact
ccaagtigactglagacaagictagatggeageaaggaaac O‘wtm.ctobtcaotaatoc,ﬁgamutugwca&tc
actatacceagaaatcactptecettageccagpstaactogar (SEQ 1D NG:155
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chCD37-38

aagcttgecaccatgggcetggagttgtateattetgtitttggtegecaccgecactggagtecattcccaagtgeaactee |
aggaatctggcectgacctggttaagecatctcagagecictcectgacctgeactgttacaggatactcaatcacatcag
getttggctggcactggatcagacaatttcccgggaacaagtiggaatggatgocttacattetgtatagegggggtaceg ﬁ
attacaatccttccctcaagagecgaatctctatcaccagggatacaagcaagaaccaattttttctcegectcagetetgtg |
actaccgaagataccgctacttactattgtgccagggectactatggatatggtgcatggttegtetatiggggccaggga
accctggtgactgtgagegetgectctaccaagggeccatcagttttceecttggctecaagttctaaatccacaageggt
ggaacagctgeactgggatgectcgttaaagattatticcctgagectgtgacagtgagetggaatageggageattgact
tcaggtgtgcacacttttccecgetgtgttgcagtecteceggtetgtactcactgtecagtgtegtaaccgtecctictageag :
cttgggaacccagacctacatctgtaacgtcaaccataaaccatccaacacaaaggtggataagaaggttgaaccaaag
agctgtgataagacacatacatgecctecttgtectgeaccagagetecteggaggtccatctgtgttectgtttceceecca
aacccaaggacactcttatgatctctcgtactccagaggtcacctgtgttgtigtegacgtgagecatgaagatcecgagg
ttaaattcaactggtacgtggatggagtcgaggttcacaatgccaagaccaageccagggaggagcaatataattctaca
tatcgggtagtgagegttctgaccgtgetecaccaagattggetcaatggaaaagagtacaagtgcaaggtgtccaacaa
ggctcttceccgetcecattgagaaaactatctccaaagecaaggggcagecacgggaaccecaggtgtatacattgeee
ccatctagagacgagctgaccaagaaccaggtgagtctcadtgtetggtcaaggggttttacccttctgacattgetgtag
agtgggagtctaacggacagccagaaaacaactacaagacaactcceccagtgetggacagegacgggageticttee
tctactccaagtigactgtagacaagtctagatggeageaaggaaacgtttictectgetcagtaatgeatgaggcetetgea

huCD37-38

aagcttgccaccatgggttggagetgcatcattettttcctggtegetactgeaactggagtccactcacaggtccagetge
aagagtccggtectgggcttgtgaaacccagecagteccteagtetecacctgtactgtetetggctactctattaccagigg
gttcggcetggcattggattaggcagtttccecggtaagoggctggagtggatggcatatatcetgtacageggaggaace
gattacaacccaagtctgaagagcaggatcageattacccgggacacaagcaaaaaccagtttttcettcggetgtetagt
gttacagctgcagacaccgctacttactattgtgcteggggttactatggctatgggocttogtttototattggogoacaag
gcactcttgtgaccgtgageagegectcaacaaagggeccatcagttticcecttggetecaagtictaaatccacaageg
gtggaacagetgcactgggatgectegttaaagattatticcctgagectgtgacagtgagetggaatageggageattg
acttcaggtgtgcacacitttcccgetgtgttgecagtectecggtetgtactcactgtccagtgtegtaacegteccttctage
agcttgggaacccagacetacatctgtaacgtcaaccataaaccatccaacacaaaggtggataagaaggttgaaccaa
agagctgtgataagacacatacatgccectecttgtectgeaccagagcetecteggaggtecatetgtgttectgtttceceee
caaacccaaggacactcttatgatctctegtactccagaggtcacctgtgtigtigtcgacgtgagecatgaagateeega
gottaaattcaactggtacgtggatggagtcgaggticacaatgecaagaccaageccagggaggageaatataaticta
catatcgggtagtgagcegttctgaccgtgctccaccaagattggctcaatggaaaagagtacaagtgeaaggtgtccaac
aaggctcticccgetceccattgagaaaactatctccaaagecaaggggcagecacgggaaccccaggtgtatacattge
ccccatctagagacgagetgaccaagaaccaggtgagtcteacttgtetggtcaagggettttacecttetgacattgetgt
agagtgggagtctaacggacagecagaaaacaactacaagacaacteccecagtgetggacagegacgggagettett
cctetactccaagttgactgtagacaagtctagatggcagcaaggaaacgttttctectgetcagtaatgeatgaggetetg
cacaatcactatacccayaaatcactgteccttageeccaggatgactezag (SEQ ID NO:157)

huCD37-50

aagcttgccaccatggggtggtectgeataatecttttcetggttgetactgetaccggagtecattcacaggtgcagetge
aggagtccggecccggectgetcaagectictcagagtetgagtctgacttgtactgtttctggetacageataaccageg
gtttcgettggeactggatcagacageatceeggeaacaaactggagtggatggoatacatactgtactcaggeteaact
gtctattcecectecctgaaatcecggatcagtattaccegtgacacttctaagaaccatttttttctgcagetgaacagegtt
accgcagctgacactgcaacctactactgtgeccggggatattatggatacggagettggttcgettactggggccaagg
caccctegtaactgtgagtgctgettccaccaagggeccateagttttceecttggetccaagttctaaatccacaageggt
ggaacagctgcactgggatgcectegttaaagattatttcectgagectgtgacagtgagetggaatageggagceattgact
tcaggtgtgcacactittccecgetgtgttgeagtccteceggtetgtacteactgtccagtgtegtaacegtecettetageag
cttgggaacccagacctacatetgtaacgtcaaccataaaccatccaacacaaaggtggataagaaggttgaaccaaag
agctgtgataagacacatacatgecctecttgtectgeaccagagetecteggaggtecatetgtgtteetgttteeceeea
aacccaaggacactcttatgatctctcgtactccagaggteacctgtgttgttotcgacgtgagecatgaagateeegagg
ttaaattcaactggtacgtggatggagtcgaggttcacaatgecaagaccaageccagggaggagcaatataattctaca
tatcgggtagtgagegttctgaccgtgetecaccaagattggetcaatggaaaagagiacaagtgcaaggtgtecaacaa
ggctetteccgeteccattgagaaaactatctccaaagecaaggggcagecacgggaaccecaggtgtatacattgece
ccatctagagacgagctgaccaagaaccaggtgagtctcacttgtetggtcaagggettitacecttctgacattgetgtag
agtgggagtctaacggacagccagaaaacaactacaagacaactecceccagtgetggacagegacgggagcettetice
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huCD37-51

aagetigeod ccatgggitggicﬁgcamatéé:tgttcct gis,fzua- wu,a(, LGC Jtocaﬁcac aaﬁtwgi git

geagtceggeccagaagigcteaaacceggegaatcactgioccigacttgtaccgtigteagattatageatcagrage
pEctiigetiggeactggaticggeagitteccaggeaagggactggaatggatggactacatocatiacagtegCicaac

caafiaca; s.C‘.faﬁ(‘L?gC&bQUCCUd&i&i&iciiidu.82 gatagtictatiasccagititicotgoagottaaticegt
gactgecictgacacagoascitactatigogeocgtggctactacggulicggagoatggitiglatactggapicagey
caccetgeicactgictcagoegectetaccaagggeccatcagttitococtiggaiceaagticianatecacaagegat
ggascageigeacigggatgeetogitaaagatiatticectgagectyigacagtgagetggaatagoggagonatiga ot
tcaggigigeacactiticecgetgighigeagtoctcoggictgiacicacigteeagtgtegtaacegionciictageag
tigggaacccagacetacateigtaacgtoaaceataaacoaiccaacacasaggiggataagaagotioaacoasag
agcetgtgataagacacatacatgeccicotigicctgeae c.ig agetecicgraggiceatetgighicctgtticececca
sacccaaggacacttiatzgatctetogtactecagaggtoncctgigtiotigle gacgtzagocaigangaleCogigg

tiaaaticaaciggiacgtpgatggagicgaggticacaatlgeraagaccaagece ggg ggagraatataatictaca
tatcgggtagigagegticigacegigricoaccaagatiggeionalggasaagaglacaagtgeaagaigiccancaa
geotettecogeicocatigagaaaacialcicCaragloanggrglagloacy *gaauccag vigtatacatigece
ceaiclagagacgagetgaccaagaacoaggigagictcactigiciggicasgpgptittacecitetgacatigeigiag
agtgggagictaacggacagecagaaaacaaciacaagacaactooccagigelggacagegacgpgagoticice
tetactccaagitgacigtagacasgictagatggragoaaggaaacgitticiooigeieagtaatgeatgaggetoigea

caateactataccoagaaatcaciyiccctiageceayagipactogag (SEQ 1D NO:15%)

"huCD37-56

aagetigocaccatggggigoasoige 'attams,tém cts; gtogecacegeaaocggegiocacicocagg ;ffc‘aﬁct
geaagaaagegggecaggatiggiaasaccticceagicicigagictiactigtacegtatetggatacaglateacaict
gecticgectegeatiggaticgecagtticocggeaaggpgctigagtppatgpeetataticattaticiggaggtacea
actacaaccettoccigaagagiegagicicaaiaceagggacacticcaagaaceaatictittgeagotiaaticagly
acogetgeogacacegoiactiactactgegeocgggactaciatggatitppipoetggticgoctaciggggoecagsy

gaccetggigeeogigteigrigectocacaaagggootaicagititcecctiggetecaagitciaaatocacaageg

| tggaacagotgeactgggatgectogtiaangatiatitecutgagocigtgacagigage tz)g&dta%gaagmmax

ticaggigtgeacaciittcoegoigtgiigeagicotecggtoigiacicactgtocagigiogtaacegtecctictagoag
ctigggaaccoagacciacaicigipacgticasccalaaaccaiccaacacaaagtpgataagaagoliganccadag
agotgigatasgacacatacatgeocioctigiostgeaceagagotecicggagaiceatoigtgtivetgiiiccaceca
aacccaaggacacicttatgateictogtactecagaggteacetgighigtigtogacgtgagrcalgaagaiccogag
{taaaticaaciggtacgiggatggagicgaggticacaaigenaagarcaagoccagggaggagcaantataaticiaca
tatcgggiagigagegiicieacegigeiccaceaagatiggoicaatggaanagagiacaagigoaaggigiocancas
guctcticecgeteceatt gagaaaaciatotocaaugocasgggacagecacgggaaceoraggigiatacatigee

ceatctagagacgagetgaceaagaaccaggigagicteadigictggicaagggetitiaceciteigacatigeigiag

£ Sede]

agtgggagiclaacggacageragaaaacaactacaagacaacteococagtgoiggacagogargggagetcitee

ictactecaagitgactgtagacaagiciagatggcageaaggaaacgittictecigetcagiaatgeatgaggricigea
caaicactatacceagasatoacigtocctiageccaggioactegag (SEQ 1D NGO 160)

huCD37-57

’)“c

o g

aageitgeeaccatgggetpgagotgeateatictgiiciggipgecacagoaaciggogiicaragtcaagiocaacig
caggagageggeccoggactecigaaancateicagicacto agtat acatgtacigigagegeotacagoatiacoic

(

aggcticgotiggeatiggateaggeagticcocggaaaaggicigaagtygatggpptacaticigtacageggcagia
cagigtaticaceciocitgaaatetaggatatcaatcacacgtgata aawaaaeat agtictteciceagotgaactod
steaccgocgoagacacageaaceiatiatigigetegoggatactacggatatggegeatggitegectatiggggeca

gggacactogtgaccgiticegoogocticcacaangggeccatcagtitceocitggetecaagitctaaatccacaag
ggtggancageigeacigggatgecicgitaaagattatticecigageoigigacagigagotggaatageggageat
tgactivaggigtacacactiticecgetgigtigeagtectorggtetgiacteactgtocagigtoglaacegioncticta

geagetigggaacccagacciacaicigtaacgtoaaccatanaccalocaacacaaagelygataay ld‘-’Lttﬁ,aﬁCC
aaagagctetgataagacacatacatgecctoctigiocigeaceagageicctoggagptocattgtgticeighiteec

cocaaaccoaaggacacictiatgateictogtactecagaggteaceigigitgitgtogaogtgagecatgaagatece
gaggtiaaattcaactggtacgiggatggagicgag gt cacaatgccaagacsaageccagggaggagoaatalaatt
ctacatatcggpetagts vag cgtictgacegtgetooaccaagatiggeicantgganaagagtacaagigoanggigice
aacaaggetetteecgeteccatigagaaaactatetecaaagecasggggcagecacgggaacceoaggigatacat
tecceccaictagagacg g tgmccuffaauacgztgagjtctcac‘atota‘*t.t‘-‘c'w»f eittaccotictgacatty

ctgtagagigvpagiciaacygacageeagasaacasciacangacaacicecocagiociggacagoeacgeoage
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]

tic mctctactm,adm‘igmtgtdg.,awagtctagatggcaguaaogaaa%mtaiw tgcteagtaatgeaigagge
teigcacaatcactatacicaganatcactgtceottageocagiptgactogag (SEQ D NO:161)

_,,,,,,,,,,,J

Table 10: Full-length light chain polynuclectide sequences

Antibody ~ Fuil-length Light Chain Poiwmgkutide Sequence (b%() 1D NOj
chCD37-3 gaatiogeeaccatgag i,g,tcwcac,i aggtw&,g%ﬁgugwt;n.fsgto‘guttacaga.tg"*&3&1;3&&&&&&&3@
atgacteagicteccagecteoctitetgtatctgtgggagaaactgicaceatcacatgtogageaagtgagaalalicgea
gta.ﬁtta catg&igmagaagmcagégaa.'zatcicd agciccts..ou.aatgttgcaacaaacﬁagcagatggtgt

S

utattaptyc&a @ttai“%gggﬂtaotag uggacmu ﬁvt&,gaggmccaagdgga&atcaaacgm; gﬁtg,gciff
caccatetgicticateticecgecatctgatgageagtigaaatetggaactgectdgiigigigectgotgaataacticta
tcceagagaggecaaagiacagtggaaggtogataacgocaiccaateggataactoccaggagagigloacagage
aggacageaaggacageacctacagectoageagoaccotgacgotigagoaaageagactacgagaaacacaaagt
clacgeotgegaagteacceateagggoctgagotogeoegicacaaagageitcaacaggggagagigtiag

(SEQ ID NO:162) )

huCD37-3 oaaftcgc\,awatgg,m‘iv{r&.Ltg ateatctigtttcic -giggecacagecaceggigticacicigatatacasaigac
(1.0 and 1.1) teaaagocoticcaghitgagegiaagigiggetgaacgegiaacaatcaccigtagagctagtgaaaacateegeagia

atetcgeaiggtaccaacaaaageoaggtaagicacctaagctocicgigaatgitgetaccancetegelgatggiglpe
cticacgaticictggticaggticeggtaccgattaticactiaagaicaactcaciceaaccagaagatitcgglacatatia
ctgtcaacacmbtgg,g,giaobacx.tgé,acattogg,m&aggiactaavciggaaa&ca&gcOTacggtggm‘gcaccat :
ctgicttcatcticecgecatetgatgageagtigaaaictggaacte c’fc,tz;‘tv ;tgcugaigaaia«gttctama,c& ‘
gagaggocaaagtacagiggaaggatgpataacgeociccasicgggtaactoct g agagigicacagagcaggac "
- agcaaggacageacctacagectcageageaceoigacgetgageaaa gc gactacgagasacacaasgictacge "
| ctacgaagicacecatcagggoctgagetegeeegicacaaagagcticaac ggo gagtgttag (SEQ 1D
INO:E3) ,
chCD37-12 gmuc%cuwa&ggbnbg,tc“?gta‘aarc tattettggteeceacegotactggegtica 00"*'«‘i'aﬁgtactcac‘t
cagicaccagecagictggeagigteccigggecagegtgocaccatetcetgecgggontoacagtecgigageacta
getctiaitectateictactggtitoaacagaagocaggacagecectasgetgetgatoaagiacgrotccaaccicge
cagoggegticcogetagaticictggiiceggtageggaactgatitcactitgaacatccaccecgiigaggaagagoa
taccgecacitactatigteaacactetigggagaticcitacaccitiggageaggaacaaageiogaaatiaagogtacg
gtggetgeaceatetgictteateticoegeeatetgatgageagtigaaatctggaactgectetgtigiglycctgoigaat
aac:-ttctatcccagag ggc aaagtacagwoaa‘fg@wata&cgcuh&aatc;}g’gsaa@cccaggdg)agigt(,a

g'aaagictaa"ut%s,(mgt Cace cats_aggg gagctcgc cgﬁt 28 caaag Wtuaamggqagagtgﬁa
¢ {SEQ 1D NO:164)

chCD37-38 gaattcgecaceatgggetggtectigtateatent gttt»twtwg cacagetaca ggtg ttetcagattgigetgac
ccaatcaccagetatiatgteegetageccoeggegagaaagtgacaatgacatgtage gci ag tofictgtgactiacat
geattggiatcaacagaagicaggtaceagicocaagegiiggatctacgacacatecanactggecteeggagtoccty
- ceaggiteagogpaggtaggtecggcaccagtiattcactgaceatatoctclatggangeigaagatgatgotaciiaiia
| tigtcancaatggattictaacceccecacciitggtygeggaacasagetggagatcaagogtacggiggotgrace cat
ctgietteatcticec gecatetgatgagoagtiganatelggaactgoctetgtigiptgectaoigaataactictatocea
gagaggccaangtacagtggaaggtggataacgecciocastoggataacteccaggagagigicacagageageac
agcaaggacageacctacagectcageageaccetgacgotgagoaaageagactacgagaaacacaaagictacge |

ctocgaagteacceatcagggoctgagetegeecgicacaaagageticaacaggegagagigttag (SEQ 1D

: N 165) ,
huCD37-38 gaaticgecaccatgggatggicctgeatiatictgtictiggtogecactge tac ggcgttcactctgacatigtgeteaca

cagtetceagectcaatgicigettococoggigagogggtgaccatgacalgetotgecagtioctoogigacaiatatge
atiggtateageaaaaacecggiaccicle caaaaaoamga?ctaceag acticaaagefigoatcaggegitoctgesa
gattticcgggicigggtctggeacticatacagictgaccattagticcatggaageigaagatgeageeacciatiactgl
cageagtggatticaaatcctectacCicgocpocuiaac caagctggagataaagogtacgaiogctaaceate st
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cﬁcatcﬁccs%ca&tg&tgao C ag,ncaa am‘ggam tgoctetgitgizteccige tgaa taactictatcccagaga :
ggccaaagiacagiggaaggtggataacgocctecaatogggiaacteccaggagagigicacagageaggacagea
aggacageacctacagectcageageaccetgacgetgageaaageagactacgagaaacacaaagiclacgocige
gaagtcacecatcagggecigagetegeccgicacasagageticaacaggggagagtgtiag (SEQ 1D

7777777 NO:166)

huiC137-50 gaaticgecaccatgggtigeteatgeatiaitotgticoiggitge ctace :geaacaggagiacatagigagatagiectoac
ceamagtectgetaciatgtetgoeageccaggagagogtgligaccatgactize ctetgeaacctcaagigtgacatacal
geattggiatcageaaaagociggoeaateecctanaaggiggatetacgatac ftotaatctgecatacggigtgocoge
aaggttctca:gggagtggcaglggcm.cagﬁamgmtgaccatcagtzcaaiggaagg,agaggatguag,ua.acutati
attgicagcagtggtccgataammetamﬁgﬂicagggmc':aaacctvg,affaitaagcgtacgmggctﬁcaccat
ctgtettcaictteccgecatetgatgagoagtigaaatotg oaactgectetgitgtgtacotgotgaataacttctatccca
gagaggeeasagiacagtggaaggiggataacgocotecaategpgtaactoccaggagaglgtcacagagcaggac
ageaaggacageacctacagecteageageacectigacgetgageaaageagactacgagaaacas aaagictacgc
ctgegaagicacceateagggocigageiogecegicacanagagettcaacaggggagagigtiag (SEQ 1]

NOdA6TY )

huCP37-51 gaattcgeeaccatgggat goagc‘fg,taitatmiott uggtgetadgumct gegtocattecgagatagtecicac
ceagagococgeaaccat agwcu‘cwd%;g,&vcéactgactateamomx_Umacﬁcuca%dutatat
gcattg,gtaicagcaga acciggacagiciecasagegtiggattiacgacacctecaacctggeticaggagticcign
' taggticagoggatctgpptotggeacaagtiattcactcaccatiagttceatggaggccgangatgecgetactiactac
tofcagcagtwaw&vwam cectacaticggrcagggaaciaageiggagatcaaacgiacggigacigracca
totgteticatetteecgecateigatgageagtigaaatotggaactgecicigtigtgtgectgctgaataactictatecca
gagaggccaaagtacagiggaaggtggataacgacctecaatogggilaactcocaggagagiglvacagageaggac
agoaaggacageacctacagectcageageacoctgacgetigageaaageagactacgagaaacaranagiotacge

ctgegaagicacecateagggectgagetogecogicacaaagageticaacagggsa agagtgttag (SEQ 1D

-

NO:168)
- huCD37-56 gaatiegecaccatgggetggtoctgtat ‘fttcciﬁ*it‘,tggﬁt egcaaccgetacigggeticacicigatatigtoctgac
' auagaﬂ;cat*mtcatga scitciccoggagaaaaggicacaatgactigitcageticetecteoglcacatacaty

attggLa.c»a,g(,abdabwi‘gaumgvagtcctaaﬁa9 rigoatetatgatacaagoaatciggott cagtgfcccctc
cegetittcaggeggeggaageggaactgactatagoctiaceateioctcantggaageogagoacgct tgctacatat!
actgecageaatggatcagegaceatoctactitcggacagggaacasaatiggaaatiaagegtacgglggeipgoace
atctgicticateticcogeoatetgatgageagiigaaatetggaactgecteigiigiatec ctgci raataactictatece
agagaggeoaaagtacagiggaaggtggataacgecciccaategggtaactcecaggagagigicacagagoaggd
cagcaaggacageacctacagecteageageaccotgacgotgage aaaﬁcacactzx:g&gaaag.a,;,vaaagtctaué
cctgegaagicacceatcagggecigagotegecegicacaaagageticascaggggagagigtiag (SEQ 1D
NO:169)
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‘cicagaocccaﬁccauc&tgtcu ctt umgaggaoaga *acaatsabttottcbgc cac ,aaoitctotaawtau
atgcattggtaccageaaaaaccaggacagagtoccegicgiiggattiaigataceictascciggeticagac gticetg
cecgetitictggotagtgateiggea ,,.cticciatagu,utac\.,ataaoctc.atgoaaqccga@gacgwg‘.gmcatac‘fa
ctgecageagtggagigataacecceecaceitcgggeagggaaccanatiggagacaancgtacggtggotgace
atctgiettcaicticeo gecatetgatgageagitgaaatetggaactgoctotgtigigigectgetgaataactictatoce
agagaggecasagtacagiggaapety ataacocwtcL'miu0ﬁstaacts:ccaggagaO“(;?tcacacfagL Py}
cagcaaggacageacciacageeteageageaccoigacgeigageaaageagactangagaaacacaangtctacy
cetgegaagteaccrateagggectgagetegoecgicacasagagetivaacaggagagagtgttag (SEQ 1D
NO: 1703

062251 Also provided is a polynucleotide having at least about 95%, at least about 96%, at Jeast about
97%, at feast about 98%, or at least about 99% sequence identity to SEQ ID NUs:121-170, 182, or 183.
Thus, in certain embodiments, the polynucleotide comprises {a} a polynucleotide having at least about
95% sequence identity to SEQ ID NOs:121-135, 152-161, or 182, and/or (b} a polynucieotide having at

Jeast about 95% sequence identity to SEQ 1D NOs:136-151, 162-178, or 183, In certain embodiments, the
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polymicleotide comprises {(a) a polynucleotide having the nucleic acid sequence of SEQ ID NOs: 121-
135, 152-161 or 182; and/or (b) a polynucleotide having the nucleic acid sequence of SEQ ID NOs: 136-
151, 162-170, or 183.

{50226} In seme embodirnents, the polynucleotide encodes the light chain encoded by the recombinant
plasmid DNA phuCD37-3LC (ATCC Deposit Designation PTA-10722, deposited with the ATCC on
March 18, 2010) or a light chain that is at least about 85%, at least about 90%, at least about 95%, or at
least about 99% to the light chain encoded by phuCD37-3LC (PTA-10722). In some embodiments, the
polynucleotide encodes the heavy chain encoded by the recombinant plasmid DNA phuCD37-3HCv.1.0
(ATCC Deposit Designation PTA-10723, deposited with the ATCC on March 18, 2010) or a heavy chain
that is at least about 85%, at lesat about 90%, at least about 95%, or at least about 99% identical to the
heavy chain encoded by phuCD37-3HCv.1.0 (PTA-10723). In certain embodiments the polynucleotide is
the recombinant plasmid DNA phuCD37-3LC (PTA-10722) or the recombinant plasmid phuCD37-
3HCv.1.0 (PTA-10723).

[00227] In certain embodiments the polynucleotides comprise the coding sequence for the mature
polypeptide fused in the same reading frame to a polynucleotide which aids, for example, in expression
and secretion of a polypeptide from a host cell (e.g. a leader sequence which functions as a secretory
sequence for controlling transport of a polypeptide from the cell). The polypeptide having a leader
sequence is a preprotein and can have the leader sequence cleaved by the host cell to form the mature
form of the polypeptide. The polynucleotides can also encode for a proprotein which is the mature protein
plus additional 5' amino acid residues. A mature protein having a prosequence is a proprotein and is an
inactive form of the protein. Once the prosequence is cleaved an active mature protein remains.

[00228] In certain embodiments the polynucleotides comprise the coding sequence for the mature
polypeptide fused in the same reading frame to a marker sequence that allows, for example, for
purification of the encoded polypeptide. For example, the marker sequence can be a hexa-histidine tag
supplied by a pQE-9 vector to provide for purification of the mature polypeptide fused to the marker in
the case of a bacterial host, or the marker sequence can be a hemagglutinin (HA) tag derived from the
influenza hemagglutinin protein when a mammalian host (e.g. COS-7 cells) is used.

[00229] The present invention further relates to variants of the hereinabove described polynucleotides
encoding, for example, fragments, analogs, and derivatives.

[00230] The polynucleotide variants can contain alterations in the coding regions, non-coding regions,
or both. In some embodiments the polynucleotide variants contain alterations which produce silent
substitutions, additions, or deletions, but do not alter the properties or activities of the encoded
polypeptide. In some embodiments, nucleotide variants are produced by silent substitutions due to the

degeneracy of the genetic code. Polynucleotide variants can be produced for a variety of reasons, e.g., to
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optimize codon expression for a particular bost (change codons in the human mRNA to those preferred by
a bacterial host such as E. coli).

{00231 Vectors and cells comprising the polynucleotides described herein are also provided.

iv. Methods of use and pharmaceutical compositious

{80232 The CD37-binding agents (including antibodies, immunoconjugates, and polypeptides) of the
invention are useful in a variety of applications including, but not limited to, therapeutic treatment
methods, such as the treatment of cancer, such as B-cell malignancies, autoimmune diseases, and
inflammatory diseases. In certain embodiments, the agents are useful for depleting B-cells. In certain
embodiments, the agents are useful for depleting autoreactive B-cells. In certain embodiments, the agents
are useful for depleting peripheral B-cells. In certain embodiments, the agents are useful for preventing
inappropriate T-cell stimulation. The T-cell stimulation can be in connection with a B-cell pathway. The
methods of use can be in vitro, ex vivo, or in vivo methods. In certain embodiments, the CD37-binding
agent or antibody or immunoconjugate, or polypeptide is an antagonist of the human CD37 to which it
binds.

[00233] In one aspect, anti-CD37 antibodies and immunoconjugates of the invention are useful for
detecting the presence of CD37 in a biological sample. The term "detecting” as used herein encompasses
quantitative or qualitative detection. In certain embodiments, a biological sample comprises a cell or
tissue. In certain embodiments, such tissues include tissues that express CD37 at higher levels relative to
other tissues, for example, B-cells and/or B-cell associated tissues.

100234] In one aspect, the invention provides a method of detecting the presence of CD37 in a
biological sample. In certain embodiments, the method comprises contacting the biological sample with
an anti-CD37 antibody under conditions permissive for binding of the anti-CD37 antibody to CD37, and
detecting whether a complex is formed between the anti-CD37 antibody and CD37.

[00235] In one aspect, the invention provides a method of diagnosing a disorder associated with
increased expression of CD37. In certain embodiments, the method comprises contacting a test cell with
an anti-CD37 antibody; determining the level of expression (either quantitatively or qualitatively) of
CD37 by the test cell by detecting binding of the anti-CD37 antibody to CD37; and comparing the level of
expression of CD37 by the test cell with the level of expression of CD37 by a control cell (e.g., a normal
cell of the same tissue origin as the test cell or a cell that expresses CD37 at levels comparable to such a
normal cell), wherein a higher level of expression of CD37 by the test cell as compared to the control cell
indicates the presence of a disorder associated with increased expression of CD37. In certain
embodiments, the test cell is obtained from an individual suspected of having an autoimmune disorder or
inflammatory disorder. In some embodiments, the disorder is associated with increased expression of
CD37. In some embodiments, the disorder is associated with increased number of B-cells. fr some

embodiments, the disorder is associated with increased activity of B-cells.
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[00236] In certain embodiments, a method of diagnosis or detection, such as those described above,
comprises detecting binding of an anti-CD37 antibody t CD37 expressed on the surface of a cell or in a
membrane preparation obtained from a cell expressing CD37 on its surface. In certain embodiments, the
method comprises contacting a cell with an anti-CD37 antibody under conditions permissive for binding
of the anti-CD37 antibody to CI37, and detecting whether a complex is formed between the anti-CD37
antibody and CD37 on the cell surface. An exemplary assay for detecting binding of an anti-C37
antibody to CD37 expressed on the surface of a cell is a "FACS" assay.

{80237} Certain other methods can be used to detect binding of anti-CD37 antibodies to CD37. Such
methods include, but are not limited to, antigen-binding assays that are well known in the art, such as
western  blots, radiotmmunoassays, FLISA (enzyme linked immunosorbent assay), “sandwich”
immunoassays, iromunoprecipitation assays, flucrescent inununoassays, protein A immunoassays, and
ynmunochistochemistry (IHC).

{60238} in certain embodiments, anti-CD37 antibodies are labeled. Labels include, but are not himited
10, labels or moleties that are detected directly (such as fluorescent, chromophoric, electron-dense,
chemiluminescent, and radioactive labels), as well as moieties, such as epzymes or {igands, that are
detected indivectly, e.g., through an enzymatic reaction or molecular interaction.

1602391 In certain embodiments, anti-CD37 antibodies are immobilized on an insoluble matrix.
Immobilization entails separating the anti-CD37 antibody from any CD37 that remains free in solation.
This conventionally is accomplished by efther insolubilizing the anti-CID37 antibody before the assay
procedure, as by adsorption to a water-insoluble matrix or surface (Beonich et al, US. Pat. Mo,
3,720,760), or by covalent coupling (for example, using glutaraldehyde cross-linking), or by
insolabilizing the anti-CD37 antibody after formation of a complex between the anti-CD37 antibody and
CD37, e.g., by iomunoprecipitation.

(882401 Any of the above embodiments of diagnosis or detection can be carried out using an
imounoconjugate of the invention in place of or in addition to an anti-CP37 antibody.

[00241] in certain embodiments, the disease treated with the CD37-binding agent is an auwtotronnme or
inflammatory disease. In certain embodiments, the autoimmune or inflammatory disease is selected from
the group consisting of psoriasis, dermatitis, systemic scleroderma and sclerosis, responses associated
with inflammatory bowel disease, Crohn's disease, ulcerative colitis, respiratory distress syndrome, adult
respiratory distress syndrome (ARDS), dermatitis, meningitis, encephalitis, uveitis, colitis,
glomerulonephritis, allergic conditions, eczema, asthma, conditions involving infiltration of T cells and
chronic inflammatory responses, atherosclerosis, leukocyte adhesion deficiency, rheumatoid arthritis,
systemic lupus erythematosus (SLE), diabetes mellitus, multiple sclerosis, Reynaud's syndrome,
autoimmune thyroiditis, allergic encephalomyelitis, Sjorgen's syndrome, juvenile onset diabetes, immune

responses associated with acute and delayed hypersensitivity mediated by cytokines and T-lymphocytes,
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tuberculosis, sarcoidosis, polymyositis, granulomatosis, vasculitis, pernicious anemia (Addison's disease),
discases involving leukocyte diapedesis, central nervous system (CNS}) inflamumatory disorder, multiple
organ injury syndrome, hemolytic anemia, myasthenia gravis, antigen-antibody complex mediated
diseases, anti-glomerular basement membrane disease, antiphospholipid syndrome, allergic neuritis,
Graves' disease, Lambert-Faton myasthenic syndrome, pemphigoid bullous, pemipbigus, autoimmune
polyendocrinopathies, Reiter's disease, stiff-man syndrome, Beheet disease, giant cell arteritis, immune
complex nephritis, 1gA nephropathy, IgM polyneuropathies, idiopathic thrombocytopenic purpura (ITP)
and autoimmune thrombocytopenia.

{80242) In some embodiments, the autoimnuune or inflammatory disease s selected from the group
consisting of: RA, lupus, immune thrombocytopenic purpura, pure red cell aplasia, autoimmune anemia,
cold agglutinin disease, type B syndrome of severe jusulin resistance, mixed cryoglobulivermia,
myasthenia gravis, Wegener's granulomatosis, microscopic polyangiitis (MPA), refractory pemphigus
vulgaris, dermatomyositis, Sjogren's syndrome, active type-lI mixed cryoglobulinemia, pemphigus
vulgaris, autoimmune neuropathy, paraneoplastic opsoclonus-myocionus syndrome, and relapsing-
renitiing multiple sclerosis {(RRMS),

86243} In certain embodiments, the autoimmune disease or inflammatory disease is characterized by
CD37 expressing cells to which the CD37-binding agent (2.g.. antibody) binds.

{80244} The present invention provides for methods of treating autoimmune and inflammatory
diseases comprising administering a therapeutically effective amount of a CD37-binding agent to &

subject {e.g., a subject in need of treatment). In certain embodiments, the subject is a human.

80245 The present invention further provides methods for depleting B-cells, e.g., autoreactive B-
E 3 1 & E B
cells, using the antibodies or other agents described herein. In certain embaodiments, the method of

depleting B-cells comprises contacting a B-cell with a CD37-binding agent (¢.g., antibody) in virro. For
example, a cell Hne that expresses CD37 is cultured in medium to which is added the antibody or other
agent to deplete the cells. In some embodiments, the cells are isolated from a patient sample such as, for
example, a tissue biopsy, pleural effusion, or blood sample and cultured in mediwn to which is added an
CD37-binding agent to deplete the cells.

(65246} In some embodiments, the method of depleting B-cells, e.g. autoreactive B-cells, comprises
contacting the cells with the CD37-binding agent (e.g., antibody) in vive. In certain embodiments,
contacting a cell with a CD37-binding agent is undertaken in an asimal model. For example, CD37-
binding agents can be administered to xenografts expressing one or more CD37s that have been grown in
immunocompromised mice (e.g. NOD/SCID mice). In some embodiments, cells are isolated from a
patient sample such as, for example, a tissue biopsy, pleural effusion, or blood sample and injected into
immunocompromised mice that are then administered a C{#37-binding agent to deplete B-cells. In some

embodiments, the CD37-binding agent is administered at the same time or shortly after introduction of
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cells into the animal.  In further examples, CD37 binding agents can be administered in vivo to mice
expressing one or more CD37 antigens. In some embodiments, these mice can be engineered to express
human CD37 in addition to, or instead of, murine CD37. In some embodiments, these mice are disease
models, e.g. models for autoimmune disease. In some embodiments, administering a CD37 binding agent
depletes B-cells in vivo. In some embodiments, a CD37 binding agent prevents T-cell stimulation. In
some embodiments, administering a CD37 binding agent prevents or alleviates an autoimmune disease.
1602471 in certain embodiments, the B-cells overexpress CD37. In other expbodiments, the B-cells do
not overexpress CD37. Tn some embodiments, the B-cells are not cancer cells. n some embodiments, the
B-cells are not tumor cells. In some embodiments, the B-cells are not cancerous cells.

[00248] The present invention further provides pharmaceutical compositions comprising one or more
of the CD37-binding agents described herein. In certain embodiments, the pharmaceutical compositions
further comprise a pharmaceutically acceptable vehicle. These pharmaceutical compositions find use in
treating autoimmune and inflammatory disease in human patients.

[00249] In certain embodiments, formulations are prepared for storage and use by combining a
purified antibody or agent of the present invention with a pharmaceutically acceptable vehicle (e.g.
carrier, excipient) (Remington, The Science and Practice of Pharmacy 20th Edition Mack Publishing,
2000). Suitable pharmaceutically acceptable vehicles include, but are not limited to, nontoxic buffers
such as phosphate, citrate, and other organic acids; salts such as sodium chloride; antioxidants including
ascorbic acid and methionine; preservatives (e.g. octadecyldimethylbenzyl ammonium chloride;
hexamethonium chloride; benzalkonium chloride; benzethonium chloride; phenol, butyl or benzyl
alcohol; alkyl parabens, such as methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol;
and m-cresol); low molecular weight polypeptides (e.g. less than about 10 amino acid residues); proteins
such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone;
amino acids such as glycine, glutamine, asparagine, histidine, arginine, or lysine; carbohydrates such as
monosacchandes, disaccharides, glucose, mannose, or dextrins; chelating agents such as EDTA; sugars
such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
complexes (e.g. Zn-protein complexes); and non-ionic surfactants such as TWEEN or polyethylene glycol
(PEG).

[00250] The pharmaceutical compositions of the present invention can be administered in any number
of ways for either local or systemic treatment. Administration can be topical (such as to mucous
membranes including vaginal and rectal delivery) such as transdermal patches, ointments, lotions, creams,
gels, drops, suppositories, sprays, liquids and powders; pulmonary (e.g., by inhalation or insufflation of
powders or aerosols, including by nebulizer; intratracheal, intranasal, epidermal and transdermal); oral; or
parenteral including intravenous, intraarterial, subcutaneous, intraperitoneal or intramuscular injection or

infusion; or intracranial (e.g., intrathecal or intraventricular) administration.
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[00251] An antibody or immunoconjugate of the invention can be combined in a pharmaceutical
combination formulation, or dosing regimen as combination therapy, with a second compound having
anti-autoimmune or inflammatory properties. The second compound of the pharmaceutical combination
formulation or dosing regimen can have complementary activities to CD37-binding agent of the
combination such that they do not adversely affect each other. Pharmaceutical compositions comprising
the CD37-binding agent and the second agent are also provided. For example, CD37-binding agents can
be administered in combination with CD20-binding agents, such as Rituximab. In other embodiments,
CD37-binding agents can be administered in combination with salicylate; nonsteroidal anti-inflammatory
drugs such as indomethacin, phenylbutazone, phenylacetic acid derivatives (e.g., ibuprofen and
fenoprofen), naphthalene acetic acids (naproxen), pyrrolealkanoic acid (tometin), indoleacetic acids
(sulindac), halogenated anthranilic acid (meclofenamate sodium), piroxicam, zomepirac and diflunisal;
antimalarials such as chloroquine; gold salts; penicillamine; or immunosuppressive agents such as
methotrexate or corticosteroids. In some embodiments, the CD37-binding agent is administered in
combination with a second therapeutic selected from the group consisting of methotrexate, an anti-CD20
therapeutic, an anti-IL-6 receptor therapeutic, an anti-IL-12/23p40 therapeutic, a chemotherapeutic, an
immunosuppressant, an anti-interferon beta-la therapeutic, glatiramer acetate, an anti-a4-integrin
therapeutic, fingolimod, an anti-BLys therapeutic, CTLA-Fc, or an anti-TNF therapeutic. In some
embodiments, the CD37-binding agent is administered in combination with a second therapeutic that is an
antibody directed against an antigen selected from a group consisting of CD3, CD14, CD19, CD20,
CD22, CD25, CD28, CD30, CD33, CD36, CD38, CD40, CD44, CD52, CD55, CD59, CD56, CD70,
CD79, CD80, CD103, CD134, CD137, CD138, and CD152. In some embodiments, the CD37-binding
agent is administered in combination with a second thereapeutic that is an antibody directed against a
target selected from the group consisting of IL-2, IL-6, IL-12, IL-23, IL-12/23 p40, IL-17, IFNy, TNFa,
IFNq, IL-15, IL-21, TL-1a, IL-1b, IL-18, IL-8, IL-4, GM-CSF, IL-3, and IL-5. In some embodiments, the
CD37-binding agents are administered in combination with methotrexate.

[00252] For the treatment of the disease, the appropriate dosage of an antibody or agent of the present
invention depends on the type of disease to be treated, the severity and course of the disease, the
responsiveness of the disease, whether the antibody or agent is administered for therapeutic or
preventative purposes, previous therapy, patient’s clinical history, and so on all at the discretion of the
treating physician. The antibody or agent can be administered one time or over a series of treatments
lasting from several days to several months, or until a cure is affected or a diminution of the disease state
is achieved. Optimal dosing schedules can be calculated from measurements of drug accumulation in the
body of the patient and will vary depending on the relative potency of an individual antibody or agent.
The administering physician can easily determine optimum dosages, dosing methodologies and repetition

rates. In certain embodiments, dosage is from 0.01 pg to 100 mg per kg of body weight, and can be given
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once or more daily, weekly, monthly or vearly. In certain embodiments, the antibody or other CD37-
binding agent is given once every two weeks or once every three weeks. In certain embodiments, the
dosage of the antibody or other CD37-binding agent is from about 0.1 mg to about 20 mg per kg of body
weight. The treating physician can estimate repetition rates for dosing based on measured residence times
and concentrations of the drog in bodily fluids or tissues.

1Al

{86283 The combination therapy can provide "synergy" and prove "synergistic”, ie. the effect
achieved when the active ingredients used together is greater than the sum of the effects that results from
using the compounds separately. A synergistic effect can be attained when the active ingredients are: (1)
co-formulated and administered or defivered simultaneously in a combined, unit dosage formulation; (2}
delivered by alternation or in parallel as separate formulations; or (3} by some other regimen. When
delivered in alternation therapy, a synergisiic effect can be attained when the compounds are administered
or delivered sequentially, e.g. by different injections in separate syringes. In general, during alternation
therapy, an effective dosage of each active ingredient is administered sequentiaily, Le. serially, whereas in

combination therapy, effective dosages of two or more active ingredients are administered together,

VI. Kits comprising CD37-binding agents

[00254] The present invention provides kits that comprise the antibodies, immunoconjugates or other
agents described herein and that can be used to perform the methods described herein. In certain
embodiments, a kit comprises at least one purified antibody against CD37 in one or more containers. In
some embodiments, the kits contain all of the components necessary and/or sufficient to perform a
detection assay, including all controls, directions for performing assays, and any necessary software for
analysis and presentation of results. A label or indicator describing, or a set of instructions for use of, kit
components in a ligand detection method of the present invention, can also be included. The instructions
may be associated with a package insert and/or the packaging of the kit or the components thereof. One
skilled in the art will readily recognize that the disclosed antibodies, immunoconjugates or other agents of
the present invention can be readily incorporated into one of the established kit formats which are well
known in the art. Such kits can also include, for example, other compounds and/or compositions, a
device(s) for administering the compounds and/or compositions, and written instructions in a form
prescribed by a governmental agency regulating the manufacture, use or sale of pharmaceuticals or
biological products.

[00255] Further provided are kits comprising a CD37-binding agent (e.g., a CD37-binding antibody),
as well as a second agent. In certain embodiments, the second agent is rituximab. In certain
embodiments, the second agent is methotrexate.

* * *
{00256] Ermbodiments of the present disclosure can be further defined by reference to the following

non-limiting examples, which describe in detail preparation of certain antibodies of the present disclosure
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and methods for using antibodies of the present disclosure. It will be apparent to those skilled in the art
that many modifications, both to materials and methods, can be practiced without departing from the

scope of the present disclosure.

Examples

[00257] It is understood that the examples and embodiments described herein are for illustrative
purposes only and that various modifications or changes in light thereof will be suggested to persons
skilled in the art and are to be included within the spirit and purview of this application.

[00258] All publications, patents, patent applications, internet sites, and accession numbers/database
sequences (including both polynucleotide and polypeptide sequences) cited herein are hereby incorporated
by reference in their entirety for all purposes to the same extent as if each individual publication, patent,
patent application, internet site, or accession number/database sequence were specifically and individually

indicated to be so incorporated by reference.

Example 1

CD37 exgression in normal human PBMCs

[00259] The CD37 antigen was reported to be expressed on B-cells from the pre-B stage to the
peripheral mature B-cell stage, while being absent on B-cell progenitors and terminally differentiated
plasma cells. (Link et al., 1987, J Pathol. 152:12-21). In addition, the CD37 antigen is only weakly
expressed on T-cells, myeloid cells and granulocytes (Schwartz-Albiez et al. 1988, J. Immunol,
140(3)905-914).

[00260] The ability of antibodies (including certain CD37 antibodies and immunoconguates
previously described in U.S. Published Application No. 2011/0256153, which is herein incorporated by
reference in its entirety) to bind to normal human B-cells was measured using flow cytometry assays with
fluorescently labeled antibodies. In addition, the commercially available QuantiBRITE system from BD
Biosciences was used to estimate antigen density based on the number of antibodies bound to the cells
(ABC). The QuantiBRITE system from BD Biosciences utilizes the following reagents: anti-CD20-PE
supplied at 100 pg/mL and QuantiBRITE PE supplied as lyophilized PE-labeled beads. In addition, the
huCD37-3 antibody was labeled with PE to obtain an antibody-PE conjugate with an Ab:PE ratio of
approximately 1:1.

[00261}] Fresh buffy coats from healthy donors were obtained from Research Blood Components
(Brighton, MA, US) as a source of normal blood cells. Buffy coats were prepared by centrifugation of a
unit of whole blood and collecting the interface between the plasma and the red blood cells. This

unpurified buffy coat contains PBMCs, neutrophils, platelets, red blood cells, and plasma and was used
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for experiments on the same day it was drawn. Peripheral blood mononuclear cells (PBMCs) were
prepared from buffy coats by standard density gradient centrifugation using Ficoll-Paque as follows.
Blood was diluted 1:3 with 1x HBSS containing SmM EDTA and up to 30 mL were added to a 50 mL
conical tube. Ten mL of Ficoll-Paque (GE Healthcare) were slowly added to the bottom of each tube.
Samples were centrifuged at 500 x g with no brake at RT for 30 minutes to obtain a layer of PBMCs
below the plasma and to remove red blood cells and most granulocytes. The PBMCs were transferred to
new tubes and washed twice with 1x HBSS containing SmM EDTA by centrifugation at 400 x g for 10
minutes at RT. Staining buffer (1x HBSS, 1% BSA, 0.1% sodium azide) was then used to resuspend the
PBMC pellets at 6.25 x 10° cells/mL. Eighty pL of cells were transferred to a round-bottom 96-well plate
to achieve 5 x 10° cells/assay and 20 puL of human serum (Sigma H4522) were added to block Fc receptor-
mediated binding and incubated with cells on ice for 20 min in the dark. Fluorescently labeled antibodies
obtained from Miltenyi were used to identify PBMC populations: anti-CD3-allophycocyanin (APC) was
used to identify T-cells, anti-CD19-APC for B-cells, anti-CD56-APC for natural killer (NK) cells and
anti-CD14-APC for monocytes.

[00262] Cells were co-stained for CD37 expression using 20 pL of huCD37-3-PE for a final
concentration of approximately 10 pg/mL. Likewise, cells were co-stained for CD20 expression using 20
pL of anti-CD20-PE. As a control a non-binding PE-labeled hulgG1 isotype control antibody was used at
10 pg/mL. Staining was carried out for 1 hour on ice in the dark. Samples were washed twice with
staining buffer and fixed in 200 pL of 1% formaldehyde in 1x PBS. Samples were stored at 4°C in the
dark until acquisition, which was performed within 4 days of sample preparation.

[00263] A fresh tube of QuantiBRITE beads was reconstituted in the supplied tube with 0.5 mL of
staining buffer just prior to sample acquisition. Samples were acquired on a FACSCalibur flow cytometer
(BD Biosciences). Compensation controls were run with each assay to select appropriate instrument
settings and at least 10,000 events were collected for each sample. Instrument settings for fluorescence
and compensation were kept the same for both cell sample and bead sample acquisition to allow for an
accurate comparison. CellQuest (version 5.2.1, BD Biosciences) was used for acquisition control and
analysis.

[00264] The QuantiBRITE analysis utilizes on a bead standard with 4 bead populations conjugated
with a known number of PE molecules. For data analysis, a G1 gate was drawn around the bead singlets
on an FSC-H/SSC-H scatter plot. This gated bead population was subsequently analyzed using a
histogram plot of FL2-H to evaluate the level of PE staining. Separate markers were drawn around the
peaks of the four bead populations (M1-M4) and the geometric mean for FL2 of each bead population was
determined. The FL2 geometric mean of each bead was plotted against the lot specific PE/bead values in
a log-log plot. Linear regression was performed to obtain a standard curve using the following equation:

y =mx + ¢, with “m” equal to the slope and “c” equal to the y-intercept.
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[D0265] For PBMC sample analysis, a G1 gate was drawn around the positive fluorescent cell
population of interest on an SSC-H/FL4-H dot plot. This gated cell population was subsequently analyzed
using a histogram plot of FL2-H to evaluate the level of PE-labeled antibody staining. The FLZ geometric
mean was determined for each blood cell sample stained with anti-CD37-PE or anti-CD20-PE, as well as
unstained control samples. All geometric mean values for FLZ were plotted against the bead standard
curve and values for PE per cell were extrapolated. Since both antibody-PE conjugates were at a PE:Ab
ratio of approximately 1:1, the values for PE per cell correspond to the nusber of antibodies bound per
cell (ABC) value. Experiments were performed with duplicate samples for each assay. The mean and
standard deviation was determined from several assays for each blood cell population.

{00266] D37 expression was evaluated in normal blood cells from 4 independent donors. Results
were compared to CD20 staining, unstained cells and a non-binding hulgG-PE conjugate as controls. An
example of a typical staining profile of normal B-cells is given in a histograms in Figure 1. The average
ABC values of 4 different experiments for CD37 and CD20 were calculated and listed in Table 1.

[00267] Table 1: ABC values for CD37 and CD20 expression on human PBMC samples

CD37 ABC (D26 ABC ~ NoAb  hulgG-PE

control control
Cle 9+ B-cells | ””77,440 | 94,5§8 80 76”
CD3+ T cells 2,016 336 74 68
CD56+ NK cells 3,090 264 85 88
CD14+ monocytes 5,244 794 180 215

[00268] The highest overall CD37 staining level was found in CD19+ B-cells at approximately 77,000
ABC. In addition, CD37 staining was seen at low levels in other PBMC populations examined, with
CD14+ monocytes showing CD37 staining at approximately 5,000 ABC, CD56+ NK cells at 3,000 ABC,
and CD3+ T cells at 2,000 ABC. Staining with the non-binding hulgG-PE control resulted in ABC values
of approximately 70 — 90 for B, T and NK cells and approximately 200 for monocytes. In the same 4
donors CD20 expression was evaluated in comparison to CD37. In accordance with published findings,
the CD20 staining was restricted mainly to CD19+ B-cells with an ABC value of approximately 95,000
ABC. The CD20 expression level was just slightly higher than the CD37 expression level. Only minimal
CD20 staining was observed in other PBMC populations examined, with CD14+ monocytes showing
CD20 staining at 794 ABC, CD56+ NK cells at 264 ABC and CD3+ T cells at 336 ABC.

[00269] This result demonstrates that high D37 expression is maioly restricted to B-cells in
peripheral blood samples with only minor expression on peripheral T cells, NK cells and monocytes. This
is consistent with published findings ((Moore et al. 1986, I Immunol. 137(9):3013-8; Schwartz-Albiez et

al. 1988, 3. Immunocl, 140(3)905-914). [n addition, we found that the CD37 expression levels on
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peripheral B-cells is similar to the level of CD20 expression. This expression pattern strongly suggest that
CD37 directed therapies may be a suitable for targeting B-cells in diseases such as B-cell malignancies,
autoimmune diseases, inflammatory diseases or other disorders of the immune system analogous to the

use of CD20 directed therapies.

Example 2A

In vitro B-cell deytletion using purified PBMCs

{80276 The ability of humanized antibodies to deplete B-cells was measured using in vitro assays
with human PBMCs according to published studies performed with rituximab (Vugmeyster et al
Cytometry A, 2003;52(21101-9 and Vugmeyster et al. Int Immunopharmacel. 20044(8)1117-24).
Alemtuzumab (Campath) was used as appositive control, sinee it has been reported to efficiently deplete
fymphoeytes in vive and in vitro (Hale, Blood. 1983 Oct;62(4):873-82 and Waldmann, Fhilos Trans R Soc
Lond B Biol Sci. 2005 Sep 29;360(14613:1707-11 ).

[00271] Fresh buffy coats from healthy donors were obtained from Research Blood Components
(Brighton, MA, US) as a source of normal blood cells for all experiments within this study. Buffy coats
were prepared by centrifugation of a unit of whole blood and collecting the interface between the plasma
and the red blood cells. This unpurified buffy coat contains PBMCs, neutrophils, platelets, red blood
cells, and plasma and was used for experiments on the same day it was drawn. Peripheral blood
mononuclear cells (PBMCs) were prepared from buffy coats by standard density gradient centrifugation
using Ficoll-Paque as follows. Blood was diluted 1:3 with 1x HBSS containing SmM EDTA and up to
30 mL were added to a 50 mL conical tube. Ten mL of Ficoll-Paque (GE Healthcare) were slowly added
to the bottom of each tube. Samples were centrifuged at 500 x g with no brake at RT for 30 minutes to
obtain a layer of PBMCs below the plasma and to remove red blood cells and most granulocytes. The
PBMCs were transferred to new tubes and washed twice with 1x HBSS containing 5SmM EDTA by
centrifugation at 400 x g for 10 minutes at RT. Staining buffer (1x HBSS, 1% BSA, 0.1% sodium azide)
was then used to resuspend the PBMC pellets in the initial blood volume to achieve the original cell
density.

{0272 To assess the effect of haCD37-3, baCD37-3-SMCC-OM1, huCD37-56, huCD37-50-SMCC-
DM1, rituximab, alemtuzumab (Campath), and TRU-016 on PBMC depletion, 90 L of purified cells
were added to 12 x 75 wm polystyrene tubes and incubated with 10 pL of 2 100 pe/mi, solution of each
sample or a hulg isotype control antibody for | hr at 37°C in a humidified 5% CO, incubator. The final
antibody {Ab) concentration was 10 pg/mL in a final volume of 100 pl in staining buffer. Three
independent samples were prepared for each treatrpent.

{00273} To identify populations of PBMCs, all samples were co-stained immediately after Ab

incubation with 10-20 pL of fluorescently labeled Abs obtained from, for example, B Biosciences or
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Miltenyi. Anti-CD3-PerCP-Cy5.5 was used to identify T cells, anti-CD19-APC for B-cells, and anti-
CDI14-FITC for monocytes. Staining was carried out in a total of 150 pL for 30 min in the dark at RT.
CountBright Absolute Counting Beads (Invitrogen) were vortexed and added to each sample at 50 pL per
tube. For PBMC prep samples, cells were washed once with 1 mL staining buffer and centrifuged at 400 x
g for 3-5 min. Supernatant was removed with a 1 mL pipette and cells were resuspended in 500 pL of 1%
formaldehyde in 1x PBS. Samples were stored at 4°C in the dark until acquisition, which was performed
within 4 days of sample preparation.

[00274] TreeStar FlowJo software (version PC 7.5) was used for data analysis. A gate was drawn
around the CountBright bead population on an FSC-H vs SSC-H dot plot to determine a total bead count
for the sample. To determine the total count for each PBMC population of interest, a separate gate was
drawn around the positive fluorescent population on an SSC-H vs FL(x)-H dot plot, where x is the
channel of interest. Specifically, a total count for T cells in a sample was found by gating the positive
population on an SSC-H vs FL3-H dot plot; for B-cells, the positive population was found on an SSC-H
vs FL4-H dot plot; for NK cells, an SSC-H vs FL2-H dot plot was used; for monocytes, an SSC-H vs
FL1-H dot plot was used. The ratio of CD19+ cells for B-cells (CD3+ cells for T cells, CD56+ cells for
NK cells, or CD14+ cells for monocytes) relative to beads was determined and multiplied by 100. Percent
depletion was then calculated by taking the ratio of the cell to bead ratio in treated samples relative to the
cell to bead ratio in isotype control treated samples, subtracting this from 1 and multiplying by 100. This
corresponds to the following formula: Percent Depletion = 100 x (1 —cell to bead ratio of treated sample/
cell to bead ratio of control sample). Data for all cell types was analyzed in the same manner.

[00275] For two donors tested, treatment of purified PBMC samples with huCD37-3, huCD37-3-
SMCC-DM1, huCD37-50 or huCD37-50-SMCC-DM 1 resulted in approximately 55-70% depletion of B-
cells (see Figure 2). There was less than 10% depletion of T cells or monocytes. The B-cell restricted
depletion effect indicates that this activity is linked to the high CD37 expression on B-cells. In
comparison, treatment with the anti-CD20 antibody rituximab resulted in approximately 30-40% depletion
of B-cells. Treatment with the anti-CD37 SMIP™ TRU-016 resulted in only 20-30% depletion of B-cells.
Alemtuzumab treatment resulted in depletion of 60-70% of B-cells, 55-65% of T cells and 40-65% of
monocytes.

Example 2B

Dose response for in vitro B-cell depletion using purified PBMCs

[00276] To evaluate the dose-response of the antibodies and conjugates, purified PBMCs from 2
donors were incubated with a 5-fold sample dilution series. Each sample dilution was added at 10 pL per
tube to 90 pL of purified cells in triplicate and incubated for 1 hour at 37°C in a humidified 5% CO,
incubator. The final concentration ranged from 10 pg/mL to 0.13 ng/mL. The same amount of a non-

binding hulgG Ab was used as an isotype control.
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[00277] For two donors tested, treatment of purified PBMC samples with huCD37-3-SMCC-DM1
resulted in a clear dose-response for the B-cell depletion activity (see Figure 3A and B). Incubation with
huCD37-3-SMCC-DM 1 caused in vitro depletion of approximately 60% of B-cells with an EC50 of 40-75
ng/mL. For an additional donor tested, treatment of purified PBMC samples with huCD37-3, huCD37-38,
huCD37-50, and huCD37-56 antibodies also resulted in a clear dose-response for the B-cell depletion
activity (see Figure 3C). Incubation with these antibodies caused in vitro depletion of approximately 60-

70% of B-cells with an EC50 of 20-30 ng/mL.

Example 2C

[00278] The ability of humanized antibodies to deplete B-cells was measured using in vitro assays
with whole blood according to published studies performed with rituximab (Vugmeyster et al. Cytometry
A.2003;52(2):101-9 and Vugmeyster et al. Int Inmunopharmacol. 2004;4(8):1117-24).

[00279] Fresh buffy coats from healthy donors were obtained from Research Blood Components
(Brighton, MA, US) as a source of normal blood cells for all experiments within this study. To assess the
effect of huCD37-3, huCD37-3-SMCC-DM1, rituximab, alemtuzumab (Campath), and TRU-016 on
peripheral blood cells (PBCs) in a whole blood matrix, 90 pL of whole blood from a buffy coat were
incubated with Abs or isotype control as detailed above in a total volume of 100 uL. Three independent
samples were prepared for each Ab treatment.

[00280] To identify populations of blood cells, all samples were co-stained immediately after Ab
incubation with 10 - 20 uL of fluorescently labeled Abs obtained from, for example, BD Biosciences or
Miltenyi. Anti-CD3-PerCP-Cy5.5 was used to identify T cells, anti-CD19-APC for B-cells, anti-CD56-
PE for NK cells, and anti-CD14-FITC for monocytes. Staining was carried out in a total of 150 pL for 30
min in the dark at RT. CountBright Absolute Counting Beads (Invitrogen #C36950) were vortexed and
added to each sample at 50 pL per tube to allow standardization of cell counts.

[00281] Following cell staining, 2 mL of BD FACS Lysing Solution (BD Biosciences, diluted 1:10 in
dH,O according to the manufacturer’s instructions) were added to each sample in order to lyse the RBCs
present. Samples were incubated at RT for 15-20 min in the dark, centrifuged at 400 x g for 3-5 min, and
resuspended in 500 pL of 1% formaldehyde in 1x PBS. Samples were stored at 4°C in the dark until
acquisition, which was performed within 4 days of sample preparation. Samples were acquired on a BD
FACSCalibur. Compensation controls were run with each assay to confirm instrument settings. A total of
160,000 ungated events were acquired for each sample using BD CellQuest software (version 5.2).
TreeStar FlowJo software (version PC 7.5) was used for data analysis as described above.

[00282] For one donors tested, treatment of purified PBMC samples with huCD37-3, huCD37-3-
SMCC-DM1, huCD37-50 or huCD37-50-SMCC-DM1 resulted in approximately 40% depletion of B-
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cells (see Figure 4). There was less than 10% depletion of T cells, NK cells or monocytes. As seen for
purified PBMCs, the in vitro depletion is restricted to B-cells indicating that the activity is linked to the |
high CD37 expression on B-cells. In comparison, treatment with the anti-CD20 antibody rituximab or the
anti-CD37 SMIP™ TRU-016 resulted in a less than 10% depletion of B-cells. Alemtuzumab treatment
resulted in depletion of 40% of B-cells, 80% of T cells, 15% of NK cells and 20% of monocytes.

Example 2D

{60283] To evaluate the dose-response of the antibodies and conjugates, whole blood from 2 donors
was incubated with a 10-fold sample dilution series. Each sample dilution was added at 10 gL per tube to
94 pL of purified cells in triplicate and incubated for | hr at 37°C in a humidified 5% CO; incubator. The
final conceniration ranged from 10 pg/mE to 6.1 ng/mL. The same amount of a nop-binding hulgG Ab
was used as an isotype control.

{60284} For two donors tested, freatment of whole blood samples with haCD37-3 or huCD37-3-
SMCC-DM!I resufted in a clear dose response for the B-cell depletion activity {see Figure 5A and B}. In
addition, huCD37-50 was tested for one donor and also showed a similar dose response for the B-cell
depletion activity (see Figure 5B). Incubation with haCD37-3, buCD37-3-5MCC-DMI or huCD37-30
caused a maximum response of in vitro depletion of approximately 30-45% of B-cells with an EC50 of
44-120 ng/mi.

[00285] In addition to the in vitro experiment described above, the capacity of CD37 antibodies to
deplete B cells in vivo can be tested in huCD37 expressing mice (described in Example 3) and, for

antibodies that crossreact with macaque CD37, in monkey.

Example 2E

In vitro cxtokine release studies using human PBMCs

[00286] In vitro cytokine release was measured by ELISpot for IFN-y (Interferon), TNF-a (Tumor
Necrosis Factor) and IL-6 (Interleukin-6) using peripheral blood mononuclear cells (PBMCs) from
healthy human donors incubated for 18-20 hours with compounds at a concentration of 2.5 ng/mL to 250
ng/mL. The ELISpot method is designed to measure the number of cells secreting cytokine by capturing
the cytokine onto the assay plate during the entire length of the incubation. In all assays the positive
control anti-CD3 antibody CD3-2, as well as a negative non-binding isotype hulgG contro} antibody was
included. Alemtuzumab (Campath®) and rituximab (Rituxan®) were used in comparison, since both have
been reported to induce cytokine release in patients (Wing. J Clin Invest. 98:2819-26 (1996) and Winkler,
Blood 94:2217-2224 (1999)). The assay conditions were chosen to reflect conditions that are relevant for

antibody therapeutics. The highest concentration of 250 pg/mL tested corresponds to the maximum
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serum concentration of an antibody, such as for example the CD20-directed rituximab, in patient plasma
after an infusion of 10 mg/kg of antibody.

[00287] As can be seen in Figures 6 and 7, the positive control anti-CD3 antibody induced release of
very high levels of IFN-y, TNF-a and IL-6 with PBMCs from two different donors. In the same assays,
alemtuzumab caused intermediate cytokine release, while rituximab caused moderate cytokine release
with PBMCs from two different donors. In contrast, huCD37-3, huCD37-50, huCD37-3-SMCC-DM1 or
huCD37-50-SMCC-DM1 did not cause significant cytokine release in our assays.

[00288] This underscores the utility of the described CD37-targeting antibodies or conjugates as
therapeutics as they combine potent activity, such as B-cell depletion, with a favorable safety profile with

respect to cytokine release.

Example 3

[00289] B-cell depletion is known to ameliorate autoimmune diseases. In fact, rituximab has been
approved for rheumatoid arthritis treatment (Edwards JC et al. Nat Rev Immunol. 6: 119 (2006)). In
animal models, B-cell depletion using antibodies against B-cell antigens such as CD20, CD19 and CD79
has been shown to inhibit or ameliorate several autoimmune diseases including systemic lupus
erythematosus (SLE), experimental autoimmune encephalomyelitis (EAE; mouse model of multiple
sclerosis), type-1 diabetes (T1D) and rheumatoid arthritis (RA). The CD37 antigen is expressed at high
levels in human B-cells. Therefore, antibodies or immunoconjugates directed against the CD37 antigen
could potentially deplete B-cells and be therefore useful to treat multiple autoimmune diseases.

[00290] To test the utility of CD37 targeting antibodies and immunoconjugates to treat human
autoimmune diseases, the activity of such CD37 targeting antibodies and immunoconjugates can be
studied in mice using several murine autoimmune disease models.

[00291] For example, anti-murine CD37 antibodies can be generated using CD37-knock-out mice or
other species such as rat and hamster, and antibodies that deplete B-cell in vivo effectively can be selected.
The therapeutic potential of anti-CD37 antibodies can be tested in mouse models representing human
autoimmune diseases, for example, a spontaneous T1D model in NOD mice, a myelin oligodendrocyte
glycoprotein (MOG) peptide induced EAE model in wild type C57/Bl6 mice, a collagen induced
rheumatoid arthritis model in DBA/1 mice or a spontaneous systemic lupus erythematosus (SLE) model in
MRL/Ipr mice. ~Examples of murine CD37 antibodies and their therapeutic efficacy in various animal
models of autoimmune disease are provided below.

[00292] Alternatively, the therapeutic potential of anti-human CD37 antibodies and

immunoconjugates can also be tested in murine autoimmune disease models that have been engineered to
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express the human CD37 antigen. Such human CD37 (huCD37) expressing mice can be generated using
standard knock in (K1) or transgenic (Tg) approaches. For example, to generate huCD37 KI mice, human
CD37 cDNA can be inserted into the murine CD37 locus in the C57/Bl6 embryonic stem (ES) cells. The
homozygous huCD37 KI mice will express human CD37 cDNA under the regulation of the endogenous
murine CD37 promoter, thus the expression pattern of the huCD37 would mimic that of the endogenous
muCD37. The different approach utilizes bacterial artificial chromosome (BAC) containing the human
CD37 gene that can be randomly inserted into the mouse genome. This transgenic approach has been used
successfully to generate huCD20 Tg mice resulting in B-cell specific high level expression of the antigen.

{30293] The resulting huCD37 expressing mice based on the C57/Bl6 background can be used to
further develop several autoimmune disease model. For examples, MOG peptide immunization in the
C57/BI6 strain background can induces severe EAE in two weeks. In addition, introducing a FcyRIIB
knock out phenotype by breeding huCD37 expressing mice with C57/Bl6 FcyRIIB knock out mice should
yield a mouse model that spontaneously develop SLE and develop RA upon immunization with collagen
II antigen. Alternatively, backcrossing of the huCD37 expressing C57/Bl6 mice into the NOI¥ or
MRL/lpr background for 10 generations can provide spontaneous T1D and SLE models, respectively.

Example 4A

Generation of anti-muCD37 monoclonal antibody clone 252-3

{00294] To develop proof of concept that CD37 targeting antibody and immunoconjugate can inhibit
autoimmune disease, anti-murine CD37 (muCD37) monoclonal antibodies were generated by immunizing
CD37-knock-out C57Bl/6 mice with 300-19, a murine pre-B cell line that endogenously expresses the
muCD37 antigen. The immunogen was injected subcutaneously at the dose of 5%10° cells per mouse
every 2 weeks for 5 times. Three days before being sacrificed for hybridoma generation, the immunized
mice received intraperitoneal injection of another dose of antigen. The spleen cells were fused with
murine myeloma P3X63Ag8.653 cells (P3 cells) (J. F. Kearney et al. 1979, J Immunol, 123: 1548-1550)
at ratio of 1 P3 cells: 3 spleen cells according to standard procedure. The fused cells were cultured in
RPMI-1640 selection medium containing hypoxanthine-aminopterin-thymidine (HAT) (Sigma Aldrich) in
5% CO, incubator at 37°C until hybridoma clones were ready for antibody screening.

[00295] Screening was done using flow cytometric binding assay with spleen cells from wild type
mice and CD37-knock-out mice. The spleen cells were counterstained with anti-CD45R (B220) antibody
to identify B cells that constitutively express CD37 antigen. The hybridomas producing antibody that
bound the wild type, but not CD37-knock-out, B cells were subcloned by limiting dilution. One stable
subclone (clone 252-3) was obtained. The 252-3 hybridoma was expanded in low IgG serum containing

media and the antibody was purified using standard methods with protein A/G chromatography.
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Example 4B

[00296] The purified 252-3 monoclonal antibody was identified as a mouse IgG2a with IsoStrip
mouse monoclonal antibody isotyping kit (Roche Diagnostics Corporation, Indianapolis, IN). To
determine the binding affinity to the muCD37 antigen, various concentrations of 252-3 antibody were
incubated with 300-19 cells, a murine pre-B cell line that expresses the muCD37 antigen, for 30 minutes
at 4°C. Cells were then washed and counterstained with anti mulgG-PE conjugate (Jackson
Immunoresearch, West Grove, PA) for 30 minutes at 4°C. The cells were finally washed, fixed in
formalin and analyzed by flow cytometry using a FACSarray (BD Bioscience, San Jose, CA). The flow
cytometry data were analyzed using FlowJo (Tree Star Inc., Ashland, OR) and the geometric mean
fluorescence intensity was plotted against the antibody concentration in a semi-log plot (Figure 8). A
dose-response curve was generated by non-linear regression and the EC50 value of the curve, which
corresponds to the apparent dissociation constant (Kd) of the antibody, was calculated using GraphPad
Prism (GraphPad Software Inc., La Jolla, CA). It was found that the Kd of the 252-3 antibody was 14 nM.
In contrast, the 252-3 antibody did not bind to human tumor cells expressing the human CD37 antigen.
The 252-3 antibody was then used as a surrogate antibody in murine autoimmune disease models to
demonstrate the therapeutic potential of a CD37-targeting antibody for the treatment of autoimmune

diseases (Examples 5-7).

Example 5

[00297] Experimental autoimmune encephalomyelitis (EAE) is an animal model of inflammatory
demyelinating disease of the central nervous system (CNS), including multiple sclerosis in human.
Murine EAE is commonly induced by immunization of spinal cord homogenates, brain extracts, or CNS
protein such as myelin protein or peptide, followed by injection of pertussis toxin to break down the
blood-brain barrier and allow immune cells access to the CNS tissue. This immunization leads to multiple
small disseminated lesions of demyelination in the brain and spinal cord, causing tail paralysis followed
by limb paralysis.

[00298] To test the activity of anti-muCD37 antibody in the EAE model, we first studied the capacity
of the 252-3 antibody to deplete B cells in vivo. C57B1/6 mice were injected intraperitoneally with 25
mg/kg of 252-3 antibody or polyclonal murine IgG (Jackson Immunoresearch, West Grove, PA) as a
control. Peripheral blood was collected at different time points and analyzed for B and T cell levels by

flow cytometry. Allophycocyanin (APC)-conjugated anti-mouse CD45R (B220) antibody (ebioscience,
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San Diego, CA) and fluorescein isothiocyanate (FITC)-conjugated anti CD3e antibody (ebioscience, San
Diego, CA) were used to stain B and T cell populations, respectively. B cell depletion was assessed by
calculating the ratio of B to T cells for each sample and the B/T ratio was normalized by setting the
average B/T ratio of murine IgG-treated samples to 100%. The normalized B/T cell ratio was plotted for
mulgG control mice and 252-3 antibody treated mice (Figure 9A). The result show that the B cell level of
the mice treated with 252-3 antibody was rapidly reduced within a few hours after the antibody injection.
The B cell depletion reached ~70% at 3h and peaked at day 3 (> 95%). After day 3, the B cell level slowly
increased and reached ~60% of the normal level at day 14. This data suggests that the 252-3 antibody can
rapidly and efficiently deplete peripheral blood B cells, and this effect was sustained for at least 7 days
after the antibody injection.

[00299] The second study tested the capacity of 252-3 antibody to inhibit EAE. In this study, EAE
was induced in C57B1/6 mice by subcutaneous immunization of MOGss.ss peptide emulsified in complete
Freund’s adjuvant (EAE kit from Hooke Laboratories, Lawrence, MA) into the upper and lower back at
day 0 and two intraperitoneal injections of pertussis toxin at 2h and 24h after antigen immunization. Mice
were checked for EAE signs daily starting on day 7 after immunization. The disease severity was scored

on a scale of 0 to 5 using the following criteria:

Score i Clinical Observations

0 i No obvious changes in motor functions of the mouse in comparison to non-immunized mice.

When picked up by the tail, the tail has tension and is erect. Hind legs are usually spread apart.
When the mouse is walking, there is no gait or head tilting.

1 Limp tail.

When the mouse is picked up by tail, instead of being erect, the whole tail drapes over your
finger.

2 Limp tail and weakness of hind legs.

When the mouse is picked up by tail, legs are not spread apart, but held closer together. When
- the mouse is observed when walking, it has clearly apparent wobbly walk.

3 Limp tail and complete paralysis of hind legs (most common)
OR,
Limb tail with paralysis of one front and one hind leg.

OR, ALL of:

Severe head tilting

Walking only along the edges of the cage
Pushing against the cage wall
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4 Limp tail, complete hind leg and partial front leg paralysis.

Mouse is minimally moving around the cage but appears alert and feeding. Usually, euthanasia
is recommended after the mouse scores level 4 for 2 days. When the mouse is euthanized
- because of severe paralysis, a score of 5 is entered for that mouse for the rest of the experiment.

5 Complete hind and front leg paralysis, no movement around the cage.
. OR,
Mouse is spontaneously rolling in the cage.
OR,
Mouse is found dead due to paralysis.

If mouse is alive, euthanize the mouse immediately if it scores 5. Once mouse scored 5, the
same score is entered for all the days for the rest of the experiment.

[00300] All mice started to show signs of EAE between 12 to 18 days after antigen immunization. At
the disease onset, mice were randomized and the 252-3 antibody or polyclonal mulgG was injected once
intraperitoneally at a 25 mg/kg dose. A total of 10 mice were enrolled for each group. At the end of the
study (18 days after the disease onset), the data were synchronized based on the day of disease onset for
each mouse. The disease progression plot (Figure 9B) shows that mice from both groups had relapsing-
remitting form of EAE. During the first wave of clinical symptoms, the control mice reached the mean of
3 while the mice treated with 252-3 antibody had a mean of 2. The difference in disease severity between
these two groups was sustained for more than 2 weeks after the disease onset. Taken together, this data

suggests that the 252-2 antibody treatment rapidly depletes the B cell population and alleviates EAE.

Example 6

[00301] Type-1 diabetes (T1D) or juvenile diabetes or insulin-dependent diabetes millitus IDDM) is
caused by auto-immune reaction against insulin-producing pancreatic beta cells. Destruction of beta cells
reduces insulin production and increases glucose level that produces various clinical symptoms. T1D
incidence in Northern Europe and the US is between 8 and 17/100,000. Insulin supplement is the most
common treatment of the disease.

[00302] Non-obese diabetic (NOD) mice spontaneously develop T1D and have been widely used to
model the human disease. In NOD mice, the disease starts with leukocyﬁc infiltration of the pancreatic
islets (called insulitis) as early as 4 weeks of age. The insulitis progresses rapidly, leading to destruction
of pancreatic islets and diabetes starting at 12-15 weeks of age. B cell depletion using anti-CD20 antibody
in the early stage of insulitis has been reported to delay the disease onset (Hu et al., J Clin Inves. 117,

3857 (2007)), suggesting that B cells play a critical role in the disease pathogenests in NOD mice.
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[00303] To test the activity of anti-muCD37 antibody, the 252-3 antibody was injected into six female
NOD mice intraperitoneally at 25 mg/kg every 10 days for a total of 4 injections starting at 5 weeks of age
(n=6). The control mice (n=6) were injected with polyclonal murine IgG (Jackson Immunoresearch, West
Grove, PA). Three days after the last injection, the B and T cell levels in peripheral blood were examined
by flow cytometry. Allophycocyanin (APC)-conjugated anti-mouse CD45R (B220) antibody
(ebioscience, San Diego, CA) and fluorescein isothiocyanate (FITC)-conjugated anti CD3e antibody
(ebioscience, San Diego, CA) were used to stain B and T cell populations, respectively. The B/T cell ratio
was normalized to murine IgG control treated samples as described above and the normalized B/T cell
ratio was plotted for mulgG control mice and 252-3 antibody treated mice (Figure 10A). The results show
that the B cell level of the mice treated with 252-3 antibody was significantly reduced as compared to the
control mice, suggesting that the 252-3 antibody efficiently depletes peripheral blood B cells in NOD
mice. To examine the effect of B cell depletion by anti-muCD37 antibody, blood glucose level was
measured weekly starting at 12 weeks of age. Mice with blood glucose level > 250 mg/dL in two
consecutive weeks are considered diabetic. The data in Figure 10B shows that the control mice started to
develop diabetes on week 15 and 83% of the mice had diabetes on week 22. In contrast, the mice treated
with 252-3 antibody started to develop diabetes on week 17 and only 50% of the mice were diabetic on
week 27. This data shows that treatment of 252-3 antibody efficiently depletes B cells in NOD mice,

delays the onset of diabetes and significantly reduces the disease incidence.

Example 7

[00304] Collagen-induced arthritis (CIA) is an animal model of rheumatoid arthritis (RA) that is
widely used to investigate disease pathogenesis and to validate therapeutic targets. Arthritis is normally
induced in mice or rats by immunization with autologous or heterologous type II collagen in adjuvant.
This immunization elicits a robust T- and B- cell response to the antigen leading to proliferative synovitis
with infiltration of polymorphonuclear and mononuclear cells, pannus formation, cartilage degradation,
bone erosion and fibrosis.

[00305] Since different mouse strains have different susceptibility to antibody-mediated B cell
depletion (Ahuja et al., J. Immunol., 179: 3351-3361 (2007)), to test the activity of anti-muCD37 antibody
in CIA model, we first studied the capacity of the 252-3 antibody to deplete B cells in DBA/I mice. Mice
were injected intraperitoneally with 25 mg/kg of 252-3 antibody or polyclonal murine IgG (Jackson
Immunoresearch, West Grove, PA) as control. Peripheral blood was collected at different time points and
analyzed for B and T cell levels by flow cytometry. Allophycocyanin (APC)-conjugated anti-mouse
CD45R (B220) antibody (ebioscience, San Diego, CA) and fluoresceirn isothiocyanate (FITC)-conjugated

anti CD3e antibody (ebioscience, San Diego, CA) were used to stain B and T cell populations,
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respectively. The normalized B/T cell ratio was was calculated as described above and compared between
the mulgG control mice and 252-3 antibody treated mice (Figure 11A). The result show that the 252-3
antibody significantly reduced the peripheral blood B cell level to ~20% and ~8% in 1 and 3 days after the
antibody injection, and this low B cell level was maintained at 7 days after the antibody injection. This
data suggests that the 252-3 antibody can rapidly and efficiently deplete peripheral blood B cells, and this
effect was sustained for at least 7 days after the antibody injection.

[00306] The second study tests the capacity of 252-3 antibody to inhibit CIA. In this study, CIA was
induced in DBA/1 mice by subcutaneous immunization of chicken collagen/CFA (complete Freund’s
adjuvant) on day 0 and chicken collagen/IFA (incomplete Freund’s adjuvant) on day 21 (Hooke
Laboratories, Lawrence, MA). Mice were checked for CIA signs daily starting ou day 21 after
immunization. The CIA severity was scored on a scale of 0 to 16 (based on a score of 0 to 4 for each paw)

using the following criteria:

PawScore: Clinical Observations
0 Normalpaw.

1 One toe inflamed and swollen.

2 More than one toe, but not entire paW, inflamed and swollen,
OR
Mild swelling of entire paw.

3 Entire paw inflamed and swollen.
4 Very inflamed and swollen paw or ankylosed paw. If the paw

is ankylosed, the mouse cannot grip the wire top of the cage.

[00307] At the onset of arthritis symptoms, mice were randomized into two groups and injected with
the 252-3 antibody or polyclonal mulgG intraperitoneally at 10 mg/kg dose at three consecutive days. A
total of 12 mice were enrolled for each group. At the end of the study (21 days after the disease onset), the
data were synchronized based on the day of disease onset for each mouse. The disease progression plot
(Figure 11B) shows that the disease severity in control mice increased rapidly from mean score of 2 at day
1t0 9.5 at day 7. In contrast, the disease in mice treated with the 252-3 antibody progressed significantly
slower with mean score of 4.4 at day 7. Altogether, this data suggests that the 252-2 antibody treatment
significantly depletes the B cell population and alleviates CIA.

[00308] In conclusion, the above experiments using a surrogate anti-muCD37 antibody provide
evidence that a CD37-targeting antibody, or an immunoconjugate that includes a CD37 antibody, can

inhibit autoimmune diseases in animal models.

sk ok ok

[00309] It is to be appreciated that the Detailed Description section, and not the Abstract section, is

intended to be used to interpret the claims. The Abstract Abstract may set forth one or more but not all
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exemplary embodiments of the present invention as contemplated by the inventors, and thus, is not
intended to limit the present invention and the appended claims in any way.

[00310] The present invention has been described above with the aid of functional building blocks
illustrating the implementation of specified functions and relationships thereof. The boundaries of these
functional building blocks have been arbitrarily defined herein for the convenience of the description.
Alternate boundaries can be defined so long as the specified functions and relationships thereof are
appropriately performed.

[00311] The foregoing description of the specific embodiments will so fully reveal the general nature
of the invention that others can, by applying knowledge within the skill of the art, readily modify and/or
adapt for various applications such specific embodiments, without undue experimentation, without
departing from the general concept of the present invention. Therefore, such adaptations and
modifications are intended to be within the meaning and range of equivalents of the disclosed
embodiments, based on the teaching and guidance presented herein. It is to be understood that the
phraseology or terminology herein is for the purpose of description and not of limitation, such that the
terminology or phraseology of the present specification is to be interpreted by the skilled artisan in light of
the teachings and guidance.

[00312] The breadth and scope of the present invention should not be limited by any of the above-
described exemplary embodiments, but should be defined only in accordance with the following claims
and their equivalents.

[00313] All publications, patents, and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each independent publication, patent, or patent

application was specifically and individually indicated to be incorporated by reference.
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WHAT IS CLAIMED IS:

1. A method for depleting a B-cell comprising contacting a population of cells comprising a
non-cancerous B-cell with an antibody or antigen binding fragment thereof that
specifically binds to CD37, wherein said antibody or fragment thereof is capable of

inducing apoptosis in vitro in the absence of a cross-linking agent.

2. A method for treating a patient having an autoimmune or inflammatory disease comprising
administering to said patient a therapeutically effective amount of an antibody or antigen-binding
fragment thereof that specifically binds to CD37, wherein said antibody or fragment thereof is

capable of inducing apoptosis in vitro in the absence of a cross-linking agent.

3. The method of claim 1 or 2, wherein said antibody or antigen-binding fragment thereof is also

capable of inducing complement dependent cytotoxicity (CDC).

4. The method of any of claims 1-3, wherien said antibody or antigen-binding fragment thereof is

also capable of inducing antibody dependent cell mediated cytotoxicity (ADCC).

5. A method for depleting a B-cell comprising contacting a population of cells comprising a non-
cancerous B-cell with an antibody or antigen binding fragment thereof that specifically binds to

the same CD37 epitope as an antibody selected from the group consisting of:

(a) an antibody comprising the polypeptide of SEQ ID NO:55 and the polypeptide of SEQ ID NO:72;
(b) an antibody comprising the polypeptide of SEQ ID NO:56 and the polypeptide of SEQ ID NO:73;
(c) an antibody comprising the polypeptide of SEQ ID NO:57 and the polypeptide of SEQ ID NO:74;
(d) an antibody comprising the polypeptide of SEQ ID NO:58 and the polypeptide of SEQ ID NO:74;
(e) an antibody comprising the polypeptide of SEQ ID NO:59 and the polypeptide of SEQ ID NO:75;
(f) an antibody comprising the polypeptide of SEQ ID NO:60 and the polypeptide of SEQ ID NO:76;
(g) an antibody comprising the polypeptide of SEQ ID NO:61 and the polypeptide of SEQ ID NO:77;
(h) an antibody comprising the polypeptide of SEQ ID NO:62 and the polypeptide of SEQ ID NO:78,;
(i) an antibody comprising the polypeptide of SEQ ID NO:63 and the polypeptide of SEQ ID NO:79;
(j) an antibody comprising the polypeptide of SEQ ID NO:64 and the polypeptide of SEQ ID NO:80;
(k) an antibody comprising the polypeptide of SEQ ID NO:65 and the polypeptide of SEQ ID NO:81;
(1) an antibody comprising the polypeptide of SEQ ID NO:66 and the polypeptide of SEQ ID NO:82;
(m) an antibody comprising the polypeptide of SEQ ID NO:67 and the polypeptide of SEQ ID NO:83;
(n) an antibody comprising the polypeptide of SEQ ID NO:68 and the polypeptide of SEQ ID NO:84;
(0) an antibody comprising the polypeptide of SEQ ID NO:69 and the polypeptide of SEQ ID NO:85;
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(p) an antibody comprising the polypeptide of SEQ ID NO:70 and the polypeptide of SEQ ID NO:86;
(q) an antibody comprising the polypeptide of SEQ ID NO:71 and the polypeptide of SEQ ID NO:87; and
(r) an antibody comprising the polypeptide of SEQ ID NO:177 and the polypeptide of SEQ ID NO:178.

6. A method for treating a patient having an autoimmune or inflammatory disease comprising
administering to said patient a therapeutically effective amount of an antibody or antigen-binding
fragment thereof that specifically binds to the same CD37 epitope as an antibody selected from

the group consisting of:

(a) an antibody comprising the polypeptide of SEQ ID NO:55 and the polypeptide of SEQ ID NO:72;
(b) an antibody comprising the polypeptide of SEQ ID NO:56 and the polypeptide of SEQ ID NO:73;
(c) an antibody comprising the polypeptide of SEQ ID NO:57 and the polypeptide of SEQ ID NO:74;
(d) an antibody comprising the polypeptide of SEQ ID NO:58 and the polypeptide of SEQ ID NO:74;
(e) an antibody comprising the polypeptide of SEQ ID NO:59 and the polypeptide of SEQ ID NO:75;
(f) an antibody comprising the polypeptide of SEQ ID NO:60 and the polypeptide of SEQ ID NO:76;
(2) an antibody comprising the polypeptide of SEQ ID NO:61 and the polypeptide of SEQ ID NO:77;
(h) an antibody comprising the polypeptide of SEQ ID NO:62 and the polypeptide of SEQ ID NO:78;
(i) an antibody comprising the polypeptide of SEQ ID NO:63 and the polypeptide of SEQ ID NO:79;
(j) an antibody comprising the polypeptide of SEQ ID NO:64 and the polypeptide of SEQ ID NO:80;
(k) an antibody comprising the polypeptide of SEQ ID NO:65 and the polypeptide of SEQ ID NO:81;
(1) an antibody comprising the polypeptide of SEQ ID NO:66 and the polypeptide of SEQ ID NO:82;
(m) an antibody comprising the polypeptide of SEQ ID NO:67 and the polypeptide of SEQ ID NO:83;
(n) an antibody comprising the polypeptide of SEQ ID NO:68 and the polypeptide of SEQ ID NO:84;
(o) an antibody comprising the polypeptide of SEQ ID NO:69 and the polypeptide of SEQ ID NO:85;
(p) an antibody comprising the polypeptide of SEQ ID NO:70 and the polypeptide of SEQ ID NO:86;
(q) an antibody comprising the polypeptide of SEQ ID NO:71 and the polypeptide of SEQ ID NO:87; and
(r) an antibody comprising the polypeptide of SEQ ID NO:177 and the polypeptide of SEQ ID NO:178.

7. The method of claim 5 or 6, wherein the antibody or antigen-binding fragment thereof

competitively inhibits an antibody selected from the group consisting of:

(a) an antibody comprising the polypeptide of SEQ ID NO:55 and the polypeptide of SEQ ID NO:72;
(b) an antibody comprising the polypeptide of SEQ ID NO:56 and the polypeptide of SEQ ID NO:73;
(c) an antibody comprising the polypeptide of SEQ ID NO:57 and the polypeptide of SEQ ID NO:74;
(d) an antibody comprising the polypeptide of SEQ ID NO:58 and the polypeptide of SEQ ID NO:74;
(e) an antibody comprising the polypeptide of SEQ ID NO:59 and the polypeptide of SEQ ID NO:75;
(f) an antibody comprising the polypeptide of SEQ ID NO:60 and the polypeptide of SEQ ID NO:76;
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(2) an antibody comprising the polypeptide of SEQ ID NO:61 and the polypeptide of SEQ ID NO:77;
(h) an antibody comprising the polypeptide of SEQ ID NO:62 and the polypeptide of SEQ ID NO:78;
(i) an antibody comprising the polypeptide of SEQ ID NO:63 and the polypeptide of SEQ ID NO:79;

(j) an antibody comprising the polypeptide of SEQ ID NO:64 and the polypeptide of SEQ ID NO:80;
(k) an antibody comprising the polypeptide of SEQ ID NO:65 and the polypeptide of SEQ ID NO:81;
(1) an antibody comprising the polypeptide of SEQ ID NO:66 and the polypeptide of SEQ ID NO:82;
(m) an antibody comprising the polypeptide of SEQ ID NO:67 and the polypeptide of SEQ ID NO:83;
(n) an antibody comprising the polypeptide of SEQ ID NO:68 and the polypeptide of SEQ ID "NO:84;
(o) an antibody comprising the polypeptide of SEQ ID NO:69 and the polypeptide of SEQ ID NO:85;
(p) an antibody comprising the polypeptide of SEQ ID NO:70 and the polypeptide of SEQ ID NO:86;
(q) an antibody comprising the polypeptide of SEQ ID NO:71 and the polypeptide of SEQ ID NO:87; and
(r) an antibody comprising the polypeptide of SEQ ID NO:177 and the polypeptide of SEQ ID NO:178.

8. A method for depleting a B-cell comprising contacting a population of cells comprising non-
cancerous B-cell with an antibody or antigen-binding fragment thereof produced by hybridoma
selected from the group consisting of ATCC Deposit Designation PTA-10664, deposited
with the ATCC on February 18, 2010, ATCC Deposit Designation PTA-10665, deposited
with the ATCC on February 18, 2010, ATCC Deposit Deisgnation PTA-10666, deposited
with the ATCC on February 18, 2010, ATCC Deposit Designation PTA-10667 deposited
with the ATCC on February 18, 2010, ATCC Deposit Designation PTA-10668, deposited
with the ATCC on February 18, 2010, ATCC Deposit Designation PTA-10669, deposited
with the ATCC on February 18, 2010, and ATCC Deposit Designation PTA-10670,
deposited with the ATCC on F ebruary 18, 2010.

g, A method for treating a patient having an autoimmune or inflammatory disease comprising
administering to said patient a therapeutically effective amount of an antibody or antigen-binding
fragment thereof produced by hybridoma selected from the group consisting of ATCC Deposit
Designation PTA-10664, deposited with the ATCC on February 18, 2010, ATCC Deposit
Designation PTA-10665, deposited with the ATCC on February 18, 2010, ATCC Deposit
Deisgnation PTA-10666, deposited with the ATCC on February 18, 2010, ATCC Deposit
Designation PTA-10667 deposited with the ATCC on February 18, 2010, ATCC Deposit
Designation PTA-10668, deposited with the ATCC on February 18, 2010, ATCC Deposit
Designation PTA-10669, deposited with the ATCC on February 18, 2010, and ATCC
Deposit Designation PTA-10670, deposited with the ATCC on February 18, 2010.
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10. A method for depleting a B-cell comprising contacting a population of cells comprising a non-
cancerous B-cell with an antibody or antigen-binding fragment thereof that specifically binds to
CD37, wherein said antibody comprises polypeptide sequences selected from the group consisting

of:

(a) SEQ ID NOs: 4, 5, and 6 and SEQ ID NOs: 28, 29, and 30;

(b) SEQ ID NOs: 7, 8, and 9 and SEQ ID NOs: 31, 32, and 33;

(c) SEQ ID NOs: 10, 11, and 12 and SEQ ID NOs: 34, 35, and 36;

(d) SEQ ID NOs: 13, 14, and 15 and SEQ ID NOs: 37, 38, and 39;

(e) SEQ ID NOs: 13, 14, and 15 and SEQ ID NOs: 37, 40, and 39;

(f) SEQID NOs: 16, 17, and 18 and SEQ ID NOs: 41, 42, and 43;

(2) SEQ ID NOs: 19, 20, and 21 and SEQ ID NOs: 44, 45, and 46;

(h) SEQ ID NOs: 19, 20, and 21 and SEQ It¥ NOs: 44, 47, and 46;

(i) SEQ ID NOs: 22, 23, and 24 and SEQ ID NOs: 438, 49, and 50;

(j) SEQ ID NOs: 22, 23, and 24 and SEQ ID NOs: 48, 51, and 50;

(k) SEQ ID NOs: 25, 26, and 27 and SEQ ID NOs: 52, 53, and 54;

(I) SEQ ID NOs: 171, 172, and 173 and SEQ ID NOs: 174, 175, and 176;
(m) SEQ ID NOs: 171, 181, and 173 and SEQ ID NOs: 174, 175, and 176; and

(n) variants of (a) to (m) comprising 1, 2, 3, or 4 conservative amino acid substitutions.

11. A method for treating a patient having an autoimmune or inflammatory disease comprising
administering to said patient a therapeutically effective amount of an antibody or antigen-binding
fragment thereof with an antibody or antigen-binding fragment thereof that specifically binds to
CD37, wherein said antibody comprises polypeptide sequences selected from the group consisting

of:

(a) SEQ ID NOs: 4, 5, and 6 and SEQ ID NOs: 28, 29, and 30;

(b) SEQ ID NOs: 7, 8, and 9 and SEQ ID NOs: 31, 32, and 33;

(c) SEQ ID NOs: 10, 11, and 12 and SEQ ID NOs: 34, 35, and 36;
(d) SEQ ID NOs: 13, 14, and 15 and SEQ ID NOs: 37, 38, and 39;
(e) SEQID NOs: 13, 14, and 15 and SEQ ID NOs: 37, 40, and 39;
(f) SEQ ID NOs: 16, 17, and 18 and SEQ ID NOs: 41, 42, and 43;
(2) SEQ ID NOs: 19, 20, and 21 and SEQ ID NOs: 44, 45, and 46;
(h) SEQ ID NOs: 19, 20, and 21 and SEQ ID NOs: 44, 47, and 46;
(i) SEQ ID NOs: 22, 23, and 24 and SEQ ID NOs: 48, 49, and 50;
() SEQ ID NOs: 22, 23, and 24 and SEQ ID NOs: 48, 51, and 50;
(k) SEQ ID NOs: 25, 26, and 27 and SEQ ID NOs: 52, 53, and 54; and
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(1) variants of (a) to (k) comprising 1, 2, 3, or 4 conservative amino acid substitutions.

12. The method of claim 10 or 11, wherein the antibody or antigen-binding fragment thereof
comprises polypeptide sequences that are at least 90% identical to polypeptide sequences selected

from the group consisting of:

(a) SEQ ID NO:55 and SEQ ID NO:72;
(b) SEQ ID NO:56 and SEQ ID NO:73;
(¢) SEQ ID NO:57 and SEQ ID NO:74;
(d) SEQ ID NO:58 and SEQ ID NO:74;
(e) SEQ ID NO:59 and SEQ [D NO:75;
(f) SEQ ID NO:60 and SEQ ID NO:76;
(2) SEQ ID NO:61 and SEQ ID NO:77,
(h) SEQ ID NO:62 and SEQ ID NO:78;
(i) SEQ ID NO:63 and SEQ ID NO:79;
(7)) SEQ ID NO:64 and SEQ ID NO:80;
(k) SEQ ID NO:65 and SEQ ID NO:81;
(1) SEQ ID NO:66 and SEQ ID NO:82;
(m) SEQ ID NO:67 and SEQ ID NO:83;
(n) SEQ ID NO:68 and SEQ ID NO:84;
(0) SEQ ID NO:69 and SEQ ID NO:85;
(p) SEQ ID NO:70 and SEQ ID NO:86;
(¢) SEQ ID NO:71 and SEQ ID NO:87; and
(r) SEQ ID NO:177 and SEQ ID NO:178.

13. The method of claim 12, wherein the polypeptide sequences are at least 95% identical to

polypeptide sequences selected from the group consisting of:

(a) SEQ ID NO:55 and SEQ ID NO:72;
(b) SEQ ID NO:56 and SEQ ID NO:73;
(c) SEQ ID NO:57 and SEQ ID NO:74;
(d) SEQ ID NO:58 and SEQ ID NO:74;
(e) SEQ ID NO:59 and SEQ ID NO:75;
(f) SEQ ID NO:60 and SEQ ID NO:76;
(2) SEQ ID NO:61 and SEQ ID NO:77,
(h) SEQ ID NO:62 and SEQ ID NO:78;
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(i) SEQ ID NO:63 and SEQ ID NO:79;
(i) SEQ ID NO:64 and SEQ ID NO:80;

(k) SEQ ID NO:65 and SEQ ID NO:81;

(1) SEQ ID NO:66 and SEQ ID NO:82;

(m) SEQ ID NO:67 and SEQ ID NO:83;

(n) SEQ ID NO:68 and SEQ ID NO:84;

(0) SEQ ID NO:69 and SEQ ID NO:85;

p) SEQ ID NO:70 and SEQ ID NO:86;

(q) SEQ ID NO:71 and SEQ ID NO:87; and
(r) SEQ ID NO:177 and SEQ ID NO:178.

14. The method of claim 13, wherein the polypeptide sequences are at least 99% identical to

polypeptide sequences selected from the group consisting of:

{a) SEQ 1D NO:S5 and SEQ 1D NOTZ,
{b) SEQ ID NG:56 and SEQ ID NG:73;
{¢) SEQ ID NC:57 and SEQ 1D NO:74;
{d) SEQ ID NO:58 and SEQ 1D NO74;
{} SEQ ID N(:3% and SEQ D NOTS;
{fy SEQ 1D NO:60 and SEQ 1D NOTo;
{23 SEQ ID MNO:61 and SEQ TD NO:T7;
(hy SEQ 1D NO:62 and SEQ 1D NOTE;
(i) SEQ ID NO:63 and SEQ 1D NO:79;
(j) SEQ ID NO:64 and SEQ ID NO:80;
(k) SEQ ID NO:65 and SEQ ID NO:81;
(1) SEQ ID NO:66 and SEQ ID NO:82;
(m) SEQ ID NO:67 and SEQ ID NO:83;
(n) SEQ ID NO:68 and SEQ ID NO:84;
(0) SEQ ID NO:69 and SEQ ID NO:85;
p) SEQ ID NO:70 and SEQ ID NO:86;
(q) SEQ ID NO:71 and SEQ ID NO:87; and
(r) SEQ ID NO:177 and SEQ ID NO:178.

15. The method of any one of claims 1-14, wherein said antibody or antigen binding fragment thereof

is murine, non-human, humanized, chimeric, resurfaced, or human.
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The method of any one of claims 5-15, wherein said antibody or antibody fragment is capable of

inducing apoptosis of a cell expressing CD37 in vitro in the alisence of cross-linking agents.

The method of any one of claims 5-15, wherein said antibody or antigen binding fragment is

capable of inducing complement dependent cytotoxicity (CDC).

The method of any one of claims 5-15, wherein said antibody is capable of inducing antibody

dependent cell mediated cytotoxicity (ADCC).

A method for depleting a B-cell comprising contacting a population of cells comprising a non-
cancerous B-cell with a human or humanized antibody or antigen binding fragment thereof that
specifically binds to CD37, wherein said antibody or fragment thereof is capable of inducing

complement dependent cytotoxicity (CDC).

A method for treating a patient having an autoimmune or inflammatory disease comprising
administering to said patient a therapeutically effective amount of a human or humanized
antibody or antigen binding fragment thereof that specifically binds to CD37, wherein said

antibody or fragment thereof is capable of inducing complement dependent cytotoxicity (CDC).

The method of claim 19 or 20, wherein said human or humanized antibody or antigen binding
fragment thereof is also capable of inducing inducing apoptosis iz vitro in the absence of a cross-

linking agent.

The method of any one of claims 20-21, wherein said human or humanized antibody or antigen
binding fragment thereof is also capable of inducing antibody dependent cell mediated

cytotoxicity (ADCC).

The method of any one of claims 1-22 wherein said antibody binds to human CD37 and macaque

CD37.
The method of any one of claims 1-22, which is a full length antibody.
The method of any one of claims 1-22, which is an antigen-binding fragment.

The method of any one of claims 1-22, wherien said antibody or antigen-binding fragment thereof
comprises a Fab, Fab', F(ab"),, Fd, single chain Fv or scFv, disulfide linked Fv, V-NAR domain,
IgNar, intrabody, IgGACH2, minibody, F(ab');, tetrabody, triabody, diabody, single-domain
antibody, DVD-Ig, Fcab, mAb?, (scFv),, or scFv-Fe.
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The method of any one of claims 1-26, wherein the antibody or antigen-binding fragment thereof

is linked via a linker (L) to a cytotoxic agent (C) to form an immunoconjugate.

A method for depleting a B-cell comprising contacting a population of cells comprising a non-
cancerous B-cell with a composition comprising an immunoconjugate having the formula (A) -

(L) - (C), wherein:

(A) is an antibody or antigen binding fragment that specifically binds to CD37,;
(L) is a non-cleavable linker; and

(C) is a cytotoxic agent; and

wherein said linker (L) links (A) to (C).

A method for treating a patient having an autoimmune or inflaimmatory disease comprising
administering to said patient a therapeutically effective amount of a composition comprising an

immunoconjugate having the formula (A) - (L) - (C), wherein:

(A) is an antibody or antigen binding fragment that specifically binds to CD37;
(L) is a non-cleavable linker; and

(C) is a cytotoxic agent; and

wherein said linker (L) links (A) to (C).

A method for depleting a B-cell comprising contacting a population of cells comprising a non-
cancerous B-cell with a composition comprising an immunoconjugate having the formula (A) -

(L) - (C), wherein:

(A) is an antibody or antigen binding fragment that specifically binds to CD37,;
(L) is a linker; and
(C) is a maytansinoid; and

wherein said linker (L) links (A) to (C).

A method for treating a patient having an autoimmune or inflammatory disease comprising
administering to said patient a therapeutically effective amount of a composition comprising an

immunoconjugate having the formula (A) - (L) - (C), wherein:

(A} is an antibody or antigen binding fragment that specifically binds to CD37,
(1) is a linker; and
{C) 1s a maytansinoid; and

wherein said Jinker (L) links (A) to (C).
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The method of ¢claim 30 or 31, wherein the linker is a non-cleavable linker.

The method of any one of claims 27-32, wherein the immunoconjugate further comprises a

second (C).

The method of claim 33, wherein the immunoconjugate further comprises a third (C).
The method of claim 34, wherein the immunoconjugate further comprises a fourth (C).
The method of one of claims 27-32, wherein the immunoconjugate comprises 2-6 (C).
The method of claim 36, wherein the immunoconjugate comprises 3-4 (C).

The method of anyone of claims 27-37, wherein said linker is selected from the group consisting
of a cleavable linker, a non-cleavable linker, a hydrophilic linker, and a dicarboxylic acid based

linker.

The method of any one of claims 27-38, wherein said linker is selected from the group consisting
of: N-succinimidyl 4-(2-pyridyldithio)pentanoate (SPP); N-succinimidyl 4-(2-
pyridyldithio)butanoate (SPDB) or N-succinimidyl 4-(2-pyridyldithio)-2-sulfobutanoate (sulfo-
SPDB); N-succinimidyl 4-(maleimidomethyl) cyclohexanecarboxylate (SMCC); N-
sulfosuccinimidyl 4-(maleimidomethyl) cyclohexanecarboxylate (sulfoSMCC); N-succinimidyl-
4-(iodoacetyl)-aminobenzoate  (SIAB); and N-succinimidyl-[(N-maleimidopropionamido)-

tetraethyleneglycol] ester (NHS-PEG4-maleimide).

The method of claim 39, wherein said linker is N-succinimidyl-[(N-maleimidopropionamido)-

tetraethyleneglycol] ester NHS-PEG4-maleimide).

The method of any one of claims 27-29 and 33-40, wherein said cytotoxic agent is selected from
the group consisting of a maytansinoid, maytansinoid analog, doxorubicin, a modified
doiiorubicin, benzodiazepine, taxoid, CC-1065, CC-1065 analog, duocarmycin, duocarmycin
analog, calicheamicin, dolastatin, dolastatin analog, aristatin, tomaymycin derivative, and

leptomycin derivative or a prodrug of the agent.
The method of claim 41, wherein said cytotoxic agent is a maytansinoid.

The method of any ove of claims 30-32 or 42, wherein said cytoloxic agent is N(2)-deacetyl-
N{2)-(3-mercapto-1-oxopropyl-maytansine {DM1} or N(2")-deacetyl-N2-(4-mercapto-4-methyi-

{-oxopentyi}-maytansine (DM4}.
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The method of any one of claims 27-43, wherein the composition comprising un

immunoconjugate comprises multiple cytotoxic agents (C) with an average of about 3 to about 4

(C) per (A).

The method of claim 44, wherein the immunoconjugates have an average of about 3.5 = 0.5 (C)

per (A).
The method of claim 45, wherein the immunoconjugates have an average of about 3.5 (C) per (A).

The method of any one of 1-46, wherein said antibody or antigen-binding fragment is capable of

depleting B-cells.

The method of any one of claims 1-47, wherein said antibody or antigen-binding fragment is

capable of inhibiting T-cell responses.

The method of any one of claims 1, 3-5, 7, 8, 10, 12-19, 21-28, 30, or 32-48, wherein, the

population of cells comprises a T-cell.

The method of any one of claims 1, 3-5, 7, 8, 10, 12-19, 21-28, 30, or 32-49, wherein the

population of cells comprises peripheral blood mononuclear cells.

The method of claim 50, wherein the peripheral blood mononuclear cells were obtained from a

human.

The method of any one of claims 1, 3-5, 7, 8, 10, 12-19, 21-28, 30, or 32-49, wherein the

population of cells is in whole blood.
The method of claim 52, wherein the whole blood was obtained from a human.

The method of any one of claims 1, 3-5, 7, 8, 10, 12-19, 21-28, 30, or 32-49, wherein the

population of cells is in an organism.

The method of claim 54, wherein the population of cells is in a patient having an autoimmune or

inflammatory disease.

The method of any one of claims 1, 3-5,7,8, 10, 12-19, 21-28, 30, or 32-55, wherein the B-cell is

an autoreactive B-cell.

The method of any one of claims 1, 3-5, 7, 8, 10, 12-19, 21-28, 30, or 32-56, wherein at least
about 30% of B-cells in the population of cells are depleted.
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The method of any one of claims 49-57, wherein less than about 5% of T-cells are depleted.

The method of any one of claims 2-4, 6, 7, 9, 11-18, 20-27, 29, or 31-48, further comprising

administering a second therapeutic agent.

The method of claim 59, wherein the second therapeutic is selected from the group consisting of
methotrexate, an anti-CD20 therapeutic, an anti-IL-6 receptor therapeutic, an anti-IL-12/23p40
therapeutic, a chemotherapeutic, an immunosuppressant, an anti-Interferon beta-1a therapeutic,
glatiramer acetate, an anti-a4-integrin therapeutic, fingolimod, an anti-BLys therapeutic, CTLA-

Fc, or an anti-TNF therapeutic.

The method of claim 59, wherein the second therapeutic is an antibody directed against an antigen
selected from a group conmsisting of CD3, CD14, Ciy, CD20, CP22, CDIS, CD2E, CD3Y,
CD33, CD3s, CH38, €40, Chd4, CDS2, CD55, CDSS, CDss, CD70, CDT79, CDEG, D183,
C134, CD137, CDI38§, and CDI52.

The method of claim 59, wherein the second therapeutic is an antibody directed against an antigen
selected from the group consisting of IL-2, IL-6, IL-12, IL-23, IL-12/23 p40, IL-17, IFNy, TNFa,
IFNa, IL-15, IL-21, IL-1a, IL-1b, IL-18, IL-8, IL-4, GM-CSF, IL-3, and IL-5.

The method of any one of 2-4, 6, 7, 9, 11-18, 20-28, 30, 32-47, or 58-62, wherein said
autoimmune or inflammatory disease is selected from the group consisting of rheumatoid arthritis,
multiple sclerosis, type I diabetes mellitus, idiopathic inflammatory myopathy, systemic lupus
erythematosus (SLE), myasthenia gravis, Grave's disease, dermatomyositis, polymyositis,
Crohn’s diasease, ulcerative colitis, gastritis, Hashimoto’s thyroiditis, asthma, psoriasis, psoriatic
arthritis, dertmatitis, systemic sclerodema and sclerosis, inflammatory bowel disease (IBD),
respiratory distress syndrome, meningitis, encephalitis, uveitis, glmerulonephritis, eczema,
atherosclerosis, leukocyte adhesion deficiency, Raynaud’s syndrome, Sjogen’s syndrome, Reiter’s
disease, Beheet’s diasease, immune complex nephritis, IgA enphropathy, IgM polyneuropathies,
immune-mediated thrombocytopenias, acute idiopathic thrombocytopenic purpura, chronic
idiopathic thembocytopenic purpura, hemolytic anemia, myasthenia gravis, lupus nephritis, atopic
dermatitis, pemphigus vulgaris, opsoclonus-myoclonus syndrome, pure red cell aplasia, mixed
cryoglobulinermia, ankylosing spondylitis, hepatitis C-associated cryoglobulinemic vasculitis,
chronic focal encephalitis, bullous pemphigoid, hemophilia A, membranoproliferative
glomerulonephritis, adult and juvenile dermatomyositis, adult polymyositis, chronic urticaria,
primary biliary cirrhosis, neuromyelitis optica, Graves’ dysthyroid disease, bullous pemphigoid,

membranoproliferative glomerulonephritis, Churg-Strauss syndrome, juvenile onset diabetes,
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hemolytic anemia, atopic dermatitis, systemic sclerosis, Sjégen’s syndrome and
glomerulonephritis, dermatomyositis, ANCA, aplastic anemia, autoimmune hemolytic anemia
(AIHA), factor VIII deficiency, hemophilia A, autoimmune neutropenia, Castleman's syndrome,
Goodpasture's syndrome, solid organ transplant rejection, graft versus host disease (GVHD),
autoimmune hepatitis, lymphoid interstitial pneumonitis, HIV, bronchiolitis obliterans (non-
transplant), Guillain-Barre Syndrome, large vessel vasculitis, giant cell (Takayasu's) arteritis,
medium vessel vasculitis, Kawasaki's Disease, polyarteritis nodosa. Wegener’s granulomatosis,
microscopic polyangiitis (MPA), Omenn’s syndrome, chronic renal failure, acute infectious

mononucleosis, HIV and herpes virus associated diseases.

An antibody or antigen binding fragment thereof that specifically binds to the same CD37 epitope
as an antibody comprising the polypeptide of SEQ ID NO:177 and the polypeptide of SEQ ID
NO:178.

An antibody or antigen binding fragment thereof that specifically binds to CD37, wherein said
antibody or fragment comprises the sequences of SEQ ID NOs: 171, 172 or 181, and 173 and
SEQ ID NOs: 174, 175, and 176.

The antibody or antigen binding fragment of claim 64 or 65, wherein said antibody or fragment
comprises polypeptide sequences at least 90%, at least 95%, or at least 99% identical to the

sequences of SEQ ID NO:177 and SEQ ID NO:178.

An immunoconjugate comprising the antibody or antigen binding fragment of any one of claims

64-66, a linker, and a cytotoxic agent.

A method for depleting a B-cell comprising contacting a population of cells comprising a B-cell
with the antibody or antigen-binding fragment of any one of claims 64-66 or the

immunoconjugate of claim 67.
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