WO 2019/129261 PCT/CN2018/125375

ANTETIGIT ANTIBODIES AND THEIR USE AS THERAPEUTICS AND BIAGROSTICS

RELATED APPLICATION
{3001} This application claims priority to patent application namber PCT/CN2017/120392, filed on
December 30, 2017, The entire content of aforementioned application is incorporated herein by

reference for all purposes.

FIELD OF THE INVENTION
{30021 The present application relates fo antibodies that specifically bind to TIGIT (T cel

immunoreceptor with Ig and ITIM domains) and uses of the same.

BACKGROUND OF THE INVENTION

jO803] Tigit (T cell iromumoglobulin and ITIM dowmain) is a type 1 transmembrane protein, a
member of the CD28 family of proteins that plays an frmportant role in inhibiting T- and NK
cell-mediated functional activities in anti-tumor immunity [Boles KS, ef al., 2009 Eur J lmmunol,
39:695-703; Stamieishky N, er al, 2009 FNAS 106:17858-63; Yu X et ol 2009 Nat Immunol
{0:48-57].

{6884] The genes and ¢DNAs codivg for TIGIT were cloved and characterized in mouse aod
human, Full length human TIGIT has a sequence of 244 amino acids (SEQ ID NO: 1) in length, in
which the first 21 amino acids consist a signal peptide. The amino acid sequence of the mature
homan TIGIT contains 223 amino acid {aa) residues (NCBY accession number; NM_173799}, The
extraceliular domain (ECD) of mature human TIGIT consists of 120 amino acid residucs (SEQ ID
NO: 2, corresponding to amino acids 22-141 of SEQ 1D NO: 1} with a2 V-type lg-like domain
(corresponding to amino acids 39-127 of SEQ ID NO: 1), followed by a 21 aa transmembrane
sequence, and an 82 aa cytoplasmic domain with an immunoreceptor tyrosine-based inhibitory motif
GYVIM) [Yu X, ef ol 2009 Nat. Impnunod, 10:48-37; Stengel KF, ei ol 2812 PNAS 109:5399-04].
Within the ECD, human TIGIT shares only 59% and 87% aa sequence identity with mouse and
cynomolgus monkey, respectively,

{6805] TIGIT is expressed on T cells (inchuding activated T cells, memory T cells, regulatory T
{Treg) cells, and {ollicalar T helper {Tth) cells), and NK cells [Baoles K5, et al., 2009 Eur J hamunol,

1



WO 2019/129261 PCT/CN2018/125375

39:693-703; Joller N, et al., 2084 Immunity 40:569-81; Levin 8D, et al, 2811 Eur J Immunol,
471:902-15; Stanieisky N, et al, 2809 PNAS 106:17858-63; Yu X, et al. 2008 Nar Immunol
10:48-57%.

{H086] So far, two Tigit higands, CD155 (also known as poliovirus receptor or PVR) and CD112
(also known as poliovirus receptor-related 2, PVRL2, nectin-2), have been identified. These ligands
are primarily expressed on APCs {such as dendritic cells and macrophages) and tumor cells {Casado
JG, et ol 2009 Concer Tmmunol Immumnother 58:1517-26; Levin SD, et of., 2081 Eur J Imnumiol
41:902-15; Mendelsohn CL ef al., 1889 56:855-65; Stanictsky N, et al., 2009 PNAS 106:17858-63;
Yu X, et al. 2009 Nat. Immunol, 10:48-57]. As an immune "checkpoint” molecule, Tigit initiates
jnhibitory sigualing in imomune cells when engaged by its ligands, CD 155 and CD3 2. The binding
affinity of Tigit to CD155 (Kd: ~1 oM} is much higher than to CD112 and whether the TIGIT:
CD112 mteraction s functionally relevant in mediating inhibitory signals yet remain to be
determined. A co-stimulatory receptor, CD226 (DNAM-1), binds to the same ligands with lower
affinity (Kd:~100 nM), but delivers a positive signal {Botiino C, ef al., 2003 J Exp Med 198:557-67].
In addition, CD96 (Tactile), a “Tigit-like” receptor, also plays a similarly inhibitory role in the same
pathway [Chan CJ, er ol, 2014 Nat. Immunol 15:431-5].

{0087]  Tigit can inhibit immune responses through different mechanisms. First, interaction between
TIGIT and PVR on dendritic cells (DCUs) could deliver a “reverse signaling” in DCs, leading to
up-regulation of IL-10 and decrease of IL~12 secretion, thereby inhibiting T-cell activation [Yu X, ef
al. Nat Immunol. 2669 10:48-57}. Second, TIGIT binds to CD155 with higher affinity, thereby
competing off DNAM-1-CD155 interaction. Third, direct ligation of TIGIT on T celis could
down-regulate TCR-mediated activation and subsequent proliferation and engagement of TIGIT on
NK celis block NK cell cytotoxicity [Joller N, et al. 2051 186: 1338-42; Stanietsky N, et al., 2069
PNAS [66:17858-63]. Fourth, Tigit expression on Tregs has been associated with a highly activated
and suppressive phenolype in tumor tssue and TIGIT sigualing in Tregs may favor Treg stability
[Joller N, et al. Tmmuinity 2884 40:569-81; Kurtwlus S, ei al. J Clin invesi. 2815 125 4653-4062].
{6608] TIGIT has an tmmonoglobulin taill tyrosine (ITT)-like wmotif followed by an
immunorcceptor tyrosine-based inhibition motif (ITIM) 1n its cyvioplasmic tail [¥r X er ol Nat
Immunol. 2009 10:48-57; Engels N, et af. Cury Opin Immunol 2081 23: 324-329]. These motifs
could mediate recrnitment of the phosphatase SHIP-1 and B-arrestin 2 [Li M ef al. J Biol
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Chem. 2014 289:17647-17657; Liv §, et af. Cell death and differeniiation 2813 20: 456-464], thus
providing a wechanism by which TIGIT can intrinsically deliver inhibilory signals to dampen
activating signals.
{0609} Up-regulation of Tigit coxpression in  tumor-infiltrating  Iymphocytes  (TiLs) and
peripheral blood movonuclear cells (PBMCs) has been reported in many types of cancers such as
fung [Tussi, et al., Cancer Res. 2887 77: 851-861), esophageal {Xie J, et al, Oncotarget 2016
7:63669-636781, breast [GH Del Alcazar CR, et ol. 2087 Cancer Discov], acute myeloid leukemia
(AML) {Kong Y et al., Clin Cancer Res. 2816 22:3057-66] and melanoma [Chauvin JM, et al., 7 Clin
Invest. 2815 125:2046-2058]. The increased expression of Tigit in AML is associated with poor
prognosis of patient survival ouicome [Kong ¥V ef ol Clin Cancer Res. 2016 22:3057-66]. Not ounly
does up-regulation of Tigit signaling play important roles in immune tolerance to cancer, but also to
chronic viral infection. During HIV infection, expression of Tigit on T cells was significantly higher
and postiively correlated with vival loads and disease progression [Chew GM, ef al, 2016 PlLoS
Pathog. 12:¢1005349]. In addition, blockade of Tigit receptor alone or in combination with other
blockade could rescue functionally “exhausted” T cells both in vitro and in vive [Chauvin JM, et al.,
S Clin Invest, 20015 125:2046-2058; Chew GM, et al., 2816 PLoS Pathog. 12:¢10(5349; Johmsion RJ,
et al. Cancer Cell 2014 26:923-937]. In the cases of cancer and viral infections, activation of Tigit
signaling promotes immune cell dysfunction, leading to the cancer outgrowth or extended viral
infection, Inhibition of Tigit-mediated inhibitory signaling by therapeutic agenis may restore the
functional activities of immune cells inchuding T cells, NK cells and dendritic cells (IDCs), therefore
enhancing immunity against cancer or chronic viral infection,
{6610} Therclore, modulation of Tigit signaling by antagonistic molecules may rescue immune
cells from tolerance, inducing cfficient immune responses to cradicate tumors or chronic viral
nfections.

SUMMARY OF THE INVENTION
{6811 The present invention is at least in part based on the discovery of a set of monoclonal
antibodies {mAbs) which inhibit Tigit-mediated cellular signaling in immune cells, re-activate the
immune cells and cohance immunity by specifically binding to Tigit. Accordingly, in the first aspect,
the present application relates to an anti-Tigit antibody and antigen-binding fragment thereof which
is capable of binding to human Tigit (SEQ ID NO: 1). The present invention also relaies to the
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humanized version of the anti-Tigit mAbs of the first aspect.

{6812] In particular embodiments, the antibody of the present application comprises a heavy chain
variable region {VH} comprising one, two or three CDRs having an amine acid sequence selected
from SEQ 1D NOs: 3, 4, 5 or 13, or variants thereof comprising one or more conservative
substitolions, ¢.g. ove of two conservalive substitutions ju the amino acid sequences of SE(} 1D NOs
3,4, 5 or 13; and/or a light chain variable region (V1) comprising one, two or three CDRs having an
amino acid sequence selected from SEQ 1 MOs: 6, 7, or &, or variants thereof comprising one or
more conservative substifutions, ¢.g. one or two conservative substitutions in the amine acid
sequences of SEQ ID NOs: 6,7, or §.

{68131 In a more specific embodiment, the antibody of the present application comprises a heavy
chain variable region (VH) comprising 2 VH-CDR1 having an amino acid sequence of SEQ ID NO:
3 or a variant thereof comprising one or more conservative substitutions, e.g. one or two conservative
substitutions, a VH-CDR2 having an amino acid sequence of SEQ ID NG 4 or SEQID NO: 13 ora
variant thereof comprising one or more couservative substitutions, e.g. one or two conservative
substitations, and 2 VH-CDIR3 having an amino acid sequence of SEQ 113 NO: 5 or a variant thereof
corprising one or more conservative substitutions, €.g. one or two conscrvative substitutions; and/or
a light chain variable region (VL) comprising a VL-CDR]1 having an amino acid sequence of SEQ
i NO: 6 or a variant thereof comprising one or more conservative substitntions, e.g. one or two
conservative substitutions, a VL-CDR2 having an amino acid sequence of SEQ 1D NO: 7 or a variant
thercof comprising one or more conservative substitutions, ¢.g. one or two conservative substitutions,
and a VL-CIDR3 having an amino acid sequence of SEQ 1D NO: 8 or a variant thereof comprising
one or more conservative substitutions, ¢.g. one or iwo conservative substitutions,

{6814} The antibody or the antigen-binding fragment thereof of the present application is capable of
binding to homan Tigit and comprises a heavy chain variable region having an amino acid seqoence
sclected from SEQ ID NO: 9, 14, 19, or a sequence having at least 85%, at least 90%, st least 95%,
at Jeast 96%, at least 97%, at least 989, at least 99% sequence identity with SEQ 1D NO: 9, 14, 19,
In one embodiment, the difference in sequence les in the framework region. In one embodiment, the
antibody or the antigen-binding fragment thereof comprises a heavy chain variable region encoded
by an nucleotide sequence selected from SEQ 1D NO: 10, 15 or 20, or a variant thereof,

{6815] The antibody or the antigen-binding fragment thereof of the present application is capable of
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binding to human Tigit and comprises a heavy chain variable region having an amino acid sequence
selected from SEQ I NO: 11, 16, 21, or 24, or a sequence having at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% sequence identity with SEQ 1D NO: 11,
16, 21 or 24.  In one embodiment, the difference in sequence lies in the framework region. In one
embodiment, the antibody or the antigen-binding fragment thereof comprising a heavy chaio variable
region encoded by an nuclestide sequence selected from SEQ 1D NG: 12, 17 or 22, or a variant
thereof.

{0016] In onc embodiment, the antibody or antigen-binding fragment thercof 1s capable of binding
to human Tigit with a Kd value of about 1x10™ M to about 1x107"* M. For example, the antibody or
the antigeo-binding fragrent thereof is capable of bivding to human Tigi with a Kd value less than
about 12107 M, less than about 1x 1071 M, less than about 1x 101 M, or less than about 1x1072 M.
{00171 In one embodiment, the antibody or the antigen-binding fragment thereof comprises a heavy
chain constant region of the subclass of IgG1, 1gG2, IgG3, or 1gG4 or a variant thereof, and a light
chain constant region of the type of kappa or lambda or a vanant thercof. In a more specific
embodiment, the Fc region of the antibody is human IgG1 Fe or a variant thereof, e.g. a Fc region of
SEQ 1D NO: 18

{0018} In one cmbodiment, the antibody or antigen-binding fragment thercof promotes the
production of IFN-y by antigen-specific T cells. In a more specific embodiment, the antibody or
antigen-binding fragment thereof promotes the production of IFN-y by antigen-specific T cells in a
dose-dependent manner,

{0619} In a wore specific cwbodiment, the antibody of the present application reduces the surface
expression of Tigit receptor vie FeyR-medisted trogocyiosis, particularly FoyRUB-mediated
frogacytosis.

{0020]  In ove embodiment, the antibody of the present application shows a pH-dependent antigen
binding such that the antibody exhibits a stronger binding to human TIGIT at a mild scidic pH in
tumor microenvironment {e.g. pH 6.0} as compared to the binding to human TIGIT at a physinlegic
pH (e.g. pH 7.4).  In a more specific embodiment, the antibody of the present application has (1 a
Ko ratio at pH 7.4/pH 6.0 of greater than 2, 3, 4, 5, 6,7, 8, 9, 10, 20, 30, 40, 30, 60, 79, 80, 90, 100,

or more, and/or {2} a Rmax (RU) value at pH 6.0 which is at least 2-fold, 3-fold, 4-fold, 5-fold,
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6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 20-fold, 30-fold, 40-fold, 50- fold higher than the Rmax at pH
7.4 , as measured by surface plasmou resonance (Biacore) or similar technology.

{0821} The anti-Tigit mAbs disclosed herein have potential therapeutic uses in treating cancer,
controlling viral infections and other human diseases that are mechanistically involved in immune
tolerance or "exhaustion”. Accordingly, in further embodiments, the anti-Tigit antibody of the present
application is for use in treatment of cancer. In another specific embodiment, the anti-Tigit
antibody of the present application is for use in treating an infection, treating an infectious disease
and/or controlling viral infections, In another specific embodiment, the anti-Tigit antibody of the
present application is for use in the treatment of other human diseases related to or caused by
immune tolerance, or the treatment of a disease that can be improved by increasing immune cell
activation,

{0022] In a further aspect, the present application relates to a composition comprising the anti-Tigit

anitbody or antigen-binding fragment thereof and a therapeutically acceptable excipicut,

BRIEF DESCRIPTION OF THE DRAWINGS
{6823] FIG. 1 Schematic diagram of Tigit-mlIg(G2a (top) and Tigit-hulgGl (bottom).  Tigit ECD:
tigit extraceliular domain. N: N-terminus. C: C-terminus.
{H024] FIG. 2 Phylogenetic trees of anti-Tigit antibody Vh (A) and VK (B) regions. The Vh and Vk
sequences of candidate anti-Tigit antibodics were ahgned nsing DNASTAR's Megalign software.
Sequence homology was displayed in phylogenetic trees.
{6825] FIG. 3 Affinity determivation of purified murine anti-Tigit antibodies by surface plasmon
resonance (SPR).
{3026} FIG. 4 Determination of Tigit binding by flow cytometry.
{66271 FIG. 5 (A) A schematic diagram showing the mhibition of Tigit-ligand interactions by
anti-Tigit mAbs. (B} The binding of soluble Tigit (Tigit-hulgGl fusion protein} to Tigit
ligand-expressing HEK293 cells (HEK293/PVR or HEK293/PVR-L2) was determined by flow
cytometry, The blockade of Tigit-ligand interaction was quantifatively measured by adding serially
diluted anti-Tigit antibodies. Results were shown in mean + 8D of duplicates.
{6028] FIG. 6 Activation of CMV-specific human T cells by anti-Tigit mAbs, Homan CMV peptide
(NLVPMVATY, 495-503)-sensitized HLA-A2.1" PBMCs (4x10%) were stimulated with the CMV
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peptide-pulsed target cells HOT116 cells (10%) overnight in the presence of anti-Tigit antibodies.
IFN-y in the culture supernatant was determined by ELISA. Al counditions were performed in
triplicates. Results were shown as mean + SD.

[0029] FIG. 7 Anti-Tigit mAbs promote NK cell-mediated cytotoxicity. {A) Tigit and DNAM-1
expression  on engincered NKOUZMITigit-DNAM-1  stable  cell hne. (B) Killing of
NKOZMI/Tigit-DNAM-1 cells against SK-MES-1/PVR celis in the presence of hul217-2-2/igGImf
{(0.007-30 pe/ml) was determined by an LDH (lactate dehydrogenase) release assay as described in
Example 8. Results were shown in meantSD of triplicates.

0036 FIG. 8 Anti-Tigit mAb hul217-2-2/1gG 1wt reduces the surface expression of Tigit receptor
via FeyR-mediated trogoeytosis. Jurkat/Tigit cells were incubated with Fe v R-expressing HEK293
cells in the presence of biotin-labeled anti-Tigit mAbs in complete media overnight. In some cases,
10% human AB serum was added to determine the effects of bulk human IgG on trogocytosis.
Surface expression of Tigit receptor was determined by staining with SA-APC (Biolegend). MFT was
determined by flow cytometry. All data points were in duplicates. Results were shown in mean£SD.
{8831 FIG. 8 ADCC effects of anti-Tigit mAbs on human peripheral blood mounonuclear cells
{(PBMCs). {A) Tigit expression on PHA-stimulated PBMCs from healthy donors was determined by
flow cytometry. CD4™ (CD4 Foxp3?), CD8™ T effectors and regulatory T cells {Tregs, CD4™ Foxp3™)
all expressed significant levels of Tigit (18~41%). Ddata shown are representative resuits from 3
healthy donors. (B) ADCC assay was performed using a CDI6" human NK cell line
NEKO2MYCD6Y as effector cells and PHA-stimulated PBMCs as target cells in the presence of Tigit
mAbs (30 ug/mL} or control antibodies (OKT3 at 5 ug/mi as a positive control, and hulgG at 30
ug/ml as a negative control) for 42 hrs, Percentages of CD37, CD8” T cells and Tregs were
determined by flow cytometry.

{0032] ¥FIG 10, CDC effects of anti-Tigt mAbs on human PBMCs, CDC assay was performed
using PHA-stimulated PBMCs as target cells and autologous sera as the source of complementis.
After 3 days of co-culture of pre-activated PBMCs with anti-Tigit mAbs (0.01-100 pg/mi) in the
final concentration of 15% autologous sera, percentage of CDC (y-axis) was measured by cell-titer
glow assay, and calculated as described in Example 11, Data from donors A and B are shown. HulgG

were used as a negative control, whereas anti-MHC-A, B, C was used as a positive control.
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DETAIL DESCRIPTION OF THE INVENTION

{60331 Conservative amino acid substitutions of amino acids are commonly known in the art and

exemplarily shown in the table below.

Generally, a couservative amino acid substitution means that

an amino acid residue is replaced by another amino acid residue having a similar side chain.

Original amine

acid residue

One-letter and three-letter

codes

Censervative substitution{(s)

Alanine A or Al Gly; Ser
Arginine R or Arg Lys; His
Asparagine N or Asn Hn; His
Aspariic acid D or Asp Gl Asn
Cysteine C or Cys Ser; Ala
Glutamine Q or Gin Asn
Glutamic acid E or Glu Asp; Gln
Glycine G or Gly Ala
Histidine H or His Asn; Gln
Isoleucine I or I Leu; Val
Leucine L or Leu He; val
Lysine X or Lys Arg; His
Methionine M or Met Leu; He; Tyr
Phenylalanine F or Phe Tyr; Met; Leu
Proline P oor Pro Ala

Serine S or Ser Thr
Threonine T or Thr Ser
Tryptophan W oor Tip Tvr; Phe
Tyrosine Y oor Tyr Trp; Phe
Valine Voor Val Ite; Len

{00341 Unless specifically defined elsewhere in this

document, all other technical and scientific

terms used herein have the meaning comronly understood by one of ordinary skill in the art to
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which this invention belongs.
{68351  As used herein, including the appended claims, the singular forms of words such as “a”,
“an”, and “the”, include their corresponding plural references unless the context clearly dictates
otherwise.

{0036] The term “or” is used to mean, and is used interchangeably with, the term “and/or” unless
the context clearly dictates otherwise.

{68371 Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, and vanations such as "comprises” and "comprising”, will be
understood to imply the inclusion of a stated amino acid sequence, DNA sequence, step or group
thereof, but not the exclusion of any other amino acid sequence, DNA sequence, step. When used
herein the term "comprising” can be substituted with the term “containing”, “including” or
sometimes "having”.

{3838] The term “Tigit” inclodes various mammalian isoforms, e.g., human Tigi, orthologs of
human Tigit, and analogs comprising at least one epitope within Tigit. The amino acid sequence of
Tigit, e.g., human Tigit, and the nuclestide sequence encoding the same, is known in the art.

LY 35 Gk,

{0039] The torms “administration”, “administering”, “treating” and “treatment” as used herein,
when applied to an animal, human, experimental subject, cell, tissue, organ, or biclogical fluid, mean
contact of an exogenous pharmaceutical, therapeutic, diagnostic agent, or composition to the animal,
human, subject, cell, tissue, organ, or biological fluid. Treatment of a cell encompasses contact of @
reagent to the cell, as well as contact of a reagent to a fluid, where the thuid is in contact with the cell,
The term “administration” or “treatment” also includes in virro and ex vive treatments, ¢.g., of a
cell, by a reagent, diagnostic, binding compound, or by another ceil. The term “subject” herein refers
to any organism, preferably an animal, more preferably a mammal {e.g., rat, mouse, dog, cat, rabbit}
and most preferably a haman,

Antibody or Antibodv molecule

{68401 Disclosed herein are antibody molecules that bind to Tigit with high affinity and specificity.

{68411 In some embodiments, the anti-Tigit antibody binds to human Tigit and includes at least one,
two, three, four, five or six complementarity determining regions (CDR’s) comprising an amino acid
sequence SEQ ID NQOs 3, 4, 5, 13 or SEQ 12 NQOs: 6, 7, 8. In particular embodiments, the anttbody
of the present application comprises a heavy chain variable region (VH) comprising one, two or three
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CDRs having an amine acid sequence selected from SEQ 1D NOs: 3, 4, 5 or 13, or a variant thereof
comprising one or more conservative substitutions; and/or a light chain variable region (VL)
comprising one, two or three CDRs having an amino acid sequence selected from SEQ 1D NGs: 6,7,
or 8, or a variant thereof comprising one or more conservative substitutions,

{0042] In some embodiments, the anti-Tigit antibody is an isolated antibody, a humanized aniibody,
a chimeric antibody or a recombinant antibody.

{6843] 1n some embodiments, the anti-Tigit antibody comprises at least one antigen-binding site, or
at lcast a wvariable region. In some cmbodiments, the anti-Tigit antibody compriscs an
antigen-binding fragment derived from an antibody described hercin.

{6844] The terro “antibody” herein is used in the broadest sense and specifically covers antibodies
(including full length menoclonal antibodies) and antibody fragments so long as they recognize
antigen, ¢.g., Tigit. An antibody is usually monospecific, but may aiso be described as idiospecific,
heterospecific, or polyspecific. Aniibody molecules bind by means of specific binding sites to
specific antigenic determinants or epitopes on antigens.

{0845 The term “meonscienal antibody” or “mAb” or “Mab” herein means a population of
substantially homogeneous antibodies, 1.¢., the antibody molecules comprised in the population are
identical in amino acid sequence except for possible naturally occurring mutations that may be
present in minor amounts. In contrast, conventional {polycional) antibody preparations typically
include a multitude of different antibodies having different amino acid sequences in their variable
domains, particularly their complementarity determining regions (CDRs), which are ofien specific
for different epitopes. The modifier “monoclonal” indicates the character of the antibody as being
obtained fromn a substantially homogencous population of antibodies, and is not to be construed as
requiring production of the antibody by any particular method. Monoclonal antibodies (imAbs) may
be obtained by methods known to those skilled 1o the art. See, for example Kobler G et of., Nature
1975 256:495-497; US. Par. No. 4376,110; Ausubel FM et of, CURRENT PROTOCOLS IN
MOLECULAR BICLOGY 1992, Harlow £ et af, ANTIBODIES: A LABORATORY MANUAL, Cold spring
Harbor Laboratory 1988, and Colligan JE et ol , CURRENT PROTOCOLS IN IMMUNOLOGY 1993, The
mAbs disclosed herein may be of any immmunoglobulin class including 1gG, IgM, IgD, IgE, IgA, and
any subclass thereof. A hybridoma producing a mAb may be cultivated in vifre or in vive. High titers
of mAbs can be obtained by in vive production where cells from the individual hybridomas are
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injected intraperitoneally into mice, such as pristine-primed Balb/c mice to produce ascites fluid
containing high concentrations of the desired wAbs, MAbs of isotype 1gM or 1gG may be purified
from such ascites fluids, or from culture supernatants, using column chromatography methods well
known to those of skill in the art.

{0046] In general, the basic antibody structaral unit comprises a teframer. Each tetramer includes
two identical pairs of polypeptide chains, each pair having one “light chain” (about 25 kDa) and one
“heavy chain” {(about 50-70 kDa}. The amino-ierminal portion of each chain includes a variable
region of about 100 to 110 or more amino acids primarily responsible for antigen recognition, The
carboxy-terminal portion of the heavy chain may define a constant region primarily responsible for
effecior function. Typically, human light chains are classified as kappa and lambda light chains.
Furthermore, human heavy chains are typically classified as «, 3, €, v, or y, and define the antibody's
isotypes as fga, IgD, Igh, 1gG, and 1gM, respectively, Within light and heavy chains, the variable
and coustaunt regions are joined by a “J” region of about 12 or more amino acids, with the heavy
chain also including a “D” region of about 10 more amino acids.

{08471 The variable regions of each light/heavy chain (VL/VH) pair form the antibody binding site.
Thus, in geveral, an intact antibody has two binding sites. Except in bifunctional or bispecific
antibodies, the two binding sites are, in general, the same.

{6848] Typically, the variable dowains of both the heavy and light chains comprise three
hypervariable regions, also called “complementarity determining regions (CDRs)”, which are
located between relatively conserved framework regions (FR). The CDRs are usually aligned by the
framework regions, enabling binding to a specific epitope. In general, from N-terminal to C-terminal,
both light and heavy chain variable domains sequentially comprise FR-1 (or FRI), CDR-1 {or
COR1), FR-Z (FR2), CDR-2 (CDR2), FR-3 {or FR3), CDR-3 (CDR3), and FR-4 {or FR4). The
assignment of amino acids to each domain 1s, generally, 1o accordance with the definmtions of
Sequences of Proteins of Immunelogical Interest, Kabat, ef al., National Institutes of Health,
Bethesda, Md. ; 5<uon> ed.; NIH Publ. No. 91-3242 (1991} Kabat (1978) Adv. Prot. Chem. 32: 1-75;
Kabat, et al., {1977} . Biol Chem. 252:6609-6616; Chathia, et af, (1987} J Mol. Biol. 196:901-817
or Chothia, et al, (1989) Nature 342:878-853.

{6849] The term “hypervariable region” weans the amino acid residues of an antibody that are
responsible for antigen-binding. The hypervariable region comprises amino acid residoes from a
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“CDR™ (e, VL-CDRI1, VL-CDR2 and VL-CDR3 in the light chain variable domain and VH-CDR1,
VH-CDR2 and VH-CDR3 in the heavy chain variable domain). See, Kabat ef al. {199]) Sequences
of Proteins of Immunclogical Interest, Sth Ed. Public Health Service, National Institutes of Health,
Bethesda, Md. (defining the CDR regions of an antibody by sequence}; see also Chothia and Lesk
(1987) 4. Mol. Biol. 196: 901-917 (detining the CDR regions of an antibody by structure). The term
“framework”™ or “FR” residues mean those variable domain residues other than the hypervariable
region residues defined herein as CDR residues.

{0050] Unless otherwise indicated, “antibedy fragment” or “antigen-binding fragment” means
antigen binding fragments of antibodies, i.e. antibody fragments that retain the ability to bind
specifically to the antigen bound by the full-length antibody, e.g. fragments that retain one or more
CDR regions. Examples of antigen binding {fragments include, but not limited to, Fab, Fab', F{ab"2,
and Fv fragments; diabodies; linear antibodies; single-chain antibody molecules, e.g., single chain Fv
(ScFv); nanobodies and maltispecific antibodies formed from antibody fragments.

{8851 An antibody that binds to a specified target protein with specificity is also described as
specifically binding to a specified target protein. This means the antibody exhibits preferential
binding {o that farget as compared o other proieins, but this specificity does not require absohute
binding specificity. An antibody is considered “specifie” for its intended target if its binding is
determinative of the presence of the target protein in a sample, e.g. without producing undesired
results such as false positives. Antibodies or binding fragments thereof, useful in the present
invention will bind to the target protein with an affinity that is at least two fold greater, preferably at
least 10-times greater, more preferably at least 20-times greater, and most preferably at least
100-times greater than the aflinity with non-target proteins. An antibody herein is said to bind
specifically to a polypeptide comprising a given amino acid sequence, ¢.g. the amino acid sequence
of a mature human Tigit molecuole, if it binds to polypeptides comprising that sequence but does not
bind to proteins lacking that sequence.

{6852 The expressions “‘pH-depemdent binding”, “pH-dependent target binding” and
“pH-dependent antigen binding” are interchangeable in the present disclosure, indicating that the
antibody of the present application binds to its target/antigen, namely human TIGIT, i a
pH-dependent manner. Specifically, the antibody of the present application shows a higher binding
affinity and/or binding sigual to its antigen at a mild acidic pH, e.g. pH 6.0, which is usually found in
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tumor microenvironment, as compared to the binding affinity and/or binding signal at physiologic
pH, e.g. pH 74, The methods for determivivg the binding affinity and/or the intensity of binding
signal of the antibedy of the present application are well known in the art and include but not limited
to surface plasmon resonance {Biacore) or similar technology. More specifically, the antibody of
the present application has a Kp ratio at pH 7.4/pH 6.0 of greater than 2, 3, 4, 5, 6, 7, &, 9, 10, 20, 30,
40, 50, 60, 70, 80, 90, 100, or more, as measured by surface plasmon resonance {Biacore) or similar
technology.  Alternatively or additionally, the antibody of the present application has a Rmax (R}
value at pH 6.0 which 15 at least 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-told,
20-fold, 30-fold, 40-fold, 50- fold higher than the Rmax at pH 7.4 as measured by surface plasmon
resonance {Biacore) or similar technology.  The binding affinity of the antibody cav be measured at
25°C or 37°C.  Tumor microenvironment has been found to show a relatively more acidic pH than
physiological condition or normal tissues (Zhang et al. Focus on molecular Imaging 2010; Tannock
and Rotin et al. Cancer Res 1989). Therefore, the aniibody of the present application having
above-mentioned pH-dependent binding is advantageous as an anti-TIGIT therapeutic agent for
targeting TIGHT-positive lymphocytes in the tumor microenvironment with selectivity and having
lower toxicity associated with periphery activation of lymphocytes.

{0053] The term “human antibedy” herein means an antibody that comprises human
immunogiobulin protein sequences only. A human antibody may contain murine carbohydrate chains
if produced in a mouse, in a mouse cell, or in a hybridoma derived from a mouse cell. Similarly,
“mouse antibody” or “rat amtibody” means an antibody that comprises only mouse or rat
immunogiobulin protein sequences, respectively.

{6654] The torm “humanized antibody” means forms of antibodies that contain sequences from
non-human {(e.g., murine) antibodies as well as human antibodies. Such antibodies contain minimal
sequence derived from non-mwan rmmoglobolin, In general, the humamzed antibody will
comprise substantially all of at least one, and typically two, varigble domains, in which all or
substantially all of the hypervariable loops correspond to those of a non-human immunoglobulin and
all or subsiantially all of the FR regions are those of a human immuanoglobulin sequence. The
humanized antibody optionally also will comprise at least a portion of an immunoglobulin constant
region (Fc}, typically that of a human immunoglobulin. The prefix “hum”, “hy”, “Hu” or “h” is
added to antibody clone designations when pecessary to distinguish humanized antibodies from
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parental rodent antibodies. The humanized forms of rodent antibodies will generally comprise the
same CDR sequences of the parental rodent auvtibodies, although certain amino acid substitutions
may be included to increase affinity, increase stability of the humanized antibody, or for other
1EASONS.

{0085] The antibody of the present application has potential therapeutic uses in ireating cancer.
The term “cancer” or “tumer” herein means or describes the physiological condition in mammals
that is typicaily characterized by unregulated cell growth. Examples of cancer include but are not
limited to, lung cancer (inchuding small-cell lung cancer, or non-small cell lung cancer), adrenal
cancer, liver cancer, stomach cancer, cervical cancer, melanoma, renal cancer, breast cancer,
colorecial cancer, leukermia, bladder cancer, bone cancer, brain cancer, an endometrial cancer, head
and neck cancer, lymphoma, ovarian cancer, skin cancer, thyroid tumor, or metastatic lesion of the
cancer.

{6856] Further, the aniibody of the present application has potential therapeutic uses in controlling
viral infections and other human discases that are mechanistically involved in immune folerance
or "exhaustion”. In the context of the present application, the term “exhaustion” refers to a process
which leads to a depleted ability of umumne cells to respond to the tnfecting virus during a prolonged

perioed of chronie viral infection.

Pharmaceutical Compositions and Kits

{3057] 1n some aspects, this disclosure provides compositions, ¢.g., pharmaceutically acceptable
compositions, which include an anti-Tigit-3 antibody described herein, formulated together with at
least one pharmaceutically acceptable excipient. As used herein, the term “pharmaceutically
acceptable excipient” includes any and all solvents, dispersion media, isotonic and absorption
delaying agents, and the like that are physiologically compatible. The excipient can be sunlable for
ntravenous, intramuscular, subcutancous, parcnteral, rectal, spinal or epidermal administration {¢.g.
by injection or infusion).

{6858] The compositions herein way be in a variety of forms. These include, for example, Hguid,
semi-solid and solid dosage forms, such as liquid solutions {¢.g., injcctable and infusion solutions),
dispersions or suspensions, liposomes, and suppositories. A suitable form depends on the intended
mode of administration and therapeuntic application. Typical suitable compositions are in the form of
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injectable or infusion solutions. One suitable mode of administration is parenteral {¢.g., intravenous,
subcutaneous, infraperiioneal, intramuscular). In some embodiments, the antibody is administered by
intravenous infusion or injection. In certain cmbodiments, the antibody is administered by
jntramuscular or subcutaneous injection.

{00589] The term “therapeutically effective amount” as herein used, refers to the amount of an
antibody that, when administered to a subject for treating a disease or a disorder, or at least one of the
clinical symptoms of a disease or disorder, is sufficient to effect such treatment for the disease,
disorder, or sympiom, The “therapentically effective amount” can vary with the antibody, the disease,
disorder, and/or symptoms of the discase or disorder, severity of the discase, disorder, and/or
symptoms of the disease or disorder, the age of the subject to be ireated, and/or the weight of the
subject to be treated. An appropriate amount in any given instance can be apparent to those skilled in
the art or can be determined by routine experiments. In the case of combination therapy, the
“therapeutically effective amount” refers to the total amount of the active agents comprised in the
combination for the effective treatment of a disease, a disorder or a condition.

{0860 The “subject” as used herein is a mammal, e.g., a rodent or a primate, preferably a higher

primale, ¢.g., a buman (e.g., a patient having, or at risk of having, a disorder described herein).

EXAMPLE

Example | Generation of anti-Tigit monoclonal antibody

{8061 Anti-Tigit monoclonal antibodies (mAbs) were generated based on conventional hybridoma
tusion technology [de StGroih and Sheidegger, 1984 J Immunol Methods 35:1; Mechetner, 2667
Methods Mol Biel 378:1] with minor modifications. The mAbs with high binding activity in
enzyme-linked immunosorbent assay (ELISA) and fluorescence-activated cell sorting (FACS) assay
were selected for further characterization.

10862]  Tigit recombinant protein for immunization and binding assayvs

{6863] The ¢DNA coding for the full-length human Tigit (SEQ ID NO:1) was synthesized by and
purchased from Sino Biological (Beijing, China) based on its GenBank sequence (Accession No:
NM 1737993, The coding region of extraceliular domain (ECD) of the full-length human Tigit
corresponding to the amino acid (AA) 1-141 of SEQ ID NG: 1 was PCR-amplified, and cloned into

peDINA3 T-based expression vector (Invitrogen, Carlsbad, CA, USA) with C-terminus fused either to
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the Fe domain of mouse IgG2a or to the Fe domain of human Ig(31 heavy chain, which resulted in
two recombinant fusion protein expression plasmids, Tigit-migG2a and Tigit-hulgGl, rvespectively,
The schematic presentation of Tigit fusion proteins were shown in FIG. 1. For the recombinant
fusion protein production, TigitemigGZa and Tigit-halgGT plasmids were transiently transfected into
293G cells (developed in-house) and cultured for 7 days in a COn incubator equipped with rotating
shaker. The superpatant containing the recombinant protein was coliected and cleared by
centrifugation. Tigit-mig(G2a and Tigit-hulg(Gl were purified using a Protein A column (Cat:
17127901, GE Life Sciences). Both Tigit-mIgG2a and Tigit-hulgG1 proteins were dialyzed against
phosphate buffered saline (DPBS) and stored in -80°C freezer in small aliquots.

{0064] Stable expression cell fines

{6865]  To establish stable cell lines that express full-length human Tigit (huTigit) or monkey Tigit
(mkTigit, accession #: XM _005548101.2), Tigir genes {synthesized by Genescript, Nanjing, China}
were cloned into a retroviral vector pFB-Neo (Cat.: 217561, Agilent, USA}. Dual-tropic retroviral
vectors were generated according to a previous protocol [Zhang T ef «l 2065, Blood]. Vectors
containing AuTigii and miTigii were transduced into Jurkat and NK92MI cells (ATCC, Manassas, VA,
USA), respectively, to generate the cell lines, JurkathuTigit and NK92MUmkTigit. The hgh
expression cell lines were selected by cultivation in medinm with G418 and FACS binding assay.

{0066  Imunmization, hvbridoma fusion and cloning

{0867} Eight to twelve week-old Balb/c mice (from HFK BIOSCIENCE CO., LTD, Beijing, China)
were mmmunized intraperitoneally (i.p.} with 100ul of antigen mixture containing 10 pg of
Tigit-migG2a and a water-solable adjuvant (Cat.: XX0210041, KangBiQuan, Beijing, China}. The
procedure was repeated three weeks later. Two weeks after the 2° inumunization, mouse sera were
evaluated for Tigit binding by ELISA and FACS. Ten days after serum screening, the mice with the
highest anii-Tigit antibody serum titers were boosted via ip. njection with 50 pg of Tigit-migG2a.
Three days after boosting, the splenocyies were isolated and fused to the murine myeloma cell line,
SP2/G cells (ATCC), using the standard technigues {7977 Somar Cell Genet, 3:2311.

{0068]  Assessment of Tigit binding activity of antibodies by ELISA and FACS

{6069] The supernatants of hybridoma clones were initially screened by ELISA as described
in "Methods in Molecular Biology {(2007) 378:33-52" with somwe modifications. Briefly,
Tigit-hulgGl protein was coated in 96-well plates. The HRP-linked anti-mouse IgG antibody (Cat.:

8
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70765, Cell Signaling Technology, USA) and substrate (Cat.: 80-4201-56, eBioscience, USA) were
used to develop color absorbance signal at the wavelength of 450 nm, which was measured by using
a plate reader (SpectraMax Paradigm, Molecular Devices, USA). The ELISA-positive clones were
farther verified by FACS using either NK92MVhuTigit or NK92mi/mkTigit cells described above.
Tigit-expressing cells {10° cells/well) were incubated with ELISA-positive hybridoma supernatants,
followed by binding with Alexa Fluro-647 labeled goat anti-mouse IgG antibody (Cat.: A0473,
Beyotime Biotechnology, China}. Cell fluorescence was quantified using a flow cvtometer (Guava
casyCyte 8HT, Merck-Millipore, USA),

{3076} The conditioned media from the hybridomas that showed positive signals in both ELISA
and FACS screening were subjected to functional assays to identify antibodies with good functional
activity in human tmmune cell-based assays (see following sections). The antibodies with desire
functional activities were further sub-cloned and characterized.

{0071]  Subcloning and adaptation of hvbridomas to seyum-free gr low serum medium

{0872} After primary screening by ELISA, FACS and functional assays as described above, the
positive hybridoma clones were sub-cloned by the limiting dilution. Three positive subclones based
on ELISA and FACS screening from each plate were selected and characterized by functional assays.
The top antibody subclones verified through functional assays were adapted for growth in the
CDBMAMAD medium (Cat.: SH30801.02, Hyclone, USA) with 3% FBS.

{0873]  Expression and purification of monoclonal antibodies

{0074] Hybridoma cells or 293G cells transiently transfected with an antibody expression plasmid
(Cat. No., R79007, Invilrogen) was cultured either in CDM4AMAD medium (Cat; SH30801.02,

1™ 293 Expression medinm (Cat.: 12338018, Invitrogen), and incubated in a

Hyclone) or in Freesty
s incubator for 5 to 7 days at 37°C. The conditioned medinm was collected through centrifugation
and filtrated by passing a .22 pm mewbrave before purification. Murine or recombinaunt antibodies
containing supernatants were applicd and bound to a Protein A column (Cat.: 17127901, GE Life
Sciences) following the manufacturer’s guide. The procedure usually vielded antibodies at purity
above 90%. The Protein A-affinity purified antibodies were either dialyzed against PBS or further
purificd using a Hiload 16/60 Superdex200 column (Cat,: 17531801, GE Life Scicuces) to remove
aggregates, Protein concentrations were determined by measuring absorbance at 280nm. The final
antibody preparations were stored in aliquots in -80°C freezer.

i7



WO 2019/129261 PCT/CN2018/125375

Example 2 Cloning and sequence analysis of Tight Antibodies

{6875 Murine hybridoma clones were harvested to prepare total cellular RNAs using Ultrapure
RNA kit (Cat.: 74104, QIAGEN, Germany) based on the manufacturer’s protocol. The 1% strand
cDNAs were synthesized using a ¢DNA syothesis kit from lovitrogen {Cat.: 18080-051) and PCR
amplification of the nuclectide sequences coding for heavy chain variable region (V%) and kappa
chain variable region (V&) of murine mAbs was performed using a PCR kit (Cat.: CWEO686, CWhio,
Beijing, China). The oligo primers used for antibody ¢DNAs cloning of ¥4 and Vk were synthesized
by Invitrogen (Beijing, China) based on the sequences reported previcusly (Brocks et al. 2001 Mol
Med 7:461). PCR products were then subcloned into the pEASY-Blunt cloning vector (Cat:C
B101-02, TransGen, China) and sequenced by Genewiz (Beijing, China). The amino acid sequences
of Vi and Vk regions were deduced from the DNA sequencing results,

{6876] The murine mAbs were analyzed by comparing sequence homology and grouped based on
sequence similarity (FI1G. 2). Complementary determinant regions {CDRs) were defined based on
the Kabat { Wy and Kabat 1976 J. Exp. Med 132:211-250} and IMGT {Lefranc 1999 Nucleic Acids
Research 27:209-2127 system by sequence annotation and by internct-based sequence analysis

(http://www.imgt.org/IMGT vquest/share/textes/index. html). The amino acid sequences of a

representative top clone mul217 (Fh and V&) were lisied in Table 1 (S8EQ 1D NOs: 9 and 11}, The
CDR sequences of mul217 were histed in Table 2 (SEQ 1D NOs: 3-8),

077] Table 1. Awipno acid sequences of mul217 Vi and VE regions

mul2l7 Vh SEQIDB NGO

mui2l7 Vk SEQ ID NG 11

{6678] Table 2. CDR sequences (amine acids) of manl217 Vi and ¥7 regions

mAbs CDRE CDR2 CDR3

mui2l7, Vh | SEQIDNOS3 SEQGIDNO4 SEQIDNQOS

mui217, Vk | SEQ IDNO 6 SEQGIDNGT7 SEQIDNOGS
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Note:  CDR sequences are defined based on Kabat system

Example 3 Affinily determination of purified murine anti-Tight antibodies by SPR

{0679] The Tigit antibodies with high binding activities in ELISA and FACS, as well as with potent
functional activities in the cell-based assays (described in Examples 1 and 2) were characterized for
their binding kinetics by SPR assays using BiAcore™ T-200 (GE Life Sciences). Briefly, anti-human
1gG antibody was imunobilized on an activated CMS biosensor c¢hip (Cat. No.: BR100330, GE Life
Sciences). Human Fe-tagged Tigit was flowed over the chip surface and captured by anti-human IgG
antibody. Then a serial dilution (0,12 oM to 10 nM) of purified murine antibodies were flowed over
the chip surface and changes in surface plasmon resonance sigoals were analyzed to calenlate the
association rates (ko) and dissociation rates (kor} by using the one-to-one Langmuir binding model
(BiA Evaluation Software, GE Life Sciences). The equilibrium dissociation constant (Kp) was
calculated as the ratio kow'fen. The binding affinity profiles of top mAbs including mui217, muli257,
mul226 and mu242, were shown in FIG.3 and Table 3.

{0080] Table 3. Binding affinities of hybridoma antibodies by SPR

Antibodies Foon (V1871 kg (5 Ko (nM)
mul2l7 4.33E+H06 3.96E-05 9.15E-12
mui2s7 3.99E+06 4.20E-05 105811
mul 266 1.07E+07 R.49E-05 7.94E-12
mu242 5.12E+06 713505 1.39E-11

Example 4 Humanization of the murine anti-human Tigit mAb mai2i7

00831 mdd humanization and engineering

{6082} For humanization of the mul217, human germiine 1gG genes were searched for sequences

that share high degrees of homology to the cDNA sequences of mul217 variable regions by blasting

the human unmmunogiobulin gene database in MGT
(http://wew.irngtorg/IMGT vguest/share/textes/ index htmi) and NCBI
(http://www.nebinlm nih gov/ighlast/) websites. The human IGVH and IGVK genes that are present

in human antibody repertoires with high frequencies (Glanville 2009 PNAS 106:20216-20221) and



WO 2019/129261 PCT/CN2018/125375

are highly homologous to mmi1217 were selected as the templates for humanization.

{6883] Humanization was carried out by CDR-grafiing (Methods in Molecular Biology, Vol 248:
Antibody Engineering, Methods and Protocols, Humana Press) and the humanization antibodies
(hu1217s) were engineered as the buman IgGImt format using an in-house developed expression
vector. In the inttial round of humanization, mutations from murine to human amine actd residues in
framework regions were guided by the simulated 3D structure, and the murine framework residues of
structural importance for maintaining the canonical structures of CDRs were retained in the 1%
version of humanization antibody 1217 (hul217-1-1, with six CDRs having amino acid sequences of
SEQ ID NOs: 3, 13, 5 (heavy chain CDRs) and SEQ 1D NOs: 6, 7, 8 (light chain CDRs), a heavy
chain variable region having an amino acid sequence of SEQ 1D NO: 14 and encoded by a nucleotide
sequence of SEQ ID NO: 15, and a light chain variable region having an amino acid sequence of
SEQ 1D No:16 and encoded by a nucleotide sequence of SEQ ID NO: 17). Specifically, CDRs of
mul217 W (SEQ 1D NO: 6-8) were grafied into the frammework of human germlive variable gene
IGVi3-15 with 1 murine framework residue (Vss) retained, resulting in the humanized Vk sequence
of HulZ17-1-1 (SEQ I NO: 16 for amino acid sequence and SEQ 1D NO: 17 for nucleotide
sequence), N-terminal of H-CDR2 (SEQ 1D N 4), H-CDR1 and H-CDR3 (8EQ 1D NOs: 3 and 5)
of mul217 Vi were grafied into the framework of human germline vartable gene IGYVH3-7 with two
murine framework (Tagand I3y of SEQ 113 NO: 10) residues retained. 1n the hul217 humanization
variants, only the N-terminal half of Kabat H-CDR2 was grafled, as only the N-terminal half was
predicted to be important for antigen binding according to the simulated 3D structure.  The amino
acid sequence and nucleotide sequence of the resultant humanized V4 sequence of Hul217-1-1 are
shown in SEQ ID NO: 14 and SEQ ID NO: 15, respectively.

{0884]  Hul217-1-1 were constrocted as human full-length antibody format using in-house
developed expression vectors thal contain constant regions of 2 buman IgGl variant termed as
IgGimf (SEG ID NO: 18) and kappa chain, respectively, with easy adapting sub-cloning sites.
Bxpression and preparation of hal217-1-1 antibody was achieved by co-transfection of the above
two constructs juto 293G cells and by purification using a protein A coluron (Cat.: 17543802, GE
Lite Sciences). The purified antibodies were concentrated to 0.5-5 mg/mL i PBS and stored n
aliquots in -80°C freezer,

{06685} Based on hul217-1-1 template, we made several single-mutations converting the retained
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murine residues in framework region of Vx to corresponding human germline residues, which
inchude V581 in Vi and in T244 and 137V V4. The resulted hui217-2A-1 (T24A), hul217-28-1
(I37V), and hul217-1-Za (V381) all had similar binding and functional activities to hul217-1-1, All
homanization mutations were made using primers containing mutations at specific positions and a
site directed mutagenesis kit (Cat. No. FM111-02, TransGen, Beijing, China). The desired mutations
were verified by sequencing analysis. These hulZl7-derived variant antibodies were tested in
binding and functional assays as described previously.

j0086] Hul217 antibodics were further enginecered by infroducing mutations in CDRs and
framework regions to improve molecular and biophysical properties for therapeutic use in human.
The considerations include amino acid compositions, heat stability (Ty), surface hydrophobicity and
isoelectronic points (pls) while maintaining functional activitics.

{0087] Taken together, a well-engineered version of humanized monoclonal antibody, hui217-2-2
(SEQ ID NOs:3, 5-8, 13, and 19-21), was derived from the mutation process described as above, and
characterized in detail. The results showed both hul217-2-2 and hul217-1-1 were very similar in
binding affinity and functional activities such as inhibiting the Tigit-mediated downstream signaling.
{B088] For alfinity determination, antibodies were captured by anti-human Fe surface, and used in
the affinity-assay based on surface plasmon resonance (SPR) technology. The resulis of
SPR-determined binding profiles of anti-Tigit antibodies were summarized in Table 4. Hu1217-2-2

and hul217-1-1 showed very similar binding profiles with average dissociation constant at 0.415 nM

and £.266 nM, respectively, which are close to that of ch1217.

{}089] Table 4. Binding affinities of hol217 antibodies by SPR
Antibodies Test 1 Test 2 Mean
&on (MIsH kot (8 | Ko (0M) | Ao (MY | ko (51} | En(uaM) | Kn(nb)
chi217* 156 x 10° | 443 x 107 | 0.283 - - - NA**
bui217-1-1 145 x 10° | 4.48x 10 | 0309 | 1.33x10° [ 6.94x 10| 0.520 0.415
hul217-2-2 LROx 167 | 229x 107 | 0127 | 1.50x10° | 6.08x 10| 0.404 0.266

*ch1217 is comprised of mul217 variable domains fused to human IgGlm{/ kappa constant regions

** NA: not available.

{6096}

Table 5 CDRs of hul217 antibodies
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Antibodies

CDR1

CDR2

CDR3

hai217-1-1, VA

SEQIDNOS

SEQID NG 13

SEQIDNGS

hui217-2-2, Vh

SEQ ID NG 3

SEQID NG 13

SEQIDNGS

hui?17-1-1, Vic

SEQIDNOS

SEQIDNG7

SEQ 1D NO 8

hi217-2-2, T

SEQ ID NG 6

SEQID NG 7

SEQIDNQOS

{30911 All the humanization antibodics shown above were also confirmed for functional activities

on primary human immune cells isolated from healthy donors {(described in Example 7).

Example 5 Binding activities of different versions of 1217 to native Tigit
{00921 To cvaluate the binding activity of anti-Tigit antibodics to native Tigit on living cells,

NK92mi cells were engineered to over-express human Tigit. Living NK92mi/Tigit cells were seeded
i 96-well plate, and were tncobated with a series of dilutions of anti-Tigit antibodies. Goat
anti-Human Ig(G was used as secondary antibody to detect antibody binding to the cell surface. ECs
values for dose-dependent binding to human pative Tigit were determined by fitting the
dose-response data to the four-parameter logistic model with GraphPad Prism. As show in FIG.4 and
Table 6. Both humanized 1217 antibodies, hol1217-1-1 and hul217-2-2, showed good binding

affinity to native Tigit on Hving cells,

§0093] Table 6. ECso of dose-dependent binding of humanized 1217 variants te native Tigit
Antibodies ECsp{ng/mL)
Test 1 Test 2
Chi217 0.100 -
hul217-1-1 (5.114 $5.084
bui217-2-2 0.068

Example 6 Anti-Tigit antibodies block the imteractions of Tigit with its ligands PVR and
PVR-L2
{6094] Tigit binds to PVR with a high affinity (Kd: ~1 sM), which can compete against

CD266-PVR interaction {Yu ef al., 2009,
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{00951 To determine whether anti-Tigit antibodies could block Tigit-PVR and Tigit-PVR-L2
interactions, HEK293 cells were engineered to express high levels of PVR or PVR-L2. The resultant
cell lines were named HEK293/PVR and HEK293/PVR-L2, respectively. The binding of soluble
Tigit (Tigit-mig(G2a fusion protein) to PVR or PVR-L2 was determined by flow cytometry (FIG.
5A), The blockade of Tigit-ligand interaction was quantitatively measured by adding serially diluted
anti-Tigit antibodies. As shown in FIG. 3B, hui217-2-2/1gG1 (a humanized version comprising a
wild-type IgG1 Fc region and having the same VH and VL sequences as hul217-2-2/IgG1mf) and
hul217-2-2/gGimf could block Tigit binding to PVR in a dose-dependent manner with 1Cso at 0.64
and (.55 ug/mL, respectively. Similarly, the ICsp of hul217-2-2/1gG1 and hul217-2-2/IgGlmf in

blocking Tigit-PVR-L2 interaction is 0.25 and 0.18 yg/ml, respectively.

Example 7 Activation of CMV-specific human T cells by anti-Tigit antibodies

j3896] The functional activity of the Tigit antibodies were further assessed using naturally derived
T-cells that recognized human CMV PP65 peptide (NLVPMVATY, 495-503, HLA-AZ. 1 -restricted)
[Roeckh M, Boeckh M and Geballe AP, 281F J Clin Invesi. 121:1673-80]. Briefly, PBMCs from
HLA-A2.1" healthy donors were simulated with PP65 peptide (>98% purity, synthesized by GL
Biochem, Shanghai) in the complete RPMI with 10% FBS for a week. The pp65-primed PBMCs
were used as effector cells. Prior to assay, target cells, HCT116 cells (HLA-AZ.17, 10%), were pulsed
with pp65 peptide (5 pg/ml) for 30 mins and co-cultured with equal numbers of ppéS-sensitized
PBMCs in 26-well plates overnight in the presence or absence of anti-Tigit antibodies or a blank
control {medium only). As shown in Fig. 6, m1217-2-2/1gG1 promoted pp6S-specific T cells to

secrete IFN-y in the cell culture supernatant in a dose-dependent manner for both donors.

Example 8 Anti-Tigit antibodies enhanced NK cell-mediated cyiotoxicity

{00971 Tigit is known to be constitutively expressed on natural killer (NK) cells at relatively higher
levels and the interaction between Tigit and its ligands inhibits NK cell-mediated cytotoxicity { Wang
Foet al. 2013 Fur. J. Immunology 45:2886-97; Starnietsky N et al., 20889 Proc Natl Acad Sci US4
106:17858-63].

{6098 To confirm whether humanized anti-Tigit antibodies could promote NE-mediated
cytotoxicity, an NK cell live NK92MI was engineered to co-express both Tigit and DNAM-1
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receptors (NK92MI/Tigit-DNAM-1} as an effector cell by retroviral transduction, according to the
protocols described previously [Zaang ef al, 2806 Cancer Res. 66: 5927-5933]. A PVR-expressing
lung cancer cell line SK-MES-1/PVR was established similarly as a target.

{0099} Cytotoxicity of NK92MUTigt-DNAM-1  cells  agamst SK-MES-U/PVR  cells was
determined by an LDH release assay using the CyioTox 96 Non-Radicactive Cytotoxicity Assay kit
(Promega, Madison, WI). In brief, NK92MU/Tigit-DNAM-1 celis (8x10°) were co-cultured with
SK-MES-1/PVR cells (2x10%) in the presence of anti-Tigit Abs (0.007-30 pg/mL) for 5 hr in 96-well
V-bottom plates. LEDH-release assay Specific lysis was determined using the following cquation:
percentage of specific lysis= [(experimental-effector spontancous-target spontaneous)/{target
maximum - target sponilanecus)] x 100, The results showed that anti-Tigit antibodies
hul217-2-2/1gGimf enhances NK cell killing in & dose-dependent manner {ECso: 0.185 pg/ml)

(FIG. 7).

Example 9 Anti-Tigit antibodies can reduce the surface expression of Tigit receptor via
FeyR-mediated trogocytosis,

{30108} Trogocytosis 1s a phenomenon, in which cell surface molecules are transferred from donor
cells to acceptor cells {Joly £, ef al. 20663 Nat. Immunol; Machlenkin A, et al. 2008 Cancer Res.;
Beum PV et al. 2008 J. Immunol; Rossi £4, et al. 2013 Blood]. Antibody-induced trogocytosis via Fe
v receptors {FoyRs) leads to down-modulation of receptors on the cell surface [Carlsten M, et al
2616 Clin Cancer Res; Beum PV, et . 2611 J. Immunology]. Therefore, down-regulation of target
receplor by trogocytosis may cause dampened signaling. In view of these observations, it would be
possible that hul217-2-2/1gG1 might induce trogocytosis of Tigit receptor in the presence of FeyR”
cells, resulting in lower surface expression. To address this possibility, Jurkat/Tigit cells were
incabated with HEK cells expressing various FeyRs (inchuding FoyRIFAmi, FeyRUR, FeyRHTAviss)
with biotin-labeled hul217-2-2/1gGiwt (3 hurnanized antibody corprising the same VL and VH
sequences as i217-2-2/1gGlmf and a wild-type 1gG1 Fc region) or hul217-2-2/1gGimf overnight.
Surface expression of Tigit receptor was determined by with SA-APC (Biolegend). As shown in FIG.
8, hui217-2-2/1gG1 but not hul217-2-2/1gGimf caused a significant reduction of Tigit surface
expression compared to the negative control human fgG-treated cells, indicating that the reduction of
surface Tigit on Jurkat/Tigit cells are FeyR-binding dependent. In addition, presence of 10% human
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serum {containing high-level of endogenocus Ig(3y could partially reduce FoyRHAmu- or
FoyRITAviss-, but not FoyR1IB-mediated trogocytosis of Tigit receptor, suggesting that FeyRIB
could play a critical role reducing Tigit surface expression by anti-Tigit mAbs (eg,
hn1217-2-2/1gGlwt) in vive, These observations are also consistent with previous findings [ Ganesan

LE et al 2812 J tmmunol 189:4981-8; Tavior RP, et al. 2815 Blood 125:762-61.

Example 10 ADCC and CDBC effector functions of anti-Tigit antibodies
{68101 The abilities of anii-Tigit antibodies to induce ADCC and CDC in human primary PBMCs
were determined using in vitro assay as described below.

100102) ADCC using human PBMCs as target cells

{68103] A flow cytometry-based ADCC assay was set up to delermine whether Tigit antibodies
could induce ADCC in Tigit"™ T cells. The assay effector cell line, NK92MVCDI6V cells, was
generated from NK92ZMI cells (ATCC) by co-transducing expression plasmids containing CD/{6y:ss
(V158 allele) and FeRy cDNAs. Haman PBMCs from healthy donors were stimulated with PHA (1
ug/ml} to up-regulate Tigit expression. As shown in FIG.9, T cells, including CD4™ effector
(CD37CD4 Foxp3™), CD8™ and regulator T cells (CD4 Foxp3™) all expressed significant amounts of
Tigit. These activated PBMCs (from 3 healthy donors) were used as target cells. A fluorescent dye
CFSE-labeled NKO2MUCDI6Y cells (5x10%) were co-cultured with equal number of target cells, for
48 hours in the presence of Tigit antibodies (hu1217-2-2/1gGTmf or hul217-2-2/1gGlwt, 30 pg/ml)
or coutrol antibodies (the positive control anti-CD3 antibody OKT3 (5 pg/mi, Biolegend) or a
negative control human IgG, 30 pg/ml). Compared with human IgG and hui217-2-2/1gGlimf,
hul217-2-2/1gGlwt could lead to moderate reduction of Tregs vie ADCC. However, no significant
ADCC effects were observed in total T cells and CD8" T cells (FIG. 9).

§00104] CDC using human PBMCs as farget cells

{38105] Whether hn1217-2-2/1gGlmt and hul217-2-2/1gGlwt would trigger CDC was determined
by using pre-activated human PBMCs and fresh autologous sera from healthy donors. Cell lysis by
CDC was determined by a Celltiter glo assay kit (Promega, Beijing, China). In brief, PBMCs were
pre-activated with PHA (10 pg/mL)} for 3 days, and then were incubated in RPMII1640 plus

autologous serum {15%) and anti-Tigit or control antibodies (0.061-100 ug/mL) for overnight at 37°C.

The cell death due to CDC was assayed by the decrease of ATP released from viable cells after celt
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{ysis at the end of reaction. Anti-MHC-T A, B, C was used as a positive control. The fluorescence
readout was conducted using a 96-well fluorometer (PHERA Star FS, BMG LARTECH), and the
CDC activities were calculated from the relative fluorescence unit (RFU) readout as follows: % CDC
activity = [{RFU test — RFU background} / (RFU at total cell tysis — RFU background}] x 160, The
experimental results demonstrated that both hul217-2-2/1gG ot and bul217-2-2/IgGlwt had no
detactable CDC with PBMCs isclated from two different donors. In contrast, the positive control

antibody, anti-MHC-1, induces significant CDC activity (FIG. 18).

Exampie 11 pH dependent binding affinity of Hul217-2-2/1gG1

{68106] To investigate whether pH would influence the binding property of hul217-2-2/1g(G1, target
binding SPR tests were performed in running buffers at pH 7.4 and at pH 6.0 for comparison.  The
antibody hui217-2-2/1gG1 was immobilized to a CMS3 chip {(GE). Serial difutions of TIGIT-his

J

were flown over the fomobilized hul217-2-2/1gG1 in running buffer HBS at pH 7.4 or pH 6.0,
{B8107] As shown by the results listed in Table 7 below, hul217-2-2/1gG1 showed higher binding
affinity (KI2) and stronger binding signal (Rmax) against human TIGIT at pH 6.0 (an acidic pH
which is similar to the pH of tusor microenvironment) as compared to the data obtawned at pH 7.4
(physiologic pH), These results indicate a potential advantage of the antibody as a therapeutic
agent targeting T1GT-positive fymphocytes in the tumor environment, since hul217-2-2/1gG1 might
more selectively target the TIGIT-positive lymphocyies in the tumor microenvironment while have
lower potential toxicity associated with activation of periphery lymphocytes,

{0108} Table 7. Binding affinities of hol217-2-2/1gG1 at pH7.4 and pH6.6 by SPR

pH Bon (M5 ko (5 Ko (M) Rinax(RU)
74 4345405 9.53E-05 2.19E-10 21
6.0 2.54E+06 7.60E-05 2.99E-11 37
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