
WO 2011/112978PCT/US2011/028172     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 B-cell malignancies. 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). It is 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 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). This
expression profile suggests that CD37 represents a promising therapeutic
target for B-cell malignancies. [0003]While the exact physiological role of
CD37 in unclear, studies suggest a potential role in T- cell proliferation
(van Spriel et al. 2004, J Immunol , 172(5):2953-61) As part of the
tetraspanin family of cell surface glycoproteins, CD37 may also complex
with other surface proteins (Angelisova 1994, Immunogenetics.,
39(4):249-56). Mice deficient in CD37 expression were developed and
revealed no changes in development and cellular composition of lymphoid
organs. Only reduced levels of IgG1 and alterations of responses to T-cell
dependent antigens were observed (Knobeloch et al. 2000, Mol Cell Biol.,
20(15):5363-9). [0004]Antibodies are emerging as a promising method to
treat such cancers. In particular, antibodies that are able to induce
apoptosis in target cells are desirable. In addition, antibodies having
complement-dependent cytotoxicity (CDC) activity and antibody-dependent
cytotoxicity (ADCC) are also desirable. [0005]Currently, an anti-CD20
antibody called rituximab is being used to treat B-cell malignancies (Leget
et al., 1998, Cuff. Opin. Oncol., 10:548-551). However, only a subset of
patients respond to rituximab treatment, and even responding patients
taking rituximab eventually relapse and often develop resistance to
rituximab treatment. In addition, CD37-binding agents are also being tested
as potential therapeutics for B-cell malignancies. 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.
WO 2011/112978PCT/US2011/028172 - 2 - TRU-016 is a humanized version of the
anti-CD37 SMIP protein. See e.g. U.S. Published Application No.
2007/0009519. TRU-016 is being tested clinically for the treatment of
chronic lyphocytic 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. [0006]Radio-immunotherapy (RIT) has
been attempted using a radio-labeled anti-CD37 antibody MB-1 in two
separate trials. Therapeutic doses of 131I-MB-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, 131I-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 radioimmunoconjugates may be effective, these
therapies are cumbersome to administer, and at relapse postRIT patients
cannot be retreated with RIT due to the risks associated with high doses of
radiation. [0007]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
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.  WO
2011/112978PCT/US2011/028172 -3- 100081 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 B-cell malignancies. The present invention addresses that need. BRIEF
SUMMARY OF THE INVENTION [0009]Novel antibodies that bind to human CD37,
immunoconjugates comprising these antibodies, and methods of their use are
described herein. Novel polypeptides, such as antibodies that bind human
CD37, fragments of such antibodies, and other polypeptides related to such
antibodies are also provided. Polynucleotides comprising nucleic acid
sequences encoding the polypeptides are also provided, as are vectors
comprising the polynucleotides. Cells comprising the polypeptides and/or
polynucleotides of the invention are further provided. Compositions (e.g.,
pharmaceutical compositions) comprising the novel CD37 antibodies or
immunoconjugates are also provided. In addition, methods of making and
using the novel CD37 antibodies or immunoconjugates are also provided, such
as methods of using the novel CD37 antibodies or immunoconjugates to
inhibit tumor growth and/or treat cancer. [0010]Antibodies or antigen
binding fragment thereof that specifically bind to CD37, and are capable of
inducing complement dependent cytotoxicity (CDC) are provided. In some
embodiments, the antibody is also capable of inducing apoptosis and/or
antibody dependent cell mediated cytotoxicity (ADCC). [0011]The antibody or
antigen binding fragment thereof can be one 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:59
and the polypeptide of SEQ ID NO:75; (c) an antibody comprising the
polypeptide of SEQ ID NO:61 and the polypeptide of SEQ ID NO:77; (d) an
antibody comprising the polypeptide of SEQ ID NO:64 and the polypeptide of
SEQ ID NO:80; (e) an antibody comprising the polypeptide of SEQ ID NO:66
and the polypeptide of SEQ ID NO:82; (f) an antibody comprising the
polypeptide of SEQ ID NO:68 and the polypeptide of SEQ ID NO:84; and (g) an
antibody comprising the polypeptide of SEQ ID NO:70 and the polypeptide of
SEQ ID NO:86. [0012]In some embodiments, the antibody or antigen binding
fragment thereof specifically binds to CD37 and specifically binds to the
polypeptide of SEQ ID NO: 180. In a certain embodiment, the antibody or
antigen binding fragment thereof does not bind to the polypeptide of SEQ ID
NO: 184. [0013]In some embodiments, the antibody or antigen binding
fragment thereof specifically binds to CD37, and the antibody or 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:59 and the polypeptide of SEQ ID NO:75; (c) an
antibody comprising the polypeptide of SEQ ID NO:61 and the polypeptide of
SEQ ID 



WO 2011/112978PCT/US2011/028172  4 - NO:77; (d) an antibody comprising the
polypeptide of SEQ ID NO:64 and the polypeptide of SEQ ID NO:80; (e) an
antibody comprising the polypeptide of SEQ ID NO:66 and the polypeptide of
SEQ ID  NO:82; (f) an antibody comprising the polypeptide of SEQ ID NO:68
and the polypeptide of SEQ ID NO:84; and (g) an antibody comprising the
polypeptide of SEQ ID NO:70 and the polypeptide of SEQ ID NO:86. [0014]In
certain embodiments, the antibody or antigen binding fragment thereof is
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. [0015]In some
embodiments, the antibody or antigen binding fragment thereof specifically
binds to CD37, and 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;
(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) 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: 48, 51, and 50; (k) SEQ ID NOs: 25,
26, and 27 and SEQ ID NOs: 52, 53, and 54; and (1) variants of (a) to (k)
comprising 1, 2, 3, or 4 conservative amino acid substitutions. [0016]In
further 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 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; (g) 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; (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; (o) SEQ ID NO:69 and SEQ ID
NO:85; (p) SEQ ID NO:70 and SEQ ID NO:86; and (q) SEQ ID NO:71 and SEQ ID
NO:87. [0017]In some embodiments, the antibody or antigen binding fragment
thereof is murine, non- human, humanized, chimeric, resurfaced, or human.
WO 2011/112978PCT/US2011/028172  5 - [0018]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 or antigen binding fragment is capable of
inducing complement dependent cytotoxicity (CDC). In still further
embodiments, the antibody or antigen binding fragment is capable of
inducing antibody dependent cell mediated cytotoxicity (ADCC). [0019]In
other embodiments, the antibody or antigen binding fragment thereof is
human or humanized, specifically binds to CD37, and is capable of inducing
apoptosis of a cell expressing CD37 in vitro in the absence of
cross-linking agents. In further embodiments, the human or humanized
antibody or antigen binding fragment thereof is also capable of inducing
complement dependent cytotoxicity (CDC) and/or capable of inducing antibody
dependent cell mediated cytotoxicity (ADCC). [0020]In still other
embodiments, the antibody or antigen binding fragment thereof binds to
human CD37 and macaque CD37. [0021]In some embodiments, the antibody or
antigen binding fragment thereof is a full length antibody or an antigen
binding fragment. The antibody or antigen binding fragment thereof can
comprise 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. [0022]In other embodiments, the CD37-binding agent is
a polypeptide that specifically binds CD37, and the polypeptide comprises
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) 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: 48, 51, and 50;
(k) SEQ ID NOs: 25, 26, and 27 and SEQ ID NOs: 52, 53, and 54; and (1)
variants of (a) to (k) comprising 1, 2, 3, or 4 conservative amino acid
substitutions. [0023]In other embodiments, the CD37-binding agent is a
polypeptide that specifically binds CD37, and the polypetide comprises
sequences that are at least 90% identical, at least 95% identical, at least
99% identical, or identical to 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; (g) 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; (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  WO 2011/112978PCT/US2011/028172 - 6 - NO:68 and
SEQ ID NO:84; (o) SEQ ID NO:69 and SEQ ID NO:85; (p) SEQ ID NO:70 and SEQ
ID NO:86; and (q) SEQ ID NO:71 and SEQ ID NO:87. [0024]Cells producing the
antibody or antigen binding fragment thereof or the polypeptide can also be
made and used according to the methods described herein. The methods
provide methods of making an antibody or antigen-binding fragment thereof
or a polypeptide comprising (a) culturing a cell producing such a
CD37-binding agent; and (b) isolating the antibody, antigen-binding
fragment thereof, or polypeptide from the cultured cell. [0025]In some
embodiments, the CD37-binding agent is an immunoconjugate having the
formula (A) - (L) - (C), wherein: (A) is a CD37-binding agent; (L) is a
linker; and (C) is a cytotoxic agent; and wherein the linker (L) links (A)
to (C). 



[0026]In some embodiments, the CD37-binding agent is 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). [0027]In some embodiments, the CD37-binding agent is 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). [0028]The immunoconjugate linker can be a non-cleavable linker.
The linker can be selected from a group consisting of a cleavable linker, a
non-cleavable linker, a hydrophilic linker, and a dicarboxylic acid based
linker. The linker can be 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-succinimidyl4-(maleimidomethyl) cyclohexanecarboxylate (SMCC);
N-sulfosuccinimidyl 4-(maleimidomethyl) cyclohexanecarboxylate (sulfoSMCC);
N-succinimidy1-4-(iodoacety1)-aminobenzoate (SIAB); and
N-succinimidy1-[(Nmaleimidopropionamido)-tetraethyleneglycol] ester
(NHS-PEG4-maleimide). The linker can be
Nsuccinimidyl-[(N-maleimidopropionamido)-tetraethyleneglycol] ester
(NHS-PEG4-maleimide). [0029]The cytotoxic agent can be 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. The cytotoxic agent can be a maytansinoid. The
cytotoxic agent can be
N(2)-deacetyl-N(2)-(3-mercapto-1-oxopropy1)-maytansine (DM1) or
N(2)-deacetyl-N2-(4-mercapto-4-methyl-1-oxopenty1)-maytansine (DM4).
[0030]Also provided herein is a pharmaceutical composition comprising a
CD37-binding agent and a pharmaceutically acceptable carrier. The
pharmaceutical composition can comprise a second anticancer agent.  WO
2011/112978PCT/US2011/028172 -7- 100311 A diagnostic reagent comprising a
CD37-binding agent which is labeled is also provided herein. The label can
be selected from the group consisting of a radiolabel, a fluorophore, a
chromophore, an imaging agent and a metal ion. [0032]Also provided herein
is a kit comprising a CD37-binding agent. [0033]The methods described
herein include methods for inhibiting the growth of a cell expressing CD37
comprising contacting the cell with a CD37 binding agent or pharmaceutical
composition comprising the same. [0034]The methods also provide methods for
treating a patient having cancer comprising 



administering to the patient a therapeutically effective amount of a CD37
binding agent or pharmaceutical composition comprising the same to the
subject. [0035]The methods can comprise administering a second anti-cancer
agent to the subject. The second anti-cancer agent can be a
chemotherapeutic agent. [0036]The cancer can be a cancer selected from the
group consisting of B cell lymphomas, NHL, precursor B cell lymphoblastic
leukemia/lymphoma and mature B cell neoplasms, B cell chronic lymphocytic
leukemia (CLL)/small lymphocytic lymphoma (SLL), B cell prolymphocytic
leukemia, lymphoplasmacytic lymphoma, mantle cell lymphoma (MCL),
follicular lymphoma (FL), low grade, intermediate-grade and high-grade
(FL), cutaneous follicle center lymphoma, marginal zone B cell lymphoma,
MALT type marginal zone B cell lymphoma, nodal marginal zone B cell
lymphoma, splenic type marginal zone B cell lymphoma, hairy cell leukemia,
diffuse large B cell lymphoma, Burkitt's lymphoma, plasmacytoma, plasma
cell myeloma, post-transplant lymphoproliferative disorder, Waldenstrom's
macroglobulinemia, and anaplastic large-cell lymphoma (ALCL).
[0037]Isolated polynucleotides comprising a sequence that encodes a
polypeptide at least 90% identical, at least 95% identical, at least 99%
identical, or identical to a sequence selected from the group consisting of
SEQ ID NOs: 55-87 are also provided herein. The polynucleotide can comprise
a sequence that is at least 90%, at lesat 95% identical, at least 99%
identical, or identical to SEQ ID NOs: 121-151. [0038]Vectors and host
cells comprising such polynucleotides and vectors are also provided herein.
BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES [0039]Figure 1 depicts the
histograms for antibody binding to non-transfected 300-19 control cells
(left panels) and CD37-expressing 300-19 cells (right panels). Histograms
are shown for staining with 10 nM of muCD37-3, muCD37-12, muCD37-38 and the
absence of primary antibody. [0040]Figure 2 depicts the histograms for
antibody binding to non-transfected 300-19 control cells (left panels) and
CD37-expressing 300-19 cells (right panels). Histograms are shown for
staining with 10 nM muCD37-50, muCD37-51, muCD37-56 and muCD37-57.  WO
2011/112978PCT/US2011/028172 -8- 100411 Figure 3 depicts the binding of (A)
muCD37-3 and muCD37-12 and (B) muCD37-8, muCD37-10 and muCD37-14 to
WSU-DLCL-2 cells as assayed by flow cytometry. Mean fluorescence intensity
(MFI) is plotted for each antibody concentration used. The binding curves
were used to determine the EC50 of antibody binding, which corresponds to
the apparent Kd of each antibody. [0042]Figure 4 depicts results from an
Annexin-V assay to measure induction of apoptosis using Ramos lymphoma
cells incubated with a 10 nM concentration of (A) rituximab, muCD37-3,
muCD37-8, muCD37-10, muCD37-12 or muCD37- 14 and (B) rituximab, huCD37-3,
muCD37-38, muCD37-50, muCD37-51, muCD37-56 or muCD37-57. Control samples of
untreated cells in the absence of antibody (no Ab) are used in comparison. 



[0043]Figure 5 depicts the results from WST-8 proliferation assays on
SU-DHL-4 lymphoma cells incubated with varying concentrations of muCD37-3,
muCD37-38, muCD37-50, muCD37-51 and muCD37-16 antibodies for 5 days.
[0044]Figure 6 depicts a list of CD37-3 surface residues and substitutions
in resurfaced versions for (A) CD37-3 VL and (B) CD37-3 VH. [0045]Figure 7
depicts a list of CD37-50 surface residues and substitutions in the
resurfaced version for (A) CD37-50 VL and (B) CD37-50 VH. [0046]Figure 8
depicts alignments of resurfaced sequences for the CD37-3 and CD37-50
variable region with their murine counterparts: A) CD37-3 light chain
variable domain; B) CD37-3 heavy chain variable domain. C) CD37-50 light
chain variable domain; D) CD37-50 heavy chain variable domain. Dashes "-"
denote identity with the murine sequence. [0047]Figure 9 depicts (A) direct
binding assays of muCD37-3, chCD37-3, muCD37-12 and chCD37-12 to Ramos
cells as assayed by flow cytometry and (B) competitive binding assays with
muCD37-3, chCD37-3, huCD37-3v1.0 and huCD37-3v1.01 to BJAB cells in the
presence of 2 nM concentration of muCD37-3-PE conjugates. [0048]Figure 10
depicts binding of anti-CD37 antibodies to 300-19 cells expressing the
macaque CD37 antigen as assayed by flow cytometry: (A) binding of muCD37-3,
muCD37-12, muCD37-38, muCD37-50, muCD37-51, muCD37-56, muCD37-57, WR17 and
TRU-016 and (B) binding of huCD37- 3, huCD37-38, huCD37-50, huCD37-51,
huCD37-56 and huCD37-57. The binding curves were used to determine the EC50
of antibody binding, which corresponds to the apparent Kd of each antibody.
[0049]Figure 11 depicts the results from an Annexin-V assay to measure
induction of apoptosis on Ramos lymphoma cells incubated with varying
concentration of (A) huCD37-3, huCD37-38, huCD37-50 and (B) huCD37-51,
huCD37-56, huCD36-57 and rituximab. Control samples of cells treated with a
human IgG1 isotype control antibody (huIgG control) are used in comparison.
WO 2011/112978PCT/US2011/028172 -9- 100501 Figure 12 depicts the results
from WST-8 proliferation assays on (A) SU-DHL-4 and (B) DOHH-2 lymphoma
cells incubated with varying concentrations of muCD37-3, chCD37-3, huCD37-
3v1.0 and huCD37-3v1.01 antibodies for 5 days. 



[0051]Figure 13 depicts the results from WST-8 proliferation assays on (A)
Granta-519 and (B) SU- DHL-4 lymphoma cells incubated with varying
concentrations of huCD37-3, TRU-016 or rituximab antibodies for 5 days.
[0052]Figure 14 depicts the results from CDC assays on Ramos lymphoma cells
incubated with (A) huCD37-3, huCD37-38, chCD37-12 or a huIgG1 isotype
control antibody and (B) huCD37-38, huCD37- 50, huCD37-51, huCD37-56,
huCD37-57, chCD37-12 or a huIgG1 isotype control antibody in the presence
of 5% human serum as a source of complement. [0053]Figure 15 depicts the
results from an ADCC assay on Daudi lymphoma cells incubated with (A)
huCD37-3, huCD37-38, huCD37-50, TRU-016 and (B) huCD37-51, huCD37-56,
huCD37-57, TRU016 or a human IgG1 isotype control antibody in the presence
of purified human NK cells as effector cells. [0054]Figure 16 depicts the
alignment of the full length murine, human, and macaca CD37 amino acid
sequences. Dashes "-" denote identity with the murine sequence. The small
and large extracellular domains are marked with underlines. [0055]Figure 17
depicts the alignment of the large extracellular domain of human,
recombinant and wild type murine, macaca and the chimeric CD37 sequences.
Dashes "-" denote identity with the human sequence. The positions of the
engineered restriction sites are given and the affected residues are
underlined. [0056]Figure 18 depicts binding of a panel of CD37 antibodies
to cells transfected with (A) human CD37 wildtype and (B) hCD37-M3 variant
as assayed by flow cytometry using 1.5 lig/mL of each antibody.
[0057]Figure 19 depicts binding of a panel of CD37 antibodies to cells
transfected with (A) the hCD37-M1 variant and (B) the hCD37-M45 variant as
assayed by flow cytometry using 1.5 pg/mL of each antibody. [0058]Figure 20
depicts binding of (A) huCD37-3 in comparison with huCD37-3-SMCC-DM1
huCD37-3-SPP-DM1 and huCD37-3-sulfo-mal-DM4 and (B) huCD37-38 in comparison
with huCD37- 38-SMCC-DM1 to BJAB cells as assayed by flow cytometry. The
binding curves were used to determine the EC50 of antibody or conjugate
binding, which corresponds to the apparent Kd of each. [0059]Figure 21
depicts the results of (A) an Annexin-V assay to measure induction of
apoptosis and (B) the results from a CDC assay. Assays were performed on
Ramos lymphoma cells incubated with varying concentrations of the huCD37-3,
huCD37-3-SMCC-DM1, huIgG1 control antibody, huIgGl-  



WO 2011/112978PCT/US2011/028172 - 10 - SMCC-DM1 control conjugate, or
rituximab. CDC assays were performed in the presence of 5% human serum as a
source of complement. [0060]Figure 22 depicts the results from ADCC assays
on (A) Daudi lymphoma cells incubated with huCD37-3, huCD37-3-SMCC-DM1,
huCD37-3-PEG4-mal-DM1, TRU-016 or a huIgG1 isotype control antibody and (B)
Ramos lymphoma cells incubated with huCD37-3, huCD37-3-SMCC-DM1, huCD37-3-
PEG4-mal-DM1 or a huIgG1 isotype control antibody in the presence of
purified human NK cells as effector cells. [0061]Figure 23 depicts the
results from a cell cycle analysis using propridium iodide staining on (A)
BJAB cells and (B) RL cells incubated with huCD37-3, huCD37-3-SMCC-DM1, or
a non-binding huIgGl-SMCC-DM1 control conjugate at a 10 nM concentration
for 20 hours. [0062]Figure 24 depicts the results from a WST-8 cytotoxicity
assay on (A) Daudi cells incubated with huCD37-3-SMCC-DM1,
huCD37-38-SMCC-DM1, huCD37-50-SMCC-DM1, huCD37-51-SMCCDM1,
huCD37-56-SMCC-DM1, huCD37-57-SMCC-DM1, and (B) Granta-519 cells incubated
with huCD37-3- SMCC-DM1, huCD37-38-SMCC-DM1, huCD37-50-SMCC-DM1,
huCD37-51-SMCC-DM1, or a non-binding huIgGl-SMCC-DM1 control conjugate at
concentrations ranging from 3 x 10-8 M to 1 x 10-11 M for 5 days.
[0063]Figure 25 depicts the results of an established xenograft model using
BJAB lymphoma cells implanted subcutaneous into SCID mice Animals were
treated once on day 12 post cell inoculation with either 10 mg/kg of (A)
huCD37-3 Ab, huCD37-3-SMCC-DM1, huCD37-50 Ab, huCD37-50-SMCCDM1 or (B)
huCD37-38 Ab, huCD37-38-SMCC-DM1, huCD37-56 Ab, huCD37-56-SMCC-DM1. The
mean tumor volume of the different treatment groups is plotted against time
post tumor cell inoculation.  [0064] Figure 26 depicts results from an
established xenograft study using BJAB lymphoma cells implanted
subcutaneous into SCID mice Animals were treated once on day 9 post cell
inoculation with either 10 mg/kg of huCD37-3 Ab, huCD37-3-SMCC-DM1,
huCD37-3-sulfo-mal-DM4 or 5 mg/kg of huCD37-3-SPP-DM1. The mean tumor
volume of the different treatment groups is plotted against time post tumor
cell inoculation. [0065]Figure 27 depicts results from an established
xenograft model using SU-DHL-4 diffuse large B-cell lymphoma cells
implanted subcutaneous into SCID mice Animals were treated once on day 17
post cell inoculation with either 10 mg/kg of huCD37-3 Ab,
huCD37-3-SMCC-DM1, huCD37-3-sulfomal-DM4 or 5 mg/kg of huCD37-3-SPP-DM1.
The median tumor volume of the different treatment groups is plotted
against time post tumor cell inoculation. [0066]Figure 28 depicts the
results of an established xenograft model using BJAB lymphoma cells
implanted subcutaneous into SCID mice Animals were treated once on day 9
post cell inoculation with either 10 mg/kg of huCD37-3 Ab,
huCD37-3-SMCC-DM1 or huCD37-3-PEG4-mal-DM1. The mean tumor volume of the
different treatment groups is plotted against time post tumor cell
inoculation.  WO 2011/112978PCT/US2011/028172 -11- 100671 Figure 29 depicts
the results of an established xenograft model using SU-DHL-4 diffuse large 



B-cell lymphoma cells implanted subcutaneous into SCID mice Animals were
treated once on day 15 post cell inoculation with either 10 mg/kg of
huCD37-3 Ab, huCD37-3-SMCC-DM1 or huCD37-3-PEG4- mal-DM1. The mean tumor
volume of the different treatment groups is plotted against time post tumor
cell inoculation. [0068]Figure 30 depicts the results of an assay using an
established xenograft model with DoHH2 follicular B-cell lymphoma cells
implanted subcutaneously into SCID mice. Animals were treated starting on
day 12 post inoculation with (i) a single dose of 10 mg/kg of huCD37-3
antibody, (ii) a single dose of 10 mg/kg of huCD37-3-SMCC-DM1 conjugate,
(iii) six doses of 2 mg/kg of Rituximab twice per week for three weeks,
(iv) a regimen of a single 40 mg/kg dose of cyclophosphamide and 0.5 mg/kg
of vincristine, along with five daily 0.2 mg/kg doses of prednisone (CVP),
or (v) a vehicle control. The median tumor volume of the different
treatment groups is plotted against time post tumor cell inoculation.
[0069] Figure 31 depicts the results of an assay an using established
xenograft model with JVM3 CLL cells implanted subcutaneous into SCID mice.
Animals were treated starting on day 7 post inoculation with (i) a single
dose of 10 mg/kg of huCD37-3 antibody, (ii) a 5 mg/kg dose of huCD37-3-
SMCC-DM1 conjugate, (iii) a 10 mg/kg dose of huCD37-3-SMCC-DM1 conjugate,
(iv) six doses of 5 mg/kg of ofatumumab twice per week for three weeks, (v)
a single 50 mg/kg dose of bendamustine, or (vi) a vehicle control. The
median tumor volume of the different treatment groups is plotted against
time post tumor cell inoculation. [0070]Figure 32 depicts the CD37 and CD20
expression levels measured in various NHL and CLL tumor cell lines (A) and
the in vitro cytotoxicty of huCD37-3-SMCC-DM1 measured in these cell lines
(B). DETAILED DESCRIPTION OF THE INVENTION [0071]The present invention
provides a new class of CD37 binding molecules having high potency in the
following three cytotoxic activities against CD37 expressing (e.g.,
positive) cells: induction of apoptosis, ADCC, and CDC. Further,
immunoconjugates of anti-CD37 antibodies kill CD37 expressing cells
unexpectedly well, as demonstrated using in vivo tumor models.
I.Definitions [0072]To facilitate an understanding of the present
invention, a number of terms and phrases are defined below. [0073]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  WO
2011/112978PCT/US2011/028172 - 12 - 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. [0074]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. IgGl, IgG2, IgG3, IgG4, IgAl
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. [0075]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%. [0076]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, nonCD37 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 <1 [iM, <100 nM, <10 nM, <1 nM, or <0.1 nM.
[0077]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. [0078]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  WO
2011/112978PCT/US2011/028172 - 13 - 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. [0079]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. [0080]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 consist of four framework regions (FR) connected by three
complementarity determining regions (CDRs) also known as hypervariable
regions. The CDRs in each 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, (5th ed., 1991, National Institutes of Health, Bethesda Md.));
and (2) an approach based on crystallographic studies of antigen-antibody
complexes (Al-lazikani  WO 2011/112978PCT/US2011/028172 



- 14 - 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. [0081]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)). [0082]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. LoopKabatAbMChothia LiL24-L34L24-L34L24-L34
L2L50-L56L50-L56L50-L56 L3L89-L97L89-L97L89-L97 H1H31-H35BH26-H35B
H26-H32..34 (Kabat Numbering) H1H31-H35H26-H35H26-H32 (Chothia Numbering)
H2HSO-H65HSO-H58H52-H56 H3H95-H102H95-H102H95-H102  



WO 2011/112978PCT/US2011/028172 - 15 - 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. [0084]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. [0085]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. [0086]"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 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. [0087]"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. [0088]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  WO
2011/112978PCT/US2011/028172 - 16 - 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." 



[0089]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. [0090]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%. [0091]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.
[0092]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. [0093]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.
[0094]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.  WO
2011/112978PCT/US2011/028172 - 17 - [0095]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. [0096]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, Waldenstrom's macroglobulinemia, and anaplastic large-cell
lymphoma (ALCL). 



[0097]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. [0098]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.
[0099]Administration "in combination with" one or more further therapeutic
agents includes simultaneous (concurrent) and consecutive administration in
any order. [0100]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  WO
2011/112978PCT/US2011/028172 - 18 - components which are unacceptably toxic
to a subject to which the formulation would be administered. The
formulation can be sterile. [0101]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. [0102]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 the case of cancer, the therapeutically effective amount of the
drug can reduce the number of cancer cells; reduce the tumor size; inhibit
(i.e., slow to some extent or stop) cancer cell infiltration into
peripheral organs; inhibit (i.e., slow to some extent or stop) tumor
metastasis; inhibit, to some extent, tumor growth; and/or relieve to some
extent one or more of the symptoms associated with the cancer. See the
definition herein of "treating". To the extent the drug can prevent growth
and/or kill existing cancer cells, it can be cytostatic and/or cytotoxic. 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. [0103]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 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.
[0104]A "chemotherapeutic agent" is a chemical compound useful in the
treatment of cancer, 



regardless of mechanism of action. Chemotherapeutic agents include, for
example, antagonists of CD20 such as Rituximab and cyclophosphamide,
doxorubicin, vincristine, predinisone, fludarabine, etoposide,
methotrexate, lenalidomide, chlorambucil, bentamustine and/or modified
versions of such chemotherapeutics. [0105]Terms such as "treating" or
"treatment" or "to treat" or "alleviating" or "to alleviate" refer to both
1) therapeutic measures that cure, slow down, lessen symptoms of, and/or
halt progression of a diagnosed pathologic condition or disorder and 2)
prophylactic or preventative measures that prevent and/or slow the
development of a targeted pathologic condition or disorder. Thus, those in
need of treatment include those already with the disorder; those prone to
have the disorder; and those in whom the disorder is to be prevented. In
certain embodiments, a subject is successfully "treated" for cancer
according to the methods of the present invention if the patient shows one
or more of the following: a reduction in the number of or complete absence
of cancer cells; a reduction in the tumor size; inhibition of or an absence
of cancer cell infiltration into peripheral organs including, for example,
the spread of cancer into soft tissue and bone; inhibition of or an absence
of tumor metastasis; inhibition or an absence of  WO
2011/112978PCT/US2011/028172 - 19 - tumor growth; relief of one or more
symptoms associated with the specific cancer; reduced morbidity and
mortality; improvement in quality of life; reduction in tumorigenicity,
tumorgenic frequency, or tumorgenic capacity, of a tumor; reduction in the
number or frequency of cancer stem cells in a tumor; differentiation of
tumorigenic cells to a non-tumorigenic state; or some combination of
effects. [0106]"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, modified
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'-0-methyl-, 2'-0-allyl, 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(0)S ("thioate"), P(S)S ("dithioate"), "(0)NR2 ("amidate"), P(0)R,
P(0)OR', CO or CH2 ("formacetal"), in which each R or R' is independently H
or substituted or unsubstituted alkyl (1-20 C) optionally containing an
ether (--0--) 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.  WO 2011/112978PCT/US2011/028172 - 20 - [0107]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.. [0108]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 encompass 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. [0109]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., 1997, Nucleic Acids Res.
25:3389-3402. BLAST-2, WU-BLAST-2 (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, or 4  



WO 2011/112978PCT/US2011/028172 -21 - 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 PAM 120 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. [0110]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. [0111]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 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. [0112]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,  WO 2011/112978PCT/US2011/028172 - 22 - 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. USA 94:.412-417 (1997)). [0113]As used in the
present disclosure and claims, the singular forms "a," "an," and "the"
include plural forms unless the context clearly dictates otherwise.
[0114]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. [0115]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; B or C; A
and C; A and B; B and C; A (alone); B (alone); and C (alone). II.CD37
binding agents [0116]The present invention provides agents that
specifically bind CD37. These agents are referred to herein as "CD37
binding agents." 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. [0117]Human CD37:
[0118]MSAQESCLSLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVL
AISGIFTMGIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRAQLERSLRDVVEKTIQ
KYGTNPEETAAEESWDYVQFQLRCCGWHYPQDWFQVLILRGNGSEAHRVPCSCYNLSATNDSTI
LDKVILPQLSRLGHLARSRHSADICAVPAESHIYREGCAQGLQKWLHNNLISIVGICLGVGLLELG
FMTLSIFLCRNLDHVYNRLAYR (SEQ ID NO:1) [0119]Macaca CD37:
[0120]MSAQESCLSLIKYFLFVFNLFFFVILGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKV
LAISGVFTMGLALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRAQLERSLQDIVEKTI
QRYHTNPEETAAEE S WDYVQF QLRC CGWH SP QDWF QVLTLRGNG S EAHRVPC S CYNL SATND
S  WO 2011/112978PCT/US2011/028172 - 23 -
TILDKVILPQLSRLGQLARSRHSTDICAVPANSHIYREGCARSLQKWLHNNLISIVGICLGVGLLEL
GFMTLSIFLCRNLDHVYNRLRYR (SEQ ID NO:2) [0121]Murine CD37 (NP_031671):
[0122]MSAQESCLSLIKYFLFVFNLFFFVLGGLIFCFGTWILIDKTSFVSFVGLSFVPLQTWSKV
LAVSGVLTMALALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRVRLERRVQELVLR
TIQSYRTNPDETAAEESWDYAQFQLRCCGWQSPRDWNKAQMLKANESEEPFVPCSCYNSTATN
DSTVFDKLFFSQLSRLGPRAKLRQTADICALPAKAHIYREGCAQSLQKWLHNNIISIVGICLGVGL
LELGFMTLSIFLCRNLDHVYDRLARYR (SEQ ID NO:3) [0123]In certain embodiments, the
CD37 binding agents are antibodies, immunoconjugates or 



polypeptides. In some embodiments, the CD37 binding agents are humanized
antibodies. [0124]In certain embodiments, the CD37-binding agents have one
or more of the following effects: inhibit proliferation of tumor cells,
reduce the tumorigenicity of a tumor by reducing the frequency of cancer
stem cells in the tumor, inhibit tumor growth, increase survival, trigger
cell death of tumor cells, differentiate tumorigenic cells to a
non-tumorigenic state, or prevent metastasis of tumor cells. [0125]In
certain embodiments, the CD37-binding agents are capable of inducing
complement dependent cytotoxicity. 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. [0126]In certain embodiments, the CD37-binding
agents are capable of inducing antibody dependent cell mediated
cytotoxicity (ADCC). For example, treatment of cells with the CD37-binding
agents can result in ADCC activity that produces 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 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. [0127]In some embodiments,
the CD37-binding agents are capable of inducing apoptosis. 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  WO
2011/112978PCT/US2011/028172 - 24 - 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.
[0128]In some embodiments, the CD37-binding agents are capable of reducing
tumor volume. The ability of a CD37-binding agent to reduce tumor volume
can be assessed, for example, by measuring a %T/C value, which is the
median tumor volume of treated subjects divided by the median tumor volume
of the control subjects. In some embodiments, treatment with a CD37-binding
agent results in a %T/C value that is less than about 55%, less than about
50%, less than about 45%, less than about 40%, less than about 35%, less
than about 30%, less than about 25%, less than about 20%, less than about
15%, less than about 10%, or less than about 5%. In some particular
embodiments, the CD37-binding agents can reduce tumor size in a BJAB
xenograft model and/or a SU-DHL-4 xenograft model. [0129]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 a human CD37 antibody is conjugated to a
maytansinoid that is activated in tumor cells expressing the CD37 by
protein internalization. In certain alternative embodiments, the agent or
antibody is not conjugated. [0130]In certain embodiments, the CD37-binding
agents are capable of inhibiting tumor growth. In 



certain embodiments, the CD37-binding agents are capable of inhibiting
tumor growth in vivo (e.g., in a xenograft mouse model and/or in a human
having cancer). [0131]The CD37-binding agents include CD37 antibodies
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. [0132]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:180. 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: 184.
[0133]In some embodiments, the CD37-binding agents bind to a polypeptide of
SEQ ID NO: 180 and to a polypeptide of SEQ ID NO: 183, but do not bind to a
polypeptide of SEQ ID NO: 184. [0134]In some embodiments, the CD37-binding
agents bind to a polypeptide of SEQ ID NO:190. In some embodiments, the
CD37-binding agents bind to a polypeptide of SEQ ID NO:190 and a
polypeptide  WO 2011/112978PCT/US2011/028172 - 25 - of SEQ ID NO:189. In
some embodiments, the CD37-binding agents bind to a polypeptide of SEQ ID
NO:190 and a polypeptide of SEQ ID NO:188. [0135]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:194. In some embodiments, the
CD37-binding agent binds to a polypeptide of SEQ ID NO: 193, but does not
bind to a polypeptide of SEQ ID NO: 194. [0136]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 200-243 of SEQ ID NO: 1, amino acids 202-220 or SEQ ID NO:1, or
amino acids 221-243 of SEQ ID NO:l. In some embodiments, the CD37-binding
agent is specifically binds to a human CD37 epitope comprising amino acids
202-243 of SEQ ID NO: 1. In some embodiments, the binding of the
CD37-binding agent to CD37 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: 1. In some embodiments, the binding of
the CD37-binding agent to CD37 requires amino acids 221-243 of SEQ ID NO:
1. [0137]The CD37-binding agents also include CD37-binding agents that
comprise the heavy and light chain CDR sequences of CD37-3, CD37-12,
CD37-38, CD37-50, CD37-51, CD37-56 or CD37-57. The heavy and light chain
CDRs of CD37-38, CD37-50, CD37-51, CD37-56 and CD37-57 contain related
sequences. Therefore, the CD-37 binding agents can also comprise heavy and
light chain CDR sequences that comprise a consensus sequence obtained by
the alignment of CD37-38, CD37-50, CD37-51, CD37- 



56 and CD37-57. The CDR sequences of CD37-3, CD37-12, CD37-38, CD37-50,
CD37-51, CD37-56 and CD37-57, as well as the consensus sequence of CD37-38,
CD37-50, CD37-51, CD37-56 and CD37- 57 are described in Tables 1 and 2
below. Table 1: Variable heavy chain CDR amino acid sequences Antibody
VH-CDR1 VH-CDR2 VH-CDR3 CD37-3 TSGVS (SEQ ID NO:4) VIWGDGSTN (SEQ ID NO:5)
GGYSLAH (SEQ ID NO:6) CD37-12 KYGMN (SEQ ID NO:7) WINTNTGESR (SEQ ID NO:8)
GTVVAD (SEQ ID NO:9) CD37-38 SGFGWH (SEQ ID NO:10) YILYSGGTD (SEQ ID NO:11)



GYYGYGAWFVY (SEQ ID NO:12) CD37-50 SGFAWH (SEQ ID NO:13) YILYSGSTV (SEQ ID
NO:14) GYYGYGAWFAY (SEQ ID NO:15) CD37-51 SGFAWH (SEQ ID NO:16) YIHYSGSTN
(SEQ ID NO:17) GYYGFGAWFVY (SEQ ID NO:18) CD37-56 SGFAWH (SEQ ID NO:19)
YIHYSGGTN (SEQ ID NO:20) GYYGFGAWFAY (SEQ ID NO:21) CD37-57 SGFAWH (SEQ ID
NO:22) YILYSGSTV (SEQ ID NO:23) GYYGYGAWFAY (SEQ ID NO:24) CONSENSUS SGF[A
or G]WH (SEQ ID NO:25) 



YI[L or H]YSG[G or S]T[D,V,or N] (SEQ ID GYYG[Y or F]GAWF [V or A]Y (SEQ ID
NO:27)  WO 2011/112978PCT/US2011/028172 - 26 - NO:26) Table 2: Variable
light chain CDR amino acid sequences Antibody VL-CDR1 VL-CDR2 VL-CDR3
CD37-3 RASENIRSNLA (SEQ ID NO:28) VATNLAD (SEQ ID NO:29) QHYWGTTWT (SEQ ID
NO:30) CD37-12 RASQSVSTSSYSYLY (SEQ ID NO:31) YASNLAS (SEQ ID NO:32)
QHSWEIPYT (SEQ ID NO:33) 



CD37-38 SASSSVTYMH (SEQ ID NO:34) DTSKLAS (SEQ ID NO:35) QQWISNPPT (SEQ ID
NO:36) CD37-50 SATSSVTYMH (SEQ ID NO:37) DTSKLPY (SEQ ID NO:38) QQWSDNPPT
(SEQ ID NO:39)   Humanized DTSNLPY (SEQ ID NO:40)  CD37-51 SATSSVTYMH (SEQ
ID NO:41) DTSKLAS (SEQ ID NO:42) QQWSSNPPT (SEQ ID NO:43) CD37-56
SASSSVTYMH (SEQ ID NO:44) 



DTSKLAS (SEQ ID NO:45) QQWISDPPT (SEQ ID NO:46)   Humanized DTSNLAS (SEQ ID
NO:47)  CD37-57 SATSSVTYMH (SEQ ID NO:48) DTSKLAS (SEQ ID NO:49) QQWSDNPPT
(SEQ ID NO:50)   Humanized DTSNLAS (SEQ ID NO:51)  CONSENSUS SA[T or
S]SSVTYMH (SEQ ID NO:52) DTS[K or N]L[A or P][S or Y] (SEQ ID NO:53) 



QQW[I or S][S or D][N or D]PPT (SEQ ID NO:54)  [0138]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. [0139]Polypeptides an comprise one of the
individual variable light chains or 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 Antibody VH
Amino Acid Sequence (SEQ ID NO) muCD37-3
QVQVKESGPGLVAPSQSLSITCTVSGFSLTTSGVSWVRQPPGKGLEWLGVIW
GDGSTNYHSALKSRLSIKKDHSKSQVFLKLNSLQTDDTATYYCAKGGYSLA HWGQGTLVTVSA (SEQ ID
NO:55)  WO 2011/112978PCT/US2011/028172 -27 - chCD37-3
QVQVKESGPGLVAPSQSLSITCTVSGFSLTTSGVSWVRQPPGKGLEWLGVIW GD G S TNYH SALKSRLS
IKKD H SKS QVFLKLN S LQTDDTATYYCAKGGY S LA HWGQGTLVTVSA (SEQ ID NO:56)
huCD37-3v1.0 QVQVQESGPGLVAPSQTLSITCTVSGFSLTTSGVSWVRQPPGKGLEWLGVIW GDGSTNYHP
SLKS RL S IKKDH S KS QVFLKLN SLTAADTATYYCAKGGY SLA HWGQGTLVTVSS (SEQ ID
NO:57) huCD37-3v1.1 



QVQVQESGPGLVAPSQTLSITCTVSGFSLTTSGVSWVRQPPGKGLEWLGVIW GDGSTNYHS SLKS RL S
IKKDH S KS QVFLKLN SLTAADTATYYCAKGGY SLA HWGQGTLVTVSS (SEQ ID NO:58)
muCD37-12 QIQLVQSGPELKKPGETVKISCKASGYTFTKYGMNWVKQAQGKGLKWMG
WINTNTGESRNAEEFKGRFAFSLETSASTAYLQINNLKYEDTATYFCGRGTV VADWGQGTTLTVSS (SEQ ID
NO:59) chCD37-12 QIQLVQSGPELKKPGETVKISCKASGYTFTKYGMNWVKQAQGKGLKWMG
WINTNTGESRNAEEFKGRFAFSLETSASTAYLQINNLKYEDTATYFCGRGTV VADWGQGTTLTVSS (SEQ ID
NO:60) muCD37-38 DVQLQESGPDLVKPSQSLSLTCTVTGYSITSGFGWHWIRQFPGNKLEWMAY
ILYSGGTDYNP SLKS RI SITRDT SKN QFFLRL S SVTTEDTATYYCARGYYGYG
AWFVYWGQGTLVTVSA (SEQ ID NO:61) chCD37-38 QVQL QESGPDLVKPS Q SL
SLTCTVTGYSITSGFGWHWIRQFPGNKLEWMAY ILYSGGTDYNP SLKS RI SITRDT SKN QFFLRL S
SVTTEDTATYYCARGYYGYG AWFVYWGQGTLVTVSA (SEQ ID NO:62) huCD37-38
QVQLQESGPGLVKPSQSLSLTCTVSGYSITSGFGWHWIRQFPGKGLEWMAYI
LYSGGTDYNPSLKSRISITRDTSKNQFFLRLSSVTAADTATYYCARGYYGYG AWFVYWGQGTLVTVSS (SEQ
ID NO:63) muCD37-50 DVQLQESGPDLLKPSQSLSLTCTVTGYSITSGFAWHWIRQFPGNKLEWMGYI
LYSGSTVYSPSLKSRISITRDTSKNHFFLQLNSVTTEDTATYYCARGYYGYG AWFAY (SEQ ID NO:64)
huCD37-50 QVQLQESGPGLLKPSQSLSLTCTVSGYSITSGFAWHWIRQHPGNKLEWMGY ILY S G S TVY
SP SLKSRISITRDTSKNHFFLQLNSVTAADTATYYCARGYYGYG AWFAYWGQGTLVTVSA (SEQ ID
NO:65) muCD37-51 DVQLQESGPDLLKPSQSLSLTCTVTGYSISSGFAWHWIRQFPGNKLEWMGYI
HYSGSTNYSPSLKSRISITRDSSKNQFFLQLNSVTTEDTATYYCARGYYGFGA WFVYWGQGTLVTVSA (SEQ
ID NO:66) huCD37-51 EVQLVESGPEVLKPGESLSLTCTVSGYSISSGFAWHWIRQFPGKGLEWMGYI
HYSGSTNYSPSLQGRISITRDS SINQFFLQLNSVTASDTATYYCARGYYGFGA WFVYWGQGTLVTVSA (SEQ
ID NO:67) 



muCD37-56 DVQLQESGPDLVKPSQSLSLTCTVTGYSITSGFAWHWIRQFPGNKLEWMGY  IHYSGGTNYNP
SLKS RV S ITRDT SKN QFFLQ LN SVTTEDTATYYCARGYYGF GAWFAYWGQGTLVPVSA (SEQ ID
NO:68) huCD37-56 QVQLQESGPGLVKPSQSLSLTCTVSGYSITSGFAWHWIRQFPGKGLEWMGYI  HY S
GGTNYNP SLKS RV S ITRDT SKNQFFLQLN SVTAADTATYYCARGYYGF GAWFAYWGQGTLVPVSA
(SEQ ID NO:69) muCD37-57
DVQLQESGPDLLKPSQSLSLTCTVTGYSITSGFAWHWIRQFPGNKLEWMGYI
LYSGSTVYSPSLKSRISITRDTSKNQFFLQLNSVTTEDTATYYCARGYYGYG AWFAYWGQGTLVTVSA (SEQ
ID NO:70) huCD37-57 QVQLQESGPGLLKPSQSLSLTCTVSGYSITSGFAWHWIRQFPGKGLEWMGYI
LYSGSTVYSPSLKSRISITRDTSKNQFFLQLNSVTAADTATYYCARGYYGYG AWFAYWGQGTLVTVSA (SEQ
ID NO:71)  WO 2011/112978PCT/US2011/028172
- 28 - Table 4: Variable light chain amino acid sequences Antibody VL Amino
Acid Sequence (SEQ ID NO) muCD37-3 DIQMTQ S PAS L SV SVGETVTITCRAS
ENIRSNLAWYQ QKQ GKSP QLLVNVAT
NLADGVPSRFSGSGSGTQYSLKINSLQSEDFGTYYCQHYWGTTWTFGGGTK LEIKR (SEQ ID NO:72) 



chCD37-3 DIQMTQ S PAS L SV SVGETVTITCRAS ENIRSNLAWYQ QKQ GKSP QLLVNVAT
NLADGVPSRFSGSGSGTQYSLKINSLQSEDFGTYYCQHYWGTTWTFGGGTK LEIKR (SEQ ID NO:73)
huCD37-3 (1.0 and 1.1) QVQVKESGPGLVAPSQSLSITCTVSGFSLTTSGVSWVRQPPGKGLEWLGVIW
GD G S TNYH SALKSRLSIKKD H SKS QVFLKLNS LQTDDTATYYCAKGGY S LA HWGQGTLVTVSA
(SEQ ID NO:74) muCD37-12
DIVLTQSPASLAVSLGQRATISCRASQSVSTSSYSYLYWFQQKPGQPPKLLIK
YASNLASGVPARFSGSGSGTDFTLNIHPVEEEDTATYYCQHSWEIPYTFGGG TKLEIKR (SEQ ID NO:75)
chCD37- 12 DIVLTQSPASLAVSLGQRATISCRASQSVSTSSYSYLYWFQQKPGQPPKLLIK
YASNLASGVPARFSGSGSGTDFTLNIHPVEEEDTATYYCQHSWEIPYTFGGG TKLEIKR (SEQ ID NO:76)
muCD37-38 QIVLTQ SPAIMSASPGEKVTMTC SAS SSVTYMHWYQQKSGTSPKRWIYDTS KLAS
GVPARF S GGG S GT SY S LTIS SMEAEDAATYYCQQWISNPPTFGGGTKL EIKR (SEQ ID
NO:77) chCD37-38 QIVLTQ SPAIMSASPGEKVTMTC SAS SSVTYMHWYQQKSGTSPKRWIYDTS
KLAS GVPARF S GGG S GT SY S LTIS SMEAEDAATYYCQQWISNPPTFGGGTKL EIKR (SEQ ID
NO:78) huCD37-38 DIVLTQ S PAS M SAS PGERVTMTC SAS S
SVTYMHWYQQKPGTSPKRWIYDTS KLAS GVPARFS GSG SGT SY SLTIS
SMEAEDAATYYCQQWISNPPTFGGGTKL EIKR (SEQ ID NO:79) muCD37-50 QIVLTQ S
PAIMSASP GEKVTMTC SAT S SVTYMHWYQ QKS GT S PKRWIYDT S KLPYGVPGRFS GSG SGT
SY SLTIS SMEAEDAATYYCQQWSDNPPTFGSGTKL EIKR (SEQ ID NO:80) huCD37-50 EIVLTQ
S PATM SASP GERVTMTC SAT S SVTYMHWYQQKPGQSPKRWIYDTS NLPYGVPARF SGS GSGT SY
SLTIS SMEAEDAATYYCQQWSDNPPTFGQGTKL EIKR (SEQ ID NO :81) muCD37-51 



QIVLTQ S PAIMSASP GEKVTMTC SAT S SVTYMHWYQ QKS GT S PKRWIYDT S KLAS GVPARF
SGS GSGT SY SLTI SNMEAEDAATYYCQQWS SNPPTFGSGTKL EIKR (SEQ ID NO:82)
huCD37-51 EIVLTQ S PATM SASP GERVTMTC SAT S SVTYMHWYQQKPGQSPKRWIYDTS KLAS
GVPARF SGS GSGT SY SLTIS SMEAEDAATYYCQQWSSNPPTFGQGTKL EIKR (SEQ ID NO:83)
muCD37-56 QIVLTQ SPAFMSASPGDKVTMTC SAS SSVTYMHWYQQKSGTSPKRWIYDTS KLAS
GVPARF S GGG S GT SY S LTIS TMEAEDAATYYC Q QWI SDPPTF GGGTKL EIKR (SEQ ID
NO:84) huCD37-56 DIVLTQ S PAFM SAS PGEKVTMTC SAS SSVTYMHWYQQKPDQSPKRWIYDTS
NLASGVPSRFSGGGSGTDYSLTISSMEAEDAATYYCQQWISDPPTFGQGTKL EIKR (SEQ ID NO:85)
muCD37-57 QIVLTQ S PAIMSASP GEKVTMTC SAT S SVTYMHWYQ QKS GT S PKRWIYDT S
KLAS GVPARFS GSG SGT SY SLTIS SMEAEDAATYYCQQWSDNPPTFGSGTKL EIKR (SEQ ID
NO:86) huCD37-57 EIVLTQ S PATM SASP GERVTMTC SAT S SVTYMHWYQQKPGQSPRRWIYDTS
NLAS GVPARFS GSGS GT SYSLTIS SMEAEDAATYYCQQWSDNPPTFGQGTKL EIKR (SEQ ID
NO:87)  WO 2011/112978PCT/US2011/028172 - 29 - [0140]Also provided are
polypeptides that comprise: (a) a polypeptide having at least about 90%
sequence identity to SEQ ID NOs:55-71; and/or (b) a polypeptide having at
least about 90% sequence identity to SEQ ID NOs:72-87. 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. Thus, in certain
embodiments, the polypeptide comprises (a) a polypeptide having at least
about 95% sequence identity to SEQ ID NOs:55-71, and/or (b) a polypeptide
having at least about 95% sequence identity to SEQ ID NOs:72-87. In certain
embodiments, the polypeptide comprises (a) a polypeptide having the amino
acid sequence of SEQ ID NOs:55-71; and/or (b) a polypeptide having the
amino acid sequence of SEQ ID NOs:72-87. 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 differs from SEQ ID NOs:55-87 by conservative amino acid
substitutions only. [0141]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



Antibody Full-Length Heavy Chain Amino Acid Sequence (SEQ ID NO) muCD37-3
QVQVKESGPGLVAPSQSLSITCTVSGFSLTTSGVSWVRQPPGKGLEWLGVIW GD G S TNYH SALKSRLS
IKKD H SKS QVFLKLN S LQTDDTATYYCAKGGY S LA
HWGQGTLVTVSAAKTTAPSVYPLAPVCGDTTGSSVTLGCLVKGYFPEPVTL TWNSGSLS
SGVHTFPAVLQSDLYTLS SSVTVTS STWPSQSITCNVAHPAS STK
VDKKIEPRGPTIKPCPPCKCPAPNLLGGPSVFIFPPKIKDVLMISLSPIVTCVVV
DVSEDDPDVQISWFVNNVEVHTAQTQTHREDYNSTLRVVSALPIQHQDWM
SGKEFKCKVNNKDLPAPIERTISKPKGSVRAPQVYVLPPPEEEMTKKQVTLT
CMVTDFMPEDIYVEWTNNGKTELNYKNTEPVLDSDGSYFMYSKLRVEKKN WVERN SY S C
SVVHEGLHNHHTTKSF SRTPGK (SEQ ID NO:88) chCD37-3
QVQVKESGPGLVAPSQSLSITCTVSGFSLTTSGVSWVRQPPGKGLEWLGVIW GD G S TNYH SALKSRLS
IKKD H SKS QVFLKLN S LQTDDTATYYCAKGGY S LA HWGQGTLVTVSAASTKGPSVFPLAPS SKS T
S GGTAAL GCLVKDYFPEPVTV S WN S GALT S GVHTFPAVLQ S S GLY SL S SVVTVPS
SSLGTQTYICNVNHKPSNT KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCV
VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ DWLNGKEYKCKV
SNKALPAPIEKTI SKAKGQPREP QVYTLPP S RDELTKNQ
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDK
SRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO:89) huCD37-3v1.0
QVQVQESGPGLVAPSQTLSITCTVSGFSLTTSGVSWVRQPPGKGLEWLGVIW GD G S TNYHP SLKS RL S
IKKDH SKS QVFLKLN SLTAADTATYYCAKGGY SLA
HWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVS WN S GALT S GVHTFPAVLQ
S S GLY S L S SVVTVP S SSLGTQTYICNVNHKPSNT  WO 2011/112978PCT/US2011/028172
- 30 -  KVDKKVEPKS CDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCV VVDV
SHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ DWLNGKEYKCKV SNKALPAPIEKTI
SKAKGQPREP QVYTLPP S RDELTKNQ V S LTCLVKGFYP S DIAVEWE SNGQPENNYKTTPPVLD SD
GSFFLYSKLTVDK SRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO:90) huCD37-3v1. 1
QVQVQESGPGLVAPSQTLSITCTVSGFSLTTSGVSWVRQPPGKGLEWLGVIW GDGSTNYHS SLKS RL S
IKKDH S KS QVFLKLN SLTAADTATYYCAKGGY SLA HWGQGTLVTVS SASTKGP SVFPLAPS SKSTS
GGTAALGCLVKDYFPEPVTVS WNS GALT S GVHTFPAVLQ S S GLYSLS SVVTVPS S
SLGTQTYICNVNHKPSNT KVDKKVEPKS CDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCV
VVDV SHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ DWLNGKEYKCKV
SNKALPAPIEKTI SKAKGQPREP QVYTLPP S RDELTKNQ V S LTCLVKGFYP S DIAVEWE
SNGQPENNYKTTPPVLD SD GSFFLYSKLTVDK SRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID
NO:91) muCD37-12 QIQLVQ SGPELKKPGETVKISCKASGYTFTKYGMNWVKQAQ GKGLKWMG
WINTNTGESRNAEEFKGRFAF SLETSASTAYLQINNLKYEDTATYFCGRGTV VADWGQGTTLTVS
SAKTTAPSVYPLAPVCGDTTGS SVTLGCLVKGYFPEPV TLTWNS GSLS SGVHTFPAVLQ SDLYTLS S
SVTVTS STWP SQ SITCNVAHPAS S
TKVDKKIEPRGPTIKPCPPCKCPAPNLLGGPSVFIFPPKIKDVLMISLSPIVTCV VVDV S EDDPDVQ I
SWFVNNVEVHTAQTQTHREDYN STLRVV SALPIQHQD WM S GKEFKCKVNNKDLPAPIERTISKPKG
SVRAPQVYVLPPPEEEMTKKQV TLTCMVTDFMPEDIYVEWTNNGKTELNYKNTEPVLD SD G SYFMY S
KLRVE KKNWVERNSYSCSVVHEGLHNHHTTKSFSRTPGK (SEQ ID NO:92) chCD37-12 QIQLVQ
SGPELKKPGETVKISCKAS GYTFTKYGMNWVKQAQGKGLKWMG WINTNTGESRNAEEFKGRFAF
SLETSASTAYLQINNLKYEDTATYFCGRGTV VADWGQGTTLTVS SAS TKGP SVFPLAP S SKS T S
GGTAALG CLVKDYFPEPVT VSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPS
NTKVDKKVEPKS CDKTHTCPPCPAPELLGGP SVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTK NQVSLTCLVKGFYP
SDIAVEWESNGQPENNYKTTPPVLD SDGSFFLYSKLTV DKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
(SEQ ID NO:93) 



muCD37-38 DVQLQESGPDLVKPSQSLSLTCTVTGYSITSGFGWHWIRQFPGNKLEWMAY ILY SGGTDYNP
SLKS RI SITRDT SKN QFFLRL S SVTTEDTATYYCARGYYGYG AWFVYWGQ
GTLVTVSAAKTTPPSVYPLAPGSAAQTNSMVTLGCLVKGYFP EPVTVTWNSG SLS S
GVHTFPAVLESDLYTLS S SVTVP S SMRP SETVTCNVAH PAS STKVDKKIVPRDCGCKPCICTVPEVS
SVFIFPPKPKDVLTITLTPKVTCVV
VDISKDDPEVQFSWFVDDVEVHTAQTQPREEQFNSTFRSVSELPIMHQDWL NGKEFKCRVN SAAFPAPIEKTI
SKTKGRPKAPQVYTIPPPKEQMAKDKV S LT
CMITDFFPEDITVEWQWNGQPAENYKNTQPIMNTNGSYFVYSKLNVQKSN
WEAGNTFTCSVLHEGLHNHHTEKSLSHSPGK (SEQ ID NO:94) chCD37-38 QVQLQESGPDLVKPS Q
SL SLTCTVTGY SIT S GF GWHWIRQFP GNKLEWMAY ILY SGGTDYNP SLKS RI SITRDT SKN
QFFLRL S SVTTEDTATYYCARGYYGYG AWFVYWGQGTLVTVSAASTKGPSVFPLAPS SKS T S
GGTAALGCLVKDYFPE PVTVSWNS GALT S GVHTFPAVLQ S S GLYSLS SVVTVPS S
SLGTQTYICNVNH KP SNTKVDKKVEPKS CDKTHTCPP CPAPELLG GP SVFLFPPKPKDTLMI S RTP
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT VLHQDWLNGKEYKCKV
SNKALPAPIEKTI S KAKGQPREP QVYTLPP SRDELT KNQVSLTCLVKGFYP
SDIAVEWESNGQPENNYKTTPPVLD SDGSFFLYSKLT VDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG
(SEQ ID NO:95) huCD37-3 8
QVQLQESGPGLVKPSQSLSLTCTVSGYSITSGFGWHWIRQFPGKGLEWMAYI LYS
GGTDYNPSLKSRISITRDTSKNQFFLRLS SVTAADTATYYCARGYYGYG AWFVYWGQGTLVTVS
SASTKGPSVFPLAP S SKSTS GGTAALGCLVKDYFPE  WO 2011/112978PCT/US2011/028172
-31-  PVTVSWNS GALT S GVHTFPAVLQ S S GLYSLS SVVTVPS S SLGTQTYICNVNH KP
SNTKVDKKVEPKS CDKTHTCPP CPAPELLG GP SVFLFPPKPKDTLMI S RTP
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT VLHQDWLNGKEYKCKV
SNKALPAPIEKTI S KAKGQPREP QVYTLPP SRDELT KNQVSLTCLVKGFYP
SDIAVEWESNGQPENNYKTTPPVLD SDGSFFLYSKLT VDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG
(SEQ ID NO:96) muCD37-50 DVQLQES GPDLLKP SQ SL SLTCTVTGY SITS
GFAWHWIRQFPGNKLEWMGYI LYS GSTVYSPSLKSRISITRDTSKNHFFLQLN
SVTTEDTATYYCARGYYGYG AWFAYWGQGTLVTVSAAKTTAP SVYPLAPVCGDTTGS SVTLGCLVKGYFP
EPVTLTWNSGSLS S GVHTFPAVLQ SDLYTLS S SVTVTS STWPSQ SITCNVAHP AS
STKVDKKIEPRGPTIKPCPPCKCPAPNLLGGPSVFIFPPKIKDVLMISLSPIV
TCVVVDVSEDDPDVQISWFVNNVEVHTAQTQTHREDYNSTLRVVSALPIQH QDWMS
GKEFKCKVNNKDLPAPIERTI S KPKG SVRAP QVYVLPPPEEEMTKK
QVTLTCMVTDFMPEDIYVEWTNNGKTELNYKNTEPVLD SDGSYFMYSKLR
VEKKNWVERNSYSCSVVHEGLHNHHTTKSFSRTPGK (SEQ ID NO:97) huCD37-50
QVQLQESGPGLLKPSQSLSLTCTVSGYSITSGFAWHWIRQHPGNKLEWMGY ILY S G S TVY SP
SLKSRISITRDTSKNHFFLQLNSVTAADTATYYCARGYYGYG AWFAYWGQGTLVTVSAASTKGPSVFPLAPS
SKS T S GGTAALGCLVKDYFPE PVTVSWNS GALT S GVHTFPAVLQ S S GLYSLS SVVTVPS S
SLGTQTYICNVNH KP SNTKVDKKVEPKS CDKTHTCPP CPAPELLG GP SVFLFPPKPKDTLMI S RTP
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT VLHQDWLNGKEYKCKV
SNKALPAPIEKTI S KAKGQPREP QVYTLPP SRDELT KNQVSLTCLVKGFYP
SDIAVEWESNGQPENNYKTTPPVLD SDGSFFLYSKLT VDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG
(SEQ ID NO:98) muCD37-51
DVQLQESGPDLLKPSQSLSLTCTVTGYSISSGFAWHWIRQFPGNKLEWMGYI
HYSGSTNYSPSLKSRISITRDSSKNQFFLQLNSVTTEDTATYYCARGYYGFGA WFVYWGQGTLVTV
SAAKTTAP SVYPLAPVCGDTTGS SVTLGCLVKGYFPEP VTLTWNS GSLS SGVHTFPAVLQ SDLYTLS S
SVTVTS STWPS Q SITCNVAHPAS STKVDKKIEPRGPTIKPCPPCKCPAPNLLGGP
SVFIFPPKIKDVLMISLSPIVTC VVVDV
SEDDPDVQISWFVNNVEVHTAQTQTHREDYNSTLRVVSALPIQHQD WM S
GKEFKCKVNNKDLPAPIERTISKPKG SVRAPQVYVLPPPEEEMTKKQV
TLTCMVTDFMPEDIYVEWTNNGKTELNYKNTEPVLD SD G SYFMY S KLRVE
KKNWVERNSYSCSVVHEGLHNHHTTKSFSRTPGK (SEQ ID NO:99) huCD37-51 EVQLVES GPEVLKP
GE SL S LTCTV S GY SI S S GFAWHWIRQFPGKGLEWMGYI HY S G STNY SP SLQ GRI
SITRD S SINQ FFLQ LNSVTASDTATYYCARGYYGF GA WFVYWGQGTLVTVSAASTKGP SVFPLAP S
SKSTS GGTAALGCLVKDYFPEP VTV S WN S GALT S GVHTFPAVLQ S S GLY SLS SVVTVP S S
SLGTQTYICNVNHK P SNTKVDKKVEPKS CDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT VLHQDWLNGKEYKCKV
SNKALPAPIEKTI S KAKGQPREP QVYTLPP SRDELT KNQVSLTCLVKGFYP
SDIAVEWESNGQPENNYKTTPPVLD SDGSFFLYSKLT VDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG
(SEQ ID NO:100) 



muCD37-56 DVQLQESGPDLVKPSQSLSLTCTVTGYSITSGFAWHWIRQFPGNKLEWMGY  IHYSGGTNYNP
SLKS RV S ITRDT SKN QFFLQ LN SVTTEDTATYYCARGYYGF GAWFAYWGQGTLVPVSAAKTTPP
SVYPLAPGSAAQTN SMVTLGCLVKGYF PEPVTVTWNSGSLS S GVHTFPAVLESDLYTLS S SVTVPS
SMRPSETVTCNVA HPAS STKVDKKIVPRDCGCKPCICTVPEVS SVFIFPPKPKDVLTITLTPKVTCV
VVDISKDDPEVQFSWFVDDVEVHTAQTQPREEQFNSTFRSVSELPIMHQDW
LNGKEFKCRVNSAAFPAPIEKTISKTKGRPKAPQVYTIPPPKEQMAKDKVSL TCMITDFFPEDITVEWQ
WNGQPAENYKNTQPIMNTNG SYFVY SKLNVQKSN WEAGNTFTCSVLHEGLHNHHTEKSLSHSPGK (SEQ
ID NO:101) huCD37-56 QVQLQESGPGLVKPSQSLSLTCTVSGYSITSGFAWHWIRQFPGKGLEWMGYI
HY S GGTNYNP SLKS RV S ITRDT SKNQFFLQLN SVTAADTATYYCARGYYGF  WO
2011/112978PCT/US2011/028172 - 32 -  GAWFAYWGQGTLVPVSAASTKGP SVFPLAP S S KS
T S GGTAALGCLVKDYFP EPVTV SWN S GALT S GVHTFPAVLQ S SGLYSLSSVVTVP
SSSLGTQTYICNVN HKP SNTKVDKKVEPKSCDKTHTCPPCPAPELLGGP SVFLFPPKPKDTLMISRT
PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDEL TKNQVSLTCLVKGFYP
SDIAVEWE SNGQPENNYKTTPPVLD SD G SFFLY S KL
TVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO:102) muCD37-57
DVQLQESGPDLLKP SQ SL SLTCTVTGY SITS GFAWHWIRQFP GNKLEWMGYI
LYSGSTVYSPSLKSRISITRDTSKNQFFLQLNSVTTEDTATYYCARGYYGYG
AWFAYWGQGTLVTVSAAKTTAP SVYPLAPVCGDTTGS SVTLGCLVKGYFP 



EPVTLTWNSGSLSSGVHTFPAVLQ SDLYTLS SSVTVTS STWPSQ SITCNVAHP  AS
STKVDKKIEPRGPTIKPCPPCKCPAPNLLGGPSVFIFPPKIKDVLMISLSPIV
TCVVVDVSEDDPDVQISWFVNNVEVHTAQTQTHREDYNSTLRVVSALPIQH  QDWMS
GKEFKCKVNNKDLPAPIERTI S KPKG SVRAP QVYVLPPPEEEMTKK
QVTLTCMVTDFMPEDIYVEWTNNGKTELNYKNTEPVLD S D G SYFMY SKLR
VEKKNWVERNSYSCSVVHEGLHNHHTTKSFSRTPGK (SEQ ID NO:103) huCD37-57
QVQLQESGPGLLKPSQSLSLTCTVSGYSITSGFAWHWIRQFPGKGLEWMGYI
LYSGSTVYSPSLKSRISITRDTSKNQFFLQLNSVTAADTATYYCARGYYGYG
AWFAYWGQGTLVTVSAASTKGPSVFPLAPS SKS T S GGTAALGCLVKDYFPE  



PVTV SWN S GALT S GVHTFPAVLQ SSGLYSLS SVVTVPS SSLGTQTYICNVNH  KP
SNTKVDKKVEPKS CDKTHTCPP CPAPELLG GP SVFLFPPKPKDTLMI S RTP
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT  VLHQDWLNGKEYKCKV
SNKALPAPIEKTI S KAKGQPREP QVYTLPP SRDELT  KNQVSLTCLVKGFYP
SDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT  VDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG
(SEQ ID NO:104)  Table 6: Full-length light chain amino acid sequences
Antibody Full-length Light Chain Amino Acid Sequence (SEQ ID NO) muCD37-3
DIQMTQ S PAS L SV SVGETVTITCRAS ENIRSNLAWYQ QKQ GKSP QLLVNVAT
NLADGVPSRFSGSGSGTQYSLKINSLQSEDFGTYYCQHYWGTTWTFGGGTK LEIKRADAAPTVSIFPP
SSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQ NGVLNSWTDQD SKD S TY SM S S
TLTLTKDEYERHN SYTCEATHKT ST S PIVK S FNRNEC (SEQ ID NO:105) chCD37-3 DIQMTQ
S PAS L SV SVGETVTITCRAS ENIRSNLAWYQ QKQ GKSP QLLVNVAT
NLADGVPSRFSGSGSGTQYSLKINSLQSEDFGTYYCQHYWGTTWTFGGGTK LEIKRTVAAPSVFIFPP
SDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQ S GNS QESVTEQD SKD S TY SL S STLTL
SKADYEKHKVYACEVTHQ GL S SPVTK SFNRGEC (SEQ ID NO:106) 



huCD37-3 (1.0 and 1.1) DI QMTQ SPS
SLSVSVGERVTITCRASENIRSNLAWYQQKPGKSPKLLVNVAT NLADGVP SRF
SGSGSGTDYSLKINSLQPEDFGTYYCQHYWGTTWTFGQGTK LEIKRTVAAPSVFIFPP
SDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQ S GNS QESVTEQD SKD S TY SL S STLTL
SKADYEKHKVYACEVTHQ GL S SPVTK SFNRGEC (SEQ ID NO:107) muCD37-12
DIVLTQSPASLAVSLGQRATISCRASQSVSTSSYSYLYWFQQKPGQPPKLLIK
YASNLASGVPARFSGSGSGTDFTLNIHPVEEEDTATYYCQHSWEIPYTFGGG TKLEIKRADAAPTVSIFPP
SSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSE RQNGVLN S WTD QD S KD STY S MS
STLTLTKDEYERHN SYTCEATHKT ST S PI VKSFNRNEC (SEQ ID NO:108) chCD37- 12
DIVLTQSPASLAVSLGQRATISCRASQSVSTSSYSYLYWFQQKPGQPPKLLIK
YASNLASGVPARFSGSGSGTDFTLNIHPVEEEDTATYYCQHSWEIPYTFGGG  WO
2011/112978PCT/US2011/028172 - 33 -  TKLEIKRTVAAP SVFIFPP
SDEQLKSGTASVVCLLNNFYPREAKVQWKVDNA
LQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPV TKSFNRGEC (SEQ ID
NO:109) muCD37-38 QIVLTQSPAIMSASPGEKVTMTCSAS SSVTYMHWYQQKSGTSPKRWIYDTS KLAS
GVPARF S GGGS GT SY SLTIS SMEAEDAATYYCQQWISNPPTFGGGTKL EIKRADAAPTVSIFPP
SSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQN GVLNS WTDQD SKD S TY SMS S
TLTLTKDEYERHNSYTCEATHKT S T SPIVKSF NRNEC (SEQ ID NO:110) chCD37-38 QIVLTQ
SPAIMSASPGEKVTMTC SAS SSVTYMHWYQQKSGTSPKRWIYDTS KLAS GVPARF S GGGS GT SY
SLTIS SMEAEDAATYYCQQWISNPPTFGGGTKL EIKRTVAAP
SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQS GNS QESVTEQD SKD S TY SL S S
TLTL SKADYEKHKVYACEVTHQ GL S SPVTKS FNRGEC (SEQ ID NO:111) huCD37-38
DIVLTQSPASMSASPGERVTMTCSASS SVTYMHWYQQKPGTSPKRWIYDTS KLAS GVPARFSGSGSGT SY
SLTIS SMEAEDAATYYCQQWISNPPTFGGGTKL EIKRTVAAP
SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQS GNS QESVTEQD SKD S TY SL S S
TLTL SKADYEKHKVYACEVTHQ GL S SPVTKS FNRGEC (SEQ ID NO:112) muCD37-50 



QIVLTQ SPAIMSASP GEKVTMTC SAT S SVTYMHWYQQKS GT SPKRWIYDT S
KLPYGVPGRFSGSGSGT SY SLTIS SMEAEDAATYYCQQWSDNPPTFGSGTKL EIKRADAAPTVSIFPP
SSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQN GVLNS WTDQD SKD S TY SMS S
TLTLTKDEYERHNSYTCEATHKT S T SPIVKSF NRNEC (SEQ ID NO:113) huCD37-50 EIVLTQ
SPATMSASP GERVTMTC SAT S SVTYMHWYQQKPGQSPKRWIYDTS NLPYGVPARF SGSGSGT SY
SLTIS SMEAEDAATYYCQQWSDNPPTFGQGTKL EIKRTVAAP
SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQS GNS QESVTEQD SKD S TY SL S S
TLTL SKADYEKHKVYACEVTHQ GL S SPVTKS FNRGEC (SEQ ID NO:114) muCD37-51 QIVLTQ
SPAIMSASP GEKVTMTC SAT S SVTYMHWYQQKS GT SPKRWIYDT S KLASGVPARF SGSGSGT SY
SLTI SNMEAEDAATYYCQQWS SNPPTFGSGTKL EIKRADAAPTVSIFPP
SSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQN GVLNS WTDQD SKD S TY SMS S
TLTLTKDEYERHNSYTCEATHKT S T SPIVKSF NRNEC (SEQ ID NO:115) huCD37-51 EIVLTQ
SPATMSASP GERVTMTC SAT S SVTYMHWYQQKPGQSPKRWIYDTS KLASGVPARF SGSGSGT SY
SLTIS SMEAEDAATYYCQQWSSNPPTFGQGTKL EIKRTVAAP
SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQS GNS QESVTEQD SKD S TY SL S S
TLTL SKADYEKHKVYACEVTHQ GL S SPVTKS FNRGEC (SEQ ID NO:116) muCD37-56
QIVLTQSPAFMSASPGDKVTMTCSAS SSVTYMHWYQQKSGTSPKRWIYDTS KLAS GVPARF S GGGS GT
SY SLTIS TMEAEDAATYYCQQWI SDPPTF GGGTKL EIKRADAAPTVSIFPP
SSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQN GVLNS WTDQD SKD S TY SMS S
TLTLTKDEYERHNSYTCEATHKT S T SPIVKSF NRNEC (SEQ ID NO:117) huCD37-56 DIVLTQ
SPAFMSASPGEKVTMTC SAS SSVTYMHWYQQKPDQSPKRWIYDTS NLASGVPSRF
SGGGSGTDYSLTISSMEAEDAATYYCQQWISDPPTFGQGTKL EIKRTVAAP
SVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQS GNS QESVTEQD SKD S TY SL S S
TLTL SKADYEKHKVYACEVTHQ GL S SPVTKS FNRGEC (SEQ ID NO:118) muCD37-57 QIVLTQ
SPAIMSASP GEKVTMTC SAT S SVTYMHWYQQKS GT SPKRWIYDT S KLAS GVPARFSGSGSGT SY
SLTIS SMEAEDAATYYCQQWSDNPPTFGSGTKL EIKRADAAPTVSIFPP
SSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQN GVLNS WTDQD SKD S TY SMS S
TLTLTKDEYERHNSYTCEATHKT S T SPIVKSF  WO 2011/112978PCT/US2011/028172 - 34 -
NRNEC (SEQ ID NO:119) huCD37-57 



EIVLTQ S PATM SASP GERVTMTC SAT S SVTYMHWYQQKPGQSPRRWIYDTS NLAS GVPARFS
GSGS GT SYSLTIS SMEAEDAATYYCQQWSDNPPTFGQGTKL
EIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQS
GNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKS FNRGEC (SEQ ID NO:120)
[0142]Also provided are polypeptides that comprise: (a) a polypeptide
having at least about 90% sequence identity to SEQ ID NOs:88-104; and/or
(b) a polypeptide having at least about 90% sequence identity to SEQ ID
NOs:105-120. 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. Thus, in certain embodiments, the polypeptide comprises (a) a
polypeptide having at least about 95% sequence identity to SEQ ID
NOs:88-104, and/or (b) a polypeptide having at least about 95% sequence
identity to SEQ ID NOs:105-120. In certain embodiments, the polypeptide
comprises (a) a polypeptide having the amino acid sequence of SEQ ID
NOs:88-104; and/or (b) a polypeptide having the amino acid sequence of SEQ
ID NOs:105-120. 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 differs from SEQ ID
NOs:88-120 by conservative amino acid substitutions only. [0143]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 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 (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-10669, and PTA-10670. [0144]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,  WO
2011/112978PCT/US2011/028172 - 35 - 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). [0145]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. [0146]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 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). [0147]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. WO 2011/112978PCT/US2011/028172 



- 36 - [0148]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.
[0149]Human 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, e.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.,
doi:10.1016/j.jmb.2007.12.018 (each of which is incorporated by reference
in its entirety). Affinity maturation strategies and chain shuffling
strategies (Marks et al., 1992, Bio/Technology 10:779-783, incorporated by
reference in its entirety) are known in the art and can be employed to
generate high affinity human antibodies. [0150]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. [0151]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 CD
16) or 2) a cytotoxic agent as described in detail below. [0152]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, Of B7), Of 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-  WO 2011/112978PCT/US2011/028172 -37 -
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. 10:3655-3659;
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. [0153]In certain embodiments are provided an
antibody fragment to, for example, increase tumor 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. [0154]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, (c) a Fab fragment generated by the treatment of the antibody
molecule with papain and a reducing agent, and (d) Fv fragments. 



[0155]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). [0156]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  WO
2011/112978PCT/US2011/028172 - 38 - 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. [0157]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 tumor associated 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 nonhuman 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. [0158]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
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.  [0159] 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 increased tumor localization or 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
WO 2011/112978PCT/US2011/028172 - 39 - 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. [0160]Besides their configuration, it is known in the art that the
constant region mediates several effector functions. For example, binding
of the C 1 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 cells by killer cells (called antibody-dependent
cell-mediated cytotoxicity, or ADCC), release of inflammatory mediators,
placental transfer and control of immunoglobulin production. 



[0161]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 mutations or other means) of a constant region domain can
reduce Fc receptor binding of the circulating modified antibody thereby
increasing tumor localization. In other cases, it can be that constant
region modifications, consistent with this invention, moderate complement
binding and thus reduce the serum 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. [0162]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.  WO 2011/112978PCT/US2011/028172 -
40 - [0163]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. [0164]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 and thereby increase tumor
localization. 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 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. [0165]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.  WO
2011/112978PCT/US2011/028172 -41 - [0166]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. [0167]The polypeptides and analogs can be further modified
to contain additional chemical moieties 



not normally part of the protein. Those derivatized moieties 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). [0168]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
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. [0169]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. [0170]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 WO 2011/112978PCT/US2011/028172 - 42 -
linked to transcriptional and translational expression control sequences
that are functional in the chosen expression host. [0171]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 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.
[0172]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 5V40, 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. [0173]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 WO
2011/112978PCT/US2011/028172 - 43 - 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. 



[0174]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.
Baculovirus systems for production of heterologous proteins in insect cells
are reviewed by Luckow and Summers, Bio/Technology 6:47 (1988). [0175]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. [0176]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 ultrafiltration 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 methyl
or other aliphatic groups, can be employed to further purify a CD37-  WO
2011/112978PCT/US2011/028172 - 44 - binding agent. Some or all of the
foregoing purification steps, in various combinations, can also be employed
to provide a homogeneous recombinant protein. [0177]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.
[0178]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. [0179]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
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.
[0180]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.  [0181] 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,  



WO 2011/112978PCT/US2011/028172 - 45 - 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. III.Immunoconjugates [0182]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. [0183]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. [0184]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
dithiopyridyl group that can react with the drug to form a disulfide bond.
Linker molecules include, for example, Nsuccinimidyl 3-(2-pyridyldithio)
propionate (SPDP) (see, e.g., Carlsson et al., Biochem. J., /73: 723-737
(1978)), N-succinimidyl 4-(2-pyridyldithio)butanoate (SPDB) (see, e.g.,
U.S. Patent No. 4,563,304), Nsuccinimidyl
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.  WO 2011/112978PCT/US2011/028172 -
46 - [0185]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 ((CH2CH201 ,n=1-14) with a
narrow range of drug load of 2-8 are described that show relatively high
potent biological activity toward cancer cells and have the desired
biochemical properties of high conjugation yield and high monomer ratio
with minimal protein aggregation. [0186]Specifically contemplated in this
aspect is an anti-CD37 antibody drug conjugate of formula (I) or a
conjugate of formula (I'): 



CB-[X1-(-CH2-CH20-)n-Y-D]m(I) [D-Y-(-CH2-CH20-)ii-Xdm-CB(P) wherein:
[0187]CB represents an anti-CD37 antibody or fragment; [0188]D represents a
drug; [0189]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; [0190]Y represents an aliphatic, an
aromatic or a heterocyclic unit attached to the drug via a disulfide bond;
[0191]1 is 0 Or 1; [0192]m is an integer from 2 to 8; and [0193]n is an
integer from 1 to 24. [0194]In some embodiments, m is an integer from 2 to
6. [0195]In some embodiments, m is an integer from 3 to 5. [0196]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 sulfhydryl or disulfide  WO
2011/112978PCT/US2011/028172 -47 - 



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 U.S. Patent 6,716,821 which is
incorporated entirely by reference herein. Synthesis begins with the
reaction of one or more cytotoxic agents bearing a reactive PEG moiety with
a cell-binding agent, resulting in displacement of the terminal active
ester of each reactive PEG moiety by an amino acid residue of the cell
binding agent, to yield 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 a reactive disulfide-containing
maytansinoid (such as a pyridyldisulfide), to provide a conjugate.  [0197]
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-l-carboxylate (SMCC), sulfo-SMCC,
maleimidobenzoyl-N-hydroxysuccinimide ester (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
thiolcontaining 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 antibodymaytansinoid 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-l-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. [0198]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  WO 2011/112978PCT/US2011/028172 - 48 -
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
-X1-(-CH2-CH2-0-)n-Yp-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 thiolreactive 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. [0199]Accordingly, another aspect
of the present invention is an anti-CD37 antibody drug conjugate of formula
(II) or of formula (II'): CB-[X1-(-CH2-CH2-0-)n-Yp-D]m(II)
[D-Yp-(-CH2-CH2-0-)ii-Xdm-CB(II') wherein, CB represents an anti-CD37
antibody or fragment; [0200]D represents a drug; [0201]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; [0202]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; [0203]1 is 0 Of 1;
[0204]p is 0 Of 1; 



[0205]m is an integer from 2 to 15; and [0206]n is an integer from 1 to
2000. [0207]In some embodiments, m is an integer from 2 to 8; and [0208]In
some embodiments, n is an integer from 1 to 24. [0209]In some embodiments,
m is an integer from 2 to 6. [0210]In some embodiments, m is an integer
from 3 to 5. [0211]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.  WO 2011/112978PCT/US2011/028172 - 49 - [0212]Many of the linkers
disclosed herein are described in detail in U.S. Patent Publication Nos.
20050169933 and 20090274713, and in W02009/0134976; the contents of which
are entirely incorporated herein by reference. [0213]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, the antitumor effect of the conjugate is much more efficacious as
compared to a drug load of a lesser or higher number of drugs linked to the
same cell binding agent. "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, 2.0, 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, 4.2, 



4.3, 4.4, 4.5, 4.6, 4.7, 4.8, 4.9, 5.0, 5.1, 5.2, 5.3, 5.4, 5.5, 5.6, 5.7,
5.8, 5.9, 6.0, 6.1, 



6.2, 6.3, 6.4, 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).N2'-deacetyl-N2'-(3-mercapto-1-oxopropy1)-maytansine (DM1) and
N2'-deacetyl-N2'- 



(4-mercapto-4-methyl-l-oxopentyl) maytansine (DM4) can be used. [0214]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
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. [0215]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. [0216]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, 4.2, 4.3, 4.4, 4.5, 4.6,
4.7, 4.8, 4.9, 5.0, 5.1, 



5.2, 5.3, 5.4, 5.5, 5.6, 5.7, 5.8, 5.9, 6.0, 6.1, 6.2, 6.3, 6.4, 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)
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 



WO 2011/112978PCT/US2011/028172 - 50 - 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. [0217]In one aspect, a composition comprising
immunoconjugates 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  0.5, or about 8  0.5 drug
molecules (e.g., maytansinoids) attached per antibody. In one aspect, a
composition comprising immunoconjugates has an average of about 3.5  0.5
drug molecules (e.g., maytansinoids) per antibody. [0218]The anti-CD37
antibody or fragment thereof can be modified by reacting a bifunctional
crosslinking reagent with the anti-CD37 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 sulfhydryl group
(SH). This 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 DM1. [0219]The
drug molecules can also be linked to the antibody molecules through an
intermediary carrier molecule such as serum albumin. [0220]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. [0221]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. [0222]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;  WO 2011/112978PCT/US2011/028172 



-51 - 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.
[0223]In a certain embodiment, the immunoconjugates of the invention
utilize the thiol-containing maytansinoid (DM1), formally termed
N2'-deacetyl-N2'-(3-mercapto-1- oxopropy1)-maytansine, as the cytotoxic
agent. DM1 is represented by the following structural formula (III): 0
o()NSH CI \0 [0224]In another embodiment, the conjugates of the present
invention utilize the thiol-containing maytansinoid
N2'-deacetyl-N2'(4-methy1-4-mercapto-1- oxopenty1)-maytansine (e.g., DM4)
as the cytotoxic agent. DM4 is represented by the following structural
formula (IV): N MO HO H(IV) [0225]Another maytansinoid comprising a side
chain that contains a sterically hindered thiol bond is
N2'-deacetyl-N-2'(4-mercapto- 1 -oxopenty1)-maytansine (termed DM3),
represented by the following structural formula (V):  WO
2011/112978PCT/US2011/028172 - 52 - [0226]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. [0227]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. 



[0228]Structural representations of some conjugates are shown below:
Ab-PEG-Mal-DM1/DM4 Ab-PEG4-Mal-DM1    Ab-sulfo-SPDB-DM4(XIII) [0229]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. [0230]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.  WO
2011/112978PCT/US2011/028172 - 55 - [0231]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. [0232]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: 0 OH0 



R2 wherein R1 is a hydrogen atom, hydroxy or methoxy group and R2 is a
Ci-Cs alkoxy group, Of a pharmaceutically acceptable salt thereof.
[0233]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. IC50 values
can then be calculated from the results of the assays. [0234]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. [0235]In some embodiments, the
immunoconjugates are capable of reducing tumor volume. For example, in some
embodiments, treatment with an immunoconjugate results in a %T/C value that
is less than about 50%, less than about 45%, less than about 40%, less than
about 35%, less than about 30%, less than about 25%, less than about 20%,
less than about 15%, less than about 10%, or less than about 5%. In  WO
2011/112978PCT/US2011/028172 - 56 - some particular embodiments, the
immunoconjugates can reduce tumor size in a BJAB xenograft model and/or a
SU-DHL-4 xenograft model. [0236]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 siRNA 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 Alternatively,
the siRNA can be derivatized by standard chemical methods to introduce a
thiol group. 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.
III.Polynucleotides [0237]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 an 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. [0238]In certain
embodiments, the polynucleotides are isolated. In certain embodiments, the
polynucleotides are substantially pure. [0239]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. [0240]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
Sequence (SEQ ID NO) muCD37-3
caggtgcaggtgaaggagtcaggacctggcctggtggcgccctcacagagcctgtccattacatgcactg
tctcagggttctcattaaccacctctggtgtaagctgggttcgccagcctccaggaaagggtctggagtg
gctgggagtaatatggggtgacgggagcacaaactatcattcagctctcaaatccagactgagcatcaag
aaggatcactccaagagccaagtificttaaaactgaacagtctgcaaactgatgacacagccacgtact
actgtgccaaaggaggctactcgttggctcactggggccaagggactctggtcacagtctctgca (SEQ ID
NO: 121)  WO 2011/112978PCT/US2011/028172 - 57 - chCD37-3 aagcttgcc
accatggctgtectggcactgctectctgcctggtgac atacccaagctgtgtcctatcac aggtgc aggtg
a agg agtcagg acctggcctggtggcgccctcacag agcctgtccattacatgc
actgtctcagggttctcattaaccac ctctggtgtaagctgggttcgccagcctcc
aggaaagggtctggagtggctgggagtaatatggggtgacgggagcac a aactatcattcagctctc
aaatccagactgagcatcaagaaggatc actcc aag agccaagttttcttaaaactgaac agt ctgc
aaactgatgacacagcc
acgtactactgtgccaaaggaggctactcgttggctcactggggccaagggactctgg
tcacagtctctgcagcctctacgaagggccc (SEQ ID NO: 122) huCD37-3v1. 0 a
agcttgccacc atgggttggagctgc attattctgtttctggtggcc accgccaccggtgtgc actc
acaagtccaagtc c aagaatctggtcc aggtctggtggcccettccc aaactctgagc
atcacctgtaccgtttctggttttagccttacc acctc tggtgtgagttgggtacgccaacc
acccggtaagggtctcg a atggctgggtgtaatctggggtg atggttccacaa att accatccttccctc
aagtcccgccttagcatc aaaaaggatc acagcaaaagtcaagttttcctgaaactgaatagtctgac agc
agccgatac agccacctactattgcgccaagggtggttatagtcttgc
acactggggtcaaggtaccctcgttaccgt ctcctcagctagtaccaagggccc (SEQ ID NO: 123) 



huCD37-3v1. 1 a agcttgccacc atgggctggagctgtatc attctgtttctggtggcg
acagctactggggtcc actcccaagtgc aggta c aagagtccgggcctggattggtcgcacc aagcc ag
accctctctatcacttgtaccgttagcgggttctctctg acaacc agtgg agtg agttgggtg
aggcagccaccagg a aaggg actgg agtggctgggggtgatttggggcg acggc agca c
aaactatcattccagtataa atctcg gttgtccattaa aaa ag acc atagtaaatctc
aagttttcctgaaactcaatagcct gac agccgcagac actgctacgtattactgcgccaaaggaggatac
agtctggctcactggggac aggggaccctggt gaccgtgtcatccgcatcaacaaagggccc (SEQ ID
NO:124) muCD37-12
cagatccagttggtgcagtctggacctgagctgaagaagcctggagagacagtcaagatctcctgcaagg
cttctgggtataccttcac aaagtatggaatgaactgggtgaagc aggctcaaggaaagggtttaaagtg
gatgggctggataaacaccaacactggagagtc aagaaatgctgaagaattcaagggacggtttgccttc
tctttgg a aacctctgccagcactgcctatttgcagatc aac aacctcaaatatgaggac acggctacat
atttctgtggaaggggcacggtagtageggactggggccaaggcaccactctcacagtctcctca (SEQ ID
NO :125) chCD37- 12 a agcttgccaccatggggtggtcatgcata
atcctattctggtcgctactgctaccggtgtgcactcacag attc agctgg ttcaa agtggcccag
agctg aaa aagccagggg aa acagtg a aaataagttgcaaggc atccggttacactttcacaa a
gtacggc atgaactgggtcaagcaggccc agggcaaggggctc aaatggatgggttggatc
aataccaacactggcg
agtctaggaatgctgaggagtttaagggccggtttgccttcagcctggagacaagtgccagc ac
agcttacctgc aaatc a aca atctga agtatg agg atacagca
acctatttctgcggccgcggcactgtcgttgcag actgggg ac aaggtacca
ccttgactgtatccagtgccagcactaagggccc (SEQ ID NO: 126) muCD37-38
gatgtgcagatcaggagtc aggacctgacctggtgaaaccttctcagtcactttcactcacctgcactg
tcactggctactccatcaccagtggttttggctggcactgg atccggcagtttccagga aac aagctgg a
atggatggcctac atactctacagtggtggcactgactac aacccatctctc aaaagtcgaatctctatc
actcgagac acttcc aag a accagttettectgcggttg agttctgtg actactg agg
acacagccac at attactgtgcaag aggctactatggttacggggcctggtttgtttactggggcc
aagggactctggtcac tgtctctgca (SEQ ID NO: 127) chCD37-38 a
agcttgccaccatgggctgg agttgtatcattctgifittggtggccaccgcc
actggagtccattcccaagtgc aactcc agg a atctggccctg acctggttaagccatctc
agagcctctccctgacctgc actgttac aggatactc aatcacatc ag gctttggctggc
actggatcagacaatttcccgggaac aagttggaatggatggettacattctgtatagegggggtaccg
attac aatccttccctcaagagccgaatctctatcacc
agggatacaagcaagaaccaatttifictccgcctc agctctgtg
actaccgaagataccgctacttactattgtgccaggggctactatggatatggtgcatggttcgtctattggggc
c aggg a accctggtgactgtgagcgctgcctctaccaagggccc (SEQ ID NO: 128) huCD37-38
aagettgccaccatgggttggagctgcatcattettttcctggtcgctactgcaactggagtccactcacaggtc
c agctgc
aagagtccggtectgggettgtgaaacccagccagtecctcagtctcacctgtactgtctctggctactctatta
ccagtgg
gtteggctggcattggattaggcagtttcccggtaaggggctggagtggatggcatatatcctgtacageggagg
aacc gattac aacccaagtctgaagagc aggatcagc attacccgggacac aagc
aaaaaccagtttttccttcggctgtctagt gttacagctgc
agacaccgctacttactattgtgcteggggttactatggctatggggcttggtttgtgtattggggacaag
gcactcttgtgaccgtgagcagcgcctcaacaaagggccc (SEQ ID NO: 129) muCD37-50
gatgtgcagatcaggagtc aggacctgacctgttgaaaccttctcagtcactttcactcacctgcactg
tcactggctactccatcaccagtggttttgcctggcactgg atccggc agtttcc agg aa aca aactgg
a atggatgggctacatactctac agtggtagcactgtctac agccc atctctcaaaagtcgaatctctatc
actcgagac acatccaagaaccacttettectgc agttg a attctgtg actactg agg acacagccac
at attactgtgca ag agggtactatggttacggcgcctggtttgcttactggggcc
aagggactctggtcac  WO 2011/112978PCT/US2011/028172 - 58 -  tgtctctgca (SEQ
ID NO: 130) 



huCD37-50
aagettgccaccatggggtggtectgcataatcctificctggttgctactgctaccggagtccattcacaggtg
cagctgc aggagtccggccccggcctgctc aagccttctc
agagtctgagtctgacttgtactgtttctggctacagc ataaccagcg
gtttcgcttggcactggatcagacagcatcccggcaacaaactggagtggatgggatacatactgtactcaggct
caact
gtctattccccctccctgaaatcccggatcagtattacccgtgacacttctaagaaccattifittctgcagctg
aacagcgtt
accgcagctgacactgcaacctactactgtgcccggggatattatggatacggagcttggttcgcttactggggc
caagg caccctcgtaactgtgagtgctgcttccaccaagggccc (SEQ ID NO:195) muCD37-51
gatgtgcagatcaggagtcaggacctgacctgttgaaaccttctcagtcactttcactcacctgcactg
tcactggctactccatctccagtggttttgcctggcactggatccggcagtttccaggaaacaaactgga
atggatgggctacatacactacagtggtagcactaactacagcccatctctcaaaagtcgaatctctatc
actcgagactc atcc aagaacc agttettectgc agttgaattctgtgactactgaggacacagccac at
attactgtgcaagaggatactatggtttcggcgcctggifigtttactggggccaagggactctggtcac
tgtctctgca (SEQ ID NO: 131) huCD37-51
Aagettgccaccatgggttggtettgcatcatcctgttcctggtggccactgccactggcgtgcattcagaagtt
cagttgg
tggagtccggcccagaagtgctgaaacccggcgaatcactgtecctgacttgtaccgtgtcaggttatagcatca
gcagc
ggetttgettggcactggattcggcagtttccaggcaagggactggaatggatgggctacatccattacagtggc
tcaac
caattacagccctagcctgcagggccgaatctctattaccagggatagttctattaaccagifittcctgcagct
taattccgt
gactgcctctgacacagcaacttactattgcgcccgtggctactacgggtteggagcctggtttgtatactgggg
tcaggg caccctggtcactgtctcagccgcctctaccaagggccc (SEQ ID NO: 196) muCD37-56
gatgtgcagatcaggagtcaggacctgacctggtgaaaccttctcagtcactttcactcacctgcactg
tcactggctactccatcaccagtggttttgcctggcactggatccggcagtttccaggaaacaaactgga
atggatgggctacatacactacagtggtggcactaactacaacccatctctcaaaagtcgagtctctatc
actcgagacacatccaagaaccagttettectgcagttgaattctgtgactactgaggacacagccacatattac
tgtgcaa gaggctactatggtttcggggcctggtttgcttactggggccaagggactctggtccc
tgtctctgca (SEQ ID NO: 132) huCD37-56
aagcttgccaccatggggtggagctgcattatcctgttcctcgtcgccaccgcaaccggcgtccactcccaggtg
cagct
gcaagaaagegggccaggattggtaaaaccttcccagtctctgagtcttacttgtaccgtatctggatacagtat
cacatct
ggettcgcctggcattggattcgccagtttcccggcaaggggcttgagtggatggggtatattcattattctgga
ggtacca
actacaacccttccctgaagagtcgagtctcaattaccagggacacttccaagaaccaattctttttgcagctta
attcagtg
accgctgccgacaccgctacttactactgcgcccggggctactatgggtttggtgcctggttcgcctactggggc
caggg gaccctggtgcccgtgtctgctgcctccacaaagggccc (SEQ ID NO: 133) muCD37-57
gatgtgcagatcaggagtcaggacctgacctgttgaaaccttctcagtcactttcactcacctgcactg
tcactggctactccatcaccagtggttttgcctggcactggatccggcagtttccaggaaacaaactgga
atggatgggctacatactctacagtggtagcactgtctacagcccatctctcaaaagtcgaatctctatc
actcgagacacatccaagaaccagttettectgcagttgaattctgtgactactgaggacacagccacatattac
tgtgcaa
gagggtactatggttacggcgcctggtttgettactggggccaagggactctggtcactgtctctgca (SEQ
ID NO: 134) huCD37-57
aagettgccaccatgggctggagctgcatcattctgifictggtggccacagcaactggcgttcacagtcaagtc
caactg
caggagageggccccggactectgaaaccatctcagtcactcagtctgacatgtactgtgageggctacagcatt
acctc
aggatcgcttggcattggatcaggcagttccccggaaaaggtctggagtggatggggtacattctgtacagcggc
agta
cagtgtattcaccctecttgaaatctaggatatcaatcacacgtgatacaagcaaaaatcagttcttectccagc
tgaactcc
gtcaccgccgcagacacagcaacctattattgtgctcgcggatactacggatatggcgcatggttcgcctattgg
ggcca ggggacactcgtgaccgtttccgccgcctccacaaagggccc (SEQ ID NO: 135)  Table 8:
Variable light chain polynucleotide sequences Antibody VL Polynucleotide
Sequence (SEQ ID NO) 



muCD37-3
gacatccagatgactcagtctccagcctccattctgtatctgtgggagaaactgtcaccatcacatgtc
gagcaagtgagaatattcgcagtaatttagcatggtatcagc agaaacagggaaaatctectcagctect
ggtcaatgttgcaacaaacttagcagatggtgtgccatcaaggttcagtggcagtggatcaggcacacag
tattccctcaagatcaacagcctgcagtctgaagattttgggacttattactgtcaacattattggggta  WO
2011/112978PCT/US2011/028172 - 59 -
ctacgtggacgttcggtggaggcaccaagctggaaatcaaacgt (SEQ ID NO: 136) chCD37 -3
gaattcgccaccatgagtgtgccc actcaggtcctggggttgctgctgctgtggcttac agatgcc
agatgtgacatccag atgactcagtctccagcctccattctgtatctgtgggagaaactgtc acc
atcacatgtcgagcaagtgagaatattcgc a gtaatttagcatggtatc agcag a aac
agggaaaatctectcagctectggtcaatgttgcaacaaacttagc agatggtgt gcc atcaaggttc
agtggc agtggatcaggcac acagtattccctc aagatcaacagcctgc agtctg aag attttggg a
cttattactgtca acattattggggtactacgtgg acgttcggtgg aggc acc aagctgg a aatca
aacgtacg (SEQ ID NO:137) huCD37 -3 (1.0 and 1.1)
gaattcgccaccatgggttggtcctgcatc atcttgtttctcgtggccacagcc
accggtgttcactctgatatacaaatgac
tcaaagccettccagtttgagcgtaagtgtgggtgaacgcgtaacaatcacctgtagagctagtgaaaacatccg
cagta atctcgc atggtaccaacaaaagcc aggtaagtc acctaagctcctcgtg aatgttgctacca
acctcgctg atggtgtgc cttcacgattctctggttcaggttccggtaccgattattc
acttaagatcaactcactccaacc agaagatttcggtac atatta
ctgtcaacactactggggtacgacctggacatteggtcaaggtactaagctggaaatcaagcgtacg (SEQ ID
NO: 138) muCD37 -12 gac attgtgctaacac agtctcctgcttccttagctgtatctctggggcag
agggccaccatctcatgca gggcc agccaaagtgtcagtac
atctagctatagttatttgtactggttccagcagaaaccaggac agcc accc aaactcctcatcaagtatgc
atccaacctagcatctggggtccctgccaggttc agtggcagtggg tctgggacagacttcaccctcaac
atccatcctgtggaggaggaggatactgcaac atattactgtcaac
acagttgggagattccgtacacgtteggaggggggaccaaactggaaataaaacgg (SEQ ID NO: 139)
chCD37 -12 g a attcgccacc atgggttggtcctgtata
atcctgttcttggtggccaccgctactggcgttcatagtg atattgtactcact c
agtcaccagccagtctggcagtgtccctgggccagcgtgccacc atctcctgccgggcctcacagtccgtgagc
acta gctettattectatctctactggtttcaacagaagcc aggac
agccccctaagctgctgatcaagtacgcctccaacctcgc c ageggcgttcccgctag
attctctggttccggtagcgg aactgatttcactttga acatccaccccgttg agg a ag agg a
taccgcc acttactattgtcaacactatggg ag attccttac acctttgg agg agg aacaa agctcg
a aattaagcgtacg (SEQ ID NO:140) muCD37-38 caaattgttctc acccagtctcc
agcaatcatgtctgcatctccaggggagaaggtc acc atgacctgc a gtgccagctc aagtgtaacttac
atgcactggtaccagc agaagtcaggcacctccccc aaa ag atgg at ttatgacacatcc
aaactggettctggagtecctgctcgcttcagtggcggtgggtctgggacctcttac tctctcacaatcagc
agcatggaggctgaagatgctgccacttattactgccagcagtggattagtaacc
cacccacgttcggaggggggaccaagctggaaattaaacgg (SEQ ID NO: 141) chCD37-38
gaattcgccaccatgggctggtectgtatcatcctgtttctcgtggccac agctac
aggtgttcattctcagattgtgctgac ccaatc
accagctattatgtccgctagccccggcgagaaagtgacaatgacatgtagcgctagctcttctgtgacttacat
gcattggtatcaacag a agtcaggtacc
agteccaagcgttggatctacgacacatccaaactggcctccggagtccctg ccaggttc
agcggaggtgggtccggcaccagttattcactgacc atatcctctatgg a agctg aag
atgctgctacttatta
ttgtcaacaatggatttctaacccccccacctttggtggcggaacaaagctggagatcaagcgtacg (SEQ ID



NO :142) huCD37-38 g aattcgccaccatggg atggtcctgcattattctgttcttggtcgcc
actgctactggcgttcactctgacattgtgctcac a c agtctccagcctc
aatgtctgettcccccggtgagegggtgaccatgac atgctctgccagttcctccgtgacatatatgc
attggtatc agcaaaaacccggtacctctccaaaaagatggatctacgacacttc aaagcttgc
atcaggcgttcctgcc a gattttccgggtctgggtctggcacttc atacagtctgaccattagttccatgg
a agctg aag atgcagccacctattactgt
cagcagtggatttcaaatcctectaccttcggcggcggaaccaaactggagataaagcgtacg (SEQ ID NO
:143) muCD37 -50 caaattgttctc acccagtctcc
agcaatcatgtctgcatctccaggggagaaggtc acc atgacctgc a gtgccacctca agtgtg
acttacatgcactggtaccagcag a agtc aggcacctcccccaaaagatggatttatgacac a tcc
aaactgccttatggagtccctggtcgtttc agtggtagtgggtctgggacctettactctctc
acaatcagcagcatgg aggctg a ag atgctgccacttattactgccagcagtgg agtgataacccaccc
acgttcggctcggggac aaagttgg a aataaagcgg (SEQ ID NO: 144) huCD37 -50 g a
attcgccaccatgggttggtcatgc attattctgttcctggttgctaccgcaac
aggagtacatagtgagatagtcctcac ccaaagtcctgctactatgtctgcc
agcccaggagagcgtgtgaccatgacttgctctgc aacctcaagtgtgacatacat gcattggtatcagc
aaa agcctggccaatcccctaaa aggtgg atctacg atacttcta atctgcc atacggtgtgcccgc a
aggttctccggg agtggc agtggcacc agttatagtctgacc atcagttcaatggaagcagaggatgc
agcaacctatt
attgtcagcagtggtccgataatccccctactittggtcagggtacaaagctggagattaagcgtacg (SEQ
ID NO :145)  WO 2011/112978PCT/US2011/028172 - 60 - muCD37-51 caaattgttctc
acccagtctcc agcaatcatgtctgcatctccaggggagaaggtc acc atgacctgc a
gtgccacctcaagtgtgacttacatgcactggtaccagcagaagtc
aggcacctcccccaaaagatggatttatgacac a
tccaaactggettctggagtecctgctcgcttcagtggcagtgggtctgggacctcttactctctcacaatcagc
aacatgg aggctgaagatgctgccacttattactgccagcagtggagtagtaacccaccc
acgttcggctcggggac aaagttgga aataaagcgg (SEQ ID NO: 146) huCD37-51
gaattcgccaccatgggatggagctgtattattctgttectggttgctactgctactggcgtccattccgagata
gtectcac
ccagagccccgcaaccatgagtgcctcccctggggagcgagtgactatgacttgttccgccacttcttcagttac
ctatat
gcattggtatcagcagaaacctggacagtctccaaagcgttggatttacgacacctccaacctggcttcaggagt
tcctgc
taggttcageggatctgggtctggcacaagttattcactcaccattagttccatggaggccgaagatgccgctac
ttactac tgtcagcagtggagcagcaaccccectacattcgggcagggaactaagctggagatcaaacgtacg
(SEQ ID NO :147) muCD37-56 caaattgttctcacccagtctccagcattc
atgtctgcatctccaggggataaggtcaccatgacctgca
gtgccagttcaagtgttacttacatgcactggtatc agcagaagtcaggcacctccccc
aaaagatggatttatgacac at
ccaaactggettctggagtecctgctcgcttcagtggcggtgggtctgggacctcttac
tctctcacaatcagcaccatggaggctgaagatgctgccacttattactgccagcagtggattagtgacc
cacccacgttcggaggggggaccaagctggaaataaaacgg (SEQ ID NO: 148) 



huCD37-56
gaattcgccaccatgggctggtectgtatcatcctgifictggtggcaaccgctactggggttcactctgatatt
gtcctgac
acagagtccagccttcatgagtgatctcccggagaaaaggtcacaatgacttgttcagatcctcctccgtcacat
acatg
cattggtaccagcagaagcctgaccagagtectaagaggtggatctatgatacaagcaatctggcttccggtgte
ccctc
ccgctificaggeggeggaageggaactgactatagccttaccatctectcaatggaagccgaggacgctgctac
atatt actgccagcaatggatcagcgaccctcctactttcggacagggaacaaaattggaaattaagcgtacg
(SEQ ID NO :149) muCD37-57 caaattgttctc acccagtctcc
agcaatcatgtctgcatctccaggggagaaggtc acc atgacctgc a
gtgccacctcaagtgtgacttacatgcactggtaccagcagaagtc
aggcacctcccccaaaagatggatttatgacac a
tccaaactggettctggagtecctgctcgcttcagtggcagtgggtctgggacctcttactctctcacaatcagc
agcatgg aggctgaagatgctgccacttattactgccagcagtggagtgataacccaccc
acgttcggctcggggac aaagttgga aataaagcgg (SEQ ID NO: 150) huCD37-57
gaattcgccaccatggggtggtectgtattatcctgttcctggtcgcaaccgccacaggcgttcactccgagatc
gtgttga
ctcagagcccagccaccatgtccgcttcccccggggagagagtgacaatgacttgttccgccacaagttctgtaa
cctac
atgcattggtaccagcaaaaaccaggacagagtecccgtcgttggatttatgatacctctaacctggcttcaggc
gttcctg
cccgctifictggtagtggatctgggacttectatagccttaccataagctctatggaagccgaggacgccgcta
catacta ctgccagcagtggagtgataacccccccaccttcgggcagggaaccaaattggagatcaaacgtacg
(SEQ ID NO :151)  Table 9: Full-length heavy chain polynucleotide sequences
Antibody Full-Length Heavy Chain Polynucleotide Sequence (SEQ ID NO)
chCD37-3
aagettgccaccatggctgtectggcactgctectctgcctggtgacatacccaagctgtgtcctatcacaggtg
caggtg
aaggagtcaggacctggcctggtggcgccctcacagagcctgtccattacatgcactgtctcagggttctcatta
accac ctctggtgtaagctgggttcgccagcctcc
aggaaagggtctggagtggctgggagtaatatggggtgacgggagcac
aaactatcattcagctctcaaatccagactgagcatcaagaaggatcactccaag
agccaagttttcttaaaactgaacagt
ctgcaaactgatgacacagccacgtactactgtgccaaaggaggctactcgttggctcactggggccaagggact
ctgg
tcacagtctctgcagcctctacgaagggcccatcagttttccccttggctccaagttctaaatccacaageggtg
gaacag ctgc actgggatgcctcgttaaagattatttccctgagcctgtgac
agtgagctggaatagcggagcattgacttc aggtgt
gcacacttttcccgctgtgttgcagtectccggtctgtactcactgtccagtgtcgtaaccgtcccttctagcag
cttgggaa cccag
acctacatctgtaacgtcaaccataaaccatccaacacaaaggtggataagaaggttgaaccaaagagctgtga
taagacacatacatgccctecttgtectgcaccagagctcctcggaggtccatctgtgttcctgtttccccccaa
acccaag
gacactettatgatctctcgtactccagaggtcacctgtgttgttgtcgacgtgagccatgaagatcccgaggtt
aaattcaa
ctggtacgtggatggagtcgaggttcacaatgccaagaccaagcccagggaggagcaatataattctacatatcg
ggta
gtgagcgttctgaccgtgctccaccaagattggctcaatggaaaagagtacaagtgcaaggtgtccaacaaggct
cttcc
cgctcccattgagaaaactatctccaaagccaaggggcagccacgggaaccccaggtgtatacattgcccccatc
taga  WO 2011/112978PCT/US2011/028172 -61-
gacgagctgaccaagaaccaggtgagtctcacttgtctggtcaaggggttttacccttctgacattgctgtagag
tgggag
tctaacggacagccagaaaacaactacaagacaactcccccagtgctggacagcgacgggagcttcttcctctac
tcca
agttgactgtagacaagtctagatggcagcaaggaaacgtifictectgctcagtaatgcatgaggctctgcaca
atcacta tacccagaaatcactgtccettagcccagggtgactcgag (SEQ ID NO:152) 



huCD37-3v1.0
aagcttgccaccatgggttggagctgcattattctgtttctggtggccaccgccaccggtgtgcactcacaagtc
caagtc
caagaatctggtccaggtctggtggccecttcccaaactctgagcatcacctgtaccgtttctggttttagcctt
accacctc
tggtgtgagttgggtacgccaaccacccggtaagggtctcgaatggctgggtgtaatctggggtgatggttccac
aaatt
accatccttccctcaagtcccgccttagcatcaaaaaggatcacagcaaaagtcaagttttcctgaaactgaata
gtctgac
agcagccgatacagccacctactattgcgccaagggtggttatagtettgcacactggggtcaaggtaccctcgt
taccgt
ctectcagctagtaccaagggcccatcagttttccccttggctccaagttctaaatccacaageggtggaacagc
tgcact
gggatgcctcgttaaagattatttccctgagcctgtgacagtgagctggaatageggagcattgacttcaggtgt
gcacac
ttttcccgctgtgttgcagtectccggtctgtactcactgtccagtgtcgtaaccgtcccttctagcagcttggg
aacccaga
cctacatctgtaacgtcaaccataaaccatccaacacaaaggtggataagaaggttgaaccaaagagctgtgata
agac
acatacatgccctecttgtectgcaccagagctcctcggaggtccatctgtgttcctgtttccccccaaacccaa
ggacact
cttatgatctctcgtactccagaggtcacctgtgttgttgtcgacgtgagccatgaagatcccgaggttaaattc
aactggta
cgtggatggagtcgaggttcacaatgccaagaccaagcccagggaggagcaatataattctacatatcgggtagt
gagc gttctgaccgtgctcc acc
aagattggctcaatggaaaagagtacaagtgcaaggtgtccaacaaggctcttcccgctcc
cattgagaaaactatctccaaagccaaggggcagccacgggaaccccaggtgtatacattgcccccatctagaga
cga gctgaccaagaaccaggtgagtctc
acttgtctggtcaaggggttttacccttctgacattgctgtagagtgggagtctaac
ggacagccagaaaacaactacaagacaactcccccagtgctggacagcgacgggagcttcttcctctactccaag
ttga ctgtagacaagtctagatggc agcaaggaaacgttttctcctgctcagtaatgcatgaggctctgc
acaatcactataccc agaaatcactgtccatagcccagggtgactcgag (SEQ ID NO: 153)
huCD37-3v1.1
aagcttgccaccatgggctggagctgtatcattctgtttctggtggcgacagctactggggtccactcccaagtg
caggta c aagagtccgggcctggattggtcgcacc aagcc
agaccctctctatcacttgtaccgttagcgggttctctctgacaacc
agtggagtgagttgggtgaggcagccaccaggaaagggactggagtggctgggggtgatttggggcgacggcagc
a
caaactatcattccagtataaatcteggttgtccattaaaaaagaccatagtaaatctcaagtificctgaaact
caatagcct
gacagccgcagacactgctacgtattactgcgccaaaggaggatacagtctggctcactggggacaggggaccct
ggt gaccgtgtc atccgc atcaacaaagggcccatcagttttccccttggctcc
aagttctaaatccacaagcggtggaacag ctgc
actgggatgcctcgttaaagattatttccctgagcctgtgac agtgagctggaatagcggagcattgacttc
aggtgt
gcacacttttcccgctgtgttgcagtectccggtctgtactcactgtccagtgtcgtaaccgtcccttctagcag
cttgggaa
cccagacctacatctgtaacgtcaaccataaaccatccaacacaaaggtggataagaaggttgaaccaaagagct
gtga
taagacacatacatgccctecttgtectgcaccagagctcctcggaggtccatctgtgttcctgtttccccccaa
acccaag
gacactettatgatctctcgtactccagaggtcacctgtgttgttgtcgacgtgagccatgaagatcccgaggtt
aaattcaa
ctggtacgtggatggagtcgaggttcacaatgccaagaccaagcccagggaggagcaatataattctacatatcg
ggta
gtgagcgttctgaccgtgctccaccaagattggctcaatggaaaagagtacaagtgcaaggtgtccaacaaggct
cttcc
cgctcccattgagaaaactatctccaaagccaaggggcagccacgggaaccccaggtgtatacattgcccccatc
taga
gacgagctgaccaagaaccaggtgagtctcacttgtctggtcaaggggttttacccttctgacattgctgtagag
tgggag
tctaacggacagccagaaaacaactacaagacaactcccccagtgctggacagcgacgggagcttcttcctctac
tcca
agttgactgtagacaagtctagatggcagcaaggaaacgtifictectgctcagtaatgcatgaggctctgcaca
atcacta tacccagaaatcactgtccettagcccagggtgactcgag (SEQ ID NO:154) chCD37- 12
aagcttgccaccatggggtggtcatgc ataatcctattctggtcgctactgctaccggtgtgcactcacag
attc agctgg
ttcaaagtggcccagagctgaaaaagccaggggaaacagtgaaaataagttgcaaggcatccggttacactttca
caaa
gtacggcatgaactgggtcaagcaggcccagggcaaggggctcaaatggatgggttggatcaataccaacactgg
cg
agtctaggaatgctgaggagtttaagggccggtttgccttcagcctggagacaagtgccagcacagcttacctgc
aaatc
aacaatctgaagtatgaggatacagcaacctatttctgeggccgcggcactgtcgttgcagactggggacaaggt
acca
ccttgactgtatccagtgccagcactaagggcccatcagttttccccttggctccaagttctaaatccacaageg
gtggaa
cagctgcactgggatgcctcgttaaagattatttccctgagcctgtgacagtgagctggaatageggagcattga
cttcag
gtgtgcacacttttcccgctgtgttgcagtectccggtctgtactcactgtccagtgtcgtaaccgtcccttcta
gcagcttgg
gaacccagacctacatctgtaacgtcaaccataaaccatccaacacaaaggtggataagaaggttgaaccaaaga
gctg
tgataagacacatacatgccctecttgtectgcaccagagctcctcggaggtccatctgtgttcctgtttccccc
caaaccc aaggacactettatgatctctcgtactcc
agaggtcacctgtgttgttgtcgacgtgagccatgaagatcccgaggttaaatt
caactggtacgtggatggagtcgaggttcacaatgccaagaccaagcccagggaggagcaatataattctacata
tcgg
gtagtgagcgttctgaccgtgctccaccaagattggctcaatggaaaagagtacaagtgcaaggtgtccaacaag
gctct WO 2011/112978PCT/US2011/028172 - 62 -  tcccgctccc
attgagaaaactatctccaaagccaaggggcagcc acggg a acc ccaggtgtatac attgcccccatct
agagacgagctgaccaagaaccaggtgagtctc acttgtctggtc aaggggttttacc cttctg
acattgctgtag agtgg gagtctaacggac agccagaaaacaactac aagacaactccccc
agtgctggacagcgacgggagcttcttcctctact
ccaagttgactgtagacaagtctagatggcagcaaggaaacgtifictectgctcagtaatgcatgaggctctgc
acaatc actatacccagaaatcactgtccettagcccagggtgactcgag (SEQ ID NO: 155)
chCD37-38 a agcttgccaccatgggctgg agttgtatcattctgifittggtggc cac cgcc
actggagtccattcccaagtgc aactcc agg a atctggc cctg ac ctggttaagccatctc
agagcctctccctgacctgc actgttac aggatactc aatcacatc ag gctttggctggc
actggatcagacaatttcccgggaac aagttggaatggatggettacattctgtatagegggggtaccg
attac aatccttccctcaagagccgaatctctatcacc
agggatacaagcaagaaccaatttifictccgcctc agctctgtg
actaccgaagataccgctacttactattgtgccaggggctactatggatatggtgcatggttcgtctattggggc
c aggg a accctggtgactgtgagcgctgcctctaccaagggcccatc agttttccc cttggctcca
agttctaaatc cac aagcggt ggaacagctgc
actgggatgcctcgttaaagattatttccctgagcctgtgac agtgagctggaatagcggagc attgact
tcaggtgtgcac
acttttcccgctgtgttgcagtectccggtctgtactcactgtccagtgtcgtaaccgtcccttctagcag
cttgggaacccagacctac atctgtaacgtc aaccataaacc atcc aac ac aaaggtgg ataag a
aggttg aac ca aag agctgtgataagacac atac atgccctecttgtectgc acc
agagctecteggaggtccatctgtgttcctgtttcccccca
aacccaaggacactcttatgatctctcgtactccagaggtcacctgtgttgttgtcgacgtgagccatgaagatc
ccgagg ttaaattc aactggtacgtggatggagtcgaggttcac aatgccaagaccaagcccagggaggagc
aatataattctaca tatcgggtagtgagcgttctgaccgtgctccaccaagattggctcaatggaaaagagtac
aagtgcaaggtgtcc aac aa ggctettcccgctcccattgagaaaactatctccaaagcc
aaggggcagccacgggaacccc aggtgtatacattgccc
ccatctagagacgagctgaccaagaaccaggtgagtctcacttgtctggtcaaggggttttacccttctgac
attgctgtag agtgggagtctaacggac agccagaaaacaactacaagacaactccccc
agtgctggacagcgacgggagettettcc tctactccaagttgactgtagacaagtctagatggc agca agg
aaacgttttctcctgctc agtaatgcatgaggctctgca
caatcactatacccagaaatcactgtccettagcccagggtgactcgag (SEQ ID NO: 156)
huCD37-38
aagettgccaccatgggttggagctgcatcattettttcctggtcgctactgcaactggagtccactcacaggtc
c agctgc
aagagtccggtectgggettgtgaaacccagccagtecctcagtctcacctgtactgtctctggctactctatta
ccagtgg
gtteggctggcattggattaggcagtttcccggtaaggggctggagtggatggcatatatcctgtacageggagg
aacc gattac aacccaagtctgaagagc aggatcagc attacccgggacac aagc
aaaaaccagtttttccttcggctgtctagt gttacagctgc
agacaccgctacttactattgtgcteggggttactatggctatggggcttggtttgtgtattggggacaag
gcactcttgtg accgtg agcagc gcctca aca aagggcc catc agttttccc cttggctcc
aagttctaaatccacaagcg gtggaac
agctgcactgggatgcctcgttaaagattatttccctgagcctgtgacagtgagctggaatageggagcattg
acttc aggtgtgcacacttttccc gctgtgttgcagtcctc cggtctgtactcactgtcc
agtgtcgtaaccgtcc cttctagc agcttgggaacccagacctacatctgtaacgtc
aaccataaaccatccaacacaaaggtggataagaaggttgaaccaa agagctgtgataagac
acatacatgccctecttgtectgcaccagagctcctcggaggtccatctgtgttcctgtttccccc c aaaccc
aaggacactatatgatctctcgtactccagaggtc acctgtgttgttgtcg acgtg agc catg aag atc
ccg a ggttaaattcaactggtacgtggatggagtcgaggttcac aatgcc aagaccaagccc
agggaggagcaatataattcta c atatcgggtagtgagcgttctgaccgtgctcc acc aag
attggctcaatgg a aaag agtaca agtgc aaggtgtccaac a aggctcttc ccgctc ccattg ag
aa aactatctcca aagc caaggggc agcc acgggaaccccaggtgtatacattgc cccc atctagag
acgagctgaccaagaaccaggtgagtctcacttgtctggtcaaggggttttacccttctgac attgctgt
agagtgggagtctaacggacagccagaaaacaactac
aagacaactcccccagtgctggacagcgacgggagcttctt cctctactcc
aagttgactgtagacaagtctagatggcagcaaggaaacgtifictectgctcagtaatgcatgaggctctg
cacaatcactatacccagaaatcactgtccettagcccagggtgactcgag (SEQ ID NO: 157)
huCD37-50
aagettgccaccatggggtggtectgcataatcctificctggttgctactgctaccggagtccattc
acaggtgcagctgc aggagtccggccccggcctgctc aagccttctc
agagtctgagtctgacttgtactgtttctggctacagc ataaccagcg gtttcgcttggc
actggatcagacagc atcccggc aac aaactggagtggatgggatac atactgtactcaggctcaact
gtctattccccctccctgaaatcccggatcagtattacccgtgacacttctaagaaccattifittctgcagctg
aacagcgtt
accgcagctgacactgcaacctactactgtgcccggggatattatggatacggagcttggttcgcttactggggc
c aagg c accctcgtaactgtgagtgctgcttccaccaagggccc
atcagttttccccttggctccaagttctaaatccac aagc ggt ggaacagctgc
actgggatgcctcgttaaagattatttccctgagcctgtgac agtgagctgg aatagcgg agcattg act
tcaggtgtgcac acttttcccgctgtgttgc
agtectccggtctgtactcactgtccagtgtcgtaaccgteccttctagcag cttgggaacccagacctac
atctgtaacgtc aaccataaacc atcc aac ac aaaggtgg ataag a aggttg aac ca aag
agctgtgataagacac atac atgccctecttgtectgc acc
agagctecteggaggtccatctgtgttcctgtttcccccca
aacccaaggacactcttatgatctctcgtactccagaggtcacctgtgttgttgtcgacgtgagccatgaagatc
ccgagg ttaaattc aactggtacgtggatggagtcgaggttcac aatgccaagaccaagcccagggaggagc
aatataattctaca WO 2011/112978PCT/US2011/028172 - 63 -  



tatcgggtagtgagcgttctgaccgtgctccaccaagattggctcaatggaaaagagtac aagtgc a
aggtgtcc aac aa ggctcttcc cgctc cc attg ag aa aactatctcc a aagcc
aaggggcagccacgggaacccc aggtgtatacattgccc c c atctagag acg agctg ac c aag
aac c aggtg agtctc acttgtctggtc aaggggifitaccettctg ac attgctgtag
agtgggagtctaacggac agcc ag aaa ac a actac aagac aactcc ccc
agtgctggacagcgacgggagettettcc tctactccaagttgactgtagacaagtctagatggc agc a
agg aaacgttttctcctgctc agtaatgc atgaggctctgc a
caatcactatacccagaaatcactgtccettagcccagggtgactcgag (SEQ ID NO: 158)
huCD37-51 a agcttgcc acc atgggttggtettgc atc atcctgttcctggtggcc actgcc
actggcgtgcattcagaagttcagttggt gg agtcc ggc cc aga agtgctg aaaccc ggc g aatc
actgtccctgacttgtaccgtgtcaggttatagcatc agcagc ggetttgettggcactggattcggc
agtttcc aggc a aggg actgg a atgg atgggctac atccattacagtggctcaac c aattac
agccctagcctgc agggc cg aatctctattacc aggg atagttctattaac c agtttttcctgc
agcttaattccgt
gactgcctctgacacagcaacttactattgcgcccgtggctactacgggtteggagcctggtttgtatactgggg
tcaggg c accctggtcactgtctc agccgcctctaccaagggccc atcagttttccccttggctcc
aagttctaaatc c ac aagc ggt ggaacagctgc
actgggatgcctcgttaaagattatttccctgagcctgtgac agtgagctgg aatagcgg agc attg act
tcaggtgtgcac acttttcccgctgtgttgc
agtectccggtctgtactcactgtccagtgtcgtaaccgteccttctagcag cttgggaacccagacctac
atctgtaacgtc aaccataaacc atcc aac ac aaaggtgg ataag a aggttg aac c a aag
agctgtgataagacac atac atgccctecttgtectgc acc ag agctectegg aggtcc
atctgtgttc ctgtttcc ccc c a
aacccaaggacactcttatgatctctcgtactccagaggtcacctgtgttgttgtcgacgtgagccatgaagatc
ccgagg ttaaattc aactggtacgtggatggagtcgaggttcac aatgc c aagacc a agcc c aggg
agg agc aatataattctac a
tatcgggtagtgagcgttctgaccgtgctccaccaagattggctcaatggaaaagagtac aagtgc a
aggtgtcc aac aa ggctcttcc cgctc cc attg ag aa aactatctcc a aagcc
aaggggcagccacgggaacccc aggtgtatacattgccc
ccatctagagacgagctgaccaagaaccaggtgagtctcacttgtctggtcaaggggttttacccttctgac
attgctgtag agtgggagtctaacggac agcc ag aaa ac a actac aagac aactcc ccc
agtgctggacagcgacgggagettettcc tctactccaagttgactgtagacaagtctagatggc agc a
agg aaacgttttctcctgctc agtaatgc atgaggctctgc a
caatcactatacccagaaatcactgtccettagcccagggtgactcgag (SEQ ID NO: 159) huCD37-
56 a agcttgcc acc atggggtggagctgcattatcctgttcctcgtcgcc accgcaaccggcgtcc
actcccaggtgcagct
gcaagaaagegggccaggattggtaaaaccttcccagtctctgagtcttacttgtaccgtatctggatacagtat
cacatct ggcttcgcctggc attggattcgccagtttcccggc aag gggcttg
agtggatggggtatattc attattctgg aggtac c a actac a acc cttc cctg aag agtcg
agtctc aattacc aggg ac acttcc aag aacc a attcifittgc agcttaattc agtg
accgctgccgacaccgctacttactactgcgcccggggctactatgggtttggtgcctggttcgcctactggggc
caggg gaccctggtgcccgtgtctgctgcctccac aaagggc cc atc agttttccc cttggctc c
aagttcta aatc c ac aagcgg tggaac
agctgcactgggatgcctcgttaaagattatttccctgagcctgtgac
agtgagctggaatagcggagcattgac ttcaggtgtgcac
acttttcccgctgtgttgcagtectccggtctgtactcactgtccagtgtcgtaaccgtcccttctagcag
cttgggaacccagacctac atctgtaacgtc aaccataaacc atcc aac ac aaaggtgg ataag a
aggttg aac c a aag agctgtgataagacac atac atgccctecttgtectgc acc ag
agctectegg aggtcc atctgtgttc ctgtttcc ccc c a
aacccaaggacactcttatgatctctcgtactccagaggtcacctgtgttgttgtcgacgtgagccatgaagatc
ccgagg ttaaattc aactggtacgtggatggagtcgaggttcac aatgc c aagacc a agcc c aggg
agg agc aatataattctac a
tatcgggtagtgagcgttctgaccgtgctccaccaagattggctcaatggaaaagagtac aagtgc a
aggtgtcc aac aa ggctcttcc cgctc cc attg ag aa aactatctcc a aagcc
aaggggcagccacgggaacccc aggtgtatacattgccc
ccatctagagacgagctgaccaagaaccaggtgagtctcacttgtctggtcaaggggttttacccttctgac
attgctgtag agtgggagtctaacggac agcc ag aaa ac a actac aagac aactcc ccc
agtgctggacagcgacgggagettettcc tctactccaagttgactgtagacaagtctagatggc agc a
agg aaacgttttctcctgctc agtaatgc atgaggctctgc a
caatcactatacccagaaatcactgtccettagcccagggtgactcgag (SEQ ID NO: 160)
huCD37-57 aagcttgccaccatgggctggagctgcatc attctgtttctggtggc c ac agc a
actggcgttc ac agtcaagtccaactg c aggagageggccccggactectgaaaccatctcagtcactc
agtctgacatgtactgtgagcggctacagc attacctc aggatcgcttggcattggatcaggc
agttccccggaaaaggtctggagtggatggggtacattctgtac agcggcagta c agtgtattc ac
cctccttg a aatctaggatatc aatc acacgtgatacaagcaaaaatcagttettectccagctgaactcc
gtcaccgccgcagacac agc a acctattattgtgctc gcgg atactacgg atatggcgc
atggttcgcctattggggcc a ggggacactcgtgaccgtttccgccgcctccac aaag ggc cc atc
agttttcc ccttggctc c aagttctaa atcc ac a ag cggtggaac agctgc actggg atgcctc
gttaa ag attatttccctg agcctgtg ac agtg agctgg a atagcgg agc at
tgacttcaggtgtgcacacttttcccgctgtgttgc
agtectccggtctgtactcactgtccagtgtcgtaaccgteccttcta gc agcttggg aac cc ag
acctac atctgtaacgtc aacc ata aac c atc c a ac ac aa aggtgg ataag aaggttg a
acc a aag agctgtg ataagac ac
atacatgccctecttgtectgcaccagagctcctcggaggtccatctgtgttcctgtttccc c cc a aac
cc a agg ac actettatgatctctcgtactccagaggtcacctgtgttgttgtcgacgtgagccatgaag
atccc  WO 2011/112978PCT/US2011/028172 - 64 -
gaggttaaattcaactggtacgtggatggagtcgaggttcacaatgccaagaccaagcccagggaggagcaatat
aatt
ctacatatcgggtagtgagcgttctgaccgtgctccaccaagattggctcaatggaaaagagtacaagtgcaagg
tgtcc
aacaaggctettcccgctcccattgagaaaactatctccaaagccaaggggcagccacgggaaccccaggtgtat
acat
tgcccccatctagagacgagctgaccaagaaccaggtgagtctcacttgtctggtcaaggggttttacccttctg
acattg
ctgtagagtgggagtctaacggacagccagaaaacaactacaagacaactcccccagtgctggacagcgacggga
gc
ttettectctactccaagttgactgtagacaagtctagatggcagcaaggaaacgttttctcctgctcagtaatg
catgaggc tctgcacaatc actatacccagaaatcactgtccettagcccagggtgactcgag (SEQ ID
NO :161)  Table 10: Full-length light chain polynucleotide sequences
Antibody Full-length Light Chain Polynucleotide Sequence (SEQ ID NO) chCD37
-3 g aattcgccaccatg agtgtgccc actcaggtcctggggttgctgctgctgtggcttac ag atgcc
ag atgtgacatccag atg actcagtctccagcctccattctgtatctgtggg ag aaactgtc acc
atcacatgtcg agcaagtg ag aatattcgc a
gtaatttagcatggtatcagcagaaacagggaaaatctectcagctectggtcaatgttgcaacaaacttagcag
atggtgt gcc atcaaggttc agtggc agtgg atcaggcac acagtattccctc aag
atcaacagcctgc agtctg aag attttggg a
cttattactgtcaacattattggggtactacgtggacgtteggtggaggcaccaagctggaaatcaaacgtacgg
tggctg
caccatctgtatcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaa
taacttcta
tcccagagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacaga
gc
aggacagcaaggacagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaag
t ctacgcctgcgaagtcacccatcagggcctgagctcgcccgtcacaaag
agcttcaacaggggagagtgttag (SEQ ID NO:162) huCD37 -3 (1.0 and 1.1) g
aattcgccaccatgggttggtcctgcatc atcttgtttctcgtggccacagcc
accggtgttcactctgatatacaaatg ac
tcaaagccettccagtttgagcgtaagtgtgggtgaacgcgtaacaatcacctgtagagctagtgaaaacatccg
cagta atctcgc atggtaccaacaaaagcc aggtaagtc acctaagctcctcgtg
aatgttgctaccaacctcgctg atggtgtgc cttcacg attctctggttcaggttccggtaccg attattc
acttaag atcaactcactccaacc ag aag atttcggtac atatta ctgtcaacactactggggtacg
acctgg acattcggtc aaggtactaagctgg aaatc aagcgtacggtggctgcaccat
ctgtettcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataact
tctatccca
gagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcagg
ac
agcaaggacagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctac
gc ctgcgaagtcacccatcagggcctgagctcgcccgtcacaaagagettcaacaggggagagtgttag (SEQ
ID NO :163) 



chCD37 -12
gaattcgccaccatgggttggtectgtataatcctgttettggtggccaccgctactggcgttcatagtgatatt
gtactcact
cagtcaccagccagtctggcagtgtccctgggccagcgtgccaccatctcctgccgggcctcacagtccgtgagc
acta
gctcttattcctatctctactggtttcaacagaagccaggacagccccctaagctgctgatcaagtacgcctcca
acctcgc c ageggcgttcccgctag attctctggttccggtagegg
aactgatttcactttgaacatccaccccgttg agg aag agg a
taccgccacttactattgtcaacactatgggagattecttacacattggaggaggaacaaagctcgaaattaagc
gtacg gtggctgcacc atctgtcttc atcttcccgccatctg atg agcagttgaaatctgg
aactgcctctgttgtgtgcctgctg aat
aacttctatcccagagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagt
gtca
cagagcaggacagcaaggacagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaac
a caaagtctacgcctgcgaagtcacccatcagggcctg agctcgcccgtc acaaag agcttc aac
agggg ag agtgtta g (SEQ ID NO:164) chCD37-38
gaattcgccaccatgggctggtectgtatcatcctgifictcgtggccacagctacaggtgttcattctcagatt
gtgctgac
ccaatcaccagctattatgtccgctagccccggcgagaaagtgacaatgacatgtagcgctagctcttctgtgac
ttacat
gcattggtatcaacagaagtcaggtaccagteccaagcgttggatctacgacacatccaaactggcctccggagt
ccctg ccaggttc agcgg aggtgggtccggcaccagttattcactgacc atatcctctatgg aagctg
aag atgctgctacttatta
ttgtcaacaatggatttctaacccccccacctttggtggcggaacaaagctggagatcaagcgtacggtggctgc
accat
ctgtettcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataact
tctatccca
gagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcagg
ac
agcaaggacagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctac
gc ctgcgaagtcacccatcagggcctgagctcgcccgtcacaaagagettcaacaggggagagtgttag (SEQ
ID NO :165)  WO 2011/112978PCT/US2011/028172 - 65 - huCD37-38
gaattcgccaccatgggatggtectgcattattctgttatggtcgcc
actgctactggcgttcactctgacattgtgctcac a c agtctccagcctc
aatgtctgettcccccggtgagegggtgaccatgac atgctctgccagttcctccgtgacatatatgc
attggtatc agcaaaaacccggtacctctccaaaaagatggatctacgacacttc aaagcttgc
atcaggcgttcctgcc a gattttccgggtctgggtctggcacttc
atacagtctgaccattagttccatggaagctgaagatgcagccacctattactgt c agcagtggatttc
aaatcctectaccttcggcggcggaacc aaactggagataaagcgtacggtggctgcaccatctgt
cttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttcta
tcccagaga ggcc
aaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggac agca
aggacagcacctacagcctcagc agcaccctgacgctgagc aaagc agactacgagaaac
acaaagtctacgcctgc
gaagtcacccatcagggcctgagctcgcccgtcacaaagagatcaacaggggagagtgttag (SEQ ID NO:
166) huCD37-50 gaattcgccaccatgggttggtcatgc attattctgttcctggttgctaccgcaac
aggagtacatagtgagatagtcctcac ccaaagtcctgctactatgtctgcc
agcccaggagagcgtgtgaccatgacttgctctgc aacctcaagtgtgacatacat gcattggtatcagc
aaaagcctggccaatccectaaaaggtggatctacgatacttctaatctgcc atacggtgtgcccgc
aaggttctccgggagtggc agtggcacc agttatagtctgacc atcagttcaatggaagcagaggatgc
agcaacctatt attgtcagc agtggtccgataatccccctacttttggtc
agggtacaaagctggagattaagcgtacggtggctgc acc at ctgtettcatcttcccgcc
atctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatccca
gagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactccc aggagagtgtcac
agagcaggac agc aaggac agc acctacagcctcagc
agcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgc
ctgcgaagtcacccatcagggcctgagctcgcccgtcacaaagagettcaacaggggagagtgttag (SEQ ID
NO: 167) huCD37-51
gaattcgccaccatgggatggagctgtattattctgttectggttgctactgctactggcgtccattccgagata
gtectcac ccagagccccgcaaccatgagtgcctcccctggggagcgagtgactatgacttgttccgcc
acttcttcagttacctatat gcattggtatcagc agaaacctggacagtctcc
aaagcgttggatttacgacacctcc aacctggettcaggagttectgc
taggttcagcggatctgggtctggcac aagttattc actc acc attagttcc
atggaggccgaagatgccgctacttactac tgtcagc agtggagc agcaacccccctacattcgggc
agggaactaagctggagatc aaacgtacggtggctgc acc a tctgtcttc
atcttcccgccatctgatgagc agttgaaatctggaactgcctctgttgtgtg
cctgctgaataacttctatccc a
gagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactccc aggagagtgtcac
agagcaggac agc aaggac agc acctacagcctcagc
agcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgc
ctgcgaagtcacccatcagggcctgagctcgcccgtcacaaagagettcaacaggggagagtgttag (SEQ ID
NO: 168) huCD37-56
gaattcgccaccatgggctggtectgtatcatcctgifictggtggcaaccgctactggggttcactctgatatt
gtcctgac acagagtcc
agccttcatgagtgatctcccggagaaaaggtcacaatgacttgttcagatcctcctccgtc acatacatg c
attggtaccagc agaagcctgacc
agagtectaagaggtggatctatgatacaagcaatctggettccggtgteccctc
ccgctificaggeggeggaageggaactgactatagccttacc
atctcctcaatggaagccgaggacgctgctac atatt actgccagc
aatggatcagcgaccctectactttcggacagggaacaaaattggaaattaagcgtacggtggctgcacc
atctgtettcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataa
cttctatccc agagaggcc aaagtac
agtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtc acagagcagga c
agcaaggacagcacctacagcctcagc agcaccctgacgctgagcaaagc
agactacgagaaacacaaagtctacg
cctgcgaagtcacccatcagggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgttag (SEQ
ID NO: 169) huCD37-57
gaattcgccaccatggggtggtectgtattatcctgttcctggtcgcaaccgccac
aggcgttcactccgagatcgtgttga ctc
agagcccagccaccatgtccgcttcccccggggagagagtgacaatgacttgttccgcc
acaagttctgtaacctac atgc attggtacc agcaaaaacc
aggacagagtccccgtcgttggatttatgatacctctaacctggcttc aggcgttcctg
cccgctifictggtagtggatctgggacttectatagccttaccataagctctatggaagccgaggacgccgcta
catacta ctgcc
agcagtggagtgataacccccccaccttcgggcagggaaccaaattggagatcaaacgtacggtggctgcacc
atctgtettcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataa
cttctatccc agagaggcc aaagtac
agtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtc acagagcagga c
agcaaggacagcacctacagcctcagc agcaccctgacgctgagcaaagc
agactacgagaaacacaaagtctacg
cctgcgaagtcacccatcagggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgttag (SEQ
ID NO: 170)  



WO 2011/112978PCT/US2011/028172 - 66 - [0241]Also provided is a
polynucleotide 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:121-170. Thus, in certain embodiments, the polypeptide comprises
(a) a polypeptide having at least about 95% sequence identity to SEQ ID
NOs:121-135 or 152-161, and/or (b) a polypeptide having at least about 95%
sequence identity to SEQ ID NOs:136-151 or 162-170. In certain embodiments,
the polypeptide comprises (a) a polypeptide having the amino acid sequence
of SEQ ID NOs: 121-135 or 152-161; and/or (b) a polypeptide having the
amino acid sequence of SEQ ID NOs: 136-151 or 162-170. [0242]In some
embodiments, 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). [0243]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. [0244]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. [0245]The present invention further relates to
variants of the hereinabove described polynucleotides encoding, for
example, fragments, analogs, and derivatives. [0246]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  WO 2011/112978PCT/US2011/028172 - 67 -
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 optimize codon expression for a particular host (change
codons in the human mRNA to those preferred by a bacterial host such as E.
coli). [0247]Vectors and cells comprising the polynucleotides described
herein are also provided. 



IV.Methods of use and pharmaceutical compositions [0248]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. In certain embodiments, the agents are useful
for inhibiting tumor growth, inducing differentiation, reducing tumor
volume, and/or reducing the tumorigenicity of a tumor. 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. [0249]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 normal and/or cancerous tissues
that express CD37 at higher levels relative to other tissues, for example,
B cells and/or B cell associated tissues. [0250]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.
[0251]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 a disorder associated with increased
expression of CD37. In certain embodiments, the disorder is a cell
proliferative disorder, such as a cancer or a tumor.  WO
2011/112978PCT/US2011/028172 - 68 - [0252]In certain embodiments, a method
of diagnosis or detection, such as those described above, comprises
detecting binding of an anti-CD37 antibody to 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 CD37, 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-CD37 antibody to CD37 expressed on
the surface of a cell is a "FACS" assay. [0253]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, radioimmunoassays, ELISA (enzyme linked
immunosorbent assay), "sandwich" immunoassays, immunoprecipitation assays,
fluorescent immunoassays, protein A immunoassays, and immunohistochemistry
(IHC). [0254]In certain embodiments, anti-CD37 antibodies are labeled.
Labels include, but are not limited to, labels or moieties that are
detected directly (such as fluorescent, chromophoric, electron-dense,
chemiluminescent, and radioactive labels), as well as moieties, such as
enzymes or ligands, that are detected indirectly, e.g., through an
enzymatic reaction or molecular interaction. [0255]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 solution. This conventionally is accomplished by either
insolubilizing the anti-CD37 antibody before the assay procedure, as by
adsorption to a water-insoluble matrix or surface (Bennich et al., U.S.
Pat. No. 3,720,760), or by covalent coupling (for example, using
glutaraldehyde cross-linking), or by insolubilizing the anti-CD37 antibody
after formation of a complex between the anti-CD37 antibody and CD37, e.g.,
by immunoprecipitation. [0256]Any of the above embodiments of diagnosis or
detection can be carried out using an immunoconjugate of the invention in
place of or in addition to an anti-CD37 antibody. [0257]In certain
embodiments, the disease treated with the CD37-binding agent or antagonist
(e.g., an anti-CD37 antibody) is a cancer. In certain embodiments, the
cancer is characterized by CD37 expressing cells to which the CD37-binding
agent (e.g., antibody) binds. [0258]The present invention provides for
methods of treating cancer comprising administering a therapeutically
effective amount of a CD37-binding agent to a subject (e.g., a subject in
need of treatment). In certain embodiments, the cancer is a B-cell
malignancy. In certain embodiments, the cancer is selected from the group
consisting of B cell lymphomas, NHL, precursor B cell lymphoblastic
leukemia/lymphoma and mature B cell neoplasms, B cell chronic lymphocytic
leukemia (CLL)/small lymphocytic lymphoma (SLL), B cell prolymphocytic
leukemia, lymphoplasmacytic lymphoma, mantle cell lymphoma (MCL),
follicular lymphoma (FL), low grade, intermediate-grade and high-grade
(FL),  WO 2011/112978PCT/US2011/028172 - 69 - cutaneous follicle center
lymphoma, marginal zone B cell lymphoma, MALT type marginal zone B cell
lymphoma, nodal marginal zone B cell lymphoma, splenic type marginal zone B
cell lymphoma, hairy cell leukemia, diffuse large B cell lymphoma,
Burkitt's lymphoma, plasmacytoma, plasma cell myeloma, post-transplant
lymphoproliferative disorder, Waldenstrom's macroglobulinemia, and
anaplastic large-cell lymphoma (ALCL). In certain embodiments, the subject
is a human. [0259]The present invention further provides methods for
inhibiting tumor growth using the antibodies or other agents described
herein. In certain embodiments, the method of inhibiting the tumor growth
comprises contacting the cell with a CD37-binding agent (e.g., antibody) in
vitro. For example, an immortalized cell line or a cancer cell line that
expresses CD37 is cultured in medium to which is added the antibody or
other agent to inhibit tumor growth. In some embodiments, tumor cells are
isolated from a patient sample such as, for example, a tissue biopsy,
pleural effusion, or blood sample and cultured in medium to which is added
an CD37-binding agent to inhibit tumor growth. [0260]In some embodiments,
the method of inhibiting tumor growth comprises contacting the tumor or
tumor cells with the CD37-binding agent (e.g., antibody) in vivo. In
certain embodiments, contacting a tumor or tumor cell with a CD37-binding
agent is undertaken in an animal 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) to inhibit tumor
growth. In some embodiments, cancer stem 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 CD37-binding agent to inhibit tumor cell growth. In some embodiments, the
CD37-binding agent is administered at the same time or shortly after
introduction of tumorigenic cells into the animal to prevent tumor growth.
In some embodiments, the CD37-binding agent is administered as a
therapeutic after the tumorigenic cells have grown to a specified size.
[0261]In certain embodiments, the method of inhibiting tumor growth
comprises administering to a subject a therapeutically effective amount of
a CD37-binding agent. In certain embodiments, the subject is a human. In
certain embodiments, the subject has a tumor or has had a tumor removed.
[0262]In certain embodiments, the tumor expresses the CD37 to which the
CD37-binding agent or antibody binds. In certain embodiments, the tumor
overexpresses the human CD37. 



[0263]In addition, the invention provides a method of reducing the
tumorigenicity of a tumor in a subject, comprising administering a
therapeutically effective amount of a CD37-binding agent to the subject. In
certain embodiments, the tumor comprises cancer stem cells. In certain
embodiments, the frequency of cancer stem cells in the tumor is reduced by
administration of the agent. [0264]The invention further provides methods
of differentiating tumorigenic cells into non- tumorigenic cells comprising
contacting the tumorigenic cells with a CD37-binding agent (for example,
WO 2011/112978PCT/US2011/028172 - 70 - by administering the CD37-binding
agent to a subject that has a tumor comprising the tumorigenic cells or
that has had such a tumor removed. [0265]The use of the CD37-binding
agents, polypeptides, or antibodies described herein to induce the
differentiation of cells, including, but not limited to tumor cells, is
also provided. For example, methods of inducing cells to differentiate
comprising contacting the cells with an effective amount of a CD37-binding
agent (e.g., an anti-CD37 antibody) described herein are envisioned.
Methods of inducing cells in a tumor in a subject to differentiate
comprising administering a therapeutically effective amount of a
CD37-binding agent, polypeptide, or antibody to the subject are also
provided. In certain embodiments, the tumor is a pancreatic tumor. In
certain other embodiments, the tumor is a colon tumor. In some embodiments,
the treatment methods comprise administering a therapeutically effective
amount of the CD37-binding agent, polypeptide, or antibody to the subject.
[0266]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 inhibiting tumor growth and treating cancer in human patients.
[0267]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). [0268]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  WO
2011/112978PCT/US2011/028172 - 71 - 



parenteral including intravenous, intraarterial, subcutaneous,
intraperitoneal or intramuscular injection or infusion; or intracranial
(e.g., intrathecal or intraventricular) administration. [0269]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-cancer properties. The second compound of the
pharmaceutical combination formulation or dosing regimen can have
complementary activities to the ADC of the combination such that they do
not adversely affect each other. Pharmaceutical compositions comprising the
CD37-binding agent and the second anti-cancer agent are also provided. For
example, CD37-binding agents can be administered in combination with CD20
antagonists, such as Rituximab. [0270]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 effected or a diminution of the disease state is achieved (e.g.
reduction in tumor size). 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 mg to 100 mg per kg of body weight, and can be given once or more
daily, weekly, monthly or yearly. 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 drug in bodily
fluids or tissues. [0271]The combination therapy can provide "synergy" and
prove "synergistic", i.e. 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 delivered
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 synergistic 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 sequentially, i.e. serially, whereas in combination therapy,
effective dosages of two or more active ingredients are administered
together.  WO 2011/112978PCT/US2011/028172 - 72 - VI.Kits comprising CD37
binding agents [0272]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. 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. [0273]Further
provided are kits comprising a CD37-binding agent (e.g., a CD37-binding
antibody), as well as a second anti-cancer agent. In certain embodiments,
the second anti-cancer agent is a chemotherapeutic agent (e.g., rituximab).
*** [0274]Embodiments 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 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 



[0275]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
Cell lines and growth Cell lineOriginSource RamosBurkitt lymphomaDSMZ (ACC
603) RajiBurkitt lymphomaDSMZ (ACC 319) DaudiBurkitt lymphomaDSMZ (ACC 78)
NamalwaBurkitt lymphomaATCC (CRL-1432) BJABB-NHLA gift from Elliot Kieff
(Harvard) WSU-DLCL-2B-NHL, diffuse large B-cell lymphomaDSMZ (ACC 575)
RLB-NHL, diffuse large B-cell lymphomaDSMZ (ACC 613) SU-DHL-4B-NHL, diffuse
histiocytic lymphomaDSMZ (ACC 495)  WO 2011/112978PCT/US2011/028172 -73 -
DOHH-2refractory immunoblastic B cell lymphoma,DSMZ (ACC 47) follicular
lymphoma Granta-519B-NHL, mantle cell lymphomaDSMZ (ACC 342) 



[0276] All cell lines were grown in RPMI-1640 media supplemented with 10%
fetal bovine serum, 2 mM glutamine and 1% penicillin-streptomycin (all
reagents from Invitrogen) at 37C in a humidified 5% CO2 incubator. Cells
were passaged by diluting into fresh media twice per week and maintained
between 0.2 to 1 x 106 cells/ml. Example 1 Production of murine CD37
antibodies [0277]An expression plasmid pSRa-CD37 was constructed that
contained the entire CD37 coding sequence (CDS) flanked by XbaI and BamHI
restriction sites that allowed expression of human CD37. 300-19 cells, a
pre-B cell line derived from a Balb/c mouse (M. G. Reth et al. 1985,
Nature, 317: 353- 355), were transfected with this expression plasmid to
stably express high levels of human CD37 on the cell surface and used for
immunization of Balb/c VAF mice. Mice were subcutaneously immunized with
approximately 5x106 CD37-expressing 300-19 cells per mouse every 2-3 weeks
by standard immunization protocols used at ImmunoGen, Inc. The immunized
mice were boosted with another dose of antigen three days before being
sacrificed for hybridoma generation. The spleen from the mouse was
collected according to standard animal protocols and was ground between two
sterile, frosted microscopic slides to obtain a single cell suspension in
RPMI-1640 medium. The spleen cells were pelleted, washed, and fused with
murine myeloma P3X63Ag8.653 cells (J. F. Kearney et al. 1979, J Immunol,
123: 1548-1550) by using polyethylene glycol-1500 (Roche 783 641). The
fused cells were resuspended in RPMI-1640 selection medium containing
hypoxanthine-aminopterin-thymidine (HAT) (Sigma H-0262) and selected for
growth in 96-well flat-bottomed culture plates (Corning-Costar 3596, 200
[iL of cell suspension per well) at 37 C with 5% CO2. After 5 days of
incubation, 100 [iL of culture supernatant were removed from each well and
replaced with 100 pi., of RPMI-1640 medium containing
hypoxanthine-thymidine (HT) supplement (Sigma H-0137). Incubation at 37 C
with 5% CO2 was continued until hydridoma clones were ready for antibody
screening. Other techniques of immunization and hybridoma production can
also be used, including those described in J. Langone and H. Vunakis (Eds.,
Methods in Enzymology, Vol. 121, "Immunochemical Techniques, Part I";
Academic Press, Florida) and E. Harlow and D. Lane ("Antibodies: A
Laboratory Manual";1988; Cold Spring Harbor Laboratory Press, New York).
WO 2011/112978PCT/US2011/028172 - 74 - Hybridoma screening and selection
[0278]Culture supernatants from the hybridoma were screened by flow
cytometry for secretion of mouse monoclonal antibodies that bind to the
CD37-expressing 300-19 cells, but not to the nontransfected 300-19 cells.
100 p1 of hybridoma supernatants was incubated for 3 h with either CD37-
expressing 300-19 cells or the non-transfected 300-19 cells (1 x105 cells
per sample) in 100 [LI., FACS buffer (RPMI-1640 medium supplemented with 2%
normal goat serum). Then, the cells were pelleted, washed, and incubated
for 1 h with 100 pi., of PE-conjugated goat anti-mouse IgG-antibody
(Jackson Laboratory, 6 [tg/mL in FACS buffer). The cells were pelleted
again, washed with FACS buffer and resuspended in 200 ?IL of PBS containing
1% formaldehyde. Samples were acquired using a FACSCalibur flow cytometer
with the HTS multiwell sampler or a FACS array flow cytometer and analyzed
using CellQuest Pro (all from BD Biosciences, San Diego, US). [0279]The
hybridoma clones that tested positive were subcloned by limiting dilution.
One subclone from each hybridoma, which showed the same reactivity against
CD37 as the parental cells by flow cytometry, was chosen for subsequent
analysis. Stable subclones were cultured and the isotype of each secreted
anti-CD37 antibody was identified using commercial isotyping reagents
(Roche 1493027). [0280]A total of 45 separate fusion experiments were
conducted over the course of this investigation. A single fusion experiment
routinely yielded approximately between 200 and 1000 hybridoma clones. All
the resulting hybridoma clones were screened for CD37 binding by flow
cytometry and a total of 184 hybridoma clones showed specific binding to
CD37. Antibody purification [0281]Antibodies were purified from hybridoma
subclone supernatants using standard methods, such as, for example Protein
A Of G chromatography (HiTrap Protein A Of G HP, 1 mL, Amersham
Biosciences). Briefly, supernatant was prepared for chromatography by the
addition of 1/10 volume of 1 M Tris/HC1 buffer, pH 8.0. The pH-adjusted
supernatant was filtered through a 0.22 lam filter membrane and loaded onto
column equilibrated with binding buffer (PBS, pH 7.3). The column was
washed with binding buffer until a stable baseline was obtained with no
absorbance at 280 rim. Antibody was eluted with 0.1 M acetic acid buffer
containing 0.15 M NaC1, pH 2.8, using a flow rate of 0.5 mL/min. Fractions
of approximately 0.25 mL were collected and neutralized by the addition of
1/10 volume of 1M Tris/HC1, pH 8.0. The peak fraction(s) was dialyzed
overnight twice against lx PBS and sterilized by filtering through a 0.2 pm
filter membrane. Purified antibody was quantified by absorbance at A280.
[0282]Protein A purified fractions were further polished using ion exchange
chromatography (IEX) 



with quaternary ammonium (Q) chromatography for murine antibodies. Briefly,
samples from protein A purification were buffer exchanged into binding
buffer (10 mM Tris, 10 mM sodium chloride, pH 8.0) and filtered through
0.22 [Lin filer. The prepared sample was then loaded onto a Q fast flow
resin (GE  WO 2011/112978PCT/US2011/028172 - 75 - Lifesciences) that was
equilibrated with binding buffer at a flow rate of 120 cm/hr. Column size
was chosen to have sufficient capacity to bind all the MAb in the sample.
The column was then washed with binding buffer until a stable baseline was
obtained with no absorbance at 280 rim. Antibody was eluted by initiating a
gradient from 10 mM to 500 mM sodium chloride in 20 column volume (CV).
Peak fractions were collected based on absorbance measurement at 280 nm
(A280). The percentage of monomer was assessed with size exclusion
chromatography (SEC) on a TSK gel G3000SWXL, 7.8 x 300 mm with a SWXL guard
column, 6.0 x 40 mm (Tosoh Bioscience, Montgomeryville, PA) using an
Agilent HPLC 1100 system (Agilent, Santa Clara, CA). Fractions with monomer
content above 95% were pooled, buffer exchanged to PBS (pH 7.4) using a TFF
system, and sterilized by filtering through a 0.2 pm filter membrane. The
IgG concentration of purified antibody was determined by A280 using an
extinction coefficient of 1.47. Alternative methods such as ceramic
hydroxyapatite (CHT) were also used to polish antibodies with good
selectivity. Type II CHT resin with 40 pm particle size (Bio-Rad
Laboratories) were used with a similar protocol as described for IEX
chromatography. The binding buffer for CHT corresponds to 20 mM sodium
phosphate, pH 7.0 and antibody was eluted with a gradient of 20- 160 mM
sodium phosphate over 20 CV.                              Example 2 Binding
characterization by flow cytometry [0283]Binding specificity was tested by
flow cytometry using purified antibodies. FACS histograms demonstrating the
binding of muCD37-3, muCD37-12, muCD37-38, muCD37-50, muCD37-51, muCD37-56
and muCD37-57 to CD37-expressing 300-19 cells and the absence of binding to
the parental 300-19 cells are shown in Figure 1 and Figure 2. All murine
antibodies were incubated for 3 h with either CD37-expressing 300-19 cells
or the non-transfected 300-19 cells (1 x105 cells per sample) in 100 pi.,
FACS buffer (RPMI-1640 medium supplemented with 2% normal goat serum).
Then, the cells were pelleted, washed, and incubated for 1 h with 100 ?IL
of FITC-conjugated goat anti-mouse IgG-antibody (Jackson Laboratory, 6
Kg/mL in FACS buffer). The cells were pelleted again, washed with FACS
buffer and resuspended in 200 ?IL of PBS containing 1% formaldehyde.
Samples were acquired using a FACSCalibur flow cytometer with the HTS
multiwell sampler or a FACS array flow cytometer and analyzed using
CellQuest Pro (all from BD Biosciences, San Diego, US). [0284]The FACS
histograms of CD37-expressing 300-19 cells incubated with muCD37-3,
muCD37-12, muCD37-38, muCD37-50, muCD37-51, muCD37-56 or muCD37-57 showed a
fluorescence shift, while parental 300-19 cells did not. Also, no
significant fluorescence shift was detected when either cell lines was
incubated only with FITC-conjugated goat anti-mouse IgG-antibody alone
(Figure 1 bottom).  WO 2011/112978PCT/US2011/028172 - 76 - [0285]To verify
that the antibodies can also bind to endogenously expressed CD37, binding
experiments were performed with CD37-positive WSU-DLCL-2 lymphoma cells and
the muCD37-3, muCD37-12, muCD37-8, muCD37-10 or muCD37-14 antibodies.
WSU-DLCL-2 cells were incubated with varying concentrations of murine
antibodies and processed as described above for flow cytometry analysis.
Data analysis was performed using CellQuest Pro (BD Biosciences, San Diego,
US) and for each sample the mean fluorescence intensity for FL1 (MFI) was
exported and plotted against the antibody concentration in a semi-log plot
(Figure 3). A dose-response curve was generated by non-linear regression
and the EC50 value of each curve, which corresponds to the apparent
dissociation constant (Kd) of each antibody, was calculated using GraphPad
Prism v4 (GraphPad software, San Diego, CA). A strong shift in fluorescence
was observed for all antibodies tested and the Kd values correspond to 0.52
nM, 1.7 nM, 2.7 nM,1.1 nM or 0.91 nM for muCD37-3, muCD37-8, muCD37-10,
muCD37-12 or muCD37-14 antibodies, respectively. [0286]Likewise, strong
binding was also observed when CD37-positive BJAB lymphoma cells were used
for the same flow cytometry assay described above. The Kd values were
calculated as described above and correspond to 0.2 nM, 0.4 nM, 0.6 nM, 0.4
nM and 1 nM for muCD37-3, muCD37-38, muCD37-50, muCD37-51, muCD37-56 and
muCD37-57, respectively.                              Example 3
Pro-apoptotic activity of murine antibodies [0287]The murine anti-CD37
antibodies induced apoptosis of Ramos and Raji lymphoma cell lines. 



The degree of apoptosis was measured by flow cytometry analysis after
staining with FITC conjugates of Annexin-V (Invitrogen) and with TO-PRO-3
(Invitrogen). In healthy, normal cells, phosphatidylserine is expressed on
the inside of the membrane bilayer, and the transition of
phosphatidylserine from the inner to the outer leaflet of the plasma
membrane is one of the earliest detectable signals of apoptosis. Annexin V
binds phosphatidylserine on the outside but not on the inside of the cell
membrane bilayer of intact cells. The degree of Annexin V binding is
therefore an indicator of the induction of apoptosis. TO-PRO-3 is a
monomeric cyanine nucleic acid stain that can only penetrate the plasma
membrane when the membrane integrity is breached, as occurs in the later
stages of apoptosis. Three populations of cells are distinguishable in
two-color flow cytometry: Non-apoptotic cells (Annexin-V negative and
TO-PRO-3 negative), early apoptotic cells (Annexin-V positive and TO-PRO-3
negative) and necrotic cells or late apoptotic cells (Annexin-V positive
and TO-PRO-3 positive). [0288]Exponentially growing cells were plated at
about 2 x 105 cells/mL in 24-well plates in RMPI- 1640 medium supplemented
with 10% fetal bovine serum (FBS), 2mM L glutamine, and 50 lig/mL
gentamycin (denoted below as complete RMPI-1640 medium). Cells were
generally grown in complete RMPI-1640 medium, unless stated otherwise.
Cells were incubated with 10 nM of anti-CD37 antibodies  WO
2011/112978PCT/US2011/028172 - 77 - for 20 to 24 h at 37C in a humidified
5% CO2 incubator. The cells were then pelleted, washed twice with 500 [il
PBS, resuspended in 100 pi., binding buffer (10 mM Hepes-Na0H, pH 7.4, 140
mM NaC1, 2.5 mM CaC12), and stained with 5 ?IL of Annexin V-FITC for 15 min
on ice. Then, 400 ?IL of binding buffer with 1 [iM of TO-PRO-3 was added to
the mix, and the cell-associated fluorescence of FITC and TOPRO-3 was
immediately measured by flow cytometry. Five thousand events were collected
for each sample. The dot plots for fluorescence of TO-PRO-3 (FL4-H; y-axis)
and fluorescence of Annexin VFITC (FL 1-H; x-axis) were generated using BD
CellQuest software. [0289]The percentage of Annexin-V positive cells
(includes both TO-PRO-3 positive and negative cells) were determined for
each sample from these plots and are shown in Figure 4 for Ramos cells.
Several antibodies isolated from our antibody screen were tested for
pro-apoptotic activity in comparison to rituximab. Unexpectedly, some of
the isolated murine anti-CD37 antibodies, such as muCD37-3 and muCD37-12,
showed very strong pro-apoptotic activity. Approximately 39% of Ramos cells
exposed to muCD37-3 and 46% of Ramos cells exposed to muCD37-12 were
Annexin-V positive. In contrast, treatment with the anti-CD20 antibody
rituximab resulted in only 13% of Annexin-V positive cells, while untreated
control samples contained 5% Annexin-V positive cells. Several of the
isolated murine antiCD37 antibodies did not show any pro-apoptotic
activity. For example, treatment of Ramos cells with muCD37-8, muCD37-10 or
muCD37-14 resulted in a minor or no increase in the percentage of AnnexinV
positive as compared to untreated cells. This is in spite of their
comparable binding affinity to CD37 as seen in Figure 3. [0290]Additional
antibodies were isolated and screened for their ability to induce apoptosis
in Ramos cells. Of many antibodies isolated that bound CD37 with high
affinity, only some had proapoptotic activity. The results of a Annexin-V
assay are shown in Figure 4B. The murine antibodies muCD37-38, muCD37-50,
muCD37-51, muCD37-56 and muCD37-57 were able to induce apoptosis and
resulted in 38 - 45% of Annexin-V positive Ramos cells as compared with 5%
in untreated control samples. Similar to the previous assay, treatment with
the anti-CD20 antibody rituximab resulted in only 18% Annexin-V positive
cells. [0291]In addition, the murine antibodies were tested their ability
to induce apoptosis in Raji lymphoma cells. As seen for Ramos cells, of the
many antibodies isolated that bound CD37 with high affinity, only some had
pro-apoptotic activity. Treatment with muCD37-3 or muCD37-12 resulted in
36% or 49% Annexin-V positive cells, respectively. In contrast, treatment
with the anti-CD20 antibody rituximab resulted in only 20% of Annexin-V
positive cells, while untreated control samples contained 4% Annexin-V
positive cells. [0292]Likewise, approximately 60% of Raji cells treated
with muCD37-3, muCD37-38, muCD37- 50, muCD37-51, muCD37-56 or muCD37-57
were Annexin-V positive cells compared to 15% of untreated cells.  WO
2011/112978PCT/US2011/028172 



- 78 - Example 4 Proliferation assays [0293]The ability of anti-CD37
antibodies to inhibit cell growth was measured using in vitro cytotoxicity
assays. Target cells were plated at 5,000 cells per well in 100 [iL in
complete RPMI media (RPMI-1640, 10% fetal bovine serum, 2 mM glutamine,1%
penicillin-streptomycin, all reagents from Invitrogen). Antibodies were
diluted into complete RPMI media using 3-fold dilution series and 100 [iL
were added per well. The final concentration typically ranged from 3 x 10-8
M to 4.6 x 10-12 M. Cells were incubated at 37C in a humidified 5% CO2
incubator for 4 to 5 days. Viability of remaining cells was determined by
colorimetric WST-8 assay (Dojindo Molecular Technologies, Inc., Rockville,
MD, US). WST-8 is reduced by dehydrogenases in living cells to an orange
formazan product that is soluble in tissue culture medium. The amount of
formazan produced is directly proportional to the number of living cells.
WST-8 was added to 10% of the final volume and plates were incubated at 37C
in a humidified 5% CO2 incubator for an additional 2-4 hours. Plates were
analyzed by measuring the absorbance at 450 nm (A450) in a multiwell plate
reader. Background A450 absorbance of wells with media and WST-8 only was
subtracted from all values. The percent viability was calculated by
dividing each treated sample value by the average value of wells with
untreated cells. Percent viability = 100* (A450 treated sample - A450
background)/ (A450 untreated sample - A450 background). The percent
viability value was plotted against the antibody concentration in a
semi-log plot for each treatment. [0294]The results from a typical
proliferation assay using murine CD37 antibodies and SU-DHL-4 lymphoma
cells are presented in Figure 5. It is apparent, that several murine
antibodies were able to inhibit proliferation of SU-DHL-4 cells
substantially and in a dose-dependent manner, while others had no such
effect. For example, treatment with muCD37-3 reduced the cell viability to
34% at the highest antibody concentration tested with an EC50 of 0.17 nM.
Similarly, treatment with muCD37-38 reduced the cell viability to 25% at
the highest antibody concentration tested with an EC50 of 0.19 nM.
Likewise, treatment with muCD37-50 or muCD37-51 reduced the cell viability
to 38% at the highest antibody concentration tested with an EC50 of 0.25 nM
or 0.5 nM, respectively. In contrast, treatment with for example CD37-16
did not reduce cell viability in a dose-dependent manner. Example 5 Cloning
and sequencing of the VL and VH regions of the CD37-3 antibody [0295]Total
cellular RNA was prepared from 5 x 106 cells of the CD37-3 hybridoma using
an RNeasy kit (QIAgen) according to the manufacturer's protocol. cDNA was
subsequently synthesized from total RNA using the SuperScript II cDNA
synthesis kit (Invitrogen).  WO 2011/112978PCT/US2011/028172 - 79 -
[0296]The procedure for the first round degenerate PCR reaction on the cDNA
derived from hybridoma cells was based on methods described in Wang et al.
((2000) J Immunol Methods. 233:167-77) and Co et al. ( (1992) J Immunol.
148:1149-54). VH sequences were amplified by PCR using the following
degenerate primers: EcoMH1 CTTCCGGAATTCSARGTNMAGCTGSAGSAGTC (SEQ ID NO:
171), EcoMH2 CTTCCGGAATTCSARGTNMAGCTGSAGSAGTCWGG (SEQ ID NO: 172) and
BamIgG1 GGAGGATCCATAGACAGATGGGGGTGTCGTTTTGGC (SEQ ID NO:173). VL sequences
were amplified by PCR using the following degenerate primers: SacIMK
GGAGCTCGAYATTGTGMTSACMCARWCTMCA (SEQ ID NO:174) and HindKL
TATAGAGCTCAAGCTTGGATGGTGGGAAGATGGATACAGTTGGTGC (SEQ ID NO: 175). (Mixed
bases are defined as follows: N=G+A+T+C, S=G+C, Y=C+T, M=A+C, R=A+G,
W=A+T). The PCR reaction mixtures were then run on a 1% low melt agarose
gel, the 300 to 400 bp bands were excised, purified using Zymo DNA mini
columns, and sent to Agencourt Biosciences for sequencing. The respective
5' and 3' PCR primers were used as sequencing primers to generate the
variable region cDNAs from both directions. The amino acid sequences of VH
and VL regions were predicted from the DNA sequencing results. [0297]Since
the degenerate primers used to clone the VL and VH cDNA sequences alters
the 5' end sequences, additional sequencing efforts were needed to verify
the complete sequences. The preliminary cDNA sequences were used to search
the NCBI IgBlast site (http://www.ncbi.nlm.nih.gov/igblast/) for the murine
germline sequences from which the antibody sequences are derived. PCR
primers were then designed to anneal to the germline linked leader sequence
of the murine antibody so that this new PCR reaction would yield a complete
variable region cDNA sequence, unaltered by the PCR primers. The PCR
reactions, band purifications, and sequencing were performed as described
above. Mass determination for sequence confirmation 



[0298]The cDNA sequence information for the variable region was combined
with the germline constant region sequence to obtain full length antibody
cDNA sequences. The molecular weights of the heavy chain and light chain
were then calculated and compared with the molecular weights obtained by
LC/MS analyses of the murine CD37-3 antibody. The molecular weight
measurements are consistent with the cDNA sequences for both the CD37-3
light and heavy chain. Chimerization [0299]The variable sequence for the
light chain variable region is cloned into EcoRI and BsiWI sites in the
pchCD37-3LCZ plasmid. The heavy chain variable region is cloned into the
HindIII and Apal sites in the pchCD37-3HCN plasmid. Equivalent plasmids
were constructed for chCD37-12. These plasmids were used to express
chimeric antibodies in HEK-293T cells using a standard calcium phosphate
procedure (BD Biosciences, CalPhos Mammalian Transfection Kit, Cat #
631312). Supernatant was  WO 2011/112978PCT/US2011/028172 - 80 - purified
using standard Protein A chromatography procedures as described above, but
the polishing chromatography steps were performed using either
carboxymethyl (CM) fast flow ion exchange (IEX) resin (GE Lifesciences) and
10 mM potassium phosphate, 10 mM sodium chloride binding buffer (pH 7.5) or
the alternative CHT methods described above. Example 6 Antibody
humanization [0300]The CD37-3 and huCD37-50 antibodies were humanized
following resurfacing methods previously described, such as, for example in
Roguska et al., Proc. Natl. Acad. Sci., USA, 91(3):969-973 (1994) and
Roguska et al., Protein Eng. 9(10):895-904 (1996), which are incorporated
in their entirety herein by reference. Resurfacing generally involves
identification of the variable region framework surface residues in both
light and heavy chains and replacing them with human equivalents. The
murine CDR's are preserved in the resurfaced antibody. Exemplary CDRs of
CD37-3 and CD37-50 are defined as indicated in Table 11. In addition to the
heavy chain CDR2 definition employed for resurfacing, the table provides
exemplary Kabat defined heavy chain CDR2's for both the murine and human
CD37-3 and CD37-50. The underlined sequence marks the portion of the Kabat
heavy chain CDR2 not considered a CDR for resurfacing. Table 11 CD37-3
CDR's  CD37-50 CDR's Light Chain  



Light Chain  CDR1: RASENIRSNLA (SEQ IDNO:28) CDR1: SATSSVTYMH (SEQ IDNO:37)
CDR2: VATNLAD (SEQ ID N 0 : 2 9 )  Murine CDR2: DT SKLPY(SEQ IDNO:38)
HumanCDR2:DTSNLPY (SEQ IDNO: 4 0 ) CDR3:YWGTTWT (SEQ ID N 0 : 3 0 )   CDR3:
QQWSDNPPT (SEQ IDNO:39) Heavy Chain  Heavy Chain  CDR1: TSGVS(SEQID N 0 : 4
)  CDR1: SGFAWH (SEQ ID N 0 : 1 3 )  CDR2: VIWGDGSTN (SEQ N 0 : 5 ) 



ID CDR2:YILYSGSTV (SEQ IDNO:1 4)  CDR3: GGYSLAH (SEQ ID N 0 : 6 )  CDR3:
GYYGYGAWFAY (SEQIDNO: 1 5 ) Kabat Defined CD37-3 HC CDR2  Kabat Defined
CD37-50 HC CDR2  WO 2011/112978PCT/US2011/028172 - 81 - Murine HC CDR2:
VIWGDGSTNYHSALKS Murine HC CDR2: YILYSGSTVYSPSLKS (SEQIDNO: 176 ) (SEQIDNO:
178 ) Human HC CDR2: VIWGDGSTNYHPSLKS Human HC CDR2: YILYSGSTVYSPSLKS
(SEQIDNO: 177 ) (SEQIDNO: 179 ) 



[0301] [0302]The CD37-3 and CD7-50 light and heavy chain CDR's as defined
for the resurfacing are given by way of example in Table 11. Lysine 53 in
murine CD37-50 light chain CDR2 was replaced with asparagine in humanized
CD37-50 (shown in italic) so both versions of the LC CDR2 are given. The
Kabat definition for heavy chain CDR2 is also given for both the murine and
human CD37-3. The underlined sequence marks the portion of the Kabat heavy
chain CDR2 not considered a CDR for resurfacing. [0303]Surface residue
positions are defined as any position with its relative accessibility of
30% or greater (Pedersen J.T. et. Al, J. Mol. Biol. 1994; 235: 959-973).
Surface residues are then aligned with human germline surface sequences to
identify the most homologous human surface sequence. For CD37- 3, the human
germline sequences used as the replacement surfaces were IGKV1/0R2-0*01 and
IGHV4- 34*09 for VL and VH, respectively. For CD37-50, the human germline
sequences used as the replacement surfaces were IGKV3/0R2-268*01 and
IGHV4-31*03 for VL and VH, respectively. As can be seen from the lists in
Figure 6, a total of seven surface residues in the light chain and seven in
the heavy chain were replaced with the human counterparts in CD37-3. As
seen in Figure 7 for CD37-50, the total surface residues that were replaced
with human counterparts are seven and five in VL and VH, respectively. In
CD37-3, the heavy chain residue 61 is in close proximity to CDR-H2 and
since its substitution to the human residue proline might result in reduced
binding affinity, a second resurfaced version was generated with murine
serine residue retained. Since these antibodies were being tested as
cytotoxic conjugates, the CD37-50 light chain CDR2 lysine 53 was replaced
with an asparagine to avoid the concerns that lysine conjugation could
impact binding affinity. Figure 8 shows the alignment of the resurfaced
sequences for the CD37-3 and CD37-50 variable domain of both light chain
and heavy chain with their murine counterparts. Recombinant expression of
huCD37-3 antibody [0304]The variable region sequences for huCD37-3 and
CD37-50 were codon-optimized and synthesized by Blue Heron Biotechnology.
The sequences are flanked by restriction enzyme sites for cloning in-frame
with the respective constant sequences in single chain mammalian expression
plasmids. The light chain variable region is cloned into EcoRI and BsiWI
sites in the pAbKZeo plasmid. The heavy chain variable region is cloned
into the HindIII and Apal sites in the pAbG1Neo plasmid. These plasmids can
be used to express the recombinant antibodies in either transient or stable
mammalian cell  WO 2011/112978PCT/US2011/028172 - 82 - transfections.
Transient transfections to express recombinant antibodies in HEK 293T cells
were performed using a modified PEI procedure (Durocher, Y. et al., Nucleic
Acids Res. 30:E9 (2002)). Supernatant was purified by Protein A and
polishing chromatography steps using standard procedures as described above
for chimerized antibodies. Expression of TRU-016 [0305]In order to compare
the activity of the isolated anti-CD37 antibodies, previously identified
anti-CD37 antibodies were cloned and expressed. The DNA sequence for the
anti-CD37 SMIP was drawn from US2007/0059306 using SEQ ID 51. The sequence
was flanked by HindIII and Xho 1 restriction enzyme sites for cloning into
the pAbG1Neo mammalian expression plasmids. Expression and purification was
carried out as described for huCD37-3 above. Example 7 Binding affinity of
chimeric antibodies [0306]The chimeric antibodies chCD37-3 and chCD37-12
were assayed for their binding affinity to 



Ramos cells in comparison to their murine counterparts. Flow cytometry
binding assays using Ramos cells and muCD37-3, chCD37-3, muCD37-12 and
chCD37-12 antibodies were carried out and analyzed as described in Example
2 using secondary FITC-conjugated goat-anti-murine and -anti-human
antibodies. Figure 9A depicts the dose-response curves generated by
non-linear regression for each antibody. The value for the apparent
dissociation constant (Kd) of each antibody was calculated using GraphPad
Prism v4 (GraphPad software, San Diego, CA). It is apparent that
chimerization did not greatly affect the binding affinity of either
antibody as the Kd for muCD37-3, chCD37-3, muCD37-12 and chCD37-12
corresponds to 0.4 nM, 0.8 nM, 0.8 nM and 1.2 nM, respectively. Binding
affinity of huCD37-3v1.0 and huCD37-3v1.01  [0307]Flow cytometry binding
assays using BJAB cells and a competitive binding format were used to
evaluate binding affinity of chimeric and humanized versions of CD37-3.
BJAB cells were incubated with a 1 nM concentration of PE-labeled muCD37-3
antibody and competition was measured by adding varying amounts of
muCD37-3, chCD37-3, huCD37-3v1.0 or huCD37-3v1.01. The samples were
incubated for 3 hrs at 4C. Then, the cells were pelleted, washed with FACS
buffer and resuspended in 200 [LL of PBS containing 1% formaldehyde.
Samples were acquired using a FACSCalibur flow cytometer with the HTS
multiwell sampler and analyzed using CellQuest Pro (all from BD
Biosciences, San Diego, US). The resulting mean PE fluorescence was plotted
against the amount of competing antibody used in a semi-log plot. Figure 9B
depicts the dose-response curves generated by non-linear regression for
each antibody. The value for the apparent dissociation constant (Kd) of
each antibody was WO 2011/112978PCT/US2011/028172 - 83 - calculated using
GraphPad Prism v4 (GraphPad software, San Diego, CA). It is apparent that
chimerization or humanization did not affect the binding affinity of CD37-3
as all version compete equally well for binding with the murine parent
antibody. The EC50 of competition binding for muCD37- 3, chCD37-3,
huCD37-3v1.0 or huCD37-3v1.01 corresponds to 0.8 nM, 0.7 nM, 1 nM and 0.6
nM, respectively. Binding affinity of humanized antibodies [0308]The
humanized antibodies huCD37-38, huCD37-50, huCD37-51, huCD37-56 and chCD37-
57 were assayed for their binding affinity to BJAB cells in comparison to
their murine counterparts. Flow cytometry binding assays were carried out
using secondary FITC-conjugated goat-anti-murine and -antihuman antibodies,
analyzed as described in Example 2 and dose-response curves were generated
by nonlinear regression for each antibody. The value for the apparent
dissociation constant (Kd) of each antibody was calculated using GraphPad
Prism v4 (GraphPad software, San Diego, CA). It is apparent that
humanization did not greatly affect the binding affinity of any antibody.
The Kd for muCD37-3 and huCD37-3 corresponds to 0.2 nM, while the Kd for
muCD37-38 and huCD37-38 corresponds to 0.4 nM and 0.3 nM, respectively.
Similarly, the Kd for muCD37-50 and huCD37-50 corresponds to 0.6 nM and 0.2
nM, respectively, while the Kd for muCD37-51 and huCD37-51 corresponds to
0.6 nM and 0.8 nM, respectively. Finally, the Kd for muCD37-56 and
huCD37-56 corresponds to 0.4 nM and 0.2 nM, respectively, while the Kd for
muCD37-57 and huCD37-57 corresponds to 1.0 nM and 0.3 nM, respectively.
Example 8 Expression of macaque CD37 [0309]The CD37 AA sequence of macaque
CD37 was obtained from Genbank (GI: 718718). The sequence was
codon-optimized and synthesized by Blue Heron Biotechnology. An expression
plasmid pSRa-CD37mac was constructed that contained the entire CD37 coding
sequence (CDS) from macaque flanked by XbaI and BamHI restriction sites
that allowed expression of macaque CD37. 300-19 cells, a pre-B cell line
derived from a Balb/c mouse (M. G. Reth et al. 1985, Nature, 317: 353-355),
was transfected with this expression plasmid to stably express macaque CD37
on the cell surface. Binding affinity of murine antibodies to macaque CD37
[0310]The murine antibodies muCD37-3, muCD37-12, muCD37-38, huCD37-50,
muCD37-51, muCD37-56 and muCD37-57 were assayed for their ability to bind
to 300-19/CD37mac cells expressing macaque CD37. Flow cytometry binding
assays were carried out using secondary FITC-conjugated goat- anti-murine
or goat-anti-human antibodies, analyzed as described in Example 2. Binding
was compared to 



WO 2011/112978PCT/US2011/028172 - 84 - the previously described anti-CD37
antibody WR17 and the anti-CD37 SMIP TRU-016. As can be seen from
Figurel0A, several isolated anti-CD37 antibodies, muCD37-38, huCD37-50,
muCD37-51, muCD37-56 and muCD37-57 can bind to the macaque derived CD37
antigen. In contrast, muCD37-3, muCD37-12, the previously described
anti-CD37 antibody WR17 and the anti-CD37 SMIP TRU-016 are unable to bind
the macaque derived CD37 antigen. Binding affinity of humanized antibodies
to macaque CD37 [0311]The humanized antibodies huCD37-38, huCD37-50,
huCD37-51, huCD37-56 and huCD37- 57 were assayed for their binding affinity
to 300-19/CD37mac cells expressing macaque CD37. Flow cytometry binding
assays were carried out using secondary FITC-conjugated goat-anti-human
antibodies, analyzed as described in Example 2 and dose-response curves
were generated by non-linear regression for each antibody. The value for
the apparent dissociation constant (Kd) of each antibody was calculated
using GraphPad Prism v4 (GraphPad software, San Diego, CA). It is apparent
from Figure 10B, that several isolated humanized antibodies bind to macaque
CD37 while huCD37-3 does not. The Kd value for huCD37-38, huCD37-50,
huCD37-51, huCD37-56 and huCD37-57 correspond to 1.1 nM, 1.8 nM, 14 nM, 5
nM, and 2 nM, respectively. Therefore, humanization does not affect the
binding specificity of the isolated antibodies. Example 9 Pro-apoptotic
activity of chimeric and humanized antibodies [0312]The pro-apoptotic
activity of chimeric and humanized antibodies was evaluated on Ramos cells.
Cells were incubated with lOnM concentration of antibodies or an huIgG
isotype control antibody for 20 hrs followed by Annexin-V-FITC and TO-PRO-3
staining and flow cytometry analysis. ChCD37- 12 retained strong
pro-apoptotic activity of muCD37-12. Approximately 40% of Ramos cells are
Annexin-V positive after treatment with either muCD37-12 or chCD37-12
antibody as compared to 4% of untreated control cells. Similarly,
approximately 40% of Ramos cells are Annexin-V positive after treatment
with huCD37-3, huCD37-38, huCD37-50, huCD37-51, huCD37-56 or huCD37-57
antibody as compared to 4% of isotype control treated or untreated cells.
In contrast, treatment with the anti-CD20 antibody rituximab resulted in
only 13% of Annexin-V positive cells. This result demonstrates that the
strong pro-apoptotic activity of the murine anti-CD37 antibodies isolated
here is retained by the chimeric or humanized antibodies derived from them.
Therefore, the unique functional property of this group of anti-CD37
antibodies, strong pro-apoptotic activity in the absence of cross-linking,
is not negatively affected by chimerization or humanization.  WO
2011/112978PCT/US2011/028172 - 85 - Pro-apoptotic activity of huCD37-3 and
TRU-016 [0313]The pro-apoptotic activity of huCD37-3 against Ramos and Raji
lymphoma cells was compared to the anti-CD37 SMIP TRU-016. TRU-016 has been
described as a compound with no proapoptotic activity unless cross-linked
with a secondary antibody. It is apparent that exemplary anti-CD37
antibodies huCD37-3 and chCD37-38 have much stronger pro-apoptotic activity
against both lymphoma cell lines. Treatment with huCD37-3 or chCD37-38
resulted in 40% or 49% Annexin-V positive Ramos cells, as compared to 3% of
untreated control cells. Rituximab treatment resulted in only 15% Annexin-V
positive Ramos cells. In contrast, TRU-016 treatment did not increase the
percentage of Annexin-V positive Ramos cells. Likewise, Treatment with
huCD37-3 or chCD37-38 resulted in 34% or 30% Annexin-V positive Raji cells,
as compared to 7% of untreated control cells. Rituximab treatment resulted
in only 19% Annexin-V positive Raji cells. In contrast, TRU-016 treatment
did not increase the percentage of Annexin-V positive Ramos cells. Dose
response for pro-apoptotic activity of humanized antibodies [0314]Varying
amounts of each antibody were incubated with Ramos cells for 20 hrs
followed by 



Annexin-V-FITC and TO-PRO-3 staining and flow cytometry analysis. The
percentage of Annexin-V positive cells was plotted against the antibody
concentration in a semi-log plot, and EC50 values were calculated from
curves fitted using non-linear regression analysis. It is apparent that all
humanized antibodies have strong pro-apoptotic activity with a maximum
percentage of Annexin-V positive cells of at least 40%. Figure 11. The EC50
for this activity corresponds to 0.08, 0.08 and 0.11 nM for huCD37-3,
huCD37-38 and huCD37-50, respectively. In addition, the EC50 for this
activity corresponds to 0.41, 0.57 and 1.01 nM for huCD37-51, huCD37-56 and
huCD37-57, respectively. In contrast, treatment with the anti-CD20 antibody
rituximab resulted in a maximum percentage of Annexin-V positive cells of
only 15% compared with 4% of cells treated with isotype control antibody.
Example 10 Proliferation assays for chimeric and humanized anti-CD37
antibodies [0315]The ability of chimeric and humanized anti-CD37 antibodies
to inhibit cell growth was measured using in vitro cytotoxicity assays as
described in Example 4. The results from a typical proliferation assay
using SU-DHL-4 and DOHH-2 lymphoma cells are presented in Figure 12. It is
apparent, that all antibodies were able to inhibit proliferation of
SU-DHL-4 cells substantially and in a dose-dependent manner For example,
treatment with muCD37-3 reduced the viability of SU-DHL-4 cells to 35% with
an EC50 of 0.07 nM. Similarly, treatment with chCD37-3, huCD37-3v1.0 or
huCD37-3v1.01 reduced the viability of SU-DHL-4 cells to approximately 30%
at the highest antibody concentration  WO 2011/112978PCT/US2011/028172 - 86
- tested with an EC50 of 0.03 nM, 0.06 nM or 0.03 nM, respectively.
Likewise, all antibodies were able to inhibit proliferation of DOHH-2
follicular lymphoma cells substantially and in a dose-dependent manner For
example, treatment with muCD37-3 reduced the viability of DOHH-2 cells to
45% with an EC50 of 0.05 nM. Similarly, treatment with chCD37-3,
huCD37-3v1.0 or huCD37-3v1.01 reduced the viability of DOHH-2 cells to
approximately 35% with an EC50 of 0.06 nM, 0.07 nM or 0.05 nM,
respectively. This result demonstrates that the various version of the
CD37-3 antibody have similar anti-proliferative activity that is not
affected by chimerization or humanization. [0316]Additional humanized
anti-CD37 antibodies were tested in similar in vitro cytotoxicity assays.
All humanized antibodies tested were able to inhibit proliferation of
SU-DHL-4 cells substantially and in a dose-dependent manner. For example,
treatment with huCD37-38 reduced the viability of SUDHL-4 cells to 24% with
an EC50 of 0.42 nM, while treatment with huCD37-50 reduced the viability of
SU-DHL-4 cells to 31% with an EC50 of 0.39 nM. In contrast, treatment with
the anti-CD20 antibody rituximab reduced the viability of SU-DHL-4 cells to
35% with an EC50 of 1.6 nM. In addition, treatment with huCD37-51 or
huCD37-56 reduced the viability of SU-DHL-4 cells to 24% with an EC50 of
0.60 nM or 0.68 nM, respectively. Furthermore, treatment with huCD37-57
reduced the viability of SU-DHL-4 cells to 31% with an EC50 of 0.42 nM.
Treatment with an isotype control antibody did not have an effect on the
viability of SU-DHL-4 cells. Anti-proliferative activity of huCD37-3 in
comparison to other antibodies [0317]To further characterize the
anti-proliferative activity of the isolated anti-CD37 antibodies, we
compared the effect of the exemplary huCD37-3 antibody to that of the
anti-CD37 SMIP TRU-16 compound Immunohistochemistry using tumor microarrays
confirmed that CD37 and CD20 exhibited similar expression patterns and
prevalances in subtypes of NHL. See Table 12 below. Thus, comparisons were
also made to the anti-CD20 antibody rituximab. The panel of cell lines
included Granta-519, SUDHL-4, Namalwa and Daudi lymphoma cells. Figure 13.
Table 12: CD37 staining on lymphoma tumor microarrays in comparison to CD20
staining. Tumor histology # of pos. cores (> 1 hetero) # total cores  



CD37 CD20  T-cell lymphoma 0 0 4 Multiple myeloma 0 0 10 Hodgkin's B-cell
lymphoma 1 (8%) 1 (8%) 12 Non-Hodgkin B cell lymphoma (unspecified) 21(95%)
21(95%) 



22 Follicular lymphoma 3 (100%) 3 (100%) 3 MALT lymphoma 3 (100%) 3 (100%)
3  WO 2011/112978PCT/US2011/028172 - 87 - Diffuse large B cell lymphoma 13
(93%) 13 (93%) 14 Burkitt's lymphoma 6 (75%) 7 (88%) 



8 Mantle cell lymphoma 3 (50%) 6 (100%) 6  [0318]In all case, huCD37-3
treatment resulted in a reduction in cell viability in a dose-dependent
manner. For example, treatment with huCD37-3 reduced the viability of
Granta-519 cells to approximately 37% with an EC50 of 0.062 nM. Rituximab
treatment reduced the viability of Granta-519 cells to approximately 47%
with an EC50 of 0.36 nM. Treatment with huCD37-3 reduced the viability of
SU-DHL-4 cells to approximately 17% with an EC50 of 0.053 nM. Rituximab
treatment reduced the viability of SU-DHL-4 cells to approximately 20% with
an EC50 of 0.2 nM. In striking contrast, treatment with TRU-016 did not
reduce the viability of Granta-519 or SU-DHL-4 cells to a significant
degree or in a dose-dependent manner. In further examples, treatment with
huCD37-3 reduced the viability of Namalwa cells to approximately 47% with
an EC50 of 0.1 nM and reduced the viability of Daudi cells to approximately
68% with an EC50 of 0.25 nM. Rituximab treatment did not have an effect on
Namalwa cells but reduced the viability of Daudi cells to approximately 69%
with an EC50 of 2.6 nM. In striking contrast, treatment with TRU-016 did
not reduce the viability of Namalwa or Daudi cells to a significant degree
or in a dose-dependent manner. Finally, treatment with huCD37-3 reduced the
viability of Ramos cells to approximately 53% with an EC50 of 0.08 nM,
while neither TRU-016 nor rituximab treatment had any effect on Ramos cell
viability. This result underscores the uniqueness of the anti-proliferative
activity of the isolated anti-CD37 antibodies. Example 11 CDC activity of
CD37 antibodies [0319]To assess complement-dependent cytotoxicity (CDC)
activities of chimeric and humanized anti-CD37 antibodies, cell based
assays were performed according to a published method (GazzanoSantoro H, J
Immunol Methods. 1997 202(2):163-71). Antibodies were aliquoted in
duplicate at 50 uL/well into a flat-bottom 96-well tissue culture plate at
various concentrations typically ranging from 5 Kg/mL (= 3.3 x 10-8 M) to
2.3 ng/mL (= 1.5 x 10-11 M) in RHBP (RPMI-1640, 20 mM HEPES, 0.1 % BSA, 1%
penicillin-streptomycin) medium. Target cells were added to the antibodies
at 5 x 104 cells in 100 uL of RHBP medium per well. Lyophilized human
complement (Sigma-Aldrich, St. Louis, US) was reconstituted with 1 mL
sterile purified water per vial and diluted 5-fold to a 20% stock with RHBP
media immediately before use. 50 uL/well of complement solution was added
to each well for a final concentration of 5%. Plates were incubated for 2 h
at 37C in 5% CO2 humidified incubator to allow for complement mediated
lysis. After this incubation time, Alamar Blue reagent (Invitrogen) was
added to  WO 2011/112978PCT/US2011/028172 - 88 - each well at a final
concentration of 10% to measure the viability of the remaining cells. The
plate was incubated for 16 to 20 hours at 37C before measuring the
fluorescence (in relative fluorescence units, RFU) at EX540/EM590 nm.
Controls included triplicate wells with media and complement but without
cells (media only, 0% viability) and wells with cells and complement but
without antibody (cells only, 100% viability). The percentage of specific
cell viability for each sample was determined by to the following formula:
Percent viability = (sample - media only)/ (cells only - media only).
[0320]The result of an exemplary CDC assay using Ramos cells is presented
in Figure 14. Strikingly, chCD37-12 has potent CDC activity against Ramos
cells. It reduced the viability of Ramos cells to 32% at the highest
antibody concentration tested with an EC50 of 0.037 [ig/mL. In addition,
several isolated antibodies showed CDC activity against Ramos to a varying
degree. Treatment with huCD37-3, huCD37-38, huCD37-50 resulted in a
reduction in cell viability to 59%, 50% and 45%, respectively. Treatment
with huCD37-51, huCD37-56 or huCD37-56 moderately reduced cell viability of
Ramos cells to approximately 70 - 80% at the highest antibody concentration
tested. Example 12 



ADCC activity of CD37 antibodies [0321]A lactate dehydrogenase (LDH)
release assay was used to measure antibody-dependent cell mediated
cytotoxicity (ADCC) of tumor cells lines using freshly isolated human
natural killer (NK) cells as effector cells (Shields RL, J Biol Chem. 2001
276(9):6591-604). The NK cells were first isolated from human blood from a
normal donor (Research Blood Components, Inc., Brighton, MA) using a
modified protocol for the NK Isolation Kit II (Miltenyi Biotech,
130-091-152). Blood was diluted 2-fold with lx PBS. 25 mL of diluted blood
was carefully layered over 25 mL of Ficoll Paque in a 50 mL conical tube
and centrifuged at 400 g for 45 min at RT. The peripheral blood mononuclear
cells (PBMC) were collected from the interface, transferred into a new
conical 50 mL tube, and washed once with lx PBS. The PBMC were resuspended
in 2 mL of NK-isolation buffer (lx PBS, 0.5% BSA, 2mM EDTA), and then 500
[EL of Biotin-Antibody Cocktail were added to the cell suspension. The
Biotin-Antibody Cocktail contains biotinylated antibodies that bind to the
lymphocytes, except for NK cells, resulting in a negative selection of NK
cells. The mixture was incubated at 4C for 10 min, and then 1.5 mL of
NKisolation buffer and 1 mL of Anti-Biotin Micro Beads were added. The
cell-antibody mixture was incubated for another 15 min at 4C. Next, cells
were washed once with 50 mL of NK-isolation buffer and resuspended in 3 mL
of NK-isolation buffer. Then, a MACS LS column was mounted on the autoMACS
separator (Miltenyi Biotech) and pre-washed with 3 mL of NK-isolation
Buffer. The cell suspension was automatically applied onto the column,
washed and the effluent fraction with unlabeled NK cells was collected into
a new 50-mL conical tube. The resulting NK cells were plated into 30 mL of
complete RPMI media (RPMI-1640 supplemented with 5% fetal bovine serum, 1%
penicillin-streptomycin, 1 mM  WO 2011/112978PCT/US2011/028172 - 89 -
HEPES, 1 mM Sodium Pyruvate, 1% 100X MEM non-essential Amino Acid Solution)
overnight. The subsequent assay and all dilutions were carried out in RHBP
medium (RPMI-1640 medium supplemented with 20 mM HEPES, pH 7.4, 0.1% BSA
and 1% penicillin-streptomycin). [0322]Various concentrations of antibodies
in RHBP medium were aliquoted in duplicate at 50 litL/well into a round
bottom 96-well plate. The target cells were resuspended at 106 cells/mL in
RHBP medium and added at 100 tL/well to each well containing antibody
dilutions. The plate containing target cells and antibody dilutions was
incubated for 30 min at 37C. NK cells were then added to the wells
containing the target cells at 50 tL/well. The typical ratio was 1 target
cell to 3-4 NK cells. The following controls were set up for each
experiment: NK cells alone, target cells alone (spontaneous LDH release),
target cells with NK cells (antibody independent LDH release), target cells
with 10% Triton X-100 (maximum LDH release). The mixtures were incubated at
37C for 4 h to allow for cell lysis. Plates were centrifuged for 10 min at
1200 rpm, and 100 [EL of the supernatant was carefully transferred to a new
flat-bottom 96-well plate. LDH reaction mixture (100 tL/well) from the
Cytotoxicity Detection Kit (Roche 1 644 793) was added to each well and
incubated at room temperature for 5 to 30 min. The optical density of
samples was measured at 490 rim (0D490). The percent specific lysis of each
sample was determined using the following formula: percent specific lysis =
(sample value - spontaneous release)/ (maximum release - spontaneous
release) *100. [0323]Incubation with humanized antibodies lead to good ADCC
activity against Daudi, Ramos and Granta-519 lymphoma cells in the presence
of human NK effector cells. Their ADCC activity against Daudi lymphoma
cells was compared with the ADCC activity of TRU-016 (Figure 15).
[0324]Treatment with huCD37-3, huCD37-38 or huCD37-50 antibodies resulted
in approximately 41%, 39% or 40% Daudi cell lysis with an EC50 value of
0.42 ng/mL, 1.31 ng/mL, or 2.42 ng/mL, respectively. This activity was
similar to that resulting from TRU-016 treatment with 42% Daudi cell lysis
observed and an EC50 value of 0.93 ng/mL. In addition, treatment with
huCD37-51, huCD37-56 and huCD37-57 resulted in approximately 39%, 36% or
36% of Daudi cell lysis with an EC50 value of 5.7 ng/mL, 4.3 ng/mL, or 7.9
ng/mL, respectively. [0325]The ADCC activity of the isolated antibodies
against Ramos lymphoma cells was compared with the ADCC activity of
TRU-016. Treatment with huCD37-3, huCD37-38 or huCD37-50 antibodies
resulted in approximately 43%, 42% or 46% Ramos cell lysis with an EC50
value of 0.95 ng/mL, 2.0 ng/mL, or 3.0 ng/mL respectively. This activity
was similar to that resulting from TRU-016 treatment with 59% Ramos cell
lysis observed and an EC50 value of 1.53 ng/mL. In addition, treatment with
huCD37-51, huCD37-56 and huCD37-57 resulted in approximately 53%, 43% or
44% of Ramos cell lysis with an EC50 value of 5.7 ng/mL, 4.3 ng/mL, or 7.9
ng/mL, respectively. [0326]In additional experiments the ADCC activity of
huCD37-3 and chCD37-38 against Granta- 519 cells was compared with the ADCC
activity of TRU-016. Treatment with huCD37-3 or chCD37-38  WO
2011/112978PCT/US2011/028172 



- 90 - antibodies resulted in approximately 19% or 18% Granta-519 cell
lysis with an EC50 value of 0.13 ng/mL, or 0.73 ng/mL respectively. TRU-016
treatment resulted in 16% Granta-519 cell lysis observed and an EC50 value
of 0.83 ng/mL. Example 13 Epitope mapping [0327]The localization of amino
acid requirements for the epitopes of different CD37 antibodies can help
tie common or unique functional characteristics to specific molecular
interactions. The extracellular domain of CD37 contains two extracellular
loops, a small loop of about 18 residues, and a larger one consisting of
approximately 135 amino acids. Epitope requirements have not been described
for previously published CD37 antibodies. To further characterize the
isolated CD37 antibodies of this invention, we constructed several CD37
antigen variants with AA substitution in the larger extracellular loop.
CD37 variant cloning and expression [0328]Mammalian expression plasmids
were built containing either the entire human or macaca CD37 cDNA
sequences, codon optimized and synthesized by Blue Heron Biotechnologies,
and flanked by XbaI and BamHI restriction sites to facilitate cloning into
the pSRa vector multiple cloning site. Since the human and macaca CD37
sequences are highly homologous (Figure 16), the expression of these
constructs could distinguish the human and macaca cross reactive antibodies
from those that recognize epitopes requiring at least one of the 11
extracellular CD37 amino acid differences between in these two species as
described in Example 8. [0329]To further characterize the CD37 antibody
epitopes, a series of murine and human chimeric CD37 constructs were built.
Because of the size and high homology of the small CD37 extracellular loop,
epitope localization efforts were limited to the large extracellular loop.
An EcoRV to Pstl cassette encoding residues 1108 to Q235 of the large
extracellular loop was redesigned to be further segmented into 5 sections
by incorporating 4 unique restriction sites that could be conserved between
the human, murine, and macaca CD37 sequences (Figure 17). The following
human and mouse chimeric CD37 constructs were created: [0330]hCD37-M1
MSAQESCLSLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVLAISGIFTM
GIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRVRLERRVQELVLRTIQSYRTNPDE
TAAEESWDYVQFQLRCCGWHYPQDWFQVLILRGNGSEAHRVPCSCYNLSATNDSTILDKVILPQ
LSRLGHLARSRHSADICAVPAESHIYREGCAQGLQKWLHNNLISIVGICLGVGLLELGFMTLSIFL
CRNLDHVYNRLARYR (SEQ ID NO:180)  WO 2011/112978PCT/US2011/028172 - 91 -
[0331]hCD37-M2
MSAQESCLSLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVLAISGIFTM
GIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILI STQRAQLERS LRDVVEKTIQKYGTNPEE
TAAEESWDYAQFQLRCCGWQ SPRDWNKAQ MLKANE SEEPRVPC S CYNL SATND S TILDKVILP Q
LSRLGHLARSRHSADICAVPAESHIYREGCAQGLQKWLHNNLISIVGICLGVGLLELGFMTLSIFL
CRNLDHVYNRLARYR (SEQ ID NO:181) [0332]hCD37-M3 



MSAQESCLSLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVLAISGIFTM
GIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILI STQRAQLERS LRDVVEKTIQKYGTNPEE
TAAEESWDYVQFQLRCCGWHYPQDWFQVLILRGNGSEAHRVPCSCYNSTATNDSTVFDKLFFS
QLSRLGHLARSRHSADICAVPAESHIYREGCAQGLQKWLHNNLISIVGICLGVGLLELGFMTLSIF
LCRNLDHVYNRLARYR (SEQ ID NO:182) [0333]hCD37-M45
MSAQESCLSLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVLAISGIFTM
GIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILI STQRAQLERS LRDVVEKTIQKYGTNPEE
TAAEESWDYVQFQLRCCGWHYPQDWFQVLILRGNGSEAHRVPCSCYNLSATNDSTILDKVILPQ
LSRLGPRAKLRQTADICALPAKAHIYREGCAQ SLQKWLHNNLISIVGICLGVGLLELGFMTLSIFL
CRNLDHVYNRLARYR (SEQ ID NO:183) [0334]muCD37-R176 I S TQ RVRLERRVQELVLRTIQ
SYRTNPDETAAEESWDYAQFQLRCCGWQ SPRDWNKAQMLKAN E SEEPRVP CS CYNS TATND
STVFDKLFF SQL SRLGPRAKLRQTADICALPAKAHIYREGCAQ SLQ (SEQ ID NO:184). [0335]In
order to preserve one such restriction site, Kpnl, the human R176 was
included in all of the murine/human chimeric constructs. The murine and
human CD37 cassettes were ordered from Blue Heron and cloned into the pSRa
vector together with a 5 end fragment of the original human CD37 construct
generated by PCR to incorporate the EcoRV site and the 3' end Pstl to Xbal
restriction fragment taken from the original macaca CD37 construct. The
murine and human chimeric CD37 cassettes were then built using standard
restriction digests and ligations taking advantage of the common unique
restriction sites. [0336]The hCD37-M1 variant was created by inserting a
EcoRV-SacII restriction fragment encoding the AA S109 to A138 of the
analogous murine CD37 sequence. Likewise the hCD37-M3 variant was created
by inserting a KpnI-B1p1 restriction fragment encoding the AA V177 to L201
of the analogous murine CD37 sequence. The hCD37-M45 variant was created by
inserting a Blp 1 -PstI restriction fragment encoding the AA S202 to 1243
of the analogous murine CD37 sequence. The resulting clones were verified
by restriction enzyme digestion followed by DNA sequencing.  WO
2011/112978PCT/US2011/028172 - 92 - [0337]Stable cell lines were obtained
by transfection of the murine and human chimeric CD37 variant expression
plasmids into 300-19 cells using standard electroporation procedures.
Briefly, 5 x 106 300-19 cells were electroporated in cold RPMI-1640 media
using a BioRad Gene Pulser set at 260V and 960 [LF. Subsequently, cells
were diluted and plated into 96-well plates in RPMI-1640 media supplemented
with 10% FBS and 50 [EM P-mercaptoethanol. After 24 hours G418 (Invitrogen)
was added at a final concentration of 2 mg/mL to select for transfected
cells. After 2 weeks, single colonies were isolated, analyzed for CD37
surface expression by flow cytometry and expanded. Antibody binding to CD37
variants [0338]Binding of various CD37 antibodies to cells expressing human
CD37 wildtype and variants was analyzed by flow cytometry using 1.5 [tg/mL
of each antibody. The isolated antibodies of this invention were compared
to commercially available CD37 antibody WR17, as well as the TRU-016 SMIP.
As can be seen in Figure 18A, all antibodies bound to wild type CD37
expressing cells. Likewise, all antibodies tested bound the hCD37-M3
variant (Figure 18B). In contrast, the isolated antibodies of this
invention bound the hCD37-M1 variant, while TRU-016 and WR17 were unable to
bind hCD37-M1 variant (Figure 19A). The CD37-50 and CD37-51 antibodies and
TRU-016 were also able to bind the hCD37-M45 variant. WR17 showed partial
binding to the hCD37-M45 variant, while the other antibodies CD37-3,
CD37-12, CD37-38, CD37-56 and CD37-57 were unable to bind (Figure 19B).
This suggests that all of the isolated antibodies of this invention do not
require the 12 AA residues in the hCD37-M1 variant that were changed to the
corresponding murine AA residues for binding to the CD37 antigen. In
contrast, the CD37-3, CD37-12, CD37-38, CD37-56 and CD37-57 antibodies
require at least one of the 10 AA residues in the hCD37-M45 variant that
were changed to the corresponding murine AA residues for binding to the
CD37 antigen. [0339]This unexpected result indicates that the isolated
antibodies of this invention represent a novel class of CD37 antibodies
with a unique combination of functional characteristics. 



[0340]In addition, similar constructs are built following the same design.
The constructs contain various combinations of murine, human and/or macaca
sequences encoding the large extracellular loop of CD37 (see Figure 17).
Examples of constructs with a single human section inserted into the murine
large extracellular loop sequence are: [0341]hCD37mECD-H1:
MSAQESCLSLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVLAISGIFTM
GIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRAQLERSLRDVVEKTIQKYGTNPEE
TAAEESWDYAQFQLRCCGWQ SPRDWNKAQMLKANESEEPRVPCSCYNSTATNDSTVFDKLFFS
QLSRLGPRAKLRQTADICALPAKAHIYREGCAQSLQKWLHNNLISIVGICLGVGLLELGFMTLSIF
LCRNLDHVYNRLARY (SEQ ID NO: 185)  WO 2011/112978PCT/US2011/028172 - 93 -
[0342]hCD37mECD-H2: MSAQES CL
SLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVLAISGIFTM
GIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRVRLERRVQELVLRTIQ SYRTNPDE TAAEE
SWDYVQFQLRCC GWHYP QDWF QVLILRGNG S EAHRVP C S CYN STATND STVFDKLFFS QL
SRLGPRAKLRQTADICALPAKAHIYREGCAQ SLQKWLHNNLISIVGICLGVGLLELGFMTL S IF
LCRNLDHVYNRLARYR (SEQ ID NO: 186) [0343]hCD37mECD-H3: MSAQES CL
SLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVLAISGIFTM
GIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRVRLERRVQELVLRTIQ SYRTNPDE
TAAEESWDYAQFQLRCCGWQ SPRDWNKAQMLKANESEEPRVPC SCYNLSATND STILDKVILPQ L
SRLGPRAKLRQTADICALPAKAHIYREGCAQ SLQKWLHNNLISIVGICLGVGLLELGFMTL SIFL
CRNLDHVYNRLARYR (SEQ ID NO: 187) [0344]hCD37mECD-H4: MSAQES CL
SLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVLAISGIFTM
GIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRVRLERRVQELVLRTIQ SYRTNPDE
TAAEESWDYAQFQLRCCGWQ SPRDWNKAQMLKANESEEPRVPC SCYNSTATND STVFDKLFFS QL
SRLGHLARSRHSADICALPAKAHIYREGCAQ SLQKWLHNNLISIVGICLGVGLLELGFMTL S IF
LCRNLDHVYNRLARYR (SEQ ID NO: 188) [0345]hCD37mECD-H5 MSAQES CL
SLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVLAISGIFTM
GIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRVRLERRVQELVLRTIQ SYRTNPDE
TAAEESWDYAQFQLRCCGWQ SPRDWNKAQMLKANESEEPRVPC SCYNSTATND STVFDKLFFS QL
SRLGPRAKLRQ TADICAVPAESHIYREGCAQGLQKWLHNNLISIVGICLGVGLLELGFMTL S IF
LCRNLDHVYNRLARYR (SEQ ID NO: 189) [0346]and hCD37mECD-H45 MSAQES CL
SLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVLAISGIFTM
GIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRVRLERRVQELVLRTIQ SYRTNPDE
TAAEESWDYAQFQLRCCGWQ SPRDWNKAQMLKANESEEPRVPC SCYNSTATND STVFDKLFFS QL
SRLGHLARSRHSADICAVPAESHIYREGCAQGLQKWLHNNLI SIVGICLGVGLLELGFMTL SIF
LCRNLDHVYNRLARYR (SEQ ID NO: 190). [0347]Further examples are constructs
with a single macaca section inserted into the human large extracellular
loop sequence such as: 



[0348]hCD37-Mac 12 : MSAQES CL
SLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVLAISGIFTM
GIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRAQLERSLQDIVEKTIQRYHTNPEE  WO
2011/112978PCT/US2011/028172 - 94 -
TAAEESWDYVQFQLRCCGWHSPQDWFQVLTLRGNGSEAHRVPCSCYNLSATNDSTILDKVILPQ
LSRLGHLARSRHSADICAVPAESHIYREGCAQGLQKWLHNNLISIVGICLGVGLLELGFMTLSIFL
CRNLDHVYNRLARYR (SEQ ID NO: 191) [0349]hCD37-Mac4:
MSAQESCLSLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVLAISGIFTM
GIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILI STQRAQLERS LRDVVEKTIQKYGTNPEE
TAAEESWDYVQFQLRCCGWHYPQDWFQVLILRGNGSEAHRVPCSCYNLSATNDSTILDKVILPQ
LSRLGQLARSRHSTDICAVPAESHIYREGCAQGLQKWLHNNLISIVGICLGVGLLELGFMTLSIFLC
RNLDHVYNRLARYR (SEQ ID NO: 192) [0350]hCD37-Mac5:
MSAQESCLSLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVLAISGIFTM
GIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILI STQRAQLERS LRDVVEKTIQKYGTNPEE
TAAEESWDYVQFQLRCCGWHYPQDWFQVLILRGNGSEAHRVPCSCYNLSATNDSTILDKVILPQ
LSRLGHLARSRHSADICAVPANSHIYREGCARSLQKWLHNNLISIVGICLGVGLLELGFMTLSIFLC
RNLDHVYNRLARYR (SEQ ID NO: 193) [0351]and hCD37-Mac45:
MSAQESCLSLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVLAISGIFTM
GIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILI STQRAQLERS LRDVVEKTIQKYGTNPEE
TAAEESWDYVQFQLRCCGWHYPQDWFQVLILRGNGSEAHRVPCSCYNLSATNDSTILDKVILPQ
LSRLGQLARSRHSTDICAVPANSHIYREGCARSLQKWLHNNLISIVGICLGVGLLELGFMTLSIFLC
RNLDHVYNRLARY (SEQ ID NO: 194). Furthermore, single point mutations are
generated in the human large extracellular loop sequence to identify
residues important for antibody binding [0352]Binding of CD37 binding
agents to cells expressing SEQ ID NOs: 185-194 is analyzed by flow
cytometry as described above. Example 14 Preparation of huCD37-3-SPP-DM1
[0353]The N-succinimidyl 4-(2-pyridyldithio)pentanoate (SPP) linker was
dissolved in ethanol. The huCD37-3 antibody was incubated at 5 mg/mL with a
7 fold molar excess of SPP linker for approximately 100 minutes at room
temperature in 50 mM potassium phosphate buffer (pH 6.5) containing 50 mM
NaC1, 2 mM EDTA, and 5% ethanol. The reaction mixture was purified using a
SEPHADEXTM G25F column equilibrated with the aforementioned potassium
phosphate buffer. Antibody containing fractions were pooled and used for
subsequent steps. 



WO 2011/112978PCT/US2011/028172 - 95 - [0354]The maytansinoid DM1 was
dissolved in dimethylacetamide (DMA, final concentration is 3%) and a 1.7
fold molar excess relative to the linker was added drop wise to the SPP
modified antibody. After overnight incubation at room temperature, the
conjugated antibody was purified by chromatography on SEPHADEXTM G25F
equilibrated in phosphate buffered saline (PBS), pH 6.5. The
huCD37-3-SPPDM1 conjugate was then dialyzed into buffer containing 10 mM
histidine, 250 mM glycine, 1% sucrose pH 5.5. The number of DM1 molecules
linked per antibody molecule was determined using the previously reported
extinction coefficients for antibody and DM1 (Liu et al., Proc. Nad Acad.
Sci. USA, 93, 8618-8623 (1996)). The percentage of free maytansinoid
present after the conjugation reaction was determined by injecting 20-50
[tg conjugate onto a HiSep column equilibrated in 25% acetonitrile in 100
mM ammonium acetate buffer, pH 7.0, and eluting in acetonitrile. The peak
area of total free maytansinoid species (eluted in the gradient and
identified by comparison of elution time with known standards) was measured
using an absorbance detector set to a wavelength of 252 nm and compared
with the peak area related to bound maytansinoid (eluted in the conjugate
peak in the column flow-through fractions) to calculate the percentage of
total free maytansinoid species. Conjugates with 3.5-4 DM1 molecules per
huCD37-3 antibody were obtained with <1% present as unconjugated
maytansinoid. Preparation of huCD37-3-SMCC-DM1  [0355]The (Succinimidyl
4-(N-maleimidomethyl)cyclohexane-1-carboxylate (SMCC, Pierce Biotechnology,
Inc) linker was dissolved in DMA. The huCD37-3 antibody was modified with
SMCC to introduce maleimides into the antibody by incubating the antibody
at 5 mg/mL in 50 mM potassium phosphate, 50 mM NaC1, 2 mM EDTA, pH 6.5 with
a 10 molar excess of SMCC. After approximately 100 minutes at ambient
temperature, the reaction mixture was purified using a SEPHADEXTM G25
column equilibrated with the same potassium phosphate buffer. Antibody
containing fractions were pooled and used for subsequent steps. [0356]The
SMCC-modified antibody was reacted with a 10 mM solution of DM1 at a 1.7
molar excess relative to the maleimide linker. The reaction was stirred at
ambient temperature under for approximately 18 hours. The conjugation
reaction mixture was filtered through a SEPHADEXTM G25 gel filtration
column equilibrated with 1xPBS at pH 6.5. The huCD37-3-SMCC-DM1 conjugate
was then dialyzed into buffer containing 10 mM histidine, 250 mM glycine,
1% sucrose pH 5.5. The number of DM1 molecules linked per antibody molecule
and the percentage of total free maytansinoid species were determined as
described above. Conjugates with 3.5-4 DM1 molecules per huCD37-3 antibody
were obtained with <1% present as unconjugated maytansinoid. Preparation of
huCD37-3-sulfo-mal-DM4  WO 2011/112978PCT/US2011/028172 - 96 -
dimethylacetamide (DMA) at concentrations of 30-60 mM. The linker and DM4
were mixed together in DMA containing up to 40 % v/v of 200 mM succinate
buffer, 2 mM EDTA, pH 5.0 to give a ratio of DM4 to linker of 1.6 and a
final concentration of DM4 equal to 15 mM. After mixing, the reaction was
left for 2 h added to a mixture of huCD37-3 antibody in phosphate buffer
(pH 7.5) under final conjugation conditions of 4 mg/ml Ab, 90% phosphate
buffer/10% DMA, pH 7.5. The conjugation reaction was allowed to proceed at
ambient temperature for 2 h. The huCD37-3-sulfo-mal-DM4 conjugate was
purified from excess unreacted DM4 and unconjugated linker products
dialysis in PBS, followed by a final dialysis into buffer containing 10 mM
histidine, 250 mM glycine, 1% sucrose pH 5.5. The conjugate was filtered
through a 0.22 [Lin filter for final storage. The number of DM4 molecules
per huCD37-3 antibody molecule (average) in the final conjugate the
percentage of total free maytansinoid species were determined as described
above. Conjugates with 3.5-4 DM4 molecules per huCD37-3 antibody were
obtained with <1% present as unconjugated maytansinoid. Preparation of
huCD37-3-PEG4-mal-DM1  [0358]The N-hydroxysuccinimidy1-(polyethylene
glycol)4-(N-maleimidomethyl)-DM1 (NHS- PEG4-mal-DM1) reagent was dissolved
in DMA. The huCD37-3 antibody was incubated at 5 mg/mL in 50 mM potassium
phosphate, 150 mM NaC1, 2 mM EDTA, pH 7.5 with a 7 fold molar excess of
NHSPEG4-mal-DM1 (10% DMA total). After approximately 2 hours at ambient
temperature, the reaction mixture was purified using a SEPHADEXTM G25
column equilibrated in lx PBS, pH 7.4. Antibody containing fractions were
pooled and dialyzed into buffer containing 10 mM histidine, 250 mM glycine,
1% sucrose, pH 5.5. The number of DM1 molecules linked per antibody and the
percentage of total free maytansinoid species were determined as described
above. Conjugates with 3.5-4 DM4 molecules per huCD37-3 antibody were
obtained with <1% present as unconjugated maytansinoid.
Example 15 Binding affinity of maytansinoid conjugates 



[0359]Binding affinity of the exemplary huCD37-3 after conjugation to
SMCC-DM1, SPP-DM1 or sulfo-mal-DM4 was assayed by flow cytometry as
described in the above example. The value for the apparent dissociation
constants (Kd) were calculated from the binding curves shown in Figure 20A
and correspond to 0.26 nM for huCD37-3, 0.46 for huCD37-3-SMCC-DM1, 0.56 nM
for huCD37-3-SPPDM1, and 0.89 nM for huCD37-3-sulfo-mal-DM4 conjugates.
This result demonstrates that SMCC-DM1, SPP-DM1 or sulfo-mal-DM4
conjugation does not notably alter the affinity of the exemplary huCD37-3
antibody. [0360]Binding affinity of huCD37-38 after conjugation to SMCC-DM1
was assayed by flow cytometry as described in the above example. The value
for the apparent dissociation constants (Kd) were  WO
2011/112978PCT/US2011/028172 - 97 - calculated from the binding curves
shown in Figure 20B and correspond to 1.04 nM for huCD37-38 and 1.2 nM for
huCD37-38-SMCC-DM1 conjugates. This result demonstrates that SMCC-DM1
conjugation does not notably alter the affinity of the huCD38 antibody.
Likewise, binding affinity of huCD37-50, huCD37-51, huCD37-56 and huCD37-57
after conjugation to SMCC-DM1 was assayed by flow cytometry. The value for
the apparent dissociation constants (Kd) were calculated from binding
curves and correspond to 0.43 nM for huCD37-50, 0.70 nM for
huCD37-50-SMCC-DM1, 2.0 nM for huCD37- 51, 1.6 nM for huCD37-51-SMCC-DM1,
0.3 nM for huCD37-56, 0.34 nM for huCD37-56-SMCC-DM1, 0.30 for huCD37-57
and 0.34 for huCD37-57-SMCC-DM1. This result demonstrates that SMCC-DM1
conjugation also does not notably alter the affinity of the huCD37-50,
huCD37-51, huCD37-56 or huCD37-57 antibodies. Binding affinity of
PEG4-mal-DM1 conjugates [0361]Binding affinity of the exemplary huCD37-3
and huCD37-50 antibodies after conjugation to PEG4-mal-DM1 was assayed by
flow cytometry as described in the above example. The value for the
apparent dissociation constants (Kd) were calculated from binding curves
and correspond to 0.28 nM for huCD37-3, 0.35 nM for huCD37-3-PEG4-mal-DM1,
0.68 nM for huCD37-50 and 1.1 nM for huCD37- 50-PEG4-mal-DM1 conjugates.
This result demonstrates that PEG4-mal-DM1 conjugation does not notably
alter the affinity of the exemplary huCD37-3 or huCD50 antibodies.
Pro-apoptotic activity of huCD37-3-SMCC-DM1 conjugates [0362]Pro-apoptotic
activity of huCD37-3 after conjugation to SMCC-DM1 was evaluated by
Annexin-V staining on Ramos cells as described above. Treatment with either
huCD37-3 antibody or huCD37-3-SMCC-DM1 conjugate resulted in approximately
40% Annexin-V positive Ramos cells with an EC50 value of approximately 0.09
nM (Figure 21A). Ramos cells treated with a non-binding control antibody or
a non-binding SMCC-DM1 control conjugate contained only up to 4% Annexin-V
positive cells. In comparison, treatment with the anti-CD20 antibody
rituximab resulted in only 16% Annexin-V positive cells with an EC50 value
of approximately 2 nM. In contrast, TRU-016 treatment did not increase the
percentage of Annexin-V positive Ramos cells. This demonstrates that the
strong proapoptotic activity of the human anti-CD37 antibody huCD37-3 is
retained after conjugation to SMCCDM1. CDC activity of huCD37-3-SMCC-DM1
conjugates [0363]CDC activity of huCD37-3 after conjugation to SMCC-DM1 was
evaluated on Ramos cells in the presence of 5% human complement. Treatment
with huCD37-3 or huCD37-3-SMCC-DM1 resulted in a reduction in cell
viability to 53% and 73%, respectively (Figure 21B). Therefore, the CDC
activity of the exemplary huCD37-3 antibody is maintained after
maytansinoid conjugation.  WO 2011/112978PCT/US2011/028172 



- 98 - ADCC activity of conjugates [0364]ADCC activity of huCD37-3 after
conjugation to SMCC-DM1 or PEG4-mal-DM1 was evaluated on Daudi and Ramos
cells in the presence of human NK effector cells by LDH release assay as
described above. As can be seen in Figure 22A, huCD37-3-SMCC-DM1 or
huCD37-3-PEG4-mal-DM1 conjugates have similar ADCC activity as the
unconjugated huCD37-3 antibody on Daudi cells. Treatment with huCD37-3,
huCD37-3 SMCC-DM1 or huCD37-3-PEG4-mal-DM1 resulted in approximately 41%,
39% or 36% Daudi cell lysis with an EC50 value of 0.42 ng/mL, 1.13 ng/mL,
or 0.91 ng/mL, respectively. Similar results were obtained using Ramos
cells as target cells. As before, huCD37- 3-SMCC-DM1 or
huCD37-3-PEG4-mal-DM1 conjugates have comparable ADCC activity to the
unconjugated huCD37-3 antibody on Ramos cells (Figure 22B). Treatment with
huCD37-3, huCD37-3 SMCC-DM1 or huCD37-3-PEG4-mal-DM1 resulted in
approximately 43%, 41% or 42% Ramos cell lysis with an EC50 value of 0.95
ng/mL, 1.33 ng/mL, or 1.57 ng/mL, respectively. Therefore, the potent ADCC
activity of the exemplary huCD37-3 antibody is maintained after
maytansinoid conjugation. Induction of cell cycle arrest by
huCD37-3-SMCC-DM1  103651The potential of anti-CD37 antibodies and
conjugates to induce cell cycle arrest in cell lines was evaluated by
propridium iodide (PI) staining followed by flow cytometry analysis.
Exponentially growing cells were harvested by centrifugation at 1,300 rpm
for 5 minutes at RT and resuspended at 0.5 x 106 cells/mL in complete RPMI
media. Cells were transferred at 1 mL per well to a 24-well plate (Falcon
3077) to equal 0.5 x 106 cells/assay. The test compounds were added to each
well in a final concentration of 10 nM. Complete RPMI media was added to
untreated control wells. Cells were incubated overnight for 16 to 20 hrs at
37C in a humidified 5% CO2 incubator. The next day, cells were harvested by
transferring into 5 mL polystyrene tubes, washed once with 3 mL PBS, and
fixed in 1 mL 70% ethanol for 30 minutes on ice. The samples were then
washed again with 3 mL PBS once and resuspended in 0.5 mL PBS. RNase was
added to the sample at 5 [tL/mL and incubated at 37C for 30 minutes. The
samples were then stained with propidium iodide at a final concentration of
50 [tg/mL. Samples were acquired within 24 hours of PI staining Samples
were run on a FACS Calibur (BD Biosciences, San Diego). The FL2-A parameter
was set to linear scale and the FL2 PTM was adjusted to position the G1
peak around 200. Samples were acquired at a low flow rate and 10,000 events
were collected per sample. Distribution of cells in the different phases of
the cell cycle was determined using ModFit software (Version 5.11, Verity
Software House Inc., USA). This program utilizes peak fitting techniques to
automatically model the PI data and provides the desired quantitative data.
The data was analyzed with standard program settings. [0366]The effect of
huCD37-3 and huCD37-3-SMCC-DM1 on cell cycle arrest of BJAB and RL lymphoma
cells was evaluated after a 16-20 hour incubation with either compound at a
10 nM  WO 2011/112978PCT/US2011/028172 - 99 - concentration followed by
propridium iodide (PI) staining and flow cytometry analysis. Incubation
with huCD37-3-SMCC-DM1 resulted in an increase in the percentage of cells
in G2/M phase from 13% for untreated BJAB lymphoma cells to 95% for
huCD37-3-SMCC-DM1 treated cells (Figure 23A). Similarly, incubation with
huCD37-3-SMCC-DM1 resulted in an increase in the percentage of cells in
G2/M phase from 12% for untreated RL lymphoma cells to 33% for
huCD37-3-SMCC-DM1 treated cells (Figure 23B). In contrast, the huCD37-3
antibody had no effect on the cell cycles of either BJAB or RL cells. In
addition, a non-binding SMCC-DM1 conjugate tested at the same concentration
also had no effect on the cell cycle of either cell type. This demonstrated
that maytansinoid conjugates made with isolated anti-CD37 antibodies caused
specific cell cycle arrest of CD37-positive lymphoma cell lines. Example 16
In vitro cytotoxicity assays [0367]The ability of antiCD37
antibody-conjugates to inhibit cell growth was measured using in vitro
cytotoxicity assays as described in Example 10 for antibodies. Briefly,
target cells were plated at 5,000 cells per well in 100 [iL in complete
RPMI media (RPMI-1640, 10% fetal bovine serum, 2 mM glutamine, 1%
penicillin-streptomycin, all reagents from Invitrogen). Conjugates were
diluted into complete RPMI media using 3-fold dilution series and 100 [iL
were added per well. The final concentration typically ranged from 3 x 10-8
M to 4.6 x 10-12 M. Cells were incubated at 37C in a humidified 5% CO2
incubator for 4 to 5 days. Viability of remaining cells was determined by
colorimetric WST-8 assay as described for antibody assays and the
absorbance at 450 nm (A450) was measured in a multiwell plate reader
(Dojindo Molecular Technologies, Inc., Rockville, MD, US). The percent
viability was calculated by dividing each treated sample value by the
average value of wells with untreated cells. The percent viability value
was plotted against the antibody-conjugate concentration in a semi-log plot
for each treatment. In vitro cytotoxicitv of SMCC-DM1 conjugates of various
antibodies [0368]The in vitro cytotoxicity of SMCC-DM1 conjugates made with
various anti-CD37 antibodies 



was compared to the activity of a non-specific huIgG-SMCC-DM1 conjugate.
The results from a typical cytotoxicity assay are shown in Figure 24A for
Daudi cells incubated with huCD37-3-SMCC-DM1, huCD37-38-SMCC-DM1,
huCD37-50-SMCC-DM1, huCD37-51-SMCC-DM1, huCD37-56- SMCCDM1,
huCD37-57-SMCC-DM1, or a non-binding huIgGl-SMCC-DM1 control conjugate. All
specific conjugates resulted in specific cell killing as compared to the
control conjugate and reduced the cell viability completely at the highest
concentration tested. The EC50 values correspond to 0.067 nM, 0.098 nM,
0.13 nM, 0.20 nM, 0.31 nM and 0.35 nM for SMCC-DM1 conjugates of huCD37-3,
huCD37-38,  WO 2011/112978PCT/US2011/028172 - 100 - huCD37-50, huCD37-51,
huCD37-56 and huCD37-57, respectively. In contrast, SMCC-DM1 conjugates of
a non-binding isotype control antibody resulted in cell killing with an
EC50 value of only 20 nM. [0369]Likewise, Figure 24B shows the results of a
typical cytotoxicity assay using Granta-519 cells incubated with
huCD37-3-SMCC-DM1, huCD37-38-SMCC-DM1, huCD37-50-SMCC-DM1, huCD37-
51-SMCC-DM1, or a non-binding huIgGl-SMCC-DM1 control conjugate for 5 days.
Treatment with all specific SMCC-DM1 completely reduced viability at the
highest concentration tested with an EC50 of 0.047 nM, 0.074 nM, 0.12 nM
and 0.25 nM for SMCC-DM1 conjugates of huCD37-3, huCD37-38, huCD37-50, and
huCD37-51, respectively. In contrast, SMCC-DM1 conjugates of a non-binding
isotype control antibody resulted in cell killing with an EC50 value of
only 20 nM. In vitro cytotoxicity of huCD37-3-SMCC-DM1, -SPP-DM1 and
sulfo-mal-DM4 conjugates [0370]The in vitro cytotoxicity of
huCD37-3-SMCC-DM1, -SPP-DM1 and sulfo-mal-DM4 conjugates against Daudi,
Granta-519 and BJAB cells was compared to the activity of a non-specific
huIgG-MCC-DM1 conjugate. All conjugates tested reduced viability of Daudi
cells completely at the highest concentration tested with an EC50 value of
0.065 nM, 0.12 nM and 0.14 nM for huCD37-3- SMCC-DM1, huCD37-3-SPP-DM1 and
huCD37-3-sulfo-mal-DM4, respectively. In contrast, the nonspecific
huIgG-SMCC-DM1 conjugate had an EC50 of 19 nM. Likewise, all conjugates
tested reduced viability of Granta-519 cells completely at the highest
concentration tested with an EC50 value of 0.047 nM, 0.13 nM and 0.088 nM
for huCD37-3-SMCC-DM1, huCD37-3-SPP-DM1 and huCD37-3-sulfo-malDM4,
respectively. In contrast, the non-specific huIgG-SMCC-DM1 conjugate had an
EC50 of 19 nM. Finally, all conjugates tested reduced viability of BJAB
cells completely at the highest concentration tested with an EC50 value of
0.041 nM, 0.11 nM and 0.11 nM for huCD37-3-SMCC-DM1, huCD37-3- SPP-DM1 and
huCD37-3-sulfo-mal-DM4, respectively. In contrast, the non-specific
huIgG-SMCC-DM1 conjugate had an EC50 of 16 nM. In vitro cytotoxicity of
huCD37-3-SMCC-DM1 and huCD37-3-PEG4-mal-DM1 conjugates [0371]The in vitro
cytotoxicity of huCD37-3-SMCC-DM1 and huCD37-3-PEG4-mal-DM1 conjugates
against a panel of lymphoma cell lines was compared to the activity of a
non-specific huIgGSMCC-DM1 conjugate. Treatment with huCD37-3 conjugates
completely reduced Daudi cell viability at the highest concentration tested
with an EC50 of 0.036 nM or 0.018 nM for huCD37-3-SMCC-DM1 or
huCD37-3-PEG4-mal-DM1 conjugates, respectively. In contrast, the
non-binding isotype control conjugates reduced viability with an EC50 of 16
nM or greater than 30 nM for huIgG-SMCC-DM1 or huIgG-PEG4-mal-DM1,
respectively. Likewise, treatment with huCD37-3 conjugates completely
reduced Granta-519 cell viability at the highest concentration tested with
an EC50 of 0.014 nM or 0.012 nM for huCD37-3-SMCC-DM1 or
huCD37-3-PEG4-mal-DM1 conjugates, respectively. In contrast, the non-  WO
2011/112978PCT/US2011/028172 - 101 - binding isotype control conjugates
reduced viability with an EC50 of 6.5 nM or greater than 12 nM for
huIgG-SMCC-DM1 or huIgG-PEG4-mal-DM1, respectively. [0372]The in vitro
cytotoxicity of huCD37-3-SMCC-DM1 and huCD37-3-PEG4-mal-DM1 



conjugates against a panel of lymphoma cell lines was compared to the
activity of a non-specific huIgGSMCC-DM1 conjugate. Treatment with huCD37-3
conjugates completely reduced BJAB cell viability at the highest
concentration tested with an EC50 of 0.019 nM or 0.010 nM for
huCD37-3-SMCC-DM1 or huCD37-3-PEG4-mal-DM1 conjugates, respectively. In
contrast, the non-binding isotype control conjugates reduced viability with
an EC50 of 13 nM or 17 nM for huIgG-SMCC-DM1 or huIgG-PEG4- mal-DM1,
respectively. Likewise, treatment with huCD37-3 conjugates completely
reduced SU-DHL-4 cell viability at the highest concentration tested with an
EC50 of 0.031 nM or 0.024 nM for huCD37-3- SMCC-DM1 or
huCD37-3-PEG4-mal-DM1 conjugates, respectively. In contrast, the
non-binding isotype control conjugates reduced viability with an EC50 of
greater than 30 nM for both huIgG-SMCC-DM1 or huIgG-PEG4-mal-DM1. The
huCD37-3-SMCC-DM1 conjugate also showed potency against the FL cell line
DOHH-2 as well as CLL cell lines such as JVM-2 and JVM-3 (Figure 32B).
[0373]Treatment with huCD37-3 conjugates completely reduced Raji cell
viability at the highest concentration tested with an EC50 of 0.071 nM or
0.045 nM for huCD37-3-SMCC-DM1 or huCD37-3- PEG4-mal-DM1 conjugates,
respectively. In contrast, the non-binding isotype control conjugates
reduced viability with an EC50 of 24 nM or 47 nM for huIgG-SMCC-DM1 or
huIgG-PEG4-mal-DM1, respectively. Next, the same conjugates were tested in
a vincristine-resistant Raji clone termed Raji-VCR. As seen for the
parental Raji cell, both conjugates showed specific cell killing. Treatment
with huCD37-3 conjugates completely reduced Raji-VCR cell viability at the
highest concentration tested with an EC50 of 0.11 nM or 0.037 nM for
huCD37-3-SMCC-DM1 or huCD37-3-PEG4-mal-DM1 conjugates, respectively. In
contrast, the non-binding isotype control conjugates reduced viability with
an EC50 of 46 nM or 100 nM for huIgG-SMCC-DM1 or huIgG-PEG4-mal-DM1,
respectively. [0374]Treatment with huCD37-3 conjugates completely reduced
Namalwa cell viability at the highest concentration tested with an EC50 of
0.033 nM or 0.024 nM for huCD37-3-SMCC-DM1 or huCD37-3-PEG4-mal-DM1
conjugates, respectively. In contrast, the non-binding isotype control
conjugates reduced viability with an EC50 of 20 nM or greater than 30 nM
for huIgG-SMCC-DM1 or huIgG-PEG4-mal-DM1, respectively. Likewise, treatment
with huCD37-3 conjugates completely reduced Ramos cell viability at the
highest concentration tested with an EC50 of 0.16 nM or 0.069 nM for
huCD37-3-SMCC-DM1 or huCD37-3-PEG4-mal-DM1 conjugates, respectively. In
contrast, the nonbinding isotype control conjugates reduced viability with
an EC50 of 20 nM for huIgG-SMCC-DM1 and greater than 30 nM for
huIgG-PEG4-mal-DM1.  WO 2011/112978PCT/US2011/028172 - 102 - In vitro
cytotoxicity of huCD37-3-SMCC-DM1 on antigen negative Molt-4 cells [0375]To
further verify the specificity of huCD37-3-SMCC-DM1 cytotoxicity, its
activity was compared to a non-specific huIgG-MCC-DM1 conjugate against
non-CD37 expressing Molt-4 T-cell acute lymphoblastic leukemia cell line.
An increased concentration of both conjugates was used in this experiment
to capture the relatively poor non-specific cytotoxicity. HuCD37-3-SMCC-DM1
and the nonspecific conjugate showed the same cytotoxicity with an EC50 of
38 nM and 42 nM, respectively. Summary of in vitro cytotoxicitv of
anti-CD37 antibody maytansinoid conjugates [0376]Taken these cytotoxicity
results together, it is apparent that conjugates made with the isolated
anti-CD37 antibodies showed specific cytotoxicity against a panel of
CD37-positive lymphoma cell lines (Figure 32B). In each case tested a good
specificity window is observed for each CD37-expressing cell line,
suggesting that cytotoxicity is a result of specific anti-CD37 antibody
binding to target cells. In addition, huCD37-3-SMCC-DM1 and the
non-specific conjugate showed the same poor cytotoxicity against
antigen-negative Molt-4 cells. This demonstrates that the cytotoxicity
observed for this exemplary conjugate is dependent on CD37 expression. The
huCD37-3 antibody was also active against many cell lines including DOHH-2,
Granata-519, SU-DHL-4, JVM-2, and JVM-3. In contrast, the anti-CD37 SMIP
TRU-016 compound had no direct effect on survival of any of these cell
lines. The anti-CD20 antibody showed less direct activity than huCD37-3 in
most of these cell lines despite the often higher CD20 expression levels as
measured by quantitative flow cytometry (Figure 32A). Example 17 In vivo
efficacy of anti-CD37 antibodies and their SMCC-DM1 conjugates in a BJAB
xenograft model  [0377]Anti-CD37 antibodies and their SMCC-DM1 conjugates
were tested in an established xenograft model using BJAB lymphoma cells
implanted subcutaneous into SCID mice Animals were randomized by tumor
volume into treatment groups when tumors reached a mean tumor volume of
approximately 120 mm3 and treated once on day 12 post cell inoculation with
either 10 mg/kg of (A) huCD37-3 Ab, huCD37-3-SMCC-DM1, huCD37-50 Ab,
huCD37-50-SMCC-DM1 or (B) huCD37-38 Ab, huCD37-38-SMCC-DM1, huCD37-56 Ab,
huCD37-56-SMCC-DM1. The mean tumor volume of the different treatment groups
is plotted against time post tumor cell inoculation in Figure 25. It is
apparent that treatment with any of the antibodies resulted in a moderate
reduction in mean tumor volume, while treatment with any of the SMCC-DM1
conjugates resulted in a more significant reduction in mean tumor volume.
In addition, for each treatment a %T/C value was calculated which
corresponds to the median tumor volume of each treated group divided by the
median tumor volume of the vehicle treated group. A treatment with a % T/C
value of below 42% is considered active, while a treatment with a % T/C
value of  



WO 2011/112978PCT/US2011/028172 - 103 - below 12% is considered highly
active. Treatment with all SMCC-DM1 conjugates tested resulted in a
significant reduction in median tumor volume. The %T/C value on day 29 post
cell inoculation corresponded to 20%, 20%, 9% or 4% for huCD37-3-SMCC-DM1,
huCD37-50-SMCC-DM1, huCD37- 38-SMCC-DM1 or huCD37-56-SMCC-DM1,
respectively. In vivo efficacy of huCD37-3 antibody, sulfo-mal-DM4,
-SPP-DM1 and SMCC-DM1 conjugates in a BJAB xenograft model  [0378]In order
to evaluate the in vivo efficacy of additional maytansioid conjugates, the
sulfo-mal- DM4 and SPP-DM1 conjugates of the exemplary huCD37-3 antibody
were compared to SMCC-DM1 conjugates in a xenograft model using BJAB
lymphoma cells implanted intravenously into SCID mice.  [0379] Animals were
randomized by tumor volume into treatment groups when tumors reached a mean
tumor volume of approximately 120 mm3 and treated once on day 9 post cell
inoculation with either 10 mg/kg of huCD37-3 Ab, huCD37-3-SMCC-DM1,
huCD37-3-sulfo-mal-DM4 or 5 mg/kg of huCD37- 3-SPP-DM1. The mean tumor
volume of the different treatment groups is plotted against time post tumor
cell inoculation in Figure 26. It is apparent that treatment with any of
the conjugates resulted in a significant reduction in mean tumor volume.
The %T/C value was calculated as described above for each treatment using
the median tumor volume for each treatment group. The %T/C value on day 21
post cell inoculation corresponded to 49%, 5%, 7% or 4% for huCD37-3,
huCD37-3-SMCC-DM1, huCD37-3- sulfo-mal-DM4 or huCD37-3-SPP-DM1,
respectively. At the end of the study on day 121, huCD37-3- sulfo-mal-DM4
treatment resulted in 3 of 8 tumor-free survivors (TFS), while
huCD37-3-SPP-DM1 treatment resulted in 1 of 8 TFS. No TFS were observed in
the huCD37-3 antibody, huCD37-3-SMCCDM1 or PBS vehicle control groups. This
indicated that maytansinoid conjugates of the huCD37-3 antibody, such as
for example SMCC-DM1, sulfo-mal-DM4 or SPP-DM1 conjugates, were highly
active in the BJAB model. In vivo efficacy of huCD37-3 antibody,
sulfo-mal-DM4, -SPP-DM1 and SMCC-DM1 conjugates in a SU-DHL-4 xenograft
model  [0380]A second xenograft model using SU-DHL-4 diffuse large B-cell
lymphoma cells implanted subcutaneous into SCID mice was utilized to
evaluate the in vivo efficacy of the sulfo-mal-DM4 and SPPDM1 conjugates of
the exemplary huCD37-3 antibody as compared to SMCC-DM1 conjugates Animals
were randomized by body weight into treatment groups when tumors were
established and treated once on day 17 post cell inoculation with either 10
mg/kg of huCD37-3 Ab, huCD37-3-SMCC-DM1, huCD37-3- sulfo-mal-DM4 or 5 mg/kg
of huCD37-3-SPP-DM1. The median tumor volume of the different treatment
groups is plotted against time post tumor cell inoculation in Figure 27. It
is apparent that treatment with the huCD37-3 antibody resulted in a
reduction in median tumor volume, while treatment with any of the
conjugates resulted in a more significant reduction in median tumor volume.
The %T/C value was WO 2011/112978PCT/US2011/028172 - 104 - calculated as
described above for each treatment. The %T/C value on day 37 post cell
inoculation corresponded to 32%, 1%, 1% or 3% for huCD37-3,
huCD37-3-SMCC-DM1, huCD37-3-sulfo-mal-DM4 or huCD37-3-SPP-DM1,
respectively. At the end of the study on day 125, huCD37-3-SMCC-DM1 or
huCD37-3-sulfo-mal-DM4 treatment resulted in 8 of 10 tumor-free survivors
(TFS), while huCD37-3- SPP-DM1 treatment resulted in 9 of 10 TFS. No TFS
were observed in the huCD37-3 antibody or PBS vehicle control groups. This
indicated that the huCD37-3 antibody itself was active with a single 10
mg/kg dose in the SU-DHL-4 model. In addition, maytansinoid conjugates,
such as for example SMCCDM1, sulfo-mal-DM4 or SPP-DM1 conjugates, added
efficacy to the antibody and result in even greater potency in this model.
In vivo efficacy of huCD37-3 antibody, PEG4-mal-DM1 and SMCC-DM1 conjugates
in a BJAB  xenograft model  [0381]The huCD37-3 antibody and its
PEG4-mal-DM1 and SMCC-DM1 conjugates were tested in an established
xenograft model using BJAB lymphoma cells implanted subcutaneous into SCID
mice. Animals were randomized by tumor volume into treatment groups when
tumors reached a mean tumor volume of approximately 120 mm3 and treated
once on day 9 post cell inoculation with either 10 mg/kg of huCD37-3 Ab,
huCD37-3-SMCC-DM1 or huCD37-3-PEG4-mal-DM1. As seen in Figure 28, treatment
with either conjugate resulted in a significant reduction in mean tumor
volume. The %T/C value was calculated as described above for each treatment
using the median tumor volume for each treatment group. The %T/C value on
day 24 post cell inoculation corresponded to 48%, 16% or 5% for huCD37-3,
huCD37-3-SMCC-DM1 or huCD37-3-PEG4-mal-DM1, respectively. On day 74 post
cell inoculation, huCD37-3-SMCC-DM1 treatment resulted in 1 of 9 tumor-free
survivors (TFS), while huCD37- PEG4- mal-DM1 treatment resulted in 1 of 9
TFS. No TFS were observed in the huCD37-3 antibody or PBS vehicle control
groups. In addition, huCD37-3-SMCC-DM1 was also active at a single dose of
5 mg/kg in this model with a %T/C value on day 24 post cell innoculation of
34%. This indicated that maytansinoid conjugates of the huCD37-3 antibody,
such as for example SMCC-DM1 or PEG4-mal-DM1 conjugates, were highly active
in the BJAB model. In vivo efficacy of huCD37-3 antibody, PEG4-mal-DM1 and
SMCC-DM1 conjugates in a SUDHL-4 xenograft model  [0382]The huCD37-3
antibody and its PEG4-mal-DM1 and SMCC-DM1 conjugates were tested in an
established xenograft model using SU-DHL-4 diffuse large B-cell lymphoma
cells implanted subcutaneous into SCID mice Animals were randomized by body
weight into treatment groups and treated once on day 15 post cell
inoculation with either 10 mg/kg of huCD37-3 Ab, huCD37-3-SMCCDM1 or
huCD37-3-PEG4-mal-DM1. The mean tumor volume of the different treatment
groups is plotted against time post tumor cell inoculation Figure 29. It is
apparent that treatment with the huCD37-3  



WO 2011/112978PCT/US2011/028172 - 105 - antibody resulted in a reduction in
mean tumor volume, while treatment with either conjugate resulted in a more
significant reduction in mean tumor volume. The %T/C value was calculated
as described above for each treatment using the median tumor volume for
each treatment group. The %T/C value on day 38 post cell inoculation
corresponded to 34%, 4% or 2% for huCD37-3, huCD37-3-SMCC-DM1, or huCD37-3-
PEG4-mal-DM1, respectively. On day 74 post cell inoculation,
huCD37-3-SMCC-DM1 treatment resulted in 8 of 10 tumor-free survivors (TFS),
while huCD37-3- PEG4-mal-DM1 treatment resulted in 10 of 10 TFS. No TFS
were observed in the huCD37-3 antibody or PBS vehicle control groups. This
indicated that the huCD37-3 antibody itself was active with a single 10
mg/kg dose in the SU-DHL-4 model. In addition, maytansinoid conjugates,
such as for example SMCC-DM1 or PEG4-mal-DM1 conjugates, showed enhanced
efficacy as compared to the unconjugated antibody efficacy to the antibody
and resulted in even greater potency in this model. The huCD37-3-SMCC-DM1
conjugate also showed strong efficacy at single doses of 2.5 or 5 mg/kg in
this model with %T/C values on day 37 post cell innoculation of 18% and 6%,
respectively. In vivo efficacy of huCD37-3 antibody, huCD37-3-SMCC-DM1
conjugate, Rituximab antibody, and a regime of cyclophosphamide,
vincristine, and prednisone (CVP) in a DoHH2 xenograft model [0383]The
huCD37-3 antibody and its SMCC-DM1 conjugate were tested in an established
xenograft model using DoHH2 follicular lymphoma cells implanted
subcutaneously into SCID mice. Animals were randomized by tumor volume into
treatment groups, and treatments started on day 12 post inoculation with
either a single dose of 10 mg/kg of huCD37-3 antibody or huCD37-3-SMCC-DM1
conjugate; six doses of 2 mg/kg of Rituximab twice per week for three
weeks; or with a regimen of a single 40 mg/kg dose of cyclophosphamide, and
0.5 mg/kg of vincristine, along with five daily 0.2 mg/kg doses of
prednisone (CVP). The median tumor volume of the different treatment groups
was plotted against time post tumor cell inoculation in Figure 30.
Treatment with the huCD37-3 antibody resulted in a reduction in median
tumor volume, while treatment with huCD37-3-SMCC-DM1 conjugate resulted in
a more significant reduction in median tumor volume. The huCD37-3-SMCC-DM1
conjugate resulted in a median tumor reduction similar to treatment with
Rituximab and a more durable median tumor reduction as compared to
treatment with CVP. The tumor growth delay (T-C value) was defined as the
median time (in days), required for the treatment group (T) and the control
group (C) tumors to reach a predetermined size and was calculated for each
treatment group excluding the tumor free survivors. The T-C value for
median treatment tumors to reach 800 mm3 corresponded to 8, 25, 24, and 13
days for huCD37-3, huCD37-3-SMCC-DM1, rituximab and CVP, respectively. At
the end of the study, on day 130 post cell inoculation, huCD37-3-SMCC-DM1
treatment resulted in 1 of 9 tumor-free survivors (TFS). No TFS were
observed in the huCD37-3 antibody, rituximab, CVP, or PBS vehicle control
groups. The  WO 2011/112978PCT/US2011/028172 - 106 - SMCC-DM1 conjugate
showed comparable tumor growth delay to rituximab and enhanced tumor growth
delay as compared to the unconjugated antibody and treatment with CVP in
the DoHH2 model. In vivo efficacy of huCD37-3 antibody, huCD37-3-SMCC-DM1
conjugate, ofatumumab antibody and bendamustine in a JVM-3 xenograft model
[0384]The huCD37-3 antibody and its huCD37-3-SMCC-DM1 conjugate were tested
in an established xenograft model using JVM-3 chronic lymphocytic leukemia
cells implanted subcutaneously into SCID mice. Animals were randomized by
tumor volume into treatment groups, and treatments started on day 7 post
inoculation with either a single dose of 10 mg/kg of huCD37-3 antibody, a 5
or a 10 mg/kg dose of huCD37-3-SMCC-DM1 conjugate, six doses of 5 mg/kg of
ofatumumab twice per week for three weeks, or a single 50 mg/kg dose of
bendamustine. The median tumor volume of the different treatment groups was
plotted against time post tumor cell inoculation in Figure 31. Treatment
with the huCD37-3 antibody resulted in a reduction in median tumor volume,
while treatment with huCD37-3- SMCC-DM1 conjugate resulted in a more
significant reduction in median tumor volume. The %T/C value was calculated
as described above for each treatment using the median tumor volume for
each treatment group. The %T/C value on day 20 post cell inoculation
corresponded to 31%, 19%, 10%, 35%, and 38% for huCD37-3, 5 mg/kg
huCD37-3-SMCC-DM1, 10 mg/kg huCD37-3-SMCC-DM1, ofatumumab, and
bendamustine, respectively. At the end of the study, on day 76 post cell
inoculation, huCD37 and ofatumumab antibody treatments both resulted in 1
of 10 tumor-free survivors (TFS), while huCD37-3-SMCC-DM1 at 5 and 10 mg/kg
resulted in 1 and 2 out of 10 TFS, respectively. No TFS were observed in
the bendamustine or PBS vehicle control groups. This indicated that the
huCD37-3 antibody itself was active at a single 10 mg/kg dose in the JVM-3
model. The maytansinoid conjugate, huCD37-3- SMCC-DM1, showed enhanced
efficacy as compared to the unconjugated antibody. In addition, treatment
with the huCD37-3-SMCC-DM1 maytansinoid conjugate resulted in even greater
potency than ofatumumab or bendamustine treatment in this model. Summary of
in vivo efficacy of anti-CD37 antibody conjugates  [0385]CD37 has not been
evaluated as a target for maytansinoid immunoconjugates, however CD20 has.
CD37 is structurally similar to CD20 as both antigens are cell surface
proteins that contain 4 transmembrane domains and one small and one large
extracellular loop. Antibodies against either antigen have been shown to be
internalized slowly and have a slow to moderate rate of intracellular
metabolism (Press et al. 1989, Cancer Res. 49(17):4906-12, and Press et al.
1994, Blood. 83(5):1390-7). Immunoconjugates of CD20 antibodies have been
evaluated previously. In one case, non-cleavable MCCDM1 conjugates of an
anti-CD20 antibody showed the same efficacy as the unconjugated antibody,
while a cleavable SPP-DM1 conjugate of the same antibody showed improved
efficacy in a Granta-519 xenograft model in SCID mice (Polson AG, Cancer
Res 2009;69:2358-64). Similarly, calicheamicin  WO
2011/112978PCT/US2011/028172 - 107 - 



conjugates of rituximab made with an acid-stable amide linker were did not
show improved in vivo efficacy in a Ramos xenograft model in nude mice.
Only calicheamicin conjugates of rituximab made with an acid-labile
dimethyl hydrazide Ac-But linker showed improved in vivo efficacy in this
study (DiJoseph JF, Cancer Immunol Immunotherapy 2007;56:1107-1117).
[0386]In striking contrast non-cleavable SMCC-DM1 conjugates of several
isolated anti-CD37 antibodies of this invention show dramatically improved
in vivo efficacy in BJAB, SU-DHL-4, DoHH2 and JVM-3 xenograft model as
compared to the unconjugated antibody. This suggests that the isolated
antibodies have unique properties that allow them to be more efficacious as
maytansinoid conjugates, such as for example SMCC-DM1 conjugates, in vivo.
[0387]It is to be appreciated that the Detailed Description section, and
not the Summary and Abstract sections, is intended to be used to interpret
the claims. The Summary and Abstract sections sets forth one or more, but
not all, exemplary embodiments of the present invention as contemplated by
the inventor(s), and thus, are not intended to limit the present invention
and the appended claims in any way.  [0388] 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. [0389]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. [0390]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.  WO 2011/112978PCT/US2011/028172 - 108 - WHAT IS CLAIMED IS:
1.An 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). 2.The antibody or antigen binding
fragment thereof of claim 1, wherien said antibody is also capable of
inducing apoptosis. 3.The antibody or antigen binding fragment thereof of
claim 1 or 2, wherien said antibody is also capable of inducing antibody
dependent cell mediated cytotoxicity (ADCC). 



4.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:59 and the polypeptide of SEQ ID NO:75; (c) an antibody
comprising the polypeptide of SEQ ID NO:61 and the polypeptide of SEQ ID
NO:77; (d) an antibody comprising the polypeptide of SEQ ID NO:64 and the
polypeptide of SEQ ID NO:80; (e) an antibody comprising the polypeptide of
SEQ ID NO:66 and the polypeptide of SEQ ID NO:82; (f) an antibody
comprising the polypeptide of SEQ ID NO:68 and the polypeptide of SEQ ID
NO:84; and (g) an antibody comprising the polypeptide of SEQ ID NO:70 and
the polypeptide of SEQ ID NO:86. 5.An antibody or antigen binding fragment
thereof that specifically binds to CD37 and specifically binds to the
polypeptide of SEQ ID NO: 180. 6.The antibody or antigen binding fragment
thereof of claim 5, wherein said antibody or fragment thereof does not bind
to the polypeptide of SEQ ID NO: 184. 7.An antibody or antigen binding
fragment thereof that specifically binds to CD37 and does not specifically
bind to the polypeptide of SEQ ID NO: 184. 8.An antibody or antigen binding
fragment thereof that specifically binds to CD37, wherein said antibody or
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:59 and the polypeptide of SEQ ID NO:75; 



(c) an antibody comprising the polypeptide of SEQ ID NO:61 and the
polypeptide of SEQ ID NO:77; (d) an antibody comprising the polypeptide of
SEQ ID NO:64 and the polypeptide of SEQ ID NO:80;  WO
2011/112978PCT/US2011/028172 - 109 - (e) an antibody comprising the
polypeptide of SEQ ID NO:66 and the polypeptide of SEQ ID NO:82; (f) an
antibody comprising the polypeptide of SEQ ID NO:68 and the polypeptide of
SEQ ID NO:84; and (g) an antibody comprising the polypeptide of SEQ ID
NO:70 and the polypeptide of SEQ ID NO:86. 9.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. 10.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) 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: 48, 51, and 50;  (k) SEQ ID NOs: 25, 26, and 27 and
SEQ ID NOs: 52, 53, and 54; and (1) variants of (a) to (k) comprising 1, 2,
3, or 4 conservative amino acid substitutions. 11.The antibody or antigen
binding fragment thereof of claim 10, wherein the antibody 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; (c) SEQ ID NO:57 and SEQ ID
NO:74;  WO 2011/112978PCT/US2011/028172 - 110 -  (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; (g) 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; (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; (o) SEQ
ID NO:69 and SEQ ID NO:85; (p) SEQ ID NO:70 and SEQ ID NO:86; and (q) SEQ
ID NO:71 and SEQ ID NO:87. 12.The antibody or antigen binding fragment
thereof of claim 11, 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; (g) 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; (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; (o)
SEQ ID NO:69 and SEQ ID NO:85; (p) SEQ ID NO:70 and SEQ ID NO:86; and (q)
SEQ ID NO:71 and SEQ ID NO:87.  WO 2011/112978PCT/US2011/028172 -111- 13.
The antibody or antigen binding fragment thereof of claim 12, wherein the
polypeptide sequences are at least 99% 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; (g) 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; 



(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; (o) SEQ ID NO:69 and SEQ ID NO:85; (p) SEQ ID
NO:70 and SEQ ID NO:86; and (q) SEQ ID NO:71 and SEQ ID NO:87. 14.The
antibody or antigen binding fragment thereof of any one of claims 1-13,
wherien said antibody or antigen binding fragment thereof is murine,
non-human, humanized, chimeric, resurfaced, or human. 15.The antibody or
antigen binding fragment thereof of any one of claims 4-14, wherein said
antibody or antibody fragment is capable of inducing apoptosis of a cell
expressing CD37 in vitro in the absence of cross-linking agents. 16.The
antibody or antigen binding fragment thereof of any one of claims 4-14,
wherein said antibody or antigen binding fragment is capable of inducing
complement dependent cytotoxicity (CDC). 17.The antibody or antigen binding
fragment thereof of any one of claims 4-14, wherein said antibody is
capable of inducing antibody dependent cell mediated cytotoxicity (ADCC).
WO 2011/112978PCT/US2011/028172 -112- 18. 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 apoptosis of a
cell expressing CD37 in vitro in the absence of cross-linking agents. 



19. The human or humanized antibody or antigen binding fragment thereof of
claim 18, wherein said human or humanized antibody or antigen binding
fragment thereof is also capable of inducing complement dependent
cytotoxicity (CDC). 20. The human or humanized antibody or antigen binding
fragment thereof of claim 18 or claim 19, wherein said human or humanized
antibody or antigen binding fragment thereof is also capable of inducing
antibody dependent cell mediated cytotoxicity (ADCC). 21. The antibody or
antigen binding fragment thereof of any one of claims 1-20, wherein said
antibody binds to human CD37 and macaque CD37. 22. The antibody or antigen
binding fragment thereof of any one of claims 1-21, which is a full length
antibody. 23. The antibody or antigen binding fragment thereof of any one
of claims 1-21, which is an antigen binding fragment. 24. The antibody or
antigen binding fragment thereof of any one of claims 1-21, wherien said
antibody or antigen binding fragment thereof comprises a Fab, Fab',
F(a13)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. 25. A
polypeptide that specifically binds CD37, wherein said polypeptide
comprises 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) 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;  WO 2011/112978PCT/US2011/028172 - 113 - 



(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; and (1) variants of (a)
to (k) comprising 1, 2, 3, or 4 conservative amino acid substitutions.
26.The polypeptide of claim 25, wherein said polypetide comprises sequences
that are at least 90% identical to 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; (g) 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; (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; (o) SEQ ID NO:69 and SEQ ID NO:85; 



(p) SEQ ID NO:70 and SEQ ID NO:86; and (q) SEQ ID NO:71 and SEQ ID NO:87.
27.The polypeptide of claim 26, wherein the sequences are at least 95%
identical to 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; (g) 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;  WO 2011/112978PCT/US2011/028172 - 114 -  (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; (o) SEQ ID NO:69 and SEQ ID NO:85; (p)
SEQ ID NO:70 and SEQ ID NO:86; and (q) SEQ ID NO:71 and SEQ ID NO:87.
28.The polypeptide of claim 27, wherein the sequences are at least 99%
identical to 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; (g) 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; (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; 



(o) SEQ ID NO:69 and SEQ ID NO:85; (p) SEQ ID NO:70 and SEQ ID NO:86; and
(q) SEQ ID NO:71 and SEQ ID NO:87. 29.An isolated cell producing the the
antibody or antigen binding fragment thereof of any one of claims 1-24 or
the polypeptide of any one of claims 25-28. 30.A method of making the
antibody or antigen-binding fragment thereof of any one of claims 1-24 or
the polypeptide of any one of claims 25-28, comprising (a) culturing the
cell of claim 29; and (b) isolating said antibody, antigen-binding fragment
thereof, or polypeptide from said cultured cell.  WO
2011/112978PCT/US2011/028172 -115- 31. An immunoconjugate having the
formula (A) - (L) - (C), wherein: (A) is an antibody or antigen binding
fragment of any one of claims 1-24 or polypeptide of any one of claims
25-28; (L) is a linker; and (C) is a cytotoxic agent; and wherein said
linker (L) links (A) to (C). 32. 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). 



33. 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). 34. The immunoconjugate of claim 33, wherein said linker
is a non-cleavable linker. 35. The immunoconjugate of any one of claims
31-34, further comprising a second (C). 36. The immunoconjugate of claim
35, further comprising a third (C). 37. The immunoconjugate of claim 36,
further comprising a fourth (C). 38. The immunoconjugate of one of claims
31-34 comprising 2-6 (C). 39. The immunoconjugate of one of claims 31-34
comprising 3-4 (C). 40. The immunoconjugate of any one of claims 31-39,
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. 41. The immunoconjugate of claim 40, wherein said linker
is selected from the group consisting: Nsuccinimidyl
4-(2-pyridyldithio)pentanoate (SPP); N-succinimidyl
4-(2-pyridyldithio)butanoate  WO 2011/112978PCT/US2011/028172 - 116 -
(SPDB) or N-succinimidyl 4-(2-pyridyldithio)-2-sulfobutanoate (sulfo-SPDB);
N-succinimidyl 4- (maleimidomethyl) cyclohexanecarboxylate (SMCC);
N-sulfosuccinimidyl 4-(maleimidomethyl) cyclohexanecarboxylate (sulfoSMCC);
N-succinimidy1-4-(iodoacety1)-aminobenzoate (SIAB); and
N-succinimidyl-[(N-maleimidopropionamido)-tetraethyleneglycol] ester
(NHS-PEG4- maleimide). 42. The immunoconjugate of claim 41, wherein said
linker is N-succinimidyl-[(Nmaleimidopropionamido)-tetraethyleneglycol]
ester (NHS-PEG4-maleimide). 43. The immunoconjugate of any one of claims
31-32 and 35-42, wherein said 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 pro drug
of the agent. 44. The immunoconjugate of claim 43, wherein said cytotoxic
agent is a maytansinoid. 



45. The immunoconjugate of claim 44, wherein said cytotoxic agent is
N(2)-deacetyl-N(2)-(3- mercapto-1-oxopropyl)-maytansine (DM1) or
N(2)-deacetyl-N2-(4-mercapto-4-methyl-1oxopenty1)-maytansine (DM4). 46. A
pharmaceutical composition comprising the antibody or antigen binding
fragment thereof of any one of claims 1-24, the polypeptide of any one of
claims 25-28, or the immunoconjugate of any one of claims 31-45 and a
pharmaceutically acceptable carrier. 47. A pharmaceutical composition
comprising the immunoconjugates of any one of claims 31-45, wherein the
immunoconjugates have an average of about 3 to about 4 (C) per (A). 48. The
pharmaceutical composition of claim 41, wherein the immunoconjugates have
an average of about 3.5 (C) per (A). 49. The pharmaceutical composition of
claim 41, wherein the immunoconjugates have an average of about 3.5  0.5
(C) per (A). 50. The pharmaceutical composition of any one of claims 46-49,
further comprising a second anticancer agent.  WO
2011/112978PCT/US2011/028172 -117- 51. A diagnostic reagent comprising the
antibody or antigen binding fragment thereof of any one of claims 1-24, the
polypeptide of any one of claims 25-28, or the immunoconjugate of any one
of claims 31-45 which is labeled. 52. The diagnostic reagent of claim 51,
wherein said label is selected from the group consisting of a radiolabel, a
fluorophore, a chromophore, an imaging agent and a metal ion. 53. A kit
comprising the antibody or antigen binding fragment thereof of any one of
claims 1-24, the polypeptide of any one of claims 25-28, the
immunoconjugate of any one of claims 31-45, or the pharmaceutical
composition of any one of claims 46-50. 54. A method for inhibiting the
growth of a cell expressing CD37 comprising contacting the cell with the
antibody or antigen binding fragment thereof of any one of claims 1-24, the
polypeptide of any one of claims 25-28, the immunoconjugate of any one of
claims 31-45, or the pharmaceutical composition of any one of claims 46-50
to the subject. 55. A method for treating a patient having cancer
comprising administering to said patient a therapeutically effective amount
of the antibody or antigen binding fragment thereof of any one of claims
1-24, the polypeptide of any one of claims 25-28, the immunoconjugate of
any one of claims 31-45, or the pharmaceutical composition of any one of
claims 46-50 to the subject. 56. The method of claim 55, further comprising
administering a second anti-cancer agent to the subject 57. The method of
claim 56, wherein said second anti-cancer agent is a chemotherapeutic
agent. 58. The method of any one of claims 55-57, wherein said cancer is
selected from the group consisting of B cell lymphomas, NHL, precursor B
cell lymphoblastic leukemia/lymphoma and mature B cell neoplasms, B cell
chronic lymphocytic leukemia (CLL)/small lymphocytic lymphoma (SLL), B cell
prolymphocytic leukemia, lymphoplasmacytic lymphoma, mantle cell lymphoma
(MCL), follicular lymphoma (FL), low grade, intermediate-grade and
high-grade (FL), cutaneous follicle center lymphoma, marginal zone B cell
lymphoma, MALT type marginal zone B cell lymphoma, nodal marginal zone B
cell lymphoma, splenic type marginal zone B cell lymphoma, hairy cell
leukemia, diffuse large B cell lymphoma, Burkitt's lymphoma, plasmacytoma,
plasma cell myeloma, post-transplant lymphoproliferative disorder,
Waldenstrom's macroglobulinemia, and anaplastic large-cell lymphoma (ALCL).
WO 2011/112978PCT/US2011/028172 



-118- 59. An isolated polynucleotide comprising a sequence that encodes a
polypeptide at least 90% identical to a sequence selected from the group
consisting of SEQ ID NOs: 55-87. 60. The isolated polynucleotide of claim
59, wherein said sequence is at least 95% identical a sequence selected
from the group consisting of SEQ ID NOs: 55-87. 61. The isolated
polynucleotide of claim 60, wherein said sequence is at least 99% identical
to a sequence selected from the group consisting of SEQ ID NOs: 55-87. 62.
The isolated polynucleotide of any one of claims 59-61, wherein the
polynucleotide comprises a sequence that is at least 90% identical to SEQ
ID NOs: 121-151. 63. The isolated polynucleotide of claim 62, wherein the
polynucleotide comprises a sequence that is at least 95% identical to SEQ
ID NOs: 121-151. 64. The isolated polynucleotide of claim 63, wherein the
polynucleotide comprises a sequence that is at least 99% identical to SEQ
ID NOs: 121-151. 65. A vector comprising the polynucleotide of any one of
claims 59-64. 66. A host cell comprising the vector of claim 65. 












