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(57) Abstract: Antibodies and antigen binding fragments thereof are provided that immunospecifically bind to PD-1, preferably human
or mouse PD-1, and induce or promote an immune response that activates immune cell proliferation or activity. Contrary to the existing
paradigm that PD-1 exclusively promotes a suppressive immune response, the disclosed antibodies and antigen binding fragments
thereof, immunospecifically bind to PD-1 and cause an activating signal to be delivered to the immune cell that activates the immune cell
rather than suppressing the immune cell. In one embodiment, the disclosed antibodies and antigen binding fragments thereof specifically
bind to PD-1 expressed on immune cells. The binding of the disclosed antibodies and antigen binding fragments thereof to PD-1 on
immune cells causes an activating signal to be transmitted into the immune cell, for example a signal that enhances or promotes cytokine
production and/or activation of immune cell proliferation. Immune cells that express PD-1, include but are not limited to B and T cells
as well as myeloid-derived cells. In one embodiment, the immune cell is a T cell, preferably a CD8+ T cell.
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ANTIBODIES TO PROGRAMMED CELL DEATH PROTEIN 1

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims benefit of and prioriiv to U.S. Provisional Application Nos.
§2/555,156 filed on Seplember 7, 2017, 62/624 843 filed on February 1, 2018, and 62/6537 323

filed on April 13, 2018, all of wiuch are incorporated by reference i their entivety.

The Sequence Listing submutted on September 6, 2018, as a text file named “064466.071
sequence lsting ST25.0x1” created on Augost 21, 2018, and having a stze of 552 kilobyies 18

hereby incorporaied by reference pursuant 10 37 CF.R. § 1.52{e)(5).

TECHNICAL FIELD OF THE INVENTION
‘The invention s generally related to immunomodulation and to antibodies that

specifically bind to PD-1 and methods of their use.

BACKGROUND OF THE INVENTION

The programmed cell death receptor protein (PD-1) programumed cell death receptor
protein ligand 1 (PD-L1}) pathway has shown promising chinical success as @ cancer
inmunotherapy target. Current antibodies that target either PD-1 or PIRLIT can block this
interaction and boost the immune response against cancer cells. Successful clinical trials with
PD-1 monoclonal antibodies and other immune-checkpoint inhibitors have opened new avenues
m cancer imimunology. However, the failure of a large subset of cancer patients to respond to
new immunotherapies has led to intensified research on combingtion therapies and predictive
biomarkers (bwai, Y., et al,, Jownal of Biomedical Science, 24:26 (201 7).

Thus, it is an object of the mvention to provide compositions and methods for moedulating
PD-1 signal transduction.

It is another object of the mvention to provide antibodies and antigen binding fragments

thereof that specifically bind 1o PD-1 and modulate PD-1 signal transduction.
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It is another ohject of the mvention to provide compositions and methods for treating
cancer.
s another object of the invention to provide compositions and methods for treatmg

infections.

SUMMARY OF THE INVENTION

Antibodies and antigen binding fragments thereof are provided that immunospecifically
bind to P11, preferably human or mouse PD-1, and induce or promote an immune response that
activates immane cell proliferation or activity. In one embodmment, the disclosed antibodies and
antigen binding fragments thereof specifically bind to PD-1 expressed on immune cells. The
binding of the disclosed antibodies and antigen binding fragments thereof to PD-1 on immune
cells cavses an activating signal to be transmitted into the jounune cell, for example a signal that
enhances or promotes cytokine production and/or activation of imnmune cell proliferation.
Immune cells that express PD-1, include but are not imited to B and T cells as well as myelowd-
derived cells (Riley, 1., Inumunol Rev. 22901 1114125 (2009}, In one embodiment, the inunune
cell is a T cell, preferably a CD8&+ T cell.

Another embodiment provides a method of stimulating, promoting, or enhancing an
adaptive immune response in a subject in need thereof by administering to the subject an
effective amownt of the disclosed anti-PD-1 antibodies or an antigen binding fragment thereof to
mduce, enhance, or promote an adaptive imnune response 11 the subject,

One embodiment provides an anttbody or antigen binding fragment thereof having heavy
chain complementarity-determining regions (CDRs) having amino scid sequences according o
SEQ ID NOs:6, 7, and 8, and hght chain CDRs having amino acid sequences according to SEQ
1 NOs:12, 13, and 14, wherein the antibody or antigen binding fragment thereof
unmunospecifically binds PD-1.

One embodiment provides an antibody or antigen binding fragment thereof having a
heavy chain with at least 50%, 60%, 70%, S0%, 85%, B0%, 93%, 99%, or 100% sequence
wdentity to SEQ ID NO:d ov 5.

One embodiment provides an antibody or antigen binding fragment thereot having a light
chain with at least 30%, 60%, T0%, 80%, 83%, 90%, 95%, 99%, or 10096 sequence identity to

SEQ NG 10 or 11
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One embodiment provides an antibody or antigen binding fragment thereof any having a
heavy chain with at least 50%, 60%, 70%, 80%, §5%, 90%, 95%, 99%, or 100% sequence
dentity to SEQ 1D NO4 or 3 and a light chain with at least 0%, 60%, 709, 80%, §85%, 80%,
95%, 99%, or 100% sequence identity 1o SEQID NG 10 or 11

(Ome embodiment provides a iranggenic animal engineered to express any one of the
disclosed antibodies or antigen binding fragments thereof. In one embodiment, the animal isa
Mouse.

One embodiment provides a nucleic acid encodmg a heavy cham with at least 30%, 60%,
70%, 80%5, 85%, 90%, 95%, 99%0, or 100% sequence identity to SEQ ID NO:4 or 5.

Que-embodiment provides a nucleic acid encoding a light cham with at least 50%, 60%;
T0%, 80%, 85%, 0%, 93%, 9%, or 100% sequence identity 10 SEQ ID NO: 10 or 11

One embodiment provides an antibody or antigen binding fragroent thereof having heavy
chain CDRs having aming acid sequences according to SEQ 1D NOs: 18, 19, and 20, and hight

hain CDRg having amino acid sequences according to SEQ 1D NOs:24, 13, and 25.

One embodiment provides an antibody or antigen binding fragment thereof having a
heavy chain with at least 50%, 60%, 70%, R0%, §5%, 90%, 95%, 99%, or 100% sequence
identity to SEQ I NO1g op 17

Oue embodiment provides an antibedy or antigen binding fragment thereof having g light
chain with at least 530%, 60%, 70%, 80%, 85%, Q0%, 95%, 99%, or 180% seguence identity to
SEQ ID NO:22 or 23,

One embodiment provides an antibody or antiges binding fragment thereof having a
heavy chain with at least 50%, 60%, 70%, 80%, 85%, 90%, 95%, 99%, or 100% sequence
identity to SEQ ID NO16 or 17 and a hght chamn with at least 50%, 60%, T0%%, 80%, 83%, 90%,
959, 99%, or 10% sequence identity to SEQ D NO22 or 23

One embodiment provides a nucleic acid encoding a heavy chain with at least 530%, 6093,

TO%, 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to SEQ ID NO:16or 17,

One embodiment provides a nucleic acid encoding a light chain with at least 50%, 60%,
T0%, 80%, 83%;, 90, 95%, 99%, or 100% sequence identity to SEQ) ID NO:22 o1 23,

One embodiment provides an antibody or antigen binding fragment thereot having heavy
chain CDRs having amino acid sequences according to SEQ 1D NO«:29, 30, and 31, and light

-~

chain CDRs having amino acid sequences according to SEQ 1D KOx35, 36, and 37.



10

28

v
Pt

30

WO 2019/051164 PCT/US2018/049854

One embodiment provides an antibody or antigen binding fragment thereof having a
heavy chain with at least 50%, 60%, 70%, 80%, §5%, 90%, 95%, 99%, or 100% sequence
identity to SEQ D NO:27 or 28,

One embodiment provides an antibaedy or antigen binding fragment thereof having a light
chain with at least 30%, 60%, 7096, 80%, 85%, 90%, 95%, 99%%, or 10% sequence wdentity to
SEQ D N33 or 34

One embodiment provides an antibody or antigen binding fragment thereof having a
heavy chain with at least 50%, 60%, 7056, 80%, 85%, B0%, 95%, 99%, or 100% sequence
identity to SEQ 1D NO:27 or 28 and a hight chain with at Teast 0%, 60%, 70%, 80%, 85%, 90%,

959%, 99%, or 100% seguence identity to SEQ DI NQ:33 or 34,

>

One embodiment provides a nucleic acid encoding a heavy chain with at least 50%, 60%,
T0%, 80%%, 85%, 0%, 95%, 99%, or 100% sequence wdentity to SEQ 1D NO:27 or 28

One embodiment provides a nucleic acid encoding a lght chain with at least 50%, 60%,
T0%, 80%%, 85%, 90%%, B8%, 99%, or 100% sequence identity to SEQ ID NO:33 or 34,

One embodiment provides an antibody, or antigen binding fragment thereof containing
three hight chain CDRs with aminoe acid sequences that are selected from the group consisting of
SEQ I NOs: 12, 13, 14, 24, 25,35, 36, or 37.

Another embodiment provides an antibody, or antigen binding fragment thereof
containing three heavy chain CDRs with anuino acid sequences that are selected from the group
consisting of SEQ 1D NOs: 6, 7, 8, 18, 19,20, 29, 30, or 31,

Another embodiment provides an antibody, or antigen binding fragment thereof
containing three hight chain CDRs with amino acid sequences that are selected from the group
consisting of SEQ ID NOs: 12, 13, 14, 24,25, 35, 36, or 37, and three heavy chain CDRs with
aming acid sequences that are selected from the group consisting of SEQ 1D NQOs: 6, 7.8, 18, 19,
20,29 30, 0r 3L

One embodiment provides an antibody or epitope binding fragment thereof or a fusion
protein that immunospecifically binds to SEQ 1D NO3E. In one embodiment the antibody binds
to SEQ ID NO3R on PD-1. In one embodiment, the antibody binds o PD-1 expressed on the
surface of an immune cell and induces or promotes & signal through PD-1 that activates or
stinmddates the numuane cell. In one embodiment the immune cell that is activated or stimulated is

a T cell, for example a CD& T gell.
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In some embodiments, the antibody or antigen binding fragment thereof is human,
mouse, chimene, humanized, monoclonal, ispecific, tnspecific or nitispecilic,

One embodiment provides a pharmacentical composition inclading one or more of the
disclosed antibodies or antigen binding fragments thereof. In some embodiments the
pharmaceutical compositions include a second therapeutic agent andior a pharmaceutically

acceptable excipient. An exemplary second therapeuntic agent includes cyclophosphanude.

response i a subject m need thereof by administering to the sulyect an effective amount of one
or more of the disclosed antibodies or antigen binding fragments thereof to induce, promote, or
enhance an immune response m the subject.

One embodiment provides a method for treating canter in g subject in need thereof by
administering to the subject an effective amount of one or more of the disclosed antibodies ot
antigen binding fragments thereof © treat cancer m the subject

Que embodiment provides a method for reducing twnor burden in a subject in need
thereof by administering to the subject an effective amount of one or more of the disclosed
antibodies or antigen binding fragments thereof o reduce tumor burden in the subject.

{Ome embodiment provides a method for treating an infection in a subject i need thereof,
by adnunistering to the subject an effective amnount of one or more of the disclosed antibodies or
antigen binding fragments thereof to freat the infection in the subject.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 15 a graph showing the interaction kinetics as a function of time between
monoclonal antibody 4G9 and human PD-1. The graph shows traces from concentrations of
human PD-1 at 0, 125, 250, 500, 500, and 1000 nM.

Figure 2 is a graph showing the mteraction kinetics as a function of time between
monoclonal antibody 4G9 and mounse PD-1. The graph shows traces from concentrations of
mouse PD-1 at O, 62,5, 1235, 300, 5300, and 1000 nM.

Figure 3 15 g graph showing the interaction kinetics as a function of time between
monocional antibody 4C12 and buman PD-1. The graph shows traces from concentrations of

human PD-1 at ©, 125, 250, 500, 500, and 1000 oM.

h
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Figure 4 is a graph showing the interaction kinetics as a function of time between
monoclonal antibody 3U2 and human PD-1. The graph shows traces from concentrations of
mouse PD-1 at G and 1000 nM.

Figure 5 15 a graph showmg the interaction kinetics as a function of time between
monoclonal antibody SC2 and mouse PD-1. The graph shows traces from concentrations of
human PD-1 at 0, 62.5, 125, 250, 500, 300, and 1000 nM.

Figure 6A 1% a flow cytometry histogram of EL4 cells stained with an 1sotype control
antibody or commercial anti-PD-1 antibody J43. Figure 6B is a flow cytometry histogram of
FE14 cells stained with secondary antibody only or antibodies 4G9, 3C2, and 4C12. Figure 6C i
a flow cytometry histogram of EM cells stained with secondary antibody oaly or antibody 4G9,
Figure 62 15 a flow cytometry histogram of EM cells stained with secondary antibody only or
antibody 3C2. Figure 6K is a flow cytometry histogram of EM cells stained with secondary
antibody only or amibody 4C12. Figore 6F is a bar graph showing binding of various purified
mouse PD-1 antibodies to EL4 cells.

Figure 7A and 7B are bar graphs showing concentration of IFNy (Fig. 7TAY or 1L-2 in
supernatant from CD4 T cells treated with various antibodies. The X axis is freatment group and
the Y axizis concentration (ng/mi}. Figure 7C is-a bar graph showing IFNy concentration
supernatant from human CD4 T cells treated with 4G9 or 5C2 antibodies. The X axis represents
treatment group and the Y axis represents concentration {ng/ml.}.

Figure § is a bar graph showing levels of imtraceltular staining of pAKT mmiouse CD4 T
cells treated with various antitbodies. The X axis represents treatment group and the Y axis
reprosents pAKT (5473) MFL

Figwre 9 15 8 Western blot showing {gG heavy chain and light chain o the various
antthodies.

Figure 10 is a bar graph showing binding of 4G9 and 5C2 antibodies to human PD-1-Fe.
The X axis represents antibody concentration and the 'Y axis represents (D450,

Figuwe 11A and 11B are flow cytometry histograns showing binding of 4G9 and 5C2
antibodies to PR-1 1 CD4 T cells from PD-1 KO muce (Fig. 11A) or PD-1 WT mice (Fig. 11B).

Figure 12 is a line graph showing pS6 expression in CD4 T cells treated with 4G9, 5C2,
commercial Ab-1, commereial Ab-2, or untreated. The X axis represents concentration of total

protein (ue/ml) and the Y axis represents QD450

6
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Figure 13A 13 2 schematic Hlustration showing the experimental design for the TC-1

tinor experiments. Figure 138 isa line graph showing average tumor volume (cm) over time
{days) for TC-1 tamor bearing mice treated with E7 Vax, 4G9, RMP 1-14, BE7 Vax -+ RMP 1-14,
E7 Vax + 4G9, or untreated. The X axis represents time {davs) and the Y axis represents average
tumor volume {om®). Figure 13C {s 2 line graph showing percent survival over time for TC-1
tumor bearing mice wreated with E7 Vax, 4G9, RMP 1-14, E7 Vax + RMP 1-14, E7 Vax + 4G9,
or wntreated. Figure 13D is & line graph showing average tumeor volumeé {om’) over time {days)
for TC-1 tumor bearing mice treated with K7 Vax, 4C12, 3C2, RMP 1-14, E7 Vax + BMP 1-14,
E7 Vax + 4C12, E7 Vax + 5C2, or untreated.

Figure 14A 15 a schematic iltustration of the experimental design for the TC-1 tumor
experiments. Figure 148 is a line graph showing average tumor volume (oot} over time {days)
for TO-1 tumor bearing mice treated with E7 Vax, 409, RMP 1-14, 43, E7 Vax + 4G9, E7 Vax
+ RMP 1-14, E7 Vax'+ 143, or untreated. The X axis represents time (days) and the Y axis
represents average wmor volume (om’). Figure 14C s a line graph showing percent survival
over time of TC-1 tumor bearing mice treated with E7 Vax, 4G9, 4C12, SC2, RMP 1-14, 143, E7
Vax +40G% E7 Vax + 4C12, B7 Vax + 502, BE7 Vax + RMP 1-14, E7 Vax + J43, or untreated.

The X axis represents time {days}and the Y axis represents percent survival.

DETAILED DESCRIPTION OF THE INVENTION

L Definitinas

As used herein, a8 molecule i3 said to be able to “tmmunospecifically bind™ a second
molecule if such binding exhubits the specificity and athinity of an antibody to s cognate
antigen. Antibodies are saxd to be capable of immunospecifically binding to a target region or
conformation {“epitope”) of an antigen if such binding involves the antigen recogmition site of
the immunoglobulin melecule. An antibody that invmunospecifically binds to a particular
antigen may bind 1o other antigens with lower affinity if the other antizen has some sequence of
conformational similarity that is recognized by the antigen recognition site as determined by,
e.g. unmunoassays, BIACORER assays, or other agaavs known in the art, but would not bind to
a totally unrelated antigen. Preferably, however, antibodies (and their antigen binding
fragments} will not cross-react with other antigens. Antibodies may also bind to other molecules

in a way that is not inununcspecific, such as o FoR receptors, by virtue of binding domains i

7
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other regions/domains of the molecule that do not involve the antigen recognition site, such as
the Fe region.

As used herein, a3 molecule is said to “physiospecifically bind”™ a second molecule i such
binding exhibits the specificity and affinity of a receptor to its cognate binding ligand. A
malecule can be capable of physiospecifically binding to more than one other molecule.

As used herein, the terns “antibody” i3 intended to denote an inmnunogiobelin molecule
that possesses a “variable region” antigen recognition site. The tenm “variable region™ 18
intended to distinguish such domain of the immunoglobulin from domains that are broadly
shared by antibodies (such as an antibody Fc dontain}). The variable region inclades a
“hypervariable region” whose residues are responsible for antigen binding. The hypervariable
regron includes amine actd residues from a “Complementarity Determunmg Regton™ or “CDR”
{i.e., typically at approximately residues 24-34 (L), 30-56 (1.2) and 89-97 (L3} i the Light chain
varigble domain and at approximately residues 37-35 (H1), 50-63 (H2) and 95-102 (H3} m the
heavy chain variable domain; Kabat et ol Sequences of Proteins of lovmordlogical uerest, Sth
Ed. Public Health Service, National Institutes of Health, Bethesda, MD. (1991}) andior those
residues from a “hypervariable loop”™ {Le, residues 20-32 (L1}, 50-52 (L.2) and 91-96 (L3} in the
Hght chain variabde domain and 26-32 (H1), 33-85 (H2) and 96-101 (H3} m the heavy chan
variable domain; Chothia and Lesk 1987, 7. Mol Biol 196:201-917). “Framework Region™ or
“FR” residues are those variable domain residues other than the hypervariable region residues as
herein defined. The term antibody includes monoclonal antibodies, multi-specific antibodies,
homan antibodies, bumanized antibodies, synthetic antibodies, chimeric antibodies, camelized
antibodies (See ez, Muyldermans ef gl 2001, Trends Biochem. Sci 26:230; Nuttall e of, 2000,
Cur. Phagmn. Biotech. 1:253; Reichmann and Muyldermans, 1999, /. ol Meth. 23125,
international Publication Nos. WO 94/04678 and WO 94/25591; ULS. Patent No. 6,005,079},
single-chain Fvs (scFv) (see, e.g., see Pluckthun in The Pharmacology of Monaclowal
Amiibodies, vol. 113, Rosenburg and Moore eds. Springer-Verlag, New York, pp. 269-315
{1994}, single chain antithodies, disulfide-linked Fys (sdFv), intrabodies, and antiwdiotypic (anti-
idy antibodies {including, eg., anti-Id and anti-anti-Id antthodies to antibodies). In particular,
such antibodies include immunoglobulin molecules of any type (e, 186, 1gE, 1M, IgD, IgA

and 1gY), class {e.g., g6y, TgG, 1gGs, 186Gy, TgAr and IgAz) or subclass,
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Asused herein, the term “antigen binding fragment”™ of an antibody refers to one or more
poriions of an antibody that contain the antibody’s Complementanty Determining Regions
(“CDRs™) and optionally the framework residues that include the antibody™s “vanable region”
antigen recognition site, and exhibit an ability to immunospecifically bind antigen. Such
fragmenty include Fab', Flab')s, Fy, single cham {ScFyv), and muotants thereof, natarally oceurring
variants, and fusion proteins including the antibody’s “variable region” antigen recognition site
and 2 heterologous protein (e, 4 toxin, an antigen recognition site for a different antigen, an
enzyme, a receplor or receptor higand, erc).

As used herem, the term “fragment” refers to a peptide or polypeptide including an amino
acid sequence of at least S contignons amino acid residues, at least 10 contiguous amino acid
restdues, at least 15 contiguons amine actd residues, at least 20 contiguous anmuno acid residues,
at feast 25 contiguous ammo acid residues, at least 40 contignous anuno acid residues, at Jeast 38
contiguons aminoe acid residues, at least 60 contiguous amino residues, at feast 70 contiguous
amine acid residues, at least 80 contiguous amino saxd residues, at feast 90 contiguous amino
acid residues, at least 100 contiguous amino acid residues, at least 125 conriguous anvine acid
residues, af feast 150 contiguons amino acid residues, at least 175 contiguous amine acid
residues, at feast 200 contiguous amino acid restdues, or ar least 250 contiguous amino acid
residues.

The term “binding molecule,” as used hevein is intended to refer to molecules that
spectfically interact with and bind to 2 particular tarpet. The target can comprise a biologic or
small {chemical} molecule. The target molecule may defive an antigen or antigenic meiety.
Examples of a binding molecule include, but are not limited to, antibodies (including monoclonal
antibodies, bispecific antibodies, as well as antibody fragments), fusion proteins, and other
antizen-binding molecule known to those skilled in the ast.

As used herein the term “modulate” relates 1o a capacity o alter an effect, result, or
activity (e.g., signal transduction). Such modulation can agonistic or antagonistic. Antagonistic
modulation can be partial {(Z.e., attenuating, but not abolishing) or ¥ can completely abolish such
activity (e g, neutralining). Modalation can include internalization of a teceptor following
binding of an anttbody or a reduction in expression of & receptor on the target cell Agonistic

< oY

modulation can enhance or otherwise increase or enhance an activity {e. g.. signal transduction}.

Eog

In a still further embodiment, such modulation can alter the nature of the interaction between a
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ligand and its cognate receptor 0 as to alter the natwe of the elicited signal ansduction. For
example, the molecudes can, by binding to the ligand or receptor, alter the ability of such
molecules to bind to other Hgands or receptors and thereby alter their overall activity.
Preferably, such modolation will provide at least a 1096 change in a measurable immune system
activity, more preferably, at least a S0% change in such activity, or at least a 2-fold, S-fold, 10~
fold, or still more preferably, at least a 100-fold change in such activity.

The term “substantially,” ag used in the comtext of binding or exhibited effect, is intended
to denote that the observed effect is physiologically or therapeutically relevant. Thus, for
example, a molecuole is able to substantially block an activity of a igand ot receptor if the extent
of blockage is physiologically or therapentically relevant (for example if such extent is greater
than 60% complete, greater than 70% complete, greater than 75% complete, greater than 80%
complete, greater than 83% complete, greater than 90% complete, greater than 95% complete, or
preater than 97% complete). Sumilarly, 2 meolecule is said to have substantially the sanme
immunospectficity andfor characteristic as another molecude, # such immunospecificities and
characteristics are greater than 60% identical, greater than 70% identical, greater than 75%
identical, greater than 80% wdentical, greater than 85% identical, greater than 90% wdentical,
greater thas 95% identical, or greater than 9% identical).

As used herem, the “co-stimulatory™ signals encompass positive co-stinulatory signals
{e.g. signals thai result in enhancing an activity } and negative co-stimulatory signals {e.g.
stgnals that result in inhibiting an activity).

Ag used heretn, the term “derivative” refirs to an antibody or antigen-binding fragment
thereof that imnwmospecifically binds to the same target of a parent or reference antibody but
which differs in amino acid sequence from the parent or reference antihody or antigen binding
fragment thereof by including one, two, three, four, five or more anine acid substitutions,
additions, deletions or modifications relative to the parent or reference antibody or antigen
binding fragment thereof. Preferably such derivatives will have substantially the same
immunospecificity andfor characteristics, or the same immunospecificity and characteristios as
the parent or reference antibody or antigen binding fragment thereof. The anuno acid
substitutions or additions of such derivatives can include naturally cccurring (Le, DNA-
encoded} or non-naturally occurring amino acid residues. The term “dertvative” encompasses,

for exanyle, chimeric or humanized variants, as well as variants having altered CHI, hinge,

10



10

28

v
Pt

30

WO 2019/051164 PCT/US2018/049854

CH2, CH3 or CH4 regions, so as to form, for example antibodies, ere., baving variant Fe regions
that exiubit enhanced or impaired effector or binding charactenstics.

As used herein, 3 “chimeric antitbody™ is a molecule in which different portions of the
anttbody are derived from different immuncglebulin molecules such as antibodies having a
variable region derived from & non-human antibody and a human immunoglobulin constant
LEQION.

As used herein, the term “humanized amttbody™ refers 1o an immumoglobulin including a
human framework region and one or more CDRs from a non-human {usually a mouse or rat}
immunoglobulin. The non-human immunoglobulin providing the CDR' is called the “donoer”™
and the haman immunoglotndin providing the framework iz called the “acceptor.” Constant
regions need not be present, but if they are, they should be substantially wentical o human
immunoglobulin constant regions, i.e., at least about §5-99%; preferably about 95% or more
wdentical. Hence, all parts of 3 homanized inununoglobulin, except possibly the CDRs, are
substantially identical to corresponding parts of natural human immunoglobolin sequences. A
Inemanized antibody is an antibody mehuding a humanized light chain and a humanized heavy
chain imnmunoglobubin, For example, a homanized antibody would not encompass & typical
chomeric antibody, because, ez, the entire variable region of a chimeric antibody is non-human,

As used herem, the term “endogenous concentration” refers o the level at whicha
molecule 18 natively expressed (L.e., in the absence of expression vectors or recombinant
promaters) by a cell (which cell can be a normal cell, a cancer cell or an infected cell).

hk JE <Y

As used herein, the terms “treat,” “treating,” “ireatment” and “therapeutic use” refer to
the elimination, reduction or amelioration of one or more symptoms of a disease or disorder
exacerbated by anti-PD-1 antibodies or an antigen fragment thereof.

As used herein, a “therapeutically effective amount”™ refers to that amount of 8 therapeutic
agent sufficient to mediate a chnically relevant elinnoation, reduction or amelioration of such
syroptoms. An effect is clintcally relevant if its magnitude i3 sufficient 10 impact the health or
prognosis of a recipient subject. A therapeutically effective amouns may refer to the amount of
therapeutic agent sufficient to delay or mininnize the vnset of disease, e.g., delay or mininuze the
spread of cancer. A therapeutically effective amount may also refer to the amount of the

therapeuatic agent that provides a therapeutic benefit in the treatment or management of a disease.
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Asused herein, the term “prophylactic agent™ refers to an agent that can be used in the
prevention of a disorder or disease prior to the detection of any symptoms of sach disorder or
disease. A “prophviactically effective”™ amount is the amount of prophylactic agent sufficient to
mediate such protection. A prophylactically effective amount may also refer to the amount of
the prophylactic agent that provides a prophylactic benefit in the prevention of disease,

As used herein, the terns “cancer”™ refers o a neoplasm or tumor resulting from abnormal
uncontrolled growth of cells. As used herein, cancer explicitly includes, feukenyas and
lvmphomas. The term “cancer” refers to a disease wnvolving cells that have the potential to
metastasize to distal sites and exhnbit phenotypic traits that differ from those of non-cancer cells,
for example, formation of colonies 1n a three-dimensional substrate such as soft agar or the
formation of tubular networks or web-like rnatrices in a three-dimenstonal basement membrane
ov extracellular matnix preparation. Non~cancer cells do not form colonies in soft agar and form
distinet sphere-like structures in three-dimensional basement membrane or extracellular matrix
preparations.

As used herein, an “immune cell” refers to any cell from the hemopoistic origin
mcluding, but not limited to, T cells, B cells, monocyies, dendritic cells, and macrophages.

As used herem, “valency” refers to the number of binding sites available per molecule.

As used herem, the terms “inununoloegic,” “inununological” or “immune™ response is the
development of a beneficial lumnoral (antibody mediated) andior a cellular {mediated by antigen-
spectfic T cells or their secretion products) response directed against a peptide in a recipiemt
patient. Such a response can be an active response induced by adminisiration of immunogen or a
passive response induced by administration of antibody or primed T-cells. A cellular inunune
response is elicited by the presentation of polypeptide epitopes in association with Class Lar
Class 18 MHC molecules to activate antigen-specific CD4' T helper cells andfor CDR” evtotoxic
T eells. The response may also invoelve activation of monocytes, macrophages, NK cells,
basophils, dendritic cells, astrocytes, microglia cells, eosinophils, activation or recruitment of
neutrophils or other components of wuate imnunity. The presence of a cell-mediated
mmmunological response can be determined by profiferation assays {CD4 T cells) or CTL
{ovtotoxic T ymphocvie) assays. The relative contributions of humors! and cellular responses to

the protective or therapeutic effect of an immunogen can be distinguished by separately isolating
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antibodies and T-cells from an mmunized syngeneic animal and measwring protective or
therapeutic effect in a second subject.

As used herein, an “inumunogenic agent”™ or “inunanogen” is capable of inducing an
immunological response agaimst dself on admindsiration to a mammal, optionally n conjunction
with an adjuvani.

As used herein, the terms “individual,” “host,” “subject,: and “patisnt” are used

such as mice and rats, and other laboratory anumals.

As used herem, the term “polypeptide’™ refers to a chain of annno acids of any length,
regardless of modification (2.2, phosphorylation or glycosylation). The term polypeptide
inclhudes proteins and fragments thereof. The polvpeptides can be “exogenous,” meaning that
they are “heterologous,” Le | foreign to the host cell beng utilized, such as human polypeptide
produced by a bacterial cell. Polypeptides are disclosed herein as amino acid residue sequences.
Those sequences are written lefi to right in the ditecton from the amino to the carboxy tetminus.
In accordance with standard nomenclature, amine acid residue sequences are denominated by
gither a three letier or g single letter code as indicated as follows: Alanine {Ala, A), Argimine
{Arg, R), Asparagine {Asn, N}, Aspartic Acid {Asp, D), Cysteing (Cys, C), Glutamine (Gln, Q)
Glutanic Actd {Glu, B), Glveme (Gly, G), Histidine (His, H}, Isolencine (Tke, 1), Leucine (Leu,
L), Lysine (Lys, K), Methionine (Met, M), Phenylalanine (Phe, F), Proline (Pro, P), Serine (Ser,
S}, Threonine {Thr, T}, Tryptophan (Trp, W), Tyrosine (Tyr, Y), and Valine (Val, V).

As used herein, the term “variant” refers o a polypeptide or polynacleotide that differs
from a reference polypeptide or polynucleotide, but retains essential properties. A typical variant
of a polypeptide differs in amino acid sequence from another, reference polypeptide. Generally,
differences are limited so that the sequences of the reference polypeptide and the variant are
closely similar overall and, 1n many regions, identical. A variant and reference polypeptide may
differ in amino acid sequence by one or more moditications (e.g., substitutions, additions, and/or
deletions). A substituted or insented amine acid residue may or may not be one encoded by the
genetic code. A vanant of a polvpeptide may be naturally cccurring such as an allehio vaviant, or
it may be a variant that is not known to ocour naturally,

Modifications and changes can be made m the sivucture of the polypeptides of the

disclosure and still obtain 8 molecule having sinilar characteristics as the polypeptide (v.g., 8
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conservative amino acid substitution). For examyple, certam ammo acids can be substituted for
other anunoe acids m g sequence without appreciable loss of sctivity, Because 1t 1s the interactive
capacity and natwre of a polvpeptide that defines that polypeptide™s biological fumctional activity,
certain amino acid sequence substitutions can be made 10 a polypeptide sequence and
nevertheless obiain a polypeptide with like properties.

In making such changes, the hvdropathic index of amino acids can be considered. The
impottance of the hydropathic amino acid index in conferring interactive biologic function on a
polypeptide is generally understood inthe art. 1t 1s known that certain anuno acids can be
substituted for other amino acids having a stnmular hydropathic index or score and still result in a
polypeptide with similar biological activity. Each anuno acid has been assigned a hydropathic
index on the basis of s hydrophobicity and charge characteristics. Those indices are: iscolencing
{(+4.5) valine (34.2); leucine (3 8); phenvialanine {(+2.8); cystemefoystine (32.5); methiomne
{(+1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); trvptophan {-0.9Y; tyrosine (-
1.3); prohine (<1.6); histidine (-3.2); gheamate (<3.5); glutamine (<3.5); aspantate (-3.5);
asparagine {-3.53); lvsine {-3.9); and argimine {-4.5).

It i3 believed that the relative hydropathic character of the amino acid determines the
secondary structure of the resultant polypeptide, which in turn defines the interaction of the
polypeptide with other molecules, such as enzymes, substrates, receptors, antibodies, antigens,
and cofactors. 1t1s known i the art that an anuno acid can be substituted by another amine acid
having a stnular hydropathic index and still obtain a functionally equivalent polypeptide. In such
changes, the substitution of amine acids whose hydropathic indices are within & 2 is preferred,
those within & | gre particularly preferred, and those within & 0.5 are even more particniarly
preferred,

Substitution of like amino acids can alse be made on the basis of bydrophilicity,
particalarly where the biological functional equuvalent polypeptide or peptide thereby created is
intended for use in immunological embodiments. The following hydrophilicity values have been
assigned to amino acud residues: arginine (+3.0}; lysine {(+3.0); aspanate (+3.0 = 1); glutamate
{+3.04 1) serine {(+0.3); asparagine (+0.2}; glutapune (+0.2); glycine (0); proline {(~0.3 & 1);
threonine {-0.4); alanine (-0.5) hastidine (-0.5); cysteine (-1 .0} methionmne {-1.3); valine (-1.5)
feucine (~1.8); isoleucine (-1.8); tyrosine (<2.3}; phenylalanine (2.3}, trypiophan (-3.4}. 1t i3

understood that an amino acid can be substituted for another having a similar hydrophilicity
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value and still obtain a biclegically equivalent, and in particular, an immunclogically equivalent
polypeptide. In such changes, the substitution of amino acids whose hvdrophilicity values are
within & 2 iy preferred, those within & 1 ars particularly preferred, and those within £ 0.5 are
gven more particnlarly preferred.

Ay outlined above, amino acid substitations are generally based on the relative similarity
of the amino acid side-cham substituents, for example, their hydrophebieity, hydrophilicity,
charge, size, and the ke, Exemplary substitutions that take varions foregoing characteristics
nto consideration are well known to those of skill in the art and mclude {onigmal residue:
exemplary substitution): (Ala: Gly, Serj, (Arg: Lys), (Asn: Gin, His), (Asp: Glu, Cys, Serj, (Gin:
Asn}, (Gha: Asp), (Gly: Ala), (His: Asn, Gin), (Tle: Len, Val), (Lea: He, Val), (Lys: Arg), (Met:
Lew, Tyt), (Ser: Thr), {The: Ser), (Tip: Tyry, (Tyr: Trp, Phey. and (Val: He, Lew). Embodinents
of this disclosure thus contemplate fonctional or biclogical equivalents of a polypeptide as set
forth sbove. In particular, embodiments of the polypeptides can include variants having about
S0%, 60%, T0%, R0%, D%, 9395, 96%, 07%, Q8% 99%, or more sequence identity to the
polypeptide of interest.

The term “percent {%o) sequence identity” is defined as the percentage of nucleotides or
amine acids in a candidate sequence that are identical with the nucleotides or amino acids ina
reference nuclerc acid sequence, after aligning the sequences and introducing gaps, if necessary,
to achieve the maximum percent sequence dentity. Alignment for purposes of determining
percent sequence identity can be achieved in various wavs that are within the skill in the art, for
mstance, using publicly avatlable computer software such as BLAST, BLASTZ, ALIGKN,
ALIGN-2 or Megalign (DNASTAR) software. Appropriate parameters for measuring alignment,
including any glgorithms needed to achieve maximal alignment over the full-length of the
sequences being compared can be determined by known methods.

For purposes herein, the %% sequence identity of a given nucleotides or amino acids
sequence { o, with, or against a given nucleic said sequence D {which can aliernatively be
phrased as a given sequence C that has or comprises a certain % sequence identity to, with, or
against a given sequence D) is caloudated ag follows:

100 thmes the fraction W7,
where W is the number of nucleotides or amino acids scored as identical maiches by the

sequence alignment program i that program’s alignment of C and D, and where Z is the total
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mumber of pucleotides or amino acids in D Jt will be appreciated that where the length of
seguence € 15 not equal fo the length of sequence I, the %% sequence wdentity of C 1o P will not
equal the %% sequence dentity of Do C.

As used herein, the tern: “pharmaceutically acceptable carsier” encompasses any of the
standard pharmaceutical casriers, such as a phosphate buffered saline solution, water and
emulsions such as an oil/water or water/oil emulsion, and various types of wetting agents.

As used herein, the terms “antigenic determinant” and “epitope” are vsed imterchangeably
and refer to the structure recognized by an antibody.

As used herein, a “conformational epitope™ is an epitope that includes discontinuous
sections of the antigen's amino acid seguence. Anttbodies bind a conformational epitope based
on 3-D surface fearures, shape, or fertiary structure of the antigen.

As used herery, a “hinear gpiiope™ is an epitope that formed by a continnons sequence of
anune acids from the antigen.  Linear epitopes typically include about 5 to about 10 continuons
amino acid residucs. Antibodies bind a lincar epitope based on the primary sequence of the
antigen.

As used heren, a Vparatope,” also called an “antigen-binding site,” is g pact of an
antibody which recognizes and binds to an antigen.

It Compaositions

Antibodies and antigen binding fragments thereof that inununospecifically bind 10 PD-1
are provided. Contrary to the existing paradigm that PD-1 exclusively promotes a suppressive
immune response {Riley, I, waonol Rev. 22001114123 {2009)), the disclosed antibodies and
antigen binding fragments thereof, immunospecifically bind to PD-1 and cause an activating
signal to be delivered to the inymune cell that activates the tmune cell rather than suppressing
the iminune cell

A. Programmed Death Receptor Protein 1 (PD-1}

The disclosed antibedies and antigen binding fragiments thereof inmumospecifically bind
ty PD-1. The antibodies and antigen binding fragments thereot can bind to PD-1 having for

example the amino acid sequences provide below.
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Amine acid sequences for human PD-1 and mouse PD-1 are known in the art and

mclnde, for exanmple,

TSESFVLNWYRMSPSNQTDKLAAFPEDRSQPGQDCRFRVTQLENGRDFHMSVVRARRN
DSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSFRPAGQFQTLVVOVVGG
LLGSLVLEVWVLAVICSRAARGTIGARRTGQPLKEDPSAVPVESVDYGELDFQWREKTE
EPPYPCVPEQTEYATIVFPSGMGTSSPARRGSADGPRSAQPLRPEDGHCSWPL {(SEQ ID

NO:1), Accession: AJS10360 and which is specifically incorporated by reference in its entirety.

ouse PD-1
MWVROQVPWSFTWAVLOLSWOSOWLLEVPNGPWRSLTFYPAWLTVSEGANATFTOSES
NWSEDLMLINWNRLSPENQTEKQAAFCNGLSQPVODARFOHQLPNRHDFHMNILDTRR
NDSGIVLCGAISLHPKAKIEESPGAFLVVTERILETSTRYPSPSPKPEGRFOUMVIGIMSAL
VEIPVLLLLAWALAVFCSTSMSEARGAGSKDDTLREEPSAAPVPSVAYEELDFQGREKT
PELPTACVHTEYATIVFTEGLOASAMGRRGSADGLOQGPRPPREHEDGHCSWPL
(SEQ 1D NOXZ) UniProtKB - Q02242 (PDCDI_MOUSE) and which is specifically mecorporated
by refercunce i 1is entirgty.

B. Antibody Compositions

The disclosed anti-PD-1 anubodies or antigen binding fragments thereof mnclude whole
immunoglobulin (e, an intact antibody) of any class, fragments theveof, and synthetic profeins
containing at least the antigen binding variable domain of an antibody. In some embodiments,
the disclosed antibody contains both an antibody Hgbt chain as well a3 at loast the variable
domain of an antibody heavy cham. In other embodiments, such molecules can fusther include
one or more of the CHI, hinge, CH2, CH3, and CH4 regions of the heavy chain (especially, the
CH1 and hinge regions, or the CHI1, hinge and CH2 regions, ur the CHI, hinge, CH2 and CH3
regions). The antibody can be selected from any class of mmunoglobuling, including TeM, 1gG.
1gD, TgA and IgE, and any isotype. including 1eGi TeGe, 1gGs and 1gGs. In some embodiments,
the constant domain 1s # complement fixing constant domain where 1t is desired thar the antibody
exhibit cytotoxic activity, and the class is typically 1gGi. In other embodiments, where such

cyvtotexic activity is not desirable, the constant domaim can be of the IgGo or 1gGe class. The
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antibody can include sequences from miore than one class or isotype, and selecting particular
constant domains to optinnze desired effector functions 1s within the ordinary skill m the art.
The variable domains differ in sequence among antibodiss and are used m the binding
and specificity of each particular antibody for its particular antigen. Howsever, the variability is
§  notusually evenly distributed through the variable domains of antibodies. It is tvpically
concentrated in three segments called complementanty determining regions {TDRs) or
hypervariable regions both in the hight chain and the heavy chain vaniable domains. The more
highly conserved portions of the vanable domains are called the framework {FR). The vanable
domains of native heavy and light chaing each comprise four FR regions, largely adopting a beta-
10 sheet configuration, conoected by three CBRs, which form loops connecting, and in some cases
forming part of, the beta-sheet structure. The CDRs in each chain are held together in close
proximity by the FR regions and, with the CDRs from the other chain, contribute to the
formation of the antigen binding site of antibodies.
Some erabodiments provide fragments of the anti-PD-1 antibodies which have
15 bicactivity, The fragments, whether attached to other sequences or not, may inchude insertions,
deletions, substitutions, or other selected madifications of particular regions or specific amino
acids residues, provided the activity of the fragiment i3 not significantly alsered or impaired
compared o the nonmodified antibody or antibody fragment.
Another emibodiment provides single-chain antibodies specific to PD-1. Methods for the
20 production of single-chain antibodies are well known to those of skill i the art. A single chain
antibody can be created by fusing together the variable dowains of the heavy and light chains
using a short peptide linker, thereby reconstituting an antigen binding site on a single molecule.
Single-chain antibody variable fragments (scFvs) in which the C-terminns of one variable

donain is tethered fo the Neterminus of the other variable domain via 8 15 10 25 amineo acid

v
Pt

peptide or tinker have been developed without sigmticantly disrapting antigen binding or
specificity of the binding. The linker ix chosen to permit the heavy chamn and Haht chain to bind
together in their proper conformationa! onentation,

Another embodiment provides divalent smple-chain varable fragiments {di-scFvy) that
can be engineered by Huking tweo scFvs. This can be dove by producing a single peptide chain
3¢ with two VH and two VL regions, vielding tandem seFvs. ScFys can also be designed with linker

peptides that are too short for the two variable regions to fold together {about five amino acids),
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forcing scFvs to dimerize. This tvpe 13 known as diabodies. Diabodies have been shown to have
dissoctation constants up to 40-fold lower than corresponding scPvs, meanmng that they have a
much higher affinity to their target. Still shorter linkers {one or two aming acids) lead 1o the
formation of trimers (trighodies or tribodies). Tetrabodies have also been produced. They exhibit
an even higher affinity to their targets than diabodies.

Another embodiment provides a monoclonal antibody specific to PD-1 that induces an
activating signal to immue cells. The monoclonal antibody can be obtained from a substantially
homogeneous population of antibodies, 1.e, the individual antibodies within the population are
identical except for possible naturally occurring mutations that may be present in a small subset
of the antibody molecules. Monoclonal antibodies mclade “chimerie” antibodiey in which a
partion of the heavy and/or bight chain is identical with or homolegous to comresponding
sequences in anbibodies derived from a particolar species or belonging o a particular antibody
class or subclass, while the remamnder of the chain{s} Is wentical with or homologous o
corresponding sequences in antibodies derived from another species or belonging to another

o

antibody class or subclass, as well as fragments of such antibodiss, as long as they exhibit the
desired antagonistic gotivity.
1. Chimeric and Hunanived Antibodies

Another embodiment provides chimeric anti-FD-1 antibedies and antigen hinding
fragments thereof including one or more of the disclosed sequences and functional variants
thereof are also provided that bind to PD-1 and cause an activating signal to be transmited in to
an inune cell expressing PD-1.

Methods for producing chimeric antibodies are known in the art, See e.g, Morrison,
1988, Sciemee 229:1202; O1 et o, 1986, BivTechmigues 4214, Gillies er of., 1989 J. fovnenal,
Methods 125:191-202; and ULS. Patent Nos. 6311413, 5807.715, 4816567, and 4,816,397,
Chimeric antibodies incloding one or more CDRs from a non-hwman species and framework
regions from a human mmunoglobulin molecule can be produced using a variety of techmiques
known mn the art including, for examps'ie, CDR-grafting (EP 239 400; International Publication
No. WO 91709967, and U8, Patent Nos. 5,225,339, 5,530,101, and 5,585 089), vencesing or
resurtacing (EP 592,106, EP 519,596, Pacﬁan, 1991, Moleonlar fmmunology 28(475):489-49%;
Studnicka er ol 1994 Protein Engineering 7805, and Roguska ef ol 1994, Proc. Nail. Avad.

Scd, US4 91:969), and chain shuffling (U.S. Patent No. 5,565,332}
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The disclosed anti-PD-1 antibodies or antigen binding fragments thereof can be human or
humanized antibodies, or antigen binding fragments thereof. Many non-human antibodies {e.g.,
those derived from mice, rats, or rabbits} are natarally antigenic in humans, and thes can give
rise to undesirable imnune responses when administerad to humans. Therefore, the use of
hwman or humanized antibodies in the methods serves to lessen the chance that an antibody

administered to a human will evoke an undesirable tmmune response.

repertoire of hunan antibodies m the absence of endogenous mamunoglobulin production can be
employed. For example, it has been described that the homozygous deletion of the antibody
heavy chain joing region (J{H)}) gene in chinenc and gesm-line muatant mice resalts
complete tnhabition of endogenons annbady production. Transfer of the human geon-ling
immunoglobulin gene arvay i such germ-line mutant myce will result i the production of human
antibedies upon antigen challenge.

Optionally, the antibodies are generated in other species and “humanized” for
administration in humans. Humanized forms of non-tnunan (e.g., muting) antibodies are
chimeric immunoglobulins, immunoglobulin chaing or fragments thereof (such as Fyv Falby, Fab',
F(ab’ %, or other antigen-binding subsequences of antibodies) which comtain minimal sequence
derived from non-human timmunoglobalin. Homantzed antibodies include human
mamunoglobuling (recipient antibody) in which residues from a complementarity determining
region {CDR) of the recipient antibedy are replaced by residues from a CDR of a non-human
species (donor antibody) such as mouse, rat or rabbit having the desired specificity, affinity and
capacity. In some instances, Fv framework residues of the human inununoeglebulin are teplaced
by corresponding non-human residucs. Huomantred antibodies may also comtain resudues that are
found neither i the recipient antibody nor in the maported CDR or franework sequences. In
general, the humanized antibody will contain substantially all of at least one, and typically two,
variable domains, in which all or substantially all of the CDR regions correspond to those of 2
non-homan immunoglobalm and all or substantially all of the FR regions are those of 2 human
mmmunoglobulin consensus sequence. The humanized antibody optimally also will contain at
least a portion of an immunoglobulim constant region (Fe), typically that of a2 human

immunoglobulin.
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Methods for humanizing non-hunman antibodies are well known m the art, see, for
example, Buropean Patent Nos. EP 239, 400, EP 592 106, and EP 519,596, International
Publication Nos. WO 9109967 and WO 93/17105; US. Patent Nos. 5,225 539, §,530,101,
5,563,332, 5,585,089, 5,766 886, and 6,407 213; and Padlan, 1991, Meleewlar Imnunology
28(4/51489-498: Studnicka ef ol 1994, Protein Engincering 7{61.805-814; Roguska ef al,
1994, PNAY 91:969-973; Tan et gl 2002, J Imanmod. 169:1119-1125; Caldas ef of., 2000,
Protein Eng. 13:353-360; Morea et af., 2000, Methody 20:267-79; Baca ef ol 1997, /. Biol.
Chem. 272:10678-10684; Roguska of af., 1996, Profein Eng. 9:895.904; Cowo er ., 1895,
Cancer Res. 35 (23 Supp):$9738-5977s; Couto et of., 1995, Caneer Rex. 35:1717-22; Sandhy,
1994, Gene 1530:409-10; Pedersen ef @l 1994, /. Mol Biod 235:938-973; Jones ef af., 1986,
Nature 321:522-525; Reichmann of af, 1988, Nunee 332:323-329; and Presta, 1992, Curr. Op.
Straect. Riod, 2:5393.596).

Generally, a humanized antibody has one or more amino acid residues introduced into it
from a source that 15 non-humsan, These pon-human amino acid residues are often referred to as
“import” residues, which are typically taken from an “import”™ variable domain. Antibody
humanization techniques geoerally involve the use of recombinant DNA technology to
manipulate the DNA sequence encoding one or more polypeptide chains of an antibody
molecule. Humanization can be essentially performed by substituting rodent CDRs or CDR
sequences for the comvesponding sequences of a human antibody.  Accordingly, a humanized
formy of & non-human antibody {ora fragment thereof) is a chimernic antibody or fragment,
wherein substantially less than an intact huran variable domain has been substituted by the
corresponding sequence from a non-human specigs. In practice, hwmanized antibodies ave
typically homan antibodies in which some CDR restdues and possibly some FR residues are
substituted by residues from analogous sites m rodent antibodies.

The choice of huwman variable domaing, both light and heavy, 1o be used in making the.
humanized antibodies can be very important m order to reduce antigenicity. According fo the
“hest-fit” method, the sequence of the vanable domain of a rodent antibody 18 screened against
the entive library of known human variable domain sequences. The human sequence which is
closest to that of the rodent is then accepted as the human famework (FR) for the humanized

antibody. Another method uses a pasticular framework derived from the consensus sequence of
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all human antibodies of a particular subgroup of Hght or heavy chams. The same framework
may be used for several different humanized antibodies.

s turther naportant that antibodies be humanized with retention of high affinity for the
antigen and other favorable biological properties. To achieve this goal, humanized antibodies
can be prepared by a procesy of analysis of the parenial sequencey and various concepiual
humanized products using three dimensional models of the parental and humanized sequences.
Three dimensional immunoglobulin models are commonty available and are famihar to those
skatled in the art. Computer programs are available which ilustrate and display probable three-
dimensional conformational structures of selected candidate immunoglobulin sequences.
Tospection of these displays permits analvsis of the hkely role of the residues in the functioning
of the candidate immunoeglobulin sequence, 1.¢., the analysis of residues that influence the ability
of the candidate immunoglobulin to bind 15 antigen. In this way, PR residues can be selected
atd combined from the consensus and import sequence so that the desired antibody
characteristic, such as increased affinity for the target antigen{s), 15 achieved, In general, the
CDR residues are directly and most substantially involved in influencing antigen binding.

A human, homanized or chimeric antibody derivative can nclude substantially alf of at
least one, and typically two, variable domains 1o whick all or substantially all of the CDR regions
correspond to these of a non-human inmuanoglobulin (e, donor antibedv) and all or
substantially all of the frameweork regions are those of a human fimmunoglobulin consensus
sequence. Such antibedies can alse include at least a portion of an inmunoglobulin constant
region {Fe), typically that of a buman vnmusoglobulin. The constant domaius of such antibodies
can be selected with respect to the proposed function of the antibody, in particular the effector
function which may be required.  In some embodiments, the constant domaing of such sntibodies
are or can include human IgA, IgD. 12E, G or IgM domains. In a specific embodiment, human
oG constant domaing, especially of the IgG1 and 1gG3 isotypes are used, when the humanized
antibody derivative is intended for a therapeutic use and antibody effector functions such as
anttbody-dependent cell-mediated oytotoxicity (ADCC) and complement-dependent ovtotoxicity
{UDC)Y activity are peeded.  n aliernative embodiments, 1pG2 and 1G4 isotypes are used when
the antibody is intended for therapeutic purposes and antibody effector function 1s not required.

Fc constant domains including one or more amine acid modifications which alier antibody

2
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effector functions such as those disclosed in U.S. Patent Application Publication Nos.
2005/0037000 and 2005/0064514.

The framework and CDR regions of a humanized antibody need not correspond precisely
to the parental sequences, e.g., the doner CDR or the consensus framework can be mutagenized
by substitution, msertion or deletion of at least one residue so that the CDR or framework residue
at that site does not comespond to either the consensus or the donor antibody. In some
embodiments, such mutations are not extensive. Usually, at teast 75% of the humanized
antibody residues will correspond 1o those of the parental framework region (FR} and CDR
sequences, more often 90%, or greater than 95%. Humanized antibodies can be prodoced wsing
variety of techniques konown 1a the art, inchudimg, but not hmited to, CDR-grafling (BEwropean
Patent No., EP 239,400; International Poblication No. WO 91094967, and ULS. Patent Nos.
5,225,539, 5,530,101 and 5,585,089}, veneering or resurfacing (Bwopean Patent Nos. EP
592,106 and EP 519,596, Padlan, 1991, Molecular Imnmology 28(4/5)489-498; Swudnicka ef
al., 1994, Protein Engineering T{61:805-814; and Roguska et 4l 1994, Proc. Natl dead. Sel.
81:969-973), chain shufﬁing{f{}.S Patent No. 5,565,332}, and techniques disclosed i, eg, US.
Patent Nos, 6,407 213, 3,766 BR6_ 5,585 089, International Publication No. WO ?31?1{}5, Tan f
al., 2002, 4 fmpnel. 169:1119-25, Caldas ef al, 2000, Profein Frg. 13:3583-60, Movea o1 &l
2000, Methods 20:267-79, Baca ef ol , 19977, Biol. Chem. 272:10678-84, Roguska er of | 1996,
Protets Eng. 9:895-904, Couvto et al, 1995, Cancer Bes. 55 (23 Sapp).$9738-5977s, Coute ef ol
1995, Cancer Res, 55:1717-22, Sandhu, 1994, Gene 150:409-10, Pedersen el 1994, 1 Mol
Riod 23595973, Jones ef gf, 1986, Nanure 321:522-5325, Riechmann et of., 1988, Naiwre
332:3233, and Presta, 1992, Curr. Up. Sirweet, Biol. 2:593-596.

Ofien, framework residues in the framework regions will be substituted with the
corresponding residue from the CDR donor antibedy to alter, for example maprove, antigen
bindig. These framework substitutions are wentified by methods well known inthe art, ez, by
modeling of the interactions of the CDR and framework residues o identify framework residues
impoeriant for antigen binding and sequence compatison to wdentify ynosual framework residues
at particular positions. (See, e.g, Queen er ol UK. Patent No. 5 585,089, 115, Publication Nos.
200470049014 and 20030229208, U8, Patent Nos. :6,350,8@; ﬁ,‘l’éﬁ,ﬁ?(}; 3,693,762, 5,693,761,
5,585,089; and 5,530,101 and Riechmann ef ol 1988, Nupure 332:323)
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Husnan, chimeric or humanized derivatives of the disclosed munrine anti-human Siglee-15
antibodies can be used for v vie methods in bumans. Murine antibodies or antibodies of other
species can be advantageously emploved for many uses (for example, v vitre or #s sie detection
assavs, acute & vive use, orc.). Such a human or humanized antibody can include amino acid
residue substitutions, deletions or additions in one or more non-human CDRs. The mmanized
antibody derivative can have substantially the same binding, sttonger binding or weaker binding
when compared to 2 non-derivative hunanized antibody. In specific embodiments, one, two,
three, four, or five amino acid residues of the CIM have been substituted, deleted or added {i.e.,
mutated). Completely homan antibodies are particularly desirable for therapeutic treatment of
human subjects.

Such human antibodies can be made by a variety of mothods known i the ant inchuding
phage display methods using antibody libraries dertved from hwman immuonoglobulin sequences
{see LS, Patent Nos. 4444887 and 4,716,111 and International Publication Nos, WO
98/46645, WO 98/50433, WO 98/24893, WO 98/16654, WO 96/34096, WO 90/33735, and WO
91/10741). Such human antibodies can be produced using transgenic mice which are incapable
of expressing functional endogenocus mununogicbhuling, but which can express humnan
nynunoglobulin genes.

For example, the human beavy and hght chals immunoglobulin gene complexes can be
introduced randomly or by homologous recombination into mouse embryonic stem cells.
Alternatively, the human variable region, constant region, and diversity region can be tatroduced
o monse enmbryonic stem cells s addition o the human beavy and light chain genes. The
mouse heavy and light chain immunoglobulin genes can be rendered non-functional separately or
simuhtaneously with the introduction of human mamumoglobalin loci by homologous
recombination. In particular, homozygous deletion of the Ju vegion prevents endogenous
antibody production. The modified embryome stem cells are expanded and microingected into
blastocysts to produce chimenic mice. The chimeric mice are then bred 10 produce homozygous
offspring which express human anttbodies. The transgenic mice ave tmmunized using
conventional methodologies with a selected antigen, ez, all or a porfion of a polypeptide.
Mounoclonal antibodies directed against the antigen can be obtained from the mnnunized,
transgenic mice using conventional hybridoma technology {3ee, eg., U8 Patent No. 5,916,771}

The human wnsnunoglobulin transgenes harbored by the transgenic mice rearrange dunng B cell
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differentiation, and subsequently undergo class switching and somatic mutation. Thus, using

such a technigue, 1115 possible to produce therapeutically vsefud 1gG, IgA, TgM and IgE

antibodies. For an overview of this technology for producing haman antibodies, see Lonberg
and Huszar {1995, fad. Rev. Impmmol. 13:65-93 which is incorporated herein by reference in its
enfirety). For a detailed discussion of this technology for producing haman antibodies and
huan monoclonal antibodies and protocols for producing such antibodies, see, e.g.,
Imermnational Publication Nos. WO 98/24893, WO 96/34096, and WO 96/33735; and US. Patent
Nos. 5,413,923, 5,625,126, 5,633,425, 5.569.825, 5,661,016, 5,545 806, 5,814,318, and
5,939,598, which are incorporated by reference herem in their entirety. In addition, companies
can be engaged to provide lnsman antibodies directed against a selected antigen using technology
sinuitar to that described above.

DNA sequences coding for hbuman acceptor framework sequences include but are not
limited to FR segments from the human germbine VH segment VH1-18 and JH6 and the human
germbine VL segmemt VK-A26 and JK4. In a specific embodiment. one or more of the CDRs are
inserted within framework regions using routine recombinant DNA techniques. The framework
regions can be naturally occurring or consensus framework regions, and human framework
regions (see, e.g., Chothia ef ol 1998, “Structiral Deterniinants In The Seguences ¢
Immamogiobudin Variohle Domain,” J. Mol Biol 278 457-479 for a listing of human framework
TRgIons}.

C. Antibedy Segquences

1. $C12 heavy chain sequences

One embodiment provides a murine monoclonal antibody or antigen binding fragment
thereof isolated from hybudoma 4C12.

Another embodiment provides an antibody oy antigen binding fragment thereof having a
heavy chain encoded by a nucleic acid with at feast 50%, 60%, 70%, 80%, 85%, 90%, 95%,
99%, or 100% sequence identity to:
ATGAGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACAGGTGTCCACTCCCAGGTCCAAC

TGCAGCAGCCTGGGGCTCGAACTGGTGAAGCCTGGGGCTTCAGTGAAGGTGTCCTGCAAGGCTTCTGG
CTACACCTTCACCAGCTACTGGATGCACTGGGTGAAGCAGAGGCCTGGCCAAGGCCTTGAGTGGATT
GGAAGGATTCATCCTTCTGATAGTGATACTAACTACAATCAAAAGTTCAAGGGCAAGGCCACATTGA
CTGTAGACAAATCCTCCAGCACAGCCTACATGCAGCTCAGCAGCCTCGACATCTGAGGACTCTGCGGT

CTATTACTGTGCACCCTATGGTAACTACGCCTCCGGOTTITGCTTACTGGGGCCAAGGGACTCTGGTC
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ACTGTCTCTGCAGCCAAAACGACACCCCCATCTGTCTATCCACTGGCCCCTGGATCTGCTGCCCAAA
CTAACTCCATGGTGACCCTGGOATGCCTGGTCAAGGGCTATTICCCTGAGCCAGTGACAGTGACCTG
GAACTCTGGATCCCTGTCCAGCGGTGTGCACACCTTCCCAGCTGTCCTGCAGTCTGACCTCTACACT

ATGTACAGTCCCAGAAGTATCATCTGTCTTCATCITCC AAA AAGGATGTGCTCACCATT
ACTCTGACTCCTAAGGTCACGTGTGTTGTGGTAGACATCAGCAAGGATGATCCCGAGGTCCAGTTCA
GCTGGTTTGTAGATCGATGTGCGAGGTGCACACAGCTCAGACGAAACCCCGGCGAGGAGCAGATCAACAG
CACTTTCCGTTCAGTCAGTGAACTTCCCATCATGCACCAGGACTGGCTCAATGGCAAGGAGTTCAAA
TGCAGCGTCAACAGTGCAGCTTTCCCTGCCCCCATCGAGAAAACCATCTCCAAAACCAAAGGCAGAC
CGAAGGCTCCACAGGTGTACACCATTCCACCTCCCAAGGAGCAGATGGCCAAGGATAAAGTCAGTCT
ACCTGCATGATAACAAACTTCTTCCCTGAAGACATTACTGTGGAGT AGTGGAAT AGCCA
AGAACTACAAGAACACTCAGCCCATCATGGACACAGAT TCTTACTTCGTCTACAGCAA
TCAATGTGCAGAAGAGCAACTCGGOAGGCAGGAAATACTTTCACCTGCTCTGTGTTACATGAGGGCCT
GCACAACCACCATACTGAGAAGAGCCTCTCCCACTLTCOTGUTAAATGA (SEQ IDNO:3

Underlined sequences correspond to complementarity determining regions (CDRs}
Double underline sequence corresponds to the constant region. Dashed underlined sequences
correspond to the leader sequence.

The nuclete acid can be in a vector, for example an expression vector. The nucleic acid
can be extrachromosal on inserted into & chromosome of & host cell, for example 8 Chinese
Hamster Ovary cell,

One embodiment provides an antibody or antigen binding fragment thereof having heavy

Sgim with an amme acid seguence having af leg %, o Yo, %%, 859% %%, 95%, 99%,
chain with an anino acid sequence having af least 50%, 60%, 70%, 80%, 85%, 90%, 95%, 99%,

or 100% sequence identity to:

Single snderhne comvesponds {o the leader sequence. Double under line cotresponds to

CDRs, and dashed underline corresponds to the constant region.
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Another embodiment provides an antibody or antigen binding fragment thereof having

heavy chain without the leader sequence with an amino acid sequence having at least 50%, 60%,

TOY, 80%, 83%, 90%, 95%, 99%, or 100% sequence identity to;

Double under linecorresponds to CDRs, and broken undesline corresponds fo the constant
LEQION.

The amino acid sequence for CDR1of the 4C12 heavy chain is
SYWMH {SEQ ID NO6).

The amino acid sequence for CDR2 of the 4C12 heavy chain is
RIHPSDSDTNYNOQKFKG (SEQ 1D NOT).

The amnino acid sequence for CDR3 of the 4C12 heavy chain is
YONYASGFAY (SEQ ID NO:BY.

Oue embodiment provides an antibedy or antigen binding fragment thereof baving &
heavy chain according to SEQ D NO4 or 5.

Another embodiment provides and antibody or antigen binding fragment thereof having a
heavy cham encoded by a nuclete acid with at least 50%, 60%, 70%, 0%, 85%, 90%, 95%,
99%, or 100% sequence identity to SEQ 1D NO3.

One embodiment provides an antibady having three different CDRs selected from the
group consisting of SEQ IDNQG: 6, 7, and 8.

2. $C12 light chain sequences

Another embodiment provides an antibody or antigen binding fragment thereof having a
Light chain encoded by a nucleic acid with at least 50%, 60%, 70%, 80%, 85%, 90%, 95%, 99%,
or 10096 sequence wdentity to:
ATGGGCATCAAGATGUAGTCACAGATTCAGGLATTTGTATTCGTGTITCTCTGGTTGTCTGGTGTTG

CACCTGCAAGGCCAGTCAGGATGTCAGTACTGCTGTAGCCTGGTATCAACAAAAACCAGGGCAATCT
CCTAAACTACTGATTTACTGGGCATCCACCCGGCACACTGCGAGTCCCTGATCGCTTCACAGGCAGTG
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GATCTGGGACAGATTATACTCTCACCATCAGCAGTGTGCAGGCTGAAGACCTGGCACTTTATTACTG
TCAGCAACATTATAGCACTCCGTGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAAACGGGCTGAT
GCTGCACCAACTGTATCCATCTTICCCACCATCCAGTGAGCAGTTAACATCTGGAGGTGCCTCAGTCG
TGTGCTTCTTGAACAACTTCTACCCCAAAGACATCAATGTCAAGTGGAAGATTGATGGCAGTGAA

ACAAAAT TCCTGAACAGTTGGACTGATCAGGACAGCAAAGACAGCACCTACAGCATGAGCAG
ACCCTCACGTTGACCAAGGACGAGTATGAACGACATAACAGCTATACCTGTGA! ACTCACAAGA

CATCAACTTCACCCATTGTCAAGAGCTTCAACAGGAATGAGTGTTAG (SEQ ID NO:9).

Dashed underline represents the leader sequence. Single underine represents the CDRs.
Double underline represents the constant region.

The nucleic acid can be i a vector, for example an expression vector. The nucleic acid
can be extrachromosal on 1nserted inte a chromosome of a host cell, for example a Chinese
Hamster Ovary cell

Another embodiment provides an antibody o antigen binding fragment thereof baving a

light chain having an animo acid sequence with at least 50%, 60%, 70%, 80%, 85%, 90%, 95%,

99%, or 100% sequence identity 1o

TLILIKDEYERHNSY TCEATHK TS TSPIVKSENRNEC (SEQ 1D NO: 10y

Underline represents the leader sequence. Double underline represents CDRs. Dasbed underline
represents the constant region.

Another embodiment provides an antibody or antigen binding fragment thereof having a
light chain without the leader sequence having an amine acid sequence with at lzast 50%, 60%,
70%, 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to;
VMTQSHEFMSTSVGDRVIITCRASQDVETAVAWY SR PGQSPRLLIYWASTRHTGVPRRFTGSGSGTD
YU TISSVOAEDLALY YCQOHY STRPWTFGGGTRLEIKRADAAPTVSIFPPESEQL TSGOASVYVCELNNEYPK

C{SEQ ID NO: 1Y),
Doyble underline represents CDRs. Dashed underhne vepresents the constant region,
The amine acid sequence for CRR 1of the 4C12 hght chain i3
KASQDVETAVA (SEQ ID NO2)
The amino actd sequence for CDIR2 of the 4C12 hght cham i3

WASTRHT (SEQ ID NO:13).
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The amine acid sequence for CDR32 of the 4C12 light chain is
QOHYSTPWT (SEQ ID NO: 14),

One embodiment provides an antibody or antigen binding fragment thereof having a hight
chain with at least 30%, 60%, 70%, 809G, 85%, 90%, 95%, 99%:, ar 100% sequence identity to
SEQIDNO:1gor 11,

Another embodiment provides and antibody or antigen binding fragment thereof having a
light chain encoded by a nucleic acid with at least 50%, 60%, 70%, 80%, 85%, 90%, 95%, 99%,
or 100% sequence wdentity to SEQ 1D NO:S.

One embodiment provides an antibody having three different CDRs selected from the
group consisting of SEQ ID NQO: 12, 13, and 14

Another embodiment provides an antibody or antigen binding fragment thereof having a
heavy chain with an amino acid sequence having at least S0%, 60%, 70%, 80%, §85%, 90%, 953%,
99%, or 100% sequence identity to SEQ 1D NOH or § and light chain with an amino acid
sequence at least S0%, 60%, 707, 80%, 83%, 90%, 85%, 99%, or 100% sequence identity to
SEQ ID N0 or 11, or light and heavy chaint combinations thereef.

Another embodiment provides an gntibody or antigen binding fragment thereof having
three different heavy chain CDRs with an amino acid selected frony the group consisting of 3EQ
D NOs:6, 7, and 8 and three different light cham CDRs with amino acids selected from the
group consisting of SEQ ID NOs: 12, 13, and 14

3. 2B5 heavy chain sequences

One embodiment provides a nuwrine monoclonal antibody or antigen binding fragment
thereof isolated from hybridoma 28BS,

Another embodiment provides an antibody or antigen binding fngment thereof having a
heavy chain encoded by a nucleic acid with at least S0%, 609, 70%, 80%, 85%, 90%, 95%,
9G9%, or 100% sequence wdentity to:

ATGGAATGGAGCAGAGTCTITTATCTITCTCCTATCAGTAACTGCAGGTGTTCACTCCCAGGTCCAGC

TGCAGCAGTCTGGAGCTGAGCTGGTAAGGCCTGGGACTTCAGTGAAGGTGTCCTGCAAGGCTTICTGG
ATACGCCTTCACTAATTACTTGATAGAGTGGGTAAAGCAGAGGCCTGGACAGGGCCTTGAGTGGATT
GGAGTGATTAATCCTGGAAGTGGTGGTACTAACTACAATGAGAAGTTCAAGGGCAAGGCAACACTGA
CTGCAGACAAATCCTCCAGCACTGCCTACATGCAGCTCAGCAGCCTCGACATCTGAGGACTCTGCGGT
CTATTTCTGTGCAAGATCAGCTICAGGCCCCTGACTACTGGGGCCAAGGCACCACTCTCACAGTCICC
TCAGAGAGTCAGTCCTTCCCAAATGTCTTCCCCCTCGTCTCCTGCGAGAGCCCCCTGTCTCATAAGA
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ATCTGGTGGCCATCGGCTGCCTGGCCCGGCACTTCCTGCCCAGCACCATTITCCTTCACCTGGAACTA
CCAGAACAACACTGAAGTCATCCAGGGTATCAGAACCTTCCCAACACTGAGGACAGGGGGCAAGTAC
CTAGCCACCTCGCAGGTGTTGCTGTCTCCCAAGAGCATCCTTGAAGGTTCAGATGAATACCTGGTAT

AAAATCCACTA A AAAAACAAAGATCTGCATGT ATTCCAGCTGTCGCAGAGATGAA
CCAATGTAAATGTGTTCGTCCCACCA iGAT TTCTICT CTGCACCA AAGTCTAAA
TCATCTGCGA ACGAACTTCACTCCAAAA ATCACAGTATCCT TAAAGGAT AA

TCGTGCAATCTGGCTTCACCACAGCGATCCGGTGACCATCCGAGAACAAAGGATCCACACCCCAAACCTA
CAAGGTCATAAGCACACTTACCATCTCTGAAATCCGACTGGCTGAACCTGAATGTGTACACCTGCCGT
GCTGGATCACAGGGGTCTCACCTTCTIGAAGAACGTGTCCTCCACATGTGCTGCCAGTCCCTCCACAG
ACATCCTAACCTTCACCATCCCCCCCTCCTITGCCGACATCTTCCTCAGCAAGTCCGCTAACCTGAC
CIGTCTGCTCTICAAACCTGGCAACCTATCGAAACCCTGAATATCTCCTGGGCTTCTCAAAGTGGTGAA
ACTGGAAACCAAAATTAAAATCATGGAAA ATCCCAAT ACCTTCAGTGCTAA TGT
TAGTGTTTGTGTGGAAGACTGGAATAACAGGAAGGAATTTGTGTGTACTGTGACTCACA ATCT
GCCTTCACCACAGAAGAAATTCATCTCAAAACCCAATGAGGTGCACAAACATCCACCTGCTGTGTAC
CIGCTGCCACCAGCTCGTGAGCAACTCAACCTCGAGGGAGTCAGCCACAGTCACCTGCCTGGTGAAGG
GCTTCTCTCCTGCAGACATCAGTGTGCAGTCGCTTCAGAGAGGGCAACTCTTGCCCCAAGAGAAGTA
TGTGACCAGTGCCCCCATGLCAGAGLCTCGGGCCCCAGGCTTICTACTTTACCCACAGCATCCTGACT
GTCGACAGAGGAGGAATGGAACTCCGGAGAGACCTATACCTGTGTTIGTAGGCCACGAGGCCCTGCCAC
ACCTCGTGACCGAGAGGACCGTGGACAAGTCCACTGGTAAACCCACACTGTACAATGTCTCCCTGAT
CATGTCTGACACAGGCGGCACCTGCTATTGA (SEQ 1D NO:15).

Underlined sequences correspond to complementanty determining regions (CDRs).
Double underline sequence corresponds to the constant region. Dashed underlined sequences
correspond to the leader sequence.

The nucleic acid can be ina vector, for example an expression vector. The nucleie acid
can be extrachromosal o inserted mto & chromosome of 4 host cell, for example & Chinese
Hamster Ovary cell.

One embodiment provides an antibedy or antigen binding fragment thereof having heavy
chain with an amine acid sequence having at least 50%, 60%, 70%, 80%, §5%6, 0%, 93%, 99%,
or 100% sequence identity to:

MEWSRVFIFLLSYT,
VINPG ITNYNEKFK

o

WOEATNE PRI TYVSWLE DGR EVESGYTTRRVT]

R R A N R e Sl TR TR N S B S AT T
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Stngle underline corresponds to the leader sequence. Double under line cotresponds o
CDRs, and dashed underline corresponds to the constant region.
Anocther embodiment provides an antibody or antigen binding fragment thereof having

heavy chamn without the leader sequence with an anune acid sequence having at least 50%, 60%,

T0%, 30%, 85%, 90%, 5%, 99%, or 100% sequence identity 12

OVOLOOSGABLVRPGTSVEVSUKASGY AFTNYLIEWVRORPGOGLEWIGYINPGSGETNY NEKEKGRATL

OKKFISK PNEVHKHPPAV Y LLPPAREQLNLRESATVTCLVK GFSPADISVOWLORGOLLPQEK Y VISAPMD

A RSN AN AR N RN R W S A L L A s AR R Rl e e A R e S B e T o B o e R

{(SEQ ID N7
Double under line corresponds to CDRs, and dashed underline corresponds to the constant
region.

The amino acid sequence for CDR 1of the 2BS heavy chain is
NYLIE (SEQ ID NOI1IE).

The amino acid sequence for CR2 of the 2BS heavy chain is
VINPGSGGTNYNEKFRG (SEQ 1D NO: 19,

The amine acid sequence for CDR3 of the 2BS5 heavy chain 1s
SAQAPDY (SEQ ID NO:20).

One embodiment provides an antibody or antigen binding fragment thereof having a
heavy chain according to SEQ D NO:16 or 17

Another embodiment provides and antibody or antigen binding fragment thereof having a
heavy chain encoded by a pucleic acid with at least S0%, 60%, 70%, 80%, 83%, 90%, 95%,
99%, or 100% sequence wdentity to SEQ 1D NO 1A,

{One embodiment provides an antibody having three different CDRs selected from the

group consisting of SEQ ID NO: 18, 19, and 20.
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4. 2B5 light chain sequences
Another embodiment provides an antibody or antigen binding fragment thereof having a
light chain encoded by a nucleic acid with at least 50%, 60%, 70%, 80%, 85%, 90%, 95%, 99%,
or 100% sequence xdentity o:
ATGGGCATCAAGATGGAGACACATTCTCAGGTCTTTGTATACATGTTIGCTGTIGGTTIGTCTGGTGTTG

CACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTATCAACAGAAACCAGGGCAATCT
CCTAAACTACTGATTTACTIGGGCATCCACCCGGCACACTGGAGTCCCTGATCGCTTCACAGGCAGTG

GATCTGGGACAGATTITCACTCTCACCATTAGCAATGTGCAGTCTGAAGACTTGGCAGATTATTTCTG
TCAGCAATATAGCAGCTATCCATTCACGTTC

GCTGCACCAACTGTATCCATCTTICCCACCATCCAGTGAGCAGTTAACATCTGGAGGTGCCTCAGTCG
TGTGCTTCTTGAACAACTTICTACCCCAAAGACATCAATGTCAAGTGGAAGATIGATCGGCAGTGAACG
ACAAAATGGCGTCCTGAACAGTTGCGACTGATCAGGACAGCAAAGACAGCACCTACAGCATGAGCAGC
ACCCTCACGTTIGACCAAGGACGAGTATGAACGACATAACAGCTATACCTUTGAGGUCACTCACAAGA
CATCAACTTCACCCATTGTCAAGAGCTTCAACAGGAATGAGTGITAG {SEQ 1D NO21 )

Dashed underline represents the leader sequence. Single undetline represents the CDRs.
Double underline represents the constant region.

The nucleic acid can be m & vector, for example an expression vector. The nucleic acid
can be extrachromosal on inserted into a chivomosome of a host cell, for example a Chinese
Hamster Ovary cell

Another embodiment provides an antibody or antigen binding fragment thereot having a
light chain having an amino acid sequence with at least 50%, 60%, 70%, 80%, 85%, 90%, 95%,

99%, or 100% sequence identity to:

MOGIKMETHSOVEYYMLLWILSGVEGDIVMTORHRFMSTEVGDRVSITCRARDD VWY QORPGOS

TLILIKDEYERHNSY TCEATHR TS TSPIVKSENRNEC (SEQ IR NO2Z).

Underline represents the leader sequence. Double underline represents CDRs. Dashed underline
represents the constant region.

Anocther embodiment provides an antibody or antigen binding fragment thereof having a
tight chain without the leader sequence having an amine acid sequence with at least 50%, 60%,

7%, 80%, 83%, 90%, 95%, 99%, or 100% sequence wdentity 10

DIVMTOSHEFMSTSVGDRVSITCKASQDVS TAVAWY QK PGQSPRLLIVWASTRHIGVPDRETGSGSGTD

YTLHISSVOABRDLALY Y
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C{SEQ IDNO23).
Double underline represents CDRs. Dashed underline represents the constant region.

The amino acid sequence for COR1of the 285 light chain is
KASQODVSTAVA (SEQ ID NG:24).

The amino acid sequence for CDR2 of the 2BS light chain is
WASTRHT (SEQ ID NO:13)

The amino acid sequence for CDR3 of the 2BS light chain is
QOHYSTPWT (SEQ 1D NO:25).

One embodiment provides an antibody or antigen binding fragment thereof having a light
chain with at least 5096, 60%, 7006, 30%;, B3%, 90%, 95%, 99%, or 100% sequence identity to
SEQ 1D NO:22 or 23,

Another embodiment provides and antibody or antigen binding fagment thereof having a
Light chain encoded by a nucleic acid with at least 30%, 609%, 70%, 80%%, 85%%, 90%, 95%, 99%,
or 1009 sequence identity to SEQ I NO:21.

One embodiment provides an antibody having three different CDRs selected from the
gronp consisting of SEQ ID NO; 24, 13, and 25,

Another embodiment provides an antibody or antigen binding fragment thereof baving a
heavy chain with an amno goid sequence having at least 30%, 60%, 70%, 809, 85%, 90%, 95%,
99%, or 100% sequence identity to SEQ ID NO:16 or 17 and Light chain with an amino acid
sequence at least 50%, 609, 70%, 80%, 85%, 90%, 95%, 99%, or 100% sequence identity 1o
SEQ IDNO22Z or 23, or light and beavy chain combinations thereof.

Another embodiment provides an antibody or antigen binding fagment thereof having
three difforent beavy chain CDRs with an amino gcid sclected from the group consisting of SEQ
1D NOs:18, 19, and 20 and three different light chain CDRs with amino acids selected from the
gronp consisting of SEQ 1D NOs: 24, 13, and 25,

6. 409 heavy chain sequences

Oue embodiment provides a murine monoclonal antibody or antigen binding fragment

thereof isolated from hybridoma 4G9
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Another embodiment provides an antibody or antigen binding fragment thereof having a
heavy chain encoded by a nucleic acid with at least 50%, 60%, 70%, 80%, 85%, 90%, 95%,
99%, or 100% sequence identity to:
ATGGETIGGCTGTGCGAACTIGCTATTCCTGATGGCAGCTGCCCAAAGTGCCCAAGCACAGATCCAGT
TGGTACAGTCTGGACCTGAGCTGAAGAAGCCTGGAGAGACAGTCAAGATCTCCTGCAAGGCTTCTGG
GTATACCTTCACAACCTATGGAATGACCTGGGTGAAACAGGCTCCAGGAAAGGGTTTAAAGTGGATG
GGCTGGATAAACACCTACTCTGGAGTGCCAACATATGCTGATGACTTCAAGGGACGGTTTGCCTICT
CTTTGGAAACCTCTGCCAGCACTGCCTATTTGCAGATCAACAACCTCAAAAATGAGGACACGGCTAC
ATATTTCTGTGCAAGAGGGGGACGGGGGTTTGCTTACTGGGGCCAAGGGACTCTGGTCACTGTCTCT
CTGTGACTCTGGGATGCCTGGTCAAGGGCTACTTCCCTGAGTCAGTGACTGTGACTTGGAACTCTGG
ATCCCTGTCCAGCAGTGTGCACACCTTCCCAGCTCTCCTGCAGTCTGGACTCTACACTATGAGCAGC
TCAGTGACTGTCCCCTCCAGCACCTGGCCAAGTCAGACCGTCACCTGCAGCGTTGCTCACCCAGCCA

ATGCAAGGAGTGTCACAAATGCCCAGCTCCTAACCTCGAGGGTGGACCATCCGTCTTCATCTTCCCT
CCAAATATCAAGGATGTACTCATGATCTCCCTCGACACCCAAGGTCACGTGTGTGGTGGTGGATGTGA
GCGAGGATGACCCAGACGTCCGGATCAGCTGGTTTGTGAACAACGTGGAAGTACACACAGCTCAGAC
ACAAACCCATAGAGAGGATTACAACAGTACTATCCGGGTGGTCAGTGCCCTCCCCATCCAGCACCAG
GACTGGATGAGTGGCAAGGAGTICAAATGCAAGGTCAACAACAAAGACCTCCCATCACCCATCGAGA
GAACCATCTCAAAAATTAAAGGGCTAGTCAGAGCTCCACAAGTATACATCTIGCCGCCACCAGCAGA

GTGGAGTGGACCAGCAATGGGCATACAGAGGAGAACTACAAGGACACCGCACCAGTCCTGGACTCTG
ACGG IO AU T ICATATACAGCAAGCTCGATATAAAAACAAGCAAGTGGGAGAAAACAGATTCCTT
CICATGCAACGICAGAC LG AGOG IO TGAAAAATTACTACCTGAAGAAGACCATCTCCCGGTCTCCG
GUTAAATGA (SEQ D NO26).

Underlined sequences correspond to complementarity determining regions {CDRs).
Double underline sequence corresponds to the constant region. Dashed underhined sequences
correspond {o the leader sequence.

The nuclete acid can be in g vector, for example an expression vegtor, The nucleiv acid
can be extrachromosal on inserted into a chromosome of & host cell, for example a Chinese
Hamster Ovary cell.

One embodiment provides an antibody or antigen binding fragment thereof having heavy
chain with an amino acid sequence having at least 5096, 60%, T0%, 80%, B3%, 90%, 95%, 99%,

or 100% sequence identity to:
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GK{SEQ 1D ND2T

Single underhine corresponds to the leader sequence. Double under ling correspongds to
CDRs, and dashed underline corresponds to the constant region.

Another embodiment provides an antibody or antigen binding fragment thereof having
heavy chain without the leader sequence with an amino acid sequence having at least 530%, 60%%,

70%, 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to

GK (SEQ ID NO:28),

Double under line corresponds to CDRs, and dashed underline corresponds to the constant
region.

The amino acid sequence for CDR Iof the 4G9 heavy chain is
TYGMT (SEQ ID NO:29),

The amine acid sequence for CDIR2 of the 4G9 heavy chaimn is

The amino acid sequence for CDR3 of the 4G9 heavy chain is
GGRGFAY (SEQ IDNO:31).

One embodiment provides a 4G9 antibody or antigen binding fragment thereof having a
heavy chain according to SEQ 1D NOG27 or 28,

Another embodiment provides g 4G9 anttbody or autigen binding fragment thereof
having a heavy chain encoded by a mucleic acid with at least 50%, 60%6, 70%, 80%, 85%, 90%,
5%, 99%, or 100% sequence identity to SEQ ID NO26.
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One embodiment provides a 409 antibody having three different CDRs selected from the

group consisting of SEQ 1D NO: 29,30 and 31
7. 469 hght chain sequences

Ancther pmbodiment provides an antibody or antigen binding fragment thereof having a
Light chain encoded by a nucleic acid with at Ieast 50%, 60%, 70%, 80%, 85%, 90%, 95%, 99%,
or 10096 sequence identity to:
ATGGTATCCACACCTCAGTICCTTGTATTTITGCTITTICTGGATTICCAGCCTCCAGAGGTGACATCT
TGCTGACTCAGTCTCCAGCCATCCTGTCTGTGAGTCCAGGAGAAAGAGTCAGTTTCTCCTGCAGGGC
CAGTCAGAGCATTGGCACAAGCATACACTGGTATCAGCAAAGAACAAATGGTTCTCCAAGGCTTCTC
ATAAAGTATGCTTCTGAGTCTATCTCTGGGATCCCTTCCAGGTTTAGTGGCAGTGGATCAGGGACAG
ATTTTACTCTTAGCATCAACAGTGTGGAGTCTGAAGATATTGCAGATTATTACTGTCAACAAAGTAA
TAGCTGGCCGTACACGTTCGGAGGGGGGACCAAGCTGGAAATAAAACGGGCTGATGCTGCACCAACT
GTATCCATCTTCCCACCATCCAGTGAGCAGTTAACATCTGGAGGTGCCTCAGTCGTGTGCTTCTTGA
ACAACTTCTACCCCAAAGACATCAATGTCAAGTGGAAGATTGATGGCAGTGAACGACAAAATGGCGT
CCTGAACAGTTGGACTGATCAGGACAGCAAAGACAGCACCTACAGCATGAGCAGCACCCTCACGTTG
ACCAAGGACGAGTATGAACGACATAACAGCTATACCTGTGAGGCCACTCACAAGACATCAACTTCAC

CCATTGTCAAGAGCTTCAACAGOAATGASTOTTAG (SEQ 1D NO:32).

Dashed undetline represents the leader sequence. Single underline represents the CDRs.
Double wnderline represents the constant region.

The nucleic acid can be in a vector, for example an expression vector, The nucleic acd
can be extrachromosal on inserted into a chromosome of a host cell, for example a Chinese
Hamster Ovary cell.

Another embodiment provides an antibody or antigen binding fragment thereof having a

light chain having an amino acid sequence with at least 50%, 60%, 70%, 80%, 85%, 90%, 95%,

9G%, or 100% sequence wentity to:

Underline represents the leader sequence. Double undeding represents CDRs. Dashed underhne

represents the constant region.
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Another embodiment provides an antibody or antigen binding fragment thereof having a
hght chain withoot the leader sequence having an amune acid sequence with at least 50%, 60%,
TOY, 80%, 83%, 90%, 95%, 99%, or 100% sequence identity to;

ASQETGTSIE

NO:34).

Double underbne represemts CDRs. Dashed underline reprosents the constant region.

The amino acid sequence for CDR1of the 4G9 light chains
RASQSIGTSIH (SEQ ID NO:35).

The smino acid sequence for CDR2 of'the 4G9 light chain is
YASESIS {(SEQ ID N(x:36).

The amino acid sequence for CDR3 of the 4G9 light chain is
QOSNEWPYT (SEQ ID NO:3T).

One embodiment provides a 4G9 antibody or antigen binding frapment thereof having a
light chain with at least 50%%, 60%, 7096, 80%, 85%, 90%, 9§%, 99%, or 100% sequence identity
to SEQ D NO33 or 34,

Another embodiment provides a 4G9 antibody or antigen binding fragment thereof
having a light chain encoded by a nucleic acid with at least 30%, 6%, 70%, 809, 85%, 90%,,
§5%, 99%%, or 100% sequence identity to SEQ ID NO:32.

One embodiment provides a 409 antibody having three different CDRs selected from the
croup conststing of SEQ 1D NO:35, 36, and 37,

Another embodiment provides an antibody or antigen binding fragment thereof having a
heavy chain with an amino acid sequence having at least 30%, 60%, 70%, 80%, 85%, 90%, 95%,
99%, or 130% sequence wdentity to SEQ 1D NO:27 or 28 and light chatn with an amino acid
sequence at least 30%;, 60%, 70%, 80%, §5%, 90%, 95%, 99%, or 100% sequence identity 1o
SEQ ID NO:33 or 34 or Hght and heavy chain combinations thercof

Another embodiment provides 3 4G9 antibody or antigen binding fragment thereof
having three differcut heavy cham CDRs with an amino acid selected from the group consisting
of SEQ 1D NOs:29, 30, and 31 and three different Hight chain CDRs with amino acids selected

from the group consisting of SEQ ID NOs:38, 36, and 37.
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D. PD-1 Activating Epitope
Epitopesspecific PD-1 binding moieties are disclosed berein. In one embodiment, the
disclosed binding moieties immunospecifically bind to PD-1, and activate PD-1 mediated signal
trapsduction.
The disclosed PD-1 epitope is formed by amino acids 96-110 of SEQ ID NO:1 and has an
amino acid sequence as follows,
TYLCGAISLAPKAQI {SEQ IDNO:38).
1. Auniibodies
One embodiment provides an antibody or epitope binding fragment thereof that
immunospecifically binds to SEQ ID NO:38 on the surface of an immune cell and activates the
imeune cell. In one embodiment, the preferred immune cell is a T cell, more specifically a
CD8 T cell. In another embodiment, the antibody or epitope binding fragment thereof
inimunospecifically binds SEQ 10 NO:38 of PD-1 on the surface of an immune cell and
profmotes or induces an activating sigoad through PD-T to activate the immune cell
‘The epitope specific antibody can be a monoclonal antibedy, 2 humanized antibody, 3
human antibody, & mouse antibody, a chumeric anlibody, or a fragment thereof. Exemplary
anttbodies and methods of their production are discussed below.
2. Fusion Protein
i one embodiment, the epitope-specific PI3-1 binding moiety is a fusion protein. All of
part of one or more of the disclosed PD-1 epitope snttbodies or epitope binding fragments above
can be coupled to other polypeptides to form fusion proteins. Fusion polypeptides have a {orst
fusion partner including all or a part of one or more of the disclosed FD-1 epitope antibodies or
epitope binding fragments fused to a second polypeptide directly or via a linker peptide sequence
that s fused to the second polypeptide. The fusion proteins optionally contain a domain that
functions to dimerize or multimerize two or more fosion proteins. The peptide/polypeptide
linker domain can either be a separate domain, or alternatively can be contained within one of
the other domains {fist polypeptide or second polvpeptide) of the fusion protein. Sinilarly, the
domain that functions to dimerize or multimerize the fusion proteins can either be a separate
domain, or alternatively can be contawned within one of the other domains (first polypeptide,

second polypeptide or peptide/polypeptide linker domain} of the fusion protem. In one
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embodiment, the dimerization/multimerization domain and the peptide/polypeptide linker
domain gre the same.

Fusion proteins disclosed herein are of formula I:

N-Ri-Ro-R3-C
wherein "N" represents the Neterminugs of the fusion protemn, "C" represents the C-terminus of
the fusion protein, "Ry" ix all or part of one of the disclosed PD-1 epitope antibodies or epitope
binding fragments, or functional variant or fragment thereof, "R:" is an optional
peptide’polypeptide linker domain, and "Rs” s a second polypeptide. Alternatvely, Raisallor
part of one of the disclosed PD-1 epitope antibodies or epitope binding fragments, or fonctional
variant or fragment thereof and Ri 1s the second polypeptide.

Dimerization or multinerization can ovcur between or among two or mare fusion
profeins through dimenzation or mulbimerization domains. Alternatively, dimerization or
multimerization of fusion proteins can occur by chemical crosslinking, The dimers or multimers
that are formed can be homodimenc/homomultimeric or heterodimeric/heteromudtimeric,

3 Aptamers

In some erpbodiments, the epitope-specific binding moiety 15 an aptaruer. Aptamers are
molecules that interact with a farget mwlecule, preferably in a specific way. In one embodiment,
the aptamer binds to SEQ ID NO:3R on the surtace of an imnwnge cell and promotes or induces
an activating signal through PD-1 to activate the nmune cell. Typically aptamers are small
nycleic acids ranging from 13-50 bases in length that fold mto defined secondary and tertiary
stractures, such as stem-loops or G-quartets. Aptamers cas bind o protemn, cells, small organic
molecules, or peptides. Aptamers can bind small melecules, such as ATP and theophiling, as
well as lgrge molecules, such as reverse transcriptase and thrombin, Aptamers can bind very
tightly with Kd' s from the target molecule of less than 10212 M. 1t i3 preferred that the aptamers
bind the target molecule with a Kd less than 10-6, 10-8, 10-10, or 10-12. Aptamers can bind the.
target molecule with a very high degree of specificity. For example, aptamers have been isolated
that have greater than a 10,000 fold difference in binding affinities between the target molecule
and another molecule that differ at only a single position on the molecule. It 15 preferred that the
aptamer have a Kd with the rarget molecule at least 10, 100, 1000, 10,000, or 100,000 fold lower
than the Kd with a background binding molecule. 1t i3 preferred when doing the comparison for

a polypeptide for example, that the background molecnie be a different polypeptide.
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Representative examples of how to make and use aptamers to bind a vaviety of different target
molecales are known in the art.
4, Small Molecules
In some embodiments, the epitope-specific binding molety can be a small molecule. The
S term Vsmall molecale” generally refers to small organic compounds having 8 molecular weight of
more thag about 100 and less than about 2,300 Daltons, preferably between 100and 2000, more
preferably between about 100 and about1 250, more preferably between about 100 and abowt
1000, move preferably between about 100 and about 750, more preferably between about 200
and about 500 Daltons. Snrall molecule agonists of the activating epitope of PD-1 can be
10 identified using rovtine screenmg methods. In some embodiments, the screening assay can
mclude random screening of large hibraries of test compounds. Assays can inchude
determinations of PD-1 induced mumune response or activation of T cells.
E. Pharmaceutical Compositions
Pharmaceutical compositions imcluding the disclosed antibodies and antigen binding
15 fragments thereof are provided. Pharmaceutical compositions containing the antibodies and
antigen binding fragments thereof can be for administration by parenteral (intramusculdar,
intraperifoneal, intravenous {1V} or subcutageous mnjection}.
In serwe dn vivo approaches, the compositions disclosed herein are admimistered to 8
subject in a therapeutically effective amount. As used herein the teom “effective amount™ or
20 “therapeutically effective amount” means g dosage sufficient {o treat, inhibit, or alleviate one oy
more symptoms of the disorder being treated or to otherwise provide a desired pharmacologic
and/or phvsiologic effect. The precise dosage will vary according to a vanety of factors such as
subject-dependent variables (e g, age. immune system health, etc.), the discase, and the

treatment bemg effected.

v
Pt

For the disclosed antibodies and antigen binding fragments thereof, as further studies are
conducted, information will emerge reparding appropriate dosage levels for weatment of various
conditions in various patients, and the ordinary skilled worker, considening the thergpeutic
context, age, and general health of the recipient, will be able to ascertain proper dosing. The
selected dosage depends upon the desived therapeutic effect, on the route of administration, and
3¢ onthe duration of the ireatment desired, Fuor the disclosed antibodies and antigen binding

frapments thereof, generally dosage levels of 0.001 to 20 mg'kg of body weight daily are
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administered to mammals. Generally, for mtravenous injection or infusion, dosage may be
lower.

In certain embodiments, the antibodies and antigen binding fragments thereof are
administered locally, for example by mjection directly mto @ site to be treated. Typically, the
mjection causes an increased localized concentration of the immunomodulatory agent
composition which is greater than that which can be achieved by systemic adminiswration. The
immumomodulatory agent compositions can be combined with a matrix as described above to
assist in creating an wncreased localized concentration of the polypeptide compaositions by
reducing the passive diffusion of the polypeptides out of the site to be treated.

1. Fornmilations for Parventeral Administration

I some anbodiments, the compositions containing the disclosed antibodies and antigen
biading fragments are adnumistered 1n an agueous solution, by parenteral injection. The
formulation may also be m the form of a suspension or esnulsion. In general, pharmacentical
compositions are provided including effective amounts of an antibody or antigen binding
fragment thereof, and optionally include pharmacentically acceptable dilnents, preservatives,
solubilizers, emulsifiers, adjovants andfor carriers. Such compositions optionally include one or
more for the following: diluents, sterile water, butfered saline of various buffer content (e g,
Tris~-HCl, scetate, phosphate), pH and jonic strength; and additives such as detergents and
sohibilizing agents (e.g, TWEEN 20 {polysorbare-20}, TWEEN 80 (polysorbate-801}, anti-
oxidants (e.g., ascorbic acid, sodinm metabisulfite), and preservatives ez, Thimersol, benzyl
atcohol) and bulking substances {e.g., lactose, manmitol). Examples of nog-aqueous solvents or
vehicles are propylene glycol, polyethylene glycol, vegetable oils, such as olive oil and corn i,
gelatin, and injectable organic esters such as ethyl oleate. The formulations may be lyophilized
and redissolvediresuspended tmmediately before use. The formulation may be sterilized by, for
example, filtration through a bactenia retaiming filter, by tncorporating stertlizing agents info the
compositions, by irradiating the compositions, or by heating the compositions.

2. Formulations for Oral Administration

In some emboduments the antibody compositions are formulated for oral delivery. The
oral dosage forms of antibodies resist proteclysis and can deliver a greater fraction of
immunoreactive antibody locally in the gastrointesunal tract for the treatment of infections or

allow the absorption of antibodies for the trearment or prevention of systemic conditions {Reilly,

41



10

28

v
Pt

30

WO 2019/051164 PCT/US2018/049854

RM, etal. Chin Pharmacokinet., 32(4¥313-23 {1997}; Victeria S Jasion and Bruce P Burnets,
Nuotr 3 14 22 (2015); and Plulippart, M., et sl Drug Res (Stutty) 66(03)1:113-120 (20161

Oral solid dosage forms are described generally in Remington's Pharmaceutical Sciences,
18th Ed. 1990 (Mack Publishing Co. Easton Pa. 18042} at Chapter 89. Sclid dosage forms
mclude tablets, capsules, pills, troches or lovenges, cachets, pellets, powders, or granules or
neorporation of the material into particulate preparations of polymeric compounds such as
polylactic soid, polyglyeolic acid, ete. or into Hiposomes. Such compositions may influence the
physical state, stability, rate of In vivo release, and rate of in vive clearance of the disclosed. See
g ¢, Remington's Pharmacentical Sciences, 18th BEd {1990, Mack Poblishing Co., Baston, Pa.
18042) pages 1435-1712 which ave herein incorporated by reference. The compositions may be
prepaved in Bguid foro, or inay be n dried powder {e.z., Ivophilized) form. Liposomal or
proteinoid encapsulation may be used to formulate the compositions. Liposomal encapsulation
may be used and the liposomes may be derivatized with varions polymers (e.g., U.S. Patent No.
5,013,556}, See also Marshall, K. In; Modern Pharmaceutics Edited by G. S, Bankerand C. T,
Rhodes Chapter 10, 1979, In general, the formulation will include the peptide {or chemically
modified forms thereof) and inert ingredicnts which protect peptide in the stomach envivonment,
andd release of the biologically active material m the intestine.

The antibodies and antigen binding fragments thereof can be chemically modified so that
oral delivery of the dertvative is efficacious. Generally, the chenncal modification contemplated
is the attachment of at least one mtety to the component molecule itself, where the motety
permits uplake info the blood stream from the stomach or intestine, oy uptake divectly into the
intestinal mucosa. Also desired is the increase in overall stability of the component or
components and increase in circulation time in the body. PEGylation is an exemplary chensical
modification for pharmaceutical usage. Other moieties that may be used include: propylene
glveol, copolymers of ethylene ghycol and propylene glyeol, carboxymethyl cellulose, dextran,
polyvinyl alcohol, polvviayl pyrrolidone, polvproling, poly-13-dioxolane and poly-1,3.6-
tioxocane {see, e.g. . Abuchowski and Davis (1981} "Soluble Polymer-Enzyme Adducts,” 1
Enzymes as Drugs. Hocenberg and Roberts, eds. (Wilev-Interscignce: New York, N.Y .} pp. 367~
383; and Newmark, et al. (1982} J. dppl Biochem. 4:185-189]

Another embodiment provides liquid dosage forms for oral administration, including

pharmacentically acceptable emulsions, solutions, suspensions, and syrups, which may contain
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other components including inert diluents; adjuvants such as wetting agents, emulsifying and
suspending agents; and sweetening, Havoring, and perfiuning agents.

For oral formulations, the location of release may be the stomach, the small intestine (the
duodenum, the jejunem, or the ileum), or the large intestine. In some embodiments, the release
will avoid the deleterions effects of the stomach environment, either by protection of the agent
{or derivative) or by release of the agent {or dertvative) bevond the stomach environment, such
as in the intestine. To ensure Tull gastric resistance a coating impermeable to at least pH 5.0 145
essential. Examples of the more common wert ingredients that are used as enteric coatings are
cellulose acetate rimethtate (CAT), hydroxypropyimethylcellulose phthalate (HPMCP),
HPMCP 50, HPMCP 33, polyvinyl acetate phthalate (PVAP), Eudragit L30D™ Aquateric™,
cellulose acetate phthalate ({CAP), Endragit L™, Endragit 8™, and Shellac™. These coatings
may be used as mixed films.

3. Controlled Delivery Polymeric Matrices

The anttbodies and antigen binding fragnents thereof disclosed berein can also be
administerad in controlled release fornulations. The antibodies and antigen binding fragments
thereot can be incorporated into an wnert matrix which permits release by either diffusion or
leaching mechanisms, e g, gums. Slowly degenerating matrices may also be incarporated into
the formulation. Another form of a controlled release is based on the Oros therapeutic system
{Alea Corp.}, Le., the antibody or antigen binding fragment thereof is enclosed in a
senupermeghlie membrane which allows water to enter and push drug out through a single small

g

opening due to osmotic effects,

Controlled release polymeric dovices can be made for long term release systencally
following implantation of & polymeric device {rod, cylinder, film, disk) or injection
{microparticles). The matrix can be in the form of microparticles such as microspheres, where
the agent is dispersed within a solid polymeric matrix or microcapsules, where the core isofa
different material than the polvmeric shell, and the peptide is dispersed or suspended in the core,
which may be hiqud or solid in nature. Unless specifically defined herein, microparticles,
microspheres, and microcapsules are used interchangeably. Alterpatively, the polvmet may be
cast as a thin slab or film, ranging from nanometers to four centimeters, a powder produced by

grinding or other standard techniques, or even a gel such as a hydrogel.

S
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Either non-biodegradable or biodegradable matrices can be used for delivery of fusion
polypeptides or nucleie acids encodimg the fusion polypeptides, although in some embodiments
biodegradable matrices are preferred, These may be natural or synthetic polymers, although
synthetic polymers are preferred in some embodiments due to the befter characterization of
degradation and release profiles. The polymer i3 selected based on the period over which release
is desired. In some cases linear release may be most usetul, although in others a pulse release or
“bulk release” may provide more effective results. The polymer may be inthe form of a
hydrogel {tyvpically i absorbing up to about 90% by weight of water), and can optionally be
cross-linked with multivalent tong or polvmers.

The matrices can be formed by solvent evaporation, spray drving, solvent extraction and
other methods known to those skilled i the art. Biogrodible microspheres can be prepared using
any of the methods developed for making microspheres for drug delivery, for exaumple, as

described by Mathiowitz and Langer, J. Comprolied Release, 5:13-22 (1987); Mathiowitz, et al,

Reactive Polymers, §:275-283 (1987 and Mathiowtiz, etal., /. dppl Polvmer Sci., 35:.735-774
{1988).

The devices can be formulated for local release to treat the area of implantation or
injection — which will typically deliver a dosage that is much less than the dosage for treatment
of an entire body — or systemic delivery. These can be mnplanted or injected subcutaneously,
mio the muscle, fat, or swallowed.

1. Methods of Manafacture

Al Methods of Making Antibodies

The disclosed antibodies can be generated in cell culture, in phage, or in various aninals,
including but not lmited to cows, rabbits, goats, mice, rats, hamsters, guinea pigs, sheep, dogs,
cats, monkeys, chimpanzees, apes. In one embodiment, the various anunals ean be transgenic
animals genetically engmeered to produce human or humanized antibodies.. Therefore, in one
envbodiment, the antibody is a manunalian antibody. Phage technigues can be used 1o isolate an
initial antibody or to generate vanants with altered specificity or avidity charactenistics. Such
technigques are routine and well known i the art. In one embodiment, the antibody 13 produced
by recombinant means konown in the art. For exaxaple, a recombinant antibody can be produced
by transfecting a host cell with a vector comprising a DNA sequence encoding the antibody. One

or more vectors can be used to transfect the DNA sequence expressing at least one VL and one
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VH region in the host cell. Exemplary descriptions of recombinant means of antibedy generation

and production include Delves, Antibody Production: Essential Techniques {Wiley, 1997;

Antibodies: Principles And Practice (Academic Press, 1993): Current Protocels In Immunolopy

{John Wiley & Sons, most recent edition),

The disclosed antibodies can be modified by recombinant means to increase greater
efficacy of the antibody in mediating the destred function. Thus, it is within the scope of the
wvention that antibodies can be modified by substitutions using recombinant means. Typically,
the substitutions will be conservative substitutions. For example, at feast one amino acid i the
constant region of the antibody can be replaced with a different residue. See, e.g., LS. Pat. No.
5,624,821, U.S. Pat. No. 6,194,551, Application No. WO 9958572: and Angal, et al, Mol
fpvmeened. 30:105-08 {1993}, The medification in amino acids inchudes deletions, additions, and
substitutions of amine acids. In sore cases, such changes are made to reduce undesired
activities, e.g., complement-dependent cytotoxicity. Frequently, the antibodies are labeled by
joining, either covalently or non-covalently, a substance which provides for a detectable signal.
A wide variety of labels and conjugation techniques are known and are reporied extensively in

both the sctentific and patent Hterature. These antibodies can be screened for binding to proteins,

1996},

For example, suitable antibodies with the desired biologic activities can be dentified
using & vitro assays nchuding but not imited to: proliferation, migration, adhesion, soft agar
growth, angiogenesis, cell-cell communication, apoptosis, transport, signal transduction, and in
vivo assays such as the inhibition of tumor growth. The antibodies provided herein can glso be
usetul in diagnostic applications. As capture or non-neutralizing antibodies, they can be screened
for the ability to bind to the specific antigen without inhibiting the receptor-binding or biologieal
activity of the antigen. As pentralizing antibodies, the antibodies can be useful in competitive
binding assays.

Antibodies that can be used i the disclosed compositions and methods include whole
mmunoglobulin {L¢., an intact antibody) of any class, fragments thereof, and synthetic proteins
contaming at least the antigen binding variable domaim of an antibody. The variable domams

differ in sequence amonyg antibodies and are used in the binding and specificity of each particular
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antibody for its particular antigen. However, the variability is not usually evenly distributed
through the varable domaing of antibodies. It is typically concentrated in three segments called
complementarity determining regions (CDRs} or bypervariable regions both in the light chain
and the heavy chain vaniable domains. The more highly conserved portions of the variable
domaing are called the framework (FR). The variable domaing of native heavy and light chains
each comprise four FR regions, largely adopting a beta-sheet configuration, connected by three
CDRs, which form loops conmecting, and in some cases forming part of the beta-sheet structure,
The CDRs in each chain are held together in close proxmmity by the FR regions and, with the
CDRs from the other chain, contribute to the formation of the antigen binding site of antibodies.

Also disclosed are fragments of antibodies wihich have bioactivity. The fragments,
whether attached to other sequences or not, include insertions, deletions, substitutions, or other
selected modifications of particular regions or specific amino acids residues, provided the
activity of the fragment is not significantly altered or impaired compared to the nonmodified
anttbody or antibody fragment,

Technigues can also be adapted for the production of single-chain antibodies based on the
disclosed antibodies and antigen binding Fagments thercof. Methods for the production of
single~-chain antibodies are well known to those of skill in the art. A single cham anttbody can be
created by fusing together the variable domains of the heavy and light chains using g shont
peptide hinker, thereby reconstituting an antigen bindmg site on a single molecule. Single~chamn
antibody variable fragments (s¢Fvs) in which the Cterminus of one variable demain is tethered.
to the N-terminus of the other variable domain via a 13 to 25 amino acid peptide or linker have
been developed without significantly disrupting antigen binding or specificity of the binding,
The linker 13 chosen to permut the heavy chain and hight chain to bind sogether in their proper
conformational orientation.

One embodiment provides divalent single-chain variable fragments (di~scFvs) that can be
engineered by linking two scFvs. This can be done by producing a single peptide chain with two
VH and two VL regions, vielding tandem scFvs. ScFvs can glso be desipned with hinker peptides
that are too short for the two variable regions to fold together (about five amine acds), forcing
scFvs to dimerize. This type is known as diabodies. Diabodies have been shown 1o have
dissociation constants up to 40-fold lower than corresponding scFvs, meaning that they have a

much higher affinity to their target. Still shorter linkers {ove or two amino acids) lead to the
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foromtion of trimers {triabodies or tribodies). Tewabodies have also been produced. They exhibit
aneven gher affinity 1o their targets than digbadies.

Another embodiment provides a monoclonal antibody obtained from a substantially
homogeneous population of antibodies, /.., the individual antibodies within the population are
identical except for possible naturally occurring mutations that may be present in a small subset
of the antibody molecules. Meonoclonal antibodies include “chimeric” antibedies inwhich a
portion of the heavy and/or light chain is identical with or homologous 1o corresponding
sequences it antibodies denived from a particular species or belonging to a particular antibody
class or subclass, while the remamder of the chain(s) 18 wdentical with or homologous to
corresponding sequences in antibodies dertved from another species or belonging to another
attibody class or subclass, as well as fragments of such antibodies, as long as they exhibit the
desired antagonishic activity.

Monoclonal antibodies can be made using any procedure which produces monoclonal
antibodies. Ina hybridoma method, a mouse or other appropriate host ammal s tepically
mmmunized with an imonnizing agent to elicit lvmphocytes that produce or are capable of
producing antibodies that will specifically bind o the immmomizing agent. Alternatively, the
lymiphocytes may be imnmmized & vifro.

The disclosed antibodies may also be made by recombinant DNA methods. DNA
encoding the disclosed antibodies can be readily isolated and sequenved using conventional
procedures {e., by using oligonucleotide probes that are capable of binding specifically to
genes encoding the heavy and Hght chains of onwine antibodies). Libraries of antibodies or
active antibody fragments can also be generated and screened using phage display techniques.

Methods of making antibodies using protein chemistoy are also known in the art. One
method of producing proteins comprising the anttbodies 13 to hink two or more peptides or
polypeptides together by protein chemistry techniques. For example, peptides or polypeptides
can be chemically syathesized using currently avatlabde laboratory equipment using either Fmoc
{9-fluorenvhnethvloxyearbonvl) or Boc (text -butvloxycarbonoyh) chemistry. (Applied
Brogystems, Inc., Foster City, CA). One skilled 1o the art can readily appreciate that a peplide or
polypeptide corresponding to the antibody, for example, can be synthesized by standard chemical
reactions. For example, a peptide or polypeptide can be synthesized and not cleaved from g

synthesis resin whereas the other fragment of an antibody can be synthesized and subsequently
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cleaved from the resin, thereby exposing a terminal group which is functionally blocked on the
other fragment. By peptide condensation reactions, these two fragments can be covalently joined
via a peptide bond at their carboxy! and amine termim, respectively, to form an antibody, or
fragment thereof Alternatively, the peptide or polypeptide is independently synthesized m vive
as deseribed above, Once isolated, these independent peptides or polypeptides may be linked to
foroy an anttbody or antigen binding fragment thereof via sunilar peptide condensation reactions.

For example, enzymatic Hgation of cloned or synthetic pepuide segments allow relatively
short peptide fragments to be jomed to produce larger peptide fragments, polypeptides or whole
protein domains. Alternatively, native chemical ligation of synthetic peptides can be utilized to
synthetically construct large peptides or polypeptides from shogter peptide fragments. This
miethod cansists of a two-step chemical reaction. The first step is the chemoselective reaction of
an unprotecied synthetic peptide-alpha-thioester with another unprotected peptide segment
contgining an amino-terminal Cys residoe 1o give a thioester-linked intermediate as the inftad
covalent product. Without a change in the reaction conditions, this intermediate undergoes
spontaneous, rapid intramolecular reaction to form a native peptide bond at the Ligation site.

B. Methods for Producing Iselated Nucleic Acid Molecules

One embodiment provides mucleir acids encoding the disclosed antibodies or antigen
binding fragments thereof. The nucleic scids can encode the entire antibody or antigen binding
fragments thereof or a Hght chain, heavy chain, combinations thereof or CDRs thereof.

Isolated nucleic acid molecules can be produced by standard techniques, inchuding,
withoat nstation, conumon melecular cloning and chemical nucleic acid synthesis techniques.
For example, polymerase chain reaction {PCR) techniques can be used to obtain an 1solated
mucleic acid encoding a variant polypeptide. PCR i3 a techmique in which target nuclei acids are
enzyinatically amplified. Typically, sequence mformation from the ends of the vegion of mterest
or beyond can be emploved to design ohgonucleotide primers that are identical in sequence to
opposite strands of the template 10 be amplified. POR. can be used to amplify specific sequences
from DNA as well as RNA, including sequences from total genomic DNA or total cellolar RNA.
Primers typieally are 14 to 40 noucleotides in length, but can range from 10 nucleotides to
hundreds of nucleotides i length. General PCR technigues are described, for example in PCR

Primer: A Laboratory Mamal, ed. by Dieffenbach and Dveksler, Cold Spring Harbor

Laboratory Press, 1995, When using RNA as a source of template, reverse transcriptase can be
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used to synthesize a complementary DNA {(eDNA) strand. Ligase chain reaction, strand
displacement amphification, self-sustained sequence rephication or nuclere acid sequence-based
amplification also can be used to obtam isolated nucleic acids. See, for example, Lewis (1992)
Generic Engineering News 12:1; Guatelh ef of. {(1990) Proc. Natl, dcad. Sei. US4 87:1874-1878;
and Weiss (1991} Science 254:1292-1293.

Isolated nucleic acids can be chemically synthesized, exther as a single nucleic acid
molecule or as a series of oligonucleotides (e.g, using phosphoramidite technology for

2

automated DNA synthesis in the 37 to §7 direction). For example, one or more pairs of long
oligonucleotides {e.g., =100 nucleotides) can be synthesized that contain the desired sequence,
with each pair containing a shostsegment of complementarity {e.2., about 15 nucleotides) such
that a duplex s formed when the oligonucleotide pair is annealed. DNA polvmerase can be used
to extend the oligonucieonides, resulting in a single, double-stranded nucleic acid molecule per
shigonucleotide pair, which then can be ligated imio g vector. Isolated nucleic acids canalso
obtained by motagenesis, Proten-encoding mucleic acids can be mutated using standard
techaiques, ncluding oligonucleotide-directed mutagenesis andfor site-directed mutagenesis

through PCR. See, Short Protocols in Molecular Biology. Chapter 8, Green Publishing

Asseciates and John Wiley & Sons, edited by Ausubel ef gf, 1992,
IV,  Methods of Use

The disclosed antibodies and antigen binding fragments thereof can be used to modulate
an inumune response in @ subject in need thereof. One embodiment provides a method of
activating mnune cells expressing PD-1, for example T cells, to proliferate or enhance the
biological activity of the immune cells expressing PD-1 by admunistering the disclosed
antibodies and antigen fragments thereof, optionally including a second therapeutic agent.

A, Inmune Response Stimulation

1. Therapeutic Strategies

Methods of inducing or enhancing an immune response i a subject are provided.
Typically, the methods include adnunistening a subject an effective amount of one or more of the
disclosed antibodies and antigen binding fragments thereof to immunospecifically bind to PD-1
and induce, promote, or enhance a stinwlatory or activating signal through PD-1 to activate the
mmune cell. The immune response can be, for example indocing, promoting or enhancing T

cell activation, secretion of cytokines by mamaone cells, T cell proliferation. The disclosed
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antibodies or antigen binding fragments thereof can be administered to a subject m need thereof
m an effective amount 1o overcome T cell exhaustion andfor T cell anergy. Overcoming T cell
exhastion or T cell anergy can be determined by measuring T cell function using known
techniques.

The methods can be used & vive or ex vive {o induce, promote, or enhance a stimulating
HNMUNES response.

In some embodiments, the antibody or antigen binding fragment thereof, or nucleic acid
encoding the antibody or antigen binding fragment thereof, is administered directly to the
subject. In some embodiments, antibody or antigen binding fragment thereof is contacted with
cells {e.g., immune cells} ex vive, and the treat cells are adnunistered to the subject {e.g.,
adoptive transter). The antibody or antigen binding fragment thereof can enable a more robust
immune response o be possible. The disclosed compositions are usefal to stimudate or enhance
immune responses involving T cells causing an sctivating signal through PD-1 on immmme cells.

2. Subjects to be Treated
A Treatment of Cancer

The disclosed anttbodies and compositions therpof and methods can be used to {reat
cancer. CGenerally, the agents are used to stimulate or enhance an inynune response 1o cancer i
the subject by administering to the subject an amount of a disclosed antibody or antigen binding
fragment thereof that induces, promotes, or enhances an activating signal through PD-1. The
method can reduce one or more symptoms of the cancer.

The immune cells activated by the disclosed antibodies or fragments thereof can kill
cancer cells and reduce tumor burden in a subject. The term “cancer cell” is meant to encompass
both pre-malignant and malignant cancer cells. In some embodiments, cancer refers to a benign
tumor, which has remained localized. 1n other embodiments, cancer refers to a malignant tumaor,
which has mvaded and destroved neighboring body structures and spread to distant sites. To yet
other embodiments, the cancer is associated with a spacific cancer antigen {(2.g., pan-carcinoma
antigen (K8 1/4), ovaran carcinoma antigen {CA125), prostate specific antigen{PSA),
carctnoembryvonic antigen (CEA), CD19, CD20, HERZ/ney, eic).

The methods and antibody compositions disclosed herein are useful in the treatment or
prevention of a variety of cancers or other abnormal proliferative diseases, including (but not

fimited to) the Hllowing carcinoma, chuding that of the bladder, breast, colon, kidney, Hiver,
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lung, ovary, pancreas, storach, cervix, thyroid and sk including squamous cell carcinoma;

hematopoietic tumors of lymphowd hneage, including leukenna, acute lemphocoyiic leukemia,

acute lymphoblastic leukemia, B-cell lymphoma, T-cell lvonphoma, Berketis lymphoma;

hematopetetic tumors of myeloid hneage, including acute and chropic myelogenous leukemias
§  and promyelocytic leskermia; tumors of mesenchymal origin, including Hibvosarcoma and

rhabdomyvoscarcoma; other tumors, including melanoma, semminoma, tetratocarcinoma,

astrocytoma, newoblastonia, ghoma, and schwannomas; tumors of mesenchymal origin,
including fibrosarcoma, rhabdomyoscarama, and osteosarcoma; and other tumors, including

18 melasoma, xenoderma pegmentosum, keratoactanthoma, senunomas, thyroid follicolar cancer
and teratocarcingma,

Cancers caused by aberrations 1t apoptosis can also be treated by the disclosed methods
andd compositions, Such cancers may include, but are not be Hmited to, follicular lymphomas,
carcinomas with p33 mutations, hormone dependent tumnors of the breast, prostate and ovary, and

15 precancerous lesions such as familial adenomatous polyposis, and myelodysplastic syndromes.
In specific embodiments, malignancy or dysproliferative changes {such as metaplasias and
dysplasias), or hyperproliferative disorders, are treated or prevented by the methods and
compositions in the ovary, bladder, breast, colon, hung, skin, pancreas, or uterus. In other specific
embodiments, sarcoma, melanoma, or leukemia is treated or prevented by the wethods and

20 compositions.

Specific cancers and related disorders that can be treated or prevented by methods and
compositions disclosed herein include, but are not limited to, leukemias including, but not
Himited to, acute leukemia, acute tymphocytic leukemia, acute myelocytic leukemias such as

myeloblastic, promyelooyvtic, myelomonocytic, nonocytie, erythroleukemia leukemias and

v
Pt

myelodysplastic syndrome, chronic leukemias such as but not himited to, chronic myelocytic
{granulocytic) leukemia, chronic lymphocytic leukemia, hairy cell leukenta; polyevthemia vars;
tymiphomas such as, but not hmited to, Hodglan's disease or non-Hodgkin's disease lvmphomas
{e.g., diffuse anaplastic lymaphoma kinase (ALK negative, farge B-cell lymphoma (DEBCLY;
diffuse anaplastic lvmphoma kinase (ALK} positive, large B-cell lvmphoma (DLBCLY;

3¢ anaplastic lymphoma kinase {ALK) positive, ALK# apaplastic large-cell ymphoma {ALCL),

acute myeloid lymphoma (AML)); multiple myelomas such as, but not Himited to, smoldering

s
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multiple myeloma, nonsecretory myeloma, ostecsclerotic myeloma, plasma cell lenkemia,
solitary plasmacytoma and extramedullary plasmacytoma; Waldenstrom's macroglobulinemia;
monoclonal ganmopathy of undetenmined significance; benign monoclonal gammopathy; heavy
chain disease; bone and conngctive tissue sarcomas such as, but not himited 1o, bone sarcoma,
osteosarcoma, chondrogarcoma, Ewing's sarcoma, malignant giant cell tamor, fibrosarcoma of
bone, chordoma, periosteal sarcoma, soft-tissue sarcomas, angiosarcoma (hemangiosarcomal,
fibrosarcoma, Kapost's sarcoma, lelomyosarcoma, liposarcona, lvmphangiosarcoma,
neurilesnmoma, rhabdomyosarcoma, synovial sareoma; brain tumors meluding but not limited to,
glioma, astrocytoma, brain stem glioma, ependymoma, oligodendroghoma, nonglial tumor,
acoustic neurmoma, craniopharyngtoma, medulloblastoma, meningioma, pineocytoma,
pincoblastoma, primary brain lvmphoma; breast cancer including, but not lmited to,
adenocarcinoma, lobular {small cell) carcinoma, miraductal carcinonma, medullary breast cancer,
nuineus breast cancer, tubular breast cancer, papillary breast cancer, Paget's disease, and
inflammatory breast cancer; adrenal cancer, including but not imited to, pheochromocyion and
adrenocortical carcinoma; thyroid cancer such as but not hmited to papillary or follicular thyroid
cancer, medullary thyroid cancer and anaplastic thyreid cancer; pancreatic cancer, mcluding but
not lintted to, insulinoma, gastrinonw, glucagonoma, vipoma, somatosiatin-secreting fumor, and
carcinoid or islet cell tumor; pituitary cancers ncluding but not himited to, Cushing's disease,
profactin-secreting tumor, acromegaly, and diabetes insipius; eye cancers including, but not
linsited to, ocular melanoma such as ris melanoma, choroidal melanoma, and cilliary body
melanoma, and retinoblastoma; vaginal cascers, mecloding, but not Houted to, squamous cell
carcinoma, adenocarcinoma, and melanoma; vulvar cancer, including but not limited to,
squarnous coll carcinoma, melanoma, adenocarcmoma, bassl cell carcinoma, sarcoma, and
Paget's disease; cervical cancers meluding, but not linsited to, squamous cell carcinoma, and
adenocarcinoma; uterine cancers inchuding, but not hmited to, endometrial carcinoma and vlenne
sarcoma; ovarian cancers inclnding, but not limited to, ovarian epithelial carcinoma, borderling
tumor, germ cell tumor, and stromal tumor; esophageal cancers including, but not limited 10,
squamous canver, adenccarcinoma, adenoid cyctic carcinoma, mucoepidermoid carcinon,
adenosquamous carcinomna, sarcoma, melanoma, plasmacytoma, versucous carcinoma, and cat
cell (small cell} carcinoma; stomach cancers mchuding, but not limited to, adenccarcinoma,

fungating (polypoidy, vlcerating, superficial spreading, diffusely spreading, malignant
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lymphoma, liposarcoma, fibrosarcoma, and ¢arcinosarcoma; colon cancers; rectal cancers; liver
cancers including, but not hmited 1o, hepatoceliular carcinoma and hepatoblastoma, gallbladder
cancers including, but not limited to, adenocarcinoma; cholangiocarcinomas including, but not
Limited to, papillary, nodular, and diffuse; lung cancers including but not himited to, nop-small

S cell lung cancer, squamous cell carcinoma {epidermoid carcmoma), adenpcarcinoma, large-cell

carcinona and small-cell lung cancer; testicular cancers including, but not linited to, germinal
tumor, seminoma, anaplastic, classic (typical), spermatocyiie, nonseminoma, émbryonal
carcinoma, teratoma carcinoma, choriocarcinoma {yolk~sac tumor}, prostate cancers including,
but not limited to, adenocarcinoma, leiomyosarcoma, and rhabdomyosarcoma; penal cancers;

18 oral cancers mcluding, but not limited to, squamous cell carcinoma; basal cancers; sabivary gland
cancers including, but not imited to, adenocarcinoma, mucoepidenmoid carcinoma, and
adenotdeystic carcinoma; pharynx cancers including, but not limited to, squamous cell cancer,
and verrucous, skin cancers including, but not himited 1o, basal cell carcinoma. squamous cell
carcinoma and melanoma, superficial spreading melanona, nodular melanoma, lentigo

15  malignant melanoma, acral lentiginous melanoma; kiduey cancers mohuding, but not hmited to,
renal cell cancer, adenocarcinoma, hypernephroma, fibrosarcoma, transitional cell cancer {venal
pelvis and/or uterer), Wilms' tumor; bladder cancers including, but not Himited to, transitional
cell carcinoma, squamous cell cancer, adenocarcinoma, carcinosarcoma. In addition, cancers

mchide myxosarcoma, osteogemc sarcoma, endotheliosarcoma, vmphangioendotheliosarcoma,

20 mescthelioma, synovioma, hemangioblastoma, epithelial carcinoma, cystadenocarcinoma,
bronchogenic carcinoma, sweat gland carcmoma, sebaceous gland carcinoma, papillary
carcinoma and papillary adenocarcinomas (for a review of such disorders, see Fishman et al,,
1985, Medicine, 2d Ed_, 1.B. Lippincott Co., Philadeiphia and Murphy et al., 1997, Informed

Decisions: The Complete Book of Cancer Diagnosis, Treatment, and Recovery, Viking Penguin,

v
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Penguin Books U.S A Inc., United States of America).
b, Treatment of Infections
The disclosed antibody compositions and methods can be used 1o treat wnfections and
mfectious diseases. Generally, the agents are used to stimulate or enhance an immune response
to an infection n the subject by administening to the subject an amount of one pr more of the
3¢ disclosed antibodies or antigen binding fragments thereof that sends a activating or stinudating

signal threugh PD-1. The method can reduce one or more symptems of the infection.
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The mfection or disease can be caused by a bactertum, virus, protozoan, helmmth, or
other microbial pathogen that enters intracellolarly gnd is attacked, 7 e, by ovtotoxic T
hymphoovtes.

The infection or disease can be acute or chronic. An acute infection is typically an
mfection of short duration. During an acute microbial infection, immuane cells begin expressing
mmunomodulatory receptors. Accordingly, in some smbodiments, the method includes
mcreasing an immune stimuolatory response agamnst an acute infoction.

The infection can be caused by, for example, but not linited o Candida efbicans,
Listeria monocytagenes, Strepiococcus progenes, Sireplococons prewmontiae, Nelsseria
menipgitidis, Staphyiococens aurens, Excherichia coll, Acinetobacter hawmonnii, Fsendomonay
deruginoasa or Myvcobacierivm,

fn some emboditents, the disclosed antibody compositions are used to treat chionic
infections, for example infections in which T cell exhaustion or T cell anergy has cccurred
causing the infection to remain with the host over a prolonged period of time.

Exemplary infections to be treated are chronic infections cause by a hepatitis virus, a
human immunodeficiency vitus (HIVY, g human T-lvmphotrophic vises (HTLV), a herpes vivus,
an Epstein-Barr virus, or a human papilloma virus,

Because viral infections are cleared primarily by T cells, an inorease in Tecell activity
would be therapeutically useful in stuations where more rapid or thorough clearance of an
mifective viral agent would be beneficial 1o an snimal or husan subject. Thus, the disclosed
compositions can be administered for the treatment of local or systemic viral infections,
including, but not limited to, immunodeficiency {e.g., HIVY, papilloma {e.g., HPY), herpes {eg.,
HEVY, encephalitis, influenza (e.g., homan influenza vires A}, and common cold {e. g, hwman
thinovirus) and other viral infections, caused by, for example, HTLV, hepatitis vivus, respiratory
syneytial virus, vacoinia virus, and rabies virus. The molecules can be administered topically to
treat viral skin diseases such as herpes lesions or shingles, or genital warts. The moleculss can
also be administered systemically to treat systemic viral diseases, including, but sot Hmited to,
AIDS, influenwa, the common cold, or encephalitis.

Representative mfections that can be treated, include but are not imited to mfections

cause by microorganismy incloding, but not limited to, Aciinomycey, Anahaeny, Bacillus,

Bacteroides, Bdellovibrio, Rordetella, Borrelia, Campvlobacter, Canlobacter, Chlamydic,
LA -
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Chiorobium, Chromatium, Closiridium, Corvaehacterium, Cytophaga, Delnococcus,
Fscherichia, Francisella, Halobacterium, Heliohacter, Hoemophifus, Hemophilus influenza type
8 (HiR), Hyphamicrobim, Legionetla, Lepispivasis, Listeria, Mesingococens 4, B and €,
Methanobacterium, Micrococens, Myobacterivm, Mycoplasma, Myvocovcus, Nelsseria,
Nitrabacter, Oseillatoria, Procldoron, Proteus, Pseudonumas, Phodospiritlum, Ricketista,
Salmonella, Shigella, Spirilhon, Spirochaeta, Staphyviococeus, Streprococens, Streptomycees,
Suldfolabus, Therpiaplasma, Thivhaciiius, and Preponema, Vibrio, Yersinla, Crypiocoscus
neformans, Histaplasma capsidatum, Candide atbicans, Candide tropicalis, Nocardio
asteroides, Ricketssia rickestl, Ricketsio tvphid, Mycoplasma prewmaondae, Chlawydiad psiftact,
Chilamydial trachomatls, Plasmodinm falciparum, Trypanosoma brucel, Entcomocba histelyrics,
Sexoplasma gondil, Trichomonas vaginalis and Schistoroma mansoni.

Other microorganisms that can be treated using the disclosed compositions and methods
include, bacteriy, such as those of Klebsiella, Serraria, Pasteurella; pathogens associated with
cholera, tetanus, botulism, anthrax, plague, and Lyme disease; or fungal or parasitic pathogens,
such as Candida (albicans, krusel, globwata, tropicalis, ete.), Cryptocaceus, Aspergitiny
(fupigatus, wiger, eic. ), Genus Mucorales (mucar, absidia, rhizophus), Sporothrix (schenkii),
Blastomyees (dermatitidis), Pavacoccidicides (brasiliensis), Cocoidivides (fmmitish and
Histoplasma {capsudatamal, Extamoeba, histolytica, Badantidium coli, Noegleria fowleri,
Acanthamoeha sp., Glavdia lambia, Cryprosporidium sp., Preumocystis cavintl, Plasmodium
vivax, Babesia micrail, Trypanosoma brucel, Trypanosoma cruzi, Toxoplasma gondi, efc ),
Sporothrix, Blasiomyees, Pavacoccidioides, Coocidivides, Histoplasmea, Entamoeba, Hiswlvticn,
Balantidion, Naegleria, Acanthamoeba, Giardia, Crypiosporidium, Prewmocystis, Plasmodium,
Bahesia, ar Trypapoyoma, etc.

Y. Combination Therapies for Increasing Immune Responses

The disclosed antibodies and antigen binding fragments thereof and compositions thereof
can be admmistered to a subject in need thereof either alone or in combination with one or more
addittonal therapeotic ggents. In some embodiments, the antibodies and antigen hinding
fragments thereof and the additional therapeuntic agent are administered separately, but
simultancously. The antibodies and antigen binding fragments thercot and the additiona!
therapeutic agent can also be administered as part of the same composition. In other

entbodiments, the antibodies and antigen binding fragments thereof and the second therapeutic
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agent are adnunistered separately and at different times, but as part of the same treatment regime,
The additional therapeutic agents can be adnunistered before, after, or in alternation with the
administration of the disclosed antibodies and antigen binding fragments thereof

The subject can be administered a first therapeutic agent 1, 2, 3, 4.5, 6, or more hours, oy
1,2, 3,4, 5,6, 7, or more days before adovinisteation of' a second therapeutic agent. In some
embodiments, the subject can be administered one or more doses of the first agent every 1, 2, 3,
4. 5. 67 14, 21, 28 35, or 48 days prior to a first administration of second agent. The antibodies
and antigen bindmng fragments thereof can be the first or the second therapeutic agent.

The antibodies and antigen binding fragments thereof and the additional therapeutic agent
can be admimstered as part of a therapeutic regimen. For example, if a first therapeutic agent
can be administered 1o a subject overy fourth day, the second therapentic agent can be
adiinistered on the first, second, third, or fourth day, or combinations thereof. The first
therapeutic agent or second therapeutic agent may be repeatedly administered thronghout the
entive {reatment regimen.

Exemplary additional therapeutic agents include, bt are not hmited to, cytokines,
chemotherapeutic agents, radionuchides, other inmnunotherapeutics, enzvmes, antibiotics,
antivirals (especially protease inhibitors alone or in combmation with nucleosides for treatment
of HIV or Hepatitis B or C), anti-parasites (helnunths, protozoans), growth factors, growth
inhibitors, hormones, hormeone antagonists, antibodies and bivactive fragments thereof {including
humamzed, single chain, and chimeric antthodies), antigen and vaceine formulations (including
adjuvants ), peptide drogs, anti~-inflarnmatories, ligands that bind to Toll-Like Recepiors
{including but not Hnuted to Cp( oliponucleotides) to activate the innate immune system,
molecules that mobilize and optintize the adaptive immune system, other molecules that activase
or up-regulate the action of cytotoxic T lyvmphocoytes, natural killer cells and helper Tecells, and
other molecules that deactivate or down-regulate suppressor or regudatory T-cells,

The additional therapeutic agents are selected based on the condition, disorder or disease
tiy be wreated. For example, the mnmunomodulatory agent can be co-administered with one or
more additional agents that function to ephance or propote an immune tesponse or redude or
nhibit an immmuane response.

A. Antimicrobials
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In one embodiment, the antibodies and antigen binding fragments thereof can be
administered to the subject 1o combmation with an antimicrobial such as an antibiotic, an
antifungal, an antivival, an anti-parasitics, or essential oil. In another embodiment, the disclosed
antibodies and antigen binding fragments thereof can be nsed in a preventive or prophylactic role
in the treatment and prevention of disease, and also i the context of severs trauma injuries hke
major burn, open bone fracture, accidental amputation or other wounds,

I some embodiments, the subject is adnunistered the antibodies and antigen binding
fragments thereof and/or the antinsierolual at time of admission to the hospital to prevent further
bacterial, fungal or viral complications. The antibiotic can target pathogens and the antibodies
and antigen binding fragments thereof can stimulate the tmmune system to provide an enhanced
PESPORSE 1o treat or pravent further infection or disease.

1. Chemotherapeutic Agenis

The antibodies and antigen binding frapgments thereot can be combined with otte or mere
chemotherapeutic agents and pro-apopiotic agents. Representative chemotherapentic agents
inclade, but are not limited to amsacrine, bleomycin, busulfan, capecitabine, carboplatin,
carmustine, chlorambucil, cisplatin, cladribine, clofarabine, crisantaspase, cvelophosphamide,
cyvtarabine, dacarbazine, dactinomyein, daunorubicin, docetaxel, doxorubicin, epivubiein,
stoposide, fludarabine, fluorouract], gemcitabine, hydroxvearbamide, idarubicin, itosfamide,
irinotecan, lencovorin, liposomal doxorabicin, Hposomal deunorubicin, lomustine, melphalan,
mercaptopirine, niesng, methotrexate, mutomycin, mitoxantrone, oxaliplatin, pachitaxel,
pemetrexed, pentostatin, procarbazine, raltitrexed, satraplatin, streptozoctn, tegafur-uract,
temozolomide, teniposide, thiotepa, tioguanine, topotecan, treosulfan, vinblastine, vincristine,
bt are not Hmited to fludarabinetawrosporme, cyelohexinude, actmomyein D, lactosylceramide,
154-PGH2) and combinations thereof

2. Othier Immunomodulators
. PD-1 antagonists

fn some ewbodiments, the antibodies and antigen binding fragments thereof are co~
administered with a PD-1 antagonist. Programmed Death-1 (PD-1) 15 a member of the CD28
family of recepiors that delivers a negative imnume response when induced on T eells. Contact

between PD-~1 and one of its ligands (B7-H1 or B7-DC) induces an inhubitory response that
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decreases T cell multiplication and/or the strength andfor duration of a T cell response. Sunitable
PIx1 antagonists are descnibed m ULS. Patent Nos, 8,114,845 8,609,089 and §,709 416, which
are specifically incorporated by reference herein m their entitiss, and include compounds or
agents that either bind 1o and block a ligand of PD-1 to imterfere with or inhibit the binding of the
ligand to the PD-1 receptor, or hind directly to and block the PD-1 veceptor without inducing
nhbitory signal transduction through the PD-1 receptor.

In some embodiments, the PI-1 receptor antagonist binds divectly to the PD-1 receptor
without triggenng wnhilsitory signal transduction and also binds to a ligand of the P-1 receptor
to reduce or inhibit the higand from triggering signal transduction through the PD-1 receptor. By
reducing the number and/or amount of higaods that bind to PD-1 receptor and trigger the
transduction of ann inhibitory signal, fower cells are attenuated by the negative signal delivered by
PIx-1 signal transduction and a more robost imnuue vespouse can be achieved.

It is believed that PD-1 signaling is driven by binding to a PD-1 ligand {such as B7-Hl or
B7-DC) in close proximity 1o a peptide antigen presented by magor histocompatibility complex
{MH) {see, tor example, Freeman, Proc. Narl. dead. Sci 128 4, 105:10275-10276 {2008}).
Therefore, proteins, antibodies or small molecnles that prevent co-ligation of PD-1 and TCR on
the T cell membrane are also useful PD-1 antagonists.

I some embodiments, the PD-1 receptor antagonists are small molecule antagonists or
antibodies that reduce or interfere with PD-1 receptor signal transduction by binding to ligands
of PD-1 or 1o PD-1 #tself, especially where co-Hgation of PD-1 with TCR does not follow such
binding, thereby not triggering mhibitory sigual wansdoction through the PD-1 receptor.

Other PD-1 amtagonists contemplated by the methods of this invention include antibodies that
bind to PD-1 or hgands of PD-1, and other antibodies.

Suttable anti-PD-1 antibodies inchude, but are not Hmited to, those described in the
following US Patent Nos: 7332582, 7488802, 7521051, 7524498, 7563869, 7081416, BORRO0S,
B2ET7E56, B380247, RT28474, B779105, 067999 0073994, S084776, B205 148, 9358289,
9387247, , 9492539, 9492540, | all of which are incorporated by reference in their entiveties.

See also Berger et al, (i Cowecer Reg., 1430443051 (2008).

Exemplary anti-PD-L1 antibodies include, but are not limited to, those described in the
following US Pat Nos: 8383796, 0102725, 9273135, 9393301, and 9380507 all of which are

specifically mncorporated by reference herein in their entivety.
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For anti-B7-DC {also referred to as anti-PD-L2} antibodies see US Pat. Nos.: 7411,051,
7,052,694, 7,390 888, R18§238, and 9255147,

Qther exemplary PD-1 receptor antagonists include, but are not hmited to PD-L2
polypeptides, including homologs and variants of these, as well ag active fragments of any of the
foregoing, and fusion proteins that incorposate any of these. In some embodiments, the fusion
protein includes the soluble portion of B7-DC coupled to the Fe portion of an antibody, such as
humai Ig(G, and does not incorpotate all or part of the ransmembrane portion of human B7-DC.

The PD-1 antagonist can also be a fragment of a mammalian PD-L1, for example from
mouse or primate, such as a human, wherein the fragment binds to and blocks PD-1 but does not
result 1 inhibitory signal transdection through PD-1. The fragments can also be past of 8 fusion
protein, for example an Ig fusion protein.

QOther useful polyvpeptides PD-1 antagonists include those that bind to the ligands of the
PD-1 receptor. These mehude the PD-1 recepror protein, or soluble fragments thereof, which can
bind {o the PD-1 ligands, such as PD-L1 or B7-DC, and prevent binding to the endogenous PD-1
receptor, therehy preventing inhibutory signal transduction. PD-L1 bas alse been shown to bind
the protein B7. 1 (Butte et al., fosmsuity, Vol 27, pp. 1HI-122, (20073). Soch fragments also
include the soluble ECD portion of the PD-1 protein that includes mutations, such as the AS9L
mutation, that increases binding to the natural hgands (Molnar et al., PNAS, 105:10483-10488
{20081}, B7-1 orsoluble fragments thereof, which can bind to the PID-L1 ligand and prevent
binding to the endogenouns PD-1 receptor, thereby preventing inhibitory signal transduction, are
also useful.

PD-1 and PD-L1 anti-sense nucleic acids, both DNA gnd RNA, as well a5 siRNA
molecules can also be PD-1 antagonists. Such anti-sense molecules prevent expression of PD-1
on T cells as well as production of T cell ligands, such as PD-LI andior PI-L2. For example,
siRNA {for example, of about 21 nucleotides in length, which is specific for the gene encoding
PI-1, or encoding a PD-1 ligand, and which oligonucleotides can be readily purchased
commercially) complexed with camers, such as polyvethylensimine (see Cubillos-Ruizetal, L
Clhin. Invest, TIS(R): 2231-2244 (2009}, ave readily taken up by cells that express PI>-1 as well as
ligands of PD-1 and reduce expression of these receptors and ligands to achieve a decrease in
ohibitory signal transduction in T cells, thereby activating T cells.

b CTLA4 antagonists
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Other molecules useful in mediating the effects of T cells in an imynune response are also
contemplated a3 additional therapeutic agents. In some embodiments, the molecule isan
antagonist of CTLA4, for example an antagonistic anti-CTLA4 anttbody. ‘An example of an
anti-CTLAS antibody contemplated for use in the methods of the nvention includes an antibody
as deseribed in POT/US2006/043690 (Fischkotff et al | WO/2007/056339}

Dosages for anti-PD-1, anti-B7-H1, and anti-CTLA4 antibody, are known in the art and
can be in the range of, for example, 0.1 to 100 mgfkg, o with shorter ranges of 1 to 50 mgikg, or
10 to 20 mp'ky. An appropriate dose for a human subject can be between 5 and 15 mg/'kg, with
10 me'kg of antibody (for example, human anti-PD-1 antibody) being a specific embodintent.

Specific examples of an anti-UTLA4 antibody usefud in the methods of the invention are
Ipilmumab, & hursan anti-CTLA4 antibody, administered at a dose of, for example, abont 10
mg'kyg, and Tremelimomab a human ant-CTLAS antibody, administered at a dose of, for
example, about 15 mgrkg. See also Sammartino, ot al,, Clinical Kidney Jowrnal, 3(2):135-137
{2010}, published online December 2009

fn other embodiments, the antagomist is a small molecule. A senies of small organic
compounds have been shown to hind to the B7-1 Hgand to prevent binding {0 CTLA4 (see Erbe

sy
iF

gtal, J Biol Chem., 277.7363-7368 (2002). Such small organics could be administered alone or
together with an anti-CTLAY antibody to reduce mhibitory sigaal transduction of T cells.
3. Potentiating Agents

In some embodiments, additional therapeatic agents mclude a potentiating agent. The
potentiating agent acts o increase efficacy the inunune response up-regulator, possibly by more
than one mechanism, although the precise mechanism of action is not essential to the broad
practice of the present invention.

In some embodiments, the potentiating agent is evelophosphanside. Cyclophosphamide
(CTX, Cytoxan®™, or Neosar™) is an oxazahosphorine drug and analogs include ifosfamide (IFO,
Hex}, perfostamide, trophosphamide (trofosfamide; Ixoten), and pharmaceutically acceptable
salts, solvates, prodrogs and metabolites thereof (US patent application 20070202077 which is
incorporated in its entivety). Hosfamide (MITOXANAY) is a structesal analog of
cyclophosphamide and s mechamism of action is considered to be identical or substantially
similar to that of cyclophosphamide. Perfosfamide (d-hydroperoxvevclophosphamide} and

rophosphamide are also alkylating apents, which are structurally related to cyclophosphanude.
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For example, petfosfamide alkylates DNA| thereby inhibiting DNA replication and RNA and
protein synthesis. New oxazaphosphorines derivatives have been designed and evaluated with an
atterpt to improve the selectivity and response with reduced host toxicity (Liang I, Huang M,
Duan W_ Yu XQ, Zhou 5. Design of new oxazaphosphorine anticancer drugs. Curr Pharm Des.
2007;13(9):963-78. Review). These include mafostamide (NSC 345842), glafosfamide (D19575,
beta-D-glucosylisophosphoramide mustard), 5-(-}-bromofosfamide ({CBM-11), NSC 612567
{aldophosphamide perhydrothiazine) and N3C 613060 {aldophosphamide thiazolidme).
Mafostamide 1s an oxazaphosphorine analog thas 18 a chemically stable 4-thicethane sulfonic
acid salt of #-hydroxy-CPA. Glufostamide s IFO derivative in which the isophosphoramide
mustard, the alkylating metabolite of IFO, is glveosidically linked to a bata-D-glucose molecule.
Addinonal cvelophosphamide analogs are described m US patent 5,190,929 ennitled
“Cyclophosphamide analogs useful as anti-humor agents”™ which is incorporated herein by
reference in s entirety.

While CTX tiself s nontoxic, some of its metabolites are cytotoxic alkylating sgents that
induce DNA erosslinking and, at higher doses, strand breaks. Many cells are resistant o OTX
because they express high levels of the detoxifving enzyie aldehyde dehydrogenase (ALDH),
CTX targets profiferating lvmphocytes, as tymphocytes (bt not hematopoietic stem cells)
pxpress only low levels of ALDH, and cycling cells are most sensitive to DNA alkylation agents.

bt one embodiment tow doses of CTX are used tn combination with the disclosed
antibodies and antigen binding fragments thereof, Low doses of CTX (< 200 mg/kg) can have
inmune stivatdatory effects, incloding stinndation of anti-fenor Immune responses in humans
and mouse models of cancer (Brode & Cooke Crir Rev, Impnmol. 28:109-126 {2008)). These
tow doses are sub~-therapeutic and do not have a direct anti-tumor activity. In contrast, high doses
of CTX inlubit the anti-tumor response. Several mechanisms may explain the role of CTX in
potentiation of anti-tumor immone response: {8) depletion of CD4-+CD25+FoxP3+ Treg {(and
specifically proliferating Treg, which may be especially suppressive), (b} depletion of B
ymphocytes; (¢} induction of nittic oxide (NO), resulting i suppression of tumor cell growthy
{d} mobilization and expansion of CDTIAGr- 1+ MDBSC, These primary effects have numerous
secondary effects; for example following Treg depletion macrophages produce more TFN-y and
fesy IL-10. CTX has also been shown to induce type | IFN expression and promote homeostatic

proliferation of lymphocytes.

61



10

28

v
Pt

30

WO 2019/051164 PCT/US2018/049854

Treg depletion is most often cited as the mechanism by which CTX potentiates the anti~
twmor immune response. This conclusion s based in part by the results of adoptive transfer
experimenis. In the ABL-HA tumor model, UTX treatmentat Day 9 gives a 73% cure rate.
Transfer of purified Treg at Day 12 almost completely inhibited the CTX response (van der Most
et al. Cancer Inmaial, Impamother. 38:1219-1228 (2009). A stmstlar resudt was observed m the
HHD2 wmor model: adoptive transfer of CDACD25+ Treg after CTX pretreatment eliminated
therapeutic response to vaccine (Taieb, I J. Buprnol 176:2722-2729 (2006,

Numerous human clinical trials have demonstrated that low dose CTX is a safe, well-
tolerated, and effective agent for promoting anti-tumor immune responses (Bas, & Mastrangelo
Cancer Immunol. mmunother. 47:1-12 (1998)).

In one embodiment, the optimal dose for CTX o potentiate an anti-tumor immung
response, 15 oue that lowers overall T cell counts by lowering Treg levels below the normal range
but 1s subtherapeutic (see Machiels et al. Cancer Res, 61:3683-3697 (2001))

Ia somie embodiments, CTX s used as an immunopotentiating agent at g dose of 300
mgm?. fn another embodiment, for an average male (6 f, 170 pound (78 kg) with a body surface
area of 1.98 m), 300 mgim® | the dose of CTX is 8 muvke, or 624 my of total protein. In mouse
models of cancer, efficacy has been seen at doses ranging from 15~ 130 mg/kg, which relates to
0.45 - 4.5 mg of total protein in 2 30g mouse {(Machiels et al. Concer Res. 61:3689-3697 (2001},
Hengst et al Cancer Res, 41:2163-2167 (1981}, Hengst Cancer Res. 40:2135-2141 {1980},

For larger mammals, sach as a primate, such as a human, patient, such mg/m® doses may
be wsed but unit doses adimmistered over a finite time mterval may also be used. Such wnit doses
may be administered on a daily basis for a finite time period, suchas up to 3 days. orupto 8
days, or up to 7 days, or up to 10 days, or ap to 135 days or ap to 20 days orup to 25 days, are all
specifically contemplated by the invention. The same reginen may be applied for the other
potentiating sgents recited herein.

In other embodiments, the polentiating agent is an agent that reduces activity and/or

number of regulatory T lymphocytes (T-regs), such as Sunitinth (SUTENT®), anti-TGF or

Imatini (GLEEVACY). The recited treatient regimen may also include administering asn
adjuvant.
Useful potentiating agents also inclade nutosis inhibitors, such as paclitaxol, aromatase

inhibitors {e.g. Letrozele) and angiogenesis inhibitors (VEGFE inlubitors e.g. Avastin, VEGF-

e
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Trap} (see, for example, Li et al., Vaseular endothelial growth factor blockade reduces
mtratamoral regulatory T cells and enhances the efficacy of & GM-CSF-secreting cancer
inmmmunotherapy. Clin Cancer Res. 2006 Nov 15, 12(22):6808-16.), anthracyelines, oxaliplatin,
doxorubicin, TLR4 antagonists, and IL-18 antagonists.

Vi,  Transgenic animals

One embodiment provides a transgenic animal that produces antibodies or antigen
binding fragments thereof having heavy chain CDRs with an amino acid sequences according to
SEQ H2 NOs:6, 7, and 8 and hight chain CDRs with ammo acids according to SEQ 1D NQs: 12,
13, and 14, In one embodiment, the transgenic amimal s a rodent, for example a mouse.

Another embodment provides a transgenic antmal that produces antibodies or antigen
binding fragments thereof having heavy chain CDRs with an amine acid sequences according ©
SEQ HINOIE, 19, and 20 and dhree different light chain CIIRs with amino acids selected from
the group consisting of SEQ 1D NOs: 24, 13, and 25, In one embodiment, the transgenic animal
ts a rodent, for example 4 mouse.

Another embodiment provides a transgenic animal that produces antibodies or antigen
binding fragments thereof having heavy chain CORs with an amine acid sequences according to
SEQ D NOs: 29, 30, and 31 and gl chain CDRs with amino acids according to SEQ 1D NOs:
35,306, and 37, In one embodiment, the wansgenic animal is a rodent, for example a mouse.

Methods of making transgenic animals that produce antibodies are known in the art. See
for example A. Inkobovits, Curt Opin Biotechnol 6{5):561-6 {1995} and Brilggemann, M., et al,,
CArch bomanel Ther Exp (Warsz),, 6321 101108 (2015}, Jakobovits, &, etal, “From
XenoMouse technology to panitwaumab, the first fully human antibody product from transgenic
mice.” Nat Biotechnol. 25(10):1134-43 (2007); Lonberg N. {2005} “Human antibodies from
transgenic aninals.” Nat Biotechnol. 23(951117-25 and U.S. Patent Nos. 9,708,635, 9,686,974
9 499 §38: 9445 581: 9.388 446: 8.§35,712; 8,703 485; §.232 449: 7,795 494; and 5,939 598,
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Examples

Example 1: Anti-PD-1 astibody production
Resulis
Production of anti-PD-1 antibodies produced clones 4G9, 4C12, and 5C2 which were

setected for characterization.

Example 2: huteraction kinetics between anti-PD-1 antibodies and PD-1

Materials and Methods

Antibodies from clones 4G9, 4012, and 5C2 where characterized using a Biocorg™
system available from GE. The analyte was mouse or human PD-1 and the ligand was the anti-
FD-1 antbody. Analyte concentrations were {), 62.5, 125, 250, 500, and 1000 nM where
indicated.

Resulis

Figure | and Table | show interaction analysis of 4G9 with human PD-1. The
equitibriom association constant (Ka ) was 8.52 x 107 (M), The equilibrium dissociation
constant {Kn) was 1.05 x 10 (M)

Table 1. Interaction analysis of 4G9 with uanan PD-1.

Licand | Analyte | Ka Kd{l/s) | Rmax KD (M) | Conc Chy®
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (Msy Ny
4G9 Human | NA NA 15.1 BAXIO | 1.05x ] 0464
580 RU | PD-1 i 125

250

500

500

1000

Figure 2 and Table 2 show interaction analysis of 4G9 with mouse PD-1. The

equitibrium association constant {Ka) was 194 x 107 (1/M). The equilibrium dissociation

constant (K was 5.15 x 10° (M3,
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Ligand

Analyte

{ 1/Ms)

Kd (1/s)

Himax

KA
{1/MY

KD (M)

Cone
{Nm)

Chi?

4G9
S8G RU

Human
PD-1

2.00x 1

0.0103

1 9dx 1y

5.15x
10

4
125
250
500
500
1000

0.112

Figure 3 and Table 3 show interaction analysis of 4C12 with hwman PD-1. The

equitibriom association constant (Ka) was 3.14 x 10% (M), The equilibrium dissociation

constant {Ko) was 3,19 x 107 (M),

Table 3. Inferaction analysis of 4C12 with human PD-1.

Ligand | Analyte | Ka Kd {145} | Rmax KA KD (M) | Cong Chi®
(1/Ms) {1/M) (Nm)

412 Human NA NA 339 3.14x10% | 3.19x £ 233
428 RU 1 PDA 107 125
250
500
500
1000

Figure 4 and Table 4 show interaction analysis of 3C2 with human PD-1. The

equilibriom association constant {Ka) was 2.02 x 107 (1/M). The equilibrium dissociation

constant (K} was 4.95 x 100 (M.

Table 4, Interaction analysis of SC2 with buman PD-1.

Ligand

Analyte

(1/Ms)

Kd {18}

Rimax

{1/M)

KD {M}

Cong
{Nm)

Chi®

52
I20RU

Human
P

NA

NA

284

2.02x10°

4.95%x
10°

@
125
250
500
500
1000

0.0263

Figure § and Table 5 show interaction analysis of 302 with mouse PD-1. The

equilibrium association constant (Ka) was 118 x 10% {1/M). The equilibrium dissociation

constant (Kn} was 8.50 x 107 (M),
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Table 5. Interaction analysis of 5C2 with mouse PD-1.
Ligand | Analyte | Ka Kd (1/s) | Rmax KA KD M) | Cone Chi?
{1/Mg) {1/M) {Nm)
5C2 Human NA NA i1 LI8x10° 8.30x 0 G.107
I26RU | PD-Y 1 135
250
500
500
1000

Example 3: Binding of anti-PD-1 antibedies to EL4 cells
Materials and Methods

Murine EL4 cells that constitutively expwess PD-1 were used 1 flyorescence activated
cell sorter to evaluate binding of 4G9, 5C2, and 4C12 1o the cells.

Resulis

Figure 64015 a flow cytometry histogram that shows commercigl anti-PD-1 binds to EL4
cells and the control isotype antibody does not bind to EL4 cells. Figure 68 is a flow eyvtometry
histogram that shows that 4G9, 5C2, and 4C12 bind to EL4 cells and secondary antibody alone
does not. Figure 6C 15 a flow eytometry histogram that shows that 4G9 anti-PD-1 antibody binds
to EL4 cells and secondary antibody along does not. Figure 6D is g flow cytometry histogram
that shows that SC2 antt-PD-1 antibody binds to EL4 cells and secondary antibody alone does
not. Figure 6 is a flow cytomeiry histogram that shows that 4C12 anti-PD-1 antibody binds to

14 cells and secondary antibody alone does not.

Example 4: Agonistic activity of anti-PD-1 antibodies

Materials and Methods

Monuse CD4 T cells

Purified mouse CD4 T cells were stimulated with anti-CD¥anti-CD28 Ab for 48hrs, then
anti-PD-1 Abs {10ug/ml) were added to culture along with Protein A beads for another 48hws. In
some samples anti-PIRLT Ab was added to block PD-1/PR-L T interaction to dissect the agonist

effect of test Abs. (UBA assay was usad to detecs IFNy and 11-2 concentrations in supernatants.

3
(V4]
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Human (D4 T cells

Purified homan CD4 T cells were stimplated with anti-CD3/anti-CD28 Ab for 48hrs, then
anti-PD-1 Abs (1 or 10ug/ml) were added to culture along with Protein A beads for another
48hrs, CBA assay was used to detect IFNy concentrations in supernatanss.

Results

Figores 7A and 7B show that stimulated CD4 T cells treated with anti-PD-1 antibodies
83, 4C12, and 4G9, had higher concentrations of [FNy and 1L-2 in supernatants compared to
nntreated cells or cells treated with anti-PD-L 1 antibodies. Figure 7C shows that stimulated
buman CP4 T cells treated with anti-PD-1 antibodies 4G9 and 3C2 had a hugher concentration of

IENy supernatant compared to notreated cells or cells trented with isotype control antibudy!

Example 5: Hybridomas enhance Akt phosphorylation

Materials and Methods

Intracellular staining of pAKT (5473) was used as & marker for T cell activation.
Results
Hybridomas from mice mnmunized with peptide E enhanced the phosphorylation of Akt

{S473) i mowuse CD4 T cells (Figwe 8).

Example 6 Characterization of three anti-PD-1 antibodies

Materiah and Methods

Purified anttbodies from hybridomas 5C2, 4C12, and 4G9 were characterized.

Results

The isotypes for each of the three anti-PD-1 antibodies were determined. 3C2 and 4C12
were both IgG1 isotype and 4G9 was found to be 1pG2b isotype (Figare 93, Hybnidoma

sequencing showed 1009% sequence identity for 5C2 and 4C12 antibodies.
Example 7: 4G9 and 5C2 specifically bind to human PD-1

Materials and Methods:

An ELISA assay wag used to determine binding of 4G9 and SC2 o human PD-1-Fe.
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Results:

Figure 10 shows the results of an ELISA assay to evaluate binding of 4G9 and 53C2
antibodies to human PD-1-Fo. 409 and 302 both specifically bind to buman PIM1. Figure 11 A
is a flow cytometry histogram showing that 4G9 and 3C2 do not bind PD-1 KO CD4 T cells,

while they do bind CD4 T cells from wild-type mice (Figure 11B).

Example B: Signaling

Materials and Methods:

Mouse CD4 T cells were pre-stimulated for 48 hours to ensure PD-1 expression then
ireated with purified 4G9 and SC2 antibodies. The concentration of pS6 was determyined using
ant ELISA kit {Cell Signabing Tech).

Besulis:

In contrast to blocking amtibodies (RMP1-14 and J43), 4G9 and 5C2 activate T cells
through 56 pathway. Treatiment of 48h pre~stinmlated (1o ensure PD-1 expression) mouse D4
T cells with purified 4G9 and 3C2 antibodies led to significant increase of pS6 within the linear
range {ELISA kit Cell Signaling Tech, *P<Q.0S, *¥P<Q.01, ¥¥P0.001 compared to Untreated).
This phenomenon 15 due to a direct activation rather than PD-1/PD-L1 blockade since treatment
with Commercial Ab-1 {RMP1-14) and Ab-2 {J43) that blocks PD-1/PD-LT fnteraction does not

result 1 pS6 increase.

Example 8: In vive efficacy evaluation

Materials and Methods:

Figure 13A is a schematic illustration of the TC-1 tumor mode! used in this experiment.
Briefly, mice were subcutaneously injected with TC-1 wumer cells at day 8. At day 10 {D10),
day 17 {D17), and day 24 {D24} after tumor injection, mice were treated with vaccine (E7 +
PADRE + Quil A). Mice were treated with anti-PD-1 antibodies at day 10, day 14, day 17, day
21, day 24, and day 28

Results:

Anii-PD-1 antibodies 4G9, 4012, and 5C2 reduced umor volwne and moreased survival

when combined with E7 vaccine (Figure 13B-13D).
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Example 9: In vivo efficacy evaluation- Anti-EpE antibodies

Materials and Methods:

Anttbodies against epitope E were generated and tested in the TC-1 numor model as
described in Example 8 above and Figure 14A

Resulis;

Mice treated with 4G9, an antibody genecated against epitope E, exhituted significantly
tower tumor volame and higher survival rate when compared to tradisional checkpoint inhibitors,

anti-PD1 blocking antibodies RMP1-14 and J43 {Figure 14B-14C).
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We claim:

i An antibody or antigen binding fragment thereof comprising heavy chain
complementarity-determining regions {CDRs) having amino acid sequences according to SEQ
D NQs:6, 7, and B, and light chain CDRs haviog anuno acid sequences according to SEQ ID

NOs:12, 13, and 14,

2. The antibody or antigen bindmg fragment thereof of claim 1 comprising a heavy cham
with at least 30%%, 60%, 70%, 80%, 85%, 90%, $5%, 99%, or 100% sequence identity to SEQ 1D
NO:4or s,

3. The antibody or antigen binding fragmesnt thereof of claims 1 or 2 comprising a light
chain with at least 50%, 6096, T0%, 80%, §5%, 90%, 95%, 99%, or 100% sequence idemity to

SEQIDNO:0or 11,

4. An antibody or antigen binding fragrent thereof any comprising a heavy chain with at
least 50%, 60%, 70%, 80%, 85%, 90%, 959, 9%, or 100% sequence identity 1o SEQ D NG4
or 5 and a light chain with at least 50%, 60%, 70%, 80%, 85%, 90%, 95%, 99%, or 100%

sequence identity to SEQ ID NO: 10 or 11,

5. A transgenic animal engineered to express the antibody or antigen binding fragment

thereof of any one of claims 1-4.

8. The transgenic anunal of clanm 5, wherein the animal is a rodent.
7. The transgenic animal of claim 6, wherein the rodent is a mouse.
& A nuclete acid encoding a heavy chain with at least 30%;, 60%, 70%, 80%, {5%, 90%,

5%, 99%, ar 100% sequence identity to SEQ ID NG4 or 5.
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9. A nuclete acid encoding a light cham with at least 50%, 60%, 70%, 80%, 85%, 90%,

5%, 99%, or 100% sequence identity to SEQ ID NO: 10 or 11,

10, An antibody or antigen binding fragment thereof comprising heavy chain CDRs having
aming acid sequences aceording to NEQ 1D NOs: 18, 19, and 20, and hight chain CDRs }mving

amino acid sequences according to SEQ D NOs:24, 13, and 25.

11, The antibody or antigen bnding fragment thereof of claim 10 comprismg a heavy cham
with at least 30%%, 60%, 70%, 80%, 85%, 90%, $5%, 99%, or 100% sequence identity to SEQ 1D

NO:16or 17,

12, The antibody or antigen binding fragment thereof of claims 10 or 11 comprising a light
chain with at least 50%, 6096, T0%, 80%, §5%, 90%, 95%, 99%, or 100% sequence idemity to
SEQIDNO:22 or 23,

13, An aotibody or antigen binding fragiment thereof comprising a heavy chain with at least
50%, 60%, T0%, 80%, 85%, S0%, 95%6, 99%, or 100% sequence identity to SEQ ID NG 6 or
17 and a light chamn with at least 50%, 60%, 70%, 80%, 85%, 90%, 95%, 99%. or 100%

sequence identity to SEQ ID NO:22 or 23,

4. A tansgenic animal engineered to express the antibody or antigen binding fragment

thereof of any one of claims 10-13.
15, The transgenic animal of claim 14, wherein the animal is a rodent.
16, The transgenic animal of claim 15, wherein the rodent is a mouse.

i7. A nuclete acid encoding a heavy chain with at least 50%, 60%, 70%. 80%, 85%, 90%,

95%%, B9%, or 100% sequepce wdentity to SEQ ID NO:16 or 17.
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18, A nucleic acid encoding a light cham with at least 50%, 60%, 70%, 80%, 85%, 90%,
5%, 99%, or 100% sequence identity to SEQ ID NO:22 or 23,

19, An antibody or antigen binding fragment thereof comprising heavy chain CDRs having

aming acid sequences acecording to SEQ D NOs:29, 30, and 31, and Light chain CDRs }nvmg

amine acid sequences according Yo SEQ D NO«:38, 36, and 37.
20, The anubody or antigen bmdmg fragment thereof of claim 19 comprising a heavy cham

with at least 50%, 60%, 70%, B0%, 85%, 90%, $5%, 99%, or 100% sequence identity to SEG 1D
NO:27 or 28.

21, The antibody or antigen binding fragment thereof of clatmis 19 or 20 comprising a light
chain with at least 50%, 6096, T0%, 80%, §5%, 90%, 95%, 99%, or 100% sequence idemity to

SEQIDNO:33 or 34

220 An antibody or antigen binding fragment thereof comprising a heavy chain with at least

50%:, 60%, 70%, B0%, 85%, 90%, 95%, 99%, or 1008 sequence identity to SEQ ID NO27 or
28 and a light cham with at least 50%, 60%, 70%., 80%, 85%, 90%, 95%, 99%, or 100%
sequence identity to SEQ ID NO:33 or 34,

23, A tansgenic animal engineered to express the antibody or antigen binding fragment

thereof of any one of tlaims 19-22

24, The transgenic anumal of claim 23, wherein the animal is a rodent.
25, The ransgenic animal of claim 24, wherein the rodent is a mouse.

26. A nuclete acid encoding a heavy chain with at least 30%;, 60%, 70%, 80%, {5%, 90%,

5%, 99%, ar 100% sequence identity to SEQ 1D NG27 or 28,
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27, Anucleic acid encoding a light chaim with at least 50%, 60%, 70%, 80%, 85%, 90%,

5%, 99%, or 100% sequence identity to SEQ ID NO:33 or 34,

28, The antibody or antigen binding fragment thereof of any one of claims 1-4, 10-13, or 19-
22, wherein the antibody or antigen binding fragment thereof is human, mouse, chimeric,

humanized, monoclonal, bispecific, trispecific or multispecific.

29 Anantbody, or antigen binding fragment thereof comprising three huht chain CDRs with
amino acid sequences that are selected from the group consisting of SEQ 1D NOs: 12, 13, 14, 24,

25,35, 36, or 37,

30, Anantbody, or antigen binding fragment thereof comprising three heavy chain CDRs
with amino acid sequences that are selected from the group conststing of SEQ 1D NOs: 6, 7, 8,

18, 19, 20, 29, 30, or 31.

31, An aotibody, or antigen binding fragment thereof comprising three Hght chain CDRs with
anvine acid sequences that are selected from the group consisting of SEQ D NOs 12, 13, 14,24,
23, 35, 36, 01 37, and three heavy chain CDRs with anvne acid sequences that are selected from

the group consisting of SEQ D NGs: 6, 7, & 18, 19,20, 28, 30, or 31,

320 Anantibody or epitope binding fragment thereof or a fusion protein that

immmunospecifically binds to SEQ 1D NQU38,

33, The antibody or eputope binding fragment thereof or fusion protem of claim 32, wherein

the imommne cellis g T cell

34, The antibody or epitope binding fragment thereof or fusion protein of clamm 33, wherem
the T cell isa CD8" T cell.

35 The antibody or epitope binding fragment thereof or fusion protein of claim 32, wherein

the antibody or antigen binding fragment thereof or fusion protein binds PD-1.
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36, Anantibody or epitope binding fragment thereof or a fusion protein that
inmmunospecifically binds to SEQ ID NO:3B on PD-1 expressed on the surface of an imymme cell

and induces or promotes a signal through PD-1 that activates or stimulates the immune cell.

37, A pharmaceutical composttion compsising the antibody or antigen binding fragment

thereof according to any one of clabms 14, 10-13, 19-22 or 29-36.

38. The pharmaceutical composition of claim 37, further comprising a second therapeutic
agent.

e
Il
i

39 The pharmacentical composition of claims 37 or 38, further comprising a

pharmaceutically acceptable excipient.

40, The pharmaceutical composition of claim 38, wherein the second therapeutic agent

comprises cyclophosphamide.

41, A method of inducing, promoting, or enhancing an inmune response in a subject i need
thereof comprising:

administering to the subyect an effective amount of an antibody or antigen binding

o2

any one of vlaims 37-40 to induce, promote, or enhance an immune response in the subject.
42, A method for treating cancer in a subject in need thereof, comprising:

administering to the subject an effective amount of an antibody or antigen binding
fragment of any one of claims 1-4, 10-13, 19-22 or 29-36, or the pharmaceutical composition of

any one of claims 37-40 to treat cancer i the subject.

43 A method for reducing tumor burden in g subject in need thereof, comprising:
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administering to the subject an effective amount of an antibody or antigen binding
fragment of any one of claims 1-4, 10-13, 1922 or 29.36, or the pharmaceutical composition of

any one of claims 37-40 to redece tumor burden in the subject.

44, A method for treating an infection in a subject i need thereof, comprising:
administering to the subject an effective amount of an antibody or antigen binding

fragment of any ong of claims 1-4, 10-13, 19-22 or 29-36, or the phasmaceutical composition of

any one of claims 3740 to treat the infection n the subject.
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