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METHODS FOR TREATING CANCERS AND DISEASES

ASSOCIATED WITH 4-1BB (CD137) EXPRESSION

BACKGROUND OF THE INVENTION

[0001] 4-1BB (CD137/ILA) is a member of the TNF receptor superfamily and is
predominantly found on activated T cells and NK cells (1-3). 4-1BB (CD137) ligand (4-1BBL.
or CD137L) is present on antigen presenting cells including dendritic cells, macrophages,
monocytes and B cells (4-5). Stimulation of 4-1BB, through either its natural ligand or agonistic
antibody (anti-4-1BB or anti-4-1BB antibody), induces potent anti-tumor immunity (6-8), yet
also effectively ameliorates disease severity in several mouse models of autoimmunity, including
systemic lupus erythematosus (9), chronic graft versus host disease (10), collagen induced
arthritis (11, 12), inflammatory bowel disease (13), and experimental autoimmune encephalitis
(14). Thus, immunotherapeutics targeting 4-1BB represent promising new approaches to a wide
array of distinct immune disorders.

[0002] The explanation for the apparent disparity between the ability to promote tumor
rejection and treat autoimmune disease appears to be predicated on 4-1BB-mediated
manipulation of T cell function. Specifically, in conceptually overlapping experimental models
of autoimmunity, 4-1BB ligation induces T cell deletion or hyporesponsiveness (10, 13),
stimulation of CD4"CD25" antigen-specific regulatory T cell subsets (15) or proliferation of
antigen-specific CD8" CD11c" T cells, which suppress CD4" T cell responses (11). This 4-1BB-
mediated immune modulation of T cells is postulated to be mechanistically responsible for
observed changes in B cell function, including diminished isotype-specific antibody responses
and changes in B cell survival. For example, in both murine and primate models, administration
of agonistic antibodies against 4-1BB reduces T cell-dependent antibody production; 4-1BB
deficient mice demonstrate reduced IgG2a and IgG3 responses to KLH. (16-18). Additionally,
the importance of 4-1BB-4-1BBL co-stimulation in B cell survival is evidenced in 4-1BBL.
transgenic mice, where B cells are noted to decline in absolute number with advancing age (19).
Importantly, murine B cells do not express 4-1BB, while human B cells are reported to up-
regulate 4-1BB in response to anti-IgM stimulation (20, 21). Therefore, it is uncertain whether

murine-based animal models will accurately predict clinical response to 4-1BB manipulation.
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Considering the importance of B cells in anti-tumor immune regulation and autoimmunity (22,
23), it is striking that the function of 4-1BB on human B cells has not been elucidated.

[0003] Accordingly, there is need to understand the functional role of 4-1BB, in conjunction
with binding by its ligand (4-1BBL or CD137L) and antibody (anti-4-1BB or anti-CD137 Ab),
on human B cells to help develop treatment of cancers and diseases associated with 4-1BB

expression.

SUMMARY OF THE INVENTION

[0004] The present invention provides methods for treating cancers and diseases associated
with 4-1BB expression, and methods for the diagnosis and tracking of such conditions.

[0005] According to a first embodiment, the present invention is directed to a method for
inducing proliferation of B lymphocytes, comprising contacting B lymphocytes with an effective
amount of 4-1BB ligand, thereby inducing proliferation of B lymphocytes.

[0006] According to a second embodiment, the present invention is directed to a method for
activating B lymphocytes, comprising contacting B lymphocytes with an effective amount of 4-
1BB ligand, thereby activating B lymphocytes.

[0007] According to a third embodiment, the present invention is directed to a method for
promoting survival of B lymphocytes, comprising contacting B lymphocytes with an effective
amount of 4-1BB ligand, thereby promoting survival of B lymphocytes.

[0008] According to a fourth embodiment, the present invention is directed to a method for
inhibiting proliferation of B lymphocytes, comprising contacting B lymphocytes with an
effective amount of an anti-4-1BB antibody, thereby inhibiting proliferation of B lymphocytes.
[0009] According to a fifth embodiment, the present invention is directed to a method for
inhibiting activation of B lymphocytes, comprising contacting B lymphocytes with an effective
amount of an anti-4-1BB antibody, thereby inhibiting activation of B lymphocytes.

[0010] According to a sixth embodiment, the present invention is directed to a method for
inducing death of B lymphocytes, comprising contacting B lymphocytes with an effective
amount of an anti-4-1BB antibody, thereby inducing death of B lymphocytes.

[0011]  According to a seventh embodiment, the present invention is directed to a method for

inducing proliferation of B lymphocytes in a mammal, comprising administering to a mammal a
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pharmaceutical composition that comprises a therapeutically effective amount of 4-1BB ligand
and a carrier, thereby inducing proliferation of B lymphocytes in a mammal.

[0012] According to an eight embodiment, the present invention is directed to a method for
activating B lymphocytes in a mammal, comprising administering to a mammal a pharmaceutical
composition that comprises a therapeutically effective amount of 4-1BB ligand and a carrier,
thereby activating B lymphocytes in a mammal.

[0013] According to a ninth embodiment, the present invention is directed to a method for
promoting survival of B lymphocytes in a mammal, comprising administering to a mammal a
pharmaceutical composition that comprises a therapeutically effective amount of 4-1BB ligand
and a carrier, thereby promoting survival of B lymphocytes in a mammal.

[0014] According to a tenth embodiment, the present invention is directed to a method for
inhibiting proliferation of B lymphocytes in a mammal, comprising administering to a mammal a
pharmaceutical composition that comprises a therapeutically effective amount of anti-4-1BB
antibody and a carrier, thereby inhibiting proliferation of B lymphocytes in a mammal.

[0015] According to an eleventh embodiment, the present invention is directed to a method for
inhibiting activation of B lymphocytes in a mammal, comprising administering to a mammal a
pharmaceutical composition that comprises a therapeutically effective amount of anti-4-1BB
antibody and a carrier, thereby inhibiting activation of B lymphocytes in a mammal.

[0016] According to a twelfth embodiment, the present invention is directed to a method for
inducing death of B lymphocytes in a mammal, comprising administering to a mammal a
pharmaceutical composition that comprises a therapeutically effective amount of anti-4-1BB
antibody and a carrier, thereby inducing death of B lymphocytes in a mammal.

[0017] In each of the above-mentioned embodiments, the mammal is a human.

[0018] According to the thirteenth embodiment, the present invention is directed to a method
for treating a patient suffering from a B lymphocyte malignancy, comprising administering to a
patient suffering from a B lymphocyte malignancy a pharmaceutical composition comprising a
therapeutically effective amount of anti-4-1BB antibody and a carrier, thereby treating a patient
suffering from a B lymphocyte malignancy.

[0019] According to the fourteenth embodiment, the present invention is directed to a method

for treating a patient suffering from a B lymphocyte malignancy, comprising administering to a
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patient suffering from a B lymphocyte malignancy a pharmaceutical composition comprising a
therapeutically effective amount of 4-1BB ligand and a carrier, thereby treating a patient
suffering from a B lymphocyte malignancy.

[0020] In the thirteenth and fourteenth embodiments, a radioimmunotherapeutic agent or a
chemotherapeutic agent may be administered prior to, concurrently with, or after administration
of the pharmaceutical composition.

[0021] In the thirteenth and fourteenth embodiments, the B lymphocyte malignancy is selected
from the group consisting of follicular lymphoma, endemic Burkitt’s lymphoma, sporadic
Burkitt’s lymphoma, non-Burkitt’s lymphoma, mucosa-associated lymphoid tissue
MALT/MALToma (extranodal), monocytoid B-cell lymphoma (nodal), splenic lymphoma with
villous lymphocytes, mantle cell lymphoma, diffuse large cell lymphoma, diffuse mixed large
cell lymphoma, immunoblastic lymphoma, primary mediastinal B-cell lymphoma, pulmonary B
cell angiocentric lymphoma, and small lymphocytic lymphoma.

[0022]  According to the fifteenth embodiment, the present invention is directed to a method
for treating a patient suffering from a disease associated with 4-1BB expression, comprising
administering to a patient suffering from a disease associated with 4-1BB expression a
pharmaceutical composition comprising a therapeutically effective amount of anti-4-1BB
antibody and a carrier, thereby treating a patient suffering from a disease associated with 4-1BB
expression.

[0023] According to the sixteenth embodiment, the present invention is directed to a method
for treating a patient suffering from a disease associated with 4-1BB expression, comprising
administering to a patient suffering from a disease associated with 4-1BB expression a
pharmaceutical composition comprising a therapeutically effective amount of 4-1BB ligand and
a carrier, thereby treating a patient suffering from a disease associated with 4-1BB expression.
[0024] In the fifteenth and sixteenth embodiments, the treatment is a reduction of 4-1BB
expression in the patient. In addition, a radioimmunotherapeutic agent or a chemotherapeutic
agent may be administered prior to, concurrently with, or after administration of the
pharmaceutical composition. Furthermore, the disease associated with 4-1BB expression may be
a cancer, a B lymphocyte malignancy, an autoimmune disease, asthma, an allergy, or a chronic

graft-versus-host disease. The B lymphocyte malignancy is selected from the group consisting
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of follicular lymphoma, endemic Burkitt’s lymphoma, sporadic Burkitt’s lymphoma, non-
Burkitt’s lymphoma, mucosa-associated lymphoid tissue MALT/MALToma (extranodal),
monocytoid B-cell lymphoma (nodal), splenic lymphoma with villous lymphocytes, mantle cell
lymphoma, diffuse large cell lymphoma, diffuse mixed large cell lymphoma, immunoblastic
lymphoma, primary mediastinal B-cell lymphoma, pulmonary B cell angiocentric lymphoma,
and small lymphocytic lymphoma. In addition, the autoimmune disease is selected from the
group consisting of rheumatoid arthritis (RA), systemic lupus erythematosus (SLE),
arteriosclerosis, arthritis, Crohn’s disease, Hashimoto’s thyroiditis, Addison’s disease, juvenile
diabetes, diabetes, Grave’s disease, myasthenia gravis, Reiter’s syndrome, and multiple sclerosis.
[0025] According to the seventeenth embodiment, the present invention is directed to a
method for inducing death of B lymphocytes in a patient undergoing a disease treatment,
comprising administering to a patient undergoing a disease treatment a pharmaceutical
composition comprising a therapeutically effective amount of anti-4-1BB antibody and a carrier,
thereby inducing death of B lymphocytes in a patient undergoing a disease treatment.

[0026] According to the eighteenth embodiment, the present invention is directed to a method
of promoting survival of B lymphocytes in a patient undergoing a disease treatment, comprising
administering to a patient undergoing a disease treatment a pharmaceutical composition
comprising a therapeutically effective amount of 4-1BB ligand and a carrier, thereby promoting
survival of B lymphocytes in a patient undergoing a disease treatment.

[0027] In the seventeenth and eighteenth embodiments, the treatment may be radiation therapy
or chemotherapy, wherein a radioimmunotherapeutic agent or a chemotherapeutic agent is
administered prior to, concurrently with, or after administration of the pharmaceutical
composition.

[0028]  According to the nineteenth embodiment, the present invention is directed to a method
for enhancing innate and/or adaptive immunity of a patient suffering from a B lymphocyte
malignancy, comprising administering to a patient suffering from a B lymphocyte malignancy a
pharmaceutical composition comprising a therapeutically effective amount of anti-4-1BB
antibody and a carrier, thereby enhancing innate and/or adaptive immunity of a patient suffering

from a B lymphocyte malignancy.
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[0029] According to the twentieth embodiment, the present invention is directed to a method
for enhancing innate and/or adaptive immunity of a patient suffering from a B lymphocyte
malignancy, comprising administering to a patient suffering from a B lymphocyte malignancy a
pharmaceutical composition comprising a therapeutically effective amount of 4-1BB ligand and
a carrier, thereby enhancing innate and/or adaptive immunity of a patient suffering from a B
lymphocyte malignancy.

[0030] In the nineteenth and twentieth embodiments, a radioimmunotherapeutic agent or a
chemotherapeutic agent may be administered prior to, concurrently with, or after administration
of the pharmaceutical composition. The B lymphocyte malignancy is selected from the group
consisting of follicular lymphoma, endemic Burkitt’s lymphoma, sporadic Burkitt’s lymphoma,
non-Burkitt’s lymphoma, mucosa-associated lymphoid tissue MALT/MALToma (extranodal),
monocytoid B-cell lymphoma (nodal), splenic lymphoma with villous lymphocytes, mantle cell
lymphoma, diffuse large cell lymphoma, diffuse mixed large cell lymphoma, immunoblastic
lymphoma, primary mediastinal B-cell lymphoma, pulmonary B cell angiocentric lymphoma,
and small lymphocytic lymphoma.

[0031] According to the twenty-first embodiment, the present invention is directed to a
method for enhancing innate and/or adaptive immunity of a patient suffering from a disorder
associated with 4-1BB expression, comprising administering to a patient suffering from a
disorder associated with 4-1BB expression a pharmaceutical composition comprising a
therapeutically effective amount of anti-4-1BB antibody and a carrier, thereby enhancing innate
and/or adaptive immunity of a patient suffering from a disorder associated with 4-1BB
expression.

[0032] According to the twenty-second embodiment, the present invention is directed to a
method for enhancing innate and/or adaptive immunity of a patient suffering from a disorder
associated with 4-1BB expression, comprising administering to a patient suffering from a
disorder associated with 4-1BB expression a pharmaceutical composition comprising a
therapeutically effective amount of 4-1BB ligand and a carrier, thereby enhancing innate and/or
adaptive immunity of a patient suffering from a disorder associated with 4-1BB expression.
[0033] In the twenty-first and twenty-second embodiments, a radioimmunotherapeutic agent

or a chemotherapeutic agent may be administered prior to, concurrently with, or after
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administration of the pharmaceutical composition. In addition, the disorder associated with 4-
1BB expression is a cancer, a B lymphocyte malignancy, an autoimmune disease, asthma, an
allergy, or a chronic graft-versus-host disease. The B lymphocyte malignancy is selected from
the group consisting of follicular lymphoma, endemic Burkitt’s lymphoma, sporadic Burkitt’s
lymphoma, non-Burkitt’s lymphoma, mucosa-associated lymphoid tissue MALT/MALToma
(extranodal), monocytoid B-cell lymphoma (nodal), splenic lymphoma with villous lymphocytes,
mantle cell lymphoma, diffuse large cell lymphoma, diffuse mixed large cell lymphoma,
immunoblastic lymphoma, primary mediastinal B-cell lymphoma, pulmonary B cell angiocentric
lymphoma, and small lymphocytic lymphoma. The autoimmune disease is selected from the
group consisting of rheumatoid arthritis (RA), systemic lupus erythematosus (SLE),
arteriosclerosis, arthritis, Crohn’s disease, Hashimoto’s thyroiditis, Addison’s disease, juvenile
diabetes, diabetes, Grave’s disease, myasthenia gravis, Reiter’s syndrome, and multiple sclerosis.
[0034] According to the twenty-third embodiment, the present invention is directed to a
method for determining the responsiveness of a patient suffering from a disease to a therapy,
comprising:

(a) determining the amount of 4-1BB and/or 4-1BB ligand present in a biological
sample of a patient after receiving a therapy, and

(b) comparing the amount of 4-1BB and/or 4-1BB ligand determined in (a) to a
control value obtained from a biological sample of said patient prior to receiving the therapy,
wherein the result of the comparison of (b) provides a determination of the responsiveness of the
patient suffering from the disease to the therapy.
[0035] In this embodiment, the disease is associated with 4-1BB expression and selected from
the group consisting of cancer, B lymphocyte malignancy, autoimmune disease, asthma, allergy
and chronic graft-versus-host disease. In addition, the B lymphocyte malignancy is selected
from the group consisting of follicular lymphoma, endemic Burkitt’s lymphoma, sporadic
Burkitt’s lymphoma, non-Burkitt’s lymphoma, mucosa-associated lymphoid tissue
MALT/MALToma (extranodal), monocytoid B-cell lymphoma (nodal), splenic lymphoma with
villous lymphocytes, mantle cell lymphoma, diffuse large cell lymphoma, diffuse mixed large
cell lymphoma, immunoblastic lymphoma, primary mediastinal B-cell lymphoma, pulmonary B

cell angiocentric lymphoma, and small lymphocytic lymphoma. Furthermore, the autoimmune



WO 2010/132389 PCT/US2010/034295

disease is selected from the group consisting of rheumatoid arthritis (RA), systemic lupus
erythematosus (SLE), arteriosclerosis, arthritis, Crohn’s disease, Hashimoto’s thyroiditis,
Addison’s disease, juvenile diabetes, diabetes, Grave’s disease, myasthenia gravis, Reiter’s
syndrome, and multiple sclerosis.
[0036] According to the twenty-fourth embodiment, the present invention is directed to a
method for evaluating the progression of a disease in a patient, comprising:

(a) determining the amount of 4-1BB and/or 4-1BB ligand present in a biological
sample of a patient, and

(b) comparing the amount of 4-1BB and/or 4-1BB ligand determined in (a) to a
control value obtained from a biological sample of said patient at a date earlier than the date
upon which the biological sample of (a) was obtained, wherein the result of the comparison of
(b) provides an evaluation of the progression of the disease in the patient.
[0037] In this embodiment, the disease is associated with 4-1BB expression and selected from
the group consisting of cancer, B lymphocyte malignancy, autoimmune disease, asthma, allergy
and chronic graft-versus-host disease. The B lymphocyte malignancy is selected from the group
consisting of follicular lymphoma, endemic Burkitt’s lymphoma, sporadic Burkitt’s lymphoma,
non-Burkitt’s lymphoma, mucosa-associated lymphoid tissue MALT/MALToma (extranodal),
monocytoid B-cell lymphoma (nodal), splenic lymphoma with villous lymphocytes, mantle cell
lymphoma, diffuse large cell lymphoma, diffuse mixed large cell lymphoma, immunoblastic
lymphoma, primary mediastinal B-cell lymphoma, pulmonary B cell angiocentric lymphoma,
and small lymphocytic lymphoma. The autoimmune disease is selected from the group
consisting of rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), arteriosclerosis,
arthritis, Crohn’s disease, Hashimoto’s thyroiditis, Addison’s disease, juvenile diabetes, diabetes,
Grave’s disease, myasthenia gravis, Reiter’s syndrome, and multiple sclerosis.
[0038] According to the twenty-fifth embodiment, the present invention is directed to a
method for diagnosing a disease associated with aberrant 4-1BB expression, comprising:

(a) determining the amount of 4-1BB and/or 4-1BB ligand present in a biological

sample of a subject; and
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(b) comparing the amount of 4-1BB and/or 4-1BB ligand determined in (a) to a
control value obtained from biological samples of a population of subjects lacking aberrant 4-
1BB expression, thereby diagnosing a disease associated with aberrant 4-1BB expression.
[0039] In this embodiment, the disease is associated with aberrant 4-1BB expression is a
cancer, a B lymphocyte malignancy, an autoimmune disease, asthma, an allergy, or a chronic
graft-versus-host disease. In addition, the B lymphocyte malignancy is selected from the group
consisting of follicular lymphoma, endemic Burkitt’s lymphoma, sporadic Burkitt’s lymphoma,
non-Burkitt’s lymphoma, mucosa-associated lymphoid tissue MALT/MALToma (extranodal),
monocytoid B-cell lymphoma (nodal), splenic lymphoma with villous lymphocytes, mantle cell
lymphoma, diffuse large cell lymphoma, diffuse mixed large cell lymphoma, immunoblastic
lymphoma, primary mediastinal B-cell lymphoma, pulmonary B cell angiocentric lymphoma,
and small lymphocytic lymphoma. Furthermore, the autoimmune disease is selected from the
group consisting of rheumatoid arthritis (RA), systemic lupus erythematosus (SLE),
arteriosclerosis, arthritis, Crohn’s disease, Hashimoto’s thyroiditis, Addison’s disease, juvenile
diabetes, diabetes, Grave’s disease, myasthenia gravis, Reiter’s syndrome, and multiple sclerosis.
[0040] It is contemplated that any method or composition described herein can be
implemented with respect to any other method or composition described herein. Moreover, it is
clearly contemplated that embodiments may be combined with one another, to the extent that
they are compatible.
[0041] Other features and advantages of the present invention are apparent in the detailed
description that follows. It should be understood, however, that the detailed description and the
specific examples, while indicating embodiments of the present invention, are given by way of
illustration only, not limitation. Various changes and modifications within the scope of the

invention will become apparent to those skilled in the art from the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] Details of the embodiments of the present invention are illustrated in the appended
drawings.
[0043] Figures 1A-E shows the induction of 4-1BB (CD137) on human B cells following

antigen exposure while expression levels are enhanced by cognate interactions between CD40
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and CD40 ligand. Figure 1A: Human B cells up-regulate 4-1BB (CD137) in the presence of
pokeweed mitogen (PWM). Histograms indicate percentage 4-1BB (CD137) expression on
gated B (CD19") cells in whole PBMC. Data are representative of at least 5 individual
experiments. Figure 1B: B cells require T cell contact in order to up-regulate CD137 during
PWM stimulation. Histograms indicate percentage 4-1BB (CD137) expression on gated B
(CD19") cells cultured in the presence (no transwell) or absence (transwell) of T cells. Data are
representative of 4 individual experiments. Figure 1C: Anti-CD40L (solid squares) blocks 4-
I1BB (CD137) expression on PWM activated B cells in PBMC and B/T cell co-cultures in a dose-
dependent fashion. Data are presented as mean + SD and are representative of 5 individual
experiments. Figure 1D: 4-1BB (CD137) is induced on human B cells upon BCR stimulation
with enhancement of cell surface expression levels following CD40 ligation with agonistic anti-
CD40 antibody. Histograms indicate percentage 4-1BB (CD137) expression on gated B
(CD19") cells. Figure 1E: RT-PCR confirmed the up-regulation of 4-1BB (CD137) mRNA in
anti-Ig/anti-CD40 stimulated B cells after 12 hours of culture. Data are representative of 3
individual experiments. *P<0.05 and **P<0.0001

[0044] Figures 2A-B shows that cytokines can provide a second level of regulatory control
for the expression of B cell associated 4-1BB (CD137). Figure 2A: Purified B (CD19") cells
were anti-Ig/anti-CD40 stimulated in the presence of no cytokine, IL-2, IL-4, IL-6, IL-10, IL-15,
IL-21, TNFa or IFN-y. After 3 days of culture, B cells were harvested and assessed for 4-1BB
(CD137) expression by flow cytometry. 4-1BB (CD137) expression levels are significantly
enhanced (P<0.0001) in the presence of IFN-y. In contrast, 4-1BB (CD137) expression levels
are significantly reduced in the presence of IL-4 (P<0.0001) and IL-10 (P=0.0188). Figure2B:
CD40 ligation and/or IFN-y enhance 4-1BB (CD137) expression levels on human B cells but
primary B cell receptor stimulation is required. Histograms indicate percentage of 4-1BB
(CD137) expression on B (CD19") cells. Data are representative of at least 5 individual
experiments.

[0045] Figures 3A-B shows the preferential expression of 4-1BB (CD137) on activated B
cells of naive origin. Figure 3A: Purified human B cells were anti-Ig/anti-CD40 activated.
After 3 days, B cells were harvested and 4-1BB (CD137) expressing (CD19"CD137") B cells
and non-CD137 expressing (CD197CD137") B cells were assessed for cell surface phenotype by

10
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flow cytometry. Histograms show percentage surface expression of indicated marker on CD137"
B cells (dotted line) and CD137" B cells (solid line). Filled peaks represent isotype controls.
Data are representative of 5 individual experiments. Figure 3B: Purified human B cells were
separated into naive (CD19"CD27") and memory (CD19"CD27") B cells and subsequently anti-
Ig/anti-CD40 stimulated. CD137 surface expression was determined at indicated time-points.
Data shown are representative of 5 individual experiments. *P<0.05.

[0046] Figures 4A-C shows that 4-1BB (CD137) expression is associated with enhanced B
cell activation. Figures 4A and 4B: High levels of CD137 are expressed on divided human B
cells. Unseparated (bulk; CD19%) B cells, naive (CD19"CD27") and memory (CD19*CD27%) B
cells were CFSE labeled and stimulated with anti-Ig/anti-CD40. After 4 days, cells were
harvested and analyzed for CFSE dilution and 4-1BB (CD137) expression by flow cytometry.
Based on CFSE dilution, divided and non-divided B cell subsets were gated and analyzed for
CD137 surface expression. Histograms indicate percentage of 4-1BB (CD137) expression on
indicated subset of divided (Figure 4A) and non-divided (Figure 4B) B cells. Data are
representative of at least 5 individual experiments. Figure 4C: 4-1BB (CD137) expression is
associated with cell cycle progression in anti-Ig/anti-CD40 stimulated human B cells. Anti-
Ig/anti-CD40 stimulated B cells were cultured for 3 days and pulsed with BrdU for 4 hours. Cell
cycle status of 4-1BB (CD137) expressing (CD19"CD137") and non-CD137 expressing
(CD19°CD137") B cells was confirmed by flow cytometry using anti-BrdU and 7-AAD. Data
are representative of 3 individual experiments.

[0047] Figures SA-D shows that 4-1BB (CD137) ligation can stimulate B cell proliferation.
Figure 5A: Purified B cells were stimulated with anti-Ig, anti-Ig/IFN-y or anti-Ig/anti-CD40 in
the presence of various numbers of irradiated P815/mock (filled diamonds) or P§15/CD137L-
expressing cells (filled squares) as indicated in Figure SA. After 3 days (anti-Ig, anti-Ig/IFN- vy)
or 4 days (anti-Ig/antiCD40) of culture, cellular activation was measured by thymidine ("H-TdR)
incorporation. Data are presented as mean + SD of triplicate wells and are representative of 5
experiments. Figure 5B: The addition of soluble CD137 (sCD137) protein to cultures with anti-
Ig activated B cells abrogates the observed effect; P815-mock (grey bars) or P815-CD137L
(black bars). Data are presented as mean = SD of triplicate wells and are representative of 4

individual experiments. Figures 5C and 5D: Anti-Ig stimulated B cells exhibit greater CFSE
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dilution (Figure 5C) and have more B cells in the S phase of the cell cycle (Figure SD) in the
presence of irradiated P815-CD137L cells in comparison to P815-mock controls. Data are
representative of 4 individual experiments. *P<0.05, **P<0.001.

[0048] Figures 6A-D shows that 4-1BB (CD137) ligation can enhance B cell survival. Figure
6A: Purified B cells were stimulated with anti-Ig, anti-Ig/IFN- y and anti-Ig/anti-CD40 in the
presence of P815-mock or P815-CD137L cells. The percentage of B cell survival (Annexin V°
/7-AAD") was assessed by flow cytometry at culture day 4 (D4) and day 6 (D6). Figure 6B: The
absolute number of surviving B cells in these cultures was assessed by flow cytometry using
accucount beads. Figures 6C and 6D: 4-1BB (CD137) co-stimulation promotes B cell survival
after treatment with Doxorubicin (Figure 6C) or growth factor deprivation (Figure 6D). In each
figure, bar graphs represent B cells survival in cultures with P§15-mock (white bars) or P815-
CD137L (grey bars). Data are shown as mean + SD and represent at least 4 (a,b) and 3 (c,d)
individual experiments. *P<0.05.

[0049] Figure 7 shows that 4-1BB (CD137) ligation is associated with the up-regulation of
anti-apoptotic proteins. Purified (CD19") B cells were anti-Ig, anti-Ig/IFN-y or anti-Ig/anti-
CD40 stimulated in the presence of irradiated P815-mock or P815-CD137L. After 3 days of
culture, cells were harvested and CD19" B cell purity was enhanced using anti-CD19
microbeads. Purified B cells were used to prepare protein lysates and protein expression of bcl-
2, bel-xL and mcl-1 was determined by western blot analysis. B-actin served as an internal
control and data are representative of 3 individual experiments.

[0050] Figures 8A-B: CD137 costimulation on anti-BCR activated B cells enhance the
production of IgM and IgG in healthy donor. Purified B cells from peripheral blood of healthy
donor were activated with anti-Ig in the presence of mock or 4-1BBL transfectants for 3 days.
Then cells were incubated with cytokines for 10 days. Total IgM (Figure 8A) and IgG (Figure
8A) levels in the culture supernatant were determined by ELISA.

[0051] Figure 9: Peripheral blood B cells from patients with active RA express higher level of
CD137 upon activation. PBMC from different patient groups were activated with anti-Ig only
(Figure 9A) or anti-Ig/anti-CD40 (Figure 9B) for 24 hrs. CD137 expression on B cells was

determined by multi-color FACS analysis. In comparison with healthy control group, patients
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with active RA upregulate higher level of CD137 expression on PB B cells upon activation with

anti-BCR in the absence of presence of anti-CD40 stimulation.

DETAILED DESCRIPTION OF THE INVENTION

[0052] The present invention is based on a novel finding that 4-1BB is a survival and
proliferative factor of human B lymphocytes and that anti-4-1BB (anti-CD137) antibodies inhibit
proliferation and activation, and induce death of human B lymphocytes.

[0053] The 4-1BB receptor is distinct from other TNF receptor family members that regulate
B cell proliferation and differentiation, such as CD40 and BAFF-Receptor (BAFF-R) (Refs. 38,
43 and 44). CD40 and BAFF-R are constitutively expressed on B cells whereas the upregulation
of 4-1BB is strictly dependent on the presence of anti-BCR stimulation. Similar to BAFF-R, 4-
1BB co-stimulates the proliferation of B cells in the presence of anti-Ig. In contrast, CD40
stimulates B cell proliferation in the absence of anti-Ig. Therefore, it is likely that CD40, 4-1BB
and BAFF-R fulfill distinct functions in vivo.

[0054] The data presented herein below suggest that 4-1BB (4-1BB) blockade may be
effective for the treatment of cancers and diseases wherein B cells play a role in their
pathogenesis. The data also suggest that 4-1BB (4-1BB) blockade may be relevant for the
treatment of B cell malignancies and potentially other malignancies associated with 4-1BB
expression. It is also likely that blocking antibodies against 4-1BB can be used in combination
with radioimmunotherapy and/or chemotherapy for the treatment of cancers or diseases that are
associated with 4-1BB expression.

[0055] Thus, the overall findings obtained herein have important implications for the clinical
translation of 4-1BB-based immunotherapeutic strategies. The disparity of 4-1BB expression
and function between human and murine B cells challenges the use of murine-based disease
models for the evaluation of 4-1BB-mediated immune regulation, and targeting the 4-1BB
pathway with therapeutic intent may have unanticipated consequences on human B cell function.
In addition, evidence that 4-1BB ligation protects B cells from chemotherapy-induced apoptosis
may be of both prognostic and therapeutic relevance when treating certain types of B cell
lymphomas expressing 4-1BB (45). Furthermore, the fact that the expression of B cell-

associated 4-1BB is regulated by many of the factors involved in the pathogenesis of rheumatoid
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arthritis (RA) and systemic lupus arthritis (SLE), e.g., enhanced CD40 expression and altered
cytokine production, suggests that B cell-associated 4-1BB might be of functional import in

these diseases (24, 25).

Methods of inducing proliferation and activation and promoting survival

[0056] Accordingly, the present invention is directed to various methods, including methods
of inducing B lymphocyte proliferation, methods of activating B lymphocytes and methods of
promoting survival of B lymphocytes. Each of these methods involves contacting B
lymphocytes with an effective amount of 4-1BB ligand.

[0057] The application of each of these methods may be conducted in vitro, in vivo or ex vivo.
In addition, such methods can be carried out in mammals, such as humans, through the
administration to the mammals of a pharmaceutical composition that includes a therapeutically

effective amount of 4-1BB ligand and a carrier.

Methods of inhibiting proliferation and activation and inducing death

[0058] The present invention is also directed to various methods, including methods of
inhibiting B lymphocyte proliferation, methods of inhibiting activation of B lymphocytes and
methods of inducing death of B lymphocytes. All of these methods involve contacting B
lymphocytes with an effective amount of an anti-4-1BB antibody. In addition, all of these
methods can be applied either in vitro, in vivo or ex vivo. These methods can be conducted in
mammals, such as humans, through the administration to the mammals of a pharmaceutical
composition that includes a therapeutically effective amount of anti-4-1BB antibody and a

carrier.

Methods of treatment using anti-4-1BB antibody or 4-1BB ligand

[0059] The present invention is also directed to methods of treating a patient suffering from a
B lymphocyte malignancy utilizing a pharmaceutical composition comprising a therapeutically
effective amount of anti-4-1BB antibody and a carrier.

[0060] In an alternative embodiment, a pharmaceutical composition comprising a

therapeutically effective amount of 4-1BB ligand and a carrier can be used in this method. The
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skilled artisan will understand that the identity of the active agent will depend on the nature of
the B lymphocyte malignancy.

[0061]  Such methods of treatment can be performed in conjunction with a
radioimmunotherapeutic agent or a chemotherapeutic agent either prior to, concurrently with, or
after administration of the pharmaceutical composition.

[0062] The present invention is further directed to methods for treating a patient suffering
from a disease associated with 4-1BB expression using a pharmaceutical composition that
includes either an anti-4-1BB antibody and a carrier, or a 4-1BB ligand and a carrier.
Administration of such pharmaceutical composition to the patient suffering from a disease
associated with 4-1BB expression would thereby result to the reduction of 4-1BB expression in
the patient.

[0063] In one variation, the method further includes the administration of a
radioimmunotherapeutic agent or a chemotherapeutic agent that can be administered prior to,

concurrently with, or after administration of the pharmaceutical composition.

Methods of inducing death or promoting survival of B lymphocyvtes

[0064] The present invention is further directed to a method of inducing death of B
lymphocytes in a patient undergoing a disease treatment, wherein the treatment is radiation
therapy or chemotherapy. The method encompasses administering to the patient a
pharmaceutical composition comprising a therapeutically effective amount of anti-4-1BB
antibody and a carrier, thereby inducing death of B lymphocytes in the patient undergoing such
treatment.

[0065] In an alternative embodiment, the method may also be used to promote the survival of
B lymphocytes in a patient undergoing a disease treatment, wherein the treatment is radiation
therapy or chemotherapy. The method entails administering to the patient a pharmaceutical
composition comprising a therapeutically effective amount of 4-1BB ligand and a carrier,
thereby promoting survival of B lymphocytes in the patient undergoing such treatment.

[0066] In one variation, the above-mentioned methods may include the administration of a
radioimmunotherapeutic agent or a chemotherapeutic agent that can be administered prior to,

concurrently with, or after administration of the pharmaceutical composition.
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Methods of enhancing innate and/or adaptive immunity

[0067] The present invention is also directed to methods of enhancing innate and/or adaptive
immunity of a patient suffering from a B lymphocyte malignancy or a disorder associated with 4-
1BB expression. These methods can be carried out by administering to patients suffering from
either a B lymphocyte malignancy or a disorder associated with 4-1BB expression a
pharmaceutical composition that encompasses a therapeutically effective amount of anti-4-1BB
antibody and a carrier, thereby enhancing innate and/or adaptive immunity of such patients.
[0068] Instead of administering with the anti-4-1BB antibody, the above-mentioned methods
can be alternatively carried out by using a pharmaceutical composition comprising a
therapeutically effective amount of 4-1BB ligand and a carrier, thereby enhancing innate and/or
adaptive immunity of the patient suffering from either a B lymphocyte malignancy or a disorder
associated with 4-1BB expression.

[0069] As one variation, the above-mentioned methods may include the administration of a
radioimmunotherapeutic agent or a chemotherapeutic agent that can be administered prior to,
concurrently with, or after administration of the pharmaceutical composition.

[0070] Disorders associated with 4-1BB expression may include a cancer, a B lymphocyte

malignancy, an autoimmune disease, asthma, an allergy, or a chronic graft-versus-host disease.

Methods for determining the responsiveness of a disease

[0071] The present invention further provides a method for determining the responsiveness of
a patient suffering from a disease to a therapy. The method encompasses: (a) determining the
amount of 4-1BB and/or 4-1BB ligand present in a biological sample of a patient after receiving
a therapy, and (b) comparing the amount of 4-1BB and/or 4-1BB ligand determined in (a) to a
control value obtained from a biological sample of the patient prior to receiving the therapy,
wherein the result of the comparison of (b) provides a determination of the responsiveness of the
patient suffering from the disease to the therapy.

[0072] In one embodiment, the disease is associated with 4-1BB expression and may include a
cancer, a B lymphocyte malignancy, an autoimmune disease, asthma, an allergy, or a chronic

graft-versus-host disease.

16



WO 2010/132389 PCT/US2010/034295

[0073]  Such information can be useful and important in monitoring the effectiveness of a

course of therapy and in determining means for further treatment.

Methods for evaluating the progression of a disease

[0074] The present invention is further directed to a method for evaluating the progression of
a disease in a patient which includes: (a) determining the amount of 4-1BB and/or 4-1BB ligand
present in a biological sample of a patient, and (b) comparing the amount of 4-1BB and/or 4-
1BB ligand determined in (a) to a control value obtained from a biological sample of the patient
at a date earlier than the date upon which the biological sample of (a) was obtained, and wherein
the result of the comparison of (b) provides an evaluation of the progression of the disease in the
patient.

[0075] In one embodiment, the disease may be cancer, B lymphocyte malignancy,
autoimmune disease, asthma, allergy or chronic graft-versus-host disease.

[0076] Such information can be useful and important in monitoring the effectiveness of a

course of therapy and in determining means for further treatment.

Methods for diagnosing a disease

[0077] The present invention is also directed to a method for diagnosing a disease associated
with aberrant 4-1BB expression which includes the following: (a) determining the amount of 4-
1BB and/or 4-1BB ligand present in a biological sample of a subject; and (b) comparing the
amount of 4-1BB and/or 4-1BB ligand determined in (a) to a control value obtained from
biological samples of a population of subjects lacking aberrant 4-1BB expression, thereby
diagnosing a disease associated with aberrant 4-1BB expression.

[0078] In one embodiment, the disease that is associated with aberrant 4-1BB expression may
include cancer, B lymphocyte malignancy, autoimmune disease, asthma, allergy and chronic
graft-versus-host disease.

[0079] The skilled artisan will understand that the term “mammal” includes human and non-
human primates. A subject may be a patient in need of a treatment for a disease defined herein

or maybe an individual with no symptoms or disease. A subject can also refer to a cancer patient
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who is undergoing anti-cancer therapy-induced cell death, before, during or after anti-cancer
treatment.

[0080] The term “inducing proliferation of B lymphocytes,” as used herein, may refer to an
increase in the numbers of B lymphocytes, as determined, for example, by an increase in the
expression of cell markers associated with cell proliferation, an increase in the number of rounds
of cell cycle progression as indicated by flow cytometry, an elevated DNA uptake as measured
by thymidine incorporation, and/or a simple increase in the number of B lymphocytes.

[0081] The term “inhibiting proliferation of B lymphocytes,” as used herein, may refer to a
slowing and/or preventing the growth and division of B lymphocytes, as determined, for
example, by a decreased expression of cell markers associated with cell proliferation, a reduction
of DNA uptake as measured by thymidine incorporation and/or reduction of cell division as
measured by flow cytometry, and/or a simple decrease in the number of B lymphocytes.

[0082] The term “promoting survival of B lymphocytes,” as used herein, refers to maintaining
the life and growth of B lymphocytes in a certain population, as determined, for example, by the
upregulation of expression of anti-apoptotic proteins or no consistent changes of the expression
of the pro-apoptotic proteins.

[0083] The term “inducing death of B lymphocytes,” as used herein, may refer to increasing
the number of B lymphocytes undergoing cell death or apoptosis or the rate by which the B
lymphocytes undergo death in a given population, as detected, for example, by DNA
fragmentation, formation of membrane vesicles, binding of annexin V, cell shrinkage, etc.
[0084] Specific or non-specific binding of anti-4-1BB antibody with an antigen of interest on
the surface of the B cell lymphocyte can lead to reduction or prevention of a humoral response
by the B lymphocytes, which, in turn, may lead to inhibition of cell proliferation, inhibition of
activation of B lymphocytes or induction of death of B lymphocytes.

[0085] Innate immunity refers to an early system of defense that depends on invariant
receptors recognizing common features of pathogens. The innate immune system provides
barriers and mechanisms to inhibit foreign substances, in particular through the action of
macrophages and neutrophils. The inflammatory response is considered part of innate immunity.

The innate immune system is involved in initiating adaptive immune responses and removing
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pathogens that have been targeted by an adaptive immune response. However, innate immunity
can be evaded or overcome by many pathogens, and does not lead to immunological memory.
[0086] Adaptive immune response or “adaptive immunity” is the response of antigen-specific
lymphocytes to antigen, including the development of immunological memory. Adaptive
immune responses are generated by clonal selection of lymphocytes bearing antigen-specific
receptors and are distinct from innate and non-adaptive phases of immunity, which are not
mediated by clonal selection of antigen-specific lymphocytes. Adaptive immunity, as used
herein, includes cellular and humoral immunity. Immune recognition by the adaptive immune
system is mediated by antigen receptors.

[0087] The term “enhancing innate and/or adaptive immunity,” as used herein, refers to the
stimulation, activation or augmentation of the innate and/or adaptive immune system of a
mammal, a human or a patient suffering from cancer or a disease associated with 4-1BB
expression, which results to the production of constituents of cellular and/or humoral immune
responses.

[0088] The term “suffering from a disease, * as used herein, may refer to a mammal, patient or
subject who is experiencing, undergoing or showing signs and symptoms of and/or pain due to a
medical ailment or condition associated with cancer or a disease associated with 4-1BB
expression.

[0089] The term “aberrant 4-1BB expression,” as used herein, refers to a change or deviation
from the normal level or amount of 4-1BB and/or 4-1BB ligand in a control population of
subjects. The change or deviation may involve a slight, higher or highest increase or decrease of
the amount of 4-1BB and/or 4-1BB ligand compared to the control population.

[0090] The terms “control population™ and “a population of subjects lacking aberrant 4-1BB
expression,” shall be taken to mean a population of subjects having a normal level or amount of
4-1BB expression, having no cancer or disease associated with 4-1BB expression, and/or being
asymptomatic with respect to any symptoms associated with cancer or disease associated with 4-
1BB expression.

[0091] The term "chemotherapeutic agent," as referred herein, is a chemical compound that
prevents the development, maturation or spread of neoplastic cells, and that acts directly on the

tumor cell, e.g., by cytostatic or cytotoxic effects, and not indirectly through mechanisms such as
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biological response modification. Suitable chemotherapeutic agents are preferably natural or
synthetic chemical compounds, but biological molecules, such as proteins, polypeptides, etc. are
not expressively excluded.

[0092] Examples of chemotherapeutic agents include alkylating agents, for example, nitrogen
mustards, ethyleneimine compounds, alkyl sulphonates and other compounds with an alkylating
action such as nitrosoureas, cisplatin and dacarbazine; antimetabolites, for example, folic acid,
purine or pyrimidine antagonists; mitotic inhibitors, for example, vinca alkaloids and derivatives
of podophyllotoxin; cytotoxic antibiotics and camptothecin derivatives. More particularly,
chemotherapeutic agents or chemotherapy may include amifostine (ethyol), cisplatin,
dacarbazine (DTIC), dactinomycin, mechlorethamine (nitrogen mustard), streptozocin,
cyclophosphamide, carrnustine (BCNU), lomustine (CCNU), doxorubicin (adriamycin),
doxorubicin lipo (doxil), gemcitabine (gemzar), daunorubicin, daunorubicin lipo (daunoxome),
procarbazine, mitomycin, cytarabine, etoposide, methotrexate, S-fluorouracil (5-FU), vinblastine,
vincristine, bleomycin, paclitaxel (taxol), docetaxel (taxotere), aldesleukin, asparaginase,
busulfan, carboplatin, cladribine, camptothecin, CPT-11, 10-hydroxy-7-ethyl-camptothecin
(SN38), dacarbazine, floxuridine, fludarabine, hydroxyurea, ifosfamide, idarubicin, mesna,
interferon alpha, interferon beta, irinotecan, mitoxantrone, topotecan, leuprolide, megestrol,
melphalan, mercaptopurine, plicamycin, mitotane, pegaspargase, pentostatin, pipobroman,
plicamycin, streptozocin, tamoxifen, teniposide, testolactone, thioguanine, thiotepa, uracil
mustard, vinorelbine, chlorambucil and combinations thereof.

[0093] Radioimmunotherapeutic (RIT) agents are used for the treatment of tumors and are
well known in the art. Suitable RIT agents include any targeted radionuclide therapy with any
therapeutically useful radionuclide attached, and which are attachable to or capturable by a tumor
or tumor vasculature. Such useful RIT agents include a tumor-targeting or tumor vasculature-
targeting ligand or molecule. The radionuclide can be attached directly to the targeting molecule
or ligand, or by a chelating agent attached to or associated with the ligand. Alternatively, the
ligand can include a chelating or radionuclide capturing group, and can be administered to the
patient cold, to bind to a tumor or tumor vasculature in the patient. Upon subsequent
administration of a radionuclide, the bound ligand can capture the radionuclide at the tumor site

(pre-targeted radionuclide therapy). Targeting molecules or ligands include antibodies, antibody
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fragments, recombinant combinations of antibody fragments, peptides, or any other ligand that
has a selective affinity for tumors or tumor vasculature.

[0094] Preferably, the RIT is a radionuclide-labeled chelating agent-ligand complex in which
chelating agent is chemically bonded to a tumor-targeting molecule. Preferred tumor-targeting
molecules include antibodies, such as monoclonal antibodies, or antibody fragments. More
preferably, the tumor-targeting molecule is an anti-tumor antibody. Any anti-tumor antibody can
be utilized. Preferably, the anti-tumor antibody targets tumor vasculature. Any radionuclide
suitable for use in cancer radiotherapeutic methods can be utilized in the methods of the present
invention. Suitable radionuclides include, without limitation, 1311, 177Lu, 67Cu, 64Cu, 196Re, and
90y

[0095] A “biological sample” encompasses any of a variety of sample types obtainable from a
mammal, a subject or a human and contains sufficient quantities of 4-1BB ligand and/or 4-1BB
useful for a diagnostic or monitoring purpose. A biological sample encompasses blood and other
liquid samples of biological origin, solid tissue samples, such as a biopsy specimen, or tissue
cultures or cells derived therefrom and the progeny thereof. The term may also encompass a
clinical sample, and further includes cells in cell culture, cell supernatants, cell lysates or
extracts, serum, plasma, urine, amniotic fluid, biological fluids, and tissue samples.

[0096] As used herein, a “disease associated with 4-1BB (CD137) expression” may include
cancer, B lymphocyte malignancy, autoimmune disease, asthma, allergy and chronic graft-
versus-host disease.

[0097] A “B lymphocyte malignancy,” as used herein, may include follicular lymphoma,
endemic Burkitt’s lymphoma, sporadic Burkitt’s lymphoma, non-Burkitt’s lymphoma, mucosa-
associated lymphoid tissue MALT/MALToma (extranodal), monocytoid B-cell lymphoma
(nodal), splenic lymphoma with villous lymphocytes, mantle cell lymphoma, diffuse large cell
lymphoma, diffuse mixed large cell lymphoma, immunoblastic lymphoma, primary mediastinal
B-cell lymphoma, pulmonary B cell angiocentric lymphoma, and small lymphocytic lymphoma.
[0098] An “autoimmune disease,” as referred herein, includes any autoimmune disease
wherein elimination or depletion or inhibition of the activity or proliferation of B cells is
therapeutically beneficial. Such autoimmune diseases will include in particular T and B cell

mediated autoimmune diseases Examples include rheumatoid arthritis (RA), systemic lupus
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erythematosus (SLE), arteriosclerosis, arthritis, Crohn’s disease, Hashimoto’s thyroiditis,
Addison’s disease, juvenile diabetes, diabetes, Grave’s disease, myasthenia gravis, Reiter’s
syndrome and multiple sclerosis.

[0099]  As used herein, the terms "cancer" and "tumor" are used interchangeably and refer to
or describe the physiological condition in mammals in which a population of cells is
characterized by unregulated cell growth. Examples of cancer include, but are not limited to,
carcinoma, lymphoma, blastoma, sarcoma, and leukemia. More particular examples of such
cancers include squamous cell cancer, small-cell lung cancer, non-small cell lung cancer,
adenocarcinoma of the lung, squamous carcinoma of the lung, cancer of the peritoneum,
hepatocellular cancer, gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer,
ovarian cancer, liver cancer, bladder cancer, hepatoma, breast cancer, colon cancer, colorectal
cancer, endometrial or uterine carcinoma, salivary gland carcinoma, kidney cancer, liver cancer,
prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma and various types of head and
neck cancers.

[00100] The terms "treating" or "treatment” refer to administering to a mammal, patient or
subject a therapeutically effective amount of anti-4-1BB antibody or 4-1BB ligand so that the
mammal, patient or subject has an improvement in a cancer or disease. The improvement is any
improvement or remediation of the symptoms of the cancer or disease. The improvement may
be an observable or measurable improvement. Thus, one of skill in the art realizes that a
treatment may improve the disease condition, but may not be a complete cure for the disease.
Specifically, improvements in patients with cancer may include tumor stabilization, tumor
shrinkage, increased time to progression, increased survival or improvements in the quality of
life. Improvements in patients with autoimmune disease may include improvement in laboratory
values of inflammation, improvements in blood counts, improvements in rash, or improvements
in the quality of life.

[00101] Preferably, treatment results in a measurable improvement where the improvement is a
decrease of about 100%, 99%, 98%., 97%, 96%, 95%, 90%, 80%, 70%, 60%. 50%, 40%, 30%,
20%, 10%, 5% or 1% in the symptoms of the disease or condition and/or in the underlying

physical basis of the disease or condition. The treatment may begin prior to, concurrent with, or
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after the onset of clinical symptoms of the disease or condition. Treatment may also comprise
treating subjects at risk of developing a disease and/or condition.

[00102] The terms “preventing” and “prevention” as used herein refer to minimizing, reducing
or suppressing: (i) the risk of developing a disease state or condition, (ii) parameters relating to a
disease state or condition, and (iii) progression of a disease state or condition. As used herein,
the prevention lasts at least one week, two weeks, three weeks, one month, two months, three,
months, four months, five months, six months, seven months, eight months, nine months, ten
months, eleven months, one year, two years, three years, four years, five years, six years, seven
years or more, or indefinitely.

[00103] The terms "therapeutically effective amount" and “effective amount,” as used herein,
refer to an amount that results in an improvement or remediation of a symptom of cancer or a
disease.

[00104] An antibody for use in the present invention may bind non-specifically or specifically
to 4-1BB. The term “anti-4-1BB antibody” may comprise a polyclonal or monoclonal anti-4-
1BB antibody, chimeric anti-4-1BB antibody, and humanized anti-4-1BB antibody or epitope-
binding fragments thereof such as the Fab and F(ab), fragments. Furthermore, the skilled artisan
will appreciate that the anti-4-1BB antibodies include antibodies with different affinities for the
same epitope, as well as antibodies that recognize and bind different epitopes of 4-1BB, again
with different affinities. The anti-4-1BB antibodies can differ in their glycosylation state and
still be bioactive and differ in their effectiveness profile for their specific therapeutic
applications. Accordingly, they can be either in aglycosylated form or as a glycosylated form of
anti-4-1BB antibody.

[00105] Therapeutic mouse mAbs that require repeated administration for a full clinical effect
are unsuitable for human use because the HAMA response neutralizes the antibody, clears it
quickly from the circulation and, in the worst case, induces serious allergic hypersensitivity.
Several strategies have been developed to replace most of the murine Ig sequences with human
sequences, resulting in fewer side effects while retaining efficacy. The HAMA response may not
be a serious problem with anti-4-1BB antibodies because of the potential inhibitory effects of
anti-4-1BB antibodies on antibody production. Therefore, one strategy for developing a human

therapeutic mAb is to replace the murine heavy chain (H) and light chain (L) constant regions
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(Cq and Cy, respectively) with human regions so that the resulting chimeric antibody is
comprised mostly of human IgG protein sequence except for the antigen-binding domains. This
is the strategy used for Rituxan™ (Rituximab anti-human CD20, Genentech), the first
monoclonal antibody approved in the U.S. to treat non-Hodgkin lymphoma. By some estimates,
providing therapeutic mAbs with human CH and CL sequences should eliminate approximately
90% of the immunogenicity of murine antibody proteins.

[00106] An alternative strategy for developing a clinical mAb product is to produce antibody in
transgenic mice in which the entire native Ig repertoire has been replaced with human Ig genes.
Such mice produce fully human antibody proteins. In this way a chimeric, humanized or fully
human antibody is produced as one of several preferred embodiments of the current invention.
However, both this antibody and a chimeric one would retain their effector function and would
be useful in the treatment of cancer and cancerous lesions. The proposed chimeric antibody
embodiment of the current invention retains the original murine variable (antigen-binding)

sequences and hence should retain its binding and functional properties.

Formulations

[00107] The 4-1BB (CD137) ligand (4-1BBL; CD137L) and anti-4-1BB (anti-CD137)
antibody described herein can be formulated in a variety of useful formats for administration by
a variety of routes. Concentrations of the 4-1BBL and anti-4-1BB antibody described will be
such that a therapeutically effective dose of the 4-1BBL and anti-4-1BB antibody is included in
the formulation, e.g., a pharmaceutical composition comprising a therapeutically effective dose
of the 4-1BBL or anti-4-1BB antibody and a carrier. Determination of such a concentration
would be readily apparent to those of ordinary skill in the art.

[00108] In one embodiment, the 4-1BBL and anti-4-1BB antibody of the present invention may
be formulated, for example, for oral, sublingual, intranasal, intraocular, rectal, transdermal,
mucosal, topical or parenteral administration. Parenteral modes of administration include,
without limitation, intradermal, subcutaneous (s.c., s.q., sub-Q, Hypo), intramuscular (i.m.),
intravenous (i.v.), intraperitoneal (i.p.), intra-arterial, intramedulary, intracardiac, intra-articular

(joint), intrasynovial (joint fluid area), intracranial, intraspinal, and intrathecal (spinal fluids).
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Any known device useful for parenteral injection or infusion of drug formulations can be used to
effect such administration.

[00109] Administration during in vivo treatment may be via any number of routes, including
parenteral and oral, but preferably parenteral. Intracapsular, intravenous, intrathecal, and
intraperitoneal routes of administration may be employed, generally intravenous is preferred.
The skilled artisan will recognize that the route of administration may vary depending on the
disorder to be treated.

[00110] Thus, the 4-1BBL and anti-4-1BB antibody may be administered in pharmaceutically
acceptable formulations and in substantially non-toxic quantities. The present invention,
therefore, also includes pharmaceutical compositions comprising a 4-1BBL and anti-4-1BB
antibody of the present invention, including the 4-1BBL and anti-4-1BB antibody and
biologically active fragments thereof, and a pharmaceutically acceptable carrier or diluent.
[00111] In another embodiment, administration of 4-1BBL and anti-4-1BB antibody can be to
mucosal tissues by nasal application, by inhalation, ophthalmically, orally, rectally, vaginally, or
by any other mode that results in the 4-1BBL and anti-4-1BB antibody contacting mucosal
tissues.

[00112] Formulations for parenteral administration can be in the form of aqueous or non-
aqueous isotonic sterile injection solutions, suspensions or fat emulsions. The parenteral form
used for injection must be fluid to the extent that easy syringability exists. These solutions or
suspensions can be prepared from sterile concentrated liquids, powders or granules.

[00113] Excipients useful in parenteral preparations also include, without limitation, stabilizing
agents (e.g., carbohydrates, amino acids and polysorbates, such as 5% dextrose), solubilizing
agents (e.g., cetrimide, sodium docusate, glyceryl monooleate, polyvinylpyrolidone (PVP) and
polyethylene glycol (PEG)), surfactants (e.g., polysorbates, tocopherol PEG succinate,
poloxamer and Cremophor™), buffers (e.g., acetates, citrates, phosphates, tartrates, lactates,
succinates, amino acids and the like), antioxidants and preservatives (e.g., BHA, BHT, gentisic
acids, vitamin E, ascorbic acid, sodium ascorbate and sulfur containing agents such as sulfites,
bisulfites, metabisulfites, thioglycerols, thioglycolates and the like), tonicity agents (for adjusting
physiological compatibility), suspending or viscosity agents, antibacterials (e.g., thimersol,

benzethonium chloride, benzalkonium chloride, phenol, cresol and chlorobutanol), chelating
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agents, and administration aids (e.g., local anesthetics, anti-inflammatory agents, anti-clotting
agents, vasoconstrictors for prolongation and agents that increase tissue permeability), and
combinations thereof.

[00114] Injectable preparations include sterile aqueous solutions or dispersions and powders,
which may be diluted or suspended in a sterile environment prior to use. Carriers such as
solvents or dispersion media containing water, ethanol polyols, vegetable oils and the like may
also be added to the compositions described herein. Coatings such as lecithins and surfactants
may be used to maintain the proper fluidity of the composition. Isotonic agents such as sugars or
sodium chloride may be added, as well as products intended to delay absorption of the active
compounds, such as aluminum monostearate and gelatin. Sterile injectable solutions are
prepared according to methods well known to those of skill in the art and can be filtered prior to
storage and/or use. Sterile powders may be vacuum or freeze dried from a solution or
suspension. Sustained-release preparations and formulations are also contemplated. Any
material used in the compositions described herein should be pharmaceutically acceptable and
substantially non-toxic in the amounts employed. Antimicrobial compounds may optionally be
added to the preparations.

[00115] Parenteral formulations may also use hydrophobic carriers including, for example, fat
emulsions and formulations containing lipids, lipospheres, vesicles, particles and liposomes. Fat
emulsions include in addition to the above-mentioned excipients, a lipid and an aqueous phase,
and additives such as emulsifiers (e.g., phospholipids, poloxamers, polysorbates, and
polyoxyethylene castor oil), and osmotic agents (e.g., sodium chloride, glycerol, sorbitol, xylitol
and glucose). Liposomes include natural or derived phospholipids and optionally stabilizing
agents such as cholesterol.

[00116] Alternatively, the unit dosage of 4-1BBL and anti-4-1BB antibody of the present
invention can be in a concentrated liquid, powder or granular form for ex tempore reconstitution
in the appropriate pharmaceutically acceptable carrier at the time of delivery, and dilution where
appropriate. In addition to the above-mentioned excipients, powder forms optionally include
bulking agents (e.g., mannitol, glycine, lactose, sucrose, trehalose, dextran, hydroxyethyl starch,

ficoll and gelatin), and cryo or lyoprotectants.
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[00117] In intravenous (IV) use, a sterile formulation of 4-1BBL and anti-4-1BB antibody of
the present invention and optionally one or more additives, including solubilizers or surfactants,
can be dissolved or suspended in any of the commonly used intravenous fluids and administered
by infusion. Intravenous fluids include, without limitation, physiological saline, phosphate
buffered saline, 5% dextrose or Ringer’s™ solution.

[00118] In intramuscular preparations, a sterile formulation of 4-1BBL and anti-4-1BB
antibody of the present invention can be prepared and administered in a pharmaceutical diluent
such as Water-for-Injection (WFI), physiological saline or 5% dextrose.

[00119] In one embodiment of the present invention, the 4-1BBL and anti-4-1BB antibody
exist as an atomized dispersion for delivery by inhalation. The atomized dispersion of 4-1BBL
and anti-4-1BB antibody typically contains carriers common for atomized or aerosolized
dispersions, such as buffered saline and/or other compounds well known to those of skill in the
art. The delivery of the 4-1BBL and anti-4-1BB antibody via inhalation has the effect of rapidly
dispersing the 4-1BBL and anti-4-1BB antibody to a large area of mucosal tissues as well as
quick absorption by the blood for circulation of the 4-1BBL and anti-4-1BB antibody. One
example of a method of preparing an atomized dispersion is described in U.S. Patent No.
6,187,344, entitled, “Powdered Pharmaceutical Formulations Having Improved Dispersibility,”
which is hereby incorporated by reference in its entirety.

[00120] The 4-1BBL and anti-4-1BB antibody described herein can also be formulated in the
form of a rectal or vaginal suppository. Typical carriers used in the formulation of the inactive
portion of the suppository include polyethylene glycol, glycerine, cocoa butter, and/or other
compounds well known to those of skill in the art. Although not wishing to be bound by theory,
delivery of 4-1BBL and anti-4-1BB antibody via a suppository is hypothesized to have the effect
of contacting a mucosal surface with the 4-1BBL and anti-4-1BB antibody for release to
proximal mucosal tissues. Distal mucosal tissues also receive the 4-1BBL and anti-4-1BB
antibody by diffusion. Other suppository formulations suitable for delivery of the 4-1BBL and
anti-4-1BB antibody encompassed by the present invention are also contemplated.

[00121] Additionally, the 4-1BBL and anti-4-1BB antibody of the present invention may also
be formulated in a liquid form. The liquid can be for oral dosage, for ophthalmic or nasal dosage

as drops, or for use as an enema or douche. When the 4-1BBL and anti-4-1BB antibody are

27



WO 2010/132389 PCT/US2010/034295

formulated as a liquid, the liquid can be either a solution or a suspension of the 4-1BBL and anti-
4-1BB antibody. There is a variety of suitable formulations for the solution or suspension of the
4-1BBL and anti-4-1BB antibody that are well know to those of skill in the art, depending on the
intended use thereof. Liquid formulations for oral administration prepared in water or other
aqueous vehicles may contain various suspending agents such as methylcellulose, alginates,
tragacanth, pectin, kelgin, carrageenan, acacia, polyvinylpyrrolidone, and polyvinyl alcohol. The
liquid formulations may also include solutions, emulsions, syrups and elixirs containing, together
with the active compound(s), wetting agents, sweeteners, and coloring and flavoring agents.
Various liquid and powder formulations can be prepared by conventional methods for inhalation
into the lungs of the mammal to be treated.

[00122] Delivery of the described 4-1BBL and anti-4-1BB antibody in liquid form via oral
dosage exposes the mucosa of the gastrointestinal and urogenital tracts to the 4-1BBL and anti-4-
1BB antibody. A suitable dose, stabilized to resist the pH extremes of the stomach, delivers the
4-1BBL and anti-4-1BB antibody to all parts of the gastrointestinal tract, especially the
intestines. Any method of stabilizing the 4-1BBL and anti-4-1BB antibody in a liquid oral
dosage such that the effective delivery of the composition is distributed along the gastrointestinal
tract is contemplated for use with the 4-1BBL and anti-4-1BB antibody described herein.

[00123] Delivery of the described 4-1BBL and anti-4-1BB antibody in liquid form via
ophthalmic drops exposes the mucosa of the eyes and associated tissues to the 4-1BBL and anti-
4-1BB antibody. A typical liquid carrier for eye drops is buffered and contains other compounds
well known and easily identifiable to those of skill in the art.

[00124] Delivery of the described 4-1BBL and anti-4-1BB antibody in liquid form via nasal
drops exposes the mucosa of the nose and sinuses and associated tissues to the 4-1BBL and anti-

4-1BB antibody. Liquid carriers for nasal drops are typically various forms of buffered saline.

Administration

[00125] Administration of the formulations discussed above can be practiced in vitro or in vivo.
When practiced in vitro, any sterile, non-toxic route of administration may be used. When
practiced in vivo, systemic administration of the formulations discussed above may be achieved

advantageously by subcutaneous, intravenous, intramuscular, intraocular, oral, transmucosal, or
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transdermal routes, such as, for example, by injection or by means of a controlled release
mechanism. Examples of controlled release mechanisms include polymers, gels, microspheres,
liposomes, tablets, capsules, suppositories, pumps, syringes, ocular inserts, transdermal
formulations, lotions, creams, transnasal sprays, hydrophilic gums, microcapsules, inhalants, and
colloidal drug delivery systems.

[00126] While the 4-1BBL and anti-4-1BB antibody of the present invention may be
administered systemically in the manners discussed above, in equally preferred embodiments of
each of the methods set forth herein the 4-1BBL and anti-4-1BB antibody may be administered
in a targeted fashion to a particular location in the subject, such as directly to the interior of the
intestine or to the tissues of the intestine, to visceral adipose tissue or to subcutaneous adipose
tissue, or directly into the blood stream, into or near a tumor or cancer, into or near a lymph node
or into the bone marrow.

[00127] The therapeutically effective amount of the 4-1BBL and anti-4-1BB antibody of the
present invention varies depending upon the physical characteristics of the patient, the severity of
the patient’s symptoms, the disease or condition to be treated or inhibited, and the formulation
and the means used to administer the polypeptides. The specific dose for a given subject is
usually set by the judgment of the attending physician. However, a therapeutically effective
amount of the polypeptides of the present invention is typically between about 0.5 mg/kg body
weight to 500 mg/kg body weight, preferably from 1 to 100 mg/kg, more preferably from 3 to 50
mg/kg, 3 to 30 mg/kg or 3 to 15 mg/kg, regardless of the formulation. In equally preferred
embodiments, a therapeutically effective amount is about 0.5, 1, 3, 5, 10, 15, 20, 25, 30, 35, 40,
45 or 50 mg/kg body weight, regardless of the formulation. In some situations, a dose less than
0.5 mg/kg body weight may be effective.

[00128] Suitable frequencies for administering a 4-1BBL and anti-4-1BB antibody of the
invention to a subject may also vary based on the severity of the patient’s symptoms, the disease
or condition to be treated or inhibited, and the formulation and the means used to administer the
polypeptide or vector. However, administration frequencies include 4, 3, 2 or once daily, every
other day, every third day, every fourth day, every fifth day, every sixth day, once weekly, every
eight days, every nine days, every ten days, bi-weekly, monthly and bi-monthly, yearly, and less

frequent doses including a single dose.
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[00129] The doses may be administered at the normal rate selected for a particular means of
administration, or the doses may be administered at a slower rate, such as over a period of
minutes, hours or days. Particular periods of administration include 5, 10, 15, 20, 25, 50, 40, 50
or 60 minutes, and 1, 2, 3,4, 5,6, 7, 8,9, 10 or more hours.

[00130] Throughout this application, the term "about" is used to indicate that a value includes
the standard deviation of error for the device or method being employed to determine the value.
The term "about," as used herein, should generally be understood to refer to both numbers in a
range of numerals. Moreover, all numerical ranges herein should be understood to include each
whole integer within the range.

[00131] The terms "a" and "an,” when used in conjunction with the word "comprising” in the
claims or specification, denotes one or more, unless specifically noted.

[00132] It is specifically contemplated that any embodiments described in the Examples section
are included as an embodiment of the invention.

[00133] The following examples illustrate how external signals may regulate 4-1BB expression
on human B cells and possibly define the biological effect of 4-1BB-mediated co-stimulation on
human B cells. The first-tier regulation of 4-1BB expression on human B cells may be initiated
by B cell receptor (BCR) stimulation while CD40 ligation and cytokines provide the second tier
regulation. The presence of 4-1BB on human B cells may be functionally relevant since
stimulation with human 4-1BBL transfected cell lines at the time of activation, induces
proliferation and protects these cells from activation- and chemotherapy-induced apoptosis.
Accordingly, results obtained from these examples may demonstrate that 4-1BB co-stimulation

plays a direct role in defining the fate of antigen-stimulated human B cells.

EXAMPLES

Example 1

1. Cell Preparation

[00134] Buffy coats from healthy donors were purchased (Biological Specialty Corporation,
Colmar, PA) and peripheral blood mononuclear cells (PBMC) were prepared by density
centrifugation (Ficoll-Paque, Amersham). B lymphocytes were purified from PBMC by
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negative selection using B cell isolation kit II (Miltenyi Biotec, Auburn, CA) and T lymphocytes
were purified by positive selection using CD3 microbeads (Miltenyi Biotec) according to the
manufacturer’s instructions. Purity of cell separations were typically >98% for B and T
lymphocytes with less than 0.2% contamination of CD3" T cells in purified B cell populations
(as assessed by flow cytometry). For the isolation of naive and memory B cell subsets, CD19*
cells were positively selected using a CD19 multisort kit (Miltenyi Biotec), followed by
separation of CD19"CD27" and CD197CD27" cell subsets using CD27 microbeads (Miltenyi

Biotec) according to the manufacturer’s instructions.

2. B Cell Activation

[00135] All in vitro cell cultures were performed in RPMI 1640 supplemented with 10% fetal
calf serum (FCS), 1% P/S, 1% HEPES and 1% Glutamax.

[00136] Stimulation of PBMC: 2x10° PBMC were stimulated with 2p1g/ml of pokeweed
mitogen (PWM) (Sigma), Spg/ml of phytohemagglutinin (PHA) (Calbiochem), 25ng/ml of
Phorbol myristate acetate (PMA)/1nug/ml of Ionomycin (Sigma), 2.5 ng/ml of CpG (InvivoGen)
or Spg/ml of lipopolysaccharide (LPS) (Sigma) in 24-well plates. After 72 hours, PBMC were
harvested, washed and assessed for 4-1BB expression by flow cytometry.

[00137] B/T cell co-culture experiments: Purified B cells (1x10%) and T cells (2x10°) were co-
cultured and stimulated with PWM under the conditions described above. Direct B/T cell
interactions were inhibited by the addition of transwell membranes. In brief, 2x10°T cells were
added to the upper chamber of transwell plates (polyester membranes 6.5-mm, 0.4-pm, Corning
Costar) and 1x10° B cells were added to the lower chamber. To block CD40-CD40 ligand
(CD40L) interactions, various concentrations (1-20pg/ml) of purified anti-CD40L (BD
Biosciences) monoclonal antibody (mAb) were added to PBMC and B/T cell co-cultures.
[00138] BCR-mediated stimulation experiments: Purified B cells or B cell subsets were
cultured at a concentration of 1x10°/ml in 48-well or 96-well flat bottom plates. B cells were
activated with 10pg/ml anti-Igs F(ab’), fragments (goat anti-human IgA+IgG+IgM (H+L),
Jackson ImmunoResearch Laboratories), with or without the addition of 1pg/ml purified goat
anti-human CD40 antibody (R&D Systems). The following human recombinant cytokines were

used to evaluate their impact on B cell stimulation: 100u/ml of interleukin-2 (IL-2) (Proleukine,
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Chiron Corporation, Emeryville, CA), 20ng/ml of IL-4 (R&D systems), Ing/ml of IL-6 (BD
Bioscience), 50ng/ml of IL-10 (eBioscience), S50ng/ml of IL-15 (R&D systems), 100ng/ml of IL-
21 (Biosource International, Inc. Camarillo, CA), 500u/ml of IFN-y (eBioscience) and 50ng/ml
of TNF-a (BD Bioscience).

3. Flow Cytometry

[00139] B cells were phenotyped by staining with directly conjugated mouse anti-human mAbs
against CD3, CD19, CD32, CD69, CD86, CD95, 4-1BB, 4-1BBL (all BD Bioscience), CD25,
CD71, and CD27 (all eBioscience) mAb. Directly conjugated mouse IgGs were used as isotype
controls. Labeled cells were acquired on a LSRII flow cytometer and analyzed with FACS Diva
(BD Biosciences) and Winlist (Verity Software House) Software.

[00140] To evaluate cell proliferation by flow cytometry, B cells and separate B cell subsets
were labeled with CFSE (Alexis Biochemicals) according to the manufacturer’s instructions.
CFSE labeled cells were cultured as described above and indicated in appropriate figure legends.
At day 3 or day 4 of culture, cells were harvested, stained with indicated cell surface markers and
analyzed by flow cytometry. Cell cycle analysis was performed using a bromodeoxyuridine
(BrdU) flow kit (BD Biosciences). In brief, activated purified B cells were pulsed with 10pM
BrdU. After 4 hours, cells were harvested and cell surface stained with mAbs indicated in figure
legends, followed by intracellular staining with anti-BrdU mAb. 7-AAD was used to evaluate
DNA content. B cell apoptosis was determined by staining with Annexin V/7-AAD (Annexin
V-PE apoptosis detection kit I, BD Biosciences) according to the manufacturer’s
recommendations. Accucount particles (Spherotech) were added before analyzing samples to

obtain accurate absolute cell numbers which were calculated by the manufacturer’s instructions.

4. B Cell Function

[00141] Generation of 4-1BBL transfectants: Human 4-1BBL cDNA was obtained by RT-PCR
from total RNA extracted from human PBMC and sub-cloned into a mammalian expression
vector (PCDNAZ3.1, Invitrogen, Huntsville, AL). P815 cells were transfected with human 4-
IBBL using Lipofectamine (Invitrogen). After selection with G418 (800ug/ml) for 1-2 weeks,
drug-resistant cells were FACS sorted for 4-1BBL expression. 4-1BBL positive cells were
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further cloned by limiting dilution. A clone with high levels of 4-1BBL expression (hereafter
called P815-4-1BBL) was selected and used in subsequent functional B cell experiments. P815
cells transfected with vector alone were used as a negative control (hereafter called P§15-mock).
[00142] 4-1BB-4-1BBL interaction experiments: Gamma-irradiated (100 gy) P815-4-1BBL.
cells or P815-mock cells were cultured with purified human B cells for 3-7 days. All cytokines
and stimuli were added at the initiation of culture and are indicated in figure legends.

[00143] Tritiated thymidine (*H-TdR) incorporation assays: Purified B cells were seeded at
2x10°/well in triplicate wells in a 96 well flat-bottom plate and stimulated as described under “B
Cell Activation” above in the presence of irradiated P§15-mock or P§15-4-1BBL cells. To block
the interaction of 4-1BB with 4-1BB ligand, 10pg/ml of soluble 4-1BB protein (Prospec,
Rehovot Israel) was added at the initiation of culture.”H-TdR (37 Kbqg/well) was added 16 hours
before completion of the experiment and thymidine incorporation was measured using a liquid
scintillation counter (Wallac).

[00144] Induction of apoptosis: Activation-induced cell apoptosis was performed by culturing
B cells with anti-Ig alone, or in combination with IFN-y or anti-CD40 as described under “B cell
activation experiments”. For chemotherapy-induced apoptosis, B cells were activated with anti-
Ig/anti-CD40 for 3 days and subsequently incubated with various concentration of Doxorubicin
(Bedford Laboratories) for 24 hours. In growth factor deprivation experiments, culture
supernatants of anti-Ig/anti-CD40 activated B cells were replaced with fresh medium and cells

were further cultured for 24 hours.

5. Western Blot Analysis

[00145] Purified B cells were stimulated with anti-Ig, anti-Ig/IFN-y, or anti-Ig/anti-CD40 in the
presence of irradiated P815-4-1BBL transfectants for 3 days. Next, CD19" cells were positively
selected using CD19 microbeads. Proteins were extracted with lysis buffer (S0mM Tris PH 8.0,
150mM NaCl, 1%NP-40) and protease inhibitors cocktail (Roche Applied Science) was added
just prior to use. Equal amounts of protein from each sample were loaded on 4%-20% SDS-
PAGE gels and subsequently separated and transferred to nitrocellulose membranes
(Amersham). Membranes were blocked and incubated overnight at 4°C with murine mAb

against BCL-2 and rabbit polyclonal antibody against MCL-1 and BCL-XL (Santa Cruz
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Biotechnology). Murine mAb against -actin was used as an internal control. Membranes were
then washed, incubated with goat anti-mouse or rabbit-horseradish peroxidase (HRP) antibody

and developed by chemiluminescence using a Supersignal West Femto kit (Pierce).

6. Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR)

[00146] Total RNA was extracted from anti-Ig/anti-CD40 activated B cells at indicated time
points using RNeasy mini kit (Qiagen), reverse transcribed with AMV reverse transcriptase
(Roche Applied Science) and amplified with specific primers to B-actin (Forward primer: 5°-
CATGTACGTTGCTATCCAGGC-3’ (SEQ ID NO:1), Reverse primer: 5’-
CTCCTTAATGTCACGCACGAT-3’ (SEQ ID NO:2)) and human 4-1BB (Forward primer: 5’-
ACCTGTGCCAGATTTCAT -3’ (SEQ ID NO:3), Reverse primer: 5°-
CAGCCCTATTGACTTCCA- 3° (SEQ ID NO:4)).

7. Statistical Analysis

[00147] Repeated measures model was used to compare 4-1BB expression under different
conditions (reagents) so that the within sample (donor) correlation is accounted for. The
maximum likelihood based estimation and unstructured covariance matrix option for the mixed
model as implemented in SAS PROC MIXED were used in the computation.

[00148] Residual diagnosis such as Q-Q plot was used to check model fit. The model

encompasses t-test and paired t-test when there were no missing values.

Example 2: 4-1BB expression on human B cells following antigen exposure and expression
is regulated by cognate interactions between CD40-CD40L and pro-inflammatory
cytokines.

[00149] To initially characterize activating signals required to induce expression of 4-1BB on
human B cells, whole PBMC were stimulated with various mitogenic stimuli. Human B cells
were found to up-regulate 4-1BB in the presence of PWM (Figure 1A) while stimulation with
PMA, PHA, LPS, PMA/Ionomycin or CpG were not effective (data not shown). Histograms in
Figure 1A indicate percentage 4-1BB expression on gated B (CD19") cells in whole PBMC.

Data are representative of at least 5 individual experiments.
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[00150] Because PWM is recognized to activate both T cells and B cells, we next sought to
determine if 4-1BB expression on human B cells is T cell-dependent. We observed that purified
B cells did not up-regulate 4-1BB in the presence of PWM (data not shown). However, PWM
stimulation of cultures containing isolated T cells and B cells induced B cell associated 4-1BB.
This expression of 4-1BB is cell-to-cell contact dependent since B cells separated from T cells,
by a transwell membrane, did not up-regulate 4-1BB (Figure 1B). Histograms in Figure 1B
indicate percentage 4-1BB expression on gated B (CD19") cells. Data are representative of 4
individual experiments. As the CD40-CD40L co-stimulatory pathway is integral to T cell-
dependent B cell function, we defined the relative import of CD40-CD40L interactions in the up-
regulation of 4-1BB on B cells. The addition of escalating concentrations of CD40L mAb to
both PWM stimulated PBMC and purified T/B cell co-cultures, significantly reduced the
percentage of 4-1BB expression (P<0.0001) in a dose-dependent fashion (Figure 1C). Data in
Figure 1C are presented as mean = SD and are representative of 5 individual experiments. To
confirm the significance of CD40-CD40L interactions in the induction of 4-1BB, purified B cells
were stimulated with anti-Ig in the presence or absence of anti-CD40 stimulating antibody.
Resting (non-stimulated) B cells and B cells stimulated with anti-CD40 antibody alone did not
up-regulate 4-1BB. However, B cells stimulated with anti-Ig up-regulated low levels of 4-1BB
while 4-1BB expression levels were dramatically enhanced with concurrent CD40 ligation
(P=0.0003) at both the protein and mRNA level (Figure 1D-E). 4-1BB is induced on human B
cells upon BCR stimulation with enhancement of cell surface expression levels following CD40
ligation with agonistic anti-CD40 antibody (Figure 1D). Histograms in Figure 1D indicate
percentage 4-1BB expression on gated B (CD19") cells. RT-PCR confirmed the up-regulation of
4-1BB mRNA in anti-Ig/anti-CD40 stimulated B cells after 12 hours of culture (Figure 1E).
Data in Figure 1E are representative of 3 individual experiments. *P<0.05 and **P<0.0001.
These data demonstrate that 4-1BB is induced on human B cells following antigen exposure and
that expression levels are enhanced by cognate interactions between CD40 and CD40L.
Importantly, 4-1BB expression levels on B cells varied among different healthy individuals,
ranging from 3.2% to 30.7% (N=10; median =13.9%) and from 10.7% to 62.2% (N=14;

median=43.1%) upon stimulation with anti-Ig or anti-Ig/anti-CD40 respectively.
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[00151] Second level of regulatory control of B cell-associated 4-1BB expression by
cytokines

[00152] Because cytokines are recognized to influence human B cell function, their impact on
4-1BB expression was evaluated. Purified B cells were stimulated with anti-Ig/anti-CD40
antibodies in combination with defined cytokines recognized to mediate B cell function. IL-2,
TNF-a, IL-6 and IL-15 did not directly affect 4-1BB expression on human B cells. However, co-
culture of anti-Ig/anti-CD40 stimulated B cells with IFN- y dramatically enhanced (P<0.0001)
the percentage of 4-1BB expressing cells while 1L-4 (P<0.0001), IL-10 (P=0.0188) and IL-21
induced the opposite effect (Figure 2A). Similar to the effects of CD40 ligation, the ability of
IFN- y to enhance 4-1BB expression is dependent upon BCR signaling (Figure 2B) since B cells
in the presence of IFN-y alone did not up-regulate 4-1BB. These data suggest that exposure to
antigen is required for 4-1BB expression and that CD40 signaling and select cytokines provide a

second level of regulatory control for 4-1BB expression on human B cells.

Example 3: 4-1BB is preferentially expressed on activated B cells of naive origin

[00153] As a first step in characterizing the function of 4-1BB on human B cells, the cell
surface phenotype of 4-1BB* and 4-1BB’ B cells were compared. Anti-Ig/anti-CD40 stimulated
4-1BB* B cells demonstrated elevated levels of CD71, CD86, and CD95 but diminished
expression of CD32 (Figure 3A). Interestingly, while 4-1BB™ B cells expressed small amounts of
CD27, this marker was virtually absent on 4-1BB" B cells. Since CD27 distinguishes naive B
cells (CD19°CD27°) from memory B cells (CD19"CD27"), we evaluated if 4-1BB was
differentially up-regulated on cells originating from these distinct populations. Naive and
memory B cells were purified based on their levels of CD27 expression, cultured in the presence
of anti-Ig/anti-CD40, and harvested at defined time intervals. In both cell populations, 4-1BB
expression was present on day one and maintained at semi-consistent levels for four days. By
day seven, the expression of 4-1BB returned to baseline. Overall, the percentage of 4-1BB* B
cells was higher in cultures originating from CD27 versus CD27" B cells at every time point
tested (Figure 3B) with P=0.0014 on day four. These data demonstrate that following anti-
Ig/CDA40 ligation, 4-1BB is preferentially, but not exclusively, found on activated B cells

originating from the naive B cell subset.
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Example 4: 4-1BB expression is associated with enhanced B cell activation

[00154] It is reported that the differentiation of human B cells into effector immunoglobulin
secreting cells (ISCs) requires cell division (26-27). Since 4-1BB expression correlated with
enhanced levels of CD71, a marker associated with cell proliferation, we sought to determine if
4-1BB expression on human B cells is associated with B cell division. Based on CFSE dilution,
higher levels of 4-1BB are expressed on divided (Figure 4A) compared to non-divided B cells
(Figure 4B) were observed. Specifically, 4-1BB is predominantly expressed on divided memory
B cells. In contrast, both divided and non-divided naive B cells express high levels of 4-1BB
although higher 4-1BB expression levels are found on naive B cells with low CFSE intensity.
Importantly, the expression of 4-1BB does not solely rely on B cell division since 4-1BB is
present on the B cell surface prior to cell division and blocking of B cell division with mitomycin
C does not abrogate the ability of anti-Ig/anti-CD40 activated B cells to up-regulate 4-1BB (data
not shown). Furthermore, cell cycle analysis confirmed that more 4-1BB* B cells (30%) are
present in the S phase than 4-1BB’ B cells (15%; Figure 4C). These data demonstrate that
following anti-Ig/anti-CD40 activation, 4-1BB is preferentially, but not exclusively, found on

highly activated B cells originating from the naive B cell subset.

Example 5: 4-1BB ligation enhances B cell proliferation

[00155] To expand upon the observation that 4-1BB expression on B cells is associated with B
cell activation and cell division, the induction of proliferation by 4-1BB-mediated co-stimulation
of activated B cells was evaluated. In order to study the effect of 4-1BB-mediated co-stimulation
on human B cells, P815 cell clones-expressing human 4-1BBL were generated. These cells were
recognized by both mouse anti-human 4-1BBL. mAb and human 4-1BB fusion protein,
confirming cell surface expression of 4-1BBL and the ability to interact with human 4-1BB
receptor respectively (data not shown). Purified B cells were stimulated with anti-Ig, anti-
Ig/TEN-y or anti-Ig/anti-CD40 in the presence of P§15-4-1BBL or P§15-mock cells. In
comparison to B cell cultures with P815-mock, the presence of P§15-4-1BBL significantly
enhanced *H-TdR incorporation in all three culture conditions (Figure 5A). The specificity of

the observed effects was confirmed in 4-1BB-4-1BBL blocking experiments, where the addition
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of soluble human 4-1BB protein to anti-Ig stimulated B cell cultures completely abrogated the
observed differences (Figure 5B). These data suggest that the observed changes in thymidine
incorporation are specifically mediated through 4-1BB-4-1BBL interactions.

[00156] Subsequent studies using CFSE dilution and cell cycle analysis confirmed that 4-1BB
mediates B cell proliferation. Specifically, anti-Ig activated B cells only completed one cell
division in the presence of P§15-mock whereas in the presence of 4-1BB co-stimulation (P815-
4-1BBL), cells completed two or more divisions and exhibited a greater percent of B cells in the
S phase of the cell cycle compared to those cultured with P§15-mock (Figures SC and 5D).
Despite clear differences in thymidine incorporation, no differences were observed in B cell
division and cell cycle status when anti-Ig/anti-CD40 activated human B cells were cultured in
the presence of P§15-4-1BBL (data not shown) which suggests that the initial B cell activation

signal determines the net effect of 4-1BB-mediated B cell proliferation.

Example 6: 4-1BB ligation can promote human B cell survival and is associated with the
up-regulation of anti-apoptotic proteins

[00157] Based on the observation that 4-1BB ligation in B cell cultures exposed to anti-Ig/anti-
CD40 enhanced thymidine incorporation, yet failed to induce clear cell division and cell cycle
progression, we postulated that 4-1BB may provide a survival advantage for B cells. In order to
test this hypothesis, purified B cells were stimulated with anti-Ig, anti-Ig/IFN-vy, or anti-Ig/anti-
CD40 in the presence of mock or 4-1BBL transfected P815 cells. Cell survival was assessed at
various time points by flow cytometric staining with Annexin V and 7-AAD. In the presence of
P815-4-1BBL, the percentage of surviving B cells (as determined by Annexin V/7-AAD")
improved in all three culture conditions (Figure 6A) at both day four and day six.

[00158] Since different B cell activation stimuli differentially affect 4-1BB-mediated B cell
proliferation, the absolute B cell number was also determined. Similar to the percentage of cell
survival, the absolute number of live B cells was greatly enhanced in the presence of P815-4-
IBBL with the most dramatic changes at day four for B cells stimulated with anti-Ig and anti-
Ig/TFN-y and at day six for B cells stimulated with anti-Ig/anti-CD40 (Figure 6B). Furthermore,

4-1BBL stimulated B cells maintain their survival advantage in the presence of chemotherapeutic
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Doxorubicin or growth factor deprivation (Figure 6C-D). These data demonstrate that ligation of

B cell associated 4-1BB inhibits human B cell death induced by mechanically distinct signals.

Example 7: Association of 4-1BB ligation with the up-regulation of anti-apoptotic proteins
[00159] To begin to unravel the potential molecular mechanisms which may be involved in 4-
1BB-mediated B cell survival, the expression of various anti- and pro-apoptotic Bcl-2 family-
derived proteins was analyzed. No consistent changes were observed in pro-apoptotic proteins
(e.g., Bax, Bad, Bik and Bim) after 4-1BB ligation (data not shown). In contrast, the expression
of anti-apoptotic proteins Bcl-x1 and Mcl-1 was up-regulated during 4-1BB ligation while no
difference in expression was observed for Bcl-2 (Figure 7). Interestingly, no differences in bcl-
x] and mcl-1 mRNA expression levels were detected by quantitative PCR which suggests that 4-
1BB-mediated differences in anti-apoptotic protein expression are more likely to be regulated at

a post-transcriptional level (data not shown).

Example 8

[00160] It has been previously shown that human B lymphocytes upregulate 4-1BB upon anti-
BCR stimulation. Co-stimulation of 4-1BB on anti-Ig activated B cells induces cell proliferation,
promotes cell survival and cytokine production. Recently, it was found that 4-1BB significantly
enhances the production of total IgM and IgG by anti-Ig activated B cells from healthy donors.
(Figure 8). Furthermore, we determined anti-BCR activation-induced 4-1BB expression on B
cells from patients with autoimmune diseases, e.2., RA and SLE. Our data suggests that the
patients with active RA disease upregulate B cell-associated 4-1BB (CD137) expression at a

level significantly higher than in a healthy donor (Figure 9).

[00161] As demonstrated hereinabove, despite the reported absence of 4-1BB on murine B
cells, 4-1BB is expressed on human B cells. Expression requires initial signaling through the
BCR and is enhanced by both CD40-CD40L interactions and IFN-y and inhibited by IL-4 and
IL-10. Generally, 4-1BB-expressing B cells are of naive origin and have an activated phenotype,
defined by enhanced expression of CD71, CD86 and CD95. Ligation of 4-1BB on the surface of

human B cells induces B cell proliferation and protects against activation-induced cell death.

39



WO 2010/132389 PCT/US2010/034295

These data demonstrate that, following antigen stimulation, 4-1BB may contribute to
downstream B cell function and may be functionally relevant in the regulation of human B cell
proliferation and survival.

[00162] These studies also reveal that 4-1BB is expressed on activated B cells following BCR
stimulation. Cognate help from T cells through CD40-CD40L interaction and/or cytokines are
important for regulation of 4-1BB expression on human B cells. Among the cytokines tested,
only the Th1 cytokine IFN-y enhanced 4-1BB expression, while IL-4 and IL-10 inhibited 4-1BB
expression. Importantly, anti-CD40 stimulation and IFN-y enhanced the level of 4-1BB
expression in an additive, but not synergistic fashion and neither anti-CD40 stimulation nor
cytokine alone were capable of inducing B cell expression of 4-1BB in the absence of BCR
stimulation. In addition, polyclonal stimulation of human B cells with CpG, which stimulates
TLRO-mediated B cell proliferation and differentiation in the absence of antigen, fails to up-
regulate 4-1BB (data not shown). These data suggest that (i) 4-1BB expression on human B cell
is tightly controlled; (ii) strictly dependent upon antigen encounter; and that (iii) the BCR serves
as the initial “switch” which enables up-regulation of 4-1BB on the B cell surface.

[00163] Similar to T cell-associated 4-1BB, B cells transiently up-regulate 4-1BB with
detectable cell surface levels after 24 hours of activation, maximal expression levels by day three
or four and a return to baseline levels by day seven. This study demonstrates that 4-1BB™ B cells
are phenotypically associated with enhanced expression of CD71, CD86 and CD95, while CD32
expression is decreased, which implies that 4-1BB* B cells are highly activated. Furthermore,
divided B cells express higher levels of 4-1BB compared to non-divided B cells, although 4-1BB
expression is not dependent on B cell division. Interestingly, upon anti-Ig/anti CD40
stimulation, naive B cells are more prone to enhanced 4-1BB expression than memory B cells.
We postulate that 4-1BB-mediated co-stimulation may be especially important for naive B cell
regulation since naive and memory B cells require different signals for cellular activation and
differentiation (28, 29).

[00164] The functional effects of 4-1BB-mediated co-stimulation on T cell proliferation and
survival are well documented (30-32) and here we demonstrate that 4-1BB on human B cells
mediates analogous functional changes. *H-thymidine incorporation by anti-Ig, anti-Ig/IFN-y or

anti-Ig/anti-CD40 stimulated B cells is significantly enhanced upon ligation with 4-1BB.
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Interestingly, B cell division and cell cycle progression are differently affected depending on the
initial B cell activation signal. For example, B cell division is enhanced through 4-1BB ligation
on B cells which have been stimulated with anti-Ig alone. In contrast, B cell division and cell
cycle are not affected by 4-1BB ligation among B cells which are stimulated with both anti-Ig
and anti-CD40, despite significantly higher 4-1BB expression levels. Since CD40 signaling is
known to mediate B cell proliferation and survival (33), delicate 4-1BB-4-1BBL mediated
enhancements in cell division and cell cycle progression may be masked by the potent
proliferative effects of the CD40 signal itself. Despite the fact that various B cell stimuli, e.g.
anti-Ig, anti-Ig/IFN-vy, anti-Ig/anti-CD40, differently impact on 4-1BB-mediated B cell
proliferation, B cell survival was improved by 4-1BB ligation in all culture conditions.
Specifically, greater improvement in B cell survival was observed among B cells activated by
anti-Ig alone or in combination with IFN-y, compared to those activated by anti-Ig/anti-CD40.
Overall, 4-1BB-mediated changes in B cell function depend on initial B cell activation and are
the net effect of both 4-1BB-mediated B cell proliferation and B cell survival.

[00165] According to the two phase model of B cell activation proposed by Baumgarth N.,
antigen activation of B cells leads to clonal expansion independent of T cell help during the early
phase of an antigen-specific immune response (34). Antigen presenting cells (APCs) and factors
produced by APCs affect this early activation response. For example, IL-12, GM-CSF and IFN-y
produced by APCs are important for the induction of T-cell-independent B cell responses (35,
36). Additionally, the B cell-activating factor belonging to the TNF family (BAFF) induces B
cell proliferation and secretion of IgM and IgA, independent of T cell help (37, 38). Based on
our observations, we postulate that the interaction of 4-1BB with 4-1BBL expressed on APCs
will enhance the early B-cell response by endowing B cells with a superior ability to proliferate
and survive. During the late phase of B cell activation, cognate interaction with T cells will
regulate isotype switching, affinity maturation and memory B cell development. While this
study establishes the role which 4-1BB plays in protecting activated B cells from activation-
induced cell death, the question of whether or not the 4-1BB pathway is involved in these T cell -
dependent humoral immune response requires further investigation.

[00166] In order to begin to understand the mechanism by which 4-1BB promotes B cell

survival, we evaluated expression of intracellular proteins recognized to regulate apoptosis. Our
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findings indicate that the anti-apoptotic Bcl-2 family proteins Bcl-x1 and Mcl-1 are expressed
simultaneously with 4-1BB-mediated protection against activation-induced B cell death. In
addition, both Bcl-x1 and Mcl-1 appear to be increased only at the protein level. Protein
expression of Mcl-1 is particularly known to be affected post-translationally by either
phosphorylation and degradation, or by cleavage through caspases during apoptosis (39, 40).
Similarly, cytoprotective cytokines are known to enhance the expression of Mcl-1 through Mcl-1
stabilization (41). Similarly, BAFF also increases the expression of Mcl-1 in human B cells by
preventing post-translational changes in this anti-apoptotic molecule (42). Understanding the
importance of molecules like Mcl-1 in 4-1BB-mediated B cell survival and Mcl-1 regulation is

part of our ongoing studies.

[00167] It is to be understood that the invention is not to be limited to the exact configuration
as illustrated and described herein. Accordingly, all expedient modifications readily attainable by
one of ordinary skill in the art from the disclosure set forth herein, or by routine experimentation
therefrom, are deemed to be within the spirit and scope of the invention as defined by the
appended claims.

[00168] All patents, published patent applications, reference articles, books, journals,
manuscripts, manuals, websites and other published materials, as well as drawings, figures,
tables as though set forth in full, referred to herein are expressly incorporated herein by reference

in their entireties.
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What is Claimed:

1. A method for inhibiting proliferation or activation of B lymphocytes, comprising
contacting B lymphocytes with an effective amount of an anti-4-1BB antibody, thereby
inhibiting proliferation or activation of B lymphocytes.

2. A method for inducing death of B lymphocytes, comprising contacting B
lymphocytes with an effective amount of an anti-4-1BB antibody, thereby inducing death of B
lymphocytes.

3. A method for inhibiting or activation proliferation of B lymphocytes in a
mammal, comprising administering to a mammal a pharmaceutical composition that comprises a
therapeutically effective amount of anti-4-1BB antibody and a carrier, thereby inhibiting
proliferation or activation of B lymphocytes in a mammal.

4. A method for inducing death of B lymphocytes in a mammal, comprising
administering to a mammal a pharmaceutical composition that comprises a therapeutically
effective amount of anti-4-1BB antibody and a carrier, thereby inducing death of B lymphocytes
in a mammal.

5. The method of claim 3 or 4, wherein said mammal is a human.

6. A method for treating a patient suffering from a B lymphocyte malignancy,
comprising administering to a patient suffering from a B lymphocyte malignancy a
pharmaceutical composition comprising a therapeutically effective amount of anti-4-1BB
antibody and a carrier, thereby treating a patient suffering from a B lymphocyte malignancy.

7. A method for treating a patient suffering from a disease associated with 4-1BB
expression, comprising administering to a patient suffering from a disease associated with 4-1BB
expression a pharmaceutical composition comprising a therapeutically effective amount of anti-
4-1BB antibody and a carrier, thereby treating a patient suffering from a disease associated with
4-1BB expression.

8. The method of claim 7, wherein said treatment is a reduction of 4-1BB expression
in said patient.

9. The method of claim 7, wherein said disease associated with 4-1BB expression is
a cancer, a B lymphocyte malignancy, an autoimmune disease, asthma, an allergy, or a chronic

graft-versus-host disease.
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10. A method of inducing death of B lymphocytes in a patient undergoing a disease
treatment, comprising administering to a patient undergoing a disease treatment a pharmaceutical
composition comprising a therapeutically effective amount of anti-4-1BB antibody and a carrier,

thereby inducing death of B lymphocytes in a patient undergoing a disease treatment.

11. The method of claim 10, wherein said treatment is radiation therapy or
chemotherapy.
12. A method for enhancing innate and/or adaptive immunity of a patient suffering

from a B lymphocyte malignancy, comprising administering to a patient suffering from a B
lymphocyte malignancy a pharmaceutical composition comprising a therapeutically effective
amount of anti-4-1BB antibody and a carrier, thereby enhancing innate and/or adaptive immunity
of a patient suffering from a B lymphocyte malignancy.

13. A method for enhancing innate and/or adaptive immunity of a patient suffering
from a disorder associated with 4-1BB expression, comprising administering to a patient
suffering from a disorder associated with 4-1BB expression a pharmaceutical composition
comprising a therapeutically effective amount of anti-4-1BB antibody and a carrier, thereby
enhancing innate and/or adaptive immunity of a patient suffering from a disorder associated with
4-1BB expression.

14. The method of claim 13, wherein said disorder associated with 4-1BB expression
is a cancer, a B lymphocyte malignancy, an autoimmune disease, asthma, an allergy, or a chronic
graft-versus-host disease.

15. The method of claim 14, wherein said autoimmune disease is selected from the
group consisting of rheumatoid arthritis (RA), systemic lupus erythematosus (SLE),
arteriosclerosis, arthritis, Crohn’s disease, Hashimoto’s thyroiditis, Addison’s disease, juvenile
diabetes, diabetes, Grave’s disease, myasthenia gravis, Reiter’s syndrome, and multiple sclerosis.

16. The method of claim 6, 7, 10, 12 and 13, wherein a radioimmunotherapeutic agent
or a chemotherapeutic agent is administered prior to, concurrently with, or after administration of
the pharmaceutical composition.

17. The method of claim 6, 9, 12 and 14, wherein said B lymphocyte malignancy is
selected from the group consisting of follicular lymphoma, endemic Burkitt’s lymphoma,

sporadic Burkitt’s lymphoma, non-Burkitt’s lymphoma, mucosa-associated lymphoid tissue
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MALT/MALToma (extranodal), monocytoid B-cell lymphoma (nodal), splenic lymphoma with
villous lymphocytes, mantle cell lymphoma, diffuse large cell lymphoma, diffuse mixed large
cell lymphoma, immunoblastic lymphoma, primary mediastinal B-cell lymphoma, pulmonary B
cell angiocentric lymphoma, and small lymphocytic lymphoma.

18. A method for inducing proliferation or activation of B lymphocytes, comprising
contacting B lymphocytes with an effective amount of 4-1BB ligand, thereby inducing
proliferation or activation of B lymphocytes.

19. A method for promoting survival of B lymphocytes, comprising contacting B
lymphocytes with an effective amount of 4-1BB ligand, thereby promoting survival of B
lymphocytes.

20. A method for inducing proliferation or activation of B lymphocytes in a mammal,
comprising administering to a mammal a pharmaceutical composition that comprises a
therapeutically effective amount of 4-1BB ligand and a carrier, thereby inducing proliferation or
activation of B lymphocytes in a mammal.

21. A method for promoting survival of B lymphocytes in a mammal, comprising
administering to a mammal a pharmaceutical composition that comprises a therapeutically
effective amount of 4-1BB ligand and a carrier, thereby promoting survival of B lymphocytes in
a mammal.

22. The method of any one of claims 18-21, wherein said mammal is a human.

23. A method for treating a patient suffering from a B lymphocyte malignancy,
comprising administering to a patient suffering from a B lymphocyte malignancy a
pharmaceutical composition comprising a therapeutically effective amount of 4-1BB ligand and
a carrier, thereby treating a patient suffering from a B lymphocyte malignancy.

24. A method for treating a patient suffering from a disease associated with 4-1BB
expression, comprising administering to a patient suffering from a disease associated with 4-1BB
expression a pharmaceutical composition comprising a therapeutically effective amount of 4-
1BB ligand and a carrier, thereby treating a patient suffering from a disease associated with 4-
1BB expression.

25. The method of claim 24, wherein said treatment is a reduction of 4-1BB

expression in said patient.
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26. The method of claim 24, wherein said disease associated with 4-1BB expression
is a cancer, a B lymphocyte malignancy, an autoimmune disease, asthma, an allergy, or a chronic
graft-versus-host disease.

27. A method of promoting survival of B lymphocytes in a patient undergoing a
disease treatment, comprising administering to a patient undergoing a disease treatment a
pharmaceutical composition comprising a therapeutically effective amount of 4-1BB ligand and

a carrier, thereby promoting survival of B lymphocytes in a patient undergoing a disease

treatment.

28. The method of claim 27, wherein said treatment is radiation therapy or
chemotherapy.

29. A method for enhancing innate and/or adaptive immunity of a patient suffering

from a B lymphocyte malignancy, comprising administering to a patient suffering from a B
lymphocyte malignancy a pharmaceutical composition comprising a therapeutically effective
amount of 4-1BB ligand and a carrier, thereby enhancing innate and/or adaptive immunity of a
patient suffering from a B lymphocyte malignancy.

30. A method for enhancing innate and/or adaptive immunity of a patient suffering
from a disorder associated with 4-1BB expression, comprising administering to a patient
suffering from a disorder associated with 4-1BB expression a pharmaceutical composition
comprising a therapeutically effective amount of 4-1BB ligand and a carrier, thereby enhancing
innate and/or adaptive immunity of a patient suffering from a disorder associated with 4-1BB
expression.

31. The method of claim 30, wherein said disorder associated with 4-1BB expression
is a cancer, a B lymphocyte malignancy, an autoimmune disease, asthma, an allergy, or a chronic
graft-versus-host disease.

32. The method of claim 26 or 31, wherein said autoimmune disease is selected from
the group consisting of rheumatoid arthritis (RA), systemic lupus erythematosus (SLE),
arteriosclerosis, arthritis, Crohn’s disease, Hashimoto’s thyroiditis, Addison’s disease, juvenile

diabetes, diabetes, Grave’s disease, myasthenia gravis, Reiter’s syndrome, and multiple sclerosis.
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33. The method of claim 23, 24, 27, 29 and 30, wherein a radioimmunotherapeutic
agent or a chemotherapeutic agent is administered prior to, concurrently with, or after
administration of the pharmaceutical composition.

34. The method of claim 23, 26, 29 and 31, wherein said B lymphocyte malignancy is
selected from the group consisting of follicular lymphoma, endemic Burkitt’s lymphoma,
sporadic Burkitt’s lymphoma, non-Burkitt’s lymphoma, mucosa-associated lymphoid tissue
MALT/MALToma (extranodal), monocytoid B-cell lymphoma (nodal), splenic lymphoma with
villous lymphocytes, mantle cell lymphoma, diffuse large cell lymphoma, diffuse mixed large
cell lymphoma, immunoblastic lymphoma, primary mediastinal B-cell lymphoma, pulmonary B
cell angiocentric lymphoma, and small lymphocytic lymphoma.

35. A method for determining the responsiveness of a patient suffering from a disease
to a therapy, comprising:

(a) determining the amount of 4-1BB and/or 4-1BB ligand present in a biological
sample of a patient after receiving a therapy, and

(b) comparing the amount of 4-1BB and/or 4-1BB ligand determined in (a) to a
control value obtained from a biological sample of said patient prior to receiving the therapy,
wherein the result of the comparison of (b) provides a determination of the responsiveness of the
patient suffering from the disease to the therapy.

36. The method of claim 35, wherein said disease is associated with 4-1BB
expression and selected from the group consisting of cancer, B lymphocyte malignancy,
autoimmune disease, asthma, allergy and chronic graft-versus-host disease.

37. The method of claim 36, wherein said B lymphocyte malignancy is selected from
the group consisting of follicular lymphoma, endemic Burkitt’s lymphoma, sporadic Burkitt’s
lymphoma, non-Burkitt’s lymphoma, mucosa-associated lymphoid tissue MALT/MALToma
(extranodal), monocytoid B-cell lymphoma (nodal), splenic lymphoma with villous lymphocytes,
mantle cell lymphoma, diffuse large cell lymphoma, diffuse mixed large cell lymphoma,
immunoblastic lymphoma, primary mediastinal B-cell lymphoma, pulmonary B cell angiocentric
lymphoma, and small lymphocytic lymphoma.

38. The method of claim 36, wherein said autoimmune disease is selected from the

group consisting of rheumatoid arthritis (RA), systemic lupus erythematosus (SLE),
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arteriosclerosis, arthritis, Crohn’s disease, Hashimoto’s thyroiditis, Addison’s disease, juvenile
diabetes, diabetes, Grave’s disease, myasthenia gravis, Reiter’s syndrome, and multiple sclerosis.

39. A method for evaluating the progression of a disease in a patient, comprising:

(a) determining the amount of 4-1BB and/or 4-1BB ligand present in a biological
sample of a patient, and

(b) comparing the amount of 4-1BB and/or 4-1BB ligand determined in (a) to a
control value obtained from a biological sample of said patient at a date earlier than the date
upon which the biological sample of (a) was obtained, wherein the result of the comparison of
(b) provides an evaluation of the progression of the disease in the patient.

40. The method of claim 39, wherein said disease is associated with 4-1BB
expression and selected from the group consisting of cancer, B lymphocyte malignancy,
autoimmune disease, asthma, allergy and chronic graft-versus-host disease.

41. The method of claim 40, wherein said B lymphocyte malignancy is selected from
the group consisting of follicular lymphoma, endemic Burkitt’s lymphoma, sporadic Burkitt’s
lymphoma, non-Burkitt’s lymphoma, mucosa-associated lymphoid tissue MALT/MALToma
(extranodal), monocytoid B-cell lymphoma (nodal), splenic lymphoma with villous lymphocytes,
mantle cell lymphoma, diffuse large cell lymphoma, diffuse mixed large cell lymphoma,
immunoblastic lymphoma, primary mediastinal B-cell lymphoma, pulmonary B cell angiocentric
lymphoma, and small lymphocytic lymphoma.

42. The method of claim 40, wherein said autoimmune disease is selected from the
group consisting of rheumatoid arthritis (RA), systemic lupus erythematosus (SLE),
arteriosclerosis, arthritis, Crohn’s disease, Hashimoto’s thyroiditis, Addison’s disease, juvenile
diabetes, diabetes, Grave’s disease, myasthenia gravis, Reiter’s syndrome, and multiple sclerosis.

43. A method for diagnosing a disease associated with aberrant 4-1BB expression,
comprising:

(a) determining the amount of 4-1BB and/or 4-1BB ligand present in a biological
sample of a subject; and

(b) comparing the amount of 4-1BB and/or 4-1BB ligand determined in (a) to a
control value obtained from biological samples of a population of subjects lacking aberrant 4-

1BB expression, thereby diagnosing a disease associated with aberrant 4-1BB expression.
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44. The method of claim 43, wherein said disease associated with 4-1BB expression
is a cancer, a B lymphocyte malignancy, an autoimmune disease, asthma, an allergy, or a chronic
graft-versus-host disease.

45. The method of claim 44, wherein said B lymphocyte malignancy is selected from
the group consisting of follicular lymphoma, endemic Burkitt’s lymphoma, sporadic Burkitt’s
lymphoma, non-Burkitt’s lymphoma, mucosa-associated lymphoid tissue MALT/MALToma
(extranodal), monocytoid B-cell lymphoma (nodal), splenic lymphoma with villous lymphocytes,
mantle cell lymphoma, diffuse large cell lymphoma, diffuse mixed large cell lymphoma,
immunoblastic lymphoma, primary mediastinal B-cell lymphoma, pulmonary B cell angiocentric
lymphoma, and small lymphocytic lymphoma.

46. The method of claim 44, wherein said autoimmune disease is selected from the
group consisting of rheumatoid arthritis (RA), systemic lupus erythematosus (SLE),
arteriosclerosis, arthritis, Crohn’s disease, Hashimoto’s thyroiditis, Addison’s disease, juvenile

diabetes, diabetes, Grave’s disease, myasthenia gravis, Reiter’s syndrome, and multiple sclerosis.

53



WO 2010/132389

PCT/US2010/034295

No stimulation PWM z
3
02 2.3 £
g
0
c
\\\\\\\‘
—> ooy g
0
c
C g
PBMC Bcell + T cell SR |
—> Isotype — DI
2 2
D
E K 13 No stimulation
4]
)
g 10 10 - 01
% "
N * "
b ) o § * ; %&a
0 o T
0 %
T 0 1 5 10 2 0 1 5 10 2
mAb concentration (ig/ml) Anti-CD40
E' Oh. 12h. 24h 48h




Figure 2

WO 2010/132389

No cytokine

IL-2

IL-4

L .
A \ 3 ;‘;'\« \\\\\\\\

\

\\:N
=

!
e

__

%*m*\ §1

1L i
e

N
N

&

IL-15

PNy

19

3

T
\§ :

W

PCT/US2010/034295
No cytokine IFN-y
04 0.1
No stimulation
L
\;\\\\\E 1
49 : 30.0

Mntilg

==

1

/ o

i

Anti-CD40

_—

05

08

Anti-lg/Anti-CD40 A

y

_

728




Figure 3

WO 2010/132389

3 N
3 Q\,
3 A
N
§ A
\
N
- \§§

\
i"%%\
}\%‘\

\
1

CD137 expression (25)

3
5
N

\

\ !

0 _

[

5

]

=== CD19+CD27-
= = CD19:CD27+

PCT/US2010/034295

e

e
e

Time (hours)

3710



WO 2010/132389

CD19:

CD19:CD27+

CD19:CD2r

v
il

—> D137

13 g

59

37 o

2.1

CD19:CD27+

EXE T
g ."",i‘.‘,'g,..".m, v
a3
ol i,
0 L2l
O T

PCT/US2010/034295

CD19:

s

s
Ny

CD19:Ch27

— D137



WO 2010/132389 PCT/US2010/034295

Figure 4

CD137+ CD137-
E
4

=

v 1

0 )

A

» DNA content



WO 2010/132389 PCT/US2010/034295

Figure 5

Antilg Anti-lgIFN-y Anti-lg/CD40
+*
{0 0 1004
*% *% *%
2 e s ' B "
0 . 60
X 0 0
g. 40'
109 109 ,
g 2
0 L ) L) L] v L ) L] 0 L) v v L) L) L] 0 L ) L] v L] v L]
0 625125 25 50 100 0 625 125 25 50 100 0 625125 25 50 100

P815 transfectants («1000) ————

L
o

oo

€A

[ -]
P815-MOCK
P815-MOCK

ccpm (x1000)

medium sCD137

P815-CD137L
P815-CD137L




PCT/US2010/034295

WO 2010/132389

Figure 6

S

T B

T T
[ —2 [—2 [—2 = [— L=

=

(o= ] [T=] -t [N |
{000 L>)
IeALAINS 19D

(=26) lTenlnans |90

=1
(-1

Anti-  Anti-

Anti-
lg

igIFNy IgiCDA0

IglIFNy lgiCDA0

lg

b
H

. , f
o o o o o
S =F N
(000 L>*)
eArans 190

ax

e

s

60
4
2

{(26) lTeAalnaInNs |90

o
[

Anti-  Anti-

Anti-
lg

lgIFNy D40

1

01 05

0

Doxorubicin (M)



WO 2010/132389 PCT/US2010/034295
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