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MODIFIED ANTIBODY COMPOSITIONS, METHODS OF MAKING AND USING THEREOF

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Applications Nos. 61/144,110, filed
January 12, 2009; 61/144,1035, filed January 12, 2009; 61/249,441, tiled October 7, 2009; and 61/249,416,

filed October 7, 2009; which applications are incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION
[0002] Protein-based therapies have changed the face of medicine, finding application 1n a variety of
different diseases. In particular antibody-based therapies have proven effective treatments for some
diseases but in some cases, toxicities due to broad target expression have limited their therapeutic
effectiveness.
[0003] As with any drugs, however, the need and desire for drugs having improved specificity and
selectivity for their targets 1s of great interest, especially in developing second generation of antibody-
based drugs having known targets to which they bind. Increased targeting of antibody to the disease site
could reduce systemic mechanism-based toxicities and lead to broader therapeutic utility.
[0004] In the realm of small molecule drugs, strategies have been developed to provide prodrugs of an
active chemical entity. Such prodrugs are administered 1n a relatively mnactive (or significantly less
active) form. Once administered, the prodrug 1s metabolized in vivo into the active compound. Such
prodrug strategies can provide for increased selectivity of the drug for i1ts intended target and for a
reduction of adverse effects. Drugs used to target hypoxic cancer cells, through the use of redox-
activation, utilize the large quantities of reductase enzyme present in the hypoxic cell to convert the drug
Into 1ts cytotoxic form, essentially activating 1t. Since the prodrug has low cytotoxicity prior to this
activation, there 1s a markedly decreased risk of damage to non-cancerous cells, thereby providing for
reduced side-effects associated with the drug. There 1s a need 1n the field for a strategy for providing

features of a prodrug to antibody-based therapeutics.

SUMMARY OF THE INVENTION
[0005] The present disclosure provides for modified and activatable antibody compositions useful for
therapeutics and diagnostics. The activatable antibody compositions exhibit increased bioavailability and
biodistribution compared to conventional antibody therapeutics with prodrug features. Also provided are
methods for use in diagnostics and therapeutics, as well as screening for and construction of such
compositions.
[0006] In one aspect, the present disclosure provides a modified antibody comprising an antibody or
antibody fragment (AB), capable of specifically binding its target, coupled to a masking moiety (MM),
wherein the coupling of the MM reduces the ability of the AB to bind 1ts target such that that the
dissociation constant (Ky) of the AB coupled to the MM towards the target 1s at least 100 times greater, at
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least 1000 times greater, or at least 10,000 times greater than the Ky of the AB not coupled to the MM
towards the target.

[0007] In another aspect, the present disclosure provides a modified antibody comprising an antibody or
antibody fragment (AB), capable of specifically binding 1ts target, coupled to a masking moiety (MM),
wherein the coupling of the MM to the AB reduces the ability of the AB to bind the target by at least
90%, as compared to the ability of the AB not coupled to the MM to bind the target, when assayed in
vitro using a target displacement assay. Such coupling of the MM to the AB reduces the ability of the AB
to bind 1ts target for at least 12 hours or for at least 24 hours or for at Ieast 72 hours.

[0008] In another aspect, the modified antibody 1s further coupled to a cleavable moiety (CM). The CM
1s capable of being cleaved by an enzyme, or the CM 1s capable of being reduced by a reducing agent, or
the CM 1s capable of being photolysed. The CM 1s capable of being specifically cleaved, reduced, or
photolysed at a rate of about at least 1 x 10* M™'S™, or at least 5 x 10* M"'S, or at least 10 x 10* M"'S. In
on¢ embodiment, the CM of the modified antibody 1s be within the MM.

[0009] The dissociation constant (Ky4) of the MM towards the AB 1n the modified antibodies provided
herein 1s usually at least 100 times greater than the Ky of the AB towards the target. Generally, the Ky of
the MM towards the AB 1s lower than 10nM, or lower than 5nM, or about 1nM.

[0010] In some embodiments, the MM of the moditfied antibody reduces the AB's ability to bind 1ts
target by specifically binding to the antigen-binding domain of the AB. Such binding can be non-
covalent. The MM of the modified antibody can reduce the AB's ability to bind 1ts target allosterically or
sterically. In specific embodiments, the MM of the modified antibody does not comprise more than 50%
amino acid sequence similarity to a natural binding partner of the AB.

[0011] In specific embodiments, the AB of the modified antibody 1s an antibody fragment that 1s selected
from the group consisting of a Fab’ fragment, a F(ab’) 2 fragment, a scFv, a scAB a dAb, a single domain
heavy chain antibody, and a single domain light chain antibody.

[0012] In related embodiments, the AB of the modified antibody 1s selected from the group consisting of
the antibodies 1n Table 2 or specifically the source of the AB 1s cetuximab, panitumumab, infliximab,
adalimumab, efalizumab, 1pilimumab, tremelimumab, adecatumumab, HuS5c8, alemtuzumab,
ranibizumab, tositumomab, ibritumomab tiuxetan, rituximab, infliximab, bevacizumab, or figitumumab.
In a specific embodiment, the modified antibody 1s not alemtuzumab.

[0013] Inrelated embodiments, the target of the AB 1s selected from the group consisting of the targets
in Table 1. In exemplary embodiments, the target 1s EGFR, TNFalpha, CD11a, CSFR, CTLA-4,
EpCAM, VEGF, CD40, CD20, Notch 1, Notch 2, Notch 3, Notch 4, Jagged 1, Jagged 2, CD52, MUCI,
IGF1R, transferrin, gp130, VCAM-1, CD44, DLLA4, or IL4. In one specitic embodiment the target 1s not
CDS52.

[0014] In a specific embodiment, the modified antibody further comprises a second AB wherein the

target for the second AB 1s selected from the group consisting of the targets in Table 1.
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[0015] In related embodiments, the CM 1is a substrate for an enzyme selected from the group consisting
of the enzymes 1n Table 3. In specific embodiments the CM 1s a substrate for legumain, plasmin,
TMPRSS-3/4, MMP-9, MT1-MMP, cathepsin, caspase, human neutrophil elastase, beta-secretase, uPA,
or PSA. In such embodiments, where the modified AB comprises a CM, the AB 1s selected from the
group consisting of the antibodies 1n Table 2; and specifically can be from cetuximab, panitumumab,
mfliximab, adalimumab, efalizumab, 1pilimumab, tremelimumab, adecatumumab, HuS5c¢8, alemtuzumab,
ranibizumab, tositumomab, 1ibritumomab tiuxetan, rituximab, infliximab, bevacizumab, or figitumumab.
In one exemplary embodiment, the AB 1s not alemtuzumab.

[0016] In one embodiment where the modified antibody comprises an AB, coupled to a CM and a MM,
the target 1s selected from the group consisting of the targets in Table 1; or the target 1s EGFR, TNFalpha,
CDl11a, CSFR, CTLA-4, EpCAM, VEGF, CD40, CD20, Notch 1, Notch 2, Notch 3, Notch 4, Jagged 1,
Jagged 2, CD52, MUCI, IGF1R, transtferrin, gp130, VCAM-1, CD44, DLLA4, or IL4. In one exemplary
embodiment, the target 1s not CD52.

[0017] The modified antibody can be further coupled to a second cleavable moiety (CM), capable of
being specifically modified by an enzyme. In this embodiment, the second cleavable 1s a substrate for
legumain, plasmin, TMPRSS-3/4, MMP-9, MT1-MMP, cathepsin, caspase, human neutrophil elastase,
beta-secretase, uPA, or PSA.

[0018] In another specific embodiment, the modified antibody further comprises a linker peptide,
wherein the linker peptide 1s positioned between the AB and the MM, or the modified antibody further
comprises a linker peptide, wherein the linker peptide 1s positioned between the MM and the CM; or the
modified antibody further comprises a linker peptide, wherein the linker peptide 1s positioned between the
AB and the CM; or the modified antibody further comprises two linker peptides, wherein the first linker
peptide 1s between the AB and the CM and the second linker peptide 1s positioned between the MM and
the CM. The linker 1s selected from the group consisting of a cleavable linker, a non-cleavable linker, and
a branched linker.

[0019] In certain embodiments, the moditied antibody further comprises a detectable moiety. In one
specific embodiment, the detectable moiety i1s a diagnostic agent.

[0020] In one particular embodiment, the modified antibodies described herein further comprise an agent
conjugated to the AB. In one aspect, the agent 1s a therapeutic agent, for example an antincoplastic agent.
In such embodiments, the agent 1s conjugated to a carbohydrate moiety of the AB, wherein the
carbohydrate moiety can be located outside the antigen-binding region of the AB. Alternatively the agent
1s conjugated to a sulthydryl group of the AB.

[0021] The modified antibodies provided herein exhibit a serum half-life of at least 5 days when
administered to an organism.

[0022] The consensus sequence of the MM of some of the moditfied antibodies provided herein 1s
CISPRGC, C(N/PYHHVE)(Y/T)Y(F/W/T/L)(Y/G/T/S)(T/S/Y/H)CGCISPRGCG,

XCxxY QCLxxxxxx, X XQPxPPRVXX, PXxPGFPY Cxxxx, xxxxQxxPWPP, GxGxCYTILExxCxxxR,
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OxxXxXCYXIXExxCxxxx, GxxxCYXIXExW(Cxxxx, xxxCCxxYxIxxCCxxx, or xxxxx YXILExxxxx. Ina
specific embodiment, the consensus sequence 1s specific for binding to an ant1-VEGF antibody, an anti-
EFGR antibody, or an anti-CTLA-4 antibody.

[0023] In a related aspect, the present disclosure provides for an activatable antibody (AA) comprising
an antibody or antibody fragment (AB), capable of specifically binding its target; a masking moiety
(MM) coupled to the AB, capable of inhibiting the specific binding of the AB to its target; and a
cleavable moiety (CM) coupled to the AB, capable of being specifically cleaved by an enzyme; wherein
when the AA 18 not 1n the presence of sufficient enzyme activity to cleave the CM, the MM reduces the
specific binding of the AB to its target by at least 90% when compared to when the AA 1s 1n the presence
of sufficient enzyme activity to cleave the CM and the MM does not inhibit the specific binding of the
AB to 1ts target. In specific embodiments, the binding of the AB to its target 1s reduced for at least 12
hours, or for at least 24 hours, or for at least 72 hours.

[0024] In one embodiment, in the AA, the dissociation constant (Ky) of the AB coupled to the MM and
CM towards the target 1s at least 100 times greater than the Ky of the AB not coupled to the MM and CM
towards the target. In a related embodiment, the dissociation constant (Ky) of the MM towards the AB 1s
at least 100 times greater than the Ky of the AB towards the target. Generally, the Ky of the MM towards
the AB 1s lower than 10nM, or lower than 5nM, or about 1nM.

[0025] In some embodiments of the AA, the MM 1s capable of specifically binding to the antigen-
binding domain of the AB.

[0026] In some embodiments of the AA the CM 1s capable of being specifically cleaved by an enzyme at
a rate of about at least 1 x 10° M'S™, or at least 5 x 10° M™'S, or at least 10 x 10* M™'S.

[0027] In certain embodiments, of the AA where the AB 1s an antibody fragment, the antibody fragment
1s selected from the group consisting of a Fab’ fragment, a F(ab’) 2 fragment, a scFv, a scAB a dAb, a
single domain heavy chain antibody, and a single domain light chain antibody.

[0028] In certain embodiments, the AB of the AA 1s selected from the group consisting of the antibodies
in Table 2. In specific embodiments, the AB 1s cetuximab, panitumumab, infliximab, adalimumab,
ctalizumab, 1ip1limumab, tremelimumab, adecatumumab, Hu5c8, alemtuzumab, ranibizumab,
tositumomab, ibritumomab tiuxetan, rituximab, infliximab, bevacizumab, or figitumumab.

[0029] In certain embodiments, the target of the AA 1s selected from the group consisting of the targets
in Table 1. In specific embodiments, the target 1s EGFR, TNFalpha, CD11a, CSFR, CTLA-4, EpCAM,
VEGF, CD40, CD20, Notch 1, Notch 2, Notch 3, Notch 4, Jagged 1, Jagged 2, CD52, MUCI, IGF1R,
transferrin, gp130, VCAM-1, CD44, DLLA4, or IL4.

[0030] In one specific embodiment the AB 1s not alemtuzumab and target 1s not CD52.

[0031] In certain embodiments, the CM of the AA 1s a substrate for legumain, plasmin, TMPRSS-3/4,
MMP-9, MT1-MMP, cathepsin, caspase, human neutrophil elastase, beta-secretase, uPA, or PSA. In
specific embodiments, the AA 1s further coupled to a second cleavable moiety (CM), capable of being

specifically modified by an enzyme. In this embodiment, the second CM 1s a substrate for legumain,
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plasmin, TMPRSS-3/4, MMP-9, MT1-MMP, cathepsin, caspase, human neutrophil elastase, beta-
secretase, uPA, or PSA.

[0032] In some embodiments of the AAs provided herein, the CM 1s located within the MM.

[0033] In some embodiments of the AAs provided herein, the MM does not comprise more than 50%
amino acid sequence similarity to a natural binding partner of the AB.

[0034] In some embodiments the AA further comprises a linker peptide, wherein the linker peptide is
positioned between the MM and the CM. In specific embodiments, the linker peptide 1s positioned
between the AB and the CM.

[0035] In certain embodiments, the AAs provided herein further comprise a detectable moiety or an
agent conjugated to the AB.

[0036] In yet another aspect, the present disclosure provides for an activatable antibody complex (AAC)
comprising: two antibodies or antibody fragments (AB1 and AB2), each capable of specifically binding
1ts target; at least one masking moiety (MM) coupled to either AB1 or AB2, capable of inhibiting the
specific binding of AB1 and AB2 to their targets; and at least one cleavable moiety (CM) coupled to
cither AB1 or AB2, capable of being specifically cleaved by an enzyme whereby activating the AAC
composition; wheremn when the AAC 1s 1n an uncleaved state, the MM 1nhibits the specific binding of
ABI and AB2 to their targets and when the AAC 1s 1n a cleaved state, the MM does not inhibit the
specific binding of AB1 and AB2 to their targets.

[0037] In one embodiment, the AAC 1s bispecific, wherein AB1 and AB2 bind the same epitope on the
same target; or the AB1 and AB2 bind to different epitopes on the same target; or the AB1 and AB2 bind
to different epitopes on different targets.

[0038] In one embodiment of the AAC, the CM 1s capable of being specifically cleaved by an enzyme at
a rate of about at least 1 x 10* M™'S™.

[0039] In the embodiments where AB1 or AB2 of the AAC 1s an antibody fragment, the antibody
fragment 1s selected from the group consisting of a Fab’ fragment, a F(ab’) 2 fragment, a scFv, a sSCAB a
dAb, a single domain heavy chain antibody, and a single domain light chain antibody.

[0040] In an embodiment of the AAC, the AB1 and/or AB 2 are selected from the group consisting of
the antibodies in Table 2. In a specific embodiment, the AB1 and/or AB2 is cetuximab, panitumumab,
mftliximab, adalimumab, efalizumab, 1pilimumab, tremelimumab, adecatumumab, HuS5c¢8, alemtuzumab,
ranibizumab, tositumomab, 1britumomab tiuxetan, rituximab, infliximab, bevacizumab, or figitumumab.
[0041] In an embodiment of the AAC, the target for the AB1 and/or AB2 1s selected from the group
consisting of the targets in Table 1. In a related embodiment, the target of the AB1 and/or AB2 1s EGFR,
TNFalpha, CD11a, CSFR, CTLA-4, EpCAM, VEGF, CD40, CD20, Notch 1, Notch 2, Notch 3, Notch 4,
Jagged 1, Jagged 2, CD52, MUCI, IGFI1R, transtferrin, gp130, VCAM-1, CD44, DLL4, or IL4. Ina
specific embodiment, the AB1 and AB2 are capable of binding to EGFR and VEGF, a Notch Receptor
and EGFR, a Jagged ligand and EGFR or cMET and VEGF, respectively.
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[0042] In arelated AAC embodiment, the CM 1s a substrate for an enzyme selected from the group
consisting of the enzymes 1n Table 3. In a specific embodiment, the CM 1s a substrate for legumain,
plasmin, TMPRSS-3/4, MMP-9, MT1-MMP, cathepsin, caspase, human neutrophil elastase, beta-
secretase, uPA, or PSA. In yet another specific embodiment, the AAC 1s further coupled to a second
cleavable moiety (CM), capable of being specifically cleaved by an enzyme and the second CM 1s a
substrate for legumain, plasmin, TMPRSS-3/4, MMP-9, MT1-MMP, cathepsin, caspase, human
ncutrophil elastase, beta-secretase, uPA, or PSA.

[0043] In specific embodiments of the AAC, the MM does not comprise more than 50% amino acid
sequence similarity to a natural binding partner of the AB.

[0044] In other specific embodiments of the AAC, the AAC further comprises a detectable moiety or 1s
further conjugated to an agent.

[0045] Also provided herein 1s a method of treating or diagnosing a condition in a subject including
administering to the subject a composition comprising: an antibody or antibody fragment (AB), capable
of specifically binding its target; a masking moiety (MM) coupled to the AB, capable of inhibiting the
specific binding of the AB to its target; and a cleavable moiety (CM) coupled to the AB, capable of being
specifically cleaved by an enzyme; wherein upon administration to the subject, when the AA 1s not in the
presence of sufficient enzyme activity to cleave the CM, the MM reduces the specific binding of the AB
to 1ts target by at least 90% when compared to when the AA 1s 1n the presence of sutficient enzyme
activity to cleave the CM and the MM does not mhibit the specific binding of the AB to its target.

[0046] In this method, the AB is selected from the group consisting of a Fab’ fragment, a F(ab’) 2
fragment, a scFv, a scAB a dAb, a single domain heavy chain antibody, and a single domain light chain
antibody.

[0047] In as specific embodiment, the condition 1s cancer.

[0048] In another specific embodiment, the MM 1is not the natural binding partner of the AB.

[0049] In various embodiments of the method, the AB 1s selected from the group consisting of the
antibodies 1n Table 2. Specifically in some embodiments, the AB 1s cetuximab, panitumumab, infliximab,
adalimumab, efalizumab, 1pilimumab, tremelimumab, adecatumumab, Hu5c8, alemtuzumab,
ranibizumab, tositumomab, 1ibritumomab tiuxetan, rituximab, infliximab, bevacizumab, or figitumumab.
[0050] In various embodiments of the method, the target is selected from the group of targets in Table 1.
In specific embodiments, the target 1s EGFR, TNFalpha, CD11a, CSFR, CTLA-4, EpCAM, VEGF,
CD40, CD20, Notch 1, Notch 2, Notch 3, Notch 4, Jagged 1, Jagged 2, CD52, MUCI1, IGF1R, transferrin,
gpl130, VCAM-1, CD44, DLL4, or ILA4.

[0051] In a very specific embodiment of the method the AB 1s not alemtuzumab and the target 1s not
CDS52.

[0052] In various embodiments of the method, the CM 1s a substrate for an enzyme selected from the

group consisting of the enzymes 1n Table 3. In specific embodiments, the CM 1s a substrate for legumain,
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plasmin, TMPRSS-3/4, MMP-9, MT1-MMP, cathepsin, caspase, human neutrophil elastase, beta-
secretase, uPA, or PSA.

[0053] Also provided herein 1s a method of inhibiting angiogenesis in a mammalian subject, the method
comprising administering to a subject in need thercot a therapeutically effective amount of a
pharmaceutical composition comprising a modified AB, an AA, an AAC, or an AACJ wherein the target
1s EGFR, TNFalpha, CD11a, CSFR, CTLA-4, EpCAM, VEGF, CD40, CD20, Notch 1, Notch 2, Notch 3,
Notch 4, Jagged 1, Jagged 2, CD52, MUCI, IGF1R, transferrin, gp130, VCAM-1, CD44, DLL4, or 1L4.
In a specific embodiment, the AB 1s cetuximab, panitumumab, infliximab, adalimumab, efalizumab,
ipilimumab, tremelimumab, adecatumumab, HuS5c¢8, alemtuzumab, ranibizumab, tositumomab,
ibritumomab tiuxetan, rituximab, infliximab, bevacizumab, or figitumumab; the CM 1s a substrate for
legumain, plasmin, TMPRSS-3/4, MMP-9, MT1-MMP, cathepsin, caspase, human neutrophil elastase,
beta-secretase, uPA, or PSA.

[0054] Also provided herein 1s a method of making an activatable antibody (AA) composition
comprising: providing an antibody or antibody fragment (AB) capable of specifically binding 1ts target;
coupling a masking moiety (MM) to the AB, capable of inhibiting the specific binding of the AB to 1ts
target; and coupling a cleavable moiety (CM) to the AB, capable of being specifically cleaved by an
enzyme; wherein the dissociation constant (Ky) of the AB coupled to the MM towards the target 1s at least
100 times greater than the Ky of the AB not coupled to the MM towards the target.

[0055] In one embodiment of the method, the AB 1s or i1s derived from an antibody selected from the
group consisting of the antibodies 1n Table 2. In a specific embodiment, the AB 1s or 1s derived from
cetuximab, panitumumab, infliximab, adalimumab, efalizumab, 1pilimumab, tremelimumab,
adecatumumab, Hu5c¢8, alemtuzumab, ranibizumab, tositumomab, ibritumomab tiuxetan, rituximab,
infliximab, bevacizumab, or figitumumab.

[0056] In one very specific embodiment, the AB 1s not alemtuzumab and the target 1s not CDS52.

[0057] In another embodiment of the method, the CM 1s a substrate for an enzyme selected from the
group consisting of the enzymes 1n Table 3. In a specific embodiment, the CM 1s a substrate for
legumain, plasmin, TMPRSS-3/4, MMP-9, MT1-MMP, cathepsin, caspase, human neutrophil elastase,
beta-secretase, uPA, or PSA.

[0058] Also provided herein 1s a method of screening candidate peptides to 1dentify a masking moiety
(MM) peptide capable of binding an antibody or antibody fragment (AB) comprising: providing a library
of peptide scaffolds, wherein each peptide scatfold comprises: a transmembrane protein (TM); and a
candidate peptide; contacting an AB with the library; 1dentifying at least one candidate peptide capable of
binding the AB; and determining whether the dissociation constant ( Ky) of the candidate peptide towards
the AB 1s between 1-10 nM.

[0059] In various embodiments of the method, the ibrary comprises viruses, cells or spores. Specifically
in one embodiment, the library comprises E. coli. In another embodiment, the peptide scatfold further

comprises a detectable moiety.
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[0060] Also provided 1s another screening method to 1dentity a masking moiety (MM) peptide capable of
masking an antibody or antibody fragment (AB) with an optimal masking efficiency comprising:
providing a library comprising a plurality of ABs, each coupled to a candidate peptide, wherein the ABs
arc capable of specifically binding a target; imcubating each library member with the target; and
comparing the binding aftfinity of each library member towards the target with the binding atfinity of each
AB not coupled to a candidate peptide towards the target. In a specific embodiment, the optimal binding
efficiency 1s when the binding atfinity of a library member to the target 1s 10% compared to the binding
affinity of the unmodified AB to the target.

[0061] In one aspect, also provided herein 1s an antibody therapeutic having an improved bioavailability
wherein the affinity of binding of the antibody therapeutic to its target 1s lower 1n a first tissue when
compared to the binding of the antibody therapeutic to its target in a second tissue. In a related aspect,
also provided herein 1s a pharmaceutical composition comprising: an antibody or antibody fragment
(AB), capable of specifically binding 1its target; and a pharmaceutically acceptable excipient; wherein the
affinity of the antibody or antibody fragment to the target in a first tissue 1s lower than the atfinity of the
antibody or antibody fragment to the target in a second tissue. In a specific embodiment, the atfinity in
the first tissue 1s 10-1.000 times lower than the affinity in the second tissue. In one embodiment, the AB
1s coupled to a masking moiety (MM), capable of reducing the binding of the AB to its target and a
cleavable moiety (CM), capable of specifically being cleaved by an enzyme.

[0062] In related embodiments, the target 1s EGFR, TNFalpha, CD11a, CSFR, CTLA-4, EpCAM,
VEGF, CD40, CD20, Notch 1, Notch 2, Notch 3, Notch 4, Jagged 1, Jagged 2, CD52, MUCI, IGF1R,
transferrin, gp130, VCAM-1, CD44, DLL4, or IL4. In related embodiments, the CM 1s a substrate for
legumain, plasmin, TMPRSS-3/4, MMP-9, MT1-MMP, cathepsin, caspase, human neutrophil elastase,
beta-secretase, uPA, or PSA. In related embodiments, the antibody or antibody fragment 1s cetuximab,
panitumumab, infliximab, adalimumab, efalizumab, 1ipilimumab, tremelimumab, adecatumumab, HuS5c¢8,
alemtuzumab, ranibizumab, tositumomab, 1britumomab tiuxetan, rituximab, intliximab, bevacizumab, or
figitumumab.

[0063] In a specific embodiment, the first tissue 1s a healthy tissue and the second tissue 1s a diseased
tissue; or the first tissue 1s an early stage tumor and the second tissue 1s a late stage tumor; the first tissue
1s a benign tumor and the second tissue 1s a malignant tumor; or the first tissue and second tissue are
spatially separated; or the first tissue 1s epithelial tissue and the second tissue 1s breast, head, neck, lung,
pancreatic, nervous system, liver, prostate, urogenital, or cervical tissue.

[0064] In one embodiment, the antibody therapeutic 1s further coupled to an agent. In a specific
embodiment, the the agent 1s an antincoplastic agent.

[0065] Also provided herein are specific compositions for diagnostic and therapeutic use. Provided
herein 1s a composition comprising a legumain-activatable antibody or antibody fragment (AB) coupled
to a masking moiety (MM); a composition comprising a plasmin-activatable antibody or antibody

fragment (AB) coupled to a masking moiety (MM); a composition comprising a caspase-activatable
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antibody or antibody fragment (AB) coupled to a masking moiety (MM); a composition comprising a
TMPRSS-3/4 -activatable antibody or antibody fragment (AB) coupled to a masking moiety (MM); a
composition comprising a PSA -activatable antibody or antibody fragment (AB) coupled to a masking
moiety (MM); a composition comprising a cathepsin -activatable antibody or antibody fragment (AB)
coupled to a masking moiety (MM); a composition comprising a human neutrophil elastase -activatable
antibody or antibody fragment (AB) coupled to a masking moiety (MM); a composition comprising a
beta-secretase -activatable antibody or antibody fragment (AB) coupled to a masking moiety (MM); a
composition comprising an uPA -activatable antibody or antibody fragment (AB) coupled to a masking
moiety (MM); a composition comprising a TMPRSS-3/4 -activatable antibody or antibody fragment (AB)
coupled to a masking moiety (MM); a composition comprising a MT1-MMP-activatable antibody or
antibody fragment (AB) coupled to a masking moiety (MM); a composition comprising an activatable
EGFR antibody or antibody fragment (AB) coupled to a masking moiety (MM); a composition
comprising an activatable TNFalpha antibody or antibody fragment (AB) coupled to a masking moiety
(MM); a composition comprising an activatable CD11a antibody or antibody fragment (AB) coupled to a
masking moiety (MM); a composition comprising an activatable CSFR antibody or antibody fragment
(AB) coupled to a masking moiety (MM); a composition comprising an activatable CTLA-4 antibody or
antibody fragment (AB) coupled to a masking moiety (MM); a composition comprising an activatable
EpCAM antibody or antibody fragment (AB) coupled to a masking moiety (MM); a composition
comprising an activatable CD40L antibody or antibody fragment (AB) coupled to a masking moiety
(MM); a composition comprising an activatable Notchl antibody or antibody fragment (AB) coupled to a
masking moiety (MM); a composition comprising an activatable Notch3 antibody or antibody fragment
(AB) coupled to a masking moiety (MM); a composition comprising an activatable Jaggedl antibody or
antibody fragment (AB) coupled to a masking moiety (MM); a composition comprising an activatable
Jagged?2 antibody or antibody fragment (AB) coupled to a masking moiety (MM); a composition
comprising an activatable cetuximab antibody or antibody fragment (AB) coupled to a masking moiety
(MM); a composition comprising an activatable vectibix antibody or antibody fragment (AB) coupled to a
masking moiety (MM); a composition comprising an activatable infliximab antibody or antibody
fragment (AB) coupled to a masking moiety (MM); a composition comprising an activatable adalimumab
antibody or antibody fragment (AB) coupled to a masking moiety (MM); a composition comprising an
activatable efalizumab antibody or antibody fragment (AB) coupled to a masking moiety (MM); a
composition comprising an activatable ipilimumab antibody or antibody fragment (AB) coupled to a
masking moiety (MM); a composition comprising an activatable tremelimumab antibody or antibody
fragment (AB) coupled to a masking moiety (MM); or a composition comprising an activatable

adecatumumab antibody or antibody fragment (AB) coupled to a masking moiety (MM).
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INCORPORATION BY REFERENCE
[0066] All publications, patents, and patent applications mentioned 1n this specification are herein
incorporated by reference to the same extent as 1f each individual publication, patent, or patent application

was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0067] The novel features of the invention are set forth with particularity in the appended claims. A
better understanding of the features and advantages of the present invention will be obtained by reference
to the following detailed description that sets forth illustrative embodiments, in which the principles of
the invention are utilized, and the accompanying drawings of which:
[0068] Figure 1 shows a protease-activated AA containing an antibody (an AB), a masking moiety
(MM), and a cleavable moiety (CM).
[0069] Figure 2 shows the activity of an exemplary AA in vivo. Panel A shows healthy tissue where the
AA 1s not able to bind, side eftects are minimal; Panel B shows diseased tissue where the AA 1s activated
by a disease-specific protease/reducing agent allowing the AA to bind to target and be efficacious.
[0070] Figure 3 1llustrates a process to produce a protease-activated AA, involving: screening for MMs;
screening for CMs; assembling the MM, CM, and an AB; expressing and purifying the assembled
construct; and assaying the assembled construct for activity and toxicity in vitro and in vivo.
[0071] Figure 4 provides an exemplary MMP-9 cleavable masked anti-VEGF scFv amino acid
sequence.
[0072] Figure 5 provides ELISA data showing the MMP-9 activation of the MBP:anti-VEGFscFv AAs
with the MMs 306 and 314. Samples were treated with TEV to remove the MBP fusion partner and
subsequently activated by MMP-9 digestion.
[0073] Figure 6 provides ELISA data demonstrating the MMP-9-dependent VEGF binding of the anti-
VEGFscFv His construct with the 306 MM.
[0074] Figure 7 provides ELISA data demonstrating the MMP-9-dependent VEGF binding of anti-
VEGFscFv-Fc AAs with the MMs 306 and 314 from HEK cell supernatants.
[0075] Figure 8 provides ELISA data showing the MMP-9-dependent VEGF binding of anti-VEGF
scFv-Fc¢ AA constructs with the MMs 306 and 314 that were purified using a Protein A column.
[0076] Figure 9 shows that the 306 MM, which binds to an anti-VEGF antibody with an affinity of >
600 nM, does not efficiently preclude binding to VEGF.
[0077] Figure 10 shows light and heavy chains of anti-CTLA4 joined via SOE-PCR to generate scFv
constructs 1n both orientations, VgVi and Vi V.
[0078] Figure 11 shows the use of PCR to add sites for MM cloning, CM cleavage sequence, GGS2
linker on the N-terminus of the anti-CTLA4 scFv VgV and Vi Vg constructs.
[0079] Figure 12 shows the activation of an AA by MMP-9.
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[0080] Figure 13 shows that when the CM 1s cleaved to remove the MM, the binding of the AB 1s
restored.

[0081] Figure 14 shows the activation of an AA by a protease that leads to antibody binding
indistinguishable from unmodified antibodies.

[0082] Figure 15 illustrates that an AA comprising an AB with specific binding atfinity to VEGF 1s
inhibited; the activated AA binds VEGF with picomolar affinity.

[0083] Figure 16 depicts that an AA comprising an AB with specific binding atfinity to VEGF mhibits
HUVEC proliferation.

[0084] Figure 17 illustrates that cultured tumor cells demonstrate robust in sifu activation of an AA
comprising an AB with specific binding affinity to VEGF.

[0085] Figure 18 illustrates that an AA 1s inactive in normal and cancer patient plasma

[0086] Figure 19 1llustrates the binding of anti-CTLA4 scFv to both murine and human CTLAA4.

[0087] Figure 20 shows a protease-activated AACJ-containing an antibody (containing an AB), a
masking moiety (MM), a cleavable moiety (CM), and a conjugated agent. Upon cleavage of the CM and
unmasking, the conjugated AB i1s released.

[0088] Figure 21 shows that binding of the ¢CPX3.0 clones JS306, JS1825, JS1827, and JS1829 were
analyzed on FACS at 3 different concentrations of DyLight labeled anti-VEGEF. All three of the atfinity
matured peptides displayed at least 10 fold higher atfinity than the JS306.

[0089] Figure 22 shows the process for atfinity maturation of some of the EGFR MM’’s.

[0090] Figure 23 shows the binding curves for the on-cell atfinty measurement of C225 Fab binding to
MM’s 3690, 3954 and 3957. MMs 3954 and 3957 displayed at least 100 fold higher attinity than 3690.
[0091] Figure 24 displays the Target Displacement Assay and extent of equilibrium binding as a percent
of parental antibody binding.

[0092] Figure 25 shows that unlike the uPA control and substrate SM16, KK 1203, 1204 and 1214 show
resistance to cleavage by KLKS, KLK7 and Plasmin.

[0093] Figure 26 shows that unlike a non-optimized substrate, the optimized substrates Plas1237,
Plas129 and Plas 1254 show resistance to cleavage by KLKS, KLK7.

[0094] Figure 27 Pancl A shows activation of ScFv AAs containing legumain substrates AANL and
PTNL following treatment with 5 mg/mL legumain. Panel B shows activation of an anti-VEGF 1gG AA
containing the legumain substrate PNTL.

[0095] Figure 28 shows the ratio of activated AA to total AA at each time point in a legumain-activated
AA. While the plasmin-activated AA 1s nearly completely activated at 7 days, both legumain- activatable
AAs are only mimimally activated. Legumain-activatable AAs 1solated from serum up to 7 days
following injection remain masked. (n=4).

[0096] Figure 29 shows that masked single-chain Fv-Fc¢ fusion pro-antibodies exhibit increased serum

halt-life.
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[0097] Figure 30 shows that the scFv-Fc¢ serum concentration 1n healthy mice over 10 days. The AA
concentration remained stable 7 days post dose, whereas the parent scFv-Fc¢ concentration decreased after
3 days and was almost undetectable at 10 days.

[0098] Figure 31 shows that AA scFv-Fc concentrations are elevated and persist longer in serum
compared with parent scFv-Fc 1n tumor-bearing mice. A higher percentage of the mitial AA dose was
detected in the serum at 3 days (B) and 3 and 7 days (A).

[0099] Figure 32 shows that AA scFv-Fcs persist at higher concentrations m a multidose study 1n
Tumor-bearing mice. AAs maintained significantly higher serum concentrations than the parent
throughout the study.

[00100] Figure 33 shows that AAs persist at high levels in serum of normal mice as compared to the
parental antibody not modified with a MM.

[00101] Figure 34 shows protease-activated activatable antibody complexes (AACs) containing one or
more antibodies or fragments thereot (in this figure the ABs are referred to as ABDs), a masking moiety
(MM), and a cleavable moiety (CM), where ABD1 and ABD?2 are arbitrary designations for first and
second ABs. In such embodiments, the MM 1land MM2 bind the domains containing ABD1land ABD?2,
respectively, and act as masking moieties to interfere with target binding to an uncleaved dual target-
binding AAC. The target capable of binding the ABs may be the same or different target, or different
binding sites of the same target. In some embodiments (Figures 1A, 1D, 1F), binding of MM1 to the
domain containing ABD2 on the opposite molecule forms the complex capable of acting as a masking
moiety of ABDI1 and ABD2.

[00102] Figure 35 shows an AAC with cross-masking occurring such that target binding by both ABs 1s
attenuated 1n the uncleaved state, and target binding 1s increased 1n the presence of an agent that cleaves
the CM allowing the complex to disassemble. In this figure the AB1 and AB2 are referred to as the
ABD1 and ABD2, respectively.

[00103] Figure 36 shows an AAC formed by covalent linkage of MM 1 with ABD1 (AB1) such that
target binding by ABD2 (AB2) 1s attenuated in the uncleaved state, and target binding by ABD2 (AB2) 1s
increased 1n the presence of an agent that cleaves the CM allowing the complex to disassemble. In this

figure the AB1 and AB?2 are referred to as the ABD1 and ABD2, respectively.

DETAILED DESCRIPTION OF THE INVENTION

[00104] The present disclosure provides moditied antibody compositions and that are usetul for
therapeutics and diagnostics. The compositions described herein allow for greater biodistribution and
improved bioavailability.

Modified and Activatable Antibodies
[00105] The modified antibody compositions described herein contain at least an antibody or antibody
fragment thereof (collectively referred to as AB throughout the disclosure), capable of specifically
binding a target, wherein the AB 1s modified by a masking moiety (MM).
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[00106] When the AB 1s modified with a MM and 1s 1n the presence of the target, specific binding of the
AB to 1ts target 1s reduced or ihibited, as compared to the specific binding of the AB not modified with
an MM or the specific binding of the parental AB to the target.

[00107] The K4 of the AB modified with a MM towards the target can be at least 5, 10, 25, 50, 100, 250,
500, 1,000, 2,500, 5,000, 10,000, 50,000, 100,000, 500,000, 1,000,000, 5,000,000, 10,000,000,
50,000,000 or greater, 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 greater than the Ky of the AB not moditied with an MM
or the parental AB towards the target. Conversely, the binding atfinity of the AB modified with a MM
towards the target can be at least 5, 10, 25, 50, 100, 250, 500, 1,000, 2,500, 5,000, 10,000, 50,000,
100,000, 500,000, 1,000,000, 5,000,000, 10,000,000, 50,000,000 or greater, 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 aftfinity of the AB not modified with an MM or the parental AB towards the target.
[00108] The dissociation constant (K4) of the MM towards the AB 1s generally greater than the Ky of the
AB towards the target. The Ky o0f the MM towards the AB can be at least 5, 10, 25, 50, 100, 250, 500,
1,000, 2,500, 5,000, 10,000, 100,000, 1,000,000 or even 10,000,000 times greater than the K4 of the AB
towards the target. Conversely, the binding atfinity of the MM towards the AB 1s generally lower than
the binding affinity of the AB towards the target. The binding aftfinity of MM towards the AB can be at
least 5, 10, 25, 50, 100, 250, 500, 1,000, 2,500, 5,000, 10,000, 100,000, 1,000,000 or even 10,000,000
times lower than the binding affinity of the AB towards the target.

[00109] When the AB 1s modified with a MM and 1s 1n the presence of the target, specific binding of the
AB to its target can be reduced or inhibited, as compared to the specific binding of the AB not modified
with an MM or the specific binding of the parental AB to the target. When compared to the binding of
the AB not modified with an MM or the binding of the parental AB to the target, the AB’s ability to bind
the target when modified with an MM can be reduced by at least 50%, 60%, 70%, 80%, 90%, 92%, 93%,
94%., 95%, 96%, 97%, 98%, 99% and even 100% for at least 2, 4, 6, 8, 12, 28, 24, 30, 36, 48, 60, 72, 84,
96, hours, or 5, 10, 15, 30, 45, 60, 90, 120, 150, 180 days, or 1, 2,3,4,5,6,7,8,9, 10, 11, 12 months or
greater when measured iz vivo or 1n a Target Displacement iz vitro immunoabsorbant assay, as described
herein.

[00110] The MM can 1nhibit the binding of the AB to the target. The MM can bind the antigen binding
domain of the AB and inhibit binding of the AB to its target. The MM can sterically inhibit the binding
of the AB to the target. The MM can allosterically inhibit the binding of the AB to 1ts target. In these
embodiments when the AB 1s moditied or coupled to a MM and 1n the presence of target, there 1s no

binding or substantially no binding of the AB to the target, or no more than .001%, .01%, .1%, 1%, 2%,
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3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, or 50% binding of the AB to the
target, as compared to the binding of the AB not modified with an MM, the parental AB, or the AB not
coupled to an MM to the target, for at least 2, 4, 6, 8, 12, 28, 24, 30, 36, 48, 60, 72, 84, 96, hours, or 5, 10,
15, 30, 45, 60, 90, 120, 150, 180 days, or 1, 2, 3, 4,5, 6,7,8,9, 10, 11, 12 months or greater when
measured iz vivo or 1n a Target Displacement in vifro immunoabsorbant assay, as described herein.
[00111] When an AB 1s coupled to or modified by a MM, the MM can ‘mask’ or reduce, or inhibit the
specific binding of the AB to its target. When an AB 1s coupled to or modified by a MM, such coupling
or modification can effect a structural change which reduces or mhibits the ability of the AB to
specifically bind its target.
[00112] An AB coupled to or modified with an MM can be represented by the following formulae (in
order from an amino (N) terminal region to carboxyl (C) terminal region:
(MM)-(AB)
(AB)-(MM)

(MM)-L-(AB)

(AB)-L-(MM)
where MM 1s a masking moiety, the AB 1s an antibody or antibody fragment thercof, and the L 1s a linker.
In many embodiments 1t may be desirable to msert one or more linkers, e¢.g., flexible linkers, into the
composition so as to provide for flexibility.
[00113] In certain embodiments the MM 1s not a natural binding partner of the AB. The MM may be a
modified binding partner for the AB which contains amino acid changes that at least slightly decrease
affinity and/or avidity of binding to the AB. In some embodiments the MM contains no or substantially
no 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 AB.
[00114] The present disclosure also provides activatable antibodies (AAs) where the AB modified by an
MM can further include one or more cleavable moieties (CM). Such AAs exhibit activatable/switchable
binding, to the AB’s target. AAs generally include an antibody or antibody fragment (AB), modified by
or coupled to a masking moiety (MM) and a modifiable or cleavable moiety (CM). In some
embodiments, the CM contains an amino acid sequence that serves as a substrate for a protease of
mterest. In other embodiments, the CM provides a cysteine-cysteine disulfide bond that 1s cleavable by
reduction. In yet other embodiments the CM provides a photolytic substrate that 1s activatable by
photolysis.
[00115] A schematic of an exemplary AA 1s provided in Figure 1. As illustrated, the elements of the AA
arc arranged so that the CM 1s positioned such that in a cleaved (or relatively active state) and in the
presence of a target, the AB binds a target, while in an uncleaved (or relatively inactive state) in the

presence of the target, specific binding of the AB to its target is reduced or inhibited. The specific
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binding of the AB to its target can be reduced due to the due to the inhibition or masking of the AB’s
ability to specifically bind its target by the MM.

[00116] The K4 of the AB modified with a MM and a CM towards the target can be at least 5, 10, 25, 50,
100, 250, 500, 1,000, 2,500, 5,000, 10,000, 50,000, 100,000, 500,000, 1,000,000, 5,000,000, 10,000,000,
50,000,000 or greater, 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 greater than the Ky of the AB not moditied with an MM
and a CM or the parental AB towards the target. Conversely, the binding atfinity of the AB modified
with a MM and a CM towards the target can be at least 5, 10, 25, 50, 100, 250, 500, 1,000, 2,500, 5,000,
10,000, 50,000, 100,000, 500,000, 1,000,000, 5,000,000, 10,000,000, 50,000,000 or greater, 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 atfinity of the AB not modified with an MM and a CM or the
parental AB towards the target.

[00117] When the AB 1s modified with a MM and a CM and 1s 1n the presence of the target but not in the
presence of a modifying agent (for example an enzyme, protease, reduction agent, light), specific binding
of the AB to 1ts target can be reduced or mhibited, as compared to the specific binding of the AB not
modified with an MM and a CM or the parental AB to the target. When compared to the binding of the
parental AB or the binding of an AB not modified with an MM and a CM to 1ts target, the AB’s ability to
bind the target when modified with an MM and a CM can be reduced by at least 50%, 60%, 70%, 80%.,
90%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99% and even 100% for at least 2, 4, 6, §, 12, 28, 24, 30,
36, 48, 60, 72, 84, 96 hours, or 5, 10, 15, 30, 45, 60, 90, 120, 150, 180 days, or 1,2, 3,4,5,6,7,8, 9, 10,
11, 12 months or greater when measured i» vivo or 1in a Target Displacement iz vitro immunoabsorbant
assay, as described herein.

[00118] As used herein, the term cleaved state refers to the condition of the AA following modification of
the CM by a protease and/or reduction of a cysteine-cysteine disulfide, bond of the CM, and/or
photoactivation. The term uncleaved state, as used herein, refers to the condition of the AA 1n the
absence of cleavage of the CM by a protease and/or 1n the absence reduction of a cysteine-cysteine
disulfide bond of the CM, and/or in the absence of light. As discussed above, the term AA is used herein
to refer to an AA 1n both 1ts uncleaved (native) state, as well as m 1ts cleaved state. It will be apparent to
the ordinarily skilled artisan that in some embodiments a cleaved AA may lack an MM due to cleavage of
the CM by protease, resulting in release of at least the MM (e.g., where the MM 1s not joined to the AA
by a covalent bond (¢.g., a disultide bond between cysteine residues).

[00119] By activatable or switchable 1s meant that the AA exhibits a first level of binding to a target when

in a inhibited, masked or uncleaved state (1.c., a first conformation), and a second level of binding to the
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target 1n the uninhibited, unmasked and/or cleaved state (1.e., a second conformation), where the second
level of target binding 1s greater than the first level of binding. In general, the access of target to the AB
of the AA 1s greater 1in the presence of a cleaving agent capable of cleaving the CM than in the absence of
such a cleaving agent. Thus, when the AA 1s 1n the uncleaved state, the AB 1s inhibited from target
binding and can be masked from target binding (i.¢., the first conformation is such the AB can not bind
the target), and 1n the cleaved state the AB 1s not inhibited or 1s unmasked to target binding.

[00120] The CM and AB of the AA may be selected so that the AB represents a binding moiety for a
target of interest, and the CM represents a substrate for a protease that 1s co-localized with the target at a
treatment site 1n a subject. Alternatively or in addition, the CM 1s a cysteine-cysteine disulfide bond that
1s cleavable as a result of reduction of this disulfide bond. AAs contain at least one of a protease-
cleavable CM or a cysteine-cysteine disulfide bond, and 1n some embodiments include both kinds of
CMs. The AAs can alternatively or further include a photolabile substrate, activatable by a light source.
The AAs disclosed herein find particular use where, for example, a protease capable of cleaving a site in
the CM 1s present at relatively higher levels 1n target-containing tissue of a treatment site (for example
diseased tissue; for example for therapeutic treatment or diagnostic treatment) than 1 tissue of non-
treatment sites (for example 1 healthy tissue), as exemplified in Figure 2. The AAs disclosed herein also
find particular use where, for example, a reducing agent capable of reducing a site in the CM 1s present at
relatively higher levels 1n target-containing tissue of a treatment or diagnostic site than in tissue of non-
treatment non-diagnostic sites. The AAs disclosed herein also find particular use where, for example, a
light source, for example, by way of laser, capable of photolysing a site in the CM 1s introduced to a
target-containing tissue of a treatment or diagnostic site.

[00121] In some embodiments AAs can provide for reduced toxicity and/or adverse side effects that could
otherwise result from binding of the AB at non-treatment sites 1f the AB were not masked or otherwise
inhibited from binding its target. Where the AA contains a CM that 1s cleavable by a reducing agent that
facilitates reduction of a disulfide bond, the ABs of such AAs may selected to exploit activation of an AB
where a target of interest 1s present at a desired treatment site characterized by elevated levels of a
reducing agent, such that the environment 1s of a higher reduction potential than, for example, an
environment of a non-treatment site.

[00122] In general, an AA can be designed by selecting an AB of interest and constructing the remainder
of the AA so that, when conformationally constrained, the MM provides for masking of the AB or
reduction of binding of the AB to its target. Structural design criteria to be taken into account to provide
for this functional feature.

[00123] In certain embodiments dual-target binding AAs are provided 1n the present disclosure. Such
dual target binding AAs contain two ABs, which may bind the same or different target. In specific
embodiments, dual-targeting AAs contain bispecific antibodies or antibody fragments. In one specific
exemplary embodiment, the AA contains an IL17 AB and an IL23 AB. In other specific embodiments
the AA contains a IL12 AB and a IL23 AB, or a EGFR AB and a VEGF AB, or a IGF1IR AB and EGFR
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AB, or a cMET AB and IGFIR AB, or a EGFR AB and a VEGF AB, or a Notch Receptor AB and a
EGFR AB, or a Jagged ligand AB and a EGFR AB, or a cMET AB and a VEGF AB.
[00124] Dual target binding AAs can be designed so as to have a CM cleavable by a cleaving agent that 1s
co-localized 1n a target tissue with one or both of the targets capable of binding to the ABs of the AA.
Dual target binding AAs with more than one AB to the same or different targets can be designed so as to
have more than one CM, wherein the first CM 1s cleavable by a cleaving agent 1n a first target tissue and
wherein the second CM 1s cleavable by a cleaving agent 1n a second target tissue, with one or more of the
targets capable of binding to the ABs of the AA. The first and second target tissues can be spatially
separated, for example, at different sites in the organism. The first and second target tissues can be the
same tissue temporally separated, for example the same tissue at two different points in time, for example
the first time point can be when the tissue 1s a healthy tumor, and the second time point can be when the
tissue 18 a necrosed tumor.
[00125] AAs exhibiting a switchable phenotype of a desired dynamic range for target binding 1 an
inhibited versus an uninhibited conformation are provided. Dynamic range generally refers to a ratio of
(a) a maximum detected level of a parameter under a first set of conditions to (b) a minimum detected
value of that parameter under a second set of conditions. For example, in the context of an AA, the
dynamic range refers to the ratio of (a) a maximum detected level of target protein binding to an AA 1n
the presence of protease capable of cleaving the CM of the AA to (b) a minimum detected level of target
protein binding to an AA 1 the absence of the protease. The dynamic range of an AA can be calculated
as the ratio of the equilibrium dissociation constant of an AA cleaving agent (e.g., enzyme) treatment to
the equilibrium dissociation constant of the AA cleaving agent treatment. The greater the dynamic range
of an AA, the better the switchable phenotype of the AA. AAs having relatively higher dynamic range
values (e.g., greater than 1) exhibit more desirable switching phenotypes such that target protein binding
by the AA occurs to a greater extent (e.g., predominantly occurs) in the presence of a cleaving agent (¢.g.,
enzyme) capable of cleaving the CM of the AA than 1n the absence of a cleaving agent.
[00126] AAs can be provided 1n a variety of structural configurations. Exemplary formulae for AAs are
provided below. It is specifically contemplated that the N- to C-terminal order of the AB, MM and CM
may be reversed within an AA. It 1s also specifically contemplated that the CM and MM may overlap in
amino acid sequence, ¢.g., such that the CM 1s contained within the MM.
[00127] For example, AAs can be represented by the following formula (in order from an amino (N)
terminal region to carboxyl (C) terminal region:

(MM)-(CM)-(AB)

(AB)-(CM)-(MM)
where MM 1s a masking moiety, CM 1s a cleavable moiety, and AB 1s an antibody or fragment thereof. It
should be noted that although MM and CM are indicated as distinct components in the formula above, 1n
all exemplary embodiments (including formulae) disclosed herein 1t 1s contemplated that the amino acid

sequences of the MM and the CM could overlap, e.g., such that the CM 1s completely or partially
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contained within the MM. In addition, the formulae above provide for additional amino acid sequences
that may be positioned N-terminal or C-terminal to the AA ¢lements.
[00128] In many embodiments 1t may be desirable to insert one or more linkers, e.g., tlexible linkers, 1nto
the AA construct so as to provide for flexibility at one or more of the MM-CM junction, the CM-AB
junction, or both. For example, the AB, MM, and/or CM may not contain a sufficient number of residues
(e.g., Gly, Ser, Asp, Asn, especially Gly and Ser, particularly Gly) to provide the desired flexibility. As
such, the switchable phenotype of such AA constructs may benefit from introduction of one or more
amino acids to provide for a flexible linker. In addition, as described below, where the AA 1s provided as
a conformationally constrained construct, a flexible linker can be operably inserted to facilitate formation
and maimtenance of a cyclic structure in the uncleaved AA.
[00129] For example, in certain embodiments an AA comprises one of the following formulae (where the
formula below represent an amino acid sequence 1n either N- to C-terminal direction or C- to N-terminal
direction):
(MM)-L;-(CM)-(AB)
(MM)-(CM)-L,-(AB)
(MM)-L;-(CM)-L>-(AB)
cyclo[L;-(MM)-L,-(CM)-Ls-(AB)]
wherein MM, CM, and AB are as defined above; wherein L4, L,, and Ls are each independently and
optionally present or absent, are the same or different flexible linkers that include at least 1 flexible amino
acid (e.g., Gly); and wherein cyclo where present, the AA 1s in the form of a cyclic structure due to the
presence of a disulfide bond between a pair of cysteines in the AA. In addition, the formulae above
provide for additional amino acid sequences that may be positioned N-terminal or C-terminal to the AA
clements. It should be understood that in the formula cyclo[L-(MM)-L,-(CM)-Ls-(AB)], the cysteines
responsible for the disulfide bond may be positioned i the AA to allow for one or two tails, thereby
generating a lasso or omega structure when the AA 1s 1 a disulfide-bonded structure (and thus
conformationally constrained state). The amino acid sequence of the tail(s) can provide for additional AA
features, such as binding to a target receptor to tacilitate localization of the AA, increasing serum half-life
of the AA, and the like. Targeting moieties (€.g., a ligand for a receptor of a cell present 1n a target tissuc)
and serum half-life extending moaieties (e.g., polypeptides that bind serum proteins, such as

immunoglobulin (e.g., IgG) or serum albumin (e.g., human serum albumin (HSA).

Elements of Modified and Activatable Antibodies

(a) Antibodies or Antibody Fragments (collectively referred to as ABs)

[00130] According to the present invention, ABs directed against any antigen or hapten may be used.
ABs used 1n the present invention may be directed against any determinant, €.g., tumor, bacterial, fungal,

viral, parasitic, mycoplasmal, histocompatibility, ditferentiation and other cell membrane antigens,
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pathogen surface antigens, toxins, enzymes, allergens, drugs, itracellular targets, and any biologically
active molecules. Additionally, a combination of ABs reactive to different antigenic determinants may
be used.

[00131] As used herein, the AB 1s a full length antibody or an antibody fragment containing an antigen
binding domain, which 1s capable of binding, especially specific binding, to a target of interest, usually a
protein target of interest. A schematic of an AA 1s provided in Figure 1. In such embodiments, the AB
can be but 1s not limited to variable or hypervariable regions of light and/or heavy chains of an antibody
(Vi, Vg), variable fragments (Fv), Fab’ fragments, F(ab’) 2 fragments, Fab fragments, single chain
antibodies (scAb), single chain variable regions (scFv), complementarity determining regions (CDR),
domain antibodies (dAbs), single domain heavy chain immunoglobulins of the BHH or BNAR type,
single domain light chain immunoglobulins, or other polypeptides known in the art containing an AB
capable of binding target proteins or epitopes on target proteins. In further embodiments, the AB may be
a chimera or hybrid combination containing more than on AB, for example a first AB and a second AB
such that each AB 1s capable of binding to the same or different target. In some embodiments, the AB 1s
a bispecific antibody or fragment thereof, designed to bind two different antigens. In some embodiments
there 1s a first MM and CM and/or a second MM and CM coupled to the first AB and the second AB,
respectively, 1n the activatable form.

[00132] The origin of the AB can be a naturally occurring antibody or fragment thereof, a non-naturally
occurring antibody or fragment thercot, a synthetic antibody or fragment thereof, a hybrid antibody or
fragment thereof, or an engineered antibody or fragment thereof. The antibody can be a humanized
antibody or fragment thereof.

[00133] In certain embodiments, more than one AB 1s contained in the AA. In some embodiments the
ABs can be derived from bispecific antibodies or fragments thereof. In other embodiments the AA can be
synthetically engineered so as to incorporate ABs derived from two different antibodies or fragments
thercof. In such embodiments, the ABs can be designed to bind two different targets, two different
antigens, or two different epitopes on the same target. An AB containing a plurality of ABs capable of
binding more than one target site are usually designed to bind to different binding sites on a target or
targets of interest such that binding of a first AB of the AA does not substantially interfere with binding
of a second AB of the AA to a target. AAs containing multiple ABs can further include multiple AB-MM
units, which may optionally be separated by additional CMs so that upon exposure to a modifying agent,
the ABs are no longer inhibited from specifically binding their targets, or are ‘unmasked’.

[00134] In some embodiments, use of antibody fragments as sources for the AB allow permeation of
target sites at an increased rate. The Fab' fragments of IgG immunoglobulins are obtained by cleaving the
antibody with pepsin [resulting in a bivalent fragment, (Fab') 2 ] or with papain [resulting 1n 2 univalent
fragments, (2 Fab)]|. Parham, 1983, J. Immunol. 131: 2895-2902; Lamoy1 and Nisonotf, 1983, J.
Immunol. Meth. 56: 235-243. The bivalent (Fab') 2 fragment can be split by mild reduction of one or a
few disulfide bonds to yield univalent Fab' fragments. The Fab and (Fab') 2 fragments are smaller than a
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whole antibody, still containing an AB and, therefore can permeate the target site or tissue more easily
when used as the AB. This may offer an advantage for in vivo delivery in certain embodiments because
many such fragments do not cross a placental barrier. As a result, using this embodiment of the present
ivention, an AA may be delivered at an in vivo site (such as a tumor) to a pregnant female without
exposing the fetus.

[00135] Methods for generating an antibody (or fragment thercof) for a given target are well known in the
art. The structure of antibodies and fragments thereof, variable regions of heavy and light chains of an
antibody (Vg and Vi, Fv, F(ab’) 2, Fab fragments, single chain antibodies (scAb), single chain variable
regions (scFv), complementarity determining regions (CDR ), and domain antibodies (dAbs) are well
understood. Methods for generating a polypeptide having a desired antigen-binding domain of a target
antigen ar¢ known in the art.

[00136] Methods for modifying antibodies or antibody fragments to couple additional polypeptides are
also well-known 1n the art. For instance, peptides such as MMs, CMs or linkers may be coupled to
modity antibodies to generate the modified ABs and AAs of the disclosure. AAs that contain protease-
activated ABs can be developed and produced with standard methods, as described in the schematic in
Figure 3.

[00137] The antibody or fragment thercof (collectively referred to as AB) 1s capable of specifically
binding a protein target. An AB of the invention can specifically bind to 1its target with a dissociation
constant (Ky) of no more than 1000 nM, 100nM, 50nM, 10nM, 5nM, 1nM, 500pM, 400pM, 350pM,
300pM, 250pM, 200pM, 150pM, 100pM, S0pM, 25pM, 10pM, SpM, 1pM, .5pM, or .1pM.

[00138] Exemplary classes of targets of an AB include, but are not necessarily limited to, cell surface
receptors and secreted binding proteins (e.g., growth factors), soluble enzymes, structural proteins (¢.g.
collagen, fibronectin) and the like. In some embodiments, AAs contemplated by the present disclosure
are those having an AB capable of binding an extracellular target, usually an extracellular protein target.
In other embodiments AAs can be designed such that they are capable of cellular uptake and are designed
to be switchable mside a cell.

[00139] In exemplary embodiments, in no way limiting, the AB is a binding partner for any target listed in
Table 1. In specific exemplary embodiments, the AB 1s a binding partner for EGFR, TNFalpha, CD11a,
CSFR, CTLA-4, EpCAM, VEGF, CD40, CD20, Notch 1, Notch 2, Notch 3, Notch 4, Jagged 1, Jagged 2,
CD52, MUCI, IGFI1R, transferrin, gp130, VCAM-1, CD44, DLL4, or IL4. In on¢ specific embodiment
the AB 1s not a binding partner for CDS52.

[00140] In exemplary embodiments, in no way limiting, exemplary sources for ABs are listed in Table 2.
In specific exemplary embodiments, the source for an AB of the invention is cetuximab, panitumumab,
mfliximab, adalimumab, efalizumab, 1pilimumab, tremelimumab, adecatumumab, HuS5c¢8, alemtuzumab,
ranibizumab, tositumomab, ibritumomab tiuxetan, rituximab, infliximab, bevacizumab, or figitumumab.

In one specific embodiment, the source for the AB 1s not alemtuzumab or 1s not Campath™,
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Table 1: Exemplary Targets

1-92-LFA-3 cMet HGF 1L4 PSMA
Anti-Lewis-Y Collagen hGH IL4R RAAGI2
Apelin Jreceptor  CSFR Hyaluronidase IL6 Sphingosine 1
Phosphate
CS complement CSFR-1 IFNalpha Insulin Receptor TGFbeta
CDlla CTLA-4 IFNbeta Jagged Ligands TNFalpha
CDI172A CXCR4 IFNgamma Jagged 1 TNFalpha
CDI19 DL44 IgE Jagged 2 TNFR
CD20 DLL4 IgE Receptor MUCI TRAIL-R]
CD22 EGFR IGF Na/K ATPase TRAIL-R2
CD25 EpCAM IGFIR NGF Transferrin
CD28 EPHA2 IL11 Notch Receptors Transferrin
receptor
CD3 ERBB3 IL12 Notch 1 TRK-A
CD30 F protein of RSV IL13 Notch 2 TRK-B
CD33 FAP IL15 Notch 3 VCAM-1
CD40 FGF-2 1L17 Notch 4 VEGF
CD40L FGFR1 IL18 PDGF-AA VEGF-A
CD41 FGFR?2 IL1B PDGF-BB VEGF-B
CD44 FGFR3 IL1IR PDGFRalpha VEGF-C
CD352 FGFR4 IL2 PDGFRalpha VEGF-D
CDo64 Folate receptor IL21 PDGFRbeta VEGFR]
CDg0 GP IIb/IlIa IL23 PDGFRbeta VEGFR2
receptors
CD86 Gpl30 IL23R Phosphatidylserine ~ VEGFR3
CLAUDIN-3 GPIIB/IIIA 1L29 PIGF alphadbetal
integrin
CLAUDIN-4 HER2/neu IL2R PSCA alphadbeta’
Integrin

Table 2: Exemplary sources for ABs

Antibody Trade Name (antibody name)

Target
Avastin™ (bevacizumab) VEGF
Lucentis™ (ranibizumab) VEGF
Erbitux™ (cetuximab) EGFR
Vectibix™ (panitumumab) EGFR
Remicade™ (infliximab) TNFa
Humira™ (adalimumab) TNFa
Tysabri™ (natalizumab) Integrino4
Simulect™ (basiliximab) IL2R
Soliris™ (eculizumab) Complement C5
Raptiva™ (efalizumab) CDlla
Bexxar™ (tositumomab) CD20
Zevalin™ (ibritumomab tiuxetan) CD20
Rituxan™ (rituximab) CD20
Zenapax™ (daclizumab) CD25
Myelotarg™ (gemtuzumab) CD33
Mylotarg™ (gemtuzumab 0zogamicin) CD33
Campath™ (alemtuzumab) CD352
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ReoPro™ (abiciximab) Glycoprotein receptor 11b/111a
Xolair™ (omalizumab) IgE
Herceptin™ (trastuzumab) Her?2

- Synagis™ (palivizumab) F protein of RSV
(1pilimumab) CTLA-4
(tremelimumab) CTLA-4
HuSc¢d CD40L

~ (pertuzumab) Her2-neu
(ertumaxomab) CD3/Her2-neu
Orencia™ (abatacept) CTLA-4
(tanezumab) NGF
(bavituximab) Phosphatidylserine
(zalutumumab) EGFR
(mapatumumab) EGFR
(matuzumab) EGFR
(nimotuzumab) EGFR
ICR62 EGFR
mADb 528 EGFR
CHR06 EGFR
MDX-447 EGFR/CD64
(edrecolomab) EpCAM
RAV12 RAAGI12
huJ591 PSMA
Enbrel™ (etanercept) TNF-R
Amevive™ (alefacept) 1-92-LFA-3
Antr1l™, Kineret™ (ankinra) IL-1Ra
GC1008 TGFbeta

Notch 1

Jagged 1
(adecatumumab) EpCAM
(figitumumab) IGFIR
(tocilizumab) IL-6

[00141] The exemplary sources for some of the ABs listed in Table 2 are detailed in the following
references which are incorporated by reterence herein for their description of one or more of the
reterenced AB sources: Remicade™ (infliximab): U.S. patent 6,015,557, Nagahira K, Fukuda Y, Oyama
Y, Kurihara T, Nasu T, Kawashima H, Noguchi C, Oikawa S, Nakanishi1 T. Humanization of a mouse¢
neutralizing monoclonal antibody against tumor necrosis factor-alpha (TNF-alpha). J Immunol Methods.
1999 Jan 1;222(1-2):83-92.) Knight DM, Trinh H, Le J, Siegel S, Shealy D, McDonough M, Scallon B,
Moore MA, Vilcek J, Daddona P, et al. Construction and initial characterization ot a mouse-human
chimeric ant1-TNF antibody. Mol Immunol. 1993 Nov;30(16):1443-53. Humira™ (adalimumab):
Sequence 1 US Patent 6 258 562. Raptiva™ (efalizumab): Sequence listed in Werther WA, Gonzalez
TN, O'Connor SJ, McCabe S, Chan B, Hotaling T, Champe M, Fox JA, Jardicu PM, Berman PW, Presta
LG. Humanization of an anti-lymphocyte function-associated antigen (LFA)-1 monoclonal antibody and
reengineering of the humanized antibody for binding to rhesus LFA-1. J Immunol. 1996 Dec
1;157(11):4986-95. Mylotarg™ (gemtuzumab ozogamicin): (Sequence listed in CO MS, Avdalovic
NM, Caron PC, Avdalovic MV, Schemberg DA, Queen C: Chimeric and humanized antibodies with
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specificity for the CD33 antigen. J Immunol 148:1149, 1991) (Caron PC, Schwartz MA, Co MS, Queen
C, Finn RD, Graham MC, Divgi CR, Larson SM, Scheinberg DA. Murine and humanized constructs of
monoclonal antibody M 195 (ant1-CD33) for the therapy of acute myelogenous leukemia. Cancer. 1994
Feb 1;73(3 Suppl):1049-56). Soliris™ (eculizumab): Hillmen P, Young N, Schubert J, Brodsky R,
Soci¢ G, Muus P, Roth A, Szer J, Elebute M, Nakamura R, Browne P, Risitano A, Hill A, Schrezenmeier
H, Fu C, Maciejewski J, Rollins S, Mojcik C, Rother R, Luzzatto L (2006). The complement inhibitor
eculizumab 1n paroxysmal nocturnal hemoglobinuria. N Engl J Med 355 (12): 1233-43. Tysabri™
(natalizumab): Sequence listed in Leger OJ, Yednock TA, Tanner L, Horner HC, Hines DK, Keen S,
Saldanha J, Jones ST, Fritz LC, Bendig MM. Humanization of a mouse antibody against human alpha-4
integrin: a potential therapeutic for the treatment of multiple sclerosis. Hum Antibodies. 1997;8(1):3-16.
Synagis™ (palivizumab): Sequence listed in Johnson S, Oliver C, Prince GA, Hemming VG, Pfarr DS,
Wang SC, Dormitzer M, O'Grady J, Koenig S, Tamura JK, Woods R, Bansal G, Couchenour D, Tsao E,
Hall WC, Young JF. Development of a humanized monoclonal antibody (MEDI-493) with potent in vitro
and in vivo activity against respiratory syncytial virus. J Infect Dis. 1997 Nov; 176(5):1215-24.
Ipilimumab: J. Immunother: 2007; 30(8): 825-830 Ipilimumab (Anti-CTLA4 Antibody) Causes
Regression of Metastatic Renal Cell Cancer Associated With Enteritis and Hypophysitis; James C. Yang,
Marybeth Hughes, Udai Kammula, Richard Royal, Richard M. Sherry, Suzanne L. Topalian, Kimberly B.
Suri, Catherine Levy, Tamika Allen, Sharon Mavroukakis, Isracl Lowy, Donald E. Whaite, and Steven A.
Rosenberg. Tremelimumab: Oncologist 2007;12;153-883; Blocking Monoclonal Antibody in Clinical
Development for Patients with Cancer; Antoni1 Ribas, Douglas C. Hanson, Dennis A. Noe, Robert
Millham, Deborah J. Guyot, Steven H. Bernstein, Paul C. Canniff, Amarnath Sharma and Jesus Gomez-

Navarro.

(b) Masking Moiety (MM)

[00142] The masking moiety (MM) of the present disclosure generally refers to an amino acid sequence
coupled to the AB and positioned such that it reduces the AB’s ability to specifically bind its target. In
some cases the MM 1s coupled to the AB by way of a linker.

[00143] When the AB 1s modified with a MM and 1s 1n the presence of the target, specific binding of the
AB to 1ts target 1s reduced or mnhibited, as compared to the specific binding of the AB not modified with
an MM or the specific binding of the parental AB to the target.

[00144] The K4 of the AB modified with a MM towards the AB’s target 1s generally greater than the Ky of
the AB not modified with a MM or the K4 of parental AB towards the target. Conversely, the binding
affinity of the AB modified with a MM towards the target 1s generally lower than the binding atfinity of
the AB not modified with a MM or the parental AB towards the target.

[00145] The dissociation constant (Ky4) of the MM towards the AB 1s generally greater than the Ky of the
AB towards the target. Conversely, the binding affinity of the MM towards the AB 1s generally lower
than the binding atfinity of the AB towards the target.
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[00146] When the AB 1s modified with a MM and 1s 1n the presence of the target, specific binding of the
AB to its target can be reduced or inhibited, as compared to the specific binding of the AB not modified
with an MM or the specific binding of the parental AB to the target. When the AB 1s modified with a CM
and a MM and 1s 1n the presence of the target but not sufficient enzyme or enzyme activity to cleave the
CM, specific binding of the modified AB to the target 1s reduced or inhibited, as compared to the specific
binding of the AB modified with a CM and a MM 1n the presence of the target and sufficient enzyme or
enzyme activity to cleave the CM.

[00147] The MM can 1nhibit the binding o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>