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TIGIT AND CDI112R BLOCKADE
CROSS REFERENCE TO RELATED APPLICATIONS

160011 The beneftt under 35 U.S.C. §119(e) of U.S. Provisional Application No. 63/032,011, tied July
15, 2020, and U.S. Provisional Application No. 63/212,315, filed June 18, 2021, is hereby claimed, and

the disclosure thereof is hereby mcorporated by reference herein.
INCORPORATION BY REFERENCE OF MATERIAL SUBMITTED ELECTRONICALLY
{80621  Incorporated by reference in its entirety is a computer-readable nucleotide/anino acid seguence

listing subnaitted concurrently horewith and wdentitied as follows: 5.22 MB ASCH (Text) file named "A-

2443-WO-PCT_Seq Listing ixt"; created on June 28, 2021
BACKGROUND

60637 The PD-1/PD-L1 axis is involved in the supprossion of T cell inumune responses ia cancer,
Antagonists of this pathway have been chinteally validated across a number of solid turnor indications.
Nivolumab and pembrolizimab are two such inhibitors that target the PD-1 pathway, and cach has been
approved by the U.S. Food and Drug Administration (FDA) for the treatment of metastatic melanoma.
Recently, researchers have tested the paradigm of checkpoint inhibition in the setting of other tumor
types. While some advasces have been made, checkpoint inbibition therapy stilll remains in the shadows

of other cancer treaiment options.

{8004]  Studies of checkpoint inhibitors in combination with other agents are underway or recently have
been completed. The combination of nivohumab and ipihimumab, a CTLA-4 receptor blocking antibody,
for example, was tested in a Phase I clinical trial on patients with unresectable stage 111 or I'V melanoma.
In this study, the percentage of patients achieving a complete response was the highest among those that
received the combination of mivolomab and ipilimurab, beating the outcome exbubiied by those in the
group receiving cither drug alone. However, the response to immunotherapies that block CTLA-4 and
PD-1 checkpoint receptors 18 not universal, and multiple mechanisms by which tumors evade rosponse
have been wdentified. As an approach fo enhance the overall efficacy and to lunit turaor resistance,

combination therapies targeting multiple pathways represent a rationale next step.
f0085]  There is a need for safe and effective combination therapies targeting multiple checkpoint
mhibitor pathways.
SUMMARY
[B0636]  Presented herein are data demonstrating the induction of TIGIT and CD112ZR on activated

human T cells and TILs {tumor mfilirating leukocytes) in primary human tumor tissues as well as data
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supporting the high co-expression levels of the ligands of TIGIT and CDIIZR (CDI55 and CD1Hi2Y on
tumor cells. The data provided herein support that, while blocking the single interaction of TIGIT or
CD1I2R with its higand enbances primary human T cell activity, the simultancous blockade of both
receptors (TIGIT and CD112R) from binding to their respective hgands greatly enhances primary human
T cell activity. The data furthermore support that blockade of yet a third mteraction mvolving PD-1 and
its Higand, in addition to the blockade of TIGIT and CD112R nteractions, sigruficantly increases the
overall primary human T cell activity. The increase i activity achieved with the blockade of all three
molecales (PD-1, TIGIT, CD112R) is beyond that achieved with single blockade (TIGIT only or
CD1i2R only) and double blockade (blockade of both TIGIT and CDM 2R, both TIGIT and PD-1, or
both CD1I2R and PD-1).

[8007]  Accordingly, the present disclosure provides TIGIT antigen binding proteins (e.g., antibodies
and antigen binding fragments thereof), CID112R aniigen binding proteins (e.g., anttbodies and aniigen
hinding fragments thereof), and combinations thereof. Compositions comprising TIGIT antigen binding
proteins, CD112R antigen binding proteins and PD-1 antigen binding protems are furthermore provided
by the present disclosure. In certain embodiments, the compositions comprise a TIGIT antibody or
TYGIT-binding fragment thereof and/or a CD1IZR antibody or CD112R-binding fragment thoreof, and/or
a PD-1 antibody or PD-1 binding fragment thereof. In preferred embodiments, the composition
comprises a TIGIT antibody and a CD112R antibody. Related conjugates, fusion proteins, nucleic acids,

vectors, host cells and kits are provided herein.

{60081  The present disclosure also provides pharmacentical compositions comprising a TIGIT antigen
binding proteie, CD1IZR antigen bindiag protein, or combinations thereof, optionally, further compnsing
a PD-1 antigen binding protein, or a conjugale, fusion protein, nucleic acid, vecior, or host cell, and a
pharmaceutically acceptable carrier, diluent, or excipient. In preferred embodiments, the pharmaceutical

composition comprises a 11 ratio of a TIGIT antibody and a CD1I2R antibody.

[6069]  Metheds of making the antigen binding proteins are provided. Also, methods of treating
subjects in need thereof, comprising administering to the subject a pharmaceutical composition of the
present disclosure, are provided.

BRIEF DESCRIPTION OF THE DRAWINGS
18610}  Figurs 1A is a series of plots depicting co-expression profiles of cells of the wdicated tumor
indication. In the top row, co-expression of TIGIT family members with cach other and with PD-1 is
shown. In the bottom row, co~expression of ligands of the TIGIT fanily members with cach other and

with PD-1 15 shown.

[ =]
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{6011} Figure 1B 15 a sories of plots depicting the expression of TIGIT, CDLI2R, CD226, or PD-
(data based on single cell RNA seq data).

{0012} Figure 1C is a series of FACS plots depicting the co-expression of TIGIT, CD112R, and PD-1.

{80131 Figure 1D is a table listing the % of CD4 T-cells, CD8 T-cells, or Natural Killer (NK)) cells

positive for expression of CDTIZR, TIGIT, or PD-1 i tumor infiltrating T/NK cells.

18614}  Figurs 1E 15 a series of plots depicting the expression of Epcam, CD43, CD112, CDI5S,
Chllc, and CD1ib 1o tumor vs. PBMC. CD112 and CD155 expression or CDlc and CD11b expression

was assessed on Epcam”, CD45" Epcam’, or CD45+ Epcam” populations.

[0015]  Figure 2A is an illustration of a Jurkat reporter gene assav (RGA). The assay system uses
engineered CHO cells that stably express CD112 and CD3 engager and purified human pan T cells pre-
activated with CD3/CD28 anitbodies. When CD112R expressed on the surface of the T cells binds i

CD112 expressed on the sarface of the CHO cells, IL-2 release s expected o be suppressed.

{80161  Figure 2B are graphs depiciing the inerease of CD112R expression of activated T-cells (tight)

relative to not activated T-cells (left). CD112R staining profiles are shown against isotype control.

{80171 Fugure 2C is a graph demonsirating the binding between antibodies or ligand to CHO cells
expressing human CD112R (represenied by GeoMean fold) plotted as a function of concentration of {ool
antibodies (PL-52375, PL-52376, and PL~32577) or human or mouse Igs matched control antibodies

(HulgG isotvpe and MulgG tsotype, respectively). The binding of CD112 ligand is also shown,

IB018]  Figure 2D 1s a graph demonstrating the calculated % inhibition of the binding botween the
hgand and human CD112R expressed on CHO cells plotted as a fuaction of concentration of ool
antibodies (PL-32573, PL-52576, and PL-52377) or human or mouse IgG matched control antibodies
{HulgG sotype and Mulg(s isotyvpe, respectively).

’

[8019]  Figure 2F 1s a graph of 1L-2 concentration (pg/ml) plotied as a funciion of concentration of tool
antibodies (PL-32575, PL-32576, and PL-52577) or human or mouse IgG matched control antibodies
{HulgG sotype and Mulg( isotype, respectively) upon interaction with CHO cells transfocted with
empty vector (Vector) or vector encoding CD112 (CD112). EC30 for cach tool antibody is indicated in

the table below the X-axis.

{6020} Figure 2F is a graph of IL-2 conceniration (pg/mL) ploited as a function of concentration of
D226 antibody or isotype-matched control antibody i an assay where T cell are co-cultured with CHO
cells transfected with empty vector (Vector-CHO) or vector encoding CD112 (CDH2-CHO). In one

mstance, T-cells without any antibody is shown.
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{6021} Figure 3 is a schematic of the screening cascade utilized to discover anti-CD112R antagonist

aniibodies,

[0022]  Figure 4A is a schemaiic of the hurkat reporter gene assay (RGA). CHO cells expressing a D3
engager and CD112 are co-cultured with Jurkat T-cells expressing an NFAT-luciferase construct and

CD112R in the presence of antibodies or controls.
{60231 Figure 4B is a graph of the fold-induction of luciferase activity plotied for Harvests 6-9.

[8024] Frgure 4C is a graph of the binding activity to primary cyno T cells plotted for a panel of 350

hits and for positive binders.

[6025]  Figure 5A is atable listing charactenistics of Harvests 1-3 and Figure 5B 15 a table histing

characteristics of Harvests 6-9.

{30261  Figure 61s a graph of the relative binding activity for CD112R antibodies with 100 pM Kd as

an arbitrary cud off threshold.
{80271 Figure 7A 1s a graph of the Clading results showing the sequence diversity of antibodies.

[B028]  Figure 78 is a table listing exeraplary EC30 values of the indicated antibodies and germiine and

HC CDR3 sequence information.

{80291 Figure 815 a graph of the % inhibition of the binding achicved by the mmdicated antibody or tool
antibody (PL-32573, PL-32577). Iirelevant mouse and human antibodies are used as controls. The table

below the X-axis lists EC30 values and the max % mhibition for cach tool antibody.

[B03¢] Figure 9A is a graph of the signal dering the different stages of the competition assay for three
scenarios: A2, B2, and F2, wherein A2 is when two different antibodies are used to determine if the
second antibody competes with the first antibody for binding to ligand. B2 is when the same anitbody is

used as throughout the assay. F2 is when an irrelevant control antibody is used.

[8031] Figure 9B is a table listing antibodies that corapeic with cach other (Bin A) for binding o

figand, as determined by the competition assay.

[6032]  Cultured human T cells and cyno PBMCs were incubated with antibodies at varyng
concentrations starting at 3ug/m L {in assay with human T cells) or 5 ng/mL (v assay with cyno PBMCs).
The avtibodies were titrated 110 3 for the lowest concentration of 0.001 pg/ml (in assay with buman T
celis) and 0.002 pg/ml (n assay with cyno PBMCs). FCS Express was used to obtain Geo Means and
Screener was used to determine fold over Isotvpe control, titration curves and EC30 values. Figures 10A
and 108 is a graph of the fold over 1sotype control ploited as a function of concentration of the indicated

antibody. The results of the assay using cyno PBMCs and human T-cells are shown in Figures 10A and

4
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108, respectively. The graphs of Figures 10A and 108 plot the fold over isotvpe control signal plotted as

a function of the log conceniration of the indicated antibody.

6033}  Figure 11A is a graph of the NFAT luciferase activity plotied as a function of concentraiion of
the indicted antibody. Figure 11B is a table histing the ECS0 of the antibody as determined in the Jurkat
RGA.

[6034] Figurc 124 is a graph of the % inhibmion of binding of TIGIT to CD155-Fe plotted as a
function of tool TIGIT anttbody concentration.  Figure 12B is a graph of the % inhibition of binding to

CD112-Fe as a fonction of antibody concentration.

[8035] Figure 12C 1s an illustration of a cellular assay to test activity of tool TIGIT antibodies. Figure
12D 15 a graph of the bindmg of CD226-Fc to the difforent cells of Figure 12C without any antibodies.
Figure 12F i a graph of the binding of UD226-Fc in the presence of the indicated concentration of tool

antibody or control antibody.

{80361 Figure [2F 1s a graph of the concentration of IFNy made by T~cells in the presence of the
mdicated concentration of tool antibody or control antibody. Figure 12G is a graph of the concentration
of NFAT huciferase activity mduced in the presence of the indicated concentration of tool antibody or

control antibody.

{8037} Figure 12H s a graph of the binding in the presence of the indicated concentration of tool
antibody or control antibody. 1F4 is a tool antibody like 10A7 and MBSA43. Figure 12115 a series of
plots demonstrating the binding activity of the indicated antibody to primary pre-activated cyno T-cells

relative to sotype condrol
[8038] Figure 13 15 a schematic of the screening assays ntilized to discover anti-TIGIT antibodies.

{60391 Figure 14A is schematic of the Jurkat reporter gene assay (RGA). CHO cells expressing CD3
engager and CD1535 are co-cultured with Jurkat T-cells expressing an NFAT-luciferase construct and
THGIT 1n the presence of antibodies or controls. Figare 14B is a graph of the NFAT-huciferase activity
mdaced m the presence of the mdicated TIGIT antibody or tool antibody (MBSA43) or conirol antibody
(human [gG4 isotype control, human Tg(G2 isotype control, murine Ig(G1 isotype control).

[6040]  Figure 14C 15 a graph of the [FNy made by T-cells in the presence of the indicated TIGIT
andtbody or tool anttbody (MBSA43) or control antibody (homan IgG sotype control, murine 1gGl
1sotvpe control}.

{80411 TFigure 15 is a graph of the luciferase activity induced in the presence of the indicated TIGIT
antibody (AB1 or AB2) or tool antibody (MBSA43) by Jurkat T cells transfected with the 1L-2-Luciferase
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reported construct and TIGIT. One set of cells was engineered to knock out CD226 expression
(CD226K0).

[0042]  Figure 16A is a schematic of an IFNv release assay using T cells expressing TIGIT, CD226 and
CD1I2R and CHO cells expressing CD135, CD112, and an scFV ant-CD3. Figure 16B is a graph of the
IFNy released in the presence of the indicated combinations of antibodies. HulgGl and mIgGl are

isotype matched control antibodies. Tool CD1I2ZR antibodies include PL-32577.

{80431 Fach of Figures 17A-17C is a graph of the IFNy released 10 the presence of the indicated
combinations of anitbodies of 2 or three aniibodies or stagle anitbody. 3x = combination of anti-PD-1,
anti-TIGIT and anti-CD112R antibodies. Figure 17D is a graph of the expected vs. observed results of

the IFNy release assay for the indicated combination of antibodies or for the single antibody.

{6044} Figure 17E is a graph of the TFNy released 1o the presence of the indicaied combinations of
anithbodies of 2 or three aniibodies or single antibody in dissociated human tumor celf assay. IFNy

concentration of supermatant collected on Day 3 vs Day 6 1s shown.

[B045]  Figure 17F is a graph of the % of cells positive for expression for indicated molecules in CD4 T
cells in PBMC or tumor cells. Figure 17( is a graph of the % of cells positive for expression for

mdicaied molecules in CD8 T cells in PBMC or tumor cells.

{80461 Figure 17H is a graph of the % of cells positive for expression of PD-1 on Day 6 of digsociated
tumor cell cultures wherein the cells were treated with anti-TIGIT antibody, anti-CD112R antibody or

1sotype control antibody.

[8047] Frgure 171 15 a graph of the % of cells positive for expression of TIGIT on Day 6 of dissociated
tumor cell cultures wherein the cells wore treated with anti-PD-1 antibody, anti-CD12R antibody or

isotype control antibody.
[8048] Fugure 18 15 a compilation of Tables 2-3 and 12-19 referenced herein.

{3049] Each of Figures 19A and 19B is a graph of the amouant of IFN-y (pg/mL) produced by cytotoxic
T lymphocytes upon stimulation with a formulation comprising anti~-CD112R mAb (24F1), anti-TIGIT
mAb (43B7.002.015) and anti-PD-1 mAb at varving ratios as mdicated. The total antibody concentration
of the formulations in Figures 194 and 19B is 1.5 oM and 30 nM, respeciively.

[8058] Frgures 20A-20C are graphs relating to the expression of TIGIT, CD112R, and the ligands
CD155, CD112, and PDL by ex vivo primary homan tumor tissaes and matching blood, as determined
by FACS analvsis. The percentages of TIGIT+ and CD112R+ cells on CD8+ T colls and CD3- CD36+

N cells among CD45+ smmune cells in dissociated tumor fissues are graphed in Figure 20A, and the
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percentages of TIGIT+ and CD112R+ cells expressed by combined T/NK among tumor infilirating
tymphocytes (TIL) or blood are shown in Figure 20B. Ligand expression was analyzed on a subset of the
samples, for which the percentages of CI535-, CD112-, and PD-L1-positive cells 1o EpcamHI tumor
cells are shown in Figure 20C. The connecting lines indicate values from individual donors. These data

represent combined results from tumor tissues from four ndications (PANC, CRC, GIST, and TNBC).

{6051}  Figure 21 is a graph of the mean serum mAb concentration plotted as a function of time post I'V
admunistration to male cvnomoelgus monkeys. The line with circles plots the mean serum conceniration of
anti-TIGIT mAb of Group 1 anmmals, the line with sguares plots the mean serum conceniration of anti-
CD1I2R mAb of Group | animals, the line with triangles (pointing up) plots the mean serum
concentration of anti-TIGIT mAb of Group 2 animals, and the bine with triangles (pomiing down) plots

the mean serum concentration of anti-CDH12R mAb of Group 3 anumals.

[8052] Figures 22A-22D demounstrate CDHZRATIGIT blockade additively enhances humaan primary
NK cell activity against tumor cells. Figure 22A 15 a graph of the % target positive NK cells where
targets are CD226, TIGIT, CBLI2ZR, PD-1 or CD96, showing that purified human NK cells express high
levels of CD226, TIGIT, and CD112R and low levels of PD-1 and CDY6. Figure 228 is a graph of the %
figand-positive cells expressing CDM3S, CD112, or PDLT and shows target tumor cells used o the assay
{SKBR3 tomor cell line) express high levels of CD153 and CD112 and a low level of PD-L1. Figure 22C
is a graph of the extent of tumor cell killing (relative to 1sotype control antibody) by the punified human
NK cells stimulated by anti-PD-1 antibody, anti-TIGIT antibody, anti-CD112R antibody, or a
combination of anti-THGIT astibody and anti-CD112R antibody, or a combination of anti-PD-1 antibody,
anti-TIGIT antibody, and anti-CDDTI2R antibody (3X). Figure 22D is a graph of the oxtent of IFNy
production (relative to isotype control antibody) stimelated by the ndicated antibody mixtures
comprising anti-PD-1 antibody, anti-TIGIT antibody, anti-CD1I2R antibody, or a combination of anti~
TIGIT antibody and anti-CD112R antibody, or a combination of anti-PD-{ antibody, anti-TIGIT
anitbody, and anti-CD112R anttbody (3X). Figures 22C and 22D show that individual blockade of TIGIT
or CD112R enhanced NK cell activily compared to isotype (HulgGl) or PD-1 antibody-treated celis, but
the blockade of both TIGIT and CD112R additively enhanced both tumor cell killing and IFNg
production at $6hrs. NK cell activity is shown as fold change over isotype control. Each mAb was added

at 10ug/ml.

{80531 A single cell suspeunsion generated from dissociated ex vivoe tumor tissue was coltured in the
presence of the ndicated antibody mixtures comprising anti-PD-1 antibody, anti-TIGIT autibody, anti-
CD112R antibody, or a combination of anti-TIGIT antibody and anti-CD112R antibody, or a4 combination
of anii-PD-1 antibody, anti-TIGIT antibody, and anti-CD112R antibody (10ug/mi cach) and T/NK cell

~J



WO 2022/015853 PCT/US2021/041625

activity was measured by [FNg levels in the supernatant on day 3. Figure 23 is a graph of the increass
(relative to isotype condrol antibody) in primary TIL respouse in dissociated ex vivo tumor tissug,
showing that the mixture comprising all three antibodies targeting CDTI2R+TIGIT+PD-1 at a vatio of
1:1:1 stimulates the highest TIL response. The average values from 5 different tissues and error bars

mdicating SEM are shown in this graph.

[60354]  Figurcs 24 A-24C represent graphs of the tumor growth response over time n several different
mouse tumor models. Figure 24A shows tumor growth in CT26 syngencic tumor model, where tumor
vohume 1s plotted as a function of days post tumor implantation in wildtype (WT) mice, TEGITXUCD11ZR
KO (double KO} mice, CDEI2R KO mice, or TIGIT KG mice, that were treated with 1sotype control or
anii-PD1 antibody. The numbered groups correspond to (1} WT mice treated with an isotype control
antibody, (2) TIGITxCD112R KO mice treated with an 1sotype control andibody, (3) WT mice ireated
with anti-PD-1 antibody, (4) CD112R KO mice treated with anti-PD-1 antibody, (5) TIGIT KO mice
treated with anti-PD-1 antibody and {(6) TIGITXCD112R KO mice treated with anti-PD-1 antibody.
Figure 248 15 a graph of the tumor volume in B16F 10 syngeneie tumor model where group numbers
correspond to {1} WT mice treated with an 1sotype contro! antibody, (2) WT mice treated with an anti-
PD-1 antibody, (3) TIGITxCD112R KO (dKO) mice treated with an isotype control antibody, and (4)
TIGITXCD112R KO (dKO) mice treated with anii-PD-1 antibody. Figure 24C is a graph of the tumor
volume measured over time in a xenograft model treated with (1) 1sotvpe control antibody, (2} anti-PD-1
antibody, (3} a combination formulation comprising anti-TIGIT mAb and anti-CDII2R mAb, and (4) a

combination formulation comprising anti-TIGIT mAb and anti-CD112R mAb and an anti-PD-{ mAb.

180S5]  Fach of Figures 25A-235D 1¢ a graph of the %% high molecular weight (HMW) species plotted as
a function of time {weeks) measured in a formulation comprising (1) anti-CDI1I2R mAb (CD1I2R), (2)
anfi-TIGIT mAb (TIGIT-10}, (3) another anti-TIGIT mAb (TIGIT-12), (4) both anti~-CD1 12K mAb and
TIGIT-10 mAb and (3) both anti-CD 2R mAb and TIGIT-12 after storage at -30 °C (Figure 23A), 4 °C
{Figure 25B), 25 °C (Figure 25C) and 40 °C (Figure 23D), as measured by SEC,

[6056] Figure 26 1s atable listing the % LMW-+HMW peaks of formulations comprising 70 me/mL or
140 mg/mL anti-CDII2ZR mAb, TIGIT-10, or TIGIT-12, or a formulation comprising both anti-CD1 2R

and TIGIT-10 at a §:1 ratio or comprising both anti-CD1 2R and TIGIT-12 at a 1.1 ratio.

6057} Figure 27 is a graph of the viscosity {(¢P) of formulations comprising 70 mg/rall or 140 mp/mbL
anii-CD112R mAb, TIGIT-10, or TIGIT-12, or a formulation comprisiag both antt-CD112R and TEGIT-
10 at a 1.1 ratio or comprising both anti-CD1I2R and TIGIT-12 at a 111 ratio.
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DETAILED DESCRIPTION

{80381 TIGIT and CD1I2R (alse known as PYRIG) belong to a family of receptors that contain
immunoglobulin (Ig) domam{s) in the extracellular region. These receptors inderact with ligands that also
contain Ig domain(s). Although there is evidence that each receplor can interact with multiple ligands in
the family, TIGIT-CD13S5 and CD112R-CD1 12 represent the primary receptor-ligand pairmgs based on
the rank order by affinity measurements. Another fanmily member, CD226, can interact with both CD112
and CD133, both with weaker affinity than that for TIGIT-CD135 and CDI12R-CDI12. Engagement of
D226 enhances T/NK cell activity specifically in the context of T/NK cell response to tumor cclls. This
“costimulatory” signal is thought to be mnhibited when TIGIT and CD112R are co-oxpressed at high
tevels, because 13 TIGIT and CD112R both bind to the ligands at higher atfinities than does CD226 and
cffectively limit ligand accessibility and 2) TIGIT and CD112R mntraccliular domains contain ITIM or
ITiM-like domains that are thought to generate inhubitory signals, although the nature of such signal has

not been extensively characterized in T cells.

[80591  Transcripts of CD135 and CD112, the primary higands for TIGIT and CD112R, arc present in a
wide range of tissues and cell types. Thus contrasts with PD-L1, whose expression is more restricted,
with preferential expression in antigen presenting cells and tureor cells. These ligands have been shown
to be tnduced by different types of stimuli: while PD-L1 s upregulated by exposure to IFNy, CD133 and
CD112 are not regulated by exposure {o this eytokine and are nstead upregulated 1n response to DNA
damage, viral infection, and reactive oxygen speocies (ROS). Therefore, ligand induction response further

differentiates the pathways eagaged by TIGIT and CD112R from that by FD-1.

[8060] The present disclosure provides antigen binding proteins, ¢.g., antibodies and antigen-binding
fragments thereof, that bind {6 TIGIT, e.g., TIGIT binding proteins, also referred herein as TIGIT antigen
binding proteins. In preferred embodiments, the TYGIT antigen binding protein is an antibody that

specifically binds TIGIT (e.g., a TYGIT antibody, an o-TIGIT antibody).

{8061} The present disclosure additionally provides antigen binding proteins which bind to CD112R,
e.g., CD112R hinding proieins, also referred herein as CD112R antigen binding proteins. In preforred
embodiments, the CD1I2R antigen binding protein 1s an antibody that specifically binds CDIIZR ((eg., a

CD112R antibody, an e-CD112R antibody)).
i8062]  Rinding Characteristics

[6063]  In exemplary embodiments, the binding strength of the presently disclosed TIGIT antigen
binding protein for binding to TIGIT 18 described in terms of its affimty. In exemplary aspects, the

binding strength of the presently disclosed TIGIT antigen binding protein for TIGIT is described in terms
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of Kn. Likewise, the binding strength of the presently disclosed CD1 12K antigen binding protein for
binding to CDI12R 15 described in torms of ifs affinity, and, in exemplary aspects, the binding strength of
the presently disclosed CDT12R antigen binding protein for CDI12R is described m teoms of Kp. Ko is
the equilibrium dissociation constant, a ratio of kow'kes, belween an antigen binding protein and s target
or antigen. Kbp is inversely proportional to the affinity. The Ko value relates to a concentration of the
antigen bindimg protein, and thus the lower the Kp value, the higher the affuuty of the antigen binding
protein. In exemplary aspects, the Kp of the TIGIT antigen binding proteins and CD12ZR antigen
binding proteins provided herein is micromolar, nanomolar, picomolar or ferntomolar. In exemplary
aspects, the Kp of the TIGIT antigen binding proteins or the CTH 2R antigen binding proteins provided
herein is within a range of about 10 10 108 M, or 107 to 107 M, or 107 10 10 M, or 1010 10°° M.
Optionally, the Kp of the TIGIT antigen bindmg proteins or the CD1I2R antigen binding proteins

provided herein is within a range of about 107 10 10 M, optionally, 10 to 107 M.

[#064]  In various aspects, the antigen binding protein, ¢.g., antibody, binds to human TIGIT. The
aminoe acid sequence of human TIGIT is provided herein as SEQ ID NO: 1. In particular, amino acids |-
21 of SEQ ID NO: 1 represents the signal peptide, and amino acids 22-244 of SEQ 1D NO: 1 represents
the mature human TIGIT amino acid sequence. In exemplary aspects, the antigen binding protein binds
to the human TIGIT with a Kp that is about 50 oM or less {c.g., about 40 nM or less, about 30 nM or less,
about 20 nM or less, or abouwt10 aM or less). In exemplary aspects, the antigen binding protein binds to
the human TIGIT with a Kp that 15 less than or about 5 nM, less than or about 4 nM, less than or about 3
oM, less than or about, 2 nM, or less than or about | sM. In various aspects, the Kp of the antigen
binding protein for buraan TIGIT is fess than 1 nM, e, loss than 0.75 nM, less than 0.5 nM, or less than
0.25 aM. Optionally, the Kp of the antigen binding protein for homan TIGIT is greater than or about
.001 nM or greater than or about .01 nM and less than 0.5 aM. In various aspects, the Kp of the antigen
binding protein for buman TIGIT 1s about 0.01 nM to about 0.5 nM, about 0.02 sM to about 0.5 aM,
about 0.03 aM to about 3.5 nM, abouti .04 nM to about 0.5 nM, about 0.65 nM to about 0.3 nM, about
(.06 nM to about 0.5 nM, about 0.07 aM o about 0.5 nM, aboui 0.08 nM to about 0.5 nM, about 0.09 nM
to about 0.5 nM, about 0.1 nM to about 6.3 nM, about 0.2 8M {o about 0.5 aM, about 0.3 aM to about 0.5
nM, about 0.4 8M {o about 0.5 nM, about .01 nM to about 0.4 nM, about §.01 oM to about 6.3 nM,
about .01 nM to about 8.2 nM, about §.01 nM to about 0.1 nM, about 0.01 nM to about 0.09 oM, about
0.61 M 1o about 0.08 oM. about 6.01 nM to about 0.07 oM, about (.01 nM to about .06 nM, about 4.01
nM to about 6.05 oM, about 0.01 uM to about 8.04 nM, about 0.01 oM to about .03 nM, or about 0.1
aM to about ¢.02 nM. In varicus aspects, the antigen binding protein alse binds to cynomolgus monkey
{cyno) TIGIT. The amino acid sequence of cyno TIGIT is provided herein as SEQ 1D NG: 2024, In

particular, amino acids 1-21 of SEQ [ NO: 2024 represents a signal peptide and amino acids 22-245 of
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SEQ ID NO: 2024 represents the mature cyno TIGIT protein. In exemplary aspects, the antigen binding
protein binds to cynomolgus monkey TIGIT with a Kp that 1s about 1 oM 1o about 23 aM, e.g., about 3
nM to about 20 oM, or about 5 nM to aboui 15 sM. In exemplary aspecis, the antigen binding protein
binds to cynomolgus (cyuo) monkey TIGIT with a Kp of about 8 sM {0 about 14 nM. In various aspects,
the antigen binding protoin binds with high affinity to both human TIGIT and cyno TIGIT. Optionally,
the Kp of the antigen binding protein for human TIGIT is about 0.01 aM and less than 0.3 nM and the Ko
of the antigen binding protein for cvano TIGIT 1s about  nM to aboui 14 nM. In exemplary instances, the
Ko of the antigen binding protein for hurnan TIGIT is within about 100-fold, about 50-fold, about 25-fold,
gbhout 10-fold, about 5-fold, or about 2-fold, or loss, of the Kb of the antigen binding protein for cyno
TIGIT. In various aspects, the EC30 value of the TIGIT antigen binding protemn for human T-cells
expressing human TIGIT s withun about 100-fold, about 30-fold, about 25-fold, about 10-fold, about 5-
fold, or about 2-fold, or less, of the EC50 value of the TIGIT antigen binding protein for cyno PBM g

expressing cyno TIGIT.

[8065]  In various instances, the antigen binding protein, ¢.g., antibody, binds {6 human CD112R. The
amino acid sequence of human CD1I2R 18 provided herein as SEQ D NO: 3. In particular, aminoe acid
53 of SEQ D NO: 3 represents the first amino acid of the extracelhular domain. ln exemplary aspects, the
antigen binding protein binds with high affinity to both human CD112R and cyno CBIIZR. In
exemplary aspects, the antigen binding protein binds to the haman CD112R with a Kp that is abouat 30 nM
or less {e.g., about 40 nM or less, about 30 nM or less, about 20 nM or less, or aboutl0 aM or less). In
exemplary aspects, the antigen binding protein binds to the human CD112R with a Kp that is less than or
aboui 5 nM, less than or about 4 nM, less than or about 3 aM, less than or about, 2 nM, or less than or
abouat 1 aM. In various aspeots, the Kp of the antigen binding protein for haman CD112R s less than §
nM, ¢.g., less than 6.75 nM, less than 0.5 nM, or less than 0.25 nM. Optionally, the Kp of the antigen
binding protein for buman CD112R is greater than or about 0.0601 nM or greater than or about 0.01 nM
and less than 3 oM. In various aspects, the Ky of the antizen binding protom for human CDHIZR is about
(.01 nM to about 5 nM, about 0.05 nM to about 3 nM, about .10 aM {c about 5 oM, about 0.3 nM to
about 5 oM, about 1 nM to about 5 oM, about 2 nM to about 3 oM, abouat 3 eM to about 5 nM, about 4
nM to about 3 nm, about §.01 M to about 4 nM, about 8.01 nM to about 3 nM, about 0.01 aM to about 2
nM, about 0.01 aM to about 1 1M, about 0.01 nM to about 0.3 nM, about 0.01 nM to about 0.1 nM, or
about 0.01 oM to about .05 nM. In various aspects, the antiges binding protein binds to cyno CD1IZR.
The amine acid sequence of cyno CD112R is provided berein as SEQ ID NO: 2022 of which ammno acid
53 is the {irst amino acid of the extracellular domain. In exemplary aspects, the antigen binding protein
binds to cynomolgus monkey (cyno) CDHIZR with a Ky that 1s about I nM to about 25 nM, eg., about 3

nM to about 20 nM, or about 5 nM to about 15 sM. In exemplary aspects, the antigen binding protein
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binds to cvno CD1I2R with a Kp of about 0.05 oM 1o about 0.15 sM. Optionally, the Kp of the antigen
binding protein for human CD112R 15 about 0.01 nM and less than 5 nM and the Kp of the antigen

binding protein for cyno CD1ZR 15 about .05 nM to about .15 sM.

{80661 In cxemplary instances, the Kp of the antigen binding protein for human CD112R 1s within
about 100-fold, about 50-fold, about 25-fold, about 10-fold, about S-fold, or about 2-fold, or less, of the
Ko of the antigen binding protein for eyno CDII2R. Tn various aspects, the ECS50 value of the CD112R
andigen binding protein for human T-celfs expressing human CD1I2R is within about 100-fold, about 50-
fold, about 25-fold, about 10-fold, about 5-fold, or about 2-fold, or less, of the EC30 value of the

CI 2R antigen binding protein for eyno PBMCs expressing cyno CDII2R.

{80671 In cxemplary embodiments, the antigen binding protein, e.g., antibody, exhibits a binding
affinity for its target (TIGIT or CD112R) which s increased relative to the binding affinity of the native
miteraction between TIGIT and CD155, TIGIT and CB112, or CBI12R and CD112. The mncrease in
binding affinity may be at least or about a 3% increase, at least or about a 10% increase, at least or about a
15% mcrease, at least or about a 20% increase, at least or about a 25% mcrease, at least or about a 30%
merease, at least or about a 35% increase, at least or about a 40% increase, at least or about a 45%
increase, at least or about a 50% increase, at least or about a 55% mcerease, at least or about a 60%
mcrease, at least or about a 65% crease, at least or about a 70% increase, at Ieast or about a 75%
merease, at least or about a 80% increase, at least or about a 83% increase, at least or about a 90%
mercase, at least or about a 95% increase, relative to the binding affinity of human TIGIT for its ligand
(CID155) or relative to the binding affuuty of human CDH1I2R for its ligand (CD112). 1o exemplary
aspects, the antigen binding protein exhibits an increase which is about a 2-, 5-, 16, 15-, 20-, 25-, 30-, 35~
401, 45+, 30-. 55+, 60-, 65~ 70-, 75-, 80-, 85-, 90, 95 100-, 105-, 110-, 115-, 120-, 125-, 130-, 135-,
140-, 145, 130-, 175, 200-, 225-_ 250-, 273-, 300-, 323-, 350-, 375-, 400-, 425-, 450-, 475-, 500-, 325-,
550-, 575- 600~, 625-, 630~, 675-, 700-, 725~, 750~ 775, 800-, §25- 850, 875-, 900, 925~ 9530~ 975~
fold, 1000-fold, or more increase i binding affinity for s target (TYGIT or CD112R) relative to the
binding affiraty of human TIGIT for human CB133 or the binding affinity of human CD112R for haman
CDii2,

{80681  Competition assays

1866391 In various ewmbodiments, the antiges-biadiag protein, ¢.g., antibody, whibits a bindiog
inferaction between haman TIGIT and a reference antibody, which reference antibody is known (o biad to
TIGIT but 15 not an antigen-binding protein of the present disclosure. In various instances, the TIGIT-
binding proteins of the present disclosure compete with the reference antibody for binding to human

TIGIT and thereby reduce the amount of human TIGIT bound to the reference antibody as determined by
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an in virro competitive binding assay. b various aspects, the antigen-binding proteins of the present
disclosure imhibit the binding interaction between human TIGIT and the reforence antibody and the
inhibition is characierized by an [Cso. I various aspects, the antigen-binding proteing exhibit an 1Cs of
less than about 230 nM for inhubiting the binding interaction between hwman TIGIT and the reference
antibody. In various aspects, the antigen-binding proteins exhibit an 1Cse of less than about 200 nM, less
than aboui 1530 oM, less than about 100 nM, less than about 90 nim, less than about 80 nm, less than about
70 am, less than about 60 nm, less than about 30 nm, fess than about 40 nm, less than about 30 nm, less
than about 20 nm, or less than about 10 nm. In various aspects, the antigen-binding proteins exhibit an
ICso of less than about 9 oM, less than about 8 nM, less than about 7 nM, less than about 6 nM, less than
about 3 nM, less than about 4 nM, less than about 3 1M, less than about 2 nM, less than about T nM, less
than 0.5 nM or less than 0.1 oM. In vanious instances, the antigen-binding proteins of the present
disclosure compete with the reference antibody for binding to human TIGIT and thereby reduce the
amount of human TIGIT bound to the reference antibody as determined by a FACS-based assay in which
the fluorescence of a flusrophore~-conjugated secondary antibody which binds to the Fo of the reference
andibody is measured in the absence or presence of a particular amount of the antigen-binding protecin of
the present disclosure. In vartous aspects, the FACS-based assay 1s carried out with the reference
antibody, fluorophore-conjugated secondary antibody and cells which express TIGIT. In various aspects,
the cells are genetically-engineered to overexpress TIGIT. In some aspects, the cells are HEKZ93T celis
transduced with a viral vector to express TIGIT. In alternative aspects, the cells endogenously express
TIGIT. Before the FACS-based assay is carried out, in some aspects, the cells which endogenously

gxpress TIGIT are pre-detemmined as low TIGIT-expressing cells or high TIGIT-expressing cells.

[8078] In cxemplary aspects, the andigen-binding prolein, ¢.g., aniibody, inhibits a binding interaction
between human TIHGIT and its native higand, e.g., CD135, CD112. In various mstances, the antigen-
binding protein, ¢.g., antibody, inhibits a binding interaction between human TIGIT and CD135 as
determined by a FACS-based receptor-ligand competition binding assay, such as that described herein at
Example 5. In various aspects, greater than 80% (e g, greater than 85%, greater than 90%) of the binding
mteractions between homan TIGIT and D155 are inhibited in the presence of the preseatly disclosed
antigen binding protein, e.g., antibody. Optionally, greater than 95% (e.g., greater than 96%, greater than
7%, greater than 98%, greater than 99% or nearly 100%) of the binding miteractions between human
TIGIT and CD155 are inhibited m the presence of the presently disclosed antigen binding protein, ez,
antibody, as determined by a FAUS-based receptor-ligand competition binding assav, such as that

described herein at Example 5.
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{6071}  In various embodiments, the antigen-binding protein, ¢.g., antibody, inhibits a binding
interaction between human CD112R and a reforence antibody, which reference antibody 1s known to bind
to CD12R but is sot an antigen-binding protein of the present disclosure. In various instasces, the
CD112R -binding protewns of the present disclosure compeie with the reference antibody for binding to
human CDHIZ2R and thereby reduce the amount of human CD1I2R bound to the reference antibody as
determined by an in vifre competitive binding assay. In various aspects, the antigen-binding protetns of
the present disclosure nhibit the binding interaction between human CD112R and the reference antibody
and the mhibition 1s characterized by an ICs. In various aspects, the antigen-binding proteins exhibit an
ICso of less than 250 aM for inhibiting the binding interaction between human CD112R and the reference
antibody. In various aspects, the antigen-binding proteins exhibit an [Cse of less than about 200 nM, less
than about 150 oM, less than about 100 nM, less than about 90 nm, less than about 80 nm, less than about
70 am, less than about 60 nm, less than about 50 nm, fess than about 40 nm, less than about 30 nm, less
than about 20 nm, or less than about 10 nm. In varicus aspects, the antigen-binding proteins exhibit an
ICso of less than about @ M, less than about 8 nM, less than about 7 nM, less than about 6 nM, less than
about 3 nM, less than about 4 nM, less than about 3 nM, less than about 2 nM, less than about 1 nM, less
than 0.3 aM or less than 0.1 oM. Optionally, the antigen-binding proteins exhibit an {Cso of about 0.03
oM to about 0.5 oM (c.g., about 0.06 nM, about 0.07 oM, about 0.08 nM, about 0.09 oM, about 0.1 nM,
about 0.2 nM, about 0.3 aM, about (1.4 oM, aboutl 6.3 nM). In various instances, the antigen-binding
protoins of the present disclosure compete with the reference antibody for binding to human CD112R and
thereby reduce the amount of human CD1 2R bound to the reference antibody as determined by a FACS-
based assay in which the fluorescence of a flucrophore-conjugaied secondary antibody which binds to the
Fe of the reference antibody is measured in the absence or presence of a particular amount of the antigen-
binding protein of the present disclosure. In various aspects, the FACS-based assay is camied out with the
reference antibody, fluorophore-conjugated secondary antibody and cells which express CD1I2R. In
various aspects, the cells are genetically-engineered to overexpress CDIIZR. In some aspects, the cells
are HEK 2937 cells transduced with a viral vector to express CIM1ZR. In alternative aspects, the cells
endogenously express CD112R. Before the FAUS-based assay is carried out, in some aspects, the celis
which endogenously express CDI2R are pre-determined as low CD112R -expressing cells or high

CDHI2R ~oxprossing cells.

[8072]  In exemplary aspects, the antigen-bindmg proiein, ¢.g., antibody, mhibits a binding interaction
between human CD112R and s native lgand, ¢, CD112. In various instances, the antigen-binding

profein, e.g., antibody, inhibits a binding interaction between human CDIHZ2R and CD112 as determined
by a FACUS-based receptor-ligand competition binding assay, such as that described herein at Example 3.

In various aspects, greater than 90% of the binding interactions betwoen human CDI12ZR and CD112 are
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inhibited in the presence of the presently disclosed antigen binding protein, ¢.g., antibody. Optionally,
greater than 93% (e.g., greater than 96%, greater than 97%, greater than 98%, greater than 99% or neardy
1060%) of the binding iateractions between human CD112R aad CD112 are inhibited 1n the presence of
the presently disclosed antigen binding protein, ¢.g.. antibody, as determined by a FACS-based recepior-

higand competition binding assay, such as that described herein at Example 3.

{69731  Other binding assavs, e.g., competitive binding assays or competition assays, which tost the
ability of an antibody to compete with another antigen-binding protein for binding to an antigen, or {o an
epttope thercof, are known 1n the art. Sece, e.g., Trikha ot al, Tat J Cancer 110; 326-335 (2004); Tam ¢t
al., Circulation 98(11): 1085-1091 (1998); U.S. Patent Apphcation Publication No. US20146178903,
Chand et al., Biologicals 46: 168-171 (2017); L et al., Anal Biochem 323: 89-91 (2017); Gookaet al., J
Vet Diagn Invest 29(2): 250-253 (2017); Hunter and Cochran, Methods Enzyvmol 230: 21-44 (2016); Cox
¢t al., lnmuouoassay Methods, [nununoassay Methods. 2012 May 1 {Updated 2019 Jul 8]. In: Stttampalara
GS, Grossman A, Brimacombe K| et al, editors. Assay Gudance Manual [Internet]. Bethesda (MD): Elt
Lilly & Company and the National Center for Advancing Translational Sciences; 2004-. Avalable from:
https://www . ncbinlm nih.gov/books/NBE92434/; Clarke, William, “Immunocassays for Therapeutic Drug
Monitoring and Clinical Toxicelogy”, Handhook of Analytical Separations, Volome 5, pages 95-112
{2004}, and Goolia et al., J Vet Diagn Tavest 29(2): 250-233 (2017). Also, other methods of comparing
two antibodies are known in the art, and inchude, for example, surface plasmon resonance (SPR). SPR
can be used to determine the binding constants of the antibody and second antibody and the two binding

constants can be compared.

6074} Inhibition and Antagonizim

[6075]  In various instances, the antigen binding protein, ¢.g., antibody, binds to its target or anligen and
mhibits the binding interaction between the target or antigen and its native ligand or binding partuner. In
exemplary aspects, the presently disclosed TIGIT binding protemm binds to TIGIT and thereby inhibits the
binding interaction between TIGIT and CD155. Alternatively or additionally, in exemplary instances, the
presently disclosed TIGIT binding proiein imbibits the binding nteraction between TIGIT and other
hgands (e.g., CD112). In exemplary aspects, the prosently disclosed CD112R binding protein binds to
CD112R and thereby inhibits the binding interaction between CD1I2R and CDH2. Alternatively or
additionally, in exemplary instances, the presently disclosed CD112R binding protein inhibits the binding
interaction between CDH1ZR and other ligands (e.g., CD96, CD226, TIGIT). o various aspects, the
antigen binding protein, e.g., antibody, is an antagounist which 1nhubiis the biological activity of the target
or antigen. In various aspects, the CD112R binding protein binds to CD112R and inhibts the signal

transduction pathwav{s) activated upon CD112 binding to CD112R. In various aspects, the TIGIT

[
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binding protein binds to TIGIT and inhibits the signal transduction pathway(s) activated upon CD155
binding to TIGIT. Additional signal transduction pathway(s) may be mhibited upon binding of the TIGIT
binding protein to TIGIT of upon binding of the CD112R binding protein to CD1IZR.

{6076} The redaction or mnhubition provided by the antigen binding protein, ¢.g.. antibody, mav notbe a
160% or compleic inhibition or abrogation or reduction. Rather, there are varying degrees of reduction or
inhibition of which one of ordinary skill in the art recognizes as having a potential benefit or therapeutic
effect. In this regard, the antigen bimding protein may inhibit the TIGIT and/or CDT12R protein(s) to ansy
amount or level. In exemplary embodiments, the reduction or inhibition provided by the antigen binding
protein is at least or about 10% reduction or inhibition (e.g., at least or about 20% reduction or inhibition,
at least or about 30% reduction or inhibition, af least or about 40% reduction or inhibition, at feast or
about 50% reduction or inhibifion, at least or about 60% reduction or inhibition, at least or about 76%
reduction or inhubition, at least or about 80% reduction or wnhibition, at least or about 90% reduction or
mhubition, at least or about 95% reduction or inhibition, at least or about 98% reduction or inhibition}.
{80771 In cxemplary instances, the antigen binding protein of the present disclosure inhubits binding
CD112 10 CDIIZR or TIGIT to CDI33. In exemplary aspects, the inhibition may be characterized m
terms of a balf maximal inhibitory concontration (1O8) which 15 a measwre of the effectivensss of the
aniigen binding protein 1o mubiiing a spesific biological or ochemical function.

{3078}  Suitable methods for measuring the imhibitory or antagonist activity of the antigen binding
profeins of the present disclosure are known 1 the art. In exemplary mstances, the antagomst or
ihibitory activity of the antigen binding proteins may be assaved by measuring the level of TCR
activation, given that stmulianeous binding of CD112R to CD112 and/or TIGIT to CD153 and activation
of the T-cell receptor (TCR) of a T-cell produces an ihibiiory signal which mactivates or shuts off TCR-
mediated responses, and, therefore, blocking the mteraction between CDHI2R to CD112 and/or TIGIT to
CI353 upon TCR ligation lead to TCR-mediated activitics including one or more of phosphorviation of
the TCR subunits, recruitment of Zap70 to the TCR, phosphoryiation of LAT and/or SLP-76, calcium
mobilization or calcium release from the endoplasnuc reticulum (ER), activation of PLC-gamma,
production of diacyliglveerol (DAG) and 1nositol triphosphate (IP3), activation of Protein Kinase C,
MARPK/Erk signaling, NF-xB activation, NFAT activation, activation of the IL-2 promoter, [L-2
production, [FN-gamma production, T cell proliferation and the like. See, o.g., Smith-Garvin et al., Annu
Rev Immunol 27: 391-619 (2009). Thus, in various instances, the inhibitory or antagonist activity of the
antigen binding proteins of the present disclosare may be assaved by measuring for {L-2 production, IFN-
gamra prodaction and/or activation of NF-xB and/or NFAT, for instance. In varous aspects, a huciferase
reporier gene assay is used with Jurkat T cells, wherein, upon TCR activation and in the presence of

TYGIT binding proteins and/or CD112R binding proteins, luciferase activity is measured. In the presence
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of the TIGIT binding proteins and/or CD112R binding proteins, luciferase activity is expected to be
bigher than the luciferase activity observed in the absence of the TIGIT binding proteins and/or CD112R
binding proteins. Jurkat RGA are described berein o the Examples (See, eg., Example 3 and Example
53 In vartous aspects, the antagorust activity of the TIGIT binding proteins and/or CD112R binding
proteins may be measured by a receptor-ligand binding assay or g Jurkat RGA. In various aspects, the
antagowst activity or inhibitory activity of the antigen binding proteins of the present disclosure may be
measured by an Jurkat RGA and the activity is expressed as an ECsy. 1o various instances, the ECsp of the
CD11ZR antigen binding protein or the TIGIT antigen binding protemn is within about 0.01 8M {o about
10 nM, about 0.01 nM to about 9 nM, about .01 nM to about & nM, about 0.01 nM to about 7 nM, about
.01 nM to about 6 nM, about 6.01 nM to about 5 nM, about 0.61 aM to about 4 nM, about 6.01 nM to
about 3 nM, about 0.01 nM to about 2 nM, about 0.¢1 nM to about | oM, about 0.01 nM to about 0.5 nM,
about 0.01 aM to about 0.1 aM, about .01 nM to about 0.03 sM, about 0.03 nM to about 10 sM, about
0.1 oM to about 10 nM, about 0.5 aM to about 10 nM, aboot | aM io about 10 1M, aboot 2 aM o about
10 nM, about 3 M to about 10 aM, about 4 nM to about 10 nM, about 5 nM to about 10 nM, about 6 nM
to about 10 nM, about 7 oM to about 10 nM, about 8 nM to about 10 nM, or about 2 nM to about 10 nM.
Optionally, the CD1I2R antigen binding protem exhubits an ECs in a Jurkat RGA as described above
and/or as described in Figures 78 or m Tables 2-3. Optinally, the TYGIT astigen binding protein
exiubits an ECs; in a Jurkat RGA as described above and/or as described in Tables 13-15

{80791 The ICso of the CDM12R antigen binding protein is, i exemplary aspects, less than about 10
oM, optionally, less than 3 nM. In exemplary aspects, the ICso of the CD1I2R antigen binding protein is
fess than 2 nM or less than 1 nM. In exemplary aspects, the [Cs of the CDHI2R antigon binding protein
5 about 0.3 oM {o aboot 2 aM. In various instances, the ICso of the CD112R antigen binding protein 18
within about 0.01 aM to about 10 nM, asbout 8.01 nM to about 9 nM, about 0.61 aM (o about 8 nM, about
0.01 M to sbout 7 nM, about 0.01 nM {0 about 6 aM, about 0.01 aM to about 3 nM, about 0.01 nM to
about 4 aM, about .01 nM {0 about 3 nM, about 8.01 nM to about 2 nM, about 0.01 M to about 1 nM,
about 0.01 nM to about 0.5 nM, about 0.01 aM to about 0.1 M, about 0.01 aM {o about 9.05 aM, about
0.05 aM to about 10 nM, about 0.1 nM to about 10 aM, about 0.5 nM to about 10 8M, about 1 nM to
about 10 nM, about 2 nM to about 10 nM, about 3 nM to about 10 nM, about 4 1M to about 10 nM, about
5 aM to about 10 nM, about 6 aM to about 10 nM, about 7 nM to about 10 =M, about 8 aM to about 10
oM, or about 9 nM to about 10 nM. In various aspects, the 1Csy of the CD112R antigen binding protein 1s
a measure of the effectivencss of the CD112R antigen binding protein in inhibiting the binding interaction
between CD1I2R and CD112 as determined by a receptor-ligand binding assay. Sec, e.g., Example 3.
{80867 The ICse of the TIGIT antigen binding protein 1s, in exemplary aspects, less than about 10 nM,

optionally, less than 5 nM. In exemplary aspects, the 1Cse of the TIGIT antigen binding protoin is less

17



WO 2022/015853 PCT/US2021/041625

than 2 nM or less than | nM. In exemplary aspects, the 1Csq of the TIGIT antizen binding protein is about
0.5 nM 1o about 2 nM. In various instances, the [Csq of the TIGIT antigen binding protein 1s withun about
0.01 nM to about 10 8M, about 8.0 nM to about 9 nM, about .01 nM to about & nM, about 0.01 sM 1o
about 7 aM, about 0.01 nM to about 6 oM, about 0.61 nM to about 3 nM, about 0.01 aM to about 4 nM,
about 0.01 oM to about 3 aM, about 0.0 nM to about 2 nM, about 0.01 nM to about 1 nM, about 0.61
nM to about 0.3 1M, about 0.01 sM to about 6.1 M, aboui .01 nM to about 0.635 oM, about 0.05 nM to
about 10 oM, about 0.1 nM to about 10 aM, about 0.5 nM to about 10 nM, about 1 nM to about 10 nM,
about 2 nM to about 10 aM, about 3 nM to about 10 aM, about 4 nM to about 10 M, about S nM to
about 10 1M, about 6 oM {o about 10 M, about 7 8M o about 10 nM, about 8 nM to about 10 nM, or
about 9 nM to about 10 aM. In various aspects, the ICs of the TIGIT antigen binding protein is a
measure of the effectiveness of the TIGIT antugen binding protein in inhibiting the binding mteraction
between TIGIT and CD153 or CD112 as determined by a receptor-ligand binding assav. Sec, e.g.,
Example 5.

{8081}  Awtigen Binding Protein Tvpes

{80821 The antigen-binding proteins of the present disclosure can take any onc of many forms of
antigen-binding proteins known in the art. In exemplary aspects, the antigen-bmding protein is an
antibody or tmmusocglobulin, or an astigen binding antibody fragment thereof, or an astibody protein
product.

{60831 Collectively, antibodies form a family of plasma proteins known as immunoglobuling and
comprise of immunoglobulin domains. (Janeway et al,, Immunobiclogy: The Immune System in Health
and Discase, 4% ¢d., Flsevier Science Lid./Garland Publishing, 1999, As used herein, the torm “antibody”
refers (o a protein having a conventional immunoglobulin format. comprising heavy and light chans, and
comprising variable and constant regions. For example, an antibody may be an IgG which is 8 “Y-
shaped” structure of two dentical pairs of polypeptide chains, each pair having one “light” (ypically
having a molecular weight of about 25 kDa) and one “heavy” cham (typically having a molecular weight
of about 30-70 kD>a). As antibody has a variable region and a constant region. In IgG formats, the
variable region is generally about 100-110 or more amuno acids, comaprises three complementarily
determining regions (CDRs), is primarnily responsible for antigen recognition, and substantially varies
among other antibodics that bind to different antigens. The constant region allows the antibody to recruit
colls and molecules of the immune system. The vanable region is made of the N-terminal regions of each
tight chain and beavy chain, while the constant region ts made of the C-terminal portions of each of the
heavy and Hight chains. (Janeway et al., “Structure of the Antibody Molecule and the Immunoglobulin
Genes”, Immunobiclogy: The hnmune System in Health and Disease, 4" ed. Elsevier Science

Lid /Garland Publishing, (1999)).
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[6084] The general structure and properties of CDRs of antibodies have been described in the art.
Briefly, in an antibody scaffold, the CDRs are embedded within a framework 1o the heavy and hight chain
variable region where they constituie the regions largely responsible for antigen binding and rocognition.
A vanable region {ypically comprises at least three heavy or light chain CDRs (Kabat et al., 1991,
Sequences of Proteins of Iimmunoclogical Interest, Public Health Service N.LH., Bethesda, Md ; see also
Chothia and Lesk, 1987, 1. Mol Biol. 196:961-917; Chothia et al., 1989, Nature 342: 877-883), within a
framework region (designated framework regions 1-4, FR1, FRZ, FR3, and FR4, by Kabat et al., 1991

see also Chothia and Lesk, 1987, supra).

[6085]  Antibodies can comprise any constant region known in the art. Human light chaing are
classified as kappa and lambda light chains. Heavy chains are classified as mu, delta, gamuma, alpha, or
epsilon, and define the antibody's isotype as [zM, IgD, 1gG, TgA, and 1gE, respectively. IgG has several
subclasses, mcluding, but not limited to lgGl, 1gG2, 1gG3, and IzG4. 1gM bas subclasses, including, but
not hmited to, IgM1 and IgM?2. Embodiments of the present disclosore include all such classes or isotypes
of antibodies. The light cham constant region can be, for example, a kappa- or lambda-type light chan
constant region, ©.g., a human kappa- or lambda-type light chain constant region. The heavy chain
constant region can be, for example, an alpha-, delta-, epsilon-, garmema-, or mu-type heavy chain constant
regions, €.g., a human alpha-, delta-, epsilon-, gamma-, or mu-type heavy chain constant region.
Accordingly, in exemplary embodiments, the antibody 1s an antibody of isotype IgA, IgD, IgE, IgG, or

IgM, ncluding any one of IgGl, IgG2, 1gG3 or IgG4.

{8086} The antibody can be a monoclonal antibody or a polyclonal antibody. In some embodiments,
the antibody comprises a sequence that is substantially similar to a naturabiv-occurring antibody produced
by a mammal, e.g., mouse, rabbit, goat, horse, chicken, haraster, human, and the like. In this regard, the
antibody can be considered as a mammalian antibody, .g., a mouse antibody, rabbit antibody, goat
antibody, horse antibody, chicken antibody, hamster antibody, human antibody, and the Iike. In certain
aspects, the andtbody 5 a human antibody. 1o certain aspects, the antibody is a chiumeric antibody or a
humanized antibody. The term "chimeric antibody” refers to an antibody contamining domains from two or
more different antibodies. A chimeric antibody can, for example, contain the constant domaing from one
specios and the variable domains from a second, or more generally, can contain stretches of amino acid
sequence from at least two species. A chumeric antibody also can contain domains of two or more
different antibedies within the same species. The term "humanized” when used in refation to antibodies
refers to antibodies having at least CDR regions from a non-huwman source which are engineered to have a
structure and immunological fanction more similar to true uman antibodies than the onginal source

aniibodics. For example, humanizing can involve grafung a CDR from a non-human antibody, such as a
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mouse antibody, into a human antibody. Humanizing also can involve sclect anuno acid substitutions to

make a non-human sequence more similar to a human sequence.

{00871  Anantibody can be cleaved into fragmenis by enzvmes, such as, e.z., papan and pepsin.

Papain cleaves an antibody to produce two Fab fragments and a single Fo fragment. Pepsin cleaves an
antibody to produce a F(ab™), fragment and a pF¢” fragment. In exemplary aspects of the present
disclosure, the antigen binding protein of the present disclosure comprises an antigen binding antibody
fragment. As used herein, the term “antigen bindimg antibody fragraent” refers to a portion of an antibody
molecule that s capable of biading to the antigen of the antibody and is also known as “antigen-binding
fragment” or “antigen-binding portion”. In exemplary instances, the antigen binding antibody fragment is

a Fab fragment or a F(ab "), fragment.

[0088]  The architecture of antibodies has been explotied {o create a growing range of aliernative
formats that span a molecular-weight range of at least about 12130 kD4 and has a valeacy (n) range from
monomeric (n = 1), to dimeric (n = 2, to trimeric {n = 3), to tetrameric (n = 4), and potentially higher;
such alternative formats are referred to herein as “antibody protein products™.  Antibody protein products
mclude those based on the full antibody structure and those that mimic antibody fragments which retain
full antigen-binding capacity, e.g., scFvs, Fabg and VHH/VH (discossed below). The smakllest antigen
binding antibody fragment that retaing its complete antigen binding site is the Fv fragment, which consists
entirely of variable (V) regions. A soluble, flexable amino acid peptide hinker 1s used to connect the V
regions o a scl'v (single chain fragment variable) fragment for stabilization of the molscule, or the
constant {C) domains are added to the V regions to generate a Fab fragraent [fragment, antigen-binding].
Both scFv and Fab fragments can be casily produced in host cells, e.g., prokaryotic host cells. Other
anitbody protein products inclade disulfide-bond stabilized scFv {ds-scFv), single chain Fab (scFab), as
well as di- and multimeric antibody formats like dia-, tria- and tetra-bodies, or mintbodies (miniAbs) that
comprise different formats consisting of scFvs hinked to oligomerization domains. The smallest fragments
are VHH/VH of camehd heavy chain Abs as well as single domain Abs (sdAb). The building block that
1s most frequently used to create novel antibody formats is the single-chain variable (V)-domain andibody
fragment (scFv), which comprises V domains from the heavy and light chain (VH and VL domain} linked
by a peptide hinker of ~13 amino acid restdues. A peptibody or peptide-Fe fusion 1s vet another antibody
protein product. The structure of a peptibody consists of a biclogically active peptide grafted onto an F¢
domain. Peptibodies are well-described 1n the art. See, e.g., Shimamoto et al, mAbs 4(5): 586-591

(2012},

[60891  Other antibody protein products include a single chain antibody (SCA); a disbody; a triabody; a

tetrabody; bispecific or trispecific antibodies, and the like. Bispecific antibedies can be divided mto five
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major classes: Bslg(, appended Ig(G, BsAb fragments, bispecific fusion protemns and BsAb conjugaies.

See, e.g., Spiess ot al., Molecular Immunology 67(2) Part A: 97-106 (2013).

i6058]  In cxemplary aspects, the antigen binding protein of the present disclosure comprises any one of
these antibody protein products. In exemplary aspects, the antigen binding protein of the present
disclosure comprises any one of an scFy, Fab VHIE/VH, Fv fragment, ds-scFv, scFab, dimeric antibody,
multimeric antibody {c.g., a diabody, triabody, tetrabody), mimAb, peptibody VHH/VH of camelid heavy
chain antibody, sdAb, diabody; a triabody; a tetrabody; a bispecific or tnspecific aniibody, BsigG,

appended IgG, BsAb fragment, bispecific fusion protein, and BsAb conjugate.

(80911 In exemplary instances, the antigen binding protein of the present disclosure comprises an
antibody protein product in monomeric form, or polymeric, oligomeric, or multimeric form. In cortain
cmbodiments in which the antibody comprises two or more distinct antigen binding regions fragments,
the antibody s considered specific, nspecific, or multi-specific, or bivalent, trivalent, or multivalent,
depending on the number of distinct epitopes that are recogmized and bound by the antibody. In
exemplary aspects, the antigen binding protein of the present disclosure s a bispecific antibody (bsAb)
comprising two scl'v, one which binds to TIGIT and one which binds to CDI12R. In various aspecis, the
scFv which binds to CB112R comprises the hight chain variable region and heavy chain variable region of
29E10, 24F1 or 11E4. In various aspects, the scFv which binds to TIGIT comprises the light chain
varigble region and heavy chain variable region of 43B7.002. 015, 66HS.009, or 38A7.002.008. In
cxemplary mnstances, cach scFv 1s linked to a heavy chain and/or light chain, optionally, an IgG heavy

chain and/or an lgG light cham
18092]  Structure of Antigen Binding Proteins

[8093]  In exemplary aspects, the CDI12R antigen binding protein (e.g., an antibody or antigen binding
fragment thercof) comprises (a) a heavy chain (HC) complementarity~-determining region (CDR) | amino
acid sequence set forth tin Table Al or a variant sequence thereof which differs by only 1-4 amino acids
{e.z.. 1, 2,3, 4 aminoe acids) or which has at least or about 90% sequence ideniity; (b) an HC CDR2 amino
acid sequence set forth in Table Al or a variant sequence thercof which differs by only 1-4 amine acids or
which has at least or about 90% sequence identity; {¢} an HC CDR3 amino acid sequence set forth n
Table Al or a variant sequence thereof which differs by only 1-4 amino acids or which has at least or
about 90% sequence identity; (d) a light chain (LC) CDR1 amino acid sequence set forth in Table Al ora
variant sequence thereof which differs by only 1-4 amino acids or which hags at least or about $0%
sequence identity; {e) an LC CDR2 amino acid sequence set forth in Table Al or g variant sequence
thereof which differs by only 1~4 amino acids or which has at least or about 90% sequence identity; () an

LC CDR3 amino acid sequence set forth in Table Al or a variant sequence thereof which differs by only
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1-4 amino acids or which has at least or about 90% sequence identity; or {g) a combination of any two,

three, four, five, or six of (a)~(f).

TABLE Al: SEQ ID NOs: of CDRs of CD112R antigen binding profeins

Heavy Chain (HO)Y Light Chain (L)

Name CDR1 CDR2 CDR3 CDR1 CDR2 CDR3

1E1 13 14 15 16 17 18
1E1.016 23 24 23 26 27 28
24F1 33 34 35 36 37 38
29E10 43 44 43 46 47 48
24F1.001 53 34 35 56 37 38
29E10 CONS.020 63 64 65 66 67 68
29E10 CONS.021 73 74 75 76 77 78
29E10 CONS.022 83 84 853 86 87 88
29E10 CONS.025 93 94 95 96 97 98
11E4 163 104 103 106 107 108
3183 233 234 235 236 237 238
27G12 1973 1974 1975 1976 1977 1978
28F9 1983 1984 1983 1986 1987 1988
28H7 1993 1994 19935 1996 1997 1998
36C8 2003 2004 2003 2006 2007 2008

1E1 also known as 18C10.

[6094]  In cxcemplary aspects, the CD11ZR antigen binding protein {c.g., an antibody or antiges binding
fragment thereof) comprises a LC CDR1 amine acid sequence, a LC CDR2 amino acid sequonce, and a
LT CDR3 amino acid sequence set forth in Table Al and at least | or 2 of the HC CDR amino acid
seguences set forth in Table A1, 1o exemplary aspects, the CDH12R antigen binding protein comprises a
HC CDR1I amino acid sequence, a HC CDR2Z amine acid sequence, and a HC CDR3 amino acid sequence
set forth in Table Al and at least 1 or 2 of the LC CDR amino acid sequences set forth 1 Table Al In
some embodiments, the CD112R antigen binding protein comprises all three such CDRs. In exemplary
embodimenis, the CD11ZR anfigen binding protein comprises 3, 4, 3, or all 6 of the amino acid sequences
designated by the SEQ 1D NGs: n a single row of Table A1, In exemplary cmboduments, the CIDT12R
aniigen binding protein comprises each of the LC CDR amine acid sequences designated by the SEQ [D
NQs: of a single row of Table Al and at least 1 or 2 of the HC CDR amino acid sequences designated by
the SEQ 1D NOs: in the same single row or another single row of Table Al In exemplary embodiments,
the CDH12R antigen binding protein comprises each of the HC CDR amino acid sequences designated by
the SEQ 1D NOs: of a single row of Table Al and at least 1 or 2 of the LC CDR ammo acid sequences
designated by the SEQ ID NOs: 10 the same single row or another single row of Table Al In exemplary
embodiments, the CD112R antigen binding prolein comprises six CDR amino acid sequences listed in a

single row of Table Al or comprising six CDR amino acid sequences selected from the group consisting
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of. {a) SEQ ID NGs: 13-18, (b} SEQ D NOs: 23-28; (¢) SEQ ID NQOs: 33-38; {d) SEQ 1D NUs: 43-48;
(e) SEQ ID NOs: 33-38; (f) SEQ ID NQOs: 63-68; (g) SEQ ID NQs: 73-78; () SEQ 1D NOs: 83-88, (1)
SEQ D NOs: 93-98, (5) SEQ 1D NOs: 103-108, (k) SEQ 1D NOs: 233-238, (1) SEQ 1D NOs: 1973-1978,
{m) SEQ ID NOs: 1983-1948, (n) SEQ 1D NQOs: 1593-1998, and {0} SEQ ID NQOs: 2003-2008. In
exemplary aspects, the CD112R antigen binding protein comprises the six CDR amino acid sequences as
described above and a heavy chain constant region comprising the amine acid sequence of SEQ ID NO:
2019 or SEQ ID NG 2020

{B3095]  In exemplary mstances, the amino acid sequences of Table Al are separated by at least one or
more (e.g., atleast 2, 3,4, 3,6, 7, 8,9, 10, or more} intervening amino acid(s), e.g., framework residues.
In exemplary mstances, there are about 10 to about 20 amine acids between the sequences of the LC
CDRI and the LC CDR2 and about 23 to about 40 amino acids betwoen the sequences of the LC CDR2
and the LC CDR3. In exemplary 1ostances, there are about 14 to about 16 anine acids between the
sequences of the LC CDRI and the LC CDR2Z and about 30 10 about 35 amino acids between the
sequences of LC CDR2 and the LC CDR3. In exemplary instances, there are about 16 {0 about 20 amino
acids between the sequences of the HC CDRI and HC CDR2 and about 25 to about 40 amino acids
between the sequences of the HC CDR2 and the HC CDR3. In exemplary instances, there are about 14 1o
about 16 avuno acids between the sequences of the HC CDR1T and HC CDR2 and about 30 to about 35
amine acids between the sequences of the HC CDR2Z and HC CDR3. In exemplary aspects, the

intervening amino acids comprise a framework region.

[8096]  In exemplary aspects, the TIGIT antigen binding protein {e.g., an antibody or antigen binding
fragment thereof) comprises {(a) a heavy chain (HC) complementarity-determining region (CDR) 1 anuno
acid sequence sei forth in Table A2 or a variant sequence thereof which differs by only 1-4 amino acids
(e.g.. 1, 2,3, 4 amino acids) or which hags at least or about 90% sequence wdentity; {b) an HC CDR2 amine
acid sequence set forth in Table A2 or a variant sequences thereof which ditfers by only 1-4 amuno acids or
which has at least or about 90% sequence wlentity; {¢) an HC CDR3 amino acid sequence set forth i
Table A2 or a variant sequence thercof which differs by only 1-4 amino acids or which has at least or
about 90% sequence identity; (d) a bight chain (L) CDRI amino acid sequence sei forth 1n Table A2 ora
variant sequence thereof which differs by only 1-4 amino acids or which has at least or about 90%
sequence identity; {¢) an LC CDRZ amino acid sequence set forth in Table A2 or a variant segquence
thereof which differs by only 1-4 amino acids or which has at least or about 90% sequence identity; () an
LC CDR3 amino acid sequence set forth in Table A2 or a variant sequence thereof which differs by only
1-4 amino acids or which has at least or about 90% sequence dentity; or {g) a combination of any two,

three, four, five, or six of {a)-(f).
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TABLE A2: SEQ ID NQs: of CDRs of TIGIT antigen binding proteins

Heavy Chain (HO) Light Chain (1L.O)

Name CDR1 CDR2 CDR3 CDR1 CDR2 CDR3
537041 008 113 114 113 116 117 118
S8A7.003.008.075 {123 124 123 126 127 128
4G10 133 134 133 136 137 138
11A3 143 144 145 146 147 148
2888 153 154 155 156 157 158
39032 163 164 163 166 167 168
43B7 173 174 178 176 177 178
53G7 183 184 183 186 187 188
66H9 193 194 195 196 197 198
43B7.002.015 203 204 205 206 207 208
SRA7.003.008 213 214 215 216 217 218
H56HS.009 223 224 225 226 227 228
58A7 2013 2014 2013 2016 2017 2018

*358A7 also known as 4887

{80971 In cxemplary aspects, the TIGIT antigen binding protein (e.g., an antibody or antigen binding
fragment thereof) comprises a LC CDR1 amine acid sequence, a LC CDR2 amino acid sequence, and a
LC CDR3 amino acid sequence set forth in Table A2 and at feast 1 or 2 of the HC CDR amino acid
sequences set forth in Table A2, To exemplary aspects, the TIGIT antigen binding protein comeprises a
HC CDR1I amino acid sequence, a HC CDR2Z amine acid sequence, and a HC CDR3 amino acid sequence
set forth in Table A2 and at least 1 or 2 of the LC CDR amino acid sequences set forth m Table A2, In
some embodiments, the TIGIT antigen binding protein comprises all three such CDRs. In exemplary
embodiments, the TIGIT aniigen binding protein comprises 3, 4, 5, or all 6 of the amino acid sequences
designated by the SEQ 1D NGs: n a single row of Table A2, In exemplary embodinents, the TIGIT
aniigen binding protein comprises each of the LC CDR amine acid sequences designated by the SEQ 1D
NQs: of a single row of Table A2 and at least 1 or 2 of the HC CDR amino acid sequences designated by
the SEQ 1D NQs: mn the same single row or another single row of Table A2, In exemplary embodimenis,
the TIGIT antigen binding protein comprises each of the HC CDR amino acid sequences desigaated by
the SEQ 1D NQs: of a single row of Table A2 and at least | or 2 of the LC CDR ammo acid sequences
designated by the SEQ ID NQs: m the same single row or another single row of Table A2, In exemplary
embodiments, the TIGIT antigen binding protein comprises six CDR amine acid sequences listed in a
single row of Table AZ or comprising six CDR amino acid sequences selected from the group consisting
oft (a) SEQ ID NOs: 113-118; (b) SEQ D NOs: 123-128; (¢) SEGQ 1D NOs: 133-138; (d) SEQ D NOs:
143-148; {¢) SEQ ID NOs: 153-138; () SEQ ID NOs: 163-16%; (g} SEQ ID NQs: 173-178, (h) SEQ 1D
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NOs: 183-188, (1) SEQ ID NOs: 193-198, () SEQ ID NQs: 203-208, (k) SEQ 1D NOs: 213-218, () SEQ
1D NQOs: 223-228, and (o) SEQ 1D NOs: 2013-2018. In exemplary aspects, the TIGIT antigen binding
protein comprises the six CDR amine acid sequences as described above and a heavy chain constant

region comprising the ammo acid sequence of SEQ ID NG: 2019 or SEQ 1D NG: 2024,

[6098]  In exemplary nstances, the amino acid sequences of Table A2 are separated by at least one or
mors {(o.g., atleast 2, 3,4, 3,6, 7, 8,9, 10, or more) intervening anuno acid(s), e.g., framework residues.
1o exemplary instances, there are about 10 to about 20 amino acids betwesn the sequences of the LC
CDR1I and the LC CDR2 and about 25 to about 40 amino acids between the sequences of the LC CDR2
and the LC CDR3. In exemplary nstances, there are about 14 to about 16 amine acids between the
sequences of the LC CDR1 and the LC CDR2 and about 30 to about 35 amino acids between the
seqguences of LC CDRZ and the LC CDR3. In excmplary mstances, there are about 10 to about 20 ammo
acids between the sequences of the HC CDR1I and HC CBR2 and about 235 to about 40 anuno acuds
between the sequences of the HC CDR2 and the HC CDR3. In exemplary insiances, there are about 14 to
about 16 amino acids between the sequences of the HC CDR1 and HC CDRZ and about 30 to about 35
amino acids between the sequences of the HC CDR2 and HC CDR3. In exemplary aspects, the

wtervening amino acids comprise a framework region.

{80997  In exemplary embodirnents, the CD112R antigen binding protein (e.g., an antibody or antigen
binding fragment thercof) comprises a pair of HC variable region and LC vanable region amino acid
sequences listed in a singlo row of Table Bl or comprising one of the following pairs of amino acid
sequences: {a) SEQ ID NOs: 11-12; (b) SEQ 1D NOs: 21-22; {c) SEQ ID NOs: 31-32. (d) SEQ 1D NOs:
$1-42; () SEQ ID NQGs: 51-52; () SEQ 1D NOs: 61-02; (2) SEQ ID NOs: 71-72; (b SEQ ID NOs: 81-
82, (13 SEQ ID NOs: 91-92, {j) SEQ 1D NOs: 101-102, (&) SEQ ID NOs: 231-232, (1) SEQ 1D NOGs:
19711972, (m) SEQ 1D NOs: 19811982, (n) SEQ ID NOs: 1991-1992_ or (o) SEQ ID NOs: 2001-2002.
In exemplary aspects, the CD112R antigen binding protein comprises the pair of HC vanable region and
L vanable region amine acid sequences as described above and a heavy chain constant region
comprising the amino acid sequence of SEQ IDNG: 2019 or SEQ 1D NO: 2020, In exemplary
embodimentis, the CD1I2R antigen binding protein comprises a pair of full-length (FL) HC and FL LC
amino acid sequences listed in a single row of Table B or comprising one of the following pairs of
aminoe acid sequences: {a) SEQ ID NQOs: 9-10; (b) SEQ 1D NOs: 19-20; {¢) SEQ 1D NQUs: 29-30; {(d) SEQ
D NOs: 39-40; {¢) SEQ ID NOs: 49-30; (f) SEQ ID NOs: 59-60: () SEQ 1D NOs: 69-70: (h) SEQ ID
NOs: 79-80, (i) SEQ ID NOs: 89-90, (3 SEQ 1D NOs: 99-100, (k) SEQ ID NOs: 229-23¢0, () SEQ ID
NOs: 1969-1974, {m) SEQ ID NQs: 1979-1980, (n) SEQ ID NQGs: 1982-1990, or {0) SEQ 1D N(s: 1999-
2000,
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TABLE B1: SEQ ID NOs: of Variable Regions and Full-Length (FL) Sequences of CD112R antigen

binding proteins

Name FLHC | FLLC HC LC
variable | variable
rogion region

1EL 9 10 11 12

{E1.016 19 20 21 22

24F1 29 34 31 32

29E10 39 40 41 47

24F1.001 49 30 51 52

2910 CONS.020 59 51 61 52

29FE10 CONS.02] 659 70 71 72

29E10 CONS.022 79 30 81 82

2910 CONS.028 89 il 91 92

11E4 99 100 101 102

31B3 229 230 231 232

27312 1969 1970 1971 1972

28FQ 1979 1980 1981 1982

28H7 1989 1990 1991 1992

368 1999 2004 2001 2002

[60108]  In exernplary embodiments, the TIGIT antigen binding protein (e.g., an astibody or antigen
binding fragment thereof) comprises a pair of HC vaniable region and LC varniable region aming acid
sequences bisted 1a a single row of Table B2 or comprising one of the {olowiag pairs of amine acid
sequences: {a) SEQ IDNOs: 111-112, (b) SEQ ID NQOs: 121-122, {¢) SEQ ID NOs: 131-132, (d) SEQ ID
NQOs: 141-142, () SEQ ID NOs: 131-152, () SEQ TD NOs: 161-162, (g} SEQ ID NQs: 171-172, (h) SEQ
D NOs: 181-182, (i) SEQ ID NOs: 191-192, (i) SEQ 1D NOs: 201-202, () SEQ 1D NOs: 211-212, (1)
SEQID NQOs: 221-222, or {m) SEQ 1D NOs: 2011-2012. In exemplary aspects, the TIGIT antigen
binding protein comprises the pair of HC vartable region and L variable region amino acid sequences as
described above and a heavy chamn constant region comprising the amine acid sequence of SEQ ID NO:
2019 or SEQ TD NO: 2020, In exemplary embodiments, the TIGIT antizen binding protemn comprises a
pair of full-length (FL) HC and FL LC asuno acid sequences listed in a single row of Table B2 or
comprising one of the following pairs of amino acid sequences: {(a) SEQ ID NQOs: 109-110, {b) SEQ ID
NOs: 119-120, (¢} SEQ ID NOs: 129-130, {d) SEQ 1D NQOs: 139140, {e) SEQ D NOs: 149-150, (f) SEQ
TD NQOs: 159-160, {g) SEQ ID NQs: 169-170, (h) SEQ 1D NOs: 179-180, (1) SEQ [D NOs: 189-190, ()
SEQ D NOs: 199-200, (k) SEQ ID NOs: 209-210, () SEQ D NOs: 219-220, or (m) SEQ ID NOs: 2009-

2010,
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TABLE B2: SEQ ID NQs: of Variable Regions and Full-Length (FL) Sequences of TIGIT antigen

binding proteins

Name FLHC | FLLC HC LC
variable | variable
rogion FEgIon

53G:7.041.008 109 110 131 112

SEAT 003 .008.075 {119 120 121 122

4G 10 129 130 131 132

11A3 139 140 141 142

2888 149 150 151 152

3902 159 160 161 162

4387 169 170 171 172

357 179 180 181 182

66HY 189 190 191 192

43B7.002 015 199 200 201 202

SEA7.003.008 209 210 21 212

S6HS 009 219 22§} 221 222

58A7 2009 20140 2011 2012

[80181] In excomplary aspects, the CD112R aniigen binding protein or the TIGIT antigen binding
profein comprises an amino acid sequence which is similar to an above-referenced amino acid sequence,
vet the antigen-binding protein substantially retains its biological function, ¢.g., its ability to bind to is
target or antigen, e.2., human TIGIT, huraan CD112R, or to decrease, block, mhibit, abrogate or inderfere
with signal transduction resulting from the interaction of TIGIT with its binding partner, CDI33, or from
the interaction of CD112R with its bindmg partner, CD112.

[00102]  In exemplary aspects, the CD112R anfigen binding protein {e.g., an antibody or antigen
binding fragment thereof) comprises an amino acid sequence which differs by ondv 1, 2,3, 4,5, 6, or
more amino acids, relative to a parent ammo acid sequence having an amino acid sequence referenced
Table Al or Table B1. In exemplary aspects, the TIGIT antigen binding protein comprises an aming acid
sequence which differs by enly 1, 2, 3, 4, 3, 6, or more amino acids, relative to a parent anmino acid
scquence having an amino acid sequence referenced in Table A2 or Table B2, In exemplary aspects, the
antigen binding protein {(e.g., the CD112R antigen binding protein or the TIGIT antigen binding protein)
comprises a variant sequence of the parent sequence, which variant sequence differs by only oue or two
aming acids, relative to the parent sequence. In exemplary aspects, the antigen-binding protein comprises
one or more aming acid substitutions that ocour outside of the CDRs, e.g., the one or more amino acid
substitutions occur within the framework region(s) of the heavy or light chain. In exemplary aspects, the
antigen binding protemn comprises one or more amino acid substitutions, vet the aotigen-binding protein

retains the amino acid sequences of the six CDRs. In exemplary aspects, the antigen binding protein
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comprises an amino acid scquence having only 1,2, 3,4, 5, 6, or more conservative anuino acid
substitutions, relative to the parent sequence(s). As used herein, the torm "conservative amino acid
substitution” refers to the substitution of one amino acid with another aming acid having similar
properties, e.g., size, charge, hydrophobicity, hvdrophilicity, and/or aromaticity, and inchdes exchanges

within one of the following five groups:

L Small aliphatic, nonpelar or slightly pelar residues: Ala, Ser, Thy, Pro, Gly;

I Peolar, negatively charged residucs and their amides and esters: Asp, Asn, Glu, Gin,
cysteic acid and homocysteic acid;

jHE Polar, positively charged residues: His, Arg, Lys; Crathing (Orn)

V. Large, aliphatic, noapslar residues: Met, Leu, e, Val, Cys, Norlencine (Nie),
homocysteine

V. Large, aromatic residaes: Phe, Tyr, Trp, acetyl phenylalamine.

{30103]  In exemplary cmbodiments, the antigen binding protein (e.g., an antibody or antigen binding
fragment thereof) comprises an amine acid sequence comprising at least one amino acid substitution
relative to the parent sequence, and the amino acid substitution{s) is/are non-conservative amino acid
substitution(s). As used herein, the term "non-conservative amino acid subsiitution” is defined herein as
the substitution of one amino acid with another amino acid having different properties. ¢.g., size, charge,
hydrophobicity, hydrophilicity, and/or aromaticity, and includes exchanges outside the above five groups.
[00104]  In exemplary aspects, the antigen binding protein (e.g., an antibody or antigen binding
fragment thercof) comprises an amino acid sequence comprising at least one amino acid substitution
relative to the parent sequence, and the substitute amine acid is a naturally-ocowrring amino acid. By
“naturally-ocowrring amino acid” or “standard amsino acid” or “canonical amino acid” is meant one of the
28 alpha amino acids found m eukarvotes encoded directly by the codons of the universal genetic code
{Ala, Val, lle, Leu, Met, Phe, Tyr, Trp, Ser, Thr, Asn, Gln, Cys, Gly, Pro, Arg, His, Lvs, Asp, Glu). In
exemplary aspects, the antigen binding protein comprises an amino acid sequence comprising at least one
aming acid substitation relaiive to the pareni sequence, and the substitule amino acid is a non-standard
amino acid, or an amino acid which is not incorporated mto proteins during translation. Non-standard
aming acids mnclude, but are not imited to: selenocvsteins, pyrrolysine, ormithine, norleucine, B-amino
acids {c.g., B~alanine, B-ammoisobutyric acid, B-phenlvalanine, f-homophenyialanine, B-glutamic acid, §-
glutamine, B-homotrypiophan, B-lencine, B-lvsine), homo-amino acids {e.g., homophenylalanine,
homoserine, homoarginine, monocysteine, homocysting), N-methy] amino acids {e.g., L-abrine, N-

methyl-alanine, N-methyl-isoleucine, N-methyl-loucme), 2-aminocaprylic acid, 7-ammocephalosporanic
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acid, 4-aminocinnamic acid, alpha-aminocyclohexanepropionic acid, amino-{4-hydroxyphenvyljacetic
acid, 4-amino~nicotinic acid, 3-aminophenylacetic acid, and the ke

i60105]  In exemplary aspects, the antigen binding protein comprises an amino acid sequence which has
greater than or about 30%., greater than or about 30%, or greater than or about 70% sequence identity to
the parent amino acid sequence{s). In exemplary aspecis, the antigen-binding protein comprises an aming
acid sequence which has at least 30%, at least 40%, at least 30%, at least 64%, at least 70%, at least 80%,
at least 83%, at least 90% or has greater than 90% sequence identity to the parent amino acid sequence.

In exemplary aspects, the antigen-binding protein comprises an amino acid sequence that has at least
70%, at loast 80%, at least 83%, at loast 0% or has greater than 90% sequence identity along the full-
fength of the parent amino acid sequence. In exemplary aspects, the antigen-binding protein comprises an
amino acid sequence having at least 93%, 96%, 97%, 98% or 99% sequence identity along the full-length

of the parent amiso acid sequence.

[#0106]  In various aspects, the CD112ZR autigen binding protein {e.g., au antibody or antigen binding
fragment thereof) comprises a vanant sequence of a HC variable region amino acid sequence or a variant
sequence of a LC variable region amino acid sequence listed in Table B1 which vanant sequence differs
from the sequence of Table Bl by ondy Lo 12 amino{eg, 1o 11, 110 10, 1109, 1108, 1107, 1 0 6, 1
to 3, 1to 4, 1 t03, 1 or2) acids or which has at least or about 70% sequence identity (e.g., at least or
about 80% sequence 1dentity, at least or about 90% sequence 1dentity, at least or about 95% sequence
wdentity). In varicus aspects, the CDI2R antigen binding protein comprises a varant sequence of a FL
HC amino acid sequence or a vartant sequence of a FL LC amino acid sequence listed m Table B1 which
variant sequence differs from the sequence of Table B1 by only 1 to 46 aming acids or which has at least
or about 70% sequence identity (e.g., at least or about 80% sequence identity, at least or about 90%
sequence identity, at least or about 95% sequence identity). In exemplary embodiments, the CD112R
antigen binding protem comprises a pair of HC variable region and LC variable region amino acid
sequences histed 10 a single row of Table C1 or comprising one of the following pairs of amino acid
sequences: (a) the first 106 ammo acids of each of SEQ ID NOs: 241 and 242; (b) the first 160 amino
actds of cach of SEQ ID NOs: 247 and 248, (¢) the first 100 amino acids of each of SEQ 1D NOg: 249
and 250; (d} the first 100 amino acids of cach of SEQ ID NOs: 231 and 252; or {¢} the first 100 amino
acids of each of SEQ TD NOs: 263 and 264. In exemplary aspects, the CD112R antigen binding protein
comprises the first 105, fiest 106, first 107, first 108, first 109, first 110, first 111, fiest 112, first 113, first
114, or fiest 115 anuso acids of SEQ IDNO: 242, SEQ ID NO: 248, SEQ ID NIG: 250, SEG 1D NO:
252, or SEQ ID NO: 264, and/or the first 113, first 116, first 117, first 118, first 119, first 120, first 121,
first 122, first 123, first 124, first §23, first 126, or first 127 amine acids of SEQ ID NQO: 241, SEQ ID
NG: 247, SEQ 1D NIO: 249, SEQ ID NO: 231, or SEQ ID NO: 263, In exemplary embodiments, the
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CID1i2R antigen binding protein comprises a pair of fuli-length (FL) HC and FL LC amino acid
sequences listed in a single row of Table C1 or comprising one of the following pairs of amino acid
seguences: {a) SEQ 1D NQOs: 241-242; {b) SEGQ 1D NOs: 247-248; (¢} SEQ 1D NOs: 249-250; (d) SEQ
ID NOs: 251-252; or {¢) SEQ ID NOQOs: 263-264. In various aspects, the CD112R antigen binding protein
comprises a FL LC amino acid scquence having an odd numbered SEQ ID NO. listed in the
“Enginegered*” column of Table Cl and a FL HC amino acid sequence having a SEQ 1D NO. one greater
than the FL LC SEQ 1D NQ. In various aspects, the CD112R antigen binding protein comprises at least a
portion of a sequence of any oue of the SEQ 1D NOs: of Table C1, wherein the portion comprises the fiest
100 amino acids of the amine acid sequence, the first 103 amino acids of the amino acid sequence, the
first 110 amino acids of the amino acid sequence, the first 113 amine acids of the anuno acid sequence, or
the first 120 amino acids of the amino acid scquence. In various instances, the CD1I12R antigeon binding
profein comprises at feast 2, 3, 4, 5, or 6 of the CDRs of the araino acid sequence of Table C1. CDRsof a
given antibody HC or LC may be determined by any one or more methods known in the art. See. e.g,,
Kabat et al., Sequences of Proteins of Immunological Interest, U.S. Dept. of Health and Human Services,
NIH (1991); Chothia ot al., J Mol Biol 196; 901-917 (1987); Al-Larzikami et al., J Mol Biol 273 927-948
{1997}, Abhinandan et al., Mol Tmmunol 43: 3832-3839 (2008); Lefranc ¢t al., The fmumunologist 7: 132-
136 {(1999); Lefranc et al., Dev Comp lmmuac! 27: 533-77 (2003); and Honegger et al., J Mol Biol 309:

657-670 (2001).

TABLE CI: SEQ ID NQs: of Consensus FL HC and LC of CD112R antigen binding protems and

Engincered Versions Thereof

Consensus Consensus Engineered®

FL HC FLLC
2910 241 2472 509-614
1E1 247 248 265-336, 661-936
24F 1} 249 250 413-508
11E4 251 252 337412, 619-636
3183 263 264 6515-618

*Enginecred FL LC are odd nuwmbers and FL HC are even nambers.

[80107]  Invarious aspects, the TIGHT antigen binding protein {e.g., an antibody or antigen binding

fragment thereof} comprises a variant sequence of a HC variable region amine acid sequence or a variant
sequence of a LT variable region amino acid sequence listed 1n Table B2 which variant sequence differs
from the sequence of Tablo B2 by only 1 to 12 amino acids or which has at least or about 70% sequence
identity {e.z., at least or about 80% scquence identity, at least or about 90% sequence dentity, at least or

about 95% sequence identity). o various aspects, the TIHGIT antigen binding protein comprises a variani
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sequence of a FLL HC amino acid sequence or a variant sequence of a FL LC amino acid sequence listed in
Table B2 which variant sequence differs from the sequence of Table B2 by only | to 46 amino acids or
which has at least or about 70% sequence identity {e.z., at least or about 80% sequence identity, at least or
about 90% sequence identity, at least or about 95% sequence identity). In exemplary embodiments, the
TIGIT antigen binding protein comprises a pair of HC variable region and LC variable region amino acid
sequences histed in a single row of Table C2 or comprising one of the following pairs of amino acid
sequences: {a) the first 100 amino acids of cach of (a) SEQ 1D NOs: 239 and 240; (b) the {irst 100 amino
acids of each of SEQ ID NQs: 243 and 244, (¢) the first 100 anuno acids of cach of SEQ 1D NQOs: 245
and 246; (d) the first 100 amino acids of cach of SEQ 1D NOs: 233 and 254, (e} the first 100 amino acids
of each of SEQ ID NQs: 235 and 256, {f) the first 100 amino acids of each of SEQ ID NOs: 237 and 238,
(2) the first 100 amino acids of each of SEQ ID NOs: 2539 and 260, or ¢h) the first 100 ammo acids of
cach of SEQ 1D NO«s: 261 and 262, In exemplary aspects, the CD112KR antigen binding profcin coraprises
the first 103, first 106, fiest 107, {irst 108, first 109, first 110, fiest 111, first 112, frst 113, first 114, or
first 115 ammo acids of SEQ 1D NG: 240, SEQ 1D NG: 244, SEQ [D NIO: 246, SEQ ID NO: 254, SEQ
1D NG: 256, SEQ [DNO: 258, SEQ 1D NO: 260, or SEQ ID NO: 262, and/or the first 115, first 116, first
117, fivst 118, first 119, first 120, first 121, fivst 122, first 123, Hrst 124, first 1285, first 126, or first 127
amino acids of SEQ TD NGO: 239, SEQ 1D NO: 243, SEQ 1D NIO: 245, SEQ 1D NG: 233, SEQ 1D NO:
2535, SEQ ID NQO: 257, SEQ 1D NO: 255, or SEQ ID NG: 261, In exemplary embodimenis, the TIGIT
antigen binding protein comprises a parr of full-length (FL) HC and FL LC amuino acid sequences listed
a single row of Table C2 or comprising one of the following pairs of amino acid sequences: (a) SEQ ID
NOs: 239-240; (b) SEOQ 1D NOs: 243-244; () SEQ 1D NOs: 245-246; (d) SEQ 1D NOs: 253-254; ()
SEQ ID NOs: 255-256; (£} SEQ 1D NOs: 237258, (2) SEQ ID NOs: 259-260, or (1) SEQ ID NOg: 261-
262. In varicus aspects, the TIGIT antigen binding protein comprises a FL LC amino acid sequence
having an odd mumbered SEQ ID NQ. listed in the “Engineered®” column of Table C2 and a FL HC
amino acid scquence having a SEQ 1D NO. one greater than the FL LC SEQ ID NO. In various aspects,
the TIGIT antigen binding protein comprises at lcast a portion of a sequence of any one of the SEQ 1D
NOs: of Table C2, wherein the portion comprises the first 100 amino acids of the amino acid sequence,
the first 105 amino acids of the amino acid sequence, the first 110 amino acids of the amine acid
sequencs, the first 113 amino acids of the amino acid sequence, or the first 120 amino acids of the amino
acid sequence. o various instances, the TIGIT antigen binding protein comprises at feast 2, 3,4, 5, 0t 6
of the CDR¢ of the amino acid sequence of Table C2. CDRs of a given antibody HC or LC may be

determined by any one or more methods known in the art.
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TABLE C2: SEQ [D NQOs: of Consensus FL HC and FL LC of TIGIT antigen binding proteins and

Engincered Versions Thereof

Consensus Consensus Engineered™
FL HC FLLC
] 655-660
9 24 :
66H9 235 240 1953-1964

637-644,
937-1312,

1735-1736,
43B7 243 244 1825-1862
1313-1734,
1737-1740,

1929-1952,
58A7 2435 246 1967-1968
4G10 253 234 1863-1912
28838 235 256 1767-1780

645654,
5567 257 258 1913-1928
11A3 259 260 1741-1766

1781-1824,
39D2 261 262 1965-1966

*Engineered FL LC are odd numbers and FL HC are cven numbers.

[#0108]  In various aspects, the CD112R autigen binding protein {e.g., au antibody or antigen binding
fragment thereof) comprises an anttbody, antigen-binding fragment of an antibody (¢.g., Fab), or an
andibody protein product, e.g., an scFv. In various aspects, the CDI12R antigen binding protein is
bivalent comprising two antigen binding sites. In various aspects, the TIGIT antigen binding protein
comprises an antibody, antigen-binding fragment of an antibody (e.g., Fab), or an antibody protein
product, e.g., an scFv. In various aspects, the TIGIT antigen binding protein is bivalent comprising two

antigen binding sites.

[80109]  In exemplary aspects, the TIGIT antigen binding protein, ¢.g., anti-TIGIT antibody, comprises
a L.C variable region amino acid sequence which is highly similar to SEQ 1D NG: 192 or SEQ 1D NO:
222 or the first 105-115 amino acids of SEQ ID NO: 246 (e g ., at least or about 70% sequence identity
(e.g., at least or about 80% sequence dentity, at least or about 90% sequence identity, at least or about
95% sequence identity) and the LC variable region amino acid sequence comprises a glutamic acid at
position 1 (Glul), or a conservative amino acid substitution thereof, a glutamine at position 27 (Gin27},
or 3 conservative amino acid substitution thereof, a serine at position 28 (Ser28), or a conservative anino
actd substitution thereof, a serine at position 91 (Ser%1), or a conservative amino acid substitution thereof,

a serine at position 92 (Ser92), or a conservative amino acid substitution thereof, a sering at position 93
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{Ser®3), or a conservative amino acid substitution thereof, a leucine at position 94 (Leu%4), ora
conservative amino acid substitution thereof, or any combination thereof. In exemplary aspects, the
TYIGIT antigen bindmg protein, ¢.g., antti-TIGIT antibody, comprises a LC CDR1 amino acid sequence
comprising G27, or a conservative amino acid subsiitution thereof, Ser28, or a conservative amino acid
substitution thereof, or any combination thereof. In exemplary aspects, the TIGIT antigen binding
protein, e.g., anti-TIGIT antibody, comprises a LC CDR2 amino acid sequence comprising Glwl, ora
conservative aminge acid substitution thereof. In exemplary aspects, the TIGIT antigen binding protein,
e.g., anti-TIGIT antibody, comprises a LC CDR3 anuno acid sequence comprising Ser%i, or a
conservative aming acid substitution thereof, Ser92, or a conservative amino acid substitution thereof,
Ser93, or a conservative amino acid substitution thereof, Leu%4, or a conservative amino acid substitution
thereof, or any combination thereof, In exemplary aspects, the TIGIT antigen binding protein, e.g., anti-
TIGIT antibody, comprises a LC vanable region amunc acid sequence comprising Gin27, or a
conservative amino acid sabstitution thercof, which forms a bydrogen boad with an amino acid of TIGIT.
In various aspects, when the TIGIT antigen binding protein, e.g., TIGIT antibody, 1s bound to TIGIT, the
amino acid residues named above are positioned about 3 angstroms to about 4 angstroms from an amino
acid of TIGIT.

[80118] In excraplary aspects, the TIGIT antigen binding protein, e.g., anti-TIGIT antibody, comprises
a HC variable region amino acid sequence which is highly similar to 5EQ ID NG: 191 or SEQ ID NOG:
221 or the first 115-127 amino acids of SEQ ID NO: 239 {c.g., at least or about 70% sequence identity
(e.g., at least or about 80% sequence dentity, at least or about 90% sequence wdentity, at least or about
95% sequence identity)) and comprises a valine at position 32 (Val32), or a conservative amino acid
substitulion thereof, a tyrosine at position 33 (Tyr33), or a conservative amino acid subsiitution thereof, a
tyrosine at position 52 (Tyr32), or a conservative amino acid substitution thereof, a tvrosine at posttion
54 (Tyr84), or a conservative amino acid substitution thereof, a tyrosine at position 35 (FyrS58), ora
conservative amine acid substitution thereof, a serine at position 36 (Ser36), or a conservative amino acid
substitution thereof, a glveine at position 37 (Gly37), or a conservative amino acid sobstitution thereof, a
glycine at position 58 (GIyS8), or a conservative amino acid substitution thereof, a threonine at position
59 (ThrS9), or a conservative amino acid substitution thereof, a tyrosine at position 60 {Tyrél), or a
conservative amino acid substitution thereof, a proline at position 63 (Pro6d), or a conservative aming
acid substitution thereof, an arginine at position 66 (Argh6), or a conservative amine acid substitution
thereof, an isoleucine at position 102 (Jle¥82), or a conservative amino acid substitution thereof, an
alanine at position 104 {Alal84), or a conservative amino acid substitution thereof, a glycine at position
107 (GIvi87), or a conservative amino acid substilution thereof, a tvrosine at position 108 {Tyrif8), ora

conservative amino acid substitution thereof, a phenvialanine at position 109 (Phel89), or a conservative
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amino acid substitution thereof, a fyrosine at position 10 (Tyrl18), or a conservative amino acid
substitution thereof, a tyrosine at position 111 (Tyri11), or a conservative amino acid substitution
thereof, or any combination thereof. In exeraplary aspects, the TIGIT antigen binding protein, e.g., anti-
THGIT antibody, comprises a HC CDRI amino acid sequence comprising Vai32, or a conservative ammno
acid substitution thereof, Tyr33, or a conservative amino acid substitution thercof, or any combination
thereof. In exemplary aspects, the TIGIT antigen bindmg protein, e.g., anti-TIGIT antibody, comprises a
HC CDR2 amino acid sequence comprising TyrS2, or a conservative anmino acid substitution thereof,
Tyr34, or a couservative amino acid substitution thereof, TyrSS, or a conservative amino acid
substitution thereof, 5er36, or a conservative amino acid substitution thereof, GIy37, or a conservative
aming acid substitation thereof, GIyS8, or a conservative amino acid substitution thereof, ThrS%, or a
conservative amino acid substitution thereof, Tyréd, or a conservative amino acid substitution thereof,
Pro63, or a conservative aming acid substitution thereof, Arg66, or a conservative aming acid
substitution thereof, or any combination thereof. lu exemplary aspects, the TIGIT antigen binding
profein, e.g., anti-TIGIT antibedy, comprises a HC CDR3 amino acid sequence comprising Beif2 or a
conservative amino acid substitution thereof, Alal®4, or a conservative amino acid substitution thereof]
Givig?, or a conservative amino acid substitution thereof, Tyri88, or a conservative ammno acid
substitution thereof, Phell®, or a conservative amine acid substitution thereof, Tyriif, or a conservative
amine acid substitution thersof, Tyrlil, or a conservative amino acid sebstituiion thereof, or any
combination thereof. In various aspects, cach of Tyr32, SerS6, Thr39, Pheld9, TyrSS, Tye6d, or a
conservative amino acid substitution thereof, forms a hydrogen bond with an amino acid of TIGIT. In
various aspects, when the TIGIT antigen binding protein, e.g., TIGIT antibody, 1s bound to TIGIT, each
of the ammo acid residues vamed above are positioned about 3 angstroms to about 4 asgstroms from an
amino acid of TIGIT. In exemplary aspects, the TIGIT antigen binding protein, ¢.g., anti-TIGIT
antibody, comprises a HC variable region amino acid sequence comprising Argéé, or a conservative
amino acid substitution thereof, which forms a salt bridge with an amino acid of TIGIT. In various
aspects, Tyr52 and ThrSY form a bydrogen bond with the same amino acid of TIGIT. Ta various

mstances, SerdS foms a hydrogen bond with two different amino acids of TIGIT.

[80111]  In exemplary aspects, the TIGIT antigen binding protein, ¢.g., anti-TIGIT antibody, comprises
a LC vanable region amino acid sequence which is highly similar to SEQ ID NG: 122 or 212 or 2012 or
the first 105-115 aminc acids of SEQ 1D NO: 246 (2.g., at least or about 70% sequence identity {e.g., at
feast or about 80% sequence identity, at least or about 90% sequence identity, at least or about 95%
sequence identity) and comprises a glutamic acid at position 1 {Glul), or a conservative amimno acid
substitution thereof, an iscleucine at position 2 {Fe2), or a conservative amino acid substitution thereof, a

glutamine at position 27 (GIn27), or a conservative ammo acid substitution thereof, a serine at position 28
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{Ser28), or a conservative amino acid substitution thercof, a valine at position 29 (Val28), or a
conservative amino acid substitution thereof, a sorine at position 30 (8er38), or a conservative amino acid
substitution thereof, a serine at position 31 (Ser31), or a conservative amino acid substitution thereof, a
threonine at position 32 {The32), or a conservative amino acid substitution thereof, a tyrosine at position
33 (Tyr33), or a conservative amino acid substitution thereof, a serine at position 68 (Ser68), or a
conservative amino acid substitution thereof, a glveine at position 69 (Gly69), or a conservative amino
acid substitution thereof, a tyrosine al position 92 (Tyr¥2), or a conservative amnino acid substitution
thereof, aspartate at position 93 {Asp93), or a conservative amino acid substitution thereof, a valine at
position 94 (Val%4), or a conservative amine acid substitution thereof, a serine at position 93 (Ser95), or a
conservalive amino acid substitution thereof, a proline at position 96 (Pre96), or a conservative amino
acid substitution thereof, a tryptophan at position 97 (Trp@7), or a conservative aming acid substituiion
thereof, or any combination thereof. [o exemplary aspects, the TIGIT antigen binding protein, ¢.g., anti-
TIGIT antibody, comprises a LC CDR1 asuno acid sequence comprising Gla27, or a conservative amino
acid substitution thereof, Ser28, or a conservative amino acid substitution thereof, Val2%, ora
conservative amino acid substitution thercof, Ser38, or a conservative amino acid substitution thereof,
Ser3i, or a conservative amino acid substitution thereof, Thr32, or a conservative amino acid substitution
thereof, Tyr33, or a conservative aming acid substitution thereof, or any combmatios thereof. In
exemplary aspects, the TIGIT antigen binding protein, ¢.g., anti-TIGIT anttbody, comprises a LC CDR2
amino acid sequence comprising Glul, or a conservative ammno acid substitution thereof, He2, or a
conservative amino acid substitution thercof, Seré8, or a conservative amino acid substitution thereof,
Gly6Y, or a conservative amino acid substitution thereof, or any comnbination thereof. In exemplary
aspects, the TIGIT antigen binding protein, ¢.g., anti-TIGIT anttbody, comprises a LT CDR3 amino acid
sequence comprising Tyr92, or a conservative aming acid substitation thereof, Asp93, or a conservative
amine acid substitution thereof, Val®4, or a conservative amino acid substitution thereof, Ser®S, or a
conservative amuno acid substitution thereof, Pro%6, or a conservative amino acid substituiion thereof,
Trp97, or a conservative amino acid substitution thereof, or any combination thereof. In exemplary
aspects, the TIGIT antigen binding protein, ¢.g., anti-TIGIT antibody, comprises a LC variable region
aming acid sequence comprising Asp93, or a conservative amino acid substitution thereof, Ser93, or a
conservative amino acid substitution thereof, Try33, or a conservative amino acid substitution thereof,
cach of which forms a hvdrogen bond with an amino acid of TIGIT. In ecxemplary aspects, the TIGIT
antigen binding protein, e.g., anti-TIGIT antibody, comprises a LC variable region amino acid sequence
comprising AspY3, or a conservative aming acid substitution thereof, which forms a salt bridge with an

aming acid of TIGIT. In various aspects, when the TIGIT antigen binding protein, e.g., TIGIT antibody,
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is bound to TIGIT, the ammno acid residues named above are positioned about 3 angstroms to about 4

angstroms from an amino acid of TIGIT.

[00112]  In exemplary aspects, the TIGIT antigen binding protein, e.g., ani-TIGIT antibody, comprises
a HC variable region amino acid sequence which is highly similar to SEQ ID NO: 121 or 211 or the first
1135-127 amino acids of SEQ ID NG: 245 (e.g., at least or about 70% sequence dentity {¢.g., at least or
about 80% sequence identity, at least or about 90% sequence identity, at least or about 95% sequence
wlentity) and a glycine at position 32 (Gly32), or a conservative amino acid subsitiution thereof, a tyrosing
at posiiion 33 (Tyr35), or a conservative amuno actd substitution thereof, a tyrosine at position 52
{Tyr52), or a conservative aming acid substitution thereof, a tyrosine at position 34 (TyrS4), or a
conservative amino acid substitution thereof, a tvrosine at posttion 35 (Tyr83), or a conservative amino
acid substifution thereof, a serine at posiion 56 {Ser36), or a conservative amino acid substitution thereof,
a serine at position 38 (SerS8), or a conservative amino acid substitution thereof, a threonine at position
59 (Thrs9), or a conservative amino acid subsiitution thereof, a pheaylalanine at position 60 (Phe6), or
a conservative aming acid substitution thereof, a proline at position 63 (Pro63), or a conservative amino
acid substitution thereof, an Iysing at position 66 (Lys686), or a conservative amino acid substifution
thereof, an argiming at posttion 102 (Argl2), or a conservative amine acid substitution thereof, an
asparagine at posiion 104 (Asnif4), or a conservative amino acid substitution thereof, a trvptophan at
position 103 (Trpl@s), or a conservative amino acid substitution thereof, an asparagine af position 106
{Asn186), or a conservative aming acid substitution thereof, a tyrosine at posttion 107 (Tyr187), or a
conservative amino acid substitution thereof, or any combination thereof. In exemplary aspects, the
TYIGIT antigen binding protein, ¢.g., anti-T1GIT antibody, comprises a HC CDR1 amino acid seguence
comprising Gly32, or a conservative amino acid sabstitution thereof, Tyr33, or a conservative aming acid
substitution thereof, or any combination thereof. In exemplary aspects, the TIGIT antigen binding
protein, ¢.g., anti-TIGIT antibody, comprises a HC CDR2 amino acid sequence comprising TyrS2, or a
conservative amine acid substitution thereof, Tyr34, or a conservative amino acid subsitiution thereof,
Tyr35, or a conservative amino acid substifution thereof, SerS6, or a conservative amino acid substitution
thercof, Serd8, or a conservative amino acid substitution thereof, Thri9, or a conservative ammno acid
substitution thereof, Phe6d, or a conservative amino acid substitution thereof, Pro63, or a conservative
aminoe acid substitution thereof, Lys66, or a conservative amino acid substitution thereof, or any
combination thereof. 1o exemplary aspects, the TIGIT antigen binding protein, e.g., anti-TIGIT antibody,
compriges a HC CDR3 amine acid sequence comprising Argifi2, or a conservative amino acid
substitution thereof, Asni84, or a conservative amino acid substitution thereof, Trpid3, or a conservative
amine acid substitution thereof, Asnif#6, or a conservative amino acid substitution thereof, Tyri87 ora

conservative amino acid substitution thereof, or any combination thereof. In various aspects, cach of
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Serd8, Asnife, Tyril7, Tyr38, Argl@2, and SerS6, or a conservative amino acid substitution thereof,
forms a hydrogen bond with an amino acid of TIGIT. In various aspects, when the TIGIT antigen binding
protein, ¢.g., TIGIT antibody, ts bound to TIGIT, cach of the ammo acid residues named above are

positioned about 3 angstroms to about 4 angstroms from an anune acid of TIGIT.

[#0113]  In exemplary aspects, the TIGIT antigen binding protein, e.g., antt-TIGIT antibody, comprises
a LC variable region amino acid sequence which is highly similar to SEQ 1D NG: 162 or the first 105-115
amino acids of SEQ ID NG: 262 (e.g., at least or about 70% sequence identity {e.g., at least or about 80%
sequence identity, at least or about 90% sequence identity, at feast or about 95% sequence identity) and
comprises an arginine at position 30 {Arg38), or a conservative amino acid substitution thereof, an
arginine at posifion 31 {Arg31), or a conservative amino acid substitution thereof, a tyrosine at position
32 (Tyr32), or a conservative amino acid substitution thereof, a serine at position 91 (SexrS1i),ora
conservative aminge acid substitution thereof, a tyrosine at posttion 92 (Tyr92), or a conservative amino
acid substitution thereof, a serine at position 93 (Ser®3). or a conservative amino acid sebstitution thereof,
a threonine at position 24 {Thr94), or a conservative amino acid substitution thereof, or any combination
thereof. In cxemplary aspects, the TIGIT antigen binding protein, e.g., anti-TIGIT antibody, comprises a
LC CDOR1 anmino acid sequence comprising Argd8, or a consgrvative amino acid substitution thereof,
Arg3l, or a conservalive amino acid substitution thereof, Tyrd2, or a congervative amino acid
substitution thereof, or any combination thereof. In exemplary aspects, the TIGIT antigen binding
profein, e.g., anti-TIGIT antibedy, comprises a LT CDRS anuno acid sequence comprising Ser8i, or a
conservative anmino acid substitution thercof, Tyr®2, or a conservative amino acid substitution thereof,
Ser93, or a conservative amino acid subsitiution thereof, Thr94, or a conservative amino acid substitution
thereof, or any combination thereof. In exemplary aspects, the TIGIT antigen binding protein, e.g., anti-
TIGIT antibody, comprises a LT variable region amino acid sequence comprising Tye32, Tyrd2, Thed4,
Arg38, Arg31, or a conservative aming acid substitution thereof, cach of which forms a hyvdrogen bond
with an amino acid of TIGIT. In excraplary aspects, the TIGIT antigen binding protein, e.g., anti-TIGIT
antibody, comprises a LC variable region amino acid sequence comprising Arg3é, or a conservative
amino acid sebstitution thercof, which forms a salt bridge with an amino acid of TIGIT. In varioas
aspects, when the TIGIT antigen binding protein, ¢.g., TIGIT antibody, is bound to TEGIT, the amimno acid
residues named above are posttioned about 3 angstroms to about 4 angstroms from an amino acid of
TIGIT.

{30114]  In exemplary aspects, the TIGIT antigen binding protemn, ¢.g., anti-TIGIT antibody, comprises
a HC variable region amino acid sequence which is highly similar to SEQ ID NO: 161 or the {first 115-

s

127 amino acids of SEQ 1D NO: 261 (e.g., at least or about 70% sequence identity {e.g., at least or about
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80% sequence identity, at least or about 90% scquence identity, at least or about 95% sequence identity}
and a threonine at position 30 (Thr38), or a conservative amino acid substitution thereof, a glycine at
position 31 (Gly31), or a conservative amino acid substituiton thereof, a tyrosine at position 32 (Tyr32),
or a conservative aming acid substitation thereof] a tyrosing at position 33 (Tyr33), or a conservative
aminge acid substitution thereof, a trvplophan at position 47 (Trpd7), or a conservative amino acid
substitution thereof, a irypiophan| at position 30 (Trp38), or a conservative amino acid substitution
thereof, a serine at position 52 {SerS2), or a conservative aming acid substitution thereof, a threonine at
position 34 (ThrS4), or a conservative amine acid substitution thereof, a serine at position 55 (5¢r85), or
a conservative amino acid substitution thereof, an slanine at position 37 (AlaST), or a conservative amino
acid substitution thereof, a threonine at position 38 (TheS8), or a conservative amino acid substitution
thereof, a glycine at position 39 (GlyS9), or a conservative anuno acid substitution thereof, a tyrosine at
position 60 (Tyrs8), or a conservative amino acid substitution thereof, a glutamine at position 63
(GIn65), or a conservative amino acid sebstitution thereof, an asparagine af position 101 (Asni81} ora
conservative aming acid substitution thereof, a serine at position 102 (Seri2), or a conservative amimno
acid substitution thereof, a valine at position 103 (Val183), or a conservative amino acid substitution
thereof, a loucine at position 104 (Leul84) or a conservative amino acid substitution thereof, a tyrosine at
position 105 (Tyr108), or a conservative aming acid substitution thereof, a tyrosine at position 106
(FTyrif6), or a conservative anuno acid substitution thereof, a tyrosine at position 107 (Tyrif7), ora
conservative aming acid substitution thereof, or any combination thercof. In exemplary aspects, the
TIGIT antigen binding protein, e.g., anti-TIGIT antibody, comprises a HC CDR1 amino acid sequence
comprising The38, or a conservalive amino acid substitution thereof, GIv31 or a conservaiive amino acid
substitution thereof, Tyrd2, or a conservative amino acid substitution thereof, Tyr33, or a conservative
aming acid substitution thereof, or any combination thereof. In exemplary aspects, the TIGIT antigen
binding protein, ¢.g., anti-TIGIT antibody, comprises a HC CDR2 amino acid sequence comprising
Trpd7, or a conservaiive amino acid substitution thereof, a Trp38, or a conservative amino acid
substitution thereof, Serd, or a conservative amino acid substifution thereof, Thri4, or a conservative
amino acid substitution thercof, SerSS, or a conservative amino acid substitution thereof, AlaS7 ora
conservalive amino acid substitution thereof, The38, or a conservative amine acid substitution thereof,
Giv39, or a conservative amino acid substitution thereof, Tyr68, or a conservative amino acid
substitution thereof, GInéS, or a conservative amino acid substitution thereof, or anv combination thereof.
In exemplary aspects, the TIGIT antigen binding protein, ¢.g., antt-TIGIT antibody, comprises 2 HC
CDR3 amino acid sequence comprising Asnifi, or a conservative amino acid substitution thereof,
Serid2, or a conservative amino acid substitution thereof, Vall83, or a conservative amino acid

substitution thercof, Leul84, or a conservative amimno acid substitution thereof, TyridS, or a conservative
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amino acid substitution thereof, Tyr1{i6, or a conservative amino acid substitution thercof, Tyrid7, or a
conservative anmino acid substitution thercof, or any combination thereof. Tn various aspecis, cach of
Penlf4, Tyrd3, Asnldi, Tyrid7, Tyr6d, SersS, Ser’i2, or a conservative aming acid subsiitution
thereof, forms a hydrogen bond with an amune actd of TIGIT. In vanous aspects, when the TIGIT
antigen binding protein, e.g., TIGIT antibody, is bound to TIGIT, cach of the amine acid residucs named

above are positioned about 3 angstroms to about 4 angstroms from an amino acid of TIGIT.

[80115]  Inexeraplary aspects, the TIGIT antigen bindiog protein, ¢.g., anti-TIGIT astibody, comprises
a LC variable region amino acid sequence which is lughly similar to SEQ ID NO: 132 or the first 105-115
amino acids of SEQ 1D NO: 234 {c.g., at least or about 70% sequence identity {¢.g., at least or about 830%
sequence identity, at least or about 90% sequence identity, at teast or about 93% sequence identity) and
comprises a glutamine at position 27 (GIn27), or a conservative amino acid substitution thereof, a leucine
at position 30 (Leu3®), or a conservative amino acid substitution thereof, a serine at position 32 (Ser32),
or a congervative amino acid substitution thereof, a serine at position 96 (Ser%6), or a conservative aming
acid substitution thereof, an isoleucine at position 97 (He87), or a conservative amine acid substitation
thereof, a glutaming at position 98 {(GIn98), or a conservative amino acid substiiution thereof, a leucine at
position 99 (Leu¥9), or a conservative amine actd substitution thoreof, or any combination thereof. In
exerplary aspects, the TIGIT antigen binding protein, ¢.g., anti-TIGIT antibody, comprises a LC CDR1
aming acid sequence comprising Gn27, or a conservative amino acid substitution thereof, Leud, or a
conservative aming acid substitution thereof, Ser32, or a conservative amino acid substitution thereof, or
any combination thereof. In exemplary aspects, the TIGIT antigen binding protein, ¢.g., anti-TIGIT
antibody, comprises a LC CDR3 amino acid sequence comprising Ser®6, or a conservative amino acid
substitution thereof, He97. or a conservative amino acid substitution thereof, GIn98, or a conservative
aming acid substitution thereof, Leud9, or a conservative aming acid substitution thereof, or any
combination thereof. In exemplary aspects, the TIGIT antigen binding protein, ¢.g., anti-TIGIT antibody,
comprises a LC vanable reglon ammo acid sequence comprising Ser32, or a conservative aming acid
substitution thereof, and/or GIn98, or a congervative amino acid substitution thereof, each of which forms
a hydrogen bond with an amiso acid of TIGIT. In various aspects, when the TIGIT antigen binding
protein, ¢.g., TIGIT antibody, is bound to TIGIT, the ammo acid residues named above are positioned

about 3 angstroms to aboui 4 angstroms from an amino acid of TIGIT,

[80116]  Inexcraplary aspects, the TIGIT antigen bindiog protein, ¢.g., anti-TIGIT astibody, comprises
a HC variable region aming acid sequence which is highly similar to SEQ 1D NO: 131 or the first 115-
127 amino acids of SEQ ID NO: 253 {e.g., at least or about 70% sequence identity {¢.g., at loast or about

Do

0% sequence identity, at least or about 90% sequence identity, at least or about 93% sequence identity)
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and an aspartate at position 33 {Asp33), or a conservative amino acid substitution thereof, a tyrosine at
position 32 (Tyr32), or a conservative amino acid substitution thereof, a tyrosine at position 34 (Tyr34),
or a conservative amino acid substitution thereof] a tyrosine at position 35 {Tyr33), or a conservative
amino acid sebstitution thereof, a sering at position 36 (SerS6), or a conservative anmino actd substitution
thereof, a glycine at position 37 (GIy37), or a conservative amino acid substitution thereof, a glycine at
position 38 (Gly38), or a conservaiive amino acid substituiion thereof, a threonine at position 39 (Thrs9),
or a conservative aming acid substitotion thereof, a tyrosineg at posidion 60 (Tyrd8), or a conservative
amine acid substitution thereof, a proling at position 63 (Pre63), or a conservative aming acid substitution
thereof, a lysine at position 66 {Lys66), or a conservative amino acid substitution thercof, an isoleucine at
position 102 (fle1$2), or a conservative amino acid substitution thereof, an alanine at position 104
{Alal84), or a conservative amino acid substitution thereof, a glycine at position 107 (Glvi87), ora
conservative aminge acid substitution thereof, 3 tvrosine at posttion 108 (Tyr188), or a conservative aming
acid substitution thereof, a phenylalaniae at position 169 (Phel@9), or a conservative amino acid
substitution thereof, a tyrosine at position 110 (Tyri18), or a conservative antino acid substitution
thereof, a phenylalanine at position 111 (Phel11) or a conservative amino acid substitution thereof, or
any combination thoreof. [n exemplary aspects, the TIGIT antigen binding protein, e.g., anti-TIGIT
antibody, coraprises a HC CDR] amino acid sequence comprising Asp33, or a conservative amino acid
substitution thereof. In exemplary aspecis, the TIGIT antigen binding protein, e.g., anti-TIGIT antibedy,
comprises a HC CDR2 amino acid sequence compnsing TyrS2, or a conservative aming acid substitution

thereof, a Tyrd4, or a conservative amimo acid substifution thercof, TyrSS, or a conservative amino acid

substitution thercof, Ser36, or a conservative amino acid subsiitution thereof, GIyS7, or a conservative
amino acid sebstitution thereof, Giy38, or a conservative amino acid substitution thereof, Thri®, or a
conservative amino acid substitution thercof, Tyréd, or a conservative ammo acid substitution thereof,
Pro63, or a conservative amino acid substitution thereof, Lys66, or a conservative amino acid substitution
thereof, or any combination thereof. In exemplary aspects, the TIGIT antigen binding protein, e.g., anti-
TIGIT antibody, comprises a HC CDR3 amino acid sequence comprising Hel#2, or a conservative amino
acid substitution thercof, Alal04, or a conservative amino acid substitution thereof, Gly167 ora
conservalive amino acid substitution thereof, Tyri08, or a conservative amine acid substitution thereof,
PheldS, or a conservative amino acid substitution thereof, Tyrii8, or a conservative amino acid
substitution thereof, Phelll, or a conservative amino acid substitution thereof, or any combination
thereof. In various aspects, cach of TyrS2, SerS6, Thrsg, TyrsG, Pheld®, Tyvrd4, Tyr3s, Lysé6 ora
conservative aming acid substitution thereof, forms a hvdrogen bond with an amino acid of TIGIT. In

various aspects, when the TIGIT antigen binding protein, e.g., TIGIT antibody, 1s bound to TIGIT, each
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of the amino acid residucs named above are positioned about 3 angsiroms fo about 4 angstroms from an

amino acid of TIGIT.

[00117]  In exemplary aspects, the antigen binding protein comprises a heavy chain anino acid
sequence which comprises a set of charge pair mutations, as described heremn. In particular aspects, the
heavy chain amino acid sequence comprises charge pair mutations selected from V1, V103, and V131

charge pair mutations.

[80118] In additional exemplary aspects, the antigen binding protein comprises one or more amaino acid
modifications, relative to the naturally-occurring counterpart, 1 order to maprove half-ife/stabibity or (o
render the antibody more sustable for expression/manufacturability. In exemplary instances, the antigen
binding protein is designed to prevent or reduce inferaction between the Fo and Fe recoptors. In
gxemplary 1astances, the antigen bindiog protein is a Stable Effector Functionless (SEFL) antibody
comprising a constant region that lacks the ability {o interact with Foy receptors. SEFL antibodies are
known in the art. See, e.g., Linet al, J Biol Chem 292: 1876-1883 (2016} and Jacobsen et al., J. Biol.
Chem. 292: 1865-1873 (2017}, In exemplary aspects, the SEFL antibody comprises one or more of the
following mutations, numbered according to the EU system: L242C, A287C, R292C, N297(G, V302(C,
L306C, and/or K334C. In excmplary aspects, the SEFL anttbody comprises N297G. In exemplary
aspects, the SEFL antibody comprises A287C, N297G, and L306C. In other exemplary aspects, the
SEFL anubody comprises R292C, N297G, and V302C (G.e, SEFL2-2). In various aspects, the antigen
binding protein comprises a heavy chain comprising the ammo acid sequence of SEQ 1D NQO: 2019

optionally SEQ 1D NO: 2020,

[#0119]  In various aspects, the antigen-binding protein is an antibody comprising a HC variable region
encoded by a V gene segment of the VHI, VH3I, or VH4 family of gene scgments. In various aspects, the
anfigen-binding protein is an antibody comprising a HC vanable region encoded by a D gene segment of
the D1, D3, D3, D6 or D7 family of gene segments. In various aspects, the antigen-binding protein is an
antibody comprising a HC variable reglon encoded by a J goue segment of the JH4 or JHO family of gene
segments. Opiionally, the antigen-binding profein is an antibody comprising a HC variable region
encoded by a V gene segment of the VH3 family of gene segments and a D gene segment of the DI, B3,
or D6 family of gene segments, and/or a J gene segment of the JH4 or JHS family of gene segments. In
various instances, the antigen-binding protein is an antibody comprising a HC variable region encoded by
a V gene segment of the VH3 family of geose segments, a I gene segment of the D1 family of gene, and a
J gene segment of the JH6 family of gene segmends. In various instances, the antigen-binding protein is
an antibody comprising a HC variable region encoded by a V gone segment of the VH3 family of gene

segments, a [J gene segment of the D3 family of gene, and a J gene segment of the JHG6 family of gene
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segments. In various instances, the antigen-binding protein is an antibody comprisimg a HC variable
region encoded by a V gene segment of the VH3 family of gene segments, a D gene segment of the D6
family of gene, and a J gene scgment of the JH6 famiy of gene segments. In vartous instances, the
antigen-binding protein s an antibody comprising a HC variable region encoded by a V gene segment of
the VHI famuly of gene scgments, 3 D gene segment of the DS family of gene, and a J gene segment of
the JH6 family of gene sezments. In various instances, the antigen-bmding protein is an antibody
comprising a8 HC variable region encoded by a V gene segment of the VH4 fanuly of geoe segments, a D
gene segment of the D7 fanuly of gene, and 3 J gene scgment of the JHO family of gene segmenis. In
various instances, the antigen-binding protein is an antibody comprising a HC variable region encoded by
a V gene segment of the VH3 family of gene segments, a D gene segment of the D1 fanuly of gene, and a

J gene segment of the JH4 family of gene segments.
[80128]  Polypeptides

[#0121] Provided herein are polypoptides comprising, consisting cssentially of, or consisting of one or
more of the amine acid sequence(s) of Table Al or Table A2 or Table Bl or Table B2 or Table C1 or
Table C2. In various aspects, the polypeptide comprises six of the CDRs of Table Al or Table A2 with
mtervening amino acids. fo various aspects, the polypeptide comprises only one of the HC variable or LC
variable amino acid sequences of Table B1 or Table B2, In varicus aspects, the polypeptide comprises
both the HC variable and LT vanable anmuno acid sequences of Table Bl or Table B2 fused as one
sequence, optionally, wherein the HC variable and LC vanable ammo acid sequences are hinked together
by a linker sequence. In various instances, the polypeptide comprises two copies of the HC variable
region sequence and two copies of the LU vanable region sequences, optionally, linked together with
haker sequences. In some aspects, the polvpeptide comprises the amino acid sequence of an scFvy an
scFv; or an (scFv). In some aspects, the polvpeptide comprises the amino acid sequence of a diabody,
triabody, single domain antibody, single variable domain, tandem scFv, tascFvs, and the hike. Tn various
aspecis, the polypeptide comprises only one of the FL HC or FL LC amino acid sequences of Table Bl or
Table B2 or Table C1 or Table C2. In various aspects, the polypeptide comprises both the FL HC and FL
LC amino acid sequences of Table Bl or Table B2 or Table Cl or Table C2 fused as one sequence,
optionally, wherein the FL HC and FL LC are linked together by a linker sequence.  In exemplary
aspects, the polypeptide comprises a variant sequence of a parent sequence comprising the amino acid
sequence of Table Al or Table A2 or Table Bl or Table B2 or Table C1 or Table C2. 1o various aspects,
the polypeptide corprises an amino acid sequence which differs by only 1, 2, 3, 4, 3, 6, or more amino
geids, relative to the parent sequence. In exemplary aspects, the polypeptide comprises a variant sequence

which differs by onlv one or two anuno acids, relative to the parend sequence. In exemplary aspects, the
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polypeptide comprises variant sequence having only 1, 2, 3, 4, 3, 6, or more conservative amino acid
substitutions, relative to the above-referenced amino acid sequence(s).

i60122] In exemplary aspects, the polypeptide comprises an amine acid sequence which has greater
than or about 30%, greater than or about 30%, or greater than or about 70% seguence identity to the
parent amino acid sequence. In exemplary aspects, the polvpeptide comprises an ammno acid scquence
which has at least 30%, at least 40%, at least 30%, at least 609, at least 70%, at least 809, at least 83%,
at least 90% or has greater than 90% sequence idendity to the parent sequence. In exemplary aspecis, the
antigen-binding protein comprises an amino acid sequence that has at least 76%, at least 86%, at least
83%, at loast 90% or has greater than 90% sequence 1dentity along the full-length of the parent sequence.
In exemplary aspects, the polvpeptide comprises an amimno acid sequence having at least 95%, 96%, 97%,

98%% or 99% sequence identity along the full-length of the parent sequonce

[60123]  In alternative or additional embodiments of the present disclosure, the polypeptide s lipidated
(e.g., myritoviated, palmitoylaled), ghycosylated, amidated, carboxviated. phosphorylated, esterified,
acylated, acetylated, cyclized, or converted mio an acid addition salt and/or optionally dimerized or

polvmerized, or conjugated, as further described herein.

[60124]  Provided herein are peptidomimetics designed to mimic a polypeptide of the present
disclosure. The peptidomimetics are substantially similar in structure to a polypeptide of the present
disclosure but has at least one structural difference. For example, the peptidomimetic 1s a peptoid having
one or more linkages in replacing one or more peptide linkages. In exemplary instances, the peptoid
comprises a side chain that is connected to the nitrogen of the peptide backbone, instead of an o-carbon as
10 peptides. In sorae aspects, the peptoids of the preseot disclosure lack the amide hydrogen which s
responsible for many of the secondary stracture elements in peptides and proteins. See, e.g., Reynaetal |

PNAS 89(20): 9367-9371 (1992},

[60125] Pepudomimetics as well as methods of making the same are known 1o the art. See, for

example, Advances i Amino Acid Mimetics and Peptidompnetics, Volumes 1 and 2, ed., Abell, A, JAL

Press Inc., Greenwich, CT, 2006, In some aspects, the peptidomimetic is a D-peptide peptidomimetic
comprising D-isomer amuno acids. In some aspects, the peptidomimetic 1s a peptoid m which the side
chain of an amino acid is connected to the alphba nitrogen atom of the peptide backbone. Methods of
raaking peptoids arc kaown 1o the art. Sce, e.g., Zuckermann et al., JACS 114(26): 10646-10647 (1992)

and Design, Svathesis, and HEvaluation of Novel Peptoids, Fowler, Sarah, University of Wisconsin-

Madison, 2008, In some aspects, the peptidomumetic is a P-peptide comprising B amino acids which have
their amino group bonded to the f-carbon rather than the alpha carbon. Methods of making B-peptides

arc known in the art. See, for example, Sechach et al., Helvetica Chimica Acta T9(4). 913-941 (1996).
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[00126]  dpramers

[80127]  In exernplary embodiments, the antigen binding protein is an aptamer. Receot advances 1o the
field of combinatorial sciences have identified short polvmer seguences (e.g., ohigonucleic acid or peptide
molecules) with high affinity and specificity to a given target. For example, SELEX technology has been
used to identify DNA and RNA aptamers with binding properties that rival mammalian antibodies, the
field of immunoclogy has generated and isolated antibodies or antibody fragments which bind to a myriad
of compounds and phage display has been utidized to discover new peptide sequences with very favorable
binding properties. Based on the success of these molecalar evolution technigues, it 1s certain that
molecules can be created which bind to any target molecule. A loop structure is often involved with
providing the desired binding atiributes as in the case of: aptamers which often utilize hairpin loops
created from short regions without complimentary base pairing, naturally denved antibodics that utilize
combinatorial arrangement of looped byper-variable regions and new phage display bbraries utifizing
cyclic peptides that have shown improved resulis when compared to linear peptide phage display results.
Thas, sufficient evidence has been generated to suggest that lugh affimity hgands can be created and
identified by combinatorial molecular evolution techniques. For the present disclosure, molecular
evolution technques can be used to isolate compounds specific for TIGIT or CD112R that inbibit the
binding mteraction between TIGIT and CD153 or CD112R and CD112. For more on aptamers, see,
generally, Gold, L., Smmger, B., He, Y. Y., Brody. E., "Aptamers As Therapeutic And Diagnostic Agents,”
1. Biotechnol. 74:3-13 (2000}, Relevant techniques for generating aptamers may be found m US. Pat.

No. 6,699,843, which is incorporated by reference in its entirety.
i60128)  Conjugates

[80129] The present disclosure also provides conjugates comprising one or more of the antigen binding
proteins of the present disclosure linked to a heterologous moiety. As used herein, the term “heterologous
moicty” is svnonymous with the term “conjugate moiety” and refers to any molecule {(chemical or
blochemical, saturally-occurcing or nos-coded) which is different from the antiges binding proteing
described herein. Exemplary conjugate moieties that can be hnked to any of the antigen binding profoins
described herein include but are not hmited to a heterclogous peptide or polypeptide, a targeting agent, a
diagnostic label such as a radicisotope, fluorophore or enzymatic label, a polvmer including water soluble
polvmers, or other therapeutic or diagnostic agents. The conjugate in some embodiments comprises one
or more of the antigen binding proteins described herein and one or more of: a peptide (which is distinct
from the antigen binding proterns described herein), a polvpeptide, a nucleic actd molecule, another
antibody or fragment thereof, a polymer, a guantum dot, a small molecule, a toxin, a diagnostic agent, a

carbohydrate, an anunoe acid.
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[60138]  In excmplary embodiments, the conjugate of the present disclosure comprises an antigen
binding protein as described herein and a heterologous moiety which 15 a polypeptide (¢.g., a polypeptide
distinct from any of the antigen binding proteins described herein), and the conjugate is a fusion
polypeptide or fusion protein or a chimeric protein or chimeric polypeptide. Additional descriptions of
such conjugates are provided herein under “Fusion proteins ™.

{80131}  In some embodiments, the heterclogous moiety is attached via non-covaleni or covalent
bonding to the astigen binding protein of the preseat disclosure. In exemplary aspects, the linkage
between the antigen binding protein and the heterclogous motety 1s achieved via covalent chenucal
bonds, ¢.g., peptide bonds, disulfide bonds, and the like, or via physical forces, suach as electrostatic,
hydrogen, ionic, van der Waals, or hydrophobic or hydrophilic interactions. A variety of non-covalent
coupling systems may be used, including, c.g., biotin~-avidin, ligand/receptor, enzyme/substrate, nucleic
acid/mucleic acid binding protein, lipid/lipid binding protein, cellular adhesion meolecule partoers; or any
binding partners or fragmeats thereof which have affinity for each other.

[80132] The antigen binding proten in exemplary embodiments is linked to a conjugate moictly via
direct covalent linkage by reacting targeted amino acid residues of the antigen binding protein with an
organic derivatizing agent that is capable of reacting with selected side chains or the N- or C-terminal
residues of these targeted amino acids. Reactive groups on the antigen binding protein or conjugate
motety include, e.g.. an aldehyde, amino, ester, thiol, a-haloacetyl, maleimido or hydrazino group.
Derivatizing agenis include, for example, maleimidobenzoyl sulfosuccinimide cster {conjugation through
cysteine residues), N-hydroxysuccirumide (through lysine residues), glutaraldehyde, succinic anhvdride
or other agents known 1o the art. Alternatively, the conjugate motieties can be linked to the antigen
binding protein ndirectly through intermediate carriers, such as polvsaccharide or polypepiide camiers.
Examples of polysaccharide carriers include aminodextran. Examples of suitable polvpeptide carriers
include polylysing, polyglutamic acid, polyaspartic acid, co-polymers thereof, and mixed polymers of
these amino acids and others, e.g., serines, to confer desirable solubility properties on the resultant loaded
carrier.

[80133] Cysteinyl restdues are most commonly reacted with a-haloscetates {and corresponding
amines), such as chloroacetic acid, chloroacetamide to give carboxymethyl or carboxyamidomethyl
derivatives. Cysteinyl residues also are derivatized by reaction with bromotriflusroacetone, alpha-bromo-
f-(S-imidozovljpropionic acid, chloroacetyl phosphate, N-alkvlmaleimides, 3-nitro-2-pyridyl disulfide,
methyl Z-pyridyl disulfide, p-chloromercuribenzoate, 2-chloromercan-4-mitrophenol, or chloro-7-

nitrobenzo-2-oxa-1,3-diazole.
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[60134] Histidvl residues are derivatized by reaction with diethylpyrocarbonate at pH 5.3-7.0 because
this agent is relatively specific for the histidyl side chain. Para-bromophenacyl bromide also is useful; the
reaction is preferably performed in 0.1 M sodium cacodylate at pH 6.0,

[80135] Lysinyl and amino-fermunal residucs are reacted with saccinic or other carboxylic acid
anhvdrides. Derivatization with these agents has the effect of reversing the charge of the lysinyi residues.
Other suitable reagents for dervatizing alpha-amingo-contaiung residues inchude imidoesters such as
methyl picolimimidate, pyridoxal phosphate, pyridoxal, chloroborchydade, trinttrobenzenesulfonic acid,
O-methviisourea, 2. 4-pentanedione, and transaminase-catalyzed reaction with glvoxylate.

[80136]  Argiuyl residues are modified by reaction with one or several conventional reagents, among
them phenylglvoxal, 2 3-butanedione, 1,2-cyclohexanedione, and mnhydrin. Dervatization of arginine
residucs requires that the reaction be performed in alkaline conditions because of the high pKa of the
guaniding functional group. Furthermore, these reagents may react with the groups of lysine as well as the
arginine epsilon-amino group.

[80137] The specific modification of tyrosy] residucs may be made, with particular interest in
miroducing spectral labels mnto tyrosyl residues by reaction with aromatic diazonium compounds or
tetranutromethane. Most commonly, N-acetylimidizole and tetramutromethane are nsed to form O-acetyl
tyrosyl species and 3-nitro derivatives, respectively.

[60138] Carboxyl side groops (aspartyl or ghutamyl} are selectively modifiad by reaction with
carbodimdes {(R-N=C=N-R'}, where R and R’ are different alky! groups, such as 1-cyclohexyl-3-(2-
morpholinyl-4-cthyl) carbodiimide or 1-ethyl-3-(4-azonia-4 4-dimethyipentyl) carboditmide.
Furthermore, aspartyl and glutamyl residues are converted to asparaginyl and ghutaminyl residues by
reactton with ammonium ions.

[#0139]  Other modifications inchude hydroxylation of proline and lysine, phosphorylation of hydroxyl
groups of seryl or threonyl residues, methylation of the alpha-amino groups of lyvsine, arginine, and
histidine side chaing (T. E. Creighton, Proteins: Structure and Molocular Propertics, W.H. Freeman &
Co., San Francisco, pp. 79-86 (1983)), deamudation of asparagioe or glotamine, acetylation of the N-
terminal amine, and/or amidation or esterification of the C-terminal carboxvlic acid group.

[30148]  Anocther type of covalent modification involves chemically or enzymatically coupling
glycosides to the antigen binding protein. Sugar(s) may be attached to (a) arginine and histidine, (b) free
carboxyl groups, (¢ free sulthydrvl groups such as those of cysteine, (d) free hydroxyl groups such as
those of serine, threonine, or hydroxyproline, (e} aromatic residucs such as those of tyrosine, or
tryptophan, or () the amide group of glutamine. These methods are described 1 WOBT7/65330 published

11 Sep. 1987, and in Aphin and Wriston, CRC Crit. Rev. Biochen ., pp. 259-306 (1981).
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[60141]  In excmplary aspects, the heterologous moiety is attached to the antigen binding protein of the
present disclosure via a linker. In some aspects, the linker comprises a chain of atoms from 1 to about 60,
or 1 to 30 atoms or longer, 2 io § atoms, 2 to 10 atoms, 5 to 10 atoms, or 10 {0 20 atoms long. Insome
embodiments, the chain atoms are all carbon aloms. In some embodiments, the chain atoms in the
backbone of the linker are selected from the group consisting of C, O, N, and S§. Chain atoms and binkers
may be selected according to their expected solubility (hydroplulicity) so as to provide a more soluble
conjugate. In some embodiments, the hinker provides a functional group that is subject o cleavage by an
enzyme or other catalyst or hydrolytic conditions found in the target tissue or organ or cell. In some
embodiments, the length of the linker is long enough to reduce the potential for steric hindrance. f the
Iinker is a covalent bond or a peptidv] bond and the conjugate is a polvpeptide, the entire conjugate can be
a fusion protein. Such peptidyl linkers may be any length. Exemplary peptidyl linkers are from about |
to 50 amuno acids u length, 510 50,310 5, 510 10, 5 to 15, or 10 to 30 amino acids 1n length, and arc
flexible or rigid. In exemplary aspects, the linker is a peptide comprising about 2 to aboat 20 amino
acids. In exemplary aspects, the linker is a peptide comprising about 2 {o about 15 amino acid, about 2 to
about 10 amino acids, or about 2 to about 3 amino acids. Suitable peptide linkers are known in the art,
See, e.g., Chen et al,, Adv Drug Delivery Reviews 65(10): 1357-1369 (2013); Avai ¢t al., Protein Eng Des
Sel 14(8): 529-332 (2001); and Wriggers ¢t al., Carr Trends in Peptide Science 80(6): 736-746 (2003). In
exemplary aspects, the linker is a peptide comprising the amino acid sequence GGGGS (SEQ 1D NO:
2021).

{00142} Fusion proteins

[00143]  In exemplary embodiments, the antigen binding protein is linked to a polvpeptide which is
distinet from any of the antigen binding proleins described herein, and the conjugate is a fusion
polypeptide or fusion protein or a chimeric protein or chimeric polvpeptide. Accordingly, the present
disclosure provides fusion polypeptides or fusion proteins comprising an antigen binding protein of the
present disclosure and a heterologous polvpeptide or peptide. In exemplary aspects, the fusion protein of
the present disclosure comprises a HC variable amine acid sequence fused to a LC variable amino acid
sequence or a FL HC sequence fused o a FL LC sequence. In various aspects, the fusion prolein
comprises a peptide linker between the HC variable amino acid sequence and the LC variable amino acid
sequence or between the FL HC sequence and the FL LC sequence

[80144] Nuc

[#0145] The prosent disclosure further provides nuclete acids comprising a nucleotide sequence
encoding an antigen binding protein or polypeptide or fusion proiein of the present disclosure. By

w o

"nucleic acid” as used herein inchudes "polvnucleotide,” "oligonucleotide,” and "nucleic acid molecule,”

and generally means a polymer of DNA or RNA, or modified forms thereof, which can be single-stranded

47



WO 2022/015853 PCT/US2021/041625

or double~ stranded, synthesized or obtained {¢.g., isolated and/or purified) from natural sources, which
can contain natural, non-natural or altered nucleotides, and wluch can contain a natural, non-natural or
altered mier-nucleotide linkage, such as a phosphoroamidate linkage or a phosphorothioate linkage,
instead of the phosphodiesier fouad between the nucleotides of an unmodified oligonucleotide. The
nucleic acid can comprise any nucleotide sequence which encodes any of the antigen-binding proteins or
polvpeptides of the present disclosure. In some embodiments, the nucleic acid does not comprise any
insertions, deletions, inversions, and/or substitutions. In other embodiments, the nucleic acid comprises
one or more insertions, deletions, mversions, and/or substitutions.

[80146] In some aspects, the nucleic acids of the present disclosure are recombinant. As used herein,
the term "recombinant” refers to (1) molecules that are constracied outside hiving cells by joinmg natural
or synthetic nucleic acid segments to nucleic acid molecules that can replicate in a living cell, or (31)
molecules that result from the replication of those described m () above. For purposes herein, the

replication can be 1a vitro replication or 1 vivo replication.

[80147] The nucleic acids in some aspects are constructed based on chemical synthesis and/or
enzymatic ligation reactions using procedurcs known in the art. See, for example, Sambrook et al., supra;
and Ausubel ot al, supra. For example, a sucleic acid can be chenmically synthesized using naturally
occurring muclectides or varicusly modified nucleotides designed to increase the biological stability of the
molecules or to increase the phyvsical siability of the duplex formed upon hybridization (e.g.,
phosphorothioate derivatives and acridine substituted nucleotides). Examples of modified nucleotides that
can be used to generate the nucleic acids include, but are not limited to, 5-fluorouracil, S-bromouracil, 3-
chlorouracil, 5-iodouracil, hypoxanthine, xauthine, 4-acetylevtosine, 3-(carboxyhyvdroxymethyl) uracil, §-
carboxymethylamimomethyl-2-thicuridme. S-carboxymethylaminomethyluracil, dibvdrouracil, beta-D-
galactosylqueosine, inosine, N%-isopentenyladening, 1-methylguanine, 1-methylinosine, 2,2+
dimethyviguanine, 2-methyladenine, 2-methylguanine, 3-methylevtosine, S~methvicytosine, N -substituted
adenine, 7-methvlguanine, 3-methylammomethyluracil, 3- methoxyaminomethyl-2-thiouracil, beta-[3-
mannosyigueosine, - methoxvearboxymethyhiracil, -methoxyuracil, Z-methylthio-N®
sepentenyladening, uracil- S-oxyacetic acid (v}, wybutoxosmne, pseudouratil, queosing, 2-thiocytosime, 5-
methyl-2- thisuracil, 2-thiouracil, 4-thiouracil, S-methyluracil, uracil-S-oxyacetic acid methylester, 3- (3-
amine-3-N-2-carboxypropyl) uracil, and 2.6-diaminopurine. Aliematively, one or more of the nucleic
actds of the present disclosure can be purchased from companies, such as Macromuolecular Resources
(Fort Collins, CO) and Synthegen (Houston, TX).

f60148] In various aspeets, the nucleic acid comprises a nuclestide sequence encoding an antigen
binding proicin or polypeptide or fusion protein of the present disclosure. In various aspects, the nucleic

acid comprises a nucleotide sequence encoding an amino acid sequence(s) having a SEQ 1D NQO: listed in
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Table Al or Table A2 or Table BI or Table B2 or Table Cl or Table C2. In various aspects, the
nucleotide sequence encodes an amino acid sequence comprising six of the CDRs of Table Al or Table
AZ with mdervening amino acids. In vartous aspects, the nuclectide sequence only one of the HC variable
or L vaniable amino acid sequences of Table Bl or Table B2, In various aspects, nacleotide segquence
encodes both the HC varable and LC variable amino acid sequences of Table Bl or Table B2 fused as
one sequence, optionally, wherein the HC variable and LC variable amino acid sequences are linked
together by a linker sequence. In various instances, the nucleotide sequence encodes a polypepiide
described herein. In vartous aspects, the nucleotide sequence encodes only one of the FL HC or FL LC
amino acid sequences of Table Bl or Table B2 or Table C1 or Table C2. In various aspects, nucleotide
sequence encodes an amino acid sequence both the FL HC and FL LC amino acid sequences of Table Bl
or Table B2 or Table C1 or Table C2 fused as one sequence, optionally, wherein the FL HC and FL LC
are linked together by a inker sequence.  In excraplary aspects, the nuclectide sequeonce encodes a
variant sequence of a parent sequence comprising the amino acid sequence of Table Al or Table A2 or
Table B or Table B2 or Table C1 or Table C2. In various aspects, the nucleotide sequence encodes an
amino acid sequence which differs by only 1, 2, 3, 4, 5, 6, or more amino acids, relative to the parent
sequence. n exemplary aspeets, the nucleotide sequence encodes a variant sequence which differs by
only ove or two amine acids, relative to the parent sequence. In exemplary aspecis, the sucleotide
sequence encodes a varand sequence having only 1. 2, 3, 4. 3, 6, or more congervative amingo acid
substitutions, relative to the above-referenced amino acid sequence(s). In exemplary aspects, the nucleic
acid comprises a nucleotide sequence of any one of SEQ ID NQs: 2037-2092, as shown in Table D. In
various instances, the nuclectide sequence of any one of SEQ 1D NOs: 2037-2092 comprises a nuclectide
sequence encoding a signal sequence. In varions aspects, the nucleic acid of the present disclosure
comprises a nucleotide sequence of any one of SEQ 1D NOs: 2037-2092 without a nucleotide sequence
encoding the signal scquence. In various aspects, the nucleic acid comprises a nucleotide sequence of any
one of SEQ 1D NOs: 2037-2092 without the first 60, 63, 66, or 69 nucleic acide of any one of SEQ ID
NQOs: 2037-2092,

TABLED

Al Name LC HC

YVARIABLE VARIABLE

region region
1E1 2037 2038
1E1.016 2039 2040
24F1 2041 2042
29610 2043 2044
24F1.0GH 2045 2046
29810 CONS.020 2047 2048
29E10 CONS.021 2049 2050
29E10 CONS.022 2051 2052
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28E1¢ CONS.025 2053 2034
11E4 2055 2036
3183 2057 2058
27G1E2 2059 2060
28F¢ 2061 2062
28H7 2063 20064
36C8 2065 2006
55(7.041.008 2067 2068
S8A7.003.008.075 2069 2070
4G10 2071 2072
t1A3 2073 2074
28B4 2075 2476
3802 2077 2078
4387 2079 2086
35G7 2081 2082
60HO 2083 2084
43B7.002.015 2085 2086
58A7.003.008 2087 2088
66HY 008 2089 2090
S8AT 2091 2092

{60148)  Veciors

[80138] The nucleic acids of the present disclosure in some aspects are incorporated into a vector. In
this regard, the present disclosure provides vectors comprising any of the presently disclosed nucleic
acids. 1o exemplary aspects, the vector is a recombinant expression vector. For purposes herein, the term
"recombinant expression vector” means a genetically-modified oligonucleotide or polynucleotide
construct that permits the expression of an mRNA, protein, polypeptide, or peptide by a host cell, when
the construct comprises a nucleotide sequence encoding the mRNA, protein, polypeptide, or pepiide, and
the vector is contacied with the cell under conditions sufficient o have the mRNA, protein, polyvpeptide,
or peptide expressed within the cell. The vectors of the present disclosure are not naturally-ocourming as a
whole. However, parts of the vectors can be naturally-occurring. The presently disclosed vectors can
comprise any fype of nuclectides, including, but not hmited to DNA and RNA, which can be single-
stranded or double-stranded, synthesized or obtamned in part from natural sources, and which can contfain
natural, non-natural or altered nuclootides. The vectors can comprise naturallv~-occurring or non-
naturally-occurring internucleotide linkages, or both types of linkages. In some aspects, the altered
nuclectides or non-naturally oceurring internucicotide linkages do not hinder the transcription or
replication of the vector.

180151]  The vector of the present disclosure can be any suitable vector and can be used to trassform or
transfect aoy suttable host. Suitable vectors inchude those designed for propagation and expansion or for
expression or both, such as plasmids and virsses. The vector can be selected from the group consisting of

the pUC senes (Fermentas Life Sciences), the pBluescript series (Stratagene, LaJolla, CA), the pET series
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{Novagen, Madison, W), the pGEX serics (Pharmacia Biotech, Uppsala, Sweden), and the pEX series
(Clontech, Palo Alto, CA}. Bacteriophage vectors, such as AGTIO, AGT1 1, A Zapl] (Stratagene),
AEMBLA, and ANMI 149, also can be used. Examples of plant expression vectors include pBIOL
pBIHOL 2, pBI1GL.3, pBIi21 and pBIN19 (Clontech). Examples of antmal expression vectors include
pEUK-CL, pMAM and pMAMneo (Clontech). In some aspects, the vector 1s a viral vector, ¢.g., a
retroviral vector.

[80152] The vectors of the present disclosure can be prepared using standard recombinant DNA
techmgues described 1n, for example, Sambrook et al | supra, and Ausubel et al, supra. Construcis of
exprossion vectors, which are circular or lincar, can be prepared to contain a roplication system functional
n a prokaryotic or eukarvotic host cell. Replication systems can be derived, e.g., from ColEL 2
plasmid, A, SV40, bovine papilioma virus, and the like.

[80153] Insome aspects, the vector comprises regulatory sequences, such as transcription and
translation mitiation and ternunation codons, which are specific to the type of host (¢.g., bacterinm,
fungus, plant, or animal) into which the vector is to be mtroduced, as appropriaie and taking mto
consideration whether the vector is DNA- or RNA- based.

[60154]  The vector can include one or more marker genes, which allow for selection of transformed or
transfected hosts. Marker genes include biocide resistance, ¢.g., resistance to astibiotics, heavy metals,
eto., complementation in an aaxetrophic host (o provide prototrophy, and the ke, Suitable marker genes
for the presently disclosed expression vectors mclude, for instance, neomycin/(G418 resistance genes,
bygromycin resistance gones, histidinol resistance genes, tetracyeline resistance genes, and ampicillin
resistance genes.

[80155] The vector can comprise a native or normative promoter operably linked {o the nucleotide
sequence encoding the polypeptide (including functional portions and functional varianis thereof), or to
the nucleotide soquence which 1s complementary to or which hybridizes to the nucleotide sequence
encoding the aniigen binding protein. The selection of promoters, e.g., strong, weak, inducible, tissue-
specific and developmental- specific, s within the ordinary skif of the artisan. Sundarly, the combining
of a nucleotide sequence with a promoter is also within the skali of the artisan. The promoter can be a
non-viral promoter or a viral promoter, ¢.g., a cytomegalovirus {CMV) promoter, an SV4{0 promoter, an
RSV promoter, and a promoter found in the long-terminal repeat of the murine stem cell virus.

[80156] In some embodiments, the vector encodes an antibody light chain, an antibody heavy chain, or
an anitbody light chain and heavy chain. A vector encoding an antibody light chain may be usetud for
producing an antibody of the present mvention when expressed in a cell that further contains a vector
encoding an antibody heavy chain. Likewise, a vector encoding an antibody heavy chain may be useful

for producing an aniibody of the present invention when expressed in a cell that further contains a vector
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encoding an antibody light chain. Thus, whereas both the light chain and the heavy chain may be
encoded on a single vector, m cortain embodiments the vector encodes the light chain but does not encode
the heavy chain. In other embodiment, the vector encodes the heavy chain but does not encode the light
chain,

[80157] In various aspects, the vector of the present comprises a nucleotide sequence encoding HC
variable region or a full-length HC and a nucleotide sequence encoding L.C variable region or a full-
length LC. In alternative aspects, the vector of the present disclosure comprises a nucleniide sequence
encoding HC vartable region or 3 fell-length HC as described in Table B, C1, B2 or C2 or a nucleotide
sequence encoding L variable region or a full-length LC as described in Table B, CI, B2 or C2.
[B0138]  Hostcells

[80159] Provided herein are host colls comprising one or more nucleic acids or vectors of the presont
disclosure. As used herein, the term "host cell” refers to any type of cell that can countain the presenily
disclosed vector or vectors and is capable of producing an expression product encoded by the nucleic
acid(s) (e.g., mRNA, protein}. The host cell in some aspects is an adherent cell or a suspended cell, 1.2, a
coll that grows in suspension. The host cell in cxemplary aspects is a cultured cell or a primary cell, 1.e,
isolated directly from an orgamasm. The host cell can be of any cell type, can originate from any tvpe of
tissue, and can be of any developmental stage.

[30168]  In exemplary aspects, the cell is a eokaryotic cell, ncluding, bat not limited fo, a yeast cell,
filamentous fungi cell, protozoa ccll, algae cell, insect cell, or mammalian cell. Such host cells are
described in the art. See, e.g., Frenzel, et al., Front fmmunol 4: 217 (2013). In exemplary aspects, the
eukarvotic cells are mammalian cells. In exemplary aspects, the mamumalian cells are non-human
mammahian cells. In some aspects, the cells are Chinese Hamster Ovary {CHO) cells and derivatives
thereof (e.g., CHO-K1, CHO pro-3, €89), mouse mycloma cells {e.g., NSO, GS-NS8, Sp2/6), cells
enginecred to be deficient in dihydrofolatereductase (DHFR} activity (e.g., DUKX-X11, DG44}, human
embryonic kidney 293 (HEK293) cells or denvatives thereof (e.g., HEK293T, HEK293-EBNA), green
African monkey kidney cells {e.g., COS cells, VERU cells), human cervical cancer cells (e.g., Hel.a),
human bone osteosarcoma epithelial cells U2-08, adenocarcinomic human alveolar basal epithelial celis
AS549 human {ibrosarcoma cells HT 1080, mouse bram tumor cells CAD, embryonic carcinoma cells P19,
mouse cmbrvo fibroblast cells NTH 373, mouse fibroblast eclls 1929, mouse neuroblastoma colis N2a,
human breast cancer cells MCF-7, retinoblastoma cells Y79, human retinoblastoma cells SO-Rb30,
heman bver cancer cells Hep G2, mouse B myeloma cells J358L, or baby hamster kidnev (BHEK) cells
{Gaillet et al. 2007; Khan, Adv Pharm Ball 3(2): 257-263 (20133). In a particular embediment, the host
cell 15 C89 {a CHO cell line).
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[80161]  For purposcs of amplifving or replicating the vector, the host cell 15 in some aspects a
prokaryotic cell, e.g., a bactenal cell.

i60162]  Also provided by the present disclosure is a population of cells comprising at least one host
cell described herein. The population of cells in some aspects 18 a heterogeneous population comprising
the host cell comprising vectors described, in addition to at least one other cell, which does not comprise

any of the vectors. Altematively, in some aspects, the population of cells is a substantially homogeneous

comprising the vector. The population 1 some aspects is a clonal popuelation of cells, in which all cells of
the population are clones of a single host coll comprising a vector, such that all cells of the population
comprise the vector. In exemplary embodiments of the present disclosure, the population of cells 15 a
clonal population comprising host cells comprising a vector as described herein.

[80163]  In various aspects of the present disclosure, the host cells comprise a first vector comprising a
nucleotide sequence encoding HC variable region or a full-length HC ags described 1n Table B1, C1, B2 or
C2 and a second vector comprising a nucleotide sequence encoding LT vanable region or a full-length
LC as described m Table BY, C1, B2 or C2.

180164]  Pharmaceutical Compositions

[80168] Compositions comprising as antigen-binding protein {e.g., a TIGIT bindieg protein, 3
CD112R binding protein), a polvpepltide. a nucleic acid, a vector, a host cell, a conjugate, a fusion protein
of the present disclosure, or a combination thercof, are provided herein. The compositions in some
aspocts comprise the antigen-binding protein, polvpeptide, a conjugate, fusion protein, nucleic acid,
vecior, or host cell of the present disclosure, or a combination thereof, in isolated and/or purified form. In
some aspacts, the compostiion comprises a single type (2.2, structure) of binding protein, polypeptide, a
conjugate, fusion protein, mucleic acid, vector, or host cell of the present disclosure, or comprises a
combination of two or more different types (e.g., different structures) of antigen-binding protein,

polvpeptide, conjugate, fusion protein, nucleic acid, vector or host cell of the present disclosure.

[30166] In exemplary aspects, the composition comprises agents which enhance the chemico-physico
features of the antigen-binding protein, polvpeptide, conjugate, fusion protein, smuclete acid, vector, or
host cell, ©.g., via stabilizing, for example, at certain tomperatures {e.g., room tomperature), increasing
shelf life, reducing degradation, e.g., oxidation protease mediated degradation, increasing half-life of the
andigen binding protein, etc. fn some aspects, the composition comprises any of the ageunts disclosed
herein as a heterologous moiety or conjugate moiety, optionally, in admixiure with the antigen binding

protein or polypeptide of the present disclosure.

n
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[80167]  In excmplary aspects of the present disclosure, the composition additionally comprises a
pharmacecutically acceptable carrier, diluents, or oxcipient. In some embodiments, the antigen binding
proteins, polypepiides, conjugates, fusion proteins, nucleic acids, vectors, or host cells as presently
disclosed (heremafier referred to as “active agents™) are formulated into a pharmaceutical composition
comprising the active agent, along with a pharmaceuntically acceptable carrier, diluent, or excipient. In
this regard, the present disclosure further provides phammacentical compositions comprising an active

agent which pharmacentical composition is intended for admunustration to a subject, e.g., a mammal,

[30168]  In some embodiments, the active agent 1s present in the pharmaceutical composition at a purity
level suitable for administration to a patient. In some embodiments, the active agent has a purity level of

at least about 90%, about 1%, aboui 92%, about 93%, about 94%, about 85%, about 96%, about 97%,

2
about 98% or about 99%, and a pharmaceutically acceptable diluent, carrier or excipient. In some
embodiments, the compositions contain an active agent at a concentration of about 0.001 to about 30.0

mg/mi.

[8016%] In exemplary aspects, the pharmaccutical compositions comprise a pharmaceutically
acceptable camrier. As used herein, the term “phammacentically acceptable carnier” includes any of the
standard pharmaceutical carriers, such as a phosphate buffered saline solution, water, emulsions such as
an oil/water or water/oil ernulsion, and various types of wetting agents. The term also encompasses any
of the agents approved by a regulatory agency of the US Federal government or listed in the US

Pharmacopeia for use 1 aumals, including humans.

[8017¢] The phanwaceutical comaposition can coraprise any pharmaceutically acceptable ingredients,
mchuding, for example, acidifving agents, additives, adsorbents, acrosol propeHants, air displacement
agents, alkalizing agents, anticaking agents, anticoagulants, antimicrobial preservatives, antioxidants,
aniiseptics, bases, binders, buffering agents, chelating agents, coating agents, coloring agents, desiccants,
detergents, diluents, disinfectants, disintegrants, dispersing agents, dissolution enhancing agents, dves,
emollients, emulsifving agents, emulsion stabdizers, fillers, film forming agents, flavor enhancers,
flavoring agents, {low enhancers, gelling agents, granulating agents, humectanis, lubricants,
mucoadhesives, omntment bases, omtments, oleaginous vehicles, organic bases, pastille bases, pigments,
plasticizers, polishing agents, preservatives, sequestering agents, skin penetrants, solubilizing agents,
solvents, stabilizing agents, suppository bases, surface active agents, surfactants, suspending agenis,
sweetening agents, therapeutic agents, thickening agents, foniciiy agenis, toxicity agents, viscosity-
mereasing agenis, water-absorbing ageats, watersuiscible cosolveuts, water sofieners, or wetling agents.

See, e.g., the Handbook of Pharmaceutical Excipients, Third Edition, A. H. Kibbe (Pharmaceutical Press,

.

London, UK, 2000}, which is incorporated by reference in its entivety. Remington s Pharmaceutica
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Seiences, Sixteenth Edition, E. W, Martn (Mack Publishing Co., Faston, Pa., 1980), which s

incorporated by reference in its entirety.

i60171]  Ib exemplary aspects, the pharmaceutical composition comprises formulation matertals that
are nontoxic to recipients at the dosages and concentrations emploved. In specific embodiments,
pharmaceutical compositions comprising an active agent and one or more pharmaceutically acceptable
salts; polyols: surfactants; osmotic balancing agents; tonicity agents; anti-oxidants; antibiotics:
aniimycotics; bulking agenis; lyoprotectants; anti-foaming agenis; chelating agents; preservatives;
colorants; analgesics; or additional pharmaceatical agenés. In exemplary aspects, the pharmaceutical
composition comprises one or more polyols and/or one or more surfactants, optionally, in addition to one
or more excipients, including but not imited to, pharmaceutically acceptable salts; osmotic balancing
agents (tonicity agents); anti-oxidants; antibiotics; antimycoiics; bulking agents; lvoprotectants; anfi-

foaming agents; chelating agents; preservatives; colorants; and analgesics.

[86172]  In certain embodiments, the pharmaceutical composition can contain formulation materials for
modifying, maintaining or preserving, for example, the pH, osmolarity, viscosity, clarity, color,
isotonicity, odor, sterility, siability, rate of dissolution or release, adsorption or penetration of the
composttion. In such embodiments, suitable forraulation materials include, but are not limuted to, amino
acids (such as glveine, glutamine, asparagine, arginine or lysine); antimicrobials; antioxidanis {such as
ascorbic acid, sodiim sulfite or sodium hydrogen-sulfite); buffers (such as borate, bicarbonate, Tris-HCL
citrates, phosphates or other organic acids); bulking agents (such as mannitol or glveme); chelating agents
(such as ethylenediamine tetraacetic acid (EDTA)); complexing agents (such as caffeine,
pobyvinyvipyrrolidone, beta-cyclodextrin or hydroxypropyl-beta-cyclodexirin); fillers; monosaccharides;
disaccharides; and other carbohydrates (such as ghicose, mannose or dexiring); protetas {such as serum
albumin, gelatin or immunoglobuling); colonng, flavoring and diluting agents; emulsifying agents;
hydrophilic polymers (such as polyvinvipyrrohidone); low molecular weight polypeptides; salt-formmng
counterions (such as sodium); preservatives (such as benzalkonium chloride, benzoic acid, salicylic acid,
thimerosal, phenethyl alcohol. methyviparaben, propviparaben, chlorhexidine, sorbic acid or hydrogen
peroxide); solvents (such as glyeerin, propyvlene glyeol or polvethylene glycol); sugar alcohols (such as
manntiol or sorbitol}; suspending agents; surfactants or wetting agents {such as pluronics, PEG, sorbitan
esters, polvsorbates such as polysorbate 20, pelvsorbate, triton, tromethamine, lecithin, cholesterol,
tvloxapal); stability enbancing ageuts; torucity enbancing agents (such as alkalt metal halides, preferably
sedivrn or potassiv chloride, manmiol sorbitol); delivery vehicles; diluents; excipients and/or
pharmaceutical adjuvants. See, REMINGTON'S PHARMACEUTICAL SCIENCES, 187 Edition, (A. R.

Genrmo, ed.), 1990, Mack Publishing Company.

N
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[66173] The pharmaceutical compositions can be formulated to achiove a phyvsiologically compatible
pH. In some embodiments, the pH of the pharmaceutical composition can be for example between about

4 or about 5 and about 8.0 or about 4.5 and about 7.5 or about 3.0 to about 7.3,
[80174]  Routes of Adminisiration

{B0175)  With regard to the present disclosure, the active agent, or pharmaceutical composition
comprising the same, can be administered to the subject via any suitable route of administration. For
example, the active agent can be adounistered to a subject via parenderal, nasal, oral, pulmonary, topical,
vaginal, or rectal admingstration. The {olowiag discussion on routes of adminisiration is mercly provided

to illustrate exemplary embodiments and should not be construed as limiting the scope in any way.

[80176] Formulations suitable for parenteral adminsstration include agueous and non-agueous, isotonie
sterite injection solutions, which can contain anti-oxidants, buffers, bacieriostats, and solutes that render
the formulation sotonic with the blood of the intended recipient. and agueous and non-aqueocus stertde
suspensions that can include suspending agents, solubilizers, thickening agents, stabilizers, and
preservatives. The term, “parenteral” means not through the alunentary canal but by some other route
such as subcutaneous, ntramuscular, indraspinal, or mtravenous. The active agent of the present
disclosure can be adrministered with a physiclogically acceptable difuent in a pharraceutical carrier, such
as a sterife hquid or mixture of lguids, including water, saline, aqueocus dextrose and related sugar
selutions, an alcohol, such as ethanol or hexadecyl alcohol, a glycol, such as propylene ghycol or
polvethviene glveol, dimethvisulfoxide, glveerol, ketals such as 2,2- dimethyl-153-dioxolane-4-methanol,

3

cthers, polv{cthvieneglveol) 400, ods, faity acids, fatty acid esters or glycerides, or acetylated fatty acid

glycerides with or without the addition of a pharmaceutically acceptable surfactant, such as asoap ora

detergent, suspending agent, such as pectin, carbomers, methyleellulose, hydroxypropylmethylecthulose,

or carboxyvmethyleellulose, or emulsifving agents and other pharmaceutical adjuvants.

§60177]  Oils, which can be used i pareoteral formulations include petroleum, animal, vegetable, or
syathetic oils. Specific examples of oils inchude peanut, soybean, sesame, cottonsced, corn, olive,
petrolatum, and mineral. Sottable fatty acids for use in parenteral fonmulations imelude oleic acid, siearic

acid, and 1sostearic actd. Ethyl oleate and isopropyl myristate are examples of suitable fatty acid esters.

[80178]  Suitable soaps for use i parenteral formulations mclude fatty alkali metal, ammonium, and
tricthanolamine salts, and suitable detergents include (a) cationic detergents such as, for oxample,
dimethy! dialkyl arnmoninm halides, and alkyl pyridimium halides, (b) anionic detergents sach as, for
example, alkyl, arvl, and olefin sulfonates, alkvl, olefin, ether, and monoglycende sulfates, and

sulfosuccinates, {¢) nonionic detergents such as, for example, fatty amme oxides, fatty acid
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alkanolamides, and polvoxyethvienepolvpropviene copolvmers, {d) amphoteric detergents such as, for
example, alkyl-f-aminopropionates, and 2-alkyi ~imidazoline quaternary ammoniwm salis, and {¢}

mixtures thereof.

[80179] The parenteral formulations in some embodiments contain from about £1.5% to about 25% by
weight of the active agent of the present disclosure in solution. Preservatives and buffers can be used. In
order to minimize or eliminate writation at the site of injection, such compositions can contain one or
more nonionic surfactants haviag a hydrophile-lipophie balance (HLB) of from about 12 to about 17.
The guantity of surfactant 10 such formulations will typieally range from about 3% o about 153% by
weight. Suitable surfactants mclude polvethylene glyeol sorbitan faity acid esters, such as sorbitan
monooleate and the high molecular weight adducts of ethvlene oxide with a hvdrophobic base, formed by
the condensation of propvlene oxide with propylene glycol. The parenteral formulations in some aspects
are presented i urdt-dose or multi-dose sealed containers, such as ampoules and vials, and can be stored
1 a freeze-dried (Iyophilized) condition requiring only the addition of the sterile Hguid excipient, for
example, water, for mjections, immediately prior to use. Extemporancous injection solutions and
suspensions i some aspecis are prepared from sterile powders, granules, and tablets of the kind

previoushy described.

[60180] Injectable formulations are in accordance with the present disclosure. The requirements for
effective pharmaceutical carriers for injectable compositions are well-known to those of ordmnary skill in
the art (ses, e.g., Pharmaceutics and Pharmacy Practice, J. B, Lippincott Company, Philadelphia, PA,
Baoker and Chaliwers, eds., pages 238-230 (1982), and ASHP Handbhook on Injectable Dirugs, Toissel, 4th
ed., pages 622-630 (1986)).

{68181} Dosages

[80182] The active agents of the disclosurs are believed to be useful 1 methods of inhibiting the
biological activities that are nitiated upon binding of TIGIT to CDI35 or CDB1I2R 10 CD112, as
described herein, and are thus believed to be useful in methods of increasimg an immune response, €.8., a
T-cell mediated inmune response and methods of {reating or preventing one or more diseases, e.g.,
cancer. For purposes of the disclosure, the amount or dose of the active agent administered should be
sufficient to effect, e.g., a therapeutic or prophylactic response, i the subject or animal over a reasonable
tine frame. For example, the dose of the active agent of the preseat disclosure should be sufficient to
treat cancer as described herein in a period of from about 1 to 4 houwrs, 1 to 4 days, or 1 to 4 weeks or
fonger, e.g., 5 to 20 or more weeks, from the time of administration. In certain embodiments, the time

period could be oven longer. The dose will be determined by the efficacy of the particular active agent
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and the condition of the animal {¢.g., buman), as well as the body weight of the animal {e.g., human) to be

treated.

i60183] Many assays for determining ae administered dose are known in the art. For purposes herein,
an assay, which comprises comparing the extent to which cancer 15 freated upon administration of a given
dose of the active agent of the present disclosure to a mammal among a set of mammals, cach sot of
which is given a different dose of the active agent, could be used to determine a starting dose to be
administered to a mammal. The extent to which cancer is reated upon admudstration of a certain dose
can be represenied by, for example, the oytotoxicity of the active agent or the exient of tumor regression
achieved with the active agent in a mouse xenograft model. Methods of measuring cytotoxicity of the
andigen binding proteins and methods of assaying tumor regression are known in the art. Briefly, for
assaving in vive fumor regression, humor xenografis may be established by subcutancous inoculation of
mice in the right flask with huwan tumor colls suspended 1o PBS pH 7.4, Tumors may be measured
using a digital caliper. The tamor volume V (in i’y may be caloulated using the formula V = (n/6)L8*
where L is the largest and S is the smallest superficial diameter. See, e.g.. Shi et al., ACS Nano 9(4):

3740-3752 (2013).

i60184] The dose of the active agent of the present disclosure also will be determuned by the existence,
nature and extent of any adverse side offects that might accompany the administration of a particular
active agent of the present disclosure. Tvpically, the attending physician will decide the dosage of the
active agent of the present disclosure with which to treat each mdividual patient, taking into consideration
a variety of factors, such as age, body weight, general health, diet, sex, active agent of the present
disclosure to be administered, route of admustration, and the severity of the condition being treated. By
way of example and not intending to Hiit the present disclosore, the dose of the active agent of the
present disclosure can be about $.0001 to about 1 g/kg body weight of the subject being treated/day, from

about 0.0001 to about 0.001 g/kg body weight/day, or about .01 mg to about 1 g/kg body weight/day.
[80185]  Controlled Release Formulations

[3018¢6] In some embodiments, the active ageuats described herein can be modified into a depot form,
such that the manner 1n which the active agent of the present disclosure 1s released info the body to which
it is admunistered is controlled with respect to ime and location within the body (see, for example, U5,
Patent No. 4,450,150). Depot forms of active agents of the present disclosure can be, for example, an
puplantable composition comprisiag the aclive agents and a porous or nog-porous material, such as a
polvmer, wherein the active agent 1s encapsulated by or diffused throughout the material and/or
degradation of the non-porous material. The depot is then implanted into the desired location within the

body of the subject and the active agent is released from the implant at a predstermined rate.
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[60187] The pharmaceutical composition comprising the active agent in certain aspects is modified to
bave any tvpe of i vivo release profile. In some aspects, the pharmaceutical composition is an immediate
release, controlled release, sustaimed release, extended release, delayed release, or bi-phasic release
formulation. Methods of formulating peptides for controlied release are known 1o the art. See, for
example, Qian et al., J Pharm 374: 46-52 (2009) and International Patent Apphication Publication Nos.

WO 2008/130158, WO2004/033036; WO2000/032218; and WO 1999/040942.

[80188] The instant compositions can further comprise, for exarmple, micelles or liposomes, or some
other encapsulated form, or can be adounistered in an extended release form to provide a prolonged

storage and/or delivery effect.

[8018%)  Combinations

[60196]  In some embodiments, the active agents described hercin are admunistered alone, and 1n
alternative embodiments, are adounistered in combination with another therapeutic agent, e.g., another
active agent of the present disclosure of a different type (e.g., structure). Accordingly, the present
disclosure provides a combination comprising a first antigen binding protein which targets CDHiI2R and a
sccond antigen binding protein which targets TIGIT, each of which is an antigen binding protein
according to the present disclosures. o various aspects, the {urst antigen binding protein s any one of
1E1, 1EL.016, 24F1, 29E10, 24F1.001, 20E10_CONS.020, 29E10 CONS.021, 29E10_CONS.022,
29E10 CONS.025, 11E4, 31B3, 27G12, 28F9, 28H7, or 368 as described in Table Al or Table Bl In
various aspects, the sccond antigen binding protein is any one of 353G7.041.008, S8A7.003.008.075,
4310, 11A3, 2888, 39D2, 4387, 55G7, 66H9, 43B7.002.015, 58A7.003.08, 66HS.009, or 38A7 as
described in Table A2 or Table B2, In various instances, the first antigen binding protein 15 24F1,

20E10 CONS.020 or 29E10_CONS.022. In exemplary aspects, the second antigen binding protein is
43B7.002.013 or 66H9.009. In one aspect, the combination comprises 24F1 and 43B7.002.015. In
another aspect, the combination comprises 24F1 and 66H9.609. fn one aspect, the combination comprises
29E10_CONS.020 and 43B7.002.015. In another aspect, the combination comprises 29E10 _CONS.020
and 66HY.009. In one aspect, the combination comprises 29E10 CONS.022 and 43B7.002.015. In
another aspect, the combination comprises 29E10_CONS.022 and 66HS.009. In another aspect, the
combination comprises 43B7.002.015 and 1EL.016 or 24F1 or 29E10. In yet another aspect, the
combmation comprises 66HS.009 and 1E1.016 or 24F1 or 29E10. In exemplary aspects, the combination

comprises 43B7 and 29E106 or 24F1 or 11E4.

{30198]  The present disclosure provides the combination as a composition, ¢.g., pharmaceutical
composition, in various instances. Accordingly, the present disclosare provides a composition, .g.,

pharmaceutical composiiion, comprising the first antigen binding protein and the second antigen binding
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protein. In various mstances, the first antigen binding protein is 24F1, 29E10_CONS.020 or

29E10 _CONS.022. Tn exemplary aspects, the second antigen binding protein is 43B7.002.015 or
66H9.009. In one aspect, the composition comprises 24F1 and 43B7.002.015. In another aspect, the
composition comprises 24F1 and 66HY.009. In one aspect, the composition comprises 29E10 CONS.020
and 43B7.002.615. In ancther aspect, the composition comprises 29E10_CONS 020 and 66H9.009. In
one aspect, the composition comprises 28510 CONS.022 and 43B7.002.615. Tn another aspect, the
composition comprises 29E10_CONS.022 and 66H2.009. In another aspect, the composition comprises
43B7.002.015 and 1E1.016 or 24F1 or 28E10. In vet another aspect, the composition comprises
66H9.009 and TE1.016 or 24F1 or 20E10. In exemplary aspects, the composition comprises 43B7 and
29E10 or 24F1 or H1E4. In exemplary instances, the first antigen binding protemn and the second antigen

binding protein arc present in the composition at a ratio of about 1:1.

[80192] Insome aspects, the combination or coraposition further comprises an additional active agend,
e.2., a third antigen binding protein. Optionally, the third antigen binding protein binds to a negative
regulator of the immune system, an immune suppressor, or an immune checkpeint protein, including but
not himited to CTLA-4, PD-1, PD-L1, PD-L2, B7-H3, B7-H4, CEACAM-1, TIGIT, LAG3, CD112,
CDUIZR, CD96, TIM3, BTLA, or co-stimulatory receptor: 1COS, OX40, 4188, CD27, GITR. In various
imstances, the additional active ageni is a PD-1 binding protein, e.g., an anti-PD-1 antihbody. Examples of
anti-PD-1 anubodies include nivolumab (BMS-936558), pembrohrzumab (MK3475), BMS 936338, BMS-
936559, TSR-142 {Tesaro), cPDRO0T {Novartis), and pidibizumab (CT-011). Optionally, the third antigen
binding protein is any PD-1 antigen binding proteins described in International Patent Application No.
PCT/USZ019/013203, which published as W(O/2019/140196 the entire contents of which is incorporated
herein by reference. In exemplary instances, the third antigen binding protein comprises a HC CBR1
aming acid sequence, a HC CDR2 amino acid sequence, a HC CDR2 aminoe acid sequence, a LC CDR
amino acid sequence, a LC CDR2 anmino acid sequence, and a LC CDR3 amino acid sequence of SEQ 1D
NQs: 332-357 of WO/2019/140196, respectively. Tn exemplary mstances, the third antigen binding
protein comprises a HC CDR1 ammo acid sequence, a HC CDR2Z amino acid sequence, a HC CDR3
amino acid sequence, a LC CDR amino acid sequence. a LC CDRZ amine acid sequence, and a LC CDR3
aming acid sequence of SEQ ID NQs: 2027-2032, respectively. In various aspects, the third antigen
binding protein comprises a HC vanable region amino acid sequence and a L variable region amine acid
sequence of SEQ 1D NG: 358 and SEQ 1D NO: 359 of WU/2019/140196, respectively. In various
aspects, the third antigen binding protein comprises a HC variable region amino acid sequence and a LC
variable region amino acid sequence of SEQ 1D NO: 2033 and SEQ 1D NO: 2034, respectively. In
various instances, the third antigen binding protein comprises a FL HC amino acid sequence and a FL LC

amine acid sequence of SEQ D NG: 360 and SEQ 1D NO: 361 of WO/2019/140196, respectively. In

s
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various instances, the third antigen binding protein comprises a FL HC amino acid sequence and a FL LC
amino acid sequence of SEQ 1D NO: 2035 and SEQ ID NO: 20306, respectively. In various instances, the
third antigen binding protein comprises a FL HC amino acid sequence and a FL LC amino acid sequence
of SEQ 1D NG: 2093 and SEQ ID NO: 2094, respectively. Uptionally, the {irst antigen binding protein
and the second antigen binding protein and the third antigen binding protein are present in the

composition at a ratio of about 1:1:1.

[80193]  Insome aspecis, the other therapeutic aims to treat or provent cancer. In some embodimenis,
the other therapeutic 1s a chemotherapeutic agent. In some emboediments, the other therapeutic is an agent
used in radiation therapy for the treatment of cancer. Accordingly, m some aspects, the active agents
described herein are administered in combination with one or more of platinum coordination compounds,

topoisomerase nhubitors, antibiotics, antimitotic alkaloids and diftuoronucleosides.

[60194] Kits

[#0193] The prosent disclosure additionally provides kits comprising an antigen-binding protein,
polypeptide a conjugate, fusion protein, mucleic acid, vector, or host cell of the present disclosure, or a
combination thoreof. The kit in exemplary aspects comprises at least one antigen-bmding protemn,
polvpeptide a conjugate, fusion protem, nucleic acid, vector, or host cell of the present disclosure, or a
combination thereof, in a container. In exemplary aspects, the at least one antigen-binding protein,
polypeptide a conjugate, fusion protein, nucleic acid, vector, or host cell of the present disclosure, is

provided in the kit as a wnit dose. For purposes herein “unit dose" refers to a discrete amount dispersed m
a suitable carrier. In exemplary aspects, the unit dose is the amount sufficient to provide a subject with a
destred effect, e.g., treatment of cancer. In oxemplary aspects, the kit comprises several unit doses, ¢.g., a
week or month sapply of unit doscs, optionally, each of which is individeally packaged or otherwise
separated from other umit doses. In some embodiments, the components of the kit/unit dose are packaged
with instructions for administration to a patient. In some embodiments, the kit comprises one or more
devices for administration to a patient, e.g., a needle and syringe, and the hike. In scme aspects, the at
feast one antigen-binding protein, polypeptide a conjugate, fuston protein, nucleic acid, vector, or host
cell of the present disclosure, or a combination thereof, is/are pre-packaged m a ready to use form, e.g., a
syringe, an intravenous bag, ote. In exemplary aspects, the ready to use form is for a single use. In
exemplary aspects, the kit comprises mulitple single use, ready o use forms of the at least one antigen-
binding protein, polvpeptide a conjugate, fusion protein, nucleic acid, vector, or host cell of the present
disclosure. In some aspects, the kit further comprises other therapeutic or diagnostic agenis or
pharmaceutically acceptable carriers (e.g., solvents, buffers, diluents, ete.), including any of those

described herein,
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[60196] In various aspects, the kit comprises more than one antigen binding profein of the present
disclosure. In exemplary instances, the kit comprises a first antigen binding protein which binds to
CD112R and a second antigen binding protetn which binds to TIGIT. Optionally, the first antigen
binding protein s formulated with the second antigen binding protern. In some aspects, the kit comprises
a composition comprising the first antigen binding protein and the second antigen binding protein. In
various aspects, the first antigen binding protein 1s packaged and/or formulated separately from the
second antigen binding agent. In various mstances, the first aniigen binding protein is any one of 1E1,
1E1.016, 24F1, 29E10, 24F1.001, 29E10_CONS.020, 29E10_CONS.021, 29E10_CONS.022,

20E10 CONS.025, 11E4, 31B3, 27G12, 28F9, 28H7, or 36(8 as described 1n Table Al or Table BE. In
various aspects, the second antigen binding protein is any one of 553G7.041.008, 38A7.003.008 073,
4GH0, 11TA3, 2885, 3902, 4387, 35G7, 66HY, 43B7.002.013, S8A7.003.08, 66HS.009, or S8A7 as
described in Table AZ or Table B2, In various instances, the first antigen binding protein is 24F1,
29E10_CONS.020 or 29E10_CONS.022. In exemplary aspects, the second antigen binding protein is
43B7.002.015 or 66H3.009. In one aspect, the kit comprises 2471 and 43B7.602.015. In another aspect,
the kit comprises 24F1 and 66H9.009. In one aspect, the kit comprises 29E10_CONS.020 and
4317.002.615. In another aspect, the kit comprises 29510 _CONS.020 and 66H9.009. In one aspect, the
kit comprises 29810 _CONS.027 and 43B7.002.013. In another aspect, the kit comprises
29E10_CONS.022 and 66HS 009, In another aspect, the kit comprises 43B7.002.015 and 1EL.016 or
24F1 or 29E10. In vet another aspect, the kit comprises 66HS.009 and 1E1.016 or 24F1 or 29E10. In
exemplary aspects, the kit comprises 4387 and 29E10 or 24F1 or 11E4. In exemplary instances, the first
antigen binding protein and the second antigen binding protein are present in the compostiton at a ratio of

about 1:1.

[00197]  In varous instances, the kit comprises an additional active agent, e.g., a third antigen binding
protein. Optionally, the third antigen binding protein binds to a negative regulator of the immune system,
an iy une suppressor, or an inuaune checkpoint protein, including but not linuted to CTLA-4, PD-1,
PD-L1. PD-L2. B7-H3, B7-H4, CEACAM-1. TIGIT, LAG3, CD112, CD112R, CD9%. TIM3, BTLA. or
co-stimulatory receptor: ICOS, OX40, 41BB, CD27, GITR. In varicus instances, the additional active
agent is a PD-1 binding protein, ¢.g., an anti-PD-1 antibody. Examples of anti-PD-1 antibodies inchude
rvolumab (BMS-936338), pembrolizomab (MK3475), BMS 936338, BMS- 936359, TSR-042 {Tesaro),
ePDROOT (Novartis), and pidilizumab (CT-011). Optionally, the third antigen binding protein is any PD-1
antigen binding proteins desoribed in Inicrnational Patent Application No. PCT/US2019/013205, which
published as WO/2019/140196 the entire contents of which is incorporated herein by reforence. In
exemplary mstances, the third antigen binding protein comprises a HC CDRI amino acid sequence, a HC

CDR2 amino acid sequence, a HC CDR3 amino acid sequence, a LC CDR amino acid sequence, a LC
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CDR2 amino acid sequence, and a LC CDR3 amino acid sequence of SEQ 1D NQs: 332-357 of
WOR2019/140196, respectively. Tn exemplary imstances, the third antigon binding protein comprises a
HC CDRI1 amino acid sequence, a HC UDR2 amino acid sequence, a HC CDR3 amino acid sequence, a
LC CDR amino acid sequence. a LC CDRZ amine acid sequence, and a LC CDR3 ammo acid sequence
of SEG ID NQOs: 2027-2032, respectively. In various aspects, the third antigen binding protein comprises
a HC vaniable region amino acid sequence and a LC vanable region amino acid seguence of SEQ 1D NO:
358 and SEQ 1D NO: 359 of WO/2019/140196, respecitvely. n various aspects, the third antigen binding
protein comprises a HC variable region amino acid sequence and a LC variable region amino acid
sequence of SEQ D NO: 2033 and SEQ ID NO: 2034, respectively. In various instances, the third
antigen binding protein comprises a FL HC amino acid sequence and a FL LT amino acid sequence of
SEQ D NO: 360 and SEQ ID NG: 361 of WO/2019/140196, respectively. In vartous instances, the third
andigen binding protein comprises a FL HC amino acid sequence and a FL LC amino acid sequence of
SEQ ID NG: 2035 and SEQ 1D NO: 2036, respectively. In various aspects, each antigen binding protein
is separatcly packaged 1 the kit. Optionally, the kit comprises a container, ¢.g., a vial, syringe, bag, eic.
comprising at least two of the first, second, and third antigen binding protemns. Optionally, the kit

comprises all the antigen binding proteins in the same contamer as an admixture.
[80198) Adethods of Treatment

[#80199] Moethods of treatment are additionally provided by the present disclosure. The method, in
cxemplary embodiments, is a mothod of treating a subject in need thercof, comprising admnistering to
the subject 18 need thereot a pharmaceutical composition of the present disclosure in an amount effective

to treat the subject.

[802808] The phamaceutical compositions of the present disclosure are useful for inhibting TIGIT
signaling and/or CD112R signabing and/or PD-1 signaling. Without being bound to a particular theory,
the TIGIT inhibiting activity and/or CDD112R nhibiting activity and/or PD-1 inhibiting activity of the
compositions provided herein allow such entities to be useful in reethods of enbancing T cell activity and

enhancing an inmune response, and, in particular, an Immune response against a wmor or cancer.

[80281] Accordingly, provided herein are methods of eshancing T coll activity in a subject, enhancing
T cell survival and effector function, restricting termumal differentiation and loss of replicative potential,
promoting T cell longevity, and eohancing cytotoxicity agatust target (e.g., cancer) cells. In exemplary
embodiments, the methods comprise administening to the subject the pharmaceutical composition of the
present disclosure in an effective amount. In exemplary aspects, the T cell activity or immume response s
directed against a cancer cell or cancer tissue or a tumor cell or tumor. In exemplary aspects, the immune

response is a humoral immune response. In exemplary aspects, the mmmune response is an innate immune
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response.  In exemplary aspects, the immune response which s enhanced is a T-cell mediated momune
TeSponse.

i60202]  As used hereoin, the torm “enhasce” and words stenuning therefrom may not be a 100% or

completo enhancement or increase. Rather, there are varving degrees of enhancement of which one of
ordinary skill in the art recognizes as having a potential benefit or therapeutic effect. In thus respect, the
pharmaceutical compositions of the present disclosure may enhance, e.g., T cell activity or enhance an
ragrune response, to any ammound of level. 1o exemplary ermbodiments, the enhancement provided by the
methods of the present disclosure 1s at least or about a 10% enhancement (o.g., at least or about a 20%
enhancement, at feast or about a 30% enhancement, at least or about a 40% enhancement, at least or about
a 30% enhancement, at least or about a 60% enhancement, at least or about a 70% enhancement, at least
or about a 80% enhancement, af least or about a 90% enhancement, at least or about a 95% enhancement,

at least or about a 98% enhancement).
[80203] Mothods of measuring T coll activity and mnmune responses are known in the art. T cell
activity can be measured by, for example, a cytotoxicity assay, such as those descrtbed in Fu et al., PLoS

ONE 3(7): e11867 (2010). Other T cell activity assavs are described in Bercovici et al., Chin Diagn Lab

Immuonol. 7(6): 859-864 (2000). Methods of measuring immune responses are deoscribed me.g.,
Macatangay «t al., Clia Vaccine hnmunol 17(9), 14532-1439 (2010), and Clay et al., Clin Cancer
Res 7(5%:1127-35 (2001).

[60284] Also provided herein are methods of enhancing natural killer (NK) cell activity n a subject. In
exemplary embodiments, the methods comprise adnunistering to the subject the pharmaceutical
composition of the present disclosure in an effective amount. In exemplary aspects, the NK celi activity

ts directed against a cancer cell or cancer tissue or a tumor cell or tumor.
[06205]

i60206]  Adduionally provided berein are maethods of treating a subject with cancer sad methods of
treating a subject with a solid tumor. In exemplary embodiments, the method comprises administering to
the subject the pharmaceutical composition of the present disclosure in an amount effective for treating
the cancer or the solid tumor in the subject. The cancer treatable by the methods disclosed herein can be
any cancer, e.g., any malignant growth or tumor caused by abnormal and uncontrolled ccll division that
raay spread to other parts of the body through the lymphatic system or the blood stream. The cancer in
some aspacts 1s one selecied from the group consisting of acute lvmphooytic cancer, acate myveloid
feukemia, alveolar rhabdomyosarcoma, bone cancer, brain cancer, breast cancer, cancer of the anus, anal

canal, or anorectum, cancer of the cve, cancer of the intrahepatic bile duct, cancer of the joints, cancer of
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the neck, gallbladder, or pleura, cancer of the nose, nasal cavity, or muddle car, cancer of the oral cavity,
cancer of the vulva, chromic lvmphocytic leukemia, chronic myeloid cancer, colon cancer, esophageal
cancer, cervical cancer, gastrointestinal carcinoid tumor, Hodgkin lymphoma, hvpopharynx cancer,
kidney cancer, larynx cancer, liver cancer, lung cancer, malignant mesothelioma, melanoma, multiple
myeloma, nasopharynx cancer, non-Hodglin lymphoma, ovarian cancer, pancreatic cancer, peritoneum,
omentum, and mesentery cancer, pharynx cancer, prostate cancer, rectal cancer, renal cancer {c.g., renal
cell carcinoma (RCC)), small indestine cancer, sofl fissue cancer, stomach cancer, testicular cancer,
thyroid cancer, ureter cancer, and urinary bladder cancer. In particular aspects, the cancer 18 selected
from the group consisting of: head and neck, ovarian, cervical, bladder and oesophageal cancers,
pancreatic, gastromntestinal cancer, gasiric, breast, endometrial and colorectal cancers, hepatocellular
carcinoma, glioblastoma, bladder, fung cancer, ¢.g., non-small cell tung cancor (NSCLC),
bronchioloalveolar carcinoma. In particular embodiments, the tumor is non-small cell lung cancer
(NSCLC), head and neck cancer, renal cancer, iriple negative breast cancer, and gastric cancer. In
exemplary aspects, the subject has a tumor (e.g., a sohd tumor, a hemaiological mahignancy, or a
Iymphoid malignancy) and the pharmaceutical composition is adminisiered to the subject in an amount
effective to troat the tumor in the subject. Tn other exemplary aspects, the tumor is non-smal cell lung
cancer {NSCLC), small cell lung cancer (SCLC), head and neck cancer, renal cancer, breast cancer,
melanoma, ovarian cancer, liver cancer, pancreatic cancer, colon cancer, prostate cancer, gastric cancer,
Ivmphoma or leukemia, and the pharmaceutical composition 1s administered to the subject in an amount

effective to treat the tumor in the subject.

1602087]  As used heroin, the term “treat,” as well as words related thereto, do not necessarily maply
100% or complete treatment. Rather, there are varying degrees of treatinent of which one of ordinary
skill in the art recognizes as having a potential benefit or therapeutic effect. In this respect, the methods
of treating cancer of the present disclosure can provide any amount or any level of ircatment.
Furthermaore, the treatment provided by the method of the present disclosure can 1nclude treatment of one
or more conditions or symptoms or signs of the cancer being treated. Also, the treatment provided by the
methods of the present disclosure can encompass slowing the progression of the cancer. For example, the
methods can freat cancer by virtue of enhancing the T cell activity or NK cell activity or an immune
response agamnst the cancer, reducing tumor or cancer growth, reducing metastasis of tumor cells,
mcreasing cell death of tumor or cancer cells, and the like. In exemplary aspecis, the methods treat by
wav of delaving the onset or recurrence of the cancer by 1 day, 2 days, 4 days, 6 days, § days, 10 days, 15
days, 30 days, two months, 4 months, 6 months, 1 vear, 2 years, 4 yvears, or more. [n exemplary aspects,

the methods treat by way increasing the survival of the sabject.
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[60288]  Subjects

[80209]  In some embodiments of the present disclosure, the subject 5 a manmal, ncluding, but not
fimited to, mammals of the order Rodentia, such as mice and hamsiers, and mamumals of the order
Logomorpha, such as rabbits, mammals from the order Carmivora, including Felings (cats) and Canines
(dogs}, mammals from the order Artiodactyla, including Bovines {cows) and Swines {pigs} or of the order
Perssodactyla, including Equines (horses).  In some aspects, the mammals are of the order Primates,
Ceboids, or Simotds (rmonkeys) or of the order Anthropoids (humans and apes). In some aspects, the

mammal 15 3 homan,
[80218] Adethods of Manufacture

[80211] The antigen binding proteins of the present disclosure may be obtained by methods known in
the art. Suitable methods of de novo synthesizing polypeptides are described i, for example, Chan et al.,
Fmoc Solid Phase Peptide Synthesis, Oxford University Press, Oxford, United Kingdom, 2603, Peptide
and Protein Drug Analysis, ed. Reid, R, Marcel Dekker, Inc., 2000, Epitope Mapping, ed. Westwood et
al., Oxford University Press, Oxford, United Kingdom, 2060, and U.S. Patent No. 5,449,732, Additional

exemplary methods of making the peptides of the invention are set forth herein.

{80212] In some embodiments, the antigen binding proteins described herein are commerciatly
synthesized by companies, sach as Synpep (Dublin, CA), Peptide Technologies Corp. (Gaithersburg,
MDY, Multiple Peptide Systems (San Diego, CA), Peptide 2.0 Inc. (Chantilly, VA), and American Peptide
Co. (Sunnyvale, CA). In this respect, the antigen binding proteins can be synthetic, recombinant,

isclated, and/or purified.

[#0213]  Also, 18 some aspects, the antigen binding proteins are recombinantly produced using a pucleic
acid encoding the amino acid soquence of the peptide using standard recombinant methods. See, for
mstance, Sambrook et al., Molecular Cloning: A Laboratory Manual. 3rd ed., Cold Spring Harbor Press,
Cold Spring Harbor, NY 2001, and Ausubel et al., Current Protocols in Molecular Biology, Greene

Publishing Associates and John Wiley & Song, NY, 1994,

[80214] Moethods of making the presently disclosed antigen-binding protens are further provided
heremn. In exemplary embodiments, the method comprises culturing a presently disclosed host cell so as
to express the antigen-binding protemn and harvesting the expressed antigen-binding protein. The bost cell
can be any of the host cells deseribed herein. In exemplary aspects, the host cell is selected from the
group consisiing oft CHO cells, NSO cells, COS cells, VERQO cells, and BHK cells. In exemplary aspects,
the step of culturing a host cell comprises culturing the host cell 1 a growth medium to support the

growth and expansion of the host cell. In exemplary aspects, the growth medium mncreases cell density,
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culture viability and productivity in a timely manner. In exemplary aspecis, the growth medinm comprises
aming acids, vitamins, inorganic salts, glucose, and serum as a source of growth factors, hormones, and
attachment factors. Inexemplary aspects, the growth medium 1s a fully chenucally defived media
consisting of amino acids, vitamins, trace clements, inorganic salts, lipids and nsubin or insulin-like
growth factors. In addition to nutrients, the growth medium also helps maintain pH and osmolality.
Several growth media are commercially available and are described in the art. See, e.g., Arora, “Cell

Culture Media: A Review” MATER METHODS 3:175 (2013}

[30215] In exemplary aspects, the method of making an antigen binding protein of the present
disclosure comprises culturing the host cell in a feed medium. In exemplary aspects, the method
comprises culturing in a feed medium in a fed-batch mode. Methods of recombinant protein production
are known in the art. See, c.g., L1 et al., “Cell culture processes for monoclonal antibody production”

MADbs 2(3): 466-477 (2010).

[80216] The method making an antigen binding protein can comprise one or more steps for purifying
the protem from a cell culture or the supernatant thereof and preferably recovering the purified protein. In
cxemplary aspects, the method comprises one or more chromatography steps, ¢.g., affinity
chromatography (¢.g., protein A affinity chromatography), 1on exchange chromatography, hydrophobic
inferaction chromatography. In exeraplary aspects, the method comprises purifying the protein using a

Protein A affinity chromatography resin.

[80217]  In exemplary embodiments, the method further comprises steps for formulating the purified
profein, ¢te., thereby obtaining a forpudation compusing the purified protein. Such steps are described n
Formulation and Process Development Strategies for Manufacturing, eds. Jameel and Hershenson, John

Wiley & Sons, Inc. (Hoboken, NI}, 2010,
[B0218]  Fxemplary Fmbodimenis
[60219]  The following 1s a listing of exemplary embodiments of the present disclosure:

1. A CD112R antigen-binding protein, optionally, an antibody or antigen-binding fragment
thereof, comprising (a) a heavy chain (HC) complementarity-determiming region (CDR) |
amino acid sequence set forth in Table Al or a variant secquence thereof which differs by only
1-4 amino acids or which has at feast or about 90% sequence identity; (b} an HC CDR2
amino acid sequence set forth 1n Table Al or a variant sequence thereof which differs by oaly
1-4 amino acids or which has at least or about 90% seguence identity; {¢) an HC CDR3
amino acid sequence set forth 1n Table Al or a vanant sequence thereof which differs by only

1-4 amino acids or which has at least or about 90% scquence dentity: {d) a hight chain (LC)
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CDR1 amino acid sequence set forth in Table Al or a variant sequence thereof which differs
by only 1-4 amino acids or which has at least or about 90% sequence identity; (¢} an LC
CDR2 amine acid sequence set forth in Table Al or a vartant sequence thereof which differs
by only 1-4 ammo acids or which has at least or about 90% sequence identity; () an LC
CDR3 amine acid sequence set forth in Table Al or a variant sequence thereof which differs
by onlv 1-4 amino acids or which has at least or about 90% scquence identity; or (g) a

combination of any two or more of (a)-(f).

The CDI12R antigen-binding protein of cmbodiment 1, comprising six CDR amino acid
sequences listed in a single row of Table Al or comprising six CDR amino acid sequences
selected from the group consisting of: {a) SEQ ID NQs: 13-18; (b) SEQ TD NOs: 23-28; {¢)
SEQ 1D NOs: 33-38; (d) SEQ ID NOs: 43-48; () SEQ ID NOs: 53-38; () SEQ ID NOs: 63-
68; {z) SEQ 1D NOs: 73-78; (h) SEQ 1D NOs: 83-8%8, (1) SEQ 1D NOs: 93-98, () SEQ ID
NQOs: 103-108, (k) SEQ ID NOs: 233-238, (1) SEQ ID NOs: 1973-1978, (m) SEQ ID NOs:
1983-1988, {n) SEQ ID NOs: 1993-1998, and (o} SEQ ID NQGs: 2003-2008..

The CD1I2R antigen binding protein of embodiment 1 or 2, comprising {a) a HC vanable
region aminge acid sequence set forth in Table B1 or a vadant sequence thereof which differs
by only 1-15 amino acids or which has at least or about 20% or about 95% sequence identity
to the HC variable region anino acid sequence of Table B1: (b} a LC vanable region amine
acid sequence set forth in Table B or a variant sequence thercof which differs by only 1-15
aming acids or which has at least or about 90% or about 95% sequence identity to the LC

vartable region amino acid sequence of Table B, or {¢) a combination of (3) and (b).

The CD112R antigen-binding protein of embodiment 3, comprising a pair of HC variable
region and LC variable region amino acid sequences listed in a single row of Table Bl or
comprising a pair of amino acid sequences selected from the group consisting of: {a) SEQ 1D
NOs: 11-12; (b) SEQ 1D NOs: 21-22; (¢} SEQ 1D NOs: 31-32; () SEQ 1D NUs: 41-42; ()
SEQ ID NOs: 51-52; (f) SEQ ID NOs: 61-62; {g) SEQ ID NOs: 71-72; (h) SEQ ID NOs: §1-
82, (i) SEQ ID NOs: 51-92, (i3 SEQ ID NOs: 101-102, (k) SEQ ID NOs: 231-232_ (1} SEQ ID
NOs: 1971-1972, (m) SEQ 1D NOs: 1981-1982, (») SEQ ID NQs: 1991-1992, and (o) SEQ
1D NQOs: 2001-2002.

The CD112R antigen binding protein of any one of the preceding embodiments, comprising
{a) a full-length (FL} HC anuno acid sequence set forth m Table B1 or a variant sequence

thercof which differs by onlv 1-30 amino acids or which has at least or about 90% or about

68
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(@)

(b)

93% sequence identity to the FL HC amino acid sequence of Table Bl (b)a FL LC amino
acid sequence set forth in Table Bl or a variant sequence thercof which differs by only 1-50
amino acids or which bas at least or about 90% or about 953% sequence identity to the FL LC

amine acid sequence of Table B, or (¢} a combination of {a) and (b).

The CD112R antigen-binding protein of embodiment 3, comprising a pawr of full-length (FL)
HC and FL LC amino acid sequences listed in a single row of Table B or comprising a pair of
aming acid sequences sclected from the group consisting of (a) SEQ 1D NOs: 9-10; (b) SEQ
1D NOs: 19-20: (¢} SEQ 1D NOs: 29-30; (d) SEQ ID NOs: 39-40; (¢) SEQ 1D NOs: 49-50;
() SEQ ID NQOs: 59-60; (g) SEQ ID NQOs: 69-70; (h} SEQ ID NOs: 79-80, (1) SEQ ID NQs:
89-90, () SEQ ID NOs: 99-100, (k) SEQ 1D NOs: 229-230, (1) SEQ 1D NQs: 1969-1970, (m)
SEQ 1D NOs: 1979-1980, (n) SEQ ID NOs: 1989-1990, and (o) SEQ 1D NOs: 1999-2000.

The CD112R antigen-binding protein of any one of the preceding embodiments, which is an

antibody,

The CD112R antigen-binding protein of claim 7, coraprising:

a heavy chain (HC) complementarity-determining region (CDR) 1 amine acid sequence of
SEQ D NO: 33 or a variant sequence thereof wiuch differs by only 1-4 amino acids or which
has at least or about 90% sequence identity; (b) an HC CDR2 amino acid sequence of SEQ
1D NO: 34 or a vanant sequence thereof which differs by only 1-4 amino acids or which has
al least or about 90% sequence identity; (¢} an HC CDR3 amino acid sequence of SEQ ID
NG: 35 or a variant sequence thereof which differs by only 1-4 amino acids or which has at
least or about 90% sequence 1dentity; (d) a light chaim (LCY CBR1 amino acid sequence of
SEQ ID NO: 36 or a vaniant sequence thereof which differs by only 1-4 amino acids or which
has at least or about 90% sequence identity; {¢) an LC CDR2 amuno acid seguence of SEQ ID
NO: 37 or a variant sequence thereof which differs by only 1-4 aming acids or wiuch hag at
least or about 90% sequence identity; (£} an LT CDR3 amino acid segquence of SEQ 1D NO:
3% or a vanant sequence thereof which differs by only 1-4 amino acids or which has at least
or about 0% sequence identity; or

a beavy chain (HC) complementarity-determining region {CDR) 1 amxing acid sequence of
SEQ 1D NO: 63 or a variant sequence thereof wiuch differs by only 1-4 apuno acids or which
has at least or about 0% sequence wentity; (b} an HC CDR2 amino acid sequence of SEQ

I3 NO: 64 or a vanant sequence thereof which differs by only 1-4 amino acids or which has
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(d)

at least or about 90% sequence wdentity; (¢) an HC CDR3 amine acid sequence of SEQ ID
NGO: 65 or a variant sequence thereof which differs by only 1-4 amino acids or which has at
least or about 90% sequence identity; (d) a light chain (LC) CDR1 amino acid sequence of
SEQ ID NO: 66 or a variani sequence thereof which differs by only 1-4 ammmo acids or which
has at feast or about 90% sequence identity; {¢) an LC CDR2 amino acid sequence of SEQ [D
NO: 67 or a variant sequence thereof which differs by only 1-4 aminoe acids or which has at
lcast or about 90% sequence identity; (£} an LC CDR3 amino acid sequence of SEQ 1D NG
68 or a variant sequence thereof which differs by only 1-4 amine acids or winch has at least
or about 90% scquence wdentity; or

a heavy chain (HC) complementarity-determining region {CDR) 1 amino acid sequence of
SEQ 1D NQO: 83 or a varnant sequence thercof which differs by only 1-4 amino acids or which
has at least or about 90% sequence identity; (b) an HC CDRZ amino acid sequence of SEQ
1D NO: 84 or a vartant sequence thereof which differs by only 1-4 amino acids or which has
at least or about 90% sequence wdentity; (¢} an HC CDR3 amino acid sequence of SEQ ID
NG 85 or a vanant sequence thereof which differs by only 1-4 amino acids or which has at
least or about 90% sequence identity; {d) a light chain (LC) CDRI amino acid sequence of
SEQ 1D NO: 86 ar g variand sequence thereof which differs by ouly 1-4 amino acids or which
has at least or about 90% sequence wdentity; () an LC CDR2 amino acid sequence of SEQ D
NG 87 or a variant sequence thereof which differs by only 1-4 amino acids or which has at
{east or about 90% sequence dentity; () an LC CDR3 amino acid sequence of SEQ 1D NO:
88 or a variant sequence thereof which differs by only 1-4 aminc acids or which has at least
or about 90% sequence wdentity; or

comprising {a) a HC variable region amino acid sequence of SEQ 1D NG 31 or a variant
sequence thereof which differs by only 1-15 amino acids or which has at least or about 90%
or about 93% sequence identity to the HC variable region amino acid sequence of SEQ 1D
NO: 31 (b)Y a LC variable region amino acid sequence of SEQ ID NO: 32 or a variant
sequence thereof which differs by only 1-13 amino acids or which has at least or abouat 90%
or gbout 3% sequence identity to the LC variable region amino acid sequence of SEQ ID
NO: 32, or (¢} a combination of (a) and {(b); or

comprising {3) a HC variable region ammo acid sequence of SEQ ID NG: 61 or a vanant
sequence thereof which differs by only 1-15 amino acids or which has at least or about 90%
or about 95% sequence ideniily to the HC variable region amino acid sequence of SEQ 1D
NO: 61; (b} a LC variable region amino acid sequence of SEQ ID NO: 62 or a vanant

sequence thereof which differs by only 1-15 amine acids or which has at least or about 90%

70
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9.

10.

or about 5% scquence wdentity to the LC variable region amino acid sequence of SEQ ID
NO: 62, or {¢) a combination of {a) and (b); or

comprising {a) a HC variable region amino acid sequence of SEQ 1D NO: 81 or a variant
sequence thareof which differs by ouly 1-13 amino acids or which has at least or abouot 90%
or about 953% sequence identity to the HC vanable region aminoe acid sequence of SEQ ID
NO: 81; (b) a LC variable region amino acid sequence of SEQ ID NO: 82 or a variant
sequence thoreof which differs by only 1-13 areino acids or which has at east or about 90%
or about 953% sequence identity to the LC variable region amino acid sequence of SEQ ID
NQO: 82, or (¢} a combination of () and (b); or

{a) a full-length (FL} HC amino acid sequence of SEQ 1D NG: 29 or a variant sequence
thereof which differs by only 1-30 amino acids or which has ai least or about 90% or about
935% sequence dentity to the FL HC amino acid sequence of SEQ 1D NG: 29, (b) a FL LC
amino acid sequence set forth of SEQ ID NO: 30 or a vanant sequence thereof which differs
by only 1-30 amino acids or which has at least or about 0% or about 95% sequence identity
to the FL LC amino acid sequence of SEQ D NO: 30, or (¢) a combination of (a) and (b}; or
{a) a full-length (FL) HC amino acid sequence of SEQ 1D NO: 39 or a variant sequence
thereof which differs by only 1-50 ammne acids or which has at least or about 90% or about
95% sequence identity to the FL HC aming acid sequence of SEQ ID NG: 59 {(b)a FL LC
amino acid sequence set forth of SEQ ID NO: 60 or a variant scquence thereof which differs
by only 1-50 amino acids or which has at least or about 90% or about 95% sequence identity
to the FL LC amino acid sequence of SEQ 1D NO: 60, or (¢) a combinaiion of (a) and (b); or
{a) a full-length (FL) HC amino acid sequence of SEQ ID NG: 79 or a variani sequence
thereof which differs by only 1-30 amino acids or which has at least or about 90% or about
93% sequence identity to the FL HC amino acid sequence of SEQ IDNG: 79 (b) a FL LC
amino acid sequence set forth of SEQ 1D NO: 80 or a variant sequence thereof which differs
by only 1-30 aminc acids or which has at least or about 90% or about 93% sequence identity

to the FL L amino acid sequence of SEQ ID NO: 80, or (¢} a combination of (a) and (b).

The CD 2R antigen-binding protein of any one of the preceding embodiments, which is an

antigen-binding fragment of an antshbody.

The CD112R antigen-binding protein of any one of the preceding embodiments, which is an

antibody protein product, optionally, an scFv.

7i
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16.

17.

18.

19.

A polypeptide comprising an amino acid sequence of a SEQ ID NO: of Table A1, Bl, or C1,
or a variant sequence thereof which has at least or about 90% or about 93% sequence identity

to the amino acid sequence of the SEQ 1D NO: of the Table, or a combination thereof.

. A conjugale comprising a CD112R antigen binding protein or polypeptide of any one of the

preceding embodiments and a heterologous moiety.

. The conjugate of embodiment 12, comprising an amino acid sequence of the antigen binding

protein or polvpeptide fused to ancther amine acid seguence.

. A nucleic acid encoding the CD112R antigen binding protein or polypeptide or conjugate of

any one of the preceding embodiments.

. A nuclete acid encoding a light chain, a heavy chain, or both a light chain and a heavy chain

of the antibody of embodiment 9 or 10

The nucleic acid of embodiment 14 or 15, wheremn the nucleotide sequence encodes (a) a HC
variable region amino acid sequence set forth in Table B1 or a vaniand sequence thereof which
differs by only 1-13 amino acids or which hag at least or about 96% or about 95% sequence
identity to the HC variable region amino acid sequence of Table BL; (b) a LT vanable region
amino acid sequence set forth in Table B1 or a variant sequence thereof which differs by only
1-15 amino acids or which has at least or about 90% or about 93% sequence identity to the

LC variable region ammno acid sequence of Table Bl, or {(¢) both (a) and (b).
A vector comprising one or more nucleic acids of any one of embodiments 14-16.

A bhost eoll comprising one or more nucleic acids of any one of embodiments 14-16 or one or

more vectors of embodiment 17.

The host cell of embodiment {8, wherein the host cell produces a CDEH 2R antigen binding

protein of any of embodiments [-10.

. A TIGIT antigen-binding protein optionally, an astibody or astiges-binding fragment thereof,

comprising (a) a heavy chain (HC) complementaniy-determining region {CDR) 1 amino acid
sequence set forth in Table A2 or a variant sequence thereof which differs by only 1-4 amino
acids or which has at least or about 90% sequence identity; (b) an HC CDR2 amino acid

sequence set forth in Table A2 or a variant sequence thereof which differs by only 1-4 amino
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acids or which has at lcast or about 90% sequence identity; (¢) an HC CDR3 amino acid

sequence set forth in Table A2 or a variant sequence thereof which differs by only -4 amino

acids or which has at least or about 90% sequence idenitty; (d) a light chain (LC) CDR1

amine acid sequence set forth in Table A2 or a vartant sequence thereof which differs by only

1-4 amino acids or which has at least or about 30% sequence identity; {¢) an LC CDR2 amino

acid sequence set forth i Table A2 or a variant sequence thereof which differs by only -4

aming acids or which has at least or about 90% sequence identtty; () as LC CDR3 ammo

acid seguence set forth in Table A2 or a variant sequence thereof which differs by only 1-4

amino acids or which has at least or about 90% sequence identity; or (g) a combination of any

two or more of (a)-(f).

21. The TIGIT antigen binding protein of embodiment 20, comprising:

a LC CDR1I amino acid sequence comprisiag Gln27, or a conservative amino acid
substitution thereof, Ser28, or a conservative amino acid substitution thereof, or any
combination thereof, a LC CDR2 amine acid sequence compnsing Glul, ora
conservative amino acid substitution thereof; and a LC CDR3 amino acid sequence
comprising S¢r¥l, or a conservative aming acid substitution thereof, Ser%2, or a
conservative amino acid substitution thereof, Ser93, or a conservative amino acid
substitution thereof, Leu94, or a conservative amino acid substitution thereof, or any
combination thereof; a HC CDR1 amino acid sequence comprising Val32, or a
conservative amino acid substitution thercof, Tyrd3, or a conservative amino acid
substitution thereof, or any combination thereof; 3 HC CDR2 amino acid sequence
comprising TyrS2, or a congervative amino acid sabstitution thercof, TyrS4, or a
conservative amino acid substitution thereof, Tyr3S, or a conservative amino acid
substitution thercof, Ser36, or a conservative amino acid substitution thercof, GIyS7,
o1 a conservative amino acid substitution thereof, GiyS8, or a conservative aming
acid substituiion thereof, ThrS9, or a conservative amino acid sabstitution thereof,
Tyré8, or a conservative amino acid substitution thereof, Pro63, or a conservative
amino acid substitution thereof, Arg66, or a conservative amino acid substitution
thereof, or any combination thereof; and a HC CDR3 amino acid sequence
comprising Helf2, or a conservative amino acid substitution thereof, Alaifd, ora
conservative amino acid substitution thercof, Gly187, or a conservative amino acid
substitution thereof, Tyrld8, or a conservative aminoe acid substitution thereof,

Phel9, or a conservative amino acid substitution thereof, Tyr118, or a conservative



WO 2022/015853 PCT/US2021/041625

aming acid substitution thereof, Tyrl 11, or a conservative aminoe acid substitution
thereof, or any combination thereof, wheren the position number is relative the LC

variable region amino acid sequence of the TIGIT antigen binding protein

b. aLC CDRI aming acid sequence comprising Gm27, or a conservative aming acid
substitution thereof, Ser28, or a conservative amino acid substitution thereof, Val28,
or a conservative anuno acid substiution thereof, Ser38, or a conservative amino
acid subsiitution thereof, Ser31, or a conservative amino acid substitution thereof]
Thr32, or a couservative amino acid substitution thereof, Tyr33, or a conservative
amino acid substitution thersof, or any combination thereof; a LC CDR2 amino acid
sequence comprising Glul, or a conservative amino acid substitution thereof, Be2, or
a conservative aminoe acid substitution thereof, Seré8, or a conservative amno acid
substitution thereof, GIy69, or a conservative amino acid substitution thereof, or any
combination thereof; a LT CDR3 amino acid sequence comprising Tve92, or a
conservative amino acid substitution thereof, Asp93, or a conservative amino acid
substitution thereotf, Vai%4, or a conservative aminoe acid substitution thereof, Ser93,
ot a conservative amince acid substitution thereof, Pro96, or a consgrvative amino
acid substitution thereof, Trp97, or a conservative amino acid subsiiiution thereot, or
any combination thereof, a HC CDR1I amino acid sequence comprising GIy32, ora
conservative amino acid substitution thereof, Tyr35, or a conservative amino acid
substitution thereof, or any combination thereof, a HC CDR2 amino acid sequence
comprising Tyr32, or a conservative aming acid substitution thereof, TyveS4, or a
conservative amino acid substitution thereof, TyrS5, or a conservative amino actd
substitution thereof, SerS6, or a conservative amino acid substitution thereof, Serss,
or a conservative anuno acid substitution thereof, ThrS8, or a conservative amine
acid substitution thereof, Phed8, or a conservalive amino acid substitution thereof,
Pre63, or a conservative aming acid substitution thereof, Lys66, or a conservative
aming acid substitution thereof, or any combination thereof, a HC CDR3 aming acid
sequence comprising Arglf2, or a conservative amino acid substitution thereof,
Asnlé4, or a conservative amino acid substituiion thereof, Trpl85, or a conservative
amine acid substitution thereof, Asniéis, or a conservative aming acid substifution
thereof, Tyrifi7, or a conservative amino acid substitution thereof, or any
combination thereof, wherein the position number is relative the LC variable region

amino acid sequence of the TIGIT antigen binding protem
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¢. aLC CDRI amino acid sequence comprising Arg38, or a conservative amino acid
substitution thereof, Arg3l, or a conservative amino acid substitution thereof, Tyr32,
or a conservative amine acid substitution thereof, or any combination thereof, a LC
CDR3 amino acid sequence comprising Ser%i, or a conservative amino acid
substitution thereof, Tyr82, or a conservative amino acid substitution thereof, Ser93,
or a conservative anuno acid substitution thereof, Thr94, or a conservative amine
acid substitution thereof, or any combimation thereof , wherein the position number s
relative the LC variable region amino acid sequence of the TIGIT antigen binding
protein; a HC CDR1 amino acid sequence comprising Thed8, or a conservative
amino acid substitution thereof, Gly31 or a conservative amino acid substitution
thereof, Tyr32, or a conservative amino acid substitution thereof, Tyr33, ora
conservative areino acid substitution thereof, or any combination thereof, a HC
CDRZ amuno actd seguence comprising Trpd7, or a conservative amino acid
substitution thereof, a Trp38, or a conservative aming acid substitution thereof,
SerS2, or a conservative amino acid substitution thereof, ThrS4, or a conservative
aming acid substitution thereof, SerSS, or a conservative amino acid substitution
thercef, Ala%7, or a conservative amino acid substitution thereof, Thri8, or a
conservative amino acid substitution thereof, GIy59, or a conservative amino acid
substitution thereof, Tyré8, or a conservative aming acid substitution thereof, GInss,
or a conservative aming acid substitution thereof, or any combination thereof;, a HC
CDR3 anuno acid sequence comprising Asnifi, or a conservative aminge acid
substitution thereof, Serif2, or a conservative amino acid substitution thereof,
Vall03, or a conservative amino acid substitution thereof, Len184, or a conservative
amino acid substitution thereof, Tyri85, or a conservative amino acid substitution
thercof, Tyrid6, or a conservative amino acid substitution thereof, Tyri®7 ora
congervative amino acid substitution thereof, or any combination thereof; wherein the
position number is relative the HC vartable region amino acid sequence of the TIGIT

antigen binding protein;

d. aLC CDRI amino acid sequence comprising GIn27, or a conservative amino acid
substitution thereof, Leu38, or a conservative amino acid substitution thercof, Ser32,
or a conservative aming acid substitution thereof, or any combination thereof;, a LC
CDR3 aminoe acid sequence comprising Ser96, or a conservative amino acid
substitution thereof, He®7, or a conservative amino acid sabstitution thereof, Gin98,

or a conservative anunc acid substitution thereof, Leu%8, or a conservative amine

7
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acid substitution thereof, or any combination thercof, a HC CDRY amino acid
sequence comprising Asp3d, or a conservative amino acid substitution thereof, a HC
CDR2Z anuno acid seguence comprising TyrS2, or a conservative aming actd
substitution thereof, a TyrS4, or a couservative amino acid substitution thereof,
Tyr35, or a conservative amino acid substitution thercof, SerS6, or a conservative
ammo acid substitution thereof, GIvS7, or a conservative amino acid substitution
therecf, GiyS8, or a conservative amino acid substitution thereof, ThrS9, or a
conservative amino acid substitution thercof, Tyréd, or a conservative amino acid
substitution thereof, Pro63, or a conservative amino acid substitution thereof, Lys66,
or a conservative aming acid substitution thereof, or any combination thereof; a HC
CDR3 amino acid sequence comprising Held2, or a conssrvative amino acid
substitution thereof, Alal®4, or a conservative amino acid substitution thereof,
Givif7, or a conservative amino acid substitution thereof, Tyrif8, or a congervative
amme acid substitution thereof, Phell?, or a conservative aminoe acid substitution
thereof, Tyr11, or a conservative amino acid substitution thereof, Phelll, ora
conservative amino acid substitution thereof, or any combination thereof; wherein the
position sumbee is relative the HC vartable region amino acid sequence of the TIGIT

aniigen binding protein;

The TIGIT antigen-binding protein of embodiment 20 or 21, comprising six CDR amino acid
sequences fisted in a single row of Table A2 or comprising six CDR amino acid sequences
sclected from the group consisting oft (a) SEQ ID NOs: 113-118; (b SEQ 1D NOUs: 123-128;
{c) SEQ ID NOs: 133-138: (d) SEQ ID NOs: 143-148; (¢) SEQ ID NOs: 133-158; (f) SEQ ID
NQOs: 163-168; (g) SEQ ID NQs: 173-1738; ¢hy SEQ ID NOs: 183-188, (1) SEQ ID NQs: 193-
198, (1) SEQ ID NQOs: 203-208, (k) SEQ 1D NOs: 213-218, (1) SEQ [D NOs: 223-228, and
{m) SEQ 1D NOg: 2013-2018,

. The TIGIT antigen binding protera of any one of embodiments 20-22, comprising (a) a HC

vartable region amino acd sequence set forth in Table B2 or a vanant sequence thercof which
differs by only 1-135 amino acids or which has at least or about 96% or about 95% sequence
wlentity fo the HC variable region amino acid sequence of Table B2; (b) a LC vartable region
aming ackd sequence set forth in Table B2 or a variant sequence thereof which differs by osly
1-13 amine acids or which has at least or about 90% or about 93% sequence identity to the

LC variable region ammo acid sequence of Table B2, or {¢) a combination of (a) and (b}.
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24. The TIGIT antigen-binding protein of embodiment 23, comprising a pair of HC variable

b

v
o

region and LC variable region amino acid sequences listed in a single row of Table B2 or
comprising a pair of amino acid sequences selected from the group consisting of: {a) SEQ 1D
NOs: 111-112, (b) SEQ 1D NOs: 121122, (¢} SEQ ID NOs: 131-132, (d) SEQ ID NOs: 141-
142, {¢) SEQ ID NQs: 151152 ([} SEQ ID NQs: 161-162, {g} SEQ ID NOs: 171172, (h)
SEQID NGs: 181-182, () SEQ D NQs: 191-192, () SEQ ID NOs: 201-202, (k) SEQID
NOs: 211-212, (1) SEQ 1D NOs: 221-222, and (ra) SEQ ID NQs: 2011-2012.

. The TIGIT antigen binding protern of any one of erabodiments 20-24, comprising (a) a {ull-

length (FL) HC amino acid sequence set forth in Table B2 or a variant sequence thereof
which differs by only 1-50 amino acids or which has at least or about 90% or about 95%
sequence wdentidy to the FL HC amino acid sequence of Table BZ; (b) a FL LC aminc acid
sequence set forth in Table B2 or a variant sequence thercof which differs by only 1-30
amino acids or which has at least or about 90% or about 5% sequence wdentity to the FL LC

amino acid sequence of Table B2, or (¢} a combination of {a) and (b).

. The TIGIT antigen-bindiog protein of embeodiment 23, comprising a pair of full-leagth (FL)

HC and FL LC amino acid sequences listed in a single row of Table B2 or comprising a pair
of amino acid sequences selected from the group consisting oft (a) SEQ ID NOs: 109110,
(b) SEQ TD NOs: 119-120, (¢) SEQ 1D NOs: 129-130, (d) SEQ ID NOs: 139-1406, () SEQ
1D NOs: 149-150, () SEQ D NOs: 159-160, () SEQ 1D NOs: 169-170, (h) SEQ 1D NOs:
179-180, (1) SEQ 1D NOs: 189-190, {j) SEQ 1D NOs: 199-200, (k) SEQ 1D NOs: 209-210, ()
SEQ ID NOGs: 219-220, and (m) SEQ ID NOs: 2009-2010,

. The TIGIT antigen-binding protein of any one of embodiments 20-26, which is an antibedy.

. The TIGIT antigen-binding protein of embodiment 27, comprising:

{a) aleavy chain (HC) complementarity -detenmining region (CDR} 1 amino acid
sequence of SEQ ID NO: 203 or a vanant sequence thereof which differs by only 1-4
amino acids or which has at lcast or about 90% sequence identity; (b} an HC CDR2
araino acid sequence of SEQ 1D NO: 204 or a variant sequence thereof which differs
by only 1-4 amine acids or which has at least or about 90% sequence identity; {¢) an
HC CBR3 amino acid sequence of SEQ ID NO: 205 or a variant sequence thercof
which differs by only 1-4 amino acids or which has at least or about 90% sequence

identity; (d) a light chain (1.C) CDR1 amino acid sequence of SEQ D NO: 206 or a
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variant sequence thercof which differs by only 1-4 amino acids or which has at least
or about 90% sequence identity; (¢} an LC CDR2 amino acid sequence of SEQ ID
NG: 207 or a variant sequence thercof which differs by only 1-4 asuno acids or
which has at least or about 90% sequence ideniity; () an LC CBR3 amino acid
sequence of SEQ ID NO: 208 or a variant sequence thercof which differs by only 1-4

ammno acids or which has at least or about 90% sequence identity; or

) 3 heavy chain (HC) complementarity-deternuning region (CDR) 1 amino acid

sequence of SEQ 1D NO: 223 or a variant segquence thereof which differs by only 1-4
amino acids or which has at least or about 90% sequence identity; (b) an HC CDR2
amino acid sequence of SEQ ID NO: 224 or a variant sequence thereof which differs
by only 1-4 amino acids or which has at least or about 90% sequence identity; (¢) an
HC CBR3 amino acid sequence of SEQ D NO: 225 or a variant seguence thereof
which differs by only 1-4 amino acids or which has at feast or aboot 90% sequence
wdentity; (d) a light cham (LC) CPR1 aminoe acid sequence of SEQID NO: 226 or a
variant sequence thereof wiuch differs by only 1-4 ammo acids or which has at least
or about 0% sequence identity; {¢) an LC CDR2 amino acid sequence of SEQ D
NO: 227 or a variant sequence thersof which differs by only 1-4 amino acids or
which has at least or about 90% sequence identity; (€ an LC CDR3 amino acid
sequence of SEQ ID NQO: 228 or a vanant sequence thereof which differs by only 1-4
aminoe acids or which has at least or about 90% sequence wdentity; or

comprising (a} a HC variable region araino acid sequence of SEQ IDNO 201 or a
variant sequence thercof which differs by only 1-13 amino acids or which has at least
or about 90% or about 93% scquence 1dentity to the HC variable region amino acid
sequence of SEQ ID NG: 201; (b) a LT variable region amino acid sequence of SEQ
1B NO: 202 or a vanant sequence thereof which differs by only 1-13 amine acids or
which has at least or about 90% or about 93% sequence identity to the LC variable
region amino acid sequence of SEQ 1D NO: 202, or (¢} a combination of {a) and {b);
or

comprising {a) a HC vanable region amino acid sequence of SEQ ID NQ: 221 or a
variant sequence thereof which differs by only 1-13 amino acids or which has at feast
or about 90% or about 95% scequence idenlity #o the HC variable region amino acid
sequence of SEQ ID NG: 221; (b) a LC variable region amino acid sequence of SEQ
1D NG: 222 or a variant sequence thereof which differs by only 1-13 amine acids or

which has at least or about 90% or about 95% sequence identity to the LC variable

78



WO 2022/015853 PCT/US2021/041625

29.

30.

(9%
i

34

region amine acid sequence of SEQ 1D NO: 222, or {¢) a combination of {a} and (b);
or

{c) (a)a full-length (FL) HC amino acid sequence of SEQ D NO: 199 or a variant
sequence thereof which differs by only 1-30 amino acids or which has at least or
about 90% or about 95% sequence 1dentity to the FL HC amino acid sequence of
SEQ D NG: 199; (b) a FL LC amine acid sequence set forth of SEQ ID NG: 200 or
a vartant sequence thereof which differs by only 1-50 amino acids or which has at
least or about 90% or about 95% sequence identity to the FL LC amino acid sequence
of SEQ 1D NG: 200, or {¢) a combination of (a) and (b); or

{f) {a}a full-length (FL) HC amino acid sequence of SEQ ID NO: 219 or 4 variant
sequence thereof which differs by only 1-30 amino acids or which has at least or
about 90% or about 95% sequence identity to the FL HC amino acid sequence of
SEQ 1D NO: 219; (b) a FL LC asmuao acid sequence set forth of SEQ ID NG: 220 or
a vartant sequence thercof which differs by only 1-30 amino acids or which has at
feast or about 90% or about 95% sequence identity to the FL LT anune acid sequence

of SEQ ID NG: 229, or {¢) a combination of (a} and (b).

The TIGIT antigen-bindiag protein of any one of embodiments 20-26, which is an antigen-

binding fragment of an antibody.

The TIGIT antigen-binding protein of any one of embodiments 20-26, which is an antibody

protein product, optionally, an scFv,

31. A polypeptide comprising an amino acid sequence of a SEQ 1D NO: of Table A2, B2, or C2,

or a variant sequence thereof which has at least or about 90% or about 95% sequence dentity

to the amino acid sequence of the SEQ D NO: of the Table, or a combination thereof.

. A conjugate comprising a TIGIT antigen binding protein or polypeptide of any one of the

preceding embodiments and a heterologous moiety.

. The conjugate of embodiment 32, comprising an amino acid sequence of the antigen binding

protein or polypeptide fused to another araino acid sequence.

A nucleic acid encoding the TIGIT antigen bindmg protein or polypeptide or conjugate of

any one of the preceding embodiments.
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35.

36

39,

40.

41

A nucleic acid encoding a light chain, a heavy chain, or both a light chain and a heavy chain

of the antibody of embodiment 27 or 28.

. The sucleie acid of embodiment 34 or 35, wherein the nucleotide sequence encodes (a) a HC

variable region amino acid sequence set forth in Table B2 or a vanant sequence thereof which
differs by only 1-13 amino acids or which has at least or about 90% or about 95% sequence
identity to the HC variable region ammo acid sequence of Table B2; (b) a LC variable region
aming ackd sequence set forth in Table B2 or a vanant sequence thercof which differs by only
1-13 amine acids or which has at least or about 90% or about 93% sequence identity to the

LC variable region ammo acid sequence of Table B2, or (¢} both {a) and ().

7. A vector comprising one or more auclete acids of any one of embodiments 34 to 36.

. A host cell comprising one or more nucleic acids of any one of embodiments 34 to 36 or one

or more vectors of embodiment 37.

The host cell of embodiment 37, wherein the host cell produces a TIGIT antigen binding

protein of any of embodiments 20-30.

A composition comprising a CD2R antigen binding protein of any one of embodiments 1-

10 and a TIGIT antigen binding protein of any one of embodiments 20-30.

The composition of embodiment 40, wherein (A) the CD112R antigon binding proteinis 181,
1E1.016, 24F1, 29510, 24F1.001, 29E10_CONS.020, 29E10_CONS.021,
29E10_CONS.022, 29E10_CONS.025, 11E4, 31B3, 27(G12, 28F9, 28H7, or 36C8 as
described in Table Al or Table Bl, optionally, 24F1, 29510 CONS 620 or

29E10 CONS.022, (B) the TIGIT antigen binding protein is any one of 35G7.041.008,
S8A7.003.008.075, 4G10, 11A3, 2888, 39D2, 4387, 55G7. 66H9, 43B7.002.015,
38A7.003.08, 66HY.009, or 38A7 as described in Table A2 or Table BZ, optionally,
43B7.002.015 or 66H9.009, or a combination of (A} and (B).

. The composition of emboduvent 40 or 41, compusing (A) 24F1 and 43B7.002.015, (B) 24F1

and 66HS.009, (C) 29E10_CONS.020 and 43B7.002.015, (D) 29E10_CONS.020 and
66H9.009, (E) 29E10_CONS.022 and 43B7.002.015, (F) 29E10_CONS.022 and 66H9.009,
{(G) 43B7.002.013 and 1E1.016, (}1) 43B7.002.013 and 24F1, (I} 43B7.002.015 and 29E10,
{J) 66HS.009 and 1E1.016, (K) 66H9.009 and 29E10, (L) 43B7 and 29E10, (M) 43B7 and
24F1, or (NY43B7 and 11E4.
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43

44,

45.

46.

47.

48.

. The composition of any one of claims 40-42, wherein the CD112R antigen binding protein

and the TIGIT antigen binding protein is present in the composition at a ratio of about 111,

The composition of any one of embodiments 40-43, further comprising a third antigen

binding protein which targets PD-1.

The composition of embodiment 44, wherein the third antigen bindmg protein is any PD-1
antigen binding proteins described m International Patent Application No.

PCT/US2019/0132035, which published as WO/2019/140196.

The composition of embodiment 44 or 45, wherein the third antigen binding protem
comprises a HC variable region amino acid sequence of SEQ 1D NO: 2033 and a LC variable

region amino acid sequence of SEQ 1D NG: 2034,

A kit comprising an antigen-binding protein of any one of embodiments 1-10, the polypeptide
of embodiment 11, the conjugate of embodiment 12 or 13, the nucleic acid of any one of
embodiments 14 to 16, the vector of embodiment 17, the host cell of embodiment 18 or 19,
an antigen-binding protein of any one of embodiments 20-30, the polypeptide of embodiment
31, the conjugate of erbodiment 32 or 33, the nucleic acid of embodiment 34 to 36, the
vector of embodiment 37, the host cell of embodiment 38 or 39, a composition of any one of

embodiments 40-46, or a combination thereof, and a contamner.

A pharmaceutical composition comprising an antigen-binding protein of any onc of
embodiments 1-10, the polvpeptide of embodiment 11, the conugate of embodiment 12 or
13, the nueleie acid of any one of embodiments 14 to 16, the vector of embodiment 17, the
host cell of embodiment 18 or 19, an antigen-binding protein of any one of embodiments 20-
30, the polypeptide of embodiment 31, the conjugate of embodiment 32 or 33, the nucleic
acid of emboediment 34 {0 36, the vecior of embodiment 37, the host cell of embodimment 38 or
39, a composition of any one of embodiments 40-46, or a combigation thereof, and a

pharmaceutically acceptable camer, excipiont, or diluent.

9. A method of making CD112R antigen-binding protein comprising culturiog the bost cell of

any one of embodiments 18 or 19 so as to express the CD112R antigen-binding protein and

harvesting the expressed CD112R antigen-binding protem.
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<

. A method of making TIGIT antigen-binding protein comprising culturing the host cell of any
one of embodiments 38 or 39 so as to express the TIGIT antigen-binding protein and

harvesting the exprossed TEGIT antigen-binding protein.

L
pom

. A method of treating a subject 1n need thereof, comprising administering to the subject in
need thereof a pharmaceutical composition of embodiment 48 in an amount sffective to treat

the subject.

>y
28]

2. The method of embodiment 51, wherein the subject has a sclid tumor and the pharmaceutical
composition 1s administered to the subject in an amount effective to treat the solid tumor in

the subject.

(¥
o5

3. A method of treating a subject in need thereof, comprising administering to the subject in
need thereof a fiest pharmaceutical composition comprising a CD112R anligen binding
protein and a TIGIT antigen binding protein and a second pharmaceutical composition

comprising PD-1 inhibitor.

34, The method of embodiment 53, wherein the subject has a solid fimor and the first
pharmaceutical composition and second pharmaceutical composition are administered in

amounts effective to treat the solid tumor in the subject.
[60228] The following examples are given merely to illustrate the prosent invention and not s any way
to limit 15 scope.
EXAMPLES
EXAMPLE 1
[80221]  This example describes TEGIT family recoptor and ligand expression in cancer and norrmeal T
colls.

[80222] Correlation analyses were performed with RNAseq data from The Cancer Genome Atlas
(TCGA) on multiple tumor indications to assess co~oxpression of TIGIT family members with each other
and with PD)-1. The same analyses were performed for the ligands of the TIGIT family members and PD-
1. The tumor indications mcluded Breast Invasive Carcinoma (BRCA), Kidney Renal Clear Cell

Carcimoma (KIRC), -Neck Sguamouns Cell Carcinoma (HNSC}), and Skin Cutancous Melanoma (SKCM).

[80223]  Asshown in the top row of Figure 1A, most of the TIGIT family receptors showed positive

correlation with each other in most fumor indications, suggesting that many of these receptors are co-
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exprossed in a cancer or fumor sctiing. In contrast, the ligands of the TYGIT family members showed
hmited correlation (bottom row of Figure 1A}, the best correlation being CD112 and CD1335. The rest

did not show good correlation with each other or with PD-L1.

[80224] Single cell RNAseq data from tumor infilirating lymphocytes (T1Ls) from human bver
carcinoma also were analyzed, and the data suggested that, while TIGIT and PD-1 expression overlap,
CD 2R expression was broader (Figure 1B). Stmilar results were obtained from additional single cell
RMNA seq datasets frora TILS from colorectal cancer (CRC) and non-small cell lung cancer (NSCLC)

(data not shown).

[80225] CD112R is the most recent addition to the TIGIT family of receptors. It was proviously shown
to be expressed on NK cells and activated T cells, and predominantly expressed on CD8 T cells. CDIHI2R
gxpression was confirmed as being induced on CD8 T cell upon activation and that a significant
proportion of these cells also co-expressed PD-1 and TIGIT, consistent with the pattern suggested by the

scRNAseq data (Figure 1C).

[80226]  To ascertain the expression of CDVIZR, TIGIT, and PD-1 and the higands CD112 and CD133
in primary human cells, the expression of these molecules on tomor-infiltrating tnmuone cells and tumor
cells from human tumor tissues was evaluated. Amongst the oo ited number of samples, the relative
expression of the receptors detectable by FACS were highly variable (Figure 1D). Additionally, it was
observed that the Ligand expression on Epcam+ {D45- tumor cells versus Epcam- CD45+ immune cells
was significantly different. As shown in Figure 15, CD112 and CD135 were co-expressed at high levels
i Hpcam+ C435- tweor cells but were expressed at low levels on mfra-turaor amune cells, with
significantly fewer cells expressing both higands. CD45+ Epcam- myeloid cells in PBMC showed very

few, if any, cells co-expressing these ligands.

[80227]  These results demonstrate the expression patterns for CDIIZR, TIGIT, and PD-1.
EXAMPLE 2

[60228] This example demonstrates CD112R blockade enhances T cell responses.

[80229] To demonstrate the function of CDHI2R in T cells, an in vitro assay sysiem using engmeered
CHO cells that stably expross CD112 and CD3 engager was developed. Purified buman pan T cells were
pre-activated with CD3/CD28 antibodies and theo allowed to rest. When CD112R expressed on the
surface of the T celis binds to CD112 expressed on the surface of the CHO cells, 1L-2 release is expocted
to be suppressed. An illustration of the assay is provided n Figure 2A. The T cells were confirmed as
having mduced CD112R expression on the coll surface (Figure 2B). The ability of tool antibodics to bind

to CD112R and block 11.-2 release was tested using this assay system. Tool antibodies (PL-32575; PL-

83



WO 2022/015853 PCT/US2021/041625

52576, and PL-523577) demonstrated dose-dependent binding to cells expressing huCD1I12R (Figure 2C)
and the relative affity/avidity of these antibodies correlated with their ability to block ligand binding

(Figure 21}, A summary of the EC30s and 1C50s of these teol antibodies are provided in the table below.

PL-32573 P1-52576 PL-32577 Human CD112
Ligand
EC30 (ng/mL) 3888 1100 2613 1606
EC30 (nM) 2.59 7.33 19.42 12.75
IC50 (ng/mb) 319 100.3 6.4 Nd
IC50 (nM) .21 6.67 0.04 Nd
Max. Inhibition 100 40 101
(Vo)

[802306]  Using this assay system, tool antihodies dose-dependently enhanced T coll activity in the
presence of CD 1 2-expressing CHO cells (blue circles, red squares and green triangles of Figure 2E).
The ability of the antibodies to induce activity was dependent on the presence of CD112 on CHO cells, as
when CHO cells were mock transfected with empty vector and did not express CD 112, the T cell activity

was not enhanced. These data suggest that CD112 wateraction with CDTI2R inhibits the T cell response.

[80231]  As previously shown, CD112 engages CD226 to induce a costimulatory signal. Importantly,
CD1i2-mediated co~stimulation of T cells, in the absence of CDTI2R, is entirely driven by CD226
{Figure 2F), further confirnung that CDE12R primardy inhibits CD226-dependent costimulatory signal by

binding to the same ligand as does CD226.

[60232] Those results suggest CD112R blockade as a good strategy for enhancing the T cell response.
EXAMPLE 3

166233]  This example demonsirates the geaeration of C112R mosoclonal astibodies (mAbs).

[60234] Full human antibodics to human CD112R were generated as follows.

{80238)  Generation of anii-CDI1{ 2R fmmune Responses

{30236]  Mowuse Strains

[80237] Fully human antibodies to human CD1I2R were generated by immmunizing XENOMOUSE®
transgenic mice {U.S. Pat. Nos. 6,114.398; 6,162.963.6,833.268; 7,049.426; 7,064,244 which are
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mcorporated herein by reforence in their entivety; Green et al., 1994, Narure Genetics 7:13-21; Mendez ot
al., 1997, Nature (Genetics 15:146-136; Green and Jakobovits, 1998, J. £x. Med, 188:483-493; Kellerman
and Green, Current Opinion in Biotechnology 13, 593-397, 2002). Anuuals from the XMG4-K, XMG4-
KL, XMG2-K, and XMG2-KL XENOMOUSE® sirams were used for these immurnizations. In addition,

a custom XMG2 CD12R KO mouse strain was generated (Horizon Discovery).
160238)  Tmmunizations

[8023%]  Antibody repertoires were gencrated using multiple different inununization sirategies applied
to various XenoMouse straing including the XenoMouse knock out strain XMG2Z CD1HI2R KO, Antmals
were bled, and plasma collected at various time points during the immunization studies ranging from 4

weeks to 10 weeks to asses tor CD112R-specific titers.

i60240]  CD112R-specific serum titers were monitored by live-cell FATUS analysis on an Accuri flow
cyiometer. Briefly, HEK 293 cells were mock-transfected or iranstiently (ransfected with either haman or
cynomolgus CDHI2R. Sera from mmumnired animals was diluted 100-fold and incubated on the
transfected cells for | hour onice. The cells were then washed to remove unbound antibodics and a
sccondary andi-human lgG Fe specific antibody labeled with Cv3 was incubated on the celis for an
additional 15 nunutes at 4 degrees. The cells were washed once to remove unbound secondary antibody
and flucrescent signal on the cells was guantitated by FACS. Anumals with the highest antigen-specific
serwm native titers directed agaimst human and cynomolgus CB112R were used for hybridoma generation
{(Kohler and Milstemn, 1975). The strains of antmals for Harvest Tand Harvest 3 were XMG2/XMG4, and

the stram from Harvest 2 was XMG2kl

§80248)  Preparation of Monoclonal Antibodies

f60242] Hybridoma Generation

[80243]  Animals exiubiting suttable serum titers were identificd and lymphocytes were obtained from
splocn and/or dratming lymph nodes. Pooled lymphocyies (from cach harvest) were dissociated from
vmphotd tissoe by grinding in a suitable medium (for example, Dulbecco™s Modified Eagle Mediam
(DMEM); Invitrogen, Carlsbad, CA). B cells were selected and/or expanded using standard methods and
fused with a suitable fusion pariner using technigues that were known in the art. Antibody producing
bybridomas were subsequently plated using FACS-based antigen specific sorting or by standard

polyelonal plating techniques.

§80244)  Awntigen Specific Staining of Hybridoma Cells:

=
th
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[60245] Hybridoma cells were removed from the flask and washed in sterile FACS buffer (2% FBS
PBS). Cells were then stained with the soluble human CD1I2R protein and incubated at 4 degrees
Celsius for 1 hour. Cells were washed again in FACS buffer and stained with 1 mL of detection cocktail
containing 5 pg/al of Alexa Fluor 488 conjugated F(ab™)2 fragraent goat anti-haman IgG Fe (Jackson,
Cat: 109-346-098) and Alexa Fluor 647 conjugated streptavidin {Jackson, Cat: $16-600-084) then
incubaied at 4 degrees Celsius for 30 minutes in the dark. Cells were washed again in FACS buffer,
resuspended in media and then put through a 40-micron cell strainer {o remove aggregated cells. Antigen
specific cells were sorted vsing BD FACSAra 3 by galing on population exiubiting both Alexa Floor 488

and Alexa Fluor 647 fluorescence (IgG+ and antigen binding cells).

[80246]  The sorted cells were culiured for a few days in hyvbridoma media. After confirming the
successful enrichment of CD1I2R specific cells, the hvbridomas wers then single coll sorted nto 384~
well mxicrotiter plates using B FACSAria 3. After 2 weeks of culture, supernatants from the mucrotiter

ates were collected and screened for CD 12K binding.
[80247)  Initial Selection of CDI112R Specific Binding Antibodies

[80248] The order of the screening assays used to wentfy and select anttbodies to buman CD1T12R 8

shown in Figure 3,
[80248)  Human CDII2R Specificity Assay

[B0238]  Transfected cells were used to assess an antibody’s binding specificity using flow cytometry
on host Homan Embryonic Kidney (HEK) 2937 cells as follows. Proteins were expressed on HEK 2937
cells by transfection using human CD112R, murine CDTI12R, rat CD1I2R, human CD96, human CD226
or control expression vectors, Gibeo™ Opti-MEM® media (Gibeo, Cat. No. 31985088 and 293 Fectin™
reagent {Invitrogen, Cat. No. 12347019) following the protocol set out by the manufacturer. After 24
hours transfected cells were resuspended i FACS butfer (PBS + 2 % Fetal Bovine Serum) and added to a
S6-well plate. Hybridoma superatant samaples were added soch that 2.5ug/ml final, note the exception
of 11E4 which was tested at 1:10 dilution final, celis were resuspended and incubated for 1 hour at 4°C.
Plates were washed twice with FACS buffer, centrifuged to pellet the cells, supernatant removed and
resuspended in FACS buffer to remove unbound antibody. Alexa Fluor 488-goat anti-human IgG (Fey
fragment specific) secondary (Jackson ImmunoRescarch, Cat. No. 109-545-098) made up in FACS buffer
at Sug/m1 was then added to each well, cells resuspended and incubated for 15 minutes at 4°C. Plates
were washed twice with FACS buffer, centrifuged to pellat the cells, supernatant removed and
resuspended 1n FACS buffer to remove unbound secondary anttbody. Samples were then resuspended in

FACS buffer and read on BD Accuri™ Flow Cyviometer with an Intellicyt HyperCyt autosampler. The
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number of binders to human CD112R for Harvest |, Harvest 2 and Harvest 3 were 2106, 539, and 569,
respectively. The huCD112R sntibodies were selective for human CDEI2R and did not cross-react to

rouse ot rat CD112R (data not shown}.
§8025Y)  Jurkat Human CDII2R/NFAT-Luciferase Reporter Gene Assay (RGA)

[80232]  To screen for hybridomas or purified anti-CD112R antibodies capable of enbancing T-cell
activity by blocking CD112-CD112R interaction, a NFAT reporter assay in Jurkat cells was developed
{Figure 4A). Jurkat celis stably oxpressing human CD1I12R asd NFAT-luciforase reporter {gonerated in
house using Promega’s Jurkat NFAT-luciferase cell line cat# CS176401) were cultured in RPMI 1646
medium (Sigma) supplemented with 10% fetal bovine serum {Sigma), 2mM L-glutamine (Sigma), 10mM
HEPES (Hyclone, GE Healthcare Life Sciences), 1X MEM NEAA (Sigma), 1 X sodium pyruvate
(Sigma), S00ug/mL geneticin (Invitrogen) and 0.5ug/mL puromyvcin {(Invitrogen). The Jurkat NFAT-
hiciferase/CDT12ZR Clone C4 cells were stimulated by engagement of the T-cell receptor by co-culturing
with Chinse Hamster Ovary (CHO K1 cells stably expressing buman CD112 and human T-cell engager
{generated in house). 1 x 10* CHO-K1-CD112+ cells were seedod into white half area 96-well plates
(Costar cat¥ 3688) in full zrowth media containing Nutrient Mixture F12 HAM (Sigma), 10 % fetal
bovine serum, 10 mM HEPES, 500 ug/ml gencticin, 260 ug/ml hvgromycin B (Invitrogen) and
100ug/ml zeocin (Invitrogen) overmght at 370C/5%C02. Following overnight mcebation, growth media
was replaced by 5 x 10* Jurkat NFATIuc/CD112R Clone C4 cells in the presence of hybridoma
supernatants or antibodies, with respective controls, in Assay Media (RPMI 1640 medium supplemented
with 1% fetal bovine serum, 2mM L-glutamine, 10raM HEPES) and mcubated at 370C/5%CO2 for
18hrs. Reporter signal in cach well was determined using Bio-Glo Luciferase Assay System (Promega
cat# G7940) according to the manufaciurer’s recommendation. Luminescence was detected using
EnVision Plate Reader (Perkin Elmer). For single point assay, human IgG in exhausted hybridoma
culture supornatant samples were quantified, normalized to a fixed concentration and fested at 2.0 pg/mL.
Antibodies that resulied 18 a 3-fold or higher induction of NFAT-luciferase signal totaled 216 and were

taken forward for subsequent screens.
{80253)  Primary Cell Binding Assavs

[80234] The binding of hybridoma supematants to CD112R expressed by primary human and
cynomolgus monkey cells were tested by flow cvtometry. For human primary cell binding assay, pucified
human T cells (Biological Specialty Corp.) were thawed and suspended at a concentration of 2.5x10°
colls/mL. T cells were stimulated with § ug/mL of anti-human CD3 clone OKT3 {eBioscience) and |
pe/mL of anti-human CD28 (BD Pharmingen) for 72 hours at 37 °C/5% CO; mn a plate that had been pre-

coated with § pg/mL anit mouse IgG Fe (Piorce). After 72 hours, cells were removed, washed and
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suspended at a concentration of 0.5x10° colls/mL with 10 ng/mL of TL-2 (Pepro Tech). Colls were then
incubated for another 5 days at 37 °C/3 % CO,. For cynomolgus primary cell binding assay, cynomolgus
PBMCs (SNBL) were thawed and suspended in a concentration between 4x10° and 5x10°

celis/mi. PBMCs were stimulaied with 1 pg/mL of anti-hupaan CD3 clone SP34 (BD Pharmingen) and 1
peg/mb of anti-human CD2E (BD Pharmingen) for 72 hours at 37 °C/3 % €Oy in a plate that had been pre-
coated with 3 pg/mL anti-mouse IgG Fo (Pierce). After 72 hours, cells were removed, washed and
suspended at a concentration of 0.5x10° cells/mL with 20 ng/mL of 1L-2 (Pepro Tech). Cells were then

mcubated for asother 7 days at 37 °C/5 % CO..

[80255] Complote mednun changes with fresh 1L-2 additions every 48 to 72 hours were carried out
with both human and cvnoe cells. At cach medium change, cells were suspended in a concentration of
0.5x10° cells/mL.. After the final incubation, cells were prepared for flow cytometry by incubation with
sormalized hybridowma supernatants, positive coutrol antibodics and isotvpe control antibodics at 10
ug/mL final concentration. Alexa Fluor 647 AffiniPure F(ab’)* Fragment Goat Anti-Homan IgG (H+L)
{Jackson ImmunoResecrach) at 3 pg/mE was used for secondary detection and 8.25 nM YoProl
(Invitrogen) was used for a live/dead cell stam. Cells were then run on a BD FACSCanto 11 flow

cyvtometer to detect anti-CD112R antibody binding,

[80256] Over 1200 antibodies in wave | were identified to bind to human CD1I2R receptor transiently
expressed on 2937 cells. Of those, 216 antibodies were found to bind to endogenous human CD112R
receptor exprossed on Jurkat cells and also function as antagonists of CDIIZ2R activity. To identify
antibodies that cross-react with the cynomolgus monkey orthologue of CIDUI2R, the panel of >1200
recombinant human binders was tested for binding to recombinant cyao CD112R trassicutly expressed on
HEK293T cells. Two hundraed seventy four antibodies of the panel were found to bind to cvne CDII2R,
only two (11E4 and 1E1} of which were found to bind to endogenous cyno CDII2R oxpressed on

primary cyno T-colls.
{80257} Second Wave and Antibody Selection

[B0238] A sccond wave of Xenomouse imumuruzations involviag a cusiom-gencrated XMG2 CD1I2R
knock-out (KO} mouse strain, in addition to the XMG2k! strain, was carried out. Hybridoma cells were
generated as ossentially described above, and the screening assays described in Figure 3 were used to
identidy and select antibodies to humas CD11ZR. Representative data of Harvests 6-9 from the second
wave are shows in Figure 4B and 4C. The second wave led (o over 1300 human CD112R-specific
aniibodics, of which 350 resulted in a 3-fold or higher induction of NFAT-luciferase signal as determined

by the Jurkat RGA. In the wave 2 panel of recombinant human CD1I2R binders, only 336 bound to
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recombinant cyno CD112R transiently expressed on 2937 cells, and only 27 antibodics bound to

endogenous cyno CDII2R expressed on primary cyno T-cells,

I60259] A swmmary of characieristics of the antibody barvests from the first and second waves are
provided in Figurcs 3A and 5B. Antibodies that demonstrated antagonist function as determined by the
Jurkat RGA and antigen binding activity as determined by the hwuman and cyno primary cell binding
assays were moved forward to subscquent characterization sereens, sequencing, and affinity

determination.

{30268]  High-throughput KinExd Affinity Ranking of Anti-hCD1 2R dntibodies with Soluble

hCDII2R

[80261]  Select monoclonal antibodies specific for human CD112R were affinity ranked using high
throughput (HT) KinExA method and using a Kd cutoff of 100 pM. This maethod is based on the theory
that when an antibody is equilibrated with an antigen concentration at Kd cutoff and with the Ab
concentration less than the Kd cutoff concentration, then the free Ab present at equilibrinm would be 50%

or fess, i its Kd 15 100pM or less.

[80262]  Briefly, the oxperiment was done by equilibrating 25 pM of each antibody with or without
100pM of hCD112R in PBS/6.05% NaN3/0.01% BSA, for 24 hrs at room temperature. At equilibrium,
the free antibody present in the equilibrium mixture and in the antibody alone tube was measured in
KmExA., PMMA beads coated with hCD112R was used to capture the free Ab and detecied using a
mixture of Mu anti-hig(G2, G3, G4 + Anti-mulgG (H+L) Alexa647.

[80263] The KinExA signal gencrated by antibody alone is taken as 100% Free and the % mnbibited

free fraction (IFF) 18 calculated from the signal measured in presence of antigen as follows:

WIFF KinExA signal obtained in presence of antigen 160
(5 o A p ; ; - - *
KinExA signal obtained in absence of antigen

[80264] The antibodies that demonstrate the lowest %IFF have the highest affinity; conversely, the
antibody that demonstrates highest %IFTF has the lowest affinity and they can be ranked by plotting the
S61FF i a graph. Muonoclonal antibodies that give an IFF of 50% or less should have passed the Kd

cutoff of 100pM meaning they should have a Kd of 100pM or less, respectively.

[80265] The results are shown in Figure 6. Of the ten antibodies analyzed, cight exhibited a Ko below

100 pM and only two exhibited a Kp above 100 pM.
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§80266)  Molecular Rescue and Sequencing of CD 2R Antagonist Antibodies

[80267]  Molecular sequencing of the heavy and light chains of select CD11ZR antibodies was
performed.  Briefly, RNA (total or mRNA) was purified from wells contamung the CD112R antagonist
antibody-producing hybridoma cells using a Qiagen RNeasy mini or the Invitrogen mRNA catchor plus
kit. Purificd RNA was used to amplify the antibody heavy and light chain variable region (V) genes using
cDNA synthesis via reverse transeription, followed by a pelvmerase chain reaction (RT-PCR). The fully
burean antibedy garmnma heavy chain was obtained using the Qiagen One Step Reverse Transcriptase PCR
kit (Qiagen). This method was used to generate the first strand ¢DNA from the RNA teraplate and then to
amplify the variable region of the gamma heavy chain using multiplex PCR. The 57 gamma chain-
specific primer anneated to the signal sequence of the antibody heavy chain, while the 3° primer annealed
to a region of the gamma constant domain. The fullv human kappa light chain was obtained using the
Qiagen Une Step Reverse Transcriptase PCR kit (Qiagen). This method was used to generate the first
strand ¢DNA from the RNA templaie and then to amplify the variabie region of the kappa light chain
using muitiplex PCR. The 37 kappa light chain-specific primer annealed to the signal sequence of the
aniibody light chain while the 3 primor anncaled to a region of the kappa constant domain. The fally
human tanmbda light chain was obtained using the Qiagen One Step Reverse Transcriptase PCR kit
{Qiagen). This method was used to generate the first sirand cONA from the RNA template and then to
amphify the vanable region of the lambda light chain using multiplex PCR. The 3° lambda light cham-
specific primer annealed to the signal sequence of light chain while the 37 primer anncaled to a region of

the lambda constant domain.

180268]  The amplified cDNA was purified enzymatically using exonuclease 1 and alkaline phosphatase
and the purified PCR product was sequenced directly. Amino acid sequences were bioinformatically
deduced from the corresponding pucleic acid sequences. Two additional, independent RT-PCR
amplification and scquencing cveles were completed for cach hybridoma sample to confirm that any
mutations observed were not a conseguence of the PCR. The derived amino acid sequences were then
analyzed to determine the germling sequence origin of the antibodies and to identify deviations from the
germline sequence. The amuno acid sequences corresponding to complementary determiming regions
(CDRs} of the sequenced anttbodies were aligned and these alignments were used o group the clones by
simitarity. The sequences were also analvzed for “hotspots” (residues that were compuiationally
predicted or crupirically determined fo negatively impact the molecule’s expression, purification, thermal
stabihity, colloidal stability, long-term storage stability, s vivo pharmacokinetics, and/or
immunogenicity). The results of the sequence analysis are shown in Figure 7A. Figure 7B lists the

aniibodies analyzed for sequence diversiiy and indicates the VH germbine and HC CDR3 residues. The
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IC50 (uM) as deternmined by the Jurkat RGA for cach antibody 1s also listed. Based on the sequence
diversity analysis and hotspot analysis, the astibody list of Figure 7B was narrowed to the following

antibodies for advancing o the next round of screening: 1EIL, 1184, 27G12, 29E10, 3183 and 24F1.
[80269)  Human CD112R Receptor — Ligand Competition Assay

[80278]  Human CD12R-binding hybridoma supernatants were tested for their ability to block human
CD1I2L using flow cvtometry on beads as follows. Biotinylated human CD112R-Fe was captured on
Streptavidin polvstvrene beads (Spherotech, Cat. No. SVP-60-5) in FACS baffer and incubated for 30
minotes at room temperature. Beads were washed twice with FACS baffer, centrifuged o pellet the
beads, supernatant removed and resuspended in FACS buffer to remove unbound protein. Biotinviated
human CD 2R coated boads were added to a 96-well plate. Hybnidoma supernatant samples were added
such that 3 pg/mL final, beads were resuspended and meubated for 1 hour at room temperature. Zenon™
Alexa Fluor 647 (Molecular Probes, Cat. No. Z23408) labelled CD112-huFc ligand, labelied according to
the protocol described by the manufacture, made up m FACS buffer was added at a final concentration of
370ng/mL, mcubated for 15 minutes at room temperature n the dark. Beads were washed once with
FACS buffer, centrifuged to pellet the beads, supematant removed and resuspended in FACS buffer to
remove unbound ligand. Samples were then resuspended it FACS buffer and read on B Accuri™ Flow

“vtometer with an Intellicyt HyperCyt astosampler.

[00271] The results are shown m Figure 8. As shown n this figure, all six antibodies {1E1, 11E4,
27G12, 296160, 3183 and 24F1) demonstrated significant inhibitory activity, preventing about 0% or
more CD112 ligand from binding to the CDI12R receptor. The inbibitory activity of the six aatibodies

were comparable (o those of two reference anti-CD1 2R antibodies, PL-32575 and PL-52377, having

IC50s as 0.12 oM and 0.10 nM, respectively.
{00272} Competition-based binning for the lead pane! of CI3{ 2R antibodies

{60273 Seclect human CD112R-binding hybridoma supernatants were tested for competition-based
binning by uiilizing the Octet HTX platform. Antibodies were loaded on Anti-HeFc (kinetic) biosensors
ForteBio cat 18-5064 at 2ug/mL for two minutes in an assay buffer comprising 10mM Tris, 0. 1% Triton,
150mM NaCl, imM CaCl2, 8. 1mg/mL BSA, pH7.4. The biosensors were subsequently blocked with
30ug/mL nrelevant HulgG2 in assay buffer for five minutes. CD112R at 1pug/ml. was bound for two
rainutos in assay buffer, then the biosensors were dipped tn assay buffer for one minute to establish a
baseline signal. After the baseline signal was established, antibodies at 2 ug/mb (which were different
from the antibody bound (o the biosensors) were tested for the ability to outcompete the bicsensor-bound

antibody for the binding to CDHI2R. Data was analyzed using FortoBioHT data analysis software V111
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in which the signal at the end of the sccond antibody binding step is determined. 1t the signal at the end of
the second anttbody binding step is different from baseline, then the second antibody outcompetes the

fiest anttbody for binding to CD112R.

[80274] A schematic of the steps of this assay are shown in Figure 9A. In this schematic, the antibody
3183 is bound to the biosensor. If the antibody used in the second antibody binding step is the same as
the antibody bound to the biosensor, then the signal does not change relative to baseline. See agua blue
hine. However, ' the antibody used in the second anitbody binding step is different from the antibody
bound to the biosensor, ¢.g., 24F1, and the signal is higher than the basehine signal, then the second
antibody is placed into Bin A. See purple line. If the antibody used in the second antibody binding step
is different from the antibody bound io the biosensor and the signal is not higher than baseline, then the

antibody is placed into Bin B,

[80275] The results are shown in Figure 9B, As shown in this figore, antibodies 24F1, 27G12, 29E19,
1E1, and 11E4 all competed with cach other and were assigned to Bin A, Antibody 31B3 did not

compete with the other antibodies and thus was assigned to Bin B.
{80276} Binding confirmation to Primary Human and Cyne T-cells

{80277] Primary human and oyae T-cells were prepared and analyzed as essentially described above.
Exhausted hybridoma culture superatants containing the antibodies 1E1, 11E4, 27G12, 29E10, 3183 and
24F1 were quantitated, then titrated for binding on the surface of primary T-cells. Curve fitting analysis

using Prism allowed determination of an EC30 value for binding to the primary cells.

[80278] For all antibodies 1E1, 11E4, 27G12, 29810, 31B3 and 24F1, the ECS0 values for binding to

hoeman T-cells was within 10-fold for binding to the cyso PBMCs.

[60279]  Bricfly, culiured human T cells and cyno PBMCs were incubated with lcad panel starting at
3ug/mL for human or 3 pg/mL for cyvne and fitrated 1 in 3 for the lowest concentration of 0.001 pg/mL
for human and 0.002 pg/ml. for cyno. AF 647 gt antt hu 1eG Fo at 5 pg/mi. was used as a secondary and
YoProl was used as a live/dead cell stain. Exhausted supernatant (ESN) was used for all leads except for
1E1 and 1E3, for these two, purified mAb was used. 1181 which is a structurally close to 11E4 was used
in the assays as there was not enough F1E4 ESN. For analyvas, FCS Express was used to obtain Geo

Means and Screener was used o deternune fold over Isotype condrol, titration curves and EC50 values.

[60288]  The resulis of the assay using cyno PBMUCs and hwmnan T-cells are shown in Figures 10A and
10B, respectively, and Table 1. The graphs of Figures 10A and 10B plot the fold over 1sotype control
signal plotted as a function of the log concentration of the indicated antibody. Table 1 provides the EC30

{ng / ul.) for cach antibodyv.
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TABLE 1

Antibody BCS0 (ng/pl) EC30 (ng/uLy
for CE 2R on Cyno PBMCs for CO 2R on buman T-Cells
1B} 0.0087 0.020
29E10 0.0322 0.033
24F1 0.0334 0.034
27G12 0.1737 0.089
11B31* 0.0281 0.108
3183 0.898 0.127

¥Structurally similor io 1174
[80281]  Asshown in Table 1, 1E] exhibited the highest binding affintty for CD112R expressed by
primary human and cyno cells. The EC30s of 29E16 and 24F1 were very similar between the two species
and to each other. 11B1 had a high EC30 of 0.108 ng/pL for Human but a low ECS0 of 0.0281 ng/ul for

Cyno.

[00282)  Potency Confirmation

[60283]  Jurkat human CD112R/NFAT-huciferase reporter gene assay (R{GA) was run as essentially
described above for single point analysis on exhausted hybrnidoma colture supernatant samples or purified
antibodies that were serially titrated 2-fold in assay media to determine final potency of the antibody
pancl. The results are shown 1u Figure 11A which provides a graph of the NFAT luciferase induction
plotted as a fonction of log concentration of the indicaied antibody. As shown in Figure 11, all antibodies
tested demonstrate potency as CDHI2R antagonists. The potency on re-exhausted hybridoma culture

supernatants were very close {ranging between 1.3 — 3 5nM (Figure 11B)
100284]  Howspot Engineering of CD1I2R antibodies

[60285] Sclect anti-CD112R antibodies were converted to a standard antibody format of the IgGl
subtype by fusing the VL domain of kappa light chams to Cx domam and VH domams to the CH1-CH2-
CH3 sequence. The CH2 domain of this antibody isotype has been enginecred for reduced cffector
function by mcorporating an N297G mutation and for improved thenmostability through an engineered
disulfide boad (R292C, V302C); this antibody 1sotype is designated SEFLZ-2. The anti-CD112R
anitbodies were additionally engincered to remove “hotspots,” or residues that were computationally
predicted or empirically determined to negatively impact the molecule’s expression, purification, thermal

stability, colloidal stability, long-term storage stability, in vivo pharmacokinetics, and/or imnnunogeniciiy,
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A variety of amino acid mutations at these hotspots were designed based on conservation, co-variation,
chemical similarity, predictions from structural modeling, and prior knowledge from other antibody
engineering campaigns. Engineered antibodies were designed that mcluded both single mutations and
combigations of mutations.

{#80286] Enginecred variants were cloned by ordering synthetic DNA fragments comprising the
designed variable domains and inserting these using Golden Gate cloning methods into a stable
mammalian expression vector condaining the constant HC domains under puromycin selection or the
constant LC domains vader hygromycin selection. Antibodies were expressed by co-transfecting HCs and
LCs in CHO-K1 cells and selecting for stable expression using puromycin and hygromyein. Anfibodies
were purified by Protein A affinity chromatography using AmMag™ Protein A Magnetic Beads
{GenScript). The identity of each molecule was confirmed by intact mass spectrometry. For cach variant,
the cxpression tifer i conditioned medivm was measured by ForteBio Octet (Pall Life Sciences) using
Protein A sensors. The percent of high molecular weight (% HMW) material present after Protein A
affimity chromatography was measured by analytical size exclusion chromatography, and the purity was
measured by % main peak in non-reduced microcapillary electrophoresis using a LabChip GXII (Perkin
Elmer). The T of the first reelting transtion (Tm 1) and the onset temperature of aggregation (Tagg)
were measured by DSF using a Promethens (Nanoteraper). Antibody activity was measured by the
CD112R Jurkat reporter gene assay as described above, averaging two independent measurements. The

results of the analyses for engineered variants are shown below in Table 2.
[80287)  Framework Engineering of CDIIIR antibodies

(30288]  Anti-CD1I2R antthody 11E4 (comprising HC variable region sequence and LC vanable
region sequence of SEQ ID NQGs 101 and 102, respectively) was engineered for improved
manufacturability by grafting the CDRs of each antibody mto selected alternate human frameworks with a
preference for well-behaved VHI, VH3, VHS, VK1, and VK3 gormiines. The alternate frameworks were
selected by considering sequence sinulacity. The pre- and post-graft sequences were carefully examined,
especially at the graft junciions, and 1n some cases targeted backmuiations were designed to provide the

best chance of retaming functional conformation of the CDR loops.

[B0289]  Framework engincered variants were cloned by ordering synthetic DNA fragments comprising
the designed vartable domains and inserting these using Golden Gate cloning methods into a stable
mammahian expression vector containing the constant HC or LC domains and purificd by Prolein A
affinity chromatography using AmMag™ Protein A Magnetic Beads (GenScript). The identity of each
variant was confirmed by intact mass spectrometry. For each variant, the expression fiter in conditionsd

medium was measured by ForteBio Octet (Pall Life Sciences) nsing Protein A sensors. The percent of
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high molecular weight (% HMW) matertal present aftor Protein A affinity chromatography was measured
by analytical size exclusion chromatography, and the purity was measured by % main peak in non-
reduced microcapillary electrophoresis using a LabChip GXU (Perkin Elmer). The Tm of the first melting
transition was measured by DSF using a Prometheus (Nanotemper). Purified samples were incubated at
40°C for 2 weeks and the change i % main peak was determined by analyvtical size exclusion
chromatography. Antibody activity was measured by the CD112R Jurkat reporter gene assay as described
above, averaging two independent measurements. The resolis of the analyses for engineered vanants are

shown 1n Table 3.
[80298]  Yeast Display Engineering of CDII12R Antibodies

[80291]  Ant~-CD1i2R antibodies 31B3, 11E4, 20E10, 1E1.616, and 24F1 were enginecred for
improved manufactorability and for increased binding to CDT12R through veast display. Library designs
for 11E4 and 1E1.016 used a CDR walk i triplicate across the CDRs to cover all COR amino acids
mcluding the chemical hotspot liabilities. The other 4 antibodies had libraries designed specifically
around theiwr chemical hotspot habilitics and residucs predicted to contribute to poor surface properties,
determined through homology modeling and paich analvsis by the BioLuminate computational modeling
software package (Schrédinger, LEC, New York, NY, 2020}, Libraries were sorted using fluorescence
activated cell sorting (FACRK) for high binding to biotin conjugated recombinant CD112R extracellalar
domain (ECD) using streptavidin PE as fluorescence secondary. The variable domains present in the
soried binding/display double positive pools and display positive pools were amphified with primers
specific to the FW1 and FW4 domains of the HC and L.C and submitied to NGS analvsis on an Hlumina
MiSeq for a 2x 300bp run. Mutations were selecied after processing the data through a common
frequency analysis where the ratio of posttive binding amino acid frequencies are divided by positive
display amino acid frequencics which is then normalized to the parental secquence ratio. The sequences
where the enrichment values were greater than or equal to the parental sequence were considered
beneficial or tolerated diversity and were used for additional rational antibody engineering post affuuty
maturation. For the selection of maproved affinity, a new cham shuffle library was constructed using the
sequences of the binder pools from the HC and LC Libraries, which had binding greater than or equal to
parent. These bibraries were then enriched for 3 rounds for sequences that retained binding to CD1I2R on
yveast under decreasing concenirations each round. Individual veast clones were subsequently analyzed for
binding and sequenced, resulting in the selected affinity matured/poor property remediated variants,
Variauts were cloned mto recombinant expression systems as described above. The resalts of the analyses

for enginecred variants are shown below in Tables 4 and 3.

Nej
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EXAMPLE 4

[60292] This example demonstrates preliminary biochemical and functional experinents conducted 1o

characterize tool TIGIT antibodies.

[80293] Competitive receptor-ligand {R-L} binding assays were performed on TIGIT antibodies 10A7
(Genentech TIGIT antibody} and MBSA43 (eBioscience™ cat#16-9500-85) using CHO-S cells
transiently expressing human TIGIT. Briefly, CHO-5 cells expressing human TIGIT were mixed with an
anttbody saraple and tncubated for 1 hour at 4°C 0 FACS Buffer (X PBS pH7.4 + 2% Fetal Bovise
Serurn). Cells with bound sample were then tncubated with 2.5 pg/mL huCD135-Fo-Alexa 647
{gencrated & labelled in-bouse} or 15 pg/mL CD112-Fe-Alexa 647 (Sine Biological 10005-HO2H;
tabelled n-house) for 45 minutes at 4°C. 7-AAD (Sigma cat# AS400-5MG; 7.5 pe/mL) cell viability stain
was then added and the cells were incubated for a further 13 nunutes at 4°C, washed twice and
resuspended in FACS buffer. Samples were analyzed using a BD Accuri™ Flow Cytometer and an
Intellicyt HyperCyt autoSampler. The results are shown in Figures 12A and 12B. Figure 12A is a graph
of the % mbubition of binding of TIGIT to CD153-Fe plotted as a function of tool TIGIT antibody
concentration.  Figure 12B 18 a graph of the % inhibition of binding to CD112-Fe as a function of
antibody concentration. The results shown in Figures 124 and 128 demonstrate that 10A7 and MB5A43

tool anitbodies inhibit both CD135 and CD112 inieractions with TIGIT.

[60294]  Additional binding assays were performed to determine whether tool TIGIT antibodies could
inhibit the binding interactions between CD226 and CD133 endogenously expressed by 2937 cells. 293T
cells endogenously express high lovels of CD135. The 2937 cells were transicatly transfected with
heman TIGIT {(TIGIT-293 cells) or were mock transfected (Mock-293 or 293T Mock). In the absence of
tool TIGIT antibodies, CD226 is blocked {rom binding to endogenous CD135 by TIGIT expressed by
THGIT-293 cells but not blocked mn the context of Mock-293 cells (which do not transiently express
THGIT). In the presence of tool TIGIT antibodics, TIGIT expressed by TIGIT-293 cells 15 bound by ool
antibodies and is blocked from binding to D33, thereby allowing C226 to jateract with CD155,
Figure 12C provides a schematic of the assay. TIGIT-293 cells or Mock-293 cells were mixed with the
antibody sample with and without haman CD226-Fc¢ at 10ug/mL (R&D, 666-DN) and mncubated for |
bour at 4°C m FACS Buffer (1 X PBS pH7.4 + 2% Fetal Bovine Serum). Cells were washed 2X with
FACS Buffer and then incubated with Gt anti Huo IgG-Fc Alexa (Jackson, 109-603-098) and 7-AAD
{Sigma, 9400-3MG) for 15 minuies at 4°C. Cells were washed 1 X with FACS Buffer and resuspended in
FACS buffer. Samples were analyzed using a BD Accurt™ Flow Cytometer and an Intellicyt HyperCit
gutoSampler. The results are shown in Figures 12D — 12E. The data in Figure 12D demonstrates that

buCD226 can bind 2937 Mock cells (open circles) endogenously expressing huCD 153, In the presence
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of overexpressed huTIGIT (closed squares), CD226 binding 1s blocked from cis-interaction with
buCD153, Figure 12F shows that treatment with TIGIT tool antibodies 10A7 (open circles) or MBSA43
(closed squares) restore the ability of D226 to bind to CD135, as the tool antibodies block TIGIT-
CD153 cis-mnteractions. Treatment of cells with an wrelevant isotype control (half open diamonds) was
mcluded to demonstrate a complete blockade of CD226 binding to CD135 (given that the isotype control
did not bind to TIGIT). The data support that both tool TIGIT antibodies wterrapt CDIS3-TIGIT

interactions, and that the 10A7 tool andtbody was better at interrupting the TIGIT-CD155 mteractions.

[30295] IFN release assayvs were carriad out to determine the functional effects of the tool TIGIT
antibodies. In the IFN release assays, IFNy released by primary human CD&+ momory T-cells stimulated
with CHO-K 1-huCD135 activator cells was measured. The results, shown m Figure 12F, demonstrate
that only the MBSAA43 tool antibody was able to induce IFNy release. Unlike MBSA43, the 10A7

antibody was unable activate IFNy release by stimulated T cells.

[80296] Luciferase activity assayvs under the control of the IL-2 promoter were also performed to
determine the fiunctional effects of the tool TIGIT antibodies. Jurkat T cells were stimulated for 1L-2
promoter — driven expression of the luciferase reporter gene n the presence of tool antibodics or an
1sotype matched antibody control by CHO cells expressing human CD1335 and a CD3-activaior. The
results, shown in Figure 12G, are consistent with the results of Figure 12F in that only the MBSA43 tool
antibody was able to bind to TIGIT and block CT53-TIGIT interactions, leading to restored T-cell

activation-induced events {e.g., IFN release, activation of 1L-2 promoter).

[80297]  These resulis demonstrate that both tool TIGIT antibodies MBSA43 and 10A7 could bind 1o
TIGIT and block TIGIT-CD153 cis interactions, but only the MBSA43 tool antibody was able o block

the TIGIT-mediated T-cell suppression.

[80298]  Tool TIGIT antibodies were tested for their ability to bind cvno TIGIT using primary cvno
raonkey T-cells and cyno TIGIT transiently expressed on CHO and 2937 cells. 2937 cells transiently
expressing cvno TIGIT or vector alone were mixed with a sareple comprising tool antibody MBSA43,
10A7 or 174 (Genentech TIGIT antibody) and mcubated for 1 hour at 4°C in FACS Buffer. Cells were
washed 2X with FACS buffer and then incubated with goat (Gt) anti Hu IgG-Fo Alexa-647 or Gt anti My
1gG-Fe Alexa-647 (Jackson 113-605-071) and 7-AAD for 13 minutes at 4°C. Cells were washed 1X with
FACS buffer and resuspendad m FACS buffer. Samples were analyzed usig a BD Acouri™ Flow

Cyvtometer and an {ntelliovt HyperCyt antoSampler,

[80299] The results are shown m Figures 12H and 121 Figure 12H shows that cach of 1F4 {closed

circles), 10A7 (closed squares) and MBS5A43 (closed triangles) binds cyno TIGIT transiently expressed in
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2937 cells. An mcrease in GeoMean fold difference from the vector alone control is observed with
increasing antibody concentration while no binding is scen with the IgG isotvpe control (open diamonds).
However, ondy MBSA43 and 1F4 demonstrated binding to primary activated cyno T-cells (Figure 121).
The FACS plot for 10A7 overlapped with the FACS plot {or an isotype conirel antibody suggesting that

10A7 does not bind to primary activated cyno Tcells {Figure 121).

EXAMPLE 3
[803606]  This example demonsirates the generation of TIGIT monoclonal antibodies (mAbs).

{80301] Generation of anti-TIGIT Immune Responses

[803062] Mouse Strains and Imwunizations

[#0303] Fully huoman antibodies to human TIGIT were generated by invmunizing XENOMOUSE®
transgenic as essentially described above. Animals from the XMG4 and XMG2 XENOMOUSE® stramns
were used for these immunizations. Multiple immunogens and routes of immunization were used to
gengrate anti-burnan TYGLT ioumune tesponses. TIGI T-specific serum titers were mounitored by hive-cell
FACS analysis on an Accurt flow cvtometer (BD Biosciences) using transiently fransfected suspension
CHO cells. Animals with the highest antigen-specific serum titers against human TIGIT were sacrificed
and used for hyvbridoma generation (Kohler and Milstem, 1975). Hybndomas were gencrated as

essentially described in Example 3.
160304]  Selection of TIGIT Specific Binding Antibodies

[80385] Scveral screening assays were employed to ideniify and select anti-hwman TIGIT antibodies

(Figure 13}

180306]  TIGIT-specific serum titers were monitored by live-cell FACS analvsis. Exhausted bybridoma
supernatants were tested for binding to human or cyno TIGHT transiently expressed on CHO-5 samples
and analyzed vsing a BD Accuri™ Flow Cytometer and an Intellicyt HyperCyt autosarapler or by Cell
Tnsight. For FACS based screens, CHO-S colls were transiently transfected with 3 mammalian expression
construct encodmg either human or cynomolgus TIGIT using PEI MAX. 3 hours post transfoction, 3mM
sodiurn butyrate was added and incubated for 24 howrs. The following day, 135 pl of exhausted
hybridoma media was added {o cach well of a 384 well FMAT plate. Transfecied and mock transfected
CHO-S cells (25,000 cells/weli total), were mixed with the exhausted hyvbridoma sample and incubated
for T hour at 4°C in FACS Buffer. After 1 hour, cells were washed 2X with FACS Buffer (1X PBS
pH7.4 + 2% FBS) and then incubated with Gt anti Hu IgG-Fe Alexa-647 (Jackson, 109-603-098) or Gt
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anti Mu [gG-Fe Alexa-647 (Jackson 1135-605-071) and 7-AAD (Sigma, 9400-5MG) for 15 minutes at
4°C. Cells were washed 13X with FACS Buffer and resusponded in FACS buffer. Samples were analyzed
using a BD Accunt™ Flow Cyiometer and an Intellicyt HyperCyt antosampler. For timaging screens,
CHO-S or HEK293T celis were transiontly transfected with a manunalian expression constract encoding
TIGIT using PEI MAX or 293Fectin respectively. The following day, 15 gL of exhausted hybridoma
media was added o each well of a 384 well FMAT plate. The transfected cells (0.27 million/mL), the
suclear stain Hoechst 33342 (7.5 pg/ml) and a secondary detection antibody (0.75 pg/ml, - Goat anti
Human IgG (H+L) Alexa 488 (Jackson ImmunoResearch)) were mixed and 30 L of this puxture was
added to each well of a 384 well FMAT plate. After ~3 hours, the supornatant was aspirated using an
AguaMax plate reader and 30 gL of FACS buffer was added to cach well using a multidrop instrument.
The plates were placed on a Big Bear Plate shaker to ovenly distribute the cells in the well and then read

on the Cell Insight platfora usimg the Cell Health Bio-App.

i80307]  Using these techaigues, hybridoma cells producing antibody specific to human TIGIT were

identified as outlined in Table 6.

TABLE 6

Harvest Amntigen-specific binders
i 89
2 288
4 9G4
5 708
6 608
7 684

[B0308]  Jurkat Human TIGIT/TL-2-Luciferase Reporter Gene Assay (RGA4)

[8038%] To screen for hvbridomas or purificd anti-TIGIT antibodics capable of enhancing T-cell
activity by blocking TIGIT-CD1335 interaction, an 1L-2 reporter gene assay (RGA) in Jurkat cells was
employed. The RGA was very similar to that described in Example 2, except that Jurkat cells stably
exprossing human TIGIT (not CD112R) and 1L-2-luctferse reporter (Promega cat# CS191103A) were
cultured in RPMI 1640 medium (Sigma) supplemented with 10% fetal bovine serum (Sigma), 2mM L-
glutamine (Sigma), 10mM HEPES (Hyclone, GE Healthcare Life Sciences), 1X MEM NEAA (Sigma),

1X sodium pyruvate (Sigma), 300ug/mlb geneticin (Invitrogen) and 200ug/mL hvgromyein B
1% 2 g g £ £ Y )
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{(Invitrogen). The GloResponse™ IL-2-fuc2P/TIGI T/ Jurkat reporter cell line (Promega cat# CS191103A)
was stimulated by engagement of T-cell receptor by co-culturing with Chinse Hamster Ovary (CHO-K1
cells stably expressing human CD153 and human T-cell engager (Promega caté CS1911044). 1 x 10E4
CHO-KI1-CD155+ cells were sceded into white half area 96-well plates (Costar cat# 3688) 1n full growth
media contamning Nutrient Mixture F12 HAM (Sigma), 1¢ % fetal bovine serum, 10 mM HEPES, 500
pe/mL geneticin and 200 pg/ml hyvgromvyein B overnight at 37°C/5%C0,. Figure 14A shows a
schematic of the RGA. Following overnight incubation, growth media was replaced by 3 x 10* Jurkat IL-
2Lue/TIGIT cells in the presence of hybridoma supernatants or antibodies, with respective controls, 1a
Assay Media (RPMI 1640 medium supplemented with 1% fotal bovine serum, 2mM L-glutamine, 10mM
HEPES) and incubated at 37°C/3%C0; for 18hrs. Reporter signal in each well was determined using
Bio-Glo™ Luciferase Assay System (Promega cat#t G7940) according to the manufacturer’s

recoramendation. Lummescence was detected vsing EaVision Plate Reader (Perkin Eheer).

[B0318] A selection of active antibodics is shown in Figure 14B. As shown 1 Figure 148, TIGIT

antibodies 43B7, 11A3,39D2, 66H9, 28B8, 5347, 4G10, and 48B7 performed better than tool antibody
MBSA43. These antibodies were run with titrations to determune the potency of anti-TIGIT antibodies.
The activity of these anti-TIGIT antibodies i the Jurkat human TIGUT/IL-2-luctferase RGA is shown o

Table 7.

TABLE 7
AbID n:}i{)meﬁcy = n=2
11AS 19 2.7
4G10 5.7 15.6
3902 20 2.8
4387 34 2.5
2888 43 2.1
4887 79 2.9
55G7 44 4.4
66H9 34 5.8

[80318)  7IGIT functional blocking assay (Primary T-cell Assav)
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[80312]  To screen purified anti-TTGIT antibodies capable of enhancing T-cell activity by blocking
TIGIT-CD 133 interaction, [FN-y release from primary human CD8 memory T-cells was employed. CD8
raemary T-cells were 1solated using EasySep™ HureanCD8+ve MEMORY T-cell Earichment Kit
{StemTell cat¥ 19139) from punified primary human T-cells (Biclogical Specialty Corp. cat# 213-01-10})
and pre-stimulated with | pg/mL immobilized anti CD3 (eBioscience cat# 16-0037) + Tug/ml anti CD2E
{BD PharMingen cat# 533725 + 10ng/mL vhiL-2 (R & D Systems cat# 202-IL-0530/CF) for 7 days at
37°C/A%C02. ) 1 x 10* gamma irradiated CHO-K1-CD153" colls were sceded into black half area 96-
well plates {(Costar catdl 3875) in full growth media overnight at 37°C/53%C02. Following overnight
incubation, growth media was replaced by § x 10° CD& memory T-cells in the presence of serially diluted
antibodies, with respective controls, in ICM (Immune Cell Media: RPMI 1640, 16% fetal bovine serum,
10mM HEPES, 2mM L-glutamine, 1 X MEM NEAA, | X sodium pvruvate and 55mM 2-
mercaptocthanol (Gibeo)) and 1ncubated at 37°C/5%C0; for 48hrs. Culture supernatants were then tested
for IFN-y level by Homogenecus Time-Resolved Flaorescence (HTRF) according to the manufacturer’s
mstructions {Cisbio cat# 62IFNPEC). Fluorescence was detected using EnVision Plate Reader (Perkin

Elmer).

i80313]  The results are shown 1a Figure 14C. Antt-TIGIT antibodies performed similarly to or beiter
than tool anttbody MBSA43. The activity of anti-TIGIT antibodies 39072, 43B7, and 28BS in the primary
CD8 memory T-cell assay was 380 pM, 90 pM, and 160 pM, respectively. The tool TIGIT antibody

MBSA43 was run as a control and the potency of this tool antibody was 1900 pM.
[80314)  Primary Cell Binding Assavs for TIGIT

(#0315] The binding of hvbridoma supernatants to TIGIT expressed by primary human and
cvnomolgus monkey cells were tested by flow cytometry. For human primary cell binding assay, purified
human T cells (Biological Specialty Corp.) were thawed and suspended at a concentration of 2.5x10°
cells/mb. T cells were stimulated with 3 pg/mbL of anti-human CD3 clone OKT3 (eBioscience) and |
pe/ml of anti-human CD28 (BD Pharmingen) for 72 bours at 37 °(C/3% CO, in a plate that bad been pre-
coated with 5 pg/mL anti mouse IgG Fe (Pierce). After 72 hours, cells were removed. washed and
suspended at a concentration of 0.5x10° cells/mL with 10 ng/mL of IL-2 (Pepro Tech). Cells were then
incubated for another 48 to 72 hours at 37 °C/5 % COs. For cynomolgus primary cell binding assay,
cynomalgus PBMCs (SNBL) were thawed and suspended in a concentration between 4x10% and 5x10°
cells/ml.. PBMUCs were stimudated with 1 pe/mL of anti-hurean CD3 clone SP34 (BD Pharmungen) and 1
pg/mb of anti-homan CD28 (BD Pharmingen) for 72 hours at 37 °C/3 % €Oy 1n a plate that had been pre-
coated with 3 pg/mL anti-mouse {gG Fo (Plerce). After 72 hours, cells were removed, washed and

suspended at a concentration of 0.3x10E6 cells/mL with 20 ng/mL of TL-2 (Pepro Tech). Cells were then
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incubated for another 48 to 72 hours at 37 °C/3 9% €O, After the final incubation, cells were prepared for
flow cytometry by mcubation with normalized hybridoma supematants, positive condrol antibodies and
isotype control antibodies at 1 pg/mL final concentration. Alexa Fluor 647 AffiniPure F(ab’)* Fragment
Goat Anti-Human [gG (H+L) (Jackson ImmunoReserach) at 5 pg/mi was ssed for sccondary detection
and 8.25 nM YoProl (Invitrogen) was used for a live/dead cell stain. Cells were then run on BD
FACSCanto {1 flow cytometer to detect anti-TIGIT anitbody binding. The results are expressed as FACS
geomean fold of TIGIT expressing cells over geomean of isotype controls and “Yes™ or “No™ for binding

(Table 8).

TABLE 8
Primary Cyno Primary Human
Axtibody IB | (FACS Geomean {FALCS Geomean
Fold)/ Binder Fold)/Binder
11A3 1.0/No 11.6/Yes
4G10 1.2/No 13.5/Yes
3902 1.4/No 137/ Yes
4387 4.7¥¢s 137/ es
IBRR 0.90/No 14.4/Yes
48R7 7.2 ¢es 4.5/ ¥ex
557 i2.3/Yes 458/ Yes
6O6HY 4.0/es 4.1/ Yes

[80316]  As shown in Table 8, only four antibodies (4387, 4887, 55G7, and 66H9) were binders to

both primary cyno and primary human cells.

[80317) Receptor — Ligand Competition Assay
[80318] TIGIT-binding hybridoma supemnatants were then tested for their ability to block TIGIT from

binding bigand. Competitive binding assays were performed on the antigen-specific hybridoma

supernatant samples using FACS on CHO-s cells transiently expressing human TIGIT as follows. CHO-S
cells expressing human TIGIT were mixed with the antibody sample (hybridoma supernatants specific for
THGIT) and incabated for 1 hour at 4°C
mcubated with huCD155-Fe-Alexa 647 (generated & labelled in house) or CD112-Fe-Alexa 647 (Smo

and then washed twice. Cells with bound sample were then

>

Biological 10005-HO2H; labelled in house) for 45 minutes at 4°C. The 7-AAD cell viability stain was

then added and the cells incubated for a further 15 munutes at 4°C, washed twice and resuspended n
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FACS buffer. Samples were analvzed using a BD Accurt™ Flow Cyvitometer and an Intellicvt HyperCyt
autoSampler. The data in the Table 9 reflects that percent inhibition of human CD153 or CD112 binding

to human TIGIT ai 1.7 pe/mL or Tug/ml respectively.

TABLE S
Antibody 1D CP1ss R;z;:ga;;iﬂitiiﬁﬁ;md a55aY Cpiiz Rz;:;;;q;;g;é;}iﬁmd assay

F1AS 160 100
4G10 160 9

392 100 H00
4387 100 100
2888 160 97

4887 99 a8
33G7 99 R6
66H2 98 a3

{80318]  TYGIT affinity determination

[80328] Afhaiy determination of anti-TIGIT mAbs was performed using an OCTET biosensor.
Human TIGIT mAbs were captured on anti-hulgG FC Captore (AHC) tips for kinetics (Cat#18-3060) at 2
pe/ml. Mouse anti-TIGIT control mAb MBSA43 (Cat#16-9500-85) was captured on anti-mouse Ig(G Fe
Capture tips at 2 pg/ml. Binding of both the hbuTIGIT (PL44403) and cynoTIGIT (PL40461) was
assessed by titrating the proteins 2-fold from either 200 nM or 100 oM starting concendration down to 3
aM. Because the huTIGIT contains a mono-Fe tag, a blocking step containing 56 pg/ml irrelevant IgG2
was utilized to block the anti-Fo capture reagent on the Octet tips. For the ha TIGIT affinity
determination, association was monitored for 3 min with dissociation being monitored for 20 mun. In the
case of cynoTIGIT, association was monitored for 5 min and dissociation for 3 mun. The assay butfer
used in these experiments was 10 mM Tris, 1530 mM NaCL, 1 mM CaCly, 0.1 mg/ml Bovine Serum
Albamia (BSA), .13 % Triton X-100, pH 7.6, The data in Table 10 represents the relative affiniies of
TIGIT mAbs to human or cynomolgus TIGIT. Due to very poor fits, no values were provided on
cynoTIGIT for 2 mAbs. The himit of detection of dissociation is 4¢-3 based on a minimum of 5 %

disscctation over 20 minutes,
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Antibody Affinity to Affinity to
iB Human TIGIT Cyao TIGIT

11A3 <100pM NB
4G10 <200pM 39nM
3902 <1G0pM 43nM
4387 <3G0pM 3nM
2888 <100pM NB
4887 <}G0pM 38nM
§3G7 <1G0pM 17nM
G6H9 <1G0pM 18nM

MBSA43 <200pM <100pM

NE = No Binding

60321 Asshown in Table 10, cach of the antibodies exhibited bigh atfinity for human TIGIT and

most deronstrated high affinaty for cyae TIGIT.
[80322)  Selection of TEGIT antibodies

[60323] The results of the scresning assays described above and in Figure 13 led 1o the identification of
less than 10 unique antibodies including 4G10, 11 A3, 2888, 43RB7, 66H9, 39D2, and 35G7. Such
antibodies demonstrated antagonist function as determined by the Jurkat RGA and antigen binding
activity as determuned by the human and cyno primary cell binding assays and thus these antibodies were
moved forward to subseguent characterization screens, sequencing, and affinity determmnation. These
TIGIT antibodies were among those that performed better than teol TIGIT antibodies MBSA43 and
10A7. A comparison of the selected TIGIT anétbodics and tool antibodics is provided in Table 11, As
shown 1a this table and as supported by Figures 14A and 148, the selected TIGIT antibodies exhibited

better activity compared to toel antibodies.

TABLE 11

MBSA43 10A7 Selected
TIGIT
antibodics
D135 Blocker Yes Yes Yes
D112 Blocker Yes Yes Yes
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Active in Jurkat RGA Yes No Yes*

Active in CD8 Memory T cell assay Yes No Yes*
Primary Homan TIGIT Binder Yes Yes Yes
Primary Cyno TIGIT Binder Yes No Yes*

* activity better than tool antibody MBSA43

[80324] AMolecutar Rescue and Sequencing of TIGIT Antibodies

[#803235] Molecular sequencing of the heavy and light chams of select TIGIT antibodics was performed
as ossentially deseribed in Example 3, excopt that RNA (fotal or mRNA) was purified from wells

containing the TIGIT antagouist antibodyv-producing hybridoma cells.
180326)  Hotspot Engineering of TIGIT Antibodies

§66327]  Select anti-TIGIT antibodies from the XenoMouse campaign were engineered {o remove
“hotspots,” or residues that were computationally predicted or empinically determined to negatively
impact the molecule’s expression, purification, thermal stabiity, colloidal stability, long-term storage

stability, in vivo pharmacokinetics, and/or immunogenicity, as essentially described in Example 3.

[60328] Hotspot engineered variants were cloned, expressed transiently by co-transfecting HCs and
LCs mn ExpiCHO cells (Life Technologies) and were purified by Protein A affinity chromatography.
Antibedy activity was reeasured by the TIGIT hurkat reporter gene assay as described above. The resulis

of the analvses for engineered variants are shown below in Table 12.
[8032%)  Framework Grafiing of TIGIT Antibodies

[80336]  Ant-TIGIT antibodies 35G7.041 {comprising LC vanable region sequence and HC variable
region sequence of SEQ D NOs 1923 and 1924, respectively), 66H9.009 (comprising H variable region
sequence and LC variable region sequence of SEQ 1D NQOs 221 and 222, respectively), 43B7.602.015
(compnsing HC variable region sequence and LT variable region sequence of SEQ ID NOs 201 and 202,
respectively) and S8A7.003.008 (comprising HC variable region sequence and LC variable region
sequence of SEQ 1D NQOs 211 and 212, respectively) were engineered for improved manufacturability by
grafiing the CDRs of each antibody nto selected alternate buman frameworks with a preference for well-
behaved VHI1, VH3, VH3, VK1, VK3, and VL2 germlines. The alternate frameworks for each parent
were selected by considering sequence sumilarity. In each case the pre~- and post-graft sequences were
carefully examined, especially at the graft junctions, and m some cases targeted backmutations were
designed to provide the best chance of retaning functional conformation of the CDR loops.
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[60331] Framework engineered variants were cloned by ordering svathetic DNA fragments comprising
the designed variable domains and inserting these using Golden Gate cloning methods into a stable
raanumalian expression vector containing the constant HC or LC domains. Antibodies were expressed by
co~iransfecting HCs and LCs in CHO-K1 cells and purified by Protein A affinity chromatography using
MabSelect SuRe resin (GE Healtheare Life Sciences). The identity of cach vartant was confirmed by
intaci mass spectrometry. For each variani, the expression titer in conditioned medium was measured by
ForteBio Octet (Pall Life Sciences) using Protein A seusors. The percent of high molecolar weight (%
HMW) matenial present after Protein A affinity chromatography was measured by analytical size
exclusion chromatography, and the purity was measured by % main peak in non-reduced microcapillary
electrophorests using a LabChip GXI (Perkin Elmer). The Tm of the first melting transition was
measured by DSF using a Promethens (Nanotemper). Purified samples were incubated at 40°C for 2
recks and the change in % main peak was determined by analytical size exclusion chroratography.
Antibody activity was measured by the TIGIT Jurkat reporter gene assay as described above, averaging
two independent measurements. The results of the analyvses for engineered variants are shown below in

Table 13.
180332)  Yeast Display Optimization of TIGIT Antibodies

[80333] Anti TIGIT antibodies 43B7.002.015 (comprising HC variable region sequence aud LC
varigble region sequence of SEQ ID NQOs 201 and 202, respectively) and 58A7.003.008 (comprising HC
variable region sequence and LC variable rogion sequence of SEQ D NQs 211 and 212, respectively)
were engingered for improved manufacturability and for increased binding to TIGIT through veast
display. For cach antibody, libraries were generated in which every possible adjacent pair of restdues in
the all six CDRs were simultancously mutated to all possible amino acids through use of degencrate NNK
codons. The libraries were displayed on the surface of veast derivative of BJ5464, wherein the Fd domain
was fused to the N-terminus of alpha-agglutin and the LC was not fused to the yeast surface. Efficiency of
display was measured by binding of Alexafluor 647 conjugated anti-Fab antibody. Libraries were sorted
using fluorescence activated cell sorting (FACS) for high bindiag to biotin conjugated recornbinant
TIGIT extracellular domain (ECD) using streptavidin PE as fluorescence secondary. The vanable
domains present in the sorted binding/display double positive pools and display positive pools were
amplified with primers specific to the FW1 and FW4 domains of the HC and LC and submitied to NGS
analysis on an [lumina MiSeq for a 2x 300bp run. Mutations were selected after processing the data
through a common frequency analysis where the ratio of positive binding amino acid fregquencies are
divided by positive display amine acid frequencies which is then normalized to the parental sequence

ratio. The sequences where the enrichment values were greater than or equal fo the parental sequence
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were considered beneficial or tolerated diversity and were used for additional rational antibody

engincering post affinity maturation.

i60334] Affuuty maturation veast display libraries for cach HC and LC were designed nsing a
combination of structure guided (S8A7.003.008), model guided proximity pairs (43B7.002.015), and
CDR NNEK scanming hibraries (43B7.002.0135 and 38A7.003.008). After these HC or LT libraries were
sorted for TIGIT binding equal to or greater than parental, the 4 hibraries were combined in a chain
shuffle bibrary. Here all library designs were mixed together to be agnostic between design approaches.
The libraries were displayved on the surface of yeast as deseribed above and sorting for high binding to
biotin-labeled recombinant TIGIT ECD with increased stringency in sach consecutive round. Clones with
high binding were selected and screened as individual clones and the clones with the highest ratios of
binding/display were selected for sequencing. Variable domains were amphified using vector and constant
domain primers and the PCR products were subraitted for Sanger Sequencing. Sequences which
mtroduced chemical labilities were dropped from the panel design. Chemical Habihities and charge
surface patches dentified by the BioLuminate modeling suite (Schrodinger, LLC ) were mutated using
mformation from the NGS enrichment sort data described above. The final engincered sequences were

selected for furthor characterization as recombinant expressed monockonal antibodies.

[8033S5] Top display engincered variants were cloned by ordering syathetic DNA fragments comprising
the designed variable domains and inserting these using Golden Gate cloning methods into a stable
mammalian expression vector containing the constant HC domains under puromyein selection or the
constant LC domains under hvgromyein selection. Antithodies were expressed by co-transfecting HCs and
LCs m CHO-K1 cells and selecting for stable expression using puromyein and hvgromyein. Antibodies
were purified by Protein A affinity chromatography using AmMag™ Protein A Magnetic Beads
(GenScript). The identity of cach molecule was confirmed by intact mass spectrometry. The percent of
high molecular weight (% HMW) matertal present aftor Protein A affinity chromatography was measured
by analytical size exclusion chromatography, and the purity was measured by % main peak i non-
reduced microcapillary electrophoresis using a LabChip GXU (Perkin Ehmer). Antibody activity was
measured by the TIGIT Jurkat reporter gene assay as deseribed above. The results of the analvses for

engincered variants are shown below in Tables 14 and 15.
i80336]  Function of Fngineered TIGIT antibodies and Tool Antibadies

[80337]  Jurkat T-cells expressing TIGIT and an [L-2-Laciferase construct were modified asing
CRISPR to knock out {KO) D226 oxpression. These KO cells were used 1 a Jurkat RGA and
compared to CD226-expressing Jurkat cells expressing TIGIT and an IL-2-Luciferase construct. Jurkat

cells were co-cultured with CHO-K1-CD 135+ cells as desceribed herein, and luciferase activity was
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measured. The antibodies nsed in this experiment included tool antibody MBSA43 and engincered
TIGIT antibodies {as described above) AB1 (43B7.0602.015) and AB2 (66HS.010).

i60338]  The resulis are shown ia Figure 13, As shown in Figure 15, knocking out CD266 resulted 10 a
significant decrease n max activity {open svmbols vs closed svmbols). These data support that the TIGIT
antibodics block TIGIT-CDN226 cis interactions to prevent TIGIT-CD226-mediated signal suppression.
These data also support that CD226 mvolvement contributes to a stronger TCR response. In the presence
of CD226 Anit TIGIT mAbs AB1 and AB2 (closed circles and closes squares, respectively) block TIGIT-
D226 micractions better than MBSA43 {closed diamonds) as max activity 1s not conmpletely reached.

When CD226 is knocked out, AB1, AB2 and MABSA43 block TIGIT-CD153 mteractions similarly.
EXAMPLE 6
i6033%] This example demonsirates the binding affinities of select antibodies of the present disclosure.

[80346] Biading of antt-TIGIT antibodies to human TIGIT SEQ 1D NO: 1 and cynomolgus TIGIT
SEQ ID NO: 2024, and binding of anti-CD112R antibodies to humean CD112R SEQ ID NQG: 3 and
CDHI2R (N81D) SEQ ID NO: 2026 were characterized on Biacore T200 nsing Surface Plasmon
Resonance (SPR) technology. Ta detail, an anii-human Fab astibody from Fab capture kit (GE Healthcare
Life Sciences) was mamobilized on all four flow cells of a CM3 chip to approximately 6600 — 9600 RU
using standard amme coupling reagents (GE Healthcare Life Sciences}). PBS plus €.003% P20 was used
as mstrumeni running buffer throughout the assays. The first flow cell with immobilized anti-human Fab
antibody only was used as background control. Anti-TIGIT or anti-CD1HI2R antibodies were captured on
the second, third and fourth flow cells to approximately 160 — 190 RU. Human and cynoraoigus TIGIT,
heman CDTIZR and CB112R (N8ID), at concentration ranged from 0.78 to 100 nM, were diloted in
sample buffer (PBS plus 0.1 mg/ml BSA, 0.005% P20) and mnjected over captured antibody surfaces for
180 seconds association, and 300 seconds dissociation at 30 pl/min. At the end of dissociation, the anii-

Fab antibody surfaces were regenerated using 10 mM glveme, pH 2.1

[80341] Binding data of anti-TIGIT antibodies to human and cynomolges TIGIT, anti-CD112R
antibodies to human CD112R and CDIH2R (N81D)} were analyred using Biacore T200 Evaluation
Software 3.0 (GE Healtheare Life Sciences). All the data were double referenced by subtracting the blank
control surface and the blank cycle injecting sample buffer only. For the binding of anti-TIGIT antibodies
to human TIGIT, and aoti-CID112R antibodies to hwman CDUI2R and CDRI1ZR (NS1D), on rate (ks), off
rate (ky), equilibrivm dissociation constani (Kp) and maximum binding response (Rnax) were calculated
from global fiting using the 1:1 kinetic binding model. For the binding of anti-TIGIT antibodies to

cvnomolgus TIGIT, Ko and Rua were caleulated from global fittings using the 1.1 steady state binding
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model. Human TIGIT binding characterization is shown in Table 16. Cynomolgus TIGIT binding
characterization is shown in Table 17. Human CD112R binding data is shown in Table 18 and human

CD1IZR (N81D) binding characterization is shown in Table 19,
EXAMPLE 7

[80342]  This example demonstrates that combination blockade of CDH12R, TIGIT, and PD-1 mcreases

the window of T cell response.

[80343] To evaluate the effects of CD112R and TIGIT combination blockade, CHO K1 cells that
express both CD 112 and CD133 were generated.  The cells were contacted with T-cells and activation of
the TCR of these cells was expected to lead to IFN gamma release only when the TIGIT-CD133
mieraction and the CD112R-CD12 mieraction were blocked. A schematic of the cell assay system 1s
shown i Figure 16A. Three different TIGIT antibodies (43B7.002.613, 66H2.009 and 58A7 002.008
were tested and demonstrated a mild effect as single agents, but when used 1a combination with a

CD112R blocking antibody, T cell activity was strongly enhanced in this assay {(Figure 16B).

[60344] Furthermore, CD112R and TIGIT blockade by 111 antibody mixtures was compared to
blockade by a bispecific antibody (bsAb) where both antibodies were present in an lgG-scFv format 1n
this assay. The effects on T cell activity of the monoclenal antibody mixiures are shown m Table 20,
These effects on T cell activity were comparable to those achicved with the bsAb, suggesting that these

receptors ndependently contribute to T cell activation {(data for bsAb not shown).

TABLE 26

Antibedy Clones of mAb Mixture Average ECS0 Fold over Bascline at Max.
{n}M)
29516 and 4387.002.015 036 (0.1 2.24 (£ 0.27)
24F1 and 43B7.002.015 0.15 (= 6.012) 2.75(x0.28)
11E4 and 43B7.002.015 0.46 (= 0.3) 32703

Standazd Deviation provided in (); n=3

[80345]  The activity of dual blockade of two of TIGIT, CD1I2R, and PD-1 compared to triple
blockade {blockade of all three of TIGIT, CD112R, and PD-1) was evaluated in an autigea-specific CTL
assay using peptide-pulsed SK-MEL tumor cells as the antigen presenting cells (APCs). The pp63
peptide-specific CTL response to peptide-pulsed twmor cells for dual blockade of PD-1 and TIGIT, triple
blockade (3x), single blockade of TIGIT, and single blockade of PD-1 is shown in Figure 17A. The pp63
peptide-specific CTL response to peptide-pulsed tumor cells for dual blockade of CID112R and TIGIT,

109



WO 2022/015853 PCT/US2021/041625

triple blockade (3x), single blockade of TIGIT, and single blockade of CD1I2R is shown in Figure 178,
The pp63 pepude-specific CTL responss to peptide-pulsed tumor cells for dual blockade of PD-1 and
CD112R, tniple blockade (3x), single blockade of CD112R, and single blockade of PD-1 is shown 1n

Figure 17C. Expecied and observed outeomes are shown ia Figure 170

[00346]  As shown in Figures 17A-17C, the pp63 peptide-specific CTL response to peptide-pulsed
tumor cells was shightly enhanced with single blockade of TIGIT, CD1I2R, or PD-1 (relative to isotype
control}, and each casc of dual blockade (TIGIT+CDI2R, TIGIT+PD-1, CDEIZRAPD-1) further
enhanced the pp65 peptide-specific CTL response. In each of Figures 17A-17C, triple blockade
demonstrated the most significant increase in T cell activity against the tumor cells. Whether the
responses of the different combinations represented strictly additive or synergistic effects were evaluated
by comparing the calculated expected vs. observed enhancement window in this assay (Figure 17D) and 1t
was found that, while the effects of TIGITHPD-1 or CDI12R+PD-1 combo were additive, the effect of
triple blockade of TIGIT+CD112R+PD-1 was synergistic (Figure 17D}

EXAMPLE 8

[80347] This example demonstrates that triple blockade enhances T/NK cell response in primary

human tumor cell cultures.

[60348] The cffoct of single blockade, dual blockade and triple blockade on TTLs was tested by treating
dissociated human tumor cells (with accompanying TILs) with PD-1 antibody (Nivelumab “Nive™),
CDHI2R antibody (24F 1), or TIGIT antibody (43B7.002.015), and combinations of two or three of these
aniibodies, and measuring TIL response as represented by IFMNy production. An isotvpe-matched
antibody was used as a control. Measurements were taken on Days 3 and 6 and the resulis are shown in

Figure 17L.

[80349]  As shown in Figure 1 7E, IFNy production was greater on Day 3 compared to Day 6. Triple
blockade with Nive+43B87.002.015+24F] antibodies 1nduced the highest amounts of IFNy production on
both Days 3 and 6 compared to single blockade and dual blockade. These resulis suggest that 1 primary
TiLs expressing relatively low levels of these checkpoint receptors (Figures 17F and 17G), the wiple
combination treatment mduced significant enbancement of TIL activity. Interestingly, it was observed
that T1Ls that had been treated with a-PD-1 antibody had upregulated TYGIT expression (Figure 17H),
while those treated with c-TIGIT andtbody had upregulated PD-1 by the end of the culture perind (Figure
171}). This expression profile is consistent with published reports on data from similar i vitro T cell
assays and in patients treated with a-PD-1 suggesting that iriple blockade will be effective to increase T-

cell responses in patignts.
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EXAMPLE 9
[80358]  This example provides a discussion of the resulis from Examples 1,2, 7, and 8.

[60351] CD112R and TIGIT primarily engage CD112 and CD153, respectively, and suppress T and
NK cell response to tumor cells. We demonstrated that tumor cells express high levels of both higands
and therefore, inhibition of both CD112R and TIGIT is hkely required for effective engagement of

D226, which enhances T/NK cell activiiy,

[80352] We developed a composition comprising co-formulated mixtures of monoclonal antibodies
that simultaneously blocked CD112R and TIGIT. The composition performed as well as the two
monoclonal antibodies formatted mto a bispecific molecule. Both modalities signmificantly enhanced
primary buman T cell activity in in vitro assays and that the overall activitics were comparable. In
addition, triple blockade using the monoclonal CD112R and TIGIT andibodies in combinaiion with PD-1
blocking antibody further enhanced T cell activity, betier than any single or double combinations from the
three.

[60353] CD112R and TIGIT co-blockade presents a promising approach for a combination treatment
with PD-1/PD-L1, since triple blockade can engage two non-redundant costimulatory pathways to
enhance T/NK cell activity. The result may be an mcreased efficacy window over PD-1/L1 monotherapy
and importantly, a reduced likelihood of or overcoming tumor resistance to a monotherapy, as seen in PD-
/L1 refractory patients.

EXAMPLE 10

[80354] This cxample describes the materials and methods used in the experiraents of Examples 1-2
and 7-8.
[80358]  TCGA correlation plot generation 1n Array Studio
[80356]  The log (FPKM) values representing transcript fevels of genes of interest were extracted from
the TCGA dataset and plotied 1n scalter plots to show pairwise correlation.  The analysis was performed
for TEGIT family receptors and PD-1 and their higands for multiple cancer indications.
[B0357]  Single cell RNA sequence data analysis
IB0358]  Siosgle cell RNA seq analyses of T cells isolated from five buman hepatocellular carcinoma
patients had been previously described (Zheng et al., 2017}, This dataset was queriad for genes of
mierest, and 2D and box plots were generated using Tamatoa. Specifically, expression of TIGIT,
CDHI2R, CD226, and PD-1 on T cells from tumor tissues was queried.
[8035%] CD112R binding assayv and FACS staining
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[60368] To evaluate binding of anti-CD112R tool antibodies (PL-52570, PL-52575, PL-52577) 1o
buman CDHI2R, CHO K1 cells transfected to express CD112KR were meubated with anti-CD112R
antibody, CD112 ligand Fo (Sinc biological), or tsotype control for ¥ hour at 4C, and the bouad antibody
was detected with APC compugaied anti-human IgG secondary antibody {(R&D svstems) or PE conjugated

anti-mouse {g( secondary antibody (Jackson Immunoresearch}.

[60361] To characterize the expression of CDLI2R, PD-1, and TIGIT expression by flow cytometry,
previously activated T cells or dissociated tumor cells were blocked with Fe blocking reagent (10 mun at
room teraperatore) and incubated with fluorochrome conjugated antibodies for 45 mimns at 4C. For
CD112R detection, a secondary PE-conjugated anti human IgG (Jackson Immunorescarch) was added as
a second step. In some cases, cells were fixed nsing IC fixation buffer {ebioscience). Daia were acquired

using BD Symphony flow cytometer and analyvzed using Flowlo software.
[80362] Prmary buman T cell activation and expansion

[80363] Pan T cells and memory CDE T cells were punified from previously frozen PBMCs (Cepheus
Bioscience) using magnetic bead based human Pan T cell (miltenvi Biotec) and memory CDR T cell
isclation kits (STEMCELL technologies) using manufacturers recommended protocol. Pan T cells were
cultured with huoman anti-CD3/anti-CD28 dynabeads (Life tochnologies) at 1:1 ratio in the presence of
501U/m] recombinant human IL2 (R&D systems) for 3 days and then, after removal activation beads,
were rested for 3 days without supplemental IL2. Memory CD8 T cells were cultured with human anti-
CD3/anti-CD28 dynabeads (Life technologies) at 1:1 ratio in presence of 501U /ml recombinant human
T2 (R&D syvstems) for 7 davs, 112 was roplenished every 2-3 days, and then, after removal of activation
beads, were rested for 2 days in presence of 30IU/md recombinant IL2. For expanding CMVpp63es.so)
reactive CD8+ T cells, PBMC from HLA-A2+, CMVpp63uss.sosy reactive T8+ donors were cultured
with CMVpp65uss.sos (Anaspec) peptide-pulsed monocyte dernived dendritic cells, gencrated using
monocyie derived dendritic cell differentiation kit (R&D sytems), in the presence of 30{U/ml
recorabinant [L2 (R&D Svstems), 10ng/md recombinant IL7 (R&D System, 10001U/md recombinant 114
(R&D systems) for 14 days in a Grex-10 flask (Wilson wolf manufacturing). Media used for culturing
and expanding T cells is RPMI complete media (RPMI 1640 supplemented with Glutamax (GIBCQO) +
10% FBS (GIBCOY+ Pen/strep + NEAA + Sodmam Pyruvate + B-ME + HEPES (GIBCO)).

186364]  Generation of engiveered CHO cells

[80365] CHOKI cell ine expressing anti D3 scfv was {obtained from 1nternal Amgen sources) used
for transfection to induce CB112 and CD1335 expression. CHO cell line expressing “low’ anti-CD3 sefv

was transfected with pcDNAS3L human CD112 var delta_zeo vector {obtained from internal Amgen
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source) using Lipofectamine 2000 transfection kit (Invitrogen) using manufacturer’s recommended
protocol. After transfection, CHO cells expressing CI3i2 were sorted as single cell clones and allowed 1o
cutgrow 1o selection media (Ham's F12 media containing (GIBCO) 1 X glutamax (GIBCO), 10% heat
maciivated FBS (GIBCO), 200ug/m! hveromycin, and 100ug/ml zeocin and (Thermo Fischer)). To
generate CHO cells expressing both CD112, CD 35, and anti-CD3scefv, previously generated CHO cel
fine expressing anti-CD3sclv, and CD112, was transfecied with pcDNA3 2 human CDI35 var 1 pwio
vector {obtained from internal Amgzeon source) using Lipofectamine 2000 (Invitrogen). After transfection,
CHO cells expressing CD112, anti-CD3gcfy, and CD133 were sorted mto stagle cell clones and allowed
to expand in sclection media (Ham s F12 media contaming (GIBCO) 1X glutamax (GIBCO), 10% heat
mactivated FBS (GIBC(), 200ug/ml hygromyein, | Sug/ml puromyein, and 100ug/ml zeocin and
{Thermo Fischer)). To generate CHO K1 cell line expressing hwman CDUI2R, CHO K1 cells were
transfected with vector pMSCV_FLAG buman CDTI2R (N81D)41-326) IRES_EGFP, using

Lipofectamine 2000 kit (Tavitrogen) using manufacturer recommmended protocol.
[80366] In vitro primary cell assays

[80367] To nterrogate effect of blocking CD112R-CD112 and CD226-CD112 interaction on T cell
function, CHO cells, either transfected to express CD112 or with an empty vector along with alD3scfv,
were co-cultured with previously expanded Pan T cells and soluble anti-CD28 {(Biolegend) in the
presence of anti-CD112R antibody or 1sotype control, with or without anti-CD226 (Abcam). Cell culiure
supernatant was harvested after 24 hours and cvaluated for IL2 using standard ELISA kit (R&D Systems)
as a readout for T cell function. To evaluate the effect of co-blocking TIGIT and CDI12R on CD8 T cell
function, CHO cells expressing CD112 and CD1355 were co~cultured with previously expanded memory
CD8 T celis and soluble anti-CD28 {Biolegend) in the presence of the blockiag antibodies and

supernatant was harvested after 24 hours and analvzed using MSD human [FNy V-plex detection kit.

[60368] For antigen~specific CTL assay, SKMEL30 cells were pretreated with 100ng/ml recombinant
TENy for 24 hours, pulsed with lug/od CMVpp63 es.sos peptide and co-cultured with previously
expanded CMVpp63ges.sos reactive CD8+ T cells for 72 houars in the presence of single, double, or iniple
combimations of anti-TIGIT, anti-CD1I2R, and anti-PD-1 antibodies m a [:1:1 ratio in RPMI complete
media (RPMI 1640 supplemented with Glutamax (GIBCO), 10% FBS (GIBCQO), Pew/strep, NEAA,
Sodiura Pyruvate, B-ME and HEPES (GIBCO)). Cell culture superatant was harvested after 72 hours
and was evaluated for IFNy using UBA cviokine detection kit {(BD bioscience) as readout of CD8 T cell

activation.

[80369]  Dissociated human tumor coll analysis
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[60378] Tumor tissues from tumor resection surgery were provided by CPMC (California Pacific
Medical Center)y and through MT group (Van Nuys, CA) with patient consent.  The tissues were
processed by first cutting mito small pieces, followed by eazymatic digestion and mechanical dissociation
with GentleMacs 10 digestion buffer (DMEM/F12 supplemented with 10% FBS, Penn/strep, L+
Glatamine, HEPES, 1.5mg/ml collagenase type IL, 10ug/ml hyaluronidase tvpe v, 10uM Y-27632 and
DNase T} at 37C. After digestion, cell suspension was filtered through 70um mesh filter, treated with
RBC lysis buffor and resuspended 1o culture media.
{30378] TIL stouulation assay was performed by culturing 250,000 dissociated tumor cells per well in
a 96-well plate, in the presence of combinations of anti-CD112R, TIGIT, PD-1, and/or isotvpe control
andibodies, each at 10ug/ml for 30ug/ml total antibodies per sample in RPMI complete media at 37°C.
Supernatant was harvested on day 3 and day 6 and analyred for IFNy by MSD.

EXAMPLE 11
[80372]  Thus example demonstrates formulations comprising CD 2R mAbs and TIGIT mAbs.
[60373] Formulations comprising anti-TIGIT mAbs, anti-CDII2R mAbs, or both (140 mg/mL total
antibody conceuntration) were prepared and characterized for viscosity and stability. The antt-TIGIT
mAbs used in these studies inchided 43B7 and 66H9, and the anti-CB112R mAbs used were 1E1, 29E10

and 24F1. The results are shown in Table 21.

TABLE 21
Formulation TIGIT mAb CD1i2R mAb Viscosity {cP)

1 - IE] i1.0
2 - 29E10 252
3 - 24F1 10.3
4 4387 - 7.5

5 66H9 - 9.9

6 66HY iE1 0.4
7 66HS 29E10 13.7
8 66HY 2451 16.2
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9 43B7 1E1 93
10 4387 29E10 124
i1 4317 2451 89

Co-fornwlations comprising 111 nxixtures of an antt-TIGIT mAb and an anti-CD112R

mAb are formmlated at about 70 mg/mb of each type of mAb. Single mAb

formulations comprised either of anti-TIGIT mAb or anti-CI 2R mAb were prepared

at a 140 mg/mL concentration.
i#0374]  As shown in Table 21, formulations comprising both anti-TIGIT mAbs, anti-CD1I2R mAbs
demonstrated acceptable viscositics of less than 15 ¢P. While formulations comprising either 24F | or
1E1 demonstrated about the same viscosities (~9.0 to ~11.0), formulations comprising anti-CD112R mAb

29510 exhibited hugher viscosities,

[60375)  The tormulations were analvzed by size exclusion chromatography (SEC) for high molecular
weight (HMW) species formation after two weeks of storage at 40 °C (2wk40(C), compared to nitial

HMW specics formation (To, no storage time). The results are shown i Table 22.

TABLE 22

Formulation No. % Main Peak % HMW species A % HMW
To 2wk40C To 2wk40C
9 982 96.2 1.0 19 0.9
11 579 8956 1.3 2.5 1.2
16 98.3 96.2 1.0 2.0 1.1
6 97.7 959 1.3 2.7 1.4
2 97.6 95.2 1.6 33 1.9
7 977 955 1.4 3.0 1.6

[30376]  Agsshown wn Table 22, all formudations demonstrated less than 2% change in HMW gpecies
formation after 2 weeks of accelerated storage (40 °C). The change in % HMW species was the least for
the formulation comprising 1E1 and 43B7, though the change m % HMW species also was less than 1.5%

for most other formulations.
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[606377]  These data support that formulations compnsing both anti-TIGIT mAbs, anti~CD1I2R mAbs
are stable and exhibit an acceptable viscosity even at higher concenirations {c.g., greater than 100

pe/m i)
EXAMPLE 12

[80378]  This example demonstrates the i vitre activity of formulations comprising anti-CD1I2R

mAbs and anti-TIGIT mAbs.

[80379]  The im vitro activity of formulations compusing anti-CDE12R mAb (24F1) and anti-TIGIT
raAb (43B7.002.015) at varving ratios (11, 311, 111, 1.3, and 1.9 TIGIT mAb:.CD112R raAb) with a
fixed amount of PD-1 mAb was assessed i vifro by measuring the amount of IFNwy produced by
cytotoxic T lymphocytes upon stimulation with the formulation. The assay was performed at two
different total mAb concentrations: 1.5 nM (wlich simulates a seiting where target coverage has not
reached saturation) and 30 nM (which simulates saturation). The anti-PD-1 mAb concentration was
fixed at 0.5 oM (for the formualations comprising 1.5 uM total mAb concentration) and 10 oM (for the
formulations comprising 30 nM total mAb concentration). Table 23 summarizes the amounts of sach

antibody in the formulations.

TABLE 23

Total Ab TIGIT mAb | CDIIZR mAb Anti-PD-] TIGIT mAb: Bar #
conceniraiion (nv) {aM} (nM) CD11ZR mAb
(nM) Ratio
1.5 0.9 0.1 0.5 91 1
{5 0.75 0.25 0.5 3:1 2
1.5 0.5 0.3 0.5 1 3
1.5 0.23 0.75 0.5 13 4
1.5 6.1 0.9 .5 1.9 5
.5 0.3 0.5 0 8a 6
1.5 0.9 0 0.5 na 7
1.5 0 0.9 0.5 na g
1.3 3.9 0 O na 9
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1.3 0 0.9 0 na 10
1.5 3 g 1Y na i1
1.5 0 0 0 na 12
30 18 2 16 9.1 3
30 15 3 16 3:1 14
30 10 10 16 11 15
30 5 15 16 13 16
30 2 I8 16 19 17
30 10 10 0 na 18
30 18 0 10 na 19
30 {1 18 10 na 20
30 18 Y 0 na 21
30 0 18 0 na 22
30 0 0 16 na 23
30 ¢ O 0 na 24

[60388]  As shown in Figure 19A, all formulations comprising TIGIT mAb and CDH2R mAb at the
total Ab amount of 1.5 nM (Bars 1-6) performed better than those formulations lacking both TIGIT mAb
and CDII2R mADb (Bars 7-12). Of the formulations comprising TIGIT mAb and CDUI2R mADb atthe
total Ab amount of 1.5 nM (Bars 1-6), the co-formulation baving a 111 TIGIT ;xAb:CB112RmAb ratio
performed the best as the highest amount of IFN garama was produced. At the higher tolal Ab
concentration, the responses were essentially the same (Figure 19B), suggesting that the magnitude of

response was driven by total target coverage rather than the ratio of the two mAbs.
EXAMPLE 13

[#0381]  This example demonsirates the expression of CD1I2R and TIGIT on human TIL and

circulating lymphocytes.
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(303821 The success of the co-formulation comprising TIGIT mAb and CDHI2R mAb at a 1.1 ratio
may be influenced by the expression of these targots (CD112R and TIGIT) on the targeted colls. Thus,
the expression of CD112R and TIGIT was evaluated by flow cytomeiry on TILs, ex vive primary human
tumor tissues and matching blood samples. 1t was hypothesized that i the targets were gxpressed o
largely different degrees, then the use of a ratio other than 1:1 may be warranted. The results are shown
in Figures 20A-20C. As shown in Figure 20A, CD8+ T cells trended toward higher expression lovels of
TIGIT than CD112R, whereas NK cells trended toward increased CI3I2R expression m tumor tissues.
Furthermore, peripheral CD8+ T and NK cells expressed more comparable lovels of CD1IZR and TIGIT
compared to TiLs (Figure 20B). Tumor cells expressed varving levels of the hgands CD1355 and CD112
(Figure 20C). At least some of the CD112R and TIGIT mAbs of the present disclosure exhubit similar
range of affinitics to their respective targets and nearly identical pharmacokinetic profiles. Because
CD1I2R and TIGIT oxpression is vaniable from donor to donor in tumor versus blood, as is that of the
figands, target saturation via dosing with mAb combinations at 1:1 ratio is reasosable and an elegant

approach to cover {argets that ultimately converge on the same downstream pathway.
EXAMPLE 14

[B0383] This example demonstrates the iz vive pharmacokinetics (PK) of CD1I2R mAb and TIGIT

mADb m non-human primates (NHP).

i80384]  An exploratory toxicology study was performed to gvaluate the toxicity and PK characteristics
of a formulation comprising anii-CD112R mAb (24F1), anti-TIGIT mAb (43B7.002.013), or both
antibodics. Via slow intravenous {IV) bolus injection, groups of male cynomolgus monkeys (3 animals
per group) were dosed as follows: Group 1 received sequential administration of 0.3 mg/kg anti-CD112R
mAb and 0.5 me/kg antt-TIGIT mAb. Group 2 received 5 mg/kg anti-THGIT mAb, while Group 3
received 3 mg/ke anti-CD112R mAb. Mean concentration-time profiles are provided in Figure 21, As
shown in this figure, after a single I'V admpusiration, exposure moreased approximaiely dose
proportionally between 0.5 and 5 mg/kg for TIGIT mAb and slightly higher than dose proportionally for
CDHI2R mAb at the same dose levels. Moan peak concentrations and arcas under the concontration-time
curve were simifar CD112R mAb and TIGIT mAb at both dose levels, suggesting PK profiles are suitable

for coformulation at a 1:1 ratio.
EXAMPLE i3

[60385]  This example demonstrates the CD112R mAb + TIGIT mAb activity in primary human
Natural Killer (NK) cells.
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[60386] Since CDII12R and TIGIT also regulate NK cell activity (L1 ot al, 2020; and Stanietsky et al,
2013), the activities of anti-CD1TI2R mAb (24F1) and anti-TIGIT mAb (43B7.002.0613), and co-~
formulations comprising a 1:1 ratic of the andti-CDHI12R mAb (24F1) and ante-TIGIT mAb
{43B7.002.013), were evaluated in an NK cell activation assay. For this assay, primary NK cells were
purified from blood from healthy donors, and then co-cultured with tmor cells. NK cell response as
represented by IFNy production and tumor cell killing was measured. The purified N¥ cells expressed
bigh lovels of CD226, TIGIT, and CD112R but very low levels of PD-1 (Figure 22A). The target tureor
cells endogenously expressed the bgands CD112, CD135, and PD-L1 (Figure 22B). As shown in Figures
22C - 22D, each of the CD112R mAbs and TIGIT mAbs mmdividually induced NK cell activation. The
combination of the two Abs provided a further increase in tumor cell killing (Figure 22C) and [FN
production (Figure 22D). A co-formulation comprising all three antibodies (CD112R mAbs, TIGIT
mAbs, and PD-1 mAbs; 3X) did not further increase the tumor celf killing or IFN produciion, which

result is consistent with the very low-level expression of PD-1 (Figure 22A).

[60387] These data support the ability of formulations comprising both anti-TEGIT mAb and anti-
CDHI2R mAb to induce NK cell activity.

EXAMPLE 16
[80388] This example describes an ex vive primary buman tumor-infilirating lvmphocvite assay.

{80389]  To simulate tumor-infiltrating T and NK cell responses to endogenocus tumor cells more
closely, an assav using dissociated ex vive primary human tumor tissues was developed. A single-cell
suspension from disscciated tumor tissue was cultured 1o the presence of anti-TIGIT mAb, aot-CDI12R
rAb, anti-PD-1 mAb, or combinations thercof without any exogenous antigens. The idea behind the
assay was that the endogenous tumor cells supply tumor-derived antigens to T and/or NK cells. Out of 10
different samples representing 4 different sohid tumor indications (pancreatic (PANC), colorectal (CR(O),
teiple negative breast cancer (TNBC), and gastrointestinal (GIST) cancer), a response in 6 samples, as
measured by FNy an day 3, was detected. In each of these cases, the combination including all three
rAbs (antt-TIGIT mAb, anti-CD112R mAb, and anti-PD-1 mAb) generated the most robust response

{Figure 23}, although the maximal fold-induction varied from sample to samplo (data not shown).
EXAMPLE 17

[80398]  This example demonsirates the /n vive efficacy of formulations comprising combinations of

anit-TIGIT mAbs, anti-CD112R mAbs and PD-1 mAbs in xenograft models.

[803%1] The following materials and methods were used for this experiment.
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§80392)  Awmimals, Tissues and Materials

[80393] Approxumately 60-100 ouce (fomale) were used per study, Bach weighed approximately 17-
24 ¢ at first measurement. The strains of mice used i the study included: Balb/c TIGITXCD112R
double KO, Balb/c CD112R-GFP K, Balb/c TIGIT KO, Balb/c TIGITxCD112R WT/WT; CS7BL/6
TIGITxCD112R double KO, C37BL/6 CDHI2R-GFP K1, C57BL/6 TIGIT KO, C37BL/6
TIGIT=CDTI2R WT/WT, NOD SCID IL.2rg (NSG). Balb/c and C37BL/6 were sourced from Charles
River Labs and the NSG mice were obiamed from Jackson Labs. At the time of tumor implantation, the
mice were 4 (o 12 weeks old. Balb/c miuce were CT26 {colon carcinoma) tumor-bearing, C37BL/6 were

B16F10 (melanoma) tamor-bearing, and NSG mice were CMV-SKMEL30 {melanoma) tumor-bearing.

[803%4]  Test articles included a co-formulation comprising a 111 ratio of anti-TIGIT mAb
(43B7.002.015) and anti-CDII2R mAb (24F1), anti-mePD-1 Close 29F 1A12, anti-human PD-1 and
control articles included vehicle control {100% DPBS), migGl N237G Isotype Control, higGl Isotype
Control.

[80395]  Methods

[80396]  CT26, BI6F10 and CMV-SKMEL36 cells were obtained from the Cancer Pharraacology Cell
Bank (Amgen, Thousand Oaks). CT26 cells were reaintained at 37°C in RPMI-1640 supplemented with
10% FBS, 1% NaPyr, 1% HEPES and 1% NEAA. B16F190 celis were maintained at 37°C in DMEM
supplemented with 10% FBS. CMV-SKMEL30 cells were maintained at 37°C m RPMI-1640
supplemented with 10% FBS, % NaPyr, 1% NEAA, 1% GlutaMAX| 3 ug/mb Blasticidin and 1 ug/mL
puronnvein. Cells were determined to be free of contamination with mycoplasma as well as 3 panel of
murine vial pathogens in addition (o being authenticated. T225 tissue caltwre flasks of cells were
harvested and viable cells were quantified by trypan blue exclusion on the Vi-Cell XR (Beckman Coulter,
Broa, CA). Female mice were injected with 3 x 16° CT26 or B16F10 cells in 0.1 mL serum-free media, or
12 100 CMV-SKMEL30 cells in 0.1 mb 1:1 RPMI:Matrigel (BD Biosciznces, Bedford, MA)
subcutanecusly in the right flask. In the CMV-SKMEL30 model, mice were also injecied with 2.9 x 10°
CMV-gxpanded CTLs mtravencusly. Animals were randomized into groaps such that every group had

similar average tumor volumes of approximately 100 mm’.

[00397] 1o CT26 and B16F10 syngeneic models, anbnals were dosed with isotype control or anii-
murine PD-1 antibody at 100 pe/mouse. In the CMV-SK-MEL xenograft model, animals were dosed
with sotype control antibodies, the anti-TIGIT-mAb/anti-CD112R mAb co-formudation (at 200 g /
mouse) and/or anti-PD-1 antibodies (at 300 ug / mouse} intraperitoncally (1P} twice weekly (2QW).

Anumals were weighed, and tumor volumes were measured twice per week. Tumor measurements were
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calculated from the length, width and height of tumors measured with a PRO-MAX clecivonic digital
caliper (Japan Micrometer Mfg. Co. LTD). The tumor volume was calculated as {1 x W » H} and

expressed inmm’.
[80398]  Sraistical Analysis

{80399] Data arc expressed as mean tumor volume + standard ervor of the mean (SEM) for cach group
plotted as a function of time. Statistical analvsis to evaluate effect of treatment on tumor size over time
relative to Conirol was performed using Liner Mixed Effects model impleraented within the custom
application IVEA (v1.2.1.019). Fixed effects incladed group, time with group™time inleraction terms.
Covarlance structure was induced due to subject random effect. Dunnett’s correction was applied for

multiphcity.

[00406]  Expressed data was analyzed using t-iest/ ANOVA implemented in the custom apphication
IVEA (v1.2.1.019). Ordinary t-test/ ANOVA are used when homogeneity and normabity assumptions hold
with Welch’s correction in case of lack of homogeneity. Nonparametric option 1s used in case of non-
normality. ANOV A multplicity Dunnett/ Tukey or equivalent correction 1s applied to control for Tvpe |
STy,

{30468] Percent tumor growth inhibition (TG was caloulated as the difference between the mean

change of tumor volume of a test group and control group, using the formula:

[80402]  %TG = 100 — [(Treated Final Volume—Treated Initial Volume) / (Conirol Final

Volume—Countrol Taitial Volume}] x 100
[60403]  Results

[80404]  In this study, the m vivo effocts of CDLZRATIGIT+HPD-1 wriple blockade was evaluated in
multiple mouse models. In a first model, knockout mouse strains lacking CD112R or TIGIT, or both, and
were generated, and the effects of target deficicncy together with or without PD-1 blocking mAb in
syngeneic tumor models were evaluated. In a second model, a xenografl model where immunodeficient
NSG mice were tuplanted with hwan melanoma tumor cell line (SKMEL3) that were engincered to
express CMV antigen, along with CMV Ag-specific CD8 T cells was generated.  After tumors were
established, muice were dosed with human PD-1 mAb, CD112R and TIGIT mAb combination, or PD-
IFTIGITHCBT12R mAD iriple combination. Tumor growth was measured over the course of study, and
the percent tumor growth inhibition (TGl at study termination was calculated to compare the activity of
PD-1 single blockade, TIGIT+CD112R combination {double knockout or combination mAb blockade), or
TIGIT+CD 1 2R+PD-1 tniple combination (TIGIT+CD112R double KO or mAb combination, plus PD-1

mAb) against isotvpe control-treated group.
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[80405]  The results of the study shown as tumor volume plotied as a function of time (post twmor
implantation) are provided in Figurcs 24A-24C. As shown in Figure 24A, mice that were treated with
anti-PD-1 antibody and with TIGIT and CD112R genes kaocked out, thereby providing a iriple blockade
of all three targets, exhibited the highest extent of tumor growth inhibition (TG, Blockade of TIGIT
(via gene K.O) and blockade of PD-1 through antibody treatment provided a 60% TGL Similar results
were seen i TIGIT / CD112R double knock-out B16F 10 mice treated with anti-PD-1 antibodyv. Triple
blockade led to the greatest amount of TGE As shown 1 Figure 24C, iriple blockade with antt-TIGIT
ruAb/antiCD112R mAb combination formulation plus anti-PD-1 mAb (purple) led to the largest decrease
in tumor volume relative to tumor volume of isotype control treated mice (black). These results support
that CD1I2R+TIGIT+PD-1 triple blockade inhibits tumor growth better than double combination or
single blockade. The data of Figures 24A-24C support that triple blockade led to the most robust
ihibition of tumor growth compared o groups treated with PD-1 mAb aloue, or the TIGIT+CD112R
combination. These resubts support that TIGIT+HCDIIZR+PD-1 wiple blockads is efficacions

inhibiting tumor growth in vivo.

[80406]  Thesc data support the treatment of tumors, as represented by in vivo fumor growth inhabition,

with blockade of TIGIT, CD112R and PD-1.
EXAMPLE 18
[00407] This example demonstrates the stability of anti-TIGIT mAb 7 anti-CD112R mAb formulations.

[60488]  Anti-CDI12R mADb (24F1) was formulated with or without anti-TIGIT mAb (either
43B7.062.015 (TIGIT-10) or 66HS.00¢ (TIGIT-12)) 10 9% (w/v) sucrose and 16 mM acetate. Each
formulation further comprised a final concentration of 0.01% (w/v}) polysorbate 80 (PS80} The total
antibody concentration of each formulation was 140 mg/mL. Formulations comprising both anti-
CDI12R mAD and ap anti-TIGIT mAb comprised ~70 mg/mL each at a 1:1 ratio. The formulations were
then stored at -30° C, 4° C, 25° C, or 40° C for up to 4 weeks. Samples of cach formulation were then
analyzed by size exclusion-ultra bigh performance iquid chromatography (SE-UHPLC) and reduced
capillary electrophoresis-sodinm dodecyl sulfate (¢CE-SDS) (6 evaluate the stability of each formulation.
Stability was determined by calculating the percentage of each separated component as compared fo the
total integrated arca. The viscosity of cach formulation (at 1000s-~1 shear at 23 °C) was additionally
evaluated using a cone and plate theometer.

[8048%] The SE-UHPLC results are provided in Figures 25A-25H and Tables 24-27. Tables 24-27
provide the % HMW species and % antibody main peak upon storage at -30 °C, 4 °C, 23 °C, and 40 °C,

respectively, and the data are shown in Figures 25A-D (Y% HMW upon storage at -30 °C, 4 °C, 25 °C, and
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respectively). As shown in these figures and tables, less than 2% HMW species formed and greater than
96.5% main peak was maintained, even afier being stored at 40 °C for up 1o 4 weeks, suggesting the high

stability of the antibody formulations.

TABLE 24
Stoerage Temperature = -30 °C
S HMW % Main Peak
Ab Formuiation i
T=0 T=iwk | T=2wk T=dwk T=0 T=lwk T=2wk T=dwk

CD112R §.180 0.186 99 .4 99 8

TIGIT-10 0180 0.187 9¢ 8 98 8

TIGIT-12 3.394 0.403 8.6 99.6
oo E“};O TIGH $4.250 0.233 998 49 8

IR+ -

CD“"I; TIGIT 0.360 0.357 496 a9.6

TABLE 23

Sterage Temperature = 4 °C

] i % HMW % Main Peak

Ab Formaulation - - - - -
¥=@ T=iwk | T=3wk | T=dwk T=0 T=lwk | T=2wk | T=dwk

CDIZR 8.180 0.174 0.168 994 99.4 94.8

TIGIT-10 0.180 0.164 0.154 998 99.8 99.8

TIGIT-12 0394 0.390 0.382 99.6 929.6 99.6
(Dlhi{ghﬂ(}ﬁ" 0.250 0.256 0.262 998 99.7 99.7
ot ME]{:L 1ot ¢.360 0.368 0.377 899.6 99.6 99.6

L

TABLE 26

Storage Temperature =25 °C

Yo HMW %% Main Peak
Ab Formudatios
T=4 T=iwk T=2wk T=dwk =i T=iwk T=2wk T=4dwk
CD112R 0.180 0.171 0.180 0.198 99 4 963 993 991
TIGIT-10 ¢.180 0.151 0.158 0.173 998 994 99 4 99.3
TIGIT-12 (.394 0,388 .434 0.467 99.6 99.6 98 .4 98.2
D1 }A}{:TIGIT" 0.250 0.298 0.326 0.381 99.8 99,7 992 940
AV
= O
Cht LT,, TIGIT $.360 0.431 G.477 0.587 996 99.6 9.8 98.6
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TABLE 27
Storage Temperatore = 48 °C
Yo HMIW % Main Peak
Ab Formulation - - ,
=8 T=twk T=2wk T=dwk Te==dp T=Iwk T=2wk T=4dwk
CB112R 0.180 $.239 $3.299 0.464 9.4 98.9 98.4 97.5
TIGIT-10 0.180 0.189 $.239 0.332 949 8 991 98.0 97.8
TIGIT-12 0.39%4 0.577 0.731 1.0601 99.6 98.0 97.6 96.7
RTTTR IO
('Dll“%a TG 0.250 0.485 G.651] 1.623 99.8 988 992 970
THR+TIGIT-
e [-‘};2 JIGIT 0.360 0.782 1.093 1.646 99.6 98.4 877 896.7

[60418]  The resulis of the rfCE-SDS assay are provided o Table 28 of Figure 26, o this assay, the
profein species are bound (o SDS, an antonic detergent, and elecickinetically mjecied nto a bare fused
silica capillary filled with SDS gel buffer. An electnic voltage 1 apphed across the capillary, under which
the SDS coated proteins are separated by thew difference in migration in a hvdrophilic polymer-based
solutton. Proteins are detecied by a photodiode arvay (PDA) detector as they pass through a UV detection
window. Stability is evaluated by detenmimag the percent corrected peak area of reach component. The
rCE-SDS method separates the heavy chain (HC), hight chain (LC), non-glycosyviated HC (NGHC), and
other minor peak species and groups under reducing conditions. As shown in Table 24, all formulations
were relatively stable, forming about 4% LMW+HMW peaks after storage -30°C, 4°C,25°C, 0r40° C
for up to 4 weeks. The formulations comprising TIGIT-12 m Ab, however, associated with higher %eages.

Without being bound (o theory, the higher % is caused by increased clipping of this antibody.

[80411] Tho results of the viscosity assay are shown in Figure 27 and Table 29, As shown in this
figure and table, in general, the viscosity of the formulation increased as the total antibody concentration
mcreased. However, all formulations tested demonstrated a viscosity of less than 15 cP and thus were

considered acceptable.

TABLE 29
Ab Formulation Total Ab Avg Viscosity (¢P) Std Dev
Concentration
{mg/mb}
CDI12R 140 11.08 0.3¢67
TIGIT-10 140 598 0.064
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TIGIT-12 140 7.35 0.044
CD1iZR TG 2.88 0.377
TIGIT-10 76 2.30 0.041
TIGIT-12 76 2.37 0.043
1:1 Coformulation CD112R 140 834 0.922

+ TIGIT-10

i:1 Coformuiation C112R 140 8.22 4.312
+ TIGIT-12

i80412]  All references, including publications, patent applications, and patents, cited herein are hereby
mcorporaied by reference to the same extent as if each reference were individually and specifically

mdicated (o be mcorporated by reference and were set forth in s entirety herein,

[60413]  The use of the torms “a” and “an” and “the” and similar referonts in the context of deseribing
the disclosure {especially in the context of the following claims) are to be construed to cover both the
singular and the plural, unless olherwise indicaied herein or clearly contradicted by conlext. The terms
“comprising,” “having,” “including,” and “containing” are {o be construed as open-ended terms (le,

meamng “mncluding, but not limited to,”) unless otherwise noted.

[60414] Recitation of ranges of values herein are merely mtended to serve as a shorthand method of
referring individually o each separate value falling within the range and sach endpoint, unless otherwise
mdicaied herein, and each separaile vahie and endpoint 15 incorporated into the specification as if it were

individually recited herein.

[80418] All methods deseribed herein can be performed in any suitable order unless otherwise
indicated herein or otherwise clearly coniradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as”™) provided herein, 1s mtended merely to better dluminate the
disclosure and does not pose a limitation on the scope of the disclosure unless otherwise claimmed. No
language m the specification should be construed as indicating any non-claimed clement as essential to

the practice of the disclosure.

[30416]  Preforred embodiments of this disclosure are described herein, including the best mode knowa
to the inventors for carrving out the disclosure. Variations of those preferred embodiments may become

apparent to those of ordinary skill in the art upon reading the foregoing description. The inventors expect

125



WO 2022/015853 PCT/US2021/041625

skilled artisans to employ such variations as appropriate, and the inventors intend for the disclosure to be
practiced otherwise than as specifically described herein. Accordingly, this disclosure includes all
modifications and equivalents of the subject matter recited in the claims appended hereto as permiited by
apphcable law. Moreover, any combination of the above-described clerents in all possible variationg
thereof 1s encompassed by the disclosure unless otherwise indicated herein or otherwise clearly

contradicied by confext.
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WHAT IS CLAIMED:

I

A CD112R antigen-binding protein comprising {a} a heavy cham (HC) complementarity-
determining region (CDR) | amino acid sequence set forth in Table Al or a variant sequence
thercof which differs by onlyv 1-4 amino acids or which has at least or about 90% scquence
identity; (b) an HC CDRZ anuno acid sequence set forth in Table Al or a variant sequence
thereof which differs by only 1-4 amino acids or which has at least or about 90% sequence
identity; (¢ an HC CDR3 amino acid sequence set forth in Table Al or a variant sequence
thereof which differs by only 1-4 amino acids or which has at loast or about 90% sequence
identity; (d) a hight chain (LC) CDR1 amino acid sequence set forth in Table Al or a vanant
sequence thereof which differs by only 1-4 amimo acids or which has at least or about 90%
sequence wdentily; (e} an LT CDR2Z amino acid sequence set forth in Table Al or a vanant
sequence thereof which differs by only [-4 amino acids or which has at least or about 90%
sequence wdentity; and () an LC CDR3 amino acid sequence set forth in Table Al ora
variant sequence thereof which differs by only 1-4 amino acids or which has at least or about

S90% sequence identity.

The CDII2R antigen-binding protein of claim 1 or 2, comprising six CDR amiao acid
sequences listed in a single row of Table Al or comprising six CDR amino acid sequences
solected from the group consisting of: (a) SEQ ID NOs: 13-18; (b) SEQ ID NOs: 23-28; (¢}
SEQ 1D NOs: 33-38; (d) SEQ 1D NOs: 43-48; (o SEQ 1D NOs: 53-38; () SEQ 1D NOs: 63-
68; {g) SEQ 1D NOs: 73-78; (h) SEQ 1D NOg: 83-88, (1) SEQ 1D NOs: 93-98, ;) SEQ ID
NOs: 103-108, (k) SEQ ID NOs: 233-238, (1) SEQ ID NOs: 1973-1978, (m) SEQ ID NOs:
1983-198%, (n) SEQ 1D NQs: 1993-1998, and {0) SEQ 1D NOs: 2003-2008.

The UD112R astigen binding protein of any one of the preceding claims, comprising (a) a
HC vartable region amino acid sequence set forth 1o Table B1 or a variant sequence thereof
which differs by only 1-15 amino acids or which has at least or about 90% or about 95%
sequence wWdentily to the HC variable region amino acid sequence of Table B, (b)a LC
variable region amino acid sequence set forth in Table Bl or a variant sequence thereof which
differs by only 1-13 amino acids or which has at least or about 90% or about 95% sequence
wdentity o the LC variable region amino acid sequence of Table B, or (¢) a combination of

{ay and (b).

The CD112R antigen-binding protein of claim 4, comprising a pair of HC varniable region and

LC variable region amino acid sequences listed in a single row of Table Bl or comprising a
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6.

>

pair of amino acid sequences selected from the group consisting oft (a) SEQ ID NOs: 11-12;
(b)Y SEQ ID NOs: 21-22; (¢} SEQ ID NQUs: 31-32; {d) SEQ ID NOUs: 41-42; {¢) SEQ ID NUs:
51-32: (f) SEQ 1D NOs: 61-62; (g) SEQ ID NOs: 71-72; (b) SEQ ID NOs: $1-82, (i) SEQ 1D
NOs: 91-92, () SEQ 1D NOs: 101-102, (k) SEQ ID NOs: 231-232, (1) SEQ 1D NOs: 1971~
1972, (u} SEQ ID NQOs: 1981-1982, (n) SEQ ID NGs: 1991-1992, and {0) SEQ ID NOs:
2001-20602.

The CD1I2R antigen binding protein of any one of the preceding claims, comprising (&) a
full-length (FL) HC amine acid sequence set forth in Table B or a variant sequence thereof
which differs by only 1-30 amine acids or which has at Ieast or about 90% or about 93%
soquence wWentity to the FL HC anuno acid sequence of Table Bl (b) a FL LC amino acid
sequence set forth 1n Table B1 or a variant sequence thereof which differs by only 1-50
aminge acids or which has at least or about 90% or about 93% sequence wdentity to the FL LC

amino acid sequence of Table B, or {¢} a combination of (a) and (b).

The CD112R antigen-binding protemn of claim 3, comprising a pair of full-length (FL) HC
and FL LC amino acid sequences listed in a single row of Table B or comprismg a pawr of
amino acid sequences selected from the group consisting of {a) SEQ ID NQOs: 9-10; {(b) SEQ
ID NQs: 19-20; (¢} SEQ ID NQs: 29-30; (d) SEQ ID NQOs: 35-40; (¢} SEQ ID NQs: 49-30,
(fy SEQ TD NOs: 39-60; (g) SEQ ID NOs: 69-70; (h) SEQ 1D NOs: 79-80, (1) SEQ ID NOs:
89-90. () SEQ TD NOs: 99-100, (k) SEQ ID NOs: 229-230_ (1) SEQ 1D NOs: 19691970, (m)
SEQ D NOs: 1979-1980, (n) SEQ ID NOs: 1989-1990, and (o) SEQ 1D NOsg: 1999-2000.

The CD1IZR antigen-binding protein of any one of the preceding claims, which is an

antibody.

The CD112R antigen-binding protein of claum 7, comprising:

a.  aheavy chain (HC) complementarity-determining region (CDR) T amine
acid sequence of SEQ ID NQO: 33 or a vaniant sequence thereof which differs
by only 1-4 amino acids or which has at least or about 90% sequence
identity; (b) an HC CDR2 asunc acid sequence of SEQIDNO: 34 ora
variant sequence thereof which differs by only 1-4 amino actds or which has
at least or about 0% sequence wdentity; (¢} an HC CDR3 aming acid
sequence of SEQ 1D NO: 35 or a variant sequence thercof which differs by

only 1-4 amino acids or which has at least or about 90% sequence identity;
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{d} a light chain (L.C) CDRI amino acid sequence of SEQIDNG: 36 ora
vartant sequence thereof which differs by only 1-4 amino acids or which has
at least or about 90% sequence idenitiy; () an LC CDR2Z amino acd
sequence of SEQ 1D NO: 37 or a variant sequence thercof which differs by
only 1-4 amino acids or which has at least or about 90% sequence 1dentity
{fy an LC CDR3 amino acid sequence of SEQ ID NO: 38 or a vartant
sequence thereof which differs by ondy 1-4 amino acids or which has at least

or about 90% sequence wWdentity; or

(b) aheavy chain (HC) complementarity-deiermimning region {CDR) I amuno acid

{©)

sequence of SEQ D NO: 63 or a variant sequence thereof which differs by only 1-4
amino acids ot which has at least or about 90% sequence identity; (b) an HC CDR2
amine acid seguence of SEQ [D NO: 64 or 3 vanant sequence thereof which differs
by only 1-4 amino acids or which has at Ieast or about 90% sequence identity: (¢) an
HC CDR3 amino acid sequence of SEQ ID NO: 65 or a variant sequence thereof
which differs by only 1-4 anuno acids or which has at lcast or about 90% sequence
wdentity; (d) a light chan (LC) CDR1Y amino acid sequence of SEQ IDNO: 66ora
variant sequence thereof which differs by ooly 1-4 amino acids or which has at least
or about 90% sequence identity; () an LC CDR2 amine acid sequence of SEQ ID
NQO: 67 or a variant sequence thereof which differs by only 1-4 amino acids or which
has at least or about 90% sequence identity; (f) an LC CDR3 ammo acid sequeonce of
SEQ ID NO: 68 or a variant sequence thereof which differs by only 1-4 amino acids
or which has at least or about 90% sequence identity; or

a heavy chain (HC) complementarity-determining region (CDR} 1 amino acid
sequence of SEQ ID NG: 83 or a variant sequence thereof which differs by only 1-4
amino acids or which has at least or about 90% sequence identity; (b} an HC CDR2
arnino acid sequence of SEQ 1D NO: 84 or a vartant sequence thereof which differs
by only 1-4 amino acids or winch has at least or about 90% sequence wdentity; {¢) an
HC CDBR3 amino acid sequence of SEQ ID NO: 85 or a variant sequence thereof
which differs by only 1-4 amino acids or which has at least or about 90% sequence
identity; {d) a light chain (LC) CDRI amino secid sequence of SEQID NO: 86 ora
variant sequence thereot which differs by only 1-4 amino acids or which has at least
or about 90% sequence identity; (&) an LC CDR2 amino acid sequence of SEQ 1D
NO: 87 or a variant sequence thereof which differs by only 1-4 amino acids or which

has at least or about 90% sequence dentity; () an LC CDR3 amino acid sequence of
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{d

)

®

Nanr

SEQ ID NO: 88 or a variant scquence thereof which differs by only 1-4 amino acids
or which has at loast or about 90% sequence identity; or

comprising (a) a HC variable region arano acid sequence of SEQIDNO 31 ora
variant sequence thereo{ which differs by only 1-15 amino acids or which has at feast
or about 90% or about 95% scquence 1dentity to the HC variable region amino acid
sequence of SEQ ID NO: 31; (b) a LC vanable region amino acid sequence of SEQ
1D NO: 32 or a variant sequence thereof which differs by only 1-15 amino acids or
which has at least or about 90% or about 95% sequence identity to the LT vanable
region amino acid sequence of SEQ ID NO: 32, or (¢} a combination of (a) and (b},

or

} comprising {a) a HC variable region aming acid sequence of SEQIDNO: 6l ora

variant sequence thereof which differs by only 1-13 amino acids or which has at feast
or abouot 90% or about 95% sequence identity o the HC variable region amino acid
sequence of SEQ ID NC: 61; (b} a LT vanable region amino acid sequence of SEQ
1B NO: 62 or a variant sequence thercof which differs by only 1-15 amino acids or
which has at least or about 90% or about 93% sequence identity to the LC variable
region amino acid sequence of SEQ 1D NO: 62, or (¢) a combination of (a) and (b);
or

comprising {a) a HC variable region amino acid sequence of SEQIDNG: 8l ora
variant sequence thereof which differs by only 1-15 amino acids or which has at least

% sequence ideniily o the HC variable region amino acid

or about 90% or about 93
sequence of SEQ ID NG: 81; (b} a LC vanable region amino acid sequence of SEQ
1B NO: 82 or a variant sequence thereof which differs by only 1-15 amino acids or
which has at least or about 90% or about 93% sequence identity to the LC variable
region amino acid sequence of SEQ ID NG: 82, or (¢} a combination of (a) and (b);
or

(a) a full-length {FL) HC amino acid sequence of SEQ ID NG: 29 or a variant
sequence thereof which differs by only 1-30 amino acids or which hag at least or
about 90% or about 95% sequence identity to the FL HC amino acid sequence of
SEQ 1D NG 29; (b) a FL LC amino acid sequence set forth of SEQID NO: 30 ora
variant sequence thereof which differs by only 1-50 amiao acids or which hags at least
or about 90% or about 95% sequence identity to the FL LC amino acid sequence of

SEQ ID NO: 30, or (¢) a combination of (a) and (b); or
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9.

10.

12.

14.

(h) (a) a fuli-length (FL) HC amino acid sequence of SEQ ID NO: 39 or a vanant
sequence thereof which differs by only 1-30 amino acids or which has at least or
about 90% or about 95% sequence ideniily to the FL HC amino acid sequence of
SEQ ID NG: 59; (bya FL LC amino acid sequence set forth of SEQID NG: 60 ora
variant sequence thereof which differs by only 1-30 amino acids or which has at least
or about 90% or about 95% sequence idendiiy to the FL LC amino acid sequence of
SEQ I3 NO: 60, or (¢} a combination of {(a) and (b); or

{1} {a)afull-length (FL) HC amino acid sequence of SEQ [D NO: 79 or a variant
sequence thereof which differs by only 1-30 amino acids or which has at least or
about 90% or about 95% sequence dentity to the FL HC amino acid sequence of
SEQ ID NO: 79; (b) a FL LC amino acid sequence set forth of SEQ ID NO: 80 ora
variant sequence thereof which differs by only 1-50 amino acids or which has at feast
or abouot 90% or about 95% sequence identity to the FL LC aminge acid sequence of

SEQ ID NG: 80, or (¢} a combination of (a) and (b}.

The CD1I2R antigen-binding protein of any one of claims 1-6, which s an antigen-binding

fragment of an andibody.

The CD112R antigen-binding protein of any one of claims 1-6, which s an antibody protein

product, optionally, an scFv.

. A nucleic acid encoding the CD1I2R antigen binding protein of any one of the preceding

claims.

A nucleic acid encoding the light chain, the heavy cham, or both the light chain and the heavy

chain of the antibody of claim 7 or 8.

. The nacleic acid of claim 11 or 12 wherein the nucleotide sequence encodes (a3 a HC

variable region amino acid sequence sei forth 1n Table B1 or a variant sequence thereof which
differs by only 1-15 amino acids or which has at Ieast or about 90% or about 93% scequence
identity to the HC variable region amino acid sequence of Table Bi; (b) a LC vanable region
amino acid sequence set forth in Table B1 or a variant sequence thereof which differs by ondy
1-15 amino acids or which has at least or about 90% or abeut 93% sequence 1dentity to the

LT vanable region amino acid sequence of Table Bi, or (¢} both (a) and (b).

A vector comprising one or more nucleie acids of any ove of claims 11 10 13,
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i8.

. A host coll comprising one or more nucleic acids of any one of claims 11 o 13 or one or

more vectors of claim 14,

. The host cell of claim 15, wherein the host cell produces a CD112R antigen binding protein

of any of claims 1-16.

. A TIGIT antigen-binding protein comprising (a) a heavy chain (HC) complementarity-

determining region (CDR) 1 aminoe acid sequence set forth in Table A2 or a variant sequence
thereof which differs by only 1-4 amine acids or which has at least or about 90% sequence
identity; (b} an HC CDR2 amino acid sequence sct forth 1n Table A2 or a vaniant sequence
thercof which differs by onlyv 1-4 amino acids or which has at least or about 90% scquence
identity; (¢} an HC CDR3 amino acid sequence set forth in Table A2 or a variant sequence
thereof which differs by only 1-4 amino acids or which has at least or about 90% sequence
identity; (d) a hght chain (LC) CDR1 amino acid sequence set forth in Table A2 or a variand
sequence thereof which differs by only 1-4 ammno acids or which has at least or about 90%
sequence identity; (¢} an LC CDR2 amino acid sequence set forth in Table A2 or a vanant
sequence thoreof which differs by only 1-4 amino acids or which has at least or about 90%
sequence wdentily; and (£} an LC CDR3 amino acid sequence set forth 1n Table A2 or a
variant sequence thergof which differs by only 14 amino acids or which has at least or about

0% sequence dentity.
The TIGIT antigen binding protein of embodiment 17, comprising:

{a} a LC CDRI aming acid sequence comprising Glr27, or a conservative aming acid
substitution thereof, Ser28, or a conservative amino acid substitution thereof, or any
combination thereof; a LC CDR2 amino acid sequence comprising Glut, ora
conservative amino acid substitution thereof; and a LC CDR3 amino acid sequence
comprising Ser¥i, or a conservative aming acid substitution thereof, Ser%2, or a
conservative amino acid substitution thereof, Ser93, or a conservative amino acid
substitution thereof, Leu94, or a conservative amino acid substitution thereof, or any
combination thereof; a HC CDRI1 amino acid sequence comprising Val32, or a
conservative araino acid substitution thereof, Tyr33, or a conservative amino acid
substitution thercof, or any combination thereof, a HC UDR2 amino acid sequence
comprising TyrS2, or a conservative amino acid sabstitution thereof, TyrS4, ora
conservative amino actd substitution thereof, Tyr35, or a conservative amino acid

substitution thereof, SerS6, or a conservative amino acid substitution thereof, GIyS7,
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{b)

or a conscrvative anunc acid substitution thereof, Gly38, or a conservative amino
acid substitution thereof, Thr39, or a conservative amino acid substitution thereof]
Tyr6l, or a conservative amino acid substitution thereof, Pro63, or a conservative
aming acid substitution thereof, Argé6, or a conservative amine acid substitution
thereof, or any combination thereof;, and 2 HC CDR3 amino acid sequence
comprising Hel82, or a conservative ammmo acid subsiiiution thereof, Alalf4, or a
conservative amino acid substitution thereof, Givi87, or a conservative amino acid
substitution thereof, Tyrl08, or a conservative amino acid substitution thergof,
Pheld?, or a conservative amino acid substitution thereof, Tyr11d, or a conservative
amino acid substitution thereof, Tyr1ii, or a conservative aming acid substitution
thereof, or any combination thereof, wherein the position number is relative the LC

variable regton amine acid sequence of the TIGIT astigen binding protein

a LC CDRI amino acid sequence comprising GIn27, or a conservative amino acid
substitution thereof, Ser28, or a conservative amino acid substitution thereof, Val29,
or a conservative aming acid substitution thereof, Ser38, or a conservative amino
acid substituiion thereof, Ser3i, or a conservative amine acid substitution thereof,
Thr32, or a conservative amino acid substitution thereof, Tyr33, or a conservative
amino acid substitution thereof, or any combination thereof, a LC CDR2 amino acid
sequence comprising Glal, or a conservative amino acid substitution thereof, Hel, or
a conservative aming acid substitution thereof, Ser68, or a conservative amino acid
substitution thereof, Gly69, or a conservative amine acid substitution thercof, or any
combination thereof: a LC CDR3 amine acid sequence compnsing Tyr2, ora
conservative amino acid substitution thereof, Asp93, or a conservative amino acid
substitution thercof, Val®4, or a conservative amino acid substitution thereof, Ser9ds,
or a conservative amino acid substitution thereof, Pro¥6, or a conservative aminog
acid substitution thereof, Trp%7, or a conservative amino acid substitution thereof, or
any combiaation thereof; a HC CDR1I amine actd sequence comprising Giy32, or a
conservative amino acid substitution thereof, Tyr33, or a conservative amino acid
substitution thereof, or any combination thereof, a HC CDR2 amino acid sequence
comprising TyrS2, or a conservative amino acid substitution thereof, TyrS4, ora
conservative amino acid substitution thereof, Tyrd5, or a conservative amino acid
substitution thereof, Ser36, or a conservative amino acid substitution thereof, SerS§,
or a conservative aming acid substitution thereof, Thrs89, or a conservative amino

acid substitution thereof, Phe68, or a conservative amine acid substitution thereof,
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Pro63, or a conservative amine acid substitution thercof, Lys86, or a conservative
amino acid substiution thercof, or any combination thereof, a HC CDR3 aminoe acid
sequence comprising Argifi2, or a conservative amino acid substitution thereot,
Asnlf4, or a conservative aming acid substitution thereof, Trpifs, or a conservative
amino acid substitution thereof, Asni86, or a conservative amino acid substitution
thereof, Tyrif7, or a conservative ammno acid substitution thereof, or any
combination thereof, wherein the position nomber s relative the L.C vaciable region

araino acid sequence of the TIGIT antigen binding protein

a LC CDR1 ammo acid sequence comprising Arg38, or a conservative amino acid
substitution thereof, Arg3l, or a conservative amino acid substitution thereof, Tyr32,
or a conservative anuno acid substitution thereof, or any combination thereof, a LC
CDR3 amino acid sequence comprising Serl, or a conservative amino acid
substitution thereof, Tyr$2, or a conservative amino acid sabstitution thereof, Ser93,
or a conservative amino acid substitution thereof, The94, or a conservative amino
acid substitution thereof, or any combination thereof , wherein the position number s
relative the LC variable region amino acid sequence of the TIGIT antigen binding
protein; a HC CDR1 amino acid sequence comprising The38, or a conservative
amino acid substitution thereof, Gly31 or a conservative amino acid substitution
thereof, Tyr32, or a conservative amino acid substitution thereof, Tyr33, ora
conservative amino acid substitution thereof, or any combination thereof;, a HC
CDR2 anuno acid seguence comprising Trpd”7, or a conservative arnino acid
substitution thereof, a TrpS8, or a conservative aming acid substitation thereof,
SerS2, or a conservative amino acid substitution thercof, Thr34, or a conservative
aming acid substitution thereof, Ser3S, or a conservative amino acid substitution
thereef, Ala%7, or a conservative amino acid substitution thereof, Thri8, or a
conservative amino acid substitution thereof, Gly5%, or a conservative amino acid
substitution thereof, Tyré8, or a conservative aming acid substitution thereof, GinS,
or g conservative aming acid substitution thereof, or any combination thereof;, a HC
CDR3 amimo acid sequence comprising Asnifl, or a conservative amino acid
substitution thereof, Sevifi2, or a conservative amino acid substitution thereof,
Vall$3, or a conservaiive amino acid substitution thereof, Lenlf4, or a conservative
amino acid substitution thereof, Tyri05, or a conservative amino acid substitution
thereof, Tyrif6, or a conservative amino acid substitution thereof, Tyri87. ora

conservative amino acid substitution thereof, or anv combination thereof, wherein the
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{d)

position number is relative the HC variable region amino acid sequence of the TIGIT

antigen binding protein;

a LC CDRI amino acid sequence comprising GIn27, or a conservative amino acid
substitution thereof, Leu3®, or a conservative amino acid substitution thereof, S¢r32,
or a conservative aming acid substitution thereof, or any combination thereof;, a LC
CDR3 amino acid sequence comprising Serd6, or a conservative amino acid
substitution thereof, He97, or a conservative aminc acid substitution thereof, Gin%8,
or a conservative aming acid substitution thereof, Leu99, or a conservative aming
acid substitution thereof, or any combination thereof, a HC CDR1 amino acid
sequence comprising Asp3d, or a conservative amino acid substituiion thereof, a HC
CDR2 amino acid sequence comprising TyrS2, or a conscrvative amino acid
substitution thereof, a Tyr34, or a conservative amino acid substitution thereof,
TyrS5, or a conservative aming acid sabstitution thercof, SerS6, or a conservative
aming acid substitution thereof, GIyS7, or a conservative amino acid substitution
thereof, GiyS8, or a conservative amino acid substitution thereof, ThrS8, ora
conservative amino acid substitution thereof, Tyv6d, or a conservative amino acid
substitution thereof, Pro6d. or a conservalive amino acid sebstitution thereof, Lys66,
or a conservative aming acid substitution thereof, or any combination thereof; a HC
CDR3 amino acid sequence comprising Helf2, or a conservative amino acid
substitution thereof, Alal@4, or a conservative amino acid substitution thereof,
Givi7, or a conservative amino acid substitution thereof, Tyr108, or a conservative
amine acid substitution thereof, Phelf9. or a conservalive amino acid substifution
thercof, Tyril®, or a conservative amino acid substitution thereof, Phelll, ora
conservative amino acid substitution thereof, or any combination thereof; wherein the
position sumber is relative the HC variable region amino acid sequence of the TIGIT

aniigen binding protein.

19. The TIGIT antigen-binding protein of claim 17 or 18, comprising six CDR amino acid

sequences listed in a single row of Table A2 or comprising six CDR amino acid sequences

selected from the group consisting oft (a) SEQ D NQOs: 113-118; (b) SEQ 1D NOs: 123-128;
(c) SEQ ID NOs: 133-13%; (d) SEQ ID NOs: 143-148; () SEQ ID NOs: 153-15%; (f} SEQ ID
NQs: 163-168; (g) SEQ ID NOs: 173-178; (h) SEQ 1D NQGs: 183-185, (1) SEQ ID NOs: 193~
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24

198, () SEQ ID NOs: 203-208, (k) SEQ TD NOs: 213-218, (1) SEQ [D NOs: 223-228, and
{m} SEQ 1D NOs: 2013-2018.

The TIGIT antigen binding protein of any one of claims 17-19, comprising {a) a HC variable
region aniino acid sequence sot forth in Table B2 or a variant sequence thereof which differs
by only 1-15 amino acids or which has at least or about 90% or about 95% sequence identity
to the HC vanable region amino acid sequence of Table B2; (b) a LC variable region amino
acid sequence set forth in Table B2 or a variant sequence thercof which differs by only 1-13
amino acids or which hags at least or about 0% or about 95% sequence 1dentity to the LT

variable region amino acid sequence of Table B2, or (¢} a combination of (a) and (b}.

21, The TIGIT antigen-binding protein of claim 20, comprising a patr of HC variable region and

LC variable region amino acid sequences listed in a single tow of Table B2 or comprising a
parr of amine acid sequences selected from the group consisting oft (a) SEQ ID NQOg: 111~
112, (b)Y SEQ ID NOs: 121122, (¢} SEQ ID NOs: 131132, (d) SEQ ID NOs: 141-142, (&)
SEQID NGe: 1531-152, () SEQ ID NOs: 161-162, (g) SEQ ID NOs: 171-172, (h) SEQ ID
NOs: 181-182, (i) SEQ ID NOs: 191-192, (j) SEQ ID NOs: 201-202. (k) SEQ ID NOs: 211-
212, (1) SEQ 1D NOs: 221-222, and (n) SEQ ID NOs: 2011-2012.

2. The TIGIT antigen binding protein of any one of claims 17-21, comprising (a) a full-length

{FL) HC amino acid sequence set forth in Table B2 or a vanant sequence thereof which
differs by ondy 1-30 amine acids or which has at least or about 90% or about 95% sequence
identity to the FL HC anuso acid sequence of Table BZ; (b) a FL. LC amino acid sequence set
forth in Table B2 or a variant sequence thereof which differs by only 1-30 amino acids or
which has at least or about 90% or about 95% sequence identity to the FL LC amino acid

sequence of Table B2, or (¢) a combination of {a} and (b).

23. The TIGIT antigen-binding protein of claim 22, comprising a patr of full-leagth (FL) HC and

FL LC amuno acid sequences listed in a single row of Table B2 or comprising a pair of amino
acid sequences selected from the group consisting of (a} SEQ ID NOg: 109-110, (B) SEQ 1D
NOs: 119-120, {¢) SEQ ID NOs: 129-130, (d) SEQ 1D NQOs: 139-140, {e) SEQ 1D NQOs: 149-
150, () SEQ D NOs: 159-160, (g) SEQ ID NOs: 163-170, () SEQ 1D NOs: 179-186, (i)
SEQ ID NOs: 189-190, () SEQ ID NQs: 199-200, (k) SEQ 1D NOs: 209-210, (1)) SEQ ID
NQs: 219-220, and (m) SEQ 1D NOs: 2009-2010.

24 The TIGIT antigen-binding protein of any one of claims 17-23, which is an antibedy.
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25. The TIGIT antigen-binding protein of claim 24, comprising:

(a)

{b)

()

a heavy chain (HC) complementarity-determuning region (CDR) 1 amino acid
sequence of SEQ 1D NO: 203 or a variant sequence thercof which differs by only 1-4
aming acids or which has at least or about 90% sequence dentity; (b) an HC CDR2
amino acid sequence of SEQ [D NG: 204 or a variant sequence thereotf which differs
by only 1-4 amino acids or which has at least or about 90% sequence identity; {¢) an
HC CBR3 ammo acid sequence of SEQ 1D NO: 205 or a variant sequence thereof
which differs by only 1-4 amino acids or which has at fcast or about 90% sequence
wdentity; (d) a light cham (LC) CDR1 amine acid sequence of SEQ ID NO: 286 or a
variant scquencs thereof which differs by only 1-4 amino acids or which has at least
or about 90% sequence identity; (e} an LC CDRZ amine acid seqguence of SEQ ID
NG 207 or a variant sequence thereof which differs by only 1-4 amino acids or
which has at least or about 90% sequence identity; (f) an LC CDR3 amino acid
sequence of SEQ ID NO: 208 or a vaniant sequence thereof which differs by only 1-4
anino acids or which has at least or about 90% sequence identity; or

a heavy chain (HC) complementariy-determining region (CDR} 1 amino acid
sequence of SEQ ID NO: 223 or a variant sequence thereof which differs by only 1-4
amino acids or which has at least or about 90% sequence identity; (b} an HC CDR2
amino acid sequence of SEQ 1D NO: 224 or a variant sequence thereof which differs
by only 1-4 amine acids or which has at least or about 90% sequence identity; (¢) an
HC CDR3 amino acid sequence of SEQ I NO: 225 or a variant sequence thereof
which differs by only 1-4 amise acids or which has at least or about 90% sequence
identity; {d) a light chain (LC) CDRI ammo actd sequence of SEQID NO: 226 0ra
variant sequence thercof which differs by only 1-4 amino acids or which has at least
o1 about 90% sequence idendity; (g) an LL CDR2 amino acid sequence of SEQ 1D
NO: 227 or a variant sequence thereof which differs by only 1-4 amine acids or
which has at least or about 90% sequence dentity; () an LC CDR3 ammo acid
sequence of SEQ ID NO: 228 or a variant sequence therecof which differs by only 1-4
ammo acids or which has at least or about 90% sequence identity; or

comprising {(a) a HC vadable region anuno acid sequence of SEQ IDNO 201 ora
variant sequence thereof which differs by only 1-135 amino acids or which hags at least
or about 90% or about 953% sequence identity to the HC variable region amino acid

sequence of SEQ D NO: 201; (b) a LC variable region amino acid sequence of SEQ
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26.

{d

o

{e)

ity

claims.

1D NO: 202 or a variant sequence thereof which differs by ondy 1-15 amino acids or
which has at least or about 90% or about 93% sequence wdentity to the LC variable
region amino acid sequence of SEQ 1D NO: 202, or {¢) a combination of (a) and (b);
or

comprising {(a} a HC variable region amino acid sequence of SEQ IDNO: 221 or a
variant sequence thereof which differs by only 1-15 amino acids or which has at least
or about 90% or about 95% sequence identity to the HC variable region anuno acid
sequence of SEQ 1D NO: 221; (b) a LC variable region amine acid sequence of SEQ
1D WNO: 222 or a variant sequence thereof which differs by only 1-15 amino acids or
which has at least or about 90% or about 5% sequence wdentity to the LT variable
region amino acid sequence of SEQ ID NO: 222, or {¢) a combination of (a) and (b);
or

(a} a full-fength (FL) HC amino acid sequence of SEQ ID NQO: 199 or 3 variant
sequence thereof which differs by only 1-30 amino acids or which has at least or
about 90% or about 93% sequence identity to the FL HC amino acid sequence of
SEQ ID NO: 199 (b) a FL LC amine acid sequence set forth of SEQ D NO: 200 or
a variant sequence thereof which differs by only 1-530 amaino acids or which has at
teast or about 90% or about 95% sequence identity to the FL LC amino acid sequence
of SEQ ID NO: 280, or {¢} a combination of (a} and (b); or

(a) a fuli-length (FL) HC amino acid sequence of SEQ ID NO: 219 or a variant
sequence thereof which differs by only 1-30 amino acids or which has at least or
about 90% or about 95% sequence identity to the FL HC amine acid sequence of
SEQ 1D NO: 219; (b) a FL LC amino acid soquence set forth of SEQ ID NG: 220 or
a vanant sequence thereof which differs by only 1-30 amino acids or which has at
feast or about 90% or about 93% sequence dentity to the FL LC anmune acid sequence

of SEQ ID NO: 220, or (¢} a combination of {a} and (b).

The TIGIT antigen-binding protein of any one of claims 17-23, which is an antigen-binding

fragment of an antibody.

. The TIGIT antigen-binding protein of any one of claims 17-23, which is an anttbody protein

product, optionally. an seFyv.

. A nucleic acid encoding the TIGIT antigen binding protein of any one of the preceding
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29,

34.

Ll
v

A nucleic acid encoding the hight chain, the heavy chain or both the light chain and the heavy

chain of the antibody of claim 24 or 25,

. The sucleie acid of claim 28 or 29, wherein the nuclectide sequence encodes (a) a HC

variable region amino acid sequence set forth in Table B2 or a vanant sequence thereof which
differs by only 1-13 amino acids or which has at least or about 90% or about 95% sequence
identity to the HC variable region ammo acid sequence of Table B2; (b) a LC variable region
aming ackd sequence set forth in Table B2 or a vanant sequence thercof which differs by only
1-13 amine acids or which has at least or about 90% or about 93% sequence identity to the

LC variable region ammo acid sequence of Table B2, or (¢} both {a) and ().

31, A vector comprising ane or more tucleic acids of any one of claims 28 to 30

. A host cell comprising one or more nucleic acids of any one of claims 28 o 30 or one or

more veotors of claim 31,

. The host cell of claim 31, wherein the host coll produces a TIGIT antigen binding protein of

any of claims 17-27.

A composition comprising a CDH2R antigen binding protein of any one of claims {-10 and a

TIGIT antigon binding protem of any one of claims 17-27.

. The composition of claim 34, wherein (A) the CD112R antigen binding protein is TEY,

LEL.016, 24F1, 29E10, 24F1.001, 29E10_CONS.020, 29E10_CONS 021,
29E10_CONS.022, 29E10_CONS.025, 11E4, 31B3, 27(G12, 28F9, 28H7, or 36C8 as
described in Table Al or Table Bl, optionally, 24F1, 29510 CONS 620 or

29E10 CONS.022, (B) the TIGIT antigen binding protein is any one of 35G7.041.008,
S8A7.003.008.075, 4G10, 11A3, 2888, 39D2, 4387, 55G7. 66H9, 43B7.002.015,
38A7.003.08, 66HY.009, or 538A7 as described in Table A2 or Table B2, optionally, the
43B7.002.015 or 66H9.009, or a combination of (A} and (B).

36. The composition of claim 34 or 35, wherein the composttion compuses (A) 24F1 aad

43B7.002.013, (B) 24F1 and 66HS.009, (C) 29E18_CONS.020 and 43B7.002.013, (&)
29E10_CONS.020 and 66H2.009, (E) 29810 _CONS.022 and 43B7.002.015, (F)

29E10 CONS.022 and 66H9.009, (G} 43B7.002.015 and 1E1.016, (H} 43B7.002.015 and
24F1 (1) 43B7.002.015 and 29E10, (J) 66H9.009 and 1E1.016, (K) 66H9.009 and 29E10, (L)
43B7 and 29E10, (M) 43B7 and 24F1, or (N} 4387 and 11E4.
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37.

40.

41.

44.

46.

The composition of any one of claims 34-36, wherein the CD112R antigen binding protein

and the TIGIT antigen binding protein is present in the composition at a ratio of about 111,

. The composition of any one of ¢laims 34-37 further comprising a PD-1 antigen binding

protein.

. Alst comprising an antigen-binding protein of any one of claims [-10 and 17-27, the nucleic

acid of any one of claras 11-13 and 28-30, the vector of claim 14 or 31, the host cell of any
one of claims 15, 16, 32, and 33, a composition of any one of claims 34-3%, or a combination

thereof, and a container.
The kit of claim 39 further comprising a PD-1 antigen binding protein.

A pharmaceutical composition comprising an antigen-binding profein of any one of claims 1-
10 and 17-27, the nucleic acid of any one of claims 11-13 and 28-30, the vector of claim 14
or 31, the host cell of any one of clauns 13, 16, 32, and 33, a composition of any one of
claims 33-36, or a combination thereof, and a pharmaceutically acceptable carrier, excipient,

or diluent.

. The pharmaceutical composition of claim 41 further comprising a PD-1 antigen binding

protein.

. A method of making CI3112R antigen-binding protein comprising culturing the host cell of

any one of claims 15 or 16 5o as to express the CD112R antigen-binding protein and

harvesting the expressed CD1I2R antigen-binding protein.

A method of making TIGIT antigen-binding protein comprising culturing the host cell of any
one of claims 32 or 33 so as to express the TIGIT andigen-binding protein and harvesting the

expressed TIGIT antigen-binding profein.

. A method of treating a subject in need thereof, comprising administering to the subject in

need thereof a pharmaceutical composition of clamm 41 or 42 in an amount effective to treat

the subjeci.

The method of claim 45, wherein the subject has a sohd tumor and the pharmaceuntical
composition 1s administered to the subject in an amount effective to treat the solid tumor in

the subject.
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47, A method of treating a subject in need thereof, comprising administering to the subject in

need thereof a first phanmaceutical composition comprising a CD1IZR antigen-binding
protein and a TIGIT antigen-binding proteie and a second pharmaceutical composition

comprising a PD-1 inhibitor.

. The method of claim 47, wherein the subject has a solid fumor and the first pharmaceutical

composition and the sccond pharmaceutical composition are administered to the subject m

amounts effective to ireat the solid tumor in the subject.
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