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METHODS FOR INCREASING EFFICACY OF CD37-BASED THERAPY

FIELD OF THE INVENTION

[0001] The field of invention generally relates to increasing the efficacy of the treatment

of B-cell diseases characterized by the overexpression of human CD37. More specifically, the

invention concerns more effective treatment of patients susceptible to or diagnosed with B-cell

diseases, for example cancer or autoimmune disease, in which the cells express CD37 as

determined by a gene expression assay, with a CD37 antagonist, e.g., a CD37 immunoconjugate.

BACKGROUND OF THE INVENTION

[0002] Cancer is one of the leading causes of death in the developed world, with over

one million people diagnosed with cancer and 500,000 deaths per year in the United States

alone. Overall it is estimated that more than 1 in 3 people will develop some form of cancer

daring their lifetime.

[0003] Leukocyte antigen CD 7 ("CD37"), also known as GP52-40, tetraspanin-26, or

TSPAN26, is a transmembrane protein of the tetraspanin superfamily (Maecker et al, 1997

FASEB J. :428-442). t 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, and currently, there is a clear

unmet medical need for more effective therapeutics for B-cell malignancies.

SUMMARY OF THE INVENTION

[0004] The present invention is based on the discovery of a dynamic range of expression

of CD37 in cancer and the discovery that cancers with increased levels of CD37 expression are

more responsive to treatment with anti-CD37 antibodies or anti-CD37 immunoconjugates. The

present invention advantageously permits treatment of patients who have a greater likelihood of
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responding to treatment by administering therapeutic agents, i.e., anti-CD37 antibodies or anti-

CD37 immunoconjugates, to patients who are found to have an increased expression level of

CD37.

[0005] In one embodiment, the invention provides a method for increasing the efficacy of

cancer therapy with an anti-CD37 antibody, or anti-CD37 immunoconjugate, wherein the

method comprises administering to a subject having cancer an anti-CD37 antibody, or anti-

CD37 immunoconjugate, wherein an increased expression of CD37 gene or protein in a

cancerous sample from the subject has been detected using a detection method that distinguishes

between staining intensity or staining uniformity in a CD37 expressing cancerous sample as

compared to staining intensity or staining uniformity in one or more reference sample.

[0006] In another embodiment, the invention provides a method of identifying a cancer as

likely sensitive to treatment with an anti-CD37 antibody, or anti-CD37 immunoconjugate

comprising (a) measuring the level of CD37 expression in a cancerous sample obtained from the

subject cancer, wherein the measuring comprises the use of a detection method that

distinguishes between staining intensity or staining uniformity in a CD37 expressing cancerous

sample as compared to staining intensity or staining uniformity in one or more reference

samples; (b) determining a CD37 staining intensity or staining uniformity score for the

cancerous sample; and (c) comparing the CD37 staining intensity or staining uniformity score

determined in step (b) to a relative value determined by measuring CD37 protein expression in

at least one reference sample, wherein the at least one reference sample is a tissue, cell, or cell

pellet sample which is not sensitive to treatment with an anti-CD37 antibody, or anti-CD37

immunoconjugate, and wherein a CD37 staining intensity score for the sample determined in

step (b) that is higher than the relative value identifies the cancer as sensitive to treatment with

an anti-CD37 antibody, or anti-CD37 immunoconjugate.

[0007] In another embodiment, the invention provides a method for identifying a cancer

likely to respond to an anti-CD37 antibody, or anti-CD37 immunoconjugate comprising (a)

contacting a biological sample comprising cells from the cancer with an agent that binds CD37

protein on the cell surface; (b) detecting binding of the agent that binds CD37 protein on the cell

surface of the biological sample of (a); (c) assigning a score to the binding of step (b), wherein

the score is assigned based on comparison to one or more reference samples; and (d) comparing

the score in step (c) to the score of a reference tissue or cell, wherein a score for the cancer

CD37 level that is greater than the score for a negative or low CD37 expressing reference

sample or a score for the cancer CD37 level that is equal to or greater than the score for a high



CD37 expressing reference sample identifies the cancer as likely to respond to an anti-CD37

antibody or anti-CD immunoconjugate.

[0008] In another embodiment, the invention provides a method of identifying a subject

having a cancer as likely to respond to a low dose anti-CD37 antibody or anti-CD37

immunoconjugate treatment regimen comprising: (a) contacting a biological sample comprising

cells from the cancer with an agent that binds cell surface CD37 protein; (b) detecting binding of

the agent to the biological sample of (a); (c) assigning a score to the binding of step (b), wherein

the score is assigned based on comparison to one or more reference samples; and (d) comparing

the score in step (c) to the score of a reference tissue or cell, wherein a score for the cancer

CD37 level that is greater than the score for a negative or low CD37 expressing reference

sample or a score for the cancer CD37 level that is equal to or greater than the score for a high

CD37 expressing reference sample identifies the cancer as likely to respond to a low dose anti-

CD37 antibody or anti-CD37 immunoconjugate.

[0009] In another embodiment, the invention provides a method of optimizing a therapeutic

regimen with an anti-CD37 antibody or an anti-CD37 immunoconjugate for a subject having

cancer comprising: (a) detecting the level of CD37 expression in a cancerous sample obtained

from the subject; (b) comparing the level of CD37 expression in the cancerous sample to the

CD37 expression in a reference sample; (c) determining a CD37 staining intensity score for the

cancerous sample; and (d) administering an increased dose of an anti-CD37 antibody or an anti-

CD37 immunoconjugate to the subject if the score is low or administering a decreased dose of

an anti-CD37 antibody or an anti-CD37 immunoconjugate to the subject if the score is high.

[0010] In another embodiment, the invention provides a method of detecting the expression

of cell surface CD37 on cancer cells in a cancerous sample from a subject comprising: (a)

obtaining a cancerous sample, wherein the sample is formalin-fixed paraffin embedded; (b)

contacting the cancerous sample with an antibody that specifically binds cell surface CD37; (c)

measuring the binding of the antibody in (b) to the cell surface CD37 in the cancerous sample

using a detection method that can distinguish between staining intensity or staining uniformity in

a CD37 expressing sample as compared to staining intensity or staining uniformity in one or

more reference samples; and (d) assigning a CD37 expression score to the CD37 after

comparing the level of cell surface CD37 staining intensity or staining uniformity in the

cancerous sample to one or more reference samples.

[0011] In some embodiments, detection is by immunohistochemistry (IHC). The IHC can

be calibrated IHC that can distinguish different levels of CD37 expression.
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00 Ϊ 2] n some embodiments, the detection method produces a range of staining intensity

for samples having low cell surface CD37 expression, intermediate CD37 cell surface

expression, or high CD3 7 cell surface expression.

3| n some embodiments, the detection method distinguishes between staining intensity

and staining uniformity in a CD37 expressing cancerous sample as compared to a reference

sample.

[00 4] In some embodiments, the cancerous sample or biological sample has a staining

intensity score greater than 1 tor CDS 7 expression by immunohistochemistry. In some

embodiments, the cancerous sample or biological sample has a staining intensity score of 2 3, or

3+ for CD37 expression by immunohistochemistry . In some embodiments, the cancerous

sample or biological sample has a staining intensity score of 2, 3, or 3+ for CD37 expression by

immunohistochemistry on a formalin fixed paraffin embedded sample. In so e embodiments

the cancerous sample or biological sample has a staining uniformity for CD37 expression that is

homogenous n some embodiments, the cancerous sample or biological sample has a staining

intensity score of 2, 3, or 3+ for CD37 and a staining uniformity that is heterogeneous or

homogenous.

[0015] In some embodiments, the immunohistochemistry is performed manually. In some

embodiments, the immunohistochemistry is performed using an automated system.

[0016] In some embodiments, the reference sample is a positive reference sample or a

negative reference sample. In some embodiments, the reference sample comprises cells, cell

pellets, or tissue.

[0017] In some embodiments, the detection comprises detecting CD37 expression with an

antibody that specifically binds cell surface CD37. In some embodiments, the antibody further

comprises a detection reagent selected from the group consisting of: an enzyme, a fluorophore, a

radioactive label, and a luminophore. In some embodiments, the detection reagent is selected

from the group consisting of: biotin, digoxigenin, fluorescein, tritium, and rhodamine. In some

embodiments, the antibody is clone CT1.

[0018] In some embodiments, the concentration of the antibody is about 1 to about 10

g/mL or about 2.1 to about 8.4 g/mL, about 4 to about 5 g mL, or 2.1, 4.2, or 8.4 µg/mL.

In one embodiment the concentration of the antibody (e.g., clone CT1) is 4.2 g/mL.

[0019] In some 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),
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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 (DLBCL), Burkitt's lymphoma (BL),

plasmacytoma, plasma cell myeloma, post-transplant lymphoproliferative disorder,

Waldenstrom's macroglobulinemia, and anaplastic large-cell lymphoma (ALCL).

[0020] The present invention also provides articles of manufacture comprising an anti-CD37

antibody or an anti-CD37 immunoconjugate, a container, and a package insert or label indicating

that the antibody or immunoconjugate can be used to treat a cancer characterized by the

expression of CD37 at a level of 2, 3, or 3+ measured by IHC.

[0021] The present invention also provides combination diagnostic and pharmaceutical kits

comprising a murine anti-CD37 antibody for use in diagnosis and an anti-CD37 antibody or an

anti-CD37 immunoconjugate for use in therapy. In some embodiments, the diagnostic antibody

is a detection antibody that is able to detect CD37 expression by IHC.

[0022] The present invention also provides diagnostic kits comprising a detection antibody

that can specifically bind to cell surface CD37, a reagent for immunohistochemistry (IHC), and

one or more standardized reference samples, wherein the standardized reference samples

comprise formalin fixed paraffin embedded cells, cell pellets, or tissue samples, and wherein the

one or more standardized referenced samples are from non-CD37 expressing, low-CD37

expressing, intermediate-CD37 expressing, or high CD37 expressing cells, cell pellets, or

tissues. Examples of such reference samples are described herein in the Examples.

[0023] In some embodiments, the article or kit is one in which the IHC is calibrated IHC that

can distinguish different levels of CD37 expression. In some embodiments, the calibrated IHC

produces a range of staining intensity for samples having low cell surface CD37 expression,

intermediate cell surface CD37 expression, or high cell surface CD37 expression. In some

embodiments, the IHC distinguishes between staining intensity and staining uniformity in a

CD37 expressing sample as compared to a reference sample. In some embodiments, the IHC is

performed on a formalin fixed paraffin embedded sample. The IHC can be performed manually

or performed using an automated system.

[0024] In some embodiments, the article or kit comprises a CD37 immunoconjugate

comprising an anti-CD37 antibody, a linker, and a cytotoxin. In some embodiments, the anti-

CD37 antibody is chimeric, or humanized CD37-3, CD37-38, or CD37-50. In some

embodiments, the anti-CD37 antibody is an antibody selected from the group consisting of: an

antibody comprising the polypeptide of SEQ ID NO:56 and the polypeptide of SE ID NO:73,
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an antibody comprising the polypeptide of SEQ ID NO:57 and the polypeptide of SEQ ID

NO:74, an antibody comprising the polypeptide of SEQ ID NO:58 and the polypeptide of SEQ

ID NO:74, an antibody comprising the polypeptide of SEQ ID NO:62 and the polypeptide of

SEQ ID NO:78, an antibody comprising the polypeptide of SEQ ID NO:63 and the polypeptide

of SEQ ID NO:79, and an antibody comprising the polypeptide of SEQ ID NO:65 and the

polypeptide of SEQ ID NO:81.

[0025] In some embodiments, the linker is selected from the group consisting of a cleavable

linker, a non-cleavable linker, a hydrophilic linker, and a dicarboxylic acid based linker. In

some embodiments, the linker is selected from the group consisting: N-succinimidyl 4-(2-

pyridyldithio)pentanoate (SPP) or N-succinimidyl 4-(2-pyridyldithio)-2-sulfopentanoate (sulfo-

SPP); N-succinimidyl 4-(2-pyridyldithio)butanoate (SPDB) or N-succinimidyl 4-(2-

pyridyldithio)-2-sulfobutanoate (sulfo-SPDB); N-succinimidyl 4-(maleimidomethyl)

cyclohexanecarboxylate (SMCC); N-sulfosuccinimidyl 4-(maleimidomethyl)

cyclohexanecarboxylate (sulfoSMCC); N-succinimidyl-4-(iodoacetyl)-aminobenzoate (SIAB);

and N-succinimidyl-[(N-maleimidopropionamido)-tetraethyleneglycol] ester (NHS-PEG4-

maleimide). In some embodiments, the linker is N-succinimidyl 4-(maleimidomethyl)

cyclohexanecarboxylate (SMCC). In some embodiments, the cytotoxin is selected from the

group consisting of a maytansinoid, maytansinoid analog, benzodiazepine, taxoid, CC-1065,

CC-1065 analog, duocarmycin, duocarmycin analog, calicheamicin, dolastatin, dolastatin

analog, auristatin, tomaymycin derivative, and leptomycin derivative or a prodrug of the

cytotoxin. In some embodiments, the cytotoxin is a maytansinoid. In some embodiments, the

maytansinoid is is N(2')-deacetyl-N(2')-(3-mercapto-l-oxopropyl)-maytansine or N(2')-deacetyl-

N2-(4-mercapto-4-methyl-l-oxopentyl)-maytansine. In some embodiments, the maytansinoid is

is N(2')-deacetyl-N(2')-(3-mercapto-l-oxopropyl)-maytansine (DM1). In some embodiments,

the immunoconjugate comprises the antibody huCD37-3, SMCC, and DM1.

[0026] In some embodiments, a combination diagnostic and pharmaceutical kit further

comprises one or more reference samples. In some embodiments, the reference sample is a

positive reference sample or a negative reference sample. In some embodiments, the reference

sample comprises cells, cell pellets, or tissue.

[0027] In some embodiments, a detection antibody for use in kit as provided herein further

comprises a detection reagent selected from the group consisting of: an enzyme, a fluorophore, a

radioactive label, and a luminophore. In some embodiments, the detection reagent is selected

from the group consisting of: biotin, digoxigenin, fluorescein, tritium, and rhodamine. The
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concentration of antibody in a kit can be about 1 to about 10 / Λ or about 2.1 to about 8.4

µg/mL, about 4 to about 5 /η , or 2.1, 4.2, or 8.4 or 4.2 /η .

[0028] In some embodiments, a kit comprises a low-CD37 expressing control, and the low-

CD37 expressing control is Namalwa or RL tumor cells. In some embodiments, a kit comprises

a high-CD37 expressing control, and the high-CD37 expressing control is selected form the

group consisting of: Daudi, and Ramos cell lines, and a cell line stably or transiently transfected

with CD37. In some embodiments, the cell line stably or transiently transfected with CD37 is

300-19/CD37.

[0029] In some embodiments, the anti-CD37 antibody or immunoconjugate is an antibody or

immunoconjugate as described in International Published Application Nos. WO 20 / 2978 or

WO 2012/135740, each of which is herein incorporated by reference in its entirety.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0030] Figure 1. Immunohistochemical (IHC) staining of CD37 on non-transfected 300-

19 cells (left) and 300-19 cells transfected with human CD37 (huCD37).

[0031] Figure 2. IHC staining of CD37 in white pulp of human spleen tissue at lOx

(left) and 40x (right) magnification.

[0032] Figure 3. IHC staining results for CD37 obtained with the optimized manual

method for Daudi, Ramos and RL cells. CD37 expression levels obtained by quantitative flow

cytometry are given below each image.

[0033] Figure 4. Flow cytometry histograms obtained after staining with a PE-labeled

anti-CD37 antibody (bold lines) in comparison to unstained samples (thin lines) using Daudi,

Ramos and RL cells.

[0034] Figure 5. IHC staining results for CD37 on Daudi cells and for CD20 on RL cells

obtained with the optimized manual method. Cells expressing similar CD37 and CD20 antigen

levels show a similar staining pattern.

[0035] Figure 6. Summary of staining scores for CD37 obtained with the optimized

manual method for lymphoma samples in comparison to staining scores for CD20.

[0036] Figure 7. Representative pictures of NHL patient samples stained for CD37

using the optimized manual method.

[0037] Figure 8. Anti-tumor activity (median tumor volume, mm ) of huCD37-3-

SMCC-DM1 in female CB.17 SCID mice bearing SU-DHL-4 xenografts.
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[0038] Figure 9. Anti-tumor activity (median tumor volume, mm3) of huCD37-3

antibody, huCD37-3-SMCC-DMl, and standard chemotherapeutics in SCID mice bearing

DoHH2 human tumor xenografts.

[0039] Figure 10. Anti-tumor activity (median tumor volume, mm3) huCD37-3-SMCC-

DM1 in SCID mice bearing DoHH2 human tumor xenografts.

[0040] Figure 11. Anti-tumor activity (median tumor volume, mm3) of huCD37-3

antibody, huCD37-3-SMCC-DMl, Ofatumumab, and Bendamustine in SCID mice bearing

JVM-3 human tumor xenografts.

[0041] Figure 12. Anti-tumor activity (median tumor volume, mm3) of huCD37-3-

SMCC-DM1 in SCID mice bearing JVM-3 human tumor xenografts.

[0042] Figure 13. Scoring distribution in large cell lymphoma (DLBCL) using

automated staining methods.

[0043] Figure 14. Scoring distribution in small cell lymphoma including follicular

lymphoma (FL). Mantle cell lymphoma (MCL), MALT type marginal zone B cell lymphoma,

marginal zone B cell lymphoma, unclassified small cell lymphoma, and unclassified non-

Hodgkin's lymphoma (NHL) samples using automated staining methods.

DETAILED DESCRIPTION OF THE INVENTION

[0044] The present invention provides methods for treating B-cell diseases such as

cancer and autoimmune diseases and for increasing the efficacy of or the likelihood of response

to the treatment diseases characterized by the overexpression of CD37. The present invention is

based on the discovery of methods of detecting a dynamic range of expression of CD37 in a

cancer and autoimmune diseases as compared to negative normal tissue and the discovery that

B-cells with high levels of CD37 expression are more responsive to treatment with anti-CD37

antibodies or anti-CD37 immunoconjugates. Kits comprising one or more reagents useful for

practicing the methods of the invention are further provided.

I . Definitions

[0045] To facilitate an understanding of the present invention, a number of terms and

phrases are defined below.

[0046] 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
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that results from processing in the cell. The term also encompasses naturally occurring variants

of CD37, e.g., splice variants, allelic variants, and isoforms. The CD37 polypeptides described

herein can be isolated from a variety of sources, such as from human biological samples or from

another source, or prepared by recombinant or synthetic methods.

[0047] The term "increased expression" or "high expression" of CD37 refers to a sample

which contains elevated levels of CD37 expression as compared to a negative or low reference

control or as compared to a healthy or non-diseased sample of the same tissue or cell type. n

one example, the CD37 expression is measured by IHC and given a staining intensity score or a

staining uniformity score by comparison to calibrated controls exhibiting defined scores (e.g.,

an intensity score of 3 is given to the test sample if the intensity is comparable to the level 3

calibrated control or an intensity of 2 is given to the test sample if the intensity is comparable to

the level 2 calibrated control). For example, a score of 1, 2, 3, or 3+ or greater, preferrably a

score of 2, 3, 3+, or greater, by immunohistochemistry indicates increased expression of CD37.

A staining uniformity that is heterogeneous or homogeneous is also indicative of increased

CD37 expression. The staining intensity and staining uniformity scores can be used alone or in

combination (e.g., 2 homo, 2 hetero, 3 homo, 3 hetero, etc.). In another example, an increase in

CD37 expression can be determined by detection of an increase of at least 2-fold, at least 3-fold,

or at least 5-fold relative to control values (e.g., expression level in a biological sample, tissue,

or cell from a subject without cancer or with a cancer that does not have elevated CD37 values).

[0048] The term "overexpression" of CD37 in a particular tumor, tissue, or cell sample

refers to CD37 (a CD37 polypeptide or a nucleic acid encoding such a polyptpide) that is present

at a level higher than that which is present in non-diseased tissue or cells of the same type or

origin or other cells in the proximity of a tumor or cancer. Such overexpression can be caused,

for example, by mutation, gene amplification, increased transcription, or increased translation.

[0049] A "reference sample" can be used to correlate and compare the results obtained in

the methods of the invention from a test sample. Reference samples can be cells (e.g., cell lines,

cell pellets) or tissue. The CD37 levels in the "reference sample" can be an absolute or relative

amount, a range of amount, a minimum and/or maximum amount, a mean amount, and/or a

median amount of CD37. The diagnostic methods of the invention involve a comparison

between expression levels of CD37 in a test sample and a "reference value." In some

embodiments, the reference value is the expression level of the CD37 in a reference sample. A

reference value can be a predetermined value and can also be determined from reference

samples (e.g., control biological samples) tested in parallel with the test samples. A reference

value can be a single cut-off value, such as a median or mean or a range of values, such as a
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confidence interval. Reference values can be established for various subgroups of individuals,

such as individuals predisposed to cancer, individuals having early or late stage cancer, male

and/or female individuals, or individuals undergoing cancer therapy. Examples of negative

reference samples or values and positive reference samples or values are described herein.

[0050] In some embodiments, the reference sample is a sample from a healthy tissue, in

particular a corresponding tissue which is not affected by cancer. These types of reference

samples are referred to as negative control samples or reference samples. In other embodiments,

the reference sample is a sample from a tumor that expresses CD37. These types of reference

samples are referred to as positive control samples. Positive control samples can also be used as

a comparative indicator for the type (hetero versus homo) and/or degree (0, 1, 2, 3, 3+) of

staining intensity, which correlates with the level of CD37 expression. Positive control

comparative samples are also referred to as calibrated reference samples. As shown in the

Examples, low or non-CD37 references include the red pulp of the spleen (e.g., monocytes and

red blood cells) and T-cells and high CD37-expressing references include white pulp of the

spleen (e.g., B lymphocytes). For cell lines, exemplary non-expressors include 300-19 cells, and

high expressors include Daudi, Ramos, and RL cells. Another positive high CD37 reference is a

cell line stably or transiently transfected with CD37 (e.g., 300-19/CD37). Appropriate positive

and negative reference levels of CD37 for a particular cancer can be determined by measuring

levels of CD37 in one or more appropriate subjects, and such reference levels may be tailored to

specific populations of subjects (e.g., a reference level may be age-matched so that comparisons

may be made between CD37 levels in samples from subjects of a certain age and reference

levels for a particular disease state, phenotype, or lack thereof in a certain age group). Such

reference levels may also be tailured to specific techniques that are used to measure levels of

CD37 in biological samples (e.g., immunoassays, etc.), where the levels of CD37 may differ

based on the specific technique that is used.

[0051] The term "primary antibody" herein refers to an antibody that binds specifically

to the target protein antigen in a sample. A primary antibody is generally the first antibody used

in an immunohistochemical (IHC) procedure. In one embodiment, the primary antibody is the

only antibody used in an IHC procedure. The term "secondary antibody" herein refers to an

antibody that binds specifically to a primary antibody, thereby forming a bridge between the

primary antibody and a subsequent reagent, if any. The secondary antibody is generally the

second antibody used in an immunohistochemical procedure. The term "tertiary antibody"

herein refers to an antibody that binds specifically to a secondary antibody, thereby forming a

bridge between the secondary antibody and a subsequent reagent, if any.
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[0052] A "sample" of the present invention is of biological origin, in specific

embodiments, such as from eukaryotic organisms. In preferred embodiments, the sample is a

human sample, but animal samples may also be used in the practice of the invention. Non-

limiting sources of a sample for use in the present invention include solid tissue, biopsy

aspirates, fluidic extracts, blood, plasma, serum, spinal fluid, lymph fluid, the external sections

of the skin, respiratory, intestinal, and genitourinary tracts, tears, saliva, milk, tumors, organs,

cell cultures and/or cell culture constituents, for example. A "cancerous sample" is a sample that

contains a cancerous cell. The present invention is useful for solid tissue samples where the

amount of available material is small. The method can be used to examine an aspect of

expression of CD37 or a state of a sample, including, but not limited to, comparing different

types of cells or tissues, comparing different developmental stages, and detecting or determining

the presence and/or type of disease or abnormality.

[0053] For the purposes herein, a "section" of a tissue sample refers to a single part or

piece of a tissue sample, e.g., a thin slice of tissue or cells cut from a tissue sample. It is

understood that multiple sections of tissue samples may be taken and subjected to analysis

according to the present invention. In some cases, the selected portion or section of tissue

comprises a homogeneous population of cells. In other cases, the selected portion comprises a

region of tissue, e.g., the lumen as a non-limiting example. The selected portion can be as small

as one cell or two cells, or could represent many thousands of cells, for example. In most cases,

the collection of cells is important, and while the invention has been described for use in the

detection of cellular components, the method may also be used for detecting non-cellular

components of an organism (e.g., soluble components in the blood as a non-limiting example).

[0054] By "correlate" or "correlating" is meant comparing, in any way, the performance

and/or results of a first analysis with the performance and/or results of a second analysis. For

example, one may use the results of a first analysis in carrying out the second analysis and/or

one may use the results of a first analysis to determine whether a second analysis should be

performed and/or one may compare the results of a first analysis with the results of a second

analysis. In one embodiment, increased expression of CD37 correlates with increased likelihood

of effectiveness of a CD37-targeting anti-cancer therapy.

[0055] 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
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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: I A, IgD, IgE, gG, and IgM, or subclasses (isotypes) thereof (e.g., gG ,

IgG2, IgG3, IgG4, IgAl and based on the identity of their heavy-chain constant domains

referred to as alpha, delta, epsilon, gamma, and u, 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.

[0056] A "blocking" antibody or an "antagonist" antibody is one which inhibits or

reduces biological activity of the antigen it binds, such as CD37. In a certain embodiment

blocking antibodies or antagonist antibodies substantially or completely inhibit the biological

acti vity of the antigen. Desirably, the biological activity is reduced by 10%, 20%, 30%, 50%,

70%, 80%, 90%, 95%, or even 00%.

[0057] The term "anti-CD37 antibody" or "an antibody that binds to CD37" refers to an

antibody that is capable of binding CD37 with sufficient affinity such that the antibody is useful

as a diagnostic and/or therapeutic agent in targeting CD37. The extent of binding of an anti-

CD37 antibody to an unrelated, non-CD37 protein is 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 ( d) of < 1 µΜ , <100 nM, < 0 nM, < 1

M , or <0.1 nM. Examples of anti-€D37 antibodies are known n the art and are disclosed in

U.S. Published Application No. 201 1/0256153, which is herein incorporated by reference.

[0§58] 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

[00591 "monoclonal antibody" refers to a homogeneous antibody population involved

in the highly specific recognition and binding of a single antigenic determinant, or epitope. This

is in contrast to polyclonal antibodies that typically include d ferent 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),
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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.

[0060] The tenn "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.

[0061] "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.

[0062] "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.

[0063] 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 characteristics measured by said values (e.g., Kd values). The
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difference between said two values is 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.

[0064] 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.

[0065] 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.

[0066] 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.

[0067] 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.

[0068] 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. More particular examples of "cancer" or "tumorigenic" diseases 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-
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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

(DLBCL), Burkitt's lymphoma (BL), plasmacytoma, plasma cell myeloma, post-transplant

lymphoproliferative disorder, and anaplastic large-cell lymphoma (ALCL).

[0069] "Tumor" and "neoplasm" refer to any mass that result from excessive cell growth

or proliferation, either benign (noncancerous) or malignant (cancerous) including pre-cancerous

lesions.

[0070] 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.

[0071] 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.

[0072] Administration "in combination with" one or more further therapeutic agents

includes simultaneous (concurrent) and consecutive administration in any order.

[0073] The term "pharmaceutical formulation" refers to a preparation which is in such

form as to permit the biological activity of the active ingredient to be effective, and which

contains no additional components which are unacceptably toxic to a subject to which the

formulation would be administered. Such formulation can be sterile.

[0074] 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.

[0075] 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.

[0076] The term "respond favorably" generally refers to causing a beneficial state in a

subject. With respect to cancer treatment, the term refers to providing a therapeutic effect on the

subject. Positive therapeutic effects in cancer can be measured in a number of ways (See, W.A.

Weber, J . Nucl. Med. 50:1S-10S (2009)). For example, tumor growth inhibition, molecular

marker expression, serum marker expression, and molecular imaging techniques can all be used

to assess therapeutic efficacy of an anti-cancer therapeutic. With respect to tumor growth

inhibition, according to NCI standards, a T/C < 42% is the minimum level of anti-tumor activity.

A T/C <10% is considered a high anti-tumor activity level, with T/C (%) = Median tumor

volume of the treated / Median tumor volume of the control x 100. Progression- free survival

(PFS), disease-free survival (DFS), or overall survival (OS) can also be used to assess the

therapeutic efficacy of an anti-cancer therapeutic.

[0077] PFS, D S, and OS can be measured by standards set by the National Cancer

Institute and the U.S. Food and Drug Administration for the approval of new drugs. See Johnson

et al, (2003) J . Clin. Oncol. 21(7):1404-141 1. "Progression free survival" (PFS), also referred to

as or "Time to Tumor Progression" (YIP) indicates the length of time during and after treatment

that the cancer does not grow. Progression-free survival includes the amount of time patients

have experienced a complete response or a partial response, as well as the amount of time

patients have experienced stable disease. "Disease free survival" (DFS) refers to the length of

time during and after treatment that the patient remains free of disease. "Overall Survival" (OS)

refers to a prolongation in life expectancy as compared to naive or untreated individuals or

patients.

[0078] 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.

[0079] A "chemotherapeutic agent" is a chemical compound useful in the treatment of

cancer, regardless of mechanism of action. Classes of chemotherapeutic agents include, but are

not limited to: alkyating agents, antimetabolites, spindle poison plant alkaloids,

cytoxic/antitumor antibiotics, topoisomerase inhibitors, antibodies, photosensitizers, and kinase
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conventional chemotherapy

[0080] Terms such as "treating" or "treatment" or "to treat" or "alleviating" or "to

alleviate" refer to therapeutic measures that cure, slow down, lessen symptoms of, and/or halt

progression of a diagnosed pathologic condition or disorder. Thus, those in need of treatment

include those already diagnosed with or suspected of having the disorder. Prophylactic or

preventative measures refer to therapeutic measures that prevent and/or slow the development of

a targeted pathologic condition or disorder. Thus, those in need of prophylactic or preventative

measures include those prone to have the disorder and those in whom the disorder is to be

prevented. In certain embodiments, a subject is successfully "treated" 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 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, tumorigenic frequency, or tumorigenic 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.

[0081] As used in the present disclosure and claims, the singular forms "a," "an," and

"the" include plural forms unless the context clearly dictates otherwise.

[0082] 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.

[0083] 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. Biological samples

[0084] Biological samples are often fixed with a fixative. Aldehyde fixatives such as

formalin (formaldehyde) and glutaraldehyde are typically used. Samples fixed using other

fixation techniques such as alcohol immersion (Battifora and Kopinski, J. Histochem.



Cytochem. (1986) 34:1095) are also suitable. The samples used may also be embedded in

paraffin. In one embodiment, the samples are both formalin-fixed and paraffin-embedded

(FFPE). In another embodiment, the FFPE block is hematoxylin and eosin stained prior to

selecting one or more portions for analysis in order to select specific area(s) for the FFPE core

sample. Methods of preparing tissue blocks from these particulate specimens have been used in

previous IHC studies of various prognostic factors, and/or is well known to those of skill in the

art (see, for example, Abbondanzo et al., Am J Clin Pathol. 1990 May;93(5):698-702; Allred et

al., Arch Surg. 1990 Jan;125(l):107-13).

[0085] Briefly, any intact organ or tissue may be cut into fairly small pieces and

incubated in various fixatives (e.g., formalin, alcohol, etc.) for varying periods of time until the

tissue is "fixed". The samples may be virtually any intact tissue surgically removed from the

body. The samples may be cut into reasonably small piece(s) that fit on the equipment routinely

used in histopathology laboratories. The size of the cut pieces typically ranges from a few

millimeters to a few centimeters. The biological sample can also be fluidic extracts, blood,

plasma, serum, spinal fluid, bone marrow aspirate, bone marrow biopsy, lymph fluid, or splenic

preparations.

III. Detection Antibody Conjugates

[0086] The present invention further provides antibodies against CD37, generally of the

monoclonal type, that are linked to at least one agent to form a detection antibody conjugate. In

order to increase the efficacy of antibody molecules as diagnostic it is conventional to link or

covalently bind or complex at least one desired molecule or moiety. Such a molecule or moiety

may be, but is not limited to, at least one reporter molecule. A reporter molecule is defined as

any moiety that may be detected using an assay. Non-limiting examples of reporter molecules

that have been conjugated to antibodies include enzymes, radiolabels, haptens, fluorescent

labels, phosphorescent molecules, chemiluminescent molecules, chromophores, luminescent

molecules, photoaffinity molecules, colored particles and/or ligands, such as biotin.

[0087] Any antibody of sufficient selectivity, specificity or affinity may be employed as

the basis for a detection antibody conjugate. Such properties may be evaluated using

conventional immunological screening methodology known to those of skill in the art. Sites for

binding to biological active molecules in the antibody molecule, in addition to the canonical

antigen binding sites, include sites that reside in the variable domain that can bind the antigen. In

addition, the variable domain is involved in antibody self-binding (Kang et al., 1988) and

contains epitopes (idiotopes) recognized by anti-antibodies (Kohler et al., 1989).



- -

[0088] Certain examples of antibody conjugates are those conjugates in which the

antibody is linked to a detectable label. "Detectable labels" are compounds and/or elements that

can be detected due to their specific functional properties, and/or chemical characteristics, the

use of which allows the antibody to which they are attached to be detected, and/or further

quantified if desired.

[0089] Many appropriate imaging agents are known in the art, as are methods for their

attachment to antibodies (see, for e.g., U.S. Pat. Nos. 5,021,236; 4,938,948; and 4,472,509, each

incorporated herein by reference). The imaging moieties used can be paramagnetic ions;

radioactive isotopes; fluorochromes; NMR-detectable substances; and/or X-ray imaging, fo

example.

[0090] Exemplary fluorescent labels contemplated for use as conjugates include Alexa

350, Alexa 430, Alexa 488, AMCA, BODIPY 630/650, BODIPY 650/665, BODIPY-FL,

BOD Y-R6G. BODIPY-TMR, BODIPY-TRX, Cascade Blue, Cy3, Cy5,6-FAM, Dylight 488,

Fluorescein Isothiocyanate (FITC), Green fluorescent protein (GFP), HEX, 6-JOE, Oregon

Green 488, Oregon Green 500, Oregon Green 514, Pacific Blue, Phycoerythrin, REG,

Rhodamine Green, Rhodamine Red, tetramethyl rhodamine (TMR), Renographin, ROX,

TAMRA, TET, Tetramethylrhodamine, Texas Red, and derivatives of these labels (i.e.,

halogenated analogues, modified with isothiocynate or other linker for conjugating, etc.), for

example.

[0091] Detection antibody conjugates contemplated in the present invention include

those for use in vitro, where the antibody is linked to a secondary binding ligand and/or to an

enzyme (an enzyme tag) that will generate a colored product upon contact with a chromogenic

substrate. Examples of suitable enzymes include urease, alkaline phosphatase, (horseradish)

hydrogen peroxidase and/or glucose oxidase. Preferred secondary binding ligands are biotin

and/or avidin and streptavidin compounds. The use of such labels is well known to those of skill

in the art and are described, for example, in U.S. Pat. Nos. 3,817,837; 3,850,752; 3,939,350;

3,996,345; 4,277,437; 4,275,149 and 4,366,241; each incorporated herein by reference.

[0092] Molecules containing azido groups may also be used to form covalent bonds to

proteins through reactive nitrene intermediates that are generated by low intensity ultraviolet

light (Potter & Haley, 1983). In particular, 2- and 8-azido analogues of purine nucleotides have

been used as site-directed photoprobes to identify nucleotide binding proteins in crude cell

extracts (Owens & Haley, 1987; Atherton et al., 1985). The 2- and 8-azido nucleotides have also

been used to map nucleotide binding domains of purified proteins (Khatoon et al., 989; King et

al., 1989; and Dholakia et al., 1989) and may be used as antibody binding agents.
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[0093] Several methods are known in the art for the attachment or conjugation of an

antibody to its conjugate moiety. Some attachment methods involve the use of a metal chelate

complex employing, for example, an organic chelating agent such a

diethylenetriaminepentaacetic acid anhydride (DTPA); ethylenetriaminetetraacetic acid; N-

chloro-p-toluenesulfonamide; and/or tetrachloro-3a-6a-diphenylglycouril-3 attached to the

antibody (U.S. Pat. Nos. 4,472,509 and 4,938,948, each incorporated herein by reference).

Monoclonal antibodies may also be reacted with an enzyme in the presence of a coupling agent

such as glutaraldehyde or periodate. Conjugates with fluorescein markers are prepared in the

presence of these coupling agents or by reaction with an isothiocyanate. In U.S. Pat. No.

4,938,948, imaging of breast tumors, for example, is achieved using monoclonal antibodies, and

the detectable imaging moieties are bound to the antibody using linkers such as methyl-p-

hydroxybenzimidate or N-succinimidyl-3 -(4-hydroxyphenyl)propionate.

[0094] In other embodiments, derivatization of immunoglobulins by selectively

introducing sulfhydryl groups in the Fc region of an immunoglobulin using reaction conditions

that do not alter the antibody combining site are contemplated. Antibody conjugates produced

according to this methodology are disclosed to exhibit improved longevity, specificity and

sensitivity (U.S. Pat. No. 5,196,066, incorporated herein by reference). Site-specific attachment

of effector or reporter molecules, wherein the reporter or effector molecule is conjugated to a

carbohydrate residue in the Fc region, have also been disclosed in the literature (O'Shannessy et

al., 1987).

[0095] In other embodiments of the invention, immunoglobulins are radiolabeled with

nuclides such as tritium. In additional embodiments, nanogold particles (such as sizes from

about 0.5 nm-40 nm) and/or Quantum Dots (Hayward, Calif.) are employed.

IV. Enzymes and Substrates (Chromagens)

[0096] The use of substrates and indicators is contemplated for detection of CD37, such

as the exemplary embodiments provided below, for example.

[0097] Horseradish peroxidase (HRP) is an enzyme that first forms a complex with

hydrogen peroxide and then causes it to decompose, resulting in water and atomic oxygen. Like

many other enzymes, HRP and some HRP-like activities can be inhibited by excess substrate.

The complex formed between HRP and excess hydrogen peroxide is catalytically inactive and in

the absence of an electron donor (e.g. chromogenic substance) is reversibly inhibited. It is the

excess hydrogen peroxide and the absence of an electron donor that brings about quenching of

endogenous HRP activities.
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009 J When used in assays systems, HRP can also be used to convert a defined

substrate into its activated chxomagen, thus causing a color change. The HRP enzyme ay be

conjugated to an antibody, protein, peptide, polymer, or other molecule by a number of methods.

Such methods are known in (he art. Adding glutaraldehyde to solution containing an

admixture of HRP and antibody will result in more antibody molecules being conjugated to each

other than to the enzyme. In the two-step procedure, HRP reacts with the bifunctional reagents

first. In he second stage, only activated HRP is admixed w th the antibody, resulting in much

more efficient labelling and no polymerization. HRP is also conjugated to (strept)avidin using

the two-step glutaraldehyde procedure. This form is used in procedures where LAB and LSAB

are substrate, for exa p le Conjugation with biotin also involves two steps, as biotin must first

be derivatized to the biotinyl-N-hydroxysuccinimide ester or to biotin hydrazide before it can be

reacted with the epsilonamino groups of the HRP enzyme.

[0099] 3,3'-diaminobenzidine (DAB) is a substrate for enzymes such as HRP tha

produces a brow end product that is highly insoluble in alcohol and other organic solvents.

Oxidation of DAB also causes polymerization, resulting in the ability to react with osmium

tetroxide, and thus increasing its staining intensity and electron density. Of the several metals

and methods used to intensify the optical density of polymerized DAB, gold chloride in

combination with silver sulfide appears to be the most successful.

[00100] 3-Amino-9-ethylcarbazole (AEC), is a substrate for enzymes such as HRP, and

upon oxidation, forms a rose-red end product that is alcohol soluble. Therefore, specimens

processed with AEC must not be immersed in alcohol or alcoholic solutions (e.g., Harris'

hematoxylin). Instead, an aqueous counterstain and mounting medium should be used. AEC is

unfortunately susceptible to further oxidation and, when exposed to excessive light, will fade in

intensity. Storage in the dark is therefore recommended.

[00101] 4-Chloro-l-naphthol (CN) is a substrate for enzymes such as HRP that

precipitates as a blue end product. Because CN is soluble in alcohol and other organic solvents,

the specimen must not be dehydrated, exposed to alcoholic counterstains, or coverslipped with

mounting media containing organic solvents. Unlike DAB, CN tends to diffuse from the site of

precipitation.

[0100] p-Phenylenediamine dihydrochloride/pyrocatechol (Hanker-Yates reagent) is a

substrate for enzymes such as HRP that gives a blue-black reaction product that is insoluble in

alcohol and other organic solvents. Like polymerized DAB, this reaction product can be

osmicated. Varying results have been achieved with Hanker-Yates reagent in immunoperoxidase

techniques.



[0101] Calf intestine alkaline phosphatase (AP) (molecular weight 100 kD) removes (by

hydrolysis) and transfers phosphate groups from organic esters by breaking the P-0 bond; an

intermediate enzyme-substrate bond is briefly formed. The chief metal activators for AP are

Mg++, Mn++ and Ca++.

[0102] AP had not been used extensively in immunohistochemistry until publication of

the unlabeled alkaline phosphataseantialkaline phosphatase (APAAP) procedure. The soluble

immune complexes utilized in this procedure have molecular weights of approximately 560 kD.

The major advantage of the APAAP procedure compared to the PAP technique is the lack of

interference posed by endogenous peroxidase activity. Because of the potential distraction of

endogenous peroxidase activity on PAP staining, the APAAP technique is recommended for use

on blood and bone marrow smears. Endogenous alkaline phosphatase activity from bone,

kidney, liver and some white cells can be inhibited by the addition of 1 mM levamisole to the

substrate solution, although 5 mM has been found to be more effective. Intestinal alkaline

phosphatases are not adequately inhibited by levamisole.

[0103] In the immunoalkaline phosphatase staining method, the enzyme hydrolyzes

naphthol phosphate esters (substrate) to phenolic compounds and phosphates. The phenols

couple to colorless diazonium salts (chromogen) to produce insoluble, colored azo dyes. Several

different combinations of substrates and chromogens have been used successfully.

[0104] Naphthol AS-MX phosphate AP substrate can be used in its acid form or as the

sodium salt. The chromogen substrate Fast Red TR and Fast Blue BB produce a bright red or

blue end product, respectively. Both are soluble in alcoholic and other organic solvents, so

aqueous mounting media must be used. Fast Red TR is preferred when staining cell smears.

[0105] Additional exemplary substrates include naphthol AS-BI phosphate, naphthol

AS-TR phosphate and 5-bromo-4-chloro-3-indoxyl phosphate (BCIP). Other possible

chromogens include Fast Red LB, Fast Garnet GBC, Nitro Blue Tetrazolium (NBT) and

iodonitrotetrazolium Violet (INT), for example.

V. Immunodetection Methods

[0106] In still further embodiments, the present invention concerns immunodetection

methods for binding, purifying, removing, quantifying and/or otherwise generally detecting

biological components such as CD37 as contemplated by the. present invention. The antibodies

prepared in accordance with the present invention may be employed to detect CD37. Some

immunodetection methods include immunohistochemistry, flow cytometry, enzyme linked

immunosorbent assay (ELISA), radioimmunoassay (RIA), immunoradiometric assay,
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fluoroimmunoassay, chemiluminescent assay, bioluminescent assay, and Western blot to

mention a few. The steps of various useful immunodetection methods have been described in the

scientific literature, such as, e.g., Doolittle M H and Ben-Zeev O, Methods Mol Biol.

1999;109:215-37; Gulbis B and Galand P, Hum Pathol. 1993 Dec;24(12):1271-85; and De Jager

R et al., Semin Nucl Med. 1993 Apr;23(2): 165-79, each incorporated herein by reference.

[0107] In general, the immunobinding methods include obtaining a sample suspected of

comprising ligand protein, polypeptide and/or peptide, and contacting the sample with a first

anti-ligand antibody in accordance with the present invention, as the case may be, under

conditions effective to allow the formation of immunocomplexes.

[0108] In terms of antigen detection, the biological sample analyzed may be any sample

in which it is desirable to detect CD37, such as a fluidic extract, blood, plasma, serum, spinal

fluid, lymph fluid, tissue section or specimen, homogenized tissue extract, biopsy aspirates, a

cell, separated and/or purified forms of CD37-containing compositions, or any biological fluid.

In some embodiments, blood, plasma, tissue or lymph samples or extracts are used.

[0109] Contacting the chosen biological sample with the antibody under effective

conditions and for a period of time sufficient to allow the formation of immune complexes

(primary immune complexes) is generally a matter of simply adding the antibody composition to

the sample and incubating the mixture for a period of time long enough for the antibodies to

form immune complexes with, i.e., to bind to, any ligand protein antigens present. After this

time, the sample-antibody composition, such as a tissue section, ELISA plate, dot blot or

western blot, will generally be washed to remove any non-specifically bound antibody species,

allowing only those antibodies specifically bound within the primary immune complexes to be

detected.

[0110] In general, the detection of immunocomplex formation is well known in the art

and may be achieved through the application of numerous approaches. These methods are

generally based upon the detection of a label or marker, such as any of those radioactive,

fluorescent, biological and enzymatic tags. U.S. Patents concerning the use of such labels

include U.S. Pat. Nos. 3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,437; 4,275,149 and

4,366,241, each incorporated herein by reference. Of course, one may find additional advantages

through the use of a secondary binding ligand such as a second antibody and/or a biotin/avidin

ligand binding arrangement, as is known in the art.

[0111] The anti-ligand antibody employed in the detection may itself be linked to a

detectable label, wherein one would then simply detect this label, thereby allowing the amount

of the primary immune complexes in the composition to be determined. Alternatively, the first
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antibody that becomes bound within the primary immune complexes may be detected by means

of a second binding agent that has binding affinity for the antibody. In these cases, the second

binding agent may be linked to a detectable label. The second binding agent is itself often an

antibody, which may thus be termed a "secondary" antibody. The primary immune complexes

are contacted with the labeled, secondary binding agent, or antibody, under effective conditions

and for a period of time sufficient to allow the formation of secondary immune complexes. The

secondary immune complexes are then generally washed to remove any non-specifically bound

labeled secondary antibodies or ligands, and the remaining label in the secondary immune

complexes is then detected.

[0112] Further methods include the detection of primary immune complexes by a two-

step approach. A second binding agent, such as an antibody, that has binding affinity for the

antibody is used to form secondary immune complexes, as described above. After washing, the

secondary immune complexes are contacted with a third binding agent or antibody that has

binding affinity for the second antibody, again under effective conditions and for a period of

time sufficient to allow the formation of immune complexes (tertiary immune complexes). The

third ligand or antibody is linked to a detectable label, allowing detection of the tertiary immune

complexes thus formed. This system may provide for signal amplification if this is desired.

[0113] In another embodiment, a biotinylated monoclonal or polyclonal antibody is used

to detect the target antigen(s), and a second step antibody is then used to detect the biotin

attached to the complexed biotin. In that method the sample to be tested is first incubated in a

solution comprising the first step antibody. If the target antigen is present, some of the antibody

binds to the antigen to form a biotinylated antibody/antigen complex. The antibody/antigen

complex is then amplified by incubation in successive solutions of streptavidin (or avidin),

biotinylated DNA, and/or complementary biotinylated DNA, with each step adding additional

biotin sites to the antibody/antigen complex. The amplification steps are repeated until a suitable

level of amplification is achieved, at which point the sample is incubated in a solution

comprising the second step antibody against biotin. This second step antibody is labeled, as for

example with an enzyme that can be used to detect the presence of the antibody/antigen complex

by histoenzymology using a chromogen substrate. With suitable amplification, a conjugate can

be produced that is macroscopically visible.

[0114] In one embodiment, immunohistochemistry (IHC) is used for immunological

detection. Using IHC, detection of CD37 in a sample can be achieved by targeting a sample

with a probe, e.g., an anti-CD37 antibody. The probe can be linked, either directly or indirectly
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to a detectable label or can be detected by another probe that is linked, either directly or

indirectly to a detectable label.

[0115] In some embodiments, the IHC can distinguish between different levels of

protein expression, e.g., calibrated IHC. In some embodiments, the IHC can distinguish staining

intensity for samples having low cell surface CD37 expression, intermediate CD37 cell surface

expression, or high CD37 cell surface expression.

[0116] In some embodiments, the IHC can distinguish between staining intensity and

staining uniformity. In one embodiment, immunological detection (by immunohistochemistry)

of CD37 is scored for both intensity and uniformity (percent of stained cells - membrane only).

Comparative scales for CD37 expression for intensity correlate as 0 - Negative, 0-1 - Very

Weak, 1 - Weak, 1-2 - Weak to Moderate, 2 - Moderate, 2-3 - Moderate to Strong, 3 - Strong,

3+ - Very Strong. Quantitatively, Score 0 represents that no staining is observed or membrane

staining is observed in less than 10% of tumor cells. Score 1 represents that a faint/barely

perceptible membrane staining is detected in more than 10% of the tumor cells. The cells are

only stained in part of their membrane. For Score 2, a moderate complete membrane staining is

observed in more than 10% of the tumor cells. Lastly, Score 3 represents that a strong complete

membrane staining is observed in more than 10% of the tumor cells. Those samples with 0 or 1

score for CD37 expression can be characterized as not overexpressing CD37, whereas those

samples with 2 or 3 scores can be characterized as overexpressing CD37. Samples

overexpressing CD37 can also be rated by immunohistochemical scores corresponding to the

number of copies of CD37 molecules expressed per cell, or antibodies bound per cell (ABC),

and can been determined biochemically. Comparative scales for CD37 percent cell membrane

staining uniformity correlate as follows: 0 - Negative, Focal - <25%, heterogeneous (hetero) -

25-75%, and homogeneous (homo) - >75%.

[0117] IHC can be performed manually or using an automated system (e.g., using an

automated stainer). Thus, IHC can be performed on cells, cell pellets, tissues, preparations from

blood, plasma, serum, or lymph fluid, etc. In some embodiments, the samples are fixed samples.

In some embodiments, the samples are paraffin embedded samples. In some embodiments, the

samples are formalin fixed and paraffin embedded samples.

[0118] Another known method of immunodetection takes advantage of the immuno-PCR

(Polymerase Chain Reaction) methodology. The PCR method uses a

DNA/biotin/streptavidin/antibody complex that is washed out with a low pH or high salt buffer

that releases the antibody. The resulting wash solution is then used to carry out a PCR reaction

with suitable primers with appropriate controls. In specific embodiments, the enormous



amplification capability and specificity of PC can be utilized to detect a single antigen

molecule. Such detection may take place in real-time. For example, the use of quantitative real¬

time PCR is contemplated.

[0119] In one embodiment, flow cytometry is used for immunological detection. Thus,

for example, the number of antibodies bound per cell (ABC) can be assessed using flow

cytometry. A high number of anti-CD37 antibodies bound per cell can indicate high CD37

expression levels and a high likelihood to be susceptible to treatment with an anti-CD37

antibody or immunoconjugate thereof.

VI. Nucleic Acid Hybridization

[0120] In situ hybridization is generally carried out on cells or tissue sections fixed to

slides. In situ hybridization may be performed by several conventional methodologies (See for

e.g., Leitch et al. In situ Hybridization: a practical guide, Oxford BIOS Scientific Publishers,

Microscopy handbooks v. 27 (1994)). In one in situ procedure, fluorescent dyes (such as

fluorescein isothiocyanate (FITC) that fluoresces green when excited by an Argon ion laser) are

used to label a nucleic acid sequence probe that is complementary to a target nucleotide

sequence in the cell. Each cell comprising the target nucleotide sequence will bind the labeled

probe, producing a fluorescent signal upon exposure of the cells to a light source of a

wavelength appropriate for excitation of the specific fluorochrome used.

[0121] Various degrees of hybridization stringency can be employed. As the

hybridization conditions become more stringent, a greater degree of complementarity is required

between the probe and target to form and maintain a stable duplex. Stringency is increased by

raising temperature, lowering salt concentration, or raising formamide concentration. Adding

dextran sulfate or raising its concentration may also increase the effective concentration of

labeled probe to increase the rate of hybridization and ultimate signal intensity. After

hybridization, slides are washed in a solution generally comprising reagents similar to those

found in the hybridization solution with washing time varying from minutes to hours depending

on required stringency. Longer or more stringent washes typically lower nonspecific background

but run the risk of decreasing overall sensitivity.

[0122] Probes used in nucleic hybridization analysis may be either R A or DNA

oligonucleotides or polynucleotides and may contain not only naturally-occurring nucleotides

but their analogs, like digoxygenin dCTP, biotin dcTP 7-azaguanosine, azidothymidine, inosine,

or uridine, for example. Other useful probes include peptide probes and analogues thereof,

branched gene DNA, peptidometics, peptide nucleic acid (PNA) and/or antibodies, for example.



[0123] Probes should have sufficient complementarity to the target nucleic acid

sequence of interest so that stable and specific binding occurs between the target nucleic acid

sequence and the probe. The degree of homology required for stable hybridization varies with

the stringency of the hybridization medium and/or wash medium. Preferably, completely

homologous probes are employed in the present invention, but persons of skill in the art will

readily appreciate that probes exhibiting lesser but sufficient homology can be used in the

present invention (see for e.g., Sambrook, J., Fritsch, E. F., Maniatis, T., Molecular Cloning A

Laboratory al Cold Spring Harbor Press, (1989)).

[0124] Probes may also be generated and chosen by several means including, but not

limited to, mapping by in situ hybridization, somatic cell hybrid panels, or spot blots of sorted

chromosomes; chromosomal linkage analysis; or cloned and isolated from sorted chromosome

libraries from human cell lines or somatic cell hybrids with human chromosomes, radiation

somatic cell hybrids, microdissection of a chromosome region, or from yeast artificial

chromosomes (YACs) identified by PCR primers specific for a unique chromosome locus or

other suitable means like an adjacent YAC clone. Probes may be genomic DNA, cDNA, or

RNA cloned in a plasmid, phage, cosmid, YAC, Bacterial Artificial Chromosomes (BACs), viral

vector, or any other suitable vector. Probes may be cloned or synthesized chemically by

conventional methods. When cloned, the isolated probe nucleic acid fragments are typically

inserted into a vector, such as lambda phage, pBR322, M13, or vectors containing the SP6 or T7

promoter and cloned as a library in a bacterial host. [See for e.g., Sambrook, J., Fritsch, E. F.,

Maniatis, T., Molecular Cloning A Laboratory Manual, Cold Spring Harbor Press, (1989)].

[0125] Probes are preferably labeled, such as with a fluorophor, for example. Examples

of fluorophores include, but are not limited to, rare earth chelates (europium chelates), Texas

Red, rhodamine, fluorescein, dansyl, Lissamine, umbelliferone, phycocrytherin, phycocyanin, or

commercially available fluorophors such SPECTRUM ORANGE™ and SPECTRUM

GREEN™ and/or derivatives of any one or more of the above. Multiple probes used in the assay

may be labeled with more than one distinguishable fluorescent or pigment color. These color

differences provide a means to identify the hybridization positions of specific probes. Moreover,

probes that are not separated spatially can be identified by a different color light or pigment

resulting from mixing two other colors (e.g., light red+green=yellow) pigment (e.g.,

blue+yellow=green) or by using a filter set that passes only one color at a time.

[0126] Probes can be labeled directly or indirectly with the fluorophor, utilizing

conventional methodology known to one with skill in the art.
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VII. Detection Kits and Compositions

[0127] Also provided by the invention are kits for use in the practice of the present

invention as disclosed herein. Such kits may comprise containers, each with one or more of the

various reagents (typically in concentrated form) utilized in the methods, including, for example,

one or more binding agents (antibodies), already attached to a marker or optionally with reagents

for coupling a binding agent to an antibody or nucleic acid molecule (as well as the marker

itself); buffers, the appropriate nucleotide triphosphates (e.g., dATP, dCTP, dGTP, dTTP, dUTP,

ATP, CTP, GTP and UTP), reverse transcriptase, DNA polymerase, R A polymerase, and one

or more sequence-specific or degenerate primers for use in detection of nucleic acid molecules

by amplification; and/or reagents and instrumentation for the isolation (optionally by

microdissection) to support the practice of the invention. A label or indicator describing, or a set

of instructions for use of, kit components in a ligand detection method of the present invention,

will also be typically included, where the instructions may be associated with a package insert

and/or the packaging of the kit or the components thereof.

[0128] In still further embodiments, the present invention concerns immunodetection

kits for use with the immunodetection methods described above. As the antibodies are generally

used to detect CD37, the antibodies will preferably be included in the kit. The immunodetection

kits will thus comprise, in suitable container means, a first antibody that binds to CD37, and/or

optionally, an immunodetection reagent and/or further optionally, a CD37 protein or cell or

sample containing a CD37 protein.

[0129] The immunodetection reagents of the kit may take any one of a variety of forms,

including those detectable labels that are associated with and/or linked to the given antibody.

Detectable labels that are associated with and/or attached to a secondary binding ligand are also

contemplated. Exemplary secondary ligands are those secondary antibodies that have binding

affinity for the first antibody.

[0130] Further suitable immunodetection reagents for use in the present kits include the

two-component reagent that comprises a secondary antibody that has binding affinity for the

first antibody, along with a third antibody that has binding affinity for the second antibody, the

third antibody being linked to a detectable label. As noted above, a number of exemplary labels

are known in the art and/or all such labels may be suitably employed in connection with the

present invention.

[0131] The kits may further comprise one or more therapeutic agents for the treatment of

cancer such as an anti-CD37 immunoconjugate and/or a chemotherapeutic agent.



[0132] The kit may further comprise an a CD37 detection reagent used to measure CD37

expression in a subject comprising a CD37 detection reagent, and instructions for use. In one

embodiment, the CD37 detection reagent comprises a CD37 binding peptide, protein or a

molecular probe (i.e., nucleic acid). In another embodiment, the CD37 detection reagent is an

anti- CD37 antibody. In another embodiment, the kit further comprises a secondary antibody

which binds the anti- CD37 antibody. In one embodiment the CD37 -specific antibody is

included at a concentration of 2.1, 4.2, and 8.4 g/mL. In another embodiment, the antibody is

included in concentrated solution with instructions for dilutions to achieve a final concentration

of 2.1, 4.2, and 8.4 g/mL. In another embodiment, the kit further comprises a detection reagent

selected from the group consisting of: an enzyme, a fluorophore, a radioactive label, and a

luminophore. In another embodiment, the detection reagent is selected from the group

consisting of: biotin, digoxigenin, fluorescein, tritium, and rhodamine.

[0133] The kit can also include instructions for detection and scoring of CD37

expression. The kit can also include control or reference samples. Non-limiting examples of

control or reference samples include cell pellets or tissue culture cell lines derived from negative

normal tissue (negative control) or tumor (positive control) samples. Exemplary positive control

cell lines include Daudi, Ramos. Namahva and a negative control includes Colo205 and cell

lines stably or transiently transfected with an expression vector that expresses CD37.

VIII. CD37-binding agents

[0134] Any antibodies that bind CD37 can be used in the detection methods of the

present invention. Examples of therapeutically effective anti-CD37 antibodies, which can be

used in the present methods can be found in US Published Appl. No. 201 1/0256153, which is

herein incorporated by reference. For example, the anti-CD37 antibody can be mouse, chimierc,

or humanized CD37-3, CD37-12, CD37-38, CD37-50, CD37-51, CD37-56 or CD37-57. The

full-length amino acid sequence for CD37 is known in the art and also provided herein as

represented by SEQ ID NO: 1. A specifically useful antibody for detection of CD37 is the

mouse monoclonal anti-huCD37 clone CT1 (Leica # NCL-CD37). An example of a

therapeutically effective anti-CD37 antibody is huCD37-3-SMCC-DMl. The polypeptide of

SEQ ID NO: 57 corresponds to the variable domain heavy chain version 1.0 of huCD37-3. The

polypeptide of SEQ ID NO: 58 corresponds to the variable domain heavy chain version 1.1 of

huCD37-3, and the polypeptide of SEQ ID NO: 74 corresponds to the variable domain light

chain of huCD37-3, respectively. 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 (10801 University Boulevard, Manassas,

Virginia 201 10) on March 8, 2010). in certain emhodiments, the CD37 antibody can comprise

a heavy chain encoded by the recombinant plasmid DNA phuCD -3 Cv. 0 (ATCC Deposit

Designation PTA-10723, deposited with the ATCC o March 18, 2010). In certain

embodiments, the CD37 antibody can comprise a light chain encoded b the recombinant

plasmid DNA phuCD37 3LC (PTA- 10722) and a heavy chain encoded by the recombinant

plasmid DNA phuCD37-3HCv.l.O (PTA-10723). In certain embodiments, the CD37 antibody

can comprise the VL-CDRs encoded by the recombinant plasmid DNA phuCD37-3LC (PTA-

10722) and the VH-CDRs encoded by the recombinant plasmid DNA phuCD37-3HCv. .0

(PTA-10723).

[0135] Examples of CD37 immunoconjugates userful in the therapeutic methods of the

invention are provided below.

IX. CD37 Immunoconjugates

[0136] The present invention is also increasing the efficacy of conjugates (also referred

to herein as immunoconjugates), comprising the anti-CD37 antibodies, antibody fragments,

functional equivalents, improved antibodies and their aspects as disclosed herein, linked or

conjugated to a cytotoxin (drug) or prodrug. Exemplary CD37 antibodies and

immunoconjugates can be found in U.S. Published Application No. 201 1/0256153, which is

herein incorporated by reference. A particularly effective therapeutic immunoconjugate of the

invention comprises the huCD37-3 antibody described above.

[0137] Suitable drugs or prodrugs are known in the art. In certain embodiments, drugs

or prodrugs are 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, 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. In certain embodiments, the cytotoxic agents are

maytansinoids and maytansinoids analogs.

[0138] The drug or prodrug can, for example, be linked to the anti-CD37 antibody, such

as huCD37-3, 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
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fragment thereof. In certain embodiments, reactive chemical groups for reaction with the cell-

binding agent are N-succinimidyl esters and N -sulfosuccinimidyl esters. Additionally the linker

molecule comprises a reactive chemical group, in certain embodiments a dithiopyridyl group

that can react with the drug to form a disulfide bond. In certain embodiments, linker molecules

include, for example, N-succinimidyl 3-(2-pyridyldithio) propionate (SPDP) (see, e.g., Carlsson

et al., Biochem. J , 173: 723-737 (1978)), N-succinimidyl 4-(2-pyridyldithio)butanoate (SPDB)

(see, e.g., U.S. Patent No. 4,563,304), N-succinimidyl 4-(2-pyridyldithio)2-sulfobutanoate

(sulfo-SPDB) (see US Publication No. 20090274713) , N -succinimidyl 4-(2-pyridyldithio)

pentanoate (SPP) (see, e.g., CAS Registry number 341498-08-6), 2-iminothiolane, or

acetylsuccinic anhydride.

[0139] Antibody-maytansinoid conjugates with non-cleavable links can also be prepared.

Such crosslinkers are described in the art (see ThermoScientific Pierce Crosslinking Technical

Handbook and US Patent Application Publication No. 2005/0169933) and include but are not

limited to, N-succinimidyl 4-(maleimidomethyl) cyclohexanecarboxylate (SMCC), N-

succinimidyl-4 -(N-maleimidomethyl)-cyclohexane-l-carboxy-(6-amidocaproate), which is a

"long chain" analog of SMCC (LC-SMCC), κ-maleimidoundecanoic acid N -succinimidyl ester

(KMUA), β-maleimidopropanoic acid N-succinimidyl ester (BMPS), γ-maleimidobutyric acid

N-succinimidyl ester (GMBS), ε-maleimidocaproic acid N-hydroxysuccinimide ester (EMCS),

m-maleimidobenzoyl -N-hydroxysuccinimide ester (MBS), N-(a-maleimidoacetoxy)-

succinimide ester (AMAS), succinimidyl-6 -( -maleimidopropionamido)hexanoate (SMPH), N-

succinimidyl 4-(p-maleimidophenyl)-butyrate (SMPB), and N-(p-maleimidophenyl)isocyanate

(PMPI), N-succinimidyl-4-(iodoacetyl)-aminobenzoate (SIAB), N-succinimidyl iodoacetate

(SIA), N-succinimidyl bromoacetate (SBA), and N-succinimidyl 3-(bromoacetamido)propionate

(SBAP). In certain 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)).

[0140] The present invention includes aspects wherein the average molar ratio of the

cytotoxic agent (e.g., maytansinoid) to the cell-binding agent in the cell-binding agent cytotoxic

agent conjugate is about 1 to about 10. The terms "MAR," "Maytansinoid-Ab Ratio," "drug

load," "DAR," and "Drug-Ab Ratio" can be used herein to characterize the ratio of cytotoxic
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agent to cell-binding agent in a conjugate comprising a maytansinoid compound as the cytotoxic

agent and an antibody or fragment thereof as the cell binding agent. Thus, in some

embodiments, the MAR is about 1 to about 10, about 2 to about 7, about 3 to about 5, about 2.5

to about 4.5 (e.g., about 2.5, about 2.6, about 2.7, about 2.8, about 2.9, about 3.0, about 3.1,

about 3.3, about 3.4, about 3.5, about 3.6, about 3.7, about 3.8, about 3.9, about 4.0, about 4.1,

about 4.2, about 4.3, about 4.4, about 4.5), about 3.0 to about 4.0, about 3.2 to about 4.2, about

4.5 to 5.5 (e.g., about 4.5, about 4.6, about 4.7, about 4.8, about 4.9, about 5.0, about 5.1, about

5.2, about 5.3, about 5.4, about 5.5). 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). In certain embodiments, the drug

is N -deacetyl-N2 -(3-mercapto-l-oxopropyl)-maytansine (DM1) or N -deacetyl-N2 -(4-

mercapto-4-methyl-l-oxopentyl) maytansine (DM4). Thus, in a certain embodiment, the

antibody huCD37-3 is conjugated to DM1 or DM4.

X. Correlation of CD37 expression and therapeutic efficacy

[0141] In certain embodiments, the invention provides a method for identifying subjects

with an increased likelihood for responding to CD37-targeting anti-cancer therapies. The

invention is based, in part, on the discovery that elevated CD37 expression levels correlates with

efficacy of CD37-targeting anti-cancer therapeutics and the discovery of methods of detecting a

dynamic range of CD37 expression in B-cell samples.

[0142] Evaluation of patient samples and correlation to in vivo efficacy using xenograft

models demonstrates the power of the expression analysis for selecting subjects more likely to

respond to treatment. IHC provides a score for CD37 expression on tumor cells: 0 (no

expression) to 3+ (very high levels of expression). Samples scoring 1, 2, 3, or 3+ for CD37

expression (or 2, 3, or 3+) have an increased likelihood to respond to CD37-targeted anti-cancer

therapies at clinically-relevant doses of CD37 immunoconjugates (e.g., 0.1 to 10 or more mg/kg

xenograft dose of a CD37 immunoconjugate can approximate a 3.0 to 400 mg/m in patients).

Thus, identification of individuals having an elevated CD37 score would help identify those

individuals who might respond to a clinically relevant dosage. As described in more detail

below, sensitivity to CD37 therapeutics may correlate with CD37 scoring of 2 or higher,

especially with level 3 scoring. Moreover, expression of more uniform levels of CD37 can also

be used as an indicator of correlation of CD37 expression with therapeutic benefit. Thus, a



homogenous staining uniformity or a combination of increased intensity with heterogenous

staining uniformity could indicate increased CD37 expression. For example, scores of greater

than 2 hetero may be used as a patient selection criterion for treatment with a CD37 therapeutic

agent.

[0143] CD37 expression analysis also identifies patients in whom decreased levels of a

CD37-targeting anti-cancer therapy ("low dose therapy") can be effective to cause anti-tumor

responses. As is appreciated in the art, compounds are generally administered at the smallest

dosage that achieves the desired therapeutic response. This is specifically important for

therapeutics that cause clinical, and often undesired, side effects. The ability to recognize those

subjects with elevated CD37 expression levels allows for minimization of the dosage of the

CD37-targeting therapeutic, thus decreasing possible side effects, while maintaining therapeutic

efficacy.

XI. Pharmaceutical compositions and therapeutic methods

[0144] CD37-binding agents (including antibodies immunoconjugates, and

polypeptides) are useful in a variety of applications including, but not limited to, therapeutic

treatment methods, such as the treatment of cancer. 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 may 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.

[0145] In certain embodiments, the disease treated with the CD37-binding agent or

antagonist (e.g., a huCD37-3 antibody or immunoconjugate) is a cancer. In certain

embodiments, the cancer is characterized by tumors expressing CD37 to which the CD37-

binding agent (e.g., antibody) binds.

[0146] 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 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 prolymphocyte 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 (DLBCL), Burkitt's

lymphoma (BL), 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.

[0147] 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.

[0148] 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, 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.

[0149] 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.

[0150] Thus, in certain embodiments the inventions provides methods of treating cancer

using a CD37-3 antibody (e.g., chimeric, humanized, or fully human) or immunoconjugate

thereof, wherein the cancer is identified, using the methods described herein, as having increased

CD37 expression. In a certain embodiment, the CD37-3 immunoconjugate is huCD37-3-

SMCC-DM1.

[0151] 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 monosaccharides, 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).

[0152] The pharmaceutical compositions of the present invention can be administered in

any number of ways for either local or systemic treatment. Administration can be topical (such

as to mucous membranes including vaginal and rectal delivery) such as transdermal patches,

ointments, lotions, creams, gels, drops, suppositories, sprays, liquids and powders; pulmonary

(e.g., by inhalation or insufflation of powders or aerosols, including by nebulizer; intratracheal,

intranasal, epidermal and transdermal); oral; or parenteral including intravenous, intraarterial,

subcutaneous, intraperitoneal or intramuscular injection or infusion; or intracranial (e.g.,

intrathecal or intraventricular) administration.

[0153] 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 preferably has 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.

[0154] 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
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schedules can be calculated from measurements of drug accumulation in the body of the patient

and will va y depending on the relative potency of an individual antibody or agent. The

administering physician car!- easily determine optimum dosages, dosing methodologies and

repetition rates. In certain embodiments dosage is from 0.01 to 100 g 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 weekly, once every two weeks

or once every three weeks. n certain embodiments, the dosage of the antibody or other CD37-

binding agent i from about 0 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.

155J 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.

[0156] 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

[0157] It is understood that the examples and embodiments described herein are for

illustrative puposes 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.
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Example 1

Immunohistochemical staining of CD37 in cell samples- manual methods

[0158] Formalin fixed paraffin embedded cell pellets and tissues were used as test

samples with the following staining reagents and conditions.

[0159] Formalin-fixed paraffin-embedded (FFPE) patient lymphoma biopsies were

stained with the murine anti-CD37 antibody clone CT1, (mulgGI, Leica, Cat# NCL-CD37),

murine anti-CD20 antibody clone L26 (muIgG2a, Dako Cytomation, Cat# M 07 55), and the

respective isotype control mulgGI and muIgG2a antibodies from Coulter as follows. Slides

containing samples were baked at 60° C for 30 min in a drying oven and were deparaffinized

and rehydrated by sequential immersion in the following solvents: xylenes, absolute ETOH,

95% ETOH and water. Following antigen retrieval in pH 9.5 Borg buffer (Biocare Medical) in a

decloaker, slides were washed with PBS (Gibco), and sections were blocked in PBS containing

2% normal horse serum (Vector Labs) and avidin-biotin block (4 drops/mL, Vector Labs) for 30

min. To prepare working solutions of primary antibodies, the CD37-test and -isotype control

articles were each diluted to 4.0 µg/mL in diluent [PBS containing 2% normal horse serum and

biotin (4 drops/mL)]. The CD20 -test and -isotype control articles were each diluted to 0.5

µg/mL in diluent. Slides were washed in PBS, and incubated at room temperature for 60

minutes with the test articles (anti-CD37 or anti-CD20), or control articles (mulgGI or

muIgG2a), followed by a 30 minute incubation with 10 Mg/mL of a biotinylated horse anti-

mouse IgG (H+L) secondary antibody (Vector Labs). Slides were washed again in PBS and

incubated for 40 minutes with avidin-biotin-peroxidase complex (Vector Labs) to detect bound

secondary antibody. Incubation for 5 minutes with DAB (3,3-diaminobenzidine

tetrahydrochloride, Dako Cytomation) resulted in the color signal. Slides containing developed

tissue sections were counterstained by immersion in a container filled with Hematoxylin

(Biocare Medical) for 4 min. Slides were cleared of excess stain followed by a quick immersion

in Lithium Carbonate solution (0.135 M Li2C0 3 aqueous solution, Sigma Aldrich) which

enhances the blue nuclear staining. Slides were dehydrated through two rinses each of 95% and

100% ETOH, followed by four washes of Xylene for 1 min each. Coverslips were mounted onto

the slides using Mounting medium (Richard Allan Scientific).

[0160] FFPE samples were derived from tumor micro arrays, as well as human tissue

blocks from three different CLL tumors, as outlined in Table 1.
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Table 1: FFPE Test Samples

[0161] The CD37 test article, murine anti-CD37 antibody clone CT1, was tested to

determine binding specificity to the huCD37 antigen. Using the reported IHC staining methods,

FFPE sections of 300-19 and 300-19 transfected with huCD37 (300-19/huCD37) cell pellets

were stained and evaluated for CD37. The CD37 test article specifically stained 300-19/

huCD37 cells and returned no staining in 300-19 cells (3 homo and negative, respectively; see

Figure 1). These results demonstrate that clone CT1 specifically targets the huCD37 antigen.

(Figure 1). FFPE sections of human normal spleen were also stained and evaluated for CD37.

As shown in Figure 2, the white pulp of the spleen (containing lymphoid follicles rich in B

lymphocytes) showed strong CD37 staining, while the red pulp of the spleen (containing

monocytes and red blood cells) showed little to no CD37 staining.

[0162] The immunoreactivity of each test and control article with tissues and cell pellets

was determined by the consulting pathologist, Dr. David Dorfman. Samples were first

categorized as either large cell, consisting of diffuse large B-cell lymphoma (DLBCL), or small

cell, consisting of mantle cell lymphoma (MCL), mucosa associated lymphoid tissue (MALT),

follicular lymphoma (FL), Chronic lymphocytic leukemia (CLL), small lymphocytic leukemia

(SLL). The small cell group was further categorized into the respective small cell subtypes.

[0163] For each tissue evaluated, a description of the staining intensity and staining

uniformity was reported. The staining intensity score and uniformity scales are described in

Table 2. The final reported score for each tissue sample evaluated is the score of the test article

minus the score of the respective control article. The ABC (antibodies bound per cell) level for

each sample was estimated by comparing the staining score to the calibrated cell pellet controls.

Table 2. Intensity score and uniformity scales used to assess the immunoreactivity of the CD37
antibody clone CT1 with FFPE tissue samples.
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1 Weak 0 Negative

2 Moderate Focal <25%

3 Strong Heterogeneous (hetero) 25-75%

3+ Very Strong Homogeneous (homo) >75%

[0164] The levels of CD37-expression in tumor cell lines were determined using an anti-

CD37 antibody-PE conjugate and the QuantiBRITE system (BD Biosciences). Several B-cell

malignancy cell lines were included in the study. In order to obtain reliable ABC values, the

binding experiments with an antibody-PE conjugate should be performed at a saturating

concentration (concentration, at which all available binding sites are occupied by the conjugate).

To determine such concentration for the anti-CD37 antibody-PE conjugate, binding experiments

were performed on a panel of CD37-positive cell lines with various CD37 expression levels. The

cells were incubated with a wide concentration range of PE conjugate for two hours on ice,

washed with FACS buffer (PBS with 1% BSA), fixed with 1% formaldehyde in PBS and

analyzed on a FACSCalibur flow cytometer (BD Biosciences). The concentration at which the

conjugate saturates cell surface binding sites on all tested cell lines is determined. In subsequent

binding ABC-experiments the PE conjugate was used at that concentration. Each sample was

analyzed in duplicate or triplicate; several independent experiments were performed on each cell

line.

[0165] Antibodies bound per cell (ABC) values were determined for CD37 for each of

the positive control cell lines, Daudi, Ramos and RL, using flow cytometry methods by staining

cells with a saturating concentration of phycoerythrin (PE)-labeled anti-CD37 antibody

(huCD37-PE). Immunohistochemical staining conditions were then optimized for CD37 so that

Daudi, Ramos, and RL positive control cells, which each express a uniform level of CD37 and a

different ABC value by flow cytometry, also showed varying levels of staining intensity by IHC

(see Figure 3 and Figure 4). Daudi and Ramos exhibited homogeneous staining with high

intensity, while staining of RL was of a lower intensity with a heterogeneous pattern. The CD37

staining intensity trends observed from the cell pellets correspond to the reported ABC values,

where higher ABC values of 360,000 and 120,000 ABC resulted in more intense staining than

an ABC value of 55,000. The staining results and respective ABC values are listed in Table 3.

CD20 staining was optimized so that staining scores for CD20 and CD37 were similar in cell

pellets expressing similar levels of CD20 and CD37, respectively (see Figure 5).



Table 3 : ABC values and respective staining results for CD37 on cell lines.

CD37 was predominantly expressed

in B-NHL (Table 4). Varying levels of uniform CD37 expression were demonstrated in B-cell

NHL including subtypes such as FL, MALT lymphoma, DLBCL, BL, and MCL by

immunohistochemistry (see Figure 6). As demonstrated in Figure 6, most NHL samples show

CD37 expression with an IHC score of > 2. This corresponds to the level of staining of control

cell line pellets such as Daudi, Ramos and RL with ABC values of > 55,000. Representative

photographs showing lymphoma samples stained for CD37 are shown in Figure 7. T-cell

lymphomas and Multiple Myeloma (MM) samples did not show staining for either CD37 or

CD20.

Table 4. Summary of Staining Results of CD37 and CD20 in Neoplastic Cell Types.

Example 2

Anti-tumor activity of huCD37-3 antibody, and huCD37-3-SMCC-DMl in female CB.17 SCID
mice bearing SU-DHL-4 (human DLBCL) xenografts

[0167] In this study, the anti-tumor activity (median tumor volume, mm3) of CD37-3

antibody and huCD37-3-SMCC-DMl were evaluated in female SCID mice bearing

subcutaneous SU-DHL-4 tumors, a diffuse large B-cell lymphoma model. Mice were
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randomized into groups (n = 10 per group) by body weight. Treatment was the day after

randomization, and groups included a control group dosed with PBS (200 µΐ ίη ΐ ΐοη),

huCD37-3 antibody, and non-cleavable huCD37-3-SMCC-DMl conjugate. Treatments were

administered as single intravenous bolus of 10 mg of protein/kg/injection for antibody and

huCD37-3-SMCC-DMl. All treatments were well tolerated with no body weight loss as with

PBS control animals. Ten out of ten PBS control animals developed tumors (100% tumor take

rate), reaching a median tumor volume of 1000 mm3 on 37 days post cell inoculation. The mean

and median tumor volumes were calculated for each treatment group. 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 at or below 42% is considered active, while a treatment with a % T/C value

at or below % is considered highly active.

[ 68] Single intravenous treatment of huCD37-3 antibody (10 mg/kg/injection) was

active in this study with a 32% T/C; however there were no tumor-free survivors (TFS).

huCD37-3-SMCC-DMl (10 mg kg i j ection) was highly active w th %T/C of 1 %. Anti-tumor

activity (median tumor volume, mm5) of huCD37-3-SMCC-DMl only as a single intravenous

treatment (10 mg/kg/injection) is shown in Figure 8.

[0169] An additional study was conducted to evaluate CD37-3 antibody and huCD37-3-

SMCC-DM1 in female SCID mice bearing subcutaneous SU-DHL-4 tumors as outlined in

Example 17 of (U.S. Published Application No. 201 1/0256153, herein incorporated by

reference). 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 or huCD37-3-SMCC-DMl.

The %T/C value on day 38 post cell inoculation corresponded to 34% or 4% for huCD37-3 or

huCD37-3-SMCC-DMl, respectively. On day 74 post cell inoculation, huCD37-3-SMCC-DMl

treatment resulted in 8 of 10 tumor-free survivors. No TFS were observed in the huCD37-3

antibody or PBS vehicle control groups. The huCD37-3-SMCC-DMl 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. Therefore, huCD37-3-SMCC-DMl was highly

active in the SU-DHL-4 model at a single dose of 10 mg/kg and was active at a single dose of

2.5 mg/kg.
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Example 3

Anti-tumor efficacy of huCD37 antibody huCD37-3, huCD37-3-SMCC-DMl and standard-of-
care chemotherapeutics in SCID mice bearing DoHH2 xenografts, a human follicular lymphoma
model

[0 70] In this study, the antitumor activity of huCD37-3 antibody, huCD37-3-SMCC-

DM1, Rituximab® antibody, and CVP (cyclophosphamide, vincristine and prednisone) were

investigated in female SC!D mice bearing subcutaneous DoH 2 tumors, a human follicular

lymphoma model. Eleven days after tumor cell inoculation eighty-one mice were randomized

into 9 groups (n = 9 per group) by tumor volume. Treatment was initiated the day after

randomization (Day 12), and groups included a control group dosed with PBS (200

µ ι' ), six groups administered single intravenous doses of either huCD37-3 antibody or

huCD37-3-SMCC-DMl conjugate at 10, 5, or 2.5 mg/kg, one group administered six

intravenous Rituximab antibody doses at 2 mg/kg, twice per week times three, and one group

administered a single intravenous dose of cyclophosphamide at 40 mg/kg and vincristine at 0.5

mg/kg, along with five daily oral doses of prednisone at 0.2 mg/kg.

[0171] Single treatments at 10, 5, and 2.5 mg/kg of huCD37-3 antibody and huCD37-3-

SMCC-DM1 conjugate as well as rituximab antibody at 2 mg/kg/injection, 2qw x 3, were well

tolerated with no body weight loss as with PBS control animals. Treatment with CVP was toxic

with one animal related drug death and 12% mean body weight loss (day 18 nadir). This animal

was excluded from data analysis.

[0172] Nine out of nine PBS control animals developed tumors (100% tumor take rate),

reaching a median tumor volume of 800 mm on 19 days post cell inoculation. The median and

mean tumor volume was calculated for each treatment group. Single intravenous treatments with

2.5 and 5 mg/kg of huCD37-3 antibody and huCD37-3-SMCC-DMl conjugate, as well as,

Rituximab® antibody (2 mg/kg, twice weekly time three) were inactive in this study with > 42%

T/Cs. Single intravenous treatment with 10 mg/kg of huCD37-3 antibody and huCD37-3-

SMCC-DM1 conjugate were active with 37% and 16% T/C, respectively. Treatment with the

doses and schedule of CVP administered, although highly active with 2% T/C, was above the

tolerated dose for this regimen. Anti-tumor activity (median tumor volume, mm ) of huCD37-3

antibody, huCD37-3-SMCC-DMl, and standard chemotherapeutics in SCID mice bearing

DoHH2 human tumor xenografts are shown in Figure 9. Anti-tumor activity (median tumor

volume, mm3) of huCD37-3-SMCC-DMl only as a single intravenous treatment (10

mg/kg/injection) in this model is shown in Figure 10.
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Example 4

Anti-Tumor Efficacy of Antibody huCD37-3, huCD37-3-SMCC-DMl, and Standard of Care
Agents in SCID Mice Bearing JVM-3 Xenografts, a Human B Cell Chronic Lymphocytic
Leukemia (CLL) Model

[0173] In this study, the anti-tumor activity of huCD37-3 antibody, the non-cleavable

conjugate huCD37-3-SMCC-DMl, and two standard-of-care agents: Ofatumumab, an antibody

targeting CD20, and Bendamustine, a chemotherapeutic agent, was evaluated in a human B cell

chronic lymphocytic leukemia model using JVM-3 (CD37+/CD20+) cells implanted

subcutaneously in female SCID mice. Six days after tumor cell inoculation ninety mice were

randomized into nine groups (n = 10 per group) by tumor volume. Treatment was initiated the

day after randomization, and groups included a control group dosed with PBS (200

µ /ί ί ϊοη), huCD37-3 antibody, non-cleavable huCD37-3-SMCC-DMl conjugate,

Ofatumumab antibody and Bendamustine. Treatments were administered as a single intravenous

dose of 10, 5, and 2.5 mg/kg for huCD37-3 antibody and huCD37-3-SMCC-DMl, at 5 mg/kg,

twice weekly times three for Ofatumumab and as a single dose of 50 mg/kg for Bendamustine.

[0174] Single treatments at 10, 5, and 2.5 mg/kg of huCD37-3 antibody and huCD37-3-

SMCC-DM1 conjugate as well as Ofatumumab antibody at 5 mg/kg/injection, 2qw x 3, were

well tolerated with no body weight loss as with PBS control animals. Treatment with

Bendamustine was tolerated with 8 % mean body weight loss (day 9 nadir). Ten out of ten PBS

control animals developed tumors (100% tumor take rate), reaching a median tumor volume of

500 mm3 on 16 days post cell inoculation. The median and mean tumor volume was calculated

for each treatment group. The results were plotted against days post inoculation for mean tumor

volume and for median tumor volume. Treatment with standard of care agents Ofatumumab (5

mg/kg, twice weekly time three) and Bendamustine (single intravenous dose of 50 mg/kg) were

active in this study with 39% and 31% T/C, respectively. Single intravenous treatments with 2.5

mg/kg of huCD37-3 antibody and huCD37-3-SMCC-DMl conjugate were inactive in this study

with > 42% T/Cs. Single intravenous treatment with 10 mg/kg of huCD37-3 antibody and

huCD37-3-SMCC-DMl conjugate were active with 29% and 26% T/C, respectively, and

treatment with an intermediate dose (5 mg/kg single injection) of huCD37-3 antibody and

huCD37-3-SMCC-DMl conjugate were active with 3 1% and 16% T/C, respectively. Anti-tumor

activity (median tumor volume, mm3) of huCD37-3 antibody, huCD37-3-SMCC-DMl,

Ofatumumab, and Bendamustine in SCID mice bearing JVM-3 human tumor xenografts is

shown in Figure 11. Anti-tumor activity (median tumor volume, mm ) of huCD37-3-SMCC-
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DM1 only as a single intravenous treatment (10 mg/kg/injection) in this model is shown in

Figure 12.

Example 5

Correlation of anti-tumor activity (median tumor volume, mm ) of huCD37-3-SMCC-DMl as a
single intravenous treatment (10 mg/kg/injection) in xenograft models with IHC staining scores

[0175] The antitumor effect of huCD37-3-SMCC-DMl was evaluated in three

lymphoma xenograft models as described in Examples 2, 3, and 4 and correlated with respective

CD37 expression, determined by IHC as described in Example 1. FFPE samples prepared from

mouse xenograft tumor models were evaluated for CD37 positivity using the manual assay

method described in Example 1. FFPE mouse xenograft tissues derived from the following cell

lines showed the following staining patterns: SU-DHL-4 showed homogeneous staining patterns

with level 3 intensity; DOHH-2 showed homogeneous staining patterns with levels 2 and 3

intensity; JVM-3 showed heterogenous patterns with level 2 and 3 intensity. Representative

photographs of tumor xenografts and respective in vivo activity from a single intravenous

treatment of huCD37-3-SMCC-DMl (10 mg/kg/injection) are shown in Figures 8, 10 and 12. A

summary of the in vivo activity and respective CD37 staining scores for each xenograft are listed

in Table 5. Among the three xenografts evaluated, the tumor with highest expression (3 homo)

also showed the highest activity when treated with huCD37-3-SMCC-DMl . The other 2 models

showed lower expression and lower activity.

Table 5. In vivo activity of huCD37-3-SMCC-DMl and respective CD37 staining scores in
xenograft models.
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Example 6

immunohistochemical staining of CD37 in formalin fixed paraffin embedded (FFPE) samples-
automated methods.

[0176] The IHC staining assay used the murine anti-CD37 antibody clone CT1 (Leica

Cat# NCL-CD37) as the test article and murine IgGl isotype control (Leica, Cat# MOPC21 AB)

and was performed on the Leica Bond RX automated stainer. Paraffin wax was removed when

slides containing samples were baked at 60° C. Then the excess paraffin wax was removed with

Dewax solution (Leica). Following antigen retrieval in pH 6.0 Bond Epitope Retrieval Solution

1 (ER1, Leica), sections were blocked in 3-4% peroxide. To prepare working solutions of

primary antibodies, the CD37-test and isotype control articles were each diluted to 4.2 g/mL in

antibody diluent. Slides were incubated with the test article (anti-CD37), or control article

(muIgGl), followed by incubation with the post primary reagent (rabbit anti-mouse IgG, Leica),

then by incubation with a polymer (goat anti-rabbit-HRP-IgG, Leica). Slides were developed by

incubation with DAB (3,3-diaminobenzidine tetrahydrochloride, Leica) resulting in the color

signal. Slides containing developed tissue sections were counterstained with Hematoxylin

(Leica) then cleared of excess stain and dehydrated through a series of 95% and 100% ETOH

immersion, followed by immersion in Xylene. Coverslips were mounted onto the slides using

mounting medium (Richard Allan Scientific).

[0177] All stained samples were evaluated and scored. Control samples were first

evaluated followed by test samples (whole sections and individual cores from the tissue micro

arrays). For each tumor tissue or cell pellet evaluated, a description of the staining intensity and

respective proportion of tumor cells stained was reported. Membrane associated staining was

recorded for every sample. When duplicate scores were evaluated from one patient, only the

higher score was included in the analysis. If the score describes only cytoplasmic staining, then

the final score was reported as zero (0). Intensity and uniformity scores were given to each

sample as described in Table 6. Staining intensity and distribution patterns were scored relative

to control IgG staining (non-specific). Intensity was scored on a scale of 0 to 3 (0 = no staining,

1 = weak, 2 = moderate and 3 = strong), and distribution was scored as focal (<25% of cells

stained), heterogeneous (25-75% of cells stained), and homogeneous (>75% of cells stained). In

normal tissue, only the defined substructures were evaluated when calculating intensity and

proportion.
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Table 6. IHC Scoring System Consisting of Intensity and Uniformity Scales

[0178] FFPE tumor samples were derived from tumor micro arrays, as well as human

tissue blocks.

[0179] Cells (tumor cells or transfeeted cells) were formalin fixed and paraffin

embedded (FFPE). FFPE cell pellet samples shown to exhibit varying ranges of CD37

expression by flow cytometry (Daudi, Ramos, Namalwa, and Colo205), normal human tissues

(spleen and tonsil), and Non-Hodgkin's lymphoma tissue samples were used to characterize

positive and negative controls and for analysis of specificity.

[ 180 To determine assay conditions, a range of dilutions of test and control article was

tested to select conditions that exhibit an appropriate level of sensitivity. Experiments were

performed on a panel of FFPE samples including CD37-positive cell pellets, normal human

tissue, and tissue micro arrays consisting of CD37 positive Non-Hodgkin's lymphoma samples.

Each sample was stained with a serial dilution of test article concentrations (2.1, 4.2, and 8.4

g/mL) or control article. All samples were evaluated and scored by a board certified

pathologist and categorized as either small cell (follicular lymphoma [FL], Mantle cell

lymphoma [MCL], MALT type marginal zone B cell lymphoma, marginal zone B cell

lymphoma, unclassified small cell lymphoma,unclassified non-hodgkin's lymphoma [NHL or

large cell (DLBCL). The relative staining intensities for each dilution were compared for each

sample to identify the optimal dilution. The criteria for optimal dilution was a dilution which 1)

caused no background staining in samples stained with isotype control 2) caused no staining in

negative tissue controls stained with test article and 3) differentiated between varying levels of

membrane-associated CD37 expression among test samples representing the indication of

interest (e.g., DLBCL, FL, CLL). The test article concentration of 4.2 µg/mL was

experimentally identified as an optimal dilution and is therefore a particularly useful

concentration. A summary of staining results for large cell lymphoma samples is shown in

Table 7, and a graph of the scoring distribution for each concentration is shown in Figure 13. A
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summary of staining results for small cell lymphoma samples is listed in Table 8, and a graph of

the scoring distribution for each concentration is depicted in Figure 14.

Table 7. Staining distribution in large cell lymphoma samples

Total 135 135 135 ]

Table 8. Staining distribution in small cell lymphoma samples at 3 concentrations

Total 11

Example 7

Identification and characterization of controls that characterize the dynamic range of the assay-
automated staining methods
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[0181] Quality controls: The mantle zone and the marginal zone of normal human

spleen and germinal zone and mantle zone of the tonsil were used as positive controls in each

assay to verify that the staining procedure performed as expected. The interfollicular areas of

normal human tonsil and the red pulp of human normal spleen were used as negative controls.

These controls were used as assay verification controls during the optimization and validation

phases. These results were reviewed to confirm that the selected controls give consistent results

and to confirm they spanned the dynamic range of the assay. Exemplary staining scores for the

quality controls are listed in Table 9 at four staining concentrations (2.1, 4.2, 8.4, and 16.7

µg/mL) and indicate that the concentration of primary antibody did affect staining results of

tested samples.

Table 9.

center; RP = red pulp



Example 8

Performance analysis of the automated staining method

[0182] The intended use of this assay is to specifically detect CD37 reproducibly and

with the appropriate sensitivity to differentiate varying levels and uniformity of membrane-

associated CD37 expression (optimal dynamic range) in B-cell malignancies. Therefore,

specificity, reproducibility, and sensitivity are considered as performance criteria.

[0183] The specificity and sensitivity of the study assay was characterized by staining

and evaluating a panel of tissue micro arrays. Staining was observed to confirm that positive

staining is consistently localized to the tumor tissue with normal adjacent tissue components

including stroma, blood vessels, and normal organ tissue staining negative or positive as

expected. For each subtype of B-cell malignancy, the distribution of staining scores among

tissue micro arrays was observed. A similar distribution of scores suggests the method

performed well and was not overly sensitive to minor variations in various fixation and

processing conditions. The precision of the study assay was also investigated by evaluating

intra-run and inter-run reproducibility of the assay using FFPE samples consisting of cell pellets

that express varying levels of CD37: Daudi (high CD37 expression), Ramos (intermediate CD37

expression), Namalwa (low CD37 expression), and Colo205 (negative). Additionally, normal

human spleen (two samples), normal human tonsil, and a marginal zone lymphoma sample were

included. For intra-run reproducibility, nine slides each containing a section of each control

were placed at random locations on the Leica Bond RX. For inter-run reproducibility, three

slides containing sections from the same samples were stained on three different days. All slides

from both intra-run and inter-run reproducibility experiments were evaluated and found to be

reproducible.

Example 9

A CD37 staining score by IHC correlates with activity of huCD37-3-SMCC-DMl

[0184] Potency and specificity of huCD37-3-SMCC-DMl is analyzed against CD37-

positive cell lines with a wide range of CD37 expression. The level of CD37 expression is

determined by flow cytometry as described in Example 1. Alternatively, the level of CD37

expression is determined by IHC using a manual staining method as described in Example 1 or

by IHC using an automated staining method as described in Examples 6-8. Potency is evaluated
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using suitable in vivo xenograft models as described in Examples 2-4. Dosing of huCD37-3-

SMCC-DM1 is done intravenously at doses such as 10 mg/kg, 5 mg/kg and/or 2.5 mg/kg. In

addition, suitable CD37-positive cells with low CD37 expression levels can be used such as, for

example, Namalwa. To verify specificity of activity, CD37-negative cell lines, such as Colo205,

can be included in the experiments.

[0185] All publications, patents, patent applications, internet sites, and accession

numbers/database sequences (including both polynucleotide and polypeptide sequences) cited

herein are hereby incorporated by reference in their entirety for all purposes to the same extent

as if each individual publication, patent, patent application, internet site, or accession

number/database sequence were specifically and individually indicated to be so incorporated by

reference.
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SEQUENCES

SEQ ID NO:l - human CD37
MSAQESCLSLIKYFLFVFNLFFFVLGSLIFCFGIWILIDKTSFVSFVGLAFVPLQIWSKVLAI
SGIFTMGIALLGCVGALKELRCLLGLYFGMLLLLFATQITLGILISTQRAQLERSLRDVVE
KTIQKYGTNPEETAAEESWDYVQFQLRCCGWHYPQDWFQVLILRGNGSEAHRVPCSC
YNLSATNDSTILDKVILPQLSRLGHLARSRHSADICAVPAESHIYREGCAQGLQKWLHN
NLISIVGICLGVGLLELGFMTLSIFLCRNLDHVYNRLAYR

Variable heavy chain CDR amino acid sequences:
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Variable light chain CDR amino acid sequences

Variable heavy chain amino acid sequences
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ILYSGGTDYNPSLKSRISITRDTSKNQFFLRLSSVTTEDTATYYCARGYYGYG
AWFVYWGQGTLVTVSA (SEQ ID NO:61)

chCD37-38 QVQLQESGPDL^
ILYSGGTDYNPSLKSRISITRDTSKNQFFLRLSSVTTEDTATYYCARGYYGYG
AWFVYWGQGTLVTVSA (SEQ ID NO:62)

huCD37-38 QVQLQESGPGLVKPSQSLSLTCTVSGYSITSGFGWHWIRQFPGKGLEWMAYI
LYSGGTDYNPSLKSRISITRDTSKNQFFLRLSSVTAADTATYYCARGYYGYG
AWFVYWGQGTLVTVSS (SEQ ID NO:63)

muCD37-50 DVQ QI
LYSGSTVYSPSLKSRISITRDTSKNHFFLQLNSVTTEDTATYYCARGYYGYG
AWFAYWGQGTLVTVSA (SEQ ID NO :64 _

huCD37-50 QVQLQESGPGLLKPSQSLSLTCTVSGYSITSGFAWHWIRQHPGNKLEWMGY
ILYSGSTVYSPSLKSRISITRDTSKNHFFLQLNSVTAADTATYYCARGYYGYG
AWFAYWGQGTLVTVSA (SEQ ID NO:65)

muCD37-51 DVQLQESGPDLLKPSQSLSLTCTVTGYSISSGFAWHWIRQFPGNKLEWMGYI
HYSGSTNYSPSLKSRISITRDSSKNQFFLQLNSVTTEDTATYYCARGYYGFGA
WFVYWGQGTLVTVSA (SEQ ID O : 6)

huCD37-51 1 EVQLVESG FEVLKPGE^
HYSGSTNYSPSLQGRJSITRDSSINQFFLQLNSVTASDTATYYCARGYYGFGA
WFVYWGQ GTLVTV SA (SEQ ID NO: 67

muCD37-56 DVQLQESG
! IHYSGGTNYNPSLKSRVSITRDTSKNQFFLQLNSVTTEDTATYYCARGYYGF

GAWFAYWGQGTLVPVSA (SEQ ID NO:68

huCD37-56 QVQLQESGPGLVKPSQSLSLTCTVSGYSITSGFAWHWIRQFPGKGLEWMGYI
HYSGGTNYNPSLKSRVSITRDTSKNQFFLQLNSVTAADTATYYCARGYYGF
GAWFAYWGQGTLVPVSA (SEQ ID N O :69) _

rnuCD37-57 DVQLQESGPDLL^SQSLS^
LYSGSTVYSPSLKSRISITRDTSKNQFFLQLNSVTTEDTATYYCARGYYGYG
AWFAYWGQGTLVTVSA (SEQ ID N O :70)

huCD37-57 QVQLQESGPGLLKPSQSLSLTCTVSGYSITSGFAWHWIRQFPGKGLEWMGYI
LYSGSTVYSPSLKSRISITRDTSKNQFFLQLNSVTAADTATYYCARGYYGYG
AWFAYWGQGTLVTVSAJSEQ ID NO:7 1)

Variable light chain amino acid sequences

Antibody VL Amino Acid Sequence (SEQ ID NO)
muCD37-3 DIQMTQSPASLSVSVGETVTITCRASENIRSNLAWYQQKQGKSPQLLVNVAT

NLADGVPSRFSGSGSGTQYSLKfrJSLQSEDFGTYYCQHYWGTTWTFGGGTK
LEIKR (SEQ ID NO: 72)

chCD37-3 DIQMTQSPASLSVSVGETVTITCRASENIRSNLAWYQQKQGKSPQLLVNVAT
NLADGVPSRFSGSGSGTQYSLKINSLQSEDFGTYYCQHYWGTTWTFGGGTK
LEIKR (SEQ ID NO:73) _

huCD37-3 DIQMTQSPSSLSVWG
( 1.0 and 1. 1) NLADGVPSRFSGSGSGTDYSLKINSLQPEDFGTYYCQHYWGTTWTFGQGTK

LEIKR (SEQ IDNO:74) _ __
muCD37-12 DIVLTQSPASLAVSLGQRAf

YASNLASGVPARFSGSGSGTDFTLNIHPVEEEDTATYYCQHSWEIPYTFGGG
TKLEIKR (SEQ ID NO:75)

chCD37-12 DIVLTQSPASLAVSLGQRATISCRASQSVSTSSYSYLYWFQQKPGQPPKLLIK
YASNLASGVPARFSGSGSGTDFTLNIHPVEEEDTATYYCQHSWEIPYTFGGG
TKLEIKR (SEQ ID NO: 76)

muCD37-38 QIVLTQSPAIMSASPGEKVTMTCSASSSVTYMHWYQ QKSGTSPKRWIYDTS
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Full-length heavy chain amino acid sequences

Antibodv FuU-Len|;th Heavy Chain Amino Acid Sequence (SEQ ID N O)
muC D3 - QVQVKESGPGLVAPSQSLSITCTVSGFSLTTSGVSWVRQPPGKGLEWLGVIW

GDGSTNYHSALKSRLSIKKDHSKSQVFLKLNSLQTDDTATYYCAKGGYSLA
HWGQGTLVTVSAAKTTAPSVYPLAPVCGDTTGSSVTLGCLVKGYFPEPVTL
TWNSGSLSSGVHTFPAVLQSDLYTLSSSVTVTSSTWPSQSITCNVAHPASSTK
VDKKIEPRGPTIKPCPPCKCPAPNLLGGPSVFIFPPKIKDVLMISLSPIVTCVVV
DVSEDDPDVQISWFVNNVEVHTAQTQTHREDYNSTLRVVSALPIQHQDWM
SGKEFKCKVNNKDLPAPIERTISKPKGSVRAPQVYVLPPPEEEMTKKQVTLT
CMVTDFMPEDIYVEWTNNGKTELNYKNTEPVLDSDGSYFMYSKLRVEKKN
WVERNSYSCSVVHEGLHNHHTTKSFSRTPGK (SEQ ID NQ:88J

chCD37-3 QVQVKES^GLVAPSQSLSITCTVSGFS
GDGSTNYHSALKSRLSIKKDHSKSQVFLKLNSLQTDDTATYYCAKGGYSLA
HWGQGTLVTVSAASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNT
KVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCV
WDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
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VLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO:95)

huCD37-38 QVQLQESGPGLVKPSQSLSLTCTVSGYSITSGFGWHWIRQFPGKGLEWMAYI
LYSGGTDYNPSLKSRISITRDTSKNQFFLRLSSVTAADTATYYCARGYYGYG
AWFVYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTQTYICNVNH
KPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP
EVTCWVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT
VLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO:96)

muCD37-50 DVQLQESGPDLLKPSQSLSLTCTVTGYSITSGFAWHWTRQFPGNKLEWMGYI
LYSGSTVYSPSLKSR!SITRDTSKNHFFLQLNSVTTEDTATYYCARGYYGYG
AWFAYWGQGTLVTVSAAKTTAPSVYPLAPVCGDTTGSSVTLGCLVKGYFP
EPVTLTWNSGSLSSGVHTFPAVLQSDLYTLSSSVTVTSSTWPSQSITCNVAHP
ASSTKVDKKIEPRGPTIKPCPPCKCPAPNLLGGPSVFIFPPKJKDVLMISLSPIV
TCVVVDVSEDDPDVQISWFVNNVEVHTAQTQTHREDYNSTLRVVSALPIQH
QDWMSGKEFKCKVNNKDLPAPIERTISKPKGSVRAPQVYVLPPPEEEMTKK
QVTLTCMVTDFMPEDIYVEWTNNGKTELNYKNTEPVLDSDGSYFMYSKLR
VEKKNWVERNSYSCSVVHEGLHNHHTTKSFSRTPGK (SEQ ID NO:97)

huCD37-50 QVQLQESGPGLLKPSQSLSLTCTVSGYSITSGFAWHWIRQHPGNKLEWMGY
ILYSGSTVYSPSLKSRISITRDTSKNHFFLQLNSVTAADTATYYCARGYYGYG
AWFAYWGQGTLVTVSAASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNH
KPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT
VLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO:98)

muCD37-51 DVQLQESGPDLLKPSQSLSLTCTVTGYSISSGFAWHWIRQFPGNKLEWMGYI
HYSGSTNYSPSLKSRISITRDSSKNQFFLQLNSVTTEDTATYYCARGYYGFGA
WFVYWGQGTLVTVSAAKTTAPSVYPLAPVCGDTTGSSVTLGCLVKGYFPEP
VTLTWNSGSLSSGVHTFPAVLQSDLYTLSSSVTVTSSTWPSQSITCNVAHPAS
STKVDKKIEPRGPTIKPCPPCKCPAPNLLGGPSVFIFPPKIKDVLMISLSPIVTC
VVVDVSEDDPDVQISWFVNNVEVHTAQTQTHREDYNSTLRVVSALPIQHQD
WMSGKEFKCKVNNKDLPAPIERTISKPKGSVRAPQVYVLPPPEEEMTKKQV
TLTCMVTDFMPEDIYVEWTNNGKTELNYKNTEPVLDSDGSYFMYSKLRVE
KKNWVERNSYSCSVVHEGLHNHHTTKSFSRTPGK (SEQ ID NO:99)

huCD37-51 EVQLVESGPEVLKPGESLSLTCTVSGYSISSGFAWHWIRQFPGKGLEWMGYI
HYSGSTNYSPSLQGRISITRDSSINQFFLQLNSVTASDTATYYCARGYYGFGA
WFVYWGQGTLVTVSAASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEP
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHK
PSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVKJNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT
VLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQQGNVFSCSVMHEALHNO YTQKSLSLSPG (SEQ ID NO: 100)

muCD37-56 DVQLQESGPDLVKPSQSLSLTCTVTGYSITSGFAWHWIRQFPGNKLEWMGY
IHYSGGTNYNPSLKSRVSITRDTSKNQFFLQLNSVTTEDTATYYCARGYYGF i
GAWFAYWGQGTLVPVSAAKTTPPSVYPLAPGSAAQTNSMVTLGCLVKGYF
PEPVTVTWNSGSLSSGVHTFPAVLESDLYTLSSSVTVPSSMRPSETVTCNVA
UPASSTKVDKKIVPRDCGCKPCICTVPEVSSVFIFPPKPKDVLTITLTPKVTCV ]
VVDISKDDPEVQFSWFVDDVEVHTAQTQPREEQFNSTFRSVSELPIMHQDW \
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LNGKEFKCRVNSAAFPAPIEKTISKTKGRPKAPQVYTIPPPKEQMAKDKVSL
TCMITDFFPEDITVEWQWNGQPAENYKNTQPIMNTNGSYFVYSKLNVQKSN
WEAGNTFTCSVLHEGLHNHHTEKSLSHSPGK (SEQ ID NO: 10 )

huCD37-56 QVQLQESGPGLVI^SQSLS^
HYSGGTNYNPSLKSRVSITRDTSKNQFFLQLNSVTAADTATYYCARGYYGF
GAWFAYWGQGTLVPVSAASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFP
EPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVN
HKPSNTKVDKKVEPKSCDKTF1TCPPCPAPELLGGPSVFLFPPKPKDTLMISRT
PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDEL
TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKL
TVDKSRWQQGNVFSCSVMHEALHNFT^TQKSLSLSPG (SEQ ID NO: 102

muCD37-57 DVQLQESGPDLLKPSQSLS^
LYSGSTVYSPSLKSRISITRDTSKNQFFLQLNSVTTEDTATYYCARGYYGYG
AWFAYWGQGTLVTVSAAKTTAPSVYPLAPVCGDTTGSSVTLGCLVKGYFP
EPVTLTWNSGSLSSGVHTFPAVLQSDLYTLSSSVTVTSSTWPSQSITCNVAHP
ASSTKVDKKIEPRGPTIKPCPPCKCPAPNLLGGPSVFIFPPKIKDVLMISLSPIV
TCVWDVSEDDPDVQISWFVNNVEVHTAQTQTHREDYNSTLRVVSALPIQH
QDWMSGKEFKCKVNNKDLPAPIERTISKPKGSVRAPQVYVLPPPEEEMTKK
QVTLTCMVTDFMPEDIYVEWTNNGKTELNYKNTEPVLDSDGSYFMYSKLR
VEKKNWVERNSYSCSVVHEGLHNHHTTKSFSRTPGK (SEQ ID NO: 103)

huCD37-57 QVQLQESG L PS
LYSGSTVYSPSLKSRJSITRDTSKNQFFLQLNSVTAADTATYYCARGYYGYG
AWFAYWGQGTLVTVSAASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNH
KPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP
EVTCWVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT
VLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 104)

Full-length light chain amino acid sequences
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Variable heavy chain polynucleotide sequences

Antibody VH Polynucleotide Sequence (SEQ ID NO)
muCD37-3 caggtgcaggtgaaggagtcaggacctggcctggtggcgccctcacagagcctgtccattacatgcactg

tctcagggttctcattaaccacctctggtgtaagctgggttcgccagcctccaggaaagggtctggagtg
gctgggagtaatatggggtgacgggagcacaaactatcattcagctctcaaatccagactgagcatcaag
aaggatcactccaagagccaagttttcttaaaactgaacagtctgcaaactgatgacacagccacgtact
actgtgccaaaggaggctactcgttggctcactggggccaagggactctggtcacagtctctgca (SEQ ID
NO:121) _

chCD37-3 aagcttgccaccatggctgtcctggcactgctcctctgcctggtgacatacccaagctgtgtcctatcacaggtgcaggtg
aaggagtcaggacctggcctggtggcgccctcacagagcctgtccattacatgcactgtctcagggttctcattaaccac
ctctggtgtaagctgggttcgccagcctccaggaaagggtctggagtggctgggagtaatatggggtgacgggagcac
aaactatcattcagctctcaaatccagactgagcatcaagaaggatcactccaagagccaagttttcttaaaactgaacagt
ctgcaaactgatgacacagccacgtactactgtgccaaaggaggctactcgttggctcactggggccaagggactctgg
tcacagvctctgcagcctctacgaagggccc (SEQ ID NO: 122)

huCD37-3vl.O aagcttgccaccatgggttggagctgcattattctgtttctggtggccaccgccaccggtgtgcactcacaagtccaagtc
caagaatctggtccaggtctggtggccccttcccaaactctgagcatcacctgtaccgtttctggttttagccttaccacctc
tggtgtgagttgggtacgccaaccacccggtaagggtctcgaatggctgggtgtaatctggggtgatggttccacaaatt
accatccttccctcaagtcccgccttagcatcaaaaaggatcacagcaaaagtcaagttttcctgaaactgaatagtctgac
agcagccgatacagccacctactattgcgccaagggtggttatagtcttgcacactggggtcaaggtaccctcgttaccgt
ctcctcagctagtaccaa|ggccc (SEQ ID NO: 123)

huCD37-3vl.l aagcttgccaccatgggctggagctgtatcattctgtttctggtggcgacagctactggggtccactcccaagtgcaggta
caagagtccgggcctggattggtcgcaccaagccagaccctctctatcacttgtaccgttagcgggttctctctgacaacc
agtggagtgagttgggtgaggcagccaccaggaaagggactggagtggctgggggtgatttggggcgacggcagca
caaactatcattccagtcttaaatctcggttgtccattaaaaaagaccatagtaaatctcaagttttcctgaaactcaatagcct
gacagccgcagacactgctacgtattactgcgccaaaggaggatacagtctggctcactggggacaggggaccctggt
gacc catccgcatcaacaaagggccc (SEQ ID NO:124) _

muCD37-12 cagatccagttggtgcagtctggacctgagctgaagaagcctggagagacagtcaagatctcctgcaagg
cttctgggtataccttcacaaagtatggaatgaactgggtgaagcaggctcaaggaaagggtttaaagtg
gatgggctggataaacaccaacactggagagtcaagaaatgctgaagaattcaagggacggtttgccttc
tctttggaaacctctgccagcactgcctatttgcagatcaacaacctcaaatatgaggacacggctacat
atttctgtggaaggggcacggtagtagcggactggggccaaggcaccactctcacagtctcctca (SEQ ID
NO: 125)

chCD37-12 aagcttgccaccatggggtggtcatgcataatcctctttctggtcgctactgctaccggtgtgcactcacagattcagctgg
ttcaaagtggcccagagctgaaaaagccaggggaaacagtgaaaataagttgcaaggcatccggttacactttcacaaa
gtacggcatgaactgggtcaagcaggcccagggcaaggggctcaaatggatgggttggatcaataccaacactggcg
agtctaggaatgctgaggagtttaagggccggtttgccttcagcctggagacaagtgccagcacagcttacctgcaaatc
aacaatctgaagtatgaggatacagcaacctatttctgcggccgcggcactgtcgttgcagactggggacaaggtacca
ccttgactg¾atcca¾tgccagcactaa¾¾gccc (SEQ ID NO: 126) _

muCD37-38 gatgtgcagcttcaggagtcaggacctgacctggtgaaaccttctcagtcactttcactcacctgcactg
tcactggctactccatcaccagtggttttggctggcactggatccggcagtttccaggaaacaagctgga
atggatggc ctacatactctacagtggtg gcactgactacaacccatctc tcaaaagtc gaatctctatc
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actcgagacacttccaagaaccagttcttcctgcggttgagttctgtgactactgaggacacagccacat j
attactgtgcaagaggctactatggttacggggcctggtttgtttactggggccaagggactctggtcac i
tgtctctgca (SEQ ID NO: 127) j
aagcttgccaccatgggctggagttgtatcattctgtttttggtggccaccgccactggagtccattcccaagtgcaactcc j
aggaatctggccctgacctggttaagccatctcagagcctctccctgacctgcactgttacaggatactcaatcacatcag
gctttggctggcactggatcagacaatttcccgggaacaagttggaatggatggcttacattctgtatagcgggggtaccg
attacaatccttccctcaagagccgaatctctatcaccagggatacaagcaagaaccaattttttctccgcctcagctctgtg |
actaccgaagataccgctacttactattgtgccaggggctactatggatatggtgcatggttcgtctattggggccaggga
accctggigactglgagcgctgcctctaccaagggccc (SEQ ID NO:128) _
aagcttgccaccatgggttggagctgcatcattcttttcctggtcgctactgcaactggagtccactcacaggtccagctgc
aagagtccggtcctgggcttgtgaaacccagccagtccctcagtctcacctgtactgtctctggctactctattaccagtgg
gttcggctggcattggattaggcagtttcccggtaaggggctggagtggatggcatatatcctgtacagcggaggaacc |
gattacaacccaagtctgaagagcaggatcagcattacccgggacacaagcaaaaaccagtttttccttcggctgtctagt |
gttacagctgcagacaccgctacttactattgtgctcggggttactatggctatggggcttggtttgtgtattggggacaag |
gcactettgtgaccgtgagcagcgcctcaa caaagggccc (SEQ ID NO: 129) i
gatgtgcagcttcaggagtcaggacctgacctgttgaaaccttctcagtcactttcactcacctgcactg
tcactggctactccatcaccagtggttttgcctggcactggatccggcagtttccaggaaacaaactgga
atggatgggctacatactctacagtggtagcactgtctacagcccatctctcaaaagtcgaatctctatc j
actcgagacacatccaagaaccacttcttcctgcagttgaattctgtgactactgaggacacagccacat
attactgtgcaagagggtactatggttacggcgcctggtttgcttactggggccaagggactctggtcac
tgtctctgca (SEQ ID NO: 130) _
aagcttgccaccatggggtggtcctgcataatccttttcctggttgctactgctaccggagtccattcacaggtgcagctgc i
aggagtccggccccggcctgctcaagccttctcagagtctgagtctgacttgtactgtttctggctacagcataaccagcg i
gtttcgcttggcactggatcagacagcatcccggcaacaaactggagtggatgggatacatactgtactcaggctcaact j
gtctattccccctccctgaaatcccggatcagtattacccgtgacacttctaagaaccatttttttctgcagctgaacagcgtt j
accgcagctgacactgcaacctactactgtgcccggggatattatggatacggagcttggttcgcttactggggccaagg \
caccctcgtaactgtgagtgctgcttccaccaagggccc (SEQ ID NO:2) _ j
gatgtgcagcttcaggagtcaggacctgacctgttgaaaccttctcagtcactttcactcacctgcactg
tcactggctactccatctccagtggttttgcctggcactggatccggcagtttccaggaaacaaactgga
atggatgggctacatacactacagtggtagcactaactacagcccatctctcaaaagtcgaatctctatc
actcgagactcatccaagaaccagttcttcctgcagttgaattctgtgactactgaggacacagccacat
attactgtgcaagaggatactatggtttcggcgcctggtttgtttactggggccaagggactctggtcac i
tgtctctgca (SEQ ID NO: 13 )
Aagcttgccaccatgggttggtcttgcatcatcctgttcctggtggccactgccactggcgtgcattcagaagttcagttgg j
tggagtccggcccagaagtgctgaaacccggcgaatcactgtccctgacttgtaccgtgtcaggttatagcatcagcagc
ggctttgcttggcactggattcggcagtttccaggcaagggactggaatggatgggctacatccattacagtggctcaac
caattacagccctagcctgcagggccgaatctctattaccagggatagttctattaaccagtttttcctgcagcttaattccgt |
gactgcctctgacacagcaacttactattgcgcccgtggctactacgggttcggagcctggtttgtatactggggtcaggg
caccctggtcactatctcagcc gcctctaccaagggccc (SEQ ID NO:3) 1
gatglgcagcttcaggagtcaggacctgacctggtgaaaccttctcagtcactttcactcacctgcactg ]
tcactggctactccatcaccagtggttttgcctggcactggatccggcagtttccaggaaacaaactgga i
atggatgggctacatacactacagtggtggcactaactacaacccatctctcaaaagtcgagtctctatc
actcgagacacatccaagaaccagttcttcctgcagttgaattctgtgactactgaggacacagccacatattactgtgcaa ]
gaggctactatggtttcggggcctggtttgcttactggggccaagggactctggtccc
tgtctctgca (SEQ D NO: 132) _
aagcttgccaccatggggtggagctgcattatcctgttcctcgtcgccaccgcaaccggcgtccactcccaggtgcagct \
gcaagaaagcgggccaggattggtaaaaccttcccagtctctgagtcttacttgtaccgtatctggatacagtatcacatct
ggcttcgcctggcattggattcgccagtttcccggcaaggggcttgagtggatggggtatattcattattctggaggtacca
actacaacccttccctgaagagtcgagtctcaattaccagggacacttccaagaaccaattctttttgcagcttaattcagtg
accgctgccgacaccgctacttactactgcgcccggggctactatgggtttggtgcctggttcgcctactggggccaggg
gaccctggtgcccgtgtctgctgcctc cacaaagggccc (SEQ ID NO: 133) _ i
gatgtgcagcttcaggagtcaggacctgacctgttgaaaccttctcagtcactttcactcacctgcactg
tcactggctactccatcaccagtggttttgcctggcactggatccggcagtttccaggaaacaaactgga
atggatgggctacatactctacagtggiagcactgictacagcccatctctcaaaag tcgaatctc tatc
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actcgagacacatccaagaaccagttcttcctgcagttgaattctgtgactactgaggacacagccacatattactgtgcaa
gagggtactatggttacggcgcctggtttgcttactggggccaagggactctggtcactgtctctgca (SEQ ID
NO: 134) _..

huCD37-57 aagcttgccaccatgggctggagctgcatcattctgtttctggtggccacagcaactggcgttcacagtcaagtccaactg
caggagagcggccccggactcctgaaaccatctcagtcactcagtctgacatgtactgtgagcggctacagcattacctc
aggcttcgcttggcattggatcaggcagttccccggaaaaggtctggagtggatggggtacattctgtacagcggcagta
cagtgtattcaccctccttgaaatctaggatatcaatcacacgtgatacaagcaaaaatcagttcttcctccagctgaactcc
gtcaccgccgcagacacagcaacctattattgtgctcgcggatactacggatatggcgcatggttcgcctattggggcca
ggggacactcgtgaccgtttccgccgcctccacaaag g ccc (SEQ ID NO: 135)

Variable light chain polynucleotide sequences

Antibody VL Polynucleotide Sequence (SEQ ID NO)
muCD37-3 gacatccagatgactcagtctccagcctccctttctgtatctgtgggagaaactgtcaccatcacatgtc

gagcaagtgagaatattcgcagtaatttagcatggtatcagcagaaacagggaaaatctcctcagctcct
ggtcaatgttgcaacaaacttagcagatggtgtgccatcaaggttcagtggcagtggatcaggcacacag
tattccctcaagatcaacagcctgcagtctgaagattttgggacttattactgtcaacattattggggta
ctacgtggacgltcggtggaggcaccaagctggaaatcaaacgt (SEQ ID NO:136 _

chCD37-3 gaattcgccaccatgagtgtgcccactcaggtcctggggttgctgctgctgtggcttacagatgccagatgtgacatccag
atgactcagtctccagcctccctttctgtatctgtgggagaaactgtcaccatcacatgtcgagcaagtgagaatattcgca
gtaatttagcatggtatcagcagaaacagggaaaatctcctcagctcctggtcaatgttgcaacaaacttagcagatggtgt
gccatcaaggttcagtggcagtggatcaggcacacagtattccctcaagatcaacagcctgcagtctgaagattttggga
cttattactgtcaacattattggggtactacgtggacgttcggtggaggcaccaagctggaaatcaaacgtacg (SEQ
ID NO:137)

huCD37-3 gaattcgccaccatgggttggtcctgcatcatcttgtttctcgtggccacagccaccggtgttcactctgatatacaaatgac
(1.0 and 1.1) tcaaagcccttccagtttgagcgtaagtgtgggtgaacgcgtaacaatcacctgtagagctagtgaaaacatccgcagta

atctcgcatggtaccaacaaaagccaggtaagtcacctaagctcctcgtgaatgttgctaccaacctcgctgatggtgtgc
cttcacgattctctggttcaggttccggtaccgattattcacttaagatcaactcactccaaccagaagatttcggtacatatta
ctgtcaacactactggggtacgacctggacattcggtcaaggtactaagctggaaatcaagcgtacg (SEQ ID
NO:138)

muCD37-12 gacattgtgctaacacagtctcctgcttccttagctgtatctctggggcagagggccaccatctcatgca
gggccagccaaagtgtcagtacatctagctatagttatttgtactggttccagcagaaaccaggacagcc
acccaaactcctcatcaagtatgcatccaacctagcatctggggtccctgccaggttcagtggcagtggg
tctgggacagacttcaccctcaacatccatcctgtggaggaggaggatactgcaacatattactgtcaac
acagttgggagattcc gtacacga cggaggggggaccaaactggaaataaaacgg (SEQ ID NO: 139)

chCD37-12 gaattcgccaccatgggttggtcctgtataatcctgttcttggtggccaccgctactggcgttcatagtgatattgtactcact
cagtcaccagccagtctggcagtgtccctgggccagcgtgccaccatctcctgccgggcctcacagtccgtgagcacta
gctcttattcctatctctactggtttcaacagaagccaggacagccccctaagctgctgatcaagtacgcctccaacctcgc
cagcggcgttcccgctagattctctggttccggtagcggaactgatttcactttgaacatccaccccgttgaggaagagga
taccgccacttactattgtcaacactcttgggagattccttacacctttggaggaggaacaaagctcgaaattaagcgtacg
(SEQ ID NO: 140)

muCD37-38 caaattgttctcacccagtctccagcaatcatgtctgcatctccaggggagaaggtcaccatgacctgca
gtgccagctcaagigtaacttacatgcactggtaccagcagaagtcaggcacctcccccaaaagatggat
ttatgacacatccaaactggcttctggagtccctgctcgcttcagtggcggtgggtctgggacctcttac
tctctcacaatcagcagcatggaggctgaagatgctgccacttattactgccagcagtggattagtaacc
cacccac«teggagggs¾igaccaagctggaaattaaacaa (SEQ ID NO: 141)

chCD37-38 gaattcgccaccatgggctggtcctgtatcatcctgtttctcgtggccacagctacaggtgttcattctcagattgtgctgac
ccaatcaccagctattatgtccgctagccccggcgagaaagtgacaatgacatgtagcgctagctcttctgtgacttacat
gcattggtatcaacagaagtcaggtaccagtcccaagcgttggatctacgacacatccaaactggcctccggagtccctg
ccaggttcagcggaggtgggtccggcaccagttattcactgaccatatcctctatggaagctgaagatgctgctacttatta
ttgtcaacaatggatttctaacccccccacctttggtggcggaacaaagctggagatcaagcgtacg (SEQ ID
NO: 142)



huCD37-38 gaattcgccaccatgggatggtcctgcattattctgttcttggtcgccactgctactggcgttcactctgacattgtgctcaca
cagtctccagcctcaatgtctgcttcccccggtgagcgggtgaccatgacatgctctgccagttcctccgtgacatatatgc
attggtatcagcaaaaacccggtacctctccaaaaagatggatctacgacacttcaaagcttgcatcaggcgttcctgcca
gattttccgggtctgggtctggcacttcatacagtctgaccattagttccatggaagctgaagatgcagccacctattactgt
cagcagtggatttcaaatcctcctaccttcggcggcggaaccaaactggagataaagcgtacg (SEQ ID
NO: 143)

muCD37-50 caaattgttctcacccagtctccagcaatcatgtctgcatctccaggggagaaggtcaccatgacctgca
gtgccacctcaagtgtgacttacatgcactggtaccagcagaagtcaggcacctcccccaaaagatggatttatgacaca
tccaaactgccttatggagtccctggtcgtttcagtgglagtgggtctgggacctcttactctctcacaatcagcagcatgg
aggctgaagatgctgccacttattactgccagcagtggagtgataacccacccacgttcggctcggggacaaagttgga
aataaagcgg (SEQ ID NO: 144)

huCD37-50 gaattcgccaccatgggttggtcatgcattattctgttcctggttgctaccgcaacaggagtacatagtgagatagtcctcac
ccaaagtcctgctactatgtctgccagcccaggagagcgtgtgaccatgacttgctctgcaacctcaagtgtgacatacat
gcattggtatcagcaaaagcctggccaatcccctaaaaggtggatctacgatacttctaatctgccatacggtgtgcccgc
aaggttctccgggagtggcagtggcaccagttatagtctgaccatcagttcaatggaagcagaggatgcagcaacctatt
attgtcagcagtggtccgataatccccctacttttggtcagggtacaaagctggagattaagcgtacg (SEQ ID
NO: 145)

muCD37-51 caaattgttctcacccagtctccagcaatcatgtctgcatctccaggggagaaggtcaccatgacctgca
gtgccacctcaagtgtgacttacatgcactggtaccagcagaagtcaggcacctcccccaaaagatggatttatgacaca
tccaaactggcttctggagtccctgctcgcttcagtggcagtgggtctgggacctcttactctctcacaatcagcaacatgg
aggctgaagatgctgccacttattactgccagcagtggagtagtaacccacccacgttcggctcggggacaaagttgga
aataaagcgg (SEQ ID NO: 146)

huCD37-51 gaattcgccaccatgggatggagctgtattattctgttcctggttgctactgctactggcgtccattccgagatagtcctcac
ccagagccccgcaaccatgagtgcctcccctggggagcgagtgactatgacttgttccgccacttcttcagttacctatat
gcattggtatcagcagaaacctggacagtctccaaagcgttggatttacgacacctccaacctggcttcaggagttcctgc
taggttcagcggatctgggtctggcacaagttattcactcaccattagttccatggaggccgaagatgccgctacttactac
tgtcagcagtggagcagcaacccccctacattcgggcagggaactaagctggagatcaaacgtacg (SEQ ID
NO: 147)

muCD37-56 caaattgttctcacccagtctccagcattcatgtctgcatctccaggggataaggtcaccatgacctgca
gtgccagttcaagtgttacttacatgcactggtatcagcagaagtcaggcacctcccccaaaagatggatttatgacacat
ccaaactggcttctggagtccctgctcgcttcagtggcggtgggtctgggacctcttac
tctctcacaatcagcaccatggaggctgaagatgctgccacttattactgccagcagtggattagtgacc
cacccacgttcggaggggggaccaagctggaaataaaacgg (SEQ ID NO: 148)

huCD37-56 gaattcgccaccatgggctggtcctgtatcatcctgtttctggtggcaaccgctactggggttcactctgatattgtcctgac
acagagtccagccttcatgagtgcttctcccggagaaaaggtcacaatgacttgttcagcttcctcctccgtcacatacatg
cattggtaccagcagaagcctgaccagagtcctaagaggtggatctatgatacaagcaatctggcttccggtgtcccctc
ccgcttttcaggcggcggaagcggaactgactatagccttaccatctcctcaatggaagccgaggacgctgctacatatt
actgccagcaatggatcagcgaccctcctactttcggacagggaacaaaattggaaattaagcgtacg (SEQ ID
NO: 149)

niuCD37-57 caaattgttctcacccagtctccagcaatcatgtctgcatctccaggggagaaggtcaccatgacctgca
gtgccacctcaagtgtgacttacatgcactggtaccagcagaagtcaggcacctcccccaaaagatggatttatgacaca j
tccaaactggcttctggagtccctgctcgcttcagtggcagtgggtctgggacctcttactctctcacaatcagcagcatgg !
aggctgaagatgctgccacttattactgccagcagtggagtgataacccacccacgttcggctcggggacaaagttgga
aataaagcgg (SEQ ID NO: 150}

huCD37-57 gaattcgccaccatggggtggtcctgtattatcctgttcctggtcgcaaccgccacaggcgttcactccgagatcgtgttga
ctcagagcccagccaccatgtccgcttcccccggggagagagtgacaatgacttgttccgccacaagttctgtaacctac
atgcattggtaccagcaaaaaccaggacagagtccccgtcgttggatttatgatacctctaacctggcttcaggcgttcctg |
cccgcttttctggtagtggatctgggacttcctatagccttaccataagctctatggaagccgaggacgccgctacatacta j
ctgccagcagtggagtgataacccccccaccttcgggcagggaaccaaattggagatcaaacgtacg (SEQ ID
NO:151) 1
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Full-length heavy chain polynucleotide sequences



tctaacggacagccagaaaacaactacaagacaactcccccagtgctggacagcgacgggagcttcttcctctactcca
agttgactgtagacaagtctagatggcagcaaggaaacgttttctcctgctcagtaatgcatgaggctctgcacaatcacta
taccca«aaatcactgtcccttagcccaaggigactcj¾a¾ (SEQ ID NO: 154)

chCD37-12 aagcttgccaccatggggtggtcatgcataatcctctttctggtcgctactgctaccggtgtgcactcacagattcagctgg
ttcaaagtggcccagagctgaaaaagccaggggaaacagtgaaaataagttgcaaggcatccggttacactttcacaaa
gtacggcatgaactgggtcaagcaggcccagggcaaggggctcaaatggatgggttggatcaataccaacactggcg
agtctaggaatgctgaggagtttaagggccggtttgccttcagcctggagacaagtgccagcacagcttacctgcaaatc
aacaatctgaagtatgaggatacagcaacctatttctgcggccgcggcactgtcgttgcagactggggacaaggtacca
ccttgactgtatccagtgccagcactaagggcccatcagttttccccttggctccaagttctaaatccacaagcggtggaa
cagctgcactgggatgcctcgttaaagattatttccctgagcctgtgacagtgagctggaatagcggagcattgacttcag
gtgtgcacacttttcccgctgtgttgcagtcctccggtctgtactcactgtccagtgtcgtaaccgtcccttctagcagcttgg
gaacccagacctacatctgtaacgtcaaccataaaccatccaacacaaaggtggataagaaggttgaaccaaagagctg
tgataagacacatacatgccctccttgtcctgcaccagagctcctcggaggtccatctgtgttcctgtttccccccaaaccc
aaggacactcttatgatctctcgtactccagagglcacctgtgttgttgtcgacgtgagecatgaagatcccgaggttaaatt
caactggtacgtggatggagtcgaggttcacaatgccaagaccaagcccagggaggagcaatataattctacatatcgg
gtagtgagcgttctgaccgtgctccaccaagattggctcaatggaaaagagtacaagtgcaaggtgtecaacaaggctct
tcccgctcccattgagaaaactatctccaaagccaaggggcagccacgggaaccccaggtgtatacattgcccccatct
agagacgagctgaccaagaaccaggtgagtctcacttgtctggtcaaggggttttacccttctgacattgctgtagagtgg
gagtctaacggacagccagaaaacaactacaagacaactcccccagtgctggacagcgacgggagcttcttcctctact
ccaagttgactgtagacaagtctagatggcagcaaggaaacgttttctcctgctcagtaatgcatgaggctctgcacaatc
actatacccagaaatcactgtcc cttagcccagggtgactcgag (SEQ ID NO: 55)

chCD37-38 aagcttgccaccatgggctggagttgtatcattctgtttttggtggccaccgccactggagtccattcccaagtgcaactcc
aggaatctggccctgacctggttaagccatctcagagcctctccctgacctgcactgttacaggatactcaatcacatcag
gctttggctggcactggatcagacaatttcccgggaacaagttggaatggatggcttacattctgtatagcgggggtaccg
attacaatccttccctcaagagccgaatctctatcaccagggatacaagcaagaaccaattttttctccgcctcagctctgtg
actaccgaagataccgctacttactattgtgccaggggctactatggatatggtgcatggttcgtctattggggccaggga
accctggtgactgtgagcgctgcctctaccaagggcccatcagttttccccttggctccaagttctaaatccacaagcggt
ggaacagctgcactgggatgcctcgttaaagattatttccctgagcctgtgacagtgagctggaatagcggagcattgact
tcaggtgtgcacacttttcccgctgtgttgcagtcctccggtctgtactcactgtccagtgtcgtaaccgtcccttctagcag
cttgggaacccagacctacatctgtaacgtcaaccataaaccatccaacacaaaggtggataagaaggttgaaccaaag
agctgtgataagacacatacatgccctccttgtcctgcaccagagctcctcggaggtccatctgtgttcctgtttcccccca
aacccaaggacactcttatgatctctcgtactccagaggtcacctgtgttgttgtcgacgtgagccatgaagatcccgagg
ttaaattcaactggtacgtggatggagtcgaggttcacaatgccaagaccaagcccagggaggagcaatataattctaca
tatcgggtagtgagcgttctgaccgtgctccaccaagattggctcaatggaaaagagtacaagtgcaaggtgtccaacaa
ggctcttcccgctcccattgagaaaactatctccaaagccaaggggcagccacgggaaccccaggtgtatacattgccc
ccatctagagacgagctgaccaagaaccaggtgagtctcacttgtctggtcaaggggttttacccttctgacattgctgtag
agtgggagtctaacggacagccagaaaacaactacaagacaactcccccagtgctggacagcgacgggagcttcttcc
tctactccaagttgactgtagacaagtctagatggcagcaaggaaacgttttctcctgctcagtaatgcatgaggctctgca
caatcactatacccagaaatcactgtcccttagcccaiggtgactcgag (SEQ ID NO: 156)

huCD37-38 aagcttgccaccatgggttggagctgcatcattcttttcctggtcgctactgcaactggagtccactcacaggtccagctgc
aagagtccggtcctgggcttgtgaaacccagccagtccctcagtctcacctgtactgtctctggctactctattaccagtgg
gttcggctggcattggattaggcagtttcccggtaaggggctggagtggatggcatatatcctgtacagcggaggaacc
gattacaacccaagtctgaagagcaggatcagcattacccgggacacaagcaaaaaccagtttttccttcggctgtctagt
gttacagctgcagacaccgctacttactattgtgctcggggttactatggctatggggcttggtttgtgtattggggacaag
gcactcttgtgaccgtgagcagcgcctcaacaaagggcccatcagttttccccttggctccaagttctaaatccacaagcg
gtggaacagctgcactgggatgcctcgttaaagattatttccctgagcctgtgacagtgagctggaatagcggagcattg
acttcaggtgtgcacacttttcccgctgtgttgcagtcctccggtctgtactcactgtccagtgtcgtaaccgtcccttctagc
agcttgggaacccagacctacatctgtaacgtcaaccataaaccatccaacacaaaggtggataagaaggttgaaccaa
agagctgtgataagacacatacatgccctccttgtcctgcaccagagctcctcggaggtccatctgtgttcctgtttccccc
caaacccaaggacactcttatgatctctcgtactccagaggtcacctgtgttgttgtcgacgtgagccatgaagatcccga
ggttaaattcaactggtacgtggatggagtcgaggttcacaatgccaagaccaagcccagggaggagcaatataattcta
catatcgggtagtgagcgttctgaccgtgctccaccaagattggctcaatggaaaagagtacaagtgcaaggtgtccaac
aaggctcttcccgctcccattgagaaaactatctccaaagccaaggggcagccacgggaaccccaggtgtatacattgc
ccccatctagiagacgagctgaccaagaaccaggtgagtctcacttgtctggtcaaggggttitacccttctgac
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agagtgggagtctaacggacagccagaaaacaactacaagacaactcccccagtgctggacagcgacgggagcttctt
cctctactccaagttgactgtagacaagtctagatggcagcaaggaaacgttttctcctgctcagtaatgcatgaggctctg
cacaatcactatacccasaaatcactatccctta«ccca «eai¾actc¾a (SEQ ID NO: 157)

huCD37-50 aagcttgccaccatggggtggtcctgcataatccttttcctggttgctactgctaccggagtccattcacaggtgcagctgc
aggagtccggccccggcctgctcaagccttctcagagtctgagtctgacttgtactgtttctggctacagcataaccagcg
gtttcgcttggcactggatcagacagcatcccggcaacaaactggagtggatgggatacatactgtactcaggctcaact
gtctattccccctccctgaaatcccggatcagtattacccgtgacacttctaagaaccatttttttctgcagctgaacagcgtt
accgcagctgacactgcaacctactactgtgcccggggatattatggatacggagcttggttcgcttactggggccaagg
caccctcgtaactgtgagtgctgcttccaccaagggcccatcagttttccccttggctccaagttctaaatccacaagcggt
ggaacagctgcactgggatgcctcgttaaagattatttccctgagcctgtgacagtgagctggaatagcggagcattgact
tcaggtgtgcacacttttcccgctgtgttgcagtcctccggtctgtactcactgtccagtgtcgtaaccgtcccttctagcag
cttgggaacccagacctacatctgtaacgtcaaccataaaccatccaacacaaaggtggataagaaggttgaaccaaag
agctgtgataagacacatacatgccctccttgtcctgcaccagagctcctcggaggtccatctgtgttcctgtttcccccca
aacccaaggacactcttatgatctctcgtactccagaggtcacctgtgttgttgtcgacgtgagccatgaagatcccgagg
ttaaattcaactggtacgtggatggagtcgaggttcacaatgccaagaccaagcccagggaggagcaatataattctaca
tatcgggtagtgagcgttctgaccgtgctccaccaagattggctcaatggaaaagagtacaagtgcaaggtgtccaacaa
ggctcttcccgctcccattgagaaaactatctccaaagccaaggggcagccacgggaaccccaggtgtatacattgccc
ccatctagagacgagctgaccaagaaccaggtgagtctcacttgtctggtcaaggggttttacccttctgacattgctgtag
agtgggagtctaacggacagccagaaaacaactacaagacaactcccccagtgctggacagcgacgggagcttcttcc
tctactccaagttgactgtagacaagtctagatggcagcaaggaaacgttttctcctgctcagtaatgcatgaggctctgca
caatcactatacccagaaatcac tgtcccttagcccagggtgactcgag (SEQ ID NO: 8)

huCD37-5 1 aagcttgccaccatgggttggtcttgcatcatcctgttcctggtggccactgccactggcgtgcattcagaagttcagttggt
ggagtccggcccagaagtgctgaaacccggcgaatcactgtccctgacttgtaccgtgtcaggttatagcatcagcagc
ggctttgcttggcactggattcggcagtttccaggcaagggactggaatggatgggctacatccattacagtggctcaac
caattacagccctagcctgcagggccgaatctctattaccagggatagttctattaaccagtttttcctgcagcttaattccgt
gactgcctctgacacagcaacttactattgcgcccgtggctactacgggttcggagcctggtttgtatactggggtcaggg
caccctggtcactgtctcagccgcctctaccaagggcccatcagttttccccttggctccaagttctaaatccacaagcggt
ggaacagctgcactgggatgcctcgttaaagattatttccctgagcctgtgacagtgagctggaatagcggagcattgact
tcaggtgtgcacacttttcccgctgtgttgcagtcctccggtctgtactcactgtccagtgtcgtaaccgtcccttctagcag
cttgggaacccagacctacatctgtaacgtcaaccataaaccatccaacacaaaggtggataagaaggttgaaccaaag
agctgtgataagacacatacatgccctccttgtcctgcaccagagctcctcggaggtccatctgtgttcctgtttcccccca
aacccaaggacactcttatgatctctcgtactccagaggtcacctgtgttgttgtcgacgtgagccatgaagatcccgagg
ttaaattcaactggtacgtggatggagtcgaggttcacaatgccaagaccaagcccagggaggagcaatataattctaca
tatcgggtagtgagcgttctgaccgtgctccaccaagattggctcaatggaaaagagtacaagtgcaaggtgtccaacaa
ggctcttcccgctcccattgagaaaactatctccaaagccaaggggcagccacgggaaccccaggtgtatacattgccc
ccatctagagacgagctgaccaagaaccaggtgagtctcacttgtctggtcaaggggttttacccttctgacattgctgtag
agtgggagtctaacggacagccagaaaacaactacaagacaactcccccagtgctggacagcgacgggagcttcttcc
tctactccaagttgactgtagacaagtctagatggcagcaaggaaacgttttctcctgctcagtaatgcatgaggctctgca
caatcactatacccagaaatcactgtcccttagcccagggtgactcgag (SEQ ID NO: 59)

huCD37-56 aagcttgccaccatggggtggagctgcattatcctgttcctcgtcgccaccgcaaccggcgtccactcccaggtgcagct
gcaagaaagcgggccaggattggtaaaaccttcccagtctctgagtcttacttgtaccgtatctggatacagtatcacatct
ggcttcgcctggcattggattcgccagtttcccggcaaggggcttgagtggatggggtatattcattattctggaggtacca
actacaacccttccctgaagagtcgagtctcaattaccagggacacttccaagaaccaattetttttgcagcttaattcagtg
accgctgccgacaccgctacttactactgcgcccggggctactatgggtttggtgcctggttcgcctactggggccaggg
gaccctggtgcccgtgtctgctgcctccacaaagggcccatcagttttccccttggctccaagttctaaatccacaagcgg
tggaacagctgcactgggatgcctcgttaaagattatttccctgagcctgtgacagtgagctggaatagcggagcattgac
ttcaggtgtgcacacttttcccgctgtgttgcagtcctccggtctgtactcactgtccagtgtcgtaaccgtcccttctagcag
cttgggaacccagacctacatctgtaacgtcaaccataaaccatccaacacaaaggtggataagaaggttgaaccaaag
agctgtgataagacacatacatgccctccttgtcctgcaccagagctcctcggaggtccatctgtgttcctgtttcccccca
aacccaaggacactcttatgatctctcgtactccagaggtcacctgtgttgttgtcgacgtgagccatgaagatcccgagg
ttaaattcaactggtacgtggatggagtcgaggttcacaatgccaagaccaagcccagggaggagcaatataattctaca
tatcgggtagtgagcgttctgaccgtgctccaccaagattggctcaatggaaaagagtacaagtgcaaggtgtccaacaa
ggctcttcccgctcccattgagaaaactatctccaaagccaaggggcagccaegggaaccccaggtgtatacattgccc
ccatctagagacgagctgaccaagaaccaggtgagtct cacttgtctggtcaaggggttttaccctt^



- - 4646

agtgggagtctaacggacagccagaaaacaactacaagacaactcccccagtgctggacagcgacgggagcttcttcc
tctactccaagttgactgtagacaagtctagatggcagcaaggaaacgttttctcctgctcagtaatgcatgaggctctgca

j caatcactatacccagaaatcactgtcc cttagcccagggtgactcgag (SEQ ID NO: 160
huCD37-57 aagcttgccaccatgggctggagctgcatcattctgtttctggtggccacagcaactggcgttcacagtcaagtccaactg

caggagagcggccccggactcctgaaaccatctcagtcactcagtctgacatgtactgtgagcggctacagcattacctc
aggcltcgcttggcattggatcaggcagttccccggaaaaggtctggagtggatggggtacattctgtacagcggcagta
cagtgtattcaccctccttgaaatctaggatatcaatcacacgtgatacaagcaaaaatcagttcttcctccagctgaactcc
gtcaccgccgcagacacagcaacctattattgtgctcgcggatactacggatatggcgcatggttcgcctattggggcca
ggggacactcgtgaccgtttccgccgcctccacaaagggcccatcagttttccccttggctccaagttctaaatccacaag
cggtggaacagctgcactgggatgcctcgttaaagattatttccctgagcctgtgacagtgagctggaatagcggagcat
tgacttcaggtgtgcacacttttcccgctgtgttgcagtcctccggtctgtactcactgtccagtgtcgtaaccgtcccttcta
gcagcttgggaacccagacctacatctgtaacgtcaaccataaaccatccaacacaaaggtggataagaaggttgaacc
aaagagctgtgataagacacatacatgccctccttgtcctgcaccagagctcctcggaggtccatctgtgttcctgtttccc
cccaaacccaaggacactcttatgatctetcgtactccagaggtcacctgtgttgttgtcgacgtgagccatgaagatccc
gaggttaaattcaactggtacgtggatggagtcgaggttcacaatgccaagaccaagcccagggaggagcaatataatt
ctacatatcgggtagtgagcgttctgaccgtgctccaccaagattggctcaatggaaaagagtacaagtgcaaggtgtcc
aacaaggctcttcccgctcccattgagaaaactatctccaaagccaaggggcagccacgggaaccccaggtgtatacat
tgcccccatctagagacgagctgaccaagaaccaggtgagtctcacttgtctggtcaaggggttttacccttctgacattg
ctgtagagtgggagtctaacggacagccagaaaacaactacaagacaactcccccagtgctggacagcgacgggagc
ttcttcctctactccaagttgactgtagacaagtctagatggcagcaaggaaacgttttctcctgctcagtaatgcatgaggc
tctgcacaatcactatacccagaaatcacte|ccctta%cccagggtgactcgag (SEQ ID NO: 161)

Full-length light chain polynucleotide sequences



cagagcaggacagcaaggacagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaaca
caaagtctacgcctgcgaagtcacccatcagggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgtta

(SEQ ID NO: 164)
chCD37-38 gaattcgccaccatgggctggtcctgtatcatcctgtttctcgtggccacagctacaggtgttcattctcagattgtgctgac

ccaatcaccagctattatgtccgctagccccggcgagaaagtgacaatgacatgtagcgctagctcttctgtgacttacat
gcattggtatcaacagaagtcaggtaccagtcccaagcgttggatctacgacacatccaaactggcctccggagtccctg
ccaggttcagcggaggtggglccggcaccagttattcactgaccatatcctctatggaagctgaagatgctgctacttatta
ttgtcaacaatggatttctaacccccccacctttggtggcggaacaaagctggagatcaagcgtacggtggctgcaccat
ctgtcttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatccca
gagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggac
agcaaggacagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgc
ctgcgaagtcacccatcagggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgttag (SEQ ID
NO: 165)

huCD37-38 gaattcgccaccatgggatggtcctgcattattctgttcttggtcgccactgctactggcgttcactctgacattgtgctcaca
cagtctccagcctcaatgtctgcttcccccggtgagcgggtgaccatgacatgctctgccagttcctccgtgacatatatgc
attggtatcagcaaaaacccggtacctctccaaaaagatggatctacgacacttcaaagcttgGatcaggcgttcctgcca
gattttccgggtctgggtctggcacttcatacagtctgaccattagttccatggaagctgaagatgcagccacctattactgt
cagcagtggatttcaaatcctcctaccttcggcggcggaaccaaactggagataaagcgtacggtggctgcaceatctgt
cttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagaga
ggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagca
aggacagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgc
gaagtcacccatcagggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgttag (SEQ ID
NO:166)

huCD37-50 gaattcgccaccatgggttggtcatgcattattctgttcctggttgctaccgcaacaggagtacatagtgagatagtcctcac
ccaaagtcctgctactatgtctgccagcccaggagagcgtgtgaccatgacttgctctgcaacctcaagtgtgacatacat
gcattggtatcagcaaaagcctggccaatcccctaaaaggtggatctacgatacttctaatctgccatacggtgtgcccgc
aaggttctccgggagtggcagtggcaccagttatagtctgaccatcagttcaatggaagcagaggatgcagcaacctatt
attgtcagcagtggtccgataatccccctacttttggtcagggtacaaagctggagattaagcgtacggtggctgcaccat
ctgtcttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatccca
gagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggac
agcaaggacagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgc
ctgcgaagtcacccatcagggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgttag (SEQ ID
NO: 167)

huCD37-51 gaattcgccaccatgggatggagctgtattattctgttcctggttgctactgctactggcgtccattccgagatagtcctcac
ccagagccccgcaaccatgagtgcctcccctggggagcgagtgactatgacttgttccgccacttcttcagttacctatat
gcattggtatcagcagaaacctggacagtctccaaagcgttggatttacgacacctccaacctggcttcaggagttcctgc
taggttcagcggatctgggtctggcacaagttattcactcaccattagttccatggaggccgaagatgccgctacttactac
tgtcagcagtggagcagcaacccccctacattcgggcagggaactaagctggagatcaaacgtacggtggctgcacca
tctgtcttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatccca
gagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggac
agcaaggacagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgc
ctgcgaagtcacccatcagggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgttag (SEQ ID
NO: 168)

huCD37-56 gaattcgccaccatgggctggtcctgtatcatcctgtttctggtggcaaccgctactggggttcactctgatattgtcctgac
acagagtccagccttcatgagtgcttctcccggagaaaaggtcacaatgacttgttcagcttcctcctccgtcacatacatg
cattggtaccagcagaagcctgaccagagtcctaagaggtggatctatgatacaagcaatctggcttccggtgtcccctc
ccgcttttcaggcggcggaagcggaactgactatagccttaccatctcctcaatggaagccgaggacgctgctacatatt
actgccagcaatggatcagcgaccctcctactttcggacagggaacaaaattggaaattaagcgtacggtggctgcacc
atctgtcttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatccc
agagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcagga
cagcaaggacagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacg
cctgcgaagtcacccatcagggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgttag (SEQ ID
NO: 169)

huCD37-^ \ gaattcgccaccatggggtggtcctgiaiiaiccigiicctggtcgcaaccgccacag



ctcagagcccagccaccatgtccgcttcccccggggagagagtgacaatgacitgttccgccacaagttctgtaacctac
aigcattggiaccagcaaaaaccaggacagagtccccgtogtiggatttatgatacctctaacciggcitcaggcgticctg
cccgcttttctggtagtggatctgggacttcctatagccttaccataagctctatggaagccgaggacgccgctacatacte
ctgccagcagtggagtgaiaacccccccaccttcgggcagggaaccaaattggagaicaaacgtacggtggctgcacc

i atc g eatctt c cgccat
agagaggccaaagtacagtggaaggtggaiaacgccciccaatcgggtaactcccaggagagtgtcacagageagga
cagcaaggacagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacg
cctgcgaaglcacccatcagggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgttag (SEQ
NO: 70)



WHAT IS CLAIMED IS:

1. A method for increasing the efficacy of cancer therapy with an anti-CD37 antibody, or anti-

CD37 immunoconjugate, said method comprising administering to a subject having cancer

an anti-CD37 antibody, or anti-CD37 immunoconjugate, wherein increased expression of

CD37 gene or protein in a cancerous sample from said subject has been detected using a

detection method that distinguishes between staining intensity or staining uniformity in a

CD37 expressing cancerous sample as compared to staining intensity or staining uniformity

in one or more reference samples.

2. A method of identifying a cancer as sensitive to treatment with an anti-CD37 antibody, or

anti-CD37 immunoconjugate, said method comprising:

(a) measuring the level of CD37 expression in a cancerous sample obtained from said

cancer, wherein said measuring comprises the use of a detection method that

distinguishes between staining intensity or staining uniformity in a CD37 expressing

cancerous sample as compared to staining intensity or staining uniformity in one or

more reference samples;

(b) determining a CD37 staining intensity or staining uniformity score for said

cancerous sample; and

(c) comparing the CD37 staining intensity or staining uniformity score determined in

step (b) to a relative value determined by measuring CD37 protein expression in at

least one reference sample, wherein said at least one reference sample is a tissue, cell,

or cell pellet sample which is not sensitive to treatment with an anti-CD37 antibody,

or anti-CD37 immunoconjugate, and wherein a CD37 staining intensity score for said

sample determined in step (b) that is higher than said relative value identifies said

cancer as being sensitive to treatment with an anti-CD37 antibody, or anti-CD37

immunoconjugate.

3. A method for identifying a cancer likely to respond to an anti-CD37 antibody, or anti-CD37

immunoconjugate, said method comprising:

(a) contacting a biological sample comprising cells from said cancer with an agent that

binds CD37 protein on the cell surface;

(b) detecting binding of said agent that binds CD37 protein on the cell surface of said

biological sample of (a);



(c) assigning a score to said binding of step (b), wherein said score is assigned based on

comparison to one or more reference samples; and

(d) comparing said score in step (c) to the score of a reference tissue or cell, wherein a

score for said cancer CD37 level that is greater than the score for a negative or low

CD37 expressing reference sample or a score for said cancer CD37 level that is equal

to or greater than the score for a high CD37 expressing reference sample identifies

said cancer as likely to respond to an anti-CD37 antibody or anti-CD37

immunoconjugate.

4. A method of identifying a subject having a cancer as likely to respond to a low dose anti-

CD37 antibody or anti-CD37 immunoconjugate treatment regimen, said method comprising:

(a) contacting a biological sample comprising cells from said cancer with an agent that

binds cell surface CD37 protein;

(b) detecting binding of said agent to said biological sample of (a);

(c) assigning a score to said binding of step (b), wherein said score is assigned based on

comparison to one or more reference samples; and

(d) comparing said score in step (c) to the score of a reference tissue or cell, wherein a

score for said cancer CD37 level that is greater than the score for a negative or low

CD37 expressing reference sample or a score for said cancer CD37 level that is equal

to or greater than the score for a high CD37 expressing reference sample identifies

said cancer as likely to respond to a low dose anti-CD37 antibody or anti-CD37

immunoconj ugate .

5. A method of optimizing a therapeutic regimen with an anti-CD37 antibody or an anti-CD37

immimoconjugate for a subject having cancer, said method comprising:

(a) detecting the level of CDS 7 expression in a cancerous sample obtained from said

subject;

(b) comparing the level of CD37 expression in the cancerous sample to the CD3

expression in reference sample;

(c) determining a CD37 staining intensity score for sai cancerous sample; and

(d) administering an increased dose of an anti-CD37 antibody or an ant -CDS 7

immunoconj ugate to the subject if the score is low or administering a decreased dose

of an anti-CD37 antibody or an anti-CD37 immunoconjugate to the subject if the

score is high.



6. A method of detecting the expression of cell surface CD37 on cancer cells in a cancerous

sample from a subject, said method comprising:

(a) obtaining a cancerous sample, wherein said sample is formalin-fixed paraffin

embedded;

(b) contacting said sample with an antibody that specifically binds cell surface CD37;

(c) measuring the binding of said antibody in (b) to said cell surface CD37 in said

cancerous sample using a detection method that can distinguish between staining

intensity or staining uniformity in a CD37 expressing sample as compared to staining

intensity or staining uniformity in one or more reference samples; and

(d) assigning a CD37 expression score to said CD37 after comparing the level of cell

surface CD37 staining intensity or staining uniformity in said tumor cancerous

sample to one or more reference samples.

7. The method of any one of claims 1-6, wherein the detection is by immunohistochemistry

(IHC).

8. The method of claim 7, wherein said IHC is calibrated IHC that can distinguish different

levels of CD37 expression.

9. The method of any one of claims 1-8, wherein said detection method produces a range of

staining intensity for samples having low cell surface CD37 expression, intermediate CD37

cell surface expression, or high CD37 cell surface expression.

10. The method of any one of 1-9, wherein said detection method distinguishes between staining

intensity and staining uniformity in a CD37 expressing cancerous sample as compared to a

reference sample.

11. The method of any one of claims 1-10, wherein the cancerous sample or biological sample

has a staining intensity score of 2, 3, or 3+ for CD37 expression by immunohistochemistry.

12. The method of claim 11, wherein the cancerous sample or biological sample has a staining

intensity score of 2, 3, or 3+ for CD37 expression by immunohistochemistry on a formalin

fixed paraffin embedded sample.



13. The method of any of claims 10-12, wherein the cancerous sample or biological sample has

a staining uniformity for CD37 expression that is homogenous.

14. The method of any one of claims 7-12, wherein the cancerous sample or biological sample

has a staining intensity score of 2, 3, or 3+ for CD37 and a staining uniformity that is

heterogeneous or homogenous.

15. The method of any one of claims 7-14, wherein the immunohistochemistry is performed

manually.

16. The method of any one of claims 7-14, wherein the immunohistochemistry is performed

using an automated system.

17. The method of any one of claims 1-16, wherein said reference sample is a positive reference

sample or a negative reference sample.

18. The method of any one of claims 1-17, wherein the reference sample comprises cells, cell

pellets, or tissue.

19. The method of any one of claims 1-18, wherein the detection comprises detecting CD37

expression with an antibody that specifically binds cell surface CD37.

20. The method of claim 19, wherein said antibody is CT1 .

21. The method of claim 19 or 20, wherein said antibody further comprises a detection reagent

selected from the group consisting of: an enzyme, a fluorophore, a radioactive label, and a

luminophore.

22. The method of claim 21, wherein said detection reagent is selected from the group consisting

of: biotin, digoxigenin, fluorescein, tritium, rhodamine, and horseradish peroxidase.

23. The method of any one of claims 19-22, wherein the concentration of said antibody is about

l - g mL.



24. The method of claim 23, wherein the concentration of said antibody is about 4-5 µg/mL.

25. The method of claim 24, wherein the concentration of said antibody is about 4.2 g/mL

26. The method of any one of claims 1-25, wherein said cancer is selected from the groiip

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 (DLBCL), Burkitt's lymphoma (BL), plasmacytoma, plasma cell myeloma,

post-transplant lymphoproliferative disorder, Waldenstrom's macroglobulinemia, and

anaplastic large-cell lymphoma (ALCL).

27. The method of any one of claims 1-26, wherein said cancerous sample or said biological

sample is tissue, blood, plasma, bone marrow or lymph.

28. An article of manufacture comprising an anti-CD37 antibody or an anti-CD37

immunoconjugate, a container, and a package insert or label indicating that the antibody or

immunoconjugate can be used to treat a cancer characterized by the expression of CD37 at a

level of 2, 3, or 3+ measured by IHC.

29. A combination diagnostic and pharmaceutical kit. comprising a murine anti-CD37 antibody

for use in diagnosis and an anti-CD37 antibody or an anti-CD37 immunoconjugate for use in

therapy.

30. The combination diagnostic and pharmaceutical kit of claim 29, wherein the diagnostic

antibody is a detection antibody that is able to detect CD37 expression by IHC.

31. A diagnostic kit comprising a detection antibody that specifically binds to cell surface CD37,

a reagent for immunohistochemistry (IHC), and one or more standardized reference samples,



wherein said standardized reference samples comprise cells, cell pellets, or formalin fixed

paraffin embedded tissue samples, and wherein said one or more standardized referenced

samples are from non-CD37 expressing, low-CD37 expressing, or high CD37 expressing

cells, cell pellets, or tissues.

32. The article of manufacture of claim 28 or the kit of claim 30 or 31, wherein said IHC is

calibrated IHC that can distinguish different levels of CD37 expression.

33. The article of manufacture or kit of claim 32, wherein said calibrated IHC produces a range

of staining intensity for samples having low cell surface CD37 expression, intermediate cell

surface CD37 expression, or high cell surface CD37 expression.

34. The article of manufacture or the kit of any one of claims 28 or 30-33, wherein said IHC

distinguishes between staining intensity and staining uniformity in a CD37 expressing

sample as compared to a reference sample.

35. The article of manufacture or kit of any one of claims 28 or 30-33, wherein said IHC is

performed on a formalin fixed paraffin embedded sample.

36. The article of manufacture or kit of any one of claims 28 or 30-33, wherein said IHC is

performed manually.

37. The article of manufacture or kit of any one of claims 28 or 30-33, wherein said IHC is

performed using an automated system.

38. The article of manufacture or kit of any one of claims 28-30 or 32-37, wherein the CD37

immunoconjugate comprises an anti-CD37 antibody, a linker, and a cytotoxin.

39. The article of manufacture or kit of claim 38, wherein the anti-CD37 antibody is chimeric, or

humanized CD37-3, CD37-38, or CD37-50.

40. The article of manufacture or kit of claim 38 or 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 article of manufacture or kit of claim 40, wherein said linker is selected from the group

consisting: N-succinimidyl 4-(2-pyridyldithio)pentanoate (SPP) or N-succinimidyl 4-(2-

pyridyldithio)-2-sulfopentanoate (sulfo-SPP); N-succinimidyl 4-(2-pyridyldithio)butanoate

(SPDB) or N-succinimidyl 4-(2-pyridyldithio)-2-sulfobutanoate (sulfo-SPDB); N-

succinimidyl 4-(maleimidomethyl) cyclohexanecarboxylate (SMCC); N-sulfosuccinimidyl

4-(maleimidomethyl) cyclohexanecarboxylate (sulfoSMCC); N-succinimidyl-4-(iodoacetyl)-

aminobenzoate (SIAB); and N-succinimidyl- [(N-maleimidopropionamido)-

tetraethyleneglycol] ester (NHS-PEG4-maleimide).

42. The article of manufacture or kit of claim 41, wherein said linker is N-succinimidyl 4-

(maleimidomethyl) cyclohexanecarboxylate (SMCC).

43. The article of manufacture or kit of any one of claims 38-42, wherein said cytotoxin is

selected from the group consisting of a maytansinoid, maytansinoid analog, benzodiazepine,

taxoid, CC-1065, CC-1065 analog, duocarmycin, duocarmycin analog, calicheamicin,

dolastatin, dolastatin analog, auristatin, tomaymycin derivative, and leptomycin derivative or

a prodrug of the cytotoxin.

44. The article of manufacture or kit of claim 43, wherein said cytotoxin is a maytansinoid.

45. The article of manufacture or kit of claim 44, wherein said maytansinoid is is N(2')-deacetyl-

N(2')-(3-mercapto-l-oxopropyl)-maytansme o r N(2')-deacety].-N2-(4-raercapto-4-methyl-1-

oxopentyl)-maytansine .

46. The article of manufacture or kit of claim 45, wherein said maytansinoid is is N(2')-deacetyl-

N(2')-(3 -mercapto-1-oxopropyl)-maytansine (DM 1) .

47. The article of manufacture or kit of any one of claims 38-46, wherein said immunoconjugate

comprises the antibody huCD37-3, the linker SMCC, and the maytansinoid DM1.

48. The combination diagnostic and pharmaceutical kit of any one of claims 29-30 and 32-47,

further comprising one or more reference samples.



49. The combination diagnostic and pharmaceutical kit of claim 48, wherein said reference

sample is a positive reference sample or a negative reference sample.

50. The combination diagnostic and pharmaceutical kit of claim 48 or 49, wherein the reference

sample comprises cells, cell pellets, or tissue.

51. The kit of any one of claims 30-37, wherein said detection antibody further comprises a

detection reagent selected from the group consisting of: an enzyme, a fluorophore, a

radioactive label, and a luminophore.

52. The kit of claim 51, wherein said detection reagent is selected from the grou consisting of:

biotin, digoxigenin, fluorescein, tritium, rhodamine, and horseradish peroxidase.

53. The kit of claim any one of claims 30-37 or 51-52, wherein the concentration of the

detection antibody is about 1-10 g/mL.

54. The kit of claim 53, wherein the concentration of the detection antibody is about 4-5 g mL.

55. The kit of claim 54, wherein the concentration of the detection antibody is about 4.2 g/mL.

56. The kit of claim 31, wherein the low-CD37 expressing control is Namalwa or RL tumor
cells.

57. The kit of claim 31, wherein the high-CD37 expressing control is selected from the group
consisting of: Daudi and Ramos cell lines, and a cell line stably or transiently transfected
with CD37.

58. The kit of claim 57, wherein said cell line stably or transiently transfected with CD37
19/CD37.
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