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ACTIVATABLE DUAL-ANCHORED MASKED MOLECULES AND METHODS OF
USE THEREQOF

CROSS-REFERENCE TO RELATED APPLICATION

(5]

This application claims priority benefit of U.S. Provisional Application No. 63/323,718,
filed March 25, 2022, which 15 incorporated herein by reference in its entirety.
SEQUENCE LISTING
The Sequence Listing filed with this application by EFS, which is entitled “4862-
121PCT xml,” was created on March 22, 2023 and 13 S00,152 byies in size, 18 hereby
16 ncorporated by reference m its entirety,
TECHNICAL FIELD
The present disclosure relates to the field of biotechnology, and more specifically, to
activatable molecules,
BACKGROUND
15 Antibody-based therapies have provided proven effective treatments for various diseases.
However, in some ¢ases, toxictties due to broad target expression have limuted thesr therapeutic
effectiveness. In addition, antibody-based therapeutics have exhibited other limitations such as
rapid clearance from the circulation following admnistration.
Activatable antibodies comprising mask peptides binding to the antibodigs are therapeutic
20 agents with lower toxicities compared to regudar antibodies. The masks can inhibit the
antibodies” activity by mterrupting the binding of the antibodies with their target molecules. In
an activating environment {¢.g., when the activatable antibodies are delivered to a tumor), the
masks are removed so the antibodies can bind to their target molecules to resume thewr functions,
However, toxicities may arise if a portion of the activatable antibodies are in an unmasked state
25 allowing for target binding outside the activating environment.
Accordingly, there is an ongoing need for activatable molecules that minimize target
binding ouiside the activating environment.
SUMMARY OF THE INVENTION
The present disclosure provides dual-anchored activatable target-binding proteins and
3¢ related compositions and methods.
In one aspect, the present disclosure provides a dual-anchored activatable target-binding

protein comprising: a target-binding protein (TB) that specifically binds to a target; a masking
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motety (MM} coupled to the TB, wherein the MM inhibits binding of the TB (o the target; and a
cleavable moiety (CM) coupled to the TB and positioned between the TB and the MM, wherein
the CM 1s a polypeptide that functions as a substrate for a protease, and further comprising a
non-alpha-carbon covalent bond tethering the MM and the TB.

In some embodiments, the TB 15 an antigen-binding protein {AB}. In some embodiments,
the activatable target-binding protein has a lower target-binding activity compared to a single-
anchored activatable target-binding protein lacking the non-alpha-carbon covalent bond. In
some embodiments, the non-alpha-carbon covalent bond 1s an 1sopeptide bond. In some
erobodiments, the 1sopeptide bond 1s between a lysine and a glutamate or aspartate residue. o
some embodiments, the non-alpha-carbon covalent bond is between functional groups
substituted into an alpha~carbon in the MM and the AB. In some embodiments, the 1sopeptide
bond 1s hetween the gamma-carboxyamude group of glutarnine and epsilon-amuno group of
lysine sidechains. In some embodiments, the non-alpha-carbon covalent bond 1s an ester bond
between threonine and glotamime.  In some embodiments, the non-alpha-carbon covalent bond 18
a thioester bond between cysteine and glutanune. In some emboduments, the non-alpha-carbon
covalent bond 15 a thioether bond between cysteme and tyrosine.  In some embodiments, the
non-alpha-carbon covalent bond 15 formed by crosshinking between histiding and tyrosine {e.g.,
this type of istidine-tyrosine crosshinking 1s known to exist in eytochrome ¢ oxidase enzymes),
In some embodiments, the non-alpha-carbon covalent bond 15 8 nitrogen-oxygen-sulfur (NOS}
bond formed between lysine and cysteine.  In some embodiments, the non-alpha-carbon covalent
bond 15 a disulfide bond. In some embodiments, the disulfide bond 15 formed between a first
cysteine and a second cysteine, wherein the first cysteine is within the MM and the second
cysteine 1s within the TB, the first cysteine 1s within a peptide coupled to the MM and the second
cysteine 15 within the TB) or the first cysteine 1s within the MM and the second cysteine 1s within
a peptide coupled to the TB.

In some embodiments, the activatable target-binding protein further comprises a second
M, wherein the second UM s positioned between the MM and the non-alpha-carbon covalent
bond, the second UM s within the MM and up to 5 amino acids away from a cysteine forming
the non-alpha-carbon covalent bond, or the second CM 1s within the TB and at up to 5§ amino

acids away from a cysteine forming the non-alpha-carbon covalent bond. In some embodiments,
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the first and the second UMs are substrates of different proteases. In some embodiments, the
first and the second CMs are substrates of the same protease.

In some embodiments, the protease is produced by a tumor in a subject. In some
embodiments, the AB 15 an antibody, a Fab fragment, a F{ab’}, fragment, an scFv, an scAb, a
dAb, or a single domain antibody. In some embodiments, the AB is a single domain antibody.
In some embodiments, the AB s an Fc-tagged single domain antibody. In some embodiments,
the AB is a hispecific antibody. In some embodiments, the bispecific antibody 15 a bispecific T
Cell engager (BiTE) or a dual-affinity retargeting antibody (DART). In some ernbodiments, the
AB 15 a multispecific antibody.  In some embodiments, the non-alpha-carbon covalent bond 18
between the MM and the single domam antibody. The present disclosure includes a dual-
anchored activatable macromolecule comprising a bispecific or multispecific AB, wherein each
AB mn the bispecific or multispecific AB has a dual anchored MM. The present disclosure also
ncludes a dual-anchored activatable macromolecule comprising a bispecitic or multispecific
AB, wherein at least one AB in the bispecific or muitispecific AB has a dual anchored MM and
at least one AB m the bispecific or multispecific AB has a single anchored MM. The present
disclosure also includes a doal-anchored activatable macromolecule comprising a bispecific or
multispecific AB, wherein at least one AB in the bispecific or multispecific AB has a dual
anchored MM and at least one AB 10 the bispecific or multispecific AB does not have a MM

In some embodiments, the non-alpha-carbon covalent bond 13 between the MM and a
fragment crystallizable region (Fe) region or domaim coupled to the TB. In some embodiments,
the MM may comprise an epitope of the TB. In some embodiments, the MM does not comprise
a subsequence of four or more consecutive amino acid residues of a native TB. In some
embodiments, the MM does not comprise a subsequence of four or more consecutive amino acid
residues of the target bound by the TB. In some embodiments, the MM may comprise a
subsequence of less than four consecutive aming acid residues of a native TB. In some
embodiments, the MM does not comprise an epitope of the TB. In some embodiments, the MM
has a dissociation constant for binding to the TB that s greater than a dissociation constant of the
TB for binding to the target. In some embodiments, the MM is a polypeptide of from 2 to 40
amino acids in length.

In some embodiments, the activatable target-binding protein comprises a linker between

the MM and the CM. In some embodiments, the activatable target-binding protein comprises a
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linker between UM and the TB. In some embodiments, the activatable target-binding protein
comprises a first linker between the MM and the CM and a second linker between the CM and
the TH.

In another aspect, the present disclosure provides a composition comprising the
activatable target-hinding protein herein. In some embodiments, the composition is a
pharmaceutical compostiion.

In another aspect, the present disclosure provides a container, vial, syringe, injector pen,
or kit comprising at least one dose of the composition herein

In another aspect, the present disclosure provides a nucleic acid comprising a sequence
encoding the activatable target-binding protein herein,

In another aspect, the present disclosure provides a vector comprising the nuclewc acid
herein.

In another aspect, the present disclosure provides a cell comprising the nucleic acid or the
vector herein.

In another aspect, the present disclosure provides a conjugated activatable target-binding
protein comprising the activatable target-binding proten herein conjugated to an agent. In some
embodiments, the agent 1s a therapeutic agent, a targeting moiety, or a detectable moiety.

In another aspect, the present disclosure provides a method of treating a subject in need
thereof comprising adminustering to the subject a therapeutically effective amount of the
activatable target-binding protein, the composition, or the conjugated activatable target-binding
protein herem. In some embodiments, the subject has been identified or diagnosed as having a
cancer.

In another aspect, the present disclosure provides a method of producing an activatable
target-binding protein, comprising: culturing the cell n a culture mediom under a condition
sufficient to produce the activatable target-binding protein; and recovering the activatable target-
binding proten from the cell or the culture medium.

In some embodiments, the method further comprises isolating the activatable targei-
binding protein recovered from the cell or the culture medium. In some embodiments, isolating
the activatable target-binding protein 1s performed using a protein purification tag and/or size
exclusion chromatography. In some embodiments, the method further comprises formulating the
activatable target-binding protein into a pharmaceutical composition.

4
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In another aspect, the present disclosure provides a method of producing a deal-anchored
activatable protein comprising: engineering a cysteine residue at a disulfide bonding site ina
masking motety {MM)} of the dual-anchored activatable protein; engineering a cysteine residue at
a disulfide bonding site in a target-binding protein {TB} of the dual-anchored activatable protem,
wherein the MM and the TB are coupled and a cleavable motety (CM) 1s positioned between the
MM and the TB; expressing the dual-anchored activatable protein; and recovering the dual-
anchored activatable protein, wherein the MM and the TB are tethered at their disulfide bonding
sites 11 the recovered dual-anchored activatable protein. To this disclosure the phrases dual-
anchored activatable protein and dual-anchored activatable macromolecule are used
interchangeably.

In another aspect, the present disclosure provides a mwethod of producing a dual-anchored
activatable macromolecule comprising: engimeering an argirune or lysine residue at an isopeptide
bonding site m a masking moiety (MM) of the dual-anchored activatable macromolecule and/or
engineering an aspartaie or glutamate residue at an 1sopeptide bonding site i a target-binding
protein {TB) of the dual-anchored activatable macromolecule, wherein the MM and the TB are
coupled and a cleavable moety (CM) 1s positioned between the MM and the TB; expressing the
dual-anchored activatable macromolecule; and recovermng the dual-anchored activatable
macromolecile, wherein the MM and the TB are tethered at their 1sopeptide bonding sites i the
recovered dual-anchored activatable macromolecule. In another aspect, the present disclosure
provides a method of producing a dual-anchored activatable macromolecule comprising:
engineering the 1sopeptide bonding sites such that a garmnma-carboxyvamude group of glutamine 13
available and configured to form an sopeptide bond with an epsilon-aming group of a lysine
sidechain.

In another aspect, the present disclosure provides a method of producing a deal-anchored
activatable macromolecule comprising: engineering an aspartate or glutamate residue at an
isopeptide bonding site in a masking moiety (MM) of the dual-anchored activatable
macromolecule and/or engineering an arginine or fysine residue at an isopeptide bonding site in a
target-binding protem {(TB) of the dual-anchored activatable macromolecule, wherein the MM
and the TB are coupled and a cleavable moiety (CM) 1s positioned between the MM and the TB;

expressing the dual-anchored activatable macromolecule; and recovering the dual-anchored
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activatable macromolecule, wherein the MM and the TB are tethered at their isopeptide bonding
sites i the recovered dual-anchored activatable macromolecule.

In another aspect, the present disclosure provides a method of making a dual-anchored
activatable macromolecule comprising providing a MM comprising a non-alpha-carbon covalent
bond-forming amino acid configured to form a non-alpha-carbon covalent bond with a non-
alpha-carbon covalent bond-forming amino acid in a TH that 1s coupled to the MM

In another aspect, the present disclosure provides a method of making a dual-anchored
activatable macromolecule comprising providing a MM comprising a cysteine configured to
form a non-alpha-carbon covalent bond with a non-alpha-carbon covalent bond-formung arnino
acid in a TB that 1s coupled to the MM,

BRIEF DESCRIPTION OF THE DRAWINGS

An understanding of the features and advaniages of the present mvention will be obtained
by reference to the following detailled description that sets forth iltustrative embodiments, in
which the principles of the mvention may be utihized, and the accompanying drawings of which:

FIG. 1A schematically shows the dynamic equilibrium between a fully mask-bound
conformational state (left}, an intermediate conformational state in which one mask 1s
dynamically dissociated from the binding site of the target-binding protein {(or antibody)
{rmddie), and a conformational state i which two masks are dynamically dissociated from the
binding site of the target-binding protein {or antibody) {right}.

FIG. 1B shows the arrangements of components in example activatable antibodies. The
fines connecting the MM and the AB indicate non-alpha-carbon covalent bonds. While an AB 1s
exemplified, the present disclosure includes use of any desired protein and 13 not limited to
antibodies and can include any target-binding protein {TB}.

FiGs, 2A-2D show schematics of example activatable molecules.

FiGs. 3A-3C show three types of example activatable molecules.

FiG. 4A 15 a schematic of an sllustrative dual-anchored BC2T-Nb with the N-terminus of
the MM covalently linked to the Nb with engineered non-alpha-carbon covalent bonds, e g,
disulfide bonds and the C-terminus of the MM covalently linked to the Nb with a CM. FIG. 48
is a schematic of single-anchored BC2T-Nb. FIG. 4C depicts the cleavage reaction of the dual-
anchored BC2T-Nb resulting in the MM being single-anchored by the engineered non-alpha-
carbon covalent bond, e g., disulfide bond. The BC2T-Nb molecule 1s exemplified as a non-
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limiting proof-of-concept example and a person skilied in the art will understand that the
structure depicted and described n this disclosure extends to use of any type of masking motety
and any desired protein without undue experimentation,

FIG. 5A is a schematic of an illustrative dimeric Fe-tagged version of a dual-anchored
BC2T-Nb with the N-terminus of the MM covalently linked to the Nb with engineered non-
alpha-carbon covalent bond, e g, disulfide bonds and the C-terminus of the MM covalently
linked to the Nb with a CM. FIG. 8B 15 a schematic of a dimeric Fo-tagged control molecule
{1.e., the MM and Nb are not tethered by a non-alpha-carbon covalent bond, e g., disulfide bond)
to show the difference 1o binding between the dual-anchored BC2T-Nb and the single-anchored
BC2T-Nb. FIG. 8C depicts that the cleavage reaction of the Fe-tagged dual-anchored BC2T-Nb
resuits in the MM being single-anchored by the engineered non-alpha-carbon covalent bond, e g,
disulfide bond. The BC2T-Nb molecule 1s exemplified as a non-limating proof-of-concept
example and a person skilled in the art will understand that the structure depicted and described
m this disclosure extends to use of any type of masking motety and any desired protemn without
undue experimentation.

FIG. 6 15 an mnage of an SDS-PAGE gel run under non-reducing conditions. The gel
was loaded as follows: (1} single-domain antibody with no MM attached (ProC649; SEQ 1D NO:
1y, (2} product of ProCo49 and MMP14 (ProC649 +MMP14); (3) product of ProC649 and
MMP9 (ProC649 +MMP9); (4} single-domam antibody with MM attached with a CM 1490DN]
{ProCC653; SEQ 1D NO: 2); (5) product of ProCC653 and MMP14 (ProC653 + MMP14); (6)
single-domain antibody with MM atiached with a CM PLGLAG (SEQ 1D NO: 17) {(ProC654,
SEQ ID NO: 3); (7) product of ProC654 and MMP9 (ProC654 -+ MMPO); (8) MMP14; and {9)
MMP9.

FiG. 7 shows sensorgram trace binding of intact and activated ProC653 and Pro{’654
along with the ProC649 control. ProCC64% which does not have an MM attached bound the
biotinylated B2 tag peptide on the biosensor tip. Intact ProC653 and ProC654 show no binding
to the biotinylated BC2 tag peptide, but binding was recovered upon activation with either
MMP14 or MMP9, respectively.

FiIG. 8 1s an image of an SDS-PAGE gel run under non-reducing {top} and reducing
conditions {bottom}. The gel was loaded as follows: (1) single-domain antibody with no MM
attached (ProC649); (2} single-domain antibody with MM attached with a CM 1490DN1

-
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(ProC653); (3) product of ProC653 and uPA (ProCo53 + ulPA); (4) single-domain antibody with
MM dually anchored with engineered cysteines Q3C and Q157C and a UM 1490DNI (Pro(C9%4;
SEQ ID NO: 4); (5) product of ProC994 and uPA (ProC994 + uPA); (6) single-domain antibody
with MM dually anchored with engineered cysteines Q3C and W1535C and a CM 1490DNI
(ProC995; SEQ 1D NO: 5); (7) product of ProC995 and uPA (Pro(C995 +uPA); (8) single-
domain antibody with MM dually anchored with engineered cysteines D3C and F154C and a
CM 1490DNI (ProC996; SEQ ID NO: 6); (9) product of ProC996 and uPA (ProC996 + uPA)}.

FIG. 915 an wnage of an SDS-PAGE gel run under non-reducing {(top) and reducing
conditions {bottom}. The gel was loaded as follows: (1) Fe-tagged single-domain antibody with
no MM attached (ProC1283; SEQ 1D NO: 7); (2) product of ProC1283 and uPA (ProC1283 +
uPA); (3) Fe-tagged single-domain antibody with MM attached with a CM 1490DNI
{ProC1284; SEQ ID NO: 8); (4) product of ProC1284 and uPA (ProC1284 + uPA); (5) Fe-
tagged single-domain antibody with MM dually anchored with engineered cysteines Q3C and
Q157C and a CM 1490DNI (ProC1285; SEQ ID NO: 9); (6} product of ProC1285 and uPA
{(ProC128S + uPA); (7) Fe~tagged single-domain antibody with MM dually anchored with
engineered cysteines D3C and F154C and a CM 1490DNI (ProC1287, SEQ ID NO: 11, (8)
product of ProCC1287 and uPA (ProC1287 + uPA); (9) uPA.

FIG. 19 provides the results of an ELISA binding assay to determine the shift in ability
of the molecules to bind free masking peptide bound to the plate: Fe-tagged single-domain
antibody with no MM attached (ProC1283}, product of ProCC1283 and uPA (Pro(C1283 + uPA),
Fe-tagged single~-domain antibody with MM attached with a CM 1490DNI (ProC1284), produet
of ProC1284 and uPA (ProC1284 + uPA), Fo-tagged single-domain antibody with MM dually
anchored with engineered cysteings J3C and Q157C and a UM 1490DNI (ProC1285); product
of ProC1285 and uPA (ProC1285 + uPA), Fo-tagged single-domain antibody with MM dually
anchored with engineered cysteines D3C and F154C and a CM 1490DNIE (Pro(C1287), and
product of ProC1287 and uPA (ProC1287 + uPA). The resulis show that the single domain
antibodies with the dual-anchored masks were unable to bind the peptide on the plate. However,
treatment of the dual-anchored molecuies with protease restored the binding of the molecules
simtlar to the single-anchored molecule (Pro{’1283).

FiGs, 11A-111 depict exemplary dual-anchored multispecific activatable antibodies.

Oval shapes indicate components of ABs, which may be heavy chain variable regions (Vi), light
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chain variable regions (Vi), heavy chain constant regions (Cu), light chain constant regions
{1}, single vanable domain on a heavy chain (VHH), or single chain vanable fragments {(scFvs}.
Triangles indicate MMs. The MMs are coupled with the AB components via CMs {with optional
iinkers) and tethered with the ABs by disulfide bonds {(or non-alpha-carbon covalent bonds)
{with optional linker{(s} and/or CM(s) between the MM and the residue that forms the non-alpha-
carbon covalent bond with the AB).

FIGS, 12A-128 depict a three-dimensional structure of an activatable target binding
protein {activatable anti-PDLI antibody; SEQ D NOS: 562-563) obtained using BIOVIA
Discovery Studios from Dessault Systemes software. FEG. 124 shows the magnified region of
the structure with solvent accessible residues within 2-5 angstroms of residues in the header
region or N-terminus of the mask motety, with a second view of the structure rotated 90 degrees.
Residues identified by mutagenesis to interact with the mask are indicated with an asterisk. ¥FIG.
128 shows a three-dimensional structure of the Fab and prodomain {including the labeled mask
motety}. The Fab domain 1s rendered m space-filling form with the prodomam rendered in the
Cuo backbone form.

FIGS, 13A-13D depict homology-based three-dimensional models of antibody structures
corresponding to J43v2/anti-mouse PD1 Fab (FIG, 134, SEQ ID NQOs: 568-5369), anti-CD166
(FIG. 138, SEQ ID NQOs: 572-573), and anti-PD1 (FIGs. 13C-13D; SEQ ID NQs: 570-571}.
FIGK. 13A-13C were modeled using BIOVIA Discovery Studio and FEG, 13D was modeled
using AlphaFold2 and rendered 1 BIOVIA Discovery Studio. UBRs are shown n dark grey in
each figure,

The figures heretn are for illustrative purposes only and are not necessarily drawn to
scale.

DETAILED DESCRIPTION
Overview

Provided herein are activatable molecules comprising at least one mask anchored at two
points either directly or indirectly to at east one polypeptide of an otherwise active binding
motety ("activatable dual-anchored masked target-binding protein” or "activatable target-binding
protein”}. In some aspects as detailed and depicted in this disclosure, the activatable target-
binding protein comprises a complex of more than one polypeptide. In some aspects as detatled

and depicted in this disclosure, the mask is covalently bonded to one polypeptide of the
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activatable target-binding protein i two anchoring positions.  In some aspects as detailed and
depicted 1n this disclosure, the mask s covalently bonded to two polypeptides of the activatable
target-binding protein, e.g., anchored at one anchoring position to a first polypeptide and
anchored at a second anchoring position to a second polypeptide. In solution, masked activatable
target-binding protein molecules lacking the dual-anchored structure described heremm existina
dynamic equilibrium state between conformational states in which one or more of the masks are
actively bound to the binding site of a target-binding protein and conformational states in which
one or more of the masks are not actively bound to the binding site of a target-binding protein as
shown in FIG. 1A, This dynamic equilibrium may be referred to herein as “breathing” of a
masked activatable target-binding protein molecule where the binding surface or binding
surfaces of one or more target-binding proteins in the masked activatable target-binding protein
molecule become available for binding to targets or other epitopes {including target binding
outside the activating environment}. Breathing occurs when the antigen binding site 13 exposed
for a short period of time in some fraction of intact molecules due to equihibrium binding of the
tethered mask, as depicted 1o Figure 1A, The dual-anchored mask structure described herein
reduces or nhibits dynamic dissociation between the mask and the target-binding protein, e,
“breathing” of the activatable target-binding protein molecule.  The dual-anchored mask
appears to mask the otherwise target-binding protein with enhanced masking efficiency and/or
reduced molecule populations in which one or more masks are dynamically dissociated from
their corresponding target-binding proteins.

In one aspect, the activatable molecules may be activatable therapeutic macromolecules
("activatable target-binding protein"}. In some aspects, the activatable therapeutic
macromolecules may be activatable antibodies or any other desired protein, e g., a therapeutic
protein. The activatable molecules may comprise a target-binding protein {IB}, a masking
motety (MM), and a cleavable motety (CM) positioned between the MM and TB. Insome
aspects, the activatable molecules may comprise more than one UM, e g, as shown in Figs. 2C
and 2D}, For example, the activatable molecules may comprise a first cleavable moiety (CM1)
and a second cleavable moiety (CM2). In some aspects, the activatable molecules may have a
structure including CM1 between the MM and TB and a CM2 between the MM and the residus
that forms the non-alpha-carbon covalent bond with the activatable molecule. Thus, 1n some

aspects, the present disclosure includes a TB-CMI-MM-CMZ construct, where cleavage of CM1
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and CM2 fully cleaves the MM from the activatable molecule at both anchorage sites. In some
aspects, cleavage of both CM1 and CM2 results in full activation of the activatable target-
binding protein. In some aspects, cleavage of both CM1 and CM2 1s necessary for full activation
of the activatable target-binding protein. In some aspects, cleavage of one of CM1 and CM2 15
sufficient for activation of the activatable target-binding protein.

In some aspects, the activatable antibodies used in the context of the activatable dual-
anchored masked antibodies of the present disclosure may comprise an antigen-binding protein
{AB}, a masking moiety (MM), and one or more cleavable moieties (CMs) positioned between
the MM and AB. Tn general, the activatable molecules herein may be dual-anchored, 1.e, the
MM and the TB (e.g., AB) are coupled via a CM {or a CM1 and 3 CM2) and also tethered by one
or more non-alpha-carbon covalent bonds. Such activatable molecules may have a lower target-
binding activity compared to a counterpart activatable molecule without the non-alpha-carbon
covalent bond {i.e., “single-anchored activatable molecules” or a “counterpart activatable target-
binding protem”). Compared to single-anchored activatable molecules without the non-alpha-
carbon covalent bond {e.g., disulfide bond) tethering their MM and TB, the enhanced maskiog
efficiency of the MM in the dual-anchored activatable molecules describe herein may result in
mproved safety profiles, e g, reduced toxicity and reduced target binding outside the activating
gnvironment,

Also provided heremn are related compositions, kits, nucleic acids, vectors, and
recombinant cells, as well as related methods, inchiding methods of using and methods of
producing any of the activatable molecules {e g, activatable macromolecules, e g, antibodies
and other proteins} described herein.

Definitions

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonty understood by one of ordinary skill in the art to which this invention
belongs. Methods and materials are described herein for use in the present disclosure; other
sutiable methods and materials known in the art can also be used. The materials, methods, and
examples are illustrative only and not intended to be limiting. All publications, patent
applications, patents, sequences, database entries, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict, the present specification,

mcluding defintions, will control.
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4¢3

The term “a” and “an” refers to one or more {(1.e., at least one) of the grammatical object
of the article. By way of example, “a cell” encompasses one or more cells.

As used herein, the terms “about” and “approximately,” when used to modify an amount
specified i a numeric value or range, indicate that the numeric value as well as reasonable
deviations from the value known to the skilled person in the art. For example £ 20%, £ 10%, or
+ 5%, may be within the intended meaning of the recited value, where appropriate.

Concentrations, amounts, and other numerical data may be expressed or presented herein
in a range format. It is to be understood that such a range format 15 used merely for convenience
and brevity and thus should be interpreted flexibly to mclude not only the numerical values
explicitly recited as the lunits of the range, but also to include all the individual numernical values
or sub-ranges encompassed within that range as if each numerical value and sub-range 1s
explicitly recited. As an illustration, a numerical range of “about 0.01 10 2.0” should be
interpreted to include not only the exphotly recited values of about 0.01 to about 2.0, but also
mclude mdividual values and sub-ranges within the indicated range. Thus, included in this
numerical range are individual values such as 0.5, 0.7, and 1.5, and sub-ranges such as from 0.5
to 1.7, 0.7 to 1.5, and from 1.0 to 1.5, et¢. Furthermore, such an mterpretation should apply
regardiess of the breadth of the range or the characteristics being described. Additionally, 1t s
noted that all percentages are computed on the basis of weight, unless specified otherwise.

In understanding the scope of the present disclosure, the terms “mcloding” or
“comprising” and therr derivatives, as used herein, are intended to be open ended terms that
specity the presence of the stated features, elements, components, groups, integers, and/or steps,
but do not exclude the presence of other unstated features, elements, components, groups,
mtegers and/or steps. The foregoing also applies to words having similar meanings such as the
terms “including”, “having” and their derivatives. The term “consisting” and 18 derivatives, as
used herein, are intended to be closed terms that specify the presence of the stated features,
elements, components, groups, integers, and/or steps, but exclude the presence of other unstated
features, elements, components, groups, integers and/or steps. The term “consisting essentially
of.” as used herein, is intended to specify the presence of the stated features, elements,
components, groups, imtegers, and/or steps as well as those that do not materially affect the basic
and novel characteristic(s) of features, elements, components, groups, integers, and/or steps. Tt is

understood that reference to any one of these transition terms {1.e. “comprising,” “consisting,” or
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“consisting essentially’) provides direct support for replacement to any of the other transition
terms not specifically used. For example, amending a term from “comprising” to “consisting
essentially of” or “consisting of” would find direct support due to this definition for any elements
disclosed throughout this disclosure. Based on this definition, any element disclosed herein or
incorporated by reference may be included m or excluded from the claimed mvention.

As used herein, a plurality of compounds, elements, or steps may be presented in a
common list for convenience. However, these lists should be construed as though each member
of the hist 15 individually identified as a separate and unigue member. Thus, no 1ndividual
member of such list should be construed as a de facio equivalent of any other member of the
same list solely based on their presentation in a common group without ndications to the
condrary.

Furthermore, certain molecules, constructs, compositions, elements, moieties, excipients,
disorders, condifions, properties, steps, or the hike may be discussed in the context of one specific
embodiment or aspect or in a separate paragraph or section of this disclosure. It s understood
that this 15 merely for convenience and brevity, and any such disclosure 1s equally applicable to
and mtended to be combined with any other embodiments or aspects found anywhere 10 the
present disclosure and claims, which all form the application and claimed invention at the filing
date. For example, a hist of constructs, molecules, method steps, kits, or compositions described
with respect 10 a construct, composition, or method s mtended to and does find direct support for
embodiments related to consiructs, compositions, formulations, and methods described i any
other part of this disclosure, even if those method steps, active agents, kits, or compositions are
not re-listed in the context or section of that embodiment or aspect.

The term “exemplary” 1s used herein to mean serving as an example, instance, or
Hhustration. Any aspect or design described herein as “exemplary” is not necessarily to be
construed as preferred or advantageous over other aspects or designs. Rather, use of the word
exemplary is intended to present concepts in a concrete fashion.

Activatable Target-binding Proteins

In one aspect, the present disclosure provides activatable target-binding proteins (TBs}),
for example, activatable dual-anchored masked antibodies ("activatable antibodies™} or another
protein that specifically binds to a target. In some embodiments, the activatable antibody

comprises a TH or an antigen-binding protein {AB} that specifically binds to a target; a cleavable
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motety (CM) directly or indirectly covalently linked {also referred to as “coupled” or “fused”} to
the TB {e.g., AB), wherein the UM 15 a polypeptide that functions as a substrate for a protease
and positioned between the TB and a masking moiety (MM), wherein the MM and the TB are
tethered by a non-alpha-carbon covalent bond and the MM inhibits the binding of the TB to the
target. The term “fused” and grammatical variants thereof as used herein refer to a covalent
linkage of the aipha-carbon backbone of the same polypeptide, e g, by recombinant fusion. The
terms “tether” and grammatical vanants thereof as used herein refers to the linkage of two
moteties {e g, a MM and an AB in an activatable antibody) by a non-alpha-carbon covalent bond
{e.g., a disulfide bond, and amude/isopeptide bond, between functional groups substituted into an
alpha-carbon 10 the MM and the AB, or other bond that does not involve an alpha-carbon
backbone bond). As used herein, the term “anchor” and grammatical variants thereof may
include a moiety that 5 directly or indirectly covalently hnked to another motety {e.g, a TB and
a CMor a MM and a CM). In some aspects, an 1sopeptide bond may be between a lysine residue
and an aspartate or glutamate residue, or between a gamma-~-carboxyamide group of glutamme
and epsilon-amino group of a lysine sidechain,

In some embodiments, activatable antibodies provide for reduced toxicity and/or side
effects that could otherwise result from binding of the TB (e.g., AB) at non-treatment sites if the
TB were not masked or otherwise mhibited from binding to the target. In the activatable TB, the
MM may mterfere with the binding of the TB to its target molecule. In single-anchored
activatable antibodies {e.g., single-anchored activatable antibodies tn which the MM and AB 15
not tethered by the non-alpha-carbon covalent bond), the MM’s masking effect on the target-
binding surface of the AB may be dvnamic. Thus, in 3 given formulation comprising single-
anchored activatable TB molecules, a portion of the activatable TB molecules in the formulation
may be unmasked, albeit for a short peried of time, due to breathing. At a sufficiently high
concentration of the single-anchored activatable TBs, binding of such unmasked activatable THB
with the target molecule may be significant and cause undesired toxicities or effects caused by
target binding outside the activating environment.

As used hereimn, the term “activatable antibodies” or “activatable target-binding proteins”
refer to an activatable antibody or an activatable target-binding protein, respectively, i it
mactive {uncleaved or native) form. It will be apparent to the ordinarily skilled artisan that

following modification of the CM of the activatable antibody or the activatable target-binding
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protein by at least one protease may result in a cleaved protein in which the MM 1s not
mterrupting the binding between the TB or the AB and its target. In some embodiments,
cleavage of the CM by protease may result in release of the MM, The term “uncleaved” or
“tnactive” refers to the activatable TBs in the absence of cleavage of the CM by a protease, 1.e.,
the activatable TBs in native form. As used throughout this disclosure, descriptions relating to
activatable antibodies should be construed to also be applicable to activatable target-binding
proteins. Thus, in one aspect, the dual-anchored activatable target-binding protein of the present
disclosure may 1nclude an MM that inhibits binding of the AB to the target when the activatable
target-binding protein IS it an nactive state,

As used herein, following modification of the UM by at least one protease, the activatable

2%

TBs have been “cleaved” or “activated” The term “activatable” when used m connection with
the term “proten,” refers to a protein that extubits diminished binding to a target relative to the
corresponding “activated” protein that 1s generated by exposing the activatable protein to a
cleaving agent {e.g., a protease).

As used herein, the terms "masking moiety” and "MM" are used interchangeably to refer
to a peptide or protemn that, when positioned proximal to a TB (e g., an AB), mterferes with
binding of the TB to 1fs target.

The terms “cleavable moiety” and “CM” are used interchangeably heremn to refer to a
peptide, the ammno acid sequence of which comprises a substrate for a sequence-specific
protease. In an activatable protein, the CM 1s positioned relative to the MM and TB, such that
cleavage results in a3 molecule that 15 capable of binding to the biological target of the TB. Thus,
the activatable protein exhibiis a reduction 1n binding to the biological target as compared to the
activated protein.

In some embodiments, an activatable TB may be designed by selecting a TB of interest
and constructing the remainder of the activatable TB so that, when conformationally constrained,
the MM provides for masking of the TB or reduction of binding of the TB to s target.
Structural design criteria can be taken nto account to provide for this functional feature.

Activatable antibodies may be provided in a variety of structural configurations.
Exemplary formulae for activatable antibodies are provided below. It is contemplated that the
N- to C-terminal order of the AB, MM and CM may be reversed within an activatable antibody.
It 1s also contemplated that the CM and MM may overlap in amino acid sequence, e g., such that

i5
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the CM sequence recognized by the sequence specific-protease 1s at least partially contained
within the MM, For example, activatable antibodies can be represented by the formula (in order
from an anuno (N) terminal region to carboxyl {(C) ternunal region} in ¥1G, 1B, The activatable
antibodies may further comprise one or more linkers {L.5} between the MM and CM and/or
between the CM and AB. The lines connecting the MM and the AB indicate non-alpha-carbon
covalent bonds.

Exemplary configurations of the activatable antibodies are shown in FiGs, 2A-2D. FIG.
2A shows an example activatable antibody 218 comprising, in order from an amuno (N) terminal
region to carboxyl {(C) ternunal region, an MM 211, an optional linker 212, a CM 213, an
optional Hoker 214 with the same or different sequences than 212, and an AB 218 The MM 211
and AB 218 are tethered by a non-alpha-~carbon covalent bond 216, FIG, 2B shows an example
activatable antibody 228 comprising, in order from an amino (N} ternunal region to carboxyl (C)
terminal region, an AB 221, an optional linker 222, a CM 223, an optional linker 224 with the
same or different sequences than 222, and an MM 228, The AB 221 and MM 228 are tethered
by a non-alpha-carbon covalent bond 226. FIG. 2C shows an example activatable antbody 238
comprising, i order from an amino (N) termunal region to carboxyl {(C) terminal region, an
optional linker 23, a CM 232, an optional linker 233, an MM 234, an optional hinker 235, a CM
236, an optional linker 237, and an AB 238, The MM 234 and AB 238 are tethered by a non-
alpha-carbon covalent bond 239 FIG. 2D shows an example activatable antibody 241
comprising, in order from an amino (N) terminal region to carboxyl {C) terminal region, an AB
241, an optional linker 242, a UM 243, an optional linker 244, an MM 243, an optional hoker
246, a CM 247, and an optional linker 248 The AB 241 and MM 258 are tethered by a non-
alpha-carbon covalent bond 249

In some examples, the AB (e.g., the ABs in FiGs, ZA-2D) may comprise only one
polypeptide. In such cases, the MM may be coupled to the polypeptide via the CM and tethered
to the polypeptide. In some aspects, the first polypeptide comprises an MM, a CM, and at least
one antibody variable domain selected from the group selected from an light chain variable
domain (“LVD” or “VL”} and a heavy chain variable domain (“"HVD” or “VH”). Insome
examples, the AB (e.g, the ABs in FiGs. 2A-2D) may comprise multipie polvpeptides {e.g., the
AB 15 a complex formed by multiple polypeptides). In some aspects, the AB comprises at least

two polypeptides, at least three polypeptides, at least four polypeptides, or more. In such cases,
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the MM may be coupled to a polypeptide of the AB via the CM and tethered to the same
polypeptide via the non-alpha-carbon covalent bond. Alternatively, the MM may be coupled to a
first polypeptide of the AB via the CM and tethered to a second polvpeptide of the AB via the
non-alpha-carbon covalent bond.  The activatable antibody can have one or more polypeptides
in the arrangement MM-CM-HYD or MM-CM-LVD or MM-CM-scFv, MM-CM-ScFv-Fab,
MM-CM-HBY-scbv, MM-CM-LVD-scFv, MM-CM-scFv-HVD, MM-CM-scFv-LVD, HVD-
CM-MM, LVD-CM-MM, scFv-CM-MM, HVD-scFv-CM-MM, LY D-scFv-CM-MM, scFv-
HVD-CM-MM, MM-CM-VHH, VHH-CM-MM, or scFv-LVD-CM-MM. As used herem and
unless otherwise stated, each dash (-} between the ACC components represents either a direct
iinkage or linkage via one or more hinkers,

In some embodiments, the activatable antibody may have two polypeptides. In some
examples, the activatable antibody may comprise a first polypeptide comprising a HVD and a
second polypeptide comprising any one of, from an N- to C- termunal direction: MM-CM-LVD,
MM-CM-scFyv, MM-CM-LVB-scFv, MM-CM-sceFv-LVD, LVD-CM-MM, scFv-CM-MM,
LVD-seFv-CM-MM, MM-CM-VHH, VHH-CM-MM, or scFv-LYD-CM-MM. o some
examples, the activatable antibody may comprise a {irst polypeptide comprising a LVD and a
second polypeptide comprising any one of, from an N- to U~ terminal direction; MM-CM-HVD,
MM-CM-scFyv, MM-CM-HVD-scFv, MM-CM-acFv-HVD, HVD-CM-MM, scFv-CM-MM,
HVD-scFv-CM-MM, MM-CM-VHH, or s¢Fv-HYD-CM-MM. In such cases, the MM may be
tethered to the second polypeptide (1.¢, the polypeptide comprising the MM) via the non-alpha-
carbon covalent bond. Alternatively or additionally, the MM may be tethered to the first
polvpeptide (1e., the polypeptide not comprising the MM) via the non-alpha-carbon covalent
bond.

In some embodiments, the activatable antibody may have more than two polypeptides.
Such activatable antibody may comprise any combination of the polypeptides described above.
In some embodimenis, the activatable antibody may comprise four polypeptides. In some
examples, m two of the polypeptides, each may comprise a HVD; 1n the other two polypeptides,
each may comprise, from an N- to - terminal direction: MM-CM-LVD, MM-CM-scHv, MM-
CM-LVD-scFv, MM-CM-scFv-LVD, LVD-CM-MM, scFv-UCM-MM, LV D-scFv-CM-MM,
MM-CM-VHH, VHH-CM-MM, or scFv-LVD-CM-MM. In some examples, in two of the
polypeptides, each may comprise a LVD; in the other two polypeptides, each may comprise from
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an N-to C- terminal direction; MM-CM-BVD, MM-CM-scFv, MM-CM-HVD-5cFv, MM-CM-
scFv-BVD, HVD-CM-MM, scFv-CM-MM, HYD-scFv-CM-MM, schv-HVD-CM-MM. In
these cases, the MM may be tethered to the polypeptide comprising the MM via the non-alpha-
carbon covalent bond. Alternatively or additionally, the MM may be tethered to the polypeptide
not comprising the MM via the non-alpha-carbon covalent bond.

In the examples described herein, the HVD and LVD may be comprised in an antibody or
a fragment thereof {e.¢., Fab} The activatable antibody may further comprise one or more
additional components of an antibody, e.g., such as a heavy chain constant region {CH), light
chain constant region {CL), hinge, Fc domain, or a combination thereof.

FiGs. 3A-3C show three example configurations of the activatable antibodies. FIG. 3A
shows an example activatable antibody comprising a nanobody (1.¢., a single domain antibody as
an exemplary antibody or TB} and a MM coupled thereto via a CM. The nanobody and the MM
are tethered by a non-alpha-carbon covalent bond between the mask and the nanobody.

FIG. 3B shows an activatable single chain fragment varable (scFv} comprising a scFv
corprising a heavy chain vanable region (Va) and light chan varnable region (Vu), and an MM
coupled with the Vi viaa CM. The MM and the scFv are also tethered by a non-alpha-carbon
covalent bond between the MM and the Va. Examples of activatable antibodies also mnclude
several alternative configurations of activatable scFv i FIG. 3B, In one example, the MM 13
coupled to the Vi, of the scFv via a UM, The MM and the scFv are also tethered by a non-alpha-
carbon covalent bond between the mask and the V. In another example, the MM 15 coupled to
the Vu of the scFv via a CM. The MM and the scFv are also tethered by a non-alpha-carbon
covalent bond between the MM and the Vu. In another example, the MM is coupled to the Vu of
the scbFv via a UM, The MM and the scFv are also tethered by a non-alpha-carbon covalent bond
between the MM and the VL.

FIG. 3C shows an activatable fuli-length antibody comprising a dimer, each monomer of
the dimer comprising a heavy chain, a light chain, an MM coupled with the light chain via a CML
The MM and the activatable full-length antibody are tethered by a non-alpha-carbon covalent
bond between the MM and the heavy chain. Examples of activatable antibodies also include
several alternative configurations of activatable full-length antibody i FIG, 3C. Inone
example, the MM is coupled with the light chain via a CM. The MM and the full-length

antibody are tethered by a non-alpha-carbon covalent bond between the MM and the light chain.
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In another example, the MM is coupled with the heavy chain via a UM, The MM and the fuli-
iength antibody are tethered by a non-alpha-carbon covalent bond between the MM and the light
chain. In another example, the MM is coupled with the heavy chain via a CM. The MM and the
full-length antibody are tethered by a non-alpha-carbon covalent bond between the MM and the
heavy chain.

The schematics in FiGs, 2A-2D and 3A-3B are exemplified as a non-limiting proof-of-
concept examples. The activatable antibodies in which an MM s dual-anchored (e.g., viaa CM
as well as a non-alpha-carbon covalent bond) with an AB broadly ncludes any type of
activatable antibodies, mcluding activatable full-length antibodies, activatable multispecific
antibodies {e.g., hispecific and trispecific antibodies, including multispecific antibodies capable
of crosshinking two cells such as bispecific T cell engagers (Bi1TEs)), and activatable antibody
fragments {e.g., scFv, diabody, nanobody, Fab, eic.). Examples of dual-anchored multispecific
activatable antibodies are shown 1 FIGs, 11A-111 While Figs. 11 A-111 depict dual anchoring
at all mask positions, the present disclosure also includes constructs comprising one or more
masks that are dual-anchored and one or more other masks that are not dual-anchored {1 ¢, only
anchored to the TB via a UM {single anchored)). The present disclosure also includes constructs
comprising one or more masks that are doal-anchored and one or more TBs that are not masked.
FIG. 11 A shows an exemplary bispecific nanobody tandem. FEG. 11B shows an exemplary
diabody comprising two scFvs. In some examples, the two scFvs may be coupled by a peptide
finker. In alternative examples, the two scFvs are not coupled by any hinker. FIG. 11C shows
an exemplary bispecific antibody comprising a scFv and a Fab. In some examples, the bispecific
antibody may be a bispecific T cell engager {BiTE}. The antibody in FIG., 11C may further
comprise one of more Fc domains. FIG. 118 shows an exemplary bispecific F(ab™},. FIG, 11D
shows an exemplary bispecific antibody. FiGs. 11E-111 show further examples of dual-
anchored trispecific and other multispecific activatable antibodies.  In dual-anchored
multispecific activatable antibodies, an MM may be coupled with an AB viaa CM. The MM
may be tethered by one or more non-alpha-carbon covalent bonds with the AB coupled with the
MM, or with another component of the activatable antibody. In some examples of multispecific
activatable antibodies, all of the MMs are dual-anchored. In certain examples of multispecific

activatable, only some, but not all, of the MMs are dual-anchored. The TBs in FiGs. 2A-2D
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may be any antigen-binding proteins, including antibodies and those described m the Target-
binding proteins section below.

In some embodiments, the activatable target-binding protein {e.g., an activatable
antibody) may be characterized by a reduction in iis target-binding activity as compared to a
control level of the target-binding activity of the AB without the MM coupled to . For
example, the activatable TB 15 characterized by at leasta 1, 2, 4, 6, 8, 10, 20, 30, 40, 50, 60, 70,
80, 90, 100, 200, 300, 400, S00, 600, 700, 800, 900, 1000, 2000, 5000, or 10000 fold reduction in
targeting binding activity as compared to the control level of the target-binding activity of the TB
without the MM coupled to it

In some embodiments, the activatable TB {e g, activatable antibody) may be
characterized by a reduction in tis farget-binding activity as compared to a control fevel of the
target-binding activity of the TB with the MM coupled to 1t but the TB and the MM are not
tethered by a non-alpha-carbon covalent bond (1.e, a single-anchored activatable antibody). For
example, n some embodiments, the activatable TB 1s characterized by at feast a 2-, 4-, 6-, 8- 16-
_20-, 30-, 40-, 50-, 60-, 70-, 80-, 90-, 100-, 200-, 300-, 400-, 500-, 600-, 700-, 800-, 900~ 1000-,
20006-, S0060-, 10000-~, 15000-, 20000-, 30600-, 40000-, or 56000-fold reduction n targeting
binding activity as compared 1o the control level of the target-binding activity of the TB with the
MM coupled to 1t, but the TB and the MM are not tethered by a non-alpha-carbon covalent bond.
In some embodiments, the activatable TB 18 charactenized by at least a 2-fold reduction in the
targeting binding activity. In some embodiments, the activatable TB 15 characterized by at least
a 4-fold reduction n the targeting binding activity. In some embodiments, the activatable TB i3
characterized by at least a 10-fold reduction in the targeting binding activity. In some
embodiments, the activatable TB s charactenized by at least a 500-fold reduction in the targeting
binding activity. In some embodiments, the activatable TB is characterized by at least a 100-fold
reduction in the targeting binding activity. In some embodiments, the activatable TB 15
characterized by at least a 200-fold reduction in the targeting binding activity. In some
embodiments, the activatable TB is characterized by at least a 300-fold reduction in the targeting
binding activity. In some embodiments, the activatable TB is characterized by at least a 500-fold
reduction in the targeting binding activity. In some embodiments, the activatable TB 15
characterized by at least a 1000-fold reduction in the targeting binding activity. In some

embodiments, the activatable TB is characterized by at least a 5000-fold reduction in the
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targeting binding activity. In some embodiments, the activatable TB is characterized by at least
a 10000-fold reduction in the targeting binding activity. In some embodiments, the activatable
T8 s characterized by at least a 15000-fold reduction in the targeting binding activity. In some
embodiments, the activatable TB 5 characterized by at least a 20000-fold reduction in the
targeting binding activity. In some embodiments, the activatable TB is characterized by at least
a 30000-fold reduction in the targeting binding activity.

Target-binding proteins

An activatable target-binding protein {e.g., activatable antibody) disclosed herein may
corprise one or more target-binding proteins, t.e. proteins capable of binding to a target
molecule. In some embodiments, the target-binding proteins {TBs) may be a cytokine, hormone,
growth factor, or an agonist. In some embodiments, the target-binding proteins (TBs) may be
antigen-binding proteins {ABs). In some embodiments, the AB may be an antibody or a
fragment thereof, e g., a monoclonal antibody, single chain antibody, Fab fragment, F{ab')y,
fragment, single-chain variable fragment (scFv}, diabody {a noncovalent dimer of scFv), single
chain antibody (scab), a VHH, a domain antibody {dADb) or single domain antibody (SDA)
{nancbody, e g, simgle domain heavy chamn antibody, single domain hight cham antibody). In
some embodiments, the AB may be a full-length antibody. In some embodiments, the AB may
be an immunclogically active fragment. In some embodiments, the AB may be an antigen-
binding fragment (“Fab”). In some embodiments, the AB may be a mouse, other rodent,
chimeric, huomanized or fully human monoclonal antibody. The present disclosure mcludes
structures having combinations of one or more polypeptides comprising any of the domains
listed above, e.g., one or more of SDA, Fv, ScFv, Fab, scFab, VHH, and dAb, with one or more
selecied from SDA, Fv, scFv, Fab, VHH, scFab, and dAb.

The term “anttbody” is used herein 1n its broadest sense and includes certain types of
mmmunoglobulin molecules that include one or more antigen-binding domains that specifically
bind to an antigen or epitope.  An antibody specifically includes, e g, intact antibodies {e.g,,
mtact immunoglobuling), antibody fragments, bispecific, and multi-specific antibodies. One
example of an antigen-binding domain is an antigen-binding domain formed by a VH -VL dimer.
Additional examples of an antibody are described herein. Additional examples of an antibody

are known in the art.
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In some examples, the AB may be a single domain antibody (also referred to as
nanobody). A single domain antibody may be an antibody fragment that is a single monomeric
variable antibody domain. A single domain antibody may have sinular affinity to antigens as a
corresponding full-length antibody. A single domain antibody may be a Fe-tagged single
domain antibody, which comprises an Fc dimer, each Fc monomer coupled with a single domain
antibody.

In some embodiments, the AB may be monospecific, e.g. capable of binding to only one
antigen. In some embodiments, the AB may be multispecific {e.g , bispecific or trispecific), e.g,,
capable of binding to multiple antigens. In some embodirents, the activatable antibody may be
formulated as part of a pro-Bispecific T Cell Engager (pro-BITE) molecule or a dual-affinuty
retargeting anttbody (DART). In some embodiments, the activatable antibody may be
formulated as part of a pro-Chimeric Antigen Receptor (pro-CAR) moditied T cell or other
engineered receptor or other tmmune effector cell, such as a CAR modified NK cell. Tn some
embodiments, the activatable antibody may be formulated as part of a pro-Chimeric Antigen
Receptor ({CAR) modified T cell. Tn some embodiments, the activatable antibody roay be
formulated as part of a pro-Chimeric Antigen Receptor (CAR) modified NK cell. In some
embodiments, the activatable antibody may be formudated as part of a T cell bispecific antibody
(TCR).

A “hight cham” consists of one vanable domain (VL) and one constant domam {CL}.
There are two different light chain types or classes termed kappa or lambda.

A “heavy chain” consists of one variable domam (VH) and three constant region domains
(CHI1, CH2, CH3). There are five main heavy-chain classes or 1sotypes, some of which have
several subtypes, and these determine the functional activity of an antibody molecule. The five
major classes of immunoglobulin are immuneglobulin M (IgM), immunoglobulin D (IgD),
immunoeglobulin G (1), immunoglobulin A (IgA), and immunoglobulin E (IgE). IeG is by far
the most abundant immunoglobulin and has several subclasses {11, 2, 3, and 4 in humans}.

A “fragment antigen binding” (Fab) contains a complete hight chain paired with the VH
domain and the CH1I domain of a heavy chain,

A Fab'y: fragment 1s formed when an antibedy 1s cleaved by pepsin below the hinge

region, in which case the two fragment antigen-binding domains (Fabs) of the antibody molecule
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remain hinked. A F{ab') fragment contains two complete light chains paired with the two VH
and CH! domains of the heavy chains joined together by the hinge region.

A “fragment crystallizable” (Fc) fragment (also referred to herein as Fe domain)
corresponds to the pawred CHZ and CH3 domains and is the part of the antibody molecule that
interacts with effector molecules and cells. The functional differences between heavy-chain
isotypes lie mainly in the Fe fragment.

A “single chain Fv” {scFv) contains only the variable domain of a light chain (VL) linked
by a stretch of synthetic peptide to a variable domain of a heavy chain (VH). The naroe single-
chain Fv 1s derived from Fragment variable.

A “hinge region” or “mterdomain” is flexible anmino acid stretch that joins or links the
Fab fragment to the Fo domain,

A “synthetic lunge region” is an anuno acid sequence that joins or Hoks a Fab fragment to
an F¢ domain,

“Prodomain™ refers to a polypeptide that has a portion that inhibits antigen binding
referred o as a masking peptide {MM) and a portion containing a protease cleavable substrate
referred {0 as a cleavable peptide {TM) that when hinked to a target-binding protem {(TB), an
antibody, antigen binding fragment thereof, or antigen-binding domain (AB) functions to mnhibit
antigen binding by the TB or AB. The prodomain may include a hinker peptide {11} between the
MM and the CM. The prodomain may also mclude a linker peptide (L.2) at the prodomain’s
carboxyl terminus to facilitate the linkage of the prodomain to the antibody. In certain
embodiments, a prodomain comprises one of the following formulae {wheren the formula below
represents an amino acid sequence m an N- to C-termmal direction): (MM)-(CM}, (MM)-L1-
(CMD, (MM)-{CM}-L2, or (MM)-L1-{(CM)-L2.

The TB {e.g., an AB) specifically binds to a target. As used herein, the terms “specific
binding,” “tmmunoclogical binding,” and “immunological binding properties” refer to the non-
covalent interactions of the type that occur between an immunoglobulin molecule and an antigen
for which the immunoglobulin is specific. The strength, or affinity of immunclogical binding
interactions can be expressed i terms of the dissociation constant {Ka) of the interaction,
wherein a smaller Kq represenis a greater affinity. Immunological binding properties of selected
polvpeptides may be quantified using methods well known in the art. One such method entails
measuring the rates of antigen-binding site/antigen complex formation and dissociation, wherein
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those rates depend on the concentrations of the complex pariners, the affinity of the interaction,
and geometric parameters that equally influence the rate in both directions. Thus, both the “on
rate constant” {Kon) and the “off rate constant” (Ko} can be determined by calculation of the
concentrations and the actual rates of association and dissociation. (See Nature 361:186-87
(19933} The ratio of Ko / Kon enables the cancellation of all parameters not related to affinity,
and 1s equal to the dissociation constant Ka. (See, generally, Davies et al. (1990} Annual Rev
Biochem 59:439-473). A TB of the present disclosure may specifically bind to the target with a
binding constant (Kg) of <1 uM. In some embodiments, TB of the present disclosure may
specifically bind to the target with a binding constant {Ky} of < 100 nM. In some embodiments,
TB of the present disclosure may specifically bind to the target with a binding constant (Kg} of £
10 nM. In some embodiments, TB of the present disclosure may specifically bind to the target
with a binding constant {Kg) of < 100 pM to about 1 pM, as measured by assays such as
radioligand binding assavs or similar assays known to those skilled in the art.

The target of the TB (e.g., AB) may be a protein or other types of molecules. Example
classes of targets of a TH include cell surface receptors and secreted binding proteins {e.g.,
growth factors), soluble enzymes, structural proteins {e.g. collagen, fibronectin} and the like. In
some examples, the target of a TH may be a protein associated with a disease {e.g., cancer}ina
subject.

In some embodiments, the activatable target-binding protein or activatable antibody may
comprise a serum half-life extending moiety (e.g., polypeptides that bind serum proteins, such as
mmunoglobulin {e. g , Ig(G) or serum albumin {(e.g., human serum albumin (HSA)). The half-life
extending motety may be coupled with the TB.

In sorme examples, the half-Iife extending moiety may be a fragment crystallizable region
{Fc) region of an antibody. Other examples of half-life extending moieties include hexa-hat GST
{glutathione S-transferase) glutathione affinity, Calmodulin-binding peptide (CBP), Strep-tag,
Cellulose Binding Domain, Maltose Binding Protein, S-Peptide Tag, Chutin Binding Tag,
Immuno-reactive Epitopes, Epitope Tags, E2Tag, HA Epitope Tag, Myc Epitope, FLAG
Epttope, AUT and AUS Epitopes, GheGlu Epitope, KT3 Epuitope, IRS Epitope, Btag Epitope,
Protein Kinase-C Epitope, and VSV Epitope.

In some embodiments, the serum half-life of the activatable target-bindmg protem or
activatable antibody may be longer than that of the corresponding protemn (e g, an activatable
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antibody does not have the half-life extending moiety}, e.g., the pK of the activatable antibody 13
longer than that of the corresponding antibody. In some embodiments, the serum half-life of the
activatable target-hinding protein or activatable antibody is similar to that of the corresponding
antibody. In some embodiments, the serum half-life of the activatable target-binding protein
{e.g, an activatable antibody} 1s at least 15 days, 12 days, 11 days, 10 days, 9 days, & days, 7
days, 6 days, 5 days, 4 days, 3 days, 2 days, 1 day, 20, 18 hours, 16 hours, 14 hours, 12 hours, 10
hours, 8 hours, & hours, 4 hours, 3 hours, 2 hours, or 1 hour when adnunistered to an organism.
Masking moieties (MMs)

A masking moiety 1o an activatable macromolecule “masks”™ or reduces or otherwise
inhibits the binding of the activatable macromolecule to its target and/or epitope. In some
ernbodiments, the coupling or modifying of a target-binding protein (TB) {e.g., an AB or other
therapeutic or diagnostic protein) with a MM can inhibi the ability of the TB to specifically bind
its target and or epitope by means of mhubition known n the art {e.g., without lunitation,
structural change and competition for antigen-binding domain). In some embodiments, the
coupling or modifving of a TB with a MM can effect a structural change that reduces or inhubits
the ability of the TB to specifically bind its target and or epitope. In some embodiments, the
coupling or modifying of a protein comprising an antigen-binding domam with a MM sterically
blocks, reduces or mhubits the ability of the antigen-binding domaim to specifically bind is target
and or epitope.

The activatable target-binding protemns (for example activatable antibodies) herein may
comprise one or more mask moieties (MMs), which 1s capable of interfering with the binding of
the target-binding protein {e.g., AB} to the target. In general, a MM may be coupled to a target-
binding protein {e.g., AB) by a CM and optionally one or more linkers described herein. Further,
a MM may additionally be tethered to the activatable target-binding protein (or antibody) as
described herein to form an activatable dual-anchored masked target-binding protein. In some

o: but when the molecule is

&0

embodiments, the MM prevenis the activiable TB from target bindin
activated {when the UM s cleaved by a protease}, the MM does not substantially or significantly
mnterfere with the target binding protein’s binding to the target.

In some embodiments, an MM may interact with the AB (or other desired protein), thus
reducing or inhibiting the interaction between the target-binding protein {e.g., AB) and its
binding partner. In some embodiments, the MM may comprise at least a partial or complete

2K
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amino acid sequence of a naturally occurring binding pariner of the target-binding protein (e g,
AB). For example, the MM may be a fragment of a naturally occurring binding partner. The
fragment may retain no more than 95%, 90%, 80%, 75%, 70%, 60%, 30%, 40%, 30%, 25%, or
20% nucleic acid or amino acid sequence homology to the naturally occurring binding partoer.
In some embodiments, the MM may be a cognate peptide of the target-binding protein {e. g,
AB). For example, the MM may comprise a sequence of the target-binding protein’s {e.g., AB’s)
epitope or a fragment thereof. The term “naturally occurring” as used herein as applied to an
object refers to the fact that an object can be found i nature. For exarple, a polypeptide or
polynucleotide sequence that 15 present 10 an organism {including viruses) that can be isolated
from a source n nature and that has not been mntentionally modified by man o the laboratory or
otherwise 15 naturally occurring,

In sore embodunents, the MM may comprise an amino acid sequence that is not
naturally occurring or does not contain the amino acid sequence of a naturally occurring binding
partier or target protein. In certain embodiments, the MM 1s not a natural binding partner of the
target-hinding protemn {e.g., AB}). The MM may be a modified binding partner for the target-
binding protem {e.g., AB) which containg amine acid changes that decrease affinity and/or
avidity of binding to the target-binding protein (e.g., AB). In some embodiments the MM may
contain no or substantially no nucleic acid or amino acid homology to the AB s natural binding
partner. In other embodiments the MM 1s no more than 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, or 80% similar to the natural binding partner of
the target-binding proten {e.g., AB}.

In some embodiments, the MM may not specifically bind to the AB {or other activatable
protein), but interfere with target-binding protein’s {e.g., AB’s} binding to 1ts binding partner
through non-specific interactions such as steric hindrance. For example, the MM may be
positioned in the activatable target-binding protein such that the tertiary or quaternary structure
of the activatable target-binding protein allows the MM to mask the target-binding protein
through charge-based interaction, thereby holding the MM in place to imterfere with binding
partner access to the target-binding protein.

In some embodiments, the MM may have a dissociation constant for binding to the

target-binding protemn {e g., AB) that 1s no more than the dissociation constant of the target-
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binding protein to the target. In some embodiments, the MM may not interfere or compete with
the target-binding protein for binding to the target after cleavage of the CM.

The structural properties of the MMs may be selected according to factors such as the
minimum amino acid sequence required for interference with protein binding to target, the target
protein-protein binding pair of mterest, the size of the target-binding protein, the presence or
absence of linkers, and the like.

In some embodiments, the MM may be unique for the coupled target-binding protemn.
Examples of MMs include MMs that were specifically screened to bind a binding domain of the
target-binding protem or fragment thereof (e g, affiuty masks). Methods for screening MMs to
obtain MMs unique for the target-binding protein and those that specifically and/or selectively
bind a binding domain of a binding partner/target are provided herein and can include proten
display methods.

As used herein, the term “roasking efficiency” or “ME” refers to the activity (e.g., ECS0)
of the activatable target-binding protemn (e g., activatable AB} divided by the activity of a control
target-binding protem {e.g., antibody), wherein the control target-binding protein {e.g., conirol
antibody} may be either cleavage product of the activatable target-binding proten {e.g.,
activatable antibody) or the target-binding protein {e.g., antibody} or fragment thereof used as the
target-binding protem of the activatable target-binding protein. An activatable target-binding
protein having a reduced level of a targeting binding {or antibody} activity may have a masking
efficiency that s greater than 10, In some embodiments, the activatable target-binding proteins
{e.g, activatable antibodies) described herem may have a masking efficiency that 1s greater than
10, 100, 1600, 5000, 10,000, or 15,000

In some embodiments, the MM may be a polvpeptide of about 2 to 50 amino acids in
length. For example, the MM may be a polypeptide of from 2 to 40, from 2 to 30, from 2 to 20,
from 2 10 10, from 5to 15, from 10 to 20, from 15 t0 25, from 20 to 30, from 25 to 35, from 30
to 40, from 35 to 45, from 40 to 50 amino acids in length. For example, the MM may bea
polypeptide with 2,3, 4,5, 6,7, 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 length. In some examples, the MM may be a polypeptide of more than 50 amino

acids in length, e g, 100, 200, 300, 400, 500, 600, 700, 800, or more amino acids.
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In some embodiments, when an MM is tethered to the target-binding protein {e.g., AB} (o
which it 1s coupled, in the presence of the target of the target-binding protein, there may be no
binding or substantially no binding of the target-binding protein to the target, or no more than
0.001%, 0.01%, 0.1%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 13%, 20%, 25%, 30%,
35%, 40%, or 50% binding of the target-binding protein to s target, as compared to the binding
of the target-binding protemn coupled to an MM but not tethered with the MM {i.e., not dual-
anchored), for at least 0.1, 0.5, 1, 2, 4, 6, 8, 12, 28, 24. 30, 36, 48, 60, 72, 84, or 96 hours, or 5,
10, 15, 30, 45, 60, 90, 120, 150, or 180 days, or 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, or 12 months or
greater when measured in vive or in a masking efficiency assay, or 1 an in vifro
immunoabsorbant assay, e.g., as described in US20200308243A1.

The binding affinity of the TB (e g., AB} towards the target or binding partner when the
TB (e.g., AB) 15 tethered to an MM coupled with the TB (e.g., AB) may be at least 5, 10, 25, 50,
100, 250, 500, 1,000, 2,500, 5,000, 10,000, 50,000, 100,000, S00,000, 1,000,000, 5,000,000,
10,000,000, or 50,000,000 times lower than the binding affinuty of the TB {e.g., AB) towards its
binding partner when the TB {e.g., AB} is not coupled to a MM, or between 5-10, 10-100, 10-
1,000, 10-10.000, 10-100,000, 10-1,000,000, 10-10,000,000, 100-1,000, 100-10,000, 100-
100,000, 100-1,000,000, 100-10.000,000, 1,000-10,000, 1,000-100,000, 1,000-1.000,000, 1000-
10,000,000, 10,000-100,000, 10,000-1,000,000, 10,000-10,000,000, 100,000-1,000,000, or
100,000-10,000,000 times lower than the binding affinity of the TB {e.g., AB) towards i3
binding partner when not coupled to an MM,

The binding affinity of the TB (e g., AB) towards the target or binding partner when the
TB (e.g., AB) 1s tethered to an MM coupled with the TB (e.g., AB) may be at least 5, 10, 25, 50,
100, 250, 500, 1,000, 2,500, 5,000, 10,000, 50,000, 100,000, 500,000, 1,000,600, 5,000,000,
10,000,000, or 50,000,000 times lower than the binding affinity of the TB (e.g2., AB} towards its
binding partner when the TB (e.g., AB} is cleaved from the MM by a protease.

The binding affinmity of the TB {e.g., AB) towards the target or binding partner when the
1B {e.g., AB) s tethered to an MM coupled with the TB (e g, AB) may be at least 5, 10, 25, 50,
100, 256, 500, 1,000, 2,500, 5,000, 10,000, 50,000, 100,000, 500,000, 1,000,000, 5,000,000,
10,000,000, or 50,000,000 times lower than the binding affinity of the TB {e.g., AB) towards its
binding partner when the TB {e.g., AB) is not coupled and not tethered to a MM, or between 5-

10, 10-106, 10-1,000, 10-16,000, 10-100,000, 10-1,000,000C, 10-10,000,000, 100-1,000, 100-
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10,000, 100-100,000, 100-1,000,000, 100-10,000,000, 1,006-10,000, 1,000-100.000, 1,000-
1,000,000, 1000-10,000,000, 10,000-100,0600, 10,000-1,000,000, 10,000-10,000,000, 100,000-
1,000,000, or 100,000-10,000,000 times lower than the binding affinity of the TB (e g, AB)
towards its binding partner when not coupled and not tethered to an MM,

The dissociation constant (K} of the MM towards the TB (e.g., AB) to which it is
coupled and tethered {dual-anchored), may be greater than the Kq of the TB (e.g., AB) towards
the target. The Ky of the MM towards the TB (e g., AB) may be at least 5, 10, 25, 50, 100, 250,
S00, 1,000, 2,500, 3,000, 10,000, 100,000, 1,000,000 or even 10,000,000 times greater than the
Kaofthe TB {e.g., AB) towards the target. Conversely, the binding affuuty of the MM towards
the TB {e.g., AB} may be lower than the binding affinity of the TB (e.g., AB) towards the target.
The binding affimity of MM towards the TB (e.g., AB) may be at least 5, 10, 25, 50, 100, 250,
500, 1,000, 2,500, 5,000, 16,000, 100,000, 1,000,000 or even 10,000,000 tunes lower than the
binding affinuty of the TB {e.g., AB) towards the target.

In some embodiments, the MMs may contamn genetically encoded or genetically non-
encoded amino acids. Examples of genetically non-encoded amino acids are but not limited to
D-amino acids, Bramino acids, and y-ammo acids. In specific embodiments, the MMs contamn no
more than 50%, 40%, 30%, 20%, 15%, 10%, 5% or 1% of genetically non-encoded amino acids.

In some embodiments, once uncoupled from the TB and in a free state, the MM may have
a bological activity or a therapeutic effect, such as binding capability. For example, the free
peptide may bind with the same or a different binding partner. In certain embodiments the free
MM {e.g., MM not coupled or tethered with the TB) may exert a therapeutic effect, providing a
secondary function to the compositions disclosed herein. In some embodiments, once uncoupled
from the TB and in a free state, the MM may advaniageously not exhibit biological activity. For
example, in some embodiments, the MM in a free state does not elicit an immune response in the
subject.

The TB and the MM may comprise one or more cysteine residues capable of forming
non-alpha-carbon covalent bond(s) between the TB and the MM, In some embodiments, the one
or more non-alpha-carbon covalent bonds may be formed between sulfur atoms of cystemne or
other amino acid residues containing a sulfur atom. Such residues may occur naturally in the
activatable TB {e.g, in the TB and the MM) or may be incorporated info the activatable TB by
site~-directed mutagenesis, chemical conversion, or mis-incorporation of non-natural amino acids.
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In some embodiments, the ¢ysteine residues may be at a position that provides for a
conformationally constrained activatable TB, but that, following CM cleavage, the MM does not
substantially or significantly interfere with target binding of the activated TB.

The positions of the cysteine residues in the activatable target-binding proteins may be
determined based on the structure {e g., the crystal structure, or other structure models based on
other techniques such as NMR, spectroscopic, or computational methods) of the activatable
target-binding proteins or components thereof. Any of'a variety of homology-based computation
protein models may be used to generate a three-dimensional structure of a target-binding protein,
either with or without an MM, including, for example, Rosetta modeling software
{rosettacommons org), Discovery Studio (Dassault Systemes BIOVIA), BioLuminate, PIPER,
Prime (Schrodinger, Inc.), AlphaFold Colab (Google, Inc ), SWISSMODELER, and the like. An
example of a three-dimensional structure obtained using Discovery Studio software, 1s that of an
activatable target binding protein {activatable anti-PDL1 antibody) depicted in FIGS. 12A-12B.
For example, the region where the MM interacts with the TB may be determuned and cysteine
residues {naturally occurring or introduced) in the region may be used to form the non-alpha-
carbon covalent bond tethering the TB and the MM,  Generally, the Co atoms of disulfide
bonded cysteine residues are in the 3.0-7.5A range. Thus, as a first approximation, MM and TB
residues with Co distances 1 that range would be good candidates for cysteine mutation. Any of
a varniety of disulfide prediction programs, including, for example, MODIP (Bam, Ramakrnishnan,
Varadarajan 2003}, Disulfide by Design (Craig & Dombkowski, 2013}, and SShondPre (Gao,
Dong, Li, Liw & Lau, 2020} may be used to further identify MM and TB residues with a high
likelihood to form disuffide bonds.

In some embodiments, the non-alpha-carbon covalent bond, e g, a disulfide bond
tethering the MM and the TB {(e.g., AB} may be formed by a first cysteine and a second cysteine.
In one example, the first cysteine is within the MM and the second cvsteine 15 within the TB. In
another example, the first cysteine is within a peptide coupled to the MM and the second
cysteine 1s within the TB. In another example, the first cysteine is within the MM and the second
cysteine is within a peptide coupled to the TB. In such examples, the peptide coupled to the MM
or the TB may be a linker or peptide. In one example, the peptide coupled to the MM or the TB

may be a leader peptide, which 15 a peptide position adjacent to a terminus {(e.g., the N-terminus
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or { terminus) of the MM or TB. The leader peptide may be positioned between a signal peptide
and the MM or TB.

In some embodiments, one or more cysteine(s) forming the disulfide bond with the MM
may be naturally occurring cysteine(s) in the activatable target binding proteins. In some
embodiments, one or more of the cysteines forming the disulfide bond may be engineered into
the activatable TBs (e g, ABs).

Suitable MMs may be identified and/or further optimized through a screening procedure
from a library of candidate activatable TBs having variable MMs. For example, a TB and a CM
may be selected to provide for a desired enzyme/target combination, and the amino acid
sequence of the MM can be wdentified by the screening procedure described below to identify an
MM that provides for a activatable phenotype. For example, a random peptide library {e.g,, of
peptides comprising 2 to 40 amino acids or more) may be used in the screening methods
disclosed herein to identify a suitable MM

In some embodiments, MMs with specific binding affinity for a TB (e.g., an AB) may be
identified through a screening procedure that includes providing a hibrary of peptide scaftolds
consisting of candidate MMs wherein each scaffold 1s made up of a transmembrane protein and
the candidate MM, The hibrary may then be contacted with an entire or portion of a protein such
as a full length protein, a naturally oceurning protein fragment, or a non-naturally occurring
fragment contaiming a protein (also capable of binding the binding partner of interest}, and
identifying one or more candidate MMs having detectably bound protein. The screening may be
performed by one more rounds of magnetic-activated sorting (MACS) or fluorescence-activated
sorting {FACSK), as well as determination of the binding affinity of MM towards the AB and
subsequent determination of the masking efficiency, e.g., as described in WO2009025846 and
US20200308243 A1, which are incorporated herein by reference in their entireties.

In some embodiments, an MM may be selected for use with a specific antibody or antibody
fragment. Additional suitable MMs are disclosed in WQ2021207657, W2021142029,
WOZ021061867, WO2020252349, WOZ020252358, W20202360679, WG2020176672,
W{20201 18109, WOZOZ0092881, WO20200800605, W(2019213444, W(O2019183218,
WOZ0IS173771, WO2019165143, WGZ018075405, W(O20190460652, WG2019018828,
WOR2019014580, WOZ018222049, WO2018165619, WOZ018085555 WQO2017011580,

(]
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WO2016179335, WO2Z016179285, WO2016179257, W(H2016149201, WO2016014974, and
WO2016118629.
Cleavable moieties {{Chs)

The activatable target-binding protein may comprise one or more cleavable moieties
(CMs} as defined above.

In some emboduments, the activatable TB may comprise a UM between the TB (e g, AB)
and the MM The UM and the TB of the activatable target-binding proteins {e.g., ABs) may be
selected so that the TB comprises a binding moiety for a given target, and the CM comprises a
substrate for one or more proteases, where the one or more proteases is/are co-localized with the
target in a tissue {e g, at a treatment site or diagnostic site in a subject). Tn some embodiments,
the activatable TBs may find particular use where, for example, one or more proteases capable of
cleaving a site 1n the CM, 1s present at relatively higher levels in target-containing tissue of a
treatment site or diagnostic site than in tissue of non-treatment sites (for example in healthy
tissue).

In some embodiments, the CMs herein may comprise substrates for proteases that have
been reported i a cancer, or in a number of cancers. See, e.g, La Roca et al,, British J. Cancer
S0{7y:1414-1421, 2004, Substrates suitable for use in the UM components employed heren
mclude those which are more prevalently found m cancerous cells and tissue. Thus, 1 certain
embodiments, the CM may comprise a substrate for a protease that 1s more prevalently found i
diseased tissue associated with a cancer. Examples of the cancers include gastric cancer, breast
cancer, osteosarcoma, esophageal cancer, breast cancer, 3 HER2-positive cancer, Kapost
sarcoma, hairy cell leukemia, chronic myeloid leukenuia (CML), follicular lymphoma, renal cell
cancer (RCCY, melanoma, neuroblastoma, basal cell carcinoma, cutaneous T-cell lymphoma,
nasopharyngeal adenocarcinoma, ovarian cancer, bladder cancer, BCG-resistant non-muscle
mvasive bladder cancer (NMIBC), endometrial cancer, pancreatic cancer, non-smalf cell lung
cancer (NSCLC), colorectal cancer, esophageal cancer, galibladder cancer, glioma, head and
neck carcinoma, wlerine cancer, cervical cancer, or testicular cancer, and the like. In some
embodiments, the UM components comprise substrates for protease(s) that is/are more prevalent
i tumor tissue. For example, the protease(s} may be produced by a tumor in a subject.

In some embodiments, the activatable TB may comprise a first CM (CM1} between the
MM and the TB (e.g., AB) and a second CM {CMZ) so that the MM can be completely
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dissociated from the TB by cleavage of the CMs. In some examples, the first and the second
CMs may comprise the substrates of the same protease. In some examples, the first and the
second CMs may comprise the substrates of different proteases. In some examples, the first and
the second CMs may have the same sequence. In some examples, the first and the second CMs
may have different sequences.

The second CM (CM2) may be at a position in the activatable TB where its cleavage
facilitates dissociation of the MM from the TB. In some embodiments, the CM2 may be
positioned between the MM and the non-alpha-carbon covalent bond. In some embodiments, the
second CM may be within the MM and up to 10 amino acids away from the non-alpha-carbon
covalent bond. In some embodiments, the second CM may be within the TB and up to 10 antino
acids away from the non-alpha-carbon covalent bond. The second UM may be positioned
adjacent to a cysteine forming the nov-alpha-carbon covalent bond (e.g., 0 amno acid between
the second CM and the cysteine). Alternatively, the second CM may be positioned up to 10, 9, 8,
7,.6,5,4,3,2, or 1 amuno acid(s) away from a cysteme fornung the non-alpha-carbon covalent
bond, e g, disuifide bond. The activatable target-binding protein may have enhanced masking
efficiency due to the tethering between the TB and MM to muinumize the toxicities and effects
caused by target binding outside the activating environment, and can be sufficiently activated by
a protease to provide desired activity {e.g., therapeutic effects, target detection, etc.).

Suitable CMs for use in the activatable TB herein include any of the protease substrates
that are known the art. In some examples, the CM may comprise a substrate of a serine protease
{e.g., u-type plasminogen activator (uPA, also referred to as urokinase), a matriptase (also
referred to heremn as MT-SP1 or MTSP1). In some examples, the UM may comprise a substrate
of a matrix metalloprotease (MMP). In some examples, the CM may comprise a substrate of
cysteine protease (CP) (e.g., legumain).

In some embodiments, the UM may comprise a substrate for a disintegrin and a
metalloproteinase (ADAM]) or a disintegrin and a metalloproteinase with a thrombospondin
motifs {ADAMTS e g, ADAME, ADAMY, ADAMIO, ADAMIZ, ADAMIS, ADAMIT/TACE,
ADEMDECT, ADAMTSI, ADAMTS4, ADAMTSS), an aspartate protease {e.g. BACE, Renin),
an aspartic cathepsin {e.g., Cathepsin D, Cathepsin E}, Caspase {e.g., Caspase 1, Caspase 2,
Caspase 3, Caspase 4, Caspase 3, Caspase 6, Caspase 7, Caspase 8, Caspase @, Cagpase 10,
Caspase 14}, cysteine cathepsin {e.g, Cathepsin A, Cathepsin B, Cathepsin C, Cathepsin G,
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Cathepsin K, Cathepsin L, Cathepsin S, Cathepsin V/LZ, Cathepsin X/Z/P), a cysteing proteinase
{e.g.. Cruzipain, Legumain, Otubain-2), a Chymase, DESCI, DPP-4, FAP, an Flastase, FViia,
FiXA, FXa, FXla, FXiia, Granzyme B, Guanidinobenzoatase, Hepsin, HrAl, Human a
Neutrophil Elastase, a KLK {e g, KLK4, KLKS5, KLK6, KLK7, KLKS8, KLK10, KLK11,
KLK13, KLK14}, a metallo proteinase (e g., Meprin, Neprilysin, PSMA, BMP-1), Lactoferrin,
Marapsin, Matriptase-2, , MT-SP1/Matriptase, N8S3/4A, PACE4, Plasmin, PSA, an MMP {e g.,
MMPT, MMP2, MMP3, MMP7, MMPS, MMPO, MMP10, MMP11, MMP12, MMP13, MMP14,
MMP1S, MMP16, MMP17, MMP19, MMP20, MMP23, MMP24, MMP26, MMP27),
TMPRSS2, TMPRSS3, TMPRSS4, tPA, Thrombin, Tryptase, and uPA.

In some emboduments, the protease substrate n the CM may comprise a polypeptide
sequence that is not substantially identical (e.g., no more than 90%, 80%, 70%, 60%, or 50%
identical) to any polypeptide sequence that 15 naturally cleaved by the same protease.

In some embodiments, CM may be or comprise a sequence of LSGRSDNH (SEQ 1D
NG 214y or PLGLAG(SEQ D NG 17). In some embodiments, the CM may be or comprise a
sequence of encompassed by the consensus of sequence of any one of SEQ ID NOs: 317-327,
329-335, 340-347, 352-363, 371-378, 394401, 410-419, 425-433, 436-449, 453-4506, 438-469,
473, 475-482, 485-495 disclosed in W{32015048329, which 1s incorporated by reference heremn
m its entirety, and SEQ ID NOs: 1-162, 268-306 disclosed m WO2015116933, which 1s
meorporated by reference herein 10 i1ts entirety.

In some embodiments, the UM may be or comprise a sequence of any one of SEQ ID
NQOs: 14-52, 126-154. 159, 315-316, 328, 336-339, 348-351, 364-370, 379-393, 402-409, 420-
424, 434-435, 450-452, 457, 470-472, 474, 483, 484 disclosed in WOZ(15048329, SEQ 1D NOs:
163-267, 307-384, 402-445, 665-083 disclosed in W(O2015116933, SEQ 1D NQOs: 206-21, 411,
480-482, 351-369, 18, 71, 370-380, 412-4135, 408, 547-554, 319-346 disclosed mn
WO2016118629, which s imncorporated by reference herein in its entirety, and SEQ 1D NOs: 1-
16, 50-56, 60-63, 20, 70-76, T8-115, 120-128, 130-132, 135-140, 141, 152, 21-23, 17-19, 25-43
disclosed in W(2020118109, which is incorporated by reference herein in its entirety. In some
examples, the CM of a cysteing protease may be or comprise the sequence of AAN, SAN, or
GPIN (SEQ ID NO: 301). Examples of UMs also include those described in WO 2010/081173,
WOR2021207669, WOZ021207657, WO2021 142029, WO2021061867, W(Q2020252349,
WOZ020252358, WO2020236679, WO2020176672, WO20201 18109, W(O2020092881,
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W{2020080665, WO2Z019213444, WO2019183218, WO2019173771, W(2019165143,
WOZ019075405, WO20190460652, WO2010018828, WO2019014586, WO201 8222949,
WOR2018165619, WOZOTIR0R5555, WO2017011580, WO2016179335, WQ201617928S,
WOZ016179257, WO2016149201, WO2016014974, which are incorporated herein by reference
in their entireties.

In some embodiments, the CM may be or comprise a sequence or encompassed by the

consensus of sequence of any one of the sequences in the table below.

Sequences SEQ 1D | Sequences SEQID
NG NG
AANALAHGLF 32 HMMQYARH 33
AANL 34 HTGRSGAL 35
AANLGSGGSS 36 HVPRQ 37
AAPRS 38 HVPRQV 39
AAPRSF 40 HVPROVAPRSF 41
AARGPAIH 42 HYPROVLSGRS 43
AAYHLVSQ 44 HVPROVLSGRSAN 45
AFPDMRSVRS 46 HWHLGPPT 47
AFGALRM 48 TANLLSMY 49
AFRHLR 50 DGR 51
AGLGISST 32 IEGR 53
AGLGVVER 34 ILNLLSMYV 35
AGPR 36 {LPRSPAF 57
AHGL 38 {PFSWSRF 59
AHGLF o0 IQNLLSMYV 61
AHGQALRM 62 ISSGL 63
APRVRLFDYV 64 ISSGLL 65
ALAHG 66 ISSGLLS 67
ALAHGL 68 ISSGLLSGRSANI 69
ALAHGLF 70 ISSGLLSGRSANP 71
ALAHGLFAPRSF 72 {SSGLLSGRSANFRG 73
ALAHGLFSGRSAN 74 ISSGLLSGRSDDH 75
ALAHGLPTFVHL 76 ISSGLLSGRSDIH 77
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ALGLLRLP 78 {SSGLLSGRSDNH 79
ALPSVEMVYSE B ISSGLLSGRSDNI 16
ALRAP 81 ISSGLLSGRSDNP 82
ANQALRM 83 ISSGLLSGRSDOH 84
ANQALRMA 83 ISSGLLSGRSDTH 86
APPLVKSMVY g7 ISSGLLSGRSDYH 88
APPSFKLVNA 89 {SSGLLSGRSGNH 90
APRS 91 {S5GLLSGRENI 92
APRSALAHGLF 93 IS5GLLSGRSNIG 94
APRSF 95 ISSGLLSGRSNIGS 96
AQFVLTEG 97 ISSGLLSS 98
AONLLGMY 99 ?SSéfx‘LLSSG’GSGGSLSGRS 100
INH
ARGP 1 ]SSVGLLSSGGSGGSLSGRS 12
ARGPS 103 ISSGLSS 104
ARGPSF 105 IVSRSA 106
ARGPSFK 107 KGLTGRSDRHQA 108
ASGLLRFP 109 KOPKVKVVTL Lig
ASPTMETVGL t1 ENLYGRSENNGN 1i2
AVGLLAPP 113 KRMPVQFL 1i4
AVGLLAPPGGLSGRBANL | 118 LAAPLGLL 116
AVGLLAPPGGLSGRSANP | 117 LAHG 118
AVGLLAPPGGLSGRSDDH | 119 LAHGL 120
AVGLLAPPGGLSGRSDIH | 121 LAHGLF 122
AVGLLAPPGGLSGRSDNH | 123 LAPLGLORR 124
AVGLLAPPGGLSGRSDNE | 125 LARAG 126
AVGLLAPPGGLSGRSDNP | 127 LARAGI 128
AVGLLAPPGGLSGRSDOH | 129 LARAGL 130
AVGLLAPPGGLSGREDTH | 131 LEKAAPRWA 132
AVGLLAPPGGLSGRSDYH | 133 LKAAPRWF 134
AVGLLAPPGGLSGRSNE 135 LKAAPVWA 136
AVGLLAPPGGLSGRSNIG | 137 LKAAPVWE {38
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AVGLLAPPGGLSGRSNIG | 139 140
g LKGRSYYY
AVGLLAPPGGTSTSGRSA | 141 142
NPRG LLAPSHRA
AVGLLAPPSGRSANPRG 143 LLEALRAL 144
AVGLLAPPTSGRSANPRG | 145 LLESLRAL 146
AVPKVRVVPE 147 LLLPAHGG 148
CGPPLGR 149 LLLPLLGS 156
CSPPLGR 151 LLNALRAL 152
DEVDGSGGSS 153 LLNSLRAL 154
BEXXXCAS) LLGALRAL 156
DISHWRRS 157 LLGSLRAL 158
DLAHPLL 159 LLSALRAL 160
BLPEVKSLPS i61 LLSSLRAL 162
BLXXTAS) LNGRSDNH 164
DPRLSGRSANHKEK 165 LPAGLLL 166
DRELSGRSDNHEK 167 LPAGLLLR 168
DRPEMKSLSG 169 LPAHLVLL 176
PRPEKVKTMDY 171 LPAHLVLY 172
DVAQFVLT 173 LPGGLAPW 174
DVPPMKTLRP 173 LPSHEVLL 176
PWLYWMGH 177 LPSHLVLY 178
DWLYWMSH 179 LPTFV 180
DWLYWPGH 181 LPTFVH 182
DBWLYWPSI 183 LPTFVHL 184
EAPKVKALPK 185 LRSGW 186
EHPRVKVVSE 187 LSGR 188
EKPRMKLFQG 189 LSGRS 180
EPQALAMS 191 LSGRSA 192
EQPEVKMVKG 193 LSGRSALAHGLF 194
ERPGVKSLVL 195 LSGRSAN 196
ESLPVVAY 197 LSGRSANI 198
ESPVMKSMAL 199 LSGRSANP 200
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ESRRW 301 [ SORRD 30
ESRRWM 303 LSGRSDD 304
ESRRWMP 305 LSGRSDDH 206
ETPSVETMGR 207 USGRSDI 209
FTPSVE ITMGRSS 265 LSGRSDI 210
FPRPLGITOL 211 LSGRSDN 212
FRLLDWOW 213 LSGRSDNH 314
GCGPPLOR e
GCSPPLGR 37 L SGRSDNHGGAVGLLAPP | 218
- 719 LSGRSDNHGGSOGSISSGL | 220
GFPHMETFQH
LSS
T , 771 LSGRSDNHGGSGOSQNG | 222
GFPHMKTFQHSS
ALRMA
773 LSGRSDNHGOGVHMPLGE | 224
GGGPPLGR
LGP
GGPPLUR 774 LSGRRDNI 336
GOOPSGMWGW 337 [ SGRSDNP 338
GGSIDGR 339 LSGRSDO 330
GGSPPLGR 731 LSGRSDOH 732
GOWHTGRN 733 LSGRSDT 734
GIAGO 233 LSGRSDTH 736
GLGTPRGLFA 237 LSGRSDY 238
GLPTFV 239 LSGRSDVH 340
GLETFVH 341 [ SORSENT )
GLPTFVHL 743 LSGRSG 344
GLPTFVHLPRQV 745 LSGRSGN 246
GLSGRSDNHGAES Y] LSGRSGNH 748
, 749 LSGRSGNHGGSGOSIRAGI 1250
GPEGLRVG ,
LSS
351 [ SGRSGNHGGSGOSONG | 252
GPLGIAGI -
ALRMA
GPLNGRSDNHKA 253 LSGRSGNP 254
GPLNGRSDNHKK 259 LSGRSVTOQ 256

33



WO 2023/183923

PCT/US2023/064937

GPLNGRSDNHKR 257 LSQARWRK 258
GPLNGRSDNHQA 259 LTFPTYIF 260
GPLNGRSDNHQK 261 LTFPTYWF 262
GPLNGRSDNHOQR 263 LTGRSDRH 264
GPLNGRSDNHRA 265 LTGRSGA 266
GPLNGRSDNHRE 267 LTGRSGA 268
GPLNGRSDNHRR 269 LYAAPRW/ 276
GPLSGRSDNEKA 27 LYAAPRWE 272
GPLSGRSDNHKE 273 LYAAPVWA 274
GPLSGRSENHKR 273 LYAAPVWF 276
GPLSGRSENHOA 277 LYGRSENN 278
GPLSGRSDNHQK 279 MDAFLESS 280
GPLSGRSDNHQOR 281 MGLFSEAG 282
GPLSGRSDNHRA 283 MGPWEM 284
GPLSGRSDNHRK 285 MIAPVAYR 286
GPLSGRSDNHRR 287 MLRSGW 288
GPPLGR 289 MLRSGWR 2590
GPOGIAGO 291 MLESGWRG 292
GPOGLLGA 293 MLESGWRL 294
GPRSFG 295 MLRSGWRS 296
GPRSFGL 297 MTFPTYIF 298
GPSHLVLT 299 MTFPTYWF 300
GPTN 304 NHRIGRSDNHRR 302
GPTNALAHGLF 303 NMPSFKLVTG 304
GRSML 305 NTLSGRSENHSG 306
GRSMLL 307 NTLSGRSGNHGS 308
GRSMLLG 309 NEZPRVRLVLP 310
GRSMLLGG 311 PAGLWLEP 3i2
GRSMLLGP 313 PAGRR 3i4
GRSMLLGS 313 PAGRRS 3i6
GRSMLLP 317 PAGRRSL 318
GRSMLLPG 319 PASLWYTO 320
GRSMLLPP 321 PESRRWMP 322
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GRSMLLPS 323 PFHLSR 324
GRSMLLS 323 PHGFF( 326
GRSMLLSG 327 PLARAGI 328
GRSMLLSP 329 PLARAGL 336
GRSMLLSS 331 PLGL 332
GRSMLM 333 PLGLAG 17

GREMLMG 334 PLGLWA 335
GRSMLMGG 336 PLGYVRGK 337
GRSMLMGP 338 PLTGRSGG 339
GRSMLMGS 340 PLTGRSGGGGSS 341
GRSMLMP 342 PPLGR 343
GRSMLMPG 344 PPPDMEKLFPG 345
GRSMLMPP 346 PPPEVRSFSV 347
GREMLMPS 348 PPPVLKLLEW 349
GREMLMS 350 PPSIARSDONLAN 351
GREMLMSG 352 POHRIVSF 353
GRSMLMSP 354 PRFKIGG 353
GRSMLMSS 356 PRERHGEG 357
GSGPPLGR 358 PRPEVKSVD(G 359
GSPPLGR 360 PRQV 361
GSS5PPLGR 362 PRSE 363
GTGRGPSWYGSS 364 PSPPVKMMPE 365
PTNL 366 PTINGGSGGSS 367
PTNLGSGGSS 368 RVPRVEVMLD 369
PYVGYTSSL 370 SAGFSLPA 371
FVPRLKLIKD 372 SAPAVESE 373
PVQPIGPQ 374 SAPYFRMMDM 375
QALAMSAT 376 SARGPSRW 377
QFQALRM 378 SCGPPLGR 379
QUPMFKSLWD 380 SCSPPLGR 381
QURAITFI 382 SGGPLOVR 383
QHOALRM 384 SGGPPLGR 383
ONQALRIA 386 SGPPLGR 387
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ONOALRM 388 SGRS 389
ONOALRMA 350 SGRSA 391
ONOALRMAGGSGGSLIG | 392 , 393
SN SGRSAN
ONOALRMAGGSGOSLAG | 394 T 395
RSONI SGRSANT

QSRRVP 396 SGRSANP 397
SRRVPL 398 SGRIANPRG 399
(JSRRVPY 300 SGRSD 401
OTRRVP 302 SGRSDD 403
OTRRVPL 404 SGRSDDH 405
OTRRVPY 06 SGRSDT 307
OYIVSRSA 308 SGRSDIH 309
RALRAP 410 SGRSDN i1
REPFMESLPW ii7 SGRIDNT i3
RFPLEV 114 SGRSDNP i35
RFPSLKSFPL 116 SGRSDO 417
REPYGVW 418 SGRSDOH i19
REYRNOFF 30 SGRSDOT i3]
RGPA i3 SGRSDTH 23
RGPAFNPM 424 SGRSDY 475
RGPATPIM 426 SGRSDYH A7
RGPRLYW 128 SGRSG 425
RHLAKL 130 SGRSON 431
RIGRSDNH EY) SGRSGNH 33
REMBPNTTV 34 SGRPPLGR i35
RESSITTRMRDV VL 436 STARSDNL 137
RETVOHWW 438 SISSGLLSGRSDNI 139
RUGRSDNN 440 SNPFRY in
RMHLRSLG 447 SPLPLRVP 443
RPLARAGI 444 SPLPLRVP 445
RPLARAGL 446 SPLTGRSG 447
RPLNGRSDNAKA 448 SPPLGR 149
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RPLNGRSDNHKEK 450 SREVP 451
RPLNGRSDNHKR 452 SRRVPL 453
RPLNGRSDNHQA 454 SRRVPY 453
RPLNGRSDNHOK 456 SSGPPLGR 457
RPLNGRSDNHQR 458 SSPPLGR 456
RPLNGRSDNHRA 460 SSRGPAYL 461
RPLNGRSDNHRK 462 SSRHRRALD 463
RPLNGRSDNHRR 464 SSSFDKGKYKKGDDA 465
RPLSGRSDNHKA 466 SSSFDKGKYKRGDDA 467
RPLSGRSDNHKXK 468 SSSPPLGR 469
RPLSGRSDNHKR 470 STFPFGMF 471
RPLSGRSDNHQA 472 STVFHM 473
RPLSGRSDNHQKE 474 SVHHLI 475
RPLSGRSDNHOR 476 SVSGLLSH 477
RPLSGRSDNHRA 478 SVSGLLSS 479
RPLSGRSDNHRE 480 SVSGLRSH 481
RPLSGRSDNHRR 482 SVSGLRSS 483
RPSPMWAY 484 TARG 483
RRHDGLRA 485 TARGE 487
RRHDGLRS 438 TARGPALAHGLF 489
RSLVFAFPL 480 TARGPS 491
RSPSRLKC 492 TARGPSF 493
VAGRSMRP 494 TARGPSFK 493
VAPQLESLVP 496 TARGPSW 497
VAQFVLTE 498 TARGPSW 499
VHMPLGFLGP 500 TARGPVPROV 501
VHMPLGFLGPGGLSGRSD | 502 s 503
NH TEVH
VHMPLGFLGPGGTSTSGR | 504 ) 503
CANPRG TGLSGRSVTQTS

VEPELRSVES 306 TGREGPSWY 307
YVESKOMSF 308 TLRLGRSDNNKN 309
VPAGRRS 310 TLSGLRSP 5
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VPAGRRSL 312 TSGRSANP 513

VPRG 514 TSGRSGNP 513

VPRQV 516 TSLSGRSANPRG 517

VSRSA 518 TELSGRSGNPRG 519

/VPEGRRS 52 TSSGLRSP 521

WATPRPMR 322 TSTSGRSANPRG 523

WDHPISLL 524 TSTSGRSANPRGGGAVGL | 525
LAPP

QARANY) TSTSGRSANPRGGGYHMP | 527
LGFLGP

YEPZVKVVLA 328 TSTSGRSGNPRG 329

YCGAGLGVY 330 TVSGLRSP 334

YIVSRSA 532

YKKFVGSL 533

YVPRVKALEM 534

In some embodiments, the UM may be or comprise a combination, a C-terminal
truncation variant, or an N-termunal troncation variant of the example sequences discussed
above. Truncation vanants of the aforementioned amino acid sequences that are sustable for use
m a CM may be any that retain the recognition site for the corresponding protease. These
nclude C-terminal and/or N-terminal truncation variants comprising at least 3 contiguous anino
acids of the above-described amino acid sequences, or at least 4, 5, 6,7, 8, 9, or 10 ammno acids
of the foregoing aming acid sequences that retamn a recogmition site for a protease. In certain
embodiments, the truncation variant of the above-described amine acid sequences may be an
amino acid sequence corresponding to any of the above, but that is C- and/or N-terminally
truncated by 1 to 10 amino acids, 1 to 9 amino acids, 1 to 8 anuno acids, 1 to 7 amino acids, 1 to
6 amino acids, 1 to S amino acids, 1 to 4 aming acids, or 1 to 3 amino acids, and which: (1) has
at least three amino acid residues; and (2) retains a recognition site for a protease. In some of the
foregoing embodiments, the truncated CM 1s an N-terminally truncated CM. In some
embodiments, the truncated CM s a C-terminally truncated CM. In some embodiments, the

truncated C 1s a C- and an N-termnally truncated CM.
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In some embodiments, the CM may comprise a total of 3 amino acids to 25 aming acids.
In some embodiments, the CM may compriseatotal of 31025, 31020, 310 15, 3w 10,3105, 5
1025, 51020, 51015, 510 10, 101025, 1010 20, 1010 15, 15t0 25, 15 t0 20, or 20 to 25 amino
acids.

In some embodiments, the CM 1s specifically cleaved by at least a protease at a rate of
about 0.001-1500 x 10* M8 or at least ©.001, 0.008, 0.01,0.05, 0.1, 0.5, 1, 2.5, 5, 7.5, 10, 15,
20, 25, 50, 75, 100, 125, 150, 200, 250, 500, 750, 1000, 1250, or 1500 x 10 M!S The rate
may be measured as substrate cleavage kinetics (koK) as disclosed in W0O2016118629.
Linkers (Ls}

The activatable TB {e g, an activatable antibody or other therapeutic protein) may
coraprise one or more hinkers {Ls). The linkers may comprise a streich of amino acid seguence
that ink two components 1o the activatable TB. The linkers may be non-cleavable by any
protease. In some embodiments, one or more linkers (e.g., flexable linkers) may be mtroduced
mto the activatable TB to provide flexibility at one or more of the junctions between domains,
between moteties, between moieties and domains, or at any other junctions where a linker would
be beneficial. In some embodiments, where the activatable TB 15 provided as a conformationally
constrained construct, a flexible linker may be mserted to facilitate formation and mamtenance of
a structure 1o the uncleaved activatable TB. Any of the hinkers described heremn may provide the
desired flexibility to facilitate the inhibition of the binding of a target, or to facilitate cleavage of
a CM by a protease. In some embodiments, linkers included 1o the activatable TB may be all or
partially flexible, such that the hinker can include a flexible hinker as well as one or more portions
that confer less flexible structure to provide for a desired activatable TB. Some linkers may
iclude cysteine residues, which may form non-alpha-carbon covalent bonds and reduce
flexibility of the construct.

In most instances, linker length may be determined by counting, in a N- to C- direction,
the number of amino acids from the N-terminus of the linker adjacent to the C-terminal aming
acid of the preceding component, to the C-termunus of the linker adjacent to the N-terminal
amino acid of the following component {1.e., where the linker length does not include either the
C-terminal anino acid of the preceding component or the N-terminal amino acid of the following

component).
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In some embodiments, a linker may include a total of 110 50, 1 10 40, 1 10 30, 1 t0 25
{eg. 11024, 11022, 11020,11018, 1t016,1t0 15, 1 t0o 14, 10 12, 110 10, 1108, 1106, T to
51104, 1103, 1102, 21025, 21024, 21022, 21020, 210 18, 210 16,210 15, 2t0 14, 2 t0 12,
2010, 21t08,2106,2105,2t04,2t03,41t025,41024, 41022, 41020,410 18,410 16, 4 10
1541014, 410 12,4010, 410 8,410 6,4t0 5, 51025, 5t024, 51022, 51020, 510 18, 50
16,510 15,510 14,510 12, 51010, 5108, 5106, 61025, 61024, 6 t0 22, 6 10 20, 6 t0 18, 6 1o
16,6015, 61014,6t0 12,610 10,6108, 81025, 81024, 81022 81020, 810 18, 810 16,8 10
15,8t0 14, 810 12, 810 10, 101025, 1010 24, 101622, 101020, 1010 18, 1010 16, 1010 15, 10
to 14, 101012, 121025, 121024, 121622, 121020, 1210 18, 1210 16, 1210 15, 12t0 14, 14 to0
25, 141024, 141022, 1410 20, 1410 18, 141016, 1410 15, 151025, 151024, 1510622, 1510
20, 1510 18, 1510 16, 1610 25, 1610 24, 1610 22, 160t0 20, 16 to 18, 1810 25, 1810 24, 18 to
22,1810 20, 2010 25, 20 t0 24, 2010 22, 2210 25, 22 10 24, or 24 to 25 anuno acids). In some
erobodiments, the linker may include atotal of 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12,13, 14, 15, 16,
17, 18, 19,20, 21, 22, 23, 24, or 25 amino acids.

In some embodiments, a linker may be rich in glycine (Gly or G) residues. In some
embodiments, the linker may be rich in serine (Ser or 8} residues. In some embodiments, the
finker may be rich in glycine and serime residues. In some embodiments, the hinker may have
one or more glycine-serine residue pairs (GS)¥{e.g, 1,2, 3,4, 5,6,7, 8,9, or 10 or more GS
pairs).

In some embodiments, the linker may have one or more Gly-Gly-Gly-Ser (GGGS) (SEQ
ID NGO 18 sequences {eg, 1,2,3,4,5,6,7, 8,9, or 10 or more GGGS sequences). In some
embodiments, the linker may have one or more Gly-Gly-Gly-Gly-Ser {GGGGS) (SEQ 1D NG
535y sequences {e.g., 1,2, 3,4, 5,06,7, 8,9, or 10 or more GGGGS sequences). In some
embodiments, the linker may have one or more Gly-Gly-Ser-Gly (GGSG) (SEQ ID NO: 537}
sequences {e.g., 1,2, 3,4, 5,6, 7, 8,9, or 14 or more GGSG (SEQ 1D NO: 537) sequences}).
Examples of the linkers may include glycine polymers (Gin, glycine-serine polymers {including,
for example, {G8)n, (GGSin, (GSGGSn (SEQ 1D NO: 536) and (GGGS)n (SEQ 1D NO: 18),
where n 1s an integer of at least one), glveme-alaning polymers, alanine-serine polymers, and
other flexible linkers known in the art. Glycine and glycine-serine polymers may be refatively
unstructured, and therefore may be able to serve as a neutral link between components. Glycine

accesses significantly more phi-psi space than even alanine, and 1s much less restricted than
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residues with longer side chains (see Scheraga, Rev. Computational Chem. 11173-142 (1992)).
Example flexible linkers include one of or a combination of one or more of: GGSG (SEQ 1D
NG 537y, GGSGG (SEQ 1D NO: 538), GSGSG (SEQ ID NO: 5339}, GSGGG (SEQ D NO:
5403, GGGSG (SEQ 1D NO: 541, GSSSG (SEQ 1D NO: 5423, GSSGGSGGSGG (SEQ 1D NO:
5433, GGGS (SEQ ID NO: 18), GGGSGGGS (SEQ 1D NO: 544), GGGSGGGSGGGS (SEQ ID
NQO: 5345), GGGGSGGGGSGGGGS (SEQ 1D NO: 5463,
GGGGSGGGGSGGGGSGGGGSGGGGS (SEQ D NO: 347, GGGGSGGGES (SEQ 1D NO:
5483, GGGGS (SEQ ID NG: 535), G, GGGGSGS (SEQ 1D NG: 5349),
GGGGSGGGGSGGGGSGS (SEQ ID NG 530), GGSLDPKGGGGS (SEQ ID NO: 551,
PKSCDETHTCPPCPAPELLG (SEQ TD NO: 552), SKYGPPCPPCPAPEFLG (SEQ ID NO:
553), GKSSGSGSESKS (REQ ID NO: 554), GSTSGSGKSSEGK G (SEQ ID NG: 555),
GSTSGSGKSSEGSGSTKG (SEQ ID NO: 556}, GSTSGSGKPGSGEGSTRG (SEQ ID NO:
557), GSTSGSGRPGSKEGST (SEQ ID NO: 558), GSTSGSGKPGSSEGST (SEQ 1D NO: 559y,
GGGRSGGS (SEQ ID NG 13), GGGGSGGGGSS {(SEQ ID NOG: 560), and
GGGSSGGRSGGRSGES (SEQ D NG: 561). Examples of linkers may further include a
sequence that 1s at feast 70% identical (e g, at least 72%, at least 74%, at least 75%, at least 76%,
at least 78%, at least 80%, at least 82%;, at least 84%, at least 85%, at least 86%, at least 88%, at
feast 90%, at least 929, at least 94%, at least 939, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% 1dentical to the example hinkers described herein. The ordinarily skalled
arfisan will recognize that design of activatable TBs can include hinkers that are all or partially
flexible, such that the linker can include a flexible linker as well as one or more portions that
confer fess flexible structure to provide for a desired activatable TB structure.

In some embodiments, an activatable TB may inchude one, two, three, four, five, six,
seven, eight, nine, or ten linker sequence(s} {e.g., the same or different linker sequences of any of
the exemplary linker sequences described herein or known in the art}. In some embodiments, a

linker may comprise sulfo-SIAB (sulfosuccinimidyl {(4-1odoacetvilaminobenzoate}, SMPB

{succimimidyl 4-{N-maleimidophenyl}butyrate}, and sulfo-SMPB {(sulfosuccinimidyl 4-(N-

nmaleimidophenvhbutyrate}, wherein the hinkers react with primary amines sulfhvdryls.

Conjugation agenis
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In some aspects, the activatable TBs (e.g., activatable ABs) may further comprise one or
more additional agents, e.g., a targeting moiety to facilitate delivery to a cell or tissue of interest,
a therapeutic agent {e.g., an antineoplastic agent such as chemotherapeutic or anti-neoplastic
agent), a toxin, or a fragment thereof. The additional agents may be conjugated to the activatable
TBs. The term “agent” is used herein to denote a chemical compound, a mixture of chemical
compounds, a biclogical macromolecule, or an extract made from biological materals.

In some embodiments, the activatable TB may be conjugated to a cytotoxic agent, e.2., a
toxin {e.g., an enzymatically active toxin of bactenal, fungal, plant, or arumal ongin, or
fragroents thereof} or a radicactive 1sotope.

Examples of cytotoxic agents that can be conjugated to the activatable TBs include:
dolastating and denivatives thereof {e.g., auristatin E, AFP, monomethyl auristatin D (MMAD),
monomethy] aunistatin F (MMAF), monomethyl aunistatin E (MMAE), desmethyl aunistatin B
(DMAE), auristatin F, desmethy! auristatin F (DMAF), dolastatin 16 (Dml), dolastatin 16 (Dpv),
aurstatin derivatives {e.g., aunistatin tyramine, auristatin quinolone}, maytansinoids (e g, DM-1,
DM-4}, maytansinoid derivatives, duocarmycen, alpha-amanitin, turbostatin, phenstatin,
hydroxyphenstatin, spongistatin 5, spongistatin 7, halistatin 1, halistatin 2, halistatin 3,
halocomstatin, pyrrolobenzinmidazoles (PBIY, cibrostatind, doxaliform, cemadotin analogue
{CemCH2-8H), Pseudomonas toxin A {(PESS} variant, Pseudomonase toxin A (ZZ2-PE38)
variant, £J-101, anthracycline, doxorubicin, daunorubicm, bryostatin, camptothecin, 7-
substituted campothecin, 10, 11-difluoromethvlenedioxycamptothecin, combretastatins,
debromoaplysiatoxin, KahaMide-F, discodermolide, and Ectemasaidins.

Examples of enzymatically active toxins that can be conjugated to the activatable TBs
mclude: diphtheria toxin, exotoxin A chain from Pseundomonas aeruginosa, ricin A chain, abrin
A chain, modeccin A chain, alpha-sarcin, Aleurnies fordii proteins, dianfhin proteins, Phytolaca
Americana proteins {e.g., PAPI PAPU, and PAP-8), momordica charantia inhibitor, corcin,
crotirs, sapaonaria officinalis inhibitor, geionin, mitogehin, resirictocin, phenomycin, neomycin,
and tricothecenes.

Examples of anti-neoplastics that can be conjugated to the activatable TBs include:
adriamycin, cerubidine, bleomyein, alkeran, velban, oncovin, fluorcuraci, methotrexate,

thiotepa, hisantrene, novantrone, thioguanine, procarabizine, and cytarabine.
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Examples of antivirals that can be conjugated to the activatable TBs include: acyclovir,
vira A, and symmetrel. Examples of antifungals that can be conjugated to the activatable TBs
mnclude: nystatin. Examples of detection reagents that can be conjugated to the activatable TBs
mclude: fluorescein and derivatives thereof, fluorescein isothiocyanate (FITC). Examples of
antibacterials that can be conjugated to the activatable TBs include: aminoglycosides,
streptomycin, neomycin, kanamyein, amikacin, gentamicin, and tobramycin. Examples of
3beta, 16beta, | 7alpha-trihydroxycholest-5-en-22-one 16-0-(2-0-4-methoxybenzoyl-beta-D-
xylopyranosy-(1-->3)~(2-O-acetyl-alpha-L-arabinopyranoside) {OSW-1) that can be conjugated
to the activatable TBs include: s-nitrobenzyloxyearbonyl derivatives of O6-benzylguanine,
toposisomerase inhibitors, hemiasterlin, cephalotaxine, homoharringionine, pyrrol
obenzodiazepine dimers (PBDs), functionalized pyrrolobenzodiazepenes, calcicheamicins,
podophyittoxins, taxanes, and vinca alkoids. Examples of radiopharmaceuticals that can be
conjugated to the activatable TBs include: 21, Zr, 21 VI, PmTe, 2'T1, ©Cuy, %7, %Ga, U N,
B0, 3K, 2Rb, Hn, B iXe, 10, and mTe (Technetivm). Examples of heavy metals that can be
conjugated to the activatable TBs mnclude: barium, gold, and platinum. Examples of anti-
mycoplasmals that can be conjugated to the activatable TBs include: tylosine, spectinomycin,
streptomycin B, ampiciiin, sulfaniiamide, polymyxin, and chloramphenicol.

In some embodiments, the activatable TB may comprise a signal peptide. A signal
peptide may be a peptide (e.g., 10-30 amino acids long) present at a terminus (e.g., the N-
terminus or {~termunus) of 8 newly synthesized protemns that are destined toward the secretory
pathway. In some embodiments, the signal peptide may be conjugated to the activatable TB via
a spacer. In some embodiments, the spacer may be conjugated to the activatable TB in the
absence of a signal peptide.

Those of ordinary skill in the art will recognize that a large variety of possible agents may
be conjugated to any of the activatable TBs described herein. The agents may be conjugated to
another component of the activatable TB by a conjugating moiety. Conjugation may inchide any
chemical reaction that binds the two molecules so long as the activatable TB and the other
moiety retain their respective activities. Conjugation may mnclude many chemical mechanisms,
e.g., covalent binding, affinity binding, intercalation, coordinate binding, and complexation. In
some embodiments, the binding may be covalent binding. Covalent binding may be achueved

either by direct condensation of existing side chains or by the incorporation of external bridging
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molecules. Many bivalent or polyvalent linking agents may be useful in conjugating any of the
activatable TBs described herein. For example, conjugation may include organic compounds,
such as thicesters, carbodumides, succinimude esters, glutaraldehyde, diazobenzenes, and
hexamethylene diamines. In some embodiments, the activatable TBs may include, or otherwise
introduce, one or more non-natural amino acid residues to provide suitable sites for comjugation.

In some embodiments, an agent and/or conjugate may be attached by non-alpha-carbon
covalent bonds (e g, disuifide bonds on a cysteine molecule} to the antigen-binding domain.
Since many cancers naturally release hugh levels of glutathione, a reducing agent, ghutathione
present in the cancerous tissue microenvironment can reduce the non-alpha-carbon covalent
bonds, and subsequently release the agent and/or the conjugate at the site of delivery.

In some embodiments, when the conjugate binds to its target in the presence of
complement within the target site (e.g., diseased tissue {e.g., cancerous tissue}), the amide or
ester bond attaching the conjugate and/or agent to the linker 15 cleaved, resulting in the release of
the conjugate and/or agent n 1ts active form. These conjugates and/or agents when adnunistered
to a subject, may accomphish delivery and release of the conjugate and/or the agent at the target
site {e.g., diseased tissue (e g, cancerous tissue)). These conjugates and/or agents may be
effective for the in vive delivery of any of the conjugates and/or agents described heren.

In some embodiments, the conjugating motety may be uncleavable by enzymes of the
complement system. For example, the conjugate and/or agent 1s released without complement
activation since complement activation sltimately lyses the target cell. In such embodiments, the
conjugate and/or agent 1s to be delivered to the target cell {e. g, hormones, enzymes,
corticosteroids, neurotransmitters, or genes). Furthermorg, the conjugating moiety may be
mildly susceptible to cleavage by serum proteases, and the conjugate and/or agent is released
slowly at the target site.

In some embodiments, the conjugate and/or agent may be designed such that the
conjugate and/or agent 1s delivered to the target site (e.g., disease tissue {e.g., cancerous tissue)}
but the conjugate and/or agent is not released.

In some embodiments, the conjugate and/or agent may be attached to an antigen-binding
domain etther directly or via amino acids (e g., D-amino acids), peptides, thiol-containing
moieties, or other organic compounds that may be modified to include functional groups that can
subsequently be utilized n attachment to antigen-binding domains by methods described herein.
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In some embodiments, an activatable TB may include at least one point of conjugation
for an agent. In some embodiments, all possible points of conjugation are available for
conjugation to an agent. In some embodiments, the one or more points of conjugation may
mclude sulfur atoms involved i non-alpha-carbon covalent bonds, sulfur atoms involved in
interchain non-alpha-carbon covalent bonds, sulfur atoms involved in interchain sulfide bonds
but not sulfur atoms involved in intrachain non-alpha-carbon covalent bonds, and/or sulfur atoms
of cysteine or other amino acid residues containing a sulfur atom. In such cases, residues may
occur naturally in the protein construct structure or may be incorporated into the protein
construct using methods including site-directed mutagenesis, chenucal conversion, or mis-
incorporation of non-natural armino acids,

The present disclosure also provides methods and roatenals for prepaning an activatable
TB with one or more conjugated agents. In some embodiments, an activatable TB may be
modified to include one or more interchain disulfide bonds. For example, disulfide bonds may
underge reduction followmng exposure to a reducing agent such as, without himutation, TCEP,
DTT, or B-mercaptoethavnol. In some cases, the reduction of the disulfide bonds may be only
partial. As used heremn, the term partial reduction refers to situations where an activatable TH 18
contacted with a reducing agent and a fraction of all possible sites of conjugation undergo
reduction {e.g., not all disulfide bonds are reduced}. In some embodiments, an activatable TB
may be partially reduced following contact with a reducing agent if less than 99%, {e.g, less than
O8%%, OT%, O6%, 95%, S0%, B85%, B0%, TS%, T0%, 65%, 60%, 55%, S0%, 45%, 40%, 35%,
30%, 25%, 20%, 15%, 10% or 5% of all possible sites of conjugation are reduced. In some
embodiments, the activatable TB having a reduction in one or more interchain disulfide bonds
may be conjugated to a drug reactive with free thiols.

The present disclosure also provides methods and materials for conjugating a therapeutic
agent t¢ a particular location on an activatable TB. In some embodiments, an activatable TB
may be modified so that the therapeutic agents can be conjugated to the activatable TB at
particular locations on the activatable TB. For example, an activatable TB may be partially
reduced in a manner that facilitates conjugation to the activatable TB. In such cases, partial
reduction of the activatable TB may occur in a manner that conjugation sites in the activatable
TB are not reduced. In some embodiments, the conjugation site(s) on the activatable THB may be

selected to facilitate conjugation of an agent at a particular location on the protein construct.
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Various factors can influence the “level of reduction” of the activatable TB upon treatment with
a reducing agent. For example, without limitation, the ratio of reducing agent to activatable TB,
length of incubation, incubation temperature, and/or pH of the reducing reaction solution can
require optimization in order to achieve partial reduction of the activatable TB with the methods
and materials described herein. Any appropriate combination of factors {e.g., ratio of reducing
agent to activatable TB, the length and temperature of incubation with reducing agent, and/or pH
of reducing agent) may be used to achieve partial reduction of the activatable TB (e.g., general
reduction of possible conjugation sites or reduction at specific conjugation sites).

An effective ratio of reducing agent to activatable TB can be any ratio that at least

general

partially reduces the activatable TB i a manner that allows conjugation to anagent {e.g, g
reduction of possible conjugation sites or reduction at specific conjugation sites). In some
embodiments, the ratio of reducing agent to activatable TB may be in a range from about 20:1 to
L from 101 o i from @l to U, from 8l to 101, from 721 to b, from &1 to 101, from 5:
to b from4tioll from3 1w 10 from 21 to 1L, from 20: L to 1015, from 101 to 1:1.5,
from%1to1:1.5 from &l to 115, from 7:lto LS, from &l to LS, from 51 to 111 5, from
4dito 1S from 31t i S, from 210 115, from 1.5 1o 115, orfrom 11 0 1 1.5

An effective incubation timne and temperature for treating an activatable TB with a
reducing agent may be any time and temperature that at least partially reduces the activatable TB
m 3 manner that allows conjugation of an agent to an activatable TB (e g., general reduction of
possible conjugation sites or reduction at specific conjugation sites). In some embodiments, the
maubation time and temperature for treating an activatable TB may be in a range from about 1
hour at 37 °C to about 12 hours at 37 °C {or any subranges therein).

An effective pH for a reduction reaction for treating an activatable TB with a reducing
agent can be any pH that at least partially reduces the activatable TB in a manner that allows
conjugation of the activatable TB to an agent {e g., general reduction of possible conjugation
sites or reduction at specific conjugation sites).

When a partially-reduced activatable TB 1s contacted with an agent containing thiols, the
agent may conjugate to the interchain thiols in the activatable TB. An agent can be modified m a
manner to include thiols using a thiol-containing reagent {e.g., cysteine or N-acetyl cysteing).
For example, the activatable TB can be partially reduced following mcubation with reducing
agent {e.g., TEPC} for about 1 hour at about 37 °C at a destred ratio of reducing agent to
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activatable TB. An effective ratio of reducing agent to activatable TB may be any ratio that
partially reduces at least two interchain disulfide bonds located in the activatable TB 1n a manner
that allows conjugation of a thiol-containing agent {(e.g , general reduction of possible
conjugation sites or reduction at specific conjugation sites),

In some embodiments, an activatable TB may be reduced by a reducing agentn a
manner that avoids reducing any mntrachain disulfide bonds. In some embodiments of, an
activatable TB may be reduced by a reducing agent in a manner that avoids reducing any
intrachain disulfide bonds and reduces at least one interchain disulfide bond.

In some embodiments, the agent {e.g., agent conjugated to ap activatable TB) may bea
detectable motety such as, for example, a label or other marker. For example, the agent may be
or include a radiolabeled ammno acid, one or more biotiny]l moieties that can be detected by
marked avidin {(e.g , streptavidin contaiung a fluorescent marker or enzymatic activity that can
be detected by optical or calorimetric methods), one or more radiosotopes or radionuchides, one
or more fluorescent labels, one or more enzymatic labels, and/or one or more chemiluminescent
agents. In some ervbodiments, detectable moieties may be attached by spacer molecules. In
some embodiments, the detectable label may mclude an imaging agent, a contrasting agent, an
enzyme, a fluorescent label, a chromophore, a dve, one or more metal 1ons, or a higand-based
iabel. In some embodiments, the imaging agent may comprise a radicisotope. In some
embodiments, the radioisotope may be indium or technetium. o some embodiments, the
contrasting agent may comprise todine, gadolintum or ron oxide. In some embodiments, the
enzyme may comprise horseradish peroxidase, alkaline phosphatase, or B-galactosidase. In some
embodiments, the fluorescent label may comprise yellow fluorescent protein {(YFP), cyan
fluorescent protein {CFP), green fluorescent protein (GFP), modified red fluorescent protein
{(mRFP), red fluorescent protein tdimerZ {RFP tdimerZ}, HCRED, or a europium derivative. In
some embodiments, the luminescent label may comprise an N- methviacrydium derivative. In
some entbodiments, the label may comprise an Alexa Fluor® label, such as Alex Fluor™ 680 or
Alexa Fluor™ 750, In some embodiments, the ligand-based label may comprise biotin, avidin,
streptavidin or one or more haptens.

In some embodiments, the agent may be conjugated to the activatable TB using a
carbohydrate moiety, sulthydryl group, amno group, or carboxylate group. In some
embodiments, the agent may be conjugated to the activatable TB via a linker and/or a CM
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described herein. In some embodiments, the agent may be conjugated to a cysteine or 3 ysine in
the activatable TB. In some embodiments, the agent may be conjugated to another residue of the
activatable TB, such as those residues disclosed herein.

In some embodiments, a variety of ifunctional protein-coupling agents may be used to
conjugate the agent to the activatable TB including N-succinimudyl-3-(2-pyridyldithiol}
propionate (SPDP), iminothiolane (IT), mfunctional dertvatives of midoesters {e.g, dimethyl
adiprnudate HCL), active esters (e g, disuccuiumidyl suberate), aldehvdes (e g, glutareldehyde},
bis-azido compounds {e.g., bis {p-azidobenzovl) hexanediamune), bis-diazonium dervatives
{e.g., bis~{p-diazonwumbenzoyl}-ethylenedianune), dusocyanates {e g., tolyene 2,6-dusocvanate),
and bis-active fluorine compounds {e.g., 1,5-difluoro-2 4-dintirobenzene). For example, a ricin
samunotoxin can be prepared as described 10 Vitetta et al, Science 238 1098 (1987} In some
embodiments, a carbon-14-labeled 1-isothiocyanatobenzyl-3-methyldiethylene
trianunepentaacetic acid (MX-DTPA) chelating agent can be used to conjugate a radionucleotide
to the activatable TB. (See, e.g., WO94/11026).

Suitable conjugation moieties include those described m the lwerature. (See, for example,
Ramakrishnan, 8. et al,, Cancer Res. 44:201-208 (1984 ) describing use of MBS (M-
malermidobenzoyl-N-hydroxysuccimmide ester). See also, U.S. Patent No. 5,030,719,
describing use of halogenated acetyl hydrazide derivative coupled to an activatable antibody by
way of an chigopeptide. In some embodiments, suttable conjugation moieties include: (13 EDC
{1-ethyl-3-(3-dimethylamimo-propyl} carbodinmude hydrochlonde; {11} SMPT (4-
succinimudyloxycarbonyl-alpha-methyl-aipha~-{ 2-pridvi-dithio}-toluene (Pierce Chem. Co., Cat.
{21558Gy; (111} SPDP (succinimidyl-6 [3-{2-pynidyldithio} propionamido] hexanoate (Pierce
Chem. Co., Cat #21651G}; (v} Sulfo-LC-SPDP (sulfosuccinmmidy] 6 [3-(2-pyridyldithio}-
propianamide] hexanoate (Pierce Chem. Co. Cat. #2165-G); and (v} sulfo-NHS (N-
hydroxysuifo-succinimide: Prerce Chem. Co., Cat. #24510) conjugated to EDC. Additional
example conjugation moleties include SMUC, sulfe-SMCC (sulfosuccimmidy! 4-(N-
maleimidomethylicyclohexane-1-carboxylate}, SPDB, and sulfo-SPDB.

The conjugation moieties described above may contain components that have different
attributes, thus leading to conjugates with differing physio-chemical propertigs. For example,
sulfo-NHS esters of atkyl carboxylates are more stable than sulfo-NHS esters of aromatic
carboxylates. NHS-ester containing linkers are less soluble than sulfo-NHS esters. Further, the
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SMPT contains a sterically-hindered disulfide bond, and can form conjugates with increased
stability. Disuifide linkages, are in general, less stable than other linkages because the disulfide
linkage is cleaved in vitro, resulting n less conjugate available. Sulfo-NHS, i particular, can
enhance the stability of carbodimide couplings. Carbodimide couplings (such as EDC) when
used 1n coryunction with sulfo-WNHS, forms esters that are more resistant to hydrolysis than the
carbodimide coupling reaction alone.

Those of ordinary skill in the art will recognize that a large variety of possible moieties
can be coupled to the activatable TB of the disclosure. {See, for examplie, “Conjugate Vaccines”,
Contributions to Microbiology and Immunology, I M. Cruse and R E. Lews, Jr {eds), Carger
Press, New Yaork, (1989}, the entire contents of which are incorporated herein by reference). In
general, an effective coryugation of an agent (e g, cytotoxic agent) to an activatable TB can be
accomplished by any cheruical reaction that will bind the agent to the activatable TB while also
allowing the agent and the activatable TB to retain functionality.

Nueleie acids and vectors

In some aspects, the present disclosure further provides nucleic acids comprising
sequences that encode the activatable target-binding protein (e.g., activatable antibody)}, or
components or fragment thereof The nucleic acids may comprise coding sequences for the TB,
the CM, the MM, and the linker in an activatable TB. In cases where the activaiable TB
comprises multiple peptides, e.g., the activatable TBs comprise multiple peptides, the nucleic
acid may comprise coding sequences for the muhtiple peptides. In some examples, the coding
sequences for one of the peptides are comprised in a nucleic acid, and the coding sequences for
another one of the peptides are comprised 1n another nucleic acid. In some examples, the coding
sequences for two or more of the multiple peptides are comprised in the same nucleic acid.

Unless otherwise specified, a “nucleic acid sequence encoding a protein” includes all
nucleotide sequences that are degenerate versions of each other and thus encode the same amino
acid sequence. The term “nucleic acid” refers to a deoxyribonucleic acid {BNA} or ribonucleic
acid {RNA}, or a combination thereof, in either a single- or double-stranded form. Unless
specifically limited, the term encompasses nucleic acids containing known analogues of natural
nucleotides that have similar binding properties as the reference nucleotides. Unless otherwise

indicated, a particular nucleic acid sequence also implicitly encompasses complementary
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sequences as well as the sequence explicitly indicated. In some embodiments, the nucleic acid s
DNA. In some embodiments, the nucleic acid 1s RNA.

The term “N-termunally positioned” when referring to a position of a first domam or
sequence relative to a second domain or sequence in a polypeptide primary amino acid sequence
means that the first domain 1s located closer to the N-terminus of the polypeptide primary amino
acid sequence. In some embodiments, there may be additional sequences and/or domains
between the first domain or sequence and the second domain or sequence.

The term “C-termnally positioned” when referring to a position of a first domain or
sequence relative to a second domain or sequence 1n a polypeptide prumary amino acid sequence
means that the first domain s located closer to the C-terminus of the polypeptide primary anuno
acid sequence. In some embodiments, there may be additional sequences and/or domaing
between the fust domain or sequence and the second domain or sequence.

Modifications can be introduced into a nucleotide sequence by standard technigues
known 10 the art, such as site~-directed mutagenesis and polymerase chain reaction (PCR}-
mediated mutagenesis. Conservative amino acid substitutions are ones in which the amino acid
residue is replaced with an amino acid residue having a similar side chain. Families of amino
acid residues having simular side chains have been defined 1n the art. These families melude:
amino acids with acidie side chans {e.g., aspartate and glutamate), amino acids with basic side
chains {e.g, lysine, arginine, and histidine}, non-polar amino acids {e.g., alanine, vahine, leucine,
isoleucing, proline, phenylalanine, methionine, and tryptophan), uncharged polar amine acids
{e.g., glycine, asparagine, ghitamine, cysteine, serine, threonine and tyrosine}, hydrophilic amuno
actds {e.g., arginine, asparagine, aspariate, glutamine, glutamate, histidine, lysine, serine, and
threonine}, hydrophobic aming acids {e.g., alanine, cysteine, 1soleucine, leucine, methionine,
phenylalanine, proline, tryptophan, tyrosine, and valine). Other families of amino acids include:
aliphatic-hydroxy amino acids (g.g., serine and threonine), amide fanuly (e g., asparaging and
glutamine}, alphatic family {e.g., alanine, valine, lencine and isoleucine), aromatic family (e g,
phenylalanine, tryptophan, and tyrosine).

The present disclosure further provides vectors and sets of vectors comprising any of the
nucleic acids described herein. One skilled in the art will be capable of selecting suitable vectors
or sets of vectors {e.g., expression vectors) for making any of the activatable TBs described

herein, and using the vectors or sets of vectors to express any of the activatable TBs described
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herem. For example, in selecting a vector or a set of vectors, the type of cell may be selected
such that the vector(s) may need to be able to integrate into a chromosome of the cell and/or
replicate in it. Example vectors that can be used to produce an activatable TB are also described
herein. As used herein, the term “vector” refers to a polvnuclestide capable of inducing the
expression of a recombinant protein {e.g., a first or second monomer) ina cell {(e.g, any of the
cells described herein). A “vector” is able to deliver nucleic acids and fragments thereof mnto a
host cell, and includes regulatory sequences (e.g., promoter, enhancer, poly{A} signal).
Exogenous polynucleotides may be inserted into the expression vector in order to be expressed.
The term “vector” also includes artificial chromosomes, plasmids, retroviruses, and baculovirus
vectors.

Methods for constructing suitable vectors that comprise any of the nucleic acids
described herein, and suttable for transforming cells (e g, mammalhian cells) are well-known 1o
theart See, e.g., Sambrook et al, Eds. “Molecular Cloning: A Laboratory Manual,” 2% Ed.,
Cold Spring Harbor Press, 1989 and Ausubel et al | Eds. “Current Protocols i Molecular
Biology,” Current Protocols, 1993,

Examples of vectors mclade plasmids, transposons, cosmuds, and viral vectors (e.g., any
adenoviral vectors {e.g., pSV or pCMV vectors), adeno-associated virus (AAV} vectors,
fentivirus vectors, and retroviral vectors), and any Gateway® vectors. A vector may, for
example, mclude sufficient cis-acting elements for expression; other elements for expression
may be supplied by the host mammalian cell or in an in vifro expression system. Skalled
practitioners will be capable of selecting suntable vectors and mammalian cells for making any
activatable TB described herein.

In some embodiments, the activatable TB may be made biosynthetically using
recombinant BNA technology and expression in eukaryotic or prokaryotic species.

Cells

In some aspects, the present disclosure provides recombinant host cells comprising any of
the vectors or nucleic acids described herein. The cells may be used to produce the activatable
TBs {e.g., activatable antibodies} described herein. In some embodiments, the cell may be an
animal cell, a mammalian cell (e.g., a human cell), a rodent cell {e.g., a mouse cell, a rat cell, a
hamster cell, or a guinea pig cell}, a non-human primate cell, an insect cell, a bacterial cell, a

fungal cell, or a plant cell. In some embodiments, the cell may be a eukaryotic cell. As used
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herein, the term “eukarystic cell” refers to a cell having a distinct, membrang-bound nucleus.
Such cells may include, for example, mammalian {e g , rodent, non-human primate, or human),
msect, fungal, or plant cells. In some embodiments, the eukarvotic cell is a yeast cell, such as
Saccharomyces cerevisiae. In some embodiments, the eukaryotic cell 1s a higher eukarvyote, such
as mammalian, avian, plant, or insect cells. Non-limiting examples of mammalian cells include
Chinese hamster ovary {CHO) cells and human embryonic kidney cells {e.g., HEK293 cells) In
some embodiments, the cell may be a prokaryotic cell

Methods of introducing nucleic acids and vectors {(e.g, any of the vectors or any of the
sets of vectors described herein) into a cell are known in the art. Examples of methods that can
be used to ntroducing a nucleic acid into a cell include: hipofection, transfection, calcium
phosphate transfection, cationic polymer transfection, viral transduction {e.g., adenoviral
transduction, lentiviral transduction), nanoparticle transfection, and electroporation.

In some embodiments, the introducing step ocludes introducing into a cell a vector (e g,
any of the vectors or sets of vectors described herein) mcluding a mucleic acid encoding the

monomers that make up any activatable TB described herein,

Compositions and kits

The present disclosure also provides compositions and kits comprising the activatable
TBs described herein. The compositions and kits may further comprise one or more excipients,
carriers, reagents, mstructions needed for the use of the activatable TBs.

In some embodiments, the compositions may be pharmaceutical compositions, which
comprise the activatable TBs, antibodies, derivatives, fragments, analogs and homologs thereof
The pharmaceutical compositions may comprise the activatable TB {(e.g., antibody}and a
pharmaceutically acceptable carrier. As used herein, the term “pharmaceutically acceptable
carrier” s intended to include any and ali solvents, dispersion media, coatings, antibactenal and
antifungal agents, 1sotonic and absorption delaying agents, and the like, compatible with
pharmaceutical administration. Suitable carriers are described in the most recent edition of
Remington’s Pharmaceutical Sciences, a standard reference text in the field, which 1s
mcorporated herein by reference. Suitable examples of such carriers or diluents inclade water,
saline, ringer’s solutions, dextrose solution, and 5% human serum albumin. Liposomes and non-

aqueous vehicles such as fixed oils may also be used. The use of such media and agents for
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pharmaceutically active substances 1s well known in the art. Except insofar as any conventional
media or agent 1s incompatible with the active compound, use thereof in the compositions s
contemplated. Supplementary active compounds can also be incorporated into the compositions.

A pharmaceutical composition may be formulated to be compatible with 1ts intended
route of adminustration. Examples of routes of adnunistration include parenteral, e.g.,
mtravenous, intradermal, subcutaneous, oral {e.g., inhalation}, transdermal {e.g., topical),
transmucosal, and rectal administration. Solutions or suspensions used for parenteral,
intradermal, or subcutaneous application may mclude one or more of the following components:
a sterile diluent such as water for mjection, saline solution, fixed oils, polyethylene glyeols,
glycerineg, propylene glycol or other synthetic solvents; antibacterial agents such as benzyl
alcohol or methyl parabens; antioxidants such as ascorbic acid or sodm bisulfite; chelating
agents such as ethylenediammetetraacetic acid (EDTA); buffers such as acetates, citrates or
phosphates, and agents for the adjustment of tomcity such as sodium chloride or dextrose. The
pH may be adjusted with acids or bases, sach as hydrochloric acid or sodium hydroxide. The
parenteral preparation can be enclosed m ampoules, disposable syringes or multiple dose vials
made of glass or plastic. In some, any of the activatable TBs described herem are prepared with
carriers that protect agamnst rapid elimmation from the body, e g, sustained and controlied
release formulations, mcluding implants and micreencapsulated debivery systems.
Biodegradable, biocompatible polymers can be used, e.g., ethylene vinyl acetate,
polvanhydrides, polyglycolic acid, collagen, polyorthoesters, polviactic acid, and polviactic-co-
glycolic acid. Methods for preparation of such pharmaceutical compositions and formulations
are apparent to those skilled in the art.

In some embodiments, pharmaceutical compostiions suitable for injectable use include
sterile aquecus solutions (where water soluble} or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable solutions or dispersion. For intravenous
administration, suitable carriers include physiological saline, bacteriostatic water, Cremophor
EL™ (BASF, Parsippany, N 1) or phosphate buffered saline (PBS). The composition may be
sterile and should be fluid and of a viscosity that facilitates easy syningeability. It may be stable
under the conditions of manufacture and storage and preserved agamnst the contarmnating action
of microorganisms such as bactenia and fungi. The carrter may be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (for example, glyvcerol, propylene glyeol,
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and hiquid polyethylene glycol, and the like}, and suitable mixtures thereof. For dispersed
particulate compositions, proper fluidity can be maintained, for example, by the use of a coating
on the particles, such as lecithin, and by the maintenance of the required particle size in the case
of dispersion and by the use of surfactants. In some embodiments, the pharmaceutical
composttions may further comprise one or more antibacterial and/or antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In
some embodiments, 1sotonic agents, for example, sugars, polyalcohols such as mannitol, sorbitol,
and the like, as well as salts, such as, for exarople, sodium chloride, and the like may be mcluded
in the composition. Prolonged absorption of the injectable compositions may be brought about
by including m the composition an agent that delays absorption, for example, aluminumn
monostearate and gelatin,

In some embodunents, the pharmaceutical composition may comprise a sterile injectable
solution. Sterile injectable solutions may be prepared by incorporating the active compound in
the required amount 1n an appropuiate solvent with one or a combination of ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions may be
prepared by mcorporating the active compound into a sterile vehicle that contains a basie
dispersion medium and the required other ingredients from those enomerated above. In the case
of sterile powders for the preparation of sterile injectable solutions, methods of preparation are
vacuum drying and freeze-dryving that vields a powder of the active mgredient plus any
additional desired mngredient from a previgusly sterde-{iltered solution thereof,

In some embodiments, the pharmaceutical composition may comprise an oral
compostiion. Oral compositions may include an mert diluent or an edible carrier. They may be
enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic
administration, the active compound may be incorporated with excipients and used in the form of
tablets, troches, or capsules. Oral compositions may also be prepared using a fhwnd carrier for use
as a mouthwash, wherein the compound in the fhuid carrier 18 apphied orally and swished and
expectorated or swallowed. Pharmaceutically compatible binding agents, and/or adjuvant
materials may be inchuded as part of the composition. The tablets, pills, capsules, troches and the
itke can contain any of the following ingredients, or compounds of a similar nature: a binder
such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or
iactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant such as
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magnesium stearate or Nterotes; a glidant such as colloidal silicon dioxide; a sweetening agent
such as sucrose or saccharin; or a flavoring agent such as peppermint, methyl salicyvlate, or
orange flavormg.

In some embodiments, the pharmaceutical composition may be formulized for
administration by inhalation. For example, the compounds may be delivered in the form of an
aerosol spray from pressured container or dispenser that contains a suitable propellant, e.g., a gas
such as carbon dioxide, or a nebulizer.

In sore emboduments, the pharmaceutical composition may be formulized for systemic
administration. For example, systemic admomistration may be by intravenous, as well by
transmucosal or transdermal means. For transmucosal or transdermal admunistration, penetrants
appropriate to the barrier to be permeated may be used n the formulation. Such penetrants are
generally known 1o the art, and woclude, for example, for trarsmucosal administration,
detergents, bile salts, and fusidic acid dervatives. Transmucosal adnumstration may be
accomplished through the use of nasal sprays or supposttories. For fransdermal admumistration,
the active coropounds may be formulated into omntments, salves, gels, or creams as generally
known 1o the art.

In some embodiments, the pharmaceutical composition may be prepared i the form of
supposttories {e.g., with conventional suppository bases such as cocoa butter and other
glycerides} or retention enemas for rectal delivery.

In one embodiment, the pharmaceutical composition may be prepared with carriers that
protect the compound agamst rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers may be used, such as ethylene vinyl acetate, polyanhydrides,
polvglycohic acid, collagen, polyorthoesters, polylactic acid, and polylactic-co-glycolic acid.
Methods for preparation of such formulations will be apparent to those skilled in the ast.

It may be advantageous to formulate oral or parenteral composttions in dosage unit form
for ease of admimistration and uniformity of dosage. Dosage unit form as used herein refers to
physically discrete uniis suited as unitary dosages for the subject to be treated; each unit
containing a predetermined quantity of active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. The specification for

the dosage unit forms of the disclosure may be dictated by and directly dependent on the unique
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characteristics of the active compound and the particular therapeutic effect to be achieved, and
the limitations inherent in the art of compounding such an active compound for the treatment of
ndividuals,

In some emboduments, the compositions {e.g., pharmaceutical compositions} may be
ncluded in a container, vial, syringe, injector pen, pack, or dispenser, optionally together with
mstructions for administration.

Also provided herein are kits that include any of the activatable TBs described herein,
any of the compositions that include any of the activatable TBs described heremn, or any of the
pharmaceutical compositions that include any of the activatable TBs described herein. Also
provided are kits that include one or more second therapeutic agent(s) v addition to an
activatable TB described herein. The second therapeutic ageni(s) may be provided i a dosage
admirustration form that 15 separate from the activatable TBs. Alternatively, the second
therapeutic agent(s) may be formulated together with the activatable TBs.

Any of the kits described herein can include mstructions for using any of the
corapositions {e.g., pharmaceutical compositions) and/or any of the activatable TBs described
herein. In some embodiments, the kits can mclude mstructions for performing any of the
methods described heretn. In some embodiments, the kits can include at least one dose of any of
the compositions {(e.g., pharmaceutical compositions) described heremn. In some embodiments,
the kits can provide a syringe for administering any of the pharmaceutical compositions
described herein.

Also provided heremn are activatable TBs produced by any of the methods described
herein. Also provided are compositions {(e.g., pharmaceutical compositions) that comprise any
of the activatable TBs produced by any of the methods described herein. Also provided herein
are kits that include at least one dose of any of the compositions {e.g., pharmaceutical
compositions) described herein.

Methods of producing activatable Targei-binding proteins

Provided herein are methods of producing any activatable TB described herein that
inchade: (a) culturing any of the recombinant host cells described herein in a liquid culture
medium under conditions sufficient to produce the activatable TB; and (b) recovering the

activatable TB from the host cell and/or the liquid culture medium.
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Methods of colturing cells are well known in the art. In some embodiments, cells may be
maindained i vifro under conditions that favor cell proliferation, cell differentiation and cell
growth. For example, the recombinant cells may be cultured by contacting a cell {e. g., any of the
cells described heremn) with a cell culture medium that inchides the necessary growth factors and
supplements sufficient to support cell viability and growth.

In some emboduments, the method may further include 1solating the recovered activatable
TB. The solation of the activatable TB may be performed using any separation or purification
technique for separating protemn species, e.g., affinity tag-based protein purification {e.g.,
polvhistidine (His) tag, ghutathione-S-transterase tag, and the hike), amoonium sulfate
precipitation, polvethylene glveol precipitation, size exclusion chromatography, Ligand-affuuty
chromatography {e.g., Protein A chromatography}, 1on-exchange chromatography {e g., anton or
cation), hydrophobic interaction chromatography, and the ke

Compositions and methods described heremn may involve use of non-reducing or
partially-reducing conditions that allow non-alpha-carbon covalent bonds, e g, disulfide bonds to
form between the MM and the AB of the activatable TBs,

In some embodiments, a dual-anchored activatable macromolecule (e.g., dual-anchored
activatable TB or dual-anchored activatable antibody} of the present disclosure 1s prepared by a
method comprising: engineering a cysteine residue at a disulfide bonding site in a MM of the
dual-anchored activatable macromolecule; engineering a cysteine residue at a disulfide bonding
site tn a TH of the dual-anchored activatable macromolecule, wherem the MM and the TB are
coupled and a UM 15 positioned between the MM and the TB. In some aspects, the present
disclosure includes expressing an activatable macromolecule having an engineered cysteine
residue at a disulfide bonding site in a TB of the dual-anchored activatable macromolecule and
recovering the dual-anchored activatable macromolecule, wherein the MM and the TB are
tethered at their disulfide bonding sites in the recovered dual-anchored activatable
macromolecile.

In some embodiments, a dual-anchored activatable macromolecule {e.g., dual-anchored
activatable TB or dual-anchored activatable antibody) of the present disclosure is prepared by a
method comprising coupling a MM comprising a cysteine to a TB, wherein the cvsteine forms a
non-alpha-carbon covalent bond with a non-alpha-carbon covalent bond-forming aminoe acid in

the TB.
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In some embodiments, a dual-anchored activatable macromolecule (e g., dual-anchored
activatable TB or dual-anchored activatable antibody) of the present disclosure is prepared by a
method comprising coupling a TB to a MM comprising a non-alpha-carbon covalent bond-
forming amino acid, wherein the MM forms a non-alpha-carbon covalent bond with a non-alpha-
carbon covalent bond-forming amino acid in the TB.

In some aspects, the present disclosure includes a method of making a dual-anchored
activatable macromolecule comprising providing a MM comprising a non-alpha-carbon covalent
bond-forming amino acid configured to form a non-alpha-~carbon covalent bond with a non-
alpha-carbon covalent bond-forming anno acid ina TB that s coupled to the MM, In some
aspects, the present disclosure includes a method of making a dual-anchored activatable
macromolecule coroprising providing a MM comprising a cysteine configured to form a non-
alpha-carbon covalent bond with a non-alpha-carbon covalent bond-forming ammno acid ina TR
that 1s coupled to the MM

In some aspects, the present disclosure includes a method of 1dentifying a position for
mserting a non-alpha-carbon covalent bond-forming amino acid in a dual-anchored activatable
macromolecile. In some aspects, the method includes analyzing the structural arrangement of a
TB and a MM n the dual-anchored activatable macromolecule and dentifying a posttion within
the TB for inserting the non-alpha~-carbon covalent bond-forming amino acid. In some aspects,
the method includes analyzing the structural arrangement of a TB and a MM in the dual-
anchored activatable macromolecule and wdentifying a position within the MM for inserting the
non-alpha-carbon covalent bond-forming amino acid. In some aspects, the method inchides
analyzing the structural arrangement of a TB and a MM in the dual-anchored activatable
macromolecule and identifying a position within a peptide coupled to the TB for inserting the
non-alpha-carbon covalent bond-forming aming acid. In some aspects, the method includes
analyzing the structural arrangement of a TB and a MM 1n the dual-anchored activatable
macromolecuie and identifying a position within a peptide coupled to the MM for inserting the
non-alpha-carbon covalent bond-forming aminoe acid. In some aspects, one or more of the non-
alpha-carbon covalent bond-forming amino acids is a cysteine.

In some aspects, the present disclosure includes a method of identifying a position for
mnserting a non-alpha-carbon covalent bond-forming aming acid in a dual-anchored activatable

macromolecule comprising mapping a three-dimensional structure of a TB coupled to a MM,
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dentifving a first aming acid of the TB located proximal to a second amino acid of the MM,
wherein the first amino acid is a position for inserting a non-alpha-carbon covalent bond-forming
amino acid in the TB. In some aspects, the second amino acid 15 a position for imserting a non-
alpha-carbon covalent bond-forming amino acid in the MM, In some aspects, the alpha Carbon
atom of the first amino acid 1s located within 2 to 15 angstroms of the alpha Carbon atom of the
second amino acid in the three-dimensional structure of the TB coupled to the MM In some
aspects, the alpha Carbon atom of the first ammo acid is located within 15, 16,9, 8,7, 6, §, 4, 3,
or 2 angstroms of the alpha Carbon atom of the second anuno acid o the three-dimensional
structure of the TB coupled to the MM, In cases where one or both of the amino acids are n
flexible loops, the above mter-Co distances apply 1o the case when the two amino acids are
closest to one another. In some aspects, the non-alpha-carbon covalent bonds inchide, but are
not hmited to

1. Disulfide bonds between two Cys residues.

2. Isopeptide bonds between Lys and Glutamate or Glutamine residues.

3. Ester bonds between Thr and Glutamine.

4. Thicester bonds between Cys and Gin.

S. Thioether bonds between Cys and Tyr.

6. His-Tyr crosslinks between His and Tyr {e.g., as known to exist in cytochrome ¢ oxidase

type protemns).

~~1

Lys-Cys NOS (MNitrogen-Oxygen-Sulfur) crosslinks.

In sorue aspects, the present disclosure includes a method of making a dual-anchored
activatable macromolecule comprising coupling a MM comprising a cysteine to a THB, wherein
the cysteme forms a non-alpha-carbon covalent bond with a non-alpha-carbon covalent bond-
formung amino acid n the TH.

In some aspects, the present disclosure inchudes a method of making a dual-anchored
activatable macromolecule comprising coupling a TB to a MM comprising a non-alpha-carbon
covalent bond-forming amno acid, wherein the MM forms a non-alpha-carbon covalent bond
with a non-alpha-carbon covalent bond-forming amino acid in the TB.

In some embodiments, the method further includes formulating the solated activatable
TB wnto a pharmaceutical composition. Various formulations are known in the art and are
described herein. Any isolated activatable TB described herein can be formulated for any route
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of administration {e.g., intravenous, mtratumoral, subcutaneous, intradermal, oral, inhalation,
mtranasal, intrapulmonary, intrathecal, infusion, transdermal, topical, transmucosal, or
ntramuscular).

Methods of treatment

In some aspects, the present disclosure further provides methods of treating a disease
{e.g. a cancer {e.g, any of the cancers described herein}, an inflammatory condition, disorder or
disease, or an autoimmune condition, disorder or disease} in a subject including administering a
therapeutically effective amount of any of the activatable TBs described herein to the subject. In
some embodiments, the disclosure provides methods of preventing, delaying the progression of,
treating, alleviating a symptom of, or otherwise ameliorating disease 1n a subject by
adrministering a therapeutically effective amount of an activatable TB described hereinto a
subject in need thereof. The term “treatment” refers to ameliorating at least one symptom of a
disorder. In some embodiments, the disorder being treated 1s a cancer and to ameliorate at least
one symptom of a cancer. As used herein, the term “subject” refers to any mammal. In some
ernbodiments, the subject 1s a fehine (e g, a cat), a canmne (e.g., a dog), an equine {e.g., a horse}, a
rabbi, a pig, a rodent {e.g., a mouse, a rat, a hamster or a guinea pig}, a non-human primate {&.g.,
a simian {e.g., a monkey {e.g, a baboon, a marmoset), or an ape {e.g, a chimpanzee, a gonilla, an
orangutan, or a gibbon}}, or a human. In some embodiments, the subject 1s a2 human, The terms
subject and patient are used nterchangeably herein. In some embodiments, the subject has been
previousty identified or diagnosed as having the disease {e.g., cancer {e.g., any of the cancers
described herein}).

The activatable TB used in any of the embodiments of these methods and uses may be
administered at any stage of the disease. For example, such an activatable TB may be
administered to a patient suffering cancer of any stage, from early to metastatic. In some
embodiments, the activaiable TB and formulations thereof may be administered to a subject
suffering from or susceptible to a disease or disorder associated with aberrant target expression
and/or activity.

A subject suffering from or susceptible to a disease or disorder associated with aberrant
target expression and/or activity may be identified using any of a variety of methods known in
the art  For example, subjects suffering from an mflammatory condition, disorder or disease, or

an autoimmune condition, disorder or disease, cancer or other neoplastic condition may be
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identified using any of a variety of clinical and/or laboratory tests such as, physical examination
and blood, urine and/or stool analysis to evaluate health status. For example, subjects suffering
from inflammation and/or an inflammatory disorder may be identified using any of a variety of
clinical and/or laboratory tests such as physical examination and/or bodily fluid analysis, e.g |
blood, urine and/or stool analysis, to evaluate health status.

In some embodiments, adminustration of an activatable TB to a patient suffering from a
disease or disorder associated with aberrant target expression and/or activity may be considered
successful if any of a variety of laboratory or clinical objectives is achieved. For example,
administration of an activatable TB to a patient suffering from a disease or disorder associated
with aberrant target expression and/or activity may be considered successtul if one or more of
the symptoms associated with the disease or disorder s alleviated, reduced, mhuibited or does not
progress to a further, 1.e., worse, state. Adrnstration of an activatable TB to a patient suffering
from a disease or disorder associated with aberrant target expression and/or activity may be
considered successtul if the disease or disorder enters remission or does not progress to a further,
Le., Worse, state.

As used herein, the term “treat” ncludes reducing the severity, frequency or the number
of one or more{e.g., 1, 2, 3, 4, or 53} symptoms or signs of a disease {e.g., a cancer {e.g., any of
the cancers described herem)) in the subject {e.g., any of the subjects described herein}). In some
embodiments where the disease 1s cancer, treating results in reducing cancer growth, inhibiting
cancer progression, inhibiting cancer metastasis, or reducing the risk of cancer recurrence 1n a
subject having cancer.

In some embodiments, the disease may be a cancer. In some embodiments, the subject
may have been identified or diagnosed as having a cancer. Examples of cancer include: solid
tumor, hematological tumeor, sarcoma, osteosarcoma, glioblastoma, neuroblastoma, melanoma,
rhabdomyosarcoma, Ewing sarcoma, ostegsarcoma, B-cell neoplasms, multiple myeloma, a
lymphoma {e.g., B-cell lymphoma, B-cell non-Hodgkin’s lymphoma, Hodgkin’s lymphoma,
cutaneous T-cell lymphoma}, a leukemia {e.g., hairy cell leukemia, chronic lymphocvtic
leukemia (CLL}, acute myeloid leukemia (AML), chronic myeloid leukemia (CML), acute
iymphocytic leukemia (ALL)), mvelodysplastic syndromes (MDS}, Kaposi sarcoma,
retinoblastoma, stomach cancer, urothelial carcinoma, lung cancer, renal cell carcinoma, gastric

and esophageal cancer, pancreatic cancer, prostate cancer, brain cancer, colon cancer, bone
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cancer, lung cancer, breast cancer, colorectal cancer, ovarian cancer, nasopharyngeal
adenocarcinoma, non-small cell lung carcinoma (NSCLCY, squamous cell head and neck
carcinoma, endometrial cancer, bladder cancer, cervical cancer, liver cancer, and hepatoceliular
carcinoma. In some embodiments, the cancer ts a lymphoma. In some embodiments, the
iymphoma s Burkitt’s lymphoma. In some aspects, the subject has been identified or diagnosed
as having familial cancer syndromes such as Li Fraumen: Syndrome, Familial Breast-
QOvarian Cancer (BRCAT or BRAC2 mutations) Syndromes, and others. The disclosed methods
are also useful in treating non-solid cancers. Exeroplary sohid tumors include mahignancies {e.g,,
sarcomas, adenocarcinomas, and carcinomas) of the various organ systerns, such as those of
fung, breast, lymphoid, gastrointestinal {e.g., colon), and genuourinary {e.g., renal, urothelial, or
testicular fumors) tracts, pharynx, prostate, and ovary. Exemplary adenocarcinomas include
colorectal cavcers, renal-cell carcinoma, liver cancer, non-small cell carcinoma of the lung,
and cancer of the small intestine. Further examples of cancers that may be treated by the
composttions and methods heremn include: Acute Lymphoblastic Leukemua, Adult; Acute
Lyrophoblastic Leukenua, Childhood; Acute Myeloid Leukemia, Adult; Adrenocortical
“arcinoma; Adrenocortical Carcinoma, Childhood; AHDS-Related Lymphoma; AIDS-Related
Malignancies; Anal Cancer; Astrocytoma, Childhood Cerebellar, Astrocytoma, Childhood
Cerebral; Bite Duct Cancer, Extrahepatic; Bladder Cancer; Bladder Cancer, Childhood,
Bone Cancer, Osteosarcoma/Mahignant Fibrous Histioeytoma, Bramn Stem Glioma, Childhood;
Bramn Tumor, Adull; Brain Tomor, Brain Stem Glioma, Childhood; Brain Tumor, Cerebellar
Astrocytoma, Childhood; Bram Tumor, Cerebral Astrocytoma/Malignant Glioma, Childhood,;
Brain Tumor, Ependymoma, Childhood; Brain Tumor, Medulloblastoma, Childhood, Brain
Tumor, Supratentorial Primitive Neuvroectodermal Tumors, Childhood; Brain Temor, Visual
Pathway and Hypothalamic Glioma, Childhood; Brain Tumor, Childhood {Other);
Breast Cancer; Breast Cancer and Pregnancy, Breast Cancer, Childhood; Breast Cancer, Male;
Bronchial Adenomas/Carcinoids, Childhood; Carcinoid Tumor, Childhood; Carcinoid Tumor,
Gastrointestinal; Carcinoma, Adrenocortical; Carcinoma, Islet Cell; Carcinoma of Unknown
Primary; Central Nervous System Lymphoma, Primary; Cerebellar Astrocytoma, Childhood;
Cerebral Astrocytoma/Malignant Glioma, Childhood; Cervical Cancer; Childhood Cancers;
Chronic Lymphocytic Leukenua; Chronic Myelogenous Leukenua; Chronic Myeloproliferative

Disorders; Clear Cell Sarcoma of Tendon Sheaths; Colon Cancer; Colorectal Cancer, Childhood;
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Cutaneous T-Cell Lymphoma; Endometrial Cancer, Ependymoma, Childhood;

Epithehial Cancer, Ovarian; Esophageal Cancer; Esophageal Cancer, Childhood; Ewing's Fanuly
of Tumors; Extracranial Germ Cell Tumor, Childhood; Extragonadal Germ Cell Tumaor;
Extrahepatic Bile Duct Cancer; Eve Cancer, Intraocular Melanoma; Eve Cancer,

5  Retinoblastoma; Gallbladder Cancer; Gastric (Stomach) Cancer; Gastric (Stomach) Cancer,
Childhood; Gastrointestinal Carcinoid Tumor; Germ Cell Tumor, Extracranial, Childhood; Germ
Cell Tumor, Extragonadal; Germ Cell Tumor, Ovarian; Gestational Trophoblastic Tumor;
Glioma, Childhood Brain Stern; Glioma, Childhood Visual Pathway and Hypothalamie;, Hairy
Cell Leukemia; Head and Neck Cancer; Hepatocellular (Liver} Cancer, Adult (Primary);

16 Hepatocellular (Liver) Cancer, Childhood {(Primary), Hodgkin's Lymphoma, Adult; Hodgkin's
Lyrophoma, Childhood; Hodglan's Lymphoma During Pregnancy; Hypopharyngeal Cancer;
Hypothalamic and Visual Pathway Ghioma, Childhood; Intraocular Melanoma; Islet Cell
Carcinoma {(Endocrine Pancreas); Kapost's Sarcoma,; Kidney Cancer; Laryngeal Cancer;
Laryngeal Cancer, Childhood; Leukemua, Acute Lymphoblastic, Adalt; Leukemia, Acute

15 Lymphoblastic, Childhood; Leukemia, Acute Myeloid, Adult; Leukemia, Acute Myeloid,
Childhood; Legkema, Chronic Lymphocytic; Leskerma, Chronic Myelogenous; Leukemia,
Hairy Cell; Lip and Oral Cavity Cancer; Liver Cancer, Adult (Primary); Liver Cancer,
Childhood (Primary);, Lung Cancer, Non-8Small Cell, Lung Cancer, Small Cell; Lymphoblastic
Leukemia, Adult Acute; Lymphoblastic Leukemia, Childhood Acute; Lymphoceytic Leukemia,

20 Chromg; Lymphoma, AIDS-Related; Lymphoma, Central Nervous System (Primary},
Lymphoma, Cutaneous T-Cell; Lymphoma, Hodgkin's, Adult; Lymphoma, Hodgkin's,
Childhood; Lymphoma, Hodgkin's During Pregnancy; Lymphoma, Non-Hodgkin's, Adult;
Lymphoma, Non-Hodgkin's, Childhood, Lymphoma, Non-Hodgkin's During Pregnancy;
Lymphoma, Primary Central Nervous System; Macroglobulinemia, Waldenstrom's; Male

25  Breast Cancer; Malignant Mesothelioma, Adult; Malignant Mesothelioma, Childhood; Malignant
Thymoma, Medulioblastoma, Childhood; Melanoma; Melanoma, Intraocular; Merkel Cell
Carcinoma; Mesothelioma, Malignant; Metastatic Squamous Neck Cancer with Occult Primary;
Multiple Endocrine Neoplasia Syndrome, Childhood; Muitiple Myeloma/Plasma Cell Neoplasm;
Myvcosts Fungoides; Myelodysplastic Syndromes; Myelogenous Leukenua, Chronic; Myeloid

30 Leukemuia, Childhood Acute; Myeloma, Multiple, Myeloproliferative Disorders, Chronic; Nasal
Cavity and Paranasal Sinus Cancer; Nasopharyngeal Cancer; Nasopharyngeal Cancer,
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Childhood; Neuroblastoma; Non-Hodgkin's Lymphoma, Adult; Non-Hodgkin's Lymphoma,
Childhood; Non-Hodgkin's Lymphoma During Pregnancy; Non-Small Cell Lung Cancer;
Oral Cancer, Childhood; Oral Cavity and Lip Cancer; Oropharyngeal Cancer;
Osteosarcoma/Malignant Fibrous Histiocytoma of Bone; Ovarian Cancer, Childhood; Ovarian
Epithelial Cancer; Ovarian Germ Cell Tumor; Ovanan Low Malignant Potential Tumor;
Pancreatic Cancer; Pancreatic Cancer, Childhood; Pancreatic Cancer, Islet Cell; Paranasal Sinus
and Nasal Cavity Cancer; Parathyrotd Cancer; Penile Cancer; Pheochromacytoma; Pineal and
Supratentorial Primitive Neuroectodermal Tumors, Childhood; Pituitary Tumor; Plasma Cell
Neoplasm/Multiple Myeloma; Pleuropulmonary Blastoma; Pregnancy and Breast Cancer;
Pregnancy and Hodglin's Lymphorma; Pregnancy and Non-Hodgkin's Lymphoma; Primary
Central Nervous Systera Lymphoma; Primary Liver Cancer, Adult; Primary Liver Cancer,
Childhood; Prostate Cancer; Rectal Cancer; Renal Cell (Kidney) Cancer; Renal Cell Cancer,
Childhood; Renal Pelvis and Urster, Transitional Cell Cancer; Retinoblastoma;
Rhabdomyosarcoma, Childhood; Sabivary Gland Cancer; Sabivary Gland Cancer, Childhood;
Sarcoma, Ewing's Family of Tumors; Sarcoma, Kapost's; Sarcoma {Osteosarcoma)y/Malignant
Fibrous Histiocyioma of Bone; Sarcoma, Rhabdomyosarcoma, Chuldhood; Sarcoma, Soft Tissue,
Adult; Sarcoma, Soft Tissue, Childhood, Sezary Syndrome; Skin Cancer; Skin Cancer,
Childhood; Skin Cancer (Melanoma}, Skin Carcinoma, Merkel Cell;, Small Cell Lung Cancer;
Small Intestine Cancer; Soft Tissue Sarcoma, Adult; Soft Tissue Sarcoma, Childhood; Squamous
Neck Cancer with Occult Primary, Metastatic, Stomach (Gastric) Cancer; Stomach
{Gastricy Cancer, Cluldhood; Supratentorial Primitive Newrcectodermal Tumors, Childhood, T-
Cell Lymphoma, Cutaneous; Testicular Cancer; Thymoma, Childhood; Thymoma, Malignant;
Thyroid Cancer; Thyroid Cancer, Childhood; Transitional Cell Cancer of the Renal Pelvis and
Ureter; Trophoblastic Tumor, Gestational, Unknown Primary Site, Cancer of, Childhood;
Unusual Cancers of Childhood; Ureter and Renal Pelvis, Transitional Cell Cancer;
Urethral Cancer, Uterine Sarcoma; Vagmal Cancer; Visual Pathway and Hypothalamic Ghioma,
Childhood; Vulvar Cancer, Waldenstrom's Macro globulinemuia; Wilms' Tumor, diffuse large B-
cell lymphoma (BLBCL); and mantle cell lymphoma (ML} Metastases of the aforementionad
cancers may also be treated or prevented in accordance with the methods described herein.

In some embodiments, the methods herein may result in a reduction in the number,

severity, or frequency of one or more symptoms of the cancer in the subject {e.z., as compared to
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the number, severity, or frequency of the one or more symptoms of the cancer in the subject prior
to treatment).

The methods may further comprise administering to a subject one or more additional
agents. In some embodiments, the activatable TB may be administered during and/or after
treatment in combination with one or more additional agenis. In some embodiments, the
activatable TB may be formulated into a single therapeutic composition, and the activatable TB
and additional agent(s) may be administered simultanecusly. Alternatively, the activatable TB
and additional ageni(s) may be separate from each other, e g, each s formulated into g separate
therapeutic composttion, and the activatable TB and the additional agent are administered
simultaneously, or the activatable TB and the additional agent are adminustered at different times
during a treatment regimen. For example, the activatable TB may be adnurustered prior to the
admingstration of the additional agent, subsequent to the administration of the additional agent,
or 10 an alternating fashuon. The activatable TH and additional agent(s) may be admirustered in
single doses or in multiple doses.

The present disclosure also provides methods of detecting presence or absence of a
cleaving agent and the target in a subject or a sample. Such methods may comprise (1)
contacting a subject or biological sample with an activatable TB, wherein the activatable TB
meludes 8 detectable Iabel that 1s positioned on a portion of the activatable TB that 15 released
followimg cleavage of the CM and (1) measuring a level of activated {cleaved} TB m the subject
or biological sample, wherein a detectable level of activated TB i the subject or biological
sample indicates that the ¢leaving agent, the target or both the cleaving agent and the target are
absent and/or not sufficiently present in the subject or biological sample, such that the target
binding and/or protease cleavage of the activatable TB cannot be detected in the subject or
biclogical sample, and wherein a reduced detectable level of activated (cleaved) TB in the
subject or biological sample indicates that the cleaving agent and the target are present in the
subject or biological sample.

A reduced level of detectable label may be, for example, a reduction of at feast 5%, 10%,
159, 20%, 25%, 30%, 35%, 40%, 45%, S0%, 55%, 60%, 65%, T0%, 75%. 80%. §5%, 90%, or
95%, or a reduction of substantially 100%. In some embodiments, the detectable label may be
conjugated to a component of the activatable TB, e¢, the AB. In some embodiments,

measuring the level of activatable TB i the subject or sample may be accomplished using a
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secondary reagent that spectfically tinds to the activated TH, wherein the reagent comprises a
detectable label. The secondary reagent may be a THB comprising a detectable label.

In some embodiments, the activatable TBs may also be useful in the detection of the
target in patient samples and accordingly are useful as diagnostics. For example, the activatable
TBs may be used in in vitro assays, e¢.g., ELISA, to detect target levels in a patient sample. For
example, an activatable TB may be immobilized on a solid support {e.g., the well(s) of a
microtiter plate}). The immobilized activatable TH may serve as a capture TB for any target that
may be present 1o 4 test sample. Prior to contacting the immobilized TB with a patient sample,
the solid support may be rinsed and treated with a blocking agent such as nulk protein or
albunun to prevent nonspecitic adsorption of the analyte.

In some erobodiments, based ou the results obtained using the activatable TBs i anin
vitro diagnostic assay, the stage of a disease in a subject may be determined based on expression
levels of the target antigen{s}. For a given disease, samples of blood may be taken from subjects
diagnosed as being at various stages in the progression of the disease, and/or at vanous pomnis
the therapeutic treatment of the disease. Using a population of samples that provides statistically
significant results for each stage of progression or therapy, a range of concentrations of the
antigen that may be considered characteristic of each stage 1s designated.

Activatable TBs herein may also be used n diagnostic and/or imaging methods. In some
embodiments, such methods may be & vitro methods. In some embodiments, such methods may
be i vivo methods. In some embodiments, such methods may be in situ methods. In some
embodiments, such methods may be ex vive methods. For example, activatable TBs having a
M may be used to detect the presence or absence of an enzyme capable of cleaving the CM.
Such activatable TBs may be used in diagnostics, which can include in vive detection {e.g.,
qualitative or quantitative} of enzyme activity {or, in some embodiments, an environment of
mereased reduction potential such as that which can provide for reduction of a disulfide bond}
through measured accumulation of activated TBs (i.e., TBs resulting from cleavage of an
activatable TB) in a given cell or tissue of a given host organism. Such accumulation of
activated TBs indicates not only that the tissue expresses enzymatic activity {or an increased
reduction potential depending on the nature of the CM) but also that the tissue expresses target to
which the activated TB binds.

For example, the CM may be selected to be a protease substrate for a protease found at
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the site of a tumor, at the site of a viral or bacterial infection at a biologically confined site (e.g.,
such as in an abscess, in an organ, and the like}, and the like. The AB may be one that binds a
target antigen. Using methods familiar to one skilled in the art, a detectable label (e g, a
fluorescent label or radicactive label or radiotracer) may be conjugated to an AB or other region
of an activatable TB. Suitable detectable labels may be discussed in the context of the above
screening methods and additional specific examples are provided below. Usinga TB {eg., an
AB) specific to a protein or peptide of the disease state, along with a protease whose activity is
elevated in the disease tissue of interest, activatable TBs may exhibit an 1ncreased rate of binding
to disease tissue relative to tissues where the CM specific enzyme 1s not present at a detectable
fevel or s present at a lower level than 1 disease tissue or 5 1nactive {e.g., n zymogen form or
in complex with an inhibitor). Since small proteins and peptides are rapudly cleared from the
blood by the renal filtration system, and because the enzyme specific for the CM 13 not present at
a detectable level {(or 15 present at lower levels in non-disease tissues or 1s present in nactive
conformation), accumulation of activated TBs in the disease tissue may be enhanced relative to
non-disease tissues.

In some embodiments, the activatable TBs may be useful for iz vive imaging where
detection of the fluorescent signal in a subject, e g, a mammal, mcluding a human, indicates that
the disease site contains the target and contains a protease that 18 specific for the CM of the
activatable TB. The iz vive nmaging may be used to identify or otherwise refine a patient
population suiable for treatment with an activatable TB of the disclosure. For example, patients
that test positive for both the target and a protease that cleaves the substrate m the UM of the
activatable TB being tested (e.g., accumulate activated TBs at the disease site} are identified as
suttable candidates for treatment with such an activatable TB comprising such a CM. Likewise,
patients that test negative may be identified as suitable candidates for another form of therapy
{1.e., not suttable for treatment with the activatable TB being tested). In some embodiments,
such patients that test negative with respect to a first activatable TB can be tested with other
activatable TBs comprising different CMs until a sustable activatable TB for treatment 1s
identified (e.g., an activatable TB comprising a CM that 1s cleaved by the patient at the site of
disease).

In some embodiments, in sif imaging may be useful in methods to dentify which

patients to treat. For example, in im siti imaging, the activatable TBs may be used to screen
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patient samples to dentify those patients having the appropriate protease(s} and target{(s} at the
appropriate location, e.g., at a tumor site. In some embodiments, in sitn imaging 1s used to
identify or otherwise refine a patient population suitable for treatment with an activatable TB of
the disclosure. For example, patients that test positive for both the target and a protease that
cleaves the substrate in the CM of the activatable TB being tested (e g, accumulate activated
TBs at the disease site) are identified as suitable candidates for treatment with such an
activatable TB comprising such a CM. Likewise, patients that test negative for either or both of
the target and the protease that cleaves the substrate 1 the CM used o the activatable TB being
tested using these methods are wdentified as suitable candidates for another form of therapy (Le,
not suttable for treatrnent with the activatable TB bemng tested). Tn some embodiments, such
patients that test negative with respect to a first activatable TB can be tested with other
activatable TBs comprising different CMs untd a sustable activatable TB for treatment is
identified (e.g., an activatable TB comprising a UM that 1s cleaved by the patient at the site of
disease).

In some embodiments, the present disclosure includes any one or combination of the
followmng non-limiting numbered ttems:

i A dual-anchored activatable target-binding protein compnising:

a target-binding protem (TB) that specifically binds to a target;

a masking motety (MM} coupled to the TB, wherein the MM mhibits binding of the AB
to the target; and

a cleavable moety (UM} coupled to the TB and posttioned between the TB and the MM,
wherein the CM 1s a polypeptide that functions as a substrate for a protease, and

further comprising a non-alpha-carbon covalent bond tethering the MM and the TB.

2. The activatable target-binding protein of ttem 1, wherein the TB is an antigen-
binding protein (AB).

3. The activatable target-binding protein of item 1 or item 2, wherein the activatable
target-binding protein has a lower target-binding activity compared to a single-anchored
activatable target-binding protein lacking the non-alpha-carbon covalent bond.

4. The activatable target-binding protein of any one or combination of items 1-3,

wherein the non-alpha-carbon covalent bond 1s an ester bond or a thioester bond.
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5.

The activatable target-binding protein of item 4, wherein the ester bond s
between a threonine and a glutamine.

6. The activatable target-binding protein of item 4, wherein the thicester bond 1s
between a cysteine and a glitamine or a tyrosine.
5 7. The activatable target-binding protein of any one or combination of items 1-3,
wherein the non-alpha-carbon covalent bond 1s a cross-link between a histidine and a tyrosine or
a cross-link between a lysine and a cysteine.
3 The activatable target-binding protein of any one or combination of iteras 1-3,

wherein the non-alpha-carbon covalent bond 15 an 1sopeptide bond.
10 9.

The activatable target-binding protein of item 8, wheremn the sopeptide bond 18
between a lysine and a glutarate or aspartate residue.
10 The activatable target-binding protein of item 8, wheremn the sopeptide bond 18

between a garnma-carboxyamide group of glutamine and epsdon-amino group of a lysine
sidechain.

15 it The activatable target-binding protein of any one or combination of items 1-3,

wherein the non-alpha-carbon covalent bond 1s a disulfide bond.
i2.

The activatable target-binding protem of 1tem 11, wherein the disulfide bond 1s
formed between a first cystemne and a second cysteine, wherein

the first cysteine 15 within the MM and the second cysteine is within the TB,
20

the first cystemne 1s withun a peptide coupled to the MM and the second cysteine 15 within
the T, or

the first cysteine is within the MM and the second cysteine 1s within a peptide coupled to
the TB.

13

The activatable target-binding protein of any one or combination of items 1-12,
25

further comprising a second CM, wherein
the second UM is positioned between the MM and the non-alpha-carbon covalent bond,
the second CM is within the MM and up to 5 aming acids away from a cysteine forming

the non-alpha-carbon covalent bond, or

the second CM is within the TB and at up to 5 amino acids away from a cysteine forming
3¢ the non-alpha-carbon covalent bond.
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14. The activatable target-binding protein of any one or combination of items 1-13,
wherein the first and the second CMs are substrates of different proteases.

15 The activatable target-binding protein of any one or combination of items 1-13,
wherein the first and the second CMs are substrates of the same protease.

13} The activatable target-binding protein of any one or combination of items 1-12,
wherein the protease 15 produced by a tumor in a subject.

17 The activatable target-binding protein of any one or combination of items 2-16,
wherein the AB 1s an antibody, a Fab fragment, a F{ab’ ), fragment, a seFv, a scAb, a dAb, a
VHH, or a single domain antibody.

I3 The activatable target-binding protein of any one or combination of teros 2-17,
wherein the AB 13 a single doman antibody.

19 The activatable target-binding protein of any one or combination of iteros 2-18,
wherein the AB 15 an Fe~tagged single domamn antibody.

20. The activatable target-binding protem of any one or combination of iterns 2-17,
wherein the AB 15 a bispecific antibody.

21 The activatable target-binding protein of stem 20, wherein the bispecific antibody
13 a bispecific T Cell engager (BiTE) or a dual-affinity retargeting antibody (DART).

22. The activatable target-binding protem of any one or combination of itermns 2-17,
wherein the AB 13 a multispecific antibody.

23. The activatable target-binding protem of any one or combination of 1terns 18-19,
wherein the non-alpha-carbon covalent bond 15 between the MM and the single domain antibody.

24 The activatable target-binding protein of any one or combination of items 1-22,
wherein the non-alpha-carbon covalent bond 18 between the MM and an Fc domaimn.

25. The activatable target-binding protein of any one or combination of items 1-24,
wherein the MM comprises an eptiope of the TB.

26. The activatable target-binding protein of any one or combination of items 1-24,
wherein the MM does not comprise four or more consecutive amino acids of an epitope of the
8.

27. The activatable target-binding protein of any one or combination of items 1-20,
wherein the MM has a dissoctation constant for binding to the TB that ts greater than a

dissociation constant of the TB for binding to the target.
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28. The activatable target-binding protein of any one or combination of items 1-27,
wherein the MM 1s a polypeptide of from 2 to 40 amino acids in length.

29 The activatable target-binding protein of any one or combination of items 1-28,
wherein the activatable target-binding protein comprises a hinker between the MM and the CM.

30. The activatable target-binding protein of any one or combination of items 1-29,
wherein the activatable target-binding protein comprises a hinker between CM and the TB.

3L The activatable target-binding protein of any one or combination of items 1-29,
wheremn the activatable target-binding protein comprises a first inker between the MM and the
UM and a second hinker between the CM and the TB.

32. A composition comprising the activatable target-binding protein of any one or

cornbmation of items 1 to 31 and a carrier.

33 The composition of item 32, wherein the composition 15 a pharmaceutical
COposiion.
34, A contamner, vial, syringe, injector pen, or kit comprising at least one dose of the

coraposition of tem 32 or 33,
35. A nucleic acid comprising a sequence encoding the activatable target-binding

protein of any one or combination of ttems 1 to 31,

36, A vector comprising the nucleic acid of itemn 35
37. A cell comprising the nucleic acid of item 35 or the vector of ttem 36.
38 A comugated activatable target-binding protein comprising the activatable target-

binding protem of any one or combination of ttems T to 31 conjugated to an agent.

39 The conjugated activatable target-binding protein of item 38, wherein the agent 18
a therapeutic agent, a targeting moiety, or a detectable moiety.

40. A method of treating a subject in need thereof comprising administering to the
subject a therapeuticaily effective amount of the activatable target-binding protein of any one or
combmation of ttems 1 to 31, the compostiion of item 32 or 33, or the conjugated activatable
targei-binding protein of item 38 or 39,

4% The method of item 40, wherein the subject has been identified or diagnosed as
having a cancer, an inflammatory condition, disorder or disease, or an autoimmune condition,
disorder or disease.

42. A method of producing an activatable target-binding protein, comprising:
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culturing the cell of ttem 37 in a culture mediom under a condition sufficient to produce
the activatable target-binding protein; and

recovering the activatable target-binding protein from the cell or the culture medium.

43, The method of ttem 42, further comprising isclating the activatable target-binding
protein recovered from the cell or the culture medium.

44 The method of ttem 43, wherein the 1solating 15 performed using a protein
purification tag and/or size exclusion chromatography.

45. The method of tem 43 or item 44, further comprising formulating the activatable
target-binding protem nto a pharmaceutical composition.

46, A method of producing a dual-anchored activatable macromolecule comprising:
engineering a cysteine residue at a disulfide bondimg site in a masking moiety (MM) of the dual-
anchored activatable macromolecule; engineering a cysteine residue at a disulfide bonding site in
a target-binding protein {TB) of the dual-anchored activatable macromolecule, wherein the MM
and the TB are coupled and a cleavable motety {TM]) 15 positioned between the MM and the TB;
expressing the dual-anchored activatable macromolecule; and recovering the dual-anchored
activatable macromolecule, wherein the MM and the TB are tethered at their disulfide bonding
sttes i the recovered dual-anchored activatable macromolecule.

47 A method of producing a dual-anchored activatable macromolecule comprising:
engineering an argining or lysine residue at an 1sopeptide bonding site 10 a masking moiety
{MM) of the dual-anchored activatable macromolecule and/or engineering an aspartate or
glutamate residue at an isopeptide bonding site 1n a target-binding protem (TB) of the dual-
anchored activatable macromolecule, wherein the MM and the TB are coupled and a cleavable
motety (CM)} 1s postiioned between the MM and the TB; expressing the dual-anchored
activatable macromolecule; and recovering the dual-anchored activatable macromolecule,
wherein the MM and the TB are tethered at their isopeptide bonding sites in the recovered dual-
anchored activatable macromolecule.

48. A method of producing a dual-anchored activatable macromolecule comprising:
engineering an aspartaie or glutamate residue at an 1sopeptide bonding site in a masking moiety
{MM)} of the dual-anchored activatable macromolecule and/or engineering an arginine or lysine
residue at an 1sopeptide bonding site in a target-binding protein {(TB} of the dual-anchored

activatable macromolecule, wherein the MM and the TB are coupled and a cleavable moiety
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{CM) 1s positioned between the MM and the TB; expressing the dual-anchored activatable
macromolecule; and recovering the dual-anchored activatable macromolecule, wherein the MM
and the TB are tethered at their 1sopeptide bonding sites in the recovered dual-anchored
activatable macromolecule.

49 A method of making a dual-anchored activatable macromolecule comprising
providing a MM comprising a non-alpha-carbon covalent bond-forming amino acid configured
to form a non-alpha-carbon covalent bond with a non-alpha-carbon covalent bond-forming
anmune acid i a TH that s coupled to the MM,

50, The method of item 49, wherein the alpha-carbon covalent bond-forming amino
acid of the MM 13 threonine and the alpha-carbon covalent bond-formung arino acid of the TB 15
glutanune.

St The method of tem 49, wherein the alpha-~carbon covalent bond-forming anuno
acid of the MM 1s glutamine and the alpha-carbon covalent bond-forming ammnoe acid of the TB
is threonine,

52, The method of item 49, wherein the alpha-carbon covalent bond-forming amino
acid of the MM 15 cysteine and the alpha-carbon covalent bond-forming amino acid of the TB 13
glutamine or tyrosine.

53. The method of ttem 49, wherein the alpha-carbon covalent bond-forming amino
acid of the MM 1s glutamine or tyrosine and the alpha-carbon covalent bond-forming aming acd
of the TB 1s cystemne.

54. The method of item 49, wherein the alpha-carbon covalent bond-forming amino
actd of the MM s histidine and the alpha-carbon covalent bond-forming amino acid of the TB 1
tyrosine.

55. The method of item 49, wherein the alpha-carbon covalent bond-forming amino
acid of the MM 1s tyrosine and the alpha-carbon covalent bond-forming amino acid of the TB 18
histidine.

56. he method of item 49, wherein the alpha-carbon covalent bond-forming aming
acid of the MM 15 yvsine and the alpha-carbon covalent bond-forming amino acid of the TB 1

cysteine, glutamate, or aspartate.
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57. The method of item 49, wherein the alpha-carbon covalent bond-forming amino
actd of the MM is cysteine, glutamate, or aspartate and the alpha-carbon covalent bond-forming
amino acid of the TH s lysine.

S8. The method of ttem 49, wherein the alpha-carbon covalent bond-forming amino
actd of the MM s glutamine and the alpha-carbon covalent bond-forming amino acid of the TB
is lysine, and the non-alpha-carbon covalent bond 1s an isopeptide bond between the gamma-
carboxyanmude group of the glutamine and the epsion-amino group of the lysine sidechain.

59. The method of tem 49, wherein the alpha-~carbon covalent bond-forming anuno
acid of the MM 1s lysine and the alpha-carbon covalent bond-forming amino acid ot the TB 15
glutamine, and the non-alpha-carbon covalent bond s an 1sopeptide bond between the gamma-
carboxyanude group of the glutamine and the epsidon-amino group of the lysine sidechain.

60, A method of making a dual-anchored activatable macromolecule comprising
providing a MM comprising a cysteine configured 1o form a non-alpha-carbon covalent bond
with a non-alpha-carbon covalent bond-formuing amino acid in a TB that 1s coupled to the MM

EXAMPLES

The invention 15 further described 1 the following examples, which do not it the
scope of the invention described in the claims and provide proof-of-concept demonstration for
the advantageous of the dual-anchored structure of the activatable macromolecules described in
the present disclosure.

Example 1: Production of Single-Anchored BO2T Masked Nanobody (BC2T-Nb)

This example shows the production of an example single-anchored activatable antibody.
The single-anchored activatable antibody comprises a nanobody {INb} capable of binding to beta-
catenin and an MM {(BUC2T) comprising a sequence of beta-catenin that is the epitope of the Nb.
The MM is single-anchored with the Nb, 1.e., the MM and the Nb are coupled via a UM but not
tethered by a disulfide bond. The single-anchored BC2T-Nb (shown in FIG, 4B) was prepared
by recombinant methods. The single-anchored BC2T-Nb (SEQ 1D NO:2 or 3} comprises, from
N-terminus {o C-terminus, a signal peptide from SPS (SEQ 1D NG:12), a leader sequence {SE(
1D NG:13), the BC2ZT MM (SEQ ID NG 14), a GS hinker (SEQ ID NO: 15), a CM (8EQ ID NO:

16 0r 17}, a GS linker (SEQ 1D NO:18), an Nb (SEQ 1D NO: 19}, a GGS linker, and a His tag for
purification (SEQ ID NO: 21). The polypeptide was prepared by transforming a host cell with a
polynucleotide encoding the polypeptide sequence of SEQ 1D NO: 2 or 3, followed by
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cultivation of the resuiting recombinant host cells, and purification of the protemn from
supernatants using standard Immobilized Metal Affiruty Chromatography (IMAC) and Size
Exclusion Chromatography (SEC)Y methods The resulting protem is a monomer (ProC653 or
ProC654).

5 The control molecule (1.e., unmasked nanobody that has no BC2T attached) was also
prepared by recombinant methods. ProC649 (PP073) (SEQ 1D NO: 1) comprises, from N-
terminus to C-terminus, a signal peptide from SP3 (SEQ 1D NO:12), an Nb (SEQ ID NG:19), a
GGS linker, and a His tag for puritfication (SEQ 1D NO: 21). The polypeptide was prepared by
transforming a host cell with a polysucleotide encoding the polypeptide sequence of SEQ 1D

16 NO: I, followed by cultivation of the resulting recombinant host cells and purification using
standard IMAC and SEC methods. The resulting protein (ProC649) s a monomer.
Example 2. Protease Treatment of Single-Anchored BC2T-Nb

To release the MM, the unmasked nanobody and the single-anchored BC2ZT-Nb
molecules were treated overnight at 37°C with a recombinant human protease such as matrix

15 metalloproteinase (MMP). Complete protease treatment was tested by non-reducing SDS-
PAGE. Protems ahquots (2ug) were denatured for 10 mmutes at 75°C 1 sample buffer (with
reducing agent added, as necessary) and separated on a 4-12% NuPAGE™ Bis-Tris gel (Thermo
Fisher Scientific, Waltham, MA, Catalog # NPO321} in MOPS buffer for 1 hour at 175V and
visualized after staining with InstantBlue™ for 1 hour followed by destaining in water for at

20 least4h

Proteins were confirmed to be monomeric and of the expected molecular weights (FIG.

3}. There is a shift 1n molecuiar weight in the constructs with the BC2T and the nanobody

expressed as a polypeptide and linked with 3 CM (FIG. 6, lanes 4, 6). After protease treatment,
25  the proteins run at the same level as the unmasked molecule (FI1G. 6, lanes 5, 7).

Example 3: Binding of Monomeric Single-Anchored BC2T-Nb by BioLayer Interferomeiry

(BLD)

Binding of the unmasked nancbody and single-anchored BC2T-ND to free BC2T peptide

was assessed by BLI using the ForteBio Octet device. While BLI 15 generally used to calculate
30 association and dissociation kinetics of binding mteractions, it was used herein to detect binding.

Peptide corresponding to the following sequence: QGQSGQRPDREKAAVSHW( (SEQ 1D NO:
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5673 was synthesized at ELIM Biopharmaceuticals with a biotin at the N-terminus. The peptide
was loaded on SSA biosensor tips (Pall/ForteBio Cat # 18-5117) at 100 nM 1n Binding Buffer
(BB: 1X PBS, pH 7.2, 5% glycerol, 0.1% Tween-20, 2% BSA) for 10 minutes. Baseline
mcubation in BB for 1mun before and after this capture step were used to confum protein
capture. The loaded tips were then incubated in 100 nM Nb 1in BB for 6 minutes followed by
mcubation in BB for 6 minutes. Changes in interference distance (nanometers} at the sensor tip
are plotted against time to follow the binding / dissociation of soluble proteins from the
mmeobilized hgand ou the tip (FIG. 7). The resulis demonstrate that ProC653 and ProCo654 are
effectively masked because they can bind the peptide, like the unmasked control ProC649, only
after protease (MMP9 or MMP14) treatroent.

Example 4: Production of Monomeric Dual-Anchored BC2T-Nb

This example shows production of an example moonomeric dual-anchored activatable
antibody. The dual-anchored activatable antibody comprises a nanobody (Nb) capable of
binding to beta-catenin and an MM comprising a sequence of beta-catenin that 1s the epitope of
the Nb (BC2T). The MM 15 dual-anchored with the Nb, ve,, the MM and the Nb are coupled via
a CM and also tethered by a disulfide bond. The dual-anchored BC2ZT-Nb (shown in FIG. 44)
were prepared by recombinant methods. ProC994 (PP123} (SEQ ID NO: 4) and ProC995
(PP124) (SEQ ID NO:5) comprise, from N-termunus to C-terminas, a signal peptide from SP5
{SEQ D NGO 12), a leader sequence with the third amino acid mutated to a cysteine (SEQ 1D
NO:22), the BC2T MM (SEQ ID NO:14), a GS linker (SEQ ID NO: 15), a CM (SEQ ID NO:
16}, a GS hinker (SEQ 1D NO: 18}, an Nb with one amino acid mutated to a cysteine (SEQ 1D
N{:24 or 25), 3 GGS linker, and His tag for purification (SEQ ID NO: 21). The polypeptide was
prepared by transforming a host cell with a polynucleotide encoding the polypeptide sequence of
SEQ ID NO: 4 or 5, followed by cultivation of the resulting recombinant host cells. The
resulting protein (Pro’994 or ProC995} 15 a monomer.

ProC996 (PP125} (SEQ [ NO:6} comprises, from N-terminus to C-terminus, a signal
peptide from SPS {SEQ 1D NO:12), a leader sequence {(SEQ ID N(O:13), the BC2T MM with the
second anmino acid mutated to a cysteine {SEQ ) NO:23}, a GS linker (SEQ ID NO: 15),a CM
{SEQ D NO: 106}, a GS linker (SEQ I NO: 18}, an Nb with one amino acid mutated to a
cvsteine {SEQ 1D NO:26), a GGS linker, and a His tag for purification (SEQ ID NO: 21). The
polypeptide was prepared by transforming a host cell with a polynucleotide encoding the
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polypeptide sequence of SEQ ID NO: 6, followed by cultivation of the resulting recombinant
host cells and purification of the expressed protein using standard IMAC and SEC methods. The
resulting protein (ProC996} i1s a monomer.

Example 8. Protease Treatment of Monomeric Bual-anchored BO2T-Nb

To release the MM (see FlG, 4C), single-anchored and dual-anchored BC2T-Nb
molecules were treated overnight at 37°C with a recombinant human protease such as urokinase-
type plasminogen activator (UPA). Complete protease treatment and disulfide bond analysis was
tested by reducing and non-reducing SDS-PAGE. Protein aliquots (2ug) were denatured for 10
nunutes at 75°C m sample buffer {with reducing agent added, as necessary) and separated on a 4-
12% NuPAGE™ Bis-Tris gel (Thermo Fisher Scientific, Waltham, MA, Catalog # NP0321) in
MOPS buffer for 1 hour at 175V and visualized after staining with TostantBlue™ for 1 hour
followed by destaining 1o water for at least 4 h.

Proteins were contirmed o be monomeric and of the expected molecular weights on
the reducing gel before and after protease treatment (FIG. §, bottom panel). Engineered disuifide
bonds were confirmed to have formed in the von-reducing gel before protease treatment (FIG. §,
top panel, lanes 4, 6, and 8}, and after protease treatment, the proteins run at the same level as the
single-anchored mask molecule (FIG. §, top panel, lanes 2, 5, 7, 9). Engineered disulfide bonds
were confirmed to have formed by comparing the migration of protease-treated dual-anchored
masked proteins in non-reducing vs reducing gels.

Example 6: Production of Dimeric Dual-anchored Macromolecules

This example shows production of an exemplary dimeric dual-anchored activatable
antibody. The dual-anchored activatable molecule includes two nancbodies (Nb) capable of
binding to beta-catenin, an Fc dimer comprising two Fe¢, each coupled with an Nb, and two MMs
{e.g., BC2T in this illustrative example) comprising a sequence of beta-catenin that 1s the epitope
of the Nb. Fach MM s dual-anchored with the Nb, 1.e., the MM and the Nb are coupled via a
UM and also tethered by a disulfide bond (FIG. 34}

The dimeric dual-anchored BC2T-Nb was prepared by recombinant methods. ProC1285
(HC699) (SEQ ID NG: 9) comprises, from N-terminus to C-terminus, a signal peptide from SP5
{SEQ 1D NO:12), a leader sequence with the third amine acid mutated to a cysteine (SEQ 1D
NO:22), the BC2T MM (SEQ ID NO:14), a GS linker {SEQ ID NO: 15), a CM (SEQ ID NO:
16), a GS linker (SEQ D NO:18), a Nb with one amino acid mutated to a cysteine (SEQ 1D
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N(G:24), a GGGG linker (SEQ ID NO: 27), and the human IgGl Fo (SEQ ID NO: 28). The
polypeptide was prepared by transforming a host cell with a polynucleotide encoding the
polypeptide sequence of SEQ 1D NO: 9, followed by cultivation of the resulting recombinant
host cells and purification of the expressed protein using standard IMAC and SEC methods. The
resulting protein (ProC1283) 1s a dimer (shown in FIG. 5A)

ProC1287 (HC701) (SEQ 1D NG:11) comprises, from N-terminus to C-termunus, a signal
peptide from SPS (SEQ 1D NG:12), a leader sequence (SEQ 1D NG:13), the BC2T MM with the
secoud ammno acid mutated to a cystene (SEQ W NO:23), a GS linker (SEQ ID NO: 15), a CM
(SEQ ID NG: 16}, a GS linker (SEQ 1D NG:18), an Nb with one amine acid mutated to a
cysteine (SEQ ID NO:26), a GGG linker (SEQ 1D NO: 27), and the human IgGl Fe (SEQ 1D
N 28). The polypeptide was prepared by transforming a host cell with a polynucleotide
encoding the polypeptide sequence of SEQ ID NO: 11, followed by cultivation of the resulting
recombinant host cells and purification of the expressed protem using standard IMAC and SEC
methods. The resulting protein {(ProC1287} 15 a dimer shown in FIG. 34).

A single-anchored BC2T-Nb-IgGl (1e., the MM and Nb are not tethered by disulfide
bond, shown in F1G. 8B) was also prepared by recombinant methods. ProC1284 (HU698) (KEQ
ID NGO 8) comprises, from N-terminus to (~termings, a signal peptide from SP3 (REQ ID
N(112), a leader sequence (SEQ 1D NO: 13}, the BC2T MM (SEQ ID N(O:14), a GS hnker (SEQ
1D NG 15), a CM(SEQ 1D NG: 16), another GS hinker {(SEQ ID NOU18), a Nb (SEQ ID
N(119), a GGGG hinker (SEQ ID NO: 27), and the human IgGl Fo (SEQ ID NG: 28). The
polypeptide was prepared by transforming a host cell with a polynucleotide encoding the
polyvpeptide sequence of SEQ 1D NO: §, followed by cultivation of the resulting recombinant
host cells and purification of the expressed protein using standard IMAC and SEC methods. The
resuiting protein (ProC1284} is a dimer.

Example 7: Protease {reatment of Dimeric DBual-Anchored BOC2T-Rb of Example 6

To refease the MM in the molecules of Example 6, single-anchored and dual-anchored
BC2ZT-Nb molecules were treated overnight at 37°C with a recombinant human protease such as
urokinase-type plasminogen activator (uPA} as schematically illustrated in FI1G. 3C. Complete
protease treatment and disulfide bond analysis was tested by reducing and non-reducing 8DS-
PAGE. Proten aliquots (2ug) were denatured for 10 munutes at 75°C in sample buffer (with

reducing agent added, as necessary) and separated on a 4-12% NuPAGE ™ Bis-Tris gel (Thermo
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Fisher Scientific, Waltham, MA, Catalog # NP0O321) in MOPS buffer for 1 hour at 175V and
visualized after staining with InstantBlue™ for 1 hour followed by destaining in water for at
least 4 h.

Proteins were confirmed to be monomeric of the expected molecular weights on the
reducing gel before and after protease treatment, ~19 and ~16 kDa respectively (FIG. 9, bottom
panel). Engineered disulfide bonds were contirmed to have formed in the non-reducing gel
before protease treatment (FI&G. 9, top panel, lanes 4, 6, and 8}, and after protease treatment, the
proteins run at the same level as the single-anchored mask molecule (FIG. 9, top panel, lanes 2,
5,7, 9). Engineered disuifide bonds were confirmed to have formed by comparing the migration
of protease-treated dual-anchored masked protens in non-reducing vs reducing gels.

Example §: Peptide Binding ELISA

BC2T peptide was synthesized at ELIM Biopharmaceuticals. The peptide sequence
coraprises, frorn N-terminus to Cternunus, a leader sequence (SEQ 1D NO: 13 and the BC2T
MM (SEQ ID NO:14).

S uM of the BCZT peptide dissolved 1n 0.05M carbonate-bicarbonate buffer was
adsorbed to the wells of a 96-well micro-titer plate overmight at 4°C. Plates were washed and
blocked with blocking buffer (1 X PBS, pH 7.4, 0.05% Tween-20, 1% BSA}. Three-fold senal
difetions were made of the dimeric dual-anchored mask molecules (ProCC1285 and ProC1287)
without or with protease treatment along with the unmasked control protein {(ProC1283) and the
dimeric single-anchored BC2T-Nb (ProC1284) and applied to the peptide-coated plate. The
extent of protein bound to the peptide was measured by anti-human-Ig(s mmune-detection.
A450 absorbance was measured on the plate reader. Dose-response curves were generated and
EC50 values were obtained by sigmoidal fit non-linear regression using Graph Pad Prism
software. The results are shown in FIG. 18 As shown in Fig. 10, the dimeric dual-anchored
mask molecules (ProCC1285 and ProC1287) exhibited much greater masking compared to the
comparative dimeric single-anchored BC2T-Nb (Pro(1284), and also demonstrated a
surprisingly large degree of recovery of binding activity upon cleavage compared to the recovery
exhibited by the positive control ProC1283 (unmasked antibody). Thus, despite being tethered at
one end to a mask after cleavage, the antibodies demonstrated a substantial recovery of binding
activity.

Example 9: Designing a disulfide-based dual-anchored-masked antibody:
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This example describes how one may engineer non-alpha-carbon linkages, for example a
cysteine-disuifide bond, between a residue in the prodomain (N-terminal to the mask peptide}
and a residue in the antibody variable domains using an activatable anti-PDL1T antibody as an
example. The sequence of the activatable anti-PDLT antibody (SEQ 1D NOS: 562 and 3563)
consists of a prodomain connected to the light chain of a canonical antibody. The antibody
primary sequence was used to generate a homology-based three-dimensional model of the
antibody using software like Discovery Studio (Figs. 12A-12B). The mask sequence from the
prodomain was used to generate homology-based models of the mask and docked 1nto the
antibody structure (Figs. 12A-12B). Fig 12A dlustrates the three-dimensional structure of the
activatable anti-PDL1 antibody obtamed using BIOVIA Discovery Studios from Dassault
Svstemes software showing solvent accessible residues within 2-5 angstroms of residues in the
header region or N-terminus of the mask moety. Fig 12B shows the interface between the Fab
domain (space-filling format) and the Prodomain with mask motety (shown as the Ca backbone}
of the activatable anti-PDL1 antibody.

A variety of experimental techmiques, including mutagenesis, Hydrogen-Deuterium
Exchange (HDX), and XL-MS {cross-linker M8}, may be used optionally to confirm the
structural model. After obtaining a three-dimensional model for the MM bound to the TB, energy
minimization algorithms are used to provide imformation about the location of the header and
hinker (incloding UM regions of the prodomain. The user can then use software, like BIOVIA
Discovery Studio, to dentify pairs of residues, one of which hes i the header region of the
prodomain and the other of which hies in the antibody variable domain, whose Co atoms are
within the 3-7.5A range (i e, the distance between the Co of the first amino acid and the Co of
the second amino acid) of canonical disulfide-hinked cysteines. Software applications, such as
SSBondPre, may be used to refine this list to 3 smaller hist of residues that have a high bkelihood
of forming designed disulfide bonds. The residues are then mutated to cysteine residues,
mdividually and in pairs, to identity a pair of residues that individually do not affect binding of
the antibody or the mask but that when present together form a disolfide bond that improves
masking. The presence of the correctly formed disulfide may be confirmed by mass spectrometry
technigues such as disulfide mapping.

Example 10: Designing disulfide-based dual-anchored-masked antibodies or other TBs:



10

15

WO 2023/183923 PCT/US2023/064937

This example provides further examples of how one may prepare and use homology-
based three-dimensional models of antibody structures in order to engineer non-alpha-carbon
iinkages, for example a cysteine-disulfide bond, between a residue in the prodomain {(N-terminal
to the mask peptide} and a residue in the antibody variable domains.

BIOVIA Duscovery Studio was used to prepare homology-based three-dimensional
models of antibody structures corresponding to the sequences for J43v2/anti-mouse PD1 (FIG
13A; SEQ D NQOs: 568-569), anti-CD 166 (FIG. 13B; SEQ 1D NOs: 572-573), and human anti-
PRI (FEG 13C; SEQ ID NOs: 370-571). The antt-PD1 human anti-PD1 (SEQ 1D NOs: 570-
571) was additionally modelled in AlphaFold2 and rendered in BIOVIA Discovery Studio as
shown in FIG. 13D,

A variety of experimental techmiques, including mutagenesis, Hydrogen-Deuterium
Exchange (HDX), and XEL-MS (cross-linker M8}, may be used optionally to confirm the
structural model. MMs for the modeled human anti-PD31 are disclosed in WO2017/011580 and
MMs for the modeled anti-CID166 are disclosed in WO2016/179283, both of which are
incorporated herein by reference. One can obtain a three-dimensional model for the respective
MM bound to the respeciive TB, and use software, like BHOVIA Discovery Studio, to identify
pairs of residues, one of which lies m the header region of the prodomain and the other of which
lies in the antibody variable domain, whose Ca atoms are within the 3-7.5A range (i.e., the
distance between the Calpha of the first amino acid and the Calpha of the second ammo acid).
Software applications, such as SSBondPre, may be used to refine this hist to a smaller hist of
residues that have a high likehihood of forming the desired bonds. The residues are then mutated
to the desired residues {o form the desired bonds, individually and in pairs, to identify a pair of
residues that imdividually do not affect binding of the antibody or the mask but that when present
together form a bond that improves masking as described herein. The presence of the correctly
formed bonds, .2, disuifide bonds, may be confirmed by mass spectrometry techniques such as

disulfide mapping.

The sequences of the molecules in the examples are listed in Table 4 below.

Table 4

SEQ NAME/NOTES SEQUENCE
D NG,
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ProCod49/PPO73
Nanobody {with
His tag)

OVOLVESGGGLVQPGGSLTLSCTASGFTLDHYDIGWF
ROAPGKEREGVSCINNSDDDTYYADSVEGRFTIFMNN
AKDTVYLOMNSLKPEDTAIYYCAEARGCKRGRYEYDF
WGQGTOVTVSSGGSHHHHHHHHHH

2 ProC633/PPOTT QGOSGOPDRKAAVSHWOQOGGGSSGGSISSGLLSGRSD
BC2 tag-1490DNE- | NIGGGSQVOQLVESGGGLYQPGGSLTLSCTASGFTLDHY
Nanobody DIGWFROQAPGKEREGVSCINNSDDDTY YADSVKGRETE

FMNNAKDTYYLQMNSLKPEDTAIY YCAEARGCKRGR
YEYDFWGGGTOVTVASGGS HHHHEHHHEHE

3 ProC654/PPUTR QGOSGOPDRKAAVSHWOOGGGSSGGSPLOLAGGGGS
BC2 tag-PLGLAG- | QVOLVESGGGLYQPGGSLTLSCTASGETLDHYDIGWE
Nanobody ROAPGKEREGVSCINNSDDDTY YADSVEKGRETIFMNN

AKDTVYLOMNSLEPEDTAIY YCAEARGCKRGRYEY DY
WGOQGTOVTVSSGGSHHHHHHHHHHE

4 ProC994/ PP123 | OGCSGOPDREAAVSHWOOGGGSSGGSISSGLLIGRSD
G3C QISTC BOCZ | NIGGGSQVOLVESGGGLYOPGGSLTLSCTASGFTLDHY
tag-1490DNI- DIGWFROAPGKEREGVSCINNSDDDTY YADSVKGRFTI
Nanobody FMNNAKDTVYLOMNSLKPEDTAIY YCAEARGCKRGR

YEYDFWGCGTOVTVSSGGSHHHHHHHHAH

5 ProC995/PP1 24 QGCSGOPDRKAAVSHWOQGGGSSGGSISSGLLSGRSD
03C W1S5C BC2 | NIGGGSQVQLVESGGGLYOQPGGSLTLSCTASGETLDHY
tag-1490DNI- DIGWFROQAPGKEREGVSCINNSDDDTY YADSVKGRETE
Nanobody FMNNAKDTYYLQMNSLKPEDTAIY YCAEARGCKRGR

YEYDFCGOGTQVTVSSGGSHHAHHRHHEH

6 ProCo06/PP1 25 QGOSGQPCREAAVSHWQOGGGSSGGSISSGLLSGRSD
DEC F154C BC2 | NIGGGSOVOLVESGGGLVOPGGSLTLSCTASGETLDHY
tag-1490DNI- DIGWFRQAPGKEREGVSCINNSDDDTY Y ADSVKGRETI
Nanobody FMNNAKDTYV YLOMNSLKPEDTAIY YCABARGCKRGR

YEYDRCWGOQGTOVTVSSGGSHHEHHHHHHHEHHEH
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ProC1283/HC697
Nanobody-1gGl

OVOLVESGGGLVQPGGSLTLSCTASGFTLDHYDIGWF
ROAPGKEREGVSCINNSDDDTYYADSVEGRFTIFMNN
AKDTVYLOMNSLKPEDTAIYYCAEARGCKRGRYEYDF
WGOGTOVIVSSGGGGDKTHTCPPCPAPELLGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYY
DOVEVHNAKTKPREEGYNSTYRVYVSVLTVLHODWLN
GKEYKCKVSNKALPAPIEK TISKAKGOPREPQVYTLPP
SREEMTENOVSLTCLVKGFYPSDIAVEWESNGOPENN
YKTTPPVLDSDGSFFLYSKLTVDRSRWOQGNVESCSY
MHEALHNHYTOKSLSLSPGK

ProC1284/HC698
BC2 tag-1490DN]-
Nanobody-IgG1

QGOSGQPDRKAAVSHWQQGGGSSGGRISSGLLSGRSD
NIGGGSQVQLVESGGGLVQPGGSLTLSCTASGFTLDHY
DIGWFRQAPGKEREGVSCINNSDDDTYYADSVKGRFTI
FMNNAKDTYVYLQMNSLKPEDTATY YCAEARGCKRGR
YEYDFWGQGTOVTVSSGGGGDK THTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHENAKTKPREEQYNSTYRVVSVLTVLHOD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVY
TLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQGNVES
CSVMHEALHNHYTOKSLSLSPGK

ProC1285/HC699
Q3C Q1sS7C BC2
tag-1490DNI-Nb-
Ig(Gl

Lig

(QGCSGOPDREKAAVSHWQOGGGSSGGSISSGLLSGRSD
NIGGGSQVOLVESGGGLVOPGGSLTLSCTASGFTLDHY
DIGWFRQAPGKEREGVSCINNSDDDTY Y ADSVEGRFTI
FMNNAKDTVYLOMNSLKPEDTAIYYCAEARGCKRGR
YEYDFWGCGTQVTVSSGGGGDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHOD
WELNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVY
TLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
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ENNYKTTPPVLDSDGSFFLY SKLTVDRSRWOQOQGNVES
CSVMHEALHNHYTQKSLSLSPGK

ProC1286/HC700
Q3C WISsSC BC2
tag-1490DNI-Nb-
fgGl

QGCSGOPDRKAAVSHWOQGGGSSGGSISSGLLSGRSD
NIGGGSQVQLVESGGGLYQPGGSLTLSCTASGFTLDHY
PIGWEFRQAPGKEREGVSCINNSDDDTYYADSVKGRETI
FMINNAKDTVYLOMNSLEKPEDTAIYYCAEARGUKRGR
YEYDFCGQGTQVTVSSGGGGDKTHTCPPCPAPELLGG
PSVEFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOD
WEINGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVY
TEPPSREEMTENOQVSLTCLVKGFYPSDIAVEWESNGOP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQOGNVES
CSVMHEALHNHYTQOKSLSLSPGK

i1

ProC1287/HC701
DB8C F154C BC2
tag-1490DNL-Nb-
IgGl

QGQSGRPCRKAAVEEBWQQGHGSSGOSISSGLLSGRSD
NIGGGSOQVOLVESGGGLYVOPGGSLTLSCTASGFTLDHY
DIGWFRQAPGKEREGVSCINNSDDDTYYADSVKGRFTI
FMINNAKDTVYLOMNSLKPEDTAITYYCAEARGCKRGR
YEYDCWGOGTOVTVSSGGOGDRKTHTCPPCPAPELLGG
PSVFLFPPEKPKDTLMISRTPEVTICVVYVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVYSVLTVLHQD
WENGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVY
TLPPSREEMTKNGVSLTCLVKGEFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLY SKLTVDRSRWOQOQGNVES
CSVMHEALHNHYTQKSLSLSPGK

SPS signal peptide

MRAWIFFLLCLAGRALA

Header sequence

QGOSGQ

BC2ZT

PDRKAAVSHWQ(

Panker |

GOGGSSGES

1490DNE

ISSGLESGRSDN
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17 MMP-cleavable PLGLAG
moiety

18 Linker 2 GGGS

19 Nanobody QVOLVESGGGLVOPGGSLTLSCTASGFTLDHYDIGWEF
ROAPGKEREGVSUINNSDDDTYYADSVREGRFTIFMNN
AKDTVYLOMNSLRKPEDTAIYYCAEARGUCKRGRYEYDF
WGOQGTOVTIVSS

Linker 3 GGS

21 His tag HHHHHHHHHH

22 Q3C QGCSGO

23 D&C PCRKAAVSHW(QQ

24 (3157C Nanobody | QVOLVESGGGLVOPGGSLTLSCTASGFTLDHYDIGWEF
ROAPGKEREGVSCINNSDDDTYYADSVEGRFTIFMNN
AKDTVYLOMNSLEPEDTAIYYCAEARGCRRGRYEYDF
WGCGTOVTVSS

25 W155C Nancbody | QVOLVESGGGLVOPGGSLTLSCTASGFTLDHYDIGWE
ROAPGKEREGVSCINNSDDDTYYADSVEKGRFTIFMNN
AKDTVYLOMNSLEPEDTAIYYCAEARGCKRGRYEYDF
CGOGTOVTVSS

26 F1354C Nanobody OVOQLVESGGGLYGPGOGRLTLSCTASGFTLDHYDIGWE
ROAPGRKEREGVSCINNSDEDTYYADSVKGRFTIFMNN
AKDTVYLOMNSLKPEDTAIYYCAEARGCKRGRYEYD
CWGOGETQVTVSS

27 Linker 4 QGGG

28 Human {gG1 Fe DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEY

TCVVVDVSHEDPEVKFNWYVDOVEVHNAKTKPREEQ
YNSTYRVVSVLTVLHODWELNGKEYKCKVSNKALPAPI
EKTISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVK
GFYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSFFLYS

G0
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KLTVDKSRWOQOGNVFSCSVMHEALHNHYTQKSLSLSP
GK
29 ProC650/PPO74 GGSPDRKAAYSHWOQOGGGGSGGGGSOVQLVESGGGL
BC2 tag-10mi- VOPGGSLTLSCTASGFTLDHYDIGWFRQAPGKEREGYS
Nanobody CINNSDDDTYYADSVKGRFTIFMNNAKDTVYLQMNSL
KPEDTAIY YCAEARGCKRGRYEYDFWGQGTOVTVSSG
GSHHHHE
30 ProC651/PPO75 GGSPDRKAAVSHWOQOGGGGSGGGGSGGGGSOVOLVE
BC2 tag-15mr- SGGGLVOPGGSLTLSCTASGFTLDHYDIGWFRQAPGKE
Nanobody REGVSCINNSDDDTY YADSVKGRFTIFMNNAKDTVYL
OMNSLKPEDTAIYYCAEARGCKRGRYEYDFWGQGTO
VTVSSGGS HHHHHHHHHH
31 ProC652/PP076 GGSPDRKAAVSHWOQGGGGSGGGGSGGGGRGGGGS
BC2 tag-20mr- QVOLVESGGGLVQPGGSLTLSCTASGFTLDHYDIGWF
Nanobody RQAPGKEREGVSCINNSDDDTYYADSVKGRFTIFMNN
AKDTVYLOMNSLKPEDTAIYYCAEARGCKRGRYEYDF
WGOGTQVTVSSGGSHHHHHHHHHHE
562 Heavy Chain EVOLLESGGGLYVQPGGSLRLSCAASGFTFSSY AMSWY
(activatable anti- | RQAPGKGLEWVSSIWRNGIVTYVYADSVKGRFTISRDNS
PDLI antibody) KNTLYLQMNSLRAEDTAVYYCAKWSAAFDYWGQGT
LVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYF
PEPVTVSWNSGALTSGVHTFPAVLGSSGLYSLSSVVTY
PSSSLGTKTYTONVDHKPSNTK VDKRVESK YGPPCPPEC
PAPEFLGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVSQ
EDPEVOFNWYVDGVEVHNAKTKPREEQFNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKGLPSSIEK TISKAKG
QPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAY
EWESNGGPENNYKTTPPVLDSDGSFFLYSRLTVDKSR
WOQEGNVFSCSVMHEALHNHYTQKSLSLSLG
563 activatable anti- QGOSGSGIALCPSHFCQLPOTGGGSSGGSGGSGGISSGL

PDLI antibody

LSGRSDNHGGSDIQMTOSPSSLSASVGDRRVTITCRASQS

a1
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{mask + substrate +
anti-PDLI antibody
tight Chain and

heavy chain}

ISSYLNWYQOKPGRKAPKLLIYAASSLOSGVPSRFSGSGS
GTDFTLTISSLOPEDFATYYCQODNGYPSTFGGGTRVEL
KRTVAAPSVFIFPPSDEQLKSGTASVVULLNNEYPREA
KVOWEKVDNALQSGNSQESVTEQDSKDSTYSLASSTLTL
SKADYEKHEVYACEVTHOQGLSSPVTKSENRGEC

564 anti-PDL1T antibody | DIOMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQ
Light Chain KPGKAPKLLIYAASSLOSGVPSRESGSGSGTDFTLTISSL
QPEDFATYYCOQDNGYPSTFGGGTEKVEIKRTVAAPSVE
[FPPSDEQLKSGTASVVCLLNNFYPREAKVOWEVIINA
LOSGNSQESVTEQGDSKDSTYSLASTLTLSKADYEKHKY
YACEVTHQGLSSPVTKSFNRGEC
565 activatable anti- GIALCPSHFCQLPQT
PDLI antibody
Mask
79 activatable anti- ISSGLLSGRSDNH
PDLI antibody CM
566 activatable anti- QGOSGS
PDLI antibody
Spacer
568 J43v2 mouse anti- YELTOPPRASVNVGHETVRKITCSGDOQLPKYFADWEFHORS
PDLI antibody DOTILQVIYDDNKRPSGIPERISGSSSGTTATLTIRDVRA
Light Chain EDEGDYYCFSGYVDBSDSKLYVIFGSGTQLTVLGGPKSSP
KVTVFPPSPEELRTNKATLVULVNDFYPGSATYVTWEKA
NGATINDGVRTTKPSKQGONYMTSSYLSLTADOWERSRH
NRVSCQVTHEGETVEKSLISPAECL
569 J43v2 mouse anti- | EVRLLESGGGLVEPEGSLEKLSCVASGFTFSDYFMASWY

PDLI antibody

Heavy Cham

RQAPGKGLEWVAHIYTKSYNYATYYSGSVEKGRFETISR.
DDSREMVYLOMNNLRTEDTATYYCTRDGSGYPSLDF
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WEQGTOVTVSSAKTTAPSVYPLAPVOGDTTGSSVTLG
CLVEKGYFPEPVTLTWNSGSLSSGVHTTPAVLQSDLYTL
SSSVTVTISSTWPRSOMTONVAHPASSTRVDKE]

376 Human anti-PD1 PIGLTQSPSSLSASVGDRVTITCRASESVDAY GISFMNW

Light Chain

FOQOKPGKAPKLLIYAASNQGSGVPSRESGSGSGTDYTL
TISSMOPEDFATYYCQOQSKDVPWTFGOGTKLEIKRTVA
APSVFIFPPSDEQLKSGTASVVULENNFYPREAKVOWK
VDNALQSGNSQESVTEQGDSKDSTYSLSSTLTLSKADYE
EKHEKVYACEVTHQGLSSPVTKSINRGEC

Human anti-PD1

Heavy Chain

EVOLVESGOGLYQPGOGSLRLSCAASGFTFSGY AMSWY
ROQAPGKGLEWVAYISNSGGNAHYADSVEKGREFTISREN
SKNTLYLOMNSLRAEDTAVYYCTREDYGTSPEFVYWG
QGTLVTVSSASTKGPSVEPLAPCSRETSESTAALGCLVK
DYFPEPVTVSWNSGAUTSGVHTFPAVLQSSGLYSLSSY
VTVPSSSLGTKTYTCONVDHKPSNTKVDKRY

Human alpha-
D166 Heavy

Chain

QITLKESGPTLVEPTOTLTLTCTIFSGFSLSTYGMGVGWI
ROPPOGRALEWLANIWWSEDKHYSPSLKSRLTITKDTSK
NOVVLTITNVDPVDTATYYCVQOIDYGNDYAFTYWGH
GTLVTVSSASTKGPAVEFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTYVSWNSGALTSGVHTFPAVLOSSGLYSLSSY
VTVPSSSLGTOTYICNVNHKPSNTKVDEKKVEPKSCBKT
HTCPPCPAPELLGOGPSVELFPPKPRKDTLMISRTPEVICY
VVDVYSHEDPEVKFNWYVDOGVEVHNAKTKPREEQYNS
TYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKT
ISKAKGOPREPQVYTLPPSREEMTENGQVSLTCLVKGEY
PSPIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTY
VDKSRWOQQGNVESCSVMHEALHNHYTQKSLSLSPG




WO 2023/183923 PCT/US2023/064937

;1
~3
s

Hurnan alpha- DIVMTOSPLSLPVTPGEPASISCRSSKSLLHSNGITYLY
CD166 Light Chain | WYLQKPGQSPQLLIYQMSNLASGVPDRFSGSGSGTDFT
LKISRVEAEDVGVYYCAQNLELPYTFGQGTKLEIKRTYV
AAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOW
KVDNALQSGNSQESVTEQDSKDATYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPYTKSFNRGEC

OTHER EMBODIMENTS
It 18 to be understood that while the invention has been described in conjunction with the

detailed description thereot, the foregomng description 15 intended to tlustrate and not himit the

(%2}

scope of the mvention, which 1s defined by the scope of the appended claims. Gther aspects,
advantages, and modifications are within the scope of the following claums.

All publications, patent applications, patents, and other references mentioned herein are
incorporated by reference i their entirety. In case of conflict, the present specification,
mcluding defimtions, will control. In addition section headings, the materials, methods, and

16 examples are lustrative only and not intended to be hinmuting,
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WHAT IS CLAIMED IS:

r2

6.

A dual-anchored activatable target-binding protein comprising:
a target-binding protein (I B} that specifically binds to a target;

a masking motety (MM} coupled to the TB, whergin the MM inhibits binding of

the AB to the target; and

a cleavable moiety {CM)} coupled to the TB and positioned between the TB and

the MM, wherein the CM is a polypeptide that functions as a substrate for a protease, and

further comprising a non-alpha-carbon covalent bond tethering the MM and the

1B,

The activatable target-binding protein of claim 1, wherein the TB 1s an antigen-binding

protein (AB).

The activatable target-binding protein of claim 1 or claim 2, wheremn the activatable
target-binding protein has a lower target-binding activity compared to a single-anchored

activatable targei-binding proten lacking the non-alpha-carbon covalent bond.

The activaiable target-binding protem of any one of claims 1-3, wheren the non-alpha-

carbon covalent bond 15 an ester bond or a thioester bond.

The activatable target-binding protein of claimo 4, wherein the ester bond s between a

threonine and a glutamme,

The activatable target-binding protein of claim 4, wherein the thioester bond 13 between a

cysteine and a glutamine or a tyrosine.

The activatable target-binding protein of any one of clairos 1-3, wheremn the non-alpha-
carbon covalent bond 15 a cross-link between a histidine and a tyrosine or a cross-link

between a lysine and a cysteine.

The activatable target-binding protein of any one of claims 1-3, wherein the non-~alpha-

carbon covalent bond is an isopeptide bond.
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The activatable target-binding protein of claim 8, wherein the isopeptide bond is between

a lysine and a glutamate or aspartate residue.

The activatable target-binding protein of claim 8, wherein the isopeptide bond is between
a gamma-carboxyamide group of glutamine and epsilon-amino group of a lysine

sidechain.

The activatable target-binding protein of any one of claims 1-3, wherein the non-alpha-

carbon covalent bond 1s a disulfide bond.
The activatable target-binding protein of claim 11, wherein the disulfide bond is formed
between a first cysteine and a second cysteine, whergin

the first cysteine 18 within the MM and the second cysteimne s within the TB,

the first cysteing 1s within a peptide coupled to the MM and the second cysteine 18

within the TB, or

the first cysteme 1s within the MM and the second cysteme 1s within a peptide

coupled to the TB.

The activatable target-binding protein of any one of clawms 1-12, further comprising a
second CM, wherein

the second UM 15 posttioned between the MM and the non-alpha-carbon covalent
bond,

the second UM 1s within the MM and up to 5 amino acids away from a cysteme
forming the non-alpha-carbon covalent bond, or

the second UM 1s within the TB and at up to 3 ammo acids away from a cysteing

forming the non-alpha-carbon covalent bond.

The activatable target-binding protein of any one of clamms 1-13, wherem the first and the

second CMs are substrates of different proteases.

The activatable target-binding protein of any one of clawws 1-13, wherem the first and the
second CMs are substrates of the same protease.
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The activatable target-binding protein of any one of claims 1-12, wherein the protease is

produced by a tumor in a subject.

The activatable target-binding protein of any one or combination of claims 2-16, wherein
the AB 1s an antibody, a Fab fragment, a F(ab’}; fragment, a scFv, a scAb, adAb, a

VHH, or a single domain antibody.

The activatable target-binding protein of any one of claims 2-17, wherein the AB 15 a

single domain antibody.

The activatable target-binding protein of any one of claims 2-18, wherein the AB s an

Fe-tagged single domain antibody.

favkeed

The activatable target-binding proten of any one of claims 2-17, wherem the AB s a

bispecific antibody.

The activatable target-binding protein of claim 20, wherein the bispecific antibody s a

bispecific T Cell engager (B1TE} or a dual-affinity retargeting antibody {DART).

The activatable target-binding proten of any one of claims 2-17, wherem the AB s a

multispecific antibody.

The activatable target-binding protein of any one of clamms 18-19, wherein the non-alpha-
& & J

carbon covalent bond is between the MM and the single domain antibody.

The activatable target-binding protemn of any one of clamms 1-22, wherein the non-alpha-
& & J

carbon covalent bond 1s between the MM and an Fe domaimn.

The activatable target-binding protein of any one of claims 1-24, wherein the MM

comprises an epitope of the TB.

The activatable target-binding protein of any one of claims 1-24, wherein the MM does

not comprise four or more consecutive amino acids of an epitope of the TB.
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27, The activatable target-binding protein of any one of claims 1-26, wherein the MM has a
dissociation constant for binding to the TH that is greater than a dissociation constant of

the TB for binding to the target.

28 The activatable target-binding protein of any one of clatms 1-27, wherein the MM 15 a

polypeptide of from 2 to 40 amino acids in length.

29 The activatable target-binding protein of any one of claims 1-28, wherein the activatable

target-binding protein comprises a linker between the MM and the CM.

30. The activatable target-binding protein of any one of claims 1-29, wherein the activatable

target-binding protein comprises a linker between UM and the THB.

31 The activatable target-binding protein of any one of claims 1-29, wherein the activatable
target-binding protein comprises a first linker between the MM and the UM and 3 second

linker between the CM and the TB.

3

32. A composition comprising the activatable target-binding protemn of any one of claims 1 fo

21 and a carrier.

33 The composition of claim 32, wherein the composition 1s a pharmaceutical composition,

34 A contaner, vial, syringe, injector pen, or kit comprising at least one dose of the
composition of claira 32 or 33,

35. A nucleic acid comprising a sequence encoding the activatable target-binding protein of
any one of clairos 1 to 31

36. A vector comprising the nucleic acid of claim 35,

37. A cell comprising the nucleic acid of clatm 35 or the vector of claim 36

38 A conjugated activatable target-binding protein comprising the activatable target-binding

protein of any one of claims 1 to 31 conjugated to an agent.
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The conjugated activatable target-binding protein of claim 38, wherein the agent is a

therapeutic agent, a targeting motety, or a detectable motety.

40, A method of treating a subject in need thereof comprising administering 1o the subject a
therapeutically effective amount of the activatable target-binding protein of any one of
claims 1 to 31, the composition of claim 32 or 33, or the conjugated activatable target-

binding protein of claim 38 or 39,

41, The method of claim 40, wherein the subject has been identified or diagnosed as having a
cancer, an inflammatory condition, disorder or disease, or an autoimmune condition,

disorder or disease.

42, A method of producing an activatable target-binding protem, comprising:

culturing the cell of claim 37 i a culture mediom under a condition sufficient to

produce the activatable targei-binding protemn; and

recovering the activatable target-binding protein from the cell or the culture

medium.

43, The method of claim 42, further comprising 1solating the activatable target-binding

protein recovered from the cell or the culture medium.

44, The method of claim 43, wherein the solating 1s performed using a protein purification

tag and/or size exclusion chromatography.

45, The method of claim 43 or claim 44, further comprising formulating the activatable

target-binding protein imto a pharmaceutical composition.

46, A method of producing a dual-anchored activatable macromolecule comprising:
engineering a cysteine residue at a disutfide bonding site i a masking moiety (MM} of
the dual-anchored activatable macromolecule; engineering a cystemne residue at a
disutfide bonding site m a target-binding protein {TB) of the dual-anchored activatable
macromolecule, wherein the MM and the TB are coupled and a cleavable moiety (UM} 13

positioned between the MM and the TB; expressing the dual-anchored activatable
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macromolecule; and recovering the dual-anchored activatable macromolecule, wherein
the MM and the TB are tethered at their disulfide bonding sites in the recovered dual-

anchored activatable macromolecule.

47, A method of producing a dual-anchored activatable macromolecule comprising:
engineering an arginine or lysine residue at an isopeptide bonding site in a masking
moiety (MM} of the dual-anchored activatable macromolecule and/or engineering an
aspartate or glutamate residue at an isopeptide bonding site in a target-binding proten
(TB) of the dual-anchored activatable macromolecule, wherein the MM and the TB are
coupled and a cleavable moiety (CM) is positioned between the MM and the T8;
expressing the dual-anchored activatable macromolecule; and recovering the dual-
anchored activatable macromolecule, wherein the MM and the TB are tethered at their

isopeptide bouding sites in the recovered dual-anchored activatable roacromolecule.

48, A method of producing a dual-anchored activatable macromolecule comprising:
engineering an aspartate or glutamate residue at an 1sopeptide bonding site in a masking
motety (MM) of the dual-anchored activatable macromolecule and/or engineering an
arginine or lysine residue at an 1sopeptide bonding stte 1 a target-binding protein (TB) of
the dual-anchored activatable macromolecule, wherein the MM and the TB are coupled
and a cleavable motety ({CM) 15 positioned between the MM and the TB; expressing the
dual-anchored activatable macromolecule; and recovering the dual-anchored activatable
macromolecule, wherem the MM and the TB are tethered at their sopeptide bonding

sites in the recovered dual-anchored activatable macromolecule.

49, A method of making a dual-anchored activatable macromolecule comprising providing a
MM comprising a non-alpha-carbon covalent bond-forming anuno acid configured to
form a nov-alpha-carbon covalent bond with a non-alpha-carbon covalent bond-forming

amino acid 10 a TB that 13 coupled to the MM

LA
)

The method of claim 49, wherein the alpha-carbon covalent bond-forming anuno acid of
the MM 15 threonine and the alpha-carbon covalent bond-forming amino acid of the TB 13

glutamine.
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The method of claim 49, wherein the alpha-carbon covalent bond-forming amino acid of
the MM is glutamine and the alpha-carbon covalent bond-forming amino acid of the TB

is threonine.

The method of claim 49, wherein the alpha-carbon covalent bond-forming amino acid of
the MM is cysteine and the alpha-carbon covalent bond-forming amino acid of the TB is

glutamine or tyrosine.

The method of claim 49, wherein the alpha-~-carbon covalent bond-forming amino acid of
the MM is glutamine or tyrosine and the alpha-carbon covalent bond-forming anuno acid

of the TB s cysteme.

The method of claim 49, wherein the alpha-~-carbon covalent bond-forming amino acid of
the MM is histidine and the alpha-carbon covalent bond-forming amine acid of the TB 1s

tyrosing.

The method of claim 49, wherein the alpha-~-carbon covalent bond-forming amino acid of
the MM 1s tyrosine and the alpha-carbon covalent bond-forming ammo acid of the TB 13

histidine.

The method of claim 49, wherein the alpha-carbon covalent bond-forming amino acid of
the MM 1s lysine and the alpha-carbon covalent bond-forming amino acid of the TB 15

cysteine, glutamate, or aspartate.

The method of claim 49, wherein the alpha-carbon covalent bond-forming amino acid of
the MM is cysteine, glutamate, or aspartate and the alpha-carbon covalent bond-formung

amino actd of the TB is lysine.

The method of claim 49, wherein the alpha-carbon covalent bond-forming amino acid of

the MM 1s glutamine and the alpha-carbon covalent bond-forming amino acid of the TB
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is lysine, and the non-alpha-carbon covalent bond is an isopeptide bond between the
gamma-carboxyamide group of the glutamine and the epsilon-amino group of the lysine

sidechamn.

The method of claim 49, wherein the alpha-carbon covalent bond-forming amino acid of
the MM 15 lysine and the alpha-carbon covalent bond-forming amino acid of the TB 15
glutamine, and the non-alpha-carbon covalent bond is an isopeptide bond between the
gamma-carboxyamide group of the glhutamune and the epsilon-amuno group of the lysine

sidecham.

A method of making a dual-anchored activatable macromolecule comprising providing a
MM comprising a cysteine configured to form a non-alpha-carbon covalent bond with a

novn-alpha-carbon covalent bond~forming armino acid in a TB that 1s coupled to the MM
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G ProC1283 + uPA
-+ ProC1284
& ProCi284 + uPA
4 ProC1285
4 ProCi285 +uPA
& ProC1287

B ProCi287 + yPA

Constructs EC50 (nM) ME
ProC1283 0.6425 1
ProCl283+uPA 0.4365 1
ProCi284 6176 9612
ProC1284+uPA {.8538 1
““““““““““““““““““ Proc1285 | N/A
ProCl285+uPA 10764 16753
ProC1287 N/A
 ProC1287+uPA | N/A | >10000%
* estimated ME
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