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GITR BINDING MOLECULES AND USES THEREFOR

Related Applications

This application claims the benefit of priority to U.S. Provisional Application,
60/665322, filed on March 25, 2005, titled “GITR BINDING MOLECULES AND USES
THEREFOR” and U.S. Provisional Application, 60/687265, filed on June 3, 2005, titled
“GITR BINDING MOLECULES AND USES THEREFOR”, the entire contents of each
are hereby incorporated by reference.

Background of the Invention

Members of the tumor necrosis factor and TNF receptor (TNFR) superfamily
regulate diverse biologic functions, including cell proliferation, differentiation, and
survival. Using differential display to identify T cell mRNAs induced by the synthetic
glucocorticoid hormone dexamethasone, Nocentini et al. ((1997) Proc. Natl. Acad. Sci.,
USA 94:6216-6221997) identified a mouse cDNA encoding a novel member of the TNFR
family. The corresponding gene was designated GITR for glucocorticoid-induced TNFR
family-related gene (also known as TNFRSF18). Like other TNFRs, the predicted GITR
protein contains cysteine-rich repeats in the extracellular domain. In addition, the
intracellular domain of GITR shares significant homology with those of the mouse and
human TNFRs, 4-1BB and CD27. Nocentini et al. ((1997) Proc. Natl. Acad. Sci., USA
94:6216-6221997) demonstrated that the GITR gene is induced in T cells by
dexamethasone as well as by other cell-activating stimuli. GITR expression protects T cells
from apoptosis induced by treatment with anti-CD3 antibodies, but not by other apoptotic
agents.

Shimizu et al. ((2002) Nat Immunol 3:135-42) found that GITR was predominantly
expressed on CD4+CD25+ regulatory T cells. However, GITR is also expressed on
conventional CD4+ and CD8+ T cells, and its expression is enhanced rapidly after
activation. /n vitro studies have showed that GITR plays a key role in the peripheral
tolerance that is mediated by these cells and abrogates the suppressive function of
CD4+CD25+ regulatory T cells (Shimizu et al. (2002) Nat Immunol 3:135-42; McHugh et
al. (2002) Immunity 16:311-23).

The development of agents useful in modulating signaling via GITR would be of
great benefit.

Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is not to be taken as an admission that any or all
of these matters form part of the prior art base or were common general knowledge in the
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field relevant to the present invention as it existed before the priority date of each claim of
this application.

Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising", will be understood to imply the inclusion of a stated element,
integer or step, or group of elements, integers or steps, but not the exclusion of any other
element, integer or step, or group of elements, integers or steps.

Summary of the Invention

The present invention provides binding molecules that specifically bind to GITR,
e.g., human GITR (hGITR), on cells, such as T cells and dendritic cells. The binding
molecules of the invention are characterized by binding to hGITR with high
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affinity, are agonistic in the presence of a stimulating agent, e.g., CD3, and abrogate the
suppression of T effector (Teff) cells by T regulatory (Treg) cells.

One aspect of the invention features a binding molecule comprising the
amino acid sequence of SEQ ID NO.:1, optionally comprising a leader sequence.

In another aspect, the invention features a binding molecule comprising
the amino acid sequence of SEQ ID NO.:66, optionally comprising a leader sequence.

In another aspect, the invention features a binding molecule comprising
the amino acid sequence of SEQ ID NO.:2, optionally comprising a leader sequence.

Another aspect of the invention features a binding molecule comprising
the amino acid sequence of SEQ ID NO:58, optionally comprising a leader sequence.

One aspect of the invention features a binding molecule comprising the
amino acid sequence of SEQ ID NO.:59, optionally comprising a leader sequence.

In another aspect, the invention features a binding molecule comprising
the amino acid sequence of SEQ ID NO.:60, optionally comprising a leader sequence.

In one aspect, the invention features a binding molecule comprising the
amino acid sequence of SEQ ID NO.:61, optionally comprising a leader sequence.

In another aspect, the invention features a binding molecule comprising
the amino acid sequence of SEQ ID NO.:62, optionally comprising a leader sequence.

One aspect of the invention features a binding molecule comprising the
amino acid sequence of SEQ ID NO.:63, optionally comprising a leader sequence.

Yet another aspect of the invention features a binding molecule
comprising at least one complementarity determining region (CDR) amino acid
sequence selected from the group consisting of: SEQ ID NO.:3, SEQ ID NO.:4, or SEQ
ID NO:19, and SEQ ID NO.:5. In one embodiment, the binding molecule comprises at
least two complementarity determining region (CDR) amino acid sequence selected
from the group consisting of: SEQ ID NO.:3, SEQ ID NO.:4, or SEQ ID NO:19, and
SEQ ID NO.:5. In another embodiment, the binding molecule comprises at least three
complementarity determining region (CDR) amino acid sequence selected from the
group consisting of: SEQ ID NO.:3, SEQ ID NO.:4, or SEQ ID NO:19, and SEQ ID
NO.:5.

Another aspect of the invention features a binding molecule comprising
at least one complementarity determining region (CDR) amino acid sequence selected
from the group consisting of: SEQ ID NO.:6, SEQ ID NO.:7, and SEQ ID NO.:8. In one
embodiment, the binding molecule comprises at least two complementarity determining
region (CDR) amino acid sequence selected from the group consisting of: SEQ ID
NO.:6, SEQ ID NO.:7, and SEQ ID NO.:8. In another embodiment, the binding

molecule comprises at least three complementarity determining region (CDR) amino
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acid sequence selected from the group consisting of: SEQ ID NO.:6, SEQ ID NO.:7, and
SEQ ID NO.:8.

Another aspect of the invention features a binding molecule comprising
the CDRs shown in SEQ ID NOs.: 3,4, 5, 6, 7, and 8. In another aspect of the invention
features a binding miolecule comprising the CDRs shown in SEQ ID NOs.: 3, 19, 5,6, 7,
and 8.

One aspect of the invention features a binding molecule comprising a
heavy chain variable region comprising the amino acid sequence of SEQ ID NO.:1 and
further comprising a light chain variable region comprising the amino acid sequence of
SEQ ID NO.:2. Another aspect of the invention features a binding molecule comprising
a heavy chain variable region comprising the amino acid sequence of SEQ ID NO.:66
and further comprising a light chain variable region comprising the amino acid sequence
of SEQ ID NO.:2. In more than one embodiment, the binding molecule comprises
human or substantially human heavy and light chain framework regions. In another
embodiment, one or more human framework amino acid residues are mutated to the
corresponding murine amino acid residue. In another embodiment, the constant region
comprises an IgG2b heavy chain constant region. In another embodiment, the constant
region comprises a human, e.g., human IgG1, heavy chain constant region. . In another
embodiment, the binding molecule is altered to reduce effector function and/or
glycosylation. In one embodiment, the binding molecule binds to human GITR In one
embodiment, the binding molecule does not induce apoptosis. In another embodiment,
the binding molecule does not block the primary mixed lymphocyte reaction. In yet
another embodiment, the binding molecule abrogates the suppression of T effector cells
by T regulatory cells. In one embodiment, the binding molecule modulates effector T
cell proliferation. In one embodiment, the binding molecule is murine. In another
embodiment, the binding molecule comprises a murine IgG2b heavy chain. In one
embodiment, the binding molecule is a humanized antibody. In a further embodiment,
the binding molecule is a chimeric antibody. In yet another embodiment, the binding
molecule modulates the activity of human GITR. In another embodiment, the binding
molecule attenuates degradation of I-«B in T cells.

Another aspect of the invention features a binding molecule that binds to
GITR on human T cells and human dendritic cells and has a binding constant (Kd) of 1
x10? or less. In one embodiment, the binding molecule abrogates the suppression of T
effector cells by T regulatory cells. In another embodiment, the binding molecule is a
humanized antibody.

Yet another aspect of the invention features a composition comprising a
binding molecule of the invention and a pharmaceutically acceptable carrier. In one

embodiment, the composition further comprises at least one additional therapeutic agent
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for treating cancer in a subject. In one embodiment, the composition further comprises
at least one additional therapeutic agent for treating a viral infection in a subject. In
another embodiment, the composition further comprises at least one tumor antigen for
treating cancer in a subject. In yet another embodiment, the composition further
comprises at least one antigen from a pathogenic agent.

One aspect of the invention features a method for abrogating the
suppression of T effector cells by T regulatory cells, comprising contacting human
immune cells with a binding molecule of the invention such that the suppression of T
effector cells by T regulatory cells is abrogated.

Anmnother aspect of the invention features a method for modulating T cell
receptor induced signaling in an effector T cell, comprising contacting a cell with a
binding molecule of the invention, such that T cell induced receptor signaling in an
effector T cell is modulated. In one embodiment, the method modulates the degradation
of I-kB. In one embodiment, the T cell is a Thl cell. In another embodiment, the T cell
is a CD4+ cell. In yet another embodiment, the T cell is a CD8+ cell.

Yet another aspect of the invention features a method for enhancing an
immune response in a subject, comprising contacting a cell with a binding molecule of
the invention such that that an immune response in a subject is enhanced.

Another aspect of the invention features a method for treating cancer in a
subject, comprising contacting a cell with a binding molecule of the invention such that
cancer is treated in a subject. In one embodiment, the type of cancer is selected from the
group consisting of: pancreatic cancer, melanomas, breast cancer, lung cancer, bronchial
cancer, colorectal cancer, prostate cancer, stomach cancer, ovarian cancer, urinary
bladder cancer, brain or central nervous system cancer, peripheral nervous system
cancer, esophageal cancer, cervical cancer, uterine or endometrial cancer, cancer of the
oral cavity or pharynx, liver cancer, kidney cancer, testicular cancer, biliary tract cancer,
small bowel or appendix cancer, salivary gland cancer, thyroid gland cancer, adrenal
gland cancer, osteosarcoma, chondrosarcoma, and cancer of hematological tissues.

Another aspect of the invention features a method for treating an
infection caused by a pathogenic agent in a subject, comprising contacting a cell with the
binding molecule of claim 1, such that the infection caused by a pathogenic agent is
treated in a subject. In one embodiment, the pathogenic agent is a virus, e.g., selected
from the group consisting of: hepatitis type A, hepatitis type B, hepatitis type C,
influenza, varicella, adenovirus, herpes simplex type I (HSV 1), herpes simplex type II
(HSV 1), rinderpest, thinovirus, echovirus, rotavirus, respiratory syncytial virus,
papilloma virus, papova virus, cytomegalovirus, echinovirus, arbovirus, hantavirus,
coxsackie virus, mumps virus, measles virus, rubella virus, polio virus, human

immunodeficiency virus type I (HIV I), and human immunodeficiency virus type IT
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(HIV ID), any picornaviridae, enteroviruses, caliciviridae, any of the Norwalk group of
viruses, togaviruses, such as alphaviruses, flaviviruses, coronaviruses, rabies virus,
Marburg viruses, ebola viruses, parainfluenza virus, orthomyxoviruses, bunyaviruses,
arenaviruses, reoviruses, rotaviruses, orbiviruses, human T cell leukemia virus type I,
human T cell leukemia virus type II, simian immunodeficiency virus, lentiviruses,
polyomaviruses, parvoviruses, Epstein Barr virus, human herpesvirus 6, cercopithecine
herpes virus 1 (B virus), and poxviruses. In one embodiment, the method is used to
ireat a chronic viral infection.

In another embodiment, the pathogenic agent is a bacterium, e.g., selected
from the group consisting of: Neisseria spp, Streptococcus spp, S. mutans, Haemophilus
spp., Moraxella spp, Bordetella spp, Mycobacterium spp, Legionella spp, Escherichia
spp, Vibrio spp, Yersinia spp, Campylobacter spp, Salmonella spp, Listeria spp.,
Helicobacter spp, Pseudomonas spp, Staphylococcus spp., Enterococcus spp,
Clostridium spp., Bacillus spp, Corynebacterium spp., Borrelia spp., Ehrlichia spp,
Rickettsia spp, Chlamydia spp., Leptospira spp., Treponema spp.

Another aspect of the invention features a method for modulating GITR
function comprising contacting human GITR with a binding molecule of the invention in
the presence of an immunostimulatory agent such that GITR function is modulated.

One aspect of the invention features a binding molecule comprising at
least one CDR amino acid sequence selected from the group consisting of: SEQ ID
NO.:3, SEQ ID NO.:4, SEQ ID NO:19, SEQ ID NO.:5, SEQ ID NO.:6, SEQ [D NO..7,
and SEQ ID NO.:8. In one embodiment, the composition further comprises at least one
additional therapeutic agent for treating cancer in a subject. In another embodiment, the
binding molecule comprises at least one CDR derived from the 6C8 binding molecule.
In another embodiment, the binding molecule comprises at least two CDRs derived from
the 6C8 binding molecule. In another embodiment, the binding molecule comprises at
least three CDRs derived from the 6C8 binding molecule. In another embodiment, the
binding molecule comprises at least four CDRs derived from the 6C8 binding molecule.
In another embodiment, the binding molecule comprises at least five CDRs derived from
the 6C8 binding molecule. In another embodiment, the binding molecule comprises at
least six CDRs derived from the 6C8 binding molecule.

Another aspect of the invention features a binding molecule comprising
the six CDRs shown in SEQ ID NOs.: 3,4 or 19, 3, 6, 7, and 8.

Yet another aspect of the invention features a binding molecule
comprising a heavy chain variable region comprising the amino acid sequence of SEQ
ID NO.:1 and further comprising a light chain variable region comprising the amino acid
sequence of SEQ ID NO.:2. In one embodiment, a binding molecule comprises human

or substantially human heavy and light chain framework regions. In another
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embodiment a binding molecule of the invention comprises human framework regions in
which one or more human framework amino acid residues are backmutated to the
corresponding murine amino acid residue or are mutated to another amino acid residue.
In another embodiment, a binding molecule of the invention comprises a constant region
of an immunoglobulin molecule, e.g., an IgG2b heavy chain constant region. In yet
another embodiment, the binding molecule binds to human GITR (hGITR). In one
embodiment, the binding molecule does not induce apoptosis. In another embodiment,
the binding molecule does not block the primary mixed lymphocyte reaction. In yet
another embodiment, the binding molecule abrogates the suppression of T effector cells
by T regulatory cells. In one embodiment, the binding molecule enhances effector T cell
proliferation. In another embodiment, the binding molecule neutralizes the activity of
human GITR. In yet another embodiment, the binding molecule attenuates degradation
of I-kB in T cells. ,

In one aspect, the mvention features a binding molecule that binds to
GITR on human T cells and human dendritic cells and has a binding constant (Kd) of 1
x10? or less. In one embodiment, the binding molecule abrogates the suppression of T
regulatory cells. In another embodiment, the binding molecule is murine or comprises
murine CDRs. In a further embodiment, the binding molecule comprises an IgG2b
heavy chain. In one embodiment, the binding molecule is a humanized antibody. In a
further embodiment, the binding molecule is a chimeric antibody.

Another aspect of the invention features, a composition comprising a
binding molecule of the invention and a pharmaceutically acceptable carrier. In one
embodiment, the composition further comprises at least one additional therapeutic agent
for treating cancer in a subject.

One aspect of the invention features a method for abrogating the
suppression of T effector cells by T regulatory cells, comprising contacting human
immune cells with a binding molecule of the invention such that the suppression of T
regulatory cells is abrogated.

' Another aspect of the invention features a method for modulating T cell
receptor induced signaling in an effector T cell, comprising contacting a cell with a
binding molecule of the invention, such that T cell induced receptor signaling in an
effector T cell is modulated. In one embodiment, the method modulates the degradation
of I-xB. In one embodiment, the T cell is a Thl cell.

Yet another aspect of the invention features a method for enhancing an
immune response in a subject, comprising contacting a cell with a binding molecule of
the invention such that that an immune response in a subject is enhanced.

Another aspect of the invention features a method for treating cancer in a

subject, comprising contacting a cell with a binding molecule of the invention such that
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cancer is treated in a subject. In one embodiment, the type of cancer is selected from the
group consisting of: pancreatic cancer, melanomas, breast cancer, lung cancer, bronchial
cancer, colorectal cancer, prostate cancer, stomach cancer, ovarian cancer, urinary
bladder cancer, brain or central nervous system cancer, peripheral nervous system
cancer, esophageal cancer, cervical cancer, uterine or endometrial cancer, cancer of the
oral cavity or pharynx, liver cancer, kidney cancer, testicular cancer, biliary tract cancer,
small bowel or appendix cancer, salivary gland cancer, thyroid gland cancer, adrenal
gland cancer, osteosarcoma, chondrosarcoma, and cancer of hematological tissues.

Another aspéct of the invention features a method for inhibiting GITR
function comprising contacting human GITR with a binding molecule of the invention in
the presence of a stimulating agent such that GITR function is inhibited.

One aspect of the invention features an isolated nucleic acid molecule
comprising a nucleotide sequence encoding a heavy chain variable region comprising
the nucleotide sequence of SEQ ID NO.:9, optionally comprising a leader sequence.
Another aspect of the invention features an isolated nucleic acid molecule comprising a
nucleotide sequence encoding a heavy chain variable region comprising the nucleotide
sequence of SEQ ID NO.:67, optionally comprising a leader sequence. ‘

Another aspect of the invention features an isolated nucleic acid molecule
comprising a nucleotide sequence encoding a light chain variable region comprising the
nucleotide sequence of SEQ ID NO.:10, optionally comprising a leader sequence.

Yet another aspect of the invention features an isolated nucleic acid
molecule comprising a nucleotide sequence encoding at least one CDR selected from the
group consisting of: SEQ ID NO.:11, SEQ ID NO.:12 or SEQ ID NO:65, and SEQ ID
NO.:13. In one embodiment, the isolated nucleic acid molecule comprises a nucleotide
sequence encoding at least two CDRs derived from the 6C8 binding molecule. In
another embodiment, the isolated nucleic acid molecule comprises a nucleotide sequence
encoding at least three CDRs derived from the 6C8 binding molecule.

Another aspect of the invention features an isolated nucleic acid molecule
comprising a nucleotide sequence encoding at least one CDR selected from the group
consisting of: SEQ ID NO.:14 SEQ ID NO.:15 and SEQ ID NO.:16. In one embodiment,
the isolated nucleic acid molecule comprises a nucleotide sequence encoding at least at
least two CDRs derived from the 6C8 binding molecule. In another embodiment, the
isolated nucleic acid molecule comprises a nucleotide sequence encoding at least three
CDRs derived from the 6C8 binding molecule.

One aspect of the invention features an isolated nucleic acid molecule
comprising the nucleotide sequences shown in SEQ ID NOs.: 11-16 and SEQ ID NO:65.

One aspect of the invention features a recombinant expression vector

comprising the nucleic acid molecules of the invention. In one embodiment, a
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recombinant expression vector comprising a nucleic acid molecule having a nucleotide
sequence encoding the binding molecule of the invention is featured. In another
embodiment, the invention features a host cell into which the recombinant expression
vector of the invention has been introduced. In another aspect the invention features a
method for producing a binding molecule that binds human GITR, comprising culturing
the host cell of the invention in a culture medium until a binding molecule that binds
human GITR is produced by the cell.

The present invention further provides an isolated GITR-binding molecule, or a
GITR-binding fragment thereof, comprising amino acid residues 20-138 of SEQ ID NO:1
or amino acid residues 20-138 of SEQ ID NO:66.

The present invention further provides an isolated GITR-binding molecule, or a
GITR-binding fragment thereof, comprising amino acid residues 21-127 of SEQ ID NO:2.

The present invention further provides an isolated GITR-binding molecule, or a
GITR-binding fragment thereof, wherein said GITR-binding molecule or GITR-binding
fragment comprises the heavy chain complementarity determining region (CDR) amino
acid sequences shown in amino acid residues 45-56 of SEQ ID NO:1, amino acid residues
119-127 of SEQ ID NO:1, and one of amino acid residues 71-86 of SEQ ID NO:1 and
amino acid residues 71-86 of SEQ ID NO:66.

The present invention further provides an isolated GITR-binding molecule, or a
GITR-binding fragment thereof, wherein said GITR-binding molecule or GITR-binding
fragment comprises light chain complementarity determining region (CDR) amino acid
sequences shown in amino acid residues 44-54 of SEQ ID NO:2, amino acid residues 70-
76 of SEQ ID NO:2, and amino acid residues 109-117 of SEQ ID NO:2.

The present invention further provides an isolated GITR-binding molecule, or a
GITR-binding fragment thereof, wherein the GITR-binding molecule or the GITR-binding
fragment comprises light chain complementarity determining region (CDR) amino acid
sequences shown in amino acid residues 44-54 of SEQ ID NO:2, amino acid residues 70-
76 of SEQ ID NO:2, and amino acid residues 109-117 of SEQ ID NO:2, and heavy chain
CDR amino acid sequences shown in amino acid residues 45-56 of SEQ ID NO:1, amino
acid residues 119-127 of SEQ ID NO:1, and one of amino acid residues 71-86 of SEQ ID
NO:1 and amino acid residues 71-86 of SEQ ID NO:66.

The present invention further provides an isolated GITR binding-molecule, or a
GITR-binding fragment thereof, comprising a heavy chain variable region comprising
amino acid residues 20-138 of SEQ ID NO:1 or amino acid residues 20-138 of SEQ ID
NO:66 and further comprising a light chain variable region comprising the amino acid
residues 21-127 of SEQ ID NO:2.
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The present invention further provides use of a GITR-binding molecule, or a GITR-
binding fragment thereof and an antigen in the manufacture of a medicament for inducing

or enhancing immune response to the antigen in the subject.

Brief Description of the Drawings

Figure 1 depicts an SDS-PAGE blot of purified mouse and human GITR binding
molecules. Twelve micrograms of protein was loaded per well.

Figure 2 depicts a size exclusion chromatography (SE-HPLC) of the purified
human GITR binding molecule. Fifty micrograms of protein was injected onto the SE-
HPLC column at a flow rate of 0.6 ml/min. Purity of the binding molecules by SE-HPLC
yielded a population of binding molecules in which 99.8 % was in monomeric form and
0.2% aggregates.

Figure 3 depicts a FACS analysis of L-M (mouse fibroblast) cells transfected with
the GITR gene that were stained with 50 ul of supernatant fluid from GITR-expressing
hybridoma cells. The GITR binding molecule stained GITR-transfected cells but not the
untransfected L-M cells.

Figure 4 depicts a FACS analysis demonstrating that GITR is primarily expressed
on activated lymphocytes. The 6C8 binding molecules stains CD4+, CD8+, CD25+
lymphocytes and very weakly stains CD103+ cells.

Figure 5 depicts a saturation curve of the binding of the 6C8 binding molecule
which was assessed by titrating biotin-labeled 6C8 on CD3-activated lymphocytes.

Figure 6 is a graph showing that the 6C8 binding molecule is costimulatory to T
lymphocytes which are stimulated with sub-optimal OKT3 (anti-CD3; 0.01 pg/ml) and
incubated with either anti-CD28, or anti-GITR. An isotype control (IgG2b) was also used.

Figures 74 and 7B are graphs demonstrating that the 6C8 binding molecule does
not induce apoptosis. Lymphocytes were activated with PHA for 3 days prior to the
addition of 10 pg/ml of YTH6SS (an anti-CD2 antibody known to induce apoptosis on
activated lymphocytes; Friend, P., et al. (1987) Transplant. Proc. 19:4317), 6C8, or an
isotype control (IgG2b). Apoptosis was measured by cell viability counts (A) and annexin
V staining (B) and measuring apoptosis by flow cytometry.

Figure 8 is a graph demonstrating that the 6C8 binding molecule does not block a
primary mixed lymphocyte reaction (MLR). Lymphocytes from allogenic
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donors were mixed in the presence of TRX1 (anti-human CD4), 6C8 or MOPC (an
isotype control for TRX1) at various concentrations. The cells were incubated for 3 days
and pulsed with *H-thymidine 18 hours before the cells were harvested and counted.

Figure 9 is a graph demonstrating that the 6C8 binding molecule blocks
the suppression of T effector cells induced by Treg cells. CD4+/CD25+ cells were
added to CD4+/CD25- cells at various ratios. The cells were stimulated with plate-bound
anti-CD3 and anti-CD28. At ratios of 1:1 there was inhibition of proliferation of the
CDA4+/CD25- cells. The addition of 6C8 at two different dilutions was able to block the
suppression of CD4+ T effector cells induced by the CD4+/CD25+ T regulatory cells.

Figure 10 is a graph demonstrating that the 6C8 binding molecule is co-
stimulatory even when T cells are stimulated with anti-CD3 in the absence of anti-
CD28. CD4+/CD25+ cells were incubated with CD4+/CD25- cells at different cell
ratios. The cells were stimulated with plate-bound anti-CD3 only. 6C8 was added to the
cells and under these conditions was co-stimulatory.

Figure 11 is a graph demonstrating the effect of anti-GITR on I-xB
degradation in CD3 activated T cells.

Figure 12 is a graph demonstrating the effect of anti-GITR on I-xB
phosphorylation in CD3 activated T cells.

Figure 13 is a graph demonstrating the effect of anti-GITR on I-kB
degradation, in CD3 plus CD28 activated T cells .

Figure 14 is a graph demonstrating the effect of anti-GITR on I-xB
phosphorylation, CD3 plus CD28 activated T cells.

Figure 15 is a graph demonstrating that 6C8 and the R&D Systems
(Minneapolis, MN) antibody recognize unique epitopes. The competition assay was
performed on both OKT?3 and Con A activated lymphocytes. One pg/ml of 6C8 was
used with various amounts of the competing R&D Systems antibody (GITR/TNFRSF18
monoclonal antibody). There was some competition observed at the highest
concentration of antibody, but this is most likely due to steric hindrance.

Figure 16 shows the kinetic analysis of the 6C8 anti-GITR antibody
versus the R&D Systems GITR antibody.

Figure 17 is a graph showing the percent survival of mice injected with
mitomycin C treated B16 cells following treatment with anti-GITR antibody (2F8 rat
anti-mouse GITR binding molecule).

Figures 184-18D depict the nucleic acid and amino acid sequences of the
variable heavy chain (VHD) (A and B, respectively) and variable light chain (VKA) (C
and D, respectively) of the 6C8 binding molecule. The leader sequences are shown in

bold; the framework sequences are underlined; the CDR sequences are italicized.
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Figures 194 and 19B are graphs showing that 2F8 and 2F8 F(ab”)2
fragments enhance the humoral response to HA.

Figures 204 and 20B are graphs showing that 2F8 and 2F8 F(ab’)2
fragments enhance the humoral response to Ova.

Detailed Description of the Invention

The present invention provides binding molecules that specifically bind
to GITR, e.g., human GITR (hGITR), on T cells and dendritic cells. The binding
molecules of the invention are characterized by binding to hGITR with high affinity, and
in the presence of a stimulating agent, e.g., CD3, they are agonistic, and they abrogate
the suppression of T effector (Teff) cells by T regulatory (Treg) cells. Various aspects of
the invention relate to binding molecules, and pharmaceutical compositions thereof, as
well as nucleic acids encoding binding molecules, recombinant expression vectors and
host cells for making such binding molecules. Methods of using a binding molecule of
the invention to detect human GITR or to modulate human GITR activity, either in vifro

or in vivo, are also encompassed by the invention.

In order that the present invention may be more readily understood,
certain terms are first defined.

1. Definitions

The term “glucocorticoid-induced TNF receptor” (abbreviated herein as
“GITR”), also known as TNF receptor superfamily 18 (TNFRSF18), as used herein,
refers to a member of the tumor necrosis factor/nerve growth factor receptor family. It
is a 241 amino acid type I transmembrane protein characterized by three cysteine
pseudorepeats in the extracellular domain and specifically protects T-cell receptor-
induced apoptosis, although it does not protect cells from other apoptotic signals,
including Fas triggering, dexamethasone treatment, or UV irradiation (Nocentini, G, ez
al. (1997) Proc. Natl. Acad. Sci., USA 94:6216-622). The nucleic acid sequence of
human GITR (hGITR) is set forth in SEQ ID NO.: 17 and the amino acid sequence is set
forth in SEQ ID NO.: 18.

The term "binding molecule” as used herein includes molecules that
contain at least one antigen binding site that specifically binds to GITR. By “specifically
binds” it is meant that the binding molecules exhibit essentially background binding to
non-GITR molecules. An isolated binding molecule that specifically binds GITR may,
however, have cross-reactivity to GITR molecules from other species.

10
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The binding molecules of the invention may comprise an
immunoglobulin heavy chain of any isotype (e.g., IgG, IgE, IgM, IgD, IgA, and IgY),
class (e.g., IgG1, 1gG2, IgG3, IgG4, IgAl and IgA2) or subclass of immunoglobulin
molecule. Binding molecules may have both a heavy and a light chain. As used herein,
the term binding molecule also includes, antibodies (including full length antibodies),
monoclonal antibodies (including full length monoclonal antibodies), polyclonal
antibodies, multispecific antibodies (e.g., bispecific antibodies), human, humanized or
chimeric antibodies, and antibody fragments, e.g., Fab fragments, F(ab") fragments,
fragments produced by a Fab expression library, epitope-binding fragments of any of the
above, and engineered forms of antibodies, e.g., scFv molecules, so long as they exhibit
the desired activity, e.g., binding to GITR.

An “antigen” is an entity (e.g., a proteinaceous entity or peptide) to which
a binding molecule specifically binds.

The term “epitope” or “antigenic determinant™ refers to a site on an
antigen to which a binding molecule specifically binds. Epitopes can be formed both
from contiguous amino acids or noncontiguous amino acids juxtaposed by tertiary
folding of a protein. Epitopes formed from contiguous amino acids are typically
retained on exposure to denaturing solvents whereas epitopes formed by tertiary folding
are typically lost on treatment with denaturing solvents. An epitope typically includes at
least3,4,5,6,7,8,9,10, 11, 12, 13, 14 or 15 amino acids in a unique spatial
conformation. Methods of determining spatial conformation of epitopes include, for
example, X-ray crystallography and 2-dimensional nuclear magnetic resonance. See,
e.g., Epitope Mapping Protocols in Methods in Molecular Biology, Vol. 66, G. E.
Motris, Ed. (1996).

Binding molecules that recognize the same epitope can be identified in a
simple immunoassay showing the ability of one antibody to block the binding of another
antibody to a target antigen, i.e., a competitive binding assay. Competitive binding is
determined in an assay in which the binding molecule being tested inhibits specific
binding of a reference binding molecule to a common antigen, such as GITR. Numerous
types of competitive binding assays are known, for example: solid phase direct or
indirect radioimmunoassay (RIA); solid phase direct or indirect enzyme immunoassay
(EIA) sandwich competition assay (see Stahli et al., Methods in Enzymology 9:242
(1983)); solid phase direct biotin-avidin EIA (see Kirkland ez al., J. Immunol. 137:3614
(1986)); solid phase direct labeled assay, solid phase direct labeled sandwich assay (see
Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor Press
(1988)); solid phase direct label RIA using I-125 label (see Morel et al., Mol. Immunol.
25(1):7 (1988)); solid phase direct biotin-avidin EIA (Cheung et al., Virology 176:546
(1990)); and direct labeled RIA. (Moldenhauer et al., Scand. J. Immunol. 32:77 (1990)).

11



WO 2006/105021 PCT/US2006/011114

10

15

20

25

30

35

Typically, such an assay involves the use of purified antigen bound to a solid surface or
cells bearing either of these, an unlabeled test binding molecule and a labeled reference
binding molecule. Competitive inhibition is measured by determining the amount of
label bound to the solid surface or cells in the presence of the test binding molecule.
Usually the test binding molecule is present in excess. Usually, when a competing
binding molecule is present in excess, it will inhibit specific binding of a reference
binding molecule to a common antigen by at least 50-55%, 55-60%, 60-65%, 65-70%
70-75% or more.

An epitope is also recognized by immunologic cells, for example, B cells
and/or T cells. Cellular recognition of an epitope can be determined by in vitro assays
that measure antigen-dependent proliferation, as determined by *H-thymidine
incorporation, by cytokine secretion, by antibody secretion, or by antigen-dependent
killing (cytotoxic T lymphocyte assay).

The term "monoclonal binding molecule” as used herein refers to a
binding molecule obtained from a population of substantially homogeneous binding
molecules. Monoclonal binding molecules are highly specific, being directed against a
single antigenic site. Furthermore, in contrast to polyclonal binding molecule
preparations which typically include different binding molecules directed against
different determinants (epitopes), each monoclonal binding molecule is directed against
a single determinant on the antigen. The modifier "monoclonal” indicates the character
of the binding molecule as being obtained from a substantially homogeneous population
of binding molecules, and is not to be construed as requiring production of the binding
molecule by any particular method. For example, the monoclonal binding molecules to
be used in accordance with the present invention may be made by the hybridoma method
first described by Kohler, et al., Nature 256:495 (1975), or may be made by recombinant
DNA methods (see, e.g., U.S. Pat. No. 4,816,567). The "monoclonal binding molecules"
may also be isolated from phage antibody libraries using the techniques described in
Clackson, et al., Nature 352:624-628 (1991) and Marks et al., J. Mol Biol. 222:581-597
(1991), for example.

The term “chimeric binding molecule” refers to a binding molecule
comprising amino acid sequences derived from different species. Chimeric binding
molecules can be constructed, for example by genetic engineering, from binding
molecule gene segments belonging to different species.

The monoclonal binding molecules herein specifically include "chimeric"
binding molecules in which a portion of the heavy and/or light chain is identical with or
homologous to corresponding sequences in binding molecules derived from a particular
species or belonging to a particular antibody class or subclass, while the remainder of

the chain(s) is identical with or homologous to corresponding sequences in binding
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molecules derived from another species or belonging to another antibody class or
subclass, as well as fragments of such binding molecules, so long as they exhibit the
desired biological activity (U.S. Pat. No. 4,816,567; and Morrison, et al., Proc. Natl.
Acad. Sci. USA 81:6851-6855 (1984)). e.g., binding to human GITR (hGITR).

Both the light and heavy chains are divided into regions of structural and
functional homology. The terms “constant” and “variable” are used functionally. In this
regard, it will be appreciated that the variable domains of both the light (VL) and heavy
(VH) chain portions determine antigen recognition and specificity. Conversely, the
constant domains of the light chain (CL) and the heavy chain (CH1, CH2 or CH3)
confer important biological properties such as secretion, transplacental mobility, Fc
receptor binding, complement binding, and the like. By convention the numbering of
the constant region domains increases as they become more distal from the antigen
binding site or amino-terminus of the antibody. The N-terminus is a variable region and
at the C-terminus is a constant region; the CH3 and CL domains actually comprise the
carboxy-terminus of the heavy and light chain, respectively.

A "variable region" when used in reference to a binding molecule refers
to the amino terminal portion of a binding molecule which confers antigen binding onto
the molecule and which is not the constant region. The term includes functional
fragments thereof which maintain some or all of the binding function of the whole
variable region.

The term "hypervariable region" when used herein refers to the regions of
a binding molecule variable domain which are hypervariable in sequence and/or form
structurally defined loops. The hypervariable region comprises amino acid residues from
a "complementarity determining region” or "CDR".

As used herein, the term "CDR" or "complementarity determining
region" means the noncontiguous antigen combining sites found within the variable
region of both heavy and light chain polypeptides. These particular regions have been
described by Kabat, et al., J. Biol. Chem. 252, 6609-6616 (1977) and Kabat, et al.,
Sequences of protein of immunological interest. (1991), and by Chothia, ef al., J. Mol.
Biol. 196:901-917 (1987) and by MacCallum, et al., J. Mol. Biol. 262:732-745 (1996)
where the definitions include overlapping or subsets of amino acid residues when
compared against each other. Nevertheless, application of either definition to refer to a
CDR of a binding molecule or grafted binding molecule or variants thereof is within the
scope of the term as defined and used herein.

As used herein, the term "framework region" or “FR” means each domain
of the framework that is separated by the CDRs. Therefore, a variable region framework
is between about 100-120 amino acids in length but refers only those amino acids
outside of the CDRs.

13
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"Humanized" forms of non-human (e.g., murine) binding molecules are
chimeric antibodies which contain minimal sequence derived from non-human binding
molecule. For the most part, humanized binding molecules are human binding molecules
(acceptor/recipient binding molecule) in which residues from a hyper-variable region are
replaced by residues from a hypervariable region of a non-human species (donor binding
molecule) such as mouse, rat, rabbit or nonhuman primate having the desired specificity,
affinity, and capacity. In some instances, Fv framework region (FR) residues of the
human binding molecule are altered, e.g., replaced by, substituted, or backmutated to
corresponding non-human residues. Furthermore, humanized binding molecules may
comprise residues which are not found in the recipient binding molecule or in the donor
binding molecule. These modifications are generally made to further refine binding
molecule performance. In general, the humanized binding molecule will comprise
substantially all of at least one, and typically two, variable domains, in which all or
substantially all of the hypervariable loops correspond to those of a non-human binding
molecule and all or substantially all of the FR regions are those of a human binding
molecule sequence. The humanized binding molecule optionally also will comprise at
least a portion of a binding molecule constant region (Fc), typically that of a human
binding molecule. For further details, see Jones, et al., Nature 321:522-525 (1986);
Riechmann, et al., Nature 332:323-329 (1988); and Presta, Curr. (l)p. Struct. Biol. 2:593-
596 (1992).

Preferably, a humanized binding molecule of the invention comprises at
least one CDR selected from the group consisting of SEQ ID NO.:3 (GFSLSTSGMGVG
(HC CDR1)), SEQ ID NO.:4 (HIWWDDDKYYNPSLKS (HC CDR2N)), SEQ ID
NO.:5 (TRRYFPFAY (HC CDR3)), SEQ ID NO.:6 (KASQNVGTNVA (LC CDR1)),
SEQ ID NO.:7 (SASYRYS (LC CDR2)), SEQ ID NO.:8 (QQYNTDPLT (LC CDR3)),
and SEQ ID NO:19 (HIWWDDDKYYQPSLKS (HC CDR2Q)).

The term "engineered” or “recombinant”™ binding molecule, as used
herein includes binding molecules that are prepared, expressed, created or isolated by
recombinant means, such as binding molecules expressed using a recombinant
expression vector transfected into a host cell, binding molecules isolated from a
recombinant, combinatorial binding molecule library, binding molecules isolated from
an animal (e.g., a mouse) that is transgenic for human immunoglobulin genes (sce e.g.,
Taylor, L.D., et al. (1992) Nucl. Acids Res. 20:6287-6295) or binding molecules
prepared, expressed, created or isolated by any other means that involves splicing of
human binding molecule gene sequences to other DNA sequences. In certain
embodiments, however, such recombinant human binding molecules are subjected to in
vitro mutagenesis (or, when an animal transgenic for human Ig sequences is used, in
vive somatic mutagenesis) and thus the amino acid sequences of the VH and VL regions
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of the recombinant binding molecules are sequences that, while derived from and related
to human germline VH and VL sequences, may not naturally exist within the human
binding molecule germline repertoire in vivo.

An "isolated binding molecule", as used herein, refers to a binding
molecule that is substantially free of other binding molecules having different antigenic
specificities (e.g., an isolated binding molecule that specifically binds GITR is
substantially free of binding molecules that specifically bind antigens other than GITR).
Moreover, an isolated binding molecule may be substantially free of other cellular
material and/or chemicals. An "isolated" binding molecule is one which has been
identified and separated and/or recovered from a component of its natural environment.
Contaminant components of its natural environment include, e.g., materials which would
interfere with diagnostic or therapéutic uses for the binding molecule, and may include
enzymes, hormones, and other proteinaceous or nonproteinaceous solutes. In preferred
embodiments, the binding molecule will be purified (1) to greater than 95% by weight of
binding molecule as determined by the Lowry method, and most preferably more than
99% by weight, (2) to a degree sufficient to obtain at least 15 residues of N-terminal or
internal amino acid sequence by use of a spinning cup sequenator, or (3) to homogeneity
by SDS-PAGE under reducing or nonreducing conditions using Coomassie blue or,
preferably, silver stain. Isolated binding molecules include binding molecules in situ
within recombinant cells since at least one component of the binding molecule’s natural
environment will not be present. Ordinarily, however, isolated binding molecules will be
prepared by at least one purification step.

‘ As used herein the term "binding constant” “(kd)”, also referred to as
“affinity constant”, is a measure of the extent of a reversible association between two
molecular species includes hoth the actual binding affinity as well as the apparent
binding affinity. The actual binding affinity is determined by calculating the ratio of the
Kassoc in M'S™ to the Kdissoc in S and has the units “M . Therefore, conferring or
optimizing binding affinity includes altering either or both of these components to
achieve the desired level of binding affinity. The apparent affinity can include, for
example, the avidity of the interaction. For example, a bivalent heteromeric variable
region binding fragment can exhibit altered or optimized binding affinity due to its
valency. Binding affinity can be determined by measurement of surface plasmon
resonance, e.g., using a B[Acore system.

' The term "nucleic acid molecule”, as used herein, includes DNA
molecules and RNA molecules. A nucleic acid molecule may be single-stranded or
double-stranded, but preferably is double-stranded DNA.

The term "isolated nucleic acid molecule", as used herein in reference to

nucleic acids encoding binding molecules that bind GITR, refers to a nucleic acid
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molecule in which the nucleotide sequences encoding the binding molecule are free of
other nucleotide sequences which other sequences may naturally flank the nucleic acid
in human genomic DNA. These sequences may optionally include 5° or 3’nucleotide
sequences important for regulation or protein stability.

The term "vector"”, as used herein, refers to a nucleic acid molecule
capable of transporting another nucleic acid to which it has been linked. One type of
vector is a "plasmid", which refers to a circular double stranded DNA loop into which
additional DNA segments may be ligated. Another type of vector is a viral vector,
wherein additional DNA segments may be ligated into the viral genome. Certain vectors
are capable of autonomous replication in a host cell into which they are introduced (e.g.,
bacterial vectors having a bacterial origin of replication and episomal mammalian
vectors). Other vectors (e.g., non-episomal mammalian vectors) can be integrated into
the genome of a host cell upon introduction into the host cell, and thereby are replicated
along with the host genome. Moreover, certain vectors are capable of directing the
expression of genes to which they are operatively linked. Such vectors are referred to
herein as "recombinant expression vectors” (or simply, "expression vectors"). In
general, expression vectors of utility in recombinant DNA techniques are often in the
form of plasmids. In the present specification, "plasmid" and "vector" may be used
interchangeably as the plasmid is the most commonly used form of vector. However,
the invention includes such other forms of expression vectors, such as viral vectors (e.g.,
replication defective retroviruses, adenoviruses and adeno-associated viruses), which
serve equivalent functions. ‘

The term "recombinant host cell” (or simply "host cell"), as used herein,
refers to a cell into which a recombinant expression vector has been introduced. It
should be understood that such terms are intended to refer not only to the particular
subject cell but to the progeny of such a cell. Because certain modifications may occur
in succeeding generations due to either mutation or environmental influences, such
progeny may not, in fact, be identical to the parent cell, but are still included within the
scope of the term "host cell” as used herein.

As used herein, the term "T cell” (i.e., T lymphocyte) includes all cells
within the T cell lineage, including thymocytes, immature T cells, mature T cells and the
like, from a mammal (e.g., human). Preferably, T cells are mature T cells that express
either CD4 or CD8, but not both, and a T cell receptor. The various T cell populations
described herein can be defined based on their cytokine profiles and their function, and
are known to one of skill in the art.

As used herein, the term "dendritic cell” refers to professional antigen-
presenting cells (APCs) capable of activating naive T cells and stimulating the growth
and differentiation of B cells.
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As used herein, the term “naive T cells” includes T cells that have not
been exposed to cognate antigen and so are not activated or memory cells. Naive T cells
are not cycling and human naive T cells are CD45RA+. If naive T cells recognize
antigen and receive additional signals depending upon but not limited to the amount of
antigen, route of administration and timing of administration, they may proliferate and
differentiate into various subsets of T cells, e.g. effector T cells.

As used herein, the term “effector T cell” or “Teff cell” includes T cells
which function to eliminate antigen (e.g., by producing cytokines which modulate the
activation of other cells or by cytotoxic activity). The term “effector T cell” includes T
helper cells (e.g., Thl and Th2 cells) and cytotoxic T cells. Th1 cells mediate delayed
type hypersensitivity responses and macrophage activation while Th2 cells provide help
to B cells and are critical in the allergic response (Mosmann and Coffman, 1989, Annu.
Rev. Immunol. 7, 145-173; Paul and Seder, 1994, Cell 76, 241-251; Arthur and Mason,

1986, J. Exp. Med. 163, 774-786; Paliard, et al., 1988, J. Immunol. 141, 849-855;

Finkelman, et al., 1988, J. Immunol. 141, 2335-2341).

As used herein, the term “ T helper type 1 response” (Th1 response)
refers to a response that is characterized by the production of one or more cytokines
selected from IFN-y, IL-2, TNF, and lymphotoxin (I.T) and other cytokines produced
preferentially or exclusively by Thl cells rather than by Th2 cells. As used herein, a “T
helper type 2 response” (Th2 response) refers to a response by CD4+ T cells that is
characterized by the production of one or more cytokines selected from IL-4, IL-5, IL-6
and 1L-10, and that is associated with efficient B cell "help" provided by the Th2 cells
(e.g., enhanced IgG1 and/or IgE production).

As used herein, the term “regulatory T cell” or “Treg cell” includes T
cells which produce low levels of TL-2, IL-4, IL-5, and IL-12. Regulatory T cells
produce TNFo, TGFp, IFN-y, and IL-10, albeit at lower levels than effector T cells.
Although TGFJ is the predominant cytokine produced by regulatory T cells, the
cytokine is produced at levels less than or equal to that produced by Th1 or Th2 cells,
e.g., an order of magnitude less than in Thl or Th2 cells. Regulatory T cells can be
found in the CD4+CD25+ population of cells (see, e.g., Waldmann and Cobbold. 2001.
Immunity. 14:399). Regulatory T cells actively suppress the proliferation and cytokine
production of Th1, Th2, or naive T cells which have been stimulated fn culture with an
activating signal (e.g., antigen and antigen presenting cells or with a signal that mimics
antigen in the context of MHC, e.g., anti-CD3 antibody, plus anti-CD28 antibody).

As used herein, the term “tolerance” includes refractivity to activating
receptor-mediated stimulation. Such refractivity is generally antigen-specific and
persists after exposure to the tolerizing antigen has ceased. For example, tolerance is

characterized by lack of cytokine production, e.g., IL-2, or can be assessed by use of a
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mixed lymphocyte culture assay. Tolerance can occur to self antigens or to foreign
antigens.

A “mixed lymphocyte culture” (“MLC”) is a type of lymphocyte
proliferation test in which lymphocytes from two individuals are cultured together and
the proliferative response (“mixed lymphocyte reaction”) is measured by *H-labeled
thymidine uptake.

As used herein, the term “apoptosis” also referred to as programmed cell
death (PCD), is the death of a cell characterized by features including, but not limited to,
condensation of nuclear heterochromatin, cell shrinkage, cytoplasmic condensation, and
in a later stage of apoptosis, endonuclease mediated cleavage of the DNA of the cell into
discrete fragments. Upon electrophoretic analysis of the DNA of a cell in which
apoptosis has occurred, a characteristic "ladder” of discrete DNA fragments may be
apparent.

"Treatment" refers to both therapeutic treatment and prophylactic or
preventative measures. Those in need of treatment may include those already having a
disorder as well as those which do not yet have a disorder.

A "disorder" is any condition that would benefit from treatment with a
binding molecule of the present invention. This includes chronic and acute disorders or
diseases or pathological conditions associated with immune responses that are too high
or too low.

Various aspects of the invention are described in further detail in the
following subsections. '

II. GITR Binding molecules

The present invention provides isolated GITR binding molecules.
Exemplary binding molecules of the present invention include the 6C8 antibody and the
2F8 antibody. The 6C8 antibody is an anti-GITR antibody that binds to GITR on T cells
and dendritic cells, e.g., human T cells and dendritic cells, with high affinity.
Preferably, such binding molecules abrogate the suppression of Teff cells by Treg cells
and are agonistic to partially activated T cells in vitro in the presence of a stimulating
agent, e.g., CD3.

In one embodiment, the a VH domain of a binding molecule of the
invention comprises the amino acid sequence set forth in SEQ ID NO:1. (6C8 VH
domain “N”, including leader). It will be understood that although some of the
sequences of binding molecules described herein include leader sequences, a binding
molecule of the invention may also exclude the leader sequence, which is optional. For

example, in one embodiment, a binding molecule of the invention comprises the amino
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acid sequence of the mature protein shown in SEQ ID NO:1. e.g., amino acids 20-138 of
SEQ ID NO:1.

In one embodiment, the a VH domain of a binding molecule of the
invention comprises the amino acid sequence set forth in SEQ ID NO:66. (6C8 VH
domain “Q”, including leader).

In one embodiment, the a VL domain of a binding molecule of the
invention comprises the amino acid sequence set forth in SEQ ID NO:2. (6C8 VL
domain, including leader).

In one embodiment, the a VH domain of a binding molecule of the
invention comprises amino acid residues 20-138 of SEQ ID NO.:1. (6C8 VH domain
“N”, without leader).

In one embodiment, the a VH domain of a binding molecule of the
invention comprises amino acid residues 20-138 of SEQ ID NO.:66. (6C8 VH domain
“Q”, without leader).

In one embodiment, the a VL domain of a binding molecule of the
invention comprises comprises amino acid residues 21-127 of SEQ ID NO.:2. (6C8 VL
domain, without leader).

In one embodiment of the invention the VL chain comprises a leader
and/or signal sequence, i.e., amino acid residues 1-20 of SEQ ID NO:2 (SEQ ID
NO:59). In one embodiment, the VH chain comprises a leader and/or signal sequence,
i.e., amino acid residues 1-19 of SEQ ID NO:1 (SEQ ID NO:64).

In one embodiment, a binding molecule of the invention comprisies a VH
domain comprising a CDR set forth in SEQ ID NO:3. (6C8 VH CDR1).

In one embodiment, a binding molecule of the invention comprisies a VH
domain comprising a CDR set forth in SEQ ID NO:4. (6C8 VH CDR2-“N").

In one embodiment, a binding molecule of the invention comprisies a VH
domain comprising a CDR set forth in SEQ ID NO:5. (6C8 VH CDR3).

In one embodiment, a binding molecule of the invention comprisies a VH
domain comprising a CDR set forth in SEQ ID NO:19. (6C8 VH CDR2-alternate “Q”).

In one embodiment, a binding molecule of the invention comprisies a VL
domain comprising a CDR set forth in SEQ ID NO:6. (6C8 VL CDR1).

In one embodiment, a binding molecule of the invention comprisies a VL
domain comprising a CDR set forth in SEQ ID NO:7. (6C8 VL CDR2).

In one embodiment, a binding molecule of the invention comprisies a VL
domain comprising a CDR set forth in SEQ ID NO:8. (6C8 VL CDR3).

The invention also pertains to nucleic acid molecules encoding the above

amino acid sequences.
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In one embodiment, the a VH domain of a binding molecule of the
invention comprises the nucleotide sequence set forth in SEQ ID NO:9. (6C8 VH
domain, “N”, including leader).

In one embodiment, the a VH domain of a binding molecule of the
invention comprises the nucleotide sequence set forth in SEQ ID NO:65. (6C8 VH
domain, “Q”, including leader).

In one embodiment, the 2 VH domain of a binding molecule of the
invention comprises nucleotides 58-414 of SEQ ID NO.:9. (6C8 VH domain, “N”,
without leader).

In one embodiment, the a VH domain of a binding molecule of the
invention comprises nucleotides 58-414 of SEQ ID NO.:65. (6C8 VH domain, “Q”,
without leader).

In one embodiment, the a VL domain of a binding molecule of the
invention comprises the nucleotide sequence set forth in SEQ ID NO:10. (6C8 VL
domain, including leader). ,

In one embodiment, the a VL domain of a binding molecule of the
invention comprises nucleotides 61-381 of SEQ ID NO.:10. (6C8 VL domain, without
leader).

In one embodiment, a binding molecule of the invention comprises a VH
domain comprising a CDR the nucleic acid sequence of which is set forth in SEQ ID
NO:11. (6C8 VH CDR1).

In one embodiment, a binding molecule of the invention comprises a VH
domain comprising a CDR the nucleic acid sequence of which is set forth in SEQ ID
NO:12. (6C8 VH CDR2-“AAT”).

In one embodiment, a binding molecule of the invention comprises a VH
domain comprising a CDR the nucleic acid sequence of which is set forth in SEQ ID
NO:13. (6C8 VH CDR3).

In one embodiment, a binding molecule of the invention comprises a VH
domain comprising a CDR the nucleic acid sequence of which is set forth in SEQ ID
NO:65. (6C8 VH CDR2-alternate “CAA”).

In one embodiment, a binding molecule of the invention comprises a VL
domain comprising a CDR the nucleic acid sequence of which is set forth in SEQ ID
NO:14. (6C8 VL CDR1).

In one embodiment, a binding molecule of the invention comprises a VL
domain comprising a CDR the nucleic acid sequence of which is set forth in SEQ ID
NO:15. (6C8 VL CDR2).
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In one embodiment, a binding molecule of the invention comprises a VL
domain comprising a CDR the nucleic acid sequence of which is set forth in SEQ ID
NO:16. (6C8 VL CDR3).

In one embodiment, the a CI, domain of a binding molecule of the
invention comprises the amino acid sequence set forth in SEQ ID NO:20. (Murine
IgG2a light chain constant region).

In one embodiment, the a CH domain of a binding molecule of the
invention comprises the amino acid sequence set forth in SEQ ID NO:21. (Murine
IgG2a heavy chain constant region).

In one embodiment, a binding molecule of the invention comprises the
amino acid sequence set forth in SEQ ID NO:22. (Chimeric-6C8 VL/human CL IgG1).

In one embodiment, a binding molecule of the invention comprises the
amino acid sequence set forth in SEQ ID NO:23. (Chimeric Gly-6C8 VH/human CH
IgG1l).

In one embodiment, a binding molecule of the invention comprises the
amino acid sequence set forth in SEQ ID NO:24. (Chimeric Agly-6C8 VH/human CH
IgG1). ‘

In one embodiment, a binding molecule of the invention comprises the
amino acid sequence set forth in SEQ ID NO:44. (Humanized 6C8 VL).

In one embodiment, a binding molecule of the invention comprises the
amino acid sequence set forth in SEQ ID NO:53. (Humanized 6C8 VH “N™).

In one embodiment, a binding molecule of the invention comprises the
amino acid sequence set forth in SEQ ID NO:54. (Humanized 6C8 VH “Q”).

In one embodiment, the a CL domain of a binding molecule of the
invention comprises the amino acid sequence set forth in SEQ ID NO:55. (Human IgG1
Gly heavy chain constant region).

In one embodiment, the a CH domain of a binding molecule of the
invention comprises the amino acid sequence set forth in SEQ ID NO:56. (Human IgG1
Agly heavy chain constant region).

In one embodiment, the a CL domain of a binding molecule of the
invention comprises the amino acid sequence set forth in SEQ ID NO:57. (Human IgG1
light chain constant region).

In one embodiment, a binding molecule of the invention comprises the
amino acid sequence set forth in SEQ ID NO:58. (Complete Humanized 6C8 Light).

In one embodiment, a binding molecule of the invention comprises the
amino acid sequence set forth in SEQ ID NO:60. (Complete Humanized 6C8 Heavy-
HuN6CS8-Gly).
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In one embodiment, a binding molecule of the invention comprises the
amino acid sequence set forth in SEQ ID NQ:61. (Complete Humanized 6C8 Heavy-
HuN6C8-Agly).

In one embodiment, a binding molecule of the invention comprises the
amino acid sequence set forth in SEQ ID NO:62. (Complete Humanized 6C8 Heavy-
HuQ6C8-Gly).

In one embodiment, a binding molecule of the invention comprises the
amino acid sequence set forth in SEQ ID NO:63. (Complete Humanized 6C8 Heavy-
HuQ6C8-Agly).

In one embodiment, a binding molecule of the invention has VL and VH
sequences as shown in Figures 18 A-18D; the amino acid sequence of the 6C8 VH region
1s also shown in SEQ ID NO: 1; the amino acid sequence of the 6C8 VL region is shown
in SEQ ID NO: 2. In another embodiment, a binding molecule of the invention has LC
and HC sequences as set forth in SEQ ID NOs:20 and 21;
ADAAPTVSIFPPSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQNGVLNS
WTIDQDSKDSTYSMSSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSFNRNE (SEQ
ID NO:20);
AKTTPPSVYPLAPGCGDTTGSSVTLGCLVKGYFPESVTVTWNSGSLSSSVHTFPA
LLQSGLYTMSSSVTVPSSTWPSQTVTCSVAHPASSTTVDKKLEPSGPISTINPCPP
CKECKCPAPNLEGGPSVFIFPPNIKDVLMISLTPKVTCVVVDVSEDDPDVQISWF
VNNVEVHTAQTQTHREDYNSTIRVVSTLPIQHQDWMSGKEFKCKVNNKDLPSPI
ERTISKIKGLVRAQVYILPPPAEQLSRKDVSLTCLVVGFENPGDISVEWTSNGHTE
ENYKDTAPVLDSDGSYFIYSKLNMKTSKWEKTDSFSCNVRHEGLKNYYLKKTIS
RSPGK (SEQ ID NO:21).

In one embodiment of the invention the VL chain comprises a leader
and/or signal sequence, e.g., amino acid residues 1-20 of SEQ ID NO:2. In one
embodiment, the VH chain comprises a leader and/or signal sequence, e.g., amino acid
residues 1-19 of SEQ ID NO:1. In another embodiment, a binding molecule of the
invention does not comprise a leader and/or signal sequence.

In one aspect, the invention pertains to 6C8 binding molecules and other
binding molecules with equivalent properties to 6C8, such as high affinity binding to
GITR and abrogation of suppression of Teff cells by Treg cells. In addition, the binding
molecules of the invention do not induce apoptosis, nor do they inhibit a mixed
lymphocyte reaction. Accordingly, equivalent binding molecules of the invention are
GITR agonists, i.e., they induce signaling viea GITR. GITR is a member of the TNFR
superfamily. Since members of the TNFR family are involved in cell survival and
apoptosis by signaling through NF-«B, in one embodiment, the binding molecules of the
present invention attenuate degradation of -k B.
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In one embodiment, the invention provides isolated hGITR binding
molecules with a light chain variable region (VL) comprising the amino acid sequence
of SEQ ID NO: 2, and optionally a leader sequence, and a heavy chain variable region
(VH) comprising the amino acid sequence of SEQ ID NO: 1, and optionally a leader
sequence. In certain embodiments, a binding molecule comprises a heavy chain constant
region, such as an IgG1, IgG2, 1gG3, IgG4, IgA, IgE, IgM or IgD constant region.
Furthermore, the binding molecule can comprise a light chain constant region, either a
kappa light chain constant region or a lambda light chain constant region. Preferably,
the binding molecule comprises a kappa light chain constant region. In one
embodiment, a binding molecule of the invention comprises a light chain constant region
ag set forth in SEQ ID NO:20. In one embodiment, a binding molecule of the invention
comprises a heavy chain constant region as set forth in SEQ ID NO:21. In one
embodiment, a binding molecule of the invention comprises a heavy chain constant
region as set forth in SEQ ID NO:55. In one embodiment, a binding molecule of the
invention comprises a heavy chain constant region as set forth in SEQ ID NO:56. In one
embodiment, a binding molecule of the invention comprises a heavy chain constant
region as set forth in SEQ ID NO:57. }

In another embodiment, the invention provides a binding molecule
having 6C8-related VL CDR domains, for example, binding molecules with a light chain
variable region (VL) having at least one CDR domain comprising an amino acid
sequence selected from the group consisting of SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID
NO: 8. In another embodiment, a light chain variable region (VL) has at least two CDR
domains comprising an amino acid sequence selected from the group consisting of SEQ
ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8. In yet another embodiment, a light chain
variable region (VL) has CDR domains comprising the amino acid sequences consisting
of SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8.

In still other embodiments, the invention provides a binding molecule
having 6C8-related VH CDR domains, for example, binding molecules with a light
chain variable region (VH) having a CDR domain comprising an amino acid sequence
selected from the group consisting of SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5,
and SEQ ID NO:19. In another embodiment, a heavy chain variable region (VH) has at
least two CDR domains comprising an amino acid sequence selected from the group
consisting of SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, and SEQ ID NO:19. In yet
another embodiment, a heavy chain variable region (VH) has CDR domains comprising
the amino acid sequences consisting of SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5,
and SEQ ID NO:19. A

In another embodiment, a binding molecule of the invention comprises at
least one CDR derived from a murine anti-human GITR binding molecule, e.g., a 6C8
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binding molecule. As used herein the term “derived from” a designated protein refers to
the origin of the polypeptide. In one embodiment, the polypeptide or amino acid
sequence which is derived from a particular starting polypeptide is a CDR sequence or
sequence related thereto. In another embodiment, the polypeptide or amino acid
sequence which is derived from a particular starting polypeptide is a FR sequence or
sequence related thereto. In one embodiment, the amino acid sequence which is derived
from a particular starting polypeptide is not contiguous.

For example, in one embodiment, one, two, three, four, five, or six CDRs
are derived from a murine 6C8 antibody. In one embodiment, a binding molecule of the
invention comprises at least one heavy or light chain CDR of a murine 6C8 antibody. In
another embodiment, a binding molecule of the invention comprises at least two CDRs
from a murine 6C8 antibody. In another embodiment, a binding molecule of the
invention comprises at least three CDRs from a murine 6CS8 antibody. In another
embodiment, a binding molecule of the invention comprises at least four CDRs from a
murine 6C8 antibody. In another embodiment, a binding molecule of the invention
comprises at least five CDRs from a murine 6C8 antibody. In another embodiment, a
binding molecule of the invention comprises at least six CDRs from a murine 6C8
antibody.

It will also be understood by one of ordinary skill in the art that a binding
molecule of the invention may be modified such that they vary in amino acid sequence
from the 6C8 molecule from which they were derived. For example, nucleotide or
amtino acid substitutions leading to conservative substitutions or changes at “non-
essential” amino acid residues may be made (e.g., in CDR and/or framework residues)
and maintain the ability to bind to GITR, e.g., human GITR.

In one embodiment, the at least one CDR (or at least one CDR from the
greater than one 6C8 CDRs that are present in the binding molecule) is modified to vary
in sequence from the CDR of a naturally occurring 6C8 binding molecule, yet retains the
ability to bind to 6C8. For example, in one embodiment, one or more CDRs from a 6C8
antibody are modified to remove potential glycosylation sites. For example, since the
amino acid sequence Asn-X- (Ser/Thr) is a putative consensus sequence for a
glycosylation site which may affect the production of the binding molecule, and CDR2
of the 6C8 heavy chain has the sequence Asn- Pro-Ser, a second version of the heavy
chain was prepared to conservatively substitute a glutamine (Gln) for an asparagine
(Asn) at amino acid residue 62 of SEQ ID NO:53.

In one embodiment, a binding molecule of the invention comprises a
polypeptide or amino acid sequence that is essentially identical to that of a 6C8
antibody, or a portion thereof wherein the portion consists of at least 3-5 amino acids, of

at least 5-10 amino acids, at least 10-20 amino acids, at least 20-30 amino acids, or at
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least 30-50 amino acids, or which is otherwise identifiable to one of ordinary skill in the
art as having its origin in the starting sequence.

In another embodiment, the polypeptide or amino acid sequence which is
derived from a particular starting polypeptide or amino acid sequence shares an amino
acid sequence identity that is about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or which is otherwise identifiable to one of
ordinary skill in the art as having its origin in the starting sequence.

An isolated nucleic acid molecule encoding a non-natural variant of a
polypeptide can be created by introducing one or more nucleotide substitutions, .
additions or deletions into the nucleotide sequence of the binding molecule such that one
or more amino acid substitutions, additions or deletions are introduced into the encoded
protein. Mutations may be introduced by standard techniques, such as site-directed
mutagenesis and PCR-mediated mutagenesis. In one embodiment, conservative amino
acid substitutions are made at one or more non-essential amino acid residues. A
“conservative amino acid substitution” is one in which the amino acid residue is
replaced with an amino acid residue having a similar side chain. Families of amino acid
residues having similar side chains have been defined in the art, including basic side
chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic
acid), uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine,
threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine,
isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side chains
(e.g., threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine,
phenylalanine, tryptophan, histidine). Thus, a nonessential amino acid residue in a
binding molecule polypeptide may be replaced with another amino acid residue from the
same side chain family. In another embodiment, a string of amino acids can be replaced
with a structurally similar string that differs in order and/or composition of side chain
family members.

Alternatively, in another embodiment, mutations may be introduced
randomly along all or part of the binding molecule coding sequence.

Preferred binding molecules of the invention comprise framework and
constant region amino acid sequences derived from a human amino acid sequence.
However, binding molecules may comprise framework and/or constant region sequences
derived from another mammalian species. For example, a primate framework region
(e.g., non-human primate), heavy chain portion, and/or hinge portion may be included in
the subject binding molecules. In one embodiment, one or more murine amino acids
may be present in the framework region of a binding polypeptide, e.g., a human or non-
human primate framework amino acid sequence may comprise one or more amino acid
substitutions and/or backmutations in which the corresponding murine amino acid
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residue is present. Preferred binding molecules of the invention are less immunogenic
than the starting 6C8 murine antibody.

The present invention also features chimeric and/or humanized binding
molecules (i.e., chimeric and/or humanized immunoglobulins) specific for GITR.
Chimeric and/or humanized binding molecules have the same or similar binding
specificity and affinity as a mouse or other nonhuman binding molecules that provide
the starting material for construction of a chimeric or humanized binding molecule.

A chimeric binding molecule is one whose light and heavy chain genes
have been constructed, typically by genetic engineering, from immunoglobulin gene
segments belonging to different species.- For example, the variable (V) segments of the
genes from a mouse monoclonal binding molecule may be joined to human constant (C)
segments, such as IgG1 or IgG4. Human isotype IgG1 is preferred. An exemplary
chimeric binding molecule is thus a hybrid protein consisting of the V or antigen-
binding domain from a mouse binding molecule and the C or effector domain from a
human binding molecule.

In one embodiment, the invention pertains to humanized variable regions
of the 6C8 binding molecule and polypeptides comprising such humanized variable
regions. In one embodiment, a binding molecule of the invention comprises at least one
humanized 6C8 binding molecule variable region, e.g., a light chain or heavy chain
variable region.

The term “humanized binding molecule” refers to a binding molecule
comprising at least one chain comprising variable region framework residues derived
from a human binding molecule chain (referred to as the acceptor immunoglobulin or
binding molecule) and at least one complementarity determining region derived from a
mouse-binding molecule, (referred to as the donor immunoglobulin or binding
molecule). Humanized binding molecules can be produced using recombinant DNA
technology, which is discussed below. See for example, e.g., Hwang, W.Y.K., et al.
(2005) Methods 36:35; Queen et al., Proc. Natl. Acad. Sci. USA, (1989), 86:10029-
10033; Jones et al., Nature, (1986), 321:522-25; Riechmann et al., Nature, (1988),
332:323-27; Verhoeyen et al., Science, (1988), 239:1534-36; Orlandi et al., Proc. Natl.
Acad. Sci. USA, (1989), 86:3833-37; US Patent Nos. US 5,225,539; 5,530,101;
5,585,089; 5,693,761, 5,693,762; 6,180,370, Selick ef al., WO 90/07861, and Winter,
US 5,225,539 (incorporated by reference in their entirety for all purposes). The constant
region(s), if present, are preferably is also derived from a human immunoglobulin.

When a preferred non-human donor binding molecule has been selected
for humanization, an appropriate human acceptor binding molecule may be obtained,
e.g., from sequence databases of expressed human antibody genes, from germline Ig

sequences or a consensus sequence of several human binding molecules.
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In one embodiment, a CDR homology based method is used for
humanization (see, e.g., Hwang, W.Y K., et al. (2005) Methods 36:35, the contents of
which is incorporated in its entirety herein by this reference). This method generally
involves substitution of mouse CDRs into a human variable domain framework based on
similarly structured mouse and human CDRs rather than similarly structured mouse and
human frameworks. The similarity of the mouse and human CDRs is generally
determined by identifying human genes of the same chain type (light or heavy) that have
the same combination of canonical CDR structures as the mouse binding molecules and
thus retain three-dimensional conformation of CDR peptide backbones. Secondly, for
each of the candidate variable genes with matching canonical structures, residue to
residue homology between the mouse and candidate human CDRs is evaluated. Finally,
to generate a humanized binding molecule, CDR residues of the chosen human
candidate CDR not already identical to the mouse CDR are converted to the mouse
sequence. In one embodiment, no mutations of the human framework are introduced
into the humanized binding molecule.

In one embodiment, human germline sequences are evaluated for CDR
homology to the GITR binding molecule CDRs. For example, for the murine 6C8
antibody, all germ line light chain kappa chain V genes with a 2-1-1 canonical structure
in the IMGT database were compared with the 6C8 antibody sequence. The same was
done for the heavy chain where all 3-1 germ line heavy chain V genes were compared to
the 6C8 amino acid sequence. Accordingly, in one embodiment, a binding molecule of
the invention comprises a human kappa chain V region framework with a 2-1-1
canonical structure. In another embodiment, a bindihg molecule of the invention
comprises a human heavy chain V region frdmework with a 3-1 canonical structure.

The following potential human light chain germline sequences were
identified and may be incorporated into a binding molecule of the invention:

The IMGT accession number of the IGKV3-15 gene is M23090. The
amino acid sequence is:
EIVMTQSPATLSVSPGERATLSCRASQSVSSNLAWYQQKPGQAPRLLIYGASTR
ATGIPARFSGSGSGTEFTLTISSLQSEDFAVYYCQQYNNWP (SEQ ID NO:25).

The IMGT accession number of the IGKV3D-11 gene is X17264. The
amino acid sequence is:
EIVLTQSPATLSLSPGERATLSCRASQGVSSYLAWYQQKPGQAPRLLIYDASNRA
TGIPARFSGSGPGTDFTLTISSLEPEDFAVYYCQQRSNWH (SEQ ID NO:26).

There are two alleles of the IGKV3-11 gene. The IMGT accession
number of allele *01 of the IGKV3-11gene is X01668. The amino acid sequence is:
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIYDASNRA
TGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQRSNWP (SEQ ID NO:27).
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The IMGT accession number of allele *02 of the IGK'V3-11gene is
K02768. The amino acid sequence is:
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIYDASNRA
TGIPARFSGSGSGRDFTLTISSLEPEDFAVYYCQQRSNWP (SEQ ID NO:28).

The IMGT accession number of the IGKV1D-43 gene is X72817. The
amino acid sequence is:
AIRMTQSPFSLSASVGDRVTITCWASQGISSYLAWYQQKPAKAPKLFIYYASSLQ
SGVPSRFSGSGSGTDYTLTISSLQPEDFATYYCQQYYSTP (SEQ ID NO:29).

There are two alleles of the IGKV1-39 gene. The IMGT accession
number of allele *01 of the IGKV1-39 gene is X59315. The amino acid sequence is:
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKTLIY AASSLQ
SGVPSRFSGSGSGTDFTILTISSLQPEDFATYYCQQSYSTP (SEQ ID NO:30).

The IMGT accession number of allele *02 of the IGKV1-39 gene is
X59318. The amino acid sequence is:
DIQMTQSPSFLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASSLQ
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQCGYSTP (SEQ ID NO:31).

The IMGT accession number of the IGKV1-33 gene is M64856. The
amino acid sequence is: ,
DIQMTQSPSSLSASVGDRVTITCQASQDISNYLNWYQQKPGKAPKLILIYDASNLE
TGVPSRFSGSGSGTDFTFTISSLQPEDIATYYCQQYDNLP (SEQ ID NO:32).

The IMGT accession number of the IGKV1-27 gene is X63398. The
amino acid sequence is:
DIQMTQSPSSLSASVGDRVTITCRASQGISNYLAWYQQKPGKVPKLLIYAASTLQ
SGVPSRFSGSGSGTDFTLTISSLQPEDVATYYCQKYNSAP (SEQ ID NO:33).

There arc two alleles of the IGKV1-17 gene. The IMGT accession
number of allele *01 of the IGKV1-17 gene is X72808. The amino acid sequence is:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWY QQKPGKAPKRLIYAASSL
QSGVPSRFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYP (SEQ ID NO:34).

The IMGT accession number of allele *02 of the IGKV1-17 gene is
D88255. The amino acid sequence is:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRIIYAASSL
QSGVPSRFSGSGSGTEFTLTISNLQPEDFATYYCLQHNSYP (SEQ ID NO:35).

There are two alleles of the IGKV1D-16 gene. The IMGT accession
number of allele *01 of the IGKV1D-16 gene is K01323. The amino acid sequence is:
DIOMTQSPSSLSASVGDRVTITCRASQGISSWLAWYQQKPEKAPKSLIYAASSLQ
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQYNSYP (SEQ ID NO:36).

The IMGT accession number of allele *02 of the IGKV1D-16 gene is
J00244. The amino acid sequence is:
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DIQMTQSPSSLSASVGDRVTITCRARQGISSWLAWYQQKPEKAPKSLIYAASSLQ
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQYNSYP (SEQ ID NO:37).

The IMGT accession number of the IGKV1-16 gene is ]00248. The
amino acid sequence is:
DIQMTQSPSSLSASVGDRVTITCRASQGISNYLAWFQQKPGKAPKSLIYAASSLQ
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQYNSYP (SEQ ID NO:38).

There are two alleles of the IGKV1-12 gene. The IMGT accession
number of allele *01 of the IGKV1-12 gene is V01577. The amino acid sequence is:
DIQMTQSPSSVSASVGDRVTITCRASQGISSWLAWYQQKPGKAPKILIYAASSL
QSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQANSEFEP (SEQ ID NO:39).

The IMGT accession number of allele *02 of the IGKV1-12 gene is
V01576. The amino acid sequence is:

. DIQMTQSPSSVSASVGDRVTITCRASQGISSWLAWYQQKPGKAPKLLIYAASSL

QSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQANSFP (SEQ ID NO:40).

The IMGT accession number of the IGKV1-9 gene is Z00013. The
amino acid sequence is:
DIQLTQSPSFLSASVGDRVTITCRASQGISSYLAWYQQKPGKAPKLLIYAASTLQ
SGVPSRFSGSGSGTEFTLTISSLQPEDFATYYCQQLNSYP (SEQ ID NO:41).

The IMGT accession number of the IGKV1-6 gene is M64858. The
amino acid sequence is: 4
ATQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKLLIYAASSLQ
SGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCLQDYNYP (SEQ ID NO:42).

There are three alleles of the IGKV1-5 gene. The IMGT accession
number of allele *01 of the IGKV1-5 gene is Z00001. The amino acid sequence is:
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQKPGKAPKLLIYDASSLE
SGVPSRFSGSGSGTEFTLTISSLQPDDFATYYCQQYNSYS (SEQ ID NO:43).

The following potential human heavy chain germline sequences were

identified and may be incorporated into a binding molecule of the invention:

There are ten alleles of the IGHV2-5 gene. The IMGT accession number
of allele *01 of the IGHV2-5 gene is X62111. The amino acid sequence is:
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYW
NDDKRYSPSLKSRLTITKDTSKNQVVLTMTNMDPVDTATYY (SEQ ID NO:45).

The IMGT accession number of the IGHV2-206 gene is M99648. The
amino acid sequence is:
QVTLKESGPVLVKPTETLTLTCTVSGFSLSNARMGVSWIRQPPGKALEWLAHIFS
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NDEKSYSTSLKSRLTISKDTSKSQVVLTMTNMDPVDTATYYCARI (SEQ ID
NO:46).

There are thirteen alleles of the IGHV2-70 gene. The IMGT accession
number of allele *01 of the IGHV2-70 gene is 1.21969. The amino acid sequence is:
QVTLRESGPALVKPTQTLTLTCTFSGFSLSTSGMCVSWIRQPPGKALEWLALID
WDDDKYYSTSLKTRLTISKDTSKNQVVLTMTNMDPVDTATYYCARI (SEQ 1D
NO:47).

There are four alleles of the IGHV4-30-2 gene. The IMGT accession
number of allele *01 of the IGHV4-30-2 gene is L10089. The amino acid sequence is:
QLQLQESGSGLVKPSQTLSLTCAVSGGSISSGGYSWSWIRQPPGKGLEWIGYIYH
SGSTYYNPSLKSRVTISVDRSKNQFSLKLSSVTAADTAVYYCAR (SEQ ID
NO:48).

There are six alleles of the IGHV4-30-4 gene. The IMGT accession
number of allele *01 of the IGHV4-30-4 gene is Z14238. The amino acid sequence is:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQPPGKGLEWIGYIYY
SGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAR (SEQ ID
NO:49).

There are ten alleles of the IGHV4-31 gene. The IMGT accession
number of allele *01 of the IGHV2-5 gene is L10098. The amino acid sequence is:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWIGYTY
YSGSTYYNPSLKSLVTISVDTSKNQFSLKLSSVTAADTAVYYCAR (SEQ ID
NO:50).

There are six alleles of the IGHV4-39 gene. The IMGT accession number
of allele *01 of the IGHV4-39 gene is L10094. The amino acid sequence is:
QLQLQESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWIGSIYYS
GSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAR (SEQ ID NO:51).

There are eight alleles of the IGHV4-61 gene. The IMGT accession
number of allele *01 of the IGHV4-61 gene is M29811. The amino acid sequence is:
QVQLQESGPGLVKPSETLSLTCTVSGGSVSSGSYYWSWIRQPPGKGLEWIGYTY
YSGSTNYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAR (SEQ ID
NO:52).

Each of these germline sequences may be used to provide framework
regions for use with one or more 6C8 CDRs.

As used herein, “canonical structures” are conserved hypervariable loop
conformations made by different CDRs by which the binding molecule forms the
antigen contacts. The assignment of canonical structure classes to a new binding
molecule can be achieved using publicly available software.
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In another embodiment, the substitution of mouse CDRs into a human
variable domain framework is based on the retention of the correct spatial orientation of
the mouse variable domain framework by identifying human variable domain
frameworks which will retain the same conformation as the mouse variable domain
frameworks from which the CDRs were derived. In one embodiment, this is achieved
by obtaining the human variable domains from human binding molecules whose
framework sequences exhibit a high degree of sequence identity with the murine
variable framework domains from which the CDRs were derived. See Kettleborough et
al., Protein Engineering 4:773 (1991); Kolbinger et al., Protein Engineering 6:971
(1993) and Carter et al., WO 92/22653.

Preferably the human acceptor binding molecule retains the canonical and
interface residues of the donor binding molecule. Additionally, the human acceptor
binding molecule preferably has substantial similarity in the length of CDR loops. ‘See
Kettleborough et al., Protein Engineering 4:773 (1991); Kolbinger et al., Protein
Engineering 6:971 (1993) and Carter et al., WO 92/22653.

In another embodiment, appropriate human acceptor sequences may be
selected based on homology to framework regions of the 6C8 binding molecule. For
example, the amino acid sequence of the 6C8 binding molecule may be compared to the
amino acid sequence of other known binding molecules by, for example, by comparing
the FR regions or the variable region sequences of the 6C8 amino acid sequence against
a pubicly available database of known binding molecules and selecting those sequences
with the highest percent identity of amino acids in the variable or FR region, i.e., 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%,
99.5%. In one embodiment, the framework sequence set forth in SEQ ID NO:67 may be
used
(QVTLKESGPGILQPSQTLSLTCSFSGFSLSTSGMGVGWIRQPSGKGLEWLAH
IWWDDDKYNPSLKSRLTISKDTSSNQVFLKITSVDTRDTATYYCARTRRYFPF
AYWGEGTSVTVTS (SEQ ID NO:67; Framework residues are in bold)). In another
embodiment, the framework sequence set forth in SEQ ID NO:68 may be used
(QVTLRESGPALVKPTQTLTLTCTFSGFSLSTSGMGVGWIRQPPGKALEWLA
HIWWDDDKYNPSLKSRLTISKDTSKNQVVLTMTNMDPVDTATYYCARTRRY
FPFAYWGQGTLVTYVSS (SEQ ID NO:68; Framework residues are in bold)).

Having identified the complementarity determining regions of the murine
donor immunoglobulin and appropriate human acceptor immunoglobulins, the next step
is to determine which, if any, residues from these components should be substituted to
optimize the properties of the resulting humanized binding molecule. In general,
substitution of human amino acid residues with murine should be minimized, because

introduction of murine residues increases the risk of the binding molecule eliciting a
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human-anti-mouse-antibody (HAMA) response in humans. Art-recognized methods of
determining immune response can be performed to monitor a HAMA response in a
particular patient or during clinical trials. Patients administered humanized binding
molecules can be given an immunogenicity assessment at the beginning and throughout
the administration of said therapy. The HAMA response is measured, for example, by
detecting antibodies to the humanized therapeutic reagent, in serum samples from the
patient using a method known to one in the art, including surface plasmon resonance
technology (BIACORE) and/or solid-phase ELISA analysis.

‘ When necessary, one or more residues in the human framework regions
can be changed or substituted to residues at the corresponding positions in the murine
antibody so as to preserve the binding affinity of the humanized antibody to the antigen.
This change is sometimes called 