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CONSTRUCTS TARGETING LABYRINTHIN OR A PORTION THEREQOF
AND USES THEREQF

CROSS-REFERENCE TO RELATED APPLICATIONS
{6661} This application claims priority to U.S. Provisional Patent Application No.
62/789,871, filed on January 8, 2019, the disclosure of which is hereby mcorporated herein by

reference in its entirety,

SUBMISSION OF SEQUENCE LISTING ON ASCII TEXT FILE
[6002) The content of the following submigsion on ASCH text file is incorporated herein by
reference 1n 15 entirety: a computer readable form (CRF) of the Sequence Listing {file name:

185722000240SEQLIST TXT, date recorded: January 7, 2020, size: 9 KB},

TECHNICAL FIELD
[003] The present application relates to constructs comprising an antibody moiety that
specifically binds to Labyrinthin or a portion thereof and an effector domain. Also provided are

methods of making and using these constructs and compositions thereof

BACKGROUND
{0604] Historically, cancer has been characterized largely based on the tissue type or organ
i which the cancer originates, . g., fung cancer, breast cancer, and colon cancer. Many cancer
treatments are also based on the fissue or organ-based classification of the cancer. {t1s well
recognized that such tissue or organ-based classification of cancers may not provide sufficient
guidance for selection of an efficacious treatment. This is due, in part, to the finding that cancers
originating from a single tissuc type or organ mav be bighly heterogeneous, and such differences
may require a personalized cancer treatment approach. For example, defining cancers by a
biomarker, as opposed to a tissue type or organ of origin, may allow for improved cancer
treatment, ¢. ., triple negative breast cancer, which lacks expression of estrogen receptors,
progesterone receptors, and HER2/neu, 18 not responsive to traditional hormone-based therapies
that target any one or more of the identified receptors and requires altemative treatments. After
identification of a cancer subtvpe based on a biomarker, significant research is required to
develop novel agents for efficacious treatment of such a cancer subtype.
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HEEESY One such identified cancer subtype is a Labyrinthin-expressing cancer. Labyrninthin is
a cell surface protein expressed on the extracelular surface of the plasma membrane of some
cancers, such as adenocarcinomas. Cell surface expression of Labyrinthin is not cell cycle
specific. Furthermore, Labyrinthim 1s not found in the serum of normal or tumor bearing patients,
and 1s not shed nto the culture media by Labyrinthin positive cell lines,

{0006} Immunotherapy in humans has been limited, in part due to adverse responses to non-
buman monoclonal antibodics. Early chinical trials using rodent antibodics revealed human anti-
mouse antibody (HAMA) and human anti-rat antibody (HARA) responses, which lead to rapid
clearance of the antibody. Less immunogenic antibodies have since been developed, including
chimeric antibodics, humanized antibodies, PRIMATIZED® antibodies, and human antibodies
prepared using transgenic mice or phage display hibrarics. See, e.g., Morrison ef al., Proc Natl
Acad Sci USA, 81, 1984; and Queen ef al., Proc Natl Acad Sci USA, 86, 1989, Avoidance of a
HAMA response permits high dose and repeated dose administration to achicve a therapeutic
TCSPONse.

{007 Recent advances in using phage display to generate mAbs have made 1t possible to
select agents with exquisite specificity against defined epitopes from large antibody repertotres.
A number of such mAbs specific for solid tumor antigens, in the context of HLA-AG] and HLA-
A2, have been successtully selected from phage display hibraries (Noy ef @f., Fxpert Rev
Anticancer Ther, 5, 2005, Chames ef al., Proc Natl Acad Sci USA, 97, 2000; Held er ol , Fur J
Immunof, 34, 2004, Lev et al., Cancer Res, 62, 2002; Klechevsky ef o, Cancer Res, 68, 2008).
More recently, a human mAb specific for human WTI/HLA-A0Z complex, a well-deseribed T
cell epitope, has been shown to inhibit multiple cancer cell lines and primary cancer cells via Fe-
mediated effector cell fumction (Dao ef af., Sci Transi Med, 5, 2013; Veomett ef al., Clin Cancer
Res, 2014) in cellular assavs and in 7 vivo models.

HEEIRY All references cited herein, including patent applications and publications, are

meorporated by reference m their entirety.

BRIEF SUMMARY
{009] In one aspect, the present application provides isolated anti-Labyrinthin constructs
comprising an antibody moicty that specifically binds to Labyrinthin or a portion thereof and an

effector domain.
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{010} In some embodiments, the antibody moiety is conjugated to the effector domain. In
some embodiments, the effector domain comprises an effector molecule. In some embodiments,
the effector molecule comprises a therapeutic agent. In some crabodiments, the therapeutic agent
15 selected from the group consisting of a drug, a toxin, a radioisotope, a protein, a peptide, and a
nucleic acid. In some embodiments, the isolated anti-Labyrinthin construct is an antibody drug
conmjugate (ADCY

[0011] In some embodiments, the effector domain comprises a diagnostic agent. In some
embodiments, the diagnostic agent is a label.

[06012] In some embodiments, the antibody moiety s fused to an effector domain,

[6613] In some embodiments, the isolated anti-Labyrinthin construct is a chimeric antigen
receptor (CAR) comprising an extracellular domain comprising the antibody moiety fused to the
cffector domain, wherein the effector domain comprises a transmembrane domain and an
mtracetiular signaling domain.

[6014] In some embodiments, the isolated anti-Labyrinthin construct is a bispecific T-cell
engager {BITE) comprising an exiraceliular domain comprising the antibody moiety fused to an
anti-CD3 antibody or fragment thereof.

[6015] In some embodiments, the isolated anti-Labyrinthio construct is a T-cell receptor
(TCR) comprising an extracellular domain comprising the antibody moicty fused to the cffector
domain, wherein the effector domain comprises a transmembrane domain and/or an mtracellular
signaling domain of a TCR subunit.

[0016] In some embodiments, the antibody moiety is a full-length antibody, a Fab, a Fab’, a
{(Fab’}2, an Fv, or a single chain Fv (sckv). In some embodiments, the antibody moiety bmds
Labyrinthin or a portion thercof with a Kd from about 0.1 pM to about 500 nM.

[6617] In some embodiments, the antibody moiety specifically binds to a Labyrinthin-
derived peptide comprising an anuno acid sequence selected from the group consisting of. SEQ
1D NGs:2-32. In some embodiments, the Labvrinthin-derived peptide comprises a B-cell and T-
cell epitope. In some embodiments, the Labyrinthin-derived peptide comprises a B-cell epitope.
In some embodiments, the Labyrinthin~-derived peptide comprises a T-cell epitope.

[018] In some embodiments, the antibody moiety 1s multispecific. In some embodiments,
the multispecific antibody moiety s a tandem scFv, a diabody (Db}, a single chain diabody
{scDb), a dual-affinity retargeting {DART) antibody, a dual vanable domain (DVD) antibody, a
knob-into~hole (KiH) antibody, a dock and lock (DNL) antibody, a chemically cross-linked

3
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antibody, a heteromultimenc antibody, or a heteroconjugate antibody. In some embodiments, the
multispecific antibody moiety 1s a tandem scFv comprising two scFvs linked by an optional
peptide linker.

106019} In another aspect, the present application provides pharmaceutical composifions
comprising any of the isolated anti-Labyrinthin constructs described herein.

{6624} In another aspect, the present application provides host cells expressing any of the
isolated anti-Labyrinthin constructs described herein,

{6021} In another aspect, the present application provides nucleic acids encoding the
polypeptide components of any of the isolated anti-Labyrinthin constructs described herein.
[022] In another aspect, the present application provides effector cells comprising any of
the nucleic acids described herein. In some embodiments, the effector cellisa T cell.

[80623] In another aspect, the present application provides methods of detecting a cell
presenting Labyrinthin or a portion thercof on s surface, comprising: {2} contacting the cell
with an isolated anti-Labyrintbin construct, wherein the 1solated anti-Labyrinthin constract
comprises an effector domain comprising a label; and (b) detecting the presence of the label on
the cell.

[024] In another aspect, the present application provides methods of treating an individual
having a Labyrinthin-positive discase, comprising administering to the individual: {a) an
effective amount of any of the pharmaceutical compositions deseribed herein; or (b} an effoctive
amount of any of the cffector cells described herein. In some embodiments, the Labvrinthin
status is used as a basis for selecting the individual for treatment.

[025] In another aspect, the present application provides methods of diagnosing an
mdividual having a Labyrinthin-positive disease, comprising: (a) administering an effective
amount of an isolated anti-Labyrinthin construct to the individual, wherein the isolated anti-
Labyrinthin construct comprises an effector domain comprising a label; and (b) determining the
level of the label in the individual, wherein a level of the label above a threshold fevel indicates
that the individual has the Labvrinthin-positive disease.

[0026] In another aspect, the present application provides methods of diagnosing an
mdividual having a Labyrinthin-positive disease, comprising: {a) contacting a sample dernve
from the individual with any of the 1solated anti-Labyrinthin constructs described herein; and (b}
identitving one or more cells bound with the 1solated anti-Labyrinthin construct in the sample.
thercby diagnosing an individual baving a Labvrnthin-positive disease.

4



WO 2020/146413 PCT/US2020/012613

{60271 In some embodiments, the Labyrnthin-positive discase is Labyrinthin-positive

cancer. In some embodiments, the Labynathin-positive cancer is an adenocarcinoma.

BRIEF DESCRIPTION OF THE DRAWINGS
{6628} FIGS. 1A-1B show time versus binding response measurements of the MCA 44-3A6
mouse monoclonal IgG antibody (FIG. 1A) and the X373 scFV derivative (FIG, 1B).
{6029} FiG. 2 shows a western immunoblot of fysates from A549 lung adenocarcinoma cells

(positive control) and WI3§ fibroblasts (negative control) using X3509Fab.

DETAILED DESCRIPTION
{8634} The present application provides, in some aspects, isolated constructs (referred {o as
“anti-Labyrinthin constructs” or “anti-LAB constructs™) that comprise an antibody motety that
specifically binds to Labyrinthin or a portion thereof and an effector domain. Also provided are
methods of making and using these constructs and compositions thereof
{6031} The present application is based, m part, on the finding that specific cancers, such as
adenocarcinomas, selectively express cell surface Labyrinthin and that Labyrinthin-positive
cancers do not shed Labyninthin, Furthermore, normal, non-cancerous cancers do not oxpress
cell surface Labyrinthin. Therefore, Labyrinthin represents a useful marker for defining
Labyrinthin-positive cancers and target for immunotherapy based treatments.
{6632} Thus, in some embodiments, the present application provides isolated anti-
Labvrnthin constructs comprising an antibody moicty that specifically binds to Labyrinthin or a
portion thereof and an effector domain.
{6033} In some embodiments, the 1solated anti-Labyrinthin construct is a chimenc antigen
receptor (CAR) comprising an extraceliular domain comprising the antibody moiety fused to the
cffector domain, wherein the effector domain comprises a transmermbrane domain and an
mtracetiular signaling domain.
{8034} In some embodiments, the 1solated anti-Labyrinthin construct is a bispecific T-cell
engager (BiTE) comprising an extraccliular domain comprising the antibody motety fused to an
anti-CD3 antibody or fragment thereof.
[3035] In some embodiments, the 1solated anti-Labyrinthin constract is a T-cell receptor

{TCR) comprising an extracellular domain comprising the antibody moiety fused to the effector
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domain, wherein the etfector domain comprises a transmembrane domain and/or an intraceltular
signaling domain of a TCR subuait.

{0036] In some cmbodiments, the present application provides pharmaceutical compositions
comprising any of the 1solated anti-Labyrinthin constructs described herein.

{8637} In some embodiments, the present application provides host cells expressing any of
the 1solated anti-Labyrinthin constructs described herein.

{0038] In some embodiments, the present application provides nucleie acids encoding the
polypeptide components of any of the 1solated anti-Labyrinthin constructs described herein.
[6039] In some embodiments, the present application provides effector cells comprising any
of the nucleic acids described herein. In some embodiments, the effector cell is a T cell.

[0040] In some embodiments, the present application provides methods of detecting a cell
presenting Labyrinthin or a portion thereof on its surface, comprising: (a} contacting the cell
with an isolated anti-Labyrinthin construct, wherein the isolated anti-Labyrinthin construct
comprises an offector domain comprising a label; and (b) detecting the presence of the label on
the cell.

6041} In some embodiments, the present application provides methods of treating an
mdividual having a Labyrinthin-positive discase, comprising administering to the individual: (a}
an effective amount of any of the pharmaceutical compositions described herein; or (b) an
cffective amount of any of the effector cells described herein.

{00642} In some embodiments, the present application provides methods of diagnosing an
mdividual having a Labyrinthin-positive disease, comprising: {(a} administering an effective
amount of an 1solated anti-Labyrinthin construct to the individual, wherein the isolated anti-
Labyrinthin construct comprises an effector domain comprising a label; and (b) determining the
level of the abel m the individual, wherein a level of the label above a threshold level indicates
that the individual has the Labvrnthin-positive discase.

{8643} In some embodiments, the present application provides methods of diagnosing an
mdividual having a Labyrinthin-positive disease, comprising: (a) contacting a sample derived
from the mdividual with anv of the isolated anti-Labyrinthin constructs described herein; and (b)
wdentifying one or more cells bound with the isolated anti-Labyrmthin construct in the sample,
thereby diagnosing an individual having a Labynnthin-positive discase.

[6044] §t will also be understood by those skilled in the art that changes in the form and

details of the implementations described heremn may be made without departing from the scope
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of this disclosure. In addition, although various advantages, aspects, and objects have been
described with reference to various implementations, the scope of this disclosure should not be

limited by reference to such advantages, aspects, and objects.

Definitions
{0045] The term “antibody moiety” includes full-length antibodics and antigen-binding

fragments thereof. A full-length antibody comprises two heavy chams and two light chains. The
variable regions of the light and heavy chains arc responsible for antigen binding. The vanable
region in both chains generally contain three highly variable loops called the complementarity
determining regions (CDRs) (light chain (LC) CDRs including LC-CDR1, LC-CDR2, and LC-
CDR3, heavy chain (HC) CDRs including HC-CDR1, HC-CDR2, and HC-CDR3). CDR
boundaries for the antibodies and antigen-binding fragments disclosed herein may be defined or
wdentified by the conventions of Kabat, Chothia, or Al-Lazikani (Al-Lazikarg 1997, Chothia
1985; Chothia 1987, Chothia 1989; Kabat 1987; Kabat 1991}, The three CDRs of the heavy or
Lght chains are interposed between flanking stretches known as framework regions (FRs), which
are more highly conserved than the CBRs and form a scaffoid to support the hypervariable
loops. The constant regions of the heavy and light chains are not involved in antigen binding, but
exhibif various effector functions. Antibodies are assigned to classes based on the anuno acid
sequence of the constant region of their heavy chain. The five major classes or isotypes of
antibodies are IgA, IghD, IgH 1g( and IgM, which are characterized by the presence of o, &, £, v,
and w heavy chains, respectively. Several of the major antibody classes are divided into
subclasses such as lgG1 (vl heavy chain), igG2 (v2 heavy cham), IgG3 (y3 heavy chain), 1gG4
{y4 heavy chain}, IgAl {(al heavy chain}, or IgA2 (¢2 heavy chain}.

[0046] The term “antigen-binding fragment” as used herein refers to an antibody fragment
meluding, for example, a diabody, a Fab, a Fab', a F{ab)2, an Fv fragment, a disulfide stabilized
Fy fragment {dsFv), a {(dsFv)2, a bispecific dsFv (dsFv-dsFv'), a disalfide stabilized diabody {(ds
diabody}, a single-chain antibody molecule (scFv), an scFv dimer (bivalent diabody), a
multispecific antibody formed from a portion of an antibody comprising one or more CDRs, a
camelized single domain antibody, a nanobody, a domain antibody, a bivalent domain antibody,
or any other antibody fragment that binds to an antigen but docs not comprise a complete

antihody structure. An antigen-binding fragment is capable of binding to the same antigen to
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which the parent antibody or a parent anfibody fragment {e.g., a parent scFv) binds. In some
embodiments, an antigen-binding fragment may comprse one or more CDRs from a particular
human antibody grafted to a framework region from one or more different human antibodies.
{8647} The term “gpitope” as used herein refers to the specific group of atoms or amino
acids on an antigen to which an antibody or antibody motety binds. Two antibodics or antibody
moieties may bind the same epitope within an antigen if they exhibit competitive binding for the
antigen.

<

(048] As used herem, a first antibody motety “competes”™ for binding to a target
Labyrinthin with a second antibody motety when the first antibody moiety inhubits target
Labvrinthin binding of the second antibody moicty by at least about 50% {such as at least about
any of 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%} in the presence of an
equimolar concentration of the first antibody moiety, or vice versa. A high throughput process
for “binning” antibodies based upon their cross-competition is described in PCT Publication No.
WO 03/48731.

(30349} As use herein, the term “specifically binds™ or “is specific for” refers to measurable
and reprodacible mteractions, such as binding between a target and an antibody or antibody
moiety that is determinative of the presence of the target in the presence of a heterogensous
population of molecules, including biological molecules. For example, an antibody or antthody
moicty that specifically binds to a target (which can be an epitope) is an antibody or antibody
moiety that binds this target with greater affinity, avidity, more readily, and/or with greater
duration than its bindings to other targets. In some embodiments, an antibody or antibody moiety
that specifically binds to an antigen reacts with one or more anfigenic determunants of the
antigen {for example an Labyrinthin or a portion thereof) with a binding affinity that is at least
about 10 times its binding affinity for other targets.

{6650] An “isolated” amti-Labyrinthin construct as used herein refers to an anti-Labyrinthin
construct that (1) is not associated with proteins found m nature, (2) 1s free of other proteins
from the same source, {3} is expressed by a cell from a different species, or, (4) does not occur in
nature.

{6051 The term “isolated nucleic acid”™ as used herein is intended to mean a nucleic acid of
genomic, cDNA, or synthetic onigin or some combination thercof, which by virtue of its origin

the “isolated nucleic acid” {1} i3 not associated with all or a portion of a polynucleotide in which
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the “isolated nucleic acid” is found in nature, (2} is operably hinked to a polynucleotide which it
ts not hinked to in natare, or (3) does not occur in nature as part of a larger sequence.

10652} As used berein, the term “CDR” or “complementarity deternvning region” is
mtended to mean the non-contiguous antigen combining sites found within the vanable region of
both heavy and light chain polvpeptides. These particular regions have been described by Kabat
etal, } Bicl Chem 252:6609-6616 (1977); Kabater al., US. Dept. of Health and Human
Services, “Scquences of proteins of immunological interest” (1991); by Chothia er af., §. Mol
Biol. 196:901-017 (1987); and MacCallum ef o/, J. Mol Biol. 262:732-745 (1996}, where the
definitions include overlapping or subsets of amino acid residues when compared against cach
other. Nevertheless, application of gither definition to refer to a CBR of an antibody or grafied
antibodies or vanants thereof 1s mntended to be within the scope of the term as defined and used
herem. The amino acid residues which encompass the CDRs as defined by cach of the above
cited references are sct forth below in Table | as a comparison.

Table 1: CDR Definitions

Kabat? Chothia® MacCallum®

Vu CDRI 31-35 26-32 30-35
YuCDR2 50-65 53-55 47-58
Vu CDR3 95-102 96-101 93-101
Yy CDRI 24-34 26-32 30-36
Vi CDR2 56-56 50-52 46-35
Vi CDR3 39.97 91-96 39-96

Residue numbering foliows the nomenclature of Kabat f al., supra

TResidue numbering follows the nomenclature of Chothia ef af., supra

‘Residue mumbering follows the nomenclature of MacCallum et &/, supra

[B053] The term “chimeric antibodies” refer to antibodies in which a portion of the heavy
and/or light chain is 1dentical with or homglogous to corresponding sequences in antibodies
derived from a particular specigs or belonging to a particular antibody class or sabclass, while
the remainder of the cham(s) is identical with or homologous to corresponding scquences in
antibodies derived from another species or belonging 1o another anfibody class or subclass, as
well as fragments of such antibodies, so long as they exhibit a biglogical activity of this
mvention {see U.S. Patent No. 4,816,367, and Morrison ef al., Proc. Natl. Acad. Sci. USA,

31:6851-6855 (1984)).
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[(054] The term “semi-synthetic” in reference to an antibody or antibody moiety means that
the antibody or antibody maoiety has one or more naturally occurring sequences and one or more
non-naturally occurring (7.e., synthetic) sequences.

{8055] “Fv” is the minimum antibody fragment which contains a complete antigen-
recognition and -binding site. This fragment consists of a dimer of one heavy- and one light-
chain variable region domain in tight, non-covalent association. From the folding of these two
domains craanate six hypervarable loops (3 loops cach from the heavy and light cham) that
contribute the amino acid residues for antigen binding and confer antigen binding specificity to
the antibody. However, even a single variable domain (or half of an Fv comprising only three
CDRs specific for an antigen) has the ability to recognize and bind antigen, although at a lower
affinity than the entire binding site.

[8056] “Single-chain Fv,” also abbreviated as “sFv” or “scFy,” are antibody fragments that
comprise the Vg and Vi antibody domains connected mto a single polypeptide chain. in some
embodiments, the scFv polypeptide further comprises a polypeptide finker between the Vi and
V1, domains which enables the scFv to form the desired structure for antigen binding. Fora
review of scFv, see Pluckthun in The Pharmacology of Monoclonal Antibodies, vol. 113,
Rosenburg and Moore eds., Springer-Verlag, New York, pp. 269-315 (1994).

{8057 The term “diabodies”™ refers to small antibody fragments prepared by constructing
scFv fragments {sce preceding paragraph) typically with short linkers (such as about 5 to about
10 residues) between the Vg and Vi, domains such that inter-cham but not intra-chain patring of
the V domains is achieved, resulting in a bivalent fragment, i e., fragment having two antigen-
binding sites. Bispecific diabodies are heterodimers of two “crossover” scFy fragments i which
the Vi and V1, domains of the two antibodies are present on different polypeptide chains.
Diabodies are described more fully in, for example, EP 404,097, W0 93/11161; and Hollinger e/
al., Proc. Natl Acad. Sci. US4, 90:6444-6448 (1993).

{6658} “Humanized” forms of non-human {¢.g., rodent) antibodics are chimeric antibodies
that contain munimal sequence dernived from the non-human antibody. For the most part,
humanized antibodies are human mmmunoglobuling (recipient antibody) 1n which residues from a
hypervariable region (HVR) of the recipient are replaced by residues from a hypervanable
region of a non-human specics {(donor antibody} such as mouse, rat, rabbit or non-human

primate having the desired antibody specifieity, affinity, and capability. In some instances,
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framework region (FR) residues of the human mmunoglobulin are replaced by corresponding
non-human residoes. Furthermore, humanized antibodies can comprise residues that are not
found in the recipient antibody or 1 the donor antibody. These modifications arc made to further
refine antibody performance. In general, the humanized antibody will comprise substantially all
of at least one, and typically two, vanable domains, in which all or substantially all of the
hypervariable loops correspond to those of a non-human immunoglobulin and all or substantially
all of the FRs are those of 3 human immunoglobulin sequence. The humanized antibody
optionally also will comprige at feast a portion of an immunoglobulin constant region {Fc),
typically that of a human mmmumoglobulin. For further details, sec Jones ef ol | Nature 321:522-
525 (1986}, Riechmann ef ol | Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol.
2:593-596 (1992},

8059} The terms “Fe receptor” or “FeR™ are used to describe a receptor that binds to the Fo
region of an antibody. In some embodiments, an FcR of this invention is one that binds an igG
antihody {a y receptor) and mcludes recoptors of the FoyR1, FoyRIE, and FeyR1ll subclasses,
meluding allelic variants and alternatively spliced forms of these receptors. FoyRI receptors
mclade FoyRIIA (an “activating receptor”y and FoyRIB (an “mhubiting receptor”™), which have
similar amino acid sequences that differ primarily in the cytoplasmic domains thereof.
Activating receptor FoyRIFA contains an immunoreceptor tyrosine-based activation motif
(JTAM) m its cyvtoplasmic domain. Inhibiting receptor FoyRIB contains an immunoreceptor
tyrosine-based inhibition motif (ITIM) in its cvtoplasmic domain {see review M. in Datron.
Anmu. Rev. fmmunol 15:203-234 (1997)). The tcon mchudes allotypes, such as FoyRIIA
allotypes: FeyRIHA-Phel38, FoyRIITA-Vall S8, FoyRITA-R131 and/or FoyRIA-HI31. FeRs are
reviewed in Ravetch and Kinet, A, Rev. Immunol 9:457-92 (1991); Capel ef af,,
Immunomethods 4:25-34 (1994); and de Haas ef of., J. Lab. Clin AMed. 126:330-41 (19953). Other
FeRs, meluding those to be identified in the future, arc encompassed by the term “FcR” herein.
The term also includes the neonatal receptor, FeRn, which is responsible for the transfer of
maternal IgGs to the fetus (Guyer e af., J. Immunol, 117587 (19763 and Kim er o/, J. Immuno!
L 24:249 (1994)).

[3060] The term “FeRn” refers 1o the neonatal Fe receptor (FeRn). FeRn is structurally
similar to major histocompatibility complex (MH() and consists of an w-chain noncovalently
bound to B2-microgicbulin. The moltiple functions of the neonatal Fo receptor FcRa arg
reviewed i Ghetie and Ward (2000) Annu. Rev. Immunol. 18, 739-766. FcRu plays a role in the
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passive delivery of immunoglobulin IgGs from mother to young and the regulation of serum IgG
levels. FcRa can act as a salvage receptor, binding and transporting pinocytosed IgGs in intact
form both within and across cells, and rescuing them from a defauh degradative pathway.
{06661} The “CHI domain” of a human IgG Fe region {also referred to as “C17 of “HI”
domain) usually extends from about aming acid 118 to about amino acid 215 (EU numbering
system}.

[0062] “Hinge region” is generally defined as stretching from Glu216 to Pro230 of human
1sG1 (Burton, Molec. Immunol 22:161-206 {(1985})). Hinge regions of other g isotypes may be
aligned with the [gG1 sequence by placing the first and last cysteine residues forming mter-
heavy chain 5-5 bonds in the same positions.

{8663} The “CH? domain” of a human IgG Fc region {also referred to as “C27 of “H2”
domain) usually extends from about aming acid 231 to about amine acid 340. The CH2 domain
is unigue in that it is not closcly paired with another domain. Rather, two N-linked branched
carbohvdrate chains are interposed between the two CH2 domains of an intact native 1gG
molecule. It has been speculated that the carbohvdrate may provide a substitute for the domain-
domain pairing and help stabilize the CH2 domain. Burton, Molec Immunol. 22:161-206 (1985).
[(3064] The “CH3 domain™ {alsc referred to as 27 or “H3” domain) comprises the stretch
of residues C-terminal to a CH2 domain in an Fe region {(7.e. from about amino acid residue 341
to the C-terminal end of an antibody sequence, tyvpically at amino acid residue 446 or 447 of an
igG}.

[0065] A “functional Fc fragment” possesses an “cffector function” of a native sequence Fe
region. Exemplary “effector functions” include Clq binding; complement dependent
cytotoxicity (CDC); Fe receptor binding; antibody-dependent cell-mediated cyvtotoxacity
{ADCC); phagocytosis; down regulation of cell surface receptors {e.g. B cell receptor; BCR),
ctc. Such cffector functions generally require the Fe region to be combined with a binding
domain {e.g. an antibody variable domain) and can be assessed using various assavs known mn
the art.

{0066] An antibody with a vanant lgG Fo with “altered” FcR binding affinity or ADCC
activity is one which has either enhanced or dimimished FcR binding activity {e.g., FeyR or
FcRa} and/or ADCC activity compared to a parent polypeptide or 1o a polvpeptide comprising a
native scquence Fe region. The variant Fo which “exhibits increased binding” to an FeR binds at

least one FeR with higher affinity (e.g., lower apparent Ka or {Cso value) than the parent
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polypeptide or a native sequence IgG Fe. According to some embodiments, the improvement
binding compared 1o a parent polypeptide is about 3 fold, such as about any of 5, 10, 25, 30, 64,
100, 150, 200, or up to 500 fold, or about 25% to 1000% vuprovement in binding. The
polypeptide vanant which “exhibits decreased binding” to an FcR, binds at least one FcR with
lower affinity (e.g., higher apparent Kq or higher ICso value} than a parent polvpeptide. The
decrease in binding compared to a parent polypeptide may be about 40% or more decrease in
binding.

[0067] “Antibody-dependent cell-mediated cytotoxicity” or “ADCC” refers to a form of
cytotoxicity in which secreted Ig bound to Fe receptors (FcRs) present on certain cytotoxic cells
{e.g. Natural Killer (NK) cells, neutrophils, and macrophages) enable these cytotoxic effector
cells to bind specifically to an antigen-bearning target cell and subsequently kill the target cell
with ¢ytotoxins. The antibodies “arm™ the cytotoxic cells and are absolutely required for such
killing. The primary cells for mediating ADCC, NK cells, express FoyRIEH only, whereas
monocyies express FoyRIE, FoyRi and FoyRUL. FcR expression on hematopoictic cells is
summarized in Table 3 on page 464 of Ravetch and Kinet, Annu. Rev. Tmpumol 9:457-92 (1991).
To assess ADCC activity of a molecule of interest, an in vifro ADCC assay, such as that
described in US Patent No. 5,500,362 or 5,821,337 may be performed. Useful effector cells for
such assavs include peripheral blood mononuclear celis (PBMC) and Natural Killer (NK) cells.
Altematively, or additionally, ADCC activity of the molecule of interest may be assessed in
vivo, e.g., in an anmimal model such as that disclosed in Clynes er al. PNAS (USA) 95:652-636
(1998).

[(068] The polypeptide compnising a vaniant Fe region which “exhibits increased ADCC” or
mediates antibody-dependent cell-mediated cvtotoxacity (ADCC) n the presence of human
affector cells more effectively than a polypeptide having wild type Il Fo or a parent
polypeptide is one which i vitro or in vive is substantially more etfective at mediating ADCC,
when the amounts of polvpeptide with vanant Fc region and the polypeptide with wild tvpe Fe
region {or the parent polypeptide) in the assay are essentially the same. Generally, such vanants
will be identified using any in virre ADCC assay known in the art, such as assays or methods for
determining ADCC activity, e.g. 1n an amimal model ete. In some embodiments, the vanant 1s
from about 5 fold to about 100 fold, e.g. from about 25 to about 50 fold, more effective at

mediating ADCC than the wild type Fc {or parent polypeptide) .
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[3069] “Complement dependent cvitotoxicity” or “CDC” refers to the lysis of a target cell in
the presence of complement. Activation of the classical complement pathway is initiated by the
binding of the first component of the complement svstem (Clg) to antibodies (of the appropriate
subclass) which are bound 1o their cognate antigen. To assess complement activation, a CDC
assay, e.g. as described in Gazzano-Santoro ef al | J. Immunol. Methods 202:163 (1996}, may be
performed. Polypeptide variants with altered Fe region amino acid sequences and increased or
decreased Clg binding capability are described in US patent No. 6,194,551B1 and
W0959/51642. The contents of those patent publications are specifically incorporated herein by
reference. See, also, Idusogie ef ol J. Immunol. 164:; 4178-4184 (2000).

{6670] Unless otherwise specified, a “nucleotide sequence encoding an amino acid
sequence” includes all nucleotide sequences that are degenerate versions of each other and that
encode the same aming acid sequence. The phrase nucleotide sequence that encodes a protein or
an RNA may aiso include introns to the extent that the nucleotide sequence encoding the protein
may in some version contain an intron(s).

{6671} The term “operably linked” refers to functional linkage between a regulatory
sequence and a heterologous nucleie acid sequence resulting in expression of the latter. For
example, a first nucleic acid sequence 1s operably linked with a second nucleic acid sequence
when the first nucleic acid sequence 1s placed in a functional relationship with the second
nucleic acid sequence. For instance, a promoter is operably linked 1o a coding sequence 1f the
promoter affects the transcription or expression of the coding sequence. Generally, operably
linked DNA sequences are contiguous and, where necessary 10 join two protein coding regions,
mn the same reading frame.

6072} “Homologous” refers to the sequence sinmlarity or sequence identity between two
polypeptides or between two nucleic acid molecules. When a position in both of the two
compared sequences is occupied by the same base or amino acid monomer subunit, e.z., ifa
position in each of two DNA molecules is occupied by adenine, then the molecules are
homologous at that position. The percent of homology between two sequences is a function of
the number of matching or homologous positions shared by the two sequences divided by the
number of positions compared times 100. For example, f 6 of 10 of the positions in two
sequences are matched or homologous then the two sequences are 60% homologous. By way of
example, the DNA sequences ATTGCC and TATGGC share 50% homology. Generally, a
comparison 18 made when two sequenecs are aligned to give maxunum homology.
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[073] The term “substanually homologous,” as used herein, refers to the sequence
similarity of a sequence disclosed herein as compared to a reference sequenae, wherein the
sequence has at least about 85% similarity {e.g., homology) with a reference or a portion thereof,
such as at feast about any of 86% simulanity, 87% similanty, 88% similarity, 89% similarity,
90% similarity, 91% similarity, 92% sinularity, 93% similarity, 94% similarity, 95% similarity,
56% similarity, 97% similarity, 98% simmlarity, 99% similarity, or 100% simifanty. Methods for
determining sequence similarity are known in the art, e g, as described i Pearson, W. R, Curr
Protoc Bicinformatics, 2013,

6074} The term “label” when used herein refers to a detectable compound or composition
which can be conjugated directly or indirectly to the anti-Labyrinthin antibody moiety. The label
may be detectable by itself (e. g, radioisotope labels or fluorescent labels) or, n the case of an
enzymatic label, may catalyze chemical alteration of a substrate compound or composition
which is detectable.

[0075] As used herein, “treatment” or “treating” 1s an approach for obtaining beneficial or
desired resuits, including chinical results. For purposes of this invention, beneficial or desired
chinical results include, but are not himited to, one or more of the following: alleviating one or
more symptoms resulting from the discase, diminishing the extent of the disecase, stabilizing the
discase {e.g., preventing or delayving the worsening of the discase), preventing or delaying the
spread (e.g., metastasis) of the disease, preventing or delaying the recurrence of the dissase,
delay or slowing the progression of the disease, amchiorating the disease state, providing a
remission (partial or total} of the discase, decreasing the dose of one or more other medications
requited to freat the disease, delaying the progression of the disease, increasing or improving the
quality of hife, mcreasing weight gam, and/or prolonging survival. Also encompassed by
“treatment” is a reduction of pathological consequence of cancer {such as, for example, tumor
vidume). The methods of the invention contemplate any one or more of these aspects of
treatment.

8076} The terms “recurrence,” “relapse”™ or “relapsed” refers to the return of a cancer or
disease after clinical assessment of the disappearance of disease. A diagnosis of distant
metastasis or local recurrence can be considered a relapse.

{6677} The term “refractory” or “resistant” refers to a cancer or disease that has not

responded to treatment.
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[078] “Activation”, as used herein in relation to T cells, refers to the state of a T cell that
has been sufficiently stimulated to induce detectable cellular proliferation. Activation can also be
assoctated with induced cytokine production, and detectable effector functions.

16679} The term “effective amount,” as used herein, refers to an amount of a compound or
composition sufficient to treat a specified disorder, condition, or disease, such as ameliorate,
palhate, lessen, and/or delay one or more symptoms of the discrder, condition, or disease. In
reference to cancer, an effective amount comprises an amount sufficient to, e.z., cause a tumor
to shrink and/or to decrease the growth rate of the tumor (such as to suppress tumor growth) or
to prevent or delay other unwanted cell proliferation 1n the cancer. In some embodiments, an
effective amount is an armount sufficient o delay development of cancer. In some embodiments,
an effective amount is an amount sufficient to prevent or delay recurrence. An effective amount
can be admimstered in one or more admimgirations. In the case of cancer, the effective amount
of the drug or composttion may: (i) reduce the nomber of cancerous cells; (i) reduce tumor sizg;
(ut} nhubit, retard, slow to some extent and preferably stop cancer cell infiltration into peripheral
organs; (v} nhibit {¢.g., slow to some extent and preferably stop) tumor metastasis; {(v) mhibit
tamor growth; (vi) prevent or delay occurrence and/or recurrence of tamor; and/or {vii} relicve
to some extent one or more of the symyptoms associated with the cancer.

{0080] As used herein, by “pharmaceutically acceptable” or “pharmmacologically compatible”
is meant a material that is not biologically or otherwise undesirable, e.g.. the material may be
meorporated into a pharmaceutical composition administered to a patient without causing any
significant undesirable biological effects or interacting in a deleterious manner with any of the
other components of the composition in which i is contained. Pharmaceutically acceptable
carriers or excipients have preferably met the required standards of toxicological and
manufacturing testing and/or are mcladed on the Inactive Ingredicnt Guide prepared by the U5,
Food and Drug admunistration.

{0681} As used herein, “delaying” the development of cancer means to defer, hinder, slow,
retard, stabilize, and/or postpone development of the disease. This delay can be of varying
lengths of time, depending on the history of the discase and/or individual being treated. As is
evident o one of ordinary skill n the art, a sufficient or signmificant delay can, in effect,
encompass prevention, in that the individual does not develop the disease. A method that
“delays” development of cancer is a method that reduces the probability of disease development

m a given time frame and/or reduces the extent of the disease in a given time frame, when
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compared to not using the method. Such comparisons are tvpically based on chimical studies,
using a statistically significant number of subjects. Cancer development can be detectable using
standard raethods, inchuding, but not himited to, computerized axial tomography (CAT Scan),
Magnetic Resonance Imaging (MRI), abdonunal ultrasound, clotting tests, arteriography, or
biopsy. Bevelopment may also refer to cancer progression that may be mitially andetectable and
mchides occurrence, recurrence, and onset.

{0082} The term “individual” refers to a mammal and includes, but 1s not limited to, human,
bovine, horse, feline, canine, rodent, or primate.

[3083] The term “based on” or “basis for,” as used herein, mcludes assessing, determining,
obtaining, or measuring one or more characteristic of an individual or a cancer therein as
described herein, and in some embodiments, selecting the individual suitable for receiving a
treatment as described in the methods disclosed herein. For example, when a Labyrinthin status
of a cancer is used as a basis for selecting an individual for a treatment method herein, assessing
{or aiding in assessing), measuring, obtaining, or determining the Labyrinthin status may be
meluded in a method of a treatment as described herein, e.g., the Labyninthin status is measured
before and/or during and/or after treatment, and the values obtained are used by a clinician in
assessing any of the following: (a) probable or likely suitability of an individual to initially
recetve treatment(s); (b} probable or likelyv unsuitability of an individual to initially receive
treatment(s); (c) responsivensgss to treatment; (d) probable or likely suitability of an individual to
continue (o reccive treatment(s); (e} probable or hikely unsuitability of an individual to continue
to receive treatment(s); (f) adjusting dosage; or (g} predicting likelihood of chinical benefits.
[(084] The basis or bases disclosed herein for use with the methods of the present
application, such a Labyrinthin status, may, in some aspects, be based on a comparison to a
control. In some embodiments, control 1s a known standard obtained from the hiterature {e.g.. a
known gene sequence, RNA sequence, protein sequenee, gene oxpression level). fn some
embodiments, the control 18 a control sample obtained from the individual to be, or being,
treated using the methods disclosed herein (e. ¢, a control sample from a non-cancerous tissue).
In some embodiments, the control is a control sample obtained from an individual other than the
mdividual to be, or being, treated using the methods disclosed herein {(e.g., a control sample
from a healthy vohunteer or a volunteer not having cancer). In some embodiments, the control is
obtained from a given patient population. For example, regarding a level of gene expression or

enzyme activity level, a control level may be the median expression level of that genc or the
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median enzyme activity level of that enzyme for the patient population. And, for example, if the
expression level of a gene of mterest for the single patient is determined to be above the median
expression level of the patient population, that paticnt 15 determined to have high expression of
the gene of mterest. Alternatively, if the expression level of a gene of interest for the single
patient is determined to be below the median expression level of the patient population, that
patient is determined to have low expression of the gene of interest. In some embodiments, the
single patient has a discase (such as cancer} and the patient population does not have the discase.
In some embodiments, the single patient and the patient population have the same histological
tvpe of a disease. A population may be about, or altematively at least about any of the following,
i terms of number of individuals measured: 2, 3, 10, 15, 20, 25, 30, 50, 60, 75, 100, 125, 150,
175, 200, 225, 250, 300, 400, 300, Preferably, a sufficient number of individuals are measured to
provide a statistically significant popudation, which can be determined by methods known in the
art. In some embodiments, the population is a group participating in a clinical trial.

{B08S] The terms “comprising,” “having,” “containing,” and “mcluding,” and other siratlar
forms, and grammatical equivalents thereof, as used herein, are mtended to be equivalent m
meaning and to be open ended in that an item or ifems following any one of these words is not
meant to be an exhaustive listing of such item or items, or meant to be limited to only the histed
ttem or items. For example, an article “comprising” components A, B, and € can consist of (i.e.,
contain only) components A, B, and ', or can contain not only components A, B, and C but also
one or more other components. As such, it is intended and understood that “comprises™ and
sinilar forms thereof, and grammatical equivalents thercof, include disclosure of embodiments
of “consisting essentially of” or “consisting of.”

3086} Where a range of values is provided, it 1s understood that each intervening value, to
the tenth of the unit of the lower limit, unless the context clearly dictate otherwise, between the
upper and lower Hmit of that range and any other stated or intervening value in that stated range,
is encompassed within the disclosure, subject to any specifically excluded limit in the stated
range. Where the stated range includes one or both of the limits, ranges excluding either or both
of those included limits are also included in the disclosure.

{087} Reference to “about” a value or parameter herein includes {(and describes) variations
that are directed to that value or parameter per se. For example, description referring to “about

X inchudes description of “X.7
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[0088] As used herein, including in the appended claims, the singular forms “a,” “or,” and

“the” melude plural referents unless the context clearly dictates otherwise.

Anti-LAB constructs

{(089] The present application provides anti-Labyrinthin constructs {referred to herein as
“anti-LAB constructs™), such as isolated anti-L.AB constructs, comprising an antibody moicty
that specifically binds to Labyrnthin or a portion thereot and an effector domam. In some
embodiments, the antibody moiety is conjugated to the effector domain. For example, the
effector domain can comprise an effector molecule which can be a therapeutic agent or a label.
In some embodiments, the therapeutic agent is sclected from the group consisting of a drug, a
toxin, a radioisotope, a profein, a peptide, and a nucleic acid. In some embodiments, the effecior
molecule 18 a diagnostic agent such as a label. Conjugation of effector molecules are well-known
i the art, and can include covalent conjugation {e.g., via a chemical bond or via a hinker) or non-
covalent interactions {e.g., via biotin/streptavidin and other protein-protein inferaction pairs).
8094} In some embodiments, the anti-Labyrinthin construct is a fusion protein. For
example, the anti-Labyrinthin antibody moicty can be part of a CAR (chimeric antigen receptor),
an enginecred TCR, or a bispecitic T cell engager molecule. These various construets are

discussed in more details in the sections below.

Anti-1AB CAR

{091} The present application in one aspect provides a chimeric antigen receptor (CAR)
comprising an antibody moiety that specifically binds to Labyrinthin or a portion thereof (herein
referred to as “anti-LAB CAR”). Also provided are CAR effector cells {e.g.. T cells) comprising
a CAR comprising an anti-LAB antibody moicty (also referred to hercin as an “anti-LAB CAR
effector cell”, e.g., “anti-LAB CAR T cell™).

{6692} The anti-LAB CAR comprises {a} an extracellular domain comprising an anti-LAB
antibody moiety that specifically binds to Labyrinthin and (b) an intracellular signaling domain.
A transmembrane domain may be present between the extracellular domain and the mtraceliular
domain. Between the extracellular domain and the transmembrane domain of the anti-LAB
CAR, or between the intracellular domain and the transmembrane domain of the anti-LAB CAR,

there may be a linker or a spacer domain. The linker or spacer spacer domain can be anv oligo-
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ot polypeptide that functions to link the transmembrane domain to the extracetiular domain or
the imtracellular domain in the polypeptide chain. A spacer domain may compnse up to about
300 amino acids, including for example about 10 to about 100, or about 25 to about 50 apuno
acids.

{8093} The transmembrane domain may be derived either from a natural or from a synthetic
source. Where the source is natural, the domain may be derived from any membrane-bound or
transmembrane protein. Transmembrane regions of particular use i this mvention may be
derived from (7.e., comprise at least the tranamembrane region(s) of) the u, B, 8, ory chain of the
T-cell receptor, D28, CD3g, CDL, CD45, CD4, CD3, CD3, D9, €16, €CD22, CD33, CD37,
Cho4, CD8O, CDR6, CD134, €137, or CD154. In some embodiments, the transmembrane
domain may be synthetic, in which case 1t may comprise predomunantly hydrophobic residues
such as leucine and valine. In some embodiments, a triplet of phenylalanine, tryptophan and
valine may be found at cach end of a syathetic transmembrang domain. In some embodiments, a
short oligo-~ or polypeptide linker, having a length of, for example, between about 2 and about 10
(such as aboutanv of 2,3, 4, 5, 6,7, 8, 9, or 10) amino acids in length may form the linkage
between the transmembrane domain and the intracelhilar signaling domain of the anti-LAB
CAR. In some embodiments, the linker is a glycine-serine doublet,

[06094] In some embodiments, the transmembrane domain that naturally is associated with
one of the sequences i the intracellular domain of the anti-LAB CAR s used (e.g., if an anti-
LAB CAR mtracelular domain comprises a {D28 co-stimulatory sequence, the transmembrane
domain of the anti-LAB CAR is derived from the CD28 transmembrane domain}. in some
embodiments, the transmembrane domain can be selected or modified by amino acid substitution
to avoid binding of such domains to the transmembrane domains of the same or different surface
membrane proteins 1o nunimize interactions with other members of the receptor complex.

{0095] The mtracellular signaling domam of the anti-LAB CAR 15 responsible for activation
of at least one of the normal effecior functions of the immune cell in which the anti-LAB CAR
has been placed in. Effector function of a T cell, for example, may be cytolytic activity or helper
activity inchuding the secretion of cytokines. Thus the term “utracellular signaling domain”
refers 1o the portion of a protein which transduces the effector function signal and directs the cell
to perform a specialized function. While usually the entire intracelular signaling domain can be
employed, in many cases it is not necessary to use the entire chain. To the extent that 3 truncated

portion of the intracellular signaling domain is used, such truncated portion may be used in place
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of the intact chain as long as it transduces the effector function signal. The term “ntracellular
signaling sequence” 15 thus meant o inchude any truncated portion of the intraceliular signaling
domain sufficient to transduce the effector function signal.

{06096} Examples of intraccliular signaling domains for use in the anti-LAB CAR of the
mvention mclude the cyvioplasmic sequences of the T cell receptor (TCR) and co-receptors that
act in concert to imtiate signal transduction following antigen receptor engagement, as well as
any derivative or variant of these sequences and any synthetic sequence that has the same
functional capabijity.

6097} It 13 known that in some embodiments signals generated through the TCR alone are
msufficient for full activation of the T cell and that a secondary or co-stimulatory signal may
also be required. Thus, T cell activation can m some embodiments may be mediated by two
distinct classes of intracellular signaling sequence: those that initiate antigen-dependent primary
activation through the TCR {primary signaling sequences) and those that act in an antigen-
mdependent manner to provide a sccondary or co-stimulatory signal (co-stinwiatory signaling
sequences). Prnimary signaling sequences regulate primary activation of the TCR complex cither
i a stimulatory way, or in an inhibitory way. Primary signaling scquences that act in a
stimulatory manner may contain signaling motifs which are known as immunoreceptor tyrosing-
based activation motifs or ITAMSs. The anti-LAB CAR constructs in some embodiments
comprise one or more FTAMs. Examples of ITAM containing primary signaling sequences that
are of particular use in the invention include those derived from TCRE, FcRy, FeRp, CD3y,
CD38, CD3e, CDS3, CD22, CD79%a, CD79b, and CD66d.

{3398} In some embodiments, the anti-LAB CAR comprises a primary signaling sequence
derived from CD3Z. For example, the intracellular signaling domain of the CAR can comprise
the CD3L intraceHular signaling sequence by itself or combined with anv other desired
mitracetiular signaling sequence(s) useful 1 the context of the anti-LAB CAR of the invention.
For example, the mtracellular domain of the anti-LAB CAR can comprise a CD3{ intracellular
signaling sequence and a costimulatory signaling sequence. The costimulatory signaling
sequence can be a portion of the mtracclinlar domain of a costimulatory molecule including, for
example, CD27, CD28, 4-1BB (CD137), OX40, CD30, CD40, PD-1, ICOS, lvmphocyie
function-associated antigen-1 (LFA-1}, CD2, CD7, LIGHT, NKG2C, B7-H3, a ligand that

specifically binds with CID83, and the like.
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[3099] In some embodiments, the intracellular signaling domain of the anti-LAB CAR
comprises the intracellular signaling sequence of CD3 and the intracellular signaling sequence
of CD28. In some embodiments, the intracellular signaling domain of the ant-LAB CAR
comprises the tracetlular signaling sequence of CD3( and the mntraceliular signaling sequence
of 4-1BB. In some embodiments, the mtracclular signaling domain of the anti-LAB CAR
compnses the intracellular signaling sequence of CD3C and the intraceilular signaling sequences
of CD28 and 4-1BB.

31006} Thus, for example, 1n some embodiments, there is provided an anti-LAB CAR
comprising: {a) an extracellular domain comprising an anti-LAB antibody moiety that
specifically binds to Labyrinthin, {b) a transmembrane domain, and (¢} an intracelhular signaling
domain. In some embodiments, the intracellular signaling domain is capable of activating an
nmune cell. In some embodiments, the mtracellular signaling domain comprises a primary
signaling sequence and a co-stimulatory signaling sequence. In some embodiments, the primary
signaling sequence comprises a CD3( intracellular signaling sequence. In some crmbodiments,
the co~stimulatory signaling sequence comprises a CD28 mtracellular signaling sequence. In
some embodiments, the intracellidar domain comprises a B3 mtracelhidar signaling sequence

and a D28 mtracellular signaling sequence.

Anti-LAB TCR

10181} In some embodiments, the anti-LAB antibody moiety is fused to the N-terminus of a
T-cell receptor {TCR) subunit thus forming an anti-LAB T-cell receptor (herein referred to as an
“anti-LAB TCR™).

{0102} “T cell receptor” or “TCR” as used herein refers to endogenous or recombinant T cell
receptor comprising an extracellular antigen binding domain that binds to a specific antigenic
peptide bound m an MHC molecule. In some embodiments, the TCR comprnises a TCRa
polypeptide chain and a TCRP polypeptide chain. In some embodiments, the TCR comprises a
TCRy polypeptide chain and a TCRS polvpeptide chain. In some embodiments, the TCR
specifically binds a twmor antigen. “TCR-T” refers 1o a T cell that expresses a recombimant TCR.
“TCR complex” as used herein refers to a complex of TCR and CD3. “TCR subunits” used

herein refers to a subumit of the TCR complex, which include, for example, TCRa, TCRJ,
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TCRy, TCRY, CD3g, CD3y, CD35, and CD3(. The anti-LAB antibody mowety can be fused to
the N-terminus of any of the TCR subunits.

{0103} Thus, for example, in some embodiments, there 18 provided an engineered TCR,
comprising: {a) an anti-LARB antibody moiety that specifically binds to Labyrinthin, and (b) a
TCR subunit, In some embodiments, the antibody moiety 1s fused to the N-terminos of the TCR
subunit. In some embodiments, the TCR subunit is selected from the group consisting of TCRq,

TCRB, TCRy, TCRS, CD3e, CD3y, CD3S, and CD3L

Anti-Labvrinthin bispecific antibody

[3104] In some embodiments, the anti-LAB construct 1s a mulii-specific antibody.
Antibodies or antigen-binding fragments thercof having different specificities can also be
chemically cross-linked to generate nwldti-specific heteroconjugate antibodies. For example, two
F{ab"}2 molecules, each having specificity for a different antigen, can be chemically linked.
{8165} In some embodiments, the antibody moiety is multispecitic. In some embodiments,
the multispecific antibody moiety is a tandem scFv, a diabody (Bh), a single chain diabody
{scDb}, a dual-affinity retargeting (DART) antibody, a dual variable domain {(DVD) antibody, a
knob-into-hole (KiH) antibodv, a dock and lock (DNL) antibody, a chemically cross-linked
anfibody, a heteromultimenc antibody, or a heteroconjugate antibody. In some embodiments,
the multispecific antibody moiety s a tandem scFyv comprising two scFvs linked by an optional
peptide linker.

{3106} In some embodiments, multi-specific antibodies can be prepared using recombinant
DNA technigues. For example, a bispecific antibody can be engineered by fusing two scFvs,
such as by fusing them through a peptide linker, resulting in a tandem scFv. One example of a
tandero scFv is a bispecific T cell engager. Bispecific T cell engagers are made by linking an
anti-Ch3 sckv to an sckv specific for a surface anfigen of a target cell, such as a tumor-
assoctated antigen (TAA), resulting in the redirection of T cells to the target cells.

13187} Thus, for example, in some embodiments, there is provided a bispecific T cell
cngager, comprising: (a) an anti-LAB antibody moiety that specifically binds to Labyrinthin, and
(b} an anti-CD3 antibody moiecty that specifically binds to CD3. In some embodiments, there is
provided a bispecific T ccll engager, comprising: {a) a scFv that specifically binds to

Labvrnthin, and b} a scFv that specitically binds to CD3.
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Anti-LAB antibody-drug conjugate (ADC) or other conjugates

[6108] The anti-LAB constructs, in some embodiments, comprise an immunoconjugate
comprising an anti-LAB antibody motety attached to an effector molecule (also referred to
herein as an “anti-LAB immunoconjugate”}. In some embodiments the effector molecule 1s a
therapeutic agent, such as a cancer therapeutic agent, which is either cviotoxic, cvtostatic or
otherwise provides some therapeutic benefit. In some embodiments, the effector molecule s a
label, which can gencrate a detectable signal, either divectly or indireetly.

{0109} In some embodiments, there is provided an anti-LAB immunoconjugate comprising
an anti-LAB antibody moiety and a therapeutic agent (also referred to herein as an “antibody-
drug conjugate”, or “ADC”). In some embodiments, the therapeutic agent 1s a toxin that is either
cytotoxic, cyvtostatic or otherwise prevents or redaces the ability of the target cells to divide.
Importantly, since most normal cells do not present the LAB on thewr surface, they cannot bind
the anti-LAB mmmunoconjugate, and are protected from the killing effect of the toxin or other
therapeutic agents.

{6114 Therapeutic agents used in anti-LAB tmmaunoconjugates include, for example,
daunomycin, doxorubicin, methotrexate, and vindesine {see, e.g., Rowland et al., Carncer
Immuncl Immunother, 21, 1986}, Toxins used in anti-LAB immunoconjugates include bactenal
toxins sach as diphtheria toxin, plant toxins such as ricin, small molecule toxins such as
geldanamycin, mavtansincids, and calicheamicin. The toxins may exert their cyvtotoxic and
cyvtostatic cffects by mechanisms including tubulin binding, DNA binding, or topoisomerase
ihibition. Some cviotoxic drugs tend to be nactive or less active when conjugated to large
antibodics or protein receptor ligands.

{6111} In some embodiments, the anti-LAB antibody moicty can be conjugated to a
“receptor” {such as streptaviding for utilization in tumor pre-targeting wherem the antibody-
receptor conjugate is administered to the patient, followed by removal of unbound conjugate
from the circulation using a clearing agent and then administration of a “ligand” {e.g., avidin)
that is conjugated to a cyiotoxic agent (e. 2., a radionucleotide).

{8112} The present application further provides anti-LAB immunoconjugates comprising an
anti-LAB antibody moiety attached to an effector molecule, wherein the effector molecule is a

label, which can generate a detectable signal, indirectly or directly. These anti-LAB
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mmmunoconjugates can be used for research or diagnostic applications, such as for the in vivo
detection of cancer. The label is preferably capable of producing, either directly or indirectly, a
detectable signal. For example, the label may be radio-opague or a radicisotope, such as 3H,
14C, 32P, 358, 1231, 1251, 1311 a fluorescent (fluorophore) or chenuluminescent
{chromophore) compound, such as fluorescein isothiocyanate, rhodamine or lucifenn; an
enzyme, such as alkaline phosphatase B-galactosidase or horseradish peroxidase; an imaging
agent; or ametal ion. In some embodiments, the anti-LAB mmnmunoconjugate 1s detectable
mdirectly. For example, a secondary antibody that is specific for the anti-LAB immunoconjugate
and contains a detectable label can be used to detect the anti-LAB mmmanoconjugate.

[09113] Thus, for example, in some embodiments, there is provided an anti-LAB
immunoconjugate comprising: (a) an anti-LAB antibody moiety that specifically binds to
Labyrinthin; and (b} an effector molecule. In some embodiments, the effector molecule s a

therapeutic agent. In some embodiments, the effector molecule 1s a label.

Anti-L.AB antibody moieties

{0114] The present application in one aspect provides an antibody motety that specifically
binds to Labyrinthin or a portion thercof (hercin referred to as “anti-LAB antibody moiety™).
The anti-Labyrinthin constructs comprise an anti-LAB antibody moiety. In some embodiments,
the anti-LAB antibody moicty specifically binds to Labyrinthin present on the surface of a cell.
In some embodiments, the cell is a cancer cell. In some embodiments, the cancer cell 1s in a solid
tumor, such as a metastatic cancer cell.

{8115} In some embodiments, the anti-LAB antibody moiety is a full-length antibody. In
some embodiments, the anti-LAB antibody moiety i1s an antigen-binding fragment, for example,
an anfigen-binding fragment selected from the group consisting of a Fab, a Fab', a F{ab")2, an Fv
fragment, a disulfide stabilized Fv fragment (dsFv), and a single-chain antibody molecule
(scFv). In some embodiments, the anti-LAB antibody moiety 1s a scFv. In some embodiments,
the anti-LAB antibody moiety is homan, humanized, or semi-synthetic.

{0116} In some embodiments, the anti-LAB antibody moiety specifically binds to a
Labyrinthin-denived peptide or a portion thereof. In some embodiments, the Labynnthin-derived
peptide comprises an amino acid sequence selected from a portion of Labyrinthin (SEQ 1D

NO:1; see Table 2). In some embodiments, the anti-LAB antibody moicty is derived from an
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antibody produced by using a Labvrinthin-derived peptide as an tmmunogen. In some
embodiments, when the Labyrinthin-denived peptide is used as an immunogen, the Labynnthin-
derived peptide 1s conjugated o a carrier, such as albunun or KLH.

{8117} In some embodiments, the Labyrinthin-derived peptide 1s a peptide having a
sequence similarity of at least about 60% similarity, such as at least about any of 65% similarity,
70% simuilarity, 75% similarity, 80% simiarity, 85% similarity, 90% similanty, or 95%
similarity, to a portion of Labyrinthin (SEQ ID NO: 1), wheremn the Labyrinthin-derived peptide
does not comprige a terminal proling residue, and wherem the Labyrmthin-derived peptide
comprises at least one proline residue, such as 2, 3, 4, or 5 proling residues. In some
embodiments, the Labyrimthin-derived peptide is a peptide having a sequence sinularity of at
least about 60% similarity, such as at least about any of 63% similanity, 70% similarnity, 75%
similarity, 80% similarity, 85% simularity, 90% similarity, or 95% similarity, to a portion of
Labyrinthin (SEQ 1D NO: 1), wherein one terminus of the Labyrinthin-derived peptide does not
coraprse a terminal proline residue, and wherein the Labvrinthin-~-derived peptide comprises at
cast one proline residue, such as 2, 3, 4, or 5 proline residues. In some embodiments, the
Labvrinthin-derived peptide is between 7 and 50 aming acids in length, such as between any of 7
and 25 amino acids in fength, 7 to 13 amino acids in length, or 21 and 25 amino acids in length.
In some embodiments, the Labyrinthin-derived peptide 15 7, 8, 9, 10, 11, 12, 13, 14, 15,16, 17,
18, 19, 20, 21, 22, 23, 24,25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,37, 38, 39, 40, 41, 42, 43,
44 45 46 47 48, 49, or 50 amino acids in fength. In some embodiments, the Labyrinthin-
derived peptide is substantially homologous to a portion of Labyruthin (SEQ 3 NO: 1}, In some
embodiments, the Labvrinthin-derived peptide has a sequence similanty of at least about 60%
similarity to a portion of Labyrinthin (SEQ ID NO:1), such as at least about anv of 65%
similarity, 70% similarity, 75% similarity, 80% similarity, 85% smnilarity, 90% similarity, or
95% similarity. o some embodiments, the Labyrinthin-derived peptide or a denivative thercof
has a sequence sinularity of at least about 60% sinularity to a portion of Labyninthin (SEQ ID
NO: 1y, wherein 1, 2, 3, 4, of 5 amuno acids of the sequence of the Labyrinthin-derived peptide
arc deleted, substituted, inserted, and/or added to the Labyrinthin-derived peptide, and wherein
when a substitution, mserfion, and/or addition is present, a moiety is substituted, inserted, and/or
added to the sequence. In some embodiments, the moiety that is substituted, nserted, or added 18
a natural amino acid {e.g., o-aming acid or a L-aming acid or a D-amino acid} or a non-natural

amino acid. In some embodiments, the moiety that is substituted, inseried, or added is an amino
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acid substitute or a linker. In some embodiments, the Labyrinthin-denived peptide comprises a T-
cell epitope and/or a B-cell epitope.

{6118} In some embodiments, the Labyrinthin-derived peptide comprises a sequence
selected from SEQ 1D N3:2-32 {Table 2}, or vaniant thereof. In some embodiments, the
Labyrinthin-derived peptide comprising a seguence selected from SEQ ID N(G:2-32 (Table 2),
or variant thercof. comprises one or two flanking amino acid sequences, the one or two flanking
amino acid sequences added on the terminal ends of the core scquences provided in SEQ 1D
NG:2-32. In some embodiments, the Labynnthin-denved peptide comprising one or two
flanking aming acid sequences 15 a peptide having a sequence similarity of at least about 60%
similarity, such as at least about any of 65% simifanty, 70% similarity, 75% similarity, 80%
similarity, 85% similarity, 90% smularity, or 93% similarity, to a portion of Labyrinthin (SEQ
ID NG:1). In some embodiments, the flanking aming acid sequence is based on the sequence of
a portion of Labyrinthin (SE 1D NGO 1} and is a respective continuation of the Labyrinthin
sequence from each core sequence provided m SEQ 1D NO:2-32, such as from one or two
terminal ends of the core sequence. For example, for SEQ 1D NO:3, a first flanking amimo acid
sequence of two aming actds to the left of SEQ 1D NG:3 would be Pro-Ala, and a second
flanking amino acid sequence of two amino acids to the right of SEQ 1D NO:3 would be Glu-

Ala.

Table 2. Amino acid sequences of Labyrinthin and Labyrinthin-derived peptides.

Aming acid sequence

SEQ ID NG:1 | Met-Val-ile-Ala-Leu-Leu-Gly-Val-Trp-Thr-Ser-Val-Ala-Val-Val-Trp-Phe-
Asp-Leu-Val-Asp-Tyr-Glu-Glu-Val-Leu-Gly-Lyvs-Leu-Gly-He-Tyr-Asp-Ala-
Asp-Gly-Asp-Gly-Asp-Phe-Asp-Val-Asp-Asp-Ala-Lys-Val-Leo-Leu-Gly-
Leu-Lys-Glu-Arg-Ser-Thr-Ser-Glu-Pro-Ala-Val-Pro-Pro-Glo-Ghu-Ala-Glu-
Pro-His-Thr-Glu-Pro-Glu-Glu-Gin-Val-Pro-Val-Glu-Ala-Glu-Pro-Gln-Asn-
He-Glu-Asp-Glu-Ala-Lys-Ghu-Gln-He-Glo-Ser-Leu-Leu-His-Glu-Met-Val-
His-Ala~-Glu-His-Val-Glu-Gly-Glu-Asp-Leu-Gln~-Gin-Glu-Asp-Gly-Pro-Thr-
Gly-Glu-Pro-Gln-Gln-Glu-Asp-Asp-Glu-Phe-Leu-Met-Ala-Thr-Asp-Val-
Asp-Asp-Arg-Phe-Ghi-Thr-Leu-Gla-Pro-Glu-Val-Ser-His-Glu-Gla-The-Glu-
His-Ser-Tyr-His-Val-Glo-Glu-Thr-Val-Ser-Gln-Asp-Cys-Asn-Gln-Asp-Met-
Glu-Glu-Met-Met-Ser-Glu-Gln-Glu-Asn-Pro-Asp-Ser-Ser-Glu-Pro-Val-Val-
Glu-Asp-Glu-Arg-Leu-His-His-Asp-Thr-Asp-Asp-Val-Thr-Tyr-Gin-Val-
Tyr-Glu-Glu-Gln-Ala~-Val-Tyr-Glu-Pro-Leu-Glu-Aso-Glu-Gly-te~-Glu-lle-
Thr-Glu-Val-Thr-Ala-Pro-Pro-Glu-Asp-Asn-Pro-Val-Glu-Asp-Ser-Gin-Val-
He-Val-Ghu-Glu-Val-Ser-lle-Phe-Pro-Val-Glu-Glo-Gln-Gln-Glu-Val-Pro-
Pro-Asp-Thr
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SEGQ ID NO:2

Glu-Pro-Ala

SEQID NG:3

Val-Pro-Pro-Glu

SEQ ID NO4

Glu-Pro-His

SEQ ID NO'S

Glu-Pro-Glu

SEQ IDNO:6

Val-Pro-Val

SEQIDNO7

Glu-Pro-Gln

SEQ ID NO'8

Gly-Pro-Thr

SEQ ID NG9

Asn-Pro-Asp

SEQ ID NGO

Glu-Pro-Val

SEQ IDNO:11

Ghu-Pro-Leu

SEQ IDNO: 12

Ala-Pro-Pro-Glu

SEQ ID NO:13

Asn-Pro-Val

SEQ ID NO' 14

Phe-Pro-Val

SEQ ID NO:15

Val-Pro-Pro-Asp

SEQ ID NO:16

Ghi-Pro-Ala-Val-Pro-Pro-Glu

SEQ IDNO:17

Val-Pro-Pro-Glu-Glu-Ala-Glu-Pro-His

SEQ IDNO: 18

Glu-Pro-His-Thr-Glu-Pro-Glu

SEQ ID NO: 19

Glu-Pro-Glu-Glu-Gin-Val-Pro-Val

SEQ 1D NO:20

Val-Pro-Val-Glu-Ala-Glu-Pro-Gin

SEQ 1D NO 21

Gly-Pro-Thr-Glv-Glu~-Pro-Gln

SEQ 1D NO:22 | Asn-Pro-Asp-Ser-Ser-Glu-Pro-Val
SEQ ID NO:23 | Ala-Pro-Pro-Glu-Asp-Asn-Pro-Val

SEQ 1D NG:24

Phe-Pro-Val-Glu-Glu-Gln-Gln-Glu-Val-Pro-Pro-Asp

SEQ IB NO:25

Asp-Gly-Pro-Thr-Gly -Glu-Pro-Gln-Glin-Glu

SEQ 1D NO:2Z6

Glu-Gin-Glu-Asn-Pro-Asp-Ser-Ser-Glu-Pro-Val

SEQ ID NO:27

Ala~-Pro-Pro-Glu-Asp-Asn-Pro-Val-Glu-Asp

SEQ ID NO28

Glu-Glu-Gln-Gla-Glu-Val-Pro-Pro-Asp

SEGQ 1D NO:29

Gly-Glu-Asp-Leu-Gln-Gln-Glu-Asp-Glv-Pro-Thr-Gly-Glu-Pro-Gin-Gin-
Glu-Asp-Asp-Glu-Phe-Leu

SEQ ID NO:30

Asp-Met-Glu-Glu-Met-Met-Ser-Glu-Gin-Glu-Asn-Pro-Asp-Ser-Ser-Glu-
Pro-Val-Val-Glu-Asp-Glu

SEQ ID NO:31

Asn-Gla-Gly-He-Glu-He-Thr-Ghe-Val-Thr-Ala-Pro-Pro-Glu-Asp-Asn-Pro-
Val-Glu-Asp-Ser-Gin

SEQ ID NO32

Asp-Ser-Gin-Val-fle-Val-Glu-Glu-Val-Ser-He-Phe-Pro-Val-Glu-Glu-Glo-
Gla-Glu-Val-Pro-Pro-Asp

[0119]

In some embodiments, the anti-LAB antibody motety {(or the anti-LAB construct

comprising the anti-LAB antibody moiety) binds to Labyrinthin or a portion thergof with a Ka

between about 0.1 pM to about 500 nM {(such as about any of 0.1 pM, 1.0 pM, 10 pM, 50 pM,

100 pM, 500 pM, 1 oM, 10 oM, 50 oM, 100 nM, or 500 nM, including any ranges between these

values}.
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{3120} In some embodiments, the anti-LAB antibody moiety {or the anti-LAB construct
comprising the anti-LAB antibody moiety) binds to one or more, such as 2 or 3, epitopes of
Labyrinthin or a portion thercof.

{8121} The anti-LAB antibody moieties in some embodiments comprise specific seguences
or certain vanants of such sequences. In some embodiments, the amino acid substitutions in the
variant sequences do not substantially reduce the ability of the anti-LAB antibody motety to bind
Labvrnthin or g portion thercof. For example, alierations that do not substantially reduce
Labvrinthin binding affinity may be made. Alterations that substantially improve Labyrinthin
binding affinity or affect some other property, such as specificity and/or cross-reactivity with
related variants of the Labyrinthin, are also contemplated.

[0122] Anti-Labyrinthin antibodies have been disclosed inthe art, e.g., U.S. Patent No.
6,166,176, U.S. Patent No. 7,635,759, and International publication No. W(2011116014, the
disciosures of cach of which are hereby mcorporated by reference in their entirety. In some
cmbodiments, the anti-LAB antibody motety comprises MCA44-3A6 or a portion thereof that
binds to Labyrinthin, In some embodiments, the anti-LAB antibody moiety 138 MCA44-3A6. In
some embodiments, the anti-LAB antibody moiety competes with MCA44-3A6 or a portion
thereof that binds to Labynnthin. In some embodiments, the anti-LAB antibody moiety
comprises one or more CDRs from MCA44-3A6. In some cmbodiments, the anti-LAB antibody
moiety comprises X373 or a portion thereof that binds to Labyrinthin. In some embodiments, the
anti-LAB antibody moicty 1s X373, In some embodiments, the anti-LAB antibody moiety
corapetes with X373 or a portion thereof that binds to Labyrinthin. fn some crabodiments, the
anti-LAB antibody moiety comprises X309 or a portion thereof that binds to Labyrinthin. In
some embodiments, the anti-LAB antibody moiety is X309, In some embodiments, the anti-LAB
antibody moiety competes with X509 or a portion thercof that binds to Labyrinthin. In some
embodiments, the anti-LAB antibody moicty comprises one or more of the variable heavy chain
domain complementarityv-determining regions {CDRs) recited m SEQ D N(O:33, SEQ ID
N34, and SEQ 1D NO:35, In some embodiments, the anti-LAB antibody moiety comprises
one or more of the variable ight chain domam complementarity-determining regions (CDRs)
recited in SEQ 1D NO:36, SEQ 1D NO:37, and SEQ ID NO:38. In some embodiments, the anti-
LAB antibody moicty comprises one or more of the variable heavy chain domain

complementarity-determining regions (CDRs) recited in SEQ ID NQ:33, SEQ ID NO:34, and

29



WO 2020/146413 PCT/US2020/012613

SEQ D NGO:35, and one or more of the variable light chain domain complementarity-

determuning regions (CDRs) recited mm SEQ 1D NO:36, SEQ 1D NO:37, and SEQ 1D NG:38.

Table 3. CDR seguences.

CDR seguences

SEQ ID NO:33 | Lys-Ser-Ser-Gla-Ser-Leu-Val-Tyr-Ser-Asp-Gly-Lyvs-Thr-Tyr-Leu-Asn

SEQ 1D NO:34 | Leu-Val-Ser-Lys-Leu-Asp-Ser

SEQ ID NG:35 | Leu-Gln-Gly-Ser-His-Phe-Pro-Arg-Thr

SEQ ID NO:36 | Glyv-Phe-Thr-Phe-Ser-Arg-Tyr-Thr-Met-Ser

SEQ 1D NO:37 | Tyr-He-Ser-Asn-Gly-Gly-Arg-Ser-He-Tyvr-Tyvr-Ala-Asp-Ser-Val-Lys-Gly

SEQ IDNO:38 | Ala-Met-Asp-Asn

Nucleic acids and effector cefls

[6123] Nucleic acid molecules encoding the anti-LAB constructs or anti-LAB antibody
moicties are also provided herein. In some embodiments, there is provided a nucleic acid {ora
set of nucleic acids) cneoding a full-length anti-LAB antibody. In some cmbodinents, there is
provided a nucleic acid {or a set of nucleic acids) encoding a multi-specitic anti-LAB molecule
{e.g., a multi-specific anti-LAB antibody, a bispecific anti-LAB antibody, or a bispecific T-cell
engager anti-LAB antibodyv}, or polypeptide portion thereof. In some embodiments, there is
provided a nucleic acid {or a set of nucleic acids) encoding an anti-LAB antibody moicty. In
some embodiments, there is provided a nucleic acid {or a set of nucleic acids) encoding an anti-
LAB mmmunoconjugats, or polypeptide portion thereof.

{0124} The present application also includes variants to these nucleic acid sequences. For
example, the variants include nucleotide sequences that hybridize to the nucleic acid sequences
encoding the anti-LAB constructs or anti-LAB antibody moteties of the present application
under at least moderately stringent hybnidization conditions.

[6125] The present invention also provides vectors in which a nucleic acid of the present
mvention is inserted.

{6126} In brief summary, the expression of an anti-LAB construct {e. g, anti-LAB CAR) or
polypeptide portion thereof by a natural or synthetic nucleic acid encoding the anti-LAB
construct o polypeptide portion thercof can be achieved by nserting the nucleic acid nto an
appropriate expression vector, such that the nucleic acid is operably linked to 5" and 37 regulatory
clements, including for example a promoter {e.g., a lymphocvte-specific promotery and a 3’
untranslated region (UTR). The vectors can be suitable for rephication and integration in
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eukarvotic host celis. Typical cloning and expression vectors contain transcription and
transiation terminators, nitiation sequences, and promoters useful for regulation of the
expression of the desired nucleic acid sequence.

[6127] The nucleic acids of the present mvention may also be used for nucleic acid
inmunization and gene therapy, using standard gene delivery protocols. Methods for gene
delivery are known in the art. See, e.g., U.S. Pat. Nos. 5,399,346, 5 580,859, 5,589 4646,
mcorporated by reference herein in thewr entireties. In some embodiments, the imvention provides
a gene therapy vector.

(3128} The nuclete acid can be cloned into a number of types of vectors. For example, the
nucleic acid can be cloned nto a vector including, but not limited to a plasmid, a phagemid, a
phage denvative, an animal virus, and a cosnud. Vectors of particular interest include expression
vectors, replication vectors, probe generation vectors, and sequencing vectors.

{0129} Further, the expression vector mayv be provided {o a cell in the form of a viral vector.
Viral vector technology is well known in the art and 1s described, for example, in Sambrook ef
al. (2001, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New
York), and in other virology and molecular biology manuals. Viruses which are usefud as vectors
mclude, but are not limited to, retroviruses, adenovirases, adeno-associated viruses, herpes
viruses, and lentiviruses. In general, a suitable vector contains an origin of replication functional
in at least one organism, a promoter sequence, convenient restriction endonuclease sites, and one
or more selectable markers {see, e.g., WO 01/96384; W 01/29038; and U 5. Pat. No.
6,326,193}

{6130} A number of viral based svstems have been developed for gene transfer into
mammahan cells. For example, retrovirases provide a convenient platform for gene delivery
systems. A selected gene can be inscrted into a vector and packaged in retroviral particles using
cchnigques known 1o the art. The recombinant virus can then be isolated and delivered to cells of
the subject either 2 vivo or ex vivo. A number of retroviral systems are known in the art. In some
embodiments, adenovins vectors are used. A number of adenovirus vectors are known in the art.
In some embodiments, lentivirus vectors are used. Vectors denived from retroviruses such as the
lentivirus are suitable tools to achieve long-term gene transfer since they allow long-term, stable
mtegration of a transgene and its propagation in daughier cells. Lentiviral vectors have the added

advantage over vectors derived from onco-retroviruses such as murine leukemia viruses in that
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thev can transduce non-profiferating cells, such as hepatocyies. They also have the adde
advantage of low immunogenicity.

{0131} Additional promoter elements, e. 2., enhancers, regulate the froquency of
transcriptional initiation. Typically, these are located in the region 30-110 bp upstream of the
start sitg, although a number of promoters have recently been shown to contam functional
clements downstream of the start site as well. The spacing between promoter clements
frequently is flexible, so that promoter function 1s preserved when clements are inverted or
moved relative to one another. In the thymidine kinase (tk) promoter, the spacing between
promoter elements can be mereased to 5O bp apart before activity begins to decling.

13132} One example of a suitable promoter is the immediate early cviomegalovirus (CMV)
promoter sequence. This promoter sequence 1s a strong constitutive promoter sequence capable
of driving high levels of expression of any polynucleotide sequence operatively linked thereto.
Ancther example of a suitable promoter is Elongation Growth Factor-1a (EF-1a). However,
other constitutive promoter sequences may also be used, including, but not limited to the simian
virus 40 (5§V40) carly promoter, mouse mammary tumor virus (MMTV), human
mmmnuncdeficiency virus (HIV} long termimal repeat (LTR) promoter, MoMuL'V promoter, an
avian leukemia virus promoter, an Epstein-Barr virus immediate carly promoter, a Rous sarcoma
viras promaier, as well as buman genc promoters such as, but not limited to, the actin promoter,
the myosin promoter, the hemoglobin promoter, and the creatine kinase promoter. Further, the
mvention should not be limited 1o the use of constitutive promoters. Inducible promoters arg also
conternplated as part of the invention. The use of an mducible promoter provides a molecular
switch capable of turning on expression of the polynucleotide sequence which 1t is operatively
linked when such expression is desired, or turning off the expression when expression is not
desired. Examples of inducible promoters include, but are not hmited to a metaliothioning
promoter, a ghicocorticoid promaoter, a progesterone promoter, and a tetracveline promoter.
{8133} In order to assess the expression of a polvpeptide or portions thercof, the expression
vector to be introduced into a cell can also contain either a selectable marker gene or a reporter
gene or both to facilitate identification and sclection of expressing cells from the population of
cells sought to be transfected or infected through viral vectors. In other aspects, the selectable
marker may be carried on a separate piece of DNA and used in a co-transfection procedure. Both

selectable markers and reporter genes may be flanked with appropriate regulatory sequences to
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enable expression in the host cells. Usetul selectable markers include, for example, antibiotic-
resistance genes, such as neo and the like.

[0134] Reporter genes are used for identifving potentially transfected cclls and for
evaluating the functionality of regulatory sequences. In general, a reporter gene 1s a gene that is
not present in or expressed by the recipient organism or tissue and that encodes a polypeptide
whose expression is manifested by some easily detectable property, e. 2., enzymatic activity.
Expression of the reporter gene 1s assaved af a suitable timce after the DNA has been introduced
mto the recipient cells. Suitable reporter genes may mnclude genes encoding tuciferase, p-
galactosidase, chloramphenicol acety] transferase, secreted alkaline phosphatase, or the green
fluorescent protein gene {e.g., Ui-Tel ef @l FEBS Leiters, 479, 2000). Suitable expression
systems are well known and may be prepared using known fechmiques or obtained
commercially. In general, the construct with the minimal 5 flanking region showing the highest
level of expression of reporter gene is identified as the promoter. Such promoter regions may be
linked to a reporter gene and used to evaluate agents for the ability to modulate promoter-driven
transcription.

{3135} Methods of mtroducing and expressing genes into a cell are known in the art. In the
context of an expression vector, the vector can be readily introduced nto a host cell, e.g,
mammalian, bacterial, veast, or insect cell by any method m the art. For example, the expression
vector can be transferred into a host cell by physical, chenncal, or biological means.

{0136} Physical methods for introducing a polvnucieotide into a host cell include calenim
phosphate precipitation, lipofection, particle bombardment, microinjection, electroporation, and
the hke. Methods for producing cells comprising vectors and/or exogenous nucleic acids are
well-known in the art. See, for example, Sambrook e o/ (2001, Molecular Clomng: A
Laboratory Maoual, Cold Spring Harbor Laboratory, New York}. In some embodiments, the
mtroduction of a polynucleotide mto a host cell is camed out by calcium phosphate transfection.
{8137} Biological methods for introducing a polynucleotide of interest into a host cell
melude the use of DNA and RNA vectors. Viral vectors, and especially retroviral vectors, have
become the most widelv used method for inserting genes mto manvunalian, e.g., human cells.
Other viral vectors can be derived from lentivirus, poxviruses, herpes simplex virus 1,
adenoviruses and adeno-associated viruses, and the hike. See, for example, U.S. Pat. Nos.

5,350,674 and 5,585,362,
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[3138] Chemical means for mtroducing a polynucleotide into a host cell include colloidal
dispersion systems, such as macromolecule complexes, nanocapsules, microspheres, beads, and
lipid-based svstens mcluding otl-in-water cowlsions, micelles, mixed micelles, and liposomes.
An exemplary collowdal systern for use as a delivery velucle in vitro and 7 vive 1s a liposome
{e.g., an artificial membrane vesicle).

{6139} In the case where a non-viral delivery system is utilized, an exemplary delivery
vehicle is a liposome. The use of lipid formulations is contemplated for the introduction of the
nucleic acids mto a host celt (fr vitro, ex vive or in vivo). In another aspect, the nucleic acid may
be associated with a lipid. The nucleic acid associated with a lipid may be encapsulated m the
aqueous interior of a posome, interspersed within the lipid bilayer of a liposome, attached to a
liposome via a linkimg molecule that is associated with both the liposome and the
oligomicleotide, entrapped in a liposome, complexed with a liposome, dispersed in a sohution
containing a lipid, mixed with a lipid, combined with a lipid, contained as a suspension i a
lipid, contained or complexed with a micelle, or otherwise associated with a lipid. Lipid.
Epid/DINA or ipid/expression vector associated compositions are not limited to any particular
structure in solution. For example, they may be present in a bilayer structure, as micelles, or with
a “collapsed” structure. They may also simply be interspersed in a solation, possibly forming
aggregates that are not uniform in size or shape. Lipids are fatty substances which may be
natarally occurring or synthetic lipids. For example, lipids include the fatty droplets that
naturally occur in the cytoplasm as well as the class of compounds which contain long-chain
ahiphatic hvdrocarbons and their denvatives, such as fatty acids, alcohols, amines, amino
alcohols, and aldehvdes.

(4140} Regardless of the method used to introduce exogenous nucleic acids into a host cell
or otherwise expose a cell to the inbibitor of the present invention, i order to confinm the
presence of the recombinant DNA sequence in the host cell, a variety of assays may be
performed. Such assayvs mclude, tor example, “molecular biological” assays well known to those
of skall in the art, such as Southem and Northern blotting, RT-PCR and PCR; “biochemical”
assays. such as detecting the presence or absence of a particular peptide, e. 2., by immunological
means (ELISAs and Western blots) or by assays described herein to identify agents falling
within the scope of the mvention,

10141} In some embodiments, there is provided an effector cell {such as a T cell) presenting

on its surface an anti-LAB construct described herein. In some enbodiments, the effector cell
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(such as a'T cell) comprises on its surface an anti-LAB CAR polypeptide described herem. In
some embodiments, the effector cell comprises a nucleie acid encoding the anti-LAB CAR
polypeptide described herein, wherein the anti-LAB CAR polvpeptides, or a portion thercof,
expressed from the nucleic acid are localized on the surface of the effector cell. In some
embodiments, the effector cell {sach as a T cell) comprises on its surface an anti-LAB TCR
polypeptide described herein. In some embodiments, the effecior cell comprises a nucleic acid
encoding the anti-LAB TCR polypeptide described herein, wherein the anti-LAB TCR
polypeptides, or a portion thereof, expressed from the nucleic acid are localized on the surface of
the effector cell. In some embodiments, the effector cell (such as a T cell} comprises on its
surface a multi-specific antibody, such as a bispecific antibody, polvpeptide descnbed herein In
some embodiments, the effector cell comprises a nucleic acid encoding the multi-specific
antibody, such as a bispecific antibody, polypeptide described heren, wherein the multi-specific
antibody, such as a bispecific antibody, polypeptides, or a portion thereof, expressed from the
nucleic acid are localized on the surface of the effector cell.

[3142] Exemplary etfecior cells useful for the present mvention include, but are not imited
to, dendritic cells (incloding immature dendritic cells and mature dendritic cells), T lymphocyies
(such as naive T cells, effector T cells, memory T cells, cvtotoxic T lymphocvies, T helper cells,
Maturagl Killer T cells, Treg cells, tumor nfiltrating lymphocyvies (TiL), and lvphokine-activated
killer (LAK) cells}, B cells, Natural Killer (NK) cells, monocyvies, macrophages, neutrophils,
granulocytes, and combinations thereof. Subpopulations of effector cells can be defined by the
presence or absence of one or more cell surface markers known i the art (e.g., CD3, CD4, CDS,
CD19, CD20, CDic, CDx 123, Ch36, CD34, CD14, CD33, ete ).

3143} In some embodiments, the effector cell 1s an enginger effector cell, such as an
engineered mammalian effector cell. In the cases that the pharmaceutical composition comprises
a plurality of engineered mammalian effector cells, the engincered mammalian effector cells can
be a specific subpopulation of an effector cell type, a combination of subpopulations of an
effector cell type, or a combination of two or more effector cell types. In some embodiments, the
cffector cell is present in a homogenous cell population. In some embodiments, the effector cell
is present in a heterogencous cell population that 1s enhanced in the effector cell. In some
embodiments, the enginecred mammalian cell is a Iymphocyie. In some embodiments, the
engincered mammalian ccH is not a lvmphocyte. In some embodiments, the enginecred
mammalian cell is suttable for adoptive immunotherapy. In some embodiments, the engineered
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mammalian cell 1s a PBMC. In some embodiments, the engineered mammalian ccll 1s an
effector cell denived from the PBMC. In some embodiments, the engineercd mammalian cell is a
T cell. In some cmbodiments, the engincered mammalian cell is a CD4+ T cell. In some
embodiments, the engincered mammalian cell 15 a CD8+ T cell. In some embodiments, the
engineered mammalian cell is a B cell. In some embodiments, the engineered mammalian cell is
an NK cell.

[3144] In some embodiments, the effector cell is a T cell. In some embodiments, the cffector
cell 1s selected trom the group consisting of a cyiotoxic T cell, a helper T cell, a natural kaller T
cell, and a suppressor T cell.  In some embodiments, the effector cell 1s modified to block or
decrease the expression of one or both of the endogencus TCR subunits from which the chimeric
receptor polvpeptides are denved. Modifications of cells to disrupt gene expression include any
such technigues known in the art, inchuding for example RNA interference (e.2., siRNA,

shRNA, miRNA), gene editing (e. g, CRISPR- or TALEN-based gene knockout), and the hke.

Methods of making anti-LAB antibody moieties and constructs thereof

{0145] The present application in one aspect provides methods of making anti-LAB antibody

moieties and constructs thereof

Monoclonal antibodies

[3146] in some cmbodiments, the amti-LAB antibody moiety or construct thereof comprises
a monocional antibody. Monoclonal antibodies can be prepared, e.g., using hybridoma methods,
such as those described by Kohler and Milstein, Narure, 256, 1975 and Sergeevaef af., Blood,
117{165:4262-4272, using the phage display methods described herein and in the Examples
below, or using recombinant DNA methods (see, e.g., US Patent No. 4,816,567).

{6147} In a hybrnidoma method, a hamster, mouse, or other appropriate host animal 1s
typically immunized with an mmmunizing agent to elicit lvimphocytes that produce or are capable
of producing antibodics that will specifically bind to the romunizing agent. Alternatively, the
lymphocytes can be immunized in vitro. The immunizing agent can include a polvpeptide or a
fusion protein of the protein of interest, or a complex comprising at least two molecules.
Generally, peripheral blood tvmphocytes (("PBLs™) are used if cells of human origin are desired,

or spleen cells or lymph node cells are used if non-human manunalian sources arc desired. The
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lymphocytes are then fused with an immortalized cell line using a suitable fusing agent, such as
polyethyiene glycol, to form a hybndoma cell. See, e.g., Goding, Monoclonal Antibodies:
Prnciples and Practice (New York: Academic Press, 1986). Immontalized cell lines are usually
transformed mammalian cells, particularly myeloma cells of rodent, bovine, and human ongin.
Usually, rat or mouse myeloma cell lines are emploved. The hyvbridoma cells can be cultured in
a suitable culture medium that preferably contains one or more substances that mhibit the growth
or survival of the unfused, immortalized cells. For example, if the parental cells lack the enzyme
hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium for
the hybridomas typically will inchude hypoxanthine, aminoptenin, and thymidine (“HAT
mediam ™y, which prevents the growth of HGPR T-deficient cells.

[86148] In some embodiments, the immortalized cell lines tfuse efficiently, support stable
high-level expression of antibody by the selected antibody-producing cells, and are sensitive to a
medium such as HAT medium. In some embodiments, the timmortalized cell ines are murine
myeloma fimes, which can be obtained, for instance, from the Salk Institute Cell Distribution
Center, San Diego, Califormia and the American Type Culture Collection, Manassas, Virginia.
Hiuman myeloma and mouse-human heteromyeloma cell lines also have been described for the
production of human monoclonal antibodies. Kozbor, J Immunel, 133:3001 (1984); Brodeur e/
al. Monoclonal Antibody Production Techniques and Applications (Marcel Dickker, Inc.: New
York, 1987) pp. 51-63.

{0149} The culture medium in which the hyvbridoma cells are cultured can then be assaved
for the presence of monoclonal antibodies directed against the polypeptide. The binding
speciticity of monoclonal antibodies produced by the hyvbridoma cells can be determined by
mmnunoprecipitation or by an in vifro binding assay, such as radioimmmoassay (RIA} or
enzyme-linked immunocabsorbent assay (ELISA). Such techniques and assays are known in the
art. The binding affinity of the monocional antibody can, for example, be deternuined by the
Scatchard analysis of Munson and Pollard, Anal. Biochem., 107:220 {1980).

R After the desired hybridoma cells are identified, the clones can be sub cloned by
hmiting dilution procedures and grown by standard methods. Goding, supra. Suitable culture
media for this purpose include, for example, Dulbecco's Moditied Eagle's Medium and RPMI-
1640 medium. Altematively, the hybridoma cells can be grown i vive as ascites in a mammal.
{0151} The monoclonal antibodies secreted by the sub clones can be isolated or purified
from the culture medium or ascites fluid by conventional immunoglobulin purification
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procedures such as, for example, protein A-Sepharose, hyvdroxviapatite chromatography, gel
slectrophoresis, dialysis, or affinity chromatography.

[3152] The anti-LAB antibody moictics may also be identified by screening combinatorial
Libraries for antibodics with the desired activity or activities. For example, a variety of methods
are known in the art for generating phage display librarics and screening such Libraries for
antibodics possessing the desired binding characteristics. Such methods are reviewed, .2, 1n
Hoogenboom et al., Methods in Molecular Biology 178:1-37 (O'Brien ef ¢/., ed., Human Press,
Totowa, N.J., 2001} and further described, e.g., in McCafferty ef af., Nature 348:552-554;
Clackson et ai., Nature 352: 624-628 {1991); Marks et al, J. Mol Biol 222: 581-597 (1992);
Marks and Bradbury, AMethods in Molecular Biclogy 248:161-175 (Lo, ed., Human Press,
Totowa, NI, 2003); Sidhu er ol , J Mol Biol 338(2): 299-310 (2004); Lee er ol , J Mol Biol,
340(5): 1073-1093 (2004}, Fellouse, Proc. Nail Acad. Sci. USA 101(34): 12467-12472 (2004);
and Lee er ol | J. Immunol Methods 284(1-2). 119-132(2004).

{0153] In certain phage display methods, repertoires of VH and VL genes are separately
cloned by polymerase cham reaction (PCR) and recombined randomly in phage libraries, which
can then be screened for antigen-binding phage as described in Winter e al, Amn. Rev.
Immunol., 12: 433-455 (1994}, Phage typically display antibody fragments, cither as single-
chain Fv (scFv} fragments or as Fab fragments. Librarics from immunized sources provide high-
affinity antibodies {0 the immunogen without the requirement of constructing hyvbridomas.
Altematively, the naive repertoire can be cloned (e g, from human} to provide a single source of
antibodies to a wide range of non-self and also sclf antigens without any immunization as
described by Grniffiths ef ol | EMBO J, 12: 725-734 (1993). Finally, natve libraries can also be
made synthetically by cloning unrearranged V-gene segments from stem cells, and using PCR
primers containing random sequence to encode the highly vanabie CDRS3 regions and to
accomplish rearrangement i vifro, as described by Hoogenboom and Winter, J Mol Biol | 227
381-388 (1992). Patent publications describing human antibody phage hibraries include, for
example: UK. Pat. No. 5,750,373, and US Patent Publication Ngs. 2005/0079574,
2005/0119455, 2005/0266000, 2007/0117126, 2007/0160598, 2007/0237764, 2007/6292936,
and 2009/0002360.

[(3154] The antibodies or antigen-binding fragments thereof can be prepared using phage
display to scroen libraries for antibodies specific to Labvrinthin or a portion thercof. The library
can be a human scFv phage display library having a diversity of at least one x 10° (such as at
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leastabout any of 1 x 10°, 25 x 10°, 5 x 107, 75 x 107, [ x 107, 2.5 x 10°0, 5 < 1079, 7.5 x 101,
or I x 10'Y) unigue human antibody fragments. In some embodiments, the library is a naive
human hibrary constructed from DNA extracted from human PMBCs and splcens trom healthy
donors, encompassing all human heavy and light chain subfanulies. In some embodiments, the
Lbrary 1s a naive human library constructed from DNA extracted from PBMCs 1solated from
patients with varicus diseases, such as patients with autoimmung diseases, cancer patients, and
paticnts with infectious discases. In some embodiments, the library is a semi-syothetic human
Library, wherem heavy cham CDR3 is completely randomized, with all amino acids {(with the
exception of cysteine) equally likely to be present at any given position {see, e.g., Hoet, R. M. e/
al., Nat. Biotechnol. 23(3).344-348, 2005}, In some embodiments, the heavy chain CDR3 of the
semi-synthetic human Iibrary has a length from about 5 1o about 24 (such as about any of 5, 6, 7,
8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23, or 24} amuno acids. In some
embodiments, the library is a non-human phage display library.

[B155] Phage clones that bind to Labvrinthin or a portion thercof with high affinity can be
selected by tterative binding of phage to Labyrinthin, which is bound to a solid support {such as,
for exarmple, beads for solation panning or mamimalian cells for cell panning}, followed by
removal of non-bound phage and by clution of specifically bound phage. In an example of
solution panning, Labvrinthin can be biotinvlated for immoebilization to a solid support. The
biotinviated Labyrinthin is mixed with the phage library and a solid support, such as
streptavidin-conjugated Dynabeads M-280, and then Labvrinthin-phage-bead complexes are
isolated. The bound phage clones are then eluted and used to infect an appropriate host cell, such
as & coli X1L.1-Blue, for expression and purification. The panming can be performed for multiple
{such as about any of 2, 3, 4, 5, 6 or more) rounds with either solution panning, cell panning, or
a combination of both, to enrich for phage clones binding specifically to Labyrinthin. Enriched
phage clones can be tested for specific binding to Labyrinthin by anv methods known in the art,
mehuding for example ELISA and FACS.

[8156] Monoclonal antibodies can also be made by recombinant DNA methods, such as
those described in ULS. Patent No. 4,816,567, DNA cncoding the monoclonal antibodics of the
mvention can be readily 1solated and sequenced using conventional procedures fe.g., by using
cligonucleotide probes that are capable of binding specifically to genes encoding the heavy and
light chains of murine antibodies). Hybridoma celis as described above or Labyriothin-specific

phage clones of the mvention can serve as a source of such DNA. Once isolated, the DNA can
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be placed into expression veciors, which are then transfected mto host cells such as simian COS
cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not otherwise produce
mmunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the recombinant
host celis. The DNA also can be modified, for example, by substituting the coding sequence for
human heavy- and light-chain constant domains and/or framework regions i place of the
homologous non-human sequences (U8, Patent No. 4,816,367, Mormison er al., supra) or by
covalently jotning to the invnunoglobulin coding scquence all or part of the coding sequence for
a nomimmunoglobulin polypeptide. Such a non-immunogiobulin polypeptide can be substituted
for the constant domains of an antibody of the invention, or can be substituted for the variable
domains of one antigen-combining site of an antibody of the invention to create a chimeric
bivalent antibody.

[8157] ¢ antibodies can be monovalent antibodies. Methods for preparing monovalent
antibodies are known in the art. For example, one method involves recombinant expression of
immunoglobulin hight chain and modified heavy chain. The heavy chain 1s truncated generally at
any point in the Fe region so as to prevent heavy-chain crosshinking. Alternatively, the relevant
cysteine residues are substituted with another amino acid residue or are deleted so as to prevent
crosslinking.

[0158] fn vitro methods are also suitable for preparing monovalent antibodies. Digestion of
antibodies to produce fragments thercof, particularly Fab fragments, can be accomplished using
anv method known in the art.

[3159] Antibody variable domains with the desired binding specificitics {antibodyv-antigen
combining sites) can be fused to immunoglobulin constant-domain sequences. The fusion
preferably is with an immmoglobulin heavy-chain constant domain, comprising at least part of
the hinge, CHZ, and CH3 regions. In some embodiments, the first heavy-chain constant region
(CH1) containing the sitc necessary for light-chain binding is present in at least one of the
fusions. DNAs encoding the immunoglobulin heavy-chaimn fusions and, if desired, the
nmunoglobulin light chain, are inserted into separate expression vectors, and are co-transfected
o a suitable host organism. For further details of generating bispecific antibodies, see, for

example, Suresh er af., Methods in Enzymology, 121; 210 (1986).
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Human and humariized antibodies

{0160} In some embodiments, the anti-LAB antibody moiety or construct thereof comprises
a humanized antibodics or human antibodics. Humanized forms of non-human (e.g., muring)
antibodies are chimeric immumnoglobuling, immunoglobulin chains, or fragments thereof (such as
Fv, Fab, Fab’, F(ab™), scFv, or other antigen-binding subsequences of antibodies) that typically
contan nuinimal scquence derived from non-human inusunoglobulin, Humanized anttbodies
mehude human immunoglobuling (recipient antibody) 1n which residucs from a CDR of the
recipient are replaced by residucs from a CDR of a non-human species {(donor antibody) such as
mouse, rat, or rabbit having the desired specificity, affimity, and capacity. In somg instances, Fv
frarmnework residucs of the human immunoglobulin arc replaced by corresponding non-human
residues. Humanized antibodies can also comprise residues that are found neither in the recipient
antibody nor in the imported CDR or framework sequences. In general, the humanized antibody
can comprise substantially all of at least one, and typically two, variable domaing, in which alf or
substantially all of the CDR regions correspond to those of a non-human immunoglobulin, and
all or substantially all of the FR regions are those of a haman immumoglobulin consensus
sequence. In some embodiments, the humanized antibody will comprise at least a portion of an
immunoglobulin constant region (Fe), typically that of a buman immunoglobulin, See, e.g.,
Jones ef al., Nature, 321 322-525 (1986}); Riechmann et a/., Nature, 332: 323-329 (1988},
Presta, Curr. Op. Struct. Biol., 2:593-596 (1992},

{3161} Generally, a humanized antibody has one or more amino acid residues introduced
mto it from a source that is non-human. These non-human amino acid residues are often referred
to as “import” residues, which are typically taken from an “import” variable domain. According
to some embodiments, humanization can be essentially performed following the method of
Winter and co~workers (Jones ef al., Nature, 321: 522-525 (1986); Riechmann ef al., Nature,
332: 323-327 (1988); Verhoeyen et al., Science, 239; 1534-1536 {(1988)}}, by substituting rodent
CDRs or UDR sequences for the corresponding sequences of a human antibody. Accordingly,
such “humanized” antibodics are antibodies (U.S. Patent No. 4,816,567}, wherein substantially
less than an intact human variable domain has been substituted by the comesponding sequence
from a non-human species. In practice, humanized antibodies are typically human antibodies m
which some CDR residucs and possibly some FR residues are substituted by residues from

analogous sites in rodent antibodies.
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[3162] As an alternative to humanization, human antibodies can be generated. For example,
it is now possible to produce transgenic animals (e g., mice} that are capable, upon
mmunization, of producing a full repertoire of buman antibodies in the absence of endogenous
immunoglobulin production. For example, it has been described that the homozygous deletion of
the antibody heavy-chain joining region (JH) gene in chimeric and germ-line mutant mice results
i complete mhibition of endogencus antibody production. Transfer of the human germ-line
immmunoglobulin gene array mto such germ-line nwitant mice will result in the production of
human antibodies upon antigen challenge. See, e.g., Jakobovits er al., PNAS US4, 90:253]
(1993); Jakobovits ef /., Nature, 362:255-258 (1993); Bruggemann ef af., Year in Immunol.,
7:33 {1993} U.S. Patent Nos. 5,545,806, 5,569,825, 5,591,669, 5,545,807, and WO 97/17852.
Alternativelv, human antibodies can be made by introducing human immunoglobulm loct into
transgenic amimals, e.g., mice in which the endogenous immanoglobulin genes have been
partially or completely mactivated. Upon challenge, human antibody production is observed that
closely resembles that seen in humans o all respects, including gene rearrangement, asscrmbly,
and antibody repertoire. This approach is desenbed, for example, in U.S. Patent Nos. 5,545,807
5.545.806; 5,569,825, 5,625,126; 5,633,425, and 5,661,016, and Marks ef al,, Bio/Technology,
10: 779-783 {1992); Lonberg ef ¢/, Nature, 368 356-859 {1994); Morrison, Nature, 368: 812~
813 (1994); Fishwild er ol , Nature Biotechnology, 14 845-851 (1996); Neuberger, Nature
Biotechmology, 14: 826 (1996); Lonberg and Huszar, Infern. Rev. Immunol., 13: 65-93 {1995).
{0163} Huoman antibodics may also be generated by in vifro activated B cells (see U S,
Patents 3,567,610 and 5,229,275} or by using varnious technigues known in the art, including
phage display libraries. Hoogenboom and Winter, J Mol Biol, 227381 (1991); Marks eral., J.
Mol Biol, 222:581 (1991}. The techniques of Cole ef of. and Boemer ef ol are also available for
the preparation of human monoclonal antibodies. Cole er al., Monoclonal Antibodies and Cancer

Therapy, Alan R Liss, p. 77 (1985) and Boerner er al., J Immunol., 147(1}: 86-95 (1991},

Multi-specific antibodies

[0164] In some embodiments, the anti-LAB antibody moiety or construct thereof comprises
a multi-specific antibody. Suitable methods for making multi-specific {e.g., bispecific)
antibodies are wel known in the art. For example, the production of bispecific antibodies can be

based on the co-expression of two immunoglobulin beavy~chain/light-chain pairs, where the two

42



WO 2020/146413 PCT/US2020/012613

pairs each have different specificitics, and apon association result in a heterodimeric antibody
{(see, e.g., Milstein and Cuello, Namre, 305: 537-539 (1983); WO 93/08829, and Traunecker ef
al., EMBO J10: 3655 (1991)). Because of the random assortment of immunoglobulin heavy
and light chains, these hybridomas {quadromas) produce a potential nuxture of ten different
antibody molecules, of which only one has the correct bispecific structure. The purification of
the correct molecuie is usually accomplished by affinity chromatography steps. Simifar
procedures are disclosed m WO 93/08829 and in Traunecker et af., EMBO, 10: 3655-3659
(1991). Alternatively, the combining of heavy and hght chains can be directed by taking
advantage of species-restricted pairing {see, e.2., Lindhofer et ol J Immunol | 155:219-225
(1995}} and the pairing of heavy chains can be directed by use of “knob-into hole” engineering
of CH3 domains {(see, e.g., U.S. Pat. No. 3,731,168, Ridgway et al., Protein king., 9(7}.617-621
{1996)). Multi-specific antibodies may also be made by engincering clectrostatic stgering effects
for making antibody Fe-heterodimeric molecules {see, e.g., WG 2009/089004A1}. In yet another
method, stable bispecific antibodics can be generated by controlied Fab-arm exchange, where
two parental antibodies having distinct antigen specificity and matched point mutations in the
CH3 domains are mixed in reducing condition to allow for separation, reassembly, and
reoxidation to form highly pure bispecific antibodies. Labrigin ef af., Proc. Natl. Acad Sci.,
11O{133:5145-5150 (2013). Such antibodies, comprising a nmixture of heavv-chain/light-chain
pairs, are also referred to herein as “heteronmdtimeric antibodies™.

{0165} Autibodics or antigen-binding {ragments thereof having different specificities can
also be chemically cross-linked to generate multi-specific heteroconjugate antibodies. For
example, two F{ab”)2 molecules, each having specificity for a different antigen, can be
chemically hinked. Pullarkat es af., Trends Biotechnol., 48:9-21 {1999}, Such antibodics have, for
example, been proposed to target immune-system cells to unwanted celis (U.S. Patent No.
4,676,980}, and for treatment of HIV infection. WO 91/60360; WO 92/200373; EP 03089, ftis
contemplated that the antibodies can be prepared in vifro using known methods in synthetic
protein chemistry, inchuding those mvolving crosslinking agents. For example, immunoctoxins
can be constructed using a disulfide~-exchange reaction or by forming a thioether bond.
Examples of suitable reagents for this purpose include iminothiolate and methyi-4-
mercaptobutyrimidate and those disclosed, for example, in U.S. Patent No. 4,676,980.

13166} In some embodiments, multi-specific antibodies can be prepared using recombinant

DNA technigues. For example, a bispecific antibodv can be engincered by fusing two scFvs,
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such as by fusing them through a peptide linker, resulting in a tandem scFv. One example of a
tandem scFv is a bispecific T cell engager. Bispecific T cell engagers are made by linking an
anti-CD3 scFv to an scFv specific for a surface antigen of a target cell, such as a tumor-
associated antigen (TAA), resulting in the redirection of T cells to the target cells. Mack er af.,
Proc. Natl. Acad. Sci., 92:7021-7025 {1995}); Brischwem er af, Mol Immunol., 43(8):1129-1143
{2006). By shortening the length of a peptide linker between two variable domains, they can be
prevented from self-assembling and forced to pair with domains on a second polvpeptide,
resulting i a compact bispecific antibody called a diabody (Db). Holliger ef af., Proc. Natl.
Aecad. Sei., 80:6444-6448 (1993). The two polvpeptides of a Db each comprise a VH connected
to a VL by a linker which is too short to allow pairing between the two domaing on the same
chain. Accordingly, the VH and VL domains of one polypeptide are forced to pair with the
complementary VL and VH domains of another polypeptide, thereby forming two antigen-
binding sites. In a modification of thus format, the two polypeptides are linked by another
peptide linker, resulting in a single chain diabody {scDb). ¥n vet another modification of the Db
format, dual-affinity retargeting (DART) bispecific antibodies can be generated by introducing a
disulfide inkage between cysteine residaces at the C-terminus of each polypeptide, optionally
mcluding domains prior to the C-terminal cysteine residues that drive assembly of the desired
heterodimeric structure. Veri ef al., Arthritis Rheum., 62(71,1933-1943 (2010). Dual-vaniable-
domain immunoglobuling (BVD-Ig™) in which the target-binding varnable domains of two
monoclonal antibodies are combined via naturally occurming linkers to vield a tetravalent,
bispecific antibody, arc also known in the art. Gu and Ghayur, Methods Enzymol., 502:25-41
(2012}, In yet another format, Dock and Lock (DNL), bispecitic antibodies are prepared by
taking advantage of the dimerization of a peptide {DDD2} derived from the regulatory subunit of
human cAMP-dependent protein kinase (PKA) with a peptide {ADZ} derived from the anchoring
domains of human A kinase anchor proteins {AKAPs). Rossi et af., Proc. Natl. Acad. Sci.,
103:6841-6846 (2006).

[8167] Various techmigues for making and isolating bispecific antibody fragments directly
from recombinant cell culture have also been descrabed. For example, bispecific antibodies have
been produced using leucine zippers. Kosteloy ef al, J Tmmunol, 148(5):1547-1553 (1992},

This method can also be utilized for the production of antibody homodimers.
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Anti-L.AB antibody moiety variants

{0168} In some embodiments, amino acid sequence variants of the antibody moicties
provided herein arc contemplated. For example, 1t may be desirable to tnprove the binding
affinitv and/or other biological properties of the antibody moiety. Amine acid sequence variants
of an antibody moiety may be prepared by mtroducing appropriate modifications into the
nucleotide sequence encoding the antibody moicty, or by peptide syathesis. Such modifications
melude, for example, deletions from, and/or insertions mto and/or substitutions of residues
within the amino acid sequences of the antibody moiety. Any combination of deletion, insertion,
and substitution can be made to arrive at the final construct, provided that the final construct
possesses the desired charactenistics, e.g., antigen-binding.

[1169] In some embodiments, antibody moiety vanants having one or more amino acid
substitutions are provided. Sites of interest for substitutional mutagenesis include the HVRs and
FRs. Amino acid substitutions may be introduced mto an antibody moiety of interest and the
products screened for a desired activity, e.g., retained/mmproved antigen binding, decreased
nmunogenicity, or improved ADCC or CDC.

{617¢] Conservative substitutions are shown in Table 4 below.

TABLE 4: CONSERVATIVE SUBSTITITIONS

Original Exemplary Preferred
Residue Substitutions Substitutivas
Ala{A) Val; Leu; lle Val

Arg (R) Lys; Gla; Asn Lys

Asn (N} Gln, His, Asp, Lys; Arg Gin

Asp (D) Glu, Asn Glu

Cyvs () Ser; Ala Ser

Gin (O} Asn; Glu Ast

Glu () Asp; Gin Asp

Gly (G) Ala Ala

His (H) Asy; Gl Lys; Arg Arg

He (D Leu; Val; Met; Ala; Phe; Nodeucine | Leu

Leu Neorleocing; He: Val, Met, Ala; Phe {le

Lys () Arg; Gln;, Asn Arg

Met (M) Leu; Phe; Be Leu

Phe () Trp; Len; Val, lie; Ala; Tyr Tyr

Pro (P} Ala Ala
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Ser (8} Thr Thr
Thr (T} Val; Ser Ser
Tip (W) Tyr; Phe Tyr
Tyr (Y) Trp; Phe: Thr; Ser Phe
Val (V) Ile; Leu; Met;, Phe; Ala; Norleucing Len

{0171 Aununo acids may be grouped into different classes according to common side-chain
properties:

a. hydrophebic: Norleucine, Met, Ala, Val, Leu, He;

b. neutral hyvdrophilic: Cys, Ser, Thr, Asn, Gln;

¢. acidic: Asp, Ghu

d. basic: His, Lys, Arg;

. residues that influence chain orientation: Gly, Pro;

f. aromatic: Trp, Tyr, Phe.
{4172} Non-conservative substitutions will entail exchanging a member of one of these
classes for another class.
0173} An exemplary substitutional variant is an affinify matured antibody moiety, which
may be conveniently generated, e.g., using phage display-based affinity maturation techniques.
Briefly, one or more CDR residues are mutated and the variant antibody moieties displayed on
phage and screened for a particular biclogical activity (e g binding affinity}. Alterations fe.g.,
substitutions) may be made in HVRs, e.g., to improve antibody moiety affinity. Such alterations
may be made in HVR “hotspots,” i.e., residues encoded by codons that undergo mutation at high
frequency during the somatic maturation process (see, e.g., Chowdhury, Methods Mol Biol.
207:179-196 {2008})), and/or specificity determining residucs (SDRs), with the resulting variant
VH or VL being tested for binding aftinity. Affinity maturation by constructing and reselecting
from secondary libranes has been described, e.g., in Hoogenboom ef al. in Methods in
Molecular Biology 178:1-37 ((Brien ef o/, ed., Human Press, Totowa, NJ, (20013}
[6174] In some embodiments of affinity maturation, diversity is introduced into the variable
genes chosen for maturation by anv of a variety of methods fe.g., crror-prone PCR, chain
shuffling or ohgonucleotide-directed mutagenesis). A secondary library is then created. The
library 13 then screened to identify any antibody moiety variants with the desired affinity.
Another method to introduce diversity mvolves HVR-directed approaches, in which several
HVR residues fe.g., 4-6 residues at a time) are randomized. HVR residues involved in antigen

-
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binding may be specifically identified, e.g., using alanine scanning mutagenesis or modeling.
CDR-H3 and CDR-L3 in particular are often targeted.

[6175] In some embodiments, substitutions, insertions, or deletions may occur within one or
more HVRs so long as such aiterations do not substantialiv reduce the abiity of the antibody
moiety to bind antigen. For example, conservative alterations {(e.g., conservative substitutions as
provided herein) that do not substantially reduce binding affinity may be made in HVRs. Such
alterations may be outside of HVR “hotspots™ or SDRs. In some embodiments of the vanant VH
and VL sequences provided above, each HVR either 1s unaltered, or contains no more than one,
two or three amino acid substitutions.

13176} A useful method for ientification of residuces or regions of an antibody moiety that
may be targeted for mutagenesis 1s called “alanine scanning mutagenesis” as described by
Cunningham and Wells (1989} Science, 244:1081-1085. In this method, a residue or group of
target residucs {e.g., charged residues such as arg, asp, his, lys, and glu) are identified and
replaced by a neutral or negatively charged amino acid {e.g., alanine or polyalaning) to
determine whether the mteraction of the antibody moicty with antigen is affected. Further
substitutions may be introduced at the amino acid locations demonstrating functional sensitivity
to the initial substitutions. Alternatively, or additionally, a crystal structure of an antigen-
antibody moicty complex can be determined to identify contact points between the antibody
moiety and antigen. Such contact residues and neighboring residues may be targeted or
chiminated as candidates for substitution. Vanants may be screened to determing whether they
contain the desired properties.

{8177} Amino acid sequence inserfions melude anino- and/or carboxyi-terminal fusions
ranging in length from one residue to polypeptides contaiming a hundred or more residues, as
well as mtrasequence insertions of single or multiple amino acid residucs. Examples of termunal
msertions include an antibody motety with an N-terminal methionyl residue. Other insertional
variants of the antibody moiety include the fusion to the N- or C-terminus of the antibody
moiety to an enzyme {e.g. for ADEPT) or a polypeptide which increases the serum half-life of

the antibody moiety.
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Fe region variants

{8178} In some embodiments, one or more aming acid modifications may be introduced into
the Fe region of a full-length anti-LAB antibody moicty provided herein, thereby generating an
Fe region vartant. In some embodiments, the Fo region vartant has enhanced antibody dependent
cellular cytotoxicity {ADCC) effector function, often related to binding to Fe receptors (FeRs).
In some embodiments, the Fe region variant has decreased ADCC effector function. There are
many examples of changes or mutations to Fe sequences that can alter effector function. For
exanmple, WO 00/42072 and Shields ef ol J Biol. Chem. 9(2): 6591-6604 (2001} describe
antibody variants with improved or diminished binding to FcRs. The contents of those
publications are specifically incorporated herein by reference.

[B3179] Antibody-Dependent Cell-Mediated Cyviotoxicity (ADCC) 1s a mechanism of action
of therapeutic antibodies against tumor cells. ADCC 13 a cell-mediated immuone defense wherehy
an effector cell of the immune system actively lvses a target cell (e g, a cancer cell), whose
membrang-surface antigens have been bound by specific antibodies {e. £, an anti-LAB
antibody}. The typical ADCC involves activation of NK cells by antibodies. NK cells express
D16 which 1s an Fc receptor. This receptor recognizes, and binds to, the Fe portion of an
antibody bound to the surface of a target cell. The most common Fe receptor on the surface of
NK cells 1s calied CD16 or FeyRII Binding of the Fe receptor to the Fe region of an antibody
results in NK cell activation, release of cyvtolvtic granules and consequent target cell apoptosis.
The contnbution of ARCC to tumor cell killing can be measured with a specific test that uses
NK-92 cells that have been transfected with a high-affinity FcR. Results are compared to wild-
type NK-92 cells that do not express the FeR.

[6180) In some embodiments, the invention contemplates an anti-LAB construct variant
corpnsing an FC region that possesses some but not all effector functions, which makes it a
desirable candidate for applications in which the half-life of the anti-LAB construct i vivo 1s
mmportant vet certain effector functions (such as CDC and ADCC) are unnecessary or
deleterious. n vifro and/or in vivo cytctoxicity assays can be conducted to confirm the
reduction/depletion of CDC and/or ADCC activities. For example, Fe receptor (FeR) binding
assays can be conducted to ensure that the antibody lacks FeyR binding (hence likely lacking

ADCC activity), but retains FcRn binding ability. The primary cells for mediating ADCC, NK
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expression on hematopoietic cells is summarized in Table 3 on page 464 of Ravetch and Kinet,
Anny. Rev. Immunol. 9:457-492 (1991}, Noan-liniting examples of in vifro assays to assess
ADCC activity of a molecule of interest is described in U.S. Pat. No. 5,500,362 (sce, e.g.
Hellstrom, . ef al. Proc. Nat'i Acad. Sci. US4 83:7059-7063 (1986)) and Hellstrom, {er ol ,
Proc. Nat'l Acad. Sci. USA 82:1499-1502 (19853, U.S. Pat. No. 5,821,337 (see Bruggemann, M.
etal 0 Exp Med 166:1351-1361 (1987)). Altematively, non-radioactive assay methods may
be craploved (see, for example, ACTI™ non-radicactive cytotoxicity assay for flow cviometry
{CellTechnology, Inc. Mountain View, Calif; and CyvtoTox 96™ non-radicactive cyviotoxicity
assay (Promega, Madison, Wis.}). Useful effector cells for such assays include peripheral blood
mononuclear cells (PBMC) and Natural Killer (NK} cells. Alternatively, or additionally, ADCC
activity of the molecule of interest may be assessed in vive, e.g., in an animal model such as that
disciosed in Clynes et ¢l Proc. Nat'l Acad. Sci. USA 95:652-656 (1998}, Clqg binding assays
may also be carried out to confirm that the antibody is unable to bind Clg and hence lacks £DC
activity. See, e.g., Clq and C3¢ binding ELISA in WO 2006/029879 and WO 2005/100402. To
assess complement activation, a CDC assay may be performed (see, for example, Gazzano-
Santorg ef af., J Immunol. Methods 202:163 (1996); Cragg, M. S ef ol Blood 101:10435-1052
(2003); and Cragg, M. 8. and M. § Glennie, Blood 103:2738-2743 (2004}, FcRao binding and in
vivo clearance/half-life deterninations can also be performed using methods known in the art
{see, e.g., Petkova, 8. B. el al., Int'l. Immunol 18(12):1759-1769 (2006}).

{0181} Antibodies with reduced effector function mclude those with substitution of one or
maore of Fe region residues 238, 265, 269, 270, 297, 327 and 329 (U 8. Pat. No. 6,737,056}, Such
Fe mutants include Fo mutants with substitutions at two or more of amino acid positions 265,
269, 270, 297 and 327, inclading the so-called “TPANA” Fe mutant with substitution of residues
263 and 297 to alanine {(U.S. Pat. No. 7.332,581).

[0182] Certain antibody variants with improved or diminished binding to FoRs are
described. (See, e.g, U.S. Pat. No. 6,737,056, W0 2004/056312, and Shields er al., J. Biol.
Chem. 92} 6591-6604 (2001}.)

[B183] In some embodiments, there is provided an anti-LAB construct {e.g., a full-length
anti-LAB antibody} vanant comprising a variant Fe region comprising one or more amino acid
substitutions which 1mprove ADCC. In some embodiments, the variant Fe region comprises one
or more amino acid substitutions which improve ADCC, wherein the substitutions are at

positions 298, 333, and/or 334 of the vanant Fe region (EU numbering of residues). In some
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embodiments, the anti-LAB construct (e.g., full-length anti-LAB antibody) variant comprises the
following amme acid substitution in its variant Feo region: S298A, E333A and K334A.

[0184] In some embodiments, alterations are made in the Fe region that result in altered (F.e,
either tmproved or diminished) Clg binding and/or Complement Dependent Cyvtotoxicity
(CDCY, e.g., as described in US, Pat. No. 6,194 551, W0 99/51642, and Idusogie eral. | J.
Immunol 164 4178-4184 (20003

[B185] In some embodiments, there is provided an anti-LAB construct {e.g., a full-length
anti-LAB antibody} vanant comprising a variant Fe region comprising one or more amino acid
substitutions which increase half-life and/or improve binding to the neonatal Fe receptor (FeRn).
Antibodies with increased half-lives and improved binding to FcRa arg described in
US2005/0014934A1 (Hinton er /). Those antibodies comprise an Fe region with one or more
substitutions therein which tmprove binding of the Fc region to FcRn. Such Fe variants include
those with substitutions at ong or more of Fo region residues: 238, 256, 265, 272, 286, 303, 305,
307,311, 312, 317, 340, 356, 360, 362, 376, 378, 380, 382, 413, 424 or 434, e. g, substitution of
Fe region residue 434 (U.S. Pat. No. 7,371,826}

{08186} See also Duncan & Winter, Naoture 322:738-40 (1988}, UK. Pat. No. 5,648,260, U S.
Pat. No. 5,624 821; and WO 94/29351 concerning other examples of Fo region variants.

[3187] Anti-LAB constructs (such as full-length anti-LAB antibodies) comprising any of the

Fc vanants described herein, or combinations thereof, are contemplated.

Glycasviation variants

[0188] In some embodiments, an anti-LAB construct provided herein is altered to increase or
decrease the extent to which the anti-LAB construct is glycosviated. Addition or deletion of
glycosvlation sites to an anti-LAB construct may be conveniently accomplished by altering the
ammno acid sequence of the anti-LAB construct or polvpeptide portion thercof such that one or
more glveosylation sites is created or removed.

13189} Where the anti-LAB construct comprises an F¢ region, the carbohydrate attached
thereto may be altered. Native antibodies produced by mammalian cells typically comprise a
branched, biantennary oligosaccharide that 1s generally attached by an N-hnkage to Asn297 of
the CH2 domain of the Fe region. See, e.g., Wright e/ of., TIBTECH 15:26-32 (1997). The

oligosaccharide may include various carbohydrates, e.g., mannose, N-acetyvl glucosamine
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{GlcNAc), galactose, and sialic acid, as well as a fucose attached to a GlcNAc in the “stem” of
the biantennary oligosaccharide structure. In some embodiments, modifications of the
oligosaccharide in an anti-LAB construct of the invention may be made in order to create anti-
LAB construct varants with certain improved properties.

8194} In some embodiments, anti-LAB construct (such as full-length anti-LAB antibody}
variants are provided comprising an Fc region wherein a carbohydrate structure attached to the
Fc region has reduced fucose or lacks fucose, which may improve ADCC function. Specifically,
anti-LAB constructs are contemplated herein that have reduced fusose relative to the amount of
fucose on the same anti-LAB construct produced i a wild-type CHO cell. That 1, they are
characterized by having a lower amount of fucose than they would otherwise have if produced
by native CHO cells {e.g., a CHO cell that produce a native glvcosylation pattern, such as, a
CHO cell containing a native FUTS gene}. In some embodiments, the anti-LAB construct is one
wherein less than about 50%, 40%, 30%, 20%, 109%, or 3% of the N-linked glvcans thereon
comprise fucose. For example, the amount of fucose 1n such an anti-LAB construct may be from
1% to 80%, from 1% to 63%, from 3% to 65% or from 20% to 40%. In some embodiments, the
anti-LAB constract is one wherein none of the N-linked glycans thercon comprise fucose, i.e.,
wherein the anti-LAB constract is completely without fucose, or has no fucose or is
afucosylated. The amount of fucose 1s determined by calculating the average amount of fucose
within the sugar chain at Asn297, relative to the sum of all glycostructures attached to Asn 297
{¢. g. complex, hyvbrid and high mannose structures) as measured by MALDI-TOF mass
spectrometry, as described in WO 2008/077546, for example. Asn297 refers to the asparagine
residue located at about position 297 in the Fe region (Eu numbering of Fe region residues);
however, Asn297 may also be located about 43 amino acids upstream or downstream of position
297, i.e., between positions 294 and 300, due to minor sequence variations in antibodies. Sach
fucosylation variants may have improved ADCC function. See, e.g., US Patent Publication Nos.
US 2003/0157108 (Presta, L.); US 2004/0093621 (Kvowa Hakko Kogyo Co., Lid). Examples of
publications related to “defucosylated” or “fucose-deficient” antibody variants inchude: US
2003/0137108;, WO 2000/61739, WO 2001/29246; US 2003/0115614, US 2002/0164328; US
2004/009362 1, US 2004/0132140; 1S 2004/0110704; US 2004/01 10282, US 2004/0109865;
WO 2003/085119; WO 2003/084370; WD 2005/035586; W 2005/035778; WO 2(05/053742;
WO2002/031140; Okazaki ef ¢l J Mol Biol 336:1239-1249 (2004); Yamane-Ohouki ef of.

Biotech. Bioeng. 87: 614 (2004). Examples of cell lines capable of producing defucosylated

i
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antibodies include Leci3 CHO cells deficient in protem fucosviation (Ripka ef ol Arch.
Biochem. Biophys. 249:533-345 (1986}, US Pat Appl No US 2003/0157108 A1, Presta, L; and
WO 2004/056312 A1, Adaras et al., especially at Example 11), and knockout cell lines, such
aso- 1,6-fucosvitransferase gene, FUTE, knockout CHO cells (see, 2.2, Yamane-Ohnuki ef al.
Biotech. Bioeng. 87: 614 (2004); Kanda, Y. ef al., Biotechnol. Biveng., 94(4).680-688 {2006},
and WO2003/085107).

{6191} Anti-LAB construct (such as full-length anti-LAB antibody} variants are further
provided with bisected oligosaccharides, e.g., in which a biantennary oligosacchande attached to
the Fc region of the anti-LARB construct 1s bisected by GlcNAc, Sach anti-LAB construct (such
as full-length anti-LAB antibody} variants may have reduced fucosylation and/or improved
ADCC tfunction. Examples of such antibody vanants are described, e.g., in WO 2003/011878
{Jean-Mairet ef ol ); U.S. Pat. No. 6,602,684 (Umana ef of. ); US 2005/0123546 (Umana ef al.),
and Ferrara ef ol., Biotechnology and Bicengineering, 93(5}. 851-861 (2006}, Anti-LAB
construct (such as full-length anti-LAB antibody) varniants with at least one galactose residuc n
the oligosaccharide attached to the Fe region are also provided. Such anti-LAB construct
variants may have improved CDC function. Such antibody variants are described, e.g, in WO
1997/30087 (Patel er al ), WO 1998/538964 {Raju, 5.); and WO 1999/22764 (Raj, S.).

[6192] In some embodiments, the anti-LAB construct {such as full-length anti-LAB
antibody) variants comprising an Fe region are capable of binding to an FoyRIL In some
embodiments, the anti-LAB construct (such as full-length anti-LAB antibody} variants
corapnsing an Fe region have ADCC activity in the presence of human cffector cells or have
mereased ADCC activity in the presence of human effector cells compared to the otherwise
same anti-LAB construct {such as full-length anti-LAB antibody) comprising a lumman wild-type

1gG1Fc region.

Cysteine engineered variants

[3193] In some embodiments, 1t may be desirable to create cysteine engineered anti-LAB
constructs (such as full-length anti-LAB antibodies) in which one or more amino acid residucs
are substituted with cysteine residues. In some embodiments, the substituted residues occur at
accessible sites of the anti-LAB construct. By substituting those residues with cysteing, reactive

thiol groups arc thereby posttioned at accessible sites of the anti-LAB construct and mav be used
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to conjugate the anti-LAB construct to other moietics, such as drug moieties or hnker-drug
moietics, to create an anti-LAB immunoconjugate, as described further herein. Cysteine
engincered anti-LAB constructs (such as full-length anti-LAB antibodics) may be gencrated as

described, e.g., in U.S. Pat. No. 7,521,541,

Derivatives

[8194] In some embodiments, an anti-LAB construct provided herein may be further
modified to contain additional nonproteinaceous motetics that are known in the art and readily
available. The moieties suitable for derivatization of the anti-LAB construct include but are not
limited to water soluble polymers. Non-limiting cxamples of water scluble polvmers include, but
are not himited 1o, polyethylene glveol (PEG), copolvmers of ethyvlene glveol/propviene glveol,
carboxvmethyleellalose, dextran, polyvinyl aleohol, polvvinyl pyrrolidone, poly-1,3-dioxolane,
poly-1.3 6-trioxane, ethylene/maleic anhvdride copolymer, polvaminoacids {either
homopolymers or random copolymers), and dextran or poly(n-vinyi pyrrolidone)polvethyviene
glveol, propropylene glyeol homopolvmers, prolyvpropylene oxide/ethylene oxide co-polyvmers,
polyoxyethylated polvols {e. 2., glycerol), polvvinvi aleohol, and mixtures thercof. Polyethviene
glveol propionaldebvde mayv have advantages in manufacturing due fo its stability in water. The
polymer may be of any molecular weight, and may be branched or unbranched. The number of
polymers attached to the anti-LAB construct may vary, and if more than one polymer is
attached, they can be the same or different molecules. In general, the nunber and/or type of
polymers used for denvatization can be determined based on considerations including, but not
himited to, the particular properties or functions of the anti-LAB construct to be improved,
whether the anti-LAB coustruct derivative will be used m a therapy under defined conditions,
cte.

[3195] In some embodiments, conjugates of an anti-LAB construct and nonproteinaceous
moiety that may be selectively heated by exposure to radiation are provided. In some
embodiments, the nonproteinaccous moiety is a carbon nanotube (Kam ef of., Proc. Natl Acad.
Sei US4 102: 11600-11605 (2005)). The radiation may be of any wavelength, and includes, but
is not hnuted to, wavelengths that do not harm ordmary cells, but which heat the
nonproteinaceous moiety to a temperature at which cells proximal to the anti-LAB construct-

nonproteinaceous moiety are killed.
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Anti-LAB CAR, anti-LAB TCR, and anti-LAB bispecific T cell engager

[0196] 'The present application in one aspect provides anti-LAB constructs, wherein the anti-
LAB construct is, e.g., an anti-LAB CAR, anti-LAB TCR, or anti-LAB bispecific T cell
engager. Methods for making such anti-LAB constructs is known in the art, and is described,

e.g., 1n the sections above.

Effector cell preparation

{0197] The present rnvention in one aspect provides cffector cells {(such as lvmphocytes, for
example T cells) that expressed, e.g., an anti-LAB CAR. Exemplary methods of preparing
cffector cells {such as T cells) expressing the anti-LAB CARs (anti-LAB CAR effector cells,
such as anti-LAB CAR T cells) are provided herein.

[3198] In some embodiments, an anti-LAR CAR effector cell {(such as T cell) can be
generated by introducing a vector (including for example a lentiviral vector} comprising an anti-
LAB CAR (for example a CAR comprising an anti-LAB antibody moiety and D28 and CB3(
mitraceliular signaling sequences) into the effector cell {such as T cell). In some embodiments,
the anti-LAB CAR effector cells (such as T cells) of the invention are able to replicate i vivo,
resulting in long-term persistence that can lead to sustained control of a Labynnthin-positive
discase {such as cancer, ¢.g., adenoearcinoma).

[0199] In some embodiments, the rovention relates to administering a geoetically modified T
cell expressing an anti-LAB CAR for the treatment of a patient having a Labyrinthin-positive
disease or at risk of having a Labyrinthin-positive disease using lvmphoceyic mfusion. In some
embodiments, awtologous lymphocyte infusion is used 1n the treatment. Autclogous PBMCs are
collected from a patient in need of treatment and T cells are activated and expanded using the
methods described herein and known n the art and then infused back nto the patient.

{6206} In some embodiments, the anti-LAB CAR T cell expresses an anti-LAB CAR
comprising an anti-LAB antibody moiety {also referred to herein as an “anti-LAB CAR T cell™).
In some embodiments, the anti-LAB CAR T cell expresses an anti-LAB CAR comprising an
extraceliular domain comprising an anti-LAB antibody moiety and an intracellar domain
comprising titraceiludar signaling sequences of CD3L and CD28. The anti-LAB CAR T cells of

the mvention can undergo robust in vivo T cell expansion and can cstablish Labyrinthin-specific
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memory cells that persist at high levels for an extended amount of time m blood and bone
marrow. In some embodiments, the anti-EAB CAR T cells of the invention infused into a patient
can eliminate Labvrinthin-presenting cells, such as Labyrodhin-presenting cancer cells, in vivo
m patients having a Labyrinthm-positive discase. In some embodiments, the anti-LAB CAR T
cells of the mvention infused into a patient can ehiminate Labyrinthin-presenting cells, such ag
Labyrnthin-presenting cancer celis, in vive in patients having a Labyrinthin-positive disease that
is retractory to at least one conventional treatraent.

{0201} Prior to expansion and genetic modification of the T cells, a source of T cella 15
obtained from a subject. T cells can be obtained from a number of sources, including peripheral
blood mononuclear cells, bone marrow, lymph node tissae, cord blood, thymus tissue, tissue
from a site of infection, ascites, pleural effusion, spleen tissue, and fumors. In some
embodiments of the present invention, any number of T cell lines available m the art may be
used. In some embodiments of the present invention, T cells can be obtained from a unit of
blood collected from a subject using any number of technigues known to the skilled artisan, such
as Ficoll™ separation. In some embodiments, cells from the circulating blood of an ndividual
arc obtained by apheresis. The apheresis product typically contains lymphocytes, including T
cells, monocytes, granulocyies, B cells, other nucleated white blood cells, red blood cells, and
platelets. In some embodiments, the cells collected by apheresis mav be washed to remove the
plasma fraction and to place the cells in an appropriate buffer or media for subsequent
processing steps. In some embodiments, the cells are washed with phosphate buffered saling
{PBS). In some embodiments, the wash solution lacks calcium and mayv lack magnesium or may
tack many if not all divalent cations. As those of ordinary skill in the art would readily
appreciate a washing step may be accomplished by methods known to those in the art, such as
by using a semi-automated “flow-through™ centrifuge (for example, the Cobe 2991 ¢cell
processor, the Baxter CvtoMate, or the Haemonctics Cell Saver 5) according to the
manufacturer's instructions. After washing, the cells may be resuspended in a vanicty of
biocompatible buffers, such as Ca**-free, Mg? -free PBS, Plasmalyte A, or other saline
solutions with or without buffer. Aliernatively, the undesirable components of the apheresis
sampie may be removed and the cells directly resuspended in culture media.

6202} In some embodiments, T cells are isclated from peripheral blood lymphocyies by
bysing the red blood cells and depleting the monocytes, for example, by centrifugation through a

PERCOLL™ gradient or by counterflow centrifugal elutriation. A specific subpopulation of T
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cells, such as CD37, CD287, CD47, CD8T, CD45RAT, and CD43ROT T cells, can be further
isolated by positive or negative selection techniques. For example, in some embodiments, T cells
are isofated by incubation with anti-CD3/anti-CD28 (i.e., 3x28)-conjugated beads, such as
DYNABEADS® M-450 CD3/CD28 T, for a time period sufficient for positive selection of the
desired T cells. In some cmbodiments, the ime period 1s about 30 minutes. In some
embodiments, the time period ranges from 30 minutes to 36 hours or longer and all integer
valucs there between. In some embodiments, the time perod is at least one, 2, 3, 4, 5, or 6 hours.
In some embodiments, the time period 1s 10 {0 24 hours. In some embodiments, the mcubation
time period 18 24 hours. For isolation of T cells from patients with leakemia, use of longer
mcubation times, such as 24 hours, can increase cell yield. Longer mncubation times may be used
to isolate T cells in any situation where there are foew T cells as compared to other celi types.
such as m 1solating tumor mfiltrating lymphocytes (TIL) from tumor tissue or from immnone-
compromised individuals, Further, use of longer incubation times can increase the efficiency of
capturc of CDR™ T cells. Thus, by sunply shortening or lengthening the time T celis are allowed
to bind to the CD3/CD2E beads and/or by increasing or decreasmg the ratio of beads to T cells,
subpopulations of T cells can be preferentially selected for or agamst at culture initiation or at
other time points during the process. Additionally, by increasing or decreasing the ratio of anti-
CD3 and/or anti-CD28 antibodics on the beads or other surface, subpopulations of T cells can be
preferentially selected for or against at culture nitiation or at other desired time pomnts. The
skilled artisan would recognize that multiple rounds of selection can also be used in the coniext
of this invention. In some cmbodiments, it may be desirable to perform the selection procedure
and use the “unselected” cells in the activation and expansion process. “Unselected™ cells can
also be subjected to further rounds of selection.

10283} Enrichment of a T cell population by negative selection can be accomplished with a
combination of antibodies directed to surface markers unique to the negatively sclected cells.
One method 1s cell sorting and/or selection via negative magnetic immunoadherence or flow
cytometry that uses a cocktail of monoclonal antibodies directed to cell surface markers present
on the cells negatively selected. For exaraple, to enrich for €34+ cells by negative sclection, a
monoclonal antibody cocktail tvpically includes antibodies to CDy 4, CD20, CD1lb, CDls,
HLA-DR, and CD3. In some embodiments, 1t may be destrable to ennich for or positively select

for regulatory T cells which typically express CD4Y, CD2Z5Y, CDo2Lhi, GITR', and FoxP3™,
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Alternatively, in some embodiments, T regulatory cells are depleted by anti-CD23 conjugate
beads or other similar methods of selection.

{0204} For isolation of a desired population of cells by positive or negative selection, the
concentration of cells and surface {e.g., particles such as beads) can be varied. In some
embodiments, 1t may be desirable to significantly decrease the volome in which beads and cells
are mixed together (i.e., mcrease the concentration of cells), to ensure maximum contact of cells
and beads. For example, in some embodiments, a concentration of about 2 billion cells/md s
used. In some embodiments, a concentration of about 1 billion cells/ml is used. In some
embodiments, greater than about 100 million cells/ml is used. In some embodiments, a
concentration of cells of about anv of 10, 15, 20, 25, 30, 35, 40, 45, or 50 million cells/ml is
used. In some embodiments, a concentration of cells of about any of 75, 80, 85, 90, 95, or 100
mitlion cells/ml 1s used. In some embodiments, a concentration of about 125 or about 150
sutlion cells/ml 1g used. Using high concentrations can result in increased cell vield, cell
activation, and cell expansion. Further, use of high cell concentrations allows more cfficient
capture of cells that may weakly express target antigens of interest, such as CD28-negative T
cells, or from samples where there are many tumor cells present (i.¢., leukemie blood, bmor
tissue, otc.}. Such populations of cells may have therapeutic value and would be desirable to
obtain. For cxample, using high concentration of cells allows more efficient selection of CDE™ T
cells that normally have weaker CD28 expression.

[0205] In some embodiments of the present invention, T cells are obtained from a patient
directly following treatment. In this regard, it has been observed that following certain cancer
treatments, in particular treatments with drugs that damage the immune system, shortly after
treatment during the period when patients would normally be recovering from the treatment, the
guality of T celis obtained may be optimal or improved for their ability to expand ex vivo.
Likewise, following ex vivo manipulation using the methods described herein, these cells may be
m a preferved state for enhanced engraftment and i vive expansion. Thas, it 1s contemplated
within the context of the present invention to collect blood cells, including T cells, dendritic
cells, or other cells of the hematopoictic lincage, during this recovery phase. Further, in some
embodiments, mobilization (for example, mobilization with GM-CSF) and conditioning
regimens can be used to create a condition in a sabject wherein repopulation, recirculation,

regencration, and/or oxpansion of particular cell types is favored, especially during a defined
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window of time following therapy. Hiustrative cell tvpes include T cells, B celis, dendritic cells,
and other cells of the immune system.

{6206} Whether prior to or afier genctic modification of the T cells to express a desirable
anti-LAB CAR, the T cells can be activated and expanded generally using methods as described,
for example, in LS. Pat. Nos. 6,352,694; 6,534,055, 6,905,680; 6,692 964; 5 858,358,

6,887 466; 6,905,681, 7,144 575, 7067 318, 7,172.869; 7232566, 7,175,843, 5,883,223,
6.905,874; 6,797.514: 6,867,041 and U S. Patent Application Publication No. 20060121005,
[0287] Generally, the T celis of the mvention are expanded by contact with a surface having
attached thereto an agent that stimulates a CD3/TCR complex associated signal and a ligand that
stimulates a co-stimulatory molecule on the surface of the T cells. In particular, T ccli
populations may be stimulated, such as by contact with an anti-CD3 antibody, or antigen-
binding fragment thercof, or an anti-CD2 antibody immobilized on a surface, or by contact with
a protein kinase C activator {e.g., bryostatin} in conjunction with a calcium ionophore. For ¢o-
stimulation of an accessory molecule on the surface of the T cells, a ligand that binds the
accessory molecule 1s used. For example, a population of T cells can be contacted with an anti-
CD3 antibody and an anti-CD28 antibody, under conditions appropriate for stimulating
profiferation of the T cells. To stimulate proliferation of either CD4™ T cells or CD8™ T cells, an
anti-CD3 antibody and an anti-CD28 antibody. Examples of an anti-CD28 antibody include 9.3,
B-T3, XR-CD23 (Diaclone, Besangon, France} can be used as can other methods commonty
known m the art (Berg ef af., Transpiant Proc. 30(8%:3975-3977, 1998; Haanen ef af . J. FExp.
Med. 190(9):13191328, 1999; Garland er ol , J Impumol. Meth. 227(1-2).53-63, 1999}

Immunoconjugate preparation

[0208] The anti-LAB immunoconjugates may be prepared using any methods known in the
art. See, e.g, WG 2009/067800, W 2011/133886, and U.S. Patent Application Publication No.
2014322129, meorporated by reference herein in their entirety.

13269] The anti-LAB antibody moiety of an anti-LAB mmunoconjugate may be “attached
to” the effector molecule by any means by which the anti-LAB antibody moiety can be
associated with, or linked to, the effector molecule. For example, the anti-LAB antibody motety
of an anti-LAB immunocconjugate may be attached to the effector molecule by chemical or

recombinant means. Chemical means for preparing fusions or conjugates are known in the art
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and can be used to prepare the anti-LAB immunoconjugate. The method used to conjugate the
anti-LAB antibody moicty and effector molecule must be capable of joining the binding protein
with the effector molecule without interfering with the ability of the binding protein to bind to
the antigen on the target cell.

{82314 ¢ anti-LAB antibody moigty of an anti-LAB mmmunoconjugate may be linked
mdirectly to the effector molecule. For example, the anti-LAB antibody moiety of an anti-LAB
immunoconjugate may be directly linked to a liposome containing the effector molecule of one
of several types. The effector molecule(s) and/or the anti-LAB antibody moiety may also be
bound to a sohid surface.

{0211} In some embodiments, the anti-LAB antibody moiety of an anti-LAB
mmunoconjugate and the effector molecule are both proteins and can be conjugated using
techmques well known in the art. There are several hundred crosshinkers available that can
conjugate two proteins. {See for example “Chemistry of Protein Conjugation and Crosslinking”
1991, Shans Wong, CRC Press, Ann Arbor}. The crosslinker is generally chosen based on the
reactive functional groups available or mserted on the anti-LAB antibody moiety and/or effector
molecule. In addition, if there are no reactive groups, a photoactivatible crosshinker can be used.
In certain instances, it may be desirable to include a spacer between the anti-LAB antibody
moicty and the effector molecule. Crosslinking agents known to the art include the
homobifunctional agents: ghutaraldehyde, dimethyladipimidate and Bis(diazobenzidine) and the
heterobifunctional agents: m Maleimidobenzoyl-N-Hydroxysuccinimide and Sulfo-m
Malcimidobenzovl-N-Hydroxysuccinimide.

[3212] In some embodiments, the anti-LAB antibody moiety of an anti-LAB
mununoconjugate may be engineered with specific residues for chemical attachment of the
effector molecule. Specific residues used for chemical attachment of molecule known to the art
mchude lysine and cysteine. The crosslinker is chosen based on the reactive functional groups
mserted on the anti-LAB antibody moicty, and available on the effector molecule.

{6213} An anti-LAB immmuonoconjugate may also be prepared using recombinant DNA
techniques. In such a case a DNA sequence encoding the anti-LAB antibody moiety is fused to a
DNA sequence encoding the effector molecule, resulting i a chimeric DNA molecule. The
chimeric DNA sequence is transfected mito a host cell that expresses the fusion protein. The
fusion protein can be recovered from the cell culture and purified using techniques known in the

art.
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[08214] Examples of attaching an effector molecule, which is a label, to the binding protein
mclude the methods described in Hunter, ef al., Namre 144:945 (1962); David, et al.,
Biochemistry 13:1014 (1974); Pain, et al., J. Immunocl. Meth, 40:219 (1981); Nygren, J.
Histochem. and Cytochem. 30:407 (1982); Wensel and Meares, Radioimmunoimaging And
Radicimmunotherapy, Elsevier, NY . {1983}; and Colcher e7 o/, “Use Of Monoclonal
Antibodies As Radiopharmaceuticals For The Localization Of Human Carcinoma Xenografts In
Athvmic Mice”, Merh. Enzymol | 121:802-16 (1986).

[3215] The radio- or other labels may be incorporated i the immunoconjugate in known
ways. For example, the peptide may be biosynthesized or may be synthesized by chemical
amino acid synthesis using suttable amino acid precursors involving, for example, fluorine-19 in
place of hydrogen. Labels such as #Te or %1, ¥%Re, '¥Re and "'In can be attached via a
cysteine residue in the peptide. Yitrium-90 can be attached via a lysine residue. The IODOGEN
method (Fraker ef al., Biochem. Biophys. Res. Commun. 80:49-37 (1978)) can be used to
ncorporate iodine-123. “Monoclonal Antibodies in Immunoscintigraphy” (Chatal, CRC Press
1989} describes other methods in detail.

3216} Immunoconjugates of the antibody motety and a cytotoxic agent may be made using
a variety of bifunctional protein coupling agents such as N-succinimidvi-3-(Z-pyridyldithio}
propionate (SPDP), succinimidyi-4-{N-maleimidomethyl) evclohexane-1 -carboxylate (SMCC),
iminothiolane (IT), bifunctional denvatives of imidoesters (such as dimethyl adiptoudate HCT},
active esters (such as disuccmimidyl suberate), aldehvdes (such as ghitaraldehyde), bis-azido
corapounds {such as bis {p-azidobenzovl) hexanediamine), bis-diazonium derivatives (such as
bis-(p-diazoniumbenzovi})- ethylenediaming), diisocvanaies (such as toluene 2,6-diisocvanate),
and bis-active fluorine compounds (such as 1 5-difluore-2 4-dinitrobenzene). For example, a
ricin immunoctoxin can be prepared as descnbed in Vitetta ef of., Science 2381098 {(19387).
Carbon-14-labeled I-1sothiocvanatobenzyl-3-methyidicthylenc tnaminepeuntaacetic acid (MX-
DTPA} is an exemplary chelating agent for conjugation of radionucleotide to the antibody. See,
e.g., WO94/11026. The linker may be a “cleavable linker” facilitating release of the cytotoxic
drug in the cell. For example, an acid-labile linker, peptidase-sensitive linker, photolabile linker,
dimethyl linker or disulfide-contaming linker (Charnt er al., Cancer Research 52:127-131 (1992);
U.S. Patent No. 5,208,020} may be used.

10217} The anti-LAB immunoconjugates of the invention expressly contemplate, but are not

himited to, ADC prepared with cross-linker reagents: BMPS, EMCS, GMBS, HBVS, LC-SMCC,
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MBS, MPBH, SBAP, SIA, SIAB, SMCC, SMPB, SMPH, sulfo-EMCS, sulfo-GMBS, sulfo-
KMUE, sulfo-MBS, sulfo-8SIAB, sulfo-SMOC, and sulfo-SMPB, and SVSB {succimimudyl-{4-
vinylsulfonebenzoate) which are commercially available (e g., from Pierce Biotechnology, inc.,

Rockford, IL, U.S.A). See pages 467-498, 2003-2004 Applications Handbook and Catalog.

Pharmaceutical compeositions

[0218] Also provided herein are compositions (such as pharmaceutical compositions, also
referred to herein as formulations) comprising an anti-LAB construct. In some embodiments, the
composition further comprises a cell {such as an effector cell, e. g, a T cell) associated with the
anti-LAB construct. In some embodiments, there is provided a pharmaceutical composition
comprising an anti-LAB construct and a pharmaceutically acceptable carrier. In some
embodiments, the pharmaceutical composition further comprises a cell (such as an effector celi,
e.g.,a'T ccll) associated with the anti-LAB construct.

18219} Suitable formulations of the anti-LAB constructs are obtained by mixing an anti-LAB
construct having the desired degree of purity with optional pharmaceutically aceeptable carriers,
excipients or stabilizers (Remingion's Pharmaceutical Sciences 16th edition, Osol, A, Ed.
{1980)), in the form of Ivophilized formulations or agueous solutions. Acceptable carriers,
excipients, or stabilizers are nontoxic to recipients at the dosages and concentrations emploved,
and include buffers such as phosphate, citrate, and other organic acids; antioxidants including
ascorbic acid and methionine; preservatives (such as octadecvidimethylbenzyl ammonium
chloride; hexamethomium chloride; benzalkonium chloride, benzethonium chlornde; phenaol,
butyl or benzyl alcohol; alkyl parabens such as methyvl or propyiparaben; catechol; resorcino;
cyelohexanol; 3-pentanc!; and m-cresoly; low molecular weight (less than about 10 residues)
polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hvdrophilic
polymers such as olyvinvipyrrolidone; amino acids such as glycine, glutamine, asparagine,
histiding, arginine, or lysing; monosaccharides, disaccharides, and other carbohydrates including
glucose, mannose, or dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol,
trehalose or sorbitol; salt-fornming counter-ions such as sodiwm; metal complexes fe.g Zo-
protein complexes); and/or non-tonic surfactants such as TWEEN™ PLURONICS™ or
polyethviene glyveol (PEG). Exemplary formulations are described in W0O98/56418, expressly

mcorporated herein by reference. Lyophilized formulations adapted for subcutaneous

61



WO 2020/146413 PCT/US2020/012613

administration are described m WO97/04801. Such Ivophilized formulations may be
reconstituted with a suitable diluent to a high protein concentration and the reconstituted
formulation may be administered subcutancously to the individual to be treated herein.
Lipofectins or liposomes can be used to deliver the anti-LAB constructs of this invention into
cells.

10224} The formulation herein may also contain one or more active compounds in addition
to the anti-LAB construct as necessary for the particular indication being treated, preferably
those with complementary activities that do not adversely affect each other. For example, it may
be desirable to further provide an anti-neoplastic agent, a growth inhibitory agent, a cytotoxic
agent, or a chemotherapeutic ageunt in addition to the anti-LAB construct. Such molecules are
suitably present in combination in amounts that are effective for the purpose intended. The
cffective amount of such other agents depends on the amount of anti-LAB construct present in
the formulation, the type of discase or disorder or treatment, and other factors discussed above.
These are generally used in the same dosages and with adounistration routes as descnibed herein
ot about from | to 99% of the heretotore emploved dosages.

221} The anti-LAB constructs may also be entrapped in nucrocapsules prepared, for
example, by coacervation techniques or by interfacial polymerization, for example,
hyvdroxymethvicellubose or gelatin-microcapsules and polv-(methvlimethacylate) microcapsules,
respectively, in colloidal drug delivery svstems (for example, liposomes, albumin microspheres,
microemulsions, nano-particles and nanccapsules) or in macroemulsions. Such techniques are
disclosed in Remingion's Pharmaceutical Sciences 16th edition, Osol, A Ed. (1980}, Sustaimned-
release preparations may be prepared.

6222} Sustained-release preparations of the anti-LAB constructs can be prepared. Suitable
examples of sustained-release preparations include semipermeable matrices of solid hydrophobic
polymers containing the antibody (or fragment thereof), which matrices arc in the form of
shaped articles, e.g., films, or microcapsules. Examples of sustained-release matrices nclude
polyesters, hydrogels (for example, polv(2-hydroxyethyl-methacrylate }, or poly(vinylaleohol}},
poiviactides (1J.S. Pat. No. 3,773,919}, copolymers of L-glutamic acid and ethyl-L-glutamate,
non-degradable ethviene~-vinvi acetate, degradable lactic acid-glycolic acid copolymers such as
the LUPRON DEPOT TM {injectable microspheres composed of lactic acid-glyeolic acid
copolymer and leuprolide acetate}, and poly-B-{-}-3-hydroxybutyric acid. While polymers such
as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules for over 100
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days, certain hydro gels release proteins for shorier fime peniods. When encapsulated antibodies
remain in the body for a long time, they can denature or aggregate as a result of exposure to
moisture at 37°C, resulting in a loss of biological activity and possible changes in
mmunogenicity. Rational strategies can be devised for stabilization of anti-LAB constructs
depending on the mechamsm involved. For example, if the aggregation mechanism is discovered
to be intermolecular 5-5 bond formation through thio-disulfide interchange, stabilization can be
achieved by moditving sulfhyvdryl residucs, lvophilizing from acidic solutions, controlling
moisture content, using appropriate additives, and developing specific polymer matrix
compositions.

10223} In some embodiments, the anti-LAB construct is formulated in a buffer comprising a
citrate, NaCl, acetate, succinate, glveine, polysorbate 80 {Tween 80), or any combination of the
foregomg. In some embodiments, the anti-LAB construct is formulated in a baffer comprising
about 100 mM to about 150 mM glveine. In some embodiments, the anti-LAB construct is
formulated v a buffer comprising about 50mM to about 100 mM NaCl In some embodiments,
the anti-LAB construct 1s formulated in a buffer comprising about 10mM to about 50 mM
acetate. In some embodiments, the anti-LAB construct is formulated in a buffer comprising
about 10mM to about 50 mM succinate. In some embodiments, the anti-LAB construct is
formulated m a buffer comprising about 0.005% to about 0.02% polysorbate 80. In some
embodiments, the anti-LAB construct 1s formulated in a buffer having a pH between about 5.1
and 5.6. In some embodiments, the anti-LAB construct is formulated in a butfer comprising 10
mM citrate, 100 mM NaCl, 100mM glycine, and 0.01% polysorbate 80, wherein the formulation
is at pH 5.5, The formulations to be used for i vive admimistration must be sterile. This is

readily accomplished by, e.g, filtration through sterile filtration membranes.

Methods of using anti-LAB constructs

60224} The anti-LAB constructs and/or compositions of the application can be administered
to mdividuals {e.g., mammals such as humans) to treat and/or prevent a disease and/or disorder,
mcluding, for cxample, cancer (such as adenocarcinoma). In some embodiments, the canceris a
Labyrinthin-positive cancer. In some embodiments, the cancer is an adenocarcinoma, such as
Labyrinthin-positive adenocarcinoma. The present application thus in some embodiments

provides a method of treating an Labyrinthin-positive disease {such as cancer) in an individual
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corprising administering to the individual an effective amount of a composition {such as a
phammaceutical composition) comprising an anti-LAB construct comprising an anti-LAB
antibody moicty, such as any one of the anti-LAB constructs described heremn. In some
embodiments, the composition comprises a cell (such as an effector cell) expressing the anti-
LAB construct (such as CAR).

{0225] For example, in some embodiments, there is provided 3 method of treating a
Labvrnthin-positive disease 1n an individual comprising administering to the individual an
effective amount of a composttion comprising an anti-LAR construct comprising an anti-LAB
antibody moicty that specifically binds to Labyrinthin. In some embodiments, there is provided a
method of treating a Labyrinthin-positive discase i an mdividual comprising administering to
the mdividual an effective amount of a composition comprising an effector cell {such as mmmune
cell, for example T cell) expressing an anti-LAB construct {e.g., anti-LAB CAR or anti-LAB
TCR described herein). In some embodiments, the individuaal is selected for treatment when a
cancer sample from the individual shows that about 10% or greater, such as at least about any of
15%, 20%, 25%, 30%, 35 Yo, 459 3 Yo 2, 90%, or 93

of cancerous cells in the sample are positive for Labynnthin, such as determined using an
immunochistochemical (JHC) technigue. In some embodiments, the individual is selected for
treatment when a cancer sample from the individual shows that about 10% or greater, such as at
least about any of 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 75%, 80%,
85%, 90%, or 95%, of a subpopulation of cancerous cells m the sample, such as cells at the
periphery of a tumor, are positive for Labvrinthin, such as determined using an
mmmunohistochemical (IHC) technigue.

68226} In some embodiments, the individual 1s human,

10227} The dose of the anti-LAB construct compositions administered to an wndividual (such
as a human) may vary with the particular composition, the mode of administration, and the type
of discase being treated. In some embodiments, the amount of the composition is effective to
result in an objective response (such as a partial response or a complete response). In some
cmbodiments, the amount of an anti-LAB construct {e. g, full-length anti-LAB antibody, multi-
specitic anti-LAB molecule, or anti-LAB immunoconjugate) m the composition s included n a
range of, e.g., about 0.001 pg to about 1000 pg. In some embodiments of any of the above

aspects, the effective amount of an anti-LAB construct {e.g., full-length anti-LAB antibody,
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multi-specific anti-LAB molecule, or anti-LAB immunoconjugate) in the composition 1s in the
range of about 0.1ug/kg to about 100 mg/kg of total body weight.

[0228] The anti-LAB construct compositions can be adninistered to an individual {such as
human) via varnous routes, including, for example, intravenous, intra~artenal, mtraperitoneal,
mtrapulmonary, oral, inhalation, ntravesicular, intramuscular, intra~tracheal, subcutaneous,
mtradermal, intraocular, intrathecal, transmucosal, and transdermal. In some embodiments,
sustained continuous release formulation of the composition may be used.

[0229] The present application also provides methods of using an anti-LAB CAR or anti-
LAB TCR to redirect the specificity of an effector cell {such as an mmpuume cell, forexample T
cell) to a cell expressing Labyrinthin. Thus, the present application also provides a method of
stimulating an effector cell-mediated response (such as a T cell-mediated immune response} to a
target cell population or tissue expressing Labyrinthin in a mammal, comprising the step of
administering to the mammal an effector cell {such as a T cell) that expresses an anti-LAB CAR
and anti-LAB TCR.

6230} Anti-LAB CAR or anti-LAB TCR effector cells (such as T cells) expressing the anti-
LAB CAR can be infused to a recipient in need thereof. The mfused cell is able to kill
Labvrinthin-expressing cells in the recipient. In some embodiments, unlike antibody therapies,
anti-LAB CAR or anti-LAB TCR effecior cells (such as T cells) are able to replicate in vivo
resulting in long-term persistence that can lead to sustained tumor control.

{0231} Ex vivo procedures are well known in the art and are discussed more fully below.
Brictly, cells are isolated from a mammal (preferably a human) and genctically modified (7.e.,
transduced or transfected m vitro) with a vector expressing an anti-LAB CAR or anti-LAB TCR
disclosed herein. The anti-LAB CART or anti-LAB TCRT cell can be admmistered to a
mammalian recipient to provide a therapeutic benefit. The mammalian recipient may be a human
and the anti-LAB CART or anti-LAB TCRT cell can be awtologous with respect to the recipient.
Alternatively, the cells can be allogeneic, syngeneic or xenogeneic with respect to the recipient.
[8232] In addition to using a cell-based vaceine in terms of ex vive mmmunization, the
present application also provides compositions and methods for in vivo immunization to clicit an
mmmune response directed against an antigen n a patient.

68233} The precise amount of the anti-LAB CAR or anti-LAB TCR effector cell (suchas T
cell} compositions of the present application to be admimistered can be determined by a
physician with consideration of individual differences in age, weight, tumor size, extent of
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mfection or metastasis, and condition of the patient (subject). In some embodiments, a
phamaceutical composition comprising the anti-LAB CAR or anti-LAB TCR effector celis
{such as T cells) is adnunistered at a dosage of about 10 to about 107 cells/kg body weight.
Anti-LAB CAR or anti-LAB TCR effector cell (such as T cell) compositions may also be
administered multiple times at these dosages. The cells can be administered by using infusion
techniques that are commonly known in imimunotherapy. The optimal dosage and treatment
reginen for a particular patient can readily be determined by one skilled in the art of medicine
bv monitoring the patient for signs of discase and adjusting the treatment accordingly.

6234} The admunistration of the anti-LAB CAR or anti-LAB TCR effector cells (such as T
cells) may be carried out 1o any convenient manner, including by acrosol inhalation, injection,
mgestion, transfusion, implantation or transplantation. The compositions described herein may
be administered to a patient subcotancously, intradermally, intratumorally, intranodally,
mtramedullary, intramuscolarly, by intravenous (1.v.) injection, or mtraperitoncally. In some
embodiments, the anti-LAB CAR or anti-LAB TCR effector cell (such as T cell) compositions
of the present application are administered to a patient by intradermal or subcutaneous injection.
In some embodiments, the anti-LAB CAR or anti-LAB TCR effector cell (such as T cell}
compositions of the present application are administered by 1.v. injection. The compositions of
anti-LAB CAR or anti-LAB TCR effecior cells (such as T cells) mav be injected directly into a
tumor, lvmph node, or site of infection.

10235] The methods disclosed herein may comprise administering to the mdividual a
plurality ot doses of the anti-LAB constructs and/or compositions described herein over a period
of time. In some embodiments, the dosing frequency and or dosage amount of an anti-LAB
constructs and/or compositions described herein is adjusted over the course of the treatment,
based on the judgment of the administering physician.

{0236] The methods for treatment and/or prevention disclosed herein are useful for treating
or preventing a proliferative disease, such as a cancer, 1 an mdividual. In some embodiments,
the cancer is a Labyrinthin-expressing cancer, such as a Labyvrnthin-positive cancer. In some
embodiments, the cancer is an adenocarcinoma. In some embodiments, the cancer is an carly
stage cancer, a non-~-metastatic cancer, a primary cancer, an advanced cancer, a locally advanced
cancer, a metastalic cancer, a cancer in remission, 4 recurrent cancer, a resisiant cancer, or a
refractory cancer. In some embodiments, the cancer is a localized resectable cancer{e. g, a

tumeor that is confined to a portion of an organ that allows for complete surgical removal), a
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tocalized unrescctable cancer {e.g., a localized tumor that 1s unresectable because crucial blood
vessel structures), or an unresectable cancer. In some embodiments, the cancer is, according to
TNM classifications, a stage I tumor, a stage I tumor, a stage Il tumor, a stage 1V tumor, a N1
tmor, or a Ml tumor.

[8237] The methods disclosed herein are useful for treating or preventing a cancer, such as a
Labyrinthin-expressing cancer in an individoal. In some embodiments, the individual has onc or
more of the following charactenistics: (i) ability to understand and willingness to sign an
mformed consent form; (11} at least 18 vears of age with lustologically confirmed
adenocarcinoma and/or a Labyrinthin-expressing cancer; {iti} previously treated with at least 1
prior systemic therapy {chemotherapy and/or biologic therapy) and either had no response/
progressed during treatment or progressed following the completion of systemic therapy or
refuses all other treatment; (v} tumor{s} must overexpress the Labyrinthin antigen, as
determined by a screening immunchistochemical evaluation of the paraffin-embedded archival
specimen demonstrating > 10% of malignant cells staining for the antigen and with an intensity
of at least 2x background according to the scoring by a smgle reference pathologist; (v} any
number of prior chemotherapy regimens; (v} documentation of delayed type hyvpersensitivity
{(D'TH) response to common recall antigens prior to st vaceine injection; (vi) a performance
status = 60% on the Kamofsky scale; {(viii) a life expectancy of 22 6 months at the tume of
treatment; (ix} measurable or evaluable discase; (x) a pretreatment absolute granulocyte count
{AGC) > 1,000 and a pretreatment platelet count of > 75,000 obtained within 4 weeks priorto 1¥
vaccing injection; (x1) a pretreatment serum creatinine of < 1.5 mg/d! is required; and (xit) a
serum bilirubin < 1.5 and AST < 2.5 x institutional upper limits of normal (< 53X 1 with liver
metastases).

103238} Those skilled in the art will recognize that several embodiments are possible within
the scope and spinit of the disclosure of this application. The disclosure 1s dlustrated further by
the examples below, which are not to be construed as limiting the disclosure in scope or spirit to

the specific procedures described therein.
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EXAMPLES
Example I
[0239] This example demonstrates the development and testing of a functional smgle-chain
variable fragments (scFv) and an antigen-binding fragment (Fab) derived from an anti-
Labvrinthin antibody (MCA 44-3A6).
{6240} Heavy chain vanable domain (VH) and light chain variable domain (VH) cDNAs of
MCA 44-3A6 were cloned with oligo primers useful for cDNA synthesis and PCR methods.
Cloning was based on sequences published i the database of mmmunoglobuling. In brief, RNA
prepared from about 33108 hybridoma cells was used for preparation of cDNA by commercially
available reagents. Amplified cDNA of the VH and VL were digested with restriction enzvmes,
the sites of which sites were installed durning PCR amplification. The genes were then subcloned
nto a phage display vector to construct a scFv for the purpose of library selection.
10241} Libranes of scFv were then subcloned. For each scFV the sequence was fused so that
upon subsequent expression the product would have a C-termunal mye tag. For phage hbrary
selection, protein antigen (histidine-tagged Labyrinthin} was immobilized onto a 96-well plate
overnight. Aliqguots of library phage were placed in assigned wells. Bound phages were eluted
and added to TG culture for infection, and then rescued by KO7 helper phage. The mfected
TG cells were grown (30 °C overmight) and the bactenal culture supematants harvested,
precipitated, and resuspended in PBS for the next round of selection or phage ELISA.
10242} For antigen preparation, the extracellular domain of Labyrinthin was cloned and
expressed as a GST fusion protein using pGEX-2T. A crude preparation was readily prepared
using size exclusion chromatography, and a pure preparation was made by affinity
chromatographv. It was observed that due to negatively charged and acidic residues i some
portions of the protein that Labyrinthin strongly aggregates with progressive purification.
Therefore, a lustidine-tagged modified Labyrinthin protein (less the first 22 amino acids which
are very hvdrophobic: leader like sequence} was produced and used for the antigen-antibody
screening procedure above {phage display). Though histidine is not expected to produce a major
cffect on Labvrinthin secondary structure, given the issue swrrounding purification of this
protein, an aliemative KLH-conjugated peptide was also svnthesized corresponding to amino

acids #109-130 that contains the known binding site of MCA 44-3A6. Thus, although modified
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His-Labyrinthin was used in the page display antibody selection, the synthetic peptide was also
mcluded in the Biacore binding measurements to ensure optimal antibody candidate selection.
{6243} For Phage FELISA, His-Labyrinthin was coated onto ELISA plates (4 “C overnight).
An aliquot of cach phage to be tested was added to a respective well (incubated at 37 °C for 30-
90 mun) and then washed extensively with PBS. The phage bound-antigens were detected by
meubation with HRP-conjugated anti-M13 antibody.
{0244] Subsequently, purified protein Labyrinthin antigens (His-Labvrinthin and synthetic
peptide} were immobilized on a CMS5 chip by amine coupling for Biacore measurements.
Various concentrations of the purified antibody lead vanants (selected from the phage libraries)
were injected into the system to evaluate association and dissociation of the antibody-antigen
mteractions. The antibody affinity measurements were conducted on a Biacore 1000 instrument
according to the manofacturer’s protocol (Biacore, Inc, Piscataway, NJ3. Depending on how
close the measured affinitics were to cach other for the different clones, the top theee candidates
for final screening and growth were stored and the highest affinity candidate was further
evaluated using i vifro screcning.
[3245] As shown in FIG, 1A and FIG. 1B, nunal binding assays of the cloned and
expressed protein {clone X373 scFv; FIG, 1B) and the parental MCA 44-3A6 antibody (FI1G.
1A} using the His-tagged Labyrinthin were performed. X373 scFV was measured to have a
dissociation constant (Kd) that was about four times lower than the parental MCA 44-3A6
antibody. Specifically, the Kd of X373 scFv was measured to be 4.8 x 1077 M and the Kd of
MCA 44-3A6 was measured to be 1 17 x 107 M.
[8246] Modifying the above-described development strategy, additional Tibraries were
produced for an Fab format. A Fab, X509Fab, was identified through screening and was
subsequently assessed for affinity to His-Labyrinthin and a KLH-conjugated Labyrinthin-
derived peptide using the Biacore methods detailed above. Attinity measurements for X509Fab
are reported in Table 5.

Table 8. Affinity measurements for X509Fab.

Kon/ SE Koft/ SE Kd (M)
His-Labyrinthin 323E4+04/ 826 | 2.38E-03/3.89E-05 | 8.0e-8
protein
K1.H-conjugated S 48EH04/ 1260 | 1.28E-03/3.19E-05 | 2.33¢-8
Labyrinthin-derived
peptide

69
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{3247} ¥X509Fab was subsequently tested tor the ability to recognize native Labyrinthin in
adenocarcinoma cells. Serial sections of A549 xenograft tumor sections (~6 um thickness} were
used to compare X509Fab with the parental MCA 44-3A6 antibody within a near identical
environment. The tissue sections exposed to10 pg/mi of the antibodies {or no primary antibody)
were subsequently developed with the appropriate secondary antibodies (HRP-conjugated goat
anti-mouse or anti-human lgG) and DAB asing the standard ABC method (Vector Laboratory,
Buringame, CA). The results (not shown) demonstrated that the X509Fab bound to native
Labvrinthin and 15 at least equal to the parental antibody in the ability to recognize the epttope
(Labvrinthin} on cancer cells.

100248} To determine whether the positive cell binding results of X509Fab represents specific
recogmition of Labyrinthin, standard western mmmunoblotting was performed with WI39 nommal
human fibroblasts (negative control} and A549 lung adenocarcinoma cell {positive control}
bysates. A clear band was seen at the expected size for Labyrinthin {(~40 kD), whereas 0o signal
was obtained in the negative control (FIG. 2). As with previous results using MCA 44-3A6,
there was a faint lower band (breakdown product} and higher band (~80 kD) confirming that
Labyrinthin self-aggregates (FIG. 2}

18249] A summary of affinity measurements for the scFv and Fab derived from an anti-
Labyrinthin antibody (MCA 44-3A0) to His-Labyrinthin and a KLH-conjugated Labyrinthin-
derived peptide are shown in Table 6.

Table 6. Affinity measurements of X373 scFv and X509Fab.

His-Labyrinthin KLH-conjugated Labyrinthin-
denived peptide
MCA 44-3A6 117 oM N/A
X373 seFv 479 oM 277 nM
X509Fab 80 nM 23 nM

~d
<
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CLATMS

What is claimed is:

o

3

|4

10.

An solated anti-Labyrmthin construct comprising an antibody motety that specifically

binds to Labyrinthin or a portion thereof and an effector domain,

The 1solated anti-Labynnthin construct of claim 1, wherein the antibody moiety is

conpugated to the effector domain,

The isolated anti-Labyrinthin construct of claim 2, wherein the effoctor domain comprises

an effector molecule.

The isolated anti-Labynnthin construct of claim 3, wherein the effector molecule

comprises a therapeutic agent.

The isolated anti-Labyrinthin construct of claim 4, wherein the therapeutic agent is
selected from the group consisting of a drug, a toxin, a radioisotope, a protein, a peptide,

and a nucleic acid.

The 1solated anti-Labyrinthin construct of any one of claims 1-5, wherein the isolated anti-

Labvrinthin construct 1s an antibody drug conjugate (ADC).

The 1solated anti-Labyninthin construct of claim 3, wherein the effector domain comprises

a diagnostic agent.
The isolated anti-Labyrinthin construct of claim 7, wherein the diagnostic agent is a label.

The 1solated anti-Labynnthin construct of claim 1, wherein the antibody moiety 1s fused to

an effector domain.

The isolated anti-Labyrinthin construct of claim 9, wherein the isolated anti-Labyrinthin
construct is a chimeric antigen receptor {CAR) comprising an extracellular domain
comprising the antibody moiety fused to the effector domain, wherein the effector domain

comprises a transmembrane domain and an intracellular signaling domain.
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16.

18,

The 1solated anti-Labynnthin construct of claim 9, wherein the isolated anti-Labvrinthin
construct is a bispecific T-cell engager (BiTE) comprising an extracelhular domain

comprising the antibody moicty fused to an anti-CD3 antibody or fragment thereof.

The isolated anti-Labynnthin construct of any one of claims 1-9, wherein the 1solated anti-
Labyrnthin construct is a T-cell receptor (TCR) comprising an extracelivlar domain
comprising the antibody moiety fused to the effector domain, wherein the effector domain
comprises a transmembrane domain and/or an intracchular signaling domain of a TCR

subunit.

The isolated anti-Labynnthin construct of any one of claims 1-12, whergin the antibody
moiety i1s a full-length antibody, a Fab, a Fab’, a(Fab")2, an Fv, or a single chain Fv

{scFv}.

The 1solated anti-Labyrinthin constract of any one of claims 1-13, wherein the antibody
moiety binds Labyrinthin or a portion thereof with a Kd from about 0.1 pM to about 500

nM.

The isolated anti-Labyrinthin construct of any one of claims 1-14, wheremn the antibody
moiety specifically binds to a Labyrinthin-derived peptide comprising an amino acid

sequence sclected from the group consisting oft SEQ 1D NQOs:2-32.

The isolated anti-Labyninthin construct of claim 15, wherein the Labynnthin-denved

peptide comprises a B-cell epitope.

The 1solated anti-Labyrinthin construct of claim 15 or 16, wherein the Labynuothin-derived

peptide comprises a T-cell epitope.

The 1solated anti-Labyrinthin construct of any one of claims 1-17, wheremn the antibody

motety is multispecific.

The 1solated anti-Labyrinthin construct of claim 18, wheremn the multispecific antibody
moiety 1s a tandem sckFv, a diabody (Bb), a single chain diabody (scDb), a dual-affinity

retargeting {DART) antibody, a dual vanable domaio (DVD) antibody, a knob-into-hole

72
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2
b

28.

{(KaH) antibody, a dock and lock (BNL) antibody, a chemically cross-linked antibody, a

heteromultimernic antibody, or a heteroconjugate antibody.

The i1solated anti-Labynnthin construct of claim 19, wherein the multispecific antibody

moiety 1s a tandem scFv comprising two scFvs linked by an optional peptide linker.

A pharmaceutical composition comprising the 1solated anti-Labyrinthin construct of any

one of claims 1-20.
A host cell expressing the isolated anti-Labyrinthin construct of any one of claims 1-20.

A nucleic acid encoding the polypeptide components of the 1solated anti-Labyrinthin

construct of any one of claims 1-20.
An effector cell comprising the nucleic acid of claim 23.
The effector cell of claim 24, wherein the effector cell is a T cell.

A method of detecting a cell presenting Labyrinthin or a portion thereof on its surface,
CoOmprising:
(a) contacting the cell with the 1solated anti-Labyrithin construct of claim &; and

(b) detecting the presence of the label on the cell.

A method of treating an individual baving a Labvrinthin-positive discase, comprising
admunistering to the imdividual;
(a} an effective amount of the pharmaceutical composition of claim 21; or

(b an cffective amount of the effector cell of claim 24 or 25,

The method of claim 27, wherein the Labyrinthin status is used as a basis for selecting the

individual for treatment.

A method of diagnosing an individual having a Labyrinthin-positive disease, comprising:
{a) administering an effective amount of the isolated anti-Labyrinthin construct of

claim 8 1o the mdividual; and

~3
(V5]
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(b) determining the level of the label in the individual, wherein a level of the label
above a threshold level indicates that the individual has the Labyrinthin-positive

disecase.

30. A method of diagnosing an individual having a Labyrinthin-positive disease, comprising:

{a) contacting a sample derived from the individual with the isolated anti-Labyninthin
construct of any ong of claims 1-20; and

(b} identitving one or more cells bound with the isolated anti-Labyrimthin construct in
the sample,

thereby diagnosing an individual having a Labyrinthin-positive discase.

31 The method ot any one of claims 25-29, wherein the Labyrinthin-positive discase is

Labynnthin-posifive cancer.

32. "The method of claim 31, wherein the Labyrinthin-positive cancer 1s an adenocarcinoma.
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
% in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13fer: 1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13ser: 1(a)).

D on paper or in the form of an image file (Rule 13/er.1(b) and Administrative Instructions, Section 713).
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statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 12-25, 27-28, 30-32
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

- see extra sheet for Box No. lil Observations where unity of invention is lacking -

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:I As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

1-6, 9 limited to drug/toxin

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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Box No. lll. Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Groups |+: Claims 1-11, drawn to an isolated anti-Labyrinthin construct comprising an antibody moiety that specifically binds to
Labyrinthin or a portion thereof and an effector domain. The composition will be searched to the extent that the effector encompasses
drug/toxin. It is believed that claims 1-6, 9 encompass this first named invention, and thus these claims will be searched without fee to
the extent that they encompass drug/toxin. Additional effector molecule(s) will be searched upon the payment of additional fees.
Applicants must specify the claims that encompass any additionally elected effector molecule(s). Applicants must further indicate, if
applicable, the claims which encompass the first named invention, if different than what was indicated above for this group. Failure to
clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to
be searched. An exemplary election would be an effector molecule comprising protein/peptide (Claims 1-5, 9-11).

Group |l: Claims 26, 29, drawn to a method of treating or diagnosing an individual having a Labyrinthin-positive disease.

The inventions listed as Groups I+ and Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Groups I+ include the special technical feature of a composition which differs from the special technical feature of a method, as
disclosed by Group II.

Each invention of Groups I+ includes the special technical feature of a specific effector moleucle, not required by any other invention in
Groups I+.

Common Technical Features

The inventions of Groups I+ and Il share the technical feature of an isolated anti-Labyrinthin construct comprising an antibody moiety
that specifically binds to Labyrinthin or a portion thereof and an effector domain.

However, these shared technical features do not represent a contribution over prior art in view of WO 2011/116014 A2 to Mission
Therapeutics, Inc.(hereinafter "Mission Therapeutics”).

Mission Therapeutics teaches (instant claim 1) an isolated anti-Labyrinthin construct comprising an antibody moiety that specifically
binds to Labyrinthin or a portion thereof and an effector domain (para [0006], a humanized antibody, or antigen-binding portion thereof,
that binds a labyrinthin protein, wherein the antibody comprises: (1) a variable heavy (VH) domain........ ; and (2) a variable light (VL)
domain.; [00126], immunoconjugates comprising an antibody conjugated to a cytotoxic agent such as a chemotherapeutic agent, toxin
(e.g. a small-molecule toxin or an enzymatically active toxin of bacterial, fungal, plant or animal origin, including fragments and/or
variants thereof), or a radioactive isotope (i.e., a radioconjugate).; [00128], In one preferred embodiment of the invention, the antibody is
conjugated to one or more maytansine molecules.).

Some inventions of Groups I+ share the technical feature that the antibody moiety is conjugated to the effector domain, which is
disclosed by Mission Therapeutics (para [00126], immunoconjugates comprising an antibody conjugated to a cytotoxic agent such as a
chemotherapeutic agent, toxin (e.g. a small-molecule toxin or an enzymatically active toxin of bacterial, fungal, plant or animal origin,
including fragments and/or variants thereof), or a radioactive isotope (i.e., a radioconjugate).; [00128), In one preferred embodiment of
the invention, the antibody is conjugated to one or more maytansine molecules.).

Some inventions of Groups I+ share the technical feature that the antibody moiety is fused to the effector domain, which is disclosed by
Mission Therapeutics (para [00134], a fusion protein comprising the anti-Labyrinthin antibody and cytotoxic agent may be made, e.g. by
recombinant techniques or peptide synthesis.).

As said technical features were known in the art at the time of the invention, these cannot be considered special technical features that
would otherwise unify the groups.

Groups |+ and |l therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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