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ACTIVATABLE ANTIBODIES THAT BIND EPIDERMAL GROWTH FACTOR
RECEPTOR AND METHODS OF USE THEREOF

Related Applications

16001 This application claims the benetit of U.S. Provisional Application No.
61/897,385, filed October 30, 2013; U1.S. Provisional Application No. 61/897,391, filed
Cetober 30, 2013; ULS, Provisional Apphication No. 61/897,418, filed October 30, 2013;
LS. Provisional Application No. 61/897,442, filed October 30, 2013; and U.S. Provisional
Application No. 61/897,4635, filed October 30, 2013 the contents of each of which are

fncorporated herein by reference in their entireties.
Field of the Invention

{6001 ] The invention relates generally to activatable antibodies that specifically bind
to epidermal growth factor receptor (EGFR), to conjugated activatable antibodies that
specifically bind to EGFR, and to methods of making and using these anti-EGFR
activatable antibodies and/or conjugated anti-EGFR activatable antibodies in a variety of

therapeutic, diagnostic and prophylactic indications.
Background of the Invention

8002} Antibody-based therapies have proven effective treatmeuts for some discases
but in some cases, toxicities due to broad target expression have Hmited their therapeutic
effectiveness. In addition, antibody-based therapeutics have exhibited other limitations
such as rvapid clearance from the circalation following administration.

16003] In the realm of sroall molecule therapeutics, strategies have been developed
to provide prodrugs of an active chemical entity. Such prodrugs are administered ina
relatively inactive (or significantly less active) form. Once administered, the prodrug is
metabolized in vive 1uto the active compound. Such prodrug strategies can provide for
increased sclectivity of the drug for its intended target and for a reduction of adverse effects,
[6004] Accordingly, there is a continued need in the field of antibody-based
therapeutics for antibodies that mimic the desirable characteristics of the small molecule

prodrug.
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Summary of the Invention

16005] The activatable antibodics provided herein, in an uncleaved state, include a
masked light chain that includes at least an antibody or antigen-binding fragment thereof
{AB) that specifically binds Epiderrnal Growth Factor Receptor (EGFR) coupled to a
masking moiety (MM ) via a cleavable moiety (CM) that includes a substrate for a protease,
such that coupling of the MM to the AB reduces the ability of the AB o bind EGFR. Tnan
activated state, e.g., a cleaved state, the activatable antibodies bind EGFR. In an uncleaved
state, ¢.g., non-activated state, the activatable antibodies provided herein include an
antibody or an antigen binding fragment thereof (AB) that specifically binds to EGFR that
includes a heavy chain amino acid sequence selected from the group consisting of SEQ ID
NG: 2, SEQ ID NO: 34 and SEQ 1D NO: 36, and a light chain amino acid sequence that
includes SEQ 1D NO: 32, wherein the activatable antibody in the uncleaved state has the
structural arrangement from N-terminus to C-terminus as follows: Spacer Sequence -
Masking Moicty (MM)-Linking Peptide 1 (LP1}-Cleavable Moiety {CM)-Linking Peptide 2
(LP2)-AB or AB-LP2-CM-LPI-MM-Spacer Sequence, wherein the MM includes the amino
acid sequence CISPRGCPDGPY VMY (SEQ ID NO: 24), the CM inchudes the amino acid
sequence LSGRSDNH (SEQ 1D NO: 23), and the Spacer Sequence is selected from the
group consisting of GQSGQ (SEQ 1D NG: 14), QSGQ (SEQ 1D NO: 16), SGQ (SEQID
NGO 18}, GQ (SEQ ID NGO: 20), and Q (SEQ ID NO: 22). In some embodiments, the two
linking peptides need not be identical to each other. In some embodiments, the activatable
antibodies provided herein, in an uncleaved state, inchide a masked hight chain that inchides
or is derived from an amino acid sequence sclected from the group consisting of SEQ 1D
NQO: 4, SEG ID NQO: 6, SEQ ID NO: 8, SEQ ID NO: 10, and SEQ ID NG: 12,
{8006} In some embodiments, the activatable antibodies provided herein include an
AB that specifically binds to EGFR that inchudes a heavy chain amino acid sequence
selected from the group consisting of SEQ 1D NO: 2, SEQ ID NG: 34 and SEQ D NO: 36,
and a light chain amino acid sequence that inclades SEQ D NO: 32, whergin the activatable
antibody in the uncleaved state has the stractural arvangement from N-terminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM)-Linking Peptide 1 (LP1)-
{Cleavable Moiety (CM)-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM includes the amino acid sequence CISPRGCPDGPYVMY
(SEQ ID NO: 24), the CM includes the amino acid sequence LSGRSDNH (SEQ ID

2
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NQO: 28), and the Spacer Sequence inchides the amino acid sequence GQSGQ (SEQ ID
NG: 14). In some embodiments, the two hinking peptides need not be identical to each
other. In some crobodiments, the activatable antibodies provided heren, in an uncleaved
state, include a masked light chain that includes or is derived from the amino acid sequence
of SEQ ID NO: 4. in some embodiments, the activatable antibodies provided herein, in an
uncleaved state, include a heavy chain that inchudes or s derived from the amino acid
sequence of SEQ 1D NO: 2 and a masked light chain that inchades or 1s derived from the
amino acid sequence of SEQ [D NO: 4. In some embodiments, the activatable antibodies
provided herein, in an uncleaved state, include a heavy chain that includes or is derived
from the amino acid sequence of SEQ 1D NO: 34 and a masked light chaiu that includes or
is derived from the amino acid sequence of SEQ [0 NO: 4. In some embodiments, the
activatable antibodies provided herein, in an uncleaved state, include a heavy chain that
fuchudes or 18 derived frora the amino acid sequence of SEQ ID NGO: 36 and a masked hight
chain that inchudes or is derived from the amino acid sequence of SEQ D NO: 4.

16007 In some embodiments, the activatable antibodies provided hergin include an
AB that specifically binds to EGFR that inchides a heavy chain amino acid sequence
selected from the group consisting of SEQ D NO: 2, SEQ 1D NO: 34 and SEQ 1D NO: 34,
and a light chain amino acid sequence that includes SEQ [D NO: 32, wherein the activatable
antibody in the uncleaved state has the structural arrangement from N-terminus to C-
termunus as follows: Spacer Sequence-Masking Moiety (MM)-Linking Peptide 1 (LP1)-
Cleavable Moiety (CM)-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM includes the amino acid sequence CISPRGCPDGPY VMY
(SEQ ID NO: 24), the CM inclades the amino acid sequence LSGRSDNH (SEQ 1D

NO: 2%}, and the Spacer Sequence inchides the amino acid sequence QSGQ (SEQ ID

NO: 16). In some embodiments, the two linking peptides need not be identical to cach
other. In some embodiments, the activatable antibodies provided herein, in an uncleaved
state, include a masked light chain that includes or s derived from the amino acid sequence
of SEQ ID NO: 6. Tu some embodiments, the activatable antibodies provided herein, in an
uncleaved state, include a heavy chain that includes or is derived from the amino acid
sequence of SEQ 1D NO: 2 and a masked light chain that inclades or 1s derived from the
amino acid sequence of SEQ D NO: 6. Tn some embodiments, the activatable antibodics
provided herein, in an uncleaved state, include a heavy chain that includes or is derived

from the amino acid sequence of SEQ ID NG: 34 and a masked light chain that inchudes or

2
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is derived from the amino acid sequence of SECQ ID NG: 6. In some embodiments, the
activatable antibodies provided herein, in an uncleaved state, include a heavy chain that
includes or is derived trom the amino acid sequence of SEQ 1D NO: 36 and a masked light
chain that includes or is derived from the amino acid sequence of SEQ D NO: 6.

16608] In some embodiments, the activatable antibodies provided herein inchude an
AR that specifically binds to EGFR that includes 2 heavy chain amino acid sequence
selected from the group consisting of SEQ 1D NO: 2, SEQ 1D NO: 34 and SEQ 1D NO: 36,
and a light chain amino acid sequence that inchuides SEQ ID NO: 32, wherein the activatable
antibody i the uncleaved state has the structural arrangement from N-terminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM)-Linking Peptide 1 (LP1)-
Cleavable Moiety (CM-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM includes the amino acid sequence CISPRGCPDGPY VMY
(SEQ ID NO: 24), the CM inchudes the amino acid sequence LSGRSDNH (SEQ ID

WO 28), and the Spacer Sequence includes the amino acid sequence SGQ (SEQ D

NO: 18). In some embodiments, the two Hnking peptides need not be identical to each
other. In some embodiments, the activatable antibodies provided herein, in an uncleaved
state, include a masked light chain that includes or is derived from the amino acid sequence
of SEG ID NO: 4. In some embodiments, the activatable antibodies provided herein, in an
uncleaved state, include a heavy chain that inchides or is derived from the amino acid
sequence of SEQ ID NG: 2 and a masked hight chain that inchides or is derived from the
amino acid sequence of SEQ D NO: 8. In some embodirnents, the activatable antibodies
provided herein, in an uncleaved state, include a heavy chain that inchudes or is derived
from the amino acid sequence of SEQ 1D NO: 34 and a masked light chain that inclades or
is derived from the amino acid sequence of SEQ 1D NG: 8. In some embodiments, the
activatable antibodics provided herein, in an uncleaved state, include a heavy chain that
includes or is derived from the amino acid sequence of SEQ ID NG: 36 and a masked light
chain that includes or is derived from the aming acid sequence of SEQ ID NO: 8.

TS In soroe embodiments, the activatable antibodies provided herein include an
AB that specifically binds to EGFR that inchudes a heavy chain amino acid sequence
selected from the group consisting of SEQ 1D NO: 2, SEQ 1D NO: 34 and SEQ 1D NG: 36,
and a light chain amino acid sequence that imcludes SEQ 1D NO: 32, wherein the activatable
antibody in the uncleaved state has the structural arrangement from N-terminus to C-

terminus as follows: Spacer Sequence-Masking Moiety (MM)-Linking Peptide T (LP1)-
4
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{Cleavable Moiety (CM)-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM includes the amino acid sequence CISPRGCPDGPYVMY
(SEQ ID NO: 24), the CM includes the amino acid sequence LSGRSDNH (SEQ ID

N 28}, and the Spacer Sequence inchudes the amino acid sequence GQ (SEQ 1D NG: 20).
In some embodiments, the two linking peptides need not be identical to each other. In some
embodiments, the activatable antibodies provided herein, in an uncleaved state, include a
masked light chain that includes or is derived from the amino acid sequence of SEQ 1D
NO: 10, In some embodiments, the activatable antibodies provided herein, in an uncleaved
state, include a heavy chain that includes or s dertved from the amino acid sequence of
SEQ ID NO: 2 and a roasked light chain that includes or is derived from the amino acid
sequence of SEQ ID NO: 10, In some embodiments, the activatable antibodies provided
herein, n an uncleaved state, include a heavy chain that inclades or is derived from the
amino acid sequence of SEQ 1D NO: 34 and a masked light chain that includes or is derived
from the amino acid sequence of SEQ D NO: 10, In some embodiments, the activatable
antibodies provided herein, in an uncleaved state, include a heavy chain that includes or is
derived from the amino acid sequence of SEQ ID NO: 36 and a masked tight chain that
includes or is derived trom the amino acid sequence of SEQ 1D NO: 10,

{6010] In some embodiments, the activatable antibodies provided herein inchude an
AB that specifically binds to EGFR that includes a heavy chain amino acid sequence
selected from the group consisting of SEQ 1D NO: 2, SEQ ID NO: 34 and SEQ ID NO: 36,
and a hight chain amino acid sequence that includes SEQ ID NO: 32, wherein the activatable
antibody in the uncleaved state has the structural arrangement from N-torminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM)}-Linking Peptide 1 (LP1)-
Cleavable Motety (CM-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM inciudes the amino acid sequence CISPRGCPDGPY VMY
(SEQ ID NO: 24), the CM inchudes the amino acid sequence LSGRSDNH (SEQ ID

NQO: 28}, and the Spacer Sequence includes the amino acid sequence Q (SEQ [D NG: 22).
In some erobodirnents, the two linking peptides need not be wdentical to cach other, In some
embodiments, the activatable antibodies provided herein, in an uncleaved state, include a
masked light chain that includes or is derived from the amino acid sequence of SEQ 1D

NG: 12, In some embodiments, the activatable antibodies provided herein, in an uncleaved
state, include a heavy chain that includes or is derived from the amino acid sequence of

SEQ 1D NO: 2 and a masked light chain that includes or is derived from the amino acid
5



WO 2015/066279 PCT/US2014/063077

sequence of SEQ 1D NO: 12, In some embodiments, the activatable antibodies provided
herein, in an uncleaved state, include a heavy chain that inchides or s derived from the
amino acid sequence of SEQ 1D NO: 34 and a masked light chain that jncludes or 1s derived
from the amino acid sequence of SEQ D NO: 12, In some embodiments, the activatable
antibodies provided herein, in an uncleaved state, include a heavy chain that includes or is
derived from the anuno acid sequence of SEQ 1D NO: 36 and a rmasked Hght chain that
includes or s derived from the amino acid sequence of SEQ D NO: 12,

HHI Y The invention also provides conjugated activatable antibodies in which an
anti-EGFR activatable antibody provided herein is conjugated to one or more additional
agents., In an activated state, e.g., a cleaved state, the conjugated activatable antibodics bind
EGFR. In some embodiments, the conjugated activatable antibody in an uncleaved state
fnchudes a masked light chain that includes or 1s derived from an amino acid sequence
selected from the group consisting of SEQ 1D NO: 4, SEQ 1D NO: 6, SEQ DD NO: 8, SEQ
2 NGO 10, and SEQ ID NOG: 12,

{3012} In some embodiments, the conjugated activatable antibody in an uncleaved
state inchudes a masked light chain that inclades or is derived from an amino acid sequence
selected from the group consisting of SEQ 1D NO: 4

[6013] In some embodiments, the conjugated activatable antibody in an uncleaved
state includes a masked light chain that includes or is derived from an amino acid sequence
selected from the group consisting of SEQ 1D NQ: 6.

60141 In sorne embodiments, the conjugated activatable antibody 1 an uncleaved
state inchudes a masked light chain that includes or is derived from an amino acid sequence
selected from the group consisting of SEQ 1D NG: R,

[B015] In some embodiments, the conjugated activatable antibody in an uncleaved
state includes a masked light chain that includes or is derived from an amino acid sequence
selected from the group consisting of SEQ ID NO: 18

[6016] In some embodiments, the conjugated activatable antibody in an ancleaved
state includes a masked light chain that includes or is derived from an amino acid sequence
selected from the group consisting of SEQ D NO: 12

(6017} The activatable anti-EGFR antibodies and the conjugated activatable anti-
EGFR antibodies provided hercin are stable in circulation, activated at intended sites of

therapy and/or diagnosis but not in other tissue(s), e.g., normal tissue, healthy tissue, and/or
v . 3 g E 2 o
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diseased tissue at a site not intended for therapy, and, when activated, exhibit binding to
EGFR that is at least comparable to the corresponding, unmodified antibody.

[B018] In some embodiments of the activatable antibody and/or conjugated
activatable antibody, at least one of LP1 or LP2 includes an amino acid sequence selected
from the group consisting of (G8),, (GGS), (GSGGS), (SEQ 1D NO: 66) and {GGGSE),
{(SEQ ID NO: 67), where n is an integer of at least one. In soroe embodiments of the
activatable antibody and/or conjugated activatable antibody, at least one of LP1 or LP2
includes an amino acid sequence selected from the group consisting of GGSG (SEQ D
NG: 68), GGSGG (SEQ ID NO: 69), GSGSG (SEQ ID NO: 70, GSGGG (SEQ 1D

NG: 71), GGGSG (SEQ ID NO: 723, and GSSSG (SEQ 1D NO: 73).

{6319} In some embodiments of the activatable antibody and/or conjugated
activatable antibody, LP1 includes the amino acid sequence GSSGGSGGSGGSG (SEQ ID
NO: 26}

60261 In some embodinents of the activatable antibody and/or conjugated
activatable antibody, LP2 includes the amino acid sequence GSSGT (SEQ ID NG: 30) or
GSSG (SEQ 1D NO: 65).

8021} In some embodiments of the activatable antibody and/or conjugated
activatable antibody, the AB is a monocional antibody, domain antibody, single chain, Fab
fragment, a F{ab"), fragment, a scFv, a scab, a dAb, a single domain heavy chain antibody,
or a single domain hight chain antibody. Tn some embodiments, such an antibody or
immunologically active fragment thereof that binds EGFR is 2 mouse, chimeric, humanized
or fully human monoclonal antibody.

{8022} In some embodiments of the activatable antibody and/or conjugated
activatable antibody, the AB has an equilibrium dissociation constant of about 100 nM or
less for binding to EGFR.

[6023] In some embodiments, the activatable antibody and/or conjugated activatable
antibody inchides an AB that specifically binds to EGFR that includes a heavy chain amino
acid sequence that includes SEQ 1D NO: 2, and a light chain amino acid sequence that
includes SE¢ ID NG: 32, wherein the activatable antibody and/or conjugaied activatable
antibody i the uncleaved state has the structural arrangement from N-terminus to C-
terminus as follows: Spacer Sequence ~-Masking Moicty (MM )-Linking Peptide 1 (LP1)-
Cleavable Moiety (CM-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM includes the amino acid sequence CISPRGCPDGPY VMY

7
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(SECQ ID NG: 24), the CM includes the amino acid sequence LSGRSDNH (SEGQ ID

NOG: 28}, and the Spacer Sequence is selected from the group consisting of GOSGQ (SEQ
D NO: 14), QSGQ (SEQ ID NO: 16), SGQ (SEQ D NO: 18), GQ (SEQ 1D NO: 20}, and
G (SEQ 1D NO: 22).

[6024] In some embodiments, the activatable antibody and/or conjugated activatable
auntibody inchudes an AB that specifically binds to EGFR that includes a heavy chain amino
acid sequence that includes SEQ 1D NO: 2, and a light chain amino acid sequence that
includes SE¢ ID NG: 32, wherein the activatable antibody and/or conjugaied activatable
antibody i the uncleaved state has the structural arrangement from N-terminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM)-Linking Peptide 1 (LP1)-
Cleavable Moiety (CM-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM includes the amino acid sequence CISPRGCPDGPY VMY
(SEQ ID NO: 24), the CM inchudes the amino acid sequence LSGRSDNH (SEQ 1D

WO 28), and the Spacer Sequence includes the amino acid sequence GOSG (SEQ D
NQO: 14).

[B025] In some embodiments, the activatable antibody and/or conjugated activatable
antibody includes an AB that specifically binds to EGFR that includes a heavy chain amino
acid sequence that includes SEQ 1D NO: 2, and a light chain amino acid sequence that
includes SEQ 1D NO: 32, wherein the activatable antibody and/or conjugated activatable
antibody in the uncleaved state has the stractural arvangement from N-terminus to C-
termunus as tollows: Spacer Sequence-Masking Motety (MM)-Linking Peptide 1 (LP1)-
Cleavable Moiety (CM)-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM includes the amino acid sequence CISPRGCPDGPYVMY
(SEQ ID NO: 24), the CM includes the amino acid sequence LSGRSDNH (SEQ ID

N 28}, and the Spacer Sequence inchudes the amino acid sequence QSGQ (SEQ D

NO: 16}

{30261 In some embodiments, the activatable antibody and/or conjugated activatable
auntibody inchudes an AB that specifically binds to EGFR that includes a heavy chain amino
acid sequence that includes SEQ 1D NO: 2, and a light chain amine acid sequence that
includes SEQ 1D NO: 32, wherein the activatable antibody and/or conjugated activatable
anttbody i the uncleaved state has the structural arrangement from N-terminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM)-Linking Peptide T (LP1)-

Cleavable Moiety (CM-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
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Sequence, wherein the MM inchudes the amino acid sequence CISPRGCPDGPY VMY
(SEQ ID NO: 24), the CM inclades the amino acid sequence LSGRSDNH (SEQ 1D

NG: 28}, and the Spacer Sequence includes the amino acid sequence SGQ (SEQ 1D

NO: 18}

{60271 In some embodiments, the activatable antibody and/or conjugated activatable
auntibody inchudes an AB that specifically binds to EGFR that includes a heavy chain amino
acid sequence that includes SEQ 1D NO: 2, and a light chain amino acid sequence that
includes SE¢ ID NG: 32, wherein the activatable antibody and/or conjugaied activatable
antibody i the uncleaved state has the structural arrangement from N-terminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM)-Linking Peptide 1 (LP1)-
Cleavable Moiety (CM-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM includes the amino acid sequence CISPRGCPDGPY VMY
(SEQ ID NO: 24), the CM inchudes the amino acid sequence LSGRSDNH (SEQ ID

WO 28), and the Spacer Sequence includes the amino acid sequence GQ (SEQ 1D NG: 20).
{3028} In some embodiments, the activatable antibody and/or conjugated activatable
antibody mncludes an AB that specifically binds to EGFR that includes a heavy chain amino
acid sequence that includes SEQ 13 NG: 2, and a light chain ammine acid sequence that
includes SEQ 1D NO: 32, wherein the activatable antibody and/or conjugated activatable
antibody in the uncleaved state has the structural arrangement from N-terminus to C-
termunus as follows: Spacer Sequence-Masking Moiety (MM)-Linking Peptide 1 (LP1)-
Cleavable Moiety (CM)-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM includes the amino acid sequence CISPRGCPDGPY VMY
(SEQ ID NO: 24), the CM inclades the amino acid sequence LSGRSDNH (SEQ 1D

NG: 28}, and the Spacer Sequence inchudes the amino acid sequence Q {(SEQ ID NQO: 22),
8029} In some embodiments, the activatable antibody and/or conjugated activatable
antibody inchudes an AB that specifically binds to EGFR that includes a heavy chain amino
acid sequence that includes SEQ ID NO: 34, and a light chain amino acid sequence that
fnchudes SEQ 1D NO: 32, wherein the activatable antibody and/or comjugated activatable
antibody in the uncleaved state has the structural arrangement from N-terminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM)}-Linking Peptide 1 (LP1)-
Cleavable Motety (CM-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM inciudes the amino acid sequence CISPRGCPDGPY VMY

(SEQ ID NO: 24), the CM includes the amino acid sequence ESGRSDNH (SEQ 1D
9
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INQO: 28}, and the Spacer Sequence is selected from the group consisting of GOSGQ (SEQ
D NO: 14y, QSGQ (SEQ 1D NOG: 163, SGQ (SEQ ID NOQ: 18), GO (SEQ ID NG: 20), and
Q (SEQ I3 NOG: 22).

HHIRI) In some embodiments, the activatable antibody and/or conjugated activatable
antibody inchudes an AB that specifically binds to EGFR that includes a heavy chain amino
acid sequence that includes SEQ 1D NO: 34, and a light chain amino acid sequence that
includes SEQ 1D NO: 32, wherein the activatable antibody and/or conjugated activatable
antibody in the uncleaved state has the structural arrangement from N-terminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM)}-Linking Peptide 1 (LP1)-
Cleavable Moiety (CM)-Linking Peptide 2 (LP2)-AB or ABR-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM inciudes the amino acid sequence CISPRGCPDGPY VMY
(SEQ ID NO: 24), the CM inchides the amino acid sequence LSGRSDNH (SEQ ID

NQO: 28), and the Spacer Sequence includes the arino acid sequence GOSGQ (SEQ D
NO: 14).

{3031} In some embodiments, the activatable antibody and/or conjugated activatable
antibody mncludes an AB that specifically binds to EGFR that includes a heavy chain amino
acid sequence that includes SEQ 1D NO: 34, and a light chain amino acid sequence that
includes SEQ 1D NO: 32, wherein the activatable antibody and/or conjugated activatable
antibody in the uncleaved state has the structural arrangement from N-terminus to C-
termunus as follows: Spacer Sequence-Masking Moiety (MM)-Linking Peptide 1 (LP1)-
Cleavable Moiety (CM)-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM includes the amino acid sequence CISPRGCPDGPY VMY
(SEQ ID NO: 24), the CM inclades the amino acid sequence LSGRSDNH (SEQ 1D

NO: 2%}, and the Spacer Sequence inchides the amino acid sequence QSGQ (SEQ ID

NO: 16}

{6032} In some embodiments, the activatable antibody and/or conjugated activatable
antibody inchides an AB that specifically binds to EGFR that includes a heavy chain amino
acid sequence that includes SEQ 1D NO: 34, and a light chain anuno acid sequence that
includes SE¢ ID NG: 32, wherein the activatable antibody and/or conjugated activatable
antibody i the uncleaved state has the structural arrangement from N-terminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM)-Linking Peptide 1 (LP1)-
Cleavable Moiety (CM-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer

Sequence, wherein the MM includes the amino acid sequence CISPRGCPDGPY VMY
10
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{(SECQ ID NG: 24), the CM inchudes the amino acid sequence LSGRBDNH {(SEQ D

NQG: 283, and the Spacer Sequence includes the amino acid sequence SGQ (SEQ ID

NG 18}

{80333} In some embodiments, the activatable antibody and/or conjugated activatable
antibody inchudes an AB that specifically binds to EGFR that includes a heavy chain amino
acid sequence that includes SEQ 1D NO: 34, and a light chain anuno acid sequence that
includes SEQ 1D NO: 32, wherein the activatable antibody and/or conjugated activatable
antibody in the uncleaved state has the structural arrangement from N-terminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM)}-Linking Peptide 1 (LP1)-
Cleavable Moiety (CM)-Linking Peptide 2 (LP2)-AB or ABR-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM inciudes the amino acid sequence CISPRGCPDGPY VMY
(SEQ ID NO: 24), the CM inchides the amino acid sequence LSGRSDNH (SEQ ID

NQO: 28), and the Spacer Sequence includes the amino acid sequence GQ (SEQ 1D NO: 20).
160334} In some embodinments, the activatable antibody and/or conjugated activatable
antibody includes an AB that specifically binds to EGFR that includes a heavy chain amino
acid sequence that includes SEQ 1D NO: 34, and a light chain amino acid sequence that
includes SEQ 1D NO: 32, wherein the activatable antibody and/or conjugated activatable
antibody in the uncleaved state has the structural arrangement from N-terminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM)-Linking Peptide T (LP1)-
Cleavable Moiety (CM)-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM includes the amino acid sequence CISPRGCPDGPY VMY
(SEQ ID NOG: 24), the CM includes the amino acid sequence ESGRSDNH (SEQ 1D

NQO: 283, and the Spacer Sequence includes the amino acid sequence Q (SEQ TR NO: 22),
[B035] In some embodiments, the activatable antibody and/or conjugated activatable
antibody includes an AB that specifically binds to EGFR that includes 3 heavy chain amino
acid sequence that includes SEQ 1D NO: 36, and a light chain amino acid sequence that
fnchudes SEQ 1D NO: 32, wherein the activatable antibody and/or conjugated activatable
antibody in the uncleaved state has the structural arvangerent from N-torminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM }-Linking Peptide 1 (LP1)-
Cleavable Moiety (CM)-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM includes the amuno acid sequence CISPRGCPDGPYVMY
(SEQ ID NO: 24), the CM inchudes the amino acid sequence ESGRSDNH (SEQ 1D

NO: 28), and the Spacer Sequence is seiected from the group consisting of GQSGQ (SEQ
1§
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D NO: 14y, QSGQ (SEQ 1D NG: 16), SGQ (SEQ ID NGO 183, GQ (SEQ ID NG: 20), and
G {SEQ D NG: 22).

{8036} In some embodiments, the activatable antibody and/or conjugated activatable
antibody includes an AB that specifically binds to EGFR that includes 3 heavy chain amino
acid sequence that includes SEQ 1D NO: 16, and a light chain amino acid sequence that
fuchudes SEQ 1D NO: 36, wherein the activatable antibody and/or conjugated activatable
antibody in the uncleaved state has the structural arrangement from N-torminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM }-Linking Peptide 1 (LP1)-
Cleavable Moiety (CM)-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM includes the amuno acid sequence CISPRGCPDGPYVMY
(SEQ 1D NG: 24), the CM includes the amino acid sequence LSGRSDNH (SEQ ID

NQO: 28}, and the Spacer Sequence includes the amino acid sequence GGSGQ (SEQ ID
NO: 14).

1603371 In some embodinents, the activatable antibody and/or conjugated activatable
antibody includes an AB that specifically binds to EGFR that includes a heavy chain amino
acid sequence that includes SEQ 1D NO: 19, and a light chain amino acid sequence that
includes SEQ ID NO: 36, wherein the activatable antibody and/or conjugated activatable
antibody in the uncleaved state has the structural arrangement from N-terminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM)-Linking Peptide T (LP1)-
Cleavable Moiety (CM)-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM includes the amino acid sequence CISPRGCPDGPY VMY
(SEQ ID NOG: 24), the CM includes the amino acid sequence ESGRSDNH (SEQ 1D

NQG: 283, and the Spacer Sequence inchudes the amino acid sequence QSGQ (SEQ ID

NG: 16},

EHIRRY In some embodiments, the activatable antibody and/or conjugated activatable
antibody inchudes an AB that specifically binds to EGFR that includes a heavy chain amino
acid sequence that includes SEQ ID NO: 10, and a light chain amino acid sequence that
fuchudes SEQ 1D NO: 36, wherein the activatable antibody and/or conjugated activatable
antibody in the uncleaved state has the structural arrangement from N-terminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM)-Linking Peptide 1 (LP1)-
Cleavable Moiety (CM)-Linking Peptide 2 (LP2)-AB or ABR-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM inciudes the amino acid sequence CISPRGCPDGPY VMY
(SEQ 1D NOG: 24y, the CM inchudes the amino acid sequence LSGRSDNH (SEQ ID

12
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WO 28}, and the Spacer Sequence includes the amine acid sequence SGQ (SEQ ID

NO: 18).

[8039] In some embodiments, the activatable antibody and/or conjugated activatable
antibody includes an AB that specifically binds to EGFR that includes 3 heavy chain amino
acid sequence that includes SEQ 1D NO: 16, and a light chain amino acid sequence that
fuchudes SEQ 1D NO: 36, wherein the activatable antibody and/or conjugated activatable
antibody in the uncleaved state has the structural arrangement frora N-torminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM }-Linking Peptide 1 (LP1)-
Cleavable Moiety (CM)-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM includes the amuno acid sequence CISPRGCPDGPYVMY
(SEQ 1D NG: 24), the CM includes the amino acid sequence LSGRSDNH (SEQ ID

NO: 28), and the Spacer Sequence inclades the amino acid sequence GQ (SEQ ID NO: 20).
{60461 In sorne embodiments, the activatable antibody and/or conjugated activatable
antibody includes an AB that specitfically binds to EGFR that includes a heavy chain amino
acid sequence that includes SEQ 1D NO: 10, and a light chain amino acid sequence that
includes SEQ 1D NO: 36, wherein the activatable antibody and/or conjugated activatable
anttbody i the uncleaved state has the structural arrangement from N-terminus to C-
terminus as follows: Spacer Sequence-Masking Moiety (MM)-Linking Peptide T (LP1)-
Cleavable Moiety (CM-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer
Sequence, wherein the MM includes the amino acid sequence CISPRGCPDGPY VMY
(SEQ ID NO: 24), the CM inchudes the amino acid sequence LSGRSDNH (SEQ 1D

WO 28), and the Spacer Sequence includes the amino acid sequence 3 (SEQ [ NO: 22
{8041 In some embodiments, the activatable antibody and/or conjugated activatable
anttbody n an uncleaved state includes a heavy chain amino acid sequence selected from
the group consisting of SEQ 1D NQ: 2, SEQ 1D NO: 34, and SEQ 1D NO: 36, and a masked
light chain amino acid sequence selected from the group consisting of SEQ ID NO: 4, SEQ
IDNG: 6, SEQ 1D NG: 8, SEQG ID NGO 10, and SEQ ID NO: 12, In some embodiments,
the activatable antibody and/or conjugated activatable antibody in an vocleaved state
includes a heavy chain amine acid sequence that is at least 909, 91%, 92%, 939%, 94%,
953%, 96%, 97%, 8% or 99% identical to an amino acid selected from the group consisting
of SEQ ID NO: 2, SEQ ID NO: 34, and SEQ 11 NO: 26, and a masked light chain amino

acid sequence that is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 985 or 99%
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identical o an amino acid sequence selected from the group consisting of SEQ ID NO: 4,
SEQ ID NO: 6, SEQ I NG: 8, SEQ D NO: 10, and SEQ ID NO: {2
8042} In some embodiments, the activatable antibody and/or conjugated activatable
antibody in an uncleaved state includes g heavy chain that inchudes the amino acid sequence
of SEQ ID NO: 2, and a masked light chain that includes the amino acid sequence of SEQ
IDNO: 4, SEQ 1D NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, and SEQ [D NO: 12, Insome
embodiments, the activatable antibody and/or conjugated activatable antibody in an
uncleaved state includes a heavy chain amino acid sequence that is at least 90%, 91%, 92%,
93%, 94%, 95%, 969, 97%, 9%% or 9% identical to the amno acid of SEQ 1D NO: 2, and
a masked light chain amino acid sequence that 5 at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98% or 99%; identical to the amino acid sequence of SEQ 1D NO: 4, SEQ ID
NO: 6, SEQ ID NG: &, SEQ ID NG: 10, and SEQ ID NO: 12,
16043] In sorne embodiments, the activatable antibody and/or conjugated activatable
antibody in an uncleaved state includes a heavy chain that includes the amino acid sequence
of SEQ 1D NO: 34, and a masked light chain that includes the amino acid sequence of SEQ
T NG: 4, SEQ ID NO: 6, SEQ ID NG: & SEQ IDNO: 10, and SEQ ID NO: 12, Insome
embodiments, the activatable antibody and/or conjugated activatable antibody in an
uncieaved state inchudes a heavy chain amino acid sequence that is at least 90%, 91%, 92%,
83%, 949, 959%, 96%, 97%, 98% or 99% identical to the amino acid of SEQ ID NG: 6, and
a masked light chain amino acid sequence that is at least 90%, 91%, 92%, 93%, 94%, 95%,
6%, 97%, 98% or 99% identical 1o the amino acid sequence of SEQ ID NO: 4, SEQ D
NO: 6, SEQ 1D NO: 8, SEQ 1D NO: 16, and SEQ D NO: 12,
[3044] In some embodiments, the activatable antibody and/or conjugated activatable
antibody n an uncleaved state includes a heavy chain that includes the amino acid sequence
of SE( ID NQO: 36, and a masked light chain that includes the amino acid sequence of SEQ
ID NG: 4, SEQ 1D NO: 6, SEQ ID NG: 8, SEQ 1D NO: 16, and SEQ ID NO: 12, In some
embodiments, the activatable antibody and/or conjugated activatable antibody i an
uncleaved state includes a heavy chain amino acid sequence that is at least 90%, 91%, 92%,
Q3%,, 94%, 95%, 96%, 97%, 98% or 99% identical to the amino acid of SEQ 1D NO: 36,
and a masked hight chain amino acid sequence that is at least 909%, 91%, 92%, 939%, 94%,
958%, 96%, 97%, 98% or 99% wdentical 1o the amino acid sequence of SEQ 1D NO: 4, SEQ
D NO: 6, SEQ 1D NO: 8, SEQ 1D NO: 10, and SEQ 1D NO: 12

14
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[3045] In some embodiments, the activatable antibody and/or conjugated activatable
antibody i an uncleaved state inclodes a combination of a heavy chain amino acid
sequence and a masked light chain amino acid sequence selected from the group cousisting
of (i} a heavy chain sequence of SEQ ID NO: 2 and 2 masked light chain amino acid
sequence of SEQ ID NO: 4, {ii) a heavy chain sequence of SEQ 1D NO: 2 and a masked
light chain amino acid sequence of SEQ 1D NO: 6, (ii1) a heavy chain sequence of SEQ 1D
NO: 2 and a masked light chain amino acid sequence of SEQ 1D NO: &, (iv) a heavy chain
sequence of SEQ 1D NO: 2 and a masked light chain amino acid sequence of SEQ 1D

NQO: 10, (v) a heavy chain sequence of SEQ ID NO: 2 and a masked light chain amino acid
sequence of SEQ 1D NO: 12, (vi) a heavy chain sequence of SEQ 1D NO: 34 and a masked
light chain amino acid sequence of SEQ 1D NO: 4, (vii) a heavy chain sequence of SEQ 1D
NO: 34 and a masked light chain amino acid sequence of SEQ ID NO: 6, (viit) a heavy
chain sequence of SEQ 1D NO: 34 and a roasked light chain amino acid sequence of SEQ
2 NO: 8, (ix) 8 heavy chain sequence of SEQ D NO: 34 and a masked light chain amino
acid sequence of SEQ 1D NG: 10, (x) a heavy chain sequence of SEQ ID NG: 34 and e
masked light chain amino acid sequence of SEQ 1D NG: 12, (x1) a heavy chain sequence of
SEQ ID NO: 36 and a roasked light chain anuno acid sequence of SEQ ID NO: 4, (xii) a
heavy chain sequence of SEQ 1D NO: 36 and a masked light chain amino acid sequence of
SEQ ID NO: 6, (xiii) a heavy chain sequence of SEQ 1D NO: 36 and a masked light chain
amino acid sequence of SEQ ID NO: 8, (xiv) a heavy chain sequence of SEQ ID NO: 36
and a masked light chain amino acid sequence of SEQ D NO: 10, and (xv) a heavy chain
sequence of SEQ 1D NO: 36 and a masked light chain amino acid sequence of SEQ 1D
NG: 12

[8046] In some embodiments, the activatable antibody and/or conjugated activatable
antibody in an uncleaved state includes 3 combination of a heavy chain amino acid
sequence and a masked light chain amino acid sequence selected from the group consisting
of (1} a heavy chain sequence of SEQ ID NO: 2 and a masked light chain amino acid
sequence of SEQ D NO: 4, (11) a heavy chain sequence of SEQ 1D NO: 2 and a masked
light chain amino acid sequence of SEQ ID NO: 6, (iii) a heavy chain sequence of SEQ 1D
NO: 2 and a masked light chain amino acid sequence of SEQ D NO: R, (iv) a heavy chain
sequence of SEQ 1D NO: 2 and a masked light chain amino acid sequence of SEQ ID

NO: 10, (v) 2 heavy chain sequence of SEQ 1D NO: 2 and a masked light chain amino acid

sequence of SEQ ID NO: 12, {vi) a heavy chain sequence of SEQ 1D NO: 34 and a masked
15
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light chain amino acid sequence of SEQ ID NO: 4, (vii) a heavy chain sequence of SEQ ID
NG: 34 and a masked hight chain amino acid sequence of SEQ 1D NG: 6, (viii) a heavy
chain sequence of SEQ 1D NO: 34 and a masked light chain arsino acid sequence of SEQ
ID NO: &, {ix) a heavy chain sequence of SEQ ID NO: 34 and a masked light chain amino
acid sequence of SEQ 1D NO: 16, (%) a heavy chain sequence of SEQ ID NO: 34 and a
masked light chain amino acid sequence of SEQ 1D NO: 12, (xi) a heavy chain sequence of
SEQ 1D NO: 36 and a masked light chain amino acid sequence of SEQ ID NG: 4, (xii)a
heavy chain sequence of SEQ ID NO: 36 and a masked light chain amino acid sequence of
SEQ ID NO: 6, (xii1) a heavy chain sequence of SEQ ID NO: 36 and a masked light chain
anuino acid sequence of SEQ 1D NO: B, (xiv) a heavy chain sequence of SEQ 1D NOG: 36
and a masked light chain amino acid sequence of SEQ D NO: 16, and (xv) a heavy chain
sequence of SEQ ID NG: 36 and a masked hight chain amino acid sequence of SEQ ID
NO: 2,

(60471 In some embodinents of the activatable antibody and/or conjugated
activatable antibody, the MM includes the amino acid sequence CISPRGCPDGPY VMY
(SEQ ID NOG: 24) and is a polypeptide of no more than 40 amino acids long.

[B048] In some embodiments of the activatable antibody and/or conjugated
activatable antibody, the MM has an equilibrium dissociation constant for binding to the AB
that is greater than the equilibrivim dissociation constant of the AB to EGFR.

{30491 In some embodiments of the activatable antibody and/or conjugated
activatable antibody, the MM has an equilibrium dissociation constant for binding to the AB
that is no more than the equilibrium dissociation constant of the AB to EGFR.

HHUSH In some embodiments of the activatable antibody and/or conjugated
activatable antibody, the MM docs not interfere or compete with the AB of the activatable
antibody in a cleaved state for binding to EGFR.

{6051 ] In some embodiments of the activatable antibody and/or conjugated
activatable antibody, the coupling of the MM to the AB reduces the ability of the AB to
bind EGFR such that the dissociation constant (Kg) of the AB when coupled 0 the MM
towards EGFR s at least 20 times greater than the Ky of the AB when not coupled to the
MM towards EGFR. In some embodiments of the activatable antibody and/or conjugated
activatable antibody, the coupling of the MM to the AB reduces the ability of the AB 1o
bind EGFR such that the dissociation constant (i) of the AB when coupled to the MM

towards EGFR is at least 40 times greater than the Ky of the AB when not coupled to the
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MM towards EGFR. In some embodiments of the activatabie antibody and/or conjugated
activatable antibody, the couapling of the MM to the AB reduces the ability of the AB to
bind EGFR such that the dissociation constant {K,) of the AB when coupled to the MM
towards EGFR is at least 50 times greater than the Ky of the AB when not coupled to the
MM towards EGFR. In some embodiments of the activatable antibody and/or conjugated
activatable antibody, the coupling of the MM to the AB reduces the ability of the AB to
bind EGFR such that the K of the AB when coupled to the MM towards EGFR is at least
10G0 times greater than the Ky of the AB when not coupled to the MM towards EGFR. In
some embodiments of the activatable antibody and/or conjugated activatable antibody, the
coupling of the MM to the AR reduces the ability of the AB 1o bind EGFR such that the K4
of the AB when coupled to the MM towards EGFR is at feast 1000 times greater than the Ky
of the AB when not coupled to the MM towards EGFR. In some embodiments of the
activatable antibody and/or conjugated activatable antibody, the coupling of the MM to the
AB reduces the ability of the AB to bind EGFR such that the K of the AB when coupled to
the MM towards EGFR is at least 10,000 times greater than the Ky of the AB when not
coupled to the MM towards EGFR.

8052} In some embodiments of the activatable antibody and/or conjugated
activatable antibody, in the presence of EGEFR, the MM reduces the ability of the AB to
bind EGFR by at feast 90% when the CM is uncleaved, as compared to when the CM is
cleaved when assayed iz virro using a target displacement assay such as, for example, the
assay described in PCT Publication Nos, WO 2009/025846 and WO 2010/081173.

60531 In some embodinents of the activatable antibody and/or conjugated
activatable antibody, the CM is a substrate for a protease. In some embodiments of the
activatable antibody and/or conjugated activatable antibody, the protease s co-localized
with EGFR in a tissue, and the protease cleaves the CM when the activatable antibody
and/or confugated activatable antibody is exposed to the protease. In some embodiments,
the protease 1s not active or is significantly less active in tissues that do not significantly
express EGFR. To some embodiments, the protease is not active or 18 sigoificantly less
active in healthy, e g, non-diseased tissues. In some embodiments, the protease is not
active or s significantly less active in diseased tissues not intended for therapy.

18034] In some embodiments, the CM is positioned in the activatable antibody
and/or conjugated activatable antibody such that in the uncleaved state, binding to EGFR by

the activatable antibody is reduced to occur with an equilibrium dissociation constant that is
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at least 20-fold greater than the equilibrium dissociation constant of an unmodified AB
binding to EGFR, and whereas the AB of the activatable antibody and/or the conjugated
activatable antibody in the cleaved state binds EGFR.

[0055] In some embodiments, the CM is positioned in the activatable antibody
and/or the conjugated activatable antibody such that in the uncleaved state, binding to
EGFR by the activatable antibody is reduced to occur with an equilibrium dissociation
constant that is at least 40-fold greater than the equilibrium dissociation constant of an
unmodified AB binding to EGFR, and whereas the AB of the activatable antibody and/or
the conjugated activatable antibody in the cleaved state binds EGFR.

[0056] In some embodiments, the CM is positioned in the activatable antibody
and/or the conjugated activatable antibody such that in the unclcaved state, binding to
EGFR by the activatable antibody is reduced to oceur with an equilibrium dissociation
constant that is at least 50-fold greater than the equilibrium dissociation constant of an
unmodified AR binding to EGFR, and whereas the AB of the activatable antibody and/or
the conjugated activatable antibody in the cleaved state binds EGFR.

[0057] In some embodiments, the CM is positioned in the activatable antibody
and/or the conjugated activatable antibody such that in the uncleaved state, binding to
EGFR by the activatable antibody is reduced to occur with an equilibrinm dissociation
constant that is at least 100-fold greater than the equilibrium dissociation constant of an
unmodified AB binding to EGFR, and whereas the AB of the activatable antibody and/or
the conjugated activatable antibody in the cleaved state binds EGFR.

(0058] In some embodiments, the CM is positioned in the activatable antibody
and/or the conjugatcd activatable antibody such that in the uncleaved state, binding to
EGFR by the activatable antibody is reduced to occur with an equilibrium dissociation
constant that is at least 200-fold greater than the equilibrium dissociation constant of an
unmodified AB binding to EGFR, and whereas the AB of the activatable antibody and/or
the conjugated activatable antibody in the cleaved state binds EGFR.

[0059] In some embodiments, the CM includes the amino acid sequence
LSGRSDNH (SEQ ID NO: 28) and is a polypeptide of up to 15 amino acids in length.
[0060] _In some embodiments, the CM is a substrate for an enzyme selected from the

group consisting of uPA, legumain and MT-SP1. In some embodiments, the enzyme
comprises uPA. In some embodiments, the enzyme comprises legumain. In some

embodiments, the enzyme comprises MT-SP1.
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{061} In some embodiments, the activatable antibody also includes an agent
conjugated to the AB. In some embodiments, the agent is a therapeutic agent. In some
embodiments, the agent is an antineoplastic agent. In some embodiments, the agent is a
toxin or fragroent thereof. As used herein, a fragment of a toxin is a fragment that retains
toxic activity. In some embodiments, the agent is conjugated to the AB via a cleavable
linker. To some embodiments, the agent 18 conjugated 1o the AB via a hinker that includes at
least one MMP-cleavable substrate sequence. In some embodiments, the agent is conjugated
to the AB via a noncleavable linker. In some embodiments, the agent is a microtubule
mhibitor. In some embodiments, the agent 15 a mucleic acid damaging agent, such as a DNA
alkylator or DNA wntercalator, or other DNA darnaging agent. In some embodiments, the
agent is an agent selected from the group listed in Table 1. In some embodiments, the agent
is a dolastatin. In some embodiments, the agent is an auristatin or derivative thereof. Tn
some embodiments, the agent 15 auristatin E or a derivative thereof. In some embodiments,
the agent is monomethyl auristatin E (MMAE). In some ernbodiments, the agent is
monomethyl auristatin D (MMAD). In some embodiments, the agent is a maytansinoid or
maytansinoid derivative. In some embodiments, the agent is DM or DM4. In some
embodiments, the agent is a duocarmycin or derivative thereof. 1o some embodiments, the
agent is a calicheamicin or derivative thereof. In some embodiments, the agent is a3
pyrroiobenzodiazepine.

[8062] In some embodiments, the agent is conjugated to the AB via a linker. In
some embodiments, the linker 18 a ¢cleavable linker. In some embodiments, the hinker 8
selected from the group consisting of the linkers shown in Tables 2 and 3.

{8063} In some embodiments, the activatable antibody also includes a detectable
moiety. In sorae embodiments, the detectable moiety is a diagnostic agent. In some
cmbodiments, the detectable moiety is g conjugatable detection reagent. In some
embediments, the detectable moiety is, for example, a fluorescent label or radicisolope. In
some embodiments, the detectable moiety is an imaging agent, a contrasting agent, an
cnzyme, a tluorescent label, a chromophore, a dye, one or more metal 1ons, and/or a ligand-
based label.

{8064} In some embodiments, the serum half-life of the activatable antibody and/or
conjugated activatable antibody is longer than that of the corresponding antibody; e.g., the
pK of the activatable antibody and/or conjugated activatable antibody is longer than that of

the corresponding antibody. In some embodiments, the serum half-life of the activatable
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antibody and/or conjugated activatable antibody is similar to that of the corresponding
antibody. In some embodiments, the serum half-life of the activatable antibody and/or
conjugated activatable antibody is at least 15 days when administered to an organism. [o
some embodiments, the serum half-life of the activatable antibody and/or conjugated
activatable antibody is at least 12 days when administered to an organism. In some
embodiments, the serum half-life of the activatable antibody and/or conjugated activatable
antibody is at least 11 days when administered to an organism. In some embodiments, the
serum half-life of the activatable antibody and/or conjugated activatable antibody is at least
10 days when administered to an orgamism. In some embodiments, the serum half-life of the
activatable antibody and/or conjugated activatable antibody 15 at least 9 days when
administered to an organism. In some embodiments, the serum half-life of the activatabie
antibody and/or conjugated activatable antibody is at least R days when administered to ap
organisnt In some embodiments, the serum halt-life of the activatable antibody and/or
conjugated activatable antibody is at least 7 days when administered to an organism. In
some embodiments, the serum half-life of the activatable antibody and/or conjugated
activatable antibody is at least 6 days when administered to an organism. In some examples
of any of these activatable antibody and/or conjugated activatable antibody embodiments,
the serum half-life of the activatable antibody and/or conjugated activatable antibody is at
least 5 days when administered to an organism. In some embodiments, the serum half-life
of the activatable antibody and/or conjugated activatable antibody is at least 4 days when
administered 10 an organism. In some embodiments, the serum half-life of the activatable
antibody and/or conjugated activatable antibody is at least 3 days when administered to an
organismn. In some ernbodiments, the seram half-lite of the activatable antibody and/or
conjugated activatable antibody is at least 2 days when administered to an organisn. In
some embodiments, the serum half-life of the activatable antibody and/or conjugated
activatable antibody is at least 24 hours when administered to an organism. In some
embodiments, the serom half-lite of the activatable antibody and/or conjugated activatable
auntibody is at least 20 hours when administered to an orgamism. In some embodiments, the
serum half-life of the activatable antibody and/or conjugated activatable antibody is at least
18 hours when administered to an organism. In some embodiments, the seram half-life of
the activatable antibody and/or conjugated activatable antibody is at Jeast 16 hours when
administered to an organism. [n some embodiments, the serum half-life of the activatable

antibody and/or conjugated activatable antibody is at least 14 hours when administered to an
]
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organism. In some embodiments, the serum half-life of the activatable antibody and/or
conjugated activatable antibody is at least 12 bours when administered to an organism. In
some embodiments, the serum half-life of the activatable antibody and/or conjugated
activatable antibody is at least 10 hours when administered 10 an organisnt. {n some
embediments, the serum half-life of the activatable antibody and/or conjugated activatable
antibody is at feast § hours when administered to an organisro. fn some embodiments, the
serum half-lite of the activatable antibody and/or conjugated activatable antibody is at least
& hours when administered to an organism. In some embodiments, the serum half-life of the
activatable antibody and/or conjugated activatable antibody 1s at least 4 hours when
administered to an organism. In some embodiments, the serum half-life of the activatable
antibody and/or conjugated activatable antibody is at least 3 hours when administered to an
organism.

13065] In sorne embodiments, the activatable anti-EGFR antibody is monospecific.
In some embodiments, the activatable anti-EGFR antibody is multispecific, e.g., by way of
non-limiting example, bispecific or trifunctional. In some embodiments, the activatable
anti-EGFR antibody is formulated as part of a activatable antibody and/or conjugated
activatable antibody, such as a T-cell engaging activatable antibody and/or conjugated
activatable antibody. In some embodiments, the activatable anti-EGFR antibody is
formulated as part of a pro-Bispecific T Cell Engager {BITE) molecule. In some
embodiments, the activatable anti-EGFR antibody is formulated as part of a pro-Chimeric
Antigen Receptor (CAR) modified T cell or other engineered receptor.

{6066} The invention also provides an isolated nucleic acid molecule encoding an
activatable anti-EGFR antibody described herein, as well as vectors that include these
tsolated nucleic acid sequences. The invention provides methods of producing an
activatable antibody by culturing a cell under conditions that lead to expression of the
activatable antibody, wherein the cell includes such a vector.

[8067] The invention also provides a method of manufacturing an activatable
antibody that in an activated state binds Epidermal Growth Factor Receptor (EGFR) by (a)
culturing a cell comprising a nucleic acid construct that encodes the activatable antibody
under conditions that lead to expression of the activatable antibody, wherein the activatable
antibody ncludes a heavy chain amino acid sequence selected from the group cousisting of

SEQ IDNO: 2, SEQ I NO: 34, and SEQ 1D NO: 36, and a masked light chain amino acid
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sequence selected from the group consisting of SEQ (D NG: 4, SEQ ID NO: 6, SEQ 1D
NOG: 8, SEQ D NO: 10, and SEQ ID NO: 12; and (b) recovering the activatable antibody.
[B068] The invention also provides a method of manufacturing a conjugated
activatable antibody that in an activated state binds Epidermal Growth Factor Receptor
(EGFR) by (a) culturing a cell comprising a nucleic acid construct that encodes the
activatable antibody under conditions that lead to expression of the activatable antibody,
wherein the activatable antibody includes 3 heavy chain amino acid sequence selected from
the group consisting of SEQ 1D NO: 2, SEQ ID NO: 34, and SEQ 1D NG: 36, and a masked
tight chain amino acid sequence selected from the group consisting of SEQ 1D NG: 4, SEQ
D NO: 6, SEQ 1D NO: §, SEQ ID NO: 10, and SEQ 1D NO: 12; (b) recovering the
activatable antibody; and {¢) conjugating the activatable antibody to one or more additional
agents.

160651 The 1nvention provides methods of treating, preventing and/or delaying the
onset or progression of, or alleviating a symptom of an indication, e g., disease or disorder,
associated with aberrant expression and/or activity of EGFR, e.g., an EGFR-related disorder
or EGFR-related disease, in a subject using a therapeutic molecule, e.g., activatable
antibodies that bind EGFR and/or conjugated activatable antibodies that bind EGFR,
particularly activatable antibodies and/or conjugated activatable antibodies that bind and
neutralize or otherwise inhibit at least one biclogical activity of EGFR and/or EGFR-
mediated signaling.

[6070] In some embodiments, the indication, e.g., discase or disorder, associate
with aberrant expression and/or activity of EGFR is a cancer. In some ernbodiments, the
cancer 15 a breast cancer, e.g., by way of non-himiting example, the breast cancer is a triple-
negative breast cancer. In some croboduments, the cancer is a triple-negative breast cancer,
In some embodiments, the cancer is colorectal cancer. In some embodiments, the cancer 18
gastric cancer. [n some embodiments, the cancer is ghioblastoma. In some embodiments,
the cancer is a head and neck cancer, e.g., by way of non-limniting example, esophageal
cancer. In some embodiments, the cancer is an csophageal cancer. In some erobodirsents,
the cancer is a lung cancer, e.g., by way of non-limiting example, non-small cell lung
cancer. In some embodiments, the cancer is a non-small cell hung cancer. Tn some
embodunents, the cancer 1s ovanan/endometrial cancer. In some embodiments, the cancer
is ovarian cancer. In some embodiments, the cancer is endometrial cancer. In some

embediments, the cancer is pancreatic cancer. In some embodiments, the cancer is prostate
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cancer. 1n some embodiments, the cancer i3 a renal cancer. In some embodiments, the
cancer s a sarcoma, e.g., by way of non-limiting exarople, osteosarcoma. In some
crmiboduments, the cancer 18 an osteosarcoma. In some embodiments, the cancer 1s a skin
cancer, e.g., by way of non-limiting example, squamous cell cancer, basal cell carcinoma,
and/or melanoma. In some embodiments, the cancer is a squamous cell cancer. In some
embodiments, the cancer is a basal cell carcinoma, In some emboduments, the canceris a
melanoma.

{3071 In some embodiments, the indication, e.g., discase or disorder, associated
with aberrant expression and/or activity of EGFR is an inflammatory disorder and/or an
autoinynune disease. [n some embodiments, the inflammatory and/or autotmmune disease
is psoriasis.

166721 The therapeutic molecule, e.g., activatable anti-EGFR antibody and/or
conjugated anti-EGFR activatable antibody, can be administered at any stage of the discase.
For example, a therapeutic molecule can be administered to a pationt suffering cancer of any
stage, from early to metastatic. For exampie, a8 therapeutic molecule can be administered to
a patient suffering from an inflammatory disorder and/or autoimmune disease of any stage,
from carly onset to an advanced stage. 1t is to be understood that the terms subject and
patient arc used interchangeably herein,

16673} The therapeutic molecules, e.g. activatable anti-EGFR antibodies and/or
conjoagated activatable anti-EGFR antibodics, are also useful in other therapeutic indications
and treatment regimens. For example, the therapeutic molecules of the embodiments
provided herein can be used in a treatment regimen that includes neoadjuvant therapy.
(8074} In some embodiments, the therapeutic molecules, e.g. activatable anti-EGFR
antibodies and/or conjugated activatable anti-EGFR. antibodics, are admintstered during
and/or after treatment in combination with one or more additional agents such as, by way of
non-limiting example, a chemotherapeutic agent. In some embodiments, the therapeutic
molecule and the additional agent(s) are admimstered simuoltancously. For example, the
therapeuntic molecule and the additional agent(s) can be formulated in 2 single composition
or administered as two or more separate compositions. In some embodiments, the
therapeutic molecule and the additional agent(s) are administered sequentially.

[B075) The invention also provides methods of preventing, delaying the progression

of, treating, alleviating a symptom of, or otherwise ameliorating an EGFR-related disorder,
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for example, cancer, in a subject by administering a therapeutically effective amount of an
activatable anti-EGFR antibody described herein 1o a subject in need thereot,

[8076] The mnvention also provides methods of inhibiting angiogenesis in a subject
by administering a therapeutically effective amount of an activatable anti-EGFR antibody
described herein to a subject in need thereof.

{80771 In soroe embodiments, the subject 18 2 mammal. Tn some embodiments, the
subiect i¢ a human. In some embodiments, the subject is a non-human mammal, such as a
rodent, 8 non-human primate, companion animal (¢.g., cat, dog, horse), farm animal, work
animal, or zoo animal.

{B078] The activatable anti-EGFR antibody and therapeutic formulations thercof are
administered to a subject suffering from or susceptible to 3 disease or disorder associated
with aberrant EGFR expression and/or activity. A subject sutfering from or susceptible to a
disease or disorder associated with aberrant EGFR expression and/or activity s identified
using any of a variety of methods known in the art. For example, subjects suffering from
cancer or other neoplastic condition are identified using any of a variety of clinical and/or
laboratory tests such as, physical examination and blood, urine and stool analysis to
evaluate health status.

{8079} The invention also provides methods of using activatable antibodies that bind
EGFR {i.e., activatable anti-EGFR antibodies, also referred to herein as anti-EGFR
activatable antibodies) in a variety of diagnostic and/or prophylactic indications, as well as
kits for use in these methods. For example, the mvention provides methods of detecting
presence or absence of a cleaving agent and EGFR in a subject or a sample by (i) contacting
a subject or sample with an anti-EGFR activatable antibody, and (31} measuring a level of
activated anti-EGFR activatable antibody in the subject or sample, wherein a detectable
level of activated anti-EGFR activatable antibody in the subject or sample indicates that the
cleaving agent and EGFR are present in the subject or sample and wherein no detectable
level of activated anti-EGFR activatable antibody in the subject or sample indicates that the
cleaving ageut, EGFR or both the cleaving agent and EGFR are absent in the subject or
sample. As used herein, “absent” can refer to the state of being not presentatali ina
subject or sample, as well as the state of being not present at a significant level in a subject
or sarople. Such an anti-EGFR activatable antibody includes a heavy chain amino acid
sequence selected from the group consisting of SEQ 11D NG 2, SEQ 1D NO: 34, and SEQ

ID NO: 36, and a masked light chain amino acid sequence selected from the group
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consisting of SEQ ID NO: 4, SEQ 1D NO: 6, SEQ ID NG: 8, SEQ 1D NO: 10, and SEQ D
NG: 12

[B080] The nvention also provides kits for use in methods of detecting presence or
absence of a cleaving agent and a target of interest (EGFR) in g subject or a sample, where
the kits include at least an anti-EGFR activatable antibody and/or conjugated anti-EGFR
activatable antibody described herein for use in contacting a subject or sanmple and means
for detecting the level of activated anti-EGFR activatable antibody and/or conjugated anti-
EGFR activatable antibody in the subject or sample, wherein a detectable level of activated
anti-EGFR activatable antibody in the subject or sample indicates that the cleaving agent
and EGFR arc present in the subject or sample and wherein no detectable level of activated
anti-EGFR activatable antibody in the subject or sample indicates that the cleaving agent,
EGFR or both the cleaving agent and EGFR are absent in the subject or sarnple. Such an
anti-EGFR activatable antibody and/or conjugated anti-EGFR activatable antibody includes
a heavy chain amino acid sequence selected from the group consisting of SEQ ID NO: 2,
SECQ ID NG: 34, and SEQ 1D NO: 36, and a masked light chain amino acid sequence
selected from the group consisting of SEQ 1D NO: 4, SEQ 1D NO: 6, SEQ ID NO: 8, SEQ
D NO: 10, and SEQ ID NO: 12,

{8081} The invention also provides methods of detecting presence or absence of a
cleaving agent in a subject or a sample by (i) contacting a subject or sample with an anti-
EGFR activatable antibody in the presence of EGFR, and (11) measuring a level of activated
anti-EGFR activatable antibody in the sabject or sample, wherein a detectable level of
activated anti-EGFR activatable antibody in the subject or sample indicates that the cleaving
agent is present in the subject or sample and wherein no detectable level of activated anti-
EGFR activatable antibody in the subject or sample indicates that the cleaving agent is
absent in the subject or sample. Such an anti-EGFR activatable antibody includes a heavy
chain amino acid sequence selected from the group consisting of SEQ ID NO: 2, SEQ ID
NO: 34, and SEQ ID NO: 36, and a masked light chain amino acid sequence selected from
the group consisting of SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 2, SEQ ID NO: 16,
and SEQ ID NO: 12.

{8082} The nvention also provides kits for use in methods of detecting presence or
ahsence of a cleaving ageut in a subject or a sample, where the kits include at least an anti-

EGFR activatable antibody and/or conjugated anti-EGFR activatable antibody described
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herein for use in contacting a subject or sample and means for detecting the level of
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activated anti-EGFR activatable antibody and/or conjugated anti-EGFR activatable antibody
in the subject or sample, wherein a detectable level of activated anti-EGFR activatable
anttbody n the subject or sample jndicates that the cleaving agent is present in the subject
or saraple and wherein no detectable level of activated anti-EGFR activatable antibody in
the subject or sample indicates that the cleaving agent is absent in the subject or sample.
Such an anti-EGFR activatable antibody and/or conjugated anti-EGFR activatable antibody
includes a heavy chain amino acid sequence selected from the group consisting of SEQ 1D
WO 2, SEQ 1B NO: 34, and SEQ ID NO: 36, and a masked light chain amino acid sequence
selected from the group consisting of SEQ 1D NO: 4, SEQ D NQ: 6, SEQ ID NO: 8, SEQ
D NO: 10, and SEQ ID NO: 12.

{8083} The invention provides methods of detecting presence or absence of a
cleaving ageut and EGFR in a subject or a sample by (i) contacting a subject or sample with
an anti-EGFR activatable antibody, wherein the anti-EGFR activatable antibody includes a
detectable label that is positioned on 3 portion of the anti-EGFR activatable antibody that is
released following cleavage of the CM and {i1) measuaring a level of activated anti-EGFR
activatable antibody in the subject or sample, wherein a detectable level of activated anti-
EGFR activatable antibody in the subject or sample indicates that the cleaving agent, EGFR
or both the cleaving agent and EGFR are sbsent in the subject or sampie, and wherein no
detectable level of activated anti-EGFR activatable antibody in the subject or sample
fndicates that the cleaving agent and EGFR are present in the subject or sample. Sach an
anti-EGFR activatable antibody includes a heavy chain amino acid sequence selected from
the group counsisting of SEQ 1D NG: 2, SEQ 1D NO: 34, and SEQ ID NQO: 36, and a masked
tight chain amino acid sequence selected from the group consisting of SEQ 1D NG: 4, SEQ
D NO: 6, SEQ ID NO: §, SEQ ID NO: 10, and SEQ 1D NO: 12

{8084} The invention also provides methods of detecting presence or absence of a
cleaving agent in a subject or a sample by (i) contacting a subject or sample with an anti-
EGFR activatable antibody, wherein the anti-EGFR activatable antibody inclodes a
detectable label that s positioned on a portion of the anti-EGFR activatable antibody that s
released following cleavage of the CM; and (ii) measuring a fevel of detectable label in the
subject or sample, wherein a detectable level of the detectable label in the subject or sample
indicates that the cleaving agent is absent in the subject or sample and wherein no detectable
level of the detectable label in the subject or sample indicates that the cleaving agent is

present in the subject or sample. Such an anti-EGFR activatable antibody includes a heavy
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chain amino acid sequence selected from the group consisting of SEQ IDNG: 2, SEQ ID
NG: 34, and SEQ D NO: 36, and a masked hight chain amino acid sequence selected from
the group consisting of SEQ 1D NOG: 4, SEQ ID NO: 6, SEQ 1D NO: 8, SEQ 1D NG: 16,
and SEQ 1D NO: 12,

8085} The invention also provides kits for use in methods of detecting presence or
absence of a cleaving agent and a target of interest (EGFR) in a subjoct or a sample, where
the kits include at feast an anti-EGFR activatable antibody and/or conjugated anti-EGFR
activatable antibody described herein for use in contacting a subject or sampie and means
tor detecting the level of activated anti-EGFR activatable antibody and/or conjugated anti-
EGFR activatable antibody in the subject or sample, whercin a detectable level of the
detectable label in the subject or saraple indicates that the cleaving agent is absent in the
subject or sample and wherein no detectable level of the detectable Iabel in the subject or
sample indicates that the cleaving agent is present in the subject or saruple. Such an anti-
EGFR activatable antibody and/or conjugated anti-EGFR activatable antibody includes a
heavy chain amino acid sequence selected from the group consisting of SEQ ID NO: 2,
SEQ ID NG: 34, and SEQ 1D NG: 36, and a masked light chain amino acid sequence
selected from the group consisting of SEQ 1D NG: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ
ID NO: 10, and SEQ 1D NO: 12,

16086} In some embodiments of these methods and/or kits, the anii-EGEFR
activatable antibody includes a detectable label. In some embodiments, the detectable label
is positioned on the AB. In some ershodiroents, roeasuring the level of activatable anii-
EGFR antibody in the subject or sample is accomplished using a secondary reagent that
specifically binds to the activated antibody, wherein the reagent comprises a detectable
label. In sorne embodiments, the secondary reagent is an antibody coruprising a detectable
label. In some embodiments of these methods and/or kits, the detectable label includes an
imaging agent, a radioisotope, a contrasting agent, an enzyme, a fluorescent label, a
chromophore, a dye, one or more roetal ions, or a ligand-based label. In some embodiments
of these rocthods and/or kits, the imaging agent comprises a radioisotope. fu some
embodiments of these methods, the radioisotope is indium or technetium. In some
embodiments of these methods, the radioisotope 1s or is derived from iodine. In some
embodiments of these methods, the radicisotope is T or "1, In some embodiments of
these methods and/or kits, the contrasting agent comprises iodine, gadolintum or iron oxide.

In some embodiments of these methods and/or kits, the enzyme comprises horseradish
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peroxidase, alkaline phosphatase, or §-galactosidase. In some embodiments of these
methods and/or kits, the fluorescent label comprises yellow fluorescent protein (YFP), cvan
fluorcscent protein (CFP), green fluorescent protein (GFP), modified red fluorescent protein
(mRFP), red fluorescent protein tdimer2 (RFP tdimer2), HCRED, or 3 europium derivative.
In some embodiments of these methods and/or kits, the luminescent label comprises an N-
methylacrydium derivative, In some erabodiments of these methods and/or kits, the label
comprises an Alexa Fluor™ fabel, such as Alex Fluor™ 680 or Alexa Fluor™ 750, In some
embodiments of these methods and/or kits, the ligand-based label comprises biotin, avidin,
streptavidin or one or more haptens,

{B087] In some embodiments of these methods and/or kits, the subject 15 a mammal,
In some embodiments of these methods and/or kits, the subject is a human. In some
embediments, the subject is a non-lniman mammal, such as a rodent, a non-human primate,
companion animal {e.g., cat, dog, horse}, farm animal, work animal, or 200 antmal.

{3088] in some embodiments of these methods, the method is an in vive method. In
some embodiments of these methods, the method s an /n sift method. In some
embodiments of these methods, the method 15 an ex vive method. In some embodiments of
these methods, the method is an in vifro method.

{6089] In some embodiments of the methods and/or kits, the method and/or kit is
used to identify or otherwise refine, e g., stratify, a patient population suitable for treatment
with an anti-EGFR activatable antibody of the disclosure. For example, patients that test
positive for both the target (e.g., EGFR) and a protease that cleaves the substrate 1o the
cleavable moicty (CM) of the anti-EGFR activatable antibody being tested in these methods
are identified as suitable candidates for treatment with such ap anti-EGFR activatable
antibody comprising such a CM. Likewise, patients that tost negative for either or both of
the target {e.g., EGFR) and the protease that cleaves the substrate in the CM in the
activatable antibody being tested using these methods might be identified as suitable
candidates for another form of therapy (i.e., not suitable for treatment with the anti-EGFR
activatable antibody being tested). Tu some embodiments, such patients can be tested with
other anti-EGFR activatable antibodies until a suitable anti-EGFR activatable antibody for
treatment is dentified (e.g., an anti-EGFR activatable antibody comprising a CM that is
cleaved by the paticnt at the site ot disease). Such an anti-EGFR activatable antibody
includes a heavy chain amino acid sequence selected from the group consisting of SEQ 1D

NO: 2, SEQ ID NO: 34, and SEQ 1D NG: 36, and a masked light chain amino acid sequence
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selected from the group consisting of SEQ [D NO: 4, SEQ 1D NO: 6, SEQ 1D NO: 8, SEQ
TDNG: 10, and SEQ ID NO: 12,

[B090] The invention also provides kits for use in methods of identifying or
otherwise refining a paticnt population, where the kits include at least (i) an anti-EGFR
activatable antibody and/or conjugated anti-EGFR activatable antibody described herein for
use in contacting a subject or saraple, (1) means for detecting the level of activated anti-
EGFR activatable antibody and/or conjugated anti-EGFR activatable antibody in the subject
or sample, wherein a detectable level of activated anti-EGFR activatable antibody in the
sample indicates that the sample is positive for the presence of EGFR and a cleaving agent
that cleaves the substrate in the cleavable moiety (CM) of the anti-EGFR activatable
antibody and/or conjugated anti-EGFR activatable antibody and (i1} means for identifving
and selecting one or more subjects that test positive for the presence of EGFR and the
cleaving agent thercby identifving or refining a pationt population. Such an anti-EGFR
activatable antibody and/or conjugated anti-EGFR activatable antibody includes a heavy
chain amino acid sequence selected from the group consisting of SEQ 1D NO: 2, SEQ ID
NG: 34, and SEQ D NO: 36, and a masked hight chain amino acid sequence selected from
the group consisting of SEQ 1D NOG: 4, SEQ ID NO: 6, SEQ 1D NO: 8, SEQ 1D NG: 16,
and SEQ D NO: 12, In some embodiments, the kit also includes instructions for
administering a therapeutically effective amount of an anti-EGFR activatable antibody
and/or conjugated anti-EGFR activatable antibody described herein to the one or more
subjects i the paticnt population that test positive for the presence of EGFR and the
cleaving agent. In some embodiments, the kit also includes instructions for administering a
therapeutically effective amount of another anti-EGFR therapentic agent described herein to
the one or more subjects n the patient population that did not test positive for the presence
of both EGFR and the cleaving agent. In some embodiments, the anti-EGFR activatable
antibody comprises a detectable label. In some embodiments, the detectable label is
positioned on the AB. Tn some embodiments, measuring the level of activatable anti-EGFR
antibody in the subject or sample s accomplished using a secondary reagent that
specifically binds to the activated antibody, wherein the reagent comprises a detectable
tabel. In some embodiments, the secondary reagent is an antibody comprising a detectable
label. In somce embodiments, the detectable label comprises an imaging agent, a
radioisotope, a contrasting agent, an enzyme, a thuorescent label, g chromophore, a dye, one

or more metal ions, or a ligand-based label. In some embodiments, the EGFR-related
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disorder is cancer. In some embodiments, the cancer is breast cancer, colorecial cancer,
gastric cancer, ghoblastoma, head and neck cancer, lung canger, ovarian cancer,
endometrial cancer, pancreatic cancer, prostate cancer, renal cancer, sarcoma, or skin
cancer. In some embodiments, the EGFR-related disorder is psoriasis.

{6091 ] The invention also provides methods of using the anti-EGFR antibodies
and/or conjugated activatable anti-EGFR antibodies (i.e., activatable anti-EGFR antibody
conjugates, also referred to hercin as conjugated activatable anti-EGFR antibodies and/or
conjugated anti-EGFR activatable antibodies) in a variety of diagnostic and/or prophylactic
indications. For example, the invention provides methods of detecting presence or absence
of a cleaving ageunt and a target of interest (EGFR) in a subject or a sample by (1) contacting
a subject or sample with an anti-EGFR antibody and/or conjugated activatable anti-EGFR
antibody and (it) measuring a level of anti-EGFR antibody and/or conjugated activatable
anti-EGFR antibody in the subject or sample, wherein a detectable level of activaied anti-
EGFR antibody and/or conjugated activatable anti-EGFR antibody in the subject or sample
indicates that the cleaving agent and EGFR are present in the sabject or sample and wherein
no detectable level of activated anti-EGFR antibody and/or conjogated activatable anti-
EGFR antibody in the subject or samiple indicates that the cleaving agent, EGFR or both the
cleaving agent and EGFR are absent in the subject or saraple. Such an anti-EGFR
activatable antibody and/or conjugated anti-EGFR activatable antibody inchides a heavy
chain amino acid sequence selected from the group consisting of SEQ ID NO: 2, SEQ ID
NO: 34, and SEQ ID NO: 36, and a masked light chain amino acid sequence selected from
the group consisting of SEQ 1D NG: 4, SEQ 1D NO: 6, SEQ 1D NO: &, SEQ 1D NO: 10,
and SEQ ID NO: 12,

8092} The wnvention also provides methods of detecting presence or absence of a
cleaving agent in g subject or a sample by (i) contacting a subject or samplie with an anti-
EGFR antibody and/or conjugated activatable anti-EGFR antibody in the presence of
EGFR, and (11) measuring a level of activated anti-EGFR antibody and/or conjugated
activatable anti-EGFR antibody in the sabject or sample, wherein a detectable fevel of
activated anti-EGFR antibody and/or conjugated activatable anti-EGFR antibody in the
subject or sample imdicates that the cleaving agent is present in the subject or sample and
wherein no detectable level of anti-EGFR antibody and/or conjugated activatable anti-
EGFR antibody in the subject or sample indicates that the cleaving agent is absent in the

subject or sample. Such an anti-EGFR activatable antibody and/or conjugated anti-EGFR
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activatable antibody inciudes @ heavy chain amino acid sequence selected from the group
consisting of SEQ D NG: 2, SEQ ID N 34, and SEQ 1D NO: 36, and a masked light
chain amino acid sequeunce selected from the group consisting of SEQ 1D NG: 4, SEQ 1D
NO: 6, SEQ ID NO: g, SEQ 1D NO: 10, and SEQ D NO: 12,

8093} The invention also provides methods of detecting presence or absence of'a
cleaving ageut in a subject or a sample by (i) contacting a subject or sample with an anti-
EGFR antibody and/or conjugated activatable anti-EGFR antibody; and (i1} measuring &
fevel of detectable label in the subject or sample, wherein a detectable level of the
detectable label in the subject or sarnple indicates that the cleaving agent is absent 1o the
subject or sarnple and wherein no detectable level of the detectable label in the subject or
sample indicates that the cleaving agent is present in the subject or sample. Such an anti-
EGFR activatable antibody and/or conjagated anti-EGFR activatable antibody includes a
heavy chain amino acid sequence selected from the group consisting of SEQ 1D NO: 2,
SEQ 1D NO: 34, and SEQ 1D NO: 36, and 2 masked light chain amino acid sequence
selected from the group consisting of SEQ [D NO: 4, SEQ 1D NO: 6, SEQ 1D NO: 8, SEQ
TDNG: 10, and SEQ ID NO: 12,

[3094] In some embodiments of these methods, the anti-EGFR antibody and/or
conjugated activatable anti-EGFR antibody includes a detectable label selected from the
group consisting of an irnaging agent, a radioisotope, a contrasting agent, an enzyme, a
fluorescent label, a chromophore, a dye, one or more metal ions, and a Hgand-based label.
In some ernbodirnents of these methods, the imaging agent comprises a radioisotope. [u
some embodiments of these methods, the radicisotope is indium or technetium. In some
embodiments of these methods, the contrasting agent comprises iodine, gadolintam or ron
oxide. In some ernbodiments of these methods, the enzyme comprises horseradish
peroxidase, alkaline phosphatase, or §~galactosidase. In some embodiments of these
methods, the fluorescent label comprises yellow fluorescent protein (YFP), cyan fluorescent
protein {CFP), green fluorescent protein (GFP), modified red fhuorescent protein (mREP),
red fluorescent protein tdiraer? (RFP tdimer2), HCRED, or a curopiurn derivative. [n some
embodiments of these methods, the luminescent label comprises an N-methylacrydium
derivative. In some embodiments of these methods, the label comprises an Alexa Fluor™
label, such as Alex Fluor™ 680 or Alexa Fluor™ 750, In soroe embodiments of these
methods, the ligand-based label comprises biotin, avidin, streptavidin or one or more

haptens. In some embodiments, the detectable label is positioned on the AB. In some
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embodiments, measuring the level of activatable anti-EGFR antibody in the subject or
sample 1s accomplished using a secondary reagent that specifically binds to the activated
anttbody, wherein the reagent comprises a detectable label. In some embodiments, the
secondary reagent is an antibody comprising a detectable label.

(6095} In some embodiments of these methods, the subject is 2 mammal In some
embodiments of these methods, the subject 1s 4 human. To some embodiments, the subject
is a non-himan mammal, such as a rodent, a non-human primate, companion animal (e.g.,
cat, dog, horse), farm animal, work animal, or 700 animal,

{3096} In some embodiments of these methods, the method is an iz vivo method. To
some embodiments of these methods, the method is an in sify method. In some
embodimentis of these methods, the method 18 an ex vive method. In some embodiments of
these methods, the method is an iz vigre method.

(60971 In some embodiments of the methods, the method 15 used to identify or
otherwise refine a patient population suitable for treatment with an anti-EGFR antibody
and/or conjugated activatable anti-EGFR antibody of the disclosure. For example, patients
that test positive for both the target {e.g., EGFR) and a protease that cleaves the substrate in
the cleavable moicty (CM) of the anti-EGFR antibody and/or conjugated activatable anti-
EGFR antibody being tested in these methods are identified as suitable candidates for
treatment with such anti-EGFR antibody and/or such a conjugated activatable anti-EGFR
antibody comprising such a CM. Likewise, patients that test negative for either or both of
the target {e.g., EGFR) and the protease that cleaves the substrate in the CM in the
activatable antibody being tested using these methods might be identified as suitable
candidates for another form of therapy (i e., not suitable for treatment with the anti-EGFR
antibody and/or conjugated activatable anti-EGFR antibody being tested). In sorge
embodiments, such patients can be tested with other anti-EGFR antibody and/or conjugated
activatable anti-EGFR antibody until a suitable anti-EGFR antibody and/or conjugated
activatable anti-EGFR antibody for treatment is identified (e.g., an anti-EGFR antibody
and/or conjugated activatable anti-EGFR auntibody comprising a CM that is cleaved by the
patient at the sife of disease). Such an anti-EGFR activatable antibody and/or conjugated
anti-EGFR activatable antibody inchudes a heavy chain amino acid sequence selected from
the group consisting of SEQ 1D NG: 2, SEQ 1D NO: 34, and SEQ 1D NO: 36, and a masked
light chain amino acid sequence selected from the group consisting of SEQ 1D NO: 4, SEQ

ID NO: 6, SEQ 1D NO: 8, SEQ 1D NO: 19, and SEQ ID NO: 12.
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{3098} Pharmaceutical compositions according to the invention can include an
antibody and/or conjugated antibody of the invention and & carrvier. These pharmagceutical

compositions can be included in kits, such as, for exaraple, diagoostic kits,
Brief Description of the Drawings
80399} Figure 1 is a schematic representation of an activatable antibody.
Detailed Description of the Invention

[60106] The present invention provides activatable monocional antibodies {mAbs)
that specifically bind human epidermal growth factor receptor (EGFR), also known as EGF
receptor, human EGF receptor-1 (HER 1), erbB, erbB1, and species antigen 7 (8A-7). The
activatable antibodies in an uncleaved state include a masked light chain that inclades or is
derived from an amino acid sequence sclected from the group consisting of SEQ 1D NO: 4,
SEQID NG: 6, SEQ IDNOG: 8, SEQ D NG 10, and SEQ ID NOG: 12. The activatable
anttbodies include a heavy chain that includes or s derived frore an amino acid sequence
selected from the group consisting of SEQ [ NO: 2, SEQ ID NO: 34 and SEQ 1D NO: 36.
(801011 In some embodiments, the activatable antibody and/or conjugated activatable
antibody in an uncleaved state includes a combination of a heavy chain amino acid
sequence and a masked light chain amino acid sequence selecied from the group consisting
of (1) a heavy chain sequence of SEQ 1D NO: 2 and a masked light chain amino acid
sequence of SEQ 1D NO: 4, (11) a heavy chain sequence of SEQ ID NO: 2 and 3 masked
tight chain amino acid sequence of SEQ ID NO: 6, (ii1) a heavy chain sequence of SEQ ID
NO: 2 and a masked light chain amino acid sequence of SEQ 1D NO: 8, (iv) a heavy chain
sequence of SEQ ID NO: 2 and a masked lght chain amino acid sequence of SEQ ID

NO: 10, (v) a heavy chain sequence of SEQ TR NO: 2 and a masked light chain amino acid
sequence of SEQ 1D NO: 12, (vi) a heavy chain sequence of SEQ 13 NO: 34 and a masked
light chain amino acid sequence of SEQ D NO: 4, (vii) a heavy chain sequence of SEQ D
NQO: 34 and a masked light chain amino acid sequence of SEQ 1D NO: 6, (viii) a heavy
chain sequence of SEQ 1D NO: 34 and a masked light chain amino acid sequence of SEQ
ID NO: &, {ix) a heavy chain sequence of SEQ ID NO: 34 and a masked light chain amino
acid sequence of SEQ 1D NO: 16, (%) a heavy chain sequence of SEQ ID NO: 34 and a

masked light chain amino acid sequence of SEQ ID NO: 12, (x1) 3 heavy chain sequence of
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SEQ ID NO: 36 and a masked light chain amino acid sequence of SEQ ID NG: 4, (xii)a
heavy chain sequence of SEQ ID NO: 36 and a masked light chain amino acid sequence of
SEQ ID NO: 6, (xi1i1) a heavy chain sequence of SEQ 1D NO: 36 and a roasked light chain
amino acid sequence of SEQ 1D NO: 8, (xiv) a heavy chain sequence of SEQ 1D NOG: 36
and a masked light chain aming acid sequence of SEQ ID NO: 16, and (xv) a heavy chain
sequence of SEQ 1D NO: 36 and a masked light chain amino acid sequence of SEQ ID
NGO 12

1601023 The activatable anti-EGFR antibodies, also referred to herein as anti-EGFR
activatable antibodies or EGFR activatable antibodies, are used 1o methods of treating,
preventing, delaying the progression of, ameliorating and/or alleviating a symptom of a
disease or disorder associated with aberrant EGFR expression and/or activity. For example,
the activatable anti-EGFR antibodies are used in methods of treating, preventing, delaying
the progression of, ameliorating and/or alleviating a symptorn of a cancer or other
neoplastic condition.

160103 In an activated state, e.g., a cleaved state, the activatable antibodies bind
EGFR. In an uncleaved state, e.g., non-activated state, the activatable antibodies provided
heremn include an antibody or an antigen binding fragment thereof (AB) that specifically
binds to EGFR that includes a heavy chain amino acid sequence selected from the group
consisting of SEQ ID NOG: 2, SEQ ID NO: 34 and SEQ 1D NO: 36, and a light chain amino
acid sequence that includes SEQ 1D NO: 32, wherein the activatable antibody in the
uncleaved state bas the structural arrangement from N-terminus to C-termious as follows:
Spacer Sequence -Masking Moiety (MM}-Linking Peptide 1 {LP1}-Cleavable Moiety
(CM)-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer Sequence, wherein
the MM includes the amino acid sequence CISPRGCPDGPY VMY (SEQ 1D NO: 24), the
CM includes the amino acid sequence LSGRSDNH (SEQ 1D NO: 28), and the Spacer
Sequence is selected from the group consisting of GOSGH (SEQ 1D NO: 14, OSGQ (SEQ
D NO: 16), SGQ (SEQ ID NG: 1R}, GQ (SEQ ID NO: 20), and Q (SEQ I NG: 22).
[60104] The MM is coupled to the AB via a CM sequence that includes a substrate
for a protease, for example, a protease that is co-localized with EGFR at a treatment sitc in a
subject. Numerous studics have demonstrated the correlation of aberrant protease levels,
e.g., uPA, legumain, MT-5P1, matrix metatioproteases (MMPs), in solid tumors. (See e.g.,
Murthy RV, et al. “Legumain expression in relation to clinicopathologic and biological

variables in colorectal cancer.” Clin Cancer Res. 11 (20053 2293-2299; Nielsen BS, et al.
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“Urokinase plasminogen activaior is localized in stromal cells in ductal breast cancer.” Lab
Tnvest 81 (2001): 1485-1501; Mook OR, et al. “In sita localization of gelatinolytic activity
in the extracellular matrix of metastases of colon cancer in rat liver using quenched
fluorogenic DQ-gelatin,” § Histochem Cytochem. 51 (2003): 821-829),
[66105] The activatable anti-EGFR antibodies provided herein include a substrate for
a protease, which s useful in leveraging the protease activity 1o tumor cells for targeted
antibody activation at the site of treatment and/or diagnosis. The substrate selection process
is used to identify substrates that have a number of desirable characteristics. For example,
the selected substrates are systemically stable (i.e., stable in the systemic circulation of a
subject}, are generally not susceptible to cleavage by circulating proteases such as plasmin,
thrombin, tissue plasminogen activator (tPA) or g kallikrein (KLK) such as KLK-5 and/or
KLK-7, are non-toxic, are generally not susceptible to cleavage at potential sites of toxicity
such as the skin by proteases such as ADAM 9, ADAM 10, ADAM 17 and/or kallikreins,
such as KLK-5 and KLK-7, and are active at an intended site of treatment and/or diagnosis.
In some embodiments, the identified substrates are selected for proteases that are
overexpressed at an intended site of therapy and/or diagnosis but are not typically expressed
at or in normal, healthy or otherwise nou-diseased or darmaged tissue or in discased or
damaged tissue at a site not intended for therapy and/or diagnosis, and then the selected
substrates are subsequently counter-screencd against proteases expressed in normal, e.g.,
non-diseased, tissue or in diseased or damaged tissue at a site not intended for therapy
and/or diagnosis.

18G106] The activatable anti-EGFR antibodies and/or conjugated activatable anti-
EGFR antibodies deseribed herein overcome a limitation of antibody therapeutics,
particularly antibody therapeutics that are known to be toxic to at least sorue degree in vive,
Target-mediated toxicity constituies a major Himitation for the development of therapeutic
antibodies. This is best exemplified by the skin rash that afflicts 88% of patients treated
with cetuximab, an antibody that specifically binds epidermal growth factor receptor
{EGFR) and has been approved for the treatment of colorectal and head and neck cancer.
The activatable anti-EGFR antibodies and/or conjugated activatable anti-EGFR antibodies
provided herein are designed to address the toxicity associated with the inhibition of the
target in normal tissues by traditional therapeutic antibodies. These activatable anti-EGFR
antibodies and/or conjugated activatable anti-EGFR antibodics remain masked until

proteolvtically activated at the site of disease. Starting with cetuximab as a parental
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therapeutic antibody, the activatable anti-EGFR antibodies and/or conjugated activatable
anti-EGFR antibodies provided herein were engineered by coupling the antibody to an
inhibitory mask through a linker that incorporates a protease substrate. In studies performoed
in vitro, the binding to EGFR and the cell-based activity of the activatable anti-EGFR
antibody s diminished compared to cetuximab. In studies performed /n vive, the activatable
anti-EGFR antibody rerpains masked 1o norroal tissues, but is activated and accumulates in
the tumor environment, The tumor activation of the activatable anti-EGFR antibody
translates into an iz vive efficacy that is equivalent to the efficacy of cetuximab,

[B0107] The activatable anti-EGFR antibodies and/or conjugated activatable anti-
EGFR antibodies provided hercin satisfy a significant clinical need. EGFR is a clinically
validated target that has been shown to promote proliferation, angiogenesis and
fnvasion/metastasis, as well as to inhibit apoptosis of tumor cells. Antibodies and small
molecule tyrosine kinase inhibitors targeting EGFR have been approved for cancer
treatment (Nature Rev Cancer 5 {(2005) 341; Curr Opin Cell Biol 21, (2009) 177).
However, current anti-EGFR therapies, also referred to as EGFR inhibitors (EGFR1), have
been shown to exhibit a number of adverse events post-treatinent, inclading for example,
papulopustualar rash, particularly in the face and upper trunk of human subjects; dry and
itchy skin; intflanunation around the nails, foss of hair on the scalp; and increased growth of
evelashes and facial hair. Cutancous toxicitics that results from treatment with EGFRi have
been shown to affect 45-100% of patients. (See e.g., Segaert and Van Cutsem. Ann Oncol.
F6(9) (2005):1425-33 .

[BG108] Exemplary activatable anti-EGFR antibodies and/or conjugated activatable
anti-EGFR antibodies provided herein uchide, for example, the activatable antibodies
referred to herein as the Des-1-3954-1204-C225v5 activatable antibody, the Des-2-3954-
1204-C225vS activatable antibody, the Des-3-3954-1204-C225v5 activatable antibody, the
Des-4-3954-1204-C225v5 activatable antibody, and the Des-5-3954-1204-C225vS
activatable antibody, each of which binds epidermal growth factor receptor (EGFR) and
fuchudes the heavy chain sequence shown below as “C225vS Activatable Antibody Heavy
Chain.” For example, the Des-1-3954-1204-C225vS activatable antibody includes the Des-
[-3954-1204-C225v5 hight chain sequence shown below, and the C225vS heavy chain
sequence shown below; the Des-2-3954-1204-C225v5 activatable antibody inchudes the
Des-2-3954-1204-C225v5 light chain sequence shown below, and the C225v5 heavy chain

sequence shown below; the Des-3-3954-1204-C225v5 activatable antibody inchudes the
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Des-3-3954-1204-C225vS light chain sequence shown below, and the C225vS heavy chain
sequence shown below; the Des-4-3954-1204-C225vS activatable antibody inchudes the
Des-4-3954-1204-C225v5 hight chain sequence shown below, and the C225v5 heavy chain
sequence shown below; and the Des-5-3954-1204-C225v5 activatable antibody inchudes the
Des-5-3954-1204-C225v35 light chain sequence shown below, and the C225v5 heavy chain
sequence shown below
160109 The following annotations are used throughout the activatable antibody
sequences shown below;

Bold: Spacer seguence

n 1 LT Y
Mask sequence

Ttalics and Underline: Linker 1 seguence
Bold and Underline: 1204 3Zubstrate seguence

Bold, Italics and Underline: Linker 2 szequence

Normal text: anti-EGFR antibody derived

seguence

225v3 Activatable Antibody Heavy Chain Nucleotide Sequenge:
[C225v5 (SEQ ID NO: 1)]

gggcaaaggcecty
cocgtttaccagecgoctgageattaacaaagataacagcaaaagecaggtgt
atgaacagectgeaaagecaggataccgegatttattattgegegegegegetgacetatt
atgattatgaattigcgtatiggggccaggyg
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cagecgtcectcacegtectgcaccaggactggetgaatggecaagyagtacaactgecaagygte

tccaacaaagecctoececageccecatcgagadaaacecateicraaaqgecaaagggeagecce

gagaaccacaggtgtacaccectgcocecatecegaggatgaactygaccaagaaccagygcay

ccoctgacctgectgatecaaaggettctateccageoacategecygtggagtgogagageaat

gggeac CCGO'&ELQE{EB.CEB.\LC"LJECdd\. accacgay ctoecegt L' g acte VC‘dVCU"'"L,CC et

DT s pust e -

’C,v(,L(,Lf':{CELO'CE}.E{QC';’LCfi(lf' t o1 J(,dc,LOc,LCvdk_‘C4 ggcagcagdgggaacy tetitcteatc
) el

ctecgtgatgeatgaggetetgecacaacecactacacgeagaagagectetecetgteteey

ggtaaatgal (SEQ ID NC: 1)

225v3 Activatable Antibody Heavy Chain Aming Acid Sequenge:

[C225v5 (SEQ ID NO: 2)]

[CVOLEQSGPGLVOPSCELSITCTVSGEFSLINYGVEWVRCSPGEKGLEWLGVIWS GGNTDYN
PETSRLEINKDNESKESOVEFEMNSLOSQDTAIYYCARALTYYDYEFAYWGOGTLVTVIAAS
TEGPSVEPLAPSSKSTSGGETAALGCLVKDYFPERPVIVSWNSGALTSGVETEFPAVLOGSSGLY
SLESVVIVESSSLGTOTYICNVNHRKEPSNTEVDKRVEPKSCDKTHTCPPCPAPELLGGYSVE
LEPPKPKDTLMISRTPEVTCVVVDVSHEDPEVRKENWYVRGVEVHNAKTKPREEQYNSTYRY
VSVLTVLEODWLNGEEYKCKVSNKALPAPIERKTICKARGCFREPOVYTLPPERDELTKNQV
SLTCLVKGEYPSDIAVEWESNGOPENNYRKTTPPVLDSDGSEFELY SKLTVDERERWCQGNVES

CSVMHEALHNHYTQKSLSLSPGK*] (3SEQ ID NO: 2}

Des-1-3934-1204-C225vS Activatable Antibody Lisht Chain Nucleotide Seguence:
ask (SEQ ID NO: 23311

[Spacer (SEQ ID NO: 13)]

1D NO: 25) 1

: 29)

{1204 Substrate (SEQ ID NO: 27
5

\)

N

O

[—

PC28

lggecagtetggecag] [Lgeatctecacctegtgygttgtecyggacggeccatacgtiecatygt

acggetegageggtygeagegatggetetggtggatcogagt] [etgagoeggeegtibocgat
= put) put) ) = o = o Pt i)

aateat] [ggeagtageggtace] [cagatettgetgacecagageccggtgattetgage

gtgageccgyggegaacgtgtgagetttagetgeogegegagecagageattggeaceaaca

5

)

ttcattggtatcageagegeaceaacyggeageeecgegectgetygattaaatatgegageyga
J G Sie] Jagaea

,
ot
4
sH
e
9]
2
ot
O

aagcecattagegocattocgageegetttageggeageggeageyggeaccgatttte

3

agcattaacagegtggaaagegaagatattgeggattattattygccagecagaacaacaact
ggccgaccacctttgogegogyggeaccaaactgoaactgaaacgtacggtggetgeaccate

tgtettcatettecegecatetgatgageagttgaaatetggaactgectetgtitgtgtge
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ctgctgaataactitctateccagagaggecaaagtacagtggaaggtggataacgceetee

aatcgggtaacteecaggagagtgtcacagageaggacagcaaggacageacetacagect

Q

cagcagcaccctgacgetgagcaaagecagactacgagaaacacaaagtctacgectgeygaa

gtcacccatcagggeet ctegecegtecacaaagagettcaacaggggagactgttag]

3

{(SEQ ID NO: 3}

Des-1-39534-1204-C225v5 Activatable Antibody Licht Chain Aminoe Acid Seguence:
[Spacer (SEQ ID NC: 14)]

ask (SEC ID NC: 24

i_i

ID NO: Z2¢ 204 Substrate (SEQ ID NC: 28) ]

[GRSGR] [CISPRECPDEGRYVMY ] [GSSGESGESGESE] [LSGRSDNHE ] [ G856T] [QILL

TOSPVILSVSPGERVSEFSCRASQSIGTNIBWYQORTNGEPRLLIKYASESISGIPSRESGS

GSGTDRFTLSINSVESEDIADYYCOQONNNWEPTTEFGAGTELELERTVAAPSVEIFPPSDEQLK

GTASVVCLLNNFYPREARVOWKVDNALOSGNSOQESVTECDSKDSTY SLSSTLTLEKADYER

KHRKVYACEVTHQGLSSEPVTKSEFNRCGEC*] (SEQ ID NO: 4)

Des-2-3954-1204-C225v5 Activatable Antibody Light Chain Nucleotide Seguence:

[Spacer (SEQ ID NC: 15)

ID NO: 25)]

o
]
<
g
6]
ot
Al
9]
oy
]
=
&

[cagtetggocag] [tgcateteacectcgtggttgtcogygacyggeecatacgtcatgtacy

gotogageggtggeageggtggotetggtggatecggt ] [ctgageggecgticegataat

cat] [ggcagtageggtace] [cagatcecttgetgacceagageocggtgattotgagaegty

agceocgyggegaacotgtgagetttagetygcegegegagecagageatttggecaccaacatte
attggtatcagcagegeaccaacggcagecegegectgetgattaaatatgegagegaaay
cattageggeattecgagecgetttageggeageggeagegygecacegatttttacectgage

attaacagcegtggaaagegaagatattgeggattattattigocageagaacaacaactgge

-

cgaccacctttggegegggeaceaaactggaactgaaacgtacygtggetgeaceatetgt
: 3 ® ;

[

ctteatcecttoecegecatctgatygagcagttgaaatetggaactygecetetgttgtgtgecty

ctgaataacttcetateocagagagyceaaagtacagtggaaggtgygataacgeecetecaat

>L

cgggtaactceccaggagagtgteacagagoaggacageaaggacageacctacagaoteay

cagcaccetgacgetgageaaageagactacgagaaacacaaagtetacgeetgegaagte

39
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cagggectgagetogeecgtecacaaagagettcaacaggggagagtgtag]

atc
(SEC ID NO: 5}

Des-2-3954-1204-C225vS Activatable Antibody Light Chain Amino Acid Sequence:
ID NO: 16) ]

(SEQ ID NO: 24)]

(3EQ ID NG: 28)]

;
bt
b
&
03
L8]
B
[
=1
)
H
]

GSGGSEESE] [LSGRSDNHE | [ GSSGT] [OILLT

QSEPVILSVSPGERVSEFSCRASQSIGTNLIHWYQORTNGSPRLLIKYASESISGTE

*d

.'-r]

:If-r\f'
SN

SR >
SGTDEFTLSINSVESEDIADYYCOONNNWPTTEFGAGTRKLELKRETVAAPSVEIFPPSD KS

GTASVVCLLNNEFYPREARKVOWKVDNALOSGNSOESVTEQDSKDSTYSLSSTLTLSKADYEK
HEVYACEVTHQGLSSPVTKSENREGEC™ {(SEQ ID NO: &)

Des-3-3954-1204-C225v5 Activatable Antibody Light Chain Nucleotide Seguence:
[Spacer (SEQ ID NG: 17)]Lwdok {(SEQ ID NO: 23)11i1I

ID NQO: Z25) ]

NS W s

{1204 Substrate (SEQ ID NO: 27)

I
e
s}
b
B
=
bV
0
I
'
i

NC: 29)1[C225

[tetggocag]

itgeatctcacctoegtggttgtcecggacyggeceatacgteatgtacgger
LLg J d ® e

cgageggtggcageggtggetetgytggatrccggt] [ebgageggecgttecgataateat

1 lggecagtagegatace] [cagatcttgetgacocagageceggtgattchgagegtgage

cogyggegaacgtgtgagetttagetgecycygecgagecagageattggeaccaacatcatt
ggtatcagcagegeaceaacgygeagcocygcgectgetgattaaatatycyagegaaageat

tageggecattceccecgageogetttageggcagegageageggeaccgattttaceetgageatt

aacagegtggaaagegaagatatitgcggattattattgecagcagaacaacaactggeocga
ceacctttgycgcgggeaccaaactgygaactgaaacgtacgytyggetycacecatetgtett
catoettceecygceatetgatgageagttgaaatctggaactgectectgttgtotgectgety

aataacttctatceccagagagygecaaagtacagtggaaggtyggataacgecetecaategy
gtaactcccaggagaghgtcacagageaggacageaaggacageacctacagectcageay
) 3 3 S J JCal

cacoctgacygctgageaaageagactacyagaaacacaaagtcectacgectgegaagtcacae

cateaggogcctgagetogecegtcacaaagagetteaacagygyagagtgttag] (SEQ

ID NO: 7

40
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Des-3-3954-1204-C225vS Activatable Antibody Light Chain Amino Acid Sequence:
ID NO: 18) ]

[Spacear {SEC ID NO: 24

171204 Substrate O ID NO: 28) ]
L)

")
=z
=<
L
.
fony
By
)
:
_1
)]
o
P
i)
ol
4 )
o)
5
p]
0
4)

GSGT [ LSGRSDNH [ GS5GT [QTLLTO

SPVILSVSPGERVIFSCRASOSIGTNIEWYQORTNGSPRLLIKYASESISGT

FSGSGS

SR
GTDEFTLSINSVESEDIADYYCQONNNWEPTTEFGAGTEKLELERTVAAPSVEIFPPSDEQLKSG

TASVVCLLNNEYPREAKVOWEVDNALOSGNSOQESVTIEQDSKLSTYSLIST SKADYEKH

KVYACEVTHQGLSSPVTKSEFNRGEC* ] (3SEQ ID NC: &)

Des-4-3954-1204-C225v5 Activatable Antibody Light Chain Nucleotide Seguence:
sk (SEQ ID NO: 23)111

[Spacer (SEQ ID NO: 12)] [Mask

a

ID NO: 253111204 Substrate (SEQ ID NC: 27)

I
e
s}
b
B
=
bV
0
I
)
—

NC: 29)

fa—

iC22 {(SEQ ID NO: 31)]

(@3]

lggecag] (tgeatctecacctegtggttgteeggacggeoccatacgtecatgtacggotaga

3
=

gogutggcageggtgga cl letgageggeegticegataateat] (g

goagtagoggtace] | gageoecggtgattctgagegtgageocy

5

ggcgaacgtgtgagetttagetgeccgogegagocagageattggecaceaacatoeattgygt
atcageagcgcaccaacggeagecegegaectgetgattaaatatgegagegaaageattay

cggeattoecygageegetitageyggeaygcyac

1P

jcaccgattttacceetyg

geattaac

m

agcecygtggaaagegaagatattgeggattattattgecageagaacaacaactggoecgacca
cetttyggegegaggeaceaaactygaactyaaacgtacggtgyctgeaccatetgtetteat

cttocogoecatetgatyg:

m

gcagttgaaatctggaactgectotygttgtgtgectgetgaat

P

aacttetateccagagaggecaaagtacagtggaagagtggataacygcectecaategggta

m

acteceaggagagtgteacagagcaggacageaaggacageacctacagectecageageac
cetgacgoetgageaaageagactacgagaaacacaaagtetacygceetygcgaagteaceeat
cagggectgagetegeocgteacaaagagettcaacaggggagagtgttagl (SECQC ID

NGC: 2)

Des-4-3954-1204-C225vS Activatable Antibody Light Chain Amino Acid Sequence:

[Spacear ID NC: 203 ] [Mask (SEQ ID NO: 24)1iLinker 1 {(3EQ

ID NO: Z26)]

(s

{1204 Substrate (SEQ ID NO: 28) ]

' Linker 2 (SEQ ID

NC: 30)1[C0225 (SEQ ID NOC: 32)]
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FSCRASQSIGTINIHWYQORTNGSPRLLIKYASESISGIPSRESGIEGSEG
ToETLSINSVESEDIADYYCCONNNWPTTFGAGTRKLELKRTVAAPSVEFIFPPSDEQLKSGT

EAKVOWKVDNALOSGNSQESVIEQDERDSTY SLESTLTLSKADYERHK
SLESPVITKSENRGEC*] (SEQ ID NG: 10)

do
Ne
o
B
;--A
b
&
£
C‘
N7
F\)
s
<
W4
[
o>
o)
o
=
no
.
o
o
=
)
;D’
=
o
o
<
.
L
e
i
2,
=
(""x
::‘
o
i
e}
Z
o
A
NN
)
Q
janel
an
&
€2}
=

uence:

[Spacer (SEQ ID NG:
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K]
1

(1204 Substrate (SEQ ID NO: 27)]
5

Y

D
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N

[cag] [tgcatctcacctegtggttgtcegoacggeccatacgtecatgtacggetecgageyg

gtggecageggtggetctggtggatocggt] [etgageggecgttaegataateat] [goca

gtageggtace] [cagatettgetgaccecagaceecggtgattcetgagegtgagecocgygge

gaacgtgtgagetttagetgecygecygcgagecagageattggeaccaacatteattggtate

agcagegeaccaacggeageocygcygcotygctgattaaatatygcygagcygaaageattageqgy
cattccgagecgetttageggecageggecagegaeacegattttacectgageattaacaqge

tggaaagcecgaagatattgeggattattattgecageagaacaacaactggecgacecacct
ttggcgcoggecaccaaactgygaactgaaacagtacggtyggetygcaceatetgtettcatett
cocgcecatcetgatgageagttgaaatctggaactoectetgtigtgtgectgetgaataac
ttctatcceccagagagoecaasagtacagtggaaggtggataacgecctecaategggtaact

g

ceccagyagagtghecacagageaggacageaaggacageaccta

53]

cagcectcageagcacoct

getgageaaageagactacgagaaacacasagtetacgectgegaagtecaccecatcay

)

-
O
[@]
(

2
pt
¢

O
23]
\_Q

agctegeecgteacaaagagettecaacacyggagagtgttag] (SEQ ID

5-3-3954-1204-C225v3 Activatable Antibody Light Chain Amino Acid Sequence:
[Spacer (SEQ ID NG: 22)]

is

sk (SEQ ID NC: 24

ID NO: 26)11{1204 Substrate (SEQ ID NC: 28) 1

NGC= 30)

[—

PC225 (SEQ ID NO: 32)

(o] [ CCPDGRYVMY | [GESGGSGESGESE] [LSGRIDNE] [ G8SET] [QILLTOSP

VILSVSPGERVSESCRASQSIGTNIHWYQQRTNGS KYASESISGIPSRESGSGSGT

DETLISINSVESEDIADYYCQORNNNWETTFGAGTRLELEKRTVAAPSVEIFPPSDEQLESGTA
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SVVCLLENNEYPREARKVOWEVIDNALOSGNSQESVIEQDSKESTY SLSSTLTLEKADYEKHKY

1
K

YACEVTHQGLSSPVITKSEFNRGEC*] (3SEQ ID NO: 12)

{30116 Exemplary activatable anti-EGFR antibodies and/or conjugated activatable
anti-EGFR antibodies provided herein uchide, for example, the activatable antibodies
referved to herein as the Des-1-3954-1204-C225v4 activatable antibody, the Des-2-3954-
1204-C225v4 activatable antibody, the Des-3-3954-1204-C225v4 activatable antibody, the
Des-4-3954-1284-C225v4 activatable antibody, and the Des-5-3954-1204-C225v4
activatable antibody, each of which binds epidermal growth factor receptor (EGFR) and
includes the heavy chain sequence shown below as “C225v4 Activatable Antibody Heavy
Chain.” For example, the Des-1-3954-1204-C225v4 activatable antibody includes the Des-
[-3954-1204-C225v4 hight chain sequence shown below, and the C225v4 heavy chain
sequence shown below; the Des-2-3954-1204-C225v4 activatable antibody inchudes the
Des-2-3954-1204-C225v4 light chain sequence shown below, and the C225v4 heavy chain
sequence shown below; the Des-3-3954-1204-C225v4 activatable antibody inchudes the
Des-3-3954-1284-C225v4 light chain sequence shown below, and the C225v4 heavy chain
sequence shown below; the Des-4-3954-1204-C225v4 activatable antibody includes the
Des-4-3954-1204-C225v4 light chain sequence shown below, and the C225v4 heavy chain
sequence shown below; and the Des-5-3954-1204-C225v4 activatable antibody mchides the
Des-5-3954-1204-C225v4 hight chain sequence shown below, and the C225v4 heavy chain

sequence shown below.

C225v4 Activatable Antibody Heavy Chain Nucleotide Sequence:

[CE225v4 {SEQC ID NOC: 23)]
[caggtygcagetgaaacagagegygcocyggygectggtygecagecygagecagagectgageatt
acctgcaccegtgageggetttagectgacecaactatgoegtgeattggatagcgecagagaec

cgggeaaaggectggaatggetgggegtgatttggageggegygcaacaccgattataacac

’ D

ccegtttaccagecgectgageattaacaaagataacagecaaaagecaggtgtt
atgaacagectgeaaageaacgataccgegatttattattgeygecgegegegctgacetatt

atgattatgaatttgogtattggggecagggeacectggtgacegtgagoegeggetageac

>)

caagggeccatceggtettcecectggcacectectecaagageacctetgyggogeacageg
geoctgggetgectggteaaggactacttececegaaceggtgacyggtgtecogtggaactcag

gegcoctgaccageggegtgeacacetteceggetgtectacagtectecaggactetacte

43
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ccetecagecagegtgotgacegtgecctecageagettgggeaccecagacctacatetgecaac

gtgaatcacaageccageaacaccaaggtggacaagaaagttgagececaaatettgtgaca
aaactcacacatgeccaccgtgeccageacetgaactectgggygggaccgtecagtetitoct
cttoccccccaaaacccaaggacacectecatgateteceggaccectgaggteacatgegty

SCC accea . catgatceteccggaccect ytcacatgogltc

gtggtggacogtgagecacgaagacectgagotecaagtiicaactyggtacgtgogacggegtgy

aggtgeataatgecaagacaaagcogogggaggageagtacaacageacghacad

cagegtcectecacegtectgcaccaggactggetgaatggecaaggagtacaaghtgeas

tccaacaaageecteecageccecatcgagaaaaceatecticcaaagecaaagggeagecce
gagaaccacaggtgtacaccectgcocecatecegaggatgaactygaccaagaaccagygcay

ccoctgacctgectgatecaaaggettctateccageoacategecygtggagtgogagageaat

gjygcagccggagaacaactacaagaccacgectoecgtgeotggactecgacggetecttct

o/}

tccotcectacageasagotecacogtggacaagagosaggtggcagecaggogaacgtetoeteaty

@

tgcacaaccactacacgcagaagagectetoectgtotocyg

ﬁ
ﬁ
ot

=W
)
o
S)
2
o
o

cteocgtgatgeatas

QJ

gL

ggtaaatgal (SEQ

225v4 Activatable Antibody Heavy Chain Aming Acid Sequenge:

[C285v4 (SEQ ID NO: 34)]

[CVOLKQSGPGLVOPECELEITCTVSGESLINYGVEWVROSPCGEKGLEWLGVIWEGGNTDYN
SRLSINKDNSKSCVEFRMNSLOSNDTAIYYCARALTYYDYEFAYWGQGTLVTVEAAS

SVEPLAPCSSKSTSGLTAALGCLVKDY FPEPVTIVSWNSCALTSGVHTFPAVLOSSGLY

SLESVVIVESSSLGTOTYICNVNHEF SNTKVDKEVEPRSCDRTHTCFPCPAPELLGGPSVE

')

LEPPKPKDTLMISRTPEVTCVVVDVSHEDPEVRKENWYVRGVEVHNAKTKPREEQYNSTYRY
VSVLTVLEODWLNGEEYKCKVSNKALPAPIERKTICKARGCFREPOVYTLPPERDELTKNQV
SLTCLVKGEYPSDIAVEWESNGOPENNYRKTTPPVLDSDGSEFELY SKLTVDERERWCQGNVES

' STME AT T
CSVMHEALE

HYTQKSLSLEPGKE*] {SEQ ID NO: 34)

Des-1-3954-1204-C225v4 Activatable Antibody Light Chain Nucleotide Seguence:
[Spacer (SEQ ID NG: 3y ] [Magk (SEQ ID NO: 23} [Linker 1 ({3EQ

ID NO: 25y1 1§

[
3]
[
1<)
E
@
o
A
3
5
i3
%)
2l
10O
.‘
-
=
@)
™
b
bt
3
&
B
L
Ry
0
g3l
)
H
t

C225 (SEQ ID NO:

~

[ggecagtetggocag] [tgeatctecacctegtggtigtecggacggececatacgteatgt

acl lggetegagecggtggecageggtggetetggtggateoggt] [ etgagogueegtioay

ttetga

getgacccagageeegaitc

ataateat] [ggcagtagoggiace
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gegtgagecegggegaacgtgtgagetttagetgecgegegagecagageatggecaceaa

cattcattggtatcageagegcaccaacggeageeecgegectgetgattaaatatgegage

&
-
@]
{
{

gaaagecattageggeattccgagecgetttageggeageyggeageggeacegattitac
tgagcattaacagegtggasagegaagatattgeggattattattgecageagaacaacaa

ctggecgaccacetttggegegggeaccaaactggaactgaaacgtacggtggetgeacca

2

tetgtettecatettecegecatectygatgageagttgaaatctggaactgeote
geetgetgaataacttcetateccagagaggecaaagtacagtggaaggtggatasa

ccaatcgggtaacteccaggagagtgtcacagageaggacagcaaggacageacaet
ctcageageaccectgacygetgagcaaageagactacgagaaacacaaagtetacgectgey
aagtcacccatcaggoectgagetecgecegteacaaagagcttcaacagggoagagtgtta

[Spacer (SEQ ID NG: (SEQ ID NC: 24

ID NO: 26)]1{31204 Substrate (SEQ ID NOG: 28)]
L)

Z
y:
o
se
[
O
—
i

[GRSGR] [CISPRECPDGRYVMY ] [GSSGLSGESGESE] [LSGRSDNH ] [ G88GT] [QILL

g

TOSPVILSVSPGERVEFSCRASOSIGTNIEWYQORTNGEPRLLIKYASESISGIPERESGS

GSGTDRETLSINGVESEDIADYYCOONNNWETTEFGAGTELELERTVAAPSVEIFPPSDE

3

S GCTASVVCLLNNEYPREARVOWEVDNALOSGNEQESVTECDSKDSTY SLESTLTLEKADYER

4]

KHRKVYACEVTHQGLSSEPVTKSEFNRCGEC*] (SEQ ID NO: 4)

Des-2-3934-1204-C225v4 Activatable Antibody Light Chain Nucleotide Seqguence:
15)

ID NO: 23) 11

D
geatctcacctegtggbtgtocgy: gqeecatacgtecatgtac
[cagtetggeca atctecacctegtggttgtecgygacggeccatacghecatgtac]

‘.

ctggtggateocggt] [etgageggeegbtceogata

cttgetgaccecagageecggtgatictgagey
tgagcoecggycoaacgtgtgagetttagetgeecgegegageeagageatttggecaccaacat

teattggtatcageagegeaccaacggecageecgegectgetgattaaatatgegagegaa
agcattageggeattecogageeygetttageggeageggeagegygcacegattttacectga

geattaacageotggaaagegaagatattgeggattattattgecageagaacaacaacty

A
5

45
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oy

gececgaccaccetttggegegggeacecaaactggaactgasacgtacggtggetgeaceatct
gtcttecatcecttecegeecatetgatgagecagttgaaatctyggaactgeetetgutgtgtgee

tgctgaataactictateccagagaggccasagtacagtggaaggtggataacgeeecteca

st cgggtaacteccagyagagtygltecacagageaggacageaagygacageacetacagecte
agcageaccctgacgetgageaaagcagactacgagaaacacaaagtetacgectgegaay

agetitcaacaggggagagte

tcaccecatcagagectgagetcgececgtecacaasa

(SEC ID NO: 5}

Des-2-3934-1204-C225v4 Activatable Antibody Licht Chain Amine Acid Seguence:

(SEQ ID NO: 24)7[Li;

[Spacer (SEQ ID NG: 16} ]
ID NO: 26)] {1204 Substrate (SEQ ID NO: 28)]

Linker 2 (SEQ ID

2225 (SEQ ID NO: 32)
[QSGQ] [CISPRGCPDGRYVMY ] [ GSSGGS5GGSGGSG] [ LOGRSDNH T [ GSSGT] [QILLT

QSEPVILSVSPGERVSEFSCRASQSIGTNIHWYQORTNGSPRLLIKYASESISGIPSRESGSG
SGTDEFTLSINSVESEDIADYYCOONNNWPTTEFGAGTRKLELKRTVAAPSVEIFPPSDEQLKS

SKDSTYSLSSTLTLSKARYEK

o
(
'

GTASVVCLLNNEY PREARKVOWKVDNALQSGNSQESVTEQ

SSPVTESENRGEC*] {(SEQ ID NO: o)

(-/)
7

HEVYACEVTHQGL
(LG

Des-3-3954-1204-C225v4 Activatable Antibody Light Chain Nucleotide Seguence:

[Spacer (SEQ ID NC: 17)11
{1204 Substrate (SEQ ID NO: 27) 1 iLinker 2
5

{(SEC ID NO: 23) 11

ID NO: 25)]

NC: 28)11iC22

[tetggoecag] [tgcatctcacctegtggttgtocggacyggeccatacgteatgtac] [gg

ctegageggtaggcageogtggcteltggtyas

e e

.
t

at] [ggcagtageggtacc] [cagatettgetgacecagagecegytgattctgagegtyga

gqoccgggcgaacgtgtgagetttagetgecgegegagecagageattggecacecaacattca
ttggtatcagcagegeaccaacggeageeegegectgetgattaaatatgcgagegaaage
attageggcattecgageegetttagegycageggeageggeaccgattttacecotgagea

ttaacagegtgoaaagegaagatattygeggattattattgececagcagaacaacaactggeo
J 3G s g 8] A<

gaccacctttgocogegggeaccaaactggaactgaaacgtacgygtggetygcaccatetgte
3494 C J JITIG

thcatettcocgecatetgatgageagttgaaatetggaactgectetgttgtgtgectge

tgaataacttctateccagagaggecaaagtacagtggaaggtyggataacgecctecaate

gggtaactcocagoagaghghcacagageaggacagraaggacageact

46
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agcaccctgacgetgageaaageagactacgagaaacacaaagtctacgectgegaagtca

cocatecagggectgagetegecegtcacaaagagettcaacagygggagagtattag]

[Spacer (SEQ ID NO: 18)][Mask (SEQ ID NG: 24)}{Linker 1 {SEQ

ID NO: 26)] {1204 Substrate (SEQ ID NO: 28)]

E
e
]
ER
B
L8]
B
[
=1
)
—
)

[SGQ] [CISPRECPDCRYVMY ] [GSSEESGESGESE] [LSGRSDNH | [ G8SGT] [CILLTO

SPVILSVSPGERVSFSCRASOSIGTNIEWYQORTNGSPRLLIKYASESISGIPSRESGSGS
GTDEFTLSINSVESEDIADYYCQONNNWEPTTEFGAGTEKLELERTVAAPSVEIFPPSDEQLKSG

TASVVCLLNNFY PREAKVOWKVDNALOSGNSQESVTEQDSK

KADYEKH
KVYACEVTHQGLSSPVTKSEFNRGEC* ] (SEQ ID NG: 8)

Des-4-3954-1204-C225v4 Activatable Antibody Light Chain Nucleotide Seguence:

[Spacer (SEQ ID NO: 19)]

‘Mask (SEQ ID NO: 23)]111

ID NO: 25)

111204 Substrate (SEQ ID NO: 27) ] [Linker Z2 (SEQ ID

NC: 29)

fa—

'f

lggecag] |
gagogytggeageggtggetctygtggatecggt] [etgageggeegticegataateat |

ceggacyggeccatacygteatgtac] [ggote

[ggcagtagoggtace] [cagatcttgctgaceecagageocygtgattectgagegtygageo

i
5

cgggcygaacgtgtgagetttagetygececgegegagecagageattggecaccaacattteatty

A
5

gtatcageagogeaccaacqgeagecegegoctgetgattaaatatgogagogs

A
5

§L
Q
o
O
!
Q
ot
—

agcggeattecgagecgetttageggecageggeageggeacegattttaceectgageatta
acagcegtyggaaagegaagatattgeguattattattgecageagaacaacaactgyecgac
’ e J g4

cacoetttggegegggeaceaaactyggaactgaaacgtacggtgyctgeaccatetgtette

atcottecegecatetgatgagecagttgaaatetgoaactgectetgttgtgtgectgetyga

,

ataacttoetatceccagagaggceaaagtacagtggaaggtgygataacygcectecaategqy
taacteccaggagagtgteacagagcaggacagcaaggacagcacctacagecteageage
acccectgacgetgageaaageagactacgagaaacacaaagtetacgectygecgaagteaccee

atcagggectgagetegeecgtecacaaagagettcaacaggggagagtgttagl (SEQ

)

—

T
B NO:

0O

47
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Des-4-3954-1204-C225v4 Activatable Antibody Light Chain Amino Acid Sequence:

[Spacear ID NG: 20y ][ {SEC ID NO: 24

ID NG: 28) 1

DGRYVMY ] [GSSGGESGESEESE] [LOGRSDNK | [ G8SGT] [QILLTQS

PVILSVIPGERVSFSCRASQSIGTNTHWYQORTNGS PRLLIKYASESISGIPSRESGSGEG

’)

TDFTLSINSVESEDIADYYCOONNNWPTTFGAGTRKLELKRTVAAPSVEFIFPPSDEQLEKSGT

7

ASVVCLLNNEFYPREARKVOWKVDNALQSGNSQESVTEQRSKEDSTY SLSSTLTLSKADYERHK

-

e

VYACEVTHQGLSSPVTESEFNRGEC*] (SE

?'1

0 ID NG: 10)

P

Des-5-3954-1204-C225v4 Activatable Antibody Light Chain Nucleotide Seguence:
‘Mask (SEQ ID NO: 23)111

[Spacer (SEQ ID NO: 21)]

ID NO: 25)] 11204 Substrate (SEQ ID NO: 27) ] [Linker Z2 (SEQ ID
NC: 2910225 (SEQ ID NO: 31)]

[eag] [tgcatcteacctogtggttgtceggacggeceatacgtecatgtac] {ggctecgag

5

cggtggcageggtyggetcetggtyggatoeeggt] [etgageggecgttecgataateat| [gy

g

cagtageggtace] [cagatettigetgacccagageceggtyattetgagegtgageceygy

cgaacgtgtgagetttagetgecgegegagecagagecattggeaccaacattcattggta

toagcagegeaccaacggeageocygcygectgetgattaaatatygcgagegaaageattage
3 7 .

gqgcattccgageoegetttagegygecagegygcageggeaccgattttacectgageattaaca

5

gegtyggaaagcgaagatatitgeggattattattgecagecagaacaacaactggooegaceac

5 e

3

ctitgygcygcygacaccaaactgyaactgaaacgtacggtggetygcaceatetgtetecate

b

ttoeegeeatetgatgageagttgaaatetggaactgeetetgttgtgtgectgetgaata

(@]
pr}

acttctatcocagagagoecaaagtacagtggaaggtggataacgecetecaategggtaa
cteocagyuagagtgtcacagageaggacageaaggacageacctacagectcageageaca

ctgacygctgageaasageagactacygagaaacac

2}
o)
2}
O
b
p]
1
i}
’)

gectgegaagtecacecate
agggcctgagetegecogtcacaaagagettecaacaggggagagtgttagl (SEQ ID

NC: 11)

Des-5-3954-1204-C225v4 Activatable Antibody Light Chain Amino Acid Sequence:

[Spacear ID NC: 22) ] [Mask (SEQ ID NO: 24)1iLinker 1 {(3EQ

ID NO: 26)] 11204 Substrate (SEQ ID NO: 28)] [Linker Z2 (SEQ ID
NC: 30)1[C0225 (SEQ ID NOC: 32)]
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[Q] [CISPRGCPDGPYVMY | [ GESGESGESGESE] [LSGRIDNRE | [ GSSET [QILLTOSP

VILSVSEFGERVEFSCRASCSIGTINIHRYQORTNGEPRLLIKYASESISGIPERESGSGSG
PETLSINSVESEDIADYYCQONNNWETTFGAGTELELERTVAAPSVEIFPPSDECLRSCTA
SVVCLLENNEYPREARKVOWEVIDNALOSGNSQESVIEQDSKESTY SLSSTLTLEKADYEKHKY
YACEVTHQGLSSPVITKSEFNRGEC*] (3SEQ ID NO: 12)

HHIIe Y Exemplary activatable anti-EGFR antibodies and/or conjugated activatable
anti-EGFR antibodies provided herein inchude, for example, the activatable antibody
referved to herein as the Des-1-3954-1204-C225v6 activatable antibody, the Des-2-3954-
1204-C225v6 activatable antibody, the Des-3-3954-1204-C225v6 activatable antibody, the
Des-4-3954-1284-C225v6 activatable antibody, and the Des-5-3954-1204-C225v6
activatable antibody, each of which binds epidermal growth factor receptor (EGFR) and
fnchudes the heavy chain sequence shown below as “C225v4 Activatable Antibody Heavy
Chain.” For example, the Des-1-3954-1204-C225v6 activatable antibody includes the Des-
1-3954-1204-C225v6 light chain sequence shown below, and the C225v6 heavy chain
sequence shown below; the Des-2-3954-1204-C225v6 activatable antibody includes the
Des-2-3954-1204-C225v6 light chain sequence shown below, and the C225v6 heavy chain
sequence shown below; the Des-3-3954-1204-C225v6 activatable antibody inchudes the
Des-3-3954-1284-C225v6 light chain sequence shown below, and the C225v6 heavy chain
sequence shown below; the Des-4-3954-1204-C225v6 activatable antibody includes the
Des-4-3954-1204-C225v6 light chain sequence shown below, and the C225v6 heavy chain
sequence shown below: and the Des-5-3954-1204-C225v6 activatable antibody includes the
Des-5-3954-1204-C225v6 hight chain sequence shown below, and the C225v6 heavy chain

sequence shown below.

C225v6 Activatable Antibody Heavy Chain Nucleotide Sequence:

[CZ2bve {SEQ ID NO: 35)]

[caggtgcagctgaaacagagcggccegggectggtgeagecgagecagagectgageatt
acctgcaccgtgagogygctittagectgaccaactatgyeytgcattgggtgegecayagce
cgggcaaaggectggaatggetgggegtgatttggageggecggcaacaccgattataacac

(

ccogtttaccagecgectgageattaacaaagataacagecaaaage
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caagggeccateggtetiteccectggeaccetectecaagagecacetetggagoeacagygay
geectgggetgectgotecaaggactacttececegaaccgygtygacggtgtegtggaactcay
gegecctgaccageggegtgeacacctteceggetgtectacagtectcaggactectacte
ccetecagecagegtgotgacegtgecctecageagettgggeaccecagacctacatetgecaac
gtgaatcacaageecagcaacaccaaggtggacaagaaagtttgageccaaatetigtgaca
aaactcacacatgeccaccgtgeccageacetgaactectgggygggaccgtecagtetitoct

qotcac:
_j' LG C

gogty

ctitceccceccecaaaacccaagyqy

gtggtggacogtgagecacgaagacectgagotecaagtiicaactyggtacgtgogacggegtgy

aggtgeataatgecaagacaaagcogogggaggageagtacgcecageacghacad ggt
cagecgtcectcacegtectgcaccaggactggetgaatggecaagyagtacaactgecaagygte
tccaacaaagecectoccageccecatcgagaaaaccatciccaaageccaaagygageagccce

gagaaccacaggtgtacaccectgoocecatcoaega

=

l\;
ct
Q
[$3)
o
“1
L:_)
o
@]
&
[oF]
o
(o]
3]
o))
(1
g.)
QO
(]
IS
2
&

cctgacctgectggtecaaagjyctitctateccagegacat
gggcagccggagaacaactacaagaccacgecteecgtgetggactecgacggetoecttet

tcctetacageasagectecacegtggacaagagoas

ctecocgtgatgeatgagyctctgecacaacecactacacgeagaagagecteteectgtotoeyg

ggtaaatgal (SEQ ID NG: 35)

C225v6 Activatable Antibody Heavy Chain Amino Acid Sequence:

[C225v6 {SEQ ID NG: 36} ]
[CVOLKQSGPGLVOPECELEITCTVSGESLINYGVEWVROSPCGEKGLEWLGVIWEGGNTDYN
TPETSRLSINKDNEKEQVEFEMNSLOSODTAIYYCARALTYYDYEFAYWGOGTLVIVEAAS
TEGPSVEP SSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVETEFPAVIQSSGLY
SLSSVVIVESSSLGTOTYICNVNHEF SNTEKVDKEVEPRSCRDRTHTCEPCP?
LEPPKPKDTLMISRTPEVICVVVDVSHEDPEVRKENWYVDCVEVHNAKTKPREEQYASTYRY
VSVLTVLEODWLNGEEYKCKVSNKALPAPIEKTICKARGCFREPOVYTLPPERDELTKNQV

SLTCLVKGEYPSDIAVEWESNGOPENNYRTTPPVLDSDGSEFELY SKLTVDERERWCQGNVES

CSVMHEALHNHYTQKSLSLSPGK*] (3SEQ ID NO: 36)

Des-1-3954-1204-C225v6 Activatable Antibody Licht Chain Nucleotide Seqguence:
ID NO: 23)

et

[Spacer (SEQ ID NC: 13)]{

ID NO: 25)]131204 Substrate (SEQ ID NG: 27)]

b4
£
o
%
1]
L
N

NC: 291
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ot

[ggecagtetggocag] [tgecatctecaccetegtggtigtecggacggececatacgteatgt

acl [ggctegageggtggeageggtggetetggtggateoeggt] [ehgagoeggeeatiocy

ataatecat] [gucagtageggtace] [cagatetigetgacccagageeegagtgattectga

gegtgageccegagegaacgtgtgagetttagetgecgegegagecagageattggeaccaa
cattcattggtatcageagegcaccaacggeageeecgegectgetgattaaatatgegage

gaaageattageggeaticcgagcegetttageggeagocggeaygcggeacd

tgagcattaacagegtyggaaagegaagatattgeggattattattgecageagasa

ctggecgaccacetttggegegggeaccaaactggaactgaaacgtacggtggetgeacca

tctgtettecatetteccgecatetygatgageagtttga

aatctggaactgeotet
gecectygetgaataactteoctatoccagagaggecaaagtacagtggaaggtggataacgeect
ccaatcgggtaactoccaggagagtgtcacagagecaggacagcaaggacageacctacage

ctcageageaccootgacgoigagcaaagoag:

ctacgagaaacacaaagtcotacgectgey

QJ

aagtcacccatcagggecectgagetegecegteacaaajyaycttcaacagayg

Des-1-39534-1204-C225v6 Activatable Antibody Licht Chain Amine Acid Seguence:
[Spacer (SEQ ID NC: 14)]

Mask (SEQ ID NC: 24)1{Linker 1 ({(3EQ

ID NO: 26)] {1204 Substrate (SEQ ID NO: 28)]

ILinker 2 (SEQ ID

NC: 30)1[C225 (SEQ ID NO: 32} ]

[GRSGR! [CISPRGCPDGPYVMY | [ GSSGGSEGESGESE] [ LSGRSDNH ] [G886T] [QILL

TOSPVILSVIPGERVSEFSCRASOSIGTINIHWYQORTNGSPRLLIKYASE
G3GTDFTLSINSVESEDTADY YCQONNNWPTTFCGAGTELELERTVAAPSVEIFPPSDEQLE
SGTASVVCLLNNEFYPREARKVOWEVDNALOSGNSQESVTEQDSKDSTY SLESTLTLSKADYR

KHEKVYACEVTHOGLSSPVTKSFNRCGEC*] (SEQ ID NG: 4)

Des-2-3954-1204-C225v6 Activatable Antibodv Light Chain Nucleotide Sequengce:

[Spacer (SEQ ID NO: 15)] [Mask (SEQ ID NO: 23)][Linker 1 ({SEQ
¥ LLIOXEL L

ID NO: 253111204 Substrate (SEQC ID NC: 27)]

T
fa
3
7
]
L]
N
[
jxa
O
s
[}

NGC: 28)1[CZ25 (SEQ ID NO: 31)]

tgageg

cgagccagagecattggoaccaacat
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tcattggtatcageagegeaccaacggeageeegegectygctgattaaatatgegagegaa
agcattagecggeattecgageegctttageggeagegygecagegygcacegattttacectga
geattaacagcegtggaaagcgaagatattgegoattattattgecageagaacaacaacty

accaccttiogegeggygcaccaaactggaactgasacgtacggtggetgeacecatct

cg
cttecatctteecgecatetgatygagecagttgaaatctggaactgectetgttgt

tgctgaataactictateccagagaggccaaagtacagtggaaggtggs
gggtaacteccaggagagtgtcacagageagoacageaaggacageacetacag C
agcageaccctgacgetgageaaagcagactacgagaaacacaaagtetacgectgegaay

tcacceatcagggectygagetegecogtecacaaagagettcaacaggggagagtgitag]

(SEC ID NO: 5}

Des-2-3934-1204-C225v6 Activatable Antibody Licht Chain Aminoe Acid Seguence:
2k (SEQ ID NC: 243y1 7

[Spacer (SEQ ID NG: 16} ]

)

204 Substrate (SEQ ID NOG: 28) ]

b4
£
o
%
1]
L
N

™ TN . YO YT
ID NO: 26) 1

[QSGQ] [CISPRGCPDGEYVMY ] [GSSGGESGESEESG] [ LOGRSDNH [E886Y] [QILLT

OSEVILSVEPGERVSEFSCRASQSIGTNIAWYQORTNGSPRLLIKYASESISGIPSRESGSG
SGTDETLSINSVESEDIADYY COONNNWPTTFGAGTKLELKRTVAAPSVEIFPPSDEQLKS

GTASVVCLLNNEY PREARKVOWKVDNALQSGNSQESVTEQDSKDSTYSLESTLTL

HEVYACEVTHQGLSSPVTKSENRGEC*] (SEQ ID NC: §)

Des-3-3954-1204-C225v6 Activatable Antibody Licght Chain Nucleotide Sequence:

[8pacer (SEQ ID NO: 17)] [Mask (SEQ ID NO: Z3)1[Linker 1 (SEQ

ID NO: 2537 {1204 Substrate (SEQ ID NO: 27)] [Linker 2 (SEQ ID

NGC: 28)1[CZ25 (SEQ ID NO: 31)]

tocoggacggeccatacgtocatgtac] [gg

[tctggecag] [tgcatctcacctegtgghte

ctecgageggtggecaqeggtggctetggiggatocggt] [etgageggeegttocgataate

ctgacccagageccggtgattetgagogtyga

=

geccggaegaacgtgtgagetttagetgecgeoegagecagageattggeaccaacatica
ttggtatcagcecagegeaceaacyggeageecgegectgetgattaaatatgegagegaaage
attagcggecattocegagococgetttageggeagoggoeagoeygeaccgattttaccctgagca

ttaacagcegtggaasagecgaagatattgeggattatiatigccagcagaacaacaactgjce

o/}

gaccacctttggocgogggeaccaaactggaactgaaacgtacggygtggetgcaccatocigte

= = =2



WO 2015/066279 PCT/US2014/063077

ttcatcttceecqgeecatetgatgageagttgaaatetgygaactgectetgttgtgtgectge

e g

tgaataacttctateccagagaggecaaagtacagtggaaggtyggataacgecctecaate

soctcage
gce \./\.4.\.(

gggtaactcccaggagagtgtcacagagecaggacagcaaggacageacctacag
agcaccectgacgoetgagcaasageagactacgagaaacacaaagtcectacgectgegaagtca

cocatecagggectgagetegecegtcacaaagagettcaacagygggagagtattag]

Mask (SEQ ID NC: 24)1{Linker 1 ({(3EQ

LL

[Spacer (SEQ ID NG: 18)]

ID NO: 26)1 11204 Substrate (SEQ ID NO: 28)11

;
bt
b
&
03
L8]
B
[
=1
)
H
]

C225 (SEQ ID NO: 32)

GESGGSGESCESE] [LSGRESDNE | [ GSEGT| [QILLTQ

w
,..

GQ1 [CISPRGCPDGPYVMY |

SPVILSVSPCGERVEFSCRASCSIGTINIHRWYQORTNGSPRLLIKYASESISGIPERESGSGS
INSVESEDIADYYCOQONNNWETTEFGAGTRLELRKRTVAAPSVEIFPEPEDEQLKSG

-
b
e}
v
e
3
€51
i.._l
7

TASVVCLLNNEYPREAKVOWRVDNALOSGNEQESVTEQDSKDSTY SLESTLTLEKADYREKH

KVYACEVTHQGLSSPVTKSENRGEC* ] (SEQ ID NG: &)

Des-4-3954-1204-C225v6 Activatable Antibody Licght Chain Nucleotide Sequencee:

[Spacer (SEQ ID NO: 19)] (Mask (SEQ ID NO: 23)}[Linker 1 ({SEQ
ID NO: 25)]131204 Substrate (SEQ ID NO: 27) 11

[
3
#
1]
L
Ry
0
=
[ &)
H
o

NC: 28)1[C225 (SEQ ID NO: 31}

cttgctgaccecagageccggtgattectgagegtgageo

cggycyaacgtgtgagetttagetygcegegegagecagagcattggecaccaacatitcatty
gtatcagcagcecgeaccaacggecageccegegectgetgattaaatatgegagegaaageatt

agcggeattecgageegetttagceggeageqggeageggeacegattttacectgageatta
acagcgtggaaagegaagatattgeggattattattgeocagecagaacaacaactggoogac
cacctttggegegogeaccaaactggaactgasacgtacygtggctgecaccatetgtette
atctteccgecatetgatgagcagttgaaatctggaasctygcctetgttgtgtgectyctga
ataacttctatcccagagagyccaaagtacagtggaaggtggataacgeectocasteygy
taactcccaggagagtgticacagagcaggacageaaggacagecacctacagectecagcage

accctgacgetgagoaaajcagactacgagaaacacaaayttctacgectgocgaagyicacce
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atcagggectgagetegeocegteacaaagagettcaacaggggagagtgttagl (SEC

0 G
i \l\»u 7

Des-4-3954-1204-C225v6 Activatable Antibody Licht Chain Amino Acid Sequence:

Ib NO:

NC: 28)]

SESCRASQSICGTNIEWYQORTNGSPRLLIEKYASESISGIPSRESGEGEG
DIADYYCCONNNWPTTEGAGTRKLELKRTVAAPSVEIFPPSDEQLKSGT
EA

KVOWRKVDNALOSGNSQESVTEQDSKDSTY SLSSTLTLSKADY ERHK

o
o
2
&
.
=
s
]
[
[
]
03]
fb

PVIKSEFNRGEC*] (SEQ ID NC: 10)

§-5-3054.1204.C225v6 Activatable Antibody Light Chain Nucleotide Seguence:

[Spacer (SEQ ID NO: 21)] (Mask (SEQ ID NO: 23)}[Linker 1 ({SEQ

ID NO: 25)]131204 Substrate (SEQ ID NG: 27)]

H
o)

ILinker 2 (SEQ

NGC: 28)1[CZ25 (SEQ ID NO: 31)]

[cag] [tgcatcetcacctcgtggttgtcegagacggeeeatacgtecatgtac] fggctecgag

cggtggecageggtggetetggtggatecggt] (etgageggeegttocgataateat] [ gy

cagtageggtace! [cagatcttgetgacecagageeccggtygattctgacegtgageeeqgy

gqegaacgtgtgagettiagetgecygcgecgagecagageattggeaccaacatecattggta
tcagcagegeaceaacyggeagceecygcegectgetgattasatatygcgagegaaageatitage
ggcattccgagecgetttageggcageggeageggeacegattttacectgageattaaca

gegtggaaagegaagatattgeggattattattgecagecagaacaacaactggecgaceac
ctittgygcgecgggeaccaaactgygaactgaaacgtacggtyggetygcacecatetgtetcate
ttcecgceccatcetgatgageagttgaaatetggaactgectctgttgtgtgectgetgaata
acttctatcccagagaggecaaagtacagtggaaggtyggataacgecetececaatecgyggtaa

toocaggagagtgtcacagagcaggacageaaggacagoacctacageoteageageacae

Tgacgctgageasageajactacgagaaacacaaagtrectacgectgegaagtcacceate
agggcctgagectogoocgtecacaaagagetteaacagygyagagtgttag] (SEQ ID

NG: 11
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Des-5-3954-1204-C225v6 Activatable Antibody Light Chain Amino Acid Sequence:
[Spacer (SEQ ID NO: 22)][Mask (SEQ ID NO: 24)]1lLinker 1 {(3EQ

ID NO: 26)] 11204 Substrate (SEQ ID NO: 28)][Linker 2 (SEQ ID

NC: 30)1[C225 (SEQ ID NO: 32)]

[Q] [CISPRGCPDGRPYVMY ] [ GSSGGESEGESGESE] [LSGRSDNE | [ GSSGT] [QILLTOSP

VILSVSEFGERVEFSCRASCSIGTNIHWYQORTNGEPRLLIKYASESISGIPERESGSGSGT
PETLSINSVESEDIADYYCQONNNWETTFGAGTELELERTVAAPSVEIFPPSDECLRSCTA
SVVCLLNNEYPREAKVOWEVDNALOSGNSQESVIEQDSKDSTY SLESTLTLEKADYEKHKY

YACEVTHQGLSSPVITKSEFNRGEC*] (3SEQ ID NO: 12)

{60112} In some embodinments, the anti-EGFR activatable antibody and/or conjugated
anti-EGFR activatable antibody inchides a heavy chain selected from the group consisting
of SEQ TD NO: 2, SEQ ID NO: 34 and SEQ 1D NO: 36, and a light chain aminge acid
sequence that includes SEQ 1D NO: 32 coupled 1o a spacer that has an amino acid sequence
selected from the group consisting of GQSGQ (SEQ ID NG: 14), QSGQ (SEQ 1D NO: 16),
SGOQ (SEQ 1D NG: 1R), GQ (SEQ ID NO: 20), and Q (SEQ ID NO: 22y and s linked to a
masking moiety (MM) that includes a sequence selected from the group consisting of
CISPRG (SEQ ID NO: 76); CISPRGCG (SEQ ID NO: 77); CISPRGCPDGPY VMY (SEQ
1D NO: 24); CISPRGCPDGPY VM (SEQ ID NG: 78), CISPRGCEPGTYVPT (SEQ 1D
NG: 79y, CISPRGCPGQIWHPP (SEQ 1D NO: 30); GSHCLIPINMGAPSC (SEQ 1D
NG: 81); CISPRGCGGSSASQSGOGSHCLIPINMGAPSC (SEQ ID NO: 82);
CNHHYFYTCGCISPRGCPG (SEQ ID NO: 83); ADHVEFWGSYGCISPRGCPG (SEQ ID
NQO: 84y, CHEVYWGHCGCISPRGCPG (SEQ 1D NO: 85); CPHFTTTSCGCISPRGCPG
(SEQ ID NO: 86); CNHHYHYYCGCISPRGCPG (SEQ 1D NO: 87);
CPHVSFGSCGUISPRGCPG (SEQ I NO: 883, CPYYTLSYCGCISPRGCPG (SEQ ID
NQO: 89); OCNHVYFGTCGCISPRGCPG (SEQ ID NO: 80y, CNHFTLTTCGCISPRGCPG

(SEQ ID NO: 91); CHHFTLTTCGCISPRGCPG (SEQ 1D NO: 92y
YNPCATPMCCISPRGCPG (SEQ ID NO: 93); CNHRYFYTCGCISPRGCG (SEQ 1D
NO: 94y, CNHHYHYYCGCISPRGCG (SEQ ID NO: 95); ONHVYFGTCGCISPRGCG
(SEQ 1D NO: 96y, CHHVY WGOHCGCISPRGCG (SEQ 1D NO: 97y
CPHFTTTSCGCISPRGCG (SEQ 1D NO: 92); CNHFTLTTCGCISPRGCG (SEQ ID
WO: 99); CHHFTLTTCGCISPRGCG (SEQ ID NO: 100); CPYYTLSYCGCISPRGCG
(SE ID NO: 101); CPHVSFGSCGCISPRGCG (SEQ ID NO: 102}
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ADHVFWGSYGCISPRGCG (SEQ ID NO: 103); YNPCATPMCCISPRGCG (SEQ ID
NG: 104); CHHVYWCGHCGCISPRGCG (SEQ ID NO: 105);

CON/PYHH/V/EYYTHE/ WY /GITS TS HDCGCISPRGCG (SEQ 1D NO: 106);
CISPRGCGQPIPSVK (SEQ ID NO: 107); CISPRGCTOPYHVSR (SEQ 1D NO: 108);
and/or CISPRGCNAVSGLGS (SEQ ID NO: 109}

{00113 In some embodiments, the CM 18 a substrate for an MMP and includes the
sequence ISSGLLSS (SEQ 1D NO: 110); QNQALRMA (SEQ ID NO: 111); AQNLLGMY
(SEQID NO: 112); STEPFGMF (SEQ ID NG: 113y PYGYTSSL (SEQ 1D NO: 114);
DWLYWPGI (SEQ ID NO: 115); MIAPVAYR (SEQ TD NG: 116); RPSPMWAY (SEQ ID
NG: 117); WATPRPMR (SEQ ID NO: 118y FRULDWQW (SEQ ID NG: 119y
LEKAAPRWA (SEQ 1D NO: 120); GPSHLVLT (SEQ 1D NO: 121); LPGGLSPW (SEGQ 1D
NO: 122y MGLFSEAG (SEQ ID NO: 123); SPLPLRVP (SEQ 1D NO: 124); RMHLRSLG
(SEQ ID NO: 125); LAAPLGLL (SEQ ID NO: 126); AVGLLAPP (SEQ ID NG: 127y
LLAPSHRA (SEQ ID NO: 128); PAGLWLDP (SEQ ID NO: 129); and/or ISSGLSS (SEQ
B NO: 130).

[00114] In some embodiments, the CM inchides the sequence TORGPSWV (SEQ ID
NGO: 131); SARGPSRW (SEQ 1D NG: 132); TARGPSFK (SEQ 13 NO: 133); LSGRSDNH

(SEQ ID NO: 134y, GGWHTGRN (SEQ ID NO: 135); HTGRSGAL (SEQ 1D NO: 136,
PLTGRSGG (SEQ ID NO: 137} AARGPAIH (SEQ ID NG: 138); RGPAFNPM (SEQ ID
NO: 139); SSRGPAYL (SEQ ID NO: 140); RGPATPIM (SEQ ID NO: 141); RGPA (SEQ
IDNO: 1423 GGOPSGMWOW (SEQ 1D NO: 143); FPRPLGITGL (8EQ 1D NO: 144);
VHMPLGFLGP (SEQ 1D NO: 145); SPLTGRSG (SEQ 1D NO: 146); SAGFSLPA (SEQ
TR NG 147y LAPLGLQRR (SEQ ID NO: 148); SGGPLGVR (SEQ 1D NO: 149); and/or
PLGL (SEQ 1D NO: 130).

Lt ERY In some embodiments, the activatable anti-BEGFR antibodies described herein
also inchude an agent conjugated to the activatable antibody. In some embodiments, the
conjugated agent is a therapeuatic agent, such as an antineoplastic agent. In such
embodiments, the agent is conjugated to a carbohydrate moicty of the activatable antibody,
and in some embodiments, where the carbohydrate moiety is located outside the antigen-
binding region of the antibody or antigen-binding fragment in the activatable antibody. In
some embodiments, the agent is conjugated to a sulfhydryl group of the antibody or antigen-
binding fragment in the activatable antibody. In some embodiments, the agent is conjugated

to an amino group of the antibody or antigen-binding fragment of the activatable antibody.
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in some embodiments the agent is coniugated to a carboxylic acid group of the antibody or
antigen-binding fragment of the activatable antibody.

{0011 6] In some embodiments, the agent is a eytotoxic agent such as atoxin {e.g., an
enzymatically active toxin of bacterial, fungal, plant, or animal origin, or fragments
thereot), or a radiocactive isotope (i.e., a radioconjugate). Suitable cytotoxic agents include,
for example, any of the cytotoxic agents listed in Table 1. 1o some embodiments, the
cytotoxic agent is a dolastatin or a derivative thereof (e g. auristatin H, AFP, MMAF,
MMAE, DMAF, BMAE). For example, the cytotoxic agent is monomethyl auristatin E
(MMAE).

[B0117] In some embodiments, the corjugated activatable antibody can be modified
for site-specific conjugation through modified amino acid sequences inserted or otherwise
mchuded in the activatable antibody sequence. These modified amino acid sequences are
designed to allow for controlled placerent and/or dosage of the conjugated agent withina
conjugated activatable anti-EGFR antibody. For example, the activatable antibody can be
engineered to inchude cysicine substitutions at positions on light and heavy chains that
provide reactive thiol groups and do not negatively impact protein folding and assembly,
nor alter antigen binding. In some embodirents, the activatable antibody can be engineerec
to include or otherwise introduce one or more non-natural amino acid residues within the
activatable antibody to provide suitable sites for conjugation. In some embodiments, the
activatable antibody can be engineered to inchide or otherwise introduce enzymatically
activatable peptide sequences within the activatable antibody sequence.

[BG118] Methods of preparing a conjugate of an activatable anti-EGFR antibody
haviug one or more interchain disulfide bonds in the AB and one or more intrachain
disuifide bounds in the MM, and a drug reactive with free thiols are provided. These
methods generally include partially reducing interchain disulfide bonds in the activatable
antibody with a reducing agent, such as, for example, TCEP; and conpugating the drug
reactive with free thiols to the partially reduced activatable antibody. As used herein, the
torm partial reduction refers to situations where an activatable anti-EGFR antibody s
contacted with a reducing agent and less than all disulfide bonds, e.g., less than all possible
sites of conjugation are reduced. In some embodiments, less than 99%, 9R%, 97%, 96%,
95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%,

20%, 15%, 10% or less than 5% of all possible sites of conjugation are reduced.
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{30119 In yet other embodiments, a method of reducing and conjugating an agent,
e.g., a drug, to an activatable anti-EGFR autibody resulting in selectivity in the placement of
the agent 5 provided. The method generally includes partially reducing the activatable anti-
EGFR antibody with a reducing agent such that any conjugation sites in the masking moiety
or other non-AB portion of the activatable antibody are not reduced, and conjugating the
agent to nterchain thiols 1n the AB. The conjugation site(s) are selected 50 as to allow
desired placement of an agent to allow conjugation to occur at a desired site. The reducing
agent is, for example, TCEP. The reduction reaction conditions such as, for example, the
ratio of reducing agent o activatable antibody, the length of incubation, the temperatare
during the incubation, the pH of the reducing reaction solution, etc., are determined by
identifying the conditions that produce a conjugated activatable antibody in which the MM
retains the ability to effectively and efficiently mask the AB of the activatable antibody in
an uncleaved state. The ratio of reduction agent to activatable anti-EGFR antibody will
vary depending on the activatable antibody. In some embodiments, the ratio of reducing
agent to activatable anti-EGFR antibody will be in a range from about 20:1 to 1:1, from
about 10:1 t¢ 1:1, from about 9:1 to 111, from abowut B:1 to 11§, from about 7:1 to 111, from
about 6:1 10 1:1, from about 5:1 10 1:1, from about 4:1 10 1:1, from about 3:1 to 1:1, from
about 2:1 to 1:1, from about 20:1 to 1:1.5, from about 10:1 to0 1:1.5, from about 9:1 to 1:1.5,
from about 8:1 to 1:1.5, from about 7:1 to 1:1.5, from about 6:1 to 1:1.5, from about 5:1 to
1:1.5, from about 4:1 1o 1:1.5, from about 3:1 to 1:1.5, from about 2:1 to 1:1.5, from about
.51 to 1215, or from about 1: 110 1: 1.5, To some embodiments, the ratio 15 1n a range of
from about 5:1 to 111, In some embodiments, the ratio is in a range of from about 5:1 10
1.5:1. In some embodiments, the ratio 18 in a range of from about 4:1 to 1:1. In some
cembodiments, the ratio is in a range from about 4:1 to 1.5: L

{00128] In some embodiments, a method of reducing interchain disulfide bonds in the
AB of an activatable anti-EGFR antibody and conjugating an agent, ¢.¢., a thiol-containing
agent such as a drug, to the resulting interchain thiols to selectively locate agent(s) on the
AR is provided. The method generally inchudes partially reducing the AB with a reducing
agent to form at least two interchain thiols without forming alf possible interchain thiols in
the activatable antibody; and conjugating the agent to the interchain thiols of the partially
reduced AB. For exarple, the AB of the activatable antibody is partially reduced for about
I hour at about 37°C at a desired ratio of reducing agentiactivatable antibody. In some

embodiments, the ratio of reducing agent to activatable antibody will be in a range from
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about 28:1 to 11, from about 14:1 to 1:1, from about 9:1 to 1:1, from about 8:1 to 1:1, from
about 7:1 to 1:1, from about 6:1 t¢ 1:1, from about 5:1 to 111, from about 4:1 t0 111, from
about 3:1 1o 1:1, fromabout 2:1 to 1:1, from about 20:1 o 1:1.5, from about 18:1 10 1:1.5,
from about 9:1 10 1:1.5, from about 8:1 to 1:1.5, from about 7:1 to 1:1.5, from about 6:1 fo
1:1.5, from about 5:1 to 1:1.5, from about 4:1 to 1:1.5, from about 3:1 to 1:1.5, from about
2:1 10 1:1.5, from about 1.5:1 to 1:1.5, or from about 111 to 1:1.5. In some embodiments,
the ratio is in a range of from agbout 5:1 to 111, o some embodiments, the ratio is in a range
of from about 5:1 to 1.5:1. In some embodiments, the ratio is in a range of from about 4:1
to 1:1. In some embodiments, the ratio is in a range from about 4:1 to 1.5:1.

100121] The thiol-containing reagent can be, for exaraple, cysteine or N-acetyl
cysteine. The reducing agent can be, for example, TCEP. In some embodiments, the
reduced activatable antibody can be purified prior to conjugation, using for example,
column chromatography, dialysis, or diafiltration. Alternatively, the reduced antibody is not
purified after partial reduction and prior to conjugation.

[B6122] Also provided are partiaily reduced activatable anti-EGFR antibodices in
which at Jeast one interchain disulfide bond in the activatable antibody has been reduced
with a reducing agent without disturbing any intrachain disulfide bonds in the activatable
antibody, wherein the activatable antibody includes an antibody or an antigen binding
fragment thereof (AB) that specifically binds to EGFR, a masking moicty (MM) that
fnhbits the binding of the AB of the activatable antibody 1n an uncleaved state to the EGFR
target, and a cleavable moiety (CM) coupled to the AB, wherein the CM is a polypeptide
that functions as a substrate for a protease. In some embodiments the MM is coupled to the
AB via the CM. In some embodiments, oneg or more intrachain disulfide bond(s) of the
activatable antibody 18 not disturbed by the reducing agent. In some embodiments, one or
more mtrachain disulfide bond(s) of the MM within the activatable antibody is not disturbed
by the reducing agent. In some embodiments, the activatable antibody in the uncleaved
state has the structural arrangement from N-terminas to C-terminus as follows: MM-CM-
AR or AB-CM-MM. In some ernbodiroents, reducing agent is TCEP.

166123 In an uncleaved state, e.g., non-activated state, the activatabie antibodies
provided herein include an AB that specifically binds to EGFR that includes 8 heavy chain
amino acid sequence selected trom the group cousisting of SEQ 1D NO: 2, SEQ ID NO: 34,
and SEQ 1D NO: 36, and 3 light chain amino acid sequence that includes SEQ 1D NO: 32,

wherein the activatable antibody in the uncleaved state has the structural arrangement from
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N-terminus to C-terminus as follows: Spacer Sequence-Masking Moiety (MM )-Linking
Peptide 1 (LP1)-Cleavable Moiety (CM)-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-
LP1-MM-8pacer Sequence, wherein the MM includes the amino acid sequence
CISPRGCPDGPYVMY (SEQ 1D NO: 24), the CM includes the amino acid sequence
LSGRSDNH (SEQ ID NO: 2&), and the Spacer Sequence is selected from the group
consisting of GQSGQ (SEQ 1 NO: 14), OSGQ (SEQ ID NO: 16), SGQ (SEQ 1D NO: 18),
GQ (SEQ ID NO: 20), and Q (SEQ 1D NO: 22). In some embodiments, the two linking
peptides need not be identical to cach other.

[00124] In some embodiments, the activatable antibodies provided herein, in an
uncleaved state, include a masked light chain that includes or is derived from an amino acid
sequence selected from the group consisting of SEQ D NG 4, SEQ ID NO: 6, SEQ 1D
NQO: 8, SEQ 1B NG: 10, and SEQ 1D NO: 12, In some embodiments, the activatable
antibody and/or conjugated activatable antibody in an uncleaved state includes a heavy
chain amino acid sequence that is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98% or 99% identical to an amino acid selected from the group consisting of SEQ D

NQG: 2, SEQ T NO: 34, and SEQ ID NO: 36, and & masked light chain amino acid sequence
that is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 87%, 98% or 99% identical to an
amino acid sequence selected from the group consisting of SEQ 1D NO: 4, SEQ 1D NO: 6,
SEQ ID NO: 8, SEQ ID NO: 14, and SEQ D NO: 12

[80125] In some embodiments, the agent is a detectable moilety such as, for example,
a label or other marker, For exarople, the agent 18 or includes a radiolabeled amino acid,
one or more biotinyl moietics that can be detected by marked avidin (e.g., streptavidin
containing a fluorescent marker or enzymatic activity that can be detected by optical or
caloriraetric methods), one or more radioisotopes or radionuclides, one or more fluorescent
labels, one or more enzymatic labels, and/or one or more chemiluminescent agents. In some
embediments, detectable moicties are attached by spacer molecules.

[68126] Enzymatically active toxins and fragments thereof that can be used include
diphtheria A chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain (from
Pseudomonas acruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin,
Alearites fordil proteins, dianthin proteins, Phytolaca americana proteins (PAPL, PAPI, and
PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor,

gelonin, mitogellin, restrictocin, phenomycin, cnomycin, and the tricothecenes. A variety of
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radionuchides are available for the production of radioconjugated antibodies. Examples

. 205y i3y Lily,. 90 186
include “7BL, 7L T In, 7Y, and T Re.

100127

Conjugates of the antibody and cytotoxic agent are made using a variety of

bifunctional protein-coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate

(SPDP), iminothiolane (IT), bifunctional derivatives of imidoesters {such as dimethyl

adipimidate HCL), active esters (such as disuccinimidyl suberate), aldehydes (such as

glutarcldehyde), bis-azido compounds (such as bis (p-azidobenzovl) hexanediamine), bis-

diazonium derivatives {such as bis-(p-diazoniumbenzoyl-ethylenediamine}, diisocyanates

{such as toluene 2,6-diisocyanate), and bis-active fluorine compounds (such as 1,5-difluoro-

2.4-dinttrobenzene). For exarople, a ricin immunotoxin can be prepared as described in

Vitetta et al., Science 238: 1098 (1987). Carbon-14-labeled 1-isothiocyanatobenzyl-3-

methyldiethylene triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for

conjugation of radionucleotide to the antibody. (See W(O94/11026).

[00128]

Those of ordinary skill in the art will recogunize that a large variety of

possible moieties can be coupled to the resultant antibodics of the invention. (See, for

example, "Conjugate Vaccines”, Contributions to Microbiology and Immmunology, J. M.

Cruse and R, E. Lewts, Jr {eds), Carger Press, New York, (1989), the entire contents of

which are incorporated herein by reference).

[00129]

Table 1 lists some of the exemplary pharmaceutical agents that may be

employed in the herein described invention but in no way is meant to be an exhaustive list.

Table 1: Exemplary Pharmaceutical Agents for Conjugation

CYTOTOXIC AGENTS
Auristatins

Auristatin E

Monomethy! auristatin B (MMAD)
Monomethyl auristatin E (MMAE)
Desmethyl auristatin E (DMAE)
Avuristatin F

Monomethyl auristatin F (MMAF)
Desmethy! auristatin F {DMAF)
Auristatin dertvatives, e.g., amides thereof
Auristatin tyramine

Auristatin quinoline

Dolastatins

Dolastatin derivatives

Dolastatin 16 DmJ

Dolastatin 16 Dpv

Ampiciliin
Suifanilanide
Polymyxin
Chloramphenicol
Turbostatin
Phenstatins
Hydroxyphenstatin
Spongistatin §
Spongistatin 7
Halistatin 1
Halistatin 2
Halistatin 3
Modified Bryostatins
Halocomstatins
Pyrrolobenzimidazoles (PRI)
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Maytansinoids, e.g. DM-1; DM-4
Maytansinoid derivatives
Duocarmycin
Duocarmycin derivatives
Alpha-amanitin
Anthracyclines
Doxorubicin
Daunorubicin
Bryostating
Camptothecin
Camptothecin derivatives

7-substituted Canmptothecin

16, 11-
Difluoromethylenedioxycamptothecin
Combretastating
Debromoaplysiatoxin

Kahalalide-F

Discodermolide

Ecteinascidins

ANTIVIRALS
Acyclovir
Vira A

Symmetrel

ANTIFUNGALS
Nystatin

ADDITIONAL ANTEI-NEOPLASTICS

Adriamycin
Cerubidine
Bleomycin
Alkeran
Velban
Oncovin
Fluorouracil
Methotrexate
Thiotepa
Bisanirene
Novantrone
Thioguanine
Procarabizine
Cytarabine

ANTI-BACTERIALS
Aminoglycosides
Streptomycin

PCT/US2014/063077

Cibrostatiné
Doxaliform
Anthracyclins analogues

Cemadotin analogue (CernCH2-5H)
Pseudomonas toxin A (PE3&) variant
Pseudomonas toxin A (ZZ-PE38) variant
Z3-161

OSW-1

4-Nitrobenzyloxycarbonyl Derivatives of
06-Benzyiguanine

Topoisomerase inhibitors

Henuasterlin

Cephalotaxine

Homoharringtonine
Pyrrolobenzodiazepine dimers (PBDs)
Functionalized pyrrolobenzodiazepenes
{alicheamicins

Podophylotoxins

Taxanes

Vinca atkaloids

CONJUGATABLE DETECTION
REAGENTS

Fluorescen and derivatives thereof
Fiuorescein isothiocyanate (FITC)

RADIOPHARMACEUTICALS
25y
1
i3 iI
87y
H]Hrl
1231

l311
mTec
20]11
133}(8
l](f
“y
]8};
BGa
Sy
o)
3851
R

3G o P .
“mTe (Technetium)
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Neomycin HEAVY METALS
Kanamycin Barium
Amikacin Gold
Gentamicin Platinum
Tobramycin
Streptomycin B ANTI-MYCOPLASMALS
Spectinomycin Tylosine
Spectinomycin
(60130 Coupling may be accomplished by any chemical reaction that will bind the

two molecules so long as the antibody and the other moicty retain their respective activitics.
This linkage can include many chemical mechanisms, for instance covalent binding, affinity
binding, intercalation, coordinate binding and complexation. In some embodiments, the
binding is, however, covalent binding. Covalent binding can be achieved cither by direct
condensation of existing side chains or by the incorporation of external bridging molecules.
Many bivalent or polyvalent linking agents are useful in coupling protein molecules, such as
the antibodics of the present invention, to other molecules. For example, representative
coupling agents can include organic compounds such as thioesters, carbodiimides,
succinimide esters, diisocyanates, glutaraldehyde, diazobenzenes and hexamethylene
diamines. This histing is not intended to be exhaustive of the various classes of coupling
agents known in the art but, rather, is exemplary of the more coramon coupling ageuots. (See
Killen and Lindstrom, Jour. Immun. 133:1335-2549 (1984); Jansen et al., Immunological
Reviews 62:185-216 (1982); and Vitetta et al., Science 238:1098 (1987,

1601317 Surtable hinkers are described in the Titerature. (See, for example,
Ramakrishnan, 5. et al,, Cancer Res, 44:201-208 (1924) describing use of MBS (M-
maleimidobenzoyi-N-hydroxysuccinimide ester). See also, U.S. Patent No. 5,030,719,
describing use of halogenated acetyl hydrazide dertvative coupled to an antibody by way of
an oligopeptide linker. For example, suitable linkers include: (1) SMPT (4-
succinimidyloxycarbonyl-gipha-methyl-alpha-(2-pridyl-dithic}-toluene (Pierce Chem. Co,,
Cat. (21558G); (it) SPDP (succinimidyl-6 [3-(2-pyridyldithio) propionamido jhexanoate
{(Pierce Chem. Co., Cat #21651G); and (1) Sulfo-LC-SPDP (sulfosuccinimidyl 6 {3-(2-
pyridyldithio)-propianamide] hexanoate (Pierce Chem. Co. Cat. #2165-G.

{00132] The linkers described above contain components that have different
attributes, thus leading to conjugates with differing physio-chemical propertics. For

example, the linker SMPT contains a sterically hindered disulfide bond, and can form
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conjugates with increased stability. Disulfide linkages, are in general, less stable than other
tinkages because the disulfide linkage is cleaved in vitro, resulting in less conjugate
available.

[6G133] The reagent EDC (1-ethyl-3-(3-dimethylanunopropyijcarbodiimide
hydrochioride is usetul to create a carboxamide starting with a carboxylic acid and a
primary or secondary amine. Thus, EDC may be used to link lysine residues in an antthody
with a carboxylic acid in a linker or toxin, or to link aspartate or glutarnate residues in an
antibody with an amine in a linker or toxin. Such conjugation reactions utilizing EDC may
be enhanced by addition of NHS (N-hydroxysuceinimide) or sulfo-NHS (N-hydroxy-3-
oxysulfonylsuccinimide). Addition of NHS or sulfo-NHS to such conjugation reactions
may enhance the rate, corapleteness, selectivity, and/or reproducibility of the conjugation
reactions.

[303134] In somoe embodiments, the linkers are cleavable. In some embodiments, the
tinkers are non-cleavable. In some embodiments, two or more linkers are present. The two
or more linkers are all the same, e.g., cicavable or non-cleavable, or the two or more linkers
are different, e.g., at least one cleavable and at least one non-cleavable.

[B0135] The present fnvention utilizes several methods for attaching agents to ABs:
(a) attachment to the carbohydrate moietics of the AB, or (b) attachment to sulthydryl
groups of the AB, or (¢} attachment to amino groups of the AB, or (d) attachment to
carboxylate groups of the AB. According to the wnvention, ABs may be covalently attached
1o an agent through an intermediate linker having at least two reactive groups, one to react
with AB and one to react with the agent. The linker, which may include any compatible
organic compound, can be chosen such that the reaction with AB (or agent) does not
adverscly affect AR reactivity and sclectivity. Furthermore, the attachiment of linker to
agent might not destroy the activity of the agent. Suitable linkers for reaction with oxidized
antibodies or oxidized antibody fragments inchide those containing an amine selected from
the group consisting of primary amine, secondary amine, hydrazine, hydrazide,
hydroxylamine, phenylhydrazine, semicarbazide and thiosemicarbazide groups. Such
reactive functional groups may exist as part of the structure of the linker, or may be
mtroduced by suitable chemical modification of linkers not containing such groups.
100136] According to the present invention, suttable linkers for attachroeont to reduce
ABs include those having certain reactive groups capable of reaction with a sulfhydryl

group of a reduced antibody or fragment. Such reactive groups include, but are not limited
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to: reactive haloalky! groups {including, for example, haloacetyl groups), p-mercuribenzoate
groups and groups capable of Michael-type addition reactions (inclading, for example,
maleimides and groups of the type described by Mitra and Lawton, 1979, J. Amer. Chem.
Soc. 101: 3097-3110).

I86i37] According to the present invention, suitable linkers for attachment to neither
oxidized nor reduced Abs include those having certain functional groups capable of reaction
with the primary amino groups present in unmodified lysine residues in the Ab. Such
reactive groups include, but are not limited to, NHS carboxylic or carbonic esters, sulfo-
NHS carboxylic or carbonic esters, 4-nitropheny] carboxylic or carbonic esters,
pentafluoropheny! carboxyhic or carbonic esters, acyl imidazoles, socyanates, and
isothiocyanates.

{80138 According to the present invention, suitable linkers for attachment to neither
oxidized nor reduced AR’s tuchide those having certain functional groups capable of
reaction with the carboxylic acid groups present in aspartate or ghutamate residues in the
AB, which have been activated with suitable reagents. Suitable activating reagents inchude
EDC, with or without added NHS or sulfo-NHS, and other dehydrating agents utilized for
carboxamide formation. In these instances, the functional groups present in the suitable
linkers would include primary and secondary amines, hydrazines, hydroxylamines, and
hydrazides.

(80139} The agent may be attached to the linker before or after the linker s attached
1o the AB. In certain applications i may be desirable to first produce an AB-linker
intermediate in which the linker is free of an associated agent. Depending upon the
particular application, a specific agent may then be covalently attached to the linker. In
other embodiments the AB is first attached to the MM, CM and associated linkers and then
attached to the linker for conjugation purposes.

{00144 Branched Linkers: In specific embodiments, branched linkers that have
multiple sites for attachment of agents are utilized. For multiple site linkers, a single
covalent attachment to an AB would result in an AB-linker intermediate capable of hinding
an agent at a number of sttes. The sites may be aldehvde or sulthydryl groups or any
chemical site to which agents can be attached.

00141} Alternatively, higher specific activity (or higher ratio of agents to AB) canbe
achieved by attachment of a single site finker at a plurality of sites on the AB. This plurality

of sttes may be introduced into the AB by either of two methods. First, one may gencrate
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multiple aldehyde groups and/or sulfhydryl groups in the same AB. Second, one may attach
to an aldehyde or sulthydryl of the AB a "branched linker™ having waltiple functional sites
for subsequent attachment to Hinkers. The functional sites of the branched linker or multiple
site linker may be aldehyde or sulfhydryl groups, or may be any chemical site to which
linkers may be attached. Still higher specific activities may be obtained by combining these
two approaches, that is, attaching roultiple site linkers at several sites on the AB.

1603142] Cleavable Linkers: Peptide linkers that are susceptible to cleavage by
enzymes of the complement system, such as but not imited to urokinase, tissue
plasminogen activator, trypsin, plasmin, or another enzyme having proteclytic activity may
be used 10 one embodiment of the present mvention. According to one method of the
present invention, an agent is attached via a linker susceptible to cleavage by complement.
The antibody is selected from a class that can activate complement. The antibody-agent
conjugate, thus, activates the coroplement cascade and releases the agent at the target site.
According to another method of the present invention, an agent is attached via a linker
susceptible to cleavage by enzymes having a proteolytic activity such as a urokinase, a
tissue plasminogen activator, plasmin, or trypsin. These cleavable linkers are useful in
conjugated activatable antibodies that include an exiracelhular toxin, e.g., by way of non-
limiting exampie, any of the extraccliular toxins shown in Table 1.

[63143] Non-limiting examples of cleavable linker sequences are provided in

Table 2.

Table 2: Exemplary Linker Sequences for Conjugation

Types of Cleavable Sequences Amino Acid Sequence

Plasroin cleavable sequences

Pro-urokinase PRFKHGG (SEQ ID NG 37
PRFRIIGG (SEQ ID NG: 3%)
TGFB SSRHRRALD (SEQ 1D NO: 39)
Plasminogen RESSHIRMRDVVL (SEQ 1D NO: 40)
Staphylokinase SSSFDKGKYRKKGDDA (SEQ D NO: 413
SSSFDRGKYKRGDDA (SEQ D NO: 42)
Factor Xa cleavable sequences IBEGR (SEQ ID NO: 43)

DGR (SEQ ID NO: 44)
GGSIDGR (SEQ ID NO: 45)

MMP cleavable sequences

Gelatinase A PLGLWA (SEQ ID NO: 46
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Collagenase cleavable sequences

Calf skin collagen {(o1{I} chain) GPQGIAGQ (SEQ ID NQ: 47)
Calf skin collagen (02(1) chain) GPOGLLGA (SEQ D NO: 48)
Bovine cartilage collagen {al{Il) chain) GIAGQ (SEQ ID NO: 49)
Human liver collagen (al (111} chain} GPLGIAGI (SEQ 1D NG: 5G)
Human ooM GPEGLRVG (SEQ IB NG: 51)
Human PZP YGAGLGVYY (SEQ ID NO: 52)

AGLGVVER (SEQ ID NO: 53)
AGLGISST (SEQ 1D NO: 54)

Rat gyM EPQALAMS (SEQ 1D NO: 55)
QALAMSAL{SEQ ID NQG: 56}
Rat axM AAYHLVSQ (SEQ IDNO: 5T
MDAFLESS (SEQ ID NO: 58)
Rat o402 ESLPVVAVY (SEQ ID NO: 59)
Rat o 1:(271) SAPAVESE (SEQ ID NO: 60
Human fibroblast collagenase DVAQFVLT (SEQ D NO: 61)
{autolviic cleavages) VAQFVLTE (SEQ ID NO: 62)

AQFVLTEG (SEQ 1D NO: 63)
PVOPIGPO (SEQ 1D NO: 64)

[B0144] In addition, agents may be attached via disulfide bonds (for example, the
disuifide bouds on a cysteine molecule) to the AB. Since many tumors naturally release
high levels of glutathione {(a reducing agent) this can reduce the disulfide bonds with
subsequent release of the agent at the site of delivery. In certain specific embodiments the
reducing agent that would modify a CM would also modify the hinker of the conjugated
activatable antibody.
[30145] Spacers and Cleavable Elements: In still another embodiment, it may be
necessary to construct the Hinker in such & way as to optimize the spacing between the agent
and the AB of the activatable antibody. This may be accomplished by use of a linker of the
gencral structure:

W {CHon-Q
wherein
W is either —~NH--CHy-- or --CHy-~;
{3 is an amino acid, peptide; and
1 is an integer from ¢ to 20,
100146] In still other embodiments, the linker may comprise 4 spacer clement and a
cleavable element. The spacer clement serves to position the cleavable element away from
the core of the AB such that the cleavable clement is more accessible o the enzyme
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responsible for cleavage. Certain of the branched linkers described above may serve as
spacer elements.

[00147] Throughout this discussion, it should be understood that the attachment of
linker to agent {or of spacer element to cleavable element, or cleavable clement to agent)
need not be particular mode of attachment or reaction. Any reaction providing a product of
suitable stability and biological compatibility is acceptable.

130148] Serum Complement and Selection of Linkers: According 1o one method of
the present invention, when release of an agent 18 desired, an AB that is an antibody of a
class that can activate complement is used. The resulting conjugate retains both the ability
to bind antigen and activate the complement cascade, Thus, according to this embodiment
of the present invention, an agent 5 joined to one end of the cleavable linker or cleavable
elerpent and the other end of the linker group is attached to a specific site on the AB. For
example, if the agent has an hydroxy group or an amino group, it may be attached to the
carboxy terminus of a peptide, amino acid or other suitably chosen linker via an ester or
amide bond, respectively. For example, such agents may be attached to the linker peptide
via a carbodiimide reaction. It the agent contains functional groups that would interfere with
attachment to the linker, these interfering functional groups can be blocked before
attachment and debliocked once the product conpugate or intermediate is made. The opposite
or amino terminus of the linker is then used either directly or after further modification for
binding to an AB that is capable of activating coraplement.

{00149 Linkers {or spacer clements of linkers) may be of any desired length, one end
of which can be covalently attached to specific sites on the AB of the activatable antibody.
The other end of the linker or spacer element may be attached to an amino acid or peptide
tinker.

[B0150] Thus when these conjugates bind to antigen in the presence of comaplement
the amide or ester bond that attaches the agent to the linker will be cleaved, resulting in
release of the agent iu its active form. These conjugates, when administered to a subject,
will accomplish delivery and release of the agent at the target site, and are particularly
effective for the in vivo delivery of pharmaceutical agents, antibiotics, antimetabolites,
antiproliferative agents and the hike as presented in but not imited to those 1 Table L

LU RS Y Linkers for Release without Complement Activation: In yet another
application of targeted delivery, release of the agent without complement activation is

desired since activation of the complement cascade will ultimately lyse the target cell.
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Hence, this approach is usetul when delivery and release of the agent should be
accomplished without kilhing the target cell. Such is the goal when delivery of cell
mediators such as hormones, enzymes, corticosteroids, neurotransroiiters, genes or enEymes
to target cells is desired. These conjugates may be prepared by attaching the agent to an AB
that is not capable of activating complement via a linker that is mildly susceptible to
cleavage by seram proteases. When this conjugate is adrotrustered to an individual, antigen-
antibody complexes will form quickly whereas cleavage of the agent will occur slowly, thus
resulting in release of the compound at the target site.

[03152] Biochemical Cross Linkers: In other embodiments, the activatable antibody
may be conjugated to one or more therapeutic agents using certain biochernical cross-
linkers. Cross-linking reagents form molecular bridges that tie together functional groups of
two different molecules. To hnk two different proteins in a step-wise manner, hetero-
bifunctional cross-linkers can be used that climinate unwanted homopolymer formation.
(60153 Peptidyl linkers cleavable by lysosomal proteases are also useful, for
example, Val-Cit, Val-Ala or other dipeptides. In addition, acid-labile linkers cleavable in
the low-pH environment of the lysosome may be ased, for example: bis-sialyl ether. Other
suitable linkers include cathepsin-labile substrates, particularly those that show optimal
function at an acidic pH,

(801541 Exemplary hetero-bifunctional cross-linkers are referenced in Table 3.

Table 3: Exemplary Hetero-Bifunctional Cress Linkers

HBETERO-BIFUNCTIONAL CROSS-LINKERS

Spacer Arm
Length after
cross-linking

Linker Reactive Toward Advantages and Applications  {Angstroms)

SMPT Primary amines Greater stability 112A
Sulfhydryls

SpPpp Primaary amines Thiclation 6.8 A
Sulthydryls Cleavable cross-linking

LC-3P5P Primary amines Extended spacer arm 15.6 A
Sulfhydryls

Sulfo-LC-5PDP Priroary amines Extender spacer arm 15.6 A
Sulfhydryls Water-soluble

SMCC Primary amines Stable maleimide reactive 116 A

Sroup

Sulfhydryis Enzyme-antibody conpugation

Hapten-carrier protein
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conjugation
Subfo-SMCC Priraary amiaes Stable maleiniide reactive 11.6 A
group
Sulfhydryls Water-soluble
Eunzyme-antibody conjugation
MBS Prirpary arnines Enzyme-antibody conjugation 9.9 A
Sulfhvdrvls Hapten-carrier protein
conjugation
Sulfo-MRBS Primary amines Water-soluble 9.9 A
Sulfhydryls
SIAB Primnary arnines Enzyme-antibody conjugation 10.6 A
Sulfhvdrvls
Sulfo-SIAB Primaary amines Water-soluble 1.6 A
Sulfhydryls
SMPB Primary amines Extended spacer arm 14.5 A
Sulfhydryls Enzyme-antibody conpugation
Sulfo-SMPB Priroary amiaes Extended spacer arm 145 A
Sulfhydryls Water-soluble
EDE/Sulfo-NHS  Primary amines Hapten-Carrier conjugation {
Carboxyl groups
ABH Carbohydrates Reacts with sugar groups 119 A
Nonselective
{00155] Non-Cleavable Linkers or Direct Attachment: Yo still other embodiments of

the invention, the conjugate may be designed so that the agent is delivered to the target but

not refeased. This may be accomplished by attaching an agent to an AB either directly or via

a4 non-cleavable tinker.

160156} These non-cleavable linkers may include arvino acids, peptides, D-amino

acids or other organic compounds that may be modified to include functional groups that

can subsequently be utilized in attachment to ABs by the methods described herein, A-

general formula for such an organic hinker could be

wherein

W is etther - NH--CHy-- or --CHy—:

(Q is an amino acid, peptide; and

n is an integer from ¢ to 24

W~ (CHon ~ Q

{80157 Non-Cleavable Conjugates: Alernatively, a coropound may be attached to

ABs that do not activate complement. When using ABs that are incapable of complement

activation, this attachment raay be accomplished using linkers that are susceptible to

cleavage by activated complement or using linkers that are not susceptible to cleavage by

activated complement.
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Definitions:

[00158] Unless otherwise defined, scientific and technical terms used in connection
with the present invention shall have the meanings that are commonly understood by those
of ordinary skili in the art. Further, unless otherwise required by context, singular terras
shall include pluralities and plural terms shall include the singular. Generally,
nomenclatures utilized in connection with, and techniques of, cell and tissue culture,
maolecular biology, and protein and oligo- or polymucleotide chernistry and hybridization
described herein are those well-known and conunonly used in the art. Standard techniques
are used for recombinant DNA, oligonucieotide synthesis, and tissue culture and
transtormation (e.g., electroporation, hipofection). Enzymatic reactions and purification
technigues are performed according to manufacturer's specifications or as commonky
accomplished in the art or as described herein. The foregoing techniques and procedures
are generally performed according to conventional methods well known in the art and as
described in various general and more specific references that are cited and discussed
throughout the present specification. See e.g., Sambrook er /. Molecular Cloning: A
Laboratory Mamual (2d ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
MY, (1989)). The vomeunclatures utilized in connection with, and the laboratory procedures
and techniques of, analytical chemistry, synthetic organic chemistry, and medicinal and
pharmaceutical chemistry described herein are those well-known and commonly used in the
art. Standard techniques are used for chemical syntheses, chemical analyses,
pharmoaceutical preparation, formulation, and delivery, and treatment of patients.

100159] As utilized in accordance with the present disclosure, the following terms,
unless otherwise indicated, shall be understood to have the following meanings:

1301601 As used herein, the terms “antibody” refers to immmunoglobulin molecules and
immunologically active portions of immunoglobulin (Ig) molecules, i e., molecules that
contain an antigen binding site that specifically binds {(immunorgacts with) an antigen. By
“specifically bind” or “romunoreacts with” or “immaunospecifically bind” is meant that the
antibody reacts with one or more antigenic determinants of the desired antigen and does not
react with other polypeptides or binds at much lower affinity (K> 10°° M), Antibodies
include, but are not limited to, polycional antibodies, monoclonal antibodies, chimeric
antibodies, domain antibodies, single chain antibodies, Fab, and F(ab"), fragments, scFvs,

and an Fab expression library,

-3
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{30161} The basic antibody structural unit is known to comprise a tetramer. Each
tetramer is composed of two identical pairs of polypeptide chains, cach pair having one
“Hght” (about 25 kDDa) and one “heavy” chain (about 50-70 kida). The amino-terminal
portion of each chain includes a variable region of sbout 100 to 110 or more amine acids
primarily responsible for antigen recognition. The carboxy-terminal portion of each chain
defines a constant region primarily responstble for effector function. In general, antibody
molecules obtained from humans relate to any of the classes 1gG, IgM, 1gA, 1gE and 1gh,
which differ from one another by the nature of the heavy chain present in the molecule.
Certain classes have subclasses as well, such as 1gGy, 1g(5,, and others. Furthermore, in
humans, the light chain may be a kappa chain or a lamnbda chain.
100162] The term “monocional antibody™ (mADb) or “monoclional antibody
composition”, as used herein, refers to a population of antibody molecules that contain only
one molecular species of antibody molecule consisting of a unique hight chain gene product
and a unique heavy chain gene product. 1n particular, the complomentarity determining
regions {CDRs) of the monoclonal antibody are identical in all the molecules of the
population. MADs contain an antigen binding site capable of immunoreacting with a
particular epitope of the antigen characterized by a unigue binding affinity for .
[80163] The term “antigen-binding site” or “binding portion” refers to the part of the
immunoglobulin molecule that participates in antigen binding. The antigen binding site is
formed by amino acid residues of the N-terminal variable ("V”) regions of the heavy ("H™)
and light (“L.”") chains. Three highly divergent stretches within the V regions of the heavy
and light chains, referred to as “hypervariable regions,” are interposed between more
conserved flanking stretches known as “framework regions,” or “FRs”. Thus, the term
“FR” refers 1o amino acid sequences that are naturally found between, and adjacent to,
hypervariable regions in iranwunogiobulins, In an antibody molecule, the three
hypervariable regions of a light chain and the three hypervariable regions of a heavy chain
are disposed relative to each other in three dimensional space to form an antigen-binding
surface. The auntigen-binding surface is complementary to the three-dimensional surface of
a bound antigen, and the three hypervariable regions of each of the heavy and light chains
referred to as “complementarity-determining regions,” or “CDRs.” The assignment of
amino acids to each domain is in accordance with the definitions of Kabat Sequences of

Proteins of Immunological Interest (National [nstitutes of Health, Bethesda, Md. (1987 and
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1991)), or Chothia & Lesk J. Mol. Biol. 196:901-917 {1987}, Chothia ef ¢/, Nature 342:878-
883 (1989).
[80164] As used herein, the torm “epitope” includes any protein detorminant capable
of specific binding to an imnmmnoglobulin, an scFv, or a T-cell receptor. The term “epitope”
includes any protein determinant capable of specific binding to an imonmoglobalin or T-
cell receptor. Epitopic deterrainants usually consist of chemically active surface groupings
of molecules such as amino acids or sugar side chains and usually have specific three
dimensional structural characteristics, as well as specific charge characteristics. For
example, antibodies may be raised against N-terminal or C-terminal peptides of a
polypeptide. An antibody 15 said to specifically bind an antigen when the dissociation
constant is < 1 uM; in some embodiments < 100 oM, and in some embodiments < 10 nM.

2 4L

[80165] As used herein, the terms “specific binding,” “immaunological binding,” and
“tmmmunclogical binding properties” refer to the non-covalent interactions of the type that
occur between an imymnunoglobulin molecule and an antigen for which the immunoglobulin
is specific. The strength, or affinity of immunological binding interactions can be expressed
i terms of the dissociation constant (Kg) of the interaction, wherein a smaller K; represents
a greater affintty. Immunological binding properties of selected polypeptides can be
quantificd using methods well known in the art. One such method entails measuring the
rates of antigen-binding site/antigen complex formation and dissociation, wherein those
rates depend on the concentrations of the complex partuers, the affinity of the interaction,
and geometric parameters that equally influence the rate in both directions. Thus, both the
“on rate constant” (K.} and the “off rate constant” (Kg) can be determined by calculation
of the concentrations and the actual rates of association and dissociation. (See MNature
361:136-87 {1993)). The ratio of Ko /Ko, onables the cancellation of all parameters not
related to affinity, and is equal to the dissociation constant Ky. {See, generally, Davies ot al.
(19903 Annual Rev Biochem 59:439-473). An antibody of the present invention is said to
specifically bind to EGFR, when the equilibrium binding constant (K} s <1 uM, n some
embodiments < 100 nM, in some embodiments < 10 oM, and in some embodiments < 100
pM to about 1 pM, as measured by assays such as radioligand binding assays or similar
assays known to those skilled in the art,
[80166] The term “isolated polynucleotide” as used herein shall mean a

polyoucieotide of genomic, cYNA, or synthetic origin or some combination thereof, which
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by virtae of its origin the “isolated polynucleotide™ (1} is not associated with all or a portion
of a polynucleotide in which the “isolated polymucleotide” 15 found in nature, (2) is operably
linked to a polynucleotide that i 15 not Hinked to in nature, or {3) does not occur 1u nature as
part of a larger sequence. Polynucleotides in accordance with the invention inchude the
nucleic acid molecules encoding the heavy chain immunoglobulin molecules shown herein,
and nucleic acid molecules eucoding the light chain immunoglobulin muolecuales shown
herein.

168167} The term “isolated protein™ referred to herein means a protein of cDNA,
recombinant RNA, or synthetic onigin or some combination thereof, which by virtue of its
origin, ot source of derivation, the “isolated protein” (1) is not associated with proteins
found in nature, (2} is frec of other proteins from the same source, e.g., free of murine
proteins, (3) is expressed by a cell from a different species, or (4) does not occur 1n nature.
[60168] The terro “polypeptide” is used herein 4s a generic term to refer to native
protein, fragments, or analogs of a polypeptide sequence. Hence, native protein fragments,
and analogs are species of the polypeptide genus. Polypeptides in accordance with the
mvention comprise the heavy chain immunoglobulin molecules shown herein, and the light
chain immunoglobulin molecules shown herein, as well as antibody molecules formed by
combinations comprising the heavy chain immunoglobulin molecules with light chain
immunoglobulin molecules, such as kappa light chain immunoglobulin molecules, and vice
versa, as well as fragments and analogs thereofl

[6016%9] The terro “naturaliy-occurring” as used herein as applied to an object refers
to the fact that an object can be found in nature, For example, & polypeptide or
polynucleotide sequence that is present in an organism (inclading viruses) that can be
tsolated from a source in nature and which has not been intentionally modified by man 1o
the laboratory or otherwise is naturally-occurring.

[00170] The term “operably linked” as used herein refers to positions of components

50 described are in a relationship permitting them to function in their intended manner. A

&

control sequence “operably linked” to a coding sequence is Higated in such a way that
expression of the coding sequence is achieved under conditions compatible with the control
sequences.

[B0171] The term “control sequence” as used herein refers to polynucleotide
sequences that are necessary to effect the expression and processing of coding sequences o

which they are ligated. The nature of such control sequences differs depending upon the
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host organism in prokaryotes, such control sequences generally include promoter, ribosomal
binding site, and transcription termination sequence in cukaryotes, generally, such control
sequences jnchide promoters and transcription termination sequence. The term “coutrol
sequences” s intended to include, at a minimum, all components whose presence is
essential for expression and processing, and can also include additional components whose
presence 18 advantageous, for example, leader sequences and fusion partner sequences. The
torm “polynuciectide” as referred to herein means nucleotides of at least 10 bases in fength,
either ribonuclestides or deoxynucleotides or 8 modified form of either type of mucleotide.
The term includes single and double stranded forms of DNA.

180172] The term oligonucieotide referred to herein includes naturally occurring, and
maodified nucleotides linked together by naturally occurring, and non-naturally occurring
oligonucleotide hinkages. Oligonucleotides are a polynucleotide subset generally
comprising a length of 200 bases or fewer. In sorme embodiments, oligonucleotides are 10
t0 60 bases in length and in some embodiments, 12, 13, 14, 15, 16, 17, 18, 19, or 20 t0 40
bases in length. Oligonucleotides are usually single stranded, e.g., for probes, although
oligonucleotides may be double stranded, e.g., for use in the construction of a gene mutant.
Oligomucleotides of the invention are cither sense or antiscuse oligonucleotides.

[80173] The term “naturally occurring mucleotides” referred to herein inchudes
deoxyribonucleotides and ribonucieotides. The term “modified nucleotides” referred to
herein includes nocleotides with modified or substituted sugar groups and the like. The
erm “oligonucleotide linkages” referred to herein inchudes oligonucleotide hinkages such as
phosphorothioate, phosphorodithioate, phosphoroselerioate, phosphorodiselenocate,
phosphoroanilothicate, phoshoraniladate, phosphoronmidate, and the like. Seee.g.,
LaPlanche ef o/ Nucl Acids Res. 14:9081 (1986); Stec et af. J. Am. Chem. Soc. 106:6077
(1984, Stein er ¢/, Nucl Acids Res. 163209 (1988), Zon o7 af. Anti Cancer Drug Design
6:539 (1991 ), Zon e al. Cligonucieotides and Analogues: A Practical Approach, pp. 87-108
(F. Eckstein, Ed., Oxford University Press, Oxford England (1991)); Stec er of. LS. Patent
No. 5,151,510; Uhlmano and Peyman Chernical Reviews 90:543 (1990). An
oligonucleotide can inclade a label for detection, if desired.

[B0174] As used herein, the twenty conventional amino acids and their abbreviations
follow conventional usage. See Tmmumology - A Synthesis (2nd Edition, E.S. Golub and
D.R. Gren, Eds., Sinauer Associates, Sunderland7 Mass, (1991)). Stercoisomers (e.g., D-

amino acids) of the twenty conventional amino acids, unpatural amino acids such as o-, o~
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disubstituied amino acids, N-atkyl amino acids, lactic acid, and other unconventional amino
acids may also be suitable components for polypeptides of the present invention. Examples
of unconventional amino acids include: 4 hydroxyproling, v-carboxyglutamate, &-N N, N-
trimethyllysine, e-N-acetyliysine, O-phosphoserine, N-acetylserine, N-formylmethionine, 3-
methylhistidine, S-hydroxylysine, o-N-methylarginine, and other similar amino acids and
imino acids (e.g., 4-hydroxyproline). In the polypeptide notation used herein, the left-hand
direction is the amino terminal direction and the right-hand direction is the carboxy-terminal
direction, in accordance with standard usage and convention.

[33175] Simnilarly, unless specified otherwise, the lefi-hand end of single-stranded
polynucleotide sequences is the 5' end the left-hand direction of double-stranded
polynucleotide sequences is veferred to as the 5" direction. The direction of 5" to 3" addition
of nascent RNA transcripts is referred to as the transeription direction sequence regions on
the DNA strand having the same sequence as the RNA and that are 5" to the 5" end of the
RNA transcript are referred (0 as “gpstream sequences”, sequence regions on the BNA
strand having the same sequence as the RNA and that are 3 to the 3" end of the RNA
franscript are referred to as “dowustrearm sequences™.

18G176] As applied to polypeptides, the term “substantial identity” means that two
peptide sequences, when optimally aligned, such as by the programs GAP or BESTFIT
using default gap weights, share at least 80 percent sequence identity, i some
cmbodiments, at least 90 percent sequence identity, in some embodiments, at least 95
percent sequence identity, and in some embodiments, at least 99 percent sequence identity.
1001771 In some embodiments, residue positions that are not identical differ by
conservative aroino acid substitutions.

1601781 As discussed herein, minor variations in the amino acid sequences of
antibodies or immunogiobulin molecules are contemplated as being encompassed by the
present invention, providing that the variations in the amino acid sequence maintain at least
75%, in some embodiments, at least 0%, 80%, 3%, and in some embodiments, 99%. In
particular, conservative amine acid replacements are contemplated. Conservative
replacements are those that take place within a family of amino acids that are related in their
side chains. Genetically encoded amino acids are generally divided into families: (1) acidic
amino acids are aspartate, glutamate; (2) basic amino acids are lysine, arginine, histidine;

{3) non-polar amino acids are alanine, valine, leucine, isoleucine, proline, phenylalanine,
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methionine, tryptophan, and (4) uncharged polar amino acids are glycine, asparagine,
glotamine, cysteine, serine, threonine, tyrosine. The hydrophilic amino acids include
arginine, asparagine, asparfate, glutamine, glutamate, histidine, lysine, serine, and threonine.
The hydrophobic amino acids include alanine, cysteine, isoleucine, leucine, methionine,
phenylalanine, proline, tryptophan, tyrosine and valine. Other familics of amino acids
fuchude (1) serine and threonine, which are the aliphatic-hydroxy family; (11} asparagine and
glutamine, which are the amide containing family; (i1} alanine, valine, leucine and
isoleucing, which are the aliphatic family; and (iv) phenylalanine, tryptophan, and tyrosine,
which are the aromatic family. For example, it 1s reasonable to expect that an isolated
replacement of a feucine with an 1soleucine or valine, an aspartate with a ghutamate, a
threonine with a serine, or a similar replacement of an amino acid with a structurally related
amino acid will not have a major etfect on the binding or properties of the resulting
molecule, especially i the replacement does not involve an amino acid within a framework
site. Whether an aming acid change results in a functional peptide can readily be
determined by assaying the specific activity of the polypeptide derivative. Assays are
described in detail herein. Fragments or apalogs of antibodics or immunoglobulin
maolecules can be readily prepared by those of ordinary skill 1o the art. In sore
cmbodiments, amino- and carboxy-termint of fragments or analogs occur near boundaries of
functional domains. Structural and functional domains can be identified by comparison of
the nucleotide and/or amino acid sequence data to public or proprigtary sequence databases.
In some embodiments, computerized comparison methods are used to wdentify sequence
motifs or predicted protein conformation domains that occur in other proteins of known
structure and/or function. Methods to identify protein sequences that fold into a known
three-dirpensional stracture are known., Bowie ef @/, Science 253:164 (1991). Thus, the
foregoing cxamples demonsirate that those of skill in the art can recognize sequence motifs
and structural conformations that may be used to define structural and functional domains i
accordance with the invention.

(60179 In some ermmbodiments, amine acid substitutions are those that: (1) reduce
susceptibility to proteolysis, (2} reduce susceptibility to oxidation, (3} alter binding affinity
tor forming protein complexes, (4) alter binding affinities, and (4) confer or modify other
physicochernical or functional propertics of such analogs. Aunalogs can include various
muteins of a sequence other than the naturally-occurring peptide sequence. For example,

single or multiple amino acid substibutions (in some embodiments, conservative amino acid
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substitutions) may be made in the naturally-occurring sequence (in some embodiments, in
the portion of the polypeptide outside the domain(s) forming intermolecular contacts. A
conservative amino acid substitution should not substantially change the structural
characteristics of the parent sequence (e.g., a replacement amino acid should not tend to
break a helix that occurs in the parent sequence, or disrupt other types of secondary
structure that characterizes the parent sequence). Examples of art-recognized polypeptide
secondary and tertiary structures are described in Proteins, Structures and Molecular
Principles (Creighton, Ed., W. H. Freeman and Company, New York (1984)); Introduction
to Protein Structure (C. Branden and J. Tooze, eds., Garland Publishing, New York, N.Y.
(1991)); and Thoroton ot at. Nature 354:105 (1991,

{60180 The term “polypeptide fragment” as used hercin refers to a polypeptide that
has an amino terminal and/or carboxy-terminal deletion and/or one or more internal
deletion(s), but where the remaining amino acid sequence 5 identical to the corresponding
positions in the naturally-occurring sequence deduced, for example, from a full length
c¢DNA sequence. Fragments typically are at least 5, 6, 8 or 10 amino acids long, in some
embodiments, at least 14 amino acids long, in some embodiments, at least 20 amino acids
tong, usnally at least 50 amuno acids long, and in some embodiments, at least 70 amino
acids fong. The term “analog” as used herein refers to polypeptides that are comprised of a
segment of at least 25 amino acids that has substantial identity to a portion of a deduced
amino acid sequence and that has specific binding to EGFR, under suitable binding
conduions, Typically, polypeptide analogs comprise a conservative amino acid substitution
{or addition or deletion) with respect to the naturally-occurring sequence. Analogs typically
are at least 20 amine acids long, in some embodiments, at least 50 amino acids long or
tonger, and can often be as long as a full-length naturally-occurring polypeptide.

00181 The term “agent” is used herein to denote a chemical compound, a mixture of
chemical compounds, a biological macromolecule, or an extract made from biological
materials.

{00182] As used herein, the terms “label” or “labeled” refers 1o incorporation of a
detectable marker, e.g., by incorporation of a radiolabeled amino acid or attachment to a
polypeptide of biotinyl moietics that can be detected by marked avidin {e.g.. streptavidin
containing a fluorescent marker ot enzymatic activity that can be detected by optical or
calorimetric methods). In certain situations, the label or marker can also be therapeutic,

Varigus methods of labeling polypeptides and glycoproteins are known in the art and may
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be used. Examples of labels for polypeptides include, but are not limited to, the following:

131

radivisotopes or radionuchides (e.g., “H, ¢, "N, 7S, °%Y, PTe, Hhn, 21, P, fluorescent
labels {(e.g.. FITC, rhodamine, lanthanide phosphors), enzymatic labels (e.g., horseradish
peroxidase, p-galactosidase, luciferase, atkaline phosphatase), chermniluminescent, biotinyl
groups, predetermined polypeptide epitopes recognized by a secondary reporter (e.g.,
leucine zipper pair sequences, binding sites for secondary antibodies, metal binding
domains, epitope tags). {n some embodiments, labels are attached by spacer arms of various
fengths to reduce potential steric hindrance. The term “pharmaceutical agent or drug” as
used herein refers to a chemical compound or composition capable of inducing a desired
therapeutic effoct when properly administered to a patient,

BG83 Other chemistry terms herein are used according to conventional usage in the
art, as exemplified by The McGraw-Hill Dictionary of Chemical Terms (Parker, S., Ed.,,
McGraw-Hill, San Francisco (1985)).

[8G184] As used herein, “substantially pure” means an object specics 18 the
predominant species present (Le., on a molar basis it is more abundant than any other
wndividoal specics in the composition}, and in some embodiments, a substantially purified
fraction 15 a composition wherein the object species comprises at least about 50 percent (on
a molar basis) of all macromolecular species present.

[B0185] Generally, a substantially pure composttion will comprise more than about
80 percent of all macromolecular species present in the composition, in some ernbodiments,
more than about 85%, 90%, 95%, and 99%. In some erobodiments, the object specics is
purified to essential homogeneity (contaminant species cannot be detected in the
composition by conventional detection methods) wherein the composition consists

essentially of a single rmacromolecular species.

[6G186] The term patient includes human and veterinary subjects.
Antibodies
[60187] Activatable antibodies of the invention specifically bind human epidermal

growth factor receptor (EGFR). Also inchuded in the invention are activatable antibodies
that bind to the same epitope as the activatable anti-HGFR antibodies described herein.
[BG1RE] Those skilied in the art will recognize that it 1s possible to determine, without
undue experimentation, if 8 monoclonal antibody {e.g., a murine monoclonal or humanized
antibody} has the same specificity as a monoclonal antibody used in the methods described

7
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herein by ascertaining whether the former prevents the latter from binding to EGFR. If the
monoclonal antibody being tested competes with the monoclonal antibody of the imvention,
as shown by a decrease 1o binding by the monoclonal antibody of the invention, then the
two monocional antibodies bind to the same, or a closely related, epitope. An alternative
method for determining whether a monoclonal antibody has the specificity of a monoclonal
antibody of the invention is to pre-incubate the monoclonal antibody of the invention with
EGFR and then add the monoclonal antibody being tested to determine if the monoclonal
antibody being tested is inhibited in its ability to bind EGFR. If the monocional antibody
being tested is inhibited then, in all likelihood, it has the sarse, or functionally equivalent,

epitopic specificity as the monoclonal antibody of the invention.

Use of activatable anti-EGFR antibodies

[63189] The invention also provides a method of manufacturing activatable
antibodies that in an activated state binds Epidermal Growth Factor Receptor (EGFR) by (a)
culturing a cell comprising a nucleic acid construct that encodes the activatable antibody
under conditions that lead to expression of the activatable antibody, wherein the activatable
antibody comprises a masking moiety (MM), a cleavable moiety (CM), and an antibody or
an antigen binding fragment thereof (AB) that specifically binds EGFR, (i) wherein the CM
is a polypeptide that functions as a substrate for a protease; and (1) wherein the CM s
positioned in the activatable antibody such that, in an uncleaved state, the MM interferes
with specific binding of the AB to EGFR and, when the activatable antibody is in a cleaved
state, the MM does not interfere or corapete with specific binding of the AB to EGFR; and
{b) recovering the activatable antibody.

[3G190] The invention provides methods of treating, preventing and/or delaying the
onset or progression of, or alleviating a symptom of an indication, e.g., disease or disorder,
associated with aberrant expression and/or activity of EGFR, e.g., an EGFR-related disorder
or EGFR-related discase, in a subject using a therapeutic molecule, e.g., activatable
antibodies that bind EGFR and/or conjugated activatable antibodies that bind EGFR,
particularly activatable antibodies and/or conjugated activatable antibodies that bind and
neutralize or otherwise inhibit at least one biological activity of EGFR and/or EGFR-
mediated signaling.

(00191 In some embodiments, the indication, e.g., discase or disorder, associated

with aberrant expression and/or activity of EGFR 15 a cancer. Tn some embodiments, the
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cancer is a breast cancer, e.g., by way of non-limiting example, the breast cancer is a triple-
negative breast cancer. In some ernbodiments, the cancer is a triple-negative breast cancer.
In some embodiments, the cancer is colorectal cancer. [n some embodiments, the cancer is
gastric cancer. [n some embodiments, the cancer is ghioblastoma. In some ernbodiments,
the cancer is a head and neck cancer, e.g., by way of non-limiting example, esophageal
cancer. In some embodiments, the cancer is an csophageal cancer. In some erobodirsents,
the cancer is a lung cancer, e.g., by way of non-limiting example, non-small cell lung
cancer. In some embodiments, the cancer is a non-small cell lung cancer. In some
embodiments, the cancer 1S ovariaw/endometrial cancer. In some embodiments, the cancer
is pancreatic cancer. In sore ombodiments, the cancer is prostate cancer, In some
crmibodiments, the cancer is a renal cancer. In some embodiments, the cancer is a sarcoma,
e.g., by way of non-limiting example, osteosarcoma. In some embodiments, the cancer is
an osteosarcoma. In some embodiments, the cancer is a skin cancer, e.g., by way of non-
limiting exaniple, squamous cel cancer, basal cell carcinoma, and/or melanoma. In some
embodiments, the cancer 18 a squamous cell cancer. In some emboediments, the canceris a
basal cell carcinoma. In some embodirnents, the cancer is a2 melanoma.

{00192] In some embodiments, the indication, e.g., discase or disorder, associated
with aberrant expression and/or activity of EGFR is an inflammatory disorder and/or an
autoimmumne disease. In some embodiments, the inflammatory and/or autoimmune disease
is psoriasis.

[B3193] The therapeutic molecule, e.g., activatable anti-EGFR antibody and/or
conjugated anti-EGFR activatable antibody, can be administered at any stage of the disease.
For example, a therapeutic molecule can be administered to a patient suffering cancer of any
stage, from carly to metastatic. For exarople, therapeutic molecule can be adounistered to a
patient suffering from an inflammatory disorder and/or autotmmune disease of any stage,
from early onset to an advanced stage. 1t is to be understood that the terms subject and
patient are used interchangeably herein.

160194} The therapeutic molecules, e.g. activatable anti-EGFR antibodies and/or
conjugated activatable anti-EGFR antibodies, are also useful in other therapeutic indications
and treatment regimens. For example, the therapeutic molecules of the embodiments
provided herein can be used in a treatment regimen that inchudes neoadjuvant therapy.
[80195] In some embodiments, the therapeutic molecules, e.g. activatable anti-EGFR

antibodies and/or conjugated activatable anti-EGFR antibodies, are administered during
g1
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and/or after treatment in combination with one or more additional agents such as, by way of
non-limiting example, a chemotherapeutic agent. In some embodiments, the therapeutic
molecule and the additional agent(s) arc adrotnistered simultancously. For exaraple, the
therapeutic molecule and the additional agent(s) can be formulated in a single composition
or administered as two or more separate compositions. In some embodiments, the
therapeuntic molecule and the additional agent(s) are adroinistered sequentially.

160196} The fnvention also provides methods of preventing, delaying the progression
of, treating, alleviating a symptom of, or otherwise ameliorating ap EGFR-related disorder,
tor example, cancer, in a subject by administering a therapeutically effective amount of an
activatable anti-EGFR antibody described herein 10 a subject in need thereof,

(80197} The invention also provides methods of inhubiting angiogenesis in a subject
by administering a therapeutically effective amount of an activatable anti-EGFR antibody
described hercin to a subject in need thereof,

{60198 In some embodiments, the subject is 2 mammal. In some embodiments, the
subiect is a human. In some embodiments, the subject is a non-human mammal, such as a
rodent, a non-human primate, companion animal {(¢.g., cat, dog, horse), farm animal, work
animal, or zoo animal.

60199} The activatable anti-EGFR antibody and therapeutic formulations thereof are
administered to a subject suffering from or susceptible to a disease or disorder associated
with aberrant EGFR expression and/or activity. A subject suffering from or susceptible to a
disease or disorder associated with aberrant EGFR expression and/or activity is identified
using any of a variety of methods known in the art. For example, subjects suffering from
cancer or other neoplastic condition are identified using any of 8 variety of clinical and/or
laboratory tests such as, physical examination and blood, urine and stool analysis fo
cvaluate health status.

(802081 Administration of an activatable anti-EGFR antibody to a patient suffering
from a discase or disorder associated with aberrant EGFR expression and/or activity s
considered successtul if any of a variety of laboratory or clinical objectives 5 achieved. For
example, administration of an activatable anti-EGFR antibody to a patient suffering from a
disease or disorder associated with aberrant EGFR expression and/or activity is considered
successful if one or more of the symptoms associated with the disease or disorder s
alleviated, reduced, inhibited or does not progress 1o a further, /. e., worse, state.

Administration of an activatable anti-EGFR antibody to a patient suffering from a disease or
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disorder associated with aberrant EGFR expression and/or activity is considered successful
if the diabetes enters remission or does not progress to a further, /e, worse, state.

{00201 ] In some embodiments, the activatable anti-EGFR antibody 18 administered
during and/or after treatment in combination with one or more additional agents such as, for
example, a chemotherapeutic agent. In some embodiments, the activatable anti-EGFR
antibody and the additional agent(s) are adnunistered sioultancously. For example, the
activatable anti-EGFR antibody and the additional agent(s) can be formulated in 3 single
composition or administered as two or more separate compositions. [n some embodiments,
the activatable anti-EGFR antibody and the additional agent(s) are administered
sequentially.

160202] It will be appreciated that administration of therapeutic entitics in accordance
with the invention will be administered with suitable carviers, excipients, and other agents
that are incorporated into formulations to provide improved transfer, delivery, tolerance,
and the like. A multitude of appropriate formulations can be found in the formulary known
to ali pharmaceutical chemists: Remington's Pharmaceutical Sciences (15th ed, Mack
Publishing Company, Easton, PA (1975)), particularly Chapter 87 by Blaug, Seymour,
therein. These formulations include, for example, powders, pastes, ointments, jellics,
waxes, oils, lipids, Hpid {cationic or anionic) containing vesicles (such as Lipofectin™),
DNA conjugates, anhydrous absorption pastes, oil-in-water and water-in-oil emulsions,
emulsions carbowax {polyethviene glycols of various molecular weights), semi-solid gels,
and serni-solid mixiures containing carbowax. Any of the foregoing nuxtures may he
appropriate in treatments and therapics in accordance with the present invention, provided
that the active ingredient in the formulation s not inactivated by the formulation and the
formulation is physiclogically compatible and tolerable with the route of administration
See also Baldrick P. “Pharmaceutical excipient development: the need for preclinical
guidance.” Regul. Toxicol Pharmacol. 32(2):210-8 {2000}, Wang W. “Lyophilization and
development of solid protein pharmaceaticals.” Int. J. Pharm. 203(1-2):1-60 (2000),
Charman WN “Lipids, lipophilic drugs, and oral drug delivery-some emerging concepts.” J
Pharm Sci.89(8):967-78 (2004}, Powell ¢f /. “Compendium of excipients for parenteral
tormulations” PDA J Pharm Sci Technol. 52:238-311 {1998) and the citations therein for
additional inforration related to forroulations, excipients and carriers well known to

pharmaccutical chomists.
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160203 Therapeutic formulations of the invention, which include an activatable anti-
EGFR antibody, are used to prevent, treat or otherwise ameliorate a disease or disorder
associated with aberrant EGFR expression and/or activity. For example, therapeutic
formulations of the invention, which include an activatable anti-EGFR antibody, are used to
treat or otherwise ameliorate a cancer or other neoplastic condition.

[60204] Increased proteolysis is known to be a hallmark of cancer, (See e.g., Affara
1, et al. “Delineating protease functions during cancer development.” Methods Mol Biol.
339 (2009) 1-32). Progression, invasion and metastasis of tumors result from several
mnterdependent processes in which proteases are imphcated.

{00205] Efficaciousness of prevention, amelioration or treatment 18 determined in
association with any known method for diagnosing or treating the disease or disorder
associated with aberrant EGFR expression and/or activity, Prolonging the survival of a
subjcct or otherwise delaying the progression of the disease or disorder associated with
aberrant EGFR expression and/or activity in a subject indicates that the activatable antibody
confers a clinical benefit.

[80206] Activatable anti-EGFR antibodies can be admimstered in the form of
pharmoaceutical compositions. Principles and considerations involved in preparing such
compositions, as well as guidance in the choice of components are provided, for example, in
Remington : The Science And Practice Of Pharmacy 19th ed. {Alfonso R. Gennaro, et al,,
editors) Mack Pub. Co., Easton, Pa.; 1995; Drug Absorption Enhancement: Concepts,
Possibilities, Limitations, And Trends, Harwood Academic Publishers, Langhorne, Pa.,
1994; and Peptide And Protein Drug Delivery (Advances 1n Parenteral Sciences, Vol 4),
1991, M. Dekker, New York.

180207] Where activatable antibody fragmeuts are used, the smallest fragment that
specifically binds to the binding domain of the target protein is used. For cxample, based
upon the variable-region sequences of an antibody, peptide molecules can be designed that
retain the ability to bind the target protein sequence. Such peptides can be synthesized
chemically and/or produced by recombinant DNA technology. (See, e.g., Marasco ot al,,
Proc. Natl. Acad. Sci. USA, 90: 7839-7893 (1993)). The formulation can also contain more
than one active compound as necessary for the particular indication being treated, such as,
tor exarople, those with complerentary activities that do not adversely affect cach other.
Alternatively, or in addition, the composition can comprise an agent that enhances ifs

function, such as, for example, a cytotoxic agent, cytoking, chemotherapeutic agent, or
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growth-inhibitory agent. Such molecules are suitably present in combination in amounts
that are effective for the purpose intended.

1B0208] The active ingredients can also be entrapped in roicrocapsules prepared, for
example, by coacervation techniques or by interfacial polymerization, for example,
hydroxymethylcetinlose or gelatin-microcapsules and poly-{methylmethacrylate)
microcapsules, respectively, 1o colloidal drug delivery systerns (for example, liposomes,
albumin microspheres, microenulsions, nano-particles, and nanocapsules) or in
macroemuisions.

[032089] The formulations to be used for in vive administration must be sterile. This
is readily accomplished by filiration through sterile filtration merobranes.

[80210] Sustained-release preparations can be prepared. Suitable examples of
sustained-release preparations include semipermeable matrices of solid hydrophebic
polymers containing the anttbody, which matrices are in the form of shaped articles, e.g.,
films, or microcapsules. Examples of sustained-release matrices include polyesters,
hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol}),
polylactides (UK. Pat. No. 3,773,919), copolymers of L-ghstarsic acid and vy ethyl-L-
glutamate, non-degradable cthylene-vinyl acetate, degradable lactic acid-glveolic acid
copolymers such as the LUPRON DEPOT ™ (injectable microspheres composed of lactic
acid-glycolic acid copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid.
While polymers such as ethylenc-vinyl acetate and lactic acid-glycolic acid enable release
of molecules for over 100 days, certain hydrogels release proteins for shorter time periods,
{00211 In some embodiments, the activatable antibody contains a detectable label.
An intact antibody, or a fragment thereof (e.g., Fab, scFv, or F(aby) is used. The term
“labeled”, with regard to the probe or antibody, 1 intended to encorapass direct labeling of
the probe or antibody by coupling (7.e., physically linking) a detectable substance to the
probe or antibody, as well as indirect labeling of the probe or antibody by reactivity with
another reagent that is directly labeled. Examples of indivect Iabeling inclode detection of a
primary antibody using a fluorescently-labeled secondary antibody and end-labeling of a
DNA probe with biotin such that it can be detected with fluorescently-labeled streptavidin.
The term “biological sample” 1s intended to inchide tissues, cells and biological fluids
isolated from a subject, as well as tissues, cells and flutds present within a subject. Included
within the usage of the term “biclogical sample”, therefore, is blood and a fraction or

component of blood including blood serum, blood plasma, or lymph. That is, the detection
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method of the invention can be used to detect an analyte mRNA, protein, or genomic DNA
in a biological sample in vifro as well as in vive. For exarople, in vitro technigues for
detection of an analyte mRNA include Northern hybridizations and in sife hybridizations.
in vitro techniques for detection of an analyte protein inchide enzyme linked
immunosorbent assays (ELISAs), Western blots, immunoprecipitations, immunochermical
staining, and immunofluorescence. fm visro techniques for detection of an analyte genomic
DNA include Southern hybridizations. Procedures for conducting immunoassays are
described, for example in “ELISA: Theory and Practice: Methods in Molecular Biology”,
Vol 42, 1. R, Crowther (Ed.) Human Press, Totowa, NI, 1995; “Imumunoassay”, E.
Diamandis and T. Christopoulus, Academic Press, Tnc., San Diegoe, CA, 1996; and “Practice
and Theory of Enzyme Immunocassays”, P. Tijssen, Elsevier Science Publishers,
Amsterdam, 1985, Furthermore, i vive techniques for detection of an analyie protein
mchude jntroducing into a subject a labeled anti-analyie protein antibody. For exarple, the
antibody can be labeled with a radioactive marker whose presence and location in a subject

can be detected by standard imaging technigues.

Exacnostic and Prophviactic Formulations

[B06212] The anti-EGFR antibodies and/or activatable anti-EGFR antibodies of the
nvention are used in diagnostic and prophylactic foromlations. In one erobodiment, an
anti-EGFR antibody and/or activatable anti-EGFR antibody i1s administered to patients that
are at risk of developing one or more of the aforementioned cancer or other disorders. A
patient’s or organ’s predisposition 1o one or more of the aforementioned disorders can be
determined using genotypic, serological or biochemical markers.

[60213] In another embodiment of the invention, an anti-EGFR antibody and/or
activatable anti-EGFR antibody is administered to human individoals diagnosed with a
chinical indication associated with one or more of the atorementioned disorders. Upon
diagnosis, an anti-EGFR antibody and/or activatable anti-EGFR antibody is administered to
mitigate or reverse the effects of the clinical indication.

{60214 Antibodies and/or activatable antibodies of the mvention are also useful in
the detection of EGFR in patient samples and accordingly are uscful as diagnostics. For
gxample, the anti-EGFR antibodies and/or activatable anti-EGFR antibodies of the

mvention are used in in vitro assays, e.g., ELISA, to detect EGFR levels in a patient sample.
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[60215] In one embodiment, an anti-EGFR antibody and/or activatable anti-EGFR
antibody of the invention s immobilized on a solid support {e.g., the well{s) of a8 microtiter
plate). The immobilized antibody and/or activatable antibody serves as a capture antibody
for any EGFR that may be present in a tost sample. Prior to contacting the immobilized
antibody with a patient sample, the solid support is rinsed and treated with a blocking agent
such as milk protein or albumin to prevent nonspecific adsorption of the analyte.

[60216] Subsequently the wells are treated with a test sample suspected of containing
the antigen, or with a solution containing a standard amount of the antigen. Such a sample
18, e.g., a serum sample from a subject suspected of having levels of circulating antigen
considered to be diagnostic of a pathology. After rinsing away the test sample or standard,
the solid support is treated with a second antibody that is detectably labeled. The labeled
second antibody serves as a detecting antibody. The level of detectable label is measured,
and the concentration of EGFR antigen in the test sarople 15 determined by comparison with
a standard curve developed from the standard samples.

{00217} It will be appreciated that based on the results obtained using the anti-EGFR
antibodies of the invention in an in viro diagnostic assay, it is possible to stage a disease in
a subject based on expression levels of the EGFR antigen. For a given discase, samples of
blood are taken from subjects diagnosed as being at various stages in the progression of the
disease, and/or at various points in the therapeutic treatment of the disease. Using a
population of samples that provides statistically significant results for cach stage of
progression or therapy, a range of concentrations of the antigen that may be considered
characteristic of cach stage is designated.

{00218} Anti-EGFR antibodies and/or activatable anti-EGFR antibodies can also be
used in diagnostic and/or imaging methods. In some ernbodiruents, such methods are in
vitro methods. In some embodiments, such methods are in vivo methods. In some
embodiments, such methods are /p sty methods. In some embodiments, such methods are
ex vive methods. For example, activatable anti-EGFR antibodies having an enzymatically
cleavable CM can be used to detect the presence or absence of an enzyme that is capable of
cleaving the CM. Such activatable anti-EGFR antibodies can be used in diagnostics, which
can inclode in vivo detection {e.g., qualitative or quantitative) of enzyme activity {(or, in
some ernbodiments, an environment of increased reduction potential such as that which can
provide for reduction of a disuifide bond) through measured accumulation of activated anti-

EGFR antibodies {i.e., antibodies resuliting from cleavage of an activatable anti-EGFR
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antibody} in a given cell or tissue of a given host organism. Such accunmulation of activated
anti-EGFR antibodies 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 antibody binds,

[80219] For example, the UM can be selected to be a protease substrate for a protease
found at 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
can be one that binds a target antigen. Using methods familiar to one skilled in the art, a
detectable label (e.g., & fluorescent 1abel or radicactive Iabel or radiotracer) can be
conjugated t0 an AB or other region of an anti-EGFR antibody and/or activatable anti-
EGFR antibody. Suitable detectable labels are discussed in the context of the above
screening methods and additional specitic examples are provided below. Using an AB
spectfic to a protein or peptide of the discase state, along with a protease whose activity is
elevated in the disease tissue of interest, activatable anti-EGFR antibodies will exhibit an
increased rate of binding to discase tissue relative to tissues where the UM specific enzyme
is not present at a detectable level or is present at a lower level than in disease tissue or s
nactive {e.g., in zymogen form or in complex with an inhibitor). Since small proteros and
peptides are rapidly cleared from the blood by the renal filtration system, and because the
enzyme specific for the UM is not present at a detectable level (or is present at lower levels
n non-disease tissues or 18 present in inactive conformation), accumulation of activated
anti-EGFR antibodics 1o the disease tissue is enhanced relative to non-discase tissues.
1602201 In another example, activatable anti-EGFR antibodies can be used to detect
the prescuce or absence of a cleaving agent in a sample. For example, where the activatable
anti-HGFR antibodies contain a CM susceptible to cleavage by an enzyme, the activatable
anti-BEGFR antibodies can be used to detect (either gualitatively or quantitatively) the
presence of an enzyme in the sample. In another example, where the activatable anti-EGFR
antibodies contain a CM susceptible to cleavage by reducing agent, the activatable anti-
EGFR antibodies can be used to detect {either qualitatively or quantitatively) the presence
of reducing conditions in a sample. To facilitate analysis in these methods, the activatable
antibodies can be detectably labeled, and can be bound to a support (e.g., a sohid support,
such as a slide or bead). The detectable label can be positioned on a portion of the
activatable anti-EGFR antibody that is not released following cleavage, for example, the

detectable label can be a quenched fluorescent label or other label that is not detectable until
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cleavage has occurred. The assay can be conducted by, for example, contacting the
tmmobilized, detectably labeled activatable anti-EGFR antibodics with a sample suspected
of containing an enzyme and/or reducing agent for a time sutficient for cleavage 1o occur,
then washing to remove excess sample and contaminants. The presence or absence of the
cleaving agent {e.g., enzyme or reducing agent) in the sample is then assessed by a change
in detectable signal of the activatable anti-EGFR. antibodies prior to contacting with the
sample e.g., the presence of and/or an increase 1n detectable signal duc to cleavage of the
activatable antibody by the cleaving agent in the sample.

(60221} Such detection methods can be adapted to also provide for detection of the
presence or absence of a target that is capable of binding the AB of the activatable anti-
EGFR antibodics when cleaved. Thug, the assays can be adapted to assess the presence or
absence of a cleaving agent and the presence or absence of a target of interest (EGFR). The
presence or absence of the cleaving agent can be detected by the presence of and/or an
increase in detectable fabel of the activatable anti-EGFR antibodies as described above, and
the presence or absence of the target can be detected by detection of a target-AB complex
e.g., by use of a detectably labeled anti-target antibody.

[80222] Activatable anti-EGFR antibodies are also useful in in sity imaging for the
validation of activatable antibody activation, e.g., by protease cleavage, and binding to a
particular target. /n sifu imaging is a technique that enables localization of proteolytic
activity and target in biological samples such as cell cultures or tissue sections. Using this
echrigue, it is possible to confirra both binding to a given target and proteolytic activity
based on the presence of a detectable label {e.g., a fluorescent label),

[80223] These techniques are usetul with any frozen cells or tissue derived from a
disease site {e.g. tumor tissue) or healthy tissues. These techniques are also useful with
fresh cell or tissue samples.

160224 In these techniques, an activatable anti-EGFR antibody is labeled with a
detectable label. The detectable label may be a fluorescent dye, (e.g. a fluorescein
derivative, e.g., Fluorescein [sothiocyanate (FITC), Rhodamine Isothiocyanate (TRITC), a
near infrared (NIR) dye {e.g., Qdot® nanocrystals), a colloidal metal, a hapten, a radioactive
marker, biotin and an amplification reagent sach as streptavidin, or an enzyme (e.g.,
horseradish peroxidase or alkaline phosphatase).

180225] Detection of the label in a sample that has been incubated with the labeled,

activatable anti-EGFR antibody indicates that the sample contains the target, i.e., EGFR,
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and contains a protease that is specific for the CM of the activatable anti-EGFR antibody.

In some embodiments, the presence of the protease can be confirmed using broad spectrum
protease inhibitors such as those described herein, and/or by using an agent that is specific
for the protease, for example, an antibody such as All, which is specific for the protease
matriptase (MT-5P1) and inhibits the proteolytic activity of MT-8P1; sec e.g., International
Pablication Number WO 2010/129609, published 11 November 2010, The sare approach
of using broad spectrum protease inhibitors such as those described herein, and/or by using
a more selective inhibitory agent can be used to identify a protease or class of proteases
specific for the CM of the activatable anti-EGFR antibody. In some embodiments, the
presence of the target can he confirmed using an agent that is specific for the target, e.g.,
another anti-EGFR antibody, or the detectable label can be corpeted with unlabeled EGFR.
In some embodiments, unlabeled activatable anti-EGFR antibody could be used, with
detection by a labeled secondary antibody or more coraplex detection system.

160226} Similar tochnigues are also useful for in vive imaging where detection of the
fluorescent signal in a subject, e.g., a mammal, including a human, mdicates that the disease
site contains the target, 7.e., EGEFR, and contains a protease that 1s specific for the CM of the
activatable anti-EGFR antibody.

180227} These techniques are also useful in kitg and/or as reagents for the detection,
identification or characterization of protease activity in a variety of cells, tissues, and
organisms based on the protease-specific CM in the activatable anti-EGFR antibody.
[60228] In sorne embodiments, in sity irnaging and/or in vive imaging are useful in
methods to identify which paticuts to treat. For example, in in situ imaging, the activatable
anti-EGFR antibodies are used to screen patient samples to identify those patients having
the appropriate protease(s) and target(s) at the appropriate location, e.2., at a turnor sife.
[80229] In some embodiments in sifir iraging 1s used to identify or otherwise refine a
patient population suitable for treatment with an anti-EGFR activatable antibody of the
disclosure. For example, patients that test positive for both the target (eg., EGFR)and a
protease that cleaves the substrate in the cleavable moicty (CM) of the anti-EGFR.
activatable antibody being tested {e.g., accumulate activated antibodies at the disease site)
are identified as suitable candidates for treatment with such an anti-EGFR activatable
antibody comprising such a CM. Likewise, patients that tost negative for either or both of
the target {e.g., EGFR) and the protease that cleaves the substrate in the CM in the

activatable antibody being tested using these methods might be identified as suitable
90



WO 2015/066279 PCT/US2014/063077

candidates for another form of therapy (7.e., not suitable for treatment with the anti-EGFR
activatable antibody being tested). In sorme embodiments, such patients that test negative
with respect to a first anti-EGFR activatable antibody can be tested with other anti-EGFR
activatable antibodies comprising different CMs until a suitable anti-EGFR activatable
antibody for treatment is identified (e.g., an anti-EGFR activatable antibody comprising a
CM that is cleaved by the pationt at the site of discase).

(60230 In some embodinents in vivo imaging is used to dentify or otherwise refine
a patient population suitable for treatment with an anti-EGFR activatable antibody of the
disclosure. For example, patients that test positive for both the target (e.g., EGFR)and a
protease that cleaves the substrate in the cleavable moiety (CM) of the anti-EGFR
activatable antibody being tested (e.g., accumulate activated antibodies at the disease site)
are identified as suitable candidates for treatruent with such an anti-EGFR activatable
auntibody comprising such a CM. Likewise, patients that test negative might be identified as
suitable candidates for another form of therapy (i e, not suitable for treatment with the anti-
EGFR activatable antibody being tested). In some embodiments, such patients that test
negative with respect to a fivst anti-EGFR activatable antibody can be tested with other anti-
EGFR activatable antibodies comprising differont CMs until a suitable anti-EGFR
activatable antibody for treatment is identified {e.g., an anti-EGFR activatable antibody

comprising a CM that is cleaved by the patient at the site of disease).

Pharmaceutical compositions

{00231 The activatable anti-EGFR antibodies of the invention (also referved to
herein ag “active compounds™), and derivatives, fragments, analogs and homologs thereof,
can be incorporated into pharmaceutical compositions suitable for administration. Such
compositions typically comprise the activatable antibody and a pharmaceutically acceptable
carrier. As used herein, the term “pharmaceutically acceptable carrier” 15 fntended to
include any and all solvents, dispersion media, coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents, and the ike, compatible with pharmaceutical
administration. Suitable camriers are deseribed 10 the most recent edition of Remington’s
Pharmaceutical Sciences, a standard reference text in the ficld, which is incorporated herein
by reference. Examples of such carriers or diluents include, but are not limited to, water,
saling, ringer’s sohtions, dextrose solution, and 5% human serum albumin, Liposomes and

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

166232 A pharmaceutical composition of the invention is formulated to be
compatible with 1ts intended route of admiustration. Exaroples of routes of administration
include parenteral, e.g., intravenous, intradermal, subcutancous, oral {e.g., inhalation),
transdermal (i, topical), transmucosal, and rectal administration. Solutions or suspensions
used for parenteral, intradermal, or subcutancous application can inclade the following
components: a stertle dituent such as water for injection, saline solution, fixed oils,
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; antibacterial
agents such as benzyl aleohol or methyl parabens; antioxidants such as ascorbic acid or
sodiurn bisulfite; chelating agents such as ethylenediaminetetraacetic acid (EDTA); buffors
such as acetates, citrates or phosphates, and agents for the adjustment of tonicity such as
sodium chioride or dextrose. The pH can be adjusted with acids or bases, such as
hydrochloric acid or sodium hydroxide. The parenteral preparation can be enclosed in
ampoules, disposable syringes or multiple dose vials made of glass or plastic.

[60233] Pharmaceutical compositions suitable for injectable use include sterile
aqueous sohutions (where water soluble) or dispersions and sterile powders for the
extermnporancous preparation of sterile injectable sohutions or dispersion. For intravenous
administration, suitable carriers include physiological saline, bacteriostatic water,
Cremophor BL (BASF, Parsippany, N.J.) or phosphate buffered saline (PBS). In all cases,
the composition must be sterile and should be fluid to the extont that easy syringeability
exists. [t must be stable under the conditions of manufacture and storage and must be
preserved against the contaminating action of microorganisms such as bacteria and fungi.
The carrier ¢can be a solvent or dispersion medium containing, for example, water, sthanol,
polyol (for example, glycerol, propyiene glveol, and liquid polyethylene glycol, and the
like), and suitable mixtures thereof. The proper fhuidity can be maintained, for example, by
the use of a coating such as lecithin, by the maintenance of the required particle size in the
case of dispersion and by the use of surfactants. Prevention of the action of microorganisms
can be achieved by various antibacterial and antifungal agents, for example, parabens,

chiorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many cases, it will be
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suitable to include isotonic agents, for example, sugars, polyalcohols such as manitol,
sorbitol, sodium chloride in the composition. Prolonged absorption of the injectable
compositions can be brought about by including in the composition an agent that delays
absorption, for example, aluminum monostearate and gelatin,

[80234] Sterile injectable solutions can be prepared by incorporating the active
compound in the required amount i an appropriate solvent with one or 4 corbination of
ingredients enumerated above, as required, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the active compound into a sterile vehicle that
contains a basic dispersion redium and the required other ingredients from those
enumerated above, In the case of sterile powders for the preparation of sterile injectable
solutions, methods of preparation are vacuum drying and frecze-drying that yields a powder
of the active ingredient plus any additional desired ingredient from a previously sterile-
filtered solution thereof,

160235] Oral corpositions generally include an inert difuent or an edible carrier.
They can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic administration, the active comnpound can be imcorporated with excipients and
used in the form of tablets, troches, or capsules. Oral compositions can also be prepared
using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carrier is
applied orally and swished and expectorated or swallowed. Pharmaceutically compatible
binding agents, and/or adjavant materials can be included as part of the composition. The
tablets, pills, capsules, troches and the like can contain any of the following ingredicuts, or
compounds of a similar nature: a binder such as microcrystalline cellulose, gum tragacanth
or gelating an excipient such as starch or lactose, a disintegrating agent such as alginic acid,
Primogel, or com starch; a lubricant such as magoestum stearate or Sterotes; a glidant such
as colloidal silicon dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring
agent such as peppermint, methyl salicylate, or orange flavoring.

188236] For admimstration by inhalation, the compounds are delivered in the form of
an acrosol spray from pressured container or dispenser that contains a suttable propellant,
e.g., a gas such as carbon dioxide, or a nebulizer.

(80237} Systemic administration can also be by transmucosal or transdermal means.
For transmucosal or transdermoal administration, penctrants appropriate o the barrier to be
permeated are used in the formulation. Such penetrants are generally known in the art, and

include, for example, for transmucosal administration, detergents, bile sakis, and fusidic acid
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derivatives. Transmucosal administration can be accomplished through the use of nasal
sprays or suppositories. For transdermal administration, the active compounds are
formulated into ointments, salves, gels, or creams as generally known in the art.

[80238] The compounds can also be prepared in the form of suppositories {e.g., with
conventional sappository bases such as cocoa butter and other glycerides) or retention
cucmas for rectal delivery.

1606239 In one embodiment, the active corpounds are prepared with carriers that
will protect the compound against rapid elimination from the body, such as a controlled
release formuidation, inchuding implants and microencapsulated delivery systems.
Biodegradable, biocorpatible polymers can be used, such as ethylene vinyl acetate,
polvanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Methods
for preparation of such formulations will be apparent to those skilled in the art. The
materials can also be obtained commercially from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions (inclhuding Hposomes targeted 1o infected
cells with monoclonal antibodies to viral antigens) can also be used as pharmaceutically
acceptable carriers. These can be prepared according to methods known to those skilled in
the art, for example, as described 1o U.S. Patent No. 4,522,311,

[60240] it is especially advantageous to formulfate oral or parenteral compositions in
dosage unit form for ease of administration and uniformity of dosage. Dosage unit form as
used herein refers to physically discrete units suited as unitary dosages for the subjectto be
freated; cach unit containing a predetermined guantity of active compound caleulated to
produce the desired therapeutic effect in association with the required pharmaceutical
carrvier. The specification for the dosage unit forms of the fnvention are dictated by and
directly dependent on the unique 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 individuals.

100248 The pharmaceutical composttions can be inchided in a container, pack, or
dispenser together with instructions for administration,

1002421 The invention will be further described in the following examples, which do

not limit the scope of the nvention described in the claims.
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Examples

Example 1. Materials and Metheds

1602431 Activatable anti-EGFR antibody expression and purification. The cDNA
coding for the heavy chain and the light chain of cach of the activatable anti-EGFR
antibodies were separately cloned into a modified pcDNA3. 1 mammalian expression vector
(Life Techunologies). Expi2&3™ cells (Life Technologies) were transiently transfected with
the plasmids for each activatable anti-EGFR antibody for 5-7 days using ExpiFectamine™
transfection reagent (Life Technologies) following the manufacturer’s instructions. The
activatable anti-EGFR antibodies were purified using a HiTrap Mab Select Sure protein A
column (GE Healthcare) coupled to an AKTA purifier (GE Healthcare). The purity and the
homogeneity of purified activatable anti-EGFR antibodies were analyzed by SDS-PAGE in
reducing and non-reducing conditions and size exclusion chromatography using a Superdex

200, 10/300 GL column (GE Healtheare), respectively,

Example 2. Jn vitre activity of activatable anti-EGFR antibodies

[60244] This Example describes the ability of a masking motety of an activatable
antibody of the disclosure to reduce the ability of such an anti-EGFR activatable antibody to
bind to EGFR compared to EGFR binding by EGFR antibody cetuximab.

[80245] The abilities of the following anti-EGFR antibody and activatable antibodies
to bind to human EGFR in an in vitro binding assay were evaluated: cetuximab; a coutrol
anti-EGFR activatable antibody having the masked light chain amino acid sequence shown
below in SEQ D NO: 74 and the heavy chain sequence of SEQ 1D NO: 2; and the
following C225v5 activatable antibodies: the Des-1-3954-1204-¢225v5 activatable antibody
{(heavy chain sequence of SEQ D NO: 2 and masked light chain sequence of SEQ 1D

NQO: 4); the Des-2-3954-1204-c225vS activatable antibody (SEQ ID NO: 2 and SEQ 1D
NG: 6); the Des-3-3984-1204-c225v5 activatable antibody (SEQ ID NG: 2 and SEQ ID
NO: 8); the Des-4-3954-1204-¢225v5 activatable antibody (SEQ 1D NO: 2 and SEQ 1D
NO: 10); and the Des-5-3954-1204-¢225v5 activatable antibody (SEQ 1D NO: 2 and SEQ
D NO: 12),
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Conirol anti-EGFR activatable antibody:

[Spacer (SEQ ID NO: 75)][Mask (SEQ ID NO: 24)]1lLinker 1 {(3EQ

ID NO: 26)] 11204 Substrate (SEQ ID NO: 28)][Linker 2 (SEQ ID

NC: 30)1[C225 (SEQ ID NO: 32)]
[QGRSGQ] [CISPRGUPDGRYVMY ] [ GSSGGSGESGGSE] [ LOGRIDNHT | GESET] [OLL

LTOSEVILEVEPGERVSESCRASQSIGTNIRWYQORTNGS PRLLIKYASESISGIPSRESG

SGEIGTDEFTLSINSVESEDIADYYCOQONNNWPTTFGAGTRKLELKRIVAAPSVEIFPPSDEQL
KSGTASVVCLLNNEYPREAKY VDNALQSGNSQESVTEQDIKDSTYSLSSTLTLSKADY

EKHEVYACEVTEQGLSSPVTKIFNRGEC* ] (SEQ ID NO: 74)

[80246] Briefly, 96-well plates were coated with 1 microgram per milliliter (ug/ml)
EGFR overnight at 4°C. After blocking and washing, different concentrations of 225
antibody or of each of the activatable antibodies were added to the coated plates and
fncubated at room temperature for T h. The amounts of bound cetuximab or activatable
auntibody were detected by anti-human 1gG (Fabp-HRP. The Kq for cach antibody or
activatable antibody was calculated using Prism 6 program,

[80247] The binding of the control anti-EGFR activatable antibody (heavy chain
sequence of SEQ ID NO: 2 and masked light chain sequence of SEQ 1D NO: 74) and cach
of the other C225v5 activatable antibodies to EGFR was reduced by more than 50-fold
relative to cetuximab. The apparent Ky of cetuximab was approximately .12 oM as
compared to a range of approximately 6.5 to .89 nM for the tested anti-EGEFR activatable

antibodies.

Other Emboediments

{60248] While the invention has been described in conjunction with the detailed
description thereof, the foregoing description is intended to illustrate and not limit the scope
of the invention, which is defined by the scope of the appended claims. Other aspects,

advantages, and modifications are within the scope of the following.
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What is claimed is:

I An activatable antibody that i an activated state binds Epidermal Growth Factor
Receptor (HGFR) comprising:

an antibody or an antigen binding fragment thereof { AB) that specifically binds to
EGFR, wherein the AB conprises (i) a heavy chain amino acid sequence selected from the
group consisting of SEQ D NO: 2, SEQ 1D NO: 34 and SEQ 1D NO: 36 and a light chain
amino acid sequence comprising the amino acid sequence of SEQ ID NG: 32;

wherein the light chain amino acid sequence is coupled to a spacer sequence and &
masking rootety (MM) via a cleavable moiety (CM) to produce a masked light chain,
wherein the masked light chain compriscs an amino acid sequence selected from the group
consisting of SEQ ID NO: 4, SEQ ID NO: 6, SEQ 1D NG: 8, SEQ ID NO: 10, and SEQ ID
NO: 12,

wherein the MM inhibits the binding of the AB of the activatable antibody in an
uncleaved state to EGFR;

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

wherein the activatable antibody in the uncleaved state has the structural
arrangement from N-terminus to C-terminus as follows: Spacer Sequence-MM-Linking

Peptide 1 (LP1)-CM-Linking Peptide 2 (LP2)-AB or AB-LP2-CM-LP1-MM-Spacer

Sequence |
2. The activatable antibody of claim 1, wherein the antigen binding fragment thereof 1s

selected from the group consisting of a Fab fragment, a F{ab"), fragment, a scFv, and a

ScAb,

s

The activatable antibody of claim 1, wherein the activatable antibody in an

uncleaved state comprises a combination of a heavy chain and a masked light chain selected

frora the group consisting of:

{a) a heavy chain comprising amino acid sequence of SEQ ID NO: 2 and a
masked light chain comprising the amino acid sequence of SEQ 1D NG: 4;

(b} a heavy chain comprising amino acid sequence of SEQ ID NO: 2 and a

masked light chain comprising the amino acid sequence of SEQ D NG: 6;
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{c) a heavy chain comprising amino acid sequence of SEQ ID NO: 2 and a
masked light chain comprising the amino acid sequence of SEQ 1D NOG: B;
{d) a heavy chain comprising amine acid sequence of SEQ ID NOG: 2 and a
masked light chain comprising the amino acid sequence of SEQ 1D NO: 1¢;
{(2) a heavy chain comprising amino acid sequence of SEQ ID NO: Z and a
masked light chain comprising the amino acid sequence of SEQ ID NO:; 12;
{H g heavy chain comprising amino acid sequence of SEQ ID NO: 34 and a
masked fight chain comprising the amino acid sequence of SEQ 1D NO: 4;
() a heavy chain comprising amine acid sequence of SEQ ID NG: 34 and a
roasked light chain comprising the aroino acid sequence of SEQ 1D NG: 6;
(h) a heavy chain comprising amino acid sequence of SEQ ID NO: 34 and a
masked light chain comprising the amino acid sequence of SEQ ID NO: 8;
(1) a heavy chain comprising amino acid sequence of SEQ ID NQO: 34 and a
masked light chain comprising the amino acid sequence of SEQ 1D NO: 16;
(i) a heavy chain comprising amino acid sequence of SEQ [D NO: 34and a
masked light chain comprising the amino acid sequence of SEQ 1D NO: 12;
(k) a heavy chain comprising amino acid sequence of SEQ ID NG: 36and a
masked light chain comprising the amino acid sequence of SEQ D NG: 4;
(H a heavy chain comprising amino acid sequence of SEQ ID NO: 36 and a
masked ight chain comprising the amino acid sequence of SEQ ID NO: 6;
{m}  aheavy chain comprising amino acid sequence of SEQ ID NO: 36and a
masked light chain comprising the amino acid sequence of SEQ 1D NO: §;
{n) a heavy chain comprising amine acid sequence of SEQ ID NG: 36 and a
rasked light chain comprising the arino acid sequence of SEQ 1D NO: 16;
and
(o) a heavy chain comprising amino acid sequence of SEQ ID NO: 36 and a
masked light chain comprising the amino acid sequence of SEQ ID NO: 12
4. The activatable antibody of claim 1, wherein the AB has an equilibrium dissociation

constant of about 100 nM or less for binding to EGFR.
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5. The activatable antibody of claim 1, wherein the MM has an equilibrium
dissociation constant for binding to the AB that 1s greater than the equalibrium dissociation

constant of the AB 1o EGFR.

6. The activatable antibody of ciaim 1, wherein the protease is co-localized with EGFR
in a tissue, and wherein the protease cleaves the CM in the activatable antibody when the

activatable antibody is exposed to the protease.

7. The activatable antibody of claim 1, wherein the AB is conjugated to an agent.
8. The activatable antibody of claim 7, wherein the agent is 3 toxin or fragment thereof,
g, The activatable antibody of claim 7, wherein the agent s selected from the group

consisting of a dolastatin, an auristatin or derivative thereof, a maytansinoid or a derivative

thereof, a duocarmycin or derivative thereof, a calicheamicin or derivative thereof,

190. The activatable antibody of claim 7, wherein the agent is auristatin E or a derivative
thereof.

It The activatable antibody of claim 7, wherein the agent 1s monomethyl auristatin E
(MMAE).

2. The activatable antibody of claim 7, wherein the agent is monomethyl auristatin D
(MMAD).

13 The activatable antibody of claim 7, wherein the agent is DM1 or DM4.

14. The activatable antibody of claim 7, wherein the agent 1s conjugated to the AB via a
tinker.

15 The activatable antibody of claim 14, wherein the linker is a cleavable linker,

16. The activatable antibody of claim 14, wherein the linker is a non-cleavable linker.
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17 The activatable antibody of claim I comprising a detectable moiety.

I8. The activatable antibody of claim 17, wherein the detectable moicty is a diagnostic
agent.

19.  An isolated nucleic acid molecule encoding the activatable antibody of claim 1.

2. A vector comprising the isolated nucleic acid molecule of claim 19,

21, A mcthod of producing an activatable antibody by culturing a cell under conditions

that lead to expression of the activatable antibody, wherein the cell comprises the vector of

claim 20,

22, A method of manufacturing an activatable antibody that in an activated state binds
Epidermal Growth Factor Receptor (EGFR), the wethod comprising:

(a) culturing a cell comprising a nucleic acid construct that encodes the activatable
antibody of claim 1 under conditions that lead to expression of the activatable antibody,
and

(b recovering the activatable antibody.

23, A method of treating or delaying the progression of an EGFR-related disorder in a
subject comprising administering a therapeutically effective amount of the activatable

antibody of claim | to a subject in need thereof

24, The method of ¢laim 23, wherein the EGFR-related disorder is a cancer,

25. The method of claim 24, wherein the cancer is breast cancer, colorectal cancer,
gasiric cancer, glioblastoma, head and neck cancer, fung cancer, ovarian cancer,
endometrial cancer, pancreatic cancer, prosiate cancer, renal cancer, sarcoma, or skin

Caneer.

26. The method of claim 23, wherein the EGFR-related disorder is psoriasis.
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27. The method of claim 23, wherein the AB is conpugated to an agent.
28. The method of claim 27, wherein the agent is a toxin or fragment thereof,
29, The method of claim 28, wherein the agent is selected from the group consisting of a

dolastatin, an auristatin or derivative thercot, a maytansinoid or a derivative thereof, a

duocarmycin or dertvative thereof, and a calicheamicin or derivative thereof.

30, A raethod of detecting presence or absence of a cleaving agent and Epidermal
Growth Factor Receptor (EGFR) in a subject or a sample, the method comprising:
{a) contacting a subject or sample with the anti-EGFR activatable antibody of
claim 1, and
{b) measuring g level of activated anti-EGFR activatable antibody in the subject
or sample,
wherein a detectable level of activated anti-EGFR activatable antibody in the subject or
sample indicates that the cleaving agent and EGFR are present in the subject or sample, and
wherein no detectable level of activated anti-EGFR activatable antibody in the subject or
sample indicates that the cleaving agent, EGFR or both the cleaving agent and EGFR are

absent in the subject or sample.

31 The method of claim 30, wherein the anti-EGFR activatable antibody comprises a

detectable label.

32, The method of claim 31, wherein the detectable label comprises an imaging agent, a
radioisotope, a contrasting agent, an enzyme, a fhuorescent label, a chromophore, a dye, one

or more metal 1ons, or a ligand-based label.

33, The method of claim 30, wherein the method is an in vivo method, an in situ method,

an ex vivo method or in virro method.

34, A method of identifying or refining a patient population for treatment of an EGFR-

related disorder, the method comprising (i} contacting a sample from a subject with an anti-
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EGFR activatable antibody of claim I; (i1) measuring a level of activated anti-EGFR
activatable antibody in the sample, wherein a detectable level of activated anti-EGFR
activatable antibody in the sample indicates that the sample is positive for the prescoce of
EGFR and a cleaving agent that cleaves the substrate in the cleavable moiety (CM) of the
activatable antibody of claim 1; (i1} identifying and selecting one or more subjects that test
positive for the preseonce of EGFR and the cleaving agent thereby identifying ot refining a
paticnt population; and (iv) administering a therapeutically effective amount of the
activatable antibody of claim 1 to the one or more subjects in the patient population that test

posttive for the presence of EGFR and the cleaving agent.

35, The method of claim 34, wherein the anti-EGFR activatable antibody comprises

detectable lubel.

36, The method of claim 34, wherein the detectable label comprises an imaging agent, a8
radicisotope, a contrasting agent, an enzyme, a fluorescent label, a chromophore, a dye, one

or roore metal ions, or a higand-based label.

37. The method of claim 33, wherein the EGFR-related disorder is cancer.
3R. The method of claim 37, wherein the cancer is breast cancer, colorectal cancer,

gastric cancer, glioblastoma, head and neck cancer, lung cancer, ovarian cancer,
endometrial cancer, pancreatic cancer, prostate cancer, renal cancer, sarcoma, or skin

Cangeer.

39, The method of claim 34, wherein the EGFR-related disorder is psoriasis.
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