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MODULAR TETRAMERIC BISPECIFIC ANTIBODY PLATFORM

RELATED APPLICATIONS

[0001] This application claims benefit of, and priority to, U.S.S.N. 62/408,271
filed on October 14, 2016 the contents of which 1s hereby incorporated by reference

1ts entirety.

FIELD OF THE INVENTION
[0002] The present invention relates generally to tetrameric bispecific antibody

molecules, methods and systems of producing same.

GOVERNMENT INTEREST
[0003] This invention was made with government support under [ | awarded by the [].

The government has certain rights in the invention.

BACKGROUND OF THE INVENTION
[0004] Bispecific antibodies (BsAb) are antibodies or antibody-like molecules having
two different binding specificities. BsAbs have broad applications in biomedicine,
especially in immunotherapy for tumors. Presently, a focus of immunotherapy research 1s
on how to utilize cell-mediated cytotoxicity of BsAb to kill tumor cells. A BsAb can be
designed to target a tumor cell and an effector cell sitmultaneously, while triggering the
effector cell’s destruction of the tumor cell.
[0005] BsAb can be prepared by methods such as chemical engineering, cell
engineering and genetic engineering. An advantage of genetic engineering 1s that the
antibodies can be easily modified, which renders design and production of many different
forms of bispecific antibody fragments, including diabodies, tandem ScFv, and single-chain
diabodies, as well as dernivatives thereof. Since those BsAbs do not have an IgG Fc¢
domain, their small size enhances their penetration into tumors, but they have significantly
shorter half-life in vivo and also lack the ADCC effect that 1s associated with the constant
region of the antibody.
[0006)] To improve the stability and therapeutic potential, recombinant genetic

modifications were made 1n the heavy chains to facilitate their heterodimerization and to
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produce greater yields of Fc-containing IgG-like bispecific antibodies. Several rational
design strategies have been used to engineer antibody CH3 chains for heterodimerization,
namely disulfide bonds, salt bridges, knobs-into-holes. The bases for creating knob and hole
1n the juxtaposed positions 1s that the knob and hole interaction will favor heterodimer
formation, whereas the knob-knob and the hole-hole interaction will prevent homodimers
formation due to the deletion of favorable interactions. While this knob-1nto-holes approach
solves the heavy chain homodimerization problem, 1t did not address the 1ssues regarding
mispairing between the light chain and heavy chains from two different antibodies.
Although 1t 1s possible to 1dentify 1dentical light chains for two different antibodies, the
possibility of BsSAb construction using two antibody sequences that can share the common
light chain 1s very limited.

[0007] There 1s a need to provide better BsAbs that are easier to prepare, have better

clinical stability and efficacy and/or reduced systematic toxicity.

SUMMARY OF THE INVENTION
[0008] The present invention provides tBsAbs that are easier to prepare, have better
clinical stability and efficacy, and/or reduced systematic toxicity.
[0009] One aspect of the present invention relates to a tetravalent antibody molecule.
The tetravalent antibody may be a dimer of a bispecific scFv fragment including a first
binding site for a first antigen, a second binding site for a second antigen. The two binding
sites may be joined together via a linker domain. In embodiments, the scFv fragment 1s a
tandem scFv, the linker domain includes an immunoglobulin hinge region (e.g., an IgG1, an
[gG2, an Ig(G3, and an IgG4 hinge region) amino acid sequence. In embodiments, the
immunoglobulin hinge region amino acid sequence may flanked by a flexible linker amino
acid sequence, e.g., having the amino acid sequence (GGGS)x1-6, (GGGGS)x1-6, and
GSAGSAAGSGEF. In embodiments, the linker domain includes at least a portion of an
immunoglobulin Fc domain, e.g., an IgGl, an IgG2, an IgG3, and an IgG4 Fc domain. The
at least a portion of the immunoglobulin Fc domain may be a CH2 domain. The Fc¢ domain
may be linked to the C-terminus of an immunoglobulin hinge region (e.g., an IgG1, an
[gG2, an Ig(G3, and an IgG4 hinge region) amino acid sequence. The linker domain may
include a flexible linker amino acid sequence (e.g.. (GGGS)xi1-6, (GGGGS)x1-6, and

GSAGSAAGSGEF) at one termunus or at both termuna.
2
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[00010]  Another aspect, the present invention relates to nucleic acid construct. The
construct may include nucleic acid molecules encoding: a light chain variable region and a
heavy chain variable region of an antibody that can specifically bind to a first antigen; a
light chain variable region and a heavy chain variable region of an antibody that can
specifically bind to a second antigen; and a linker domain. In embodiments, the linker
domain 1s an immunoglobulin hinge region (e.g., an IgG1, an IgG2, an IgG3, and an 1gG4
hinge region) amino acid sequence. In embodiments, the linker domain 1s at least a portion
of an immunoglobulin F¢c domain, e.g., an IgGl, an IgG2, an IgG3, and an IgG4 Fc domain.
The at least a portion of the immunoglobulin Fc domain may be a CH2 domain. The Fc
domain may be linked to the C-terminus of an immunoglobulin hinge region (e.g., an IgGl,
an IgG2, an Ig(G3, and an IgG4 hinge region) amino acid sequence. The linker domain may
include a flexible linker amino acid sequence (e.g., (GGGS)X1-6, (GGGGS)X1-6, and
GSAGSAAGSGEF) at one termunus or at both termuni.

[00011]  Yet another aspect of the present invention 1s a vector including the nucleic acid
construct of the above aspect.

[00012]  Another aspect of the present invention 1s a host cell (e.g., a T-cell, a B-cell, a
follicular T-cell, and an NK-cell) which includes the vector of the above aspect.

[00013] An aspect of the present invention 1s a chimeric antigen receptor (CAR). The
CAR may include an intracellular signaling domain, a transmembrane domain and an
extracellular domain including the tetravalent antibody molecule of any of the above aspects
or embodiments. In embodiments, the transmembrane domain further includes a stalk
region positioned between the extracellular domain and the transmembrane domain and/or
the transmembrane domain comprises CD28. In embodiments, the CAR further includes
one or more additional costimulatory molecules (e.g., CD28, 4-1BB, ICOS, and OX40)
positioned between the transmembrane domain and the intracellular signaling domain, e.g.,
a CD3 zeta chain.

[00014]  Yet another aspect of the present invention 1s a genetically engineered cell. The
genetically engineered cell may express and bear on 1ts cell surface membrane the chimeric
antigen receptor of an above aspect or embodiment. In embodiments, the cell 1s a T-cell
(e.g., CD4+ and/or CD8+) or an NK cell. The cell may comprise a mixed population of
CD4+ and CDS cells+.
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[00015]  An aspect of the present invention 1s method for treating a disease or disorder.
The method may include administering the tetravalent antibody molecule of an above aspect
or embodiment. In embodiments, the disease or disorder 1s a CNS-related disease or
disorder, e.g., a CNS cancer or a neurodegenerative disease. The CNS cancer may be a
Glioblastoma (GBM). The neurodegenerative disease may be Amyotrophic Lateral
Sclerosis, Parkinson’s Disease, Alzheimer’s Disease, or Huntington’s Disease. In
embodiments, the tetravalent antibody molecule recognizes and/or 1s bound by a CNS
transport receptor, e.g., a transferrin receptor (T{R), VCAM-1, CD98hc, and an insulin
receptor. In this aspect and any above aspect or embodiment, the tetravalent antibody
molecule augments transport across the blood brain barrier.

[00016] Any of the above aspects or embodiments may be combined with any other
aspect or embodiment.

[00017]  Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention pertains. Although methods and materials similar or equivalent to those described
herein can be used 1n the practice of the present invention, suitable methods and materials
are described below. All publications, patent applications, patents, and other references
mentioned herein are expressly incorporated by reference 1n their entirety. In cases of
conflict, the present specification, including definitions, will control. In addition, the
materials, methods, and examples described herein are 1llustrative only and are not intended
to be limiting.

[00018]  Other features and advantages of the invention will be apparent from and

encompassed by the following detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[00019]  Figure 1 1s an illustration showing the design and formation of a tetrameric
bispecific antibody (tBsAb).
[00020]  Figure 2 1s a schematic representation of the pcDNA3.1\1 scFv-hinge —scFv
expression vector.
[00021]  Figure 3A 1s an SDS gel showing a synthetic tetramer linker that was digested
using Notl and BsiWI and then inserted into tetramer expressing vector. Figure 3B 1s an

SDS gel showing the purification of a tBsAb according to the invention.
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[00022]  Figure 4A 1s an 1llustration showing the method for detection of antibody
binding affinity of a tBsAb. Figure 4B to Figure 4C are graphs showing data when plates
were coated with CCR4-Fc¢ (B) or with PD-L1-Fc (C) and then incubated with tetravalent
bispecific (anti-CCR4 and anti-PD-L1) and control antibodies. The result showed this
tetravalent antibody could bind to both CCR4-Fc¢ and PD-L1-Fc 1n a dose dependent
manner.

[00023]  Figure 5 1s a graph showing that anti-CAIX-PD-L1 bispecific mAb binds to
CAIX-Fc fusion protein.

[00024]  Figure 6 1s a graph showing that anti-CAIX-PD-L1 bispecific mAb binds to PD-
L.1-Fc¢ fusion protein.

[00025]  Figure 7A 1s an illustration of how linker lengths can be changed to optimize
bispecific mAb binding. Figure 7B 1s a schematic of a tBsAb sequence.

[00026]  Figure 8 A. aGITR-aPD-L1 tBsAb engagement. The tBsAb binds to the GITR
protein on T cells and PD-L1 protein on tumor cells. B. Schematic representation of the
tBsAb format which 1s achieved through interchain disulfide bond formation between
cysteine residues of the hinge region.

[00027]  Figure 9 A. Basic structure of the two scFvs linked to form the tBsAb. Figure 9
B. Bispecific dimeric taFv directed against GITR and PD-L1. Each Vi and VL pair 1s
connected by a linker of 15 residues to form scFv. Two scFv are connected by a linker-
hinge-linker (55 residues). The hinge region has two cysteine residues allowing the pairing
of two taFv through disulfide bridges under oxidative conditions.

[00028]  Figure 10 A. Basic structure of the tandem scFv. Figure 10 B. Trifunctional
tBsAb directed against GITR and PD-L1 with an additional CH2 domain. Each Vi and VL
pair 1s connected by linker of 15 residues. Two scFv are connected by a linker-hinge-CH2-
linker domain. The hinge region has two cysteine residues allowing the pairing of two
tandem scFv through disulfide bridges under oxidative conditions. The N-terminal end of
the CH2 domain can bind Fc-y or Clq. The resulting format 1s a trifunctional tBsAb.
[00029]  Figure 11 Mechanism of action of aGITR-aPD-L1 tBsAb. Figure 11 A. Tumor
cells overexpress the PD-L1 protein. The PD-1/PD-L1 interaction inhibits an effective T
cell activation and promotes immune suppression and adaptive immune resistance. Figure
11 B. The aGITR-aPD-L1 tBsAb may enhance immune response. The aPD-L1 arm blocks
PD-1/PD-L1 pathway and may therefore inhibit T cell exhaustion and abrogate T reg
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suppression. The aGITR arm acts as an agonist on the co-stimulator GITR receptor,
resulting 1n upregulation of GITR expression enhancing T cell activation and proliferation.
[00030] Figure 12 Schematic representation of the aGITR-aPD-L1 cloning process. The
donor vector and the pcDNA 3.4 expression vector were digested with Sfil and Notl
restriction enzymes. The VuGITR-VLGITR gene was 1solated and subsequently ligated to
each other. The final plasmid resulted in the aGITR-aPD-L1 clone.

[00031] Figure 13 Schematic representation of the control plasmud (1) cloning process.
The pcDNA3.1 vector and the expression vector pcDNA 3.4 were digested with Sfil and
Notl restriction enzymes. The VuaF10-VLF10 gene was 1solated and subsequently ligated to
the pcDNA 3.4 expression vector. The final plasmid resulted in the a GITR-aPD-L1 clone.
[00032] Figure 14 Schematic representation of the control plasmuids (2) and (3) cloning
process. The 1solated F10 Vi and VL DNA and the recipient vector pcDNA 3.4 were
digested with BsiWI and BamHI restriction enzymes and subsequently ligated to each other.
The final plasmid resulted 1n the final aGITR1-0PD-L1 and aGITR10-aPD-L1 clone.
[00033] Figure 15 Schematic representation of the cloning strategy for the aGITR-aPD-
L1 with CH2 construct. The HindIII restriction site was introduced into the pcDNA 3.4
expression vector by site directed mutagenesis. The 1solated CH2 fragment and the
expression vector were subsequently digested and ligated to each other to finalize the
construct aGITR-aPD-L1 with CH2.

[00034]  Figure 16 Restriction enzyme analysis (REA) of recipient pcDNA 3.4 vector, six
VuGITR-VLGITR 1nserts and one VuF10-VLF10 insert. Shown 1s an ethidium bromide
stained 1% agarose gel of DNA electrophoresed in TAE buffer. All plasmids were digested
with Sfil and Notl restriction enzymes. Lane 1: shown 1s a 7.5 kb digested recipient pcDNA
3.4 vector. The lower band between 500 and 1000 bp 1s a previously-used scFv insert (from
the Marasco Laboratory). Lanes 2-6: Lower bands represent the 800bp VaGITR-linker-
VLGITR 1nserts. The larger bands clustered at 8kb are the double digested descendent
vectors. Lane 7: The 800bp VuF10-linker-VLF10 1nserts 1s visualized in the lower band
clustered between 500 and 1000 bp. The lane “bp” represents the 1kb DNA ladder (NEB).
[00035] Figure 17 REA of VuF10-linker-VLF10 ¢cDNA and recipient pcDNA 3.4
expression (containing VaEGITR1-VLGITR1 or VuGITR10-VLGITR10, respectively).
Shown 1s an ethidium bromide stamned 1% agarose gel of DNA electrophoresed in TAE

buffer. The recipient expression vectors and the insert were digested with BsiWI and
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BamHI restriction enzymes. Lanel: shown 1s a single band clustered at 800bp, representing
the VuF10-linker-VLF10 (scFv) fragment 1solated by PCR. Lanes 2 and 3: The upper two
bands visualize the pcDNA 3.4 expression vectors containing VEGITRI-VLGITRI1 (lane 2)
and VuGITR10-VLGITR10 (lane 3). Both comprise 7500 bp and can be detected at the
correct level of the ladder. The lower bands 1n lanes 2 and 3 clustered between 500 and
1000 bp represent the digested VuPD-L1-VLPD-L1 fragment separated from 1ts vector. The
lane “bp™ corresponds to the 1kb DNA ladder (NEB).

[00036] Figure 18 Analysis of purified tBsAbs by SDS-PAGE. Shown 1s a Coomassie
blue stained SDS gel of protein electrophoresed in MES bulfer. 3-5 ug of protein sample
was loaded and separated on the gel under (A) reducing and (B) non-reducing conditions.
Lanes 1-8: Under non-reducing conditions, the SDS PAGE revealed two major bands of
each protein. The higher bands have an apparent molecular weight between 80kDa and 115
kDa and the lower molecular weight bands between 70 and 80kDa. In the non-reduced
SDS-gel analysis, some weak but high molecular weight bands (>180 kDa) can be
observed. The SDS-gel analysis under reducing conditions (10% DTT; 70°C for 10
minutes) displays only one band with an apparent molecular weight between 70 and 80
kDa. Lane 9: Under non-reducing conditions, a single band 1s shown with an apparent
molecular weight slightly over 140 kDa. The visualization of two bands under reducing
conditions emphasizes the correct expression of aGITR IgG that display separated heavy
and light chains (50 kDa and 25 kDa). The lanes kDa represent the benchmark pre-stained
protein ladder (Invitrogen) under the corresponding conditions (4-12% gel concentration
run 1n MES buffer).

[00037] Figure 19 ELISA absorbance values of aGITR-aPD-L1 tBsAbs, F10-aPD-L1
tBsAb and aPD-L1 mAb tested against passively immobilized PD-L1 antigen. A
concentration range of each aGITR-aPD-L1 (0.0001 mg/mL — 1 mg/mL; horizontal axis)
was subjected to ELISA on PD-L1 antigen. The results show the mean and standard
deviation of the absorbance at 450 nm (vertical axis). Each sample was run in triplicates at
every concentration. The raw signal intensity was corrected for the background signal by
subtracting the mean signal of wells incubated 1n the absence of the primary antibody from
the wells where primary antibody was added.

[00038]  Figure 20 Cell-based ELISA testing aGITR1-aPD-L1 and aGITR10-aPD-L1

antibodies binding against GITR+ expressing CF2 cells fixed with acetone-methanol. The
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F10-aPD-L1 antibody represents the negative control. All antibodies were tested using a
range of serial 1:3 dilutions ranging from 3.3 mg/mL to 0.0046 mg/mL. All antibodies were
tested against 1000 GITR+CF2 cells per well. Each bar represents an average obtained
from triplicate samples (deviations indicated by bars). The raw signal intensity was
corrected for the background signal by subtracting the mean signal of wells incubated 1n the
absence of the primary antibody from the wells where primary antibody was added.

[00039]  Figure 21 Cell based ELISA testing o GITR1-oPD-L1 and aGITR10-aPD-L]1
antibodies binding against GITR+ expressing CF2 cells fixed with 8% paraformaldehyde.
The F10-aPD-L1 antibody represents the negative control. All antibodies were tested using
a range of serial 1:3 dilutions ranging from 3.3 mg/mL to 0.0046 mg/mL. All antibodies
were tested against 1000 GITR+CEF2 cells per well. Each bar represents an average
obtained from triplicate samples (deviations indicated by bars). The raw signal intensity was
corrected for the background signal by subtracting the mean signal of wells incubated 1n the
absence of the primary antibody from the wells where primary antibody was added.

[00040]  Figure 22 Cell-based ELISA testing aGITR10-aPD-L1 and commercial
aGITR10 mAb antibodies binding against GITR+ expressing CF2 cells fixed with 8%
paraformaldehyde. The F10-aPD-L1 antibody represents the negative control. All
antibodies were tested using a range of serial 1:2 dilutions ranging from 5 mg/mL to 0.078
mg/mL. All antibodies were tested against 10,000 GITR+CF2 cells per well. Each bar
represents an average obtained from triplicate samples (deviations indicated by bars). The
raw signal intensity was corrected for the background signal by subtracting the mean signal
of wells incubated 1n the absence of the primary antibody from the wells where primary
antibody was added.

[00041]  Figure 23 A. Flow cytometric analysis of fluorescent-activated a GITR10-aPD-
L1 tBsAb (anti-His Alexa 488 (APC) conjugated) tested with GITR+CF2 cells. Figure 23
B. Flow cytometric analysis of fluorescent-activated aGITR10 IgG Ab (ant1 human IgG Fc
(FITC conmjugated) tested with GITR+CF2 cells. Horizontal lines indicate the intensity
signal of fluorescence and the vertical axis indicates the cell counts. Each individual picture
represents different concentration of aGITR10-aPD-L1 with constant cell number.

[00042] Figure 24 A. Flow cytometric analysis of fluorescent-activated a GITR1-aPD-L1
tBsAb (anti-His Alexa 488 (APC) conjugated) tested with GITR+CEF2 cells. Figure 24 B.
Flow cytometric analysis of fluorescent-activated aGITR10 IgG Ab (ant1 human IgG Fc

8
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(FITC conjugated) tested with GITR+CF2 cells. Horizontal lines indicate the intensity
signal of fluorescence and the vertical axis indicates the cell counts. Each individual picture
represents different concentration of aGITR10-aPD-L1 (Figure 24 A) and aGITR10 IgG
(Figure 24 B) with constant cell number.

[00043]  Figure 25 Restriction enzyme analysis (REA) of 16 clones. Shown 1s an
ethidium bromide stained 1% agarose gel of DNA electrophoresed in TAE buffer. All
plasmids were digested with HindIII and BamHI restriction enzymes. Two bands are shown
in lane No.10: The band clustered between 6kb and 8kb represents the digested recipient
pcDNA 3.4 vector (7.5 kb). The lower band between 500 and 1000 bp indicates a close
approximation to the expected theoretical size of 800bp of the fragment 1solated with
HindIIl and BamHI restriction enzymes. The lane “bp” represents the 1kb DNA ladder.
[00044]  Figure 26 REA of clone 10 (GITR10-PDL1 with HindIII) and GITR10-PDL]1
(without HindlIII restriction site). Shown 1s an ethidium bromide stained 1% agarose gel of
DNA electrophoresed in TAE buffer. Both plasmuds were digested with only HindIII (lane
1), only Notl (lane 2) and with HindIII and Notl sitmultaneously (lane 3). The digestions of
clone No.10 with a single enzyme (lanes 1 & 2) resulted one band clustered around

8000 bp. The digestion of clone No. 10 with both enzymes (lane 3) resulted 1n the
generation of two fragments, of which the smaller-sized band 1s clustered below 500bp.
The digestion of aGITR10-aPD-L1with only HindIII restriction site (lane 1), revealed a
supercoiled plasmid DNA.

[00045]  Figure 27 Restriction enzyme digestion analysis of vector GITR10-PDL1
(containing HindlIII restriction site) and CH2 fragment. Shown 1s an ethidium bromide
stained 1% agarose gel of DNA electrophoresed in TAE buffer. Lane 1: single digestion of
the aGITR-aPD-L1 with HindIIl. Lane 2: The CH2 fragment digested with HindIII resulted
1in a band clustered below the 500 bp mark of the ladder. The lane “bp™ corresponds to the
1kb DNA ladder.

[00046]  Figure 28 Analysis of purified aGITR10-aPD-L1 with CH2 BsAb by SDS-
PAGE. Shown 1s a Coomassie blue stained SDS gel of protein electrophoresed in MES
buffer. 3-5 ug of protein sample was loaded and separated on the gel under (R) reducing
and (NR) non-reducing conditions. Under non-reducing conditions, the SDS PAGE
revealed two major bands of each protein. The higher band has an apparent molecular of

around 140kDa and the lower hand has a molecular weight of 80kDa, correlating with the
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theoretical size of dimeric (150kDa) and monomeric (75kDa) BsAbs. The SDS-gel analysis
under reducing conditions (10% DTT; 70°C for 10 minutes) displays only one band with an
apparent molecular weight between around 80 kDa and reinforces the correct expression of
tBsAb that can be reduced by 1ts disulfide bridges 1n the hinge region. The lane “kDa”
represents the benchmark pre-stained protein ladder (Invitrogen) under the corresponding
conditions (4-12% gel concentration run in MES buffer).

[00047]  Figure 29 Cell-based ELISA testing aGITR10-aPD-L1 with CH2 and aGITR10
IoG antibodies binding against GITR+ expressing CF2 cells fixed with 8%
paraformaldehyde. The F10-aPD-L1 antibody represents the negative control. All
antibodies were tested using a range of serial 1:2 dilutions ranging from 5 mg/mL to 0.16
mg/mL. All antibodies were tested against 10,000 GITR+CF2 cells per well. Each bar
represents an average obtained from triplicate samples (deviations indicated by bars). The
raw signal intensity was corrected for the background signal by subtracting the mean signal
of wells incubated 1n the absence of the primary antibody from the wells where primary
antibody was added.

[00048] Figure 30 ADCC activity of aGITR10-aPD-L1 with CH2 antibody. The ADCC
activity of aGITR10-aPD-L1 with CH2 and was measured at varying concentrations. All
antibodies were serially diluted (1:2), starting the highest concentration at 20 mg/mL until
0.02 mg/mL and tested against 20,000 GITR+CF2 cells per well. The ratio of effector cells
(GITR+CF2) to target cells (Wils-2) was 5:1. The aGITR IgG represents the positive

control and F10-aPD-L1 the negative control. The vertical axis represents the raw value of
luciferase activity 1n the effector cell quantified with luminescence readout. Each sample
was run 1n triplicate at every concentration; the mean standard deviation 1s indicated 1n
brackets. The background of GITR+CF2 cells in RPMI medium was subtracted from the
obtained values.

[00049]  Figure 31 aGITR10-aPD-L1 with CH2 antibody mediated CDC activity via
mouse complement. Percentage of GITR+CF2 cell lysis obtained with serial dilutions of

o GITR10-0PD-L1 tBsAb and the controls aGITR mAb (positive), aGITR10-aPD-L1
(negative) determined by the CDC assay. All antibodies were sernially diluted (1:10), starting
the highest concentration at 20 mg/mL until 0.2 mg/mL and tested against 10,000
GITR+CEF2 cells per well. The vertical axis represents the percentage of lysis. It 1s
calculated as ratio of obtained sample signal to the signal intensity from fully lysed GITR+
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CF2 cells. Each sample was run 1n triplicate at every concentration; the mean standard
deviation 1s indicated 1n brackets. The background of GITR+CF2 cells in RPMI medium
was subtracted from the obtained values. Each bar represents the simple average obtained
from triplicate samples (standard deviations indicated by brackets).

[00050]  Figure 32 Cell-based ELISA testing o GITR1-oPD-L1 and aGITR10-aPD-L]1
antibodies binding against CF2 cells (without GITR expression) fixed with 8%
paraformaldehyde. The F10-aPD-L1 antibody represents the negative control. All
antibodies were tested using a range of serial 1:3 dilutions ranging from 3.3 mg/mL to
0.0046 mg/mL. All antibodies were tested against 1000 GITR-CF2 cells per well. Each bar
represents an average obtained from triplicate samples (deviations indicated by bars). The
raw signal intensity was corrected for the background signal by subtracting the mean signal
of wells incubated 1n the absence of the primary antibody from the wells where primary
antibody was added.

[00051]  Figure 33 Cell-based ELISA testing aGITR10-aPD-L1 and aGITR10 IgG
antibodies binding against CF2 cells (without GITR expression) fixed with 8%
paraformaldehyde. The F10-aPD-L1 antibody represents the negative control. All
antibodies were tested using a range of serial 1:2 dilutions ranging from 5 mg/mL to 0.078
mg/mL. All antibodies were tested against 10,000 GITR-CF2 cells per well. Each bar
represents an average obtained from triplicate samples (deviations indicated by bars). The
raw signal intensity was corrected for the background signal by subtracting the mean signal
of wells incubated 1n the absence of the primary antibody from the wells where primary
antibody was added.

[00052]  Figure 34 Cell-based ELISA testing aGITR10-aPD-L1 with CH2 and aGITR10
IG antibodies binding against GITR- CF2 cells fixed with 8% paraformaldehyde. The F10-
oPD-L1 antibody represents the negative control. All antibodies were tested using a range
of serial 1:2 dilutions ranging from 5 mg/mL to 0.16 mg/mL. All antibodies were tested
against 10,000 GITR+CF2 cells per well. Each bar represents an average obtained from
triplicate samples (deviations indicated by bars). The raw signal intensity was corrected for
the background signal by subtracting the mean signal of wells incubated 1n the absence of

the primary antibody from the wells where primary antibody was added.
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[00053]  Figure 35 Control set-up for Flow cytometric analysis of fluorescent-activated

oGITR1-aPD-L1 antibody. Lanes 1 to 6 show the controls set up for GITR+ CF2 cells.
Lanes 7 to 9 refer to the controls set up for GITR- CF2 cells.

DETAILED DESCRIPTION OF THE INVENTION
[00054] The invention relates to bispecific antibody contains two binding sites for each
receptor (i.e. a tetravalent bispecific antibody or “tBsAb™), systems and methods of
producing same.
[00055]  The clinical development of bispecific antibodies (BsAb) as therapeutics has
been hampered by the difficulty in preparing the materials in sufficient quantity and quality
by traditional methods. In recent years, a variety of recombinant methods have been
developed for efficient production of BsAb, both as antibody fragments and as full-length
[oG-like molecules. These recombinant antibody molecules possess dual antigen-binding
capability with, 1n most cases, monovalency to each of their target antigens. The present
invention provides an efficient approach for the production of a novel tetravalent BsAb
(tBsAb), with two antigen-binding sites to each of 1ts target antigens, genetically
engineering a scFV bispecific antibody and fusing the two together.
[00056] Compared to the bispecific/divalent antibody, the tBsAb binds more efficiently
to both of 1ts target antigens and 1s more efficacious in blocking ligand binding to the
receptors. Additionally, expression of the tBsAb in mammalian cells yielded higher level of
production and better antibody activity. Importantly, the tBsAbs’ exhibit higher stability
and longer half-life compared to monovalent bispecific antibodies. One drawback of
monovalent bispecific antibodies 1s their small size and therefor short serum half-life
requiring administration in continuous low doses for several weeks. In contrast, the longer
half-life of the tBsAbs of the mvention solves this problem and therefore more suitable for
clinical applications. This design and expression for tBsAb should be applicable to any pair
of antigen specificities.
[00057]  Preferably, the tBsAb 1s specific for BMCA, CAIX, CCR4, PD-L1, PD-L2, PDI,
Glucocorticoid-Induced Tumor Necrosis Factor Receptors (GITR), Severe acute respiratory
syndrome (SARS), influenza, flavivirus or Middle East Respiratory Syndrome (MERS).
[00058] Exemplary antibodies useful in constructing the tBsAb according to the
invention includes antibodies disclosed in for example: W0O/2005/060520
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WO/2006/089141, WO/2007/065027, WO/2009/086514, WO/2009/079259,
WO/2011/153380, WO/2014/055897, WO 2015/143194, WO 2015/164865, WO
2013/166500, WO 2014/144061, WO 2016/057488, WO 2016/054638, WO/2016/164835,
PCT/US2016/026232, PCT/US2017/050093, PCT/US2017/050327 and
PCT/US2017/043504 the contents of which are hereby incorporated by reference in their
entireties.

[00059] PDL1 (68)

[00060] Exemplary anti-PDL1 antibodies include antibodies having a vi nucleotide
sequence having SEQ ID NO: 1485 and a v nucleotide sequence having SEQ ID NO:
1487; a VH nucleotide sequence having SEQ ID NO: 1485 and a VL nucleotide sequence
having SEQ ID NO: 1487; a VH nucleotide sequence having SEQ ID NO: 1489 and a VL
nucleotide sequence having SEQ ID NO: 1491; a VH nucleotide sequence having SEQ ID
NO: 1493 and a VL nucleotide sequence having SEQ ID NO: 1495; a VH nucleotide
sequence having SEQ ID NO: 1497 and a VL nucleotide sequence having SEQ ID NO:
1499; a VH nucleotide sequence having SEQ ID NO: 1501 and a VL nucleotide sequence
having SEQ ID NO: 1503; a VH nucleotide sequence having SEQ ID NO: 1505 and a VL
nucleotide sequence having SEQ ID NO: 1507; a VH nucleotide sequence having SEQ ID
NO: 1509 and a VL nucleotide sequence having SEQ ID NO: 1511; a VH nucleotide
sequence having SEQ ID NO: 1513 and a VL nucleotide sequence having SEQ ID NO:
1515; a VH nucleotide sequence having SEQ ID NO: 1517 and a VL nucleotide sequence
having SEQ ID NO: 1519; a VH nucleotide sequence having SEQ ID NO: 1521 and a VL
nucleotide sequence having SEQ ID NO: 1523; a VH nucleotide sequence having SEQ ID
NO: 1525 and a VL nucleotide sequence having SEQ ID NO: 1527; a VH nucleotide
sequence having SEQ ID NO: 1529 and a VL nucleotide sequence having SEQ ID NO:
1531; a VH nucleotide sequence having SEQ ID NO: 1533 and a VL nucleotide sequence
having SEQ ID NO: 1535; a VH nucleotide sequence having SEQ ID NO: 1537 and a VL
nucleotide sequence having SEQ ID NO: 1539.

[00061] Exemplary anti-PDL1 antibodies include antibodies having a vii amino acid
sequence having SEQ ID NO: 970 and a v amino acid sequence having SEQ ID NO: 971;
a VH amino acid having SEQ ID NO: 1486 and a VL polypeptide sequence having SEQ ID
NO: 1488 a VH amino acid having SEQ ID NO: 1490 and a VL polypeptide sequence
having SEQ ID NO: 1492 a VH amino acid having SEQ ID NO: 1494 and a VL
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polypeptide sequence having SEQ ID NO: 1496 a VH amino acid having SEQ ID NO: 1498
and a VL polypeptide sequence having SEQ ID NO: 1500 a VH amino acid having SEQ ID
NO: 1502 and a VL polypeptide sequence having SEQ ID NO: 1504 a VH amino acid
having SEQ ID NO: 1506 and a VL polypeptide sequence having SEQ ID NO: 1508 a VH
amino acid having SEQ ID NO: 1510 and a VL polypeptide sequence having SEQ ID NO:
1512 a VH amino acid having SEQ ID NO: 1514 and a VL polypeptide sequence having
SEQ ID NO: 1516 a VH amino acid having SEQ ID NO: 1518 and a VL polypeptide
sequence having SEQ ID NO: 1520 a VH amino acid having SEQ ID NO: 1522 and a VL
polypeptide sequence having SEQ ID NO: 1524 a VH amino acid having SEQ ID NO: 1526
and a VL polypeptide sequence having SEQ ID NO: 1528 a VH amino acid having SEQ ID
NO: 1530 and a VL polypeptide sequence having SEQ ID NO: 1532 a VH amino acid
having SEQ ID NO: 1534 and a VL polypeptide sequence having SEQ ID NO: 1536 a VH
amino acid having SEQ ID NO: 1538 and a VL polypeptide sequence having SEQ ID NO:
1540.

[00062] In other embodiments the anti-PDL1 antibodies have a heavy chain with three
CDRs including the amino acid sequences SEQ ID NO: 1541, 1554, 1569 respectively and
a light chain with three CDRs including the amino acid sequences 1584, 1599, 1610
respectively; or a heavy chain with three CDRs comprising the amino acid sequences 1543,
1556, 1571 and a light chain with three CDRs comprising the amino acid sequences 1586,
1600, 1612; or a heavy chain with three CDRs comprising the amino acid sequences 1544,
1557, 1572 and a light chain with three CDRs comprising the amino acid sequences 1587,
1601, 1613; or a heavy chain with three CDRs comprising the amino acid sequences 1543,
1558, 1573 and a light chain with three CDRs comprising the amino acid sequences 1588,
1602, 1614; or a heavy chain with three CDRs comprising the amino acid sequences 1546,
1559, 1574 and a light chain with three CDRs comprising the amino acid sequences 1589,
1603, 1615; or a heavy chain with three CDRs comprising the amino acid sequences 1547,
1560, 1575 and a light chain with three CDRs comprising the amino acid sequences 1590,
1604, 1616; or a heavy chain with three CDRs comprising the amino acid sequences 1548,
1561, 1576 and a light chain with three CDRs comprising the amino acid sequences 1591,
1605, 1617; or a heavy chain with three CDRs comprising the amino acid sequences 1541,
1562, 1577 and a light chain with three CDRs comprising the amino acid sequences 1592,
1599, 1618; or a heavy chain with three CDRs comprising the amino acid sequences 1549,
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1563, 1578 and a light chain with three CDRs comprising the amino acid sequences 1593,
1606, 1619; or a heavy chain with three CDRs comprising the amino acid sequences 1550,
1564, 1579 and a light chain with three CDRs comprising the amino acid sequences 1594,
1607, 1620; or a heavy chain with three CDRs comprising the amino acid sequences 1551,
1565, 1580 and a light chain with three CDRs comprising the amino acid sequences 1595,
1599, 1621; or a heavy chain with three CDRs comprising the amino acid sequences 1542,
1566, 1581 and a light chain with three CDRs comprising the amino acid sequences 1596,
1599, 1622; or a heavy chain with three CDRs comprising the amino acid sequences 1552,
1567, 1582 and a light chain with three CDRs comprising the amino acid sequences 1597,
1608, 1623; or a heavy chain with three CDRs comprising the amino acid sequences 1553,
1568, 1583 and a light chain with three CDRs comprising the amino acid sequences 1598,
1609 1624.

[00063] SARS (26)

[00064] Exemplary SARS neutralizing antibodies include antibodies having a vu
nucleotide sequence having SEQ ID NO: 1626 and a vi. nucleotide sequence having SEQ ID
NO: 1628; a VH nucleotide sequence having SEQ ID NO: 1630 and a VL nucleotide
sequence having SEQ ID NO: 1639; a VH nucleotide sequence having SEQ ID NO: 1634
and a VL nucleotide sequence having SEQ ID NO: 1640; a VH nucleotide sequence having
SEQ ID NO: 1632 and a VL nucleotide sequence having SEQ ID NO: 1641; a VH
nucleotide sequence having SEQ ID NO: 1633 and a VL nucleotide sequence having SEQ
ID NO: 1642; a VH nucleotide sequence having SEQ ID NO: 1634 and a VL nucleotide
sequence having SEQ ID NO: 1643; a VH nucleotide sequence having SEQ ID NO: 1635
and a VL nucleotide sequence having SEQ ID NO: 1644; a VH nucleotide sequence having
SEQ ID NO: 1636 and a VL nucleotide sequence having SEQ ID NO: 1645; a VH
nucleotide sequence having SEQ ID NO: 1637 and a VL nucleotide sequence having SEQ
ID NO: 1646

[00065] CXCR4 (33)
[00066] Exemplary anti-CXCR4 antibody include antibodies having a VH amino acid
sequence having SEQ ID NO: 771 and a VL amino acid sequence having SEQ ID NO: 779;

a VH amino acid sequence having SEQ ID NO: 772 and a VL amino acid sequence having

SEQ ID NO: 780; a VH amino acid sequence having SEQ ID NO: 773 and a VL amino acid
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sequence having SEQ ID NO: 781; a VH amino acid sequence having SEQ ID NO: 774 and
a VL amino acid sequence having SEQ ID NO: 782; a VH amino acid sequence having
SEQ ID NO: 775 and a VL amino acid sequence having SEQ ID NO: 783; a VH amino acid
sequence having SEQ ID NO: 776 and a VL amino acid sequence having SEQ ID NO: 784;
a VH amino acid sequence having SEQ ID NO: 777 and a VL amino acid sequence having
SEQ ID NO: 785; or a VH amino acid sequence having SEQ ID NO: 778 and a VL amino
acid sequence having SEQ ID NO: 786.

[00067]  In other embodiments the anti-CXCR4 antibodies have a heavy chain with three
CDRs including the amino acid sequences SEQ ID NO: 803, 804, 805 respectively and a
light chain with three CDRs including the amino acid sequences 806, 807, 808 respectively;
or a heavy chain with three CDRs comprising the amino acid sequences 809, 810, 811,
respectively and a light chain with three CDRs comprising the amino acid sequences 812,
813, 814, respectively; or a heavy chain with three CDRs comprising the amino acid
sequences 815, 816, 817 respectively and a light chain with three CDRs comprising the
amino acid sequences 818, 819, 820 respectively; or a heavy chain with three CDRs
comprising the amino acid sequences 827, 828, 829 respectively and a light chain with three
CDRs comprising the amino acid sequences 830, 831, 832 respectively; or a heavy chain
with three CDRs comprising the amino acid sequences 833, 834, 835, respectively and a
light chain with three CDRs comprising the amino acid sequences 836, 837, 838,
respectively; or a heavy chain with three CDRs comprising the amino acid sequences 839,
840, 841 respectively and a light chain with three CDRs comprising the amino acid
sequences 842, 843, 844 respectively.

[00068] (CARBONIC ANHYDRASE IX (40)

[00069] Exemplary anti-CA IX antibodies include antibodies having a vir amino acid
sequence having SEQ ID NO: 845 and a v. amino acid sequence having SEQ ID NO: 846;
a VH amino acid sequence having SEQ ID NO: 847 and a VL amino acid sequence having
SEQ ID NO: 868; a VH amino acid sequence having SEQ ID NO: 848 and a VL amino acid
sequence having SEQ ID NO: 869; a VH amino acid sequence having SEQ ID NO: 849 and
a VL amino acid sequence having SEQ ID NO: 870; a VH amino acid sequence having
SEQ ID NO: 850 and a VL amino acid sequence having SEQ ID NO: 871; a VH amino acid
sequence having SEQ ID NO: 851 and a VL amino acid sequence having SEQ ID NO: 872;

a VH amino acid sequence having SEQ ID NO: 852 and a VL amino acid sequence having

16



CA 03038504 2015-03-26

WO 2018/071913 PCT/US2017/056814

SEQ ID NO: 873; a VH amino acid sequence having SEQ ID NO: 853 and a VL amino acid
sequence having SEQ ID NO: 874; a VH amino acid sequence having SEQ ID NO: 854 and
a VL amino acid sequence having SEQ ID NO: 875; a VH amino acid sequence having
SEQ ID NO: 855 and a VL amino acid sequence having SEQ ID NO: 876; a VH amino acid
sequence having SEQ ID NO: 856 and a VL amino acid sequence having SEQ ID NO: 877;
a VH amino acid sequence having SEQ ID NO: 857 and a VL amino acid sequence having
SEQ ID NO: 878; a VH amino acid sequence having SEQ ID NO: 858 and a VL amino acid
sequence having SEQ ID NO: 879; a VH amino acid sequence having SEQ ID NO: 859 and
a VL amino acid sequence having SEQ ID NO: 880; a VH amino acid sequence having
SEQ ID NO: 860 and a VL amino acid sequence having SEQ ID NO: 881; a VH amino acid
sequence having SEQ ID NO: 861 and a VL amino acid sequence having SEQ ID NO: 882
a VH amino acid sequence having SEQ ID NO: 862 and a VL amino acid sequence having
SEQ ID NO: 883; a VH amino acid sequence having SEQ ID NO: 863 and a VL amino acid
sequence having SEQ ID NO: 884; a VH amino acid sequence having SEQ ID NO: 864 and
a VL amino acid sequence having SEQ ID NO: 885; a VH amino acid sequence having
SEQ ID NO: 865 and a VL amino acid sequence having SEQ ID NO: 886; a VH amino acid
sequence having SEQ ID NO: 866 and a VL amino acid sequence having SEQ ID NO: 887;
a VH amino acid sequence having SEQ ID NO: 867 and a VL amino acid sequence having
SEQ ID NO: 888.

[00070] In other embodiments the anti-CA IX antibodies have a heavy chain with three
CDRs including the amino acid sequences SEQ ID NO: 803, 804, 805 respectively and a
light chain with three CDRs including the amino acid sequences 806, 807, 808 respectively;
or a heavy chain with three CDRs comprising the amino acid sequences 899, 915, 909 and
a light chain with three CDRs comprising the amino acid sequences 905, 906, 952 or a
heavy chain with three CDRs comprising the amino acid sequences 899, 915, 909 and a
light chain with three CDRs comprising the amino acid sequences 935, 943, 953 or a heavy
chain with three CDRs comprising the amino acid sequences 899, 915, 909 and a light
chain with three CDRs comprising the amino acid sequences 935, 906, 954 or a heavy
chain with three CDRs comprising the amino acid sequences 910, 916, 923 and a light
chain with three CDRs comprising the amino acid sequences 936, 944, 955 or a heavy
chain with three CDRs comprising the amino acid sequences 899, 915, 909 and a light

chain with three CDRs comprising the amino acid sequences 936, 944, 956 or a heavy

17



CA 03038504 2015-03-26

WO 2018/071913 PCT/US2017/056814

chain with three CDRs comprising the amino acid sequences 911, 917, 924 and a light
chain with three CDRs comprising the amino acid sequences 937, 945, 957 or a heavy
chain with three CDRs comprising the amino acid sequences 899, 915, 909 and a light
chain with three CDRs comprising the amino acid sequences 9353, 946, 958 or a heavy
chain with three CDRs comprising the amino acid sequences 899, 915, 909 and a light
chain with three CDRs comprising the amino acid sequences 938, 946, 959 or a heavy
chain with three CDRs comprising the amino acid sequences 899, 915, 909 and a light
chain with three CDRs comprising the amino acid sequences 905, 946, 960 or a heavy
chain with three CDRs comprising the amino acid sequences 899, 918, 925 and a light
chain with three CDRs comprising the amino acid sequences 937, 947, 955 or a heavy
chain with three CDRs comprising the amino acid sequences 899, 918, 926 and a light
chain with three CDRs comprising the amino acid sequences 937, 945, 957 or a heavy
chain with three CDRs comprising the amino acid sequences 912, 919, 927 and a light
chain with three CDRs comprising the amino acid sequences 937, 943, 961 or a heavy
chain with three CDRs comprising the amino acid sequences 899, 918, 928 and a light
chain with three CDRs comprising the amino acid sequences 937, 906, 960 or a heavy
chain with three CDRs comprising the amino acid sequences 899, 918, 928 and a light
chain with three CDRs comprising the amino acid sequences 937, 906, 960 or a heavy
chain with three CDRs comprising the amino acid sequences 913, 920, 929 and a light
chain with three CDRs comprising the amino acid sequences 939, 948, 962 or a heavy
chain with three CDRs comprising the amino acid sequences 899, 918, 930 and a light
chain with three CDRs comprising the amino acid sequences 935, 944, 955 or a heavy
chain with three CDRs comprising the amino acid sequences 899, 921, 931 and a light
chain with three CDRs comprising the amino acid sequences 935, 944, 955 or a heavy
chain with three CDRs comprising the amino acid sequences 912, 919 ,932 and a light
chain with three CDRs comprising the amino acid sequences 940, 949, 963 or a heavy
chain with three CDRs comprising the amino acid sequences 899, 915, 909 and a light
chain with three CDRs comprising the amino acid sequences 935, 943, 960 or a heavy
chain with three CDRs comprising the amino acid sequences 914, 922, 933 and a light
chain with three CDRs comprising the amino acid sequences 941, 950, 964 or a heavy
chain with three CDRs comprising the amino acid sequences 912, 918, 934 and a light
chain with three CDRs comprising the amino acid sequences 942, 951, 9635.
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[00071] CC-CHEMOKINE RECEPTOR 4 (CCR4) (048)

[00072] Exemplary CC-chemokine receptor 4 (CCR4) antibodies include antibodies
having a va nucleotide sequence having SEQ ID NO: 969 and a v nucleotide sequence
having SEQ ID NO: 971; a viz nucleotide sequence having SEQ ID NO: 969 and a VL
nucleotide sequence having SEQ ID NO: 972.

[00073] Exemplary CCR4 antibodies include antibodies having a va amino acid sequence
having SEQ ID NO: 970 and a v amino acid sequence having SEQ ID NO: 971.

[00074]  In other embodiments the CCR4 antibodies have a heavy chain with three CDRs
including the amino acid sequences SEQ ID NO: 973, 974, 975 respectively and a light
chain with three CDRs including the amino acid sequences 976, 977, 978 respectively.
[00075] MIDDLE EAST RESPIRATORY SYNDROME CORONAVIRUS (MERS-COV). (8%)
[00076] Exemplary anti-Middle East Respiratory Syndrome coronavirus (MERS-CoV)
antibody include antibodies having a VH nucleotide sequence having SEQ ID NO: 677and
a VL nucleotide sequence having SEQ ID NO:679; a VH nucleotide sequence having SEQ
ID NO: 681and a VL nucleotide sequence having SEQ ID NO:683; a VH nucleotide
sequence having SEQ ID NO: 685and a VL nucleotide sequence having SEQ ID NO:687; a
VH nucleotide sequence having SEQ ID NO: 689and a VL nucleotide sequence having
SEQ ID NO:692; a VH nucleotide sequence having SEQ ID NO: 693and a VL nucleotide
sequence having SEQ ID NO:695; a VH nucleotide sequence having SEQ ID NO: 697and a
VL nucleotide sequence having SEQ ID NO:699; and a VH nucleotide sequence having
SEQ ID NO: 701and a VL nucleotide sequence having SEQ ID NO:703.

[00077] Exemplary anti-Middle East Respiratory Syndrome coronavirus (MERS-CoV)
antibody include antibodies having a VH amino acid sequence SEQ ID NO: 678 and a VL
amino acid sequence having SEQ ID NO: 680; a VH amino acid sequence SEQ ID NO: 682
and a VL amino acid sequence having SEQ ID NO: 684; a VH amino acid sequence SEQ
ID NO: 686 and a VL amino acid sequence having SEQ ID NO: 688; a VH amino acid
sequence SEQ ID NO: 690 and a VL amino acid sequence having SEQ ID NO: 692; a VH
amino acid sequence SEQ ID NO: 694 and a VL amino acid sequence having SEQ ID NO:
696; a VH amino acid sequence SEQ ID NO: 698 and a VL amino acid sequence having
SEQ ID NO: 700; and a VH amino acid sequence SEQ ID NO: 702 and a VL amino acid
sequence having SEQ ID NO: 704.
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[00078]  In other embodiments the anti-Middle East Respiratory Syndrome coronavirus
(MERS-CoV) antibody has a heavy chain with three CDRs including the amino acid
sequences of 705, 706, and 707 and a light chain with three CDRs including the amino acid
sequences 722, 723, and 724; a heavy chain with three CDRs including the amino acid
sequences of 708, 709, and 710 and a light chain with three CDRs including the amino acid
sequences 725, 726, and 727; a heavy chain with three CDRs including the amino acid
sequences of 711, 712, and 713 and a light chain with three CDRs including the amino acid
sequences 728, 729, and 730; a heavy chain with three CDRs including the amino acid
sequences of 711, 735, and 715 and a light chain with three CDRs including the amino acid
sequences 731, 732, and 733; a heavy chain with three CDRs including the amino acid
sequences of 711, 735, and 716 and a light chain with three CDRs including the amino acid
sequences 737, 738, and 739; a heavy chain with three CDRs including the amino acid
sequences of 717, 718, and 719 and a light chain with three CDRs including the amino acid
sequences 736, 742, and 743; and a heavy chain with three CDRs including the amino acid
sequences of 714, 720, and 721 and a light chain with three CDRs including the amino acid
sequences 740, 729, and 741.

[00079] GITR (93)

[00080] Exemplary anti-human GITR antibody include antibodies having a VH
nucleotide sequence having SEQ ID NO: 1361 and a VL nucleotide sequence having SEQ
ID NO: 1363; a VH nucleotide sequence having SEQ ID NO: 1365 and a VL nucleotide
sequence having SEQ ID NO:1367; a VH nucleotide sequence having SEQ ID NO: 1369
and a VL nucleotide sequence having SEQ ID NO: 1371; a VH nucleotide sequence having
SEQ ID NO: 1381 and a VL nucleotide sequence having SEQ ID NO: 1375; a VH
nucleotide sequence having SEQ ID NO: 1377 and a VL nucleotide sequence having SEQ
ID NO: 1379; a VH nucleotide sequence having SEQ ID NO: 1381 and a VL nucleotide
sequence having SEQ ID NO: 1383; a VH nucleotide sequence having SEQ ID NO: 1385
and a VL nucleotide sequence having SEQ ID NO: 1387; a VH nucleotide sequence having
SEQ ID NO: 1389 and a VL nucleotide sequence having SEQ ID NO:1391; a VH
nucleotide sequence having SEQ ID NO: 1393 and a VL nucleotide sequence having SEQ
ID NO: 1395; a VH nucleotide sequence having SEQ ID NO: 1397 and a VL nucleotide
sequence having SEQ ID NO: 1398; or a VH nucleotide sequence having SEQ ID NO:
1401and a VL nucleotide sequence having SEQ ID NO: 1403.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>